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«AKBIAABI KadaaapbIHAAFbI» MyAbTHAareHTTi XKylieadepai Taagay

Anpatna. Kasazap TyprelHAap CaHBIHBIH OCIII Kede >KaTyblHa OalldaHBICTBI >KaHa
Maceeaepre Tall 00AABL; TApMUXTa aAfalll peT XaAbIKThIH KOIl 0eiri Kasip Meraroamncre
Typaapl. KaablliTackaH >Kargaligbl eckepe OTBHIPBIN, KaJda >KaHa IIemiMJaepai >Kysaere
acplpybl Kepek, SFHM ©3 asaMaTTapblHa KayillCi3AiK, JAeHcayAblK caKTay, pecypcrap,
ykimet, 6iaim Gepy >koHe Dacka Ja KaadaAblK >KylielepMeH OaliAaHBICTHI TaJlaIlTapra
>Kayanl OepeTiH >Kyiteaepai YCBIHYBI apKblabl AKbBLAABL Kada 0Ooaybl Kepek. Ocbl
MakaJaHbIH MaKcaTbl - AKbLAABI KaAaHBbI iCKe achIpy YIIIiH KaliTa >KaHFBIPThLAQTHIH JKoHe
DKCIIOPTTadaThIH MOJAEeAbAi aHBIKTAWTBIH 0a3aablK MHQPPAKYPBLABIM peTiHge Kada
MHTeAAEKTTICIH KaMTaMachl3 eTeTiH MyAbTHareHTTIK >KyliedepAi KoAJdaHa OTBIPBIIL,
AKpBLAABI Kada MoJeain seprrey. Bbya mMaxasaga MyabTmareHTTiK >Kylieaepai KoAjaHa
OTBIPBII, aKblAABI IIeTeAAiK Kadadap¥a Taajay >kKacadaabl, COHBIMEH KaTap
MyAbTHAreHTTePAiH 034epi 4e >KYMBIC icTereHi.

KiaT ce3aep: akpla4BI Kada, KOII areHTTi XKyiteaep, yAKeH Jepekrep, «VIHTepHeT 3aTTap»
TexHoaormscer, AKT.

DOI: doi.org/10.32523/2616-7263-2022-139-2-7-19

Kipicme

O/eMHIH Ke3-KeATeH eJiHJe KaJa XaAKbIHBIH Te3 ocyiHe OailAaHBICTBI ipi Kadadap YAKeH
MerarioAycrepre aiHaayda. Aa MyHAaill KaJdaJdap ayaHBIH AacTaHybl, KOAiK MH(PaKypPBLABIMBIHBIH
SKOKTBIFbI, PKOHOMMKAABIK AaHAIIATTHIH OeArici3Airi, XaAblK CaHBIHBIH KOITIri >KoHEe >KYMBICCHI3ABIK,
CUSKTHI YAKEH Kayill-KaTepre Tal 004yl — aliTblAFaH KayiTepaiy OipHerrieyi raHa — Oy Kasipri yakpITTa
aKIlapaTThIK-KOMMYHHUKAIIMABIK TEXHOAOTUAAaPAbI AYPBIC KOAAaHY apKbLAbI illliHapa m1erntyre 00AaThIH
Maceaeaep.

AKpBIAABI Kadadap TY>XKbIpbIMJaMacblHa KOAJaHBIAAaThIH TeXHOAOIM:AAap KadaMeH e3apa
OaiiaaHBICTBI 0OAAThIH OOAalllaKTHl KypyFa KeMeKTeceli, ad azaMaTTap MeH KbI3MeTTep apachlHAaFrbl
KaTbIHacTap MHHOBAalIMAABIK MYMKiHAikTepi Oap opra >Kkacaligbl. bargapaamaarlK IremiMmaepain
MaHBI3ABIABIFBl KOFaMFa KaJaAblK KbI3MeTTepAiH HerisTi >KylleaepiMeH TuiMAlI e3apa apeKkeTTecyre
MYMKiHAiri 604bI1 TaObLAQABIL.

AKBIAABI KadaHbl KapacThlpa OTBHIPHIIL, TYPaKThl 9KOHOMMKAABIK AaMyAbl JKoHe eMipAiH >KOFaphbl
callacblH KYpaTblH, KeIITereH HerisIi cadadapga, DKOHOMMKaJa, YTKBIPABIKTa, KOpIlaraH OpTaja,
azamaapaa, eMipJe koHe YKiMeTTe O3bIK AaMBbIFaH Kala aliMarblH yYcbiHaMbI3 [1]. Ochl Herisri caaasapaa
KYIITi ajaMM KalluMTad, 9A€yMeTTiK KaIlMTaa >KoHe aKIlapaTThIK-KOMMYHUKAIMAABIK TeXHOAOIUsLAap
nH@pakypsLabiMbl (AKT) apkbLabl TaObIcKa >KeTyre 00aaAbI [2].

AKBLAABI Kada — 0OoJalllak gaMy MakcaTTapbl OOABIN TaObLAATBIH JKacbhld DHEPINs Ke3lepi MeH
KyliedepiH, 9HepIrus THUIMAIAITH, TypaKTbl VYTKBIPABIKTBL, KOpIlafaH OpTaHBl KOpFayabl >KoHe
HDKOHOMMKAABIK TYPaKTBIABIKTHI OipiKTipeTiH yAriHi Kypy apKblabl KaAaAblK KeHiCTiK Typaabl OildayAblH
>KaHa Taciai [3].

BECTHVK EHY umenu /1.H. I'ymunesa. Cepus mextuueckue nayxu u mexHor0zui Ne 2(139)/2022 7
BULLETIN of L.N. Gumilyov ENU. Technical Science and Technology Series


mailto:l:%20ahaeva07@mail.ru,
mailto:alma_zakirova@mail.ru
mailto:gulnaztolegenova@mail.ru
https://search.crossref.org/?q=10.32523%2F2616-7263-2021-136-3-67-73+&from_ui=yes

«AKBIAV KAAAAAPLIHOAZLL MYAbIUAZEHMMI XK YlieAepdi marday

AKBLAABI KaJdaFa KaXkeT op TypAai aclekTidep: akplaabl >XKepaepai Kypy YIIiH KadaHbIH
KaKeTTiAiKTepiHeH >KoHe aafa KOWMBIAFaH MakcaTTapJdaH TYBIHAQWUTHIH, IMQPPABIK MHHOBAIIMAAAPABI
e3repic MakcaTbl peTiHAe eMeC, Kypaad peTiHJe aHBIKTANTBIH, 9PTYypAai Kyliedepai (KaIIBIKTBIKTaH
Dakplaay >Kyiledepi, IemnrimM KaOblajay >KeHe >KOcCIlapaay >Kylieaepi, OailaaHbIC Xylieaepi >KoHe T.0.)
KaMTUTBIH MYABTUAVICIIUIIAMHAPABIK >KoHe KelleHAi Tacia KaxkeT. Oa KasipaiH e3iHge HapbIKTa KOA
JKeTiMJl JKoHe My/AbTUAareHTTi NaligadaHaThIH 9PTYPAi AKBLAABI KaAaAbIK, iIIIKi XKeaiaepai KaMTuabi[4]:

- YTKBIPABIK, KOAIK >KoHe JAOTUCTUKA, YTKBIPABIKTBI OacKapyAblH O3bIK IremiMAepi. Kasker
OpBIHAApPFa >KeTy >KoHe KOpIli aydaHAapMeH cayJa >Kacay >KoHe odap MH(PaKYpPLLABIMABL (TYpak,
>KoaJap KoHe T.0.), )KaOABIKTap MeH KypaajapAbl (KOFaMABIK KOiK, BeAoCuIIeATep >KoHe T.0.) Tuimai
Oackapa aaaThIHBI TYpaAbl KO3FaAbIC AepeKTepi.

- DHepreTMka >KoHe MHTeAAEKTyaAAbl KYPBIABIC: OChI calajaFbl KOHTEKCT KaJlaJlapra apHa/lfaH
9pTYPAl MHTeAAEKTYyaAAbl XXylieaepai, COHAaN-aK MHTeAAeKTyaAAbl JKeAiaepAl eHrisyAi KaMTUABL.

- KazanbH KoraMABIK KayiIlcidairi: KaAaAbIK KbLAMBIC, TAOMFN allaTTap MeH TOTeHIIe >Kafjaraap,
ajzamaap MeH KoeiK KayiIlci3airi «kaaaablk Kayincisaik» XyleaepiH KaxkeT ereai, 0ya OapAbIK KaaaablK
ayJaHAapAbl JKaKcapTy YIIIiH OKUFadapAbl OaKblLaay.

- Kopiraran opra >xoHe Taburn pecypcrap: TaOun pecypcrapasl 6ackapy, OHAey SKoHe JKaHFBIPTY
>KoHe TaOMFaTTHI KOpPFay YIIIiH TexHOJAOIusAap MeH OM3Hec-MoJAeAbAepAi 93ipaey apKbLAbI 94i1eTTiaik
IIeH TYPaKTBIABIK KaFuaTTapbIHa ColiKeC TaOMEN pecypcTapabl OacKapyAbl OHTallAaHABIPY KasKeT.

- Typusm >xoHe MadeHUet: Oy aclleKT MdJeHM Mypa Marepuasljapbl MeH MaTepualAblK eMec
KYHABLABIKTapAbI AVIaTHOCTMKAaAay, KaAIbIHA KeATipy, caKTay >KoHe IM(PAaHABIPY, TP PAAHABIPY JKoHE
TYPUCTIK CeKTOPABIH Oocekere KabiAeTTiAiriH apTTHIPy VIIIH MaligaAbl MOAeAbAepAi aHBIKTAy, HAaKTHI
KOCbIMIIIaZap MeH TeAeKOMMYHMKaLNs >KeliCiH BeKTOp peTiHJe KaOBLAJaWTBIH TUICTI akKIapaT IeH
KOMMYHUKaIIMs1Aapbl Oap MHHOBAIUAABIK K04 001a adaAbl.

- AleHcayABIK caKTay >KoHe KOMeK: I1aiidaaHyIIbl Ce3iHeTiH KbI3MeT KopceTy AeHIelliH JKoFapblaaTy
>KoHe COHBIMEH Oipre IIBIFBIHAAPABI a3alTy YIIIiH OHAAIH peXXMMiHAe KbI3MeT aly MYMKIHAITi.

- DaeKTpOHABIK, OiaiM Oepy: Oya cada MeKkTerlke 0iaiM Oepy TeXHOAOTMsAAAPBIH OKBITY apKbLAbI
VMHHOBAIIVISIHBI €HTi3yre MYMKiHAiK Oepeai.

- KoraMapIK KeHICTIKTep >KoHe o1€yMeTTiK arperaius: OyA KOHTEKCT, MbICalbl, MyTeleKTepre
HeMece KapTrapfa Oadama OarbITTapabl YCBIHY apKblAbl OCBIHAAM KeJdepridepAi aHBIKTall aAaTbhlH
KBI3MeTTep MeH TeXHOAOTUAAAP KMBIHTBIFBIH KAMTHADIL.

- DAeKTpOHABIK, YKiMeT: MeM/AeKeTTiK OacKapyAblH iIllki IlporiecrepiH 1nppAaHABIPY apKblABI,
"OyATTHI ecerniteyaepAi’ 4aMBITy koHe U pAabIK popMaTTa AepeKTepai (allblK gepeKkTepai) raijalaHy
JKoHe a/Macy, eHTi3y >KoHe IIbIFapy VIIiH >XKaHa, OHBIH illliHAe aIlbIK OacTamKbl KOATHI KypaadapAabl
TapaTy apKblAbl MEMAEKEeTTiK KbI3MeTTep KopceTy calachl.

- AKBLAABI HKOHOMMKA: KOMMEPIMAABIK, SKOAOTMAABIK TYPaKTBIABIK STUKACBIHBIH >KaHa
«UA€O0AOTUSCHIH» AaMBITY apKbLABI OOAalllaKKa CaHaAbl TYpAe MHBeCTUIIN Kacay. [4].

AKBLAABI KadaHbl Oackapyfa KOAJ4aHBLAATBIH >KYMeHiH TYPiH aHBIKTATBIH HaKThl (PU3MKaABIK
KYPBIABIMBL KOK. Kasipri yakpITTa 3arTrap MHTepHeTi apKblabl aAblHFaH KOFaMHBIH opTypAai
CeKTOpAapBbIHBIH AepeKkTepi MeH aKIapaTThIK arblHAaphl, Oip-OipiMeH OailaaHBICTBI eMec Kylieaepae
caKTaAbIIl, K0AJaHbl1aabl. by Kaaaablk Oackapy opraHiapbl MeH KbI3MeTTepiHiH JKYMBICBIHA KMBIHABIK
TyABIpaAbl, OMITKeHi o4ap OapABIK KYIITep MeH ic-ll1apalapAbl TOABIK JKoHe TUiMAi yiiaecTipe aaMaiiabl
[4].

AKpBIAABI KaJaHBIH KOCBIMINIaJdapbl KOFaMFfa Kadadarbl >KyiiedepMeH THiMALI KapbIM-KaTbIHac
JKacayra KeMeKTece aJaTbIHABIFbIHA KapamacTaH, aKblaAbl KaJdadapAblH >KaHa ILIelliMAepiH >Kacay
Ke3iHJe o3ipaeyllidepAiH YAKeH KeJeprici JgepekTepdi ©HAeyAiH >KoHe Oeariai Oip 1mremrimaep
KaObL14ayAblH KUBIHABIKTapbIMeH OallAaHbICTHI.

Kaszakcranaarsl TOPTiHIIN ©HEPKICINITIK peBOAIOINSI KbI3MeTKepAepAiH 0iaiMi MeH Ky3bIpeTTepiHe
KOJBLAATBIH TaJalTapAbl KyIIeliTyre OarpiTTaarad. OTKeH kbpLabl MemaekeT Oacipicel 2025 sKbplaFa geiiin
Herisri casaaap ymrin 10 MbIH MaMaHABI OKBITY KOCIIapbIH 93ipaeyai TaniceIpAbl. 4.0 Vinaycrpusicer - 6ya
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¢pusuKaabIK HBICAaHAAPABL, ITpolLlecTepAi >KoHe HUQPABIK TEXHOAOTMAAapAbI OipiKTipy apKbLABI KOCBIMIIIA
KYHABIABIK KaMTaMachI3 eTiAeTiH OHAIpicTi YIBIMAACTHIPY TY KBIpBIMAaMachkl. bya perre mudpasik
TeXHOAOTHUsAAApP HaKThl YaKbIT peXXnMiHAe (UBMKAABIK IIpollecTepre MOHUTOPUHI KYPprisyre, gepbec
mernriMaep KaOblagayFfa, MalllMHaJdapAblH ©34epi MeH ajaMJap apacblHAAFBl ©3apa iC-KUMBLABIH
Oakbl1ayFa MYMKiHAIK Oepeai [5].

By TakpIpbIITHIH ©3€KTiairi OipHerre 5kbL1 Oy pbIH Haiiga 0014561 5koHe KasakcTaH Kadaaapsl YIIIiH
94i ae e3exTi OoabIn TYp. backa eagepain Toxxipubeaepin asa orsipein, Kasakcran kaaaaapst 4a CmapT
KaJlaJlapra aliHaayaa, Oya KepJe Kaja Maceaelepi aKblAAbl TEXHOAOTUAAAPAbIH KOMeTiMeH IIelileai.
Kaszaxcran aymarblHAa JKaHa TeXHOAOTHAAaPFa TOABL aKbLAABI Kada Kypblaabl. Kasa Akkea gem atasaspl,
o1 Hypcyaran kaaaceiHan 100 makeipsim >xepae opHadackaH. Kasip 04 kaaa 6ipTiHgen akblaAbI KaAaFa
aitHaayaa. O xepae OapAbIK KaAaAbIK KbI3MeTTep OeAariai Oip >karaaliga aablHFaH MaAiMeTTep HeriziHae
KOMeKII mremiMaep KaOblagaiiasl. OHAAMH peXKMMiHAe aya-paiibIHBIH ToyeaAAidiriH, aTMocdepaHBIH
JacTaHyBblH, yiilep MeH IaTepAeperi TeMIlepaTypaHblH TOMeHAeyiH, aypyXaHadap4arbl HayKacTapAblH
Ko0eI0iH, HaKThl aypyAapAblH OKMiAiriH, MeKTeITeri >KyMBIC KepceTKimrepi MeH AKKea
Ka3aHABIKTapBIHBIH callachlH Kapay [29].

Smart Agkol >xobace! k04 >XKoHe KOFaMABIK KayillCi3AikTi, COHBIH imtiHAe 6iaiM Oepy Mekemeaepi
MeH 91eyMeTTiK HbICaHAapAarbl OeliHeOaKblAay, A€HCAyABIK CaKTay CalacblHAAFEI MOHUTOPUHI JKoHe
Oackapy, COHAali-aK FUMapaTTap MeH TYPFBIH Yiidepai >KaHa OYbIHAAFBI «aKbIAABI >KaOABIKIIEH»
>KaOABIKTay apKbIAbl KaAaHbIH KaABIITHI TipIIiAiriH KellleHAi KaMTaMachl3 eTyTe OarbITTaAraH [29].

bip makcaTka >keTy yIIiH aara KOMBbLAFaH MiHAeTTepAi IIeNly KaskeT, SFHM aKblAAbl KaJaHbIH
HEFYPABIM KeH KOHTeKCTiHJAe AMHaMUKaABIK MHPPaKypPhLABIMABI MOJeAbAeY Al NaiigalaHy¥Fa MyMKiHAIK
OepeTiH MyAbTHareHTTi Xylieaepai Taajay. bya Tumoaormsga MyapTHareHTTi XXylieaepai KoaJaHy
cazacpl DHepIus pecypcTapblH OHTalldaHABIPY, LIBIFapBIHABLAAPABI a3alTy >KoHe eMip Cypy callachlH
>KaKcapTy OOABIII TaObLAaABI.

«AKDBIAABI KAAA» TYKBIPBIMAAMACHI MEH TEXHOAOIVIAI/1APEL

AKBLAABI KaZaaap TY>KbIpbIMAaMachliHa KaTBICTHI YPeliAiH KeIiairi Kaaaaap XaAbIKThIH 50% -HaH
acTaMBIHBIH YiliHe aliHaAfaHABIFBIHAH TybIHAalARI [6]. CoHBIMEH KaTap, Kadadap XaAbIKTBIH KeIl Oeairi
YIIiH Y11 004a OTBIPBII, Ka3ipri 3aMaHFbl 9KOHOMMKaHBIH OPTaABIFbI OOABIIT TaObLAaABI.

Smart Astana Ty>KbIppIMAaMachlH KadaHbl KOA4ay YIIIiH ©MipAiK MaHBI3pI Oap Heri3ri KbIaMeTTep
SKMBIHTBIFBI Oap oIlepalsAblK, OPTaAbIK peTiHAe YChIHyFa 00aaabl, cyper 1. bya KpisMerTep keaecigei
KiKTeAeAl: KayircisAik, 0ackapy, 9KOHOMIKa, KOAiK, KOpIllaraH OpTa, ©Mip caaThl, KOFaM [6]..

BECTHUK EHY umenu /.H. lymuaesa. Cepust mextuveckue HayKu i mexHoA02Ul Ne 2(139)/2022 9
BULLETIN of L.N. Gumilyov ENU. Technical Science and Technology Series



«AKBIAV KAAAAAPLIHOAZLL MYAbIUAZEHMMI XK YlieAepdi marday
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YiaHoe KoHuenuus
O6uwecTBO Smart Astana
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YMHbLIN

OOpa3 XM3HKN

Cyper 1. Smart Astana Ty>XXbIpbIMgaMachl

AXpBIAABI Kada MyAbBTHMAreHTTI >KylleaepaeH Typaabl, Oya cumaTrramMa akblAAbl KaJaHbIH
MHQPPaKYPHLABIMEL MEH KOpIlaFaH OPTachiH KYpaThIH >KylieaepiHge Oap akplAAbl TeXHOAOTMSAAPABI
KOAJaHyblHa OaiiaaHbicThl. Oaap KyHAEAIKTi KaJaAblK eMipre apHa/AfaH >XKaHa IIelliMAep HeFypAbIM
MYMKiH 001aTbIHAAM >KoHe 04apAbl KOAAaHy OHail 604aThIHAA eTill JKYMBIC XKacaiasl [7].

Axpaapl Kaaa Jepektepai Oepy >keHe TapaTy SKYMBICTAphIH THIMAI IalijadaHy YIIiH
KeTKi3yllidep, TYTBIHYIIBLAAP >KoHe >KeaAi apachlHAarbl OallAaHBICTBI, aBTOMAaTTaHABIPYABI >KoHe
yiiaecripyai aprreipaabl. JKaOabIKTap MeH KYpbLAFblAapAbl OipikTipeTin OyKia KyiieHi yAKeH KeaemJe
©HJey KoHe TYTHIHYy >KelilepiHe >KaTKBI3y AYPBICBIpaK, ©MTKeHi 04 TyTacTail aHbIKTaAMaliAbl, Oipax
e3apa 0ailaaHBICTBI iIIKi >KyleaepaeH Typaabl. AKbBIAABI Kadalap COHbIMeH Karap Oipkarap irmki
KeaiaepaiH TeHrepiMAi MHTerpalMsChIH >Kacayra OarbiTTaaraH [8]. dacrypai Oackapy MeH OaitaaHbIC
Kylieaepi JepekTepaiH >KOraphl JeHreiige OOAYbIH KaMTaMachl3 €Ty YIIiH AaMyAbl KaXkeT eTeAl.
CypansicTapra THiMAi XKayarl Oepy YIIIiH JKyifeHiH >XYMBIC JKafjaiidapbiH Oiay KaskeT. MbIcaabl, aKblAAbI
ecernTerimrep MeH eKi >KaKThl OaifdaHBIC TEeXHOJAOTMsAJAaphl TYTBIHYIIBLAAp MeH oIlepaTopaapra
mernriMAep KaOblagay yIIiH aknapar 6epe aaaasr [9].

AKBIAABI KaAaHBIH OOAKaHFaH >KeAilik MHQPPaKYpPBLABIMBL ©Te CepITiHAi >KoHe OHBIH AVICKPEeTTi
BAEMeHTTepPiMeH, SFHI HaKThl yaKbITTa FeHepalsLAaliThIH JXoHe TYTBIHATBHIH KY PhLAFbLAapMeH XKacaAraH
akIapaTtka KOCbLAy MyMKiHAiriMeH HaKThl yaKbpITTa OeltliMaeay, OHTallaaHABIPY >KeHe 00AKay YIIiH KaHa
MYMKiHZiKTep maiiga ©oaaanl [10]. EHrisiaren >xyiteaepaeri, ecemnTeyaepJeri >KoHe >Keaiaepaeri
JKeTICTIKTep MMAAMOHAAFaH KYPBIAFbLAApABIH MHQPPaKypblAbIMbIHA aAblll Keadi. Bya kypblareiaap
akIapatThl Oepin KaHa KoliMail, ecertep Ky prisill, >keaiaep >kacaiiabl >KoHe 03bIK KoAaabopalusaapabl
Ka/BIIITaCThIpaAbl. AKBLAABI KAaAaAbIK >KeAiHiH CUIIaTTaMachblH KaMTaMachl3 €Ty YIMiH TeXHOAOIUsAap
MeH OacKapyAbIH 9pTypAi KaTeropusaapbl aHbIKTaAAb! [11]:

- AKT

- KOMMYHUKaIMs MHPPaKypbLAbIMbL;

- «YAKEeH AepeKTepai» Taaaay;

- TeXHOAOTUAABIK, CePBUC;

- meIriM KaObla4ayAbl KOA4ay MOJeabaepi;

- AATYUKTep MeH aTKapyILIbl MeXaHU3MAep;
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- DHEPINS TYTBIHYAbI TOMEHAETY XYlieaepi;

- DHEePIVSHBI OHAIPY JKoHe TapaTy XKylieaepi;

- TYPaKThl KYPBLABICKA apHAAFaH XKaHa MaTepuasjap MeH LIeniMaep;

- ’)KaHa TMOpUATIi >KoHe DAEKTPAIK KOAiK Kypaljapsl;

- TYPaKThl YIBIMAACTBIPYIIBLABIK MOA@AbALD;

- Ka4a4bIK JKOcCIlapaay >KeHe IIelimM Kabbladayabl KoaJay MoJAeAabaepi;

- 91eyMeTTiK MHTerpalus MoAeAbaepi;

- Kajaraaay Dakplaaybl JKoHe JepeKTepAi KMHay - alrapaTThiK Oakbliay XaTTaMalapblH, COHAAl-
aK MeMJeKeTTiK akIapaT IleH Oakplaay >KylelepiMeH aamacy YIIIiH KakKeTTi CUTrHaaJapabl Oackapasbl
>koHe KopceTeai. Kasip Oya TexHoaormsaap Tek 9AeKTp KyiieciH Oackapy YIIiH KoA4aHbLAaAbl, Oipak Ker
areHTTi JKylieAepAeH aliblpMalllbLABIFEL KOIITEIeH OIlepalusaiapAbl OpblHAAY YIIiH adaMHBIH apalacyblH
KakeT eryiHae[11].

- JKyliere bIKITaA eTyre apHaaraH TapaTblaraH MHTeAA€KTyaAAbl arleHTTep, KOVbLAFaH TallChIpMaHbI
OpbIHAayFa OpTaK MaKCaTThl KO3JeN >KeAiHiH >KapaMABIABIFBIH calla CTaHAAapTTapbiH KOAJay OOABII
tabpaaabl [12]. Top, 6oaybl Ka’keT: MHTEAAEKTyaAAbl, MbICAaAbl, CYpPaHBIC >KaFrblH, Oafa CUTHaAAapbl
HeriziHze OacKapyAbl >Ky3ere achIpa alybl; YAecTipiareH: TaOufM pecypcrap Kadall TapaTblAaAbl, TillTi
JKeaiAiK KypbhlAFblaapAa MHTepHeT OalildaHbiCalbl; aBTOHOMABL: DAEKTP KyaTbl OIIiIl KaAFaH >Karjaiila
aBTOHOMABI DAEKTP KylieciHae OeaceHAl KyitiHAe Kaaybl KepeK. ATeHTTep TeXHOAOTUACH XKYIieHi MKeMAi
eTe aJa/bl, MBICaAbl, aBTOHOMABI >KYIJeHiH IeKapaJapblH AMHaMMKaAbBIK TypAde KaliTa aHBIKTayra
MYMKiHAIK Oepeai [13].

- «3aTTrap MHTepHeTiHiH» MHQPaKYPHIABIMBI KOpIIaFaH OpTaMeH TBIFBI3 BIKI1aAA4acThIPbLAaThIH
00aaabl, COHBIMEH KaTap KOPIOPaTMBTIK >KyliedepMeH ThIFbI3 OailiaaHbicTa 00aaapl. CoHbIHAA OM3HeC
IIeH HaKThl 94eM apachlHAAFrbl IleKapaHbl OgaH 9pi OYABIHFBIP €Til KaHa KOliMall, COHBIMEH KaTap
KBI3MeTTepAi kobaday, OpHaAacTHIPY >KoHe NalijadaHy 94iCiH ©3TepTill, HaKThl 91€MMeH ThIFBI3 KYMBIC
icTei aaaThIH KaHa OM3HeC MyMKiHAiKkTepi naiiga 60aaab! [14].

AKBIAAB KAAA YIIITH MYABTUATEHTTIK XYVE

Ic xysiHge OapablK >KaHa DHepPreTMKAaAbIK TeXHOAOIUsAAap - OAapAbIH KYMBICHIH OaKblAaliThIH
>xoHe AKT «neris» 60apin TaObLAaTHIH OacKa KyphIAFblAapMeH, FiIMapaTTapMeH >KoHe JKaAIlbl JKediMeH
DaltaaHbICyFa MYMKiHAIK OepeTiH KipiKTipiAreH 9AeKTPOHABIK MHTeAAeKTKe ue [15].

ArenTtrep xahaHABIK Taagay, HaKThl YaKbITTaFbl OacKapy IlapaMeTpi, aBTOMATThl HaKThl YaKbITTa
DackapyAabl KOCYy MeH OlIIIipy, nepapxusl OOVbIHIIa, OipHellle yaKbIT IITKaaachl OOIbIHITIA (PYHKIIMIOHAAABIK
yilaecTipy apKblaAbl YilAecTipiareH >KepriaikTi Oackapy 91eMeHTTepiH opTak IalijadaHyAbl JKeHiljeTeAl.
Bupryaaabr apxurtekTypa OapAblK AeHTeillepaeri MHTeAAEKTyalAbl AepeKkTepai Oipkeaki Oipikripyre
MYMKIiHZiK Oepeai, ocblaaliila HaKThl KbI3MeTTep MeH AepeKTepAiH OpHbI BUPTYaaAaHABIPBLABII, OyKia
K1OepKayircizaik mHppaKyphLABIMbIHAA alllbIK 00Aaab! [4].

VHnTeasexTyaaap! yaecTipiareH aBTOHOMABI aKblAAbI Kadara — AKbLAABI Kala MHPPaKypPhLABIMbIH
CepIIiHAl >KoHe MHTePaKTUBTI eTyre KabiAeTTi, KOCIHBI3 — OVHAaHbI3 — allIbIHI3 apXUTEKTypPacklH KOAJaHa
aAaTbIH, MBICAABL, 9PTYpPAi XKeaiaep apacblHAa pecypcTapAbl OTKIi3iIl Kibepyre MyMKiHAIK OepeTiH, HaKThI
KoHe BUpPTyaAAbl ollepaTtopaapAblH Oip-OipiMeH OailaaHBICHIII, ©3apa dpeKeTTecyiHe MYMKiHAIK OepeTiH
KayiIcis opra Kypy YIIIiH eKi >KaKTbl OailaaHBICTHI HTalidadaHy KaxkeT 6oaaasr [17].

IOT >xyiteci >XKyMBIC icTeyi YIIiH MHTeAAeKTyaaAbl KOMIIOHEHTTePAIH ©3apa opeKeTTecyiH
KaMTaMachl3 eTy KakeT. ATeHTTep apachblHJaFbl ©3apa 9peKeTTeCyAiH Herisri TypaAepiHe MbIHaJAap
>KaTaapl:

- KooIepaums (BIHTBIMaKTaCThIK);

- DacekeaecTik (KOHPPOHTAIVLS, KaKTHIFBIC);

- MaMize (Dacka areHTTepAiH MyAJeaepiH ecKepy);

- KoHpopMM3M (DacKaslapAblH IaildackiHa Kapail 3 MyadelepiHeH);
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* @3apa d9peKeTTeCyAeH aybITKy.
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execution process
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Cypert 2. ATeHT KYI1iHiH AarpaMMachl

AreHTTep apachIHAAFbl ©3apa apeKeTTecyAi Mojeab/ey IpolieciHie BUPTyaaAbl OpTaHbl MOAEAbALY
Ke3iHJe ecKepiayi Kepek TaOuFn KylieaepAaiH Keaeci Herisri Oeariaepi 6eaineai, cyper 2:

1. Ke3 keareH areHT IIeKTidiri. ATeHTTiIH eMip Cypy V3aKTBIFBl 9pTypAi >Kardalidapra, aTall
aliTKaHAQ, OFaH XXYKTeATeH MiHAeTKe, KoA4a Oap pecypcTapAbIH KoaeMiHe >KoHe T.0. OallaaHBICTHI.

2. JKacanasl emip Mogeabaepinge OMOAOTMAABIK ipiKTey MeXaHM3MiH Koa4aHy. TuiMAi areHTTEepAl
TaOuFym cypsinray OeifiMaeay >KyleaepiHAe opTypAi SBOAIONMAABIK MeXxaHU3MAepAi (yiipeTiareH
HeJIPOHABIK >Kelilep, TeHeTHKaAbIK aATOPUTMAEP, KaliTa KYPhLAaThIH KYPBLABIMEI Oap MalllHalap >KoHe
T. 0.) KOA4aHa OTHIPHII KY3€Te acBIPhLIYBl MYMKIH.

3. AreHTTep KaybIMJACTBIFBIH YHBIMAACTBIPY JeHIeiliH ecenke aay. Mogear Kypdaeai
OpraHuU3MAepAiH 94eyMeTTiK YIbIMMeH 9peKeTTeCyiH CUIIaTTalThiH 004ca, areHTTep peaKTUBTiAiKke,
OeaceHJiAiKKe >XKoHe TaHBIMFa KOCBIMINIA TaFbl Oip KacueTke - aaeyMmeTTidikke me 0oaaasl. MyHaai
Mogeabjepae oAeyMeTTik MapTeDe MeH o4eyMeTTiK KaTbIHacTapAbl eckepy KaxkeT. ATeHTTepAiH
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Y KBIMABIK SKYMBICBIH MOAeAbJey KeAeci MaceaeaepAi IielryMeH 0ailAaHbICThL:

- BIHTBIMaKTacCTBIK Ka>KeTTiAiriH TaHy;

- coliKec cepiKTecTepAi TaHAAY;

- cepikTecTepaiH MyJ4/delepiH eckepy MYMKIHAITIL;

- BipAecKeH ic-KMMBbLA4ap Typaabl KeaiccodaepAi YIBIMAACTBIPY;

- DipaeckeH ic-KMMBLA JKOCIIapAapblH KaAbIITacThIPY;

- DipaeckeH apeKkeTTepAi CMUHXPOHAAY;

- MiHAeTTepAiH OeaiHyi;

* KalIIBLABIKTHI MaKcaTTapAbl aHBIKTAY;

- DipaecKkeH pecypcTap YIIIiH OaceKkeAecTiK;

- Y>KBIMAa TOPTIIl epesKeAepiH KaAbIITacThIpy;

* Y>KBIMAAFbl MiHe3-KYABIKTHI YIIpeTy >koHe T.0.

Korapriga araaraH Mocesedepai Iemry 3UATKePAIK ©HAIPICTIK OpTaHBI KaAbBIITAaCTBIPYFa
MYMKiHAIK Oepeai, 0yA ©HAIpICTIK KBI3MET IIPOolLleciHAe K9CIIIOPBIH peCcypCTaphIH KOCIIapAay JKoHe 0eAay
Maceaeaepin memryre MyMkiHgik  Oepegi. CAD\CAM\CAE\PLM yiieaepinge o3ipaeHreH
9AEKTPOHABIK, Ty PAeri KOHCTPYKTOPABIK JKoHe TeXHOAOTMAABIK AepeKTepAi HaKThl ©HAipicIieH OipikTipy.

Op areHT YIII AgeHrelire OeAiHeAi:

e Kaii areHTTiH ol14ay KabiaeTi, MakcaTTapsl, pecypcraphl, Aarablaaphl, CeHiMAepi, Kaaayaapbl Oap
€KeHiH aHBIKTay.

* OgsiHiH areHT-opiNTeciMeH KapbIM-KaThIHACThI HAKThLAATBIH YIIBIMAACTBIPYIIBIABIK,

* AreHtTi Oacka areHTTepMeH KeaAiccesJep >Kyprisin, yiidecTipe adaTblHAall eTill yiiAecTipy,
Mogeanaey [18].

AreHTTep >KeaAidiK aapecTepMeH areHT arayJAapblH ColiKecTeHAipeTiH >KoHe Oeariai Oip
CBINIBIMABIABIKKA, YTUANUTaAapFa KaOiAeTTi bIKTHMaA aTeHTTepAiH aTayAapblH KaMTaMackl3 eTeTiH cepBep
$yHKIIMAAapBIH KaMTaMachl3 eTeai [18].

ATeHTTIK XyJieHi icke acpIpy Keaeciget:

* AreHTTepAiH cuIlaTTaMachl

¢ bipaeckeH areHT guarpaMmachl apKblabl KOA >KeTKi3iAeTiH KOChIMINIaHbI Taajay. backapy areHri
KYTIIeTeH KarAaliaapAbl HeMece DAeKTp KeAiciHAeri CaTCi3AIKTepAl aHbIKTay YIIIiH MOHMTOPMHI XYIieCiH
JKoHe KOFapbl TypFaH 94eKTp >KeAiCiH aHBIKTaraH Ke3Je aKblaAbl KaJdaHBIH aKHIapaTThIK
TeXHOAOTUsAAAPBIH YTUAUTa4aH OKIlayAay YIIiH Heri3Ti a’kKbIpaTKBIIIIKa CUTHaAAap >Kibepyai KaMTuAbI
[18].

[TaiiaasaHyIIbl areHTi akblAAbl Kada (PyHKIMAAApPLIH MaligadaHyllbldapra KOA >KeTiMAi eTeTiH
KAMEHTTIK 114103 peTiHAe apekeT eTedi. Oa aKblAABI Kada KylieciHae TYpaThiH ajamaap Typaabl HaKThI
yaKbIT peXMMiHJAe IalijdadaHylIblAapFa akIapaT Oepy >kayamkeplmidirin kamtuael. Ilaitgasanyrmst
areHTi COHBIMEH Karap IalijaJaHyllIbllap¥a aadblH-ada aHBIKTaAfaH OachIMABIK HeTidiHAe >KyKTeme
KY¥1iH Oackapy¥fa MyMKiHAIK Oepeai:

® Op areHTTiH 0iAiMiH MOAeAbAey apKbLAbl KOCBIMIIIaAapAbl 93ipaey.

* Arenrrepain OaraapaamaHnsl GpperiMBOPKTepPAiH rpadpuKaabIK MHTepQeIici apKbLabI icke aceIpy,
Kypy- [18].

CoHpIHAQ, areHT KoATapbl >KacalfaHHAH KelliH, eTiHimm Oepy mporieci asKTaaAbl. ATeHTTep
apaceIHAaFBI OapAbIK Xabap aamacy 6epyai 6ackapy rmporokoasl/VInTeprer mporokoant Hemece TCP/IP

yuriH  opHartblaadpl.  Ke3  KeareH  MyaAbTHMareHTTIK — KylieHiH  maescel  Oip  HBICaH
(opTaabIKTaHABIPBLAFAH KYlie) IIeleTiH KypAeai TaricelpmaHbl OipHelre oObekTizep (yaecTipiareH
>KYlie) IIellleTiH Kiltipek, KapaIaibM TallclipMadapra 6eay 00abin TabbLaaAbL. [18].

My AbTHareHTTIiK XYlie Kyp4eai Xylieaepai, areHT KacueTTePiHiH apTHIKIIBLALIFLIH TTalidalaHaThIH
Xylieaepai: aBTOHOMABLABIK, 91€YMeTTiiK, peaKTUBTiAIK >XoHe IMPOaKTUBTiAIKTI 4aMBITyAa aHaFypPAbIM
KYIITi Kypaara aiiHaayda. Oa ajaMHBIH apaaacybIHCHI3 9peKeT eTeTiH MarblHaja aBTOHOMABI JKoHe
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9/eyMeTTiK TypFblgaH OacKa areHTTepMeH KapbIM-KaThIHAC Tidl apKblABI ©3apa apeKkeTrecesi. ATeHTTep
Ae KoplllaraH OpTaHblI KaOblagam, kayan Oepeai. Caliplll KeareHJe, areHTTep OeaceHAl, ©TKeHi oaap
Oacrama KeTepy apKblAbl MaKCaTThl MiHe3-KyABIK TaHbITa adaAbl. YCBIHBIAFaH «AKBIAABI Kada»
apxutexrypacsl AKT mHQpaKypBLABIMBIHBIH 9pTYpAi Kypamaac OeaikTepiH >kobasay MeH AaMBITyFa
JKoHe CMapT KaJdara KakeTTi cTaHAapTTap MeH XaTTaMadapAblH Iaiida 00AybIHa BIKIIAA €TeTiH >KaAIlbl
Herizagi KamMTaMachl3 eTeai. ApXWUTeKTypaHBIH TeXHMKaAblK JKy3ere acbhIpblAybl — AaT4MKTep,
TeAeKOMMYHMKAI[UsAap, ecerTey TeXHMKachl, MHTepPHeT-TeXHOAOTMsIAap, DHepreTUKaablK >KaOAbIKTap
>KoHe DHepINsI XYyllelepiH Taasay calacblHAAFbl COHFBI JKeTicTikTrepre cylieHeai [18].

AKXBIAABI KaAaHBIH aKbLAABL 3Kyleci-Oya opTypai TexHoAOIMsAAapAbl, oOIepaTtopJap MeH
KOCBLABIMAApAbl ecKepeTiH Xyite. bya >xyiieaepaiH Kypambl >KaHa KoCiIIOpbIHAap MeH >KaHa e3apa
opeKeTTecyaepai TyAbIpaThlH TeXHOAOTMUAAAPABIH AaMyblHa OallaaHbBICTHI ©3repedi. bya camanbl cakray
YIIiH aKbLAABl Kada >Kyleaepi Oip-OipiMeH yaKeH KapbIM-KaThIHacTa 0oaMaysl Kepek, olap e3apa
akIlapaTThlH MMHMMAaAAbl KOAeMiH IalijalaHa OTHIPBIN, ©3apa apeKerrecyi KepeK. AKbLAABI KaAaHbIH
TY>KBIpPBIMJaMaAbIK MOJeAai-Oya KepiHicTep MeH cuIlaTTaMalapAblH KMBIHTHIFBI (CypeT 3) aKblaAbl
KaJdaHBIH CUIaTTaMaJapblH, KOAJAHBIAYBIH, MiHe3-KYAKBIH, MHTepdelicTepid, TaJanTapsl MeH
CTaHJapTTapbIH TaAKblAay¥Fa Heris 004bIIT TaOblaaAb! [19].

OnepaTHBHEIA
LeHTp

YCTpolcTBa

VHTennekTyansHaaA
CeTb

Buanec

Cyper 3. «<AKbLAABI Kala» II9HAIK aliMaFbIHBIH AVIarpaMMachl

AKpBLAABI OaFgapaaMadblK >KacaKTaMa areHTTepiH >Kachll Ke34eH Kyar izgeyre OardapaaMasayra
601aabl. OpOip TeHepamusl KO3iH YCBIHATBHIH areHTTep aTMOcdepara aFbIMAAFEI MIBIFaPBIHABLAADP TypaAbl
ecen1 Oepe aaaapl. Kopiaran oprara acepiH asaiTyra MyAadeAi 9AeKTp SHEPIVSCHH TYTHIHYIIBLAAD ©3
areHTTepiHe ©3 OI0AXKeTTepi asChIHAA KO JKeTiMAi eH Ta3a 9AeKTp DHEePTUACHIH CAaThIIl aAyAbl OYIIBIPYBI
MYMKiH. AKBLAABI JKeaiep ecKepTyaep Ke3iHge Oipaecint apeket eTeai [4].

MYABTUATEHTTI JKYWEAEPAI KOAAAHY ALl TAAAAY

AXBIAABI KadaAapAarel MyAbTUATEHTTIK XKylieaep, Keaeci aBTOpAapAblH KYMBICTapbIH 3epTTeiMis.
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Kecre 1. AKbLAABI Kaaaga My AbTHATeHTTi XKylieaepai Naigaaany

3eprreyuiizep KozaaHbl1aThIH a4icTep

Longo M. >xone 0. [4] AKBIAABI Kadajga KOAAAHBIAATBIH MHHOBALMAABIK MYAbTMAreHTTi
Xyneaep

Roscia M. xone 0.. [7] MyabTHareHTTi JKylieaep apKblabl AKBLAABI Kala

Merabet G. H. >xone 6. [21] UnTeasexkTyaaanl Xeaiaepae MyAbTUAreHTTi XXylieaepai KOA4aHy

Olszewski R. >xone 6. [22] MyabTuareHTTi KyiteaepAi KoaJaHa OTBIPBII, AKBIAABI Kada

TYPFBIHAAPBIHBIH KbI3METiH KeHiCTIKTiK JKoHe yaKbITIIIa MOAeAbAey

Diogo A. >xone 0. [23] MyabpTHareHTTi XXylieaep Mogeai 491, CeHIMAL KoHe XIUi JAepeKTepai
KOAJAUTBIH OHTallAaHABIPBIAFAaH METPMKAAbIK areHTTep YIIiH OVIBbIH
OPTachIH YCHIHYABIH OPBIHABIABIFBIH 434€4/ey VIITiH KOAJaHbLAaAbl.

Silva D. >xone 6. [24] AKBIAABI KaAaHbIH MYyAbTUATeHTTi XylieAepi YIIIiH CTeHATI OHBIH icke
aChIPBLAYBI MEH JKYMBIC iCTeYiH TeKcepy YIIiH NaijajaHy.

Postranecky M. sxane 0. [25] ~ Smart City KelneHai MyAbTHMAreHTTi KYJeCiHiH TY>KbIPbIMAaMaabIK,

Mmogeai 4.0.
Julian V. >xane 6. [26] MyapTHarenTri Xyiteaep
Giordano A. >xene 0. [27] AKBLAABI areHTTep >KoHe AKBIAAbl KaJa KOChIMINaJapblHa paHaAraH

TYMaHABI ecenTeyaep.

PsSibyl O. >xene 6. [27] AKBLAABI KaAalapra XKylieai OarpITTaAraH Tacia

Maxkasasapapl TaajaraHHaH KelliH OapablKk AKBIAABL Kadadapda KeIl areHTTi >Kylieaep
KOAJaHblAaAbl AeIl KOPBITBIHABI >Kacayra ©Ooaaabl. bya kxylieaep AKBLAABI KaJdaHBIH >KYMBICHIHA
koMekreceai. Oaap Oeariai Oip >KyileaepAiH >KYMBICBIH >KaKcapTy YIIiH Oeariai Oip memrimaep
KaObLAJaMTBIH ©3iH-031 yiipeTeTiH >KoHe aKblAAbl TexHoaorusaap. Aypwic 0OardapaamasaHraH
MyABTUATeHTTIK XXyiie AKBIAABI KalaHbIH AdaMyblHa bIKIaA eTeli, Kada TYPFbIHAApBl YIIiH OAapAbIH
KasKeTTidikTepi MeH Koa4a Oap TeXHOAOIMsAapPbIH eCKepe OTBHIPLII, KOAallAbl JKaFall >Kacaiabl.

AKBLAABI KaAadapAarbl MyAbTHUAreHTTIK JKylielepre KaThICThl KOAAAHBICTAFbI IIIOAY KYMBICTaphl 1-
IIi KecTede >KMHaKTaAfaH, OChl IIIOAY >KYMBICTapbIHBIH Kenmriairi [4], [7], [21]-[27] akplaabl KaaaHbIH
Heariai Gip AoMeHiHe HeMece >KiKTey IlepCIIEeKTMBAChIHBIH Oip >KaHpBIHa OarbITTaaraH. Postranecky M.
>KoHe T.0. [26] >xyMbIchiHAa YIIOYPHIIT epeskeaepiHiH AuarpaMMachiH eHrizeai. AKbLAABI KadadapAarbl
MyABTUATeHTTi >Kylleaep OOJBIHIIA >KYMBICTap Ke3eKlleH 3epTreadi KpI3BIFyIIBIABIK TaHBITKaH
OKBIpMaH/Aap KOChIMIIIa TeXHMKAaABIK aKIlapaT aly YIIiH OChl ciaTeMeaepai Koa4aHa adalbl.

KopbITbIHABI

Makaaaga AKbLAABI Kadadapda MyAbTUAIeHTTi XXylielepai KoAAaHy, iIlIKi Xylieaepai, eHaipicTik
TeXHOAOTHUsAAaPABI, ONepaliIAbIK Kyliedepai cUIaTTaliThIH MOAeAb, aKbLAABI KaAaHbIH OCBI YKOOaChIH
HaKTBl >KaCalTBIH MYABTUMAreHTTi >Kylieaepal KOAJaHyfa HaKTBI IIIOAY >Kacaablll, d3ipaeymriaepre
BIHFAlIABl aMaJdfa Taajay >Kacaaawl. biprerie oHTaliabl caTTep AKBLAABI KaAaHbI TYABIPYbI MYMKIH.
Meicaabl, PKOHOMUKAABIK, BIHTaAaHABIPY, KbI3MET KOpCeTy CalachblHAAFBl MHHOBALIMAAAP, a3aMaTTapAbl
TapTy, KOMIpPKBIIIKBIA Ta3bIHBIH IIBIFBIHABLAAPBIH  a3aliTy, KOFaMABIK KayilCi3AiKTi apTTHIPY;
AE€HCayABIKTEI KOpFay. AKBLAABI Kala TY>KBIPEIMAaMackl KaAaAblK SKYJeHi KaliTa aHbIKTayAa HeTi3 00AbII
TabbLAaAbl, OHAA KaAaAbIK KYPBIABIMABL KYPY VIIiH ajaMM JKoHe 94eyMeTTiK acleKkTiaep Ae ecKepiseai.
Ocrr Hemece Oacka Aa MOJeAbAi JKy3eTe acblpyfa MyMKIHAIK Oepy yIIiH AKbLAAbI KadaHbI KYPalThIH JKoHe
icKe achIpaTBIH DAEMEeHTTepAiH Herisri coTiHe HaKThlI )KoHe OOBEeKTMBTI aHbIKTaMa Oepy ©Te MaHBI3/bI.
Bipinmii yapl 92eKTpAiK peBOAIOLNAHEI JKacayIIbIChl MHHOBAIMAABIK KYPhLAFblAaPAbIH MaHbI3AbI, Oipak
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eH 0acTBICHI - OAapAbl Taiijaabl eTeTiH XKylieaepai kacay ekeHiH 0iagi. IllemriM KaObplagay mpoliecin
DapabIK JAepaik >Kylieaepre TapaTy apKblabl O4 SKOHOMMKaHBIH MHaliga 004aThlH KaXKeTTidiKTepiH
KaHaraTTaHABIPY YIIIiH Ta3a, KayiIlci3, ceHiM i )koHe YHeMAi DHepIUAHbI OepeTiH aKblaAbI JKeAiHi Kypaapl.
AKBIAABI KalaHBIH MYMKIHAIKTEpl HEFYPABIM >KaH-’KaKThl KapacThIPBIABII, AaMbIFaH CaliblH, 0i3 OHBIH
KOIITeTeH MYMKIHAIKTepi MeH apTHIKIIBLABIKTAPBIH Te3ipeK >KoHe TOABIK Ky3ere achlpaMbl3. AKKeaje
KaJaHBIH OapAbIK IIIKi XXylleAepiHiH agepekrepai AKbLAABI KaJaHbl OacKapaTblH OipbIHFall KOpFaafaH
raardopmara xibepeai.

AKpIAABl KadaldapFa apHaAfaH >KYMBICTapra >KacadfaH Talay akKblAAbl Kada MYAbTMAareHTTiK
KylleAepai naiigaaanOaii aiTapAbIKTal 4aMU aAMaiTHIHABIFBIH KOPCETTi.
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AHaan3 MyabTHareHTBIX CMCTEM B «yMHBIX TOpOJax»

Annorams. 'opoga cTaaKMBaIOTCsA € HOBBIM BBI30BOM, CBSA3aHHBIM C POCTOM X HacCeAeHUS;
BIIepBble B MCTOpuM OOAbINasg YacTh HaceAeHMsl Tereph >KUBeT B Meramoamce. lcxoas ms
CAOKUBIIENCS CUTyallUlI TOPOJ AOAXKEH BHeAPSTh HOBBIE PeIleHMs, CTaTb «yMHBIM TOPOAOM»,
IpeJACTaBAsAsl CBOUM TIpakjaHaM CHCTeMBl, OTBedalolye TpeOOBaHMAM, KOTOpbIe CBs3aHBI C
0e30I1acHOCTBIO, 34paBOOXpaHeHMeM, pecypcaMy, IIpPaBUTEeAbCTBOM, OOpa3oBaHMEM U APYIVIMU
TOPOACKMMH IOBCeAHEeBHBIMU cucTeMaMu. lleab gaHHOI cTraTbu - MCCA€A0BaThb MOJeAb «yYMHOTO
ropoga» € MCHOAb30BaHNEM MYyAbTHAreHTHBIX CUCTeM, 0OecredMBaloIX MHTeAAeKT TOpoja, Kak
6a3oBy10 MHPPACTPYKTYPY A4 OIpeseleHNUs] MOAEAN BOCIIPOU3BOAVMMON ¥ DKCIIOPTUPYeMOil B
peaansanum «yMHOIO TOpoga». B 4aHHOI craThe MpOBOAMUTCS aHAAM3 YMHBIX 3apyOe>KHBIX TOPO40B
C IpMMeHeHNeM MyAbTUAreHTHBIX CIICTeM, a TakKe paboTa caMMX MyAbTHareHTOB.

Karogesble caoBa: YMHBII TOpPOJ, MyAbTHMAreHTHBIE CUCTEMBI, OOAbBINIVe JaHHbBIE, TEXHOAOTVISI
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Analysis of Multi-agent systems in Smart Cities

Abstract. Cities face a new challenge related to the growing number of their population. For the
first time in history, most populations now live in a megacity. Based on the current situation, the city
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should implement innovative solutions and become the Smart City, supplying its citizens with systems
that ensure security, health, resources, government, education, and other urban everyday systems. The
purpose of this article is to investigate the Smart City model using multi-agent systems that provide city
intelligence as the essential infrastructure for determining the model that can be reproduced and exported
to create the Smart City. This article analyzes smart foreign cities using multi-agent systems, as well as
the work of the multi-agents themselves.

Keywords: Smart City, multi-agent systems, Big Data, Internet of things, ICT.
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Qualitative indicators affecting the oxidation of rapeseed and linseed oils

Abstract. The production of high-quality and safe vegetable oils is an important economic
task.

This article analyzes the applied aspects of improving the quality and safety of rapeseed
and linseed oils. The factors affecting the quality and safety of rapeseed and linseed oils
are analyzed. Studies of consumer preferences for rapeseed and linseed oils in the city of
Nur-Sultan have been conducted. The results of the analysis showed that the consumer
prefers the quality and safety of vegetable oils.

Since the composition and technological properties of oilseed raw materials are influenced
by many factors, to regulate the production process and improve the quality and safety of
vegetable oils, it is necessary to have information to what extent the quality of oilseed raw
materials affects the characteristics of the finished product developed on its basis.

By applying an individual approach to the selection of parameters of oilseed raw
materials, it is possible to ensure traceability of results and processes for each production
cycle of vegetable oils, as well as to effectively implement a production control program
by the requirements of regulatory documentation and TR CU 024/2011.

The article takes steps to improve the current regulatory and technical documentation for
vegetable oils. It is proposed to use an approach based on the traceability system of
vegetable oils. From these positions, some key features, and aspects of measuring
qualitative indicators affecting the oxidation of rapeseed and linseed oils are considered,
and the creation of a national standard «Traceability in the production chain of vegetable
oils» is justified. The methodology and methods of research are determined by a
systematic approach that allows us to study and identify the relationship between the
processes of processing, storage, transportation, and sale of vegetable oils.

Keywords: Rapeseed oil, linseed oil, quality, safety, traceability, consumer.
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Introduction

One of the leading places in the food complex of Kazakhstan is occupied by the fat-and-oil industry,
which is connected both with the diversity and uniqueness of fat-and-oil raw materials, and with the
important role of fats in human nutrition. The global volume of production and consumption of the main
types of vegetable oils (palm, soybean, rapeseed and sunflower) is growing annually.

The leaders in the global food consumption market are four types of vegetable oil — palm, soybean,
rapeseed and sunflower — and the shares of the latter two in the structure of world consumption have
been stable over the past years. Currently, rapeseed and linseed oils remain quite popular and in demand
in the world.

The natural conditions of Kazakhstan allow us to grow various types of oilseeds in demand on the
market — rapeseed, soy, sunflower, curly flax and others. The key oilseeds grown and, accordingly,
exported from the Republic of Kazakhstan are flax, rapeseed and sunflower seeds.

The unique properties of vegetable oils allow them to be widely used in the food industry. Their
valuable properties are due to the content of unsaturated fatty acids, phospholipids, fat-soluble vitamins
(A, E) in them. In terms of the content of polyunsaturated fatty acids, rapeseed and linseed oils are not
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inferior to olive oil and even surpass it. They are classified as the best edible vegetable fats by the
composition of fatty acids. [1-5]

Rapeseed oil, due to its ability to withstand high temperatures when heated, is very popular in the
restaurant business, as it significantly speeds up the cooking time.

In terms of taste, rapeseed oil is equated with olive oil (in many respects the composition of these
products is quite similar), is in demand and is considered one of the best vegetable oils. Rapeseed oil
retains transparency for a long time, does not acquire an unpleasant odor under the influence of air.

Currently, rapeseed o0il with a reduced content of erucic acid is very widely used in the production
of baby food products — in the production of milk-based dry baby cereals, dry infant formula for feeding
young children, and is also added to the composition of sterilized vegetable mixtures. Rapeseed oil
contains the most alpha-linoleic acid, it is very useful for the human body, and is absolutely indispensable
for the development of the body of a small child. Rapeseed oil improves metabolism and is absorbed by
itself much easier than other vegetable oils. The oleic acid contained in rapeseed oil in excess allows
diabetics and dieters to consume it. This acid participates in metabolism, and also stimulates regenerative
processes in skin cells, moisturizes and nourishes it.

Rapeseed oil is considered especially useful for women, because the substances that make up it are
necessary for the formation of female sex hormones. Thus, regular use of this product helps to reduce the
risk of infertility, as well as diseases of the female genital area, including cancer. Rapeseed oil is also useful
for pregnant women: the substances contained in it contribute to the normal development of the fetus [6-
14].

Linseed oil occupies a leading position among vegetable oils. Studies of the effects of flaxseed on
the body have already proven that it reduces the development of breast, prostate and colon cancers, as
well as prevents lung diseases. And scientists have also determined that the use of flax seeds can reduce
the risk of cardiovascular diseases, stroke and diabetes. What is the secret of the healing properties of
flax? Linseed oil contains a large amount of vitamins and other biologically active compounds necessary
for our health: alpha-linolenic acid - 60% (Omega-3); linoleic acid — 20% (Omega — 6); oleic acid — 10%
(Omega-9); other saturated fatty acids - 10%.

Linseed oil prevents inflammatory reactions that lead to the formation of plaques on the walls of
arteries and circulatory disorders.

Recently, there has been an increase in flax processing due to the emergence of a new demand for
it as a functional nutrition product, an increase in industrial consumption and an increase in production
[15-20].

The quality and safety of any food product are formed not only in the production process. An
important role is played by the quality and safety of raw materials. Immaturity of seeds, their high
defectiveness, etc. they are the reasons for obtaining highly acidic oils. There are known data on
pathological changes in the body when using oxidized and thermally oxidized fats [3-10].

In recent years, seeds with a high peroxide number have been increasingly processed. The higher
the peroxide number in the seed oil, the higher the content of oxidation products in the finished product.
The oxidation of the oil destroys essential fatty acids and leads to the formation of toxic and oxidized
products [27-30].

