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TEXHUKAABIK FBIABIMAAP J)KOHE TEXHOAOTUSAAAP
THE TECHNICAL SCIENCES and TECHNOLOGY
TEXHUMNYECKME HAYKU M TEXHOA0I'MN

XFTAP 55.53.29

A.K. Kaykapos, M.K. Kyanbiies

K. 2Kybaros amvindazur Axmebe onipAix yrusepcumemi, Axmeobe, Kasaxcman
(E-mail: altynbek-79@mail.ru)

Ipi Ty#ipmIikTi TONBIpaKTHI ©HJAEyTe apHaafaH rpendepai 9KCKaBaTOPABIH XXaHa
JKYMBIC )Xa0AbIFBIHBIH HeTi3ri mapaMeTpaepiH Herizgey

Angatna. JKep KasaTblH MallMHalapAblH >KYMBIC —OpraH4apbIHBIH — A43CTypAi
KOHCTpyKImsAapel TeTeHIle >Karjaiilap Ke3iHAe cea INeriHAizepi MeH Oacka aa
yitiHAizepaiH ipi CBIHBIK TOIBIpaKTaphIH wurepyre OeliiMAeamereH, ©ya oaapAbiH
©HiMJiAiriHiH TeMeHAeyiHe okeaeai. COHABIKTaH OCHI MaIllHaAapABIH PYHKI[MOHAAABIK
MYMKiHAIKTepiH KeHellTyre MyMKiHAIK OepeTiH ipi KecekTi Kocradapsl Oap cea ILIBIFapy
OpPBIHAAPBIH d3ipAey ymIiH Oip IIeMimTi ®DKcKaBaTOpAapABlH apHAMbBl >KYMBIC
OpraHjapblH Kypy KaXeT. 3epTTey MaKcaThl aHaAUTUKAABIK 3epTTeylep MeH
KOMIIBIOTEPAIK MOJAeAbJey HeTidiHAe DKCKaBaTOPABIH apHalibl >KYMBIC OpraHbIH KeHelTy
MeXaHM3MiHIH KUHeMaTMKaABIK >KoHe KYINTiK IlapaMeTpAepiH aHBIKTay OOABII
TabbL1aABI. DKCKaBaTOPABIH apHAalIBI )KYMBIC OpTaHbI MeXaHU3MiHiH OybIHAapBIH aHBIKTay
odicTeMeci VCBIHBLAFaH: OybIHAAp HYKTeAepiHiH HO3MUMAAapBIH, KOOpPAMHATTapbIH
aHBIKTAay aATOpUTMAepi MeH od4icTepi; OYpPBIIITHIK KbLAAAMABIKTap MeH OyBIHAApPABIH
YAeyiH aHBIKTay YIIIiH BeKTOPABIK (POpMajaFsl apHalibl 9KCKaBaTOp IIOMiIIiHiH MeKTepiH
KeHelTy MeXaHU3MiHiH ToyeAci3 KOHTypAapbIHBIH OKllayJay TeHJeyAepi >KoHe
ITapaMeTpAepAiH CaHABIK KoHe IrpadUKaAbIK MOHAEPi aABIHABL.

TyiiH ce3aep: apHaribl JKYMBIC OpTraHBI, DKCKaBaTOP IeMili, 6aiilaHbIC HyKTeAepiHiH
KOOpAMHaTTapBbl.

DOI: doi.org/10.32523/2616-7263-2022-141-4-7-18

Kipicmie

Kasakcran Pecrrybamkachl aymarbIHBIH eAayip Oeairi cea >KoHe celiCMMKaABIK aliMaKTapaa
OpHaJackaH, oaapaa 70-TeH actaM ceaAeH KOPFalITBIH MHXKeHepAiK KYpBIABICTAp >KYMBIC icTeliji,
oAapAblH Kemriairi 1974-1985 xplagapsl naitgasanyra OepiareH. Ocbl yaKbIT illliHAe cea Kaylli Oap
e3eHAepAiH OacceitHaepiHde 40-TaH acTaM ceA TacKbIHBI TipKeAai, OAapAbIH KOIIIIiAiri KOpFaHBIC
KYPBLABICTapbIHa KaTThl MaTepuaAAblH KOIl MeAlllepiH OeayMeH Kartap Xypai [1].

JKyMbICTBIH ©3eKTiairi

Cea TackbIHBI HOTHUIKECiHAE TOIbBIPAaK OPTachIHbIH >KMHAKTaAybl Oalikadalbl, OA HeridiHeH
ASCTYPAi XXyMBIC KaOABIKTaphl Oap >KeHe apAalibIM eHOeK >KarAaiidapblH KaHaFaTTaHABIPMATHIH Kep
KasaThlH MallllHaJapMeH (9KcKaBaTopaap, THerimTep, Oyabaosepaep) >Koliblaaabl. Ceare Kapchl
KYPBIABICTapAbI alidadaHy, cea arblHAApPhI MeH OiTeayaepai TazapTy HaKThI cel opTachlHa OeitiMgeareH
THiMAl KYMBIC OpraHJapbiMeH MeXaHUKaJdaHABIPY KypadJapblH TaHAaycbhl3 MYMKiH emec. TereHie
Xargalidap/a KeHiHeH KOAAaHbLAaThIH ASCTYPAl KYPBLABIC MalllHaAapPbIHBIH TUiMALAITiH apTTHIPY YIIiH
apHalibl )KYMBIC OpraHAapbIH KYPYyAbl Tadall eTeTiH ipi TyNipIIiKTi TOIbIpaKTapAbl UTepy eTe KMbIH [2,3].
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Koriblaran MmingeTTep

AKIlapaTTBIK MaTepuaajapAbl Taasay Oip IIOMIITi ®KcKaBaTopAap AaMybIHAAFbl IIpOrpecc
OAapAblH KOHCTPYKUMsAAApbIH KypAeadeHAipy OarbIThIHAAa AaMUTBIHBIH KepceTedi. Mricaa petiHge
KYIIeMTI >KYMBIC iCTeNTiH >KYMBICIIBI OpraHjapAbl, >KYMBIC >KaOABIKTapbIH ©HAeyAi, AparaaiiH
IIOMIIIITePiH >KoHe T. O. aifTyFa 60aaabl [4].

92e01 AepeKKe3Aepai, TaTeHTTIK aKIapaTThl Taljay HeriziHAe Oip IOMIITi 9KckaBaTOpAapAbIH
>KYMBIC OpTaHAAPBIHBIH HeTi3ri OarbITTaphl MEeH AaMy TeHAeHIINAAaphl JKoHe 0AapAblH cea aFbIHAapbl MeH
OiTeayaepiH TazapTy MyMKiHAikTepi aHbpIKTadaabl. JKep Kasy TeXHMKACBIH AaMBITYAbIH aHbBIKTaAFaH
HerTi3ri OarbITTaphl CeA aFbIHAAPBIHBIH ipi TYMipIIiKTi TONBIPaKTapblH Urepyre OeifiMAeAreH >KYMBICIIIBI
opraHapA4blH ic >Ky3iHAe >KOK eKeHiH KepceTTi [5].

KanHaabirsl

bip mewmimTi sKckaBaTopaap/a ai4aaaHblAaThIH A9CTYPAi KOHE Y ChIHBLAATBIH JKYMBIC
OpraHzapbIHBIH >KaAIbl KeMIIiAiri IaligasaaHyAarsl TOMEH CeHIMA1AIK, cea MacCaChbIHbIH KYpaMbIHAAFbI
ipi TacTapAbl KapMay >KoHe KBLAXKBITY MYMKiH eMeCTiri, >KyMBIC OpTaHbIH ©3TepTy OOMBIHIIIA KYTKapy
KoHe KaAIlbIHa KeATipy >KYMBICTaphl Ke3iHJAe yaKbITTHI JKOFaATy OOABIIT TaOblaaAbI [6].

3epTTey aaicTepi

Bya xemmiaikrepai rmapasankaabik, 6ackapblaaThiH Meri Oap IMApaBAMKaABIK DKCKaBaTOPAbIH
JKYMBIC >)KaOABIKTapbIH MaiiJadaHy apKblAbI >KOIOFa 001aabl. [MApaBanKaabIK OackapbLaaThIH IIOMiIIIIIeH
>KaOABIKTaAFaH DKCKaBaTOPABIH >KaHa >KYMBIC >KaOABIFBIHBIH HETi3Ii ITapaMeTpAepiHiH HeTidgemeci cea
TONBIpAK OpPTAChIHBIH ipi TYMipLIiKTI TONIBIpaKTaphlH Wrepy KesiHJe (PYHKIMOHAAABIK >KoHe
TeXHOAOTHUAABIK MYMKIHAIKTePiHiH KeHeIOiH KaMTaMachI3 eTeAi.

3epTTey HaTMXeaAepi

MMemimnen koopagnHaTTap Xyliecin OXY KartaH OaitaaHbICTEIpaMbI3. KoopauHarTap xyiiecine

OXY KaTBICTBI, IIOMIIIl TOIICadapbIMeH KaTaH OaillaaHbICKaH KOOpAUHaTTap OepiaciH Jerl ecemnTeltik:

AL) F(F). 6(G)
AB(4'B’)

KBI3BIKTBIPpATbIH 6y1:IHAap HYKTe/lepiHiH KoopAaMHaTTapbIH aHbIKTaf/]MbIS.

)- VlekTi XBIAKBITY MeXaHU3MiHiH CBI3BIKTBIK ©AllleMaepi ge OeAriai OOACHIH:

. OXY KOOpAMHATTap >KylieciHe KaThICThl DapABIK OybIHAAPABIH OpHaAaCybIH, COHAAl-aK 0i3ai

Ocpr KO3FaABICTApABI TYABIPATHIH KYIITepAi eckepMecTeH, Oip IIOMIITi 9KCKaBaTOPABIH >KaHa
JKYMBIC ~ OpPTaHBIHBIH  IIIOMIIliHIH  IMApoOacKapbhlAaThIH — MEKTiH  OybIHAAPBIHBIH  KO3FaAbICBIH
KapacTblpaMbl3. MexaHM3MHIH Herisri MaKCaTbl-OHBIH KMHeMaTMKaAblK CUIIaTTamMasdapbl apKbLABI
cuIIaTTaAaThIH KakeTTi Ko3FaapIcTapAbl opbiHAay. Oaapra KaallblaaHFaH KOOpAMHaTTap, OyblHAQP MeH
OJapAblH HYKTeAepiHiH KOOpAUHATTapPHI, COHAAl-aK OAapAbIH >KbIAAAMABIFRI MEH YA€yl >KaTajpbl
Kunemarnkaarplk cumaTramMasapablH KaTapbiHa OacTamkpel OybIHAQPABIH KO3FaAbIC 3aHbIHA ToyeaAi
eMecTep Je >KaTaAbl, Oodap TeK MeXaHU3MHiH KYPBIABIMBIMEH, OHBIH OYybIHAAPBIHBIH ©AIIeMiMeH
aHBIKTaAaAbl >KoHe >KaAIlbl >Karjaiida >KaAllblAaHFaH KOOpAMHaTTapfa OallaaHBICTBEI 0oaaawl. Byaap
opHajacy (PyHKIMAAApPbI, MeXaHU3M OYBIHAAphI MeH OJAapAbIH HYKTeAepiHiH >KblaAaMABIKTapbl MeH
YAeyAepiHiH aHaAOITapEL.

AaapiHan Oeariai, >Kas3bIK pblYar MeXaHM3MJEpPiH KMHeMaTHKaAblK TadAayAblH eH >KaAIlbl
TacCiaaepi ToyeAaci3 BeKTOPABIK KOHTypAap 94iciH KoaJaHyFa HerizgeareH [7,8]. ZKasplK prraar Mexanuami
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OybIHAAPBIHBIH epexkeaepi Typaabl MaceAeHiH >KaAllbl TY>KbIpbhIMAaMachkl MbIHajall Typae KOMblaaAbl:
BEKTOPABIK TYMBIK KOHTypAap o4ici HeriziHge OepiareH mapameTpaep MeH CBIPTKBI TOIIcCadapAbIH
OpHaJacybl Ke3iHAe Kipic (KeTekii) OyBIHAQPBIHBIH >KaAIlbLAaHFaH KOOpAVHATaJapblHAH IIIBIFBIC
(’keTekTeri) OyBIHAQPBIHBIH OpHaJacCybIHBIH (QYHKIIMSAAapbIH TaOy KaxkeT. Erep mexaHmsMge OipHerie
KYPBIABIMABIK ToHNTap 004ca, OHAa KMHeEMaTMKAABIK Taajay OChl TONTapAbIH KOChIAy peTTidiriMeH
opbiHAaAaabpl. bya >xarsaiiga MexaHM3MHIH >Keke OybIHAapbIMeH 0aiflaHBICTBI KOOpAMHAaTajap
KylieciHeH Oacka, opOip KYPBIABIMABIK TOIl YIIIiH KOOpPAMHATTAp >KYlieci aHBIKTaAybl KepeK, OFaH
KaTBICTBI TOII OyBIHAAPBI (pepMaHBI Ky paiiabl, sSIFHI epKiHAIK AopesKeAepiHiH caHbl HoAre TeH 00a1aasl [9].

IerFbic (keTexTeri) OyBIHAQPBIHBIH epeskedepi Typaabl MaceAeHi IIelly YIIiH MeXaHU3MHIiH
KITHeMaTMKaAbIK cXeMachl JKoHe Oip epKiHAIK g9peskeci Oap Kipic (keTeKIIri) OyBIHBIHBIH KaFAalibl HeMece
OipHelle epKiHAIK AopesKeci Oap MexaHI3M YIIiH Kipic (keTeKIli) OybIHAQPBIHBIH KafAalibl Oepiayi Tuic.

Kapmaybimreiy  6apablk  OybIHAApPBIHBIH OpHaJacyblH aHBIKTay YIIiH >KaarnbldanraH AB
KOOPAMHATHI MeH KapMaybIIITHIH TYPaKThl IapaMeTpaepin Oepy >xetkiaikti: BF, BC, CF, CD, DG, GE
OybiHAap Y3BIHABIFEL ¥, A(xa,ya), F(xf,yf), G(xgyg) Tipek KoopauHaTTaphI.

B HyKTeciHiH KOOpAMHaTaChIH aHBIKTay YIIIiH aa4biMeH AF KaIlIbIKTHIFBIH TaOaMbI3:

AF =\/(xf —xa)2 +(yf —ya)2 .

1)
yf —ya

0, =arct
A g(xf —xa

Bypbimrer - aHBIKTalIMBI3 j>I<aHe KOCMHYyCTap TeopeMachl OOIIbIHINA
AB? + AF? - BF?

2-AB- AF

Q= arccos( j
. OHga OypoIr 60aaabI:

AB? + AF? —BF?
2.-AB-AF

OYpPHIIITE aHBIKTAIMbI3

6,, =06, —arccos

B HykreciHiH KOOpAMHaTachlH KO3FaAMalTBhIH KoopauHaTtTap Xylecine GXY KaTbICTBI Keaeci

xb] [xa . cos(6,5) — sin(f,)| [AB
yo| lyal |sin(6,) cos(,5)] | O
AB =1288+7,04-i i=0...74

C HyKTeciHiH KOOpAMHATaChIH aHBIKTay YIIiH KOCMHYCTap TeopeMachlHaH alAblH-ala TypPaKThl

KaTbIHaCTaH aHbIKTaIZMI)I?;:

)

MyHJa

OYPBIIITE aHBIKTAIMBI3

BF?+CF?-BC?

o = arccos
2-BF -CF
>KoHe OyphIIT 001a4bl
b — yf
Or, = arctg| L7
xb — xf
(2-cyper).
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p—
YA-YF

S

D \ D ~ =
5. ~ %/ le
K Kooy T £ \G‘f
G(G) D ‘-\—< G X
] 7

E F :
1-cypet. ToTeHme KaFaariaap KesiHae 3apAanTapAnl 2-cypet. KuHeMaTHKaabIK JKyITapaarbl OajiaaHbIC

JKOIOFa apHaAfaH I'MAPaBAMKAABIK 9KCKaBaTOPAbIH PeaKIIMsACHIH aHBIKTayFa apHAaAFaH IMAPOMeKTiH 1-mri
rmapobacKkapblaaThIH MeTi 0ap SKYMBIC 5KaOAbIFbIHBIH, OYBIHBIHBIH eCeITiK cxeMachbl

KVMHeMaTHMKaAbIK cXxeMachl.
l-tmapoumanmHAp, 2-IOTOK, 3->KOfaprbl pbryar, 4-
TapTKBIII, 5-TOMEHTi pbIvar, 6-yeK, 7-MeMillL.

Conrimen C HyKTeCiHiH KOOpAMHATTaphl KeAeci OpHeKTeH aHbIKTaAa/bl:
XC xf cos(Op +) — sin(O +a)| [CF
= + A
yC yf Sin(Gx + ) cos(Gs +x)| | O
D nykTeciHig KOOpAMHATTapbIH aHBIKTAY YIINiH aAAbIMEeH KeAeci IllaMasapabl aHbIKTay Kepek:
CG aitHbIMaAbl Y3bIHABIKTEI

CG= \/(xc—xg)z +(yc— yg)2 ,
OypoIII
C —
Osc = arctg —ic — 3(/3

JKoHe KOCMHYyCTap TeopeMachlHaH TypPaKThl OypBIITEL
CG” + DG* -CD?
2-CG-DG

OmHaa, carikecinmre, D, E HykTeaepiniH KoopAnHaATTaph! Kedeci KaTbIHACTapAaH aHBIKTaAaAbl:

[ =arccos
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{xd}:{xg}Jr c0S(Ggc + 8
yd] lyg) [sin(Oec+AB
{xe}:{xg}Jr cos(Os. +B+y
ye| lya) [sin(Osc+B+y

ConrpimeH 0i3 B(Xz, Ye) , E(Xe, Ve) JKoHe D(Xo,¥o) HYKTeAepiHiH KOOpAMHaTalapbIH XOY

—sin(Gsc + 1) {DG}

cos(6sc+B) || O

—Sin(Gc +B+7) G;:
cos(Gsc +B+7) | O

SKePriAiKTi KOOpAMHaATTap KYylieciHe KaThICThI aHBIKTaAbIK,.

Mexannsm HyKTeAepiHiH >KblA4aMABIFBI MeH YAeyiH aHbIKTay YIIiH OybIHAQpPABIH OYPBIIITHIK
KblAJaMABIKTaphl MeH yJey/AepiHiH aHaAOITapblH, COHJAAl-aK MeXaHu3M OybIHAapbl HYKTeAepiHiH
CBISBIKTBIK JKBIAAAMABIKTAp MEH  YAeyAepiHiH aHaJAoITapbiH aHbkTay KakeT [10]. Mexanmusm
OyBIHAQPBIHBIH OYPBIIITHIK KblAAaMABIKTaphl MeH yAeyAepiHiH aHaAOITaphl ColIKeCiHIIe JKaAlblLAaHFaH
KOOpAMHAT OOJMBIHINIA TAyeACi3 >KaOBIK KOHTypAapAblH TYMBIKTaAy TeHJAeyAepiHiH Oip >koHe eki ece
anddepennsiaanysl 001 Tadbaaabl [11]. CoHbIMeH KaTap, MeXaHM3M KaAackblHa KapaMacTaH, ToyeAcis
KOHTYpAapAbIH TYWBIKTaAy TeHAEYiHiH >KaAIlblAaHFaH KOOpAMHAThHl OoitbiHINa AnddepeHnnaajay
caHbIHa OaifA1aHBICTBI OYPBIIITHIK KbLAAAaMABIKTapABIH HeMece YAeyAepAiH aHaAoITapblHa KaTBICTHI
CBI3BIKTBIK TeHAeyAep >KylleciH a1aMbl3.

3epTTeaill OTBIpFaH MeXaHMU3MHIH (KapMayBIIITLIH) >KeTeKIi OybeiHbI 1-OybiHFa THeciai
unanHApde H KosraaaTbiH OallaaHBICTBIPYIIBI ITATYHAAFBl HOPIINEHb OOABIN TaObLlagbl (2- CyperTi
KapaHbI3). bya MexaHn3MAe >KaAlbLAaHFaH KOOPAMHAT alfHbIMaAbl AB KaIlTBIKTBIFBI OOABIIT TaObLAAABL.

Mexanusmaeri Toyeacis KoHTypaap canbl (k) Diiaep Tomoaormsaaslk popmyaacsl OOMBIHIIA
AQHBIKTAAaAbI

k=p-n+1
M¥H,Zl,a p, II — MexaHI/ISMHiH KImtHeMaTKaAbIK )K¥1'ITapr MEH 6YLIH,ZI,apI)IHLIH CaHBbI.

3epTTeaeTiH MeXaHU3M YIIiH p=7 , = 6 , OHJa k=7-6+1= 2, SAFHN, OyA MexaHmu3MJe eki
ToyeACi3 KOHTYp Oap.
bipinmii Teyeacis TyJibIK KOHTYp (2-CypeTTi KapaHbI3):

AB—BF —(Y,— Y )—X, =0 .
GXY ocinge BeKTOpAapAbIH TYMBIKTaly TeHAeyiH (2) >koOaaay apKblaAbl Keaeci TeHAey >KylieciH
aZaMBbl3:

AB c0S(0,5 ) — BF €08 (6,5 )~ X, =0,
ABsin (6, )—BF sin (HFB)—(y_A—ﬁ) =0,

0, = arctg (M]

X5 —Xe
MyHJa
(4) xyiteciH >kaarnbLaaHFaH KoopauHaTtTap AB Goiibiaina guddepeniusaiay apKblabl alaMbl3:
. dé : dg
COS( g ) — ABSIN(b,5 ) —22 + BF sin (6 ) —= =0,
() (%) 38 (%) 4ag
: dé dg
sin(6,s )+ ABcos(6 22— BF cos(6, 2 =0.
(%) (%) 3 (%) 4ag 5)
(5) TenaeyiH MaTpuLIaABIK Typre KeATipeMis:
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dé,,
~ABsin(60,,) BFsin(6) || dAB | [ —C0S(6ys)
ABcos(6,;) —BFcos(0)||dO [ |-sin(64)

6) Teyaeyaep SKyiieciHeH GAB SKoHe 9':3 OV PBIMITAPBIHEIH OYPBINITHIK >KbIAAAMABIKTAPBIHEI
(6) Tenaeyaep xy Yp prIHbIH Oyp K AAMADBIKTaPBIHBIH

d0, dOeg

aHa/AOITapbIH dAB sxome 9AB ampikraiivms.
(4) Tenaeyaep >KylteciH >KaAIlbL1aHFaH KoopauHaTTap AB >Kyiteci OGoiibIHIIIA eKiHIII peT
anddepeHnusaan, Keaeci TeHAeyAep KyIieciH aaaMblI3:

—Sin(6,s) dAAEl; —sin (6, ) dAABB ~AB cos(HAB)( dAABBj —ABsm(@AB)_dAE/;g +
2 2

BFuB(Qm)(zigj +BFsm(a%)3;§§=o,

COS(GAB)—dAABB +C05(0y5) dAABB —ABsm(@AB)(dAA;] +ABcos(9AB)Wé\g+

: 46 ) d?6
BF sin (6 )( dAFBB j —BF cos (6, )dA—BFE =0;

bya tenaeyaepai maTpumaasix Typae >Ka3ambl3

00,4
~ABsin(6,,) BFsin(6s5) || dAB?
ABcos(6,;) —BFcos(6)|]d%0,, |
dAB?
2 2
(0 g As(0a) it | - s )

do . P do, Y|
—2c0s(6 28 1 ABsin (6 22| —BFsin(6 £
(7) Tenaeyaep xyitecinen caiikec OAB >xeme OFB OypsimrapbiHbiH OYpBINTHK YAeyaep
d?0,p5 d*6pp
dAB?’ dAB?
Exinmi Toyeaci3 KOHTYpABIH TYMBIKTaAy TeHAeyi (2-CypeTTi KapaHbl3):

DG+CD-CF -y, =0
DG cos (6, ) +CDcos (6, )—CF cos(6,. ) =0,
DGsin(Ggp ) +CDsin (G, ) —CFsin(6x. )—y: =0,

aHaAO0ITapbIH aHbIKTaI/IMI)IS

Oco = arctg[ Yo=Y ] Opc = arctg( Ye = Yo J 0, =arctg [ Yo ~¥e }

Xp—Xs X=X X=X
MyHA2 D D F

(8) TeHaeyaep  KylieciH  >KaAIlblAaHFaH  KoopAmHartap AB  Oxyiteci  OoliblHIIa
andPepeHnuAI alIMBI3, COHAA OOAAABL:
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_DGSin (HGD) (jjiGBD _CDSin (HDC )?ji\—DBC—FCF Sin(HFC ) dgFB = O,

dAB
dé, dé, dé,
DG cos (6, 2 1+ CDcos(6, ¢ —CF cos(6 £ =0,
(%) dAB (6c) dAB ( FC)dAB
do,. _db,
dAB dAB .
by Tenaeyaep xyiieciH MaTpuIIaAbIK Typre KeATipeMis:
dbsp i O
{—DG sin(fyp) —CDsin(6yc )} dAB | _ ~CFsin (6 ) dAB
DGcos(6;,) CDcos(6yc) || dbpe CE cos(@FC)dHFB
dAB dAB 9
©)
dé,,
(9) Tenaeyinen QGD SKoHe eDC OYpBIIITapLIHBIH OYPBIIITHIK JKbLAJaMABIK aHaAO0ITapbIH dAB

déyc

SKoHe dAB AHBIKTAIMBbI3.
(8) TemaeyiH >kaambplaaHFaH KoopauHaTTap AB OoripiHIna exinmn per anddepenumsiagarn,
Ke/ecCiHi a1aMbl3:

e cos(&GD)[iiGé’ jz _DGsin(0) 3;9863 _CDcos (0, )(iZDBC jz _cDsin (6, )ii\%+
CF cos (6 )(ziFBB jz +CFsin(6y) 3;\%2 =0,

-DGsin (HGD)((:&;; jZ +DG Cos(HGD)%—CDsin (Ooc )[?ji[’g jz +CDcos( 6y )%
CF sin (6, )[3,%88 jz —CF cos (6. )% =

HeMece ManI/IHa/lI)IK Typ,a,e:
d’6,,
-DGsin(6,,) —CDsin(6y ) || dAB?
{ DGcos(65,) CD cos(QDC)} d20,.
dAB?

(10)
2 2
DG cos(@GD)[ZZGS j +CDcos (b, )(C;iDg j —CF cos( G, )(3,?:

dO,c
dAB

d%0,,
dAB?
d%6,,
dAB?

Jz —CFsin (6 )

b, ) i 6y, Y
DGsin(QGD)( dAGISJ +CDsin(0DC)( j _CFSin(gFC)(dAFBBJ +CF cos(6 )

(10) TeHaeyaep >KylieciH IIeIe OTBIPBII, CIVIKeC Oeo JKoHe Onc OYpBIITapbIHBIH, OYPHIIITHIK
2 2
d°0y, d°6c
2 2
yAeyAepiHiH aHaA0TTapbIH dAB®  dAB" aupkraiivprs.
E HyKTeciHiH KOOpAMHATTapHIH KeAeci OpHeKTepAeH aHBIKTaliMBbI3:

X = GEcos(6; ),
ye =GEsin(6; ),
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g,. =arctg| e Yo
MYHAQ Xe ™% ),
(11) epuerin yaksIT 60itbHINIA AndPepennuaiian, E HykreciHiH 5Kbla4aMABIFBIH TaOaMBI3:
% __GEsin(q,, ) 4% A8
dt dAB dt
d
e _ +GE c0s (e )—QGD aAB

E nyKTeciHiH >KblA4aMABIK MOAYAi MBIHaFaH TeH O0Aaabl:

=%+

(12) epHerin yaksIT O0itbIHINIA Anddepeniusaian, E HykreciHig yAeyiH TabaMbI:

d’x dg,, dABY’ . d’0.., (dAB Y
a = E — _GEcos(6 0 — — | —GEsin(fy )—22| — | -
= dt? ( GE)( dAB dt j ( GE)dABZ( dt j

. d6.. d’AB
GESIH(@GE) dAGg W,

d2y, . (de dABjZ d’o (dAB)Z
a = =_GEsin(9 6b 7 | +GEcos(6, D —— |+
e dt? (Cec) dAB dt (GE)dA82 dt

do., Y d’AB

GEcos(&GE)( dAeg) e

E HyKreciHiH yAeyiHiH MOAyi MbIHaraH TeH;:

_ 2 2
a, =.ja; +a. '

OsipaeHreH OarjapaaMa OOJBIHIIIA aAbIHFaH ToyeAAidikTepaAi KOMIIBIOTEpPAiK MoJeabdey eki
peXumMae Kyprisiaai:

- rpeiigep peXXuMiHAe ipi CBIHFBIII TacTapAbl ycCTall ady OOMBIHINA TMAPOMEKTi SKBLAXKBITY
MeXaHMU3MiHiH >KYMBbICBI;

- KogiMri kepi Kypek IIeMill peXmnmiHAe TMAPOMEKTi >KBLAXKBITY MeXaHM3MiHiH OipaeckeH
SKYMBICHI.

I'mapaBankaablK DKCKaBaTOPADBIH apHaiibl IIOMiITiHiH I1apoOacKapblAaThiH Meri MeXaHU3MiHiH
ecenTey OargapaaMachl KacaaAbl KoHe KMHeMaTHKaAbIK >KoHe KYIITiK cuIlaTTaMadapbl CaHABIK >KoHe
rpapuKaAbIK TYpAe aAbIHADIL.

CanapIk HoTIDKeAepAi aay yiniH «Maple 18. The Essential Tool for Mathematics and Modeling»
KOMIIBIOTepAiK OarAapaaMachl KOAAaHBLAADIL.

X xoHe VY ocingeri E HyKreciHiH OYpBINTHIK yAey HPOEKIUACH MeH YyJAey MOAYyAiHiH
TUAPOLMAVHAP IITOTBIHBIH >KYpiciHe ToyeaAaidiriHiH rpadukaablK MHTepHpeTanuscsl 3, 4 >koHe 5
cypeTrepae OepiareH.
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3-cyper. X (1) >xane Y (2) ocingeri E HykTecinin 4-cyper. E HyKTeciHiH yaey MOayaiHiH
OYpPBIIITEHIK YAeY IPOeKINSICBIHBIH ITIAPOIMANHAD TUAPOIMAMHAP IITOTHI KYpiciHe Toyeaaiairi
INTOTHI XYpiciHe Tayeaaiairi
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I'aaponmaInHAp ITOTBIHBIH KYpici, MM
5-cypert. X (1) >xane Y (2) ocingeri E HykTeciHiH OYpBIITBIK XKXbIAJ4aMABIFBI IIPOEKIVSICBIHBIH JKoHe KbL14aMAbIK
MoAyaiHiH (3) TMAPOIMAMHAD IITOTBIHBIH XYPpiciHe Toyeaaiairi

3-5 cypeTrTepiHe KeATipiareH ToyeaAidiKTi Taajay KepceTKeHAeil, Oip IMeMiITi 9KcKaBaTOPABIH
SKYMBIC >KaOABIFBIHBIH IIOMIITiHiH IMApoOacKapblaaThlH MeTiHiH YChIHBLAFaH KOHCTPYKIUACH 1 MeTpre
Aentinri Tac OAOKTapAbl Meri MaKcuMMaAAbl alllblAfaHAa YcTal adyFa MYMKiHAIK Oepeai, Oya
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IMAPaBANKAaABIK IMAVNHAPAIH IITOTEIHBIH 280 MM XYypici Ke3iHge KaMTaMachl3 eTiaeai.
Hoatmxeaepai Taakpiaay

¥cpIHbLATaH KMHEMAaTUKAABIK JKoHe KYIITIK Taaaay o4ici YAKeH TYMipIIiKTi TOIBIPAaKTLl UTepy
YLIiH Oip IIeMiIITi ®KCKaBaTOPABIH apHalibl JKYMBIC OpTaHBIHBIH IMApoOacKkapblaaThlH MeXaHM3MiHiH
TeOMeTPUAABIK, KIHeMaTMKaABIK >KoHe KYINTIK IlapaMeTpAepiH aHBIKTayFa MYMKiHAIK Oepeai.
I'mapaBanKaabIK OacKapblAaThIH IIOMIIITIH JKYMBIC OpraHbIH KMHeMaTHKaAbIK Taldlay aATOpUTMi gepOec
KOMIIbIOTepTre apHaaraH OargapAaMa TypiHJAe Kacadaapbl, 3epTTeAeTiH MeXaHU3MHIiH KIHeMaTHUKaAbIK
IapaMeTpAepiHiH caHABIK MaHAEPi aabIHaabl, Oy 010K-CXeMaHBI TaHAay¥Fa JKoHe MeKTiH IMApaBANKaAbIK
OackapplaaThIH OOAiKTepiHiH eAleMAepiH aHbIKTayFa MyMKiHAIK Oepeai.
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A.K. Kaykapos, M.K. Kyanbimes
Axmtoourckuil pezuonarvrvii ynusepcumem um. K.2Kyoarosa, Axmobe, Kasaxcmar

OGocHOBaHME OCHOBHBIX IIapaMeTPOB HOBOTO pabouero o00pyaoBaHusi rpevipepHOTO
PKCKaBaToOpa A44s1 pa3pabOTKM KPYIIHOOOAOMOYHBIX TPYHTOB

Annorammsa. TpaauiuoHHble KOHCTPYKIIMM PaboOuMX OPraHOB 3eMAEpPONHBIX MaIlMH He
MIOAXOAAT AAsl Pa3pabOTKM KPYITHO3€PHMUCTBIX TPYHTOB, CEAEBBIX OTAOXKEHWUII M APYIUMX 3acOpOB B
DKCTPEMAaAbHBIX YCAOBUAX, YTO IIPUBOAUT K CHIDKEHMIO MX HpoussoamureapHocTu. Ilostomy aas
Ppa3pabOTKM ceasi C KPYIHBIMM KAaCCMYECKMMM BKAIOYEHMAMU HeODOXOAMMO CO3JaHMe CIIelaAbHBIX
pabounx opraHoB OAHOKOBIIIOBBIX DKCKaBaTOPOB, UTO ITO3BOANUT PacIIMPUTh (PYHKIIMOHAA DTUX MAIIIVH.
[IpeameTrom mccaegoBaHMs ABASETCS OIpeJeleHre KUHeMaTUYeCKMX U CUAOBBIX IlTapaMeTpoB
MexaHu3Ma YAAWHEHNUs CIeIjaabHOro pabodero opraHa ®DKCKaBaTOpa Ha OCHOBE aHAaAUTUYIECKIX
MICCA@AOBAHUII ¥ KOMIIBIOTEPHOTO MogeanposaHus. IlpesaoxxeHa Meroanuka omnpejeaeHNs 3BEHbEB
MexaHHI3Ma CIIeI[1aabHOrO0 paboJero opraHa ®KCKaBaTopa: aATOPUTMBI I METOABI OIpejeAeHNs MecT,
KOOpAVHAT TOYEK 3BE€HBEB; II0Ay4eHbl YpaBHEHI:I 3aMBIKaHIU VM YVICAEHHBIE U IpadpuyecKue 3HaYeHIsT
rapaMeTpoB A4s He3aBUCUMMBIX KOHTYPOB MeEXaHHU3Ma YAAMHEHUS 4eAIlOCTM CIIelMaAbHOIO KOBINA
BKCKaBaTOpa BeKTOPHOTIO TUIIa 4451 OIIpeAeAeHN sl yTA0BBIX CKOPOCTeN U YCKOPEHII 3BeHbEB.

