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*asmop-KoppecrioHoeHm.

AHHOMayus. Liesib cmameu — npedcmasumes aHAAU3 Cyulecmayrouux nooxo0oe K MoOHUMAHUIO U Peanu3ayuu npas
yesioseKa 8 3anadHOM U 80CMOYHbIX obujecmeax, ux pasau4uli. Memodonoaudeckoli ocHogoli cmamoeu Aendem-
cA nubepasibHAA KOHUenuusa npas 4Yes08eKa, paccmMampuearouds 8 kayecmee saxcHeliwe20 pyHOAMEHMAsbHO20
MPUHYUNG Npaes 4esn08eKa NPUHYUN yHusepcanbHocmu, npednoaazarowuli u pasauque. JaHHAA KOHYenyus nosay4u-
710 ompaxceHue 8 MexdyHapPOOHbIX CMAHAapPMaAx MpPae Yesn08eKd, NPU3HAHHbIX 60abWUHCMBOM 20Cy0apcme-yse-
Hoe OpeaHu3ayuu ObveduHeHHbIX Hayul. Ocoboe 8HUMAHUe ydensemcsa OUCKyccuu o npobsaeme yHU8epCcanbHoCMu
npas Yenosexa U eAUAHUU Kyabmypsl U mpaduyuli Ha ux noHumaHue. lpu amom aemop obpaujaemcs K 0co6eHHo-

CMAM UeHHOCMHbIX 0CHO8 80CMOYHbIX 0O6UIECMB, 8 KOMOPbIX 3HAYUMESbHO 8AUSHUE MAKUX MPAGUUUOHHbIX YEeHHO-
cmeli, Kak 0buwuHa, cembs, mpyo. Paccmampusaemcs eausHue naHoemuu COVID — 2019 Ha peaau3ayuto 0CHOBHbIX
rpas Yesni08eKa 8 COBPEMEHHbIX YCA08USX. B hoKyce BHUMAHUSA — posb 20Cy0apcmeaad, e2o noaumuKu 8 obecrieyeHuu
MAaKuUx COYuanbHbIX MPaAs Yesn08€eKa, KaK Nnpaso Ha 06pa3osaHue U MeoOUyUHCKYIO MOMOWb 8 YC08UAX MAHOEeMUU.

Knroyesble cno8a: npasa Yesnoseka, 2ocy0apcmeo, Kyabsmypd, mpaduyus, obpasosaHue, naHoemus, coyudsabHas
cgpepa, 2ocydapcmeo, MosaAumuKa.
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BBeaenue

ITpn oOcy>xaAeHMM aKTyaabHBIX IIPpOOAEMEI pea-
AV3alMy IpaB YeJ0BeKa BO3ZHMKAIOT BOIIPOCH, Ha/,
KOTOPBIMM Pa3MBIIIASIOT ITOAUTUKY, OOIIeCTBeH-
HOCTb 1, KOHEYHO, nccaejosarean: «Kak moryr obe-
CIIeuMBaThCs IIpaBa 4yel0BeKa B MIUpe U OOIecTBe,
XapaKTepU3YIOIeMCsl  MHOTOOOpas/eM  KyAbTyp?
Kax rmoayunts npusHaHme 1 paBHO€ yBaskeHIe KyAb-
TYPHOTO MHOTOODpasus M 1€AOCTHOCTY B YCAOBIIX
rao0aAmsn3anuy ¥ MHTeTpupylomerocs Mupa? Kak
o0ecrieynTh OCHOBHBIE IIpaBa ¥ CBOOOABI Yel0BeKa B
ycaosusax nangemun COVID — 2019?». Ilpu monc-
Ke OTBETOB Ha ®TU BOIIPOCH aBTOPaMIU YIUTHIBAIOT-
Csl M3BECTHBIE ITPOIIECCH IA100aAbHBIX M3MEHEHMII
(B popme MeXAYHaApPOAHO-IIPABOBBIX CTaHAAPTOB,
undpoBU3anun 1 Ap.) ¥ pernoHaansanuu (s popme
MIpVU3HAHUA U yBa’KeHI:sI MHTEPEeCOB 1 0COOeHHOCTeT
pernoHa 1 oOpa3yIoIIuX ero rocyAapcTs).

Teopust Boripoca

[IposiBAeHMEM OIIpeAeAeHHOTO IPOTUBOPEUNLs
MeXAy YHUBEPCaAbHBIM XapaKTepoM TIa100aabHOI
IMBUAN3AINY U ee KyAbTYpHOI OpueHTallMeil CTa-
Aa AOCTaTOYHO HAIpsKeHHAs CUTyalus MeXAy
YHMBEpPCAaAM3MOM IIpaB YeaAoBeKa M KyAbTYPHBIMIU
OCODEHHOCTSIMI  pa3AMYHEIX oOmects. Hecmotps
Ha BAVSHUE 3arlagHBIX IJeHHOCTel, OCTaloTCs A40CTa-
TOYHO CYIIEeCTBeHHBIMU PasANdus MeXJAy 3arajom
u BocTtokoMm B moHuMaHuu Ipas yeaoseka. /ube-
paAbHasl KOHIIETIIUs IIpaB YeA0BeKa, paccMaTpuBast
oIpejeleHHbIe YHMBEpPCaAbHBIe PUHIIMIIBL M HOP-
MBI, OTHOCUT K BaKHeMIMM (yHJaMeHTaAbHBIM
IPUHIMIIAM IIpaB YeA0BeKa IIPUHIIUAII YHUBepCalb-
HOCTH, TIpeariodaralolmmii u pasauune. VIspecTHo,
9TO HOPMBI, 3a40KeHHbIe B MexayHapoanoM [lakre
00 DKOHOMUYECKIX, COITMAABHBIX I KyABTYPHBIX ITpa-
BaX, yJaCTHMKaMM KOTOPOTO cTaau okoao 140 rocy-
AApPCTB, ABASAIOTCS B OIIpeeAeHHON CTelleHN YHUBep-
CaAbHBIMMY, ITOCKOABKY OTPa>keHbI B MeXKAyHaPOAHBIX
CTaHJapTax U MPU3HAHBI OOABIITNHCTBOM TOCYyAapCTB
Mupa. B cBoio ouepean, B Kak40M rocygapcTse Ipo-
BO3TJAAINIeHHBIe B MeXX/AyHapOAHO-IIPAaBOBBIX aKTaxX
IIpaBa 4eA0BeKa peaansyloTcs B KOHKPeTHO-MCTOPU-
geckoit popme. ITocaeaHss B 3HAUNTEABHON CTETICHN
ompeaeaseTcs TakuMu ¢gakTopamu, Kak TpasuIs,
KyabTypa, cOPMUPOBAHHLIMM IOAUTUYECKON CU-
CTeMOVI U TIOAUTUYECKIM PeXXUMOM U Ap.

OO6cyxaeHne Borrpoca

IMoantuku m y4yeHble psja BOCTOYHBIX CTpaH
OIlpeaeslioT KaTeroOpMIO «IIpaBa yedoBeKa» Kak sIB-
J€eHNe, XapaKTepHOe ANIIb AAs 3allaAHBIX ODOIIecTB
1 He COOTBETCTBYIOITee HallMIOHAaAbHON KyAbType U
TpaAMIIVAM BOCTOYHBIX OOIIECTB, a 3HAYUT, IIpaBa
yez0BeKa OTHOCUTEABHBI, a He BceoOmu. B ntorosoit
Aexaaparun PernoHaAbHON KOH(EpPeHINN CTpaH
Adpuxn (1993 r.) yHUBEpCaAbHOCTL AI000M MoOge-
AU TIpaB YeaoBeKa oTsepraercsa sooOie [1]. CtpaHs
Adpo-AsnaTckoro permoHa, KPUTUKYsS IIPUHIINIT
YHUBEpPCaAbHOCTU IIpaB yeAoBeKa, CIMTaAl, 4TO OH
OoTpa’kaeT AUIIIb eBPOIIeiCKIe IIeHHOCTY U He YYUTHI-

BaeT HallMOHaAbHblE, PEAUTVO3HbIE, MCTOPUYECKIe
0COOEHHOCTH Ka’K40TO ToCyJapcTBa MAU TPYIIIIBL TO-
cyAapcTs, a BeceoOmas Jexaapanys mpas 4ea0BeKa,
npeACTaBAAIONIas UyAECKO-XPUCTUAHCKIE Tpaju-
LIMOHHBIE B3rAAAbl, HE MOXET IIPUMEHATHCS MYCyAb-
MaHaMM U He COOTBETCTBYeT CUCTeMe IIeHHOCTell He-
3anaaHeix 001recTs. 110 MX MHEHUIO, HEAb3ST CUMTATh,
4TO CTaHAAPTHI ¥ MOAEAN IpaB yeA0BeKa, IIPUHSIThIe
MEXAYHapOAHBIM COOOIIIECTBOM, SBASIOTCA €AVIH-
CTBEHHBIMI U HeAb3s TpeOoBaTh, YTOOBI BCe CTpPaHBI
PYKOBOACTBOBAAMUCH BTUMM Mogeaamu. Ocobo Kpu-
TUYeCK! K KOHIIEIIITUY YHUBEepPCaAbHOCTHU IIpaB yeao-
BeKa oTHecAuch npeActasurean Kuras, Kyosr, Vuao0-
Hesun, Cupun, Ilakncrana [2].

Kax caeactsme, pasamumsi B IpaBOBOM CTaTy-
ce AMYHOCTM, BbIpaKeHHBIe B Pa3HBIX II€HHOCTSIX,
AeKAapupyeMBIX B CTpaHax PbIHOYHOTO 3amaja U
TpaAuUIIMOHHOTO BocToka, AexkaT B OCHOBe ITPOTUBO-
cTosgHuA HapoAoB LlenTpaanrnoit u Bocrounoit Asun
BHEAPEHMIO B X KM3Hb 3allagHbIX IleHHocTell. Ecan
3amagHasl KyAbTypa KyAbTUBUPYeET CTpeMAeHue ve-
2A0BeKa OBITh CyO'beKTOM-OPTaHN3aTOPOM JAesATeABHO-
CTJ, TO B BOCTOUHBIX KyABbTypaxX CyOBEKTOM AesITeAb-
HOCTM yallle BCero OKa3blBaeTCsl 11eA0CTHas TPYIIIa,
KOTOpasl U sIBASETCS HOCUTeAeM peaAbHbIX IIpaB, a
MHAVMBI/ MIMeeT oIlpeJe/leHHbIe IpaBa, SABASACh Ya-
CTBIO BTOM IPyIIbl. AKTUBHOCTL YeA0BeKa BOCIPHU-
HIIMAaeTCcsl TOABKO B ee HeraTMBHOM CMBIC/Ae, KaK Ha-
pyllleHne paBHOBeCHs U TapMOHUU MUpa, ITOBTOMY
He AesTeAbHOCTD, a HeAesIHIe CYUTAA0Ch e AVTHCTBEeH-
HO VMCTVMHHBIM CIIOCOOOM B3aIMOAENICTBUS YeA0BeKa
u Mupa [3, c. 109]. 3aBucuMoCTh Yea0BeKa OT CBOell
COIIMAaAbHONM TPYNIIBI OCOOEHHO MHPOCAEKMBAETCs B
11CAaMCKOM OOIIIeCTBe, I4e B cAydae CoIlMaabHOTO Ha-
HOpsIKeHUsl BO3pacTaeT poAb KAaHOBOTO CILA0YeHMs.
ITpu cHY>KeHMM YPOBHS JKM3HM U POCTE COIMaAbHO-
IO HaIlIPSI>KeHMs B ICAaMCKIX CTPpaHaX «KeCTKIe» CU-
CTeMBbl YCUAMBAIOT CBOIO CIIAOYEHHOCTH, UTO B CBOIO
ouepeap, MUTaeT aBTOPUTAPU3M.

Co crarycoM AMYHOCTM CBs3aHO U OCHOBHOE
oTAM4YMe KOH(PYLMAHCKON KyABTYpPHI, pacIpocTpa-
HeHHOI B cTpaHax IOro-Bocrounoit Asum, ot xpu-
CTMaHCKOM U AeMOKpaTU4ecKoil KyAbTyphl 3araja.
Ueaosex, nanpumep, B Kurae me mmeer craryca,
AAIOIIlero eMy IpaBo BBICTYHaTh IPOTUB CEMbU U CO-
IIMaABHBIX TPYIII, C KOTOPBIMU OH CBSI3aH C POXKAe-
HUs. B XpucTmaHcTBe IOHATHE TPaHCIEHAEHTHOIO
bora mossoasier anyHOCTH IpeHeOperaTh pasHbBIMMU
¢popmamn conmaasHoro goara. Ilo muennio @. Py-
KySIMBI, B COBpPEMEHHOM AMOepaar3Me XpUCTUAaHCKOe
IIOHATHE YHUBEpCcaAbHOTo bora saMeHeHO OHATHEM
OCHOBOIIO/AAaralolIell YeA0BeuecKoil MPUpoAbI, KOTO-
pas CAY>KUT yHUBEPCaAbHBIM OCHOBaHMEM CIpaBe]-
AUMBOCTHY, U AMOepaabHbIe IIpaBa PacIpOCTPaHsIIOT-
Csl Ha Bcex A1oaeil. VIMeHHO ®To pasaudne sABASeTCs
Ba>KHONM MPUYMHONM COBPEMEHHBIX PacXO>KAEeHUNI
MeXxAy 3anasoM 1 Boctokom 1o Bompocy moAUTH-
K1 B 061acTy mpas yeaoseKa [4]. Obpairienne K orrbl-
Ty rocyaapcts IOro-Bocrounoit Asum moxasbiBaer,
9TO O0ecIleyeHMe IIpaB 4YeAoBeKa OCYIeCTBASIETCS
B Ka’KAOI CTpaHe MAM peruoHe IyTeM ITOMcKa KOH-



KPeTHO U YCIIEIIHO AEMCTBYIOmmx (popM, MeTOAO0B
CIIeHapHOTO IIPOTHO3a 1 MeHeAKMeHTa COIINaAbHBIX
TpaHcpOpMalNii, IOAAEPIKUBAIOMINX YCTOIIMBOE
passutue [5]. B peaabHOCTH, yKpenass cBOU COIMO-
Ky/ABTYPHBIE CTPYKTYpPhI, 001aAaloIiyie cCaMOOPTaHN-
3YIOLLEN U CaMOIIOAAeP>KMUBAIOIIE CIIOCOOHOCTSIMU
K cCaMOpPa3BUTUIO, BTU TOCyAapcTBa A00MANCH BECh-
Ma 3HAYUTEALHBIX pPe3yAbTaTOB B MOAEPHM3ALINN
oOmecrsa.

Psa mccaesopareseil KOHQyIIMaHCTBa paccMa-
TPUBAIOT €0 AMOO HeAeMOKpPaTW4YHBIM, AMDOO aH-
TUAEMOKPATUYHEIM U B 3HAUMTEALHON CTEIleH!U
IpeyBeANdNBaeT XapaKTepHble IIPU3HaKM, IIPerrsT-
CTBYIOIIJE pacIpOCTpaHEHMIO AeMOKpaTU4eCcKO
HOAUTUYECKOI CHUCTEMBI B 3allagHOM IIOHMMAaHIIL.
AHaAM3NUpYysl poab KOH(PYIMAHCTBA B KUTAICKOM U
SITOHCKOM obmmrectsax, @. Pykysma obparraeT BHU-
MaHI€e Ha pealbHYIO CITOCOOHOCTh KOH(PYIIMAaHCKOTO
oOIecTsa Co34aTh >KM3HECIIOCOOHBIE A€MOKpaTide-
ckue MHCTUTYTH. OH BBlAeAseT 001acTy, B KOTOPBIX
KOHQYIIMAaHCTBO He IIPOTMBOPEUNUT JeMOKpaTUIL.
DTO, IpeKJe BCero, cucreMa 00pasoBaHIsl U Tpaiul-
LIMOHHasl KOHQYIIMaHCKasl CHUCTeMa TOoCyJapCTBeH-
HBIX DK3aMEHOB 4451 OTOOpa IPeTeHAEHTOB Ha J0.K-
HOCTh B TOCyJapCTBEHHOM amrapare. PakTudeckn
o0IIMII ypOoBeHb OOpa3oBaHMs OOIIlecTBa SIBASETCH,
110 MHeHHNIO PyKysMBI, BasKHOI OIOPON A A€MO-
KpaTtmyecknx MHCTUTYTOB. OH MOAYEpKMBAET, 4TO
KOH(YIIMAHCTBO He CAaHKIIMOHMPYET aBTOPUTAPHYIO
rnoAuTndeckyo cucremy. K npumepy, fAnonms u
IOxxnas Kopest kak KOHyLIIaHCKIIE COLIMYMEI CyMe-
Ay obecriednTh OOABIIYIO CTEIIEHb ITOAUTUIECKOTO
y4acTysl U MHAVBYAYaAbHOV CBOOOABI CBOMIX TpaK-
JaH, He CHIDKasg POAb OCHOBOIIOAAraloIyX KyAb-
TypHBIX IleHHOCTel. V1 omsiT CuHramypa cBugeTean-
CTBYeT, 4TO KOH(QYIIMaHCKME II€HHOCTV CIIOCOOHBI
COYeTaThCsI U AOMOAHSTHCS 3alaAHBIMIU II€HHOCTSI-
M. VI coBpeMeHHBIe KOH(YIMAHCKIE COIIMYMBI 10
Mepe pocTa uX 04arocoCTOsSHMA OyAyT ABUTATHCS B
HallpaBAeHNN OOABIIeN MOAUTUYECKOV Anbepaan-
sanun. Kondy1manckue 1eHHOCTY MOTYT CAY>KUTH 1
B AnOepaabHOM 0OIIecTBe (KakK 9TO M IIPOMCXOANT B
cpese nmMmurpanTos u3 Asun B Coeaunennsnix Illrta-
Tax), TAe OHU UTPalOT POAb IPOTUBOBECA aTOMI3a-
1y ODIITeCTBa B I1€A0M.

Hanboaee »ddexTnBHO Iporiecc MoAepHU3a-
LM MOKeT IIPOVICXOANUTH B BOCTOYHBIX IIVBUAM3A-
LVSIX, B KOTOPBIX B KayecTBe Ba>KHOTO IIPMOPUTETa
BBICTYTIAIOT TaKue 0OIIlevye10BevecKye IIEHHOCTY, KaK
AVCIIUIIAVHA, YBa>KeHMe CTapIINX, KOAAEKTUBU3M.
Hampumep, SAmonns ycrierHo mposeda COIMaAbHyIO
MoJAepHM3anNIo depes d(PPeKTUBHOe IIpUMeHEeHIe
TaKMX TPaAMIIMOHHBIX IIEHHOCTel, KaK TpyA, oOIu-
Ha, ceMbs. [1aBHBIM IIpeIATCTBEM AAs pedOopM B
SImoHmu cumurTaaach oOIyHA. SITTOHITEI IIOKA3aAM, 9TO
COBpeMeHHbIe JeMOKpaTuJecKie I1eAy rocyJapcrsa
MO>KHO IIPOBeCTH Jepe3 oOmmHy, 004a4aBITyIO BbI-
COKOI COAMAQPHOCTHIO U CITOCOOHOI PEIINTh TaKyIo
3agady Aydie, yeM elre He COPMUPOBABIINMIICT
UHAVBUA U eIlle He CAOXKUBIIIeeCs rpa’kAaHCcKoe 00-
mectso [6]. Ocy1iecTBAsis pa3BUTHE Ha COOCTBEHHOT
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ocHoBe, T.e. 6e3 TpeOOBaHIs IIpeABapUTeAbHON CMe-
HBI MASHTUYIHOCTY, OHM CO34aAN yCAOBUs, KOTOPLIE
yepe3 oOpaszoBaHIeE, TEXHOJAOTUM, HOBBIE COIMAAb-
HBIE CTPYKTYPBI IIOCTEIIEHHO MeHsAAN AtoAeit. Takmm
obpaszoMm, ombIT rocygapcts IOro-Bocrounoit Asun
II0Ka3aa, 4To oDecIIeyeHle IIpaB Yel10BeKa OCyIIecT-
BASIETCSI IIyTeM ITONMCKa YCIEITHBIX (POPM 1 METOAOB
MeHeAXMeHTa COLMaABHBIX TpaHcpopMalmii, Ha-
IIpaBAeHHBIX Ha yCTOIunBoe passutue. OCHOBaHHAs
Ha IIPVMHIIUIIaX KOHQYILMAHCTBA U XapaKTepu3yIoIia-
SICSI MEHBIIIeNl CTeIeHbI0 MHAVBUAYaABHOM CBOOOABI
1 OOABINIENT CTEHeHBIO COIMAALHOM AVCIIUIIAMHEIL,
«MsATKasl» aBTOpUTapHas CrcTeMa IIpyBeJa K IIOBBI-
IIIEHNIO TEMIIOB DKOHOMMYECKOIO pOCTa U yPOBH:
6aarococrosiHus a04eit. Ilpu ToMm, B 60ABIINMHCTBE
BOCTOYHO-a3MaTCKMX TOCyAapCTB TaK Ha3bIBaeMoe
IIpaBO Ha pa3BUTIE pacCMaTPUBAETCsl B KadyecTBe
IIpropuUTeTa Haj Ipa’kAaHCKMMU U TOAUTUIECKIMU
IIpaBaMIL.

Taxum o6pasom, pazandue B I0AXoaax K CTaTycy
Jye/l0BeKa BBICTYIIaeT Ba’KHBIM (paKTOPOM CYIIIECTBO-
BaHNA 3aMETHBIX PacXOXKAEHMIT MeXAy 3araioM 1
BocrokoMm 110 Bompocy HoAUTUKY B 00AaCTH IIpaB 4e-
aoBeka. Ecan Ha 3arrage mpasa yes0BeKa BBICTYIIAIOT
B POAM ITOAUTHYECKOV AOMMHAHTEL, TO Ha BocToke
— conmaapHOM AoMMHaHTHL. OnbIT crpan IOro-Boc-
TOYHOM A3MM, OCYIIECTBAABINMX ITOMCK Pa3HBIX
¢opm conmaapHbBIX TpaHCpOpMaIINIi, ITOKa3ad, ITO
MX HallMlOHaJBHBIE IIEHHOCTVM MOTYT COYeTaThCs U
AOTIOAHATLCS 3allaZHBIMU ILIEHHOCTSIMM, U IIO Mepe
pocTa 0.1arocoCTOAHM DTH OOITIeCTBa CITOCOOHBI TP
oIlpeAeAeHHBIX YCAOBUAX 00eCIIednTh OOABIIYIO CTe-
IIeHb MHAUBUAYAABHOIN CBOOOABI M IOAUTUIECKON
Avbepaan3anumn.

I'106a1bHBIE M3MeHeHNA, TU(POBU3AIINS, TTOAN-
TIUYECKNEe ¥ COIMaAbHO-DKOHOMIIECKIE IPOIIeCCH],
MuUrpanus, nepuoandeckre (QUHaHCOBBIE KPU3VCHI
B MUpe AMKTYIOT HeOOXOAVMOCTD IIPU peaAn3alyn
IIpaB ye/0BeKa YIUTHIBATh OIBIT IIOANSTHUIHBIX IO-
cyaapcts. Hanipumep, B cTpanax 3amnaja B pe3yabTa-
Te HaOMpaIOIIMX TEMIIBI IIPOLIeCCOB MUTPAIIUN CY-
IIIeCTBEHHO BO3pacTaeT KOANMIECTBO MYCy1bMaHCKOTO
U APYTOTO (HEeeBpOIIeIICKOTO) HaceAeHIsI, KOTOPOe, C
O/HOII CTOPOHEI, Bce rpomue TpebyeT pasBUTI COO-
CTBEHHOII KyABTYPBI, a C APYTO¥l CTOPOHEL, CTPEMUTCS
II03HaBaTh U pedAeKCUBHO OIleHMBaTh MHOI oOpa3
SKVM3HHU, UHBIE ITOAXOABI K OpraHM3aluy IOANTIYe-
CKOJI 11 DKOHOMMYECKOI >KU3HM oOIrjectsa. Berpeu-
Has HaIpaBAEHHOCTb 3arlaja OT MHAMBMAyaAu3Ma
B CTOPOHY KOAJEKTUBM3Ma I He3aIlaJHBIX OOIIecTB
OT KOAAEKTMBU3Ma K UHAVBIUAYAAN3MY CO34aeT BO3-
MOSKHOCTU AAsl OCMBICAEHUA ¥ (POPMYAUPOBAHILI
onTMMa/ApHOro OaslaHca MHTEpPecoB WMHAUBMAA U
oO1recTsa.

AxTtyaapHoe coctosiHne. B 2019 roay geaoseue-
CTBO CTO/KHY/OCH C HOBBIM BBI30BOM, B TOM YIC/€ B
o0aacTy peaamsalu IIpaB YeA0BeKa, — KOpPOHaBU-
pycHoit napexknmert COVID — 2019. O6bsaBaenHas
BO3 mangemusi oxkaszasa HeraTHMBHOE BAUSHIE Ha
pas3BIUTIE BCErO 4yeJoBedecTBa U pPas3pyIIUTeAbHOe
BAVSHIE Ha >XU3HU MUAAVOHOB AloAeit. Ilpu sTom
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IMaHAeMus BCKpblda U OOHaXK1mAa, TAe-TO yrayomaa,
CYIIeCTBYIOIIMEe CICTeMHbIe HapyIlleHNs] I HepaBeH-
CTBO B 004acCTH IIpaB 4eAo0BeKa. B uacTHocTH, BO MHO-
TMX TOCyJapcCTBaX HapyllleHMs ITpaB yeaoBeKa IIpo-
SBUANCH B pOpMe AVCKPUMMHAIUU IO PacoBOMY,
reHAepHOMY 1 MHBIM npusHakaMm. ITo ganasim OOH,
9TO HarAsAAHO IPOABUAOCHL OCOOEHHO B TaKux oOaa-
CTsX, KaK HapyIlIeHUs IIpaBa Ha >KM3Hb, 3/0pOBbe U
COIMAABHYIO 3aIllUTY; TeHAePHO 00yCAOB/AEHHOE Ha-
cuAue ¥ Yrpo3bl CeKCyaAbHBIM U PerpOAyKTUBHBIM
rnpasaM. Bo MHOrmx crpaHax uame 3aboaeBaau U
yMHUpaau OpeAcTaBUTeAN STHUIECKUX MEeHBIITMHCTB
1 KOPEHHBIX HapOJ0B, B TOM 4liCAe M3-3a CyIleCcTBO-
BaBIIIETO paHee HEepaBEHCTBA 1 HEBO3MOXXHOCTU O0-
paTUTHCS 3a MeAUIIMHCKONM IMTOMOIIIBIO [7].
Basxnertmmit 40KymMeHT — Me>KAyHapOAHBIN ITakT
00 DKOHOMMYECKMX, COIIMAABHBIX M KYABTYPHBIX
IIpaBax, yIacTHMKaMJ KOTOPOTO SIBASIETCS OO0ABIINH-
CTBO TOCYAapCTB, MPU3HAeT 3a Ka’K/AbIM 4eA0BEKOM
IIpaBO Ha «HAUBBICIINI AOCTVDKUMBIN YPOBEHDb PI-
3MYECKOTO M IICUXIYECKOTO 3J0POBbsI» 1 OOs3bIBAET
IIpaBUTeABCTBA HPUHMUMATh DPPEKTUBHBIE MepPHI
AAs <IIpeAyTIPeXAeHNs U Ae9eHNs DIIUAeMUYECKIX,
DHAEMUYECKUX, TPO(eCcCMOHaAbHBIX U MHBIX 001e3-
Hell 1 60prOBI ¢ HMMM». OgHaKO MUpPOBas MPaKTU-
Ka ITOKa3bIBaeT, UYTO MHOTME roCyAapcTBa He CMOTAU
00ecrieynTh CBOMM TIpa’kJaHaM HeOOXOAMMYIO Me-
AMUITMHCKYIO IIOMOIIb M COIMAABHYIO IOAAEPKKY.
Jaxe B TakoM pa3BUTOM rocyaapcrse, kak CIITA, 28
M/H 4eA0BeK He MeAU MeAUIIMHCKOM CTPaXOBKU U
OKO/10 TPeTy HaceAeHIsI He B cocTostHuM Ob1am B 2020
roAy orauymuBaTh CTOMMOCTb A€UeHMs Aa>Ke MPU Ha-
Ananu crpaxosoro noauca [8]. ITo maennio K. IIsa-
6a n T. Maaaepe, cuabHO MHAVBMAYAAUCTIUYECKIIE
oomectsa, Takume kak CIIA, moryr mogsepraTbcs
6oabIIIEMy PUCKY, YeM €BPOIIEVICKIIe VAN a3MaTCKue
CTpaHBI, KOTOPBIe A100 MMEeIOT DOAbIIee UyBCTBO CO-
AVAAQPHOCTY, AMOO AYYIIYIO COLMAABHYIO CUCTEMY
AAs1 TIOMOIITM 00e3404eHHBIM. B TOM ke Ayxe KOH-
¢JyumancTBo, pacrpocrpaHeHHOe BO MHOTHX CTpaHax
A3un, CTaBUT 9YBCTBO AOATa U COAMAAPHOCTD TOKO-
A€HUI BBIIIE IpaB AMYHOCTM; OHO TakXke IpuAaeT
GoabImIOe 3HaUYEHME MepaM M IIpaBilaM, KOTOpBIe
IIPMHOCST IT0AB3Y COOOIIeCTBY B 11e40M [9, c. 67].
ITpuHATbHIE DKOHOMMYECKMM U COIIMaAbHBIM CO-
setoM OOH no mpasam yeaoseka erie B 1984 r. Cupa-
Ky3cKue npuHummsl 1 npuHAtseie Komurerom OOH
IO IpaBaM yYeJAoBeKa 3aMedyaHUs OOIlero Imopsaka
0 cBoDOge IepeABVDKEHMSI U O YPe3BbIYalHOM IIO-
JOXXEeHNH cogep>KaT aBTOPUTETHbIe pPeKOMeHAallun
OTHOCUTEABHO IIPUHMMAaEMBIX TIOCyAapCTBOM Mep,
KOTOpPBIe€ CONPOBOXKAAIOTCS OTpaHMYeHUeM IIpaB U
cBODO/ B MHTepecax OXpaHbl 3J0pPOBbsl HaceAeHU:d
MAM B YCAOBUSX Ype3BbIuaitHoTO roaoxkenus [10].
M3BecTHO, 4TO HaceAeHMe MIUpa Ha IIPOTSKEHU N
AAUTEABHOTO BpeMeHH, elle A0 MaHAeMUH, CTaAKU-
BaA0Ch CO 3HAaUYUTEeAbHBIMU TPYAHOCTSIMU B peaan3sa-
LMY IIpaBa Ha 0Opa3oBaHe KaK OAHOTO 113 OCHOBHBIX
npas yeaoseka. HecmoTpst Ha mouTn BceoOIMit ox-
BaT HauaAbHBIM OOpa3oBaHyeM B O0ABIIHCTBE TOCY-

“ AapCTB, OTPOMHOE 410 JAeTelt — 6oaee 250 Muaano-

HOB — He TTocemaan mkoAay u rnoury 800 MuAAMOHOB
B3pOCABIX ObLAM HerpaMOTHBIMY [11]. VicTopraeckmit
OIIBIT IIOKA3bIBAa€T, YTO MHOIVE CTpaHBl B IIEPUOA
Pa3ANYHBIX SIIMAEMUIL TPU pa3paOoTKe M NPUHATUI
OTBETHBIX Mep TaKie IIpoOAeMBbl, KaK HEpaBeHCTBO B
cpepe obOpazoBaHIsl U TeHAEPHOE HEpaBeHCTBO, KaK
IIpaBnA0, octaBAsian 6e3 BHMManus [12]. Ilanaemra
COVID-19 npuseaa K KpyIlHeiIIIeMy 3a BCIO MCTO-
pMIO yeaOBeuecTsa CTpeccy B (PYHKIMOHUPOBAHNUU
COLIMaABHBIX CHCTEM, B TOM 4YICA€ CUCTEMBI OOpa-
3oBaHMs. 94 mpolieHTa OOy4alOIUXCs, TO ecTb 1,58
MuAAMapAa AeTeil U MOAOABIX AI0Aell (OT AOIIKOAb-
HIUKOB A0 CTYAE€HTOB BBHICIIINX y4eOHBIX 3aBeAeHMNIT) B
200 crpaHax Mupa OLIYTHAM Ha cebe BAVSIHUE IIaH-
AeMuI MIpU peaanu3aliuy IIpaBa Ha OOpas3oBaHUe.
Kak mokazasa Mmuposas mpakTuka, B 0OAbIIIel Mepe
IIocTpajaAy CTpaHbl C HU3KUM J0XOAOM U AOXOAOM
HIDKe cpeHero. B crpanax ¢ HU3KMM MHAEKCOM pa3-
BUTKSI 4eA0BEYEeCKOIO IIoTeHIIMada 86 IIpOIIeHTOB
AeTell Ha4aAbHBIX KAacCOB (PaKTMIECKN ITpeKpaTuAn
oOy4yeHne, B TO BpeMs KaK B CTpaHax C OYeHb BBICO-
KIM MHAEKCOM Pa3BUTHs YeA0BeYeCKOTo IOTeHITna-
Aa ®TOT IOKaszaTeAb cocTaBAsA Bcero 20 MpoIieHTOB
[13]. OrpaHmueHHBI AOCTYII K AMCTaHIIMOHHOMY
00y4eHMIO, COKpallleHre (PUMHaHCHPOBaHUS VM BBe-
AeHle KapaHTMHa B 9TUX CTpaHaX He IO3BOAMAU
GOABIMHCTBY OpraHm3auii oOpasosaHusA padboTaTh
B MOAHOILIEHHOM peXXMMe U AUIINAO O0yJaIomXcs
BO3MOXKHOCTHU IOAYYUTh ajgeKBaTHOe oOpaszoBaHUe.
Bo Bpem:1 06ycaosaennoro COVID-19 xpusuca mpu-
MepHO 40 TIpo1IeHTOB OeAHENMINX CTpaH He CMOTAN
OKaszaTb MOAAEPIKKY Y4YalllMMCs, HaxOASAIIMMCS B
rpynne pucka. Ilo mporanosam Becemmpnoro 6anka,
cucreMa oOpas3oBaHMs OOABIIMHCTBA CTpaH MOCAeA-
CTBUsA IaHAeMuM OyJeT OLIyINaTh ele HEeCKOABKO
aAecatuaetuit. B IlenTtpaabsHoil Asum, Hanpumep,
DKOHOMMUECKe TTIOTepH OT MaHAEeMUU COCTaBAT Kak
MuHUMYM $44 Mmapa. CoraacHO MHEHUIO DKCIIEPTOB,
9TO MPUBEAET K POCTY BBIITYCKHVKOB IITKOA, KOTOPBIE
He CMOTYT MCIIOAb30BaTh HAaBBIKM YTEHNs, IMCbMa U
MaTeMaTUKU AAs TTOAHOLIEHHOTO y4acTMs B KU3HU
obmectsa [11]. CerogHs rocygapcrsaM HEOOXOAUMO
00paTnUTL BHMMaHIE Ha IOBBIIIEHIE YCTONYUBOCTI
cucreM oOpa3oBaHIs, YTO TTO3BOANUT UM B KOBUAHBIN
U TIOCTKOBUAHBIN IIEPUOJ ITOATOTOBUTLCS K D Pex-
TUBHOMY VIIpaBA€HMIO OOpa3OBaHMEM B YCAOBUX
IIPEACTOSIIINIX BEI3OBOB.

Kax crnpaseaganso ormevator IlIsab Kaayc n
Maaaepe Treppu, «ceroAHs CUTyallysl IPUHIINIIN-
aAbHO MHas: 3a IpoleAllne AecsTuaeTus (B 3armaj-
HOM MIpe) poab TOCyapcTBa 3HaUUTeAbHO COKpaTH-
Aacp. DTO CUTyallus, KOTopas AOAKHa M3MEHUTHCS,
IIOTOMY YTO TPYAHO IpeACTaBUTh, KaK MOXKHO CITpa-
BUTHCSI C DK30I€HHBIM IIIOKOM TaKOJ CHUABI, KakK TOT,
kotopsit BezBaH COVID-19, ¢ moMOIIbIO YNCTO PhI-
HOYHBIX peIleHNil. Y>Ke U IIOYTH B MTHOBEHUE OKa
KOPOHaBUPYCY YAaA0Ch M3MEHUTb IIpeAcTaBAeHI s
O CAOXKHOM M XPYIIKOM 0aJaHce MeXAy YaCTHOW I
oO1ecTBeHHOI cpepaMyl B II0Ab3Yy IOCAeJHeTo» [9,
c. 69]. B nieaom, mangemust COVID-19 Boi3Basa HeoO-
XOAMMOCTD U IpeAocTaBia BO3MOXKHOCTb CTpaHaM



o0ecIieunTh BOCCTaHOBAEHME 10 IIPUHIINUITY «AyYllle,
yeM OBIA10» Ha OCHOBE HOBOTO OOIIIECTBEHHOIO AO0IO-
BOpa MeXAy IIpaBUTeAbCTBAMHU, HAPOAOM, I'pakAaH-
CKUM OOIIIeCTBOM, AEAOBBIMU KpPyraMm U Ap. DTOT
IIPOLIeCC A0AKEH OBITH ITOAKPEIL/1eH HOBBIM I100aAb-
HBIM COT/alIlleHreM, KOTopoe OyJeT M3MepsTh yCIIex
He CTOABKO B DKOHOMUYECKUX KaTeTOPMsX, CKOABKO
B 4e/10BeYeCKIX, U IIO3BOAUT MIPOBOMY COOOIIIECTBY
BCTaTh Ha IIyTh AOCTU>KEHM 11eAeil, ITOCTaBA€HHBIX B
ITosectke anst Ha nepuog 4o 2030 roaa [14, c. 22].

3akaoueHme

CoOBITHSI TIOCACAHUX IISITU AeT HarAsAHO ITOKa-
3aamM, 4To IpOOAEeMBI IIpaB 4YeA0BeKa UM paBeHCTBa,
UX MMOHMMAaHMS U peaau3aliuy Mo-Ipe>kKHeMy 3aHU-
MaloT IIeHTpaJAbHOE MECTO B I100aAbHOJ ITOBECTKe
AuA. ITanaemma COVID-2019 obnakmaa cuTyariuio,
KOTOpasi HabDA104aAach B TedeHe psija AeCATUACTUIA,
— HeAOCTaTOYHOe (pUMHAHCHPOBaHUE U yIIpaBJeHIe
coLMaAbHOM cdepoli, B TOM 4ucie 34paBoOXpaHe-

CMNCOK JINTEPATYPbI

Pasnen «lpo6nembl Bbicluel WwKonbl» M

HUeM ¥ OoOpa3oBaHMeM, paclpocTpaHeHNe KOppyII-
L1, HecoOAIOAeHNe IIPUHIINIIA BEPXOBEHCTBa IIpa-
Ba, IIpOAO0AXKaloascsa AuckpumMuHays u Ap. [Tpasa
4yea0BeKa MMEIOT KAIOYeBOe 3HauyeHMe B Olpejeae-
HII Mep pearnpoBaHIs Ha IaHAEMUIO U ee I10CAeA-
crBus. ['aaBHOM 3agadelt MIUPOBOTO cOOOIIeCTBa, AU-
AEepOB TOCyAapCTB — IOBBLICUTDL KM3HECIIOCOOHOCTB
conyaabpHOI cepsl, crcTeM 0Opa3OBaHILI U 34PaBoO-
OXpaHeHUsl B IIePBYIO O4epeab, IIePeOCMBICAUTD pa3-
BUTHE DTUX cPep U YCKOPUTD IIO3UTUBHBIE IIpeodpa-
3oBaHUs. [IpuHATIE KOMIIAEKCHBIX MepP COIMaAbHOM
3alMThl, OCHOBAaHHBIX Ha IIpaBax 4eA0BeKa, a TakKxKe
obecrieueHne BCceoOIIEro AOCTyma K MeAUIIVTHCKIIM
ycayraM, oOpa3oBaHIIO U BCeOOIell colmaabHOI 3a-
IIUTH B YCAOBMSX BBI3OBOB MUPOBOMY COOOIIIECTBY
BBICTyIIaeT B Ka4yeCTBe Ba>KHEMIIUX DAEMEHTOB HO-
BOTO OOIIeCTBEHHOTIO JOTOBOpa, HallpaBAE€HHOIO Ha
DKOHOMMYECKMII IIPOrpecc, yCTOMYMBOE pas3BUTHE U
IPOYHBIN MUP.
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AHOamna. MaKanaHsiH MaKkcamel — 6amebic HaHe WbIFbIC KOFAMOApbIHOAFbl A0OM KYKbIKMAPbIH MYCiHY MeH icKe acbl-
pYyObIH K0GaHbICMarbl MacindepiHiH mandaysl, 0n1apObiH aliblpMawblabiFel. MaKanaHsiH 30iCHOMAbIK Hezi3i — adam
KYKbIKMapbIHbIH 1ubepandbl KOHUenyuAacsl, 0a ambebanmeoiK NpUHYUMNIH Kapacmelpadsl, 01 COHbIMeH Kamap alibip-
MawblabiKmel 607x#alidbl, a0aM KYKbIKMApbIHbIH eH MaHbI30bl ip2eni npuHyuni. byn myx#eoeipeimoama bipikkeH ¥am-
map ¥lbiMbiHG Mywe memaekemmepOiH Kenwiniei MolibIHOAFaH a0am KyKbIKmapsl #eEHiHOe2i XanblKapassliK CMaH-
dapmmapoa KepcemineeH. AOGM KYKbIKMapbiHbIH amMbebanmelrbl #aHe 01ap0bl myciHyee madeHuem neH 0acmypoiH
acepi MaceneciH ManKblAayra epekwe Hasap ayoapsianadsl. bysa pemme asmop WblfbiC KOFAMOAPbIHbIH, KYHObIAbIK
Hezi30epiHiH epekwenikmepiHe xcyeiHedi, onapda 0acmypsi KyHOblAbIKMAPObIH KOFAMOACMbIK, ombackl, HYMbIC CU-
AKmMebI acepi 30p. COVID-2019 naHOeMuscbIHbIH Kazipai #ardalida a0amHbIH Hezi32i KYKbIKmapbiH iCKe acbipyFa acepi
Kapacmeolpblnadesl. [TaHOemus wardalielHOa Ginim any mMmeH MeOUYUHANbIK KOMEK asy KYKbIFbl CUSKMbI a7eyMemmik
aneymemmik KyKblIKkmapObl KOMMAaMacsi3 emyode MeMaekemmin pesi MeH OHblH CaACambIHa Ha3ap aydapslaadel.

Kinm ce3dep: adam KyKbiIKkmapel, Memaekem, madeHuem, 0acmyp, binim, naHOemus, aneymemmik cana, memsaeKem,
casacam.
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Abstract. The purpose of the article is to present an analysis of existing approaches to understanding and realizing human
rights in Western and Eastern societies, their differences. The methodological basis of the article is the liberal concept
of human rights, which considers the principle of universality, which also presupposes difference, as the most important
fundamental principle of human rights. This concept is reflected in international human rights standards recognized by
most of the United Nations Member States. Particular attention is paid to discussions on the problem of the universality
of human rights and the influence of culture and traditions on their understanding. At the same time, the author turns
to the peculiarities of the value foundations of Eastern societies, in which the influence of such traditional values as
community, family, work is significant. The impact of the COVID-2019 pandemic on the realization of basic human rights
in modern conditions is considered. The focus is on the role of the state and its policies in ensuring such social human
rights as the right to education and medical care in a pandemic.
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Abstract. The effectiveness of the educational process of higher educational institutions during the period of intensive
development of modern technologies directly depends on the professional training of future vocational education
teachers. Therefore, the urgent problem is the formation of professional competence and professional training
of future specialists. In the state compulsory education standard of the Republic of Kazakhstan, the main goal of
secondary general education at the national level is to promote the formation of a competent person who is ready to
actively participate in the social, economic and political life of the country. The technology of dual learning involves
the comprehensive development of students in the educational, educational process as the main goal of training,
the development of the student’s thinking skills, perseverance, attention, skills and abilities. The basis for the imple-
mentation of dual training at the training base of the Karaganda Technical University is the innovative educational
consortium Corporate University, which occupies the position of the most deeply integrated university in industrial
production in the socio-economic space of the region. Online educational portal «Tanym» is an online platform that
allows you to study for free on the course «Theory and Practice of Dual Learning» and make it accessible via the
Internet. All this constributed to the development of the motivational component of students.

Keywords: dual education technology, professionalism, vocational training, vocational education, information

technology.

Introduction

The professional training of future vocational
education teachers effects directly the effectiveness
of the educational process of higher educational
institutions  during the period of intensive
development of modern technologies. Therefore,
the formation of professional competence and
professional training of future specialists may
be seen as the urgent problem. The main goal of
secondary general education at the national level is to
promote the formation of a competent person who is
competent to participate in the social, economic and
political life of the country actively according to the
state compulsory education standard of the Republic
of Kazakhstan [1].

When studying the sources of scientific literature
Z.1. Ravkin defines the teacher’s professionalism:
«Teacher’s professionalism is a high level of special
and general cultural training, professional and
general erudition, a property that ensures competition
in the labor market and focus on strengthening
and developing social, intellectual, moral values
education in a single pedagogical process». V.Ya.
Sinenko «a teacher professionalism means a concept
which unites the level of his abilities, personal
qualities and knowledge that manifest as a result of

the teacher’s activity» [2].

The purpose of training is to master scientific
knowledge, skills, acquisition of the necessary
personal and professional abilities and skills [3].

In research work, training manuals, training
programs, electronic  textbooks have been
implemented and developed in the educational
process as practical assistance in the training of
vocational education specialists at a university.

The manual «Vocational Training Methodology»
has been prepared. This manual discusses the
objectives and content of training in general technical
and special disciplines, forms of organization
of academic disciplines, teaching methods
and techniques, teaching principles and tools,
issues of industrial training. Specialty 5B012000
«Vocational training» in accordance with the state-
wide compulsory standard of higher professional
education, the future specialist has the following
knowledge, skills:

- pedagogical processes in secondary and
vocational  schools: significance, composition,
structure, driving forces, main directions of
development;

- goals, content, methods, principles, means and

forms of organization and implementation of the pe-
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dagogical process;

- modern pedagogical technologies of vocational
training and labor technology;

- the basics of design in the learning process;

- actual problems of upbringing and education
in the conditions of a comprehensive and vocational
school;

- individual style of pedagogical activity;

-own the pedagogical foundations of the
professional development of a teacher of vocational
education.

The purpose of the discipline is the creation of a
methodological basis for preparing students for future
pedagogical activity, the formation of knowledge,
skills necessary for conducting fruitful work in
secondary schools with students in accordance with
the sections of the standard curricula of primary,
vocational education and labor technology, and
preparing students for vocational schools to work
in the current economic and social conditions of the
country.

Atextbook «Theory and Practice of Dual Learning»
was also developed for the specialty 5B012000
«Vocational Training». The manual presents such
topics as the theoretical foundations and experience
of dual training, the practice of dual training and
vocational education abroad, types of industrial
training at the enterprise and its implementation,
modern technologies in the vocational education
system, dual industrial training. The domestic
system of vocational education is represented by
the experience of targeted intensive training of
specialists commissioned by the enterprise. The
training is carried out in a vocational school for a full
academic week, and then will continue on the site of
the enterprise. Since training is carried out through
a close relationship with the company. This is due
to production practice, the targeted implementation
of coursework and diploma projects, the passage of
undergraduate practice at the workplace.

The comprehensive development of students
in the educational process as the main goal of
the development of the students thinking skills,
perseverance training, attention, skills and abilities
are involved in the technology of dual learning [4].

For students of the specialty «Vocational training»
practical programs have been developed. Let us
consider them below:

Production  (pedagogical)  practice = work
program. Vocational colleges and lyceums activities,
the educational process features in educational
institutions.

5B012000 - «Vocational training» (undergraduate)
specialty students conduct undergraduate practice
due to «Work program of undergraduate practice»
the state compulsory standard and the curriculum.
After students have mastered theoretical and practical
knowledge at the university, completed all exams and
tests, coursework in accordance with state mandatory
requirements for training graduates, undergraduate

[ 12 | practice is the final stage of training. This experience

is the last important element of the learning process
at the university. This ensures the expansion and
refinement of the theoretical knowledge obtained in
the development of theoretical knowledge, mastery
of practical work skills, mastery of skills in the work
collective.

In particular, the electronic textbooks Professional
Psychology (certificate No. 0213, 02/01/2016), Theory
of Continuing Professional Education (certificate
No. 0214, 02/01/2016), and Distance Learning
Technologies (certificate No. 0236, 03.02. 2016),
«Vocational education: the dual system of training»
(certificate No. 1791, 07/21/2017), The Ministry of
Justice of the Republic of Kazakhstan issued certificate
of an intellectual property registration. The electronic
textbooks structure consists of such sections as
textbook information, authors, introduction, contents,
theoretical data (lecture), practical, independent work
tasks, test tasks, glossaries, references, such frames as
transition to other systems.

Electronic textbooks developed by our students
provide independent training, improving the
knowledge base, mastering theoretical materials and
practical implementation.

The purpose of the course: to study the basic
characteristics, subject, content, principles of
monitoring continuing education [4].

Main results

Course content: subject, main content of
continuing education monitoring. Purpose, tasks,
mechanisms for monitoring continuing education.
Effective methods for monitoring continuing
education. Basic principles for monitoring continuing
education. Program, structure, monitoring tools for
continuing education of the Kazakhstan Republic. The
use of information technology and communications
in vocational education institutions are monitored.
The international experience in the quality
management of professional education is presented.
The use of electronic teaching aids in the educational
process creates favorable conditions for a successful
educational process for both the student and the
teacher. In addition, test questions will be given in
several ways and get the opportunity to immediately
see the results. After each topic, a task was given and
aimed at summarizing the topic (Figure 1).

The content of the electronic training manual
«Vocational education: the dual system of training»
includes the following topics: essence, capabilities
of the dual education system, stages of regional
development, development trends in the world,
the formulation of regulatory documents. There
are video lectures on additional materials. In the
educational process in the specialties 58012000 —
Professional training of the Karaganda State Technical
University is integrated the dual training system, a
training seminar for students and teachers, a video
lecture of the round table are presented (Figure 2).
In conclusion, the proposed electronic textbook is
aimed at improving the professional knowledge and
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skills of students.

Methodological guidelines for practical exercises
on the subject «Professional Psychology» have been
developed. Let us dwell on goals, objectives, and one
practical work.

As a result of studying the course «Professional
Psychology», the future teacher learns to activate
creative — cognitive abilities and to widely use them
in practice.

The Karaganda State Technical University as
the basis for the implementation of dual training is
the innovative educational consortium of Corporate
University, which has the position in the socio-
economic space of the region as the most deeply
integrated university in industrial production [4].

KSTU includes educational research centers and
70 leading industrial enterprises of Kazakhstan, as
Arcelor Mittal Temirtau JSC, Kazakhmys Corporation
LLP, Kazakhtelecom JSC, Karaganda Electrical
Equipment Plant JSC, Scientific and Research LLP
GeoMark Engineering Center, Resource Center of

Figure 2 — The main page of the electronic textbook «The dual training system in vocational education»

]
17122017

Secondary School No. 5, Professional Lyceum No.
15, Karaganda Polytechnic College, and etc. The
quality of the training will be carried out through a
vertical system of alternative education: within the
framework of the State Educational Standard on the
basis of centers of applied education. The design
of engineering production, construction, operation
and repair of vehicles, information technology,
communications and telecommunications are the
chosen trajectories and students have an opportunity
to get qualifications for these trajectories.

In the course of the study, the «Tanym» online
educational portal was launched to ensure the
accessibility and effectiveness of the organization of
work on introducing the subject of Kazakh pedagogy
into the pedagogical process of the university.
Currently, at http://tanym.com, a separate mass
open online course platform is running on the basis
of the open edX system (Figure 3). Its goal is to
ensure the harmonious development of an educated,

qualified, advanced thinking personality through the [ 13 |
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Figure 3 — «Tanym» Online Education Portal

dissemination of innovativeideas. The target audience
is students, undergraduates, doctoral students of
universities, educators, students of the continuing
education system for teachers. In addition, citizens
who are not able to study in for various reasons, as
well as anyone who wants to receive online courses.

Online educational portal «Tanym» is an online
platform that allows you to study for free on the
course «Theory and Practice of Dual Learning» and
make it accessible via the Internet. Any citizen can
enroll in the online courses offered on the platform
at any time and master them. Also, the portal library
has access to all educational materials used in the
preparation of this course, and users are provided
with a set of the best services for such sites. This is an
intuitive interface, a convenient video player, forums,
lecturer profile, video lectures, test assignments and
notes, etc [4].

The development of the students’” motivational
component is contributed to all this. In the framework
of each course, we mentioned that the results of the
slices obtained at the end of a course increase the
motivation of students from year to year to implement
dual training, knowledge develops and expands, but,
nevertheless, it is necessary to improve your skills.
Thus, as a result of an experiment in the formation of
practical work, we formulated the effectiveness of the
dual learning system.

In our study, we used the methodology «Assessing
the level of competitiveness of an individual», the
purpose of which is to comprehensively identify the
competitiveness of students.

According to the assessment of the level of the
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individual competitiveness of the control group,
16.9% showed a very low level, in the experimental
group this level showed 20%. In the control group, the
average level was above 42.4%, experimental group
— 37.2%. A very high level of competitiveness of the
individual 40.7% — the control group, the experiment
—in the group 42.8%.

In order to comparatively improve the self-
education ability of students in vocational training,
the methodology «Self-development, assessment of
the ability to improve their knowledge» was carried
out. The introduction of the dual education system
in the training of vocational education teachers is
important when doing independent work in the
educational process. We summarized the results of
the methodology, citing the indicators below.

Conclusions

As you know, labor plays a decisive role in
shaping a person’s personality. The purpose of this
labor education is to teach youth diligence, respect
for work, work skills and the formation of their labor
skills. There are many types of labor, one of which
is academic labor and practical labor. Practical work
includes types of self-service, socially useful labor,
agricultural, technical, design, and art work. In
their work, students contribute to increasing their
cognitive interest, creating their own characteristics
of artistic and labor activity, creating students'
imagination. Modern technologies in the context of
cognitive interest in modern education are aimed at
the formation of the individual through adaptation
to the knowledge of new knowledge and actions
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Figure 5 — Results of determining the assessment of the ability to self-education, self-development

that determine the quality of the activity of cognitive
interest in education. A special place in the formation
of cognitive interest among students is to increase
industriousness and working capacity. After all, in it,
the student not only performs limited tasks, but also
in extracurricular activities constantly improves his
ideas, releases new works. On this basis, in order to
increase interest in the work of students of vocational

training, the methodology «Assessment of diligence
and performance» was carried out. The results of the
methodology are presented below [5].

After analyzing the results of the work carried
out during the identification experiment, an
experiment was conducted to form the next stage of
the experiment.

The experiment was attended by 3-4 year students
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of the specialty of vocational training of higher | education for the realization of dual training
educational institutions for vocational education has raised the quality of training of a teacher of
teachers training on the dual education implementa- | vocational education to a new level. This conclusion is
tion under study. convincingly proved by the results of an experiment
In conclusion the implementation of the content | conducted on comparison bases of the training levels
and methods of training teachers of vocational | of students in the experimental and control groups.
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Abstract. The article discusses the reasons for the lack of interest among students in research work. An attempt is
made to identify the main factors that affect the decrease in student activity in conducting scientific research and their
unwillingness to engage in science. The purpose of the study is to develop proposals for the formation of a positive
environment to increase students' interest in research work. The main research method is the survey of respondents.
The results of the survey are compared with the data of official statistics. In the questionnaires, along with finding
out the students' interest in conducting scientific research, control questions were used to determine their level of
training and prospects for their further professional activity. This approach made it possible to identify gaps in the

acquisition of educational skills among school graduates. On the basis of the conducted research, proposals are made
for the correlation of measures to involve students in research work. The reasoned conclusions aimed at improving the
effectiveness of students' research activities and increasing their interest in science are formulated. As a result of the
research, the need to identify students with extraordinary thinking and to attract people with a penchant for scientific
research to research work is justified.

Keywords: students research work, questionnaires, results processing, scientific work of students, education, peda-

gogical activity.

Introduction

The global changes taking place in the world
today require a revision of the attitude to the results
of scientific research and an increase in the efficiency
of their implementation. Since the main centers of
scientific thought are higher educational institutions,
the requirements for scientific work carried out on
their basis are increasing. It is within the walls of
the university that the formation of a young scientist
takes place and the formation of his research skills
that allow him to conduct high-quality scientific
research in the future.

Unfortunately, recently there has been a decrease
in the activity and effectiveness of university research
work among students. This conclusion is also stated
by other researchers dealing with this problem [1, 2].

In this regard, there was a need to identify the
causes of the current situation, to develop effective
scientifically-based approaches that contribute
to increasing students' interest in science and the
effectiveness of research.

The Karaganda University of Kazpotrebsoyuz
has been operating the Research Institute of Economic
and Legal Research (NII EPI) for more than 10 years.
Along with other functions, the staff of the institute
is assigned the task of identifying creative youth and
involving students in research work. This approach

is associated with the need to develop appropriate

competencies among young scientists and improve
the effectiveness of their research. Based on this, the
staff of the Research Institute of Economic and Legal
Research initiated a study to determine the interest
of students in conducting scientific research and to
identify the reasons that contribute to the decrease in
their scientific activity.

The aim of the study is to identify the reasons for
the decline in scientific activity among students and
to develop proposals for the formation of a positive
environment to increase students' interest in research
work and the teaching profession.

Research materials and methods

The main research method used is a questionnaire
survey, which is associated with a comparative
analysis of the results obtained with official statistics.

The survey of students was conducted for three
years, which allowed us to identify the most common
problems that prevent young people from showing
interest in scientific research, based on their level
of readiness for research work. A fundamentally
important factor for the research group was to
determine the objectivity of the data obtained and the
possibility of their generalization on the scale of the
Republic of Kazakhstan, so the results of the survey
were compared with official statistical data.

However, the idea of conducting such studies is



not new. This method, as a means of searching for
meaningful information, has shown its effectiveness
in conducting similar surveys in a number of
universities in the CIS [3, 4]. The peculiarity of our
research is to put forward and test the hypothesis
that the choice of a future field of activity related to
research work directly depends on the interest and
participation of students in conducting scientific
research. The validity of this hypothesis consists in
the identity of the assessment of the survey results
with the average assessment of the results of official
statistical data for the Republic of Kazakhstan.

The first stage of the study was conducted with
students of the 2018 set, its results were processed
and published earlier. At this stage, the details of the
purpose and objectives of the research were described
[5]. In the second stage, students of the 2019 set were
involved, this was due to the need to compare the
obtained generalizations and confirm the previously
made conclusions. At the same time, an attempt was
made to identify priority features that contribute to
increasing student activity and establishing a link
between the results of the survey. The third stage was
held in 2020. Due to the identity of the survey results
obtained, the authors used only the main generalizing
data in the further presentation of the material.

The results of the research and their discussion

The organizers of the study were interested in the
reasons for the loss of students' addiction to research
activities. It should be noted that this issue was
raised by the majority of researchers of this problem
[6-9]. At the same time, some authors highlighted
the problems associated with the organization of
research and development [10].

Please note that for the sake of clarity, the
figures below were sorted from a larger quantitative
indicator to a smaller one. The purpose of such
sorting is to strive for systematization and clarity of
the information presented.

The expression of interest among university
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students in research activities is shown in Figure 1.

Respondents note that the main factors driving
interest are stimulation (33%) and interesting scientific
topics (22%). In terms of importance, these factors
bypassed the educational process, the assessment of
one's own performance and the possible prospects
of a future profession. Apparently, this is due to
the fact that students do not think it is promising to
conduct scientific research when choosing a future
profession, and its effectiveness is due to the presence
of stimulating factors.

As for the incentive aimed at activating research
work, this is the concretization of its forms, shown in
Figure 2.

It should be noted that 40% of respondents noted
that the condition for the activation of research
activities is the acquisition of appropriate professional
skills by students. This result indicates the desire of
young people to improve their professional skills,
which is a more significant factor than material (16%)
and moral (19%) encouragement.

This conclusion is confirmed by the results of the
survey concerning the possibility of further use of the
skills acquired in the course of research work. The
survey results are shown in Figure 3.

The most popular choice of students (60%) was
«improving the level of knowledge». This response
indicates the interest of students in alternative ways
of obtaining professional skills. At the same time,
they serve as a determining factor contributing to
the activation of student research work. However,
students do not associate the required level of
knowledge with the prestige of the university (3%)
or with in-depth study of certain disciplines (10%).
Even the formation of creative thinking skills (27%) is
not a priority for most students. However, this result
causes wariness among researchers. In particular,
some scientists believe that the formation and
development of creative thinking should be a priority
when conducting research by students [11-13].

In turn, we do not question or refute the degree of

w
6]

w
o

N
(6]

N
o

[ERN
(%]

=
o

Percentage of the total

wv

o

Lack of interesting
research topics

Lack of stimulation

Academic workload Low self organization

Alternative

Lack of prospects
and laziness

Figure 1 — Students answers to the question of interest among university students in research activities




B Tpyabl yHuBepcuteta N3 (84) - 2021

45

40 \

35
30 \

25 \0\

20

§_§

SQQ

15

Percentage of the total

10

5

0 T

Obtaining professional skills Work

Alternative

Moral incentives Financial incentives

Figure 2 — Students' answers to the question about incentives for participation in research work

70

60 -

50

40

30

20

Percentage of the total

10

Improving the level of

knowledge thinking

Developing creative

Alternative

Interest in the subject Prestige of the University

Figure 3 — Students' answers to the question about specifying the scope of professional skills

priority of a single factor. In our opinion, professional
skills are the hidden features of using possible means
and methods aimed at achieving the desired solution
in a simpler and more effective way. Otherwise, such
professional skills are called «secrets of the master».

Complex analytical calculations can be replaced
by the use of numerical methods, difficulties in
mastering professional software, compensated by
the use of standard software add-ons, performing
numerous routine operations, replaced by the
creation of a simple program and the effect of its
single use. Examples of these «master's secrets» in
matters of technical and legal training of students are
given in the corresponding author's publications [14;
15]. Individual scientists also justify the possibility of
using completely different methodologies in order to
obtain an identical result [16].

In turn, the research group was interested in

EIN how many students are going to link their future

professional activities with science. The results are
shown in Figure 4.

The results of the survey showed that in the
future, only 6% of respondents are going to engage
in scientific research. Such a rather low figure is
depressing, since in any university it is considered
natural to attract students of all specialties to scientific
activities, and this is also provided for in the training
program. The mandatory preparation of various
research papers is practiced, and as a result, only a
small percentage is going to professionally engage in
scientific activities. Therefore, students initially have
no interest in conducting scientific research.

In this regard, a natural question arises: is such
a low indicator typical only for our university, or is
such a trend observed in the republic as a whole.
To solve this issue, we conducted a comparative
analysis of official statistical information for 20
years in the Republic of Kazakhstan [17]. Based on



official statistics, table was compiled, which shows
a comparison of the number of students and the
teaching staff.

Table clearly shows that the ratio of the number
of students and teaching staff in different years varied
from 6% to 8%., and the average value was 6.7%.

Clearly, the dynamics of changes in the ratio of
teaching staff and students is shown in Figure 5.
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Figure 5 shows that the average ratio of the
number of teaching staff and students in the
universities of the Republic of Kazakhstan is 6.7%.

In this regard, it can be assumed that the
updated teaching staff is mainly former students
(undergraduates). Based on the above data, we can
state the identity of the results obtained during the
survey of students with the real ratio of the number
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Figure 4 — Students' answers to the question about students' plans for the field of activity after graduation
from a higher educational institution

The ratio of the teaching staff and students in the universities of the Republic of Kazakhstan

Time The Number of The Number of students The Number of = The ratio of teaching  Average
period Universities of RK of RK (people) faculty, people staff and students value
2000/01 170 440 715 29 577 6,71 6,7
2001/02 185 514738 34508 6,70 6,7
2002/03 177 590 982 37 602 6,36 6,7
2003/04 180 658 106 40972 6,23 6,7
2004/05 181 747 104 42 333 5,67 6,7
2005/06 181 775762 43382 5,59 6,7
2006/07 176 768 442 42 788 5,57 6,7
2007/08 167 717 053 41 207 5,75 6,7
2008/09 143 633 814 37 814 5,97 6,7
2009/10 148 610 264 39155 6,42 6,7
2010/11 149 620 442 39 600 6,38 6,7
2011/12 146 629 507 40531 6,44 6,7
2012/13 139 571691 41224 7,21 6,7
2013/14 128 527 226 41635 7,90 6,7
2014/15 126 477 387 40320 8,45 6,7
2015/16 127 459 369 38 087 8,29 6,7
2016/17 125 477 074 38241 8,02 6,7
2017/18 122 496 209 38212 7,70 6,7
2018/19 124 542 458 38275 7,06 6,7
2019/20 125 604 345 38470 6,37 6,7
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Figure 5 — Ratio of the number of teaching staff and students in higher education institutions

of the Republic of Kazakhstan

of teaching staff and students in the Republic of
Kazakhstan. Such an identity allows us to make an
assumption about the possible generalization of
the results of the survey and its projection on the
entire system of higher education in the Republic of
Kazakhstan.

However, in order to form and justify the final
conclusions, it is necessary to conduct additional
studies with an expanded sample coverage.

Conclusions

The results of the study revealed the following
patterns.

1. The majority of students do not associate their
future life and career with scientific activities, so
they are not active in carrying out research work.
The analysis of the results of the survey of students
and official statistical information also indicates
an increase in the teaching staff, mainly due to
young people who showed interest in scientific
activities during their studies at a higher educational
institution.

2. Itisnecessary to take active measures toidentify
and attract students to research activities. Such
students, as a rule, are distinguished by efficiency,
attentiveness, extraordinary thinking, good academic
performance, the desire to acquire new knowledge
and the possibility of their practical application.
Such students need to set interesting tasks, show
acceptable solutions to them, and pay attention to
the existing problems. It is advisable to entrust them
with the preparation of scientific projects, to involve

FFA them in the implementation of initiative, contractual

and grant research.

It should be emphasized that these 6% are able to
make a breakthrough in the effectiveness of scientific
research work of university students. In the future,
these young scientists should be interested in linking
their professional activities and scientific careers with
the university.

3. The condition for involvement in student
science is the authority of the teacher, who should
use his example to attract students to research
work. The teacher's lack of interest in conducting
scientific research negatively affects the student's
initiative to participate in student scientific research.
A teacher who ignores research activities cannot
master the «secrets of the master» and, therefore, is
not interesting to the student. Therefore, the activity
of student scientific work directly depends on the
involvement of the university faculty in research
activities.

4. To develop students' creativity and originality
of thinking, itis advisable to focus on the development
of skills of non-standard ways of solving educational
situations. It seems effective to use mechanisms
for comparing a complex standard method with
a simple, but effective non-standard solution.
Faculty members are encouraged to practice such
comparisons, especially when conducting practical,
laboratory classes, round tables, and other forms of
training sessions.

The authors hope that a well-thought-out
implementation of the above conclusions and
recommendations will increase the activity of student
research work.
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YHusepcumemme cmydeHmmepOoiH fbiAbiMu-3epmmey HYMbICMapbIHbIH, memMeH muimoiniziHi4 cebenmepi

1*BALLINPOB AnexkcaHOp Bumanwsesuy, m.f.K., 3epmxaHa ¥emekxuwici, bashirov_av@mail.ru,
1XAHOB Tanzam Axmama3ueasuy, 3..0., Mpogheccop, uHcmumym oupekmopesl, thanov@mail.ru,
1KazmymesiHyoOarel KaparaHObl yHusepcumemi, Kazakcmat, 100009, KaparaHdbl, Akademuyeckasa keueci, 9,

*asmop-KoppecrioHoeHm.

AHOamna. MaKanada cmyoeHmmepOdiH folabiMU-3epmmey HYMbICMApbIHA Kbi3blFyWblbifbIHbIH 6oamay cebenmepi
Kapacmeoipblanadsl. CmydeHmmepOoiH FolabiMu 3epmmeysnep xcypeisyoeai benceHdinieiHiH memeHoOeyiHe #aHe 01apOoblH
FblabIMMeH aliHanbICKbICLI KenmeyiHe acep ememiH Hezisei pakmopnapdel aHeiKmayra apekem xacandel. 3epmmeyodin
makcamel cmydeHmmepOoiH, FolaAbIMU-3epmmey HYMbICMAPbIHA KbI3bIFYUWblAbIFbIH APMMbIPY YWiH #areiMObl opma-
HbI Kaasinmacmesipy 6olibIHWa ycbiHbicmap azipaey 60abin mabeinadel. 3epmmeyoiH Hezizei adici pecnoHOeHmMmepee
cayanHama xypeisy 6oabin mabsliaadel. CayanaHama Hamuxesnepi pecmMmu cmamucmuKka 0epekmepimeH casnbicCmeolpbi-
nadel. CayanHamanapoa cmydeHmmepOiH, FbinbiMu 3epmmeynepee 0e2eH Kbi3blfyWblblFblH aHbIKMAyMeH Kamap,
0/1ap0biH 0alibiHObIK OeHeeliiH #aHe 00aH api Kacibu Kbiamem nepcrieKmusanapbiH aHbIKmay ywiH 6aKblaay cypak-
mapesl nalidanansindel. bya macin mekmen mynekmepiHiH 6inim anyblHOAFbI OAKbIALIKMAPObI AHLIKMAYFA MYMKIHOIK
b6epai. MypzizineeH 3epmmey HeziziHOe cmydeHmmepOi FbibIMU-3epmmey HYMbICbIHO mapmy #eHiHoez2i wapanaposl
Kenicy 6olibiIHWa ycoiHbIicmap eHzizinedi. CmydeHmmepoiH FbiabiMu-3epmmey Kbi3MemiHiH muimoinieiH #aHe onap-
OblH, FblAbIMFA 0e2eH Kbi3bIFyWblablFblH apmmeblpyra 6aFblmmansaH HezizoenzeH myxcolpbiMmoap 1acandel. 3epmmey
HamuxmceciHOe epekwe olinay Kabinemi 6ap cmydeHmmepodi aHbIKMay #aHe cmyoeHmmepoi FolabiMU-3epmmey Hcy-
MbICMapbIHG mapmy Kaxemminiai HezizoenzeH.

Kinm ce30ep: cmydeHmmepdiH 3epmmey HYMbICbl, CAyasaHaMa Mypaisy, Homuxcenepdi eHoey, cmyoeHmmepoiH
FbLABIMU HCYMbICbI, binim 6epy, medazo2uKansiK Kbiamem.



B Tpygabl yHuBepcuteta N3 (84) - 2021
lMpuyuHbl HU3KOU 3hghekmusHoCcMU Hay4YyHO-UccnedosamesnnbcKoli pabomel cmydeHmos 8 yHusepcumeme

1*BALLINPOB AnekcaHOp Bumanvesuy, K.m.H., pykosodumesns nabopamopuu, bashirov_av@mail.ru,
1XAHOB Tanzam Axmama3ueeguy, 0.10.H., pogeccop, dupekmop uHcmumyma, thanov@mail.ru,
KapaeaHouHckuli yHusepcumem Kaznompebcorosa, Kazaxcmax, 100009, KapazaHda, yn. Akademu4eckas, 9,

*aemop-KoppecrnoHOeHm.

AHHOmMayuA. B cmamee paccmampuearomcs npu4yuHsl omcymemeus uHmepecd y cmyoeHmos K Hay4Ho-ucci1edosa-
mesnbcKkoli pabome. [MpednpuHAMA MonsIMKaA 8biA8UMb OCHOBHbIE YAKMOPbI, 8AUAOUUE HO CHUX(EHUe aKmu8Hocmu
cmydeHmo8 8 Npo8edeHUU Hay4YHbIX UCCAe008aHUL U UX HexcenaHue 3aHUMamocsa Haykol. Lienbto uccnedoeaHus A6a1-
emca paspabomka npedaoreHul Mo hopmMupo8aHUIO No3umueHol cpedbl 018 Mo8bIWEHUS UHMepeca cmyoeHmos K
Hay4Ho-uccedosamesnsckoli pabome. OCHOBHbIM MemoOOM UCCAe008AHUSA A8ASemcA 0npoc pecnoHoeHmMos. Pe3ysb-
mamel 0Npoca conocmasAsomMca ¢ OGHHbLIMU 0GhUYUAAbHOU CMamucmuKu. B aHkemax HapAdy ¢ 8bIACHEHUEM 30aUH-
mepecosaHHOCMU cmy0eHmo8 8 NposedeHuUU Hay4YHbIX Uccaedo8aHuli Ucrnonb6308aaUcb KOHMPOsbHbLIE 80MPOCH! 045
onpedeseHUs ypoBHSA UX M0O20MOBKU U rnepcriekmus 0dsbHeliwel npogeccuoHanbHoli deamensHocmu. Takoli nodxoo
11038071Us1 8bIA8UMb MPObesbl 8 NPUObpemeHUU 06PA308aMeNbHbLIX HABLIKOB 8bIMYCKHUKAMU WKOs. Ha ocHose npose-
0eHHO020 UCcned08aHUA BHOCAMCA NMPedA0HEHUS M0 CO2AACOBAHUIO Mep 10 808/e4YEeHUI0 CMYyOeHMOo8 8 Hay4YHO-Uccre-
dosamernbckyto pabomy. ChopmynuposaHsbl 060CHOBAHHbIE 8bI800bI, HAMPABAEHHbIe HA Mo8blueHUe 3¢hgheKmusHoCcmu
uccnedosamesnbcKoli desmesnbHOCMU cmMydeHmos U osbluieHue ux UHmepeca K Hayke. B pe3ysemame nposedeHHo020
uccnedos8aHus 060CHOBAHA HEOOXOOUMOCMb 8bIAB/AEHUS CMYOeHMOo8 ¢ HEOPOUHAPHBIM MbllaAeHUEM U MpusaevyeHus
cmyodeHmos K Hay4Ho-uccaedosamensckoli pabome.

Knrouesole cnoea: uccnedosamesnsckaa paboma cmydeHmos, aHKemuposaHue, 0bpabomka pe3zysnemamos, Hay4YyHas
paboma cmydeHmos, 0bpazosaHue, nedazo2uyeckas 0esmenbHOCMs.
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Abstract. The purpose of the article is to study the methods of technology of critical thinking. Critical thinking allows
you to analyze information. It is a basic skill. The ways of development of this thinking are described. The ways of
searching for additional information, replenishing the baggage of knowledge, the correctness of the question, etc.
are determined. The necessity of instilling skills in predicting situations is determined. The types of activities for the
development of critical thinking are given.

Keywords: critical thinking, student, development, interest, education, training, professional competence, research

skills.

Introduction. Critical thinking is one of the key
skills of the 21st century that allows you to analyze
information, draw conclusions and make decisions
based on the analysis, as well as form your own
opinion and defend your position.

In the modern world, we are surrounded by
information, it comes from different sources and
needs to be rethought and verified for accuracy.
Through critical thinking, we can see inconsistencies
and contradictions, filter out inaccurate data, and
separate facts from their interpretation.

To think critically means to see different options
for the development of a situation depending on
certain factors and to be able to isolate the most
optimal, convenient and effective from these options.

The goal of critical thinking development
technology is to develop the thinking skills that
people need in later life the ability to make informed
decisions, work with information, highlight the
main and secondary, analyze various aspects of
phenomena.

The relevance of this technology is that it allows
you to conduct lessons in an optimal mode, the level
of performance of students increases, the assimilation
of knowledge in the classroom occurs in the process
of constant search.

This technology is aimed at the development of
the student, whose main indicators are evaluation,
openness to new ideas, their own opinion and
reflection of their own judgments.

Critical thinking is an important skill that helps
you analyze information, draw conclusions, form

your own opinion on any issue, and act on it.

Critical thinking helps you successfully cope
with educational and work tasks, make decisions,
and navigate the flow of information.

Critical thinking technique. To develop critical
thinking, try to expand your horizons and learn
more about different subjects and phenomena, learn
to ask questions, analyze the text, and come up
with different scenarios. Train your logic, attention,
and imagination with games, puzzles, and special
exercises [1].

One of the main elements of critical thinking is
self-criticism. This is when a person soberly looks at
their real capabilities and, if necessary, corrects their
own mistakes.

Self-criticism is almost completely absent only
in mentally ill people, such as schizophrenics.It is
important to understand that personal growth is
basically impossible without self-criticism. That is
why it is so necessary to learn to look at yourself from
the outside, and objectively evaluate yourself, your
thoughts and actions.

In this sense, the good news is that self-criticism,
as a property of the psyche, can develop. Therefore,
if a person has realized the importance of this
phenomenon, he can start dealing with this issue at
any time.

Critical thinking is a form of interactive, creative,
and reflexive thinking.

Technology for the development of critical
thinking through reading and writing in the late

twentieth century in the United States was invented [ 25 |
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by C. Temple, D. Steele, and K. Meredith. In General,
the discipline providesideas and methods of domestic
technologies, collective and group teaching methods,
as well as developmental training.

Critical thinking allows you to evaluate, interpret
the basics, and correctly use the results in situations
and problems [2].

Itis important to understand that critical thinking
is not an innate property. It can develop and grow, or
it can disintegrate over time.

If a person has certain knowledge and
information, then it can be compared, evaluated and
analyzed, that is, criticism can be criticized.

Technology of critical thinking development is
a set of forms, methods, techniques of training and
education that form the logical analysis of information
and the ability to apply the results obtained in various
situations.

Critical thinking technology-a system of
judgments that allows you to deduce an assessment,
interpretation, and correctly use the results obtained
in conditions and problems that are used and justified
for the analysis of substances and events with the
formulation of reasonable conclusions:

- reasonable reflexive thinking, focused on faith
and deciding what to do;

- an intellectually ordered process of actively and
skilfully analyzing, synthesizing, using, synthesizing,
and evaluating information obtained or induced by
control, experience, thinking, or communication as
an orientation for beliefs and actions.

Stages of critical thinking development
technology:
Preparatory period

The first stage is preparation. It is mandatory to
have it in every class. This stage allows you to: update
and generalize the student's knowledge on this topic,
to be constantly interested in the topic being studied,
to encourage the student to study, to work actively.

Understanding period

The second stage is understanding. It allows
students to: get new information and master different
ways of working with it, understand information,
compare new knowledge with existing ones.

Period of thinking (reflection)

The third stage is reflection. It is important to
understand, summarize the information received,
give a new education, expand the subject field, and
form each student's own attitude to the material
being studied.

In the preparatory period, you can conduct classes
using «Cluster», «Basket of ideas», «Aquarium», «Fo-
recast tree», «Correct and incorrect conclusions»,
«Keywords», «Interview», «Scales» and other
methods.

It is based on group work in the «basket of ideas»
method. Each group, after a preliminary discussion,
talks about their assumptions. For example, one
subject is taught on the same topic.

In the «keywords» method, a short story is

I formed based on the reference words.

In the «interview» method, the student gets an
interview with other students on a specific topic.

The second stage-at the understanding stage, the
scheme «insert», «fishbone», the table «fish frame»,
«record in a circle», the table «summary table», the
table «corners», the table «find an error», «logbook»,
«logical circuits» are used. It is worth noting that the
universal «cluster» method is used at all stages.

In the «Insert» method, the training material is
submitted in a ready-made form, reading the text
is written at one end or in the form of a table: V -
I know «+» new for me «—» I think differently «?» I
don't understand.

After reading the text in the «logical chains»
method, students need to make a logical order. This
method helps you retell texts.

In the «find an error» method, the teacher
prepares a text containing erroneous information in
advance and invites students to detect errors [3].

The method of developing critical thinking in
the period of reflection is cinquain. A cinquain is a
small form of poem that is used to describe emotional
influences and feelings, a common thought. A small
literary work that characterizes a theme consisting of
five lines written according to a specific plan.

What it's used for cinquain:

- enriches the language fund;

- teaches a short presentation;

- teaches you to form a thought;

- allows you to feel like a poet in one moment;

- everyone can do it.

When working with cinquain, it clarifies didactic
games and adds vocabulary on various lexical topics.

The use of several methods of critical thinking
allows you to make the lesson interesting, give
students a good opportunity to study the subject,
increase interest, develop and creatively develop.

Critical thinking is a good tool for making optimal
decisions. However, it does not need to be constantly
used in every life situation. All decisions made on
a daily basis do not require us to think critically. In
most cases, it is better to use intuition instead of a
critical approach, which will save you time and
psychological resources.

People who develop critical thinking often doubt
ideas and facts and do not perceive them in their
original version. They also seek to find out that their
ideas, arguments, and conclusions are consistent
with a system of shared values, while being open to
objections and discussion [4].

Characteristics of a person with developed critical
thinking.

A person who has the ability to think critically
has the following characteristics:

- understands the cause-and-effect relationships
between facts and ideas of the surrounding reality

- can determine the importance of arguments and
ideas

- recognizes and evaluates other points of view,
builds sound arguments

- can identify inconsistencies and errors in the



course of reasoning

- tries to solve emerging problems consistently
and systematically

- reflects on the rationale for their own beliefs,
thoughts, and values.

How can you encourage critical thinking?

1. Don't accept the facts as they are

The first step in developing critical thinking is
to evaluate the information that comes to us from
the environment. Before you do what you've always
done, or take on faith what you've been told, think
about the situation. Think about what the problem is
and what possible ways to solve it. Of course, you
make your own decisions about what to believe and
what to do. But if you spend some time assessing the
situation, you will most likely be able to make more
balanced and informed decisions.

2. Define your goals

What result do you expect? What would you
like to get? What is your goal? Defining the goal you
intend to achieve is important for building a plan of
your actions and steps to implement your plans.

3. Research the facts

A huge amount of information comes to us every
day from various sources. Keep in mind that this
information can be a very powerful tool when making
decisions. When you have a problem that requires
analysis, a perspective that needs to be evaluated, or
you have to make an important decision, search for
information on the Internet, research the facts, and
read publications on this topic. Analyze different
opinions, arguments, and beliefs. Find out if there
is conflicting information. The more information
you have, the better prepared you will be to give a
reasonable answer

4.Don't put yourself installation that you are
right

It's always nice to know that you're right. We all
enjoy it. But if we initially set ourselves the attitude
that our arguments are fair and are the only true ones,
then we refuse to meet and consider other points of
view. Your thoughts, beliefs, and arguments are just
one possible explanation, but there are many other
alternative views that are also true. Open your mind
to consider and evaluate other points of view.

5. Start with the basics

There is a line of thinking that is often used in
scientific research to find out which hypothesis is
correct. This technique was called «Occam's Razor».
Its proponents recommend giving preference to the
simplest explanations until they are proven to be
false.

6. Divide the problem into several parts

When you encounter a complex problem, try to
divide it into several parts. This makes it easier for
you to evaluate and find a solution for each individual
part, and then, by combining the results, you will
come to the solution of the main problem [5].

Today, our education system lags behind most
European countries in many ways. The method of
teaching in secondary schools is based on the passive
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acquisition of knowledge that may benefit students
in the future, and may never be useful.

One of the main tasks that should be assigned
to the teacher is to develop students ability to think,
reason and defend their point of view, to collect and
research information about the phenomena of the
surrounding reality, and not only to transmit to them
the knowledge embedded in the school curriculum.
This is very important for their adult life. Students
should learn to ask questions and resolve doubts,
rather than take everything for granted. Itis important
to teach them not to trust everything they read, see,
or hear from the media, friends, family members, and
other sources of information without thinking.

What can we do to teach children to think
critically? How can I promote critical thinking in the
learning process?

1. Encourage group work

The group atmosphereisideal for children tolearn
to think and develop their cognitive abilities. When
they are surrounded by peers and work together,
they are exposed to different thinking processes, and
are exposed to other points of view and opinions.
So they learn to understand and analyze how other
children think, and come to realize that their form of
thinking is not the only possible one. They also learn
to question their own beliefs and respect the opinions
of others.

2. Encourage children to use their creativity

Creativity is a very useful skill that helps us find
new ways to solve problems and optimal behaviors.
This is why its promotion in the educational process
is so important. Instead of giving children precise
instructions on how to perform certain tasks, create
an environment in which they will have to show
their creativity and solve the problem creatively. Give
them the opportunity to find different ways to solve
the problem on their own, without templates or set
plans. Learn more about how to promote creative
thinking.

3. Ask questions to children

When a teacher asks a question, he often
encourages students to think, makes them more
attentive, and helps them use and consolidate their
knowledge. Ask them: «do you agree with this
statement? In your opinion, which option would be
better? Explain why this phenomenon is observed?».
Avoid questions that may lead to a single answer.

4. Present discussions and discussions

Discussions are a very good way to get children
to think and think about a particular topic. This
helps them form their own opinions and respect the
opinions of others.

Conclusion. An effective way to develop critical
thinking through discussion is to require students to
take two opposite positions [6].

Summing up all the above in this article, we can
conclude that the technology of developing critical
thinking consists of creative techniques that make
the lesson interesting, give a powerful message to

students to study the subject. The ability to work
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independently with information, to think outside the | take a responsible attitude to his education. And this
box, that is, to think critically, allows you to become  article also covered techniques for developing critical
a person who wants to learn throughout his life and = thinking.

. Valieva M. New pedagogical technologies. — Almaty: Almatykitap, 2017.

. Karaev G.A. Didactic conditions for designing an improved pedagogical system. — Almaty. 2014.

. Trubinova E.A. Technology of development of critical thinking in the educational process // Young scientist. 2015.
. Slastenin V.A., Kashirin V.P. Psychology and pedagogy. — Moscow: Academy, 2017.

. Orlova V.A., Orekhova B.A. Psychology in questions and answers. — Moscow: KNORUS, 2018.

. Aitmambetova B.P. Ideas and experiences of innovative teachers. — Almaty: Folio, 2017.

AU WN

CbIH MYpPFbICLIHAH 0liaIay MexXHOo02UACbIHbIK, muimoi adicmepiH KondaHy

1*CAMALLIOBA lynepapuda EpzanueeHa, n.f.K., 0oyeHm, 0ekaH, gsamash74@mail.ru,

2KYPbIMBAEB Caam laliHuesud, n.f.K., doueHm, sakura3874@mail.ru,

3CAAbIPOBA 'ynzam KamubibekoeHa, ¢unon.f.K., doueHm, squlzat@mail.ru,

WAMLUMAEHOBA Ha3uka HypaaHKbi3bl, MazucmpaHm, 555 _nazik_67@mail.ru,

KaparaHObl mexHuKanelk yHugepcumemi, Kazakcmad, 100027, KaparaHosl, H. Hazapbaes daHfbisbl, 56,

2E.A. Bekemos amebiHOaFbl KaparaHObl yHusepcumemi, Kazakcmat, 100028, KaparaHdel, YHusepcumem Keuieci, 28,
3K.N. CkpabuH ambiHOaFbI KbipFbi3 YyAmmelK a2papasiK yHusepcumemi, Koiproiacmat, 720005, biliKek,

Medepos keuweci, 68,

*aemop-KoppecrioHoeHm.

AHOamna. MaKanaHeIH MaKCamel — CblH MypPFbICbIHAH 0liaay mexHo102usACbIHbIH a0icmepiH 3epmmey. ColHU mypFbl-
0aH olinay aknapammel mandayra MyMKiHOIK 6epedi. On Hezizai 0arobinapobiH 6ipi 60abin mabeinadel. Makanada
amanmeiw olinaydbiH 0amy #0a0apsl cunammanraH. Kocbimwa aknapammel izdey wondapsi, binim KopbiH mo-
/ILIKMbIPY, CYPAKMbIH OYpbIC KYPacmolpblaybl #aHe m.6. aHbikmanraH. Maroalidsl 6onxcay 0arOblaapbiH Kaabinma-
cmblpy Kaxcemminiei aHeikmanraH. ColH mypFbiCbiHAH 0linayobl 0amblmyFa ApHAAFAH ic-apekem mypsepi bepinaeH.

Kinm ce3dep: coiHU myprbidaH olinay, cmydeHm, 0amy, Kbi3biFyWblasiK, binim, OKbimy, Kacibu Ky3sipemminik, 3epmmey
darodbinapel.

Ucnonv3zosaHue aghdheKMueHbIX Memoodos mexHon02uu Kpumu4ecKko20 MbluaeHus

1*CAMALLIOBA lynopapuda EpeanueegHa, K.n.H., douyeHm, 0ekaH, gsamash74@mail.ru,

2KYPbIMBAEB Caam laiiHuesud, K.n.H., douyeHm, sakura3874@mail.ru,

3CA/IbIPOBA lyn3zam KamubibeKoeHa, K.¢puson.H., doyeHm, squlzat@mail.ru,

WAMLUMAEHOBA Ha3uka HypaaHKbi3bl, mazucmpaHm, 555 _nazik_67@mail.ru,

KapaeaHouHckuli mexHudeckul yHusepcumem, Kazaxcmax, 100027, KapaeaHda, np. H. Hazapbaesa, 56,
2KapaeaHouHckuli yHusepcumem um. E.A. Bykemosa, KazaxcmaH, 100028, KapazaHoa, yn. YHusepcumemckas, 28,
3Kbipebi3ckuli HayuoHanbHbIl azpapHeil yHusepcumem um. K.W. CKpabuHa, Keipebiscmax, 720005, buliKek,

yn. Meodeposa, 68,

*aemop-koppecrnoHOeHm.

AHHOmMayusA. Lienb cmamoeu — usyyeHue mMemo0Oo8 mexHosno02uu Kpumuy4yecKo20 mMblwaeHUA. Kpumuyeckoe moiuneHue
noseosiAem aHanusuposamsos UHdJOpMGL{UI'O. OHa A8714emca 0OCHOBHbIM HA8bIKoM. OnucaHs! nymu pa3gumus 0aHHOo20
MbIWAEeHUA. OnpedeneHb/ nymu rioucka donosHumesnbHoU UHdJOpMGL{UU, rnonosHeHue 6azaxa 3HaHuUl, npasusibHoCMeo
nocmMaHOB8KU eorpoca u m.o. OnpedeneHa Heobxodumocmob rnpueumuAa HAeblIKo8 o rpocHO3UpPo8aAHUK cumyauuﬁ.
npUBEOEHbI 8UObI 0eamesnibHoCcMu 017 paseumuAa Kpumu4yecKo2o MblWneHUA.

Kntouesbie cnoea: Kpumuveckoe mbiuineHue, cmydeHm, pazgumue, uHmepec, obpazosaHue, obyyeHue, npogeccuo-
HaAbHAA KOMemeHMmMHOCMb, Ucce008amesnbCcKue HaBbIKU.

. Valieva M. New pedagogical technologies. — Almaty: Almatykitap, 2017.

. Karaev G.A. Didactic conditions for designing an improved pedagogical system. — Almaty. 2014.

. Trubinova E.A. Technology of development of critical thinking in the educational process // Young scientist. 2015.
. Slastenin V.A., Kashirin V.P. Psychology and pedagogy. — Moscow: Academy, 2017.

. Orlova V.A., Orekhova B.A. Psychology in questions and answers. — Moscow: KNORUS, 2018.

. Aitmambetova B.P. Ideas and experiences of innovative teachers. — Almaty: Folio, 2017.

U WN



Paszea 2

DOI 10.52209/1609-1825_2021_3_29

UDC 534.1; 621.9

Mathematical Modeling of Dynamic Processes That Occur
During Vortex Boring of Deep Holes with a Multi-Pass
Gutter

1GAVRILIN Aleksey, Cand. Tech. Sci., Associate Professor, gawral@tpu.ru,
1*KHAYRULLIN Alexander, post-graduate student, hayrullin1993@list.ru,
Tomsk Polytechnic University, Russia, 634050, Tomsk, Lenin Avenue, 30,

*corresponding author.

Abstract. The purpose of the article is mathematical modeling and further research of the projected method of
diagnostics of dynamic processes of vortex boring in order to determine the optimal processing mode. The design
scheme of the technological system for vortex boring is given. The input parameters of the technological system for
modeling cutting processes are determined. The values of the stiffness coefficients and damping coefficients for the
technological system are determined. Systems of linear inhomogeneous differential equations for each element of the

technological system are presented. Graphs of the dependence of the amplitude on time for displacement, velocity
and acceleration are obtained. The spectrograms of displacement, velocity and acceleration are obtained separately
for each node of the technological system, showing the dependence of the amplitude on the frequency.

Keywords: diagnostics, dynamic processes, vortex boring, displacement, speed, acceleration, lathe.

Introduction

The study of dynamic processes is an urgent task
of our time. The cutting process is a complex process
that takes place at high speeds, temperatures and
pressures acting on the cutter and, as a result, on the
machine tool-device-tool-detail (MDTD) [1]. To date,
vortex boring is performed with a single-pass cutter,

but the use of multi-pass cutters will significantly
improve the quality of processing the product
due to the distribution of cutting forces among the
cutting edges that are engaged, as well as increase
productivity. However, the dynamics of vortex boring
with the use of a multi-pass cutter head has not been

fully studied, which is a big omission. The quality [ 29 |
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of material processing can be improved by using
structural and technological methods [2]. The most
cost-effective method is the technological method.
Therefore, it is relevant to build a mathematical
model of dynamic processes that occur during the
vortex boring of deep holes with a multi-pass cutter.

Research methods

Since some components of the lathe affect the
quality of workpiece processing, it was decided to
reduce the schematic diagram shown in Figure 1
to 6 of the most important components of the lathe.
From the point of view of dynamics, it is necessary to
take into account the mass, stiffness coefficient and
damping coefficient of each node of the system under
study. The system consists of a cam, a turning chuck,
a headstock, a bed, a caliper and tools (Figure 1).

According to the calculation scheme of the tech-
nological system (Figure 1), a system of differential
equations is compiled, the solution of which was
carried out by the fourth-order Runge-Kutta method
[3]. Notation in the system of differential equations:

- F(t) — disturbing force, (N);

- Fm, =m,a, — inertia force, (N);

- Fe, = c,x, — the reaction force of the support, (N);

- Fh,=h,V, — elastic force, (N);

- m, — unit weight, (kg);

- a, — acceleration, (mm/s?);

- ¢, — stiffness coefficient, (N/m);

- r, — displacement, (mm);

- h, — damping coefficient, (N-s/m);

-V, - speed, (mm/s).

When modeling, the harmonic law of changing
the disturbing force is adopted [3]:

F(t) = A*sin(w *t). 1)

where A — the amplitude of the disturbing force
is equal to the value of the eccentricity of the
eccentric shaft, (mm);
@ — angular frequency (frequency), rad/s (Hz);
t — time, (s).
The assumption about the harmonic law of the
action of the cutting force is accepted in this work

from the consideration of identifying the reaction
of the elements of the technological system to such
an impact [4], as well as the fact that the signal form
F(t) during the spectral transformation will have a
fundamental harmonic at the specified frequency w

[5].

Results and discussion

The system of linear inhomogeneous differential
equations takes the following form:

An external force directly affects the chuck and
the tool holder, which allows you to create equations:

F(t) = Fm,+Fc, + Fh,, ()
F(t) =ma+alm—o) +h(Vi-V), ©)
F(t) = Fmg + Fos + Fhs, )
F(t) = moas+ cs (x5 — 5) + he (Ve — V5). (5)

From the tool holder, the force is transferred to
the caliper, and from the workpiece to the cartridge:

Fes+ Fhs = Fms + Fes + Fhs, (6)
ez —25) +he (Vo= V) = )

= msas+ cs (25— x1) +hs (Vs — V),
Foi+ Fhu = Fmy+ Fe, + Fhy, ®)
alm—m)+h(Vi—W) = ©9)

:m20/2+02(1'2_$3)+h2(Vz_V3).

The cartridge transfers the force to the front
headstock:

FC2+Fh2 =Fm3+F03 +Fh3,
Cz(xz_%) +h2(Vz_V3)
= m3a3+03(x3_1'4) +h3(V§—V4)

The headstock and the caliper are mounted on
the frame and transmit the total force to it:

Fes+ Fhs+ Fes + Fhs = Fmy+ Fe, + Fh,

(10)

(11)

(12)

Cs (.’L'g_.h) +h3(Vs_ V4) +cs (1‘5_1?4) +

(13)
+hs (Vo= Vi) = muas + cazi + hi V.

3 7z 7 6 5 4 7
So JSa J  JSe [Js [ )
NN AN A AN INAN ¢
_D_' m2 _D_ ml m6 _D_ ms E - Fa
o | 41 s :lﬁS » f\/\/\?
AN _|:|,,4 %
T] v

h3

1 - blank; 2 - turning chuck; 3 — headstock; 4 — bed; 5 — caliper; 6 — tools; 7 — cam

Figure 1 — Calculation scheme of the technological system
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The values of the parameters of the mathematical A system of linear inhomogeneous differential
model are entered into the MatLab software (Figure | equations is written in MatLab (Figure 3).
2). According to the specified parameters, the
Table of values
m m m m m m
Weight, kg : ’ ’ ! ’ :
5 20 150 620 60 8
c c c c c c
Stiffness coefficient, 10° N/m ! : : ! ° °
100 80 90 300 15 35
h h h h h h
Damping coefficient, N-s/m ! : ’ ! ° ¢
80 100 300 100 80 70

EZ Editor - G:\MaccoBble cucTeMbl AnA auccepa\anccep\npaBuabHbIE Macchbl M XECTKOCTM CTaHKOB\Sixmass3spectr.m

_J sixmass3spectrm 3 | sixmass3i.m | +

27 = A=0.005;% ™

28 — ml=5;% Kr

29 = m2=20;

30 - m3=150;

ghkl= m4=620;

321 = m5=60;

33 - mé6=8;

34

35 — hl=80; %

36 — h2=100;

37 = h3=300;

38 - h4=100;

39 = h5=80;

40 = hé=70;

41

42 = C1=80000000; % H/M

43 - C2=60000000;

44 - C3=90000000;

45 — C4=300000000;

46 — C5=15000000;

47 = Cé=35000000;
49 % natural frequencies
S0 - fl=sqrc (C1l/ml)/ (2*pi)
o1 = fZ:sqrt((Cl-}-CZ)lmZ)/ (2*pi)
§2/ = f3=sqrt ((C2+C3) /m3) / (2*pi)
531 = f4=sqrt ( (C3+C4+C5) /m4)/ (2*pi)
54 - £5=sqrt ((CS5+CE) /mS) / (2*pi)
S5 - f6=sqrt ((C6)/m6)/ (2*pi)
56
57 = £f=10:;% Gz
58| = w=f*2*pi:% conversion to radians % must be placed before the equation!
59 = F=A*sin (w*t):;
60
61 — al=(F-hl* (V1-V2)-Cl* (x1-x2))/ml;
62 — a2=(Cil* (x1-x2)+hl* (V1-V2)=-h2* (V2-V3)-C2* (x2-x3))/m2;
63 - a3=(C2* (x2-x3) +h2* (V2-V3) -h3* (V3-V4)-C3* (x3-x4) ) /m3;
64 — a4=(C3* (Xx3-x4)+h3* (V3-V4) +C5* (x5-x4) +h5* (V5-V4)-C4*x4-h4*V4) /m4;
65 - a5=(C6* (x6-x5) +h6* (V6-VS5) -h5* (V5-V4) -CS5* (x5-x4) ) /mS;
66 — a6=(F-Cé* (x6-x5) +h6* (V6-VS) ) /mé;

Figure 3 — A system of linear inhomogeneous differential equations in MatLab
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results of displacement, velocity and acceleration are
obtained, shown in Figures 4-6.

We will construct spectrograms of displacement,
velocity and acceleration separately for each node of
the technological system (Figure 7-12).

From the data obtained, which are clearly
presented in Figures 7-12, the efficiency of the
mathematical model is observed, therefore, this
mathematical model can allow comparative analyses
of subsequent experiments by changing the input
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Conclusions

As a result of the conducted research, a
mathematical model of the vortex boring process is
theoretically investigated using a multi-pass cutter
head to identify the natural frequencies of the bearing
elements based on the results of which it is possible
to determine the optimal processing modes.
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Figure 7 — Spectrograms of displacement, velocity and acceleration of the workpiece
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Figure 8 — Spectrograms of the movement, velocity and acceleration of the cartridge
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Figure 9 — Spectrograms of displacement, speed and acceleration of the headstock
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Figure 10 — Spectrograms of the replacement, speed and acceleration of the bed
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Figure 11 — Spectrograms of replacement, speed and acceleration of the caliper
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Figure 12 — Spectrograms of replacement, velocity and acceleration of the cam
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*aemop-koppecrnoHOeHm.

AHOamna. MaKanaHelH Makcamsl-eH0eyoiH oHmadlinbl pexcumMiH aHbIKmMay ywiH KylblHObl bypFolaaydblH, OUHAOMUKQ-
AbIK npoyecmepiH duazHocmMuKanayoslH ¥obanaHFaH 30iCiH MamemamuKasslK Modenboey #aHe 00aH api 3epmmey.
KylibiHObI bypFolnayra apHAAFaH mMexHoA02UAnAbIK HylieHiH #obasbiK cxemacs! KeamipinzeH. Kecy npouyecmepiH mo-
Oenbleyze apHanFaH MeXHO02UANMbIK XyUeHiH Kipic napamempsepi aHbIKManobl. TexHon02uAnMbIK Hyle ywiH Kam-
meolnablK KosghguyueHmmepiHiH xaHe Oemngupney KosagpguyueHmmepiHiy maHOepi benzineHdi. TexHOs102UAMbIK
HyleHiH ap anemeHmi ywiH cbi3biKmebl 2emepozeH0i OughgepeHyuanObiKk meHoeynep Hcylieci KenmipinzeH. Amnaumy-
OaHbIH KO3FasbIC, HbIAOAMObIK HIHE yoey YaKbimbIHa mayendinik epagukmepi anbiHObl. AMIAUMYOAHbIH HUiniKKe
mayendini2iH KepcememiH mexHon02UAnAbIK HylUeHiH ap myUiHi yWwiH KO3fasbiC, #blA0amObIK HoHe yoey crieKmpo-
2pammanapel aneiHOLI.

Kinm ce3dep: duazHocmuKa, OUHAMUKAsbLIK poyecmep, KylibiHObI 6YpFbiaay, KO3Fasy, #blaA0amoblK, yOey, MOKapbbIK
CMQHOK.



B Tpygabl yHuBepcuteta N3 (84) - 2021

Mamemamuyeckoe modenuposaHue QUHAMUYECKUX MPoYeccos, MPoucxodaujux npu euxpeeom pacma4yueaHuu
2n1yboKux omeepcmuii MHO20MPOXOOHbIM pe3yom

ITABPUJINH Anekceli Hukonaeeuy, K.m.H., doyeHm, gawral@tpu.ru,
XAMPY/I/INH Anekcandp Pumosuy, acniupasm, hayrullin1993@list.ru,
Tomckuli nonumexHuveckuli yHusepcumem, Poccus, 634050, TomcK, np. J/leHuHa, 30,

*aemop-KoppecrnoHOeHm.

AHHOmMayus. Lleasio cmameu A8a5emcs Mamemamu4eckoe mooenuposaHue u 0asnbHeliwee uccaedosaHue mpoekmu-
pyemoz2o memoda Ouaz2HOCMUKU OUHAMUYECKUX MPouecco8 8UXpeso2o pacmavusaHus ¢ yesabto onpeodesneHus onmu-
MasbHO20 pexcuma obpabomku. lpusedeHa pacdemHas cxema mexHos02udeckoli cucmemsl 0715 8UXPEB020 PAcMa-
yusaHus. OnpedesneHsbl 8X00HbIE MAPAMEMpPbl MexHoA02U4YeCcKol cucmembl 0158 MOOenUPO8AHUS MPOYECCo8 pe3aHus.
YcmaHo8eHbl 3Ha4YeHUs Ko3ghghuyueHmo8 #ecmKocmu U Ko3ggpuyueHmos 0emMriguposaHus 05 mexHon02u4eckol
cucmembol. MpusedeHbl cucmembl NUHelHbIX HEOOHOPOOHbIX OuhhepeHyUanbHbIX ypasHeHUl 019 Kax 0020 anemeHma
mexHosozuyeckoli cucmemei. [1onyveHbl 2pAguKU 3a8UCUMOCMU amnaumMyOsl om epemeHuU 0715 nepemeueHus], CKopo-
cmu U ycKopeHus. losy4eHbl cnekmpozpammel nepemeueHus, CKopocmu U YCKOPeHUs 0moenbHo 075 Ka#0020 y31a
mexHos102uYecKoli cucmemsi, MOKA3bIBAOWUE 308UCUMOCMb AMIAUMYObl OM 4acmomel.

Knrouesbie cnosa: duazHOCMUKa, OUHOMUYECKUE MPOYecchbl, 8UXPEB8oe pacmavusaHue, nepemeujeHue, CKopocms,
YCKOpeHue, MOKAPHbIU CMAHOK.
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ABH2BAEK NIWIHGI KECKIWMEpgl napamempaey

1*KACEHOB Acbinbek Mymabekosuy, m.f.K., npogpeccop, asylbek kasenov@mail.ru,

IMA34YBAM Acbinxan Baadumuposuy, PhD, KaysimOacmeipbinraH npogeccop, asylkhan_m@mail.ru,
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IMYCUHA }aHapa KepeiiogHa, m.f.K., npogeccop, mussina_zhanara@mail.ru,
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AHOamna. Makanada Heezizai cobi3biFbl 6ap 06H2eneK niwiHoi KecKiumepoi #¥obanaydsiH napamempreHyi Kapac-
meolpbinadel. HobanayosiH napamempneHyi 6eaikmid, niwiHOi npoguniHe balinaHeicmesi, bipbiHFali macindi Koaoa-
Hyfa 3 aHe ecenmeydi oHali asmomammaHObIpyra MyMKIHOIK 6epedi. 3epmmeydiH makKcamel #0b6asay yaKbimsiH
KbICKapmy 3aHe eHOipicmi mexHoan02uAAbiK 0alibiHOay YwiH napamempaeHOipydi nalidanaHa omesipbin, ¥obanay
canacslH apmmelpy 60b6in mabbianadsl. Mapamempsey eHlipic mananmapsiHa 6alinaHsicmel 6eaikmiH, eawemi
MeH KOHghu2ypayusaceiH e3zepmyae MyMKiHOIK bepedi. [leHzenek niwiHoi Keckiuumi napamempsik obanay KesiHoe
npogunsoey yaKbimel KbiCKapaobl, canacs! akcapaosl, eHimOiniei meH muimdiniei apmaoei.

Kinm ce3dep: OeHeesnek niwiHOi Keckiw, epaguKkansiK npogunsoey, napamempney, A, 3D modeni.

Kipicmre

basaabIK CBI3BIFBI Oap MilTiHAlL KecKilTepai ecer-
TeyAiH KOAJaHBICTArbl djicrepi oMOeOanTHIFBIMEH
epexIreaeHOel i JKoHe KecKiITiH ap mpoduai ymrin
Doexk ecerrtey cxeMacsl Kaxket. Keckimn xypaa-caii-
MaHJap, aTall aliTKaHAa, MiIiHAl KecKilTep OOIbIH-
11a 9ae0neTTe Ha3aAbIK CHI3BIFBI Oap MiNTiHAl KecKir-
Tepai rpadpuKaabIK KecKinaey ok [1-3].

Keitoip aepekkesaepde, mimiHAI KeckimTiy
npoduain TyseTy ecebi KeaTipiareH, oa KeaaeHeH
>Ka3bIKTBIKTAFbl TYMiH HYyKTeAepi apachIHAAFBI IIPO-
eKIUsAap apKbIAbl MiNTHAI KecKiIlTiH TYyHiH HYK-
TeAepiHiH paAMyChIH aHbIKTayFa HerisgeareH [4-6].
ConpiMeH Karap, ecerrey cxemachl OipbIHFall eMec,
Oipak op mpoduas yIIiH KataH >keKe, 0y OipbIHFail
€cernTey aArOpUTMIH Kypyfa >KoHe ecernTeyAl aBTo-
MaTTaHABIPYFa MYMKIiHAIK OepMeriai.

AspTOpaap [5] Herisri cpI3bIFB Oap mimriHAi Kec-
Kimrepai rpadpuKaabIK JKoHe TY3€Ty aHaAUTUKAABIK
ecerniTey a4iciH a3ipaesi koHe aaABIHFHI OeTiH &, >0
JKoHe &= &y, >0 OyppIuTapeiHja Kalipay KesiHge
JKOHE CBIPTKBI ©HAEY YIIiH paaymaaasl (Da3aablK, ChI-
3BIKIIEH) Oepy Ke3iHJe KOAAaHbLAaAbL

bazaabIK CBIBBIFBI Oap ImimmiHAI KeckimrepAai
ecenTeyAiH VChIHBIAFAH 9AiCiHIH epekIlleiri-ecer-
TeyAepAiH >Kylieaiairi >koHe aBTOMAaTTaHABIPY MYM-
KiHairi. 'padukaabik mpoduabaey KapamaiibM, Kop-
Heki >xoHe AJKK GargapaamasslK >KacaKTaMachIMeH
OHall >xo0asaHaApbl.

ABTOMaTTaHABIPBLAFaH >KoDasday >KyleAepiH
€HTi3y MeTaaa KeceTiH KypaajdapAbl Kobaday >KoHe
HinriHAey aJicHaMacbklHAa aliTapAbIKTall esrepicrep-
MeH KaTap Xypeai [7-12].

Koaaanbaasl OargapaaMasap MHXeHepAepAiH
KociOM KbI3MeTiHIH akplpaMac 0eiri 00AbII TabbI-
AaAbl, COHABIKTaH OJapAbl UTEPY YIIiH Oipas yakbIT
Kaxxet [13].

MammHakacay ~— ©HIMAepiH — aBTOMAaTTaHABI-
pbLAfaH >KoDajay >KyiieAepiH AaMBITyAarbl HeTisri
OarpIT IapaMeTpAaik MogeaAbAeyAi KeHiHeH KoaAja-
HyMeH OallaaHbBICTHL. by eHiMAIL >Kacay KesiHge e,
THicTi >K0DaABIK Ky’KaTTaMaHBl >Kacay KesiHJAe Je
KYpAeAiaikTi egayip asaliTyra MyMKiHAIK Oepeai.

3epTTey agicrepi

AeHreaex minriHAi KeckimTig rpadpuKaablK IIpo-
¢uai ombebarr ecemTey cxemachlHa HerizjeAareH,
ecenTey/i oHall aBTOMaTTaHABIpYyFa KoHe HapaMeTp-
aAeyre 00AaAbL

I'papmxaspik mimiiHAeyain >kaHa TociaiH Koa-
AaHy KesiHge, c])aCOHALI KEeCKIIIITiH >KYMBIC Kafaai-
BIHAQFBl YII IIPOEKIIMACHI KOHE aAABIHFBI OeTiHiH
OolibIMeH JalibIHAAMaHBIH OCiHe IepIeHAUKYASp
SKa3BIKTBIKTAFbl KOAAEHEH >Ka3bIKTLIKKA V' (aAABIHFBI
Oypuir) 6ypseiimen OarsrrTaarad K kepceTki O0bIH-
1ma Oip Typi Kapacterpslaaasr (1-cyper).

byriari Tansa KOMIIBIOTepAiK aBTOMAaTTaHABI-
pych3 3aMaHayyu Oocekere KabiAeTTi TeXHMKaHBI
IIbIFAaPy MYMKiH emec. MammHaxkacaygarer AJKOK
KOHCTPYKTOPABIK, TEeXHOAOTUAABIK >KYMBICTapAbI,
OHAIPICTI TEXHOAOTUAABIK JalibIHAAY OOMBIHIIIA XKY-
MBICTapAbl SKYPris3y VIIiH mHaigasanbraaasi. AXOK
KeMeriMeH chI30aJap >kacalaabl, ©HIMAI >KoHe Ky-
PacTHIpy IPOLECiH YIII ©AIIeMAl MOJeAbAey JKy3ere
aceIpblaabl, KOMEKII >)KaOABIKTap, MBICAAbl, MOPAEp

MeEH KaAblIITap )KO6aAaHa,Z|,I)I, CaHABIK 6aCKapI)IAaTLIH
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(CBbb) craHOKTap YIIiH TeXHOAOTMAABIK Ky>KaTTaMa
>xoHe Oackapy Oargapaamasapsl (bb) >kacaaaasr,
My paraT Xyprisiaeai.

Kasipri zamanrpr AXKOK aBromMarTaHABIpbLAFaH
>koDasay, TeXHOAOTHUAABIK AAMBIHABIK, MH>KEHepAiK
OyiiBIMdapAbl Taljay >KoHE OHAIpY, TeXHMKAABIK
Ky>KaTTaMaHbl DAeKTPOHABI OacKapy VIIiH KoaJa-
Hbpl1aabl. AJKJK-HBI KocimopbIHABI OacKapyAblH ab-
TOMaTTaHABIPbLAFaH XylieciMeH OipikTipy 6iprHfaI71
aKIlapaTTHIK KeIlleH Kypy¥a MyMKiHAik Oepeai [8].

3epTTeyaiH MakcaTel >Jkobaslay carachlH JKakcap-
Ty xo0ajay Mep3iMAepiH KbICKapTy >KoHe OHAipicTi
TeXHOAOTUAABIK, AalibIHAAY YIITiH IapaMeTpAeHAipy-
Al KOAJaHy.

HaTtimxeaep MeH TaakplLaayaap

I'paduxaabix mpoduabaey YIIiH aaAbIMEH IIPO-
Juabaey cxemMachIHBIH aA/ABIHFBI ITPOEKIIVICHIHA He-
Ti3ri CBI3BIK caay Kepek (1-cypet, 3-6 ChI3BIFEI OOAiKTiH
OCi apKbIAbl OTETiH KeJAJeHeH >Ka3bIKThIKTa OpHa-
AackaH, 004iKTiH KOHYCBIHBIH KypayIIIbIChIHa CaliKeC
keaeai). OcblgaH KeifiH mimriHAi Keckimri rpaduka-
ABIK Ipoduabaey Oacrasaanl. JXKyiieaey ymiiH rpa-
¢ukaasik mpoduanraey 12 kagamra 6eainre [5].

AaapiHFEL  OeTTiH Kea0ey >Ka3bIKTBHIFBIHAAFBI
£p = Epp MINIHAL KECKIIITIH KeCy >KMUeriHe LUAVHAP
OeAIreKkTiH KypayIIbIChIHA KaTBICTH (KOAAEHEH >Ka-

3BIKTHIK) DAAUIIC CHI3bIFbIHA COVIKEC Keaeai (1IMAMH-
ApAiH Kea0ey >Ka3bIKTBIKIIEH KIMachl).

ITimriHAl KeckimTiH Kecy >Kueri ocsl 0eaimae »4a-
AUTITUKAABIK, MiAreH 604ybl Kepek. Kecy aimarpiHAa
OCHI >KarjaiilapAbl KaMTaMachl3 eTy KoHe OeAlrex-
Tepre OepiareH UMAMHAPAL aAy YIOiH INTHAL Kec-
KIIITI TYIKiAiKTI TpopuAbAeY &5 = €p. OYPHIIIIBIMEH
ITiITiHA] KeCKIITiH aAABIHFBI OeTiHe KaTBICTEI TeTicTey
mreHOepiHiH OCiH OpHaTa OTHIPHIN, OOAIKTIH IMANH-
ApAix OeairiniH paamychiHa TeH paAnychl Oap AMCK
(caycak) TericTeareH meHOepMeH Ky3ere achblpLLAYbI
THIC.

bya >xarpaiiga eHAeyAiH TeOPUAABIK AdAAIr
KaMTaMachl3 eTileai >KoHe KaTe eHridiameriai. Je-
reHMeH, OepiareH amamerpgeri (paaumycra) Teric-
Tey mreHOepiH TaHAal aAy 9pAalibIM MYMKiH eMec.
CoHABIKTaH TIITIHAL KeCKiITiH IIBIIIaFBIHBIH Kecy
SKMETiHIH TIIHIH aayAbIH Tarel Oip o4ici — mimminai
KeCKIIlTi Ke3-KeATeH AuMaMeTpAai AMCK IeHOepiMeH
TeTicTey, 01 ecemTeyre calikec IpouAbAeHreH, 6ya
npoduabaey o4iciHiH KaTeAiriH TeOPUAABIK TYPFHI-
AaH >KOSIABL.

Kecy >xmeringeri mimmnHai KeckimTi ecernrey
Ke3iHge KeckimTig (06iKTiH) oci 60MBIMeH 0AapAbIH
apacreiHaa Geariai 6ip kagam Oap HyKTeaep CepusIChI
TaHAaaaabl. bya Hykreaep yiuis 1, 2, 4 5xone 5 Tyitin-
AIK HYKTeAep YIIIiH TOMeHAe YChIHbLAFaH 9/iCKe Coll-

RiR; Ry Ry Rs Ry

Fi2 I3 s Ts

1-cypeT — ba3anblK Cbi3bifbl 6ap A6Hrenek niwiHAi KeckiwTi rpaduKanbik KeckiHaey
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Kec MiITiHAl KecKillITiH TUiCTi paguycel eceniteaeai. pameTpaixk 3D Mogeabaeyai OpbIHAAIMBI3.
Ocplaarimia, rpadpukaablk TpoPpuAbAEy aAbIHABI AlHBIMaABLAAp OHAIpiC TaJaIlTapblHa ColiKec

>KoHe ITapaMeTpAep ecerteasi — OH eKi KagaM. OoikTiH ea11eMi MeH KOH(UIYpalVICHIH ©3TepTyTe
Oaicremere covikec [5] Kommac 3D ©Oargapaa-  MyMkiHAIK Gepeai.

MaAabIK KacaKTaMacChlH KOAJaHa OTBIPHII, AOHTeleK JKorapriga aliTbiAFaHJapFa CylieHe OTBIPBIIL,
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3D mogenbAaiH aliHbiManbinapbl

Ne n/n Artaybl BenrineHyi MaHi

1 BipiHWi Ke3eHHiH anameTpi ry 5

2 BipiHLWIi Ke3eHHiH, y3bIHAbIFbI I 10

3 EKiHWI Ke3eHHiH gnameTpi r, 15

4 EKiHWIi Ke3eHHiH, y3bIHAbIFbI I, 20

5 EHicTiK a 20

6 YwiHwWwi KeseHHiH aAnameTpi rs 20

7 YWiHwWi Ke3eHHiH y3blHAbIfbI I3 10
KopoiTpinabiaap carrachbl, ©HIMA1AiTi XXoHe TUiMA1AiTi apTaabl.

OH exi Ke3eHHEH TypaTblH JA©HTIeAeK IIiIiHAl
KecKimTi >xobalayAblH IMapaMeTpAeHyi >Kyiteaiaik
reH OipisaizikreH TypaApl, OyA AeHreAeK IimTiHAL
KecKimrepai 0a3aablK CBISBIKIIEH ecenTeyAiH Kyp-
JeAiairin TeMeHgeTeal, OyA KYpbLAFaH MapaMeTpAiK
MoOJeAbJe ©AIlIeM MIHAEpiH KoHe 0OAiKTiH KOH(I)I/I—
IypanusChIH KaparaiblM ©3repTy apKbLAbI JKbLA4aM

Kapxxbraanawipy. 3eprreyaep KP BI'M Foiasim
KoMuTeTi KapskblaaHabipaTeid VIPH AP09058231 «Pe-
Cypc-sHeprusl YHeMAENTiH MeTaAd KeceTiH Kypada-
AapAbl 3epTTey KoHe >Kobasay» >KoOachl OOVIBIHIIIA
2021-2023 >xplagapFa apHaAfaH >Kac FaAbIMAapAbl
IPaHTTHIK Kap>KbLAaHABIPY IIeHOepiHAe OpbIHAAAABL

eHJeyre MYMKiHAIK Oepeai, OCblAaiillia AM3allHHBIH
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Pazgen «MawwnHocTpoeHune. MeTannyprusa» W

AHHOmMayusA. B cmamee paccmampusaemcsa napamempu3ayus npoekmuposaHus Kpyasbix hacoHHbIX pe3yos ¢ 6a30-
eoli nuHuel. Mapamempu3ayus NPOeKMUPOBAHUSA, 8 308UCUMOCMU 0M hACOHHO20 NPOGuUad Oemasu no3eosndem npu-
MeHUMb YHUPUUUPOBAHHBbIU MOOX00 U sIe2Ko asmomamu3uposame pacyém. Llesbio uccaedoeaHus A6a9emcs nosoiuie-
HUe Kayecmea MpoeKmupo8aHUS C UCMOA6308aHUEM MAPAMEMPU3ALUU 08 COKPAU,eHUS CPOKO8 MPOeKmuposaHus u
mexHosozuyeckoli To020mosKu npouseodcmea. lapamempusayus no3eonsem usMeHamMb pasmepsl U KOHpU2ypayuro
demanu 8 3asucumocmu om mpebosaHuli npouzgodcmea. pu Napamempu4ecKkom MPOeKmMuUpPo8aHUU Kpyano2o @a-
COHHOR20 pe3ya CoKpawaemcs 8peMs Ha NPo@uauposaHue, yay4uwaemcs Ka4ecmaeo, Moesiuaromcs mpoussooumerss-
HOCM®b U 3hheKmuU8HOCM®.

Knrouesole cnosa: kpyanoili pacoHHbIl pesey, epaguyeckoe npogunuposaHue, napamempusayus, CAMP, 3D-modens.

The Parameterization of Designing Round Forming Cutters
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Abstract. The article discusses the parameterization of the design of round shaped cutters with a baseline. Parameterization
of the design, depending on the shaped profile of the part, allows you to apply a unified approach and easily automate the
calculation. The aim of the research is to improve the quality of design using parameterization to reduce the design time
and technological preparation of production. Parameterization allows you to change the dimensions and configuration
of the part depending on the production requirements. Parametric design of a round shaped cutter reduces the time for
profiling, improves quality, increases productivity and efficiency.

Keywords: round shaped cutter, graphic profiling, parameterization, CAD, 3D model.
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Pacyem ynpy2ou My(mbl YHUBEPCAAbHO20
ycmpoucmsa Ha Da3e MOKAPHO20 CMAHKA
AR peaaudauuu mexHoAo2uu (pe3omoyeHus
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AHHOomayus. Lienoto cmameu A6a5emca 86160p Mamepuasna U OCHOBHbIX 2e0MempuYecKux napamempos yrnpyaux
an1eMeHmMo8 Mygmel ymem aHAAUMUYECKUX pacYemos U CPaB8HEHUSA MosayvYeHHsbIx 3HayeHull. Mygma c 0y2o006pas-
HbIMU ynipy2umu 31eMeHmamu A675emcs OCHOBHbIM OMB8emMCcmeeHHbIM Y3/10M YHUBEPCasAbHO20 ycmpolicmea Ha
6a3e mokapHo20 cmaHKa. [MpusodsamcsA pe3ynbmamel pacyema ynpy20l mygmel ¢ 0y2006pa3HbIMU yrpy2umMu dne-
MEeHMAaMu, Komopas ABAAEMCA OCHOBHbIM 0MBEMCMBEHHbIM Y3/710M yHUB8epcasnbHo20 ycmpolicmea. [ 8binosHe-
HuA pac4ema 6blau cMmodenuposaHsl obwuli sud ycmpolicmea u mygpma ¢ dy2006pa3Hb6IMU yripy2umMu 31emeHmamu,
a makce onpeodesneHbl 2eoMempuyeckue napamempsl Mygmei. Pe3yanbmamel paciema nokasasu, Ymo OaHHsIU y3en
0b6a1ad0aem docmamo4Hol NpoYHocMbo. B dansHeliwem, y4umel8as CAOHHYIO 2e0Memputo U Xapakmep Hazpyice-
HUA ynpyaux 86ICOKO3/1ACMUYHbIX 31eMeHMo8 Mygmebl, @ MAaKice creyugury mamepuasa, pekomeHoyemcs pacyem
HanpsxeHHo-0ephopMayUOHHO20 COCMOAHUA MYy@dMmbl C MOMOWbIO CreyuasabHbIX KOMMTbIOMePHbIX MPO2PaAMM.

Knroueesble cnoea: hpe3omoyeHue, mepmogppUKYUOHHOE hpe3omoyeHue, ycmpolicmeo, ynpyaas mMmyghma, OKpyHc-

Hoe ycusnue, KpymAaAuwuli MoMmeHm, MPOYHOCMb.

BBegenme 1 akTyaabHOCTD MCCAe AOBAHUS

Yayumenue u MogepHM3alMsl TOKapHBIX IIPO-
11eCCOB Ha IIPOTSKEeHU!U OOABIIIOrO0 KOAMYeCcTsa Bpe-
MEeHH, B TOM 4YICJA€ IOBBIIIEHNEe ITPOM3BOAUTEAD-
HOCTH, KaK IIPaBIAO, HAXOAAT CBOe IpUMeHeHUe B
HayKe M TeXHUKe, B 004acTU COBepPIIIeHCTBOBAHIII
MHCTPYMeHTaAbHBIX MaTepuaaos [1]. Tem He MeHee,
rocaeAyoniee ypeAndeHNe CKOPOCTeil pe3aHus B
cAydae C UCIOAb30BaHIEM TPagULIMOHHBEIX METOAOB
TOYEHMs CTaBUTCA 1104 COMHEHHE.

Hampumep, pu TokapHOIiT 00paboTKe KPYITHO-
rabapuUTHBIX AAMHHBIX JeTajell TeA BpalleHus OA-
HOII 113 OCHOBHBIX IIPUUMH, BAMAIOIINX Ha Ka4eCTBO U
IIPOU3BOAUTEALHOCTD pe3aHus, ABASETCS BO3HUKHO-
BeHIMe yAapHOI Harpys3Ku Ha pesel] U oOpa3oBaHUe
CAVIBHOM CTPY>KKI Ppa3ANIHON (POPMBI U pa3zMepoB
[2].

C obOpasosaHmeM MHOTOQYHKIIMOHAABHBIX TO-
KapHBEIX CTAHKOB, OCHAIIeHHBIX MHCTPYMEHTaAbHON
TOAOBKOM C COOCTBEHHBIM IIPMBOAOM, ITOSIBIAACH
BO3MOKHOCTh peaaus3aliuy TexXHoAOrnm ¢pesoTo-
JeHus, KOTOpas yCTpaHseT yKa3aHHbIe ITPOO/AeMEL
Ho mpm mpuMeHeHUM TUIIMYHBIX TOPLIOBBIX (Ppes,

m OCHaIIleHHBIX 3y6b}IMI/I 3 TBEPABIX CII1aBOB, BO3HI-

KaeT APYroll BOIPOC, CBA3aHHBIN C ce0eCTOMMOCTBIO
peaansariun TexHoaornu ¢ppesorodenns. ITpumene-
HIIe BRICOKOIIPOU3BOAUTEABHON TeXHoAoTuu ¢ppeso-
TOYEHMUsI B yCAOBUSX MAIIMHOCTPOUTEALHBIX 3aBOA0B
Pecrry6amku Kaszaxcran Takyke IIpersiTCTByeT OTCYyT-
CTBYE MHOTO(QYHKITMOHAABHBIX TOKaPHBIX CTAHKOB C
4YICAOBBIM ITPOTPpaMMHBIM yiIpaBaeHnem (YUITY).

B ycaoBmsax MammHOCTPOUTEABHBIX ITpeApuUsI-
THUIf, T4e B OCHOBHOM MCIIOAB3YeTCsl YHUBEpPCaabHOe
CTaHOYHOe O0OpyJAOBaHMe, AaHHas IpobaeMa erre
ycyrybasercs. Jas pelieHns BbIIIeyKa3aHHBIX ITPO-
64emM aBTOpaMM B paMKaX BBIIIOAHEHM: IPaHTOBOTO
rpoekra AP08956387 «Coszanne omsITHOrO 0Opas-
I1a YHUBEPCaAbHOTO YCTPONCTBa Ha Da3e TOKapHOIO
CTaHKa AAs peaamsaliuy TexHoaoruu ¢pesorode-
HIs», PUHAHCHPYeMOTo MuHucrepcTsoM oOpa3oBa-
Hus n Hayku PK, 6p1aa paspaborana KOHCTPyKIus
CIIenaAbHOIO yCTPOIiCTBa Ha 6ase TOKapHOTO CTaHKa
AZs peaau3anyy TeXHoAorny (ppe3oTodeHns 1 Tep-
MOQPUKITMOHHOTO (ppe3oToueHms. OAHNM U3 OCHOB-
HBIX OTAUYNI TepMOQPUKIIMOHHOTO PPe30TOYeHNs
SABASETCSI UCTIOAB30BaHNe CIIeI[MaabHON (PPUKITUOH-
HOV (pespl 13 HEMHCTPYMEHTaAbHOTO MaTepuada,
B3aMeH CTaHAaPTHBLIX TOPIOBEIX Ppes [3,4].



B cBasum c ®tuM paspaborka CrernaabHOTO
YCTPOJICTBA A5 peaau3aliuy TEXHOAOIUM (Pppe3oTo-
YeHIs ¥ TEPMO]PUKIVIOHHOTO (PPEe30TOYEHIIS SIBASI-
€TCs1 aKTYyaabHOM 3ajJadvernt.

Metoauka mnccaeaoBaHust. /A5l BBIIIOAHEHVS
pacueTa crieIaAbHOM YIPYTroi My(PTH YHUBEPCaAb-
HOTO yCTpOJiCTBa Ha Da3e TOKapHOIO CTaHKa AAsl pe-
aamsanuy TexHoaornu ¢ppesorodeHns Oba paspa-
0oTaHa MMUTAIIMIOHHAS MOAEAb TOKapPHOIO CTaHKa CO
CMOHTMPOBAHHBIM Ha HEM YCTPOICTBOM, a TAK>XKe MO-
JeAb YHMBEPCaABbHOTO YCTPOVICTBAa M CIIeIVaAbHON
MyQTBL C AyTOOOpPa3HBIMU YIPYTUMU DA€MEHTaMI.
Ornpejeaensl reoMeTpudeckne IapamMeTrpsl MyQTHI.
Yrpyrue »aeMeHTH MY(TH CAeAaHbl U3 TEXHMUE-
cxoit naactunel Mapk MBC-C (T'OCT 7338-90). Pac-
YyeT IPOBOAMACS T10 U3BECTHOM MeToauKe [5-7].

Pacuer ympyroit Mmy¢Thl 1 00CyXaeHUe pe-
3yAbTaTOB. OaHOM 13 3HAYUTEABHON COCTaBASIO-
Iell OO/BIINMHCTBA MAaIllMH U OOOPYAOBAHNS SIBAS-
I0TCsl pasHoTO poda MyPTrl. Pabora MydpT g04KHa
OBITH CTAOMABHOI U YETKOI, I IMEHHO OT Hee 3aBU-
CUT HaJeXXHOCTb MaIluH. TeopeTmyeckue CIIOCOOBI
UccAeA0BaHMS 3aHMMAIOT HEMAaA0BaKHYIO POb, KO-
TOpBHIE ellle Ha CTaguM IIPOEKTUPOBAHNS TO3BOASIOT
3a/40>KUTD B KOHCTPYKIIMIO HEOOXOAVIMBII ¥ II€HHBIN
YPOBEHb Hage>XKHOCTH, a TaKXKe, B CBOIO OUepeAb, IIpo-
aHaAM3MPOBaTh AEVICTBIEe KOHCTPYKTUBHBIX ITapaMe-
TPOB Ha TeMIlepaTypHOe U HaIpsKeHHO-AepopMu-
poBaHHOe cocTosHIe [8,9].

Teopetmueckne MmeToas! pacueTa My(T C BHICOKO-
9AaCTUYHBIMY DJAe€MEHTaMI HadaAll CBO€ pa3BUTHIeE
coBceM HeJaBHO. VIMeHHO B Iep1oJ, HaMeTUBIIIETICs
VX CTaHAQPTHU3aIINI DTO IIPOABUAOCH OCOOEHHO SIBHO,
TOTAa AAs pa3pabOTIMKOB U co3AaTelell CTaHAapTOB
BOIIPOC O CO3JaHUM TEXHMUIECKM OOOCHOBaHHBIX IIa-
paMeTpMYecKnX psi40B MyPT craa 0coOO BasKHBIM
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U 3HAYMMBIM, @ TakKXe pa3pabOTKa IMepBOKAaCCHBIX
KOHCTPYKIIUIT MyT.

Ha pucynke 1 mokazana Mogeab OOIIETO BMAa
TOKApHOTO CTaHKa CO CMOHTHPOBAaHHBIM Ha HeM
YCTPOVICTBOM.

Ha pucynke 2 rmoxazaHbl OOt BIJ yCTPOIICTBA
u MydTa ¢ AyrooOpasHEIMU YIPYTUMU DAeMeHTaMIA.

B koHCTpyKITUM paccMaTpmBaeMOro yCTpOIICTBa
AAsl peaamMsaliuy TeXHOAOrMM (Ppe3OTOueHus IC-
I10AB3yeTcs ymnpyras MyQTa, SABAAIOMAsACST IIPeao-
XPpaHUTEABHBIM ¥ COEAUHUTEALHBIM 9]€MEeHTOM, a
TakKe IpeaHa3HadeHHas AAs 3allMUTLI DAEMEHTOB
KOHCTPYKIIUI OT paspylleHus Ipu mepesarpyske. B
CBA3M C YeM HeOOXOAUMO IIPOU3BECTU TPOYHOCTHOI
pacuet MyQTHI.

Ha pucynxke 3 rmokasaHbsl reoMeTpudecKe mapa-
MeTpPBI MY(PTHIL.

Myddra ynpyras ¢ AyrooOpa3HBIMU YIPYTUMU
DAeMeHTaMM COCTOUT M3 3 YOPYIUX DAeMeHTOB 1 u
1moaymydt 2 u 3, KOTOpble 3aKperiasioTcs OOATOBLI-
MU coeguHeHUAMN 4 (cM. pucyHok 3). I[Toaymy¢rst
yCTaHaBAMBAIOT Ha KOHeI] IIPOMEeXXYTOYHOIO Bala U
Ha Baa 91eKTpoasurareas. BpamareasHoe ABrKeHNe
Ha IIPOME>KYTOUYHEIN Baa IepejaeTcs C DAeKTPOABU-
rateas uepes mydry. Vcnoansyemass mydra obaa-
JaeT MaAoll II0AATANBOCTBIO 13-3a HEDOABIIION TOA-
IIIUHBI PE3MHOBLIX BTYA0K, TeM CaMbIM KOMIIEHCUPYS
He3HauuTeAbHbIe CMeIeHMs Baaos. Taioke Mydra
UCTIOAB3YeTCsl IIPU COeAVHEHUM MaIllH C 9AeKTpPo-
ABUTaTeAsIMU IIPU Tlepejade MaAbIX M CpejHNUX Bpa-
IAIOITMX MOMeHTOB. HecMoTps Ha cBOIO BaXKHOCTS,
OHa IIPOCTa B M3TOTOBACHMI.

3HaunTeAbHOE BAMAHME Ha paboTy MyQTh OKa-
3BIBAIOT BeAMYMHA, MHTEHCUBHOCTD U XapaKTep AMHa-
MMYeCKUX Harpy3ok (Takue KakK yAapbl, BUOpainmn),
00yCA0BAEHHBIX XapaKTepOM PabOTHI ITPUBOAMMOI B

1 — TOKapHbIi CTAHOK; 2 — YHUBEPCa/IbHOE YCTPOICTBO; 3 — Pppesa TpeHus;
4 — cynnopT; 5 — TPEeXKYNaYKOBbIi1 NATPOH; 6 — 3aroToBKa

PucyHok 1 — Moaenb obLiero Buga TOKapHOro CTaHKa CoO CMOHTMPOBAHHbIM HA HEM YCTPOMUCTBOM
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a — obwmii Bup; 6 — mydpta

PUCyHOK 2 — O6wwmit BUA, yCTPOMUCTBA U MydTa C yNpPYyrMmMu 3ieMeHTamMu
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PucyHok 3 — leomeTpuyeckue napamerpbl MyPTbi

ABIVDKEHVe MalIuHEI [9].

Ha npaxtyke MyThI BBIOMpAIOTCA (113 KaTalora)
110 BeANYMHE IlepejaBaeMOIO KPYTAIIEro MOMEHTa
T',, pacueTHas BeAMYIHA KOTOPOTO OIIpeeAsIeTcsl KaK
[10]:

E:k'ﬂom,

rae T'on — HOMUHAABHBIN, AAUTEABHO AEVICTBYIOLLII
moMeHT, HwMm;
k — xoadpPurmenT auHammuaHOCTH (K09 PUIIN-
€HT pexK1Ma paboThr).
Tax kak B HalleMm caydae mpuMeHseTcsa MyQra
CIIeIaAbHOV KOHCTPYKLIVY, MBI pacCIUTHIBaeM Aevi-
CTBUTEABHBIN KPYTSINIT MOMEHT Tei,, @ KODPPM-

m OUEeHT k paccunTbhIBalOT Ha OCHOBaHMIL I/IH(l)OpMaLU/II/I

O Juaria3oHe Harpy>KeHUs C yJEeTOM BO3AEVICTBILA
Pa3sHOOOpa3HbBIX CTEIeHell Harpy3KM Ha IIPOYHOCTD
U U3BHOCOCTOMKOCTD DAE€MEHTOB MY(PTEHL. /A5 HaIlIero
ycTporicTsa KoopPUITNEHT AMHaMIYHOCTH Oy €T pa-
BeH k=1,25-1,50 (cTaHKM MeTaAA0peXXyIjue C Hellpe-
PBLIBHBIM ABVDKEHIEM).

P

:Z—;Jeﬁc = @

.k’

rae P,, — MOIITHOCTD MCIIOAb3yeMOIO 9AeKTPOABUTA-
teast, KBt (P,,=12 xBr);
@ — yTA0Bast CKOPOCTh, pad/c.
T-n
30
rae n—d4acrora sparenns, oo/muH (n =3000 06/Muh).

@ =



3000- 3,14
W ="—"an

30 =314 paa/c,
_ 12000 , , _
ﬂeﬁc - 314 1,4 - 53,5 Hwm.

Onpeseanm ycmans Ha MecTe KpeIrLaeHus yrIpy-
TUX DJAE€MEHTOB K IoaymydraMm, IepejasaeMble OT
DAEKTpOABUraTeAs (CM. PUCYHOK 3).

2000 T
e Do m

rae m — KOAnM4eCTBo 00ATOBBIX COeAVTHEeHUI.

~2000-53,5

z—W=198 H.

Ha pucynke 4 mokasaHa cxeMa OKPY>KHOTO yCH-
AV HA MeCTe KpeILAeHIs.

B mporjecce paboThI KpyTSIIMII MOMEHT Ile-
pedaeTcsi Ha ynpyrue 9AeMeHThI My(THI U Ha HMX
AEVICTBYIOT KacaTeAbHble HaIIPsDKeHUs KPYTUABHO-
ro capura 7,. Jannas my@dra 110 xapaxrepy paOOThI
UAEHTIYHA C My(TOI ¢ TOPOOOPa3HON 00010YKOI,
cae]0BaTeAbHO, HanbOoAee PaclpOCTPaHEeHHBIM AAs
TaKo¥ My(QTHI SIBASETCA OTKa3, CBA3AHHBIN C paspy-
ImeHreM 00OA0YKI B KOABILIEBOM CeUeHNN Y 3aXK1Ma
¢ anamerpowm D, [11].

YcaoBue mpoyHOCTI 00010YKM Ha CABIT:

PUCYHOK 4 — Cxema OKpYKHOro yCuama Ha mecte
KpenaeHusa

Xapakrepuctuka marepmana MbC-C
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. <|[r],

rae [7] — Aomyckaemble KacaTeAbHbIe HalTPsKeHN s

KpyTuabHoro casura, MITa.

Jlornyckaemble KacaTeAbHbIe HaIIpsDKEHIS
KPYTUABHOIO CABUTA [T] MPMHMMAIOTCS U3 TEXHIYe-
CKOI1 XapaKTepUCTUKM MaTeprada yIIPyroro s1eMeH-
Ta (Tabauria).

Boarpmue mepemeriennsa u Ooabimue gedop-
Manuu A4s8 MyQPT C TOpOOOpasHBIMU YIPYIUMU
DAeMeHTaMU TpeOyIOT JO0CTaTOYHO CAOXKHBINI MaTe-
MaTUYeCKNI alrapaT HeAMHENHON TeOPUU YIIPyro-
CTM IIPY MX pacyeTe, UAU B KaueCTBe aAbTepHATUBBI
— IIOIIATOBOM IpOoIeAyphl pelleHns 3ajaun, KOTo-
pas B CBOIO odepeab MO3BOASAET HEIoCpeACTBEeHHOe
JCIIOAB30BaHMEe  AMHEapU30BaHHBIX  (PU3MUECKUX
COOTHOIIIeHUI B Hpejelax KaXKJAoro Imara. Pacuer
HaIIpsDKEHHO-4e(pOPMaVIOHHOTO COCTOSIHMS MYyQPT
AAHHOTO TUIIA IIPUHATO CINUTATh OAHUM U3 CAO0KHBIX
B MeXaHMKe 4e(pOpMIPYeMOTO TBEpAOIO Tela U3-3a
CBOEII CAO0XKHON TeOMeTPUM M CAOXKHOTO XapakTepa
Harpy>KeHMs YIPYTUX 9J€MEHTOB BBICOKO®AacCTII-
HBIX My T, a Takke crrennduknu mMatepuada. Kpome
TOTO, JAHHBIN pacyeT MMeeT CBOM CIeruduiecKre
MeTOABI, KOTOpble BO MHOTOM OTAMYAIOTCs OT METO-
AOB, JICIIOAB3YEMBIX IIPY pacdyeTax MeTalANdecKUX
U3AeANnI.

BuiBOABI

1. BeimoaHeH pacyeT Ha ITPOYHOCTHh KOHCTPYKIIUI
YIpPYTOit My(QTEI C AYTOOOPa3HBIMU YIIPYTUMH D/e-
MeHTaMl, KOTOpas sIBAsSeTCs OCHOBHBIM OTBETCTBEH-
HBIM y340M YHUBEpPCaAbHOIO YCTpOJICTBa Ha Oase
TOKapHOTO CTaHKa AAs peaAn3alniuy TeXHOAOTUU
¢pesorouenns1. PesyabTaThl pacueTa Iokasaau, ITO
AyrooOpasHble yIIpyIue ®AeMeHTH My(QTHl BBIAEp-
JKMBAIOT ycuAaue, lepejaBaemMoe OT 94eKTpOoJBUTraTe-
A5 Ha MeCTaxX KperLAeHus.

2. OAHaKO yYUThIBasl CAOKHYIO TEOMETPHIO U Xa-
paKkTep Harpy>kKeHMsl YHOPYIMX BbICOKO®AACTUYHBIX
9AeMeHTOB My(PTEL, a TakKe CIelnpUKy MaTepuasa,
PEKOMEHAYeTCsl pacdeT HOIpPsKeHHO-gedopMariy-
OHHOTO COCTOSHMSI MY(TBI C IIOMOIIBIO CIIeIMalb-
HBIX KOMITBIOTEPHBIX ITIPOTPaMM.

TeepaocTb, (H) °Sh A 655
Mpeaen NpoYHOCTM Npu pacTaxeHuu, (TS) MMMa min 4
YanvHeHuwe o paspoisa, (Eb) % min 200
MnotHocTb, (q) r/cm® 1,6
MN3meHeHMe npeaena npoyHocTn, (ATSb) % max +/— 30
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®pe3zanan #OHY MeXHOA02UACLIH H(y3e2e acbipy YWiH MOKapbbiK b6indek HeziziHOe2i ambeban KypbinFbIHbIH
cepnimOi mygpmacoiH ecenmey
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AHOamna. MaKanaHbIH MAKCamel — GHAAUMUKGAAbIK ecerimeynep MeH asablHFaH MaHOepOi canbicmsipy apKblabl Myg-
maHbIH cepnimoi aneMmeHmMmepiHiH, Mamepuanel MeH Hezizei 2eoMmempusAsblK napamempnepiH maxoay. Jora mapizoi
cepnimoi anemeHmmepi 6ap amanmsiw Mycpma moKapbenelK 6indek 6asaceiHOarFbl ambeban KypblifFbiHbIH Heaizei #a-
yanmel myliHi 60a61n maboelnadel. Imbeban KypblaFbiHblH Hezizei #ayanmsl myliHi 60761 mabblaamsiH 00Fassl cep-
nimoi anemeHmmepi 6ap mygpmarsi ecenmey Hamuxcenepi bepinzeH. Eceimeydi opblHOAY yWiH KypblifblHbIH HaAsMbl
KepiHici #aHe dofanbl cepnimoi snemeHmmepi 6ap mygpmanap mooenboeHoi, COHbIMEH Kamap, MygmaHbIH 2eomem-
pUANbLIK napamempsepi aHbIKManosl. Ecenmey Hamuxcenepi 6yn myliHHIH #eemkinikmi 6epikmiei 6ap ekeHiH kepcem-
mi. bonawakma MypmaHsiH HoFapel ceprimoi snemeHmmepiH HyKkmeyoiH Kypoesi 2e0Mempuscbl MeH CUnameiH,
CoHOali-aK, mamepuanodbiH epeKwerni2iH eckepe omelpsirn, apHaliel Komnsromepnik 6ardapaamanaposl Koa0aHymeH
MydmaHblH KepHeyni-0edpopmayusAnelk KyliH ecermey yCbiHbIAAObI.

Kinm ce30ep: ¢ppe3anan #oHy, mepMoghpuKYUA/bLIK (pe3anan HOoHy, KYpbliFsl, ceprnimoi mygpma, aliHanmarsnsl HyK-
meme, 6epikmiK, aliHany MoOMeHmi.

Calculation of an Elastic Coupling of a Universal Device Based on a Lathe for Implementing Turn-Milling Technology
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Abstract. The purpose of the article is to select the material and the main geometric parameters of the elastic elements

of the coupling by analytical calculations and comparison of the obtained values. The coupling with arc-shaped elastic
m elements is the main responsible node of a universal device based on a lathe. Presents the results of calculating an elastic
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coupling with arcuate elastic elements, which is the main critical unit of the universal device. To perform the calculation,
the general view of the device and the coupling with arcuate elastic elements were modeled, and the geometric parame-
ters of the coupling were determined. The calculation results showed that this node has sufficient strength. In the future,
taking into account the complex geometry and nature of the loading of the elastic highly elastic elements of the coupling,
as well as the specifics of the material, it is recommended to calculate the stress-strain state of the coupling using special
computer programs.

Keywords: turn-milling, thermal friction turn-milling, device, elastic coupling, circumferential force, torque, strength.
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Abstract. The article deals with the problem of the integrity of the material of agricultural hoses made of three-layer
polyethylene and the possibility of controlling the layers of the film. For the analysis, the manufacturers of industrial
thickness gauges and the disadvantages of these measuring instruments are given. The input parameters for the
choice of the method of measuring the film thickness are presented. The advantages and disadvantages of various
methods for measuring the thickness of a polyethylene film in relation to the real conditions of the manufacturer
are revealed. It is proposed to create an automated complex that makes it possible to control the thickness of the

polyethylene film along the entire length of the shaft, excluding deformation and cuts of the film during extrusion.
The principle of operation of the complex is described, which is based on the eddy current method of measurement
with sensors and a registration unit using the contact principle of operation. The advantage of the developed control
system is the transfer of data directly to the operator's computer in real time.

Keywords: sleeve, polymer film, thickness, control, automated system, method, sensor, extruder.

Introduction

The main task of grain producers is to reduce costs
and losses to a minimum, as well as profitable sales.
The prices for the services of transport companies, the
prices of elevators for drying, cleaning and storing
grain significantly increase the cost of the final
product (up to 50% of the cost of grain), which makes
it less profitable to sell it [1, 2]. Farms are forced to
store grain in currents and open areas unsuitable for
long-term storage, which leads to a loss of its quality,
and, as a consequence, to losses. The birthplace
of grain storage technology is Argentina. This
technology is also actively used in Canada, Australia,
some other countries of the American continent,
South Africa, France, Spain, etc. In the CIS countries,
this technology has been used for several years, since
it does not require large investments and can reduce
storage costs by at least three times [3, 4]. The main
principle of the technology is to store grain in an
airtight environment, by pressing the mass in a special
polyethylene sleeve, which is tightly closed after
filling from both ends. This stops the oxygen supply.
In the respiratory process, components that, along
with the grain, get into the sleeve — insects and fungi,

KX for example, — there is a decrease in the percentage of

oxygen in the environment, and an increase in carbon
dioxide. A new, optimal environment for storing
grain automatically arises, in which the ability to live
and develop is inactivated in insects and fungi.

This can only be ensured by ensuring the overall
integrity of the materials from which the sleeves
are made, consisting of three-layer high density
polyethylene: the white outer layer contains titanium
dioxide to reflect the sun's rays and prevents the
temperature inside the sleeve from rising. One of
the main qualities of polyethylene film for the pro-
duction of agricultural hoses is its durability. It is
achieved through the use of several different layers,
as well as ensuring the specified parameters of the
layer thickness. The control of the thickness of the
film layers, as well as rejects in the case of ingress of
various foreign bodies during extrusion, is carried out
visually (which is very unreliable) or using thickness
gauges of various designs and physical principles
on which the thickness gauge is based. Industrial
automated thickness measurement systems are not
produced in Kazakhstan. Industrial thickness gages
differ in their principle of operation, purpose, method
and measurement accuracy.

The main manufacturers of industrial thickness



gauges are: LLC "Fizpribor", LLC "SPC "KROPUS-
PO", LLC "Acoustic Control Systems", LLC
"KONSTANTA" (Russia), General Electric Company,
StressTel Corporation (USA), Agfa-Gevaert Group
(Belgium), Krautkramer Branson (Garmania),
Olympus Corporation (Japan), Yunombo, Allsun,
ETARI (China). Significant disadvantages of existing
models of industrial thickness gauges are high
manufacturing costs or high measurement errors.

Thus, the need to solve the production problem of
designing and manufacturing an automated system
for controlling the thickness of the film in the process
of its manufacture is urgent.

Research methods

The input data for choosing a measurement
method are the following parameters presented in
Table 1.

To solve the problem, it is necessary to analyze
and identify the advantages and disadvantages of
various measurement methods, in relation to the real
conditions of the polyethylene film manufacturer.

Results and Discussions

1. Capacitive measurement method

The capacitive measurement method is based on
the difference in the dielectric constant of substances
— air and polymer. The strip of film between the
plates determines the capacitance of the capacitor. 2
types are used:

1) pin. Converts mechanical movement into
capacitance change. For example, a signal converter
for dial indicators;

2) contactless. The material to be examined is
located between 2 plates.

The capacitive sensor is a flat capacitor, between
the fixed plates of which a dielectric tape is drawn
with the help of rollers [5]. The equivalent circuit
of the converter consists of two (three) capacitors
connected in series.
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It should be noted that high measurement
accuracy when using the contact method is possible
only with ideal sliding of the sensor over the
surface, which in our conditions is very difficult to
implement, since the width of the web is 6 meters.
The existing non-contact capacitive thickness gages
are distinguished by high measurement accuracy,
their error is measured in fractions of a micron, but in
turn they have a rather high cost.

Other disadvantages of the capacitive principle
of thickness measurement are the need for long-
term calibration of sensors and periodic recalibration
during operation, the appearance of errors due to
changes in the gap, humidity or other random factors,
the dependence of the readings when measuring the
thickness of some polymers on temperature.

2. Optical measurement method

The optical method is implemented in scanning
laser thickness gauges — these are non-contact film
thickness control systems. They are most often
incorporated into the extrusion line as they measure
the thickness of the film web edge.

Their main advantages are the ability to control
the thickness of the production process in real time
and set the range of acceptable values. In case of any
deviations, the system notifies the operator. Two
parallel-positioned sensors ensure complete scanning
of the film during production with a maximum error
of 1 um. A significant disadvantage of such systems
is their high cost [6, 7].