It is known that the process of oxidation of vegetable oils is influenced by many conditions,
including humidity, enzymatic, photo- and thermal processes, the presence of metals of variable valence,
etc. Vegetable oils are subject to penalties, and therefore it is necessary to strictly observe storage regimes,
especially in relation to sunlight and oxygen, which are catalysts for oxidative processes. Regimes and
warranty periods for the storage of vegetable oils are often violated. And the warranty periods of storage
are set depending on the fatty acid composition of triglycerides of oils
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Unfavorable storage conditions of vegetable oils, especially in the presence of moisture, lead to an
increase in the content of free fatty acids. This reduces the quality of the oil, worsens its nutritional value.
[21-25]

Therefore, an important aspect of the consumption of vegetable oils is not only their nutritional and
biological value but also safety and quality, which depend on several factors related to the technological
processes of processing oilseeds, oil production, storage, transportation, and subsequent heat treatment.

The relevance of research on the safety of rapeseed and linseed oils is due to the need for a
systematic approach to the implementation of the new Law of the Republic of Kazakhstan "On Technical
Regulation" in the field of assessment and safety of consumer goods.

One of the most important requirements of legislation in the field of consumer protection is to
provide the consumer with objective, reliable and understandable information about the product. This
requirement in the Republic of Kazakhstan is implemented by the provisions of the Law «On Consumer
Rights Protection» and applies to any products submitted by manufacturers to the domestic market of
the country.

Legislative requirements for food products by the Law of the Republic of Kazakhstan «On Technical
Regulation» include not only requirements for product safety, but also requirements for the prevention
of actions misleading purchasers. The first and main stage of the implementation of this requirement is
to provide the consumer with complete information about the product. As a rule, such information is
provided to the consumer in the form of labeling, the main purpose of which is to identify the product in
order to enable consumers to choose the necessary or desired product.

The issues of identification of products in circulation on the market, including vegetable oils, are
extremely relevant. It is known that without identification it is impossible to present specific requirements
to products, including those provided for by technical regulations and standards. If an object is identified
incorrectly, it is difficult to talk about its quality and safety.

Currently, it is quite difficult to prove the conformity of products with their name indicated on the
label. In this regard, in order to effectively regulate the circulation of vegetable oils, it is advisable to
develop a system for its identification.

The solution to this problem should be comprehensive and focus on the following elements:
regulatory, methodological, laboratory and informational.

First. It is necessary to consider the existing regulatory framework in terms of terminology and the
development of methods that can be used in the identification of vegetable oils. In many cases, national
(interstate) standards for these methods require updating both for a clearer description of aspects related
to the identification of vegetable oils, and for the revision of technical or metrological provisions. The use
of standardized methods will avoid the problem of reproducibility of results for summing up
identification tests.

Second. It is necessary to develop standards for modern express identification methods. Currently
used chromatographic, spectral (optical), electrochemical, radiometric and mass spectrometric methods
require the use of the latest test equipment and measuring instruments.

The third. It is necessary to improve the regulatory framework regulating the requirements for the
quality and safety of rapeseed and linseed oils, based on the principle of traceability applied to the entire
life cycle chain.

Fourth. It is urgent to develop a methodological tool for designing information for the consumer,
based on process and system approaches, which will increase consumer guarantees regarding the
purchase of high-quality and safe products that meet legislative requirements and consumer
requirements. The lack of a clear methodology for designing information for the consumer, despite the
apparent certainty of labeling requirements, leads to the fact that at present regulatory authorities identify
in retail chains a significant number of oilseed processing products with violations in label labels, which,
among other things, can lead to undesirable consequences for consumer health.

22 Ne 2(139)/2022 A.H. Tymunres amuintdazor EYY Xadapuvicor. Texnuxarvis 2biAblm0ap xate mexHoAOUSAAP Cepusichl
ISSN: 2616-7263, eISSN: 2663-1261



K.A. Baigenzhinov, B.U. Baikhozhaeva, A.G. Zhusipov, Zh.M. Kambarova, Zh.A. Yessimova

Research methodology

The work was carried out in the Laboratory of processing of oilseed raw materials of the Kazakh
Research Institute of Processing and Food Industry.

The research was carried out in three directions. At the first stage, a marketing assessment of the
market, consumer preferences and consumption structure of rapeseed and linseed oils in Nur-Sultan was
carried out.

A marketing assessment of the consumer market of vegetable oils of the city of Nur-Sultan was
carried out in the autumn of 2021 by a survey of the population. Everyone who bought oil in the store
was interviewed in a row. At the first stage, a target portrait of the consumer was created. According to
the results of statistical processing, it turned out that 82% of respondents were women and 18% were
men. More than half of the respondents (59.3%) are respondents 46 years and older, 28.5% are 26-45 years
old and 12.2% are 18-25 years old. Respondents were asked to fill out a questionnaire, the purpose of
which was to identify the preferences and intentions of consumers, as well as to evaluate the types of
rapeseed and linseed oils currently on the market. 1,275 people took part in the survey.

The second stage was associated with the development of a methodology for designing consumer
information for vegetable oils based on the systematization of identification features of products and
documents united by a common purpose and establishing requirements for labeling consumer packaging.

An expert assessment questionnaire was developed to determine the level of consequences for the
consumer in case of a violation in the labeling of consumer containers for vegetable oil. The experimental
data obtained were processed by methods of mathematical statistics. Work has been carried out to study
the identification features of vegetable oils and their influence on the labeling features of consumer
packaging.

Identification of vegetable oils was carried out by visual verification of the presence of identification
marks using the markings applied to it and (or) accompanying documentation. 245 samples of labeling
of consumer containers of vegetable oils were taken for analysis.

Normative documents according to which rapeseed and linseed oils were identified and their
quality was assessed, rapeseed [6-10]: GOST 8988-2002, GOST 31759-2012, ST RK 1429-2005; linseed -
GOST 5791-81, ST RK 2645-2015.

The characteristics of vegetable oil products were grouped according to the principle of uniformity:

- a group of features reflecting the raw origin of the product and the composition of vegetable oils;

- a group of features reflecting technological processes that are decisive for various groups of
vegetable oils;

- a group that combines organoleptic characteristics that determine the consumer properties of the
product;

- a group of physico-chemical indicators, including a list of quantifiable indicators of the product;

- a group of microbiological indicators, including a list of quantifiable and qualitative indicators of
the product;

- a group of features that characterize the special properties of the product.

Considering legislative and regulatory requirements, only those identification signs were used that
would not mislead the consumer about the composition of the product, nutritional value, nature of origin
and other information indirectly characterizing its quality and safety. To select and describe the properties
of products, a list of labeled and unmarked identification features has been developed.

At the third stage, the analysis of legislative documents, regulatory legal acts, regulatory and
technical base for rapeseed and linseed oil was carried out and recommendations for its improvement
were proposed.

The authors examined how the procedure for the identification of vegetable oils is reflected in legal,
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regulatory, and methodological documents. By the Law of the Republic of Kazakhstan «On Technical
Regulation», technical regulations should contain provisions on identification for a specific type of
product.

In the fourth stage, a draft of national standards «Traceability in the production chain of vegetable
oils», «Vegetable oils. Terms and definitions». The issues of the terminology of vegetable oils are of
particular importance. This applies both to terms and definitions related to finished products and
technological terminology. The lack of standardized requirements in this area leads to the falsification of
products and the deception of consumers.

Research results
The first question we asked consumers: «Do you prefer vegetable oils of domestic or imported

production? » The data is shown in Picture 1. As can be seen from the diagram, many consumers (94.2%)
prefer domestic products, and only 5.8% of respondents buy imported products

6%

m Domestic = Imported

Picture 1. Preferences of residents of the city of Nur-Sultan to producers of rapeseed and
linseed oils

For the most part, consumers use rapeseed and linseed oil for salad dressing (69%), for baking
(29%), for frying (2%) (Pic. 3).

2%

B for salad dressing
m for baking

for frying
69%

Picture 2. Area of use of rapeseed and linseed oils

Studies have shown that refined deodorized rapeseed and linseed oil are preferred by 80%, and
refined non-deodorized - by 14% (Pic. 3).
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80%

m Refined deodorized m Refined non-deodorized ® Unrefined

Picture 3. Consumer preferences on the degree of purification of rapeseed and linseed oils

To the question «How often do you buy rapeseed o0il?» the majority of respondents (77.1%) replied
that they purchase this category of products several times a month; 2.7% of respondents - several times a
week, 20.2% do not buy this category of goods at all (Pic.4).

3%

20%

M they buy several times a month
M they buy several times a week

never buy

77%

Picture 4. Structure of rapeseed o0il consumption

The results of the study of linseed oil are as follows: 47.6% of respondents chose the best option for
buying linseed oil - "several times a month", 27.3% prefer to purchase these products several times a week
and 25.1% do not buy linseed oil at all (Pic.5).

BECTHUK EHY umenu A.H. Tymunesa. Cepus mexrueckue HAyKu 4 mexHoAOZUY Ne 2(139)/2022 25
BULLETIN of L.N. Gumilyov ENU. Technical Science and Technology Series



Qualitative indicators affecting the oxidation of rapeseed and linseed oils

m they buy several times a
month

m they buy several times a
week

I never buy

Picture 5. The structure of consumption of linseed oil

At the next stage of research, the nomenclature of consumer properties of rapeseed oil was

identified, expressed in the «language of consumers», the ranking of the identified nomenclature was
carried out and the weighting coefficients (relative) were determined. The results of determining the
weighting coefficients of consumer preference indicators are presented in Figure 6.

As can be seen from Figure 6, the most important indicators of the consumer properties of sour

cream are two indicators: naturalness (relative. = 27.35%) and security (29.64%). The indicators of average
importance include the remaining indicators of consumer preferences (affordable price, taste, smell, shelf
life, freshness, well-known manufacturer, packaging), which account for slightly more than half of the
total value of the weighting coefficients of consumer preferences (56.99%) (Pic. 6).

M naturalness M safety m affordable price
M taste Hsmell m shelf life
m freshness m well-known manufacturer packaging

SN

Picture 6. Weighting coefficients of consumer properties of rapeseed oil

The obtained results allow us to form a part of the properties tree — a tree of indicators of consumer

preferences for the quality of rapeseed oil (Pic. 7).

26

Ne 2(139)/2022 A.H. Tymunes amvindazor EYY Xabapuvico. Textuxarvi 2oiAvim0ap xate mexXHoAOZUSAAY Cepusicl

ISSN: 2616-7263, eISSN: 2663-1261



K.A. Baigenzhinov, B.U. Baikhozhaeva, A.G. Zhusipov, Zh.M. Kambarova, Zh.A. Yessimova

——> naturalness 27,35
——— safety 29,64

————> affordable price 10,17
Indicators

of consumer
preferences | o

— 5 taste 6,32
smell 4,89

shelf life 7,02

> freshness 35,83

—>  well-known manufacturer
4,05

5 packaging 4,73

Picture 7. A tree of indicators of consumer preferences for the quality
of rapeseed oil with weighting coefficients

We have scientifically substantiated the basic structure of a multilevel hierarchical quality
management system of vegetable oil. The safety and quality of the product are created in stages at each
level of the system (Pic. 8).

|
I Manufacturers of

fertilizers,
Agricultural Crop Producers pesticides,
agrochemicals

Manufacturers of food raw materials

2 Food Manufacturers e
=]
g
g Manufacturers ofready-to-eat food || 77 )
& products Transportation and
= Storage operators
5
5
& :
g Wholesalers Equipment
= Manufacturers
[+
:¥]
e =
= Manufacturers of
&b Detergents and
H Disinfectants
Yy T
Consumers Manufacturers of
Detergents and
Disinfectants

Picture 8. Safety and quality assurance system for vegetable oils

Analysis of GOST 18848-2019 «Vegetable oil. Organoleptic and physico-chemical indicators «Terms
and definitions» showed that the presented terms affect only terminology related to the quality and safety
indicators of vegetable oils.

The developed document contains terms and definitions of the stages of rapeseed oil production,
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intermediate and by-products of the production process.

A comparative analysis of the terms adopted in the domestic practice of vegetable oil production
with terms standardized abroad shows that direct use of international terminology in some cases is
impossible.

The authors have developed a label layout. The layout is a scan of a package or part of it, or a label
containing illustrations, text, signs and barcodes, the requirements for which must be met based on the
collected data. The work consisted of several stages. Experts — representatives of trade organizations of
the city of Nur-Sultan were invited to this work. It is established that at all stages of the label layout
development process, problems and inconsistencies of the object with the specified criteria and
parameters should be identified and predicted. In order to establish the absolute and relative importance
of each of the considered stages of the process, a matrix diagram was constructed.

It has been established that labeling that does not have the necessary degree of reliability can lead
to undesirable consequences as a result of incorrect product selection by the consumer. To determine the
level of consequences for the consumer, the authors applied a methodology (Rozhina N.V., 2011),
including a list of possible inconsistencies in labeling, as well as a scale for assessing the significance of
consequences for the consumer (Table 1).

Table 1. Scale for determining the significance of the consequences for the consumer

Characteristics of the Characteristics of the consequences for Evaluation
consequences for the consumer | the consumer

No consequences There will be no consequences 1

Weak Dissatisfaction with consumer
expectations

Moderate Dissatisfaction with the needs of the 3
consumer

Dangerous Causing harm to the consumer's health 4

Based on the study and analysis of legislative and regulatory-technical documentation, as well as
the results of 245 samples of labeling of consumer containers of vegetable oil, the labeling elements
presented in the form of a tree diagram are established (pic.9).

To systematize the identification features of vegetable oils, the authors analyzed the basic concepts,
concepts of production processes and indicators of vegetable oils included in the Technical Regulations
of the Customs Union for fat and oil products (TR CU 024/2011), and also studied the regulatory and
technical documentation of the industry.

The authors provide a list of signs for all identified groups of signs. It is established that the signs
attributed to the group, including technological features of the production of vegetable oils, correspond
to the information reflected in the labeling elements «product name», «information on the composition of
the product», «information on storage conditions»; a group of signs, including information on the
physico-chemical parameters of the product - in the labeling elements «information about nutritional
value», «mass fraction of fat» (including «the mass fraction of fat in the dry matter of the product», the
mass fraction of milk fat in the fat phase of the product); a group including microbiological identification
features determines whether the product belongs to the group of fermented milk products (dairy and
dairy components) and fermented products (dairy components and milk-containing products, including
heat-treated), taking into account the content in them microorganisms, thereby determining the name of
the product. A number of unmarked identification features have been identified, which are used in the
assessment and confirmation of conformity or are classification, allowing the product to be attributed to
a specific grouping (for example, the mass fraction of protein in skimmed milk solids, the fermentation
process, etc.), or clarifying (for example, information about organoleptic signs when forming the product

28 Ne 2(139)/2022 A.H. Tymunres amuintdazor EYY Xadapuvicor. Texnuxarvis 2biAblm0ap xate mexHoAOUSAAP Cepusichl
ISSN: 2616-7263, eISSN: 2663-1261



K.A. Baigenzhinov, B.U. Baikhozhaeva, A.G. Zhusipov, Zh.M. Kambarova, Zh.A. Yessimova

Trademark
Fancy name
Mandatory inscriptions

fat content in 100 g of oil

energy value per 100 g of product

name)
Name of vegetable oil
—
— Nutritional value

unsaturated fatty acids, monounsaturated fatty acids,
polyunsaturated fatty acids

Information about the
composition

_Recommendations for
Use

> .
Net weight or volume

Information about the document,
—>according to
with which the product is made

formation about the confirmation
of conformity

—>Manufacturer Information

The composition of food oil and fat products in order of
decreasing the mass fraction of ingredients (with mandatory
indication of food additives, functional food ingredients, vitamins
and other micronutrients, flavors).

Information about GMOs

—>Information about conditionsstorage, termsstorage

Recommendations about the daily rate of consumption
of the product

purpose of the oil

type, brand, purpose of the oil, as well as the grade

Net weight

volume
batch numbers and place numbers

GOST
TC

Mark of conformity

A single product circulation mark on the
market of the member States of the Customs Union
certification information

name, location (address) of the manufacturer

Manufacturer's trademark
Name and address of the organization
receiving claims from the consumer

date of filling

production date
filling date

warranty period of storage

recommendations for storage after opening
consumer packaging
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Table 2 presents the results of an expert assessment of determining the significance of aspects of
labeling vegetable oils.

Table 2. The significance of the consequences of errors in labeling elements for the consumer

The level of Ev Name of the marking element

significance aluation
of the consequences for
the consumer

No consequences 1 1. Information about the document according to
which the product is manufactured
2. Information about the manufacturer
Weak 2 1. Net weight (or volume)
2. Nutritional value

Moderate 3 1. Name of vegetable oil
2. Information on Conforrnity assessment

Dangerous 4 1. Information about storage conditions,
production date and expiration date
2. Information about the composition

3. Recommendations for use

The above results were used by the authors as the basis for the draft national standard «Traceability
in the production chain of vegetable oils». When developing a standard, it is necessary to consider the
requirements of technical regulations, production features, product characteristics, and consumer
expectations. As you know, the complexity of the traceability system varies depending on the properties
of the products and the goals set.

The proposed document implements the following principle:

- protection of consumer rights through the development and operation of a methodological tool
for designing information for consumers based on process and system approaches, which will increase
consumer guarantees regarding the purchase of high-quality and safe vegetable oil that meets legislative
requirements and consumer requirements.

When developing the standard, the following factors were considered:

- technical limitations specific to the organization and products (for example, the nature of raw
materials, batch size, collection and transportation procedures, processing and packaging methods);

- the economic effect of the costs of using such a system.

The standard establishes the principles and basic requirements for the development and
implementation of a traceability system for vegetable oils in their production chain. The standard will be
intended for use by any organization working at any stage of the production of vegetable oils. The
application of the developed standard should be flexible enough to allow organizations producing
vegetable oils to achieve their goals. The traceability system should document the history of the product
and/or its position in the vegetable oil production chain. This standard will facilitate the search because
caused non-compliance with the requirements and will allow, if necessary, to cancel or recall products.
The standard can also improve the proper use and reliability of the information, and the efficiency and
productivity of the organization's activities.

The traceability system at enterprises has been developed based on the following data: objectives;
regulatory and policy requirements related to traceability; products and/or ingredients; place in the
vegetable oil production chain; material flow; information requirements; procedures; documentation;
coordination of the vegetable oil production chain.

According to the requirements of the standard, information about the movement of materials
(products) within the traceability system must be linked to the origin of materials, the history of
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technological processing, and the distribution of vegetable oils. The analysis of the organization's
traceability system should be carried out at appropriate intervals or when changes are made to goals
and/or products or processes. On the basis of such an analysis, appropriate corrective or preventive
actions are taken, which makes it possible to establish a process of continuous improvement. According
to the standard, this analysis should contain, among other things, the following data:

- traceability of test results;

- traceability of audit results;

- changes made to products or processes;

- traceability information provided by other organizations of the vegetable oil production chain;

- corrective actions regarding traceability;

- customer reviews, including complaints about traceability;

- new or amended technical regulations affecting traceability;

- new statistical methods of evaluation.

Discussion

Studies of consumer preferences have shown (Fig. 1-6) that most respondents surveyed in the city
of Nur-Sultan want vegetable oils to be natural and safe. Most respondents (94%) prefer to purchase
domestic products, in their opinion, the products of local manufacturers are of higher quality, short shelf
life, and safe to use.

As the respondents noted, the falsification of vegetable oils is common, and the re-sorting of
vegetable oils is also widespread. Highly refined vegetable oils are very often replaced by crude and even
technical types of oils. High-quality adulteration of rapeseed and linseed oils can be achieved in the
following ways: violation of production technology; violation of the formulation; violation of purification
technology.

As the survey results showed, quantitative falsification of vegetable oils is very common when the
net weight of the container with vegetable oil is less than what is written on the package itself. Consumers
note that many packages with vegetable oil indicate that it does not contain cholesterol. But all types of
vegetable oil have never contained cholesterol, since this substance is synthesized only by animal
organisms. This information misleads the ordinary consumer and is just an advertisement.

The analysis of legal, regulatory, and methodological documents showed the following. According
to this Technical Regulation of the Customs Union for Fat and oil products (TR CU 024/2011), the
identification of vegetable oils is carried out by one and (or) several of the following methods: by name,
visual method, organoleptic method, analytical method. As the analysis of the Technical Regulations has
shown, the problems of identification of vegetable oils in this document have not been completely solved.
Due consideration of this issue should be carried out within the framework of separate documents, which
are related to the quality and safety of vegetable oils, and their falsification.

Let's turn to the interstate standard GOST 18848-2019 «Vegetable oils. Organoleptic and
physicochemical parameters. Terms and definitions». This standard defines the terms and definitions of
the basic concepts in the field of indicators of vegetable oils. According to this document, the complex
Physico-chemical indicators for most vegetable oils include a fatty acid composition of vegetable oil, the
density of vegetable oil, a refractive index of vegetable oil, solid fat content [solid triacylglycerols], a
melting point of vegetable oil, solidification temperature of vegetable oil, titer [solidification temperature
of fatty acids] of vegetable oil, flash point vegetable oil, the ignition temperature of vegetable oil, the mass
fraction of moisture in vegetable oil, the mass fraction of moisture and volatile substances in vegetable
oil, the mass fraction of non-fat impurities in vegetable oil, vegetable oil sludge by volume, the total ash
content in vegetable oil, the mass fraction of phosphorus-containing substances in vegetable oil, color
number, acid number, peroxide number, etc.
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The analysis of GOST 18848-2019 showed that it is necessary to update the terms, if necessary,
replace them with new ones that meet the requirements. Currently, many compositions of vegetable oils
with a balanced composition of fatty acids have been developed, and therefore the authors recommend
making changes to the standard in terms of terminology and metrological support.

Interstate standard GOST 32190-2013 «Vegetable oils. Acceptance rules and sampling methods»
establishes acceptance rules, methods and means of sampling unpacked and prepackaged vegetable oils.

Modern world trends in the field of healthy nutrition («organic», «bio») are aimed at the
consumption of natural vegetable oils, as close as possible to nature and with a minimum degree of
chemical and thermal effects. Indicators of oxidation of vegetable oils in most countries, including the
USA and the European Union, are indicators of the quality of vegetable oils and are set individually for
each type of oil, depending on the growing conditions of oil plants and methods of subsequent processing.

The interstate standard GOST 33441-2015 applies to vegetable oils and establishes a near-infrared
spectroscopy method for simultaneous rapid determination of the following quality and safety indicators:
acid number; peroxide number; anisidine number; mass fraction of phosphorus-containing substances;
mass fraction of erucic acid (for vegetable oils from cruciferous seeds); mass fraction of transisomers of
fatty acids [18].

Interstate standard GOST 5477-2015 «Vegetable oils. Chromaticity determination methods»
establishes two methods for determining the chromaticity of unrefined and refined vegetable oils:

- on an iodine scale in the range from 1 to 100 mg of iodine for all oils except cotton;

- on the Lovibond scale in conventional units for all oils, including cotton.

Currently, the main criterion for assessing the biological and nutritional value, as well as detecting
adulteration of vegetable oils, is the fatty acid composition of their triglycerides. In the vast majority of
cases, it is characterized by the predominance of some fatty acids and a small content or absence of others,
which is the basis for the group classification of oils by iodine number. In recent decades, there has been
a clear trend towards their replacement by less labor-intensive modern physico-chemical instrumental
express methods. Currently, chromatographic and optical methods are the most common of the
instrumental methods of quality control and detection of possible adulteration of vegetable oils.

As an example, we will give the interstate standard GOST 30623-2018 «Vegetable oils and products
with a mixed composition of the fat phase. The method of detecting falsification». This standard
establishes a method for detecting adulteration of vegetable oils and products with a mixed composition
of the fat phase containing oils and fats of non-dairy origin and milk fat (spreads and ghee mixtures). The
conformity of the investigated vegetable oil to the claimed name is established by comparing the fatty
acid composition determined because of measurement with the fatty acid composition of the vegetable
oil of the corresponding name.

Thus, the quality and safety control of vegetable oils is carried out by various standard methods,
among which there are both chemical and instrument (for example, gas-liquid chromatography) [17-26].

However, the existing variety of instrumental methods for identifying vegetable oils does not solve
the identification problem, since the adaptation of existing methods is required in relation to the control
of toxic additives, various mixtures of vegetable oils, and the authenticity of products.

When setting certain types of vegetable oils for production, the absence of established standards
makes it difficult to: determine its group affiliation and identification name; select criteria and indicators
of product safety, determine the risks of the production process and further confirm compliance. It is not
excluded that the consumer may be misled about the nature, origin and composition of vegetable oils.

As the analysis showed, there is no unified approach to the presentation of the identification
procedure for vegetable oils in the considered regulatory documents. In the reviewed regulatory
documents, there is no clear requirement to confirm its composition and structure.

When developing a traceability and identification system for vegetable oils, it is necessary to take
into account the following.

According to TR CU 024/2011, the quality indicators of vegetable oils after contact with steel may
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change, since the chemical elements that make up the steel are oxidation catalysts and can lead to
oxidative damage [16].

Other possible causes of the appearance or presence of a sharp odor in oils should not be excluded,
namely:

¢ the possibility of adding poorly purified extraction oil with a large amount of residual solvent;

* the probability that the oil consists of a mixture of vegetable oils with a high content of
unsaturated fatty acids, especially linolenic, the presence of which is characteristic of the group of drying
vegetable oils (linseed, etc.) [15].

As the research results have shown, in accordance with the legislation in the field of consumer
protection, products that do not have relevant information about the product and do not correspond to
the information provided cannot be in circulation.

Such products are recognized as substandard and/or dangerous to the consumer and are subject to
rejection. According to the control and supervision authorities, one of the reasons for the rejection of
products is a violation of the labeling rules.

Information obtained as a result of product identification and traceability often helps to identify
opportunities for improving the quality of products in an organization.

Firstly, it is necessary to identify any hazards in the production process that may lead to the release
into circulation of vegetable oils that do not meet the requirements of the current regulatory and technical
documentation (technical regulations, standards). Secondly, to identify critical control points in the
production process in which control is needed to prevent or eliminate hazards. Thirdly, to set the limit
values of indicators determined and controlled at critical control points. Fourth, monitor the indicators
controlled at critical control points. Fifth, to establish the procedure for actions in case of deviation from
the established safety indicators [11].

Thus, the basis of the proposed traceability system is a fund of normative and methodological
documents, which represents the identification methodology, in particular, methods for testing indicators
of vegetable oils, sampling, etc.

It is necessary to develop standards regulating many aspects important for ensuring the
identification of vegetable oils. In particular, terminology, sampling for testing, requirements for test
reports, etc.).

CONCLUSION

1. Marketing research has shown that rapeseed and linseed oils are in demand in the consumer
market of Kazakhstan. When buying rapeseed and linseed oil, consumers focus mainly on the naturalness
and safety of the product, prefer domestic vegetable oils. Refined deodorized oil, which is used mainly
for salad dressing and baking, is in great demand among them.

2. The levels of significance of the consequences for the consumer of violations in the labeling of
consumer packaging are scientifically substantiated on the basis of an expert assessment. It has been
established that inconsistencies in the labeling elements of vegetable oil are critical for the consumer:
«information on the composition of the product”, "information on storage conditions, production date
and shelf life», «nutritional value».

3. A schematic diagram of the quality management of vegetable oils has been developed. A draft of
the national standard «Traceability in the production chain of vegetable oils» has been developed.

4. A system of external and internal documents has been formed that are mandatory for use in the
design of marking elements. A model of the process "Designing and developing information for the
consumer" has been developed.

Based on the above, the basis of regulatory quality assurance and safety of rapeseed and linseed
oils should be based on measures that can be conditionally divided into 3 large groups. The first group of
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measures is related to the creation of new national and interstate standards for rapeseed and linseed oils.
The second group of activities is related to the development of new methods for the identification of
vegetable oils. The third group of tasks concerns the creation of reproducible and standardized reference
measures suitable for tuning, calibration and verification of instruments for measuring the oxidation rate
of vegetable oils.
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K.A. barirem>xusos!, B.Y. barixoxaesa?, A.I'. XKycinos?,
K.M. KambGaposa!, XK.A. Ecimosa!
L«Kasax kaima erdey xate mamax eHepkacioi eoiavimu-sepmmey urcmumymor» 2KIIC, Hyp-Cyaman,
Kasaxcman
%1. H. I'ymunaes amoindazor Eypasus yammuix ynusepcumemi, Hyp-Cyaman, Kasaxcman

Paric >xaHe 3bIFBIp MajidapbIHBIH TOTBIFYbIHA 9Cep eTeTiH canaablK KopceTKimTep

Angarma. JKorapbl camaabl >KeHe Kayillci3 eciMAik MalldapblH ©HAIpy MaHBI3ABl YATTBIK
DKOHOMMKAABIK MiHAET OOABIII TaObLAAABL.

Maxaaaga paric >KeHe 3bIFBIP MalidapbIHBIH carlackl MeH KayillCi3AiriH apTThIpyAbIH KOAAaHOAAbI
acrieKkTizepiHe Taajay kacaaapl. Paric >KeHe 3bIFBIp MailaapbIHbBIH callachbl MeH Kayillci3giriHe scep eTeTiH
daxropaap Tasganaabl. Hyp-cyaran kasacbklHAa paric >KoHe 3BIFBIP MailAapbIHBIH TYTHIHYIIBLABIK
apTHIKIIBLABIKTapbIHA 3epTTeyaep Xypriziagi. Taagay HoTvKeaepi TYTBIHYIIBI OCiMAIK MaiilapbIHBIH
caIrtacel MeH KayiIci3AiriH KaaaiThIHABIFBIH KOPCeTTi.

Mariabl mMKi3aTTHIH KypaMbl MeH TeXHOJOIMAABIK KacueTTepiHe KemTereH (pakTopaap acep
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eTeTiHAIKTeH, ©HAIpICTIK IIpOIlecTi peTTey >KoHe OcCiMAIK MallAapBIHBIH callachl MeH Kayillci3Airin
JKaKcapTy VIIiH MaiiAbl IIMKIi3aTTBIH callachl OHBIH Heri3iHAe ©HAipiAreH AaliblH ©HIMHIH
cuIaTTaMajdapblHa KaHIIAABIKTHI 9Cep eTeTiHAIr Typaabl akapaTt 00yl Kepek.

Mariapl mMKi3aTThIH HapaMeTpAepiH ipikTeyre >Keke Taciaal KoA4aHa OTHIPBII, OciMaik
MaliAapBIHBIH 9pOip ©HAIPiCTIK IMKAI YIIIiH HOTMKeAep MeH IIpoIiecTepAiH KalaralaHybIH KaMTaMachl3
eTyre, COHAal-aK HOpMaTMBTIK Ky>kaTTamaHblH >koHe KO TP 024/2011 TaaanTapbiHa colikec ©HAipicTiK
Oakbl1ay OardapAaMachH TUiIMAL OpbIHAAyFa 00Aaabl.

Maxkasaga  eociMaik  MaildapblHa ~ apHaAfaH  KOAJAHBICTArbl ~ HOPMAaTUBTIiK-TEXHMKAABIK
Ky>KaTTaMaHBl >KeTiaaipy OOIibIHINA KadaMAap >KacaaAbl. OciMAik MailaapblH KaJaraday >KylieciHe
Heri3geAreH Toaciadi KoagaHy YCbIHBLAABL. OcCbl yCTaHBIMAApA4aH pariC >KoHe 3BIFBIP MalllapbIHbBIH
TOTBHIFYBIHA 9Cep eTeTiH calla KOpCeTKIITepiH eAlIeyAiH KeitOip HeTisri epekIeaikTepi MeH acIiekriaepi
KapacTeIpbl1adbl, "eciMAIK MalidapblH ©HAIpy TisOeringeri Oakblaay' VATTBIK CTaHAAPTBIH KYpy
HerizgeareH. OciMJiK MalldapblH ©HJey, cakTay, TacbiMalJay >KeHe caTy IIpolecrepi apacblHAAFrbl
OarlaaHBICTHI 3epTTeyTe JKoHe aHbIKTayFa MYMKiHAIK OepeTiH >Xyiteai Taciare Oaii1aHBICTBL

KiaT ce3aep: paric Maribl, 3BIFBIp Malibl, callachl, Kayillcizairi, KagaraaaHybl, TY TBIHYIIIBI

K.A. barirer>xnnos!, B.Y. barxoxaesa? A.I'. XKycunos?,
K.M. Kambaposa?!, XK.A. Ecumosa’
ITOO «Kasaxcxuii HAYUHO-UCCACIOBATNEALCK UL UHCHIUIMY M Nepepadamvléaouiett u nuieeotl
npomvtuirentocmu», Hyp-Cyamarn, Kasaxcman
2Espasuiickutl Hayuonarvrotil yrusepcumem um. .H. I'ymunresa, Hyp-Cyaman, Kasaxcman

KauecTBeHHBIC II0Ka3aTeau, BAVsIIoImue Ha OKIcAeHve pariCcoBoro n 4bHsIHOro Mmacea

AnnoTams. [TponsBoacTBo KaueCTBeHHBIX 1 Oe30MacHBIX PaCTUTEeABHBIX MaceA SIBASeTCs BaXKHOMI
HapOAHOXO3AVICTBEHHOM 3a4a4eri.

B aanHoI1 paboTe rposeJeH aHaAM3 TPUKAAAHBIX aCIIeKTOB ITOBBLIIIIeHI s KauecTBa 1 Oe3011acHOCTI
paricoBoro u ApHsIHOTO MaceA. [IpoanaausuposaHsl GpaKTOPHI, BAUSIONIME Ha Ka4yecTBO 1 0e301acHOCTh
paricoporo 1 AbpHAHOTO Macea. I[IposeaeHBl mccaeaoBaHUA ITOTPeOUTEABCKUX IPeAIIOYTeHUI B
OTHOIIIEHU paricoBoro u ApHAHOro Macea B I. Hyp-Cyaran. PesyabraThl aHaamsa IIOKa3aAy, 4TO
IIOTpeduTeAb OTAaeT IIpeAlloYTeHNe KadyecTBy 1 0e30I1aCHOCTY pacTUTeAbHBIX Macea.

ITockoabKy Ha cOoCTaB UM TeXHOAOTMYEeCKMe CBOJCTBAa MaCAMYHOIO CHIPbSl OKa3blBaIOT BAUSIHUIE
MHOIue (aKTOphl, TO A4Sl PeryAupoBaHNUs IIPOU3BOACTBEHHOIO Ipoliecca U yAydIllleHUs KadecTsa U
0e301acHOCTM pacTUTeABHBIX Maced He0OXOAMMO paciiodaraTh CBeAeHUAMHU, B KaKOJl CTeIleH) KaueCcTBO
MaCAMYHOIO ChIPbs BAMSAET Ha XapaKTepUCTUKU TOTOBOTO IIPOAYKTa, BHIpaDOTaHHOTO Ha €Tr0 OCHOBE.

[IpuMeHsst MHAMBUAYAABHBIN IIOAXOJ K II0AOOpPY IlapaMeTpPOB MacCAMYHOIO ChIPbs, MOSKHO
o0ecIiednTh IIPOCAEKMBAEMOCTh Pe3yAbTaTOB M ITPOIIECCOB AAs KaXKAOTO IIPOM3BOACTBEHHOTO IMKAa
pacTUTeAbHBIX Mace, a TakkKe 9(PPeKTUBHO BLIIIOAHUTH IIPOTpaMMy IIPOU3BOACTBEHHOTO KOHTPOAS B
COOTBETCTBUY C TpeOoBaHUAMY HOpMaTUBHON goKymeHTanym u TP TC 024/2011.

B craThe mpeAnpuHATEI ATy O COBEPIIEHCTBOBAHMIO ACVICTBYIOIIel HOpMaTUBHO-TeXHIYECKOMI
AOKYMEeHTallu Ha pacTuTeAbHble Macaa. IIpeaaosxeHo ncrnoan3osaTh 104X04, OCHOBAaHHBIN Ha CIICTEMe
IIPOCAEXMBAeMOCTY pacTUTeAbHbIX Maced. C 9TUX MO3ULUIA PacCMOTPeHbl HEeKOTOpble KAIOUeBble
OCOOEHHOCTH U aCIIeKThl M3MePeHMI KaueCTBeHHBIX IT0Ka3aTeAell, BAMSIONIMX Ha OKMCAeHIe PaIlCOBOTO
U ABHSHOTO Mace, 0OOCHOBaHO CO3JaHle HallMOHAaABHOTO cTaHjapTa «[IpocaexnBaeMOCTh B IjeIIOuKe
IIPOU3BOACTBA pacTUTEABHBIX Macea». MeTo4040r1s 1 MeTOAbI McCAeA0BaHNs O0YCAOBACHbI CYICTEeMHBIM
II0AX0A0M, IIO3BOASIIOIIMM M3y4aTh U BBIABAATH B3aMMOCBA3b MeXAy IIpolieccaMy IiepepaOoTKy,
XpaHeHM:I, TPaHCIIOPTUPOBaHNS 1 peaau3aliiyl pacTUTEABHBIX MaceAa.

KaioueBnie caosa: Pamcosoe Macao, ApHSHOe  MacAO, KauyecTBO, 0e30I1acHOCTH,
IIPpOCAEKMBaeMOCTh, IIOTpeOuTeAb
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Metoa popmupoBanms AelleHTPaA30BaHHOTO peecTpa COObITIUI
HG(pOPMaLVIOHHON MHPPACTPYKTYPhI Ipe AT PUATHS

AnnoTanms. B cTaThe onmceiBaeTcs mpobaeMaTHKa CyIIeCTBYIOIIIX IT0AX0A0B K cOOpy,
obpaboTKe M aHaAM3y JAHHBIX UHQPOPMAIMOHHO-KOMMYHHUKAI[VIOHHOTO —CeKTopa
npeAnpuATHa. PaccMaTpuBaioTCs  yTpO3Bl  HEINTATHBIX BHYTPEHHMX I BHEITHMX
BO34€VICTBUII Ha ee OOBEKTH U cucTeMBbl. Ha 0030p BBIHOCUTCSI OPUITIHAABHBIN METOA
QopMUpOBaHMS  JAELIeHTPaAN30BAaHHOTO  peecTpa  COOBITMII  MH(POPMALMIOHHON
MHQPPACTPYKTYpHl NpeAnpusatus. HaydHasd HOBM3Ha IIpejJaraeMoro  pereHus
3aKAIOYaeTcsl B aBTOMaTUYeCKOM  YIIpaBA€HMM  AOKaABHBIMU U CETEBBIMH
MHQOPMAIIMOHHBIMY  IIPOIleccaMyl TEXHMYECKUMX OODLEeKTOB Ha OCHOBE JaHHBIX
AETIeHTPaAM30BaHHOTO OAO0KJYeNH-XpaHUANIIa C CUCTeMOIl YyIpaBAeHUs JoBepueM K
perucTpupyemMbM  cOOBITHAM. IlpuHATHE pelleHMiI OCYIecTBASIeTCs Ha OCHOBe
OOLEeKTMBHOM ¥ TIOATBEP>KAeHHON nHpopmanuu. ApyrumM acrieKToM HayqHOl HOBU3HEI
BBICTYIIaeT IMpopuANpOBaHUe JOCTyIIa K MHPOpPMaIIMM M 3allliTa IIporiecca Iepeiadn
JAAHHBIX Ha OCHOBE I'PYIIIIOBOTO, a TaK>Ke UTepallliOHHOTO MHOTOCAOIHOTO MM PpOBaHN.
CraTps  sABAA€TCA  AOTMYECKMM  IIPOJOAKeHMeM  pabOTHI ~ aBTOPOB  Hag,
AeLIeHTPaAN30BaHHEIM I10AX0A0M K cOOpy 1M 006paboTKe AaHHBIX MHQPOPMAaIIMIOHHO
nHQpacTpyKTyphl Inpeanpuarns. OcpemaioTcsl paspaboTKa, MCCAeJOBaHME CUCTEMBI
obHapy>KeHMsI, IIpeAOTBpallieHNs BTOp>KeHnit U (paabcuduKkanmy peecTpa cOOBITUI Ha
OCHOBe ITIPeJJO0KEHHOTO II0AXOAa AJAs WHTETpaliuy B KadeCcTBe MOAYAS CHCTEMBI
MHTeAAeKTyaAbHO-aJalITUBHOTO YIIpaBAEHMsI CeTeBOV MHPPACTPYKTYPOII pe AITPYIATIAL.
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BBeaenue

[Tospiienne KadecTBa (PYHKIIMOHUPOBAHMUS TEeXHUYECKMX CHUCTEM HeOTheMAeMO CBs3aHO C
BOIIPOCAaMM CICTEMHOTO aHaAu3a, yIipaBAeHNUs M oOpabOTKM MHPOpMAaIUM B paMKax AOKaAbHBIX U
CeTEeBLIX B3aMMOAENICTBUIL. YpPOBeHb KuOepOe30nacHOCTU sABASETCA CAeAcTBueM D(PPeKTUBHOCTA
pelneHns JaHHBIX 3adad. JaHHas paboTa sABASETCA AOTMYECKUM IPOAOAKeHNeM HayJHO-TeXHMYEeCKIX
M3BICKAaHMII aBTOPOB B 004acTU AeIleHTPaAM30BaHHOIO I10AX0Ja K cOOpy m 0OpaboTke AaHHBIX
MHQPOPMaIMOHHON MHPPACTPYKTYPHI IpearpusaTs [1].

OaHMM M3 KOHIIENTyaAbHBIX HEAOCTaTKOB CYIIeCTBYIOIIMX MeTOAOB paccMaTpuBaeMoil
IpeAMeTHOI 004acTy BBICTYIIaeT ysA3BUMOCTD arperrpyeMoli C areHTOB/AaTIMKOB Oa3bl 3HaAHMI, KOTOpast
MO>KeT OBITh ITOABep>KeHa aTakaM MMIlepcoHarnuy, gpaabcudurkanuy u Moangukarun. JaHHbI aclieKT
3aTparmsaeT BCIO CYILIECTBYIOLIYIO CHCTeMy XpaHeHU:s A0roB (coObrtuii). [logasasromiee 60ABIIHCTBO
yIpaBAseMOIo CeTeBOro o0opyAoBaHus (PYHKIIMOHNMpPYeT Ha Oase OIepaljMOHHBIX CICTeM CeMeiiCTBa
Linux u ncroas3yeT cucreMy perucrparnuu coostuii Syslog (anra. system log — crucremHsIl JXypHaa).
B cayuae ycremmHoro B3aoma XOCTa 3A0YMBIILA€HHIK MOKeT OCYIIeCTBUTh pa3ANdHbIe BpeJOHOCHbIe
AEVICTBUSA C UX ITOCAeAYIOIINM COKPBITHEM MAU MacKMPOBKOIL. B KauecTe mpocroro mpumepa CTOUT
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IIpUBECTY MHOTOKpaTHOe yAaleHlMe AaHHBIX Ha >KeCTKOM AMCKe IO CTaHAapTy 0e30IacHOrO CTHMpaHUs
MarHuTHBIX HocuTeaei 5220-22 M Munucrepcrsa oooponst CIIA, mEMIIMaAM3MPYIOIIero ceMUKpaTHYIO
nepesarmice MHPopMarun. UtoOsl coOBITHME BBIXOAA M3 CHCTEMBI OBLAO TaK’Ke YCIIEIIHO YAa/eHO,
3A0YMBIIIAEHHUK CO3JaeT BpPeJOHOCHBIE CKPUIITBL, KOTOpble aKTUBUPYIOTCA HpHU IOCAeAYIOIein
YCIIeIITHOM aBTOpMU3aliuy AeTUTUMHOIO CUCTEMHOTO aJMUHUCTPaTOpa, OT MMeH! KOTOPOTO IIPOMCXOANUT
IIOBTOPHOE yJaJeHue JaHHBIX U psAd  APYIMX KOMIOpOMeTHpylommx Aeiictsuit. Hauboaee
pacIpoCTpaHEéHHBIM METOAOM 3alIUThI OT ITI0AO0OHBIX BHEIITHIX BO3MYILIEHNIA ABASETCS 3epKaalpoBaHue
A0TOB C VICIIO/AB30BaHUEM paCIIMPEHNs] CHUCTEMBI perucrpanyum coOetuii Rsyslog mam cucrem
MOHUTOpPMHTa ceTu u cepepos (Zabbix, Observium, Cacti, Icinga n ap.). LlenTpaanszosanHoMy cOopy u
aHaAM3y AOKaABHBIX M CEeTeBBIX AOTOB ITOCBAIIEHO MHOXKeCTBO pabor [2-6]. JocromHcTBa 110A00HOTO
II0AX0Ja 3aKAIOYaloTCAd B (PYHKIIMOHAABHOM YA00CTBe MX ITOCAeAylomeii oOpaOOTKm M aHaam3a. B
cAyJasx Ipo¢ecciOHaAbHBIX aTaK Ha CeTeBYIO MHPPaCTPYKTyPy HPeAIpUATIL CepBep A0TOB CTAHOBUTCS
IIepBOOYEePeAHON I1eABI0. YUUTBIBAs TUIOBYIO HACTPOMKY AOKAaJAbHBIX U YAA/A€HHBIX CHCTeM cOopa I
00pabOTKI COOBITU, 310YMBIIIA€HHIKY He COCTaBAseT TpyAa B310MaTh AOKAaABHBI OOBEKT, IOAYIUTD
cBeAeHIs 00 yAaleHHOM LIEHTPaAM30BaHHOM cepBepe XpaHeHNs A0TOB, IIOAYIUTh HaJ HUM KOHTPOAD U
IIPOU3BECTU yAaleHne/MoAupUKalMio COOBITUI. B MIMPOKOM creKTpe pacIpOCTpaHEHHBIX pelleHNUit
XpaHeHIe I Ilepejada JAOTOB IO CETU OCYIIEeCTBASIOTCSA B OTKPBITOM BuJe, CO3JaBasi OIACHOCTDb
MHcangepcknx arak. Ho gaxke mpu Mcrioap3oBaHNm 3aIlUIIEHHBIX KaHAAOB CBA3U HE OCYIeCTBASETCS
IIpoBepKa MOAAMHHOCTY M OOBEKTUBHOCTY OITOBEIIeHMII O COOBITMAX, OTCYTCTBYeT MX BepUQUKaIIVLL.
SIBasieTcsl aKkTyaabHOI IpoOAeMa AoBepus K >KypHasdaM cOOBITHIL. B caydae, ecam oauH M3 XOCTOB
CHCTeMBI OyAeT CKOMITPOMETIPOBaH 3A0YMBIIILI€HHIKOM, OH MOXKEeT OTIIPaBASTh Ha IIeHTPaA30BaHHBIN
ceppep 0O0ABIIIOE KOAMYECTBO AOXKHON MHPOPMAaIUK, Hapylaiomell (yHKI[MOHMpPOBaHNe BCel
MHPPaCTPyKTYPhl NHPOPMaLIIOHHO-KOMMYHNKAIVIOHHOTO CEKTOpa IPeATIPUSITIA.

ITeab pabOTHI 1 IIOCTAaHOBKA 3a4a4

IHeario gaHHOI pabOTHI sABAsAAaCh pa3paObOTKa, IpOrpaMMHas peaaAusals M McCCAeiOBaHNe
OPUTIMHAABHOTO MeToAa (pOPMMPOBaHNS AeleHTPaAN30BaHHOIO peecTpa COOBITUII MH(POPMAIIIOHHON
MHQPPaCTpyKTypsl IpeAnpusatusd. Haydunas HOBU3Ha IIpeAdaraeMoro peIlleHUs 3aKAIO4aeTcs B
aBTOMAaTHYeCKOM YIIpaBA€HUM AOKaAbHBIMM MU CeTeBBIMM UMHQOPMALMOHHBIMM  ITpOIleccaMm
TeXHNYEeCKX OOBeKTOB Ha OCHOBE JaHHBIX JelleHTPaAM30BaHHOIO OA0KYeH-XpaHUAUIIA C CUCTeMON
yIIpaBAeHus JOBepueM K perucTpupyeMbiM coObITusAM. [TpuHATIe perieHnit ocyIecTAseTcs Ha OCHOBe
O0OBeKTUBHOI U ITOATBeP>KAeHHOI nH(popManyu. ApyruM HeMaa0BaskKHBIM acIIeKTOM Hay4HON HOBU3HBI
BBICTYHIAIOT MpoduAMpOBaHUe AOCTyIla K MHpOpMaIMM M 3allluTa IIpoliecca rnepejadyy AaHHBIX Ha
OCHOBE I'PYIIIIOBOTO, a TAKXKe UTePallIOHHOTO MHOTOCAOMHOTO (P POBaHMSL.

[Ipn mpoekTupoBaHUM apXUTEKTyphl IPOTPaMMHOIO IIpOAyKTa Oblda ydTeHa HeoOXOAMMOCTDb
B3alIMOJEIICTBMSA C aBTOPCKOI paclipeeAeHHON cucTeMoli coopa, oOpabOTKM M aHaau3a COOBITUIA
ceteBolt MHppacTpykTypsl npeanpusarusa [7]. Crasuanch 3agaun pa3paboTKy, McCAeA0BAHIUS CUCTEMBI
OoOHapy>KeHUs, NpeAOTBpallleHus BTOpKeHuil u ¢aabcudukaluy peecrpa COOBITUII Ha OCHOBE
IIPeAA0KEeHHOIO II0AX0Aa AAs MUHTEerpay B Ka4eCTBe MOAYAs CUCTeMbI MHTeAAeKTyaAbHO-aJalITUBHOTO
yHpaBAeHus MHPPaCTPyKTypoil IpeAnpusaTs, paspabaThiBaeMOli IIePBBIM aBTOpOM [8].

IIpeaaaraemoe pemnieHne

AAs HUBeAMPOBaHMS paHee OIMCAHHBIX YIPO3 Ha OO30p BBIHOCUTCA OPUIMHAABHBI METOZ
dpopMMpoOBaHMs  AelleHTPaAU30BaHHOTO peecTpa COOBITUI MH(POPMALMOHHON MHPPACTPYKTyPhI
NpeANpUATUs, KAIOYeBble aclleKThl (PYHKIIMOHMPOBaHMUs KOTOPOro orpakeHsl Ha puc. 1 u 2. Crour
OTMETUTD, 4TO puc. 1 BKAIOYaeT onucaHue nogkarouenns K Cucreme HOBOTO XOCTa ¥ MHULIMAAN3AIIAIO
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CeTeBOTO B3aIMOAENCTBIS, @ PUC. 2 OIMCBIBAEeT IITaTHBIN peXXnuM padboThl CICTeMBI.
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L CHCTEMBI ) KpHITOrpahHIecKOTo KITFoUa Ha 0a3e TeKyIIEero
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HMCTEK IIEPHUOJ CECCHH?

Her
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HOBBIM Y9aCTHHKOM?

Ha
Puc. 1. baok-cxema rpeaaaraeMoro MeToja: HOoAKAI049eHNe K CicTeMe, MHUITMAAM3 AL
CeTeBOro B3anMMOA e CTBUSI

Heo0x041MO 3aMeTUTh, UTO B CAydasX MCTeUeHNs IIeproAa CecCiy, a TakKe IMPU OTKAIOYEHUN OT
Cucremsl xocra Ambo AoOaBAeHUM paHee IIOAKAIOYABIIIErOCs OOBeKTa IIPOM3BOAUTCS TeHepaLis
CeCCIOHHOTIO KAI0Ya B aBTOMaTI4IeCcKOM pesKIIMe C JalbHeNIIel reHeparyeil CMMMeTPUYHOIO KAl04a Ha
Oase ceccmonHoro. Toraa kak mpm AoOaBAeHUM y31a, paHee He SBASIOIIETOCS YYaCTHUKOM
B3alIMOAEIICTBI:, [IOBTOPHO BBIITOAHAETCS MHUIIMAL II0AHOM IIpoLeAypsl togkaiodenns K Cucreme.
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[Mudposanue log coobmienus ¢
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ITepenaua nora yyacTHHKaM CETH y3JIOM,
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Puc. 2. baok-cxeMa rnpegaaraeMoro MeToAa: ITaTHLIA peXuM padOThI

[Tocae ycrienmHoro 3aBepliiieHns poriecca IoAKAo4ueHns: ysaa K CucreMe BBIIIOAHSAETC ITepexod, K
IITAaTHOMY (PYHKIMOHMPOBAHUIO, 4€TaAbHO OIMICAHHOMY Ha puc. 2.

AecTBus, peaniecTsyone TeHepaluy 1 3alliCcy A0Ta, a MMEHHO: aHaAl3 CeTeBOro Tpaduka,
oOparjenne K A0KaabHbIM XypHaaaM coOprtuii OC 1 IpuAOKeHnit, areHTaM IepBUYHOro cOopa AaHHBIX,
AaabHelmas o0paboTKa 1 MAeHTU UKL COOBITUII MOAYAeM aBTOPCKON paclipeAeAeHHON CHUCTeMBI
cOopa, 00paOOTKM M aHaaAmM3a COOBITUII CeTeBOV MH(PPACTPYKTYPhl NPeAIpPUATHS — BBITOAHIIOTCS
HeIIpephIBHO B (POHOBOM peXKMMe BCeMM XOcTaMM cucreMbl. ITocae mepeaaunm aora ydacTHMKaM ceTu
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OIIMCaHBI AEVICTBUS, BXOASAIINE B OAHY UTepauio MpoBepKu paKTa BO3HIMKHOBEHNS COOBITIS KaXKAbIM
XxocToM. 3anmuch MHPOpManyy B OAOKUENH-XpaHUAUIIE OCYIIeCTBASEeTCs IO 3apaHee BBHIOpaHHOMY
dopmary XpaHeHNs JaHHBIX Yepe3 IaHeAb aAMUHUCTpyposaHyst CrCTeMBI.

PaspaboraHHas cucrema OOHapy>KeHI: U ITpeAOTBpallieHNs BTOp>KeHNniT PyHKIIMOHMpYeT Ha Oase
3HaHMIT U COOBITUII JeIeHTPaAM30BaHHOTO OAOK4YelH-XpaHuAuia. JIHpopMaTUBHOCTL aHaAmM3a
Aocturaetcs 0aaroJaps MCIOAL30BaHMIO aBTOPCKON paclipejeAeHHON cucTeMbl cOopa, 0OpaboTKu u
aHaAm3a COOBITUII ceTeBOM MHPPACTPYKTypsl mnpeanpusatusa. OOBeKTMBHOCTb MCCAeAOBaHIS
oOecrieynBaeTcs IyTeM 3aAeiiCTBOBaHI: MeXaHM3Ma BBICTAaBAeHIs ydaCTHUKaMM ceTy KOO PUIIMIEHTOB
AOBEpUs 3aperuCcTPUPOBaHHBIM COOBITUAM. PuabTpanus Tpadpuka 1 ynpasaeHne MHPGOPMaIMIOHHBIMU
IpoljeccaMi  OCYIIeCTBASIOTCS Ha OCHOBe IIpoBepeHHBIX ¢akTos. CHUTHATypel U IIaTTePHBI
QYHKIIMOHMPOBaHUA CUCTEMbI 3alllUThl pa3pabaThIBaAMCh CaMOCTOATEABLHO C  MCIIOAb30BaHUEM
aBTOPCKIX METOA0B ITPOTUBOAENCTBIL CeTeBBIM yIpo3aM 1 mporpamMMmsl «Researcher» [7-8]. Jaaee Gyaer
paccMoTpeHa MporpaMMHasl peaan3aliyis IpeaaraeMoro pereHns.

HpOI‘paMMHaﬂ peaan3anusi ripeadaaraeMoro peneHmnst

[IporpammHOe pemreHne MeToga (GOpMMUpPOBaHUSA JelleHTPaAU30BaHHOIO peecTpa COOBITUIA
MHQPOPMAIIMOHHON MHQPPACTPYKTYPBl HPeANpUATUSA (SBASIOIIEIOCs AOTMYeCKMM U ITPUKAAAHBIM
pasBuTMEeM MeToJa CHCTeMHOTO aHaAM3a, yIpabAeHUs U oO0pabOTKu MHPOpMaIuy KOPIIOPaTUBHON
BBIYMCANTEABHON CeTH) IpejcTaBaAseT coOO0 cucTeMy OOHapy>KeHMsI, IIpeAOTBpalle s BTOP>KeHUII 1
daapcudpukanuy peecrpa cCOOBITIII Ha OCHOBE AelleHTPaAM30BaHHOTO I10AX0Aa.

B pamkax mporpaMMHOI MHXKeHepum ObLla IpOM3BeJeHa MHTerpalusi C aBTOPCKOI CUCTeMOII
MHTeAAeKTyaAbHO-aJallTUBHOIO YIIpaBAeHMs CeTeBOl MHPPaCcTPyKTypoil mpeAnnpusatus (puc. 3), B TOM
quc/le ¢ ee KOMIIOHEHTOM - paclipeje]eHHON crucreMon coopa, oopaboTkn n aHaamsa cooOsrtuii. [Tpu
9TOM CTaBIAACh 3aJa4a OpraHu3anym s3anMogerictsyst CucTeMbl C APyTMMHI IIpoIieccaMy Ha A10KaAbHOM
nan yaaaeHHom xocre. ITockoabKy cBegeHIs1, XpaHsAIIMecs B AeleHTPaA30BaHHOM peecTpe COOBITIIA,
IIpeACTaBASIOT MHTepeCc B KadecTBe BXOAHBIX JaHHBIX AAsS Pa3sAUYHBIX YTUAUT ¥ KOMIIOHEHTOB
yrpasAeHus MHPOPMAIMOHHBIMI ITIOTOKaMM U IIpoljeccaMi (B TOM YHCA€e CHCTeMBl OOHapy>KeHMs U
IIpeJOTBpallleHNs] BTOP>KeHUII, peaAl3OBaHHON Ha Oase MoauUIMpPOBaHHOI T1AaTGopMbl Bro),
HeoOX0AMMO 00ecIIeynTh BO3MOKHOCTD UCTI0Ab30BaHM s 6a3bl 3HAHMI CTOPOHHUMU IporpaMMamiu. Jast
pellIeHNsI BTOM 3a4aun IIpeAlaraeTcs MCI0Ab30BaTh KAMEHTI MOHUTOPMHTIA M AOCTYTIA.