KaroueBple caoBa: crelmaabHBI paOoumii OopraH, KOBII ®KCKaBaTOpa, KOOPAMHATBI TOYeK
3BEHDEB.

A K. Kaukarov, M.K. Kuanyshev
K.Zhubanov Aktobe Regional University, Aktobe, Kazakhstan

Substantiation of the main parameters of the new working equipment of the grab excavator for the
development of large-block soils

Abstract. Traditional designs of working bodies of earthmoving machines are not adapted for the
development of large-block soils of mudslides and other blockages in emergency situations, which leads
to a decrease in their productivity. Therefore, it is necessary to create special working bodies of single-
bucket excavators for the development of mudflows with large-block inclusions, allowing to expand the
functionality of these machines. The subject of the study is to determine the kinematic and power
parameters of the mechanism of extension of a special working body of an excavator based on analytical
studies and computer modeling. The article proposes a method for determining the links of the
mechanism of a special excavator working body and algorithms and methods for determining the
positions, coordinates of the points of the links. As result of the study there have been obtained closure
equations of independent contours of the jaw extension mechanism of a special excavator bucket in vector
form for determining angular velocities and accelerations of the links and numerical and graphical
parameter values.

Keywords: special working body, excavator bucket, coordinates of link points.
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Tonbipak maccusinig DDS TexHOa0TMsICHI OOVIbIHIIIA OpHATBIAFaH OYpPFblaaHbIIT
TOATBIPBbIAFaH KajaldapbIMeH ©3apa dpeKeTTeCyiH 3epTTey

AnpaaTna. YCHIHBIABII OTBIPFaH Makadada DDS TexHOAOIMACHIH IaiijdadaHy apKbLAbl
OpHATBIAFaH OYPFBIAAHBII TOATBIPBIAFaH KadadapAblH SKCIIEPUMEHTTIK >KoHe eCeIlTiK
KeTeprim KaOiaeTTepiHiH KepceTKIITepiH, CTaTUMKaABIK CbIHAY MeH HOPMaTMBTIK
ecernteyep OovibIHINa caAbIcThIpbiAraH. CoHgari-ak Drilled Displacement System (DDS)
9Aici GOMBIHIIIAa OpPHaJAaCTHIPBIAFaH KajalapAblH alfHalachIHAAFBI TOIBIpaK yAridepiHiH
KOMITPECCHAABIK ChIHAY HOTVKeAepi YChIHbLAFaH. JdedopMariisa MoAyAiHiH, imki yiikeaic
OYPBIIIBIHEIH KdHe iAiHiCy CHMAKTBI TONBIPAKTHIH JAepOpManUAAbK KacHeTTepiHiH
OYpFBLAQHBIII TOATHIPBIAFAH KajaHBIH  JuaMeTpiHe Toyeadiairi ampikraaaer. DDS
TEeXHOAOIVICHIH —IaligadaHy apKbLABl OpHATBLAFaH OYPFBIAQHBIII  TOATBIPBLAFaH
KajaaapAbIH Oyiip GeTiHiH TOITBIPAFBIHEIH KYMBIC IIIaPTHIHBIH KOD(PPUIINEHTI, 49CTypAi
>KoHe YCBIHBLABII OThIpraH DDS ogici OolipiHIa OpHaAacKaH Oy PFbLAaHBIIT TOATHIPBLAFAH
KadajdapAblH CaHABIK MOJAeAbJey HoTVDKeci HeridiHge aapiHraH. DDS mHHOBaMsABIK
TeXHOAOTVISCHIHBIH CUIIaTTaMachl, OYpFbLAQy IIHETiHiH OyprblLiay >KoHe TOIBIPaKThI
BIFBICTBIPY Ke3iHAeri >KYMBICBIHBIH TycCiHAipMeAepi MeH >KaAIbl >KOFapblJa aTaAfraH
TeXHOAOTUSHBIH apThIKIILLABIKTaPhl MEH OHbIH 9KOHOMMKAABIK TUIMAiAiri kKepceTiareH.
Tyiin ce3aep: Kada, CTaTUKAABIK ChIHAK, 1abOpaTOPUAABIK CBIHAK, KOTeprimr KabierTi,
OYpFBLAaHBII TOATHIPBLAFAH Kaja.

DOI: doi.org/10.32523/2616-7263-2022-141-4-19-29

Kipicne

3amaHayu KYPBLABIC MHXKeHepAep MeH »KobaayIiblaap aaAblHa YAKeH MaceaeaepAi ety yIIiH
VMHHOBAIIMAABIK TaJallTap KOMbBLAagbl, COA ceDelTeH ecKipreH J9CTypAi IenriMAepAiH OpHBIH
DKOHOMMKAABIK >KoHe DKOAOTMAABIK >KaFbIHAH TUiMAl, SHeproyHeMmJeylli >KaHa TeXHOAOIUSAAAp MeH
Oipre OypFBLAQHBII TOATBIPBIAFAH KalaAbl ipreTacTapAbl OpHaTaThIH TEXHOAOTMIAAP aAMacTBIPABL.

Kagaanr iprerac Kazakcran aymarbIiHAaFbl KYPBLABIC adaHAapbIHAa €H CypaHbICKa e iprerac Typi
6oapint Tabbaaabl. Kagaawl ipreracrapably KeHiHeH KOAJaHBIAY MakcaThl OuUiK FMapaTTrap MeH
UMaparTapdaH TYCeTiH >KYKTepAiH apTyblHa OaliaaHbICTHI OypPFBLAQHBII TOATHIPBIAATBIH KaAaHbIH
KOTeprim KabileTiH KaMTaMBbI3 eTyiMeH TycCiHAipiaeai.  ByprplaaHBII TOATHIpBIAFAH KaAaAbl
ipreracrapapl opHaryra OaliaaHBICTBI Taliga OoOAfaH >KaHa TeXHOAOIMSAAap MeH KYPbLAFblAap
>xoDajayliplaapra  Kasipri yakbITTarbl HOPMAaTMBTI Ky>KaTTapAblH, COHBIMeH Oipre  3amaHayu
TeXHOAOIUsAAap apKblabl KajaaAbl ipreracrapabl OpHaTy OOMbIHINIA YCBIHBICTAPABIH >KOKTBIFbIHA
OarlaaHBICTBI HOPMATUBTI Ky>KaTTapAbl KeTiaAipy Ka’KeTTiAiriH TyblHAaTaAbl.

bya maxaaaga Drilled Displacement System (opi kapait DDS) nemece Full Displacement Pile
(FDP) 3amanayn KadadapAbl OpHaAaCTBIPY TEXHOAOTUAAAPBIH 3epTTeyAiH HoTuKeAepi YChIHbIAARL. DDS
TeXHOAOIUACHl KajalapablH KeTeprim KaOideTiH FaHa apTTBIPBIII KOJMali, >Xep >KYMBICTapbIHBIH
yaKBbITBIH, JKYMBIC KYIIIi MeH Kap>KbIHBI YHeMJeyre MyMKiHAIK Oepei [1]. By p¥blaaHbIl TOATBIpBLAFaH
Kadaaapasl DDS TexHOAOTMACHIH KOAAaHY apKblABl OpHATy COHFBI OHXKbLAABIKTa Eyporia men AKIII-Ta
TaHpIMaAd 0Ooaa Oacraabl [2]. Ataaran TexHoaormsi KazakcTaHHBIH KYpPBIABIC CadachIHBIH ipretac
KYPBIABIMBIHAA ITPaKTMKAABIK KBI3BIFYIIBIABIK, TyAblpaTblH BAUER Hemic Kypblablc MalllMHa >Kacay
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KOMIIaHUACBIHBIH ©HIMAepiHiH Oipi 004bIII caHaaaabl. By TexHOAOIMAHBIH Heri3Ti apTHIKIIBIABIKTaPBI:

- KajaaapAbl AallbIHAAYABIH >KOFaPFbl OHIMA1Airi;

- >KOFapbl ) KOHOMMKAABIK TUIMAiAITi;

- KaJaHbl OpHaTap Ke3Jeri A4ipia MeH IIyAblH 00AMaybl;

- KaJdaaapAblH KOFap¥hl KeTeprill Kabiaerti [3].

JKorappiga aliThlaraH apTHIKIIBIABIKTapFa KapamacTaH, OyA TeXHOAOTMSHBIH KeMIidiri —
KOAJaHBICTAFbl FUIMapaTTap MeH MMapaTTapAblH ipreTacTapbiHa ocep eTy KayIli, COHABIKTaH Oy a4icTi
KaJaAblK THIFBI3 KYPBLABIC XKaf4aiiblHAA KOAAAaHY YChIHBLAMANABL.

YCBIHBIABIIT OTBIPFaH >KYMBICTBIH Makcatel — DDS saici GoiibIHIIIa OpHATBLAATBHIH OYPFbLAAHBIIT
TOATBIPBIAFaH KadadapAblH SKCIEPUMEHTTIK (CTaTMKaABIK >KYKTMeMe apKblAbl ChbIHAYy) >KoHe eceITikK
(HOpMaTMBTIK ecemnTiK >KO/ABIMEH) KOTepril KabileTTepi apachIHAAFbl KOPCETKIITepiHiH YAKeH
alfbIPMaIIIbLABIFBIH a’KbIPaTy, COHBIMEH KaTap OCBI TEXHOAOTHS apKbLAbI KadadapAbIH KOTeprilll KabiaeTiH
Taaaay.

DDS TexHOAOIMsACHIHBIH apTHIKIIBIABIKTapbl

Byprrraanran kagaaapapl DDS TexHoaormschl OOMBIHINIA OPHATY >KYMBICTAPBIHBIH PeTTiAiri
TeMeHJerl onepalysiapaaH Typaasl (1-cyper):

- OyprbLAay >KaOABIFBIH OYpFbLAQy HYKTECiHe OpHary;

- OyprbLAay KYPaAbIH THIFBI3Aay >KYylieciMeH >Ko0aAbIK Oearire AeifiH OAaTHIPY;

- YHFBIMaHBI KelfiHHeH OeTOH KOCIackIMeH TOATHIPa OTLIPHII JKoHe Oy prbliay KypaablH Oip
Me3Triaje IIbIFaphIIl, OeTOH COPFBIHBI KOCY;

- >K00aABIK Oearire aeifiH apMaTypaAblK KaHKaHBI YHFBIMara OaTbIpy.

DDS TeXHOAOTMACBIHBIH aifphIKIa epeKIeairi - Oyprbiaay KYpBLAFBICH 00abIn TabbLAagb! (1-
cypert). byprelaay KypaaviMeHn Oyprblaay KesiHge, Oypr¥blaayMeH Oip MesTridge YHFbIMaHBI BIFBICTBIPY
KYPrisiaeai, COHbIH HOTV>KECiHAE TONBIPAKThI Ka3yChl3 paAnaaAbl TEIFBI3AAy XY Prisiaeai, >Korapel Kapan
JKYPri3y Ke3iHae KaObIpraaap KOCBIMIIIA ThIFbI34aAalbl [4].

1. Bypesaay winezin 2. Bypeutaay KEpaastd melesi30ay 3. Bemonou dip meszinoe 3. Kpannsty kesezize 0ipin
HJKmeze opHamy ﬂ(’]’flﬂ‘i.‘l(’ﬂ HCOOATHIK denzice aioai omspsin 6})}3(,1,](1]- muezinine APMORAPRacmot
Oeilin damuipy KEPGTbIH 61y damupy

1-cypet. byprblaaHbIN TOATHIPpBIAFaH KajdaHbl DDS MHHOBAaINAABIK TEXHOAOIMSICHI apKbLABI
opHaTty
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bya rtexnoaorus auamerpi 0,6 M-re gentinri xagasapabl 30 M TepeHAiKKe JeifiH OpHaTyra
MYMKiHAIK Oepeai. ©OHIMAiZIKTI ecenTey KesdiHAe: Kaja AMaMeTpiH, Koca Oepiaill OTBIpFaH aifHaly
MOMEHTIHiH ITTaMachIH, Oacy KyIIiH >KoHe TOIBIPaKThIH THIFBI3ABIFBI (TOIBIpAK OepiKTiri, TOMBIPaKThIH
TBIFBI3]aAYbl, DETOH COPFBIIITHIH KyaThbl) CUAKTHI ITapaMeTpAepAi eckepy KaKeT.

OyprhLIaY
MTAHTaChl
Kepi bIFbICTBIPYIIBI
BIFBICTBIPYIIBI r
Oe.1iri =
CTaduau3aTop
4
ToIFBI31aYIIbI
dacTaymsbl
BIFbICTBIPYIIBI
OypFbLIAVIIBL
r byprbL1ay

2-cypeT. DDS TexHOAOTHSICBIHBIH OypFhlaay ITHETiHiH cumaTTaMachl

DDS TexHOA0TMsACHI OOMBIHINIA OPHAThIAFaH OYpPFbLAaHbBII TOATHIPLIPFaH KajaHbI
CTaTUKAaAbIK CbIHAY

Kereprim kabizeTiHiH HaKTHI >KoHe >KOOaABIK MOHAEPiHIH apachlHAAFBI allbIpMaIIbLABIKTapAbI
aHplK kopcery ymniH DDS xagasapeiHa cTaTuKaablK ChIHaKTap KYyprisiagi. Exi Kypelabic asaHbIHAQ
>Kaamblaall aaraHja caHbl 14 gana DDS TexHOAOIMACH apKbLABI OYPFBLAAHBII TOATHIPBLAFaH Kajalap
coiHaaApl. bipinmri Xan-IllaTeipsl Kypblabic HeIcaHbIHAA 11 Kaga cbIHaAAbIL, COHBIH ilTiHAe Y3LIHABIFBL 18
M, anametpi 410 mm 8 Kaaa, y3bIHABIFE 10 M >koHe anamMetpi 500 MM O0aaThIH 2 Kaja SKoHe A€ Y3bIHABIFbI
18 M, anmametpi 600 MM 1 Kaga cerHaaAbl (1- xecre). Exinmni ««KGS» JKHIC -tig eHaipictik 6asacsbr»
KYPBLABIC al1aHbIHAA CaHBI 3 OYPFBLAAHBIN TOATHIPBLAFAH Kada ChIHAAABL, Y3BIHABIFE 2,5 M, AnameTpi 500
MM.

M>xeHepAiK-reoA0THAABIK i34eHicTepre caliKeC KYPBIABIC alaHbIHBIH I€0AOTUAABIK XKaFAalbl: 2-
UI'D (nmXeHepAik-Te0AOIMAABIK 9AeMeHT, apbl Kapail VII'D) — aaaroBmaaapl oprailla TOPTTIK IIOTiHAL
ca3Apl TOIIBIpaKTapAbIH Ke3eKTeceTiH apadacybl TypiHae Kesgeceai, 3-VII'D - casabl >KoHe ca3Abl-KYMADBI
TOIbIpaKkTap, >koHe ae 4-VIID - casapl >KeHe casabl IIeriHAiAep TypiHAe YCBIHBIAFaH OpTa TOPTTIK
1Ieringisep opHaaacaapr [5].

Kaaara ruapasankaaslk gomKkpatsl ( Mapkaabl CMJ-158A) apxprasr kagambr 400 kH >xene 200 kH
MakcuMaapai 2800 xH-ra aedtin >xykreMe >Xypreaai. I'mapaBamkaablK AOMKpPaTTBIH KYIIi COPFBI
CTaHIIMSCBIHAH CYMBIKTBIKTBIH JKeTKi3idyiMeH peTTeaei >KoHe TeXHMKaAblK MaHOMeTPMeH Ka/aFaaHblII
otbipabl. Kagaaapasiy xeraxyst 0,01 MM 49141k Kaacel Oap, >Kepre OekiTiAreH KO3FaAMalThIH perepAaik
Kyliede OpHaTBLAFaH IIpornOoMepMeH ea1leH i. Peniepaixk >xyiie apKkaablKTap MeH KaJadap >KyleciHiH
KO3¥aAbIChIHAH Toye/Ci3 OpHaAaCThIPBLAABL.
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Kaaansig xykremeci 800 xH men 400 xH xagam apaabirbiHAa 6OCATBIAABL.
Kasakcran PecriyOankaceiabiy «5.01-03-2002 Kagaaw! ipretactap» KYpBLABIC HOpMaJdapbl MeH
epeskeaepiHe colikec IIOIyAl Kalaraaay OOJBIHIIA IIIeKTeyAep MeH perdaMeHTTepi kabbladanasl [6,7].

DDS KaaacbIHBIH eCcelTiK )KdHe 9KCIIepUMEeHTTIK KoTeprimn KabiseTTepiHig
KOPpCeTKillITepiH caabICTBIPY

DDS TexHoaornscsiMeH OYpFBLAAHBII TOATBIPBIAFAaH KaJaHBIH €CEeNTiK >KoHe DKCIePUMEHTTIK
KOTepri KabiaeTTepiHiH KepceTkimTepi 1-Kecteae ycoiHbIAFaH. KecTege kepceTiareHaell, ecenTikK JKoHe
DKCIIEpMMEHTTIK KOTepTilll KabileTTepiHiH KOpCeTKillITepi apacblHAa e4eyAi ailbipMalIllbLABIK Oap.

DDS TexHoaorusceiMeH OypFblAaHBII TOATBIPBIAFAH KaJdaHBIH SKCIIepUMeHTaAAbl F, >kone
ecenTik F; KeTeprimn KaOiAeTTepiHiH caABICTBIPMaAbl AuarpaMmachl 2 - CypeTTe KepceTilereH.
CaapIcTBIpMaabl AMarpamMMaja KepceTiareHaeit, AMaroHalbjaH KOFaphl OpHadackaH OapAbIK HyKTeaep
DKCIIEPUMEHTTIK KeTeprill KaOileTiHiH KepceTkilTepi, HOpMaTuB OOMBIHIIIA aHBIKTaAFaH KOTeprilll
KaOlaeTTepiHiH KOpCeTKIIITepiHeH YAKeH eKeHAIrH KopceTeal.

1-xecre. Keteprim KkabiaeTiHiH >keKe KOPCETKIIITepiH CaAbICTEIPY

No | Kagamsiyg Kaaa Kerepy kabiaeri, kH k=F,/F,
reoMeTPUAABIK HOMipi OkcriepuMeHTTIK F, | Ecenrik Fy K09 PuUIIMeHTi
eallemMaepi

1 L=17 ™ Nol 2280 1545 1,48

2 d=410 mm No2 2150 1545 1,39

3 No3 2325 1545 1,50

4 No4 2475 1545 1,60

5 No5 2200 1545 1,42

6 No6 2080 1545 1,35

7 No7 2190 1545 1,42

8 L=17m 2700 2110 1,28
d=600 MM

9 L=2wm Nol 470 272 1,73

10 | d=500 Mmm No2 490 272 1,80

11 No3 460 272 1,69
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2-cypeT. DDS TexHOAOIMsACHI OOVIbIHIIA OPHATBIAFaH OYPFBLAaHBIII TOATBIPBLAFaH KaJaHbIH
9KCIIepuMeHTTIK F, XoHe ecenTik F; KeTepy KabiaeTrepin caavicTeipy [11].

Kaga altHasacbIHgarbl TONBIPaKThl 1a00paTOPUAABIK 3epTTEy

Kasa aiiHasachiHAaFbl TOIIBIPAK MacCUBiH 3epTXaHaAblK 3epTTeyAiH MakcaTbl - pajnaaibl
TBIFBI3JayABIH TOIIBIPAKTHIH (PU3NKa-MeXaHIKaAbIK KacleTTepiHe acepiH aHBIKTay 00AAbl. TOIBIpaKThIH
¢Jusuka-mMexaHuKaAbK KacueTTepiH 3eprrey yimiH «XaH-IIlaTeipbl caysa-OlbIH-CaybIK OPTaAbIFBI»
KYPBIABIC aJaHbIHAH 9pTYpAi AmameTrpae KoadaHbplaraH DDS texHoaormscel OoiibIHINIA OpHaATBLAFaAH
OYpFBLAQHBIIT TOATBIPBIAFaH KaJalapAbl OpHaTKaHFa JeliiH >KoHe KelliH TOIbIpaK YyATidepi aabIHABI
3epTXxaHaAblK 3epTTeylepre apHaJAfaH TOIIBIpaK YATidepi KagadapAblH Oyisip Oeti OolibIHINIA
TOIIBIPaKTBIH THIFbI34aAy aliMarFblH aHBIKTay MaKcaTbIHAa Kagaaapabiy metinen 0,1, 0,2, 0,4, 0,6, 08 >xene
1 M geninri xampiKTeiIKTa DDS KagasapbiHa craTuMKaAblK ChIHAKTap >KYprisTeHHeH KeifiH ipikTeaai.
Tepenairi 0,5 M apaasikiien TepeHairi 10 m aertinri 30-4aH acraM CbIHaK YHFbIMachl OyprbLAaHABL
YHrbIMazap apacblHAAFbI KAIIBIKTBIK KadalapAaH aAbICThIFbIHA OariaaHbIcTel 0,2-1,2 M Kypaabl.

3eprxanaaslK chiHaKTap MeMCr (MemaekeTTik craHaapT) 12248-96 covikec xXyprisiaai [9].

CrIHak HOTIKeAepi paanaaAbl THIFbI3AAY aliMarblH aHBIKTay, COHAAl-aK Ke34eliCoK D1eMeHTTepAl
(ke3AeiICOK MOHAEpP) aHBIKTay MaKCcaThIHAA CTaTUCTKAABIK ©HAeyTe YIIIbIpaAbl, OHbIH ce0eOi TOIbIPaKThI
OyainOereH Kyiige aay KypAaeaiairi Hemece ea1ey KypaadapbIHBIH KaTeAiri 604ysl MyMKiH.

Crinak HoTHKeAepi OovbiHIIa 2-VII'D ymiin paguaaasr teirpidgay armarst 0,6-0,8 M, aa 3-MI'D
xone 4-MI'D 0,4-0,6 M Kypagsl. Jdedopmanms MoAyAiHiH, imKi ylikeaic OYpBIIIBIHBIH >XKoHe iAiHicy
K09 PUIIMEHTIHIH aabIHFaH MaHJAepi 3-cyperTe rpaduKaablk TypAae KepceTiareH. Homorpammaaapast
KOAJaHa OTBIPHII, JAedpopMaiis MOAYAiH, iIKi yiikeaic OYpBIINIBIH >KoHe idiHicy kosdduimeHTiH
’koDasay cartbicbiHAa DDS  TexHoaormscel OOMBIHINIA OpHAaTblAFaH OYpPFbIAQHBII  TOATBHIPBLAFAH

KadadapAblH AnaMeTpiHe OallAaHBICTHI Ty3eTyTe 6oaaasl [8].
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EGE3 EGE4 EGE2 EGE3 EGE4 EGE2

DDS KagachbIHbIH
AHAMeTPI, MM
DDS KaJacChIHBIH

AHAMETP, MM

' 14
14

Lrinicy GofibrHma Ty3eTy

Inki yfireic OypbILIBIHBIH Ty3€TY
K03 HuHeHT

k03¢ pHuHEeHTI

EGE3 EGE 4 EGE 2

DDS razachIHBIH
AMAMETPI, MM

161 100 108 1.04 1 LO4 1.3 LAt L1l 1.4 1.9

Jedopranua MoIVTIHIH Ty3eTY
ro3¢ pHIHeHTI

3-cypet. TonbIpak cumnaTTaMalapbiH Ty3eTyre apHaafaH HoMorpammaaap [11].
DDS TexHOA0rMsSICBIHBIH 9KOHOMMKAABIK, TUiMAiairi

DDS TexHOA0IMACBIHBIH PKOHOMMKAABIK TUIMALAiTiH aHbIKTay yiniH KazakcraHABIK HOpMaTUBTep
MeH 3epTTey HoTIKeaepi OONBIHINA Kajadap eceOi >Kyprisiagi. 2-kecTege Kajadapra >KOOaaAbIK
JKYKTeMe/epre cylieHe OTBIPBHII, HOpMaTuUBTep OOJIBbIHIIIA >KOHe YCBIHBLAFAH dJicTeMe OOIIBIHIIIA
anbIKTaarad DDS xagaaapbiHbIH y3hIHABIFE KopceTiareH: No 1 oowexT y1ris 150 T, No2 oObexT y1iH 25 T.
Kepinn otspraHbIMBI3Aail, 1-00bekTidze KadaHBIH KOTeprimTik KabideTiH HOpMaTuBTep OOJIBIHIIIA
aHbIKTaFaH >Kafdalida KadaHBIH TaJall eTiAeTiH Y3BIHABIFBI 18 M Kypaligbl, VCHIHBLAFAH dAicTeMeHi
nalijalaHy KesiHAe KajdaHBIH Y3BIHABIFBI 12 M JeifiH KpIcTapAbl. 2-00beKTide HOpMaTUBTep OOVIBbIHIIIA
KaJAaHbIH Y3bIHABIFBI 2M, YChIHBLAFaH d4icTemMe OoribiHIIa 1,2 M.

3-kectege DDS Kagasap KYpPBIAFBICBIHBIH 3aMaHayy OafalapblHa Heri3jeAreH SKOHOMMKAABIK,
acepAi ecenTey KopceTiAreH.

2-xecte. DDS TexHoaoruscel OOMbIHIIA OpHATbLAFaH OYPFBLAQHBIIT TOATHIPBLAFaH KajaldapbIHBIH

Y3BIHABIKTaphIH ecenitey [11, 12].

Kasazaapensiy yseiHAbIKTapbl/ (Kadanwvir kemepziul xabiremi, kH)
Nol-nmpican (d=410 Mmm) ‘ No2-mprcan (d=500 Mm)
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HOpMaTuB YCBIHBLAFAaH  d4ic HOpMaTUB YCBIHBIAFAH  d4ic
OOVIBIHIIIA OobIHIIIA OOJIBIHIIIA OOoJIbIHIIIA
1545 xH/15 M 1556 kH/ 12 m 272 kH/ 2 M 274 kH/ 1,2 m

bya xaraaitaga 6i3 DDS TtexHoaormsicel OOMBIHIIA OpPHATBIAFaH OYPFBLAAHBINI TOATHIPBLAFAH
Kajgalapasl ©HAIpyAiH >Kaambl IIbIFbIHAApBIH 20-40% - Fa KbICKapTa OTBIPHII, ailTapABIKTail

DKOHOMMKAABIK HOTVKETe KOA >KeTKi3aik [13].

3-xecTe. DKOHOMMUKAABIK, TUIMALAIK

[Tapamerpaep 1m3 Kaja M3 Kaja 1  kaaara I b1FpIH
KYPBIAFBICBI-HBIH | MaTepuaAbIHbIH JKyMcaAa-ThIH | aliblpMachl,
baracer, USD ©aracer, USD SKaATIBI %

IIBIFBIHAAP,

USD
o 300 100 3000 -
Z

g 300 100 2400 -

e

e

S 300 100 630 -
2

o

S 300 100 380 -

3

T

DKOHOMMKAABIK No 1-geIcan 600 USD 20%

TUiMAiAITI

No 2-HpICaH 250 USD 40%
KopoiTbiHAbI
1. Op Typai amamerpgeri DDS TexHoaormscel OOJNBIHINIA OpHATBLAFaH OypPFhLAAHBIIT
TOATBIPBIAFAH KajdaJdapra CTaTMKaAblK CBhIHAKTap >KYPridiagi, oOaapAblH HoTWKeaepi OOVbIHIIA

KajalapAblH DKCIIEPUMMEHTTIK >KoHe HOPMAaTMBTIK KeTeprill KabideTTepiHe caAbICTHIPMAaAbl Taljay
Xyprisiaai. DDS TexHoao0rnscet OOMBIHINIA OpHATBLAFaH OYPFBLAAHBIII TOATHIPBLAFaH KaJalapAblH KOTepy
KabizeTTepiHiH DKCIIepMMEHTTIK MaHAepi opTallla eceIllleH ecelTik MaHAepaeH 1,5 ece kem, Oya e3
Ke3eringe DDS TexHOAOTMCHIHBIH peCcypCTapbIHBIH TOABIK KOA4aHbLAMaFaHABIFAH KepceTeai.

2. Aedopmariusa MoayAiHiH, iaiHicy MeH imki yiikeaic OypsimeiHe DDS TexHoaormsce
OOJIBIHIIIA TOATBIpbIAFaH KaJaAapbIHBIH AMaMeTpiHe ToayeaAaiairin
ITapamerpaepai  Tyseryai, 3epTTeAreH KYPBIABIC
HbICAaHAAPBIHBIH JKaFJalidapblHa YKcac MHXXeHepAiK TeoAO0IMABIK XafFdaiaapaa auamerpi 410-aan 600
MM-Te Jeitinri DDS TexHoaormscel OOJbIHINIA OpPHATBLAFaH OYPFBIAAHBII TOATBHIPBIAFaH KadadapAbl
>KoDaay Ke3iHAe KOoAAaHyFa 00AaAbl.

AAbIHFaH paauaaabl THIFbI3AAy ©AllleMAepi caHABIK MOjeAabAeyAe KOAAaHbLAABL.

3. DDS TtexHoa0rMsCH OOJBIHINIA OpHATLIAFaH OYPFbLAAHBII TOATHIPBIAFAH KajadapAbl H
KOTepTill KabideTTepiH aHBIKTayAbIH YChIHBLAFaH 9ic apKblabl 20-40 % DKOHOMMKAABIK TUiMAiliriHe Koa
SKeTKi3iaal.

OopHaTblAfaH  OypFblAaHbIIl

CUIIATTATBIH HOMOI'paMMadap  a4abIHABIL.
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NccaeaoBanme B3anIMOA€eVICTBYSI [PYHTOBOIO MacCHBa ¢ OypOHaOMBHBIMI CBasIMM,
ycTpamnBaeMbIMy 110 TexHoaoruy DDS

Annorammsa. B npeaaaraemoll craTbe CpaBHMBAIOTCS IIOKa3aTeAU BDKCIIEPUMEHTAAbHON M
pacyeTHOI Hecyell ClIocOOHOCTY OypOHaOMBHEBIX CBall, yCTAHOBAEHHBIX C MCIIOAb30BaHMeM TeXHOAOTUI
DDS mno cratMyeckKuM MCHBITaHMSAM Y HOPMAaTUBHBIM pacderaM. Taxoke IIpeAcTaBAeHbl pe3yAbTaThl
KOMIIPECCHMOHHBIX WCIBITaHMII OOpas3IioB IPyHTa BOKPYTI pa3MeIleHHBIX cBail 1o MeToay Drilled
Displacement System (DDS). ¥cranopaeHa 3aBucMocTh 4epOpMaIlMOHHBIX CBOVICTB I'PYHTa, TaKMX KaK
MOAyAb AedpOopMalny, yroa BHYTPEHHEIro TPeHMs U CllelileHue, OT AnaMmeTpa OypOHaOMBHOI CBaul.
Kosddumuent ycaosuit paboTsl rpyHTa OOKOBOI ITOBEPXHOCTI OypOHAOMBHBIX CBall, yCTaHOBAEHHBIX C
UCIIoAb30BaHMeM TexHoaornu DDS, moaydeH Ha OCHOBe pe3yAbTaTOB YMCAEHHOTO MOAEAVPOBaHMS
OypOoHaOMBHEIX CBall, PacIIOAOKEHHBIX 110 TPaAUIIMOHHOMY U npejaaraeMomy metody DDS. Ommcana
MHHOBalIMOHHas TexHoaorusa DDS, moscHena paborta OypoBOro ImHeka Ipu OypeHUM ¥ BBITECHEHUM
TPYHTa U ITOKa3aHBI IIPEMMYIIeCTBa BhIIIIeHa3BaHHON TEXHOAOTUN U ee D9KOHOMIJecKas 9(PpPeKTUBHOCTh
B I1EA0M.

KaroueBbie caoBa: cBay, craTudeckoe JCIIBITaHUE, AabOpaTOpHOe WCIBITaHME, HecyIas
CIIOCOOHOCTD, OypOHaOMBHEIE CBaL.
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Investigation of the interaction of a soil massif with bored piles arranged using DDS technology

Abstract. The article compares the indicators of experimental and calculated bearing capacity of
bored piles installed using DDS technology, according to static tests and normative calculations. The
article also presents results of compression tests of soil samples around the placed piles using the Drilled
Displacement System (DDS) method. The authors established dependence of the deformation properties
of the soil, such as the modulus of deformation, the angle of internal friction and adhesion, on the
diameter of the bored pile. The coefficient of working conditions of the soil of the lateral surface of bored
piles installed using DDS technology is obtained based on the results of numerical modeling of bored
piles located according to the traditional and proposed DDS method. The article describes the innovative
DDS technology, explanations of the operation of the drilling auger during drilling and displacement of
soil, and in general, the advantages of the above-mentioned technology and its economic efficiency.