Laser sensors require clear contours of the light
spot. This is possible only for opaque surfaces, or
transparent, but having a mirror surface [8]. In our
case, the sleeve film is somewhere in between. Its
surface cannot be called mirror-like, and its thickness
can be called translucent. Worst of all, the beam of
light is highly scattered both on the surface and in
thickness. The stain is blurry. For stationary objects,
this is still fixable, you can correct the result. But
taking into account the fast motion of the film, the

Table 1 — Parameters for choosing a measurement method

Parameter name Value
Control type Non-destructive — continuous in real time
Working temperature range, °C -20+30
Time of continuous work, h 8
Display of current thickness +
Accumulation of information, T, period 1 month
Removable media transfer capability +
Measured thickness range, mm 0,005-5
Accuracy, um +15
Alarm +
Controlled web width, no more, m 6
Control over the entire width (allowed at several "migrating" points +
covering the entire width of the product per cycle)
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boundaries of the spot become mobile, and the error
reaches a value commensurate with the thickness of
the film itself.

Aworthy cost-effective replacement for expensive
laser systems can be a film thickness measurement
sensor based on the principle of infrared absorp-
tion. Among the visible advantages are a small
measurement spot (2-5 mm), high measurement
speed, advanced visualization tools.

These sensors measure both transparent and
colored polymer films. High-precision measurement
of the thickness of the product allows you to establish
an optimal technological regime. Measuring the
thickness directly during the film production process
allows you to enter the production mode of quality
products with minimal losses and waste during the
launch and debugging of the technology. At the same
time, the documentation of the technological process
takes place, which helps prevent defective products
from reaching the customer. Based on the analysis
of an array of data on the thickness of the resulting
film, it is possible to make informed decisions about
reducing the thickness margin. Systems based on
infrared sensors are supplied, for example, by the
North American company NDC and cost about $
50,000, which is their immediate disadvantage.

3. Eddy current measuring method

As a rule, devices operating according to this
measurement method are produced in the form of
combined models (eddy current thickness gages and
magnetic thickness gages). The operation of such
devices is based on magnetic induction (F-models) or
eddy-current (N-models) principles of operation. The
FN models use both operating principles.

The eddy current method is based on registering
changes in the interaction of the coil's own
electromagnetic field with the electromagnetic field
of eddy currents induced by this coil in the controlled
object [9].

A coil located in the thickness gauge probe,
through which a high-frequency current flows,
generates an alternating magnetic field. Approaching
the surface under study;, it excites Foucault currents
in it — eddy currents that are captured and measured
by the same or a secondary coil. Based on the
measurement results, a conclusion is made about the
thickness of the product.

Thickness gages based on this method are
characterized by versatility, high accuracy and an
advantageous price / performance ratio.

4. Radio wave measurement method

This method consists in irradiating the object
under study with radio frequency radiation and
measuring the parameters of the transmitted,
reflected or scattered electromagnetic wave [10].

Radio wave methods are based on the registration
and analysis of changes in the parameters possessed
by the electromagnetic waves of the radio range
(wavelength from 0.01 to 1 m) interacting with the
control object. These methods can be used to control

[ 50 | objects made of materials that do not "drown out"

radio waves — dielectrics (ceramics), semiconductors,
magnetodielectrics and thin-walled metal objects
[11].

Radio wave methods can be considered as a kind
of eddy current methods.

In both cases, the monitoring equipment consists
of a microwave generator, a transmitting antenna,
a receiving antenna, and a microwave measuring
device.

5 Isotope measurement method

The isotope method is based on the registration
and subsequent analysis of penetrating ionizing
radiation interacting with the object. Depending on
the type of ionizing radiation, the terms “X-ray”,
“neutron” and others may be used in the name of the
methods [12].

Most often, gamma and X-ray radiation is used
for control, which allows obtaining the maximum
resolution.

6 Ultrasonic measurement method

The principle of operation of the thickness gauge
is based on the ultrasonic pulse echo measurement
method, which uses the property of ultrasonic
vibrations to be reflected from the interface between
media with different acoustic resistances [13].
The transmitting plate of the transducer emits an
ultrasonic pulse through the delay line (prism) in
the direction of the outer surface of the product, the
thickness of which is to be measured. The ultrasonic
pulse propagates in the product to the inner surface,
is reflected from it, propagates in the direction of
the outer surface and, having passed the delay line
(prism), is received by the receiving plate.

7 Mechanical measurement method

The method consists in measuring the thickness
of the film using passimeters (lever bracket) and
micrometers [14].

We will not even consider the variant of the
passimeter, since this tool is designed for "rough"
quick control "in tolerance — not in tolerance" of the
real size of the part, usually in the serial production
of parts. A standard micrometer is also not quite
suitable for measuring polymer films, since when
the measuring rod rotates during contact with the
film surface, shear deformation occurs, in addition,
the magnitude of the measuring force depends on
the operator. The error of measurement carried out
with a standard digital micrometer varies from 5 to
10 microns, depending on the qualifications of the
specialist, the thickness and material of the film.
Whereas the measurement error using an indicator
thickness gauge and a micrometer with a constant
force is 2-3 microns. This means that a company that
uses a micrometer to control the film thickness makes
a film with a greater thickness, that is, it has an extra
waste of material.

Conclusions

From the analysis carried out, it is possible to
draw up a comparative table (Table 2) of the existing
measurement methods in relation to polyethylene



Table 2 — Comparative analysis of measurement methods
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Method of

Advantages
measurement

Disadvantages

Contactless methods

General for this method:

film web

1. Absence of mechanical contact between
the control device and the surface of the

General for this method:

1. Increased requirements for the homogeneity of
raw materials (its physical properties)

2. The need for strict adherence to the stability of
atmospheric parameters (temperature, humidity)

1. Optical methods
(Scanning laser,
interferometer,
reflectometry,
infrared tempe-
rature stabilized
Sensors)

2. High precision

1. Continuous real-time thickness control

1. Applicable for homogeneous material

2. High cost

3. Unevenness of the film surface affects the error
4. High dustiness in an industrial environment
reduces measurement stability

5. Shaft runout and vibration increase the
measurement error

2. Radio wave
2. High precision

1. Continuous real-time thickness control

1. The main limitation is harmful high frequency
radiation

Contact methods

General for this method:
1. Simplicity and high performance
2. Cost effective

General for this method:
1. Wear of the point of contact
2. Risk of damage to the film web

1. Ultrasonic
method

1. A proven method.

2. Reasonable cost of serial samples.

1. The range of measured values (from 1mm) does
not correspond to the specified one.

2. The need for the constant availability of contact
grease.

3. Restrictions on the acoustic properties of the
material.

2. Eddy current
method

1. The measurement accuracy is

structural deformation, etc.

independent of shaft runout, bearing wear,

2. The most suitable for climatic conditions.

3. Semiconductor

1. Availability of a standard interface for

1. The measurement accuracy depends on shaft

dial indicator signal transmission. runout, bearing wear, structural deformation, etc.
(displacement 2. Carbide point of contact with the 2. Limited temperature range.
sensor) measured film.
Generic methods
1. Capacitive 1. Tested method 1. Dependence on material properties
method 2. Dependence on temperature and humidity, on

static electricity
3. With the contact method, beating and vibration
errors are added

films for the manufacture of agricultural hoses based
on the specific production conditions.

Drawing conclusions, we can say the following,
in the case of the existing production conditions
and with the need to manufacture sleeves for
storing grain, satisfying the quality and cost of the
consumer, it is necessary to create an original model
of the hardware and software complex that makes it
possible to control the thickness of the polymer film
layers along the entire length of the shaft, excluding
deformation of the film as a result of the ingress of
foreign bodies during extrusion (cuts).

The most appropriate design solution would be
to use the eddy current measurement method in the
system. The automated system will consist of several
sensors operating according to this principle and a
registration unit. The principle of operation is contact.
The gap measurement will take place between the
sensor and the metal surface of the roller formed by
the material being measured. The sensor must be
located in a movable carriage and spring-loaded to
ensure guaranteed contact with the plastic film in
case of possible vibrations.

To increase the life of the sensor, it is necessary
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to use a replaceable non-magnetic gasket with a | tothe operator's computer in real time and integrated
minimum sliding friction coefficient and maximum | into the equipment operating mode control system,
wear resistance. The data transfer will be carried out | which will allow the extruder nozzles to be calibrated.
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AHOamna. MaKanada yw Kabammeol noaAusMuUAeHHeH ¥AcanfaH ayblAWapyaublabiK WaaHemapselHbIH Mamepuassi-
HbIH Mymacmeolifbl ¥aHe MaeHKa KabammapsiH 6ackapy MyMkiHOi2i Kapacmeolipblnadsl. Tanday ywiH eHepKacinmik
KanbIHObIK enweziumepdiy, eHOipywinepi #aHe ocbl eawey KypandapbiHbliH Kemwinikmepi keamipineeH. Kipic na-
pamempnepi NAeHKAaHbIH KanbIHObIFbIH esauey 30iciH maHoay YWiH YCbIHbIAFAH. OHOIpYyWiHiH HaKkmol xcardalinapei-
Ha Kameicmel NAACMUKAAbIK MAEHKAHbIH KA/bIHObIFbIH 6auweydiR apmypsai adicmepiHid, apmbiKWelaslKkmapsl MeH
KemMuwinikmepi aHbIKMas0bl. IKCMpy3us Ke3iHOe raeHKAHbIH 0eqhopMayusacsl MeH KecinyiH KocnaraHoa, 6inikmiH 6yKin
V3bIHObIFbI BOlbIMEH MNAACMUKAAbLIK /1eHKAHbIH KanblHObIFbIH O6aKblAayFa MYMKIHOIK GepemiH aemomammaHObI-
DbIAFAH KeweH Kypy YCbiHblAaobl. MymbicmelH 6alinaHbIc MpUHYUMNIH KOAOGHA 0MbIpbin, 0amYyuKmepmeH #aHe mipKey
6102biMeH KylibiIHObI MoK enwey adiciHe Heziz0enzeH KeWeHHIH HyMbIC NpUHYUni cunammansaH. JameiraH 6ackapy
wyleciHiH apmoblKWwblabiFel — 0epekmepoi HAKMbl yaKbim pexcumiHoe onepamopobiH KomMnbtomepiHe mikeneli #cibepy.
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AHHOmMayusA. B cmamee paccmampusaromca npobsaema 4eaocmHoCcmu Mamepuasnd cenbCKoxXo3alicmeeHHbIX WAdH208
U3 mpexcaolHo20 NoAUSIMUEHA U B03MOXCHOCMU YNPABAEHUA CA0AMU MAeHKU. [aa aHanu3a npusedeHsl npouszeoou-
mesnu NpoMbIWAeHHbIX MOAUUHOMEPO8 U HEOOCMAMKU 3mux usmepumesbHeix npubopos. MpedcmasseHsl 8X00HbIe
napamempel 048 8bI60pa Memoda UsMepeHUs MOAWUHbI MAEHKU. BbiseneHs! npeumyujecmsea u Hedocmamku pas-
/IUYHBIX MEemMo008 U3MepeHUs MOAUUHbI NMOAUIMUAEHOB80U MAEHKU M0 OMHOWEHUI K PeasbHbIM YCra08UAM Mpous-
8o0umeA. lMpedsaazaemcs co30amb A8MOMAMU3UPOBAHHbIU KOMIIAEKC, M0380AA0WULI KOHMPOAUPOB8AMb MOAUWUHY
noausamusneHoeoli naeHKU no eceli 0sUHe 840, UCKO4asA 0edpopMayuio U paspessl naeHKU npu akempysuu. OnucaH
MPUHYUN pabombl KOMI/AEKCd, 8 OCHOBE KOMOPO20 /eH UM 8UXPemoKo8bIli Memoo usmMepeHUs ¢ 0aMYUKamu U 6510Kom
peaucmpayuu ¢ Ucnonb3o8aHUeM KOHMAaKMHo20 npuHyuna pabomel. Mpeumyujecmeom paspabomaHHoli cucmemel
ynpaeneHus aengemcs nepedaya 0aHHbIX HEMocpedcmeeHHO Ha KOMIblomep ornepamopa 8 pexcume peasbHo20 spe-
MeHU.
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AHHOMayusA. Lleab cmameu 3aKar04aemcs 8 8bifigaeHUU OCHOBHbIX XAPAKMepPUCMUK, Npusodawux K coeepuieH-
CMeosaHu pabomocrnocobHoCMU WapHUpPHO nodseweHHbIX Mo0MmKo8 Apobusku. lpou3eodcmeo KOpMOo8 U 0Co-
beHHO nepepabomra omxo008 #UBOMHO20 MpoucxoxdeHuUs mpebyem cosepuweHcmeosaHus 0pobunoK. PeweHue
O0aHHOU 3a0a4Yu 803MOXCHO 30 cHem MpPosedeHUs CUCMeMHO20 aHAAU3d YOapPHO-PACKAALIBAOWe20 U3MesnbYeHUs U
paspabomeku a¢hgheKmusHbIX KOHCMPYKUUli Mos1omKos. Bonpocsl yoapa, packasnbl8aHUs, COYyOapeHUs paccmMompeHs|
8 CMPYKMYypPHbIX cxemax V yposHA uepapxuu cUCmemMHO20 aHAAU3d, pacCMampuearouyux KOHCMpPYKMUBHbIe 0Co-
b6eHHocmu 0pobusKu U MosIOMKO8. B pe3ysiemame 8bis8AeH0, YMo Co8epuwieHCMeo8aHue MoI0MKO8 Uenecoobpas-
HO MPoB8odUMb 3a cHYem COKpaujeHUs spemMeHU 06pa308aHUA MPEeUUH U weseli 8 PACKAAbIBAROULUXCA Yacmuyax, a
Makce 3a cyem U3MeHEeHUS KOHCMPYKYUU Mosaomka nymem obpasosaHus 3ybyamoli nosepxHocmu no eHewHel
MosepxHOCMuU MOJIOMKA, YMO 0380/UM UHMEeHCUPUUUPO8AMb MPOYECcC PACKAAbIBAHUSA U3MenbYaemMbiX Yacmuy.
B npouecce uccnedosaHuli paspabomaHsi HOBble KOHCMPYKUUU MOJOMKO8, OPUEHMUPOBAHHbIE HA M08bIleHUe
pabomocnocobHocmu ¢ UHMeHcugukayueli mpeuwjuHoobpa308aHUA 8 U3MesnbydemMbiX Yacmuyax. BeigeneHo, Ymo
aghgpekmusHocmob pabomsi Mo10MKOB80U OpobUAKU 3a8UCUM OM HAAUYUA 3ybbes Ha MOAOMKAX MOOMKOB80U Opo-
6usKu.

Knroueeole cnoea: cenbcKoxosalicmeeHHoe U nuuwesoe MaWuHoCmpoeHue, Mos1I0MmKU, MOs1IOMmKoeble dpo6unKu,

yOapHO-pacKanblearowee usmesnsyeHue.

BBeaenne

B cospemennbix ycaosmsax Kaszaxcrana npuopu-
TETHBIM SBASIETCS CO3JaHNe YCAOBUI AAsl PasBUTUS
COOCTBEHHOI'O Ce/AbCKOXO3SIIICTBEHHOIO U ITUIIIEBOIO
MaInHocTpoeHns. KasaxcraH Kak cTpaHa ¢ BBICOKUM
MOTEHIIMaA0M Pa3BUTHUA >KMBOTHOBOACTBA, ITHIle-
BOACTBa U prIOOBOACTBA MIMeeT OOABIIIIE BO3MOXKHO-
CTU A5l Pa3BUTIL IIepepabOTKI IIPOAYKIINN JKUBOT-
HOTO MPOUCXOXKAeHus. llepcrieKTUBHBIM SBAsSETCS
MaccoBasl, IPOMEIIILIeHHasl IlepepaboTKa OTXOA0B
SKMBOTHOTO ITPOVICXOXKAEHNSI, UCIIOAb3YeMBIX IIIN-
poKo aast mpomssoAcTBa Kopmos [1-4]. Ilpu mepe-
paboTKe OTXOAOB >KMBOTHOIO ITPOMCXOKAEHMS BO3-
HIKaeT OCTpas HeOOXOAMMOCTD B €T0 M3MeAbYeHUIL.
CyI1iecTBeHHBIM U aKTyaAbHBIM BOIIPOCOM IIPY HTOM
CTaHOBUTCsI ODecriedeHne ApoOMAOK DPPeKTUBHBI-
MM pabouMMM DAeMeHTaMU — MOAOTKaMI, CIIOCOD-
CTBYIOIIIMMHU TIOAYYEHMIO KauyeCTBEHHOI IIpOAYK-
LU C IIOBBIIIEHHBIMM TEXHUKO-DKOHOMUYECKIIMU
IIOKa3aTeAsIMU.

PesyabTaThbl MccaeaoBaHUI
OcHOBOI KOHCTPYKTUBHBIX PeILIeHUiI IpU pac-

BN were 1 paspaboTke yAapHO-pPaCKaABIBAIONTIX MOAOT-

KOB, SIBASIOIIVIXCS TAaBHBIMU DA€MeHTaMU AAsT Me-
KOTO U3MeAbYeHHUs], a Tak’Ke BBIABAEHMS OCHOBHBIX
(axTOpOB, BAMAIONIMX Ha IIPOLECC yAapHO-packa-
ABIBAIOIIETO M3MeAbUYEeHMs B IIPOU3BOACTBE KOPMOB
13 OTXOAOB >KMBOTHOTO ITPOMCXOXKAEHMS SABASETCS
maTeii (V) ypoBeHb MepapXuuecKoil CTPYKTYpPBI CH-
CTeMHOTO aHaam3a [5-7].

YcaoBus, B KOTOPBIX TTPOU3BOAUTCS MeAKOe M3-
MeabdeHle, A4 KaXkKAO0TO CII0coDa pa3AMyHBI, IOD-
TOMY B 3aBIUCHUMOCTU OT DTUX yCAOBUI pasAudeH U
XapakTep B3alIMOAEVICTBUSA TBEPADBIX T€A CO Cpesoii,
1, BCA€ACTBIE DTOTO, — ¥ 9(PPEKTHI, BEI3bIBa€MBbIe BA-
sHueM cpeabl. CaelyeT OTMETUTD, YTO U3MeAbdeHIe
KOPMOB M3 OTXOAOB >XMBOTHOTO IPOVCXOXKAEHI:
HeOOABIINX pa3MepOB ITPOU3BOAUTCA B OAVH LIVIKA,
T.e. Oe3 IpeaBapUTEAbHBIX CTaANl ApobaeHus. Vn-
TeHcupukanusa 1 9pQPeKTUBHOCTL IIporiecca yaap-
HO-pacKaAbIBaIOIIero U3MeAbueHUs B IIPOU3BOACTBe
KOPMOB M3 OTXOAOB >XMBOTHOTO IPOVCXOXKAEHI:
oIpeAeAseTcs IPUHIINIIOM AEMCTBUS ¥ OCOOEHHO-
CTAMU KOHCTPYKLINY KaK MOAOTKOB, TaK U APOOMAKI
B 11eA0M. B cBs131 ¢ 9TM mpeacTaBAsieTcs yMeCTHBIM
cucTeMaTU3al/s OCHOBHBIX IIPMEMOB yAapHO-pacKa-
ABIBAIOIIETO M3MeAbUYeHMsI B IIPOU3BOACTBE KOPMOB



13 OTXOAOB KMBOTHOTO ITPOMCXOKAEHUS.

IlepsriM mapameTpoM, XapaKTepusyiomum V
YPOBEeHb MepapXuM CUCTeMHOTO aHaAmM3a Ipoliecca
yAapHO-pacKaAblBalOIIero M3MeAbdeHNUs B IIPOU3-
BOACTBE KOPMOB 13 OTXOAOB >KMBOTHOTO ITPOMCXOXK-
AEH, ABASIOTCSI KOHCTPYKTUBHBIE OCOOEHHOCTY MO-
aotkosont Apobnaku (KOMJ), crpykrypHast cxema
KOTOPOI1 ITpeJcTaBAeHa B COOTBETCTBUM C PUCYHKOM
1.

34ech caeayeT MOHMMATh pabOTy M MOIIHOCTD
ucrounnka sHeprun (J13), pabory MexaHmM4ecKoi
obpaborku (PMO), TpeOyeMoit Aas1 M3MeAbYeHNs,
repeMeIeHns IOCTYNaoMUX AAsl M3MeAbdeHUs
yacrei1 ceipbs ([TUPC), nukanyeckoro Kpyropopora
nsMeabdaemplx gactuil (LIKIMY), nx MHOrokpaTtHOTO
COyJapeHIisl ¥ OTCKaKMBaHIA BO BHyTpeHHeM o0beMe
apodouaxu (CruQ); paboty, HEOOXOAUMYIO 4451 YHOCA
TOTOBBLIX M3MeAbYEHHBIX YaCTUI] U3 MOAOTKOBOI ApO-
onaku (YVY); Bo3ayIIHO-BUXpeBbIe ITIOTOKM, IIPUHO-
CUMBIe VHTEHCUBHBIM AVHAMUYECKUM JABVDKEHUEM
MOJAOTKOB U 00BeKkTOB M3Meapdenns (BBIIMuON).
IlpeacraBaennble sABA€HUA OOpa3yIOT IIOTOKM W3-
MeAbyaeMBIX YacTell U YacTUI] BO BHyTPeHHeM O0be-
Me MOJ0TKOBOII 4pOOMAKI, KOTOpbIe 00pa3yIoT 11045
yAapOB, pacKaAblBaHMs, COyAapeHMs, B3aMOAel-
crBust u pacnpegeaenus yacturl (ITYPCBPY) so sHy-
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TpeHHeM OO0beMe MOAOTKOBOW ApOOUAKH, TAe IIPO-
JMICXOAUT MHTEHCUBHOE ABVDKEHIE JacTell M YacTHUI]
M3MeAb4aeMOTO MaTepuada, X B3alIMOAENCTBIE U
coydapeHne MeXAy coboil, a Tak’Ke O CTeHK! U pa-
Ooune ®1eMeHTHI BHyTPEeHHell KOHCTPYKIIUM MOAOT-
KOBOJ ApOOMAKM, TaKUM OOpa3oM BO3AYIIHO-BUX-
peBble TeYeHMsI B MOAOTKOBOI aApobuake (BBTMA)
3HAYUTEABHO BAVSIOT Ha paclpejeleHle JacTeil 1
9JacTHUII 110 BHyTpeHHEMY OObeMY MOAOTKOBOI ApO-
ouaxu (PUnYOMA), Ha KauecTBO M3MeAbYEHUs], TO
ecTh TpaHyaoMeTpuueckuii cocras vactur, (I'CY),
Ha BpeMs M3MeAbYEHI I JaCTULL CBIPbsI B MOAOTKO-
BoI1 gpobuake (BMIUCM/), Ha mpon3BOANTEABHOCTD
kopmos (IIMKM), sueproemxocts Apodnaku (DMA).

OCHOBHBIM >Ke ITapaMeTPOM, XapaKTePU3YIOIIIM
V ypoBeHb nepapxmumu CUCTEMHOTO aHaAM3a IIpoliecca
YyAapHO-pacKaAbIBaIOIIero M3MeAbYeHUs] B ITPON3-
BOJCTBE KOPMOB 13 OTXOJ0B >KMBOTHOTO ITPOVICXOXK-
AeHIs, CTPYKTypHasl cXeMa KOTOpPOII IIpejcTaB/AeHa
B COOTBETCTBUMU C PUCYHKOM 2, ABASIOTCSI KOHCTPYK-
TUBHBIE OCOOEHHOCTV MO/AOTKOB MOAOTKOBOI ApO-
ouakn (KOMMA). 3aecy caeayeT moHMMaTh pado-
Ty, 3aTpaulBaeMylO Ha BpalleHue MoA0TKoB (BM),
TpeOyemoe 4451 cO3AaHms yAapoB MOAOTKOB (YM) 06
OOBEKTH U3MeABYEHILT; padoTy, HEOOXOAUMYIO A4S
BHeJpEeHN: U pacKaAblBaHNsI OOBEKTOB M3MeAbUEHILS

13

KOMI
™ ] [PM0 ] (i | [BEMMOH]
| TIKHY |
[ CHO }— >
\ [ TFPCBPa]—" g
MBRRTMT |
[BBTMI]
y v v v
[P4=OMI| [ TCY | [BHACMI] [TIMKM | [ 3MI |

PucyHok 1 — CTpyKkTypHasa cxema V ypoOBHA nepapxmm CUCTEMHOrO aHa13a Npouecca yaapHO-pacKa/ibiBalowWwero

M3Me/ibveHUA B NPOU3BOACTBE KOPMOB M3 OTXOA0B }KMBOTHOTO NPOUCXOXKAEHUA, aKLLeHTUPYIOLLEH
KOHCTPYKTUBHbIE 0CO6€HHOCTU MOIOTKOBO Ap06UnKu
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PucyHOK 2 — CTpyKTypHas cxema V ypOBHA MepapXum CMCTEMHOr0o aHa/iM3a npouecca yaapHo-packablBaloLwero

nimenb4eHUA B Npon3BoACTBE KOPMOB U3 OTXOA0B XKUBOTHOIO NPOUCXOXKAEHUA, aKLI,EHTMPYIOLI.I,eFI KOHCTPYKTUB-
Hble 0CO6eHHOCTU MOJIOTKOB

ocTprMu 3yObsiMn Moa0TKOB (BuPOVMO3M) c BHe-
ApeHneM 3yObeB MOAOTKa B pa3apabAnBaeMBbIll Ma-
tepuaa (BAMBPM) moa aelicTBeM OCTPBIX I'paHeil
3yObeB Moa0TKa. IIpeacraBaenHsle s1BAeHMs O0pasy-
IOT TPeIIMHBI U I[eAN B YacTsIX M YacTUIlaX M3MeAb-
yaeMmoro martepuasa (TullllIM), aaaee mpoucxoaut
POCT TpeIuH U mmeaell B pasdpabArBaeMOM MaTepu-
aze (PTulllPM) a0 MomMeHTa OTJeAeHUs! OAHON Ya-
CTUIIBI MaTepuada OT APYIo, YTO 3Ha4YUTeAbHO BAU-
sleT Ha MHTeHCU(PUKaLMIO IIpoliecca M3MeAbYeHIs
(MITN), paborociocobHOCTs MOAOTKOB (PM), ppax-
LIMIOHHBIN cocTas naMeabueHHbIX yacTuly (PCHY) u
TeXHUKO-DKOHOMMYECKYI0 9(PPEeKTUBHOCTh MOAOT-
KoBOI1 Apobuaku (TOOMA).

B pesyabTaTe mpoBeeHHOIO CICTEMHOTO aHaAu-
3a IIpoliecca yJapHO-pacKaAblBalOIero IMsMeabue-
HISL B TPOU3BOACTBE KOPMOB U3 OTXOA0B KMBOTHOTO
MPOVCXOKAEHNU BBISICHEHO, YTO OCHOBHBIMM Xapak-
TepUCTUKaMM, TPUBOAAIIMMU K COBEpPIIIeHCTBOBa-
HIIO MOAOTKOB, SIBASIOTCS:

- COKpallleHne BpeMeHM OOpa3OBaHWA TPeIIuH
U 111eAeil B packaAbIBaIOIIMXCS JaCTUIIaX KOPMOB U3
OTXOAO0B >KMBOTHOTO ITPOMCXOXKAEHMS;

- U3MEHeHNe KOHCTPYKLMI MOAOTKa ITyTeM 00-
pasoBaHMs 3yO4yaTOVl IIOBEPXHOCTM IIO BHEIIHEN
ITOBEPXHOCTU MOJOTKA, YTO IO3BOAUT MHTEHCUPU-
IMpoBaTh IIpOllecC pacKaAblBaHUS M3MeAbdaeMbIX
JacTuIl.

B pesyabraTe mpoBejeHMs nccael0BaHU HaMU

[ 56 | paspaboTaHbl  yAapHO-pacKaAbIBaloONIe MOAOTKIM

(pmcynkn 3-5). MoAOTOK B COOTBETCTBUM C PUCYHKOM
3 obecriedeH CTep>KHSAMM, YTO IIOBBIIIAeT paboTo-

L7
+

%

1 — MONOTOK ana ApobneHns u usmenbueHus;

2 — oTBEpCTUA ANA NOABELUUBAHUA MOJIOTKA Ha OCb;
3 — npopgo/bHaA 0cb cMMMeTpUU; 4 — paboumne yuacTku
no A,ByM NOBEPXHOCTAM NPAMOYro/IbHOro MOOTKA;
5 — ocTpo3y6uatbie CTEPIKHU PA3NMYHON ANUHDI

PucyHoOK 3 — MonoToK ans apobneHuns
1 uamenbyeHua (nateHT Ne 4754)




CII0COOHOCTH ApoOMAKN. OpUTrMHAABHOCTL MOAOTKA
MoATBep>K/eHa raTeHToM [8].

KoHcTpyKTBHOE BBIIIOAHEHNE MOAOTKA AAs
u3MeAbdeHNsT (PUCYHOK 4) TIO3BOAsSET OCyIle-
CTBUTh POCT IPOAYKTUBHOCTU IIO U3Me/Ab4aeMOMY
Marepuaay.

3ybOuaro-rpebeHUaThIil MOAOTOK (PMCYHOK 5) pa-
OortaeT caeayiomumM odOpa3oM. B mporecce paGoTs
MOCTYHAIONINII MaTrepuaa AAd U3MEABYEHMS, COY-
AapssCh C CBEPXTBEpABIMU 3yOrjaMm-rpebeHkaMm 4
BpaIaloIXCcsl MOAOTKOB 1, MHTEHCUBHO M3MeAbya-
ercs. B mporjecce paboTsl MOAOTKa M M3HAIIMBAHS
ero paboyeri MOBepXHOCTH 3 MeHseTcsl pabodas I10-
BEPXHOCTb MO/AOTKa ITyTeM CMeHBI OTBEpPCTIS 2 AAs
IIIapHUPHOTO IOABEIMBaHNsI MOAOTKa.

B Teopun ysapa npuHATL TaKue IIOCTYyAAThl, KaK
BpeMs AeVICTBUA yAApPHBIX CIA OECKOHEYHO Ma.o, a
VIMITyAbC, TIOAYYEHHBIN TeJA0OM B pe3yAbTaTe yAapa,
MMeeT KOHeUHYIO BeAnunHy [9]. B cooTeTcTsnm ¢ pu-
CYHKOM 6 yJapHasl cuia BBITAAAUT B GpopMe X04AMa, a
BEPXHsLI TOUYKa PaBHAETCSI HaMOOABIIIEMY ITOKasare-
AI0 AQHHOU CUABI.

B pesyabraTe mccaeaoBaHUA yAapHOTO pacKabl-
BaHIs BO3MOKHO ITPMMEHUTH 3aKOH M3MEHEHII KO-
AVMYecTBa ABVKEHIs TOYKM, 3aIlVICHIBAEMBIN B BUAE
OCHOBHOTO ypasHeHMIs yaapa [11]

m(u—2) =8,

rae v=1;(t) — CKOpPOCTb TOUKM B HaYal€ yAapa;
u=1,(t+7) — CKOPOCTb TOYKN B KOHIIE yAapa;
S§'=S), — MMIIyAbC 1A, AGIICTBYIOIIMX Ha TOUKY 3a

1 — MONOTOK AnA ApobaeHUs U U3menbyeHus;
2 — oTBepcTUA; 3 — NPOAO/bHAA OCb CUMMETPUM;
4 — paboume y4acTKU MONOTKA; 5 — 3aKaneHHble

OCTPOKOHEUYHbIe KPOMKMU; 6 — 3aKaNeHHble
NPAMOYro/ibHble 601Ku

PucyHok 4 — MonoToK ana gpobneHus
U U3MeNbYeHUA (3asABKa Ha NaTeHT,
per. Ne 2021/0375.1)
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]

1 — 3y6uaTto-rpe6eHuYaTbiii MONOTOK; 2 — OTBEPCTUSA;
3 — paboune NOBepPXHOCTU NO ABYM NOBEPXHOCTAM
MOJIOTKA; 4 — cBepxTBepAble 3y6Lbl-rpebeHKmn

PucyHok 5 — 3y6uaTto-rpe6eHuaTblii MONIOTOK
MOIOTKOBO AP06UNKK (3aABKa Ha NaTeHT,
per. Ne 2021/0722.2)

F,HA

F,W’

max

PucyHOK 6 — MpoeKkunoHHoe u3obpaxkeHue ygapHou
cunbl [10]

BpeMms yaapa.

B cootsercTBumM ¢ pucynkoMm 7 mpegcraBaeHa
AuarpamMMa HEAMHEINHON 3aBUCUMOCTH yJAapHONI
cuasl Py B 3aBUCHMOCTI OT COAVKEHUs &, KOrJa
yAapHas cuAa omnumieTcsa 1o I'epiy 3aBMCHMOCTBIO
P,=ka*?[12].

Pabora B3ammogelicTByOmeil cuasl (MOJeab
Tepiia)

@max

Pda = f ka*? - da = %ka'fn/fx.

0 0

@max

Pabora B3anmogericTByomeit cuasl (MoAeas bu-
Aepmana B./1. — Maarokosoit M.H.) [13]

amax

Pkda/ = %(Pk) max (amax - aO) .

ao
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(B ) max

1 - mogensb lepua, 2 — mogenb bugepmana B.J1. —
Maniokosoi M.H.

PucyHok 7 — inarpammbl, Xapakrepusyiowiue
M3MeHeHue B3aumoaeucTeytoweit cunbl Py
OT cobnnKeHuA

Mameapuenne yaapHO-3yOUaThIMM MOAOTKaMMU
MO>XHO onucaTth KputepueM Hpiotona [14], xapak-
TEPU3YIOIETO OTHOIIEHMEe paOOTLI BHEIIHUX CUA K
KIHeTUYEeCKOl DPHepIuu Teaa, U cAeAyIOIero us3 BTo-
poro s3akoHa Hriotona

Ne=U/pV.B:,

rae U — cuaa ycmans 3yba MOAOTKa Ha M3MeAbdae-
Mble yactusl, H; p — maoTHOCTS M3MeapdaeMBbIX Ya-
crut, Kr/m% V, — CKOpOCTh ABIKEHISI TOAOBKY 3yDa
MOJOTKa, M/C; B, — paccTosHMe OT OCHU BpallleHIIs]
yAapHO-3y09aTOro MOAOTKa A0 TOYKM KOHTaKTa Io-
Z0BKI 3y0a MOAOTKA C M3MeAb9aeMbIMI YacTULIaMI,

MM.
B Havaze mpoHUKHOBeHUs 3yObeB MOJOTKa B
M3Meab4aeMble YaCTUIIBI, YCUAMe Ha 3yObsX MOAOT-
Ka MOMEHTaAbHO BO3pacTaeT, M B U3MeAbYaeMbIX
JacTumax oopasyloTcs TpeluHsl 1 mean. [Ipu mo-
cleayIoIieM IIPOHVKHOBEHNN 3yObeB MOAOTKA B 13-
MeabuaeMble YaCTUIIBI, yCuAMe Ha 3yObsIX MOAOTKa
YMeHbIIAeTCsl IPU YBeAMYEHN TPeIVH U Ijelen 40
HayaJa pa3geAeHus OAHON YaCTULIbI OT APYIOIL.

BuiBOoABI

DJeMeHTapHBIe aKThl pa3pyIIeHUs OCYIIecT-
BASIIOTCSI CO3JaHMeM B 4YacTHUIIaX IIpejeAbHBIX Ha-
IIpsDKEHNUIT CABUTa IIyTeM yjapa C OAHOBPEMEHHBIM
packaabiBaHneM. KnHeTmdeckas »Heprusi cooOIa-
€TCAd HeIoCPeACTBEHHO MOAOTKaM M 3yObsIM MO-
AOTKOB ApoOunaku. VIcxoas 13 BBHIIIEN3A0KEHHOTO
9 PpeKkTnBHOCTS PpaboOTEl MOAOTKOBOI ApOONAKI,
HSKOHOMUYHOCTh M 001acTh AVICIIEPCHOCTH, B KOTO-
poit HabAI04AI0TCA Ay4Ilne ITOKa3aTeAl, 3aBUCT OT
psA4a BBIABAEHHBIX (PAKTOPOB, MMEIOIIUX OIlpee1eH-
HYIO B3alIMOCBSI3b, OCOOEHHO OT HaAW4Ms 3yObeB Ha
MOAOTKaX.

JaHHas HaydHas paboTa ABASETCs Pe3yAbTaToM,
IIOAy4YeHHBIM B XoJe peaausarium mpoekra VIPH No
AP09562082 «Cozaanne ysapHO-3yO4aThIX MOAOTKOB
AAS1 UIHTEHCUBHOTO M3MeABYEeHISI KOPMOB U3 OTXOJ0B
SKVMBOTHOTO ITPOMCXOXKAEHNsI», (PUHAHCUPYEMOTO B
paMKax rpaHTOBOTrO (puHaHCKpoBaHuA oT KoMmurera
Hayky MuHmcTrepcrsa oOpasosaHusA 1 Haykn Pecrry-
0auku Kazaxcran.
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AHOamna. MaKkanaHslH MAKCamel — ycamyblWmelH, morcansl 6aafanapsiHbIH HYMbICKA KabinemminieiH #akcap-
myfa aKkesnemiH Hezizzai cunammamanapdsl aHbikmay. Mem eHOipici, acipece #aHyapnapobiH KAA0bIKMAPLIH 6HOEeY,
ycamkbiwmaposbl ¥emindipydi manan emeodi. byn maceneHiH wewimi COKKbiFra 6eniHemiH mezicmeydin xcylieni man-
daybl MeH 6aaFaHbIH MUIMOi KOHCMPYKUUAAAPLIH #AcayOblH apKACbIHOA MyMKiH 60aa0bI. ¥pfrbiw neH 6aaFaHbIH KOH-
CMpyKmusmik epeKwenikmepiH eckepe omelpblir, COKKbl, 6eniHy, COKmelrbicy macenenepi xeylienik mandayosiH ue-
papxusiceiHbiH V-wi 0eHeeliiHiH KypblabiMObIK 0ua2paMmmanapbiHOa Kapacmelpslaadsl. HamuxeciHOe, 6eawexkmey
benweKkmepiHOe #apbiKmap MeH #apblKmapobiH nalioa 60y yaKbiMelH KbICKAPMY apKblsabl 6aaFanapobl MaKcapmy,
coHdali-aK, celpmKbl bemiHde micmi 6emmi Kasneinmacmelpy apKblabl 6AAFAHbIH KOHCMPYKYUACLIH 632epmy Kaxem
eKeHi aHbIKmanobl. ¥cakmanraH 6eawekmepoi 6eny npoueciH KywelimemiH 6aara. 3epmmey npouyeciHoe ycakmasnraH
benwekmepoezi KpeKuHeMiH KapKbIHObIAbIFbIMEH mMUiMOinikmi apmmesipyra 6areimmanraH 6aafanapObiH, HAHA KOH-
CMpyKuUAnapsl a3ipaeHoi. banra ycakmarsiWwmolH, muimoiniei 6anFanel ycakmarelwumsiH, 6aaranapeiHOa micmepoin
6onybiHa b6alinaHbicmebl ekeHOiz2i aHbIKMAsobI.

Kinm ce3dep: aybinwapyawbinblK #aHe a3blK-mysik mawuHaxcacay, banranap, 6anfansl ycamksiwmap, COKKbi-6esy
YHmMaxkmayel.

System Analysis of Impact-Splitting Grinding in a Hammer Mill
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Abstract. The purpose of the article is to identify the main characteristics leading to the improvement of the operability
of the crusher's hinged hammers. The production of feed and especially the processing of animal waste requires the
improvement of crushers. The solution to this problem is possible due to the systematic analysis of impact-splitting
grinding and the development of effective hammer designs. The issues of impact, splitting, impact are considered in the
structural diagrams of the V level of the hierarchy of systems analysis, considering the design features of the crusher and
hammers. As a result, it was revealed that it is advisable to improve hammers by reducing the time of formation of cracks
and cracks in the splitting particles, as well as by changing the design of the hammer by forming a toothed surface on the
outer surface of the hammer, which will intensify the process of splitting the crushed particles. In the process of research,
new designs of hammers have been developed, aimed at increasing the efficiency with the intensification of cracking in
the crushed particles. It was revealed that the efficiency of the hammer crusher depends on the presence of teeth on the
hammers of the hammer crusher.

Keywords: agricultural and food machinery, hammers, hammer mills, impact-splitting grinding.
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Abstract. The purpose of the study is to determine the factors influencing the fracture toughness of steels in hydraulic
cylinder rods. The dependence of the change in the hardness of pre-hardened steel 30KhGSA on the tempering tem-
perature is presented. The hardness values of 30KhGSA steel after surface plastic deformation are presented. The
dependences of the heating temperature on the calculated thickness of the sample, on the input energy, and on the
level of hydrogen content in steel have been determined. The required heating temperature for steel 20MnV6 has

been calculated. The reasons for the formation of cold cracks in steels 45, 40X, 30 HGSA, 20MnV6, 42CrMo have been
determined. Recommendations are given for the elimination of the formation of cold cracks under the thermal effect

of steels.

Keywords: rod, flock sensitivity, cracks, heat treatment, coating, residual stresses.

Introduction

Special equipment (excavators, drilling rigs)
operates in harsh, harsh conditions characterized by
high relative humidity, dynamic alternating loads in
contact with rocks and soil [1].

The rod is one of the main structural elements
of the hydraulic cylinders of special equipment,
transmitting the force from the piston. This metal rod
is made of structural steel or low alloy steel, with a
chrome covering.

The chrome covering provides an additional
layer of protection. It is more resistant to negative
influences of the environment.

During operation, the rods of the hydraulic
cylinders experience large dynamic loads. Despite
the chrome-plating protection of the rubbing surfaces
of the rod and the cylinder liner, various defects are
formed on their surfaces as a result of these loads.

Rods for special equipment are made of the
following steel grades: St45, 40X, 30HGSA. The
choice of these steels is based on the properties that
determine their applicability for such parts, namely,
flock sensitivity and tendency to crack formation.

Research methods

The considered group of structural materials
(medium-carbon low-alloy steels) is the most
common in modern mechanical engineering. The
most important characteristics of steels and alloys are

indicators of mechanical, technological and service
properties.

In the manufacture of hydraulic cylinder rods,
steels with an average carbon content (0.25-0.45%)
are used, both unalloyed (for example, steel 45) and
low-alloyed (30 HGSA, 40X according to GOST 4543-
71). These structural engineering steels are used, as a
rule, after quenching and tempering and, less often,
in a normalized state. The temperature range of
application of products from these steels is from — 5
to 60°C. Their toughness remains high enough down
to —60°C. After heat treatment, the strength can reach
up to 1100 MGa [2-5].

The critical cooling rate of medium-carbon alloy
steels during quenching is much lower than that of
low-carbon steels due to a noticeable increase in the
range of low stability of austenite. Therefore, when
they are cooled, even in air, part of the austenite can
be supercooled and undergo transformation below
the MH temperature. Under heating and cooling
conditions, the heat affected zone (HAZ) during
heating even in the most overheated areas with
homogeneous austenite at an increased cooling rate
can form martensite [6].

In structural carbonaceous, low- and medium-
alloyed steels, the nonequilibrium phase — martensite
— is of particular importance. It is a supersaturated
solution of carbon in a-iron, is formed by a special

mechanism and has high strength and hardness (the



B Tpyabl yHuBepcuteta N3 (84) - 2021

higher, the more carbon is contained in martensite)
and low plasticity and toughness.

In steels with a carbon content of 0.30% and
higher, upon rapid cooling of the metal in the heat-
affected zone, a solid martensitic or troostite structure
is formed, which is much more brittle than the base
metal, which creates a danger of brittle fracture both
during the manufacture of products (cold cracks) and
and during operation.

Structural changes occurring during various
heat treatment operations contribute to the change
in the properties of steels. A change in the structure,
consisting in a change in the size and state of the
phase components, determines the changes in the
motion and deceleration of dislocations and, thereby,
the resistance to deformation and the limiting value
of deformation under loading of steel. The presence
in the ferrite matrix of an excess phase in a dispersed
state or even in a pre-precipitation state leads to a
distributed multiple blocking of dislocation motion
and thereby to a significant hardening of the steel. In
this case, naturally, the ductility and toughness of the
steel are reduced [7].

From literary sources it is known about the effect
of tempering temperature on the hardness of pre-
hardened structural steel 30HGSA. Figure 1 shows
a graph of the dependence of the hardness of steel
30HGSA on the tempering temperature. When
the hardened structural steel 30HGSA is heated in

the temperature range of 200-700°C, a significant
decrease in the metal hardness occurs [8].

For a more detailed study of the structure and
properties of the metal in the area of softening,
samples were made from pre-hardened and tempered
30XGSA structural steel. The heating temperature
was determined from the thermokinetic diagram
for steel 30KhGSA and amounted to 760°C, which
corresponds to the Acl temperature for 30KhGSA,
at which a section of high-temperature tempering
of the HAZ begins to form. This heating simulated
the thermal effect on the base metal. The results of
measuring the hardness of the samples are shown in
Figure 2.

It should also be borne in mind that with an
increase in the thickness of the metal, the structural
and mechanical inhomogeneity of the material
increases, and the likelihood of the appearance of
defects increases. In this case, stresses along the
thickness of the metal also increase and conditions
are created for the transition from a plane stress state
to a plane-deformed state. Statistical analysis of the
causes of destruction of large-sized thick-walled
structures operating under load indicates that in
more than 80% of cases, destruction occurs as a result
of the formation and growth of cracks in the metal.

The high strength of materials can only be
realized in structures when it is combined with a
sufficient supply of other properties and, above all,
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Figure 1 — Dependence of the change in hardness, pre-hardened steel 30HGSA on drawing temperature
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1 - value of hardness, hardened and tempered structural steel 30HGSA according to GOST 8479-70; 2 — Sample hardness after
hardening and drawing-back; 3 — hardness of the sample after heating to Acl temperature (760°C) and subsequent cooling in
air; 4 — hardness of a sample subjected to surface plastic deformation

Figure 2 — Hardness of samples of structural steel 30HGSA after various impacts

with the fracture toughness.

It should also be noted that with an increase in the
degree of alloying of steels, especially with chemical
elements that contribute to precipitation hardening
(for example, vanadium, molybdenum, etc.), the
likelihood of cracking during reheating of structures
during subsequent heat treatment (for example,
when remelting coatings) increases significantly.
so-called cracks during heat treatment (CHO). The
mechanisms responsible for the formation of CHO
can be conditionally subdivided into two groups
depending on their influence on the direct and
relative softening of grain boundaries.

Direct softening is a consequence of grain-
boundary segregation of alloying and impurity
elements, adsorption of gases, release of brittle
phases, the appearance of high-temperature slip
and martensitic transformation of a high density of
crystal lattice imperfections, and the formation of
submicroscopic or microscopic embryonic defects.

Relative softening, which in most cases is the main
factor, manifests itself as a result of the precipitation
hardening process caused by the release of particles
of thermally stable secondary phases. With holding,
adopted in the process of heat treatment, precipitation
hardening of low and medium alloy steels manifests
itself in the temperature range of 500-700°C, in which
the appearance of CHO is noted, which is primarily
caused by the formation of molybdenum and
vanadium carbides.

To analyze the tendency of structures to form
cracks upon reheating, the following indicators are
used, proposed by various researchers for steels with
C<0.18% and Cr<1.5%:

AG=Cr+3,3Mo+81V—2. (1)

At AG>0, the danger of the appearance of CHO
increases.

The formation of martensite in the HAZ during
heating of medium-carbon, low- and medium-alloy
steels is the main reason for the difficulty of their heat
treatment due to the tendency to form cold cracks.
Cold cracks can appear immediately after thermal
exposure (for example, during the application of
thermal spray coatings and their remelting) and after
some time. The disadvantage of the steels under
consideration is also the martensitic structure of the
HAZ, which determines the increased brittleness
of these areas, which can affect their operation,
especially when operating at low temperatures,
dynamic loads, etc. [9].

Cold cracks are a type of localized destruction
of structures. In the formation of cold cracks, three
factors are decisive: hardening structures, anincreased
level of stresses of the first kind, and the saturation
of the metal with hydrogen. It was found that the
process of cold crack formation includes three stages:
preparatory, incubation and spontaneous destruction.
The first two stages characterize the nucleation

process, and the third, the crack propagation process. [ 63
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According to the researchers, cold cracks originate
along the boundaries of the actual austenite grain as
a result of high-temperature plastic deformation, at
which the density of mobile dislocations increases and
the elastic energy of structural distortions increases.
The subsequent appearance of submicrocracks is the
result of sliding along grain boundaries and diffusion
of vacancies to the boundaries. Hydrogen and sulfur,
which reduce the surface energy of grain boundaries,
promote the growth of cavities and submicrocracks
[10].

The tendency of steels to cold cracking is
associated with their hardenability — an increase in
hardness under the influence of a thermal cycle and
saturation of the HAZ metal with hydrogen. Since
the hardenability of steels increases with an increase
in the degree of alloying, the propensity to form cold
cracks is roughly estimated by the carbon equivalent
index Ce:

&=0+%¥+%4%?+%+QQ%EL @)

It is believed that at Ce<0.4, steel is not prone to
cold cracking.

Equivalent carbon content affects the critical
hydrogen content in the metal of structural alloy
steels. The higher the content of carbon and other
elements that lower the temperature of martensitic
transformation, the lower the hydrogen content,
cracks form.

In order to avoid the formation of cold cracks
during thermal action of medium-carbon steels,
especially alloyed ones, it is first of all necessary
to slow down the cooling rate of the metal of the
structure during thermal action and to reduce the
level of arising stresses. Reducing the cooling rate of
the HAZ does not always prevent the transformation
of austenite to martensite. But even if the martensitic
transformation cannot be avoided, the decomposition
of austenite in the martensite zone is transferred to
the temperature range closer to Mn (farther from Mk),
which makes the formed martensite less stressed and
less brittle.

Since the formation of cold cracks is influenced
by hydrogen, during the thermal effect of steels
of this type, special precautions must be taken to
prevent the ingress of hydrogen sources — moisture
and scale — into the thermal effect zone. To do this,

thoroughly dry and clean the surface of the product
before thermal exposure. Technological measures
are also advisable, allowing to reduce the level of
stresses in the product, heat treatment, most often
high tempering, which simultaneously leads to the
decomposition of martensite and to reduce residual
stresses.

To prevent the formation of cold cracks, it is
effective to use heating during thermal exposure. This
reduces the cooling rate of the HAZ metal, prevents
the formation of martensite, and creates favorable
conditions for the removal of diffusible hydrogen.

To estimate the required reheating temperature
during thermal action in order to avoid the formation
of cold cracks, you can use the recommendations
presented in the international standard EN 1011-2:
2002 «Welding — Recommendations for welding of
metallic materials — Part 2: Arc welding of ferritic
steels». It can be assumed that the thermal effect on
the steel metal during the welding process will be
similar to the thermal effect during the application
of thermal spray coatings and their remelting. The
standard [11] presents 2 methods for determining the
required heating temperature of steels under thermal
action.

The first method for determining the heating
temperature according to formula (2).

Let us determine the possible level of hydrogen
content in steel according to table 3 [12].

Heating calculation formula:

Q=Q+Q+Q. 3)

The energy introduced into the steel when the
coating is heated to the melting point [13]:

Q1 = C1m(tz - tl), (4:)

where C| is the heat capacity of the heated material,

J/kgK;

m is the mass of the heated material, kg;

¢, is the initial temperature, °K (1, =293°K);

t, is the temperature required when heating the
coating to the melting temperature, °K (£,=1273°K).
Energy introduced into steel during coating melting;:

,=m X, (5)

where m is the mass of the heated material, kg;
v is the specific heat of fusion.
The energy introduced into the steel when the

Table 1 — AG Steels used in the production of hydraulic cylinder rods

Steel grade 45 40X

30HGSA 20MnV6 42CrMo

AG -1,965 -0,9

-0,9 0,184 0,025

Table 2 - Equivalent of carbon Ce of steels used in the production of hydraulic cylinder rods

Steel grade 45 40X

30HGSA 20MnV6 42CrMo

0,674 0,833

0,783 0,604 0,873




coating is heated to the melting temperature:
Q= sz(tg - tz), (6)

where C, is the heat capacity of the molten material,

J/kgK;

m is the mass of the heated material, kg;

t, is the temperature required when heating the
coating to the melting temperature, °K (£,=1273°K);

t; is the temperature required when heating the
molten coating, °K (£3=1573°K). According to the
nomogram shown in Figure 3, we determine the
required steel heating temperature [14].

The second method for determining the heating
temperature.

Let's define the carbon equivalent for steel:

_ Mn+Mo , Cr+Cu
CET =C+ 10 + 20

Ni
+ % (@)

Required temperature Without heating steel
under thermal influence (°C) [15]:

Tp =TpCET + Tpd + TpHD + TpQ. (8)
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Heating temperature taking into account the
carbon equivalent of steel (°C):

TpCET = 750 X CET — 150. )

Heating temperature taking into account the
thickness (d) of the product (°C):

Tpd = 160 x tg(%)— 110. (10)

Heating temperature taking into account
hydrogen content in steel (°C):

TpHD = 62 X HD 0,35 — 100. (11)

Heating temperature taking into account the
energy introduced into the steel during the remelting
of the coating (°C):

TpQ = (53 X CET —32) X Q=53 X CET + 32. (12)

After calculating the required heating tempe-
rature for steel 20MnV6, the following data were
obtained. The required heating temperature of
20MnV6 steel under thermal action (during remelting

Table 3 — The level of hydrogen content in the weld metal

Diffusible hydrogen content, ml/100g of deposited metal Hydrogen scale
> 15
10<15 B
5<10 C
3<3 D
<3 E
1
200
180
200 175 150 125 100 75
160 ) o
_—~ 20
140 = = /// 0
120 A / | //
/ L~ 7/ L~
100 / -l ] -
/ / L~ = = 3
80 4 I~ //%/ =
// = 4 A B C D E
20 / 5 0,47 0,49 0,51 0,58 0,60
0

0,0 0,5 1,0 1.5 2,0 25

3,0 35 4,0 4.5 5,0 55 6,0

1 - design thickness, mm; 2 — introduced energy per unit length, kJ/mm; 3 — minimum required heating temperature, °C;
4 - hydrogen content in steel, ml/100g; 5 — carbon steel equivalent

Figure 3 — Nomogram for determining the heating temperature




B Tpygabl yHuBepcuteta N3 (84) - 2021

of the coating) is 125°C according to the first method,
82°C according to the second method.

Conclusions

When identifying factors affecting the formation
of cracks in the steels under study (used in the
manufacture of hydraulic cylinder rods 45, 40X,
30HGSA, 20MnVe6, 42CrMo), it was found that for
steels 20MnV6, 42CrMo, cracking is possible upon
reheating. At the same time, evaluating the carbon

cracking under significant thermal exposure (for
example, when remelting a gas-thermal coating).
The reason for the formation of cold cracks is the
embrittlement of the steel metal at an increased
cooling rate, thermal stresses and hydrogen in the
steel metal. In order to avoid the formation of cold
cracks during thermal action of steels, it is necessary
to slow down the cooling rate of the metal of the
structure during thermal action and to reduce the
level of arising stresses. In this case, to prevent

the formation of cold cracks, it is effective to use
preheating during thermal exposure [16].

equivalent of the metal, we can say that all steels (45,
40X, 30HGSA, 20MnV6, 42CrMo) are prone to cold

This research has been/was/is funded by the Science Committee of the Ministry of Education and Science
of the Republic of Kazakhstan (Grant No. AP08856371).
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AHHOmayus. Liens pabomesi — paspabomka pekomeHOayuli o cosepuwieHcmeo8aHuo cywecmasyroweli mexHosn02uu
HenpepbleHoU pasaueku mpybHoU 3020MOoBKU U KOHCMPYKUUU 0717 ee ocyuwecmesneHus, npumeHaemol Ha mpy6o-
npokamHom 3aeode TOO «KSP Steel». OcHO8HbIM peuieHuem A8a5emcs ocyujecmesneHue 08YCMOPOHHE20 OX/aH(-
O0eHuA nosol 3020MoB8KU 8 30He 8MOPUYHO20 oxAax#0eHuUA (3BO) Ha mawuHe HenpepbiBHOU Pa3aUBKU 3020MOBOK
(MH/13). O60cHOBAHO OMMUMAILHOE COOMHOWEHUE Pacxo0a oxaadumesns Ha 8HYMPEHHIO U HAPYHCHYIO M08epX-
HOCmMU 3a20moeKu. Pe3ynemamom npedsaazaemsix peuweHuli Aea9emcsa yayduieHue Kayecmea MaKpoCcmpyKkmypesl
U eeoMempuu 3a20moeku. [pu aHaau3e MaKpocmpyKmypbl 3020MOBKU 8bi6/1eHO yMeHbuweHue dedpekmos bosee
yem 8 08a pasa. MicciedosaHue nonepevyHo20 ce4eHUA 3020MOoBKU MOKA3as0 CHUMCEHUE OMKAOHEHUA MUHUMAAbHOU
MOAWUHbI CMeHKU om mMakcumasbHoli ¢ 6,1 0o 1,8 Mm. PagHoMepHOCMb MexaHU4YecKux ceolicme o MoKa3aHUAM

meepdocmu noeviweHa ¢ +10,5 0o +3 HB.

Knroyeasble cnoea: nosnas 3020moeKa, HerpepbI8HAsA Pa3auKa, MAKPOCMPYKMYpa, Kpucmasausamop, 00pH.

BBeaenne

EAMHCTBEHHBIM TIpOM3BOAUTEAEM OECIIIOBHBIX
ropsrdeKaTaHeIX TpyO HeTAHOro copTaMeHTa Ha
tepputopun Kasaxcrana sBaseTcs TpyOOIIpoKart-
Hei 3aBo4 TOO «KSP Steel». Cymectsyiormmas tex-
HO/OTUsI IIPOM3BOACTBA BKAIOYAeT ITOAHBIN IIVMKA:
OT Pa3AMBKM HEIIPEPBIBHOAUTON 3arOTOBKU AO IIPO-
KaTKM U OTAeAKMU TOTOBOM TpyOsl. OAHAKO B CBA3MU C
MTOBBIIIAIOITUMI TPeOOBaHUAMHU K Ka4eCcTBy TPyO U
HEOOXOAMMOCTBIO OBITh KOHKYPEHTOCITOCOOHBIM Ha
BHEIITHEM PBIHKe, TpeOyeTCs ITOCTOsIHHOE COBEpPIIIeH-
CTBOBaHIeE U IIPUMEHEHNE HOBBIX PEeIIeHNII B TEXHO-
0TUH IIPOU3BOACTBA TPYO.

Aas moaydenns ropsdekaTta”oir Tpyost Ha TOO
«KSP Steel» ncrioapsyercst criaomHas HeIIpephIBHO-
ANTas 3arOTOBKA COOCTBEHHOTO CTaAeIlAaBJABHOTO
npoussoacrsa. OJHaKO IIpUMEHEHNe CILAOIIHON
3arOTOBKM IMeeT CBOM HeAOCTaTKI: HaAu4dle BHY-
TPeHHMX Ae(PEeKTOB 3aTOTOBKM, TaKMX KaK OceBasl I10-
PUCTOCTh M AMKBAIMs, a TaK’Ke HepPaBHOMEPHOCTD
CTPYKTYPBI U CBOVICTB 3aTOTOBKI IIO CEUEHUIO, BBI-
AY Pa3HBIX CKOPOCTeNl OXAaXKAEHMsI BHYTPEHHUX U
BHEIITHIX CA0€B MeTaasla 3aroToBku [1-3].

Pertennem gaHHO ITPOOAEMEI SIBASIETCS pa3ANB-
Ka IO/A0¥ 3arOTOBKM [4], MCKAIOYAIOIIEell BO3HUKHO-
BeHIE OCEBOII ITOPUCTOCTU U AUKBALINY, BCAeACTBUE
OTCYTCTBUs MeTalla B IIeHTPaAbHOI 4acTl, a TakKe

m OprMeHeH!:T AByCTOPOHHEIO OXAa’KAEHN: 3arOTOB-

KI1 TI0CJ€e BBIXOAA M3 KPUCTaAAN3aTOpa, CIIOCOOCTBY-
IOIIIETro AYYIINM YCAOBUSM TEIA00TBOAA U (POPMIU-
PpOBaHMIO OAHOPOAHON CTPYKTYPBI IIPU OXAa>KACHUN
1 3aTBepaeBaHn 3arotosku. Kpome Toro, ncroanzo-
BaHIE B Ka4eCTBe MCXOAHOM 3arOTOBKU ITOAOM AUTON
[I03BOASIET MCKAIOUUTH MPOLIECC HPOIIMUBKM, B pe-
3yAbTaTe KOTOPOIT OOABIIIas BEPOATHOCTh BO3HUKHO-
BeHIS JOIIO/HUTEABHBIX BUAOB AeeKTOB ITpOKaTa,
TaKUX KaK MeXaHI4ecKue 3aAMpbl, TeOMeTpudecKue
OTKAOHEHNsI Pa3MepOB B IIOIEPEYHOM CEUEHUU U
apyrue [5-7].

MeToabI MccaeA0BaAHMSI

TexHoaormyeckuit mporiecc pa3AuBKHU C IpeAla-
raeMbIMM PeIIeHNSIMI BKAIOYaeT BBOJ 3aTpaBKU, I10-
Aady >KMAKOIO MeTasAda B II0AOCTb MeXKAY BHYTpPeH-
Hell IIOBePXHOCTBLIO KPUCTaAAM3aTOpa U Hapy>KHOMI
IIOBEPXHOCTLIO AOpHa, POpMUPOBaHNE KOPOUKI Me-
TaAAa, OXAa>KAEeHMe 3aTOTOBKU: B 30He KPUCTaAAN3a-
TOpa 3a CYeT I104a4l XAajareHra B 0A0CTb KpucTaa-
Amu3aTopa U AOpHa; B 30He BTOPUYHOIO OXAa>KACHIS,
KaK CHapy>KU 3a cdeT (pOpCYHOUHOI CHCTEMBI, TaK I
BHYTPH, 4epe3 CTep>KeHb, YCTaHOBACHHBIN HVKE A40P-
Ha [8].

IIpeaaaraemslit crioco® pa3AmMBKM TPYOHOI 3a-
TOTOBKM OCYIIIeCTBASIETCS Ha YCTaHOBKE, OKAa3aHHOM
Ha pUCYyHKe. ¥YCTaHOBKa COCTOUT U3 KPMUCTaAAU3aTO-
pa 1 1 COBMeIIeHHOTO ¢ HUM AOpHa 2 4451 PpOpMIU-
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YcTpoiicTBO HenpepbiBHOW Pa3/IMBKU NOJIOM 3aroToBKu [8]

PpOBaHIS BHYTPEeHHeI II010CTU OTAMBAaeMOI 3arOTOB-
k1. CKBO3b 4OPH IIPOXOAUT IIOABIN CTEPEKEHD 3 A5
oJaum I10J HeOOXOAVMBIM AaBAE€HMEM XJajareHTa
AA51 OXAa>XKAEHI:sI BHYTPEHHEI IT0A0CTH 3arOTOBKI C
riomo1pio popcyHok. C Hapy>KHOI cTOpoHHI B 3BO
OXJAaXKJeHNe TaKKe IIPON3BOAUTCS Yepe3 (POPCYHKIL.
Paanyc nsruba crep>kHs COOTBETCTBYET pajuycy M3-
rmba KpUCTaAAM3YIOIIENICs 3aTOTOBKU 4, IIpU IIpo-
U3BOACTBe Ha paanaabHbix MHA3. I[Togaua meTtasaa
OCYIIIeCTBASETCs Yepe3 MeTalA0IIpOBOARI 5.

B pabGore [9] A0Ka3aHO, YTO PaBHOMEPHOCTH OX-
AaXKAeHMS 3aBUCUT OT TeOMEeTPUIECKIX ITapaMeTpoB
OXAaXKAAIOIIETO M3AeAus. YUUTbIBas AaHHYIO 3aKO-
HOMEpPHOCTb, pacxo/ OXAaAUTeAs AOAXKEH COOTBeT-
CTBOBAaTh IIA0IIAaAM OXJAa’KAaeMOIl ITOBepXHOCTU. B
CBA3U C DTUM, IpejJaraeMblil CIIocOO OXAa>KAEHII
JocTuraeTcsa odOecriedeHrieM PaBHOMEPHOIO OXAaXK-
AE€HIS 100 3aTOTOBKI 3a CYeT ABYCTOPOHHETO OX-
AaXAeHNs 110 caeayioneit sapucumoctu [10]:

a=12.a,
rae Gy, G — pacxod 0XAaauTeas COOTBETCTBEHHO Ha

HapY>KHYIO U BHYTPEHHIOIO IIOBEPXHOCTH 3aro-

TOBKU, M*/(M>4);

R, r — Hapy>KHBII 1 BHYTPEHHMIT pajIyC 3aTOTOB-

KU, M;

PesyabTaThl 1 Mx 00CyXaeHIe
Aas oneHKN GOPMUPOBAHNS CTPYKTYPBI U T€O-
MeTPHUHU 3aTOTOBKM IPOMU3BOAAOCh MOACAVPOBaHIIe

HeIIpepBIBHOM pa3AnBKY B IIporpamMme «LVM Flow».
AHaam3npoBaauch 4epeKTsl MaKpOCTPYKTYPHI, HOP-
mupyemble o 'OCT P 58228-2018 «3aroToBka cTaab-
Hasl HellpepbIBHOANUTas. MeToAbl KOHTPOAS U OlleH-
KM MaKpOCTPYKTYpbl». Pe3yabTaTsl MOgeAMPOBaHIS
3asBAJAEMOr0 criocoda pa3AMBKU C IpUMeHEHNEeM
BHYTPEHHEIO OXAaXKAeHIs HIDKe KplcTalAu3aTopa
10 CPaBHEHMIO C OXAaXK/AEHMeM TOABKO B 30He KpU-
cTaaan3aropa npusedeHsl B TaOauiie 1. Tak kak B
ITOABIX 3aTOTOBKaX MCKAIOUeHa oceBasi HOPUCTOCTh U
AVIKBaIIMsI, UTO U IIOAPa3dyMeBaeT UX UCII0Ab30BaHIe
BMECTO CIIAOIIHEIX A5 IIPOU3BOACTBA TPYO, omIpee-
ASLAVICh TOABKO CBETABIE T10A0ChI, KpaeBble TOUedHbIe
3arpsi3HeHMs1, AMKBaIlMOHHBIE TTI0AOCKM U TPEIIHBI.

Kax BUAHO M3 pesyabTaToB TaOAMIEI 1, IIpea-
AaraeMBblIil CItoco0O CIIOCOOCTBYET YAYYIIIEeHNIO OAHO-
poaHocTu 1 popMuUpoBaHUIo Oe3aedeKTHON MaKpo-
CTPYKTYPBI 3aTOTOBOK.

YcpeaHeHHble pe3yabTaThl OIIPOOOBaHUS IIped-
ZaraeMoro criocoda OXAa>kKAeHIsI IIO0ABIX 3arOTOBOK,
cMogeanposaHHoro B «LVM Flow», mpuBseAeHE! B Ta-
6aure 2. Jas aHaAM3a reoMeTpun OblAa Tak>Ke B3sATa
MoJeAab 3aroToBKI guameTpom 210 mMm. B uncaennom
BUJE AAs TI0OAOM 3aroToBku AmameTpom 210 MM c
BHYTPEeHHUM AuameTpoM 144 MM pacxos oxaaauTe-
As1 Ha Hapy>KHYIO TTIOBePXHOCTh OCYIecTBAAAM B 1,46
pa3 6oabIIe, 4eM IIpU BHYTPEHHEM.

IToayuyennsle pesyabTaThl CBUAETEALCTBYIOT O
PaBHOMEPHOCTU OXAaXKAEHI:I U 11e1ecO00pa3HOCTI
IIpYIMEHeHILs TIpeAaraeMoro crrocooa.
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Tabaunua 1 — Pe3ynbtaTbl MaKPOCTPYKTYPHOrO UCCAEA0BAHMUA

DedeKT MakpocTpyKTypbl, 6ann (cpeaHee 3HayeHue)
3arﬂ:|:::|(:‘:\nm Mapka cranm JInKBaUUOHHbIE Ceetnbie KpaeBoe ToueuHoe
NONIOCKU U TPELUMHDI nosocbl 3arpsAsHeHue
16MnCr5 0,52/023 0,54/0,23 0,0/0,0
210 AlISI 4130 0,55/0,25 0,56/0,24 0,09/0,02
GroB 0,63/0,31 0,68/0,35 0,09/0,02

Tabnuua 2 — Pe3ynbratbl onpo6oBaHMA Npegnaraemoro cnocoba

Cnoco6 Mapka ctaam  TonwmHa cTteHku, mm | TBepaocTb, HB (OT Hapy}KHOM NOBEPXHOCTU K BHYTPEHHEN)
34,0
CTanaapTHoIM 38,6 32,5 139; 137; 131; 145; 152
Gy=Gp
34,9
AlSI 4130
35,1
Mpeanaraemolit
R 34,6 36,4 145; 143; 141, 145; 147
Gy = o GB,
34,5
BriBoant IIMOHHBIX TT0A0COK U TpemuH. KpoMme Toro, 3a cuer

PesyapTaTsl orpoboBaHIs ITpeAaraeMbIX pertie-
HUI 10 pa3AMUBKe 1010 3aTOTOBKM C UCIIOAb30BaH-
eM AByCTOpOHHero oxAaxkAeHns B 3BO noarsepxaa-
IOT 11€1ecO00pa3HOCTh MX IIPUMEHEHUs BCAEACTBIE
¢popmuposanILt MeHee Ae(PEKTHOI MaKpPOCTPYKTYPBI
3a cyeT COKpallleHIsI 0o/ee 4eM B ABa pa3a CBETABIX
I10A0C, KpaeBbIX TOYEUHBIX 3arpsI3HeHMII, AMKBa-

OpUMeHeHNs 3aBMCUMOCTY BeAMYMHBI pacxoda XAa-
AareHTa Ha BHyTPeHHIOIO U Hapy>KHYIO TTIOBEePXHOCTU
OTHOCUTEABHO OXAa>KAaeMOI IIOBEPXHOCTU CHIKEeHa
Pa3HOCTEHHOCTh OTAMBAEMOI 10101 3aTOTOBKM ¢ 6,1
40 1,8 MM 1 4OCTUTHYTa paBHOMEPHOCTb MeXaHuJe-
CKVIX CBOVICTB IIO CEYEHUIO 3aTOTOBKI.
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AHOAamna. ymeicmoelH makcamel — «KSP Steel» MLLIC Kybbip unemoey 3aybimbIHOAG KOA0AHbIAamMbIH Kybbip dalibiHOa-
MACbIH yY30iKCi3 KYHObIH KOMOAHbICMAFbl MEXHOM0_2UACbIH HAHE OHbI Jy3e2e acblpy YWiH KOHCMPYKUUSAHbI Hemindipy
6olibIHWa ycbiHbIMOap 33ipaey. Hezizei wewim dalieiHOamanaposl y30iKci3 Kyto mawuHacsiHOa (AYKM) kalimanama
cankbiHOamy alimareiHOa (KCA) Kybic 0alibIHOGMaHbI eKi #aKmsl CanKbiHOamyobl xcy3eae aceipy 60sbin mabblaadsi.
CankbIHOaGMEKbIWMbI MymMbiHYOblH 0alibIHOAMAHbIH (WKi #aHe cbipmKbl bemmepiHe oHmMalinel KAMeIHACL! Hezizoes-
2eH. YcbIHbIAFaH wewimdepdin Hamuxceci 0alibIHOOMAHbIH MAKPOKYPbIbIMbI MEH 2e0MEMPUSACLIHbIH, CANMACbIH HaK-
capmy 60s6in mabsinadel. [alibiHOGMAHbIH MAKPOKYpPbIAbIMbIH Manday KesiHOe akaynapobiH eki ecedeH acmam
memeHOeyi aHbIKkmanodel. [alieiIHOAMaHbIH Kes10eHeH, KUMACbIH 3epmmey KabbipFaHblH MUHUMAA0bI KObIHObIFbIHbIH
MOKCUMYMHGH 6,1-0eH 1,8 mm-ee OeliiHai aybimKybIHbIH MeMeHOe2eHiH Kepcemmi.

Kinm ce30ep: Kybic OalibiHOama, y30iKCi3 Ky, MOKPOKYPbIAbIM, KpUCmanau3amop, 00pH.

Technological Solutions in Continuous Casting of Pipe Billets
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Abstract. The purpose of the work is to develop recommendations for improving the existing technology of pipe billets
continuous casting and the construction for its implementation, which is used at the pipe-rolling plant LLP «KSP Steel».
The main solution is the implementation of hollow billet double-sided cooling in the secondary cooling zone (SCZ) on a
continuous casting machine (CCM). The optimal ratio of the coolant flow rate to the inner and outer surfaces of the billet
has been substantiated. The result of the proposed solutions is to improve the quality of the billet macrostructure and
geometry. When analyzing the macrostructure of the billet, a decrease in defects by more than two times was revealed.
The research of the billet cross-section showed a decrease in the deviation of the minimum wall thickness from the
maximum from 6.1 to 1.8 mm.

Keywords: hollow billet, continuous casting, macrostructure, mold, mandrel.
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Gorrosion Study of Materials for Electrolyzer Used
for Pyrochemical Reprocessing of Spent Nuclear
fuel Based on Cold Grucible Technique
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Abstract. The application of a cold crucible technique to a pyrochemical electrolyzer used in the method of oxide
electrodeposition, which is a method of pyrochemical processing of spent oxide nuclear fuel, is proposed as a means
of increasing corrosion resistance. The electrolyzer is subjected to severe corrosion, consisting of molten salt and
aggressive gas. In this study, corrosion tests of some metals were carried out in a 2CsCl — NaCl melt at temperature
923 K with purging with chlorine gas under controlled temperature conditions of the material. The results showed that
the corrosion rate of some materials was significantly reduced due to the cooling effect of the material. In particular,

the Hastelloy C-22 alloy demonstrated excellent corrosion resistance with a corrosion rate of just under 0.01 mm / year
in both the molten salt and vapor phases due to the control of the material surface at temperature 473 K. Finally, an
engineering-scale crucible consisting of Hastelloy C-22 alloy was manufactured to demonstrate the main function of
a cold crucible. The cold crucible induction melting system and the new hastelloy crucible concept have shown good
compatibility in terms of heating and cooling.

Keywords: corrosion, cold crucible technique, reprocessing of spent nuclear fuel, Hastelloy C-22.

Introduction

The method of electrochemical production of
oxides has been researched all over the world as a
method of pyrochemical processing of spent oxide
nuclear fuel based on molten salt, and it is expected
that a compact facility can be built by integrating
with fuel production using vibration compaction
methods [1]. Initially, this method was developed by
the Research Institute of Nuclear Reactors (NIIAR) in
Russia [2-4]. Two methods for extracting plutonium
from spent nuclear fuel have been proposed as
methods for the electric release of oxide, namely,
the deposition of simple plutonium dioxide (PuO,)
and the electrodeposition of mixed uranium and
plutonium oxides (MOX-fuel) [5]. All operations are
performed in the main element of the electrolyzer
during pyrochemical processing — a crucible. The
service life of the crucible material in terms of
corrosion damage is considered a significant problem
for the method of electric oxide release due to the
harsh corrosive environment, including corrosive
gases and high temperatures. Pyrographite was
used as a crucible material for an electrolyzer in the
NIIAR. This material has good electrical conductivity
and mechanical strength, but carbon suffers seriously

in an oxygen atmosphere with high temperatures

necessary for the deposition of plutonium oxide
and the electrodeposition of MOX-fuel. Accordingly,
the possibility of using a new corrosion protection
technology should be studied in order to extend the
service life of the crucible.

The corrosion resistance of ceramics under
pyrochemical conditions was studied [6, 7]. Ceramics
can be a promising material for use in conditions of
exposure to aggressive gases at high temperatures.
However, ceramics have never been used as a
structural material for technological equipment used
for processing spent nuclear fuel in processes such as
fuel dissolution, moreover, the welding characteristics
of ceramics and its resistance to loads are not as good
as those of metals. Thus, the use of metal containers is
necessary to ensure the reliability of the installation.
The cold crucible method is considered a promising
method for processing structural materials in
environments of moderate corrosion.

In this study, corrosion tests of several metals in
a 2CsCl — NaCl melt were carried out with purging
with chlorine gas while controlling the temperature
of the material using air cooling. Promising materials
have been proposed that have shown good corrosion
resistance under pyrochemical conditions.



Brief description of the pyrochemical processing
method

The scheme of the method of electrolytic produc-
tion of oxides based on MOX deposition is shown
in Figure 1 [8]. In this method, most of the fuel
components are dissolved in molten 2CsCI-NaCl
by purging with chlorine gas at 923 K. The uranium
in the fuel is dissolved as the uranyl ion UO,*, and
the plutonium is dissolved as Pu** in the molten salt
through chlorination.

The noble metals (NM) in the fission products
(FP) and part of the uranium are isolated from the
dissolved particles by prior electrolysis after the fuel
is dissolved. The noble metals are precipitated with
uranium dioxide on a pyrographite cathode. The need
to separate UO, from electrodeposition may appear
in order to improve the uranium recovery coefficient.
Then, the electrodeposition of MOX is performed in
a salt melt, which is blown with oxygen, chlorine and
argon gases. At this stage, Pu* is transited to PuO,*
by purging with O, and CI, gases, and then PuO,
is reduced as MOX at the cathode by electrolysis
with UQO,. Finally, the minor actinides are separated
as precipitation by adding sodium carbonate and
sodium phosphate.

All these processes are carried out in a crucible-
type electrolyzer at high temperatures. Therefore, the
electrolyzer suffers from aggressive environment,
including corrosive gases such as chlorine and
oxygen, at high temperatures.

The design of the apparatus for conducting
corrosion tests

The corrosion testing apparatus was designed in
such a way that they could be carried out in a salt melt
with purging with chlorine gas, during the control of
the temperature of the material.

The scheme of the device for corrosion testing is
shown in Figure 2. The apparatus mainly consisted
of an electric oven, a quartz cell and a cooler for

Molten
2CsCl—NaCl

Pu#*

NN (+U0,)

U0,/Pu0, /FPs

Chlorination

Pre-electrolysis
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samples. The cooling device was of the rod type and
consisted of a Hastelloy alloy. Hastelloy alloys have
excellent resistance to pitting, corrosion cracking and
oxidizing atmosphere.

The test samples and thermocouples attached to
the cooling device are schematically shown in Figure
3. The ring-shaped test samples were put on the
outside of the cooler and cooled from the inside by
supplying air to the device.

In order to make possible a thorough study of
the corrosive behavior of the crucible material, the
samples were contacted with both the vapor phase
and the molten salt phase.

Table shows the conditions under which the tests
were carried out and shows the materials that were
subjected to corrosion resistance tests as part of the
study.

The following hastelloy alloys were selected as
test samples: stainless steel (310S, 304L), carbon steel
(55400), zirconium, titanium, tantalum, copper and
graphite. The purity of samples made of materials
such as zirconium, titanium, tantalum, copper and
graphite exceeded 99.5%. Three types of alloys such
as Hastelloy (Hastelloy C-22 (C-22), Hastelloy G-30
(G-30) and Hastelloy X (X)) were used in corrosion
tests.

Results of researches

Figure 4 shows data about the corrosion rate of
several materials. The temperature of the surface of
these materials in the melted salt was maintained at
the level of 473 K, and the surface temperature of the
samples in the vapor always was kept at the level of
393 K.

In the figure 4, the corrosion rates are the average
value for the two samples. All Hastelloy alloys
have good resistance to corrosion; particularly, the
corrosion rate of Hastelloy grade C-22 was slightly
less than 0.01 mm/year, both in the salt melt and in
the vapor phase.

Na,C0, and Na,PO,

Electrodeposition
of MOX fuel

Removal of secondary
actinides

Figure 1 — The process of electrodeposition of oxides based on the deposition of MOX fuel
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Test conditions

Materials Hastelloy alloys C-22, G-30, ?(; SS400, Zr, Ti, Ta, Cu, C
(Graphite)

Type of salt 2CsCl-NaCl

Flow rate Cl, 150 ml / min

Melt temperature 923 K

Minimum temperature of the samples in the salt melt 473 K

Sample cooling method Air

Location of samples in a cell Melt phase and steam phase

Test time 6 hours

104

- Melt phase

103
[l - Steam phase

102

10!

10°

101

Corrosion rate, mm / year

1072

C-22 6-30 X

3105 304L S5400 Zr Ti Ta

OOUSRRNSANSNN

a

Cu C

Figure 4 — Corrosion rate of materials

The effect of the cold crucible on the corrosion
rate was significant. In a salt melt, the corrosion
rate at a material temperature of 573 K corresponds
to approximately 1/1000 of the corrosion rate at 923
K. In the temperature range of the formation of a
solidified salt layer, which is below the melting point
of 2CsCl-NaCl, the corrosion rate in the molten salt
was lower than in the vapor phase. On the other
hand, the corrosion rate was higher in the region
above the melting point in the molten salt phase
than in the vapor phase. This variable behavior of the
corrosion rate in both molten salt and vapor phases
suggests that the melting point acts as a border due
to the barrier effect of the solidified salt.

The solidified salt layer plays an important role
as a corrosion inhibitor of the crucible material,
since it protects the surface of the material from
the effects of molten salts and aggressive gas. It
is admitted to be one of the advantages of the cold
crucible method, which makes it possible to obtain
a pyrochemical electrolyzer with good corrosion
resistance. Therefore, it was experimentally shown
that the cold crucible method provides a significant

improvement in corrosion resistance. Figure 5 shows
the dependence of the corrosion rate on the surface
temperature.

According to the results of corrosion tests,
Hastelloy C-22 was signed as the most proper
material for an improved pyrochemical electrolyzer.

Conclusions

Corrosion resistance tests of a variety of materials
for use in an electrolyzer with a cold crucible for
reprocessing spent nuclear fuel have been carried
out. It is proved that the Hastelloy S-22 alloy has
the greatest resistance to the effects of an aggressive
environment.

It was experimentally shown that the cooling
effect of the crucible significantly increases the
corrosion resistance. In particular, the Hastelloy C-22
alloy showed excellent corrosion resistance both in
the melted salt and in the vapor phase. Therefore, it
was shown that the use of an improved pyrochemical
electrolyzer based on the cold crucible method has
a significant advantage in the form of significantly
improved corrosion resistance.



B Tpygabl yHuBepcuteta N3 (84) - 2021

3
10 2CsC1=NaCl
Melting point
10° ;
:li Formation of a layer of solidified salt l
1 }
pes 2 0
£ 10 . ®
E 1
£ 5
= 10" ;
0 ;
m ]
o
g 0_1 —@—Molten salt phase
: =~ Vapor phase ]
!
10_2 1 1 1 : 1 1

400 500 600 700 800 900 1000

Sample surface temperature, K

Figure 5 — Dependence of corrosion of Hastelloy C-22 alloy samples on temperature
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MaiidanaHbinsaH A0posblK 0MbIHObI MUPOXUMUALIK 6HOey2e aPHANFAH 31eKmposu3ep mamepuanbiHbiH
mommaHyfa me3simoiniziH cyblK muzenb MexHOA02UACbIH KOAOAHA OmbIpbin 3epmmey

1KAPEJIUH Baadumup AnekcaHdposuy, m.f.0., npogeccop, vakarelin@tpu.ru,
*IOJAKOBA ApuHa CepzeesHa, cmyoeHm, 0482 morn, asyl5@tpu.ru,
IMUKNALLEBUY Amumpuii Muxaiinoeu4, cmydeHm, 0481 mon, dmm8@tpu.ru,
TomcK nonumexHuKanelK yHusepcumemi, Peceli, 634050, Tomck, /leHuH 0aHfbinsl, 30,

*aemop-koppecrnoHOeHm.

AHOamna. [Mali0anaHelnraH oKkcudmi A0POsbIK OMbIHObI MUPOXUMUAALIK eHoey adici 6oabin mabblaamsiH oKcuomi
3n1eKMpMeH myHObIpy 20iCiHOe KO10aHbIAAMbIH MUPOXUMUASBIK 31eKmposu3epee CyblK mueesns 30iCiH Kon0aHy Kop-
po3usFa mesimoinikmi apmmeipy Kypassl pemiHoe yCbiHblAaobl. 3nekmponu3ep 6anKbimblaraH my3 6eH azpeccusmi
20300H mypameiH Kammesl KOppo3usara ywelpalioel. byn 3epmmey 2CsCl — NaCl 6ankbimaceiHOars! Kelibip memarn-
0apO0biH KOpPOo3usAsbiK colHakmapbiH 923 K Ke3ziHOe mamepuandbiH 6AKbIAAHAMbIH memMnepamypansiK #ardalibiHOa
X/10p 203bIH Yprey apKbiabl #ypeizoi. Homuxcenep Kelibip mamepuanoapobiH KOppo3us Hbla0amobiFbl Mamepuasnosl
canKbiHOamMy acepiHeH alimapasikmali memeHoez2eHiH Kepcemmi. Aman alimkaHoa, Xacmennol C-22 Kopbimnacsl
b6ankbimelnraH my3oa 0a, 6y ¢a3anapbiHOA 04 KOpPOo3UsA Hbla0aMObIrbl HblabiHa 0,01 mm-0eH can a3 6oaamsiH ma-
Mauwa Kopposusara mesimoinikmi kepcemmi, 473 K-0e mamepuandsiH 6emiH 6aKbiaay apkbinsl. CoHbIHOa, Xacmennoli
C-22 KopblmmnacblHAH MypambiH UHXEHEPsIK Mmacuuimabmarsl muaess CyblK mu2enbOiH Heaizei hyHKUUACLIH Kepcemy
YWiH ycacanodel. CyblKk muzesnbmeH UHOYKUUAbLIK 6anKbimy xcylieci aHe #aHa xacmesnanoli muzesnb mycblpbiMOamMacs!
KbI30bIpYy HIHE CANKbIHOAMY MYypPFbICbIHAH HAKCbI yinecimoinikmi kepcemmi.
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UccnedoesaHue Koppo3uoHHOIli cmolikocmu mamepuana 3neKkmposusepa 041 nupoxumu4veckoli nepepabomku
ompabomasuwezo s0epHO20 MOnAUed ¢ NpuMeHeHUeM MexHOo102Uuu X0100H020 muansa
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AHHOmayus. [pumeHeHUe Memooad X0100H020 MU2/A K MUPOXUMUYECKOMY 371eKmposu3epy, Ucrnosnb3yemomy 8 Memo-
0e 0KCUOHO020 as1eKmpoocaxcoeHus, Komopeoll npedcmasnsem coboli Memoo nupoxumu4veckol nepepabomrku ompabo-
maswez0 0KCUOHO020 A0epHO20 Monauea, npedsaazaemcs 8 Kauecmee cpedcmed NnossiweHUs Koppo3uoHHoU cmoliko-
cmu. nekmponusep nodsepaaemcs cunbHol Koppo3suu, cocmoauweli u3 pacnaasneHHol conu u azpeccusHo2o 2a3ad. B
OaHHOM uccedo8aHuU bblau NposedeHbl KOPPO3UOHHbIE UCMbIMAHUS HEKOMOpbIX Memarsoe 8 pacraase 2CsCl — NaCl
npu 923 K ¢ npodyseKoli 203006paA3HbIM X/I0POM 8 KOHMPOAUPYEMbIX MeMIepamypHbIX yca108UAX Mamepuand. Pe3yse-
mamel MOKA3aAU, YMO CKOPOCMb KOPPO3UU HEKOMOPbLIX Mamepuasanos 6biaa 3HAYUMENbHO CHUXEHA U3-3a 3dhgekma
oxnaxc0eHus mamepuand. B yacmHocmu, cnaas Xacmesnnol C-22 npodemMoHCMpUpos8as omsau4Hyr KOpPPO3UOHHYH
cmoliKocmb co ckopocmeto Kopposuu 4yyme meHee 0,01 Mmm / 200 Kak 8 pacnaaeneHHol coneeol, mak u e naposoli
haszax 3a cyem KOHMposAs nosepxHocmu mamepuana npu 473 K. HakoHey, muezens uHM¥eHepHo20 macwmaba, co-
cmoswul u3z cnaasa Xacmennol C-22, 6bia u320moesneH 0718 0eMOHCMPAYUU OCHOBHOU GhyHKYUU X000H020 Muesisi.
Cucmema UHOYKYUOHHOU MaAaeKu ¢ X0100HbIM muzsaem U Hosol KoHuenyuel muasasa u3 xacmessaos NoKasasna Xopowyro
COBMECMUMOCMb C MOYKU 3PEHUS Ha2Peaa U OXAaMOeHUs.

Knrouesowie cnosa: kopposus, memoo Xon100H020 mueans, nepepabomka ompabomasuwie2o A0epHo20 monausa, Xa-
cmennoli C-22.
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AHOamna. loaumepni MampuuaHsiH KalimanaHy a0iCiMeH anbIHFAH KepamMUKaOaH #aAcanraH Keyekmi mamepuas-
OblH KYpblabiMbl, noaumepi 0alisiHoamanaposi any aoici Kapacmelpsiaadsl. CoHbIMeH Kamap, 0alibiHOaAFaH Kepa-
MUKGAbIK YHMAKMbIH, Meawepi meH mamepuanobiH weayiHe acepi 3epmmenedi. Op2aHUKAAbIK noaumep pemiHoe
rneHornoauypemaH Kosa0aHsiaaosl. [lloaumepni mampuyaHsl Kalimanay a0icCiHiH KemeziMeH HoFapbl MeHWikmi 6emi
b6ap mamepuandaposbl mikenel any Kapacmelpslamaliosl. Taburu #caHe 0alibIHOAMAFAH KEPAMUKAALIK YHMAKMbIH

menuwiepi mamepuandelH WeayiHe acep ememiHi AHbIKMANObl. PeHMaeHo2paguAablK masa Kopouepum my3inemiH
Kopouepum KOCMNACbIHAH A/bIHFAH Ynzinepoe Hen0iK weey balikanaosl. CuHmMe3oenzeH KopouepummeH ynzinepoi

HeHmexkmeyde mamepuasodbiH weayi aHbIKmanobi.

Kinm ce30ep: Keyekmi mamepuas, noaumepsik Mampuya, xeHmexkmey, cycreH3us, Kopouepum.

Kipicmre

TexHukaHbIH TYpAi cadadapbiH KeTiaAipy >KoFa-
PHI maiigasaHy cuIaTTamaslapbl Oap MaTepmaajap-
ABI KaABIIITaCTBIPYABl Tadam eTTi. Mblcaabl, KeyeKTi
JKOHe KOFaphl KeyeKTi KepaMIKaHEI aliTyra 604aAbl.
MyHgait KepaMuKajaH >KacalraH OyIipIMJap >KOFa-
pbl KeyekTidiri MeH ©3iHAIK KYPBIABIMBIHBIH apKa-
ChbIHAA TBIFBI3 OYIBIMAAPABIH XUMIABIK KYpaMbl
OolfbIHIIIA KacueTTepiMeH epeKIleeHei.

3epTTeyaepaif aaicremeci

Keyekri marepmaasap — KaTaamsaTtopaapAblH,
CYSIilll >KoHe >KblAyJaH KOPFalTBIH MaTepuaajap-
ABIH, III1aM COHAIpTiIITepAiH >KoHe ABIOBIC CiHip-
TilTepAiH Kas3ipTi 3aMaHFbI TaChIFBIIIITaPBIHBIH HETi31
0oapm Tabbr1apl. Oa TaOurn kebikrerimTepai, Xa-
HBIIT JKaTKaH KOcCIaJdapabl HeMece KYbIC AeHeaepai
€HTi3yMeH >KoHe BJKCTPY3MAABIK KaAbllITayMeH Ja-
ietHAaa4b1. Keyekriairi 70-95% >xorapsl apo- >KoHe
TMAPOOTKI3rimTiri 6ap KepaMmKaAblK MaTepuasljap
>KaHaTBIH KOcCIaJap o4icinig O6ip Typi 604bin TabbI-
AaThIH TIOAMMeEpPAi MaTpHUIlaHbl KaliTalay aJiciMeH
aAbIHAABL.

IToanmepai  MaTpuIlaHBIH  TOPABI-YSIIBIKTHI
KaHKaAbl KailTaJay o9AiCciH >KaHaTBIH KoOCIadapAbl
IarijajaHy aaicTepie KaTKbI3yFa 001aabl. bya agic-
Te IIOAMMepAi MaTpulla Aa >KaHbBIII KeTeAl, al OHBIH
OpHBIHAA TeciKTep Iaija 0oaaawl. Aaaiija, 9AiCTiH
epeKIIeairi noAuMepAi MaTpUIlaHbIH >KaHybl Ke3iH-

A€ a/AblHfaH KepaMIKa MaKpOKeyeKTi KYPbIAbIMBIH

septreiigi [1, 2].

bBya seprreyain MaxcaThl OChI 94ic OOIBIHITIA Ke-
yekTiziri 70-95%, aa xeyekrepaiH KeAAeHeH KUMach
200 MKM-geH 3 MM-Te JelfiH KepaMMKaABIK MaTe-
puaagapapl aay. bya matepuaagap >korapel aspo-
JKoHe TMApoeTKisrimrikke me. OpraHnKaablK MOAN-
Mepaep petinge menonoamyperangap (ITITY) sxui
KOAJAHBIAaAbL.

INoanmepai MaTpuIiaHbl KaliTaday 94ici GOVIBIH-
II1a OTKI3rilTi MaTepuaajapAbl KaAblIITayAblH Tex-
HOAOTMAABIK Ipolieci KepaMMKa YHTaFbIHBIH CyC-
IeH3UACHIH AailiblHAayAaH, OHBI ITOAMMepPAi Herisre
JKaFyJaH, CyCIIeH3MSAHBIH apThIK >KOFaAyblHaH, Aa-
JIBIHAaMaHBI KeITipyAeH JKoHe JKeHTeKTeHyAeH Typa-
ABI (Cyper).

YHTaKTHI AaliblHAQY KoHe CYCIIeH3MSAHBI AalibIH-
Aay Oipuemre epekieaikrepre ne. Iloanmepai ma-
TpUIllaHbI KailTaday a4ici TeK KyHAipy Kocrmaaapbl-
HBIH o4iciH M04M<[>1/1Kau1/1}1/1ay peTiHge raHa emec,
COHBIMEH KaTap, IIAMKepai Kylo a4iciHig Oip Typi
peTiHge ae Kapayra 001a4bl.

TToanmepai aalibiHAaMaaapabl aay¥a MbIHaAap
Kipei: TOpPABI-YSIIBIKTE KaHKAChl Oap HoAMMepAi
TaHJay; VAIIBIKTap apacbhlHAAFbl KalKadapAabl KOIO
eceOiHeH KaHKaHbIH eH >KOFapbl OTKI3IIIITIriH KaMTa-
Machl3 eTy >KeHiHJeri onepalnsaap; NiacTUHalap-
ABl eA111eMAepi OOIIBIHIIIA Kecy.

[IITY Oerine KepaMMKa YHTaFrbIHBIH aATe3MACHI
94eTTe KYKa, TOPABI-YAIILIKTEI KaHKaHBI IIIBIFapa-
TBIH TyTaC KepaMMKaABIK I/IeHKaHBIH I1aiiga 004ybl
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ApTBIK CyCIIeH3HAHBI CIHAIPY JKaHE JKOI

KepamukanbiK KeyeKTi matepuangapabl anyabiH,

TEXHOJIOrMANbIK CXemachbl

YIIiH KeTKiaikcis. bya aaabH aay agicrepi HeriziHeH
ekire OeaiHeal: MANMKep KypaMblHa TY3eTiH Hemece
>KeAIMAETTIH peareHTTepAi eHrisy HeMece KODiK-IIO-
ANypeTaHABI aA/AbIH ala OHAEY.

Kepamukaasik 6eartexrepai axxeipararsis [TITY
reabAin OeTiHe ciHAIpy HeMece maiiga OOAFaH Ke3Je
KepaMIKaabIK Oearexrepai (pAoKyasimsaiayra Ka-
6izetTi I1I1Y pearenTrep™MeH eHAey YChIHBLAALL Da0-
KyAsIIMAAQyIIbl areHTTep peTiHje MoAMaKpuAaMus,
Hemece 0,005-5,0% xoHIeHTpauscs Oap epitinaizep
TypiHgeri mnoaucaxapuarep. IIITY wnerizaepmen,
acipece OpraHMKaAbIK HerizgepMeH >Kail Oerrepai
yaay, aAlOMUHMI TUAPOKCUXAOPUAIH Hemece IIO-
AN-KapOOKCUA KBIIIKBIAJAaPBIH €HIi3y apKbIADI TeAb-
AiH yCTiHTi >KaFbIHAa Tarijda 604y YIIiH JKeTiaaipiaai.
IITY cinipyai aipiaai Hemece MexaHMKaABIK dcepai
KOAJaHa OTBIPBII, KepaMUKaAbIK IIAMKepre OaTeIpy
Kysere acelpaabl. EH xypaeai minget-T1ITY Getingeri
KepaMIKaABIK YHTaKTBIH OipKeaAki KaOaTbIH cakTail
OTBIPBII, apTHIK IIAMKepAi >ko10. KaTTel nmeHonoan-
ypeTaHzap VIIiH KOAJaHBLAAQTHIH IeHTpudyraiay
9aici miaimai IIITY ymin Myagem >kapaMmchbls, oaap-
ABIH apTBIFBIH IIAMKEp CBIFYMEH aAblll TacTaiAbl.
bya >xaraaiiga anmapatThK OezeHAipy apTypai 60-
aybl MyMKiH. CiHipiareH gaiblHAaMaAapAbl KeOTipy
80-100°C xesiHge Ke3 KeareH KYPBIABIMABI KemTip-
Trilrepae HeMece ayaJa >Ky3ere achIpblaajbl.

JKenTekTey ycChIHBIAFaH KepaMMKaABIK KOMIIO-
3ULIMSHBI KYHAIpy TemIlepaTypachlHa ColiKec TeM-
Ieparypaga aya arMocdepachiHa KIi JKypriziaeai.
IlenonmoanypeTtan MaTpuUIlachH aAbIl TacTay TEXHO-
AOTUAABIK KYpAeAal ke3eH O0ABIIT TaObLAaABI.

IMoanyperanapl KbI3AbIpYy Ke3iHAe AeCTpPYKIIV-
JAay-yInaasl KOCBLABICTapABIH KOII CAaHBIHBIH Naiila
6o4ybIHa abII KeAeTiH KOIl caThLABI ITporecc. bacra-
NKblJa MOAMypeTaHJap MOHOMepAepTe AlMccoliya-
nusAaHaAbl. YpeTaHAapABIH TEPMUAABIK bIAbIPaybl
Ke3iHJAe YIII caThIHBI aKblpaTaAbl: M3OIIMaHAT IIeH
CIUPTKe AMccolMalisi; OacTarlkbl aMUH MeH o/e-
¢unnig Ty3iayi; Gacranksl amMmHHIH Tysiayi. Ocbl
KOCBIABICTapABIH 9PKaMChIChl peakIus aiiMarblHaH
VIIBII KeTyi, 0acka XMMMUAABIK KOCBLABICTapMEH
o3apa iC-KUMBbLA >Kacayra Kipicyi, 94AeMeHTTep OK-
CuATepiHiH Haia 60AyLIMeH >KaHybl MYMKiH. OcbI-
Aarma, TIITY-HBIH aecTpykumst eHiMAepiHAe KOCHI-
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ABICTaPABIH KYPAeAi SKUBIHTHIFBI Oap: M30IIMaHaTTap,
CIIMPTTEpP, aMUHAEP, KOMipCyTeKTep, KOMipTeri >KoHe
a30T OKCUATEpI, Cy >KoHe T.O.

[IITY TepMUAABIK >KoHe TePMOTOTBIKTBIPFBIII
bIApIpay KesdiHge auddepeHINasspl TepMOTpaBU-
MeTpPUsI 94iCiMEH aAbIHFaH AepeKTepAai Taajay TOTBIK-
TBIPFBIIT OpTaja ACCTPYKIU: YII Ke3eHAe OTeTiHiH
kepcerTi. 220-330°C mHTepBaablHAA >KOFaATy cep-
mimaiaix TIITY xypeai. bya xeseHae aAecTpykius
aspexeci 0,2-0,3. 330-420°C mHTepBaAbiHAA MOAU-
MepaiK KaHKaHBIH Te3 OY3BLAYBI, AeCTPYKIIU Adpe-
keci 0,8 6oaaapl. AkpipbiHAa, 420°C >KOFaphl TeM-
neparypaga >KOrapbl KOMipTeKTi KaAAbIK TOTLIFAABL.
ITporecc xaTTHI Oastyaaitasr xaHe 660°C ic xysinae
TOABIK TOKTaTblAaAbl. Ocblaariina, 660°C Temmiepary-
para AeliiH KepaMMKaAbIK YHTaKThl K0AAanTeiH [TITY
TOPABI-YSIIBIKTH KaHKACLIHBIH TaFbl Oip KaaAbIKTa-
prr Oap. JKorapsl TeMIiepaTypadapda >KoHe JKeHTeK-
Teyre AeViH TOPABI-YSIIBIKTEI KaHKAHBIH IMiITiHI TeK
KBIII O0AIIIeKTepAiH aare3nsicel ecebiHeH caKTalasbl.

[Toanmepai KOOIKTiH TOPABI-YAIIBIKTE KaHKa-
CbIHa KepaMMKa YHTarblH >Kary apKblAbl aAbIHFaH
JKOFaphl KeYyeKTi jaliblHgaMadapabl TepMOOHJAey
OpoLeCiHAe TTOAUMEPAIH BIABIPAaybl MEH >KOMBLAYbI
JKoHe MaTepMaaabl >KeHTeKTey Kypedi. bya perre
MaTrepuaAAblH MEHIIIKTi OeTi, TBIFBI3ABIFBI, OepiKTiri,
OHBIH CBI3BIKTBHIK ©AIIeMAepi o3repeai.

Kopanepur (2MgOx2Al,0;x55i0,) — coHFB OH-
KBIAABIKTA €H TaHbIMaad KepaMMKaAbIK MaTepu-
aagapably  Oipi — TepMUAABIK Koac])c])mumeHTTiH
coI3bIKTHIK KeHeloi (TKCK) sxene arpeccmsTi opra-
Aapaarbl TO3IMAIAIriHIH TOMEH aHBIKTaybIMEeH, aa
OHBIH KypaMBbIHJA CUPEK DAeMeHTTepAiH 0oaMaysl
KOpPAMEPUTTI KepaMMKaHBI JKeTKiZikTi ap3aH eTyre
MYMKiHAiK Oepeai. TabnuraTTa KOpAMEpUT MIHEpaAbI
CHUpeK Ke3JeceAl JKoHe OHePKCIIITiK 3epTTeMe OOBbeK-
Tici 6oabm TabbraMariAbl. Kopanepurri kepaMuKaHbt
KaTThl (pazaabl peakijuslap, IMIBIHBIAAH KpUCTalja-
HyMeH, pAI0CTepAeH MOHOKPHUCTalapAbl ©CipyMeH,
304b-T€Ab TEXHOAOTUIMEH CUHTe3Aen asdaabl. ITTix-
Ta KypaMJapblH 93ipAeiiTiH OapAbIK 3epTTeylriep
MUKPODAEKTPOHNUKA YIIIiH eMec, MalllHaxXKacay, Xiu-
ML, METaAAYPIVsl KasKeTTiAiri yiiH KaTTsl ¢pasaast
CUHTE3A1 KOAAaHaABbl.

Kopauepur aay ymiH MaccaaapAblH opTyp-
Al KypaMmJapbl >Kypriziaai. Aaaiiga, xopauepur
LIBIFYBIHBIH JKoHE COyAeACHIeH MaTepuaaAblH Kacu-
eTTepi OacTamKbl KOMIIOHEHTTEPAIH KypaMbIHa ©Te
Toyeaai. OHBIH ycTiHe TaOWFM IMMKi3aTTaH KOpAU-
epUTTI CUHTEe3AeyAe, 9pAalibIM TeMip OKCUAIH, THU-
TaHABI, CiATiAl X9He CiaTial >Kep MeTaaJapbIH yCTar
TYpPaTBIH KOCIIadapAbIH acepi Oaiikaaaasr [3].

Kocrnasapapr >keHTekTey mpolieciHAe, HerisiHeH,
KOpPAMEPUT KPUCTaAAapbl apachlHAAFbl KybICTapAbI
TOATEIPY eceOiHeH MaTepmaAAblH OepiKTiriH >KoFapbl-
AaTaThIH IIBIHEL (pa3aHbl KYpaliAbl; IIBIHBI (pa3aHbIH
COA CaHBIHBIH ©Cyi OYIBIMHBIH AepOpMalVIChIH,
OepikTiKTiH ToMeHAeyi MeH TepMO- JKoHe KOppO3usi-
ABIK TO3IMAIAIKTIH HallapaaybiH TyAbIipaabl. IIIbHbI
¢azanbIH 604yl KOPAMEPUT KEpaMUKACBIHAA ©TE Tap
>koHe Tek 10 rpagyc mamaceiHAa 601aThIH JKEeHTEKTey
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apa/bIFbIHa Ja acep eTeai. OHaipicTik Xarjaiiaapaa
Taza KOpAUEpUT eMeC, KypaMblHAa KOpAuepuT dap
roandasasl Marepmuaajap alajbl, OAapAblH Kypa-
MBbIHa KOpAVEPUTIEH KaTap KOPYHA, MYAANUT JKoHe
0acka KOCBLABICTAp Kipeai.

DKCIIepMMEHTTIK 60aiM

IMoanmepai aaitbiHAaMasapabl aAyFa TOPABI
KaHKachl Oap moamMep TaHAaAAbl. YSIIBIKTap apa-
CBIHAAFBI KaaKadapAbl aAbIIl TacTay eceOiHeH KaHKa-
HBIH MaKCUMaAAbl OTKI3IIIITITIH KaMTaMachl3 eTy
>KeHiHAeri ¢opmacsl MeH Meallepi OOIIbIHIIA Ta-
AaIl eTiZeTiH JaliblHAaMalapAabl IIOAUMEPAEH Kecy
Kipeai. IleHomoamyperaHapl TaHAayda MaHBI3AbI
po4 peTiHje arpeccuBTi OpTaa >KOFaphl TO3IMALAIK,
icinyain 604aMaybI KoHe JKaKChl aATe3MsABIK KacueT-
Tep aTKapaabl.

IMoanmepai Marpunanbl KaliTaday o4iciMeH
JKOFaphbl KeyeKTi MaTepuaajapAbl aAraH Ke3ge ya-
riaepaid oallemMaepi MarepuaaablH callaAblK CHU-
IaTrTaMajapblHa oacep eTeTiH (aKTopaap KaTapblHa
>KaTa/bl. OTe yAKeH Ae, Killli ge yAriaepaiy keaeMiH-
Je mAMKepAiH OipKeaKi TapaadyblH KaMTaMachl3 eTy
KypaeaiairineH TyblHAaFaH KeitOip KMBIHABIKTapAaH
0acka, YAKeH ealeMAi yAridepai KenTipy >KoHe XKeH-
TeKTey KesiHAe Impobaemasap TybiHAaAbl. Ocblaaii-
IIa, IOAMMepPAi AalibIHAaMara >KarblAFaH MIAMKepAiH
6ip1<e/u<i Ke6yi BICTBIK ayaMeH Te3 KeIITipy KesiHje
yATiHiH KOpaOBIH JKoHe KepaMMKaAbIK KabaTThIH >Ka-
PBIAYBIH TyAblpaabl. Aaalija, JKeHTeKTey Ke3iHAe CbI-
HBIKTBIH 0O/AMayBIH KaMTaMachl3 eTy KUBIH [4].

IToaumepai marpunansy GU3MKaABIK-MeXaHI-
KaAblK KacueTTepi MeH IIAMKePAiH PpeOAOIMSABIK
cUIlaTTaMachl MaTepuaaAblH IIeryiHe >KoHe Oepik-
TiriHe eseyai acep eTyiHe KapamacTaH, A9HEeKepAeH-
reH MaTepuaAAblH KacUeTTepiH KaAbIIITacThIPyFa
Herisri yaec Goapm Tabplaager. bipinmi kesekrte,
OHBIH OepiKTiK cuIlaTTaMadapbIHBIH MaTepyaAjbl
JKEeHTeKTey KesiHAe 604aThIH KepaMIKaAbIK KOMIIO-
SUILIVSTHBIH KypaMBbl >koHe (asza Tysiay mporecrepi
eHTi3iaal.

Matepnaaaply 11eryi MHepTTI KOMIIOHEHTTepAi
eHri3y apkblabl azailTeiaabl. Kecreae 11%-aan (Mac-

ca) yarrpadapdopabik Macca HeriziHjeri yariaepain
IIIeTyi >KoHe CBIPTKHI Typi OOJNBIHIIIA AgepeKTep Kea-
TipiareH. CBIHBIKTBIH a3 MeAIllepi YATiHiH IIeryi-
He >KoHe CBIPTKBI TypiHe eaeyai acep eTIelAl, Kol
CBIHBIK Ke3iHJAe >KeHTeKTey HalllapAaligbl, yAriaep
CBIHFBIII DOAaABI.

AAbBIHATBIH MaTepuaAAblH TEPMOTYPaKTHLABIFHIH
apTTHIPY MaKcaTbHAA 94eKTpodapdopABIK Maccara
cunTe3 Temnepatypachl 1400°C kem emec meab3u-
aH-Oapuit Kypamasl BaOxALO;x2510, aaromocnan-
Katel eHriziagi. lleapsman oproxaas GeH aapOuTKe
JKakbIH, OipakK MHEpPTTi eMec >KoHe IINMXTa KOMIIO-
HeHTTepiMeH e3apa apekeTTeceai. Matepuaasapabt
JKEeHTeKTey OepiKTiriH, XMMUAABIK OepiKTiriH >koHe
MarepmaagapAblH Kkeitbip Oacka Ja KacueTTepiH
IIeKTeNTIH IIBIHBL (a3a TypiHAe KOPBITBLAFaH Ma-
Tepmaa KypaMblHJa KaAfaH CYMBIK (pa3aHbIH I1aiida
OoaybIMeH KaTap Xypai [5].

A21OMOCHAMKATTEL MaTepuaajapAbl AalbIHAAY
Ke3iHge cyMHIK (pazaHBIH eaeyai MeAlepi oK ¢asza
Ty3idy peakumusAapbIMeH FaHa idece >KYPeTiH >KeH-
TeKTey 004abin TabOblAaABL. OChH POLIeCTiH Heridinae
KOpAUEPUT aAbIHABI.

KopoITbIHABI

1. Bya >xyMmbIcTa KeyeKTi MaTepraajapAbl Koaja-
HY epeKIleAiKTepiH aHbIKTay >KoHe aAy TeXHOAOTMs-
CBI, OJapAbIH KYPBIABIMBI MEeH KacHUeTTepiH KaablIl-
TacTBHIPy IIpOllecTepiHiH 3aHABIABIKTapBIH 3epTTeyle
HoAMMepAl MaTpuULlaHbI KaliTaday 94iCiMeH aAloMO-
CUAUKATTBI MaTepuaajapAblH KYPBIABIMBI MEeH Kacu-
eTTepiHiH KaABIIITaCy 3aHABLABIKTaphl 3ePTTeAAL.

2. ConbIMeH Katap, OacTalKksl IT€HOIIOANYpeTaH
napamMeTpAepiHig peai, apTypAai aalOMOCUANKATTEI
KOMIIO3UIIMsIAapAaH MaTepuaajapAbl  >KeHTeKTey
KMHeTukacel 3eprreagi. Iloammepai Matpuiianb
KaliTalay 9AiCiHiH KeMeriMeH >KOFapbl MEHIIIKTi OeTi
Oap MaTepmaajgapAbl Tikeaell adyfa OO/AMalITBIHBI
Oeariai 6oaapr. TaOurm (casAbpl, KypaMbIHAa KBapl]
Oap, >keHia OaAKUTBHIH >KoHE MHEPTTI KOMIIOHEHT-
TepAiH 60AyEI) >KoHe AalibIHAAAFaH KepaMMKabIK
YHTaKTBhIH Me/lllepi MaTepuaAAblH IIeryiHe aiTap-
ABIKTall 9CepP eTeTiHi aHbIKTaAABL.

Kyigipy KesiHae weryre ynbrpadapdopnbl maccaaa CbiHbIKTbIH, MeLUEpPiHiH acepi KaHe nicipinreH yarinepgix

canacbl

CbIHbIKTbIH, menwepi, % YnrinepaiH, cbIpTKbl TYPi CbI3bIKTbIK, Wery, %
- bankpITblNFaH 23
10 bankpITbinFaH 18
20 akcobl nicipinren 10
26 Asgan yritinegi 11
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AHHOmMayusA. Paccmampusaromcs cmpykmypa nopucmesix Mamepuasnos U3z KepamuKu, rnosy4eHHsix memoodom 0ybnu-
pOBAHUSA NOAUMEPHOU Mampuybl, U Memoo Mosy4YeHUs NoaUMepPHbIX 3020MOo8oK. Kpome mozo, usyyaemcs Konu4ecmao
M0020Mo8/1eHHO20 Kepamu4ecKo20 NMopowWKa U 8/7USHUEe Mamepuasa Ha ycadKy. B kauecmee opeaHu4ecko2o noanumepa
ucrnoneayemcs rneHornosnuypemat. [psamoe nosyyeHUe Mamepuasnos ¢ 8bICOKOU yoesnbHOU Mo8epxXxHOCMbHO € MOMOWbHO
memooa 0ybauposaHUA NoaAUMepPHOU Mampuybsl He paccmampusaemcs. YcmaHo8a1eHo, Ymo KOAUu4ecmseo Hamypass-
HO20 U pu2omossieHHO20 Kepamu4ecKo2o rMopowKa eausem Ha ycadky mamepuasd. B o06pasyax, nosyvyeHHsIx us cme-
cu Kopouepuma ¢ 0bpa3zosaHUeM peHmaeHo2paghu4ecku Yyucmoao Kopouepuma, Habarodaemca Hysnesasa ycadka. [pu
crnekaHuu obpa3yos U3 cuHMe3uposaHHo20 Kopouepuma bblaa 06HapyXHeHa ycadka mamepuana.

Knroueseole cnosa: I'IOpUCfanU mamepuas, nosuMepHaa mampuua, criekaHue, cycrieH3usA, Kopduepum.

Porous Ceramic Materials Obtained By Duplicating the Polymer Matrix
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Abstract. Discusses the structure of porous materials from ceramics obtained by duplicating the polymer matrix, a
method for obtaining polymer blanks. In addition, the amount of prepared ceramic powder and the effect of the material
on shrinkage are studied. Polyurethane foam is used as an organic polymer. Direct production of materials with a high
specific surface area using the polymer matrix duplication method is not considered. It was found that the amount
of natural and prepared ceramic powder affects the shrinkage of the material. Zero shrinkage is observed in samples
obtained from a mixture of cordierite to form radiographically pure cordierite. When sintering samples from synthesized
cordierite, shrinkage of the material was detected.

Keywords: porous material, polymer matrix, sintering, suspension, cordierite.
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AHHOomayus. Llenb uccaedosaHusa — nposedeHue cpasHUMenbHO20 AHAAU3d Mamepuanos 048 U320mossaeHus oe-
maneli epyHMo8bIX HACOCO8 U Cocobo8 ux Mpou3soocmsa. [PyHmMosbie HAcocbl MpUMeHAMCA 075 NepeKayku au-
dpocmeceli c meepdbiMu abpazusHbIMU Yyacmuyamu. bonewasa 4acme demaseli nodsepaaemcs pasau4yHbIM 8UOAM
U3HOCA U MpPEHUS, 80 MHO2UX CAYHAAX 3KCMAYamayusa 2pyHMOo8biX HACOCO8 Mpoucxo0um 8 XUMUYECcKU aepeccusHoli
cpede. 3Ha4uUMenbHAA Yacme Oemaseli 2pyHMOBbIX HACOCO8 U320Masau8aemcs U3 U3HOCOCMOUKUX Yy2yHO8, OH-
MUGPUKYUOHHbIX Yy2yHO8 U fie2upo8aHHbIX cmanel. Ha 0CHO8aHUU UHOPMAYUOHHO20 AHAAU3A U PE2UOHAIbHO20

MOHUMOPUHea ycmaHoes1eHa 4yacmoma 8bIX00a U3 CMpPOoA pa3s1u4yHbIX demarnel. lloKa3zaHo, Yymo Haubornee «Y3KUM
Mecmom» A6/1AIoMmcA M€ﬂK02060pumeIe demaﬂu, uzeomaesnueaemeolie us (JHmUdeUKL{UOHHbIX yyz2yHos. [losbiwe-
HUEé uxX CpOKa 3Kcnayamayuu rno3eos1um cokpamume Yucs0 rnpocmoes, C8A34HHbIX C BGMEHOU, u noesicume rpous-

800UMesIbHOCMb HACOCO8.

Knarouesole cnoea: 2pyHmMo8ssie Hacocsl, MenKoza6apumele demarnu, 8bIX00 U3 cmpos, CIHmLI(prUKL{UOHHbIe Yy2yHbel,

aumee 8 T1®.

BBeaenue

I'pyHTOBBIE HACOCHI HIPUMEHAIOTCI AAs IIEpe-
KauKll TIMApOCMecell C TBepAbIMU aOpa3MBHBIMU
gactunamu. Obaactu mpuMeHeHUs — pa3paboTka
KapbepoB, KOTJOBaHOB, IlepeKadka IPYyHTa, 3040Y-
AaZeHue, o9rncTKa OypOBEIX pacTBOpoB U T.4. Pabora
TPYHTOBBLIX HacOCOB (PUCYHOK 1) cBs3aHa ¢ Iepekad-
KO aOpasmBHEIX Yactury (40 30% 110 Macce), IIODTO-
My JeTaAM IPYHTOBBIX HAaCOCOB pabOTaIOT B KpaliiHe
TSDKEABIX YCAOBMAX. boapIas 4acTh AeTadeil IO4-
Bepraercsl pa3AMYHBIM BMJaM M3HOCA U TPEHUs, BO
MHOTHX CAy4YasX DKCIAyaTallus IPYHTOBBIX HAaCOCOB
MPONCXOAUT B XMMIMYECKM arpeccuBHOI cpege [1].

Buabr MsHOCa, KOTOPBIM IIOABEPTalOTCs AeTaAul
TPYHTOBBLIX HaCOCOB, YCAOBHO MOKHO pa3AeANTh Ha
Tpu BMJa: aOpa3UBHbIN, KaBUTAI[MOHHBIN 1 MeXaHU-
veckuii [2].

I'mapoabpasuBHBIIT M3HOC IPOSBAAETCS B OTHO-
CUTEABPHO pPaBHOMEPHOM M3HAIINMBAHUN ITOBEPXHO-
CTU pa6OTaIOI_[H/IX AeTaAell U 3aBUCUT KaK OT CBOVICTB
Marepuaja AeTaay, TakK M OT XapaKTePUCTUK IIepe-
KayyBaeMoll IyAbIbl. ImapoabpasuBHOMY WM3HOCY
II0ABEPraloTCsl, B OCHOBHOM, pabodne Koaeca, OpoHe-
AVICKU, KPBIIIKIA.

KaBnranmoHHBII M3HOC CBsA3aH C HapylIeHNEeM
pe>kmmMa pabOTEI Hacoca, BHEIITHe IIPOsIBASIETCS B yBe-
AVdeHUN BUOpaLNy, 4TO IIPUBOAUT K eIrle OObllle-

m MYy MU3HOCY U aBapI/IﬁHOﬁ CUTyanmm. KaBI/ITaLU/IOHHO-

MY M3HOCY TIOABePraloTCcs Bce AeTaau padoTaioero
M3HOCA, BKAIOYas MOAIIUITHUKY, BTYAKH U Ba.
MexaHIUeCKMiI M3HOC TIOABASETCS B pe3yAbTa-
Te TPeHUs U yAapa TBepAbIX YaCTUII, YTO XapaKTep-
HO TIpU ITepeKauke IpyHTa. MexaHmdeckoMy M3HOCY

PucyHok 1 — Hacoc 8I'PK8 c gsuratenem
132kBT1/100006.




TakXe 0O0/blIlle IOABEp>KeHbI paboune ITyAbIIOIpPO-
BO/SIITIVIE YaCTU Hacoca.

OueBnAHO, 4TO 4451 TPOU3BOACTBA JeTalell TPyH-
TOBBIX HACOCOB MCIIOAL3YIOTCS MaTepuaAbl, OpMeH-
TUpOBaHHbIEe Ha PabOTy B yKazaHHBIX ycaosmax. K
GOABIIMHCTBY MaTepMaloB AeTalell IPYHTOBBIX Ha-
COCOB IIPeABABASIOTCS BBICOKNME TpeDoBaHIUsA 110 U3-
HOCOCTOVKOCTHU, TBEPAOCTM, XUMUIECKOI MHEPTHO-
cTy 1 KOO(PPUITNEHTY TPEHNA.

3HaumMTeAbHas 4acTh JeTaleil TPYHTOBLIX HAaco-
COB M3TOTaBAMBAETCA U3 M3HOCOCTOMKUX UYTYHOB,
aHTU(PPUKLIVOHHEIX YyTYHOB U /A€IMpPOBaHHBIX CTa-
2eii [1-4]. B Tabaniie mpuBseAeH BEIOOPOYHBIN CIIMCOK
AeTazell C yKazaHueM MaTepuada U3roToBAeHus [5].

Kax BMAHO M3 IpMUBEAEHHOTO CIIMCKa, HamMbo-
Jee UCIO0Ab3yeMBIM MaTepUalOoM SBASIOTCS BBICO-
KOXpOMMCThIe uyTyHbl Mapku VXY, ceprie uyryHb,
aHTU(PPUKLIVOHHEIE YYTYHEL a TakKe cTaau. B psae
3apyOe>KHBIX JCCAeA0BaHUII B KauyecTBe OCHOBHOTO
MaTepuaJa HacOCOB YKa3bIBAaIOTCS UYTYHBI KJAacca
«HUXapA» [6, 7].

IToMmuMo mepeumcaeHHBIX MaTepualoB MNP U3-
TOTOBAEHUMN JAeTalell HacOCOB ITUPOKO MPUMEeHSIOT-
Cs1 aAIOMMHIEBBIE CIIAaBhl C ITIOKPBITHEM, Hep>KaBelo-
e craau AISI 316, a raxoke propornaacrst PTFE [8].

DKcOepMMeHTaAbHasi 4acTb UM OOCYyXAeHue
pesyabTaTtoB

OzHMM 13 MUPOBBIX TPEHAOB M3TOTOBAEHIL Ae-
TaZell 'PYHTOBBIX HACOCOB SIBASIETCA UX KOPYHAUPO-
BaHIe, T.e. IIOKPHITVE TTIOBEPXHOCTY CA0eM KOPYHAQ,
YTO IIOBBIIIAET TBEPAOCTb ¥ M3HOCOCTOVIKOCTh AeTa-
an. OgHaKo HaZ0 3aMEeTUTh, YTO HECMOTPSI Ha 3HAYN-
TeAbHOE yBeAldeHre TBepAOCTI Y U3HOCOCTOMKOCTY,
IIPYMEHNMOCTD JaHHOTO HaIllpaBAeH!Us BecbMa Orpa-
HIYEHa, T.K. IIOKPLITHE ABASETCS AOCTaTOYHO XPYII-
KM, 001ajaeT HU3KOM YAapHOI BA3KOCTBIO U IIOA-
BepraeTcsl CKOAaM.

ApyruM BecbMa IIOIYASPHBIM TPEHAOM sBASAET-
Cs1 POU3BOACTBO JeTaAell HacOCOB 113 BBICOKOXPOMMU-
CTBIX YyTYHOB MAV HMXapAOB C IOCAEAYIOIIUM TyM-
MUpOBaHUeM. DTOT crtocod BechMa DPpPeKTIBeH Ipu
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TPaHCIIOPTUPOBKE MEAKOAVICIIEPCHBIX aOpa3MBHBIX
9JacTUIl, OAHAKO IIpM TPaHCIIOPTUPOBKE AOCTaTOU-
HO KPYITHBIX YacTUIl (HaIpuMep, Ipu oOOraleHnn
PYA4BI) TyMMUpOBaHMe ce0s He OIIpaBALIBaeT.

Ha pucynke 2 npusesena cpaBHUTeAbHas AVa-
rpaMMa MaTepualoB, JCIIOAB3YEMBIX IIPU IIPOU3-
BOJCTBe IPYHTOBLIX HaCOCOB. JyarpaMMa cocras/AeHa
Ha OCHOBaHUMU IIPOBEJEHHOTO MH(OPMAaIVIOHHOTO
aHaAm3a U pernoHaAbHOro MOHUTOpMHra. [Ipu pac-
JeTe yUMThIBalach He aOCOAIOTHAsI Macca M3rOTOB -
€MOI1 AeTaAM, a MO3ULNL B CIenupUKaIIIIL.

Kax BuaHO 13 IpuBEeAeHHON AuarpaMMBl (puUCy-
HOK 2), OCHOBHasI 4051 UCIIOAb3yeMBIX MaTepualoB
IIPUXOATCS Ha BBICOKOXPOMIICTBIE UYTYHBI Y UyTYHBI
KJAacca HMXapd, 3aTeM CAeAyIOT CTaAM U aHTUPPUK-
LIVIOHHBIE 4YyTyHBL. HeyausureapHo, 4yro GoabInas
JacTh JMCCA€A0BaHNIl, HaIllpaBJAE€HHBIX Ha COBEpIIIEH-
CTBOBaHIE€ MaTepUalOB A4l U3TOTOBAEHUS AeTalent
TPYHTOBBIX HACOCOB, ITOCBAIIIEHA ITOBBIIIIEHNIO M3HO-
COCTOVIKOCTU U TBepAOCTU MaTepnaaoB. OObekTaMm
McCAeAOBaHUI B TaKMX pabOTax OOBIYHO SABASIOTCS
BBICOKOXPOMIUCTbIE UYTYHBI M YyTYHBI KJAacca «HMU-
Xap4», T.K. U3 HJMX M3IOTaBAMBAIOT OCHOBHBIE pado-
q11e YacT! HacOCOB — KOPIIyC I pabouee KOAeco.

Mexay TeM, B KOHCTPYKIIUM HAcOCOB ITPUCYT-
CTBYeT 3HauMTEeAbHOE 4YNCAO AeTaleil, OT KOTOPBIX
TpeOyIOTCA He TOABKO XOpOIllee COIIPOTUBAEHIE 13-
HOCY U TBEPAOCTDb, HO TaK>XXe U aHTU(PPUKIVIOHHLIE
CBOJCTBA, T.K. TaKle AeTaAM, KaK BTY/AKM, BKAaABIIII,
paboTaloT B COIPSI’KEHHON IIape U II0ABEpPraioTcs
tpennio. CaegoBateabHo, A5 oDecriedeHnst P dex-
TUBHOJ pabOTBI TPYHTOBBIX HACOCOB HEOOXOAUMO
YAeAATh BHUMaHIE IIPOM3BOACTBY M KadyecTBy «Ma-
ABIX» AeTa/ell, T.K. OHU BBIXOAAT U3 CTPOsI yallle, 4eM
OCHOBHEIE. B KauecTBe aHTM(PUKIIMOHHBIX MaTepu-
al0B A5 IPOM3BOACTBA BKAAABIIIEl, BTYAOK TPYH-
TOBBIX HACOCOB VCIIOAB3YIOTCSI UyTYHBI, B OCHOBHOM
ceprle, Mapok AYCT,2-6.

OCHOBHBIMI CIIOCODAaMU M3IOTOBAEHUS AeTalell
SBASIOTCS pa3ANIHBIE METOABI AUTBS C IOCAEAYIO-
el MexaHooOpaboTKOI Ipu HeoOxogumocTn. Vs-
BECTHBIMM IIPOM3BOAUTEASIMI TPYHTOBBIX HAacOCOB

Martepuanbl N U3roToBNEHUA AeTasieil IPYHTOBOro Hacoca

Homep n/n dnemeHT Marepwuan, FOCT (TY)
1 BHYTpeHHMI Kopnyc MYX28H2, TY 26-06-553-70
2 Pabouee Koneco MYX28H2, TY 26-06-553-70
3 3alWMTHbIN AUCK MYX28H2, TY 26-06-553-70
4 Kopnyc Hacoca — nepeaHaAn (BepxHAsA) NoN0BUHA CY18-36
5 Kopnyc Hacoca — 3agHAA (HMXKHAA) NON0BUHA CY418-36
6 Ban Cranb 45, ctanb 50
7 nepeaHei onopbl CY18-36
8 3a4Hen onopebl CYy18-36
9 BTynKka npoctaBku A4C-2, A4C-4
10 BTtynka Bana AYC-2, A4C-4. CY418-36
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n getaaenn K HuM siBastiorcss HXM «HaocXnmMarr»
(Pocecnsa), ENCE GmbH (IIseitmapus), Star Pump
Alliance (BeauxoOpuranms), Dredging Machinery
Co.Ltd (Kurait) u MHOTHE ApYyTHE.

Hanboaee pacrpocrpaHeHHBIMU METOAaMU U3-
TOTOB/AEHNUsI AeTalell TPYHTOBBIX HACOCOB SABASIOTCS
ANUTHE B KOKUAB, B II'D, pexxe criocod /1BM n autse
B 000404Ky [1,4]. Beibop criocoba autest aeraseit
3aBIMCUT KOHKPETHO OT HOMEHKAATyphl, HaAMYILI
OCHOBHBIX CPeJCTB U MaTepuada A4s1 U3TOTOBAEHIS
(pucynox 3).

B kagecTBe CITOCOOOB 4451 M3TOTOBAEHUS IIpeA-
MOYTeHMe OTAAeTCs AUTBIO B KOKMADL (PUCYHOK 3),
T.K. DTOT CIIOCOD II03BOASIET I10AyYaTh OTAMBKU C
BBICOKMM KadeCTBOM IIOBEPXHOCTM U COOTBETCTBILI

reOMeTPUYECKUM pa3MepaM IIPpU OTHOCUTEALHON
IIPOCTOTE TEXHOAOTUH 110 CPaBHEHUIO C APYIUMU Me-
TOZaMU TOYHOTO AuThs (Hampumep, ABM). Oanaxo
3HAUYNMTEABHBIM HEeJ0CTaTKOM HTOTO CII0CO0a sABAseT-
Cs1 BLICOKAs CKOPOCTh OXAAXKAEHMs, YTO IIPUBOAUT K
oTOeay, KOTOPHIN B psje cAydaeB HeJOIyCTUM, Ha-
npuMep, B aHTUQPUKIMOHHBIX MaTepraax.
[Mupokoe mpuMeHeHMe MMeeT U TaKOil TpaAu-
IIMOHHBIN CII0C00, Kak Autbe B III'®D. DToT criocod
OTAMYAETCST HU3KOWM CTOMMOCTBIO U ITPOCTOTONM WM3-
TOTOBAEHM: AUTENHON (OPMBI, OAHAKO KadecTBO
IIOBEPXHOCTU OTAMBKM HE BCEr4a yAOBAECTBOPUTEAb-
Hoe. OaHaKO HU3Kas CKOPOCTh TEILA00TBOAA CIIOCOD-
CTByeT rpapuTH3aIM, COOTBETCTBEHHO, 9TOT CII0CO0
MO>KHO PeKOMEHA0BaTh IIpU HPOU3BOACTBE A€TaAeil
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PucyHOK 3 — Cnocobbl 1nTbA,
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B1I€HUn ,quaneifl FPYHTOBbIX HAaCoCoB



U3 CepBIX M aHTU(PPUKIIMOHHBIX 4yTyHOB. [Ipu aTOM
HaJO YAeANUTb O4eHb OOABIIOE BAVSIHUE KadyecTBY
¢popMOBOUHOTI cMeCH, OCOOEHHO 0OANIIOBOYHOIA.

KoHcTpyKTHBHLIE pellleHNsl IIpU IpPOeKTUpPOBa-
HIUMV TPYHTOBBIX HACOCOB ITOMMMO MaKCHMa/AbHO BO3-
MoxxkHoro KII/J A0>KHBI TakKe IpedycMaTpuBaTh
AOCTaTOYHO A€rKylo 3aMeHy aeraseil. 1lo aaHHBIM
[6-8] xpymHBIe AeTaau I'PYHTOBBIX HACOCOB (pabodee
K0Jeco, OpOHeAMCKM, KOpIIyca) MEHSIOTCS uepe3 8§
000 gacos paboTEl, DOlee MeaAKMe AeTaau (BTYAKI,
BKAaABIIIN U TIp.) — ellle yaIlie.

Ha pucynke 4 npuseseHa AmarpaMMma 4acCTOTHI
CMeHBI HEKOTOPBIX AeTalell TPYHTOBBIX HaCOCOB (KO-
Argectso 3aMeH Ha 8 000 uacos paOOTEI).

M3 pucynka 4 BUAHO, YTO 3aMeHBI MEAKHUX /JeTa-
el IPOMCXOAAT TOpa3Ao dalle, yeM KpyIHorada-
PUTHEIX, T.K. B OTAMYNE OT IIEPBLIX OHM IT0ABEPraloT-
Cs BCEM BMAAM M3HOCA, BKAKOYAS KaBUTAL[VIOHHBIIL.
ITpyu ®TOM HaAO OTMETHUTB, UTO XOTSI CTOMMOCTH, Ha-
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IIpuMep, BTYAKU ¥ pabodyero Koleca HECOIIOCTaBU-
MBI, CTOMMOCTD ITPOCTOSI, CBA3aHHOIO C UX 3aMEeHOI],
OJAVHAKOBa.

3akaouenne

Takmm oOpasom, ITpoBeJeHHbIN NHPOPMaI[MOH-
HBIIl aHAAM3 ITO3BOANA IPEAIIOAOXKUTD «y3KIe Me-
CTa» HKCIIAYaTallIOHHOTO CPOKa I'PYHTOBBIX HACOCOB:
KOPOTKUIT CPOK CAy>KOBI MEAKNX AeTaAeil (TuIa BTy-
AOK U IIP.) U CBSI3aHHEIE C 9TUM 3aMeHbl. YBeAndeHne
CpoKa CAy>KOBI TaKMX JeTadell TIO3BOANUT COKPaTUTh
9ICAO IPOCTOEB, CBA3aHHBIX C 3aMEHOI, U1 yBeANIUTD
IIPOM3BOAUTEABHOCTH HACOCOB.

JlaHHbIe UCCAeAOBaHUS IHPOBEAGHBI B paMKax
peaamsanuu rpaHta Komurera nmaykm MOH PK
AP09058350 «PaspaboTka 1 BHeApeHMe TeXHOAOTUM
IIPOM3BOACTBAa XPOMUCTBIX aHTU(PPUKIIMOHHBIX UyTY-
HOB A4 AeTaAeil TOPHO-IIIaXTHOTO 00Oy A0BaHMs».

B BHYTPEHHUI Kopnyc

H 6poHeaAUCK

paboTbl

Konunyectso 3ameH Ha 8000 yacos

aetanu

M paboyee Koneco

mBan

H BTy/IKa MPOCTaBKM

B Kopnyc nepesHen onopsl

[ BTYy/1IKa Bana

PucyHOK 4 — KonnuectBo 3ameH HEKOTOPbIX geTanei Hacocos Ha 8 000 yacoB paboTbi
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AHOamna. byn 3epmmeydiH MaKcambl 3KCKA8AMOpPbl copFbl beauwiekmepiH 0alibiHOAyFa apHAAFAH Mamepuandapra
YaHe 01apObl 6HOipY adicmepiHe canbicMblpMasnsl Manaday ucypeaizy 60a0ebl. LLleziHdinepdi Kammeoel abpasusmi besuwek-
mepmeH alioay ywiH monbipaK Coprblaapsi K0A0AHbIAA0bI. beawekmepoiH Kenwinizi apmypsai mo3yra #aHe ylikesnicke
ywlpaliosl, KerimezeH #ardalisapoa MornbIpakK COPFblAaPObIH HYMbICbI XUMUA/bLIK azpeccusmi opmada xcypedi. To-
MbIPAK COPFbICbIHbIH beaweKkmepiHiy edayip b6esizi mo3yra mesimoi wolibiIHOapPOaH, AHMUGPUKYUAALIK WolibiIHOap-
0aH M#aHe nezipneHeeH 601aMmMapPOaH HACAAFAH. AKNApammelk manday #aHe aliMakmoliK MOHUMOPUHE Hezi3iHde
apmypni 6eawekmepoiH, icmeH woiFy Xuiniei GH6IKMAA0bl. AHMUMPUKYUALIK WOUbIHHAH HACAAFaH Kiwiz2ipim 6en-
weKkmep eH «map #on» ekeHoizai kepceminaeH. OnapdsiH Kbiamem emy Mep3iMiH y3apmy aybicmoipymeH 6alinaHeicmel
mokman KanysiH a3alimyfa #aHe COPFbIHbIH HYMbICbIH ¥AKCAPMYFa MyMKiHOIK 6epedi.

Kinm ce3dep: monbipaK copfblaapel, wWarbiH eawemoi besawexkmep, icmeH wolfy, GHMUGPUKYUAAbIK wolieiHoap, MMd
Kyto.

Analysis of World Trends in the Production of Dredge Pump Parts
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Abstract. The purpose of this study was to conduct a comparative analysis of materials for the manufacture of dredge
pump parts and methods of their production. Dredge pumps are used for pumping slurries with solid abrasive particles.
Most of the parts are exposed to various types of wear and friction,; in many cases, the operation of dredge pumps takes
place in a chemically aggressive environment. A significant part of the dredge pump parts are made of wear-resistant
cast irons, antifriction cast irons and alloy steels. Based on information analysis and regional monitoring, the frequency
of failure of various parts has been established. It is shown that the most «bottleneck» is small-sized parts made of
antifriction cast iron. Increasing their service life will reduce replacement downtime and improve pump performance.

Keywords: dredge pumps, small-sized parts, failure, antifriction cast irons, GPF casting.
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AHHOomauyusa. Bonpocsl nepepabomyu omxo008, MecHO CBA3GHHbIE C pecypcocbepexceHuem nepsuvHo20 CblIpbA,
npusnexkarom ocoboe sHUMaHue U rnpuobpemarom b6oabwyd aKkmyanbHocme. Paccmampusaemsie 8 HacmoAweli
pabome sonpocesl nepepabomxu omxo008 20pA4E20 YUHKOBAHUSA U3denuli U Mamepuasos, 8 YHaCMHOCMU U32apu, He
ucknroveHue. MposedeHHsll 8 pabome aHanu3 criocobos nepepabomyu U32apu MOKA3as, YMO UMeroujuecs 8 mex-
Hu4Yeckol numepamype crocobbl HeAOCMAMOYHO 3¢hcheKmuBHbI U Pa3pabomaHsl MPUMEHUMENbHO K KOHKPEemMHbIM
ycnosuAam npoussoocmea. Tem He MeHee, pocm U HAKoraeHHble 06bembl u32apu Ha cKaadax npednpuamul, ssudy
omcymcmeus payuoHaabHolU mexHono2uu ux nepepabomku, mpebyrom U3bICKAHUA HOBbIX peweHul u nodxo0os.
CpasHumenoHbIl aHAMU3 cyuwecmsyrowjux crnocobos nokassieaem, 4Ymo, 8 0CHOBHOM, 8ce Criocobbi c800AMCA K M0-
JAYHEeHU MemasauyecKo20 YUHKA HeB8bICOKO20 Ka4ecmed U 8mopu4HOMY e20 UCMosb308aHUIO 8 pouecce YUHKO8a-
Hus. Takoli 060pom YUHKQ A69emca UCMOYHUKOM HAKanaAusaHus npumeceli. Koome mozo, Hu 8 00HOM U3 cnocobos
He ydesneHo 0cob6020 BHUMAHUA HA nosedeHuUe maKux rnpumecel, KAK CBUHEY, U #efe30, 8bICOKOe Co0epXHaHue Komo-
pbIX 8 U32apU 80 MHO20M Oripedessem Kayecmaeo rnosay4aemo20 YUHKA. [ToKa3zaHo, Ymo Haubosnee sghgheKmusHoIM
crnocobom nepepabomku u32apu Aenaemcs npedsapumesnvHoe paszdesneHue memasau4eckoli ee yacmu om Heme-
mannuyeckol ¢ danbHeliweli camocmosmenbHol, pasdensHoli nepepabomkoli Kaxcdol u3z HUx. Pa3pabomaHa KoH-
yenmyaseHas cxema nepepabomyu u32apu ¢ nosay4eHuem Memasau4ecko20 UUHKA 8bICOKO20 Ka4ecmaa u Yucmoao
OKCUOA UYUHKG, He co0epiauje2o c8uHey, npu2o0Ho20 018 UCMOAb308AHUA 8 Kayecmee MuHepasibHbix 006a80K 8
KOpM 0719 #UBOMHBIX.

Knroyesoble cnoea: oyuHKoO8AHUE, U32apb, YUHK, OKcuo UUHKa, X.ﬂOpUd Kasbyus, X/IOpUd OMMOHUA, c8UHEY, Htesne3o.

BBeaenne

Mmuposoe pou3BoACTBO IMHKA CETOAHS, XOTs 1
AEMOHCTpUpPYeT HeDOABIIION POCT, ero moTpedAeHue
OCTaeTCsl Ha BBICOKOM YPOBHE M AoCTuraer 14 MaH
ToHH [1, 2]. OcHOBHbIe HarTpaBAeHMs UCITOAb30BaHI
IIMHKa BKAIOYAIOT IIPOIIeCChl OITMHKOBAHIIS U3AeANIA.
B muposom norpedaennn riunka 50% cocraBaser ro-
psdee oIiMHKOBaHMe cTaan [3].

IInHKOBOE ITOKPLITIE MMEET XOPOIINI BHeIITHIIA
Bl U IIO3BOASIET YBEANIUTD CPOK CAY>KOBI U3AeAMIA
B 2-3 pasa, HaA€>KHO 3aIlMIIasl UX OT aTMOCPEPHOIL,
BOAHOI M APYIUX BUAOB Kopposun. Ha mporecc ro-
pAYero OIMHKOBaHUs CO CTOPOHEI MCCAeoBaTeaern
oOpaIraeTcsl He40CTaTOYHOe BHUMAaHUE, XOTS 34eCh
UMeIOTCs DOABIIINE pe3epBbl, HOCAIIE ITPO0AeMHBIN
xapakrep. Cpeau Ha3peBIINX TPO0AeM — HeOOX0AU-
MOCTh CTadMAM3aINM KauyecTBa ITOKPBITUS M TIOBBI-
menne 5PQPeKTUBHOCTU MPOU3BOACTBA, COBEPIIIEeH-
CTBOBaHMe TEeXHOAOTMYECKOTO IIpoliecca IOpsuero

OIIMHKOBaHM:A, YTUAM3ALNS OOABIIIOrO KOAMYECTBa
LIEHHBIX IIPOMBIIIIAEHHBIX OTXOAOB (M3rapm).

Pemrenne ykazaHHBIX IIpoOJeM IIO3BOAUT Kaue-
CTBEHHO ITOBBICUTH YPOBEHDL OpraHmsanny, spdex-
TUBHOCTh U KYABTYPY IPOM3BOACTBA, CHU3UTH Ha-
IPY3Ky Ha OKPY>KaIOIIYIO Cpeay.

Bricokme IieHBI Ha IMHK, COCTaBASIOIINE IAaB-
HYIO 4acCTh pacXo40B B OLMHKOBaHUM, TPEOYIOT DKO-
HOMHOTO VICIIOAB30BaHMI IIMHKA U YTUAU3ALUI €TO
OTXOA0B, K KOTOPBIM OTHOCSTCS M3Taph, TapTLINMHK U
304a (HaIlaTBIPHBINA I114aK). IIpaBnarHO opraHmso-
BaHHas1 paboTa OTAeAeHNs OLMHKOBAHUA IIO3BOAUT
MUHUMJ3UPOBATh KOAMYECTBO OTXOAOB U CO34aTh
COOCTBEHHOe ITPOM3BOACTBO UX ITepepadOTKM C IIO-
Ay4eHyeM AOMOAHUTEAbHON TOBAPHONM HPOAYKIIVIA.
Pa3BuTie IIMHKOBaABHOTO IIPOM3BOACTBA B MUpe
IIOATBEP>KAaeT aKTyaAbHOCTh U IIPMOPUTETHOCTH BBI-
OpaHHBIX HayYHBIX HallpaBAeHN I, IPUMEHNTEAbHO K
Kazaxcrany.
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B Hacroseit paboTe Ha OCHOBaHNMM aHAAM3a Cy-
IeCTBYIONIUX CIIOCODOB HepepabOTKM uarapu (ray-
6uHa roncka 20 AeT), YCIeITHO IIPOIIEeAIINX OIIBIT-
HO-ITPOMBIIIIA€HHbIe 1 IIPOMBIIIIA€HHBIE MCTIBITaHM I,
cPpopMyApOBaHBI KAIOUEBbIE TEXHOAOTUECKIIE OIIe-
paLy KOMILAEKCHO TeXHOAOIMM ITepepabOTKM 13-
rapy Ha OCHOBe KOHIIeNIINH ee ITOCTPOeHMS.

Kpatkmit anaams cmoco00B mepepabOTKU
nsrapu

Brrxog nsrapu cocrasaser ot 0,5 40 3,5% ot mac-
CBI IIPOITyCKaeMBbIX n3aeanii. Varapp 1mo csoemy co-
CTaBy ITpeJcTaB/JeHa OKCIAOM IIMHKa. B HeM ocTaeTcs
30-40% wmetaaanueckoro nuHka [4]. CAOXKHBIN XU-
MMUECKUII COCTaB M3rapM 3aTpyJHseT JaAbHellIee
ee ncrnoan3osanne. OCHOBHasI IepepadOTKa ee CBO-
AWUTCSL K U3BAEUEHUIO MEeTaAAMIECKOTO IIMHKa, KOTO-
PBIIT BBMAY HU3KOTO Ka4ecTBa He SIBASEeTCSI TOBapHBIM
LIMHKOM M MCIIOAB3YeTCsI BTOPUYHO B IIpOIiecce LVH-
KOBaHIL M3AeAuii. B To >Ke BpeMsI ocTaBIIIasiCs I1ocae
BBIA€/€HNUs IIMHKA HeMeTalAndecKas 4acTh M3rapu,
BBIAY 3HAUUTEABHOTO COJep>KaHNs B HEM CBMHIIA, C
OAHOJI CTOPOHBI, M OTCYTCTBUs PaljlfOHAABHON TeX-
HO/ZOTUM IlepepaboTKU — C APYIO¥, HaKallAMBaeTCs
U CKAaAVIPYeTCs Ha IPeANPUATUN U 3aHNMaeT 60Ab-
II11e TEPPUTOPUIL.

B nHacrosImee BpeMs Ha IIpaKTHKe IIMPOKO NC-
MTOAB3YIOTCSl MMPOMEeTaAAyPIUIecKre CIIOCOOBI IIe-
pepaboTKN M3rapu ¢ IOAydeHueM MeTaAANdecKoro
LIMHKa. B mocaesHne roasl passusalOTCsA IMApoMe-
TaAlyprudeckue criocoos [2,4,5].

Hanboaee pacrpocTpaHeHHbBIE CIIOCOOBI IIepe-
paboTKM M3rapy — 9TO UX HarpeBaHue B UMANHAPH-
JecKMx OapabaHax MAM peTopTax pa3sAUYHBIX KOH-
CTPYKIIMII AO TeMIIepaTyphl BBHIIIE TeMIlepaTyphl
raaBaeHus nuHkKa [5,6]. Hegocratok aTux crioco6os
— OTCYTCTBME TepMeTHM3aluil BHYTPEHHEro obbnema
HapabaHa. Bropoii cymiecTBeHHbIN HEAOCTaTOK — OT-
CYTCTBME HEIIOCPEeACTBEHHOTO IIPSIMOTO KOHTaKTa
CTEHOK Pa3oTpeToll KaMepsl CTOpaHIs C CHIPbEM, 3a-
TPY>KEeHHBIM B OapabaH.

bozee rmoapobHOro aHaamsa 3acAy>KUBAIOT CIIO-
coObl TepepabOTKM M3rapy, TAe OCHOBHOM YIIOP
cJe/aH Ha BTOPUYHOE MCIIOAB30BaHUE IIMHKOBBIX
orx0A08 [7-12]. Tak, B pabote [7] moaydaan pactBop
a30THOKIICAOTO IMHKA M3 OTXOAOB, COAep>KalliuxX
LIMHK, KOTOPBINT MOT OBITh MCIIOAB30BAaH B XMMITde-
CKOJI TeXHOAOIMM AAsl mepepadoTky marapm. Cy-
HOCTb pa0OTHI 3aKAIOUaeTCsA B IOAYydeHNI pacTBopa
HUTpaTa I[MHKA U3 OTX0Aa MeTaAAypPTUIecKOro IIpo-
U3BOACTBA, B YAaCTHOCTMU, M3rapy LIMHKA ¥ a30THOI
KICAOTLI C BBeAEHMEM B peaKIIMOHHYIO MaccCy pac-
TBOpa Kapbammga IpM MOASPHOM COOTHOIIEHUN
HNO;:CO(NH,),=1,0:(0,02-0,05). Pactsop kapbamu-
Ja TI0AHOCTBIO MCKAIOUad BO3MOXKHOCTBH OOpa3oBa-
HIISI OKCUAOB a30Ta U BblAe/eHNe UX B aTMocdepy.

B pabore [8] 5 20-25% pacTBOpe cepHOI KIMCAOTHI
PacTBOPsIAY IBLAB, YA0BAEHHYIO IIPU IIPOKaAVBaHNII
OTXOA0B OPOH3LL. B 1oAyJeHHBIN CepHOKMCABIN pac-
TBOp A400aBAsAM TapTIMHK, IIOCAEe Yero OcCakAaaAu

U OTAEAAAN OT CYCIIEH3MU IIacTy, COAep>Kallylo OK-

cuAbl MeAy u cBuHIa. OTPUABTPOBAHHBII PacTBOP
cyabdaTa IjHKa 00pabaTeiBaay OTXOAaMU KaAbIINIi-
cogep Kalllux coeAuHeHUi B ABa dTana. Ha mepsom
9Talle K pacTBOpy A00aBASAU XAOPUA KaAbIVA AAS
IiepeBoJa cyabdara I[MHKa B XA0pUA, U OTAEASAU OT
cycreH3uu obpaszosasiniics ruric. Ha sTopom srarre
pacTBOp HEMTpPaAM30BaAN IIBLABIO-YHOCOM, TIOAyJae-
MOIT TIpM IIpoKaAuBaHUM M3BecTHsKa. Ilocae otge-
A€HNUs Ha IIOBEPXHOCTU BaKyyM-(pUABTpa TBEPAOIN
¢aspr oT pacTBOpa macTy OKCMAa IVHKa ITPOMBIBAAN
BOJOIl OT XA0puaa KaApums u cymman. Iloayuen-
HBII MaTepya IoABepraan AOIIOAHNTEABHOI CyIIIKe
npu temnepatype 110-120°C B xoMOMHMPOBaHHOM
PacIblANTEABHON CYIIMAKE ¥ IT0Ay4aAl TOBapHBIN
IIPOAYKT B BIAE IIMHKOBBIX D€A.