[lepBast xaTeropusi IOAKAIOYAeTCA K CHCTeMe II0 aHaAOTUM CO CTaHAAPTHBIMM XOCTaMU depes3
BBIPAOOTKY CeCCMOHHOTO KAI04a, OJHAKO He ydJacTByeT B BhIpaOOTKe KO®(PQPUIIMEHTOB JOBepus I,
cAeA0BaTeAbHO, B OCHOBHON pabote Crucremsl. KaneHTsI MOHMTOpMHra 4yepe3 MeXaHM3M ITOAIVICKI
YBEAOMASIOT CBOVX ITOAIIVICIMKOB O HOBBIX 3aIMCAX B OA0K4eitHe. [T0CKOABKY MHTEpec IpeACTaBAsSIOT
HOBBIE COOBITHS, A100asI IIpOTpaMMa MOJKeT ITOANNCAThC Ha KAMEeHTa MOHUTOPMHIA, YKa3aB, Ha KaKie
THUIIBI COOBITUII OHA XOYeT II0Ay4YaTh YBe4OMAeHM.

Hampumep, moxker ObIThH OCyIllecTBA€Ha IIOANNMCKAa TOABKO Ha aTaku C MCIOAb30BaHUEM
IIMPOKOBeIlaTeAbHbIX 3allpOCOB MAM Ha COOBITUS, CBSI3aHHBIE C OOHapy:KeHueM HeJOCTYIIHOCTU
oIIpeje/eHHBIX CePBICOB Ha XOCTaX CeTI.

BaxkxHO OTMeTUTb, YTO KAMEHThl MOHMTOPMHIA He IIpeAOCTaBASIOT MEeXaHU3MOB 4TeHUs U3
Oa0KueliHa, 9TO CAedaHO IledeHallpaBAeHHO, TaK KaK oOecriedyeHyne YpOBHS MH(POPMaIMOHHOM
De3011acHOCTM K KAMEHTaM MOHMTOPMHIA OCYIIIeCTBASeTCs CUCTEMHBIM aAMMHICTPATOPOM U He MOKeT
OBITH TapaHTUPOBAHHO IIPOKOHTPOAMPOBaHO CHCTEMOIA.
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Puc. 3. ApxurekTypa CCTeMbl MHTeA1eKTyaabHO-aJalITUBHOIO yIIpaBA€HIsI CeTeBOM
MHPPaCTPYKTYpOIi IPeATIpUSITIAS
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B cayuae HeHaaae>Kallell HaCTPOWKM AOCTYII K KAMEHTaM MOHUTOPWHIA MOXKET OBITh ITOAy4YeH
HeJOBEpeHHBIM I10/Ab30BaTedeM C II0CAeAyIOIINMM OCyIeCTBAeHueM AUIIb ToArmicku. He 3Has
apXUTEKTYPHI CeTU MPeANpUATUA U ajpeca pa3MeIlleH!s CepBICOB, 3A0YMBIIIAEHHNKY OyJeT CAOXKHO
OCYIIIeCTBUTh IIePBUYHBIN COOp AaHHBIX AAs OCYIIeCTBA€HWs IleAeHarlpaBAeHHON araku. IlltaTHore
CIICTEMHBIe aAMUHICTPATOPhI, KOTOPBIe BAajeloT nH(popManyer 00 apXUTeKType CeTU I pacIioA0KeHN
CepBUCOB, CMOTYT IIPOCTO HACTPOUTDH MOAIINCKU AAs1 yBeAOMAeH:sI 00 OOHapy>KeHHBIX U ITPOBEPEHHBIX
VHIIMAeHTaX.

CTonuT OTMETUTD, YTO HTO €AMHCTBEHHAs COCTaBASIONIAs apXUTEKTYphl IIPOeKTa, yepe3 KOTOPYIO
MOXKeT OBITh OCyIIlecTBAeH BBIBOA MH(pOpMaIUM C OAHOCAOVMHBIM IM@poBaHueM Touka-Todka. ITpu
JICIIOAB30BaHMM KAMEHTOB MOHUTOPUHIA U KAMEHTOB JOCTyIIa CyIecTByeT PUCK yTedku MHpopMaImy,
IIODTOMY MX MCIIOAB30BaHIE B CeTU AOAXKHO OBITH 0OOCHOBAHO.

Hecmotps Ha TO, 4TO KAMEHTb MOHMTOPMHIA Y4acTBYIOT B TeHepalMM CeCCMOHHOIO KAloYa, U,
cAe]0BaTeAbHO, IIOAYJalOT AOCTYH K MHPOPMAIUN AAs 3allUCy B OA0KYEIH, OHM He MOTYT IIOAYYUTh
AOCTyIl K OOMeHy uHQpOpMalueil MeXAy XOCTaMM, MCIIOAb3Yys AUYHble COODINeHMs Ha OCHOBe
ONyOAMKOBaHHBIX CepPTUQPUKATOB ITyOAM4HOro Kaioda. Ilocae BeIpabOOTKM CeCCMOHHOTO KaAlO4a ITO
aaroputmy AupPu-Xeaamana 4451 HEOTPaHUMIEHHOTO KOAMIECTBA YYACTHMKOB, KAMEHTBI MOHUTOPMHTIA
He TeHepUpPYIOT IPUBATHBIN U IyOANIHBIN KAIOUM M He ITyDAMUKYIOT CBOII cepTU(UKAT OTKPBITOTO KAI0Ya.
Taxum obpaszom, ¢ HUMM He MOXKeT OBITH IpomsBedeH oOMeH mHpopmanmen. [IockoAbKy KAMEHTHI
MOHUTOPMHTIA He MMEIOT ITyOAMYHOTO KAI04Ya, OHI He MOTYT COXPaHUTh CeCCHIOHHBIN B 010KJeliHe, B 5TOM
cAydJae KaXKAbIN 13 KAMEHTOB MOHUTOPMHTA MeeT AOCTYI TOABKO K TeKYIIleil CeCCUIL.

Taxkum 06pa3oM, KAMEHTHI MOHUTOPUHIA CTAHOBATCS yJaCTHUMKaMM, OCYIIeCTBASIONMMY TOABKO
gyTeHue U3 JelleHTPaAM30BaHHOTO peecTpa COOBITHII 0e3 BO3MOKHOCTM CeTeBOTO B3aIMOAEVICTBMS C
Apyrumn ydactHukaMmy CrcreMsl. B COBOKyITHOCTHM € MCIIOAB30BaHMEM CHCTeMBI TIOAIIMCKY Ha COOBITIS
BMeCTO OCYIIIeCTBAEHNUs AOCTyIla Ha yTeHMe 13 O/J0KJeilHa MOXKHO CAelaTh IMPeAIloA0>KeHMe, YTO
JICTII0Ab30BaHe KAMEeHTOB He BBOAUT KPUTUYECKNX ysaA3BUMoOcTell B CrcreMy.

B soroaHeHnn K KAMeHTaM MOHUTOPWHIA, OCYIIECTBASIONINM AOCTaBKy COOOIIeHNs O COOBITUX
Ha OCHOBE MOJeAN IOAIIMCYNMKA, CYIIeCTBYIOT KAMEHTH A0CTyma (mposaiigepsr). [IpuHIUIIIaAbHO OHI
OTAMYAIOTCS OT IIePBOIT KaTEeTOPUU ABYM:I aclIeKTaMIu:

1) renepupyercst IpUBATHBIN U MyOAMYIHBIN KAIOY, ITyOAMKYeTCsI CTeHepUPOBaHHBIN cepTuduKar
IyOAMYHOTO KAIOYa;

2) ocyIiecTBAsieTcss YTeHMe 13 O/J0KJelH-XpaHMAUINA U Iepesada MHPOpMaumm U3 Oasbl
CTOPOHHUM ITpOrpaMMaM C OAHOCAOVHBIM I POBaHIEM TOUKA-TOUKA.

[TpucyTcTBre y KAMEHTOB AOCTYIIa KAIOUEN JaeT MM BO3MOKHOCTh pacmmgposaTh MHGOPMaLNIO,
XpaHSAIIyIocs: B OA0KJYeliHe Ha BCeM MHTepBaje BPeMeHM MX IIPUCYTCTBM. DTO CBOVICTBO ITO3BOASET
MICIIOAB30BaTh UX KaK ApaliBep AAs YTeHs U3 3alppOBaHHOTO O10KIeIH XpaHNANIIIA Y CO3AaHIs Oasbl
3HAHUII CVICTEM IIPeAOTBPAIeHNs BTOP>KEHNIA.

Aas npoBepky pabOTOCIIOCOOHOCTM IPOrPaMMHOIO IPOAYKTa BBIIIOAHAAOCH OPTaHMYECKoe U
aBTOMaTU3MPOBAaHHOe TeCcTUpOBaHMe Ha BCeX 3Talax pa3pabOTKM, MHPOU3BOAMACS TeXHUYECKUIA
KOHTpOAb IpoekTa. Ha TekyImiuit MOMeHT IIpogoAsKaeTcs DKCIlepuMeHTaAbHOe McCAe0BaHNe paboThI
IIpeAA0KEHHOTO pellleHNs B CeTeBbIX MH(pPaCcTPyKTypax IMSATU HPeAlpUITUIl C KOAUYIECTBOM XOCTOB
6oaee 700. 3a mects MecsAneB HellpepbiBHON paboThl CucreMa 3apekoMeHJoBada ceOsl HadeKHBIM,
OTKa30yCTOMYMBBIM 1 Oe301acHbIM pelieHneM. Pazmep 0a3bl 4aHHBIX paclpeseAeHHON CCTeMbl cOopa,
00paboTKM U aHaAM3a COOBITUI ceTeBOl MHPPaCTPYKTYphl IIpeAnpusaTus coctasua ot 1,25 a0 14,3 %
CyMMapHOTO o0beMa IITaTHbIX Oa3 3HaHMIT aTeHTOB IIePBUMYHOTO cOOpa MHPOPMaLNM Pa3ANIHBIX CHICTEM
u cepsucos. Pasmep sammcell 0O4HOrO XOCTa B JelleHTPaAM30BaHHOE XpaHUAUIE C Yy4eTOM
MHOTOCAONMHOTO MMUppOBaHus cocTaBasia 4 — 41,7 % or cymmapHOro oobeMa 0a3 3HaHUI AOKaAbHBIX
arperatopos. /Jaxe npu Ay0AMpOBaHMM BCeX IepeulCAeHHBIX 0a3 3HaHMII BBeJeHMe M3DBITOYHOCTU
SABASETCS HUBKONM CTOMMOCTBIO IIOBBIINIEHM: HaAeXHOCTH, OesomacHOCTM U 9PPeKTUBHOCTU
YHKITMOHMPOBaHNS CeTeBON MHPPaCTPYKTYPBI IPeAPUATHA.
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Heo0OxoAMMO YIIOMSHYTB, YTO THUIIOBBIE XOCTHI (PAKTHMUECKM MMEIOT He3HauMTeABHBII 00beM
AOKaABHBIX XPaHMAUI] (MCUMCAAIOTCA AecsATKamu MoOailt 3a rog pabOTBI CpegHecTaTHCTIYeCKOTO
o¢uCcHOro pabOTHMKA MAM 4OMAIITHero roap3osartes). OgHaKo B KauecTse HeJOCTaTKOB ITPOeKTa cAeAyeT
OTMeTUTh TpeOOBaHMSA K BBIYMCAUTEABHBIM MOIIHOCTSAM (HeoOXoAMMa MaTepMHCKas Iidata C
MHOTOSAEPHBIM IIPOLIECCOPOM M alllapaTHOM IoAJAep>KKol aaroputMma mmdposanusa AES,
OIlepaTUBHON MaMATHIO OT 2 ['0 U moaaep>KKoi TeXHOAOTUM KOPPeKIMM OIIMOOK), a Takke o0neMy
HocuTeAel MHPOPMaIINIA.

OO6cyxaeHne pe3yabTaTOB U 3aKAI09eHNe

B pamxkax gaHHOrO Impoekra Obla paspaboTaH, IPOrpaMMHO peaAM3OBaH U MCCAeAOBaH MeTOZ
popMupoBaHUs AelleHTPaAM30BaHHOTO peecTpa COOBITUII MH(OPMAIIMOHHON MHQPPACTPYKTYPHI
npeaupusatus. Hayunas HOBM3HA IIpeasaraeMoro pelleHus 3akKAlO4aeTcsl B aBTOMaTUYeCKOM
yHIpaBAeHUN AOKaAbHBIMM U CeTeBBIMIU MH(POPMAIIMOHHBIMI MpOlleccaMi TeXHMYeCKMX OOBbeKTOB Ha
OCHOBe JaHHBIX AeIleHTPaAM30BaHHOTO OAOKYeH-XpaHUAMIIA C CUCTeMOMN YIIpaBAeHUs JoBepueM K
peructpupyeMbIM coObITUAM. [lpuHATHE pellleHNMiT OCyIecTBAsSeTCA Ha OCHOBe OOBeKTMBHON U
MOATBEp>KAeHHON mHpopManuyu. JpyruM HeMaJOBaXKHBIM acIIeKTOM HayYHOJ HOBM3HBI BBICTYIIAIOT
npopuanpoBaHmne AocTyna K MHPOpMaIMy I 3alllUTa IIpollecca Ilepejauyl AaHHBIX Ha OCHOBe
IPYIIIIOBOTO, a TaK’Ke UTepallIOHHOTO MHOTOCAOMHOTO (P POBAHMSL.

[IporpammHas peaamsaliys MeTOAa BRIITOAHEHa B Bl CHCTeMbl OOHapy>KeHIs], IPeAOTBPallleHIsI
BTOp>KeHmuil 1 gaabcuduKalny peecTpa COOBITUII Ha OCHOBe JelleHTPaan30BaHHOIO Ioaxosa. briaa
peaau3oBaHa MHTETPanus ¢ aBTOPCKO CUCTEMON MHTeAAeKTyaAbHO-aAaIITUBHOIO YIIPaBAEHIS CETeBOM
MHPPaCTPYKTYPOIl IPeATIPUATUS, B TOM 4NC/A€e C ee KOMIIOHEHTOM - pacIpeAeAeHHOl CUCTeMOll cOopa,
00pabOTKM 1 aHAAM3a COOBITUIA.

[Ipy 9TOM Ba’XHO OTMETUTDH, YTO IIPOEKT MOJKeT BBICTYIATh HE3aBUCUMBIM IIPOAYKTOM. B
JacTHOCTM, ¥ MOAUQPUIIMPOBAHHOE JelleHTpaAu30BaHHOe O0J0KJYeH-XpaHWANIIe C CUCTeMON
yopaBAeHUs JOBepyueM K PerucTpUpyeMbIM COOBITHSAM MOKeT COCTaBAATh MH(POPMATUBHYIO U
0O0BEeKTUBHYIO Oa3y 3HaHMII 4100011 A0KaABHOM AV CETeBOM TeXHIeCKO cucteMbl. I Tpu sTom Antraercs
aKTyaAbHOCTH ITpo0AeMaTnKa A0Beplis K KypHaaaM COOBITUI 1 HUBEAUPYIOTCS HeIlITaTHbIe BHEIITHe U
BHyTpeHHIe BO3MYIIIeHIs C MMIIepCoHaleil, Mogudukanyen u paabcudukaryenn JaHHbIX.

ITpeacrasaeHHbBIV TOAXOA VIMeeT HECKOABKO 0COOEHHOCTEI1:

1) M30BITOYHOCTh Ha A0KaAbHOM XOCTe: HECMOTpPs Ha ONTUMM3AILMIO peecTpa COOLITUII U ero
eMkocth, Cucrema He ygaaseT MHQOpPMAIIMIO C AOKAABHBIX areHTOB, OCTaBAss ee B KauecTse
AOTOAHUTEABHOTO CAO0s IIPOBEPKI;

2) M30BITOYHOCTh Ha BCeX OOBeKTax CeTeBOIO B3alMOAENCTBUSA: peecTpbl  COOBITUII
AyOAUpYIOTCA Ha BCeX XOCTaX, 4YTO IIpejHaMepeHHO BBOAUT M3OLITOYHOCTh U TpeOyeT OT Y310B
AOTIOAHUTEALHOTO CBOOOAHOIO IIPOCTPaHCTBa Ha HOCUTeAsX MHpopMaunm. B pamMkax mpoekra AaHHBI
IIpyeM BBICTYIIaeT MHCTPYMEHTOM He3aBMCUMOTO MH(POPMAI[MIOHHOTO KOHTPOAS;

3) CYIIeCTBYIOT OTpaHMYeHMsI Ha CKOPOCTh 3aIlicell B peecTp. B 3aBucuMocTi OT CA0KHOCTI
IIPOBEPKM BEPOSITHOCTU COOBITHUSA B CHICTEMeE, CKOPOCTD 3aIlMICH B 1IeTIOUKY MOXKeT MeHAThCs. Takke crout
YUYUTBIBATh TPeOOBaHMs K BBIYMCAUTEABHBIM MOIIHOCTSAM OObeKTa 4451 OCyIIecTBAeHNs u(ppoBaHus 1
AemmmmppoBaHns  aAaHHbIX. basancuposka Moxker ObITh IpOU3BeA€Ha IIPaBUABHBIM  BBLIOOPOM
COOTBeTCTBYIOIIero popMara XpaHeHus gaHHbpIX. Hacrpoiika mapamerpos ocyiiecTsasercs yepes BeO-
raHeAb agAMUHUCTPUPOBAHNS IIPU IIEPBUYHON YCTaHOBKE.

Onmcannble MOMEHTBI He SIBASIOTCA CyIIeCTBEHHBIMM HeJOCTaTKaMM, a AMUIIb BBICTYHAIOT
KpUTePUAMM HaCTPOMKI CUCTeMBbI IIPU MHTErpalyy B CeTeBYIO MHPPACTPYKTYPy IPeAIpUsATIS Y MOTYT
1oTpeboBaTh 3aMeHy YCTapeBIIero yIpaBAsgeMOIo CeTeBOro oOOOpyAOBaHMS Ha COBPEMEHHYIO
naatgopmy x86 ¢ IpoleccopoM, MoAAep>KUBAIOIIUM annapatHoe mudposanue aaroputMoMm AES,
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OoIlepaTUMBHON HaMATBEI0 OT 2 I'0 ¢ mogaep>kKoil TeXHOAOIMM KOPPeKIMM OIIMOOK, HOCUTeAeM
nadopmanyu ot 500 I'0 B 3aBucMOCTN OT PYHKIIMOHMPYIOITUX CEPBICOB 1 HAaTPY3KM KOHEYHOI CeTeBOI
MHQPPACTPYKTYPHI IIPEATTPUATIA.
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E.A. bacerast!, A.B. Cagpponos?
LMW DU » yammorx sepmmey A0porvik yHusepcumemsi, Mackey, Peceii
ZAKnapammolk-KOMMYHUKAUUIABIK MEXHOAOZUAAAP ZoIAbIMU-3epmmey uncmumymul, Hosocubupck,
I s
Pecet

KacirmopbiHHBIH aKknmapaTTBIK MHQPPaKYPhLABIMbBI OKMFAadapPbIHBIH OPTaAbIKTaHABIPbLAMAaFaH
Ti3iAiMiH KaabIITACTBIPY d4ici

Angarmia. Makajaaja KeCilIOpBIHHBIH aKapaTThIK-KOMMYHMKAIMAABIK, CEKTOPBIHBIH AepeKTepiH
JKIHay¥a, OHJAeyTe JKoHe TaljayFa Kasipri Toaciagepaid Maceaeaepi cumnarraarad. OHbIH OObeKTiAepi MeH
KylieaepiHe IITaTTaH THIC iIlIKi >KeHe CBHIPTKBI acepAepAiH KayinrTepi KapacTbipbliabl. KocimopbIHHBIH
aKIlapaTThIK MH(PPaKYPLLABIMBI OKMFaAapBIHBIH OpPTaAbIKTaHABIPBLAMAaFaH Ti3iAiMiH KaABIITaCTHIPYABIH
©31HAIK 94ici I10Ay¥Fa yCbIHbIAaAbl. ¥ CBIHBLAFAH IIENIiMHIH FBLABIMU >KaHAABIFbI TipKeAreH OKMFaJapra
ceHiMAi Oackapy >Kylleci Oap opTaabIKTaHABIPBLAMaraH OJOKuYelH KOJMachl JepeKkTepi HeriziHAe
TeXHUKAABIK OOBeKTiAepAiH >KepridikTi >KeHe >KeaidiK aKIapaTThIK ITpOllecTepiH aBTOMAaTThHl Typae
Hackapy 0oabm TabbL1a4bL. [lemrimaep kabbLa4ay OOBEKTUBTI JKOHe pacTalFaH aKIlapat HeTidiHae JKy3ere
aceIpbLAaabl. TBLABIMI SKaHAABIKTBIH acIleKTici-aKIlapaTka KOA KeTKi3yai mpodnabiey >koHe TONTEHIK,
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COH/AAl-aK UTepanMsAABIK KOIl KadaTTe Imudpaay HerisiHAe gepekTepai Oepy mporiecin kopray. Makaaa
aBTOP/AapPABIH KoCIITOPBIHHEIH aKIIapaTTHIK MH(PPaKyPHLABIMBIHEIH JepeKTepiH KIHayFa >KoHe eHJAeyre
OpTaAbIKTaHABIPBLAMAFaH Ke3Kapac OOMBIHINA >KYMBICTBIH AOTMKAABIK >KaAfackl OOABII TaOBLAaAbL
KocinoprsiHHBIH Keaiaik MHPPaKYpPHLABIMBIH MHTEAAEKTyaAAbl-aJallTUBTI OacKapy >KyiieciHiH MoAyai
peTiHAe MHTerpanmslay¥a yChIHBLAFaH ToCiA HeTi3iHAe OKUFalapabl aHBIKTay, OachlIl Kipyai 60oaasipMay
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The method of forming a decentralized register of events of the information infrastructure of
the enterprise

Abstract. The article describes the problems of existing approaches to the collection, processing,
and analysis of data from the information and communication sector of the enterprise. The article
considers threats of abnormal internal and external influences on its objects and systems. The authors
review an original method for forming a decentralized registry of the enterprise information
infrastructure events. The scientific novelty of the proposed solution lies in the automatic management of
local and network information processes of technical objects based on data from decentralized blockchain
storage with a trust management system for recorded events. Decision-making is based on objective and
verified information. Another aspect of innovation is the profiling of access to information and the
protection of the data transfer process based on group as well as iterative multilayer encryption. The
article is a logical continuation of the authors' work on a decentralized approach to the collection and
processing of data from the enterprise information infrastructure. The article considers the development
and research of the system for detecting, preventing intrusions, and falsifying the event register based on
the proposed approach for integration as a module of the system of intelligent adaptive management of
the enterprise network infrastructure.

Keywords: event registry, logs, blockchain storage, trust management systems, system analysis,
processing, information processes management.
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Commissioning Test of Distributed fiber-optics sensors during foundation monitoring
of the Abu Dhabi Plaza construction project in Nur-Sultan City

Abstract. Distributed fiber optic cable is in increasing demand in civil engineering,
especially in the field of structural condition monitoring. The characteristics of fiber optic
cable have attracted the interest of engineers and researchers in recent years. This paper
describes an operational test of a distributed fiber optic cable to determine its effectiveness
in detecting cracks in concrete. A distributed fiber optic cable with internal fixed points
was installed in the foundation slab of a high-rise building parking lot. Strain
measurements from the fiber optic sensing cable were acquired and recorded using a
Brillouin time domain optical analyzer throughout the test. The main purpose of the pre-
commissioning tests is to check the accuracy error of the measurements. The accuracy
error at any point on the cable is defined as the standard deviation of the repeated
measurement values. This will show the reliability of the measured strain when
interpreting the results.

Keywords: fiber optic cable, basement slab, high-rise buildings, fiber-optic sensors, civil
engineering.
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Introduction

Structural condition monitoring is increasingly being used in civil engineering as an effective means
to improve facility safety and optimize the cost of operating and maintaining structures. The data
obtained from monitoring is used to optimize the operation, maintenance, repair and replacement of the
structure based on reliable and objective data. Detection of current damage can be used to detect
deviations from design performance. Monitoring data can be integrated into structural management
systems and improve decision quality by providing reliable and objective information. A distributed fiber
optic sensor (DFOS) based on Brillouin backscattering technology has many attractive features such as
small size, good structural compatibility, light weight, immunity to electromagnetic interference, etc.
Traditional control sensors, such as load cells, often require a large amount of cabling to support them.
The cost of cabling limits the suitability of traditional sensors for monitoring. However, a distributed fiber
sensor is capable of measuring strain at every point along a standard optical cable, which means that an
appropriately installed fiber can potentially replace many traditional point sensors. It is therefore widely
accepted as a cost-effective structural monitoring tool.

Literature Review

SHM systems have been used in civil engineering since the early 1980s [1]. A literature review of
SHM systems was first presented by Doebling et al. in 1996, summarizing hundreds of publications
through 1995. The interest in the ability to monitor a structure and detect damage at the earliest possible
stage is pervasive throughout the civil engineering communities. Current damage-detection methods are
either visual or localized experimental methods such as acoustic or ultrasonic methods, magnet field
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methods, radiographs, eddy-current methods and thermal field methods. All of these experimental
techniques require that the vicinity of the damage is known a priori and that the portion of the structure
being inspected is readily accessible. Subjected to these limitations, 2 of these experimental methods can
detect damage on or near the surface of the structure. The need for additional global damage detection
methods that can be applied to complex structures has led to the development of methods that examine
changes in the vibration characteristics of the structure [2]. Damage or fault detection, as determined by
changes in the dynamic properties or response of structures, is a subject that has received considerable
attention in the literature. The basic idea is that modal parameters (notably frequencies, mode shapes, and
modal damping) are functions of the physical properties of the structure (mass, damping, and stiffness).
Therefore, changes in the physical properties will cause changes in the modal properties. Ideally, a robust
damage detection scheme will be able to identify that damage has occurred at a very early stage, locate
the damage within the sensor resolution being used, provide some estimate of the severity of the damage,
and predict the remaining useful life of the structure.

The effects of damage on a structure can be classified as linear or nonlinear. A linear damage
situation is defined as the case when the initially linear-elastic structure remains linear-elastic after
damage. The changes in modal properties are a result of changes in the geometry and/or the material
properties of the structure, but the structural response can still be modeled using a linear equation of
motion. Nonlinear damage is defined as the case when the initially linear-elastic structure behaves in a
nonlinear manner after the damage has been introduced. One example of nonlinear damage is the
formation of a fatigue crack that subsequently opens and closes under the normal operating vibration
environment. Other examples include loose connections that rattle and nonlinear material behavior. A
robust damage-detection method will be applicable to both of these general types of damage. The majority
of the papers summarized in this review address only the problem of linear damage detection. They
proposed the Classification table for damage identification methods, which is a compendium that
classifies various methods of damage identification and model updating in chronological order [2].

Sensors and equipment. Combined deformation and temperature sensors DiTeSt SMART profile
are designed for distributed deformation (average deformation) and temperature monitoring over long
distances using BOTDA (Brillouin scattering) technology.

The DiTeSt SMARTprofile sensor consists of two bonded and two free single-mode optical fibers
embedded in a polyethylene thermoplastic profile. The stapled fibers are used for strain monitoring, while
the free fibers are used for temperature measurement (quantitative measurement if the strain sensor is
<0.2%, qualitative if the strain is >0.2%) and to compensate for temperature effects on the stapled fibers.
For redundancy, two fibers are included for strain and temperature monitoring. The profile itself provides
good mechanical, chemical and temperature resistance.

The small profile size makes the sensor easy to transport and install by embedding in concrete or
mortar, bonding or clamping.

The SMARTProfile sensor is designed for use in environmental conditions commonly found in civil,
geotechnical and oil and gas applications. However, this sensor should not be used in extreme
temperature environments or environments with corrosive chemicals. It is not recommended for
installation under constant ultraviolet radiation (e.g. sunlight) without an additional cover or protection
with aluminum tape.

The SMARTprofile sensing cable is supplied on reels with all necessary accessories such as
terminations and connectors.

Optical Time Domain Analysis (BOTDA). The principle of the BOTDA sensor system is shown in
Figure 1 and a typical BOTDA analyzer is shown in Figure 2. BODTA technology is a proven, reliable
system for determining load distribution along the pile shaft and pile toe. Light waves traveling through
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the fiber optic cable react with the glass material in the fiber. The reaction causes a change in density as
well as a change in frequency, i.e., a Brillouin frequency shift. By resolving the frequency shift and time
propagation, a continuous total strain profile can be determined [3].

Laser

¥4

D Brillouin
frequency shift

Pds g ey

Detector

Figure 1 - Principle of BOTDA sensor system [4]

The main advantages of fiber optic sensors are the use of natural glass, which is immune to
electromagnetic interference, resistant to corrosion and inert to chemical reactions. Fiber optic sensors are
very versatile and can be used safely in many harsh environments such as high voltage, marine or
explosive environments. In addition, DFOS cables are thin and therefore make it easy to install on the
reinforcement cage without disturbing the concreting process. DFOS cables embedded in concrete piles
are durable and can be measured for many years. Consequently, DFOS is also very suitable for long-term
monitoring. Finally, compared to conventional sensors, DFOS provides a continuous measurement of
deformation along the pile rather than discrete measurements at a few specific points.

The analyzer measures strain by transmitting pulses of light along the fiber and analyzing the
frequency spectrum of the backscattered light. The optical budget of the analyzer can be increased by
increasing the pulse duration, measured in nanoseconds, which reduces its attenuation. However, if the
pulse duration is too long, the scattered light from the leading edge of the pulse begins to interfere with
the scattered light from the trailing edge of the pulse, and the analyzer cannot distinguish one from the
other. This imposes a limit on the minimum distance at which the strain value can be interpreted by the
analyzer. This distance is called the spatial resolution and can be likened to the width of the averaging
window for the sample point [2-3].

Spatial resolution up to 2 cm is achievable by some analyzers on the market, but because of the
trade-off between optical budget and spatial resolution, this comes at the expense of the optical budget,
which is only about 2 dB at this low spatial resolution. To achieve the required optical budget of 11 dB
the spatial resolution is typically at least 0.5 m.

Although the spatial resolution limits the minimum distance at which the strain value can be
interpreted, the analyzer is still capable of taking multiple measurements at small intervals along with
the fiber.
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Figure 2 - A typical BOTDA analyzer

Installation Procedures. The fiber optic cable used for the bored pile is shown in Figure 3. The
single strand single-model optical fiber is reinforced with multiple strands of steel wire and a
polyethylene jacket.The fiber optic sensor is 0.125 mm in diameter with a 0.25 mm cable coating, and the
total cable diameter is 5 mm. The glass core is firmly fastened together with the coating to allow full strain
transfer from the coating to the inner glass strand.

0.9mm @
Fibre Optic Polyethylene
Cable (0.25mm @) Cable Jacket

77, (1.2mm Thick)
b 6 nos. of 0.8mm@2

; . . steel wire

Hytrel
50mm @

Figure 3 - Configuration of a strain-sensitive optical cable

It is necessary to prevent fiber fracture, since mounting the fiber under a hollow slab makes any
fracture repair virtually uncorrectable. Fracture along a localized crack in the slab is prevented by fixing
the fiber only at individual points, rather than attaching the fiber to the slab continuously along its entire
path. The length of the unbound section between two adjacent attachment points is called the gauge
length. Preventing overstretching depends on the fiber undergoing average surface deformation of the
slab along the gauge length instead of experiencing maximum instead of maximum localized deformation
near the crack [4].

A gauge length of two meters was considered sufficient to limit the average expansion-induced
strain below the allowable strain limit.

An alternative to discrete fixation is continuous bonding of the fiber along its entire length, but it is
necessary to allow adhesive bonding when the specified shear stress is exceeded. In practice, it is difficult
to achieve consistent adhesive flow under site conditions and there is a risk of either inaccurate
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deformation display if premature or fiber failure if output is delayed [5].

Test results. The main purpose of commissioning tests is to check the accuracy error of
measurements at the construction site. Accuracy error at any point of the cable is defined as the standard
deviation of repeated measurement values. This will show the reliability of the measured strain when
interpreting the results.

Two tests were performed in which readings were recorded once at 15-minute intervals over three
days for each test. At each measurement point, the standard deviation of the readings was determined
and a graph was plotted as a function of the distance along the cable.

In the first test, the analyzer is constantly on, while in the second test, the analyzer is turned off
after each reading. is turned off after each reading. These two different tests are performed because one
of the most important factors causing accuracy error is the thermal drift in the electronic components
inside the analyzer.

Standard Deviation Graphs [6]

(A) Block R Vertical
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Figure 4: Commission test 1 standard deviation block R vertical

BECTHUK EHY umenu A.H. Tymunesa. Cepus mexrueckue HAyKu 4 mexHoAOZUY Ne 2(139)/2022 55
BULLETIN of L.N. Gumilyov ENU. Technical Science and Technology Series



Commissioning Test of Distributed fiber-optics sensors during foundation monitoring of the Abu Dhabi Plaza construction project in
Nur-Sultan City

160

Comission Test 2
Block R Vertical

140

120 |

—
[=3
o

—— Tight Buffer Fixed Point Strain Sensing Cable
—— Loose Tube Temperature Sensing Cable

Standard Deviation (ug)
2 2

20

110 160 210 260 310 360 410 460 510 560 610 660
Chainage (m)

Figure 5: Commission test 2 standard deviation block R vertical

1
—
-
h
—
\
1

TS

1
I

0 ST

N N N N ~ L 1
1
T
L i F
' i
| s

Figure 6: Slab casting works were ongoing at the above location in Block R during
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Figure 8: Commission test 2 standard deviation block R horizontal
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Figure 9: Slab casting works were ongoing at the above location in Block R during
commission test

Conclusion

The main objective of the commissioning test is to check the measurement precision error. The
precision error at any point along the cable is defined as the standard deviation of repeated
measurement values. This will indicate the reliability of the measured strain during interpretation
of results. The primary objectives of the test are stated below:
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No. |Descriptions Remarks

1 Commissioning Test 1: Complied.
- To take measurement at every 15
minutes for 3 days.

- To keep analyzer continuously on.

- To plot standard deviation with
distance along the fibre optic cable.

2 Commissioning Test 2: Complied.
- To take measurement at every 15
minutes for 3 days.

- To power off analyzer after each

measurement.

- To plot standard deviation with
distance along the fibre optic cable.

The commissioning test was successfully implemented and achieved all the primary objectives.

The commission test results were able to capture temperature changes caused by the curing of
concrete during the testing as shown in Figures 4 to Figure 9. The temperature changes were significant
at certain locations at Block R where the slab casting process was ongoing during the measurement time.
Similar measurement trends between both temperature and strain sensing cables indicate that the strain
changes were caused by a change in temperature rather than structural movement.

By comparing the standard deviation of the first and second test, the results have shown that both
tests have a very similar magnitude of standard deviation except for those areas where there were
significant temperature changes. Therefore, for the current analyzer used, the thermal shift in electronic
components does not affect the precision error when the analyzer is powered off.
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6. Report of the Commissioning Test to fulfil the requirements as stated in Golder’s report (ADP-
135100-001), Section 3.12.2 - Item 4.

A.bypan6aesa!, A.2Kycynoekos?
1.H. I'ymuaes amorridazol Eypasusa yammuix yrnusepcumemi, Hyp-Cyaman, Kasaxcman
2Macikey memaekemmix Kypuiavic yHusepcumemi, Mackey, Peceil

Hyp-Cyaran xaaacbiaaarsr AOy-/labu I1aa3a KypblabIchl >)KOOAChIHBIH ipreTachiH OaKblaay
Ke3iH/e TapaTblAfaH TaAMIbIKTHI-OIITUKAABIK CEHCOpAapAbIH ©HiIMAiAiTiH CbIHAY

Anparmia. TaparbliaFaH TaAIIBIKTBI-ONTUKAABIK, KaOeAb a3zaMaTThIK KYPBIABICTa, acipece
KYPBIABIMABIK, A€HCayABIK MOHMTOPMHIL CaAacblHAa CYPaHBIC apThIl Keaeai. TaAIllIbIKTBI-ONITUKAABIK
KabeAbAiH cuIlaTTaMadapbl COHFBI JKblAJapbl MHXKeHepJep MeH 3epTTeyIlidepAiH KbI3BIFYIIBLABIFBIH
Tyabplpabl. Makaaaga OeTOHAarbl >KapBIKTapAbl aHBIKTayAarbl TUIMAIAITiH aHBIKTay YINiH OeAiHreH
TaAIIBIKTBI-OIITUKAABIK KaOeAbaiH ©HIMA1AIK chIHaFRI cunaTTadabl. KenkabaTTsl aBTOTYpaKThIH ipreTac
TaKTachlHa iIKi OekiTiareH HykTeaepi Oap O©AiHIeH TaAIIBIKTHI-OIITUKAABIK KaOeab OpPHaTBLAABL
TaamBIKTEI-ONTUKAABIK AaTYMK KaOeaiHeH KepHey e11eMaepi ChiHaK OapbIChIHAa onTuKaaslK Brillouin
yaKbIT JOMEHiHIH aHaAM3aTOPbl apKbIABI aAbIHABI JKoHe >Ka3blaAbl. Icke KOCy chIHaKTapbIHBIH HeTisri
MaKcaThl ©AIley AdAAIriHIH KaTeAiriH Tekcepy 0oablll TaOblaaabl. KabGeabaiH Ke3 KeareH HyKTeciHAeri
AdAAIK KaTeAiri KaliTasaHaTbIH eAllleMAepAiH CTaHAQPTTHL aybITKYBI peTiHAe aHbIKTalaabl. Hatmxeaepai
MHTepIpeTalslay Ke3iHje eAlleHreH jepopMallVsIHbIH CeHIMAiAiriH KepceTeai.

KiaT ce3aep: TaAIIBIKTEI-ONTUKAABIK KabeAb, JKepTe.e TaKTachl, KOIIKA0ATTHI Yiilep, TaAIIBIKTHI-
OIITUKAABIK CeHCOpAap, KYPHLABIC MTHKEHEPIIACHI.
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2Mocxkosckuii 2ocydapcmeeHtvlil cmpoumeAvHolil ynusepcumen, Mockea, Poccus

DKcrayaTalMOHHBIe VICIIBITaHUS pacipejeleHHbIX BOAOKOHHO-OITUYeCKMX 4aTINKOB
IIpyY MOHMTOPHMHTe PpyHAAMeHTa CTpOUTeAbHOTO IIpoekTa Abu Dhabi Plaza B ropoae Hyp-
Cyaran

Annoramus. PacripeseseHHBII BOAOKOHHO-ONTUYECKMII Kabeab ITOAb3yeTcsl Bce OOABIINIM
CIIPOCOM B IPa’kAaHCKOM CTPOUTEAbCTBE, OCOOEHHO B 001aCTV MOHUTOPWHIA COCTOSHIS KOHCTPYKITUIA.
XapaKTepUCTUKM BOAOKOHHO-ONTUYECKOTO Kabeas B IIOCAeAHIe TOAbl IIPUBAEKAIOT MHTepeC MHKeHepOB
U uccaejoBaTeaeil. B JaHHOI craThe ONMCHIBaeTCS DKCIIAyaTallOHHOE MCIBITaHMe pacipeieaeHHOTO
BOAOKOHHO-ONTIYECKOTO Kabeas Aas ompedeaeHns ero SPQPeKTMBHOCTY B OOHapy>KeHUM TpeIuH B
Herone. PacrpeeaeHHbIN BOAOKOHHO-ONITUYECKNIT Kabeab ¢ BHyTPeHHUMM (PUKCHPOBaHHBIMI TOYKaMU
Obla ycTaHOBAEH B (PYHAAMEHTHOI IIAUTe MapKOBKU BBICOTHOTO 34aHus. Vsmepenus gedpopmanym ot
ONTOBOAOKOHHOTO 4yBCTBUTEABHOTO KaOeAsl OblAM MOAY4eHBI M 3allMiCaHbl C IIOMOIIBIO OITUYECKOTO
aHaAM3aTOpa BpeMeHHOI o0aacTu bpuaaiosna Ha npoTsskeHnM Beero ucnbiTaHuss. OCHOBHOJ 11€4BI0
I1yCKO-HaAaA04YHBIX VICIIBITAHUIA SIBASI€TCS IIPOBEpPKa IOrPelIHOCTY TOYHOCTH u3Mepenuit. [Torpemnocrs
TOYHOCTU B 410001 TOUKe Kabeas olpeaeAseTcs KakK CTaHAAQPTHOe OTKJAOHeHMe 3HadeHUI IOBTOPHBIX
u3MepeHnit. OTO MOoKaKeT HaAeKHOCTh U3MepeHHo AzepopMaliuy IIpy MHTepIIpeTaluy pe3yAbTaToB.

Karouesbie ca0Ba: BOAOKOHHO-ONITHYECKIIT KabeAab, I0ABaabHOE IIepeKPhITUe, BHICOTHbIE 34aHIA,
BOAOKOHHO-ONTUYECKIE AaTYNKY, IPakAaHCKOe CTPOUTEABCTBO.
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DKcnepyMeHTalbHOE 1ICCAeA0BaHNe TBEPAOCTH Hall1aBA€HHOV IIOBEPXHOCTHU IIPN
Pa3AMYIHBIX CIIOCO0axX TepMOPPUKIIMIOHHOTO (ppe3epoOBaHIsI

AnnoTarms. B JaHHOI cTaThe IPUBOAATCS pe3yAbTaThl CCAeA0BaHMsI, HaIIPaBAEHHOTO
AAsl pellleHNs Tpo0.AeMbl 0becriedeHNsT TBepAOCTU HallAaBAEHHBIX ITOBEPXHOCTEN IT0CAe
MexaHI4ecKoll oOpaboTku. B kadecTBe MexaHM4YecKoil oOpabOTKM IIpeAJO>KeHBl ABa
criocoba TepMOPPUKIIMOHHOTO (ppesepoBaHs - TPaAULMIOHHOE TepMOQPPUKIINOHHOEe
JpesepopaHnte 1 TepMOPPUKLUNOHHOe (Ppe3epoBaHle C MMITyAbCHBIM OXAa’KAEHMEM.
AAs TIpoBejeHMs DKCIIEPUMEHTAaABHBIX WCCA€AOBAaHMII BBIITOJAHEHO IIAaHMPOBaHIEe
DKCIIepVIMEHTa U OIIpejeleHO HeoOXOAUMOe KOAMYECTBO ITPOBOAVMEIX OIIBITOB. /s
00paboTKM OBLAY TIOATOTOBAEHHI CIleljaAbHBle OOpa3Ilbl ¢ HalllaBAEHHBIM CAOE€M U3
HaIL1aBOYHOTO MaTepuasla, KOTOPBII UCII0Ab3yeTcs Ha mponssoactse TOO «DaeKkTpoBo3
KypacTeipy 3aybITel» (r. Hyp-Cyaran, Kasaxcran). PedyabTaTbl 9KCIepUMeHTAaABHBIX
uccAeJOBaHMII IIOKazaay, 4To oba crocoba TepMOQPUKIIMOHHOIO (pe3epoBaHs
obecrieurBaeT ITOBBIIIIEHNE TBEPAOCTV HaIlAaBAE€HHOI ITOBEPXHOCTH. TakKke M3ydeHO
BANMSHIE peXuMoB ¢Qpe3epoBaHMsA Ha TBEPAOCTb 0OpabOTaHHON ITOBEPXHOCTIH.
YcraHoBAeHB — ONTHMa/bHBIE — 3HauyeHWUsS  pPeXNMOB  (ppesepoBaHNUs,  KOTOpPHIE
obecrieunBalOT IOBHIIIEHIEe ICXOAHOM TBepAOCTI 00pabOTaHHOI IIOBEPXHOCTIL.
Karouesble caoBa: TepMOPPUKIIMOHHOe (Qpe3epoBaHNe, MMIIYAbCHOE OXAaXK/eHMe,
TBEPAOCTH, HAaIlLAaBOYHBII MaTepuaa, M3HaIIMBaHIe, PeMOHT

DOI: doi.org/10.32523/2616-7263-2022-139-2-62-71

BBeaenne

AHaau3 COCTOAHMS PEMOHTHOIO IIPOM3BOACTBA AOKOMOTHMBHBIX M BarOHOCTPOUTEABHBIX
IIPOM3BOACTB II0Ka3al, 4TO CyIecTByeT Ipo0.JeMa HapacTaloIlero M3HOCa JeTadell AOKOMOTHBOB U
BaroHOB, OCOOEHHO aBTOCIIEITHOI YacTy ITIOABM>XHOTO cocTasa [1].

TOO «DaeKkTpoBO3 KypacThIPy 3aybIThl» BBIIIyCKaeT IPY30Bble M IacCa>KUPCKMe DAeKTPOBO3bI
cepuit KZ8A n KZ4A, a Tak>ke 3aHMMaeTCsl PeMOHTOM U BOCCTAaHOBAEHMEM AeTaAell U y310B IOABUKHOIO
cocraBa. OgHMM U3 TaKuUX OCHOBHBIX Y340B, IIOABEPTAIOIIUXCS IMKANYECKOMY PEeMOHTY U
BOCCTAHOB/AEHMUIO AeTaAell, ABASeTCs aBTOCIIeITHOe YCTPOIICTBO ITOABVMYKHOTO COCTaBa.

B pesyabrare mccaejoBaHMsI TeXHOAOTMM PeMOHTa JeTadell aBTOCIIeIIHOTO YCTPOJiCTBa OBLAO
BBIABAEHO, UTO CyIIeCTBYeT IpobaeMa oOecriedyeHNs KadecTBa, CBs3aHHasA C MeXaHM4ecKol 00paboTKoM
U HaIlAaBKOJ M3HOIIIEHHLIX IIOBePXHOCTeN geTaseil. He Bceraa yaaeTcs coxpaHUTh NCXOAHYIO TBepAOCTh
HaIlAaBOYHOTO MaTepuasa IocAe HallAaBKI NAY T10CAe MeXaHIIeckKoi oopaboTkm [2].

Ha pucynke 1 nokasana geTaab «3aMOK aBTOCIIEITHOTO YCTPOJCTBa», KOTOPBIN ITOCAe HaIlAaBKU
II0/BePTaeTcsl MexaHJecKoil 00paboTKe — TOPIIOBOMY (ppe3epOBaHNUIO.
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a — AeTaAl, [IOATOTOBAEHHbIE A5 HaIlAaBKIL; 0 — AeTaAl C HaIlAaBKO

Pucynok 1 - Jetaan aBTOCLIEIIHOIO YCTPOIICTBa

AAas Hal/AaBKM M3HOILIEHHBIX IOBEPXHOCTEN AeTaell aBTOCLIeITHOTO YCTPOJICTBA ITPUMEHSeTCS
HarAaBouHbli Marepuaa (9aektpog) SURRADUR 400B. TsepaocTs HamaaBO4HOIO Marepuada
(3aexTpoaa) SURRADUR 400B cocrasaser HB 320+450.

AAs TIOBBIINIEHUs MCXOAHOM TBEpAOCTM HAIlAaBOYHOIO Marepuada IIOCAe HaIlAaBKM IIyTeM
MexaHI4ecKoi 00pabOTKM IpeAAaraloTcs CIIoco0bl TepMO(PPUKIIMOHHOM 00paboTKN — TPajUIIIOHHOE
TepMOPPUKIIMOHHOe (pe3epoBaHMe U TepMOPPUKIIMOHHOe ¢pesepoBaHne C MMIIYAbCHBIM
OXAaKAEHMEM.

OcHOBHasI 4YaCThb

BriOmpaem ¢pakTopbl MaTpUIIbI IIAaHMPOBAHNS: X1 - CKOPOCTD BpaIlleHIsI MHCTpyMeHTa, 00/MIH, X2
— Iojaya, MM/MUH, X3 — TAyOMHa pe3aHUs, MM, (PYHKUMeNl OTKAMKa Y BBIOMpaeM — TBEPAOCTbH
ITIOBEPXHOCTM 3aTOTOBKI I10CAe 00pabOTKM, MKM.

Koanyecrso onertos cocrasut N=23. Mogeas rnocrpoeHa B BuAe cAeAyIOIieit 3aBUCUMOCTI:

Y = bo + br-x1+b2-x2+b3-x3. @
[Ipn naaHmpoBaHUM OIIBITA AAs YIPOIIEHUS MCIOAL3YIOT TaK HasblBaeMble KOAMPOBaHHbIE
3HaYeHNsI pacCMaTpyBaeMbIX (PaKTopos [3,4].
YpoBHu BapbupOBaHNs 3allMIIeM yIIPOIIEeHHBIM CIIOCOOOM: BEpXHUI YPOBEeHb COOTBETCTBYeT +1,

HYOKHU - 1, a ocHOBHOI 0 (Tabauia 1).

Tabauma 1 — YposHU BapbipOBaHIs

YposHu X1 x2 x3
OcHoBHOIT ypOBeHb Xj, 2500 375
VuTepsaa BapsupoBanms I 500 175
Yposuu X1 x2 X3
Hyoxnnmii yposens -1 2000 200 1
Bepxumii yposens +1 3000 550 5

YcaoBus nmposegeHits 9TOro omnkiTa 3apuKkcupyeM MaTpuliell AaHuposanus (Tabauna 2).
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Tabanma 2 — Marpuiia naaHupOBaHUS

Homep X0 X1 X2 X3 Y

OIbITa
1 + + + + Y:
7 + - + + Y
3 + + - + Ys
4 + - - + Y4
5 N + + - Ys
6 + - + - Ys
7 + + - - Y7
8 + - - Ys

DKcnepuMeHTaAbHOe MCCAeAOBaHME TBEPAOCTU IIOBEPXHOCTM IIPM  Pa3AMYHBIX CIIOCODaxX
TepMOQPUKIMOHHOTO  ¢pesepoBaHus OblAO0 IpoBeAeHO Ha JAabopaTopHoii Oase Kadeaps
«Texnoaornmyeckoe 00OpysOBaHMe, MAaIIMHOCTpOeHMe U craHJaptusauus» KaparanamHckoro
TeXHNYEeCKOro yHusBepcutera umenn A. CaruHosa.

Aaa ppeseposanms ObLAM TIOATOTOBAEHBI OOpaslibl, HalldaBAeHHBIe HaIllAaBOYHBIM MaTepHraloM
(saextpog) SURRADUR 400B.

Aas  mccaeaoBaHUs  IIpoIiecca TPaAMIIMOHHOTO — TepMOQPUKIMOHHOIO (pe3epoBaHMs  C
IICTI0AB30BaHUEeM I1a4Koi (ppessl TpeHus ObLAY UCIIOAB30BaHbI CAeAYIOIe PeXXIMBI (Ppe3epOBaHMSL: 1§
=1000+3000 06 /mun; S = 80+300 mm/Mun; t = 0,5+2,5 mm. ['1agkas ppesa TpeHns D285 mm.

Taxxe aas mccaeaoBaHMsA Ipollecca TepPMOQPUKIMOHHOTO ¢pe3epoBaHNUsS C MMITYAbCHBIM
OoXJAaXKJeHMeM C JWCIIOAb30BaHMeM ¢pe3pl TpeHNUs C BhleMKaMl OblAM MCII0AB30BaHBI CAeAyIoliue
pexxumMsl ppeseposaniist: ngp =1000+3000 06 /mun; S = 80+300 mm/MuH; t = 0,5+2,5 MM.

®pesa TpeHus c reomerpmyeckumm napamerpamm: J285 Mm; 30Ha HarpeBa Li= 26 MM; 30Ha
oxaaxaeHnst L2 = 6 MM, coorseTcTBeHHO mar L = 32 mMm. 'eomerpus ¢ppess TpeHns Oblaa BrIOpaHa
COIZacHO peKoMeHgauusM [5,6].

Ha pucynke 2 mokasassl ppessl TpeHIs 1 reoMeTpust ppes3sl TPeHNs C BbleMKaMU.

. 9 LI I i L2 i I L
a) |

0) 8)

a — raaakast ¢ppesa TpeHU;0 — ppesa TpeHUsA C BBIeMKaMU; 6 — reomeTpus Qpes3sl TPeHMs C
BpleMKamyL; Li—30Ha Harpesa;L2— 30Ha oXAa>KAeHNs;L— I11ar 30HEI

Pucynok 2 — ®pe3nl TpeHUsI 1 TeoOMeTpus (Ppe3bl TPeHM: C BBleMKaMI

Ha pucynke 3 nokasan miporjecc o0paboTku crioco6amy TepMoppUKIIMOHHOTO (ppe3epoBaHIsL.
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a) 0) 6)

a - BepTUKaAbHO-PpesepHsbIil cTaHOK Mogean JTM-1050 VSE JET; 6 — mporecc ¢ppesepoBaHus
raagkon gppesoit TpeHus; 6 - mpoljecc ppeseposannsl $ppe3oit TpeHus ¢ BrleMKamys; 1 -raaaxas gppesa
Tpennst; 2,4 — oOpaser-3aroTosky; 3 — ppesa TPeH: ¢ BBleMKaMI

Pucynoxk 3 - IIporeccs 06paboTKy criocobaMu TepMOQPUKIINIOHHOTO (ppe3epoBaHILsI

DKCIIepUMeHTaAbHO OBbIAM MCCAeAOBaHBI BAMSHNS PeXUMOB (pe3epoBaHM: Ha TBEpPAOCTbH
00pabOTaHHOI TOBEPXHOCTH IIOCAe HAIlLAaBKIL.

Ha pucynxe 4 nmokasansl rpadUKM BAUSHUS PeXUMOB (ppe3epoBaHILs r1alKoi Gppe3olt TpeHus Ha
TBepAOCTb 00pabOTaHHO ITOBEPXHOCTY I10CA€ HaIlAaBKI.

HE, Mfla
S0
450 1-t1=0,5mM;
2-t=1,0mMMm;
ELy 3-t3=15mmMm;
4—-t2=2,0mMm;
5—t5=2,5MM.
3501
300
g0 150 200 250 300 S mm/as
a)
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HE, Mila
5001 . . .
250 _%i
y 1-5:1=80
‘-\-\-“-\-‘H\ .
/MUH;
4001 \?% 2-$:=150
\ 3 MM/MUH;
2504 . d ! ] 3 -55=200
MM/MUH;
4-S54=250
S0 MMm/MuH; 5 — S5 =300
MM/MIH.

1000 1500 2000 2500 3000 Mo 06/mum
6)

a — BAUSHUE FAy6I/IHLI pe3aHns IIpm pa3dAmn9IHbIX CKOPOCTIIX ITI04a41l Ha TBEPAOCTD; 0 — BAUSIHUE
moda4n rpn pasAaAm4aHbIX CKOPOCTIIX pe3aHlsl Ha TBEPAOCTDb

Pucynoxk 4 — I'padpuku BAMAHNISA pesKIMOB (ppe3epoBaHus I1alKkol ppe3ot TpeHns Ha TBepAOCTh
Ha pucynke 5 mnokaszaHpl rpapuKy BAUSHNUS PeXMMOB (pe3epoBaHUs C MMITyAbCHBIM

OXAaXKJeHMeM C UCIOAb30BaHMeM (pe3sl TpeHHUs C BbleMKaMI Ha TBepAOCTh 0OpabOTaHHON
ITIOBEPXHOCTH IT0CAe HaIlAaBKI.

HBE, M{la
5007
450 1-t=
3/ 0,5 mm;
2 -t =
el //Ji 1,0 MmM;
? 3 -t =
350 1,5 MM;
4 - ta =
2,0 MM;
00 5—ts =
2,5 MM.
80 150 200 250 300 5 mMAAEH
a)
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HE. Miia
5
T A—
[ -\-\""-‘-\.\-\"‘-\.*-:::'__\_‘_— é.
H_:: '““ﬂ—_:‘:_-__-::__h‘
g L
4501 | Q:‘f‘-:\_ﬁ&__?““é:““m 1-8i=
= 7 80 MM/MUH;
o
-\-H""H-.. H-H""'H-..__ 2 - SZ =
1 , , ! T .
400 1 x“whh ] 150 MmM/Mum;
~~ 3-5;3=
2 .
35001 - - - ! b 200 MM/MUH;
4-54=
250 MM/MuH;
007 5— S5 =300
MM/MUH.

1000 1500 2000 2500 3000 Magp 06/
6)

4 — BAWSHUE TAyOMHBI pe3aHus P Pa3ANIHBIX CKOPOCTSIX II0JauM Ha TBEPAOCTD; 0 — BAUSAHUE
MoJa4y IIpU pa3ANYHbIX CKOPOCTAX Pe3aHus Ha TBEPAOCTD

Pucynok 5 — I'padpuku BAMAHNSA pesKIMOB (ppe3epoBaHus C MMITYAbCHBIM OXAaXKAeHNeM C
MCII0Ab30BaHMeM (ppe3bl TPeHIsI C BbleMKaMy Ha TBepPAOCTh

OO6cyxaeHnne

[Ipn TpasuoHHOM TepMOQPUKIIMOHHOM (pe3epoBaHUU C JCIIOAb3OBaHMEM IaalKoi ppess
TPeHMsI BAUHIe TAYOMHBI pe3aHis f M CKOPOCTH I04aun S HOCUT MOHOTOHHBIN XapakTep (cM. puc. 4a).
C yBeanueHneM 3HaueHMs TAyOMHBI pe3aHus t 1 CKOPOCTH IT0Aa4n S 3HaueHNe TBepA0CcTy 00paboTaHHOM
IIOBEPXHOCTM II0CA€e HarlAaBKy yseandyusaercs. ONTUMMaAbHBIMM 3HAYeHWMSAMM TAYOMHBI pe3aHus U
ckopocty nogaun Beroupaem S = 300 mm/mMun n t = 0,5 mm. V3 rpapuka (cMm. puc. 4a) BUAHO, 9TO
MakKcuMaabHble 3HaueHMs1 0OOUX PeXXMMOB oOecIieunBaioT 0oJee BHICOKYIO TBEPAOCTh 0OpabOTaHHOM
IIOBEpXHOCTM TocAe HamnaaBku. OJHako upe3MepHOe yBeANdYeHNMe 3HayeHMs TAyOMHBI pe3aHis
He>KeJaTeAbHO, TaK KaK 9TO IPUBOAUT K 0OAbIIeMYy pacXoly HaIl1aBOYHOTO MaTepuaja. YUMUThIBas
AaHHbIe (PaKTOPhl, BHIOpaAy 3HauyeHue rayounsl pesanus t = 0,5 mm. [Ipu stom (cm. puc.4a, kpusoii 1)
TBepAOCTb 00pabOTaHHOI HoBepxHOCTU cocTaBasieT HB480, uro Ha 7% (HB30) 6oabire, ueM ncxoaHast
TBepaocTh (HB450) HanaaBaeHHO TOBEPXHOCTH.