Keywords: piles, static testing, laboratory testing, bearing capacity, bored piles.
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MaIlI]'/IHaAI)IK OKbITYy¥a I—IeI‘iSZI,EZII‘eH NMHTEeAAeKTYaaAbl 3A€KTp >1<YI71e11epi

AnaaTna. XaaplK caHBI MeH SKOHOMUKAHbIH KapPKbIHABI OCYl 9A€KTp DHepIUsChiHA JeTeH
CYpPaHBICTBIH apTyblHa aabl  Keayde. KoaaaHbIcTarbl ®SHepreTMKaAblK —Kylieaep
UMHTeAAEKTYaAAbl KeAiHiH OeAceHAi, MKeMAi >XoHe aKblAAbl aHaJOITapblHa KapKLIHADI
aybiCy4a, sFHM, >KaHAPTBLAFaH DBSHepIMsl Ke3aepiH OipikTipy, KubOepKeHiCTiKTiH
KayiIlci3Airi, CypaHbICTEI 6aCKapy, KYJieHi JKocapAay >KoHe IalijalaHy TypaAbl IIeIIiM
KaOblagay CHUSKTBI KeIlTereH cadaldapia YAKeH Maceldelep Tyrblsyaa. byrinri taHaa
undpAaHAbpPYy, aBTOMaTTaHALIPY >KoHe MHTeAAeKTyaAu3alNs >KardalblHAa AdCTypAi
SHEpreTuka e3repye, Mblicaabl, «MalllMHaABIK OKBITY» CHUSKTHI JKaHa TeXHOAOTUsAap
naitaa 6oayaa. bya mMakadaga 9aeKTp DHepreTuKaaAblK KyleaepAe MaIlMHAABIK, OKBITY
MYMKiHAIKTepi KapacThIpblaaAbl. AKBLAABL JKeai, 3aTTap MHTePHeTi >KoHe MallllHAaAbIK,
OKBITy DJeMeHTTepiHiH e3apa OallaaHBICHI >KoHe ©3apa opeKeTTecyi TyciHAipizeai.
Vnreasextyaaapl >KeaiHiH TeXHMKaAbIK MacelelepiH IellyJe MallMHAABIK, OKBITY
d4icrepi >kaHe 0Aap4blH alibIpMalllbLABIKTapbl KOpceTeai.

Tyitin cesaep: akblaAbl >Keai, MaIlIMHAABIK OKBITY, 3aTTap MHTEepPHeTi, DAEKTp >Keaici,
KAacTepAey, perpeccusl.

DOI: doi.org/10.32523/2616-7263-2022-141-4-30-37

Kipicmie

Xa/lLIK CaHbl M€H HYKOHOMIKAaHbBIH KapKbIHAbI GCyi DAEKTp DHEPIMACBIHA AETE€H CYPaHBICThIH

apTyblHa aAblll KeAy/e, COHABIKTaHAa, COHFBl OHXKBIAABIKTA DAEKTP SHepreTUKachl Kylieaepi AscTypai

DHepIusl KylledepiHeH, AaMyAblH KeJeci OyBIHBI, MHTeAAeKTyaAAbl >KeAidepiHiH TuimMal >KylieciHe

kemryse. KapanaitbiM 91eKTp KeaiciHiH cya0aablk OeliHeci 1 -cyperTte KepceTiareH. JacTypai ®aeKTp

KylieAepi 9AeKTp DHepTUACLIH OHAIpyAiH OipHellle opTaAbIKTaHABIPBLAFaH JKoHe ipi Ke3lepiHe, HeriziHeH

TUAPODAEKTP CTaHIMsAAapblHa Hemece Ka30aAbl OTBHIHAAFBI DAEKTP DHEepPIVSICHIH OHAIpY KylieaepiHe,

DAEKTP DHEPIWACBIH TapaTy >Kyleci apKblAbl TYTBIHYIIbLAapFa JKETKi3eTiH yAKeH Tapary >KeaiciHe

Herisgeared. Kaparaitbim sHeprus >kxyleaepi Oip OarbITTBI ®HepIusi MeH OalldaHBIC arbIHBIHA

OariaaHBICTHI OOAFAaHABIKTAH ITaCCUBTI OOABIII KeaeAl, Oipak aKblAABI JKedilep OpTachlHAA 9p TapaThlAFaH
>KoHe >KaHapThIAaThIH DHEPINS pecypcTapblH OipikTipy >KoHe malijadaHy OAapAbl €Ki >KaKThl DHepIuis
MeH aKllapaT aFbIHBIHBIH apKacblHAA OeaceHJi XKeaire altHaaapipaabi[1].
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Mawunaroik oxvintyaa nezisderzer UHMeAACKMYardvl IACKMp Kytierepi

Bya exi OarbITTbl ®Heprus MeH OaildaHbIC aFbIHBI DHEPIMUs >KyleAepiHiH CeHiMAiAiriH,
KayiIlci3airin >keHe TMiMAiAiriH apTTeipa aaaabl [2]. ConabIKTaHAQ, aKbIAAbl Xeadi «boaarmak sHeprus»
Xylteci gen Te ataaaabl. KapamaifbIM 54eKTp >KyleCiMeH CaAbICTBIpFaH/Aa MHTEAAEKTyaAAbl JKeAiHiH
Herizi OOABIII KOIITereH oIlepalusdapabl XKYpridyre MyMKiHAIK OepeTiH >keHe Oeariai Oip >KoameH
DallaaHBICTHI OPBIHAQY YIIIiH KOMaHAaAap MeH akllapaT aaMacy¥a KaOiaeTTi KypbhLAFblaap TaOblaaAbl.

VInTepHeT XeaiciHiH apKacblHAa KeH 0ailaaHbICTBIH KYPbLAYBI JKoHe 0apAbIK KYpPbLAFblAap THUiCTi
>Keaizepre KOCblAa adaThIHAAM MYMKiHAiKTepre 1e 6oayaa. VIHTepHeTKe KOChLAFaH KYpPBLAFbLAApP Kasipri
yaKbITTa KYHAEAIKTi eMipaiH aXelpamac 0eairi ©Ooabill TaOblaadbl, aa KYH caiiblH OCBIHAAN
KYPBLAFBLAAPABIH KeIlTereH TypAepi maiida Ooayda. VIHTrepHeTTi ¢uamxaablK Typde Oacka >Kepae
OpHaJacKaH pecypcrapra KOCBLAY >KoHe aAblHFAaH aAMacy apKblabl ©3 MiHAeTTepiH OpblHAAy YIIiH
nalijalaHaTelH Kypblarblaap «3arrap uHrtepHeti (IoT) Kypolarbiaapei» gen araaaapi[3]. 3arrap
VMHTepHeTIH MyHAall KYpblAFblAapAbl OallaaHBICTHIPATHIH >KoHEe aJaMHBIH apaJacyblHCBI3 AepeKTepai
Oepyai >KeHiageTeTiH e3apa OallaaHBICTHI >Kyile peTiHAe aHBIKTayFa 00JaAbl. 3aTTap MHTepPHeTi
MeAMIIMHAABIK XKaOABIKTap, aKblAAbl KOAiK Kypaaaapbl, aKblAAbI JKedidep, aKblAAbI Yilaep SKoHe aKbLAAbl
Kadajap CHUAKTBI TeXHOAOTUsAAapAbl KaMTHABIL, Oipak odapMeH IIeKTeAill KaHa KoWMaligbl. 3aTTap
VHTepHeTi KOChIMIIadaphl KOITereH apTHIKIIBLABIKTapFa 1e. bya Kypelarblaapabl KOCy HpoljeciHe
aJaMHBIH apaJacyblH a3ailTybl MYMKiH OoAfaHBIMEH Je, eH MaHBI3Abl >KoHe KYIITi oacepaepai
DHepTeTUKaABIK CeKTOpJa, Y! IapyallblABIKTapblHAA >KoHe aKbplaAbl Kadadapda Oalikayra 0oaaapbl.
3aTTap MHTepHeTi-OyA aKblAABI KedilepAiH ©HiMAiAiri MeH OacKapbLAyBIH JKaKCapTaThIH IePCIEKTUBTI
TexHoAOTUsAAapAblH Oipi. TackiMaagay >KoHe TapaTy TMIMAIAITiH apTTBIpyfa >KoHe >KaHapTBLAATBIH
Kyartapabl loT nerisingeri >xeaiaepae tuimaipek naigaaanyra 6oaaapl. IoT KypblarplaapbiH skeaiaik
nHppaKypslAbIMFa OipiKTipy >KoHe eHrisy OoJaIlak aKbLAAbl >Kelire OarbITTalfaH MaHBI3ABI KadaM
6045111 TAOBLAAABI. AKBIAADBI €CETITETIiIITep HaKThl YaKbIT PeXKMMiHAe DHePIUAHBI TYTBIHYABI ©AIIIeIT KaHa
KOlMali, TYThIHyIIIbLAapFa DHepIusMeH >KaOABIKTayIIbl YIbIMAapMeH e3apa opeKeTTecyre >KoHe eKi
>KaKThI DaliaaHbIC apKbIABI CYPaHBICTHI OacKapyAblH KeHelTiAreH onepanyslapblH Ky prizyre MyMKiHAIK
6epe41. COHFBI OHXKBLAABIKTAa 3UATKEPAIK ecelTeTilITep KeHiHeH TapalAbl >KoHe KOIITereH eajdepde,
mricaabl, Kpiraiiga, Vicmanusaga, AKI-ta >xene ®Opanumsaga ®AeKTp KeAidepiHiH aaAbIHFBI KaTapAbl
eamey uHPpakypblabiMbiHa (AMI) Oipikripiagi. IoT »aektp >keaiciHiH OapAbIK Herisri imki
KylleAepiHjae, sIFHM ©HAipyJe, Oepy, TapaTy >KeHe IlaiijalaHyja MHTeAAeKTyaaAbl XKeadire OipikTipiayi
MYMKiH[4]. 3aTTap MHTepHeTiH MHTeAAeKTyaAAbl Kelire OipikTipy sMATKepAik >Keaidepai Oackapyaa,
MBICaAbl, MaHBI3AbI JKeleA aKIlapaTThl YaKThLABL XKeTKi3y, 4alaablK AepPeKTepAiH yAKeH KoAeMiH ThiMai
eHJey >KoHe KuOepKeHicTikreri Kayilcisaik MaceaelepiHAe KOCBIMINIA KUBIHABIKTAp TyFbI3adbl. bya
1po6aeMasapAbl BEKTOPABIK OipAiKTepAi, O3bIK aHAAUTUKAABIK KYpaadapAbl )KoHe MalllHaAbIK, OKbITyFa
HeTizJeATeH IelliMaepAi OpHaAacTBIPy CUAKTBI aAABIHFBI KaTapAbl TEXHOAOIMsAAApP apKblABl IIeIry
KasKeT.

Bya ascrypai sHeprus xyiieaepiHiH MHTeAAEKTyaAAbl DHePIUs >KylledepiHe aybICybl DAEKTpP
Kylecin ¢orosaekrpaik (PV), >xea sHepruscwl >koHe saekTpoMoOmapiep (EV) cusAKTBI KerrereH
TapaTblafaH XyleaepimeH (DG) xamramachs erti. backara aiiTkaHga, MHTeAAeKTyaAAbl Keadi - Oya
94eTTeri DAeKTp >KyMeCiH HEeFYPABIM aKblAAbl >KoHe TUIMAL eTeTiH IIpolecTepdi, TeXHOAOIVAAAPABL,
TapaTbhlAFaH >KoHe >KaHapPThIAAThIH TIeHepalmsay >KyiledepiH Oipikripy [5]. Op Typai TapaTblaraH
Kyliieaep MHTerpalusChl KOITereH KUbIHABIKTAp TYFbI3ya, MbICaAbl, KyKTeMeHi D04>Kay, CoTCi3AiK I1eH
COTCI3AIKTI Taaday, CypaHBIC >KaFblH Oackapy, >KyKreMeadepai Kedepricis ©Oakplaay (NILM),
KIMOepKeHiCTiKTiH KayillcidAiri, ®A4eKTp KyaTbIH ypAayAbl aHbIKTay >KoHe T.0. Y34iKkci3 >KoHe TypaKThl TOK
KylieAepiHiH YHeMi ecill Keae >XKaTKaH TapaaAybl >KoHe TUICTi TeXHOAOTUAABIK >KeTiCTIKTep >KOfapblia
aTaAfaH Ipo0AeMajapra Kapchl HAKTHI KoHe CeHiMAl ITapajapabl KaskeT eTeai.

MammnHaAbIK OKBITY TEXHOAOTUSCHI

MammnaablK OKBITYy-Oy4 KOMIIBIOTEpAepAi OKy IIpolleciHAe ajamMJap MeH >KaHyapAapAblH
MiHJeTTepiHe yKcac TaIlchblpMaJapAbl OpPBIHAQYABI YiipeTyre OarbITTaAfaH AepeKrepai Taaday oA4ici.
Mammunaaapasl OKBITY aArOpUTMAepi aaAblH-ada aHbIKTaAfaH TeHAeyAepre CylieHOecTeH akKIlapaTThl
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Tikeaell AepeKTepeH aAy VIIiH ecellTey a4icTepiH KoAJAaHaAbl XKoHe AepeKTepAiH KoA >KeTiMaiairin
apTTBIPYMeH KaTap OJapAblH >KYMBICBIH OeitiMgeit aaaapl. IleiH MoHiHAe, MammHaABIK OKBITY
merriMaep MeH 6041kaMAapAbl KaMTaMachl3 Ty YIIIiH opTypAi aaroputMaepAi K0A4aHaThIH HYCKayap
SKUBIHTBIFBIH KO/A4aHa OTHIPBII, AepeKTepai TaasayAbl XKy3ere acblpabl. MalHasapAbl OKBITY ap TypAi
pyHKIMAAapABI, MBICAABI, XKiKTey, KAacTep.ley >KoHe perpecclsHBI XKY3ere achlpy YIIIiH aATOpUTMAepAai
MYKUSAT >KoOaaayAbl )koHe OardapaaMasaayAbl KaxkeT eTei[6]. COHFBI OHXKBLAABIKTA MalllMHaABIK OKBITY
>KoHe TepeHAeTiIl OKbITY MaMaHAaHABIPbLAFaH TEXHOAOTHUAAap PeTiHAe KOIITereH FhLABIMU-3epTTey JKoHe
MH>XXeHepAiK caJaJapra yAec KOCTbl, MbICaAbl, AepeKTrepdi izdey, MeaUIIMHAABIK BU3yaAM3alls,
OaliaaHBIC, MyAbTUMeAVA, TIeO-FBIABIM, KaIIBIKTBIKTAaH 30HATAy KaAacCUpUKaAINACH, HBICAaHAAPABI
Oakbl1ay HaKTBl yaKbIT, KOMIIBIOTEpPAIK KOpy HeridiHAe aKayAbIKTapAbl aHBIKTAy >KoHe T.0. O3BIK
aKIapaTThIK >KoHe KOMMYHMKALVSABIK TeXHOAOTUAAAPADL, aTall aliTKaHAa 3aTTap MHTEpPHETiH DAeKTP
’KelilepiHiH KYpPBIABIMBIHA MHTeTrpaumsAday «AKbBLAABI >Kedidepai» Kypy >KOAbIHAArbl HeTisri
KadaMaapAaplH Oipi Ooabim TaObaagpl. CeOebi VIHTepHeT KypblAFbLAapABIH Herisri KabizeTi-Oya
Aepektepai Geaicy >koHe Oacka KypbLAFbLAapFa JepeKTepAi KeHiHeH Kibepy MYMKIiHAIri, COHABIKTaH,
Oackapy opTaabIKTapbIHAA KOIITereH MaAiMeTTep KO JKeTiMai 60aaabl. JKyiteHiH Kyiii MeH gepeKTepain
KOA KeTiMaiairi Typaasl xabapAapABIKTEI JKaKcapTy KYyIieHi Jkeaea OacKapyFa >KoHe IIeliM KaOblaayFa
BIKIIAaA €TeTiH gepeKTepai TMiMAl 6HAey JKoHe Taajay YIIiH MalllHaABIK OKBITY HeridiHaeri mermimMaep
MeH KypaajapAbl KaXKeT eTedi.

«AKBIAABI >KeAi» YFBIMBI HETi3Ti aKIapaTThIK-KOMMYHUKaIUAABIK Kylieci Oap yAKeH DAeKTpP
JKeAiCiH KaMTUTBIH Kypdeadi KnOeppusMKaaAblK >Kyile peTiHAe maitaa 00aab1[7]. HakTel yakbITTarbl
JKYMBIC >KaFJaliblH OaKplaay >KeHe JepeKTepai TMiMAL TaaJay KOeITereH acleKkTilep OOMBIHINA JKyiieHi
Dackapyabl eldyip KakcapTa adaabl, MbICaabl, XKylieaik akTUBTepAi Oaraaay, NaiijadaHy Kayilcisgirin
KaMTaMachl3 eTy, JKylieAiK aybITKyAapAbl aHBIKTay, aKayAapAbl AMlaTHOCTHKaAay, DAKTP KyaTbhIH XKYKTey
JKeHe ©HAipyai Oackapy >keHe T.0. Kegimri ecenrey agicTepi eHAl akblaAbl >Kedidep eHri3reH
MaaiMeTTepAiH YAKeH KoAeMiH ThiMai Dackapa aaMalThIHABIFBIH MOVIBIHAAYFa CylieHe OTBIPBIIl, COHFBI
OipHerite kbl intiHAe MaInHaAbIK OKBITY 94icTepiHe Kol KeHia OeaiHail. VIHTeaaekTyaaAb! Keaiaepai
KOAJaHYABIH 9pTYpPAi cadasapblHAAFbl MaceaeAepAi IIelly yITiH MallliMHaABIK, OKBITY MeH TepeH Oiaimre
Heri3geATeH 9pTypAai IemiiMaepai 3eprrey VINiH KONTeTreH 3epTTey >KYMBICTapbl >KYPridiadi.
MammHaaapabl OKBITY 9JicTepi JepekTepre Heri3geAreH, OMUTKeHi oJap opTypAi TamchlpMaadapAbl
OpBIHAAY YIIIiH KOA XKeTiMAl gepekTepai naitgaaanaabl. Oaapabl TOMeHAe KopceTiareHAell TOPT Herisri
Typre 60eayre 60aaapbl:

1. BakbplaaHaTBIH OKBITY - MaKCaThl KOIITETEH OKY yATilepi Oap OKy >KMHAFbIHAAFBI KipiC/IIBIFBIC
JKYNTapbhIHBIH, OepiareH TaHOaJaHFaH >KMBIHBI HerisiHAe KipicTep MeH IIBIFBICTap apachIHAAFbI
CaABICTBIPYABI YIipeHy O0ABII TaObLAaTBIH MaIIMHAABIK OKBITY KAaChl.

2. Bakplaaychld OKBITYy-OyA aArOpuUTMAL OKBITY OeariaeHOereH >kKoHe >KiKTeAMereH aKIapaTThl
KOJAJaHa OTBHIPBII >KYy3ere achlpbldaThiH MalnHaAblK OKBITY IlapaJuIMachl, COHABIKTaH aATOPUTM
akIlapaTThl YKCAacTBIK HeMece ailbIpMalllbIABIK HeTridiHAge TomnTacTelpa adaAbl. bakblaaHOATBHIH OKBITY
aaroputMaepi OakblaaHaTBIH OKBITYFa KaparaHJa KypAeai eHJey TaIlchipMaJapblH OpbIHAAil adajpl,
Oipak Oacka TaOMFI OKBITY 9JicTepiMeH caAbICTHIpFaHAa 00AKay MYMKiH emec. bakblaaychl3 OKBITYABIH
eH KeIl TapaAfaH d4icCi-KiacTepaik Tasaday, 04 >KachIPbIH 3aHABIABIKTApAbl TaOy HeMece JgepeKrepAai
TONTaCTBIPY MaKcaTbIHAA AepeKTepdi i3aey YIIiH KOAAaHbLAaAbl.

3. HerraliTymeH OKBITY - MyHAQ areHT KOpIIaraH OpTaMeH ©3apa 9peKeTTeCiIl, OHBIH sapeKeTTepiHe
Xayall peTiHAe aAblHFaH bIHTaAaHABIPY Heri3iHAe ©3 opekeTTepiH eosrepreai. HbIraiTein OKBITY
aBTOMATTaHABIPBLAFaH OKBITYAAH epeKllleleHeai, 04 OeArileHIeH eHri3y/IIblfapy >KYITaphIH KakeT
eTIIeliAl, OHBIH OPHBIHA areHT KOpIllaFraH OpTaJarbl 9peKeTTepiHe >Kayall peTiHle MapanaTralalbl HeMece
>kazaaaHaAabl. Ocplaaiillla, HBIFAITBIII OKBITYy areHTKe OakbLlaHATBIH HeMmece OaKblLAaHOATHIH OKBITY
apKbIABI KOA JKeTKidyre 00AMalThIH MiHe3-KYABIKTE aBTOMATTHI TyPAe aHbIKTayFa MYMKiHAIK Oepeai.

4. Ancambasp aaicrepi-Oya Oip aaroputMai KoAgaHyMeH CaABICTBIpFaHAA ©HIMAIAIKTI apTTHIpY
yLIiH OipHellle MallIMHAABIK OKBITY aATOPUTMAEPiH KOAJaHaThIH aAroputMaep. Ancam04b aaiciHge oKy
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OipHellle Heri3ri OKyIIbLAAp JKacaraH IMIIOTe3aAap KMBIHTBIFBIH Kypaapl, 0Aap Oip MaceAeHi Iienty yIiH
Oipre KoAgaHbLAAABIL, AFHM, JKeKe Heri3ri OKyIlblldapra KaparaHJa >KaKchl >KaAIlbldayAbl KaMTaMachl3
eteai[8].

bipkatap TexHmkaablk mpoOaemajap >KaHapThlAaThIH KoHe Y3idicci3 TapaTblAraH reHepaliuis
KyiteaepiHiH opTypai popMasapbIHBIH €HyiHeH, 9pTypAi KeAidik HbICAaHAAp apachbIHAAFbI KeH >KoHe
ceHiMAi DallaaHBICTaH TybIHAaAbl. ATall aliTKaHAa, IIpoOJemajap ®AeKTp >KeaidepiHiH Oykia keaici
OOVIbIHIIIA >KMHAKTaAaThIH 9PTYpAi cUIATTarbl JepeKTepAiH ocill Kede >KaTKaH Ke/AeMiH, OChlgaH
TYBIHAQITBHIH AepeKTepAai caKTay >KoHe eHJey Ka’KeTTiAiriH, esrepmeai KeHiCTiK-yaKbIT cuIaTTaMalaphbl
Oap KaTTBl CBI3BIKTBI eMeC DHeprus >KyleaepiH Oackapy KadKeTTiAiriH, >KMiAiK IIeH KepHeyAiH
TYPaKTbIABIFBIHA KOMBLAQTBIH KaTaH TadalTapAbl, KaKeTTidiKTi KaMTybl MYMKIH.KyaT >KeaiciH
KubepKayinrepJeH Kopray >koHe T.0. DAeKTp XKylielepiHie KOAJaHBLAATBIH ecelTey MeH OacKapyAblH
AdCTypAi aaicrepi OydaH Oblaail AepeKTepAiH YAKeH KeAeMiH eHJey MeH TaljayJarbl IeKTeyaepre,
AdCTYypAl MOAeAbAepAiH IIeKTeyi JKaAlblaaHyblHa, aBTOHOM/ABI OIlepaljyisiap MeH HaKThl YaKbITTarbl
eHJeYyAiH >KeTKiliKci3airiHe, opTaabIKTaHABIPBIAFaH OacKapy CTpaTerusIChlHa >KOFaphl ToyeAAidiKke
©all1aHBICTHI JKOFapblAa aTalFaH MaceaelepAi IelnyTe >KapaMchl3 604bIIT TaOblaaAbl. JaCcTypAai ecernitey
94iCTepiHiH >KeTKiAiKCi3airi MeH IIeKTeyAepi aKblaAbl >KedidepaiH apTypai MaceaeAepiH IIelly YIIiH
MalllMHAABIK OKBITYy 9JicTepiH KoaAJaHyfa TYpTKi 0oaaapl. MammHaMeH OacKapblaaThIH aKblAAbI
KeaiaepaiH (PyHKIIMOHAAABIFBI TYTHIHYIIBLAAPABIH MiHe3-KYAKBIH 00/Kay, >KaHapThLAATbIH DHEPIus
Kyiteaepin Ooaxkay, cypaHbIcThl Oackapy (DSM), sHeprus MeH 9SKOHOMMKaHBI AVICIIeTdepaey,
aKayJapAbl 0oa>Kay CUAKTBI MHTeAAEKTyaAAbl >KedidepAiH MaHBI3ABI acreKkTidepiHig Oipi Goasim
TaObLAATBIH KMOepKeHiCTiKTeri Kayincisgikke geiiin 604ypl MYMKiH. 1-kecTeje AeKTp >KylieaepiHeri
npobaemasap, A9CTYpAi agicTepaiH IekTeyaepi, cOHAali-aK 9AEKTp >KyledepiHiH IpobaeMalapbiH
IIeIy YIIiH MalllMHaABIK OKBITYyFa Heri3geAreH ajicrepai KOAAaHYAbIH HETi3Ti apTRIKIIBLABIKTapbl MEH
alpIpMallblABIKTapbl KeATipiareH.

Kecre-1. MamumnaabIK OKBITY¥Fa Heri3AeAreH agicrep

Kasipri kyObLabIcTap TybIHAQTHIH KoaaanbicTarb MainnHaAabIK, OKBITY
Maceaeaep HIeniMAepAi IIeKTey | aaicTepiHiH
apTHIKIIBLABIKTAaPbI
° KanapTblaaTbeiH | e AepexTepain . Aepexrepain | o Hricanaapant
DHEpreTHKa XyliedepiH | ©3reprilmTiri YAKeH KeAeMiH eHAey | TaHaay SKoHe
KeHiHeH eHri3y ° CBI3BIKTBIK, MYMKiH eMec HBICAaHAAPAbI aay
° FTacpipanix emMmec Xylieaepai | o bearicizgikke | MyMKiHAiri
KeA1aik Oackapy SKeTKIAIKCi3 ° ABTOHOMABI,
MHPPaKyPHLABIM . OnepanusablK | KapChlABIK, OertiMmaeariim SKOHE
° op TypAi | Oearicizaik . IexTeyaep aKplAABl  OIlepanysaap
DHepPIu KO3/AEepiHiH | o CypaHBICTBIH OoaraH Ke3Je | >KoHe IelliM Kabblajay
LIBIFYBI apachIHAaFbl | ©3repyiHe OalfaaHBICTHI | OHTallAaHABIPYABIH . OnepanusaapAsl
KeHiCTiKTiK-yaKbITTBIK >KOFappl OallaaHBICKaH | 00AMaybl HaKThl yaKbIT pe>KMMiHAe
arbIPMaIlbLABIK, DAEKTP Xeaici o AganTusTi JKoHe / Hemece HaKTBI
o Nxemai, eKi | o Kubepkayinrep | >xoHe aBTOHOMABI | YaKbIT pexumMinge
OaFbITTHI, OeaceHai | o Kepney MeH | oIlepalysAapAblH OpBbIHAAN aaajbl
DHEPTeTUKAABIK >KeJire | XMiAikTi peTTey 0oamMaynl o CBIBBIKTEL  eMec
KoIIy o Axprara KyiieaepMeH TUiM AL
KOHBIMBI LIeNIiM | >KYMBIC icTelt aaaAbl
KaObLAAayABIH ° Kypaeai
0oaMaybl Xylieaepai Moaeabaey
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. Haxkrsl yakpIT
peXuminge — eHAey
JKOK

. Kypaeai
XyWeaepai
MOAeAbAeY
MYMKIHAITiHiH
6oaMaysl

° ChBI3BIKTEI
emMec  XylieaepMeH
SKYMBIC icren

aaMamnAbl

DAeKTp XylieaepiHjeri MalllMHAABIK OKBITY:

- DAEKTp >KeAidepiHAeri aBapuUAAbIK JKargaiaapabl 0045Kay JKoHe aaAbIH alyFa

- OCpl IIapaMeTpAep TypaaAbl JepeKkrep Oa3achlH TOATBHIpa OTBIPBI, HAaKTBI YaKbIT
peXuMiHAe DHeprus XKyleciHiH IapaMeTpAepiH TypaKThl OaKkblaayAbl KaMTaMachl3 eTyre

— DAEKTP XeAiaepiHJeri akayAbIKTapAbl aHBIKTayAbl >KeHiaaeTyTe

- OHTailAbl DHepIUs 00y OaAaHCHIH KaMTaMachl3 eTyre

- Kylie cepBepaepiHe >KoHe ®AeKTpMeH >KabAbIKTayabl Oackapyra KubepiiaOyblagapAblH
KayiITi caasapbiH 00a4bIpMay¥Fa

- DAEKTpP DHePTUACHIH ypAay >KaFAalidapblH aHbIKTayFa MYMKIHAIK Oepeai.

KopsIThIHABI

MammHaablK OKBITY Kasipri 3aMaHFbl TeXHOAOIUsAAapAbIH Oip Oeairi 6oablll Keaeai, eiiTKeHi
DapabIK AepeKTep Taadayabl KaxkeT ereai. OcplraH OallaaHBICTHI KasipaiH ©3iHAe 0i3 allThIII OTKEH OCHI
calaja YAKeH IIpaKTMKaAbIK >KeTicTikrep Oap. MaIlMHaABIK OKBITYABIH MYMKIHAIKTepi MeH ayKbIMBI
KOPKBIHBIIIITH 00AYBI MYMKiH, Oipak Oy MaHBI3AbI KoHe KypAeai cypakTapFa >Kayall TaOyFa MYMKiHAIK
OepeTiH >KaAfbl3 Kypaa eKeHiH 0iay Kepek. OpmHe, OYA TeXHOAOTUSAHBIH apThIHAQ MHHOBAIVSABIK
Kypaajapabsl KypyAblH >KeHe OykKia oaemJeri agamgapAblH ©MipiH  >KaKCapTyAblH — YAKeH
nepcriekTBalapel Oap. EHAI MammMHAABIK OKBITY ©3 >KOABIHBIH OacblHJa Jenl anTyra 6oaaabl. OHBIH
KaHJall >)KaHaAbIKTap oKeAeTiHi >KoHe MallliHaAbIK OKBITYAbl TMiMAl KOAAaHa aAMalThIH IIeKapa Kalja
©0.4aTHIHBEI TypaAbl 941 Oearicis.
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MHTEAAEKTyaAbeIe 9AeKTpMU1iecKNe cuCreMbl, OCHOBaHHbBI€ Ha MallIlTHHOM OGy‘IEHI/H/I

AHHOTaI_H/IFI. CTPEMI/ITeAbeIf/i PpOCT HaceaeHVs 11 DKOHOMUKN IIPUBOAUT K YBEANYIEHNIO CITpOCa
Ha 9A€KTpOBHEPINIO. CYH_IGCTBYIOH_U/IG DHEpreTuvdecKre CCTeMbl MHTEHCMBHO II€PEXOAT Ha aKTUBHBIE,
rudKue u YMHBIE aHAAO0TU I/IHTe/l/leKTyaALHOf/] CeTr, 4TO Co3gaeT OoapIIe HpO6AeMBI BO MHOTUX
O6AaCTSIX, TaKMXx Kak VHTerpanmsi BO30OHOBASIEMBIX JICTOYHUKOB DHEPINN, 0e30macHOCTh
KI/I6epHpOCTpaHCTBa, YyiipaBAaeH1e CIIpOCOM, IMAaHNPOBaHNE U IIPUHATIE peH.IeHI/If/i 00 MCII0AB30BAHUI
CVICTEMEI. Cel"O,ZI,H}I B yCAOBMIX LU/I(l)pOBI/ISaLU/II/I, aBTOMaTm3aunm " MHTEAAEKTyaA3alluy MEHsIeTCsI
TpaguLIIOHHasl DHEPIeTNKa, ITOJABASIOTCI HOBBIE TE€XHOAOIMM, HaIIpUMep, «MalllMHHOe 06yquI/Ie». B
,Zl,aHHOIZ CTaTbe paccMaTpMBAIOTCA BO3MOXKHOCTM MaIIMTHHOTIO 06yqu1/[;1 B BAEKTPODHEPTETMIECKUX
cucreMax. OOBSICHSIIOTCST B3aMMMOCBSI3b U BSaMMOAeﬁCTBI/Ie D1€MEHTOB YMHOﬁ CeTH, MHTepHEeTa Bemeﬁ u
MalllVMHHOTIO O6y‘IeHI/IH. IToxazaHsbl MeTOAbl MaIlIMHHOTIO O6yquI/I}I n ux OTANYMA IIpM pelleHnmn
TeXHINYeCKINX 3adad I/IHTe/l/leKTya/leOf/] ceTn.

KaioueBbie caosa: HTeAA€KTyadbHas CE€Tb, MallllTHHOE 06yqu1/[e, MHTEpHET BeU.Ief/l,
DAEKTpHnIeCKas CeTh, KAacTepusanmsi, perpeccusi.
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Machine learning driven smart electric power systems

Abstract. The rapid growth of the population and economy leads to an increase in demand for
electricity. Existing energy systems are intensively switching to active, flexible, and smart analogs of the
smart grid, which creates big problems in many areas, such as the integration of renewable energy
sources, cyberspace security, demand management, planning, and decision-making about the use of the
system. Today, in the conditions of digitalization, automation, and intellectualization, traditional energy
is changing, and new technologies are emerging, for example, «machine learning». This article discusses
the possibilities of machine learning in electric power systems. The article describes the interrelation and
interaction of elements of the smart network, the Internet of Things, and machine learning. The article
presents methods of machine learning and their differences in solving technical problems of an intelligent
network.

Keywords: intelligent network, machine learning, Internet of things, electrical network,
clustering, regression.
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MHHOBaI_H/I}IAbIK KOHACY XKXUbIHTBIFbIH KOAAaHY CaldaCbIHa CapallTaMa

AnpaaTna. ABTOMOONUAB KOAITiHIH >KBLAKBIMAAbl KypaMbl IapKiHiH ecyi >koa
KayiIcisAiriH KaMTaMachl3 eTyTre KOMBLAAThIH TadallTapAbl apTTEIPaAbl, 01 aliTapAbIKTall
Aspexxeje IalijalaHy CeHiMAigiriMeH >koHe Xypic OoairiHiy TOpanTapsl MeH
TeTiKTepiHiH TeXHMKaABIK JKail-KyliiMeH alikbIHAaAaAbl.