B pabote [9] mepepaboTke moasepraiam OTXO-
ABl IIMHKA B BUJE U3Tapy, IIOAYJYEeHHBIE I10CAe IIVH-
KOBaHMS >KeAe3a I OKUCAEHHBIX OTX0A0B. OTX0AbBI
3arpy>kaAm B pacIilaB DKBUMOABHOV CMeCU XAOPHU-
A0B HaTpysl U Kaams. Jazee AobaBasan Gpropuast
HaTpUsA VAV aAlOMUHUA U BBIAep>KMBaAM paclilaB
npu temneparype 740-790°C B Teuenne 15-30 muH.
ITo mMcTeyeHnm 3agaHHOTO BpeMeHU M3BJA€KaAU Me-
Taaandeckuii IMHK. Onepanuio nopropsan 3-5 pas,
I1oc/e 4ero B pacraas 400asasan 5-10% aaroMuHs
OT Macchl pacrilaBa CoAell U U3BAeKaAl aAlOMOIIVH-
KOBBII criaas. V3 pacriziaBa coAeil U3BAeKaAu OCajioK
OKCIAOB U UHTEPMETAaAAUAOB >Kele3a C aAIOMIHIEM
U IVIHKOM, I10CJ€e 4eTro oIlepallnio IMOBTOpsiAN. B Ka-
gectBe Ppropnaos Aodasasan NaF nan AlF; B koan-
yectBe 10-15% OT Macchl DKBUMMOABHOM CMECU XAO0-
pUAO0B Kaaus 1 Hatpyst. IIpu sToM eanHOBpeMeHHas
3arpyska OTXOAOB IIMHKa OT Macchl pacIilaBa COAell
cocrasasiaa 0,12-0,20. Ilpomecc ocyiiecTBasacs B
O/ZHOM arperare C BBICOKOI ITPOM3BOAMUTEABHOCTBIO.
IImHK 13BA€KaACs He TOABKO U3 MHTEPMEeTaAANAOB,
HO U U3 OTXOA0B IIIHKA.

Astoprr pabotsr [10] coBMecTHOI IaaBKe IOA-
Bepraay M3rapb C MeTaAAMYeCKUM aAlOMIUHUEM.
CyTp crrocoba 3akaiodasach B caedyiomieM. B turae
[1aBUABHOTO arperaTa paclidaBAsAV MeTaAAnde-
CKIIT aAIOMMHMIL, K KOTOPOMY A400aBAsIAU U3rapb
UCXOAs M3 COOTHOIIEHMS Mai:Miyapy=1:(4+5). Ha
ITOBEPXHOCTh pacIldaBa 3achIIaloT (3aAMBaioT) (PAIoC
¢ TeMInepaTypoi naasaeHus, Ha 210-280°C mpesnI-
IIaIoIell TeMIlepaTypy IlAaBAeHMs IjMHKa. Pacxoa
(¢aroca ocyriecTBAAIOT U3 pacdyeTa CO3JaHUS CAOS
Toaimuuaon 0,2-0,3 oT BBICOTBI THUTASL. BBOA miblae-
BUAHON (QpaKkuy MU3Tapy LMHKA OCYIIEeCTBASIOT
IIOCPeACTBOM ee 3aMeIlBaHIs BO PAIOC IIPU TeMIIe-
patype 720-760°C. Ilo mepe 3aroaneHusi pabodero
IIPOCTPAHCTBA TUTASI METaAANIEeCKUM U (PAIOCOBBIM
pacriaaBaMu TemIlepatypy cHipkaior 4o 430-500°C.
Jaaee nposoasaT orcramsaHue B TedeHme 0,4-12 u.
Ilepea orcramBanmeM BO (PAIOC 3arpy>KaiOT HOPIIIO
aAIOMVHIEBON CTPY>KKM 13 pacdera 1+3% OT Macch
MeTaAAMIecKOro paciilasa C 11eAbI0 CHUPKEHI OCTa-
TOYHOTO COoAep>KaHMs IUHKa Bo ¢aioce. Ilpu sTom
ITOBBIIITIAETCS BEIXOZ Y KA9eCTBO I101y9aeMOro IIMHKa,
CHIDKAIOTCS 3aTpaThl Ha OCYIIIeCTBAeHNe IIpoliecca.

VnrepecHsIM IIpeACTaBAseTCs CIOCO0, pa3pado-



TaHHBIN aBTOpamu padots [11]. ITo ganHOMYy crioco-
Oy 3arpy3Ky M3rapi OCyIIecTBAAIOT B pabOUyIo KaMe-
Py, TAe Harpes U I141aBAeHle U3TapU IIMHKa IIPOBOAST
B CpeJe 3alllUTHOIO Ta3a IIpy TeMIlepaType padoueil
kameps 430-450°C B Teuenne 1,4-1,6 u. [Ipu 5TOM BBI-
xozsmue u3 pabodeil KaMephl I1e9y IIPOAYKTEI CTO-
paHus pa3daBAsSIOT BTOPUYHEIM BO3AYXOM U PETyAN-
PYIOT ux o180 Tsroi. [Toaydaemblit MeTaAAMdecKUin
IMHK pa3dAMBaloT B M3A0KHUIBL. Criocod ocytmecT-
BASIOT Ha YCTaHOBKe, CXeMa KOTOPOI ITpejcTaBaeHa
Ha pucyHke 1.

Ycranoska cogepxxut xopmyc (1) co chbeMHBIM
cBogoM (2). Harpesateanb ycraHaBAMBaeTCs 04, Ha-
KAOHOM B KOPITyCce C BO3MOKHOCTBIO BpallleHUs OT
9AEKTpoIpusosa (4), KOTOpPHI pacrioaaraeTcs B OT-
BepcTrm paboderl KaMephl CO ChbeMHOI KPBIIIKOIL.
CpbeMHBIN CBOA AOTIOAHUTEABHO COAEPKUT ABIMO-
ByIO TpyOy (7) C yCTaHOBAEHHBIMN B HeJl COILAaMU
(9) BTOpMYHOTO BO3AyXa U YCTPOVICTBOM PeryaAmpo-
BaHusA TArN. CheMHasl KphIIliKa pabodeir Kamepsr (3)
cHabxeHa Tepmomnapoii (12) u Tpybxoit a4as ogaun
saruTHOTO Tasa (13). Criocod mo3BoAsieT MOBBICUTH
YUCTOTY BBHIIIAaBASEMOTO M3 M3rapy IIMHKa, IPOU3-
BOAMTEABHOCTb YCTAaHOBKM, CHU3UTh DHEpreTuIecKe
3aTparsl, 1 0OecriedrBaeT TEXHNIECKYIO 1 DKOA0TIde-
CKYIO 0e30I1acHOCTb IIPU DKCIIAyaTallyl yCTaHOBKIA.

AspTOpHEI pabors! [12] maaBuan nsrapp o4 CA0-
eM pacIiaaBAeHHOTO (paioca rpu Temmeparype 420-
460°C. C 11€4bI0 IIOBBIIIIEHMS M3BACUEHIS IIMMHKA U
obecrieueHnsT BO3MOKHOCTM IIOBTOPHOIO MCIIOAD-
30BaHM (PAIOCAa aBTOPHI MICIIOAB30BAAV XAOPUCTHIN
uyHK. OTpaOOTaHHEI pacIidaB XAOPUCTOTO ILIVHKA
YAQASIOT C TIOBEPXHOCTYU LIMHKOBOM BaHHBI, PacTBO-
PAIOT B BOJE, BBIACASIOT OKMCABI ITMHKA, a PacTBOpP
XAOPUCTOTO IMHKA YIIapMBalOT U HAIIpaBAAIOT Ha
1AaBKy.

AHaZOTMYHBIN CIIOCOO IIAaBKU M3Tapu IIpU
temneparype 540-560°C ompobosan B pabote [13].
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PacniaaBaeHHBIN IIMHK pa3AMBaAN B IYIIKM U BO3-
Bpaljaall B TEXHOAOIMIO ropstyero uHkosadms. [1o
AAHHOMY CIIOCOOY M3raph IVHKA, II0Ay9aeMyIO Ha I10-
BEpPXHOCTH pacli/aBa [VHKa B IIPOIiecce IIMHKOBaHILI
MeTaAAMIeCKUX U3AeANI, CHUMAaAU M OXAaKAAAUL.
Ilepea mcrioAb3oBaHNEM M3rapU ee COPTUPOBaAN, U
nocae orgeaenus Kyckos (50-300 MM) ux 3arpy>kaau
B TUTeAb B KoandecTse 450-460 kxr. Turean ¢ narapnio
B3BeIINBaAM U CTaBMAM Ha M3/A0KHUITY KBadpaTHO
¢opmbl, TIOCAEe Uero ycraHaBAMBAANM B DAEKTpUUe-
cKylo neus. [Tocae Harpesa nsrapu 40 3a4aHHOM TEM-
Iepatypsl Ieds oTKA049aan. [1o mepe Harpesa, Haun-
Hasl C TeMIlepaTyphl IAaBAeHus 1nHKa (419°C), 1imHK
BBITIABASIACS 3 U3Tapy U CTeKaa dyepe3 OTBepCTue B
TUTAe B U3AOXKHMUIYY. VI3raph BEIAep>KMBaAU B €4l
(3-4 yaca). OcraTku usrapu IIMHKa B TUTIAe CKAaAU-
poBaaM, a MOAy4eHHbIe CAUTKU IIMHKA B3BEINNBAA,
aHaAM3MpPOBaAl Ha coJeprKaHuUe >Kele3a U VICIIOAb-
30BaAM BMECTO ITOKYITHOTO ITMHKa Ha y4JacTKe Iops-
gero nuHKoBaH:L. I1o ganHOMY criocoby addexr a0-
CTUTAACS 3a CUeT OTCeKaHMsI IIMHKA, BBII1AaBAsIeMOTO
u3 usrapu, npu temnepatype 540-560°C, xoropas
Oblaa HIDKe TeMIlepaTyphbl I1aBAeHNs MHTepMeTaal-
AVMIECKVX COeAVIHEHMI Kele3a (TrapTLMHKa), C BBICO-
KIM COJep>KaHMeM B HIX >Ke/le3a.

K obmum HegocTaTKaM pacCMOTPEHHBIX CITOCO-
0B MO>KHO OTHECTI:

- TPYAOEMKOCTb  BBIJEAEHMsI  MeTaAANdecKOl
¢paxunm, obpasosaHme GOABIIOro 0ObeMa CTOYHBIX
BOJ, TPpeOyIOINX AOTOAHUTEABHON OYMCTKM M yIIa-
PpMBaHUS A5 IOAYIEHISI XA0PHUAA LIVMHKa;

- DHepTeTMYecKyie 3aTpaThl, CBA3aHHBIE C VICITOAb-
30BaHIEM AOIIOAHUTEABHOTO OOOPYAOBaHNs, YBeAN-
JeHMe ITaTa padodero mepcoHada. OpraHmsanyist
AOTIOAHUTEABHOTO y4JacTKa AAs IepepaOOTKU M3Ta-
pU LIMHKa;

- HeOOXOAUMOCTL B AOIOAHUTEABHOM TpaHC-
IIOPTHOM OOOpPYAOBaHMU AASA TIePEeMEeIIeHUs XKUA-
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1 - Kopnyc, 2 — cbeMHbI cBOA, 3 — paboyas Kamepa, 4 — 3NEeKTPONPUBOA, 5 — TopLLEeBan KpbiLKa, 6 — CKob6bI,
7 — AbiMmoBasA Tpy6a, 8 — NOBOPOTHaA 3aCNOHKA, 9 — conna, 10 — noawUnHKK, 11 — KpblwKa, 12 — Tepmonapa,
13 - Tpy6a c razom, 14 — BbITAXKHOM 30HT

PucyHoK 1 — YcTaHOBKa anA nepepaboTku usrapm




B Tpygabl yHuBepcuteta N3 (84) - 2021

KOrO MeTaAJla B TeXHOAOTMYECKYIO BaHHY TOpPsYero
LIMTHKOBaHULS;

- AOTIOAHUTEABHbIE 3aTpaThl Ha yIlapyBaHue pac-
TBOPa XAOPUCTOTO IMHKA;

- AOPOTOBM3Ha HEKOTOPHIX peareHTOB, MCII0Ab3Y-
€MBIX TP ITepepabOTKe U3rapu.

Hamnboaee sdpPpexTusHbIM ABASIeTCS CIIOCOD pas-
AeAeHNs MeTaAAMdecKoil M OKCUAHON YacTu uarapu
C OTAeABHOII IlepepaboTKO KaXKA0iT 13 HuX [6]. Me-
TaAAMIEeCcKyIO 4acTbh IAaBAT B MHAYKIIMOHHOM Ie4n
104, C10€M XAOPUCTOTO aMMOHMS U APEBECHOTO YT A.
M3 meTaaamdeckoil 4yacTu MOAYy4YalOT MeTaadaude-
CKIII ITMHK cocTaBa, %: 95,9 Zn; 1,54 Pb; 0,9 Fe; 0,4 Cu.

OkcngHyI0 9acTh M3rapM IOABEPTalOT OOXKUTY
rpu 800-900°C u 1moay4aroT OKCuA IIMHKA, KOTOPbINA
UCIIOAB3yeTCsA AAsl HNpUroToBAeHMs: Oeama. Hepo-
CTaTKM criocoba: TPYAHOCTb pasdjeAeHIs] MeTaAAl-
YeCcKOl M HeMeTaAAUdeCKOI OKCUAHOI c])paKuI/m; B
MeTaAAMdecKIX KOpOAbKax IJMHKA OCTaeTCsl OKCUJ,
LIMHKa, YTO CUABHO YXyAlllaeT KayecTBO IT0AyJaeMbIX
LIMHKOBBIX OeAnA.

Kax mokasbIBaeT aHaAmu3, M3BECTHBIE CIIOCOOBI
repepadOTKM M3rapu XapaKTepu3yIoTcs: OOABITMMU
DHepreTMYECKMMI U MaTepMaAbHBIMIU 3aTpaTaMl,
MCIIOAB30BaHMEM JOporocrosimmx peareHtos. He
oOecrieunBaeTCs BBICOKOE M3BAedeHle IMHKa ¥ KOM-
T11€KCHOCTD MCIOAb30BaHMs ChIPbs (13rapu). Borpo-
Chl IIepepabOTKM HeMeTaAAMIeCKON 4acTU U3Tapu
OCTaIOTCsl OTKPBITBIMI.

Ilpn mepepaborke marapy GoAbIIOe 3HaueHUE
MMeeT IIOBeJeHle IpuMeceli, IMPUCYTCTBYIOIINUX B
nsrapu. [IpuHnunmaarHoe 3HaueHNe MMeeT u3yue-
HIIe TIOBEAEHII CBUHIIA, BBUAY BBICOKOTO 40 1% ero
cogep>KaHMsl B M3TapHM, KOTOPBIM OKa3blBaeT Cyllle-
CTBEHHOe BAMsAHME Ha KaueCTBO I10Ay4aeMOTo IIMHKa.

Pesyaprater pabor 1o mepepaOoTke usrapwu,
MOABEPTHYTBIX aHaAM3y, He Aal0T OA4HO3HAYHOM Kap-
THUHBI 110 YAaAeHUIO cBMHIIa. HeT gaHHBIX TTO MUHU-
MU3UPOBaHUIO COAep>KaHUsA CBUHIIA B MeTaAAU3U-
pOBaHHON U HeMeTaAAndeckol yactu usrapu. He
nccaeA0BaHbl POPMBI HaXOXKAEHNA LMHKA, CBUHIIA
U APYTUX MeTaAAOB-TIpMMecell B OKCUAHO-MeTaA-
AM3VPOBAHHBIX pacillaBaX, COCTaBAAIOIIUX OCHOBY
nsrapn. OcTaloTcsi OTKPBITBIMU BOITPOCH Me€XaHMU3Ma
pacrpeseaeHus CBUHIA MeXAY HPOAYKTaMMU I1AaBKI
MeTaAAM4IecKoil YacT! U IepepaboTKM HeMeTaAAMN-
YeCKOI YaCTU U3Tapu.

Tem He MeHee, pe3yAbTaThl IIPOBEJEHHOIO aHa-
AM3a TI03BOASIOT CcAelaTh cAelyloljue BaskKHble AAs
IIPaKTVK! BEIBOADI, @ IMEHHO:

1) mpu opranmsanuy BbICOKOD(PPEKTUBHON TeX-
HO/0TUM ITepepabOoTKM OTXOAO0B IIpoliecca Topa4ero

LIIMHKOBaHUA (U3TapM) M HEKOHAMIIMIOHHBIX ITMHK-,
CBUHELICOJep>KalllX OTXOAO0B ILIBETHONM MeETaAAyp-
M1 BHayade HeoOXOAMMO IIPOBOAUTH IIpejBapu-
TeAbHOE pa3jeleHre MeTalANdecKol U HeMeTaAAu-
YeCKOI 4acTu U3rapu.

2) HeoOXOAUMO IIpeAycMaTpUBaTh pa3AeAbHYIO
IepepaboOTKy MeTaAANJecKO U HeMeTaAAUIecKON
YacTy U3rapy ¢ IOAy4YeHMeM TOBaPHBIX IIPOAYKTOB —
MeTaAAMYeCKOTO [IHKA BBICOKOTO KayeCTBa U YMCTO-
IO IIOPOIIIKA OKCUAA LIMHKA, He COAe P Kalllero CBMHIIa
B BIi4e MIHEpPaAbHBIX 400aBOK 445 KMBOTHOBOACTBA.

Hamnbozee repcrieKTUBHBIM, Ha HaIIl B3rAs4, A4
IepepabOTKM MeTaAAMYeCcKOil J4acTu M3rapy IIpea-
CTaBAfETCA IIAaBKa C MCIOAL30BaHUEM XAOpuAa
aMMOHNs, a A4S HEeMeTaAANYEeCKOV 4JacTU HU3KO-
TeMIIepaTypHBII OOXUT ¢ A0DaBAeHNEM XAOPUAOB
KaAbLIVs ¥ aMMOHIUSL.

PesyabTaThl IpegBapUTEeAbLHBIX ITOVICKOBBIX OITBI-
TOB OKa3aAu IPUHIUINAABHYIO BO3MOXKHOCTD OCY-
IIECTBACHUS IIPEAAOKEHHBIX PeIleHUNl C MoAyde-
HIEM MeTaAANYeCKOIO IMHKa BLICOKOTO KayecTBa U
YIICTOTO IIOPOIIKa OKCHAA IIMHKA, coAep KaIero %
macc: 73 Zn; 0.02 Pb; 0.5 Fe; 0.04 Cu; 0.001 Cd; 0.005
As; 0.005 Sb; 0.007 Sn.

IIposeaenHslll aHaAU3 U IIOAY4eHHbIe Ipe/Ba-
puTeAbHbIE PE3yAbTAThI IIO3BOASLIOT IIOCTPOUTDH KOH-
LIeNTyaAbHYIO cxeMy OOIllell TeXHOAOTUM Ilepepa-
OOTKI U3Tapu, KOTOpas IpejcTaBieHa Ha pUCyHKe 2.

BeiBoabr:

1. Ha ocHOBaHUM CpaBHUTEALHOTO aHaAmu3a Cy-
IIIECTBYIOLINX CIIOCOOOB IIO IIepepadOTKe M3rapu,
10Ay4JaeMOIi ITocAe OIIMHKOBaHMs U3AeAUI yCTaHOB-
A€HO, U4TO B HACTOsIIIIee BpeMsI HEeT BHICOKOD(PPEKTUB-
HOV TexHoAorum ee nepepaborkm. IlokaszaHo, uTO
CIIOCOOBI TIepepaloTKM M3rapy, UCIIOAb3yeMble Ha
IpaKkTUKe, pellaloT AUITh A0KaAbHYIO 3ajady — BO3-
BpaT IJMHKa B IIPOIlecC OIMHKOBaHN.

2. Ilokaszano, uto HanboAee 3PPEeKTUBHBIM CIIO-
coOoM nepepabOTKI U3TapU ABASETCA pa3ieleHle ee
MeTaAANYeCKON YacTu OT HeMeTaAANIeCKOM JacTu C
JAaAbHeNIIen pa3aeAbHoOn HepepaGOTKoﬁ Ka>kA01 13
HIIX C IOAYYEeHNEeM TOBapHBIX IIPOAYKTOB — MeTaAAN-
YeCKOTO ITMHKAa BRICOKOTO KauyecTBa U YMCTOTO OKCUAA
IIMHKa, IPUTOAHOTO AAsl MICIIOAb30BaHMs B KauecTBe
MIHepPaAbHBIX 400aBOK B KOPM A5 KMBOTHBIX.

3. IlpeaaoxeHa KoHIleNTyalbHas cxema Ilepe-
paboTKM M3Tapy, IpeAycMaTpyBaIoNias BBICOKOD(]-
(exTUBHOE KOMIIAEKCHOE pellleHne BOoIpoca C II0-
AydeHVeM TOBapHBIX IIPOAYKTOB IIPY MUHMMa/AbHBIX
3aTpaTtax C UCII0Ab30BaHUEM XAOPUPYIOIIeil IAaBKU
u oOKura.

Vccaedosarius nposoduruco 6 pamax panmosozo punaricuposarus Komumema nayxu Munucmepcmesa 00pasosa-
nus u nayxu Pecnyoauwu Kasaxcman na 2021-2023 20061 no npuopumemtomy nanpasienuto «Payuonarotoe ucnoro-
306atiue nPUpPoOHLLX Pecypcos, 6 HOM HUCAE 600HDLX PECYPCOs, 280021, nepepadomKi, HOGbLX MAMEPUAAOE U HEXHOAO-
2uil, Oesonactolx usdeAuti u Koncmpyxuyuti» npoexma Noe AP09058297 «Paspabomica 10601l 0e30mx00HO1L MEeXHOA0ZUU
YMUAUSAYUY 011X0006 20PHe20 OUUHKOBAHUSL C KOMNACKCHBIM US6ACUCHUCM UeHHDLX KOMHIOHEHIO06».
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PUcyHOK 2 — KoHuenTyasbHasA cxema TeXHO/I0rMu nepepaboTku usrapm
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*aemop-KoppecrnoHOeHm.

AHOamna. bacmanKbl Wukizammel pecypcmaposbl yHemoeymeH moifbi3 balinaHbicmarsl Kandblkmapobl Kalima eHoey
macesnenepi MaHbi30bl #aHe e3eKkmi 606im Mmabblaadsl. byn Hymeicma KapacmolpblaraH eHimoep MeH mamepuar-
0apOobi, bicmbiK Kylioe MbipblmayoaH WeIKKAH Kaa0bikmaposl, aman alimKaHoa, Mblpbiw KyaiH Kalima eHoey mace-
nenepi 0e MaHbI30bI. Hymbicma xcypaidineeH Mmbipbiw KyaiH eHoey adicmepiH masnday mexHUKasbik adebuemmepoe
b6ap adicmepdiH #emkinikmi 0apercede muiMmoi emecmieiH ¥aHe HAKMbl 6HOIpicmik #cardalinapra balinaHeicmesi 0a-
MbIFGHObIFbIH Kepcemmi. COFaH KapamacmaH, oa1apobi Kalima eHOeyoiH ymbiMObl MeXHOs02UACbIHbIH 60AMaybIHA
6alinaHbicmsl KacinopblHOapObiH KOUManapbiHOAFbl Kan0bIKmapoblH ecyi MeH ¥UHAKMAAFaH Keaemi HaHa wewim-
dep MmeH macindepdi i30eydi Kaxem emeodi. KondaHeicmarsl adicmepoiH, canbicmsipmassl manadaybl KepcemreHoel,
Hezi3iHeH 6apsbiK adicmep memeH Canasabl MbIpblW AAYFA HIHE OHbI Mblpblmay npoyeciHoe Kalimanan KonoaHy
npoyecmepimeH wexkmeneoi. byn meipbiw aliHaAbIMbI KOCNAAapObIH XUHAKMany Ke3i 60a6in mabbiaadsl. COHbIMEH
Kamap, adicmepoiH ewKalicbiCbl KOPFACLIH MEH memip CUAKMbI KOCrnanapoblH MiHe3-KyaKbIHa epekuie Hasap ayoap-
Ma0bl, OHbIH KYPAMbIHOA Kys10iH Ker Mesauwepi anbiHFaH MblpbluMblH CanacsiH aHbIKkmalioel. Kyndi eHOeyOiH eH muimoi
macini — oHbIH MemasnobiK benieiH 6elimemandaH anodsiHana 6eay, onapobiH dpKalicbicbiH 00aH api mayerncis, benex
B6HOeYMeH My3e2e acbipblaamblHObIF6I KepceminaeH. Man a3eifbiHa MUHepandsl Kocnanap pemiHoe nalidanaHyra #a-
PaMObI ¥OFAPbI Canasbl Memassa Mblpbil neH KOPFACbIHCHI3 MbIPbIW OKCUOIH WbFapyMeH Mblpbiul KysiH Kalima eHoey-
OiH MyX*(bipbIMOAMAsIbIK CXeMACbI Hacasobl.

Kinm ce3dep: mbipbiuumay, Mbipbi Kysi, Mblpbl, Mbipblul OKCUOI, X10pAbl Kanbyull, Xa0pAb1 AMMOHUL, KOPFACHIH,
memip.
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Abstract. Waste processing issues, closely related to the resource conservation of primary raw materials, attract special
attention and become more urgent. The issues of processing waste products from hot-dip galvanizing of products and
materials, in particular, ash, considered in this work, are no exception. The analysis of the methods for processing ash,
carried out in the work, showed that the methods available in the technical literature are not effective enough and are
developed in relation to specific production conditions. Nevertheless, the growth and accumulated volumes of waste in
the warehouses of enterprises, due to the lack of rational technology for their processing, require the search for new
solutions and approaches. Comparative analysis of the existing methods shows that basically, all methods are reduced to
the production of low quality metal zinc and its secondary use in the galvanizing process. This zinc turnover is a source of
impurity accumulation. In addition, none of the methods paid special attention to the behavior of impurities such as lead
and iron, the high content of which in the ash largely determines the quality of the resulting zinc. It has been shown that
the most effective way of processing the ash is the preliminary separation of its metallic part from the non-metallic one
with further independent, separate processing of each of them. A conceptual scheme for the processing of ashes with
the production of high quality metal zinc and pure lead-free zinc oxide, suitable for use as mineral additives in animal
feed, has been developed.

Keywords: galvanizing, ash, zinc, zinc oxide, calcium chloride, ammonium chloride, lead, iron.
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AHHOmMayus. PaccmompeHsl ocobeHHocmu 2eosa02uu, Mazmamusma u pyo0oobpazosaHus 3010mopyo0HO020 Mmecmo-
poxoeHUA bakbipyuK, OMHOCUMO20 60AbWUHCMBOM A8MOPOB K KPYMHbIM MECMOPOHOEHUAM Me30mMepmMasabHO20
muna 8 YepHocaHyesbix 0bpazosaHusax. MecmopoxcdeHue pacrnonoxceHo 8 3anadHoli Kanbe 8 BocmoyHom Kasax-
cmaHe. Bce uzsecmHole Ha meppumopuu 3anadHol Kanbbl 2e01020-npomMbiuieHHbIE MUrlbl 30/10Mo20 0pyOeHeHUs
1o npuopumemHocmu 0eaamcsa Ha Mpu 2pyrnne.l: Nepeas — 3010mMo-cysnbghUOHbIe MPOXUAKO80-8KPArAEHHbIE 8 Yep-
HbIx caaHuax (6akbipYuKckuli mur); danee — 3010MO-CysbPUOHO-KBAPUEBbIE HU/bHbIE U MPOHCUAKOBO-H UMbHbIE
(AKkxcan, KyaydxcyH, CeHmaw u 0p.) U WMOKBEepPKoBble MECMOPOROEHUS C NMPOHCUAKOBO-8KPANAeHHOU CynbgpudHol

MuHepanu3ayuel (banadxcan, Axcymba u 0p.). Haubosee nepcnekmugHslli, HO, HECMOMPA Ha MHo2ue 200bI U3y4e-
HUS, Hedou3y4YeHHsblil yposeHb rnpedcmasseH bakbIpYUKCKUM pyOHbIM palioHOM. Pe2uoHanbHAs no3uyusa pyoHo20
rnona onpeoesansaemcs npuypo4YeHHOCMbIo e20 K CmpyKmypam 8 rnaseonpo2ubax KaneodoHCKo20 (hyHOAMeHmMa CybKOH-
MUHEeHManbHo20 MuIaA ¢ Npomexcymo4Hol 3emHol Kopol. Lieab cmameu — ycmaHo8ume 83aUMoC8a3b CMpyKmyp-
Holi no3uyuu u 8o30elicmaus cKpbimol UHMPY3UU HA hOPMUPOBAHUE OPYOEHEHUA MecmopoxOeHUl baKbipYUKCKO-
20 pyOHO20 0oA.

Knroveeble cnoea: Mmazmamu3m, MeKMOHUKA, 3070mMo-cybguoHble pydel, 3anadHas Kaaba, cmpamoyposHuU.




Paspen «[eotexHonoruu. besonacHocTb Xn3HeaeaTenbHocT» M

BBeaenune

3anagno-Kaz0uHckas MeTaaa0reHnIecKas 30Ha
B Bocrounom Kasaxcrane cpopmumposasach B I1OCT-
KOAAU3MOHHOE BpeM:i (IT034HNUI I1aA1e03011) U IPOTsi-
TMBaeTCs B IT0AOCHI CeBePO-3aIllagHOTO MPOCTUPAHNS
COr4acHO OCHOBHBIM CTPYKTypaM 3aiiCaHCKON CKAal-
gaToit cucremsl (pucynok 1). Ilo reodusmueckum
aanapiM  (B.H. AwobGenikuit, I'I1. Haxturaan), oHa
IIOACTMAAETCSI acTeHOC(PEpPHBIM BaAOM, BDIIUIIEHTP
KOTOPOTO COOTBETCTBYeT MIAAMHCKOMY TTOAHATHUIO —
AndepeHIPOBaHHON T1aA1€0ByAKaHIUeCKOl AyTe,
YEeTKO BBIPa>KEHHOI B IpaBUTAI[VIOHHBIX TOASX.

3amaano-Kaabunckass 30Ha — 3040TOHOCHAas

CTPYKTypa MHOTOCTYIIEHYaTOTO Pa3BUTHUS C OPUIU-
Ha/ABHOV KOMOUHAaIueln pyAOIOATOTOBUTEALHBIX I
pyaodopmupyrommx ¢axTopos. BrigeseHs ocHOB-
HBle 9Tansl ee popmuposanus 8o spemennt: 1) Ci,
C, — rocrioacTByeT MpuOpPeXXHO-MOpPCKas U AeAbTO-
Bas ceAMMeHTaIus1, 0OpasoBaHNe OOITUPHBIX O]

AOHOPCKOI yIAepOANUCTO-TeppPUIeHHOI (popMaIium
(apxaabikckast, Oykonbckast csuthl); 2) C,; — uMeer
MecTo MeTaMOp(pu3M, IMOKPOBHO-CKAaAdaThle IIpe-
oOpa3oBaHNs, A0KaAM3aIMs 30H CMATHS U DKPaHOB,
peIoBIHAI TepBUYIHOTO 3040Ta; 3) C; — Haba104a-
ercst GpAIOMAHO-MarMaTOreHHas aKTMBHOCTD (KyHYIII-
CKIII KOMILAEKC), IMAPOTepMaAbHBII MeTacoMaTo3
U KOHILEHTPUPOBAHHOE OpYyAeHeHUe IIPOXKMAKO-
BO-BKPAILA€HHOTIO, JKMABHOTO U IITOKBEPKOBOTO TH-
IIOB KaK pe3yAbTaT KOAAM3MOHHO-aKKPEI[VOHHBIX
rporieccos [1-3]. Dtu nporeccsr mpuseaun K Gpopmu-
POBaHUIO YHUKAABHOM IO HAOOPy MeCTOPOKAEHUIA
U 3aIlacaM 30HBI, B KOTOPOIl CcOCpeAO0TodeHO Ooaee
250 MecTopOXXAeHMIT 3040Ta.

I'eoaormyeckasi mo3sMuust MeCTOPOXAEHWsI
bakprpunk

Mecropoxxaenne bakpIipunk pacroaokeHo Ha
ceBepo-3amaje LeHTPaAbHOV YacTu Kaa0nuuckoin

"—1“‘“"
Tee— . % W
N e W

1-2 — 30HbI NOCTPUPTOBbIX KONNU3MIE 6NOKOB: 1 — cumaTuueckux (3anagHo-KanbuHCKMIA 3010TOPYAHDIN YINEePOAUCTO-
TeppuUreHHbl nosc), 2 — cuannueckux (Kanba-HapbiMcKuii TaHTaN0BO-BONbPPamMO-010BAHHbBIM NOAC), 3 — 30Ha
TEKTOHM3UPOBAHHbIX 0pMOANTOB YapcKoro no3aHeAeBOHCKOro pudTa, 4 — 30Ha sIHcUanuueckux ayr (Xapma-Caypckuii
30/10TO-MeAHO-HUKeNeBO-peaKoMeTaIbHbIA NOAC), 5-6 — 30HbI SIHCUMATUUECKUX AYr: 5 — paHHeW, D;-D, u 6 — no3gHeit, D,-D;
(PyaHo-AnTaiickuMii NONMMeETaNINYeCcKmnii NOAC) CTaamid; 7-8 — KaneAOHCKUe CKAaguaTble cuctembl: 7 — YuHrus-Tapbarataickas
(30HbI 3HCMMATUUYECKUX OCTPOBHbIX AYr paHHel, C;-0, (a) n no3gHei, O, ., (6) ctaguit), 8 — lopHo-AnTaiickas (naccuBHan
KOHTUHEHTaNbHAaA OKpauHa); 9-12 — cTpyKTypbl 3anagHo-KanbuHckoro 3on0TopyaHoro nosca: 9 — o6naactu rmbibosbix (a) u
KOHCEeAUMEHTALMOHHbIX PAHHEOPOreHHbIX (6) noaHATMI, 10 — Npornbbi: a — oporeHHble MONACCOBbIE (C peAyLMPOBaHHbIM
BY/IKAHU3MOM), 6 — By/IKaHOreHHO-Mo1accoBble; 11 — ynbTpabasuTbl; 12 — HaN0XKEHHble KOHTUHEHTaNbHbIE BYIKAHO-
TEKTOHMYECKUE COOPYKEHUA KUMMepUUCKoro pudroreHesa; 13 — rybuHHbIe pa3nombl; 14 — CKpbITbie Cy6LlLIMPOTHbIE
pa3nombl pyHAAMEHTa repunHug; 15 — UpTbilicKas 30Ha cmATUA; 16 — Me3030M-KaMHO301CKMUE OTNI0KEHUS;

17 — 30noTOpyAHbIE MECTOPOXKAEHUA B YI/1I€POAUCTO-TEpPUreHHbIX Tonwax: 1 — bantemup, 2 — bangbikonb, 3 — Kemnup,

4 — Anumber, 5 — ¥aHaH, 6 — Mupask, 7 — Cyspaanbckoe, 8 — MyKyp, 9 — Mykyp BoctouHbiit, 10 — Kegeit, 11 — Musanbl,

12 - CeHTaw, 13 — Bacunbesckoe, 14 — banaxan, 15 — [ix3kymb6a, 16 — KynyakyH

PucyHoK 1 — MonoxeHne mectoporKaeHuii BakbIPYMKCKOI rpynnbl B CTPYKTYpax 3alCaHCKOM repLUHCKOM
CKnaguatoun cuctembl (Atnac, 2012 r.)




B Tpygabl yHuBepcuteta N3 (84) - 2021

CTPYKTypHO-(aIaabHON 30HBI 3aiiCAaHCKOW CKAaj-
gaToi cuctemsl (pucyHok 1). Ono obpasyer eamHoe
bBakbIpunKckoe pygHOe II04e, BKAIOYasl CpejHue U
MeJKIe MEeCTOPOXKAEHNUA U pyA0posiBAeHms KbI3bI-
ZI0BCKOI1 30HBI 11 €€ OIlePeHIIL.

INoa KbI3p110BCKOVI 30HOT ITOHMMAETCS CAOXKHAs
AAUTEABHO >KUBYIIas CTPYKTYpa, pa3BMBalOIIascs
B OOPTOBOII YacTU MYAbABI Ha I'paHUIIE OTAOXKEHUI
apKaABIKCKOII M OYKOHBCKOI CBMUT ¥ BMeIIaIoIias
Jalikil ¥ opyJeHeHMe. B coBpeMeHHOM IipeAcTaB/e-
HII Te0A0TM4YecKoe CTpOeHNe 0caJ0dHOTO paspesa B
rpejeaax OaKbIPUYMKCKOTO PYAHOTO IIOAS IIPeACTaB-
AsteTcs TakuM oOpaszoM. OcHOBaHIE pazpesda caaraer
TO/INA TEeMHBIX (PUAAUTUSMPOBAHHBIX IIEAUTOAN-
ToB (D;bmy,). Brrmre coraacHo 3aseraioT ByAKaHOT€H-
HO-KPEMHIICTBIE OTAOXeHMs (KapaDalicKas CBUTa
D;-C,). V3BeCTHSIKOBO-IIE AMTOANTOBASI TOAIIIA, MOIII-
HOCTBIO 40 750 M (apkaabikckast ceuta Ciar) coraacHo
IIepeKphIBaeT BYAKaHOT€HHO-KPEMHIUCTBIE OTAOXKe-
HIS KapaOaiiCKOI CBUTHL. 3aBepIIaloT pa3pes3 OTAO0-
>keHMs1 OykoHbCKOT cBUTHI (C,.3 bk), mpeacTaBaeHHOI
PUTMIYHLIM IIepecJalBaHNeM BY/KaHOTEHHBIX IIec-
YaHUKOB U aAeBPOANTOB [4-6].

XapakTepmcTHKa MarMaTu4eCcKmx
oOpa3oBaHMIT

B TeueHnne ganreapHOTO Nnepuoja mccaeA0BaHMINA
3anagnas Kaaba canrazacs amarMaTaHO CTPYKTY-
POIt, I MECTOPOKAEHI s 3010Ta HUKaK He CBA3bIBaAN
C MarmMaTusMoM. B mocaeaHee BpeMs Mo pesyabTa-
TaM reo(pU3NMIECKIX VICCAeA0BaHMII ObLIO YCTaHOBe-
HO, YTO 34€Ch IIMPOKO IMPOsBAEHb MarMaTudecKue
Iporiecce [7], IapareHeTH4YecKy CBA3aHHBIE C POp-
MIpOBaHIEM MHOTUX KMABHBIX IIOA€V, pa3MelreH-
HBIX B HaJ- ¥ OKOAOMHTPY3MBHBIX 30Hax (Kymba, Ky-

AyAXyH, Aaiiapl, CeHTalll) MAU HEIOCPeACTBEHHO B
npeJeaax BBICTYIIOB MaAbIX MacCHBOB IPaHUTOMUAOB,
rAe OHM IpeACTaBAeHbI 3040TO-Oepe3UTOBBIM MIHe-
paabHpiM TUIOM (Basagsxaa) B KOpHEBOI yacTu pyA-
HOII KOAOHHBI. Takne MecToOpoXXAeHMsl paccpeloTo-
4JeHBbI 110 BCeMY pa3pe3y yraepoANCTO-TePPUTeHHbBIX
00paszoBaHMIl, HO YaIlle BCETO BCTPEYalOTCs Ha YeThI-
pex crpatoyposHsx: Civ,3 (Axkaa, CesepHoe Alra-
apr), Cis; (Cenram, Axxymba, Tepextsr), Cis; (Kyaya-
kyH, Jaiiasl) u C, (Ecrie) (pucyHok 2) [8,9].

Cpean marmMartuToB Hambo/ee IIMPOKOe pac-
poCTpaHeHe MMeIOT MHTPY3MBBI KYHYIIICKO TIa-
O60po-111arMorpaHUTHON  cepul, IIpeACTaBAeHHON
Ma/bIMH TeAaMy aM(PpuOOAN3UPOBaHHBIX TabOpPO-A1-
aba30B, OMOTUTOBBIX TOHAAUTOB U I11aIYIOTPaHUTOB.
ITo meTpoxmMu4eckuM OCOOEHHOCTAM OHM paccMa-
TPMUBAIOTCA KaK BBICOKOHATpMEBbIe MOPOABI TOBbI-
IIIeHHOI TAVHO3eMICTOCTIU ¥ HU3KOI OOIIe I11eA04-
HocTi. KpoMme MHTPY3MBOB KYHYIIICKOTO KOMITA€Kca B
psAde 30A0TOPYAHBIX IIOAEN BhIAeAsleTCsl Tab0po-Au-
OPUTOBBIN AAVIKOBBIVI KOMIIAEKC, CAAraloIuil OTIeT-
AVIBO BBIPa>KeHHEIE I0sICa CeBepO-3allagHOTo M CyO-
IIMPOTHOTO TpocTupanuii. Aas mopos KoMIiaekca
XapaKTepHBbI MOBbIIIeHHble KoHIleHTpauun TiO, (40
2,21%) u P,Os5 (a0 0,89%).

Ilo reopusmyeckum AaHHBIM, B 30He KbI3bL10B-
CKOTO pa3aoMa HeIoCpeACTBeHHO 1104, bakbipumk-
CKIM PYAHBIM II0A€M HaXOAUTCS MHTPY3UBHBIN
MaccuB  (7X3 KM) radOpoO-A4MOpPUTOB, OTHOCUMBIN
MHOTMMM aBTOpaMM K KOAAU3MOHHBIM TpPaHOAMO-
pUT-TIAarMorpaHnuTaM KyHyIickoro xomraekca (Cs).
AuddepeHnmaTel MHTPY3UBHOIO KOMILAEKCa Ha
baxpipunke pasmelreHpl SIPyCHO: TPaHUTOUAHBIN
ouar 3aeraeT Ha rayoune 3,0-3,5 kM, a AaliKOBEI€e I10-

POABLI A0KaAM3YIOTCSI Ha BEpXHEM TOPU30HTE — B 30HE

96 | PUCYHOK 2 — Pa3mellieHne ManbiX MHTPY3UA U AiaeK KYHYLLICKOro Komnsaekca [bonbwoi Antaii, 1998]
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pyAoHOcHOrO Haasura [3,10].

30HaAbHOCTb 3040TOTO OpPYA€HEeHMs MeCTO-
POXaeHnii bakbpIpUMKCKOTO Py AHOIO I0AsI OTHO-
CUTEeAbHO IAyOMHHOV MHTPY3UM

DHA0TeHHas! 30HaAbHOCTb 30A0TOTO OPYJAeHeH!s
3anagHou KaaObr mposiBasieTcs B BAe AaTepaAbHOM
30HAJABHOCTM (POPMAIVIOHHBIX U TEOXMMUYECKUX
TUIIOB, BEPTUKAABHON YIOPsAOUYE€HHOCTU (paccpe-
AOTOYEHHOCTH) MECTOPOXKAEHUIT OTHOCUTEALHO TAY-
OMHHBIX UHTPY3MBHEIX TeA U BePTUKaAbHON 30HaAb-
HOCT! KOHKPETHBIX PYAHBIX OOBEKTOB (PMUCYHOK 2).
PexkoHcTpynpoBaHHas MesoTepMaabHasl pyAHO-Mar-
MaTHuyeckas KO/JOHHA paccMaTpMBaeMOTO perroHa
AnaniasoHoM 3,0-3,5 KM COCTOUT U3 YeThlpex MHAU-
KaTOPHBIX 30H (PUTMOB), 3aKOHOMEPHO CMEeHSIONINX
APYT ApyTa B HallpaBAeHUH OT KpOBAU UHTPY3UBHOTO
ouara K TnaaeornosepxHoctu. CHI3Y BBepX B KOAOHHe
OTMeYaloTCs CAeAyIollye M3MeHEeHMs: CHIKeHMe
TeMmIlepatyp 00pasoBaHMs IPOAYKTUBHBIX MIHe-
PaAbHBIX acCOIIMAIINIT; CMeHa TPOPUAL OPyAeHEHs
OT PeAKOMETaAAbHOIO U 3040TO-pelKOMeTaAAbHOIO
(TBIAOBasl M NIPOMEXKYTOUHbIE 30HBI) K 3010TOMY U
3040TO-CyPbMAHO-TIOAUMETaAANIeCKOMY (ppon-
TaabHas ¥ HpUQPPOHTAAbHAs 3O0HEI); yBeAUYEHIe
CcyAbPUAHOCT OpPyAeHEeHUs Ha (POHE «CKBO3ZHOIO»
pasBUTHS MUPUT-aPCEHONMPUTOBOM accolalim;
CMeHa KBapIeBOKUALHBIX TUIIOB OPYAEHEHMs CO
CBOOOAHBIM 3040TOM BKpaIlA€HHBIMU pyJaMU CO
CBA3aHHBIM 3010TOM B Cyabpujax; 3aKOHOMepHas
rocAe]0BaTeAbHOCTh IMAPOTEPMAaAbHBIX M3MeHe-
HUII (TypMaAMHU3anusa — Oepe3uTusanys — aprua-
AU3aIus, aAb0UTHU3a1MsA); KOHTpacTHOe yBeAdeHue
MNPOAYKTUBHOCTU 3040TOTO OpyAeHeHMs (KpyIHoe
MectopoxeHne Cy3gaabckoe U OUYeHb KpyITHOe
MeCTOpoXXAeHne bakbIpunK A0KaAM30BaHEL B IIPUQ-
POHTaABHOM ¥ (PPOHTAABHOI 30HAX).

sIpycHas paccpelOTOYeHHOCTh U BepTHKaAbHas
M3MEHYMBOCThL MEeCTOPOXAEHMII paccMaTpUBarOTCs
KaK ITOKasaTeAb MHOTOCTYIIEHYaTOTO, ITOAUTE€HHOTIO
pyAoo0pa3oBaHNsl, BKAIOYAIOIIETO KOHIIEHTPUPO-
BaHHOE IIepeoTAOXKeH!Ue IT0Ae3HBIX KOMIIOHEHTOB C
aKTMBHBIM yJacTUeM B JaHHOM ITpoliecce yIAepoaco-
AeprKaIliux 0calKoB C ITOBBIIIIEHHBIM KAapKOM 30410-
Ta. ' mranTckast KOHIIeHTpalNs 3040Ta B allMKaAbHOM
JacTu KOAOHHH (BakbIpumK) sIBAsSE€TCS UTOTOM AAN-
TeABHOTO (COTHU MAH A€T) pyA000pa3oBaHIsl, MeTal-

CMUCOK JIUTEPATYPbI

OTEHIYECKOI ITPeeMCTBEHHOCTY, KOMOMHUPOBaHIS
HECKOABKIX MCTOYHMKOB 0AaropoAHOro MeTaslla
(mepBMYIHO-0CaA0YHOTO, MeTaMOP(POTEHHOTO, (PAIO-
UAHO-TUAPOTepMaAabHOro). IIpocrpancrsennoe co-
JeTaHe M «B3alMOIIEPexXoAbl» pesKoMeTaAAbHOTO
(Sn, Mo) 1 3010TOTO TUIIOB OpyAeHeHNs1, HabAI0ae-
MEI€e B THL1I0BOVI 30He, pa3MellleHre TaK1uX OObeKTOB B
€AVHOII CICTeMe «MHTPY3UB-HaAVHTPY3UBHasI 30Ha»
CBUAETEALCTBYIOT B ITI0AB3Y X (POPMUPOBAHI IO/
Ipe06.1ajalonuM BO3AEVICTBIIEM MarMaTOreHHO-T-
ApOTepMaAbHOTO MCTOYHMKA.

AHaamn3 TE0AOTMYECKMX ycA0BUiT (GopMUpOBa-
HUSI MECTOpPOXKAeHUsA DBakbIpunK BBIABASET CAOXK-
HYIO UCTOPMIO HaKOILA€HMsI UM KOHIIeHTpallMU 30-
A0Ta B Pydax 3040TO-MBIIIbSIKOBO-YIA€POANCTOTO
Tuna. B raobaapHpx Macmrabax »TO OBLAO BpeMst
sakpeiTust Ilaseoasmarckoro okeana, camsnue Ka-
3axcraHcko-Korpreisckoro mMatepuka ¢ Tapumcknm,
Bocrouno-Espornerickum, Aatae-MOHIOABCKUM
KOHTMHEHTaMH, BO BpeM: KOTOPOIO KOHTPacTHO U
PpasHOOOpa3HO MPOsBUAN ceOs MPOIIeCCHl 3aKAI0UN-
TeABHOTO OpOTeHe3a I IPaHUTOMAHOIO MarMaTu3Ma.
Mssectunl mpeacrasaennst A.®. KopobGeriHukosa,
H.A. ®oreanman, A.I. Mapuenko, A.M. MricHuKa,
B.A. Hapceesa, T.M. XKayTuxosa u 4pyrux mccaeso-
BaTeJeil O CTajUITHOCTH PyA000pa3oBaHMs U ABOII-
CTBEHHOM MCTOYHIKE 3010Ta (CeAVMMEHTHOTO U I0Be-
HIABHOIO) Ha OOBeKTaX OaKBIPUMKCKOTO TUIIA.

B cBasu ¢ TuUM reHesuc 3040TOr0 OpyAeHeHUsI
bakpIpunKa MOXeT paccMaTpMBaThCA KakK pemoldu-
AUSAUUOHHO-2UOPOMEPMAADHBLI NpoLece C TePBUYHBIM
HaKOIIAeHIeM O0Cal0YHO-AMaTeHeTUYIEeCKOTO 3040Ta
B HeAUTU(PUIMPOBAHHEIX OCaiKaX OYKOHBLCKOI CBU-
THI ¥ IOCTYTIA€HMEM TUAPOTePMaAbHBLIX pacTBOPOB C
IOBEeHNABHBIM 3010TOM MarMaTU4eCKOTO MCTOYHIUKA,
Ilepepaciipe/eeHrieM 1 KOHIIeHTpanyen 01aropoa-
HOTO MeTalla B TepMOaHOMaAbHBIX 30HaX. Takoil
Ipoliecc py4000pas3osaHms CO CTaJAMITHON KOHIIeH-
Tpaumeln 3040Ta ClIOCOOCTBOBAA, BEPOSITHO, (POPMI-
POBaHUIO KPYITHBIX 3010TOPYAHBIX MECTOPOKAEHUI
B Y€PHOCAAHIIEBBIX TOAIIIAX, YTO COrAacyeTcs C Ipea-
CTaBACHUSIMU APYTUX MccaedoBaTeaeir [9]. B aaan-
HelIlleM B IIepMIU U Me3030€ PyAbl MeCTOPOKAEHI
bakpIpunk, XKak M Ha Apyrux oObeKrax daraAHOI
Kaabp1, mcnpitaanm mpeobpas3osaHme B pesyabTare
BHYTPUIIAUTHOM aKTUBU3AIIUM B ITOCTKOAAM3VOH-
HOJ TeoAMHaMI4YeCcKOl 0OCTaHOBKe.
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BaKbIpwbelK KeHOi KeH 0pbIHOAPLIHLIH 2e0/102UANbIK KYPblAbiMbl, MA2MAMU3Mi MeH KeH my3y epeKwesnikmepi

IMU3EPHAA MapuHa AneKcaHOPOBHA, 2.-M.F.K., KaybIMOACMbIpblAFaH npogeccop, mizernaya58@bk.ru,
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*asmop-KoppecrioHoeHm.

AHOamna. Kapa makmamacmapoarsl Me3omepmMusablK munmeei ipi KeH 0pbIHOAPbIHA HAMKbI3blAFaH baKbipWsIK an-
MbIH KeH OPHbIHbIH 2€0/102USCbIHbIH, MA2MamMUu3MiHiH #aHe KeHOi my3inyiHiH epekwesnikmepi Kapacmelpolaaosl. KeH
opHsi LLbirbic KazakcmaHoarsl bamesic Kanbada opHanacKaH. bamesic Kanba aymarsiHOa benzini anmelH MUHepanu3a-
UUACbIHbIH 6apsblK 2e0102UAbIK #aHe eHOIpicmik mypsepi 6acbimobik bolibiHWwa yw monka beniHedi: bipiHwici-Kapa
makmamacmapoa MapanFaH aamsiH-cyabguomi seHaem (bakbipwbiK mypi); api Kapali-anmeiH-cyansguomi-keapumel
MaHe 8eHasbIK 8eHa (AKxcan, KynyoxyH, CeHmauw #aHe m.6.) ¥aHe 8eHA0a MapanraH cyanb@uomi MUuHepanu3ayuscsl
6ap cmokeopObl KeH opbiHOAps! (banadoxan, Axcymba waHe m.6.). EH nepcnekmueasnsi, 6ipak Kern #blaobiK 3epmme-
yee KapamacmaHx, 3epmmenmezeH 0eHaeli bakbipuwbiK KeHOi aliMarbIMeH YCbIHbIAFaH. KeHOi KeH OpHbIHbIH aliMaKkmbiK
Hardalibl OHbIH CYyOKOHMUHEeHmManb0bl MUNmMi KaanedoHUSAbIK Hepmese naaeompoy3siHOaFbl KYpblabiMOApMeH WeK-
mesnyimeH aHblIKmanadsl. MakanaHsiH MakKcamel — bakbIpwbiK KeHOi KeHiwiHiH MUuHepandaHybiHbiH nalioa 6oaysiHa
KYpblabiMObIK MO3ULUA MeH #acbipblH eHyOiH acepi apacbiHOarsl 6alinaHbICMbI GHbIKMAY.

Kinm ce30ep: mazmamu3m, meKmoHUKQ, aamelH-Cyabguomi keHoep, bameic Kanba, cmpamo-0eHeel.

Features of Geological Structure, Magmatism and Ore Formation of Bakyrchik ore Field Deposits
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Abstract. The features of geology, magmatism and ore formation of the Bakyrchik gold deposit, which is referred to
large deposits of the mesothermal type in black shale formations, are considered. The deposit is located in Western
Kalba in Eastern Kazakhstan. All known geological-industrial types of gold mineralization in the territory of Western
Kalba are divided into three groups by priority: first — gold-sulfide vein-embedded in black shale (Bakyrchik type); then —
gold-sulfide-quartz vein and vein-embedded (Akzhal, Kulujun, Sentash etc.) and stockwork deposits with vein-embedded
sulfide mineralization (Balajal, Jumba etc.). The most promising, but, despite many years of study, understudied level
is represented by Bakyrchiksky ore district. The regional position of the ore field is determined by its confinement to
structures in paleofaults of Caledonian basement of subcontinental type with intermediate earth crust. The aim of
the article is to establish the relationship between the structural position and the impact of a hidden intrusion on the
formation of mineralization of the Bakyrchik ore field deposits.

m Keywords: magmatism, tectonics, gold-sulfide ores, West Kalba, strato-levels.
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sources in the Logging of Oil and Gas Wells

In Ukraine and Kazakhstan within the Framework
of the Policy of Reducing Radiation Hazard
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Abstract. During the preparation of the scientific project «Technology Status Report on Radioactive Well Logging
Source Risk Mitigation (ISTC / STCU)», information was collected from industry experts in Ukraine and Kazakhstan.
Active radionuclide sources of radiation used in logging tools are Cs-137 and Pu-238. They used to determine the
formation density and neutron porosity. They also help to determine oil-water contact, gas-liquid contact and to
isolate oil-and-gas-saturated formations. The article analyzes the possibilities of alternatives for replacing logging
technologies with ampoule sources of ionizing radiation (IRS) with technologies that use, albeit more expensive,
but safer controlled deuterium-tritium pulsed neutron generators. It is concluded that at this stage, the complete
replacement of well logging tools with ampoule IRS by tools with controlled neutron generators is impractical. The
latter can be a significant addition to traditional radioactive logging technologies. The main steps towards the imple-
mentation of the policy of reducing radiation risks when performing radioactive well logging have been developed.

Keywords: radionuclide, radioisotope sources, radiation, logging, oil-and-gas-saturated formation.

Introduction

The most common using mobile radioactive
sources is oil geology along with medicine, test
equipment, technical diagnostics et cet. The potential
dangers of mobile radioactive sources lead to
permanent correct requirements and regulatory
norms, decreasing level of activities of sources, and to
attempt various non-nuclear tools. Policies to reduce
radiation hazard need to maintain government
regulatory and/or enhance requirements ot activity
with mobile sources and emphasize decreasing the
probability worker radiation exposure, widespread
adoption of managed sources instead radionuclide-
based sources and increasing the total radiaton
security.That is the reason for modernization of
nuclear sources and substantial financial resources.
How is this transfer to execute in an economical
manner that for all provider and operators is key
issue of State Regulatory policy. They must face
the facts inherent in diversity and complexity of
radiation safety tasks in oil geology. Namely, sim-
ultaneously meeting geological challenges for
commercial needs and ensuring radiation safety

means that logging operations using nuclear physics

tools must simultaneously be accurate, safe and cost-
effective. Any changes in these factors could become
sensitive for operators and logging service providers.
For example, geophysical well survey (GIS) data are
critical to the determination of porosity, lithology, and
subsurface dissection. Considering the rather high
cost of drilling (some wells can cost more than $ 100
million), the significance of well logging results in
establishing the physical characteristics of reservoir
rocks, type of fluid, pressure, etc. no doubt. An error
in determining porosity even in one unit for highly
porous (~20%) reservoirs with low reserves (up to 100
million barrels) causes a loss in monetary terms up to
$ 3.33 million, and for low-porosity reservoirs these
losses will increase several times [16].

The incident with the loss of the '¥’Cs radioactive
sourcein September 2014 and the attempted illegal sale
of "Cs [https://www.caravan.kz/gazeta/yadernyjj-
sklad-v-vashem-dvore-cezijj137-i-drugie-podarki-
radiacii-79722] stimulated expert discussions on the
issues of potential threats and damage associated
with mobile IRS, as well as the transparency of user
handling practices [10] and ways to reduce the use of
radioisotope sources.
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The operations of well logging service providers
and designers are governed by stringent regulations
(state safety standards and departmental guidelines)
concerning all the stages of handling radionuclide-
based logging tools, including site storage, transport,
use, tracking, inventory, removal upon completion
of job, disposal, dealing with lost or missing
sources, dealing with stuck source incidents, and the
regulatory regime followed by the source licensees.

Respect for the principle «Risk Mitigation
without losing benefits» is no alternative and may
some approach to achieve the goal.

1) enhancing of Government regulations and/or
requirements;

2) decreasing of activities of used radionuclide-
based sources in logging technology;

3) increasing use nuclear alternatives simul-
taneously with decrease use of the conventional
radionuclide-based logging tools.

The possible replacement of radionuclide-based
logging technology by managed sources in frame of
mitigation policies radiation security in Ukraine and
Kazakhstan is analyzed in our study.

Activities and risks of radiation sources used
in radioactive logging (RL) of oil and gas wells in
Ukraine and Kazakhstan.

To study a geological section, traditional
logging technology uses radioactive logging, which
consists in studying the natural gamma radiation
of rocks (gamma-ray logging — GK) and the effects
of interaction of radiation from a gamma-source
(gamma-gamma-ray logging — GGK) and neutrons
(neutron logging — NK) with rock. Radioisotope
instruments and neutron generators are used as
sources of ionizing radiation (IRS). Usually these
are ampoules, therefore such methods are called
«ampoule». The term «stationary» is also used for
neutron generators. They are used in neutron gamma-
ray logging (NGK), thermal neutron-neutron logging
(NNK-T) and epithermal neutrons (NNK-NT).

Another type of neutron source is a neutron
generator, the main part of which is a neutron tube,
which contains a titanium or zirconium target with a
hydrogen isotope, tritium, dissolved in it. Radiation
of the neutron flux occurs only when the power is
turned on to the neutron tube. A neutron generator of
this type can operate in a pulsed mode. An important
advantage of «pulsed» neutron sources is the ability
to turn them off, which increases the safety of work
and allows the intensity of the sources to be increased
to 10%-10° neutrons/sec. With their use, it becomes
possible to study the total age of the medium and its
neutron characteristics, such as the neutron diffusion
coefficient, the average lifetime of thermal neutrons
and the slowing down length of neutrons in the
medium, which subsequently makes it possible to
determine the oil saturation coefficients of rocks. At
the same time, the cost of such a source significantly
exceeds the cost of ampoule sources. There are also
technological problems, since the guaranteed service

life of neutron tubes in the operating mode is from 50
to 120-150 hours. In addition, the presence of tritium
in the tubes requires the same safety measures as
when using radiation sources.

The relative simplicity and profitability of using
ampoule sources is accompanied by the need to solve
a number of problems associated with maintaining
the required level of radiation and physical safety
at all stages of the life cycle. Radioactive sources in
logging tools, as a rule, belong to the 2-4 category
of radioactive materials in terms of their potential
radiation hazard (Table 1). Their radiological effects
on human health can result in injury or death. In
the general case, logging radiation sources are
characterized by the average values of the ratio of the
source activity (A) to the conditional hazard value (D):
10>A/Dz=1. Note that the conditional hazard value
depends on both the deterministic radiation exposure
to human organs and the type of radionuclide [18].

Radiological risks when using ampoule sources
in GIS arise both within the framework of operational
activities and during unauthorized irradiation.
Structurally, radioactive sources have a double casing
made of steel or lead, resistant to external influences.
Therefore, during technological operations with IRS,
they do not pose a significant threat and, as a rule,
the exposure of personnel at the drilling site, during
transportation or in stationary storage does not pose
a significant radiation threat. The specified group of
risks, as a rule, is well standardized and has fairly
accurate guidelines for expected radiation doses.

The second group of risks is associated with
various unauthorized factors and interventions -
accidents, losses and theft of sources, with outside
interference or unauthorized access. The vulnerability
of ampoule sources of radiation sources is associated
with this group of factors, since all ampoule sources
are removable, have a miniature size and a small
mass.

The second group of risks has recently been given
increasing attention both by the IAEA directives
[17-18] and by national regulators. Regulatory
support for the safety of the activities of companies
in Ukraine and Kazakhstan has a multi-level
structure and consists of laws, rules, state standards,
regulations and departmental orders covering the
manufacture, use, export / import, commissioning
and decommissioning, transportation, accounting,
control, formation IRS registers, as well as the
Procedure for ensuring radiation safety [4-5, 7-9,
11-15].

Currently, in Ukraine and Kazakhstan,
radioisotopes are used as ampoule radiation sources:

- Cs-137 in DL, with source strength ranging from
1.2x10" to 1.2x10" Becquerel (Ukraine), 9,25x10" Bq
(Kazakhstan); Co-60 in GGRL, with source strength
of 1.5x10® Becquerel (Ukraine); **Pu/Be with source
strength of 2,4x10" Becquerel (Ukraine, Kazakhstan);

- stationary neutron generators used in neutron
gamma-ray logging (NGK), neutron-neutron logging
(NNK), two-probe neutron-neutron logging (2NNK)
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Table 1 — Application and categorization of the hazard of radioisotope sources during logging and well operation

in oil and gas geology

Isotope (/ IAEA category Typical activity, )
targed) Operator of source [16] A/D T/, year ngq Practice
Kazakhstan 2-3 12 50,74 NL
21Am/Be 3-4 12 433 > 20 Frack-pack monitoring
Kazakhstan 4 0,031 0,0019 DL
0,05
Se 2 15 ~0,33 3 pectrometric gamma-
’ 80 gamma ray log
€Co Ukraine 3-4 3,71 5,27 0,00015 DL
0,04
28py/Be  Ukraine Kazakhstan 3 1,9 24360 0,311 NL
B7Cs Ukraine Kazakhstan 3-4 0,74 30 0, 03Z - C2),074 DL
=2Ce 4 0,056 2,55 0,0011 NL
0,03
21%Po/Be Ukraine 4 0,019 0,39 0,0011 NL
0,03
2R3 4 0,019 1620 0,000074 DL
0,02
85Kr 3-4 0,0012 10,7 0,037 (1)37 tracer analysis

use 238Pu (target — Be) with an activity from 6.1x10"
Bqto2,4x10" Bq (Ukraine), 5.92x10" Bq (Kazakhstan).

Based on the results of logging studies, lithological
dissection of the section is performed, determination
of oil-water contact, gas-liquid contact (GLC),
contacts between oil and gas-saturated formations
— methods of NGK, NNK, 2NNK, GGK-P, as well as
determination of such parameters as porosity (po-
rosity coefficient) — methods of NGK, NNK, 2NNK;
density (bulk density of the rock) — GGK-P method;
lithological composition — NGK method.

Density logs have a vertical resolution of 45 cm
with a density determination accuracy of 0.01-0.02
g/cm® at a logging probe speed of 550 m/h. With an
increase in speed to 1100 m/h, the accuracy decreases
to 0.025 g/cm®.

Methods of NGK, NNK, GGK, GK allow
to determine the main reservoir properties of
terrigenous and carbonate sections [2-3] (Table 2):
clay content; porosity; identification of reservoirs and
main lithotypes; assessment of oil and gas satura-
tion; assessment of the nature of reservoir saturation;
separation of oil-water (OWC) and gas-liquid (GLC)
contacts.

Alternative to nuclear geophysical methods
with ampoule IRS. In the field of geological
problems, for the solution of which ampoule logging
tools are used, we will consider the applicability of
alternative technologies based on controlled neutron

(102 | generators. First of all, these are various modifications

of pulsed neutron methods (pulsed neutron-neutron
logging — INNK, pulsed neutron gamma-ray logging
of radiation capture — INGK-RZ, neutron gamma-
ray inelastic scattering — INGK-NR), which have
high efficiency and an extended range of tasks to be
solved. oil and gas geology [1, 3, 6, 9, 16-18]. INNK in
the GIS complex (together with NGK, GGK) makes
it possible to determine the set of reservoir proper-
ties and the structural characteristics of the sections:
the volume of the skeleton, the volume of the clay
fraction, the structure of the pore space, etc.; reliably
determine contacts in cased wells.

Abrief summary of the possibilities of alternatives
for replacing well logging technologies with ampoule
IRS is as follows:

e the transition to low-level ampoule sources
will not allow to confidently solve the problems of
determining density (GGK-P), neutron porosity,
determination of mineralogy and lithology (NC), po-
rosity in clay-free formations (NGK);

e the transition to low-level sources will require
an increase in research time, which will lead to
additional downtime of wells and economic losses
for companies;

e the use of deuterium-tritium neutron generators
makes it possible to monitor productive formations,
and a high logging speed significantly reduces the
likelihood of accidents and reduces the total time
of work on the well; the cost of deuterium-tritium
neutron generators is much higher than ampoule
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Table 2 - Possibilities of nuclear physics methods for solving problems of oil and gas geology

. . Nonnuclear and alternative
Conventional geophysical complex .
logging tools
Parameter/Method PNGLRC
DL NGRL NLI TNL, ENL NNLL PNGL-IS
Clay content Does not depend
evaluation on salinity of
formation water
and mud
Porosity evaluation + 1.Cy, Ch: +
2. at C (forma-
tion water) <
100 r/n
3. together
with DL
Reservoir with respect to + Si
. e ; low value =5 —carbonated
identification consolidated reserv. a
rocks, high po- 5 )
rosity and clay high Ca —terrigenous
particles presence reserv.
Lithotype According + high vertical
determination to hydrogen resolution (to
content h=30-40 cm)
Evaluation of oil and including via c/O +
gas saturation casing proportion
Evaluation of the elements with | Does not depend on salinity
nature of reservoirs high thermal- of formation water;
saturation neutron C/O of oil-saturated
capture cross- = formation > C/O of water-
section saturated formation
Oil-water contact + salinity > 50  including dis- | including gas- +
determination g/l banded zones = fluid contact
Depth of | Cs-137 4 120
investigation, Co-60 10-15
cm
Pu+Be ~20-30 cm 12-15 120 (for dry for 10% >
(depend on (thermal sand) PNNL
hydrogen neutrons.)
content)
Notes Large caverns in- Less-
fluence (20-25 cm) common
Combinations of EL, SL, DL
methods geochemical
methods

Methods: AK — acoustic logging; PNNK — pulsed neutron-neutron craotage (P3 — radiation capture, HP —inelastic

scattering); NAC — neutron activation logging; NNK-T — thermal neutron neutron logging; NNK-NT — epithermal neutron
neutron-neutron logging; EC — electrical logging.

Abbreviations: C/0, carbon to oxygen ratio; SSS — formation water salinity; Ref — salinity of the flushing fluid; CH2 —
hydrogen content; rel. — attitude.

sources and they have small resources of use;

o INNK (in comparison with the methods of NOC
and OGK) has a larger research radius, which makes
it possible to more reliably determine the water-oil
and gas-liquid contacts, especially at long delays;

ethe research area with pulsed neutron
instruments reaches 30 cm, which exceeds the
research area with ampoule instruments (NGK ~ 20
cm, HHK-NT ~ 10 cm).

e studies with pulsed neutron instruments are
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characterized by high vertical resolution (20-50 c¢m)
and approximately the same (in comparison with
ampoule instruments) measurement ranges for
hydrogen content.

e the undoubted advantage of logging tools
with controlled neutron generators, in comparison
with ampoule analogs, is a decrease in the level of
exposure of production personnel and complete
radiation safety (neutron fluxes are generated only
when the tool is turned on).

It should be noted that pulsed neutron methods at
the present stage have limited application due to the
high cost of the corresponding nuclear geophysical
equipment and, as a consequence, the high cost of
logging studies by these methods. In particular, such
methods as INGK-RZ and INGK-NS in Ukraine
have not received wide application in the practice of
geophysical surveys of wells (GIS).

The experience of manufacturing companies
and comparative analysis shows that a complete
replacement of logging tools with ampoule radiation
sources for tools with controlled neutron generators
is impractical. The latter act as a significant addition
to traditional RK technologies, in particular,
for the determination of neutron porosity. Such
nuclear methods of geophysical surveys in wells
(for example, using controlled deuterium-tritium
neutron generators) are, with a single exception, a
significant addition to the traditional methods of RK
both in Ukraine and Kazakhstan. Most customers
are satisfied with the level of accuracy provided by
ampoule nuclear technology.

The widespread use of alternative technologies
using neutron generators is limited by the following
reasons (in decreasing order of importance): high
cost; cost of maintenance and service; limited use
of existing logging tools [1] at temperatures above
120°C and pressures above 80 MPa.

Directions for the development of nuclear
logging technologies in the framework of the policy
of reducing radiation exposure. The main steps
towards the implementation of such a policy, in our
opinion, will be as follows.

1. Consensus development by the Regulator,
together with service companies, a series of normative
documents, including:

e to recommend that the State Nuclear Regulation
Committee of Ukraine, jointly with the well logging
service providers, develop a set of requirements and
regulatory norms on using radiation sources in well
logging operations (source mounting/dismounting,
transportation etc.);

e to recommend that the State Nuclear Regulation
Committee develop a methodology for approving the
use of radiation sources in well logging operations
based on risk assessment criteria, including the use
of alternative technologies, and radiation source risk
mitigation measures.

2. Improving departmental protocols:

e Updating in-house safety and security

EDZY regulations on source handling and bringing them

in compliance with the IAEA recommendations
concerning permanent and on-site storage and
transportation of mobile radiation sources;

e notification procedures as a result of an
emergency at the well (in case of loss of radiation
sources);

e termination of technical measures to overcome
an emergency, the timing of notification of the
regulator, provider, in case of theft — appeal to law
enforcement agencies.

3. Technology:

e Designing and introducing an electronic system
of mobile radiation source monitoring;

e Designing and introducing an improved
system of control over authorized personnel
access to radiation sources (for example, an Access
Authorization Program).

4. Organizational measures to reduce the risks of
unauthorized use:

eIt is necessary to develop and implement
incentive systems for the use of alternative methods
in production, in particular, the creation of a fund
for the provision of concessional loans to replace
logging equipment with radioisotope sources with
an alternative one, which is especially important for
small logging companies;

e the social aspect is also important, consisting
in raising awareness of reducing the risk of radiation
exposure when using alternative logging technologies
(specialized universities in Ukraine and Kazakhstan);

e optimization of the physical protection of
radiation sources in accordance with the IAEA
recommendation  during  stationary  storage
(organization of video surveillance, as well as an
electronic system for fixing the intervention) and
transportation (GPS-monitoring of the movement of
special vehicles, radiation monitoring of radiation
sources, reliable packing of containers and their
labeling, installation of protective covers and chains,
alarm signal via mobile communication).

Results

Compliance with existing safety measures and
minimization of radiation exposure risks during
logging with IRS and, as a result, the practical
absence of emergency situations (the absence of
lost IRS in Ukraine and Kazakhstan over the past 5
years and a small number of incidents with jamming
of IRS logging probes) do not create additional
operating costs for logging companies, accordingly,
do not induce them to abandon or reduce the use of
radioisotope (ampoule) sources.

An obstacle to the widespread involvement
of the latest alternative logging technologies is
their high cost and high cost of maintenance,
respectively, the demand for the introduction of non-
radioisotope alternatives is hampered by a shortage
of funds from service companies. The difference
in the landscape of the logging services market in
Ukraine and Kazakhstan is likely to affect the pace of
modernization of nuclear logging tools. In Ukraine,
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logging services are provided by various large and
small companies: state, corporate and private, as
well as companies with foreign capital. Estimated
in the segment of geological exploration for oil
and gas, large and small companies keep parity,
covering 50% of the market, respectively. Currently,
there are 10 leading oil producing and 6 world
logging companies operating in Kazakhstan. In the
near future, the situation in Ukraine may change
dramatically, since the largest state-owned company
Ukrgazvydobuvannya (Ukrgazvydobuvannya) has
achieved the abolition of fixed prices for service
work in geophysical well surveys and is guided by
world standards in this area. Increasingly, the leaders
of the world market — Schlumberger, Weatherford,
Hallibarton, Baker Hughes - are involved in

performing geophysical works in wells, which
support high corporate incentives and have a wide
range of modern downhole tools for radioactive
logging. This will force both Ukrainian state and
private companies to switch to modern equipment.

The regulatory frameworks in Ukraine and
Kazakhstan are generally very similar and tend to
adapt to IAEA directives and recommendations and
to follow current practices for handling mobile IRS.

These studies were carried out within the
framework of the joint project of the Ukrainian Science
and Technology Center, the International Science
and Technology Center and the Taras Shevchenko
National University of Kiev «Targeted Initiative on
Radiological Well Logging Source Risk Mitigation.
Technology Status Report».
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*aemop-KoppecrnoHOeHm.

AHOamna. «Technology Status Report on Radioactive Well Logging Source Risk Mitigation (ISTC/STCU)» 3epmmey xco-
b6acbiH OalibiHOay 6apbicbiHOa YKpauHa meH Ka3akcmaHOGFbl CanasabiK MaOMaHOApPOaH akKnapam xuHaaoel. Tipkey
Kypan0apbiHOa KOaA0aHbAambiH paduoakmusmi cayneneHyodiH 6esceHOi paduoHykauomep ke3depi Cs-137 ucaHe Pu-
238 60s16in Mabbinadsl. OnapobiH KemezimeH pe3epsyapodblH Mbifbi30biFbl ¥aHe HelimpoH Keyekmisiai aHbIKmManaosl.
CoHOali-aK 0aap MmyHali-Cy KOHMAKMICIH, 2a3-CylibIKmbIK 6alinaHbICbIH AHbIKMAYFA HaHe MyHal MeH 2a30biH KOHbIKKGH
benikmepiH alikbiHOayra kemekmecedi. MaKkanada Keimbammelpak, 6ipakK Kayincis, 6ackapslaamsiH demepuli-mpu-
mus umnysascmik HelimpoHObl 2eHepamopapObl KOAOAHAMbIH MEXHOM02UAAAPFA UOHOAYW bl CayseneHyodiH amnyna-
7bIK Ke30epimeH (lll) KyH6aFbIC MexHOM02UAAAPbIH aybICMbIpyObiH 6aAaMasnbl MyMKiHOIKmepiH mandaliosl. Ocel KezeH-
de pemmesnemiH HelimpoHOap 2eHepamopaapel bap acnanmapsa apHanraH amnyna Ili-Hiy mipkeldmid KypandapsiH
mosbiK aybicmbipy YCbIHblAMAlObl. CoHFbICbl dacmypsi paduoakmusmi mamepuandaposl eHOey mexHOA02UACbLIHA
eneyni KocbiMmwa 607yl MyMKiH. Heziz2i Kadamoap yHFeIManaposl paduoakmusmik mipKey Ke3iHoe paduayusnsik Ka-
yinmepdi azalimy #eHiHOe2i cascammeol 3cy3eze acbipy 6aFbimbiHOA #aAcasobi.

Kinm ce30ep: paduoHyknud, paduou3omon Kesi, cayneneHy, Kapomax, MmyHaliea3beH KaHbIKKAaH Kaba.

Tlymu K COKpawjeHUo Ucrnosns306aHUA paduousomonglx UCMOYHUKOB npu Kapomaxyce He(bm}'leIX u 2a308bix
CKBAXUH 8 YKpauHe u KazaxcmaHe 8 pamMKax noaumuKu CHUMEHUSA paduauuouHoﬁ onacHocmu
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*aemop-koppecrnoHOeHm.

AHHOMayus. Bo spems nodzomosku Hay4yHoz0 npoekma «Technology Status Report on Radioactive Well Logging Source
Risk Mitigation (ISTC/STCU)» 6bina cobpaHa uH@opmayus om crieyuaaucmos ompacau 8 Ykpaurde u Kasaxcmarne.
AKMUBHbLIMU PAOUOHYKAUOHBIMU UCMOYHUKAMU PAGUOGKMUBHO20 U3/y4eHUs, NMPUMEHAEeMbIMU 8 KAPOMOAXCHbIX UH-
cmpymeHmax, aeaaromca Cs-137 u Pu-238. C ux nomMowbro onpedenaromca naomHocms naacma u HelimpoHHAaA ro-
pucmocme. Takxce OHU MOMo2arom ornpedesnsams KOHMAKM «Hedmb-8000», 2a30HUOKOCMHbIU KOHMAKM U 8b10e/1Mb
Heghme2a30HACLIWEHHbIe MaAacmel. B cmameoe 8bIMosHEH AHAU3 803MOXCHOCMel aabmepHamue 3amMeHbl Kapomax-
HbIX mexHoa02ull C aMyAbHLIMU UCMOYHUKAMU UOHU3UPYOWUX usnyvyeHuli (MMN) Ha mexHonoauu, ucrnone3youwue
Xxoms u b6osiee dopozocmosAuue, Ho bosee be3onacHele ynpasasemoele delimepuli-mpumuessie UMMYabCHble 2eHepa-
mopebl HelimpoHos. COesnaH 8618600 0 MOM, YMO HA OAHHOM 3Marie MoAHAA 30MEeHA KAPOMAXHbIX UHCMpPYMeHmMos ¢
amnyneHsimu UMW Ha UHCMpymMeHmMeol € ynpasasembiMu 2eHepamopamu HelimpoHos HeyenecoobpasHa. [ocnedHue
Mo_2ym 8bIcmynams Cyu,ecmgeHHbIM 00nosHeHUeM mpaduyUOHHbIX mexHo02uli paduoakmusHO20 Kapomaxa. Pas-
pabomaHel 2n1a8HbIe Wa2u 8 HANPAsAeHUU PEAAU3ayUU MoAUMUKU CHUXEHUSA paduayUuoHHbIX PUCKOB MpU 8bIMoAHeHUU
PAOUOAKMUBHO20 KAPOMAMA CKBAHCUH.

Kniouesble cn08d: paduoHyKauOd, paduousomonHslli UCMOYHUK, U3ay4eHue, Kapomax(, Hegpmeaa30HACbIueHHbIl
naacm.
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AHHOmayus. Paccmampusaromcs ocobeHHOCmMU hopMUpo8aHUS, Kpumepuu Mpo2HO3UpPOBAHUSA U OUeHKU aumue-
HOCHbIX neeamamumos Kanba-Hapeimckol 30H6l BocmoyHozo KasaxcmaHa. [Todyepkusaemcs cmpyKmypHo-2eHemu-
YecKas CeA3b 8EOYUUX MUMO8 pedKoMemannbHbix mecmopoxderuli (Ta, Nb, Be, Li, Cs, Sn, W, TR) ¢ epaHumoudamu
Kanba-HapeimcKkozo nosca, chopmupo8aHHbIMU 8 MOCMKOMAU3UOHHOU opo2eHHOU eeoduHamuyeckol ob6cmaHoske
nepmcKo20 spemMeHu. [eosn020-2eHemu4eckas modesnb ompaxaem MPocmMPAHCMEEHHO-2eHeMUYeCKyo C8A3b nea-
mamumosbix mecmopoxcdeHuli (bakeHHoe, KObuneliHoe u 0p.) ¢ epaHUMAMU KaAbUHCKo20 KomraeKca (285 maH
71em) HopMasnAbHO20 PAGA HAMpPUEBo-Kanuesol cepuu, cmaduliHoe pa3zsumue MUHEepPAasbHbIX KOMI/AEKCO8 om 0/u-
20K/103-MUKPOKAUHO0B020 (6e3py0H020) 00 MUKPOKAUH-aA66UM08020 U anb6UMO08020 (PYyOHbIX) C pasmeweHUem

CMOOYMeHCO0epPXauUX U U4e3UeHOCHbIX Me2mamumos 8 8epxHeli Yacmu 30HaA6HOU pyoOHoU KonoHHbI. Bbidensemcs
makce nepcrnekmusHbIl murn AUMUeHOCHbIX MeaMamumos ¢ Hasa0xeHHoU anbbum-crodymeHosol MuHepaau3ayu-
eli (Sn, Ta, Li), accoyuupyroujux ¢ 6oaee paHHUMU MAG2U02PAHUMAMU U OalKamMu KyHYyuWcKo20 Komnaekca — 305 MaH
aem (AxmemkuHo, Touka, Andali u 0p.). MuHepanel-UHOUKaMOopPbl 0pyOeHeHUA: anbbum, KaeseaaHoum, cio0ymeH,
yumamonum, maHmanum-Koaymbum. 3mu 06veKmsl paccMampusaromcs 8 Kayecmee 00MoIHUMENbHO20 Aumue-
8020 CbIpbA U 30CAYHUBAIOM U3YYEHUS.

Knroyesole cnosa: K(Jfl60-H(prIMCKOFI 30Ha, pedkue mMmemasnssl, epaHumel, naa2uoepaHumsl, neamamumel, sAumue-
80e€ Cblpbe, MpocHO3UposaHuUe.

BBeaenne

Kaaba-Hapeivckuit  1osic  sIBAsIeTCSI  TAaBHOM
peaxoMeTaaabHON CTpyKTypoit boapmoro Aarasd,
00 beAVHAET MHOTHE MECTOPOXAEHUS U PyAOIpO-
SIB€HUs II€TMaTUTOBOTO, aABOUTUT-TPEIi3eHOBOTO
arloTpaHUTHOTO,  TI'Peli3eHOBO-KBapIleBOKIABHOTO,
TMAPOTEePMaAbHO-KBaPIIeBOXKMUABHOTO U KAACTOTeH-
HO-POCCBHIITHOTO TUIOB. Beaymias MeTaaaoreHmde-
ckas crrenmaansanus — Ta, Nb, Be, Li, Cs, Sn, W, TR.
Ilo palioHUpPOBaHUIO BHIAEASIOTCA YETHIpe PYAHBIX
paitona (Ilyasbmucknii, Cesepo-3anaano-Kaadus-
ckuit, llenrpaasno-Kaabunckuit n HapreiMckmii),
Ase pyansle 30HbI (Knnucko-I'pemsunnckas, Kapa-
ronH-CaprloseKkckast) U 22 pyaHbIX y3aa. I 1aBHbIMU
SIBASIIOTCS. MECTOPOKAEHMST PeAKOMeTaAAbHbIX IIer-
marutos (Ta, Nb, Be, Li, Cs, Sn), xoTopsre paspaba-
TBIBAAUCh bBeAOTrOpcKMM  TrOpHO-00OTaTUTEABHBIM
komOuHaTOoM (bakennoe, IO6uaerinoe, beaas I'opa
U Ap.), HO B HacTosdlIllee BpeMsl 3aKOHCEPBUPOBaHbI.

prHHa}I Acy6y/1aKCKa>1 POCChIIIb TaHTaAAMTa U MeA-

KI1e POCCBLIITHBIE MECTOPOKAEHNS BOABPPaMIUTa, IIle-
eAnTa M KacCUTepUTa B OCHOBHOM OTpaboTaHsl. [1].

OcobenHOCTI
¥ MeTaAAOTeHU

OcHoBHBIE 3aKOHOMEPHOCTU (POPMUPOBAHUS U
pasMelieHnsi peliKOMeTaAAbHBIX MeCTOPOKAeHUI
Kaaba-Hapsmvckoro nosica (KHII) paccmoTpensr B
psae pabot [2-4]. CTpyKTypHO-MeTaAAoreHndecKast
mogeab KHII orpaxkaeTr cBs3b peaKoMeTaAAbHBIX
PYAHO-MarMaT4ecKIX CUCTeM C I1yOMHHBIMU 30Ha-
mu 3K mossimeHHon cuaamgHoctu (MomtHocts 3K
A0 52-55 KM, yBeamdeHHasl TOAIMHa MeTarpaHuUT-
HOTO €105 A0 12 KM U yMeHbIIIeHHas MOIIHOCTb Me-
tabazaabra A0 14-18 kM) [5]. '2aBHBIE MecTOpOXKJe-
HISI AUTUEHOCHBIX IIETMaTUTOB CPOPMUPOBAANICH
B llenrpaarno-KaabmuckoMm ©040Ke ITOBBIIIIEHHOI
TeKTOHMYEeCKO} aKTUBHOCTY, HaABUHYTHIM Ha Vp-
TBIINICKYIO 30HY CMATHS M aMOAuTyon 15-20 kM, B
KOTOPOM CO34aBaAnch O1aronprsTHbeIe HecTaHAAPT-

re0A0IrM4IeCKOoro CTrpoeHmsI
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upte PT-ycaoBust 445 mpoleccoB pys000pa3oBaHusL.
PaccmaTtpuBaeMblil pyAHBIN pailoH XapaKTepuayeT-
cs1 MHOroQa3HBIMM TPaHUTONMAHBIMM MacCUBaMI,
0oaee MHTEeHCUBHOI pas3pbIBHOIM TEKTOHUKON, IIIN-
POKMM Ppa3BUTHEM MeTacoOMaTHM4eCKMX HPOIIeccoB
(aapbuTHMBanMs, TpelideHM3als, OKBaplieBaHUe) U
ApyTUMU IIpU3HaKamu [6].

OcHoBHBIE pyaHbBIE 11045 KOHTPOAUPYIOTCS per-
MaTUYeCKOl CHCTEeMOI IMPOTHBIX PerroHaAbHbBIX
pasaomoB apesHero 3aaoxkeHms (Kumncko-I'pemsi-
ynHCKUit,  AcyOyaak-ILaauropmunckmir,  beaorop-
cko-IlepsoMarickuit), MOAHOBAEHHBIX B T€PIMHCKUIA
uuKa B oporennyio crazuio (Oruescko-bBaxennoe,
Acybyaakckoe m ap.). I'eoaoro-renermyeckas mo-
JeAb pyAooOpa3oBaHMS OTpadkaeT IIPOCTPAHCTBEH-
HO-TEHeTUYECKYIO CBsI3b PeAKOMeTaAAbHOIO IIer-
MaTUTOBOTO OpYAEHEHUsI IPeuMYIIeCTBeHHO CO
CpeaHe-KPYITHO3EPHUCTHIMY OMOTUTOBBIMIU T'PaHM-
tamn | raasnHoit ¢paser kaabuHckoro komraexca (P;)
NpY PUTMUYHO-IIYAbCAIIIOHHOM ITOCTYIIA€HUU PY-
AOHOCHBIX pacTBopos-pacriaasos (H,O, F, B, Cl, CO,,
Ta, Nb, Be 1 ap.) 13 BHyTpMKOPOBBIX MarMaTUIeCKIX
ouaros [3]. PysoBmernaoniue IpaHUTbI OTHOCATCS
K HOpPMaAbHOMY PsAAy HaTpUeBO-KaAMeBOM HU3KO-
naomasutosoit cepun (Ka=0,69), BbicokoramHose-
MIUCTbIe I YMEPEHHO! OCHOBHOCTHM, 3aHUMAIOT IIpO-
MEXYTOYHOE II0A0KeHMe MeXAy HOPMaAbHbIMU
TpaHUTaMM U TpaHOAMOpUTaMU. XapaKTepU3yIOTCs
MOBBLIIIEHHBIMY  COAEPIKaHMAMU PeAKUX Ieaoueit
> Li+Rb+Cs=534 r/T 1 reoxyuM14ecKu CrIeaAu3upo-
Banbl Ha Ta, Nb, Li, Sn, ¢pukcupyemsIx B 0oCHOBHOM
B 6uoture (Ta-17,97; Nb-106,4; Sn-54,04; Li-1280 r/T).

PyaooraoxxeHne mpomcxoAmAo CUHXPOHHO CO
CTAaHOBJAEHNEM TPaHUTHBIX MacCUBOB B OOCTaHOB-
Ke TIOBBIIIEHHON aKTMBHOCTU TPeIIMHHO-Pa3phIB-
HOI TeKTOHMKM U HepaBHOMepHBIX PT-ycaosmsx
(T - pyaoobpasosannus — 600-220°C, P — or 2000-280
arm.) [7]. IlermaTuTOBBIE XXMABI A0KaAM30BAAUCH B
YHAOKOHTAKTaX I'PaHUTHBIX MacCHBOB UM B pPOTOBU-
KaX HaAMHTPY3MBHOM 30HBI (Takblpckas csuta D3).
IlyabcarimoHHOe ITOCTyIIA€HUe PYAOHOCHBIX IerMa-
TUTOOOpPa3yoImux (pAONAO0B OIpPeAeANl0 30HAADb-
HOE CTpOeHMe PYAHBIX MOJAel ¥ MeCTOPOXXKAEHMIA,
CTaAMIiHOe pa3BUTHE MUHePaAbHBIX KOMIIAEKCOB OT
rpapuIecKoro 1 0AUToKAa3-MUKPOKAMHOBOTO (Oe3-
PYAHBIX) 40 MUKPOAMH-aAbOUTOBOTO, aAbOUTOBOTO,
CIIOAYMEHCOAEP KaIllX U I[@3MeHOCHBIX ITBETHBIX
(pyansix). Hanboaee mpoayKTUBHBI OZHOKOpPHEBBHIE
CTBO/IOBBIE IIETMaTUTOBLIE JKIABI CAOXKHOI MOpPQO-
JOTUM U BeIlleCTBeHHOTO COCTaBa, coAep>Kalliye TaH-
TaAOHOCHBIE  KBapIll-KAeBeAaHAUT-AeNUAOAUT-CIO-
AyMeHOBbIe KOMITLA€KChI BO BHYyTPEHHUX YTOAIIeHHBIX
4acTsaX PyAHBIX TeA.

OcHOBHBIE XapaKTEPUCTUKN AUTUEHOCHBIX
IIerMaTuTOB

Antnenocusle nermatutel Kaaba-Hapsimckoir
30HBI OTHOCATCS K BeAyIner QopMalny peaKo-
MeTaA/ABHBIX IIETMaTUTOB ¥ IIPeACTaBAE€HBI aAb-
6uT-ciogymenosoit cyogopmarnineir. Bce mzBectHbIe
MeCTOPOXKAeHMsI pacrioaoxkeHnsl B IlenTpaabHo-Kaa-

OIHCKOM pYAHOM paiioHe 1 OoTpabaThiBaanch B 1960-
90-e roapr (bakennoe, O0maeitnoe, beaas Iopa,
Bepxnsa barimypsa n ap.). MecropoxxaeHus xapak-
TEPU3YIOTCA >KIMABHO-KOPHEBOII MOP(POCTPYKTYpPOIL
C A0KaAM3aIyel pyAHbIX TeA B BUAe AMHEIHBIX ITy4-
KOB, KOHTPOAUPYEMBIX pa3aioMamu. Hauboaee mipo-
AYKTUBHBIE aABOUT-CIIOAYMEHOBBIE JKIABI pa3Mellia-
IOTCSl B BUCAYEM OOKY PYAOHOCHBIX ITYYKOBBIX 30H.
/lNTHeHOCHbIe TIerMaTUTBl COAeP>KaT YHMKaAbHBIX
KOMILA€KC peaKOMeTaAAbHBIX MIHEpaA0B: KAeBeAaH-
AUT, A€TMAOAUT, CIOAYMeH, aMOANUTOHUT, IIOAAY-
LIUT, LIBETHBIE TypMaAUHBI, KaCCUTEPUT, TaHTAAUT,
MUKPOANUT U AP., YTO COAVIKAET UX C 3apyOe>KHBIMU
IIerMaTUTOBBIMU MecTopokaeHuAMHu (bepauk-/eiix
B Kanage, bukura B 3umbabe, ['punbytec 8 Ascrpa-
avin, Kokroraii B Kurae n ap.) [8-10].

laaBHBIN  AWTHEBBINI MMUHepaA — CHOAYMeH
(LiAl[Si,O4]). On xoHIEHTpMpyeTcs IIpeuMyIre-
CTBEHHO B  KBapll-KAeBeAaHAUT-CIIOAYMEHOBOM
komrriekce. OOpasyeT MeaKue U OTAeAbHBIE KPYII-
HBle KPUCTaAAbl IIPU3MaTIIecKoro o0AMKa, pasMe-
poM a0 40 cMm 1 rHe3A0BUAHBIE cKoTlAeHUs (1-2 M) B
HorepeyHIKe.

ITo aaHHBIM PpacTpPOBOI DAEKTPOHHON MMKpPO-
CKOIIMM B CHIOAYMEHEe BBISABAE€Hbl MUKPOBKAIOUEHN
Kaccurepura (Sn-34,51%) 1 BKpar1eHHOCTH ITleeAnTa
¢ npumMecsio Ta"tada (W-45,67, Ta-10,27%.). Kpome
TOTO, OTMeYalOTCs TOHKOAUCIIEPCHBIE BKAIOUEHIS
casepura c mpuMecsio ceuHua (Zn-13,38, Pb-7,53%)
1 camopoaHsle paeMeHTH (Pb, Zn, As).

ITo pesyabTaTaM Macc-CHeKTPOMETPUM B CIIOAY-
MeHe yCTaHOB/JEHO BBICOKOe codep>kaHue (1/T): Li (a0
55260) ipu HeOoAbIIOM 3HaveHun Rb (10,81) n Cs
(5,24) (tabamma). Ilo cogepxanmio Li n Ta on 6an-
30K K CHOAyMeHY HerMaTUTOBOTO MeCTOPOXXKAEHU:
Koxkrorait B Kurtae, HO oTramyaeTrcss OT HEro IIOBbI-
IIEeHHOII 0/A0BOHOCHOCTBIO M MEHBIIINM 3HadeHeM
Be u Cs. baaropogHomeTaaabHast rpyIina 51eMeHTOB
npeacrasaeHa Ag(17,52), Au(0,22) n Sb(40,30). Bor-
SBASIOTCS. aHOMAa/bHBIE COJAEPIKaHUs XaAbKOPUAD-
HbIX daemeHTOB (Pb-410,60; Cu-107,30; Zn-116,4) u
cngepoduannbix (Cr-109; Ni-117,8). Cpeau paccesn-
HBIX D1€MEeHTOB ITOBBIITIeHb! 3HaueHus Ga(83,40%) u
Ge(19,59). Takum obpasomM, Mccael0BaHMS ITOKa3bI-
BalOT, YTO CIIOAYMEH COAEP>KUT IIMPOKUIT CIEeKTP
peaxux (Li, Ta, Nb, Sn, W) u apyrux s1eMeHTOB, 5B-
As1eTCsl OAHUM M3 TAaBHBIX MUHEPaA0B-UHAUKATOPOB
peAKoMeTaaAbHOTO ITerMaTUTOOOPa3OBaHMs.

YcraHoBaeHa TakKe IIOBBIIIIEHHas KOHIIeHTpa-
nus AUTUA B CAIOAAX Pa3HOTO COCTaBa U OKpacKM
(r/T): MmyckoBuTax (413,9-6545), >xnasbeptute (3835),
aenugoante (16240) [10].

Kounenrpanus autus s pysax bakenHoro wme-
CTOpPOXAeHUs AocTuraer 2,5%, 9TO COIOCTaBUMO
¢ pydamm Mecropoxgenns I'pmnOymec [10]. Ilo
raasHbeIM oObekTamM KaaObl moacuymTaHbl 3amackl Ta,
Be, Sn, Li, Cs no kareropusam A+B+C; n C,. 3amacst
AUTHEBON PYABI IIOACIUTHIBAANCH Ha OOIIYIO Maccy
IIerMaTUTOBBIX XU IIPU CpeAHeM COAep KaHUM AU-
T Ha bakenHoM Mectopoxgenun (0,119%) m Ha
I06maertHOM (0,306%). IIpn oTpaboTKe DTNX MeECTO-
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POXKACHNUI AUTUI U3 PY4, He U3BAeKaAacs. PeBusnon-
Hoe 0DOcaes0BaHMe OOLEKTOB ITOKA3bIBAET, YTO 34eCh
erle COXPaHMAUCH aAbOUT-CIIOAYMEHOBbIe KAl Ha
MIOBEPXHOCTHU ¥, BO3MOXKHO, Ha rayOuHe.

OOcyxaeHne pe3yabTaToOB

Kaparonn-Caprlosekckast pygHast 30Ha SBAS-
ercsa HamboJee TIEPCIIEKTMBHON A4Sl BBIABACHI
aAbOUT-CIIOAYMEHOBBIX  OOBEKTOB  IIPaKTUYECKOI
3HAYMMOCTU. DTa pyAOHOCHAas CTPYKTypa cPOpMI-
poBazach B Ilpeiedax TEKTOHIMYECKM OcAaOAeHHON
30HBI CeBepO-3allaJHOTO HaIlpaBAE€HUS MHPOTSIKEH-
HOCTBIO 60 XM npu mupuHe 4-6 kM [9]. OxBaTbiBaeT
DHAO- M DK30KOHTAKTOBBIE 30HBI I'PAHNUTHBIX MacCH-
BOB KaJAOMHCKOTO I MOHACTBIPCKOTO KOMILAEKCOB
(Ily6aprroksl, AsopsHcknii, Emkyasmec, Cnbmnn-

CKIIT) ¥ MeTaMOp(PU3UPOBAHHEIE OCAaA0YHEIE ITOPO-
ABI TaKbIPCKOI CBUTBHI (PUCYHOK).

l'2aBHAs OCOOEHHOCTH CTPOEHUs PYAHON 30HBI
3aKAIOYaeTCs B IIPOCTPAHCTBEHHO COAVIKEHHOCTH U
COBMEITIeHHOCTY MHTPY3UBHO-AalfKOBOTO TIOsica Ky-
Hy1Ickoro komriaekca (Cs) 1 rpaHUTOUAOB, JKMABHBIX
11o04eit KaabuHckoro komrraexca (Py), mpopnisaromux
0Caj0YHO-MeTaMOP(PUIECKYIO TOAILY TaKBIPCKOI
csutel (Ds). 3aech chopmMmpoBaanucs MecTopoxJe-
HIUS U PYAOIPOsIBAEHUSA OCOOOTO pyaHO-PopMaIy-
OHHOTO THUIIA C HaJOXEeHHBIM pejKOMeTaAAbHBIM
OopyJdeHeHNeM, XapaKTepU3yIoIyecs 3HauUTeAbHBI-
MU IPOTHO3HBIMU pecypcaMU AUTHUEBBIX Py C BbI-
COKOI KOHILIeHTpaL/en Li u 0egupiM coJep>KaHmem
Ta, Be, Sn (Axmetknno, Kenebari, Touka, Aaaar, Ho-
Bo-Capunrosek, Kapkapaast u ap.) [8,9,10].

CoaeprKaHue peaKux 3NeMeHTOoB B cnogymeHax bakeHHoro mecropoxaeHus (r/T)

Nen/n  Ne nopoabi Ta Nb Be Li Rb Cs Sn w Mo
1 K-100-6(1) 11,27 7,32 1,49 55260 10,81 5,24 217,4 17,5 1,27
2 K-100-6(2) 60,90 62,40 1,49 14610 26,60 7,14 146,9 0,90 1,22
8 0-25 0,30 2,64 1,17 48130 114,0 15,54 69,29 7,59 1,30
4 M-4 2,67 8,57 1,00 34500 74,70 54,70 210,0 0,23 1,12
5 cn 84,15 41,76 102,0 53040 24,07 33,13 3,85 1,30 38,21
6 b-1 1,2 4,6 44,1 31150 17,7 18,1 91,41 0,79 23,45
7 l0-1 3,6 13,7 1,06 20070 12,4 256,8 59,63 0,94 4,17

1 - oTN0KEeHUA TaKbIPCKOW; 2 — Bypabalickoi U 3 — faNaHKAPUHCKOW CBUT; 4 — N1IarMorpaHunTbl, F(PAHOAMOPUTBI KYHYLLICKOTO
KoMMnAeKca; 5-6 — KanbuHckuii Komnaekc (5 — cpegHe-KpynHo3epHUcTbie 6uoTUTOBbIE rPaHUTbI | pasbl; 6 — menko-
cpeaHe3epHUCTbIe MYCKOBUTU3UPOBaHHbIe rpaHuTbl Il ¢asbl); 7 — neiikorpaHUTbl MoHacTbipckoro (P,) u 8 — rpaHuT-nopdupsbi
muponto6osckoro (P,-T;) KomnaeKcos; 9 — pa3pbiBHble HapylweHus; 10 — rpaHULLbl pyaHOro nosAca u 11 — pyaHoi4 30HbI;
12 - anbbut-cnogymeHoBble, 13 — anbbUTUT-rpeit3eHoBbIe U 14 — KBApLIEBOXKUJIbHbIE 0/10BOPYAHbIE 06HEKTDI

Feonornuyeckoe ctpoeHune KaparomH-Capblo3eKCcKou pyaHoi 30Hbl (coctaBuna T.A. Oliuesa)
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3akaoueHme

B Bocrouno-KasaxcraHckoM permoHe TIJAaBHbIe
TUIIB peAKOMEeTaAAbHBIX MECTOPOXKAEHNIT cpopMU-
poBaAnCh B MOCTKOAAM3MOHHON TeoAMHaMUIecKon
0oOCTaHOBKe 1 IIPOCTPaHCTBEHHO pa3MeIlaloTcs B
Kazaba-HapsimckoM rpanntongsoM mosice. Beayiee
3HaueHNe MMeAU MeCTOPOXKAeHUsd peJKOoMeTaAlb-
HBIX ITIETMAaTHUTOB C KOMIL1eKCHBIM opyAeHeHneM (Ta,
Nb, Be, Li, Cs, Sn), reneTnuecku cBA3aHHBIE C TPaHU-
Tamy Kaabuuckoro komiiaexca (P;). Ocnosnble Me-
CTOPOXAEHNA U PyAOIIPOSIBAEHUsI CPOPMUPOBAAVICH
B llenrpaapHo-Kaabmuckom 040Ke ITOBBIIIEHHON
TEKTOHIYECKOI HapyIIIeHHOCT! B MOOMABHBIX I€010-
TITIECKUX YCAOBUIX. /IMTIIeHOCHbIE COCPeA0TOYEHbI B
ocHOoBHOM B Ornescko-bakenHom, AcyOyaakckoMm u
Beaoropcko-baiiMyp3MHCKOM PYAHBIX ITOASX, KOH-
TPOAMPYEMBIX CyOIIMPOTHBIMM  PerrOHaAbHBIMU
pasaomamu. Cpean peaKOMeTaAABHBIX IT€IMaTHUTO-
BBIX OO'b€KTOB aAbONT-CIIOAYMEHOBEIE IIETMaTHUTHI SIB-
ASIOTCSI CAMBIMY MOAOABIMY OOpa30BaHVSIMU U pas-
MeIIaloTCs B BepTUKaABHOI 9acTU PyAHON KOAOHHBL

ITo GoraTcTBy YHMKAABHBIX MUHEPaAOB OHU OAM3KU
K 3apyOe>XXHBIM IIETMaTUTOBBIM MECTOPOXKAEHIIM
(Kokrorari, bepunk-/leiix, 3nmbadse u Ap.), HO OT-
MeJaloTCsl OT HUX MeHBIIMMM MacIiTabaMu opyae-
nenus. B Kaparomn-Caprlosekckoil pyAHON 30He
BbIJeAsieTCsl 0ocoDasd TIpyHIla peaKoMeTaAAbHbBIX
00OBEKTOB C HaJAOXKEeHHBIM THIIOM opyJeHenm: (Ta,
Nb, Be, Li n ap.), accoumpyIonmx ¢ MaabIMI 1H-
TPY3MSIMU U JaliKaMM KyHYIIICKOro KomIidekca [10].
IIpaxriyeckoe 3HaueHNe IPUAAETCI aAbOUT-CIIOAY-
MEHOBBIM MermMaTurTaMm, A0KaAM30BAaHHBIM B HaAMH-
TPY3UBHBIX 30HAX, altlopu3ax U B BUAE AECTHUYHBIX
KMA B HeOOABIINX MacCuBaX I1AarMOTPaHUTOB (AX-
MetkuHo, Touka, Aagaii, Aykonn, Kenebait u ap.).
MuHepaabl-UHAMKATOPBl OPYAE€HEHUs — aAbOuUT,
KJAeBeAaHAUT, nuMaToanT. ITo HOBBIM pesyabpTaTam
DAEKTPOHHOJ MUKPOCKOIIMIM B aAbOUT-CIIOAyMe-
HOBBIX ITeTMAaTHTaxX ITOBBLIIIIEHO COJep>KaHue ANTIS
(6oaee 1%). YxkazaHHBIE OOBEKTHI SIBASIOTCS AOTIOA-
HUTEABHBIMI VICTOYHMKAMU AWTHIEBOTO CBHIPBS U 3a-
CAY>KUBAIOT Aa/bHENIIETO U3YIeHNs.

Cmamos 6vinoAHeHa 1o pesyromamam uccAedosaruil no cpanmy MuHucmepcmGa akoroeuu u zeorozuu PK

BR10264558.
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AHOamna. Lbireic KazakcmarHelH Kanba-Hapeim alimarbiHblH aumulini neemamummepiH Kaaslmmacmelpy epek-

wesnikmepi, boaxcay waHe baranay kpumepulinepi Kapacmoelpblnaodsl. [lepmb yaKbIMblHbIH KOAAU3UAOaH KeliiHei (opo-
2eHOiK) 2e00uHamuKanblK #ardalibiHOa KaaeinmackaH Kanba-Hapeim 6endeyiHin 2paHUMoudmapsIMeH cupeK Kesode-
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cemiH memarsnsn KeH opbiHOapsbiHbiH (Ta, Nb, Be, Li, Cs, Sn, W, TR) xemeKwi mypraepiHiH KypblabiMObiK-2eHemuKasbiK
balinaHsicbl aman emindi. [eono2uanbIK-2eHeMUKAbIK MoOenb Hezizei cupek memanodsl neemamum KeH opblHOapbI-
HblH (bakeHHoe, FO6uneliHoe #aHe m.6.) Hampul-Kanuli cepuscbIHbIH KAbIMMbl KAMapbiHOaFel Kaab6a KeweHiHiH 2pa-
HummepimeH (285 MsH xcbin) KeHicmik-eeHemuKanoslK 6alinaHbIcbiH, aliMaOKMbIK KEH KOAOHHACLIHbIH X oFapFel 6eni-
2iHde cnodymeH 6ap #caHe yesul #bindam neamamummepoi OpHAAACMbIPA OMbIPbIT, 0AU20KAA3-MUKPOKAUMAMMAH
(KeHci3) 6acman MUKpoKAUMam-an6bum xcaHe anebum (KeHdi) deliiHei MuHepandbiK KeweHOepOiH Ke3eHOiK OamybIH
Kepcemedi. [Jacmypni epaHUmM neamamum KeH OpblHOAPbIHAH 6ACKA, KYHYW KeWeHiHiH 6YpbiHFbl rnageuoepaHum-
mepimeH #aHe dalikanapsimeH baliaaHbICMbiPamMbIH aabbummi-cnodymeHm mMuHepandaHysi (Sn, Ta, Li) 6ap aumulini
neamamummepOiH nepcrnekmueassl mypi 6enaiHedi — 305 mMaH xcola (AxmemkuHo, Toyka, Andali #aHe m.6.). MuHepar-
dap-KeHOeHy KepcemkKiwmepi: anbbum, KaegenaHoum, criodymeH, UuMamoaum, maHmanum-koaymoeum. bya HeicaH-
0ap Kocbimwa aumull WukKisamel pemiHOe Kapacmelpblaadbl MIHE KOCbIMWA 3epmmeyae naliblK.

Kinm ce3dep: Kanba-Hapeim alimarsl, cupek memanoap, 2paHummep, nagauo2paHummep, neesmamummep, aumudi
wukizamel, 6oaxay.
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Abstract. The features of the formation, prediction criteria and evaluation of lithium-bearing pegmatites of the Kalba-
Narym zone of Eastern Kazakhstan are considered. The structural and genetic relationship of the leading types of rare
metal deposits (Ta, Nb, Be, Li, Cs, Sn, W, TR) with the granitoids of the Kalba-Narym belt formed in the post-collisional
(orogenic) geodynamic environment of the Permian time is emphasized. The geological and genetic model reflects the
spatial and genetic relationship of the main rare-metal pegmatite deposits (Bakennoye, Yubileynoye, etc.) with the
granites of the Kalba complex (285 million years) of the normal series of sodium-potassium series, the stage development
of mineral complexes from oligoclase-microcline (oreless) to microcline-albite and albite (ore) with the placement of
spodumene-containing and cesium-bearing pegmatites in the upper part of the zonal ore column. In addition to the
traditional granite pegmatite deposits, there is a promising type of lithium-bearing pegmatites with superimposed albite-
spodumene mineralization (Sn, Ta, Li) associated with earlier plagiogranites and dikes of the Kunush complex — 305
million years (Akhmetkino, Tochka, Aldai, etc.). Minerals-indicators of mineralization: albite, clevelandite, spodumene,
cymatolite, tantalite-columbite. These objects are considered as additional lithium raw materials and deserve additional
study.

Keywords: Kalba-Narym zone, rare metals, granites, plagiogranites, pegmatites, lithium raw materials, forecasting.
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Abstract. When copper-sulphide ores are dressed, lead is extracted into the copper concentrate, its increased content
in the copper concentrate pollutes the atmosphere with the exhaust gases of the smelter. The paper discusses ways
to reduce the toxic lead content in copper concentrate during flotation of copper sulfide ores. Selective flotation
of galena occurs when hydrophobic elemental sulfur is formed on its surface, and hydrophilizing oxygen-containing
compounds predominate on the surface of copper sulfides. One way is studying the relationship between the structure
of organic and inorganic compounds, their adsorbability on the surface of minerals and the flotation properties of
sulfide minerals. To study the structure of reagents effect on flotation of sulfide minerals, inorganic and organic
compounds with several polar groups in the molecule are selected that are capable of forming complex compounds
with metal cations. The presence in the molecule of several anionic groups enhances the depressing effect of the
reagents, due to the mutual influence of atoms and groups. This contributes to selective flotation of minerals. The
mineralogical analysis shows that sodium thiosulfate inhibits flotation of chalcosine and bornite. The presence of
minerals and active ionic groups on the surface leads to activation of oxygen molecules in the boundary zone and
to formation of a number of stable sulfur and oxygen compounds. In order to develop differences in the composition
of the surface compounds of galena and copper sulfides (chalcosine, bornite, chalcopyrite), we studied the effects of
two suppressant reagents: sodium thiosulfate (Na,S,0;x5H,0)) and red blood salt K;[Fe(CN)4]. Flotation of minerals is
performed without a collector, based on the natural flotation of galena.

Keywords: complexing reagent, galena, chalcosine, selective flotation, extraction, thermogravimetric analysis,

hydrophobization, hydrophilization, elemental sulfur.

Introduction

Studying the relationship between the surface
properties of minerals, the structure of organic
compounds, their adsorbability and flotation activity
is becoming increasingly important.

Organic compounds containing several reactive
groups in the molecule have a greater covalent bond,
participate in the formation of a complex with cations
of copper, lead and zinc metals, depending on the pH
of the medium.

The presence of several anionic groups in
the molecule (OH-, COO- u SO;*)" enhances the
depressing effect of the reagents, since the mutual
influence of atoms and groups is observed in the
molecule. As a result of the shift of the electron densi-
ty in the molecule, the mesomeric effect is enhanced,
due to which a chemical bond is formed between
the reagent and cations of the mineral surface, and
intramolecular complex compounds are formed.

Hydroxyl ions displacing sulphydryl collector
ions hydrophilize the surface of the mineral. The
hydrophilic surface of the mineral is characterized
by the predominance of unsaturated ionic, atomic or
polar bonds on it. On the contrary, the hydrophobic

surface of the mineral is characterized by the
predominance of unsaturated molecular bonds on
it, weakly interacting with the aqueous phase of the
flotation pulp.

Hydrophobicity of minerals facilitating their
flotation or hydrophilicity, which prevents the latter,
is a measure of the activity of the mineral surface
to interact with the aqueous and gas phases of the
pulp. The result of this interaction is formation of
a hydration shell on the surface of the mineral, the
thickness of which corresponds to the size of many
thousands of water molecules and reaches 0.1
microns. Hydration shells are formed in those cases
when the binding energy between the water dipoles
and the surface of the mineral is greater than that
between the water dipoles.

The following row of descending shifts is
qualitatively established:

CO32_ > SO4 ->0OH- > RCO32_ >F> Hzo >
>Cl->SCN->NO; >I>ClO,

that is, ions standing to the right of the water in this
row do not form strong hydrogen bonds in the water,
and those standing to the left form them [1].
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Therefore, on the surface of sulfide minerals,
the strongest hydrogen bonds will arise on the
COs*>0,*>0H anions.

The ions causing degradation of water should
form stronger hydrate layers, thereby enhancing
hydrophilization of the mineral surface.

Taking into account this mechanism of action
of reagents with the surface of minerals, the
hydrophilizing properties of sulfosalicylic acid were
studied. The carboxyl group and the sulfo group are
chemically reactive groups. That is, the following
mechanism of fixing compounds with such a
structure is possible (Figure 1):

The group -COOH can hold four water molecules,
due to which a hydrogen bond is formed, the OH
group binds three water molecules, so it is possible to
form a hydrogen bond due to the presence of an OH
group in the molecule, that is, molecules with such
a structure are most likely to attach to the mineral
surface, enhancing the wettability of the sulfide
minerals surface.

Adsorption of heteropolar molecules and organic
ions on the surface of hydrophobic molecules can
occur in two ways: in the form of physical adsorption
in the order of equalizing phases, which is associated
with decreasing free energy at the interphase
boundaries. With introduction of polar collectors
or a foaming agent, the well-hydrated part with the
functional group should be directed towards the
liquid phase of the pulp, which will contribute to
decreasing free energy, and the polar ends should be
directed towards the mineral that has a covalent bond
and is worse wetted by water. Such an orientation of
the heteropolar compound could provide selective
flotation of minerals [1].

In the interaction of flotation reagents with
the aqueous medium of the flotation pulp, various
processes occur, one of which is formation of soluble
and sufficiently stable complex compounds on the
surface of minerals.

The difference in the composition of the
compounds formed on the mineral surface is
provided by the unequal interactions of flotation
reagents with active centers on the mineral surface.
The most hydrated will be minerals with oxygen-

COOH

COO”

containing compounds on the surface of sulfide
minerals. This problem can be solved by introducing
selectively acting depressant reagents into the pulp.

The aim of the work is studying the effect of
organic and inorganic compounds with several polar
groups in a molecule on the selective flotation of
copper sulfide ores.

Experimental part

Studying the effect of depressants of sulfosalicylic
acid, sodium alizarin sulfonate and sodium thiosulfate
on chalcosine, galena was carried out in a foamless
flotation apparatus. The weight of the sample was
200 mg, the fineness of grinding was —0.074 mm.
Soda was used as a regulator of the pulp alkalinity.

The surface of each mineral was treated with a 1%
solution of the corresponding suppressant reagent
within 1 minute and flotation was performed in a
Halimond tube. Selective flotation of sulfide minerals
without a collector is based on natural flotation of
galena and regulation of the composition of surface
compounds [2].

The spectrophotometric method of analyzing
was used to measure the amount of elemental
sulfur on the surface of galena and chalcosine after
treatment with sodium thiosulfate. The absorption
spectra of the hexane extract were measured on a
spectrophotometer at the wavelength of 300-330 nm.

The degree of hydration of the galena and chalcosi-
ne surface was determined by the differential thermal
analysis in combination with thermogravimetric
analysis. The essence of this method is to measure the
temperature of the endoeffect t, onset, the desorption
heat Q, and to determine the fraction of adsorbed
moisture of the total n.

Results and discussion

The results of studying the effect of pulp pH
and the consumption of sulfosalicylic acid reagents,
sodium alizarin sulfonate and sodium thiosulfate on
chalcosine, galena carried out in a foamless flotation
apparatus are shown in Figures 3 and 4.

The optimal consumption of soda and flotation
reagents under study was established by the
maximum difference in the recovery of chalcosine

Figure 1 — Mechanism of sulfosalicylic acid interaction with the mineral surface cation
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and galena at the 9.5 pH and the reagent consumption
of 240 g/t (Figures 2 and 3). The largest selection of
galena and chalcosine is observed with flotation of
minerals with sodium thiosulfate.

The mechanism of the sodium thiosulfate
action on the surface of chalcosine is to increase the
oxygen-containing hydrophilic sites as a result of

thiosulfate complexes of copper formation. When
interacting with the surface of galena, sodium
thiosulfate slows down oxidation of elemental sulfur
and, due to intramolecular oxidation-reduction,
partially forms elemental sulfur. Elemental sulfur
formed on the surface of sulfide minerals enhances
hydrophobization [3, 4].

s, %
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i PbS -
60 *
a0+
1 Cu,S
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Figure 2 — The pulp pH effect on chalcosine and galena extraction
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1 - sulfosalicylic acid; 2 — sodium alizarin sulfonate; 3 — sodium thiosulfate

Figure 3 — Flotation reagents consumption effect on chalcosine and galena extraction
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The results of spectrophotometric analysis
shows that when the surface of galena and chalco-
sine is treated with sodium thiosulfate, the amount
of adsorbed sulfur on galena rises 2.5 times, and
on chalcosine decreases 2 times; this contributes
to hydrophilization of the surface of chalcosine.
These results correlate with inhibition of chalcosine
floatability.

As a result of mineralogical analysis of the
concentrates, it turns out that thiosulfate suppresses
secondary copper (chalcosine, bornite) minerals, and
bornite is suppressed several times more (Figure 4,
a), red blood salt suppresses only chalcosine (Figure
4, b). Chalcopyrite is not depressed by these reagents.

The mechanism of the sodium thiosulfate action
is explained by the formation of free sulfur on
the surface of galena as a result of intramolecular
oxidation-reduction.

Thus, the results obtained show increasing the
selective flotation of galena by the foaming agent in
the presence of sodium thiosulfate and potassium
ferrocyanide and decreasing natural flotation of
bornite and chalcosine.

The correlation between galena and flotation of
copper sulfide is determined by the sulfur content
on their surface, thermal desorption of the molecule

and water, as well as the initial temperature of the
endoeffect [5].

As a result of IR spectroscopy, the presence of
elemental sulfur on the surface of galena and copper
minerals, the degree of hydration of the minerals
was determined by the differential thermal analysis.
According to the results of the mineralogical analysis,
it follows that sodium thiosulfate inhibits flotation of
chalcosine and bornite [6].

With decreasing the temperature of the
endoeffect, hydrophobicity of the surface increases,
since at a lower temperature there begins evaporating
the adsorbed, in which the hydrogen bonds are
weakened.

The results of the differential thermal analysis
(DTA) are shown in Table.

The analysis of the tabular data shows that
with the surface treatment of minerals with sodium
thiosulfate there increases hydrophobicity of the
galena surface in comparison with chalcosine. This
indicates that moisture is physically adsorbed on
the galena surface and the hydrogen bond energy is
negligible.

Conclusions
Thus, from the obtained research results it can

° 60 a 60 b 60 C
E
40 40 40 p
20 / 7 20 v 20 % 38%
31% S
23% e 7

1 - chalcosine; 2 — chalcopyrite; 3 — bornite (m is the mineral fraction)

Figure 4 — The ratio of changing copper minerals in the concentrate (a, b) in comparison with ore (c)

The results of the differential thermal analysis and thermogrammetry of galena and chalcosine

Mineral RERTENT The endoeffect begil;lning Fraction of the Desorption t.leat,
temperature, t,, °C adsorbed water, n, % Q,, st.unit

Chalcosine Water 72 10.20 9.00
Galena Water 47 7.00 3.98
Chalcosine Sodium thiosulfate 60 12.00 11.25
Galena Sodium thiosulfate 35 3.20 4.00
Chalcosine = Sodium alizarin sulfonate 65 6.00 8.16
Galena Sodium alizarin sulfonate 28 1.80 3.68
Chalcosine Sulfosalicylic acid 50 6.20 6.00
116 Galena Sulfosalicylic acid 42 2.90 4.78
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be concluded that the use of flotation reagents,
sulfosalicylic acid, sodium alizarin sulfonate, sodium
thiosulfate that contribute to changing the surface
compounds of minerals, forms conditions for the
selective flotation of galena and chalcosine. Among
the studied reagents, sodium thiosulfate is the most
effective one, it has a double effect: oxidative and

The wuse of sodium thiosulfate reagent
Na,5,0;x5H,0 in the dressing of copper sulfide
ores improves the quality of copper concentrate, as
a result of the possibility of galena separation into a
separate product, by increasing hydrophobicity of its
surface, and this leads to decreasing the lead content
in the exhaust gases of the smelter.
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AHOamna. Mbic-cynbpuomi keHOepdi balibimy Ke3iHOe MbIC KOHUEeHMpPAamoIHAH KOPFACbIH 66siHin asnbiHA0bI, OHbIH
MbIC KOHUEHMpPamaolHOGFbl HOFAPbI Meawepi ammochepaHsl Mbic 6aaKbIMY 3aybiMbiHbIH, WblFaMbIH 2a30apbiMeH /1a-
cmaliosl. MaKkanada meic-cynbgpuomi KeHOepdi hiomayusanay KesiHoe MbiC KOHUEHMPAMbIHOAFbI yoiMmmMbl KOPFACLIH
KypamelH memeHOemy macindepi Kapacmelpslaadsi. [aneHummiH cesekmusmi ¢gpromayuscel oHbiH 6emiHde 2udpo-
obmel anemeHmmi Kykipm natioa 6oaraH #ardalioa emedi, aa meic cynoghudmepiHiy bemiHde 2udpogunuzayuanaii-
mbIH ommeeai 6ap Kocblaeicmap 6acsim 601a0bl. Op2aHUKGbIK #aHe 6eliop2aHUKAbIK KOCblAbICMapOoblH KypblabiMbl,
01ap0blH MUuHepandap bemiHoe adcopbyusanaHybl #aHe Cyabpuomi MuHepandapobiH, GaAo0MayuanbIK Kacuemmepi
apaceiHOarbl e3apa balinaHbicmel 3epmmey Hezizzai macindepdiH 6ipi 60sab6im mabeianadel. Cyabgudmi MuHepandapoblH
h10MaAyUACLIHO peazeHmmep KypbiabiMbiHbIH, dCEPIH 3epmmey YWiH Memana KamuoHOapsiMeH KeweHOi Kocbisbic-
map xacayra kabinemmi monekynadarsl bipHewe noaApasbiK monmapel 6ap 6eliopeaHUKANbIK HIHE OP2AHUKAbIK
Kocelabicmap ipikmendi. Monekynada bipHewe aHUOHObI monmapodbiH 607aysl amomoap MeH monmapobliH e3apa
acepiHiH candapbiHaH peazeHmmepOiH 0ernpeccusnsiK acepiH Kywelimeoi. byan muHepandaposiH cenekmusmi ¢hioma-
yuAcbIHa biKknaa emedi. Hampuli muocynbgamesi XanbKo3uH meH 6opHUM ghaomayusceiH 6acadel. ep bemiHoe muHe-
pandaposiH, benceHdi UoHObIK monmapdsiH 60ybl WeKapanelK aliMakma ommeeai MoseKynanapeiHsiH 6esaceHoipinyi-
He XaHe KyKipm neH ommeziHiH, 6ipKkamap mypakmel KOCblabicmapbiHelH nalida 6oysiHa aKeneoi. [aneHum rneH Moic
cynbpudmepiHiH (xanbKo3uH, 6GOpPHUM, XanbKonupum) 6emmik KOCbl1bICMApPbIHbIH KYPAMbIHOA alblpMawblasbiKkmel
QHbIKMAy MAKCamolHOa eki peazeHmmepdiH: Hampul muocynegameoiHbiH (Na,S,05x5H,0) #aHe Kbi3bla KAH My3biHbIH
K3[Fe(CN)6] apekemmepi 3epmmendi. MuHepandapdsl p10Mayusanay ¥UHGF6IWCHI3 ¥ypai3indi, oa eaneHUMmiy ma-
bufru hromayusanaHybIHa HezizoesnzeH.

Kinm ce30ep: keweH my3ywi peazeHm, 2asneHuUm, xasnbKO3UH, cenekmusmi piomayus, benin any, mepmozpasumemp-
7iKk manday, cudpoghobuszayus, 2udpounuUAU3AYUS, 3AeMEHMMIK KyKipm.
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IKAVbIPEAEBA MapscaH XakceibaesHa, cmapwuii npenodasamens, m_kaiyrbaeva@mail.ru,
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AHHOmMayus. [pu obozauweHUU MeOHO-CY1bghUOHbIX pyO 8 MeOHbIl KOHUEeHmMpam u3enekaemcs C8UHeU, MogblieHHoe
codepicaHue e2o 8 MEOHOM KOHUeHmpame 3a2pA3HAem ammocgepy omxo0auwumu 2a3amu meoersiasunbHo20 3080-
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da. B cmamee paccmampusaomcsa crocobbi CHUMEHUSA CO0ePHAHUS MOKCUYHO20 CBUHUA 8 MeOHOM KOHUeHmpame
npu gpiomayuu meoHo-CysbguioHbix pyod. CeneKmuUBHAsA hiomayus eaneHuma npomexkaem npu ycao08uu o06pa3oeaHus
Ha e2o nosepxHocmMu 2udpogobHol anemeHmHoOU cepbl, d Ha MosepxHOCMu cynbgudos medu npeobaadarom 2udpo-
Gunusupyrowue Kucnopoocodepxcauue coeduHeHus. OOHUM U3 cnocobos Aea9emcs usyvYeHue 83aUmMoCc8a3u MeXOy
cmpykmypoli 0p2aHUYECKUX U HEOP2AHUYeCKUX coeQuHeHUl, ux adcopbupyemocmsio Ha No8epxHOCMuU MUHepanos u
h10MayUOHHbLIMU c8olicmeamu CyabpUOHbIX MUHepanos. 17 usy4eHus eausHUsS CMPyKmMypbl pedzeHmos Ha gaoma-
Yuto cynbudHbIX MUHepasn08 NodobpaHsl HeopaaHuYecKue U op2aHuYecKue coedUHeHUs ¢ HEeCKOAbKUMU MOAAPHbIMU
2pynnamu 8 mosekyse, criocobHvie 06pa308amMe KOMIAEKCHbIe COeOUHEHUSA ¢ KOMUOHAMU memarnsos. Haauvue 8 mo-
/1eKyse HeCKO/IbKUX GHUOHHbIX 2pyrnn ycuaueaem Oenpeccupyroujee delicmeue peaeeHmos, sciedcmeue 83aUMHO20
8/1UAHUSA aMOMO8 U 2pyrn. Imo crnocobcmayem cesnekmueHol hiomayuu muHepasnos. MuHepano2u4ecKkum aHaAAUu30mM
YCMAHOB/1EHO, YMo muUocCyabham Hampus nodasagem ¢ha0Mayuio XaabKo3uHa u 6opHuma. Haauvue Ha nogepxHocmu
MUHepasno8, AKMUBHbIX UOHHbIX 2Py MPU80OUM K AKMu8ayuu MoseKys KUciopood 8 noepaHuyHoli 30He U K 06pa3o-
8aHUIO pA0a cmabusibHbix coeduHeHUl cepbl U Kuciopodd. C yenbto co30aHUA pasauvuli 8 cocmase nosepxHOCMHbIX
coeduHeHull eaneHUMa u cyab@udos meou (XaabKo3uH, 6opHUM, xanbKonupum) bbiau uccnedosaHs! delicmaus 08yx
peazeHmos nooasumesneli: muocynegpama Hampusa (Na,S,0;x5H,0) u KpacHoli KposaHol conu Ks[Fe(CN)s]. ®nomauyus
MUHepanos nposodumcsa 6e3 cobupamerns, 0CHOBAHA HA ecmecmeeHHOU hiomupyemocmu 2asneHuma.

Kntouesble ca08a: Komnnekcoobpasyowuli peaeeHm, 2aaneHUm, XanbKo3UH, CenekmusHas aomayus, ussneyeHue,
mepmozpasumempudeckull aHanAu3, 2udpogobusayusa, 2udpogunulayus, snemMeHmHasA cepa.
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Abstract. The purpose of the study is to analyze and develop measures to reduce industrial injuries at the Abayskaya
mine. The results of a statistical analysis of mine accidents over six years were considered. It was determined that the
main cause of industrial injuries at the mine is organizational reasons, the share of which is 80% of the total number
of injuries. It was determined that cases of injuries due to psychophysiological reasons occupy the second place in the
total number of victims. Technical and hygienic causes of occupational injuries account for 7.4 per cent and 1.7 per
cent of injuries, respectively. The article shows the distribution of cases of industrial injuries by types of work and by
types of incidents. An analysis of types of industrial injuries was also carried out on the basis of initial data on injuries

recorded at the Abayskaya mine.

Keywords: industrial injuries, mine, accident, technological process, simulators, virtual reality.

Introduction

One of the most important sectors in the economy
of the Republic of Kazakhstan is the coal industry.
Our country has large geological reserves of coal, the
volume of which exceeds 283 billion tons [1].

The technological process of coal mining is
accompanied by hazardous production factors,
such as moving machines and mechanisms, moving
elements of production equipment, electric current,
enclosed space, the rock massif collapse. As a result
of these factors, a high level of industrial injuries is
observed in coal mines, which is one of the main
problems in the field of occupational safety at mining
enterprises.

Research results

This article presents the results of a statistical
analysis of accidents that occurred in the Abayskaya
mine from 2010 to 2016, on the basis of which
measures were developed to reduce the level of
industrial injuries.

Within the period under review from 2010 to
2016, in the Abayskaya mine there occurred 119
cases of industrial injuries. Based on the initial data
of the incidents collected in the Abayskaya mine, a
statistical analysis of industrial injuries was carried
out according to the following criteria: causes, the
type of incident, the type of mining operations, the
type of industrial injuries and their severity.

The causes of industrial injuries are conventionally
divided into 4 types: organizational, technical,
sanitary-hygienic and psycho-physiological [2]. Table

1 shows the distribution of the number of victims for
these types of causes.

Table 1 shows that the main causes of industrial
injuries in the mine are organizational causes, which
account for 80% of the total number of injuries.
Organizational causes include violation of safety rules
during mining, driving workings, non-observance of
the rules of operating mining equipment, violation
of the rules of transportation, loading, unloading the
materials, violation of safety rules when mounting
powered support and its parts and violation of the
passport of supporting mine workings.

Cases of injuries conditioned by psycho-
physiological causes take the second place among
the total number of victims. These causes include
fatigues caused by large physical (static and dynamic)
overloads, overstrain of analyzers (visual, auditory,
tactile), monotony of work, stressful situations, a
painful state.

The share of technical and sanitary-hygienic
causes of industrial injuries accounts for 7.4% and
1.7% of injuries of the total number, respectively. The
technical causes of industrial injuries in the mine
arose as a result of design flaws, malfunctions of
machines, mechanisms, insufficient mechanization
and automation of heavy and harmful work. The
sanitary-hygienic causes of industrial injuries are
associated with violation of the requirements of
sanitary standards for lighting extraction areas.

The results of the analysis of industrial injuries
that occurred in the Abayskaya mine by the type of
incident are presented in Table 2.
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Table 1 — Causes of industrial injuries

Number of victims
Causes of industrial injuries

prs %
Organizational 96 80
Technical 8 7.4
Sanitary-hygienic 2 1.7
Psycho-physiological 13 10.9
Total 119 100

Table 2 — Types of incidents

No Types of incidents Number of victims
prs %
1  The rock massif collapse 52 43.7
2 | Heavy object fall 22 18.5
3 | Manfall 16 13.4
4 | Clamping limbs in equipment 10 8.4
5 | Impact of body parts on equipment 8 6.7
6 | Methane poisoning 7 5.9
7 | Traffic accident 4 3.4
Total 119 100

Based on the data in Table 2, it can be stated that
the main type of incident in the mine is the rock
massif collapse on the workers. This type of incident
accounts for almost 44% of the total number of
injuries.

Falling heavy objects on workers and falling
people are also frequent accidents, 18.5% and 13.4%,
respectively, of the total number of victims.

It should be noted that a small number of road
accidents took place in the mine, which include
accidents involving underground mine transport.

To carry out a statistical analysis of industrial
injuries by type of mining operations, a set of basic
and auxiliary operations was determined, during
which mine workers received industrial injuries.
The main operations included tunneling and stoping
operations, as well as auxiliary transport and repair
operations. Based on these data, the distribution of
industrial injuries by type of operations was made,
which is presented in Table 3.

The distribution of industrial injuries by type
of operations in Table 3 shows that most injuries
occurred during sinking (35.3%) and stoping
(26.9%) operations. During sinking operations, the
largest number of injured workers was recorded
when supporting mine workings (15.9%) and when
extracting rocks (11.7%). During stoping operations,
thelargestnumber of victims of coal mining accounted
for 21% of all injuries. Such a high level of industrial
injuries in breakage and drifting faces is explained by

EFI0 the fact that these places are the concentration of the

main production processes, during which workers
are exposed to hazardous and harmful factors such
as moving and rotating parts and mechanisms of
mining equipment, increased dustiness of the air in
the extraction area, an increased level of noise and
vibration, the likelihood of the rock massif collapse
on a worker, etc.

Thus, the number of injured people accounted for
in the breakage and drifting workings is 62% of all
cases of injuries, in transport and repair work 22.7%
and 15.1%, respectively.

Based on the initial data of injuries registered
in the Abayskaya mine, an analysis of the types of
industrial injuries was carried out. Table 4 and Figure
1 show the results of the analysis.

According to Table 4, when driving underground
mining, miners most often get bruises, dislocations
of the limbs (arms, legs): 33.6% and fractures of the
limbs: 25.2%.

Figure shows the ratio of the severity of injuries
that occurred during stoping and sinking operations
in the mine.

In Figure, minor injuries are at the same level
during stoping and sinking operations. Severe
injuries are more prevalent in sinking operations than
in stoping ones. Fatal injuries occurred only during
sinking operations; this degree of severity is absent in
stoping operations.

Thus, the statistical analysis of industrial injuries
that occurred in the Abayskaya mine shows that
the most frequent causes of accidents are violation
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Table 3 - Distribution of industrial injuries by the type of operations

Number of victims
No Operation type Operation subtype
prs % prs %

Supporting mine workings 19 15.9 42 35.3
Extracting the rock mass 14 11.7
1 Sinking operations Assembly/dismantling equipment 3.4
Repairing a support 1.7
Drilling holes 3 2.5

Mining coal 25 21 32 26.9

2 Stoping operations

Assembly/dismantling powered support 7 5.9

Transporting materials 14 11.8 27 22.7
3 Transport operations Transporting people 7 5.9
Loading/unloading materials 6 5.04

Repair of equipment 9 7.5 18 15.1
4 Repair operations Assembly/dismantling equipment 5 5.04
Repair of supports 4 4.2

Table 4 — Types of industrial injuries

No Types of industrial injuries Number of victims
prs %

1 | Contusions, dislocations of limbs (arms, legs) 40 33.6
2 Fractures of limbs (arms, legs) 30 25.2
3 Head contusion 10 8.4
4 Contusions of the supporting apparatus (neck, back) 9 7.7
5 | Traumatic brain injury 8 6.7
6 | Gas poisoning 5 4.2
7  Fractured ribs 5 4.2
8 | Injuries incompatible with life 4 3.4
9  Contusion of joints 3 2.5
10  Fractures of the supporting apparatus (neck, back) 3 2.5
11  Broken nose 1 0.8
12  Injury to eyes 1 0.8
Total 119 100

of safety rules of mining and sinking operations,
violation of the passport of supporting mine
workings; the main types of accidents are the rock
massif collapse and heavy objects fall; industrial
injuries were most often received by miners who
worked in breakage faces during coal mining and in
development mine workings when extracting rocks
and supporting mine workings.

Conclusion

Taking into account the results of the carried
out statistical analysis, the following measures
are recommended to eliminate the main causes of
industrial injuries:

-to prevent violations of safety rules and

regulations during mining operations, it is
recommended to introduce interactive training
simulators in virtual reality for mine workers;

- to increase the safety of the process of the mine
working roof cleaning.

Virtual reality is one of the highly developed
forms of computer modeling that realizes the illusion
of a person's entry and stay in the artificial world in
real time. Technologies of this kind make it possible to
act directly in the virtual world using sensory devices
that associate movements with the accompaniment of
audiovisual effects [3, 4, 5].

The main purpose of simulators in virtual reality

is to track the sequence and correctness of performing
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all kinds of technological operations that meet the safe
requirements for performing work. In virtual reality
simulators, you can reproduce the areas of stoping
operations and assembly chambers and the working
that take place in these areas and train workers safe
conducting of mining operations without violating
the rules and safety measures with the definition of
hazardous working areas, and what situations can
arise if workers do not adheres to safety rules.

The use of simulators in virtual reality allows:

- organizing the training in the most realistic
conditions of virtual mining, without assuming the
risk to the trainee and expensive equipment;

- using the visual and muscle/motor memory of
the trainee;

- making trainees interested in the learning
process: new technologies will replace «boring»
learning;

- evaluating the behavior of employees in various
situations: the employee gets lost, gets confused in
actions, panics or acts according to requirements (in
contrast to traditional training, where the teacher,
to whom the trainee has learned and told the
instructions, cannot be sure how the trainee will
behave in a real workplace);

- promoting the image of the mine to the modern
one, attracting the attention of the media, thereby
creating a positive image;

- provoking interest in young people, attracting
new promising personnel.

CMUCOK JINTEPATYPbI

Virtual reality simulators immerse miners in a
simulated underground environment where miners
can be trained in real life scenarios and test their
response to hazards in a safe environment.

To improve the safety of the process of the mine
working roof cleaning, it is necessary to take the
following recommendations [6]:

- to pay the main attention to the fact that the
lag of the permanent support does not exceed the
passport value;

- the loading of the rock mass, breaking up
oversized pieces of the rock mass, preparation of holes
for support props, erection of permanent support
frames and other work in the face before mounting
permanent support frames should be carried out
only under the protection of a temporary support;

- before starting any work in the face, it is
necessary to clean carefully and to knock off the
roof, the bottom of the face and the walls of the
working with a 2.5-3 m long undercut from under
the supported space, which will increase the distance
between the dangerous zone of the roof and the rafter,
thereby providing his security;

- to pay special attention to the quality of the roof
cleaning, to the fore-head and sides of the face before
mounting a temporary support and the permanent
support elements;

-in case of signs of increased rock pressure in
the face, take measures to reduce the length of the
unsecured part of the face.

1. https://kursiv.kz/news/kompanii-i-rynki/2016-05/top-10-stran-po-zapasam-uglya.
2. Yebotapes A.I. CoBpemMeHHble YC/I0BMA TPYyAa Ha ropHOLO6bLIBAOLLMX NPEANPUATUAX U NYTU UX HOpManusaumm // TopHas npo-

MblWIeHHOCTb. — 2012, — Ne 2 (84).



Paspnen «feotexHonornun. besonacHocCTb Xn3HepeaTenbHoCcTVy M

3. Akumos A.A., MpoToapakoHoB A.B. PazpaboTka TpeHaxepa A/1A NoA3eMHbIX 3/1eKTpocnecapeit ¢ UCNob30BaHWEM BUPTYa/ibHOM
peanbHocTH // X Bcepoccuiickan HaydHO-NpaKTUYecKas KoHbepeHUmMa Moioabix ydeHbix «POCCUA MOMOOAA». M., 2018.

4. Bonkosa M.M., MaHyposa P.A., WangynnvHa A.H. MprmeHeHWe BUPTYanbHbIX TPEHAXKEPOB A1 00y4YeHUs cneumanmcTos HedTe-
ra3oBoit otpacau // MypHan «BeCTHUK TEXHONOrMYecKoro yHnsepcuteTa». 2019. C. 115-121.

5. http://caten-company.ru/?page_id=620/.

6. 3ybkoB A.A. 1 gp. MepcrneKTnBHbIe CNOCO6bI KpenieHUs ropHbIX BbIpaboTOK Ha NOA3EMHbIX pyAHUKax. M., 2014,

«Abalickaa» waxmacbiHOa eHAipicmiK 3apakammaHydsl memeHoemy b6olibiHua wapanapdsi dambimy
H3He manday

1CATTAPOBA lynomupa CanapoeHa, m.f.K., doueHm, sattarovags@mail.ru,

1*BAJIABAC /ludua XusupoeHa, m.f.K., OouyeHm, l.balabas@ya.ru,

1OCTAHUH AHOpeli AnekcaHdposuy, mazucmpaHm, ostanin_14_97@mail.ru,

KaparaHObl mexHuUKanelK yHugsepcumemi, Kazakcmad, 100027, KaparaHosl, H. Hazapbaes daHfbisbl, 56,

*aemop-koppecrioHOeHm.

AHOamna. 3epmmey makcamsl — «Abalickas» waxmacsiHOa eHOipicmik ¥apaKkammaHyobl memeHOemy 6olibIHwa
ic-wapanapdsl azipney xaHe manday. Anmesl #bia iwiHoe waxmadarel ¥azamalibiM OKUFaaAapobl CMamucmuKasbiK
manoay Homuxcenepi Kapacmsipblaosbl. LLlaxmadarsi eHOipicmik xapakammaHyObiH Heziz2i cebebi ylibimoacmubipyuibi-
nbIK cebernmep 60s61n Mabblnadsl, 0aapPObIH YAECi Hambl HapaKkammaHy xaroalinapeiHeliH 80%-biH Kypalidsl. lcuxo-
¢husuonozuansik cebenmepze balinaHbicmel 60aFaH ¥apakam xaroalinapsl 3apoan weKkKeHOepOiH Hannbl CAHbIHAH
eKiHWi opbiH anamMeIHObIFbI AHLIKMAAObLI. OHAIPICMIK H#apPaKammaHyOblH MEXHUKA/bLIK HaHe CAHUMApusAbiK-2uaue-
HasblK cebenmepiHiH, yneciHe 3apdan weKkKkeHOepOiH #asmbl CaHbIHbIH, muiciHwe 7,4% xcaHe 1,7%-bl muecini. Makana-
0a eHOipicmik ¥apaKkammaHy #aroalinapsiH ¥YMbIC mypaepi aHe oKuraaap mypnaepi 6oliiHwa 6eay KeamipinzeH.
CoHOali-aK «Abalickaa» waxmacbiHOa mipKesnzeH ¥apakammaxy mypassi bacmanks depekmep HeziziHoe eHOipicmik
HapakammapoblH mypaepiHe manoay xcypaizinoi.

Kinm ce3dep: eHOipicmik ¥apaKkammaty, waxma, #a3amalibiM OKUFd, MexHOA02UAbIK MPouecc, mpeHaxepsap, eup-
myanobl HAKMbIAGIK.

AHanu3 u pazpabomka meponpusamuli No CHUXeHU npou3eo0cmeeHHO20 mpasMmamu3sma Ha waxme «Abalickas»

1CATTAPOBA lynbmupa CanaposHa, K.m.H., 0oyeHm, sattarovags@mail.ru,

1*BAJIABAC /ludusa Xu3upoeHa, K.m.H., doueHm, l.balabas@ya.ru,

1OCTAHUH AHOpeli AnekcaHdposuy, mazucmpaHm, ostanin_14_97@mail.ru,

KapaeaHOuHckuli mexHuveckuli yHusepcumem, Kazaxcma, 100027, KapazaHoa, np. H. Hazapbaesa, 56,

*aemop-KoppecrnoHOeHm.

AHHOmMayus. Lleab uccnedosaHuUsa — aHANU3 U pa3pabomka meponpuamuli Mo CHUXeHUI npou3sodcmeeHH020 mpas-
mamusma Ha waxme «Abalickas». Paccmampusanuces pesyabmamel cmamucmu4yecKo20 aHAAU3a HECYACMHbIX CAy4a-
ee Ha waxme 3a wecmo sem. OnpedesneHo, Ymo OCHOBHOU MPUYUHOU MPoOU3800CMBEHHO20 MPABMAMU3MA HA WaAXme
ABAAIOMCA OP2AHU3AYUOHHbIE MPUYUHbI, 00715 KOmopbix cocmasndem 80% cay4aes mpasmamusma om o6wWe20 Yucnd.
OnpedeneHo, YmMo cAy4au mpasmamusma, npoucwedwue u3-3a rMcuxopuduon02udecKux NPUYUH, 3aHUMarm emopoe
mecmo om obuwezo yucaa nocmpadaswux. Ha 000 mexHU4YecKUx U CaHUMApHo-2u2UeHUYeCcKUX NMpuYuH npouseoo-
cmeeHHO020 mpasmamusma npuxooumcsa 7,4% u 1,7% caydyaee mpasmamusma om obuwje2o Yucsaa nocmpaoaswiux
coomeemcmeeHHO. B cmamee npusedeHo pacnipedesneHue cay4aes npou3so0cmeeHHo20 mpasmamu3ma no eudam
pabom u no sudam npoucwecmasuli. Takxce nposedeH aHaAs1U3 8UO08 MPOU3800CMBEHHbLIX MPABM HO OCHOBAHUU UCX00-
HbiX OQHHbIX 0 Mpasmamusme, 3apPe2UcCMpPUPOBAHHbLIX Ha waxme «Abalickasn».

Knrouesoie cnoea: npouszsodcmseHHbIl mpasmamu3m, waxma, Hecyacmmoll cay4ali, mexHonozau4eckull npouecc,
mpeHax3cepbl, 8UPMYAsIbHAA PeasbHOCMS.
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Abstract. The article examines seismic data with subsequent interpretation and assessment of the structural factor,
namely, on the example of the Mangyshlak basin. The purpose of this study is to carry out seismic interpretation, with
which you can identify the structural type of the basin. This study can provide an enhancement in the development of
oil reservoirs and the entire target area. Based on the previously studied data, it was revealed that tectonic elements
are not developed. Archival materials of structural morphology show that the main target horizons in the Jurassic
interval. The study area represents in the form of an anticline with a long axis in the sub-latitudinal direction. In
addition, the morphology of all horizons is inherited. After analyzing the structural characteristics and signs of tectonic

disturbances, the authors interpreted the seismic data.

Keywords: Mangyshlak Basin, seismic survey, interpretation, structure, horizon, tectonics, faults.

Interpretation of the structure. Interpretation of
horizons

The Mangyshlak basin is a typical Mesozoic-
Cenozoic sedimentary basin. Deposits of the Upper
Permian and Triassic, as well as deposits from the
Jurassic to the Quaternary period [1] were deposited
on the Paleozoic basement (Figure 1). The Jurassic
deposits are the main objects of interpretation.

Among the sediments from the Paleozoic to the
Triassic, the main objects are: V1-top of the Triassic;
V2II-top of carbonate rocks of the Middle Triassic
(top T2-A); V2IV-sole carbonate rocks of the Middle
Triassic (bottom T2-B); V3-top of carbonate-detrital
rocks of the Lower Triassic (top T1-G); VI1, the
surface of unconformity of Paleozoic deposits. Based
on seismic stratigraphic reference, the characteristic
of reflection of all horizons is established. In this
case, V2II and V2IV have a positive amplitude, the
remaining reflecting horizons are characterized by
negative amplitudes (Figure 2).

Within the Middle Jurassic [2], the main objects
are reservoirs of the following ages: ]2a, ]2b, ]2bt, ]2k,
and are divided into 13 sand packs J-I ~ J-XIII. Based
on seismic stratigraphic reference, reflecting horizons
of all complexes are established. In this case, JI, J-1I,
J-VI, J-IX, J-XII have a positive reflection amplitude,
J-IV, J-VII, J-VIII have a wavelength reflection,
the remaining reflecting horizons have a negative

reflection amplitude (Figure 3). In accordance with

the results of the binding. The work was done to
interpret the target horizons, i.e. 13 horizons of the
Middle Jurassic and Triassic objects.

Interpretation of tectonic faults

Based on the analysis of coherence, and using
the technology of structure-oriented filtering (SOF),
visualization of tectonic disturbances in the seismic
section is enhanced and the additional work has
been carried out to interpret tectonic disturbances.
According to the analysis of coherence, it is obvious
that in this region the main tectonic failtings are
developed in deep deposits below the surface of
the Triassic unconformity. In the Jurassic sediments,
tectonic faults are not developed.

Using a cube of seismic data, the work has been
done to interpret of tectonic movements. Discharges
in the Triassic sediments are inclined located faults,
which divided the structural plan into tectonically
shielded elements (Figure 4).

In combination with the attribute of coherence,
curvature, instantaneous phase and others, the work
was done to interpret tectonic faults over the area.
Typically, the coherence attribute is more sensitive
to faults, and allows highlighting smaller faults. The
curvature attribute is designed to analyze larger
tectonic elements. The combination of these two
attributes allows comprehensive analyzing the area
faults.
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Figure 1 — Stratigraphic column of the cavity
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Figure 3 — Seismostratigraphic binding
of Triassic sediments

Figure 2 — Seismostratigraphic binding
of Jurassic sediments

The instant phase attribute is designed to analyze | the wedging lines of all horizons under the surfaces
the area of wedging out of sediments, in combination | of unconformities (Figure 5).
[3] with anisochronous cut of sediments, which makes From the interpreted faults in the Jurassic
it possible to clarify the configuration characteristicof | sediments, it can be seen that no major faults were
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Figure 5 — Section of the instant phase and isochronous section of deposits in the survey area

noticed in the main part of the structure of the survey
area, all tectonic faults are discharges of small sizes,
according to which the amplitude of the discharges is
about 10 m, the length is short. In the southern part of
the survey area, thrust faults were observed that cut
up and cut through the Triassic upwards, and their
length was relatively large (Figure 6).

Faults in the Triassic sediments are more
developed than in the Jurassic sediments. The
area developed 4 types of faults. In this case, the
main faults: large size, the main faults have a sub-
latitudinal strike, the inclination is large, limit the
breakdown of structural zones; branched faults have
a submeridional strike, the inclination is large, the
amplitude is small, and the zone of fault horsts of the
structural base is cut off. Discharges accompanied
by faults, the extension of which parallel to the shear
zone limits the compressed anticline. Small faults
which have a strike is perpendicular to the branched

EFI shifts, they limit the configuration of local structures.

Conclusion

Geophysical and geological studies of this
area from the scientific point of view expand the
understanding of extracting information of the
detailed structure of the studied object with transition
from the dynamic characteristics of the wave field
to the geological characteristics of the object: facies
composition, reservoir properties, HC content, etc.
The combination of well data and the results of the
kinematic and dynamic interpretation of seismic data
makes it possible to construct a geological model of
the studied object, which is not an integral part of the
study in the geology of oil and gas.

Within the industrial framework, seismic data
helped to detail the structural body and the tectonic
model of the research area, which provides the basis
for adjusting the approach to the development of the
oil reservoir and assessing the exploration potential
of the area in-depth. The main target horizons
are a structural type reservoir that determines the
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Figure 6 — Superposition of the fault system for the Jurassic interval

distribution of oil, water and gas. However, it is
necessary to consider the influence of the reservoir on
the prevalence of hydrocarbons and the production
rate of each individual well.