A yBeanyeHMe 3HaueHIs I04aun S ¥ CKOPOCTU pe3aHus gy, HAOOOPOT, MPUBOAUT K YMEHBIIIeHNIO
TBepAOCTY 00pabOTaHHOI TOBEPXHOCTHU IOCAe HaIlAaBKM (cM. puc. 40). ITpu 9ToM onTMaAbHBIMY Oy AyT
MaKcMMaaAbHOe 3HadeHne rnogaun S = 300 MM/MUH U MMHMMaAbHOe 3Ha4eHIe CKOPOCTHU pe3aHms Mgy =
1000 06/mun. ITpy 5TOM TaK >Ke TBepA0CTh 0OpaboTaHHOI IToBepxHOCTH cocTtaBasieT HB480 (cm. puc.46,
KPUBOI1 5).

Pesyapratel  TepMOPPUKLIMOHHOTO  (pe3epoBaHus C  MMIIYABCHBIM  OXAaXKA€HUEM  C
UCII0Ab30BaHMeM (ppessl TpeHus CreluaabHBIMM BbleMKaMu IIpuBeJeHsl Ha pucyHnke 5. V3 rpapuxos
BUAHO, YTO XapakTep BAMSHUA PeXMUMOB (pe3epoBaHUs TaKoil >Ke, KaK M IpU TPaiULIIOHHOM
TepMOQPUKIIMOHHOM (ppe3epoBaHuN. YBeAndeHye 3HaueH s TAyOuHbI pe3aHns { 1 CKOpOCTU nogaun S
II0A0KUTEABHO CKa3bIBAIOTCs Ha TBepAOCTM 00pabOTaHHO ITOBEPXHOCTM I10CA€ HallAaBKu (CM. puc. 5a).
A yBeanueHme 3HaueHUs I10JauM S U CKOPOCTU pe3aHMs gy OTPUIIATEABHO BAMSIOT Ha 3HadyeHue
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TBEPAOCTM OOpabOTaHHON IIOBEPXHOCTU IIOCAe Hamaasky (cM. puc. 5a). BeiOmpaeM onrtmmaabpHble
3HaueHUs pexXxuMoB Pppeseposanyst: S = 300 mm/Mus; ¢ = 0,5 MM; ngp = 1000 06/MuH.

PesyabpTaThl ITOKa3BIBAIOT, 4TO Ipu pexkxnmax ¢ppeseposanusa S = 300 mm/Mun u t = 0,5 mm (cm.
puc.5a, xpusoit 1) TBepaocTs oOpaboraHHON moBepxHOCTU cocraBAsier HB460, uro Ha 1,0% (HB10)
6o4b111e, yeM ncxoaHas Teepaocts (HB450) nanaasaennoit mosepxaoctu. [lpn pesxnmax ¢ppeseposaniist
S =300 mm/MuH u ngy = 1000 06/M1H TBEpAOCTH 00padOTaHHOI ITOBepXHOCTU cocTaBaseT HB480 (cm.
puc.56, KpuBoii 5), Kak U IpuU TPaAUIIMIOHHOM TepMOQPUKIIMOHHOM dppe3epoBaHuN (CM. puc.40, KpuBoii
5).

B pesyapraTe mpm obemx crocobax TepMOPPUKIMOHHOTO (pe3epoBaHNs HalllaBAeHHOI
IIOBEPXHOCTU AOCTUTHYTBI IIOAOKNUTEAbHBle pe3yAbTaThl IIO ITOBBIIIEHUIO €TO MCXOAHOW TBepAOCTH.
OaHako npu TpaAUIIMOHHOM TepMO(PUKIVIOHHOM (pe3epoBaHUN C MICIIOAb30BaHIEM IAaAKON (ppessl
TpeHus AO0CTUTHyTa 0oee BhicOKas TBepaocTs (HB480) obGpaboTranHO OBEPXHOCTI.

BeiBoab1

1. Aas pemtenns mpoOAeMbl IOBBIIIEHUs MCXOAHOW TBEPAOCTM HallAdaBAE€HHBIX ITOBEpPXHOCTeN
AeTajell aBTOCLeITHOIO YCTPOJNCTBA I10CAe MeXaHIMYecKoil oO0pabOTKM ObLAM MPeAa0sKeHbI ABa CIIocoba
TepMOQPUKIMOHHOTO (pe3epoBaHNs - TpaAUIIMOHHOe TepMOQPUKIMIOHHOe (QpesepoBaHNe U
TepMO]PUKIINOHHOe (ppe3epoBaHe C MMIIYAbCHBIM OXAaKAeHNeM.

2. Pe3yabTaThl 9KCIIEPUMEHTaAbHOIO MCCAeJ0BaHNs (Ppe3epoBaHIisl HallAaB/AeHHBIX IIOBePXHOCTell
o0pas1os criocobamy TepMO(PPUKIIMOHHOIO (pe3epoBaHNs IOKazaAM IOAOXKUTEeAbHbIe Pe3yAbTaThbl
npu obeux crocobax oO6paboTky. JOCTUTHYTO MOBBHIIIEHNE VCXOAHON TBEPAOCTM OOpaboTaHHOI
IIOBEPXHOCTH B Ipegeaax 1+7 %, uto cocrasaser coorseTctBenHo 10+60 HB.

3. YcTaHOBAEHO, YTO IpM 00enx criocodbax ppeseposaHysl yBeAndeHne 3HaueHs I1yONHbl pe3aHus]
t m cKopocTH mogaun S MOAOXKUTEABHO CKa3bIBaIOTCs Ha TBepA0CTH 00pabOTaHHO ITOBEPXHOCTHU I10CAe
HaIlAaBKM, a yBeAdeHre 3HadeHus I104a4uu S ¥ CKOPOCTHU Pe3aHNs Mgy BAUAIOT oTpuliateapHo. C yaeTom
oOecItedeHs1 MMHMMAaABHOTO pacxoja HallAaBOYHOTO MaTepuada 4451 0O0MX CIIOCOO0B (ppe3epOoBaHIs
ObLAM BEIOpaHBI CAeAyIOIINe OITUMaAbHbIe pesxXxuMbl ¢ppesepopanust: S = 300 mm/Mun; t = 0,5 MM; ngp =

1000 06/MuH.
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TepModpuxkimoHAanl ppesepaeyaiH sapTypAai adicTepiMeH eHAey Ke3iHge OalKbIMalaHFaH
OeTTiH KaTTBHLABIFBIH T XipuOeaik 3epTTey

Angparna. Makasaga eHJeyaeH KeifiH OaaKkbIMadaHFaH OeTTepAiH KaTThIABIFBIH KaMTaMachl3 eTy
MoceleciH Ierryre OafbITTaAFaH 3epTTey HoTIDKeaepi OepiareH. MexaHUKaAbIK 6©HAEY peTiHAe
TepMOPPUKINOHAN (ppesepaeyAiH eKi a4ici yChIHBIAaABl — ASCTYPAi TepMOPPUKINOHABL Pppesepaey
KoHe MMITYyABCTIiK CaAKbIHAATYMeH TepMOPPUKIIMOHABI Pppesepaey.

DKCIIepUMEHTTIK 3epTTeyAep JKYPrisy YIIiH DKCIIepUMEHTTI XKOocIlapAay JKYprisiaai >koHe KaskeTTi
DKCIIEPUMEHTTEP CaHbl aHBIKTaAAbl. OHAey YIIiH «DaAeKTpoBo3 Kypacrteipy 3aybiTe» JKIIC (Hyp-
Cyaran, Kasakcran) eHaipiciHae K0A4aHbLAaTBIH >KaOBIH MaTepualbIiMeH OalKbIMaJlaHFaH KabaTKa me
apHaiibl yAridep AalibIHAAABL. DKCIIEPUMEHTTIK 3epTTeyaepAiH HoTIKedepi TepMOQPUKIIOHADI
dpesepaeyain exi aaici 4e OaaKpIMaaHFaH OTTiH KaTTBLABIFBIHBIH JKOFapbLAayblH KaMTaMachl3 eTeTiHiH
KOPCeTTi.

Dpesepaey pexxnMaepiHiH eHAeAreH OeTTiH KaTTBLABIFBIHA acepi Ae 3epTTeadi. OHaeareH OeTTiH
OacTanKbl KaTTBIABIFBIH apTTRIPYABl KaMTaMachl3 eTeTiH ¢pesepaey peXUMAepiHiH OHTailabl MaHAepi
Oeariaenai.

KiaT cesaep: TepMOPPUKIIMOHABIK (pesepaey; UMIYABCTIK CaAKbIHAATY; KATTBIABIK; >KaOBIH
MaTepuaabl; TO3y; JKOHAEY.
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2S. Seifullin Kazakh Agro Technical University, Nur-Sultan, Kazakhstan
SNavoi State Mining and Technological University, Navoyi, Uzbekistan

Experimental study of the hardness of the deposited surface with various methods of
thermofriction milling

Annotation. The article presents the results of a study aimed at solving the problem of ensuring the
hardness of the deposited surfaces after machining. The authors propose two methods of thermofriction
milling as mechanical processing such as traditional thermofriction milling and thermofriction milling
with pulsed cooling. To conduct experimental studies, the authors determined the planning of the
experiment was carried out and the required number of experiments.

For processing, special samples were prepared with a deposited layer of surfacing material, which
is used in the production of Electric Locomotive Kurastyru Zauyty LLP (Nur-Sultan, Kazakhstan). The
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results of experimental studies have shown that both methods of thermofriction milling provide an
increase in the hardness of the deposited surface. The article investigates the influence of milling modes
on the hardness of the machined surface. The optimal values of milling modes have been established,
which provide an increase in the initial hardness of the machined surface.

Keywords: thermal friction milling; impulse cooling; hardness; surfacing material; wear; repair.
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Computer modeling and verification of mechanical properties of metal-polymer
composite materials used in the technological process of layer-by-layer growing of parts
used in the technological process of layer-by-layer growing

Abstract. The article presents the results of computer modeling of the microstructure of a
composite material consisting of a polyamide matrix and metal inclusions. The researched
composition is one of the advanced trends in the production of materials for advanced
MIM technologies. This paper describes the design of a new pressing device to produce
composite rods. Computer modeling of mechanical properties of composite metal-
polymer material was performed in the high-level CAD system DIGIMAT module MF.
Micro-level modeling of the composite made it possible to establish the relationship
between the percentage of inclusions and the upper yield strength of the material and the
influence of the shape of the inclusions on the tensile strength of the designed material.
The computational experiment results were verified with the results of the field
experiment for the samples produced by the injection molding technology and the 3D
printing technology.

Keywords: feedstock, MIM technology, 3D printing, injection molding, flow limit,
material mechanical properties.

DOI: doi.org/10.32523/2616-7263-2022-139-2-72-85

Introduction

Identifies and defines two main technological development stages of mechanical engineering
products and devices. These are: improving the quality of materials used for products and reducing the
cost of the technological process of manufacturing products. To meet this requirement, for the
development of materials and products, it is necessary to qualitatively strengthen production
technologies and achieve the possibility of changing the composition of the material at the stage of
product development. One of the main methods for developing the method of manufacturing products
is the method of heating metal powders or powders of refractory materials by mixing them into the
binding material (composite materials), changing its composition, condition, structure pressing them into
a certain form. In the production of small-scale, complex-shaped products, one of the modern methods is
considered to be the technology of filling composite materials by pressure [1, 2, 3, 4].

Currently, additive technologies are widely used in the production of products with complex
geometric shapes, and their large-scale research. In the works [5, 6], a thread was made from a metal-
polymer composite material (feedstock), that is, a thread. In addition, the product was developed by
layer-by-layer pressing by the method of Fused Filament Fabrication (FFF) using the resulting filament,
determining the mechanical characteristics of the filament, and researching the connections between the
products. In many scientific studies, it was found that additive technologies using feedstock brand 316L,
that is, the production of products on a 3D printer and the main parameters at the stage of printing on a
3D printer directly affect the quality of the product. In addition, studies [7] showed that the quality of the
filament is relatively high compared to the Metal Injection Molding (MIM) method. The cost of filament
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(for 316L stainless steel composite material) made by MIM technology is about 15-18 euros/kg, as well as
BASF Ultra fuse, showed that in the manufacture of filament (for 3161x) the cost is about 200 euros/kg.
Moreover, the cost of filament from carriers or suppliers is 100 euros/kg. Currently, it is aimed at reducing
the price of filaments and optimizing the printing parameter on a 3D printer, as well as analyzing the
optimal compatibility of metal powder binders in the feedstock.

In the development of filament compositions for a 3D printer, BASF used 316LW steel feedstocks
[8]. Many studies have shown that the percentage of powder Binder is in the ratio of 60% to 40%, and this
percentage of feedstock contains 90% or more powders. If the material contains a high percentage of
powder, this leads to a low instability index [13], and leads to a high viscosity during the melting period
of feedstock [14]. In their research [9], the authors said that the quality of the filament can be determined
by two main parameters, which are the limits of tensile and bending strength. The tensile parameter
means that when the thread is fed to a 3D printer through an extruder, we mean the tensile break of the
thread [10], and bending strength means that when the thread is fed, we estimate the elasticity of the
thread [11]. Widely considered in the experiment, for example, in MIM technology, tests were carried out
for the bending period of a filament made of 316LW feedstock material. In order to improve the elasticity
of the filament, polyacetal (rum) and polyethylene (LDRE) polymers were mixed by heating at a
temperature of 170 °C. With a higher percentage of binder, the elasticity of the filament improves.
However, as the percentage of binders, i.e. polymers, increases, metal powders begin to decrease. This
leads to the external and internal structure of the product during the cooking process, as well as incorrect
unification of powders. It was found that the choice of POM, and LDPE polymers as binders with a certain
percentage, affects the strength of the filament.

Taking into account the scientific research, we can conclude that for the MIM method with a rational
complex, it is necessary to conduct experiments with composition materials and conduct research with
additional calculations.

The main purpose of this scientific paper is computer modeling of microstructures of a material
to determine the mechanical characteristics and additional parameters of metal polymer composite
materials.

Research methods

A continuous reverse pressing device has been designed and developed to create a thread from a
metal-polymer composite material. With this device, powder materials can be obtained by mixing them
into a binder without breaking them to a certain length. There is a hopper, extruder, auger, burners,
movable and immovable plates, press stamp, reverse press form, and hydraulic cylinders that load the
material into the continuous reverse pressing device. As shown in figures 1 and 2 below, the extruder of
this continuous reverse pressing device has three different burners, and along this extruder, the material
is melted in stages at three different temperatures. It is kept in a specially designed container at a
temperature of 120-150 °C, and the material is released by pressing with a press-stamp, giving a reverse
pressure using a hydra cylinder, and through a hole in the center of the press-stamp [16].
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Figure 2. The continuous reverse pressing device

The main factors affecting the physical and mechanical characteristics are, in particular, the
presence of a single size of powders by the percentage volume of binders, and the interaction of the
physicochemical process at the boundary of the binders phases. However, the most basic depends on the
type of binder, i.e. polymer. Due to the increase in molecular weight, the hardness and strength of the
metal polymer composite material increase. However, in this case, the physical and chemical
characteristics are not determined, since it is considered a dispersed polymer composite material with
high binding content.

Depending on the manufacturing technologies, various polymers are used, and there is very little
information about their physical and mechanical characteristics [11].

In the process of performing calculations of the thermal conductivity property of a metal polymer
composite material and as a dispersed capacity, as well as the calculation of physical and mechanical
characteristics, it is possible to perform calculations by two different methods [12], which are carried out
based on the Hashin-Strikman and Foigta-Reiss ratio. At the same time, there is a lack of practical value
due to the wide range of possible values of two different micro-characteristics, and the only way to narrow
the calculated "fork" is to show the relative location and geometry of The Shape of the phase zones that
make up the metal-polymer composite. Such methods and approaches lead to individual computational
analysis of material structures, under the influence of which a method of direct calculation of the
mechanics of the medium of a metal-polymer composite material arises, which gives rise to the theory of
averaging [13, 14, 15].
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Such calculations are now widely developed in connection with the development of computer
programs, such as MSC. Digimat and the program also include the structural foundations of materials.
One of the most convenient programs for determining the nature of various composite materials is the
DIGIMAT program.

The DIGIMAT program allows you to analyze the properties of materials and each phase, the
volumetric mass composition of the material, as well as the microstructure of composite materials. In the
MSC.Digimat program, the FE module should be selected for modeling, since it determines the
microstructural properties of composite materials, and it is necessary to use the homogenization method
to determine the reactions of materials at the macro level.

The main goal of these methods is to find an equivalent homogeneous (homogeneous) material that
has the same effective characteristics at the macro level as a heterogeneous material at the micro-level.
Indicators of parameters based on modeling are shown in Table 1.

Basic information:

-mechanical characteristics of 38CrMA stainless steel

-mechanical characteristics of Catamold 42CrMo4

- the number of metal impurities

- the percentage of metal impurities

Table 1. Parameter indicators for the experiment

Parameters Units of measure
Modulus of elasticity of polyamide, MPa 2700

The density of polyamide, kg/mm? 1,14-107°
Poisson's ratio of polyamide 0,37

Modulus of elasticity of steel, MPa 210000

Steel density, kg/mm? 7,8-107°
Poisson's ratio of steel 0,3

Particle size, mm 1

Figure 3 shows the stress-strain resistance curves of the composite matrix material developed in the
DIGIMAT program.

Steel
TO00
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Figure 3. Stress-deflection diagram: a) Steel material; b) PA6-polyamide, which is the matrix in the
composition.

Figure 3 shows the resistance curves generated in DIGIMAT for the deformation of the matrix

material and inclusions. The next step in modeling the composite material is to create the microstructure.
Using the option "Ratio coefficient", it is possible to vary the size of the inclusion particles, we chose "Ratio
coefficient" equal to 25, so the particle size of metal inclusions is 1 mm. The option "Shape" allows us to
change the shape of inclusions, we chose two shapes of inclusions elliptical and spheroidal. Since we had
the task to compare the mechanical properties of the material with needle and spherical inclusions, by
changing the parameters we simulated two kinds of particles, respectively after mechanical treatment
(grinding in ball mills) and treatment by gas atomization. Figure 4 shows the simulated shapes of

inclusions.
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Figure 4. Parts modeled in the MSC.Digimat program:
a) Spherical shape; b) elliptical shape

Metal polymer composite is considered one of the main factors that have a direct impact on the
mechanical properties of the material, and the orientation of the fibers in space. An indicator of this
parameter is the orientation tensor T.

T =|Az1 Az Qagz3

az; a3z 04szs

a1 Q2 a13]

Where aq;; are the components of the orientation tensor corresponding to the direction of the
direction along the x, y, and z axes.

For the model of a metal polymer composite, the orientation a;; = 0.5,a,, = 0,5 was chosen when
reinforced with short elements and aimed at the isotropy of the projected material.

In the MSC.Digimat software information, a model of the material element Catamold 42CrMo4
metal polymer composite was developed.

For the article, we conducted a comparative study of the mechanical properties of a metal polymer
composite material by steel powder and an analysis of its microstructure, including processing methods
related to The Shape of the powders. In addition, the spherical shape of the steel powder (shown in figure
5. a) and the needle-shaped shape (shown in figure 5. b) were modeled.

@

Figure 5. Elementary models of metal polymer composite material developed in the MSC.Digimat
program, a) spherical shape b) needle shape
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We also took a sample printed on a 3D printer with a metal polymer composite material and a
sample pressed into a molten form, compared the mechanical characteristics of the two samples, and
conducted experimental work on stretching and bending by volume. The metal polymer composite
material consists of 316L grade stainless steel powders with a carbon content of 0.018 %, and 90 % percent.

FILABOT EX2 with a filament diameter of 1.75 mm for printing on a 3D printer, Filabot made a
filament at a temperature of 180 °C at a speed of 15 rpm. Using the PrintBox3D one 3D printer, we
obtained the following G-code parameters in the special Repetier Host software management. They are
extruder temperature 230 °C, working table temperature 60 °C, floor height 0.6 mm, filling 100 %, printing
speed 25 mm/s.

Figure 6. PrintBox3D printer

Figure 7. Specially prepared samples: a) sample obtained by casting by soldering; b) sample
printed on a 3D printer

3D printer specifications include print speed: up to 100 cm3 /H; nozzle diameter: 0.3 mm; maximum
print temperature: 380 °C; maximum table temperature: 150 °C.

If we talk about the form for the soldering method, the form is made on a single screw extruder
with a diameter of 55 mm, L: D = 25, produced by Esmos. Electric heating. Thermocouples and a
thermostat regulate the temperature. The temperature regime of extrusion is as follows: Zone 1-260 °C;
Zone II - 265 °C; Zone I1I-270 °C, and Zone IV-260 °C.
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Results and discussion

The results of the calculation of the diagram of mechanical characteristics of a material consisting
of a combination of different percentages of binders and metal powders were obtained by the DIGIMAT
program.

A diagram of the mechanical properties of composite materials with glass fibers is shown in figure
8. The results of the calculation revealed an increase in the flexibility limit of the needle-shaped composite
material. The flexibility limit of the spherical Composite is 100 MPa. The limit of elasticity of the material
with mechanical inclusions of the needle is 380 MPa. These results can be seen in figure 9.

1: Vf=40%
2: Vf=60%
3: V=80%
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Figure 8. Diagram of deformation resistance for samples with needle inclusions when filling 40%,
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Figure 9. Diagram of deformation resistance for samples with a coefficient of the ratio of the radii
of the shape, needle shape 30 (red curve), needle shape 15 (green curve), ball shape 1 (blue curve)

In the analysis of the diagram in Figure 8, you can see the linear dependence of the strength of
composite material on the percentage of metal powders. Also, meal polymer composite material, that is,
feedstock 316LW traditional MIM technology in the production of a filament with a percentage of metal
powders up to 90 %, the filament breaks down by bending. If a large amount of metal powders is added,
which increases the strength, the composite material loses its elasticity. For samples with a coefficient of
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the ratio of the radii of the form, it allows us to assume that the specification of metal powders in the
deformation resistance diagram improves the quality of the layer-by-layer pressing process [13, 14, 15],
but on the other hand, reduces the strength characteristics of the composite, this fact contributes to a
further deepening of the study of optimal parameters of the ratio of inserts and matrices. As shown in
figure 9.

According to the results of the study, the strength values depend on the parameters of the method
of filling samples with molten pressure. The casting temperature is 270 °C. The main goal is to evaluate
the relative values of strength during the creation period using two methods of unburned samples. The
figures and diagrams during the experiment were shown below.

a) b)
Figure 10. a) Stretching tests; b) bending tests
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Figure 11. Voltage-deformation diagram of a sample printed on a 3D printer with a metal
polymer composite material
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Figure 12. Voltage-deformation diagram of a sample made by soldering pressure-casting
technology with a metal polymer composite material

A comparison of the diagrams presented in figure 11, figure 12 indicates a difference in the
magnitude of the rupture stress for samples made by different technology (casting and 3D printing), it is
obvious that with the technology of printing samples, the rupture voltage o = 320 MPa and with casting
o =380 MPa. The results of bending are shown in Table 2.
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Table 2. Flexural stress of the composites

Ne MP % Flexural stress, MPa
3D casting

printing technology for
technology soldering

1 90 341.2 360

2 90 357.7 352

3 90 360 375

4 90 388.4 356

5 90 370.5 368

The tensile strength of the product printed on a 3D printer decreased by 18 %, which is directly
related to the parameter at the time of printing. It is possible to increase the mechanical properties by
selecting the desired parameter. The metal showed a satisfactory level of mechanical properties of the
sample printed on a 3D printer with a polymer composite material.

Conclusion

A new reverse pressure Press device has been developed to create a thread that will be applied to
a 3D printer. To determine the microstructure of a metal polymer composite material, compounds with
needle and spherical shapes were obtained, and a method of modeling the modulus of strength and
elasticity of composite materials was proposed. This method allows you to obtain a stable and accurate
prediction of mechanical properties.

Numerical modeling of the percentage dependence of metal powders on the fluidity limit and
modulus of elasticity of a metal polymer composite material was carried out. A comparative study of a
sample printed on a 3D printer, a sample obtained by melting pressure casting, was carried out.
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beamexTepai KabaTThI ©CIipyaiH TEXHOAOIMSABIK IIPOLeCiHAe MalijalaHblAaThIH MeTaaa
noanMepai KOMIIO3UTTi MaTepraaAapAblH MeXaHNKaabIK KacueTTepiH KOMIIbIOTEPAik
MoJeabaey KoHe BepupuKanmsiaay

Anpaarnia. Makasaga 1noaMamMuATi MaTpuilagaH  KoHe MeTaad KocmadapAaH —TypaThiH
KOMITO3UTTIK MaTepraaAblH, MUKPOCTPYKTYPaChlH KOMITLIOTEPAIK MOA@AbAeY HOTVDKeAepPi KeATipiareH.
3epTreaerin kommnosunys nporpeccusTi MIM rexnoaormsaapra apHaaraH MaTepuaadap ©HAipiciHaeri
aAABIHFBI KaTapAbl OareITTapAbIH Oipi 604bII TaObL1aAbl. Makadasa KOMIO3UIIVAABIK IIBIOBIK ©HAIpyTe
apHa/ZFaH >KaHa IIpecTey KYPBIAFBICHIHBIH KYPBIABIMBL KeaATipai. KoMmosnTri Mmerasza moammepai
MaTepuaaAblH MeXaHUKaAblK KacueTTepiH KOMIIbIoTepaik Mogeabaey MF moayai DIGIMAT >xorapsl
AdeHrerigeri AJXOK-aa >xypriziagi. IllarsiH AeHreiligeri KOMIIO3UTTI MOAeAbAey KOCBLABIMAAPABIH
MalbI34bIK, KypaMbl MeH MaTepuaAAblH arbIMABLABIFBIHBIH JKOFapFhl IIeri apachlHAArBl  ©3apa
DallaaHBICTBI, COHJAAlM-aK >K00aJdaHaTBIH MaTepuaaablH OepiKTiri IeriHe KOCy HBICAHBIHBIH dCepiH
opHaTyfa MYMKiHAiK Oepai. Ecemrey ®KcllepyMeHTIHIH — HOTIKeAepl  MHOKeKIMAABIK — KYIO
TeXHOAOTHsCHIMeH >XoHe 3D Oacria TeXHOAOTUCHIMEH AallbIHAAAFAH YATiAep YIIiH TaOMFN SKCIIepYIMEHT
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HOTIVDKeAepiMeH TeKcepiaai.
KiaT ce3aep: puacrox, MIM texnoaorusaap, 3D Gachin HmIbIFapy, MHKXEKIUAABIK KYIO, aKKBIIIITHIK
1Ieri, MaTepyaAAblH MeXaHMKaAbIK KacueTTepi.

M.E. UcameTroBal, b.H. AG6caanikos!, b.b. bazap6arii!, I'.A. Cmanaosa?, C.A. Kaamaran0eTos?,
H. AenieBckmii?
ICamnaes Ynusepcumem, Axmamu, Kasaxcmar
2Xumurxo-memarrypzudecxkuti ynusepcumem, Copus, borzapus

Kommporeproe mogeanposanne 1 Bepu@uKays MeXaHndeckKnx CBOCTB
MeTaAA0I0AVIMePHBIX KOMIIO3UTHBIX MaTepHaa0B, MICIIOAb3yeMbIX B TEXHOAOTYEeCKOM
nponecce IMOCAOVHOIO BhIpaIIMBaHMsI AeTaAel

AnHoTamms. B cratbe npuBegeHBI  pe3yAbTaThl  KOMIIBIOTEPHOTO  MOAEAMPOBaHMUS
MMKPOCTPYKTYPBl ~KOMIIO3UTHOIO MaTepuada, COCTOSAIIEro U3 MOAMaMUAHON MaTpUIBl U
MeTaaAndecKux BKaodeHnii. Viccaeagyemast KoMnosunms ABAseTCsI OAHUM U3 IepejOBbIX HallpaBAeHU
B IIPOM3BOACTBE MaTepunaaos A4s nporpeccusHbix MIM texnoaormit. Ilpusesena KOHCTPYKIINSI HOBOTO
IIPeccoBOTO YCTPOJNCTBA AAsl IPOU3BOACTBA KOMIIO3UTHOIO IpyTKa. KoMmpioTepHoe MogeanposaHue
MeXaHMYeCKMX CBOJICTB KOMIIO3UTHOIO MeTaAA0IloAMMepHOro marepuada nposoamaocs B CAIIP
spiciiero yposasa DIGIMAT MF. Mogeanposanne KOMIIO3uTa Ha MUKPOYPOBHe ITO3BOAMAO YCTAaHOBUTD
B3alIMOCBSI3b MeXAY IPOLIeHTHBIM COJep>KaHMeM BKAIOYeHMII M BepPXHUM IIpe4eaAOM TeKydecTu
Marepuasa, a TakXXe BAMsAHME (POPMBI BKAIOYEHMII Ha IIpeJeA IIPOYHOCTY IIPOeKTUPYeMOro MaTepuasa.
PesyabTaThl BBHIYMCAUTEABHOTO SKCIIEpUMeHTa ObLAM Bepu(pUIIMPOBAaHBl C pe3yabTaTaMy HaTypHOTO
DKCIIepUMeHTa A5 00pa3IoB, M3rOTOBAEHHBIX TeXHOAOTeN MHKEeKIIMIOHHOTO AUThS U TexHoaoruei 3D
reyaTim.

KaroueBbie caoBa: ¢puacrtox, MIM rtexnosormm, 3D medaTs, MHXKEKIIMOHHOe AUTLE, Ipeea
TeKyJecTy, MeXaHJecKue CBOICTBa MaTepuaJa.
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CorHa OaraHazapbIHBIH KaOABIKTapbIHEIH 20X 004aTTHI 91€KTPOANTTIK-TI1a3MaabIK,

IIBIHBIKTBIPY apKbIAbl OepikTeHAipy

AnaaTna. MyHnaii-ras eHiMJepiHe a4eMAiK cypaHBIC MYHail ©HiMAepiH eHAipyre >KoHe
TackIMaJJayfa apHaAfaH OeallrekTep MeH >KaOABIKTapABl ©HAipyJe KOAJaHBLAaTHIH
TEeXHOAOIVIABIK, IIpoliecTepae alTapAblKTall callaAblk >KoHe CaHABIK e3repicrep
Tyaslpabl. KasakcraH aaeMaeri eH ipi MyHart eHAipymi ea 6045l TabbLAaAbl, COHABIKTAH
MYHall-Ta3 >KaOABIKTapBIH ©HAIPYAiH iArepiHAi TeXHOAOTMSCBIH AaMBITY ©HEPKOCINITIK
JKoHe DKOHOMMKAABIK ©CyAi BIHTadaHABIPYH MYyMKiH. CbiHa OaraHasapbHbIH (CD)
MaHBI3ABl OeAlrekTepiH OepikTeHAIpyAiH A9CTypaAi TeXHOAOTMAAApHl KOIITETreH
OHePKICIIITIK KocilophIHAap4a KOAJaHbLAaThIHBIHA KapaMacTaH, KOIl DHepIUAHbBI JKoHe
KOIl YaKBITTBl KakeT eTeai. TemMeH KOMIpTeKTi AeripAeHreH IMJalllKaHbl XUMIABIK-
TepMUAABIK OepiKTeHAIpyAi FeLABIMU 3epTTey yiuiH 20X 6oaarranH, MemCr 33260-2015
(207 Steel), >xacaaraH cblHa OafaHaJapblH Oalldayabl 9AeKTPOAUTTI-IlAa3MaabIK,
6epiKTeHAipyAiH DKCIIEPUMEHTTIK KOHABIPFBICH 93ipAeHal. DAeKTpOAMUTTi-IlAa3MaabIK,
GepikTeHAipyAiH ToxXipubeaik 3epTTeyaepi apTypai eHAeY peXXumaepiHade Kypriziaai.
bBeaikTiH >XOfappl >KbBlAAAaMABIKTBI KBI3ABIPYBIHBIH BOAbT-aMIIepAiK CHIIaTTaMaChIHbIH
MOHAAAFaH BDAEKTPOAUT ILAa3MacChIHBIH TeMIlepaTypachlHa TayeAAidiri cuIlaTTaAraH.
DAeKTpOAUTTeTi KBI3ABIPY MeH OepiKTeHAIpy >KBIAy OTKisTiml ypdici MaTeMaTMKaABIK
MoOJe/bMeH CUIIaTTaAfaH, perpeccust popMyaachl aablHFaH. DAeKTPOAUTTI-II1a3MaAbIK
OepikTeHAipyAiH Herisri mapameTpaepi aHBIKTaAAbl, ©HAEYAIH OHTallABl peXuMAepi
IIBIFAPBIAABL. PacTpAbIK 94eMeHTTIK TaaJay TOMeH KOMIipTeKTi AeripaeHreH 004aTThlH
KaTaiThIAfaH KaOaTBIHBIH KeMipTeriHiH ©0eTTiKk MOAMQPUKAUVEICBIH — KopceTeai.
DAeKTpoAUTTI IAa3MaabIK, OepikTeHAIpy ogici Cb maamkachHBIH SKYHITacKaH >KYMBIC
OeTTepiH >KeprigikTi KaTaliTyFa MYMKiHAIK Oepeai. DbBactamkpl Kyiire KaTBICTHI
MUKPOKY PBLABIMHBIH ©3repy HoTIKeAePiH, KaTThLABIKTBIH apTYbIH 3epTTeai.

Kiat ce3gep: aexTpoAUTTI-IIAa3MaabIK  OepikTeHAIpy, KaTaliTy, KaTTBIABIK,
MaTeMaTUKaAbIK MOAeAb, XXePridikTi oHaey.

DOI: doi.org/10.32523/2616-7263-2022-139-2-86-101

Kipicne

CriHa OaraHaaapbIHBIH KaOABIFBI OAapABIH apacklHAAFbl CaKMHAABIK, KeHICTiKTi repMeTu3anusalay

MaKcaTbhIHAa YHFbIMA CaFaChIHBIH YCTiHEH IIBIFBIIT TYPaThIH IIeKTeC IereHAey OaraHaaapbhIHBIH KOFapPFbI
yirapeiH Oekityre apHaaraH (Cyper 1).
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1 — 6azar Oacvl; 2 - wubep vicoipmacoy, 3 - Oimeyiu; 4 - Hvlev30ay naxemi; 5 - maromemp; 6 - MaHomemp
wypacol, 7-nAauika.

Cyper 1. llInGep bIcbIpMaChIHBIH CbIHA OafaHaAapbIHbIH a0 AbIFbI

Crina OaraHaZapbIHBIH KaOABIFRI KYPT KOHTMHEHTaAAbl KAMMATTHIK KaFdaliga KoAAaHaAbl.

Mymnaiian anigay npouecinge 7 naamka cermentrepi (Cyper 1) Korapsl Tyliicieai kepHeyaepre
JKoHe COKKBI-IIapIay TO3yblHa YIbIpaniabl. Temen xemiprekti 20X 6oaatran (MemCT 33260-2015)
kacaaran Cb naamkaaapsiH HEIFAITY A9CTYpAi TOCiAMEH KaMTaMachl3 eTideal - IeMeHTTeYy, COAaH KeiliH
Katanrty [1]. Aaaitaa, 4acTypai Ipoliecc >KOfapbl KblAy >KOFaATYbIMEH, TUIMALAIKTI TeMeHAeTyMeH,
aliTapABIKTall YaKbIT IIBIFBIHAQPBIMEH JKoHe JKOFapbl ®HePIus TYThIHyMeH KaTap Xypeai [2]. basamaant
9/ic peTiHAe TOMeH KOMipTeKTi AeripaeHreH 604aTThIH DAeKTPOANTTIi-IIA1a3MaAbIK OepikTenyi (OyaaH api-
OIIb) seprTeaai.

3epTTey aaicTepi

[TaarmkaHbIH >KaHacaThIH OeTiHiH OeTiH DKCIepUMEeHTTIK DAeKTPOAUTTI-IlAa3MaAbIK OepikTeHaipy
YLIiH apHaitbl KOHABIPFLI a3ipaenai (Cyper 2). Kyar kesi 1 Tikeaeil TOKIIeH KaMTaMachl3 eTedi, 04
Oaxplaay KYpBLAFbLAapBIMEH JKoHe OacKapy raHeaimeH Oipikripiaren. KaranTsiaran 6eaik 2 AznsaexTpaik
BaHHaHBIH YCTiHe CaAbIHFaH 5 KBICKBIIII MeXaHM3MiHe OpHaTblAabl JKoHe KbIchlaaAbl. KoHycThIK mymex 3
— CYVIBIK aHOJ, IIeH DOeAIllek - KaToJ apachlHAa 9AeKTPOAUTTI I11a3Ma KO3FaAaThIH JKYMBIC KYPBLAFBICHL. 4
pesepByapbIHaH 91eKTPOAUT 7 COprpIMeH 8 cysrici 6ap 14 >Korapsl KBICBIMABI ITIAaHT apKbLABI 3 cariTaMara
Oepizeai.
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1 — xyam xesi; 2 - Xymoic 6anHacvy; 3 - KOHYC urymezi; 4 — pesepsyap; 5 — KvicKblul MEXAHUIM; 6 - YCmeA;
7 — copev; 8 - cysai; 9 - copeviut; 10 - manomemp; 11 — mepmomemp; 12 — wiap wymezi; 13, 14-xozaput Kbicotmov
wAanz.

Cypert 2. DaeKTpOAUTTi-I11a3MaAbIK OepikTeHAipyre apHaAraH 9KCIIEPUMEHTTIK KOHABIPFBI

Konycteik canramara 12X18H10T MemCT 5949-75 (anazorsr - EURONORM 95 Grade
X10CrNiTi1810 Steel) ToT GacrarTeiH 001aTTaH >KacaAfaH aHOZ caAblHFaH [3]. DaeKTpoaAnT KpIchIMBI 10
MaHOMeTpMeH OacKapplaadbl >KeHe 12 Imapabl KpaHMeH perTededi. DAeKTPOAUTTIH KYMBIC
temneparypacel 20-60 °C apaasirpiHga 11 TepMmomeTrpMmeH OaKbldaHagbl. 2 >KYMBIC BaHHAChIHaH
nalijalaHblAFaH DAeKTpOANUT 13 >KOrapbl KbICBIMABI IIIAaHT apKbIAbl 4 pesepByapra Kepi kibepiseai. 6
>KYMBIC YCTeAiHiH YCTiHAe 9 COPFBIII OpHATbhLAFaH, 04 6HAeY IpolieciHe KOChLAaAbl.

DAeKTpOAUTTI-TIAa3MaAbIK, OepiKTeHAipyAiH JKYMBIC OpTraHbl KOHYCTBIK IIIyMeK OOABII TaOblAaJbl
(Cyper 3). CanramanblH YcTiHAe OepikTeHAipiseTiH cbiHa OaraHasdapbiHBIH >KaOAbKTap (CBX)
IAallKachlH OpHaTyFa apHaAfaH apHalibl KOHCTPYKIusA opHaTbliafaH. China OaraHgapbiabiy 11T
opaMachIHBIH cerMmeHTi II mimmiHAI AM®AEKTpAiK yCTaFblllIKa caAblHFaH, OHBIH ¢opMmackl 0eAiKTiH
KOHTYPBIH KaliTaaaiabl. CariTaMaHBIH KOHYCTBIK KOPITYChIHA KaAbIHABIFEI 2 MM TOT OacIaifThIH O0AaTTaH
>kacaaraH 12XH3MA-III, MemCT 5949-75 IV anoats! Top caasinfaH (aHaaorel - EURONORM 95 Grade
X10CrNiTi1810 Steel). Kepuey kocblaraH ke3de KaroA-KartaiTbiaraH III Geaik cyifbIK aHOATIIEH, coja
KyAiHiH epiTiHgiciMeH >kaOblaaapl. Kpicka TyiibiKTaay kesiHAe »aekTpoanT Na2COs paeMeHTTepi MeH
aHOATBHIH TOT OacraiThiH 0OJaTBIHBIH MOHJAAHYBIMEH I1AeHKaAbl KaliHay¥a AeliiH >KeTkisizeai. By, aya
KabaThIHAAFBl DAEKTPOAMUTTIH bIABIPAy MOHAApbl V 9A€KTPOAUT IlAa3MachlH KO3AbIPajbl, OHBIH
TeMIIepaTypachl 0©AiKTi >KepridikTi KbI3AbIpajbl.
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I-xonyemor canmama, 1I- CBK naawxacvinviy, duarexmpaix yemazviwivl, - nveatimoiaamom CB2K
naaukacvt -kamod, IV-mom dacnaiimuin 00Aamman xacarzar mop-anoo, V- arexmporummi naasma

Cypert 3. Cb2K naamxkaceiHa apHaafaH I11a3MaTPOH KYPbLAFBICHI

byran aeriin OeTki KaOaTChl3 COHAIPYAIH OHTallABl peXXuMAepi aHbIKTaaraH [4] sxene 20X 6oaaT
yArizepinae KaraiTeiaraH KabaTTeiH Kacuerrepi seprreareH (C 0.17-0.23%; Si 0.17-0.37%; Mn 0.5-0.8%; Cr
0.7-1.0%, MemCr 33260-2015) (207 Steel). Kataitty DIIb KOHABIPFBICBIHBIH pe3epByaphIHaH aifHaAaThIH
JKOHe CaAKbIHAATHLAATBIH 9A€KTPOANUT aFbIHBIHAA KbIAYABI IIbIFAPY eceOiHeH Xypeai.

Oamemi 10x10x20 mm yariaep 6acranksl KyitiHage CbK naarmikacsiHaH KeciareH >KoHe CaAbICTBIPY
YILIiH 9AeKTPOAUTTI-II1a3MaAblK OepikTeHAipydeH KeiliH, KaABIHABIFBI 1 MM aama3 AucKiMeH
CaAKBIHAATKBIIIKA OarbipblafaH. N = 350 aliH/MMH TOMeH KecCy >KblAAaMABIFB >koHe m=250 I' TomeHn
JKYKTeMe Ke3iHAe yAri alrapaplKTail Jedopmanmsdap MeH OKblAy ocepiH cesOeitai  [3].
Meraasorpagpusaabl, MMKpOaHaAM3 YIIH XpOM KOC TOTBIFBI IIacTachlH KOAJaHa OTBIPBII,
KBIATBIPATYAaH KeMiHri ImandTep a30T KBIIIKBIABHEIH 5% COUPT epiTiHAiciMeH yaaHFaH (cyper 4).

DKCIIepMMEHTTIK 3epTTreylep MeH MexaHMKaAablK ceiHakTap "VERITAS" 03K AaMy opTaabIFbIHa
xoHe /. CepikOaesa atniHgarbl IInirpic Kaszakcran TexHukaablK yHUBepcuTeTiHiH «MammmHaxkacay»
FBLABIMU-OHAIPICTIK KellleHiHAe Xy prisiaai. [4].
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Cypert 4. CbX naamkacbIHaH KeCiAreH MUKPOKYPBIAbIMABIK TaAAayfa apHaafaH YATi

Yarinig ®aementrik xypameiH JEOL ¢upmacemply  (JKamonusa) JSM-6390LV  pactpabix
DAEKTPOHABI MMKPOCKOIIBIHAA, "OXFORD Instruments" ¢upmaceIHbIH INCAEnergy
SHEPTOAMCIIEPCHUAABIK MMUKpOaHaAM3iHIH IIpMCcTaBKachiIMeH 3eprTTedi [5]. MMKpOKaTTBIABIK, MoHAepi
DuraScan-20 mukpokarramacsiMeH aHbIKTaaabl. ChIHaK a4ici - Buxkkepc, Knyr. Coinak sxykremeci - 2 kI,
MaKCHMMaAaAbl KyKTeMe Ke3iHge ycTay - 5 CeKyHA.

SepTTey HaTI/I)Ke[lepi JKoHe O4ap4bl TaaKbllday

TypakTel TOK KepHeyi OepikTeHAipy MpOIIeCiHiH MaHBI3Abl TEXHOAOTMAABIK IlapaMeTpi OOABIII
Tabbl1aAbl, OFaH TeK ©HJAeATeH OeTTiH carachl FaHa eMec, COHBIMEH KaTap 9KOHOMUKAABIK KOPCeTKIITep
Ae OaitaansicTel 00aaapl. KepHeyaiH OipTiHgen >KofapblaaybIMeH KaAbI[MiIAeHIeH COAa DAeKTPOAMU3i
Kypeai, aa OM 3aHbIHa colikec TOK ocedi (0-A Oeaimi, cypert 5) [6]. Tok I1eH KepHeyAiH >KOFapblLiaybIMeH,
mamMameH t=1 cek. 91eKTpOAUTTIH TeMIIepaTypackl Aa apTaAbl, Oy TOKTHIH DA€KTPOANUT apKbLABI OTYiHIH
caagapsl beariai 6ip xeprey moni ~100 — 180 B >xeTKeHAe, KaTOATEIH OeTiHAe DAEKTPOANUT KalHanA®I [7].
Beamextiy OeTiHe >KaKbIH Oy-aya KaOaTBIHBIH OeaceHAl OeaiHyi Oap, 04 KOHipIIiKTi KalfHaTyra eTeAi.
Karinaran kesge OeamrektiH Temmeparypacel T ~100°C, cyablH KaifHay TeMIlepaTypacbhblHa >KaKbIH.
beacenai ®aeKkTpoAThIH aliHadachlHAA KOIIpIIKTI KaifHay ITaiija OOAFaH Ke3je TOKTBIH YAKeH
Iy Abcaryscel Oarikaaaabl (A-B Geaimi). OaapapiH aMmantysacel elayip TeMeHAelAi >KoHe eKiHI
CeKyHATa DAeKTPOANTTIK I11a3Ma Ko3Falaasl, aa 0eaik 1< 350 °C aeitiH KbI3aabl.
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Cypert 5. DIIb-aiH BoAbT-aMIIepAiK cMIIaTTaMachl

bBeamexriy aliHaaachiHAAFbl KaOBIKTBIH KOTiAAip >KapKblAblHa ToH DA€KTPOAMUTTI I1Aa3MaHbIH
naiija 00aybiHa OailAaHBICTHI TOK Ky1ini MeH KepHey 200 B-ka aeitin rypakTanaas! (B-C 6eaimi). 5-cyperrte
naazma temireparypacbiHaH (<6000 K) t=3-4 cekyng KeseHiHge Oealek (pasaablK TYpAeHAIpyTe AeiiiH
JKepriaikTi KbIdabippiaagnt [8]. 20X Ooaarteiy asaavik esrepicrepi, MemCT 33260-2015 (207 6oaaT)
1=840-860°C kesinge xypeai [9]. IlaazmaHblH >KaHYBIHBIH KOTid4ip Tyci HEFYpABIM allbIK 004ca,
COFYpPABIM OHBIH KYpPaMbIHAA NOHAAP, COHBIH illiHAe MOAM(UKATOP MOHAAPEI 60AaABL.

Opi Kapaill, KepHey KyaT KesiHeH 4 ceKyH/ illliHAe eIlleAl >XKoHe DAEKTPOAUT arblHbIHAA 0eaik
KarasAsl. [IeHbIFy Kesinge paexTpoant 90°C-taH acianasl, cebedi pesepByapAa CaAKbIHAATBLAAAbI JKOHE
IITyMEKTiH >KYMBIC OpTaHbIHAa ariHaaaas! [10].

DAeKTpOANT-TIAa3MaAbIK, COHAIPY IIpoliecTepi TeMIlepaTypaHblH ©3repyiMeH >KoHe HaKTbl JKBLAY
OTKIi3TiITiKKe OailaaHBICTBI 0©4iKTiH (aszaablK esrepyiMeH Tikeaeil OailaaHBICTBI. DAEKTPOAUTTI-
I1a3MaAbIK, OepikTeHAIpy IpoliecTepi MaTeMaTUKaABIK MOAEAbMEH CUIIAaTTaAFaH, OHAA OOAIIeK KbL1y
dcepiHeH MIAPTTHI TypAe KapacTeipslaaast [11]. Ecenrrearen () aiimak KaTailTbLAFaH KabaT eH cyOcTpaTKa
corikec keaetiH Qp >xoHe (s eki cyOoOaacTtka Oeaineai, 6-cyper. lllekapaablK mIapTrap TeHAeyMeH
anbIKTazaawl (1) KabOblaAaHFaH 60AKaMAapAbl eCKepe OTBIPHIIL, JKBLAY OTKI3IIINTiK TeHaeyi exi ¢azaasl
aliMaK MOJeAiHiH XblAy TeHAeyiHe AeliiH a3aliTbLAybl MYMKiH [12]:

W(T) % = A(&y,£,) V2T + F(qL) (1)

MyHAarel Y — {pasaablK aybICyABIH SKaChIPBIH KBIAYBI ITBIFAPBIAYBIH €CKepeTiH eAIleMci3 TuimMai
KBIAY CBIIBIMABIABIFEL; T — abCOAIOTTI TeMIepartypa; t — yaKbIT; A- >KblAy OTKi3riITiK Koo(pPUIIMeHTi; ev
JKOHEe E£o-THIFBI3ABIKTBIH KOAeMAIK yAeci peTiHAe aHBIKTaAraH >KoHe ColiKeCiHIle Teric KMMaja KaTaiifaH
Ka0aT TBIFBI3ABIFBIHBIH cUMaTTaMadapsl. Tenaeyaeri (1) maasmaHblH OepiKTeHAIpY TepMMUABIK acepi
qi(t,x,y) arbIHFa ToyeaAi keaeM Kesi F MeH eckepiseai, 04 ©3 KeseriHAe TeHAeyAeri yari GetiHgeri quo(t,
X) ly=0 5KBIAY aFBIHBIMEH aHBIKTaAABI.
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a3£)S
0, -
g)s 2=
aICAS
0,0, /%% Q 0,0,

0,0, X

Qs-cyocmpam, Qp - bepixmendipirzer kadam.
Cyper 6. D1eKTpOANTTi-N1a3MaAbIK COHAIPYAiH ) eceniTey aiiMarbl

[TaazmanbIH OepikTeHyi 3aTKa eHIeH Kes/e ciHipiayi byrep 3aHpiHa QyHKIIMOHAAABI KaKbIH 3aHMeH
cunarradaasl [13], TanAaaraH KOOpAVHATTap Kylieci yIIiH Oblaali >Ka3blaaAbL:

aL(txy,) =4Lo(t, X)ly-0 expl-ary), @)

qLo(t,x) ly=0 ¢pyHKITMACH yaKbIT OOMBIHINIA ITEPUOATHI KoHe KeHIiCTiKTIK KOOpAMHaTTap¥a ToyeAaai
(xy) PyHKnusMeH Oepizeai, o4 maa3MaablK OepiKTeHAIPYAiH MMITYABCTIK CUIIATBIH A3, MOHAA/AFaH

I1a3Ma ilriHAeri coyaeaeHy THIFBI3ABIFBIH 004y Al Ae KopceTeai [14]:
Pact

qro(t, x)ly-0=2 =g (x) £(t),  g(x) =gu(x) Hemece gn(x), 3)
gn(X) =G)H( | x-Xb | -Ro), (4)
(G exp (- S, 5)
&=H(T2-tmood ). 6)

MyHAaFbl Pat — OeTiHiH OepiKTeHAIpyAiH HaKThI KyaThl, g(X) — MOHAaAFaH IAa3MaAaFbl aFbIHHBIH
TBIFBI3ABIFBIH 004y PYHKIUSACHL, & — [11a3MaAbIK KaTaloAbIH I1-Topisai Mmogyasamnus ynknmsacel, Ry, Vi, Xo
u Xo = Xo + Vit — paguyc, XblaJaMABIK, OacTallKbl ITO3UINA JKoHe MOHAAAFaH I11a3Ma OPTaABIFbIHBIH
arpIMJarbl KOOPAMHATEI, COVIKECIHIIe Ob — CTaHAAPTTHI aybITKY, T1 JKoHe T2 — UMIIyAbCTap apachIHAAFbI
yaKbIT (Ke3eH) >koHe Oip mmmnyabcTiy y3akTeiFbl, H — XoBucaiig ¢pynkmmsace [15]. ®okycray xyiteciHiy
g QYHKIUACH cuIlaTTaMadapbliHa OallaaHbBICTBI gu HeMece ¢n (PYHKIMAAapBIH TaHAAy apKblLAbl OipTeKTi
HeMece layccTteiH Oeay TypiHae Oepiseai. Ilaazmaabik OepikreHAipy g (PYHKUMACHIH HOpMaday
KyaTbIHBIH 90% I11a3MaAbIK aFbIHHBIH THiMAL Rb pagnycbiMen IiekTeAreH OeTTiK 91eMeHTKe Keaeai [16].
6-CcypeTTe yaKbITIIIa JKoHe KeHiCTIKTiK KOOpAMHaTTapFa KaThICTHI KbIAY aFbIHBIH MOAYAAIMAAANTEIH &, Gu
>KoHe gn (PYHKIMACBIHBIH Ipadpuri kepcetiareH. Yarinig 01(p 6eTiHAe IIBIHBIKTHIPY KOHBEKTUBTIK JKoHe
9AEKTPOANT aFbIHbIHAA Kypedai [17].
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nq | ’U’lQp=h3<1>cl>(T-Tox<p) +€ €sB (T4-T40Kp) (7)
. . -8 Bm
MyYHJarbl € - OeTTik »muccusa KodpPuimenTi, gz =5.67-10 o Credan- boasriman
M

TypakThichl, Toxp - KOpIIaraH oOpTa TeMmIlepaTypachl, al KaAbIITHl 71 BEKTOPHI KaTalifaH KaOaTTaH
9AeKTPOANUT OpTackiHa OarbITTaAfaH [18].

Mertaaa OeriHeH OyaaHy >KblAY aAMacyAblH TUiMAi hspp KodPPuUIMEHTI apKblABI MOJeAbae
eckepiaeai:

h:»)(l)c])(T) = hKOHB + (1/2)(]’[1(1/[11 - hKOHB) tanh((T - TKMH)/ATh), (8)

MyH/Ja Tra3 OpTachlHJa KOHBEKIUs eceDiHeH >KbIAy aaMacyAblH hwom — KoddduiimeHTtiMeH
aHBIKTa/AaTbIH OeTTiH KOHBeKTMBTI CaaKbIHAaybIHAH hwm allKbIHAQMTBIH DA€KTPOANUT aFbIHBIHAA IIBIHBIFY
eceOiHeH caakpiHAayFa aybicybl ATh Temneparypa nHrepsaabiHaa Tvun KaliHay TeMIIepaTypachiHa >KaKbIH
Kypeai. Kopiiaran opra TemrieparypacbhlHaH fixons €CKepe OTBIPBII, OyjaH opi ®A€KTPOAUT OpTacklHAA
I11a3MaAblK IIbIHAAY Ke3iHAe >KbIAy aAMacy HaKTblaaHybl MyMKiH. CyOcTpaTTelH TeMeHri OeTiHAeri
IIeKapaAasblk, >Kardanaap [19]:

nq |63QS =hKOHB(T—TOKp) (9)

Karaiiteiaran KabaT meH cyOcTpaTTeIH MHTepdeiic 6eaiMi TeMIiepaTypa MeH >KblAY aFbIHBIHBIH
Y34iKci3airiMeH curarrasaApbl:

T10,0,= T19,Q k @T/n) 10,0, = k @T/n) 13,Q,.  (10)

Tik mekapaaapaa 0:0p >xoHe 04p KaTalifaH KabaT IeH IIekapaaapada 020)s XoHe  04(Ds
cyOcTpaTTap TeMIeparypa MeH KapaMa-Kapchl IlleKapadapAarbl arbIHAQp ecellTeAreH YaKbITThl asaliTy
yurin tey 6oaraH kesge (10) TeHaeyaepre ykcac mMepsiMai IlekapaablK IapTTap opHaTblaagsl [20].
bacrankp! maptrap keaeci Typae kaOblagaHaab!:

T Qp Qs =THalI, (11)

MYHAQFBI Tra -OyA yATiHI aa4bIH-a4a KbI3ABIPATHIH TEMIIEpaTypa.

ConniMeH, TeHAeyaep xyiieci (1) - (11) MMITyAbCTi ITAa3MaAbIK KaTalo IIPOIleciH cuIlaTTaigbl JKoHe
>kaoOpIK [21]. CaHABIK MOJeAb PU3MKAABIK KoHe MHXKeHepAiK MaceaeaepAi mientyre apHaarad Comsol
MultiPhysics KoMmMepLMsAABIK ecelTey IaKeTiHAe >Ky3ere achIpblaAbl. bepiaren Illekri ecen yIiH >Kblay
OTKI3TIIITIKTiH cTallMOHapABIK eMec TeHAeyi (12) coHFbI 5aeMeHTTep agiciMeH eceniteaai [22].

T=451t, +48-U-251_ 12)

MyHAarpl T - 00AATTBIH KBI3ABIPY TeMIlepaTypachl, ! e - KBI3ABIPY YaKbITBL, fax - DAEKTPOAUT
arbIHbIHAA COHAIPY yakpIThl, U - KepHey [23].

DKcIlepyMeHTaaAbl TYPAe aHbIKTaAFaH OHTalAbl KatanuTy pesxumaepi D11 saici (fue = 4 cex., tux = 4
cek., U= 200 B) GeariaenreH ToyeaaiaikiieH >Kakchl OaiiaaHbpICThl 604AbI (12). 30 1MKA YIIIiH 11a3Ma OeTiHe
eHi 8-12 MM KaTailTbLAFaH >KOAaKTap KaaAbIpaabl, 0Aap KaTalThLAFaH OeTiHAe Ke34elicoK KabaTTacaabl. Oaap
«KyOBLAMa TycTepiMeH» DOsLAFaH, SIFHI MOAUQUKalLMAaHFaH KaOaTThIH JKYKa KaOBIFBIMEeH >KaObLAFaH, 01ap
OeTiHiH Keaip-OyAbIpbIHa aliTapABIKTall ocep eTrieriai [24].
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Bboaar 20X mukpoxypsrasimel, MemCT 33260-2015 (207 Steel) Gacranxsr kxyiiiHge (7-cyper), ipi
TYHipAi IepANT-PpeppUT KYPHLABIMBL.

S-,;%;,.,‘,%-"g‘};}“, 2 215 e A [Soectum [Si [C [S [&r [Mn [Fe |Ni [fotl
B ' : Spectrum 1]0.21 [0.170.00 [0.78 [0.77 |97.58]0.49 [100.00

' Spectrum 2 [0.34 [0.20]0.13 [0.81 [0.90 [97.61[0.00 [100.00
Spectrum 3 [0.13 [0.18]0.00 [0.81 [0.69 [98.19]0.00 [100.00

Spectrum 410.42 [0.21]0.12 [1.02 [0.95 [97.07]0.21 [100.00

Cypet 7. bacranks! Kyigeri 20X 6oaatTere, MemCr 33260-2015 (207 Steel), pacTpabix
91€MEeHTTiK Taajay

DeppuT 1eH 11eMeHTUTTIH a-(pasachlH Ky palThIH IIepAUT TYHipaepiHiH mekapaaapsl pepput a-Fe
KYPBIABIMBIHBIH TyHipAepiHeH HakThl OeaiHreH. XpoM, MapraHell, HUKeAb >KoHe CULIMAMIAIH
AeripAeHreH ®AeMeHTTepi MUKPOKYPBIABIMAA aliKbIH KOpiHOeldi, MyMKiH oaap eTe a3 Meallepje
0oaysiMeH OariaanbicTel [25]. Boaar 20X, MemCT 33260-2015 (207 Steel), »1eMeHTTiK KypaMBIHBIH
HOTVKeAepi, TOPT CrieKTp OOIbIHINIA aHBIKTaAFaH, oaap opTa eceriried 20X 6oaatTeie, MemCT 33260-2015
(207 Steel), xMMIABIK KYpaMbIHA COVIKEC KeAeAl.