Kernreren eagepae >xeHgey >KMBIHTBIKTaphl Heri3iHAe aBTOTPaHCIOPTTBIK TeXHMKA MeH
TeXHOAOTUAABIK >KaOABIKTBIH CarlachlH, CeHIMALAITIH JKoHe y3aK Mep3iMAiairiH apTTeIpy,
COHAali-aK NaligaAaHy OepiKTiriH apTTeIpyFa MyMKiHAIK OepeTiH >kaHa TpMOOTeXHUKAABIK,
dJicTepal malijasaHa OTBIPHII JalBIHAQY >KoHE KYPAacCTBHIPY TEXHOAOIVAapPBIHBIH
MaceeaepiHe OallAaHBICTBI ayKBIMABL 3epTTeyAep Kyprisiaye.

AliHaaMaAbl KO3FaAbICKa apHaAFaH MHHOBALMAABIK KOHAEY SKMBIHTHIKTapBIH TeMip:Ko4,
aBTOMODOUAB KeairiHge, acriaaml TylliHAepae, aMOpTu3atopaap MeH TUAPaBAMKAABIK,
UMAMHApAepAe, pyAbae, KapAaHABIK OepidicTepae, oye keMeAepiHiH MOMBIHTIpeKTepiHae,
9A€KTp KOHTaKTOpJAapblHAa, TiriH, Tay-KeH, MyHall-Ta3 ©H4ipy >KoHe ©HJey
eHAipicTepiHAe >KoHe ©Oacka J4a  A9CTYpaAi  CBIpFaHAy OKoHe KBLAXKBIMAABI
NOAIIMITHUKTEPAE KOAAAHBLAATBIH >KepaAepae e3apa ailHaaAbIpy peXKMUMiHJAe YAKeH
JKYKTeMeep Ke3iHJe IMaiijalaHyra 00Aa/bl.

Tynin cesaep: xpamosuk »dddekrici, cepinmeai KoceiMmma 0Ger, chHIpraHay
MOMBIHTipeKTepi, >KOHAEY >KUBIHTBIFBI, JKOHAEY SKUBIHTBIFEL.

DOI: doi.org/10.32523/2616-7263-2022-141-4-38-46

Kipicmie

Bya >xyMmpicta TypakTaHABIPY PeXXMMHIH >KoHe TO3yAblH OipKeaAKiAiriHiH HoTuKeci OiaikTiH
HeMece CBIPTKBI CaKMHaHBIH ©3apa aiiHaay KO3FaAbIChl Ke3iHAe KO >KeTKisidyi, cepinmeai TOCeHIiIITiH
Oypaaysl MeH OypaaybiHa DallaaHBICTHI TeXKey, ColIKecCiHIIle cepilIieai TOCeHIITIH iIlIKi Hemece CBIPTKBI
OetiHge mariga 60aybl («xpamoBuk sPgeKTici») cepinrmeai opaMHbIH OarbIThIHA OallAaHBICTHI TeK Oip
OarpITTa MAXKOYpai Typae Oypbnlaaabl. JKyMbic OapbichiHAQ KYMBIC OeTTepiHAeri OaifAaHbIC CHI3BIFBI
esrepeai, Oya oaapAbIH TO3YbIHBIH TOMeH/AeyiHe aKeaeai.

ITaipasany cumaTTaMadapblH —JKOFapbldaTy MiHAeTiHe cepIiMAl  apaablK — DAeMEeHTTi
MOAIINITHMKKE €HTIi3y apKbIABl KOA JKeTKi3iaeal - HTMAMHAPAIK cepilllie Ty piHAeTi >KbLAKbIMaAbl TOCEHIIIL,
OHBIH KBICYy KYIIH peTTey apKblABl >KYMBIC OeTTepiHAe TOTBIFy IIpOIlecTepiH IIeKTey >KoHe
MUKpPOILAaCTUKaABIK AepopMaliysl apKbLAbl OeTTiH aKTUBTeHYiHiH I1aiija 00AyBl YIIIiH Ka>KeTTi THIFbI3Aay
>kacaaaabl. Kaapime! ToTeIKTRIPFBI YiiKeaic (KTY), sxekeaeren raceiMaagay (KT) mexaHnamaepin >xeHe
yiikeaic eTkisrimTirinig KyOsiabiceiH (YOK) seprrey ToxkipmOeciHeH MOMBIHTipeKTepAeri TesiMcisaik
9CepiHiH TYPaKTBIABIFBIH apTTHIPYABIH OipAecill 9peKeT eTeTiH eKi IapThl TYbIHAAMABL:

1. XKyMbIc OeTTepiH I11acTUKaAbIK gepopMaliusiMeH OeaceHAipy.

2. MorisIHTipeKTepAiH SKYMBIC OeTTepiHAeTi TOTBIFY IIpollecTepiH Oacy (IIeKkTey).

Jactypai MolibIHTipeKTepAe Oy MapTTap OpbIHAaAMaAbL.

Oaicreme

Ocpl mapTTapanl cakray YIIIiH, IIapTTapAbl OpbIHAayFa 00AaTBIH aifHaAMaAbl KO3FaAbIC YIIIiH
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5.b.Tozus0aesn, A.K. Kywaaues, K.I'. Baraoexosa, b. Hasuiixan

VMHHOBAIUABIK JKOHAEY SKUBIHTBIFBIHBIH AM3aliHBI YCBIHBIAARI [1, 2, 3, 4, 5]. Ocbl MakcaTTa IMOAIIMITHAK
OypaHAaAbl IUANHAPAIK cepimnrie (apaAblK DAeMeHT) TypiHAe SKBLAXKBIMAaABI illIIeKIleH >KaOAbIKTaAFaH,
01 TepOeaMeai pexxuMmae TeK Oip OarbITTa MaXKOypAai TypAe aliHadaAbl >KoHe OCBLAANINA TO3y MeH
MaliaayAblH OipKeKidiriHe K04 >KeTkiseai. Mukporaacrukaaslk, gepopmansaapra KoA JKeTKi3y yIIiH
Ka>KeTTi cepilllleHiH KepHeyi OHBI KBICY apKbIABI >Kacalaabl. TepOeameai pexkmumae cepirreai TOCeHIIITiH
Oypaaysl HeMece OypaAybl caddapbIHaH iIlIKi HeMece CBIPTKHI OeTiHAe cepIliMAi KepHey Iaiijda 60aaabl
>KoHe 04 Oip OarpITTa MaXKOypai Typae Oypblaaabl (xparioska d¢@exTici). ¥CBIHbBLAFaH AM3aliHAAFBI
TOTBHIFY ITpoliecTepid Oacy MailAbl THIFBI3JAFBIIIIIEH OHAll KOA KeTKidiaeai. OH HoTM>Ke COHBIMEH KaTap
YiIKeAiCTiH aAre3MsAbIK KOMIIOHEHTIH (gemMaay yiikeaici) asaity >xoHe H.E. JKykoBckniigig "yiikeaiccis
KO3FaAbIC Typaabl' MAesidapblH illliHapa >Ky3ere achIpy (apaAblK TipeKTi ailHaAABIPY) apKbLAbI CBIPTKBI
DHepIu:l KO3iH MarjasanOait aabiHaAbL. YKcac SKOHAeY SKUBIHTHIFHI (1 - cypeT) mHeAl MOMBIHTIpeKTepiHig
OpHBIHa I'MMOaAbABl MOMBIHTIpEKTepAi, acria 0A0KTapbIH, PyAbJiK iAMeKTepAi >KoHe ©3apa alfHaAMa bl
peXmmae KYMBIC icTeilTiH OacKa Aa TyliHAepAi KeHiHeH K0AJ4aHy¥Fa 00Aaabl.
2 3 d
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Cyper 1. XKb12XKBIMaABI cepinrieai immeri 6ap >)KeHAey XMBIHTHIFBIHBIH CyA0achl
Taakblaay

ABTOpAap TOOBI >KacaraH KypblArblga 1- cypeT maiigadaHy cuIlaTTaMaJapblH >KOFapblaaTy
MiHZEeTiHe MOMBIHTIpeKKe CepIiMAi apaablK DA€MEeHTTi - IMAMHAPAIK cepirmrie TypiHAeTi KbLAKbIMAaAbl
iITITIeKTi eHri3y apKbLAbl KOA JKeTKi3idei, OHBI KBICY KYIIIiH peTTey apKblAbl JKYMBIC OeTTepiHAe TOTHIFY
IIpOIlecTepiH IIeKTey >KoHe MUKPOILAacTUKAABIK AedopMalius apKblAbl OeTTiH aKTUBTeHYiHiH Iaiija
0oAayBl YIIiH KaXKeTTi THIFBI3Jay >Kacadaabl. PesxmMai TypakTaHABIpyFa >KoHe TO3yAbIH OipKeakiairine
OiaikTiH HemMece CBIPTKBI CaKMHaHBIH ©3apa aliHaAMaAbl KO3FaAbICH Ke3iHJAe cepimnreai irmekri Oypay
HeMece Oypay apKbLABI COIKeCIiHIIe iIlTKi HeMece CBIPTKBI DeTTepae Texkey Mariga 004aAbl, aa cepimnmeai
TeceHilm (maiiga OoaraH "Xpamosuk 9¢@eKxTiHiH' apKachlHAa) OpaMHBIH OaFbIThIHa 0ailAaHBICTLI
cepinrreaep Tek Oip OarbITTa MaXKOYpAi Typae Oypbiaaasl. COHBIMEH KaTap, KYMBIC OapBIChIHAA KYMBIC
OeTTepiHaeri OallaaHbIC CHI3BIFLI YHEMI ©3repill OThIpasbl, Oya 041apABIH TO3YBIHBIH TOMEeHAeYiHe aKeaei.

TBIFBI3AAFBIIITEL PETTEY VIIiH, MBICAAbl, JKOHAEY Ke3iHAe TO3yAbIH OPHBIH TOATHIPY YIIiH, TipeKk
maiibasapeIHbIH Oipi MeH cepimreai TeceMHiH YIIBIHBIH apachiHJa KakeT OOAraH >Karjaliga perrey
maii0asapbl OPHATBHLAYBI MYMKIiH.

TesimcisaiKk peXXMMiH KO34BIpy >KoHe KoaJday YIIiH apTypai adicTepai KoadaHyra ©oaaabl
(’korapplga araaraH >KarJaiidapAbl OpblHAAQY Ke3iHAe), apHalibl ogeOueTTepae cUMaTTalfaH: MeTalal
OiTeyiln KOCBIHABLAAPABI Maliday¥Fa Kipicrie, Mopeai aHTUPPUKIUAABIK aOpasnBTi emec eHaey (MAAEO)
dJicTepiMen apHalibl ©HAey, KypaMblHJa MeTaaAa KaITalThIH KOMIIOHeHTTepi Oap MaTepmaajapAbl
KOAJaHy >kaHe T. 0. KpICTBIPFBIIITHI JKyMbIC OeTi TO3FaH Ke3Ae MOVBIHTIpeKTi peTTey YIIiH IaiijadaHy
yCBIHBLAaABl. MYHBIH O9pi MOIBIHTIpeKTiH JKyMbIC OeTTepiHe KOHYABI TarallbIHAAY Ke3iHae Oacka Taciaai
KamTHAbL KaHa agu3aiiHaarel MOMBIHTIpeKTepAi KOAAaHa OTHIPHIII, aBTOMOOIAD arperaTrTapbIHbIH Kelioip
TYMiHAEpiH OpbIHAAY MBICaaAapbl TOMEHAE KeATipiAreH.
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Kenreren 'A3 MmoaeAbaepiHiH aaABIHFRI acIlackl, COHAAI — aK KOIITEeTeH XKYK KeAiKTepi (MbIcaasl,
KaMA3) - Tayeacis, Oypaaran IMAMHAPAIK cepilniesepae, TeAeCKOIAABIK aMOpTU3aTopAapMeH Oipre
JKYMBIC ~ ICTEHMTIH KeAJeHeH TYPaKTBIABIKTBI —TypPaKTaHABIPFBIII —Toyeaai Typaepi OoiibIHIIA
KapacTeipbiarad. Oa aablHOAAbl KpecTKe OpHaTbhldaAbl >KoHe ToyeAcCi3 TyliH OO0AbIIl TaOblaaapl.
ABTOMOONABAL DacKapyapl JKeHiaAeTy YIIIiH eKi He MOMBIHTipeKTepiHe HeMece pe3eHKe caKMHalapMeH
KipgeH KOpraaraH KoOJa ChIpFaHay MOVBIHTipeKTepiHe OekiTiareH, pes3eHKe caKuHaJapbl KipAeH
KOpFaAfaH, aA OCBTIK KYIII apHaifbl THIFBI3AAFBIINIIEH >KaObLAFaH KATThl IIAPMKTI MOVBIHTipeKIleH
KaObL1gaHaabl (2- cypeT) [6, 7]. AliHaaMaAabl XYABIPBIK IIeH TipeKTiH OacTapbl apachIHAAFbl OCBTiK
aAIIaKTHIK peTTeAeTiH IaliOameH TaHjaaaAbl. Illaribanbl opHaTKaHHaH KeliHri caHplaay 0,2 MM-AeH
acriays! Tuic. IIIKBOp alfHaAMaAbl JKYABIPBIKKA IITKBOPHHBIH KOFapFhl YIIIBIHAAFBI JKapThlAail I1eHOepAai
KacKa/Illafa KipeTiH icTikTiH KemerimeH Oekirizeai. MarmHaHel HaligadaHy KesiHge TepOeameai
peXmumae SKYMBIC iCTeNTiH MIKBOp MHeAepai Oacy HoTmKeciHAe Oip >KaFbIHaH TO3aAbl, KaABIIITaH TBHIC
10T maiiga 60aaabl keHe OacKapyJarsl TYpaKThLABIK Oysblaaan! [7]. Hyckayaapra coiikec, 6ya apTKb
>karpIH 90 cex Oypay apKbLAbI >KOIOFa 0041aAbl, OChLAAMIIIa OYPhIH JKYMBIC icTeMeNTiH OeTTepai JKyKTeyre
604aap1. O yIIIiH eKiHIIi >KapThLaaii meHOepAi Kackaaia 0ap. by mapaaap iaMeKTiH >KaAIlbl pecypChiH
Oipirama apTThIpaAbl, Oipak MHEHiH MOMBIHTIpeKTepiHiH Heri3ri JKeTicIIeyIiAiria >KonMarnasl.
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Cypet 2.I'A3 aBTOMOOMABAEPiHIH aAALIHFBI aclla TOOBI YIIiH
KOAAAHBICTaFBI TOIICAAbI TYHiHAepAai XaHa TOIICalapMeH aybICTBIPY
BIKTVIMAaAABbIABIK KOHCTPYKIVISI HYCKaAaphbl

Vlneai MoNbIHTIpeKTepi ailHaAMalAbl, TeK KillIKeHTall aMIAuTyjaldapMmeH (DailaaHbIC
aliMarblHAQ) ayBITKUABI JKoHe ic >Ky3iHJe aybICIlaabl colikeccisairi Oap Oisikrep apachIHAAFBI idiHicy
$yHKIMACKIH opbiHAaNAbL. Oaap apKblabl Oepy KesiHAe maiiga 00JaThIH MOMEHTTepAiH ocepiHeH,
JKOFapbl OaliaaHBIC KepHeyaAepi, MOMBIHTIpeKTepAiH >KYMBIC OeTTepiHAe Malipicyaap Iaiiga 0oaaabl,
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5.b.Tozus0aesn, A.K. Kywaaues, K.I'. Baraoexosa, b. Hasuiixan

«KaaraH OpMHeAMHI» Aell aTalaabl, eH KOIl KyKTeATeH MOMBIHTIpeK KerTeain Kadaabl. CTaHAapTTH MHe
MOJBIHTipeKTepiHAe iIlIKi caK/Ha 5KOK, MHeJepre apHaAfaH >KbIAKbIMAaAbl KO - Oy A IIYHKBIPABIH OeTi.

3- cypeTTe aybIp K04 XKarjaiidapbiHJa MalijadaHy Ke3diHAe Malija O0AFaH aiiKbIH KMFaIITapel Oap
(’kaaraH OpMHeAMpey) MOMBIHTIPpEKTiH MHeAepi KYMBIC icTereH IeaekTiH Oip OeairiHig ¢oTocypeTi
YCBhIHbLAFaH.

Cyper 3. Tosran GeanekTepAiy cbIpTKBI TYPi ("’kaaran 6pmuHeanpaey”)
MOWBIHTipeK TyiiHi
A) - MOIBIHTIpEK;
B) - xpectTep

Oaednerre [8, 9, 10] coHaall-aK, MHe MOJBIHTipeKTepiHiH OpHBIHA KOAJAaHy¥a 0OAaTBIH KaTaH
OekitiareH OypblabICTapbl Oap HIMAMHAPAIK CIMpaabAbl cepimnresdep TypiHAe OekiTiAreH apaablk
D4eMeHTTepi (irmmekTepi) 6ap chIpFaHay TipeKTepi cuIaTTaaraH.

MoiibiHTipeKTepAiH exi TypiHiH Je KemITidikrepi 6ap - OpHATyAbIH, YPYAbBIH KoHe KeIllTeAyaiH
naiiga 0oAybIHa 0ailAaHBICTBI TOMEH CeHIMAiAIK ITeH OepiKTik.

VIneHiH >KbLAXKBIMaAbl MOMBIHTIpeKTepiHAge [6] ylikeaicTi TOMeHAeTeTiH apaablK DAeMEeHT —
TOCEHII peTiHAe Y3bIH MHe POAMKTEepi KOA4aHblAaabl, OAap >KOFaphl KblAAAMABIKTA KaKChl >KYMBIC
icTeiial >KoHe ©3apa ailHaaMaAbl KO3FaAbICKa apHaAMaraH.

Oaap yuriin marepuaagap, AusaiiH cXeMaadaphbl, >KbLAKbIMaAbl IMOAIIUIIHUKTEPAl OHAEY >KoHe
ChIHay adicTepi calikeciHmie TaHAaaaabl. Oaapabl KOA4aHy MaxKOyp4i mapa 00AbI TabblAaAbl, ©MTKeHi
e3apa alfHaAy pe>KIMi YIIIiH ceHiMAi MOVIBIHTipeK KOHCTPYKIMsLAaphl 941 JKacaaMaraH.

JKympic ke3iHge K0aa >KeHAep Ae, KoOiHece OipkeaKi eMec DKCIIeHTPAIK TO3a4bl.

KartrapsiMapi-aiiHaaMaasl (TepOeameai) peXXMM VIIiH MOMBIHTIpeKTepAiH ceHiMAiairi MeH
TO3y¥a TO3iMAiAiri Maceaeci TO3yAbIH 9pKeAKiAiri MeH >KepriliKTi Ka30aHBIH MMalida 00AybIHa Oall1aHBICTHI
aHTU(QPUKIUAABIK MaTepuaajapaal (MeTaaa, oAuMep, KypaMa >KeHe T.0.) JKacaAfaH KO3faaMaliThIH
immekrepai KoA4aHy apKblabl IemriaMerniai. bya xemmniaix >xoiiblaMaiigbl >XKeHe 9p TypAi CBbIM
ceKIusAapbl Oap OekiTiareH OypBlABICTapBl Oap CHMpPaAbAbl cepilriedep TypiHAe MOMBIHTipeKTepai
KOAJaHy apKblAbl JKOMBlLAaAbl, COA YaKbITTa TOCEHIIl TypaKThl OOABII KadaAbl JKoHe TeK MalilayAblH
TapaAybIH JKaKcapTaabl.

Hotimkeaep
HaxTe! OpbIHAAAYABIH MBICaAbI peTiHAe ra3 aBTOMOONAbAEPiHiH allHaAMaAbl acllachlHa apHaAFaH

VHE POAUKTI MONBIHTIPEKTiH OpHBIHA >KOHAEY >KMBIHTBIFBI YCBIHBLAaAbl. YCBIHBLAFAH ChIpFaHay
MOJBIHTipeKTepiHAe He POAMKTePiHiH JKMBIHTBIFBIHAH OacKa, MHe MOVIBIHTipeKTepiHiH Heri3ri 6eaikTepi
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cakTasaabl. OHBIH OpHBIHA, cepilliieai IIMANHAPAIK cepillIe TypiHAe cepinIieai TOCeHII CBIPTKBI CaKHa
MeH JOHFaJakK apacblHAAFbl aAlllaKThIKKa opHaTblaaabl. CogaH KeliiH, MOMBIHTIpeK cepinIeai TOCeHiTi
Oocary OarbIThHIHAQ aliHaAFaHAA, OHBIH CBIPTKBI OeTiHAe TapTBIABIC Iaiiga 0oaaAbl, aa iIIKi >KaFbIHAA
aAIIaKTHIK Naiija 001aabl. bypaay kesiHge (MOMBIHTIpeKTiH eKiHII >KaFbIHa allHaAybIHaH) KepiciHie -
AaiiHepAiH CBIPTKBI OeTiHAze KepHey >KOfadaapl, aaA iIlIKi >KarblHAa 04 KailiTa OacTrazagpl. ©Osapa
aliHaaMaAbl (TepOeameai) KO3FaAbIC pe>XXUMiHAe cepIliMai cepimmeai TeceHimn cepimreai opaMHBIH
OarpIThIHa OaiiAaHbICTHI Oip OarbITTa MaXKOYPAi TypAe aliHaAaabl, OChlAAMIIa peXXUMAi TypaKTaHABIpYFa
JK9He TO3yAbIH OipkeakiairiHe K04 >xeTkiziaeai. Jactypai eMec cripraHay mMoitbiHTipekTepi 943/20 nHeai
MOJBIHTipeKTep HeTiiHAe MOMBIHTipeK OeAlleKkTepiH OapbIHIa KOAAaHa OTHIPHII Kacadaabl. COHbIMeH,
943/20 MOVIBIHTIpeK pOAMKTEpAiH OpHBIHA apHaibl cepimmeai inmex KoadaHbLAaabl. MyHaain irmmex
MOJMBIHTIPEKTIH CBHIPTKBI CaKMHacblHa OpHaTbldaAbl. MOMBIHTIpeKTiH CBIPTKBI CaKMHAChl TYOiH aAbIIn
TacTaMmall >kKacaaybl MYMKiH (ocipece 'A3 aBTOoMOOMABAEPiHIH acriaabl MOVBIHTipeKTepi yiiiH). bya
AVI3aliH MOVIBIHTipeKTepAai >KaKChl THIFbI3JayAbl KaMTaMachl3 eTedi KoHe OChI TyliHAe KOAJ4aHbLAaThIH
apHalibl KaKIaKTapAblH OPHAThIAYBIH 00AABIpMaliAbL.

KypblabIMABIK TYpFBIJaH aAfaHAQ, MOMBIHTIpeK CaKMHachl KOFaprbl 0idiKci3 OpBIHAAAaABl,
olTKeHi amblK OepeHe 90 cex OyphImbIHAA KasipAiH ©3iHAe OpHAThIAFaH cepillreai TOCeHiIleH
KaITaAFaH.

Cyperre kaaccukaaplk BA3 aBromMoOman MojeabaepiHiH KpecTTepiHe apHaAFaH KOKTeMTi
TeceHilITepi Oap >KeHaey KuHakTapbi[11] (MHeaepaiH opHBIHA), (cypeT. 4).

Cypert 4. BA3 (xaaccuKkaabIK) aBTOKOAITriHiH KpecTOBMHalaphl OpHATLLAFaH cepimnIieai KalicbIpMaaap

AMoOpTH3aTOPABIH IIOpIIeHbiHIH AM3aliHbIHA IIOPIIeHbAIK CaKMHaFa KaTbICTBI e3repicrep
eHrisiareH, oaap OypaHAaabl IMAMHAPAIK cepimrie TypiHae >KacaaraH (5-cyper)
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Cypert 5. BA3 aBTOKO4iK apTKbI aMOPTHU3aTOPLIL:
IIapIIbl KMMaHBIH CBIFBIMAAAFaH OpaMAaphl Oap IMAMHAPAIK OypaHJaabl THIFBI3AAFBIIITEI cepinmeai
HOpIIeHbAl )KOHAEY SKMBIHTBIFBI

KopoIiTbiHabI

VIHHOBaIMAABIK JKOHAEY KMBIHTBIFBIHBIH MBIHaAail apTHIKIIBLABIKTaphI Oap:

- Aa0MPUHT dCepiHeH cepilmeai MOpIIeHbAl THIFBI3AAFBIIITE KOAJAHFAaH Ke3je >KaKChl
00TIOpaIns KaMTaMackI3 eTideal;

- TpubOoAOTUAABIK DPPeKTidepai KOAJaHy apKbLAbl IOPIIeHbAI >KyITayAblH OepikTiri
apTajpl;

- "XpamoBuK acepiH" MalijadaHa OTBIPBII, CepilIleAi THIFBIHHBIH aliHaAy TYpPaKTbLABIFBI
eceOiHeH IaligalaHyAaFbl CeHIMAIAIK TIeH KayiIlci3Aik apTabl;

- JKYMBIC OeTTepiHiH aBTOMAaTTHl TypAe aAbIHATBIH TYlicyAepiHiH eceOiHeH, cOHJali-aK
Oel111eKTepAiH KyMBIC OeTTepiHiH JallbIHAAAY A9AAITiH TOMeHAeTy eceOiHeH OYIBIMABI alfbIHAAY JKoHe
KYPacThIpy KYHbI TOMeHAelAi;

- KOHJey Ke3iHJe cepimmeai IIIIEKTiH KBICBIAYBIH peTTey MYMKIHAIIN TO3yabl eTey
MaKcaTbhIHAA KadaAbl;

- pe3eHKe TOAKeHiH >XYMBIC Ka0iaeTTiAiri aBToMoOnAbre KyKTeMe e3repreH Kesae Iaiija
0o0aaThIH peseHKederi KepHey4i JKOI0, COHJAal-aK cCaildeHTOAO0K KOHCTPYKLMACBhIHAA —cepimmeai
>KaIlCblpMaHbI TaligadaHy eceOiHeH Teric eMec >KOAMeH KO3Fady Ke3iHJe caKTalaabl;

- naiijasaHy asichl KeHelieAi: sFHM OyA >KOHAey SKMBIHTBIFBIH KOAiK MallllHaAapbIHbIH
9pTYpAi TyliHAepiHAe KoaAgaHyFa OoJaAbl: aMOpTHU3aTOpAap, >KeTeK OiAiriHiH iaMekrepi, AOHFadak
acrachl, pyAbAiK TyliHAep >KoHe T. O;

- MOJBIHTiIpeKTiH OepikTiri 1,5-2 ke apTaabl, TO3iMAiAiK 9cepiHiH TYPaKTBLABIFBIH apTTHIPY
eceOiHeH 0OeAriai KOHCTPYKIIMsAAapbIHAA MOMBIHTIpeKTep KOK;

- "Maii copaTbelH OypaHJa" acepiHeH MaiilayAbIH TapaAybl JKaKcapaabl;

— TOpanTapAbl >KeH/ey >KeHe KaAllblHa KeATipy >KeHiazeTideal - MOMBIHTIpEKTiH >KaHa
JKOHJEY JKMHAFbl ASCTYpAi eMec KOHCTPYKUMSAHBIH >KaHa MOVBIHTipeKTepiMeH >KMBIHTBIKTa ecKi
Oeamekrepai (">kaaraH OpeHeaupaey" i3gepimen) naiigadaHyra MyMKiHAIK Oepeai;

- VMHHOBAIIMAABIK, JKOHAEY JKMHAFbl OHall AaliblHAAy, KyPacThIpy >KoHe aybICTBIPY KesiHJe
KOHJeY HpOollecine Malijalany;

- JKOHJAey apaablK XKypici 1,5-2 apTaabl.
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Oo0Oaactp IIpyMEeHeHNsI MHHOBAIIMIOHHOTO peMOHTHOI'O KOMILA€KTa

Annporammsa. Pocr mapka IIOABUIKHOTO COCTaBa aBTOMOOMABHOIO TPaHCIIOpPTa IIOBBLIIIAET
TpeOoBaHIs K 00ecIIedeHnIo JOPOXKHON 0e30I1acCHOCTH, KOTOpas B 3Ha4MTEeAbHOI Mepe OoIlpeleAseTcs
BKCILAyaTalVIOHHONM HageKHOCTBIO U TEXHNMYECKUM COCTOSIHVEM Y3A0B 11 MEXaHM3MOB XOA0BOV YaCTH.

Bo MHOmMX cTpanax BeayTcsi KpynHOMAacIITaOHble MCCA€AOBaHNs, CBA3aHHBIE C MpoDAeMaMu
MOBBIILIEHNIS Ka4eCTBa, HaAeKHOCTU U 40ATOBeYHOCTY aBTOTPAHCIIOPTHOM TeXHMUKM M TEXHOAOIMYECKOTO
000pyA0BaHM: Ha OCHOBE PEMOHTHBIX KOMILAEKTOB, a TakXKe TeXHOAOTMSAMMU M3TOTOBAEHIUs U COOPKU C
JICIIOAb30BaHMEM HOBBIX TPUOOTEXHUYECKUX METOJAO0B, IO3BOASIONIMX ITOBBICUTDL HKCIIAyaTallMIOHHYIO
AOATOBEYHOCTD.

IIpeaaaraemple MHHOBALIMOHHbIE PEMOHTHBIE KOMILAEKTHl A4s BO3BPaTHO-BpalllaTeAbHOIO
ABVKEHMSI MOTYT OBITh MCIIOAB30BaHBI B K€A€3HOAOPOKHOM, aBTOMOOMABHOM TpaHCIOpTe, B y3aax
TOABECKY, aMOPTMU3aTOpax U TUAPOLMAUHAPAX, PYAE€BOM YIIpaBA€HUM, KapJaHHBLIX Ilepejadax, B
MOAINUITHUKOBBIX ~ y34aX AeTaTeAbHBIX aIllllapaToB, 9AEKTPUYECKUX KOHTAKTOpaX, IIBEIHOM,
ropHogo0bIBaioieM, HedTerazogo0bIBaloieM U IepepadaTbiBalOieM IPOU3BOACTBAX M HEKOTOPBIX
APYIUX, TAe IIPUMEHSIOTC TPasUILIMOHHbBIE IOAIIMITHUKM CKOABXKEHUs M KaueHus Hpyu OOABIIMX
Harpyskax B BO3BpaTHO-BpalllaTeAbHOM PeXIMe.

KaroueBbie caoBa: »pQekT Xpamnosuka, IPYKMHHBIA BKAAAbII, IOAIIMITHUK CKOAbXKEHMN,
PEMOHTHBIV KOMILAEKT, PEMOHTHBIN KOMILAEKT.
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B.B.Togizbayeva, D.K. Kushaliev, K.G. Balabekova, B. Naviykhan
L.N. Gumilyov Eurasian National University, Astana, Kazakhstan

Scope of application of the innovative repair kit

Abstract. The growth of the fleet of rolling stock of motor transport increases the requirements for
road safety, which is largely determined by the operational reliability and technical condition of the
components and mechanisms of the chassis.

In many countries, large-scale studies are being conducted related to the problems of improving
the quality, reliability and durability of motor vehicles and technological equipment based on repair kits,
as well as manufacturing and assembly technologies using new tribotechnical methods that increase
operational durability.

The proposed innovative repair kits for reciprocating motion can be used in railway, automobile
transport, suspension units, shock absorbers and hydraulic cylinders, steering, cardan gears, bearing units
of aircraft, electrical contactors, sewing, mining, oil and gas production and processing industries and
some others where traditional sliding and rolling bearings are used under heavy loads in the
reciprocating-rotational mode.

Keywords: ratchet effect, spring liner, sliding bearing, repair kit, repair kit.
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Peculiarities of bitumen testing methods

Abstract. Bitumen as a construction material is extremely widespread in hydraulic
engineering and road construction. Bitumen has a wide variety of features and useful
properties, which allowed it to reach a leading level among other binder building
materials. The article presents the peculiarities of laboratory testing of bitumen. Step by
step the technique of bitumen testing on the ring-ball device and on the ductilometer is
disclosed. The importance of testing quality control is justified. The results obtained
showed the absence of deviations from the normative values. And reliability and accuracy
of the obtained results are reached due to the use of an analytical approach and taking
into account the risks arising during the tests. The account of which is presented by means
of the "bow-tie" methodology, the main advantages of the use of which are the analysis of
the reasons for risk occurrence, and the determination of decisions on their elimination.
Keywords: bitumen, test, ductilometer, risk, reliability

DOI: doi.org/10.32523/2616-7263-2022-141-4-47-54

Introduction

Currently, there is an increase in requirements for the operational and transport characteristics of
asphalt concrete pavement due to the annual increase in the number of motor vehicles in almost all
regions of Kazakhstan. At the same time, the service life of road surfaces is affected by the quality of used
bitumen, which is one of the important components of road pavement. The annual increase in road
construction requires more bitumen and it is of high quality. But there are problems with the quality of
bitumen sometimes. Bitumen is the product of the distillation of oil, and in recent years, the percentage
of quality bitumen from tar is decreasing due to the increase in the depth of oil refining. Density is
considered a distinctive property of bitumen, as it depends on the content of the components in the
bitumen (Figure 1).

1
Bitumen
|
| [
] 1
hard part, resins e
asphaltenes fractions

Figure 1. Compounds that form bitumen

For example, the build-up of aromatic structures increases the density of bitumen, while the build-
up of saturated compounds, on the contrary, the density decreases|[1].

Another important property of bitumen is the flash point [2]. Thus, the flash point of bitumen
when heated determines the flammability of the bituminous mixture[3]. The ability of bitumen to resist
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the movement of the dispersed medium under stress from the outside is its viscosity.

At the same time, other equally important factors of bitumen, which establish its marking, as well
as the components are water resistance, water resistance, resistance to acid, alkali, salt, and gases, and the
ability to dissolve in solvents.