It is proposed to carry out a comprehensive study

to assess the effectiveness of field development, and
predict areas rich in residual oil. It is recommended
to continue further geological research with the aim
of identifying traps, understanding the formation of
deposits, optimizing the development of facilities

of seismic, geological and dynamic data for each | and locations for new wells.

productive horizon, to make a detailed analysis and
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AHOamna. Makanada KypsinbiMOblK hakmopOosl, aman alimkaHoa MaHfbiwinak bacceliHi moicansiHOa KeliiHHeH UH-
mepnpemayus xaHe b6aranaymeH celicMUKasbIK MasiMemmep KapacmelpblasaH. 3epmmeyodiH MaKcams! — celicMuKa-
/IbIK UHMeprnpemauyus, oHbiH KemezimeH bacceliHHiH KypblabiMOblK mypiH aHelkmayfFa 60aa0sl. byn 3epmmey myHali
KolmanapsiH #aHe 6apasiKk MaKcammel alimakmel ¥akcapmyobl KAMMAmMacsli3 eme aaaosl. bypsiH 3epmmenzeH
manimemmep HeziziHOe MeKMOHUKAbIK 3n1emeHmmepOiH 0amMbIMaFaHbl aHbIKManobl. KypblabiMObiK mopgono2us-
HbIH MyparammelK Mamepuanodapsl 3epmmey aliMaFbiHbIH, OPA APaabIKMApPbIHOGFL! Hezi3ei MaKcammelK 20pU30HM-
map Kiwi eHOiIK 6areimma y3bIH oci 6ap AHMUKAUHAAL MYpPIiHOe YCbiHbIAFaHbIH Kepcemmi. COHOal-aK KypblibIMObIK
HAFbIHQH 6apsIbIK KOKHUEKMIiH Mopgoso2usacl mypa 60sabin mabblaadsl. TeKMOHUKAMLIK B6Y3blabicmapObiH, KYpblabiM-
OblK cunammamasnapel meH benzinepiH mandaraHHAH KeliiH asmopaap celicMUKanblK UHMeprnpemayus manimems-
mepdi kKepcemmi.

Kinm ce3dep: MaHreiwnaK 6acceliHi, celicMuKanelk, UHMepnpemayus, KypbiasiM, 20pU30HMMApP, MeKmMoHUKA/bIK,
by3blabicmap.
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AHHOMayus. B cmamse paccmompeHsl celicMuyeckue 0aHHble ¢ nocaedyrouweli uHmeprnpemayuel u oueHKol cmpyk-
mypHO20 haKmMopa, a UMeHHO Ha npumepe MaHabiwnakckoao bacceliHa. Liesbto uccaedosaHus A8a9emcs npogedeHue
celicmuyeckoli uHMepnpemayuu, ¢ MOMoWblo KOmMopoli MOXHO 8biA8UMb CMPYKMYPHbIG mun 6acceliHa. aHHoe u3y-
yeHue Moxem obecrneyums yaydyweHue paspabomru HedhmsAHbIX KOAAEKMOopPos U 8ce20 yesneso20 y4acmkd. Ha ocHose
PaHHee U3y4yeHHbIX OGHHbIX 8bIABAEHO, YMO MeKMOHUYeCKUe 3AeMeHMbl He pa3eumsl. ApxugHbie Mamepuasbl CMpyK-
mypHoU mMopghono2uu MOKA3asU, YMo OCHOBHbIE Uesiesble 20pU30HMbI 8 FOPCKOM UHMepesase uccaedyemozo palioHa
npedcmasseHsl 8 hopme AHMUKAUHAAU € OAUHHOU 0Cbio 8 CYybWUPOMHOM HanpassaeHuU. Takxe 8 CmMpyKmMypHom om-
HOWeHUU Mopghos102Us Mo 8CeM 20pU30HMAM UMeem yHac1e008aHHbIl Xapakmep. AHAAU3 XapakmepucmuK CmpyKkmy-
pbl U MPU3HAKO8 MEeKMOHUYeCKUX HapyweHuli no3eoaus npoussecmu UHmMepnpemayuto celicMudeckux OaHHbIX.

Knrouesvbie cnosa: MaHzbiwnakckuli bacceliH, celicMuka, uHmMepnpemayusa, Cmpykmypa, 20pU30HM, MEKMOHUKA, Ha-
PYWEHUS.
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AHHOomayua. PaccmompeHsl 0cObeHHOCMU MPUMEHEHUSA 2e0hu3uYeckux memooos uccaedosaHuli npu usyvyeHuu
0nosn3HesbIx meppumopuli npasobepexcoa p. [AHenp e npedenax AecocmernHoli 30HbI YKpauHsl. [lpugodsmcs 2eo-
71020-2€0¢pu3uyecKkue Mooesnu OrMoa3HEBbLIX Yy4acmKo8. BoloeneHsbl 3a0a4u, Komopble cmasamca npu cneyuanusu-
POBAHHbIX UCCAE008AHUAX 0M0A3Hel U onpedeneHbl 2eodusudeckue memoosl Ux peweHus. BoideneHol mpu amana
Crneyuanu3upoB8aHHeIx Uccedo8aHUli 0MoA3HEBbIX MPOUECCo8: PeKO2HOCUUPOBOYHO-Memoou4ecKuli, 0emasnbHbll,
MOHUMOPUH208bIl U onpedesneHbl KOMMAEKCbl 2e0@u3u4ecKkux memoodos 0414 amux smanos. [as npumepa npu-
8e0eHbl HEKOmopble pe3ynbmamel 2eo@u3au4ecKux Uucca1ed008aHuUl, 8bINMOMHEHHbIX 8 nMpedenax npasoz2o bepeaa p.
JHenp Ha Tpunonbckom yyacmke 86au3u Tpunonbckoli menaoanekmpocmaHyuu. OmmeyeHo, Ymo PayUOHAAbHbI
KOMI/EeKC 2eogusuqeckux memooos rnpu uccaedo8aHuU 0rosa3HesbIX npoueccos onpedendemca 048 Kaxwool om-
denbHol npupodHoli 06cMaHOB8KU (omoenbHO20 y4acmKa), ¢ y4emom: 803MOXCHOCMU BbIMOMHEHUSA 10/€8bIX Uccre-
008aHUl omoesibHbIM 2e0pU3UYECKUM Memoo0oM Ha OQHHOM y4dcmKe; Haau4usa ouggepeHyuauyuu nopood no gu-
3uYecKum ceolicmeam, Ucnosb3yemoli KOHKPemMHbIM 2eohu3udecKUM Memooom; SKOHOMUYecKol ahhekmusHocmu
npumeHeHusA 0aHHO20 2eopuU3u4ecKo20 Memoaoad.

Knroyesoie cnoea: uHxceHepHaAa 2€Od)U3UKCI, Ol10/713HU, UCCﬂedOGCIHUFI, 3/71eEKMpuUYecKoe coripomuesieHue, 30Hdupo-

8aHUe, pa3pe3, Mooesib.

BBeaenne

B mocaeanee BpeMsi HaceAeHHble TeppPUTOPUU
MIpVBAEKAIOT BHUMAaHNE B CBA3M C HEOOXOAMMOCTLIO
OILIEHKM pIMCKa ITPOsABAEHUS OIACHBIX MPUPOAHBIX
U OPUPOAHO-TEXHOTEHHBIX sBAEHMII U IIPOIIeCCOB,
MIpeACTaBASIONINX YTPO3y AAsd 0e30I1acHOTO IIPOKI-
BaHIsA 4Ye/l0BeKa U (PYHKIVOHUPOBaHUSA OOBEKTOB
XO3AMCTBeHHON MHppacTpyKTypsl. ITpu sTomM Han-
0o/ee CyIecTBeHHBIMI IIPUPOAHBIMU IIpOIleccaMi
(OTHOCUTEABHO MX OMACHOCTM) SIBAAIOTCA KaK IIpO-
11ecChl ®HAOTEHHOI TPYIIILI — COBpeMeHHble Me/-
JeHHble TeKTOHMJecKle (BepTUKaAbHbIE U TOPU3OH-
TaAbHBIE) U CeliCMIUYeCcKIe ABVKEHIS 3eMHOI KOPHI,
aKTUBU3AIMsl KPUIIOBBIX ABVDKEHUII IIO pas3loMaw,
TaK M IIpOIlecchl DK30TeHHOM T'PYIIIBI — IpaBUTaIU-
OHHBIE (OIT0A3HM), YPO3MOHHLIE, CY(PPO3MOHHO-TIPO-
cagoO4HbIe U 3a004aulBaHUsL.

CaeayeT OTMETUTD, UTO CpeAM DK3OTEHHBIX Tre-
0A0TMYECKMX SBAEHUII OIIOA3HEBbIe ITPOIIeCChl OT-
HOCATCSI K KaTeropuy HamOoAee OIacHBIX M IIUpPO-
KO pacIpocTpaHeHHBIX. BcaeacTBue HMKAMYHOCTU
aKTMBM3AIIMM ¥ KaTacTpO(PpUUHOCTU IIPOSIBAEHMI

OIT0A3HEeBbIe ITPOIIEeCCh CO34aI0T OCTOSIHHYIO YIpO3y
BO3HMKHOBEHMs ype3BbrdaiHbIx cutyanuii (UC) Tex-
HOT€HHOTO, IMPUPOAHOTO ¥ TEXHOT€HHO-IIPUPOAHOTO
XapakTepa. Vsydars nx — 3Ha4UT OIIpeseasiTh Te I10-
cAejoBaTeAbHble M3MEeHeHIs COCTaBa 1 CBOMCTB Top-
HBIX TIOPOJ, BEIpakaloIyie HeKOTOpble OOBEKTBHEIE
3aKOHOMepPHOCTH, 6e3 3HaHII KOTOPBIX HEBO3MOXKHO
AOCTVDKeHIe TAaBHOM IleAM — HaydHOIO IPOTHO3a
PpasBUTUA OIOA3HEBBIX HpoljeccoB. PermonaanHoe
M3yJeHNEe OITOA3HEBBIX IIPOIIeCCOB Oasmpyercsl Ha
aHaAM3e MH>KeHEePHO-Te0AOTUYeCKIX YCAOBUII Tep-
pUTOpUN, UCTOPUU ee TeOAOTMYeCKOTO Pa3BUTIS,
KAMMAaTUYECKUX YCAOBUIL, a TakK’Ke OTAEABHBIX KOC-
MMUYECKUX (PAKTOPOB — LUKANIHOCTY CO/JAHEYHOI
aKTMBHOCTY, B3aIMHOI'O MEeCTOHAXOXAEHUS 3eMAn,
Aynpl u CoaHlla 1 T.I1.

leodpusnueckne METOAB TPUMEHSIOTC AAS U3-
Y4eHMsl IMAPOre0AOTMYecKUX U MHXKeHepHO-Te0A0-
IMYeCKUX YCAOBMII OIIOA3HEBOTO y4yacTKa, BAUSHIS
VX Ha DKOA0TMIECKyIO OOCTaHOBKY M OOBEKTHI XO3511i-
CTBeHHOI MHPpacTpyKTyprL. Ilpyn aTOM M3aydarorcs
3aKOHOMEPHOCTU M3MeHeHMII BO BpeMeHU pa3Amny-
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HBIX reoM3MIECKNX IIOAeNl U ITapaMeTpPOB CpeAbl,
KOTOpbIe OTpa’kaloT OCOOEHHOCTV Pa3BUTHS OIIOA3-
HeBoro Iporecca. OObeKTUBHAs OlleHKa OIT0A3HEeBOI
OIIaCHOCTU TePPUTOPUIL TpedyeT peleHms 11e10T0
psAda 3agad. OCHOBHBIMU M3 HUX SIBASIOTCA: OIIpe-
AeJeHHe CTpOeHIs CKAOHa, ero cocTaBa, COCTOSIHUA,
CBOIJICTB, YCAOBMII 3a/€TaHlsI I TeOMEeTPUIECKUX I1a-
paMeTpOB OTAEABHBIX TOALI] TOPHBIX IIOPOJ, VX BOAO-
HacBIIIeHNsT U peXXMMa IOA3eMHBIX BOA. Permrenne
STUX 3ajad BMeCTe C JAHHBIMU O KAUMATUYECKUX U
TMAPOAOTUYECKUX YCAOBMX pailoHa, MaTepuada-
MM O TeXHOTE€HHBIX Harpy3Kax 1 MCTOPUU Pa3BUTILL
OIIO/A3H:I CAy>KaT OCHOBOI A5 IIPOBEAEHIIS pacueToB
YCTOMYMBOCTH CKAOHA.

OcHoBHOE BHIMMaHMe IIPpY 9TOM oOpalaeTcs Ha
1oApoOHbIe DKoreopn3nIecKe 1ccAe0BaHUs BepX-
Helt yactu paspesa (BUP) — npunosepxHocTHOI ya-
CTM T€0/J0TMYECKON CpeAbl MOIIHOCTBIO B AECSTKI,
pe>xe IepBble COTHU MeTpoB. OHa BKAIOYaeT ITOYBEL
TOpHBIE ITOPOADI, TIOBEPXHOCTHEIE, TPYHTOBBIE I ITOA-
3eMHbIe BOABI, DK30T€HHBIE (PU3NKO-TEOAOTHIECKIe
SIBA€HUs (OIIOA3HN, KapcT 1 T.11.). BUP B HanGoAb-
IIIell CTEIIeHM ITOABEpraeTcsl BO3AEVICTBUIO DK30TeH-
HBIX (aTMOC(EPHBIX, IIOBEPXHOCTHBIX) ¥ TEXHOT€HHBIX
(PusuKo-xMMIIECKIX, DHEPTETUYECKIX) ITPOIIECCOB,
a TakK’Xe DHAOTEHHEIX (BHYTPM3EMHEIX) (PaKTOpPOB.
BUP uacro xapakrepusyercsi 9KCTpeMaAbHBIM IIPO-
SIB/I€HIIEM KaK IPUPOAHBIX IIPOILIECCOB — PE3KOII Teo-
Z0TUYECKOI U IeTpOPU3NIECKOI HEOAHOPOAHOCTBIO
Cpeasl B IIPOCTPaHCTBE U BpeMEeH, TaK VM IIPOIeCCOB
TEXHOT€HHOIO XapaKTepa — aHOMa/bHBIM IIPOsIB/e-
HIEeM Pa3AMYHBIX MCKYCCTBEHHBIX (PU3MYECKUX IIO-
2eit. OcoOeHHOCTBIO BEpPXHEeN 4acTy Ie0AO0TMIecKO
Cpeapl, IIpeTepIieBaloIlell 3HaYUTeAbHbIE TeXHOTEeH-
HBbIE Harpy3KM, ABASETCS SIPKO BhIpa’kKeHHas 3aBUCH-
MOCTD BCEX ee XapaKTepPUCTUK OT KOOPAMHAT TOUYEK
Ha0AIOA€HNIT, IIOCKOABKY CBOVICTBA U COCTOSIHIIE
IIOYB U TOPHBIX IIOPO/, BEPXHEI YacT! pa3pe3a 3aMeT-
HO MEHSIOTCS OT TOUKM K TOUKe KaK I10 AaTepaan, TakK
U 110 BepTuKaau. Pe3ko MeHseTCs B IIpOCTpaHCTBe 1
BpeMeHI TakKe ITOBeJeHNe pa3AMIHBIX Teopusnye-
CKIIX ITOAEVA.

ITporHosmpoBaHMe OIIOA3HEBLIX YYacTKOB Oa-
3UpPyeTCsd Ha M3YyYeHUU MUKPOAVMHAMMKU HaIlps-
SKEHHBIX MacC IOpOJ, 4YTO HAaXOAUT OTpa’keHUe B
U3MEPEHHBIX Teopu3nIeckux Ioasax. Ilpuvenenne
reopM3NIECKUX UCCAeJ0BaHUI T03BOAsET 00CAe0-
BaTh OOBIINE IIA0IIAAN IIPU AETaAbHOCTY HaOAIO-
AEHUI, KOTOpasl HeAOCTYIIHA A4S IIPSAMBIX METOJ0B
UH>KEHEPHO-T€0AOTMUECKX M3BICKAHMUII C WCIIOAB-
3oBaHMEM OypeHUs OOABIIOTO KOAMYEeCTBa CKBa-
>kyH. OHI geleBae IPSIMBIX METOAOB 11 MOTYT OBITH
BBIITIOAHEHBI B 00/ee KOpPOTKHe CpoKu. baarogaps
BCECTOPOHHEMY aHAaAM3y MCCAEAYEeMON CUCTEMBI U
MaccoBOMY XapaKTepy HaOAIOAeH!II reodpuanaeckast
nHdpopmalus Hanbolee IIOAHO oOecIledrBaeT BO3-
MO>KHOCTh MOAEAMPOBaHNsA, KOTOPOe SIBASIETCS He-
0OXOAVIMBIM D/1€MEHTOM MH>KeHEePHO-T€010TNIeCKO-
T'O MOHUTOPVIHTA OITO/A3HEBLIX ITPOIIECCOB.

MOHUTOPUHIOBLIE MHXKEHEPHO-TeoPU3NIeCcKe

m nccaea0BaHsI IIPpY N3YIeHNU OII0A3HEN IpeaHasHa-

YeHHI 4451 HaTypPHOTO HaOAIOAEHNS 3a M3MEHEeHUAMU
re0/10TMIECKO CpeAbl B 30HE Pa3BUTISI OIIOA3HEBBIX
rpoueccos [1, 2]. Iloayuennsle reopusndeckne Ma-
TepraAbl UCIIOAB3YIOTCS AAS IPVHATIS HayIHO-TeX-
HIYECKMX PeIlleHNII Ha IIpOBejeHINe OINTUMAaAbHBIX
3aIMTHLIX MH>KEeHEPHO-TEXHIYECKIIX MEPOIIPUATHI.
Heob6x041MOCTh 1 00s3aT€ABHOCTD CIEIIMAaAU3UPO-
BaHHBIX TI'€0A0TO-TeOPU3NIECKMX WUCCAeAOBAaHMIT B
paifoHe OIT0A3HEBBIX TEPPUTOPUIL C LIEABIO IIPOTHO-
3MpPOBaHIA BO3MOKHBIX TI'€ODKOAOTMYECKNX M3Me-
HEHUI OKPY>KaIoIllell cpeAbl cAelyeT U3 MHOTOYNC-
AEHHBIX IIPOCYETOB B OOOCHOBAHUM CTPOUTEABCTBA U
DKCIIAyaTally Pa3ANIHBIX ITPUPOAHO-TEXHOTEHHBIX
CHCTEM.

Caeayer OTMETNUTB, UYTO IIpeHeOpeXeHUe Op-
raHM3alell MOHUTOPUHIOBBIX UH)K€HEPHO-TeO-
Pusnueckux 1 dKOreoPUNMIECKUX MCCAeAOBAHNI
OITO/3HEOITaCHBIX TEPPUTOPMUII IIOBBHIIIAET PUCKU
KaTacTpO(PUUECKOTO PasBUTNS CUTYalUI. JHauM-
TeABbHOE KOAMYECTBO aBapMii, IPOVCIIEAIINX BCAEA-
CTBIUE Pe3KOI aKTMBM3aLMI OITIOA3HEBBIX IIPOIIECCOB,
IIPUBOAUT K IMOeAN A104ell 1 TToTepe MaTepuaAbHBIX
1I€HHOCTEIA.

Cymectsyer psi4 IyOAMKAIIUIL, ITOCBSIIIEHHBIX
IIPUIMEHEHNIO METOAOB TeO(PU3NMKU AAs M3YIeHIS
OIT0A3HEBLIX MmpoIljeccos [1-5], ogHako mx cucrema-
TUYEeCKNe CIIeVaAu3VpOBaHHble reopU3MIecKe
nccaeAoBaHNs, a TeM Doaee reopU3NMIECKUIT MOHMU-
TOPUHI, IPaKTUIECKN ITPOBOASITCA AOCTaTOYHO pea-
KO. B OCHOBHOM, IO BO3MOSKHOCTH, MCIIOAB3YIOTCS
Marepuaabl reopU3NIECKNX CHEMOK, BBIITOAHEHHBIX
paHee Ha I110IJaAM MCCAeAOBaHUIA C I1€ABIO TeOAOT-
9YeCKOTO KapTMPOBaHMUs U IIOVCKOB MECTOPOKASHMII
I10Ae3HBIX McKoraeMbIX. CaeAyeT OTMETUTD O He3Ha-
YUTEABHOM KOAMYECTBE IIyOAMKaLMII Ha BTy TeMy
C AeMOHCTpanueil MpaKTUIeCcKMX MIPUMEPOB IIpU-
MeHeHIs TeO(PU3NUIECKMX MEeTOJO0B AAS V3yIeHI
OIIOA3HEIl.

CraThsl IIOCBAIEHAa aHAAM3Y METOAMYECKUX
ocobeHHOCTeN reopU3MIECKUX MCCAeAOBAaHMIT IIPU
M3Y9EeHUM OIIOA3HENl ¥ IpUBEJEHBl pe3yAbTaThl
KOMIII€KCHBIX T€09AeKTPMUYECKMX MCcCAeAOBaHMII
BepXHell 4acT! paszpe3a XapaKTEPHBIX OIIOA3HEBBIX
y4JacTKoB B paiioHe c. I'pebenn n Buraues Kuesckoit
obaactu Ha mpaBobepexbe p. JHeIp B yCAOBIIX
AecocTertHOM 30HBI YKpamubel. CaeayeT OTMETHUTBb
AOCTaTOYHO CAOXKHBIE T€0DAEKTpUIECKNe YCAOBI
MCCAEAOBaHNII, CBsI3aHHbIE C €CTeCTBEHHOII oOcCra-
HOBKOII M B I1eA0M caAabo auddepeHIInpoBaHHbIM
re09AeKTPMIECKIM pa3pe3oM, 4TO TpebOoBalo IOBbI-
IIIEHHOI TOYHOCTY ITIO/A€BBIX U3MEPEeHMII, IpuMeHe-
HIUS CTaTUCTMUYECKMX METOA0B OOpabOTKM U HOBBIX
II0AXOA0B K MHTepIIpeTaliuy IOAEBBIX reodpuande-
CKIIX AaHHBIX.

I'eoaoro-reopusmdeckie MOaean
OIT0A3HEBOTO MacCyBa

T'eoaornueckas O6CTaHOBKa, BAVIAIONIAsI Ha BO3-
HIUKHOBEHIE OIIOA3Hel], orpejeAaseTcss yCAOBUSIMU
3aJeraHus, CBOIICTBAMU U COCTOsSIHUEM KOP€eHHBIX
IIOPOA 1 ITePEKPbIBAIOIINX VX boaee MOAOABIX 06pa—
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30BaHMIL. B mepByIo ouepesb oOpallaloT BHIMMaHIeE
Ha BblAeAeHle B IpejeaX CKAOHOB Ie0AO0TMYecKMX
Tea, KOTOpbIe IO CBOMM TeOTeXHUYeCKUM ITOKaszaTe-
ZSIM SIBASIIOTCSI Hau0o0/1ee CKAOHHBIMU K OITOA3HEBbIM
nporieccaM. DTO OPEUMYIIECTBEHHO TAMHUCThIE I10-
POABI C BBICOKUMM KO®(PUIIMEHTaM!U I11aCTUYHO-
CTM, KOTOpble XapaKTepU3YIOTCHA DAEKTPUYECKUMU
CONPOTUBAEHMSAMY, He IPEeBbINAIOMIMMM ITePBhIX
AecaTkoB OM M.

Ha passuTne Bcex TUIIOB ONOA3HEN 3HaUMUTeAb-
HOe BANSHIE OKa3bIBalOT OCOOEHHOCTN 3aleraHus U
ABVDKeHI TOA3eMHBIX BoJ. BogoHackliieHne nopog,
CIIOCOOCTBYET Pe3KOMY CHIDKEHHUIO UX DAEKTpude-
cKoro comporusaenns. IlosTomy HeoOXoAMMO mU3-
y4daTb TPYHTOBbBIE, I11acCTOBBIE U TPeIHHbLIE BOABI,
BBIKAVMHNBAIOIINEC B IIpejeaax cKAOHOB. OcoOeHHO
Ba’KHBIM (PaKTOPOM, OT KOTOPOTO 3aBMCUT IIOCTY-
II1€eH1e BOABI K CKAOHOBBLIM OTAOXKEHMSIM, SIBASETCs
HaAM4Me U MOAOKeHe PerMOHaAbHBIX BOJOYIIOPOB.

B mporecce re0a0ro-reopu3NIecKoro M3ydeHst
OITOA3HEBBIX MAacCUBOB Ba’XHO BBISCHUTL AeTaAl
UX cTpoeHns. HeobxoAnMo MMeTh B BUAy, YTO AAs
OIIO/3HEBLIX MacCCUBOB XapaKTepHO pa3HOOOpas3Hoe
coyeTaHMe TOM MAM MHONM CTeIleHM KOHTPaCTHBIX
pasAMIHO OpMEHTUPOBaHHBIX I'PaHMI] pa3djeda C Mo-
CTEITeHHBIM I'paJVeHTHBIM M3MeHeHeM PU3IIeCKUX
CBOJICTB.

CaeayeT OTMeTUTh, UTO OOpa3OBaHMe OIIOA3HEN
— BTO AMHAMMYECKUII IIPOLeCC, KOTOPDIN Ha KaXKA01
CTaAMM CBOETO Pa3BUTHUs OIpeeAseTcs] COBOKYITHO-
CTBIO Pa3AMYHBIX IPUPOAHBIX (PaKTOPOB, IIPUBOAS-
VX K HAPYIIIeHNIO YCTOMUMBOCTHU CKAOHOB.

Bakneiiireir 0cOOEHHOCTBIO Te0A0TO-Teopu3Ide-
ckoit mogeau (ITM) ormoa3HeBOro MaccuBa SIBASIETCS
HaAW4Me OBEPXHOCTM (30HBI) CKOAbXKeHMs. B o101
30HE eCTeCTBEeHHas CTPYKTypa IOpPOABI UCIIBITHIBAET
HanOoablne n3MeHeHus. Hapyiaiores npucyiiue
TOPHOI IIOpOJe CBA3M, MeHseTCs ee CTPYKTypa, Io-
BBLIITIAeTCs CodeprKaHue U MUHepaAu3allls ITOpOoBOi
BAarM. DTU U3MEHEeHNs OTpa’kaloTCs B M3MEHEeHUU
psda reopU3NYeCKMX IlapaMeTpOB, B YaCTHOCTHU
9AEKTPUYECKOTO COIPOTUBAEHNS M CKOPOCTHBIX Xa-
PaKTepUCTUK MHOPOJ. YCTaHOBAEHO, HallpuMep, 4TO
3HaueHle CONPOTUBAEHNs IIPOO BOALI B 30HE CKOAb-
>xeHMs B 1,5-2 pasa HUKe COTPOTUBAEHMNS, XapaKTep-
HOTO 4451 TTI0A3€MHBIX BO/ 1CCAeAyeMOTO yJacTKa.

Ilospimienne MMHepaAu3auy B AaHHOM cAydae
— pesyaAbTaT, TAaBHBEIM OOpa3oM, IMApaTalyi IAU-
HIICTBIX MIHEpPaAOB, 4YeMy CIIOCOOCTBYeT IlepeTu-
paHMe UM MHTeHCHBHas MexaHUJecKasl IepepaboTKa
nopoga. Hamboaee cymjecTseHHO BO3pacTaeT DAekK-
TPOIIPOBOAHOCTb MaTepuasda, COCTaBAAIOIIETO 30HY
CKOABXXeHUs TOPOAbl (THIa apIUAAUTOB, CAAHIIEB,
TAVHUCTBIX II€CYaHNKOB) I B MEHBIIIell CTelIeH! TANH
C BBICOKMMM IIOKazaTeAsMMU IlAacTHIHOCTU. Taxcke
YeTKO IMPOSBASIETCS B DTOM 30HE yMeHbIIeHe CKO-
pocTeit MpOAOABHBIX U ITOIIEPEYHBIX BOAH U POCT KO-
¢ PpurnenTos ux noraomenna. Kaxaoe mocaeayro-
Ilee rlepeMelleHe OTI0A3HeBOTO MacclBa HapyIllaeT
HOPMaAbHOE COCTOSIHIE ITOPOJ B 30HE CKOAbXKEHIs,
COOTBETCTBEHHO INPUBOAUT K M3MEHEHUIO UX DAeK-

TPUYECKUX VM CKOPOCTHBIX ITapameTpos. Ilpu sTom
obOpasyeTcs cpeda C TpaAM€HTHBIM, ITOCTEIIEHHBIM
U3MeHeHreM PU3NIECKUX CBOICTS [1-5].

Taxoke ITPOMCXOAAT WMHTEHCHUBHBIE M3MEHEHILT
II0pOJ, CAaraloIiuX OCHOBHOe TeAOo omoA3H:A. CMe-
I1asCh MO CKAOHY, 9TU IIOPOABI MeXaHMYecKU pas-
PYIIAIOTCSI M CTAHOBATCA MEHee YCTOMYMBBIMM, MX
DAEKTpUUIecKoe COnpoTuBAeHMne cHuKaercs. Cyie-
CTBEHHO Pa3ANYaroTCs 3HaYeHNs DAeKTPUIECKUX CO-
IIPOTUBAEHNI TIOPOJ TeAa ONOA3HSI U OAHOTUITHBIX
o0OpaszoBaHIII 3a €TO IIpeAeAaMIL.

Ckopoctu pacopocTpaHeHUs YIPYyTUX BOAH B
A€eCCOBBIX IIOpOJax Ha Ae(pOpMUPOBAHHBIX CKAOHAX
MoryT ObrTh Ha 40-60% HIDKe, YeM Ha YCTOIIUBBIX
ydacTKax, pPacIOAO0XKeHHBIX 3a IIpejedaMM CMe-
mennA. CAOXKHBI XapaKTep ABVKEHUs OITOA3HS
co3jaeT pa3HOOOpasHble COYeTaHMsl 30H CXKaTusd
U pacTsDKeHNs, KOTOpble HamboJee YeTKO ITPOsIB-
ASIOTCA B ynpyrux napamerpax. OmnoasHeBoe Teao
OTAMYAeTCsl aHM3OTPOIMEN BCeX TIeo(pU3NIECcKUX
napamMeTpos. OCHOBY aHM3OTPOIINI COCTaBASIET Tpe-
IIMHOBATOCTh, KOTOpasl SIBASETCSI OAHOM M3 Hambo-
Jlee XapaKTepHBIX OCOOEHHOCTeNl OIIO0A3HEBBIX Mac-
cuBOB. YeTKO IpOsIBASIeTCsI aHU30TPOIIS B MOAOABIX
aKTMBHBIX OITOA3HAX. DTO siBAeHMe d(PPEeKTUBHO U3-
ydaeTcsl AeKTPUUeCKUMHU U CeliCMOaKyCTUIeCKUMU
MCCAeAOBAHUSIMIL.

BoABIMINMHCTBO OIOA3HEN NPUHAAAEXKUT K IIAa-
CTMYECKMM ¥ CTPYKTYPHBIM TumaMm. /aAs IepBBIX
XapaKTepHO CMellleHIe MacC TOPHBIX IOpOJ, B Doaee
1AM MeHee O4HOPOAHOM X MacCuBe II0 ITOBepPXHO-
CTU CKOALXeHMs. Bo BTopoM — mpoumcxogut croa-
3aH1e OAOKOB IIOPOJ IO OCAa0A€HHBIM KOHTaKTaM
MEeXJY HaKAOHHBIMU CAOSAMU IIOpod. B ocobyio
IPYIIY BBIAEAAIOTCA OIOA3HU B A€CCOBBIX IOPOJAX,
KOTOpPBle IMPOKO PasBUTEI B CTEMHON U AeCOCTell-
HOJI 30HaX, B 4aCTHOCTH Ha IIpaBoOepexxbe p. JHerp
B npegeaax Kuesckort obaactu [1, 3]. OnoasHeBbIe
SABA€HMS B DTUX OTAOXKEHMUSIX TECHO CBA3aHBI C pe3-
KM yMEHBIIEHEeM X MeXaHMYEeCKOi ITPOYHOCTHU
IIpY pa3MOKaHUU U AaAbHEeNIIeN 4e3MHTeTpaliin.

[Taactiyeckne caBuru oOpasyioTcsl B OJHOPOA-
HBIX IIOpOJaxX, OTAMYAIOIINXCS OOBIMHO CHV>KEHHBI-
MU DAEKTPUYECKUMH cONpoTuBAeHusAMu (0 =>5-60
OM'M) 1 CKOPOCTAMM pacHpOCTpaHEeHUs MPOAOAb-
HBIX U TIONepeuHbIX ynpyrux BoaH (Vp=>500-1700
Mm/c, Vs=200-600 m/c). Pusnueckme CBOIICTBa CAaMOTO
OITOA3HS ONPeAeAsIOTCs CTeIIeHbIO0 Pa3pPyIIeHHOCTH
II0pOJ, €ro TeAa, HaAudMeM TPeIH U UX 3alI0AHNUTe-
A1, HAIIPSI)KeHHBIM COCTOSIHMEM II0POJ, MOIITHOCTBIO
30HBI adpalyy, 0OBOAHEHHOCTBIO OTAEABHBIX YacTell
OIIO/3H: ¥ HEKOTOPBIMU APYIUMHU (PaKTOPaMI.

CrienmduueckuMy  OCOOEHHOCTSIMM — XapaKTe-
pusyeTcss IPUITOBEPXHOCTHBIN CAOM OIMOA3HEBBIX
MacCCUBOB, HAXOASIIIUIICS IO MHTEHCUBHBIM BO3A€Ti-
CTBMEM IpolieccoB BeIBeTpuBaHMsA. OH oTAM4yaeTcs
OueHb HMBKMMU 3HAYEHNSIMM CKOPOCTEN YIIPYTHX
BO/H U BBICOKUM KOD(QPULMEHTOM UX ITOTAOIIEHNA.
Ero yaeabHOe »aeKTpuyeckoe COIpOTUBAEHUE Ha
OAHOM U TOM >Ke yJacTKe MOXKeT MeHsThcs oT 5-10

Owm-M (B mepuog goxaeit) 4o 100-200 Om-M B 3acy1ii-
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AMBOe BpeMsi To4a. BrilmoaHeHHbIe nccae 0BaHms TO-
3BO/SIOT IT0AaraTh, YTO (PU3MIECKIIE CBOJICTBA, B TOM
qucae yupyrue U 9AeKTpudeckne, B 30HaX MHTeHCUB-
HOTO BBIBETPVBAHIISI MEHSIOTCS C TAyOMHOI 10 3aKO-
HY, 0AM3KOMY K DKCIIOHEHIIaAbHOMY.

B 3oHe a®spanum omoA3Hs 3HaYEHUS DAEKTPU-
YeCcKIX CONPOTUBAEHUI 3aMeTHO IIPeBHIIIaloT HTOT
rapaMeTp TeX Ke IOpoJ, 3a MpejedaMy ONOA3HA U
B PeAKUX cAydasx IpuMepHO pasBHbl M. CkopocTn
celiCMMYeCcKMX BOAH ITIOUTH He OTAMYAIOTCA OT Xapak-
TEPHBIX 4451 TeX Ke MOPO/ B KOPEHHOM 3a/leraHmu.
I'panniia Mmexxay 30HOM a®panuy 1 ITOAHOTO BOAOHA-
CBIITeHN s OOBIYHO HOCUT Pa3MBITHIN XapakTep, IIpu-
yeM 0COOEHHOCT M3MEHEHI ITapaMeTpOB 34€ecCh 3a-
BIUCST OT CTETIeHN Pa3BUTIUS «KaIllMAASPHOI KalIMbI».

CTpyKTypHbIe OIIOA3HM OTAMYAIOTCS OCOOEHHO-
CTAIMM TTOBEPXHOCTEN CKOABXKEHIs, KOTOpble IIpuy-
pOYeHsI K 0cAa0AeHHBIM 30HaM Ha IpaHMIlaX MeXAY
reoA0TYeCKUMHU TeAaMU. DTU HOBEPXHOCTY MOTYT
OBITH TTAOCKMMIY, HaKAOHHO-CTYIIEHYATBIMU U B OT-
A@ABHBIX CAyJasX BOAHUCTLIMIU.

IToscemecTHO pacnpocTpaHeHbl OMNOA3HHU, BO3-
HUKaIOIIue B pe3yabTaTe CMeIIeHUs AeAIOBUS II0
HaK/JAOHHBIM ITOBEPXHOCTAM KOPeHHBIX nopog. Oco-
OeHHO YacTO BCTPEYaIOTCsl OIOA3HM TaKOTO THIIA
B Kapmarax. B GoapmmHcTBE cAydaeB MX MOXKHO
YCIIEIHO M3y4aTh IreoPpU3MIecKuMy Merojamu. B
30He avpallul B IpeJeaax TOAIIU AeAIOBUs ITOBe/e-
HIe DAeKTPUUYECKUX U CeICMMYeCcKMX IapaMeTpoB
B I1e/0M aHA/JO0TMYHO XapaKTePHBIM OCOOEHHOCTSIM
9TUX ITapaMeTpOB B OIIOA3HEBBIX TeAax ILAacTuy-
HBIX ITOpoJ. OcOOeHHOCTh AaHHOTO BUJa OIOA3HeN
3aKAl04aeTcs B KOHTPAcTHOM XapaKTepe TpaHMIIbI
pasjeaa MeXAy IIOpojaMi, KOTOpble CMeIaloTcs,
1 TIOpoJaMu KOpeHHOro aoxa. IIpu sTom ckopoctn
MNPOAOABHBIX Vp 11 TIONIEpeuyHbIX Vs BOAH B KOPEHHBIX
Iopojax B OCHOBHOM MMEIOT ITOBBIIIIEHHbIe 3Haue-
HISL. DAeKTpUyeckoe CONpPOTUBAEHME BO3pacTaer,
KOTJa A0XKe CAOXKEHO CKaAbHBIMM cAabO BBIBETPEH-
HBIMI IIOpOAaMM, B CAydae TAMHUCTBIX KOPEHHBIX
IOpOJ — OHO yMeHbIaeTcs. /451 moAycKaAbHBIX KO-
PEHHBIX ITOPOJ, COOTHOIIIEHe COITPOTUBAEHUI 3aBU-
CUT KaK OT X COCTaBa, TaK U OT COCTaBa, COCTOSIHUS U
crerneHy 0OBOAHEHHOCTY OII0A3HEBBIX TOAILL.

Apyroit tun ITM cTpyKTypHBIX OITIOA3HE BCTpe-
YaeTcsi B MOHOKAMHAAbHO HaKAOHHBIX CAOVICTBIX Mac-
cuBaxX KOpeHHbBIX Iopog. VIx crioasaHue mpomncxoAuT
B Blide 00KOB IT0 IIPOCAOIIKaM I11aCTUIEeCKUX (Jarre
BCETO TAMHUCTBIX) MOPOA, OTAMYAIOIINXCSA HU3KUMU
BeAMYMHAMU CKOPOCTell YIPYIVX BOAH U DAeKTpude-
CKIX compoTuBAeHMii. baarogaps HesHaunTeAbHOM
TO/IIVHE ITOAOOHBIE IIPOCAOVKU TOABKO B PeAKUX
cAydasx OTpakalOTCsl B U3MepseMbIX Ha ITOBepXHO-
CTM CKAOHA Teo(PpU3NIECKIX IT0AX. B TO >Xe BpeM:1 Ha
KapOTaKHBIX AMarpaMMax (IIpy HaAUMYMIM CKBa>KIH)
OHM YeTKO (PUMKCUPYIOTCS MPAKTUIECK BCEMI Perv-
CTpUpPYyeMBIMU TTapaMeTpaMMI.

Anaans I'TM 01043HeBBIX MAaCCUBOB CBUAETEAb-
CTByeT O TOM, YTO, UCIIOAB3Yys KaKON-HUOyAb OAVH
reopM3MIECKUIT ITapaMeTp, 4a41€KO He Bcerda yAaeT-

m 1 110Ay4aTb AOCTOBEPHYIO 1 AOCTAaTOYHYIO I/IH(I)Op—

Manmio. ITosToMy 445 mM3yyeHMs OHIOA3HeN Iieae-
COOOpa3HO HPUMEHATh KOMIIAeKC TeopU3UIecKmX
MeTOAOB U OIlpeeAsTh KOMILAeKCHbIe IToKazaTeAal,
pacyeT KOTOPBIX IIpejycMaTpuBaeT IIpejcTaBAeHUe
pe3yabTaToB BCeX OTAeABHBIX METOAOB B paBHO3HaU-
HBIX OespasMepHBIX BeANYMHaxX IIOKas3aTeAeil KOH-
TpactHOCTH. TakuM IyTeM, B 9JaCTHOCTH, YAA€TCs BbI-
AeAATh MaJAOMOIIIHbIE YBAa KHEeHHbIE 30HBI B HVKHIX
CAOSIX A€CCOBBIX IIOPOJ, a TAKXKe 30HBI C HU3KOI CTe-
IIeHBI0 HapyIIeHHOCTH. VIcrioan30BaHmMe KOMILAeKC-
HOV QyHKIIUM Oe3pa3MepHBIX HapaMeTpos [3] cro-
CODCTBYeT YCIeITHOMY M3Y4eHMIO I104€eil BAaXKHOCTI
u gepopManuy B OIIOA3HEBBIX MacCUBaX, 4TO ITOBLI-
I1aeT HaAe>KHOCTb ¥ OOOCHOBAHHOCTD VX BBIAEACHIIS.

3aaaum 1 KOMILAeKC reopm3mdecKmnx
nCCAeA0OBAHUI OIIOA3ZHEN

M3yyeHnne ONOA3HEBBIX HPOIIECCOB ABASIETCS
O/AHOM M3 CaMBIX CAOXKHBIX 3a4a4 4451 MHXKeHepHOI
reoM3UKM, ITOCKOABKY MCCAeAOBaHNS HEOOXOAUMO
BBITIOAHATH Ha AOCTaTOYHO KPYTBIX CKAOHAX, a 30Ha
C/ABUTa XapaKTepU3yeTCsl 3HaYUTeAbHOM M3MeHUMBO-
CTBIO TeopU3MUIECKX ITapaMeTpoB. PazMepsr mccae-
AYeMOTO yJyacTKa (TIoIlepedHble pasMephbl CMeIleHIs)
OOBIYHO HeOOBIINE, YTO 3aTPyAHSAET IIPOBeAeHIe
HabAI0AeHUII TI0 CTaHAaPTHOV METOAMKE.

OmbIT Teodpusnuecknx MCCAeAOBaHMUII OIIOA3-
HEeBBIX MacCUBOB ITOKa3bIBaeT, YTO OHU KpaliHe He-
OAHOPOAHBI IIO BCEM CBOMM IIOKa3aTeAsM KaK IO
I10maAN, Tak 1 1o rayoune. Kak ormeueHo Bbirre
TeAO OITOA3HS OTAMYAeTCsl aHM3OTPOIMEN BCex reo-
Jusnueckux napaMeTpos. B ocHoBe ®TOTO sIBASHIA
AEKUT TPelIMHOBATOCTh, KOTOpasl CAYy>KUT OAHOM U3
Han0o/ee XapaKTepPHBIX OCOOEHHOCTEN OIIOA3HEBBIX
MacCCUBOB.

IIpu mMsydeHUM OITIOA3HEBLIX y4acTKOB C ITOMO-
IIBI0 TeO(PU3NIECKUX METOAOB PeIIaioTcs CAeAyIo-
IIie OCHOBHBIE 3aJa4N.

1. OnpeseaeHne BHEITHUX TPaHUIL OIOA3HA U
IpaHNUI] OTAEABHLIX eT0 0A0KOB.

2. Ompegesenne rAyONHEI 3al€TaHUs ITIOBEPXHO-
cTu (30HBI) CMEITeHSI.

3. PacuseneHnne Teaa orioasHs: (B rAaHe 1 paspe-
3e) Ha OT/AeAbHble KOMIIAEKChI ITIOPO/, KOTOPbIe OTAN-
4aloTCsl 110 AUTOAOTMYECKOMY COCTaBy, CTeIIeHU Tpe-
IIMHOBATOCTY ¥ HAIIPSI)KeHHOMY COCTOSTHMIO.

4. OnpegeaeHne MOAOXKEHNs YPOBHS IPYHTOBBIX
BO/, U BEPXOBOAKM, HaIlpaBA€HHUsI I CKOPOCTU ABVIKe-
HIsA PUABTPAIIIOHHOTO ITOTOKA.

5. O11eHKa COCTOSIHMS OITOA3HEBOTO CKAOHA, U3Y-
JeHre BOAHO-PU3NIECKUX U (PUSUKO-MeXaHNIeCKIX
CBOJVICTB IIOPOJ, TeAa OTI0A3HA ¥ KOPEHHOTIO A03Ka.

6. Opranusanus reopu3NMIECKOro KaHala MOHIU-
TOpPMHIa OIIOA3HEBBIX ITPOIIECCOB, U3y4YeHNe UX AU-
HaMUKM, IPOTHO3MpPOBaHME Pa3BUTUs HeraTUBHBIX
M3MEHeHMI! U Bblgauya peKOMeHAAIINI 445 TPUHATUS
3aIMTHBIX MH>KEeHEePHO-TeXHNYeCKIX MePOIIPpUATUIA.

7. Habaioaenne 3a 9PPeKTUBHOCTBIO IIPOTUBO-
OITOA3HEBLIX MH>KEHePHO-TeXHUUYECKUX Meporpu-
SATUI, BKAIOYAIOIee OIIeHKY KauecTBa pabOTHI Ape-
Ha’>KHBIX CICTeM, IOAIIOPHBIX CTeH, MCKYyCCTBEHHOIO
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3aKpeILeHI sl TPYHTOB I TOMY II0400HOe.

l'eodpusmuecknm 1MccAeAOBaHUAM — OIIOA3HEBBIX
Y4acTKOB IIPUCYIIN cAeAylomye creruduaeckme
0OCODEHHOCTH.

1. OObekTOM M3yYeHNUsA CAYXKUT BEPXHsI JacTh
paspesa — reoaormdeckas cpega, KoTopas MMeeT
CBOIO CTPYKTYPY, BellleCTBeHHO-AUTOAOTYeCKUIA co-
cTaB, IeTpopU3NIecKue U BOAHO-(PU3IIECKIE OCO-
6ennocru. [Ipu 9TOM MOCTOAHHO MeHSIOTCA ee -
3M4ecKye CBOIICTBA.

2. VMlupopmaTuBHBIE aHOMAaAMM Ha0AIOAAIOTCS
Ha (pOHe OUeHb BHICOKOTO YPOBHsI pa3AMYHBIX ITOMeEX,
9TO BAedYeT 3a coDOIl, C OAHOI CTOPOHEI, HEOOXOAU-
MOCTH BBITIOAHEHUST OOABIIIOIO KOAMYECTBA BHICOKO-
TOYHBIX M3MEPEeHUIl, a C APYyTroil — TpedyeT rmbKoro
KOMIL1eKCUPOBaHM:SI TeOPU3NIECKUX METOA0B C VH-
>KeHepHO-TeOAOTMYECKMMU ¥ TUAPOre0A0TUYeCKU-
MU UCCA€AOBAHVISIMIL.

3. JlocTaTouHO IycTasi ceTh HabDAI0AeHUI, KOTopasd
cootsercTByer Macmrady 1:2000 — 1:5000 u ompeae-
A5€TCsl KOHKPETHOM Te0.10ro-Teopuandeckoit obcra-
HOBKOIJI paifoHa pabOT I IIOCTaBAE€HHBIMH 3aJadaMI.

4. HaGai0oaeHMsI BBIIOAHSIOTCS B MaKCUMaAbHO
CKaTble CPOKM, 9TOOBI 1M30eKaTh OIIMOOK, BBI3BaH-
HBIX COOCTBEHHO OII0A3HEBBIM ITPOIIECCOM.

5. Hapsay ¢ HaseMHBIMM IIMPOKO MCHOAB3YIOT-
cs1 HabAI04eHNsT BO BHYTPEHHMX TOYKaX cpeAbl (Ka-
poTakHble MeToAbl). OCOOeHHO BeanKa POAb HTUX
1ccAeA0BaHMIL B pellleHn! TaKoM 3aJadn, Kak oIpe-
JAeJeHue IIOBePXHOCTH (30HBI) CMeIeHUs CABUTa I
HaOAIOAEHIIe 3a €€ COCTOSIHIIEM.

6. ITpy1 MOHMTOPMHIOBBIX MCCAEAOBaHUAX IIep-
BLIM IIMKA HaOAIOAEHUII BBITIOAHAETCS B IIEPUOJ,
OTHOCUTEABHON CTadUAM3ALMU OIIOA3HS, a IOCAe-
AyIoIue — B IepUOAbl aKTUBMU3aluy Iponecca. Jas
HaJe>XHOTO IPOTHO3MPOBaHMUS PasBUTUS OINOA3He-
BBIX IIPOIIECCOB HEOOXOAVIMO ITPOBECTV MUHUMYM
TpU IIMKAa HabAIO AeHUIA.

7. HeoOX0AMMO BBIIIOAHSATH KOMILAEKCHBIN aHa-
AU3 BCeil Te0A0ro-reopu3mIeckor MHpOpMaIUm C
TECHOI YBA3KOI MaTepnaloB pPa3ANIHBIX Teopusu-
YeCcKIX MeTOA0B.

Brrgeasior Tpu 9Tamna reopuaMUecKuX MUCCAe]0-
BaHUI OITOA3HEN — PEeKOTHOCIIMPOBOYHO-MeToAde-
CKII1, A€TaAbHBIN 1 MOHUTOPUHIOBHIN. Ha pexkornoc-
LIMPOBOYHO-METOAMYECKOM  DTarle JccAelOBaHuUA
BBIITOAHSIOTCSL  AMICTAHIIMOHHBIE — reopU3MJecKie
ChbeMKU (pagMOAOKallMOHHAs, pPajsuoTeIaoBast U
T.II.) U KOMIIAeKCHbIe Teodpusnueckue HabAOAeHNs
Ha 0T4eAbHBIX ITpoduasx. [To matepunasam Tmx mc-
CAe/OBaHUIT OIIPeAeAsIOTCsI O0Ie TeoPpU3NIecKue
0CODEHHOCTM palioHa padoT, orjeHuBaercs: dPdex-
TUBHOCTh OTAEABHBIX TeOPU3NIECKUX METOAOB U
paspabatbIBaeTCs MX palIOHaAbHBIN KOMITIAEKC AAs
MpOBeAeHNs AeTaAbHBIX padoT.

Ha sTamne geTtaabHBIX ICCA€A0BaHNIT IIPOBOAATCS
KOMILAeKCHbIe HaszeMHble 1 KapOoTaskHble HabaAoJe-
HUs 110 crucreMe npoduaeit. Ilo MaTepmasam sTux
MCCAeA0BaHMI PeIaloTcsl 3a4auy, IOCTaBAeHHbIE B
TEXHMYECKOM 3aJaHNM, OIpeAeAsIoTCsl Teodpusnye-
CKIe TIapaMeTpBl U Te0A0TO-Teo(PU3NUIEecKIie MoJje-

AV OIIOA3HEBBIX y4YacCTKOB, JAlOTCS peKOMeHAaln
10 IPMHATHIO 3aIJUTHBIX MHXXE€HEPHO-TEXHIYECKIX
pereHnit. AHaAM3 DTUX AAHHBIX TIO3BOAsET CAeAaThb
Tak>ke BBIOOP COOTBETCTBYIOIIMX (KAIOYEBBIX) MHPO-
Juaert u Touexk A5 OpTaHU3AIMY MOHUTOPVHIOBBIX
HabAI0 AeHUIA.

Ha »Tame MOHUTOPMHIOBBIX MCCA€AOBaHUI BBI-
IIOAHSIOTCS pe>XXUMHEIe reodusmdeckne Habam0Je-
HUSA 3a M3MEHEHISAMM Teo(pU3NIecKnX II0Ael BO
BpeMeHU, KOTOPBIe CBS3aHbl C AMHAMUKON pa3BUTIL
OITO/3HEBEIX ITpolieccoB. Kpome Toro, KoHTpoAMpy-
erca dPQPEeKTMBHOCTh ITPOTUBOOIIOAZHEBBIX WHXKe-
HEpPHO-TeXHNYECKNUX Meponpuatnii. Vlccaeaosanms
IIPOBOAATCSI KOMIIAEKCOM TeOo(pU3NIECKIX METOAO0B
Ha IIpeJBapuUTeAbHO BHIOPaHHBIX KAIOYEBBIX TPOPU-
aax. YacroTa IMKAOB reopU3NIecKNX M3MEPeHMIt
OIlpeAeAsIeTCsl CKOPOCTBIO Pa3BUTMSI OIOA3HEBBIX
IIPOLIECCOB, KOHKPETHOI TIe040Tro-reopr3nIecKon
00CTaHOBKOII paiiOHa JCcCAeA0BaHNMil. AHAaAU3 Mare-
p1as0B MOHUTOPMHIOBLIX HaOAIOAEHMII ITO3BOASET
cAeAaThb IIPOTHO3 Pa3BUTII OIIOA3HEBBIX IIPOIIECCOB,
BHOCUTH KOPPEKTHBEI B XOA€ BBITIOAHEHS 3aIIUTHBIX
VMHKEHePHO-TEXHITIECKIIX MEePOIPUATUIL ¥ KOHTPO-
AUMpoBaTh X 9PPEKTUBHOCTb.

Kaxk orMedaa0ch, O0A3HEBbIE MACCHUBBI SIBASIIOT-
Cs1 KpaiiHe HeOAHOPOAHBIMI CpeAaMIU ITO BCEM CBOVIM
IIOKazaTeAs M Kak ITO IIA0IaAlM, TaK U II0 TAyOuHe.
AHOMaauM, BBHI3BaHHBIE OIIOA3HEBBIMM IIpollecca-
M1, HaDA104aI0TCsI OOBIYHO Ha pOHE OYEHDb BHICOKOTO
YPOBHS pa3ANIHBIX TIOMEX, U4TO IIO0Y>KAaeT, C OAHOI
CTOPOHBI, K HEOOXOAMMOCTU IIOAyYeHUs OOABIIO-
IO KOAMYECTBAa BHICOKOTOUHBIX AAHHBIX, a C APYION
— TpeOyeT TMOKOro coueTaHMsI TeoPpU3NIECKUX Me-
TOAOB C VMHXXEHEPHO-TEOAOTMYECKUMM U TUApOTe-
OAOTMYECKUMM CIIOCODaMM McCAeA0BaHUil. B oTmx
YCAOBVIIX BBIITOAHEHME AVICKPETHBIX TeO(PU3IMIECKIIX
HabA104eHNiT HeAOCTaTOYHOI TI'yCTOTHI He JaeT Ha-
AEXKHBIX pe3yabTaToB. Kpome TOro, HeperyaspHas
ceThb HaOAIOAEHNIT Ha OIIOA3HIX MOKET IIPUBECTU
K Hed(PPeKTUBHOCTU MccAesoBaHmit. Ecan o sko-
HOMIMYECKMM I TEXHUYECKUM COOOpa’keHUsIM He-
BO3MOXXHO CO34aTh Ha BCENl 1CCAeAyeMOI I110Iaun
OIIO/A3HS PaBHOMEPHYIO IYCTYIO CeTh HaOAIOAEHUIA,
reopusmMIecKme MCCAeAOBAaHNUA BBIIIOAHAIOTCS IIO
cucremaM npodpuaeir. IIpu »sTom pexkomeHayercs
He MeHee Tpex Hpoduaeil OpUEHTHPOBaTh CBEPXY
BHI3 BA0Ab TeJa OIOA3H:. 3aTeM, MICXOAs U3 pa3Me-
POB OIIOA3H:A, Pa3dUBAIOT psa Ipoduae Ionepex
ero teaa. [Ipodpuan reodpusmdeckux mccaeoBaHmi
AOZ>KHBI BEIXOANTD 3@ IIpeAeAbl OTIOA3Hs C TeM, UTO-
OBl 4aTh BO3MOKHOCTh CPaBHUTH ITapaMeTpPhl YCTOi-
YMBOTO CKAOHA U CMEII[eHHBIX OII0A3HEBhIX MacC.

Aas pemteHUs 3ajad, CBSA3aHHBIX C U3y4eHUEM
OITIO/3HEBLIX ITPOIIECCOB, KOMIIAEKC Teo(pU3NIecKIX
MEeTOAOB BKAIOYAaeT AVCTaHLVOHHEIE (a®pOMeTo-
ABI), DAEKTPOMETpUYECKNe, CeliCMOMETPUYECcKIe,
®MaHaIVIOHHbIE, TpaBUMETPUYECKUe, MarHUTOMe-
TpUUecKne, TepMOMeTpHYecKre I KapOTa’KHBIe
nccaegosanus [1, 5]. Caeayer orMeTuTs, 4TO paru-
OHA/BHBIV KOMILAEKC reopU3NIeCKIX METOA0B pas-

pabaTbIBaeTCsl C YYETOM Ie0/10T0-TeOPU3NIECKUX U
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reoMOpOA0TNIECKIX YCAOBUI KaXKAOTO KOHKpPET-
HOTO OIT0A3HEBOTO YJacTKa, a TakK>Ke DKOHOMUYIEeCKOM
5 PeKTUBHOCTU MCCAEJOBAHMIA.

JVcTaHIIMOHHbBIE METO/bI BKAIOUAIOT paAMOA0Ka-
LIMOHHYIO U PaguoOTeNIA0BYIO CheMKH M BBIITOAHSIOT-
Cs1 Ha PeKOTHOCHMPOBOYHOM 3Tarle. B 3aBucumoctn
OT IIOCTaBAEHHBIX 3aJad OHM MO3BOASIOT OCyllle-
CTBUTH 1AM 0OODIIIeHHOe MHTerpalbHOe 00cAel0Ba-
HIIe MeCTHOCTI U aHAaAU3 ITPOsABAEHI S PeTMOHaAbHBIX
¢akTopOB, MAM A€TaAU3aIUIO0 OTAEABHBIX YIaCTKOB
C 11eAbl0 OIlpejeAeHMs] 30H Pa3BUTUS OITOA3HEBBIX
nporneccos. Ha ocHOBe AMCTaHIIMOHHBIX CHEMOK U
perpocrekTnBHON MHPOpManuUM II0 MCCAeAyeMO
TEPPUTOPUN CO3AAETCs IepBasl MpUOAVDKeHHas: MO-
AeAb MaccuBa OI0A3H:, KOTOpasl B 4aAbHeNIeM KOH-
KpeTU3UPYeTCcsl UM yYTOUHSETCs Ha3eMHBIMM U CKBa-
SKMHHBIMY TeopU3NIeCKIMY MeTOAaMMU.

Kommnaekc saeKTpoMeTpuIeckx MeTo40B BKAIO-
YyaeT: BepPTUKa/AbHOE DAeKTpUUIecKoe 30HAUpPOBaHIUe
(B93) B Mogudukanum MUKpODAEKTPO3IOHAVPOBA-
Huit (MO3); MD3 criocoboM BBI3BaHHOI ITOASpPU3a-
LMY, 9AeKTponpopuAnpoBaHne (CUMMETPUYHOE,
KOMOIMHUPOBaHHOE, AUIIOABHOE); METO/ eCTeCTBEeH-
HOoro 9saexTpmdeckoro moas (EDII); asumyTaan-
HOE CTPYKTYyPHO-TeOAMHaMMI4YecKoe KapTUpOBaHUe
(CTAK-A); MeTO4 eCTeCTBEHHOIO MMITyAbCHOTO
9AeKTpoMarHuTHoro noas 3eman (EMOMII3); me-
TOA 3apsbkeHHoro Teaa (M3T). C moMomipio ®aek-
TPOMETPUYECKMX MCCA€J0BaHUII pemraeTca 0O0Ab-
IIMHCTBO NPUBEAEHHBIX Bbllle 3adad. OCHOBHOI

00peM MHpOpMaIUM IIPU U3YIEHUN OITOA3HEN II0-
Ay4aloOT 110 AaHHBIM DAEKTPUYECKUX 30HANPOBAHMII
U DAEKTPOIIPOPUANPOBAHNII.

Metogom MD3 npu 6AarOmpUATHBIX yCAOBUSAX
M3YJaIOTCsl IIPOCTPAHCTBEHHBIE IIapaMeTpPhl OI0A3-
Hs, OIPeAeAsIOTCSI CUCTEMBI TPEIIVHOBATOCTH IIO-
Ppo4 Teaa onoA3Hs (pUCyHOK 1). Aydinmx pe3yAbTaToB
MeToaoM MD3 0cTUTaloT IIpU U3y4eHU!U OIOA3HeN
BBIAABAVBAHIUS, CPE3KU U CKOALXKEHUs, TAe OOBIIHO
CyIIIeCcTByeT YeTKO BhIpa>keHHasl IIOBEPXHOCTh CKOAb-
SKEHUsI B TAVHICTBIX IIOPOAax, a TeA0 OIOA3HS CAO-
JKEHO II0pOoJaMl, OTAMYAIOIIVMICS ITOBBIIIIEHHOI
Ae3UHTerparimer.

ITpu pemrennu 3agad KapTUPOBaHNS OIIO/A3HEBBIX
MacCHBOB IIMPOKO UCIIOAB3YeTCsI DAEKTPONPpOPIUAN-
pOBaHIe, KOTOPOEe BBIIIOAHSETCS 110 HallpaBAEHISIM,
COeAMHSIONIMM TOUYKM DAEKTPO3OHAUPOBAHMIL, a
TaKKe 3aIl0/AHseT YIacTKU MeXAy HUMU. DAEeKTpo-
poduAMpoBaHe BBIIIOAHIETCSI yCTaHOBKaMMy, o0e-
CIIeuMBaIONIIMMU JICCA€A0BaHUs Ha ABYyX TAyOMHAX —
Ha r1yO1He, COOTBETCTBYIOIIEN 3epKaldy CMeIleHNs,
U Ha ypOBHe, XapaKTepU3yIOIleMy BEpPXHIOIO 4acTb
paspesa (raaBHBIM 0Opa3oM 30HY asparun). OnTu-
Ma/bHBIe Pa3HOCHI BEIOMPAIOT 110 AQHHBIM IIpeABap-
TeABHO BBIITOAHEHHBIX OAVHOYHBIX 30HAVIPOBaHMIA.
IleaecooOpa3HO MCIIOAB30BATh TPEXDAEKTPOAHLIE
MAM AUIIOABHBIE YCTAHOBKM, ITO3BO/SIOIIVE BEHIJe-
AATD Y3KOA0KaAM30BaHHBIE TeAa I, B YaCTHOCTH, Tpe-
IIMHOBaThle 30HBL Hanbosee 1moaHyio oOBeMHYIO
re09AeKTpMIECKMX KapTHUHY OIIO/A3HEBOTO MaccuBa

HanpaBneHue TpeLimHOBaTOCTH
nopog Ha rmy6uHe 10 - 20 m

180°
semmmm AB=12 M mmmeAB=32 M === =AB=50 m

AB=80 m

PucyHok 1 — Mpumep onpepeneHma TPELMHOBATOCTU ONOA3HEBbLIX NOPOA, C NOMOLLbIO Kpyrosbix M33
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AaloT HabAI0AeHNs, OCYIIIeCTBAsIEMbIe yCTaHOBKaMI,
KOTOPBIe TPeACTaBASIOT cOO0I KOMOMHAIIUIO 30HAN-
poBaHMIT M TIpOPUANPOBaHUs (MHOTODAEKTPOAHEIE
94eKTpoToMorpaduueckne ycTaHoBKu [7]).

Kpome Haba104€HMIT ¢ MCIIOAb30BaHNEM UCKYC-
CTBEHHBIX DAEKTPUYECKUX II0Ael, Ha OIT0A3HEBBIX
MaccuBax HPOBOAST MCCAeJOBaHUA MeTOAOM ecTe-
CTBEHHOTO 9AeKTPUYEeCKOrO I104s, XapaKTepu3ylo-
e IoBeJeHNe reo(PUABTPALIIOHHBIX ITPOIIECCOB.
Kaxk npasnao, metogom EDIT okoHTypuBaioT mopo-
ABl Pa3HOTO AUTOAOTMYECKOTO COCTaBa MAU CTPYK-
TYPBI, 30HBI MHPUABTPAIIUN ITOBEPXHOCTHBIX BOJ, U
aTMOC(]epHBIX 0CaJKOB U 30HBI Pa3rpy3KU II0A3€M-
HBIX BOJ, O0aarogapst yeMy 9TUM MeTOA0M MOTIYT OCy-
IIeCTBAATHCS pe>KMMHbBIe HaDAI0AeHNs 3a pa3BUTHEM
OITOA3HEBBIX ITPOIIeCCOB.

Metogamu EDIT u M3T BeayT usydyeHue ruapo-
re0AOrM4YecKX OCOOEHHOCTEN OII0A3Hs, WCIOAb-
3ysl KOpPpeAsAIIMOHHBIE CBA3M MeXAy BDAeKTpude-
CKUMM IIapaMeTpaMl IIOpoJ U KosdpPpuUImeHTaMu
¢uasrpanym.

PesxuuMHBIMU ChbeMKaMU KOMIIAEKCOM METOJ0B
MBD3, EDII, M3T nsy4aior AMHAMMKY OIIOA3HEBOIO
MaccuBa U OTAEABHBIX €TI0 y4acTKOB.

DaeKkTpoMeTpuyecKie MeTOAbl pajloAOKaIiu-
OHHOTO IOAIIOBEPXHOCTHOTO 30HAMpoBaHms (PA3)
U €CTeCTBEeHHOTO MMITyAbCHOTO A€KTPOMarHUTHOTO
noasa 3eman (EVIDMII3) [2], koTophle B TIOCAeHee
BpeMsl CTaAu IPUMEHSTh A4S U3YydeHUs OIOA3HE,
OCHOBaHBI Ha M3MEpPeHUM XapaKTepUCTUK IepeMeH-
HBIX DAE€KTPOMAarHUTHBIX I104el MCKYCCTBEHHOTO U
eCTeCTBeHHOIo Ipoucxoxaenusd. Ilo cpasHeHuio c
APYIMMHU TeopU3NIECKUMI MeTOAaMI paAMoA0Ka-
LIMOHHBIN MeTO/ MMeeT BBICOKOe paspellleHue II0
BepTUKaAM, KOTOPOe OIlpeaeasieTcs AAMHONM (IIpo-
AOAXKUTEABHOCTBIO) 30HAUPYIOIIEro curHada. Yem
KOpodYe CHTHA, TeM BBIIIE paspelraioniasi CIIoCco0-
HOCTH MeToga. B ocHose meroza EVMIDMII3 aexur
5] PeKT reHepalMN HAEKTPOMAarHUTHBIX VIMITY/AbCOB
TOPHBIMU TIOPOJaMU ITPY BO3AEIICTBMI Ha HUX MeXa-
HIYeCKMX HaIlpsIKeHMI.

DaeKTpoMeTpuyecKie MeTOAbl II0 3HauMTeAb-
HBIM OOBeMaM pelllaeMBIX CIenuPUIecKux 3adad,
HKCIPECCHOCTBIO U BO3MOKHOCTBIO MX BBIITOAHEHN:
B CAOKHBIX T€OMOP(POAOTMYECKUX YCAOBUAX SIBAS-
10TCsI Hanboee yHUBepCcaAbHBIMU 1 D(PPEKTUBHBIMU
pH AeTaaAbHOM M3Y4YeHUM OMOA3HEBBIX yUaCTKOB.

CelicMoMeTpuJeckne MccAeAOBaHUs BBIITOAHS-
IOTCSI KOPPEeASAIIMOHHBIM MEeTOAOM IPeAOMAEHHBIX
BoaH (KMIIB) ¢ ncrioar3osanueM Kak IpOAOALHBIX,
Tak 1 nonepeuHslx BoaH. Metoa KMIIB ocHOBBI-
BaeTCs Ha perucrpanuyu U IpocAeXXMUBaHUU (KOp-
peaAn ) TEpPBLIX U TIOCAeAYIOIIUX BCTYIIA€HUIN
MPOJOABHBIX, @ TAKXKe IMOIEPEUHBIX MPeA0MAEHHbIX
B04H. C IIOMOIIIBIO HTOTO MeTOAa PelaloTcs 3aladln,
CBs3aHHbIE C M3Yy4eHMeM CTPOeHMs OIOA3H:A: oIlpe-
JAeJeHNe ero BHeIHNX I'PpaHMIl, gaXKe B TeX cAydasx,
KOT/Ja OHU SIBHO HE BBIAEASAIOTCS 11O TeoMOpP(POAOT-
9YeCKMM IIpU3HaKaM, IAyOMHEI 3aJ€TaHyisl IIOBePXHO-
CTU CMEIIIeHNSI, a TaKXKe AaeTCs OIleHKa COCTOSTHUS U
CBOJICTB TOPHBIX IOPOJ. IToBepXHOCTh CKOABXKEeHU:

OITOA3H: YBEPEHHO KapTUPYyeTCs CeliCMUUeCKM Me-
TOAOM IIpy HamboAee OAArONPUATHON CUTyalllM,
KOTJa cMellleHre IIPOUCXOANUT II0 KOHTaKTy pa3Amny-
HBIX 10pog,. Ilepexos oT ycTOUMBOI YacTU CKAOHA
K HapyIIeHHOMY MacCUBY COIIPOBOXKJAeTCs Cyllle-
CTBEHHBIMI M3MEHEeHMsIMH CeMICMMYEeCcKUX XapakTe-
PUCTUK: yMeHBIIIEeHeM CKOPOCTell YIPYTUX BOAH,
pocToM KO9(PPUITNEHTOB CeiICMIYECKO aHU30TPO-
1A 3a CYeT OPMEHTUPOBAHHON TPeIIMHOBATOCTY U
0CcOOeHHOCTeN! pacIIpeeeHNs HallpsKeHU I BHY TP
OIIO/A3HEBOIO MaccuBa.

Ha wusyyeHnm 3akoHOMepHOCTell BpeMEeHHBIX
M3MEHEeHMII COCTOSHMS U CBOMCTB ITOPOJ, OCHOBBLIBA-
eTCsA IpMHLNITINAAbBHAS BO3MOKHOCTD pacdeTa abco-
AIOTHBIX M3MeHeHNI Kod(pPUIeHTa yCTONIUBOCTI
CKJAOHa Ha OCHOBE pacCUMTaHHBIX (IO OIlpeseleH-
HBIM celicMOpa3BeAKOoil CKOPOCTSIM MPOAOABHBIX VP
1 TIOIIepeyHbIX Vs BOAH) 3HaUeHUi YIPYTUX HapaMe-
TPOB — AMHAMIYECKOTO MOAYAs YIPYTOCTU ¥ KOD(-
¢uumenra Ilyaccona.

CoBpeMeHHEINI ypOBeHb cucTeM cbopa U peru-
CTpanuM CeiICMUYeCKUX AaHHBIX, a TakKe MX oOpa-
OOTKM M MHTepHpeTaluy MO3BOASAIOT HPUMEHSTh
AAsL U3Y9eHNs OTI0A3HEBBIX CKAOHOB ITPOCTPaHCTBEeH-
HYIO MAY TPEXMEPHYIO CheMKY.

BricokoTOuHBIE MMKpOMarHuTHasi U TIpaBUMe-
Tpuyeckas CbeMKHU CIIOCOOCTBYIOT OIlepaTHBHOMY
KapTUPOBaHUIO TpaHUI] OTAEALHBIX OIIOA3HEBBIX
040KOB, M3Y4eHUIO AMHAMMKU OIOA3HEBBIX IPO-
1eccos. DMaHalIMMOHHAs CbeMKa B KOMILAeKce C
a3UMyTaAbHBIM CTPYKTYPHO-T€OAHAMIYEeCKUM
kapTuposanueM (CI'/JK-A) mossoaseT BbAAATH U
IpOCAeXMBaTh 30HBI TPEHIMHOBATOCTU (TeoAuHa-
MU4YecKye 30HbI). MaaorayOMHHas TepMOMeTpPUs
AOIIOAHSAET METOJ, eCTeCTBeHHOIO 9AeKTPUIECcKOro
0As TPU U3YYeHUN TUAPOTe0AOTMIECKUX YCAOBUIL
y4acTKa 1CCAeA0BaHNIA.

BosmokHOCTM reodpm3ndecKnx MeTOAOB CylIie-
CTBEHHO IIOBBIIAIOTCA IIPM MCIOAB30BAaHUI CKBa-
SKMHHBIX HaOa104eHuit. [TpuMeHsioTcs MeToas! co-
HPOTUBAEHUS, TPUPOAHOTO HAEKTPUYECKOIO 104,
BePTHMKaABHOTO CEICMIYECKOro IpOPUANPOBaHNs,
MEe>KCKBa>KMIHHOTO CeMICMMUYeCKOTO IPOCBeYMBaHIAS,
TOUEUHBI aKyCTUYeCKNII KapoTaK, raMMa-KapoTak,
HEeUTPOH-HEMITPOHHLIN KapoTa’X, TepPMOKapOTaX.
ITpu 9TOM 0COGEHHO BBHICOKYIO P PEeKTUBHOCTD UMe-
IOT CeliCMOaKyCTUYecKue MeToanl. ['eodusmueckas
nHpOpMaINs CKBaXKMHHBIX JCCA€J0BaHUI ITO3BO-
AsIeT onpeAeANTh TOUHbIe reoMeTpuIecKe IapamMe-
TPBI T€010TUYECKOTO paspesa, (PpU3ndecKie CBOMCTBa
II0pO4, U MOA3eMHBIX BOJ4. Ha ocHoBe Tmx AaHHBIX
yCTaHaBAMBAIOTCA KOPPEASIIMOHHBIE CBA3UM MeXAY
reopU3NIECKUMI ¥ MHXX€HEPHO-T€010TMIeCKIMU
napaMeTpaMI.

CaeayeTr OTMeTUTh, YTO paIjMOHAALHBI KOM-
I11€KC Teo(PU3NIECKX MEeTOAOB IIpU McCAeAOBaHNI
OITOA3HEBBLIX MPOIIECCOB OIIpeAeAsieTCs AAs KaXKA0Mi
OTAEABHOI TIPUPOAHOIN OOCTAaHOBKM (OTAEABHOTO
ydactka). IIpm oTOM yduTBIBaeTCSA: BO3MOXKHOCTD
BBIIIOAHEHMSI I10A€BBIX MCCAeAOBAHUI OTAeABHBIM
reopM3NIECKIM METOAOM C TOUKM 3peHMs peaveda
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JAHEBHOIl IIOBEPXHOCTM yd4acTKa; Haamume audde-
peHIManmy Mopoz 1o Gpu3MIecKuM CBOJICTBaM, IC-
II0AB3YEMBIM KOHKPETHBIM TeO(pU3NIeCKNM MeTO-
A0M; DKOHOMMYecKas d(PPeKTUBHOCTD ITPUMeHeHN s
OTAEABHOTO TeO(]PU3NUIECKOI0 MeToda M Ba>KHOCTD
pelaeMbIX UM 3ajad.

DKcIIepuMMeHTaabHbIe MCCAe AOBaHISI

Aas npuMmepa npusejeM HEKOTOpBIe pe3yabTa-
TBI TeOPU3UIECKNX MCCAeJ0BaHNIA, BBIITOAHEHHEIX B
pamkax mpasoro Hepera p. Anernp Ha Tpumoansckom
yuactke (parioH c. Buraues u c. I'pebenn) B6amsn
TpuIoAbcKoi TeIA09A€KTPOCTaHI .

B pesyabraTe BO3AeICTBUS BOAOXPaHMAMILL aK-
TUBU3UPYIOTCS OIIOA3HEBble ITPOIIeCCHl Ha IIPaBOM
BRICOKOM Oepery p. Anenrp. Ha Tpurnoasckom ydact-
K€ OIOA3HM XapaKTePU3YIOTCs ABYXDTa>KHBIM CTpOe-
HIeM — HaAdueM ABYX Teppac cMeleHus. Bepxmss
Teppaca CAOXKeHa, TAaBHBIM 00pa3oM, AeCCOBUAHBI-
My cyrauHkamu. KpoMe 9Tux cyramHKOB, OIIOA3He-
Bble IIOYBHI IIpejCcTaBAeHBI TakXKe IT0rpeOeHHBIMI
nousamy, (PAIOBUO-TASAIIMAABHBIMM II€CKaMU, MO-
PEeHHBIMM CyrAuMHKamu, OypeIMM ramHamu. B mpe-
Ae/Aax HVKHEN OIT0A3HEBON Teppachl OIOA3HEBBIE
Macchl BO BIIaAMHAX MPeACTaBAe€Hbl TAMHUCTBIMIU I10-
ypamn (Oyprle 1 IlecTphle TAMHEL), Ha TpeOHAX — 110-
TaBCKMMI I XapPBbKOBCKMMM II€CKaMM, HaTAMHKOM.
IToBepXHOCTL KOPEHHOIO A0XKa COCTaBAeHa Mepre-
AeM, TAMHUCTLIM MepreieM U HarAnHKoM Kuesckoii
CBUTEL

Ha mccaeaosanHOi TeppUTOpUM BBHIAEASIOTCS
HECKOABKO BOAOHOCHBIX TOPM30HTOB: B A€CCOBBIX OT-

AOXKEHUsIX («BEPXOBOAKa»); B CAaDOIPOHMIIAEMBIX
CYyTAMHKaX M AeAIOBUM-TASIIMAABHBIX OTAOXKEHU-
SIX, 3aJ€raloIyX Ha OYpBIX IAMHAX; B IIeCKaX Xapb-
KOBCKOJ CBUTBI, 3aJeralolimux Ha KMUeBCKUX Mepre-
AsIX; OIIOA3HEBBIX TPyHTaX, MMEIOIINUX AOKaAbHOe
pasBuTHe.

YuaureiBas CAOXKHEIN peabed MECTHOCTU U DKO-
HOMIYECKYIO 11€1eCO00pa3HOCTb, AAs M3YdeHIs
OITOA3HEBLIX TeA HPUMEHSACS KOMILAEKC Ieo®AeK-
TPUYECKUX MCCAEJO0BaHUIT MeTOAaMM MUKPODAeK-
Tpo3oHauposanuii (MD3) ¢ marom 25 M 1 npupoa-
HOTO 94eKkTpudeckoro 1moas (I19I1) ¢ marom 10 M Ha
OTJeABHBIX Hpoduasix-crsopax. Ilo pesyapraTam
®TUX MCCAeJOBaHUII COCTaBAEHBl Te0®AeKTpuye-
CKIl€ MOJeAM OITOA3HEBBIX YJacTKOB IO OTAEAbHBIM
IpodpuASIM-CTBOPaM.

CormocraBaeHne reosAeKTpUIecKUX Mojedeil U
re0A0TMUECKMX Pa3pe3os IO CTBOpaM, IlepeceKaro-
MM OIIOA3HEBOI Y4acTOK, IT03BOAseT CcAeAaTh BbI-
BOJ, O BO3MOXKHOCTU PeIleHUs CAeAyIOIIUX 3ajau:
M3ydeHue CTPOeHUs KOPEeHHOTO AO0Xa OIO0A3H;
oIpeJeAeHyie MOIIHOCTH, COCTaBa U (PpUABTPAI[IOH-
HBIX CBOJCTB OITI0A3HEBBIX TPYHTOB; BbIAE€AEHIS BOAO-
HOCHBIX TOPM30HTOB (BOAOHACHIITIEHHBIX IIOPOA).

Ha npeasapuTeabHBIX TEOAOTMYECKUX Pa3pesax,
COCTaBAEHHBIX II0 pe3yaAbTaTaM OypeHI:, ITOKa3aHa
TOPU30HTAABHO PacIOA0KeHHas IOBEPXHOCTD KIeB-
CKOTO Mepresl, KOTOpasl ABASIETCs A0XKeM OII0A3HEI.
PesyabraThl TeopuU3MUECKMX MCCAEJO0BaHUII IIOKa-
3aAM, 4TO IIOBEPXHOCTb IOPOJ KMEBCKOW CBUTBHI He
I110CKasl U He TOpPU3OHTaAbHas (pucyHOK 2). ITpurom
Jukcupyercs sHaunreapHas ux AndpQepeHnmana

H, M, wery | ononanesas Teppaca
170 {480eT | |
160 1
150
140 1
130 4 (220 4
2

3

4 77

5 [~

H, m
A
L150
Il ononsHeBan Teppaca . -
L 130
. L120

%

; r110

T
s -

1 - Toukn M33 1 Ux Homepa; 2 — reoNorMYecKUe CKBAXKUHbI U UX HOMEPA; 3 — rPAHULLbl FE03IEKTPUYECKUX TOPU3OHTOB;

4 — yaenbHoe aNeKTpuueckoe conpotusneHme (p), Om-m; 5 — necku pasHosepHucrble (p > 200 Om:-Mm); 6 — NECKMU IMUHUCTbIE N
cynecu (p = 60-200 Om:m); 7 — CYIIMHOK NErKUiA C NPOC/IOMKaMM Cynecu 1 CYyrnHKa cpeaHero (p = 25-60 Om+m); 8 — CyrIMHOK
cpeaHuii (p = 15-30 OM-m); 9 — CYrIMHOK TaXKenbin (p = 12-15 Om-m); 10 — ranHa (p < 12 Om-m); NOpoAbl KUEBCKOW CBUTbI:
11 — meprenb (p = 12-20 Om-m); 12 — rAMHUCTLIN meprenb (p <12 Om-m); 13 — HarMHOK (p = 25-60 Om:-m)

PUCYHOK 2 — leoaneKTpuyeckas moge/ib Onoa3HA B paiioHe c. Butaues
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M0 9AeKTPUYECKOMY CONPOTUBAEHMIO, UTO CBU/e-
TeABCTBYeT O AUTOAOIMYECKON HeOAHOPOAHOCTU
opoJ K1eBcKolt cBuThl. Hapsay ¢ mmpoko pacripo-
CTpaHEeHHBIMM Ha y4dacTKe MepreAsiMU, CONPOTUBAe-
HIe KOTOPBIX COCTaBAsieT ITpeumyIrectseHHO 12-20
OwM-'M, BCTpedaloTcs ellle gBe pasHOBUAHOCTU ITOPOA;
IOpOABl C TIOHVKEHHBIM YAEABHBIM B®AeKTpuye-
CKIM conpoTusaeHueM (MeHee 12 Om'M) — ranHu-
CTBIII MepreAb; IOPOABI C IOBBIIIEHHBIM yAeAbHBIM
9AEKTPUYECKUM conpoTuBaeHneM (25-60 Om-m)
— HarAMHOK.

B pesyarprare nHTepnperanun MD3 ¢ gocraTou-
HOJ TOYHOCTBIO OIpejeaseTcss MOIJHOCTL Oca/lo4-
HBIX OTAO>KE€HUI, CKAOHHBIX K OIOA3HEBBIM MHPOIiec-
cam. Ilo gaHHBIM reo®AeKTpUYECKUX VCCAeAOBaHUIA
OITOA3HEeBble ITOYBHI (ITOPOABI), 3aleraioljyue Ha Ko-
PEHHOM 403Ke, BeCcbMa He BblJep>KaHbl 110 AUTOAO-
TMYeCKOMY COCTaBy, 4YTO AOCTaTOYHO KOHTPACTHO
BLIPa’kaeTcs Ha TeodAeKTpudecknx Mogeasx. Cyiie-
CTBEHHO ITpe0o0AajalOT CYTAVMHKM CpeAHIeE, BCTpe-
YalOTCsl MEeAKO3EPHICThIe TeCKU TAVHUCThIe, DAeK-
TpUYecKoe COIPOTUBAEHME KOTOPBIX COCTaBAseT
npeumyIectseHHo oT 12 20 30 Om-Mm.

Hapsay ¢ 9TuM ycraHOBAEHBI y4acTKM pacIpo-
CcTpaHeHMs ITeckoB U ramH. Ileckum u mecyansle oOT-
AOEHMUsI OTANYAIOTCSI IIOBBIIIIEHHBIM 3HauyeHlMeM
9AeKTpudeckoro conporusaenus (50-80 Om-m). Ilpn
9TOM AOCTAaTOYHO BBICOKME 3HayeHMs CONPOTUBAE-
HISL XapaKTePHBI 4451 HEBOAOHACBIIIIEHHBIX ITE€CKOB
(cotrnn Om+m). [anHUCTBIE OTAOKEHUS U TAMHBI OT-
AMYAIOTCs CHUKEHHBIMM U HUBKUMU HAeKTPUIeCKN-
M1 contpotusaeHuAMHA (15-20 Om-m).

Ha omoasHesom yuacTke B paiioHe c. Buraues
TAVMHBI C HU3KUM DAEKTPUIECKUM COIPOTUBAECHUEM
U HUBKUMM (PUABTPAIIMOHHBIMU CBOJCTBAMMU pac-
IpoCTpaHeHbl Ha BepXHell OI0/A3HEeBON Teppace U
MpaKTUYeCcK! OTCYTCTBYIOT Ha HIVDKHel (PUCYHOK 2).
Ha omoasnesom yuactke B paiiose c. I'pebGenn BbI-

COKOITAACTUYHbIE TAMHBI COCTABASIOT HEDOAbIIINE
BITaAMHBI Ha TeAe OII0A3H:, KaK Ha HU>KHell, Tak 1 Ha
BepxHeil Teppacax (pucyHok 3). B neaom, Ha ocHose
reopM3NIECKNX JaHHBIX YCTaHOBAEHO IIpeobaaja-
HIe c1a0OIIPOHNIIaeMBIX OTA0XKeHUI. B HybKHel! Ja-
CTU OHM OOBOAHEHHBIE.

Kak ormeuasaoch, BOAOHOCHBIE TOPU3OHTH B
OITOA3HEBLIX ITOPOJaX MMEIOT A0KaAbHOe, MecTpoe
pacIpocTpaHeHe, 4TO OOYyCAOBAMBaeT pa3BUTHE
BOJOHACBHIIIIEHHBIX IIOPOJ, KOTOPBIE OTANYAIOTCS I10-
BBIIIIEHHOI ITPOHNITAEMOCTHIO M UTPAIOT CyIIIeCTBEH-
HYIO POAb B Pa3BUTUN OIIO/A3HEBLIX ITPOIIECCOB.

CoraacHo reopmsnyeckuM AaHHBIM, Ha OIIOA3-
HEBOM ydJacTKe c. Buraues pacrpocTpaHeHbI Iipe-
VMMYIIIECTBEHHO TAMHBI ¥ TAVMHUCTBIE IIOPOABI, a Ha
yudactke c. I'pebeHn — meckm M IecyaHble IIOPOABI.
B npeaeaax HICKHel Teppackl OHI 00pPa3yIoT I0A0-
CYaTyIO 30HY, KOTOpasl OpUEHTpOBaHa B40Ab Oepera
Kanesckoro Bogoxpannanina.

ITo maTtepuasam mccaegosanuii merogom EDIT
oIlpeJeAeHbl 30HBI PasrPy3KU I'PYHTOBBIX BOJ4, KOTO-
pble PUKCUPYIOTCS TOAOCOBBIMYU OTpPUIIaTeABHBIMU
aHOMAaAVAMI €CTECTBEHHOIO H/AeKTPUYECKOTO IT0AS
MHTEHCUBHOCTBIO 40 MuHyc 40 MB.

BuiBoawi. IToabITOXKMBasA CKazaHHOe, CAeAyeT OT-
METUTD, YTO:

1. B obmiem caydyae mpu M3y4eHUM OITOA3HEBBIX
IIPOLIECCOB KOMIIAEKC TIeopU3UIECKUX METOAOB,
B 3aBUCUMMOCTM OT 3ajad M 9DTama MCCAeAOBaHMUIA,
BKAIOYaeT AVCTaHIIVIOHHBIE, ®AeKTPOMeTpIYecKIe,
celicMOMeTpUYecKIe, DMaHAI[MOHHbIE, TPaBIMeTP-
JecKile, MarHUTOMETPUYECcKe, TepMOMeTpUIecKIe
U KapoTakHble mccaedosanmsl. CaeayeT OTMETUTH,
4TO HamboJee YHUBEpPCaABHBIMU U DPPEKTVBHBIMU
II0 3HAUYNTEABHOMY OOBEMY peIllaeMBIX CITelyu-
9YecKMX 3adad IIpY U3y4eHU! OIIO0A3HEBBIX YIacTKOB
SBASIOTCS DA€KTPOMETpPIUYECKe METOABL. Brleasior

Il ononsHesasn Teppaca

| ononsHesas Teppaca

PuUcyHOK 3 — [eoaneKTpuuyeckas mogenb Onon3HA B paiioHe c. [pebeHn
(ycnoBHble 0603HauYeHMA CM. Ha PUCYHKe 2)
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TpU DTalla MCCAeAOBAHUI: PEKOTHOCIMPOBOYHO-Me-
TOAMYECKUI, AeTaAbHBI M MOHUTOpPMHIOBBIN. Ha
Ka>K4OM M3 DTUX DTAIOB HPUMEHIeTCS Clenaan3u-
POBaHHEIN KOMILAEKC Te0(PU3NIECKIIX METOAOB.

2. lle2ecoo0pa3HOCTh MCTIOAB30BaHMS Ie0PU3N-
YECKMX METOAOB AAs U3YYeHUs OIIOA3HEN He BBLI3bI-
BaeT comHeHus. OJHaKO caeayeT YIUTHIBATh TO, UTO
PpalOHaABHBIN KOMILIEKC re0pU3NMIecKIX MEeTO40B
IIpU NCCACAOBAHIN OIIOA3HEBBIX IIPOLIECCOB OIIpee-
ASI€TCSL AAsl KaXKAOU OTAEABHON IIPUPOAHONM obcra-
HOBKM (OTA@ABHOTO yJacTKa) C y4JeTOM: BO3MOKHOCTI
BBITIOAHEHMST II0A€BBIX MCCAeAOBAaHUI OTAEAbHBIM
reopM3NYECKMM METOAOM Ha AAHHOM Y4YacTKe; Ha-
Amaun gnddpepeHnnanuy Iopo 1o PpU3NIeCKUM
CBOIICTBaM, MICIIOAB3y€MBIM KOHKPETHBIM TIeO(PU3M-
YeCKM MeTOAOM; DKOHOMIUIECKOI dPPeKTIBHOCTI
IIpYMEHEeHNsI JaHHOTO reopM3NIeckoro MeTroga. B
JAaAbHeNIIeM, 10 Mepe HaKOILAeHNSI OIIbITa MCCAeA0-
BaHII1, BOSHMKAIOT 00/1ee CAOXKHBIE 3a4a4ull — reopu-
3MYECKOTO M3Y4YeHM s AMHAMUKI OIIOA3HEeIL.

CMNCOK JINTEPATYPbI

3.Ha TpnnoabckoM OI10A3HEBOM y4acTKe, YIUThI-
Basl CAOXKHBIN peabedp MeCTHOCTU 11 DKOHOMUYECKYIO
11€1ecO00pa3HOCTD, 4451 M3YYeHMS OIOA3HEBBIX Tea
OPUMEHSACI KOMIIAEKC TeOdAeKTPUYECKMX Mccae-
AOBaHUI MeTOAaMU MUKPOBDAEKTPO3OHAUPOBaHNIA C
marom 25 M 1 IpUpOAHOTO DAEKTPUIECKOTO IO C
maroM 10 M Ha OTAeAbHBIX TTpOPUAAX-CTBOpax. L'e-
0DAeKTpUIecKUe MCCAeA0BaHMs IT0Ka3aAy BBICOKYIO
¢ PexrusroCTS. [0 pesyapraTam 9TMX MCCael0Ba-
HUI COCTaBAeHbI Te0dAeKTpuiecKre MoAeAN OIl0A3-
HEBBIX Y9aCTKOB I10 OTAEABHBIM ITPOPUASIM-CTBOPaM.

4. ITpuMmeHeHne palMOHAAbHOTO  KOMILAEKca
reopM3NIECKIX VICCAAOBAHUIT M OpraHM3alVsl Te-
0pM3NIECKOTO KaHala MOHUTOPVHIA OIIOA3HEBBIX
Y4YacCTKOB SBASETCSI HEOOXOAUMBIM ¥ DKOHOMIIECKI
OIlpaBAaHHBIM CPeACTBOM AAs ®(PPEeKTUBHOTO I1aa-
HUPOBAaHMS U BBIIIOAHEHMs 3aIJUTHBIX ITPOTUBOO-
ITOA3HEBBIX MHKEHEPHO-TeXHMYECKUX MepOIpusi-
TUI C IeABIO M30eKaHs DKOA0TMIECKIX aBapuil 1
KaTacTpod.
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AHOamna. 63eHHiH OH XaranaybIHOGFbl KOWKIH aymMaKkmapbiH 3epmmeyode 2eo0phu3uKansik 3epmmey 30icmepiH Kos-
OaHy epeKwenikmepi Kapacmeolpsblaadsl. [Henp YKpauHAaHbIH 0pMaHObI 0aabl alimarselHOA. KewkKiH ay0aHOapbIHbIH,
2€0/102UANbIK HaHe 2e0puU3UKAbIK Mooesnboepi YCbiHblAFaH. KewkKiHOi MamaHOAHObIpbIAFAH 3epmmeynep KesiHoe
KolbinFaH miHOemmep 66iHin, onapobl wewyodiH eeopusuKkasiK adicmepi aHbIKkmManosl. Mep cinkiHy npouyecmepiH
MAMAHOAHObIPbLIAFAH 3epmmeynepliH yw Ke3eHi aHblikmanodel: bapnaay-adicmemenik, eaxceli-meaxcelini, 6axoiaay
YIHE 0Cbl Ke3eHoep yWiH 2eohu3uKanslK adicmepldin KeweHOepi aHbikmanodbl. Meican pemiHOe e3eHHiH, OH X arana-
YbIHOA HCypei3ineeH 2eohu3uKassik 3epmmeynepodiH Kelibip Homuxcenepi KeamipinzeH. TpunuabCKUl 3 blay anekmp op-
maneiFbiHbIH #aHbIHOaF6! Tpununbckull yyackeciHoe [Henp. Kep cinkiHici npoyecmepiH 3epmmeyodezi 2e0u3uUKaNbIK
EE adicmepdiH ymobiMObl KewleHi apbip #eke maburu opmara (dekenezeH ayoaHsa) calikec aHbIKMAnAaMobiHbI ecKepineoi:
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ocbl aliMakma yceke 2eopusuKansik 30icmi Koao0aHsin 0aaa16lK 3epmmeynepdi Hypaizy MyMKiHOiei; HOKmbl 2eogpu3zu-
KasblK a0icreH Kos0aHbIAAMbIH (hU3UKAsbLIK Kacuemmepi 60lbIHWAa may #bIHbICMapbiHbIH QU depeHyuayusacbiHbIH
60:ybl; OCbl 2€0hU3UKANbIK 30icMi KO0AHYObIH 3KOHOMUKA/bIK MUiMOirniei.
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Abstract. The features of the application of geophysical research methods in the study of the landslide areas of the
right bank of the Dnieper river within the forest-steppe zone of Ukraine. Geological-geophysical models of landslides are
given. The tasks that are posed in studies of landslides were highlighted. There are three stages of specialized studies of
landslides were defined: reconnaissance-methodological, detailed and monitoring. Also, sets of geophysical methods for
these stages were defined. As an example, we described some of the results of geophysical studies, which were carried
out within the right bank of the Dnieper river on the Trypillya site near the Trypillia thermal power plant. It is emphasized
that the rational set of geophysical methods in the study of landslide processes is determined for each individual natural
environment, taking into account: the possibility of performing field studies by a specific geophysical method on the
area; the presence of differentiation of rocks by physical properties, that are used by the specific geophysical method;
economic efficiency of application of the geophysical method.

Keywords: engineering geophysics, landslides, research, electrical resistance, probing, cut, model.
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Abstract. The development of coal deposits has a negative impact on the ecological situation of natural water objects.
For the timely elimination of the consequences of pollution of natural water objects, it becomes necessary to obtain
relevant environmental information as soon as possible. The article presents an analysis of the possibility of using
space survey data to assess the environmental situation in coal-mining regions. To solve this problem, based on the
analysis of literature sources, the AMWI index, was chosen, which characterizes the spectral properties of acidic mine

waters. The research was carried out on the example of the territory of the Pavlodar region, where the mining industry
is widely developed. The images were taken from the Landsat-8 spacecraft. The results of the assessment of surface
water pollution, obtained based on the analysis of long-term series of satellite images for 2015-2019 by comparing
multispectral data, are confirmed by information from the reports of ecologists for this period.

Keywords: remote sensing, ecology, coal mine, Landsat, Qgis.

Introduction

Getting up-to-date information about the
environment is one of the significant problems in
environmental monitoring. In addition, obtaining
the necessary information in a fairly short time is
also very important. To date, one of the methods
of obtaining data that meets these requirements is
the use of satellite data. This method allows you to
conduct research not only on the surface of the planet
Earth, but also the study of the Earth's atmosphere.
The application of this method is relevant for the vast
expanses of Kazakhstan, located on the continent of
Eurasia and covering an area of 2724.9 thousand km?.

It is known that the pollution of natural water
bodies occurs during the development of coal field.
Mine water emissions have a significant negative
impact on mining equipment. This negatively affects
the conduct of mining operations and, as a result,
it leads to a deterioration in the properties of the
extracted coal. Contamination of chemical, bacterial
and mechanical properties occurs during the opening
of coal seams, which are rich in pyrite, and infiltration
waters containing oxygen, during the interaction
of which sulfuric acid is formed. Acid mine waters
contain: calcium, sodium, potassium, magnesium and
aluminum sulfates, as well as suspensions and the
colloidal phase of carbonate and sulfate precipitation

containing a high percentage of sulfate ion (including

free sulfuric acid), iron, aluminum, etc. metals [1].

Research results

The current stage of development of digital
technologies leads to a gradual transition from
traditional methods of environmental monitoring of
territories to innovative methods — remote methods
of Earth sensing. Currently, remote Earth sensing
methods are widely and actively used at mining
companies in urban areas, at hydraulic structures,
when servicing open-pit mining operations and
performing surveys, mapping and assessing the
condition of objects.

The reasons for the development of remote
sensing at the present time are the following: firstly,
the availability of software for processing satellite
data; secondly, everyone can get access to images,
both free of charge and on a commercial basis. This
allows doing such research not only for professors,
but also for schoolchildren, under the guidance of
an experienced mentor and the presence of good
equipment. For example, satellite data from the
NOAA, Terra, Aqua, etc. space programs (KP) of
low and medium resolution can be downloaded for
free on the server, moreover high and ultra-high
resolution data from other space satellites can be
obtained from distributors of space data for remote
sensing of the Earth.
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The American satellite of the Landsat-8 series
was launched into outer space in 2013. It is used for
remote sensing of the planet Earth. The Landsat-8
spacecraft is equipped with a multi-channel scanning
radiometer OLI (Operational Ground Recorder),
which operates in 9 spectral ranges together with the
Thermal InfraRed Sensor (TIRS) instrument, which
uses 4 lenses. The Multichannel Scanning Radiometer
(OLI) was created by Ball Aerospace & Technologies
Corporation. The multichannel scanning radiometer
(OLI) measures in the visible, near-infrared and
short-wave infrared parts of the spectrum. The
images obtained by the OLI multichannel scanning
radiometer have 15-meter (49 ft) panchromatic and
30-meter multispectral spatial resolution in a 185
km (115 mi) wide viewing band. These images cover
vast areas of the Earth's landscape. In addition, the
mentioned above images provide sufficient resolution
that allows you to distinguish between objects such
as urban centers, farms, forests and other types of
land use. The presence of infrared radiometers TIRS
allows you to obtain a «thermal» image of the earth's
surface with a resolution of 100 m [2].

The images from the Landsat-8 spacecraft were
used to perform an analysis during the assessment
of the environmental situation in the coal-mining
region of Kazakhstan. The images from the Landsat-8
spacecraft were chosen for the following reasons:
firstly, it is the availability of data; secondly, a wide
range of tasks to be solved and the coverage of the
studied territory (more than 400 scenes). Moreover,
the received data is stored in the database of the
US Geological Survey and the data is ready for
use 24 hours after receipt and they are not limited
in the number of copies. Using the US Geological
Survey database gives access to satellite images for
a significant period of time (50 years). Third, the

preservation of geometry, calibration, coverage,
spectral characteristics, image quality and data
availability is provided at a level similar to previous
Landsat satellites [2].

You can learn about the negative impact of
coal mining on the state of natural water bodies by
analyzing multispectral satellite data for a certain
period of time. Various combinations of spectral
channels make it possible to detect the presence of
various impurities and mechanical suspensions in the
object under study. The deterioration of water pro-
perties as a result of anthropogenic interference is an
urgent problem for most water bodies. The presence
of this process can be detected by comparing the
spectral characteristics on a series of multispectral
images [3].

The purpose of the study is to determine the
possibility of using long-term satellite data series
for spectral analysis and assessment of the current
environmental situation in Kazakhstan on the
example of the coal field.

The research was carried out for the territory
of Pavlodar region, which has a developed mining
industry. The selection of images was carried out for
the period from 2015 to 2019 by visual decryption
and assessment of cloud cover on the territory of the
object (Figure 1).

The following algorithm was used for processing
satellite data:

- binding of geographical coordinates;

- pansharpening (increasing the image resolution);

- atmospheric correction.

These processes are performed using a semi-
automatic plug-in classifier module in the Qgis 3.6
software package (Figure 2).

Based on the data of the ArcGIS Pro service, there
are several indexes for analyzing the state of natural

B s

Figure 1 — The territory of the coal field under study
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water bodies today [4]:

- MNDWI-water difference index (modified);

- NDSI-standardized index of differences in snow
cover;

- NDMlI-standardized index of differences in the
moisture content of the territory;

- NDTI - normalized turbidity index.

To calculate the indices, taking into account
the spectral features, the formulas are derived. The
MNDWI index is calculated as follows:

_ GREEN — SWIR2
MNDWI= GREEN+ SWIR2"

where GREEN is the spectral brightness
coefficient (QX) in the green channel (the wavelength
for Landsat data is from 0.52 to 0.6 microns);

and SWIR 2 is the spectral brightness coefficient
(KX) of the short-wave infrared channel (the
wavelength for Landsat data is from 1.56 to 1.66
microns).

This index is effective and makes it possible to
select a water object most accurately, if the coastline
is located near any structure.

NDSI is a standardized index of differences in
snow cover. The index was developed specifically
for the analysis of satellite data of the MODIS series
(channels 4 and 6) and Landsat (channels 2 and 5).

This index allows the identification of snow cover
with a decrease in the influence of atmospheric effects,
without the influence and interference of clouds. The
NDSI index is calculated using the following formula:

_ GREEN — SWIR
NDSI= GREEN+ SWIR:
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where SWIR is the spectral brightness coefficient
(KX) of the short-wave infrared channel (the
wavelength for Landsat data is from 1.36 to 1.39
microns);

GREEN is the KX in the green channel (the
wavelength for Landsat data is from 0.52 to 0.6
microns).

NDMI is a standardized index of differences
in the moisture content of the territory. The index
is calculated for tracking and analyzing droughts,
fixing the level of combustible materials in fire-
hazardous areas. The NDMI index is calculated using
the following formula:

_ NIR—SWIR1
NDSI = "NiR+ SWIRL

where NIR is the spectral brightness coefficient
(KX) of the near infrared channel (the wavelength for
Landsat data is from 0.845 to 0.88 microns);

SWIRI is the spectral brightness coefficient (KX)
of the short-wave infrared channel 1 (the wavelength
for Landsat data is from 1.36 to 1.39 microns).

NDTI - normalized algorithm — turbidity index.
This index is characterized by the fact that it allows
you to calculate the turbidity index of water, as well as
to record a decrease in water transparency associated
with an increase in the number of inorganic and
organic ligatures.

The NDTI index is calculated using the following
formula:

_ RED—- GREEN
NDTT= RED+ GREEN®

where RED is the spectral brightness coefficient
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(QX) in the red channel (the wavelength for Landsat
data is from 0.63 to 0.69 microns);

GREEN - the spectral brightness coefficient (QX)
in the green channel (the wavelength for Landsat
data is from 0.52 to 0.6 microns) [4].

An important task is the correct choice of the
most suitable index.

The authors O.A. Berezina, A.N. Shikhov, R.K.
Abdullin in their scientific work [5] (on the use of
space data for assessing the environmental situation
in coal-mining areas) suggest using the AMWI index:
«Since a distinctive feature of river water that was
exposed to pollution by acid mine waters (AMW)
is a sharp jump in the spectral brightness coefficient
(SBC) in the ranges from blue to red».

The following formula was developed for
calculating the index, when processing satellite data,
on the presence of spectral changes characteristic of
reservoirs contaminated with acid Mine water (Acid

Mine Water Index, AMWI):
_ RED—BLUE
AMVI = RED¥ BLUE

where RED is the spectral brightness coefficient

=i N

(SBC) in the red channel (the wavelength for Landsat
data is from 0.63 to 0.69 microns);

where BLUE is the spectral brightness coefficient
(SBC) in the blue channel (the wavelength for Landsat
data is from 0.45 to 0.52 microns) [5].

When processing satellite data on the coal-mining
area in the Pavlodar region, the AMWI indices were
calculated for 2015, 2018 and 2019 (Figure 3).

Graphs of changes in the brightness of the studied
area in the red range were obtained based on a visual
study of the data obtained in the Qgis 3.6 software
package (Figure 4).

The graphs show the dynamics of changes in the
brightness indicator in the red range, depending on
the year. These data are confirmed by information
from the reports of environmentalists.

Ecologists conducted an assessment of the quality
of surface water in the Pavlodar region for the period
from 2015 to 2019. This assessment demonstrates the
dynamics of exceeding the maximum permissible
concentrations (MPC) for substances from the group
of biogenic substances (iron) and heavy metals
(copper), as well as an increase in the BOC indicator 5
(biological oxygen consumption) (Figure 5).

a) the year 2015; b) the year 2018; c) the year 2019;
Figure 3 — The territory of the coal field
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Figure 4 — Graphs of changes in the brightness of the studied area
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Figure 5 — Graph of changes in the level of the BOC indicator 5

The analysis of the value of the complex index of
water pollution (CIWP) was performed to assess the
level of surface water pollution. This index was based
on the comparison and identification of the dynamics
of changes in water quality [6].

Various technologies for the purification of
suspended substances from mine (quarry) waters
and water waste from coal-processing plants exist in
the world. These technologies are used as measures
to protect the environment, to neutralize the acidic
mine waters of coal fields.

The disadvantages of most of them are the high
cost and duration of the neutralization process. The
effectiveness of most methods is no more than 40%.
Buffer ponds, storage ponds, horizontal settling tanks
and their combination are most often cleaned. The
content of suspended substances in purified water

can be from 30 mg/1 or more [1].

Carrying out cleaning in the winter is a very time-
consuming and expensive work, so this is the key
moment, because getting up-to-date information in a
fairly short time makes it possible to pay attention to
the emerging problem in time.

Conclusion

The results of the assessment of surface water
pollution, obtained based on the analysis of long-
term satellite data series for 2015-2019 by comparing
the brightness in the blue and red spectral ranges, are
confirmed by information from ecologists' reports
for this period of time. Therefore, it can be argued
that the use of satellite data to assess environmental
pollution by acid mine waters and land degradation
is an urgent issue of environmental protection today.
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*aemop-koppecrioHOeHm.

AHOAamna. Kemip KeH opbiHOapbIH u2epy maburu cy obbekminepiHiH 3Kon02usnbiK xardalisiHa mepic acep emedi. Ta-
buru cy 06beKminepiHiH AaCMaHybIHbIH CAA0apPbIH YaKMblbl O YWIiH MYMKIiHOI2iHWe me3ipek muicmi 3Kon02uAbIK
aknapam any Kaxem 60s1adsl. Makanada Kemip eHOipemiH ay0aHOapOarsl 3K0102UAbIK #aFdalidel baranay yuwiH
FApbIWMBbIK mycipy 0epekmepiH naloanaHy mMyMkiHOi2ziHe masnday YCbiHbIAFAH. byn maceneHi wewy ywiH adebuem
Ke30epiH manday HeziziHoe AMWI uHOekci maHOan0bl, 011 KbIWKbIA KEHiW CYynapblHbIH CeKMpiK KacuemmepiH cu-
nammadiosl. 3epmmeynep may-keH eHepKacibi KeHiHeH damblraH Masno0ap 06s1bICbIHbIH AYMaAFbl MbICAbIHOA HCyp-
2i3indi. Cypemmepdi ipikmey Landsat-8 rapoiw annapameoiHaH #cypeizindi. Myaemucnekmpandel 0epekmepdi casbi-
cmolpy apKbiabl 2015-2019 xcoindapdarsl cnymHUKmMiK cypemmepodiH y3aK Mmep3imoi cepusanapeliH manoay HezidiHoe
Q/IbIHFAH Hep YCMi CynapbiHbIH AaCMAaHybiH 6aranay Hamuxicenepi ocel yaKbim KeseHiHoeai 3kon102mapobiH ecenmepi-
HeH a/bIHFaH ManimemmepmeH pacmanadbil.

Kinm ce30ep: KawbIKmbiIKmaH 30HOMaAy, 3Kos102Us, Kemip paspesi, Landsat, Qgis.
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AHHOMayusA. Pazpabomka y2osbHbix MECMOpoXOeHull oKasbisaem HezaamugHoe 8o30elicmeue Ha 3K0102U4eCcKyHo Cu-
myauyuro npupooHbIX 800HbIX 06beKMos. 14 ceoespeMeHH020 YyCmpaHeHUs nocaedcmauli 3a2psa3HeHuUs MPUpPoOHbIX
B800HbIX 06LEKMOB8 803HUKAEM Heobxo0UMOCMb osyYeHUs aKkmyasabHoU 3Kos02uveckoli uHgopmayuu 8 Haubosnee
KopomKue cpoKu. B cmamse npedcmasseH aHAsU3 803MOMHOCMU MPUMeHeHUA OGHHbIX KOCMUuYecKol cbeMKu 0715
OUEeHKU 3Koso2u4eckoli 06cmaHo8KU 8 yanedobbisarouux patioHax. [aa peweHus nocmasneHHolU 300a4u HaO OcHoge
aHAAU3a AUMepPamypHbIX UCMOYHUKO8 cOenaH 8blbop uHdekca AMWI, xapakmepu3syrowe2o crnekmpasbHsie ceolicmea
KUC/bIX WAXMHbIX 800. Miccied08aHUSA 8bIMOHAAUCL HA pumMmepe meppumopuu lMasaodapckoli obaacmu, 20e WupoKo
pazeuma 20pHo00bbIBAOWAA MPOMbIUIeHHOCMb. Ombop CHUMKOB Po8ooduscs ¢ KOCMuYecko2o annapama Landsat-8.
Pe3ynbmamel oUyeHKU 3a2pa3HeHUs M08epxXHOCMHbIX 800, MOYyYeHHble Ha OCHOBAHUU AHA/U3d 00/120CPOYHbIX cepuli
CIYMHUKOBbIX CHUMKO8 3a 2015-2019 200bi mymem CpasHeHUs MysbmucnekmpasnbHbix OAHHbIX, 1o0meepHoaromcs
c8e0eHUAMU U3 0mYyemos 3K0s10208 3a OaHHbIl nepuod spemeHu.

Knrouesole cnosa: ducmaHyUuoHHOe 30HOUPOoBaHUE, 3K0M02Us, Yy20bHbIl pa3pes, Landsat, Qgis.
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AHHOmMaAuus. B cospemMeHHbIX YCA08UAX pa38UMUS MUPOBOU 3KOHOMUKU reped CmpaHamu ecmaem 80Mpoc Moes-
weHus npou3sodumesnbHOCMU MPombiWaeHHo20 cekmopd. CoendacHo lMocaaruro [naesi 2ocyoapcmea Kaceim-}Ko-
mapma Tokaesa Hapody KasaxcmaHa, SKOHOMUYecKoe paseumue MpomblliaeHHO20 KOMIAeKca cCmpaHsl 00AXHO
obecrne4yusame 3Kon02u4ecKyro ycmoliyueocme u 6e3onacHocms. [aHHbell acriekm nogeicus 3HaYUMOCMb 3K0M02U-
yeckux mpebosaHuli K mexHos02u4eckomy 060py008AHUI, BK/OYAA MPOOYKUUI 3eKmMPomexHU4ecKol npomslw-

AeHHocmu. B cmamoe paccmampusaromcs 80Mpocsl 87AUAHUSA MPou3800CcMed 371eKmpomexHUYecKo20 060py008aHUA
Ha 8030ywHbIl 6acceliH u sodoxo3alicmeeHHbll bacceliH meppumopuu Pecniybauku Kazaxcmat. B cuny 6oabwozo
Pa3HO06PA3UA KOMITAEKMYOWUX U KOHEeYHOU MpoOyKyuU npu npouzsodcmee 31eKkmpoobopydo8aHUSA 3a4acmyto Uc-
M0/163yI0MCA MexXHO102UYecKue Mpoyeccs! U npouedypebl, CONPoBOHOarOUUEC 8bI6POCAMU 8 OKPYHAIOUWYIO CPEDY.

Knroyeevle cn06a: snekmpomexHu4ecKas rnpombluiaeHHOCMb, 3K002uUs, 8bI6pocsl, 06opydosaHue, SMUccUU.

BBeaenne

Ha ceroauammmii genn mpobaema 3aIluUTHL aT-
MocdepHOro Bo3Ayxa AamMaThl — KPYIIHOTO Merario-
anca Kazaxcrana — sBAseTcss O4HONM M3 CaMBIX akK-
TyaabHbIX. Ha TeppuTtopun ropoga umeiorcs: 0oaee
A€CSATKa AEVICTBYIOIIMX TIPEANPUSATUIL, OCHOBHOM
A@ATEABLHOCTBIO KOTOPBIX SIBASETCSA IPOU3BOACTBO,
peaansalus 2AeKTpOOOOPYAOBaHN:A U APYTOIi IIPO-
AYKUMU  DAEKTPOTEXHUYECKON ITPOMBIIIAEHHOCTH,
TaKMX KaK HaCOCHBIE M KOMIIPECCOPHbBIE CTaHLINI,
BeHTUASIIMOHHOe 000PYA0BaHIe, HaCOCHBIEe yCTaHOB-
KM A4Sl CeABCKOTO XO3AICTBA, DAEKTpOHArpeBaTeAb-
HBle IIPUOOPHI U yCTAHOBKM U T.A. JaHHEIe IIpeAIpu-
ATUSL AOCTATOYHO BaKHBI A4sl IPOU3BOACTBEHHOTO
CEeKTOpa B 11€A0M, TaK KaK B COBPEMEHHBIX YCAOBUIX
AAs CTaOMAM3aMM HKOHOMMYECKOTO IT0A0XKEeHISI
CTpaHBI HEOOXOAMMO pa3BUBATh arpoIIPOMBIIILAEH-
HBI, IIPOMBIIIAEHHDIN KOMILAEKCHI U IIPOU3BOACTBO
B ieaoM. ITponsBoACTBO 94eKTPOOOOPYAOBAHI AT
IIPOMBIIIAEHHBIX 11 OBITOBBIX HYXK/ 3HaUMTEABHO 00-
AeryuT (PUHAHCOBYIO HAarPy3Ky Ha OCTaAbHBIE CEKTO-
po. OgHAaKO MPOM3BOACTBO DAEKTPOODOPYAOBAHI
UMeeT CBOM HeAOCTaTKM B 004aCTy OXpaHbl OKpY>Ka-

1o1ei cpeapl. Ha pasHbIX 9Tarax TeXHOAOTMYECKOTO

Ipoliecca UMeIOT MeCTO pa3ANJHble BHIOPOCH B BO3-
AYIIHBI DacceliH ropoja, KOTOpbIe MOTYT IIpeACTaB-
ASITH OIIACHOCTh AASl SKU3HeAesITeAbHOCTI DKOCKCTe-
MBI U 3aTPsI3HATD BO3ayX. EcTh Kaaccnueckue MeTOAB
pellleHnst 4aHHBIX IPOOAeM: BBIBECTH IIPOU3BOACTBO
3a ropo4, B 001acTh U BHEAPUTH TEXHOAOTMUIECKOE
obopyAoBaHue C PasAMIHBIMU CTYIIEHSMU OUYMCT-
ku. OHaKO JaHHbBIE METOABI MOTYT COIIPOBOXKAATb-
CsI HEKOTOPBIMU (PMHAHCOBBIMU ¥ TeXHUIECKUMU
Heyzo0cTtBamu. HeoOxoamMo paccMOTpeTh MMeH-
HO M3MeHeHUe CaMOIO TEeXHOAOTMYECKOIO IpOoliec-
ca IIPOM3BOACTBA, Halle/€HHOe Ha DKOAOTMYECKYIO
9] PeKTNBHOCTS.

TexHOA0rMYeCKNII IPOLIECC IIPOU3BOACTBA DAEK-
TPOOOOPYAOBAHUSI COCTOUT 113 MHOXKECTBA CTyIIEeHel!
00paboTky cpIpbsa. OCHOBHBIMM CTYIIE€HSMU (DTa-
I1aMn), HeOOXOAMMBIMU AASI IIPOM3BOACTBA IIpaK-
TUYECKU BCeX BUAOB OOOPYAOBaHIS, SIBASIOTCS: 3a-
TOTOBKa, MeXaHM4JecKasi 0OpaboTka, peska, ImOKa,
TOKapHO-(ppe3epHble pabOTHL, CBapKa, IIPUBAPKA,
ITOKpacka, cAecapHO-MexaHnueckue paboTwl, cOop-
Ka, YCTaHOBKA DAeKTPOHMKI, MCIIBITAHISI, TECTOBBIIL
samyck. Taxke ecTb AOIIOAHUTEABHBIE IIPOLIECCHI
[0 AeDMYABIMPOBAHUIO AASl pereHepaluy Maced,



Paspnen «feotexHonornun. besonacHocCTb Xn3HepeaTenbHoCcTVy M

IIOBTOPHOM AMUCTUAASILIUM AASl pereHepauyy pac-
TBOpuUTeAeN U T.A. MOryT OBITh yCTaHOBAEHBI BOA0O-
YICTHBIE COOPY>KEHISI I COOPY>KEHISI CHICTEMEI BEH-
TUASILIUN AAS BBIBOAQ ABIMA VI IIAPOB IIPY CBAPOYHBIX
U ITIOKPacCOYHEIX paboTax.

Marepmaabl A4 TPOU3BOACTBA DAEKTPOOOOPY-
AOBaHMs UCIOAB3YIOTCA pasAndHbIe. B udacTHOCTH
HPUMEHSIIOTCS YePHble MeTaAAbl B TOTOBOM BIJE.

OcHOBHBIMI DTallaMM IIPOU3BOACTBA, KOTOPBIE
COIIPOBOKAAIOTCSI BLIOPOCOM BPEAHBIX BEIeCTB B
OKPY>KaIOIIyIO Cpeay, sBAAIOTCS CBapOYHbIe pabOTEL,
razosasl pe3ka I OKpacodHsle paboTsl. [IponssoacTso
91eKTPO0DOPYA0BaHMS COCTOUT U3 HECKOABKUX CTY-
TIeHell CBapOYHBIX I Ta3ope3aTeAbHBIX paboT, B Xo4e
KOTOPBIX B BO3AYX MOIYT BBIAEASTHCS CAeAYIOIIe
Bpe/HEbIE BelllecTBa: MeTalAndecKas IblAb, abpasus-
Hasl IIBLAb, ITBLAb LIBETHBIX I Y€PHBIX METAAA0B, IIapbl
CMAa30YHBIX U OXAAXKAAMOIINX >KUAKOCTEN, OKCUABI
’KeJe3a, COeAVHEHNsI MapraHIia, a30Ta AMOKCUA, XpO-
Ma OKCHUA, OKCUABL MeAV U aAIOMUHUS, PTOPUABL U
T.4. VIHTeHCMBHOMY OKMCAEHUIO U MICIapeHNIO PAIO-
ca, MeTaA/a, AeTUPYIOIIUX DA€MEHTOB I 3aIJUTHOTO
rasa CIrocoOCTByeT BBICOKasI TeMIlepaTypa CBapOYHOI
ayru [16].

Ms-3a 604p110TO pasHOOOpasns 91eKTpoodopy-
AOBaHMs 110 Ha3HAYEHMIO CYIIECTBYIOT pa3ANYHEIE
TEXHOAOTMYECKNE CXeMBI PabOT IO OKpacKe II0BEpX-
HOCTel, HallpuMep:

- DTall IOATOTOBKU U3AeANS K OKPaIlBaHIIO;

- HaHeCeHIe I CYIIKA ITPYHTOBOYHOIO ITOKPBITILS;

- HaHeCceHNe B ABa CA0s1 MaTeplalOB BHEIITHErO
CAOSI U UX CYIIKa.

AAsl TOATOTOBKY U3A€ANUIl U3 YePHOIO MeTalla
TO/IINMHOI MeHee 3 MM MX ITOBEPXHOCTh 0OpadaThI-
BaeTCsI BOAHBIMI COCTaBaMU C IoAydeHneM ¢dpocdar-
HBIX c210€B. B HeKOTOpPHBIX cayuasax ¢pocaTuposaHie
MOYKHO 3aMEHUTh MHIMOuTOpaMu Kopposumu, poc-
daTtupyoIUMMy IPYHTOBKAMU U T.A.

Oxkpacounsie pabOTBI MOIYT IIPOBOAUTLCS He-
CKOABKVMIM CIIOCOOaMM: ITHEeBMAaTIYeCKIM, ITHEBMO-
DAEKTPUYECKUM, DAEKTPOOCaXKAEHMEM, CTPYIHBIM
004AMBOM, IOKPBITIEM METAAANYECKUX U3AEAUIl B
AAKOHAAVBHBIX MallMHax U oKyHaHue. OgHMMU 13
CaMbIX IPUMEHUMBIX CIIOCODOB SIBASIIOTCSI IIHEBMa-
TUYECKUII U 9AeKTpoocaxkaeHne. OKpammsaHie
U3JeAUII MOKET IIPOBOAUTHCS Ha KOHBENEPHBIX
AVHMSIX, KOTOPBIE BKAIOYAIOT B IIPOIECC OKpacod-
HBle U CYIIN/AbHBIE KaMepbl IIPOXOAHOTO TUIIA, U B
TYIIMKOBBIX OKPAaCOYHO-CYIIMABHBIX Kamepax. B co-
BpeMEHHOM MHpe B IIpoIieccax IOKpacKy U3AeANi
IIpeAyCcMaTpyBaIOTCS:

- 3aMeHa OOBIYHBIX /AaKOKpacOYHBIX MaTeplua-
/0B Ha MaTepuaabl C BBICOKMM CYXUM OCTATKOM I Ha
BOAHOJI OCHOBE;

- yMeHbIIIeHNe KOANYEeCTBa AeTy4MX OpraHmde-
ckux coeaunenuit (/10C);

- OIITUMaAbHasl COBMECTUMOCTD
HaHeCeHIs];

- OAy4deHMe KadeCTBEHHBIX IIOKPBITUIL IIpU
MEHBIIINX 3aTpaTax.

YMeHbIIIeHNe BEIOPOCOB AETYUMX OPTraHMIECKUX

METOZ0B

COeAVHEHNII BO3MOXHO 00eCIIeunTh 3a cJeT IpumMe-
HEeHIS B TEXHO0TMYECKOM IIpoliecce pa3ANMIHBIX Ma-
TepuaAoB C BBICOKMM COJep>KaHIeM CyXOTrO OCTaTKa,
TPYHT-DMaJ€eBLIX AaKOKPACOYHBIX MaTepualoB, Ha-
HOCHMBIX B /Ba CAOsI B3aMeH TPEeXCAOIHOIO MOKPHI-
THsI, TTIOPOIIKOBOTO OKPAIIVBAHIL.

[IpumMeHeHMe B TeXHOAOTMYECKOM IIpoliecce
OKpaIlMBaHUs ITOPOIIKOBBIX TEXHOAOIMII CIIOCOO-
CTByeT 0DecIieueHIIO DKOAOTMIEeCKoi Oe30macHOCTI
IPOU3BOACTBA, YMEHBIIIEHUIO CAOeB HaHeCeHUs A0
OAHOTIO CA0sI, COKpaIeHUIO TPOU3BOACTBEHHO 1110-
maau 1o/ oKpacky. OcoOeHHOCTBIO HOPOIIKOBBIX
TEXHOAOTUII TaKXKe SIBASIIOTCS AOATOBEYHBIE ITOKPBI-
TUSI C BBICOKOM M3HOCOCTOMKOCTBIO U CTOMKOCTBIO K
arpeccuBHBIM CpejaM.

Obes>xnpuBaHNe ITOBEPXHOCTEN AeTalell DAeK-
TpOOOOpPYAOBaHMS IIPOM3BOAMUTCS, KaK IIPaBUAO,
PYYIHBIM CIIOCOOOM C MCIIO/Ab30BaHMEM pa3ANIHBIX
OpraHNYecKUX pacTBopureseii. Aas aBToMaTn3anun
rporiecca u cokparenus seiopocos /AOC B okpyxa-
IOIIYIO Cpeay IIPOM3BOAMTCS 3aMeHa PYYHOTO o0e-
3KMPUBaHIUA Ha XMMUYECKYIO ITOATOTOBKY ITOBEpPX-
HOCTH K OKpaIllMBaHUIO BOAHBIMI COCTaBaMIL.

OOBEKT M MEeTOABI VICCAE€A0BAHIIST

3agaueil MccAeA0BaHMs SIBASAOCH OIpeeeHue
KOAIYeCTBa BLIOPOCOB BPEAHBIX BEIeCcTB IIpU IIPO-
U3BOACTBE DAEKTPOOOOPYJOBaHM:, a MMEHHO IIpU
MexaHIM4ecKoll oOpabOTKe M OKpacKe JeTasleil M3
CTaHMHBI, CTaAM, 4yryHa. llepsslit oTan pador mpu
OKpacke BKAIOYaeT B ce0s TpyHTOBaHIe II0BEPXHOCTI
AeTaleil pa3sANIHBIMU aAKMAHBIMU 1/mAN (PEeHOADb-
HBIMJ TPYHTOBKaMU, IIOC/€ YeTO IIPOBOAST OKPacKy
AAKMAHBIMIL, MEAaMUHOAAKUAHBIMU U DIIOKCUAHBI-
Mu sMaasamn. [1pu okpacke geraseit M3 aAIOMUHILL
IIPOU3BOAUTCA ~ TPYHTOBaHNE  (PEHOAAAKMAHBIMU
T'PYHTOBKaMH A5 IIBETHBIX M€TaA/10B, 3aTeM IIPOU3-
BOAUTCSl OKpaIllMiBaHMe aAKUAHBIMIY, MeJlaMMHOAaA-
KIMAHBIMU ¥ DIIOKCUAHBIMU dMaAsaMu. Ilocae coopku
DAEKTPOOOOPYAOBaHIs IIPOBOAAT ITOBTOPHOE OKpa-
IIMBaHMe AOCTYITHON ITOBEPXHOCTH DMaASIMI.

IIpun mpomsBoAcTBe HaCOCHOTO OOOPYAOBaHNA
mapkun A-160 ¢ »aekTpoasuratreleM HeOOXOAU-
MO BBIIIO/HUTH YETHIpe DTara CBapOYHBIX padoT U
TpU ®Tara OKpacoyHbIX paboT. CBapouHble pabOTHI
BKAIOYAIOT B ceOsl PYYHYIO AYTOBYIO CBapKy IITYd-
HBIMU DA€KTPOJaMIU U I10AyaBTOMAaTIMIEeCKyIO CBap-
Ky B 3alllUTHON cpeje U rasosyio pesky. CoraacHo
pacuetaM BBIOPOCOB 3arps3HAIONINX BEIeCcTB, MpPo-
BedeHHbIX 110 MeToauke PH/ 211.2.02.03-2004 «Me-
TOAMKa pacdyeTa BHIOPOCOB 3arpsI3HSIONIMX BEIecTB
B arMocdepy IpM CBapOYHBIX paboTax (II0 BeANdN-
HaM yAeABHBIX BEIOPOCOB)» [6], Tpu MexaHMIeCcKOI
00paboTKe MeTaAANYecKUX M3AEAUII U DAEMEHTOB
HaCOCHOTO 0DOpyAOBaHNUs KOAMYECTBO MaTepuaaa,
pacxoAyemMoro Ipu CBapOYHbBIX paboTaX, cocTaBAseT
5,23 kr/ yac nan 3347 xr/roa. PacueTsl BHIOpOCOB 3a-
IPA3HAIONINX BeIllecTB OT CTAaHOUHOTO 000PYyAOBaHI
IIpY MeXaH4ecKoi o0paboTKe MeTaAl0B BBHIIIOAHE-
HBI coraacHo. [Ipu onrpesesennu BHIOPOCOB B cBapOd-
HBIX ITpOIleccax MCHOAb3YIOTCSl pacyeTHbIe METOABI C
IIpUMeHeHNeM YAeABHBIX IOKa3aTelell BrIOpoca 3a-
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TPA3HAIONTNX BEIIIeCTB:

- Ha eAMHUITY Macchl pacXolyeMBbIX MaTepualoB
(r/xr);

-Ha AAVMHY pe3a (I/M) MAM TAOIIAAU CThIKa
(r/cm?);

-Ha eJVHNITy BpeMeHM paOOThl 00OpyAOBaHILL
(r/q, t/c)» [6].

CoraacHo [6] Baa0BOe KOAMYECTBO 3arpsA3HIIO-
IITVIX BEIIeCTB, BRIOpackiBaeMbIX B aTMOC]epy B IIPo-
Ileccax CBapKH, HaIlAaBKU, HaIIBLA€HIA U MeTalAu3a-
LIV, OIIpeAeAsIoT 110 popMyae

.
Mo, = 2285 (1-7), /0 M
rae B,o, — pacxoA mpuMeHseMOro ChIpbs U MaTepua-

OB, KI/TOA;

K., — yaeabHBII ITIOKa3aTeab BLIGpoca 3arpsI3Hs-

IOIIETO BeIllecTBa «2» Ha eAVHUILY MacChl pacxo-

AyeMBIX (IIPUTOTOBASIEMBIX) CBIPhs I MaTepua-

OB, T/KT;

7) — CTeIleHb OYMCTKM BO34yXa B COOTBETCTBYIO-

II[eM aIlrapare, KOTOPBIM CHaO>KaeTcs IpyIIa

TEXHOAOTMUYECKIX arperaTos.

MakcrMaabHbBI  Pa3oBbIi BbI6pOC 3arpsI3HsIo-
IITVIX BEIIeCTB, BRIOpackiBaeMBIX B aTMOC(epy B IIPo-
Ileccax CBapKH, HallAaBKH, HaIIBLA€HIA U MeTalAu3a-
LIV, OTIPeAeAsIoT 110 popMyae

Moo= Bedle (1-7), 1/, @)
rae Bu.c — pakTmaecknii MakCMaAbHBIN pacxod,

MIPVIMEHSIEMBIX CBIPhs I MaTEPUaAOB, C yIETOM

AVICKpeTHOCTU paboThl 000OPYAOBaHIL, KI/4ac.

CoraacHo pesyabTaTaM pacyeToOB ITO BBIIIIeyKa-
3aHHOJ METOAVIKE OBbLAO BBISIBAEHO, YTO MAKCUMab-

HO Pa3oBbIIl BRIOPOC CBapOYHOTO adp030.451 B IIPOILIec-
ce ra3osoll pe3ku paseH 0,164 r/c, Baa0BEI BLIOPOC
- 0,9 1/roa. PesyAbTaThl pacdeTos IIO BCeM BhlAeAsie-
MBIM BelllecTBaM IpuBeAeHsl B Tabanmax 1-3 [16].

Oxpacounsle pabOTBI BKAIOYAIOT B Ce0s1 OKPacKy
AeTajell Ha OTAEABHBIX yJacTKaxX C MCII0Ab30BaHUEM
ITHEBMaTUYeCKOTO 000PYy0BaHUs Oe3 MOAEpHU3UPO-
BaHHOJI CMICTEMBI BEHTIASIIMIOHHO OYUCTKI. B cpea-
HeM IIPOM3BOAUTEABHOCTh OKPAaCOYHOTO YCTPOMCTBa
pasrsiercsa 130 r/mM? T.e. Ha OAHO HacOCHOe O0OpY-
AoBaHIe pacxoayertcs 546 r maTepuasa. Tem cambimM
pacxog cocraBaseT 26 Kr/4ac ¢ MOIIHOCTBIO PacIIbl-
aenust ot 0,3 20 0,6 M*/Mun. Jast pacueTa npuMem
CTaHAapTHbIE MapKM KPacoK AAs MeTaAANIeCcKIX 13-
Aeanit BT-577 u I1®-170. B xoae okpacouHbIX paboT
JAAHHBIMI MarepualaMM B BO3AYIIHYIO CpeAy BbI-
AeASIIOTCA yalT-CIIMPUT U KCA0A. Bce okpacouHbre
PpaboTEI COMPOBOXKAAIOTCS IIpolieccoM cymku. ITpu
CTaHAAPTHOM IIpOIlecce OKPaCKM M CYIIKU BaAOBBIN
BBIOpOC yaiiT-crimpura paseH 296,6 1/roa. Baaossiit
BBIOpOC Kcnaoaa coctasua 295,4 1/roa. Makcumaan-
HO pa3oBbIe BEIOPOCHI yalT-CIIMPNUTa U KCUA0Aa paB-
ue1 1,63 1 1,62 1/c.

KoMmmonenTs! pactBopureseil AAs IPUTOTOBAE-
HIs AaKOKPACOYHBIX MaTepualoB sBAAIOTCSI AOCTa-
TOYHO TOKCUYHBIMU. B TexHOAOTMUeCKuX mporeccax
C MCIIOAB30BaHMEM JaKOKPACOYHBIX Marepualos
(AKM) n pactBopuTeaelt 0o0A3aTeAbHO MCIIOAB30Ba-
HI1I€ MECTHOJI BBITSDKHOI CHICTEMBI CO CTYIIEHYaThIMU
cucTeMaMM OYUCTKM AAs OTpaHMYeHMsI KOANJeCcTBa
spIOpoca 3B B aTMocdepnnni Bozayx. OaHako uc-
I1I0AB30BaHIEe CICTEMBI (PUABTpaALINI Yallle BCEro He
AaeT AOAKHBIX pe3yAbTaTOB U MOKET OKa3aTh Heo-

Tabnuua 1 — Pe3aynbraTtbl pacueTta KoamMyecTsa BbiI6poca BpeaHOro BewecTsa oT CTaHOYHOro obopyaoBaHua npu
MmexaHu4yeckou o6paboTke meTannos

BbI6poc BewiecTBa oT 06wmit BbiIGpOC
O60opyaoBaHue BeLuectBo opHoro o6opyaoBaHus BellecTsa
Moo, Mce. Mioa Mce,

KpyriowwnvndosanbHbii Mnbl/b abpasunBHas 0,01815091 0,005252 0,036302 0,010504
CTaQHOK NblIb METAN/INYECKaAA 0,02722637 0,007878 0,054453 0,015756

nblNb abpasnBHas 0,01396224 0,00404 0,027924 0,00808

MAOCKOWNNPOBAbHDIN NblNAb MeTaInyeckan 0,02094336 0,00606 0,041887 0,01212

CTaHOK MNbiNb abpasnsBHas 0,0174528 0,00505 0,034906 0,0101
NblIb METAN/INYECKaA 0,02652826 0,007676 0,053057 0,015352
Nblb abpasusBHas 0,01116979 0,003232 0,02234 0,006464

3aTOYHbIV CTaHOK

NblIb METaN/INYECKaA 0,01675469 0,004848 0,033509 0,009696
PananbHO-CBEPIMNBHBIN nbiab abpasuBHas 0,00488678 0,001414 0,009774 0,002828
CTaHOK NbiNb UBETHbIX meTannos = 0,00139622 0,000404 0,002792 0,000808
y nbiib abpasmBHan 0,1340375 0,038784 0,134038 0,038784
06“”‘30”“:?:33“3%”“” Nbinb MeTannueckas | 0,20105626  0,058176  0,201056 = 0,058176
COX 0,00144858  0,0000168  0,001449  0,0000168

nbiNb abpasnsBHas 0,09773568 0,02828 0,293207 0,08484

dpes3epHO-OTPE3HOMN CTaHOK

NblNb UBeTHbIX meTannoB | 0,00069811 0,000202 0,002094 0,000606
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Tabnuua 2 — MakcMManbHO Pa3oBblii BbIGPOC BpeAHbIX BELLECTB OT CTAHOYHOro 060pyA0BaHMA NPU MeXaHUYe-
CKoi1 06paboTKe meTannos

Marepuan CBapouHblii ~ Xeneso  MapraHeuy u ero [buib Heop- = dTopuUcTble ra3oobpasHbie coe-
asposonb oKcug, coeauHeHus raHMyeckas fAuHeHus (B nepecuete Ha ¢pTop)
AHO-19 0,016 0,015038 0,0009625
AHO-20 0,013 0,011675 0,000825
AHO-24 0,014 0,013375 0,001
AHO-27 0,022 0,019913 0,001025
KaO-3 0,012 0,0106 0,00165 0,00125 0,001163
YOHM-13/55 0,021 0,017375 0,0013625 0,001 0,001625
YOHU-13/65 0,009 0,005613 0,0017625 0,0013125 0,001583
YOHWN-13/80 0,014 0,0104 0,000975 0,001625 0,001528
O3H-300 - - - 0,001514
uy-4 0,028 0,0226 0,005525 0,000417 0,000208
Komcomonen-100 - 0,004 0,005 0,005 0,001163
0O3A-1 0,013 0,001583
CB-08X191092C3 - 0,005 0,001 0,002
AMT - 0,001 0,001 0,000
OCLU-45 0,00039 0,00028 0,00003 0,00007 0,00021
AH-348A 0,00028 0,00008 0,00003 0,00007 0,00008

Ta6nuua 3 — BanoBbii BbIGpOC BpegHbIX BELLECTB OT CTAHOYHOro o60pya0BaHUA NPU MeXaHUYecKoi obpaboTtke

MeTannos
Marepman CeapouHbiii  eneso () MapraHey u ero [Mbinb Heop- PTopucTble rasoobpasHblie coe-
a’3po30/nb oKcua coeAnHeHUuA raHMyeckaa AuHeHus (B nepecuyete Ha ¢TOp)
AHO-19 0,0410 0,0385080 0,002464
AHO-20 0,0320 0,0298973 0,002112
AHO-24 0,0368 0,0342507 0,00256
AHO-27 0,0570 0,0509919 0,002624
KA-3 0,03136  0,02714448 0,004224 0,0032 0,0032
YOHU-13/55 0,054368 0,04448 0,003488 0,00256 0,00256
YOHWN-13/65 0,024 0,014368 0,004512 0,00336 0,00336
YOHW-13/80 0,03584 0,026624 0,002496 0,00416 0,00416
0O3H-300 0,072 0,057856 0,014144 0,003488
u4y-4 0,03296 0,026432 0,001152 0,00096 0,003616
Komcomoneu-100 0,06336 0,00832 0,01248 0,0112 0,003552
03A-1 0,12192 0,003648
CB-08X1910® 0,0224 0,011328 0,001344 0,0048
AMTI 0,064 0,00256 0,00256 0,00096
OCu-45 0,000896 0,00064 0,000064 0,00016 0,00048
AH-348A 0,00064 0,000192 0,000064 0,00016 0,000192
6OCHOBaHHyIO Cl)I/IHaHCOByIO HarpysKy Ha npe,a,npm- napaMeprI: HPOI/ISBO,ZI,I/ITEAI)HOCTL OKpacquoro

AaTus. VIaMeHeHMe TeXHOAOTUYEeCKUX napaMeTpoB
Imporjecca OKpackKy MOXKeT CIIOCOOCTBOBAaTh COKpa-
meHnio oobeMa BeIOpocos 3B. Aas cokparrenns He-
O6XOAI/IMO U3MEHUTDH CAeAYIONIVe TeXHOAOIMYeCK!e

yCTpoiicTBa (AaBAeHUe B Dake, AVaMeTp I1yAbBepu3a-
TOopa u T.4.), ucnoansyemsiit AKM, crrocod HanHece-
HISI MaTepuada, CKOPOCTh BO3AyX0OOMeHa 1 T.A.

Ha pucynkax 1,2 nmpuseseHbl 3aBUCUMOCTU BbI-
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OpPOCOB BpeAHBIX BeIIleCTs OT TeXHOAOTMYeCKIX Iapa-
MeTPOB IIpU IIOKPACOYHBIX padoTaX Ha TPeX yPOBHSX
BBEAEHI MePOIIPUSATHUI ITO COKPAIEHUIO BEIOPOCOB.

BuiBOoABI

B aannbIX pacuerax Obram npuaATe /KM ¢ co-
Jep>KaHUeM yalT-ciupuTa U Kcuaoaa. 1pm obopy-
AOBaHUM TIOKPAaCOYHON KaMephl C pacxoAOM MaTe-

puasa 10 xr/uac M ImpomU3BOAUTEABHOCTBIO 60 I/M?,
0oOBeMbl BRIOpoca HeaeTyuell (Cyxoli) JacTyu a®po3o0-

250

200

150

100

As1 Kpacku, oOpasyromerocs mpu HaHecenun /IKM Ha
IIOBePXHOCTE AeTaleli cokpaTurcs B 2,6 pasa. Taxke
ITOKpacoyHble KaMephl O0ecreunsBaioT BO34yXO00-
MeH 24000 m*/gac, uto obecrieunBaer 60aee dPdek-
TUBHYIO paboTy PUABTPYIOIINX DA€MEHTOB.

Hy>xHO Tak>ke OTMETUTD, YTO PaCTBOPUTEAN SIB-
ASIIOTCSl 1€TKOBOCIIAaMEHIONUMUCS JKUAKOCTAMI,
4TO yBeAUYMBAEeT II0KapOOIAaCHOCTh OKPACOYHOIO
nporiecca. /As CHVDKEHUS PUCKa BO3HUKHOBEHIIS
IIo>Kapa, IPOAYKTHI TOPEHNS TPV KOTOPOM OKaKyT

Konuuecteo ebi6pocos, T/ropg,

50

2 3

3T1anbl U3SMeHeHUsA TeXHOI0TNYeCcKUX napameTtpos

PucyHoK 1 — 3aBUCMMOCTb 3HaYEeHUA BaZ1I0BOro Bbibpoca BellecTBa OT pacxoga u coctasa JIKM

1,4

1,2

0,8

0,6

0,4

Konuuecteo ebibpocos, r/c

0,2

2 3

3Tanbl USMEHeHUA TeXHONI0rNYeCKUX napameTtpos

=) PUCYHOK 2 — 3aBUCMMOCTb 3HA4YE€HUA MAaKCMMaNbHO-PA30BOro Bbibpoca ot pacxoga u coctasa JIKM
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3HAYUTEAbHBIN 3arpssHAIONU 9PpQPeKT, HeOOXOAN-
MO YMEHBIINTh pacxo/ Marepuala C OAHOBpPEMeH-
HBIM IIpeObIBaHMEM Marepraa B IIPOM3BOACTBEH-
HOM 11exe He 60aee 20 KT Ha OAHY CMEHY.

CaapouHble 11 razope3areAbHbIe pabOTEI HEOOXO-
AVIMO aBTOMAaTHU3MPOBaTh, YTO ITOMOXKET MCIIOAb30-
BaTh 0O/€e DKOJAOTUYHBIN CBapOYHBIN Marepuaal 1
YMEHBIINTH BAVSIHNE Ha YeAOBEUECKUII OpraHU3M.

ABTOMAaTM3aIMs TaKXKe II03BOAUT CHU3UTH DTAIIbl
CBapOYHBIX PaboT ¢ 4 40 2 BTaroB.

B pesyabrare mpoBeseHns pacyeTos IO KOoAnde-
CTBY BEIOPOCOB 3arpsA3HSIONINX BEIIIeCTB B aTMOcdep-
HBIN BO34yX OBLAO OIpejeAeHO, YTO OCHOBHBIMU I1a-
pamMeTpamMy, BAUAIOIIVMY Ha KOANYECTBO M COCTaB
BBIOPOCOB, SIBASIOTCA Pacxog MaTepuada Ha TeXHOA0-
TMYEeCKMX DTallax U UX COCTaB.
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KoliblAaMbIH 3KO/102UAAbIK MaaanmapoblH MAHbI30biAbiFbIH apmmoblpobl. Makaaada 3aekmp mexHUKanblK HabobiK
eHOipiciHiH KazakcmaH Pecnybaukacel aymarbiHblH dye bacceliHiHe #aHe cy wapyawblaviFel bacceliHiHe acepi Mmacene-
nepi Kapacmelpslaadsl. KomnoHeHmMmep MeH mynKinikmi eHimOepOiH anyaH mypinieiHe 6aliaaHeicmsi 3AeKmp #ab-
OblIKmapbiH 6HOIpyOe KOpUWaraH Opmara WolFapblHObLAGPMeEH bipee mexHOA02UANbIK poyecmep MeH npoyedypanap
HUI K0/10aHbINAObI.

Kinm ce30ep: snekmpmexHUKasbIK 6HEPKICIM, 3K0M02us, WelFapbiHObIAApP, #Hab0biKkmap, smuccusanap.
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Abstract. In modern conditions of the development of the world economy, countries are faced with the question of
increasing the productivity of the industrial sector. According to the Address of the Head of State Kassym-Jomart Tokayev
to the people of Kazakhstan, the economic development of the country's industrial complex should ensure environmental
sustainability and safety. This aspect has increased the importance of environmental requirements for technological
equipment, including products of the electrical industry. The article examines the impact of the production of electrical
equipment on the air basin and water basin of the territory of the Republic of Kazakhstan. Due to the wide variety of
components and end products, processes and procedures are often used in the manufacture of electrical equipment,
accompanied by emissions into the environment.

Keywords: electrical industry, ecology, emissions, equipment, emissions.
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AHOamna. }ymbicmbiH MaKcamel — Kern Kabammel ylinepoiH aHepaus muimoiniai macenenepiH Kapacmelpy. Hepaus
yHemOey wapanapbiH Koao0aHy miHoemmepi aweladsl. fumapammeiH yl-#alinapeiHOa KepceminaeH xcaroalinaposl
Kammamacei3 emy YWiH Hezi3ei ic-uiapanap MeH UHMCeHepiK wewimoep cunammansaH. fumapammapobiy sHep-
2emuKasnblK eHiMOini2iH 3epmmey macini Kapacmeipblabir, 0a1apobiH 3Hepausd muimoini2iH oHMalinaHobIpy ywiH
dypeic wewimoep i30ey yw Hezizzi 6arbimmaH mypamelH Kypoeni e3apa balinaHeicmel Macenenepoin wewimiH

aHbIKmatiosl:
o yl-»#calinapOblH MUKPOKAUMAMbIH ylibiMOacmelpy;
® 3HEepaUsA WbIFbIHOAPLIH MUHUMU3AUUAAAY;

® FUMapammesiH, muimoiniei, MamepuandbiK pecypcmapdsbl ymoeiMObl NalioanaHy.

Kinm ce30ep: sHepausa yHemOey, 3Hepaus muimoinizi, 3Hep2uaHbl MymoiHy, FUMapPammapobiH UHXeHepsiK xcyle-
nepi.

Kipicmre

Tumaparrapaa sHeprus yHemaey >koHe 0Aap/AbIH
DHepIus TUiMAiAiri — eTKeH FachIpAblH 90->Kblajaphl-
HBIH OpTachlHaH OacTam KYpPBIABICTAFbl ©3€KTi MiH-
Jet 6045l TaOblAaAbl. MaTepuaaAbIK >KoHe DHepre-
TUKaABIK pecypcTapAblH IIBIFBIHAAPBIH KBICKAPTY,
o4apabl YHEMAey — MeMAeKeTiMi3AiH TexHMKaAbIK
casICaTBIHBIH HeTisri OarbITbIHA aifHaaAbl. PecypcTs

yHeM/Jey caaachlHAa eaeyAi IMporpecKe KOa >KeTKi3-
TeH aAABIHFBI KaTapAbl eaAep HapAaMeHTTep, KOH-
rpecrep >koHe OacKa 4a 3aH IIbIFapyIIIbl JKoHe YKiMeT-
TiK OpraHjap TapalblHaH 3aHHaMaAbIK, KYKBIKTBIK,
Kap>KbIABIK KOAJayFa re 60AFaHbIH 91eMAIK ToXKipu-
6e xepcerti. OHJa DHeprusi yHemAaey Typaasl ap-
Halibl 3aHAAp >KoHe DHeprus yHeMmaey OOJBbIHIIIA
Kap>KbIAaHABIPBIAATEIH MeMAeKeTTiK Oargapaama-
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Aap KaOblAgaHABL DHEPINs PecypCTapblH YTBIMABI
naligadaHy cadacblHAAFBl €H MaHbI3AblAapbIHbIH
0ipi «DHeprus yHeMAey >KoHe DHeprusl TUiMAiAiriH
apTTeIpy Typaab» KP 3aHpl 6oabin Tabbraagsr [1].
ArtaaraH 3aH, coHgali-ak KP YkiMmeTiHiH Kayablaa-
pbl MeMAEKeTTiH XaAblK INapyalllblABIFBIHBIH TypAi
caZalapblHAAFbl, COHBIH iITiHAe KYPBLABIC CEKTOPBIH-
Aarbl y3aK MepsimMal sHeprus yHeM/ey casicaThIH
alKbIHAAABI.

3epTTey MaTepmaajgapbl MeH djicTepi

MewmaeketTiH peai, MeMaeKeTTiH OapABIK CyOb-
eKTizepi ®HepIus TYTHIHATLIH OOBEKTiAepiHiH DHep-
s TUIMALAITIH apTThIpyFa MYAJeAidiK >Karjal-
JAapbIH JKacayJaH Typaapl. DHeprus TUiMAiAiriHig
ocyl MeMAeKeTTi ®DHepreTMKaAblK IIBIFBIHAAPABL,
aTall alfTKaHJa KbL1y MEH Ta3AblH ToMeH Oarasapbl
apKbLABI apTHIK, CyOCcHAUsAayAaH KyTKapyFa, MeMAae-
KeTTiH SHepPreTUKaAbIK KayiIlCci3AiriH >koHe OTaHAbIK
oHIMHIH Oocekere KabizeTTiairin apTTBIpyFa, KOp-
IIaFaH OpTara HKOAOTMAABIK >KYKTeMeHi aszaliTyFa
MYMKIiHAIK Oepeai.

2020 >xpraer Kasakcran 108 mapa xBt/car »aextp
SHEPIMACBIH ©HAipai. Eage sHeprus TyTBIHYABIH
>KaATIbl KOFaphl AeHreiii kesiHge Kasakcranaa maii-
JajlaHyfa eaje OHAIPiATeH >KblAY SHepPTUACHIHBIH
mamaMmeH 54% >KyMcadaAbl, aa Oateic eadepiHae
oya yaec 30-32%-ap1 Kypaiigsl [2]. XaabIKapaablk
craHzapTTap OONBIHINIA DAEKTP DHEPTUACHIHBIH Ta-
pudrepi Kazakcranaa ete apsan. GlobalPetrolPrices
UMHTEpHET IIOPTaABIHBIH JAepeKkrepi OoribiHima Ka-
3aKkcTaHaa 6ip kBr*car yIIiH 94eKTp SHeprusChHIHBIH
KyHel $0,04 xypaiiabl, aa o94eM OOVIBIHIIA OpTallla
Oara $0,14 xypaiiasl. beaopyccusaa 6ip xBr*car
91ekTp sHeprusce 0,07 goaaap, I'pysusaaa 0,06 a04-
Aap, aa YkpaunHaga 0,05 goaaap typaast [3]. Kynbt

TOMEH DHEpPTVIHBI OaKblAayChI3 >KyMcay¥fa KYKBIK
Hepmeiiai. Kasakcran PecnybamxachiHga sHeprus
yHeMaey Maceaeaepi HoitpaITa KP KM 2.04-04-2011
«Fumapatrapapl >KbiaymeH Kopray», KP KK 2.04-
106-2012 «Fumaparrapaa KbLay KOprayAsl >Kobaaay»
>KoHe T. 0. 6eaceHal mo3nIMAHBI OeariaeriTin Gipka-
Tap HOPMAaTMBTIK Ky>KaTTap 93ipaeHai, KaObl14aHABI
SKoHe KOAJAaHbICKa €HTi31141.