DAeKTPOANTTI IAa3MaAbIK OepikTeHAIpyAeH KeiliH YATiHi AeKTPOHAbI MUKPOCKOIIMAABIK 3epTTey
(8-cypeTr), MUKpPOKYPBIABIM ayCTeHUTTIH BIABIPAYBIHBIH OipKeaki MOpPQOAOIMACH eKeHiH aHBIKTayFa
MYMKiHZiK 6epai [26]. DaekTpoantTeri OepikTeHAipY KblAAaMABIFBI ©Te JKOFaphbl €KeHiH aTaIl ©TKeH JKOH,
Oya >KyMcaK KYPbLAbIMAAp KaABIITACTHIPY YIiH IIePAUT MeXaHMU3Mi apKbIABl ayCTeHUTTiH blAbIpaybIHa
’K0a Oepmeiigi. bipak MapTeHCMTTIK TypaeHy apaabIFblHAA OJap KyAaaias, Oya IIbIHAAAFaH
>KaphIKTapAblH aaAbIH adyFa MyMKiHAiK Oepeai [27].

DaeMeHTTIK Taaaay (8-cypeT), DAeKTpOAUTTI-TLA1a3MaAbIK OepiKTeHAipyAeH KelliH OacTaIlKbl Kyiire
KaTBICTBI KOMIpPTeKTiH >KOFapbliaybl OailkaAaThIHBIH KepceTedi, 7-cypeT. CaabICThIpMaAbl TypAe KOl
Meallepae KeMipTekTiH 0oaysl - opramia ecermieH C~0,6, 9AeKTPOANTTe KaAbI[UILA€HTeH COAAHBIH
BIABIPAY DAe€MeHTTepiMeH JKoHe aHOATHIH TOT OacIaifThIH 001aThIMeH KaHBIFybIMeH OallaaHbICTHI [28].
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Full Scale 2628 cts Cursor: 5480 (62cts) ke

Fe Ni

97.48]0.00
97.85|0.11
97.71]0.00
97.09]0.31

Spectrum [Si |C |S Cr

Spectrum 110.37|0.56(0.10 |0.79
Spectrum 20.16 |0.61(0.00 |0.81
Spectrum 310.00 {0.49(0.04 |1.02
Spectrum 4/0.24 10.77]0.00 |0.93

Election Image 1

Cyper 8. DIIb xerix 20X 60aaTTbi, MemCT 33260-2015 (207 Steel), pacTpabIk 2aeMeHTTi

Taaaay

Ycak OearexTep TeMip KapOuai >koHe Oacka AeTipAeHreH 91eMeHTTep 00AbI Tabblaaaw! [29].

YmTacaThIH iIIKi AamMeTp OOJbIHINA ChIHa OaraHaJapbIHBIH OpaMacbhIHBIH I1AalllKalapbl MYHail

©HIMJepiHiH >XOFapbl KBICBIMBIHBIH IepMeTUKAaAbIFbIH KamMTaMachld eTesi. CoHBIMeEH KaTap, KeckKilll

CeIMEHTTePAIH ©e34epi KYOBIpABIH ay3bIH TBHIFBI3 KBICY Ke3iHJAe >KOFaphl illIKi KepHeyaepai cesiHeai.

CongpikraH, OaceHgeTymni e3eri Oap TyiticeTiH OeTTiH >KOFaphl KaTTHIABIFHI ©T€ MaHBI3ABI KOPCETKIIIl

604bI1T TaObLAaABl. MUKPOKATTBIABIKTEI ©AI1IeY YATi OOMBIHIIIA OacTaIlKbl KYMiHAe >KoHe 91eKTPOAUTTIK-

I11a3MaAblK ©HJARYAEH KelliH >Kyprisiagi. Oamey natmoKeaepi (cyper 9) »AeKTpOAUTTI-IIAa3MaAbIK

COHJipyAeH KelliH MUKPOKATTBIABIK eKi eceleH acTaM ©CKeHiH Kkepcereai: mamamer HV3212-a2ex HV7400

Ml Ta-ra aeviiH.

% MHHF}GHE!'ITIJIH bl
= 9000 o 0 |
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6000
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4000 | 3200 st o100 3000 3300 2400 3200 3308 ]
3000 E T = 5 = - T -
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0o O u
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m— SO Dl e sUrface imitial sample L, mkm
Cypert 9. 20X 604aTTBIH MUKPOKATTHLALIFBIHBIH MOHi
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DAeKTpOANTTI IAa3MaAbIK KaTalTy 94iciMeH KaTalIThLAFaH I11alllKa OeTiHiH MUKPOKATTHLABIFBIHBIH
oprara MaHi 54-60 HRC catikec keaeai, 0ya AacTypai aaicrien aabinraH 42-48 HRC xaTThLABIFBIHAH €49Yip
acaasr [30].

KophITBIHABI

1) coiHa OaraHAgapBIH Oaliday KecCiHAiAepiHiH CerMeHTiH DAeKTPOANUTTI-IIAa3MaAbIK OepikTeHAipyTe
apHaAfaH ToXKipnOeAik KOHABIPFHI 93ipAeHAi.

2) 9AeKTPOAUTTI-IIAa3MaAbIK, OepikTeHAipiaTeH yAriaepAiH MUKPOKYPBIABIMBI ~ 00AaTTHIH
KYPBLABIMABIK-Qa3alblK TYpAeHyiH, ayCTeHMTTiH, KapOua ¢asadapblHBIH TypAeHAipiareH OeTiHAe
00.4>KaMABI bIABIPAYbIHBIH OOAYBIH Ky2AaHABIPADIL.

3) pacTpABIK DAe€MEeHTTIK Taljay DAeKTPOANUT I1eH TOT OacHalThIH aHO/ 00AaTLIHBIH MOHAAAFaH
BIABIpAayBbIHAH KaHBIKKAH OacTamllkpl Kylire KaTbIcThi~0,6 AeliiH KaTaWTbLAFaH OeTiHAeri KeMipTeKTiH
apTyBIH aHBIKTAAbL.

4) MUKpPOKATTBIABIKTEIH MOHIH ©AIlIey 9AeKTPOAUTTIK-TIAa3MaAbIK, IIIBIHBIFYAaH KeiliH OacTaIKbl
KyligeH opra eceniteH HV3212-aen HV7400 Mlla-fa aeiiiH exi ecedeH acTaM >KOFapbliaFaHbIH KOpCeTeal.

5) cenaipyAiH TemIlepaTypaAblK 9CepiHiH MaTeMaTHUKaAbIK MOAeAi a3ipaeHi, 00A11eKTiH KbI3AbIpYy
TeMIlepaTypachlHBIH HeTisri (pakTopaapjaH: KbI3ABIPY yaKbITBIHAH; 9A€KTPOAUT arbIHBIHAAFBI COHAIPY
yaKBITBIHAH JKoHe KepHey/eH perpeccist pOpMyAachl IIbIFaPbLAABL.

Maxara  2KTH  AP09058518  «Mawuna  xacay — caractiHoa — dACKMPOAUMIMI-NAASMAADIK
ModuPuKaAUUIAGYMEH MAMEPUArIapObIH, 1M03Y2a MOIMOIAIZIH ApmmbvlpY» PAHMMLK K00aHbvl XKy3eze acvipy
ascvirda "KP BIM Foiaviv komumemi” Kapxulavlk KOADAYbiMeH KAa3blAdbl.
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YI'IPO‘IHeHI/Ie craam 20X 0OBSI3KM KOAOHH KAMHOBBIX E)ZleKTpOIH/ITHO-l'IAaIiMeHHOﬁ 3aKaakKom

AnHOTammst. MupoBoii cripoc Ha HepTerazoByIo IIPOAYKIINIO BbI3Bal 3aMeTHBIEe KadeCTBeHHEIe 1
KOANYECTBEHHbIe I3MEHEHNs B IIPUMEHIeMBIX TEXHOAOTMYECKNX IIPOIleccax M3IOTOBAEHNS AeTaleil I
000PYA0BaHIS 4451 AOOBIMM U TPAHCIIOPTUPOBKM HedpTenpoayKToB. KazaxcraH sIBAsSeTCs KpyIHeNIIen
He(Te 00BIBAIOIeNl CTPaHOM MMpa, ITODTOMY pa3BUTHeE ITPOTPeCCUBHOIN TeXHOAOTUM IIPOM3BOACTBA
He(pTerasoporo 0OOPYAOBaHMSA MOXKET CTUMYAMPOBATh ITPOMBIILAEHHBII ¥ HKOHOMMYECKUII POCT.
TpaauionHble TEXHOAOTUM YIIPOYHEHMsI OTBETCTBEHHBIX AeTaleil 00BA3KM KOAOHH KanHOBBIX (OKK)
SIBASIOTCSI DHEPIO3aTpaTHBIMU M TPYAOEMKUMM, XOTSI MCIIOAB3YIOTCSI BO MHOTUX ITPOMBIIIA€HHBIX
npeAnpuATUAX. /A HaydHOTO MCCAeAOBAaHUS XUMMKO-TEPMIYECKOTO YITIPOYHEHNISI HU3KOYTA€POAVICTON
AernposanHol 1naamku u3 craam 20X, GOST 33260-2015 (207 Steel) 0OBA3KM KOAOHH KAMHOBBIX
paspaboTaHa DKCIIepUMeHTaAbHas yCTaHOBKa 9AEKTPOAUTHO-I11a3MEHHOTO YIIPOYHEHNSL.
DKCIepuMeHTaAbHble  UCCA€J0BAaHUSA  DAEKTPOAUTHO-IIAa3MEHHOTO YIIPOYHEHMSI IIPOBOAUAU B
pasAMyHBIX pexuMmax oOpaborkm. OmmcaHa 3aBUCMMOCTb BOABT-aMIIEPHON — XapaKTepUCTUKU
BBICOKOCKOPOCTHOTO HarpeBa JeTaAy OT TeMIlepaTypbl MOHU3MPOBAHHON DA€KTPOAUTHON I1Aa3MBI.
[Iporiecchl TeraomnepeHoca Harpeba M 3aKaAKM B 91eKTPOAUTE OIMCAHbI MaTeMaTU4ecKoil MOAeAblo,
BhIBedeHa (opmyaa perpeccun. OrnpegeseHbl OCHOBHBIE ITapaMeTphl DAeKTPOAUTHO-IIAa3MeHHOTO
YIIpOUHEHNsI, BBIBEJEHBI OITMMaAbHble peXUMB 00paboTKM. PacTpoBplii 9AeMeHTHBII aHaAU3
CBIAETEABCTBYeT O  IIOBEPXHOCTHON  MOoAupUKaIUM  yIAepoAOM  YIPOYHAEMOIO  CAOs
HU3KOYTA€pOAVCTON AeTMPOBAHHOI cTaan. MeTo/ 91eKTpOAUTHO-I11a3MeHHOTO YT POYHeHN s [I03BOAsIeT
A0KaAbHO 3aKaAWUThb collpsraemele padoune mosepxHocty maamky OKK. ViccaeaoBaam pesyabraTs
M3MEeHeHIsI MUKPOCTPYKTYPBI, ITOBBIIIIEHIS TBePAOCTY OTHOCUTEABHO MICXOAHOTO COCTOSTHMA.

KaiouyeBble  caoBa:  9AeKTPOANUTHO-TIAa3MEeHHOe  yIIpOYHeHMe,  3aKadKa,  TBepAOCTb,
MaTreMaTnyecKasl MoAeAab, A0KalbHas 00paboTKa.
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Strengthening of the steel 20X of the binding of wedge columns by electrolyte-plasma hardening

Abstract. The global demand for oil and gas products has caused noticeable qualitative and
quantitative changes in the applied technological processes for manufacturing parts and equipment for
the extraction and transportation of petroleum products. Kazakhstan is the largest oil-producing country
in the world, so the development of advanced technology to produce oil and gas equipment can stimulate
industrial and economic growth. Traditional technologies for hardening critical parts of wedge string
piping (WSP) are energy-intensive and labor-intensive, although they are used in many industrial
enterprises. For the scientific study of the chemical-thermal hardening of a low-carbon alloyed slab, there
was developed an experimental installation for electrolytic-plasma hardening made of steel 20X, GOST
33260-2015 (207 Steel), tying the wedge columns, an. Experimental studies of electrolytic-plasma
hardening were carried out in various processing modes. The article describes dependence of the current-
voltage characteristic of high-speed heating of a part on the temperature of the ionized electrolyte plasma.
The article highlights the heat transfer processes of heating and hardening in the electrolyte by a
mathematical model, and a regression formula. The article describes the main parameters of electrolytic-
plasma hardening, and optimal processing modes. Raster elemental analysis indicates surface
modification of the hardened layer of low-carbon alloy steel by carbon. The method of electrolytic-plasma
hardening makes it possible to locally harden the mating working surfaces of the WSP die. The article
investigates results of changing the microstructure and increasing the hardness relative to the initial state.

Keywords: Electrolyte-plasma hardening, hardening, hardness, mathematical model, local
processing.
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MarteMaTnueckas MoAeab TerLa000MeHa pu ¢pa3oBOM IIepexoje
Tela0aKKyMyAMpyIoliero Marepmasia

Annoramms. IlpuMeHenne mnapadyuHOB B KadecTBe aKKyMyAsATOpOB TeIlda B
OTPakAAIOIMX KOHCTPYKIIUAX 3JaHMII 3aTPYAHEHO B CBA3M C AOCTaTOYHO BBICOKOIA
TeMIIepaTypoii ux ¢ga3oBoro nepexosa, MaasM K03 PUINIEHTOM TeILA0IPOBOAHOCTH, K
TOMY >Ke TPaAULIVIOHHBIE CHCTEMBI YTeIIAeHNs C MCII0Ab30BaHMEeM TeI10M30ASIIIMOHHOTO
MaTepuala B DHEPTOaKTMBHBIX KOHCTPYKLIMAX SBASIOTCI Maa0d(pdeKTusHpIMU. Aas
MOBBIIIEHNST SHepProspQeKTUBHOCTYM >KUABIX 3JaHUINl BO3HMKAaeT HeoOXOAMMOCTh
pa3pabOTKM HOBBIX CHCTeM M KOHCTPYKLMII OIpaKA€HMUs C BO3MOXKHOCTSIMMU
MCIIOAB30BaHNS BO30OHOBASEMBIX VICTOYHUKOB DHEPIUM AAs TOTpeOHOCTeNl 3JaHUil 1
BO3MeINleHNsI  YacTU TeIlla, 3aTpadyuMBaeMOro Ha OTOIlAeHMe 3JaHus. JAas DTOro
HEOOXOAVIMO U3YINUTD TEII1000MEeHHEIE ITPOIIeCCHl B KOHCTPYKIIVAX 34aHII.

B 4aHHOII craThe INpUBEAEHBI Pe3yAbTaThl M3ydeHMs IIpolieccos (a3oBOroO Iepexoja
TEI10aKKyMYyAMPYIOIIEro Marepuasa B OrpaXkAalOIIMX KOHCTPYKLMAX. PaccMOTpeHBI
rporieccel pasoBoro Iepexoja TeIA0aKKyMyAMPYIOIIEro Marepuada B Orpa’kAalomiyx
KOHCTPYKIMSAX C yITeM IIPeAIIOCBIAOK M AOIYIIeHNI, KOTOphle HEeOOXOAMMEI AAs
YHIpOIIeHNsI MaTeMaTH4YecKoil Modeau Iporecca ¢pa3oporo nepexoga. Pazpaborana
MaTeMaTmJgecKas Mo/JeAb Terra0o0MeHa npu daszosom nepexoze
TeI10aKKyMyAUPYIOIero MaTtepuasia, KOTOpas yIUThIBaeT TelA0(pu3udecKne CBOICTBa
MaTepuasa, TOAIIMHY cA0s1 (a3oBOIO Ilepexoja M BpeMs ee oOpa3oBaHMs, a TakKXke
Ppa3HOCTh TeMIlepaTyp MeXAy TeMIlepaTypoil MCXOAHOIO COCTOSIHUS M TeMIlepaTypoil
¢Jasosoro nepexoga Tera0aKKyMyAUpPYIOIIero Marepuada. ¥ CTaHOBAEHO, YTO ILAOTHOCTh
TEIIZ10BOTO ITOTOKa M3MEHAETCs OT OABIIOTO YCAa ITapaMeTPOB OT Ha4aAbHOTO MOMeHTa

BpeMeHN T AO BpeMeHU IIpoljecca repexoja B HOBYIO ¢asy T 5, U orpeseseHo, uTo

CpedHsiss  IIAOTHOCTh  TeIIA0BOTO  IIOTOKa B IIpollecce  IIAaBAEHMSI — CAOS
TeI10aKKyMyAUPYIOIeTo MaTepuaja B ABa pasa 0oabllle, 4eM IIAOTHOCTh TeIlA0BOTO
IIOTOKa B MOMEHT BpeMeHM, IpM KOTOPOM IpaHuIla pasjeda a3 IepeMecTUTCI Ha
paccrosHue 0.

Kaiouesbre caosa: SHEPTOaKTUBHAasI orpakaaroas KOHCTPYKLIVAS,
TeILA0aKKyMy AU PYIOLI /e Marepuaasl, TerA000MeH, Pazosrit repexod,
Terra0puUsMIecKye CBOJICTBA, TEILAOBON ITOTOK, TeILAOCHAOXKeHNe, CHMCTEMbI yTeIlAeHVi
34aHMNII, BO30OHOBAsIeMble MICTOYHMKY DHEPINH, TOAIIMHA 1051 (a30BOTO IIepexosa.

DOI: doi.org/10.32523/2616-7263-2022-139-2-102-110

BBeaenue

B Hacrosimee BpeMs AOINOAHUTEABHOE yTeIlAeHue 3JaHuil OCYIIeCTBASIOT C MCIOAb30BaHUEM
Pa3AMYHBIX KOHCTPYKTMBHO-TEXHOAOTMYECKMX pelleHnii orpaxJenus. OAHako TM pellleHUs 4acTo
IPUHUMAIOTCs Oe3 4045KHOTO0 OOOCHOBaHMS C IIO3UINI CTPOUTEABHON TeIIA0TeXHMKH, 4TO IIPUBOAUT He
K 9KOHOMIM DHEPIOpecypcos, a, HA0OOPOT, X PacxoA0BaHMUIO.

B cBasu ¢ 9TMM BO3HMKaeT HeOOXOAMMOCTh B pa3pabOTKe HOBBIX KOHCTPYKTMBHBIX peIleHNI
OTpakAAIONIMX KOHCTPYKIINIL, KOTOPBIe He TOABKO MMEIOT yAyullleHHbIe TeI1A103alTHbIe CBOJICTBa, HO 1
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P.b. Kyoabaes, A.A. Axymabaes, ¥.C. Cyaeitmerios, M.A. Kambapos, P.A. Pucmasiemos, 9.H. Kaauiabexosa

CIIOCOOHBIX ~ aKKyMyAMpOBaTh  TenAoByl0  sHepruio. Hamboapimee pacmpocTpaneHue — Aas
aKKyMyAMpPOBaHNUsA TeNAOThl B TeXHUKe HaIllAM TelA0aKKyMyAUpPYIOIe MaTepuaabl Ha OCHOBe
napapuHOB C (a3oBBIM IIEPEXOAOM «TBepAOe TeAOo - >KUAKOCTb», I103BOAAIONINE HaKaIlAuBaThb
OTHOCUTEABHO OO/BIIIOe KOAMYeCTBO Tellla B Juarla3oHe KOMHaTHON Temmepatypel [1]. Ognako
TeIA0aKKyMyAUpYIOIlle MaTepuadbl B OIPakAAIONMX KOHCTPYKIMAX IMPUMEeHeHMs He HalllAN.
[TosTOMy celtuac IMMPOKO pa3pabaThIBAIOTCA HOBble KOHCTPYKTMBHbBIE peIeHNsI OTpakKAaloIixX
KOHCTPYKIIMII CO CAOSIMM M3 TeNA0aKKyMyAMPYIOIIero MaTepuasda ¢ (pasoBbIM IePexoJoM C I1eAbIO
riosbieHnsT 9PPeKTUBHOCTY OTPa’kAeHUs U McCAeAOBaHNUs UX TelA0(PU3NUecKUX CBOMCTB C y4eTOM
aKKyMyAMPYIOIIell ClTOCOOHOCTY CA051 OTPakAeHMSL.

CpaBHMTeABHBINI aHAaAU3 TeNAOPU3NIECKUX CBOVICTB TePpMOAKKyMyAUPYIOIIMX MaTepualos
¢dasosoro mepexoga IOKaszal, YTO HauboJee IpUEMAEMBIM A4Sl IPAKTUYECKOTO MCIIOAB30BaHUA B
aKKyMyAsTOpax Terda sABAAIOTCA mapaduubl [2]. OgHako IIpuMeHeHMe WX B Orpa’kKAaloIINX
KOHCTPYKIIMAX 34aHUI CBA3aHO C TPYAHOCTAMIU, CBA3AaHHBIMI C AOCTATOYHO BBICOKON TeMIIepaTypoit
¢daszoBoro nepexosa, MaabiM KOOPQPUITMEHTOM TeILA0IPOBOAHOCTI.

CucreMbl TelnA0CHAOXKeHMs B SKMABIX U OOIIEeCTBEHHBIX 3AaHMAX OTAMYAIOTCS IePrOANYeCKIM
XapakTepoM pabOThl MCTOYHMKa TernAoTel. IIpu ®TOM Temmeparypa Bo3Ayxa B IIOMEIIEHMSAX MOXKeT
KoaebaTbes B mpedeaax 3...5°C u3-3a TernA0B0i MHEPIIMOHHOCTY OTPakAAIOIMX KOHCTPYKIIMI 34aHuii
[3]. Bmecte c TemM MakcmMmaabHOe IIOTpeDAeHye DHepIum IPUXOAMUTCA Ha JHEBHOe BpeMs, KOrja
ycraHaBAmuBaeTcss KoMgopTHas TemnepaTypa (20-22°C). AnHaamu3 COBpeMEHHBIX BHHEpProaKTUBHBIX
KOHCTPYKIIMI OTpakAeHMs OKa3bIBaeT, YTO TPasUIIMOHHbIe CUCTeMBl YTellAeHMs C MCII0Ab30BaHMeM
TETLAOU30AAIMOHHOTO MaTepuada sABASIOTCI Maa09(pQPeKTUBHBIMI. XapaKTep SHeprocOepeskeHIs B
KOHCTPYKIMAX OTpakAeHNUs HOCUT ITacCUBHBIN Xapakrep. /s IOBBIIIEHN:s 5HeprospPeKTMBHOCTU
JKMABIX 3AaHNUI BO3HMKaeT HeOOXOAMMOCTDL pa3dpabOTKM HOBBIX CHUCTeM M KOHCTPYKIIUII OTpakAeHMs C
BO3MO>KHOCTSIMI VICIIOAb30BaHMs BO30OHOBAsS€MBIX MICTOYHMKOB DHEPTUN AAs1 IOTpeOHOCTel 34aHIil U
BO3MeIIleHNsI YacTy Tellda, 3aTpaulBaeMOTO Ha OTOIAeHMe 3jaHusd. /As 9TOro HeoOXOAUMO M3YYUTh
TeI.1000MeHHBbIe ITPOIeCChl B KOHCTPYKUMAX 3aaHus [3,4].

MeToabI 1CCA€ A0BAHMST

IIpu mpoBeseHUN TeOpeTUYECKMX MCCAeAOBaHMUII MCIIOAB30BaHbI CTaHAAPTHBIE METOABI
TeIIAOTeXHMYeCKOro pacyeTa OIrpak4aloOlIMX KOHCTPYKLIMII 3JaHMII C  TelAOTeXHUYeCKUMMU
HEOAHOPOAHOCTSIMU (BO3AYIIHBIMM IIPOCAOMKaMM) U MeTOAMKa pacyeTa TeMIlepaTypHBIX IOAel B
DHEProaKTUBHO OrpakAalolleil KOHCTPYKIINM.

AAs mM3ydeHus IIpOLeCcCOB TeraooOMeHa mpu (pa3oBOM Iepexode TeIA0aKKyMyAUpPYIOIIero
Marepuala B DHEProaKTUBHBIX OTPa’kKAalOIIX KOHCTPYKIUAX paspaOoTaHa MareMaTHyecKas MOJeab,
KOTOpasl y4uThIBaeT Teraopusuyeckue CBOVICTBa Marepuada, TOAIIMHY CA0s1 (pa3oBOro Iepexoga u
BpeMsl ee 00pa3oBaHNs, a TaKKe pasHOCTh TeMIlepaTyp MeXXAy TeMIlepaTypoi NCXOAHOTO COCTOSIHUSA U
TeMIlepaTypoit pa3oBOTo epexoa Tel10aKKyMyAUPYIOIlero Marepuaaa.

O06cyxaeHnne

Aas u3ydeHMsI TernA0O0OMEHHBIX IIPOIIeCCOB MCCAeJ0BaHa HHEPrOoakTMBHAs OrpakAaloias
KOHCTPYKIIUS CO CAeAYIOIINUMMI ITapameTpamu (Tabauna 1).

Tabanna 1 - IlapaMeTpsl 9HeproakTUBHONM OrpakAaloIreli KOHCTPYKLMII

ITapametp Cxema 3
Toamuna Hecyiero caos, 81, MM 300
ToamHa >HeproakTUBHOI MTaHeAN, STAM, MM 100
IMnpuna 3a3opa Bo3ayxa, 05, MM 120
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ToammHa OKOHHOTO CTeKAa Ogl, MM 4
PaccrosiHre MeXXAy cTeKAaMI, Os g, MM 12
ToamyHa MHKAIO3MBOB, MM 2
Bricora sHeproakTusHOM nanean H, Mm 1400
Marepnaa Hecy1iero caos KMpPIMYHas KAaAKa
Martep1naa BBICOKOTEIL10ITPOBOASIINIX MHKAIO3VBOB CTasab
Tenaonposoanocts TAM, Br/(m-K) 0,26
Tenaoemkocts TAM, kAx/(xr-K) 3
ITaotaocts TAM, xr/m3 900
Temneparypa naasaenns TAM, °C 2841
VY aeapHast Tennaora raasaednst TAM, Kk /kr 200

1 — cmexaonaxem, 2 — Hecyuiuti cA0tL, 3 — 6030YULHbILL 3a30p, 4 — 100B00AULUTE KAHAA,
5 —omeodauyuii kanar, 6 — TAM, 7 — evicokomenionposoosuiue UHKAO3UG

Pucynok 1 - DHeproaktusHas orpakAaronias KOHCTPYKIIVS

PaccmoTpum niporiecc pazoBoro nepexoja TeIA0akKKyMyAUpPYIOIIero MaTeprasla B OrpakAaroIX
KOHCTPYKIIMSX, IIPeACTaBAss TeOMeTPHUIO CAO0sI, B COOTBETCTBUN C 11eAbIO MCCAe40BaHMs, 11a0ckot. [Tpu
DTOM y4TeM CAeAylolye IPeAIloChIAKN U AOMYIIEeHUs, KOTOpble HeOOXOAVIMBI AAsl YIIPOIIeHUs
MaTeMaTI4ecKo Moaean nporjecca  (aszoBoro repexoa. ArperatHoe  COCTOSIHME
TeILA0aKKyMyAUPYIOIIero MaTepuada B ToAllle caoe OyaeM paccMaTpuBaTh B BIJe IIPOCAOMKY TBepAOM
n xuaxon ¢aspl. bysem cumraTh, 9TO mepexos M3 OAHON ({asbl B APYIYIO COIPOBOXKAAETCS
KOHBEKTVBHBIM TeIL1000MEeHOM U TeILAOIIPOBOAHOCTHIO (KOHAYKTUBHBIN TEIIA000MeH).

Yuer yBeamuyeHus MHTEHCUMBHOCTU TeIA00OMeHa B SKMAKONM ¢ase Tera0aKKyMyAUpPYIOIero
Marepuala II0 CpaBHEHMIO C TelAOIPOBOAHOCTBIO IPOM3BOAUM IIOCPEACTBOM UCIOAb30BAHIAS
koo PurrenTa KOHBeKIUM [6]:

£=018(G, -Py )™ 1)

104 Ne 2(139)/2022 A.H. Tymunes amvindazor EYY Xabapuvico. Textuxarvi 2oiAvim0ap xate mexXHoAOZUSAAY Cepusicl
ISSN: 2616-7263, eISSN: 2663-1261



P.b. Kyoabaes, A.A. Axymabaes, ¥.C. Cyaeitmerios, M.A. Kambapos, P.A. Pucmasiemos, 9.H. Kaauiabexosa

VIHTeHCHMBHOCTL TIOTAOIIEHMs TeNAOThl Ipu (a3oBOM Ilepexode MaTepuada CyIIeCTBEeHHO
IIpeBhIIIaeT II0ABOJ Tellda U3 Hee 3a CYeT TeILAONPOBOAHOCTY (KOHAYKTMBHBIM TeIA000MeHOM),
IIO®TOMY OyAeM CUMTaTh, YTO pa3Mepsl 30HbI (Pa3oBOTO IIepexoia CTPeMsATC K MUHUMYMY.

ITporecc ¢aszoporo mnepexoga TepMOAKKyMyAMPYIOIIEro MaTepuasda OCYIIeCTBASETCS B MalAOM

oGbeMe. B aToM 0GbeMe (azoBoro mpespareHns Teraosoi notok J;, npoxoasmuit or mosepxHOCTH

pasaeaa B ApyToii (pasoBBIil IIepexos, OyaeT OIpeaeAAThCs BhIpakeHreM
0.=0,+9;

rae o TEIIA0BOI IIOTOK Yepes3 CA0M c])asoBoro repexoaa, q2 - TEIIA0BOM IIOTOK, IIOABOAVIMBIN 113
MCXOAHOM (pa3bl K TIOBEPXHOCTHU CA0s € Pa3OBBIM II€PEXOJOM.

B nauaapHOI, McXoaHOM (dase TrpalMeHT TeMIlepaTyphl MOXKHO IPUHATL paBHBIM Hyai0. Torga
TEeILA0BOI IIOTOK, IIPOBOAVIMBIN U3 MCXOAHOM (assl, OyAeT IPUMEPHO paBeH HyAI0 q2 ~ O Cuuraercs,

9TO IpaJMeHT TeMIlepaTypsl B HOBOII (pase OyaeT 3aBrceTh OT XapaKTepa paclpejeleHus TemIieparyp. B
II10CKOM CJA0e OTrpaXkKAeHNs paclpejeleHre TeMIlepaTyp Ha IIOBEPXHOCTSX CAOsS ITPUMHIMAaeTCs
AvHeiHpIM. OTMeTHM, 4TO IpagueHT TeMIlepaTyp B HOBON (paze MOKHO IPMHATb PaBHBIM I'pajeHTy
TeMIIepaTyp MpU CTallMIOHapHOI 6e3(pa30BOIl TEILA0IPOBOAHOCTIA.

AAast TIA0CKOCTEN TeIA0BOro MoToka (] o ¢azosoro mepexoja 1 IIOTOKa qz, MMOABOAVIMOIO K

IIOBEPXHOCTHU €051 (a30BOro repexosa OyAyT clipaBelAUBBIMI, COTAacHO [7, 8], caeayiomue GpopMyAbI:

dx - )

Q, =7 P 4

® Y dr
q, = _;Lz . dtz [x L (3)
dx =777
rje ) - yAeabHas TeriaoTa asoBoro rnepexoda; [, - IAOTHOCTh HadaAbHOM (askl; - CKOPOCTb
T
y . dt, y
pacrpocTpaHeHust HOBOI (asbl; - TpagVeHT TeMIIepaTypsl B Ha4aAbHOI ¢ase.
dx
ITaoTHOCTD TENnA0BOTO ITIOTOKa B HOBOI pase OyJeT paBHa:
dt, 4
Q1=_/’L1'dx [x:o‘ ( )
A o at

rae A, - KO®PPUIMEHT TelAO0IPOBOAHOCTH TeIlA0aKKyMyAUPYIOLIero MaTepuada; -

rpaJAMeHT TeMIlepaTyphl B HOBOJ, M3MeHeHHO (ase.

3aMeHNM TPaAMeHT TeMIIepaTyphl CPEAHIM IPaAeHTOM TI0 TOATIMHEe O - HOBOI, M3MEHEHHO
dasnr

ai, G-ty )
dx ' )

rae t3 y th - TeMIIepaTypbl Cl)aBOBOFO nepexoda n oxaakzawligen cpeabl.
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[IpupasnuBasi npasble yacTu ypasHeHms (2) m (4) m yumteiBasg (5) HoAyuyuMM caeAylolee
0OBIKHOBeHHOe AuddpepenIinaibHOe ypasHeHNe:

5.d5=/’l‘1'(t3_tw1)dt (6)
YV

Vurerpupys ypasHeHme (6) B IpedeAax TOAIIMHBI CAOsS B HOBOW ase 0 u BpeMeHU €ero
oOpasoBaHNs T

5 T
ja.dcszi(ts—tm)jdr, (7)
0 VP 0
IToayunM COOTHOIIEHME MeXAY TOAIIUHONM CAO0s HOBOU c])aSLI, BpeMeHeM ee O6pa30BaHI/I$I,
paSHOCTLIO TeMnepaTyp n TeH/lOCl)I/ISI/I‘IeCKI/IMI/I CBOVICTBAMU TeH/loaKKYMy}H/Ip}IIOLHeFO MaTepI/Ia/la B
BUIAE:

5:\/2/11'(1:3_%1)1:\/2a1'cl(t3_tW1)'T (8)

VP 4

rae d; - Ko>PPUIMEHT TeMIlepaTypPOIIpOBOAHOCTU HOBON (asbl, C; - yaeabHas TeILA0eMKOCTh

HOBOI (pa3bl.

s cootHomenns (8) MmoxkeT OBITh HallA€HO BpeMs 0Opa3oBaHMs HOBOM (pa3bl B 3aBMCHMOCTH OT
TOAIMHBL ~ CAOs1  HOBOM  pa3dbl, PaA3HOCTM  TeMIlepaTyp ¥  TelnAOPU3NIeCcKUX  CBOVICTB
TeI10aKKyMyANPYIOIIIero MaTeprasia B BuJe:

2
1 po, 1 ¥ ©)

- E 2‘1(t3 _t\Nl) - E a‘lcl(tS _tW1)

IToacTaBus B BBIpakeHUe IAOTHOCTYU TeILA0BOTO IIOTOKa (4) 3HayeHMe 0 us ¢opmyanr (8) u
YUUTHIBasA yCAOBMe (5) MOKHO IIOAYYNUTD BRIPakeHNe 445 TeILA0BOTO ITOTOKa

q= AAL _ |ac- PAL-v (10)
o 2t

Xapaxkrep ¢gopmyasr (10) mokasbIBaeT, 4TO IIAOTHOCTD TEILA0BOTO ITIOTOKA M3MEHETCSI OT OOABIIIOTO

4drcaa 1mapaMeTrpoB OT Ha9aAbHOTO MOM€EHTa BpeMeHN 7T A0 BpeM€EHIU ITpoLecca Iiepexoda B HOBYIO (1)33}7

T;.

CpeAH}I}I 3a BpeM:s IIponecca Cl)aSOBOTO rnepexoJa Mmarepuada ri10THOCTb TEI1A0BOI'O IIOTOKa MOKeET
OBIThH orpejeleHa MHTEerpmpoBaHeEM I10 TOAIIINHE CAO0s1 5 .

q, =L = /Mjizz AvesT (11)
? g, 2 o4z 2z,

2
Pe3yabTaThl

Cpasnenne ¢popmya (10) 1 (11) mokassIBaeT, 9TO CpeAHIA IA0OTHOCTD TeTLA0BOTO ITOTOKA B ITpoIjecce
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NAaBA€HNS CAOS TEIIAOaKKyMY/AMPYIOIIEro Mareprnasda B ABa pasa 60AbLHe, 4YyeM ITIA0THOCTDb TeIIA0BOTIO

IIOTOKa B MOMEHT BpeMeHH, IIp1 KOTOPOM IpaHuIla pasdeaa ¢pas IepeMecTUTCS Ha pacCTOsIHIe 0.
BriBoabr

IIpeacraBaeHHas  MaTeMaTmyeckas Modedb  TelaooOMeHa Ipu  (asoBOM  Ilepexoge
TeILA0aKKyMyAUPYIOIIero MaTepuaja Y4MUThIBaeT TeraoguanyecKye CBOJCTBAa MaTrepuasda, TOAIIMHY
caost (asoBOrO Ilepexoga U BpeMs ee o0Opa3oBaHMS, a TakkKe pa3HOCTh TeMIlepaTyp MeXAay
TeMIlepaTypoil MCXOAHOIO COCTOSIHMS 1M TeMIlepaTypoiil (pa3oBOro Imepexoja Ter10aKKyMyAUPYIOIero
Marepuasa.
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KbIayakKyMy asimpsiaayInbl MaTepyaaAbiy (pa3aabiK aybICybl Ke3iHAeTi Xblay Oepyail
MaTeMaTHKaabIK MOAeAi

Anparna. Ilapaduugepai KypwlAbBIC KOHCTPYKIMAAApPbIHAA >KBIAY aKKyMYASTOPBI peTiHae
KOAJaHy oOAapAblH (aszaablK aybICy TeMmIlepaTypadapblHBIH JKOFapbhl >KoHe O KBLAYOTKi3TiIlTiK
K09 PUIMeHTiHiH ToMeH 00AybIHa OallAaHBICTHI KMBIHABIK TYFBI3aAbl, COHBIMEH KaTap, 9HeprusadeaceHA
KOHCTPYKIMSIAapAa KBbIAY OKIIayAarbllll MaTepuaaabl KOAJAaHATBIH AS9CTYypAi OKINayaay >Kylieaepi
TUiMCi3 004BIIT TaObLAaABL. TYPFBIH yilaepAiH SHepIVs TUiIMALAITIH JKOFapbLAaTy YIIIiH TaOuFaThl OeaceHal
XKoHe FUMapaTTapAblH KaXeTTiZiKTepi VIIiH >KaHapTBHLAATBIH SHEPIUsS KO3AEpiH mHaiijasaHy
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Mamemamuueckas ModeAb menroo0Mmena npu Pasosom nepexode MenAOAKKYMYAUPYIOULL20 MAMEPUALT

MYMKiHJiriHe 1e, COHBIMeH KaTap >KyMcaAFfaH KblAyAbIH Oip Oeairin eTeyre MyMKiHAik OepeTiH kKaHa
Kylleaep MeH KopIlay KOHCTPYKIMAAAapBIH >Kacay KakeTTidiri TybiHAanAbl. Oa yIIiH KypblABIC
KOHCTPYKIMAAaPBIHAAFDI JKbIAY aaAMacy HPOLIeCTepPiH 3epTTey KaXKeT.

Maxazaaga KopIray KOHCTPYKIMAapPbIHAAFBI KBLAY aKKyMYASIVAATHIH MaTepuaaAbIH Ppazaablk
aybICy MpOLeCTepiH 3epTTey HaTUXKeAepi KeaTipiareH. Koplmay KOHCTPYKUMSAAPBIHAAFBI SKBLAY
aKKyMYZSLVAQNTRIH MaTepuaajaslH (aszaablk aybIiCy IIporiectepi, ¢pasaablK aybIiCy IIpOLIeciHiH
MareMaTMKaAblK MOJeAiH >KeHiAJeTi VIIH KaXXeTTi aAfbplllIapTTap MeH 0OoAXXamaap ecKepiareH.
Marepnaagablt XblaypU3NKaABIK KacueTTepiH, (pasaablK aybICy KaOaTbIHBIH KaAbIHABIFBIH JKoHe OHBIH
narija 604y yaKbITBIH, COHAAl-aK TeMIlepaTypa ailblpMalllbLABIFBIH XKoHe OacTaIlKbl KyJl TeMIepaTypachl
MeH >KbLAY CaKTallThIH MaTepuaaAblH (pasalblK ayblCy TeMIIepaTypachl apachblHAAFbl aiibIpMaIIbLABIKTEI
eCKepeTiH >KbplAy aKKyMyAsIusAaylibl MaTepuaaAblH (aszaablK aybICybl KesiHAeri >Kblay Oepy
MaTeMaTHKaAbIK MoJeAi >kacaaapl. JKblAy arbIHBIHBIH THIFBI3ABIFBI YKBITTBIH OacTallKpl coTiHeH Oacrar
>KaHa (pazara aybICy yaKbITbIHA AeJiiH KeIITeTeH ITapaMaeTpAepAeH O3repeTiHAIr aHBIKTaAAbI KoHe JKbILAY
aKKyMyAsIMsAayIIsl MaTepraa ¢asa IeKapachl KalIbIKTBIKTHI SKBLAXKBITAaTBIH COTTE JKBLAY arbIHBIHBIH
TBIFBI3ABIFBIHAH €Ki ece JKOFaphl 001aAbl.

KiaT ce3aep: sHeprakTusTi KOpiay KOHCTPYKIMSACH], JKbIAY aKKyMyAAIMsAayIIbl MaTepuaalap,
KBIAY aamacy, (pasaablK aybICy, KbIAy(PU3MKaABIK KacueTTep, KbIAY aFbIHBI, KbIAyMeH >KaOABIKTay,
FUIMapaTTapAbl OKIllayJay >Kylieaepi, KaHapThLAATBIH DHepIus Kesaepi, gaszaablK ayblCy KaOaTBIHBIH
Ka/bIHABIFBL.

R.B. Kudabaev', A.A. Jumabayev?, U.S. Suleimenov', M.A. Kambarov?,
R.A. Ristavletov’, E.N. Kalshabekoval
IM. Auezov South Kazakhstan University, Shymkent, Kazakhstan
2 L.N. Gumilyov Eurasian National University, Nur-Sultan, Kazakhstan

Mathematical model of heat transfers during phase transition of heat storage material

Abstract. The use of paraffin as heat accumulators in building envelopes is difficult due to the rather
high temperature of their phase transition, and low coefficient of thermal conductivity. Besides,
traditional insulation systems using heat-insulating material in energy-active structures are ineffective.
To improve the energy efficiency of residential buildings, it becomes necessary to develop new systems
and structures of fencing, which is active in nature and can use renewable energy sources for the needs
of buildings. It will also reimburse part of the heat spent on heating the building. For this, it is necessary
to study the heat exchange processes in the building structures.

The article presents the results of studying the processes of phase transition of heat storage material
in enclosing structures. The article considers processes of phase transition of heat storage material in
enclosing structures, considering the prerequisites and assumptions. They are necessary to simplify the
mathematical model of the phase transition process. The authors have been developed a mathematical
model of heat transfer during the phase transition of a heat storage material, which considers the
thermophysical properties of the material, the thickness of the phase transition layer and the time of its
formation, as well as the temperature difference between the temperature of the initial state and the
temperature of the phase transition of the heat storage material. It was found that the heat flux density
varies in many parameters from the initial moment of time to the time of the process of transition to a
new phase and it is determined that the average heat flux density during the melting of a layer of heat-
accumulating material is two times higher than the heat flux density at the moment of time, at which the
phase boundary will move a distance.

Keywords: energy-active enclosing structure, heat storage materials, heat exchange, phase
transition, thermophysical properties, heat flow, heat supply, building insulation systems, renewable
energy sources, phase transition layer thickness.
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Anaanus myTer yMeHbIieHNs1 BBIOpocoB CO: TpaHCIIOPTHBIMY CpeACTBaMM

Annortarmsa. PaccMOTpeHBI BO3MOXKHBIE CITOCOOBI  yMeHbIeHMs BpIOpocos COo.
Beropocsr CO:2 cHIDKAIOTCA IPOIIOPIIMOHAABHO YMEHBIIEHNIO 9KCIIAyaTaIlMOHHOTO
pacxoga Tonausa. [Ipumenenne 9AeKTp0Mo6MAeI71 He ODHyasieT BbIGpocm COz, a ToABKO
yMeHbIIIaeT UX. DAeKTPODPHEPINIO B OCHOBHOM TeHepUPYIOT TEII10BbIe DAeKTPOCTaHIUIL.
YMeHbpIIas pacxod, 5A€KTPOSHEPIUN HAeKTpoMOoOMAeM, MBI yMeHbIINM BBIOpocsl CO2
TeIIAOBLIMM  9AEKTPOCTaHIIUMAMM. B cTaThe paccMOTpeHBI CaeAyloIiue CIoCOOBI
YMeHBIIIeH! sl DKCIIAyaTaI[MIOHHOTO pacXoAa TOILAMBA aBTOMOOMASIMMI U 9A€KTPOSHEPIUI
9AEKTPOMOOUASIMU: OTpaHIdeH e U30BITOYHOI MOITHOCTU ABUTaTeAell aBTOMOOMAEN 1
DAEKTpOMOONAEl; TIpUMeHeHUe TIMOPUAHBIX CHUAOBBIX YCTaHOBOK; IIpVMMeHeHIe
DKOHOMUYHBIX aATOPUTMOB PpeTyAMpOBaHMs CKOPOCTM aBTOMOOMAeN C ABuUTaTeleM
BHYTPEHHETO CropaHms 1 saekrpomoOuaeii. OOpallleHO BHUMaHMe Ha HeOOXOAMMOCTb
pa3paboTKu ~ DKOHOMUYHOTO  aATOpPUTMa  PeryAuMpoBaHMSA  CKOPOCTU  AAs
»aeKTpoMobueit. ITokasaHO, 4TO CymecTBylOIINMe KOHCTPYKIIUM aBTOMaTHYECKMX
TPaHCMUCCUIT M KOHCTPYKIIMM OOABINNMHCTBA DAEKTPOMOONUAEN He IO3BOASIOT
UCIIOAB30BaTh ABIVDKEHME HaKaTOM AAs YMEHBIIEeHUs DKCIIAyaTallIOHHOTO pacxoja
Tonamsa (®aekrposHeprun). IlokazsaHa HeOOXOAVIMOCTh COXpPaHEHMUs pa3pelleHHOI
CKOPOCTI A€TKOBBIX aBTOMOOMJeNI Ha aBTOMAarucrpasasx Ha yposHe 110 xm/a.
PaccmoTpeHo BAMAHME CKOAB3KOCTM JOPOXKHOTO IIOKPBITMA ¥ MHTEHCUBHOCTU
AOPO>KHOTO ABVKEHIUS Ha CPeAHIOI0 I MaKCMMaABbHYIO CKOPOCTY TPaHCIIOPTHOTO ITOTOKA.
I'mbkoe peryanpoBaHue MaKCMMaABHOV CKOPOCTY M OTpaHI4YeHNe BO3MOXHOCTI OOTOHa
yBeAUdaT BpeMs ABVIKEHIsI aBTOMOOVAS C ITOCTOSIHHOV CKOPOCTBIO, UYTO CHUBUT Pacxo/
TOTIAMBA.

KaroueBble caoBa: yraepoAHBINI caAed, OKCIAyaTaIMOHHBIN — pacXos — TOILAWBA,
DKOHOMUYHBIE aATOPUTMEBI PEryAupOBaHMA CKOPOCTH, YIIpaBAeHUe TPaHCIIOPTHBIMM
ITOTOKaMI.

DOI: doi.org/10.32523/2616-7263-2022-139-2-111-118

BBeaenue

UYUtobn1 chusuth BIOpockl CO2, HEOOXOAUMMO YMEHBIIUTD HKCIIAyaTalllIOHHBIN Pacxo/, TOIAMBA.
Bonpekn pacripocrpaHeHHOMY MHEHUIO, 91€KTpOMOOIAD He sBAseTcst TpaHcrtopTHBIM cpeactsoM (TC) ¢
HyaeBbIM BbIOpocoM CO2, TOCKOABKY OOAbINasi 4acTh 9A€KTPODHEPIUM TeHepUpYyeTcs Ha TeILAOBBIX
DAEKTPOCTaHIMAX. ¥ MEHbIIIeHNe pacxoa DAeKTPODSHepIUy 2AeKTpOoMOoO1AeM He MeHee BasKHO ellle 110
04HOII nipyuuyHe. YeM MeHbIIle DKCIAyaTallMOHHBIN Pacxod 9AeKTPOSHepIny, TeM 0oabllle 3aIac Xo4a
94eKTpoMo0Ouasl. ITosToMy cHIM>KeHMe DKCI1ayaTal[IOHHOIO pacXoAa 9AeKTPOSHePIUHU TaK JKe aKTyaAbHO,
KaK I yMeHbIIIeHNe DKCIIAyaTal[IOHHOTO pacxoJa TOILAMBaA.

OcHOBHasI YaCTh
,Zl,/lf[ YMeHI)H_IEHI/I}I 9KCHAyaTaLU/IOHHOFO pacona TOIIAMBA U BKCHAyaTaLU/IOHHOFO pacxozl,a

9AeKTpOSHepruy MomrHocTs Auratedein TC He A0a>XHa OBITh OOABINE BEANYNHBI, 0OeCIIeUNBAIOIEN
asvpkeHne TC B TpaHCIIOPTHOM IIOTOKE C pa3pelleHHON CKOPOCTHIO, HaJeKHOe BBIIIOAHEeHe OOTOHOB I
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Anaaus nymeii ymeroutenus evidpocos CO2 mpancnopmuuimu cpedcmeamu

onepesxennit. CerogHss OOABIIMHCTBO ABUTaTeAell AeTKOBBIX aBTOMOONMAEN MMeeT M3ObITOYHYIO
MOIIHOCTB, KOTOpas yBeAudMBaeT DKCIIAyaTallMOHHBIN Pacxo TOIAMBa (DAeKTPODHEePTUN) U CHUKAeT
Haae>XHOCTh yrpasaenus TC.

Uewm BbIIIIe KOHCTPYKTUBHAsI CKOPOCTH Vi 11 MeHBIIIe BpeM:l pas3roHa 40 ckopoctu 100 km/g Tioo, Tem
Doaplle MakcMaAabHasi CKOPOCTh Vinax, 40 KOTOPOI PasTOHSAIOTCA BOAUTEAM Ha ydacTKaX CBOOOAHOTO
ABVDKeHIsI. BOABIIMHCTBO BoAUTeAel pa3ToHsAeTCs 40 ckopocty, pasHo 0,63 V.

3a4aBIINCh BeANMYNHON Vinax, MOXHO OIIpeJeAUTh HeOOXOAUMYIO KOHCTPYKTUBHYIO CKOPOCTh M3
ypaBHEeHL:

V.=V _ /063

B cootserctsuu ¢ Ilpasumaamu goposxkxoro asvkenns (I14/) MakcuMaabHass CKOPOCTh A€TKOBBIX
aBTOMOOMAeN Ha aBroMarnucrpaasx Poccun orpanmyena 4o 110 km/a. V3 ypasHenus (1) caeayer, uro
KOHCTPYKTMBHasI CKOPOCTH A€TKOBBIX aBTOMOO1IA€l 4015KHa OBITh orpaHnyeHa 40 180 km/u.

B T1aba.1 nmpuBeseHsl gaHHbBIe, UAAIOCTPUPYIOITUE BAMSHIE MaKCMMaAbHON MOITHOCTY Nmax Ha
CKOPOCTHBIE CBOJICTBA U Pacxo/, TOILAMBA: KOHCTPYKTUBHYIO CKOPOCTh Vi, BpeM: pasroHa 40 ckopoctu 100
KM/4 Ti00, pacxo TOIAMBA B CMEIIaHHOM €3J0BOM IIMKA€ §u, KO3 PUIMEHT pacxoga Tornamnsa kq ipu
M3MEHEeHIUM KOHCTPYKTUMBHOV CKOpOCTM OTHOCUTeAbHO Vi = 180 km/a m Tioo = 12 ¢, cpeaHee yCKOpeHIe
pasroHa | u BAMsAHNME yCKOPeHUsl pa3roHa Ha Hage>XKHOCTh ynpasaenns TC.

Tabanma 1
Nmax, KBT 48 59 74 103 132 221 404
Vi, kM/a 160 170 180 200 220 250 310
Thoo, € 16 14 12 10 8 6 4
qu, 2 /100Kkm 4,5 4,97 |556 | 6,36 7,5 9,27 | 12,5
kq 081 |08 |1,0 1,14 1,35 | 1,67 |2,25
], m/c2 1,75 |20 2,3 2,8 3,5 4,7 7,0
YposeHnn /lerkas Cpeansia Kpurnueckas
KPUTUYHOCTU cUTyauus

Bansnune makcuMaabpHOM MoniHOCTM Nmax Ha CKOPOCTHBIE CBOJICTBA M pacXo/ TOILAMBA.

Vs mpuseseHHbIX B TabA.1 JaHHBIX BMAHO, KaK OBICTPO yBeAMUIMBaeTCsl MOIIHOCTh ABUTaTeAs,
HeoOXoAuMas AAs IIOBBIINIEHUs] CKOPOCTHBIX CBOJCTB, 4O 3HauyeHNil, KOTOpble HMKOIAa He OyAyT
peaan3oBaHbl IIPU ABVKEHUN B TPaHCIOPTHOM ITOTOKe. AOCOAIOTHas BeAMdMHa pacxoja TOILAMBA B
CMeIlaHHOM e3J0BOM IIMKJe He paBHa ®KCIIAyaTallIOHHOMY pacxoay Tonausa. Ho oTHOcuTeAbHBIN
pacxoz Tonansak; B €310BOM IIMKJA€ MOXKHO IIPMHATDH 38 OTHOCUTEABHBIN DKCILAyaTallVIOHHBIN pacxod,
Tonausa. VI3 npusegennsix B Tab4.1 4aHHBIX BUAHO, KaK OBICTPO YBeANYMBAETCSI OTHOCUTEABHBIIPACXOZ,
Tonansak; IO Mepe yBeAMYeHNUs KOHCTPYKTMBHONM CKOPOCTM OTHOCHMTeAbHO 180 KM/4 M yMeHBITIeHMs
Bpemenn pasroHa 40 100 kM/u orHOcmTeapHO 12 c. OrpaHmyeHme CKOPOCTHBIX CBOVICTB A€TKOBBIX
aBTOMOOMAeI TIO3BOANUT PEeIINTh ellle OAHY Ba’KHYIO 3a4ady — IOBBICUTDL HaaeXKHOCTh yrpasaeHus TC,
IIOTOMY YTO Pa3roH CO CPeAHMM yCKOpeHIeM, ITpeBbIaiommum 2,3 M/c?, co3jaeT KOH(PANKTHBIE CUTYalyN
B TPAHCIIOPTHOM IIOTOKE, KPUTUYHOCTh KOTOPBIX YBEANYMBAETCS AO HEAOIYCTUMBIX 3HAYEHUI IIpU
yMeHbIIIeHn! BpeMeHn pasroHa T1oo [1].

HamnbGoar1iee ymensieHne pacxoga TOIAMBA MOXKHO IMOAYYMUTD IIPU UCIIOAB30BaHUM TMOPUAHOI
YCTaHOBKM, B KOTOpPOI ABurareab BHyTpeHHero cropanms (/JBC) pabGoraeT ToapKO Ha 3apsAaKy
aKKyMyASTOPHOI OaTapeu, IuTaionieil saekrpoasurareas. B sTom cayuae ABC Bcerga sarpyxeH Ha
100%, a mocrosHHas yacToTa BpallleHNs KOAEeHYaToro Bala AO0AXKHa COOTBETCTBOBATh MUHIMAaAbHOMY
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yAeABHOMY pacxoay TOIANBA.

Orpannuenne MaKCMMaAbHOM MOIITHOCTU ABUTaTeAsl DAeKTPOMOOWAS IIO3BOAUT CHU3UTD
DKCILAyaTallMOHHBIN pacXos 9AeKTposHeprun. ITockoabky ckopocTHas 1 Harpy3o4Has XapaKTepUCTUKI
9AeKTPOABUTaTeAs OTAMYIAIOTCS OT Takux Xapakrepucruk JBC [2], HeoOxoAnMo padpaboTaTh METOAUKY
onpejeAeHus OINTUMAaAbHOM ¥ MaKCMMaAbHOM MOIIHOCTM DAEKTPOJABUTaTeAs, YIUTHIBAIOLIYIO €ro
0COOEHHOCTI.

Eme oaHMM crocoOOM CHIDKEHUsI IIOTpeOAeHMs TOIAMBA (DAEKTPODHEPTUHN) SBASETCS
yMeHbIIIeHNe TOAOBBIX ITPOOeroB AeIKOBBIX aBTOMOONAel AMIHOTO IOAb30BaHN . DTO AOCTUTALTCA ITyTeM
COBepIIIeHCTBOBaHMS KayecTsa (PyHKIIMOHMPOBaHNs OOIeCTBeHHOTO TpaHcnopTa. [Ipumepom siBasercs
pasBuTHe OOIIeCTBeHHOIO TpaHCIopTa B ropode Mockse.

Orpannyenns MakcMMaAbHON CKOpOCTH, ycTaHaBauBaemble 114/, sBAAIOTCA OAHMM U3 CpeACTB
yMeHbIIIeHUs1 9KCIAyaTallMOHHOTO —pacxoga Tomnamsa. /JekaapupyeMble B HacTosllee Bpems
IpeAAOKeHNs 00 yBeAMJeHMM pa3pelleHHON CKOPOCTM AAs  AeTKOBBIX ~aBTOMOOmMAeil Ha
aBromarucrpaasx co 110 g0 130 km/ua yBeanuar pacxog Torausa Ha 19...24%.

Orpannuenne MaKCMMaAbHOM MOIIHOCTY JBUTaTeAs A€TKOBOTO aBTOMOOMAS UM OTpaHMYeHNe
MaKCHMaAbHOI CKOPOCTH AeTKOBBIX aBTOMOONAell Ha aBToMarucTpaasax 40 110 Kkm/4 1o3BoAUT CHU3UTD
DKCILAyaTaIlMOHHBIN Pacxo/, TOILAMBA HE3aBUCUMO OT KBaAU(pUKAIIU BOAUTEAS.