Determination of these indicators is an important and responsible stage [4]. Therefore, a lot of
research is devoted to improving the quality of bitumen [5]. Researchers from Drexel College, USA [6]
note the possibility of adding the bacterium Sporosarcina pasteuri. The study [7] investigated the physical
and mechanical properties of polymer asphalt concretes on bitumen-polymer binders modified with
mixed thermoplastic elastomers. Thus, determining the initial properties of bitumen is an important part
of the modification [8].

Experimental materials and methods

Research to determine the softening temperature of bitumen is carried out on the device "Ring &
ball"[9]. The test algorithm is shown in Figure 2.

Gradually increase the The temperature at which the
Preheated bitumen is poured A ball is placed on the surface perature of the bi extruded by the ball
into greased molds of each mold with bitumen bath, in which the molds with touches the bottom plate is
bitumen noted

Figure 2. Stages of "Ring & ball" investigation

This study used road bitumen grade 70/100, which was preheated to a temperature of 25°C to is

Figure 3. Forms for testing on the "Ring & Ball" device a) empty form; b) form with bitumen

Then, containers filled with bitumen were placed in a glass transparent cylinder with distilled
water (Figure 4).
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Figure 4. Bitumen testing process on the "Ring&Ball" device

Then the water in the cylinder is gradually heated, while increasing the temperature value at 5°C
per minute, as a result, when the bitumen is heated to the softening temperature, the ball placed on the
bitumen will fall, and contact the sensor installed at the bottom of the cylinder. Thus, the indicator of the
softening temperature of bitumen is the value at which the ball placed on the bitumen reaches the bottom
of the cylinder (Figure 5).

il i
B pewan oxwaanen || Moocworp pesyerara |

a b
Figure 5. Readings of the instruments during the test a) data during the test; b) data at the end of the test

Tensile parameters of bitumen were determined using a ductilometer instrument [10]. The
algorithm of the ductilometer test is shown in Figure 6.

The specimensare heated Forms withbitumen Whena thread breaks, the

The moldsare filled with for 30 minutes inwater, samples are taken out of The deformation ofthe tensile lengthis read from

molten bitumen removed and the excess the waterand fixed on pins threads is monitored the scale of the measuring
bitumen is cut off smoothly ruler

Figure 6. Stages of investigation tensile parameters of bitumen

During the test, the containers were pre-lubricated with Vaseline to facilitate the removal of
bitumen residue after the test (Figure 7).
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Figure 7. Photos of greased molds: a) before filling, b) filled with bitumen

These molds filled with bitumen were kept for 30 minutes at ambient temperature for the bitumen
to cool down and come to its original state. Then the molds with the sample of tested bitumen were placed
in water filled in a ductilometer and kept in water at 25°C for 30 minutes, then using a staple with a
straight blade removed the excess top layer of bitumen protruding beyond the boundaries of the mold.
The molds with the bitumen sample are attached to the ductilometer racks and the test begins (Figures 8-
9).
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C
Figure 9. Tensile testing process in the ductilometer: a) stage 1; b) stage 2; c) stage 3

The bitumen sample was further aged in a heated and the ductility test was repeated (Figure 10).

a b
Figure 10. Tensile testing process further aged: a) stage 1; b) stage

Results and Discussion

According to the research carried out in the laboratory, the softening temperature of bitumen was
in the range from 57.1°C to 58.6°C. Table 1 shows the results of the "Ring&Ball" device and ductilometer
tests.

Table 1 - Result of tests

Name of indicators,
Standard Standard norm

units of measurement Test results
Softening ST RK 1227-2003 [9] no more 43 45
temperature
Tensile strength at 25 ST RK 1374-2005 [10] no more 90 56
no less

Since bitumen quality control is an integral part of testing to improve the quality of road
construction materials, certain difficulties (events or conditions) arise during testing that tends to have a
negative impact on achieving reliable test results.

When conducting tests using functional analysis of the "bow-tie" were identified the main risks
[11], affecting the achievement of the goal of the research, as well as proposed ways to address the risks
(Figure 11). And there are presented the ways of solving the emerging risks.
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Bitumen will not reach the
molten state and will not
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filled

Bitumen is not melted
enough for pouring
into molds

It is necessaryto

heat bitumentoa
molten state

The tub of the ductilometer is During the initial phase of
not filled with water to 2/3 of
its height, and the height of
the water layer above the

the test, the threads of the
specimen may break due to
lack of water

Make the volume
of waterto the
required
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molds is less than 25 mm
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Figure 11. Risks of ductilometer testing
Conclusion

The main purpose of assessing the quality of bitumen is to provide facilities for the construction,
reconstruction, and repair of roads with high-quality bitumen, as well as the timely prevention of the use
of the substandard product. Therefore, the fundamental factor is in the testing of bitumen guidance to the
requirements of regulatory documentation.

The study also presents the risks that may arise in the process of determining the properties of
bitumen. Knowing and understanding the importance of each stage of the experiment is the result of

obtaining reliable data with low measurement error.
The results of tests on the extensibility of bitumen showed compliance with the normative

indicators, which allowed evaluation of the resistance of the material to mechanical stress, and the ability

to work in flexure and elasticity.
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buTyMABI cbIHay ABIH epeKIeaikTepi

Anpatma. KypsLabic Matepnaagapsl peTiHge OUTyMAap IMAPOTEXHNKAABIK, KOA KYPBLABICBIHAA
eTe KeH TapaaAraH. burtymgap Oacka 0aliaaHBICTBIPYIIBI KYPBIABIC MaTepMaljapbIHBIH apacklHAa
JKeTeKIIli JeHreiire IIBIFyFa MYMKIHAIK OepeTiH epekieaikTepi MeH IIaifllaabl KacUeTTepPiHiH KeH
esrepyine me. Makazaga OUTyMABl 3epTXaHaABIK CBIHAyABIH epeKileaikTepi KeatipiareH. butymasr
caKMHaja-IapuKTi KYpPbLAFblAa XKoHe AYKTIAOMeTpAe ChIHay a4ici OipTiHAen amblaaabl. ChIHaKTapAbIH
camachlH OaKblaayAblH MaHBI3ABIABIFBI HeTi3jeAreH. AABIHFaH HOTVKeAep HOPMAaTUBTIK MoHAepAeH
ayBITKyAapAblH >KOKTBIFBIH KOpCEeTTi. AA aAblHFaH HOTVDKeAePAiH CeHiMAidiri MeH JaaairiHe
aHaANTUKAABIK TaCiA4i KOAAaHy >KoHe ChIHaKTap JKYPTi3y Ke3iHAe TybIHAaITBIH ToyeKeaAepAl ecenke aay
eceOiHeH K04 >keTKisizeai. OaapapiH ecebi "raacTyk-OaHTMK' 94iCiHIH KOMeriMeH YCBIHBIAFaH, OHBI
IalijalaHyAblH HeTi3Ii apThIKIIBLABIKTaphl ToyeKeA4iH ceOernTepiH Taaday >KeHe 04apAbl KOO OOVIBIHIIIA
IIenIiMAepAi aHbIKTay OOABII TaObLAaABI.

TyitiHai ce3aep: OUTyM, ChIHAK, MIATIIITIK ©AIIIETII, ToyeKea, CeHIMAiAiK.
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IEspasuiickuil ynusepcumem um. A.H.I'ymuresa, Acmana, Kasaxcman
2Bocmoutio-Kasaxcmarckuil mexruveckuil yrnusepcumem um. /.Cepuxoaesa

Oco0eHHOCT MeTOAOB MCIIbITaHNsI OUTyMa

AnnoTammsi. butymMnl Kak = cTpouTeapHBle MaTepuaaAbl IIOAYYMAM KpaliHe IIMpOKOe
pacmpocTpaHeHne B TMAPOTEXHMYECKOM, JAOPOKHOM CTpouTeabcTse. buTymbl 004agaioT mmpoxoit
Bapualiell 0COOeHHOCTe U I0Ae3HBIX CBOJICTB, KOTOpBIe ITI03BOAMAN €MY BBIMITU Ha BeAyIuil ypOBeHb
cpeau IIpOYMX CBA3YIOIIMX CTPOMUTEABHBIX MaTepmuadoB. B crarbe mnpeacTaBaeHB OCOOEHHOCTU
AabopaTopHbIX ucnbTanuii Outyma. llar sa marom packpbiBaeTcsl MeTOAMKa MCIIBITaHMIA OMTyMa Ha
KO/blle-IIapMKOBOM Hpubope 1M Ha JAykruaomerpe. ODOcHOBaHa BaKHOCTh KOHTPOAs KadecTBa
vcrbITannii. Iloaygennere pe3yAbTaThl IMOKa3aAyu OTCYTCTBUE OTKAOHEHMII OT HOPMATUBHEIX 3HAYEHMIA.
A HageXHOCTb M TOYHOCTh IIOAYYeHHBIX pe3yAbTaToB JOCTUIaeTCs 3a C4deT MCIIOAb30BaHI
AHAAUTUYECKOTO II0AXO4a U ydeTa PUCKOB, BO3HUKAIOIINX MpPU IPOBEAeHUM WCIBITAHUIA. Y4eT
IpeAcTaBA€H C IIOMOIIBIO METOAUKM  «TaACTyK-Oaboduka», OCHOBHBIMM  IIpeMMYIecTBaMu
VICTIIOAB30BaHM: KOTOPOM SABASIOTCA pa3Oop MPWYMH BO3HMKHOBEHNS PUCKA U OIpejeleHne perreHnin
IO UX yCTPaHeHUIO.

Karouesbie caoBa: OMTyM, MCIIBITaHNE, AYKTIAOMETP, PUCK, HaJe>KHOCTD.
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Kocnaasl OTBIHHBIH HeTisri KacueTrTepi (aAM3eab OTBIHBI + gMeTN A 9¢upi) XKaHe
AvIMeTNA 3(pupi KOCIIaCbIHBIH AM3€AbAiK KO3FaATKbIII X YMBICBIHBIH
KOpceTKilllTepiHe acepiH TeOpMsAbIK Oaraaay

Angarma. JKymricta 6asaMaasl OTHIH TypAepiHe (U3MKaABIK — XUMUAABIK TaAjay
KYPrisiain, OHBIH ilIiHeH guMeTma cOupTi TaHAaAblHABL KocCmaabl OTHIHHBIH HeTisri
kacuerrepi (AT +AMD) >xene aumeTma »Qupi KOIACHIHBH AN3eAbAIK KO3FaATKBIIII
SKYMBICBIHBIH KOpPCeTKillITepiHe acepiH Oaraday yIIiH OipKaTap TeOPUAABIK ecelTeylep
KYprisiaai. Apaac OTBIHHBIH KO3FaATKBIII JKYMBICBIHA 9CePiH HEFYPABIM TOABIK Oaralay
VIIiH perpeccusAbK, Modeabley daicTepi KoadaHbLAAL Perpeccus kosddurineHTTepin
ecentey MATLAB koagaHOaabl ITakeTiHiH KeMeTiMeH KOMIIBIOTepae >KYPpriziagi.
JKyprisziareH TeopusAABIK ecenTeylep MeH MaTeMaTUKaABIK Mojeabaeyaep 30% AuMeTna
o}upin Amseab OTBHIHBIHA KOCYy AU3€AbAI  KO3FAATKBIIITapAbIH — DKOAOTUAABIK
KOpCeTKilITepiH TOMeHAETY YIIIiH eH TiMAi KOCIIaHbIH yAeci eKeHiH KopceTTi.

Tyi1in ce3aep: 1eTtaH caHbl, TYTKBIPABIK, CTUXEOMETPUAABIK KODPPUITNEHT, THIFBI3ABIK,
paKIUAABIK KypaM, KaHy >KBIAYHI, DAeMeHTapABl KypaM

DOI: doi.org/10.32523/2616-7263-2022-141-4-55-62

Kipicmie

Kasipri ke3ge aBTOMOONAD OTHIHBIHBIH KacueTTepiHe KOWBLAATBIH TaJlarlTap AM3eAb OTBIHBIHAA
THiMAl KOA4aHy TYPFBICBIHAH JaiibIHAAy Maceaeci ©3eKTi 004bIIT Kada Oepeai. PU3MKAABIK-XUMUAABIK
KacuerrepiMen AmMerna 9pupi Tasa KyiliHAe TeK KO3FaATKBIII OTBHIHBIHA KOMBIAATBIH KypAeai
TaJalTapapl asjan KaHa KaHararTaHAbIpaabl. ColikeciHIlle, OChI OTBIH TYpiH HaligadaHy MaceaeaepiH
KO3FaATKBIIITE Oeariai-0ip KypblabIMaay apKbLAbl, aTall aiTKaHAa OTBIHABI Oepy >KyiieciH OapbIHINaA
e3repTy >KOAbIMeH Ienryre 0oaaabl. COHbIMeH KaTap, Oya >KaFdail KO3FaATKBIIITH JKaHa OTHIH TypiHe
«bertimaey» mporneci OaceiMaay 001aabl, Oy 494 Kasipri sKarAalijda OHTAIABI IIEIIiAeTiH Maceae eMec.
Kes-xearen ©0asamaabl OTBIH TYpiH IlaiigadaHy AoCTypAi OTBIH TypiHe KaparaHaa Oeariai Oip
apTHIKIIBIABIKTApFa KOA JKeTKi3yai Ko3geligi. bya xaapmka keaMmelTiH pecypcrapjaH aabIHATBHIH
ASCTYPAi OTBIH TYPiH HEFypPABIM THIMA] ITMKi3aT OaFacklHa Ve OTHIH TypPiHe ayBICTHIPY HeMece KaAIlbIHa
Ke/leTiH Ke3JepdeH OJaH Aa TUIMAI ©HAIPY HeMece KO3FAATKBIIITBHIH KYMBIC OapbICBIHAAQ >KOFapbl
TeXHMKAABIK KOpCeTKiImTepre KoaA >KeTkizyre 0oaaasl. Oaapra, COHBIMEH KaTap KO3FaATKBIIITHIH
BKOAOIMAABIK KOPCeTKIIITepi ge Kipeai. ATaaraH HOTU>KeAepre KO XKeTKi3y OapBIChIHAA ITalijalaHy AaFbl
KO3FaATKBIIITapAbl OapblHIIAa >KaHApPTy HeMece OaJama OTBIH TYPiHIH KacueTTepiHe OapbIHITIA
«DeitiMmaey» HeriziHAe >KaHa TYpPiH JalibIHAQy OpPBIHABI 00BN TaOblaaabl. byHaait Tocia eaimisge
JKeKeJeTeH >Kafjalidapja OpbIHABI OOABIIT TaObLAaAbl, MBICAABI, aliMaKTaFbl OHIpAiK OTBIHABI (KeMipaeH
CMHTETHKaABIK OTHIH HeMece Ta3KOHAEHCATTHl OTBIH Typi) IaiigadaHy OapbIChIHAQ >KoHe >KaKbIH
6oaarmakka OarbITTaAMaFaH FRLABIMU-3€PTTEY SKYMBICTApPBIH JKYPri3y OapbIChIHAa FaHa DKOHOMMKAABIK
XargaliaapAbl eCKepe OTBIPBII XYpridiaeai. KodraaTkelmrapaa >Kamrain IaiAalaHblAaThIH OTBIH TYpi
HeTi3ri Iaijazaly KOpceTKilTepiMeH MyHall oHiMAepiHeH AaliblHAAATaH AdCTYPAi OTBIHAApFa yKcac
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Kocnaav omuivir nezisei xacuemmepi (OuseAb omoirvl + Qumemua agupi) xare Oumemur 3Pupi KocnacoiHoly, OUseAbOiK K032AAMK bl
KYMUICOIHVIH, KepcemKimepite acepin meopusvlk 0azaray

Doaysl KaxxeT. bya xaraaiiga, Kapama-Kapchl Tocia OackiM 0OAFaH AYPBIC — SIFHIU, OTBIHABI I1aliAaAaHbIIT
JKYPTeH KO3FaATKBIIITapra «OeitiMmaey».

Pu3nKaabIK KacueTTepi OOIbIHIIIA AMMeTIA DPUPi AM3eAb OTHIH Ty piHEeH epeKIleeHei, COHbIMeH
Oipre ®Heprus >KarblHaH aliTapABIKTall apTHIKIIBIABIKTapFa KOA >KeTKiziamerniai. Aumerna »¢upinig
AU3eAb OTBIH TYpPiHEH apTHIKIIBLABIFEI — OHBI NaligadaHy OapbIChIHAA KO3FaATKBIIITAFbl DKOAOTHUAABIK,
KepceTKimrep eaayip >Korapblaaiigpl. JumMerna »dupiniH OyHAall OH KacMeTiH OHAAFbl «Tepic»
KacueTTep/eH ayaak 004blIl, IaiidaaaHy KaxkeT. bya MaceaeHi oH 11enyAiH >K044apbIHbIH Oipi - AMMeTIA
9¢upin g9cTYypAai AM3eab OTHIHBIHA KOCY JKOABIMEH OHBIH KacleTTepiH KaKcapTy 004bIll Tabblaaabl. bya
peTTe >KaHajaH aAbIHFaH OTBIH TYpPi HeTi3ri KepceTKimrep OOMBIHINA A9CTYPAl OTBIH TypAepiHe ColiKec
KeAyre >KoHe KO3FaATKBIII >KylielepiH eaeyai e3repTyAi Tadan etmeyi tuic. Jdumerna spupin xocy
JKOABIMEH DKOAOIVAABIK >KOFaphl CUIaTTamMalapra ue, sSFHU AMMETUA OTBIHBIH AV3€Ab OTBHIHBIHA KOCY
apKbLABI OTBIHABI OTTEriMeH KaHbIKThIpaMbI3. by Karaal OTBIHHBIH TYTiHAEYIH TOMEHAETeAl JKoHe JKaHy
TeMIlepaTypachlHBIH HEFYPABIM TOMeHTi Ireri eceDiHeH a30T OKCUATEPI SMUCCUACH KOPCETKIITi
TeMeHgelai. OcblFaH opail apaJackaH OTBIHHBIH HeTi3Ti MOTOPABIK >KoHe (PU3MKaABIK KacueTTepiHe
ecenTey->KCIIePUMEHTTIK 3epTTeyaep KYpri3yAi JKoHe Au3eAb KO3FaATKBIIIBIHBIH JKYMBICBIHA AVIMETIA
9¢pupi KOCIIaChIHBIH 9CePiH TEOPUAABIK OaFalayAbl KaXkeT eTeai.

Marepunaagap xo9He aaictep
KapanaribiM Kypambl. Jduseab OThIHBIHA AVIMETUA KOCBLAFaHJAA apasac OTBHIHHBIH KapallailbIM

KypaMbl esrepicke yImbipaiiabl. Apadac oreiHHBIH C:H:O KaTbiHachl agAMTUBTI IPUMHINMIT OOMBIHIIIA
ecerresaeAi:

(1-9)(C+H+0), +o(C+H+0) =1 1)

MYHAQFBI, (p — apaAac OTBIH KOCHIaChIHAAFbI AMeTNAA 9(UPiHiH yAec caaMarbl (Maccaablk),
(C+H + O) - tuiciniie 3aTTapAblH 91eMeHTapAbIK, KypaMBbl.
CaiikeciHIle, apaac OTBIHHBIH 9P 94eMeHTi OOVbIHIIIa MaccaablK yAec Keaecire TeH 004aAbl:

Oc :(1_¢)gcao+gcm49 2)
On = (1_¢)9Hg0 + 9o 3)
Jo :(1_(0)90/10 +Jomn 4)

MYH/AFBI g — OTHIH DA€MEeHTTEePiHiH MaccaablK yAedi.

Aumverna spupiH AM3eab OTBIHBIHA KOCY, >KOFapblja alTHIIl OTKeHJel, OTBHIHABI OTTeriMeH
KaHBIKTHIPY dAiciHiH Oipi 00ABII TabObLAaABI JKoHe Ae KYMeHiH Ty3idy MyMKiHAITHIH TOMeHAeyiHe aAblIl
keaeai. OTBIHHBIH KapallalibIM KypaMBIHBIH Kylie Ty3idy HpolieciHe acepiH BIKTUMAaAAbIK eCemTiK
Oarasay¥a KbICKaIlla TOKTaAalbIK.

Kyitenin Tysiay mapTel MbIHaJa: >KaHy KaMepachIHBIH JKepPTiZikTi aliMaKTapblHAA OTTETiHiH
JKeTKiaiKcizairi (opra MaH o > 1), AFHU XKePriAiKTi XUMUAABIK JKaHy IIPOIeci TOABIK JKypMeyi.

Kytienin Teopmsiaslk naiiga 00AMaybIHBIH IIEKTi >KaFAallbl OTHIH — aya KOCIIaCBIHAAFBI KOMipTeK
IIeH OTTeri aTOMAAPBIHBIH CaHBIHBIH TeHAiri 0oasin tabsraaasr (C:O = 1). JKanapmaii-aya KOCIiacbIHAAFbI
oTTerinig o4aH api TeMengeyimeH( C:O > 1) sxaHy eHiMAepiHJe >KaHOAMTHIH KeMipTek (Kylie) Iaiia
0oaaabI.

Kocnanply crexmomerpusi Kypambl o=l call keaeai, ayaHbIH apTBHIKIIBIABIK TEOPUSABIK
K0®PPUIIMEHTI ac Keaeci OpHEKIIeH ecenTelei:
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3
1_190/90

a =
‘ 2(1+39H /gc)—3(90/890)

()

Ocpl mamazap TalgaMachlHaH OTBIH KOCIIACBIHAAFBI AuMeTNA DPUPiHIH yAeci IIaMachbIHBIH
apTybIMeH OTBIHHBIH KYJeHi Ty3y TeHAeHIMACHl a3asThIHABIFBIH aTall eTceK 0oaaapl, Oya perTe o
IITaMachl CBI3BIKTBIK TyeAAidikIeH ToMeHaeMeriai. Teopusaabik Typreigan aacak, Kypamsr 10, 20, 30 xone
40% aumMetna sdupre me OTHIH (Maccacsl OOMBIHINA aAcak) KoaiMrIi Au3eAb OTBIHBIMEH CaABICTBIPCAK
Ty3i4eTiH KyJieHiH yaeci carikecinme 3,37; 7,01; 10,97 xane 15,27 naiipidra a3 00Ay»l THiC.

Kecre 1 - JumeTtna s¢upi KOCbLAFaH OTHIH TYPiHiH KaparaibM Ky paMbl

Kepcerkimrep | 40 AMD A0 + A0 + A0 + A0 + A0 +
10% 20% 30% AMD 40% AMD 50% AMD
AMD AMD
gc 0,873 0,522 0,838 0,803 0,768 0,733 0,698
gH 0,127 0,13 0,1273 0,1276 0,1279 01282 0,1285
go - 0,348 00696 0,0696 0,1044 0,1392 0,174
Qe 0,348 | 0,0167 0,324 0,324 0,310 0,295 0,279

KocnaHbIH TYpaKTHIABIFBIH KapacThIPabIK,

Auseab OTBHIHBI MeH AMMeTHA PUpiHiH KOCIackIMeH >KYMBIC icTey KesiHJe iIlTeH >KaHaThIH
KO3FaATKBIIIITapAbl KaABIITH IalijadaHyFa Heri3, 04 OChl KOCHaHBIH YaKbIT OOMBIHAA TYPaKTBLABIFBIH
aHBIKTAII aly, SIFHNM OTBHIHHBIH KaTIlapAaHy CUIIaThl O0ABI TaObLAaAbI [1].

Kocna mapamerpaepin 3eprreyre apHaiibl >KaOAbIK IIaiigadaHblaaabl. Lluambnap xaxkerri
KypaMAarbl KOCIIaMeH TOAThIPbLAaAbl, SIFHI, aAAbIMEeH AM3eAb OTBIHBI KYIBLAABIL, COAQH COH CYMBITBLATaH
anMetna 3¢upi, 6ya KocraHblH apadacyblH KaMTaMachl3 eTyi ymiH[1].

Huanbapaiy TepOeameai >KoHe alfHaaMaAbl KO3FaAbICTApBIH KaMTaMachld eTyre apHaaAfraH
apHalibl CTeHATe COHFbI apaAacThIPy MeXaHMKaAbIK IalKay >KOAbIMeH KaMTaMachl3 etiaeai. baaaonra
KOCITa ChIHAMACBIH aAy YIIIiH apHaAfaH IITylepAep, MaHOMeTpre 1e YIII XYPiCTi KpaHAap OpHATbLAAAD,
COHBIMEH KaTap 0ala0HAAFbl KOCHa JeHrelfiH OaKblAall TYpaThIH Cy ©AIeYilll IIbHbBLAAp Aa 00AaAbl.
Aumetna »PupiH KoHe AuU3eAbAi apaacTBIPyAbIH aTaAfaH Taciai aumerna »¢upin Kypamsr 40
naifbI3AaH apThIK OOAFaHAa KOAaiiabl OOAMAaNTHIHABIFBIH ecKepreH >KoH. OcbljaH KeifiHri Taxipubeaep
HOTIDKeAepi KepceTKeHAel, OyHJAall apaJacTeIpy Typi >KeHe ChblHamMa aAy ogici Toxipube
KOpCeTKIITepiHiH A4944iriH KaMTaMachl3 eTmeligi. bip Mesriage aablHFaH ChIHaMadap HOTVKeC,
KOCraJarel Kypamaac OeaikrepaiH Typai Kypamra me 0OoaaThIHABIFBIH KepcerTi. CoHbIMeH Karap,
ChIHaMaJapAbIH KypaMbl KOpIlaFaH OpTa TeMIlepaTypackl MeH KBICHIMBIHA eJeyadi Toyeadi OOAFaHBIH
eckepy KaxeT. bya kargariga xKypambeiHAa 40 marieira AeifiHri guMerna »QupiHe me Kocralap OH
HOTIKeAep KOPCeTTi. DAeKTPAiMarHUTTIK apaAacTeIpFbIIITapAbl KOA4aHYMeH JKaKChl HoTVKeAepre Koa
KeTKizyre 004aapl, Oipak Ta Oya >KyMbIC OapbIChIHAA aTaAFaH 94ic KoaJaHblamMaabl. JKyMbic OapbIcbiHAA
CYMBITBIAFaH Tadgap (IpollaH-OyTaH) MeH Au3eAb OTBIHBIHBIH KOCHaJaphkl ga 3eprreadi, aa, Oya o3
Ke3eringe Aumerna >pupi rasgapaniy GU3NKaAbIK KacueTTepiHe yKcac eKeHAIrH Kkepyre 004a/bl, SFHH,
Oya agic agu3eab OTHIHBI MeH AuMeTuA ®Pupi KocladapbIHBIH TYPaKTBHLABIFB AYpbIC OaradaHAbl Aell
TOABIK, KOPBITBIHABI Kacacak 00aaapi[1].

IleTaHn caHbI.
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KYMUICOIHVIH, KepcemKimepite acepin meopusvlk 0azaray

AV3eab KO3FaATKBIIITApBIHA OTBIHHBIH MaHBI3AbI IapaMeTpiHiH Oipi — meraH caHbl. Apaaac
OTBIHHBIH I1eTaH CaHbIH, SIFHY OTTeTi Oap KocklabIcTapMeH Oipre aHbIKTay — Oya Oeaek maceae[1].

Kocnazapasiy 1eran canbeiH 1mpodeccop I. M. Kamdep ycbiHFaH agauTusTi a4icrieH
a"eIkTaaaei[1], [2].

AaAUTUBTI 9aiC:

HCE = HCgMa *§9+Ucﬂ0 1-9) (6)

myHaarsl, LICamo - gzmmeTna adup meTaH caHbl 55-Ke TeH.
IICa0 - A3eab OTHIHBIHAAFHI IT€TAH CAaHBI.

¢ - AnmeTnAa >PUPiHiH KoCIajarsl yaeci

Aa Kamdep aaicimeH keaeci opHeKIIeH aHBIKTaAaAbI[2]:

UCZ = UczzMa *¢+UC/]0 (1_¢7) _AUC 7)

myHaarel, A LIC — Ty3eTiaren caHsl.

CrexmmoMeTpusabIK KOO PUIIEHT.

Auseab OTBIHBI MeH AuMeTNA »PuUpi >KaHybl YIIIiH ayaHbIH TYPAi MOAIIepPiH KaXkeT eTedi, SFHU
anMerna »upiHiH OyHAall epeKIeairi KO3FaATKBIII >KYMBICBIHA alTapABIKTail e3repicrepre
yursiparaapi[1].

Ju3eap OTBIHBI MeH AuMeTnA 9pUPiHiH KOCIIachlHa apHAAFaH CTEXMOMETPVABIK KOO(PPUIIeHT
KeJeciaeli agicremeMeH ecenreaeai[1],[2]

A=2p1=0)+ Apne (8)

MYHAQFBI, AAM» — AMeTUA DPUpiHAeri CTUXeOMeTPUAABIK CaH
AJ0 — AM3eAb OTHIHBIHAAFBI CTUXEOMETPUAABIK CaH
¢ - aumeTna >PUPiHiH KOCajarsl yaeci

Kocrnanbiy )XaHy >KbLAYbI.

Auseab OTBIHBL MeH AuMeTnA 5gupi KOCHaChIHBIH JKaHy JKbIAy KepceTkimr TemeHaeliai. Oran
ce0erl, AM3eAb OTBIHBIMEH CaAbICTBIPFaHAA AUMeTHA D(PUpPiHIH KaHy >KBLAYBIHBIH MOHIHIH KepceTKiIri
TeMeH OoabItt Keaeai (43,4 MAx/xr xxone 27,6 MAx/xr) [1],[3].

Ecenrreyai Temenaeri popmyaameH Xy prisiaai:

HUKK = uan (1_ gp) + ¢HﬂM9 (9)

myHAarsl, Hugo — An3eap OTBIHBI OOIBIHITIA TOMEHTI JKaHY >KbLAYEI

Huams — aumerna s¢upi GOMBIHITIA TOMEHTI JKaHY SKbLAYBI

¢ - aumeTna >PuUpiHiH KOCI1ajarsl yaeci

OTBIH TYTKBIP ABIFBIL.

TYTKBIPABIK KOPCETKIIl KO3FaATKBIII OTHIHBIHAA MaHBI3fa e OOABII TaObL1agbl. TYTKBIPABIK
OTBIHHBIH COPBLAYBIH FaHa €MeC, COHBIMEH Oipre OTBIH >KaOABIKTAphI KYMBICHIHA SKOHE OTHIHHBIH >KaHY
KaMmepackIHa ceOiayiHe Ae OariaaHBICTEI 604a4bl, Oy TyTac aaraHAa KYMBIC OapBICHIHBIH KYPYyiHe yAKeH
BIKITaa eTeAi. TYTKBIpABIK, OyA CYMBIKTHIK KaOaTTaphl apachlHAAFBI iIlIKi yIIKeAiC, OHBIH aliMaKTaFbl
KbIAAaM/ABIFBIHBIH TOMEHAeYiH CUIIaTTalThiH KopceTkimt. O yIIiH Kypamaac 06AiKTepaiH TYTKbIPABIK
MoH/ePiHiH YIIiHII g9peXkeciH K0A4aHaMbl3. DMIIMPUKAALIK TeHAey Keaeci Typae 6oaaapi[1],[3]:
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13 13 13
Mo =Xy XM, (10)

MYHAAFBI, X1 JKoHe X2 - KOcIa 0eAiKTepiHiH MOAbAiK yaecTepi.
Kocrna TYTKBIpABIFBIH aHBIKTayfa ApPpeHMyC YChIHFaH SMIMPUKaABIK TeHAeyal MaligalaHyra
0oaaasi[1],[4]:

194, =x, 1911, +x,19 11, (11)
ConbIMeH KaTtap, KOCIIa TYTKBIPABIFBIH aHbIKTay¥fa 34aHOBIUY YChIHFaH TeHAIK Te Oeariai[1],[4]:

+
i, = X101 T X0, (12)
WP, P

Hy Ho

MYHAAFBI, X1 )KoHe X2 — KOCIla KOMITOHEHTTepiHiH KoaeMAiK yaecTepi.

Apazac OTBIH TYTKBIPABIFBIH aHBIKTAy YIIiH OipKeaki 94ic O0AMaraHABIKTAH, aTaAFaH >KYMBICTa
AV3e1b OTBIHBI MeH AuMeTA HPUPi KOCIIaChIHBIH TYTKBIPABIFBIH KOFapblAa KeATipiaTeH agicTepre covikec
TeOPUIABIK ecellTey apKblAbl XKyprisiaai [1],[6].

Kocria THIFBI3 ABIFBL.

KocnaHplH TBIFBI3ABIFEL, AVIMETIA PUPiHiH KoAeMi apTKaH CaiiblH, CBI3BIKTHIK, TyPAe TOMeHAeNAi.
OTBIH THIFBI3 ABIFBIHBIH TOMEHAETI KeTyi apThIK aya Koo PUIIMeHTiHiH KOFaphLAall KeTyiHe okeaeai, cebebi
OTBIH KOJAeMAiK KOepcCeTKillITepMeH MeAlllepAeHeli >KoHe AM3eaAb OTBIHBIHA KaparaHga apadackaH
OTBIHHBIH Ca/AMaKThIK IIBIFBIHEI TOMeH Ooaaabl. JereHmeH, KypaMmbiHAa 30 TaiibIi3fa AeifiH AMMeTNA
9¢upiHe Ve OTBIH THIFBI3ABIFBI AM3€1b OTHIHBIHA PYKCAT €TiATeH IIIeKTeH acIlaliTHIHABIFBIH aTall OTKeHiMi3
>xeH[1],[6].

OTBIHHBIH (ppaKIUAABIK KypPaMBblL.