Teopusiabik 60aiM

Fumaparrapsa sHeprusHb YHeMAey Maceae-
CiH IIemry yIIiH Ke3-KeATeH IlapadapAabl OpbIHAAy
Ke3iHAe CaHUTapABIK-TUIVIEHAABIK TadanTap, MUKPO-
KAMMATTBIH >KaVABIABIFEI >KOHE DKOAOTVSABIK Ka-
VINCi3AiK HTapTTaphl OpbIHAAAYBI KasKeT.

Kyppiabic  KOHCTPYKIIMsAAAPBIHBIH ~ MaTepuaa-
Aapbl, FUMapaTThlH MHXKEHepAiK >Kylieaepi 6epi/1-
reH, KaMTaMachl3 eTiATeH yli->Kalldap YIIiH 3MSHABI
0eay KesaepiH KaMTbhIMayblH, OJapJAa TeMIlepary-
PaABIK-bLAFaAABIABIK PEXXMMAL CeHIMAL yCTaybl THIC.
Fumaparrap OoJibIHIIE, KBLAYMEH >KaOABIKTAY SKYTi-
eJepi, PHepTUs YyHeMAeRY IapaAapbIHbIH JKMBIHTBIFLI
TYPFBIH YIAIH JKBIAY >KallABLABIFBIHBIH OapABIK Ka-
JKeTTi ITapaMeTpAepiH caKTal OTBIPBII, JKbLAYy DHep-
IMSCBIHBIH, TaligadaHy IIBIFBIHAAPBIH 2 KoHe OogaH
Aa KeIl ece asaliTyfa MYMKiHAiK Oepeai. DHeprus
YHeMJey ic-IlapadapblHblH KeIIeHiH iCKe ackeIpy,
OTBIH-DHEPTETHKAa pecypcTapblH yHeMAey IIpoOae-
MacblHa KellleHAl Ko3Kapac Ke3iHJAe TOABIK, KoaeMmae
JKY3ere achIpblAybl MYMKiH. 1-cypeTTe FimMaparTaFbl
JKBLAY JKOFaATYy KO34epi KOpCeTiareH.

FI/{MapaTTLIH YiI-KajaapblHia 6epi/1reH Karaan-
AapAbl KaMTaMachl3 eTeTiH Herisri ic-Imapasap MeH
MH>KEHePAiK IIenrimaep:

® FMapaTThlH COYAeTTIK->KOCIlapAay IIelliM-
Aepi (Kada KYPBIABICH, KeAeMAiK-KocIapaay, Kop-

1-cypeT — TypFbiH Y1 FUMapPaTbIHAAFbI KbINY }KOFANTY Ke3aepi




IIay KOHCTPYKIVSIAAPBI, >KapbIK OTKI3Iil MeaAAip
KOpIlIayaap);

® HXKeHepAiK >Kylieaep (KBIABITY, >KeaaeTy,
KOHAMIIMOHEpALY, Kojere XapaTy, peTTey, aBToMar-
TaHABIPY >XoHe Dackapy).

CoHgpIKTaH FUMapaTTapAblH —®HepreTMKaAbIK
KOPCETKIIITePiH 3epTTeyTe >KoHe OAapAblH DHepIus
TUiMALAIriH OHTalAaHABIPYABIH AYPBIC IIeIIiMACPiH
TaOy¥a aereH Ke3Kapac YIII HeTisIi OarbITTHI Kypaii-
TBIH ©3apa 0ailAaHbBICTHl KypJAeadi Maceaeaepai Iire-
LIy Al aHBIKTAAbL:

e yil-KaiAapAblH MUKPOKAMMATBIH YIBIMAAC-
TBHIPY;

® DHEpPIWs MIBIFBIHAAPEIH a3alTy;

® FUIMapaTThlH YHeMAiAiri, MaTepuaaAblK, pecyp-
CTapAbl YTHIMABI HaliAaAaHybl.

Ocs1 GarpITTap OOVIBIHIIIA OHTAIIALI HOTVDKEAEpre
K04 KeTKi3y Geariai 6ip mapTrapast caKraif OTBIPBII
MYMKiH 004a4pbl:

1. TumapatThiy yii-KailaapblHAAFBl ayaHbIH ca-
IachlH KOCa aAfaHAa, eCeIlTiK iIKi >KargaiaapablH
MakcaTbl. OHTaliAbl JKoHe pyKcaT eTiATeH >Karaall-
Aap, o©3repictep AMala3OHBIHBIH TOMEHI1 >KoHe
SKOFapFBl IIEKTePi, eCenTik IapaMeTpaepail KamTa-
Machbl3 eTiAyi >KaAIbl KbLAABIH CYbIK Ke3eHi.

2. MeTeopoAOTUAABIK ~9DAeMEHTTepAiH apTyp-
Al BIKTMMAaAABIK KayiIlCi3giriMeH CBIPTKBI ayaHBIH
€CeIITIiK ITapaMeTpAepiH TaHaay.

3. CayaeT-xocnapaay IlenriMAepiHiy HycKaaa-
PBIH TaHAAY, COHBIH iITiHAe:

® KaZa KYPBIABICHI >KoHE KO4eMJIK-Xocrapaay
HIeNTiMAepi, KYPBIABIC THIFBI3ABIFBI, aAIIaKTLHIK, KO-
raaZaHABIpy, >Kea OaFbITHI, KapbIK ITeH >Kea OaFbITEL,
FUIMapart Iinrigi, Oyrarray, KOpIyCTHH eHi, KacOeT-
TepAiH 9MHeKTeAyi MeH KOPFaAybl, IIaThIP, JKeP acThbl
Geairi, FuMapatThIH KabaThl, eAeHHiH OuikTiri, PpyHK-
LMOHAAABI JKOCIlapAay, aydadap, OacraalakTap MeH
An@T X0AAaphL;

® CBIPTKBI KaOBbIpFadapAblH, apa’kaObIHAApPABIH,
TepeseaepaiH, ecikrepaiHd 3aMaHayy, HEFYPABIM IIep-
CIIeKTMBaAbl KOHCTPYKTUBTIK InentiMaepi. JKorapsr
SKBIAy KOPFaHBICHI Oap KYPBLABIMAApABIH TeMIlepa-
TYPaABIK-bIAFaAABIABIK, >KoHE (PUABTPAEY PeKUMIH
Oarasay. JKblay TeXHUKAABIK, >KapblK TEXHUKAABIK
JKoHe appOoAMHaMUKAABIK KacreTTepi OOIbIHIIA >Ka-
PBIK CaHbLAayAapblH TOATBIPY KOHCTPYKLMSAApPbIH
TaHAay >KoHe ecenTey. F'mmapar kacOeTTepiHiH oil-
HEKTeAyiH OHTallAaHABIPY.

4. FumaparTa¥rsl TeMIlepaTtypa MeH blAFaa/AblABIK
JKoHe aya aamacy pexxmmi. Fumapar KaObIrbl Dae-
MEHTTepiHiH >Kblay, aya, blAfaajzaH KOPFaWTBIH CHU-
narramadapel. Kopimay — KOHCTpyKIMsAapbIHBIH
HaKThI CUITaTTaMaAaphl >KoHe FIMapaTThIH UHXKeHep-
AIK KylieAepiHiH SHepreTMKaAblK KOPCeTKIiIITepi.
JaHMSHBIH Yii->KalldapbIHbIH >KBIAY JKoHe aya pe-
KUMAEPIH ecenTey aaicrepi.

5. FumaparTelH TemIiepaTypaAblK-blAFaAAbLABIK
PeKMMiH KaMTaMachl3 eTeTiH MHKeHePAiK JKylieaep.
Aactypai xxene 6asama dHeprus xesepi. Fumapar
KaOBIKITIaChl MEH MHKeHepAiK Xylteaepain Oipaec-
KEH >KYMBICHI.

Paspen «Crpoutenbctso. TpaHcnopt» W

e f'MapaTThl >KBIABITYABIH SHEPTUs YHeMJei-
TiH THMiIMAl XyTieAepi — CEeKIIUAABIK, KacOeTTiK >KoHe
rmotep OOJBIHIIG, TiK, KOA4eHeH, Oip >KoHe eKi KyObI-
pABbl, PagaTOPABIK, KOHBEKTOPABIK, IIaHeAbAlL — COy-
Aedi, aya, 9A€KTp, aBTOMaTThl peTTeyMeH >KoHe FruMa-
PpAaTThI XKBIABITYFa JKbIAY IIBIFBIHBIH ©AIIETIH.

e DHepIMsHB YHEMAENTIH JKoHe TUIMAL KealeTy
Kyleaepinin memimaepi. JKorapsl aspoauHaMuKa-
ABIK TYPaKTBIABIFBI Oap, aya >KMHAaFBIIITAFLl peTTe-
yIIIi KAaTtaHAapbl Oap SKoHe Tepese KYPhLABIMBIHAAFDI
KAaIlaHAap apKblAbl PeTTeACTiH arbIHbl YIBIMAACTHI-
pblaraH CBIPTKA TapaTy, I'paBUTALUAABIK >KeAAeTy
Kylieaepi. CopaThIH ayaHbIH >KBIAYBIH KdjeTe Kapa-
TaTbhlH, COpPaThIH MeXaHUKAaAbIK Kyiieaep. JKblayabt
KaAIlblHa KeATIpeTiH MeXaHMKAaAbIK COPY-IIbIFapy
Xyleaepi.

e Cy MeH XXBIAyAbl YHEMAi >KyMcall OTBIPBIIIL,
BaHHaJapAaH >KoHe KOAXYFhIIITapAaH IIapTThl Ty p-
Ae Ta3a cyJapAblH O04eK ITapyarblAbIK-TY PMBICTBIK,
Kopi3 >KylieciMeH, BICTBIK CyMeH >KaOJbIKTay >Kylie-
aAepi. BlcTBIK cyabl opTaablKTaHAbIPBLAMaraH Ke3Je
AaiibIHAQY YIIIiH Oy KOMITPeCCOPABIK KbIAy COPFblAa-
PBIH IaligadaHy IIemliMAepiHiH Hyckaaapsl. JKoiay
COPFBLAAPBIHBIH, OyAaHABIPFBIIITAPBIHBIH >KYMBICHI
YIIiH TOMEH IIOTeHIIMAaAAbl KbIAy KO31 peTiHae >kep
acThl YHFBIMaAapbIHBIH KbIAYBIH, ITAPTTHI Ta3a Kopi3
CyAapblH JKoHe >KeAAeTy >KYIeCiHiH IIbIFaTBIH aya
>KBLAYBIH NaliJalaHy.

e KXrpiaymen >KkaOapIKTay >KyleaepiHiH >Keke
JKBIAY TYHKTTepi. OpTaabIKTaHABIpblLAMaraH aBTO-
HOMABI Ke3dep. KyHHiH, TONbIpakThIH >KaHapTblla-
TBIH KO34€PiHiH DHEePTUACHIH, TeXHOAOIVSABIK IIPO-
necrepai, IIbIFapbLAATBIH ayaHBIH >KBIAYBIH >KoHe
IIapTThI Tasa Kopi3 CcyaapblH Haligadany. Fumapar-
TBIH CBIPTKBI >KaOABIKTay >Kylieci MeH iImmki TyTbI-
Hy Xyleaepi »AeMeHTTepiHiH KOMOMHalMsAapbiH
HEFYPABIM YTBIMABI ITal14aAaHyABl TAaHAQY.

e F'uMapaTThIlH  TeMIlepaTypaAbIK-blAFaAAbIABIK,
peXnMiH perTey KoHe Oackapy Xyiieaepi. EH >xora-
pBl KYKTeMeJepai >KoHe DHepPIUSHbI KYHAEAIKTi
TYTBIHYABI, K94eTe >KapaTy >KoHe JKMHaKTay >Kylie-
CiH azaliTy >KOAAapbl. DHEPINs TYTHIHYABI peTTeyai,
Dackapy/bl, ecerike aayAbl aBTOMaTTaHABIPY.

e DJeKTpMeH >KabAbIKTay (KMiZiKTi peTtreit-
TiH DAKTP KO3FaATKBIITApBIH KOAJaHy, YHeMAl
>KapbhIKTaHABIPY alllapaTypachkl MeH acliallTapbl,
DAEKTP DHEPTUACBIH TOAEYAiH eKi-yIr TapuQTik
JKylieciHe KeIy).

6. FumapaTTapAblH MUKPOKAMMATBIH KaMTaMa-
CBI3 €TEeTiH IIelIiMACPAIH TUIMALAIrl MeH OHTallAaH-
ABIpBIAYBL.  TMMapaTTapAblH MUKPOKAMMATBIHBIH
THUiMAiAiri, Kayiriciaairi, cenimaiairi, 6ackapy kepcert-
kimrepi. Hyckaaapapl TeXHMKaABIK-DKOHOMUKAABIK,
OHTallAaHABIPY >KoHe IIelIiMACPAIH OPLIHABLABLIFLL.
TyproH yi1 KBapTaaAapblH cady >koOaapbIH a3ipaey
Ke3iHge o4apAbl NaijalaHy Ke3eHiHae ipi ayKbIMAbI
DHepIusA yHeMAey Ipo0/AeMasapblHa epeKIle Hazap
ayJapblayFfa Tuic. DHeprus IIBIFbIHAAPBIH asaliTyFa
FUMaparTapAbl cady >KoHe KaliTa Kypy KesiHge Fu-
MaparrapAblH Oykia emipaik nukai imminge apexer

eTyre OaFrbITTa/AFaH DHEPINs YHEMACHTIH ic-11apaaap
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KeIlleHiH JKy3ere acelpy apKblAbl KOA JKeTKisizeai.
OaapapiH inriHAe >kaHa KeaeMai >KocrapAay IIeTimM-
AepiH KOA4aHy apKblAbl FUMapaTTapAblH KbLAY
IIBIFBIHBIH a3alTy Iapadaphl >KeTeKI OPBLIH aJa-
Apl. FrimapatTtapAblH HaKTBl KbIAY IIIBIFBIHBI CBHIPT-
KBl KOpIllayJdap aJdaHbIHBIH >KBIABITBIAATHIH OeaMe-
AepAiH KoJAeMiHe HeMece ayJaHbIHBIH KaTbIHachIHA
OariaaHbICThl eKeHi Oeariai. Buikriri 9-12 xabaTTsl
KeH KOPIIyCTHIK yiiaepAe OyA KaTbIHAC eCKi FrMapart-
TapAblH 5 KabaTThl yiiaepiHe KaparaHja IllaMaMeH
40% a3. DHeprus yHeMAey ic-IltapaapbIHBIH MaHbI-
3ABIABIFBI OOVIBIHINIA eKiHIII KeIleHAl >KaHa FuMa-
paTtTapapl caay >KoHe KOAAAHBICTAFrbl FIMapaTTapabl
KaliTa >KaHapTy KesiHAe >Xblay Oepyre KeaTipiareH
KapChIABIK TadalTap MeH KOAJaHbICTarbl HOpMaTuUB-
Tepre calikec KeAeTiH KeIl KabaTThl CBIPTKBI KOpIay
KOHCTPYKIMAAAPLIHBIH JKaHa TypAepiHe kelry 0o-
ABITI TAOBILAAABI.

DHeprusi yHemJey INlapaJapbIHbIH YIIiHII Ke-
IIEeHI >KeTiAAipiaTeH MHJKeHepaik >Kylieaepai Koa-
JaHyMeH Oali1aHBICTBI: KBIABITY, K€AAETY, BICTBIK
CyMeH >KaOABIKTay, DHepIVIsIMEH >KaOABIKTay, aBTO-
MaTTaHABIPY, AICTYPAl eMeC Kby KO34epiH I1al-
Aaaany. Ocblaaiiina, KellleHAI Taaday MbIHadapAbl
KaMTUABL:

1. FumapaTTelH MMKpOKAMMAT >KylieciH Oeaik-
Tep (iIKi XXyiteaep) 5KoHe 0AapAblH TEXHOAOTMAABIK
OariaaHbICTapBl TYPiHAE YCBIHY — 3KBIAY, CYBIK-CY,
DAEKTPMEH >KaOABIKTayABIH CHIPTKBI KylielepiMeH
e3apa 0ail1aHBICTBIPY OOABII TaOblAaABIL.

2. TexHOAOTUAABIK ITapaMeTpAep TypiHAe >Kbla-
ABIK MalijadaHy IUKAL YIIiH >KyJeHiH >KoHe OHBIH
KiImi >XyJieaepiHiy >KyMBIC icTeyi Typaabl MaaAimer-
TepAiH OOAYBI: XKBIAY, CYBIK, aya, DAEKTP DHEPIUACH
SKOHE Cy IILIFBIHBIHA TOyeAAl.

3. fumapaT MMKpOKAMMATHI >Kyliieci OOJibIHIIIA
KaObL1ZaHATBIH IIeImiMAEpAiH caIlachlH Oarazay
YIIiH TeXHMKAABIK-DKOHOMMKAABIK KOPCETKIITepAiH
KaTaH OeATi/eHTeH KYPBLABIMEL

o pYHKIINOHAAABIK JKOHE TEXHOAOIVABIK;

® KYPBIABIMABIK-OpHaJacy (aAblll >KaTKaH aJaH-
Aap, MeTaAA IIBIFBIHBI, KYHABI Marepuasjap >KoHe
1.0.);

° raligadaHy-sHepreTukaAblK  (OTBIH  IIIBIFBI-
HBI, DACKTP DHEPIVSCH], NalijalaHy bIHFallAbLABIFEL,
ceHiMAiAiri >keHe T.0.);

® DKOHOMUKAABIK (TaOUFM KOpceTKimTepai ak-
mazai Oaraaay); Oya peTTe SKOHOMMKAABIK, IITBIFBIH-
AapAbIH, Oeariai arayaapsbl IaligaAaHblAybl MYMKIiH:
Kyp4eAi, naiigaaany, Keatipiares, 6ipaK HapBIKTBIK
>Kargaiapra KaThICTBI 0AapAbl TpaccalayMeH Ky3e-
e achIpbLAaAbL.

4. IlenriaeTiH MiHAETTEpAIH MeAIIepiH asalTy-
ABI KaMTaMachl3 eTeTiH MeHeAXKepAep TOObIHa Kerl-
TereH (PaKTOpAapAbl >KaAIIbLAAY.

5. TeXHUKaABIK-DKOHOMMKAABIK, ~ KOPCeTKiITep
KellleHiMeH QaKTopAapAblH ©3apa Oail1aHbICBIH
KaMTaMachl3 €TeTiH MaTeMaTUKAAblK MOJAeAbAiH
604ybl, KepceTKilTepai KaslaraH OaFrbITTa >Kakcap-
Ty HpOLeCiHAe AUAAOITBIK PeXMUMAL iCKe acbIpy

ma MYMKiHA{ri.

Conrpl XplAJaphl OipkaTap eajepae ruMMapart-
TapAbl XXbIAYyMeH KOpFayAblH HOpMaJlaHFaH KepceT-
kimrepi esrepai [4]. ConniMeH, JaHusAjsa >KBIABITY
JKoHe JKeAAeTy YIIiH TYPFbIH YHAIH JKaAIbl KbIAy
>KykreMeci 1 M? SKBIABITBIAATBIH aJaHFa >KbLAbIHa 250
MAx/m? acmayel Kepek. backa mapamerpaep apa-
CBIHAA eCelTey Ke3iHAe KyH paaMaluschl, ajamaap-
ABIH KBLAY HIBIFAPYhl, FIMapaTThIH KbLAY JKMHaKTay
KacueTTepi eckepizeai. CeIpTKBI KOpIlayAap Keaeci-
A€Vl KaAbIIIKa KeATipiareH:

e caamarsl 100 kr/M KeM HoaFaH Ke3ae KbLay Oepy
koadPpurmenti 0,3 Br/(M*°C), >xoraphl caaMaKTBIK
cunarramadapst Kesinge — 0,4 Br/(m*°C) a3 6oayst
THIC;

® TepeseaepaiH, CBIPTKbI €CiKTepAiH, JKapbIK IIaM-
AapBIHBIH KbI1Yy Oepy Koo Puumenti — 0,9 Br/(M*°C);

e aya aAMacyAbIH HOpMaTUBTIiK >K1iairi — 1 caraT 1,

IIpakTukaaslk Oeaimi. Keaemai >xocmnapaay
JKoHe Au3aliH IIelliMJAepi FUMapaTThlH HHepPTHs
TYTBIHYybIHA aliTapAbIKTail acep eTeAi. FumapaTThiH
OHTAaJI/BI TIIiHIH TaHAAy, OHBIH OAaFBITHL, OpHAAACYEHI,
JKapblK, CaHblLAayJAapBIHBIH ayJaHJapblH Oearizey,
Cysy ImpouecTtepiH ©0ackapy CBIPTKBI KAMMAaTTBIH
FIMapaTThIH >KbIAy OalaHCBIHA Tepic >KBLA1y-DHep-
reTUKaAbIK dCepiH azaliTyra MYMKiHAIK Oepeai. Tu-
MapaTTa >KbIAYABIH >KOFaAybl OHBIH ITillliHiHe >KoHe
KOKXKIeKTiH Oyiipaepine OarjapaaHyblHa Tikeael
OariaaHbICcThI (2-cypeT) [5].

Keke sHepruaavlk TUiMAI FIMapaTTapAbl COA
KyOaTypa ke3iHge >xobOajay Ke3iHAe >KapBIK OMbBIKTa-
PBIHBIH, OHBIH iIlTliHAE 9IIHEKTeATeH A0AXKNsAAap MeH
OasKOHAApABIH OHTYCTIK OargapaaHybl ecebiHeH
Kplay Oepy Ke3eHiHAe IaccHMBTI KYH acep eTyiH Oa-
PBIHINA ITalijdadaHa OTBIPBII, IIap Topidai (KyOTBIK)
HbBICAaHAAFbl FUIMapaTTap¥a YMTBIAY KakeT. ChIPTKEI
KAMMATTBI Halijalany TUiMALAITL FIMapaTThIH DHep-
rus 6eaceHAl DAeMeHTTepiH (ITaccuBTi JKoHe OeaceH-
Al XyH KaOBLAAAFbIIIITapbl, TEPMOCU(OHABI KOpIIay
KOHCTPYKIIMsAAPBI, KbLAY aKKyMYASATOPAaPbl, KbIAy
COpFBLAApBIHBIH CiHiprimTepi >KoHe T.0.) Kypy KesiH-
Ae apTaabl. by >xaraariga eH yAkeH acep 1-23 kabat-
THI FUMapaTTapJa KepiHeai, oaapAblH OeaceHAl MeH-
ikt Kopiay Geti Oap.

Fumaparrapably >Kblay THUIMAIAIT FUMapaTThiH
JKapbIK, HyKTeAepiHe OarjapAaHyBIHBIH dcepiHe Oari-
AaHBICTHL TIMapatTThH KacOeTTepi apKbLABI 9p TYpAi
OarbITTa >KBLAY LILIFBIHEI Oipaer emec. XKeke rumapar
YIIIiH COATYCTiK-OaThICTaH COATY CTiK-IIIBIFBICKA Kapali
OarpITKa OaFbITTaAfaH KacOeTTep, OHTYCTiK-IIIBIFBI-
CTaH OHTYCTiK-OaThICKa Kapail OarbITKa OaFrbITTaAFaH
KacOeTTepre Kapama-Kapchl, KyH CoyJAeciHeH aii-
TapAbIKTall >KbIAY aFbIHBIH aaMaiiAbl. COHABIKTaH
TIKOYPBIIITH MOAYABAIK TOpAaH (acipece yAKeHiHeH)
Oacka FuMaparTapAbl )koDaday Ke3iHae KacOeTTepAiH
€eH a3 OeTiH COATYCTiKKe OarbITTay¥fa THIPBICY KEpPeK.

FprapiMu-TeXHUKaABIK IpOTrpecc, ©HepKICiNTiH
AaMybl, I11aHeTajarbl KOITereH KaKThIFbICTapJa Ka-
py-’KapakThl HalijalaHy SHepTUSHbBI TYTLIHYABIH Te3
ecyine ceberr 604bIIT TaObL1aABI.

«DHeprus yHeMaey — 2020» MeMaeKeTTiK Daraap-
JaMackl, OHJA YHeMJAeYAiH Typai CeKTopaapblHAa
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2-cypeT — Xbiny }KOFanTyablH FUMapPaTTbiH, NilliHiHE }XK3aHe OHbIH, Heri3ri 6aFbITTbINbIFbIHA TAYeNAiniri

DHepIUs YHeMAeyAl >KedeadeTyre >KoHe BDHepTusd
TUIMAIAITIH apTTEIpyFa OaFbITTaAFaH 9 OAFbIT OOVIBIH-
I11a KOChIMIIIa ITapadap Ke34eATeH:

- DHEpIUS YHEMACYAIH OHipAiK KellleHAl >KOc-
rapAapbl;

- DHepIus YHeM/JeyAi AaMBITYAbIH YATTBIK UH-
CTUTYTBI aHBIKTaA/bL;

- XanonusHelH ToxXipubeci OoribiHIa MeMmae-
KeTTiK DHepreTUKAABIK Ti3iaiM KYPBLAADL, OHBIH CyOh-
ekTizepi 200 MAp4 TeHTe4eH acTaM MoAIlepae YHeM-
AeyTe K04 JKeTKi3ai;

- 5KBI/ CalfbIH 2 MApPJ TeHrere OaralaHaThIH DHeP-

ISl ayAUTIHIH KaHa HapBIFbI KYPBIAABI;

- «bec uHCTHUTYIIUOHAAABK pedopMaHbl icke
aceipy >keHiHgeri 100 HaxTel Kagam» YAT >KOcIa-
PBIHBIH 59-KagaMBIH icKe achIpy IIeHOepiHae DHep-
IMsI-CePBUCTIK KBI3METTep HapbIFLI 4JaMyJa, OHBI icke
aceIpy Kypaabl DHeprusl TMiMAiAiri kapracsl OOABIIT
TabblAaAbl;

- AyHMeXy3iaik 6aHK, bYY Jdamy baraapaamacsr,
Eypomaapix Karita Kypy >xene gamy Oanki, 'epman
DHEpreTMKaAbIK areHTTiri >koHe T.0. CMAKTHI CTpa-
TeIMSAABIK CepiKTecTepMeH bIHTBIMaKTacThIK >KOAFa
KOIBLAAEL (3-cypeT) [6].
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3-cyper — Ka3saKcraHAa 3n1eKTp IHEprusacbiH OHAIPY KaHE TYTbIHY AUHAMUKacbl MeH 60mKamaapb!

KopoIiTeiHabI

DHeprusi yHeMAey calachlHAAFbl >KeKeAereH Ta-
ObICcTapra Kapamacras, 6i3AiH eAiMisaeri KaAIIsl imki
©HIM DHEpPIUs CHIIBIMABIABIFBIH TOMEHAETY OOJIBIH-
IT1a >KarAail TyOereiiai e3repreH >KOK.

Ocplaaiiina, sHeprust TMiMAl FUMapaTTap MeH
04apAbIH KYPBIABIMAAPBIH KYPY (KepriaikTi >Karaait-
Aapra OelliMAeATeH CayAeT-KYPhIABIC IIelTiMAePiHiH
HeTi3iHAe) coyAeT IleH KYPhIABICTaFbI €H KOFaphl d1e-

SAEBUETTEP TI3IMI

YMETTIiK, Y KOHOMUKAABIK >K9HE DKOAOTUAABIK dCep
aay Ke3iHJAe IIEKTeyAl OTBIH-DHePIeTUKAABIK >KoHe
MaTepMaaAblK pecypcrapAbl HEFYPABIM  YTBIMABI
naigaaaHy¥fa MYMKIHAIK 6epeTiH OarpITKa alHasAa-
Abl. Kypaeai KypbIABICTBIH DHepTUsAFa, OTBIH pecyp-
CTapblHa, IIMKi3aTKa, KYPBIABIC MaTepuaadapblHa
AeTeH OCiIl OThIpFaH KaXkKeTTiAiri eHipaik aeHrelige
HeTi3iHeH PHepINs — pecypCTHl YHeM ey ecebiHeH Ka-
HaraTTaHABIPBLAYBI THIC.

1. «DHeprus yHemzaey KoHe sHeprus TUIMAINIriH apTTbipy Typanbi». KasakctaH PecnybauKkacbiHbib, 2012 kbinFbl 13 KaHTapgafbl
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Abstract. The purpose of the work is to consider the issues of energy efficiency of multi-storey buildings. The task of
applying energy saving measures has been opened. The main measures and engineering solutions to ensure the specified
conditions in the premises of the building are described. The method of studying the energy performance of buildings
is considered. The search for the right solutions to optimize their energy efficiency determines the solution of complex
interrelated problems consisting of three main areas:

e organization of indoor microclimate;

e minimization of energy costs;

e efficiency of the building, rational use of material resources.

Keywords: energy saving, energy efficiency, energy consumption, engineering systems of buildings.
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AHOamna. 3epmmey Makcamel — apmamypa #aHe 60aam cbiMOapObiH bipikmipinaeH KbicKa 6enikmepiH y3inyee
CbIHaKmMaH emkisy. KazakcmaH PecriybnukacsiHblH (KP) Kypbiabic KacinopbiHOapbl #ardalibiHOa opbIHOGAFaH 3epm-
meynep eHOipicmi ylibimOoacmeipyra ¥aHe memipbemoH bylisimoapsiH (TEB) weirapy eHimoinieiHe 6alinaHeIicmebl ap-
mamypansik 6oaammelH 2%-0aH acmamei Kan0blKmapFa KememiHiH kepcemmi. TemipbemoH 6ylibimoapsiH #cacay
Ke3iHOe apmamypa meH 6oaam coiMOapPObIH KaaA0bIKMapsiH muimoi natidanaHy ywiH aemopaapmeH mexHos102us
a3ipneHdi. byn makanada apmamypaHelH KbiCKa 6esikmepi MeH 601am cbiMOapObIH, Y3inyiHe 3epmxaHasbiK ColHay
Hamuxcenepi KenmipinaeH. IKcriepumeHmmik 3epmmeynep KaparaHObl mexHUKabIK yHUsepcumemiHiH (KapTY) Ka-

30KCMAaHObIK 0aHeKepsaey UHCMUmMymelHbIH 3epmxaHassiK 6a3ace! ardalieiHoa MCP-25 mydliicneni mawuHacbiH-
0a opbiHOanObl. bipikmipinzeH yneinepdi y3inyze ceiHakmaH emkizy KapTY uHxceHepnik beliiHOe2i 3epmxaHacbIHOa
Hypeizindi. ColHaK HamuxceciHoe 2-3 myliickeH #ikmepi 6ap apmamyparnsik 63eKmepoiH HaHe 601am cbiMOapPObIH,
2500040000 H weziHOe xcykmemeze memen bepemiHi aHbIKManobl. ColHaK Hamuxcenepi 0aHeKepaeHa2eH KOocbi-
A1biIcmapObIH, demkinikmi 6epikmiziH Kepcemmi.

Kinm ce3dep: memip-6emoH bylieimdapel, apmamypa, 6oaam ceimoap, mydicneni mydicmipin 0aHeKkepney, y3inyze

ceIHay, mydicne.

Kipicmre

OnimHIH camackl KOHCTPYKIMAHBIH TNalijadaHy
TaJallTapblHa >Kayall OepyiHe OallAaHBICTBI, CTaH-
JAapTTapra ColiKec JoHeKepAeHIeH KYPBhIAbIMAAPABIH
carracel KeDiHece JoHeKepaey IIPOIIECiHiH yThIM-
ABIABIFBIHA >KOHE OJdapAbl OpbIHAAY TopTiOiHe Oaii-
AaHBICTBI O0aaabl. Tyiiicrieai goHekepaey KemTereH
cazaszapia KoadaHblaaabl. OHBIH KeMeriMeH KyObI-
paap, TeMipOeTOH OYIBIMAapBIHBIH apMaTypaablk
©3eKTepi, TeMip>KoA peabcTepi (Tylicecis sxoaaap),
9PTYpAi KYPBLABIMABIK OOJaTTap MEH TYCTi MeTaa-
JAapJaH >KacaAfaH Y3BIH eAllleMAi JaliblHaaMasap,
APHEeKep/eHIeH Tiz0eKxTep gaHekepaeHeai [1,2,3].

KP kypnlabic eHAipicTepi >KaFAaliblHAA KYPTisia-
reH, atan ainTkanga «llaypoeron» JKIIC (ITpurmax-
TnHCK K.), «NORD IIpom HC» XIIC (Temipray K.),
«KBI-5» KHIC (Akrac .), «Pemcrporitexuuka» AK
(Aamars K.), «Temipberon-1» JXIIC (Aamarsl K.)
3eprTey HoTKeaepi [4,5] enaipicTi yiibIMAACTHIPYFa

>xoHe TBb mibrrapy enimgiairine OailaaHBICTHI ap-

MaTtypaablK 00JaTTBIH ITaMaMeH 2%-i KaaAbIKTapra
KeTeTiHiH KepceTTi. ByriHri Tanaa Kypblabic Ma-
TepuaaJapbIHbIH OTaHABIK ©HepkociOi Kasaxcran
Pecriy6amkacemasiy (KP) KypBIABIC KeIlleHi Ka’KeT-
TizikTepiniy O6ip OeairiH raHa KaHaraTTaHABIPYFa
KabizeTTi >KoHe COHBIH caaJapblHaH HapbIKTaFbl
eseyai yaecTi KYpbBlABIC MaTepuaajapbIHbIH Oap-
ABIK TypAepi OOMBIHINA TaIIIBLABIKKA K04 OepMmeri,
MMIIOPTTHIK ©HiM aaaabl. CoHFnl Xblagapbl KP-aa
KepaMIKaABIK IIAUTKaJap, IAacTMacca KyObIpaa-
PBl, MeTaAA >KaOBIHKBIII, IIAaCTMKTEH >KacalfaH
arair OyibIMAapbl, KYPrak KocIladap >KoHe Oacka
Aa eHiMaep IIbIFapy OOMBIHINA eHAipicTep Iaiija
OoaranpiHa KapamacTal, KasakcTaHHBIH KYPBLABIC
Marepuaajap calachIHBIH OapAbIK Aepaik eHiMAepi
CBIPTKBI HapbhIKTa Oacekere Kabiazercis. Kasipri za-
MaHFBI KYPBIABIC CaAaChIHBIH Tarbl Oip MaHBI3ABI MiH-
AeTTepiHiy 6ipi IMNUKi3aT >KoHe OTHIH-DHEPTeTUKAABIK,
pecypcrapAbl YTBIMABI IalidazZaHyFa MYMKIHAIK Oe-
peTiH eHepKaCiNTiK KaAAbIKTaphl MEH KepriliKTi Ta-



OurM MaTepmaajapAbl KeHiHeH KOAAaHYABl KO34eli-
TiH pecypc YHeMAENTIH TeXHOAOTUsAapAbl 93ipaey
>KoHe eHTi3y 6oabIn TabblaaAbl. MaceaeHiH OHTalAbI
IIeNTiMi OHAIpicKe a3 KaAaABIKTEI TeXHOAOTHUsAAPALI
93ipaey >KoHe eHTIi3y OOABII TaOblAaAbIL.

3epTTey agicreMeci XoHe KOAAAHBLAATHIH
>KababIKTap

3eprrey agictemeci TemipGeToH OyIibIMAApPBIH
AaiiblHAQY TEXHOAOIMSICH], JdHEKepAey TeXHOAOTU-
SICBI KoHe >KaOABIKTap, A9HeKepey IIpollecTepiHiH
TEOPUACH CUAKTBI FBIABIMAAPABIH >KafjaliblHa He-
risageareH. l-cypeTre apMarypaablK ©3eKIlIeaepaiH
KbIcKa OeaikTepi sxone MCP-25 Tyiiicripinn 4oHekep-
ey MalllMHachl KOpCeTiATeH.

ApMarypaHBIH KBICKa KeciHAiZepiH >XoHe O0o-
AaT CBIMJAApPBIH KOCYy YIIIH TYMICTIpill AoHekepaey
Taciai TaHaaaael. Toxipubeaik seprreyaep MCP-25
TYMICTIpill goHEeKepAey MallMHAChIHAA OPbIHAAAABL.
OHBIH apTHIKIIBIABIFEI — JdHEKepAey AOFaChIHBIH
SKOFapbl TeMIlepaTypaabl IAa3MachlH yCTall Typy
JKoHe KYMAipy YIIIiH JoHeKepaey DAeKTpoaTapblHAA
YAKeH KepHey TyablpMaysl [6,7].

baaxpiTein - TylicTipin  gsHekepaey aaabIMeH
Oo/lleKkTepre Ad9HeKepAey TOK KO3iHeH KepHey
OepizeriHairiMeH epekineaeHesi, cogaH KeliiH FaHa
oaapapl Oip-OipiHe >xakbiHAaTaAbl [8]. TOK TBIFEBI3-
ABIFBIHBIH >KOFapbl 0O/AybIHa OailaaHBICTEI OOAIIeK-
Tep JKeke HyKTeaep/e >KaHacKaHaa (OeTiniH Oipkeaki
0o/MaybIlHa OallAaHBICTEI), MeTaAA TYIiCKeH >KepiH-
Ae Te3 KbI3abl, COAaH KelliH 0Aap >KapbIAFBIII TYpAe
Oy3blaaabl. bearmexkTep iy yIITapbIH KBI3ABIPY OAap-
ABIH Y34iKci3 Tysiayi >XeHe OipHemre Tyiticieaepain
— cexiprimrepain Oy3bIAyBl HOTIDKeCiHAe IIaiija
0oaaapl. IlporectiH COHBIHAA yIITapblHAAQ MeTad-
AbIH OipBbIHFall CYWBIK KaOaThl marija 6oaaabl. bya
Ke3Je YIITapAblH >KaKbIHAACY >KblAAaMABIFBI MeH
DelIeKkTepAiH OTBHIPY KYIIi KYPT apTaAbl; YINTaphl
>KaOBICHIII, CYIBIK MeTaAABIH Kell 6e4iri OeTki kabart-
TapMeH >KoHe KaTThl MeTaAAblH Oip Oeairi AoHekep-
ey aliMaFrbIlHaH CBIFBIABII, KaAblHAAy — IpaT Ty3eai.
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/JloHekepaeyaiH aaAblHAa Tasaday >Kyprisiaim, ya-
riaepAiy KOChLAFaH YINTapbIH TeTicTeliMi3. 2-cypeTTe
TyHicIreAi TyMicTipin 4oHeKepAey apKbLAbl KOChLAFaH
apMarypaablK ©3eKIIeAepAiH yAriaepi Kopceriare.

Yariaepai cornay INSTRON 5980 »aexTpmexanm-
Ka/AbIK ChIHAaK MalllMHaChIHAA XKYPprisiaai. 3-cyperre
INSTRON 5980 »aekTpMexaHMKaAbIK ChIHAK Malll-
HaChl KOPCETiATeH.

Cosplayra cplHay YIIiH HOMMHaAABl AMaMeTpi
8-2eH 12 MM-Te AeifiH eHAeaMereH Oeti Oap AeHre-
A€K KoHe TIepUOATHI ITpodpuabai apMarypa yAariaepi
KOAAAHBIAABL. YATidepAiH >XyMBbIC OeAiriH eHaeyre
apHa/faH IiiHi, eamemaepi MeH taaantapst MECT
1497-84 cotikec aabIHABL. ApMaTypa YATiCiHiH TOABIK
Y3BIHABIFBI YATiHiH >KYMBIC Y3bIHABIFbIHA JKoHE ChIHAK,
MaIlHACBIHBIH KbICY KOHCTPYKIMACBIHA OaiilaHbIC-
THl TaHAaAaAbl. YATiHiH >XyMbIC Y3bIHABIFEI MECT
12004-81 Goitpiamia keminge 200 MM GOAYHI Kepek.
©3sexTi apMaTypa MeH CBIM yATilepi YIIIiH OacTarks
€CeIITIK Y3BIHABIK JaliblH OHIMIe apHaAraH HOpMa-
TUBTIK-TEXHMKaABIK Ky>KaTTaMa OOVIbIHIIa OeArise-
Hyi THic [3,9].

Homunaaaer auametpi 3-40 MM-re Aeitinri apma-
TypaHbIH YINTaAfaH >KoHe AOHIeAeK yAridepi yIriH
YII KMMaJda YATiHIH Y3BIHABIFEI OOJBIHING AMaMe-
TpAl ealley apKblabl KOAJACHEH KUMaHbIH ay/JaHbl
aHbIKTaJdaAbl: OPTachlHAA >KOHE JKYMBIC Y3BIHABIFBI-
HBIH YINTapbhIHAQ; 9p KUMaja €Ki e3apa meprneHAu-
KyZAsp OarbITTa. YATiHIH K©14€HeH KUMackl OCHI aAThI
©/IIIeMHIH oprTalla apudMeTHKaAblK MoHI peTiH-
ae eceniteaeai [10]. CriHakTapAbl KYprisy Kesinge
KeJeci TadanTap caKTaAAbl: YATiHI ceHiMAL opra-
ABIKTaHABIPY, OipKeAKi JXyKTey, aKKBIIITHIK IIeTiHe
AeVIiH CpIHAy Ke3iHJAe SKYKTeyAiH opTalla >KblagaM-
Abtrpl cekyHAbHa 10 MIa (1 xrc/mMM2) acriaysl Twmic;
aKKBIIITBIK ITIeTiHeH ThIC KYKTeY >KblAAaM/BIFbl Ma-
IIMHAHBIH KbLAXKBIMaABI KbICY KO3FaAbICBIHBIH JKbIA-
AaM/ABIFBI MUHYTbIHA ChbIHaAaThIH yATiHiH 0,1 >XxyMbIC
Y3BIHABIFBIHAH aclalThIHAANM YAFaTBHIAYBl MYMKIiH;
CBIHAK MaIllMHACBIHBIH KYII OAIIEYIIIiHIH IIKaJa-
CBI ChIHaJAaThIH apMaTypa yAarici yuriH P eH >Korapbl

a — apMaTypasnblK e3eKlenepaiH, Kbicka 6enikrepi; 6 — goHeKkepaey npoueci

1-cypet — ApmaTtypasnbiK 63eKLenepaiH, Kbicka 6eniktepi xxaHe MCP-25 TyijicTipin gaHeKepaey maluMHachl

161



B Tpyabl yHuBepcuteta N3 (84) - 2021

1,4,5 - @8 mm; 2,6 — 6 mm; 3 — @12 mm; 7 — 10 mm
2-cypert — Tyiicneni TyiicTipin AaHeKkepaeymeH
KOCbIJIFAH apMaTypanbiK 63eKTepAiH yarinepi

3-cypet — INSTRON 5980 aneKktpmexaHUKaNbIK CbIHAK,
MaLUNHAChI

JKYKTEeMeHiH KyTideTiH Oec ece MoHIHEeH acriaysl Tmic,
CBIHAK, MAIIMHACBIHBIH KbICY KOHCTPYKIMSCH apKaH-
HBIH YIITapBIH YATi OCiHIH aliHaJacklHAa Oypy MYyM-
KiHAiriH 6044BIpMaysl THiC.

Yariaepai seprxanaabik cerHAy

ApMaTypaablK ©3eKTepaiH yariaepin ceiHay Kap-
TY umxenepaixk Oertimaeri sepTxaHada >Kypriziaai.
4-cypeTTe yAriHi cbIHay IpoIieci KopceTiAreH.

5-cyperTe chIHaKTaH KeiHIl apMaTypaAblK ©3eK-
TepAiH Ke1716ip yATiaepi KepceTiareH.

6-cypeTTe yATiAepAi co3blAyFa ChIHay IIpOIleciHig
HOTIDKeACPiH  KOMIBIOTEPAIK  OHJAEYAeH  KeliH
aAbIHFaH rpapUKTep KOpCeTiATeH.

/loHeKepAeHTeH YATidepAiH KiKTepi TOABIFBIMEH

s S AT PN

5-cypeT — CbiHayAaH KeliHri amaTypanblK e3eKTepaiH,
Kelibip ynrinepi

y3iAreHiie cosy 9KCIepUMeHTi Xyprisiaai. Haotu-
JKeaepal aKKBIIITHIK IIeKTi KepHeyiMeH CaAbICThIp-
FaH/a, CBIPTKBI JKYKTeMere eH KOII KapChLABIK, Kopce-
TeTiH 4-111i Homiperi yAri calikec KeAeTiHiH KOpCeTTi.
Kaaran yariaep OepikTik cumaTramMazapsl OOMBIHIIIA
ToMeH. Co3blay guarpammagarbl 1 >koHe 2 HeMipai
YATiAep CBIHFBIII MaTepuaajapAblH SKYMBICBIHA YK-
cac. bya coHbIMeH KaTap yATiaepAiH COHFBI HOTUKe-
ciMeH pacraJaApbl, AFHM OY3BIAY A9HEKep ey KiriHiH
>KaHBIHaH OPBIH aaabl (5-CypeTTi KapaHbI3). 3 HOMip-
Al yarige MaTepmaaAblH I1AacTUKaABIK KacueTTepi
JKOFapBl >KoHe allKbIH KepiHilm Typ, Oya KeaeHeH
KIMaMeH pacTajajapbl.
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6-cypet — YnrinepAi co3binyfa cbiHay NPOLECiHiH HITUXKeNepiH KOMNbIOTEPAIK OHAeYAEH KeliH anblHFaH

rpadukTep

KopoIiTeiHABI

CriHak HaTVDKeCiHAe 2-3 TyIicKeH Xiri 6ap Tyii-
icrreai TyMiCTipinn gsHeKepaey TocidiMeH apmaTypa-
HBIH >XK9He 0oJaT ChIMAapAbIH OipHellle ©AIIeMci3

immingeri >Kykremere TeTem OepeTiHi aHBIKTaAABI,
yAarizepain OY3BIAYBI J9HEKep ey >KiriHiH >KaHbIHaH
OPBIH aA4bl, OyA Jd9HeKepAey KOCBLABICTapBIHBIH
JKeTKiAiKTi OepikTirin KkepceTei.

KeciHgizepinen xocelaran esektep 25000 + 40000 H
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AHHOmMayus. Llenbto uccnedosaHus ABAAMCA UCMbIMAHUA COeOUHEHUA HEMEPHbIX 0MPe3Ko8 apMamypsi U CManbHbIX
MPOBO/OK HA PA3pPbI8. BoinonHeHHbIe Uccnedo8aHuUsA 8 ycnosuax cmpoumesnsHoix npednpuamuli Pecrnybauku Kasaxcmax
(PK) nokasanu, ymo 8 3a8UcUMOCMU OM OP2aHU3AUUU MPOoU3800CM8a U 0m npou3so0uMmMenbHOCMU 8bIMYCKA Hese3o-
6emoHHbIx uzdenuli (}KbU) 6onee 2% apmamypHoli cmanau yxooum Ha omxoo0esl. [as 3(hheKmu8HO20 UCMO1b308AHUSA
0mx0008 apMamypsl U CMasbHbIX NPOBOAOK Mpu useomosneHuu bW asmopamu paspabamsisaemcsa mexHonoaus. B
O0aHHol cmamee npusodsamca pesyanbmamel 1a60PAMOPHO20 UCHbIMAHUA COeOUHEHUA HEMePHbIX 0OMpPe3Kos apmda-
mypsl U cMasnbHbIX MPOBOSAOK HA Pa3pbls. IKCnepuMeHMasnbHble UCCAed08aHUA 8blMOAHeHbl HO KOHMAKMHOU cmel-
Koeoli mawuHe MCP-25 8 ycnosusx nabopamopHoli 6a3bl KazaxcmaHckoeo uHcmumyma ceapku Kapa2aHOUHCKo20
mexHu4eckoeo yHusepcumema (KapTY). UcnbimaHusa 06pa3yoe nposoounocs 8 1a6opamopuu UHHEHEPHO20 Npodus
KapTy. B pesynbmame ucrnslmaHuUs ycmaHo8s1eHo, Ymo CMepHcHU, COeOUHEHHbIE U3 HECKObKUX HEMePHbIX 0MpPe3Kos
apmamypel U CMasnbHbIX MPOBOsIOK cocobom KOHMAaKmMHoU cmbikoeol c8apKu, umerouwjue o 2-3 cmoiKa, 8bl0epHusa-
tom Haepy3ky e npedenax 2500040000 H. Pe3ysibmamel UucnslmaHuUs noka3asau 0oCmamoyHyo npo4YHOCMb C8APHbIX
coeduHeHull.

Knrouesoie cnosa: xene3ob6emoHHble usdenus, apmamypa, cmasibHble Nnpo8os1I0KU, KOHMAKMHAA CMbIKO8AA C8APKA,
ucnelmaHue Ha paspsie, CMolK.

Tensile Testing of Reinforcing Bars Connected from Non-dimensional Segments for the Manufacture of Reinforced
Concrete Products
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Abstract.The aim of the study is to test the connection of off-gauge sections of reinforcement and steel wires for tensile
strength. The studies carried out in the conditions of construction enterprises of the Republic of Kazakhstan (RK) showed
that, depending on the organization of production and on the productivity of the production of reinforced concrete
products (reinforced concrete products), more than 2% of reinforcing steel goes to waste. For the efficient use of rebar and
steel wire waste in the manufacture of concrete products, the authors are developing a technology. This article presents
the results of a laboratory test of the connection of off-gauge sections of reinforcement and steel wires for breaking.
Experimental studies were carried out on a contact butt machine MSR-25 under the conditions of the laboratory base
of the Kazakhstan Institute of Welding, Karaganda Technical University (KTU), and tests of samples were carried out in
the engineering laboratories of KTU. As a result of the test, it was found that the rods, connected from several off-gauge
pieces of reinforcement and steel wires by means of resistance butt welding, having 2-3 joints each, withstand a load
within 25000+40,000 N. The test results showed sufficient strength of welded joints.

Keywords: reinforced concrete products, reinforcement, steel wires, resistance butt welding, tensile testing, joint.
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AHHOmMayus. B 0aHHoli pabome npedcmassieHsbl pe3ysbmamel oae8biX WMamrosbix ornelmos. a4 onpedeneHus
degpopmayuu 014 epyHmos Kapeepa Ne 2 u Ne 4 ucrione3osasnca wmamn 35x35 cm. B oneimax menxkoszepHuUcmele
¢pakyuu He meHee 5 cm cocmasnanu om 18 do 25%. OnpedeneHue CHuMaeMocmu KOMHA Mpo8oousocs rnod Hazpys-
Kol om 0-40 MIla. Haepy3ska ocywecmensnace cmyneHamu no 10, 20, 30, 40 k2/cm?. Kaxcdyro cmyneHb Haz2py3Ku 8bl-
depcusanu 0o cmabuausayuu oeghopmayuu. loayyeHHsie 0edhopMayUOHHbIE XaPAKMePUCMUKU rpusedeHsl 8 sude
2paghuKa 3as8ucumocmu mexcdy 8enuduHol 0cadKu U sepmuKanbHol Hazpy3Kol. Kpome mozo, 8 pabome roKa3aHo,

Yymo c ysesu4eHUeM 8 cocmase 2pyHmMa mesKozema (< 5 Mm) ymeHbwaemcs seauduHa ocadku. Tak, npu Haz2py3Kax
4.0 MlMa ymeHbwiaemcs seau4vuHa ocadku ¢ 8.6 mm 00 6.2 MM rnpu yeenuveHUU mesnkoszema om 5% 0o 18%. lMonesoie
onbImel Makxce Nokasanau, Ymo Haubosee onmMuManbHoe 3HaYeHUe mMesKo3ema 8 cocmase 2pyHma 18-25%, npu
Komopom ocadka He bydem rnpesbiuame 6 MM.

Knroueeble cnoea: 2paHysomempuyeckuli cocmas, wmamr, 2udpasaudeckuli 0omkpam, modyab degopmayuu,

n/0mHoOCMme, ocadka wmamria, MesiIKo3em, CMece.

BBeaenue

OAaHUM 13 OCHOBHBIX XapaKTepPUCTUK, OIlpeeas-
10X NpoduAb U IOIepevHoe CedeHre IPYHTOBOI
ILAOTUHBI, ABASIOTCS COIPOTUBAEHUE CABUTY U Je-
¢popMmpyeMoCTh rpaBUITHO-TaA€IHIKOBOTO IPYHTA.

MHorouncaeHHble HaTypHBIE U CIel[aAbHble
OIIBITHI TTOKA3LIBAIOT CAOXKHOCTh MexaHMu3Ma aedop-
MUpyeMocCTu IpyHTOB. Viccaeaosanne gedpopmupye-
MBIX CBOICTB KPYITHOOO10MOYHBIX TPYHTOB SABASETCS
ropasje CAOXHee, II0 CPaBHEHUIO C MCCAeAOBaHUEM
IIPOYHOCTHBIX XapaKTepucTuk rpyHTos. Aedop-
MaTHUBHbBIE CBOJICTBA KPYITHOOOJAOMOUHBIX TPYHTOB
CBs3aHBI CO MHOTMMHU aKTopaMIU M IapameTpamu
rpynToB. Cucrema onpeeAsonyxX mapaMeTpos Ipu
uccaeaosaHny  AepOPMaTUBHBIX — XapaKTepPUCTUK
IIpaKTUYeCKM Ta Ke, 4YTO U IIPU UCCAeA0BaHNIY ITPOY-
HOCTI. B TO >ke BpeMsi OIIBITHI 11O M3yYeHMIO U OTIBITEI
Ha CKIMaeMOCTb — HTO pa3Hble BUALI HAIIPsKeHHO-
ro cocroaHus. B Borpocax mpouHocT HambOoAbIIee
3HaueHNe MMeeT AEBUATOp HaIIpsDKeHUs, a B KOM-
IIPeCCHOHHBIX CTabMAMOMEeTPUYECKNX UCIIBITAHUIX
IIIapOBOIl TEH30p, T.e. BCeCTOPOHHee IMApocTaTuye-
ckoe oOkatwme [1-4].

B cBs3u ¢ mpoekTupoBaHueM U CTPOUTEAbCTBOM
BBICOKMX KaMEHHO-3eMASHBIX IIAOTUH, IIOAYINAN
IMIPOKOe Pa3BUTHE BCECTOPOHHME MCCAeAOBaHILS
pu3MKO-MexaHNMUeCKMX CBOMCTB KPYITHOODAOMOUY-

HBIX TPYHTOB B Ha6poc1<e B YCAOBIIX, KOI'Za DTN Ma-

Tepuaasl OyAyT HAXOAUTCA 1104 OOABIINMM Harpys-
KaMI U JVICIIBITBIBATh CEICMMYECKVEe BO3AEVICTBUA.
Vccaeaosannst MpoBoAUANCH B 21a00PpaTOPIIX U T10-
avnroHax I'maponpoekra, Boareo, BHUUI' n apyrux
VMHCTUTYTax.

Hecss13HbIe TPYHTHI HECMOTPSI Ha MIX CXOACTBO I10
rerporpap4eckoMy COCTaBy, OTAMYAIOTCA MEXAY
co0oJ1 10 BeAMdnHe HeOAHOPOAHOCTH CMeceil: CO-
Aep>KaHHUIO B COCTaBe TPYHTa MaKCMMaAbHOI (Pppax-
LIV ¥ COAeP>KaHUIO Me/AKO3eMa, II0O9TOMY B KasKA0M
KOHKPETHOM C/Ay4ae BO3HMKaeT HeOOXOAUMOCTb DKC-
IIepMIMEHTAaAbHOIO  OIIpeAeAeHUs XapaKTePUCTUK
IIPOYHOCTHBIX, Ae(POPMATHUBHEIX ¥ UX YILAOTHIEMO-
cru [5-12].

YuuteiBasg OHBIT Pa3dpaOdOTKM KapbepoB IIpU
crpouteabcTBe Yappakckoii, TyrmoaaHcKoI IIA0THH,
OBLA1 BEIOpAHbI I'PaHIYHBIE KPUBBIE C COAep>KaHUEeM
$paxmuit menee 5 Mmm m=5-18% 1 m=25% c TOBLI-
IIIEHHBIM COAEp>KaHMeM Me/AKOo3eMa MeHee 5 MM C
ITOCTOSIHHBIM ~ KO9()PUIIMEHTOM HEeOAHOPOAHOCTH
(pmcynoxk 1).

AedopManioHHbIe OIBITHI Ha OIIBITHOM I1A0-
maake crpouteabcTBa Ilckemckoit naorussl. Ilpo-
BOAVANCH IIO METOAY CTaTMYECKOTO Harpy>KeHILt
Ha IIOBEPXHOCTb I'PYHTa >KeCTKMM MeTaAANYeCcKUM
mramiioM pasmepoM 35x35 cm. OnpegeseHne cxu-
MaeMOCTU KaMHsI TPOBOANAOCH 10/, Harpyskoii 0-40
kr/cm?. Harpyska Ha IpyHT OCyIlecTBAsidach depes
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PUCyHOK 1 — lpaHynOMeTpUYeCKUiA COCTaB U NIOTHOCTb KAMEHHOFO MaTepMana, YI0XKEeHHOro B ONbITHYIO HAaCbiNb

MeTaaAmndeckuii mrami crynedamu 1o 10, 20, 30, 40
kr/cm? Ha Ka>ka011 CTyIIeHy Harpy3Ky BBIAep>KUBaAU
20 crabuanmsaunm Aedpopmaliinny, gaslee ybeAnduBa-
AV HAaTPY3KY 4O CAeAYIOIIeN CTYIIeHI.

B cocraB ycraHOBKM AAs MWCIBITaHMS TPyHTa
IIITAMIIOM BXOAVIAIL:

- mtaMI pazmepom 35x35 cMm;

- AZ51 CO3AaHVIsI Y I3BMEPEeHVsI HarPy3KI Ha IIITaMII
UCII0AB30BaACS TuApaBAndecknit gomkpar A1200;

- aHKEpHOE yCTPOIICTBO (445 YCTaHOBOK Oe3 rpy-
30BOI1 111aTPOPMEL);

- YCTPOICTBO A4S0 M3MEPEHMsI OCaJoK IITaMIla
(maAMKaTOP yacosoro Tuna VY-25).

Koncrpyknus ycraHoBku o0ecriednsasda BO3-
MO>KHOCTb Harpy>KeHUs IIITaMIIa CTYIeHAMHU JaBae-
Hyst 1o 0.01-0.1 MIla, neHTpupoBaHHyIO Ilepejauy
HarpysK! Ha IITaMII, IIOCTOSIHCTBO JaB/J€HMsI Ha Ka-
SKAYIO CTyIIeHb Harpy>keHys. OT4deTsl 1o mpormnbo-
MepaM Ha Ka’KOJ CTYIIeHU Harpy>KeHUs IIPOBOAM-
AV TIPYM UCHBITaHUM KPYIHOOOAOMOYHBIX I'PYHTOB
U TIeCKOB 4epe3 Kaxkple 10 MUH B TedeHMe IIepBOTO
roaydaca, 15 MMH, B TedeHHe BTOPOTO IIOAydaca U
Aaaee yepes 30 MUH 40 YCAOBHON CTabMAM3AITUN Ae-
¢opmarnym rpyHTa. Bce oT4eTs 3aHOCHANUCH B IIO€-
BOI1 KypHaa [13-16].

ITo szaHHBIM MCIIBITAaHUIT TIOCTPONAN TpapUK 3a-
BUCHMOCTHU OCajKa IITaMIla OT AaBAEHIISL.

PesyabTaThl 1OAy4eHHBIX AaHHBIX AeopMalin-
OHHBIX XapaKTePUCTNK IIpUBeAEHBI Ha PUCYHKax 2, 3,
4,5.

Aas omnpedeaeHmst MOAyAs AedpopManuu IcC-
[I0AB3YyeT AMHENMHBIN y4acTOK 3aBMCUMOCTIL OCajKa
IIITaMIIa OT Harpy3kn. Yepes OIBITHbIE TOUKM, HaHe-

ceHHble Ha rpadpuK (PMUCYHOK), IIPOBOAAT METOAOM
HaVIMEHBIIIX KBapaTOB OCPeAHSIONIYIO IIPSIMYIO, 3a
HavaAbHBIE 3HAUYEHUS Oy U Sy IPVHUMAIOT YAEeAbHYIO
Harpy3Ky, paBHYIO OBITOBOMY AaBA€HUIO, I OCAaJKy,
COOTBETCTBYIOIIYIO 9TOJ Harpyske. 3a KOHEUYHBIE
3HaueHus: O, u S, IpMHUMAIOT 3HaYeHMs O 1 .S, COOT-
BETCTBYIOIIIVIE YETBEPTOI TOUKE, eCAM IpUpalleHne
0CaaKM AAs DTOV TOUKU He OyJeT B ABe pasza OoabIlte,
9eM A5 IIpeABIAYIIel] CTyIIeHN Harpy3Ku. B mporus-
HOM cAy4yae OCpejH:IONmas IIPOBOAUTCI dYepe3 TpuU
TOYKI.

Aaasee Moayab JedpopManuy HaXOAUTCI U3
BBIPa’KeHII:

(1—=V*) wdAP

E= AS

rae V=0.30 — g4aa neckos u cymneceii 0.35 a44: cyraun-
KoB, 0.42 aas rams, @=0.88 2444 KBaApaTHOIO IIITaM-
ma, d — CTOpPOHHI MTaMI, A — DpupalleHne ocaiku
IITaMIla, COOTBeTCTByIomee AP.

Kak BMAHO U3 rpaHyOMeTpUYECKUX COCTaBOB
1 ILAOTHOCTEe) KaMeHHOIO MaTepuasda, yAO0KeHHOIO
B OIIBITHYIO HAChIIlb, OTHOCUTEABHBIE OCaAKM CAOs
KaMeHHOTO MaTepuasda B HachIllM YMEHbBIIAIOTCS C
yBeAYeHNeM B COCTaBe TIPyHTa MeAKO3€PHUCTBIX
Ppaxumit (pp < 5 mm). ITpn narpyske 4.0 MIla Tax-
K€ YMeHbIIAIOTCs ¢ 8.6 MM 40 6.2 MM IIpU yBeAnde-
HuM MeakoseMa oT 5% a0 18%. ITpu HegocTaTrouHOM
KOAMYEeCTBe MeAKO3eMa ITOPUCTOCTh TOPHOM Macchl
AOCTaTOYHO BBICOKasl U JAedpopManuy Marepuasa
3HaunTeabHble. Hanbosee omTmMazpHOE 3HaveHUe
MeaKo3eMa B cocTase rpyHra 18-25%, mpu koTopom
oca/ka He OyaeT mpessIaTh 6 MM [16-18].
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PUCYHOK 2 — padmMK 3aBMCUMOCTM BEPTUKANbHOI HArpy3KM K ocagKe rpyHTa ynopHoii npusmbl Hb
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PuUcyHOK 3 — pad MK 3aBMCMMOCTU BEPTUKANbHOM Harpy3Ku K ocagKe rpyHTa ynopHoiu npuambl Hb

BuiBoABI

IIpn paspaboTke KaMeHHBIX KapbepoB IIPU II0-
MOIIIM B3PBIBOB IIPeJOCTaBAsIeTCs BO3MOXKHBIM IIPO-
U3BOAUTD OILIEHKY 3ePHOBOTO COCTaBa I101yJaeMOro
KaMeHHOTO MaTepuasa Py IOMOIIM DKCIIepUMEeH-
TaABHBIX OITUMAABHBIX KPUBBIX.

O4HOBpEeMEHHO C 9TUM MOKHO CyAUTDb U 00 D¢-
(exTUBHOCTM MpUMeHAeMOoro criocoba sejeHn: Oy-
POB3PEIBHEIX pabOT B Kapbepe, oOecIieumBaloIien
IoAyJeHne KaMeHHOTO MaTepuaia TpeOyeMoro 3ep-

HOBOTO cocTaBa. /A5 MoAy4eHN:sI IT0AHOI MHPpOpMa-

LMK TI0 3epHOBOMY COCTaBy KaMEHHOIO MaTepuada
caeAyeT IIPOM3BECTU OIIBITHO-DKCIIepUMeHTaAbHEIe
B3pBIBHBIE PabOTHI, IPU KOTOPBIX OIIPeAeAUTCs CIIo-
cOoD B3PBIBOB A4 ITOAydeHUs TpeOyeMbIX PpaKITuii.

ITo moay4yeHHBIM JaHHBIM HanOoAee paIjioHaAb-
HBIM, OOeCITeuMBaIONIM CPaBHUTEABHO BHICOKYIO
IIAOTHOCTD, ABASIETCSI CIIOCOO YKAaAKM KaMEHHOTO
Marepuasla CAOAMU TOAIIUHON He Ooaee 1,0 meTpa
¢ 00s13aTeABHBIM CMauMBaHUEM BOJOI IIPU pacxoge
150-300 A/M° 1 yIIAOTHEHMEM BUOPUPYIOIIIM Mexa-
HII3MOM OOABIIIOTO pajnyca AeICTBISL.
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AHOamna. byn #ymeicma 0anablK Wwmamnmay maxcipubenepiHiy Homuxcenepi ycoiHblaobl. Ne 2 #caHe No 4 kapbepliH,
moneipaKkmapsiHa degopmayusaHel aHbIKmay ywiH 35x35 cm wmamn Kon0aHeiN0bl. IKcnepumeHmmepoe 5 cm-0eH
a3 ycak mydlipwikmi ¢ppakyusanap 18-0eH 25%-ra deliiH 60a0b1. TacmelH cbiFblaybiH aHeiKkmay 0-40 Mlla #ykmeme
acmeiHAa xcypaizindi. Mykmeme 10, 20, 30, 40 ke/cm? KadamOapmeH xcy3e2e acbipbindbl. KykmemeHiH ap Ke3eHi Oe-
opmayusa mypakmanrarra oeliiH cakmanobl. AnbiHFAH 0epopMayUaAbIK cUunammamasnap *aybliH-uauwbsiH meawepi
MeH MIK ¥yKmeme apacbiHOarbl mayenodinik 2paguai mypiHoe KeamipinzeH. COHbIMEH Kamap, XYymMbICma monsipak
KYpamMbIHOGFbI YCaK WepoiH (< 5 MM) yararobiMeH #aybiH-WawbiH Meawepi a3aameiHsl KepceminzeH. CoHbiMeH, 4.0
MTIla #ykmeme Ke3iHOe HayblH-WawbiH meauwepi 8.6 mm-0eH 6.2 mm-2e OeliiH a3aAa0bl, an ycak wep 5%-0aH 18%-ra
OeliiH apmaosl. [anansik maxcipubenep KepcemrkeHoel, mornbIipaK KypamosiHOGFbI YCAK HepOoiH eH oHmadlssl MaHi 18-
25% Kypaliobl, 0HOa H#aybIH-WawsiH 6 MmM-0eH acnaliosl.

Kinm ce30dep: 2paHysiomMempusAsbiK Kypamsl, Wmamr, 2u0pasnuKkansiK 0oMKpam, oegopmayus mooysi, Mbirbi30bIK,
weay wmamriel, YCaK Hep, Kocna.

Field Deformation Stamp Experiments
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Abstract. This paper presents the results of field stamp experiments. To determine the deformation for the soils of quarry
No. 2 and No. 4, a 35x35 cm stamp was used. In the experiments, fine-grained fractions of those less than 5 cm were
from 18 to 25%. The compressibility of the stone was determined under a load of 0-40 MPa. The load was carried out in
stages of 10, 20, 30, 40 kg/cm?. Each stage of the load was maintained until the deformation was stabilized. The obtained
deformation characteristics are shown in the form of a graph of the dependence between the amount of precipitation
and the vertical load. In addition, it is shown that with an increase in the composition of the fine-grained soil (< 5 mm),
the amount of precipitation decreases. Thus, at loads of 4.0 MPa, the amount of precipitation decreases from 8.6 mm to
6.2 mm with an increase in fine-grained soil from 5% to 18%. Field experiments have also shown that the most optimal
value of fine earth in the composition of the soil is 18-25%, at which the sediment will not exceed 6 mm.

Keywords: granulometric composition, stamp, hydraulic jack, deformation modulus, density, stamp sediment, fine earth,
mixture.
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AHHOMayusa. B cmamse npedcmassneHa KOHCMPYKYUA yCMAaHOBKU 014 2udpogobusayuu waakoeozo webHs. 0bo-
CHOBAHA HEOBX0OUMOCMb ee cosepuieHCmMeosaHuA 04 obecrieyeHus ee pabomel npu ompuyamesnsHoli memrie-
pamype Ha OMKpPbIMoM 8030yxe U 8 HeomansaueaemMbIx MoMeweHUsAX. BoinosaHeH pacyem mMmowHOCMU Mo2pyxHHo20
Haepesamess, menaonomeps U Opyaux Napamempos, no3eoauswux onpedeaums mpebosaHuUa K xapakmepucmu-

Kam rnoz2pyxHo2o Hazpesamess. [1o ycmaHoeneHHbIM mpebosaHuaM 8blIbpaH Haepeaamensb moodenu Hde 12-2-3x-h.
MpedcmasneHsl Yepmexc u 3D-modesnb CAUBHO20 pe3epsyapa ¢ YCmMaHOBAEHHbIM MO2PYXHHbIM Ha2pesamenem.

Knroueeole cnoea: waakosslli ujebeHs, 2uopogobusayus, 0OMeHHbIl WaakK, nospyxcHol Hazpesamess, 80000M-

mankusarowuli cocmas.

BBeaenune

/JlOMEeHHEII1 113K, 0Opa3yIOmuiicsl MpU IPOU3-
BOACTBE 4YyIyHa, IpeAcTaBAseT codoit TBEPABIN OT-
XOJ, MMEIOII NI 0OABIIT0e KOANIECTBO BHYTPEHHUX I
pHeImHuX nop [1]. OaHuM M3 HampaBAeHUII ero Ie-
pepaboTKM SBASIETCS €TI0 MCII0AB30BaHNe B KauecTBe
AOPOKHO-CTPOUTEABHOTO I11aKOBOTO INEOH:, IIpu
yCTpOIICTBe 40PO>KHBIX OcHOBaHU. OgHaKo A0pOry,
IIOCTPOEHHbIe Ha OCHOBE TaKOro Mmarepuasa, 3ada-
CTYyIO TpeXXJeBpeMeHHO paspyiiaioTca. OCHOBHOIM
HNPUYMHONM HTOTO ABASIETCS MOPUCTOCTh AOMEHHOTO
maaka. Baara, BnomTeiBaeMasi mmopaMm I14aKOBOTO
meOHsI B AeTHUII epuoJ, 3aMep3aeT 3UMOI, U IIpU
pacimupenun paspyllaeT 3epHa IIdaka U AOPOTY,
IIOCTPOEHHYIO Ha eTO OCHOBe.

Permute 9Ty 11po0aeMy MOSKHO, HallpUMep, ITy-
TeM rugpododbusanyy Marepuala — €ro MpOIUTKI
BOAOOTTAa/AKMBAIOIIMM COCTaBOM, HaIlpuUMep, OTpa-
OOTaHHBIM MOTOPHBIM MacAOM. Bo3aMoO>KHEIe Bapu-
aHTBI peaamsaliuy OOpabOTKM IIAaKOBOTO IeOHs
9TUM CIIOCOOOM OINCaHBI B paboTax [2-5] n Ap.

Teopust Boripoca
HpOHI/ITKy I11aKOBOTIO IJ_[e6H$[ BOAOOTTaAKIMBa-

IOIIVIM COCTaBOM MOXKHO OCYILIeCTBASTH, HAIIPUMep,

IIpM ITOMOIIM yCTaHOBKM, DKCIIEPUMEHTaAbHas CXe-
Ma KOTOpOI1 IpeAcTaBAeHa Ha pucyHKe 1.

Dra ycraHOBKa (QYHKIMOHUPYET CAeAYIOITIM
oOpaszom. Illaakoprii mebeHb 3arpyskaercs OAHO-
KOBIIIOBBIM IIOTPY3UMKOM B IIPOIIUTOUHEIN pe3epsy-
ap 3. Ilocae sToro nHacocom 1 13 A0OAHUTEABHOTO
CAMBHOTO pe3epByapa 5 B IPOIMTOYHLIN pe3epByap
3 HarHeTaeTCs BOAOOTTaAKUBAIOIINIA cocTas (0Tpabo-
TaHHOe MOTOpHOe Maca0). [Ipn ToM 06BeM BOZ00T-
TaAKMBAIOIIETrO COCTaBa A0AXeH OBITh TaKIM, YTOOBI
BCe 3epHa I11aKOBOTO IT[eOHsI HaXOAMANCh HIDKE ero
yposH:. Jajee OCyIecTBAsSeTCs IPOINUTKA IIIAaKO-
BOro Ie0Hs rmapododbU3aTOPOM B TeueHue 3ajaH-
HOTO BpeMeHI, I10C/le 4eTo TuApododu3aTop Bo3Bpa-
IjaeTcs 1o TpyOoIposoam 4 B CAMBHOI pesepByap.
[Iponnrounelil pesepByap 3 OINPOKUABIBACTCSI AAS
BBITPY3KM THAPOPOOUZMPOBAHHOIO INeOH:. 3aTeM
HauyMHaeTCs HOBBIN pa60q1/n71 IUKA.

OmicaHne MaTepnaa0B I METOAOB aHAAM3a

IIpeaBaputeabHBle DKCIIEpUMEHTaAbHBIE MCCAE-
dosaHus [5] moarBepanan 5QPeKTUBHOCTD IIpea-
aoxenHoro Kynaespim B.A. cmocoba obpabotkm
maakosoro mebHsa. OAHako IIpM  DKCILAyaTalyn
YCTaHOBKM A4 ITMAPOPpOOM3ai I1aKOBOTO Ie0Hs
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1 - Hacoc AN NnepeKauyMBaHMA BOAOOTTA/IKMBAIOLLErO COCTaBa; 2 — 3a/IMBHOM Tpy6onposoa;
3 — NponuTOYHbIN pesepByap; 4 — cAMBHOM Tpy6onpoBog; 5 — ciuBHOI pesepByap; 6 — pama

PucyHoK 1 — Cxema ycTaHOBKU A8 ruapodpobusaumm WnaakoBoro webHA

B 3MIMHUII IIEPVOJ, B YCAOBUX Pe3KO KOHTUHEHTAADb-
HOro kammara Pecrybamkm Kazaxcran Ha OTKpBHI-
TOM BO3AyXe MAU B HEOTaIlAMBaeMOM IIOMeIIeHUN
HeOoOXOAMM HarpeB BOJOOTTAAKMUBAIOIIETO COCTaBa
Ha OCHOBe CHMHTeTMYEeCKMX Macea A0 TeMIlepaTypbl
0...420°C, a cocTraBoB Ha OCHOBE MMHepPaAbHBIX Ma-
ceZ, a TaKXKe APYTUX BA3KUX KUAKOCTeN A0 TeMIlepa-
TypsI +20...+40°C.

AAas HarpeBa BOAOOTTaAKMBAIOIEro cocTaBa A0
HeOOXOAMMOII TeMIlepaTyphl IIpeAlaraeTcs MCIOAb-
30BaTh CHelMaAN3MpOBaHHbIE ITOTPY>KHbIe Harpesa-
TeAn AAs HeTeIpOAYKTOB. B Kauecrse Mecra Aas
YCTaHOBKM IIOTPY>KHOTO HarpesaTeAs BRIOpaH CAUB-
HOI pesepByap. /451 PKOHOMUYHOTO pacxXOAOBaHI:
Tera, U3Ay4aeMOro HarpesaTeAeM, CTeHKU CAMBHO-
IO pe3epByapa 000pPYAYIOTCA U30AAIMEN TOAITMHON
2,5 cM. BrIlmoaHUM pacyeT MOIIHOCTU HOTPY>KHOIO
HarpeBareAsi, HeOOXOAMMOII AAs Harpeba BOJOOT-
TaAKUBAIOIIETO COCTaBa, HaXOASIIIETrOCsS B CAMBHOM
pesepsyape. YcTaHOBAeHHas MOIIHOCTL Py oIpe-
JeasieTcsl KaK CyMMa MOIITHOCTH, HeOOXOAMIMOI AAs
TIOBBIIIIEHST TEMIIEpaTyphl 3a4aHHOTO 0ObeMa >KIA-
KOCTU P05 revs. TETIAOBBIX ITOTEPD.

Pyc'r. = PHOB.TEMH. + Pno'rep., (1)

MorHocTs, TpebyeMast 4451 IOBBIIIEHNS TeMIIe-
paTtypsl 3agaHHOTO oObeMa >KMAKOCTY, PacCIUThIBa-
€TCsI 110 ODIeM3BeCTHON 3aBUCUMOCTI:

MG (h=t) 12
R—ms.-remn. - 860 . tHarp. ’ (2)

rae M — Macca BOAOOTTaAKUBAIOIIIErO COCTaBa, KT;
C,=0,4 kkaa/xr-°C — yAeabHasl TEIL10eMKOCTb BO-
AOOTTaAKMBAIOIIIETO COCTaBa Ha OCHOBE OTpado-
TaHHOTO MOTOPHOTO MacAaa);
t,=20°C — HeoOXoauMas KOHeUHas TeMIlepaTypa;
t,=—10°C — HayaabHas TeMIlepaTypa BO400TTal-
KMBAIOIIEro COCTaBa;
tuarp. = 2...15 9ac. (var) — Bpems Harpesa.
Terraomorepnt P, qrep, OTIPEACAAIOTCS TIO POPMYAE:

Snon. es. (t - t@) K 12
P = =25 : 3)

A€ Shoppes. — I1A0IaAD TIOBEPXHOCTH TEILAI000MeHa

pesepsyapa, M%

t,=t,=—10°C — TeMniepaTypa OKpy>Kalolen

cpeAbr;

K=2.1 kkaa/(qac-m*°C) — koopPULIMEHT Ter100-

OMeHa IpU pacIIoA0XKeHNN pe3epByapa BHe I10-

MeIIeHIsI, HaAWIUU U30ASLNY TOAIINHOM 2,5 cM

U ckopocTu BeTpa He 00aee 10 km/yac;

1.2 — xosdunuenT 3amaca, CBA3aHHBIN C IIPO-

M3BOACTBEHHBIMI AOIIYCKAaMM U M3MEHEHVSIMU B

HaIIPSIKEHUN CeTV MUTaHL.

B xauecTse orpaHuueHms 445 yIPOIIEHNUs pacde-
Ta [1A0IaAN ITIOBEPXHOCTH TEILA000MEHa iSop pes, TPU-
HSATO, 4TO CAMBHOI pe3epByap, B KOTOPOM yCTaHaB-
AVBaeTCs TIOTPY>KHOI HarpepaTteab, uMeeT (QopMy
MPAMOYTOABHOIO Iapallejenuiieja C pasMepamMiu
cropoH a=5 M, b=1,5 M, ¢c=0.4 M. Toraa naomaapb
ITOBEPXHOCTHU TeTLA000OMEHA S)0p. pes, COCTABIAT:
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Snma.pe:«. = 2ab + 2bC + 2(10 = 2 . 5 ° 1.5 + (4)
+2:1.5:04+2-5-0.4=20.2 m".

Macca Bo400TTaAKMBaIOIIEro COCTaBa PacCunThI-
BaeTCs Kak IIpou3BeJeHle ero IA0THOCTU QBOA.COCT.
(aast MmoTOpHOrO Macaa cocrasasiet 900 xr/m®) 1 3aHm-
MaeMOro o0beMa Vo, coer, KOTOPEINL, B CBOIO OY€peAb,
MO>KHO BBIPA3UTh B KauecTse IIpOM3BeAeHIs Hallopa
(BpICOTA CTO10a BOAOOTTAAKMBAIOIIEIO COCTaBa) U
TM1A0111aAM OCHOBaHIsI IPOIIUTOYHOTO pe3epByapa:

M = pﬂou.coc’lx : V;on.coc"r. = (Onou.coc’r. : H SOCH = (5)
=900-0.456 - 6 = 2462 K.

BrimoaHuB mpeobpaszoBaHus, ITOAYYIMM KOHEY-
HYIO $OPMYAY A5 pacdeTa MOITHOCTY IIOTPY>KHOTO
HarpesarteAs, HeOOXOAUMOII A5 HarpeBa BOAOOTTal-
KMBAIOIIIero CoCTaBa B CAUBHOM pe3epByape:

— M CP i (tl - tl) ) 12 Snos‘pea.' (t2_ ta) K 12
P =77860 by 860 » (6
ITposepum mpaBuAbHOCTH QopMyasl (6) IIy-
TeM TMOACTaHOBKM  COOTBETCTBYIOIIMX  €AVHUI]
M3MepeHNs:
M) [C)-[t] 1.2, [Suwpes) - [1] - [K]- 1.2
= —+ =
[R’c’r] 860 ) [tHal"p.] 860
__KKaIl_ o~
_X"%r-°C m*-°C-KKan _ 7
- qac gac-m*-°C )
_ KKkal _ kBr-uac _ B
~gac  4ac  KPT

MortHocTs M3MepsieTcs: B KuaosaTTax (KBr), cae-
A0BaTeAbHO, (POPMYAy MOXKHO MUCIIOAB30BaTh AAs
pacuera.

Brirmoanum pacyer MOITHOCTM HOTPYKHOTO Ha-
rpesaTeasi AAsl MMHMMaAbHOTO BpeMeHM Harpesa
(tuarp.=2...15 wac), IOACTaBMB MCXOAHbIE AAHHBIE B

Ppopmyay (6):
_2462-0.4- (20— (—=10))-1.2
Per = 860 - 2 * (8)

202-(20—(—10))-2.1-1.2
+ 360 =22.39 kBT.

Aas spIOOpa ONTUMAaABHOIO BpeMeHHU Harpesa
Ha OCHOBaHMM pacdeTos I10 (popMmyae (6) ITOCTpOeH
rpadpuk (PUCYHOK 2), TTIOKa3hIBAIOIINII 3aBUCUMOCTD
HeoOX0AMMOIT MOITHOCTU Py, OT BpeMeHN Harpesa
BOAOOTTAAKMBAIOIIETO COCTABA yqrp..

ITocTtpoennas rpadudeckasi 3aBUCUMOCTD arl-
IIPOKCUMUPYETCs CTelleHHON PyHKIueit ¢ koadpdu-
LIMEeHTOM AOCTOBepHOCTH R, =0.996:

y=36.51"". 9)

INoacraBass B BhIpakeHue (9) BMeCTO T HeOO-
XOAUMOe BpeMsl HarpeBa fyp, Ha BHIXOAE MOKHO
[IOAYIUTh TpeOyeMyI0 MOIIHOCTh IIOTPY>KHOTO
HarpeBareAsl.

BuayaapHblit aHaAn3 rpadpiraecKoi 3aBUCMOCTI
Ha PIVICYHKe 2 ITOKa3bIBaeT, YTO Hanbo.ee 3HaUNTeAb-
Hoe cHIKeHue Tpebyemoii momHocT Py, (¢ 22,39 40
10,02 xBT) agocTuraercst pu ysBeAMYEeHUN BpeMeH!U
Harpesa fyap. € 2 40 5 9acos.

KOHCTPYKTMBHO HOTrpy>KHOI HarpeBateab A0A-
>KeH 004azaTh Maaou BeicoTON (He Ooaee 0,4 m). B
IIPOTMBHOM CAy4Yae OH He IIOMECTUTCSI BHYTPU CAUB-
HOTO pe3epByapa.

YuuteiBas orpaHMYeHIs], HaKJlaAblBaeMble KOH-

24
= 22
20
5 \
2 18
©
[a4]
g 16
T 14
o
o 12
po B¢
£ 10
= y = 36,51x P78
o 8 B
2 R? £ 0,996
0
E 6
2
I 4
(@]
s 2

0

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Bpems HarpeBa BOAOOTTA/IKMKAKOLLLETO COCTaBa B C/IMBHOM pe3epByape, yac
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CTPYKIIMEll YCTaHOBKU A Imngodpodmsanym Ida-
KOBOTO IIIe0OH:, ¥ pe3yAbTaThl aHaAM3a 3aBYICHIMOCTI
Py = f(tuarp.), IPUIMEM, YTO MOIIHOCTbH HOTPY>KHOTO
HarpesateAsl AO/AXKHa COOTBETCTBOBATb YCAOBUIO
P,.210,02 xBr npu BBICOTE KOpIyca HarpesareAs,
COOTBETCTBYIOIIEN YCAOBUIO Ayarp, <0,4 M.

/JlaHHBIM YCAOBUSIM COOTBETCTBYET ITOTPY>KHOM
HarpeBateab Mogean H®s 12-2-3x-h, mpeacraBaen-
HBIN Ha pucyHke 3 [6].

Texnmueckne  xapakTepUCTMKM  HOTPYKHO-
ro Harpesateas HedTernpoaykros H®s 12-2-3x-h
npeacrasieHsl B Tabamme [6]. Yeprexx camsHOTO
pesepByapa C yCTaHOBAEHHBIM B HEM IHOTPY>KHBIM Ha-
rpeBaTeleM C HEOOXOAVMBIMM pazMepaMl IOKa3aH
Ha pucyHke 4. PacrioaoskeHne IOrpy>kKHOTO Harpe-

Paspen «Crpoutenbctso. TpaHcnopt» W

BaTeAs B CAMBHOM pe3epByape IpUBeJeHO TakKe Ha
3D-Moaean, ipeAcTaBA€HHON Ha pUCYHKe 5.
CausHOI pesepByap HpedaaraeMoll KOHCTPYK-
nun (PUCYHOK 5) MOAXOAUT AAsl MCIOAb30OBaHUS B
cocTaBe YCTaHOBKU 4451 TUAPOdOOMU3aINN I11aKOBO-
IO IIe0Hs IIPY ee DKCIAyaTalluy B 3MMHUI IIePUOA.

3akaioueHne

JaabHeiimme 1ccaeJ0BaHNsI B 004acTy paspa-
OOTKM KOHCTPYKIMU A TUAPOPOOU3AIINY [11aKO-
BOTO IT[eOHsI HalTpaBAeHbI Ha OIIpeJeeHIe BOAOCTO-
KOCTU TUAPOPOOU3NMPOBAHHOTO I11aKOBOTO IIeOHs
TPV MHOTOKPATHOM ITOBTOPEHNY ITUKAOB BOAOHACHI-
IeHNA U YCTaHOBAEHUN AOITyCTMMOTIO BpeMeHM Ha-
CBHIIIeHIIs BOAOI Oe3 yiepOa BOAOCTOMKOCTIL.

1 — Kopnyc HarpeBaTena BO B3pbIBO3aLLULLEHHOM UCNONHEHUH, 2 — TAKOKPACOYHOE NOKPbITUE,
3 — Kepamu4YeCcKue HarpeBaTe/ibHble CTEPXKHU C HUXPOMOBbBIMU CNUPANAMM, 4 — cCOeaUHUTENbHAA KOPO6Ka
BO B3PbIBO3aLLULLEHHOM UCNONIHEHUM, 5 — NOrPY}KHAA LWTaHra BO B3PbIiBO3aLLULLEHHOM UCMONHEHUMU

PuUcyHOK 3 — YCTPOMUCTBO NOrpy>KHOro Harpesatens HedpTtenpoaykros HPB 12-2-3x-h

TexHU4YecKue XxapaKTepucTUKu FPY>XXHOro Harpesa

a HoB 12-2-3x-h

Pabouwne cpespbl

Ne MapameTtp 3HaueHue
1 VYoenbHasa NOBEPXHOCTHAA MOLWHOCTb, BT/cm? nol,1
2 HomwuHanbHaa MOLHOCTb, KBT 12

3 HanpsskeHue nutatouei cetn, B 220/380
4

CBET/Ible U TEMHble HeDTENPOAYKTbI, MUHEpPA/IbHbIE Mac/a, BUTYM,
Ma3yT, BOAHbIE PacTBOPbI, AN3e/1bHOE TOMIMBO, HedTelNambl

5 KaTteropus B3pblBOONaCHbIX cMecei 1A, 1IB
rpynnbl T1...T3

6 30Hbl 3KCNAyaTauum He B3pblBOOMNACHble
7 BHewHuit gnametp Tpyb, Mm 60
8 Marepuan Cr3, 092C, AISI304, AlSI321, AISI316
9 MapKnpoBKa B3pbIBO3aLLMUTbI 1ExdIIBT3X
10  KonuyectBo TpybHbIX HarpeBaTenen, Wr. 3
11 [abapuTHble pasmepbl (AnMHA, MM X 2150%x295

AMaMeTP MOHTAXKHOro OTBEPCTUA, MM)
12 Macca 6e3 yyeTa Norpy>KHoM CTOMKM, Kr 75
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1 - Kopnyc cAMBHOro pesepsyapa; 2 — usonauma (TonwmHom 25 mm), 3 — norpy>kKHoi Harpesatenb Hoe 12-2-3x-h,
4 - oTBepcTME ANA CAMBa BOAOOTTA/IKMBAIOLLLEro COCTaBa M3 NPONUTOYHOrO pe3epByapa

PucyHoK 4 — CivBHOM pe3epByap C YCTaHOBJ/IEHHbIM NOrPYXXHbIM HarpeeaTenem (Bug, ceepxy, Bug, cnepegm)

CMUCOK JINTEPATYPbI

PucyHOK 5— 3D-moaenb CAMBHOrO pe3epByapa C YCTaHOBAEHHbIM NOrPy>KHbIM HarpesaTtenem (B paspese)
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BamebipblaamelH »biAbIMKbiwbl 6ap K0x}#Obl KUbipwbikK, macmel 2udpogobusayuanayra apHAnFaH KOHObIPFbIHbIH
arbi3y pe3epayapbiHbIH napamMmempepiH aHbIKmay 3 aHe KOHCMPYKYUACLIH a3ipaey
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AHOamna. MaKanada KoX KUbIpWwbiK macmsl 2u0pogobu3ayusanayra apHAAFAH KOHObIPFbIHbIH, KYpblabiMbl bepineeH.
AwbIK ayada #aHe HolasimelamalimeliH 6eamenepde mepic memnepamypada Hymoic icmeydi Kammamaceis emy ywiH
OHbI Hemindipy Kaxcemminiei HezizdenzeH. bameipblAAMbIH HCbiAbIMKLIWMbIH KYambIH, #(biay WbIFbIHbIH HaHe 6acKa
napamempsepi ecenmesndi, 6yan 6amMbIpPbLAAMbIH HblLALIMKbIWMbIH CUNAMMAMAAAPsLIHA KoliblAamslH mananmaposi
QHbIKMayFa MyMKIHOIK 6ep0i. benzineHeeH mananmapsa calikec HP8 12-2-3x-h modensOiK HbiabimKblubl MaHOaAs0bI.
Afbi3y pe3epsyapbiHblH cbi36acel MeH 3D moodesni YCbIHbIAFAH.

Kinm ce3dep: Koy Kubipwblk mac, 2udpogobusayusa, 0oMHa rnewi, 6amoeipblaamsiH #blAbIMKbIW, cy emkizbelimiH
KOMMO3uyus.

Determination of Parameters and Development of the Design of the Drain Tank of the Installation
for the Hydrophobization of Crushed Slag with an Immersion Heater

T*KUNAEV Vyacheslav, Cand. Tech. Sci., acting Associate Professor, Head of Department, kunaev91@list.ru,
2TIMUHINA Elena, Dr. Tech. Sci., Professor, Head of Department, ETimuhina@usurt.ru,

3GEORGIADI Ivan, Director,

1Karaganda Industrial University, Kazakhstan, 101400, Temirtau, Republic Avenue, 30,

2Ural State University of Railway Transport, Russia, 620034, Yekaterinburg, Kolmogorov Street, 66,
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*corresponding author.

Abstract. The article presents the construction of the machine for the hydrophobization of slag crushed stone. It also
substantiates the necessity of its improvement to ensure its operation at negative temperatures outside and in unheated
rooms. The calculation of the power of the immersion heater, heat loss and other parameters was carried out. It made
it possible to determine the requirements for the characteristics of the immersion heater. According to the established
requirements, the heater model NFv 12-2-3x-h was selected. A drawing and a 3D-model of a drain tank with an installed
immersion heater are presented.

Keywords: slag crushed stone, hydrophobization, blast furnace slag, immersion heater, water-repellent composition.
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Abstract. The features of the development of soils by a milling working body do not allow us to directly use the
conclusions of various theories of cutting soils. The goal is to establish theoretical coefficients that take into account
changing the cutting force during milling the soil. The article presents the first obtained dependences on changing
the cutting force of soils during their milling at the depth of the bottom hole, hydrostatic and hydrodynamic pressures
of the solution on the cut chips and the curvature of the tool path. The cutting force is affected by the hydrostatic

pressures of the clay solution and the shear resistance. The coefficients of the working conditions are obtained. The
coefficients describe the qualitative picture of soil cutting. They give the ratio of forces during rectilinear destruction
of the soil to the forces arising during its milling.

Keywords: cutting forces, clay solution, milling, chip element, slurry wall.

Introduction

Soil milling is used in the construction of
underground structures using the «wall in the soil»
method [1, 2, 3]. The destruction of the soil occurs in
the environment of a clay solution that protects the
walls of the trenches from collapse. The diameters of
the cutters fluctuate significantly. Figure 1 shows the
milling machine.

The general way of defining cutting forces is
considering the equilibrium of the chip element to be
cut off. In the period of time preceding the soil spalling
in the chip element at the speed of sound, a shock
wave of elastic stresses propagates, which ultimately
leads to the formation of the spalling surface at the
angle 1 to the tangent to the trajectory of the cutter.
The front of the shock wave of deformations is
directed along the normal to the frontal edge of the
cutting tool. Elastic deformation stress only causes
volumetric deformation of the soil. At the same time
(in cohesive soils) a compacted core is formed in
front of the cutter of the working body. Its formation
occurs due to the compaction of the soil that has
experienced elastic-plastic deformation that has
turned into crushing deformation. A front of plastic
deformations that do not cause changes in the shape
of the soil mass propagates in front of the compacted
core. Thus, within this period of time, the cutting

force is a variable value and is characterized by the

ratio of the rates of elastic and plastic deformations,
as well as the masses of the soil experiencing one or
another deformation.

For practical calculations of the cutting force, it
is necessary to determine the maximum value of the
cutting force that occurs at the moment that differs
from the moment of spalling by an infinitely small
amount of time.

Description of materials and methods of
analysis. The element of the sheared shavings
abc (Figure 2) is acted upon by the force of normal
pressure N, from the side of the cutter, the weight
of the chips P, hydrostatic pressure P,., centrifugal
force P, arising as a result of movement around the
axis along the radius R, reaction from the side of the
soil at the spalling site R* and the normal to it force
R?, the resistance force at the wear site P,,, as well as
the additional force P,,, the existence of which is due
to the kinematic milling of the soil. The cutter has the
cutting angle 6, the clearance angle v, the width b, the
wear area of the width a. The back edge of the cutter
is acted upon by the force of hydrostatic pressure.
The spalling area is inclined to the tangent to the
cutting path at the angle .

Let us express each of the forces acting on the
spalling chip element depending on the geometric
parameters and soil characteristics. At the first stage
of the analysis, we will not take into account the forces



Figure 1 — Trenching plant of the Soletansh Company

P,,, and P, considering cutting with a sharp knife.
The chip element is characterized by the following
geometrical parameters (Figure 2).

d.c. = h(ctgd +ctgy); 1)
F,. = bh(ctgd + ctgy); )
V=B (et + ctey), ©)

where d.c. is the length of the spalling element;
F,. is the surface area of the chip that is in the
contact with the clay solution;
V. is the chip volume.
Taking into account expression (3), the weight of
the chip being cut off

_ bh2ng
F="

(ctgd + ctgy). (4)

The centrifugal force

0

Figure 2 — The diagram of forces acting on the chip
element when milling

2 2 2

P, = chszo = o 2p-R2V0 (ctgd + ctgy). (5)

The resultant force of hydrostatic pressure on the
element of the chip being cut off

P,. = bhq(ctgd +ctgy). (6)

The value of the distributed pressure of the
solution on the ground g depends on the values of
the head, the density of the solution and the pressure
transfer coefficient 7. According to A.A. Shatalov [4],
1 reaches the highest values in soils with the lowest
permeability (equal to unity for dense clays) and the
smallest values in sands and gravelly soils.

In our opinion, the physical picture of the effect
of the permeability degree of soils on the process
of transferring pressure deep into the massif and
on the cutter is that as the depth of filtration of the
clay solution into the soil [, increases, the pressure
difference on the cutter along the frontal and rear
edges decreases. The liquid penetration for a part of
the chip thickness limits the zone of uneven reduction
of the cutter. With complete solution filtration, the
cutter is compressed from all the sides by hydrostatic
pressure and does not experience additional loading.
In this case, changing the cutting force occurs due to
changing the rheological characteristics of the soil.

Based on these considerations, it is natural to
assume that there is a relationship between the
filtration depth [,, the thickness of the chips h and the
pressure transfer coefficient

Ly
n=1-7. ?)

In accordance with relationship (7), for dense
bonded soils [,=0, the coefficient x£=1. For loose
soils, the depth of mud filtration can approach the
values of the chip thickness, and the pressure transfer
coefficient can approach zero.

Proposed formula (7) does not take into account

the time the bottomhole is in contact with the clay



B Tpygabl yHuBepcuteta N3 (84) - 2021

solution. Therefore, for milling and drilling machines
that differ in speed when cutting chips, it is more
correct to determine the pressure transfer coefficient
according to the dependence:

7=1-1% (8)

where V, is the filtration rate.

In work [5], the filtration rate of the clay
solution into the soil was determined depending on
piezometric pressure, the coefficient of soil porosity,
the viscosity of the clay solution and its limiting shear
stress. Naturally, the filtration rate of the clay solution
into the soil is lower than that of water. Taking the
worst version of the calculation and assuming that
permeability of the soil to the solution is equal in the
limit of permeability during the movement of water,
we determine the maximum possible filtration rate
that is described by the Darcy law:

Ve =K,J, )

where K, is the filtration coefficient;

J is piezometriic pressure.

Focusing on the values of the filtration coefficient
established by soil scientists [7] (1-107 m/s for
clays and 1-10° m/s for gravel and coarse-grained
sandy soils), we find that for any practical possible
piezometric pressure head the filtration rate of
the clay solution is comparable to the feed rate.
V=0.5...1-10% m/s only in coarse sands and gravel
soils. In these soil conditions, the construction
of foundations by the «slurry wall» method is
unacceptable even when protecting the walls of
the trench from collapse with a clay mortar. It can
be argued that during the operation of milling and
boring machines, the pressure transfer coefficient
is practically equal to unity, and physical and
mechanical characteristics of the soil do not have time
to change. Taking into account (9), we obtain:

P.= bhzg(l - %)(ctgé +ctgy). (10)

The kinematic feature of milling is variability
of the thickness of the cut chips during the cutter
movement (Figure 3).

In this case, the cutter makes a working movement
only in the third and fourth quarters of the circle.
The average values of the cut chips thickness and
consequently the resistance forces that depend on it,
will be observed at the angle of rotation of the cutter.
The values of this angle determined by the author
from the integral dependences of the center of gravity
of a flat figure [8] are for the third quarter:

Qi = 5T° = 60°,
for the fourth quarter:
Doia = % +60°.

When considering the element of the cut off
chips at points 1 and 2, changing the direction of

forces is possible. The centrifugal force and the force

Figure 3 — The section of the chip to be cut when soil
milling

of hydrostatic pressure directed radially remain
unchanged. The gravity force of the chip element
when projected on the 7 and & axes has different
signs, since in the third quarter this force increases
the action of the normal pressure force, and in the
fourth quarter it decreases it.

The kinematic feature of milling is such that at
small values of the chip thickness, the soil is crushed
by the wear area and even by a sharp cutter. This is
due to the fact that small values of the chip thickness
do not provide volumetric destruction of the soil
needed for the cutting process. At the same time,
since the resistance to friction and crushing of the soil
is greater than cutting resistance, the overall loading
of the cutter increases.

In addition, during the rotational movement of
the cutters, energy is lost due to elastic deformation of
the undisturbed soil around the face. The magnitude
of these losses is proportional to the elastic limit
and the total mass of the soil undergoing elastic
deformations, and is inversely proportional to the
square of the elastic modulus.

It is impossible to calculate the additional force
Py, since it is not clear from what value of the chip
thickness the friction process is replaced by the cutting
process and what is the mass of the soil outside the
face experiencing elastic deformations.

Let us project the forces acting on the element of
the cut off chips on the axes 7 and o. In this case, we
lay the normal reaction from the side of the cutter
N, from the normal to the frontal face by the angle
of internal friction, thereby taking into account the
friction force of the chips on the cutter.

We obtain:

{Np + P —Pj. —Pi—R =0;

11
N;,xP’—P).—P’—R" =0, (1

where
N;=N,sin(6+ p+¥); N; =N,cos(6 + 1 +¥); (12)

P:=Psingsiny; P/ = P.sin@siny; (13)



P;. =P, siny; P;). =P, siny; (14)
P =P, sin lﬁ; P;, = P.,sin w (15)

A number of authors [9, 10] determined for soils
the values of shear resistivity K,. The values of soil
adhesion C and the tangent of the angle of friction
tgo in soil mechanics [11, 12, 13] are determined
experimentally. These parameters are determined
at the shear of the normal stress therefore, different
densities. Since the density of soils under the effect of
compression pressure generally increases with depth,
the rheological parameters of the soil determined
in this way are averaged. There are empirical
relationships that interconnect the soil cohesion and
the angle of internal friction with the density and
therefore, the depth of the soil. These dependences,
however, have a small area of application and cannot
be used in general theoretical analysis.

In the Building codes and regulations, when
calculating the permissible settlement of foundations,
another method was adopted for taking into account
the depth of the soil by the value of its bearing
capacity. In this case, the values of adhesion and the
angle of internal friction remain unchanged, and
normal stresses increase by the value of compression
pressure 0

1428 (1+28)7,
T3 T T 31+ e)

z=20,9&", (16)
where £ is the soil transverse deformation coefficient;
7, is specific weight of the soil grains;
€ is the porosity coefficient;
&'is a conditional coefficient of the soil transverse
deformation accepted for convenience of recording.
The K, values were determined for the upper soil
layers. By introducing compression pressure for the
upper soil layers into the shear stress, we obtain:

T=c+(0+0s)tgo = K.+ 0stgd. (17)

Dependence (17) describes averaged changing
the shear stress of the soil as the face deepens.

At the time of the breakdown of the soil, it is true
that

R* R'tgo

ETTRCD (18)
where F is the spalling area,
__bh

Ro=ghs (19)

Substituting the expressions R* and R’ determined
from system (11) into equation (18), expanding the
expressions for the forces emerging into R* and R°
and equating the obtained resistance forces to the
value of N,, we obtain:

__Kbh o,bh | bW’ 0:a:sing N
’ a, Sin¢ a, Sin¢ - 2(11 (20)
T, (1 V)T 2Ra, L

where

Paspen «Crpoutenbctso. TpaHcnopt» W
a =sin(8+pg+y) +tgocos(S+p+y),
a, = ctg (8 + ctgy) (siny + cos Ytgp).

The force arising on the frontal surface of the cutter
cannot fully characterize cutting resistance, since it
does not take into account hydrostatic pressure on
the back face of the cutter. Having projected the N,
force and the resultant of hydrostatic pressure on the
cutter on the k£ and n axes, we obtain:

P.=N,sin(6 + 1) — P,..bh;
P,=N,cos(6+ ) FP,.bh,

where P, is distributed solution pressure on the back
face of the cutter.

The plus or minus sign is placed in front of the
second term of the second equation of system (21)
depending on whether the cutter is pulled into the
ground or pushed out.

Expanding the expression for the force N in
system (21), we find:

1)

) = Hibh | ngl.ngh bho,gasing
assiny  a;siny 2,
+bhpczg[%§(1 _%> - 1] " Wgﬁigfm; 22
P.= aﬁil;lhl/l . ]Zillzfzh . bhp,,Qa'(;?inga N 22)
where a; =

a, @, = a,
sin(S+4)""" cos(6+pu)”

The obtained expressions for P, determine the
cutting force during milling.

It follows from the right-hand side of the
equations of system (22) that the cutting force during
milling depends on the soil resistance to shear, the
depth of the face, the density of the soil, the densi-
ty of the solution, the cutting speed, the feed rate of
the working body, the rate of filtration of the solution
into the soil, the geometry of the cutter, the radius of
the tool rotation.

Let us analyze the effect of various components of
the cutting force on its total value. For this purpose,
we represent the tangential force in the form:

P=B+BR+P+P+P,

where P, is the component of resistance force
depending on the soil resistance to shear;
P, is the component of the cutting force taking
into account compression pressure of the cutter;
P, is the part of the cutting force caused by the cut
off chip weight;
P, is the cutting force occurring due to the action
of hydrostatic pressure;
Ps is the component of the cutting force occurring
as a result of the action of the centrifugal inertia
force.
Equation (22) gives a qualitative picture of the
cutting force with a sharp knife interconnecting
components of resistance to milling that are different

in their physical essence. Let us express in relative
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units the effect of the components of the cutting force
on the cutting forces of the soil during the rectilinear
movement of the cutter on the daylight surface
without the action of hydrostatic pressure on the
bottomhole.

The ratio of the forces arising during soil milling
to the forces of the straight cut will be called the
rotational cutting coefficient K,,, the ratio of the forces
of hydrostatic pressure to compression pressure the
coefficients of hydrostatic pressure K, and the driving

will be

g -B+tBtR+P+DH
o P+P

=K, tK.+K,—2. (26)

The number 2 in the equation is needed since the
cutting force is taken into account thrice [13].

The most significant effect on the cutting force
is rendered by hydrostatic pressure of the mud and
the shear resistance. By adding to the cutting force P;
resistance to cutting on the wear area, the total cutting

depth K.: force can be determined. In further calculations, the
0 B+P+P - P ” Ps; and Ps forces will not be taken into account.
«=TR+p CUtEER (23)
PAP4P B Conclusions
K="p3p =l+tpip (24) 1. The components that depend on the shear
L L stress of the soil and hydrostatic pressure have the
_bBth+Ph _ b reatest weight in the structure of the cutting force.
K.=Sprpr=1+p5p, 25) & g g

2. The values of mass forces, the chip weight and
the centrifugal force do not affect significantly the
cutting force.

3. The rate of the clay solution filtration into the
soil affects the cutting force only in sandy and gravel
soils.

where P,+P; is the cutting force with the cutter
rectilinear movement without hydrostatic pressure
on the bottomhole.

The total coefficient K, taking into account
resistance to milling when operating in the solution
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AHOamna. ®pe3epsik #YMbIC Op2aHbIHbIK MOMbIPAKMbl 0amMblimy epeKwenikmepi 6i3ee monbipakmesi KecyodiH apmypsi
meopusanapbIHbIH MYXbipbIMOapbIH mikenel KondaHyFa MyMkiHOIK 6epmelidi. 3epmmeyOiH, MaKcamel -mornbsipaKmel
hpesepney KesiHOe Kecy KyWiHiH e32epyiH ecKepemiH meopusabiK KoagguyueHmmepdi opHamy 60sbin mabbiaadsi.
Makanada yHfeIMaHbIH myb6iHOe ¢hpesepney KesiHOe monbipaKkmeolH Kecy KyWwiHiH e32epyiHe, KecinzeH HOHKAHbIH
epimiHOiHiH 2udpocmMamuKanbIK HaHe 2U0POOUHAMUKASBIK KbICbIMbIHO YAHE KypanobiH MpPAaeKmopusacCbiHbIH, Ku-
CbIKMbIFbIHA 6alinaHbICMbI AAFAWKbLI AAbIHFOH Mayendinikmep KeamipineeH. Kecy KywiHe ca3 epimiHdiciHiH e2udpocma-
MUKQsbIK KbIiCbIMbl HIHE biFbicy Kedepeici acep emeoi. ymoic wardalinapbiHbiH KoagpuyueHmmepi anviHObl. Koag-
uyueHmmep MonbiPaKMolH canansl KeckiHiH cunammaldliosi. Onap MonsipaKkmoiH MiK Coi3biIKMbl 6y3biaybl Ke3iHoe
KywmepOiH, (ppe3sepney KeziHOe nalioa 60s1amelH Kywmepae KambiHacblH 6epedi.

Kinm ce30ep: kecy Kywmepi, ca3dbl epimiHOi, hpe3eprey, HOHKA 3neMeHmi, monbipaKkmarsl KabbipFa.
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AHHomayusA. OcobeHHocMu pa3pabomku 2pyHmMos pe3epHsiM paboyum op2aHOM He M0380AHM HAMPAMYIO UCTOsb-
308amb 8b1800bI PA3/AUYHbLIX Meopuli pe3aHusa 2pyHmMos. Llensbto Aenaemcsa ycmaHosneHue meopemu4eckux Kosgagu-
YueHmMo8, y4umeol8aoWUX U3MeHeHUe CUsbl Pe3aHUs Mpu hpe3eposaHuU 8 CpasHeHUU € NPAMOAUHelHbIM. B cmamee
npusedeHsbl 8riepsbie rosyvYeHHsble 3a8UCUMOCMU 10 USMEHEeHUO CUsbl pe3aHUs 2pyHmos npu ux gpeseposaHuu om
21yb6UuHbI NPoxo0Ku 30604, 2u0POCMAMUYECKO20 U 2UOPOOUHAMUYECKUx 0asaeHull pacmeopa Ha cpe3aemyro CMpPYMHKy
U KpUBU3HbI mMpaeKkmopuu 08uxceHUs pe3yad. Ha cuny pesaHusa delicmsyrom audpocmamu4eckoe 0asseHue 2uHUCMo-
20 pacmeopa u conpomusneHue cosuzy. lMonyyeHsl KoaghguyueHmeol ycaosuli pabomel. KosghguyueHmeol onucelisarom
KayecmeeHHy KapmuHy cpe3a epyHma. OHU darom coomHoweHue cus npu npamoauHeliHoM paspyweHuu 2pyHma K
CuUMaM, 803HUKAKOUWUM MPU ee (hpe3eposaHuu.
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Abstract. The article is devoted to the development of an effective system to ensure the operational condition of
vehicles and braking system based on diagnostic information on vehicles. Due to the low coefficient of output of cars
on the line, the daily costs of their downtime are calculated in millions of tenge. One of the main reasons for failure is
poor technical condition. The cost of maintenance of vehicles in technically good condition is 15-20% of the total cost
of transportation. It is based on a complex method of diagnostics of vehicle safety systems. A very important issue is
the development of an effective system for assessing the effectiveness of vehicles. It allowed to control the technical

condition and predict safe working hours.

Keywords: transport, traffic safety, braking system, anti-lock system, ability, diagnostics, indications.

Introduction

Nowadays, the importance of the transport
industry in the economy of each country is growing,
as the level of transport development has a direct
impact on the competitiveness of the economy and
the security of the country. The transport structure
is an important sector of the domestic economy of
Kazakhstan, which makes a significant contribution.

Despite the global financial and economic crisis
affecting the economy of the Republic of Kazakhstan,
high demand for cars remained and there was an
increase in annual freight and passenger turnover.
High demand for transport services has led to an
increase in the level of automation in society.

Research results

The material and technical base of road transport
enterprises, the quality of maintenance and repair
have a significant impact on the level of performance
of cars. Due to the low utilization rate of cars (about
70%), the daily costs of their downtime are estimated
in millions of tenge. One of the main reasons for the
delay is unsatisfactory technical condition. The cost
of maintaining vehicles in good technical condition is
15-20% of the total cost of transportation [2,4].

The goal of transport is to increase the efficiency
and quality of transport operations, ensuring the
safety of transport and passenger traffic, to fully and
timely meet the needs of the transport economy and
the population.

Reliability

is one of the most important

characteristics of the product: performance, reliability,

durability and serviceability, serviceability, which
directly affect road safety. The overall level of vehicle
reliability can be improved through systematic
measures during the 'life cycle' period.

The reliability of the car is set in the design,
provided in production and one of the most
important operational properties of the car is
reflected and preserved during operation. Reliability
during operation depends on the measures taken to
protect the vehicle assembly (assembly, assembly,
mechanism) from harmful factors, taking into account
the statistics on the reliability of individual elements.

Improvement of vehicle calculation methods,
design and production technology, introduction
of science-based methods of technical operation,
reliability in the operation of the vehicle will be close
to constructive reliability.

The reliability of the car is not stable during its
service life. In addition, the frequency and quality of
maintenance and repair, the properties of the working
materials, the conditions and mode of operation of
the vehicle have a significant impact on its reliability.

During the analyzing the reliability of a complex
product, all its elements and parts can be divided into
the following groups [3].

1. The elements whose failure does not affect
the performance of the product (deformation of the
coating, changes in surface color, etc.). Failure of
these elements can be considered separately from the
system.

2. Elements (pedestals and body parts, hydrostatic
bearings, high-strength low-load bearings), the



performance of which does not change during the
period under consideration.

3. Elements that can be repaired or adjusted
during operation of the product or during downtime
that does not affect its efficiency.

4. Elements that lead to product failure.

Thus, only the elements of the last group are
considered, which usually have a limited number.
They mainly limit the reliability of the product and
are the object of study.

If the complex system is divided into individual
elements, for each of which the probability of
continuous operation can be determined separately,
block diagrams are widely used to calculate its
reliability.

In these diagrams, each element i is characterized
by the value of Pi and the probability of its failure for
a certain period of time.

Figure 1 shows a diagram of a two-loop brake
system for a rear-wheel drive bus with an anti-lock
braking system (ABS) [4]. In case of an indicative
failure of the anti-lock system, the electronic control
unit disconnects the system, avoiding the possibility
of incorrect impact on the control of the braking
system during the movement of the vehicle. Thus, the
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braking system maintains its efficiency.

In most cases, the failure of the anti-blocking
system is due to unreliable electrical components of
the modulation valve, corrosion and wear.

The structural scheme of the reliability of the
braking system, developed on the basis of the features
of its design (Figure 2, a) determines the functional
relationship between the operation of subsystems (or
elements) in a particular circuit.

As the anti-lock system does not affect the
operation of the brake system, it is located parallel to
the main elements of the block diagram and allows
you to remove the device from the anti-blocking
system and create a new block diagram (Figure 2 b).

The brake force regulators of the rear axle wheels
shown in Figure 2 are not provided in this design.
Due to this, the braking system will brake in the event
of a failure of the ABS unit, but without the ABS the
braking system will not be effective.

However, the reliability of such a block diagram
is high in the block diagram shown in Figure 3, which
corresponds to the level of probability that P (t) will
work without accidents [3].

To qualify the reliability of the inspected vehicles,
we determine the probability of their failure. For the

1
2 18
' . 1 contour; 2 contours

11 ‘

ABS control lights i
i
S i
diagnostic :
cable ‘

1 - compressor; 2 — pressure regulator; 3 — air dryer; 4 — four-way pneumatic protection valve;
5, 6, 7 — compressed air receivers; 8 — humid air tank; 9 — compressed air for additional devices; 10 — non-return valve;
11 - brake chamber; 12 - the brake valve; 13 — parking brake crane; 14 — two-way two-position valve;
15 — automatic brake force regulator; 16 — pneumatic cylindrical power accumulator; 17 — the accelerator valve;
18 — ABS solenoid valve; 19 — the sensor; 20 — ABS control unit; 21 — manometer

Figure 1 — Scheme of the bus brake system
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ABFR — automatic brake force regulator; ECU — electronic control unit of the ABS; MV s — ABS magnetic valve; Pi — wheel

brake drive (pneumatic cylindrical power accumulator); Ti — wheel brake mechanism; Di is a wheel angular velocity sensor

Figure 2 — Scheme of a bus double-loop brake system
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BP — brake pedal; MC — mechanical connection; BC — brake crane; ABFR — automatic brake force regulator; Pi — wheel brake
drive (pneumatic cylindrical power accumulator); Ti — wheel brake mechanism; Pp — brake force regulator

Figure 3 —Block diagram of a two-contour brake system (with a brake force regulator)

conditions of use of the vehicle in accordance with
the diagram (Figure 2, version a) P(t) is defined in the
formula:
Prooa = (PCP' (1 - (1 _PMC) : (1 _PBV)) X
X(1=[1= (1= (1=PePiv-Pi))]) x (1)
X [1 _PECU 'PR_P'PSV 'PEMRP 'Pv%/ss])
there P,....« — the total probability of system failure;
Pcp — the probability of continuous operation of
the control (pedal);
Pyc — the probability of continuous operation of
the mechanical connection;
Pyy — the probability of continuous operation of
the brake valve;
Py — the probability of continuous operation of

the main brake cylinder;

Py — the probability of stationary operation of
the brake wheels;

Py — the probability of failure of the brake
mechanism;

Prey — the probability of uninterrupted operation
of the electronic control unit;

Prp — the probability of continuous operation of
the return pump;

Pgy — the probability of continuous operation of
solenoid valves;

Prygpe — the probability of continuous operation
of the electric motor of the return pump;

Pyss — probability of continuous operation of
wheel speed sensors.



According to the proposed block scheme in
Figure 2, the probability P({) is expressed as follows:

Pgeneral:PCP'(]-_(l_PMC)'(I_PHV))X (2)
X(l - (1 _PBC'PI%W'PI%M)Z)
For the scheme diagram in Figure 3, the
probability of continuous operation is as follows

R]eneml =Pop- (1 - (1 _PMU) : (1 _PBV)) X (3)
X(l_(l_PB('PRPl%WPZ%M)Z)

there Py, — the probability of continuous operation of
the brake force regulator.

Nowadays, classifiers are being developed in
various fields of engineering, which are divided into
categories according to the probability of failure (or
duration of operation) of all major components and
components of a particular product.

For devices and systems that ensure traffic safety
in the vehicle, the unauthorized operating mode is
considered to be 0.95.

Using the following formulas (1), (2) and (3), we
find the probability of failure of each of the systems
under consideration for different values of P(t).

The observed difference in the obtained values of
the probability of failure of the elements is explained
by the different number of parts used in the system
and additional redundancy, as well as by the fact
that there is a probability of occurrence of a situation
of prevention of the elements of the ABS, which
significantly affects the operation of the brake system
as a whole, and initially the control unit cannot be
recognized as defective.

Therefore, it is necessary to increase the level of
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probability of failure of system elements to a value
of 0.9705. If the control unit detects a malfunction
that has occurred, the software is turned off and the
brake system is activated. The probability level of
this random P(t) operation is 0.9509, and the braking
efficiency, on the contrary, is significantly reduced.

While determining the failure of the resulting
parametric system based on the values of diagnostic
indicators, we check all possible causes (ie.,
considering the total set of factors as a single one),
the total cost of recovery (adjustment work, scope of
control, etc.) becomes very important.

It is unknown the exact cause (factor) that led to
the loss of the functionality of this system. Therefore,
in order to reduce the cost of detecting a fault, it is
necessary: first, to reduce the cost of identifying
specific causes (or a complex of causes) by means
of preliminary elemental diagnostics; secondly, it is
rational to form a set of verifiable factors [3].

Therefore, it is necessary to develop an algorithm
for the sequence of verification and elimination of
certain controlling factors.

Y,, set the boundary value of the value of
the specific braking force in the system «limit-
permissible». Then the rule for making a decision on
the technical impact is written as follows:

elitmination

To consider at the general scheme for forming a
multi-factor model for finding defects. From figure 4,
it can be seen that in the mixed period with the initial
set of different factors (reasons for which diagnostic
parameters exceed acceptable values) {F%}, there is a

Cost structure for determining factors Cost structure for eliminating Many initial factors Actually combination of
(diagnostics) factors (repair) factors
D + r1 +
@, P(D,)A,8 N
d + di3 r2 + |3 (1)2 P ((Dz )A2 5
diz [T
d | + rs & O, P(D;)A;6
O |+ @, P(D,)A,S
. ., D, P(D5)As6
ds-6
E D P(D)AS
dssg
d | + ro|+ |57+ | ras
d.P(D;)A,6
o+ ; ®,P(Dg)Ag8 N
Ds + rs + —> A

Figure 4 — Possible scheme for forming indicators for a multi-variable model
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probability of their manifestation P{F%}.

In addition, the appearance of an individual fac-
tor Fi leads to an increase in diagnostic parameters
by a random variable A _ (in %), the characteristics of
which(mean Al and variance Di) can be determined
from experimental data.

Let's assume that the operating time before the
defect occurs is subject to the law of exponential
distribution, then the probability is equal to P(F%) [3]:

P(Fi)=1-¢" (4)

here A are the indicators of the distribution law (in

this case, the intensity of the coefficient F%);

l; — average time between factors.

During this period, one or more factors may occur.
At the same time, the degree of influence of each fac-
tor on the final result is unknown, so it is necessary to
build a mathematical model that correctly describes
the process under study. The task of this model is to
determine the degree of influence of various factors
on the studied parameters.

In general, the form of this dependence can be
expressed by the regression equation of the form [64]:

Y= @10y s 21, ey 2y W), (5)

there y — optimization indicator, in particular, an
indicator that characterizes the technical state of
the system;
Z1, .., Z, — factors, i.e. controlled, independent

variables (each factor can have multiple values or

levels in practice);

21, .., Zm — variables that affect parameter

optimization are unmanaged.

The regression equation and the constraints
imposed on changes in variable factors are called
a mathematical model. A mathematical model is a
representation of the most important aspects of the
process. The variety of combinations of arguments
and determines the surface of the answer (the function
under study). It can be assumed that the functions in
the space under consideration are linear and can be
expressed by regression of the form:

y=bxtbho+bx+ .. +bx, = z bix;, (6)
i=0

there b; —model coefficients that indicate the degree of
influence of this factor on the response function (for
example, its own braking force); the residual method
describing the average value of the response function
at by—z;=0; z,="fixed variable, equal to one.

Quantitative values of the factor (zi, s, ..., z,,) are
determined by experimental data, and the coefficients
(b1, by, ..., b,) that can be said about the effect of each fac-
tor on the essence are calculated using experimental
planning methods [6].

Figure 5 shows a block diagram of the model
of reliability management of the transport system,
which affects traffic safety.

Optimization of management of the technical condition of systems affecting
traffic safety in order to maintain their operability at the required level when
performing maintenance and repair works

la
v‘

Specific braking force of the axle wheels in the brake system. and the frequency of
vibrations of the wheels on the front suspension. making a decision on the
necessary control effects in case of deviation of diagnostic indicators from the
range of values before sending, optimization of management of the technical
condition of systems affecting traffic safety in order to maintain their operability
at the required level during maintenance and repair

v

Optimization of management of the technical condition of systems affecting traffic
safety in order to identify the reasons that led to the departure of diagnostic
indicators from the range of permissible values, in-depth diagnostics is carried out

Measures to determine the origin of the defect

\ 4

Measures aimed at eliminating detected defects

y

Monitoring the effectiveness of actions performed

Figure 5 — Flowchart of the expansion reliability of the car system affecting traffic safety
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Conclusion Safety Systems is a very relevant issue, as it made

The development of an effective system for | it possible to monitor the technical condition of the
evaluating the effectiveness of vehicles based on a | vehicle and predict safe working hours in advance.
comprehensive method of diagnostics of Vehicle
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Mon Kosranbicel KayincizdiziHe acep ememiH mecey xcylieciHin KypoinbiMObIK ceHimOiniziH 6aranay
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*aemop-koppecrnoHOeHm.

AHOamna. Makana Kesnik KypandapsiHa OUA2HOCMUKAbLIK aKNapam HezisiHoe mexcey cyleciH #aHe a8moKesik
KypandapbiHbiH nalidanaHy ¥ardalielH KaMmamaceiz emyo0iH muimoi xylieciH azipneyee apHanraH. Aemomobunsboepodi
Hesniee WoiFapy KoagpuyueHmiHiH memeHoi2iHeH 0a1apObiH Mypbln KAayblHAH KYHOenikmi WolfblHOAp MUAAUOH MeH-
2emeH ecerimesnedi. Tokman KanyoblH Hezizei cebenmepiHiH 6ipi-KAHAGFaMMAaHAPbIKCbI3 MEeXHUKAAbIK #aFoal. As-
MOKenikmepoi MexHUKAbIK HAFbIHAH HAKCbl #arFdalioa ycmay KyHbl macbiMaandayobiH #asnbl KYHbIHAH 15-20%-0b1
Kypaliosl. Kenik KypandapsiHbIH KayincizdiziH kKammamacei3 emy xylienepiH OuazHocmukanayoslH KeuleHOi adiciHe He-
2iz0eneeH. Kenik KypandapsiHelH muiMmOinieiH 6aranaydsiH muimoi xcylieciH azipaey eme e3ekmi macesne 60s6in maboi-
1a0b1. On1 MexHUKabIK #ardaliobl 6aKblAAYFa HAHE KAYIMNCi3 #YMbIC yaKbIMblH aaA0bIH aaa 60X ayra MyMKiHOIK 6epoi.

Kinm ce30ep: KeniK, Ko3rasbic Kayincizdiei, mexcey xcylieci, byrammayra Kapcel xcylie, Kabinemminik, duazHoCcmMuka,
Kepcemkiuw.

OuyeHKa KOHCMpPYKmMueHol HadexHocmu mopmo3Holi cucmemeol, enusrowjeli Ha 6e30nacHocMb OOPOHCHO20
dsuxceHusa

1¥}{YMABEKOB Alidap Temupzaanuesuy, M.m.H., cmapuwuli npenooasamens, aidar_7478@mail.ru,
2bbIKAZJOPOB Cepezeii AnekcaHdposud, 0.3.H., npogeccop, byser@ngs.ru,

IABAPAXMAHOB Mycmagha Camamosuy, mazucmpaHm, abrakhmanovmustafa@gmail.com,
KapazaHduHckuli mexHuveckuli yHusepcumem, Kazaxcmad, 100027, KapazaHada, np. H. Hazapbaesa, 56,
2Cubupckuli 2ocydapcmeeHHblll yHusepcumem nymeli coobweHus, Poccus, 630049, Hosocubupck,

yn. [ycu Kosanwuyk, 191,

*aemop-koppecrnoHOeHm.

AHHOmMayusa. Cmamea nocesaweHa padpabomee sghghekmusHoUl cucmemsl obecrnedeHuUsA SKCnayamayuoHHo20 cocmo-
AHUA A8MOMPAHCIOPMHbIX CpedCme U mopMO3HOU cucmemMsl Ha 0CHo8e dua2Hocmu4Yeckol UHGOpMayuu Ha MPAHC-
rnopmusie cpedcmsa. M3-3a HU3K020 KoagguuyueHma 8bi800a asmomobuneli Ha AUHUK exceOHe8Hble 3ampamsl om
UX Mpocmos paccyumeol8arOMcA 8 MusAUOHAX meHze. OOHA U3 OCHOBHbIX MPUYUH OMKA3a — Heyo0oesnemeopumesbHoe
mexHu4yeckoe cocmosaHue. Cmoumocme COOepPXaHUS A8MOMPAHCIOPMA 8 MEXHUYECKU XOPOWeM COCMOAHUU coOCmas-
naem 15-20% om obweli cmoumocmu nepesosxku. OCHO8AHA HA KOMI1/1eKCHOM Mmemode duazHOCmMuKuU cucmem obecrie-
YeHua bezonacHocmu MpaHcnopmHeix cpedcma. OueHb AKMyasnbHbIM 80MPOCOM A8/8emcsa pa3pabomka spgpekmus-
Holi cucmembl OUEeHKU 3hdheKmuBHOCMU MpPaHCrnopmHsix cpedcms. OHA 103801U710 KOHMPOAUPO8AMb MexXHUYeCcKoe
cocmosHue u rnpedckazame b6e3onacHoe paboyee spems.

Knrouesowle cnosa: mpaHcriopm, b6e3onacHocmeo 06UJ+(€HUFI, MmOpPMO3HAA cucmema, GHmU6ﬂOKUpOBO'4HCIﬂ cucmema,
CI'IOCO6HOCf77b, duaeHochKa, MNOKA3aHUA.

189



190

B Tpygabl yHuBepcuteta N3 (84) - 2021
REFERENCES

1. Mozharova V.V. Transport v Kazahstane: sovremennaya situaciya, problemy i perspektivy razvitiya. — Almaty: KISI pri Prezidente RK,
2011.-216 p.

2. Denisov LV. Razrabotka metodiki upravleniya tekhnicheskim sostoyaniem sistem avtomobilya, vliyayushchih na bezopasnost'
dvizheniya: Diss. ... kand. tekhn. nauk. Moscow, 2011.

3. Management on operation of Yutong zk6118hg — 2012 buses.

4. Ryabchinskij A.l. Reglamentaciya aktivnoj i passivnoj bezopasnosti avtotransportnyh sredstv: ucheb. posobie. — Moscow: Publishing
House «Akademiya», 2006. — 432 p.

5. Zhumabekov AT. «Avtomobil'derdin zhyjesine tekhnikalyq qyzmet kérsetu tartibin basgaru zhyjelerin azirleu» taqyrybynda
6M071300 «Kolik, kolik tekhnikasy zhdne tekhnologiyalary» mamandygy bojynsha gylym magistri akademiyalyq darezhesin
izdenuge arnalgan dissertaciyalyq zhoba. Qaragandy 2019. — 89 p.



DOI 10.52209/1609-1825_2021_3_191

Paspen «CrpowntenbcTBo. TpaHcnop™ M

90K 629.114

agICMEMECI

OaHrbinbl, 34.

TEXHUKAABIK KbI3MEM KBPCEmY MEH )XBHOEY YUWIH
KOCAAKbl DBAWIEKMEPQIH, auHaAbIM KOpbIH ECENMEYQIH

ECBOCbIHOB Kalipamb6ek Tyneyoeu4, ara okbimyuwsi, kairatbek_6d071300@mail.ru,
K. XybaHoe ameiHAarbl AKmebe eHipnik yHusepcumemi, Kazakcmax, 030000, Akmebe, o. Mondarynosa

AHOamna. Kapbepsik e3iaydapselul a8MOoKesnikmepae mexHUKAsbIK Kbi3Mem Kepcemy mMeH #¥eHOeyoi KaMmamacsi3
emy ywiH Kocankbl 6eawekmepOiH aliHanbiM KOPbIH KYpy MaHbI30bl 60ab6iM caHanaosl. AUHAAbIM KOPbIH Hezizoey
MAWUHAAapobiH YaKbimblsabl HOCMNAPbI HOHOEYiH KAMMAMACbi3 emy mypFbiColHaH MaHbI30bl UHXEeHepsiK MaKcam
60bin ecenmerniHedi. AWbIK May-KeH HYMbICMapsiH 0amMblmyOblH HOFapbl KAPKbIHBIH YCmMan mypy may-KeH-KesiK
HabobIKmapbiH natidanaHydsiH memeH muimoinizimeH KypoeneHedi. KenmezeH pakmopnapOobiH acepiHeH Kapbep-
7K e3iaydapfrbiw asmokesnikmep KyHmi3benik yakbimmeolH 20%-0aH 80%-Ha OeliiH mokman Kaaaosl, OHblH 6acsim
benieiH mexHuKanblK cebenmep 6olibiHwa mokman mypyobl Kypalidel. Xymeicma xui mokman Kasay macenenepi
MOWUHAAGPFa MexHUKAbIK Kbi3Mem Kepcemy mMmeH 3 eHoey muiMmoinieiHiK ¥emkinikcizdiei meH memeHodiciHe b6adli-

AaHbicmbl 607100bI.

Kinm ce30ep: Kapbepsik e3iaydaproiul a8MmMoKesiK, aliHasnbIM Kopbl, KO3FA/AMKbIWMbI KOCY, Kyam, Mal WbIFbIHGI,
HCbI10AMObIK CUNAMMAMAChl, mexey cunammamacsl, XaHapmad annapamypacsi.

Kipicmie

Ocpl >KYMBICTBIH MaKcaTbl MallliHalap MeH Ke-
KeJlereH arperaTrapAblH TaijadaHy ceHiMAiairiHig
JeHreliin Oaraaay, icreH mIbIFy cebenTepiH Taaday
ecebinen bateic KazakcranHblH KaTaa KAMMATTHIK,
>KaFAaliaapbIHAa KYMBIC iCTEITIH aca yAKeH KYK Ko-
Teprilll KapbepAiK ©3iaydaprhlIll aBTOKOAIKTEpAl Iaii-
JajaHyABIH TUIMALAITiH apTTEIpy 6OABIT TaObLAaABL.

Korapriga kepceriarengeir, Kapbepaik esiay-
AApFBIII aBTOKOAIKTepAiH IaligadaHy CeHiMAiAiriHig
AeHreii nalijaAaHyAblH KAMMATTHIK >KaFlaiidapbiHa
Tayeaai 6oaaapl. CeHiMAiaiK AeHTeifiHiH TeMeHAEYi
JKOHAEY IIMKAAEPiHiH KBICKapyblHA >KoHEe >KOHJey-
AiH KbpIMOaTTaybIHa aAblll Keaedi. baTwic ayzanaa-
PBIHAAFBI XKabABIKTapABI KYTiIl yCTay >KoHe JKOHAEY
IIBIFBIHAAQPBL €44iH opTallla AeHTelfiMeH caAbICThIp-
FaHJa 2-6 >Xorapsl OarazaHaAbr [1].

IMaiiaasany ypaicinae MammHaaapAblH CeHiMAi-
2AiK JeHTeliAepiHiH TeMeHAeyiHiH Herisri cebemTepi
aBTOKOJIKTepre TeXHUKAaAbIK KbI3MET KepceTy MeH
JKOHAEYAIH >KeTKiAikcis Tmimaiairi 604w Tadblaa-
AbL. JKabBABIKTHI >KOHAEY alllbIK KeH OPBIHAAPBIHAA €H
KOIl eHOEeKTi Ka’KeT eTeTiH KOcaAKBI ypAic OOABIII Ta-
On1aa4b1. JKabaBIKTapABI JKOHAEYTe KETETiH IIIBIFBIH-
Aap Iaiijaasl KasdbaaapAbl @HAIpyTe KeTeTiH OapAbIK
IIBIFBIHAAPABIH YIOTeH Oip Oeairin Kypaiapr. JXKy-
MBICIITBLAAPABIH, Ti3iMAiK KypaMbIabiH 18-30% >xen-
AeyMeH KaMmTblaraH. JKeHgey >KyMBICTaphIH MeXa-
HIKaAaHABIPY AeHTelli eTe TOMeH: JKeHeyTe KeTeTiH
0apABIK IIBIFBIHAAPABIH 76% KOAMEH OpBIHAAAaThIH

omepaumsaiapra Karaasl [2].

Herisri 6eaim

JKaBABIKTBIH ceHIMAiAIK AeHTeliH ycTam Typy
TeXHUKAABIK KBI3BMET KOpceTy >KoHe >KOHAeyMeH
KaMTaMachbl3 eTideai, OMiTKeHi Tay-KeH TeOAOTMABIK,
JKOHE KAMMATTHIK (aKTopaapbl OacKapblAMamAbl.
TexHuKaAbIK KbI3MET KOpCceTy KoHe JKOHAeYAiH MiH-
AeTi oaapAbl TaiijalaHyAaH HEFYPAbIM TUIMAL acepi
Ke3iHge MaIlMHaJAapABIH KYMBIC ictey KabideTTiai-
TiH caKkTay O0ABIIT TaObLAAABL.

CeHiMaiaik ageHreiri >kKoHe TUIMAIAIK ©AI1eMi Ma-
IIIMHaJlap MeH OeallteKTepAi KYpaliThIH TeXHUKAABIK,
KBI3MeT KOPCeTy MeH JKOHJey IlapaMeTpAepiHe Tike-
et 0alAaHbICTBI 00AaAbl.

IMeHariel  akmapaTTapabl ady ©3iHAIK  epek-
ImesikTepJeH TyblHAaFraH OipKaTap KUBIHABIKTapra
JKoHe Kapbepaik >kabAbIKTapAbIH KYMBICTapbIHa Ka-
TBICTBI 00Aaabl. MaImHaAapABIH SKYMBICH TypaAbl
aKIapaTThIH >KeTKiAiKTi KeAeMiH aay yIIiH XpOHO-
MeTpa’kKABIK OaKblAay SKYPTisy KeIl YaKbIT IIeH Kapa-
>KaTThl KakeT eTeai. CoHabIKTaH 0i3 K014a Oap akia-
paT Ke3JepiH OaphIHIIa TMIMA] ITalidalaHaThIH SKoHe
KOJBIAFaH MaKcaTTapFa Te3 K04 JKeTKi3yai KaMTama-
CBI3 eTeTiH aKIapaT JKMHay KYlieciH KaObl14aAbIK,.

AIIBIK Tay-KeH >KYMBbICTapbIHAa KOAIKTiH eH Kol
TapaAraH TYpi aBTOKeaik 0ol Tabblaaapl. TM/
eA/epiHiH KapbepaepiHaeri Tay-KeH MacCachbIHbBIH,
mamameH 60%-bl >KoHe IleTea MeMAeKeTTepiHiH Ka-

prepaepinge 85%-4aH acTaMbl aBTOKOAiK Kypaalja-
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pbIMeH TackiMaagaHaAbl. boaarakTa ambIk Tay-KeH
>KYMBICTapbIHBIH KO©AeMiHiH yAFalobIlHa O0aliaaHbICTHI
KapbhepAiK aBTOKOAIKTiH >KYK allHaABIMBI OAaH 4a ap-
Taabl. ABTOKOAIKTep caAbICTHIpMaAbl KbIMOAT >KoHe
KOIT eHOeKTi KasKeT eTeTiH, api KeH KoA4aHy Anaraso-
HbI 00ABIN TaObLAaTHIHBIHA KapaMacTaH, OHBI alllbIK
Tay-KeH >KYMBICTapblHJa KOAIKTiH eH amMOeOalr >koHe
KapKBIHABI 4AMUTBIH TYpPi A€Il ecernTeyre MyMKIiHAIK
Oepeai. ABTOKOIKTEep >KBLAKBIMAaAbl KYPaMBIHBIH
HETi3I1 apTHIKIIBLABIKTaPhL: JKOFaphl MAHEBPAIK JKoHe
YTKBIPABIK, 9cipece Kypaeai naiijadany >KarAaiiaa-
pBIHAA ©Te TUIMAL KOpiHeAl.

Kappepaix esiayaapfbllll  aBTOKOAiKTepAl Ka-
ppepaik Keaik peTiHge IaligadaHy Keaeci >Kocmap-
ABIH TeXHOAOTMSABIK ypAicTepi TizOeriniy 60aybIH
a/lAbIH-a/a aHBIKTaAbL:

- AQMBIHABIK >KYMBICTaphl (KO3FaATKBIIITHI icKe
KOCyFa AaliblHAAy >KoHe iCKe KOCY, aybIChIM CalibIH
KYTiM >kacay, Mall KyIO oIlepaIusaapsl >KoHe T.0.);

- TeXHMKAaABIK KbI3MET KOpPCeTy;

- aFBIMAAFrbl JKOHARY;

- XKapamMabl aBTOKOAIKTepAi
YakpITTa caKkTay.

bya ypaicrepain GapAbIFbl KapbepAik aBTomapy-
alllbIABIKTapAa OpblHAaAaabl. ABTOKOAIKTEPAl SKoHe
HEFYPABIM Kypaeai OealllekTep MeH arperaTrapasl
KOH/ARY, 94eTTe, aBTOKOAIKTePpAi JKOHAEY KoCIIIOPBIH-
AapblHAA >KY3ere acblpblaabl.

ApHaiipl acnantapAblH yakKbIThIH KakeT eTIeli-
TiH aKayAapAbl >KeAe KOIO JKoHe Te3 KaAIlblHa Kea-
Tipy YIIiH Kapbepaepae TeXHUKAAbIK KOMEK KOopceTy
KBI3METI YIBIMAACTBIPbLAAADL.

[letea MeMaekeTTepiHiH KapbepaepiHde Ka-
phepaik e3iay4apFbIIl aBTOKOAIKTePAiH TEeXHUKAABIK
>KarJaiiblH Koagay OolibiHIa >XyMbictap TMA ea-
AepiHAeri CUSAKTEL XKOCIIapAbl aAAbIH aay TapTi6iMeH
OpBIHAAaAaAbl. Aaaiija, OTaHABIK ITpaKTUKaAaH aiibIp-
MaIlIbIABIFBI KY€ CaThlAaPbIHBIH CAHbI MEH OAapAbIH
Mep3imMaiairi Kapbepaik ©3iay4apFbIl aBTOKOAIKTep-
AiH MogeabJepi OOVbIHIIIA FaHa eMec, JKeKe Kaciro-
priHAap OoiibiHIa ga epekiedeHesi. Kapsepaepaiy
JKOHJey OeaimIllesepiHae TeK KaHa aAAblH-ady KY-
MBICTaphl )K9He aKayAbl ODellleKTep MeH arperarrap-
ABI ayBICTBIPY KYMBICTAPbI XY Prisidyi curiaTraaaspbl.
Herisinae kapbepaik e3iayJap¥bIIl aBTOKOAIKTepre
KypAeai XeHJey >XKYMBICTapbIH XYpPridy MaMaHAaH-
ABIPBLAFaH YIBIMAAP MEH K9CIIIOphIHAAPABIH apHalibl
’KacaKTaAraH OeaiMIieaepinge >Kysere achIpblAabL.

[letea meMaekeTTepiHAe Kapbhepaik esiayaap-
FBIII aBTOKOAIKTepAiH Maiiday >KYMBICTapblHa KOII
KeHia Geaineai [3]. Kappepaik e3iaysaprbIin aBTOKe-
AiKTepAiH OachIM KOTIIIiAiri asTOMaTThl OpTaAbIKTaH-
ABIPBLAFaH MaliJay >KylieciMeH >kabAbIKTaAFaH.

beamekrep MeH arperaTtap KellleHAepiH aybIC-
TBIPY apKblAbl >KOHAEY >KYMBICTaphl KeHiHeH Ta-
paaraH. MbIcaabl, AU3eAb-2AeKTPAi Kapbepaik esiay-
AAPFBIII aBTOKOAIKTepAIH KO3FaATKEBIII, pajuarop,
aya Ta3apTKBIIITap reHepaTOPhl KaHKAHBIH KarTa-
AbIHa opHatblaraH. Kypaeai >xeHgey >KyMbIcTaphbl
KesiHgeri 8-12 carar imriHAe KyIl KOHABIPFBICBIHBIH

JKYMbICTaH  TBIC

m 6ap/lbIK SKUBIHTBIFBIH KOCa/AKbl KYPBIAFbIMEH aybl-

CTEIpyFa 00Aaabl.

Kenaey >KyMBICTapBIHBIH TUIMAIAITiH apTThI-
Py KoHe XeJeaaeTy YIIiH >KOHAEY >KYMBICTapbIH
JKOCIIap/ayra, Maiiday y4acKeCiHiH KyHAeAiKTi XKoHe
anTa CaybIHFBI >KYMBIC KeCTeCiH >KacayFfa, OPBIH-
AaAraH >KOHAEY >KYMBICTaphl, aAjarbl MiHAETTep
MeH pe3epBTep TypaAabl allTa CallbIHFBI KOPBITBIHALI
aKIapar ecernrepAi >Kacayra KOMEKTeCeTiH DAeKTPOH-
ABI ecellTeyilll MalllMHalapblHa apHaAFfaH Oaraapaa-
MaJap >Kacaaabl. TexHMKaablK KbI3MET KopceTy MeH
JKOHAEY Al FBLABIMU YITBIMAACTBIPYABIH MYMKiH 604a-
TBIH JKYJeAepiHiH 3aMaHayU HyCKaJapbl JKeTKiAiKTi
AaMbIFaH. Opbip HaKTHl >Kardaiida aBTOKOAIKTepAi
KapbepaiK Ko4iK peTiHge maiijajaHy YIIiH Heryp-
ABIM YTBIMABI TaHJQy >Kacayra MYMKIHAIK Oepeai.
KoHcTpyknusaaapsel KypAeAeHIeH caliblH Kapbepaik
©3lay4apFhlIIl aBTOKOAIKTepAiH TeXHUKAABIK JKaFAali-
BIH YHeMi Oakblaay Ka’KeTTiAiri TypaKThl apThII
OTBIPpaAbL.

ABTOK®OAIKTIH OealllekTepi MeH arperaTrapbl-
Ha TeXHMKAABIK 9Cep eTyAl YaKbITBLABI KOPCETY OHBI
KYypaadap MEH yaKbITTBIH a3 IIBIFBIHBIMEH TYPaKThl
TeXHUKaABIK aKaychl3 YCTall TYpPyfa MYMKiHAiK Oe-
peai. CoHABIKTaH TeXHUKAABIK AMarHOCTUKa 0ea-
LIeKTep MEeH arperarrapAblH TeXHUKAABIK XKali-Ky il
aHbBIKTay OOMBIHINIA KellleHi ITapajap peTiHAe >KOH-
AeyAlH aaAbIH-aAy XYMBICTapbl JKYIeciHAeTi MaHbI3-
Abl ic-rapa 6045111 TaObLAaABI [4].

Kapnepaixk esiaygaprbllll aBTOKOAIKTEpAiH Tex-
HUKAaBIK >Kall-KYJiH yHeMi 6akplaay SKoHe 04apAbIH
>KapaMABl >KYMBIC pecypcTapblH 0o04)Kay CBHIPTTaH
Oakblaay HerisiHge, KellleHAi IapameTpaep (Kyar,
OTBIH INBIFBIHBI, SKBLAAAMABIK >KOHE TEeXKETiIll CUIIaT-
TaMaJaphl) OONBbIHINIA >KoHE >KeKeJereH >Xylieaep
MeH arperaTtTapAblH IapameTpaepi (94eMeHTTiK Au-
arHOCTHKa) OOVIBIHIIIA JKYPri3iayl MyMKiH.

baxpiaay camacelH apTTRIpY >KoHe >KeadiJeH as-
TOKOAIKTePAiH IIBIFy CaHbIH a3alTy YIIiH 6aKbI/lay
OekeTTepiHAe TeXHMKAABIK >Kall-KyiH DKCIIpecc-Au-
arHocTukKalay OeKeTTepi MeH >KeaidepiH KoAjaHY
Ka’keT. DKCIpecc-4MarHocTuka OekeTTepi HerisiHeH
KapbepAaiK e3iayaaprbllll aBTOKOAIKTEPAIH KO3FaAbIC
KayiIcisAiriH KaMTaMachbl3 eTeTiH (TeXKeTiIl >Kyiieci,
peaaix Oackapy, OTBIH aIlllapaTypachl, ITUAVHAP-
Ai-TIOpIIIeHAl TOM) Kylieaep MeH arperaTTapAbIH TeX-
HUKAaABIK >Kall-KYJiiH OaKbliayFa apHaAFaH.

AJiHaABIM KOPBI MOAIIIEPiHiH HAaKTHI HeTizgemeci
JKOHAEY >KYMBICTaPBIH YaKbITBLABI OPBIHAAYFa JKoHE
KOCaAKbl OeAllleKTepAiH Ka’KeTTi KeAeMiH CaThII
aayra OaliaaHBICTBI OacTalKbl IILIFRIHAAPFA Aa dcep
ereai.

Ecenitey >KyMbICTaphl Kapbepaik e3iayAaprblIil
aBTOKOAIKTepAi MaligadaHyAblH TaOUFU-KAMMATTBIK,
JKaFjaliaapblH eCKepeTiH ojicTeMe OOMBIHINA SKYp-
riziaeai [5].

AJiHaABIM KOPBIH ecenTey HeTisiHe KapbepAik 03i-
ayAapFhIIl aBTOKOAIKTepAiH Herisri OealekTepiHiH
HaKTBI KbI3MeT eTy Mep3iMaepi KOMbIAYbl THic. OAi-
cTeMe Kapbepaik ©3iaygaprbllll  aBTOKOAIKTePAiH
OeallekTepi MeH arperaTrTapbIHBIH iCT€H IIBIFYbIHA
apHaAraH >KYMBICTapAbl ITaligalaHyAbl KO3AelAl.



bip mammnara >KblAbIHa 6ip DOAIIeKTI >KoHe
arperaTThl Ka>KeTTi ayBICTBIPY CaHBIH MBIHA popMyaa
OOTIBIHIIIA aHBIKTayFa 00AaAbl:

a="5" 1)

MyHAaFbl T, — yaKbITTBIH KBLAABIK KYHTi30€AiK KOpPEL
carar;
1 — Oip MaIlIMHara KakeTTi OeAIleKTiH (arperar-
TBIH) CaHbl;
T — >KyMBIC yaKbIThI, CaFarT.
JKprapiHa Oip THIITI Kapbepaik e3iayAaprbIIT aB-
TOKOAIKTePAiH MapKiHe KeAeTiH 69ALHeKTep,ZI,i (arpe-
raTTapAbl) aybICTBIPY CaHBI:

B=a-mn, )

MYHAAFBI 7 — Oip TUIITI Kaphepaik e3iaygaprbII as-
TOKOAIKTePAiH CaHbI.
bip tunTi kKapbepaik esiaysaprbIll aBTOKOAiK-
TepAiH mapki OOIIbIHIIA 69ALH€KTep,Z|,i (arperatTap-
ABI) ayBICTBIPY apachbIHAAFbI yaKbIT.

t= L in 3)

ArperatTapApl )KOH/eY KoHe caKTay yaKbIThI (aii-
HaAbIM YaKBITHI):

T = t.+t., 4)

MYHAAFEI {y — arperarrapAbl JKOHALY yaKbIThl, CaraT;
t. — arperaTrTtapabl >KoHe OeAIeKTepai KoiiMaja
cakTay yakbIThI, CaFarT.

="t ()

Koitmaga cakray yaxwitel (=0 OoaraHga eH
TnimMai 00aaapl. Aaaiiga, KenTereH ¢pakTopAapablH
NpaKTUKaJaFrbl bIKIaAJapbiHa OaliaaHbICThL, 04 0-aeH
(t—t.)-re AeitiH aybITKybl MyMKiH. COHABIKTaH THiIMAIL
CakTay yaKBITBIH OHTallAaHABLIPY YIIiH DKOHOMIKa-
ABIK (paKTOpAapAbl €cerKe aly KaXeT, ald ecerTey

Paspen «Crpoutenbctso. TpaHcnopt» W

YIJ_IIH OpTaniadaHAbIPpblA¥aH MOoHIH Ka6bI/lAaI7[MbIS.
Aﬁ[HaAbIMHbIH COHFbBI YaKbIThIH MbIHa Cl)OpMy]la-
MeH aHbIKTaﬁMLISZ

L+t
T = 2]”

, Caf. (6)

Kocazkpl Oealrekrep MeH arperarrapAblH aliHa-
ABIM KOPBI MBIHa (pOpMyAa OOVIBIHIIIA aHBIKTaAaABbl:

N=77°=7< pQZTn+%>, @)

MYHAQFBl 7 — KBICKBI >KOHE >Ka3Fbl IlaligadaHyaarbl
CeHIMAiAIK KOPCEeTKIIITepiHiH ©3repyiH ecKepeTiH
KO®(PPUIMEHT.

@
Y= (8)
MYHAQFBI Wy, @y — KOAIKTepAl NaijdalaHyAbIH KBICKbI
JKOHEe >Ka3Fbl Ke3deHAepiHAe KapacThlphlAaThIH TYIIiH-
A€PAIH iCTeH IIBLIFy arbIHBIHBIH ITapaMeTpiHe colikec
Keayi, carat™.

¥chIHBIAFAH 94iCTEMEHIH HeridiHAe aiHaABIM KO-
PPBIH >KeTKiAiKTi )KapaKTaHABIpbLAFaH JKOHAEY Oa3achl
Oap Tay-KeH KoCillOpbIHAapbIHAA KaAIIbIHA KeATipia-
reH OeAllleKTepMeH YaKbITBLABI TOABIK KaMTaMachl3
eTy IapThl cakTaaraH. bareic KazaxcraHHbIH Herisri
Ke4iK >K0AJapbIHaH aAbICTaTbLAFaH, XXoHAey Oazada-
PBLIHBIH IIEeKTeATeH KyaTsl Oap KocillopbhlHAapbIHAA
KOCa/AKbl OoAleKTepAi YaKBITBLABI JKETKi3yMeH Ka-
Tap, iCTeH IIBIKKAH arperarrapabl >KOHACY CUAKTBI
KOCBIMINIa KUBIHABIKTAp Iaiida ©oaaapl. MyHaait
>Kargaiiaapaa aliHaAbIM KOPBIHBIH MOAIIEPiH apTThI-
Py KYMBICTaphl ©3iH-031 aKTallAblL.