JBVDKeHNe aBTOMOONAs IIpeacTaBAseT CODOi IOBTOPSIOIINMECS IIMKABl, KOTOpBIe BKAIOYAIOT
caeayiomye pasbl: pa3roH, ABV>KeHME C IOCTOSHHOM CKOPOCTBIO, CHUKeHMe CKOPOCTU 40 0e30I1acHOI
BeAMYMHBI, KOTOpas B IIpejele paBHa Hyal0. B kaxkao0i1 dasze 11KAa BO3ZMOXKHO YMEHBIIUTDL Pacxod,
TOILAVBA IIyTeM IIpYMeHeHNsI DKOHOMUYHOTO aATOpUTMa peryAnpoBaHns CKOPOCTH.

Koanuecrso sneprum E, 3arpaunsaemoii Ha pasron TC maccoit m ot ckopoctu Vi 40 ckopoctu Vz,
onpeAeAseTcsl ypaBHeHMeM:

E=m*(V,"-V,)/2 @

M3 ypaBHeHms (2) caeayeT, 4To BeAnmurHa E He 3aBUCUT OT YCKOpeHUs pas3rOHa, IOYTOMY AAs
yMeHbIIIeHNs1 pacxoda Toramsa npu pasrore /ABC goaxen paborats co 100%-HOI 3arpyskoii, Ipwu
kotopoit KII/ aocturaer mMakcumaabHOM BeAnunHbl. IlosTOMy Iipm pasroHe ApuraTreab AOAXKeH
paboTaTh IO BHeIIIHell CKOPOCTHON XapakTepuctuke. UroObl mpu paboTe ABuraTeas IO BHeIIHe
CKOPOCTHOI XapaKTepUCTHKe I0AYIUTh MIMHIMAABHBII ITyTeBOI pacxo/, TOILAMBa, IepexoAuTh Ha Ooaee
BBICOKME Ilepejadl HeOoOXOAMMO IIpM IIOHVDKeHHOM YacToTe BpallleH!s KOAeHJaTOro BaJa.
OntnMaapHast 9acToTa BpallleH!s KOJAEHYaTOroO Bada Homr, IIPY KOTOPOM HaJO IepexoiuTh Ha Ooaee
BBICOKME Tlepejayl, 3aBMCUT OT HOMMHAABHOIN YacTOTHI BpallleHNsl KOAeH4aToro Baaa na. [Ipubanxkenso
BeANYMHA Mo OIIpeeAsieTcs ypasHeHneM [3]:

n,, =0.234n +1150 vy (3)

Tounas BeandmHa nonr OIIpeAeAseTCs 9KCIIePUMeHTaAbHO.

Haanane n305ITOYHOI MOIITHOCTH He ITO3BOASIeT Peaan3oBaTh STOT peXKIM paOOTEI ABUTaTeAs IIpH
pasroHe, IIOTOMY 4TO OOABITIOe yCKOpeHue pasroHa rpu AsvikeHny TC B TpaHCIIOPTHOM ITOTOKe SIBASeTCS
IIPUYMHO BO3HMKHOBEHNT KOH(PAVKTHBIX cuTyanmii, mpusoasammx K ATIT [1].

[Tpu naamann na TC apromartmyeckoit Kopookn nepegad (AKIT) nepexarouenne Ha 0oaee BBICOKIE
repejadn 40AKHO IPOUCXOANTD IIPU ONTUMaABHON YacToTe BpallleHus KoaeHdaroro saaa u 100%-Hoi
3arpyske apurateas. boapmmncrso cymectsytomux AKII He 11o3BoaseT peaan3oBaTh SKOHOMMYHBIN
aATOPUTM peryAMpOBaHNs CKOPOCTY IIPY pa3roHe, IOTOMY YTO IIpU IlepeMeleHIN Ilegaay CKOPOCTH Ha
100% ee xoaa mepexaiodeHne Ha OoJee BHICOKME Ilepejaul IIPOVICXOAUT IpUM HOMMHAABHON JacToTe
BpallleHN: KOAeHJaToro Basa. /4 peaansanyy 5KOHOMUYHOIO aATOPUTMa PeryAupOBaHNs CKOPOCTY Ha
TC c AKII BoanTeanr A40AKeH MMeTh BO3MOXKHOCTb BBIOMpPaTh MeXAYy DKOHOMMYHBIM ¥ CKOPOCTHBIM
aATOpUTMaMM PeryAMpOBaHIUs CKOPOCTU IIpU IlepeMelrieHnn regaan ckopoctu Ha 100% ee xoga. Aas
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®TOro Hamboaee yAOOHO NPUMEHATh IMpOKMUMaeMblll yrop. Iloka BoguTeab He MpoOKaad €ro, pa3roH
BBIIIOAHAETCSI TI0 YKOHOMUYHOMY aATOPUTMY, IIPM HMPOXKATUH yIIOpa — IO CKOPOCTHOMY aATOPUTMY
peryAnpoBaHs CKOPOCTH.

Harpysounast u CKOpOCTHasl XapaKTepUCTUKM 9DAEKTPOABUTaTeAs] OTAMYAIOTCA OT TaKuX
xapakTepuctuk /JBC. Kpome toro, orcyrcrByer mHorocryrendaras KI, mostomy rpeOyercs paspaboTka
DKOHOMIYHOTO aArOpUTMa peryAupoBaHNs CKOPOCTU HAeKTpOMOONMAeN Hpy pas3roHe, YYUTHIBAIOIIAs
0CODEHHOCT! DAEKTPOABUTaTeAS.

[Tocae saBepiieHms1 pasroHa A0 3agaHHON BOJAUTeAeM CKOPOCTM HacTyIaeT BTopas ¢asa —
ABIUIKEeHIe C TIOCTOSIHHOM cKopocTeio. IIpm ®TOM MOIITHOCTH, HeoOXoguMasi AAsl IPeoAOAeHNs
conporusaenus Asykennio TC, sHaumTeabHO yMeHbIaercs. /As IIOBBIIIEHUs 3arpy3KM ABUTaTeAsd
ABVIDXKEHME C IIOCTOSHHOM CKOPOCTBIO A0AXKHO BBLIIIOAHATHCS Ha CaMOM BBICOKOM I1epejayde, IIpy KOTOPOL
ABUrareab paboTaeT yCTOINYMBO.

A5 TIOBBIIIIEHUST 3aTPY3KU ABUTaTeAs IIPU ABUXKEHUMN C IIOCTOSIHHON CKOPOCTBHIO MHOIO /€T Ha3ad,
OBL10 IIPeAA0KeHO OTKAIOUeHIe HMANHAPOB, OAHAKO TeXHIIeCKle TPYAHOCTY B TedeHVie MHOTUX AeT He
IIO3BOASIAY peaAn3oBaTh Takol noaxo4. Cerogus, pu HaAMIUM DAeKTPOHHOIO yIIpaBAeHNsI BIPLICKOM
TOIlAMBA, 9Ta 3adada Aerko pernaercs. OTKAIOYeHNe IIOAOBMHBI LIMAMHAPOB ABUIareAs AeTrKOBOTO
aBTOMOONAS C KOHCTPYKTUBHON CKOpPOCTBIO 180 KM/4 yMeHbIIaeT pacXxod, TOIAMBA P ABVKEHUN CO
ckopoctsio 60; 90 1 110 xm/9 Ha 19; 28 1 32% cooTBeTCTBEHHO.

Y rpy3oBBIX aBTOMOOM€V OTCYTCTBYIOT Pe3epBbl MOIIHOCTHM, 1 OOABIIIOe BAMSHIE Ha Pacxoj
TOILAMBa OKa3bIBaeT BecC IIepeBO3MMOro Irpysa. [losTomy oTkai0ueHne 1010BMHBI INAMHAPOB BO3MOKHO
TO/ABKO B OTPaHMYEHHOI 004acT! 3Ha4eHNII CKOPOCTH I Beca Ipya3a.

ITpu pasrone u ABV>KeHUM Ha IIOABEM PpacXxodyeTcs 40II0AHUTeAbHas 9Heprus. Jas yMeHbIIeH:
pacxosa TOIlAMBa KUHeTH4YeCKas BDHepIus, HaKOIlAeHHas B pe3yAbTaTe yBeAMYEHMsl CKOpPOCTH, U
IOTeHIIMalbHas DHepINs, HaKOILAeHHas IpU IoAbeMe, AO0AXHBI MaKCUMaAbHO MCIIOAb30BaTLCA A5
ABVI>KEHIIST aBTOMOOVIAST IIPYU ILAaHUPYEMBIX CHVYDKEHMSAX CKOPOCTY U ABVI>KEHUM Ha TTOAO0TUX CITyCKaX.

[Tpn Haaranm mexanmyeckor kopooku nepegad (MKII) sTo gocturaercs myrem nepesoga peryara
KII B HeliTpaabHOE MOAOXKEHME, YTO II03BOASET MepelTu K ABMKeHMIO HakaToM. Ilpm mcrbrranmsx
aBTOIIO€3/a II0AHO Maccol 34 T Ka>KAbIN IIPOLIeHT YBeANYeHI s BpeMeH! ABVKeHI s HaKaTOM YMeHbIIaa
pacxog Torausa Ha 0,5%. OTHOCKUTeABHOE BpeM:l ABUKEHI HaKaTOM Y Pa3HBIX BOANTEAEN I3MEHA0Ch
ot 0 20 20%, a moayJeHHasI B pe3yAbTaTe 9KOHOMM: TorAnBa oT 0 20 10% cooTBeTCTBEHHO.

boapmmucrso AKII He MmO3BOASIET UCIIOAB30BaTh PEXMM ABVKEHNM:A HakaTOM. AHaJOTM4YHas
1po0aeMa CyllecTByeT 1 'y OOABIINHCTBA DAeKTpoMoonaein [2].

Heobxoaumo BHecTu m3MeHeHus B KOHCTpYKuio AKII m KOHCTpyKIMIO 9AeKTpoMOOMAeit,
KOTOpBbIe IT03BOAAT IIPUMEHSTh ABVKeHIe HaKaTOM.

[IpumeHeHne 9KOHOMIMYHOIO aaroputMma peryamposanmst ckopoctu Ha TC ¢ MKII B cpeanem
yMeHbIIIaeT pacxod Tornansa Ha 15...20% Ge3 BHeCeHNsI U3MEeHEeHUIT B KOHCTPYKLIMIO aBTOMOOVIASL.

Boapmioe BansHmue Ha cpeanIoio ckopocts TC 1 pacxog TOIAMBa MOXKET OKa3bIBaTh TMOKasl crcTeMa
ylpaBAeHUs AOPOXHBIM ABIVDKeHNeM. B 3aBucMMocTy OT M3MEHAIONIMXCA YCAOBUM ABVIKEHMS
TPaHCIIOPTHOTO IIOTOKa AOAXHBI ONepaTMBHO BBOAUTHCA M3MEHEHNs pa3pelleHHOl CKOPOCTH,
3aIrpelrieHns 1 OTMeHHI 3allpeleH s OOTOHOB.

[Tpu yBeanyeHnM CKOAB3KOCTU AOPOSKHOTO ITOKPBITHS HadeKHOCTD yiipasaeHns TC cHirkaercs, a
DKCIAyaTallMOHHBIII ~ pacxoj TOIlAMBa yBeAuMduBaeTcs. BeamumHe paspellleHHOM  CKOPOCTH,
ycraHasausaemon I1A/, coorsercTByeT BbICOKMII KO®(PuUIMeHT crernaeHmusd. UTobb Haae>KHOCTDb
ynpasaennsa TC npu ymensleHnnu kosdQuiineHTa clielldeHNUs He CHIM>Kalach, OCTAHOBOYHBIN ITyThb
AOAKEH OCTaBaTbCs IIOCTOSIHHBIM. /lasi ®TOro paspeleHHas CKOPOCTh V2 A0/A>KHa yMEeHbIIaThCs
OTHOCHUTEABHO pa3peleHHO cKopocTu Vipu yMeHbIleHUN KoodPuIieHTa clieriaeHns oT g1 40 ¢2, B

COOTBETCTBIM C ypaBHEHMEM:
V — V . ((0 / ¢ )0'5
2 1 2 1 (4)
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Cpeansia ckopocts TC 3aBucuT OT ypoBHA Y400CTBa ABVKEHNS B TPAaHCIIOPTHOM IIOTOKe. Y pOBeHb
y406CTBa ABVIKeHUs (CBODOAHBIV, YACTMYHO CBSI3AHHBIN, CBSI3aHHBI U HACHIIIIEHHBIN TPaHCIIOPTHLIN
IIOTOK) oOIlpe/eAseTcs MHTEeHCHUBHOCTBIO AOPOXKHOTO ABVDKeHM:. Ilpu yBeanmdyeHMM MHTEHCUBHOCTU
AOPO>KHOTO ABIDKeHUs cpedHsas ckopoctb TC ymensmaercsa. IIpm sToM goa>KHa yMeHbLIaTbCs U
paspellieHHas CKOPOCTb, A0 KOTOPOII I1e1eco00pasHO pas3ToHAThesl BoauTeassM TC Ha ydacTkax
CBODOAHOTO ABUKEHISI B CBOOOAHOM I YaCTMYHO CBSI3aHHOM TPAaHCIIOPTHBIX IIOTOKaX 4451 TTOAAeP KaHIs
OIITMMaAbHOM CpeJHell CKOpocTH. B cBsA3aHHOM 1 HACBHIIIEHHOM TPaHCIIOPTHBIX IIOTOKax BOAUTEADb
AOAXEH BbIAEPKUBATh AVCTAHIIMIO, KOTOpas IO3BOAUT TOPMO3UTb INTAaTHO IIPU aBapUIHOM
TOPMO>KEHI aBTOMOONAS-AAepa.

O06cyxaenne

[Ipu npeBblIeHNN ONTMMAABHOM MaKCHMMaAbHOV CKOPOCTM CpeAHss CKOPOCTh pacTeT TeM
MeJJleHHee, YyeM BBIIle MHTeHCHBHOCTh JOPO’KHOTO ABVMXKEHM:, a KOANYEeCTBO OOTOHOB, OIIepeKeHMUI,
KOO(PPUIIMEHT aBapUITHOCTM M Pacxo, TOIlAMBA YBeAMIMBAIOTCS Bce ObicTpee. /as HaaeXXHOIO,
9(PeKTUBHOIO M HKOAOTMYHOTO ABVKEHMSI TPaHCIIOPTHOIO IIOTOKa HeOOXOAVIMO PperyAmpoBaTth
paspelIeHHyI0 CKOPOCTh M IIIyM YCKOPEHMs B TPAHCIIOPTHOM ITOTOKE B 3aBUCHMMOCTM OT CKOAB3KOCTU
AOPO>KHOTO ITOKPBITIS ¥ MUHTEHCUBHOCTU A0POXKHOTO ABVI>KEHIS.

PesyabTaThl

Paspabotka Teopetndecknx ocHoB ynpasaenus TC [4,5,6], ycTpoiicTBO 4451 KOHTPOAs yIIPaBA€HU
TC [7] n »ddekTnBHOE IpUMeHEHNEe HABUTALIVIOHHBIX CICTEM IIO3BOASIOT OpPTaHM30BaTh CUCTEMY
yIpaBAeHNs KauyeCcTBOM JOPOXKHOTO ABVKeHMs. HasurarjmonHnasi cucrema IpokaajbiBaeT Hauboaee
BBITOAHBINT MapmipyT apvokenus TC Ha ocHOBaHUM M3MepeHMs CpeJHell CKOPOCTU  ABVKEHMS
TPaHCIIOPTHOIO IOTOKA. 3Has CPeAHIOI0 CKOPOCTh TPaHCIIOPTHOIO IIOTOKA, MBI MOXEM OIIpeJeAUThb
OIITMMaAbHYI0 MaKCHMMaAbHYIO CKOPOCTb UM AOIIyCTUMBI YPOBE€Hb HepaBHOMEPHOCTU JOPO>KHOIO
Asykennst TC u madpopMupoBaTs 00 9TOM KaXKA0TO BOANUTEAs, a YCTPOIMCTBO AA51 KOHTPOAsI yIIpaBAeHU s
TC sadukcupyer KaXAplil cAydall HapyIleHUs YCTaHOBAEHHBIX OIpaHMYeHUll CKOPOCTU U
HepaBHOMEPHOCTHU J0POKHOTO ABM>KEHI, CTeIlleHb BO3HMKAIOIIel IIpu 3ToM onacHoctu. Kpome Toro,
YCTPOICTBO OIIpeAeAnT BeAndnHy KoagduiimeHTa pacxoa TOILAMBA.

I'mbxoe peryanpopaHue paspellieHHO CKOPOCTH, 3allpellleHlie 1 OTMeHa 3allpellleHls] OOTOHOB B
3aBMCUMOCTH OT MHTEHCUBHOCTU JAOPO>KHOTO ABVKEeHMs yBeandaT BpeMs AsyKeHns TC ¢ IIOCTOSHHOM
CKOPOCTBIO, YTO IIPUBEAET K CHIKEHMIO HKCIIAYaTaljMOHHOIO pacxoja TONAMBa (3AeKTPODHePINN).

C moMOIIbI0 HaBUTAIIVIOHHOM CCTEMBI MOKHO OPTaHM30BaTh «3€A€HYIO BOAHY» IIpU ABUKEHUN B
TOPOACKIX YCAOBUAX MeXAy cseTodpopamu. Jas1 5TOro B HaBUTAIIMOHHYIO CICTEMY HeOOXOAMMO BHeCTU
AVICAOKAIIUIO CBeTO(OPOB, PaCcCTOAHMS MeXAYy HUMM U LIMKABI uX paOotsl. Ilepesasas 911 cBeseHns
YCTPOMCTBY AAsl KOHTpoAs ynpasaeHnss TC, MOXKXHO BBIUMCAUTL CKOPOCTB, ABurasdch ¢ kortopoit, TC
roAbejeT K caeAyiolieMy cBeTopopy B MOMEHT BKAIOUeHNs pa3peltaloliero CurHaa.

BuiBoaBI

Aas ymenspienns spiopocos CO2 HeoOXOAVMO CHUBUTH HKCIIAyaTallOHHBIN PacXod, TOILAMBa
(paexTposHeprun). UToOBI CHM3UTDH DKCIIAYATALIMOHHBIN PacXod TOILAMBA, HEOOXOAUMO B KOMILAEKCe
MCIIOAb30BaTh BCe BO3MOKHBIE METOABI PellleHN:T DTO 3ajadll.

Peaansanmss »THMX MeETO40B HEBO3MOXKHa 0Oe3 HOPMMPOBAHNA BDKCILAyaTalIMIOHHOIO pacxoda
TonauBa (»aekrposHeprun). VHpopManus o HaAeKHOCTM yIpaBAeHNMS U pe3yAbTaTaX OILEHKU
COOTBETCTBHM: pacxoda TOIAMBA (DAEKTPODHEPIMM) yCTAaHOBAEHHOV HOpMe AOAXKHA AOBOAMTBCI A0
BOAUTeAENl uepe3 OIpeAeleHHBble OTPe3K! IIPOMAEHHOIO IyTH, 4TOOBl OHM MOTAU WCIPaBAAThH
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AOTIIycKaeMble ommOKu. Drta ke mHPOpMaIsl J0AXKHa A0BOAUTHCA A0 OPTaHOB JOPOKHOTO HaA3opa,
9TOOBI OHM MOIAM OIIePaTMBHO KOHTPOAMPOBaTL HapyIIeHUs BOAUTEASIMU YCAOBUII HaAe>KHOIO,
9} PeKTUBHOTO 1 DKOA0TMIHOTO yripasaenns TC.

AAs m3MepeHuUs IIOKaszaTeAell HageXXHOro, ®(PpQeKTMBHOIO M SKOAOTMYHOTrO yrpasaeHms TC
HeO0OXO0AMMO IIPUMEHNTDh YCTPOVICTBO 445 KOHTpoAsA ynpasaenns TC.

Aas  peaamsaluy IepPeYMCAEHHBIX MEpOIPUATUII IOTpeOyeTcss BHeCeHMe W3MEeHeHMI U
aonoanennii B Texumueckmit peraament Tamoxkennoro Coroza «O 0e301acHOCTM  KOJAECHBIX
TPaHCIIOPTHBIX CPEACTB».
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Keaik xypaagapeiabig CO: mibIFapbIHABLAaPBIH a3aliTy JKOAAapbIH TaaAay

Angatna. CO: mbIFapbiHABLAAPBIH  a3aliTyAblH MYMKiH >Koagapbl KapacTbipblaraH. CO2
IIBIFapBIHABIAAPEl  OTHIHHBIH IIalijadaHy IIBIFBIHBIH as3aliTyFa IIPOIIOPLIMOHAAAbl TypAe asasAbl.
Daexrpomoduapiepai Koagany CO: mibIrapbiHAbLAAPBIH JKOMMaliAbl, TeK OAapabl asalTagbl. DAeKTp
DHEPIVISICHIH HeTi3iHeH >KbIAy 9AeKTp CTaHUMsAAaphl ©HAipeai. DAeKTPOMOOMADBAIH DAEKTP KyaTbIH
TYTBIHYABl a3aliTy apKblAbl 0i3 Kblay 94eKTp craHnusAdapbiabiy CO:2 mIbIFapbIHABLAAPBIH a3aiiTaMbl3.
Maxkasasa aBTOMOOMABAEp MeH DAeKTPOMOOMUAbAEPAIH DAEKTP 9HEPIMACBLIHBIH OTBHIH IIBIFBIHBIH
a3ailiTyAblH Kedeci aJicTepi KapacThIpbLAFaH: aBTOMOOMAbAEP MeH  9AeKTpPOMOONAbAepPAiH
KO3FaATKBIIITAPbIHBIH apTHIK KyaTbhIH IIEKTey; TMOPUATIK KYIUTiK KOHABIPFbIAApAbl KOAJaHy; lmren
>KaHy KO3FaATKBIIIbI Oap aBTOMOOMAbAEp MeH DAeKTPOMOONABACPAIH XKbLAAAaMABIFBIH PeTTeYyAiH YHeMAl
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aATOPUTMAEPIH KOAJaHy. DAEKTpOMOOMAbAEP VIIIH >KBLAAAMABIKTBL peTTeyAiH ®SKOHOMMUKAABIK
aATOpUTMIH >Kacay KaKeTTidiriHe Haszap ayJdapblaabl. ABTOMAaTTHl OepidicTepAiH KOAAaHBICTAFHI
KOHCTPYKIIMsAApPhl >KoHe KONTereH 9AeKTPOMOONUAbAepPAiH KOHCTPYKUMSAAAphl OTBHIHHBIH (9AEKTP
DHEePTUSACHIHBIH) I1aligalaHy IIBIFBIHBIH a3alTy YIIiH JKbLAKbIMAaAbl KO3FaAbICTHI IaligalaHy¥Fa MyMKiHAIK
OepMmeliTiHi KepceTiareH. ABTOMarucrpaabjapAarbl >KeHid aBTOMOOMABAEPAIH PpyKcaT —eTiareH
JKBIAAAMABIFBIH cafaTbhiHa 110 Kkm/caF AeHreifiHge cakKTay Ka’KeTTidiri kepceriareH. Makcumaaant
JKbIAAaMABIKTHI KeMAl peTTey >kKoHe OachlIIl 03y MYMKIHAITIH IIIeKTey aBTOMOOMAbAIH KO3FaAbIC yaKbIThIH
TYPaKThI XXblA4aMABIKIIEH apTThIpaAbl, Oy OTBIH IIBIFBIHBIH a3aiiTasbl.

KiaT cesaep: xemiprTeri i3i, OTBIHABI TaligaAaHy IIBIFBIHBL, KBLAAAMABIKTEL OacKapyAblH yYHeMAi
aATOPUTMAEPi, KOAiK aFbIHAapBIH OacKapy.

0.V. Mayboroda?, K. G. Kalenov?, M. B. Mustayap?
IMoscow Automobile and Road Institute (STU), Moscow, Russia
2S.Seifullin Kazakh Agro- Technical University, Nur-Sultan, Kazakhstan
3Korkyt Ata Kyzylorda University, Kyzylorda, Kazakhstan

Analysis of ways to reduce CO:2 emissions by vehicles

Abstract. The article considers possible ways to reduce CO2 emissions. CO2 emissions are reduced
in proportion to the reduction in operational fuel consumption. The use of electric vehicles does not reset
CO2 emissions, but only reduces them. Electricity is mainly generated by thermal power plants. By
reducing electric vehicle power consumption, the authors reduce CO: emissions from thermal power
plants. The article considers the following ways to reduce the operational fuel consumption of cars and
electric power by electric vehicles: limiting the excess power of the engines of cars and electric vehicles;
the use of hybrid power plants; the use of economical algorithms for regulating the speed of cars with an
internal combustion engine and electric vehicles. The article focuses on the need to develop an economical
algorithm for speed control for electric vehicles. The article shows that the existing designs of automatic
transmissions and the designs of most electric vehicles do not allow the use of rolling motion to reduce
the operational consumption of fuel (electricity). The article presents the necessity of maintaining the
permitted speed of passenger cars on motorways at the level of 110 km/h. The article considers the
influence of the slipperiness of the road surface and the intensity of traffic on the average and maximum
speeds of the traffic flow. Flexible regulation of the maximum speed and limitation of overtaking increase
the driving time of the car at a constant speed, which reduces fuel consumption.

Keywords: carbon footprint, operational fuel consumption, economical speed control algorithms,
traffic flow management.
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MN3MeHeHMsI CTPYKTYPbI IIOBE PXHOCTHOTO CA0sI TSIXKeAOHAIrpy>XeHHBIX AeTalen
V3 KOHCTPYKIIMMOHHOY CTaAM IIPU I11a3MEeHHOM 3aKaaKe

AmboTtamms. B ganHOIT paboTe mpejcTaBAeHO McCAei0BaHMe BAVSHIS I11a3MeHHOM
3aKaJKM Ha ITPOIIeCCH YIPOYHEHUs TsDKeAOHaTrPy>KeHHBIX OBICTPOM3HAIINMBAIOIIVIXCT
AeTajeil IOYBOPEXYIIMX MaluuH. PesyapraTel mccaesOBaHMII IIOKazadl, 4TO B
YIIPOUHEHHO 30He ¢ TOAIMHOM ~ 0.8 MM AeMexa I1Ayra 13 KOHCTPYKLIMOHHOM craan 65
IIpM  IIOBEPXHOCTHOI IIAa3MeHHOI 3aKadke (POPMUPYETCA TI'pasUeHTHO-CAOMCTasd
(cMemmaHHasT) CTPYKTypa, COCTOSIIIIas M3 MeAKOAUCIIEPCHOM CMecu ITPOAYKTOB pacraja
ayCcTeHUTa C MUKPOTBEPAOCTHIO, CHMKAIOIIeIICsl OT IIOBEPXHOCTH K IIeHTPaAbHBIM 30HaM
B uHTepBae 429,3-215,2 HVos.

brra0 mogTeepsKaeHo, uTo oOpazoBaHue IpaslieHTHO-CAOMCTOM CTPYKTYPhI U ee CBOVICTB
00yCAOBAEHO CBEPXBBLICOKMMMU CKOPOCTSAMM Harpesa U OXAaXKAeHMs B IIpollece
ITIOBEPXHOCTHOI! I11a3MeHHOJ 0OpabOTKM, YTO B 3HAUMTEABHON Mepe OTAMYaeTcs OT
ITPOI1eCccoB, IPOTeKAIO X IIPU TPasUIIIOHHBIX MeTOAaX TepMMUUECKOI 00 PpabOTKIM.
YcraHOBAeHO BAUSHME IIapaMeTpOB pesXKMMa I11a3MeHHON 3aKadK/ Ha OCHOBHBIE
XapaKTepUCTUKM TePMMUYECKOTO IIMKAa IIpM HarpeBe I1Aa3MeHHON AYTOM, a Takke
ompejeleH PeXUM AASl AOCTVOKEHUSI HeOOXOAMMOI TAYOMHBI M >KeCTKOCTH
IIOBEPXHOCTHOTO MOAM ULV POBAaHHOTO CAOSL.

KaioueBble cao0Ba: KOHCTPYKIIMOHHas CTaab, I1Ada3MeHHas 3aKadKa, YIIPOYHEeHUe,
TsDKeAOHArpy>keHHbIe JeTaau, TPajMeHTHO-CAOMCTas CTPYKTypa, MeXKIIAacTMHOYHOe
paccrosHue, CBOVICTBA, MUKPOTBEPAOCTb.

DOI: doi.org/10.32523/2616-7263-2022-139-2-119-132

BBeaenue

Ha ceroansminmit 4eHp akTyaabHa IIpoO4eMa M3HOcCa TsKeAOHarpy>KeHHBIX JeTaleil B IIpoljece
CTaTM4YeCKUX M AMHAMMYEeCKMX HarpysoK IIpM BKCIIAyaTallMOHHBIX pabortax. B pesyabraTe sTOIrO
MaKCMMaAbHbIe HaIIPSKeHMS BO3HUKAIOT B IIOBEPXHOCTHOM cAoe u3geaus. Jaxe B caydae
3HaKOIlepeMeHHOJ Harpy3Kl OCHOBHBbIE pa3pyllleHlUs JAeTaleli BOSHMKAIOT B IIOBEPXHOCTHOM caoe. B
caydae pabOTHI U34eANsI Ha M3HOC OT TPeHMs M3HAIINBAETCA TOABKO ero pabodmii cA0i IAyOMHON B
HeCKOAbKO Muaaumerpos. Ilostomy B oOecriedeHMM HageXHOCTM U AOATOBEYHOCTM MaIlUH U
MEXaHI3MOB Ba’KHYI0 pOAb UrpaeT (PU3NMKO-MeXaHNIeCKre CBOMCTBA OTHOCUTEABHO TOHKOIO
IIOBEPXHOCTHOTO CA0s1, B pedyabTaTe yero 00Jee HeaKTyalbHa HajO0OHOCTh OAHOPOAHON CTPYKTYPBI U
CBOJICTB I10 BceMy 00beMy JeTalein.

3a mnocaegHue TOABI MHOTMMMU JCCA€AOBAHMAMM YCTAHOBAEHO, 4TO HEOAHOPOAHOCTb U
MHOTOCAOMHOCTL CTPYKTYPbl YIPOYHEHHOIO IIOBePXHOCTHOIO CAO0S M3AeAMs II0CAe I1Aa3MeHHOM
00paboTKM obecreunBalOT MM KOMILI€KC MeXaHIMIeCKIX 1 DKCIAyaTallIOHHBIX CBOIICTB. IlokaszaHo, 4TO
CO3JaHMe MHOTOCAOVHBIX HEOAHOPOAHBIX CTPYKTYP BO3MOXHO B VCAOBUAX Pa3sAM4YHOIO poja
AnddepeHIIIPOBaHHBIX 00PadOTOK, KOTAa TEI1A0BOe I10.€ pacIIpOCTpaHsAeTCsI HepaBHOMEPHO 110 00beMy
U3AeAUsl, a A0KAAU3YeTCs B ee OTAeAbHBIX ca0:x [1,2].

BaskHBIM ITpeMMyIIIecTBOM ITOBEepPXHOCTHOI I1Aa3MEHHON 3aKaAKW sABAseTCsA TO, 4To Oaarodaps
AOKaABHOCTU TeMIIepaTypHOIO 10Asl ¥ HeOOABIIOMY IISATHY Harpesa He TpeOyeTcsi Iozada
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Msmernenus CHpYKMYypovlL N0EPXHOCMHOZ0 CAOS MIAXKEAOHAZPYIKEHHBLX Jdemaneii
us KOHCWlpyKLQMOHHOI:l CMaiu npu NAASMEHHOU 3aKarkKe

oxJakKAaloliell cpeAsl (BOAbI) Ha AeTaab, AOCTaTOYHO TEIIA00TBOJA B T€AO YIIPOYHAEMOI AeTaal, 9To
CyIIleCTBEeHHO YIIpOIllaeT TeXHOAOTMYeCKIIT ITpOIlecc TepMUYeCcKoll 00pabOTKI.

B nHacrosiee BpeMs B TeXHOAOTUM I11a3MeHHOM 3aKaAKM AOCTUTHYT 3HaUMTeAbHBIN IIpOrpecc u
HadyaT CepUIHBI BBITycK ycraHoBku YAI'3-200, obecriedmBaroriert O€CKOHTAKTHBIN IOAXKET AYTU C
IL1aBHBIM HapacTaHMeM TOKa 3aKaAK/ M ero IIAaBHYIO PeryAUpPOBKY, YTO CAeAaao I11a3MeHHYIO 3aKaaKy
AOCTYIIHOM AAs1 IINMPOKOTO NpuMeHeHn: [3].

OOBexTOM Mccaea0BaHMs HaCTOsIIel paboOThl ABASIOTCA IAYXKHbIE JAeMeXU IOYBOPesKYIIX
MaIllH, KOTOpPbIe B IIpollecce pabOTHI MOABEP>KEHBI OBICTPOMY M3HOCY, 4TO TpeOyeT IpOM3BOACTBA
004BIIIOTO KOAMYEeCTBa 3allacHBIX YacTell 445 ux 3aMeHbl. B Pecriybanke Kasaxcran a4 nsrorosaeHus
TsKeAOHarpy>KeHHBIX OBICT POM3HAIIAIOIMXCA AeTalell UCII0Ab3YIOTCs craau Turia /A53, 40X, 651" — kaacc
HeJ0POTVX YIAePOAUCTBIX ¥ HM3KOAETMPOBAHHLIX CI11aBOB. VIX ypoBeHb ®KCIIAyaTallMIOHHOIO pecypca
oIpejeAsieTcsl TBEPAOCTLIO U IIPOYHOCTBIO, KOTOPhle MOXKHO BapbMpPOBaTh C IIOMOIIBIO T€PMU YeCKO
00paboTku. CoraacHo, HOPMaTUBHON AOKYMEHTalM TBEPAOCTH TaKIX U3 AN COCTaBAseT mopsaKa 25-
30 HRC (250-300 HV), mpounocts —900-1200 MIla, a 3HaueHMe yAapHOI1 BA3KOCTY HAXOAUTCS B ITpejesax
0,2-0,6 MAx/m2.

3apyOe>kHble aHaJAOIM TsAXKeAOHarPY>KeHHBIX JeTadell CeAbXO3MalllMH M3rOTaBAMBAIOTCA U3
CpeAHeyTAepoAMCTBIX M HU3KOAeTMPOBaHHLIX cTadeil. C IIOMOIIBIO MeToAa I11a3MeHHON TepMIJecKoi
00pabOTKN MOAM@UKAINS ITOBEPXHOCTHOTO CAOSI AeTalell IO3BOASET YAYYIINUTH XapaKTepPUCTUKU
cMeHHBIX geTazeil 4o Teepgoctu 50-60 HRC, npounocrs npessimaer 1200Mlla, ysapHas BA3KOCTb
cocrasaset 0,8-0,9 MAx/m? [4,5].

Taxke crour OTMeTUTH, YTO 3aKaldka B Maca0 C IIOCACAYIOIIMM OTIIYCKOM SIBASTCI
Maa09(PPeKTUBHBIM CIIOCOOOM A1 ITOBLIIIEHNUsI TBepAOCTU MaTeprala, a Kak CAeACTBUE U CHIUKeHI
M3HOCa Marepuasa. JaapHenInas MoAUQUKaIsI BO3MOXHaA 3a CIeT AOIOAHUTEABHOTO AeTUPOBaHI
crazeit, Hanpumep W mam Mo. OgHako Takoil €Hoco® 3HaUUTEeAbHO YBeAUYMBaeT CTOMMOCTh
IIPON3BOACTBa deTadell. [losTomMy MeTOA yIIpOUHEeHI: I11a3MeHHO 3aKaAKOIl € CO34aHNeM I'paslleHTHO-
CAOMCTOM CTPYKTYpPBl B ITOBEPXHOCTHOI 30HE AAs IOBBIIIEHMS DKCIIAyaTallMOHHOIO pecypca JeTaseil
1104YBOOOpabaTHIBAIOII VX MAIITVH Ka’KeTcsl Harbo.Aee ITpaKTMYHBIM U ITepCIIeKTUBHBIM [6,7].

BKCHEPI/IMQHTaAI)Ha}I qaCTb

[ToBepXHOCTHYIO I141a3MeHHYIO OOpaOOTKY IIAY>KHBIX AeMeXOB M3 MapraHIOBMCTON cTaam 65
(FOCT 14659-2004) npoBognan Ha yCTaHOBKe IlAa3MeHHOM 3akaaku YAI'3-200. B komriaekr ycraHOBKM
BXOAUT PeryAsaTop pacxoAa rasa ¢ ykasareaeM pacxoda AP-40, KOTOpbIii IpeaHa3HadeH 4451 TOHVK e HI
AaBAeHMs rasa, OCTyHaloIero u3 6aa40Ha M aBTOMaTUYeCKOTO IT0AAep>KaHus 3a4aHHOM ITOCTOSIHH Ol
pacxoa. B cuay cBOMX MOHM3AIIMOHHBIX CBOJCTB B KayecTBe I11a3MO00Pa3yIoIero ras3a MCcroAb3yeTcl
aproH.

Bripesky TemIiaeToB 13 I14a3MeHHO-3aKaAeHHBIX AeTaJell NMPOBOAMAM Ha OTPEe3HOM CTaHKe
Labotom-3 ¢pupmsr Struers (IlIserirjapust). B mporiecce pezannst BrIpe3aeMblli TEMIIAET M OTPE3HOM AUCK
0XAa’XAaAUCh BOJAON CO CIelMaAbHBIM AyOPMKAHTOM, MCKAIOJaloIleM OKucaeHue temmnaera. Jas
MUKPOCTPYKTYPHOTO aHaAmu3a oOpaslpl M3rOTOBASAM IIO CTaHAAPTHOM METOAMKE, MCKAIOYaroIle
BO3MO>KHOE HapyIlIeH/e CTPYKTYPBI.

BcaeacTsue msBecTHpIX OTpaHMYeHMII IIO pa3pellamolleli CIOCOOHOCTM U yBeANYeHUIO
nsoOpakeHmns onrTuyeckas Mukpockonus (Leica) mospoaser aHaAuM3MpoBaTh CTPYKTYPY TOABKO
KPYIIHOILAaCTMYaTOro IepAnTa, B paboTe CTPYKTypy TPOOCTUTA U COPOUTA BBIABAALAM CKaHMPYIOIIVIM
9AEKTPOHHBIM MUKPOCKOIIOM «Zeiss» (I'epmanusa) ¢ MakcuMaabHBIM yBeandennem 30 000x.

MuKpoTBepAOCTh TEMILAETOB I10 CeUEHNIO YIIPOYHEHHOTO CA0S OIIpeAeAsAr MUKPOTBepAOMEePOM
ISOSCAN OD meToaom Bukkepca B cOOTBeTCTBIY C MeXKAyHapoAHbIM ctaHAapToM ISO 6507 ¢ Harpyskoii
0,5H.
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Kak Bpille oTMeuasoch, IpU I14a3MEHHON 3akKadke OXAaKJeHNe 3aKaAlBaeMoOll JeTaaAl MAeT
CBEPXBBICOKOJ CKOPOCTBIO M3-3a MaJAOro oObema pa3orpeBaeMOro MeTadala, ITOCKOABKY I11a3MeHHO
HarpeB BBICOKO®HTAABIIMITHONM CTpyeil B OTAMYME OT TPasUIIMOHHBIX CIIOCOOOB Harpeba OTAMYaeTcI
A0KaAbHOCTBIO. Harpes ocyrjecTBasieTcsi TOABKO B TOHKOM ITOBEPXHOCTHOM cA0e oOpabaThIBaeMOro
Marepuasa ¢ HIOMOIILIO I11a3MeHHOM AyTY, a HeOOXOAMMasl CKOPOCTh OXAaXKAeHNs AOCTUTaeTCs 3a CUeT
TeNA00TBOAa B OCHOBHOI 00BbeM JeTaal, B pe3yabTaTe Uero 3akalka MOXKeT OBITh OCyIlle CTBAeHa Oe3
AOIIOAHUTEABLHOTO OXAaXKAeHus Boaol. Takoe OesnpuHysUTeAbHOE OXAaXKAeHue, oOecrednBaroliee
3aKalKy TeNA0O0TBOAOM B XOJAOAHBIe yJacTKM 3aKaAlBaeMOll JeTaayu 0Oe3 IoJauy Ha HarpeTyio
IIOBEPXHOCTh OXAa’KAAIOIIell JXMAKOCTH, IIUPOKO MCIOAB3YeTCS AAs IOBBIIIEHUs M3HOCOCT OMKOCTHU
KPYITHOTa0apUTHBIX UM MaCCHMBHBIX M3AeANN (JKeAe3HOAOPO>KHBbIe KOJAeca, IpOKaTHBIE BaAKM, IIeNKi
HINNHAEABHBIX Baa0B 1 Ap.). Orcioga caeayer, 4TO AAs peaau3aly IIpoliecca I11a3MeHHOM 3aKaAKu
AeTaab A40A>Ha OBITh 40CTaTOYHO MaCCUBHOM, YTOOBI OOecriednTh HeOOXOAMMYIO CKOP OCTh OXAa K AEHILT
IIyTeM TeIl100TBOAa.

Aas yIIpOYHEeH!s1 TOHKOCTeHHBIX AeTalell, He 001a4aloX 40CTaTOYHO MacColi, IIPUMEeHIOTCI
MeTOABI MHTeHCHpUKauM oxAaxkAeHns. Ha mpaxkruke 3HaunTeAbHBIN MHTepeC IIpeAcTaBAseT caydall,
KOTJa HeoOX0AMMasl 4451 3aKaAK! CKOPOCTh OXAa’KAeHNs 00ecrednBaeTcs paliioHaAbHBIM COYeTaHueM
IapaMeTpoB pe>kK1Ma I11a3MeHHO 3aKaAKy, IT03BOASION MM ITI0AYIUTD 3a4aHHble TAyOMHY U TBePAOCTh
IIOBEPXHOCTHOTO c10s1. IIpn 3TOM BakHOe 3HaueHMe MMeeT TO, YTO P Harpese IIOBePXHOCTU AeTaAu
I1a3MEHHOM AyTOM OCHOBHEBIE IIapaMeTphl pe’kMMa II1a3MeHHOM 3aKaAKu B3aumMOCBsa3aHbl [8,9]. B
4aCTHOCTM, IIPU IOBEPXHOCTHOI I11a3MeHHOII 0OpaboTKe AeMexoB IIAYTOB OllpejeAsiollee 3HaueHye
MMeeT CKOPOCTb IlepeMelIlleHlsl I11a3MOTPOHa, ee BANMAHIE Ha CTPYKTYpPy, CBOICTBa (TBEpAOCTb) U
rAyOMHY yIIPOYHEeHHO 30HbI. B 1aHHOIT paboTe cKopoCThIO IepeMelrieHN s I11a3MaTpoHa H0A4e P>KMBaA
3alloTeBaHMe IIOBePXHOCTM 1104 AYIOil, He JOIycKas IpM 9TOM MaKpOIlAdaBA€HMs; pPacXod,
I1a3Mo00pasyioniero rasa Bappuposaau B 1mpededax 7,0-9,0 a/MuH, paccTosiHMEe MeXAy
0OpabaTbIBaeMOI1 IIOBEPXHOCTLIO M CPe30M COIlAa I11a3MOTPOHa COCTaB1nAo nopsigka 10 MM, a sHaueHMe
TOKa I11a3MeHHOM AyTu Ob110 paHO 120-125A.

HO[Iy‘IeHHI)Ie pe3yabpTaThbl M MX 06cy>1<4em/[e

Mertaaaorpaduueckue nccae0BaHNs ITOKa3hIBAIOT, YTO HAa KavyeCTBO I11a3ME@HHOTO YIIPOYHEeHN
CyIleCTBeHHOe BAUsHME OKasblBaeT IICXOAHOe cOCTOsiHMe oOpabaTeiBaemont getaanm. B Ttaba.l
IpeACTaBAeHbI CTPYKTYpa ¥ MUKPOTBEpPAOCTh 0Opa3IioB B MCXOAHOM COCTOSIHUM M ITOC/A€e ITOBe pPXHOCTHOM
I11a3MEHHO 3aKaAKU [0 CeYEHNIO YIIPOYHEHHON 30HbL.

Tab6amn1ia 1. MUKpOTBEpAOCTH U CTPYKTYpa 0OPasIioB B MICXOAHOM COCTOSTHUN
U TI0CA€ T11a3MeHHO 3aKaAKU

No | Mcxoanoe Muxpo - 3akaaeHHOe Mukpo -
/Il | COCTOSHME HVos | Crpykrypa | cocTostHMe HVos | crpykrypa
Paccrosinne ot Paccrosinne ot
HOBEPXHOCTH, IOBEPXHOCTU, MM
MM
1 0.15 218.8 0.15 429.3 M+b
2 0.27 216.3 I+ o 0.29 310.2 b+T
3 0.43 217.5 (®- B BUAE 0.42 304.0 T+C
4 0.59 218.0 CeTKM) 0.60 229.1 CHI1
5 0.76 219.6 0.77 215.2 I+ §
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us KOHCWlpyKLQMOHHOI:l CMaiu npu NAASMEHHOU 3aKarkKe

V3 Tabauisl BUAHO, YTO B MICXOAHOM (TOps9eKaTaHOM) COCTOSIHUY MUKPOTBePAOCTh IO CeYeHMIO
AeTaAM OT MOBEPXHOCTU K IIEHTPaAbHON 30He MpaKTHIeCKM He MeHseTCsl, OCTaBasCh Ha yposHe 217-219
HVos.. Crpykrypa npeAcraBJeHa B OCHOBHOM IIJaCTMHYaTBIM II€PAUTOM U CETKOI M3OBITOYHOIO
deppura. CooTHOLIEHNE STIX CTPYKTYPHBIX COCTABASIIOMINX cocTaBasieT ~ 85/15 (Puc.1.).

ITosepxHOCTHasE TBepAOCTh 00OpasloB B mcxoaHoM cocrosuuu 24 HRC, mocae ympounenms,
cocrapaset 53 HRC.

Kak msBecTHO, Takas AOBOABHO KPYHIHO3epHICTas CTPyKTypa (QOpMUpYyeTcs IIpU BLICOKOM
TeMIepaType KOHIIa IIPOKaTK/ ITOAOCHI C OXAaKAEeHMeM Ha CIIOKOJIHOM BO3JyXe U CBUAETeALCTBYeT O
TOM, 4TO A0 I11a3MEHHOJ 3aKaAKy 0Opa3Iipl He II0ABePraaych yIpouHAIOIIel TepMudecKoil o0padoTke,
YTO ABASETCI HeAOCTaTKOM JeJICTByIollell TexHoaAoruil. Panee mposegenHble mccaegosaHust [10]
ITOKa3bIBAIOT, YTO Ha 5(PPeKT I11a3MeHHOIO YIIPOYHEeHNs, TAyOMHy MOAyJdaeMbIX CAO€B, TBepPAOCTDb U
M3HOCOCTOMKOCTh 0OpabOTaHHBIX M3AeANI CyllleCTBeHHOe BAMAHIE OKa3blBaeT MCXOAHOe CTPYKTypHOe
cocrosiHne obpabaTheiBaeMbIX U3AeAnit. Jas nospienns 9Pp@QeKTUBHOCTY MeTOa I11a3MeHHOM 3aKaAKiA
peKoMeHAyeTCsl IIPOBOAUTL IpeABapUTeAbHYIO TepMHYecKylo OoOpabOTKy, KOTOpas II0ATOTOBUT
MeAKO3epHUCTBIN ayCTeHUT K Hadaay ¢asoBOro Iiepexoda o—7Y, C IOCAeAYIOIIUMM pacnajioM B
TOHKOAMCIIEPCHYIO (peppUTO-1IeMeHTUTHYIO CMecCh IIPY Pe3KOM OXAa>KAeHUN.

PacripeaeaeHne MUKpOTBEPAOCTH IO CeYEHMIO I11a3MeHHO-YIIPOYHEeHHOTO CA0S IIOKa3bIBAEeT, 4TO B
HaIlpaBAeHUM OT IOBePXHOCTU K I[eHTpaAbHOI 30He MUKPOTBepPAOCTh pacreT B ~2 pa3a. Kak BugHo us
Taba. 1, aAas aemexa mayra us craam 65 rayOmna ympoyHeHHOro caost cocraBaseT ~ 0,8Mm ¢
MUKPOTBEPAOCTBIO 10 ceueHMIO B uHTeppase 429,3 HVos - 215,2 HVos . B ynmpounenHom caoe o6pasiia,
KaK ITOKa3bIBaeT MaKpOCTPyKTypa, cpopMmUpoBaHa I'pagleHTHO-CAOMCTas (4MccUIIaTUBHAs) CTPYKTYpa,
COCTOAIIAsl U3 MEeAKOAVICIIEPCHON CMeCH IIPOAYKTOB paciiaja Iepeoxaak AeHHHOTO ayCTeHIUTa.

Ha paccrosnnu ot mosepXHOCTU ~15MKM CTPYKTypa mpeAcTaBAsgeT coO0i MapTeHCUTO -OeTHUTHYIO
cMech ¢ MUKpoTBepaocTbio 429,3 HVos. 3a Hell caeayeT 30Ha OeMHUTO-TPOOCTUTHON CTPYKTYphI (310,2
HVos). Aas TuX AByX cA0eB XapaKTe€pHO HaAndue HeOOABIIOTO KOAMYeCTBa OCTaTOYHOIO ayCTeHUTa
nopsaka 15-20%, koTopoe MOKHO KOHTPOAMPOBaTh, BapbMpysl IAyOMHy 3akaa€HHOTO caos. Jasee
cpopMmpoBaHa y3Kas 30Ha TPOOCTO-COPOUTHOM CTPYKTyphI (229,1- 304.0 HVo5) maaBHO repexoasimas K
UCXOAHOMY (PeppUTO-TIEPAUTHOMY COCTOSIHUIO C MUKPOTBEepAO0CThIO 215.2 HVos.

Ha puc.1 npusegeno nsoOpaskeHue CTPyKTyphl I1AaCTUHYATOIO IepAUTa C MeXKILAaCTMHOYHBIM
paccrosiHueM (peppUTO-IIeMEeHTUTHOI CMecH, ITO0AY4eHHOTO C IIOMOIIIBIO DAeKTPOHHON MUKPOCKOIININ.
Dra cTpyKTypa mnpeAcrapaseT coOO CyMMY TOAIIVMH ABYX COCeAHMX I1AacTuH geppuTa U IeMeHTUTa.
Buano, 4TO 1IeMEeHTUTHBIE YacTULIBI B MePANUTe IpPeACTaBAeHbl B BUJe IlapadleAbHbIX ILAacTUHOK, a
ME>KI1AaCTMHOYHBIe PacCTOAHUA MeXAy (PeppuTOM U IIeMEeHTUTOM B Pas3HBIX IEePAUTHBIX KOAOHMSIX
koae0a1oTcst oT 237,6 nm 40 633,8 nm. DTO, BepOsTHO, yKa3blBaeT Ha TO, YTO 13 OAHOTO ayCT€HUTHOTIO
3epHa MOXeT (POPMMPOBATHCA HECKOABKO ITEPAUTHBIX KOAOHMI C Pa3AMIHBIM MeXKI1AaCTMHOYHBIM
pacCTOsTHUEeM.

BaskHO OTMeTUTB, UTO IePAUTHBIE KOAOHUM pa3AeAeHbl Ha 010KM, B KOTOPBIX (peppUTHAs MaTpuIia
U  IIeMeHTUTHble IAACTUHKM MMEIOT OAMHAKOBYIO  KpUCTaaAorpadpuueckyld  OpMeHTaIUIo.
OpneHTalIOHHBIe COOTHOLIEHNU MeXAY CTPYKTypHbIMHU cocTaBasiomumu (P n 1) B nepaure nmeror
Ba’kKHOe TeopeTndeckoe 3HadeHne [11]. Oan 4a10T BO3MOXKHOCTB OOBsICHUTH OOpa3oBaHiie I11aCTIHIATOM
CTPYKTYPBI 11 €€ OTHOCUTEABHO BBICOKYIO YCTOMUYMBOCTD IIPU TepMIYeCcKoil 0OpaboTKe.
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2pm EHT = 20.00 kV Mag = 536KX SignalA=SE1 Date :2 Nov 2021
WD =9.92 mm FPhoto No. = 2159 Time :11:33.03

PMC]/HOK 1- Cmpykmypu NAACIMUHYAN020 NEPAUTTLA, NOAYHEHHOZ0 C TOMOULDTO HJ\GKH’ZPOHHOI;[
MUKpockonuu

J3BecTHO, 4TO, KaK IIPaBIA0, HET YeTKUX IPAaHNI] MeKAY IIePAUTOM, COPOUTOM MUAN TPOOCTUTOM
npu pasgeaeHnu GpeppuT-IeMeHTUTHBIX CTPYKTyp [12]. Tak KaK CKOPOCTb OXAa>KAE€HMS MEHSeTCs IO
3aKOHY, 3aBUCIIIEMY OT Tell10(pU3NIeCcKIX CBOMCTB CTaAll B40Ab BCero o0beMa, TO IIpY He IPepPhIBHOM
OXAa>XA€HUN AOCTaTOYHO IIP00AeMaTUIHO PasrpaHNINTh IIPOIIECCHl O0OPpa30BaHNsI YMCTOTO TPOOCTUTA,
copbuTa 1uAu nepAamnTa. B AercTBuTe ABHOCTY MPOIIeCccH IIpeBpallie sl MOTyT HaKAaAbIBaThCsA OAVMH Ha
APYTOI IO TeMIlepaType U BpeMeHI CBoero pa3BuTusA. Kak rmpasnao, 5To npuBoANT K pOPMIPOBAHNIO
CMeIllaHHBIX CTPYKTYP: MapTEeHICT ¥ OeITHUT, COPOUT U IePANUT, TPOCTUT 1 copouT (PucyHok 2).

Taxoke cTOUT OTMETUTD, UTO CTAaOMABHOI SIBASIETCA TOABKO (pa3a IepANTa, a COpOUT U TPOOCTUT He
SIBASIIOTCS PpaBHOBECHBIMI CTPYKTypaMU. DTO MOXKeT OBITh OOBJACHEHO TeM, UTO OXAaXKAeHMe IIpu
peaAbHBIX YCAOBUAX IIPOU3BOACTBA OOBIYHO HepaBHOMEpPHOe, 4YTO B CBOIO ouepeAb INPUBOAUT K
IIPeCHIIeHNIO COPOUTHOTO ¥ TPOOCTUTHOTO (peppuTa yraepodom [13].
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Pucynox 2- Tepmoxunemuueckas duazpamma pacnada aycmernuma cmaru 651 [14]
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Msmenerus cmpykmypul 106epXHOCHIHO20 CAOSL MAKEAOHAZPYXKeHHBIX demaretl
U3 KOHCIPYKUOHHOL CIAAY NPU NAGSMEHHOT 3aKaAKe

Ha rpaduxke BuaHO, uTO pn oxaaxgenun co ckopocrsio Vs ot 550 °C a0 400 °C mpomcxoaur
IpeBpallleHlie ayCTeHUTa B TPOOCTUT HocpeAcTBoM And¢ysnoHHOro Mexanmnama. Ocrapiiascs yacTb
MO>KeT IepexoANUTh B BepXHIUIT OeHNUT 1 HuKe TOukM Mu (~260 °C) 6e341pPy31oHHO B MapTEHCHT.

JaHHbI rpadpUK HarAAAHO A€MOHCTPUPYET, YTO (pa3OBbIe ITepexXoAbl IIPU OXAaXKAEHNUY VIMEIOT
CAOXHYIO 3aBMCUMOCTb U IPeACTaBASIOT cOOOM AOCTaTOYHO CAOKHYIO HKCIePUMMEHTAaAbHYIO 3ajauy.
ITosTOMY yCTAaHOBMUTH YeTKMe TeMIlepaTypHble T'PaHUIIBI, IIPM KOTOPBIX CTPYKTYpPHBIE IIpeBpalleHIs
OyayT HnpoTeKaTbh TOABKO IO OAHOMY MeXaHWU3My ¥ OJHO3HAYHO PasrPaHMUYUTh CTPYKTYpPHbBIE 30HBI
BecbMa IpoOAeMaTyHO. DTU IIpeBpallieHNs MOTYT HaKAaAblBaThCsl OAVH Ha APYTOii 110 TeMIlepaType 1
BPeMeHI CBOETO Pa3BUTIs, YTO IIPUBOANUT K POPMIPOBAHNIO CMEIIaHHO-CAOVICTBIX CTPYKTYP Pa3ANdHOM
MOP(POAOTUIL.

M3BecTHo, 4TO HOpM CKOPOCTU OXAaXKAEHUs BBIIIIe KPUTUYECKON CKOPOCTM 3aKaaku VK
MapTeHCUTHOe IIpeBpallleHne yTAepoANCTON CTaal IIPOTeKaeT TOABKO IIPU ITPOXOXKAEHUI HIKe TOYeK
HavyaJa MapTeHCUTHOro mnpespainenus Mu [15]. VImerorcs aoKasaTeabCTBO TOIO, 4TO CKOPOCTh
oXAa’KAeHus Ha pabodell IMoBepXHOCTU AeMeXa gocruraet 3Hadennit 700-800°C/c, a Ha paccrostHum ~ 2
MM OT HOBepXHOCTU M3MmeHseTcs B npegeaax 100-120°C/c [6,16]. [Ipu sTOM ycaoBum TemiiepaTypHble
pe>kK1MBI, HeOOXOAMMBIe 445 IOAHOTO IPOTeKaHWsl MapTEeHCUTHOTO IIpeBpallleHNs, B II0OBePXHOCTHOM
cA0e TOAIIMHON ~2 MM co0AI0AaioTcsd. 3a IpejelaMy DTOTO ITOBEPXHOCTHOTO CA0s (POPMUPYIOTCS
CTPYKTYPBI, COCTOSII[E 13 CMeCU MapTeHCUTO-0eifHNTa, OeITHUTO-TPOOCTUTA I TPOOCTO-COPONUTa, YTO U
Ha0Oa10AaeTcs 9KcriepuMenTaabHo. Ha pucynkax 3 u 4 npeacrasaeHsl M300paskeHns MUKPOCTPYKTYP C
Ha/0>XeHneM AByX (as: MapTeHCuTa U IepAnTa. DTU JaHHbIe HaXOAATCA B COOTBETCTBIUN C Pe3yAbTaTamMu
DKCIIePUMMEeHTaAbHBIX McCAe A0BaHMIT paboTHI [16].