AumeTtna pupiH An3eab OTBIHBIHA KOCY KOCIa OTBIHBIHBIH (PPaKIMAABIK KYPaMbIH KeHeNTTi.
KocnanplH opramia TeMIlepaTypachlH —aHBIKTayfa —cCHUIIaTTaMaAblK —(pakTOpAbl — IalidadaHaMbl3,

1,216T,,
e
d15

— caAbICTBIpMaAbl THIFBIBABIK (t=15°C >xarjaiiblHAa OTHIH THIFBI3ABIFBI, t=15°C >KarjaiibIHAAFBI CyAbIH

S 15
~11.....12 apaabIK AMana3oHJa ©3TepeTiHAiriH kepyre 601ap. MyHAaFbI d15

TBIFBI3ABIFBIHA IIapa-Tap). bya ecenteyaepae Kr MaHiH eceniTeye OTBIHHBIH THIFBI3ABIFBI p KesiHae t=20°C
naiijaaaHplaabl. duMerna opupi MeH >Kas3rbl A3eab OThIHBI yIIiH Kt MaHi corikecinmre 11,95 sxane 11,58
Aell adaMbI3. Apadac OTBIHHBIH MoHiH Kr aganTuBTi 3aHra cail esrepei Aen KaOblAAayBIMBI3 Kepek,

K = 0K o T 1-9K 70 ©OAaH COH apajac OTHIHHBIH OpTalla TeMIlepaTypachlH ecenTeinMis,

3
K, p.
T — Trel~"cu 1,5
o (1,216)““

HBTI/I)Ke]lep MeH TaaKpldayAap

Kecre 3 - KocIta MeH 413eab OTBIHBIHBIH HeTi3Ti cunaTraMadaphbl

OTBIHHBIH 5% 10% 20% 30% 40% 50% A0
curtattamacel | AMD + AMD + AMD + 0 | AMD + AMD + AMD +
20 A0 20 A0 A0
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gc 0,856 0,838 0,803 0,768 0,733 0,698 0,873

gH 0,127 0,127 0,128 0,128 0,128 0,129 0,127

go 0,017 0,035 0,069 0,104 0,139 0,174

0, 20°C, 831 822 804 786 768 750 840

Kr/m3 860

LIC 46,10 46,23 46,46 46,91 47,25 47,48 41

H, xA>x/xr 42,61 41,82 40,24 38,66 37,08 35,5 42,5

L 14,32 14,04 13,48 12,92 12,36 11,8 14,6

o 2,976 2,979 2,985 2,992 3,000 3,008 2,973

u 20°C, 1,878 1,083 0,707 0,501 0,378 3-6
2,650

Kr / (Mc)

P20°C (40°C), | 0,0981 0,1704 0,2391 0,3359 0,3823 0,4169 0,003

MlIla

T 542,11 522,25 484,15 448,14 414,14 382,08 562

Kecregeri mMaaimerTepre cylieHe OTBIPHIII,

AuMeTua »>Pupi yaeciHiH apTybIMeH apajackaH

OTBIHHBIH KapallallbIMABIABIK KypaMbl ga esrepedi. bip yaxpITra oTTeriHiH yaeci >KOrapbliall >KeHe
KoeMipreri yaeci ToMeHaereHae cyrerinig MaHi e3repmerigi. C:H KaTeiHacel OThIH y1IiH 6,74 MoHiHeH 5
naiibIzra gumMeTna s¢upinex 50 naiieis, AumeTna spupi yirin 5,41 sumerna spupine aeiiin azagant (AT
yuiH 6,87), aa C:O xarerHacs! ocsl oteiHAa 50,35 — 4,01 aeriin esrepeai. bya xypamsinaa aumerna sdpupi
KOIITereH apaJac OThIHAApAa KO3FaATKBIIITHIH JKYMBICH Ke3iHAe Kylie IIblFaphlHAbLAapbIHBIH OipIrama
TeMeHAeyiH 6oaKaAsr [1].

KopsIThIHABI

Kypameinaa 30 naiibisra Aeitinri guMerna s¢gupi 6ap KocIia OTBIHAAPABIH TYPaKTBLABIK ITIaMachl
olapabl ic KysiHAe mMalijgasdaHyra >KeTkiaikrti. KaHbplkKaH OyaapablH >KOFapbliaHFaH KBICBIMBI MeH
TYTKBIPABIKTBIH TOMeHJey IlaMachl CTaHAapTTaAfaH >KaHapMall >kKaOABIKTapbhIH >KaHapTIIai-aK OCHI
OTBIHABI IIaliAadaHyAarbl KMBIHIIBIABIKTApABl aAAblH-ada aHbIKTayFa Ooaagpl. AJocTypai amusean
OTBIHBIMEH CaABICTBIpCAK: KOCIIaFa apHaAfaH OYypKy4iH OHTailApl 03y OyphIIbl Oip ITamMa TeMeHJey
004aAbl, KOFaphl IleTaHHBIH CaHBIHA Opail, apalac OTHIHHBIH MOJA€KyJla KYPBIABIMBI JKoHe ©3JiriHeH
TyTaHy TeMIlepaTypachl TOMeH 001aabl, apadac OTBIH KYMBIC OapBIChIHAA TYTaHYABIH Kigipici ToMeH
0oaaawr [1].
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OcHoBHBIE CBOVICTBA CMECOBOTO TONANBA (aAM13eabHOE TOILAMBO + AVIMETMAOBLIN 2)Up) 1
TeopuUTedecKas: OIleHKa BAVISTHMSI CMeCH AMIMeTILA0BOro 3(pupa Ha IIoKa3aTean paboThl
AVI3€AbHOTO ABUTATeAsI

AnnoTtammsi. B pabore mposedeH (PUIMKO-XMMMYECKMII aHaAU3 aAbTePHATUBHBIX BUAOB
TOIIAVIBA, U3 KOTOPBIX OBLA BBIOpPaH AMMETUAOBBIN CHUPT. AAs OLIEHKM OCHOBHBIX CBOJICTB CMECOBOTO
tonansa (AT +AMD) u BansaHusa 400aBKu AMMETIAOBOTO 9pupa Ha ITOKazaTean pabOThl AM3eABHOTO
ABUTaTeAsl IPOBeAeH PsiA TeOpeTIeCcKUX pacdeToB. /s 001ee MOAHON OLEHKN BAVSHIUS CMEIIaHHOTO
TOIIAVIBA Ha pa0OTy ABurareas: OBLAM VICIIOAb30BaHBI METOABI PETPECCOHHOIO MoJAeanpoBaHus. Pacuer
KO9(PPUIIMEHTOB perpeccun Mnpouspoanacs Ha IIOBM ¢ momompio makera MpuKAagHBIX ITPOrpaMM
MATLAB. IIposeseHHble TeOpeTHdecKre pacyeTsl ¥ MaTeMaTUdeckoe MoJeArpoBaHue IT0Ka3aAy, 9To
Aobasaenne 30% AnMeTna0Boro sdupa B AU3eAbHOE TOILANBO SABASeTC Hanboee PpQPeKTUBHON J01ei
CMeCH AAsI CHUXKEHIST DKOAOIMYECKIX II0Ka3aTeaell AM3eAbHbBIX ABUraTeAeln.

KaroueBble caoBa: IleTaHOBOe 4YICAO, BA3KOCTb, CTeXMOMETPMYECKUII COCTaB, IIAOTHOCTH,
(paKIMOHHEIN COCTaB, TEIA0Ta CTOPaHILs, AeMeHTapHBII COCTaB.

A. Karazhanov', Zh. Alipbayev!, U. Kokaev', A. Zabieva', S.Torebekova?
IL.N. Gumilyov Eurasian National University, Astana, Kazakhstan
2Graduate College of Transport and Communications, Astana, Kazakhstan

Basic properties of mixed fuel (diesel fuel+dimethyl ether) and a theoretical assessment of the
effect of a mixture of dimethyl ether on the performance of a diesel engine

Abstract. In the work, there was carried out a physical and chemical analysis of alternative fuels,
from which there was selected dimethyl alcohol. A number of theoretical calculations were carried out to
evaluate the main properties of the mixed fuel and the effect of the addition of dimethyl ether on the
performance of the diesel engine. For a more complete assessment of the effect of mixed fuel on engine
performance, there were used regression modeling methods. The regression coefficients were calculated
on a PC using the MATLAB application software package. Theoretical calculations and mathematical
modeling have shown that the addition of 30% dimethyl ether to diesel fuel is the most effective part of
the mixture to reduce the environmental performance of diesel engines.

Key words: cetane number, viscosity, stoichiometric composition, density, fractional composition,
heat of combustion, elementary composition.
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VccaeaoBanme TeXHOAOTMYECKON BO3MOKHOCTY CIIOCO0a CBapKM TpeHeM
Pa3sHOPOJAHBIX MaTepMuaaoB

Annoranms. B aaHHOII cTaThe IIpUBOAATCA pe3yAbTaThl UCCAEAOBAHMS 3apyOesKHBIX
YUEHBIX II0 M3yJeHMIO TeXHOAOIMYEeCKOIl BO3MOKHOCTU CIIocoDa CBapKM TpeHMeM
Pa3HOPOAHBIX MaTepmMaaloB, a Takke UHPOPMaIUsA O HayIHO-MCCAeJ0BaTeAbCKIX
paboTax aBTOpPOB IIO CO3JaHUIO pecypcocOeperaoleil, YHUBEPCaAbHON U AOCTYIIHOM
TEeXHOAOTUM CBapKM TpPeHMeM pPa3HOPOAHBIX MaTepualoB AAs OTeYeCTBeHHbIX
MaIIMHOCTPOUTEABHBIX ITPOU3BOACTB. Pe3yAbTaThl McCCAeAOBaHMA PadOT 3apyOesKHBIX
YUYeHBIX II0Ka3aAl, 4TO CIIOCOD CBapKM TpeHNeM Pa3HOPOAHBIX MaTepualoB ABASETC
aKTya/AbHBIM 11 004ajaeT IPOKOI TEXHOAOTIECKO BO3MOSKHOCTHIO. Tak>Ke BBLIBAEHO,
YTO JaHHBIN CIIOCOD B YCAOBUAX OT€YECTBEHHBIX MaIIMHOCTPOUTEABHBIX ITPOM3BOACTB He
MIpMMeHseTCs. Y CTaHOBAEHHI ITpeariolaraeMble IMPIYMHEI TAKOTO COCTOSHNUSA MPODAEMBL.
YunTeiBasg Bce HeJocTaTKM ¥ (aKTOPHI, BHIABAEHHBIE B XOJe MCCAeAOBaHUA
CYIIeCTBYIOIIMX CIOCOOOB CBapKU TpeHUeM Pa3HOPOAHBIX MaTepualoB, aBTOPBI
IIPOBOAAT Hay4dHbIe MCCAeJOBaHN:, HallpaBA€HHbIE Ha CO3JaHye HOBOJM Pa3sHOBUAHOCTH
AaHHOTO crocoba. Jas  peaamsanuy crmocoda cCBapku TpeHMeM PpaspaboTaHa
KOHCTPYKIIVSL CIIEI[MaAbHOTO YCTPOMCTBAa M U3TOTOBAEH OIBITHBEIN oOOpaser Aas
IIpOBeAeHs DKCIIepUMeHTaAbHBIX MccAeAoBaHuit. OMycaHbl IPOIecch CBapKy TPeHVeM
apMaTypHEIX CTep>KHel pas3HBIX AuameTpoB. COOOIIEHO O TOM, 4YTO COeAVHeHHEBIe
apMaTypHble CTep>KHM IIPOIILAN UCIBITAaHNS Ha pacTssKeHMe M pa3phiB B A4a00paTOPHBIX
yCAOBUAX U B CepTUQUINPOBAHHOM JCIBITaTeABHOM II€HTpE, Pe3yAbTaThl KOTOPBIX
IIOKa3aAl BBICOKYIO IIPOYHOCTL coeauHeHMs. PasphlB cTep:KHell IIpOMCXOAMA He B
CBapHBIX I11BaX, 8 B OCHOBHOM MeTaJe.

Karo4gesbre caoBa: cBapka TpeHUEM, pa3sHOPOAHbIE MaTepPUaAbl, PAa3HOBUAHOCTY CBapKU
TpeHueM, IIPOYHOCTD, PACTsIKEeHUE, pa3phlB, apMaTypPHBIE CTePKHIA.

DOI: doi.org/10.32523/2616-7263-2022-141-4-63-73

BBeaenue

Csapka TpeHueM - IIPOKO UCII0Ab3yeMBbIIl METOA CBAPKM B TBEPAOM COCTOSIHUM 4451 COeAVHEHISI
CXOAHBIX MAU PasHOPOAHBIX MeTaaa0B. CBapka TpeHueMm TpeOyeT OBICTPOTO BpallleHUs OJgHOIO
KOMITIOHEHTa ITpI BBICOKMX 00OpOTaX B MUHYTY, a APYTOli KOMIIOHEHT IIPUBOAUTCS B COIIPUKOCHOBEHIE
IIpM BBICOKOM JaBA€HMM KOBKM, 4TOOBI gedopmuposatsci. /Be geTaam BpamjaloTcs B KOHTaKTe, 1 B
ILA0CKOCTY TPeHNsI BbIAeASeTCs TeIl10, HeoOXoauMoe A4s ceapku [1].

Ha pucynke 1 rmokazaHbsl pa3HOBMAHOCTY CBaPKM TPEHUEM.
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Pucynox 1. Pa3aHOBMAHOCTY CBapKy TpeHMEM

PaccMoTpuM XapaKTepUCTUKY pa3HOBMAHOCTeN cBapKy TpeHueM [1,2].

Aunennasn céapxa mperuem. Kak caeayer u3 Ha3BaHM:, OTHOCUTEABHOE IepeMelleHne MeXAy
ABYMsI KOMIIOHEHTaMM 110 ITOBEPXHOCTH pasjela sABAsSeTCs AMHEeIHBIM B 9Toi (popMe Ipoliecca CBapKu
TpenueM. KoMIoHeHTbI HEOOXOAVIMO IIOCTOSIHHO JAep>KaTh 104, AaBAeHMeM, IIOCKOABKY IIPU AVHeITHOM!
CBapKe TpeHMeM CKOPOCTU 3HauMTeAbHO HIVDKe.

Pomavyuonnas ceapxa mperuem. PoTalloHHasl cBapka TpeHUEeM, TakXKe M3BeCTHasl KaK CIIMHOBas
cBapka. DTo Hamboee 4acTO MCIOAb3YeMBI IIPOIlecc Cpeay BCeX APYIMX TUIIOB CBapKU TpeHueM, IIpu
KOTOPOM OAVIH KOMIIOHEHT BpalllaeTcCsl OTHOCUTEABHO APYIOTO, KOTOPbIN HEIOABVIKEeH, 445 BBIpaOOTKI
HeoOXOAMMOTO Tellaa 445 IIpoliecca.

Ceapxa mpenuem c npamvim npusodom. Takke M3BECTHBIN KaK HeIIPepPBIBHBIN IIPUBOJ, IaTPOH
IIOCTOSIHHO IIPUBOAUTCS B JABUDKeHMe IIPMBOAHBIM ABUTaTeleM Ha 9Tallax Harpepa. J3aTeM
IIpUKAaAbIBaeTCsl COOTBETCTBYIOIIee Ky3HeUHOe JaBAeHne U 40CTUTaeTcs cBapKa.

WMrepyuonnas céapxa mperiuem. ITpoliecc aHaaormueH ceapke TpeHMeEM C IPSIMBIM IIPUBOAOM, HO,
KpOMe TOI'O, B 9TOM TUIle CBapKM AOTIOAHUTEABHO MCII0Ab3yeTcsa MaxoBuk. Heobxoanumas knHetmyeckas
DHepIusl HaKaIllAMBaeTCsl IIpM BpallleHM! MaXOBMKa 40 (PUKCHMPOBAHHOI 4acTOTHI BpallleHMs. 3aTeM
IIPUBOJ, OTCOeAVHsAETCs, a KMHeTH4YecKash DHepIus IlepeJaeTcsl Ha Bpalalollylocs JeTaab. Takum
oOpa3oM, HeoOXoAuMas 9DHepIus AAs CBapKu JeTajell oOecreuynBaeTcsl KMHETUYECKON DHepruein
MaIlliHBI, KOTOpas HaKaIlAMBaeTCs BO BpalllaloIerics cucTeMe.

Ceapxa mperiuem ¢ nepemeuwiusaruem. Tpedyemoe maactudpuumupoBaHHOe COCTOsSIHUE MaTepuasla
AOCTUTAeTCsl APYITMM CIHOCOOOM IIpM CBapKe TpeHMeM C IepemelnusaHueM. Hemnaassammiics
BpalalomNIics MHCTPYMEHT, IpeACTaBAAIONINIT cOO0M IITUQT NAN IIYII, TPUKIMaeTCs K CBapyBaeMbIM
AeTaasiM 1104, AaBaeHneM. I1aactuaecku gepopMupoBaHHBIN MaTepral 00pasyeTcs U3-3a TPEHU S MeXAY
VHCTPYMEHTOM U MaTepualaMy, C KOTOPBIMM OH KOHTakTupyer. Koraga MHCTpyMeHT ABUKETCS BAOAD
AVIHUY COeAVHEHN:sI, OH MeXaHI4eCcK! IlepeMellnBaeT gba MaTepuasla, ¥ MPUAOKEeHHOe MeXaHIJecKoe
AaB/AeH1ie KyeT TOPsYNIL U pa3MAT4YeHHBIN MeTaAA.

DpuxyuornHas HANAA6KA. DTO TeXHOAOTWs, IIOAy4eHHas B pe3yabTaTe CBapKU TpeHueM AAas
HaHeCeHNsI CA0s MaTepuada IOKPHITHS Ha 3aTOTOBKY C 11eAbI0 yAy4IlIeHNs CBOJCTB, AeXKalllell 1104, Hell
MeTaAAM4ecKOol IMOBepXHOCTI. TBepAblil pacXOAHBIN CTeP>KeHb BTUPAeTCs 104 AaBAeHNeM B IIOBePXHOCTh
OCHOBHOIO Marepmada AAs HoAydeHus IOKpuITHA. Ha Kpaio pacxogHOTO crep:kH:a oOpasyercs
naacTupuUIPOBaHHEIN CAOM, B pe3yAbTaTe 4ero pacXOAHBIN MaTepuaa oca’kaeTcs Ha MaTepuad.

Aas onpejeseHNs CTeIIeH 3y4YeHHOCTH U TeXHOAOTMYeCKOV BO3MOKHOCTY TeXHOAOIUM CBapKI
TpeHMeM pa3HOPOAHBIX MaTepuaAoB 1ccaesyeM pabOThI 3apyOesKHBIX yUeHBIX.

B pabore [3] nccaesoBaHo coeauHeHne pasHOpogHOro Meraaaa turaHa (Ti) ¢ Hep>kaBeromien
craapio 304L (SS), KOTOpEIN MMeeT BaXKHOe 3HayeHNe B SIAePHOI MPOMBIILAEHHOCTY A4Sl PaCTBOPEHI
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OTpabOTaHHOI'O TOILANBaA.

BrrsiBaeno, uro csapka TpeHmeMm tutaHa Ti ¢ Hep>Kkaseromleil craapio 304L mpusoaut x Goaee
IIPOYHOMY CBapHOMY IIIBY, B KOTOPOM IIPOMCXOAUT pa3pyllleHle OCHOBHOTO MeTal4a TUTaHa BO BpeM:I
UCIIBITaHUI Ha pacrspkeHne. OgHako coedMHeHMsI 001a4aloT IOYTH HyAeBON I1AaCTUIHOCTBIO IIPU
usrude, 4TO OOBsCHAETCA OOpa3oBaHMEM WHTEPMeTaAANAOB U3-3a MeXaHNYecKOro AeTrMpOBaHI,
AedpopmarioHHoTO yripouHenus Ti BOAM3M rpaHUITEI pa3djela COeAMHEeHNI I OCTaTOYHBIX HaIIPSIKeHNIA.
[ToapoOHO ommcaHbl pe3yAbTaThl MeXaHMYeCKOTO MCIBITaHNUsA, aHaAu3a MUKPOCTPYKTYPHI C
VICIIOAB30BaHVEM OIITUYECKON U CKaHUPYIOIel DAeKTPOHHON MUKPOCKOIIMNA.

B pabGore [4] BbIIIOAHEHBI DKCIIepUMeHTaAbHBIE VICCA€A0BaHMS I10 COeAVHEHNIO Pa3HOPOAHBIX
MaTepunaloB, a MMeHHO: ayCTeHUTHOI Hep>kaselomleil craam (AISI 304 L) u meau. boran coeauneHsI
00pasIIbl AMaMeTPOM 24 MM U AAMHO 75 MM.

AAas onipedeaeHNsI IPOYHOCTY CBAPHOIO COeAVHEHN: IIpOBeAeHO MCIIbITaHe Ha pacTsDKeHue U
orpeJe/leHa TBepAOCTb B OCHOBHOM MeTa//e U B 30He TepMIUecKoro BAUsHIA. OTMedeHo, 4TO B 001acTu
coeAVHEHNsI OOpa3oBaACsl MHTEPMeTaAANIecKUil CAOM M3-3a BBICOKOTO BpeMEHU TpeHUs, KOTOPBINI
CII0COOCTBOBAaA YMEHBIIIeHN ITPOYHOCTH CBA3Y MeXKAy MeTaalaMmu. OAHaKO IpY 5TOM yCTaHOBAEHO, 4YTO
IIPOYHOCTb CBAPHOTO COeAVIHEHN Ha pacTsKeHe BBIIIe, 4eM y ICXOAHOTO MaTepuada 13 Meau Ha 2,52%.

B pabore [5] paspaGorana 1 n3roropaeHa sKcIlepMMeHTaAbHas yCTaHOBKA 4451 CBAPKU TpeHNeM
3arOTOBOK OAMHAKOBOIO AyaMeTpa. YCTaHOBKa Oblla CIIpOeKTMpOBaHa KaK HeIllPepBIBHBIN IIPUBOA, U
Iepexo/, OT CTajuM TPeHUsl K CTaAuI KOBKI MOJKeT OCYIIleCTBAAThCSI aBToMaTideckn. B sxcriepumenTax
UCII0Ab30Balach ObicTpopexxymas craab (HSS-S 6-5 2) m cpeaneyraepoaucras craan (AISI 1040).
CoeanneHnst moJsepraamuch IocaecBapoyHoMy orxkury mnpu 650°C B TedeHme 4 4. VYcCTaHOBAEHBI
ONTMMa/AbHble IIapaMeTphl CBapKM AAs coeauHeHmit. IIpodHOCTh coeauHeHUII omnpejeaeHa ITyTeM
UCIIBITAaHUII Ha pacTsDKeHNe, YCTadoCTh M YAapHYIO BA3KOCTb, a Pe3yAbTaThl OBLAM COIOCTaBAEHBI C
IIPOYHOCTBIO MaTepuaAoB Ha pacTsokeHne. Taxke IpUBOAATCA pe3yAbTaThl MCCAeAOBaHIS 3MeHEeHIs
TBePAOCTU I MUKPOCTPYKTYPHI B ITOCA€CBAPOYHBIX COeAVTHEHNSX.

B paGore [6] nccaegoBano ceapHOe coeauHeHe TPeHNeM MeXXAYy aAlOMIHIEeBBIM criaaBoM 6061-
T6 n craapio AISI 1018. Aas cozaaHus coeAMHeHNsI MeXAY 9TUMM ABYMs MaTepualaMi MCIOAb30BaHa
MHepLMOHHas CBapKa TpeHMeM. B okcmepmmMeHTax 1MCII0Ab30BaANCh CTep>KHU AuaMmerpoM 12,5 MM, u
CTep>KHM ObLAM OOpe3aHbl COOTBETCTBEHHO AAVHe, IT0AX0ASIel AAs MHePIIMOHHO cBapKM TpeHneMm. B
XO/e DKCIIepPUMEHTOB MeHAA0Ch TOABKO AaBAeHue KOBKM 1 Oblaa IoAy4yeHa MaKcuMaAbHasl IIPOYHOCTD
250 MIla aas1 60.4€ee BHICOKOTO 3HA4YeHIsI AaBACHIs KOBKU. BrIsIBA€HO, 4TO D0A€ee BRICOKOE AaBAeHIe KOBKIA
SIBASIETCSA BBITOAHBIM AAs YAYYIIIeHUs IIPOYHOCTY COeAVHeHMs. Y CTaHOBAEHbI OITMMaAbHble PeXKMMBI:
ckopocTs BpaiieHus - 4200 000poToB B MUHYTY, AaBAeHne TpeHus - 23 MIla, spems Tpenus - 1 cekyHaa,
BpeMsI KOBKH - 5 CeKyH4, gaBAeHue KOsk - 60 Ml]a.

B pabore [7] ¢ mcrioap3oBaHmMeM cxeMbl DKCIIEpMMEHTOB Taryum HpoBeAeHbI MCCAeAOBaHIS
Ipoljecca CBapKu TpeHueM aAloMIHMeBoro criaasa 6082 T6 u Mmean. Jas coeagrHeHMs MCIIOAb30BaHbI
oOpas1ibl AnameTpoM 12 MM. Brian msmeneHsl Tpu nmapamerpa, a UMeHHO: AaBAeHNe TpeH!s, JaBAeHue
OIIPOKUABIBAHMS U BpeMs TpeHU:A. BulABaeHO, 4TO gaBaeHMe ONpPOKMAbIBaHM: OKa3blBaeT OCHOBHOE
BAMSHIE Ha IIPOYHOCTb COeAMHEHNs, 3a KOTOPBIM CAeAyIOT BpeMs TpeHIs U AaBAeHue TpeHus. borao
0OHapPY>KeHO, YTO OITUMAaAbHBIMI YCAOBUSMUI SIBASIOTCS AaBA€eHNe TPeH: U AaB/AeHre OIIPOKIABIBAHIIS
(43.6 Mlla), Bpems Tpenns (50 ceKyHA) 11 BpeMs OIPOKUABIBAHNA (2 CeKYHARI).

B paGorte [8] uccaeaoBan mporecc ceapku TpeHueM AByX Pa3HOPOAHBIX MaTepUaAoB - MATKOM
craan u aaroMuHysL [Ipy cBapke oAVH 113 cTep KHell 3aKpeIlaseTcsl HeIIOABVIKHO, BTOPOII BpalllaeTcs 104,
BO3JeIICTBIIEeM OCEeBOI HaIrPy3KI U CO34aeT TeIlA10 OT TPeHI:I Ha TpaHuIle pasjeaa.

B nccaeaosannm 4aHa OlleHKa MeXaHIYeCKM CBOJICTBaM CBapPHBIX CTEP KHEI 13 MATKON CTaAll U
AaAIOMMHIS, 4YTOOBI IIOHATH TernAoBble 9(PQeKTE. Dbl 1McrIoab30BaH SBHBII OJHOMEPHBINI METOJ,
KOHEYHBIX pPa3HOCTell AJAs aIllIpOKCUMaluU paclpedeleHUs] TeMllepaTyp Harpesa UM OXAaKAeHIUs
coeanHeHns1. OOHapY>KeHO, YTO Ter10Bble 9(PPEKTHI CBAPKY TPEeHNeM IIPUBeAN K CHVUDKEHIIO TBePAOCTI
CBaplMBaeMBIX MaTeplaloB II0 CPaBHEHMIO C MCXOJHBIMM MaTepuadamm. IIpodHOCTh Ha pacTsiKeHUe
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CBapHBIX CTEp>KHEN HIDKE, 4eM Y MCXOAHBIX CTeP>KHeN, M3-3a HeINOoAHON cBapku. IIpeaBapureabHble
IIPOTHO3bI OBIAM COIIOCTaBAEHBI € (PaKTUUECKMMI JaHHBIMU TepMOIlaphl IIO CBAapHBIM IIIBaM,
BBIIIO/HEHHBIM B MAEHTUYHBIX YCAOBMAX, M OBLAO IIOKa3aHO, YTO OHM XOPOIIO coraacyiorcs. Mertog
KOHEUYHBIX pa3HOCTell, IPeAJOXKeHHBII B BTOI paboTe, MOCAYKUT PyKOBOACTBOM IIpHU pa3paboTKe
ITapaMeTpPOB CBaPHOTO I11Ba U ITO3BOAUT Ay4YIlle IOHAThH IIPOLIeCC CBaPKM TPEHUEM.

B pabGore [9] paccMOTpeHBI CBOJICTBA CBAapHOTO COeAVIHEHUs TpeHNeM ayCTeHUTHOIN
Hep>kapelomeil craan 304 n cpeaneyraepoaucroi craam AISI 1040 u nposeseHO cpaBHeHMe CBOVICTB
CBapHOIO IIIBa C IIPOCAOKOI 1 6e3 Hee ITpU Pa3AMYHBIX IIapaMeTpax CBapKIu.

MakcuMaabHasi TpPOYHOCTh OBlda AOCTUTHYTa, KOTAa B KadecTBe ITPOMEKYTOYHOTO CAOs
JICII0Ab30BAACS HUKeAb, YTO YMEeHbIIal0 00pa3oBaHe NHTepMeTaAAMdeckoro coeAVHe s Ha rpaHuIie
pasAeaa cBapHBIX IIBOB. ONTMMaAbHBIMU YCAOBUAMU ObLAM YacTOTa BpareHs (2200 06/ MuH), AaBaeHne
onpokuapisans (1570 ToHH) 1 4amHa mpoxkura (8 MMm).

B paGore [10] wmccaegoBaH 1pollecC CBapKM TpeHMEM pPa3HOPOAHBIX MaTepualoB
HIUBKOYTA€POAVCTOMN CTaAl C Hep>KaBelolell cTaabio. VI3ydeHo M3MeHeHne MexaHNM4eckKnX CBOJICTB IIpu
Pa3AMYHBIX peXMMax CBapKU TPeHMeM COeAVHeHUI HU3KOYIAePOAUCTON CTaau C Hep>KaBeloIlen
craapio. Ilpeacrapaena mudopmanus o mpejeae TeKydecTy, mpegele IPOYHOCTU IIPU PaCTsKeHU,
IIPOLIEHTHOM YAAVIHEHIM CBaPHBIX COeAVHEHII U M3MEeHEeHNsIX TBepAOCTY Ha TpaHuILie pa3jeda CBapHbBIX
mBoB. [Ipu mccaeaoBanum Kauecrsa CBapHBIX IIBOB MCIIOAb30BaHa OITHYECKass MMUKPOCKOIMSA U
CKaHUpYIOIIas DAeKTPOHHAsI MUKPOCKOIINSL.

B paGore [11] mpoBeaeHo nccaeaoBanme ciocoda CBapKu TpeHueM IIpY COeAMHeHNUN aAIOMUHIAS
H30 n msrkoitr craam BS970. VcnoanssoBanbl oOpasibl guamerpoM 8 MM u aamnHoir 200 mm. Bpems
BBIAEPKKM U JaBA€HUe BBIAEPKKM BapbUpOBaANCh, COXpaHsAsA ApyTMe IlapaMeTphl IIpoliecca
ITOCTOSTHHBIMU. MeXAy oOpasijamu OblAM CpOPMUPOBAHBI YeThIpe CBapHBIX coeAVHeHus. PesyapTars
uccaeAOBaHNUs TOKa3aAu, 4TO, KOTAa Bpems BBICAAKM U JaBJeHNe BbICaaKu OblAM JOIOAHUTEABHO
yBeAM4YeHBI CBePX ONTUMAaAbLHOTO YPOBH:, IPOYHOCTh COeAVHEHNs yMeHbIIlaeTcs UM B KOHIe KOHIIOB
paspymmaercs. OnpejeseHsl ONTUMaAbHBIE PeKMMBI CBapKU TpeHueM, KoTopele cocrasasan 200 MIa
(4aBAeHMe OIIPOKMABLIBAHUSA) U 6 CeKYH/ (BpeMs KOBKM). DTO OBLAO CBA3aHO C TeM, YTO MeXAY ABYM:
MaTrepuasaMu He ObLAO DAeMeHTapHO CBA3M 13-3a BLICOKOTO AaBA€HIsI KOBKI.

B paGore [12] nccaeaosan mporjecc coeanHennss AA6061 n AISI 4340 mocpeacTsoM cBapKu
TpeHueM C HeIpephIBHBIM NpUBOAOM. KauecTBO cBapHBIX IIIBOB OIlpeAeAeHO C IIOMOIIIbIO
MeTaaAorpaUyeckoro mccaeJOBaHUsA, PEHTTeHOCTPYKTYPHOTO aHaAu3a, DAeKTPOHHO-30HA0BOTO
MMKpOaHaAM3a, MCIBITaHUII Ha pacTsKeHre I MUKPOTBepAOCT.

B skcnepuMenTe MHMITUMpPOBaHa HU3Kasl AAMHA BRITOPaHUs, YTOOBI CHU3UTD I104BOJ TeIlAa, YTO
IIPUBOAUT K COKpallleHMIO BpeMeH! AAsl oOpa3oBaHmsA MHTepMeTaaanaos. Ha cropone AISI 4340 6p1a
HaHeceH raabBaHMYeCKIil cA0i cepeOpa ToammHoi 20 MKM. YCTaHOBAEHO, YTO HaAu4dMe cepedpsIHOM
IIPOCAONMKY TIOBBIIIAeT MIPOYHOCTD U I1AaCTUYHOCTD COe AVIHEeHMIA.

MakcnMaabHBIE HOpedea IpoyHOCTM npu  pacrsokeHnm 240 Mlla npm  OTHOCUTEABHOM
yaaunennu 4,9 % Obla IOAydeH AAs MEXKCAOWMHBIX CepeOpsHBIX CBapHBIX IIIBOB M3 Pa3HOPOAHBIX
MeTaAA0B.