KopoITbIHABI

Kaprepaik esiayJap¥bllll aBTOKOAIKTepAiH 0o1-
LIeKTepi MeH TOpaIlTapbIHbIH allHaABIM KOPbIH JKOH-
Aey Ke3iHae aybICTBIPY-TOPaIITHIK 9/ICTi Haljasany
MaKCaTbIHAA ecenTey aaicTeMeci 93ipaeHai.

benA3-75131 Kapbepik e3iaygapfbill aBTOKeiriHe KocasiKbl 6enweKkTepaiH TYTbiIHY KOPbIH ecentey

p/ec ST T )KYMb::(; Z:qubrrbl, BenLI.IEK'Ii'iH, CaHbl, KeniKncaHbl, )Ker,e\; F\)/au,brrbl,
1 | KBagpatTbl ponunk 2223 1 4 4,4
2 LaHaKTbl KeTepy KnanaHgapbl 2279 2 4 3,5
3  Ketepy umanHgpnepi 2799 2 4 5,5
4 | bac copan »eTeriHiH, peayKTopbl 2929 1 4 4,5
5  [leHrenekTiH, AUCKiCi 2969 2 4 10,5
6 | Penpgik backapyablH copabbl 3027 1 4 8,5
7  Komnpeccop 3304 1 4 14,5
8 | AnablHFbl XKeTeK 3663 2 4 10,5
9 | Penpik 6acKapyablH cepBOKnanaHbl 3773 2 4 4,4
10 | AnabiHFbl TEXKEY AUCKinepi 4223 2 4 6,5
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Memoduka pacyema 060pomHo20 ¢poHOa 3anacHbix Yacmeii 0419 mexHU4YecKo20 06CAyHusaHuUsa u pemoHma

ECBOCbIHOB Kaiipamb6ek Tyneyosu4, cmapwuli npernodasamers, kairatbek_6d071300@mail.ru,
AkmiobuHckuli pe2uoHasbHbIl yHUsepcumem um. K. *ybaHoea, Kazaxcmax, 030000, Akmobe, rip. A. Mondazynosoli,
34.

AHHOMayus. [1na obecrnevyeHUs peMOHMa KapbePHbIX d8MOCAMOC8A108 CMEHHO-Y3/108bIM Memodom Heobxodum obo-
pomHblIl ¢poHO 3anacHbix yacmetli. 0bocHosaHue pazmepa 060pomHo20 ¢hoHOa A8aAemMca 8axHoU UH¥eHepHoU 3a0a-
yell ¢ MoYKuU 3peHUs obecrieyeHUs ceoe8peMeHHO20 MAGH08020 peMOoHMa MAWuH. [ToddepxaHue 8bICOKUX MeMo8
pa38UMUA OMKPbLIMbIX 20PHbIX PA6OM 0CAOHHAEMCA HU3KOU 3¢hheKMUBHOCMbIO UCMO/16308AHUA 20PHO-MPAHCIOPM-
Ho20 0b6opydosaHus. 100 sausHUEM MHO204YUCAEHHbIX (PAKMOPO8 asmocamocsassl npocmausarom om 20 0o 80% Ka-
71eHOapPHO20 8peMeHU, npu4YemM 3Ha4UMesnbHy 000 COCMAB/AAM MPOCMOU M0 MexXHUYecKUM npu4uHam. bonswue
npocmou 8 pabome o0bycnosneHsl HEAOCMAMOYHOU HAOEHXHOCMbIO U HU3KOU 3¢hheKmusHOCMbIO mexHuU4ecKkoz2o 06-
C/IYHUBAHUSA U PeMOHMA MAWUH.

Knroueseole cnosa: KpreprIU camocesasn, 3anac XOdCI, nycK 06“20”’76’/1}7, MOWHOCM®b, pacxod macsaa, xapakmepucmuku
CKopocmu, xapakmepucmuKu mopMOoXceHUA, monsaueHaAa annapamypa.

Methodology for Calculating the Working Capital of Spare Parts for Maintenance and Repair

ESBOSYNOV Kayratbek, Senior Lecturer, kairatbek_6d071300@mail.ru,
K. Zhubanov Aktobe Regional University, Kazakhstan, 030000, Aktobe, A. Moldagulova Avenue, 34.

Abstract. To ensure the repair of mining dump trucks with the interchangeable method, a revolving stock of spare parts
is required. Justification of the size of the working capital is an important engineering task in terms of ensuring timely
scheduled repair of machines. Maintaining high rates of development of open cast mining is complicated by the low
efficiency of using mining and transportation equipment. Under the influence of numerous factors, mining dump trucks
stand idle from 20 to 80% of the calendar time, with a significant proportion of downtime for technical reasons. Large
downtime due to lack of reliability and low efficiency of maintenance and repair of machines.

Keywords: quarry self-propelled vehicle, turnover reserve, engine start, power, oil consumption, speed characteristics,
(194 braking characteristics, fuel equipment.
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OcobeHHOCMU BHEOPEHUA CUCMEMbI YYEema
JAEKMPOHHLIX MPYgJoBbIX J0c0BOPOB
B PecnybAuke Kasaxcmad

*TEMUPOBA AKmapan bonamoeHa, K.3.H., accoyuuposaHHsIli npogheccop, 3a8. kagedpod, bolat39@mail.ru,
1IOCYIOBA CanmaHam AbaesHa, K.3.H., cmapwuli nperodasamens, s.yusupova@kazatu.kz,

1TO/1bICBAEBA MapicaH CoeembeKosHa, K.3.H., cmapuwuli npenodasamesns, m.tolysbaeva@kazatu.kz,
1Kazaxckuli aepomexHuyeckuli yHusepcumem um. C. CeligpynnuHa, Kazaxcmat, 010011, Hyp-CyamaH,

np. *eHuc, 62,

*aemop-KoppecrioHoeHmM.

AHHOMayus. Llenb uccaedosaHus — aHanu3 ocobeHHocmeli BHeOpeHUa cucmemsl y4ema 371eKmpoHHbIX mpyoo-
8bIx 002080p08 8 Pecnybauke KazaxcmaH. PaccmompeHs! Npu4yuHel, 4eaecoobpasHocms, HOPMAMUBHO-PABo8sIe
aKkmel, npobsaemsl u nepcriekmugsl 8HedpeHusa EOuHoU cucmemeol yvema mpyoossix 0o2o8opos MuHucmepcmsa
mpyda u coyuansHol 3auwjumel HaceneHusa PK, a makice chopmuposaHbl OCHOBHbIe 80Mpocbl pabomodamers o
pabome cucmemsi 8 npoyecce anpobayuu 8 peasbHol Npakmuke. PaccmompeHa uesnecoobpazHocme co30aHUSA Cu-
cmembl y4ema mpyodosbix 002080p08 8 PAMKAX AKMyasbHocmu 018 pabomHuKa. MoKa3aHo, Ymo 014 20cydapcmesa
MoA6759emca 803MOXXHOCMb A8MOMAMUYECKO20 MOHUMOPUH2a mpydo8bix omHoweHul. OnucaHsl MOMEHMbI 8He-
OpeHusa eduHol cucmemsbl yYyema mpyoossbix 002080po8. VcciedosaH peeaameHm obs3aHHocmeli pabomodamens
o 0b6a3amesibHOMY BHECEHUIO 8 eOUHYI0 cucmemy y4ema ceedeHulli. AKmyasibHoCme, yenecoobpasHocms u Heobxo-
dumocme BHEOPEHUSA 3M020 MPOYECCa He 8bi3bisaem COMHeEHUU KaK y pabomHuKos, mak u pabomodamereli.

Knroueesvble cnoea: 3aHAMocms, mpyodoeoli 002080p, 3KOHOOAMesbHbLIE AKMbI, y4Yem, KAaccugukamopbl, Coyuass-
HaA 3awuueHHocms, pabomHuUK.




BBeaenune

Ha ceroansammunii genn B Kasaxcrane coxpassi-
eTCs BEICOKasl 4045 HepopMaAbHOI 3aHsATOCTU B Ka-
3axcTaHe, MPAKTMUIECKN OK0AO 47% COTpyAHUKOB B
Kasaxcrane He MUMeIOT TPyAOBBIX 40TOBOPOB, OOecIIe-
YUBAIOIIVIX UM 3aIlIUTy TPYAOBBIX IIpaB.

B OGoapmmmucTse permonos Kasaxcrama co-
XpaHsercst caabas conmaabpHas —3alUIIEHHOCTDb
PpabOTHUKOB:

- 3a/0AKEHHOCTDh IO 3apaboTHoI maate B 2019
roay cocrasmuaa 5,9 MApa TeHre, HeCMOTpsI Ha BhIIlAa-
TBI 3a40/A’KEHHOCTU paOOTHMKaM B CymMMe Ooaee 5
Mapg Tenre (110 gaHHBIM KoMmurera TpyJa, conmaan-
HOJI 3aIlIUTHl ¥ MUTPaLIVN);

- 3a aAHBapb — MapT 2020 roga mo 3ammuTe CBOUX
TPYAOBLIX IIpaB B OpraHBl 40Cy4e0HOTO HopsAKa U
cyAbl oOparnancs 60aee 6000 coTpyAHUKOB;

- 3a40/>KEHHOCTH I10 3apabOTHOI 114ate 3a 4 Me-
csa 2020 roga cocrasmaa 765 MAH TeHre, 3a40AKHI-
KaMI 110 3apaboTHOI1 11aate craau 310 mpeApuaTnii;

- rocMHCIIeKTopaM1t  Ob110  11poBegero 1300
NpoBepoK, BbIsABAeHO 2013 HapyIieHmUi1, HaA0XeHO
mrpadoB Ha 66 MAH TEHTe.

BrimmreykazaHHBIe  TEHAGHIMU  ITPOAOAKAIOTCS
¢ 2016 roga, 1 cerogHs Hazpeaa OCTpasi HEOOXOAM-
MOCTD 3MEHEHMsI AaHHO CUTyaluM, ITIOSTOMY Kpo-
Me BHeApeHus I} poBoii r100aAu3aliiy IPOIeccos
yIIpaBAeHMsI IIePCOHAAOM B pecIyOAVKe, OCHOBHOI
IIPUYMHON BHeApeHUs EAMHOIN cucreMsl ydera Tpy-
JAOBBIX AOTOBOPOB CTala IadeBHas CUTYalus pocTa
HapyIIeHUII TPyAOBBIX IIpaB cOTpyAHMKOB B Kaszax-
CTaHe, 4YTO elIlle pa3 IOATBEpPKJaeT IielecooOpas-
HOCTb BHeApeHMs1 EAMHOI crcTeMBl yJeTa TPYAOBBIX
AOTOBOPOB.

PesyabTaTel MccaegoBaHMIT

HayneM ¢ TOro, 4TO IIPOEKT SBASIETCS TPETHUM
HallpaBAeHreM MMHICTepCTBa TPy4a U COIMaAbHOM
3ammThl HaceaeHns Pecrrydoankn Kasaxcran (gaaee —
MTC3H) B pamkax mporpammsl «udposoit Kaszax-
cTraH» (pUCYHOK 1).

LleaecooOpa3HOCTb CO34aHM:A CUCTEMBI ydeTa
TPYAOBBLIX AOTOBOPOB pacCMaTpUBAeTCsl B paMKax
aKTyaAbHOCTM AAsl paOOTHUKa, paboTodaTeas U To-
CyAapcTBa B 11eA10M:

- AAs paDOTHMKOB ¥ TIOTEHIIMAABHBIX KaHAM-
JaTOB OHa 3aKAI0YaeTcsl B 3alllTe OT COLMAaABHBIX
PUCKOB: HaAuM4yue TPYAOBOIO AOTOBOPa, B3HOCOB U
oTuncAeHuit B GOHABL, 3aKpeIlleHNe 00s513aTeAbCTB
paborogareast 1mepes pPabOTHUKOM, YIIPOIIEHIe
mporiecca TPyAOyCTpPOJNCTBa: He HyKeH cOOp JOKY-
MEHTOB (9KOHOMMSI Ha COOpe a4pecHOI! CIIPpaBKI, Me-
AUIIVHCKOI CITPaBKY, aTTecTaTa, AUILA0Ma, I1acIIopT-
HBIX JaHHBIX, pe3I0Me, CTa>ka paOOThI), BO3MOXKHOCTD
aBTOMaTNIEeCKOTro (POPMUPOBAHISI AMIHOTO Aea.

- Aas paborosarteseil BO3MOXeH 0Ooaee Kade-
CTBEHHBIII 110A0Op pabotHMKOB (0e3 daabcuduka-
IMII CO CTOPOHBI PabOTHUKOB IIpy OQPOPMAEHNU
pesioMe) uepe3 AOCTYyI K DAEKTPOHHOMY ANYHOMY
Jely KaHAauaata (B T.4. BO3MOXXHOCTU D/A€KTPOHHOI
Ooupxm TpyAa), paspaboTaHa ycayra aBToMaTude-

Pazpnen «xJkoHomunKa» W

Eaunas nadopmanoHHas

CUCTeMa COLMAJIbHO-
TPYAOBOM cpepbl

md O/1€KTPOHHAs 6MpKa TpyJa

AWUC "ExunHag cucteMa
y4yeTa 3JIeKTPOHHbIX
TPYZAOBBIX JOTOBOPOB

[IpoexTht MTC3H B pamkax
I'lT " HudpoBon KazaxcTan"

PucyHok 1 — Mpoektbl MTC3H B pamkax Tl

«Lndposoi KasaxcraH» (coctaBneHo aBTopom
no matepuanam cata www.enbek.kz) [1]

CKOTO yBeJOMAEHMS O BBIABAEHHBIX HapyIIEHVIIX
AZ51 OTIepaTHMBHOTO YCTpaHEHNs, a TakKe B OyAyIieM
BO3MO>XHOCTh aBTOMaTUYECKOl OTIPaBKM CTaTUCTU-
9YeCKMX OTYETOB M OTKa3a OT OyMa’KHBIX OTYETHBIX
¢opwm. V Hakonen, 40151 HepOpPMaAbHOI 3aHATOCTU
MO>KeT COKPaTUTLCA B 2 pasa, IOMUMO «BBIBOJA 3a-
pabOTHBIX I11aT M3 TeHU», OXBAT IIEHCMOHHBIM U CO-
LIMaABHEIM oOecriedeHrieM MOXKeT Bospactu ¢ 60% 40
70-75%.

Aas TocyAapcTBa MOSABAAETCS BO3MOXKHOCTD aB-
TOMaTUYECKOTO MOHMTOPMHIA TPYAOBBIX OTHOIIIE-
HUM, COOAIOAEHIST 3aKOHOAATEABHBIX aKTOB B 4acTU
OXpaHbI TPyAa U TPYAOBBIX CIIOPOB, KOHTPOAS IIOCTY-
IIA€HUI HaA0TOB B OI0AYKET, B3BHOCOB M OTUMCACHUI B
¢oHawI, oIepaTMBHOTO YBeAOMAEHIISI O COKpaIleHNI
pabodnx MecT.

B mae 2020 roga scrynua B geiictsue 3akoH PK
ot 04 mast 2020 roaa No321-VI «O BHeceHUU namMeHe-
HUII U1 AOTIO/IHEHNII B HEKOTOPHIE 3aKOHOAATe/AbHLIE
aKTBI IIO0 BOIpOCaM TpyAa», KOTOPBII OIlpeAeAna
00s3aHHOCTH paboToAaTeAs] BHOCUTH MH(POPMAIINIO
0 3aKAI0YEHNM U IIpeKpallleHnN ¢ paDOTHIKOM Tpy-
AOBOTO JOTOBOPA, BHOCUMBIX B HETO M3MEHEHIX U
(namn) gonoanenumsx [2].

PeraameHT Taxke 4aCTMYHO O3BY4eH B 3aKOHe
Pecniy6ankn Kasaxcran ot 07 suBaps 2003 roga No
370 «Ob 9AeKTPOHHOM JOKYMEHTEe M DAEeKTPOHHOII
umudposoil noanucu» [3]. B meaoM, HOpMaTUBHYIO
IIpaBOBYIO Oa3y MBI MOXKeM HabA104aTh Ha PUCYHKe
2.

B craTbe ocraHOBUMCS Ha CA€AYIOITNIX MOMEHTaX,
KOTOpbIe OTPa’kaloT (pakT BHeAPEHN eAVHOI CHCTe-
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BHECeHHH H3MeHeHHI H
JIOTIOIHEHHIT B HEKOTOpEIe

PucyHok 2 — HINA cucrembl y4eTa 3/1eKTPOHHbIX TPYAOBbIX A0roBOpoB
(coctaBneHo aBTopom no matepuanam caita MTC3H PK)

MBI yqua prAOBI)IX AOI’OBOPOB n peI'AaMeHTI/IpyIOT
00s3aHHOCTH paboTogareas IO 00A3aTeAbHOMY BHe-
CEeHMIO B eAVMHYIO CUCTEMY yJeTa He TOAbKO CBeAEeHMII
0 3aKAIOUEHUN TPYAOBOTO AOTOBOPa, HO U 00 M3Me-
HEeHIIX U AOIIOAHEHUAX B prAOBOI?I AesTeAbHOCTU
COTPYAHUKA.

IMoanynkr 35-1) nyukra 1 craten 1 Tpyaosoro
kozekca Pecrrybanknu Kaszaxcran ¢ msmeHeHMSIMN 1
aonoanenusamu ot 04 mas 2020 roza (aaaee — TK PK)
CAeAyIOIIEeTO COAEP KaHIL:

«Edunaa cucmema yuema mpydosvix 002060p06 —
UHPOPMAUUOHHAL cucmema, npedHASHAUeHHAS OASL as-
momamusayuy yuema mpydogolx 002060p06, MpPYo060ii
0es1meAbHOCINY U HUCACHHOCHIU PAdOMHUK06», ITO TOBO-
pI/IT HaM O Cl)yHKLU/I}IX CHCTEMBI ITO aBTOMaTuU3alium
y4yeTa TPYAOBBIX AOTOBOPOB, TPYAOBON AesSTeAbHO-
CTM M IITaTHOM YMCAEHHOCTH, 00/€ee TOrO B IIPOEKTe
MTC3H PK perucrpanmsi TpyaoBoil AesTeAbHOCTI
COprAHI/IKa nu CepBI/IC peI'I/ICTpaL[I/II/I IIITaTHOTO pac—
IIVICaHMsI, 9TO AaeT BO3MOJKHOCTU BeAeHIVIsI 0oaee
KaueCTBEHHOI aHaAUTUKU ABVIDKEHIIsT HepCOHa[la B

paMKax pecryOANKN.

IMoanynkr 27) mynkTa 2 crateu 23 TK PK caeay-
IOIIIETO COAep>KaHIIA:

Paborogarean obs3aH:

«Brocumv ungpopmanyuto o 3aKiroueHuu u npexpa-
ueruy ¢ pabomuukom mpydo6o20 002060pa, GHOCUMDLX
6 He2o usmMeHeHusx u (UAu) 0oNoAHeHUAX, cO0ePXKauUxX
ceedetius, npedycmomperitvie nodnynkmamu 1), 2), 3),
4), 5) u 13) nynxkma 1 cmamou 28 nacmosiuezo Kodexca,
6 eounyto cucmemy yuema mpyoosuix 002060p06 6 nopso-
Ke, ONpedeAeHHOM YHOAHOMOUEHHVIM 20CYO0APCHIBEHHbBIM
opeaHoM 1o mpyody», peraaMeHTUpyeT OOsI3aHHOCTH
paboTroareasl BHOCUTh MH(POPMAIINIO O 3aKAIOUe-
HUM ¥ pacTOP>KeHUU TPYAOBOIO JOTOBOPa, a TakKe
M3MEHEHVISIX U AOTIOAHEHSIX, HO TOABKO Te€X, KOTO-
pble cogepsKaT CAeAyIOlue CBeAEHI: PeKBU3UTHI
CTOPOH, pabOTy IO OIpeAeAeHHON CIenaabHOCTH,
npodeccny, KBaanpuUKauy UAU A0AKHOCTU (TPY-
AOBYIO (PYHKIIMIO), MECTO BBIIIOAHEHNsI pabOTHI, CPOK
TPY40BOTO AOTOBOPa, AaTy Hadasla paOOTHl, AaTy 3a-
KAIOUeHI U IIOPsIAKOBBI HOMep [4].

ITpu paspaborke mpoekra MTC3H ncnoanzoban
onbIT DctoHnM U AszepOaiiiKaHa. DTU CTpaHBI yKe



BHEAPUAN TOCYAapPCTBEHHYIO CHCTEMY ydeTa TPyAO-
BBIX JOTOBOPOB, KOTOpas ITOKa3aaa cBOIO 9(ppeKTus-
HOCTb B IIPUPOCTe KOAMIECTBa TPYAOBBIX AOTOBOPOB
Ha 72% 3a mepsbiii kBapTaa 2019 roga mocae Tpex me-
CsI11eB BHEPEHNS CICTEMBI.

DAeKTpOHHasl CUCTeMa perdaMeHTHpPyeT IIpo-
1IeCC 3aKAI0YEHNST DAeKTPOHHOTO TPYA0BOIO JOTOBO-
pa, perucrpauyumu B TOoCyAapCTBEHHOM XpaHNAMNIIIE,
yBegoMAeHUM paboroaTteas n pabDOTHMKaA, a TaKKe
OTBETCTBEHHOCTh paboTojaTeas 3a HeCBOeBpeMeH-
HYIO PerCTpanuio TPyA0BOTO AOTOBOpa, HE TOABKO
aAMIUHUCTPATUBHYIO, HO U YTOAOBHYIO (Ha IIpuMepe
Aszepbarigxana) [5].

ITaanoseie MmeponpusaTusa MTC3H PK Takke Ha-
IIpaBAeHbI Ha ONITUMM3AIINIO IIPOIIECCOB 4451 paboTo-
JaTeAs M pabOTHIKA: CePBIIC aBTOMaTIUIeCKOTo (op-
MIpPOBaHUs pe3I0Me, CePBIIC PETUCTPAIMI IITaTHOTO
pacmucaHus, MHTerpalys C TOCYyAapCTBEHHBIM ap-
xuBoM PK, nnrerpanmsa ¢ M3 PK B yactu nnposepkn
ITOAAVHHOCTY 0OABHUYHOTO AMCTa, MHTerpauys ¢ BC
PK B wactM mpoBepKM IOAAMHHOCTY HaXOXKAEHI
paboTHIKa B CyAe U APYTVie MEPOIIPUATIL.

Aas onTMMM3anuU IIpoIiecca IMIOHEPOM IIpo-
ekra — rpynmoi IT-kommanmit «Profi Soft» (ropog
Kocranair) 6p110 paszpaboTaHo UHTErpuUpOBaHHOE
IIPI/AOKEHNE, KOTOPOe IIO3BOAAET IIPeApPVTUAM
¢ 604BIIIOI YMCAEHHOCTBIO COTPYAHMKOB OBICTPO U
6e300a1e3nenHo BHecTu nHdopmanuio 8 ECYT/ mo-
CpeACTBOM MHTETpallMyl BHYTpeHHel MH(OpMaIn-
OHHOI1 cHCTeMBbI nipeanpuATusa u cucreMsl MTC3H
PK [6].

Ha 1 mast 2020 roaza B cucreMe HaxoauTcst 1 MAH
328 ThICSY TPYAOBBIX 40TOBOPOB, ITOAKAIOUEHO Doee
28000 paboTtogaTteaeii 1 mpoliecc pogoaxaercs [7].
ITocae sakperiaeHus oOA3aHHOCTM padoTojareas B
Tpyaosom kogexce 2020 roga 4mcA0 3apernucTpupo-
BaHHBIX paboTOogaTesell BO3POCAO B pasbl, IOTOMY
3a OTCYTCTBUE PeryucTpanuy TPyJOBBIX 4OTOBOPOB B
ECVYT/ sakpenieHa aAMUHNICTpaTUBHas OTBETCTBEH-
HOCTh. HeoOxoAMMO MHOHMMATh, YTO permcrpanyis
TpyA0BbIX g0oroBOPOB B cucteMe MTC3H PK sBaser-
Cs1 TIEPBBIM IIIarOM BHEAPEHIL I100aAbHOM B paMKax
Kasaxcrana crcrems! e-hr.kz, xoropast aBromaTusu-
PyeT yIpaBAeHue IIepcoHal0M B paMKaX BCell pecIIy-
641Ky 1 momoxeT >$PeKTUBHO U aseKBaTHO BECTU
MOHUTOPVHI, aHaANU3 ¥ CTaTUCTUKY ABVDKEHIS TPY-
JAOBBIX PECYpPCOB I PBIHKa TpyJa.

CMNCOK JINTEPATYPbI

Pazpnen «xJkoHomunKa» W

BuiBOoABI

B pesyabraTte arpobariuy TeMbI 1 OOCY>KAEHIL C
paboTozaTeAs M1 BO3HUKAIOT CA€AYIOIIVe BOIIPOCHL:

- KakoBsl cpokn BHeCeHUsI TPyAOBOI AesITeABHO-
cru pabotHuka B ECYTA;

- HeoOxoAmMO A1 BHECeHIe HOBBIX COTPYAHUKOB
B ECYT/ B 2eHb IpreMa pabOTHUKA;

- ByayTt an peraaMeHTHpPOBaHbEI CPOKH, ITOPAAOK
u TpeboBaHus B IlpaBmaax mpejcraBaeHMsI U IIO-
AY4eHMs CBeJeHUII O TPYAOBOM AOTOBOpE B €AVHOI
cucTreMe ydeTa TPYAOBBIX AOTOBOPOB, KOTOPHIE MBI
oxugaeM B uioze 2020 roaa;

- CoxpanuTcst A1 00A3aHHOCTH pabOTOAaTeAs 110
IIPYOPUTETHOMY BHECEHMIO MHPOPMAaLIUI O COTPYA-
HIKaX, BBIXOASIIIMX Ha MEHCUIO B OAVKaNIINe ABa
roZa, 9TO MBI MOTAM HabAI04aTh B 3aKOHOIIPOEKTE;

- B xakoi1 mepmos HayHYT (PYHKUVOHMPOBaHNE
CEepPBIUCHL IO PerucTpaluyy TPYAOBEIX AOTOBOPOB Ha
ApYIuX I POBHIX ITAaTdOpMax, TaKUX Kak e-gov.kz;

- Byaer an paspaboraHo MoOmAbHOE MPIAOXKe-
HIUe AAS AQHHBIX PYHKIUI A5 yAaA€HHOTO AOCTyIIa
paboTogaTeas;

- HeoOxoamMoO AM BceM A€MICTBYIOIINMM U ITOTEH-
LMaABHEIM COTPYZHMKaM IIOAy4aTh DAEKTPOHHYIO
IM(PPOBYIO MOAINCH, YIUTHIBAs, YTO PErMCTpaLsl
gyepe3 nopraa e-gov.kz B Oyaymem ¢opmar moamu-
canmst yepes DLIIT paborosareas 1 pabOTHUKaA;

- byaer am paspaboran u yHMPUIIUPOBaH eAl-
HbII maba0H Tpyaosoro gorosopa 8 ECYTA B coot-
seTcTBuM co cratveit 28 TK PK, moromy xak cerogH:I
IIPaKTUYECKN Ka’K40€e IPeAIpUsTIe COXPaHseT CO0-
CTBEHHBIN (opMaT TPYA0BOTO A0TOBOPa;

- Ilpeanioaaraercss am paspadorka B ECYTA
JyHKUVMIM A00aBAE€HUA AOAXKHOCTEN, HEe BXOASIIIX
B €AUHBIN KAaccupUKaTOp, OTOMY KaK B IITaTHBIX
pacIMCcaHmsIX MPeATIPUATUIL CYIIeCTBYIOT AOAXKHO-
CTII, KOTOPBIE HE BXOAAT B CIIPaBOYHIK;

- Koraa y xkagposukos 1 HR OyaeT Bo3MO>KHOCTD
OCeTUTh caiT e-hr.kz, KOTOPBIN ceifyac HaXOAUTCS B
CTaauu pa3dpabOTKIL.

Borpocos 1o mporieccy BHeApPEHMUs CHCTEMBI
9AEKTPOHHBIX TPYAOBLIX AOTOBOPOB CETOAHS OCTa€T-
cs1 0ObIIle, YeM OTBETOB, OAHAKO aKTyaABHOCTS, Iie-
21ecoo0pa3HOCTDb ¥ HEOOXOAUMOCTD BHEAPEHNUS DTOTO
IIpoliecca He BBI3bIBaeT COMHEHNII KaK y paDOTHIKOB,
TakK 1 paboTogaTeaell, He TOBOPs y>Ke O IOAe3HOCTIU
CHUCTEMEBI A5 TOCyJapCTBa VM OOIIIeCTBa B 11€10M.

1. OduumanbHbIi cait MTC3H PK https://www.gov.kz/memleket/entities/enbek?lang=ru

w N

. Tpymosoit Kogekc PK. https://www.mikosoft.kz/trudovoy-codex-2016.html#st_23
. 3aKkoH Pecny6amku KasaxctaH « 06 3/1eKTPOHHOM SOKYMEHTE M 3/1eKTPOHHOW undposoit noanucu» ot 07 sHeaps 2003 roga Ne 370,

OENCTBYIOWMIA C M3MEHEHUAMM U aononHeHuamu ot 06.04.2021 https://kodeksy-kz.com/ka/ob_elektronnom_dokumente_i_

tsifrovoj_podpisi.htm

. dneKTpoHHasa bupska Tpyaa. https://www.enbek.kz/ru
. Tpynna komnawHui1 Profi Soft. https://profi-soft.kz/
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. Tpymosoit Kogekc PK. https://www.mikosoft.kz/trudovoy-codex-2016.html#st_23
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Kazakcman PecnybaukacoiHOa 3n1eKmpoHObIK eHbeK wapmmapbiH mipkey xcylieciH eHzi3y epekwenikmepi

T*TEMUWPOBA AKmapan b0aamoeHa, 3.f.K., KaybiMOacmbipblaraH npogeccop, Kageopa meHaepywici,
bolat39@mail.ru,

1HIOCYMNOBA CanmaHam AbaeeHa, 3.f.K., GFa OKbimyuwsl, s.yusupova@kazatu.kz,

1TO/IbICBAEBA MapxcaH CoeembeKo8Ha, 3.f.K., ara okbimyuwsi, m.tolysbaeva@kazatu.kz,

1C. CelighynnuH amelHOOFbI KA3AK 02p0MEXHUKAAbLIK yHUBepcumemi, KazakcmaH, 010011, Hyp-CyamaH, KeHic
OaHfFbisnbl, 62,

*aemop-KoppecrnoHOeHm.

AHOamna. 3epmmeydiH makcamel — KazakcmaH PecriybauKkacbiHOa 371eKMpPOHObIK eHbeK wapmmapsiH ecernke any
wylieciH eHeizy epekwesnikmepiH manday. KP EH6eK »#aHe XanblKkmel ageymemmik KopFay MUHUCMPAi2iHiH eHbek
wapmmapslH ecernke anyobiH 6ipbiHFal xcylieciH eHeizyOiH cebenmepi, 0pbiHObIAbIFbI, HOPMAMUBMIK-KYKbIKMbIK aK-
minepi, npobaemanapsl MeH nepcrnekmueanapel Kapanodsl, COHOAl-aK HaAKMel MPakmuxkada anpobayusanay nPoyeciH-
Oe ylieHiH #ymMbicbl 6olbIHWA HYMbIC bepyWwiHiH Hezi32i macenesnepi Kaabimmacmeolpblndsl. Keiamemkep ywiH 63eK-
minik ascelHOa eHbeK wWapmmapbiH ecenke any ucylieciH KypyoblH 0pbiHObIAbIFLI KAOpacmeolpsladsl. Memaekem ywiH
eHbeK KambIHacmapsiH asmomammel mypoe 6aKbinay mMmymkiHOi2i 6ap exkeHOiei kepcemineeH. EHbek wapmmapbiH
ecenke anyobiH bipeIHFali xcylieciH eHeizy commepi cunammanraH. *ymeic bepywiHiH maanimemmepoi ecenke anyoblH
bipbiHFrali #cylieciHe miHOemmi mypoe eHzidy #eHiHOe2i MiHOemmepiHiH peanameHmi 3epmmendi. byn npoyecmi eH-
2i3y0iH e3eKminiai, 0pbIHObI/bIFbI HIHE Kaxtemminiei HyMbICWblAap MeH HYMbic bepywinep apacbiHOa KyMaH myobip-
malioel.

Kinm ce3dep: xcymoicrieH Kammy, eHbeK wapmel, 3aHHAMAbIK GKMinep, ecenke any, Xikmeyiwmep, aneymemmik
KopFasy, Kbi3memekep.

Features of the Implementation of a System for Recording Electronic Labor Contracts in the Republic of Kazakhstan

T*TEMIROVA Akmaral, Cand. Econ. Sci., Associate Professor, Head of Department, bolat39@mail.ru,
1YUSUPOVA Saltanat, Cand. Econ. Sci., Senior Lecturer, s.yusupova@kazatu.kz,

ITOLYSBAEVA Marzhan, Cand. Econ. Sci., Senior Lecturer, m.tolysbaeva@kazatu.kz,

1S. Seifullina Kazakh Agrotechnical University, Kazakhstan, 010011, Nur-Sultan, Zhenis Avenue, 62,

*corresponding author.

Abstract. The purpose of the study is to analyze the features of the implementation of the system of accounting for
electronic labor contracts in the Republic of Kazakhstan. The reasons, expediency, normative legal acts, problems and
prospects for the implementation of the Unified system for recording labor contracts of the Ministry of Labor and Social
Protection of the Population of the Republic of Kazakhstan are considered, as well as the main questions of the employer
on the work of the system in the process of testing in real practice. The feasibility of creating a system of recording labor
contracts within the framework of relevance for the employee is considered. It is shown that for the state there is an
opportunity to automatically monitor labor relations. The moments of introducing a unified system for recording labor
contracts are described. The regulations of the employer's obligations for mandatory inclusion in the unified information
recording system have been investigated. The relevance, expediency and necessity of implementing this process is beyond
doubt for both employees and employers. Republic of Kazakhstan.

Keywords: employment, employment contract, legislative acts, accounting, classifiers, social security, employee.
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Memaekemmin, DlQXemmik mycimgepiH xocnapaay

LUAMMEPLIEHOBA Poimmaii TOKeHO8HaQ, 3.F.M., GFa OKbImywibl, rima71@mail.ru,
KaparaHObl mexHuKanelK yHUusepcumemi, Kazakcmad, 100027, KaparaHoel, H. Hazapbaes 0aHfbinbi, 56.

AHOamna. MakanaHbiH MaKkcamel — memMsaekemmiH 6r00xemmik mycimoepiH #ocrnapaay epekwenikmepiH Kapa-
cmoipy. Takbipbin byeiHzi KyH ywiH eme e3ekmi. Kapcol xcyleciHiH HapbIKMblK 3KOHOMUKAHbIH 0amybl meH mabbl-
CMbI HCYMbIC icmeyiHiH e3e2i yaHe mymacmali anFaHOa 3KOHOMUKAHbIH 6Cyi MeH MmYpaKmblablFblHbIH Kaxcemmi
anfeiwapmel 60b6IMN CAHAAAMbIHObIFLI KapacmeipblaraH. MakanaHelH 3epmmey obvekmici pemiHde KazakcmaH
PecrnybauKacbIHbIH Kapxbl #cyleciH Kypyodarsl meMaeKkemmiH MaHbi30bl MiHOemmepiHiH 6ipi 6oabin mabbinamesiH
Hezizei pakmopnapel 60a6in mabelaadsl. On 6yKin KOAOAHbICMAFbl SKOHOMUKAHbIH Hezi3i 601006l #aHe ce3ci3 eme
MaHbI30bl pesa amyapadsbl. Kapcsl dcyleciHin Hezizei KomnoHeHmMmepiHeH 6acka, apbip dameiraH endiH Kasipai Ke-
3eHO0e beneini bip 6uikmepae 3emyee MyMKiHOIK 6epemiH 63iHOIK epeKwenikmepi 6ap. *Hymsicma memaekemmik
b6ro0xemmi xcocnapaayoarel wiem endik maxcipubenepdi 3epmmey Homuxenepi KeamipinzeH.

Kinm ce30ep: 6100x#em, 3KOHOMUKA/bIK 6Cy, MeMaeKemmiK Kapxbl, yKimem, memaekemmik 6r00xem, 6o0xem-
MmiK ¥ocnapnay, memaekemmik Kipic, MeMmaekemmik (pyHKUYUA.

Kipicmre

MeMmaekeTTiK KapKbl — Oya MeMAEKeTTiH op-
TaAbIKTaHABIPLIAFAH aKIlla KOPBIH KYPY >KoHe OHBI
yAaibl ©HAIPY >KoHe KOFaMABIK KasKeTTidikrepai
KaHaraTTaHABIPY MakcaTblHAa MalijadaHy apKblAbl
KOFaM/ABIK OHIMAepAiH KYHBIH 004y KoHe KaliTa 0eay
nporiecinge MeMJAeKeT IIeH KOFaMABIK ©HAipicTiH
0acka KaTBICYIIBLAaPBl apackblHAA TYBIHAANTBIH KO-
HOMMKaABIK KaTbIHacTap.

MewmekeTTik Kap>kbl — Oya 6eariai 6ip yakbIT Ke-
3eHiHe, HeriziHeH Oip >KbLAfa apHaAfaH MeM/EKeTTiK
KipicTep MeH IIBIFBICTapABIH Kap>KBIABIK, >KOCIIaphl.
OHnga MeMaekeTTiK Kipic KesJepi, coHjali-aK Ka-
pakarTsl >XyMcay OarbITTapbl MeH apHalapbl Kep-
cetizeai. MeMaekeTTik OI0AXKeTTi YKiMeT a3ipaerial,
OHBI >KOFaphl 3aH OpTraHJapbl KaOblaAailgbl >KoHe
OexiTeai. broaxxerrin aTkapblaybl OapbICBIHAQ 04
ilmiHapa KaliTa Kapaaybl MyMKiH. bapabiK gemokpa-
TUSABIK MeM/eKeTTeple MeMAEKeTTiK OI0AKeTTi Ka-
oplagay llapaamMeHTTiIH MaHBI3ABI ©KiAeTTiKTepiHiH
0ipi 6oabI TabBLAAABL

Kap>kbiabIK KaTbhIHaCTapAblH aAyaH TYpAidiriH-
Ae Keibip >KaAIbl epekIleaikTepiMeH epekiiese-
HETiH OKIIlayAaHFaH caJalapApl aXKeIpatyra 601aAbl.
Ocplaaiiilia, MeMAEKETTiH IapyallblAbIK XY PridyIi
cyObeKTiZepiMeH >KoHe XaABIKIIEeH Kap>KbIABIK Ka-
TBIHACTaphl >KaAIlbl 9A€yMEeTTiK ©HiMAl KYHABIK
0o/AyAiH epekille calachlH Kypaigbl >KoHe KOFaM-
ABIK Ka>KeTTiAiKTepai KaHaraTTaHABIPY YIIiH OpTa-
ABIKTaHABIPBIAFAH aKllla KOPbIH KaABIITaCTBHIpyMeH
>KoHe NaligalaHyMeH OaliaaHBICTHL. bya Kap>KbBIABIK
KaTbIHACTapAbIH KMBIHTBIFBI «MEeMAEKeTTiK 0104 KeT»
YFBIMBIHBIH ®KOHOMUKAABIK Ma3MYHBIH Kypariasl [1].

MemaekeTTiK 0GI0AKeT Kap>KBIABIK KaThIHAacTap-
AbIH Oearizi Oip >KUBIHTBIFEI peTiHAE, €H alAbIMEH,
JKaATbl Kap>KBIABIK KaTeropusJaH epeKIleaiKTep-

MeH curarrajaAbl: OIOAXKETTiK KaThlHacTap OKIIa-
yAaHFaH, opKalllaH akIllaJail Typae >Ky3ere achl-
phlaasbl >KoHe MaKCaTThl akKllla KapaKaTTapblH
Ka/BIIITaCTBIPy MeH IalijalaHyMeH Oipre >Kypeai.
MemaekeTTik OI0AKeT, Ke3-KeareH Dacka DKOHOMI-
KaABIK KaTerOpMs CUAKTHI, ©HAIPICTIK KaThiHac Oo-
ABIIT TaOBLAAABL >KOHE OFaH COMKeC KeAeTiH HaKThI
MaTepuaaAblK >KoHe MaTepuaaAblK HbICaHAApPAbI
6iaaipeai: 6104KeTTiK KaTbIHacTap MeMAEKETTIH Op-
TaABIKTaHABIPBIAFAH aKIIla KOPhIHA-0I0A>KeT KOpbIHa
OpPHaAacCThIPbLAAABL.

MemaekeTTik Or0aXKeTTi
OarpITTapbI

MemaekeTTik OIOAXKETTiH KON KBIPABI MaHBI3-
ABIABIFBIH €CKepe OTBHIPBII, OHBl ®KOHOMUKAABIK Ka-
Teropusl >koHe MeMAeKeTTiH OpTaAbIKTaHALIPBIAFaH
akIlla KOpHI peTiHAe FaHa eMec, COHbBIMeH Oipre Heris-
Ii Kap>KbIABIK >KOCHap, 91eyMeTTiK-DKOHOMMUKAABIK,
peTTey MexaHU3MIHIH >KMBIHTBIK TY>KBIPBIMJAaMachl
peTiHge KapacThIPBII KOpeltiK.

broaxer  xipicrepi MbIHaaapAbIH
KaABIIITacThIpblAaAbl:

- caabIK TyCiMAepi, DMUCCHUsAAAH TYCeTiH KipicTiH
85%-Fa >KYBIFBL;

- MeM/EeKeTTiK Oaraabl Kara3gapAbl MOHETH3allV-
sAay XKoHe 04apablH 6acka 4a Kipicrepi;

- 00AMUTanUAABIK KaphI3jap TYpiHae JKoHe T. 0.

broaxer  mIbIFRICTApPBl  MBIHadail  OarbITTap
OOIIBIHIIIA JKY3€eTe achIphLAabl:

- OHEPKACiIl (6CiMAIK IITapyaITbLABIFE KoHe T. 0.),
XaABIK IapyaIlIbLABIFB CadalapblH Kap>KblAaHALIPY;

- XaABIK IapyaIlbLABIFBIH KOpFay, COT Omairi
>KoHe T.0.

2020 >KBIAFBI KaHTap-Coyip apaablFblHAQ MeM-
aAexeT O1o0axeTiHe 3,4 TpAH TeHre CaablK ToAeMAepi

JXOCIIapAayAbIH

Heri3iHae
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tycti. Tabsic >xocmapsr 103,9% opsiHgaaAb. Pecry-
04MKaabIK OIOAKeTKe TycKeHi 1,7 TpAH TeHTre Kipic.
Comngaii-ax, Kasipri yakpitta YKiMeT 94eyMeTTiK-DKO-
HOMMKAABIK TYPaKTBIABIK II€H >KYMBICIIEH KaMTyAbl
KoaJayFa OarbITTaaraH AaFjapbiCKa Kapchl Iapajap-
ABL icKe acpIpyJa >KoHe, opMHe, OTaHABIK OM3HeCTi
KOA4ay.

CoHbpIMEH KaTap, CaAbIKTBIK >KeHiAAikTep MeH
>KeHiagikrep 6ap. bya kasip Myaik caabrFsl, Xep ca-
ABIFBI, YK€Ke TaOBIC CaAbIFbl OOVIBIHIIIA HOAAIK MOA-
mepAeMe KOAAaHbLAATBIHBIH OiaAipeai.

Caanlk, akinsaep xoHe DKb. bya mapa 134 mb1g
Ca/bIK TeAeyIIlire KaThICTHI, a1 CaAbIK COMAacHI I1ama-
MeH 205 MApA TeHTeHi KypaiAbl.

Congaii-ak IIarblH >KoHe OpTa OM3HeC YIIiH ITa-
padap KapacThIpblAFaH caAbIKTap OOIBIHING HOAAIK
cTaBKadapAbl OocaTy Hemece KOAAaHy OOJBIHINA 6
aitra, CTH >xoHe )kaaakbl KOpbIHaH 94€YMeTTiK CaAbIK
(ipi OusHec cyObekTizepi 1 kasaHra geiiin). O3 Kese-
ringe 6ya mapa 70 MBIH caabIK TOAEYIITiHI KaMTBIABI
>koHe comachl mamamen 200 MApA TeHTreHi KypaAbl.
MemaekeT coHgali-aK KOCbIAFaH KYH CaABIFbIHBIH
MeJllepeMeciH ToMeHAeTy OOJIBbIHINA IIapa KabbLa-
Aaarl, sFHn 12%-aan 8%-Fa geviin TemeHAeAl. MyHAa
ecerTeATeH cOMa ©TKeH Ke3eH IllaMaMeH 9 MAp/, TeH-
reli Kypaapl. MemaekeTTik OIOAXeTTiH KipicTepiH
KeJeci cypeTTeH Kopyre 604aAbl.

bip TokcaHAa MeMAeKeTTik OI0AKeTKe 2,7% TpAH
TeHTe TyCTi, sIFHU >Kocrmap 104% opwiHAaaabl. Artan
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aiftkadaa, Herisri gegoar comacer KTC sxone KKC
6oapm TabblaaAbl. CBRIPTKBI HApBIKTHIK (paKTOpAap-
ABIH dcepi >KocHapAblH OpbIHAAaAMayblHa oKeAeai.
Erep Herisri 9KCopTTHIK TayapAapAblH OarachlH ©T-
KEeH KbI/IMEH CaABICTBIpcaK, coMa 19%-fa, aa >xb1a Oa-
cbiHaH 15%-ra Tomeneai. bya yiin e TepT aii imin-
A€ KbI3MeT KOpCeTy cajajapblHaH TYCeTiH TyciMaep
azanapl. EHAl MeMekeTTiK OIOAXKeT IIBIFBIHAAPBIH,
IITBIFBIHAAPABL  KAPaCTHIPBIHBI3: O104XeTTiH 97,7%-
ra, Pecrrybamkaaplk 0O104ketTiH 98,6%-Fa OpPBIH-
AaaABl, XoHe Xepriaikri O104xeTrepaeH — 97,1%-ra
OPBIHAAAADL.

Tex 2020 >XblaABIH KaHTapblHAQ MeMAEKeTTiK
O104xeTTiH Kipictepi 2019 XblaAbIH KaHTapbIMeH ca-
ApIcThIpFadaa 31,7%-fa octi xoHe 1,1 TpaAH TeHTere
keTTi (kepcetkim 853,07 6oaraH Ke3ge MApPA, TT).

Erep 2018 >xplaMeH caabICTBIPFaHAa MEMAEKeTTiK
0104KeTTiH Kipici 883,29 Mapa TeHreHi KypaAbl.

2020 >KBLABI MEMAEKETTIK OI0AKETKE CaABIK TYCiMi
8%-ra Temenaer, 521 MuaaMap TeHTeHi Kypaabl.

OJeyMeTTiK caablKTaH TYCETiH TyciMaep coMacsl
2019 >xpLaBI 46 MUAAMapJ, TEHTEH] Kypaabl, aa OMbLA
20%-¥ra, A9aipek aiTKaHAa 56 MUAAMAP/A TEHTeTe Aeli-
in yaraniapl. Jerenmen, erep 2019 >xplaMeH caabic-
TeIpFaHAa 99,7 Muaamaps TeHre 0oaca, XaAbIKapa-
ABIK cayJa MeH CBIPTKBI orepalmslapdaH TycCeTiH
caAbIK TycCimi ToMeHJerl, 42 MApPA TeHTeHi Kypaabl.

CaapIKTHIK eMec KipicTepaeH TycKeH coma Oip
Kbiaga 1,2%-ra Temenger, 19,6 Muaamapz TeHTeHi
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Kypaasl. MeMekeTTik 6104KeTTe Heri3Ti Kypaagap-
ABL caTyJaH TyceTiH Tycimaep 12%-fa 7,9 Mmapa TeH-
rere AeliiH yAFaiiAbl, al TpaHCcPepTTiK TyciMaep co-
MaceI 2019 >xpraMeH caabICTBIpFaHAa 2 ecere yAFraiAbl
>KoHe 575 MApA TeHIeHi Ky paabl.

MemaekeTTik OMOAXKETTI
mieT eAAiK TaxXipube

Ocpl opaiiga Kap>KbIABIK, >KOCHapAayAblH IIle-
TeAAiK ToKipmOeciHe KO3 XyTipTeTiH 00/caK, COHFBI
>kubpIpMa >Kbia imnige Kertait Xaawsik Pecrybanka-
ChIHAA MeMAEKeTTiK >KOcIlapAapAblH KaAbIIITacybl
CTpaTeTnAALIK peTTeyre OarbITTadfaH. bya esrepi-
crepaiy xemmriairi 2000-2005 >Kbplagapbl OHBIHIIIEI
6eC)KBLAABIK 4aMy >KOCIIapBbIH JaliblHAAy Ke3iHAe Ka-
6n114au451. Kerrariaeg 4CY-fa Kipyine OaillaaHBICTEL

Crparernsanslx, MiHe3 — KYABIKTBIH OyA >KeaiciH
Kerrart Xaasik Pecrry0amkacblHBIH OacCIIBLABIFEL OY-
TiHI KyHre AeliH KOAaaliAbl, HapbIK pecypcrapAabl
H6eayae memrymni monre me. 2013 >xpragan Gacram
KBITall KOFaMBIHBIH OapAbIK casdadapblH pedopma-
Aay OargapaaMackl OeKiTiaai, OHBIH Herisri Makca-
TBl YKIMeT IleH HapbIKTBI 001y, COHAail-aK epKiH
HapBIKTBHIK KaTbIHACTapAbl AaMBITY VIIiH OapAbIK
JKargaiidapasl >Kacay Ooabin TaOblaagbl. JKaarsr
aaraHga, KXP-garer Crparermsanplx —>Kocmapaay
KYlieci y3akK Mep3imai >KkocrapaayAbl, OpTa Mep3imai
>KocHnapAaayabl XKoHe KBICKa Mep3iMAl JKocIapAaayAbl
KaMTUABI [2].

Kerrar Xaasix PecrrybGamKachHbIH Y3aK Mep3iMAi
H6oaxaMapbIH 93ipaeyre F'pLABIM aKaJeMUSICHI, COH-
Aait-ak MemaekeTTik KeHec rieH ea4iH 4aMy >kaHe pe-
dopmazap icrepi KOMUTETIHIH 3epTTEy OpTaAbIKTa-
PBI KaTbIcaAbl. boakaMaap HapbhIKTaFbl CypaHbIC IIeH
YCBIHBICTBIH AaMYbIH OaraaayAbl, COHAal-aK Myadeai
BE4OMCTBOAAap MEH e4 oHipAepiHiH mikipaepiH ecke-
e OTBIPHII JKacalaapl.

¥3ak MmepsiMai gamy Oargapaamachl iIIKi Ma-
MaHgapZaH OYpBIH 93ipAeHreH Goa’KaMAapAbl ecKe-
pe OTHIPBII, COHAal-aK IIeTeAAiK KOMITaHusAAap
MeH XaablKapaablK 9KOHOMMKAABIK YIBIMAAapAbIH
H6oaxaMaapbelH Oaradayasl eckepe OTHIpHII, KwuITai
Pecniy6amkacsl MeMaeKeTTiK KeHecCiHIH YCBIHBICTa-
pBl HeTidiHAe KaABIITacThIpbLAaABl. Y3akK Mepsimai
AaMy OargapaaMachlH o3ipaeyre >KayamTbl OpraH
JaMy >koHe pedopMa icrepi >KeHiIHAETI MeMAEKeTTIiK
KOMHUTET OOABII TaOblAaabl, aa ByKiAKbITallABIK Xa-
ABIK ©KiaAepi KaybIMAaCTLIFBI OaFdapaaMaHbl OeKiTy-
re >KayaIlThl. ¥3aK Mepsimai gamy Oardapaamacs
eAAiH y3aK Mep3iMai cTpaTermschlH aiKbIHAANTBHIH
HOPMAaTUBTIK Ky>KaT O0ABIII TaOblAaAbl, KbITall KOFa-
MBIHBIH aaAAblHAA TYPFaH Herisri MakcaTrrap MeH
MiHAeTTepal, COHAall-aK OAapAblH OPBIHAAAybIHA
>KayamrThl BeAOMCTBOJAapAbl OekxiTeai, AamMyAblH Oa-
CBIM caZajlapblH KepceTedi. ¥3ak Mep3imai Oargap-
ZaMa opTa Mep3iMAi Oec JKBIAABIK AaMy >KocIapaa-
PBIH >KoHe KbICKa Mep3iMai >KBLAABIK >KOcIapAapAbl
KYpy YIIiH Heri3 6oabm TabblaaAbl. Eaain casaabi
>KoHe OHipaiK gaMy >KOcCHapAapblH KaAbIITacThIpy
JKoHe iCKe achIpy VIINH Herisri peagepain 6ipi 2020
JKBIAABIH COHBIHA AeViiH mamaMeH 14 >Kb1a OOIIHI icke

JXOCIapaayAaFbl
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aCBIPBIABIIT Kee JKaTKaH FhIABIM MeH TeXHUKaHBbI Ja-
MBITYABIH Y3aK Mep3iMAi Oargapaamacsl OOABII Ta-
On1a4b1. bargapaama exi Herisri acriexTiHi KAMTBIABL:

- AlacTypai acieKT MeMAEKeTTiK ipi FhLABIMU KO-
Hazapabl Koadayasl Giagipeai.

- IHHOBaIMAABIK aCIIeKT HaphIKKa OargapAayAbl,
OHEePKICINTIK MHHOBAIMAAAPABl AAMBITYABl >KoHE
04apAbl KOMMepIusAayAbl KO3Aelai.

HaxTel eHipaepai ayMakTBhIK AaMBITYABIH Y3aK
Mep3simai 6argapaamasapsl epekiiie OpbIH adasst [3].

Meicaanl, «KpITaligblH YATTBIK HPOBUHIIMAAA-
pPBIH AaMBITY Oaraapaamacel» 2050 >kblara AeiiiH
ecenteared. bargapaamannl Koajayra e©HAipymIi
OHEpKOCill, DHepreTmkKa, KOAiK MH(PPaKYpbLABIMBIH
AaMBITY >KoHe KOpIllaraH OpTaHbl KOpray CHUSKTBI
GaceiM OarpITTapAbl AaMBITy Kipeai. Ocbl H6argapaa-
Ma mreHOepinge 6atric eHipaepain [Ipumopse mpo-
BUHIIMsAapbIHAaH apTTa KaAyblH >KOIOFa apHaAFaH
«Go west» (2000-2010 >xpragap) >kobackl TaOBICTBI
icke acpIppraapl. JKoGaHbIH Herisri Kypaadapsl ipi
MeMAEKeTTiK MHBeCTUIINsAAap, YATTHIK >KYylieHi pa-
LIMOHaAU3alNsAAay, DKOAOTUAABIK CaABIKTBI €HII3y,
Kap>KBIABIK TpaHcpepTTepdi palmoHaamsanuslay,
JKeKe MHBeCTUIMAAAPABl BIHTaAaHABIPY, >Kepridik-
Ti KapbI3gapasl Isirapy 0oaabl. KeiTaiiaby GaTbic
OHIpiH AaMBITYABIH V3aK Mep3imai Oarzapiaama-
chlHaH Dacka, eage «2012-2020 >xplagapra apHaAFaH
eCKi peBOAIOIMAABIK aydaHAapPAa OPHBIKTHI JKoHe Y-
AecimMal 91eyMeTTiK-DKOHOMUKAaABIK JaMy Daraapaa-
Machl» (€H aaAbIMeH DHepTeTMKaHbl KoHe I1aiiAaabl
Kasbaaapasl eHAipyai dampity), «KbITaniabg opra-
ABIK ayJaHAapbIH JKejea KaHAaHAbpyAbiH 2009-2015
KblAJapra apHaAfaH OargapAaMachl» (DKOHOMMU-
KaaAbIK OcCyAl >Keaeagery, ypbaHaaay kosdpPuim-
eHTiH 48%-Fa AeliiH yAFaiiTy, XaABIKTBIH >KaH OacblHa
maxkkaHAarsl JKIO-HiH ecyi, THHOBaIIMAABIK AaMyAbI
bIHTaAaHAbIpY), «KprTaniapiy ecki — 2003-2007 >Kb1a-
Aap» xoaHe «Peceit Peaepanysiceiabiy, Kuprp HIbirsic
>koHe mprFpic Cibip arimaxTapsl Men KXP coa-
TYCTIiK-IIIBIFBIC TOFBI apachlHAAFBl BIHTBIMAKTaCTBIK,
bargapaamacer 2009-2018 xpragap». Opra MepsiMai
VATTBIK >KOCIlapAay Oec >KblAABIK OHipAiK >Kocrap-
AapAbl KYpPy YIIiH >KayallKepIlidiK IpOBMHIMAAAD
AeHrelninje >XaTblp, COAaH KeIiH eaaiH 94eyMeTTiK-
DKOHOMMKAABIK, AaMYBIHBIH MeMJAEKeTTiK >KOcIa-
phbIHa coiiKecTirin Oaraaay KakeT. baraapaamanbig
COHFBI HYCKACBIH XaAblK OKiaAepiHiH IIpOBUMHIIM-
SIABIK, >KMHaABICHI Oexiteai. KeiameT cazackl OOVIBIH-
I11a >KocrapAap 91€yMeTTiK-DKOHOMUKAABIK, ¥ ATTBIK,
KeHICTIKTIK >KOCIlapAap¥a, COHAAl-aK KaAaAblK, >KoHe
aybLAABIK JKOCIapAapra OeaiHeai.

BecxxplaaplK >KocmapaapAblH Herisri MaKcaTbl
MeMAeKeTTiH opTa Mep3iMai OachIMABIKTapbIH Oea-
rizey 6oabir Tabbr1a4b1. KoOa >KocrapbIH galibIHAQY
yIIiH AaMy >keHe pedopmasap >KeHiHAeri ¥ATTHIK
KOMIICCHS JKayaIlTel 001a4bl. bec SKBLAABIK JKOcHap-
AapAbl KaABIITaCTHIPYABIH Herizi YKiMeTTiH ycChbI-
HBICTaphbl 00BN TabblAaAbl, a1 KOPBITHIHALI OeKiTy
byxiaxpitaiiaeik, Xaawplk Oxiagepi ’KuHaAbICBIHBIH
>KayallKepIiaik aiiMarbiHAa [4].

Opra Mepsimai Oec >KBIAABIK >KOCHapAap YII
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Typre OeaiHeAi:

- calaablK OeCKBLAABIK JKOCIapAap;

- OHipAiK AaMyAbIH OeCXKbIAABIK JKOCIapAaphl;

- JKepriAikTi AeHreiiai 4aMbBITYAbIH Oec >KBblAABIK
>KocrnapAaphbl.

bec >xp1aABIK >KOCTIapFa eHri3y VIIiH HerisTi 00b-
eKTizepaiH Tiz0eciH cypaHBIC IT€H YCBIHBICTHIH AaMy
004>KaMBIHBIH HOTIVDKeAepiH Herisre asla OTBIPHIIL,
OHip4iK oOpraHgap MeH BeJOMCTBOAAp aHBLIKTall-
Apl. Bec XplagplK >Kocmap MyAdeadi TapanTapAblH
TekcepyiHeH eTeai, eaaiH Memaekertik KeHeci my-
IIeAepiHiH, COHAal-aK OPTaAblK aTKapyIlbl OpTaH-
Jap MeH NpOBMHIMAAAPABIH KaTBICYBIMEH KeHecC
oTKi3iaeai.

byrinari kyni Kerrait Xaasik PecmybanxacbiHaa
ecer1 OOVIBIHITIA OH YIIiHII OeCXKBLAABIK XKOCIIap icke
acoipriayaa (2016-2020 sxpragap). bya sxocnap esinig
HerisTi MakcaTel — OpTa eMip cypeTiH KOFaMAbI >KaH-
JKaKThl KYpPy >KoHe iIlIKi cypaHbBICKa OarbITTaAfraH
HKOHOMMKAABIK MOAEABTE KOIITY.

KbraapiK >Kocnapaap cadadapAblH, ITPOBMHITU-
s4ap MeH MYHMIIMIIAAUTETTEPAIH >KbIA CalibIHFBI
JaMy >KOCHapJapblH KYPYABIH Herisri Ky>kaTsl 0o-
ApI Tabb11aabl. JKBLAABIK JKOCIIapAap MeMAEKeTTiK,
caZaAblK, IPOBMHITUAABIK KoHe MYHUIIUIIAAABI JeH-
reiiaepae Kaablracasbl.

Kerrari  Xaawik PecrrybamkaceiHaaFsl
Mep3imMai JKocriapaap MblHaAapAbl KAMTHUABL:

- Kb1a4BIK AaMy >KOcHIaphl;

- Kipicrep MeH mIbIFBICTap ABIH KBLAABIK OaAaHCBL;

- Cazazapapl, OPOBUHIIMSAAAP MeH MeAUIlMHa-
ABIK KYPBIABIMAAPABl AAMBITYABIH >KbIA CalibIHFBI
>KocrnapAaphl.

Aamy xene pedopmasap icrepi >KeHiHAeri MeM-
AEKeTTiK KOMUTEeT MeM/JAEeKeTTiK KeHeCIleH >KoHe
byxiakpITallaBlK XaABIK ©Kiddepi >KMHaAbICBIMEH
KaTap OTKeH >KoHe arbIMAAarbl >KblagapFa apHaAraH
>KOCHapAbIH OPBIHAAAYBIH KajaraaaliAbl.

Ocn corre, Kortari Xaawk PecrrybamkachiHBIH
Crparernsaaplk >Kocmapaay >KyieciHiH Keaecigeit
€peKIIIeirid aTar OTKeH JKOH:

- PKOHOMUKAABIK JaMyAbl Dackapyfa MeMAeKeT-
TiH apaJacyblH KbICKapTy¥a >KaAIlbl OaFbITTBIABIK;

- Kprrait Xaapik Pecrybamkacel gaMyBIHBIH Oa-
ChIM OafrbpITTapBIH OekiTy kesiHnge ComaancTik puTo-
pMKa MeH IapTus OacIIbLABIFBEIHBIH JKEeTeKIi peaiH
cakTall OTBIPBIN, OM3HECTI MEMAEKETTIK peTTey MeH
BIHTAAaHABIPYABIH OaTBICTLIK TY>KbIPBIM/JaMadaphbl
MeH ogicTepin 6eaceHai rmarijalaHy;

- y3aK Mepsimai OarjapaamasapAbl yiiaectipy
>K9He 04apAbl €1 AaMYBIHbBIH JKbIAABIK KoHe YKbIAABIK
JKOCIapAapbIHAa icke acklpy 60ABIIT TaObLAaABI.

Hatmkecinge, 1mer ea ToxipubeciH eckepe
OTBIPBIII  HAaPBIKTBIK HKOHOMMKAJAaFbl  Kap>KBIHBI
KOCHapAayablH  KeTiagipy >KoAJdapblHa TOKTada
KeTeTiH 004caK, OI0AKeT MPOLECiH JKaHFBIPTYy MeM-
AekeTTiH Oocekere KabizeTTiAiri MeH XaaAbIKapaabIK
TYPaKTBIABIKTBL apTTBIPY CasCaThIHBIH MaHBI3AbI
Kypamaac 6eiri 60bIm TabblaaAbL. bioaxkeT pedop-
MachIH JKYPTi3y >KeHiHaeri OipiHImi ke3ekTeri ic-1ma-

KBICKA

m paaapAbig 6ipi 6I04KeT IIBIFBICTaPBIHBIH TUIMALAITiH

apTTLIPY, OI0AKeTTiK 6amap/1aMaAap 9KiMIIiAepine
keDipek gepOecTik Oepy >KoHe 0AapAbIH TYIIKi HOTHU-
JKeJepre KOA >KeTKi3TeHl VIIiH >KayaIlKepIIidiriH
KYIIENTy MakcaTblHAa OIOAXKETTiK >KOocIapaAayasl
KeTiaaipy 60451 TaObLAAABL.

BrogsxeT mporieciH >KaHFBIPTY MeM/1eKeTTiH Oace-
Kere Ka0iAeTTiAiri MeH XaAbIKapaAblK TY PaKThLABIKTHI
apTTRIPY casdcaThIHBIH MaHBI3ABI KypamJac Oeairi
Hoapm TaObplaaabl. broaxxer pedopmaceiH Kyprizy
>KeHiHAeri OipiHmmi Kesekreri ic-mmapaaapabiy Oipi
OI0A>KeT IIBIFBICTAPBIHBIH  TUIMAIAITIH  apTTHIPY,
O104KeTTiK OargapaaMasdap oKiMIiaepine Ke6ipeK
AepOectik OGepy >KoHe O0AapAbIH TYIIKi HaTVDKeAepre
KOA >KeTKI3reHi YIIiH >KayalKeplIiAiriH KyIIenuTy
MakcaTblHAa OIOAKETTIK >KOCIapAayAbl >KeTiaaipy
0oapn TabbLAAABI [5].

MeMmaeKeTTiK 0104 KeT IILIFBICTaPBIHBIH THiMAiAi-
i MeMJeKeTTiK OacKapyAblH caItachl MeH TUiMAiAiriH
CUNATTaiABI JKoHE MeMACKeTTiH 94eyMeTTiK 24-ayKa-
TBIH, YKOHOMUKAABIK AaMYbIH KaMTaMacbl3 eTyAiH
Herisri mapTrapbIHbIH Oipi 00461 TabbL1aAbI. COHFBI
JKblAAapAaFrbl Ka3aKCTaHABIK ToXKipuOe HMIBIFbICTap bl
Oackapy caaaceiHga Oeariai Oip KUBIHABIKTAp Oap
eKeHiH KyaaaHAbIpaabl. IbFpicTapAbIH TUiMAiAiTiH
apTTHIPY 941 KyHTe AeliiH 6104KeT Kapa>kaThIH YHEM-
A€y KoHe Kap>KbIABIK DaKblaayAbl KYIIENTY TYPFbI-
CbIHaH FaHa KapaAaAbl.

IeiFpIcTApABIH, TUIMAIAITIH apTTHIPY MaHbI3AbI
MiHgeTTepAiH OipiHe aliHalyAa, OHBI IIeNly VIOiH
YHEMAeY pe3epBTepiH i3Aey >KeTkiaikcis, aa 6104KeT-
TIK MHCTUTYTTapAbl Kylieai Typae o3repry, TUiMal
6104>KeTTiK IIerriMAep KaObl14ayAbIH IIPaKTUKAABIK,
TEXHOAOTWIAapBIH KYpPy TaJall eTideAi. MyHbIH Gopi
OCBI 3epTTeyAiH ©3€KTiAiriH pacTaiAbl.

broaxerTik >kocmapaay OKyileciH >KaHFBIPTY
JKOHE MEeMAEKETTIK IIBIFBICTapABIH TMIMAIAITIH apT-
TBIPY IIPOLIeCiHiH Herisri GarbITTaphIH HEMece TY KbI-
phIMAaMaAbIK ToCiAAePiH allKbIHAAIMBI3:

1. Kemenai Tociaaiy ©Goamaysl MeMEKeTTiH,
Ykimerrin eoxiai perinae Ykimerriy Oarsapiaama-
CBIH iCKe achIpaThlH MEMAEKeTTIK OpTaHAapAblH
OapAbIK HUETTEPiH >KOKKa IIbIFapybl MYMKiH. bya
nporjecc Memaexertik OackapyAbH 6apAbIK OaFrbIT-
TapelH KaMTyFa >KoHe MEMACKeTTiK opraHaap-
ABIH >KYMBICBIH perdaMeHTTeNTiH OapAbIK HOpMa-
TUBTIK-KYKBIKTBIK aKTidepae KepiHic TaOyfa Twmic.
A2 OI0AXEeTTIK >KocIapAay KylieciH >KaHFBIPTy Ipo-
LeciHig o3i okiMImizik pedpopmasapaviy Oip Oeairi
Ooayra Tuic. brogxeT MIBIFBICTApPBIHBIH TUiMAiAiriH
apTTBIPY OHBI Oarajay >Kyleci OoAMaraH >KarAari-
Aa MYMKiH 6o0aMaiiAbl, OHBI KYpy YIIiH OapAbIK
Ke3eHJep MeH KypaMaac DAeMEeHTTepAi HaKThl pe-
rAaMeHTTeNTiH popMaababl epexxesep Kaxker. Ilpe-
3eHTALVMSHBIH aHBIKTBIFBI >KoHE KOC YFBIMAApAbIH
0oaAMaybl TUIMAIAIKTI 6afa/1ay HOTIIKeCiHAe O0ODbeK-
TUBTI MaJiMeTTep aayFa MyMKiHAIK Oepegi. baraaay
HOTIDKeAepiHe OI0AKeTTi >KocItapAay bl >KoHe OPBIH-
AayAbl >Ky3ere achlpaTblH MeMAEKeTTiK opranjap
FaHa eMecC, COHAAll — aK MeMACKeTTiH >KOFaphl Aaya-
3BIMABI TyAFadaphl-TipesuaeHT, IIpembep-mMuHuCTp,
€441H >KOFaphl 3aH IIbIFaPYIIbl OPraHbIHbIH TOPaFackl



Jda Myazeai 604yra THic, oaap oAapAabl XKyprizideTin
6104KeT cascaTblHa >KoHe HaKTLI TapUXMU >KarAaii-
Aapaa KOFaMABl AaMBITYABIH OafAapAapblHa COIIKeC
MeM/eKeTTiK OacbIMABIKTap KYJieciH Kypy KesiHae
03 >JKYMBICBIHAA IaligalaHaAbl.

2. 9aemMae Tikeaen Kasakcran PecriyOamkachis-
Ja KoaAaHy¥fa 004aTbIH MeMAEKETTiK IIBIFBICTapAbIH
TUIMAIAITIH apTTBIpy¥a CTaHAAPTTHI TaCiA KOK. bus-
Hec-OpTajaH opTypAai agicTeMeaepai KaOblajaraH
eazepae 0104KeT IIBIFBICTAPBIHBIH,  HOTUKeAiAiri
apKbLABl TUIMAiAiKKe KOA >KeTKidy OarbITTapbl Oa-
PBIHILIA AAMBIABL.

Ocplaaiiiia, O104KeTTiK >KocIapaay pacimaepi
MeM/eKeTTiK opraHjap KbI3MeTiHiH OapAbIK cadada-
PBIMeH THIFBI3 OaliAaHBICTHL. BIOoAXKeTTiK Xocnapaay
IIpolecinAe, aBTOPABIH IIiKipiHIIe, 941€yMeTTiK-DKO-
HOMUKABIK, CasICaTTBIH >KOFapblda aTaAraH OapAbIK
KYPaA4apblHbIH HETi3ri IapaMeTpAepiH aHBIKTAaIl,
0AapAbIH ©3apa COIKeCTirH, coHaal-ak, OmMAiK op-
raHJapbIHbIH ©3apa 9peKeTTeCyiH KaMTaMachl3 eTy
Ka’KeT.

3.MemaekeTTiK opraHJapda Kap>KbIABIK MeHeA-
SKMEHT >KYJHeciH TpaHcpopMmalmsiiay KadKeTTiAiri.
beitinai 6eaiMirieaep MeH oaapAblH KbI3MeTKepAepi
e34epi KXy3aere achIpaThlH KBI3MET IpoIieciHe O104-
JKeT peCypCTapblH >KyMcayFa >KoHe >KOCHapAaHFaH
HOTIKeJepre KOA >KeTKisyre >KayanThl OOAy¥a THUIC.
Kap>kbl MeHeAXMeHTi cadachIHAAFbBl ©KiAeTTiKTep
MeH MiHJAeTTepai Oepy HazapAbl CBIPTKBI OaKblaa-
yAaH imki Gakplaayra OipTiHAen KeImipyMmeH Koca
XYpyTe Tuic.

KopbITbIiHADI

Koptreinabiaait xeae, MeHiH mikipimine, 6104KeT
IIBIFBICTAPBIHBIH, TUIMAIAIK MHAUKaTOpAapbiH Ka-
3akcTaH PecryO0AMKachIHBIH MMHUCTPAIKTepi MeH
OI0AKeTTiK 6amap/1aMaAap 9KimIIiaepi 6ip/1ecir[
asipaeyre Tuic. bBipkarap kepceTkimitep OipbIHFail
6oayra >KoHe OapABIK MUHUCTPAIKTEP MEH BEAOM-
CTBOABIK, OaFBIHBICTBI OIOAKETTIK MeKkeMeaepae Iaii-
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AaZaHblAyFa TUIC.

EH azaapiMeH, Oya Kap>KBIABIK KOpceTKimrep
(Oro4okeTTiK  KapaskaT oKiMIIICI IIBIFBICTAPBIHBIH
JKaAIlbl KYPbIABIMBIHAAFBI OafgapaaMadblK, ic-Ia-
pajdapAbl OpbIHAAyFa apHaAfaH OOABICTBHIK OIOAXKeT
IIBIFBICTAPBIHBIH  yAeci, OIOAJKeT IIBIFBICTapPBIHBIH
>KaAIlbl COMaChIHAAFbl KOHKYPC HaTVKeAepi OOMbIH-
IlIa OpHaAaCThIPhLAATBIH IIBIFBICTAPABIH YAeC, XKaa-
ITBI ITTBIFBICTAPAAFDI ©3T€ /e IIBIFBICTapABIH YAeCi).

Muaukaropaapasly exinmii 61011 6104XKeT ca-
AachIHBIH KaApABIK 94eyeTiH Oarazay YIIiH KakeT
(>xoFapnI Oiaimi, FRIABIMU Aapeskeci Oap ajaMAapAbIH
yaeci, KOHKypC OOJBIHINA ipikTeAreH azamMAapAblH
yaeci, 0104>KeT MeKeMeaepiHAeri >KaAaKbIHbIH ©Hip
OoIibIHINIa OpTallla >KalaKblfa KaTbIHACHI).

Kepcerkimmrep iy yrrinIm To6s 0I04>KeTTiK Me-
KeMe, Be4OMCTBO, D10 KeT Kapa’KaTbl dKiMIIIiCi KblI-
3METIHIH 94€yMeTTiK MaHbI3AbLABIFBIH CUIIATTaABL.
bBya TomTaFbl Heriari KOpCeTKilll TYTHIHYIIbLAaPAbIH
mikipi GoribIHIIIA OIOAKETTIK KBI3MET KOpCeTy carla-
CBIH CUITaTTalTBIH UHAUKATOp 00aaAbl. Ochl KepceT-
KIIITi ecemnTey YIIiH KOFaMABIK IIiKipre cypay caay
JKYJIeCIH eHIi3y YCBIHbLAAADL.

Teprinmri Tomn, kepceTkimmTep 6104KeTTiK Oaraap-
AaMazap 9KIMIIICI YIIiH KeKe 931pAeHyi >KoHe KYK-
TeAreH (PYHKIIMAAAPABI iCKe achIpy epeKIIeaiKTepiH
CUNAaTTaybl TUIC.

broasxeTt kapa’kaTbIHBIH IIeKTEYAiAiri KaFAaiibIH-
Aa >KoHe DI0AKEeTTIK XXOocIapAay KyJeciH JKaHFBIPTY
menbepinge Kasakcran PecrrybamkaceiHza mMeMae-
KeTTiH OIOAXKeT IITBIFBICTapbIHbIH TUIMAIAIriH apTTHI-
Py Maceaeaepi epekille ©3eKTidikke re 00AaAbl.

brogxer mponeciHe KaTbhICyIIblAapAbIH —Oap-
ABIFBIHBIH OIOAKETTIK OKiAeTTiKTepi MeH >KayarIkep-
ITiAiriH HaKThlAay, MEeMAEKeTTiK MeHIITKTiH OapAbIK
HBICaHAAPBIHBIH KYKBIKTBIK MopTeOeciH 3aHABI TYpAe
aHbIKTay, OHbI OHBIH KOMEeTiMeH >Ky3ere acblpbLAaThIH
MeM/EKeTTiK (YHKIUAAAPABIH CUMATHl MEH epek-
I1eAikTepiMeH TBHIFbI3 OallAaHBICTBIPY KaKeT [6].
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MnaHuposaHue 6103xemHbIX nocmynaeHuli 20cydapcmea

LUAUMEPLEHOBA Poimmaii TokeHO8Ha, M.3.H., cmapuwuli npenodasamens, rima7l@mail.ru,
KapazaHOuHcKuli mexHu4eckuli yHusepcumem, Kazaxcmat, 100027, KapaeaHda, np. H. Hazapbaesa, 56.

AHHOomayus. Lleans cmamoeu — paccmompems ocobeHHOCMU MaAaHUpoeaHus 6rodxemHsix nocmynaeHuli eocydapcmea.
Tema o4yeHb aKMyanbHA 0418 ce200HAWHe20 OHA. TpedycmompeHo, Ymo hUHAHCOBAA cucmemMa Aeasemcs A0POM pa3eu-
mus U ycrnewHo2o yHKYUOHUPOBAHUA PbIHOYHOU 3KOHOMUKU U Heobxodumol npednocelakoli pocma u cmabunbHocmu
IKOHOMUKU 8 uesaomM. OB6bekmom uccaiedo8aHUS cmameu ABAAIOMCA Klo4esble hakmopebl, Aeaatoujuecs 00Hol U3 eam(-
Heliwux 3a0a4 2ocydapcmea 8 nocmpoeHuu uHaHcosol cucmemsi Pecnybauku KazaxcmaH. OHa cmaHem ocHosoli eceli
cywecmeyroujeli SKOHOMUKU U, HECOMHEHHO, Cbl2paem O4YeHb 8AXCHYH POsb. [IOMUMO OCHOBHbIX KOMIOHEHMO8 hUHAH-
coeoli cucmembl, KA#OAA PA3BUMAs CMPAHA UMeem c8ou 0cobeHHOCMU, Komopble 0380/50Mm 00CMuYb ornpedeneHHbIX
8bIcom Ha cospemMeHHOM amane. B pabome npedcmasneHsl pe3yabmamel U3y4eHus 3apybercHo20 onbima naaHUpPOB8aHUA
2ocydapcmeeHHo20 brodxcema.

Knrouesoble cnoea: 61003 em, skoHoMu4ecKuli pocm, 2ocydapcmeeHHble YUHAHCbI, NPAsUMenbCcmeo, 20cy0apcmeeHHoil
6r003cem, 61003 emHoe NAaHUpPosaHue, 20cy0apcmeeHHble 00x00bl, 20Cy0apCMeEeHHAsA (PyHKYUSA.

Planning of State Budget Revenues

SHAIMERDENOVA Rymtai, Mast. Econ. Sci., Senior Lecturer, rima71@mail.ru,
Karaganda Technical University, Kazakhstan, 100027, Karaganda, N. Nazarbayev Avenue, 56.

Abstract. The purpose of the article is to consider the features of planning budget revenues of the state.The topic is very
relevant for today. It is stipulated that the financial system is the core of the development and successful functioning of the
market economy and a necessary prerequisite for the growth and stability of the economy as a whole. The object of research
of the article is the key factors that are one of the most important tasks of the state in building the financial system of the
Republic of Kazakhstan. It will become the basis of the entire existing economy and will undoubtedly play a very important
role. In addition to the main components of the financial system, each developed country has its own characteristics that
allow it to reach certain heights at the present stage. The paper presents the results of studying the foreign experience of
state budget planning.

Keywords: budget, economic growth, public finance, government, state budget, budget planning, state revenues, state
function.
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Abstract. The conditions for the formation of a market economy at the present time and the improvement of
management, the importance and role of cost, which is a source of profit in the development of new strategies in the
development of the enterprise, are increasing. The situation of fierce competition leads to the fact that enterprises
show great interest in the process of managing costs, finding ways to improve their accounting and monitoring. The
organization of the cost management process in the enterprise helps to reduce the overall level of costs. This gives the
company additional competitive advantages. Achieve great results in the enterprise by effectively managing costs,
maximizing profits and improving production efficiency. The main financial result of the company's activities is profit,
which serves as the basis and source of funds for its further development. You can increase the profit by increasing
the volume of production or the price of products, but this is not always possible and appropriate. Therefore, the main
condition for increasing the company's profit is to reduce the cost of production and sales of products, reduce the cost

of production, and therefore an important issue for the company is the management and organization of costs.

Keywords: market, competition, economy, funds, costs, production, management, enterprise, funds, profit.

Introduction

In the conditions of market relations, there is
no doubt that the need and acuteness of solving
managerial issues of a large-scale nature are the main
problem of all economic subjects of the republic.
From this point of view, a special place is given to
accounting, audit and analysis of production costs
in the production and economic system as the main
management tool. This is due to the fact that in a
tough competition, the main factor in maintaining
profits and the functioning of the organization is
the need for timely and reliable information on the
costs of production and sales of products in order
to reduce the cost of production. And this, in turn,
gives full opportunities to search for the quality and
efficiency of product production, as well as ways to
further improve it, identify reserves for reducing the
cost of production

Cost management in an enterprise implies the
establishment of functions specific to the management
of certain objects, that is, the processing and imple-
mentation of decisions, as well as control over their
implementation. Cost management functions are
carried out through the elements of the management
cycle:

- forecasting and planning;

- organization;

- coordination and regulation;

- activation and motivation to perform;

- accounting and analysis.

Execution of control functions in full for all
elements constitutes a cycle of influence of the control
subsystem on the control subsystem. The interaction
of cost management functions is reflected in the next
section.

Theoretical part

Forecasting and planning in cost management are
divided into future and current. The task of long-term
planning at the moment is to prepare information
on the expected costs when developing a new sales
market, organizing processing and releasing new
products, and increasing the company's profitability.
These include marketing research and research and
development, capital investment costs.

Current plans specify the implementation of the
long-term goals of the enterprise. Organization is
the main element of effective cost management. The
organization shows who does it, when, what sources
of information it uses and what methods it manages.
It defines the cost center, defines the cost centers and
the center responsible for their implementation [1].

The desire to maintain cost savings cannot be
replaced by a reprimand for cost increases. In this
situation, workers will have to ensure overfulfillment
in order to fulfill the plan.

Accounting is an element of cost management
necessary to prepare information in order to make
the right business decisions. Production accounting
is included in the management accounting system
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Cost analysis is an integral element of control
activities, it helps to assess the effective use of all
resources of the enterprise, allows you to identify
unused reserves in production, summarizes
information for preparing plans and influences
effective decision-making.

The control service or, as it is also called,
monitoring provides feedback in the cost management
system, that is, it compares the planned costs with the
actual ones. The effectiveness of control is manifested
through corrective management actions.

Among these management services, the greatest
need is received by the accounting service, where it is
proposed to use «direct costing», that is, a method of
accounting for costs at the place of origin, since over
the course of a number of years costs are spent, and
the reason for their loss is difficult to determine [2].

Practical part

Activation and stimulation means finding a way
to influence production participants, stimulating
them to adhere to the costs set by the plan and look
for opportunities to reduce them. This type of activity
can be motivated by material and non-material
factors (Figure 1).

It is known that it is important to correctly form
the composition of production costs and sales costs
and their accounting. The effective use of material,

labor and financial resources, which make up the
bulk of the costs in the production of products, the
performance of work and the provision of services,
depends not only on the amount of income received,
butalso onincome tax, the viability of the organization
and other aspects.

As foreign experience shows, the market
economy is based on a competitive policy — the most
important condition for the optimal provision of
society with resources. A competitive organization
is an organization that is economically profitable
using its production resources and is able to profit
from this. Today, there is a gradual adaptation of
domestic production accounting to the requirements
of a market economy, the requirements of economic
methods of managing an organization, but for its
successful implementation, careful organizational
and methodological preparation is required.

In the conditions of market relations, one
of the most important issues in the practice and
methodology of accounting is the procedure for the
formation of production costs, the cost of work and
services and the financial result of the enterprise.

Depending on the possibilities of the free
development of competition and pricing policy in a
market economy, the role of cost increases as a fac-
tor influencing the level of income and as the main
management tool.

Management cycle
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Figure 1 — Place of accounting activity in cost management




The concepts of the cost of production, both
before and at the present time, are mentioned in the
works of economists and scientists. According to one
of them, A.P. Bortnikov, «The cost price is a reflection
of the current costs of the enterprise associated with
the production and sale of products in monetary
form». Nevertheless, such a definition cannot reveal
the comprehensive, sufficient content of the studied
category, it only comments on the type of cost price
[3].

GA Sokolovskaya, characterizes the cost of pro-
duction as a level of resource conservation. It is also
impossible to completely agree with such a concept
of the cost price, since this indicator is opposed to the
very content of the cost price. The cost price shows
how much the production of a particular product
goes to an enterprise, that is, it characterizes a certain
level of production costs. Meanwhile, the level of
resource saving is the amount of production assets
and labor spent on the production process.

The cost of production, being one of the main
economic indicators characterizing the production
and economic activities of the organization, not only
affects the formation of the company's income, the
level of stockpiling and reserves, but also affects the
tax system. Since the data on production costs and
costs were previously generalized in the accounting
system and met the requirements of a centralized
management economy in their content, the state
center was limited to obtaining information about all
costs admitted to the production process and the total
production (actual) cost of products for assessment
purposes. ...

And in conditions of market relations, the price of
products is determined through the mechanisms of
supply and demand thathave developed in the market.
In this regard, organizations must independently
establish a list of costs included in the cost of pro-
duction, in accordance with the methodological
recommendations of domestic accounting standards
and international financial accounting standards.

The cost of production is considered an objective
indicator and does not depend on the content of any
regulatory enactments, and its content is determined
based on several economic criteria, i.e. the cost of pro-
duction should be related to the production activities
of the organization. The cost of products, works and
services includes the costs associated with the pro-
duction process. Costs not related to production
activities are classified as non-production costs and
are not included in cost of sales.

Thus, the cost shows the society the costs of
producing a certain type of product, and the cost
price shows the costs for the enterprise for the pro-
duction of this type of product. The cost price, being
a specific category, does not coincide either in quality
or quantity with the cost. Hence, it becomes necessary
to separate the cost of production from its value.

With regard to the economic content of the cost,
it represents the means of production and labor costs
spent on the output of products, which has become
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part of the cost of production and provides the
replacement of space to continue the reproduction
process.

The costs of work and services included in the
cost price are grouped as follows:

1. Basic and auxiliary materials: the cost of basic
and auxiliary materials that form the basis of produc-
tion work, these include: crushed stone, sand, asphalt
concrete, cement and the cost of fuel and energy
directly spent on the production process.

2. Construction mechanisms and parts: the cost
of construction mechanisms and parts purchased
and manufactured by the construction organizations
themselves, which include: pipes, signal poles, etc.

3. Basic salary and deductions from it: basic
salaries and deductions from work directly involved
in the production process (including non-payroll)

4. Expenses for the operation of construction
machines and mechanisms: wages of mechanics,
machinists, minders and so on, the cost of inventories,
including fuel and energy, spent on equipment,
depreciation amounts, rent, maintenance costs,
diagnostics, repairs, etc. costs associated with the
operation of construction machines and mechanisms

5. Costs for the development and preparation
of production: costs for the development and
preparation of new production and technological
processes (including costs for the future period)

6. Other overhead costs include: in addition to
the above costs: additional salaries of production
workers and deductions from them — depreciation
of fixed assets used in construction work; costs for
the maintenance of security and fire extinguishing
services, roads and temporary buildings and other
devices, manufacturing defects, remuneration of
foremen, wear and tear of buildings and structures
and the cost of their maintenance and other costs.

Part of the cost of working materials included in
production costs is determined by the formula:

Standard consumption value = actual cost of
circulating materials — returnable cost of materials +
number of revolutions.

The recoverable cost of circulating materials
after their use is determined by the construction
organization by the price of their possible use.

The writing off of materials for production
costs is carried out strictly in accordance with the
norms for the consumption of materials adopted in
the organization, and the use of excess materials is
formalized inan act, whichindicates the circumstances
that caused the excess consumption of materials.
On the basis of these acts, the management makes
a decision on the justification of the overspending
and attributing them to production costs or on the
recovery from the guilty persons who caused the
overspending.

The basic wages of employees include payments
for actually performed work, additional payments for
overtime work, payments for defects not attributable
to the fault of employees, and allowances paid in
accordance with the complexity of the work.
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Current costs include:

- remuneration of workers involved in the
management and maintenance of machines and
mechanisms (machinists, mechanics, bulldozer
drivers, etc.);

- the cost of electricity, fuel, fuel and lubricants
and other auxiliary materials;

- the cost of work on the maintenance and repair
of machines;

-rent for the use of rented machines and
mechanisms;

- other costs for the operation of machines and
mechanisms.

The costs of the organization for the operation of
construction machines and mechanisms that are in
its ownership, and the cost of services of mechanisms
attracted from outside, are often included in the cost
of objects directly.

The correct formation of the cost of work and
services performed in market conditions affects the
final result of the financial and economic activities
of a construction organization. That is, real results
can be achieved through the practical application of
the following methods of cost reduction to ensure
a continuous production process by business
entities. In this regard, for organizations involved in
construction and installation, repair work, in order to
efficiently and economically use production costs and
reduce the cost of services in the industry, we consider
it necessary to perform the following measures:

- economical use of building materials, that is,
transportation only when used in construction work,
without eliminating the quality of the main and
auxiliary building materials spent on construction,
their timely release according to the norms, reducing
the cost of storing and transporting materials,
increasing the possibilities of using materials,
produced in the construction organization itself; the
use of reused materials for major and current repairs
of roads, reducing transport costs with effective
communication with suppliers located near the
construction sites; use of special means of loading
and unloading to prevent losses during loading and
unloading;

-improving the organization of labor and
construction management, that is, increasing the
level of specialization of construction organizations;
the use of advanced forms of remuneration in
construction; reduction of downtime and inflow of
workers in production for efficient use of working
time; payment of additional wages to employees with
strict verification of data in disturbing documents;

- control the costs of sanitary and household
services and the organization of work on construction
sites, as well as the expenditure of overhead costs in
accordance with the estimate by eliminating defects
in production;

- mechanization of housing construction works,
i.e. reducing the number of machine-hours and
machine-shiftsusing new high-performance machines

and mechanisms, the use of small road construction

equipment for laying asphalt concrete mixtures that
replace manual labor in order to improve the quality
of construction work and economical use of working
time; their correct distribution between the types of
work performed, taking into account the productivity
of machines and mechanisms; economical use of
fuel and auxiliary materials used; reduced costs
associated with repair and maintenance; reduction of
construction equipment delays.

When planning the cost of production, they
provide for its reduction and increase. As a result, the
optimal level of production costs and savings growth
is determined.

Cost planning will be current and forward-
looking. A long-term plan is drawn up for several
years. With current planning (for a year), long-term
plans are drawn up on the basis of cost estimates and
production costing plans.

The following factors affect the cost of production:

- volume of production;

- the quality of the feedstock;

- specific material costs (fuel, energy, etc.);

- labor productivity;

- Administrative expenses.

The change in the volume of production is one of
the most important factors affecting the change in the
formation of the cost of production.

Fixed costs with a change in the volume of pro-
duction remain unchanged in absolute amount
or change insignificantly, and per unit of output,
on the contrary, are proportional to the growth of
production.

Conventional fixed costs include plant-wide costs
and most of the workshop costs. Including: basic
labor costs, depreciation costs, etc. When the volu-
me of production changes, the costs, which remain
unchanged, change in proportion to the volume of
production when the volume of production changes.
Remuneration of workers due to variable costs, the
cost of materials and tools, the cost of electricity,
transportation and much more.

Changes in the cost of production are explained
by cost groups, i.e., fixed and variable (Figure 2).

Raising the technical level of production.

In increasing the technical level of production,
calculations affecting the cost of ferrous and non-
ferrous metallurgy products, there are the following
areas:

1) automation and mechanization of produc-
tion processes, the introduction of new progressive
technologies (the introduction of progressive and self-
propelled mining equipment for the development of
minerals, the use of acid in metallurgical production);

2) improvement of the applied equipment and
production technology and expansion of the scale;

3) improving the use of energy and fuel, materials
and raw materials in production; introduction of
new, efficient types of consumed energy and fuel,
materials, raw materials (transition from the use of
coal fuel to gas fuel with the use of new flotation
reagents, etc.);



improving the quality of products (improving
the quality of concentrates, improving the grades of
metals, etc.);

4) an increase in the technical level of production
and other factors.

According to the characteristics of the factors
influencing the cost of production, they can be
combined into the following groups [4].

Improvement of production and labor of the
organization

When determining the factors affecting the cost
of ferrous and non-ferrous metallurgy products,
the following is taken into account. Improving
the organization and maintenance of production;
reducing costs to management and improving pro-
duction management; improving the organization
of work, the use of fixed assets; reduction in
transportation costs; elimination of non-productive
costs; reduction of losses from rejects, etc. factors that
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increase the level of production of the organization
(Figure 3, 4).

The authors' conceptualization of cost planning
coincides with the concepts of domestic economists.
A distinctive feature is that Russian economists, when
planning the cost of production, pay great attention
to the tasks of reducing the cost of production.

Now, at many enterprises, the cost price is
perceived through the prism of taxation and is
not considered in operational management as an
objective economic indicator. So, cost management is
the heart of accounting management, on the basis of
which operational management is formed.

So, first of all, the two values should not be
confused with each other. The first is the full actual
cost, a calculated figure for tax purposes only. The
second, the cost for managing the microeconomics of
an enterprise, is a tool for increasing its efficiency [5].

Directions to reduce production costs |

Using the achievements of
scientific and technological

Improving the organization of
production and labor

[ State regulation of economic processes ]

Figure 2 — Directions of reducing production costs
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Reserves for reducing the cost of production
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= Organization of production and labor
improvement;

= Changes in the structure and volume of
manufactured products and other factors

Figure 4 — Reserves for reducing production costs

Conclusion

Cost control is the planning and control of the
cost.

The cost of processed industrial products
is influenced by many factors. The degree and
characteristics of various factors that affect the level
of cost, must be taken into account when planning
the cost of production, aimed at increasing produc-
tion efficiency.

According to the characteristics of the factors
affecting the cost of production, they can be combined
into the following groups.

Raising the technical level of production.

In increasing the technical level of production,
calculations affecting the cost of ferrous and non-
ferrous metallurgy products, there are the following
areas:

1) automation and mechanization of produc-
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tion processes, the introduction of new progressive
technologies (the introduction of progressive and self-
developing mining equipment for the development of
minerals, the use of acid in metallurgical production);

2) improvement of the applied equipment and
production technology and expansion of the scale;

3) improving the use of energy and fuel, materials
and raw materials in production; introduction of
new, efficient types of consumed energy and fuel,
materials, raw materials (the transition from the
use of coal fuel to gas and the use of new flotation
reagents, etc.);

4) improving the quality of products (improving
the quality of concentrates, improving the grades of
metals, etc.);

5) an increase in the technical level of production
and other factors (improvement of production and
labor organization).
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AHOamna. Ka3sipai kez0eai HapbIKMbIK IKOHOMUKAHbIH, Kypblay wapmmapesl #aHe 6acKapyosl #emindipy, KacinopsiH-
HbIH 0aMybIHOa ¥aHA cmpameausanapobl ¥acayoa nalioa ke3i 6016in MabbinamMbiH 63iHOIK KYH MAFbIHACLI MeH peési Ky-
welie mycyoe. KamaH 6acekenecmik #aroalibl KacinopbIHOAPObIH WbiFbIHOAPObI 6ACKaApy npoueciHe, 0napobl ecenmey
MeH MOHUMOpPUHE 1ypai3yodi #emindipy wondapsiH iz0eyee yAKeH Kbi3blFyWblablK myobipybiHa aKenedi. KacinopbiH-
0a woiFbiHOAPObI 6acKapy npoueciH ylibiMoacmeoipy WbiFbIHOAPObIH, HaAnbl 0eHzeliiH memeHOemyae Kemekmeceoi.
Byn KacinopbiHFa KOCbIMWwa b6aceKkesnik apmelKwblabikmapos! 6epedi. LLbireiHOapdsl muimoi backapy apKbiabl Kacirno-
PbIHOQ YAIKeH Hamuxceae KOs #emkidy, nalioaHbl Makcumanoay ¥aHe eHOipicmid, muimoiniziH apmmeipy. KacinopeiH
KbI3MemIHiH Hezi32i KapycblablK Hamuxeci nalioa 60saein mabelaiadsl, 0a1 OHbIH KeseuleKkme 0amyblHbIH Heai3i #aHe
Kapaxam Kesi KbiamemiH amkapadsl. OHOIpic KeseMiH Hemece WblFapbiaamelH eHiMee 6araHbl ecipy apKblasl nalioa-
Hbl apmmeobipyFa 6071a0bl, 6ipak 6yn apdalibiM MyMKiH emec #aHe Makcamia cali keamelioi. Con cebernmi KacinopbiH-
HbIH nalidacsiH apmmeblpyOblH Hezi32i wWapmel eHiM emKi3inimi MeH eHOIpic WbiFbIHOAPbIH MeMeHOemy, COHbIH, iwiHoe
WbIFapblAamelH 6HIMHIH 83iHOIK KyHbIH memeHAemy 60s6in mabbinadbl, ocbiFaH opali WblFbIHOAPObl 6ACKapy HaHe
ylibiIMmOacmelpy KacinopbiH ywiH MaHbi30bl macese 60sbin mabbiaaobi.

Kinm ce30ep: HapbiK, 6aceKe, SKOHOMUKA, KOpAap, WolFblHOAp, eHOIipic, 6ackapy, KacinopeiH, Kapaxam, naloa.
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AHHOmMayus. B Hacmosuwee spemsa 8 yca08usax hopmupo8aHUs pPbIHOYHOU IKOHOMUKU U COBEPWEHCMBOBAHUA Ypas-
/IeHUA 3Ha4YeHue U posab cebecmoumocmu, Asaawelics UcCmoYHUKOM npubbiau npu padpabomke Ho8bix cmpamezuli
8 pazsumuu npednpuamus, ycuausaemcsa. Cumyayus ¥ecmkol KOHKypeHyuu npugooum K momy, Ymo npeonpusamus
nposeasom 6oabwoli UHMepec K Npoyeccy ynpasaeHus 3ampamamu, noucky nymeli cosepuieHCmMeo8aHUA Ux y4ve-
ma u MoHUMopuHaa. Op2aHU3ayusa NpPoyecca ynpasaeHus 3ampamamu Ha npednpusmuu crnocobcmayem CHUMXEHU
obwezo yposHa 3ampam. Imo daem rpednpuamuio 0onosHUMenbHole KOHKypeHmHele npeumyuwecmsa. bonsuwue
pe3ynbmamei Ha npednpuasmuu 0ocmuaaromca nymem 3¢heKmusHo20 yrnpassaeHUs 3ampamamu, MAKCUMu3ayuu
npubblau u noselweHusa agpghekmusHocmu npouzsoocmaa. OCHOBHbIM (QUHAHCO8bIM pe3yanbmamom desmensHocmu
npednpuamus Asasemca nNpubsblab, KOMOPAA CAYHUM OCHOB0U U UCMOYHUKOM cpedcme 018 e20 danbHeliwez0 pa3su-
mus. Yseau4ume rnpubblab MOXHO, ygenu4yus o6vem npousso0cmaad usau YyeHy Ha 8binycKkaemyro npooyKyuto, HO 3mo He
8ce20a 803MOMCHO U UenecoobpasHo. [ToaMomy OCHOBHbIM yca08UeM Mo8biWeHUA npubbliau npeodnpuamus Aeaaemcsa
CHUX(eHUe U30epxeK npouzsoocmsa U peanusayuu npooyKyuu, CHUxeHue cebecmoumocmu 8blnyckaemol rnpooyK-
yuu. B ceAasu ¢ Yyem 8axHbIM 80MPOCOM 0715 NPednpusamus ABAAEMCS yrnpasaeHue U op2aHu3ayus 3ampam.

Kntouesble €/108a: pbIHOK, KOHKYPEeHUUS, SKOHOMUKA, (hOHObI, 3ampamsl, Mpou3eodcmeo, ynpassaeHue, npednpusmue,
cpedcmea, npubbins.
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JKOHOMUYECKDE DDOCHOBAHUE 2AyDOKOU nepepabomku
y2Ael MecmopoXxgenua Kaunama
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AHHOomayus. B pabome npusedeHsb! pe3yanbmamesl meopemuyecKo2o, Memodos102U4ecKo20 U aHAAUMUYECKO20 UC-
cnedosaHusa 3KoHomMuYecKol aghgpekmusHocmu enybokoli nepepabomku yeneli mecmopoxcdeHua Kalinama. Moka-
30HbI pe3ysemamel Uccae0o8aHUll U pacyemos oueHKU SKOHOMUYeCcKol 3ghgheKmusHOCMU npuMeHeHUs KaliHamuH-
CKux yeneli npu npouzsoocmee 3neKmposHepauu, HUudKo2o monauea u yoobpeHull. OnpedeneHo, Ymo 8HeOpeHuUe
8 MPOU3800CMB0O HOBbIX MEXHOs02uUll MO MPOU3800CMEBY 371EKMPO3HEP2UU, HUOKO20 Morausa u yoobpeHuli ¢ uc-
nonsL3osaHuem yeneli mpebyem paspabomkyu pekomeHOayuli U 3KOHoMu4YecKko20 060CHOBAHUSA UX 8HEOPeHUS 8 Mpo-
u3800cmeo. llposedeH aHAMU3 MAKPOOKPYyxteHUA u SWOT-aHAAU3 OCHOBHbIX CUsbHBIX U C1a0bIX CMOPOH, 803MOX-
Hocmeli u y2po3 mecmopoxcoeHusa KaliHama. B pabome npedcmassieHsbl pe3yabmamsl hUHAHCOB0-IKOHOMUYECKO20
aHanu3za enybokoli nepepabomku yens. [lposedeH aHAAU3 MAKPO- U MUKpocpeds! npednpuamus. o pe3yasmamam
aHAU30 8bl518/1EH 8bICOKUL YPOBEHb KOHKYPEeHUUU cpedu rnpednpuamuli Ha pbiHKe yens.

Knrouesvble cnoea: y207b, aHAnU3, 2y6oKaa nepepabomka, npou3eo0cmeo 3AeKmpo3Hepaul, KOHKypeHmbsl.

BBeaenne

OcHOBOII pa3BUTUA DKOHOMMKIU AI000I CTpaHBI
SIBASIETCST ITPOMBIIILAEHHOCT, HO AAA AeATeABHOCTU
100011 ITPOMBIIIIAEHHOCTU TPeOyIoTCs 3HaunTeAb-
HbIe DHeprosarpaTsl, a 3HauNT, yIleAoOBIBaloIas
oTpacab OIpeAeAseT OCHOBY VCIIEITHOTO pa3BUTIL
BCell DKOHOMMKI CTPaHbI B I1e10M. YTOADb IIPUMEH:I-
€TCs B KaueCTBe OCHOBHOIO CBHIPBS He TOABKO B A00BI-
BaIOIIMX OTPacAsX, HO B psiAe APYIUX IepepadaThiBa-
IOIINX ITPOM3BOACTS [1].

Hamnboaee usydeHHOV U pas3BejaHHON ABAAET-
cs I0TO-3arladHasl 9acTh pacCMaTpUBAeMOIO MeCTO-
poxaenns. PasseganHbiMu sBasgiorcsa 10 Meakmx
IITAXTHBIX I104€¥i, IISTh M3 KOTOPBIX OBIAM M3y4EeHBI
A€TaAbHO, M IIATH IIOJA€M IOABEPTANCEH IIpeABapu-
TeABHOI pasBeske. PaHee mpoBeseHHbIE paOOTHI He
OTBEYAIOT COBPEMEHHBIM TpeOOBaHUAM, IHpPeAbsB-
AsIeMBIM K JA€TaAbHOIN pa3BejKe, B CBA3U C PeAKON
CeThI0 Pa3BeJOYHBIX BBIPAaOOTOK, HENM3yYEHHOCTBHIO
ra3oOHOCHOCTM, IILA€OIACHOCT, CHAMKO300IIaCHO-
CTU TIOpPOA, a TakKe HeAOCTaTOYHOM M3y4eHHOCTBHIO
TMAPOTe0A0TMIECKIX U TOPHOTEXHIYECKUX YCAOBUIA
DKCIIAyaTalliy, B TOM 4MCA€e OTCYTCTBUEM CePhE3HBIX
TEXHOAOTUYECKIX rccaegoBanuil. K 6aaaHcoOBBIM OT-
HECEHBI YIAU C 30AbHOCTBIO A0 40% mpu MoImHOCTH
rnaacros He MeHee 0,6 M. 3abasaHcoBbIe 3aracsl — 18,3
MAH T.

Basancossle 1 3abasaHCOBBIE 3allachl MeCTO-
poxaenns KaiitHama HOpou3sBOAUTEABHOCTHIO 2,4

MAH TOHH B To 1ipu 30% 1moTepe 4ai0T BO3MOXKHOCTD

A0OBIBaTh yroab B TeyeHne 40 aet. MectopoxxaeHne
pacroA0XXeHo HeJadeKo OT peku Vpreim, 4To 00-
AerdaeTr ero ocsoenne. OaHaKo, B CBSI3U C TEM 4YTO
DHepreTryecKas I101e3HOCTh AOObIBAEMBIX yTAeil He
IIpejcTaBAsieT II€HHOCTV, MEeCTOPOXKJeHNe He pac-
CMaTpuUBaeTcsl Kak 00beKT dKcIiAyaranyu. Ilostomy
BO3HIKaeT HeOOXOAMMOCTD MCCAeJ0BaHMs IIpodae-
MBI JaAbHelIIel mepepabOTKI yraeli MecToOpoXKe-
nus Kartmama [1].

AAs DTOTO pacCMOTPUM OCHOBHBIE XapaKTepu-
CTVIKI U OCOOEHHOCTU YTl MecTopoxxAennus KariHa-
Ma U BO3MO>KHOCTH €T0 IA1yOOKOI ItepepaboTKN.

Yroar mapku «/», A0ObIBaeMbIil Ha MeCTOpO-
xaennn KariHama, mMeeT caegylomiue XapaKTepu-
crukn [1]:

- yroab AauHHONAaMeHHb1 Mapku /, T'OCT
25543-88;

- 304bHOCTH 13, 3%;

- BBICIIIAs TeIlA0Ta cropaHus 7315 Kkaa, HU3IIast
TernaoTa cropanust 5300 Kkaa;

- xumMudeckuit cocras 304bl yras T'OCT 10538-87;

- moaxaTeropus yraeit cpegnero paunra I'OCT
MCO 11760-2012 panr A, cyOOMTYMIHOSHEIN yTOAb.

Anaans ce0eCcTOMMOCTH yrast
MecTopoxaenus Karirama

Ha ocHOBaHMM UMEIOMMXCS BXOAHBIX AaHHBIX
3 ordetos TOO «Karmama Kommup» [1] 6514 mpo-
U3BeJeH pacyeT ce0ecToMMOCTU AOOBIUM YIAs Ha Me-
cropoxdenun Kaitnama. Cpegnsisi ceGecToMMOCTb



200brd1 1 TOHHBI YIAd 3a II€PUO/ MHBECTUPOBAHI
25 aer cocrasur 12,1$/Torny 6e3 HAC n Ge3 amop-
TU3aIIMOHHBIX oTuMcAeHuit (pucyHok 1). ITpu sTom
00beM HEOOXOAVIMBIX KallMTAAOBAOXKEHUIT COCTABIT
88,7 mau $.

ITorpeGHOCTB B (pMHAHCOBBIX CPeACTBaxX AAs TAy-
OoKoI1 TIepepabOTKN yTAs1 MecTopoKAeHn: KaitHama
cocrasut 88,7 MaH $ ¢ AaAbHENIIINM BO3BPATOM DTUX
cpeacTts B TeueHue 4,5 AeT Ipu IAaHOBOM oObeMe
20041 B 2 MAH TOHH B rod. PacuerHas orieHO4YHAast
CTOMMOCTh CO34aBaeMOl KOMITIaHUU AAS rAy601<0171
repepaboTku yrast cocrasut 129,4 man $ (oreHka
MeTO/0M AVMCKOHTUPOBAHMS A€HEKHBIX ITIOTOKOB [2];
WACC (cpeanessBellieHHasi CTOMMOCTL KaIlMTaaa)
=9,89%). IRR (BHyTpeHHs1:1 HOpMa 40XOAHOCTI) TIPO-
eKkTa cocrasaser 22,6%. VlHBectupoBaHne B JaHHBIN
IIPOEKT IIPY 3aJaHHEIX ITapaMeTpax sIBASEeTCS BEITOA-
HBIM, TaK KaK HeoOXoAyMbIe (pUHAHCOBBIE CPeACTBa
B pasMmepe 88,7 MaH $ BO3BpaIjaloTcs B TedyeHue 4,5
2et. Ectb puck npu peaamsanum yras Mmapku /, Ko-
TOPBIII BO3MOXXHO CHM3UTL 3a CYeT IAyOOKOI Iepe-
PpabOTKM ITOAyJIaeMBIX yTAEIL.

P1HAHCOBO-9KOHOMMYIECKNIT aHAAN3
ray0OOKOI1 IlepepabOTK yrast

CoszgaBaeMast KOMITaHUS OCYIIECTBASET TIAyOo-
KyIO TIepapOOTKy yras IO CAeAyIOIIVM HallpaBae-
HILSIM:

1. IIpou3BoACTBO ®A€KTPODHEPIUIL.

2. ITpou3BoACTBO >KMAKOTO TOILAMBA.

3. I[IponssoacTBO yA0OpeHmIi.

PaccmoTpuM KaXkAblil 3 DTUX HaIllpaBAE€HUIA.

ITpoussodcmeo arexmpoarepzuu

OzHMM M3 BapMaHTOB IIPOU3BOACTBA DAEKTPO-

Pazpnen «xJkoHomunKa» W

®HepruM OBLA PacCMOTPEH BapMaHT CTPOUTEALCTBA
3aBoJa IIO IepepaboTKe yras 1o mertogy Puirre-
pa-Tpormiita, KOTOphII MO3B0AsI€T HOAYUYUTH CUHTE-
TUYeCcKoe KMAKOe TOIAMBO U3 YIAe€BOJAOPOAHBIX Ta-
30B. CTOMMOCTDB CTPOUTEABCTBA COCTaBAsET MOpsAKa
700 maH $, ¢ ycTaHOBAEHHOT MOIIHOCTBIO B 383 MBT,
cobcTBeHHOe TToTpebaenne — 25 MBT [3].

PacueTHoe KOAMYECTBO DAEKTPODHEPIUU AAs
peaamsanuu B 104 — 3,1 mapa kBr*uac [3]. ITporno-
3Has IleHa peaAusaliuy DAeKTposHepruu 7,8 tenre/
kBt*uac 6es HAC. Ynucras npuseseHHas CTOMMOCTh
rpoekrta 3a 10 2et — 51 maH $, mpu cTaBke AVICKOHTU-
posanmst pasHoit 9,89% [2]. Cpok okymaemoctn — 9
aet. IRR 11,55%.

/laHHBI TIPOEKT sIBAAETCs KalUTaldOeMKUM C
AAUTEABHBIM CPOKOM OKYIIaeMOCTU BCAeACTBUE pe-
IyAMpPOBaHU:A 1leH Ha 9AeKTPODHEPIMIO YIIOAHOMO-
4yeHHBIM opraHoM. IIporHosHast 1leHa peaausalnuu
3a/0>KeHa MCXOASI 3 CTaTUCTUIECKUX AaHHBIX [3] mo
IleHaM peaam3aniuy »AeKTposHeprun no Kasaxcra-
HY MOpeAlpUATUAMU-TIpOU3BoAUTeAsIMI. B caydae
HEOOXOAUMMOCTM BO3MOKHO YBEANYIUTH CO3/aBae-
MYIO MOIIIHOCTh 3aBOJa, TaK KaK AA4s IIPOU3BOACTBa
3,1 mapg xBr*4ac Heo6x0A1MO TOABKO 730 THIC. TOHH
YTIA51, U3 AQHHBIX pacdeTa BBIXOZ DHepTuu 13 1 TOHHEI
yras 4276 kBr*yac »aekrposHeprum.

Cront orMeTnTL, 4TO cedecrouMocTh 1 kBr*uac
DAEKTPODHEPIUN He OYeHb UyBCTBUTEAbHa K CTOU-
MOCTU 3aKyIla yTAsl, U COOTBeTCTBEHHO, eCAM paccMa-
TpUBaTh AaHHBIV POEKT B COBOKYIHOCTHU C yTAeA0-
OBIBAIOITNMI ITPEATIPUATUAMIY, TO BapUaHT paboThI
C reHeparnueil NpuOBIAN Ha yIA1eA00BIBAIOIINX KOM-
ITaHVSIX C TIOCTOSTHHBIM COBITOM YIAS Ha COOCTBEH-
Hy1o TOC sBasgercs NpUBAEKaTeAbHBIM M CHIKaeT

S/t

30

20 7

14,5

KuakTbi Canbly3eHb

Kynau

PucyHok 1 — MepecuntaHHaa ce6ectonmoctb gobbiumn yrna 6e3 amoptusaumm S/TH 6e3 H

KaltHama IruHcai Opnosckoe
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COBOKYITHBIE PUCKIA.

AZbBTepHAaTUBHBIM BapMaHTOM IIPOM3BOACTBA
DAEKTPODHEPINN B pacdeTe ObL1 pacCMOTPeH Bapu-
aHT crpouteanctsa TOC, anaaornmunon baaxamickoii
TOC ¢ AByMsA MOAYASAMU CO CAEAYIONMIMMMU HapaMe-
TpaMmu: rorpedaenne yras — 8650 ThIC. TOHH B TOA;
rnoaesHas orgada 2640 MBt. Dra mogean nogpasyme-
BaeT IoTpeO.AeHNe yIras B 104, B 00beMe 7,2 MAH TOHH
u BeIpaboTKy 15,4 Mapa kBr*uac. JaHHBII IpOeKT
SIBASIETCSI He MeHee KallMTal0eMKUM, I OPYEeHTUPO-
BOYHBIE KaIlUTAaJAOBAOXKEHMS COCTaBAT IOpsigKa 4,7
mapg aoaaapos CIIA. OxynaeMocTh 4aHHOTO IIPO-
ekrta coctaBuT 9-10 2eT c MOMeHTa Hadala IPOU3BOA-
CTBa ®AEKTPO3Heprun [3], 4To AeaaeT HTU IPOEKTHI
COITOCTaBMMBIMM C TOYK! 3PEHIS MHBECTUPOBAHIL.

DTN OpPOEKTHl OYeHb UYBCTBUTEABHBI K IleHe U
obbeMaM peaamsalny DAEKTPODHEPIUM, C 4eM U
CBsI3aH OCHOBHOM pucK (1 TeHre B IjeHe peaan3aniun
1 xBr*yaca ®aeKkTposHepruM SKBUBaleHTeH 3-M U
15-T1 MApA TeHTe B o HeAOIIOAYYEHHOI BLIPYUKU
COOTBeTCTBEHHO). IIpn 3akai0ueHnM A0ATOCPOYHBIX
KOHTPaKTOB Ha ITOCTaBKy 94eKTPODHEPIUM BO3MOXK-
HO CHIKeHIe JaHHOTO pucKa [2].

CaeayOmuM HampaBAeHUEM TIAyOOKOil Iiepe-
paboOTKM yTrAs ABASAETCS IIPOU3BOACTBO >KUAKOTO
TOILAMBA.

251 TpON3BOACTBa XKIAKOTO TOILAMBA Oblaa pac-
CMOTpeHa TexHoAOoTus rasudukanym yras. Ha Gasze
3aBoga 3A0 «TBK VIHHOBalum» BO3MOXKHO Ilepe-
pabaTbIBaTh yTOAb C MOAy4eHNEM >KUAKOTO TOIIAN-
Ba — OensmHa Mapku Al1-92. IIporeHTHEIT BBIXOZ,
Oensuna cocrasasiet 53,3% [3]. Heobxoaumbre karm-
TaJA0BAOXKEHM:I cocTaBAAIOT 375 MaH $ Aas mepepa-
6otkm 500 ThIC. TOHH yrast B ro4 1 585,5 MaH $ Aas

repepa®oOTKM 1 MAH TOHH YT B I'OJ COOTBETCTBEHHO
[3]. Cpok okymaemMoOCTy IIPOEKTOB IPU peaau3aniin
BCero o0beMa I101y4aeMoro OeHanHa cocTaBut 5 3,5
ro/a COOTBETCTBEHHO (Ha OCHOBaHUM JaHHBIX, IIpeA0-
craBaeHHbIX 3AO «TBK MunoBatium» [3]). Oxugae-
Masl IpUOBLABb B ro4 coctaBut 79 man $ [3] (500 TrIc.
TOHH YT B r04) 1 176 MAH $ (1 MAH TOHH YIS B TOJ)
COOTBETCTBEHHO (TabAnIis 1, 2).

W3 Tabanm BUAHO, 4TO ceGECTOMMOCTD YIAA 3a-
BICUT OT IIpOIIeHTa BbIxoJa OeH3nHa, DPPeKTUBHBIM
SIBAsIETCSI BBIXOA OeH3mHa Oozee 23,28%. Poct mpo-
IIeHTa BbIXOAa OeH3MHa HamIpsMyIO BAUsAET Ha cebe-
CTOMMOCTbD yT/sI U MaJ0 YyBCTBUTE/EH K IleHe 3aKyIla
YT, 9TO TaKKe CHYKaeT PUCK peaan3alii AaHHOTO
rnpoekra. CaMBIM 3HAUMTEABHBIM PVICKOM SIBASETCS
BBIXOZ TOTOBOTO IIPOAYKTa 13 IlepepabaThIBaeMOTO
YTIA5I, YTO MOYKET OBITH ITOATBEP>KAEHO TOABKO DMIIN-
PUYECKIIM IIyTEM.

Caeayomum HarrpaBaeHUeM I1yOOKOI Iepepa-
OOTKM YIas SIBASIETCS IIPOM3BOACTBO I'yMaTa HaTpILs
AZs1 Oy POBBIX PacTBOPOB.

I'ymar HaTpus npuMeHsAeTcs 4451 M3TOTOBASHIS
YIZ€eIeA0YHBIX PacTBOPOB, KOTOpPBle HEOOXOAVMEI
AASl PETyAMPOBaHMs BA3KOCTU OYPOBBIX pacTBOPOB
IIpy OypeHuM CKBaKIH.

A5 TIOCTPOEHUsI KOMIL/AeKca IO IIPOU3BOACTBY
yA0OpeHni1 TpeOyIOTCsI MHBECTUIINM TIOpsIAKa 4 MAH
$ aas mpomssoAcTBa TyMara HaTpusl oobemom 102
TBIC. TOHH B IO,

Ynopasaenne mapketunroMm B TOO «Karinama
Kommp»

ITo cBonm samacam yras Pecrrybanka Kazaxcran
BXOAMT B 4MCAO BeAYIINX CTPaH U 3aHMMaeT BOCbMOe

Ta6namua 1 — AHanU3 YyBCTBUTENbHOCTM YUCTOM NpUbbLIIKM, MaH $ (NnepepaboTka 500 TbiC. TOHH yras)

CebectroumocTtb yrnsa, S/TH
MpoueHT 79 MnH S 20 25 30 35 40
BEEERE 13,28% -17 -19 221 -23 -25
6eH3unHa
23,28% 8 4 2 0
33,28% 33 31 29 27 25
43,28% 58 56 54 52 50
53,28% 83 81 79 77 75

Tabnunua 2 — AHaAU3 YYBCTBUTENBHOCTU YUCTOM NPUBBLIAK, MAH $ (NnepepaboTKa 1 MIH TOHH yrA)

Ce6ecroumoctb yrns, $/TH
MpoueHT 176 maH S 20 25 30 35 40
BEPCeE 13,28% -16 -20 -24 -28 -32
6eH3unHa
23,28% 34 30 26 22 18
33,28% 84 80 76 72 68
43,28% 134 130 126 122 118
53,28% 184 180 176 172 168




MecTo B Mupe. Ha cerogHsmHmii MOMEHT IO O0b-
eMaM PpasBeJaHHBIX 3amacos Ha 40410 Kaszaxcrana
MPUXOAUTCS OKOAO YeThIPeX IMPOIIeHTOB OT MUPOBBIX
3aIracos.

Kasaxcran obecrieueH yraem, 1o npeABapurean-
HBIM pacdeTaM, Ha 00.ee 4eTBepTh ThICSIeAeTILI [3].
baaancossle 3anace! yraen kareropun A + B + C1 +
C2 +/ o cocrosanmuio Ha 1 ssuBaps 2007 roga cocrasu-
an 33,6 MAPA A0AA. TOHH, UTO cocTaBaset 21,3 Mapg,
A0AA. TOHH, OypblIit yroan 12,3 mapa ToHH [4].

3abaaaHCOBBIe 3aI1achl yras 110 OacceliHaM U Me-
cropoxaennaM Pecriybankn Kasaxcran, 1o cocrost-
Hmio Ha 1 sHBaps 2007 roga coctaBAsioT 28,6 MAp4,
TOHH, B TOM 4lC/Ae KaMeHHBIX yTaei 3,2 MApPA TOHH,
OypsIx yraeii 25,4 Mapa TonH [4].

Boabriass yacth moAcumTaHHBIX 3artacoB (63%)
npeJcraBieHa KaMeHHbIMU yraamu Kaparanaus-
ckoro, Dxubacrysckoro, Tenmus-Kop>kaHKOABCKOTO

Haccertnos, Kymokunckoro, bopamuckoro, Illy-
H6apxoabckoro, KapaxelpuHckoro m psja Apyrux
MECTOPOKAECHUIL.

Ocrazarpnast gacts (37%) mpeacraBaeHa OypbIMu
YIASIMI, COCPeA0TOYEHHBIMY, B OCHOBHOM, B Typraii-
ckoM, Hivkne-Manitickom, MaiikybenckoMm Oacceii-
Hax U APYIMX MeCTOPOXAeHMsX [3].

Kasaxcranckme yram XapaKTepU3YIOTCsS IIMpPO-
KM AMaIla3OHOM CTajuil MeToMopdusMa OT Taso-
BBIX JKMPHBIX A0 TOIIIVX.

B HacrosIee BpeMs OCBOEHBI M DKCILAyaTUPY-
1orca Kaparananuackmir, Dxnbacrysckuit 1 Maiiky-
Oenckmit Oacceitnbl, Kymmokmuckoe, Bopamnnckoe,
[lybapkoanckoe, KapaskbpIpumHCKOe MeCTOpOXJe-
HISI, @ TaK>Ke HECKOABKO MEAKVX MeCTOPOXKAEHUIT B
paszanunbix o6aactsx Pecriybanku Kazaxcran, Ha Ko-
TOPBIX, B HE3HAUNTEABHBIX OObeMax, BeJeTcs A400bua
VTSI 451 MECTHBIX HYKA.

AHaau3 pacrpejeseHUs 3arlacoB YrAsd U IIPO-
THO3HBIX peCcypcoB yraen 1o odaactsaM Pecrrybanku
Kazaxcran rmokaspiBaeT, 4To DOAbINas 4acTh DaaaHco-
BBIX 3aIlacos cocpegorodena B Llenrpaarnom Kasax-
crane, B Kaparanaunckoi, ITasaogapckoir u Kocra-
HaCKOI 004aCTsIX.

Bocrounsle, 3amagHble 1 I0JKHBIE paifoHbI Pecrry-
6ankn KaszaxcraH, mMeromue 3HaYMTEALHBIN IIPO-
MBIIII/IEHHBII TTOTeHIIal, UCIBITBIBAIOT OCTPBIN Ae-
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¢uumT yroasHoro Tonamnsa.

B measx ompeseseHMs BO3ZMOXKHOCTM A0OBIYI
yrass Ha MecropoxJenHun Kaitnama HeoOXoAMMO
[IpOoaHaAM3VPOBaTh MaKpocpedy, KOTopas MCIOAb-
3yeTCsl A5 BBLIBAEHIISI BO3MOYKHOCTEN U yTPO3 IIpea-
IIPUSTUS, CKPBITBIX BO BHEIITHET Cpeje, a TakKe BaK-
HOTO IIpoIlecca CTPaTermyeckoro IIAaHMpPOBaHU U
yrpasaenysl. CaMBIM IOy ASPHBIM MHCTPYMEHTOM
AAsl aHaAM3a MaKpoCpeAbl ABASETCS CO3JaHNe Ma-
TPMUIIBI BHEIITHUX yCAOBMI (TabAna 3).

Aast Goaee aeraabHOTO aHaamM3a HEOOXOAUMO
U3yJeHNe TaK’Ke MUKPOCPeAbl IPeAIpIATUs, K KO-
TOPOMY OTHOCATCS IIapTHEPHl, IIOCTaBIIMUKY, IIO-
TpebuTean, KOHKYPEeHTHI U ApPyrue IpeAlpUATI:,
OKa3bIBaIOIVie BAUSHNE Ha AOOBIUY yIAs U3 MeCTO-
poxaenns Kaitnama.

W3 tabaniisl BUAHO, 4TO Ha AOOBIYY yTAS U3 Me-
cropoxJenns KaiiHama BAMAIOT 4 HanpaBAeHIS
JakTOopoB: HOAUTMYIECKNII, DKOHOMMYECKUIL, CO-
LMaABHBEI M TexHoAormdecknii. Bece oTm daxropst
MMOAOXUTEABHO BAMSIOT UM AAIOT BO3MOSKHOCTDH VIC-
[10AB30BaTh YIAVM MECTOPOXKAEHMS AAsl TAyOOKOI
repepabOTKIL.

PaccmoTpum ocHoBHbIX KOHKYpeHToB TOO «Kaii-
Hama Komup». Ha prIHKe yras KOHKypeHIUs O4eHb
BBICOKasI, KPYITHbIE KOMITAaHUM I10 400BIY€e YIS Haxo-
astcs kak Kasaxcrane, Tak u B Poccnn.

O06beM 400B1BaEMOTI YTOABHOI TpoayKnyu B Ka-
3axcTaHe Ha TEeKYIINIT MOMEHT CIIOcOOeH 00eCcIIednTh
IIPOU3BOACTBO A0 TPeX YeTBepTell OT o0Iero oone-
Ma IIpOM3BOACTBa DAeKTposHeprun. Hapsaay ¢ stum
ITOAHOCTBIO 00ECIIeYMBAIOTCS CHIPheM KOKCOXMMITJIe-
CKIe TIpeApUATISI M KOMMYHa/AbLHO-OBITOBOI CeK-
TOP CTpaHEL

ITocaeanee gecATnaeTne XapakrepusyeTcs Hapa-
LIMBaHUEM TeMIIOB A00bran yras. IlapaaseasHo ot-
MedJaeTcsl poCT IIeHBI A400BIBaeMOTO DHEpropecypca,
0COOEHHO BO BTOPOII II0/0BUHE ITPOIIEAIIIErO Aecs-
TUAETYS, KOTAA IOKa3aTeAN 1IeHBI BBIpOCAU A0 Hal-
Do.ee BBICOKIIX 3a BeCh aHaAM3VPYeMBIII tepnog. Ha
CAeAyIOIeM PUCYHKE PacCMOTPUM A0AI0 Ka’KA0TO
IIPOU3BOAUTEAS YTAsI Ha yroAbHOM pbiHKe Kasaxcra-
Ha (pucyHok 2) [5].

W3 pucyHka BUAHO, YTO B CTpaHe OCHOBHBIM ITPO-
nspoauteseM yras sasasgerca TOO «borateips Ko-

Ta6bnuua 3 — PEST-aHanu3 makpocpegbl mectopoxaeHua «KanHama»

¢aKTOpr, CBfI3aHHbIe C NOIUTUKOMN

¢aKTOp, CBA3aHHbI€ C 3KOHOMUYEeCKMMU npoueccamum

KOHKypeHLusA Ha pbIHKe yrs

Mporpammbl pa3sBUTUA YrONIbHOW NPOMBILLIEHHOCTU
CTpaHbI

HopMaTuBHO-3aKOHOAATE/IbHbIE aKTbl MO HEAPOMNO/b-
30BaHUIO

COBOKYMHbIN CNPOC Ha Yroab U Ha NPoAyKLUMto ryboKomn
nepepaboTku

CTabuabHOCTb LIeH Ha yronb

MN3meHeHMe ycnoBuin HanoroobioxeHna nponssoauTenei
yrs

‘DaKTOpr, BAnAKOWMUE Ha ColMa/ZibHOE NosoXKeHue

¢aKTOpr, CBAI3aHHbIe C TEXHONOrnen p,OGbI‘lM

TpyZOYyCTPOICTBO HaceneHus
CoumanbHasa nogaeprkKa HaceneHus
ObyyeHure cneumanmcTos

Mcnonb3oBaHWe HOBbIX TEXHONOTUI OTKprTOﬁ ,EI,O6bILWI yrna
Mcnonb3oBaHne nepesoBoro 060py,£I,OBaHVIﬂ N CHUNXXeHune
cebectonmocTun yrna
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MIP», KOTOPBIN 3aHMMaeT 39% A0OBIUM YIAsI CTPaHEL,
CAeAyIOIIUM OCHOBHBIM IIPOM3BOAUTEAEM SBASIETCS
Paspes «Bocrounsi», koTopeni nmeer 18% yaean-
HOTO Beca B oOmieM oObeMe IPOU3BOACTBA YIAs B
cTpaHe. BrpIcokast KOHKypeHITUS He JaeT BO3MOXKHO-
CTM peaMsanny yras Mmecropoxkgennms KariHama B
Kasaxcrane u B 0a1>KHeM 3apyOeskbe, 4TO IIPUBOAUT
K HEOOXOAVIMOCTH ITepepabOTKM YTAs M MOAYIEHILT
MaTepnAOB IMOAB3YIOMNXCI OOABIIINM CIIPOCOM, KaK
9AeKTPODHeprus, OeH3MH.

CoxkpalrieHne cripoca Ha yroAb B HacCTOsIIIIee Bpe-
Ms1 Ha0AI0AaeTCs He TOABKO B CTpaHe, HO U II0 BCEMY
Mupy. Ho cronr ormeTuTs, 4to, 1o MHEHMIO aHAAMN-
TUKOB >XypHada «DKCIIepT», HacTosas mpobieMa
3aKAI04aeTcsl BOBCE He B 9TOM, a B U30OBITKe IIpeAa0-
>keHns1. CoraacHO MoJeAsIM CIIpoca U IIpeAo>Ke-
Hus «Deutsche Bank» [5], m30BITOK ITpeAAo>KeHNs
Ha pbIHKe DHEPIeTHYeCKOIo yrasa cocrasasgeT 30 MAH
TOHH U MO>KeT YBeAMIUThCs A0 68 MAH TOHH B 2022 T.
[5].

Jobpua sHepreTmyeckoro yrast B PecryOauke
Kasaxcran crabmnapHO pocia B ITOCAeAHUE TOABI CO
CpedHUM TeMIIOM 2%, KOKCYIOIIerocs — He3Haul-
TeABHO COKpaaslach (tabanma 4).

B cTpykType 400BIYM DHEPreTUYECKOTO YIAS BbI-
pocaa Aoast Oyporo M AAMHHOILIAMEHHOTO YIAs — C
20% B 2015 roay 40 27% B 2020 roay. baaroaap:t 3Ha-
YUTEABHOMY 00beMy A0OBIUN DHEPTETIIECKOTO YT,
Kasaxcran saHnMaer JecsiToe MeCTo B MUpe IIO AO-

TOO "Boratbipb
Komup" 39%

TOOIPK
"SatKomir" 1%
TOO "ramma” 2%

100 "On-Oma" 2% _/ 100 AHrPeHcop

4%

Obrye yras [4].

Prmok snepretuyeckoro yras B Kasaxcrane or-
HOCUTEABHO (PparMeHTHPOBaH — KPYITHENIINM UTPO-
KoM, obecrieunBarommm 40 30% COBOKYIIHO A00BIUM,
apasercs Komnanus «<ENRC» (paspes «Bocrounsiii»,
«ly6apxoas Komup»), BTOpbIM 1 TpeTbUM HUTpPOKa-
MU 110 00beMy 4005141 ABASIOTCS «CaMpyK-DHepro»
u «PYCA/1» — 110 20% kaxxapiii («borateips Komup»),
aazee nayt «Kasaxmeic» (8%), «Kapaxsipa» (6%),
«Anrpencop Duepro» (5%) u mpoune.

OcHoBHas1 40451 400BIBA€MOTO DHEPTETUIECKOTO
YIAsl MAeT Ha HY>KABl DAEeKTPODHEPIeTUYECKON OT-
pacan Pecriybanxn Kasaxcran n Ha sxcriopt (51% un
31% COOTBETCTBEHHO), OCTaABHOI 0ObEM — Ha KOMMY-
HaAbHO-OBITOBBIE HY>KABI Hace/A€HNs I Ha ITPOMBIIII-
aennble npeanpusaTus (13% 1 5% cooTBeTCTBEHHO).

Prrrok kokcytomierocst yrast Ha 95% cpopmupo-
BaH 400br4ert Kommanun «ApceaopMmrraa» [4]. Oc-
HOBHas 40451 A0OBITOTO KOKCYIOIIETOCs YIasl (IIopsia-
Ka 95%) mpoxoauT mporeAypy oOoraIeHus, mocae
gero 70% KOHIIeHTpaTa HalIpaBAsSeTCs A5 oDecIieve-
HIsI COOCTBEHHBIX ITOTPeOHOCTelN KOMIIaHUH B KOKCe,
OCTaZBHOI KOHIIEHTpAT UAeT Ha DKCIIOPT B YKpauHy
u Poccuro.

Mcxoas m3 aHaAM3a KOHKYPEHTOM CpeAbl MeCTO-
poxaenns KartHama cocTaBUM TaOAMILy CUABHBIX U
CZa0BIX CTOPOH, BO3MOSKHOCTEN U YIpO3 KOMIIaHUI
(Trabawuria 5).

Paspe3
“BocTounbli” 18% pq "|Wy6apkonb

Komup" 7%

YA "bopnet” 7%

TOO "Kapaxupa
TOO "Maitkyben NTA" 5%

Bect" 4%

PuUcyHOK 2 — PacnpegeneHue o6bemoB fo6bium yrna B Pecnyb6amke KasaxcraH B 2020 rogy

Ta6bnuua 4 — luHamuKa ao6bbium yrna

[o6blua yrna, MIH TOHH 2015 2016 2017 2018 2019 2020
dHepreTUyecKkui 92,9 82,5 93,4 98,6 102,4 101,1
KoKcytowmiica 12,0 11,8 11,9 11,5 11,3 11,7
Bcero 104,9 94,3 105,3 110,1 113,7 112,8
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Tabnuua 5 — SWOT aHanus TOO «KaliHama Komup»

CunbHble CTOPOHBI (S)

- KauectBo yrs;

- BblcOKas ueHa;

- Bonblwasa Npon3BOACTBEHHAA MOLLHOCTb;

- OCHOBHbIE KOHKYPEHTHbIE NOAXOAbl BO BHYTPEH-
HeW ToprosJie;

- BbirogHan penyTauua cpegmn nokynatenen;

- Hanuure onpefeneHHbix COTPYAHUKOB;

- Hannuve MHHOBALMOHHBIX CTpaTeruu;

- Hanuuve nHaAMBUAYaNbHbIX YHUKANAbHbIX peLen-
TOB, COXPAHEHME KNACCUYECKUX TEXHOOTUIA.

MonuTuKa pacmpeHus

(yBEAMYeHME [oNM NPoAaK, yBenuye-
HWe CNUCKa NpeanaraeMon NpoayKLuK,
NoBbILLEHNE NPOU3BOANUTENLHOCTH)

- YBE/IMYUTb NEpeyeHb TOBAPOB;

- M0BbICUTb NPOAYKTUBHOCTb;

- YBE/IMYUTb NPOU3BOAMUTENLHOCTb NPO-
M3BOACTBA.

MoANTUKA CHUMEHUA
cebectonmmocTtu npo-
AyKUUn

- yBenaunyeHue obo-
POTHbIX CPEACTB.

Cnabble cTtopoHbl (W)

- Pecypcbl NpeanpuaTMa UCNoab30BaHbl He B
noaHom obbeme;

- OTCyTCTBME HEOBXOAMMBIX CCYAHbIX AEHET;

- Hu3Kasa peHTabenbHOCTb TEXHONOTMYECKUX MPo-
LLeccoB MPOM3BOACTBA, A TaK¥Ke ero 3HauyMTeNbHbIN
pacxof aHepruu;

- I3HOC OCHOBHOTO TEXHNYECKOro 060pYA0BaHMS;
- HusKasa peHTabenbHOCTb KOMNaHNUM.

MonnTKa GopMMPOBAHUA MPOAYKTa
(yBennueHue CBOMCTB NPOAYKUMU U ero
rnyboKas nepepaboTka);

- NO/y4EHUE HOBbIX BUA0B NPOAYKLMMK;
- yBENIMYEHME KBANMPMKALLMM NepCoHa-
na.

Ctpaterua pocta
NO3MLUKM Ha PbiHKe

- bonblaa KOHKypeH-
LMA HA pbIHKe yrAs;

- B3anmosasucu-
MOCTb C MOCTaBLLMKa-
MM TOBAPOB U YCAYT.

Bo3amoxkHocTu (O)
Hapy»KHble cnocobHocTH:
- YMeHu1e NOBbICUTb PbIHOYHYIO HULLY;

- NopaeprkKka NpaBMUTENbCTBA rOCYAAPCTBA
Yrpo3sbl (T)

Hapy»KHble onacHOCTU:

- MIHTEHCUBHOCTb PbIHKA;

- MepemeHa NoKynaTeNbCKUX NpeanoYTeHnin

- BBegeHne KoMNaHMM B CMUCOK KNACCUYECKUX MMNOPTEPOB;

- MpucyTcTBME HOBEMLLMX TEXHONOTUIN A06bIYN yINA;

- YBesiMyeHwue cnpoca Ha ToBap M ero NpoAyKTbl nepepaboTky;
- YBesiyeHwme cnpoca 3a cyeT NoBbILEHNA KOHKYPEHTOCMOCOBHOCTM NPOAYKTOB nepapaboTku;

- bonbluaA KOHKYPEHLMA HA PbIHKE YI/IA, KaK OTeYEeCTBEHHbIX, TaK 1 3apybexHbIX NpeanpuaTni;
- Bbixog, Ha 1Py HOBbIX KOHKYPEHTOB, TaK¥Ke MNOBbILEHME NO3ULUIA NPEXHUX;

3akaoueHme

Ha ocHOBe cMABHBIX 1 cAa0BIX CTOPOH IPeAIIPH-
ATUA CPOPMUPOBAHBI CTpATETMM POCTa, Pa3BUTI
TOBapa M CTpaTerus CHVKEeHMs U3JepKeK. A Takke
CUABHBIE CTOPOHBI UM BO3MOXKHOCTU IIPEAIIPVATUS
OYeHb BBICOKM U AAIOT BO3MOKHOCTDL pacIlIVpPeHNs
CIIEKTpa MCIIOAb30BAHIUS YIAEMl MeCTOPOXKAECHUs
Karnama kak 4451 gaapHennen rAy6OKOI7I nepepa-
OOTKI B 9A€KTPODHEPTUIO, JKIMAKOE TOIIANBO U IIPO-

CMUCOK JIUTEPATYPbI

M3BOACTBO TyMaTa HaTpusl 445 OYPOBBIX PacTBOPOB.

Takum oOpa3oMm, HY>KHO OTMETUTb, UTO YIAU
Mapku /| MmecTtopoxaenns KaitHama oueHb BHITOAHBI
AAsl TAYyOOKOI 1epepaOOTKNU. YUHUTHIBasl TOT (akT,
YTO KOHKYPEHIIVSI O4eHb BBICOKA, MOXKHO C yYBEepeH-
HOCTBIO CKa3aTh, UTO MPEANPVATUIO OyAeT BBITOA-
Hee JaJbHelIas IepepabOTKa YIAs, HeXeAU ero
npojaxKa.
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KailiHama KeH opHbIHbIH, KemMipiH mepeH, 6H0ey0iH 3KOHOMUKANbIK Hezizoemeci

T*KY/IbMXAKAEB HypaaH banbameiposuy, dupekmop, kulzhakaev@mail.ru,

KY/IbXXAKAEB EpxycaH HypnaHosuy, m.f.M., 6ac uHxceHep, kulzhakaev@mail.ru,

l«Kaltinama Kemip» MLLIC, KazakcmaH, 140800, MNasnodap obavicel, Mali aydaHsl, Kekmebe ayebinel, Kasbibek bu
Keweci, 26-2,

*aemop-KoppecrnoHOeHm.

AHOamna. Kymeicma KaliHama KeH OpHbIHbIH, KOMipiH mepeH, eHOeyOiH 3KOHOMUKAsbIK muimOinieiH meopussbiK,
20iCHAMabIK HAHe aHAAUMUKAALIK 3epmmey Homuxesnepi KenamipinzeH. 3nekmp 3HepauscsiH, cylblK ombelH MeH
moeiHalmKbiwumaposl eHOipyde KaliHaAMa KemipiH KondaHyObiH 3KOHOMUKAbIK muimdinieiH 6aranay 6olibiHwa 3epm-
meynep meH ecenmeynepdiH, Homuxenepi kepceminzeH. Kemip nalidanaHeinamelH 3AeKmMp SHeP2UACbIH, CyliblK omeblH
MeH mblHalUmKblWmaposl eHOIpy #eHIiHOe2i MaHa mexHO102ud1ap0bl 6HOIpicKe eHzi3y yCbiHbIMOap 33ipneydi HaHe
01ap0bl eHOIpicKe eHeizydiH 3KOHOMUKAsbIK Heziz0emeciH masaan emeodi. KaliHama KeH OpHbIHbIH MAKPOOpmMacsi-
Ha manday #aHe SWOT Hezizai Kywmi #aHe asCi3 HaKmapbiH, MyMKIHOIKmep MeH Kayinmepae manoay xcypaisinoi.
Kemipdi mepeH eHOeyze KapblablK-3KOHOMUKAAbIK Mmanoay xypeisindi. KacinopelHHbIH MAKPO HaHE MUKpoopmana-
pblHO Manday #acaa0sl. Tanday Homuxcenepi 6olibIHWA KICinopbIHHbIH, KOMIp HapbifbiHOa Kewbacwel 60a6in Mabbi-
nameiH 6acexkenecmepi 6ap ekeHiH Kepyae 60a1a0bI.

Kinm ce30ep: kemip, manday, mepeH eHOey, snekmp sHepauscbIH eHOipy, bacekenecmep.

Economic Justification of Deep Processing of Coal from the Kainama Deposit
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Abstract. The paper presents the results of a theoretical, methodological and analytical study of the economic efficiency
of deep processing of coal from the Kainama deposit. The results of research and calculations of the assessment of the
economic efficiency of the use of Kaynamin coals in the production of electric energy, liquid fuel and fertilizers are shown.
The introduction of new technologies for the production of electricity, liquid fuel and fertilizers using coal into production
requires the development of recommendations and an economic justification for their introduction into production. The
analysis of the macroenvironment of the Kainama field and the SWOT analysis of the main strengths and weaknesses,
opportunities and threats are carried out. The financial and economic analysis of deep processing of coal is carried out.
The analysis of the macro and microenvironment of the enterprise is carried out. According to the results of the analysis,
it is clear that the company has competitors who are leaders in the coal market.

Keywords: coal, analysis, deep processing, electricity production, competitors.

1. Godovye otchety TOO «Kajnama Komir», 2018, 2019, 2020 gody, pp. 10-25.

2. Ob utverzhdenii Koncepcii razvitiya toplivno-energeticheskogo kompleksa Respubliki Kazahstan do 2030 goda. Postanovlenie
Pravitel'stva Respubliki Kazahstan ot 28 iyunya 2014 goda, no. 724.

3. Islamov S.R. Pererabotka burogo uglya po skheme energotekhnologicheskogo klastera // Ugol'. — 2009. — No. 3. — pp. 69-71.

4. Ahmetzhanov B., Tazhibekova K.B., Shametova A.A. Analysis of development of the coal industry of Kazakhstan // lzvestiya
Nacional'noj Akademii Nauk Respubliki Kazahstan, Almaty: KR ¥lIttyk fylym akademiyasy, 2018, no. 5 (321), pp. 68-70.

5. Ahmetzhanov B., Tazhibekova K.B., Shametova A.A. Metodicheskie osnovy rascheta ekonomicheskoj effektivnosti ispol'zovaniya
uglej v promyshlennosti // Respublikanskij zhurnal «Trudy Universiteta». Karaganda: KarGTU, 2018. No. 4. pp. 116-119.



Paszea 6

JHepreTHKa. ABI(
HHd)opmaunonane-

DOI 10.52209/1609-1825_2021_3_221 - : VK 629.7.05.001

Onmumu3auua CAy)XebHol undgopmauuu
U NOMEXOYCMOUYUBOCMb B UH(IOPMAUUDHHO-
U3MEPUMEAbHBIK CUCMEMAX GO GXAMUEM JaHHbIN

ECMATAMBETOB bynam-bameip Cayxeimosu4, 0.m.H., npogheccop, bulatbatyr@mail.ru,
tOxcHO-KazaxcmaHckuli yHusepcumem um. M.O. Ayazoea, KazaxcmaH, 160012, LLieimkeHm, np. TayKke xaHa, 5,

AHHOmMayuAa. Cmameos noceAaujeHd 80Mpocam onmumanbHO20 POPMUPOBAHUA CayxebHol UHopmayuu U noss-
weHus nomexoycmoliyusocmu e paduomesemMempuyeckux cucmemax. B menemempuyeckux cucmemax Kocmuye-
CKUX lemamesibHbIX anmnapamos ¢ Ucnonb308aHUEM Heobpamumo20 cHamus OaHHbIX B03MOMCHO UCMO0/b6308GHUE
HEeCKos1bKUX Memo0do8 (hopMupoBaHuUsa coobuweHuUli. B KaHasnbHOM rnakeme 8bIXO0HbIX OaHHbLIX Moxem bbimb He-
CKO/IbKO KOOA08bIX €108, onpedensowux e2o cocmas. OHU Mo2ym 6bimb 06beduHeHbl U paccmasseHsl 8 cmpozo
onpedeneHHol nocnedosamensHocmu. Heobxodumocme repedayu cayucebHoli UHopMayuu CHuxcaem 3@gex-
musHocmb npuemo-repedaroujux cucmem. losmomy npobaema cokpaujeHUs obvema cayxcebHol uHgpopmayuu
Aengemcs Ype3sol4aliHo akmyansHol. [pu 0bpabomke 8 UHHOPMAYUOHHBIX CUCMEMAX 02POMHbIX MTOMOK08 OaH-
HbIX omOesbHble UX U3MepeHUs Uau yesble 2pynnel usMmepeHuli Mo2ym bbimb UCKaM(eHb! Uau ymepsHbl 8cedcmesue

PA3HLIX MPUYUH, Hanpumep, 88uUdy 8bIx00ad 3a npedessl WKAbI UdmepeHuli. BoccmaHossneHue camesix OGHHbLIX Mpu
nepeoaye Mo KAHAsAAM C8A3U COMPO8oXAAemcs No2pewHOCMAMU, CBA3AHHbLIMU C UCKaX(eHUeM UHGhOpMAyUuoHHOU u
cnyxebHoli yacmeli coobweHuli u3-3a HaAU4USA rNomex 8 KaHase rnepedayu. [loamomy 803HUKaem Heobxo0UMOoCmMb
obecneveHus 00cmosepHOCMU OGHHbIX U3MepeHUli Ha ecex amarnax npeobpazosaHus OAHHbIX, 8 MOM Yucse Ha 3ma-
ne cxamus.

Kntouesvle cnoea: cxxamue 0aHHbIX, CAyxebHaa UHPOPMayus, cyuecmeeHHble omcyemsl, KO3ghguyueHm cxamus,
bygpepHoe 3anomuHarowee ycmpolicmeo, mesnemempudeckuli Kadp, nomexoycmoiyusocme, cay4aliHeil npoyecc,
uzbbimo4Hocme.

BBeagenue OBITH HECKOABKO KOAOBBIX CAOB, OIIPEAEASIONINX €TO
B xaHaabHOM ITakeTe BBHIXOAHBIX JAaHHBIX MOXeT | cocTtaB. OHM MOTYT OBITh OOBbEeAVHEHEI U paccTaBae-
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HBI B CTPOTO OIIpeAeAeHHOI II0CAeA0BaTeAbHOCTIA.
Taxoif makeT AaHHBIX IIpeJcTaBAsieT cOO0I KOAOBYIO
KOMOMHAIINIO IIOCTOSTHHON MAMU IIepeMEHHO AAVHEL,
IIp1JYeM IOCTOsSHHAA AAVHA ITakeTa GOPMUPYETCs B
c/lydae 3apaHee OIIpeje/1eHHOTO U HEM3MEHHOIO 00b-
eMa yH(pOpManuM Ha MHTepBaje BbIAa9M AAHHEIX, a
IlepeMeHHasl — B IpOTUBHOM caAydae. C KaHaABHBIM
ITaKeTOM JaHHBIX JaJee MOXKHO oOpalaThCs KakK C
€AVHBIM IIeAbIM: CHaO>aTh €ro aJpecHoil MH¢popMa-
1yer od MCTOUYHMKe cooOIIeHs], nH(popMalieir oo
UHTepBale BpeMeH!, Ha KOTOpOM Obla cpopMupo-
BaH IIaKeT, 4451 IPUBS3KU CyIIeCTBEHHBIX OTCUYETOB
KO BpeMeHU, AOIOJAHWUTEABHBIMU IIPOBEPOUYHBIMU
CUMBOJAaMM U KOAaMU AAs TIOBBIIIEHUS ITOMEXOY-
CTOMYMBOCTY II€peJayun MAY C DTOM Ke 1LIeAbIO OIpe-
JAeZeHHBIM 0Opa3oM (opMUpOBaTh CTPYKTYpPY Ia-
KeTa. AgpecHas1, BpeMeHHasl ¥ CMHXPOHU3UPYIOIIas
nH(popMaIs B ANTEepaType Ha3bIBaeTCs CAY>KeOHOI.
BoccraHoBaeHMe cXaThIX AQHHBIX IIPU IIepejade
II0 KaHaJaM CBS3U COIIPOBOXKAAETCS ITOTPEITHOCTS-
M, CBSI3aHHBIMU C MCKa>KeHneM MHQPOPMaILVIOHHON
U cAy>keOHOI JacTell COOOIIeHN T 13-3a HaAUIIS T10-
Mex B KaHae 1nepedadn. K sTuM morpemHoctsM 40-
6aBaA1OTCs OMIMOKY, 00YCAOBAEHHEIE KBaHTOBAHVEM
repeaBaeMBbIX peaAr3alnii I10 YPOBHIO U AVICKPETH-
3anuent 1o speMenn. PeaabHble KaHaABI CBSA3Y YacTO
OKa3bIBAIOTCSl HECTallIOHAPHBIMM C HAaAWYUEM IIO-
MeX, KOppeANpOBaHHBIX C IT0/AE3HBIM CUTHaJAO0M. Ta-
KIfe KaHa/Abl BHOCST CYIIeCTBEHHBIE VICKa’KeHIIsI IIPU
BOCCTAHOBAEHN! CUTHA/A0B Ha IIPMEMHOI CTOPOHE.

Teopust Boripoca

PaccMorpuM nmpuHUINMIIEL POPMUPOBAHMS CAY-
>KeOHOI MHPpOpPManUN B CICTeMaXx CO CKaTleM JaH-
HpIX. CyIIecTByIOT cAeAyIoIyie CUCTeMBI, OTANYalO-
ITMecs] CIIoCOOOM BBIPABHMBAHMS ITOTOKOB CXKaTBIX
AaHHbIX [1]:

- ¢ OyQepHBIM 3allOMUHAIOMNM YCTPOICTBOM
(B3Y);

- C aJalITUBHBIM KOMMYTUPOBaHVEM.