Tpum EHT =20.00 kV Mag = 7031 KX SignalA=SE1 Date :2 Nov 2021
WD = 8.94 mm Photo No. = 2153 Time :9:06.42

Pucynox 3 - Ms300paxenue cmpykmypbl n06epXHOCHIHOL 30Hbl, NPeICaAsAeHa NAACTIUHL AN IM
(uzorvuamuvim) mapmericumom (429,3-310,2 HVo5 ), noAyueHHoe ¢ HOMOU;b10 IACKMPOHHOU MUKPOCKON UL

CoraacHo TepMOKIHETIYECKOI AMarpaMMe craau 651, mpeacTaBAeHHOM Ha PUCYHKe 2, OelTHIMTHOe
U IepPAUTHOe IpeBpallleHNss MOTyT IpOTeKaTh KaK IPU M30TepMUYecKol Bhigepxkke (V1), Tak u npu
HellpepbIBHOM oxAaxAeHnn (Vz, Vs). Jas HU3KOAeIMPOBAHHBIX CTalell OeHNTHOe ¥ IIepANTHOe
IpeBpaleHns He 000co0AeHbI APYT OT ApyTa. B craam 651 mepauTHele CTPyKTYyphl 1 OeITHUT 00pasyloTct
B uHTepBase TeMmiepatyp 400-600 °C. Ilpu Goaee Bwicokmx Temrirepatypax (~600°C) B cTpykrype
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AOMUHUPYIOT IHPOAYKTHI IePAUTHOTO IIpeBpalieHns (TPOOCTUT, COPOUT), ydacTKu OeifHUTa TPYAHO
BRLABUTE. ITpn 604ee auskux remneparypax (~400 °C) B cTpykType AOMMHNMpPYeT OeliHuUT.

OrHocuteabHO cPOPMUPOBABIIEIICA CTPYKTYphl OelfHUTa caeAyeT OTMEeTUTh, UTO KUHEeTUKa
OelfHMTHOTO IIpeBpallleHMsl U TOAydaloIyecs CTPYKTyphl, KaK M3BeCTHO, MMeEIOT 4YepThl Kak
AnQPy3MOHHOTO TEePAUTHOIO, TaKk U 0e3AnPPy3MOHHOTO MapTEHCUTHOTO IIpeBpalleHnit. DTo
0OBsACHAETCS TeM, UTO OeIHMTHOe IIpeBpalljeHe IpoTeKaeT IIpY CPaBHUTEABHO HU3KUX TeMIlepaTypax,
Korga And@Qysns aToMoOB Kele3a CUABHO 3aMeaaseTcs, a AMPQysus aTOMOB yraepoga IIpoTeKaer
CpaBHMTeAbHO JAerko. B pesyabTaTe oOpasyercsi cMmech IIepechll[eHHOTO Yyraepogom d¢eppura u
IIeMeHTHTa, HasdplBaeMas OeitHMTOM. Pepput OeitHMTa OoTAMdYaercs oT (eppura mnepanra Gpopmoii,
IIOCTeIIeHHO M3MEeHIOIeNcs OT IIepUCTON MpM CpaBHUTeABHO BBICOKON TeMieparype (~450°C) ao
uroapuaTton npu Huskoi (~300°C) puc. 3 u 4.

2 pm EHT =20.00 kV Mag = 525KX SignalA=SE1 Date :2 Nov 2021
i WD = 12.08 mm Photo No. = 2162 Time :11:42:01

Pucynoxk 4- Msobpaxerue crmpykmypul npOMexymouHoil 30Hbl, NOAYUeHHOe ¢ HOMOULbI0 IAEKIPOHHOT
muxpockonuu (310,2 -304,9HV0:5)

Taxme paszamums B cTpykrype OeiHMTa, IOAydeHHON IIpU OXAa’KAEHUM, MOXKHO OODBICHUTH
Pa3sAMYHON MOABUKHOCTBIO aTOMOB yraepoga B KpallHUX TOYKaX TeMIIepaTypHOTIO Juara3oHa
OertHUTHOrO IpeBpamenns. Takke oTanmyaeTcs criocod mposaBaeHns neMmentura. Ecan B OeltHuTe oH
BBIAeAseTCs KaK ITpephIBJICTBIe KOPOTKIE I11aCTVHKY, KOTOpHIe HellapaaAeAbHbl (PepPUTHBIM YacTUIIaM,
TO B I€PANUTE I1AaCTUHKU LIeMEHTUTA SIBALIOTCS IlapaAleAbHbIMMU.
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Msmernenus CHpYKMYypovlL N0EPXHOCMHOZ0 CAOS MIAXKEAOHAZPYIKEHHBLX Jdemaneii
us KOHCmpyKlQMOHHOI:l CMaiu npu NAASMEHHOU 3aKarkKe

2 EHT=2000kV  Mag= 5.30KX SignalA=SET Date :2 Nov 2021 ﬁ

WD = 8.85 mm Photo No. = 2144 Time .8:51.06

PricyHOK 5 - M300paxetie cmpykmypol npoMexymouHoLl 30Hbl, NOAYUEHHOe C NOMOULbI0 IAEKMPOHHOIL
mukpockonuu (229,1-304,0 HVo.5)

O0obmas antepaTypHble AaHHBIE CAeyeT CKa3aTh, YTO IOBBIIIEHHAs IIPOYHOCTh M TBEPAOCTh
OeltHTa 0OycAOBA€Ha MaAbM pazMepoM (eppUTHBIX YacTUIl, AUCIIEPCHBIM BhlAeAeHreM KapOnaoB
(eMeHTHUTa), MOBBIIIEHHON ILAOTHOCTBIO AMCAOKAIIMII U JVCKa’KeHNeM KPUCTaAANIecKON peleTK
depputa 13-3a 1epechIIIeHHOCTI €TI0 yIAepoAOM M AerupylomuMmu sieMeHTamu. Tak, ecan ¢geppur
nepantanpu 723°C coaepxut 0,025 % C (cozaacto duazpammor Fe-Fe3C), To peppuTt OeitHuTa B MHTEpBaje
temmnepatyp 500-300 °C moxer cogepxats ot 0,1 20 0,2 % C., T.e. cTelleHb IE€PECHIIIEHHOCT €TI0
yraepoaom sospacraeT 40 ~10 pas.

Kak m3BecTtHO, MexaHIYeCKIe CBOVICTBA CTAAM CO CTPYKTypaMM IIePAUT, COPOUT MAU TPOOCTUT
IPsAMO IPOIOPLMOHAABHE I1A0IIaAM IIOBEPXHOCTU Ppasjeda MexXAy (peppuToM U I[eMEeHTUTOM.
ITosTOoMy C HOHM>KeHMeM TeMIlepaTyphl pacllajda ayCTeHMUTa M COOTBETCTBYIONIVM M3MeAbueHNeM
CTPYKTYpHI (YCMAEHMUs CTeIIeHU AVICIePCHOCTH) (peppUTHBIE IIAAaCTUHKU HECKOABKO ITepeChIIaroTcl
yraepoaoM, IIPOYHOCTHBIE XapaKTePUCTUKM (IIPOYHOCTL — O B TBepaocTs - HB) Bospacraior, a
IAacTudeckye (OTHOCUTeAbHOE yAAUHeHNe - O U Cy>KeHue —1) yMeHbIIaloTCs

Kak Buano n3 puc. 4, 5 B HalpaBAeHNUM OT ITOBEPXHOCTU K II€HTpaAbHBIM 30HaM MaKCHMa/AbHOe
3HauyeHMe Me>KI11aCTMHOYHOI'O PacCcTOsIHMA OT 366, Inm yseanunsaercs 40 499,2 HM, 4TO CBAETEAbCTBYeT
O CHIDKeHMHU cremneHu ynpouyHenus. KapOmanple yactuiibl B OeiiHMTe He MMEIOT I14aCTMHYaTOro
CTpOeHNs, CBOMCTBEHHOIO MepPANUTY, OHU O4YeHb AMCIIEPCHBI, MX MOXXHO OOHapy>KUTh TOABKO IIOZ,
®AEKTPOHHBIM MUKpOckorioM. Cunraercs, 4To npu OeTHUTHOM IpeBparieHnu Gpepput odpasyercs U3
ayCTeHMTa II0 MapTeHCUTHOMY MeXaHU3MY, T.e. [IepecTPOMKOI I.11.K. peIeTKM Y-¢asbl B 0.11.K. peIIeTKy
a-(asbl Oe3 M3MeHeHN:sI KOHIIeHTpall! yriepoda. 3aMeTM, YTO STOT BOIIPOC, TaK >Ke, KaK U BOIIPOC O
BblAeAeHNU KapOMAHBIX YaCTUII U3 ayCTeHUTa UAn 13 Gpepputa, sABAIETCI AU CKyCCMOHHBIM [13,17].

Crrerindukoii maa3MeHHON 0OpabOTKM AeTaAell IBASeTCs CBePXBBICOKas CKOpOCTh Harpesa (~1500-
3000°C/c) n oxaaxaenus (700-800 °C/c), c ueM cBsI3aHO CHABHOE M3MeAbUeHNe 3ePeH IPY I11a3MeHHO
3akaake. Kak 13BecTHO, Ipy cBepXOBICTPBIX CKOPOCTSIX HarpeBa (pa3oBble IIpeBpallleHNs CMeIaloTcl B
001acTh BBICOKUX TeMIIepaTyp, YTO KapAMHAABHO BANMSAET Ha KMHETUKY BO3ZHMKHOBEHNUS M pOCTa
3apoapinieir HoBoil (aspl. COOTHOIIeHNe MeXAy CKOPOCTBIO 3apOXKAeHUs U CKOPOCTBIO pocCTa
3apOABIIIell MeHseTCs: IO Mepe IIOBBIIIEHNMs TeMIIepaTyphl 3epHa HOBOW asbl (aycTeHuTa)
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3apo>KAaroTcs ObICTpee, 4eM MX POCT, HabA104aeTcs Bee 00ablllee KOANYeCTBeHHOe OIlepesKeHrie CKOPOCTI
3apOXKAEHUS ayCTeHUTHBIX 3epeH HaJ CKOpOCThIO MX pocra. B pesyaprare mo mepe cMerneHus
npespalnieHns (a—7y) B 001acTb BBICOKIX TeMIIepaTyp Bce 00ABIIYIO pOAb UTPaeT IPOIIecc 3apo>K eHiis,
a PpOCT 3apo4plllieil B 3HAYUTEAbHOI CTeIeHM IogaBasgeTca. B utore popmupyercss MeaKO3e pHUCTBIN
ayCTeHMT, KOTOPBINI IIpeBpalljaeTcsi B CUABHO M3MeAbYeHHBINI MapTeHCUT C Pa3BUTOI CyOCTPyKTypoOit,
XapaKTepU3YIOLINIICA BBICOKOM TBEPAOCTBIO M M3HOCOCTOMKOCTBIO [18,19]. Peryampyst koamdecTso
BBe/EHHOI DHepruy, MOXKHO CO34aTh TaKue yCAOBMS IIpeBpalleHmus (x—7Y), KOTda eAUHCTBEHHON
BO3MO>KHOCTBIO IIepexoa UCXOAHBIX (a3 OKaKeTcsl Ipoliecc 3apoK AeHus sepeH aycrennTa. Kpome roro,
0COOEHHOCTM YIIPOYHEHN CI1AaBOB IpU OBICTPOM HarpeBe CBA3aHBI C TeM, YTO IpeBpalieHus (a—y) B
HIUX VAYT B HepaBHOBECHBIX YCAOBUAX B OTAMY e OT TPagUIIMIOHHBIX METOA0B TePMIYECKOT0 YITPOYHEHIS
Cc MeaaeHHbIM HarpesoM. Ilpm cBepxObICTpOM Harpese OTCYTCTBYeT BBIAEp>KKa, HeoOXogumas A4
IIpOTeKaH!UsI IIpeBpalleHns (x—7y), PacTBOpeHMsI KapOMAOB C IIOCAeAYIOINM IlepepaclipeseeHreM
yraepoJjau AeTupylomux s1eMeHTos. [IosToMy oOpasyromuiics: ayCTeHUT MMeeT pa3Hble KOHILIeHT paljum
pacTBOPeHHBIX aTOMOB YIA€po4a U AeTUPYIOIIUX 91€MEeHTOB B OTANY Ve OT TOMOTeHHOTO pacrpe/eAeHus
Ipy MeAAeHHOM IleYHOM Harpese. /s TOATBeP>KA€HUS STUX ITI0A0KEHUI ITpoBeJeHHI CIlellalbHble
1ccAe0BaHMs 110 OIlpeAeAeHNIO XMMIYeCKOTO COCTaBa CTaal I10 IAyOMHe I11a3MeHHOTO YITPOYHeHNs U
HeyIIpOYHeHHO 30HBI Ha McKposoM crekrpomeTpe SPECTROLABJr<“4 ¢pupmer Leica Microsystems.
/JlaHHble XMMMYECKOTO aHaAu3a II0 TAyOMHe I1Aa3MeHHOTO YIIPOYHEeHUs M HeyIIPOYHEeHHON 30HBI,
IpeAcTaBAeHHble B TabA. 2 IIOATBEPXKAAIOT XUMUYECKYI0 MIUKPOHEOAHOPOAHOCTh CTPYKTYPHBIX U
(a3oBbIX COCTaBASAIONINX MICCA€A0BaHHOM CTAaAM.

Tabanna 2 -JaHHble XMMMUYECKOTO COCTaBa I10 TAyOMHe 111a3MeHHOIO
YIIPOUYHEHN I ¥ HEYIIPOYHEHHO 30HBI

Haumenosanue Xummyeckuii cocras, % (art.)
30H IIO
rayonne
YIIPOYHEHN S C Si \Y Mn Fe W Ti Cr S
1 2 3 4 5 6 7 8 9 10
t2 0,06 0,002 - 0,063 | 0,855 0,008 - - -
t3 0,5 0,002 0 0,06 0,87 0,02 0,0002 - 0,0005
t4 0,002 - 0,001 | 0,065 0,87 0,009 - 0,001 | 0,002
t5 0,05 0,0005 | 0,001 | 0,062 0,86 0,018 0,004 - 0,002
t6 0,047 0,0035 - 0,072 0,87 - - 0,001 -
t7 0,035 0,004 - 0,068 0,89 0,002 | 0,0026 - -
t8 0,02 0,0018 | 0,0027 | 0,07 0,88 0,019 - - -
t9 0,027 0,0025 | 0,0023 | 0,065 0,88 - - - -
t 10 0,03 0,004 - 0,074 0,86 0,026 - - -
t11 0,04 0,004 0,001 | 0,069 0,88 - 0,003 - -
OcHoBa 0,008 - - 0,059 0,90 - - - -

Buano, uTO cogepskaHMe yraepoja o rayonHe yIpodHeHHoI 30HbI koaeOaetcs ot 0,002 20 0,06 %
(at.). Taxyio ke MUKpPOHEOAHOPOAHOCTD II0 TAyOMHe 3aKaAeHHOI 30HBI UMEIOT U APYyTUe ITOCTOSIHHBIE
npumecu craau (Si, Mn, V u ap.).

IIpn mapameTrpax HarpeBa U CKOPOCTU OXAa>KAEHM:, XapaKTepPHBIX AAs I11a3MeHHOi 00paboTKy,
IIPOIIeCChl, CBsA3aHHbIe C TOMOTeHM3al el JKUAKUX U TBepABIX pPaCTBOPOB, He yCIeBalOT 3aBepIIUThCI B
o0beMe OTAeABHBIX 3epeH M HTO CIIOCOOCTBYeT CO3JaHMIO HepaBHOBECHBIX MeTacTaOMABHBIX CTPYKTYP
BBICOKOI TBEPAOCTM C XOPOIINM COIPOTUBAEHMEM M3HOCY I MMKPOCXBATBIBAHMIO B IIpOIecce TPeHIs
[16,20].
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Msmernenus CHpYKMYypovlL N0EPXHOCMHOZ0 CAOS MIAXKEAOHAZPYIKEHHBLX Jdemaneii
us KOHCWlpyKLQMOHHOI:l CMaiu npu NAASMEHHOU 3aKarkKe

BuiBO ABI

1. TTosepxHocTHas MAa3MeHHasi 00pabOTKa II03B0AseT 3HaYUTEeAbHO YBeAMIUTL CKOPOCTH Harpesa
U OCTBIBaHM 110 CPAaBHEHUIO C TPagUIIMIOHHBIMM MeTOJaMy TepMIY €CKOM MoaupUKaliy, B pe3yAbTaTe
yero obpasyeTcsl IpageHTHO-CAOMCTas CTPYKTypa B IOBepXHOCTHOM caoe. CTpyKTypa TakmuX cTadeii
XapaKTepu3yeTcsl IOBLIIIeHHON AMCIIePCHOCTHIO U D0Aee BLICOKMM YPOBHEM BHYTPeHHMX (OCTaTOYHBIX)
HaIIpsIKeHMI, a TakKe sIPKO BhIpa’keHHOI XMMIYeCcKol MMKPOHeO AHOPOAHOCTBIO.

2. B ynnpounenHoi1 30He ¢ ToamuHoi ~ 0.8 MM aemMexa 1ayra 13 KOHCTPYKIMOHHOI craan 651 ripn
IIOBEPXHOCTHOM I11a3MeHHOM 3aKaake (pOpMUPYeTCsl I'pasMieHTHO-CAOMCTasl (CMelllaHHasl) CTPYKTypa,
cocrosAmias U3 MeAKOAMCIIePCHOV cMecu IIPOAYKTOB paclaja ayCTeHUTa C MUKPOTBEePAOCTHIO,
CHIMDKAIOIIENICS OT IIOBEPXHOCTM K IIeHTPaAbHBIM 30HaM B wuHTepBaae 429,3-215,2 HVos. Memnssa
IapaMeTphl HarpeBa MOJKHO YIIPaBAsTh pa3MepoM 3epHa ayCTeHMTa K MOMEHTy Haydada (ax—Y)
IpeBpalleHnsi, a MeHss IlapaMeTphl OXAaXKAEHMs, YIpaBASATbh AMCIEPCHOCTBIO MapTeHCUTa IIpu
oOpaTHOM (Y—Q) IIpeBpalieHn.

3. Ilpum mnHarpeBe NOBepPXHOCTM JeTaAM IIAa3MEHHON AYTOJl OCHOBHBIE XapaKTepUCTUKMI
TepMIYECKOTO IIMKAa: MaKCMaAbHasl TeMIlepaTypa Harpesa, BpeMs ITpeObIBaHIs 4aHHOM TOUYKH AeTaan
BBIIIIe BePXHEN KPUTUYIECKON TOUKM AC3, CKOPOCTM HarpeBa U OXAa>KAeHUsI OIIPeAeAsIOTCs coueTaHueM
IapaMeTpOB peK1Ma I11a3MeHHO 3aKaAKU U B3alIMOCBsI3aHbl, YTO yKa3blBaeT Ha He0OOXOAMMOCTH CTPOTO

IIPpUAEP>KNUBATDHCA BbI6paHHOI'O pexuMa A4id  IIOAYYEHII 3a4aHHOI FAY61/IHLI n  TBEpPAOCIN
ITIOBEPXHOCTHOTO CA0I.
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A.E. MoaagaxmeTtoBa, A.T. Kannaes, M.A. Cariiayaaaesa, T.E. CapcemOaesBa
C. Cetlipyarun amomdazor Kasax, azpomextukarvis yHusepcumemi,
Hyp-Cyaman, Kasaxcman

I1aasMaabIK MIBIHAAY Ke3iHAe KOHCTPYKIMAABIK 00aaTTaH XacaaraH
aybIp JKYKTeAreH 0eaniekTepaiH 0eTKi Ka0aThIHBIH KYPBLABIMBIH ©3T€pPTY

Anppatma. Makadaga TOIIbIpaK KeceTiH MalllMHaJdapAblH ayblp >KYKTeAreH, Te3 TO3aTbH
OealleKTepiH HBIFANTYy IIpoLecTepiHe I14a3MaAblK KaTalOAbIH dCepiH 3epTTey YCHIHBIAFAH. JeprTey
HaTIKeAepi 651" KypBlABIMABIK 00JAaTTaH >KacadFaH COKaHBIH KaAbHABIFRI ~ 0.8 MM KaraiTbhlAraH
aiiMakTa OeTTiK Il1a3MaablK KaTanTy KesiHae 429,3-215,2 HV0.5 apaabrrpiHga OeTiHeH OpTaabIK
aiMaKTapra 4el1iH TOMEeHARNTIiH MUKPO KaTTBLABIKIIEH ayCTeHUTTIH bIAbIpay OHIMAepiHiH ycaK AMCIIe pCTi
KOCITaChIHaH TYpPaTBIH I'paduieHT-KabaTTHI (apasaac) KyphLABIM Maliga 001aThIHABIFBIH KOPCETTI.

I'paguenT-KabaTThl KYPHIABIMBIHBIH Ialiga 0OAybl >KoHe OHBIH KacueTTepi OeTTiK I11a3MaablK
eHJey IpolleciHie KbI3AbIPY MeH CaAKbIHAATYABIH ©Te JKOFaphl XKbl14aMABIFbIHA OaliAaHBICTBI €KeHAT
pacrtaaanl, Oya A9CTypai TepMUAABIK OHAEY dJiCTepiMeH >KYpeTiH IIpolecTepAeH alTapAbIKTai
epeKIleleHeAl.

IlarasmaablK, KBI3ABIPY Pe>KUMi IlapaMeTpAepiHiH I1da3MaAblK JOFaMeH KbI3FaH Ke3JeTl >KBbLAy
LIMKAIHIH HeTis3ri cuIarTamMaJapbHa acepi aHBIKTAaAABl, COHBIMEH Karap, OeTTiKk MoamdQuKalsaAaHFaH
KaOaTTHIH Ka>KeTTi TepeHAiri MeH KaTThLABIFBIHA KO JKeTKi3y pe>KIMi aHBIKTaAAbl.

KiaT cesgep: KypplABIMABIK 004aT, IAa3MaAablK KaTalTy, KaTalTy, ayblp >KyKreMme Oeaikrepi,
rpagMeHT KabaT KYPhLABIMBI, apaAblK KaIIBIKTHIK, KacueTTep, MUKPO KaTTHLABIK.
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A.Y. Moldakhmetova, A.T. Kanayev, M.A. Saidullayeva, T.E. Sarsembayeva
S. Seifullin Kazakh Agro Technical University, Nur-Sultan, Kazakhstan

Changes in the structure of the surface layer of heavily loaded parts from structural steel with
plasma hardening

Abstract. The article presents the research on plasma hardening’s impact on the processes of
hardening heavily loaded wear parts of soil-cutting machines. The results of the research showed that in
the hardened zone with a thickness of ~ 0.8 mm of a plow share made of 65G structural steel during
surface plasma hardening, a gradient-layered (mixed) structure is formed, consisting of a finely dispersed
mixture of austenite decomposition products with microhardness decreasing from the surface to the
central zones in the interval of 429,3-215,2 HVos.

The article confirms the formation of a gradient-layered structure and its properties are due to ultra-
high heating and cooling rates during surface plasma treatment, which differs significantly from the
processes occurring during traditional heat treatment methods.

The authors established the impact of the parameters of the plasma hardening mode on the main
characteristics of the thermal cycle under heating by a plasma arc. The mode is determined to achieve the
required depth and rigidity of the surface-modified layer.

Keywords: structural steel, plasma hardening, hardening, heavily loaded parts, gradient layered
structure, plate spacing, properties, microhardness.
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Technical and Economic Efficiency of Devices for Ultrasonic Cleaning of City Bus
Exhaust Gases

Abstract. The article substantiates the use of devices for ultrasonic cleaning of exhaust
gases for city buses, provides the design and principle of operation of an accumulative
device for ultrasonic cleaning of exhaust gases, as well as layout solutions for their placing
on buses. A calculation method is presented that makes it possible to determine the main
parameters of ultrasonic equipment for cleaning and disposal of exhaust gases from
internal combustion engines of city buses, as well as to calculate the proportion of finely
dispersed soot particles deposited, which characterizes the degree of purification of
exhaust gases from fine soot particles, based on which there is calculated economic
efficiency of ultrasonic cleaning devices.

Keywords: city bus, internal combustion engine, exhaust gases, storage device, ultrasonic
cleaning, coagulation, recycling.
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Introduction

In large cities with a large traffic flow, the issue of gas pollution from the exhaust gases of internal
combustion engines of vehicles is acute. In the area of bus stops, at intersections, where there is a large
accumulation of public vehicles, the most intense air pollution by combustion products occurs, and the
highest concentration of toxic and polluting components of exhaust gases is recorded, which negatively
affects people's health.

Despite the measures taken, such as introducing the Euro environmental standards, the control of
exhaust gas toxicity during technical inspections of vehicles, etc., the situation with environmental
pollution remains tense. In most cities of Kazakhstan, the pollution indicator exceeds the permissible
norm by several times. In 2021, clean air was only in Aktau and Petropavlovsk [1].

Increasing the number of diseases including cancer, for which Kazakhstan ranks among the first
places in the Commonwealth of Independent States (CIS) countries, is currently associated with
significant environmental pollution [2].

At present, when assessing the environmental situation, much attention is paid to the content of
finely dispersed particles in the air with the size of 2.5 microns or smaller. The microscopic size of such
particles permits them to be deeply absorbed into the bloodstream when inhaled, potentially causing
diseases such as asthma, lung cancer, heart disease, migraines, Alzheimer's, Parkinson's and others.

The central streets of the city are most susceptible to pollution, especially during "rush hours". In
the central part of the city of Karaganda, there is a ban on the trucks passing with the gross weight of
more than 3.5 tons. However, alongside with passenger cars, shuttle buses carry passengers along the
central streets of the city. They are mainly equipped with diesel engines characterized by increased soot
formation.

To reduce the content of soot particles in the exhaust gases, various filters are used. A device is
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known for cleaning exhaust gases from small solid particles by filtering gases through porous partitions
or a special woolen, cotton or glass cloth.

Regenerative type filters are considered to be one of the best design solutions for a soot trap [3, 4,
5].

They are a honeycomb nozzle with rectangular cells. The filter material is porous cordierite (porous
ceramics) with sufficient mechanical strength, resistance to aggressive chemicals, resistance to melting
and cracking under thermal effects, as well as thermal stability. Such filters are now widely used on motor
vehicles. However, according to the studies by German scientists, “existing filters do not retain
microparticles that are smaller than 10 microns and aromatic fractions, and these exhaust components
most of all initiate the development of cancer. Moreover, as the filters are used, deposits accumulate in
them, and instead of retaining the most dangerous microparticles for health, the filters become their
source” [6].

In connection with the foregoing, it is necessary to modernize the existing and to develop new
exhaust gas control systems.

Design and principle of operation of the device for cleaning and utilizing exhaust gases

The authors propose a device for ultrasonic cleaning and utilizing exhaust gases (Figure 1) [7],
which, unlike the filters used, does not burn out solid particles accumulated in the course of the cleaning
process, mainly soot, but allows collecting and utilizing exhaust gases, as well as limiting their emission
into the atmosphere, while reducing the concentration of harmful substances in the air in places where
vehicles are most congested (bus stops, intersections, etc.).

The accumulative device of ultrasonic purification of exhaust gases developed allows cleaning by
coarsening and depositing soot particles with their subsequent disposal. Soot emissions from diesel
engines are up to 15 kg per ton of fuel burned. In the world practice, there has been a tendency to consider
soot as a secondary material resource (carbon black) with its use for the needs of the tire industry [3].
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1 - storage tank; 2 — inlet branch pipe; 3 — ultrasonic generator; 4 - bypass valve; 5 - outlet pipe; 6 - reflector
of sound waves; 7 - tray

Figure 1 - Device for ultrasonic cleaning of exhaust gases

The device contains a storage tank with an inlet pipe and an outlet pipe with a bypass valve. An
ultrasonic generator is mounted in the storage tank, there is a sound wave reflector in the lower part, and
the device tray is removable [8, 9].

From ultrasonic generator 3 located on top, there arises a direct wave. On tray 7 of the tank there is
reflector of sound waves 6. When reflected, the direct and reflected waves move towards each other,
interference occurs and a standing wave is formed. When the standing wave occurs, the efficiency of the
coagulation process increases significantly.

The experiments and calculations performed showed increasing the intensification of the
coagulation processes of soot particles under the action of ultrasound [9, 10].

It is proposed to place on city buses two containers that work alternately (Figure 2). That is, at
the time when the first container is filled with exhaust gas, the second container that is already filled with
exhaust gas, is ultrasonically cleaned.

1, 5 - ventilation hatches of the bus; 2, 6 - soundproof casing;
3, 7 - ultrasonic exhaust gas cleaning device; 4, 8 - soundproof gaskets

Figure 2 - Ultrasonic equipment placement on the roof
and in the back of the bus

Feasibility study of the efficiency of devices for ultrasonic cleaning of exhaust gases of city
buses

To determine the required volume of the storage tank needed for the most efficient operation of
ultrasonic cleaning equipment, and to establish the degree of the exhaust gas purification, it is necessary
to determine the rational time for ultrasonic treatment of the exhaust gas.

Let’s take the entire volume of soot present in the tank, both in suspension and settled on the bottom
of the device as a result of coagulation, as a unit, and determine what part of the solid particles is
deposited using the formula for the dependence of the calculated concentrations of suspended solid
particles of gas on time:

n = ng exp(—kt), (1)
where nand ny are the number concentrations of aerosol particles, current and at the initial
moment, respectively; k is the coagulation coefficient; t is the time.
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The empirical dependence of changing the coagulation coefficient on time has the following form:
k = (—=0.0000012¢3 + 0.0012994t% — 0.4562322t + 69.30) - 10~*. (2)

The s=1-n value characterizes the amount of deposited solid particles and determines the degree of
the exhaust gases purification from solid particles. Assuming that at the initial time t = 0, all the soot
particles are in suspension no=1, s = 0.

n = ng exp(— (—0.0000012¢> 4+ 0.0012994t* — 0.4562322t + +69.3) - 107*) - t); 3)

s =1 —ng exp(— (=0.0000012t3 + 0.0012994t2 — 0.4562322t + +69.3) - 10™4) - "
t).

The calculation results are presented in Table 1.

Table 1 — Calculating the degree of the exhaust gases purification s depending on the time of
irradiation with ultrasound

t k no n S

0 0.00693 1.00 1 0
60 0.004634 1.00 0.76 0.24
120 0.003119 0.76 0.52 0.48
180 0.002228 0.52 0.35 0.65
240 0.001806 0.35 0.23 0.77
300 0.001698 0.23 0.14 0.86
360 0.001747 0.14 0.07 0.93
420 0.001799 0.07 0.03 0.97
480 0.001698 0.03 0.02 0.98
540 0.001288 0.02 0.01 0.99
600 0.000414 0.01 0.01 0.99

The graphs of the n(t) and s(t) dependence are shown in Figure 3. According to the graph of the s(t)
dependence, there is determined the required time of exposure to ultrasound for a given degree of
purification. For example, for 80 % degree of purification, the required time of ultrasonic exposure will
be t =260 s.

The volume of the storage tank is calculated based on the hourly fuel consumption of the engine at
idle g,, and the ratio established in work [11]: for 1 liter of fuel consumed, there is required the storage
tank with the volume of 16 m3 and is calculated by the formula:

V =16 * q,,/3600 * t, m® (5)

If the fuel consumption of a city bus at idle g« is 2 1/h and the required ultrasonic exposure time t =
260 s, then:

V=16* * 260 = 2,31 m°5.

3600

The given calculation method makes it possible to determine the main parameters of ultrasonic
equipment for cleaning and recycling of internal combustion engines exhaust gases of city buses, as well
as to calculate the proportion of finely dispersed soot particles deposited, on the basis of which the
economic efficiency of ultrasonic exhaust gas cleaning devices is calculated.
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Figure 3 - Graphs of the number concentrations of the gas suspended solid particles n(t) and the
degree of the exhaust gases purification s(t)

The economic efficiency (E) can be expressed through the prevented environmental and economic
damage (AU), which is determined by the formula [12, 13]:

E = AU = U; — UY,, tenge/year, 6)

where Ui is the annual environmental and economic damage before the events, tenge/year;
U2 is the annual environmental and economic damage after the events, tenge/year;

U=o"y:f-M, tenge/year, (7)

where o is the dimensionless indicator accounting for the type of the territory polluted (o=4 for
Karaganda);
v is the of valuating 1 conv. tons of pollutants, tenge/conv.t (assumed equal to 1 MCI);
f is the dimensionless coefficient accounting for the nature of the nature of the impurities
dispersion in the atmosphere (since motor transport is an unorganized source, the indicator f=10);
M is the reduced mass of a pollutant, standard tons/year, determined by the formula:
M=XL m- 4 ®)
where mi is the annual mass of the i-th matter emission, t/year;
Aiis the coefficient of relative hazard of the i-th matter, conv.t (in this case for soot A =20 cond.t)
is determined by the formula:

1
i = wpc; ©)

where MPCi is the average daily MPC of the i-th matter, mg/m?, (soot MPC is 0.05 mg/m3).
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Thus, the prevented environmental and economic damage is determined by the formula:
E=AU=0-y"f-A;  (m —m,), tenge/year,

where mz is the annual mass of emission before the events, t/year;
mz2 is the annual mass of emission after the events, t/year.

Let us calculate the environmental and economic efficiency of devices for ultrasonic cleaning of
exhaust gases from internal combustion engines of large-class buses operating on intracity transportation.

The initial data for the calculation are presented in Table 2.

Table 2 - Initial data for calculating the environmental and economic efficiency

Indicators Values
Average daily mileage I, km 180
Output ratio « 0.76
Time on duty, h 16
Dimensionless indicator, taking into account the type of 4
polluted territory 6
Cost estimate of 1 conv. tons of pollutants v, tenge/cond.t 2778
Dimensionless coefficient that accounts for the nature of 10
impurities dispersion in the atmosphere, f
Coefficient of relative hazard of the i-the matter Ai, cond/t 20

The annual masses of soot emission before and after the introduction of devices, considering the 80
% level of ultrasonic cleaning, will be determined by the method described in the literature [12, 13].

The calculation results are shown in Table 3. The following designations are used in Table 4.3:

W, WH, H - storage conditions of buses, respectively, warm parking, parking without heating,
parking equipped with heating facilities;

W, C — warm and cold period of the year, respectively.

Table 3 - Calculating the environmental and economic efficiency of devices for ultrasonic cleaning
of exhaust gases of diesel internal combustion engines of large class buses

Large class buses of the Large class buses of
Indicators CIS production foreign production
W WH H W | WH H
Soot emissions of large class buses during
. . 0.04 | 0.16 0.08 0.02 | 0.04 0.03
warming up, g/min
Warm-up time, min 1.5 22 6 1,5 22 6
Daily soot emission during heating, g 0.06 3.52 0.48 0.03 | 0.88 0.18
Running soot emissions of large class buses,
A C Average | W C | Average
g/km
025 | 0.35 0.28 0.2 0.3 0.23
Soot emissions of large class buses at idle, g/min 0.04 0.02
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The daily mass of soot emitted by a large class
bus during warming up, given that 70% of
buses park in warm boxes in the ATP, 20% in 0.20 0.07
heated parking lots, 10% without heating in
cold months, g

Daily mass of soot emitted by a large class bus

for an average daily run, g 51.00 42.00

The daily mass of soot emitted by a bus of a
large class at idle, given that in urban 15.36 7.68
conditions Tx=0.4Tn, g

Total daily soot emission of a large class bus, g 66.56 1975

Annual soot emission m1 before the
introduction of equipment, taking into account 18464.67 13800.19
the emission factor, g

Annual soot emission m? after the introduction

of the equipment, taking into account the 3692.93 2760.04
emission factor, g
Environmental damage, tenge 41035.9 30669.5

Environmental damage after the introduction of

. 8207.2 6133.9
equipment, tenge

Economic effect from damage reduction, tenge
32828.7 24535.6

Conclusion

The results of the feasibility study show the effectiveness of using ultrasonic cleaning devices in
road transport, especially in the conditions of operating areas prone to the greatest pollution: bus stops,
intersections, etc. In addition, the economic effect will be increased due to the utilization of the soot
collected in the course of the ultrasonic cleaning process.
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KazaapIk aBTOOYCTapAbIH I1ajijaaaHblAFaH ra3gapAbl yAbTPaabIObICTBIK Ta3apTy
KYPBIAFbLAaPBIHBIH TEXHNMKAABIK-9KOHOMMKAABIK THiMaiairi

Anpaarma. Makasaga Kadaablk aBToOycTap VIINH IalijadaHbLAFaH radgapAbl YAbTPaAbIOBICTBIK
Ta3apTy KYpbLAFbLAaPBIH KOAAaHy HeTizaeaeal, MaligadaHblAFaH Ta3dgapAbl YAbTPaAbIOBICTBIK Ta3apTyAbIH
JKMHaKTay KYPBIAFBICHIHBIH ~KOHCTPYKIIMSCHI MeH >KYMBIC HPMHININ, COHAali-aK aBTOOycTapra
OpHAaTyAblH  OpHajacy Imemrimgepi  keartipiareH. Kaaaablk — aBroOycrapAblH — iImIKi  >KaHy
KO3FaATKBIIITAPLIHBIH TaligaldaHblAFaH TadAapblH TasapTy >KoHe KoJere >KapaTy KYpPBLAFbLAapbIHBIH
yABTPaABIOBICTHIK >KaOABIKTapBIHBIH HeTi3Ii MapaMeTpAepiH aHbIKTayFa, COHAal-aK KaaAbIKTapAbl ycak
DealllekTepAeH TaszapTy Adpe’KeCiH CUIIaTTaliThIH TYHABIPBLAFaH YcakK OeAllleKTepAiH yAeciH ecerteyre
MYMKIiHAIK OepeTiH ecellTey o4icCi YCHIHBIAFaH, COHBIH HeTidiHAe YAbTPaAbIOBICTBIK KYPBLAFBLAAPABIH
DKOHOMMKAABIK THUIMAIAITI ecerITeAeAl.

Kiat cesaep: KaaaablK aBToOyC, iIIKi >KaHy KO3FaATKBIIIBI, IlailjadaHblAFaH Ta3, cakTay
KYPBLAFBICHI, YABTPaAbIOBICTBIK Ta3apTy, KOATryAsIus, KaAere >Kapary.
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TexHuko-skoHOMIT4ecKast 9 PeKTUBHOCTD YCTPOVICTB yABTPa3BYKOBOJ OUMCTKI
OTpabOTaBIINX Fa30B TOPOACKHMX aBTOOYCOB

Annorams. B crathe 00OCHOBBIBaeTCs HpUMeHeHMe YCTPOMCTB yAbTPa3BYKOBOM OYMCTKU
OTpabOTaBIINMX Ta30B AAs TOPOACKMX aBTOOYCOB, HPMBOAATCA KOHCTPYKLMS ¥ IIPUHIIUI paOOTHI
HaKOITMTEeABHOTO YCTPOIICTBA YABTPa3ByKOBOM OUMCTKM OTPabOTaBIINX Ta30B, a TAK’Ke€ KOMIIOHOBOYHEIE
perieHnst ycraHOBKM Ha aproOycax. IlpejcraBaena meroamka pacuyera, IO3BOASIONAs ONpeAeAUTbH
OCHOBHBIE ITapaMeTpBl yABTPa3BYKOBOTO 00OpPYAOBaHMSA YCTPOVICTB OYMCTKM ¥ YTUAM3ALINN
oTpabOTaBIINX Ta30B ABUTraTeAell BHYTPEHHETO CropaHNs IOPOACKMX aBTOOYCOB, a Tak’Ke pacCIuTaTh
AOAIO0  OCa’KJaeMBIX MeAKOAVICIIEPCHBIX Ca’keBBIX YaCTUI], XapaKTepU3YIOIIYIO CTelleHb OYMCTKIU
OTpaboTaBIINX ra3oB OT MeAKOAMCIIEPCHBIX Ca’kKeBbIX dacTuil. Ha ocHOBaHMI 9TOTrO pacCumThIBAeTCs
DKOHOMMYecKast 9PPeKTUBHOCTD YABTPa3ByKOBBIX YCTPONCTB OUMCTKY OTPaOOTaBIIINX Ia30B.

Karouesbie caoBa: ropoAckoit aBTOOYC, ABUTaTeAb BHYTPEHHETO CropaHNs, BBIXAOITHBIE Ta3bl,
HaKOIIUTEABHOE YCTPOVICTBO, YABTPa3ByKOBasl OUMCTKA, KOATy A, YTUAN3AISL.
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Pa3spaboTka 3¢ PeKTMBHOTO BEICOKOIIPON3BOANUTEABHOTO BBIYVICAESHIS
Aast pemienust ypasHeHus Ilyaccona

AnnoTamusa. B jJaHHON cTaThe paccMaTpmBaeTca paspaboTka 9P PeKTUBHOIO
BBICOKOITPOM3BOAUTEAPHOTO BRIYMCAEHNS AAS pelleHns ypasHeHus ITyaccona. B pabdote
OBl1 TIpeaaoXkeH II0AXOJ, IlapalAeAbHOTO IIPOTPaMMUPOBaHMUA A UMCAEHHOTO
peutenus aApymepHoro ypasHeHus IlyaccoHa c mcrnoab3oBaHUEM SIBHOM pa3HOCTHOI
CXeMBl AAs OAHOro KoMmbloTepa. AuddepeHnnaabHoe ypaBHeHME B YacTHBIX
NIPOM3BOAHBIX OBLIO 3aMEHEHO ero KOHEYHO-pPa3HOCTHBIM aHaJA0roM. B KkadecTse
TEXHOAOTUM AAs paclapalleAuBaHus Obld BBIOpaH Ha IIpOrpaMMHO-alIlapaTHOM
apxurektype (CUDA). UncaeHHble SKCIEPUMEHTHI IPOBOAATCI AAsl IIPOBEPKU U
cortocTaBAeHnsa dPPeKTUBHOCT IPeJJ0KEeHHOTO II04X0Ja paclapaAleAVBaHI.
PesyabTaThl cpaBHMBAIOTCS C pe3yAbTaTaMH, TIOAY4eHHBIMM Ha OCHOBE MOA@AMPOBaHNAS C
JCIIOAB30BaHNeM LieHTpaabHbIX mporeccopos (CPU) u Ha rpadudeckom Iporieccope
(GPU), xoTopslil Ha OCHOBAaHMUM CpPaBHUTEABHOIO aHaAm3a IIOKazaad 9¢QQPeKTMBHOCTh
MapaAleAbHOTO YMCAEHHOIO aAropurMa. [Ipon3sBoAUTEABHOCTh aATOPUTMOB Oblla
npouaaiocrpuposana Ha apxurektypax NVIDIA GTX 1050 m ¢ mocaegopaTeAbHOI
peaansanueit Core(TM) i5-7500H.

Kaougesbie caosa: CPU, GPU, ypasnenme Ilyaccoma, CUDA, mnapaaseabHas
BBIYMCAEHUS.

DOIdoi .org/10.32523/2616-7263-2022-139-2-143-151

BBeaenne

OaHOJT 13 OCHOBHBIX 3ajad Hay4HBIX BBIYMCAEHMII sBAseTCs paszpaboTKa aATOPUTMOB I
BBIYMCANTEABHBIX CTPYKTYP, OIITMMAaAbHO HCIIOAB3YIOIINX 4OCTyIIHOe o0opyAoBaHue. ITpu npuMenennn
IMOPUAHBIX CYIIePKOMIIBIOTEPOB CAOKHOCTD B ITpOIlecce BRIITIOAHEHNUs KOJa eIrle OOAbIIe yCAOKHAETCs,
Korga ueHrpaapHbii 1poneccop (CPU) uHTerpupyercss €O BCIOMOTaT@ABHBIMM YCKOPSIOIIMMU
BBIYMCANTeABHBIMU ycTpotictBamu (Russkov n ap., 2021, [1]).

MHnorosigepHble aATOPUTMBI Ha OCHOBE IIPOIieccopa OCTaloTCsl Mpo0AeMOIi 40 TeX HOp, IOKa OHM
He CTaHyT AOCTaTOYHO OBICTPLIMU B TedeHMe ONpeJeAeHHOIO Ilepuoga BpeMmeHM. MHOTIMe KpyIIHbIe
Hay4JHBbIe 3a4a4M TpeOyIOT BEIYMCAUTEABHBIX 3aTpaT, a 445 9TOI0 HeOOXOAMMO MCII0Ab30BaTh pa3ANJIHbIe
MeTOABI NapaAleAbHON 00paboTkM. Aas mapaiaeabHON 00OpabOTKM MCIIoab3yioTca Mogean Compute
Unified Architecture (CUDA) Brruncaennit Ha rpadgpuyecknx nporeccopax NVIDIA. GPU usnauaabHO
ObLAM IIpoIleccopaMi, KOTOpBIE YCKOpsAAM OOpaOOTKM rpadpuKiu. YHMBEPCAAbHBIM BBHIUMCAUTEABHBIN
rpapuyeckmii IIpoIeccop IIMPOKO MCIIOAB3YeTcsl B KauecTBe IAaT(OpMbI C IapadleAu3MOM AAs
BBIITOAHeHNs porpamuM (Jodra n ap., 2017, [2]). Aast HaydHBIX BBRIYMCA€HUI IpaduiecKiie IIpoIeccopbl
(GPU) craam Ba>kHBIM pecypcoM COKpallleH!s BpeMeH! Bhrumcaennit. baarogaps apxurekrype CUDA
[6], mpeaaaraemort NVIDIA, GPU ucnoabsyercs B KauecTBe MHCTPyMeHTa 4451 0OecIledeHIsl BBICOKOI
IIPOU3BOAUTEABHOCT U CHUCTEMBl IlapadAeAbHOro IporpamMmmuposanu:a (Jiaquan u ap. 2021, [3]).
3ayacTyl0 B HayKe M TeXHOAOTMSAX AAs BBICOKOIIPOU3BOAUTEABHBIX BBIUMCAEHMII B KadecTse
MHCTPYMEHTOB MCIIOAB3YIOTCA: KBa3UTpeXAuaroHaabHasl cyicTeMa AMHeNHbIX ypasHenuit (Li u ap., 2016,
[4]), oanodasusii notok (Dominguez u ap., 2014, [5]), TepMudeckmit cocTas ¢ XMMUYECKMMI peaKIsaMu
(Imankulov n ap., 2018, [7]), mpobGaema ¢ a00sraeit Heptu (Imankulov u ap., 2021, [8]), akycTuyeckue
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BoaHHI (Altybay n ap., 2020, [9]), kpynmHOMacIITaOHOE MOAEAMPOBaHIIe B PealbHOM BpeMeH! KAeTOYHO
mogean ITorrca (Tapia and D’Souza, 2009, [10]), momck KpaTdaiImx YHMKAABHBIX ITOACTPOK C k-
HecooTseTcTsueM (Schultz u ap., 2021, [11]), mepsuuHas pasBeaxa 3aleKeil yr1eBoA0pPOAOB.

[Ipu MoaeampoBanum 3ajay ucroan3yercs ypasHeHme Ilyaccona: B ypasnenun Hasne-CTokca
HeCKMMaeMOl XUAKOCTU AAsl ONpejeieHNsl AaBAeHUs MoAydaloT ypaBHeHue Ilyaccona; sakxmuranue
AYTU TIepeMeHHOTO TOKa Ha XOA0HBIX DAeKTpoJax b aproHe arMocgepHOro Jasaenns (Santos u Ap., 2021,
[12]); HauaAbHBI CAOI U KBa3UHENTPAAbHBIN IIpejea TpexMepHbIX MoJeaell saekTpoauddysun (Wang
and Jiang, 2021, [13]): oOpaTHbIe 3agaun orleHKM MoMeHTa B pasmepHoctu 2 (Leblond u Pozzi, 2021, [14]);
¢usuko-coeMectuMble MeToAbl Auckpermsauym (Palha wu ap., 2014, [15]); MogeamposaHue BeTpa;
MO/JeArpoBaHye MPOCTPaHCTBEHHOIO 3apsAa.

[eanio gaHHOI pabOTHI ABAsIETCA apadleAbHas peaau3aliis KOHeYHOIO Pa3HOCTHOIO MeToAa AAs
pemenus AsymepHoro ypasHenus Ilyaccona c ucnoansoBannem texnoaormss GPU-CUDA. B aannon
cTaThe IIpeAJ03KeH I04X0/ K IlapaAleAbHOMY IIPOTpaMMIPOBAHIIO A4 TIe€PCOHAABHBIX KOMITBIOTEPOB.

Crarbs CTpyKTypupoBaHa caeayionmium obOpasom: B Pasgese 2 mpejcrasaeH o030p Teopum u
YICAEHHON peaam3anny AsyMepHoro ypasHeHms Ilyaccona. Jeraam mnpuMeHsAeMBIX MeXaHM3MOB
pacriapaaaeauBanus onmcanel B Pazaeae 3. Pesyabrarel, mmoaydeHHble ¢ moMompio Texnoaornin GPU-
CUDA, nipeacrasaens! 5 Pasaeae 4, a B paszaeae 5 mpusoaATcst 000OIMIAOIIVIE BBIBOADL.

1. ITocraHOBKa 3aaaun

UncaenHnoe pemenne ypasHeHns IlyaccoHa paccmarpmBaeTcsi B HEKOTOPON IIPSIMOYTOABHOI
obaacTu:

o°'U oV
+
ox: oy’

I'paHUIHbIE yCAOBMSL ,Z',I/IPI/IXIIG:

VU =

=—f(xy), (x,y)€[0;1]x[0;1], (1.1)

u(x, 0)=0,u(x, 1) =0, x[0;1], (1.2)
u(,y)=1 u(l,y)=1 ye[o;l] 13)
Tel‘[epb BBOAVITCSI HpﬂMOer[leaﬂ CeéTKa C ImmaramMm hlI/I h2 I10 HePEMeHHbIM XI/I y

COOTBETCTBEHHO: L L
thvhz:{xi:ihl,i:O,N;yi:jhz,j:O,M}, (1.4)
rae h =1/(N-1), h, =1/(M -1).

MeToA0M KOHEUHBIX Pa3HOCTEN aNIPOKCMMUPYEM  BhIPa’KeHNs 1)-(2.3). Ilo xaxaomy
)

k

(2.
Harpasaenuio Aas npoctotst noaoxuM N =N =M u o6osnaunm h:= h1 =h
_ k
i,j+1 i

k+1 k k+1
u 2ui,j +u.,, U 2ui,j +U )
hz + h2 = fi,]'

k —_—
i+1,]

(1.5)

C FpaHI/I‘IHbIMI/I YCAOBI/I}IMI/I
Up; =1, ug; =1 u, =0, uf, =0, (1.6)

M;{(i,j)EO,NXO,N.
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2. MOAEZII) IIapaaaeAbHbIX BBIYMCAEHUI

CerogHss ~ HEBO3MOXKHO  IIPeACTaBUTb  BBICOKOIIPOM3BOAUTEAbHBIE  BBIYMCAeHMS  Oe3
IapasdeAusaluy, TaK KaK caMble MOIIHBIe BBIYMCAUTEABHBIC CHUCTEMBI VMMEIOT COTHU M THICAYM
IIPOIIeCCOPOB, pabOTaIOIMX OAHOBPEMEHHO B TECHOM B3alIMOAENICTBUM, TO eCTh HapaadaeabHo. ITpu
IapaAAeAbHOM BBIUMCACHUM IPOTpamMMa AeAUTCS Ha MHOXKeCTBO IIOAIPOrpaMM, IIOSTOMY BCe OHMU
BBIIIOAHAIOTCS MapaAAeAbHO AAs BBIYMCACHI TpeOyeMBbIX 3HauYeHMIA.

Peaamsanms GPU-CUDA

[Toaxoa CUDA mnpeaocraBaseT HeOOABIION HAOOP pacHIMpPeHMII AAs CTaHAAPTHBIX S3BIKOB
nporpaMmupoBanns, Takux Kak C, KOTOpple oOecneumBaiOT MHpPsAMYIO peaar3alyio IapaddeAbHBIX
aaroputmos. Koraa npuaosxenns ncrioapsyior CPU u GPU, CUDA Takke nogaep>KuBaeT reTepOoreHHbIe
sprancaenns. Ilporpamma CUDA BrisbiBaeT rapaaaeapHbie GpyHKimm. IlapaaseapHbie QyHKIIUM TakKe
Ha3bIBAIOTCS sApaMl, KOTOpble BBIIIOAHSIOTCS IOYTU BO BCeX IapaadleAbHbIX ITOTOKax. Paspaborumk
AM0O0 KOMINASATOP COeAMHsET HTU IOTOKM B OAOKM ITOTOKOB U CeTK 010K0B ToTOKOB. [Iprmensembrit
AAs1 cOpoca perucTpoB, BEI30BOB (PYHKIINI 1 aBTOMATIIeCKUX IepeMeHHbIX Maccubos C B MoAnpuKanum
napaaaeapHoro nporpammuposanmst, CUDA nmeer oTgeabHOe IPOCTPaHCTBO aMATH. B ganHoi1 paboTe
paspaboranbiii moaxos CUDA Opia ocHoBaH Ha MeToge fIkoOu. B aaropmurme 1 mokasaH aaroputm
pemenus 3agaunm (1.1)-(1.3).

Aaropurm 1: Peaamsansa AByMepHOIO ypaBHeHI € Mciioab3oBanuem CPU

compute initial function matrix u_prev

from initial condition (2.2) we get u €— u_prev
do

call function P2D(u_prev, u, f, N, h)

calculate matrix u

swap (u_prev, u)

while (k < nlterations)

Aas Hadasa HeOOXOAUMO BBIIIOAHEHUE pacyeToB pa3Mepa 040Ka B CTPOIOM COOTBETCTBUM C
pasMepoM MaTpUIIBI M HOMepaMM IIaroB IpsMOTO M oOpaTHOro pemleHusd. B aaropurme 2 nokasan
aATOPUTM peaausaliiy AByMepHOTO ypaBHeHMs ¢ ucroabsosanmem GPU.

Aaroputm 2: Peaausainisi AByMepHOIO ypaBHeHMsI ¢ ucnoab3oBanueM GPU

dim3 dimBlock(BLOCK_SIZE_X, BLOCK_SIZE_Y);
dim3 dimGrid(N / dimBlock.x + ((N % dimBlock.x) ? 1 : 0), N / dimBlock.y + ((N % dimBlock.y) ? 1: 0));
do {
P2D << <dimGrid, dimBlock >>>(d_u_prev, d_u, dev_f, N, h);
float* pingPong <— d_t_prev;
d_t_prev €< d_t
d_t € pingPong;
k++

7

} while (k < nlterations);
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Takum oOpasoM, paccumTbiBaeM Maccus d_u M pacueTHble AaHHBbIe d_U C YCTPOJICTBA Ha XOCT
KOImpyeM ¢ rtomoInsio cudaMemcpy(d_u, u, sizeof(float) * N * N, cudaMemcpyHostToDevice);

3. Uncaennbie pe3yabTaThbl

B aaHHOM pasese IpoAeMOHCTPUPOBAaHbI Pe3yAbTaThl, I10Ay4eHHbIe Ha HACTOABHBIM KOMITIBIOTEpe
¢ koHpuryparnueit 640 sapa GeForce GTX 1050, NVIDIA GPU u ¢ CPU Intel(R) Core(TM) i5-7500,
3.40GHz, RAM 16Gb. 3naueHns mapamMeTpoB MOAEAMPOBaHUS JaHBl B Ble: AXZAy =1/N , a

-6
OTHOCHTEAbHAs ITOTPEITHOCTh 10” .8 pesyAabTaTre UCI0Ab30BaHUs IBHOTO MeToda (1.5) Oplaa rmoaydena

k
CeTOYHas CIDYHKLH/ISI Ui i AASI IMoAy4eHms1 Doaee peaauCTMYHBIX AaHHBIX ObLAM IIpOoTeCTUPOBaHbl CEMb

cly4yaeB C pa3HON IIAOIIAABIO paccMarpuBaeMoii oOaacTi: 32x32, 64x64, 128 x128, 256x256, 512x512,
1024x1024, 2048x2048. B tabantie 1 ykaspiBaeTcsl BpeM:I BBIIIOAHEHNS B CeKyHAaX A1 ITI0CA1e40BaTeAbHOTO
noaxoga (s LIIT) n mapaaaeasnoro noaxoga CUDA (8 rpaduaeckom mporieccope) Aas 3agad (1.5) n (1.6).

Ha pucynke 1 noxasan rpadudecknii pe3yAbTaT, IpadUK IOCTPOEH C IOMOIIBIO ITPOTPaMMBI
Tecplot. Pesyabsrarsr mporpaMm npuseeHs! B Tabaniie 1 v Ipy yBeAIeHNUN pa3Mepa CeTKU BBIIMCAeHe
Ha rpauyeckoM Ipolreccope IIPOM3BOAUTCS ObICTpee YeM Ha IIeHTPaAbHOM IIpolieccope DTO BUAHO Ha

pucynke 2 u 3.
1
0.8
0.6
>-
0.4
0.2
0
0 0.2 0.4 0.6 0.8 1
X
Pucynok 1. I'padpuxk pesyabTara c momombio nmporpammer Tecplot
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Taoamnmia 1. Execution time (seconds)

Mesh size CPU GPU Speed-up
32x32 0.035 0.2160385 0,162008
64x64 0.497 1.0914834 0,455344
128x128 6.871 7.5760875 0,906933
256x256 91.917 72.6604385 1,265021
512x512 1292.31 842.4293213 1,534028
1024x1024 167713 10528.823242 1,592894
2048x2048 202957 125857.4296875 1,612595
250000
200000
150000
100000 mCPU
50000 = GPU
O T T T T T
™ > © ™ Nl
# Y S S
% © 0% /\‘,’)b (9,{/1/ ’\,b‘+ bc(b.\.
N Q
Y v
Pucysok 2. BpeMst BBIIIOAHEHMsI IpOTrpaMM
speed-up
1,8

1,2
1 i

0,8 //

06 o

9—speed-up
0,4 /

Pucynoxk 3. YckopeHne riporpaMm

3ameueHO, 4TO 445 0OABIIETO KOAMYECTBa JaHHBIX M KOAMYECTBA IPOCTPAHCTBEHHBIX Y310B B
IIPOCTPAHCTBE PelleHmnii JAOCTUTAIOTCA Ooaee BLICOKMe 3HadeHMs: yckopenms. Kpome Toro, caeayer
OTMETUTH, UTO M3-3a Ipoljecca pacrapaaseansanus Kak Ha CPU, tak n na GPU norepu Tounoctu He
IIPOU30IILAO.
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3akaiodenmue u Oyaymiasi paboTa

Taxum oOpas3oM, B HacTosIIIeM McCAeA0BaHUN ObLAO IIPOAEMOHCTPUPOBAHO YMCACHHOe pellleHne
AByMepHoro ypasHeHns [lyaccona 4AMnITHMIecKOro TuIia B MpsIMOYTOABHOM 004acTy Ha OCHOBE SIBHOM
KOHEYHO-Pa3HOCTHON cXeMbl. Bbl10 BBRIIOAHEHO pacnapaddeanBaHue KpaeBoil 3ajaun Jupuxae Aas
ypaBHeHMS DAAUIITIUYECKOro TuIla. Bee yncaeHHble pacyeTsl MOKa3daau BBICOKYIO ITPOM3BOAUTEABHOCTD B
CpaBHEHMM C DKCIIepMMeHTaAbHBIMM JaHHBIMU. B OyayIieM naanmpyeTcs: ycoBepIIeHCTBOBaTh AaHHYIO
paboTy 1 MPUMEHUTD peaan30BaHHbIN 1T0AX04 A4 GPU.