B pabore [13] mpuBoAATCA pe3yAbTaThl MCCAAOBaHMS CBAPHOIO COEAVIHEHM:s TpeHUeM MeXAy
AaAIOMMHUEBBIM CILAaBOM ¥ MATKOM cTaabio. Vicrioap3osansl oOpasibl guamerpoM 12 MM 1 gauHomn 75
MM. DKCIIEpMMEHTHI 110 CBapKe TPeHMeM BBIITOAHAANCh Ha BepTUKAaAbHO (Ppe3epHOM CTaHKe, 1 B OOIIeit
CAOKHOCTU OBLAO M3TOTOBAEHO BOCEMb COEAVHEHUII IyTeM M3MeHeHM: CKOPOCTM BpallleHUs, AAVHbBI
BBITOPaHM: ¥ BpeMeHM TpeHmusA. MaKcuMaabHas IPOYHOCTh Oblia AOCTUTHyTa B oOpaslie, Ije Bce
rapaMeTpsl uMeau 60.1ee BBICOKOe 3HadeHNe. brl10 oOHapy>KeHO, YTO AAMHa BRITOPAHNS I BpeMsI TPeHs
B 0O/BIIIel] CTeIIeHN BAMSIOT Ha U3MEeHeHMe IIPOYHOCTY COeAVHeHN s, YeM CKOPOCTh BpallleH!s, KOTopasl,
Kak OplL10 OOHapy>keHO, OKa3blBaeT OueHb He3HauMTeAbHOe BAVSIHNME Ha 3HauyeHNs IPOYHOCTU IpU
pacrsoxkennn. ONTHMaABHBIMY YCAOBUAMM OBLAN: 9acTOTa BpareHus - 1800 00 / MuH, 4aMHa IIpoKura -
2,5 MM, Bpemst ceapku - 30 cexyHg,
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B pabGore [14] olieHnAM IPOYHOCTH CBAPEeHHBIX TPeHIEeM pa3HOPOAHBIX MaTtepuaaos Al 6061-T6 u
AISI 304 ¢ cepeOpsiHOI ITPOCAOIKOI 1AM Oe3 Hee. Y apHbI CAOM HUKeAsl CHadala Obla HaHeceH Ha
IIOAAOXKY U3 Hep>KaBeloIllell cTaAu, KOTopas 3aTeM Oblla ITOKpBITa raAbBaHMYECKUM ITOKPBITHEM C
cepeOpsAHBIMU ITpocaoiikamu. Hukeaesplil yaap cAy>Kua OCHOBON AAs IOCA@AYIONIEro cepeOpsiHOro
IIOKPBITHA. DKCIIePUMEHT ITPOBOANACS C UBMEHAIOIMCS 4aBAeHIeM TPeHUs U APyTUMI [TapaMeTpaM,
KOTOpBIe CYUTAANCDH ITOCTOSTHHBIMU. HanboabIas mpoyHOCTh Ha pas3phiB Oblda IHOAydeHa B CBapHBIX
IIIBaX TpeHUeM, Ide B KauyecTse IPOMeXXYTOYHOIO CAO0sI MCII0Ab30BaA0Ch cepeOpo, M IPOYHOCTh, KaK
IIpaBIA0, yBeAMUMBALTCS C yBeAueHeM 3HauYeHNI 4aBAeHIs TPEeHNsL.

IIpoBeaeHHble 1CCA€AOBaHMA IIOKa3aAM, 4TO pacCMaTpMUBaeMBbIll CIIOCOO CBapKu TpeHKeM
IIMPOKO MCCAeAYeTCsl 3apyOeskKHBIMU yYeHBIMIU M MMeeT aKTyaAbHOCThb A IpomssogctBa. OaHako
CII0cO0 CBapKM TpeHMeM B YCAOBMAX MaIllMTHOCTPOUTeAbHBIX 3aB0A0B Pecrrybankmu Kasaxcran He Hailea
npuMenenus. [Ipuunnoit 9ToMy MOIyT OBITH cAeayloniye PpakTOPhl: MaA0M3ydeHHOCTh CIIoco0a CBapKu
TpeHMeM; OTCYTCTBMe IIPOM3BOACTBA CEPMITHOIO (MAM MacCOBOTO) XapaKTepa; HelleaecooOpa3HOCTb
nprobpeTeHNs: 000PYAOBaHNSA 445 CBapKU TpeHMeM M3-3a BBICOKON ctouMocty [15].

OcHOBHasI YaCcTb

Aas ycaosuit mpomssodcts PK HeoOxoamma paspaboTka TeXHOAOTMM CBapKM TpeHMeM
PasHOPOAHBIX MaTepualoB  OTAMYAIOIIENCA  OT  CyIIeCTBYIOIIUMX  BBICOKMM  KadeCcTBOM U
IIPOU3BOAUTEABHOCTBIO, YHUBEPCaAbHOCTBIO, HU3KOM Ce0eCTOMMOCTBIO, MPM DTOM KOHCTPYKIIA
UCII0AB3yeMOTO 000pyA0BaHMs A0AKHa ObITh HECAOXKHOM U YA400HOI B yIIpaBAeHUMN.

YunteiBasi Bce HeAOCTaTKM ¥ (PaKTOPHI, BBIABAEHHBIE B XOJA€ JCCA€AOBAHMU CYIIeCTBYIOIINX
CIIOCOOOB  CBapKM TpeHMeM Ppa3HOPOAHBIX MaTepualoB, aBTOpaMM BBIIOAHSAIOTCA — HaydHbIe
uccAeAOBaHNs, HalpaBJAeHHble Ha CO3j4aHMe HOBOIO CIocoOa CBapKM TpeHMeM pa3HOPOAHBIX
Marepuaaos. Jas peaausanuy Criocoda CBapKM TpeHMeM pa3paboTaHa KOHCTPYKLMS CIIeHMaAbHOTO
ycrporicTsa [16] 1 M3roToBA€H OIBITHBIN 0Opaser] 445 IPOBeAeHIs DKCIIepUMeHTaAbHbIX ICCAeAOBaHMIA.
Ha pucynke nokasaHo criermaabHoe YCTPOICTBO 4451 CBapKy TpeHueM Ha Oa3e TOKapHOTO CTaHKa.

1 — TOKapHbBIN CTaHOK; 2 — TPeXKyAa4KOBbIN IIaTPOH TOKApHOTIO CTaHKa; 3,4 — apMaTypHBbIe CTep>XHIL 5 —
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TPeXKyAa4KOBBIV IIaTPOH YCTPOVICTBA; 6 — KPOHIITENH yCTPOVICTBA; 7 — I1AMTa YCTPOVICTBA; 8 — CYIIIIOPT TOKaPHOIO
CTaHKa
Pucynox 2. CnenmaabHOe yCTPOIICTBO 4451 CBAPKU TPeHMeM Ha 0a3e TOKapHOTO CTaHKa

B aabopatopun xadeapnr «TexHoaormueckoe oOOpyAOBaHME, MAaIIMHOCTPOEHME U
crangaptusanms» KapTV wum. A. Carmnosa mog pykosogctsoMm mpodeccopa K.T. Illeposa 6nrLan
IMpOoBEeACHDbI CepUNM DKCII€PUMEHTAaAbHBIX I/ICCAe,ZI,OBaHI/HZ IIponecca CBapKmM TpeHMeM apMaTypHbBIX
CTep>KHel pa3ANdHoro guamerpa [17,18].

Ha pucynke 3 moxasans! poTorpaduu mporecca CBapku TpeHueM apMaTyPHBIX CTePIKHeI.

a,0,6,2 — IIOCAeJ0BaTeAbLHOCTh BBIIIOAHEHNsI IIpollecca CBapKM TpeHMeM apMaTypHBIX CTep>KHell
OAMHAKOBOTO AMaMeTpa; J,e,%,3 - II0CAeA0BaTeAbHOCTD BBIIIOAHEHMs IIpoIjecca CBapky TpeHMeM apMaTypHBIX
CTep>KHeV pa3HOIO guaMeTpa
Pucynoxk 3. @oTtorpadui rpouecca cBapku TpeHneM apMaTypPHBIX CTep KHe

OO6cyxaeHne

Aas coeAVHEHNS CBapKOJ TPpeHMeM B KauyecTBe 3aTOTOBOK MCIIOAb30BaAVCh HEMepPHBIe OTPe3KI
apMaTypHBIX cTep>KHell guamerpamu 8 MM, 12 MM n 14 mm.

3aroTOBKM 3aKperasAiuch B TPeXKyAadyKOBBIX ITaTPOHaX TOKApHOIO CTaHKa M CIelMaAbHOIO
ycrporictsa. B mporecce capku 3arotoBka, 3aKpernJeHHas B TPeXKyAadyKOBOM ITaTpOHe CTaHKa, MIMeeT
BpaljaTteAbHOe JBVDKeHMe, IIPY DTOM BTOpas 3aroTOBKa, 3aKpeIlleHHas B TPeXKyAadKOBOM IIaTpOHe
YCTPOJIICTBA, HEINOABVMKHA. Ycuame IIpU CBapke TPeHUeM OCYLIeCTBASeTCS ABVDKeHMeM Iojauu
YCTPOJICTBA, 3aKpeIlAeHHOTO Ha CyIIIOpTe TOKapHOro craHka. IIpm BBIIOAHEHMM OIIBITOB YacToTa
BpallleHNsl IIIMHAEeAs CTaHKa BapbUpoBadachk B AmanaszoHe nmm = 685+2000 o6/mmH. Ha pucynke 4
IIOKa3aHbl HEKOTOpbIe apMaTypHble CTEP>KHM, COeAVTHEHHbIe CBapKOil TPEHUEeM.
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Pucynox 4. HekoTopble apMaTypHbIe CTEepPXKHM, COeAMHeHHbIe CBapKO¥ TpeHueM

CoeaunenHble apMaTypHble CTEP>KHIU IIPOIIAM WCIBITAaHUSA Ha pacTsoKeHue M PasphiB B
2abOpaTOPHBIX YCAOBMAX U B CepTU(PUIMPOBaHHOM MCIIBITaTeAbHOM IeHTpe «HarmonaapHbIN 1IeHTp
sKcrieptussl u ceprudukauun (r. Kaparanaa, Kazaxcran). PesyabTaTsl UcIbITaHMs TOKa3aAu BHICOKYIO
IIPOYHOCTDb COeAVHeHMs. Pa3ppis cTepsKHell ITPOMCXOAA He B CBapHBIX IIIBaX, 8 B OCHOBHOM MeTaa.e.

B macrosmee Bpems NpoOBOASATCSA 9KCIIEpUMMEHTaAbHbBIE MCCAeAOBAaHMA IIpoliecca CBapKu
TpeHueM IIMANHAPUIECKMX 3aTOTOBOK U3 Pa3AMYHBLIX Pa3HOPOAHBIX MaTepuaaoB (CTaab+aalOMIHNIL,
CTaAb+4yTyH, UyTyH+TUTaH, TUTAaH+CTaAb U Ap.).

BuiBoabI

1. BrimoaneH o0030p criocoba cBapKu TpeHMeEM pPasHOPOAHBIX MaTepualoB M JCCAeA0BaHbI
CTeIleHb ero M3y4eHHOCTH, a TaK>Ke TeXHOA0TMIecKe BO3MOKHOCTH.

B uactHoctn, OblAM MccaeAOBaHBI PabOTHI  3apyOe>KHBIX YYeHBIX, KOTOpBIe IIOKa3aAu
aKTyaAbHOCTh CIIOCOOA CBAapKM TpeHueM He TOAbKO AAs HayKyu, HO U AAs IPOU3BOACTBa. Taxke
HeoOXOAMMO OTMEeTHUTD, YTO CITIOCOD CBapKM TpeHueM, HeCMOTpsI Ha BBICOKMe ITOKa3aTeAl KadecTsa, He
HaIlle/ IpYMeHeHNs B OTeYeCTBeHHBIX IPOM3BOACTBAX MaIIMHOCTpOuTeAbHON oTpacanu PecryOanknm
Kasaxcran. Takoe cocrosHme mpodaeMbl AMKTYeT HeOOXOAMMOCTh pa3pabOTKu Doaee yHUBepPCaAbHON U
AOCTYITHOM TE€XHOAOTUU CBaPKU TPEHUEM.

2. B aabopaTOpHBIX YCAOBMSAX OBLAM IIPOBEAEHBI 9KCIIepMMeHTaAbHble MCCAeAOBaHUS I10
COeAVMHEeHMIO apMaTypHBIX CTEep>KHell CIIocOOOM CBapKM TpeHueM. PesyabTaThl IOKa3aAu, BBHICOKYIO
IIPOYHOCTDb CBaPHBIX coeArHeHMIA. [Ipy mcnbITaHnaX pa3peiB CTepsKHEN IIPOMCXOANA He B CBAPHBIX IIBAX,
a B OCHOBHOM MeTaA.e.
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Op TeKTi MaTepuaajapAbl YiiKeaicIieH g9HeKepaey dAiCiHiH TeXHOAOTUSIABIK
MYMKiHAITiH 3epTTey

Anparma. bya wmakaszaga Op TekTi MarepmaajgapAbl YHKeAiclleH AdHeKepaey oaiciHiH
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TeXHOAOTUABIK MYMKIHAITIH 3epTTey OOMBIHIIA ITIeTeAAiK FaabIMAapABIH 3epTTey HaTIKeaepi OepiareH.
Congaii-ak oTaHABIK Mallll{Ha >Kacay calalapblHa Op TeKTi MaTepuaajapAbl YIIKeAicIlleH AsHeKepAaeyaiH
pecypcTsl YHeMAeNTiH, amOeban >KoHe KO/AXKeTiMAl TeXHOAOIMACHIH >Kacay OONbIHINA aBTOpAapAbIH
FBLABIMU-3€PTTEy >KYMBICTaphl TypaaAbl akmapar >KasblaraH. IlleTeagix raabIMaapAbIH >KYMBICTapbIH
3epTTey HoTUKedepi op TeKTi MaTepuaadapAbl YiKeAiclleH JoHeKep/ey oA4ici ©3eKTi >KoHe KeH
TeXHOAOTUAABIK MYMKiHAiKKe 1e ekeHiH kepcerti. CoHgall-aK OTaHABIK MalllHa >Kacay eHAipici
JKarJaiiblHAa 9P TeKTi MaTepuasjapAbl YVKeAiCIleH goHeKepaey 94ici KOAAaHbLAMANTHIHbI aHbIKTaAABL.
Maceaenis Oy >KaraaiibIHBIH 001>KaMABI ceOenTepi aHbIKTaAAbl. Op TeKTi MaTepuaaAapAbl yiiKeAicrieH
AdHeKepaeyaiH KOAJaHBICTaFbl d4icTepiH 3epTTey OapbIChIHAA aHbIKTaAfaH OapAblK KeMIIidikTep MeH
(daxTopaapabl eckepe OTHIPHII, aBTOpAap op TeKTi MaTepualjapAbl yiiKeaicIleH JaHeKepaeyAiH >KaHa
9JiciH >Kacayra OaFbITTaAFaH FRLABIMIU 3epTTeyaepdi JKysere acblpalbl. YIIKeAiCIleH JoHeKepAaey dAiciH
JKy3ere achlpy YIIiH apHaiibl KYPbLAFBIHBIH KOHCTPYKIIMACH 93ipAeHAl KoHe ToxXipuOeaik sepTreyaep
YLIiH IIpOTOTHI >KacaaAbl. OpTypAal aAuameTrpai apMmaTypadapAbl YiiKediclleH IIicipy Ipolecrepi
keatipiareH. Kocblaran apmarypadapAblH 3epTXaHaAblK Karjalidapja >KeHe cepTu]uKaTTalraH ChIHAK,
OpTaAbIFbIHAA CO3bIAY >KoHe Y3idy ChIHaKTapbhblHaH OTKeHi, OHBIH HOTVDKeAepi KOCHIABICTBIH >KOFapbl
OepikTirin kepceTkeHi xabapaaHaabl. /JaiiblHiaMalapAblH >KapbIAybl J9HEKepAeHIeH TirictepJe eMec,
Heri3ri MeTtaaaa 00AALL.

Tyitinai cesaep. yiikeaiclieH gsHekepJey, ap TeKTi MaTepuaajap, yiiKeaiclleH goHeKepaey
TypAaepi, OepiKTiK, co3plAy, Y3iay, apMarypa.
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Investigation of the technological feasibility of the method of friction welding of dissimilar
materials

Abstract. This article presents the results of a study by foreign scientists on the study of the
technological feasibility of the method of friction welding of dissimilar materials. As well as information
about the research work of the authors on the creation of a resource-saving, universal and affordable
technology for friction welding of dissimilar materials for domestic engineering industries. The results of
the study of the work of foreign scientists showed that the method of friction welding of dissimilar
materials is relevant and has a wide technological capability.

It was also found that there was not used method of friction welding of dissimilar materials in the
conditions of domestic engineering industries. The article presents alleged causes of this state of the
problem. Considering all the shortcomings and factors identified during the study of existing methods of
friction welding of dissimilar materials, the authors carried out scientific research aimed at creating a new
method of friction welding of dissimilar materials. To implement the friction welding method, a design
of a special device was developed and a prototype was made for experimental studies.

The article considers processes of friction welding of reinforcing bars of different diameters. It is
reported that the connected reinforcing bars have passed tensile and rupture tests in laboratory conditions
and in a certified test center, the results of which showed a high strength of the connection. The rupture
of the rods did not occur in the welds but in the base metal.

Keywords. friction welding, dissimilar materials, types of friction welding, strength, tension,
rupture, reinforcing bars.
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Electronic structure modification and negative magnetostriction in Fe-Ga alloy of
D0sstructure with Ga content variation

Abstract. The influence of a change in the Ga content on the magnetostrictive properties
of the Fe3Ga alloy with the D03 structure has been studied by density functional theory
methods. The change in the stoichiometry of the alloy under study was carried out by
replacing the Fe atoms with Ga. The replacement leads to a significant change in the
electronic structure of the systems under study, which leads to a significant increase in the
density of electronic states near the Fermi level. This effect leads to an increase in the
magnetoelastic energy, which leads to an increase in the value of the magnetostrictive
coefficient A001. A further increase in AO01 occurs due to a decrease in the shear modulus,
which occurs due to an increase in the number of loosening bonds in the system with an
increase in the Ga content. The resulting dependence of A001 on the Ga content, although
they show an increase in the absolute value of the coefficient A001, but give its negative
values, in contrast to the positive value of magnetostriction observed in the experiment.
Solving the problem of matching the sign of the theoretical and experimental values of the
magnetostrictive coefficients requires further research.

Keywords: Fe-Ga alloy, electronic structure, density functional theory, magnetostriction,
magnetoelastic energy.
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1. Introduction

Materials with high magnetostriction are widely used as magnetic field sensors, magneto-
mechanical actuators, and energy collectors [1]. A significant magnetic field characteristic is needed [2].
Giant magnetostriction up to 2000 ppm was found in rare-earth iron-based alloys Terfenol and Terfenol-
D [3,4]. However, the cost of these materials is high due to the use of rare earth elements. In addition,
their hardness and brittleness are very high, limiting the materials” scope.

Binary Fei»Gax alloys (Galfenol), although having inferior magnetostrictive properties to
Terfenol-D, are attractive due to their low cost and high mechanical strength, low saturation magnetic
field, excellent ductility, and low cost [5-7]. FeixGax alloys demonstrate the two-peak tetragonal
magnetostrictive coefficient Aoor behavior near x = 0.19 and x=0.27 with the value of the magnetostrictive
coefficient as large as 400 ppm [8-10]. It was found experimentally that the peak magnetostriction values
at 19% Ga is associated with maximum value of the magnetoelastic coupling constant as a function of the
Ga concentration. The second magnetostriction peak can be attributed to softening of the elastic modules
d = (c11 - c12)/2 [6].

According to the phase diagram proposed by Koster at al. [11] and Kubashevski [12] and
supported by Golovin et. al. [13] the equilibrium structure of Fe-26.9Ga and Fe-25.5 Ga alloys at room
temperature (RT) must be 100% L12 phase and about 90%L12+ 10%A2 phase respectively. Using high
resolution neutron diffraction, it was proven that the initial state of FeGa functional alloys with 25 and 27
at. % Ga as-cast samples at room temperature is the D03 phase which results from ordering of the high
temperature A2 phase during cooling. From the analysis of the diffraction peak widths, it was concluded
that the initial state consists of domains of about 1400-1800 4 in size with long-range ordered D0s with lattice
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parameters 5.8130 — 5.8172 A [14]. Upon heating, there is an irreversible first-order phase transition from the
metastable D03 to the equilibrium L21 phase [13,15,16]. A2 and DO0s — structured FeixGax alloys have
positive magnetostriction, but the L21-structured one has negative magnetostriction [13,14,17,18].

Studies of the magnetostriction and elastic properties of the Fe-Ga alloys with a Ga content of
about 25 at. % showed that a small, within 25 at. %, change in the Ga content sharply affects the value of
the magnetostriction coefficient and the elastic modulus ¢’ [6,19,20]. If for the Fe-Ga alloy of structure D03
the measured value of the magnetosrictive coefficient 3/2 449, is 150 ppm ( Ago; = 100) [14], then for the
Fe-27.2Ga this value reaches 350 ppm [6,19]. According to the results of the theoretical modeling, the
value 3/2 Ay, is negative and equals -161 ppm ( A4gg; = —107 ppm) [21].

In this work, we study the effect of changing the gallium content in the FesGa alloy with the D03
structure on the magnetostriction coefficients 1y,. Calculations have shown that, at small changes in the
composition of the compound under study near the Fermi level, there is a sharp increase in the number
of d-states of Fe atoms, which leads to an increase in the magnetoelastic energy. Also an increase in the
Ga content leads to an increase in the number of antibonding states, as a result of which the value of the
shear rmodulus of elasticity ¢’ decreases. Both effects leads to an increase in absolute value of ;.
However, the difference in the sign of the calculated an experimental values of the magnetostriction
coefficients remains unclear.

2. Computation Details

The DO0s (Fm3m , group 225) unit cell consist of three Fe and one Ga site (Fig. (1(a)). There are two
types of Fe atoms: those with Fe and Ga atoms in nearest-neighboring positions (Fel) and those with only
Fe atoms in the nearest-neighboring positions (Fe2). The ocal order around the Fel and Fe 2 atoms is
shown in Figs. 1 (b,c), correspondingly. A 2x2x2 cubic supercell (128 atoms/cell) was used to model small
chemical composition changes on the physical properties of compound under investigation.

(b)

Figure 1. (a) Unit cell of the FesGa alloy with the DO0sstructure. Local environment of atoms of type (b) Fel
and (c) Fe2. Golden and green balls represent Fe and Ga atoms, respectively. Large balls denote Fel atoms, and small
balls —Fe2

The coefficient of tetragonal magnetostriction at volume-constant distortion (&, = &, = —1/2¢;)
Depends on the ratio of magnetoelastic energy b: and tetragonal shear modulus ¢’ and is written as
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b1

Ago1 = — 30 1)

where bi= — % % is determined by the dependence of the magnetocrystalline anisotropy energy Emca
0 z

on distortion [22,23]. The elastic constants c11and ci2 were obtained by the stress-strain relation g; = ¢;;¢;.

From the electronic structure, the enhancement of the magnetostrictive effect in Fe-Ga alloy is a
high dependence of magnetocrystalline anisotropy energy (Emca) on the strain. The appereance of
nonbinding d-states of electrons of Fe atoms near the Fermi level is accompanied by an increase in
electronic density of states (DOS) of the Fe atoms closest to Ga, particularly from states in the minority
spin channel. This effect ensures the growth of Emcaon the one hand and a decrease in elastic moduli, on
the other hand, increasing the overall magnetostrictive effect [24,25].

We recall that the spin-orbit coupling (SOC) is the key factor for Emca. The lowest order
contribution of SOC toward the total energy is [26]

A
ESOC = _¢2 Zo'uw, 2

Eu—¢&

where |0) > and |u) > represent the sets of occupied and unoccupied states, respectively. The
nonzero contributions from the d -states to ES°¢ are from the following matrix elements
Cyllalyz) = 1,2 = y2|Lxz) = 2 42| Laxn y2) =3,
(xy |f,x|xz,yz) =1,(x? — y?|L,xz,yz) = 1

The first-principles calculations of structural and magnetic properties of the Fe-Ga alloy
systems were done by means of the VASP (Vienna Ab-initio Simulation Package) [27, 28] with the
supercell approach. The exchange-correlation potential was treated by the generalized gradient
approximation (GGA) in Perdew-Burke-Ernzerhof (PBE) form [29]. The k-point mesh was generated
by the Monkhorst-Pack scheme [23] with a grid of 4x4x4 points. To describe electron-ion interactions,
the PAW pseudopotentials [20, 21] were applied and the valence-electron configuration of
Fe(3s23p®3d”4s') and Ga (3d'%4s24p?) were selected. The value of the the plane-wave cut-off energy
is 500 eV. Lattice parameters were relaxed to zero pressure while retaining the cubic symmetry. To
obtain the ground structure, internal structure parameters were optimized until the remaining forces
were less than 0.01 eV/A. All calculations were done at T =0 K.

Structures were visualized in the VESTA package [30]. We used the VASPKIT code for post-

processing of the VASP calculated data [31].
3. Results and Discussion

The study of changing the chemical composition of the FesGa alloy of structure D0s towards an
increase in the Ga content was carried out by replacing Fe atoms with Ga atoms. Calculations have
shown that, with such a substitution, it is more energetically favorable to place an additional Ga atom
at the Fe2 site than at the Fel site. The difference in the energies of the model supercells is 0.121 eV.
This finding is consistent with the fact that gallium atoms in Fe-Ga alloys are not located at the nearest
lattice sites, and the probability of finding gallium atoms at neighboring sites is negligible [22]. Further
modeling of the properties of the compound under study was carried out for cases where Ga replaced
the Fe2 atoms. We studied structures in which up to 3 Fe atoms were replaced, corresponding to the
maximum Ga content of 27.35 at.%. The substitution was carried out so that the distances between the
replaced atoms were maximum. As a result, the interatomic distances are no less than 74. In what
follows, we consider configurations in which atoms of the Fe2 type are substituted unless otherwise
noted.

The results of calculations of the magnetostriction coefficient 4yo; in comparison with the
experimental results are presented in Fig. 2. The obtained theoretical data are in good agreement with
the measurement results and show a sharp increase in the value of 149, with a slight change in the Ga
content.
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According to Eq. 1, an increase in Ay is possible in the case of an increase in the magnetoelastic
energy b1 or a decrease in the value of the elastic modulus ¢’. Changes in both of these quantities as a
function of the content of Ga atoms are shown in Fig. 3 comparing with available literature data [6, 19,
20, 32-34]. When one Fe2 atom is replaced in the perfect D0s structure, the magnetoelastic energy
increases by factor two, which further decreases linearly with an increase in the Ga content (Fig.3 (a)).
The theoretical data obtained predict the possibility of a second peak in the value of the magnetoelastic
energy at a Ga content close to 25 at.%. In the experiment [6], one peak in - b1 value was observed near
19 at.%Ga. However, it should be noted that this peak lies in a relatively narrow region of Ga
concentration, which makes it difficult to detect it. In addition, and much more importantly, the
calculated sign of b1 is opposite to that measured experimentally but agrees with earlier calculations
[21]. This difference is due to the sign of the derivative in Eq. 1.

The dependence of the elastic modulus ¢’ on the Ga content is shown in Fig. 3 (b). When one
Fe2 atom is replaced, the value of ¢’ changes slightly. With a further change in the Ga content, this
elastic modulus begins to decrease sharply, and at 27.35 at.% Ga, the structure becomes mechanically
unstable due to the ¢’ modulus turns to zero. In this case, to confirm the observed tendencies of ¢’
change, we also performed additional calculations in which the Fe atom replaced the Ga atom, and Ga
replaced four Fe2 atoms.

At a Ga content of 24-26 at.%, the calculated values of ¢’ are in good agreement with the
experimental data. As the Ga content increases, the discrepancy between theory and experiment
becomes significant since the experiment did not reveal a decrease in the value of ¢’ with a further
increase in the Ga content. Stabilization of the D0s structure can occur by randomizing a small number
of Ga atoms from their ordered lattice sites [25].
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Figure 2. Calculated values of magnetostrictive coefficient 9o, along with the experimental data. It should
be noted that the signs of the experimental and theoretically calculated values are different and here are the
absolute values for the theoretically calculated values of A¢p;. The dotted vertical line corresponds to the
mechanical stability boundary of the D0s structure
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Figure 3. Calculated Ga-content dependent values of (a) magnetoelastic energy (with opposite sign) and
(b) elastic modulus ¢’ along with experimental data. The dotted vertical line corresponds to the mechanical stability
boundary of the D0s structure

When Ga replaces one Fe2 atom, the increase in the value of Ay, occurs due to the rise in the
value of the magnetoelastic energy - b1. Further growth of 144, occurs because the elastic modulus ¢’
decreases. To study why the value of - b1 increases, we compared the density of electronic states of a
perfect lattice D0s and structures in which one Ga atom substitutes the Fe atom. The results obtained
are shown in Figs. 4 (a,b). A comparison of projected DOS (PDOS) for d -states on Fe atoms of the
perfect structure D03 and a cell with one substituted Fe atom shows that even such a slight variation in
the composition of the alloy leads to significant changes in the electronic structure. The changes are
extreme for spin-up states for both types of atoms - Fel and Fe2. PDOS for spin-down d -states on atoms
of the Fe2 type almost does not change with a variation in the composition of the alloy.

The resulting changes in the electronic structure have a critical effect on the magnetic anisotropy
energy. As follows from Eq. 2, the SOC depends on the matrix elements calculated between the states
near the Fermi level. Thus, an increase in the density of d -states on Fe atoms leads to an increase in the
magnetic anisotropy energy, which in turn leads to a rise in the value of A4¢;.

It should be noted that the change in PDOS on Fe atoms has a nonlocal character. PDOS of d -
states on atoms of the Fe2 type upon substitution of Fel (Fig. 4 (c)) and Fe2 (Fig. 4 (d)) with Ga atoms
undergo significant changes independent of the distance from the substituted Fe atom. This effect is
very different from the changes in PDOS with a modification in the chemical composition of a
disordered FeGa alloy of the A2 structure. The changes concern only the Fe atoms of the impurity
atom’s first and second coordination shells [35]. Such a nonlocal nature of the effect on the electronic
structure in the DOs lattice is due to long-range order. A change in the composition leads to delocalized
electronic states on Fe atoms. In disordered alloys, such states are localized near the impurity atom.
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Figure 4. The projected density of states of d -electrons on Fe atoms when Ga replaces atoms of type (a) Fel
and (b) Fe2 compared to the corresponding values for the perfect D0s structure. The distribution of densities of d -
states on Fel atoms as a function of the distance from the Ga atom substituting for (c) Fel and (c) Fe2 atoms.
Colored lines correspond to PDOS on Fel atoms at the indicated distances from the Ga atom substituting Fe

The fundamental difference lies in the fact that the density of antibonding d -states on atoms of
the Fel type is ymuch higher than on atoms of the Fe2 type [24, 25]. Ga content caused electronic
structure modifications affecting spin-down electronic states contributed to changes in
magnetostriction [22]. A quantitative description in Fig. 5 shows the number of electron states with spin
down near the Fermi level of £0.2 eV, N({) on Fe atoms depending on the content of Ga atoms in the
alloy. When one Fe2 atom is replaced, the value of N({) takes on a maximum value, which explains the
peak in the value of the magnetoelastic energy shown in Fig. 3 (a). As the Ga content increases, the
number of antibonding bonds in the system increases, which leads to a decrease in the elastic modulus
c’, which corresponds to the instability of the crystal concerning shear distortions. (Fig. 3(b)). We
attribute the decrease in the value of N({) to the violation of the coherence of electronic states due to
Ga atoms replacing Fe atoms due to their random arrangement in the lattice. The value of N({), when
replacing more than one Fe atom with a Ga atom and when replacing a Ga atom with Fe, takes values
close to the maximum for the disordered Fe-20Ga alloy [22]. At the same time, this kind of disorder
does not lead to any significant changes in the qualitative form of the PDOS graphs as it is seen in Fig.
6.
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Figure 5. Calculated Ga-content dependent number of electronic states at the Fermi level in the minority
spin channel, N(l). The dotted vertical line corresponds to the mechanical stability boundary of the D0s structure

: DO, (perfect)
s Fel
[}
1

Fe2
DO0,(3Ga@Fel)
Fel

Fe2

PDOS, state/atom

-4 T T

E-Eg, eV
Figure 6. The density of states of d-electrons on Fe atoms for mechanically unstable Fe-27.35at.%Ga (three
Ga replace atoms of Fe2 type) compared to the corresponding values for the perfect D0s structure

4. Conclusion

In this work, we study the effect of changing the stoichiometry of the D03 FesGa alloy on the
electronic and elastic properties. The data obtained make allow to analyze the effect on the
magnetostrictive properties of the considered compounds. Calculations showed that replacing a Fe
atom with a Ga atom in the supercell of the DO0s lattice leads to a significant change in the compound’s
electronic structure. As a result, the density of electronic d -states near the Fermi level increases, which
leads to a rise in the magnetocrystalline energy. This effect leads to an increase in the magnitude of the
magnetoelastic energy, but the value of the elastic modulus ¢’ does not change, which leads to an
increase in the magnetostrictive coefficient Ayo; . The further increase in 444, with increasing Ga content
is due to a decrease in the elastic modulus ¢’ with a slight reduction in the value of the magnetoelastic
energy. The data obtained agree with the known experimental results. The data obtained agree with
the known experimental results in absolute value but differ in the sign of the obtained values. We are
currently searching for the reasons for this difference.
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T.M. InepOaes'?, A.Y. AOyosa?, A.K. JayaerOekosa?, ®@.Y. AGyosa?, b. DKyman?
IHosocubupck memaexemmix ynusepcumemi, Hosocubupck, Peceit Dedeparjusico
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Ga xypambIHbIH o3repyimMen D0 3 KypbiabiMbiHBIH Fe-Ga KOpBITIIachIHAAFbI 91€KTPOHADI
KYPBLABIMHBIH MOAV(UKAIUACHI )K9He Tepic MarHUTOCT pUKIIVSICHI

Annoramms. Ga KypaMbiHbIH esrepyiHiH FesGa MarHMTOCTpMKTIMBTIK KacueTTepiHe ocepi.
THIFBI3ABIKTHIH (PYHKLIVMOHAAABIK TEOPUACBIHBIH daicTepiMeH D03 KypbLABIMEI Oap KOPBITIIa 3€PTTEAA].
3epTTeAeTiH KOPBITIIaHBIH CTeXMOMeTPIACLIHBIH e3repyi Fe aromaapbin Ga-fa aybICTBIPY apKbLABI XKY3eTr
€achIpplAAbl.  AyBICTHIPY 3epTTeAeTiH >KyliedepaiH DAeKTPOHABIK KYPBLABIMBIHBIH aliTapAbIKTall
esrepyiHe okeaeai, Oya ®PepMmu JeHrelliHe >KaKbIH DAeKTPOHABIK KYIA€PAiH THIFBI3ABIFBIHBIH
aliTapAbIKTall ecyiHe akeaeai. bya acep MarHuTTi cepniMAiaik DHepPIUACLIHBIH YAFalObIHA 9Kealeai, Oya
Ao01 MAarHUTOCTPUKIIMAABIK KODPPUITMEHTIHIH MoHiHIH >KOFapblaaybIHa aKeaeai. Apbl Kapail Aoo1 YAFarobl
BIFBICY MOAYAiHIH ToMeHJAeyiHe OaliaaHbICTEI 004aabl, 04 Ga KypaMBIHBIH yAFalObIMeH >Kyiiederi 6oc
OariaaHBICTap CaHBIHBIH apTyblHa OalidaHbICTEI Ooaaabl. Hotiokecinae Ao -aiH Ga Ma3MyHBIHa
Toyeaaiairi, oa A001 xosdPuimenTiHiH abCOAIOTTI MoHIHIH >KOFaphLiayblH KepceTce Je, ToxXipudese
OalikaAfaH MarHUTOCTPUKIVISHBIH OH IIaMachlHaH alibIpMAIlIBIABIFEI OHBIH Tepic MoHAepiH Oepeai.
MarHuTocTpuKIMAABIK KOD(PPUITMEHTTepAiH TeOpUAABIK >KoHe ToKipnOeaik MoHAepiHiH OeariciH
COUIKeCTeHAIPY MaCeAeCiH IIelTy KOChIMIIA 3ePTTeyAePAl KasKeT eTeal.