Aasa cucrem c B3Y xapaxkTepHO HaaAuume repe-
MEHHOJI 3a4ep>XKu B Oydepe, a CHCTEMBEI C aAalITUB-
HBIM KOMMYTHPOBaHIEM pabOTaIOT B peasbHOM Mac-
mrabe BpeMeHH, 4To 1 00yCA0BAMBaET OCOOEHHOCTI
dopmuposanms cayxebnoit nudopmarum [2]. Aas
aHaAmM3a Pa3ANIHBIX CIIOCOOOB ee (POPMUPOBAHILIL
BBeJeM IIOHATHE KOD(PPUITMEHTa CXKaTUsA IT0AOCHI
9JacTOT KaHaJa Ilepejadn:

; n
KCI;K — BX

anlX ’
T A€ Ny — 00beM U3MePUTEeAbHOV MHPOPMAIINN B
KaJape,

Nn,
anlX = K + naﬂp + nBP’
CK

rae Ko — Koo PUIIMEHT CKaTusl 110 YUCAY OTCIETOB;
N —41CA0 KaHaAOB B aAalITUBHOI CUCTEMe;
n,, — 00beM MHQPOPMALIMIOHHON YacTy OAHOTO
U3MepeHILs;
Tap — 00BEM a4 pecHOl nHGOPMaIINIL;
Ny — 00BEM BpeMeHHO NMHPOPMaLINIA.

Onncanme MeTOAOB aHaAM3a

CpaBHUBaTh pa3AN4YHBIE CIIOCOOBI POPMUpPOBa-
HUS CAy>KeOHOV MHpOpMaIum caeAyeT IpU OAVHa-
KOBBIX BXOAHBIX ycA0BIAX [3]. domycTuM, 4T0 00BeM
U3MEPUTEABHON MH(OpMAIUM AAsl BCEX OTCUETOB
OAMHAKOB, a BEPOATHOCTD MOABACHNS CyIIleCTBeHHbBIX
OTCYeTOB A5 BCexX cAydaes Tak’Ke OAMHAaKOBa I paBHa

=1L
Peym Ko

rae Ko — ycpeaHeHHbIT KOO PUIIMEHT CKaTs.

IIpn rpynmosom criocobe PpoOpMMpOBaHUS CAY-
>KeOHOI MHPOpMauUy MPOU3BOAUTCA aHAAU3 KaK-
AOTO OTCYeTa M MpUCBOeHMe cuMBoaa 1 cyIriecTseH-
HBIM OTcuyeTaM 1 cumBoaa 0 — uzdbsrrounsim [4]. TTo
9TUM MHAeKcaM (OpMUPYeTCsl OAUHAKOBBIN aapec
Kajpa Ny, 3a KOTOPBIM CAeAyIOT MHPOPMaLVIOHHLIE
YacTu COODIIEHUsI 7, TOABKO Te€X KaHaAOB, OTCUYETHI
KOTOPBIX OKa3aAuch cyliecTseHHbIMU. Popmuposa-
HIie TPYIIIOBOTO ajpeca 4451 CUCTEMBI, cogepKaliein
IISITh KaHa/A0B, IIOKa3aHO Ha PUCYHKe 1, Ipu 9TOM Cy-
I1IeCTBEHHbIe OTCYETHI COAEP KaTCA B IIEPBOM M TPeTh-
eM KaHazax. Bpemennas nugopmarns npyu 4aHHOM
ciocoOe He IlepeAaeTrcs, a IIOACYET 4ncia Kajapos
sosaaraercst Ha DBM. KosddunmenT cxarns 8 5ToMm
cAydae paBeH

Nn,
NN’
nanp+ KC)K

rae N - gucao BMEPUTEABHBIX KaHal0B B KaJpe.
HpI/I naAp:N BpIIIIE IIpUBEAEHHOE BbIpa’keHlne MOXK-
HO 3aI1incaThb B BU1jae

nMKC)K

A—
KC)K - Kc)x +7LM ’

HeaocratkoM »TOro criocoda sIBAsIeTCSL HU3Kas
IIOMEXOYCTOMUMBOCTD, TaK KaK HEIIPaBUABHBIN IIPU-
€M OZHOTO CUMBO/a B aJpecHOi MHpOpMalNI MO-
JKeT MpUBECTN K OIMOOYHON pacin@poBKe Bcelt
M3MEepPUTEABHON MHPOPMaIIUIL.

B caeayrormem criocobe BEpOSITHOCTL HEITPaBUAD-
HOJI pacimMppOBKU YMEHBIIIAeTCs 3a CUeT Iepejadn
BpeMeHHOI CHMHXpOMH(pOpPMalNI depe3 HeCKOABKO
Kaapos (riceBigoKagp) m>1, rae m — 4mcao Kagpos B
rcesaokagpe [5]. B aTom caydae, ecan mpomcxoAuT
cOol1 paspsga cay>keOHOI nHPOPMAIUH, TO TepsieT-
Cs1 TOABKO OAMH 11ceBAOKaap. [Ipu ymensmennm unc-
Ja KapoB B IICeBAOKaApe YMEHbIIaeTCs BEPOsSTHOCT
HeIIpaBUABHOIN pacMPpPOBKM CXKaTbIX AaHHBIX,
HO IIPM 9TOM BO3pacTalOT aIlllapaTypHbIe 3aTpaThl

00 npn nHZ

llw

PucyHok 1 — ®opmupoBaHue rpynnoBoro agpeca



Ha peaAmM3alMIO CIIOCODa, TaK KaK yBeANYNBaeT-
cs1 HeoOXO0AMMEII 06beM mamATU. DPPeKTUBHOCTD
JaHHOTO CIIoco0a MOKHO OINCaTh CAeAYIOIIUM
COOTHOIIIeHEeM

n.IN

Kgx
nnp

N °
Kex

B TperpeM criocobe popmupoBaHmsl cAy>KeOHOT
uHpopManun ajpecHas uHoOpMaIud IepeiaeTcs
C KaKABIM CYIIIECTBEHHBIM OTCUETOM, a BpeMeHHas
nHpopmaIus KOAUPYeTcsl OJHUM paspsiioM B Ka-
>KAOM ca0Be [6]. B HauaabHOM cA0Be KaXkKA0ro Kagpa
B DTOM paspsJe 3alnchBaeTcs 1, a BO Bcex 1mocaeay-
IOIINX cA0BaxX AaHHOTO Kadpa — 0. Takum obpasom
OAMH AOTIOAHUTEABHBIN pa3psig B CAOBaX IIO3BOAUT
pacmmdposaTh KaXKAblil KaAp, a agpecHas MHPOP-
Manus CyIIeCTBeHHBIX OTCYETOB — TOYHO OIIpeAeAUTD
BpeMEHHYIO IIPUBI3KYy ®TUX Kagpos. Ha pmucynke
2 TIOKa3aHO IIOsACHEHMe BDTOro criocoba. Aas mpa-
BIUABHOV pacim@ppoBKM JaHHBIX HEOOXOANMO B Ka-
JKAOM Kagpe, Aake eCAM Bce BHIOOPKU M3OBITOYHEI,
repeJaBaTh OAVMH U3MEPUTEABHEIN OTcUeT. ITosToMy
5 PeKTUBHOCTh AAHHOTO CrI0oco0a MOXKHO OIINCATh

dopmyaoir
K= n.dV
(log N+ 1+ n)(% 4 p)

rae N — 4mca0 KaHaA0B B Kajpe;

1

(-7

CyIIIeCTBEHHBIX OTCIETOB B KaApe.

HeaocraTok »TOTO Criocoda 3akAro4aeTcst B HU3-
KOJI IIOMEXOYCTOVYIMBOCTY, TaK KaK MCKa>keHNe OJ-
HOTO BPeMEHHOIO pa3psija IPUBOANUT K CABUTY BCeil
nnpopmanunu B Kaape. [TosTomy ¢ yaetom nepegadu
BpeMeHI yepe3 m>1 Kagpos B riceBjoKaape s Pex-
TUBHOCTH CII0CO0A MOKHO OIINCATh COOTHOIIIEHNEM

N
) — BEPOJITHOCTb HEITOSABACHNSI

_ .V
(logN+1+ n,,)(KA—I—p) L

K m

K

B uerBeprOoM criocobe agpecHas MHpOpMAaIILL
repeAaeTcsl C Ka’KABIM CyIIeCTBEHHBIM OTCYETOM. B
9TOM caydae 00beM aapecHol nH(popManny paseH

NlogN
Nop = T@K

A/UI nccaeA0BaHVsI  IIOIPenrHOCTT  BOCCTAHOB-
JA€HVI HEIIPEePbIBHBIX peaAI/ISaL{I/Iﬂ C y4eTOM MCKa-
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SKEHUII CKaTBIX JaHHBIX B KaHale CBA3U MOAEAUPO-
BaAMCh IIPOIECCH AAs Pa3HBIX CIIOCOOOB Ilepejadn
nHpOpMaINM B CTAallIOHAPHBIX U HeCTalllIOHaPHBIX
KaHasax. IIpu MogeamposaHun reHepMpOBAANCH
CUTHAABI B BI/A€ CyMMBI DKCIIOHEHIINaAbHOIO TpeHAa
U CTaIIMIOHaPHOI COCTAaBAAIONIEl HeauddpepeHInpy-
€MOrTO CcAy4aifHoro Iporecca. /ast cKaTus UCIOAb-
30BaANCh aIllepTypPHBIE aATOPUTMBI U aATOPUTMB,
OTpaHNYMBAIOIINE AVCIIEPCUIO OIMIMOKM BOCCTAaHOB-
AeHus [7]. YauUTBIBaAMCh MCKaKeHUsA Kak MHEOP-
MAaILVIOHHOM, TaK M CAy4YallHON 4acTu COOOIIeHISI.
Agpecnas nHpopManusa GopMupoBalach C Ka’KABIM
CYIIIeCTBEHHBIM OTCYETOM.

OO0cyxaeHne pe3yabTaTOB

Ha pucynke 3 mokaszaHa 3aBUCHMMOCTL OOBbeMa
cayxebHon mHPOpMaUU 7N,,, OT KODPPUIIMEeHTa
oxaTusl. Vs aHaausa pucyHKa cAeAyeT, 9To IIpU KO-
sdpunmentax cxatus K. <K,,, BLHIIOJHee IIpuMe-
HATH TPYIIIOBOI CrIoco0 (OpMUPOBaHUS CAYKeO-
Hov mHpopmanuy, a npu K, > K, — popmuposars
aapecHyIO0 MHPOPMaLMIO C Ka’KABIM CyIIIeCTBEHHBIM
orcuetoM. Hanmpumep, npu N=64 un K.,=30 oOpem
cayxebnon napopmanuu — An,,, COKpaIaeTcs 1mou-
U B 6 pa3 u HaoOopoT npu K.=4 1 N=60 obbem
cayxebnorn nadopmanym +An,,, yseandnsaercs: 6o-
Aee yeM B 2 pasa.

B mnpopMannmoHHO-M3MepUTEABHBIX CHUCTEMaAX,
MCIIOAB3YIOMINX C’KaTUe AaHHBIX C OyepHBIM 3aIlo-
MuHaomuM ycrporictsoMm (b3V), kotopoe BbIpas-
HIUBaeT ITOTOK CKaThIX AaHHBIX BO BPEMEHI, MOXKHO
IiepejaBath AOIIOJAHUTEABHYIO MH(POPManuio O 3a-
Aep>kke cooOrrennti 8 b3V, ¢ mpuBs3Koit M3aMepeHnit
o speMeHn [8]. Koaupopanne BpemeHn 3ajep>KKu
B B3V mnpousBoauTcsa mpAMO MPOHOPIIMOHAABHO
3arroaHeHnIo O6ydepnoro 3Y. Bpems zagep>xkn mH-
¢opmarium, nocrynaromeit B b3V, pasHo L., =¢1, TAe
¢ — 9MCAO 3aIIOAHEHHBIX sT9eeK IaMATH; 1’ — mepuoa
CYNTBIBAHIA MHPOPMAIIUN U3 OAHOM SIEVIKI.

Vcnnoansosanue B3V mmeer caeayiomue Iipe-
MMYyIIecTBa:

- AOCTaTOYHO IIpOCTas amlapaTypHas peaaunsa-
LT

- PV aBTOMAaTMYECKOM M3MEHEHNN allepTypsl B
3aBMCUMOCTH OT 3alloAHeHUs Oy¢depHOI aMsITH He
TpebyeTcsl 40IIOAHUTEABHON CAY>KeOHOI MHPpOpMa-
LIV O BeAYMHE aIllepTypPEl;

- ipu cO6oe nHPOpMaIIUN B KaApe TocAeAyIonas
nHpOpMaII He VICKa>KaeTCsl.

K HeaocratkamM MOXHO OTHECTU HaAU4Me II0-
TPEITHOCTH Loy BPEMEHHON IPUBIZKU M3MEpPEeHUIL.

1| Dgg n, 0 Dgpg n,

1 Dy n, 1| Dgg [ Dy,

1KAJP

2KATTP 3KATP

PucyHoK 2 — ®opmupoBaHue agpecHoii UHPOPMALIUK C KaXKAbIM CYLLLeCTBEHHbIM OTCHETOM
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PUcyHOK 3 — 3aBUcMMOCTb 06bema cnyxkebHoi nHpopmaLumm oT KoadppuLUMeHTa CXKaTUA

DTOT HEeAOCTaTOK MOSKHO UCKAIOYUTH, €CAV MOMEH-
TBI CUMTBIBAHUS CYIIIECTBEHHBIX OTCYETOB B KaHade
NpUBA3aTh K aHAAM3y TEKYIIMX BHIOOPOK Ha M30bI-
TOYHOCTB B OIIpejeleHHOM MH(pOPMAaIIMIOHHOM KaHa-
ae. Kpome toro, npu nocrynaenun s b3V kaxaoro
CYIIIECTBEHHOTO OTCYeTa HeoOXOAVIMO IlepejaBaTthb
9I1CA0 BBIOOPOK, OKMAQIOIIVIX CYUTBIBAHUA B KaHAal
CBsI31, T.e. 3artoaHeHue B b3V [9].

PaccmoTpuM Temepnh BOIIPOCH MOMeXOYCTONYN-
BOCTHU CKATBIX AQHHBIX.

IToayyenHnble pe3yAbTaThl CBUAETEABCTBYIOT O
TOM, 4TO IIpMMeEHeHIe CAOXKHBIX aATOPUTMOB CXKa-
TUs LIeAecooOpa3HO AMIIb AAA TAaAKMX, caabo 3a-
IITyMA€HHBIX HeCcTallIOHapHbBIX CUTHAAOB U B CTaIMO-
HapHBIX KaHaJaX O4eHb BBICOKOTO KayecTBa.

IIpn BepoATHOCTSX OMIMOKM IIpMeMa CHMBOJa
cooburenus p>102 U OTHOCUTEABHONM MOIIHOCTH
CTallMOHapHOM cocTasasomenn h=1,0 pasHuna B
MOTPEIIHOCTY  BOCCTAHOBAEHMUS HeCTaI[MIOHAPHBIX
COODIIEHNIT MEKAY ITPOCTENIIINM DKCTPaIOAAINIOH-
HBIM aATOPUTMOM U JOCTaTOYHO CAOXKHBIM MHTep-
ITOASILIVIOHHBIM CTaHOBUTCSA IPeHeOPesKMMO Ma ol
Haanane ncka>xkennin ajpecHon I/IHCI)OpMaLU/II/I B CTa-
IIMOHapPHOM KaHa/e (pMCYHOK 4) ITOUTH Ha HOPsIA0K
MOBBIIIaeT IOTPEITHOCTh BOCCTAaHOBAEHMs TP arep-
Type €>3%, HO Malo BAUsET Ha Hee IIpY He3HAYU-
TeABHBIX antepTypax (¢ <1%).

ITpuMeneHne aaTOpUTMOB CXKaTUsl C KOHTPOAEM
Cpe/HeKBa4paTUJIeCcKOl IIOTPEITHOCTM BOCCTaHOB-
AeHns B HeCTaIlMOHapHOM KaHa/e Iiel1ecooOpasHo
AVIIb TIpU OYeHb MaAbIX areprypax (MeHee 1%) u
MaAO¥ OTHOCUTEALHON MOIIHOCTM CTallMOHapHOM

224 | cocraBastiomeit curtasda (h=0,1). das cumasHO 3a-

IIyMAeHHBIX cuTHaA0B (h=1,0) morpenHocTs BoccTa-
HOB/EHMs TTPpaKTUYeCK) He 3aBUCUT OT allepTyphl, a
3Ha4UT, 1 OT KodPpPpuinenrta cxatus. [Ipn cxatun
POCTEMIINM  DKCTPAOAAIMOHHBIM aATOPUTMOM
®Ta TeHAEHIINS IIPOsABAIETCS ellle pesyde.

Ha norpermHocTs BOcCTaHOBAEHUA yBeAUYeHUe
qucAa 7 MPOBEPOUHBIX CMBOAOB KOPPEKTUPYIOITie-
ro KoJa cAabo BanseT nmocae r =4 (pUCyHOK 5) B 1110-
xoM kaHaze (p=10"). B xopormem kanaze (p<107)
IIOTPEITHOCTh OKa3bIBaeTCs IIpreMJeMoil u 0e3
KOAUPOBaHU:, IIODTOMY MOKHO PpeKOMeHAOBaTh
IpUMeHeHNne AAs1 3alllUThl aAPeCHONM, BPEMEHHON 1
MHQPOPMAIIVIOHHOM YacTeil COOOIIEeHMsI KOPOTKUX

10 /

yd
2 e et
/ __.--""""'-—2’

05 10 15 20 25 &%

PucyHok 4 — lNorpewHocT! BOCCTaHOBNEHUA
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HecTaLMOHapPHbIX CO0bLLEeHM




Paspen «ABTOMaTuKa. JHepreTuKa. YnpasneHvie» W

52 OPOCTEMINNX IIMKANIECKUX KOAOB X®MMMHTa. DTOT
BBIBO/, SIBASIETCSI CA€ACTBMEM TOIO, YTO TPYHIIMPO-
L p=10 BaHIe OmMOOK IIpM Ilepejade CKaThIX AaHHBIX B
KaHaJax ¢ IaMsIThIO CyIliecTBeHHO (Ha 1-2 mopsiaka)
-~ CHIDKaeT ITOTPEITHOCTL BOCCTAaHOBAEHVS COOOIIEeHMIT

N 10 CpaBHEHUIO C Ilepejaydell X B KaHaJlaX C He3aBl-
-3 N cumbiMu orrtbkamu [10].

10 \ -2
p=10 3akai0o4yeHme

B craTbe paccMoTpeHBI BOIIPOCH (pOPMUPOBAHIL

10 cAy>keOHOM MH(pOPMAIUM M IIOMEXOYCTONYUBOCTI

\ IiepejaBaeMbIX JAaHHBIX B pasuioTeAeMeTPUIecKIX

\ cucremax. IlpuBeseHBI ITOAy4eHHBIE 3aBUCHMOCTIU

) A\ oOpeMa cayxeOHOM uHpOpMarun or Kospduiu-

10 3 eHTa cKarus. [IpeacraBaeHHble pe3yAbTaThl IIO3BO-

\ p=10 ASIOT BBIOpaTh Cr1ocod GpopMmpoBaHUs CAy>KeOHOI

nHpOpMalMM B 3aBUCHMMOCTU OT Kod(PuiyeHra

10 oKaTysl. AHaAM3 TTIOMEXOYCTONYMBOCTI CXKATHIX JaH-

4 i 10 r HBIX MO3BOASIET CA€AaTh BBIBOA OO MCITOAB30BAHUU

foaee MPOCTHIX aATOPUTMOB CXKaTUs AAHHBIX IIO

CpaBHEHUIO CO CAOXKHBIMIU, HECMOTpPs Ha AYYIIYIO
IOMEXO03aIUIIIeHHOCTh ITOCAEAHIIX.
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Aepexkmepdi Kbicy aknapammelk-eauwey xcylienepiHoeai Kbiamemmik aKknapammel osmaiinaHobipy 3#aHe 6ezeyn
OPHLIKMbIGLIK,

ECMAFAMBETOB bonam-bamsip Cayxbimynbl, m.f.0., npogeccop, bulatbatyr@mail.ru,
M.O. dye3zos ambiHOarbl OHMycmik Kazakcmad yHusepcumemi, Kazakcmat, 160012, LLbimKeHm,
TayKe xaH OaHsbinbl, 5,

AHOamna. MaKana Kelamemmik aknapammel oRmadinsl Kaaelnmacmelpy xaHe paduomenemempusansiK xcylienepoeai
Kedepeize me3imoinikmi apmmelpy mMacenenepiHe apHAAFAH. FOPLIWMbIK YWy annapammapsiHblH menemempusssiK
wylienepiHoe depekmepdiH KaAlUmbIMCbI3 CbiFblayblH NalidanaHa omeipsin, xabapaamanaposl KaaeimmacmelpyobiH,
bipHewe adicmepiH nalidanaHyra 60aa0sbl. LLbiFy OepekmepiHiH apHabIK nakemiHoe OHbIH KYpaMblH GHbIKMAalmelH
bipHewe KoOmbik ce30ep 6osybl MyMKiH. Onap 6ipikmipinyi yaHe KamaH 6enzineHaeH pemminikke opHAAACMbIpbiaybl
MYMKIH. Kbiamemmik aknapammel 6epy Kaxemminiai Kabolaoay-mapamy xcylienepiHin muimoiniziH memeHdemeoi.
CoHObIKMAH Kbi3MemmiK aKnapam KesnemiH Kbickapmy maceneci eme e3ekmi 60s161n mabolaadel. AKnapammelk #cy -
enepde OepekmepliH OpacaH 30p arbIHOAPbIH 6HOEY Ke3iHOe 01ap0biH HeKesnezeH enwemoepi Hemece mymac esuiey
monmapesl apmypni cebenmepdiH, candapbiHAH, MbICaAsbl, 67WEY WKAAACLIHbIH We2iHeH WolfybiHa b6alinaHeicmel byp-
ManaHybl HEMece HOFasybl MYMKIH. balinaHbic apHanapel apkbinel b6epy KesiHoe KbicblaraH 0epekmepoi KanmbiHA Kes-
mipy xabapnapdsiH aKNAPaMMeIK HIHe Kbiamemmik 6enikmepiH bypmanaymeH b6alinaHeicmel KamesnikmepmeH Koca 225 |
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bepinedi. CoHObIKMaH 0epekmepdi mypneHoipydiH 6apnbiK KezeHOepiHOe, OHbIH iwiHOe Kbicy Ke3eHiHOe ocbl enuwem-
O0epdiH OypbICMbIFbIH KAMMAMACLI3 emy Kaxcemminiei mybiHOaObI.

Kinm ce3dep: depekmepdi Kbicy, KbiamemmiKk akrnapam, eneysni ecenmeynep, Kbicy KoagpguyueHmi, 6ypepnik ecme
caKkmay KypblaFbiCbl, mesnemempusasnsiK Kaop, 6ezeyn opHbIKMblablK, Ke30elcoK npouecc, apmelKmblK.

Optimization of Service Information and Noise Immunity in Data Compression Information and Measurement
Systems

YESMAGAMBETOV Bulat-Batyr, Dr. Tech. Sci., Professor, bulatbatyr@mail.ru,
M.O. Auezov South Kazakhstan University, Kazakhstan, 160012, Shymkent, Tauke Khan Avenue, 5,

Abstract. The article is devoted to issues of optimal generation of service information and improvement of noise
immunity in radio telemetry systems. In telemetry systems of spacecraft using irreversible data compression, several
methods of generating messages can be used. In the channel output packet, there may be several codewords defining
its composition. They can be combined and arranged in a strictly defined sequence. The need to transmit overhead
information reduces the efficiency of the transceiver systems. Therefore, the problem of reducing the volume of service
information is extremely urgent. When processing huge data streams in information systems, individual measurements
or whole groups of measurements can be distorted or lost due to various reasons, for example, due to going beyond the
scale of measurements. Recovery of compressed data during transmission on communication channels is accompanied by
errors related to distortion of information and service parts of messages due to presence of interference in transmission
channel. Therefore, it is necessary to ensure the reliability of the measurement data at all stages of data conversion,
including the compression step.

Keywords: data compression, overhead information, significant counts, compression ratio, buffer memory, telemetry
frame, noise immunity, random process, redundancy.
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AHHOomayus. Llenb uccnedosaHua — onpedeaums 3a0a4u co30aHus 6ecnusomHo20 faaeamesbHo20 annapama
(BI1IMA) u 6a3bl 0aHHbIX 0715 3KO/A02UYEeCKo020 MOHUMOpPUH2ad. PaccmompeHsl npobaemsl 8 061acmMu 3K0A102U4eCK020
MOHUMOPUH2a 800HbIX pecypcos. OnucaHbl OCHOBHbIE M0OX00b! K MPosedeHUro uccaedosaHull. [pedcmasneHs! cro-
cobbl 0ocmuX3ceHUs uenu Uccaedo8aHua nocpedcmeom s102u4ecKU 83aUMOCBA3AHHbIX, MOCAe008amMesbHbIX 300aY.
MpusedeH nepeveHb MOCMABAEHHbIX 30a4 C USMEPUMbIMU MOKA3aMenaMU peweHus 3a0a4u, a makxe npedcmas-

71eHO Kpamkoe 060CHOBAHUE Posu Kax ool u3 3a0ay 8 00CMUXeHUU Uenau uccaedo8aHus U 83aUMOCBA3U ¢ Opy2umu
3a0a4yamu.

Knroueeole cnoea: becrnunommoili naasamesbHoll arnrnapam, aspoesuccepHsvlie mexHoso2uu, 3K0s102UYeCcKUll MOHU-

MOPUH2, 3e/1eHble MEeXHOs102UU, 60a3bl OQHHbIX.

BBeaenue

CocrostHue BOAHBIX OOBEKTOB M3MEHSAETCS BO
BpeMeHU U IPOCTPaHCTBe. DKOAOTMYEeCKas! ITOANTIKA
B 004aCTM BOAHBIX pecypcos TpedyeT, YTOOHI yIrpas-
ZeHne Bog obecIieunBalo peryAnpoBaHue CToKa A4s
MOHUTOPVHIA B 4OTIaBOAKOBBIX U ITOCAEIIaBOAKOBBIX
reprogax ¥ ONTUMM3alMU KOAMYECTBA AOCTYITHON
JusmIeckoii cpeapl OOUTaHMSA C y4eTOM TOIIOTpa-
¢un, n HabOpa peXMMOB IIOTOKA AAs IIPejOTBpa-
IeHNs pa3pylIeHns Aam0 U IAOTUH, OlIpeeAeHIis
rugporpadpuaeckyx Iokazareeil COCTOSHIL aKBaToO-
pus1, obecrieueHs1 0@30I1aCHOCTH OAVKHETO Hacee-
HIs1, oOecriedeHNs1 OA1arOIIPUATHON CpeAbl 4451 MeCT-
HBIX BU/OB PBIO.

CTpouTeAbCTBO IAOTHHBI HapyInaeT OalaHC Ha-
HOCOB B peKe, CO3AaBasi IIPOTAHYTYIO PEUHYIO 30HY.
I'To Mepe mIOBBIIIIEHNST YPOBHS BOABI CKOPOCTD ITIOTOKa
YMEHBIIIAeTCs], KaK M IIPOITyCKHasI CIIOCOOHOCTD HAHO-
cos. CaegosareanHo, pesepsyap OydeT cobupars OT-
Z0>KEHNS U TEPSTh EMKOCTD A0 TeX IIOp, IToKa HOalaHC
He OyzeT gocturayT. Onenounoe 3Hadenne 0,5-1% ot
ob1rero oobeMa XpaHUAUII TEPSETCS Ka’KABIL TOJ,
TOTJa KaK CKOPOCTb OcakaeH1st Bappupyercs ot 0,1%
20 2,3%. HerpepsiBHOe ocaxkAeHue 00AbIlle HE MO-
>KeT TapaHTHMPOBaTh BMECTIMOCTb BOJOXPaHNANIIIA,
00opn0y C HABOAHEHUSAMM, BLIPAOOTKY DAEKTpODHep-
TUM, MPPUTALINIO U APYIVie IIPEeNMYIIecTBa, CBI3aH-
HBIE C eMKOCTBIO XpaHeHs1. UTo KacaeTcs BBIpabOTKI

DAEKTPODHEPINM, KOTda CeAVIMEHTAIINsI KOAAeKTopa
AOCTUTaeT BBICOKOTO YPOBH:, BBIpaOOTKa DHEPIUU
OyzeT yMeHbImaThcsA. YUTO KacaeTcsi mMppuramnumu,
BOJOXPaHMANINA YAEPKMBAIOT M XpaHAT OCaloK U
CBsI3aHHBIE C OCAAKOM IIMTATEAbHBIX BEIIIeCTB, YTO
IIPUBOAUT K CHVDKEHUIO KOAMYECTBA IIMTaTEAbHBIX
BEIIIeCTB BHU3 IO TedeHuo. HakoraeHume OoraThix
IIMTaTeAbHBIMU BellleCTBaMI OTAOXKEHUII B Pe3epBy-
ape MOXXET BBI3BaTh HU3KUII YPOBEHb ITMTaTEAbHBIX
BeIIleCTB BHI3 I10 TEUEHMIO, CTaBsl 1104, yTpo3y OadaHC
sKocrcreMsl. Kpome Toro, ceanMeHTans B BO4oXpa-
HIUAMIIE MOXET Tak>Ke IOBAUITh Ha 0e30I1aCHOCTD
BOJAHBIX IIyTeil ¥ TMAPOTEXHUYECKUX COOPY KEHUIL.
OcagoK, mepeHOCUMBIIT TOKOM MYTHOCTH, MOXKET 3a-
60KMpOBaTh MAY IOBPEANUTD BITYCKHBIE U BBIITYCK-
HBle OTBEPCTUs, 9TO DTO CHMU3UT DPQPEeKTUBHOCTD U
YBEANYUT 3aTpaThl Ha TEXHIYECKOe 00CAY>KMBaHIE.
Oxmgaercs, 4To ra00aAbHOE IIOTEILIE€HNE YBe-
AVYUT 9aCTOTY U MHTEHCUBHOCTD CUABHBIX AVBHEBBIX
0CagKoOB, UTO SBASETCSA OCHOBHON ITPUYMHON ObI-
CTPBIX OITOA3HEN, pa3pyIIeHNs TAOTUH U TUAPOTEX-
HIYECKIX COOPY>KeHMII, M3MeHeHMs peabeda AHa,
KOTOpbIe MOTYT IIPUBECTU K TMOeAV MHOTUX AIOAEIL.
B Knrae 2100071 IpOpPEIB IAOTUHEI IPUBOANUT K MIA-
AVIOHaM ®BaKyupoBaHHBIX. B 2004 r. paspymeHune
samuTHOM AamObl [DC «JaaynTtans» 8 Kurae mpu-
Beao k rubean 20 yeaosek. B 2015 r. mpopsis nA0THH
TOPHOAOOBIBAIOIEll KOMITaHMM Samarco (COBMecCT-
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Hoe nipeanpuarie BHP Billiton u Vale) 8 bpasuaun
rpuBeA K rubean 13 yeaosex [1]. Yiiep0 6514 onieneH
B $5,3 Mapa. B 1994 r. B8 bamknpun npopsaao 11o-
TrHy TUPASHCKOTO BOAOXpaHUAMUINIA, MPOU3OIIeA
HeITaTHEI cOpoc 8,6 MaH KyD. M BOABI, MOrnOAM
29 yeaosek [2]. B pesyabTaTe mpopbiBa IAOTUHBI B
Kazaxcrane B ceae Kpi3pia Ararr mmorndao 43 geao-
seka. B Kazaxcrane nocrpoeno 270 BogoxpaHMANIII,
U3 KOTOPBIX 62 pecryOamkaHckoro u 208 mMecTHOTo
3HaueHus. V3 653 mMeroniuxcs rmapocoopy>KeHui
268, B TOM 4ucae 28 KPyIHBIX, HY>KAaIOTCs B CpOY-
HOoM pemoHTe. HagexxHocTh 1 Oe3011acHOCTD cTpaTe-
rimyeckyt BaskHbIX I'TC cTpanbl cHUKaeTcst ObICTPhIMU
TemIamMu, uX paKTUUeCKMUII M3HOC cocTasasgeT 60%.
YcTaHOBAEHO, UTO BEpOATHOCTD aBapuil IIAOTUH pe3-
KO IIOBBIIIAETCS IIPY BO3pacTe COOPY>KeHMIl 0oiee
30-40 aet. boapmuncrso I'TC Kasaxcrana skcrnaya-
Tupyetcs 6oaee 30 2eT, a HeKOTOpLIe U3 HUX yKe 40-
50 aer. Hampumep, MapaapuHckoe BOgOXpaHUAU-
I1e IIocTpoeHo B 1965 r., byxrapmunckoe — B 1960 .,
Kamnmaraiickoe — 5 1970 r. CoraacHo gaHHBIM MUPO-
BOJI CTaTUCTUKM MIMEHHO B 9TOT IIepMOJ, BO3pacTaeT
BEpPOSITHOCTDL aBapuil U NospexxdeHuit [3]. Maasie u
CpeJHUe BOAOXpaHMANIIA, KOTOPLIe He MUMEIOT COD-
CTBEHHUKa IPeACTaBASIIOT Cepbhe3HYyI0 ONacHOCTD,
T.K. BeAMKa yIrpo3a MX IIepeloAHeHMs U IIpOopbiBa
HaITOPHOTO (PPOHTA TPV MHTEHCUBHOM CHETOTasTHUN
U OPOAOAKUTEAbHBIX A€THe-OCeHHUX ocajkax. He-
3aIllAaHMPOBAHHLIM M HECOTAacOBaHHBIN C OOIIUMU
MepOonpUATUAMU B IIePUOJ II0A0BOAUIL ¥ TIaBOA-
KOB CITyCK DTUX BOAOXPAHMAMNII MOXET yCyryOUTDb
rocAeACTBUsl HaBOoAHeHmIl [4]. Paspymenme cpeab
oOuTaHMs, U3MeHeHNe peabedpa AHa aKBaTOPIL, 3a-
IpsI3HEeHUe, Ype3MepHasl 9KCIAyatanus (M MHOIue
ApyrIue) IOATOAKHY AV BOAHBIE U TPUOPESKHbIe CO00-
IIeCTBa IIPEeCHOM BOABI K DKOAO0TMUECKOMY KOAAaIICy.
Mounropunr rugporpadpudecknx IIoKasareaeii, pe-
TyAMpOBaHMe ITOTOKa MOXKeT ONTUMU3MpPOBaTh KO-
AMYEeCTBO AOCTYITHON (PU3MIECKOI Ccpebl OOMTaHIs
C YIETOM CYIIeCTBYIOIIel Tororpadun u Habopa pe-
>KMMOB IIOTOKa. B To Bpems Kak peryamposaHue mo-
TOKa MOXKeT ONTUMU3UPOBaTh CYIIECTBYIOIIYIO TO-
rorpapuIo KaHaJa, BOCCTaHOBAEHNE peKu B popme
TonorpadpryecKkoil MaHUITY ASAIIUN TakKe HeoOX0oAu-
MO AAsl yCTpaHeHUs! UAU U3MEHEHUsI OTpaHUYeHMI],
KOTOpPBle OIpaHMYMBaAIOT BO3MOKHOCTb €CTeCTBEH-
HBIX KOPPEKTHPOBOK B Tomorpaduy KaHala, KOTO-
pBle cO34al0T U MOAAEPKMBAIOT PU3NIECKYIO Cpeay
obutanus. Ho BesgeHre MOHUTOPHMHIA aKBaTOpUsA B
TPYAHOAOCTYITHBIX MeCTaX B IT0CAeNaBOAKOBBIX ITe-
puoJgax, nccaejosanue 4amM0O BOAOXpaHUAUII MIpe-
CTaBASIOT OITaCHOCTh AAS >KU3HA.
I'maporpaduueckue cbeMKI ABAAIOTCS Hanbo1ee
TOYHBIM METOA0M M3MepeHUs XapaKTepa pacipeje-
J€eHNs HaHOCOB U 3aHMMaeMoro oobeMma. ['1yomHa ¢
TOpPU3OHTaABHBIMU KoOpauHatamu (X, Y) 1 koopau-
Hatamu (X, Y, Z) 404>KHa OBITb HOAy4YeHa IPU TUAPO-
rpadpuaeckux nccaegosanmax. Heobxoaumo paspa-
6oraTh paAMOyIIpaBAsIeMBblil allllapat, OCHAIIeHHbIN
PasAMYHBIMM JAaTYMKaMM U CEHCOpaMU AAsl DKOAO-
TITYeCKOTO MOHMTOPMUHIA, OIlpejeieHns peaveda 1

rugporpadpryecknx XapaKTEePUCTUK BOAOXPaHNAN-
IIja, MCCAE€AOBaHUs CpeAbl OOMTaHMS A4S MECTHBIX
BI1A0B pbIO 11 cOopa Ipod B TPYAHOAOCTYIIHBIX YIacT-
Kax BO40eMOB, ccAeA0BaHI 4aMO Ha HaAudue pas-
AVYHBIX TIOBPEXKAEHMI, pa3paboTarh crucreMy Oasbl
AaHHBIX A4 y4deTa [5-8].

Ilepeuncaennele 1poOAEMBI HEOOXOAUIMO pe-
OIMTh MHHOBOIMOHHBIMU TexHoAorusmu. Kom-
II1€KCHOe pellleHne Telleph BO3MOXKHO Oaarogap:
HeJaBHUM pas3paboTKaM B 004acTy MUKPOKOHTPOA-
A€PHBIX ¥ MUKPOKOMITBIOTEPHBIX CHCTEM C HUZKUM
sHeprornorpebieHneM U MaabIM 00beMOM. JaHHbIe
MeXaHU3MBEI B COUE€TaHUU C OOPTOBBIM VICTOYHIKOM
DHEPTUH, YCTPaHAIOT HeOOXOAMMOCTh B KabeAbHBIX
AV ITPOBOAHBIX COEAVHEHUAX C yAaA€HHBIMU CTaH-
LVISIMM yIIpaBA€HMs M MCTOYHMKaMM DHeprum, ode-
CIIeYMBaloT, TaKUM 0Opa3oM, HeOIpaHUIEHHYIO BO3-
MO>KHOCTH CBOOOAHOV HaBUTALIVIA.

B nacrosmee spems ncrioanzosanue BIITTA aas
3ada4 AUKBUAAIINU ITOCAEACTBUI TEXHOTE€HHBIX aBa-
puUIl SABASETCS YCTAHOBMBILIENICS MIUPOBONM IIPaKTU-
koit. Ha mocrcoBeTckoM mpocTpaHCTBe, AUAEPOM B
AaHHOIT oOaactu sBAsiercst Poccusa. Ha teppuropun
crpan CHI, HayaaoM HpaKTMYeCKOTO MCHOAb30Ba-
HU Ha3eMHBIX MOOMABHBIX pOOOTOTEXHMYECKIX
KOMIIA€KCOB MOXXHO CYMTaTh HpMMeHeHMe MX Ha
UYepnoOsasckoint ADC  [1,2,3,5]. VcrioasszoBanne
CpeAcTB pODOTOTEXHUKM B DKOAOTUN He ITOAYINIAO
Ooapiioro passutus [4,6,7,8,13].

B 2010 >xe roay xommnanus QinetiQ obnapogosa-
/a CBOIO HOBYIO pa3paboTKy: OeCIIMAOTHEIN pa3BeAbl-
BaTeABHBIN KaTep-HeBUAUMKY Sentry (pucyHok 1). C
KOPITyCOM, BBIIIOAHEHHBIM IIO0 TexHoaorum Stealth,
1 MOIITHBIM BOJOMETOM, HOBBIN KaTep UAeaAbHO, 10
MHEHMIO KOMITaHUH, ITOAXOAUT Ha POAb pasbejdrKa
U NaTPyAbHOM MamuHbl [9-15].

OcHOBHBIE
nuccaeA0BaHUIL:

B mocaeanme roAbl ImpUMEHSA0Ch MHOIO CIIO-
CcO0OB M3MepeHMsI IOABOJHBIX TOIOTrpadpUIecKux
AAHHBIX, TaKUX KakK OgHOAydeBoli »xoao0T (SBES),
MHoroaydepoit ®xoa0T (MBES), a Takke MeToAbI
AVICTaHIIIOHHOTO 30HAMPOBaHI, TaKlie KaK OOHapy-
>xeHme OopToBoro cseTa 1 parkuposanue (LiDAR) n
np. OgHaKO MCCAeA0BaHUs He ObLAVM KOMILAEKCHOTO
Xapakrepa. DTOT IIPOeKT HaIllpaBAeH Ha pa3paboTKy
IIpOrpaMMHO-aIIIIapaTHOTO CpeACTBa AAsS TOIIOTpa-
(uaeckoil cheMKH aKBaTOPUS U IIpOBeJeHNe Mccae-
AOBaHUII B IIpejeaax aKBaTOPMsI C MCIIOAb30BaHIEM
OaTMMeTPUIECKUX AaHHBIX U APYTUX AOIOAHUTEAD-
HBIX AAQHHBIX 445 ITOAYYeHMs HaAe’KHOTO peabeda
MECTHOCTM ¥ TOYHOJ €MKOCTM BOAOXPaHMUAMUIIA.
Vcropmyeckne GaTuMeTpudecKre AaHHBIE U AaHHBIE
DKCIIEPUMEHTaAbHOTO MCCAeAO0BAHII OYAYT CpaBHU-
BaTbCsl A4Sl M3y4deHMs TOIorpapuyuecKux M3MeHe-
HUII, CUTyalluM ceAVMEHTalluM U IIOTepPU eMKOCTHU
BoAbl. PazpaOoTaHHLII POOOTOTEXHMYECKUIT KOM-
II1€KC TaK’Ke MOXKHO OyJeT IpUMEHATh 4451 cOopa
Ipo0, BbLAaBAMBAHUSA MEPTBBIX MAU 3apa’keHHBIX
PBIO, MOogKapMAMBaHU pBIO, OOUTAIOMINX B TPYAHO-

TTIOAXOABI K IIpOBeJeHNIO



PucyHOK 1 — BecnunoTHblii pa3BegblBaTeNnbHbIN
KaTep-HeBMAMMKa Sentry

AOCTYITHBIX yJacTKaX BOAOEMOB, UCIIOAb30BaTh IIPU
CrIacaTebHBIX OIleparsX B YCAOBUAX ITaBOAKOB. Bee
cobpaHHbIe gaHHbBIE aKBaTOPILI Ha IIpuMepe peK AK-
MOAMHCKOI 001acTyt OyAyT BHECEHBI B pazpaboTaH-
HYIO cricteMy 0as3bl AaHHBIX [4-8].

Ilepeuennb 3aga4 co3gaHmMst poOOTOTEXHITIe-
CKOro KOMILA€KCa M 0a3bl JaHHBIX A451 9KOAOIM-
4eCKOTO MOHUTOPUHTA

Aast cozgaHmsl poOOTOTEXHMUYECKOTO KOMILAeKca
1 Ga3bl AQaHHBIX 4451 DKOAOTMYECKOTO MOHUTOPIHTA
HeOOXOAMMO PeInTh caedylomue 3adaun. Hioke
IIpUBEAEH IIlepedeHb IIOCTaBAEHHBIX 3ajad C M3Me-
PUMBIMI TIOKa3aTeAsSMIU peIleHrs 3a4adll, a TakKe
IIpeACTaB/Ae€HO KpaTKoe 0OOCHOBaHIE POAU Ka’KAO0M
13 3a4a4 B AOCTVI>KEHUU 1IeAU UCCAEAOBaHNsI I B3ali-
MOCBSA3U C APYTUMH 3ajadaMu:

1. ViccaegoBanne 1 aHaAM3 CyIIeCTBYIOIIUX Me-
TOAUK DKOA0TMYECKOTO MOHUTOPUHIA — AASl BBLIB-
A€HUsI OIITUMAaAbHBIX METOAA U1 METOAMK, II0AXOA0B,
aATOPUTMOB A4S DKOAOTMIECKOTO MOHUTOPVHTA.

2. HayyHo-TexHU4eCcKmnii aHaAM3 COBPEMEHHBIX
IpubOpPOB 4451 OATUMETPUYECKUX MCCAeAOBaHUIL,
OCHOBaHHBIX Ha 00pabOTKe DX0/0KaIIIOHHBIX CUTHa-
/0B — BBIABAEHNE AOCTOMHCTB I HEJOCTaTKOB COBpe-
MEHHBIX IPUOOPOB A5 OaTUMETPUIECKIX MCCAEL0-
BaHII1, OCHOBAaHHBIX Ha 00padOTKe 9X0A0KaIIVIOHHBIX
CUTHA/AOB AAs CO34aHMsS KOHLIEHIIUY POOOTOTEXHM-
YEeCKOro KOMILAEKCa.

3. PaspaboTKka TeXHMYECKOTO 3ajaHusA (4acTHOE)
U OrpaHMYEeHMII K OeCIMAOTHOMY a®pPOrAMCCepPHO-
My aImapaTy Ha OCHOBE TEeXHOAOIMM OOpabOTKU
DXOA0KALIMOHHBIX CUTHAJA0B — CO3JaHI€ OCHOBHOIO
JOKYMEHTa AAsl CO34aBaeMOrO POOOTOTEXHIIECKO-
T'O KOMILA€EKCa, ONpeAeAsIOIIero poIecchl I DTaIIbl
pa3paboTKy, IPOEKTUPOBAHIS, M3TOTOBAEHIIS VI DKC-
IAyatauyy o0opyAOBaHIL.

4. ITpoexTpoBaH/e MeXaHM4YecKOll dYacTu Po-
OOTOTEXHMYECKOTO KOMILAEKCa Ha OCHOBE TEXHOAO-
TN a9porarccepa — IIpUMeHeHNe adPOrANCCePHON
TEXHOAOTUM IIPU CO3JaHUM POOOTOTEXHNIECKOTO
KOMILIeKCa 4451 MOHUTOPVHIA OaTMMEeTPUIeCKUX
u rugporpadpuyecknx IOKasaTeAeil BOJOXPaHUAMN-
ma obecrreunT Ge3oracHOe AAs BOAHON CpeAbl UC-
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clejoBaHIe, DTa TEXHOAOIVSI He IIOBpeXJaeT IIO-
BEpPXHOCTD, ODOecIieurnBaeT BO3MOXKHOCTD ABVIKEHILS
IIPAaKTUYECKN IO AI000M IMOBEPXHOCTU M IPOCTOTY
TpaHCMMCHIL.

5. PazpaboTka CTpyKTYpHBIX, (YHKIIMOHAABHBIX
U IPMHOUIINAABHBIX CXeM IIPOrpaMMHOIO odecrieye-
HUA 4451 poDOoTa.

6. Cozganne poOOTOTEXHMYECKOTO KOMILAEKca
AASl MOHUTOpPMHTa OaTMMeTpMYecKMX U IMApOTrpa-
Juuecknx mokasareser axparopus 1M 0OpabOTKU
DXOA0KALIMOHHBIX CUTHAAOB.

7. Ampobanusi pazpaboTaHHOIO amnmapara u 6a-
TUMeTpUdecKoe U Tuaporpaduieckoe 1ucciejoBaHme
aKBaTOpII Ha IIpMMepe peK AKMOAMHCKOI 004acTu
B JOTIaBOAKOBBIX I ITOCAEIIaBOAKOBBIX IIep1oJaX, I10-
aydenne 2D n 3D cHMMKOB peabeda aKBaTOPIIAL.

8. CHop mpob Boasl, cOOp M KaaccuPUKaLL AaH-
HBIX — COOp ITpOO BOABI B BOAOXPaHUAUINIAX, O3€pax
U BOAOeMax IIpeAcTaBAseT OINAacHOCTb UM PUCK AAS
KM3HU Yea0BeKa. [logo0HbIe paboTh 4€1a10T crieny-
AANCTHI — DKOAOIU B IIaXTax M paiioHaX BEIPabOTOK,
IIPY BBIIIOAHEHUN KOTOPBIX OHM TIOABEPTaIOT KI3Hb
OIIaCHOCTI: OTpaBAeHMe YIAeKUCABIM Ta3oM U APY-
TMMU BpeJHBIMH BellleCTBaMU, IladeHILs], IIoaJaHue
10/ OIIOA3HMU, 3apocan, 0010Ta, BEICOKIE BOAHEI, TIe-
peoxaa’kieHue 1 CMepTh OT yTorAeHus. YToOsr mmpe-
AOTBPaTUTh Ype3BbIYaliHbIe CUTYaI[UN, CHU3UTD PUCK
AAS1 COTPYAHUKOB HEOOXOAVMMO CO3JaTh DOAee MHHO-
BalIMIOHHBIIT 1 COBPEMEHHBINI IIpoliecc oTbopa Ipod
BOJBI U3 3aTOILAEHHEIX 5IM, CEIITUKOB, IIPyJO0B-MCIIa-
puTesent u Apyrux BOAHBIX oObekToB. K mpumepy,
PV BBISIBA€HUM CTOYHBIX BOJ, MAM 3arpsA3HEHHOIN
He(PTENIPOAYKTaMIU BOJAHBIX OOBEKTaMI BCAEACTBIE
IIOBPeXAeHNs TPyOOIIPOBOAOB MAU APYTUX aBapuil
B AI00BIX TIOTOAHBIX YCAOBMAX cOOp IpoO 3aHMMaeT
npumepHo 12-14 gacos pab®oT u Tpebyercs rpyma
CHEeLAAMCTOB.

9. ITpoBeeHne KaueCTBEHHOTO ¥ KOANYEeCTBeHHO-
rO aHaAM3a BOALI, OOHapy>KeHI€e OTAEABHBIX KOMIIO-
HeHTOB. Bce oTroOpaHHbIe ITIPOOBI BOABI HEOOXOAMMO B
2abopaTOPHBIX YCAOBUAX IIpOaHaAM3NPOBaTh, KJAac-
cupuIIMpOBaTh U Bce pe3yabTaThl BHecTu B CYBA,.

10. Cosaanne Da3pl AQHHBIX I10 IIOKa3aTeAsIM aK-
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BaTOpMI, KAaccupUKAIMs alpUOpHOil MHPOpMa-
uyu. Bce oTroOpanHbIEe TTPOOBI BOABI HEOOXOAUMO B
2abOpaTOPHBIX YCAOBUAX IIPOaHaAM3MPOBaTh, KAac-
cupUIIMpPOBaTh, U Bce pe3yabTarsl BHeCTN B CYDBA.
Aas cozganns BeO-mpuaoxenns BoiOpansl NET
n C #, aas co3panus BeO-canTos — Ha ocHose HTMLS5,
CSS n JavaScript, KoTopsle SBASIOTCA Oe30I1acHBIMIY,
OBICTPBIMM M MOTYT MacIITabupoBaThCA AAd 60AB-
IIIOTO KOAMYECTBa I10/Ab30BaTeAei. /s ToCTpOeHLs
KapT akBatopum OyJAeT MCII0Ab30BaHa ra00aabHas
6asa AaHHBIX O AOCTOIIPUMEYATEABHOCTAX U TYPU-
cruueckux oobvektax OpenTripMap API, B xauecTse
IIOAAO0XKKM OyzeT mcrnoanzosa"a Google Map. Dtu
VHCTPYMEHTHI IIOMOTYT BU3yaAU3MPOBaTh OOBEKTHL

3akaoueHme

B crathe OblAM OIpeseseHBl 3ajadull CO3AAHILA
PpOOOTOTEXHIUECKOTO KOMILAeKca 1 0a3bl AaHHBIX
2251 PKOAOTYECKOTO MOHUTOPHTA, a TaK’Ke paccMO-
TpeHBI IP0OAeMBI B 001aCTV DKOA0TNIECKOTO MOHU-
TOPMHTIa BOAHBIX pecypcoB. PaccMOTpeHBI OCHOBHEIE
IIOAXOABI K IIPOBEAEHMIO MccAeaoBaHmit. OmnmcaHbl
CII0COOBI AOCTVIKEHVISI IeAN VMCCAeAOBaHMS ITOCpes-

CMUCOK JTIUTEPATYPbI

CTBOM JAOTMYECKM B3aMMOCBSI3aHHBIX, I10CAeA0Ba-
TeABHBIX 3ajau. [IpuBeseH mepeueHs IMOCTaBAEHHBIX
3agad C WM3MEPUMBIMU IIOKa3aTeAsSIMU pPeIIeHIs
3agaun, a TakKe IIpeACTaBAeHO KpaTKoe OOOCHO-
BaHIE pOAU Ka’kAOM M3 3ajad B AOCTYDKEHUU IeAun
MccAeAOBaHNUS ¥ B3aIMOCBSI3M C APYIMMU 3ajada-
M. O6aacTh IpUMeHEHNS U 1ieA€eBble IIoTpednTean
Ka’kAOTO M3 OXXIAAEMBIX pe3yAbTaToB: poOOTOTeX-
HUYEeCKUIT KOMIIAEKC M co3jaHue 0as3bl AaHHBIX AAs
MOHUTOPMHIa OaTUMMETPUIECKUX U Iuaporpadude-
CKIX IIOKa3aTeeil BOAOXPaHUAUII B AOITaBOAKOBBIX
U IIOCAEIIaBOJKOBBIX IIeprojax HepaspyIIaloIIyM
Cr10coO0OM MOXKHO IPUMEHUTH B TMAPOAOTUN, MOP-
CKOJI Teoge3unt, ITuAporpadpuy, BOEHHOM Jele, Iop-
HOM JeAe, pobororexHuke u T.4. PaspaboraHHBII
PpOOOTOTEXHIYECKIIT KOMILIEKC TaK’Ke MOXKHO OyJeT
IIPUMEHATS A4 cOopa Ipob, BhlAaBAMBAH MeEpPT-
BBIX MAU 3apa’keHHBIX PBIO, ITOAKapMAVMBAHI PHIO,
0oONTaOIMX B TPYAHOAOCTYIIHBIX ydacTKax BOJAOe-
MOB, ICII0AB30BaTh IIPU CIIacaTeAbHBIX OIlepaIusX B
YCAOBIIIX TIaBOAKOB. Bece coOpaHHbIe gaHHbIE aKBaTO-
pus Ha ipuMepe peKk AKMOAMHCKON obaacTy OyAyT
BHECEeHBI B pa3paboTaHHYIO CUCTeMy Oa3bl AaHHBIX.
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AHOamna. 3epmmeydiH Makcamel — po6OMMAHObIPbIAFAH KEWEH MeH 3KOMA02UASbIK MOHUMOPUH2MIH Manimemmep
6a3acbiH Kypy mancelpmanapsiH aHeikmay. Cy pecypcmapbiHbiH 3K002UAAbIK MOHUMOPUHR2I canaceliHOarel npobie-
Manapsl Kapacmelpslaadsl. 3epmmeyodiH Hezizei macindepi Kapacmoipblaosl. /lo2ukaneiK e3apa balinaHeicmel, 03U-
eKkmi mancsLipmanap apkelasi 3epmmey MaKkcamsiHa ¥emy #oa0apsl cunammansaH. MaceneHi wewyodiH enweHemiH
Kepcemkiwmepi 6ap bepineeH mancolpManapobiH Mizimi, COHbIMEH Kamap 3epmmey MaKcameiHa xemyoeai MiHoem-
mepOoiH, apKalicbICbIHbIH PeiH #aHe backa MiHOemmepmeH 6alinaHbICbIH KbICKaWa Hezi30ey YCbIHbIAFAH.

Kinm ce3dep: nusomcwi3 #y3y Kypasbl, a3pobymmebl mexHOA02UAAAP, IKOA0_2UAAbIK MOHUMOPUHE, HACbl MEXHOO-
auanap, manimemmep 6a3sacei.
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Abstract. The purpose of the study is to determine the tasks of creating a robotic complex and a database for environmental
monitoring. Problems in the field of environmental monitoring of water resources are considered. The main approaches
to research are described. The ways of achieving the research goal by means of logically interconnected, sequential tasks
are presented. A list of assigned tasks with measurable indicators of solving the problem is presented, as well as a brief
substantiation of the role of each of the tasks in achieving the research goal and the relationship with other tasks.

Keywords: unmanned swimming vehicle, airboat technologies, environmental monitoring, green technologies, databases.
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Abstract. This paper aims to evaluate the quality of wireless communication via LoRa protocol in maturity sensors
BDM-1 of the author's design. The object of the study is the characteristics of continuity of a given measurement
interval and the power of the data transmission signal. Experimental studies with immersion of a maturity sensor
in a concrete sample and monitoring of its hardening temperature for 16 days were conducted. From 11 days of
curing, the concrete sample was transported and held at different distances from the base station, divisible by a 30
m interval, in order to measure the signal strength of the data transmission. For this experiment, two trajectories for
transporting the concrete sample in an urban environment were determined — with and without obstacles. The results
of the monitoring confirmed the variability of the measurement intervals, as well as determined the signal strength
at different distances and the signal range. Analysis of these results allowed expressing the relationship between the
signal strength and distance for the maturity sensor BDM-1, applicable in practice on construction sites.

Keywords: LoRa, loT, RSSI, maturity sensor, signal strength, obstruction.

Introduction

Construction is one of the few areas where the
introduction of new technologies is proceeding
at a rapid pace. Many of them are focused on
restructuring the organization of economic and
technological processes. The ultimate goal of all
these implementations is to form a product that
will eliminate the need for human involvement in
some of the activities and operations. This concept
is reflected in the term Internet of Things (IoT). It
was first formulated and applied by Kevin Ashton,
the founders of the Auto-ID research group at the
Massachusetts Institute of Technology (MIT). The
new direction began to rapidly gain momentum
in the early 2000s; the first extensive articles and
publications in academia began to appear [1-3]. As
time passed, IoT technologies conventionally split
into many groups and subgroups (Table 1) [4].

This article discusses the technological
capabilities of the author's development belonging
to the subgroup Building and home automation of
IoT classification. The development represents a
maturity sensor BDM-1, designed for wireless tem-
perature monitoring and concrete strength control by
the maturity method [7]. When developing it, one of

FEFA the important components was the choice of wireless

communication technology. Such technologies as
LoRa, SIGFOX, NB-lIoT, and Weightless P were
considered. WiFi and Bluetooth were ignored due
to negative experiences with foreign analogues of
maturity sensors [8-10].

The widespread wuse of radio-frequency
identification for the interaction of objects requires
a stable and reliable connection between themselves
and with the external environment. For this reason,
there are a large number of Low Power Wide Area
Networks (LPWAN) [11]. One of them is LoRaWAN
(or LoRa), a product of the fast-growing LoRa
Alliance. The developers of this technology justify the
obvious advantages of this system compared to Wi-Fi
and Bluetooth [12]. The existing Machine-to-Machine
(M2M) interconnection between boards allows a
range of up to 20 km at about 50 kbit/s with minimal
power consumption [13]. Another private company,
SIGFOX, has focused its LPWAN development on the
creation of a worldwide network. This network has
a similar infrastructure to GSM and GPRS using 3G
and 4G connections, but is more energy efficient and
less expensive. The third LPWAN technology called
NB-IoT is characterized by the ability to implement
rapid upgrades to existing networks and a 10-year
warranty on battery life. Ubiik's Weightless standard



has made it a leader in LPWAN networks by clearly
separating the protocol for its different user segments.
Weightless: H, W, P — designed for oil and gas,
operational-one-way and two-way communications,
respectively [14]. The latter protocol covers a greater
number of devices than the previous two. It is worth
noting that the range of all networks is distorted in
urban areas, so in the example of SIGFOX technology,
the coverage area in rural areas is 30-50 km, and in
urban areas is reduced to 3-10 km [11]. More detailed
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characteristics of the considered wireless technologies
are shown in Table 2 below.

Thus, the technical characteristics listed above
form the value of each device working on the concept
of IoT [4]. However, as can be seen from the table
above, only LoRa technology is suitable for the Asian
region in terms of frequency, which was the choice
for the design of the maturity sensor.

The next step was to validate the adequacy
of the signal strength received from the BDM-I.

Table 1 - Classification of loT [4]

Ne Applications Ne Sub-Applications
o 1 Smart home
1 Consumer applications
2 Elder care
3 Medical and healthcare
o o 4 Transportation
2 Organizational applications S
5 V2X communications
6 Building and home automation
7 Manufacturing
) o 8 Agriculture
3 Industrial applications
9 Food
10 Maritime
11 Metropolitan scale deployments
4 Infrastructure applications 12 Energy management
13 Environmental monitoring
14 Internet of Battlefield Things
5 Military applications 15 Ocean of Things
16 Product digitisation

Table 2 — Comparison of technical characteristics of LPWAN networks [11]

TexHonoruu 6ecnpoBogHOI CBA3N
Ne Parameter
LoRa SIGFOX NB-loT Weightless P
1 Modulation method CSS = OFDMA/DSSS  FDMA/TDMA
Diapason ISM ISM Licensed ISM
Speed 0,3-50 kbps 100 kbps UL: 1-144 kbps | 0,2—-100 kbps
DL: 1-200 kbps (adaptive)
4 Band Wideband up to 500 kHz Narrowband up to 100 Narrowband Narrowband
kHz up to 200 kHz = up to 12,5 kHz
Autonomy time > 10 net = [o 10 net 3-5 net
Frequency 868,8 MHz (Europe) 868,8 MHz (Europe) 700 /800/900 169 /433 /470
915 MHz (USA) 915 MHz (USA) MHz /780/868/
433 MHz (Asia) 915 /923 MHz
Safety AES-64 & 128 bit AES, HMACs - AES-128 / 256
Range Up to 2.5 km in the city, up | Up to 10 km in the city, up - Upto 2 kmin
to 45 km outside the city = to 50 km outside the city the city
9 Support LoRa Alliance, IBM, Cisco... SigFox, Samsung 3GPP, Nokia, Ubiik
Huawei, Intel... | Weightless SIG
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Terminologically, the signal strength is commonly
referred to as the «Received Signal Strength Index»
(RSSI). Its classical scheme of behavior is shown in
Figure 1 [15-19]. RSSI results reflect the strength of
the received signal measured in dBm relative to 1
mW, and in the case when the power is below 1 mW,
the RSSI in dBm takes a negative value. And for this
reason, the closer its value to zero, the better the
signal (Figure 2) [20].

To test the signal strength, the authors recreated
the field conditions under which the maturity sensors
are operated. Since the operating conditions of the
maturity sensors involve immersion in concrete,
in order to test their signal strength at different
distances, it was decided to embed BDM-1 in a
small cubic sample for its mobility. In addition to
the distance, the signal strength can also be affected

power
= d

Rx radio

by various obstacles in the urban infrastructure,
which presumably can also affect the loss of signal
at a certain point in time. In other words, a given
measurement interval of 30 minutes for the BDM-
1 may be disrupted. In this regard, the purpose
of this study is to evaluate the quality of wireless
communication via LoRa protocol in the BDM-1
maturity sensors. The object of the study is the data
transmission interval and signal strength.

Materials and methods

The experimental part of the study covered several
locations: the monitoring station, the laboratory and
the urban environment. The following components
had to be prepared for the experiment (Table 3).

The computer and the base station were located
in a monitoring station that had a stable and constant

receiver

Received Signal Strength
Indication(RSSI)

distance

Figure 1 — RSSI behavior [15]
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Figure 2 — RSSI range [20]

Table 3 — Equipment for the experiment

Ne Materials and equipment Unit Quantity
1 Computer pcs 1

2 BDM-1 maturity sensor pcs 1

3 Base station pcs 1

4 Concrete (B25 M350) m3 0,008
5 Formwork (20x20x20 cm) pcs 1

6 Vibrating table pcs 1




electrical and Internet connection (Figure 3). Since the
monitoring data coming from the BDM-1 to the base
station was visualized on the computer through the
server software, which is accessed through an Internet
browser. To establish communication between all
three components, a virtual project was created in
the server software, in which the serial number of the
experimental BDM-1 was entered. Next, by activating
the maturity sensor, a communication verification
was performed. The measurement data successfully
passed through the base station and was visualized
in the software (Figure 3).

In order to simulate realistic operating conditions
of the BDM-1, the dimensions of the 20x20x20 cm
formwork for making a concrete sample in the
laboratory were selected so that the distance from the
LoRa chip inside the BDM-1 body to the walls of the
sample exceeded 5 cm. Since foreign manufacturers
recommend immersing their maturity sensors no
deeper than 5 cm [8-10]. Installation of the sensor in
the center of the formwork was carried out by fixing
it to the reinforcing bar with a tying wire (Figure 4).

After installing the sensor in the design position,
the entire cycle accompanying the concrete work
at the construction site was executed (Figure 5), i.e.
batching the concrete mixture, followed by laying and
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compaction. Buta vibrating table was used to compact
the mixture in the sample. For the experiment, it
was important to achieve the density and strength
of the concrete in the sample, which is achieved in
commercial concrete B25 M350, used on construction
sites on a large scale. Because the density also affects
the strength of the transmitted signal, and BMD-
1 was designed specifically for heavy commercial
concrete with a density of 1800 to 2500 kg/m?. It was
also important to test the performance of the BDM-1
under the influence of vibration loads: the reliability
of groove joints of various components inside the
casing of the BDM-1, tightness and durability of the
casing. And in this regard, vibro-compacting was an
integral part of this experiment (Figure 5).

The point of reference for monitoring the tempe-
rature of concrete curing in the sample with the BDM-
1 was taken as the moment of completion of vibration
compaction. From this point, the sensor successfully
transmitted data for 16 days. The first 11 days, of
which the sample was stored in the laboratory at
20°C and natural humidity. The remaining 5 days
the sample was kept in ambient conditions (in
summer) and transported at different distances from
the monitoring station in order to determine signal
strengths in the presence and absence of urban

Figure 3 — Monitoring station

Figure 4 — Installation of the maturity sensor in the formwork
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obstacles. The interval of distances at which the signal
strength was measured was 30 m. And the distance
was increased until the final loss of signal for both
conditions (with and without obstacles) occurred.
When analyzing the result of monitoring the
concrete curing temperature obtained from the
experiment, special attention was paid to the time
and interval of the received data (equivalent to the
signal transmission interval), which was naturally
disrupted. Apparently, this was due to the weakening
of the signal strength at one or another point in time.
Based on the results of the signal strength analysis,
distance and signal strength relationships were
obtained for conditions with and without obstacles.

Results and Discussion

Figure 6 shows the result of monitoring the curing
temperature of concrete in a cubic sample.

As can be seen in the graph, there is a certain
dynamics of curing temperature values associated
with the transition from daytime to nighttime and
vice versa. There are also small jumps and uniform

drops associated with the exothermic process
occurring in the body of concrete. During the first
11 days, the temperature fluctuated within 20+1°C.
With the transition to the urban environment there
is a sharp rise in curing temperature up to 29°C and
fluctuates depending on the time of day by 2-3°C.
This is understandable, since the experiments were
conducted in the summer, when the temperature
during the day could reach 30°C. In the figures on the
right one can notice an identical temperature graph
obtained from the server temperature monitoring
software.

By calculating the difference between each
subsequent and previous time value, the signal
arrival intervals for each fact of data transmission are
estimated (Figure 7).

According to the graph of intervals, it can be seen
that the initially set interval of 30 minutes deviated
on average by 200 seconds and is in the range of 33
minutes 20+10 seconds. Also, large deviations from 1
hour and above are noticed. If neglecting deviations
of 200 seconds, the rest can be classified into 4

Figure 5 — Concrete pouring into the formwork and vibro-compacting
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categories with deviations greater than 0.5, 1, 2, and
2.5 hours, respectively (Figure 8).

The pie chart shows that most of the data (93.9%)
were transmitted in the normal time interval. 4.7%
were transmitted more than 0.5 hours late, 0.6% by 1
hour, 0.2% and 0.3% by 2 and 2.5 hours respectively.
Deviations occurring on day 11-12 of concrete curing
can be explained with the transportation of the
concrete sample from the laboratory to the urban
environment. However, the question arises about the
deviations that occurred before 11 days. This may
be due to the exothermic reaction occurring in the
body of the concrete sample. For instance, comparing
Figures 6 and §, a certain pattern of deviations in the
measurement intervals can be observed, especially on
days 2-5 of curing, in which there is a consolidation
of interval deviations by more than 0.5 hours. Also,
it can be assumed that the activation energy of the
reaction in some way affects the radiocommunication,
and thus on the interval of measurements.

The results of the study of the transmitted signal
strength from the maturity sensor embedded in the
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Figure 7 — Data arrival intervals
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Figure 8 — Percentage of deviated reading interval
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concrete sample are shown in Figure 9.

In the figure above, the left part of the map shows
the trajectory of transporting a concrete sample
through obstacles, and on the right without obstacles.
The maximum signal ranges reached 270 m without
obstacles and 90 m with obstacles, respectively. In the
graph below different colors are used to show which
of the intervals on the RSSI scale belong to which
particular distances from which signal strengths
were measured. As it turned out, being embedded in
the concrete and taking into account the obstacles, a
reliable connection is held only at a distance of 30-60
meters. In the realities of the construction site, this
means that the base station, which collects data from
the maturity sensors, will need to be installed, not
exceeding this distance interval.

For the purpose of practical determination of the
signal strength of BDM-1 its dependencies on the
distance in conditions of obstacles and without were
expressed (Figure 10).

The expressed dependencies are represented
by a polynomial quadratic function and have high
coefficients of determination close to one, which
indicates their reliability.

The results obtained in the study have prompted
the need for further research in this direction and will
be aimed at studying the effect of activation energy of
the reaction on radio communication and the quality
of the transmitted signal of maturity sensors. It is also
planned to further upgrade the technical capabilities
of the wireless communication module of maturity
sensors by strengthening the antenna and electronic
circuitry.

Conclusion

This paper presents the results of experimental
studies of the quality of the transmitted signal of the
maturity sensor of the author's development BDM-
1, implementing wireless LoRa communication
technology.

Monitoring of the concrete curing temperature
using the BDM-1 revealed unevenness in the interval
of measurement data receipt, due to the regular signal
losses; more than 6% of the data were transmitted
with a delay of 0.5 to 2.5 hours.

A study of RSSI at different distances revealed
signal ranges of the BDM-1 with obstacles up to 90 m
and without obstacles up to 270 m. At the same time,
satisfactory range intervals were 30-60 m and 60-240
m, respectively.

Expressed the dependence of RSSI-Distance for
the conditions of data transmission with and without
obstacles, applicable in practice on construction sites
when selecting a place to install a base station.

It was decided to strengthen (improve) the
antenna of BDM-1 and the base station in order to
increase the strength of the transmitted signal.
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LoRaWAN j3xeniciHe HezizdenzeH RSSI #ceminy ceHcopbiHbIH 6HIMOiniai
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3AJIAYHIAPOBA Anus KatipamoeHa, PhD, KayeimdacmelpblnraH npogeccop, liya_1479@mail.ru,

Y1.H. ymunes ameiHdarsl Eypasus yammelK yHusepcumemi, Kazakcmax, 010008, Hyp-Cynmax, Camnaes keuweci, 2,
2Conmycmik yHusepcumemi, Xopsamus, 48000, KonpueHuua, 3apka [onuHa Keuwleci, 1,

3Topatireipos yHusepcumemi, Kazakcmad, 140008, lNasnodap, /lomoe Keweci, 64,

*aemop-KoppecrnoHOeHm.

AHOamna. byn wymoeicmsiH makcamsl BDM-1 aemopssiKk damyukmepiHOeai loRa npomokoss! 6olibiHwa ceimcbi3 bali-
/AIGHbIC canaceliH baranay 60abin mabelnadel. 3epmmey obbeKkmici bepinzeH esauiey apanbiFbiHbIH y30iKci3dieiHiH cunam-
mamanapsiH #aHe oepekmepdi bepy cueHanbIHbIH, Kyamsi 60sbin KabblndaHObl. Taxcipubesnik 3epmmeynep xceminy
ceHcopbiH 6emoH yneiciHe 6amelpy #aHe OHbIH Kamy memnepamypacsiH 16 KyH 6olibl 6aKblAay apKbiabl #yp2i3inoi.
KamatodeiH 11 KyHiHeH 6bacman 6emoH ynzici depekmepdi bepy cueHaAsbIHbIH KyambiH eauwey ywiH 6a3aablK CMaHyus-
0aH 30 m apanbiKKa OeliiHei apmypi KAWbIKMbIKMA MAcbiMandaHObl #aHe cakmanosl. bya akcnepumeHm ywiH 6emoH
yneiciH Kanansik opmada — kedepeinepi bap 1 aHe Kedepziciz macbimandayobiH eKi #0osbl aHbIKManosl. MoHUMopuHe
Hamuxenepi esawey apanslKmapsiHbIH Calikec emecmieiH pacmadsl, COHbIMEH Kamap apmypsi KawblKmelKmapoarbl
CU2HAn0bIH, KyamoelH #aoHe CuzHanA0blH apekem emy paoduycbiH aHbIKMaodsl. Ocel Hamuxcenepodi manday Kypelasic
anaHOapbIHOAG NPAKMUKada KondaHslaamelH BDM-1 #eminy ceHcopbl yWiH cuzHan KyamoelHblH KAWbIKMbIKKA mayer-
dinieiH 6indipyze MymKiHOIK 6epoi.

Kinm ce30ep: LoRa, 10T, RSSI, 3teminy ceHcopbl, cuzHan Kywi, Kedepainep.
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MpouszeodumenbHocmo RSSI damyuka 3peasocmu Ha ocHoee cemu LoRaWAN
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1Eepasulickuli HayuoHanbHsIl yHUsepcumem um. /1.H. lymunesa, Kazaxcmax, 010008, Hyp-CynmaH, ya. Camnaesa, 2,
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3Topatizbipos yHusepcumem, Kazaxcmat, 140008, lNasnodap, yn. /lomosa, 64,

*aemop-KoppecrnoHOeHm.

AHHOMayus. Llenbio 0aHHOU pabomel A819emcs oyeHKa Kayecmea becrnposodHoli ces3u no npomokosay LoRa y dam-
yukoe 3pesnocmu BJM-1 asmopckoli pazpabomku. O6beKmom uccaedo8aHUA NMPUHAMbI XAPAKMEePUCMUKU Henpepbis-
HOCMU 3000HHO020 UHMepP8ana usmepeHuli U MOWHOCMb cU2HAAa nepedadyu OaHHbIX. [IposedeHsb! IKcnepumMeHmars-
Hbie uccnedo8aHUA € nozpyreHuem 0amyuKa 3pesocmu 8 6emoHHbIl 0b6pasey U MOHUMOPUH20M memMmnepamypsi e2o
meepoeHusa 8 meyeHue 16 cymok. C 11 cymok meepdeHus 6emoHHbIl 0bpaszey mpaHCcrnopmupoeasca u npudepicu-
80/1CA HA PA3AUYHbIX UCMAHUUAX om 6430800 cmaHyuU, KpamHeix uHmepsany 30 M, € uesblo 3amepa MowHoOCMuU
cueHana nepedayu OaHHbIX. [na 0aHHO20 3KcrnepumeHma bbianu onpedesneHsbl 08e MPAeKmMopuu MPAHCrIopmMuposKU
6emoHH020 06pa3ya 8 20podcKoli cpede — ¢ npenamcmeusmu u 6e3 npenamcmeuli. Pe3ysabmams! MOHUMOPUHad 100~
meepouau HermocCMosHCMEBO UHMeP8asna usmepeHull, a makice onpedeausanu MoWHOCMU CU2HAAA HA PA3/AUYHbIX OUC-
maHyuax u paduyc delicmeusa cueHana. AHaAU3 OGHHbIX Pe3ys6mamos Mo380s1Us 8bIPA3UMb 308UCUMOCMb MOWHOCMU
cueHana om oucmaHuyuu 0219 8amyuka 3pesocmu 5AM-1, npumeHuUMbIl HO MPAKMUKe Ha cmpolinaou,aoKax.

Knrouesoie cnosa: LoRa, 10T, RSSI, damyuk 3pesocmu, MOWHOCMb CU2HAAA, NPernamcmeus.
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AHHOmMayus. Llenb uccnedosaHusa — onpedenums genuvuHsl UHOYKYUl MazHUMHbIx nosedl, cO30aHHbIX MOKaMU 8
WUHAx KOMI/AeKmHo20 mpexga3zHo20 moKornposooa, delicmayrouwux 8006 MPo0osbHbIX ocell KamyweK UHOYyKmueg-
HOCMU, 3aKperaeHHbIX CHapyx#u 060104YKU 3mo20 moKonposoda. OnucaHel 1a60pamopHasA YCMaHOB8Ka U Memoou-
Ka nposedeHus aKkcrnepumeHmos. [TpedcmasneHsl pe3yabmamei udmepeHuli UHOYKYUl Ma2HUMHO20 MosA 80Kpye
mpex 8bIrycKaemMbIX MPOMblU1eHHOCMbI0 Poccuu KOMIneKmMHbIX MOoKonpo8ooos Ha HanpaxceHue 10 KB. [IpusedeHs!
pe3ysnemamel KOMMbIOMepPHO20 MOOenupPo8aHUA 3MuX MA2HUMHbIX rosaeli U 8OKpya ewe mpex MmoKonposooos Ha
HanpsaxceHue 10 kB. OnpedeneHbl Ko3ghpuyueHmM 3KPaHUPoB8aHUA 060/104K0l Ma2HUMHOR20 014, C030aHHO20 MOKa-

MU 8 WUHAX MOKOMNposood, @ maKice nonpasoyHblli KoagguyueHm, yyumelsarowuli popmy WUH U, YMO MOK 8 HUX
nepemeHHsoll. [pedaoxeHo paccyumelsame UHOYKYUO MA2HUMHO20 044, UCM0Ab3YA npocmeliwyro hopmy 3anucu
3aKoHa buo-Casapa-/lannaca ¢ seedeHUeM YKA3aHHbIX Ko3gguyueHmos. [MoKa3aHo, Ymo fpu nocmpoeHuu 3auju-
mbl oM KOPOMKUX 3aMbIKAHUL 371eKmMpoycmaHo8KU ¢ 00UHOYHbIM MOKOMPoB8oOOM UenecoobpasHo pacnonazame
KamywKu UHOYKMUBHOCMU HAMpomus WuH.

Knroueeole cnoea: KommnaeKkmHoil mOKOI'Ip0600, MAacHUMHoOe r1os1e, 3KcriepumeHm, MOOEHUPOBGHUE, KamywkKa UH-

OyKMUBHOCMU, KO3(hhuyueHm 3KpaHUpPo8aHus, 3akoH buo-Casapa-/lanaaca.

BBeaenue

B nogasasiomnem 00ABIIMHCTBE CAydaeB A1 I10-
AydeHns nHGOpPMaIMH O TOKaX B IIMHAX DAEKTPOY-
CTAHOBOK A5 HY>K/, PeAENHO 3allIUThI MCIIOAL3YIOT
MeTaaao0eMKue TpaHcdpopmaropsl Toka [1, 2]. Oana-
KO M3-3a IIPUCYLINX UM OOIIEeN3BeCTHBIX HeAOCTaT-
KOB HEOAHOKPATHO ITOAHMMA/CS BOIIPOC O HEOOXO-
AVIMOCTU 1X 3aMeHHI [3, 4]. B kauecTBe Takoi 3aMeHBI,
Kak ITOKa3a/ aHaAM3 IyOAMKaLVIii 1 IIaTeHTHas IIPo-
paboTka, MOIyT OBITH MCIIOAB30BAaHBI MarHUTOYYB-
CTBUTeAbHBIE DJAEeMEeHTHI: KaTylika Porosckoro [5],
Karynika nHaAyktusHoctu (KIW) [6], repkons! [7] 1 T.A.
OaHaKo KaKo¥l 13 HUX OKaKeTCsI IIPeAIIOUTUTEABHEE,
MOXXHO OyJAeT CyAUTh TOABKO IIOCAE AAUTEALHOTO
oIbITa dKCrAyartanyy. Ha ocHoBe MarHMTOYYBCTBU-
TeABHBIX D1€MEHTOB y>Ke paspaboTaHBbl 3aIIUTHl A4S
HEKOTOPBIX DAeKTpoycTaHoBok [8, 9, 10]. Ilpu sTom
BOIIPOCHI ITIOCTPOEHNSI 3aIlIUTHl 445 DAEKTPOYCTaHO-
BOK C KOMILIE€KTHBIMIJ TOKOIIPOBOJaMM C TpeM:I Pa-
3aMI B OAHOV 0DOA0YKe He paccMaTpuUBaANCh. Mbl
IpeArioaraeM MX CTPONUTH Ha KaTyIIKaxX MHAYKTUB-
HOCTH, 3aKPeILAeHHBIX CHapy>K1 000A0YKI TOKOIIPO-
BoJa. ITosToMy B AganHOI paboTe 1ccae10BaHEI Mar-
HIUTHBIE T10151, AMICTBYIOIIVIE Ha HIX.

MccaeaoBaHme MarHMTHOTO 110451 BOKPYT TO-
KOIIpOBOJA IIpY IPOTeKaHUM TOKa IO ero MiMHaM
M3sectHO [7], 4TO MHAYKIIUIO MarHUTHOTO TOAS,

cozaanHoro Tokamu B (asax A, B, C' 91eKTpoyCcTaHOB-
KI MOXKHO paccuuTaTh, UCII0Ab3Yysl 3akoH buo-Casa-
pa-/lanaaca, o popmye:

B,=B:+Bs+B:=

_ Mo [cosay cosds Ccos d¢
_27l'< ha Li+ hs L+ he IC)’

)

rae By, Bg, Bc — MHAYKIIUM MarHUTHBIX ITOA€M, CO3/4aH-
HbIX TOKaMU B Pasax A, B, C; a4, dp, dc — YTABI MEXAY
npoaoabHOit ockio KV 14 1 BekTOpamMm MHAYKITUIL
By, By, Be; ha, hg, he — paccrosanmst ot oceit ¢pas A, B, C
Ao nentpa Tsxectu KU 14.

Ognako B (1) He yunTbIBaeTCs BAUAHNIE Ha BeAU-
YIHY MHAYKIINY 000A0YKM TOKOIIPOBOJA M II€Pero-
POAKM BHYTpU Hee, (POPMBHI IIMHEI (OHa He OeckKo-
HEYHO AAVMHHBINA UM TOHKUI HPOBOAHUK) M YTO TOK
IIepEeMEeHHbIN, a He ITIOCTOSHHBII.

a5 nccaea0BaHNS HTOTO BAUSIHUS U OIlpejeae-
HIS BeAMYMHBI MHAYKIIMM MarHUMTHOTO I10As, Aeii-
CTByIOIIEl BAOAb IpogoabHoN ocu KU 14, Obraa
cobpaHa aaboparopHast ycraHoBKa (pucyHOK 1). Ona
cogepxut peryasrop Hanpspxkenns 1 (PH) TSGC2-
30KVA, mOAKAIOYEHHBIVI II€PBUYHON OOMOTKOM K
MCTOYHUKY ITepemeHHOTo ToKa 2 (VII), a BTopmyHOit
— C IOMOIIBIO Kabeaell 3 K epBUYHON 0OMOTKe Ha-
rpysoudHoro Tpancpopmaropa 4 (HT). Bropmunas
oOMoTKa TpaHcopmartopa 4 ¢ IOMOIBIO Kabeaeir 5,

IIPOITYIIIeHHBIX Yepe3 OKHa TpaHCPOPMaTOPOB TOKa 6
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PUCYHOK 1 — DKcnepuMeHTaibHaA YCTaHOBKA AJ1A UCC/IeA0BaHWA 3/IEKTPOMArHMTHOro NosA CHapy»xu KT

(tnma TTD 125 ¢ xoapPunmenrom Tpancpopmarun
4000/5), 1 AOTIOAHUTEABHBIX IMUH 7 HOAKAIOYEHA K
TOKOBEAYIIIUM INMHaM 8 KOMILA€KTHOTO TOKOIIPOBO-
Ja (B DKCIIepMMeHTaXx MUCII01b30BaAVICh TOKOIIPOBOABI
tumna T3K-CBII1-10-1600-81, T3KP-CHIII-10-1600-81
VY X). C npoTuBONOAOXKHON CTOPOHBI K IIIMHaM 8
ITOAKAIOYEHBI IIMHBI 9, KOHITBI KOTOPBIX 3aKOPOUYEHBI
kabezeM 10. K BropmunsiM 0OMOTKaM TpaHcpopMa-
TOPOB TOKa 6 MOAKAIOUEHBI MyAbTUMeTpHl 11 Tuna
Fluke 87V. Ha 06040uke 12 TOKkOIIpOBOJa 3aKperiieH
C BO3MO>KHOCTBIO IepeMeleHus XoMyT 13, Ha KoTo-
poMm ycranosaeHa KU 14 (c nposogom I19B-2-0,14 n
koamyectsoM BuTKos 6700). K BeiBogam KU 14 mioa-
KAI04eH MyapTumeTp 15 tTuna Fluke 87V.

ITpn npoBeseHNN DKCIEPUMEHTOB KaTyIIKY VH-
AYKTMBHOCT! 14 yCTaHaBAMBAIOT B 3a4aHHON TOUYKe
CHapy>Xu 000a04ku 12 TOKOIpOBOAa Ha PacCTosi-
Hun 10 cm ot nee. ITpu 9TOM Takke obecrieunBaeTcs
BO3MOXXHOCTb M3MeHeHIUs: yraa 3 B IAOCKOCTH IIO-
IIEpeYHOTO CEYEHIsI TOKOIIPOBOAA MEXKAY IPOAO0AD-
Holt oceio KM 14 u nipsamoit, mpoxoAsineit yepes ee
LIEHTP TSKEeCTU U IepeceKaloleil och 060109ky 12
IO/ IIPSIMBIM YTAO0M. 3aTeM B IIIMHEL § II04aI0T TOK OT
200 40 600 A c mmarom 200 A. ITpu »TOM B 3aBMCHMO-
CTM OT UMUTHUPYEMOTO BUAAa KOPOTKOTO 3aMBIKaHILA
(aByx¢asHOro mam tpexdazHoro) ToK MoAal0T B ABe
UAY TpU MUHBL 8. PUKCUPYIOT DAKTPOABVKYIIYIO
cunay (DAC) E, naseaennyio Ha seisogax KU 14 ipn
B=0+180° (pucynox 2). Aasee nepecunrtsiaior 34C
B MHAYKIIMIO B 110 popmyae [11]:

__E
B= 2rfwS”

rae f —4acTora mepeMeHHOIO TOKa;

(@ — 91CAO BUTKOB KaTYIIKM MHAYKTUBHOCTI;

S — ceyeHNe MaTHUTOIIPOBOAA;

7T — mocTostHHasL, 7 =3,14.

ITepememaror KV 14 o oxpy>KHOCTH, OIICaH-
HOII BOKPYT TOKOIpoBoJa, Ha 10 cM 1 cHOBa BBIIIOA-
HAIOT M3Mepenus. I IoBTopsIIoT yKazaHHbIe OIlepann
IIpU KaXKA0M BUAe UMUTHUPYEMOTO KOPOTKOTO 3aMBl-

m KaHIs. Y6I/IpaIOT eperopoaKy, 1 CHOBa BBIITOAHIAIOT

M3MEepPEeHNs B DTUX JKe TOUKaX. 3aTeM U3MepsIIOT 1H-
AYKIOUIO TPV OTCYTCTBUM OODOAOUYKM 12 TOKOIIPOBO-
aa. Taxxe ObLAM ITPOBEAEHBI DKCIEPUMEHTHI C M-
HaMM pa3ANIHO I1A0ITaAM ITOIIEPEYHOTO CeUeHIs I
¢opmer (1Beaaep, Tpyda). Ha pucynkax 3,a u 3,6 (110
OKPY>KHOCTHU yKa3aHbl Touku 3akpernaenus Kl 14 na
000104YKe) IpescTaBAeHbl 3aBUCUMOCTY BEANIMHBI
MHAYKIMU B ot Toukn pacrioaoxenus Kl 14 mpu
AByx(daszHOM 1 Tpex(pazHOM KOPOTKMX 3aMBIKaHVIX
IIpY HaAn4Iuu 000a0ukn (mpogoasHas ock K1 pac-
I1oJaraAach I10 KacaTe AbHOM K OKPY>KHOCTH, OITVICaH-
HOI BOKPYT 000409KM TOKOIIPOBOAA).

Beuay orcyrcrBus B aabopaTopum BCeX BBIITY-
CKaeMBIX ITPOMBIIILIEHHOCTBIO KOMIIAEKTHBIX TO-
KOIIPOBOJOB ¢ TpeMs azamMu B 00OIIeil 000A0uKe
pacrpejeieHrie MarHUTHOIO IIOAS AAS HUX OBLAO
cMoJeAnpoBaHO B mporpamme Ansys Maxwell. Ha
pucynkax 4,a n 4,6 (Touka «m» — MeCTO YCTaHOBKU
KIM 14) B xayecTse IpuMepa IIOKa3aHO pacrpeje-

PucyHoK 2 — PacnonoxkeHue KU cHapyu 060104Ku
TOKONpoBOAa
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PuUcyHOK 3 — padmK nameHeHua MHAYKUUK B BOKpyr 060/104KN TOKONpPOBOAA Ha paccToAHuu 10 cm oT Hee:
a — npu TpexdasHom K3; 6 — npu gsyxdasHom K3 (Tok B 0gHOI LIMHE OTCYTCTBYET)

Name X Y. Z B

375.000 750.000 8.450e-005

B [teslal

3. 7061E-003

3.3355E-083
3.1131E-083
2.8998E-003
2.6684E-003
2. Y4E0E-003
2.2237E-083
2.0013E-003
1, 7789E-003
1.5S66E-003
1.3342E-003
1.1118E-083
8. B946E-0BY
6. 6710E-084
4. 4473E-00%
2.2237E-084%
1.7435E-089

Name X ¥ z B

m 0.000 375.000 750.000 4.086e-004
B [teslal

3.6768E-903

l 3. 3092E-983

2. 9415E-883

2.5739E-903

| 2.2063E-083

1.8386E-083

1.4710E-003

1.1033E-003

7. 3566E-BaY4

3. 6802E-08Y4

3. 6768E-087

PucyHoK 4 — PacnpeaesneHne MarHATHOIO NOAA BOKPYr LWMH TOKoNpoBoAa npu TpexdasHom K3 npu Haanuum
060n104KHM (a) u 6e3 Hee (6)

J€eHIe MarHUTHOTO II0As OT TOKOB B IINMHAX 8 Ipu
MOJeAUpOBaHUM MMelollerocsi Tokomposoga T3K-
COIII-10-1600-81 ¢ o60a0ukoii 12 u Ge3 Hee.

PesyabTaThl DKCIIEPUMEHTOB ¥ MOAEAMPOBAHILL
OKa3aAu:

1. BanssHueM meperopoAku Ha BeAMYMHY MHAYK-
LM MarHUTHOTO 11045, AelicTBytoniero Ha KV, mox-
HO IMpeHeOpeus, TaK KaK OHO cocTaBaseT He 60aee 3%,

YTO COM3MEPUMO C ITOTPENTHOCTAMY U3MePeHMIA.

2. Koappunmenr skpanmposanms (rabania)
00040YKOI MarHUTHOTO 110451, CO3A4aHHOIO TOKaMI
B IIIMHaX TOKOIIpoBOAa, k,=0,14+0,21 B 3aBucuMoOCcTI
OT ee AMaMeTpa U ToAIuHbI cteHKU. [TosTomy mipu
pacueTe MHAYKIIUY BHe 000A0YKM ITpaByIo 4acTs B (1)
HEOOXOAVMO YMHOXUTS Ha k..

3. Hauboap1mme sHaueHMs MHAYKIVS MarHUTHO- 243 |
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KO3¢¢MU,MEHTbI 3KpaHUpoBaHUA 060/104KOM TOKOMNpoBOoAa MAarHUTHOro NosA, Co3A4aHHOro TOKaMu B €ro LuHax

BHewHuit agnametp 060104KM, MM | ToNLWMHA cTeHKU 3 MM | ToNWMHA CTEHKM 4 MM TONLMHA CTEHKU 5 mm
623 K,=0,19 K,=0,18 K,=0,17
700 K,=0,21 K,=0,19 K,=0,18
706 K,=0,2 K,=0,19 K,=0,15
890 K,=0,19 K,;=0,18 K,;=0,14
ro 1oas umeet B Toukax 1, 8, 16 (pucyHnox 3,a) Haripo- BoiBoabI

TUB IIIMH TOKOIIpOoBOAa, mpudeM us (1) BuaHo, 4To ee
BeANYMHA IPOIOPIMOHaAbHa TOKaM B ¢asax, A, B u
C, cootserctBeHHO. Hampumep, npu 3akpernieHun
KW B Touke 8 hy=he, @p=ac, M MHAYKITUS, AVICTBYIO-
mas BA0Ab ee IPOA0AbHON OCH, TPOIIOpIIMOHaAbHA
TOKY TOABKO B ¢ase A. AHaJAOIMYHO IIPU YCTaHOBKE
KIM 14 B Toukax 1 n 16 B40Ab ee MPOAOABHON OCK
AeVICTBYIOT MHAYKIIUM, ITPOTIOPIIMOHaAbHbIE TOABKO
TokaM B pasax Bu C.

4. Aas yaeta pOPMBI IIMHBI U YTO TOK ITepeMeH-
HBII, TTpaByIo yacTh B (1) HeOOX0AMMO pa3aeauTh Ha
IIOITpaBOYHbIT KO PunnenT k,,=1,4.

1.1lp1 mocTpoeHMM YCTPONICTB 3aIlfUTBI OAU-
HOYHOTO TOKOIIPOBOJa KAaTyIIK! WMHAYKTUBHOCTI
yA06HO pacrioaarats HarrpoTtus ¢as A, B, C, Tak Kak
B DTUX TOYKAX MHAYKIIVS MarHUTHOTO IIOASl MMeeT
HaMOO/blIlee 3HaUYeHUe U IIPOIIOPIIMOHAaAbHA TOKY B
COOTBETCTBYIOIIEN (ase.

2. Aas pacdera BeAMYVHBI MHAYKIINYM MarHUT-
HOTO 1051, CO3AaHHOTO TOKaMM B IIIMHaX TOKOIIPO-
Bogos Mapku T3K u T3KP, MOXHO IMOAL30BaTHCs
3akoHoM buo-Capapa-/lamnaaca, HO ¢ BBeAeHMEeM DKC-
IIepMMEHTaAbHO MTOAYYE€HHBIX IIOIIPaBOYHOIO KOD(-
¢uumenra k,,=1,4 n xoddpPuimenra sKpaHnpoOBa-

amst k,=0,14+0,22.
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AHOamna. 3epmmeydiH MaKcameoi-oCbl MOK emKi32iumiH cbipmbiHAH 6ekiminzeH UHOYKMOP KamyWwKanapbiHbIH
60linbiK ocomepi bolibimeH Hymoic icmelimiH yw ¢a3ansl Mok mizbeziHiH, WUHAAAPbIHOAFLI MOKMAPMEH KYpPbiaFaH
MazHUm epicmepiHiH UHOYKUUA WamanapsiH aHbIKMay. 3epmxaHasnblK KOHObIPFbl HAHE 3KCepumMeHmmep Hypeisy
ml adicmemeci cunammanraH. Peceli eHepKacibi weirapraH 10 KB KepHeyz2e apHAAFaH yu mosbiK MoK emkisziwumin aliHa-
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/A1ACbIHOAFbI MA2HUM OpPICiHiH UHOYKUUSACBIH eawey Hamuxenepi yCcoiHbiaFaH. Ocbl MazHUM epicmepiH Komnetomepik
modenboeydiH Homuxcenepi #aHe 10 KB KepHeyze apHAAFaH marbl yu MoK emkis2iumin aliHaaaceIHOA KeamipinaeH.
ToK emkizeiumiH WUHAAapPbIHOGF6I MOKMAPMEH KYPbIAFaH MA2HUM epicCiHiH KabbiFbiMeH 3KpaHOay KoagguyueHmi,
COHOQU-aK WUHAAapObIH MiWiHIH #aHe 01ap0arbl MOKMbIH 632epMesi eKeHiH ecKkepemiH my3emy KosgguuyueHmi
aHbIKManfraH. KepceminzeH koagpuyueHmmepoi eHzize omelpein, 6uo-Casap-/lanaac 3aHbiH #a3yoblH Kapanalibim
hOpMacbIH KOAOAHA OMbIpsIr, MA2HUM epiciHiH UHOYKYUACLIH ecenmey YCoiHblAadbl. bip mok emkizziwi 6ap anekmp
KOHObIPFbICbIHbIH, KbICKA MY UbIKmanyblHAH KOPFAHLIC Kypy Ke3iHOe WUHAAapFa Kapama-Kapcel UHOYKmMopaapodsl OpHa-
N1GCMbIPFAH HOH.

Kinm ce30ep: mosibiK MoK CbIMbl, MA2HUM 6pici, sKkcrepumeHm, mooensvoey, UHOYKMop, 3KPaHOay KosgguyueHmi,
6uo-Casap-/lanaac 3aHbl.

Determination of the Magnetic Field Induction Outside the Shell of a Three-Phase Current Line

1*MASHRAPOV Bauyrzhan, PhD, Associate Professor, bokamashrapov@mail.ru,
IMUSAEV Zhasulan, doctoral student, zhaslan.mail.ru@mail.ru,
Toraighyrov University, Kazakhstan, 140008, Pavlodar, Lomov Street, 64,

*corresponding author.

Abstract. The aim of the study is to determine the values of magnetic field inductions made by currents in the tires of
a complete three-phase current line acting along the longitudinal axes of inductor coils fixed outside the shell of this
current wire. The laboratory setup and the method of conducting experiments are described. There are presented the
results of the magnetic measuring field inductions around three current wires by 10 kV produced by the Russian industry.
The results are given the computer modeling of these magnetic fields and three more current conductors around at a
voltage of 10 kV. There is determined the coefficient of shielding by the shell of the magnetic field created by currents in
busbars of the current wire and the correction factor which take into account the shape of the tires and that the current
in them is variable. It is proposed to calculate the magnetic field induction using the simplest form of the Biot-Savard-
Laplace law with the introduction of these coefficients. It is shown that when the protection constructing against short
circuits from electrical installation with a single current wire, it is advisable to place the inductor coils opposite the tires.

Keywords: complete current line, magnetic field, experiment, simulation, inductor, shielding coefficient, Bio-Savard-
Laplace law.
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licnoAb30BaHUE Dy(hepHo20 UCMOYHUKA 3ABKMPO3HEp2ul
Ha Da3e CynepkOHOEHCAmOpa gAA NYCKA ACUHXPOHHO20
JABKMPONpUBOQA NOQ Ha2py3Kou
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AHHOomayua. Paboma noceaujeHa co30aHU0 Modenu acuHxpoHHO20 npusoda 80 spawiaroujelica cucmeme Koop-
ouHam ¢ bygepHbIM UCMOYHUKOM 3/1eKmponumaHus Ha base cynepkoHoeHcamopa. JaHHas cucmema KoopouHam
ocywecmesnsem nepexod U3 mpexgasHol cucmemel 8 08yxgasHyto. [pedsioxeHbl Ho8ble MamemamuyecKue 3a-
MeHbl 0718 ynpoweHus peuweHus ypasHeHul. pednoxceHbl Hogble MemoOdbl co30aHuUs modenu 8 Matlab Simulink.

ZJokazaHa adekeamHocmb U nNpasuabHOCMb c030aHHOU Modesnu. [IposedeH aHaAu3 OUHAMUYECKUX MPOYECCO8, MPo-
meKarowux 8 anekmponpueode fnpu NooKsa4eHuU CyrnepKoHOeHcamopos.

Knroueeoblie cnoea: acuHXpoHHbIlU dsueamenb, Mamemamu4eckas moodesns, Matlab Simulink, ouggepeHyuanbHele

ypaeHeHUs, cyriepKoHOeHcamop.

BBeaenue

DHepreTnyeckue YCTaHOBKM C 9AeKTPUIECKUM
IIPUBOAOM, CUCTEMBI MOHWTOPMHTA U AMAarHOCTUKU
B crpanax Lentpaarnoir, Cpeaneit Asum, a Takxke
ABCTpaamuM 9acTO HaXOAATCS B pallOHAX, YAaA€HHBIX
OT IIPOMBIIIAEHHBIX DAeKTPUIECKNX cereit. Aas Ta-
KIX YCAOBUI XapaKTepHBI CAy4ay, KOTAa MOIITHOCTD
UCTOYHMKA DAEKTPUIECKONl DHEPTUM CTAaHOBUTCS
couaMepuMa C MOIITHOCTBIO ®AEKTPOIPUBOAA U3-3a
IOTEPb B MPOTAXKEHHON CeTU AUHUN DAEKTPOIIepe-
Aaun [1]. ITpoTs>KeHHOCTh AAMHHONM AMHNU IPeBbI-
I1aeT AOIYCTUMYIO, B pe3yAbTaTe Yyero IIpoOMCXOAUT
CHIDKeHMe KOAMYEeCTBa HaIpsKeHNs, IIPUXOASIIETO
Ha IIPOMBIIIAEHHOE IIpeANpUATIE, HaXOAs’Ieecs
yAaaenHo. Orcioda IIOABASETCI HEOOXOAMMOCTDH B
UCIIOAB30BaHNN AMOO AONOAHNMTEABHBIX aBTOHOM-
HBIX JICTOYHUKOB D/A€KTPOYHEPINN, KOTOpble OyAyT
co3jaBaTh KOMOVHMPOBAHHYIO CHUCTEMY IIMTaHILL
DAEKTPOIIPUBOJa, AMOO0 B peaar3aliil pa3ANIHBIX
METOJ0B I CITOCO0OB IycKa daeKkTponpusosa. K Ta-
KM MeTOJaM M CIIOcO0aM MOKHO OTHECTU 9DAeK-
TpOCHaO>XKeHMe OT AM3eAbHOI, ra30TypOMHHOI DAeK-
TPOCTaHIIUM, OT AaBTOHOMHOIO TpaHcpopMaropa,
PeaKTOPHBII IMyCK 9AeKTPOIPUBOAA, MCIIOAb30BaHIE
CHHXPOHHOTO TeHepaTtopa, becriepeboiiHbIe MCTOUHN-
Ky ruTaanst. OgHaKo, HeCMOTPs Ha TaKOil ITUPOKIIA
BBIOOp IIepeuVCAEHHBIX METOAOB ¥ CIIOCOOOB ITyCKa
DAEKTPOIIPUBOJA B YAaA€HHBIX paliOHaX, Ka’KAbI 13
HIIX HeceT 3a coDOIl psA4 He40CTaTKOB. boABIIIHCTBO

m 3 AaHHBIX HEeAOCTAaTKOB ObLAU paccMOTpEHBI B IIpe-

Aplay1nent pabore, ceifdac >Ke IIpejJaraeTcsl paccMo-
TpeTh He40CTaTKU MCIOAb30BaHIS aKKyMYyASTOPHBIX
Oarapeli B KaueCTBe aBTOHOMHBIX MICTOUHIUKOB.

Bo MHOrMX OTpacasx MpOMBIILAeHHOCTH, B 9acT-
HOCTM B TOPHOU, MEeTaAAyprudeckou, TOIIAWBHON,
A4Sl TIyCKa 9AeKTpOJBUTaTeAeil 104 Harpy3Koil Tpe-
OYIOTCSI MCTOYHMKI IUTAHUs BBICOKOM HaAe>KHOCTH.
Mcrounnkn Gecriepeboitnoro mmraams (VBIT) nmc-
MOAB3YIOTCSI AAsl YAYYIIEeHUs KadecTBa DAEKTPOD-
HepIuM U TapaHTUM HAaAeKHOCTH Pe3epBHOTO MUTa-
Hus1. Bo BpeMs mpoBaA0B HalpsKeHMs LAY IIOAHOTO
IpephIBaHMs DAEKTPOCHAOXKEHNUsT DHepIus A0AXKHa
IOAaBaThCsl  AOKAABHBIMI CHUCTEeMaMM XpaHeHILS
sHeprun. CucreMa XpaHeHMS 9AEKTPODHEPTUU Ha
ocHose VBl B ocHOBHOM ITOAaraeTcst Ha BEIOOP XO-
po1reii  CBUMHITOBO-KMCAOTHOI OaTapen-akKyMyAs-
Topos. OAHAKO y aKKyMyASATOPOB €CTh MHOIO HeJ0-
CTaTKOB, TaKMX KaK HU3Kas yAeAbHas MOIIHOCTb U
OrpaHMYeHHEbIe ITUKABI 3apsija/paspsaja. boaee Toro,
MoAy4eHMe MMITyAbCHOM MOIIHOCTM BMECTO Cped-
Hell MOITHOCTU OT OaTapeu MOXKeT COKPaTUTL CPOK
ee cay>x0b1. Taxoke KoaebaHIsI TOKa BBI3BIBAIOT IIE€pe-
XOAHBIEe IIPOLeCCHl HAIIPsKeHMSI, UMITYAbCHBIe TOKI
UMeIoT DoJee BHICOKOE CpeAHeKBajpaTHYHOe 3Hade-
HIe, KOTOpOe MO>KeT HPUBEeCTU K YBeAMYEHUIO II0-
Teph OGaTapeu, Iy ALCUPYIONINE TOKM TakKe YMeHb-
ITalOT 3HAYMTeABHO BpeMsi pabOTHI OT OaTapeu. B
CBA3M C 4eM IIpeAJlaraeTcs 3aMeHUTh BRIOOP aKKyMy-
AATOpPOB Ha Dase CBMHIIOBO-KMCAOTHON Oarapeu Ha
6/10KM CyIIepKOHAEHCAaTOPOB.



Mcnoab3oBaHne cymepKOHAEHCaTOPOB B Kaue-
ctBe OyepHBIX MCTOYHMKOB DHEPTUU PacCMOTPEHO
BO MHOTHX paboTax, 04HaKO, B HUX e€CTb P/ BOIIPO-
COB, KOTOPHII He Obla yuTeH [2,3]. B wacTtHOCTH, BO
BCEX CAydYasX OLIEHMBAIOTCA AUIID CTaTMYECKNe Xa-
PpaKTepUCTUKM DAEKTPOIPUBOAa, He pacCMaTpuUBaeT-
cs1 pabora agBurareas B AuHaMIKe. Tak>ke OCHOBHOI
YIIOpP B A@HHBIX paboTax AeAaeTcsd Ha peXXUM paboThI
— pexymepanus, He 3aTparmsas IIyCcK ABUraTeAs Ipu
IIpocajKe CeT! U He OlleHMBas ABUTaTeAb B AVHAMI-
ke. Mogean apurarteseii GepyTcs U3 CTaHAApPTHOI
6ubanorekn Matlab Simulink, rae mcroassyorcs
YIIPOIIleHHbIe MOAEeAY, ITOCTPOEeHHbIe AMIID IO OC-
HOBHBIM TEXHMYECKMM IlapaMeTpaM, He II03BOAsI-
IOIINM TOYHO IIPOCAEAUTH AVHAMUKY IT€peXOAHBIX
IIPOLIECCOB, ITPOVCXOASIINX BHYTPU AAHHBIX MOJe-
aeit. Tlommmo »TOro BeTpewaloTcst caydau, Koraa
610K CyIIepKOHAEHCAaTOPOB ITOAKAIOYAETCs TI0 CICTe-
Me I'-/], Ge3 1Cr10Ap30BaHMsI YaCTOTHOTO IIpeobpaszo-
BaTes, YTO YMeHbIIaeT ero 9(PpPeKTUBHOCTS [4,5].

B apyrux paborax 604bI11071 YIIOp CaeAaH Ha pac-
CMOTpeHIe IepexoAHbIX ITPOIlecCOB, MPOTEKAIOMIX
B CyIllepKOHJeHcaTopax, Ha peXXuMax MX 3apsja U
paspsiga, HO IIpU STOM HET aHaAM30B BANMSHUA 010-
KOB CyIlepKOHJeHcaTopa Ha AMHAMMKY aCHHXPOH-
HOTO ABurateas [6]. B cBsa3m c ueM OblA0 pelreHO
paccMoTpeTh AMHAMUKY pPabOTHl 9AeKTPOIPUBO-
Ja TIpY IIyCKOBBIX peXXMMaX M MUTaHUM OT KOMOU-
HuposaHHOI OydepHoll crucTeMbl Ha Oase OAOKOB
CyIIepKOHAEHCaTOPOB.

MaremaTirdeckmii
aCMHXPOHHOTO IIPUBOJA

OOmbekramMm MccAeA0OBaHN AAaHHON CTaTbU SIB-
ASIOTCSL CUICTeMa NUTaHNS 9aCTOTHO-pPeryAupyeMo-
rO aCMHXPOHHOTO JBuUraTeast u cucrema OydepHoro
UICTOYHNUKA DAEKTPOCHabXeHMs Ha Oasze CyIepKOH-
AEHCAaTOPOB. AHaAWU3 MX COEAVIHEHMS ITPOBOANT-
C1 Ha OCHOBE MeXaHMYeCKMX XapaKTepUCTUK IIpU
3aIlycKe ABuraTeAsl 104 Harpyskoi. Iloaydennsre
rpadpuKy CKOPOCTM ¥ MOMEHTa IIpe/CTaBASIIOT CO-
6011 OIOPHBIN CUTHAA CUCTEMBI YIIPaBAEHNS IIPU-
BOJOM AAsl PeryAMPOBaHNS CKOPOCTH ABUTATeAs U,
caeaoBaTeAbHO, ero nuTaHus. Ilocae Toro kKak cko-
POCTb, OTHOCUTEABHOE ITOAOXKEHNEe B IIPOCTPAHCTBE
U Harpyska OblAM OIIpeJeAeHbl, cucteMa OydepHO-
IO UCTOYHUKA DAEKTPOSHepIuyu Oblia BhIOpaHa U
paccumraHa. DTa CHUCTeMa COCTOUT U3 HECKOABKMX
HaHKOB CyIIepKOHJEHCAaTOPOB, KOTOpbIe IOAKAIOYa-
IOTCSl K 3BeHy ITOCTOSHHOIO TOKa ITpeoOpasoBaTeast
9acToTh. B JaHHOI cTaThe MMMTAI[MOHHAs MOAeAb
O6ydepHOTO MCTOYHMKA DAEKTPOCHAOKeHUs Ha Oase
CYIIepKOH/AEHCOTOPOB OblAa YCOBEPIIIeHCTBOBaHA, ITO

pacdet Moaean
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CPaBHEHUIO C MPEABIAYIIUMI BepCUAMU MOAEAN, C
AobaB/AeHreM BO3MOXKHOCTH ITOA3apsIAK 010KOB Cy-
IIepKOHAEHCcaToOpa IIOCPeACTBOM VX COeAVIHEHNS Je-
pes asyHanpasaennslit DC-DC mpeoGpasosateas [7].

baok cynepkoHAeHCaTOpOB OOecriednBaeT MIKO-
BYIO MOIITHOCTh DA€KTPOABUTaTeAsI BO BPEM:I €TO IIy-
CKa IIpu Ipocajke nuraomieii cetu. CynepKoHAeH-
caTop BOCCTaHaBAMBaeT (Ilepe3apsKaeTcs) SHEPTUIO
BO BpeM:l ITycKa Oe3 IIpOocasKy HaIllPsKEHIIST CeTIA.

Asynanpasaenneni  DC-DC  mpeobpaszosareas
IIOCTOSIHHOTO TOKa B ITOCTOSIHHBIVI — HTO METO/ II0A-
KAIOYEHISI MeXAY 3allOMUHAIONIUM yCTPOVICTBOM,
SBASIOIIVIMCS 9acThIO CHCTEMBI yIIpaBAeHUsA Oydep-
HOTO MCTOYHMKA DHEPIUM, U KaHaAOM ITOCTOSIHHOTO
TOKa, OH AOZXeH OBITh ABYHAaIIpaBAEHHBIM, YTOOBI
TOK MOI Tedb B OOOMX HaIIpaBAEHNIX, B COOTBET-
CTBUM C LIMKAOM paspsija UAU Iepe3apsaku 610Ka
CyIepKOHAEHCATOPOB.

B aanHOI paboTe paccMaTpmBaeTCs cxeMa acuH-
XpoHHOTO ®aekTpoasurateast AVIP160S4 co caeayro-
LMY [TapaMeTpaMI, IIpeACTaBAeHHBIMI B TaDANUIIE.

Cucrema ypaBHEHUIT AAs OIMCAHMS aCUHXPOH-
HOJI MaIlIMHBI IIePEMEHHOTIO TOKa, OCHOBBIBAETCS Ha
JeThIpex 3aKOHaX — BTOpoit 3akoH Kupxroda, 3akoH
Awmnepa, BTOpoit 3akoH Hpl0TOHa 1 IIpaBMAo A€Boit
pyku /lenna u ykasaHa B popmyze (1).

-

= niot G + 0.,

-, d¥, | . T
m = TRZR+dCZ—tE+J((Zk_p0m)T‘R,
Ti: xs§+ xmlz, (1)
T‘R = .rR/L.R +xmi$‘7

m= kMod(?m:Z),
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Ha ocHose cucremsr ypasHennit (1) 6b14a mocum-
TaHa 1 pa3paboTaHa MOAeAb aCUHXPOHHOTO ABUTaTe-
451, JaHHAsl MOAeAb ITOKa3aHa Ha pucyHke 1.

AaroputM PpabOTBI CHUCTEMBI YIIpaBAeHUs
Oy(epHBIM MCTOYHNKOM 3AeKTPOSHEPIUNI

Aas TOTo 94TOOB 610K CyIIepKOHAEHCAaTOPOB ObLA
He BCerga IOAKAIOYEH K 3BeHy IIOCTOSIHHOTO TOKa
IpeoOpa3oBaTeAs 9acTOTH, T.e. eTO 3aIlac HAeKTPOs-
HepPIuu He TPaTUACS BIYCTYIO, a TaKXKe MMeAach BO3-
MO>KHOCTb aBTOMAaTHYEeCKOI ITOA3apsSAKU JaHHOTO
640Ka, Obla pa3padoTaH aATOPUTM CUCTEMBI yIIpaB-
AeHns OydepHBIM MCTOYHNKOM DAEKTPODHePINM Ha
Dase CynepKOHAEHCAaTOPOB, OIIMCAHHBII HIDKE.

Ecan nampskeHue ¢ BBITPSMUTEAs] MEHBIIIEe HO-
MMHA/ABHOTO, 3aJaHHOTO 3apaHee CUCTeMe yIIpaBae-

MapameTpbi AUP160S4

nekTpo- MowHoctb . CKopoctb  HanpsxkeHue KNA, Ko3g. In/lH  Mn/MH | Mmax/MH Moment
Asurartenb MOLLH. MHepuum
ANP160S4 15 kBT 1450 06/MmuH 400 B 89,5% 0,86 7,7 2,2 2,6 0,075 Kr*m? ‘
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HI, TO 3aMBIKA€TCSI KAIOY, IIOAKAIOUAIOIIUIL CUCTEMY
Oy¢epHOro MCTOUHMKA DAeKTpOCHaOXeHNsT Ha Oase
CyIIepKOHAEHCATOPOB (PUCYHOK 2, KpPacHbIN CUTHAA).
B pe3yabTaTe 9ero BBhIITPAMACHHOE HallpsIoKeHue I1n-
TaHNSI I0CAeA0BaTeAbHO COeAMHAETC ¢ A0KOM Cy-
IIepKOHAEHCAaTOPOB. BbIHp}IMAeHHOQ Hallps>KeHune
gepes asyHarpasaenssri DC-DC npeoGpaszosatean
110CAe40BaTeAbHO CYMMMPYeTCA C HaIlpsiKeHHeM,
BblJaBaeMBIM OJ0KOM cCyIlepKoHAeHcaTOpoB. CyMm-
MapHO€ BbIIIPsIMAEHHOE HallpsIKeHle B AaAbHEN-
1eM 1AeT Ha CUCTeMY MHBEPTOPOB A4S AaAbHENIIIe-
ro IIpeoOpasoBaHILL.

B naom cAy4dae, eCAl IIpY CpaBHEHNMI HaIlpsIoKe-
HVIsSI BRIITPSIMUTEAS C HOMIHAa/AbHBIM, ITPOCaAO0K CeTI
He MeeTcCsa (HaHpH)KeHI/Ie C BBIITPSIMUTEASL 0oabI1Ie
A paBHO HOMI/IHa/lI)HOMy), cucTeMa KAIO4Yel IoAa-

coeguHsieT OAOK CYIepPKOHAEHCATOPOB Ha 3apsAKy
(pmcyHOK 3, KpacHBINI CUTHaA), TO €CTb OAOK CyIep-
KOHAEHCAaTOPOB BKAIOYaeTCs B Ilelb MUTAIOIero Ha-
IIpsDKeHNs NapaadeabHo. 1lpu gocTiskennn 3apsaa
610ka cynepkongencatopa SOC B 100% sapsaka
OCTaHaBAMBACTCS.

VIMuTanuoHHOE MOgeApOBaHUe

IIpn mpocagke nampsoxenus 4o 20% cucrema
y1paBAeHMs 6y(1)epHI)IM JICTOYHIKOM DAE€KTPODHEP-
IUM BKAIOYaeT 010K CyNepKOHAEHCAaTOPOB I10CAeA0-
BaTeABHO B 3B€HO IIOCTOSIHHOTO TOKa ITpeoOpasoBaTe-
/51 4aCTOTBI, TéM CaMbIM I10Ay4asl AOITIOAHUTEAbHYIO
— OyepHYIO DHEpIUIO, paBHYIO 3apsiAy AaHHOTO 0.40-
Ka. ITepexoaHsle mporieccel, mpoucxoAsiiue B 610Ke
CyHepKOHAEHCATOPOB B BTOM CAydae, TOKa3aHbl Ha
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PucyHoK 1 — Mogaenb, cobpaHHas B Simulink

PucyHok 2 — Pa3paa cynepKoHaeHcaTopa



pucynkax 4, 5.

BriOpaHHBIT 040K CyIIepKOHAEHCATOPOB Haul-
HaeT BblJaBaTh HaIlpsiKeHMe, cocTapasioniee 110 B,
KOTOpOe IT03BOAsIeT KOMIIEHCUPOBATD IIOTEPU B CETIL.
3apsxennoro Ha 100% 640xa cynepKoOHAeHCATOPOB
XBaTUT IpuMepHO Ha 50 cexyHa OydepHoro sHep-
rocHaO>KeHMsT CeTU A0 IIOAHOV Pas3psAAKU CyAsl IIO
MOAeAUPOBAHMIO.

Anaausupyst pabodne XapaKTepUCTUKU acVH-
XPOHHOIO ABUTaTeAs BO BpeMs 3apsAKM 040Ka Cy-
IIepKOHAEHCaTOPOB, MOXKHO CAe/AaTh BBIBOALI O TOM,
9YTO BpeMs A0 YCTaHOBMBIIENCS paOOTHI ABMUTaTeAs
yBeamanaoch Ha 0,05 cekyHa, uTo cocraBaseT 16,6%
U SIBASIETCS YAOBAETBOPUTEABHBIM AAS IIyCKa ABUTa-
TeAsl 104, Harpy3koit. [lepeperyanposanne Bo Bpems
3apsAKM 040Ka CyIIepKOHAEHCAaTOPOB YBEAMYIAOCH C
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14,2% 20 25%, 4TO TakKe HEe3HAYUTEALHO CKa3bIBa-
eTCs Ha KadecTBe Iepexo4Horo mpoljecca. ITpu sTom
DACKTPUYECKIE XapaKTePUCTUKMU ABUTaTeAsl — IIO-
TOKOCILIeILAeH)e pOTOpa, TOK CTaTopa IIpu 3apsake
IIOYTM HMKaK He U3MeHUANUch. B pesyabrare uero
MO>XKHO CAeAaTh BBIBOABI O TOM, 4TO 010K CyIIepKOH-
AEHCAaTOPOB MO>KHO ICIT0Ab30BaTh B KauecTse Oydep-
HOI'O MCTOYHMKA DACKTPODHEePIUM IIpU IIpocajkax
cetnt 20 20%.

BuiBOoABI

IIpn ®aexTpocHAOXEHUM  DAEKTPOIPUBOAOB
KOHBEIepHBIX AMHUII MeTaAAypriuiecKoro, TOpHOIO
IIPOU3BOACTB, HaXOASIINXCs B pailOHaX, yYAaAeHHbBIX
OT ITPOMBIIIIAEHHBIX CeTeil, BO3HUKAIOT MPOOAeMBbI C
IIyCKOM JaHHOTO ®AeKTPOIIpUBOJa M3-3a IOTEph Ha
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AAVHHOW AvHuu. Ilnraromjee HampsiKeHHe MOXKeT
6p1T Ha 20% MeHbIle HOMMHAABHOTO 3HA4YeHMs, B
pesyabTaTe 4ero IyCKOBOI MOMEHT 3HauMTeAbHO I1a-
AaeT U DAeKTPO/BUTaTeAb He CIIOCODEH 3aIlyCTUThCS
1104, Harpy3koli. B pesyabTare yero pexomeHAyeTcs
UCTI0AB30BaTh AOIIOAHUTEABHBIN OydepHbIl 1CTOU-
HIK DAeKTpO®Heprun, pazpaboTaHHbIl Ha Oase 040-
Ka CyIlepKOHAEHCAaTOPOB.

B craThe onncana maTeMaTuyecKast MOAeAb DAeK-
TpoABMUTaTeAs], UCTOYHNKA DAEKTPODHEPTUN, pas3pa-
6oTaHBI MMUTAIMOHHBIE MOJAeAM IpeoOpa3oBaTeas
9acToThl, OyQepHOTO MCTOYHMKA DAEKTPODHEPIUNL.
JoKazaHO 4YTO MCIIOAb30BaHME OAOKa CyIepKOH-
AEHCAaTOPOB I103BOAseT KOMIIEHCUPOBATh IIOTepU B
CeTH U OCYIIeCTBAATDL IMyCK DAEKTPOABUTATEAS ITOA
Harpy3KOI1.

[Ipeaaosxen aaropuTM pabOTHI CHCTEMBI YIIpaB-
AeHnst OyQepHBIM MCTOYHMKOM DAEKTPODHEPIUIL.
PesyabpTaTsl MOTYT OBITH IPUMEHEHHI A4 DAEKTPO-

Sample based T=0.400

nuTaHus odbopyaosaHus, cogepxainiero DAC n ak-
TUBHO-MHAYKTUBHYIO Harpysky, B TOM YMCAe AAsd
94eKTPOIPUBOAOB, aKKyMyASATOPOB, aBTOHOMHBIX
VICTOYHUKOB B YCTPOIICTBaX aBTOMaTHUKIU.

AHaan3 MOJAeAMPOBaHU:A TIOKa3ad IIPaBUAb-
HOCTb BBIABMHYTOTO IIPEAIIOA0XKEeH!s 00 MCII0Ab30-
BaHMM Oy(epHOTO MCTOYHMKA DAEKTPODHEPIUU U
ITOATBEPANA BO3MOXKHOCTL MCIIOAL30BaHUs O40Ka
CyHepKOH/AeHCAaTOPOB. B nTore Ha KOHBelIePHEIX AU-
HISIX TOPHOTO IIPOM3BOACTBA U METaAAypPIUM, Tae
UCTI0AB3YeTCs AQHHBII ABUTaTeAb, MOXKHO UCIIOAB30-
BaTh padpaboTaHHylO cucteMy Oy¢depHOro MCTOUHN-
Ka DAEKTPODHEPIUM KaK Pe3epBHYIO CICTeMY DAeK-
TPOCHAOXXeHNs TP ITyCKe 9AeKTPOIIPUBOAA.

Hampasaenue aaapHelmmx mccaeAoBaHuit Oy-
AeT 3aKAI04aThCs B IIOIBITKE MCII0Ab30BaTh DHEp-
ruio, BrlpabaTeiBaeMyIo BO BpeMsi peKyIeparun AAs
3apsaxu Oy(depHOro MCTOUHUKA DHeprum Ha Oase
CyIepKOH/AEHCaTOPOB.
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Abstract. The construction of a multidisciplinary educational program is a multi-step process, since it reflects the
dynamics of a student's learning and should allow timely adjustments to the learning process. In this regard, the
purpose of the article is to determine the required method and its adaptation for the design of multidisciplinary
educational programs (EP). This article discusses the application of the method to merge two or more educational
programs in the design of multidisciplinary educational programs. In general, the work of the genetic algorithm is
presented in the form of a block diagram. The characteristics of the evolutionary genetic algorithm and the projection
of the genetic algorithm on the design of interdisciplinary educational programs are described. A multicriteria
approach to assessing the quality of the working curriculum is presented: an assessment of the proximity of dependent
disciplines, an assessment of the uniformity of knowledge development. The article deals with the normalization of
private estimates and the construction of a generalizing criterion.

Keywords: EP design, educational program, evolutionary genetic algorithm, multidisciplinary educational program.

Introduction

Modern requirements for the quality of education
are directly related to the need to achieve results in
priority areas of development of science, technology
and technology. It is known that scientific and tech-
nological breakthroughs occur, as a rule, at the
intersections of sciences, as a result of comprehensive
research of objects and related problems [1]. At the
same time, interdisciplinary research is understood
as a comprehensive study of a single research subject
by representatives of various scientific disciplines.
Interdisciplinarity can be viewed as a form of
organizing scientificknowledge based on certain links
between scientific disciplines (areas of knowledge),
methods and technologies that provide a solution
to complex scientific and technical problems [2].
Multidisciplinarity is characterized by the proper-
ties of integrative disciplines based on the transfer of
research methods from one discipline to another, and
requires a synthesis of the results obtained within
various scientific disciplines.

In the system of higher and postgraduate
education, the formation of graduates' competencies
in various fields of knowledge related to the imple-
mentation of interdisciplinary research is provided

252 | by interdisciplinary educational programs [3-4].

The main feature of the multidisciplinary nature
of educational programs is the breadth of training.
The multidisciplinarity of the implemented HVE
educational programs is based on established
integrated scientific areas that have arisen at the
intersection of sciences (for example, specialties
020208  «Biophysics», 020208  «Biochemistry»,
direction 020900 «Chemistry, Physics and Mechanics
of Materials», etc.). However, at present, Kazakhstani
universities produce mainly narrow specialists in
specific areas of professional knowledge who do
not have a sufficient range of competencies for
effective scientific and innovative activities in the
framework of strategically important directions for
the development of science and technology.

In the conditions of academic freedom of
universities, the quality of training specialists directly
depends on the relevance of educational programs
[5]. At the same time, the professional competencies
of future specialists should be formed in accordance
with the needs of the labor market in specific regions
of the republic. When developing multidisciplinary
educational programs, identifying a set of disciplines
that correspond to the competencies presented is
one of the main tasks of educational organizations.
However, there are no software applications of



this kind on the market that allow you to design
and form multidisciplinary educational programs
in an automated form [6]. The construction of a
multidisciplinary educational program is a multi-step
process, since it reflects the dynamics of a student's
learning and should allow timely adjustments to the
learning process.

In this regard, the design of multidisciplinary
educational programs (EP) becomes an urgent task,
namely, the application of methods for merging two
or more educational programs [7].

It should be noted that the content and
development of educational programs determines
the quality of the educational services provided, in
particular, the level of competencies that a graduate
will have upon completion of the program.

Evolutionary Oriented Methods

Methods based on the evolutionary process of
selection of living organisms are very popular. At the
same time, the most popular are the methods of the
genetic algorithm (hereinafter GA), which are related
to the type of probabilistic approximate optimization
methods when using the iterative search solution.
The main advantage of GA is to obtain the desired
solution in a short period of time of large dimension,
for which the use of exact and approximate
deterministic methods is not possible.

Insuch analgorithm, including other optimization
methods, the «solution» is of prime importance,
where «solution» is understood as the admissible
structure of the object being optimized (individual /
chromosome).

In GA, the process is identical to the ideas of
natural selection and genetics, that is, the process of
evolutionary selection with elements of mutation is
repeated, where individuals of anew species are more
adapted (adapted) to survive in the current habitat.
In classical optimization theory, habitat refers to the
term feasible solution area, and the term adaptability
to fitness function.

Optimization in this case is iterative, where each
cycle is called a generation. GA operates with a finite
set of solutions, called a population. In GA theory,
a population is formed from feasible solutions of
objects.

By analogy with wildlife, GA starts from the
initial population, the individuals of which, under
the influence of external factors in limited conditions
and in a competitive environment, change their
properties at the genetic level. Further, the process
of crossing occurs, where the offspring inherits the
combined properties of their parents, and they are
called offspring, they are also part of the population.
In addition, at a certain point in time, a mutation of
individuals occurs, whose genes undergo random
changes, acquiring new properties. In such a chain,
as a result, there is a competition for the right to enter
the next generation — natural selection. At the same
time, individuals with a higher adaptability to the
external environment have the greatest chances.
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The practice and results of applying this
algorithm have been proven by other scientists,
which made it possible to apply GA to address the
issue of interdisciplinary relationships.

Characteristics of the evolutionary genetic
algorithm. GA projection for the design of
interdisciplinary educational programs

In general, the work of the genetic algorithm can
be presented in the form of a block diagram shown
in Figure 1. It is proposed to consider the stages of
the GA work with further projection on the design
procedure of interdisciplinary educational programs.
First, you need to define terms from evolutionary
selection:

A gene is the minimum real value that has the
hereditary properties of an individual / object. In our

begin

Y

create an initial
population

;i‘
VV‘
choose two
individuals
to cross

v

get descendants
from the selected
parent pair

required number
of crosses
performed

yes

perform mutation
operation

v

select individuals
for a new
generation

no

stop criterion
met

end

Figure 1 — Block diagram of the genetic algorithm
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case, the genome will be the discipline defined in the
i-th semester. The object / individual is the formed
working curriculum.

An allele is one of the variants of the same gene,
and only one of the variants can be present on the
chromosome. In the case of projection, we are talking
about the same discipline, but with a different
description.

Heredity is the property of objects / individuals
to pass on from generation to generation the proper-
ties of parents through genes. Educational programs
obtained after GA operations retain the properties
of their ancestors, that is, the original educational
programs.

The procedure in evolutionary GA takes place in
a space consisting of a set R of admissible values. The
search process occurs by selecting individuals from
the presented set R, the generated representation is
denoted by R¥, which is chosen so that the search
algorithm can more easily interact with objects from
the R* representation. The mapping of R objects to R*
elements defines the relationship between optimized
objects and relationships. This rule of converting
objects representing their R to R* is called encoding.

GA works with individuals grouped into one
species. Moreover, each individual / object is a
concatenation of genes (the operation of combining
two or more objects into one). In comparison with the
process of evolution, a gene takes on the values of a
certain allowed set and represents a unit of heredity
of an object, which is passed on to descendants, thus
preserving the characteristics of the parent.

Genetic Algorithm Methods

The main function in the genetic algorithm is the
process of crossing (crossing over). The main feature

Random break point

of this process is the accumulation in the offspring
of the best traits that the parent had. Crossing over
consists in the formation of a new educational
program, which turned out in the process of merging
two or more educational programs through the
exchange of disciplines, that is, fragments of a
chromosome. Thus, a new descendant is formed in
the process of merging, which retains the proper-
ties of its parents, receiving only the best qualities
from them. At the moment, there are several types of
crossing over:

- single point: a region between genes is selected,
which is called a break point, and both parental pair
are broken into two segments at the break point.
After that, in places of rupture, they are combined
with discontinuous segments (Figure 2a).

- two-point crossing over: a site between the
genes is selected and two break points are selected,
and in this case the resulting segments are swapped
and glued together (Figure 2b).

- uniform crossing over: in this variation, each
gene is inherited by descendants with a given
probability, that is, according to a pre-formed gene
mask.

After the formation of a new generation obtained
in the process of mutation or crossing over, the
question of choosing objects that will continue to
form a new generation is being decided.

There are several ways to select objects:

- proportional selection: selection is based on
the ratio of the value of its fitness function to the
arithmetic mean of this function throughout the
population;

- tournament selection: N objects are randomly
selected, in which the probability of passing to the
next round is directly proportional to the degree of

Chromosomes of descendants

| (1]af1f1]1]ofofo]

lojojojojolaf1]1]

Chromosomes of descendants

(1]al1fofofof1]1]

Parent lafalal1fafa]1]1
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|
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Figure 2 — Crossing over
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Individual G* | g* | g* | & | &* | & | & | g |
Individual &' | g | g’ | g’ | &' | &' | g' | &' |
Mask | 1 [ 1 [ 2 [ 1 [ 2 | 1 ] 2
Descendant | g* | g* | g’ | g | g | g | g’ |

Figure 3 — Uniform crossing over

its fitness;

- selection by truncation: sorting is performed in
descending order of the values of fitness functions,
in the list of which objects that have not reached the
fitness threshold are cut off.

Thus, an evolutionary process takes place,
in which the offspring changes their structure to
enhance their fitness function.

Multi-criteria approach to assessing the quality
of the working curriculum

General characteristics of the approach

The working curriculum is a complex structure
and, accordingly, for a correct assessment of
the quality of EP, it is necessary to use a multi-
criteria approach, which will take into account the
requirements prescribed in the state compulsory
education standards, as well as meet the expectations
of employers in the preparation of students. We will
use the vector format to build a multicriteria strategy,
that is, we will characterize certain requirements by
private estimates and subsequently derive a vector
criterion. One of the features of this approach is the
need for the correct form of constructing the vector
norm, that is, the criterion for optimizing the working
curriculum.

Separate criteria will be considered in the form
of a penalty function for non-compliance with the
norms prescribed in the state compulsory education
standards and other indicators, and we consider
optimization from the standpoint of minimizing
the norm of the components of the general vector
criterion.

Today, there are different ways of constructing
the norm of a vector criterion, however, it is proposed
to use the minimax method, which is most suitable
for the specified algorithm. Optimization with this
approach is carried out according to the principle
of minimizing the maximum of the values of the
vector criterion [8-10]. The minimax approach can be
formalized as follows:

| K| =max;- ,{K} — min,

Where K; — value of a particular criterion ¢; n —number

of private criteria.
Assessment  of

development

the uniformity of knowledge

The most meaningful assessment of the uniformi-
ty of the distribution of the teaching load by semester
is the standard deviation of the number of classroom
lessons from their average value for all semesters of
the curriculum. Let h, — be the number of academic

. . . - 1< .
credits assigned in semester s, and h = %Z h, —is
s=1

the average value of h, for the term of study. Then
the standard deviation of the number of classroom
lessons ¢, will be obtained from the expression

n

S (h—h)?

i=1

=N T

Assessing the proximity of dependent disciplines

To assimilate the material of certain disciplines
di requires knowledge, skills, skills acquired in the
study of other disciplines (prerequisites). Moreover,
the period between these disciplines should be
minimal, since when studying such disciplines,
students must resort to knowledge, skills, skills
that were obtained in another discipline, that is, it
is necessary to restore from memory. Due to the fact
that most disciplines from the working curriculum
have causal relationships between disciplines, we
will define one more criterion. In this case, we will
use the methodology for the medium-term forecast of
the level of residual knowledge of students:

I=1e(T), 1)

where [ is an estimate of the amount of residual
knowledge, I, — assessment of the amount of residual
knowledge acquired T years ago by students (1) —
function of the form:

(D) =54 T

)

where A is the constant of forgetting knowledge.

From equation (2) we obtain the share of
knowledge remaining after T years from the moment
of their study.

We noted above that it is necessary to minimize
particular criteria, then to assess the proximity of
dependent disciplines, it is necessary to operate with
the addition to one, since the value obtained from
equation (2) lies in the range from 0 to 1. Proceeding
from this, and also taking into account the semesters,
and not «years» we get the following equation:
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e(n) =45, 3)
where s is the number of semesters between
disciplines.

We have the following expressions for the overall
estimate of the amount of residual knowledge:

n

0.= 2 (X e(y(st —si = 1)), 4)
i=1

where s/ — semester number start of discipline; s/ —
semester number of the end of the discipline.

Normalization of partial estimates and construction of
a generalizing criterion

The values of the criterion for the effectiveness of
the working curriculum is determined by the vector
of its particular criteria K(7;) u the equation can be
formalized as follows:

K(Ty) = max{o,A,0.4.}, (5)

where A - criterion weighting factor.

The above criteria have a certain dimension,
which is necessary for the implementation of the
minimax approach that these criteria are comparable.
To do this, we will normalize the criteria localized in

one numerical range. The procedure is expressed in
the following form:

_ K _ Kmi“
K= mlﬂx > min 3
K i - K i

where K, — normalized value of the i-th criterion; K;
— value of the i-th criterion in calculated units; K™
and K" - the minimum and maximum value of a
particular criterion of efficiency.

After building a working curriculum and
choosing a criterion strategy, it is necessary to
optimize the working curriculum. In this regard, the
task is to develop a genetic model of such a plan.

Conclusion

As a result, the evolutionary genetic algorithm
and its projection on the design of interdisciplinary
educational programs were considered. The working
curriculum is a complex structure and, accordingly,
to correctly assess the quality of EP when using this
method to solve the problem of developing curricula
requires their adaptation and the development of an
appropriate multi-criteria approach to assessing the
quality of the working curriculum.
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MaHapanvik 6inim 6epy 6ardapaamacsiH #obanay ywiH 360aA0YuAAbIK-6aFbimmansaH adicmepdi KondaHy
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*aemop-koppecrnoHOeHm.

AHOamna. Ken 6eliiHOi 6inim bepy 6ardapaamacsiH Kypy Kemn camelabl rpoyecc 6061 maboelaadel, elimkeHi on cmy-
256 | 0eHmmiH, 0Ky OUHOMUKQOCbIH Kepcemeodi #aHe OKy yoepiciHe yaKbimblabl my3emysep eHaizyee MyMKiHOIK 6epyi muic.



Paspen «ABTOMaTuKa. JHepreTuKa. YnpasneHvie» W

OcbiraH 6alinaHbiCMbl MAKAAAHbIH MAKCAMbl MyAbmuoucyunauHapaslK 6inim 6epy 6aroapnamanapsiH (bb) ¥obanay
YWwiH Kaxemmi adicmi #aHe oHbl beliimoeydi alikbiHOay 60sabin mabblaadsl. byn makanada kenbeliiHOi binim 6epy
b6ardapnamanapsiH #obanay KesiHOe eKi Hemece 00aH 0a Ken binim 6epy 6ardapaamanapsiH 6ipikmipy a0iciH KondaHy
KapacmelpbiafaH. Kannel anFaHod, 2eHEMUKAbIK AA20PUMMHIH, HYMbICbl 6710K-CXemMa mypiHOe YCbIHbIAFAaH. 8011t0-
YUAbIK-2eHEeMUKGA/bIK A120pUMMHIH CUNAMMAMAacsl ¥aHe naHapansiK binim 6epy 6ardapaamanapelH xobanayra ap-
HAAFGH 2eHEMUKGA/bIK A/20pUMMHIH MPOoeKyuscsl curiammasnsaH. OKY HYMbIC HOCMAPbIHbIK CANacsiH 6aranayosiH Kerm
eauwemMOi macini yCbIHbIAFAH: Mayendi NaHOepOiH HaKbIHObIFbIH baranay, 6inimoi dameimyodsblH bipKeskinieiH 6aranay.
MaKanada seeke 6aranayobl KanbinKa Keamipy XaHe Hannvlaama KpumepuliH Kypy Kapacmoipbiaaodsi.

Kinm ce30ep: bb »wobanay, binim bepy 6aroapaamacsl, 380104UAMNbIK-2eHEMUKAbLIK aa20pumm, KenbeliHoi 6inim
b6epy bardapaamacel.

MpumeHeHue 380104UOHHO-OPUEHMUPOBAHHbLIX Memodo8 0715 MPOEeKMUPOBAHUS MEHOUCYUNAUHAPHbIX
obpazosamernbHbIX Npo2pamm
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AHHOmMayus. [locmpoeHue myabsmuducyunauHapHol obpazosamenbHoU Npo2pamMmmel A6a15emca MHO20Wa208bIM 1PO-
Ueccom, MoCKosbKY OHA ompaxaem OUHAMUKY 0byyeHuUs cmydeHma u 00AHHA 10380/Mb C80€8PEMEHHO KOPPEK-
muposames npoyecc oby4yeHua. B amoli cea3u yenvto cmameu Asnaemca onpedeneHue Heobxo0umoz2o0 Mmemooda u e2o
adanmayuu 018 NPOeKmMupPo8aHUA MyaAbmMUOUCYUNAUHAPHbLIX 06pazosamenbHbix npozpamm (Ofl). B daHHoU cmamee
paccmompeHo npumeHeHue memooa 018 CAuAHUA 08yx U bosee 06pa3o08amMesbHbIX MPO2PAMM MPU MPOEeKmMuUpPo8aHUU
MynbMuOUCYUNAUHAPHbIX 06pa3osamernsHeix Npoepamm. B obuwem sude paboma 2eHemu4eckozo an2opumma npeo-
cmasseHa 8 sude bs10K-cxemol. ONUCAHA XAPAKMEPUCMUKA 380/1H0UUOHHO-2eHeMuYecKo20 aA120pUMmMa U npoeKyus ee-
Hemu4eckoz2o aa20pUmma Ha MPoeKmuposaHue MexouCyUnaIuHapHsix 06pazosamensHbix npozpamm. lpedcmasneH
MHO20KpUMepPUasbHbIl MNodxo0 oueHKU Kavecmsa paboyezo yyebHO20 raaHa: oueHKa bau3ocmu 308UcUMbIX OuCyu-
M/1UH, OUEeHKa PasHOMepHOCMU 0C80eHUsA 3HaHUl. B cmamebe nposedeHbl HOPMAAU3AYUA YACMHbIX OUEHOK U MOCmpo-
eHue obobwarowe2o Kpumepus.

Kntouesvble cnoea: npoekmuposaHue Ofl, 06pazosamesnsHAs MPo2pamMmad, 380M0UUOHHO-2eHemuYeckul anzopumm,
My6mMuUOUCYUNAUHAPHAA 06pa308aMesnbHAA MPO2PAMMA.
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*aemop-KoppecrnoHOeHm.

Android KpcbiMwanapbii 33ipaeyge Java men Kotlin

*9AINIXAH Axmem BepKymynbl, mazucmpaHm, adilhan512133@gmail.com,
1CMATY/I0BA Acemeynb CepukoeHa, m.f.K., doueHm, asemgul_sss@mail.ru,
1KaparaHObl mexHuKanslK yHUsepcumemi, Kazakcmad, 100027, KaparaHowl, H. Hazapbaees daHrbisbl, 56,

AHOamna. TexHO02UAHbLIH, OAMbIN Kene HAamkaH anemiHoe Mobusnbli KOCbIMWanap HanaHObIK Mobunsdi Ha-
PbIKMbIH, me3 0amblin Kene HamkaH ceameHmi 60abin mabeinadsl. MakanaHelH makcamsl — Android Kocbimuwia-
coIHOarbl Java meH Kotlin-0i cansicmeipy 3aHe KopbimblHObI xacay. Makanada Java-HeiH Android KoceimwanapsiH
bardapaamanay naameopmacel pemiHoe Kanali KoA0aHbLAAMbIHObIFLI cunammanraH. Java-HelH 0a, Kotlin-HiH

Oe apmypni epeKkwenikmepiH 3epmmeyze moipbicadsl, coHbiHOa Android a3ipneyde KaHdali 6bardapnamanay mini
bIHFalinbl ekeHOi2i mypassl KOPbIMbLIHObI ¥ACanaobl.

Kinm ce30ep: Android, Kotlin, Java, keHelimy ¢yHKYUs, KOHCMPYKMOpP, He0iK Kayinci3oiK.

Kipicmre

TexHOAOTUSIHBIH JaMBIIl KeAe >XKaTKaH 91eMiH-
Je MoOmapAi KoceiMIadap >KahaHABIK MoOMABAL
HapBLIKTHIH Te3 AaMBIII Ke/e JKaTKaH CeTMeHTi 00ABII
Tabb11aAbl. M0oO1ABAI KOCEIMITIaZap TaiijaaHyIIIbI-
Aapra Oail >KoHe >KblAJaM IaligaZaHyIIbl ToXKipu-
Oecin Gepy YIIiH XblA4aM KapKbIHMEH gamyda. bya
MakaJaHblH MakcaThl — Android KochIMIIIachIHAATBI
Java men Koramn apacelHAaFbl CaABICTBIPY >KoHe
KOPBITBIHABI >Kacay. Maxkaaada Java-uerH Android
KOCBHIMIIIaZapblH ~OardapaaMazay I1aaTdpopMachl
peTiHAe Kadall KOAAaHBLAATBIHABIFBI CHUITaTTaAfaH.
Java-urms, Kotlin-Hig op Typai MyMKiHAIKTepi caabl-
CTBIPBLAFaH, COHBIHJA d3ipAeyIIidepre Kai Oargap-
Jamadaay Tiai bIHFailAbl KeAeTiHi TypaAbl KOPBITBIHABI
>KacaAbIHFaH.

2 Android onrepanmsiabIk Kyrieci

Google Android-ti Linux naar¢opmaceiiga Xy-
MBIC iCTeMTiH ys14bl TeAedpoHAapFa apHAAFaH aIllbIK
oIepalIABIK XKYIie peTiHae icke KOcKaH. bacTanksl-
2a Android Inc xommanusCe >kacaras, kertin Google
KOMITAHMSIChI CaThIII aAFaH.

Android Typai HycKazapblHAA IIBIFapBlAaAbL.
Android-TiH 9p HYCKaCH AecepTKe apHall aTaAbIHFaH.
Android-Tig 6ipinmi ataaran Hyckacsl Cupcake gemn
atasaapl. Marshmallow, Nougat, Oreo, Lollipop,
Kitkat, Jellybeans — 6ya Android-tig 6acka HycKaaa-
pol. MaaimerTepre calikec, 2021 XbIAABIH aKIIaH ail-
piHAa Android-TiH eH coHrpl Hyckacel — Android 12
Snow Cone 60AbIIT caHaAbIHAABL [7].

Android — 2011 xpragan Gactann cMapTdoHaap-
Aa >xoHe 2013 >xpra4aH HGacTall I1aHIIETTEPAE dAeM-
Aeri e xemn catbiaaTeiH OXK. 2017 >KBLAABIH MaMbIp

m alBIHAAFBI JKaFraayl OOVBIHIIIA OHBIH aliblHa €Ki MIA-

AnapATaH actaM OeaceHAl KOAJdaHyIIbLAapEL Oap, aa
2021 >XBlAABIH KaHTap alibIHAAFBI JKarall OOVIBIHIIIA
Google Play Store-aa 3 MmAAMOHHAH acTaM KOCBIM-
mazaap Oap. Kasipri Android-TeiH TypakTsr Hycka-
col — 2020 XBplaabIH 8 KBIpKYIeriHAe IIbIFapblAFaH
Android 11.

3 Java oOmbexTire-OarbITTaaraH OarAapaaMa-
aay Tiai

Java — 6ya Sun Microsystems aaram per 1995
KBIABI IIBIFapFaH OardapaaMazay Tiai. OHBI cMapT-
¢onnan Oacranm MeliHppeliMre AeifiHri apTypai
Kypblarblaapda TaOyra ©oaaapl. Bi3 OHBI >KyMBIC
ycreainge, tirrti Raspberry Pi-ae e koa4ana aaaMbr3.

Java Tiai Android omepanmsaampk Kyiteci yImiH
MOOMABAL KOCBIMIIIadapAbl KYPY YILiH OeaceHAi Koa-
AaHblaaApl. bya >xargaiiga Gargapaamasap Dalvik
BUPTyaaAbl MaIllHACBIHAA KOAAaHY VIIiH CTaHAAPT-
TBI emec OalT-KoAka >XMHakTaaaabsl. Android 5.0
Oacran Bupryaaasl MamiHa ART-ka aybICTBIPBLAAEBL
MyHaait KOMOUASONS YIIiH KOCBHIMIIA Kypaa Koa-
AaHblAaApl, atamn aiiTkanAa Google sxacaran Android
SDK. Kocemvmansr  a3ipaeyai  Android —Studio,
NetBeans, Eclipse 0Oaraapaamasapeiga Android
Development Tools maaruniniy xeMeriMeH >kacayFa
0oaaapl. 2014 xp1aanpiy 8 keATOKcaHbIHAA Android
Studio Google-men Android OJXK-ubH pecmu gamy
opTachl peTiHAe TaHbLAABI [2].

4 Kotlin o0 bekTire-6aruITTaaras 0argapaama-
aay Tiai

Kotlin — Java Virtual Machine-zae >xympIc icTeii-
TiH >xoHe JetBrains >xacaraH oObekTire OarbITTaAFaH
Oargapaamaaay Tiai. bargapaamaaay Ttiai Kpon-
IITagT Kadackl OpHadackaH OUHASHAUA IIIbIFa-



HarbiHAarel KoTamH apaablHBIH aThIMEH aTaAfaH.
Omnrpiy Herisri asipaeyin Peceiiaig Cankr-IlerepOypr
KasZacelHAa OpHaslacKaH JetBrains Garaapaamarisr-
2Aap To0BI Oackapaasl. Tia 2010 sxprasan Gepi gaMbIn
Keaeai sxoHe 2011 XbLAABIH IIiAA€CiHAE KOIIIiAIKKe
ycoiabLaAeL. Google 1/O 2019-aa Kotlin 6argapaama-
aAay Tiai Android asipaeyae GacbiMABIKKa 1€ 00AABI
AeTl >KapusAaHAbI [5].

ABTOpAaap Java-ra Kaparanja aHaFypAbIM KBICKA
>KOHe TUIITI KayiIlci3 >KoHe Scala-ra KaparaHga Kapa-
MaibIM TiAd KYpPy4bl MakcaT eTTi. Scala-MeH caabic-
ThIpFaHAa >KeHiageTyAiH caadapsl IDE-ae Tesipex
KOMITMASIIIVL JKoHe TiaAl KaKChIpaK Koaday O00AABL
Tia Java-MeH TOABIFBIMEH YiidecimMal, Oya java a3ip-
AeylliZepiHe OHBI 6ipTiH,Z|,eH KOAJAHyFa KOIIIyTe
MYMKiHZiKk Oepeai [6].

5 Java men Kotlin apaceiHaa¥Fbl caabicTBIpMa-
abl 3epTTey

A. Keneriry pyHknusiap

Kenerity ¢yHKumsaapsr QpyHKINOHAAABLABIKTHL
Heariai Gip TunTepre Kocyra MyMKiHgik Gepeai. bya
JKardaiiga TunTepai Oacka KepJe, MBICaAbl, CTaH-
JAapTTHI KiTalIXaHaja aHBIKTayFa 00AaAbl.

Kearipiaren wpIcaara colikec, ©Oisre OipiHrmi
>KoHe COHFbI TaHOaAap >KOMbIAFaH >KaHa XK0AAbI Kail-
TapaThIH String KAachIHBIH (PYHKIIMACH KaXKeT; Oya
94ic String kaaceiHAa KoakeTiMai emec. Kaacran
TBIC >KapUsAAaHFaH KeHelTy (PYHKIIUACE aaAbIH asla
aHBIKTaAfaH (PYHKLIMAAapAbl KeHEeWTeTiH KepceTia-
TeH KAaCThH (PYHKIVMOHAAABIFBIH >Kacaiigsl. bya
pyHKUILTHBI Keaecigelt KeHeliTyTe 60aAbI:

fun String.removeFirstLastChar(): String =
this.substring(1, this.length - 1)

fun main(args: Array<String>) {

val myString= "Hello Student”

val res = myString.removeFirstLastChar()
printin(”First string is: $res”)

Kotlin 6argapaamaaay Tiai KeHeilTy PyHKIIMAA-
PBI M€H KacleTTepiH KoAAaiAbL.

Aa Java Gargapaamaday Tial KeHeUTy (PyHKIIN-
sAapAbl KOoAJaMalabl. OJeTTe KeHeMTy (PyHKIIVI-
Aapaypl KoAgaHy ymin Android ¢ppeitMBopkTepi Koa-
Jdanblaaapl. bipax Android ¢perimBopkrepi keiige
JKarAamAbl KUBIHAATAABL.