Crnicok anrepaTrypsl

1. Russkov, A, Chulkevich, R,Shchur, LN, Algorithm for replica redistribution in an
implementation of the population annealing method on a hybrid supercomputer architecture.
COMPUTER PHYSICS COMMUNICATIONS, vol.261, APR 2021.

2. Jodra, J. L., Gurrutxaga, 1., Muguerza, J., & Yera, A. (2017). Solving Poisson’s equation using FFT
in a GPU cluster. Journal of Parallel and Distributed Computing, 102, 28-36.

3. [iaquan Gao, Qi Chen, Guixia He. A thread-adaptive sparse approximate inverse preconditioning
algorithm on multi-GPUs. PARALLEL COMPUTING. Volume 101, April 2021, 102724.

4. Li, K,, Yang, W., & Li, K. (2016). A Hybrid Parallel Solving Algorithm on GPU for Quasi-
Tridiagonal System of Linear Equations. IEEE Transactions on Parallel and Distributed Systems, 27(10),
p- 2795-2808.

5. Dominguez, D.S., Orellana, E.V., Santos, B.P., Iglesias, S.M., Comparing parallel technologies
based on GPU and CPU in numerically solving single phase flow problems. 11th World Congress on
Computational Mechanics, WCCM 2014, 5th European Conference on Computational Mechanics, ECCM
2014 and 6th European Conference on Computational Fluid Dynamics, ECFD 2014, c. 5122-5128

6. NVIDIA E. CUDA C Programming Guide, v1.0 (2007). URL
https://developer.nvidia.com/content/cuda-10.
https://www.sciencedirect.com/science/article/pii/S0167819120301083?via%3Dihub#b17

6. NVIDIA E. CUDA C Programming Guide, v1.0 (2007). URL
https://developer.nvidia.com/content/cuda-10.
https://www.sciencedirect.com/science/article/pii/S0167819120301083?via%3Dihub#b17

7. T.S. Imankulov, D.Zh. Akhmed-Zaki, B.S. Daribayev, D.V. Lebedev, K.A. Aidarov, Y.S.
Nurakhov, O.N. Turar. Intellectual System for Analyzing Thermal Compositional Modeling with
Chemical Reactions. ECMOR 2018 - 16th European Conference on the Mathematics of Oil Recovery,
Barcelona, Spain. 3-6 September, —2018.

8. T. Imankulov, B. Daribayev, S. Mukhambetzhanov. Comparative analysis of parallel algorithms
for solving oil recovery problem using CUDA and OpenCL. International Journal of Nonlinear Analysis
and Applications. - 2021. - 12(1). - p 351-364

9. Altybay, A., Ruzhansky, M., Tokmagambetov, N. A parallel hybrid implementation of the 2d
acoustic wave equation. International Journal of Nonlinear Sciences and Numerical Simulation, 2020,
21(7-8), p. 821-827.

10. Tapia, J. J., & D’Souza, R. (2009). Data-parallel algorithms for large-scale real-time simulation of
the cellular potts model on graphics processing units. 2009 IEEE International Conference on Systems,
Man and Cybernetics.

11. Schultz, Daniel W., Xu, Bojian. Parallel Methods for Finding k-Mismatch Shortest Unique
Substrings Using GPU. IEEE-ACM TRANSACTIONS ON COMPUTATIONAL BIOLOGY AND
BIOINFORMATICS Volume: 8 Issue: 1 Pages: 386-395 Published: JAN 1 2021.

12. D F N Santos, M Lisnyak, NA Almeida, L G Benilova, M S Benilov, Numerical investigation
of AC arc ignition on cold electrodes in atmospheric-pressure argon, Journal of Physics D: Applied

148 Ne 2(139)/2022 A.H. Tymunes amvindazor EYY Xabapuvico. Textuxarvi 2oiAvim0ap xate mexXHoAOZUSAAY Cepusicl
ISSN: 2616-7263, eISSN: 2663-1261


https://apps.webofknowledge.com/OutboundService.do?SID=F4mXFIPADPMuNwHE2Ye&mode=rrcAuthorRecordService&action=go&product=WOS&lang=en_US&daisIds=7318833
https://apps.webofknowledge.com/OutboundService.do?SID=F4mXFIPADPMuNwHE2Ye&mode=rrcAuthorRecordService&action=go&product=WOS&lang=en_US&daisIds=32957969
https://apps.webofknowledge.com/OutboundService.do?SID=F4mXFIPADPMuNwHE2Ye&mode=rrcAuthorRecordService&action=go&product=WOS&lang=en_US&daisIds=30597074
https://www.sciencedirect.com/science/article/pii/S0167819120301083?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S0167819120301083?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S0167819120301083?via%3Dihub#!
https://www.sciencedirect.com/science/journal/01678191/101/supp/C
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=8346987300&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=56161144700&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=56534702800&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=56534990800&zone=
https://www.scopus.com/record/display.uri?eid=2-s2.0-84923963460&origin=resultslist&sort=plf-f&src=s&st1=&st2=&sid=fa18203eb3eca28a8c9c9f0059977ce6&sot=b&sdt=b&sl=65&s=TITLE-ABS-KEY%28GPU%2c++Poisson+equation%2c+parallel+programming%2c+cuda%29&relpos=5&citeCnt=0&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-84923963460&origin=resultslist&sort=plf-f&src=s&st1=&st2=&sid=fa18203eb3eca28a8c9c9f0059977ce6&sot=b&sdt=b&sl=65&s=TITLE-ABS-KEY%28GPU%2c++Poisson+equation%2c+parallel+programming%2c+cuda%29&relpos=5&citeCnt=0&searchTerm=
https://developer.nvidia.com/content/cuda-10
https://www.sciencedirect.com/science/article/pii/S0167819120301083?via%3Dihub#b17
https://developer.nvidia.com/content/cuda-10
https://www.sciencedirect.com/science/article/pii/S0167819120301083?via%3Dihub#b17
https://www.scopus.com/authid/detail.uri?authorId=57212766696
https://www.scopus.com/authid/detail.uri?authorId=57211619880
https://www.scopus.com/authid/detail.uri?authorId=55618129900
https://www.scopus.com/sourceid/23247?origin=resultslist
https://apps.webofknowledge.com/OutboundService.do?SID=E5ktPGbAbUOKEF8fyom&mode=rrcAuthorRecordService&action=go&product=WOS&lang=en_US&daisIds=4807744
https://apps.webofknowledge.com/OutboundService.do?SID=E5ktPGbAbUOKEF8fyom&mode=rrcAuthorRecordService&action=go&product=WOS&lang=en_US&daisIds=1905500
https://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=99&SID=E5ktPGbAbUOKEF8fyom&page=1&doc=1
https://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=99&SID=E5ktPGbAbUOKEF8fyom&page=1&doc=1
javascript:;
javascript:;
https://apps.webofknowledge.com/OutboundService.do?SID=F4mXFIPADPMuNwHE2Ye&mode=rrcAuthorRecordService&action=go&product=WOS&lang=en_US&daisIds=6647265
https://apps.webofknowledge.com/OutboundService.do?SID=F4mXFIPADPMuNwHE2Ye&mode=rrcAuthorRecordService&action=go&product=WOS&lang=en_US&daisIds=4407247
https://apps.webofknowledge.com/OutboundService.do?SID=F4mXFIPADPMuNwHE2Ye&mode=rrcAuthorRecordService&action=go&product=WOS&lang=en_US&daisIds=2859195
https://apps.webofknowledge.com/OutboundService.do?SID=F4mXFIPADPMuNwHE2Ye&mode=rrcAuthorRecordService&action=go&product=WOS&lang=en_US&daisIds=3781647
https://apps.webofknowledge.com/OutboundService.do?SID=F4mXFIPADPMuNwHE2Ye&mode=rrcAuthorRecordService&action=go&product=WOS&lang=en_US&daisIds=190268
https://apps.webofknowledge.com/OutboundService.do?SID=F4mXFIPADPMuNwHE2Ye&mode=rrcAuthorRecordService&action=go&product=WOS&lang=en_US&daisIds=190268
https://iopscience.iop.org/journal/0022-3727

M.2K. Caxvinbexosa

Physics, Volume 54, Number 19, Published 25 February 2021.

12. D F N Santos, M Lisnyak, NA Almeida, L G Benilova, M S Benilov, Numerical investigation
of AC arc ignition on cold electrodes in atmospheric-pressure argon, Journal of Physics D: Applied
Physics, Volume 54, Number 19, Published 25 February 2021.

13. Shu Wang, Limin Jiang Quasi-neutral limit and the initial layer problem of the electro-diffusion
model arising in electro-hydrodynamics. Nonlinear Analysis: Real World Applications vol. 59, June 2021,
103266

14. Leblond, J., Pozzi, E., Solutions to inverse moment estimation problems in dimension 2, using
best constrained approximation. Journal Of Approximation Theory, Volume 264, April 2021,
105520105520

15. Palha, A., Rebelo, P. P., Hiemstra, R., Kreeft, J., & Gerritsma, M. (2014). Physics-compatible
discretization techniques on single and dual grids, with application to the Poisson equation of volume
forms. Journal of Computational Physics, 257, 1394-1422.

M.XK. CakbinoekoBa
OA-DPapadbu amuvindazor Kasax yammorx yrusepcumemi, Aamamol, Kasaxcmar

Ilyaccon TeHaeyiH menty yIriH TMiMAi JKOFapbl ©HiMAl eceniTeyaepai kacay

Angarma. Makaaaga ITyaccon Teneyin menty yImiH TMiMAl >KOFaphbl OHIMAl eceriTeyaepdi a3ipaey
Kapacteipbiaaapl. Exi eamemai Ilyaccon TenaeyiHiH caHABIK IIemIiMiH Oip KOMIBIOTep YIIiH aliKbIH
alfbIpMalIbIABIK CyA0achlH KOAJaHY apKblAbl MMapaAdeabAi OargapAamMaday Tacidi ychIHBIAABL Jepbec
anddepeHIIIaaAbIK TeHAEY ©3iHiH COHFBI albIpMallIbLABIFBIMEH aybICTBIpbIAABL. [lapaaaseanaey
TeXHOAOTUACHI peTiHAe Oafgapaamaablik-anmapartTelk apxutektypa (CUDA) Ttanaaaanl. ¥CbIHBIAFaH
NnapaaJdeAu3anys TCiAiHIH THIMALAITIH Tekcepy >KeHe CaAbICTBIPY VIIH CaHABIK BDKCIepUMEHTTep
Kyprisizeai. Hoatmkeaep opraawik mnponeccopaap (CPU) sxene rpadukaavik engey 0aorbr (GPU)
apKbIABl MOJeAabAey HeTi3iH/e aAbIHFaH HoTVDKeAepPMeH CaAbICThIpblAaZbl, OAap CaAbICTRIPMaAbl Taajay
HeTi3iHAe ITapaAaeabai caHABIK aATOPUTMHIH THIMALAiriH KepceTTi. AaroputMaepaiy eHiMaiairi NVIDIA
GTX 1050 apxurekrypaaapsitja xaHe Core(TM) i5-7500H aaitexri opbiHAaAybIMEH CypeTTeAreH.

Kiat ce3aep: CPU, GPU, Ilyaccon tenaeyi, CUDA, napaaaeapai ecemnrey.

M. Zh. Sakypbekova
Al-Farabi Kazakh National University, Almaty, Kazakhstan

Development of an effective high-performance computation for solving the Poisson equation

Abstract. The article discusses the development of efficient high-performance computing for
solving the Poisson equation. The article proposes a parallel programming approach for the numerical
solution of the two-dimensional Poisson equation using an explicit difference scheme for one computer.
The partial differential equation has been replaced by its finite difference counterpart. As technology for
parallelization was chosen from the software-hardware architecture (CUDA). Numerical experiments
were carried out to test and compare the effectiveness of the proposed parallelization approach. The
results compared with the results obtained based on simulations using central processing units (CPU)
and on a graphical processing unit (GPU), which, based on a comparative analysis, showed the
effectiveness of a parallel numerical algorithm. The performance of the algorithms was illustrated on the
NVIDIA GTX 1050 architectures and with the sequential implementation of the Core (TM) i5-7500H.

Keywords: CPU, GPU, Poisson equation, CUDA, parallel computing.
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Bansizie ncaamckon ¢puaocopym B GopMHPOBaHIN TPAAMIIMOHHOTO X1absi byxapsr

Annoramms. JanHas paboTa OCHOBaHa Ha BBIBOJAX HAy4HOU paOOTHI, IIOCBSIIEHHON
MeToJaM pereHepalyy TPasuIIMOHHOTO K1Aabs (koHel] XIX 1 Hagaao XX B.) MCTOpUIECKOIT
yacTu ropoga byxapa. Asrop nurupyer ¢parments! n3 KopaHa 1 Xagucel (MCTOpUM 13
SKM3HM MpopoKa MyxamMega c.a.C.), 4TO sIBAsIeTCS KaHOHaMM AAsl MCAAMCKOIO MIUpa,
MOBAMABIIMMM ~ Ha  (OpMUpOBaHME  IIAaHUPOBKY,  OOBEMHO-TIPOCTPAHCTBEHHON
KOMITO3UIINY, AeKOP M Aa’Ke JeTaay KOHCTPYKIVM >KIAOTO AOMa B CTapOTOPOACKON JacTH
ropoda Byxapa. Pe3yabTaTsl g4aHHOI PabOTHI A€MOHCTPUPYIOT METOABI BOCCTAHOBAEHW U
pereHeparuy UCTOPMIECKIX AOMOB B ropode byxapa, paspa®oraHHble aBTOpoM. Takke B
CTaTbe pacCMaTpMBAIOTCS IIPMHLIMIIBL COXPAHEHMSI 1 BOCCTAHOBAEHISI MCTOPMIECKIX
ropogos. HosnsHa AaHHOV pabOTHI 3aKAIOYaeTcsl B TOM, UTO aBTOP AAET CBOVI IIPMHIINIL
BOCCTaHOBAEHILST — OCHOBBIBATBCSI Ha KAHOHBI MYCY/AbMaHCKOV KyABTYPBI.

KatodgeBbie caoBa: pereneparius, cTropudeckie joma, byxapa, ariBaH, TOCTVHasl KOMHaTa,
KbI04a, MaOH (KAaaoBasi).

DOI: doi.org/10.32523/2616-7263-2022-139-2-152-160

BBeagenme

IIpn ocymiecTBAeHuM OXpaHbl MCTOPMYECKMX IIaMATHMKOB OCOObIe Mepbl HPUHMMAaIOTCS
OTHOCHUTEABHO COXpaHEHNs ¥ BOCCTAaHOBAEHIs MICTOPUIECKNX KIABIX 3aCTPOEeK, COCTaBASIONINX OCHOBHYIO
JacTb uUcropudeckoil cpeapl. Ho kakoit Obl MCTOpHyYeckoil He Oblaa 3acTpolika ApPeBHUX TOPOAOB, HeAb3s
3a0bIBaTh, 4TO BTU TEPPUTOPUN SABASAIOTC MECTOM OOUTaHMS AAsl MeCTHBIX >Kmreaeil. CosjaHue AAs HUX
©A1aroNpUATHBIX YCAOBUIL C y4e€TOM COBPeMeHHBIX TpeOOBaHMII — O4Ha 113 OCHOBHBIX 3a/ay CHelaAlCTOB B
AanHoi1 obaactu. Cerogust mog srugont MUNIIAVL (MeXAyHapOAHOTO MHCTUTYTa MCCA€AOBaHMUIA
IlenTpaabHOil A3111) IPOBOASATCS MICCAeAOBaHNS 10 pa3pabOTKe CTpaTerny U3ydeHnsl, JOKYMeHTPOBaHIs
U pa3BUTIA eBPEVICKIX ICTOPUYECKIIX 3aCTPOEK.

C mepBbIX 4eT He3aBMCUMOCTM Halllell pecyOAMKM OOAbIIIOe BHUMaHUe yAeAsA0Ch CTPOUTEeAbHON
oTpacay, B YaCTHOCTM OXpaHe VM BOCCTaHOBAEHMIO OOBLEeKTOB KyAbTYpPHOIO Hacaeaus. B Hacrosiee Bpems
Crparerns aeiicTBuil, HallpaBAeHHasl Ha YCKOpeHHOe pa3BUTIe BCeX CeKTOPOB, OlpejeaseT KOHKpPEeTHbIe
HaIlpaBA€HMs  JaAbHENIIeIr0  COBepPIIIeHCTBOBAHMsA CTPOMTeAbCTBA I apXUTEKTYPhl, COXpaHeHMs
UCTOPMYECKIX TOPOAOB U VX MCIIOABb30BaHNsA KaK KAI04eBoro pakTopa B pa3BUTUU TyPUCTIIECKON CUCTEMBI
B Hallleyl CTpaHe.

Ilear aaHHOIO MCCA€AOBAaHMS - YCOBEPIIEHCTBOBaTb METOABI COXpPaHEHMs ¥ BOCCTaHOB/AEHIL
UCTOPMYECKOi 3acTpOMKM M Ha DTOM OCHOBE pa3paloTaTh HaydHO-TeOpeTHYecKye I IIpaKTHYecKye
peKoMeHAaIM 110 MOAePHU3aIINM >KILAOM 3aCTPONKI B MCTOPIYECKIX TopoAax ¥Y30eKncTaHa (Ha IpuMepe
ropoga byxapa).

Tun >xmuaps, B oramdme OT APYIMX TUIIOB 3/JaHMII M COOPY>KEHUI, MeHSeTcs B 3aBUCMMOCTU OT
IIPUPOAHO-KAUMATUIECKMX YCAOBUII MecTHOCTU. JK1able JoMa B apXuTeKType Y30eKlcTaHa BBIAeASIOTCS
CAO>KHOCTBIO ¥ MHOTOTpaHHOCTBIO. Kak mmpaBnao, xxmasle 3aaHmst 1o GpopMe U CTPYKType pasHOOOpasHee 1
CAOXKHEee, YeM apXWUTeKTypHble OOBEKTBl ApPYyroro HasHadeHms. QPopma U CTPYKTypa >KIUABS
HpeAOIIpeAe ASIOTCS MICTOPIYECKIIMY, COLIMAABHBIMMY, STHUYIECKIIMI Y IPUPOAHBIMY YCAOBVISIMIA.

B Hacrosmiee Bpems Tepputopus ¥Y30eKiCTaHa pa3jeleHa Ha caeayroniye Kanmartdeckue 30HsI I (Ia,
I6, Is, Ir), II, Il. B mepsyio sony Bxoaar PecryOamka Kapakaamaxcran, Xopesmckasi, Byxapckas,
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Kamxagaprunckast, Cerpaapbunckast, Jxxnsakckas obaacty, a takcke lepabaackmii u Tepmesckinii paiioHb!
CypxangapbuHckort odaactu. Bo Bropyto sony Bxogsat Camapkanackasi, HaBontckast o6aacts, JeHoBCKmin
parton CypxaHaapsrHcKoit obaactu 1 TamkeHTckast 001acte. K TpeTner 30He OTHeceHbI TOpHBIe palioHBI [1].
IIpu pasaeaeHry TeppUTOpMM CTpaHbl Ha KAMMAaTHYeCKye 30HbI OCHOBHBIM (PAKTOPOM  SBASIIOTCA
TeMIlepaTypHbIe IIOKa3aTeA.

Vcropuyeckne ycaoBusi TakKe ChITpadll BaXKHYIO pPoab B (POPMMPOBaHMM TUIIOB >KUADS B
UCTOpMYECKUX IleHTpax Y3OekucraHa. PasgeseHme ropoja Ha HPOBMHIIMM THOPOAMAO pa3AN4IHbIe
KyABTYPHbIE LIEHTPBI 1 Pa3Hble apXUTEKTyPHBIE IIIKOABL.

Hanpuwmep, B Byxape — B 04HOM 13 ApeBHENIINX TOPOAOB MIPa, IAe IIePeceKarOTCsl COTHM KapaBaHHBIX
MapIIpyTOB, TOAUTIYECKOM IleHTpe MasepanHaxpa, croautie rocydapcrsa Illaibannaos ¢ XVI Beka, a
nosxe, B croaute byxapckoro smmpara, Obla pa3paOOoTaH YHUKAABHBINA TUII >KMABS. DTOT TUIT KUAbS
MIOBAVSA Ha JKVAUIIIHBIE CTPOUTEABCTBA TaKIX TOpoA0B, Kak Camapkan/, TamkenT u [llaxprca6a.

C apeBHUX BpeMeH M A0 KOHIJa IO3alPOIILAOTO BeKa XOpe3M C4MTaACs CaMOCTOSTeAbHBIM
noantrdeckum ysaom (3a mckarodenuem XII-XIV n gactiano XVI Bekos). Ero yaaseHHocTs or apyrmx
MOAUTUYECKNX IIeHTPOB INpuseda K (POPMUPOBAHMIO HE3aBUCHMON ¥ Pa3HOOOpa3HON apXUTeKTypHOI
IIIKOABI, @ HaAu4dye OOIIMPHOM IyCTBIHM MeXKAY perriOoHaMM U OTAaAeHHOCTh XOpe3MCKOIO rocyapcrsa OT
APYTUX KyABTYP HPUBEAY K YKPEILAEHIIO LIEHHOCTEN XOPe3MCKOM apXUTEKTYPHOM IIKOABL

Touno Ttak >xe reorpaduueckoe roaoxxeHre PepraHckoil AOAMHBI IPUBEAO K COXPaHEHMIO ee
MOANTIYeCKol aBTOHOMUM. Toprosple oTHOIIeHUsA ¢ Karrapom Haaoxmuay oTiiedaTtok Ha PepraHcKyio
apXUTEKTypPHYIO IIKoAy. Hampumep, BHyTpeHHUe ABOPMKM, OCBelllaeMble CBepXy, CBOeoOpa3Hble KaMIHBI
(13BecTHBIE KaK «Kalllrapya»), [I1aHMPOBOYHAasl CTPYKTYpa JKIAOTO A0Ma B (pOpMe ralepent, paciioA0KeHHO!
BA0Ab (acala, CMMMETPUYHOE PacIIOA0XKeHNe >KIABIX KOMHAT 10 00e CTOPOHBI ITOAYOTKPBITON OOIIe
KOMHATBI, JAeTKue IIOABVDKHbIe IIeperopoAKM — IIOBTOPSIOT acIleKThl, XapaKTepHble AAs KUTalICKOM
apXUTEKTYPHON IIIKOABI [2].

Taknm oOpasom, moanTtideckas arperamys Xopesma, byxaper 1 ®epranckoit 40AMHBI IOpoAyiAa TpU
He3aBVCUMBIX TUIIOB XKIAbs (XMBUHCKII, OyXxapcKuii, KokaHAcKmiT). Kpome Toro, ects erte CamapKaHACKMIA,
MTaxprcabackmit 1 TallIkeHTCKII TUIIBI XKIAbs, KOTOpble chopMIpoBaHbl Ha Oase Oyxapckoil 11 pepraHCKOM
apXUTEKTYPHBIX I11KOA, HO KaXKABIil IMeeT CBOII AeKOp U OCOOeHHOCTH, 00yCAOBA€HHbIe KAMMAaTUIeCKIMU
dpaxropamm.

Kanmarnygeckne ycaosust 00ycAOBUAM BCe TUIIBI JKMABS, KOHCTPYKTVMBHO OTAMYAIOIIMeCs! APYT OT
Apyra.

1) B ropoaax, rae MHOTO A0XAs, KpbIIlla TOAILE, U AAS TIOAAEPYKKI DTOV KPBIIIN BO3BOASAT CTEHBI
OOABIIIeN TOAIIVIHEL.

2) TOAIIMHA CTeH KIABIX AOMOB B IIeHTpax MCTOPMYECKUX I'OpOJAOB Y30eKmcraHa OOOCHOBaHa B
00ABITIENT CTEIEHN CeICMOCTOVIKOCTHIO, HEXKeAV TETLAOU30ASIIEN [2].

Kaxap1it 3 5K1abIx 40M0B, cpOPMUPOBAHHBIX B IIeHTpaX MCTOPMYECKIX TOPOAOB Y30eKicTaHa, — 9TO
VMHAVBUAYaAbHBII OOBEKT CO CBOell crelM(pMKON ¥ HeNOBTOPUMBIM XxapakrepoM. Ho, Hecmorpst Ha
VHAUBUAYaAbHOCTh Ka’KAOTO CTPOEHNs, eCTh OOliue AA4s BCeX TUIIOB KMABIX AOMOB OCOOEHHOCTH,
00yCA0OBAEHHbIE MEHTaAUTETOM M IPUPOAHO-KAUMATUYECKUMM yCcAOBUAMM MecTHOcTH. OgHa U3 Takmx
OCODEHHOCTeN — 3aKPhITOCTh OT B30POB IIOCTOPOHHIIX.

Erte ogna oO111as XapakTepHasi 0COOeHHOCTD 3acTpOeK, CPOPMIPOBABIIIIXCS B MICTOPMYECKIX IIEHTpax
ropoJ0B Y30eKicTaHa — pa3aeAeHne JKIAbs Ha OTKPBITHIE U 3aKpBIThIe ABOPEL Vlccae0BaHIs IOKa3aau, YTO
00BEM >KIA0TO AOMa 3aBUCUT OT COIMAaAbHOTO YPOBH: BAa/eAbl1a, ¥ YeM BBIIIIe II0A0XKeHNe /OMOBAaeAblia,
TeM DOAblIIe BHUMaHIA YAeASeTCs M30ASIN SKeHITVH B €T0 40Me OT I1a3 ITIOCTOPOHHMX MY>KUVH.

Kuarle goMa, pacrnioaokeHHbIe B MCTOPMYECKOM IeHTpe Byxapbl, Oblay IpeuMyIecTBeHHO OAHO-,
ABYX- U Tpex-ABopoBble. KoamuecTso 4BOpPOB OIpeaeasa0ch COIMaAbHBIM I0AO0XKEeHeM A0MOBAaAeAblia,
HKOHOMUYECKMMY BO3MOKHOCTAMU ¥ POAOM 3aHATHUIA.

[Tomermenust pacriosaraauch B OCHOBHOM IIO IepuMeTpy ABopa. TakyiO ILAaHMPOBKY ABOpa, T.e.
IepuMeTpaabHOe PaclioA0XKeHre KOMHAT MOXKHO Ha0A104aTh UM B JKMABIX 3acTpolikax ropoga Xusa. B
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TPaAULIVIOHHBIX >KMABIX 3acTporikax TamikenTa, Kokanaga n Camapkanga momelneHns: pacriosaraauch BO
asope B popme Oyksbl «I». HeszaBncmMo OT 5Ta>KHOCTM KIABs BCe KOMHATBI BBIXOAUAN BO ABOp. CTeHbI
KUANINA, BRIXOASAIINE Ha yAUILy, ObLAM 3aKpBITBIMIL 1Tpy 5TOM raasHbIN (pacas MHOTOKOMHATHBIX JOMOB
IIPaKTIIeCcK! OTCYTCTBOBa, TaK KaK IPVMBIKAIOIINE CTeHBI TakKe OBLAM 3aKpHIThIMU. BremHuit ¢acag,
UMeAcs TOABKO y AOMa, BBIXOZAIIIETO Ha yAUILy,
ay 40MOB, K KOTOPBIM AOCTYII OBLA YCTPO€eH depe3 KOpUAOp (TarxoHa, 4010H), ¢pacas 0OpallieHHbIN Ha YANILY,
eABa ImpocMarpuBaics. Takum 0Opa3oM, >Kiable ITOMeITeHIs pacrioAaraarch BOKPYT 4BOpa U BBIXOAMUAY BO
ABOP. 3aKphITOCTh (pacasa TPaAUIIMIOHHOTO OyXapCKOTO XKIAbS — MX OTAMYUTEeAbHAs 4epTa 110 CPaBHEeHUIO C
SKUABIMU AOMaMI APYTUX PeTVIOHOB, TakKuMM Kak Xupa nan Kokana. DaemeHTsI (pacajga MOKHO HabAI04aTh
Ha BTOPOM 9TaxKe XKIABIX 40MOB XMBBI 1 TIePBBIX 9TakKaX KIABIX ITOcTpoek B I. KokaHze.

Kpowme Toro, B >kxmaniax rpegycMaTpuBbal0Cch CIIOAb30BaHNe KpoBAu. B cocras 11oae3Hoii 1ao1aan
BXOAJ1Aa He TOABKO HVKHs CTOPOHA KphLAblla, HO M OTKPBIThIe ydacTKu Kposan. B Byxape takme mecra
Ha3BIBAIOT «pOM-IITadra».

TpaauIIMOHHBIN XX111071 A0M COCTOUT B OCHOBHOM 13 2-X 9Ta>KHOM KapKacHOI KOPOOKM (CyIIIeCTBOBaAN
AaKe TpexdTa’KHble CTPOEHIN:), BHEIlIH)e CTeHbl KOTOpPOTO OIITYKaTypeHBl COAOMEHHON TIAMHOI.
IToBepxHOCTb CTeH B OCHOBHOM poBHasd. V3-3a TOTro, 4To >XKmamine OBLAO IIePerioAHeHO OKPY>KaIOIIMM
IIOCTPOIIKaM11, co3JaBas OObeM C 3aMKHYTOI (POPMOII KMANIIA, ITPAKTIIEeCK! HEBO3MOXKHO OBLAO YETKO
oIpeJeAUTh €T0 Hapy>KHbII KOHTyp. BXoj BBLAOKeH Koseporamy, MHOTJA Pe3HBIMU JepeBSHHBIMU
croabamy, MeXAy KOTOPBIMU pacroJaraanch pesHele Asepu. Ha posHoM acage Obiam BUAHBI Oaaku
IIepeKpHITI: IIePBOTO U BTOPOTO Taxkeil. Takoe KOHCTPYKTMBHOe pellleHie IIPIAaBalo eAVHbI PUTM AAs
posHOro u mpocroro ¢acaga. B >KmapIx A0Max XMBUMHCKONM M KOKaHACKOW IIOCTPOVKM, B OTANMYME OT
ByxapCcKOro >KILA0TO JOMa, Ha BHeITHeM (pacajge MOXKHO ObLAO BCTPETUTh OTKPBIThIE BepaHABI 1 AOAXKIIMN.

Pesko-KOHTMHEHTaAbHbIN KAUMAT ByXaphl, Maaoe K0A14ecTBO 0CaaKoB, a TakKe Ae(PUIIUT JPeBecHOTO
CBIPBs TIPUBEAN K Pa3BUTUIO IAOCKMX KpoBeab Ha Oaakax. B 0ObeMHO-ITpOCTpaHCTBEHHOM KOMITOBUIIN
AOMa BTU IOKa3aTeAu SBAAIOTCA BaXKHBIM YCAOBUEM, KOTOPOe B OIIpeAeAeHHOMN CTelleH! IIpeAoIpeseanao
dopmy 3aanms.

Eme oaHnM ¢pakropom HpUPOAHOI Cpeabl B OOBeMHO-TTPOCTPaHCTBEHHOM KOMITOUIINM SKMAUITA
ObL10 HampaBaeHue coaHIa. MecTHple Macrepa 9(PQPeKTMBHO MCIIOAb30BaAM COAHEYHYIO DHEpPIUIO AAs
oborpepa M oxaaxJeHMs: KomHaT. Kakasi cropoHa KOMHaThl Oblaa oOpallleHa K COAHILy, pellalo
IPOCTPaHCTBEHHO-IIPOCTPaHCTBeHHOe pellleHne XXuanina (puc.1).

CrpoureapHble METOABI MECTHBIX MacTepOB He OIrpaHMUMBAaAMCh KOHCTPYKTUMBHBIMM pPelleHNSIMI,
BO3BeJeHIeM CTeH U KpoBAM. KOHCTpYKTUBHbBIE pellleHNs BBIIOAHAAN TeXHNYEeCKylo (PYyHKIIUIO IO
peaansanym XyA0KeCTBeHHBIX 3aMbICA0B apXUTEKTOPOB. XyA0XKeCTBeHHYIO IAeI0 CAO0XKHO ITpeACTaBUThL Oe3
00BEMHO-TTPOCTPaHCTBEHHBIX pa3MepoB, rabapUTOB KOMHAT M MX ITPOIOPIINIA, OTBEYaIOIIMX TPeOOBaHNSIM
KpacoTel. MaTemaTiyeckue ponopumm caMu 110 cebe He CMOTYT OIpeAeAUTbh OObeMHO-IIPOCTPaHCTBeHHOe
XYAO>KeCTBeHHOe pellleHNe (HalpuMmep, KOHKPETHOIO IIOMeINleHNs), HO BDTU MPONOPIUMU  SBASIOTCA
oIpeAeASIONIIMI 3aKOHOMEPHOCTSIMI apXUTEKTYPHOTO pPellleHNs 5KIA0TO A0Ma.

Hapoanple macrepa bByxapnl He Bcerga cobaiojaam IpPUHATBIE B CTPOUTEABCTBE IAeaAbHble
IIpONIOpLMM IIpM BbIOOpe OOLEeMHO-IIPOCTPAaHCTBEHHOIO pellleHMs >kKuabs. [laotHoe pacriosoxkenne
IIOCTpOeK Ha HeDOABIIION TepPUTOPIH, a MIHOTAQ HEAOCTYIIHOCTh HEODXOAVIMOTO ChIPDSI 3aCTaBAsLAM MacTepOB
OTCTYIIUTD OT IPUHSATHIX IPOIIOPIINIA.
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Pucynoxk 1. Paspes TpaauumoHHOTO >K1A0ro >KoMma byxapsl.
Asrtop ®aitsyaasaesa H.H. 2020 .

Ecan Boicota momenennis 4,5 raza (mpumepHo 83 oM [3]), a mmpuna 4 rasa, 110 pacdeTaM 9TOTO MacTepa,
B 3aBMCMMOCTM OT BBICOTHI CTEeHBI, IIMPUHA IIaHeAM AOAXKHa cOocTaBAATh 1 rasa, Humm (apka) — 2,5 rasa,
Haamucu — 0,5 raza n ¢ppusa (mapada) — 0,5 raza.

Koncrpykims x1110ro 40Ma B OCHOBHOM BBITIOAH:Aach 13 KapKaca.

®acaapl OOBIYHBIX KMABIX ABOPOB ITOKPBIBAAMCH IITYKaTypKOJ, a OoraTble 40MOBAaAeAbIIbl MOTAN
yYKpacuTh OAHOTOHHOJ IIBeTHON INTyKaTypkoil. Pe3pba 13 rmrca M OTAeAKa IIBETHONM INTYKaTypPKOIA
MCTI0AB30BaAMCh TOABKO BO BHYTPEHHMX IIOMEIIeHMAX 1 aliBaHaX. Bblay HeCKOABKO BUAOB OTAEAKM CTeH
LIBETHOI IIITYKaTypPKOI1, XapaKTepHoI1 4451 Byxapsl.

CriocoboB yKpalleHns: KOMHaT MHOXKeCTBO, Begb OT KadeCTBa MX OTAeAKM 3aBUCUT YHMKaAbHOCTD
paboThl KaxkAoro Macrepa. Kpome Toro, MeToAbI OTA@AKM TakK>Ke pa3AndaroTcs 110 CTUAIO U BBIITOAHEHMIO.

Hike MBI mepeuncayM OCODEHHOCTM >KUABs, CPpOPMUPOBABIIErOCs 1104, BAMSHUEM MCAaMCKOM
Ppuaocodpum.

Tax, ¢ Kopare (Cype an-Hyp) ckasaro: «... Ckaxume gepyroujum, 4modot oHu He CMOMPeAU HA XKeHULUH,
Komopvie He A6AA0Omcs ux maxpamamu». «3naem OH UsMeHy, KOMopyo cosepuiaront zAasa, U 3Haem mo, Umo
coxpuimo 6 cepouax» (Cypa Fapup (Ipowsarouyuii), asm 19) [4].

CoraacHO BBbIIIEIPUBEAEHHBIM XaAUCy UM asTy yKakeM Ha ABe OCODEHHOCTH, KOTOpBIe ITPUCYIIN
>KMABIM IIOCTPOVIKaM B ICTOPMYECKOM IeHTpe byxapsr:

1. PasgeaeHme XX1Ma0To ABOpPa Ha MY>KCKYIO ¥ )K€HCKYIO IIOAOBVHDI.

Ha ocHoBanmm BhIIIeyKa3aHHBIX asATOB B JKIUABIX ITOCTpolikax Byxapsl cdopmuposaancy My>Kckast 1
>KeHCKasl ITI0AO0BMHBL. /IBOPBI AeAATCsI Ha My>KCKe (OMpyH), >KeHCK1e (4apyH) U IIPOM3BOACTBEHHbIe YacT! B
3aBMCHMOCTI OT MaTepraAbHOTO COCTOSHIUS AOMOBAajeablia. Bo gBopax gapyHa u OupyHa Moram umeThb
MeCTO ApyIMe ILAaHMPOBOYHBIE PpeIlleHMs B 3aBUCUMMOCTM OT BO3MOXKHOCTEN JOMOBJAajeAblla U ero
COIMaABHOTO IpoucxoxAennst: A) OTaeapHble, IPUMBIKAIOIINE APYT K APYTY ABOPBI, KaXKABIil 3 KOTOPBIX
UCTI0AB3YeTCsI KaK caMOCTosTeAbHBIN ABop (Puc. 2); B) OtaeapHbIi1, COBMeIeHHBI OAVH ABOP, pa3AeAeHHbIN
COIacHO IL1aHMPOBOYHOMY pellleHNIO Ha ABe 30HbI (Puc. 3).
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Pucynok 2. I1aan TpaguIMOHHOTO >KIAOTO Pucynok 3. I1aan
>xoMa byxapzr. AsTop @arizyaaaesa H.H. 2020 r. TPagULIMIOHHOI'O JKILA0TO >KOMa
Byxaps1. Asrop ®aitsyaaaesa H.H.
2020 1.

2. Bxoa B 3X1na011 4BOp Uepe3 KOPpUAOP, AOAOH VAV TarXoHa (Imoasaa).

Ecan mpoanaansuposaTh IL1aHNPOBKY JKIABIX AJ0MOB ByXapsl, TO ITpu1 BXOA€ BO ABOP C YAMIIBI YeA10BEeK
CTaAKMBaeTCs C YCAOBHOM IIperpaoil. JaHHas Iperpaja cAyKiaa AAs TOTO, YTOOBI IIPOXOXKUI He BuJea
MAYIIYIO 110 ABOPY KEHIINHY, €CAV B3TASHET Ha OTKPBITYIO ABEePb. BLIBAEHBI pa3HbIe BUABI STOTO PeIeHIs:

a) IIperpaga BBIIIOAHAAACh B BIAe HEDOABIIIOTO X0AAa;

0) mperpaga B BuJe kopuaopa (puc.4);

B) IIperpaja B Bl/e KOHIOIIIHY, TAe coAep>KaTcs AoIaau (puc.5);

I) B 5KIA0M ABOP IIPOXOAVAY Yepe3 IIOKOABHBIN DTaK (TarxoHa);

A) AOCTYII B >K€HCKYIO ITOAOBIHY Uepe3 MY>KCKYIO ITOA0BVHY TakKe ObL1 IPEeIsITCTBIEM AAs BXOAA B
>KEHCKYIO 9acTb ABOpa.

wpyn

Pucynok 4. Ilaan TpasuIIoHHOTO Pucynok 5. I1aan TpaauIiMoHHOTO KI1A0TO
>kmaoro xoMa byxaper. Asrop Qarisyasaesa >koma Byxaprr. Asrop @aiisyasaesa H.H. 2020 1.
H.H. 2020 r

3. Pacrioao>xeHye BHYTPH KMABIX TIOMeI[eHNI BCIIOMOTaTeAbHBIX KOMHAT — MaJOHOB.

Xaduc om Aby Xypaiipa: [Tpopox (mup emy u 0Aazocroserive AAraxa) ckasar: « Ecau odun u3 éac e cosepuium
omoseHue, AANAX He NpUMen e MOAUMSY, noka oH He cosepuium omoserue». Pacciasaro byxapu u Mycaumom.
Tarxe, «Yuenuk (Mropud) neped crom dorxer cosepuiunmo omosetiue. ITpu amom ezo dyuia cmariem Aezka Kax nmuua,
oHA Aemaem U NOMHUM AANIXA KaK gusuecku, max u oyxosHo» [4].

CoraacHO BBIIIENPMBEAEHHBIM XaAuicaM, KaXKABINI MYCYAbMaHUH JOAXKEH IIATBHIO eXKeJHeBHBIMM
MOAMTBaMI OYNIIIATh AYIITY, I MOAUTBEI OTIIPaBAATH TOABKO ITOCA€ OMOBEHIs, a TAKKe COBepIIIaTh OMOBEHIe
niepes, cHoM. OMoBeHMe 110 apabCKiMil HAa3hIBAETCS «BY3yb», UTO IIEPEBOAMUTCS Ha Y30EKCKMIT SI3BIK Kak
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«O4MIIIeHNe, OIIPSATHOCTS. JaHHbIN 00psiA ObLA y4TeH MacTepaMI-3044MMI, U B KIABIX IIOMEITeHMIX JOMOB
Byxaps! ycrpanBaanch 1o4coOHbIe TTOMeIleHIs — MaAOHBL

MagoHn — HeOoabIIIas KOMHaTa, IIMPMHA KOTOPOJ paBHa IIMpPHUHE ITOMeIlleHNs, K KOTOpOMY OHa
HpUCTpOeHa, AAnHa cocrasaseT oT 1,0 M 40 3,0 M, 11, KaK IIpaBIUAO, BBIIIOAHETCS ABYXYPOBHEBBIM. B ogHOM
yIAy MajOHa pacriojaralcs TalHay (BbIrpeOHast siMa), 0010>KeHHBIN MyCyAbMaHCKM KupImdoM. TarHay
HaxoAyAcs Ha 20-25 cm HipKe noaa MagoHa. OaHa yacTh MagoHa Oblaa CyXoil, a ApyTrast — BAaXKHOM. Takum
00pa3oM, B JKIABIX KOMHaTax ObLAM Bce yA00CTBa 4451 OMOBEHILs Ilepes, HaMa3oM.

4. Camasn GoabIlasi KOMHaTa B JKIA0M AOMe IpejHasHadaaach roctsiM. Tak, B xaduce om A0y
Hlypaiix axe-Xysuu z060pumcsi: S caviuar, kax Ilocaanrux Aarnaxa (mup emy u OAazocaroseHue Aanaxa) ckasan:
«Tom, kmo eepum 6 Arraxa u 6 Ilocaednuii detv, nycmv noumum c60e0 20cms U Hazpaoum ezo». Tozda y Hezo
cnpocuru: «Kaxas wnazpada, o Ilocaarnux Aanaxa?» Tlocaarnux Aaraxa (mup emy u 0Ageocroserue Araxa)
omeemu: «O0Ha Houb u 00ut detiv. ITpuem mpexorestivtii. Euje ecmv 0Aaazomeopumervtocmo. Kmo éepyem 6 Aaraxa
u 6 Ilocaedruii denv, nycmo 2060puim AACK060 UAU Xparum moauarue. Paccxasaro Byxapu u Mycaumom [4]. To ects
AydIias KOMHaTa B MyCy/bMaHCKOM JoMe Oblaa OTBeAeHa 4451 rocts [5]. 1o BosMOXKHOCTH BO ABOpe CTPOVAN
OTAEABHYIO TOCTEBYIO, KOTOpasi Oblia CBETAOI, MPOCTOPHOII IO CPaBHEHUIO C APYIMMM IIOMeIIeHMsIMIL. B
AOMax, KOTOpBle OblAM Pa3AeAeHbl Ha OTKPBITBIN ¥ 3aKPBITHINI ABOPHI, CTPOVAU M OCHAIAAU OTAEABHYIO
TOCTEBYIO 30HY 4451 Ka’KA0TO ABOpa.

5. PasmemmeHne apepu 1Ay OKHa Ha IIPOTUBOIIOA0KHONM CTOPOHE KbIOAbI

B nmcropmueckux >kmabix gomax Byxapel 40 cux mop mpuAep>KuBalOTCs MpaBiida, OCTaBIIETOCs C
He3allaMsTHBIX BpeMeH: YyeA0BeK YKAaAblBaeTCs CIaTh, BHITAHYB HOTYM B CTOPOHY ABepU 1AM OKHa. Takmm
o0pa3oM, I010Ba CILAIIEro Beerda oOpallieHa K Kbioae.

Kri6aa (kp10aa apaOckoe cA0BO — HallpaBAeHNe; TO, YTO HaXOAUTCSI HAIIpOTUB) — B MICAaMe — TOYHO
yCTaHOBAEHHOe 13 AI000 TOUKM 3€MHOIO Illapa Hallpab/AeHNe B CTOpOHYy cBAIeHHoN KaaOwl B I. Mekke B
Apapyn. JIMeHHO mNO®TOMY HpHU IIAaHMPOBKE OKOH M ABepell IIOMellleHMs ycCTaHaBAMBaAM Ha
IIPOTUBOIIOAOKHO CTOPOHE KbIOABI.

B Kopatte ecmv asm: te 0y0b 6bilcokoMepHbIM Ha 3emAe. V100 mvt He MoxKeulb HO2AMU NPOH3UTITD 3EMATO U C60UM
pocmom Hukoz0a te docrmuztieuio 2op «(Vcpa, 37) [4]. B cBs13u ¢ 9TUIM ABeph B KOMHATHI ObLA1a HVKE Ye10Be9eCKOTO
pocra. B ocHOBe ®TOrO A€KUT MCAaMCKasl 9TMKa 1 MOpadb. Yea0Bek, BOIIeAINiI B KOMHATY depe3 ABepb,
CKAOHsAA T'OAO0BY ¥ IOYTUTEABHO IIPMBETCTBOBAA IPYUCYTCTBYIOIIMX. YUUTHIBas, YTO ABephb Oblla HaIIpOTUB
KBIO/1b1, BOIIEAITINIT YeA0BeK Bcerga IpUBeTCTBOBaA KbIOAYy.

6. Victioab3oBaHMe HeUeTHBIX YliCea B TaKMX DAeMeHTaX, Kak 0aaky, OKHa, KOANYeCTBO HUIII B
JKMABIX KOMHATaXxX M T.4.

Xaduc om Yoaiioor uon Camuma: IIpopox (mup emy u 6aazocrosenue Aaraxa) cxasar: «Hem 0oza, kpome
Axraxa, On EQurcmeentiotii, Hem pasnovix Emy ...» [4]

[IpusHaBast eAMHCTBO AdjdaXa, apXUTeKTOphl oOOpalllady BHMMaHUE Ha HeYeTHOe 4ICAO IIpU
IIPOEKTUPOBaHNUM SKVANIIL ¥ YIUTBIBAAV DTO BO BCeM: OT CTPOUTeAbCTBa A0 Aekopa KoMHaT. Harpumep:

a) AAVIHa >KMABIX IIOMelTieHnit pasHsiaach 7, 9, 11, 13, 15 6oaopam, kopuaopos — 5 6010paM, a MagOHOB
— 3 6oaopam;

©) B TOCTMHOVI OBLAO TP OKHA, HEe3aBMICUMO OT pa3Mepa IIOMeIIeHIs;

B) IIOTIepeyHasl CTeHa TOCTMHO pa3jeeHa Ha 3 HUIIY, a IpOA0AbHas CTeHa pa3daeleHa Ha 5 A 7 HUILL;

T) KOAMYECTBO IIOAO0K B CTeAa’Ke ObLAO HEUYETHBIM.

7. @acag X1a0ro go0Ma Aeaaacsi HpOCThIM, He3aMbICA0BaThIM, a ¢pacaabl BHyTpeHHerO ABopa 1
BHYTPEeHHMIA AeKOP OTANYaAiCh OOTaTbIMI YKpalIeHsIMIL.

Arrax z060pum: «O uerosenecmso! Mt co30ar 6ac U3 MY>HUUHBL U XKeHULUHbL, Ymodbl bl SHAAU OpY2z OpYyea,
pasdeAuAl 6ac Ha pastvie Hapodol U naemera. Boucmumy, camviii nouumaemblii neped AANIXOM — Mo, Komopolil
camuvtii Oaazovecmueblil us éac...» (Xyoxypam, 13). Yuerus ucaama nanpasAervl He Ha meAo U u300paxerus uerosexa,
a na ezo cepoue, dywy u nocmynxu. Vimam mycaum ¢ ceoeit kruze «Caxux» npusodum caosa Aoy Xypaipui: «... AAax
He cMOmpum Ha éauiu usodpaxexus u meaa, Ho On cmompum Ha 6auiu cepoua u deaa» [4].

Ecan npoaoAXKnUTh yTBep>KAeHIs YIIOMSHYTBIE BBIIIIE, TO YeA0BeKy HeOOXOAMMO O9MCTUTD CBOIO AYIITY,
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00OraTuTh CBOVI BHYTPEHHMII MMP U ITOBBICUTH CBOIO AYXOBHOCTb Ha IIyTM K COBepIIeHCTBy. V1 aas
AOCTVIKEHIS 9TOTO OH J0AKeH ITPUAeP>KIMBaThC CKPOMHOCTH, He 3aBA0BaTh OOraTCTBY.

Anu (posuarroxy anxy) ckasar Ymapy: «Ecau xoueurb npucoedurumocs k 0sym céoum opysvsam (Ipopoxy u
Aby baxpy), naderv sanaamariiyto pydauLky u sanaamartyro ooyev. He nodoasaiics sxadrocmu u 60zamcmey» [4].

CKpOMHO 0JeBaThCsl M >KUTh CKPOMHO - STO CYHHa AAs BCell MYyCyAbMaHCKOM OOIIMHBI (YMMBI).
O06pas1iosblil MyCyAbMaHIMH BOILAOIIAeTCsA B oOpa3e Bepylollero, KOTOPhI IPOCT Ha BUJ, M CKPOMEH, yell
BHYTPEHHIIT MUP ITPeNCIIOAHeH AI000BBIO K AAaxy 1 KaXKAo 3HaHui1. Kora MBI cMOTpUM Ha SKMAUIIA
Byxapsl, MBI BUAVM, 9TO BHEIITHUII BIA, >KIAUIL O4eHb IIPOCTON U Aa>Ke IIPYMUTHUBHBIN, BHE 3aBUICUMOCTH OT
COIIMAaABHOTO IIPOMCXOXKAEHNS 1 (PMHAHCOBBIX BO3MOXKHOCTeN A0MOBAajeablia. Ho koraa BbI BxoauTe BO
ABOp >KIAOTO AOMa, IlepeJ, BalllMM Ila3aMM PacKpBIBAeTCsl COBEPIIIEHHO ApyTas KapTMHA: YHUKAABHBIN
DCTETYEeCKUII BIJ BHYTPEHHETO ABOPa, M3BICKAHHOCTh TOCTMHBIX KOMHAT, CIIPOEKTMPOBAHHBIX TaK, YTOOBI
nponssecty Briedaraenne. Kaxkaas getaab B MHTephepe Oe3yIpedHa 1 TIaTeAbHO IIpopadoTaHa.

Pe3syabTaThl

B pesyabrare mccaeaoBaHms ObLAM OIpejeAeHbl XapaKTepUCTUKY KIAbsS B MCTOPMYECKOM IIeHTpe
ropoga byxaper n pazpaGoraHbl MeTOABI MX ITPMMeHeHNs IIpU pa3paboTKe IPOEKTOB BOCCTaHOBAEHNS U
PEKOHCTPYKIIMM JKIABIX A0MOB B ICTOPMYECKOM LieHTpe ropoga byxapsr.

1. MeToa pereHepar: coxpaHeHye LIeHHOM, MICTOPMIECKON YacTy JKIANIIA, CTPOUTEALCTBO HOBBIX
ITOMeILeHNIT BOKPYT COXPaHMBIINXCSI KOMHAT.

2.MeToa pecTaBpalif: CTPOUTEABCTBO HOBOTO JKIABs Ha (PyHAaMeHTe MICTOPUIECKIX JKIABIX JOMOB,
He IIPUTOAHBIX A4S DKCIIAyaTalyy, C UCII0Ab30BaH/eM TPaAUIIMIOHHBIX METOAOB CTPOUTEALCTBA SKIADSI.

3. MeToa MOAepHM3ALMIL: CTPOUTEALCTBO HOBBIX JKUABIX AOMOB B3aMeH KIAbsl, He MMEIOIIero
apXUTEKTYPHYIO LIEeHHOCTb 1 He COOTBeTCTBYIOIIEIO MICTOPUYECKON Cpeje CTapOoro ropoJa.

4. MeTOA My3elfHO-KOHCePBaLIIOHHBIVL: B3ATh 1104, OXpaHy I'OCyAapCTBa, XOPOIIIO COXPaHMBIIECs
UICTOpUYECKIIe JKIABIe A0Ma U MICIIOAB30BaTh MX B KAUeCTBe 40MOB-MY3€eB.

BriBoabI

1. IIpoektupoBaHne 1 CTPOUTEABCTBO HOBOTO JKIABSl B MCTOPMYECKOM IleHTpe Byxapbl 4043KHO
OCHOBBIBaThCS Ha CAEAYIONTUX 5 IPUHITUIIAX:

- cOXpaHeHIe COIMaAbHO-AeMorpadIyecKoil CTPyKTyphl HaceAeHIs UICTOPUYEeCKOTO Topoaa;

- OpueHmayus Ha UCAAMCKY1o Pur0coPuro, co6A100eH e UCAAMCKUX IMUUECKUX NPABUA;

- MICIT0Ab30BaHNe IPUPOAHO-KAMMATIIeCKIX YCAOBUIA;

- IpYIMeHeHNe TpaANULIVIOHHBIX METOA0B CTPOUTEAbCTBa;

- KOMILAeKCHOe IIpMMeHeHMe TPasMIIMOHHBIX U COBPEeMEHHBIX CTPOUTEABHBIX MaTepraloB
(TpuMeHeHre COBPeMEHHBIX M TPaJAMIIMOHHBIX CTPOMTEABHBIX MaTepualoB Oe3 HapyllleHNs BHEIIHEero
001Ka TPagUIMIOHHOTO JKIADS);

2. Ilpu paspaboTke 0OBEMHO-ITPOCTPAHCTBEHHBIX PEeIIeHNIi HOBLIX JKIABIX JOMOB B MCTOPUIECKOM
neHTpe Byxappl HeoOXOAMMO COXpaHUTbH OCHOBHBIE CTPYKTypHBlE ®A€MEHThl UM MX creluduyeckne
ocobenHocTH. OCHOBHbIE UHAMBIAYaAbHbIe CTPYKTYPHbIE 9A€MEeHTBI XKIABIX A0MOB B ICTOPIYECKOM LIeHTpe
Byxaper: roctiHas KomMHaTa, MaAOH, TarXOHa, 3UMHSLs KOMHaTa, HUM-aliBOH, ABOP, 3e4€eHasl 30Ha.
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Vcaam pmaocodpusicbiHbIH AdcTYpAi byxapa TypFbIH yitiHiH KaabIITacybiHa acepi

Angarma. Makasaga byxapa KaaachHBIH Tapuxu OeiriHiH A49CTypAi TYPFBIH Yil4il KaAIIbIHA KeATipy
aaicrepine (XIX racbIpAbIH asFbl MeH XX FachIPABIH Oachl) apHaAFaH FhLABIMY XKYMBICTBIH KOPBITBIHABLAQPBIHA
HeridgeareH. ABTOpP TYPFBIH Yl KYPBIABICHIHBIH ~ JKOCIIAPAAHYBIHBIH, KOAEMAIK  KYPaMbIHBIH,
AeKOpaLACBIHBIH, TillTi Byxapa KaaacbIHbIH ecKi Kada OeairiHge KypbLAbIC DeAIleKTepiHiH KaAblITacybHa
acep eTKeH IcAaM d4€eMi YIIIH KaHOHAap 004bIn TaObLAaTeIH KypaH MeH XaaucrepaeH ysiHaiaep keaTipeai
(Myxammes martrambapAblH eMipiHeH xukasaap). JKyMBICTBIH HoTioKeaepi OoiibiHINA aBTOp byxapa
KaJacbIHAAFbl TapUXM YIAepA4i KaAllblHA KeATIpY >KoHe SKaHFBIPTY VIIIH JKacaaraH o4icTepai Ti3iMaelAl.
Congait-aK, MaKadada Tapuxu KaJadapApl cakTay >KoHe KaAIlblHa KeATipy HNpUHIMIITepi KapacThIPbLAFaH.
ABTOp ©3iHiH KaAIlblHa KeATipy IIPUHIIUIIIH YChIHAABI-0YA SKYMBIC MYChLAMaH MaJeHIeTiHiH epexkeaepiHe
Heri34eAiIl, OChl casajaFrbl JKyMBICTBIH >KaHaAbIFbI O0ABII TaObLAAABL.

KiaT ce3aep: perenepanus1, Tapuxu yitaep, byxapa, aiiBan, KoHak Oeameci, Kbi04a, MagoH (KoiiMa).

N.N. Fayzullaeva
Mirzo Ulugbek Samarkand State Architectural and Civil-Engineering Institute, Samarkand city, Uzbekistan

The influence of Islamic philosophy in the formation of traditional housing in Bukhara

Abstract. This work is based on the findings of a scientific work that is devoted to the methods of
regeneration of traditional housing (the end of the XIX and the beginning of the XX century) of the old city
part of the city of Bukhara. The author quotes fragments of Qur'an and hadis (stories from the life of the
prophet Muhammad s.a.s.) which are canons for the Islamic world and that influenced the formation of
planning, spatial composition, decor and even construction details of historic dwellings in Bukhara. As a result
of this work, the author lists the developed methods for the restoration and regeneration of historical houses
in the city of Bukhara. The article also discusses the principles of preservation and restoration of historical
cities. The author gives his principle of restoration - this is to be based on the canons of Muslim culture. And
this is the novelty of this work in this area.

Keywords: regeneration, historical houses, Bukhara, aivan, living room, gibla, madon (pantry).
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