O. Tekcepiaren epekimeaik

Java >xyMbIC Ke3iHAe epekIlle KaFjalidapAbl ©H-
Jey yuH try ... catch 610rpiH K0A4aHaABL. MyHAa
HETi3iHeH TeKCepiareH epeKIleaikrep KOA4aHblAaAbl.
TexcepiaeTin epekieaik — 6¥/1 IIaKbIPbLAATBIH 9AicC-
Te >KapusidaHaThIH HeMece YCTaAbIHY KepeK epek-
meaik Typi.[3]

Temenge Java try ... catch 640TBIHBIH cHHTaKCHCI
KeATipiareH:

try
{// xo0 }
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catch (e: SomeException)

{ /] erdeywi }

finally

{ /1 Kocvimwa finally 60201 }

Hea nemece ogan ga xemn catch 610krap 001y
MyMKiH, a4 finally 640k Oip Hemece myagem 0oa-
Mariapl. catch 610rer Hemece finally 610rEI KakeT.

Java-aa, erep oaaic inriHgeri Ke3-KeATeH KO/, TeK-
CepiareH epeKIleAikTi IIaKelpca, OHAA d94iC He epeK-
Ile >Karjaligbl ©HJeyre, He IepHeTaKTaHbIH KeMe-
riMeH throws epexieikri kepceTyre THic.

Kotlin-HiH TekcepiareH epekmeaikTepi >KOK.
Kotlin-geri ©Oapablx epekie Kaacctap — 0Oya
Throwable kaacembH yprnakrapel. Kotlin-ge epex-
mreaixrepai eHAey yirin throw epHerin xoajgaHyra
00aaABbI.

fun fail(message: String): Nothing
{ throw Illegal ArgumentException(message) |

val s = person.name ?: throw lllegal ArgumentExcepti
on(”Name required”)

TexcepiareH epexileaikTep AOTMKaHBI HeMece
KO/, aFbIHBIH Oy3ybl MYMKiH. ©cipece, KOHbIpay IIIa-
AyABbIH KOIITeTeH aJicTepi Oap KogTapaa TeKcepiareH
epeKIIeaiKTepAl KOAJ4aHy, KOJ arblHBIH >KOFaATyFa
9KeAyl MyMKiH.

Exinmiigen, vyaxken 0Oargdapaamasap ©OoaraH
JKargaiija, TeKCepiATeH epeKlleaikTep OHIMAIAIKTIH
TOMeH/eYiHe JKoHe KOATBIH >KaKCapPYbIHBIH IIaMaAbl
HeMmece MyAJeM 00aMaybIHa 9KeAeA].

b. Koncrpykropaap

Kotlin-ae ©GacTtamkbl KOHCTPYKTOp Aa, eKiHIi
KOHCTPYKTOp Aa 60Aym MYMKiH. «constructor» Kiart
CO31 eKiHIII KOHCTPYKTOPABI Kapusaay YIIiH KOoa4a-
Hbl1aAbl. O 9pKallaH OacTaIlKsl KOHCTPYKTOpPFa Cia-
TeMe >Kacaybl Kepek.

EKiHIIT KOHCTPYKTOPABIH MbICAABI:

class Student {
val name: String
val faculty: String
val department: String
private var elective = false

constructor(name: String, faculty: String, department:
String) {
this.name = name
this. faculty = faculty
this. department = marks

}

constructor(name: String, faculty: String, department:
String, elective:
Boolean) : this(name, faculty, department) {
this.elective = elective

}

JKoraprlga xeaTipiareH Mpicaaja OacTankbl KOH- m
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CTpyKTOpAa 3 ImapaMeTp, aa eKiHIIl KOHCTpyKTopAa 4
rapamerp Oap.

Java-ga KOHCTpyKTOp IIamagaH TbIC KYKTeATeH
JKarjarnaa Koj Keaecigen 604aabl:

class Student {
String name;
String faculty;
String department;
Int elective;

Student (String name, String faculty, String
department)
{
this.name = name;
this. faculty = faculty;
this. department = department;
this.elective = 0;
/
Student (String name, String faculty, String

department, Int elective)
{
this.name = name;
this. faculty = faculty;
this. department = department;
this.elective = elective;

ExiHImti KOHCTpyKTOp (YHKIIMACH Java-4a >KOK.
EKiHIT KOHCTPYKTOPABIH NalijaAbIABIFBI — OA KOJ,
>KOAJApPbIH KBICKAPTaAbl.

A. Heaaik xayincizaix

Kemreren 0Oargapaamazay — Tiagepinge, co-
HBIH iIriHAe Java-ga >Kui Ke3JaeceTiH KaTeadik-
TepAiH Oipi — HOAJIK ciaTeMe MyIleciHe Kipy Hea-
AIK ciaTeMeHi epekilledikke oakeaedi. Java-aa 6¥A
NullPointerException nHemece kpickaptbraran NPE-
re Oaszama Ooaap eai.[4] Kotlin Heaaik KyitiH eHaey
YIIiH HOAAIK Kayillci3aik Aemr aTaAaTblH (PYHKUIVSTHBI
KoadaHaasl. Erep o4 ambIK maksipsramaca, Kotlin
NullPointerException epexireirin >xacamaifpbl.

Temene Java Koabl KepceTiareH:

Public static void main(String args[])
{
String name= null;
System.out.println(name.length());

Output: Null Pointer Exception
Temenze Kotlin-aeri kog kepceriaren:

Fun main(args: Array<String>)
{
var name: String? = null
println(name?.length)
/
Output: Null

Kotlin-ae xoaray xesinge Null Pointer epexmreaix
Java-ra xaparanga ko/ arbIHAapbiH OysOaiiasl. Oa
NULL naTtmxecin Oepeai.

E. JKazakay xykTey

JKaakay >Kykrey Ka’keT emec Ke3ge KOCHIMIIA
AepeKTepai >KyKTeyAeH ©Oac TapTyawl Oiagipeai.
OHbIH OpHBIHA, AePeKTep KYKTeAMereHi JKoHe KasKeT
DoaraH >Kardailga >KYKTey KepeK eKeHAiri Typaasl
Oeari koitplaaapr. Ocblaail, >Kaakay >KyKTey (PyHK-
LIVISICHI, JKYKTEY YaKBITHIH azaiiTaabl. Kotlin sxaakay
JKYKTey (PYHKITUACBIH KOAJaHy MYMKIHAIK YCBIHAABL

Java-aa >xaaxay >XyKTey CHAKTBI (PYHKITUS JKOK,.
CoHABIKTaH KOCBIMIIIAHBI iCKe KOCy Ke3iHAe KOIITereH
KepeK eMecC aKMaparTap >XyKreleai, Oya KocbIMIIa-
HBIH >KYMBICBIH OastyaTa/bl.

KopoITbIHADI

Taaaay kesinge 6i3 Kotlin >xene Java-ubiH ap-
TBIKIIBIABIKTapbl MEH KeMIIiJikTepi Oap exeHiH 0ia-
aik. Kanagan 6acraymslaap TYpPFBICBIHAH Java-a3ip-
JAeylriaep apacblHAa KeHiHeH KOAJaHblAaThIH eTe
TaHbIMAaA Tid, COHABIKTaH Java — a3ipaeyae TuiMAi Tia
0O0ABIII caHaAAABL.

Android-Te asipaey — Oya Oykia aaemae 60AbIIT
JKaTKaH JaMy MYXMUTBIHAAFbI TaMIIbl FaHa. Ocblaaii-
ma, GacTayslm OaFjapAamMalnbllapra, Java Typaabl
6iaim Kotlin MyMKiHAIKTepiH KeHelTyre KaparaHJa
TanAaAsl.

Exinmigen, Java 6argapaamartislaapblHBIH YAKEH
KaybIMJACTBIFBI Oap, SFHM THIFBIPBIKKA TipeaAreHae
OargapaaMasayAblH MaHBI3ABI CypaKTapblHa >Kay-
arr TabambI3. bya ere MaHBI3ABI, ©VITKeHI >KaHadaH
Oacraymisl petinge 0i3 o4eTTeri crieHapuiige TEXHU-
KaABIK KUBIHABIKTapra Kesiremis skone 0i3 Tipeain
KaJAraH Ke3ae Kailga Oapy KepekTirin Oiameyimis
MYMKiH. Java mpo01eMazapsl Typaasl izaereHae, 6i3
MiHAETTI Typ4e >Kayal adaMbl3.

Kotlin Typaas! oaaii aiiTyra KUBIH, 041 91i 4e Aa-
MBIII KeAe >KaTKaH Tia.

Aerenimen, Kotlin xezeci cebenrrepre 6ariaaHbic-
THI 93ipAey1iaepre TnimMAaipek 60aap eai:

1. Tia MmeH KopIlIaraH OopTa >KeTiAreH

backa 6af,4apAaMaAay TiagepiHeH  albIp-
MambLAbFsl, Kotlin misrrapsrasiver 1.0 cOHFBI HYCKa-
CBIH IIIBIFApFaHFa AeliH KelTereH Ke3eHAepAeH OTTi.
Kotlin 6acka Oargapaamasay Tiagepinae TybIHAANI-
TBIH OapABIK BIKTMIMaA IpodAeMasap 5BOAIOLVIHBIH
COHFBI Ke3eHiHe AeifiH mIenriareHAirin 6iaaipeai.

2. Kotlin Android asipaeyin eaayip xeHiasereai

Kotlin 0GargapaamasayAbl >KeHiadeTeAli >KoHe
Android xocemImazapsiH >KakcapTagsl. Kotlin -
Kasipri 3amanrsl Oargapaamaaay Tiai. bya Android
KOCBIMIIIaJaphIH >KacayIlibldapFa MYMKIiHAIKTep Te-
pesecin amaabl, Oya a3ipaeyiisepai oHiMal eTeai.

3. Kotlin ci3aiH KoABIHBI3AAFbI KaTeAepai asaii-
TyFa KOMeKTeceal

Kotlin xoMnmaATops KaTeaepAi TabyAbl e4ayip
JKeHiAAeTiNl, MyMKiHJiriHme OipKaABIITBI >KYMBIC
icTeyre ThIpbICagbl. JKyMbIC yaKbITBIHAA KaTeAiKTepre
>K0a OepMey >KoHe KaTedepAi Ty3eTy YIIH IIbIFBIH-
Aap MeH KYILITepAl a3alTy YIIiH Kotlin xomnmnasaro-



PBI KOIITeTeH TeKcepyaepai OpbIHAAADL.

4. Kotlin xoapI Kayirncizipex

Kotlin xemerimen OargapaamMasayAblH >KaAIIbl
KareaikTepin oHari 0oaabipMayra 604aAbl, HOTVDKe-
ciHAe >KYJeHiH axayJapblH asanTaabl. bya Kotlin
KOABI Ke3-KeATeH Oacka OarJapaaMaablK KOJAKa Ka-
paraHja KayiIlci3 ekeHiH A94eaAelai.

5. Kotlin HerypabIM KBICKa

Kotlin kemreren >kargaiilapaa Ke3-KeAreH Oacka

Paspen «ABTOMaTuKa. JHepreTuKa. YnpasneHvie» W

OarsapaaMazay TiagepiHe KaparaHAa KbICKa; Oya
Oisre Oipaeit Maceaesepai a3 KOAIIEH IIIEITyTre MYM-
KiHAiK Oepegi. bya TexHMKaABIK KBI3MET KOpceTy
BIHFallABIABIFBI MEH KOATBI OKYABI JKaKcapTa/bl, SIFHI
MH>KeHepAep KOATBI THMiMAl >Ka3a, OKU >KoHe o3repTe
azaapl.

Android >xob6ansl Kotlin-re typaenaipyre xoa-
Aay KOPCeTeTIHAIKTeH, 93ipaeyIni opKallaH epKiH
aybICa aaajpbl.
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AHHOmMayusA. Lleasto 0aHHOU cmamoeu Aeasemca aHAAU3 pe3ysnbmamoe Ucc1ed08aHUA UHOYKYUOHHO20 3f€eK-
MpoOBAKYYMHO20 Hazpesamess naposo2o s71eKkmpoobozpesamens HU3KO20 0asseHUsA. PaccmompeH 80npoc He-
06x00UMOCMU MPUMEHEHUSA CUCMeM C 37eKMPUYECKUMU OmonumesnbHbiMu npubopamu 048 menaocHab eHus
npouseodcmeeHHbIx nomeujeHull. [lposedeH aHaAU3 Aumepamypsi Mo meme uccaedosaHus. [lpedcmassaeHa KOH-
CMPYKMUBHAA cXema Maposo20 3n1ekmpoobozpesamess HU3K020 0aeneHus. OnucaHa cxema ucrneimaHuli UHOYKYU-
OHHO020 3/1eKMPOBAKYYMHO20 Hazpesamess. [IposedeHsl ucci1ed08aHUA C 31eKMpPOBAKYYMHbIMU Haz2pesamensamu.
B pe3ynbmame uccaedoeaHuli ycmaHoeaeHo, Ymo naposoli snekmpooboepesament HU3KO20 OAB/AEHUA MOXEem
6bImb 3aMeHOU MAcAAHOMY U CrUpasa6HOMY aeKmpu4yeckomy obozpesamernto, co4emas e cebe ux npeumyujecmaa,
pu 3mMom rpou3eo0s KoMpopmHoe mernsao, a makie pabomame 8 6osee 3hheKMUBHOM KOHBEKYUOHHO-/YYU-
CMOoM pexcume mena00b6MeHda.

Kntoueesie cnoea: paduamop, snekmpoobozpesamers, s3HepzocbepexceHue, 8akyym, menaosoli npubop, cucmema

omorisieHuA.

BBeaenne

B Kasaxcrane cexrop HIpOMBIILAEHHOCTU 3aHM-
MaeT 3HauMTEeABHYIO 40AI0 IOTpeOAeHUs DHepTreTu-
JecKMX pecypcos. JaHHas oTpacab nMeeT OOABIION
IIOTeHIIaA dHeprocbepekeHus, T.K. OOABIINHCTBO
IIPOM3BOACTBEHHBIX KOMILAEKCOB IMPeANpUATUIl Ha
AAQHHBIT MOMEHT 3HauMTEeABHO ycTapeau. AKTyaab-
HOII TaKXXe sABASIeTCSI IpoOaeMa BpeAHBIX BEIOPOCOB
B OKPY>KaIOMIyIO cpeay.

OaHUMM U3 OCHOBHBIX BOIIPOCOB TeILAOCHA0-
JKEHUsl IIPOMBIIIAEHHBIX TPeANPUATUN ABASETCS
HepalMoHaAbHOE MCIIOAb30BaHNUe Tellda, T.K. IPU
6oapmMx oObeMax ITOMeIeHNI TPOM3BOACTBeHHBIX
11eX0B HeoOX0AUM 0DOrpes TOALKO 30HBI, B KOTOPOIi
paboTaroT A104u 1 HaX0AUTCA 0bopysoBaHme. Brico-
Ta paboueli 30HBI COCTaBAseT 2 MeTpa M 3aHUMaeT
okoz0 20-30% obrero oovema. Harpes oxoao 75%
BO3/4yXa OTHOCHUTCSI K Hed((EeKTUBHBIM 3aTparaM.
Taxoxe gacto TpeOyeTcsa obecrednTs MUKPOKAMMAT
AZs1 KaXKA0TO OTAeABHOTO Iiexa.

Coszaanne HEOOXOAMMBIX YCAOBUI MUKPOKAN-
MaTa IPOM3BOACTBEHHBIX ITOMEIeHNUII ¢ HalMeHb-

FIFA 1vvu satpatamu pecypcoB BO3MOSKHO C TOMOTIIBIO

CHCTEeM C DAEKTPUYECKUMN OTOINUTeABHBIMU ITPpUOO-
pamu [1].

AHaans antepaTypsl IIO TeMe 1CCAe AOBaHUII

Daexrpudeckuii oborpesats (D0) sBASIETCI KOM-
ITaKTHBIM TeILA0BBIM IIPUOOPOM, KOTOPOMY He TpeOy-
eTcst TpPyOOIIPOBOJ, a TOABKO DAEKTPUIEeCKIiT Kabean,
4TO geaaeT ero OoJee IPOCTBIM B DKCIAyaTanun. B
Hauade XX Beka (PpaHI[y3CKMII MHXKEHep OCHOBaa
komnanuio «Hyapo», a Takxxe paszpaboraa u Haaa-
AV MaCCOBBIN BBIITYCK cIMpaAbHBIX DO. DaekTpude-
CKas CIMpaab HaxoAuaach B KOpITyce 1 o0AyBaaach
BeHTUAATOPOM, UTO SBASETCS AOBOABHO IIPOCTON U
sdpPexTrsHOM KOoHCTpyKUMeit. B 30-x rogax XX sBeka
Ob1AM paspabOTaHBl KOHCTPYKITUM MAaCASHBIX DAeK-
TpooOorpesaTeeit, TAe ObLI0 IIpeAl0>KeHO TpyOda-
TBINI HarpeBaTeAbHBI HA€MEeHT IIOTPY3UTh B Macao,
Haxo/sIeecs! B repMeTU3UPOBaHHOM Kopiryce [2].

3a goarue roasl DO mpeTepnean psig MOAEPHU-
3anuil ¥ yCOBepIIeHCTBOBaHMI, HaIIpuMep, Ipuoo-
peau CHUCTeMBl aBTOMAaTHYeCKOIO PperyAMpOBaHILI
pexxuma paboThI.

B Mupe macumThIBaeTCs 4OCTATOYHO 3HAUYMTEAb-
HOe KOAnd4ecTso Impoussodurteseri DO: Siemens,



General Climate, Polaris, Hansa, Timberk, Supra,
Wika, Fluke, De’Longhi, Hyapo, Hyundai, Pecanra,
ZASS, Kaiser, Ballu [3]. B Kasaxcrane DO npaxrnue-
CKI He IIPOU3BOASITCS, IIOAABASIONIee OOABIIIHCTBO
SKcrnopTupylorces us Kurasi.

B ucrounnke [4] paccMoTpeHa TepMoakycTuUde-
CKasl Teopmsl, KoTopasl Oblaa MCIOAb30BaHa B pas-
paboTke OmBITHOTO OOpasia »AeKTPOBaKyyMHOIO
Harpesateas. B mcrounuke [5] mpuBegeHB pe3yan-
TaThl UCCAEAOBAaHMI HOBOI CHCTEMBI aBTOHOMHOTO
TerA0CHaO>XKeHST Ha OCHOBE TEIIA10BBIX HACOCOB U Ha-
KOIIUTEeAel DHePIUIA.

Koncrpyknus mccaeayeMoro 9AeKTpOBaKyyM-
HOTO HarpeBaTes BBHIITOJAHEHA Ha OCHOBE M3BECTHOI
TeILA0BOI TPYOKM, KOTOpas HoApoOHO onmcaHa B [6].

Ormmcanme oO0beKTa MCCA€A0OBAHUIL M CXE€MBbI
M3MepeHMIn

ObbexkToM MccAeAOBaHNS ABAAETCS MHAYKIIN-
OHHBII D/A€KTPOBAaKyYMHEIII HarpeBareAb IIapOBOTO
»aeKTpooborpesaTeass HU3KOTO JAaBaeHms. Harpe-
BaTe/AbHbIE DAEMEHTHl yCTaHaBAMBAIOTCS BHYTPU 3a-
IIUTHOTO KOXKyXa ¥ KOHTaKTUPYIOT C BHEIIIHEI AM-
LIeBOII TIOBEPXHOCTHIO. IIpmHIMI paboTs! ImapoBoro
»aeKTpooborpesareass HU3Koro gasaeHus (ITOHA)
roApo6HO onucaH B [7, 8] 1 OCHOBaH Ha MCIIOAB30-
BaHUM 9PPeKTa Ter10Boi TPyOKu ¢ GUTNAEM Aas
0TBOJa KOHJEHCaTa B 30HYy Harpesa. BHermHmit Bug,
IIDH/ npeacraBaen Ha pucyHke 1.

M3roToBAeHs! OIBITHEIE 1a00paTOPHBIE OOPa3IIbI
¢ 1oTpebAseMOll DAeKTPUIecKo MomtHocTeio 600,
800 1 1000 Br.

I[IDH/ pabGotaer OT ceTu IepeMeHHOIO TOKa
MPOMBIIIAeHHOI yacToThl 220 B.

B IIOHA aas ynpasaenus pexxumamu pabOTHI
UCIIOAB3YeTCsI DAEKTPOHHOE TeMIIepaTypHOe peae C
TepMoZaTankoM. TuU »aeKTpoodorpesaTels Ay4u-
CTO-KOHBEKITMOHHBIN. OCHOBHBIM DaemMeHTOM [IDH/
SIBASIETCS MHAYKLIVIOHHBIN 91€KTPOBaKYyMHBIN Ha-
rpeBareAb, cxeMa KOTOpOTO IIpeAcTaBAeHa Ha PUCYH-
Ke 2. B kauecTse TeraoHOCHUTEAs UCIIOAB3YETCs AVIC-
TUAAMPOBaHHAsA BOAA.

Paspen «ABTOMaTuKa. JHepreTuKa. YnpasneHvie» W

Oco0eHHOCTBIO MPOTEKaHNUs TEIAOBBIX IIPOIlec-
COB sBAsETCSI HarpeB TPYOKM B HIDKHell dactu. Ha
pPUCYHKe 2 cTpeAKaMM IIOKazaHa 004acTh ITOABOJa
TenaoTel (+Q)), KOTOpas HaXOAUTCS B HUKHeN 4a-
cTu. B BepxHelt yactu IpoMCXOAUT OTJada Terda B
OKpYy>KaloIlee IpocTpaHcTBo (—Q). Aas usmepenms
TeMIIepaTyphl MCII0Ab30BaAUCh Apa Ipuodopa. lle-
pMOAMYECKIIT KOHTPOAb TeMIIepaTyphl pa3AMYHbBIX
Yy4acTKOB TPyOKM M Hamboaee HarpeThIx obaacreit
OCYIIeCTBASIACS HPU TIOMOIIU Aa3epHOTO U3MepU-
Teas temnepartypst Fluke 51. /a5 mocrostHHOTO KOH-
TpOs TeMIIepaTypsl 00AacTell I0ABOAA M OTAA4N Te-
II10THI UCTI0Ab30BaAcs (+Q) 4-KaHaABHBINI T POBOIL
tepmometp HT-9815. B saabpHeitem mpu nocrpoe-
HUM rpadpMKOB yIUTHIBaJach TeMIlepaTypa HarpeTon
ITOBEPXHOCTU TEILA0BOM TPYOKU TOABKO B BepXHeIl
YacTy, TaK Kak Oblaa HanbDOAbBIIIelt.

Onncanne cxeMbl UCHBITaHUI MHAYKIIVIOHHOTO
DAEKTPOBaKyyMHOIO HarpepaTeAs CBOAUTCSA K cae-
AYyIOIeMy: MCTOYHUK MHUTaHUS BBICOKOV YacTOTHI
1 moAkAI04eH K OOMOTKe 2, KOTOpasi HaBOAUT TOKU
Pyko (BUXPeBOI MHAYKIIMOHHBIN OOBEMHBIN DAEK-
TPpUYECKUI TOK) B CTaAbHOM cepaeuyHuke. VIHAyK-
LIMOHHEIN HarpesaTreab MOITHOCTEIO 80 BT criocoben
pasorpeTs cepdedHuK 40 TeMnepartypsl B 300°C npu
HeoOxoAMMoOcCTU. B HOMUHaABHOM peXuMe pabOTHI
9AEKTPOBaKyyMHBIIT HarpepaTeAb pabOTaeT B TEMIIe-
parypHoMm amanasone ot 30 go 80°C. Ilpu narpese
TENAOHOCUTEAD 4 3aKuIaeT B 001acTu I0ABOAA Te-
nA0Te (+Q), McHapsieTcss U IepeMelaeTcs B BepX-
HIOIO 9acTh TPyOKM B 004acTh OTAa4U TeNAOTHI (-Q).
IlepemernieHne TerAOHOCKUTEAs ITOKa3aHO CTpeaKa-
M (pucyHOK 2). Bo BHyTpenHel1 moaoctu Tpyoxu 5
co3JaeTcsl BaKyyM, UTO IIO3BOASIET TEeIAOHOCUTEAIO
IIepeMemaThCs CO 3ByKOBOI CKOPOCThIO. TpyOKa rep-
MEeTHYHO 3aKpbITa C ABYX CTOPOH KpbIIIKamMu 6 1 9,
KOTOpPBIe MpunasHbl K Hell. ITocae octeiBanms Ternao-
HOCHTeAb IepeMeliaeTcsl BHU3 10 ITOPUCTOMY CAO0I0
7 B 001acTh Harpesa U ycrnapenus 8. JaHHBIN CAOI
HeoOXOAUM AAs BO3BpaTa KOHAEHcaTa IIpM CAydae,
ecan TpyOKa 3aHMMaeT TOPM3OHTaABHOE II0A0XKe-

PucyHok 1 — BHewHwmii Bug NOHA
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1 — UCTOYHMK NUTAHUA BbICOKOW YacTOTbl, 2 — 06MOTKa
BbICOKOM YacTOTbl, 3 — CTa/IbHOW CepAEYHUK,
4 — TenNOHOCUTENDb, 5 — CTEHKU TPYBKU, 6 — HUKHAA
KpbILWKa TPY6KK, 7 — NOPUCTbIN CNOM, 8 — 30HA KUNEeHUA
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Hue. TemnepaTypa KOHTpOAUpyeTcs MNP ITOMOIIN
usmepureas 10. Bakyym cosgaercs mpu mmomomiu
3ampaso4HOii TpyOkmu 11, KoTopas Hpu HOMOIIN
COeAVHMUTEABHOTO INdaHra 12 mnpucoeauHsAeTcs K
BaKyyMHOMYy Hacocy 13. IlapameTrprl Bakyyma u3-
MepsAUCh TIPU IIOMOIIU CTPeAOYHOro rmpudopa 14.
TpyOxka Oblaa 3aKkperiaeHa Ha IITaTUBE PV ITOMOIIN
DAeMeHTa KperiaeHms 15.

B mnccaeaosanmsX 1MC0Ab30BaHbl TEOpETUYECKIE
CBeJeHIsI, CBsI3aHHbBIE C ITPOIIeCCOM TellaoIiepesaun
B ®1€KTpOBaKyyMHOM HarpesaTee C UCII0Ab30BaHN-
em 1mpeobpasosanns Pypbe, a TaKXXe COOTHOIIEHMe
Kaaysuyca-Kaaiinepona 445 KOHBEKTUBHOTO TeI1A0-
IlepeHoca IapoM, MoApOOHO pacCMOTPeHE! paHee I
OpuBeAeHbl B MICTOYHUKe [2].

PesyabTaTbl Aa0OpaTOPHBIX WMCCAeAOBaHUIM
MHAYKIMOHHOTO 91eKTPOBaKyyMHOIO Harpesa-
Teast

Ha pucynke 3 1 4 npuseJeHsl ycpeAHEeHHBIE JaH-
Hple Habopa TeMIlepaTyphl DAeKTPOBaKYyYMHBIM Ha-
rpesatesem MorHocThio 60 1 80 BT, B 3aBucuMocTin
oT ero Maccel. OOBEM Tera0HOCUTEAS 15 Ma. Daex-
TpOBaKyyMHBIII HarpeBaTeAb BBIIIOAHEH U3 MeAHON
TpyOKM guametpoMm 28 MM. JaBaeHne BO BHyTpeHHel
rmoaoctu Tpyokm cocrasmuao 5,066 xlla (0,05 Atm).
HavazapHas Temieparypa TpyOKHU 94eKTpOBaKyyM-
Horo HarpepaTeas coctasasdaa 23°C. ITocae kaxxaoro
HarpeBa TpyOKa oXAa’KJaJach AAsl IIPOBeAeHNs cae-
AYIOILIETO OIIBITA.

ITpoBeaens! nccaejoBaHUs C DAEKTPOBAKYyMHBI-
MM HarpeBaTeAsMU (TeILA0Bble TPYOKI) AMaMeTpoOM
o1 20 20 32 mMm u aaunoit ot 300 g0 450 mm. Oaum u3
pe3yabTaToB MccAeA0BaHNs ITpUBeAeHbl Ha pUCYHKaX
5 u 6, rae mpuBeseH rpadpuK 3aBUCUMOCTU BpeMeHM
Habopa TeMIlepaTyphl 91eKTPOBaKyyMHOIO Harpesa-
Teast BecoM 0,469 xr, mpu oObeMe Teraonocureas 10
u 15 M4, moTpebasieMas DAeKTprdeckasl MOITHOCTb
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PucyHoK 3 — Ipadumk Habopa TemnepaTypbl 3N1€KTPOBaKYYMHbIM HarpeBaTesiemMm MOLLHOCTbIo 60 BT



cocrasnaa 80 Br. VMcnoansosaaach Teraosast TpyOka
AnameTpoMm 32 MM U AAnHOI 350 MM.

OOcyXxaeHne 1 BLIBOABI

Anaans rpadukoB Ha pucCyHKax 3 1 4 1okasas,
YTO MpU YBEAMYEHUM MacChl DAEKTPOBaKyyMHOTO
HarpesaTteAs TeMIlepaTypa ero IIOBepXHOCTel Harpe-
Ba CHIKAETCs, YTO IIO3BOASIET IPU OIIpeseeHHBIX
nmapaMeTpax BbIITH Ha Temmepatypy 80°C. Daek-
TPOBaKYyMHBINI HarpeBaTeAb CIOCOOeH paboTarth B
pe>K1Me KOHBEKTUBHOIO U Ay4MCTOTO TeIlA000MeHa.
Ha pucynke 5 1 6 BuAHO, 4TO 0ObEM TEILAOHOCUTE-
As BAMsET Ha IIOKazaTteaAu HaOOpa TeMIlepaTyphl.
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MccaeaoBanus mokasaay, YTO ONTUMAaAbHBIM OObe-
MOM TeILA0HOCUTEeAs ABAsseTcsI 00beM oT 10 20 15 ma.
YcraHOBAEHO, U4TO IIpHU yBeAndeHny oObéMa Ha 20 Ma
n 6oaee mokazaTean HaOOpa TeMIlepaTyphl CHIKa-
I0TCsI, @ YMeHbIIleHne oobeMa Ter10HocuTeAs Ha 10
MA U MeHee HeraTMBHO CKa3bIBaeTCs Ha AOCTUXKEHUU
Temrirepatypsl Tpyoku 6oaee 200°C. CooTBeTCTBEHHO
00beM TeIA0HOCUTEAS! JOAKEH OBITh B yKa3aHHBIX
pejeaax AAs TPyOKM guaMeTpoM 32 MM, IIPU YBeAN-
JeHNU AMaMeTpa TPyOKM, a TakKe ee AAMHBI, 00bEM
TeI/AOHOCHUTEeAs TPOIOPIIMOHAABHO YBeANIMBAECTCA.

B mponecce mccaejosaHmii ycTaHOBAEHO, YTO
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PuUcyHOK 4 — [padumk Habopa TemnepaTypbl 3N1EKTPOBaKYYMHbIM HarpesaTtesiem MoLHocTbio 80 BT
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PucyHoK 5 — padmK 3aBUCMMOCTH BpemeHU Habopa TemnepaTypbl 31eKTPOBaKYYMHOro HarpesaTens

npu o6beme TennoHocutena 10 mn
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PucyHoK 6 — lpadmK 3aBUCUMOCTH BpeMeHM Habopa TemnepaTypbl 3/1eKTPOBaKyyMHOro HarpesaTtens

npu o6beme TennoHocutena 15 mn

IapaMeTp AaBAEHI: BHYTpU TPyOKM BAUAET Ha D-
(eKTUBHOCTD Harpesa ®AeKTPOBaKyyMHOTO Harpesa-
TeAsl ¥ CHVYDKEHMe AaBAeHUs BHYTpU TpyOoku c 5,066
kITa (0,05 At™m) a0 3,01 Ila (0,03 At™m) 11O3BOAUT
yBeAMIUTH 9PPEKTUBHOCTD pabOTHI DAEKTPOBaKYyM-
HOTO HarpeBareas Ha 15-20%. CHiKeHMe AaBAeHNS
II03BO/s5IeT YMEHBIINUTh COIPOTVBAEHIE ABVIKEHMIO
TEIIAOBBIX YAaCTULI, YTO IIPUBOAUT K CHVDKEHUIO IIO-
Tepbh DHEPIUM Ha TpeHUe B 00/ee pa3psI’KeHHOI aT-
Mocdepe. CKOpPOCTh ABUKEHUs TEILIOBBIX YaCTHUI]
9A€KTPOBaKyyMHOTO Harpepareasl MOXeT AOCTUTaTh
3ByKOBOI. B mpornecce mccaegoBanmii ycraHOBAEHO,
YTO IIPU TOBBHIIIIEHNN AaBAEHIA BO BHYTpPEHHEI I10-
A0CTU DAEKTPOBaKyyMHOTO Harpesarteas, Boimre 0,1
AT™M, 9PPeKT BBHICOKOCOPTHOTO HarpeBa MOAHOCTBIO
TepsIeTCs ¥ BOSHMKAIOT ITp0o6.1eMbl ¢ HabopoM HeoO-
XOAVIMOI TeMIIepaTypPBhI.

ITaposoit »aexkTpooborpesaTeab HU3KOTO AaBae-
HIISI MOXKET OBITh 3aMeHOI MacCASTHOMY M CIIMpaAbHO-

CNUCOK NUTEPATYPbI

My DAeKTpUIecKoMy oDOrpesaTealo, coyeras B ceDe
UIX IIPeVIMYIIeCTBa, IIPU DTOM IIPOU3BOAs KOM(POPT-
HOe TeI110, a TakKe paboTath B 60aee 9pPeKTUsBHOM
KOHBEKIIMOHHO-AYIICTOM peXIUMe TeI1000MeHa.
ITapoBoit »aexTpooborpesaTeab HU3KOTO AaBAECHILSA
SIBASIETCSI DKOAOTMYECKM Oe30ITacHBIM TEILA0BBIM
mpubOpoM, Tak KaK B KadyeCTBe TEILAOHOCUTEAS UC-
II0AB3YEeTCs AUCTUAAUPOBAHHAs BOJa.
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AHOamna. byn MaKanaHelH MaKCamsl memeH KbiCbIMObI By 371eKmp #blAbIMKbIWbIHbIH UHOYKYUASLIK 3€KMpP 8AKYYM-
Obl KbI30bIPFbIWbLIH 3epmmey HamuxcenepiH manoay 60saein maboinadel. OHOIpicmik 6enmesnep KeweHOepiH HblayMeH
KaMmmamacei3 emy YWiH 371eKmp Hblablmy Kypolaselaapbl 6ap xcylienepdi KondaHy Kaxcemminiei mypassl macesne Ka-
pacmesipsinadel. 3epmmey makbipblbbl 6olibIHWA a0ebuemmepae Mmanoday xypaizinedi. TomeH KbiCbiMObl 371eKMpri by
HBINBIMKbLIWbIHBIH KYPbIAbIMObIK CXeMAChl YCbIHbIAFAH. HOYKYUAMLIK 371eKmp 8aKYyMObl # blblMKbIWMbI CbIHAY CXe-
MaAcsl cunammansaH. 3epmmey 3neKkmp 8aKyymobl #blabIMKbIWMAPMEH X(yp2i3indi. 3epmmey HomuxeciHoe memeH
KbICbIMObI 371eKMp11i 6y HblAbIMKbIWbI bIHFALbI HbiYyObl 6HOIPE 0MbIpbIn, 04aPObIH APMbIKWbLILALIKMApPsLIH bipikmipe
omeblpbin, Malli MeH cnupansObl 3AEKMP HblAbIMKbIWMAPObIH OPHbIH 6ACamMblIHbl AHbIKMAAObI, COHbIMEH KAMAp KOH-
B8EKYUA-Cayeni #cbiay anamacy pexcumiHoe xymoic icmelioi.

Kinm ce30ep: paduamop, 3nekmp #biabIMKbiW, IHepaus yHeMOEY, 8AKYYM, H(blsblMYy KYPbIAFLICbI, Hblabimy xcyleci.

Research of Parameters of Induction Electric Vacuum Heater of Steam Electric Heater Low Pressure
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Abstract. The purpose of this article is to analyze the results of a study of an induction electric vacuum heater of a low
pressure steam electric heater. The question of the need to use systems with electric heating devices for heat supply
of industrial premises is considered. The analysis of the literature on the research topic is carried out. The structural
diagram of a low-pressure electric steam heater is presented. The scheme of testing an induction electric vacuum heater
is described. Research has been carried out with electric vacuum heaters. As a result of research, it was found that a low-
pressure electric steam heater can be a replacement for an oil and a spiral electric heater, combining their advantages,
while producing comfortable heat, and also work in a more efficient convection-radiant heat exchange mode.

Keywords: radiator, electric heater, energy saving, vacuum, heating device, heating system.
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Radiation on the formation and Properties
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Abstract. The paper presents the results of the synthesis of bismuth superconductors of the compositions
Bi;6Pby.4Sr,Ca,-1Cu,0, (n = 1, 2) from amorphous and crystalline starting materials obtained from the melt. Laser and
optical radiation of a wide spectral range containing ultraviolet, visible and near-infrared regions of the spectrum
were used as a heating source. The elemental composition of the starting materials and the effect of the starting
materials on the formation of superconducting phases, as well as on the critical parameters of superconducting
ceramics, are studied. It is established that, depending on the conditions for obtaining the initial materials from the
melt, there is a slight violation of the stoichiometric composition of the samples in terms of cation composition and
a significant change in oxygen, which in turn affects the formation of superconducting phases and the properties of

superconducting ceramics.

Keywords: high-temperature superconductivity, laser radiation, structure, ceramics, morphology, diffractogram,
phase.

Introduction

Currently, high-temperature superconductors
(HTSC), due to their unique properties, are
becoming one of the promising materials used in
various advanced areas of science and technology
— energy, electronics, communications, medicine,
space technology and other fields of application
[1-3]. On their basis, such elements and devices
are manufactured as: conductive cables, current
limiters, power transformers, electromagnetic
shields, modulators, antennas, switches and filters
of microwave and pulse signals, bolometers of
millimeter, submillimeter and infrared radiation
ranges, schematic diagrams of ultra-high-speed
computers, elements.

The main factors that determine the critical pa-
rameters (critical current, critical temperature, and
critical magnetic field) of an HTSC material are to
create the required phase composition and structure,
microstructure and morphology, density, etc. para-
meters, depending on the methods of obtaining, the
optimal combinations of these factors.

At present, various methods have been developed

XT3 for the synthesis of HTSCs: solid-phase synthesis,

chemical and cryotechnology, various melt methods,
etc. Among these methods, the most common method
is solid-phase synthesis. But the analysis of the results
of numerous studies shows that the required critical
characteristics (especially current) are difficult to
obtain by solid-phase synthesis.

The creation of HTSC materials of a given phase
composition with the necessary critical parameters
consists in the development of melt methods and
their modifications [4, 5]. In particular, methods have
been developed aimed at obtaining amorphous-
crystalline and glassy (amorphous) states, which have
certain advantages over the traditional solid-phase
method and make it possible to obtain high-density
ceramics with a controlled grain size and required
morphology. In addition, there are opportunities for
obtaining the required configuration and dimensions
of the product in practical application.

Although at present several classes of HTSC
compounds are known: yttrium, thallium, mercury,
bismuth, etc, when implementing amorphous-
crystalline and amorphous methods, bismuth
containing HTSCs are widely used, which is the only
representative of the above classes of superconduc-



ting compounds, which, when quenching the melt
the glassy state is stabilized.

As is known, bismuth-containing supercon-
ducting compounds are a homologous series
Bi,Sr,Ca, 1 Cu,Oy (n=1,2...... ), among which the most
stable and stable are compounds with n=2 and 3,
respectively, having a critical transition temperatu-
re to the superconducting state of about 85 K and
107 K, which are currently finding wide practical
applications.

Obtaining materials of a given composition with
high critical parameters is a serious problem. The
aim of this work was to study the effect of laser and
optical radiation on the initial precursor materials
obtained from the melt on the phase composition and
properties of bismuth-containing HTSC ceramics.

Experimental technique

To obtain the initial glassy and amorphous-
crystalline samples of HTSC ceramics in the Bi,O;-
PbO-5rO-CaO-CuO system of nominal compositions
Bi; 6Pby4S1,CaCu,Oy and Biy 4Pby4Sr,CaCusO, using
the melt method, the following reagents were used:
Analytical grade, lead (II) oxide, grade, strontium
carbonate, grade, as well as calcium oxide and copper
(I) oxide, grade. Before preparing the charge, the
reagents were calcined at a temperature of 150°C
for 3 hours, after which the carefully displaced
charge was pressed under a pressure of 180 MPa into
tablets with a diameter of 15 mm and a thickness of
3 mm. Before the melting process, the samples were
preliminarily annealed in a muffle furnace at a tem-
perature of 750-800°C for 2 hours. For comparative
analysis, precursor starting materials from the melt
were obtained by the following methods: by melting
in a muffle furnace on a corundum crucible; direct
action of UV laser radiation on the surface of tablet
samples; as well as high-density optical radiation of a
wide spectral composition containing UV, visible and
IR spectral regions. The melt was quenched between
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two oppositely rotating copper rolls and also by
quenching on a rotating stainless steel disk.

Investigations of the phase composition were
carried out by the X-ray diffraction method on
a DRON-6 diffractometer, CuK,-radiation. The
microstructure of the samples was investigated in
a Jeol JCM-6490LA scanning electron microscope.
Elemental analysis of the samples was carried out
on an Optima 2000 DV inductively coupled plasma
atomic emission spectrometer. The critical parame-
ters of the samples were determined by measuring the
temperature dependence of the resistivity using the
four probe method and the temperature dependence
of the magnetic susceptibility.

Results and Discussions

To identify the influence of laser and optical
radiation on the initial precursors, on their phase
formulations and the properties of superconduc-
ting ceramics, melting and hardening of the melt
were carried out in various ways. In the first case,
for comparative analysis, the melting of the initial
mixture was carried out in the corundum crucible at a
temperature of 1050-1100°C for 4 hours, and the melt
should be carried out by draining the melt on the
rotating water-cooled disc, made of stainless steel. As
a result of quenching the melt, the following samples
were obtained: when quenching the melt between
copper rolls, plates were obtained with a thickness
of about 0.1 mm, and when the spray washed, the
precursors were mainly obtained in the form of a
ball-shaped form (sphere) with a diameter of up to
1.5 mm (about 80%), as well as in the form of pieces
of arbitrary shape and dimensions up to 3 mm, the
plates with a thickness of 01-0.3 mm, a needle up to
10 mm (Figure 1).

The initial precursors presented: plates with a
thickness of about 0.1 mm; The needles were a glassy
phase, and pieces of samples consisted of crystallites.

In the second case, the sample melting was carried

Figure 1 — Photo of the original precursors obtained by hardening melt: a) Chigue precursors obtained by the melt
in the form of a sphere; b) pieces of arbitrary shape and sizes up to 3 mm, plates with a thickness of 0.1-0.3 mm,
a needle up to 10 mm long
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out by the UV laser beam. The diameter of the laser
radiation beam was 2 mm, due to this, the melting
was carried out locally. In this case, an intensive
evaporation of the sample components was observed.
The study of the phase composition of the molten
part of the sample showed that reflexes of crystalline
phases were manifested on diffractograms, as peaks,
which are shown on the X-ray diffractograms (Figure
2). In this case, traces of the amorphous phase are
observed on the X-ray diffractograms.

In the future, the sample melting was carried out
with heating in a tubular furnace with a nichrome
heater and the simultaneous impact of low-power
UV laser radiation. The sample was placed inside
the vertical tubular furnace and was heated to the
intake temperature (840-850°C). Then, under the
action of laser radiation, the lower part of the sample
was melted and spread on the hardening device, i.e.
spray. After hardening the precursors, also acquired
a form in the form of plates, needles, puskets and
fine balls. X-ray diffractograms of samples showed
a similar phase composition as when melting in a
mutffle furnace.

In the third case, the sample melting was carried
out under the action of a highly discovered radiant
optical range flow, including UV, visible and near
IR spectrum. The beam was directed to the surface
of the edge of the sample and the sample melting,
it was raised on the hardening device. Practical in
all experiments, all challenged samples acquired
a similar configuration. On diffractograms of
crystal phases (pieces, thick-walled plates, large
balls), various X-ray intensity were observed, and
differences were observed due to the manifestation
of additional low-intensity reflexes. The study of the
elemental composition of the samples was shown that
in the precursor materials obtained by melting in the
muffle furnace and tempered on the cooling devices,
a small deviation (decrease) from the stoichiometric
composition of calcium was observed and a decrease
in 10-15% oxygen content.

On the sample molten under the action of UV
laser radiation, an intensive evaporation of the sample
components was observed. Because of the small size
of the beam diameter (2 mm), the complete melting
of the sample for quenching could not be obtained,
the sample melting was carried out only locally. The
elemental composition of the cations in the melted
part of the sample was not noticeably different from
the stoichiometric. There was an increase in oxygen
content by 3-5%. On the precursor materials obtained
by melting and hardening, with the help of heating
in a muffle furnace and exposure to a low-power
UV laser radiation, the element formulations of
the samples were not noticeably different from the
stoichiometric. The oxygen content also turned out to
be within the normal range.

On the precursors materials obtained by the melt
chain under the action of high-definite radiation of
the optical range, comprising a UV, visible and IR

spectrum region, there were small deviations on the
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Figure 2 — The X-ray diffractograms of the initial
precursor materials, poured from the melt: a) the

surface of the melted sample with laser radiation;
b) precursors in the form of a sphere; c) plates

cationic composition, according to the composition
of calcium and lead. As for oxygen, it was observed
an increase in its content by 15-20% relative to the
stoichiometric composition.

In the future, for the synthesis of superconducting
ceramics, the initial precursors based on amorphous
precursors (plates, needles, balls) were flashed to
dispersion of less than 2 microns and pressed into a
tablet with a diameter of 10 mm and a thickness of 2.5
mm. The synthesis of superconducting phases was
carried out by heat treatment (in isothermal mode)
in the temperature range from 700°C to 850°C, with
a shutter speed from 25 hours to 160 hours (with
intermediate mistress).

For the nominal composition Bi; ;Pb,;5r,CaCu,0O,
(2212), the superconducting phase 2212 started to
form at temperatures above 700°C. The tempera-
ture of the maximum rate of formation of the su-
perconducting phase 2212 was in the temperature
range of 850-850°C. At the same time, the maximum
formation rate was manifested for samples prepared
on the basis of the initial precursor materials obtained
under the action of laser radiation and a radiant flux
of the optical range (Figure 3a). After 25-30 hours
of thermal annealing on the diffractogram, reflexes
belonging to only phase 2212 were manifested. In
samples prepared on the basis of precursor materials
obtained in the crucible, the content of HTSC P phase
2212 was only about 35-40%. The total formation of
the phase 2212 was carried out by prolonged thermal
annealing (90-100 hours).

For nominal composition Bi;;Pb,;Sr,Ca,CusO,
(2223), the mechanism for the formation of HTSC
phases passed according to homologous series,
according to Scheme 2201 — 2212 — 2223. In all the
samples under study, the superconducting phase
2212 began to form at temperatures above 700°C. At a
temperature of 780-800°C, on samples obtained on the
basis of precursor materials using UV laser radiation
and a radiant flux of the optical range began to form
a Phase Phase 2223. In samples obtained on the basis
of precursor materials melted in the muffle furnace
appeared only traces 2223 phases. With increasing
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Figure 3 — X-ray diffractograms of samples of Bi-
HTSC ceramics: a) Composition 2212, synthesized
with the use of UV laser and optical radiation range;
b) Composition 2223, synthesized using UV laser
and optical radiation range; C — composition 2223,

synthesized on the basis of precursors in a muffle
furnace. Temperature dependences of the resistance
of samples of HTSC; c) Sostables 2212 (1) and 2223
(2), synthesized from melts under the action of UV
laser and optical radiation range

temperature to 846-848°C, the intensity of phase
formation 2223 increased dramatically. Under the
exposure time 25 hours, the phase of 2223 in samples
using the UV laser radiation and the radiant flux of
the optical range was about 40-50%, and at 50 hours
of thermal annealing, the phase 2223 reached 70-80%
and single-phase samples were obtained at annealing
duration 85 hours and 70 hours, respectively
(Figure 3b). As for the formation of Ceramics HTSC,
synthesized on the basis of the initial precursors,
obtained by the melt chain in the muffle furnace,
even with a long annealing (more than 120 hours),
the sample consisted of superconducting phases 2212
and 2223 (Figure 3c).
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According to the intensity of X-ray reflections
of the compositions: 2212 (008; 0010; 0012) and 2223
(0010; 0012; 0014) It can be judged that HTSC ceramics
have a high texture (80-85%) in the direction of the
[00I] plane, which may be positive Influence the
current characteristics of superconducting ceramics.
Studies of critical parameters of HTSC ceramics of
nominal compounds 2212 and 2223 shows that the
transition temperature to the superconducting state
for sample 2212 is 89 K, and for sample 2223 is 107 K
(Figure 4a).

As for the sample on the basis of precursor
materials obtained by melting in a muffle furnace,
the phase formation rate was much slower. With the
duration of the synthesis of the samplel120 hours,
on the diffractogram, in addition to the main su-
perconducting phase 2223, the reflexes of the low-
temperature superconducting phase 2212 were
present, as well as low-constracy reflexes of impurity
non-top conduction phases. With an increase in
exposure time up to 160 hours, the main supercon-
ducting phase was phase 2223, and the phase traces
of 2212 were present. Measurement of the tempera-
ture dependence of the heat-treated sample obtained
from the melt in the muffle furnace at a temperatu-
re of 848°C and the duration of annealing 120 hours
shows the presence of a mixture of superconducting
phases 2212 and 2223 (Figure 4b).

Comparative analysis of the results of the
synthesis of HTSC compounds based on precursor
materials obtained in various ways showed that the
rate of formation of superconducting phases with
high critical parameters (2212 and 2223 phases) 2-2.5
exceeds in the samples of Ceramics synthesized
on the basis of precursor materials, The laser
radiation obtained under the influence of the UV
laser radiation and the radiant flow of the spectral
composition of the optical ranges compared with the
Ceramics SHA, synthesized by the standard solid-
phase method or synthesized based on the precursor
materials obtained from the melt in the mulffle
furnace. The studies of the elemental composition
according to cations show that a strong deviation
from the stoichiometric composition during melting
of the nominal compositions 2212 and 2223 was not
detected, and according to the authors [7-10], the
formation of wide areas of homogeneity by cationic
substitution for 2212 and 2223 compositions is
observed. Consequently, non-essential disorders
of the cationic composition cannot affect the rate of
phase formation. In this case, the speed can affect the
oxygen content in precursor materials. In the work of
[8], it is noted that in the process of melting materials
in molded methods in the synthesis of bismuth-
containing HTSC Ceramics glass-crystalline, the
oxygen content in the melt occurs, and monovalent
copperisR(Cu*)=Cu’/(Cu**Cu")=0.7-0.8. Therefore,
in samples of precursors obtained by melting in a
muffle furnace, the oxygen content was less than 10-
15%, compared with the stoichiometric composition

and the rate of formation of superconducting phases
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0,1
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Figure 4 — Temperature dependences of the resistance of samples of HTSC: a) Stables 2212 (1) and 2223
(2), synthesized from melts under the action of UV laser and optical radiation range; b) composition 2223,
synthesized from melt in a muffle furnace at a temperature of 848°C, 120 hours

2212 and 2223 were 2 or more times slower. Perhaps
a strong deficiency of oxygen in dense precursor
materials reduces the rate of the process of forming a
superconducting structure, which is associated with
a slowdown oxygen diffusion into the structure of a
dense sample during thermal processing. As for the
precursor materials obtained under the influence of
the UV laser radiation and a highly discovered radial
flux of the optical range, then the oxygen is observed
in them. Perhaps an excess of oxygen in precursor
materials is associated with the following factor: first,
under the action of anisotropic effects of radiation,
the melting process occurs on the thin surface of the
sample in the atmospheric oxygen medium, therefore
the solubility of oxygen in the melt increases.
Secondly, under the action of high-intensity laser
and optical radiation, the melt overheating to a tem-
perature of 1250-1300°C, as well as the ionization of
atmospheric oxygen to form ozone, which can lead
to a more increase in oxidative properties, and may
also increase the solubility of ozone in the melt. In the
presence of ozone, the cations of variable valence can
move to a state with a higher valence, respectively,
the rate of formation of superconducting phases can
increase.

Conclusion

To identify the influence of laser and optical
radiation on the composition and properties of
the initial precursors, bismuth HTSC of ceramics
obtained under the action of the UV laser radiation
and the emission energy of a highly determined
optical radiation spectrum containing the UV, visible
and near IR region, and were also investigated,
synthesized source Materials-precursors of a glassy
state. The studies of the elemental composition of the
precursors were shown that there were no significant
differences in the cationic composition, while the
oxygen deficiency was observed in the precursor
materials obtained in the muffle furnace, and the
oppositely of this, in the precursor materials obtained
under the action of Laser radiation And the energy
of high-tender radiation was observed excess oxygen.
Synthesis of HTSC Ceramics based on the precursors
obtained showed that the rate of formation of su-
perconducting phases increases in Ceramic HTSC
synthesized on the basis of precursor materials with
overpressure of oxygen 2-2.5 times, compared with
the materials of the precursors obtained in the muffle
furnace. On diffractograms of the samples, particles
are observed, with the predominant texture along the
crystallographic plane in the direction of [00i].

The work was performed with the support of the grant of the MON RK AP09260251.
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AHOamna. Mymeicma 6aAKbIMAOAH GAbIHFAH aMopghmel X aHe Kpucmaadel 6acmanksl mMamepuandapoaH
Bi; 6Pbg4Sr.Ca,-1Cu,0, (n = 1, 2) KOCbIAbICMAPbIHBIH BUCMYM 6MKi32iwmepiH cuHme30ey Homuxenepi KeamipineeH. Kol-
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OMKi32iW KepamMuKaHbIH KacuemmepiHe acep emeoi.
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B Kauecmee ucmoYHUKa Hazpesa bblau UCMonb308aHbI 1G3epHOe U 0rimuYecKoe UdnyyeHusa WUpPoKo2o CekmpansHo20
ouanasoHa, codepxicaujue ynempaguosemosyro, 8UOUMYIO U BAUMHIO UHGPAKPACHYo obaacme criekmpa. Uccnedo-
BQHbI 31eMEeHMHbIL COCMAB UCXOOHbIX MAMepuas08 U 8/UAHUE UCXOOHbIX Mamepuasnos Ha 06pa3osaHue ceepxrnposo-
0Aawux ¢has, a Makx#ce Ha Kpumu4ecKue napamempsl c8epxrnposodaueli KepamuKu. YcmaHo8s1eHo, Ymo 8 3as8ucumocmu
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o4epeOdb 8aUAEeM HA Npoyecc 06pa3o08aHUA C8epPXpPo8odAUUX (ha3 u ceolicmea ceepxnposodsuiell KepamuKu.
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AHaAU3 COBPEMEHHbIN NPO2PAMMHbIK 0DECNEYEHUIl
AR UHMEpnpemauud pagapozpamm

*IIIAXATOBA Anus TanzamoseHa, 0okmopa+Hm, shakhatovaa@list.ru,
IMUPFAJINKbI3bI TonKbiH, PhD, doueHm, m_t85@mail.ru,
1Egpasulickuli HayuoHanbHbIG yHUsepcumem um. J1.H. ymunesa, Kazaxcman, 010008, Hyp-CynmaH,

AHHOomayus. B cmamee paccmampusaromcs cospemeHHble cucmemsl Ground Penetrating Radar (GPR), npozpamm-
Hble obecrievyeHus 014 npuema nosaesoli UHpopmayuu u nocmobpabomku, Komopsie MPUBOOAM K MoayYeHU mpex-
MepHbIX Yughpossix Kapm ¢ 2eo2paghuveckoli npussaskol. OcHo8HOU npuHuyun pabomel NpozpaMmmHo20 obecrie4eHus
eeopadapa cocmoum u3 mpex moodyseli: cbop OaHHbIX, MpedsapumenbHas 06pabomkya OaHHbIX U 8U3yanu3ayus 0aH-
HbIX. Bcmamee rnposedeH aHanu3 08yx nornynapHeIX Ha peiHKe KazaxcmaHa npo2pammHsix obecrievyeHuti RADEXPRO
u FEOCKAH. RadExPro —amo 2ubKuli cospemeHHbIl nakem obpabomku, nooxodauwuli 0118 06pabomKu MOPCKUX OGH-
Hbix HR / UHR, 06pabomku 0aHHbIX celicmu4eckux OaHHbIX Ha MesnKkosodbe (pepparyus, ompaxceHue, MASW u VSP),
a makxe 0718 KOHMPOsA Ka4ecmeaa KpynHOMacwmabHbIX OaHHbIX, 8 MOM YUCAE 8 PEXUME PeasbHO20 8peMeHU U
ycKopeHHas obpabomka. [poepamma GeoScan32 npedHa3HayeHa 045 yrnpaesaeHusa npubopom noonosepxHocmHoz2o
30HOUpPOBAHUA (2eopadapom), a makxce 018 nocaedyroweli 06pabomku U usyanusayuu noay4yaemol 8 npoyecce

30HOUPOBAHUSA UHGOPMAUUU.

Knwoueeble cnoea: uHmeprnipemayus padapozpamm, npozpammHoe obecrieueHue, ¢opmam SEG-Y, Radexpro,
Geoskan-32.

BBeaenue

BoABIMIHCTBO MPUAOYKEeHNIT B 004aCTH DAEKTPO-
pas3BeAKN M CelicCMOAOTUM IT0AaraloTcs Ha 00paboTKy
A0 coTeH TepaballT JaHHBIX, U MX IPOM3BOAUTEAD-
HOCTb CUABHO 3aBMCUT OT OIlepanuil BBOAa-BbIBOAA
JAaHHBIX € reopagapa [1].

B Hacrosee Bpemsi MeTO/ 9A€KTpOpa3Be K SIB-
A5€TCs OAHUM M3 CaMBIX PacIpOCTPaHEeHHEIX CIIOCO-
00B AMaTHOCTUKM ¥ MOHUTOPIMHTIA TOPHEIX IIOPOJ Ha
OCHOBE DAeKTPOMarHUTHBIX ITOAeT].

Ceilfyac MpUOPUTETHO OTPACABIO SBASETCS pas-
paboTka mporpaMMHOTO obecriedeHns, KOTOpoe Io-
38041140 OBI CO34aTh NHPOPMAI[MOHHYIO MOAeAb II0
IIOAy4YEeHHBIM JaHHBIM TeopaJapHOro o0cAe 0BaHIs
U BCTPOUTH €e B OCHOBHYIO MOJeAb IIPOTPaMMHOIO
oDecrieueHusI MHTepIIpeTaly AaHHBIX Teopajapa.

OcHOBHOV NPUHIINII TaKOM pabOTHI 3aKAI09aeT-
Csl B HeIIPepLIBHOM ITPUBSI3Ke TeopajapHbIX Ipodu-
el Ha OCHOBE MaTeMaTUYecKOTO MOAeAMpPOBaHUA.
JaHHbI TpUOOP MCIIOAB3YyeTCs BO MHOIMX 004a-
CTsIX, TAaKUX KaK apXeo4orus, OCBOeHIe KOCMoca U
AaXke B T'Pa’kAaHCKOM CTpomTeAnCTse. Ero raasHoe
IIpeuMyIecTBO — Hepa3pyLUIMMOCTh ICCAeAyeMOll
cpeapt. OgHaKO BTO OCTaeTCsl AOPOTrOCTOSANIUM BAO-
>KeHIeM, U KOANYeCTBO MOJeAeli Ha PhIHKe OCTaeTCsI
He6oapmM. CyIecTByIOT reopadapsl, padborarorie
Io-pa3HOMy IIpM cOOpe JaHHBIX, M B ®TOM pabote
UCTI0AB30BaACs O0ImMII pexxuM cMererns. OgHako

XapaKTepUCTUKN pajapa MOKHO M3MEHUTH. DAeK-
TpOMarHUTHBIE CBOJCTBa IIOYBHI I LIeHTpaAbHas pa-
Oogast yacToTa MOTYT YMEHBIIATh MAV YBeAUIMBaTh
MaKCHMaABHYIO TAyOMHY uccaejoBanms. /ecTsu-
TeABHO, YeM BBIIIIe DTA YaCTOTa, TEM MEHbIIlEe MaK-
cuMaabHasl TAyOuHa mccaeAosanns. Hama raasnas
3agada — CIIOCOOCTBOBATh MAEHTU(MVKALINY, IIyTeM
aJeKBaTHOV 00pabOTKM J4aHHBIX U BEIOOpa ITOAXOA-
IIIeTO IIPOTPaMMHOTIO oOecriedeHts, 0ObeKTOB, CKPbI-
BaIOIIMXCS 104, 3eMAe.

MupoBoit pBIHOK reopalapHOTO OOOPYAOBaHI
oueHsb pacmmper. Hanbosee nmomyaspHeIii reopasap
B Kasaxcrane — 910 OKO-2. OTOT Mpndop Hauaa pas-
pabareiBarnea emje B 90-x rogax mpomiaoro eka. B
HaCTOsIIIee BpeM:I BBIITyCKaIOTCS A€CSITKU pa3HOBUA-
Hoctelt OKO-2 — 245 aBTOAOPOT, A5 JKeAe3HBIX 40-
POT, 4451 ITIOMCKa KOMMYHUKAINIA, 415 00CAeA0BaHIL
34aHNUII U COOPYKEHNI, AAs apXe€OAOIUM, AAsl IeO-
AOTUN, AASl CAYXKO Upe3BBIUAIHBIX CUTyaIuii u 6es-
OIIaCHOCTH, YHUBEpCaAbHbIE MOAEAV CO CMEHHBIMU
aHTeHHbIMU 610KaM1. /451 00pabOTKM «CBIPBIX» JaH-
HBIX TeOpaJapHOI CheMKU MCIIOAb3YeTCs CIeIalb-
HOe IIporpaMMHOe oOecrredeHre. OHO ObIBaeT yHMU-
BepcaAbHBIM, KOTOPOE MOKET MCIIOAb30BaThCS AAS
pasHBIX Mogeaelt ipubopos, HanpuMep, RadexPro.
YHUKaapHOE IIpOTpaMMHOe oDecrieueHne oAX0AUT
TO/BKO 4451 OAHOI MOAeAu TpuOopos. Aas reopasa-
pos OKO-2 n nosoit moanduxannm OKO-3 ncroas-
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syerca 11O Geoscan 32. OHO umeeT yA00HBII U I1O-
HATHBIN nHTepgdeiic Ha pycckoMm ssbike. Jas Geoscan
32 BBHIIYIIIEHO MHOXKECTBO BUAEOMHCTPYKITUIL 110 00-
paboTKe AaHHBIX reOpajapHOil CHeMKI.

B mpomnecce 06paboTku AaHHBIX reopadapHOI
CheMKIU YacTO WCIOAb3YeTCs BCTPOEHHBIN Habop
JuarTpoB ¢ PUKCHPOBAHHBIMU IIapaMeTpaMM, 4TO
3HauUMTeABHO TIpome Aas ocsoeHns Geoscan Heo-
IIBITHRIMU ITOAB30BaTeAsasMu. C IOMOIIIBIO TaKO¥ Bep-
cun Geoscan 32 moAy4aiOT JaHHBIE IIPSIMO «B IIOAE»
0es kamepaabHOIT 0OpabOTKM, HaIpuMep, IIpU IIO-
UCKe U KapTUPOBaHMUM IIOA3€MHBIX KOMMYHMKAIIUI
C IOMOIIBIO CHelnaabHOM Bepcun reopagapa OKO
—T'eoKapr.

/A5 OIIBITHBIX TTOAb30BaTeAel reopagapa OKO-
2 nporpammHOoe obecriedenne Geoscan32 1o3soasieT
rmOKO HacTpamBaTh MpUMeHeHNe Pa3ANIHBIX (PUAb-
TPOB I PESKIMOB A5 00pabOTKI pajaporpaMM.

OO6Gsop 00pabOTKM JaHHBIX, MOAYYEHHDBIX
c reopaaapos Ha ocHOBe ¢popMmaTa SEG-Y

OcHoBHOII HIpuHOUI PpaboOThl IIPOrPAMMHOTO
obecrieueHns reopadapa COCTOUT U3 TpeX MOAY-
aeit: cOOp JAaHHBIX, IpeaBapuTeAbHas OOpaboTKa
JAAHHBIX U BU3yaAM3allis AaHHBIX. Bce Moayau B3a-
UMOAENCTBYIOT 4Yepe3 0a3y AaHHBIX, LIEHTPAABHYIO
TOUKY B apXUTEKType CucTeMbl. JaHHble MOAEANPO-
BaHVI VAU U3MEPEeHMII XpaHsTcs B 0ase AaHHBIX B
HeoOpaboTaHHOM ¢gopmare. 3aTeM MOAYAb IIpeaBa-
puTeabHOIT 00pabOTKM IIpeoOpasyeT UX AAd BU3ya-
Anzanyu. MoAyap BU3yaAu3alny IOKa3bplBaeT 104b-
30BaTeAlO IIpeABapUTeAbHO 0OpaOOTaHHLIE JaHHBIE
C IIOMOIIIBIO TpexMepHoI rpaduku. Busyaansarus
SIBASIETCSL AVHAMUYECKON (BU3yaAM3alysl AAHHBIX
U3MEHsIeTCs BO BpeMeHM) M II03BOAsieT HaOAIAaTh
HECKOABKO CBOVICTB ITpoIlecca — OCHOBHBIE ITOKa3are-
AU DAEKTPOPA3BEAKM U T. 4.

JanHble, coOpaHHbIe BO BpeMsl aKTUBHBIX U I1ac-
CMBHBIX CeIICMMYECKIX MCCAeAO0BaHMUIL, MOIYT Xpa-
HUTBCSL BO MHOIMX Pa3AMYHBIX, DOJee MAU MeHee
crangapTHelx, popmarax. OgHMM U3 CaMBIX IIOILy-
AapHBIX sABagercs popmaTr SEG-Y, pazpaboraHHBIN
¢ 1975 roga aas xpaHeHM:SI OAHOIIOAOCHBIX ITU(PPO-
BBIX CEJICMMYECKNX AAHHBIX Ha MAarHUTHBIX A€HTaXx,
a Telepb BOAIOIIVIOHUPOBABIINIL AASL VX XPaHEHIs
Ha >KeCTKIX AVICKax U Apyrux Hocuteasx. K coxaze-
HUIO, MHOTAA (aiiAbl, 3asBA€HHbIe KaK 3allliCaHHBIe
B popmare SEG-Y, He MOTyT OBITE OOpabOTaHEI C TIO-

MOIIIBIO AOCTYITHBIX O€CIIIaTHBIX MAY IIPOMBIIILAEH-
HBIX ITaKeTOB [2].

CpaBHUTEeALHDIN aHaans RADEXPRO
uI'EOCKAH

B aanHOI cTathe OyJeT mpoBedeH aHAAU3 ABYX
IOy ASIPHBIX Ha pbIHKe Kazaxacra mporpaMMHBIX
obecrreuennit RADEXPRO u TEOCKAH.

RadExPro — »T0 THMOKMII COBpeMEHHBIN ITaKeT
00paboTKM, ITOAXOASIINIL AA51 OOPabOTKU MOPCKIUX
Aanabix HR / UHR, obpaboTku gaHHBIX celicMIrde-
CKIX JaHHBIX Ha MeAKOBOAbe (pedpakius, oTpaxke-
Hre, MASW u VSP), a Takxe 4451 KOHTpOAs KayecTBa
KpyITHOMAacCIITaOHBIX AaHHBIX, B TOM YJICAE B pe>XKIMe
peaabHOTO BpeMeH! I yCKOpeHHas: 00paloTKa.

IIporpamma RadExPro sapoauaace B 1992 roay
Ha reoaormyeckoM ¢axyasrere MI'Y mm. M.B. Jo-
MOHOCOBa, a 3aTeM Oblla IepejaHa KOMIIaHUN BMe-
CTe C ee NepBOHAaYaABHBIMU aBTOpamu. VIsHauaabHO
RadExPro akrtusHO mpogasazcst B Poccnu u cTpanax
onisirero Coserckoro Coro3a, a ¢ 2004 roga goctyneH
1o sceMy mupy. B 2010 rogy koMmnanus 3asBnuaa, 4To
pogaza 6oaee 400 annensnit 1o scemy Mupy [3].

RadExPro moAHOCTBIO IOAXOAUT AAS IOCTpPOE-
HIUS U300paskeHMi HerAyOOKMX CTPYKTyp HIpHU Ha-
3eMHBIX CelicMMUYecKux mccaegoBanusix 2D u 3D c¢
MCII0AB30BaHMEM AI00O0ro TUIla MCTOYHUKA — Iaje-
HU IPy3a, IIyIIeK, BUOpOCeicCMIIEeCKIX arIapaToB
U APYTUX.

Habop A0CTYITHBIX aATOPUTMOB BKAIOYAET pacyeT
cratuku pedppaxiuy; Kpusast annvs CDP 6naHNMHTa;
AaATOPUTMBI IIOJaBA€HUs AVMHEITHOTO M CAy4aliHOTO
mryma, Bkaodast 3D-¢uastpsr; I'CC; gexonsoaonm;
aBTOMaTHM4ecKye IPOrpaMMBbl CTaTUKN; MHTEPaKTUB-
HBIVI CKOPOCTHON aHaAM3; TOPU30HTAALHbIV CKOPOCT-
HOJI aHaAM3; MUTPaluN A0 U IIOCA€e CTeKa.

ITporpamma GeoScan32 mnpejHasHaueHa AAs
yIIpaBAeHy:s IpUOOPOM IIOAIIOBEPXHOCTHOTO 30HAU-
poBaHus (reopagapoM), a TakxKe A4s IOCAeAyIOIeit
00paboTKM 1 BU3yaAU3aIiniy, I10AyJ9aeMoili B IIporiec-
ce 30HAMPOBaHIA NH(POPMAIINI.

IIporpamma mosBoaserT:

- 3aIICHIBATDh JaHHBIE OT reopajapa B paiil;

- IPOM3BOANTH pacledaTKy palaporpaMM;

- DKCIIOPTUPOBaTh (PaiiAbl B APyTHe IpOrpaMMBbI
0OpaboTku;

- IIPOBOAUTH ITOCAOIHYIO 00paboTKYy;

- IpeACTaBAATh daHHBIe B 3D ¢popmare;

Optional | 32200 [400  [1 3200 N™ 3200
128 byte| byte byte  [byte byte
SEG-Y | Textual |Binary |Extended Extended
Tape |File File = [Textual Textual
Label | Header | Header [File File
Header Header
(Optional) Optional

1 or more | 1% 1ormore | M"  |Data

240 byte Data 240 byte Data |Trailer

Trace1 | Trace Trace M | Trace |1 or more

Headers Headers 3200 byte
records
(Optional)

PucyHok 1 — CTpyKTypa 6aitiToBoro notoka ¢aina SEG-Y ¢ N 3anmMcamu pacluiMpeHHOro TEKCTOBOro 3aro/ioBKa

daiina n M TpaccupoBKamm 3anucu
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PucyHok 3 — O6paboTka aaHHbIX B Geoskan32

- IPUMEHSTD
odpopMaeHIS;
- IPOU3BOAUTH 0OpabOTKy aiiaos 1 T.A.

IIBETHbIE MaAUTPBI

Aast

3akaioueHne

ITpu oOpaboTKe 1 MHTEPIIPETaL NN 4aHHBIX C T€O-
pasapos Hauboee MOy AsIpHBIE IIaKeTH 00paboTKI
GeoScan 32 n RadExplorer 1.4. Cymnocts 00paboT-

KI Te0paa0A0KaIIMIOHHBIX JaHHBIX COCTOUT IpeXKae
BCEIO B BBIAEAEHUN IT0Ae3HOro CurHasla (oceil CuH-
(JasHOCTETI 1T0A€3HBIX BOAH) Ha (POHE ITOMeX I IITyMa.
A 3aTeM y>Ke IT0A€3HBIE BOAHBI, MIX OCU CUH(A3HOCTH,
aMILAUTYABL, YaCTOTHBII COCTaB, OOIIUII BI/, 3aIlVICU
U T.A. UCIIOAB3YIOTCA AAsl TIOAy4eHMsl ITapaMeTpoB
cpeAbl. /A5 BblAeAeHs TI0A€3HBIX CUTHAAO0B MCIIOAb-

3YIOT OTAMYME X XapaKTepUCTUK OT COOTBETCTBYIO-
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IMMX XapaKTepUCTUK IIIyMa ¥ BOJAH-TIOMEX. Ormpa—
SICb Ha DTU OTAMYMA, C IIOMOIIBIO paSH006paBHI)IX
npnueMosB npeo6paaoBaHI/m CHTHaA0B, BOAHBI-IIOMeE-

CuctemHble TpeboBaHusa K NO [4]

GeoScan32

X CTaparoTcst OCAa6I/ITI), yA4aAnUTb C 3allICU AN XOT:L
OBI OIIO3HATh UX Ha 3aIIVICU U He IIpVMHMMAaTh 3a I10-

/e3Hble BOAHBI.

RadExPro

Mpoueccop — nporpamma GeoScan32 paboTaeT Ha nep-
COHa/IbHbIX KOMMblOTEPAX € Npoueccopom Intel x86 nam
COBMECTUMbIM C HUM Mpu paboyel YactoTe He MeHee
1500Mru,. O3Y — HeobxogMmo He meHee 512M6 (xena-
TenbHo 476). Buaeokapta — He meHee 256M6 suaeo O3Y.
MN3Y — oA xpaHeHuA [AHHbIX }KenatebHO Haanume go 1
6 cBOBOAHOrO MecTa Ha AUCKE Ha KaxKAapbli Yac paboTbl.
MopTbl — ynpasieHne reopaiapom MOMKET OCYLLLEeCT-
BNATbCA Yepes nopt Ethernet 100 M6uT nam WiFi. One-
paLMOHHasa cuctema — pabota nporpammbl GeoScan32
BO3MOXHa Moz, ynpaBieHNnem onepaLmoHHbIX CUCTEM
Windows 7, Windows 8, Windows 10.

MwuHUManbHble TpeboBaHuUA

npoueccop Pentium™ 4 u Bbiwe,

OC MS Windows 98/Me/NT4/2000/XP,

256 Mb RAM un 6onblue,

MoHuTOp SVGA 1 nyyue,

30 Mb cBobogHOro mecTa Ha gucke aaa ¢paiinos
nporpammbl

PEKOMEHAYEMbIE CUCTEMHbIE TPEEOBAHWUA:
npoueccop Core 2 Duo;

1 GB onepaTuBHOM NamaTy;

OC MS Windows XP nau 2000;

MOHUTOP pa3peweHnem 1280x1024
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AHOamna. MaKkanada 2eozpaghusnbiK aHbIKmamacs! bap yuwenwemoi yugpaslik Kapmanapobl anyra akeaemi, 0ana-
/IbIK aKnapammesl Kabbindayra #aHe eHoeyoeH KeliiHei 3amaHayu Ground Penetrating Radar (GPR) »ylienepi manksina-
Haodbl. GPR 6ardapaamasnsiKk KOMMAMACI3 emyiHiH Hezi32i #(ymMbIC NpuHYUni yw moodynb0eH mypadsl: Manimemmepoi
HUHQAy, Manimemmepdi andbiH ana eHoey #aHe ManimemmepOoi susyanudayusanay. Makanada Kazakhstan HapbiFeIHOG
eki maHeiman RADEXPRO waHe GEOSKAN 6ardapaamarnsik KAMMAamMacsi3 emynepi mandaHobl. RadExPro — 6yn meHis-
0eai HR / UHR depekmepiH eHOeyae, masAs cy celicMukanslk 0epekmepdi eHOeyae (pegppakuyus, warbiasicy, MASW xcaHe
VSP) waHe HaKmMbl yaKbimmel KOca anfaHod, 0epekmepoiH KeH ayKbiMObl OAKblAaybIHAG APHAAFAH UKeMOi, 3aMaHayu
eHOey nakemi waHe xedendeminzeH emoey. GeoScan32 6aroapaAMAckl ¥ep acmeol 0blbbIC WbIFAPAMbIH KYPbIAFbIHbI
(GPR) 6ackapyra, coHbiMeH Kamap 0blbbic bepy npoueciHoe asabiHFaH aknapammel KeliiH eHOeyze #aHe 8u3yanu3ayu-
AFA APHASFAH.

Kinm ce30ep: padapozpammaHsl myciHOipy, 6ar0apaamansiK Kammamacsiz emy, SEG-Y ¢popmamel, Radexpro, Geoskan

32.
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Analysis of Modern Software for Interpreting Radarograms
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Abstract. The article discusses modern Ground Penetrating Radar (GPR) systems, software for receiving field information
and post-processing, which leads to obtaining three-dimensional digital maps with geographic reference. The basic
principle of operation of the GPR software consists of three modules: data collection, data preprocessing and data
visualization. The article analyzes two popular software RADEXPRO and GEOSKAN on the Kazakhstan market. RadExPro
is a flexible, state-of-the-art processing package suitable for processing marine HR / UHR data, shallow water seismic
data processing (refraction, reflection, MASW and VSP), and large-scale data quality control, including real-time and
accelerated treatment. The GeoScan32 program is designed to control the subsurface sounding device (GPR), as well as
for the subsequent processing and visualization of the information obtained during the sounding process.

Keywords: interpretation of radarograms, software, SEG-Y format, Radexpro, Geoskan-32.
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AHOamna. Mymbicma ycbIHbIC McylienepiHiH Hezi32i anzopummoepi cunammasnsaH. ¥cbIHbIMOAPFa Ma3myHOb! bara
bepinedi, amanraH adicmepdin apKalicbICbIHbIH APMBbIKWbIALIKMAPbI MeH KeMuwinikmepi cunammanaodsl. benzini 6ip
YCbIHbIC MCylienepiH nalidanaHamelH Kbiamemmepae wosy xacanaosl. benezini 6ip Kbiamemmepoeai ycbiHbIC Hylie-
NepiHiH, #YyMbICbIHG Manaday #acanaosl. epekmepoi manday HeziziHOe yCbiIHbIC MCylienepiH ¥obanay anzopumm-

Odepi Oe KapacmebipbliFaH.

Kinm ce3dep: ycoiHbic Heylie, ycoiHbIMOap, Koaaabopamuemi cy3einey, item-based, user-based, KoHmMeHm HeziziHoe
cy3einey, 6inim HeaiziHOe cy3y, 2ubpudmiK ycbiHbIC Hcylienepi.

Kipicmre

bi3 MaTepmaaAbIK >KoHe aKITapaTTHIK MOAIIBLABIK
yaKBITBIHAA eMip cypint >kaTeipmbr3. COHABIKTaH 0i3
KYH calibIH TaHJay >KacaliMbl3 >KoHe Keeci cypaxTap-
ABI KOSMBI3: MEH KaHAall KaMepa, KiTarl, KiiM caThII
azampiH? basasapblHbBI3Fa KaHAai 0iaiM TaHAay Ke-
pex? JdemaavicKa Karija Oapy kepek? Kangait kimHO
Kepyre 001a4bI?

Hotiokecinge, 6i3 mremiM kaOblagayra KOMeK-
TeceTiH >KeKe YChIHBICTAap Oepe alaThiH Oardapaama
TypaAasl oii1aablk. MyHAail 6argapaama YIOiH aAro-
PUTM KYPY YCBIHBIC XXYlieAepiH a3ipaAeyMeH aliHaAbI-
caThlH aliMaKThIH OacTel MiHAETi OOABII TaObLAAABL.
A2 xyiieHiH MaKcaTsl — IalijalaHyIIblAapAbIH YAa-
KeH TOOBIH KOA KeTiMAi aKIapaTIieH >KoHe >KOFaphl
carabl YCBIHBICTApMEH KaMTaMachl3 eTy.

KubinapiKTapra KapaMacTaH, YCBIHBIC XKylieaepi
SKMBIPMa-OTBI3 Kb/ OYPBIH aAFallKel aliga O0AfaH-
HaH Oepi OeaceHai AambIn Keaeai. MyHgai aaro-
pUTMAEPAIH ayKbIMBI ©Te KeH. byrinri kyni oaap-
ABL >KBIAKBIMAMTBIH MYAIK, Kap>Kbl, DA€KTPOHMKa,
puarmaep, Kitanrap, My3blKa >KaHaABIKTaphl SKoHe
T.0. casazapga Kesgecripyre 0oaaspr. Crarmcruka
OoripHIIIa Amazon.com Oip Kbl4 iITiHAe mamMameH 5
MApJ TpaH3aKLILI JKacalalsl, ald OlapAbIH IlIaMaMeH
30% yceiHBIMAapAaH Keaedi. Ocplaaiiina, ITaMaMeH
125 man Gip aifga caTBIIl aAy YCBIHBICTAp apKbLABI
JKY3ere achIpblAaAbL.

Y cBIHBIC XYlleaepiH KOAAaHATBIH CEPBUCTEP

byrinri TaHaa GapabIK Aepaik ipi KbI3MeTTepAiH
YCBIHBIC XXYyliteaepi 6ap, MbICAABL:

Amazon.com Bya tayapaapasl catyra apHaaraH
eH ipi oHaaltH 1aTdpopMasapabs Oipi. Amazon.com
CepBICi HeTi3ri MapKeTUHITIK KypaAa peTiHAe YChIHBIC
Kyleaepin koadaHagpl. Ilaligasanyiiblaapra skeke
YCBIHBICTap, COHAAl-aK OJap¥a TOABIKTBIPYAap YCbI-
HbLAaabl. bya xameHnrtrepai GipHemre caThlll aayra

bIHTaZaHABIPaABl, OCBLAAiINa ITalijalaHyIIblLlapra
KeIlTereH Oacka TayapJapAbl i3Jeyre KOIl yaKbIT
JKyMcay¥a Typa KeaAMelidi, aa AYKeH 3 caThlAbIMAa-
PBIH apTThIpasnl. Erep marigasaHynnsl e3iHe KakeT
OHIMAI caThII aAca, OipaK OFaH YCBIHBIAFAH KOCBIM-
IIIa TTO3UIMAAApPABl CaTBIII aaMaca, YCBIHBIC XKylie-
Aepi OHBI KelliHipeK >Keke >KapHaMaAabIK XaOapaama
apKbBLABI €CKe TyCipe alaabl.

imdb.com Dbya KpI3MeT oaemJeri eH yaKeH
Juarmaep Hazacsl, OHAA MalialaHyIIbIAap PUABM-
AepAi oH 0aa4ABIK IIKaAa OoVIbIHIIIa OaFaaaii adalbl.
CogaaH keifin Oarasap MacmTadTalaAbl KoHe PUABM-
re opramia 6aaa Oepiaeai, 6ya GpuAbMHIH peiTUHTI.
Caifrra naitgasaHyIsl KoiFad Oaralay HeriziHae Ka-
ABITITacaTHIH TalijalaHyIIbIFa apHaAFaH YCHIHBICTAP
Gap.

Last.fm by onzaiH My3bIKa ThIHAQY KBI3METi 03
IarijalaHyInblAapblHa OCBl KOAAAHYIIbIFA YHANTBIH
MY3bIKaHbI TaaAall OTBIPHIIL, >KaHa KOMIIO3ULAAAP
MeH aAb0OMAapABl YCHIHAABL.

Facebook by azeymertik >xeai maiigaaaHyIIrst
MEeH OHBIH AOCTaphl TypaAbl aKIapaTThl TaAAailgbl
JKOHe a/bIHFaH aKIapaT HeridiHge IailjajaHyIIIbIFa
IarijalaHyInsl TaHbIC ©OAYBI MYMKIH HeMece OHBI
KBIBBIKTBIPYBI MYMKiH OaliZaHbICTap Ti3iMiH yCBIHa-
Apl. CoHgall-aK, 91eyMeTTiK KeAi MaligaaaHyIIbIHbIH
>KaHa/AbIKTap apHachlHa OCHI IaiijaaHyIIbl KaparaH
aKIlapaT Heri3iHge OHBI KBI3BIKTHIPYBI MYMKIH >KaHa-
ABIKTap ITOCTTapPBIH KOCAABI.

Netflix by kp13mer Oerite puabmaep MeH cepu-
aajapapl Kapay KbI3MeTTepiH ychiHaAbl. Kommanms
aAfallIKbl ipi aImbelK >KapbIcTapAblH OipiH ©TKi3ai,
oHza xarsicymbiaapra Netflix-re OypreiHHan Oap
YCBIHBIC JKYTIeCiH >KaKcapTy YCBIHBLAABL bacTsl >xya-
Ae — >KeHiMIIa3 d3ipJereH YCBIHBIC KYIeCiH eHiMAi
narigasany sxoHe $ 1000000 Goaasr. bya >xapsic
FBIABIMM KOFaMAACTBIKTBIH YAKEH KBI3BIFYIITBLABIFBIH

TYABIPABIL.



Google, Yandex, Mail.Ru YchIHBLAFaH KbI3MET-
Tep COHBIMEH KaTap IlaligadaHyIlIblAapFa MakcaT-
TBI (TapreTTaAfaH) >KapHamMadapAbl YCbIHa OTBIPBIII,
YCBIHBIC JKYileAepiH mHaligadaHaabl. [3aey Kplamer-
Tepi YCHIHBICTap >KacaliAbl, COHBIH HerisiHAe oaap
KAUEHTTEePAIH CYpaHBICEI OOIIBIHIA YCBHIHBICTAPABI
capadaligbl. YCBIHBIC HEFYPABIM >KaKChl CaAbIHCa,
0yA marijalaHyIIbl COFYPABIM KBI3METKe KOIl aKIla
oKeaeAi.

YcpIHBIC KYIieci eHrisiareH opOip KBI3METTiH
©3iHAIK epeKIIeairi Gap, OHBIH HeTi3iHAe YCBIHBICTAp
>Kacadaapl, Oipak op YCBIHBIC KYifeCiHiH MakKcaThl
rajiZalaHyIblFa KBIBBIKTEL 004aThIH OOBekTizepai
0oxay 6OAbII TabbLAaABL.

¥cobIHbIC XYVieaepiHiH Typaepi

YcbIHBIC )KYTieciHiH TYPiH TaHAay YChIHBICTap >Ka-
Ca/aThlH KBI3METTIH epeKIIeirine 6aiiAaHbICTHI, COH-
ABIKTaH TaKbIPBIIT CaJachl IIEHIYII pea aTKapaabl.
Keiibip caiiTTap yIIiH YCBIHBLAFaH YCBIHBICTapABIH
A94Airi MeH cartacsl MaHBI3AbL, al OacKaJapsl YIIiH
— JKYMBIC >KblAAaMABIFbIH KaMTaMachl3 eTy, KOIlTereH
naligaaaHymislaapAsl Koagay. CoHaali-ak, KeI Hapce
MOJeAbAi icke achIpyAbIH PYKcaT eTiAreH Kypaeaili-
riHe Oaif1aHBICTHI, OMITKEHI JaMy IIBIFBIHAAPHI OyFaH
Tikeaer 0aaAaHbICThI 00AaAbl.

Paszpen «<ABTOMaTunKa. JHepreTuKa. YnpasneHve» W

Giprerme Taciagepi H6ap [2] (cyper):

OpuHe, OChl TYpAePAiH 9PKalCBHICHIHBIH ©3iHAIK
apTHIKIIBLABIKTapbl MeH KeMImidikTepi Oap. OpOip
TUITEri YCBIHBICTApABIH CarlachblH CaABICTHIPY VIiH
3eprrey Kyprizoecren, Oeariai Oip >kargaiiga KaHaai
TYPAiH ©3iH >KaKchl KOPCeTeTiHiH HaKThl aiiTy MyM-
KiH emec.

Opi Kapail, YCBIHEIC >KYyliedepiHiH op TypiH

KapacThIpaMBbI3.
Collaborative filtering (xoaaabGopaTuBTik
¢uabpTpams).  KoazabopaTtusTik — puasTpanst

TepMUHI aAfall peT KOPHOPaTUBTI IIOIITaHBLI Cy3y
yIIiH KypblaraH Tapestry aaramikbl KOMMepPIIMABIK,
YCBIHBIC JKYMeci aschlHAa alThlAABL. YCBIHBIC KYIi-
eaepiniy Oya Typi Oacka mHalidalaHyIIbLAapABIH
Oaraaaybl HemMece CaThIIl aAybl HeTi3iHAe YCBHIHBICTap
yceiHaAbl. bipaeckeH cysy maligaaaHyliblaap Typa-
ABI >XK9He OCHl MaligalaHyIubliap OaralaraH ©HIM-
Aep Typaabl XMHaAFaH aKklapaTka HeTizgeareH. Ocbl
MaJiMeTTep HeTidiHge MaTpuiia Kypbldadbl, OHBI
94eTTe user-item matrix gem aTaiigbl, 04 YCBIHBIC
KylifeaepiHiH OCBI TYpiHiH Herisri 941emMeHTi OOABIII
TabblaaAbl. bya MaTpuiiaHelH >KoAJdaphl Iaiijada-
HyIIbLAapABl Oiagipeai, Garangap HbICaHAApP OOABII
TabbLAaABI JKoHEe 0JapABbIH KMBLABICEIHAA i Taiijada-
HYIIBI OOBEKTire opHaTKaH Oara KObLAabl.

byrinri TanAa yChIHBICTapABI KaABIITaCTHIPYABIH MyHpaait  MaTpuIlaHBIH —~ MbIcaabl  1-KecTege
¥ CBIHBIC
Kywhenepi
KomnabopaTusTi KonteHTTI Binimre
¢$unpTpanys ¢unbTpanys HeTi3[IeNTeH
1tem-based
user-based
YCbIHbIC }KylienepiHiH, Typaepi
1-Kecrte — User-item maTpuLacbIHbIH, Mbicabl
O6bekTinep
MNaiiganaHywbi Item 1 Item 2 Item 3 Item n
User 1 2 3 - 5
User 2 3 4 3 -
User 3 3 2 - 3
Usern 1 - 5 4
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KeATipiareH:

Krickarra aifTkaHga, K0A41aOOpaTUBTIK PUABTpa-
LIVIST aATOPUTMIH €Ki opeKeTTe curarrayra 60aaAbL:

1. ©Op maiigasanymsl (oObeKkTiZep) yuiiH Oacka
narijadaHyisilap (oO0beKkTizep) Oepiaren maiigada-
HYIIbLapFa KaHIaABIKTH YKcac eKeHiH Tady.

2. backa maitgadaHymsiaapAbiH (0ObekTiaepain)
Garazaysl OOJIBIHIIIA, OCHl OOBEKTire HEFYPABIM VK-
cac maiigaJaHyIIslAapAblH (oObekTiaepain) mikipin
kebipeKk eckepe OTHIPHIN, IalijalaHyIIbl KaHAal
Oara OGepertinin 60aKay.

«¥Kcac» IaiijajaHylisiaap Hemece OObeKTiaep
JeTl HeHi KapacThIpy KepeK JereH cypak Kaadaabl.
ITarigasanymisiaapasly HeMece OOBeKTiAepAiH VK-
CaCTHIK ©AIeMiH ecemTey YIIIiH KOAAaHbLAATBIH Oip-
Hemle agic Oap. Aaalija, KeIl >KarJailga user-item
MaTpullachkl HeTi3iHAe YKCacTBhIK MaTpullackl HeMece
similarity matrix Kypsraaasr.

Aiita KeTy Kepek, K0a141abopaTUBTIK (PuAbTpa-
LIVST TaFbl eKi OarbITKa OeiHei: MalidaAaHyIIbI-HeTi3
JKoHe D/AeMeHT-Heri3, 0Aap/bIH 9pKalChIChIHAA YKCa-
CTBIK MaTpUIIACBIH ecellTeyre ©3iHAIK Ke3Kapac Oap
[1].

User-based. Ataysinaa TypraHaait 0y Typ ykcac
narijadaHyIsL1apAsl Tabyra Herizgeared. Ocsl 1oa-
TUII KOAJaHFaH Ke3je Oip MaligaAaHyIIbIHBIH €KiH-
IIiciHe YKCayBIHBIH MoHI €Ki KOAJaHyIIbsl OaralaraH
oObeKTiZep HeriziHge ecerrresei [4].

Item-based. bya 1ypai maitgaszany KesiHge exi
00BeKTiHIH YKCaCTBIK ©AIIeMi KOA4aHblAaAbl, 04 Ca-
ABICTHIPBLAATHIH €Ki HBICAaHABI Aa OaralaraH Iajijada-
HyIIbLAapJaH O0beKTiaepai Oaraaay HeriziHAe ecerl-
TeaeAl (2-kecre) [5]:

Koaaabopatustik ¢puasTpanms a4iciH KoadaHa
OTHIPHIN, OoAKaMAapAbl KYpy KesiHAe YCBIHBICTAp
>KYJieHiH OapABIK KaTBICYIIBLAapBIHAH aKIapaT >KU-
HaJAfaHbIHa KapamacTaH, 9p MHaligadaHyIIbl YIIIiH
JKeKe >Kacalaapbl.

KoazaabopaTtusTrik uasrpanusa apKBLABI
KYPBLAFaH YCBIHBIC JKYlieAepiHiH apThIKIIBLABIKTaPhI:

- XKozapvr dardix

- Kapanaiioim icke acvipy. bya Tecia eTe xapama-
MBIM JKOoHE Te3 JKy3ere achIpbLAyBl MYMKiH, Oipax
COFaH KapaMacTaH 01 00/AKaMAapAblH >KOFaphl 491-
Airin Gepe azaabr.

- Taciadiny  xozapor  ambedbanmuievl. Koazabopa-
TUBTIK PpUABTpansl a4ici ey ambebarr Tacia 604bII
TaOblaaAbl, OMTKEHI 01 06"beKTi/lep MeH II9HAIK ail-
Mak TypaAabl ellKaHAall aKIapaTThl KaskeT eTIeai.

JKyitenin Oya Typiniy 6acTsl Kemiriiri — «CybIK
Oacray» Maceaeci, Oya KpI3MeTTiH OacblHAa Iaiijala-
HYIIbL1ap HeMece OOBEKTiAep Typaabl aKIIapaTThIH
0oaMaysl.

YcoHBIC CKyitedepiH Kypy YIIH Koaaabopa-
TUBTIK (uabTpanus KoAjJaHATHIH KBI3METTEp -—
Netflix, MovieLens.

Content base (KoHTeHTKe Heri3geareH).
Content-base ycoHbIc Xylieaepi Geariai Oip enim
Typaabl >KMHaAFaH akKlapaT Heri3iHge yCbhIHBICTap
ycbiHaAbl. OChbl TUITET! YCBIHBICTAp TaKbIPBIIITAp TY-
paasl 0iaiMAl KOAJaHaABl >KoHE OCHI OOBeKTiaepAi
IarijalaHyInbLAapAbly OarasapbiH eaeMerigi. Kipic
aKnapar peTiHje >Kylieaep KapacThIPhLABII OThIpFaH
0o0BbeKTiZAepain KacueTTepin naijasaHaasl, MbICAAbL,
eHAipy1i, aBTOp, >KaHp >KoHe T.0. [8].

bya Teciaain KO/l/la60paTI/IBTiK (l)I/IAI)TpaLU/ISIAaH
albIPMaIbLABIFDL, 6¥A KardaiJa IlaiJalaHyInbl-
AapaaH oObeKTiAepai OaraaayAbl cypay TaJall eTia-
Metiai. Ocplaaliiila, MasMyHFa Heri3JeAreH YCBIHBIC
KylieAepiH KOA4aHa OTHIPBIIL, JKaHa, OeriTaHbIC TA-
JazaHyIIblAapFa YCBIHBICTap JKacayra 6041aabl, oaap-
ABIH KOMeTIMeH >KaHa MNaiijalaHyllbldap TapTblaa-
ABI, COHBIMEH KaTap 94i OarasaHOaraH HbICAaHAAPABI
yChIHy¥a 004245l

Content-base
apTHIKIIBLABIKTaPhI:

- XKana natidaranyuiviea ycoinvic xKacay MymKinoici

- XKana noicarndapdvt yeviry mymxindizi

YcpIHBIC XXYliteaepiniH Oya Ty piHiH KeMImiAikTepi:

- Tomen dardix. Bya Typi maiigasaHymibiaapAbiH
o0BbeKTiZep Typaasl HiKipiH eckepMmereHAiKTeH, Oya
O/ap¥a KBI3BIKTBI eMeC OOBeKTiAepAl YChIHYFa 9KeAyi
MYMKIiH >KoHe OyA ©3 Ke3eriHje KeIlTereH Iaiijasla-
HYIIIBLAapABl KOPKBITYBI MYMKiH.

- OsipAey yaxvbimbvl XKoz2apvl. O3ipAey yaKbITBI ap-
TBIII Keleal, ce0ebi oObeKTiAep Typaasl MoaaiMeT-
Tepai >kuHay KaxeT. bya acipece mHTepHeT-AyKeH-
Aep >KarjailblHJa KUBIH OOAYBI MYMKiH, ©JTKeHi
04apAblH OHIMJepi 9pTypai IIPHAIK aiMaKTrapAaH
MYA4€M TBIC OOAYBI MYMKIiH.

MasMmyHra HerizgeareH eH OeAceHAI YCBIHBIC
Kylieaepi MOTIHAIK Ky>KaTTapAbl YChIHY YIIiH KOA-
AaHblaaabl. Mreicaanl, Prismatic >keHe OHBIH peceii-
ik apinTeci Surfingbird cusAKTBE KbI3MeTTEp YCBHI-
HBIMAApPABIH OCBI TYPiH KOA4aHaAbI.

Knowledge-based (Giaimre Herizaearen).
bypromn Content — base Tumreri yChIHBIC Xylieaepi
knowledge-based ycpHBIC XYlieaepiHiH epekxiie

YCBIHBIC XylieaepiHiyg

2-KkecTe — O6beKTINepaiH YKCACTbIFbIH ecenTtey Mbicasibl

Item 1 Item 2 Item 3 Itemn
User 1 2 3 - 5
User 2 3 4 3 4
User 3 3 2 - 3
User n 1 - 5 4




>Karanbl peTiHAe epeKIIeAeHeTiHIH Xl Ke34eCTipy-
re 604a4pl, alailja KOHTEHTKE HeTi3AeATeH YCBIHBIC
JKylieAepi COHINAABIKTBI TaHBIMaA OO/AFaHABIKTAH
o/1ap XeKe TYp peTiHAe KapacThIpblaa OacTaaAsl [7].

Conriven, knowledge-base >xyiieaepi TakbIpin
cajachl TypaAbl OiziMre HerizgeareH >kKoHe Iiaiiga-
JaHyIIbIAapABlH OaraJapblH eckepMeiigi. Aaaiija,
content-base  yCBIHBICTApBIHAH  aliBIPMAaIIIBLABIFEL,
MyH/a >XyJie TeK IalijalaHymsl Tpopuli MeH 00b-
eKkT mpoduai Typaasl aepeKkrepai FaHa emec, CO-
HBIMEH KaTap oObekTiaepai Oarasayra KOMeKTeceTiH
Ke3-KeareH Oacka JepekTepre Herizjeayi MYyMKiH.
biaimMre HerizaeareH YCBIHBIC XKYJieAepiHiH OipHerre
Kimmi Typaepi 6ap:

- Case-based. bya moatur KoceIMINa akrapar
peTiHAe TaiijdaAaHyIIBIHBIH TalalTapblH YCBIHAABL.
Tuicinme, yceIHBIC KyJieci TasanTapra Ad4 CoiKec
KeJeTiH oObeKkTizepai ychHy MiHJeTine me. Taaarm-
TapAbl OKMHAy IIaligaZaHyIIBIHBIH OOBEKT IIapa-
MeTpAepiH TOATHIpyJaH Oacram i3Aey CypaybIHBIH
IIapCUHIiHe AViH 9PTYPAl TOCiAAepMeH JKy3ere achl-
PBLAYBI MYMKIH.

- Demographic-based. bya >xaraaiiaa >KXylieade
nalijaZaHyllbl Typaabl KeKe AepeKTep ecKepiaeai.
bya xpismeTke KO/AXeTiMAl Ke3-KeAreH akHapar
604ybI MYMKiH, MBICAABI: >KBIHBICBI, >Kachl, Kipici,
TYPFBLABIKTHI JKepi >koHe T. O.

- Utility-based. O0bexTTepAi YCHIHY OHBIH ITaii-
AaAaHyIIbl YIIIiH IaiiAaAblABIFBIH ecerTey HerisiHae
>KYy3ere achlpblaaAbl.

bya knowledge-base ycopinpic XylieaepiniH eH
TaHbIMaA KOCaAKbl TypAepi faHa, Oipak COHBIMEH
Oipre icke acwhIpyablH KemTereH 0Oacka HycCKaJapbl
Hap. OpOip moHAIK cadada KOCBIMIIA KpUTEpUiLlep
YCBIHBIAYBl MYMKIiH, OJap/blH KOMeriMeH YCBIHBI-
CTapAbl capaaay/blH >KaKChl caltlachlHa KOA KeTKi3yTe
00aaAbI.

Ochr TUIITEr1
apTBLIKIIBIABIKTAPHI:

- XKozapvi 0ardix. OTe mKeMAi Kylire KeATipy MyM-
KiHAIrHIH apKacelHAa MYHAAl >Kylieaep TeK yKca-
CTBIK ©AIIIeMiHeH ropi Kyp4eai KaTblHacTap TypaAabl
ycoiHbIcTap Oepe azaapl. CoHAall-aK, YCBIHBICTapAbl
KYPY Ke3iHAe KOA4aHblAaThIH KOCBIMITIa aKIapaTThiH
apKacblHZa MaHBI3ALI eMeC OObeKTiAepAiH YCBIHBI-
CTapbIH a/bIIl TacTayFa 00Aaabl.

YCBIHBIC KylieAepiniy

Paspen «ABTOMaTuKa. JHepreTuKa. YnpasneHvie» W

YcpIHBIC XXYlteaepiniH Oya Ty piHiH KeMImiAikTepi:

- OsipAeydin, xKozapvl Kypleririrl. Bya xemimiaik
knowledge-base = xyiiesepiHiy  apTBIKIIBLALIKTa-
PphIHaH TybIHAAABL. MyHAall 5Ky TieHi caliaabl 3epTTey
KoHe Kylire KeATipy YIIiH ci3re TaKBIPBIIITHI, OiAiKTi
MaMaHAapAbl >KoHe KOII YaKbITThI KaKeT eTeAl.

- Axnapammul xunay. ¥ CBIHBIC XXyIieciHiH 6apAbIK
Typaepiniy iminge knowledge-based xyiieaepi ae-
peKTepre eH TaJaIlmibla 00ABII TabblAaAbl, ©MTKeHi
04apAbl 93ipaey YIIiH akIapaT Ka’keT, OHbI JKIHay
9p TypAi Ko3aepai Koa4aHyAbl Ka>keT eTyl MyMKiH.

YcoHbIC XXYTieaepinig Oya Typi ipi VnTepHeT-aY-
KeHJep apacbhlHAa KeHiHeH KOAJ4aHblAaAbl, 0AapAbIH
immiHge peceitaik CBsA3HOM KbI3MeTi.

Hybrid (rm6puari). JKorapsiga artaaran Typ-
AepAiH Ke3-KeATeH KOMOMHaIVICHl THOPUATI Y CBIHBIC
KyiteaepiHe >xaTagpl. Koasaboparusti puasrpany-
SIHBIH eH OeaceHAl KOMOMHAIVICH Ma3MYHFa Heris-
Ae/TeH YChIHbICTapMeH Oipre KoagaHblaas! [3]. bya
JKeKe TYpAepAiH KeMILiAiKTepiH eTeyre KoMeKTeceAi,
MbIcaabl, OipAeckeH cCysrizey YIIiH CybIK Oacraay
HpO6AeMaCLIHbIH 9CepiH aliTapABIKTal a3aliTajbl.

Ic >xysinae enepkacinTik MakcaTTapAa KOA4aHbI-
AaTBIH YCBIHBIC XKYlieAepiHig Kemnmiairi 494 rudpua-
Ti 00ABIII TaOBLAAABL.

I'mbpuari >xyiteaep OypbIH cuIarrairad o4i-
CTepAiH KeMIIIiAiKTepiMeH Ky pecyTe KOMeKTeceTiHiHe
KapaMacTaH, olap MYHJall XXyIieHi >)xobaaay KesiHae
xayar Oepy ymin «Kangait taciagepai 6ipikripyre
004aAbl >KoHe OHBI >Kacay YIIiH KaHAall IIapTTap
OPBIHAAAYBI KepeK?» AeTeH CypaKThl KaaAbIpaabi[6].

KopbsiTa keareHae, yCbIHBIC JKylieaepAi KypyAaFbl
Y1 Heri3ri Tocia 9p TYpAl Herisri aknaparTThl Haija-
ZaHaAbl >)KoHe MBIKTHI XKoHe 94Ci3 JKaKTapra 1e, oaap
3-Kkectege KeaTipiareH. Mblcaara, uHmyumusmiaix Ka-
CHUeTi naljaaHyInbl TUICTI i34eyAi DacramMaraH Ke3ae
Ae, Tuicti obbekrizepai Tadysa Ke3AeMCOKTBHIKTBIH
Oip Typi petiHae TyciHaipiayi myMKiH. Bya acepre,
€H a/AAbIMEH, 6ipAeCKeH CY3y TaCiagepiH KOAJAaHY
apKBLABI KO >KeTKisyre 0oaagpl. Aa GiaiMre Heris-
AeATeH YCBIHBIC XXYlieaepiHaeri epeskeaep op yakKbIT-
Ta >KaHajaH eHri3iATeH AgepeKTepre KOAMeH Oeilimoe-
AYi Kepek.

CoHbpIMeH KaTap, YCBIHBIC JKylieaepi Keaeci Ka-
cuerTepre me 0OAYyHI Kepek: Kyiie Oeariai Oip maii-
JAazaHyIIbFa OeifiMAeayi Kepek, ©JITKeHi KaJay op

3-kecte — Heri3ri ycbiHbIM TacCingepiHiH cMnatramanapbiH CanbiCTbIpy

e LB Konnabopartueti punbvrpauma  KoHTeHTTi dunbtpaumna | binimre HerisgenreH
Kbiagam opHanacTbipy ZE) ZE) ok,
Benimgainiri Na Na ok
UHTYUTUBTINIrI ZE) Kok ok,

CybIK b6acTay ZE} ZE} ok
ALLBIKTbIK, ok ok ZE)
KaTbICcyablH, *KOfapbl gaperKeci ok, ok, o
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agaMHaH aliTapAbIKTall epeKIeAeHyi MyMKiH; Xylie
KOA/aHYIIIBIHBIH yaKbIT OOJBIHIIIA OfaH OelliMaeae
OTBIPBIII, OHBIH Ka3ipri TaHAayAapblH eCKepyi Kepek;
KYJie YHeMi aKITapaTThIH >KaHa OarbITTapBIH TayBbII,
0/ap4pl KOAJaHYIIIBIFa YCBIHYBI KepeK. MyHbIH Gapi
YCBIHBIC MEXaHU3MJEpiHe HeridgeareH pecypcrapabl
naligaZaHylIbl YIIiH TapTEIMABI €TeAl.

KopbITbIiHADI

YcoHbIc Kyiteaepi Oyringe Te3 TaHbIMaa 6oaa
Gacraabl, AeTeHMeH UAesSHBIH 031 >KaHa emec, bipax
Kasipri yakpITTa OJapapl TaiijadaHy KaKeTTiAiri
FaHa eMec, COHbBIMEH KaTap YCBIHBIC aATOPUTMAEPiH

naraa 00AABI.

[TatigaaaHbIAFaH aATOPUTMAEPAIH KOITereH ©3-
repicrepi >keHe oOJapAblH KOMOMHaIMsAapBIHBIH
0/aH Ja KelI caHbl 6ap. by yCBIHBIC XKYTieciH JKy3ere
aceIpyJa YAKeH MKeMAilik Oepeai >KoHe Ke3-KeAreH
M9HAIK cadaja callaabl HOTVKE adyFa MYMKIHAIK Oe-
peai. Aaaiiaa, exiHIII >KaFbIHaH, MYHJAM a4icTepain
KOITIrl oa3ipaeymisepaeH KOAAaHBICTarbl aATOPUT-
MJAepAl camaabl TaajayAbl Tadall e€TeAl, OMTKeHi
YCBIHBIC JKYJI€CiH iCKe achIpyAbIH Kall 94ici KaXKeTTi
Ccaaajarbl YCBIHBICTAPABIH MaKCUMMaAAbl CallachblH
KOpCeTeTiHIH aaAbIH-a4a CeHIMAL Typ4e alTy MYMKIiH
eMec.

carraanl >Ky3ere achlpyAblH TeXHUKAABIK MYMKIHAIrL
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pEKOMEHaameﬂbeIX cucmem HQ OCHO8e aHAU30 OAHHBbIX.

Knroueaole cnoea: pekoMmeHOamenbHAs cucmema, peKkomeHOayuu, KoaaabopamusHas punempayus, item-based, user-
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Abstract. The paper describes the main algorithms of recommendation systems. A meaningful assessment of the
recommendations is given, and the advantages and disadvantages of each of these methods are described. An overview
of the services that use certain recommendation systems is provided. The work of recommendation systems in certain
services is analyzed. Also describes the algorithms for the design of recommender systems based on the analysis of data.
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M-KIpICI X3He N-Wbigbicbl Dap aganmusmi backapy
XVUBCIHIH HE2I321 KDHMYPbIHbIK PEMMEAEMIH
PE2YAAMOpbIHbIH CUHME3I
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*aemop-KoppecrioHdeHM.

AHOamna. Makanaa adanmusmi 6ackapy xcylieci ecebiHiH KoliblabIMbIHA #aHe JIAnyHO8MbIH 2padueHmMmi-}#(bls-
0amObIKMbIK 8eKMOP-hYHKYUACLI MacinimeH m-Kipici #aHe n-wbifbicsl 6ap adanmuemi 6ackapy HylieciHiH Hezi3ai
KOHMYPbIHbIH, pemmesnemiH pe2ynamopbliH cuHme3oey ecebiH wewyee apHanraH. Adanmusmi 6ackapy ylieciHin
Hezi32i KOHMYPbIHbLIH HYMbIC CANACHI, OPHLIKMbIAbLIFLI HAHE PObACMbIAbIFBIH 3epmmey YWiH HaHa J1anyHo8meblH
2padueHmMmi-*bla0amMObIKMbIK 8eKMOP-YHKUUACI MACini YCbIHbIAAAI, MYHOA 3Masn0HObIK MOOEsb HaHe bacKa-
PYObIH Hezi3ei KOHMYpPbIH 2padueHmmik xcylienep pemiHoe, an JIanyHo8 yHKYUAAAPbLIH MOMeHyuandsbl yHKYUA-

Aap pemiHoe Kapacmoipadsl. backapy obvekmici napamemprepiHiH, 6ekiminzeH maHoepiHde adanmusmi 6ackapy
HcylieciHiH 3masnoHObIK MoOeni HaHe Hezi32i KOHMypPOobiH, anepuodmelk pobacmel OPHbLIKMBbIALIFbIHBIK WaApMmMa-
pbIHaH adanmusmi 6ackapy HyleciHiH Hezi3ei KOHMypbIHbIH Muicmi Kepi 6alinaHbIC KO3 duyueHmmepi ecenmeni-
HeOi.

Kinm ce30ep: adanmuemi 6backapy, 3masnoHObIK MoOesb, m-Kipici #aHe n-wbifbicbl 6ap xcylie, J/1anyHo8mMeblH 2padu-

eHMmMIi-1bin0amMoObIKMbIK 8€KMOpP-pyHKYUSACbI MaCini.

Kipicmre

Kasipri 3amaHfbl TOPTIHIIN MHAYCTPUAABIK pe-
BOAIONNA aBTOMATTHl >KOHE aBTOMAaTTaHABIPBLAFaH
Dackapy >KylielepiH KeHiHeH KYpPyAbl JKoHe Iaiija-
AaHyapl 00AXKalabl. ABTOMaTTHI OacKapy >Kylieaepi
(ABX) eHnaipic meH TexHMKaHBIH OapAbIK caJasa-
phIHAa KOAJaHBIAaAbl: MalllMHa >Kacay, SHepreTHKa,
DAEKTPOHABIK, XUMILI, OMOAOTUAABIK, METaAAYPIVLL
JKOHE TOKBIMa ©HEpKaCiOi, Keaik, poOOTOTexHMKa,
aBMalus, FapbIl >Kylieaepi, >KOFaphl A2AAiKTeri
9CKepM TEXHMKa >KoHe TeXHOAorusAap >oHe T.0. bya
peTTe KoaAAaHOaABl ecenTepAiH KeH TOOBIH Iy
yIIiH 0OBbeKTiHiH Oapabap MaTeMaTUKaAbIK MOAeAiH
0iayai xaxer ererin ABX >xobasay MeH 3eprrey-
AiH AdcTypAai aaicTepi Tnimcis. BackapyabiH AacTyp-
i (aganTUBTI emMec) o94iCTepiHiH carachl HEFYpPAbIM
>KOFaphl 00/ca, OOBEKTIHIH 631 >KoHe OHBIH >KYMBIC
icTey mapTTaphl TypaAbl allpMOPABIK aKIlapaT COFYp-
ApIM keIl 6oaaapl. Ic xysinge Oackapy oObexTiciHiH
HaKTbhl MaTEMATUKAABIK CUTIATTaMaChlH KaMTaMachI3
ety oTe KubIH. COHBIMEH KaTap, >KYMBIC IIPOIieciHAe
0ObeKTiHIH cuIaTTaMalaphl KoHe CBIPTKEI acepaep
aiiTapAbIKTall ©3repyi MyMKiH. MyHaai1 >karaaiiaap-
Ja AdCTypAi aaicrep kebiHece TuiMcis 60aaAbl HeMe-
ce aBTOMAaTTHI DacKapy >KYyIleciHiH Ka>XKeTTi caItachlH

m KaMTaMachl3 eTIIeAl.

bya Maceaeni mremyaiH eH IepcreKTHBaAbI
oictepiniy Oipi-aganrauys 94icTepiH KOAAaHY.
ApanTusTi Oackapy KyiieaepiHae CBHIPTKHI acepaep
eTeaeAl, sSIFHM OacKapy >Kyleci CBIPTKBI acepaepre
KaTBICTBI MHBAPMaHTTBI 004aAbl, a4 OOBEKT Typaabl
aKIapaT >KYMBbIC Ke3iH/e XKITHalaabl, gepey eHaeaeal
>KoHe DacKapyIIbl acepaepai @HAIpY YIIiH KOAAaHBbI-
Aaapl. bya oObekTiHiH mapameTpaepi MeH SKYMBIC
icTey opTachIHBIH OeAarici3Airi >KaraalibiHAa OacKapy
carlachIH apTTBIPYFa MYMKIHAIK Oepeai.

AganTusTi Oackapy IpOLIeciH yII iIKi >KyJieHiH
e3apa 9peKeTTecy IIpoIieci peTiHae KapacThIpyFra 0o-
Aaapl [1,2,3,5]: 0OBEKT, Heriari KOHTYpABIH peTTeAeTiH
PeryasaTopsl (peryAsaTopAblH ©3i), aganTarus 6.10Tbl
(agarrep). CoHFnl exi 040K eki JeHTeilai mepapxu-
SIABIK KYPBIABIMBL Oap aZalTUBTI peryasTopra Oipik-
Tipiaren. Herizri KOHTYpABIH peryAsaTopel OacKapy
OOBeKTICIHIH peTTeyIni opraHbHa Keair TyceTiH u(t)
OackapyIsl acepiH Tikeaell KaawlmTacTelpadbl. He-
ri3ri KOHTypJa¥rel Oackapy 3aHbl (aaropurwmi) K Gar-
TaJdaThIH IlapaMeTpAepain OipmraMa >KMBIHBIHAH
Toyeaai. bya mapamerpaepai perrtey KoaKeTiMAi
arbIMAaFbl  aKIlapaT HeTidiHgeri ajanTaijusl aAro-
PUTMI A€l aTaAaTbIH 3aHFa ColIKeC eKiHIIl geHrelige
>KacaJaZbl. Ajganitalyst aATOpUTMiHIH MiHAeTi — Gac-
Kapy 0OBeKTici MeH 9TaA10HABIK MOJEAb apachbIHAAFBI



COMKeCCI3AIKTI HeAre JeliH asalTy YIIiH peryas-
TOpAbIH KoadPuumenTrepin perrey. OraH KaXKeTTi
AVHaMIMKachl Oap >KYIeHiH alleproauKaaslK podac-
TBI OPHBIKTBIABIFEIMEH >KeTyre 0Ooaagwl. bya pertre,
3epTTeyAiH Herisri Maceaeci — ajanTusTi Oackapy
JKylieAepiH 3epTTey YIIiH /AmyHOB PyHKIMAAapBIH
KYpyAblH oMmbebam TociagepiniH Ooamaysr [1,3,4].
Kasipri yakpITra Oya 94ic HerisiHeH TeOPUAABIK 3epT-
TeyaepAiH Kypaasl 60ABIIT TaOblAaAbl >KoHE HaKThI
JKarjalldapaa agallTUBTI peryasTopAaapAblH >KYMBI-
CBHIHBIH OPHBIKTBIABIFBI MEH carlachlHa KaTBICTHI Oap-
ABIK CypakTapra >kayamn Oepe aamaiiabl. COHABIKTaH
aJanTusTi 6acKkapy KylieaepiH seprrey yuriH, /ary-
HOBTBIH TI'PajVeHTTi-)KblAAaMABIKTHIK BEKTOP-(PYHK-
LVSICHI Tocial ycbIHBLAAAN [6,7,8,9], MyHaa Hackapy
Kylleci rpaJdMeHTTiK Kylieaep peTiHAe KoHe /lArmy-
HOB (PYHKIIMACH arlaTTap TeOPMsChIHAH ITOTeHIIMal-
Abl QYHKIMsIAap peTiHae KapacTeipblaagst [10,11].

I'paanentrizik maprrapsl /samyHoB QyHKIIUA-
CBIH CO3Ci3 KYpYFa MYMKiHAiK Oepeai >koHe /ls1TyHOB
JyHKIMICHHBIH 604y IapTHI Ka’KeTTi AMHaMMKachl
Gap Oackapy >KyJeciHiH amepmoAMKaAbIK poOacThl
OPHBIKTBIABIK KaFJaiibiHa calikec Keaeai [7,8,9]. bya
HackapyAbIH HeTri3ri MaKcaTbhIHa JKeTYAl 4e KaMTaMa-
CBI3 eTeal.

Makaaa /lATIyHOBTBIH  IpajUeHTTi-KblajaM-
ABIKTBIK ~ BeKTOp-QYHKIIMACEL TacidiMeH m-Kipici
SKOHe N-IITBIFBICH Oap OOBEKT YIIiH ajanTuUBTi OacKa-
Py XYJeCiHiH HeTi3ri KOHTYPBIHBIH peTTeAeTiH pery-
AATOPBIH CUHTe3Aey eceDiH IIelyre apHaAFaH.

3epTTey MaTepmaajgapbl MeH djicTepi

CBIBBIKTBIK, CTaIlMOHAPABI OacKapy >KyIieciH Ka-
pactoipanibik. JKyrieHi /ITyHOBTBIH IpagyieHTi-XKblA-
AaMABIKTHIK, BEKTOP-(PYHKLVICH TOCiAdiMeH arepu-
OATBIK poOacThl OPHBIKTBLABIKKA 3epTTermis [6,7,8]:

T = Ax + Bu, 1)

MyHzarH z(t) € R" — Oackapy oowekricinig (bO) xyit
BeKTOpEL; u(t) € R™ — Dackapy BekTOph; A € R — BO
Marpunacer; B € R™" — 6acKapyAbIH TYpaKThl MaTp-
nacsl. backapy oObekTiciHig OapAbIK Kyil BEKTOPBIH
oA1IeyTe KOAXKeTiMALAiK Doa>KaHaAbl, COA ceOeIlTeH
y(t) =x(t).

backapy oOwbekTiciHiH KaXkeTTi AMHaMMKaCBIH
KaMTaMachI3 eTy ecedi e KapacTBIpbLAaAbl, OHBI DTa-
ZAOHABIK MOJeAb/iH KeMeTiMeH Oepemis

Ty = Ayay + Bur(t), )

MYHJaFHI Zy(t) € R — 9TaA0HABIK MOAEAbAIH KYIT BeK-
Topsy; 7(t) € R™ — Gepymi acep.

DTalA0HABIK MOJeAbAi TaHAay >KaOBIK >Kyliere
KOIBIAATBIH TaJlallTapra OailAaHBICTHI (©TIEAl IIPo-
LIeCTiH YaKBITHI, KaliTa peTTey, CTaTMKAABIK Karte
>koHe T.0.). by >karaaitga 01 OpHBIKTEI O0AYEI KepeK,
SIFHI 9TaA0HABIK MOJEAb allepUOATHIK, pobacTsl op-
HBIKTBI OOAYBI KepeK AeAiK, SIFHU CBIPTKBI acepaepAai
7(¢)=0 eckepe OTBIPBLII, BTaA0OHABIK MOAEAbAL arlepu-
OATBIK pOOaCTBI OPHBIKTLIABIKKA 3€PTTENMI3.

backapy makcaTbiH
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%ime(t) =0, (3)

AeIl Talam eTin kepcerteitik. MyHaa &(t) =z(t) —xu(t)
— (1) xane (2) xxyiteHiH KaTteairi. Ocplaaiiina, aliKbIH
®TaA0HABIK MoJeai Oap ajanTuBTI >KyleHi Kypy
ecebi Komblaaabl. Ecernti Tikeaeit aaarTuBTi Tocia He-
risinge mrememis. ©3iH-e31 peTTeiTiH Xylieaepain
€Ki geHrerAi KypblAbIMbIHA COMIKEC @CeMNTi ITeIeMis.

3epTTey HOTIDKeAepi JKoHe 0aapAbl Taaaay

Imarondvix modeavdi marday. r(t)=0 kesiHae (2)
DTaAOHABIK MOJAEAb KeHENTIATeH Typd4e Keaecigen
>Ka3blAaabl [6]

R M M M M
Tyt —— AT — Q12Tm2 — A13Tm3 ™ yeeey — Q1nTin

R M M M M

T2 = Q21T — ATy — A23Tu3 " yeeey — Q20T

- M M M M

Tys = A31 T — A32Tm2 — A33Tm3 ™ yeeey — A3n T (4)
R M M M M

Tyvn = Au1Tur — An2y2 — Qu3Tyz — yeeey — AunLtn

JKyiteniy amepmogukaablk poGacThl OPHBIK-
TBIABIFBIHBIH IMapTHIH Talaiblk. Oa yiriH (4)-aeH

/ISAIyHOBTBIH  BEKTOP-(PYHKIVSICBIHBIH — IPaAVIEHT

BEKTOPBIHBIH ~ KYPaCTBIPYLIBLAAPBIH  AQHBIKTAIbIK
aVi(au) . .
TﬁZaﬁ’zw,zZ 1,.,n7=1,..,n )

(5) rpaguenTi GorbiHINa AAIYHOB (PYHKUIMSCHIH
TOMEHAETi TypAe aHbIKTaliMbI3

Vizy) = %(aff +adl+all+, .. +al)zi +

a4 ol a4, a) i+

2 (6)
+(alf+akl+ali+ o+ a)ah e, +
+%(afﬁf+ all +al +, .+ a)z,.

/lAryHOB (PYHKUVIICHIHBIH, OH aHBIKTaAFaH/bIFB],
SFHN /1ATyHOB (PYHKIIVMACHIHBIH Oap 00Ay IIapThI
aHbIKTaAaAbI

(al +ad +ali+,..,+ar)>0

(als tan+ap+,..,+as)>0
(ai¥+a%+a§¥+,---a+a%)>0 (7)
(alﬂ;’—}— a%‘*’ (I:?/n[_l—y-"a + a"‘/’[l) >0

Heziszi konmypovir, pemmeremin pezyAsmoporHvit,
cunmesi. (1) Tenaeyaeri 6ackapy 3aHBI Keaeci Typae
Oepiacin

u(t) =— K, 8)
MyHAaFrbl K — aHbIKTaaThIH, PETyAsSTOPABIH KO Pu-

LIMEeHTTepiHiH nXm — MaTpuiiacel. OOBeKT-pery AsTop
TYMBIK >KYJieci TOMeHAeTi TeHAeyMeH CUIIaTTaAaAbl

= (A—BK)z, )

(9) TeHAeyi Ka3bIK TypAe Keaecigeil >Ka3blaabl
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b= (an - 2”) blikn)xl 4 (w = gbukﬂ>m +
+ (am - z: bnkin>mn

= <a21 - zmj bz,»kﬂ>zl 4 (azz = Z bzzkiz)xz +
-%%—gmm%

(10)

T, = <Gn1 - zm: bmkil)ﬂ + <Gn2 - zm: bm‘ki-z)l'z +
i=1 i=1
+ yoery + (ann - Zm: bnikin)xn

i=1

/IATIyHOBTBIH TPaAUEeHTTi->KbIAAaMABIKTBIK BeK-
Top-pyHKUMICH Tociaimen (10) >kyiieHiH amepuoa-
TBIK, POOACThl OPHBIKTBHLABIFBIHBIH IIAPTBIH TaOaMBbI3.
Oa yuin (10)-aeH AAyHOBTBHIH BEKTOP-(PYHKLIVACHI-
HBIH T'paAMeHT BEeKTOPBIHBIH KYPacTLIPYIIbLAapbIH
tabameI3 V(z)=(Vi(z), Vi(z), ..., Va(z)):

8§.Tix) I—(au - Z bukﬁ)l‘h . 8‘8111,(1‘) —_(04" - ; bukin)%

8?;) ( Z b d)z]’ 78Vz(l') _(azlL—Zbykm)xn
i=1

(11)

V. (2)

Ml—( Zm@a

(am mekm>

T,

(11)-aen amyHoB (PYHKUMACHIH Keldeci Typae
KepceTe alaMbl3:

m

V(z)= (Zbu » aﬁth ko—an+,..,+
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«aean» peryastopasl aay yuiiH, ssFH1 A™ JKoHe
B’ maTpumnasslx s1eMeHTTepAiH OepiareH MoHAepiH-
ae (1) memece (10) xyiie OepiareH Kacmerrepre e
6oaysr ymiH (7) >xoHe (13) TeHCi3AIKTIH cOA >KaFbIH
TEHEeCTIipill JKoHe COA XepaeH B’ MaTpULIaHbIH DAe-
MeHTTepiHiH 6eariai MoHAepiMeH K MaTpUIIaHbIH KO-
¢ PpureHTTEpiHIH Ka>keTTi MoHAePiH Taba asaMBbI3:

Zb;kﬂ —an+al=0 zbl*ikiw —an,tai, =0

i=1 i=1

;b;kn—a§1+a%=0 ;b;kin_a;n'i'a%:o (14)
Zb;ka —autali=0 Zb;k‘m —amtan=0

i=1 i=1

AareOpaablK TeHAEYAEpPAIH OCBI n-KylieciHeH
MAeaAAbl PeryAiatopasiyy K MaTpuUIlacBIHBIH n? Die-
MEeHTTepiHiH MoHiH TaOyra ©oaaAbl (kij, 1=1,..,n,
j=1,...,n). K MaTpunaceiHbIH >KoHe B OackapyabIH
Kymeinty kosdpPpuumeHTTepi erep AnaroHaabAbl Ma-
Tpuna Typinge 6epiaren 6oaca:

b 0 0..0 ki 00..0
5= 06-0..0 k- 0 k»0..0 ,
000..bu 0 00..kn
o * CLM * _G/% = afm—aﬁ
k” o bu kzz B b:z >y km' n b:n ’
KopoIThIHABI

AganTusTi 6ackapy KyiieAepiHiH cuHTe3i ajarl-
Tays Tisberi 6ap TYIBIK OOBEKTiHIH OPHBIKTHLABIFBIH
KaMTaMachI3 eTyMeH THIFBI3 OailAaHBICTHI. /lAITyHOB
(PYHKUMACH TOCIiAI-CBIBBIKTHIK, >KoHe OelCHI3BIKTHI
KyleAepAiH OPHBIKTLIABIFEI MEH KO3FaAbIC carla-
CBIH 3ePTTeYAiH Heri3ri aaicTepinHiy Gipi. JerenMen
/anyHOB (YHKIIMAAAPBIH KypyAa oMOebam Tocia-
Aepaiy 6oamaybiHa OallAaHBICTBI, TOCiA aAalTUBTI
Dackapy >KyliedepiH sepTTey YIIiH IIeKTeyai Koaaa-
HbplaaAbl. Kasipri yakeitra 6ya Tacia HerisiHeH Teo-
PUAABIK 3epTTeyaAepAiH Kypaabl OOABII TaObLiaAbl
JKoHe HaKThl >Karjalidapja aJalTUBTL peryAasitop-
ABIH OPHBIKTBLABIFBI MEH CallachlHa KaTBICTEI OapAbIK
CcypakTapra Kayall Oepe aaMaiiabl. DTaAOHABIK MO-
Ae/b MeH DacKapyAbIH HeTi3ri KOHTYPBIH IpasMeHTTiK
Kyiieaep petiHae, aa AAmnyHoB QYHKIMAAAPBIH I10-
TeHIIMaAABl PYHKIUAAP peTiHAe KOPCeTY aAallTUBTI
Oackapy >KyleciHiH Herisri KOHTYPBIHBIH XKYMBIC Ca-
ITaChIH, OPHBIKTBIABIFBIH JKOHE pOOAaCTBIABIFBIH 3€PT-
Tey YIIIiH /lAIyHOBTBIH IPajMeHTTi->KblA4aMABIKTBIK,
BeKTOp-QYHKIIMACHL TOCiAiH KOAAaHyFa MYMKIiHAIK
Oepeai. Mynaa H6ackapy oObexTici mapaMerpaepinin
OexitiareH MoHJAepiHAe adanTmBTi Oackapy >Xyiie-
CiHIH 9TaA0HABIK MOJEAL >KoHe Heri3ri KOHTYpPAbIH
aIrleproATHIK pOoOACTHl OPHBIKTHIABIFLIHEIH IIapTTa-
pbIHAaH asanTuBTi OacKapy >KylieciHiH HeTisri KOH-
TYPBIHBIH THicTi Kepi OaitaaHbpic KOd(PUIMeHTTepi
ecenTeaideai. bya perre aganTtusti 6ackapy Xyiie-
CiHiH Heri3ri KOHTYpHIHBIH Kepi OartaaHbIC KODPPU-
LVIEHTTepiH >KylieAeri OpHBIKTBIABIK, pOOACTBIABIK,
TepOeAriI, Te3opeKeTTiAiK, KailTa peTreyais 00aMa-
VBI, CTaTUKAaABIK A9AAIK, OTIIeAl IIpOLeCTepAiH Ka-
KeTTi TYpi >KoHe T.0. CHKTEI carla KOPCeTKIITepiHiH
KeIlleHiMeH aHBIKTayFa 00AaAbl.
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CuHme3 Hacmpaueaemoz0 pe2yaamopa 0CHOBHO20 KOHMypa adanmueHoli cucmemeol ynpaesaeHusa ¢ m-exodamu
u n-ebixodamu

'BEMICEHBU Mambipbek Ayke6aesuy, 0.m.H., npogeccop, beisenbi@mail.ru,
T*TEMUWUPBEK AlixcaH, 0okmopaHm, aiku0O8@mail.ru,
1Espa3sulickuli HayuoHanbHbIl yHUsepcumem um. J1.H. lymunesa, Kazaxcmat, 010008, Hyp-CynmaH, ya. Camnaesa, 2,

*aemop-koppecrnoHOeHm.

AHHOomayuA. Cmames noceaweHa nocmaHoske 3a0a4yu a0anmueHo20 yrnpasaeHus U peweHuro 3a0a4u CUHmMe3a Ha-
cMmpaueaemozo peaysnamopa 0OCHOBHO20 KOHMypa adanmuseHol cucmemsl yrnpasaeHus ¢ m-eXo0amMu U N-8bIX00aMU,
2padueHmMHO-CKOPOCMHbIM MemoOoM 8eKmop-yHKyuu JianyHosa. Aas uccaedosaHus ycmoliyugocmu, pobacmHo-
cmu u Kayecmea pabomesl OCHOBHO20 KOHMYypa adanmusHol cucmemsl ynpassaeHus npedsnazaemcs Hosbll epadu-
eHMHO-CKopocmHoUl Memoo 8eKmop-gpyHKYuU JlanyHosa, e0e 3masnoHHAS Moodesb U OCHOBHOU KOHMYyp yrnpaeneHus
paccMampuearomcs KaK 2padueHmHsie cucmemsl, a yHKYUU JIANyHO8a KaK momeHyuassHele hyHKYuUU. M3 ycnosuli
anepuoduyeckoli pobacmHoli ycmoliyusocmu smasnoHHOU modenu U OCHOB8HO20 KOHMYypa adanmusHol cucmembl
ynpasaeHus npu UKCUPOBAHHbIX 3HAYEHUSAX NApamMempos 06beKkMa yrnpasaeHus 8bI4UCASOMCA coomeemcmsyrujue
KoaghgpuyueHmeol 0bpamHol c83U OCHOBHO20 KOHMYPA a0anMueHoU cucmemsi yrnpassaeHus.

Knroueevie cnoea: adanmusHoe ynpasneHue, 3manoHHAA Modesb, cucmema ¢ m-8xo0amMu U N-8bIX00aMU, 2padueHm-
HO-cKopocmHoUl memood seKmop-ghyHKyuu JlanyHoea.

Synthesis of a Tunable Controller of the Main Loop of an Adaptive Control System with m-inputs and n-outputs

1BEISENBI Mamyrbek, Dr. Tech. Sci., Professor, beisenbi@mail.ru,
1*TEMIRBEK Aizhan, doctoral student, aikuO8@mail.ru,
II.N. Gumilyov Eurasian National University, Kazakhstan, 010008, Nur-Sultan, Satpayev Street, 2,

*corresponding author.

Abstract. The article is devoted to the formulation of the adaptive control problem and the solution of the problem of
synthesis of a tunable controller of the main loop of an adaptive control system with m-inputs and n-outputs, using the
gradient-velocity method of the Lyapunov vector function. To study the stability, robustness and quality of the main loop
of the adaptive control system, a new gradient-velocity method of the Lyapunov vector function is proposed, where the
reference model and the main control loop are considered as gradient systems, and the Lyapunov functions as potential
functions. Where, from the conditions of the aperiodic robust stability of the reference model and the main loop of the
adaptive control system at fixed values of the parameters of the control object, the corresponding feedback coefficients
of the main loop of the adaptive control system are calculated.

Keywords: adaptive control, reference model, system with m-inputs and n-outputs, gradient-velocity method of the
Lyapunov vector function.
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WHcopmaLMoHHOe coobLyeHune

PecriybamkaHCcKmiT Hay9HO-TeXHIYECKNI JKypHaa «YHusepcuteT eHoexrepi — Tpyas! yuusepcurera» Ka-
paraHAMHCKOIO TeXHMYECKOIO YHHUBepCUTeTa BXOAUT B IlepeuyeHb M3AaHMII, peKoMeHAoBaHHBIX KoMuTeTom
110 obecrieyeHNIO KayecTsa B cpepe odpaszosanms n Haykrt MOH PK a5 my0amkanum oCHOBHBIX pe3yAbTaTOB
Hay4YHBIX AMICCepTaluil (perucrpanioHHoe cBuaeTeabcTBo Ne 15375-x or 27.05.2015 1.).

PesyaptaTsl pepopMBI BBICIIIEN IITKOABI M CUCTEMBI HaydHOI aTTectanmu B Pecrybanke Kasaxcran, oc-
HOBaHHBIE Ha TPeXypPOBHEBOJI CrcTeMe 0Opa30BaHILs, B COOTBeTCTBMUM ¢ IpuHIMIaMy boaoHckoro mmporjecca:
aKageMM4ecKol MOOMABHOCTHIO, MeXKAYHapOAHBIM OOMEHOM, ABYAUILAIOMHBLIM 0Opa3oBaHeM, MHOXKeCTBeH-
HOCTBIO TpaeKTopuii oOyueHns B OakaaaBpuare, MarucTpaType 1 JOKTOPaHType, Pa3BUTIEM CICTEMBI AlC-
TaHI[MIOHHOTO 0Opa3oBaHms, IOA0KUTEeABHO BAVAIOT Ha Bce cephl JKI3HM YHUBEPCUTeTa, B TOM 4ucAe U Ha
Ccoep>KaHue CTaTell B KypHase.

ITIpoGaeMsr BrICIIEl IIKOABI B paMKaX boaoHCKOro Impoirjecca, MHHOBAIJMOHHOE pa3BUTIe Ipodeccro-
HaAbHOTO OOpa3oBaHN: Ha Dasze CIeInaAu3MpPOBaHHBIX IIPOrPaMMHO-aIlIIapaTHLIX KOMIIAEKCOB U TeAeKOM-
MYHMKaIIMIOHHBIX CPeACTB, C ITOCAeAYIOIIUM CO3JaHMeM CUCTeM AMCTaHIIMOHHOTO oOpa3oBaHM:, He orpa-
HIYEHHBIX B reorpapuyuecKux IpaHmIax, CTaau I11aTPpOopMOil, 00beANHAIONIeN yIeHbIX 1 IperojasaTeelt
BBICIINX y4eOHBIX 3aedennit Peciybanku Kaszaxcran, crpan 64M>KHero u 4aAbHero 3apy0esKbsl.

ITpumepamu ABAAIOTCS MeXKAyHapOAHbIe KOHTAKThI YUeHBIX, ITperiogaBaTeleli, CTy4eHTOB, MaTrMCTpaHTOB
U AOKTOPaHTOB ¢ koaaeramu u3 Poccnu, I'epmanny, Yexun, SInonnu, Kuras u apyrux crpan, yuacrue KapTY
B MeX/AYyHapOoAHBIX ITporpaMmax «Cuneprus», « TEMITYC», YIHOC.

Mssectnrie B PK, CHI' 1 gaapHeM 3apyOeskbe ydeHble YHUBEPCHUTETa IIPOA0AKAIOT I11040TBOPHYIO pado-
TY IIO IIOATOTOBKE MarucTpoOB 1 40KTOPOB:

B 001aCTVI TeOTEXHOAOT I, Te0A0TO-TeOPU3NIeCKIX MCCAe40BaHII, 0€30I1aCHOCTY JKU3HeAesI TeAbHOCTH —
aoxTopa Hayk: Apmoxa H.A., Aemun B.®., Mcabek T.K., Mopaes M.K., Husamerannos @ K., I'lak 10.H., ITopt-
nos B.C,;

B 004acTy MaIIMHOCTPOEHMsI I MeTaAAyprun — gokropa Hayk: I'aotos B.H., JKerecosa I'.C., Vcaryaos
A.3., Huxoaaes 10.A., llepos K.T;

B 004aCTy CTPOUTEABCTBA M TpaHCIIOpTa — AOKTOpa Hayk: baitaxanos 4.0., bakupos X.b., Moatos M.K.,
Kagprpos A.C., Maaribaes C.K., Hyryxunos X.C.;

B 004acTy MpoO.AeM BBICIIIel IITKOABI ¥ PKOHOMUKM — AOKTOpa HayK: AxMeT:KkaHoB b.A., Aybakuposa I'M.,
bupioxos B.B., 'oaosauesa B.H., 16atos M.K., Micmakosa b.C., Komebaesa I'.K., ITax IO.H., Ctebasaxosa /1.I1.;

B 001aCTV aBTOMaTU3aIMI U DAeKTPODHePreTUKM — A0KTopa HayK: bpeiigo V.B., Hukoaaes 10.A., ®erun
b.H.

CBouMM HayYHBIMM AOCTVKEHMAMMI 1 ITyOAMKaIMsAMY, KyABTYPOI U MHHOBAIIMOHHO HaIlPaBAeHHOCTHIO
crareli, MyOAMKyeMBIX B JKypHaJe Ha MOMEHT eTO CTaHOBAEHM: I B HacTosIIlee BpeMs, ydeHble YHIBepCuTeTa
IIOMOTAM KypHaAy IIproOpecTyt HOBOe KayecTBo.

AO «HanmoHaabHBIN II€HTP TOCYAapCTBEHHON Hay4HO-TEXHMYECKON DKCIePTU3L» OIpeleAna UM-
makT-QpaKkTop Hay4YHOTO KypHaAa «YHUBepcuTeT eHOekTepi — Tpyanr yausepcurteTa» 3a 2018 1., KOTOPEHIN 11O
Kasaxcranckoit 6ase IMTHpPOBaHMs COCTaBAsIeT BeAnduHy, pasHyio 0,02, mMnaxT-¢paxTop xypHaaa 1o PVIHL]
cocrasaset 0,031.

Bormaomras rocygapcTBeHHYIO ITOAUTUKY TPUEeANHCTBA A3BIKOB, JKypHaA IIpe0CTaBAsIeT BO3MOXKHOCTD ITy-
OAMKanym cTaTeil Ha Ka3aXCKOM, PyCCKOM MAM aHTAMIICKOM SI3BIKE.

OcnopHas TeMaTHyecKasl HallpaBAeHHOCTD JKypHada oIlpeJeleHa B IyOAMKaI[UM MaTepyaloB I10 CAeAy-
IOIINM pasjelaMm:

1. IIpo©.aeMBI BBICITIEN IITKOABL.

2. Mammnocrpoenue. Meraaayprusl.

3. 'eotexnoaoruu. 'eooro-reopusmaeckne rccaeiosanus. be3omacHOCTb JKI3He A€ TeABHOCTIL.

4. Crpouteanctso. TpaHcHOpT.

5. DxoHoMuKa.

6. Oneprernka. ApromaTuka. VMiHpopMalmoHHO-KOMMYHIKAIIIOHHbIE TEXHOAOTUIA.

CobcrBenHuK >KypHaaa: HekoMMmepueckoe akijmoHepHoe obmiecTBo «KaparaHAMHCKMIT TeXHIYeCKMIt
ynusepcuter» (KapTV) (r. Kaparanaa).

Teppuropus pacnpocrpanennus KypHaaa: Peciy6anka Kasaxcran, crpansr CHI'.

IToutosni agpec KapTV: 100027 r. Kaparanaa, np. H. Hazapbaesa, 56.

Daxc: (8-7212)-56-03-28.

Kypnaa BeIxogut 4 pasa B rog — eXKeKBapTaAbHO.

Aapec peaakIMOHHO-U3AaTeabcKoro otaeaa (P110O):

100027, Kaparanaa, mp. H. Hasapbaesa, 60, IV xopi., aya. 208.

DeKTPOHHBIN caliT KypHaaa: http://tu.kstu.kz/.

E-mail pegaknmonHo-usaTeabckoro oTAeaa: rio_kstu@mail.ru

Tea.: 8-7212-56-75-94 + 1057



[paBuna ochopmneHnsa U npeacTaB/ieHUs CTaTel

CraTpsl IIpeAcTaBAseTcs B peJaklMIO B 9AeKTPOHHOM BUJe TOABKO uepe3 callT >KypHada
http://tu.kstu.kz/. Ctpykrypa cratbu 404>KHa BKAIOYATh: BBeAeHIE, METOABI MCCAeJOBaHMsI, Hay4-
Hble pe3yabTaThbl, BIBOABL CTaThsi 40AHa uMets: YK, pesiome, cogepkaniee He 6oaee 300 caos
(00s13aTeabHO AOAXKHO BKAIOYATH IIeAV M METOABI MICCA€A0BaHIsI), KAIOUEBbIe CA0Ba — He Doaee
15 ca0B 1 caoBocoueraHmii, ceegeHnst oo asropax (PVO moaHOCTHIO, A0AXKHOCTD, peraanm, cTpa-
Ha, IIOYTOBbI MHAEKC, TOPOJA, MeCTO paboThl, IOAHBIN ajgpec OpTraHM3alui) — BCEé Ha PyCCKOM,
Ka3axCKOM U aHTAMIICKOM $3BIKaX, a TakKe IT0AO0XKUTeAbHYIO peIlleH3MIO CIellaAlcTa 10 TeMaTHKe
cratbu. CIIMCOK AUTepaTyphl A4OAXKeH OBITh AOIOAHMTEAbHO TpaHcauTepuposaH. O0neM craTbu
AO/AXKeH OBITh He MeHee 6-Tu 1 He Ooee 8 CTpaHUI] MaIlIMHOIIMCHOTO TeKcTa. TeKCT craTby mevaTaeTcs
Jyepes 04uH nHTepBaa popmaroM A4, cTpaHUIIEI HyMepyIOTcs. TekcT HeoOX0AMMO HabupaTh B pejax-
tope Word mpudrom Times New Roman, pazmep mpudra (keran) — 14. Bce GykBeHHBIe 0003HaYEHN,
IpuBe/JeHHbIe Ha pJCyHKaX, HEOOXOAMMO MOSICHATh B OCHOBHOM MAM IOAPVICYHOYHOM TeKcTe. Pucynkn
AO/KHBI UMeTh pacimupenus, copMectumere ¢ Word, t.e. CDR, JPG, PCD, TIF, BMP. Pucynkn A404x-
HBI OBITH XOpOIIIero Kauyecrsa. PopMyasl 40AKHBI OBITH HaOpaHBI B popmyaarope MathMagic, come-
cruMoM ¢ nporpammornt InDesign, 1 40moAHNTeABHO cOXpaHeHBI 0TAeAbHBIM (aiiaom. HymeposaTs
caeAyeT TOABKO Te (pOPMyABI U YpaBHEHMIsI, Ha KOTOpPbIe eCTh CChlAKa B IIOCAeAYIOIIeM M3A0XKEeHN.
B crartbe He 40AKHO OBITH CAOXKHBIX U I'POMO3AKUX (POPMyA M ypaBHEHMI, 0COOeHHO (POPMYABHBIX
TabAMII, a TaK>Ke IIPOMEXKYTOUHBIX MaTeMaTdeckux Boikaagok. Koamdecrso ¢popmya He Goaee 10.
Bce cokparmenns 1 ycaoBHbIe 0003HaueHUs B popMmyaax caeayer paciundposaTh, pa3MepHOCTU PU3N-
JeCcKMX BeANYMH AaBath B cucreme CV, HazBaHM MHOCTPAHHBIX PUPM, UX IIPOAYKTOB U IIPUOOPOB — B
TPaHCKPUIILIMY ITIEPBOMCTOYHIKA C YKazaHueM cTpansl. CIcok autepartypsl (3a mocaeaume 10-15 aer,
TOABKO OpTaHMYEeCKN CBI3aHHOV CO CTaTbeli, He 0oaee 7-8) cocTaBAseTcs B IOPsAKE IUTUPOBAHI
n Aaetcs B KOHIle craThy. CCBHLAKM Ha AUTEpaTypy B TEKCTe€ OTMEYAlOTCs MOPSAAKOBBIMU LM(ppaMu B
KBaJpaTHBIX CKOOKaX, a UMeHHO [1, 2]. ABTOpcKie CBIAeTeAbCTBa B CIIVICKE AUTEPATyPBl OPOPMASTIOTCS
cAeAyiomuM odpa3oM: HOMep a.c., Ha3BaHue, ro4 1 No «broaaeTeHs nso0peTeHmit».

ITocae permcrpanum Ha caiiTe Ka’KAas CTaThsl IIPOXOAUT IIPOBEPKY Ha aHTUILAATMaT U caerioe
pelieH3MpOBaHNe BeAyIIMMI DKCIIepTaMI 110 TeMaTUdeckuM HalpabaeHusaM. Kaxxaoi1r crarbe, 11o-
Ay49UBIIeN II0A0XNUTeAbHOe 3aKaioueHne, npucsansaercsa DOI (4OM) — nudposoit ngeHTnduUKaTOp
0OBeKTa 4451 YHUKAABHOM VI IIOCTOSHHON OHAAMH-MAEHTU(UKALINI COAeP>KaHI )XypHala U CChLAOK B
VuTepnere.

CraTpsl 404’KHa HOCUTh aBTOPCKIIL XapakTep, T.e. IpMHalAeXXaTh AMYHO aBTOpPY UAU I'PYIIIle aBTO-
POB, IIpUYeM KOAMYeCTBO IIOCAeAHMX He A40AKHO OBITh O0aee saATH. B ogHOM HOMepe XypHada MOXKeT
OBITh HalledaTaHO He DO./ee OAHOI CTaTbUl OAHOTO aBTOpPa. B MCKAIOUMTEABHBIX CAyYasX, IO PeIleHnIO
peAaKIIMOHHOTO CoBeTa, MOXKeT OBITh OIIyOAMKOBaHO O0.ee OAHOI CTaTbil OAHOIO aBTOpa.

[IpeariouTteHne oTgaeTcs CTaThsM, MMEIOIIMM MCCAeAOBaTeAbCKMII XapaKTep U codep KallluM Dae-
MEeHTBLI Hay4HOJ HOBM3HBL. PexomeHnayeTcs aHaAUTUYeCKe pe3yAbTaThl HayYHBIX MCCAeAOBaHUI 10A-
TBep>KAaTh DKCIIePMMeHTaAbHLIMI AaHHBIMU MAY Pe3yAbTaTaMy MMUTAIIIOHHOTO MOAeAMPOBaHNSL.

CraTpsl 401>KHa MMeTh 3aKOHUEHHBIN XapaKTep, TO eCTh B Hell peKOMeHAyeTCsl OTOOpa3UTh KpaTKO
UCTOPUIO pacCMaTpUBaeMOIo BOIIpOca, IIOCTaBUTh 3aJady, OlpeleAUTh MeTOAUKY ee pellleHus, Ipu-
BeCTU pe3yAbTaThl pellleHNs 3ajadl, cAeAaTh BHIBOABI U 3aKAIOUeHNe, IIPUBECTU CIIMCOK AUTepaTyphl.
He aorryckaeTcs 1CIIOAB30BaHME B CTAThsAX (PParMeHTOB TEKCTOB, PYICYHKOB MAM IpaMKOB U3 padboT
Apyrux aBTopos (nan us Internet) 6e3 ccplaky Ha HUX.

CromMmocTb 1 9Kk3emmnasipa cOOpHIKaA TPya0B 6516 TeHre.

Aapec pejaklIMOHHO-U3AaTeabckoro otgeaa (PV10O):

100027, Kaparanga, np. H. Hazap06aesa, 60, IV xopr1., aya. 208.

E-mail: rio_kstu@mail.ru

Tea.: 8-7212-56-75-94 + 1057
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YHUBEPCUTET EHBEKTEPI - TPYObl YHUBEPCUTETA
2021. N°3. 293 c.

Ne  18375-x Tiprey kyaniriH 2013 XblndbH
27 MamblpbiHaa KasakctaH PecnybivKachbHbIH
MHBECTUUMANED  XBHE  JaMy  MUHUCTPAIMHIH
KaHbIHAAFbI bavinaHbic, aKnapatTaHabipy
)KBHE aKrapat KomuTeTi bepre

PerucTpauvoHHoe  cBMaeTensctBo N2 15375-X
or 27 wmaa 2015 roga BblgaHo  KomutetoM
CBA3M, WHhOPMaTM3aLUWMM ¥ HAOpPMaLM  npu
MUHUCTEPCTBE MO MHBECTULMAM U Da3BUTUIO
Pecnybnuky KazaxctaH

daebu pefakTopnap — JintepatypHble peaakTopb|
P.C. UckakoBa, K.K. CaragueBa
Aynapmallibinap — llepesoaumkm
I.T. HypceitoBa, H.M. ipak
KoMnbtoTepnik axapnay xasHe bettey — KOMMbOTEPHbIA An3aliH 1 BEPCTKa
M.M. Yrebaes, Y.E. AnTaitbaeBa

XapbIKKa LWbIKKAH KYHi
MiLwimi

Kenemi, 6.1.
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JlaTa BbIxoAa B CBET
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06bem, n.n.
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JNeKTPOHHbIN CanT XypHana: http://tukstu.kz/
E-mail pegakuwmu: rio_kstu@mail.ru
OtnevaraHo B TMnorpacum KaparaHaMHCKOro TeXHUYECKOoro YHMBepcuTeTa.
Anpec tunorpadum n pegakumu: 100027, r. KaparaHaa, np. H. Hazapbaesa, 60.