Tyitin ce3aep: Fe-Ga KopbITHachl, AeKTPOHABIK, KYPBIABIMBI, THIFBI3ABIKTBIH (PYHKIIMOHAAABIK
TeOPUSICHI, MAaTHUTOCTPUKIINS, MarHUTTI CePIIiMAiAIK DHEPIUICHL.

T.M. NnepOaes’?, A.Y. Adoyosa?, A.K.
Aayaerbekosa?, d.Y. Adyosa?, b.JKymamn?
IHosocubupckuii 2ocydapcmeerinviii yrusepcumem, Hosocubupcik, Poccus
2Eepasutickuti Hayuonarbulil ynueepcumem umenu /A.H. I'ymuresa, Acmana, Kasaxcman

Moaudpuxanms 52eKTPOHHOM CTPYKTYPBI M OTpuUIlaTeAbHasi MarHUTOCTPMKIINSA B CIlaaBe
Fe-Ga crpyktypnr D0 c m3meHeHmem cogepxanmst Ga

AnnoTamms. Bansame mamenenust cogepkaHmsi Ga Ha MarHUTOCTPUKIIMOHHEBIE CBOVICTBA
FesGa. Cmaas co crpykryponr D0s mccaeaosaacs merogamm Teopun (PyHKIIMOHada ITAOTHOCTIL
VzameHeHne crexnoMeTpuUI MCCA€AYEeMOTO CII1aBa OCyIIecTBAs10ch 3aMeHoll Fe atomos Ha Ga. 3ameHa
MPUBOAUT K CYIIeCTBEHHOMY M3MEHEHNIO DAeKTPOHHOM CTPYKTYPbl MCCAeAyeMBIX CHCTeM, YTO
HPUBOAUT K 3HAUUTEABHOMY YBeAMYEHMUIO ILAOTHOCTY BHAeKTPOHHOIO COCTOSHNS BOAM3M YPOBHA
®epmn. D1oT BPEPEKT HNPUBOAUT K YBEANUEHUIO MArHUTOYIPYIOM ®DHEPIUM, 4TO IIPUBOAUT K
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yBeAMYeHNIO 3HaueHMs MarHUTOCTPUKIMOHHOIO Koodduiinenra Aco. Jaapiie yseanmdeHue Aot
IIPOMCXOAUT 3a CYeT YMEHBIIIeHNs MOAYAsl CABUTIa, KOTOpOe IPOMCXOAUT 3a cUeT yBeANdeHNs 9ucaa
PBIXABIX CBs3€ll B cucteMe ¢ yseanmdeHmneMm cogep>kanHu:a Ga. Iloaydennas 3aBucumocTb Aoor OT
cogep>xanust Ga, XOTsI U ITIOKa3bIBaeT yBeAndeHne adCOAIOTHOTO 3HadyeHns1 KospduimenTa Aoi, AaeT
ero oTpuliaTeAbHble 3HA4eHNs, B OTANYME OT MHOAOXKUTEABHON BEeANYMHBI MarHUTOCTPUKIIUM,
Ha0AI04aeMOil B ®DKcIepuMeHTe. PelreHne mpo6aeMbl COOTBETCTBMS 3HakKa TeOPeTUMYeCKUX U
DKCIIepMMEHTAaABHBIX 3HA4eHNUII MarHUTOCTPUKUVMOHHBIX KO®(PPuUINeHToB TpebyeT AaAbHENMIINIX
nccaea0BaHNI.
Karouesnie caoBa: ciaas Fe-Ga, 91eKTpoHHas CTPYKTypa, Teopus PyHKIIMOHaAa IIA10THOCTH,

MarHUTOCTPUKILNS, MaTrHUTOYIIpYyTasl SHEPIUs.
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Abstract. This article presents the results of research funded by the Committee of Science
of the Ministry of Science and Higher Education of the Republic of Kazakhstan (grant No
AP14972884 "Increasing wear resistance of metal-cutting tools by the method of lapping").
There was investigated the state of the metal-cutting tools' wear problem in the conditions
of machine-building enterprises of the Republic of Kazakhstan (RK). It is revealed that
metal-cutting tools do not always endure the durability period according to the standards
and are exposed to premature wear of cutting edges, breakage, and chipping. The factors
affecting the wear resistance of metal-cutting tools and the existing possibilities for their
improvement are also studied. The article proposes the method of pretreating cutting tools
in order to improve the wear resistance and durability of metal-cutting tools under the
conditions of domestic machine-building industries. The formation of secondary
structures on the working surfaces of the tools, which is one of the manifestations of the
fundamental law - structural adaptability was studied on the basis of the results of the
analysis of previously conducted works.
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Introduction

Cutting machining is still the most preferred process for the final dimensioning of parts (despite
significant progress in the development of such technological methods as precision casting, stamping,
electro-physical processing, etc.) due to its flexibility and mobility, high accuracy and quality of the
machined surface layer, and low cost [1].

In the system of measures to improve the machining process, the most effective link is the
machining tool because it is the tool that largely determines the efficiency of using the technical
possibilities of modern mechatronic systems equipped with high-speed devices with expensive
microprocessor control (CNC and ADCS) and their payback period [1].

One of the acute problems in the machine-building enterprises of the Republic of Kazakhstan is
the supply of high-quality and cheaper cutting tools for machining production. Currently, cutting tools
are purchased from foreign manufacturers at significantly higher prices, which negatively affects the cost
of machining.

The research conducted under the conditions of machine-building enterprises, in particular LLP
"Astana electro-technical plant”, LLP "Tselingidromash" (Astana), LLP "Mechanical plant RAPID"
(Temirtau) and others, has shown that there is a problem with premature wear of cutting tools. (Temirtau)
and others have shown that there is a problem with premature wear and failure of cutting tools. Photos
of some cutting tools are shown in Figure 1.
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a - cut-off cutter; b,c - undercutting cutters; d - boring cutter;
e - straight turning cutter; £ g - undercutting cutters h - boring cutter;
k - modular disc; I - circular disc; m - circular tripartite disc; n - special rotary high-speed steel discs
Figure 1. Photos of some metal-cutting tools subjected to wear and chipping

The type of tool wear is determined by the physical and mechanical properties of the contact
materials as well as the mechanical and thermal conditions at the contact surfaces.
Figure 2 shows the dependence of wear on machining time [2].
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Figure 2. Dependence of wear on machining time

Three periods are characteristic for the given dependence: I - period of running-in, II - period of
the normal wear, III - period of catastrophic wear. The intensity of the wear varies and is often
accompanied by pitting on the cutting edge in hard alloys and plastic volumetric deformation in ductile
tool steels. As a result, the tool wears more intensively. It is established by practice [3,4] that simultaneous
wear on the back and front surfaces (fig.3, a) occurs when working with a thickness of the cut layer of
more than 0.1 mm with low or average speeds for the given tool material. At work with a small thickness
of the cut layer a <0,1 mm, the wear of cutters proceeds only on the back surface (fig. 3, b). At a thickness
of the cut layer of more than 0,5 mm and cooling is applied, only the front side is worn (fig. 3, c).
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a) b) c)

Figure 3. Simultaneous wear on the back and front surfaces of the tool

Figure 4 shows the graph of the pick wear on the front and rear surfaces [2,5]. On the diagram,
you can see that line 1, showing the amount of wear on the front side, grows quite intensively during the
whole operation of the pick, and line 2, showing wear on the rear surface, grows slowly until the point of
inflection A, after which the wear occurs catastrophically fast and ends with the destruction of the pick.
The wear corresponding to point A is called optimum wear, and it is not advisable to go beyond this
point. This wear is the result of a combination of factors, such as damage to the cutting edge by mechanical
and thermal stresses, wear by pressure welding (adhesion), mechanical wear, which is the removal of
cutting edge particles by external forces, and at high temperatures the burning of cutting edge material
(thermal wear).
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Steel 45; d9B=65 kg/mm2; t =4 mm; S = 0.5 mm/rev; V = 44 m/min
Figure 4. Cutter wear graph for front and rear surfaces

The durability is usually evaluated by the wear of the cutting-edge tool. Figure 5 shows the types
of tool edge wear [6].

e) g)
a - natural wear of the cutting edge on the rear surface; b - hole formation on the cutting edge; c - growth on
the cutting edge; d - pitting of the cutting edge; e - thermal and mechanical damage to the cutting edge; f -
deformation of the cutting edge; g - formation of a groove on the cutting edge; h - mechanical destruction of the
cutting edge
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Figure 5. Types of tool cutting-edge wear

There is a relevant task of increasing the wear resistance and durability of metal-cutting tools and
thereby reducing the consumption of expensive tools and increasing labor productivity.

Main part

The wear resistance of metal-cutting tools depends on a large number of factors. The most
important factors are the tool material, the shape of the cutting edges, the cutting mode, the state of the
crystal structure of material, and the presence of residual stresses caused by heat treatment [7]. There are
many ways to increase the wear resistance of cutting tools by changing the internal structure of material,
the state of magnetization and the chemical composition and condition of the surface layer. These
methods include hardening, mechanical hardening, chemical heat treatment, application of wear-
resistant coatings, magnetic-abrasive treatment, and magnetic-pulse treatment. Most tool steels and high
speed steels, in particular, are well hardenable. The hardening process increases tool hardness from 40-
45 HRC to 63-69 HRC, which increases tool wear resistance. For cutting tools, an increase in the hardness
of a few HRC units leads to an increase in wear resistance by several tens of percent. The cutting tool is
made of high-speed steel of tungsten and tungsten-molybdenum groups (P9, P12, P18; P6M3, P6M5) after
hardening and following low-temperature tempering (aging) it gets hardness of 63...67 HRC. The negative
side of the hardening process is the appearance of internal stresses in the tool structure, which cannot be
removed even by low-temperature tempering. The internal stress points contain excess internal energy
that causes tool warping and micro-cracking. These factors sometimes play a significant role in tool wear
and fracture and make additional machining (straightening, straightening) necessary before tool use.
Thermal chemically machining refers to methods based on changing the chemical composition of the
tool's surface layer at elevated temperatures. The main methods of chemical heat treatment are
cyanidation, nitriding and nitrocementation. The main influence on the increase in wear resistance is a
layer representing at cyanidation a thin mixture of martensite, carbides, and carbidonitride phases, which
hardness is 69-70 HRC, at nitriding complex tungsten nitrides and carbonitride phases which have a
hardness of 1300-1400 HV, at nitrocementation also a carbide layer is formed, which has high hardness
and wear resistance. With all the advantages of chemical heat treatment, it also has disadvantages. The
main disadvantages include embrittlement of the treated layer and preservation of the layer until the first
resharpening of the tool. These disadvantages limit the use of this method. Mechanical hardening of
cutting tools consists in rounding their cutting edges to the required size and training the surface layer
through vibration treatment. Change of geometrical parameters is expressed in rounding of cutting edges
and in the improvement on their surface quality, changing physical and mechanical parameters is
reduced to the surface layer formation of compressive residual stresses. Because of its high productivity,
efficiency and low cost, this machining method is widely used in tool production. At the same time, it has
its disadvantages. These include the facts that the tool is hardened only on the surface, while the core
structure does not change, with the effect on the cutting edges lasting only until resharpening.

The authors carry out grant theme AP14972884 "Increase of wear resistance of metal-cutting tools
by the method of lapping" which is directed to the decision of a question of an increase of wear resistance
and the period of firmness of the tool. The research and analysis of the previously performed works in
this area showed that the formation of the secondary structures on the working surfaces of the cutting
tool is one of the manifestations of the fundamental law - of self-organization [8,9,10,11]. The optimal
option of self-organization or structural adaptability is the formation process of secondary contact
structures possessing strength properties tangibly superior to the initial one. This phenomenon is the
result of complex physicochemical and mechanochemical processes accompanying friction during cutting
and manifests themselves within a relatively narrow framework of frictional contact functioning
[12,13,14,15]. The properties of secondary structures are determined by two simultaneously acting
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competing factors: hardening and softening or, the same thing, strain hardening and thermal rest.
Structural adaptability in the applied variant is successfully used in the practice of operation of friction
pairs and is realized by their running-in or running-in [16,17]. Principle laws of running-in of friction
pairs are also applicable to the cutting tools, which pre-treatment at cutting modes optimal from the point
of view of hardening of their working surfaces can be considered as an effective and one of the cheapest
ways to improve durability.

Figure 6 shows the dependences obtained in the study of hardening of worm cutter teeth on P6M5
at milling of gears m=10mm [18]. The nature of the curves at different modes can be explained by the
presence of shock processes, accompanying milling, and periodic thermal cycling on the contact areas of
the cutting teeth. The hardening value depends on the cutting modes and takes on a greater value in the
presence of impact processes. However, a large value of scatter and insignificant numerical difference of
their average values make it difficult to carry out a serious quantitative analysis to determine the
connection between the cutting parameters and contact interaction with the degree of hardening of
secondary structures. In view of this, one of the objective and quite informative methods of analysis of
the properties of secondary tool structures is to determine its wear resistance on cutting modes exceeding
those in which its formation occurred.
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1 - in the initial position (after hardening); 2 - after 15 minutes of work at V=0.541 m/s; 3 - after 15 minutes of
work at V=0.7 m/s; 4 - after 15 minutes of work at V=0.833 m/s
Figure 6. Distribution of microhardness in the contact layer of a worm cutter m = 10 mm of R6M5F with
cylindrical gears of steel 40Ch

The extreme character of the dependence of the pretreatment rate effect on the wear resistance of
the contact surfaces of the tool, as well as the presence of the cutting speed limit above which there is no
effect of the pre-treatment confirms the dominant role of the deformation hardening in the secondary
structure adaptation process. The extreme nature of the dependence of the wear resistance of the
secondary structure on the cutting speed can be explained as follows. With the increase in cutting speed,
the sliding speed in the frictional contact zone increases, leading to an increase in the speed and degree
of plastic deformation of the contact layers of the tool. It leads to an increase in the density of crystalline
structure defects, which determine the hardening value. As the cutting speed increases, the process
temperature increases, which facilitates deformation up to a certain level, stimulates more hardening.
However, when the temperature reaches a certain value equal to the recrystallization temperature, the
crystalline structural defects become active. As they move to the surface or annihilate with each other,
they reduce the overall defect density, reducing the amount of hardening. In addition, as the temperature
increases, the stability of the defect decreases, and its "dissolution" in the main crystal increases [19]. Thus,
the presence of the wear resistance extremum on the cutting speed is the result of two competing
processes of deformation hardening and thermal rest. Consequently, the optimal regimes of pretreatment
should correspond to the condition of the formation of secondary contact structures with an increased
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density of crystalline structure defects. However, high dislocation density is not sufficient to increase the
wear resistance of the material. Another condition is the formation of thermally stable dislocations
capable of maintaining their structure at high process temperatures. Consequently, the same structure
can manifest itself differently at different temperature regimes, which in turn means that in practice there
is no optimal regimes uniform for all operating conditions. Figure 7 shows a graph showing the effect of
the running-in speed of a PEM5F worm cutter (m=10mm) when cutting spur gears from steel 40Ch.
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Figure 7. Diagram of the effect of the running-in speed of the hobbing cutter from P6M5® (m=10mm) when
cutting spur gears from steel 40Ch

This is confirmed by the results shown in Fig. 7, reflecting the effect of the pre-processing speed
of the worm cutter for different operating modes. The optimum running-in speed corresponds to the
dependence extremum. However, the location of the maximum is different at various cutting speeds; in
this case, an even tendency is observed that with the increase of the cutting speed, the optimal pre-
treatment speed also increases. So, for gear hobbing of cylindrical gears at V= 62 m/min, the optimum
running-in speed is 42.0 m/min, and for cutting speed of 42 m/min it drops to V=32.5 m/min.

Discussion

This allows us to liken the formation of hardened secondary structures on the working surfaces
of the tool to the process (HTMTT) of high-temperature mechanical-thermal treatment. In this case, in the
traditional HTMTT method, the plastic deformation and thermal influence in the process of running-in
are combined in time and implemented at the expense of the energy of the cutting process itself.
Considering that the thermal influence during HTMTT stimulates the disappearance of thermally
unstable dislocations, it follows that the heat resistance of the hardened structures increases with the
process temperature [18,19]. On this basis, the results presented in Fig. 7 can be interpreted as follows. At
low cutting speeds, when the process temperature is low, hardening is realized by forming a high
dislocation density, thermally unstable. Such a structure will naturally work well only at thermally low
cutting speeds. At high cutting speeds due to the high temperature of the process, the growth of
dislocation density will be accompanied by intensive loss of thermally unstable crystalline structure
defects. As a result, the secondary structure will have less high dislocation density but be thermally stable.
Such a structure will perform well at high cutting speeds and not effectively at low speeds. It is known
that the wear of cutting tools can vary within a wide range, proceed by various mechanisms, but in all
cases, it is a consequence of friction. For each tribosystem formation of secondary structures on surfaces
of friction which represent some "third" body carrying out protective functions, limiting distribution of
interaction inside rubbing bodies are characteristic [1]. Formation of secondary structures and wear are
connected with transformations of energy at friction which can be considered from positions of
nonequilibrium thermodynamics and self-organization. At the same time, the problem of selecting
contacting materials that are capable of adapting (adapting) to each other in the process of mutual
movement, providing entropy reduction on friction surfaces, and increasing their wear resistance under
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the adopted lubricating medium (or absence of lubrication) and a given friction mode comes to the fore.
At present in mechanical engineering cutting tool materials and coatings with the predictable adaptation
of friction surfaces have not yet found noticeable application, meaning the ability of friction pair "tool -
workpiece " in given conditions of cutting to adapt to external influences with reduction of wear intensity
due to formation of secondary structures on contact surfaces with minimum entropy production [1]. The
reason for this is the insufficient study of the structural-phase adaptation of the near-surface layers of
contacting tools and machining materials, considering the passage of nonequilibrium processes and the
interaction of irreversible processes during metal cutting friction, which complicates the practical use of
this phenomenon to improve the wear resistance of cutting tools.

Conclusion

1. The results of the research on the state of the problem of metal-cutting tools wear in the
conditions of machine-building enterprises of the Republic of Kazakhstan showed that metal-cutting tools
do not always endure the durability period according to the standards and are exposed to premature
wear of cutting edges, breakage and chipping. The solution to this problem is the use of a resource-saving,
affordable method of increasing the wear resistance of the working surfaces of metal-cutting tools by pre-
treatment.

2. Based on the analysis of the results of earlier work, it was found that the optimal pre-treatment
modes should correspond to the condition of forming secondary contact structures with an increased
density of crystalline structure defects capable of preserving their structure at high process temperatures.

3. The optimal variant of self-organization or structural adaptability is the process of formation of
secondary contact structures with strength properties tangibly exceeding the initial one. This
phenomenon is the result of complex physical-chemical and mechano-emissive processes accompanying
friction during cutting and is manifested within a relatively narrow framework of frictional contact
functioning.
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A.A. Caruros, K.T. lllepos, I'M. Tycynn6ekosa
C. Ceiipyarun amoindaeor Kasax azpomextuxarot yruusepcumemi, Acmarna, Kasaxcman

Metaaa xecynii KypaaabiH TO3yFa TO3iMAiairi XaHe Kecy Ke3iHae KalTadaMa >KaHaCyIIIbl
KYpPbLABIMAAPABIH Ty3iayi

Anpaatma. bya makasaga Kasakcran Pecriybankacer Kasakcran Pecriybamkacer Friabiv skoHe
>KOFapbl 0iaiM MUHUCTPAIriHiH FhLABIM KOMUTeTI Kap>KbLAaHABIPATLIH 3epTTey HOTUKeAepi KeATipiareH
(NeAP14972884 «blckplaan KaAbIIITacTBIPy 94iciMeH MeTaaa KecKilll KypaadapAblH TO3yFa TO3IMALAITIH
apTTeIpy» rpanThl). Kasaxcran Pecriybankaceiaeiy (KP) MammHa >xacay KocimopbIHAapHI KaFAaifbIHAAQ
MeTaal KeCylli KypaajapAblH TO3y MocCeAeciHiH >Kal-Kyli 3eprreaai. Merasa keceriH Kypaazap
9pJ4aiibIM HOpMaTUBTepre ColiKeC TO3IMAIAIK Ke3eHIH caKTall OepMeITiHi KoHe KeCy >KUeKTepiHiH
Mep3iMiHeH OYpBIH TO3ybIHa, CBIHYBIHA >KoHe JKBIpAIIBIK ITaiiga 00AybIHA YIITBIPAMTHIHBI aHBIKTAAABI.
Congaii-ak, MeTaaa KecyIli KypaaAapAblH TO3yFa Te3iMJiairiHe acep eTeTiH (pakTopaap >KoHe 0aapAbl
apTTHIPyABIH Oap Taciagepi seprreasi. OTaHABIK MalllMHa JKacay KoCiIOpPBIHAAPHI KaFlallbIHAA MeTaall
KecyIlli KypaajapAblH TO3yFa TO3iMAiAiri MeH Te3iMAIAITiH apTTHIPY YIIiH MeTaAa Kecylli KypaadapAbl
aAAbIH ada BICKbLAAIl KaABIITACTBIPY 9AiCi YChIHBIAaABl. ByphiH OpbBIHAaAFaH >KYMBICTapAbl Taajay
HOTIKeAepi OONMBIHIA KypaaAblH >KYMBIC OeTTepiHge KailTadaMa KYPBLABIMAApPABIH KaAbIIITacybl
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3epTTeaai, 6ya ipreai 3aHABLABIK KOPiHiCcTepiHiH Oipi — KYPBIABIMABIK OeltiMaeay.

KiaTTi ce3aep: Te3iMaiaiK Ke3eHi, KecKilll KypaAAblH TO3y¥a TO3iMAiAiri, aaAbH-ada BICKbLAAII
KaABIIITaCTBIPy 94ici, KailTadama OaliAaHBIC KYPBIABIMBI, KYPBIABIMABIK OeifiMaeay, OpHaaacy
TBIFBI3ABIFDL.

A.A. Caruros, K.T. lllepos, I'M. TycyriOekosa
Kasaxcxuu azpomexnuveckutt ynusepcumem um. C. Ceudyrruna, Acmara, Kasaxcman

M3HOCOCTOMKOCTD MeTaaA0pexXylmero MHCTpyMeHTa " OGPaSOBaHI/Ie BTOPMYHBIX
KOHTAKTHBIX CTPYKTYP IIpUM pe3aHnn

Aunorammsa. B gaHHOI cTaTbhe NPUBOAATCSA pe3yAbTaThl McCAeA0BaHMUs, (PUHAHCUPYEMOIO
Komurerom Hayku Munncrepcrsa Hayku u BeIciiero oopasosanmsa PecnyOamku Kasaxcran (rpaHT
NoAP14972884  «lloBblmieHne  M3HOCOCTOMKOCTU — METAAAOPEeXYIIMX MHCTPYMEHTOB — MeTOAOM
HpUpadOTKI»).

VccaepoBano coctosHMe IpoOJeMbl M3HOCA MeTaAAOpPEeXYIIMX MHCTPYMEHTOB B YCAOBMAX
MaIIHOCTPOUTeAbHBIX Ipeanpusatuii Peciybankn Kasaxcran (PK). BorsiBaeHo, uto metaasopexyiue
VHCTPYMEHTBI He BCerda BBIACP>KUBAIOT II€PUOJ CTOMKOCTM COrAacHO HOpMAaTUBaM U MOABEPTalOTCs
IpeXXAeBpeMeHHOMY M3HAIIMBAaHUIO PeXYIINX KPOMOK, IOAOMKe M cKodaM. Takke Mccae]OBaHbI
({axkTOpBI, BAMAIOIINE Ha M3HOCOCTOMKOCTh MeTaAAOPEeXYIIUX MHCTPYMEHTOB, M CYIIeCTBYIOIIe
CIOCOOBI MX TIOBBIINIEHUA. /As TIOBBIINIEHNs WM3HOCOCTOMKOCTM M CTOMKOCTM MeTaAA0PesKyIINX
VMHCTPYMEHTOB B YCAOBMSX OTe4eCTBEHHBIX MaIlIMHOCTPOUTEABHBIX IIpeATTpUATIUIN
MaIllHOCTPOUTEABHBIX ~ IPOM3BOACTB  IIpejJaraeTcsa MeTo4 — IIpeABapUTEeAbHON  IpupabOTKM
MeTaAA0peXyIuX MHCTpyMeHTOoB. [lo pesyabTaram aHaamsa paHee BBIITOAHEHHBIX pabOT 1CCAe40BaHO
dopMmpoBaHIe BTOPUYHBIX CTPYKTYP Ha paOdO4MX ITOBEPXHOCTSIX MHCTPYMEHTa, KOTOPOe SBASeTC
OAHUM 13 IIpOsABAeHNIT PyHAaMeHTaAbHOM 3aKOHOMEPHOCTU — CTPYKTYPHOI IIPUCIIOCabAMBaeMOCTHA.

Karouesbie caoBa: 1mepmoj CTOMKOCTM, M3HOCOCTOMKOCTh PEXYIIEro MHCTPYMEHTa, METOA
rpeABapuTeAbHON pupabOTKH, BTOpMYHas KOHTaKTHas CTPYKTYPpa, CTPYKTypHas
IIPUCIIOCa0AMBa@MOCTh, ILAOTHOCTD AMICAOKAIIUIA
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CybIK Xafgariga )KaHacy-Iapiiay aKkayJAapbl Haiiga 00AraH Ke3je peabCTi
Oy3y MexaHIKAacCbIH 3epTTey

Anpaatna. JKoaga XyMBIC icTeTeH Ke3ge peabcTep apTypAai KyKreMeaepaid (KyIi,
TeMIlepatypa, aTtMocdepaablK) OipaeckeH ocepiHe YINBIpalAbl, OJAapABIH dcepiHeH
peAabCTi MeTaaaa KypAeAi >koHe o4eTTe ©3apa OallaaHBICTHI ITpOLIecTep JKypei: MeTaaAblH
I1AaCTUKaABIK depopMaIiuschl, OacThIH ChIpFaHay OeTiHAeri 9pTypAi OY3YIIBLABIKTapABIH
AaMmysl. CyBIK >Kargaiiga OeTKi 3aKkbIMAaHyAapAbIH I1arida OOAYEI KoHe 0AapAbIH AaMYHI,
KOHTaKTidl IapIlayAblH iIIKi akayJapbiHbBIH JdaMybl. MyHbIH 0api peancrepain
KBI3METTIK KacueTTepiHAe aiiTapAbIKTall e3repicrepre akeaedi. Makadaga apTyp4i Tepic
Temreparypaga (-20°-gan -60°-ka AeJfiH)>KbLAXKBIMAABl KYPaMHBIH KO3FaAbICHl Ke3iHae
IIIeKCi3 ITAacTMHAAAFBI JKaphIKIIIaKThIH JKOFapFbl 00 iriHAe cepIiMAi KepHeyepAiH naiida
0oay cebemntepi KapacTelpblaaabl. JKyprisiareH seprTreyaep HOTIDKeCiHAe peAbCTePAiH
OacpIHAAFBl aKaylapAbl KaaAIllblHa KeATipy Tociadepi aHBIKTaaAwl, Oya akayaapsl Oap
peancTepai naiigaaaHyAbl KaAFacTRIPY TypaAbl MaceAeHi KeTepyre MyMKiHAIK Oepai.
Tyiin ce3aep: TeMeH TeMIlepaTypa, peAbCTep, aKay, OOMABIK >KapBIKIIAK, OJBIK,
Imapiay 0aiiaaHbIC aKaysl.

DOI: doi.org/10.32523/2616-7263-2022-141-4-98-104

Kipicne

Peabcrep >KOAABIH >KOFap¥bl KYPBLABIMBIHBIH €H >KayaIlThl >KoHe KbIMOaT DAeMeHTi OOABII
TabbLaaAbI. BipiHIi KAacTsI >KeAiaepAiH aFbIHCBI3 JKoHe OYBIHABIK K0A4aphIHAarsl P65 TuIITi peancrepain
HOPMAaTUBTIK KbI3MeT Mepsimi Tuicinme 700-600 man. T OpyTTO Kypaiasnl [5]. Peancrepain >kanacy-
Imapiiay OepikTiri peabcrepaid chIpraHay OeTiHAe >KaHacy-llIapIllay 3aKbIMJaHyJAapAblH Taiija
D0aybIMeH >KoHe JaMybIMeH OailAaHbICTHI [6].

CymIKk XaFgaliga >KoaAJa IaligadaHy Ke3iHAe peabCTep opTypAai >KyKTeMmeadepaiH (KYILTIK,
TeMIlepaTypaAblK, aTrMocdepaablk) OipaeckeH ocepiHe YIIBIPaMTBIHBI OeAridi, oaapAblH acepiHeH
peancTik MeTaaga KypAeai >KoHe, ogeTTe, e3apa OalldaHBICTBI IIpoOIleCcTep >KYpedi: MeTaaAblH
I11acTUKaABIK JAedpopManschl, OacTblH ChlpraHay OeTiHAe ap Typai Teric eMecTikTiH AamMybl, OeTTik
3aKbIMAAHYABIH ITaiiga 00Aybl XKoHe OJapAblH AaMybl, Tyllicreai-IIapiiay TekTec iIlIKi akayaapAblH
Aamysl [1]. OcbIHBIH OapABIFBI peAbCTepAiH KBI3METTIK KaceTTepiHiH aliTapABIKTall e3repyiHe okeaeai.
Mpsicaasr, peancrepmen 100 MAH. TOHHaFa >KyBIK OpYyTTO OTKEHHEH KeiliH OacCTBIH >KBLAKBIMAAbI
KYpaMHBIH JAOHFadaKTapbIMeH TYMicy aliMarblHAa OacThIH JKYMBIC iCTEMTIH >KeKedereH >KepaAepiHae
«Kapa JakTap» Iaiiga 0oaa Oacraiigbl, OMBIKTap Ilaiiga 00Aaabl, peAbCTepAiH YIIbIHAA MeTaada
IaBIABII, 00s4a4bl, KeKe TOAKBIHABI TeTic emec maija 0oaaanl. bac MeTaaapH OeTki KaOaTHIHAAFBI
KarcelpMa TOHHaXKABIH JKYMBIC icTeyiHe Kapaii ecedi. Koaga ©Ooapln >KaTKaH HpolecTepAiH
HOTVKeCiHAe OJaH opi nalijalaHy KediHge akaylap OOMBIHIIA peAbCTePAIH JKeKe IIBIFYBl YAFasabl, 04
HOPMAaTMBTIK TOHHa>KABI OTKi3y yaKBIThIHA Kapaii 6 IIIT./KM >KOAFa >KeTyi MyMKiH [1].

KenTeren sKcreprMEHTTIK JXYMBICTap >KoHe CBIPTKBI YMKeAiC Typaabl TEOPUAABIK TYCiHIKTEp
yiiKedic — AeHeAepAiH  YCTiHII KeaemiHAze 0o04aThIH — CepIIiHAI-IIAACTUKAABIK — AedOpMaliyisTHbI
KapacTelpyMeH OaiiaaHbICTH [2]. dedpopmarmist CBIPTKHI yiiKeaicTiH eTyiHe ceOerrrti 0oAaThIH Herisri
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rpotecc 0045l TaObL1aAbL. JdedpopMariyist HaKThl OaliaaHbIC alaHBIHBIH ©3TepyiHe, pU3MKaABIK OeaepaiH
AaMyblHa oKeJeai, YIiKeaAic KyIITepiHiH KaAblTacyblHa IIeINyIIi acep eTeTiH OipkaTap TyBIHABI
KYOBLABICTapABI - TO3y M€H 3aKbIMAaHYABI TYFBI3aABL.

3epTTey agicTremeci

Kykrey kesinge  yAriHiH oOpTallladaHFaH  KacueTTepiH  eckepeTiH  OepiKTik  IleH
I1AaCTUKAABIABIKTBIH ~ >KaAlbl  KaOblaJdaHFaH  CUIIaTTaMadapblHaH  aibIPMAaIBLABIFE,  Oy3blay
MeXaHMKaChIHBIH KpUTepuiiaepi MaTepuaaAblH KepridikTi KacueTrepiH (kapbIKTap (ppOHTEI OONbIHINIA
opTalllalaHFaH) ecKepe/i >KoHe >KapBIKTBIH IIIbIHBIHAAFBI KepHeYy OpiciH Taa4ay HerisiHAe ChIHAap Kupayra
KOIIly IapTTapbiH Oeariaeriai. JKaamsl >Karjaiiga IIeKci3 IAacTMHaa¥Fbl >KapBIKTHIH IIBIHBI Ke3iHAeri
ceprimai kepHey epicTepiH keaeci popmyaa apKbLAbl TabOyFa 001aAbI

i = K;2nr)™%*f;; (9) €]

Kaiiaa Ki, - KepHey KapKbIHABLABIFBIHBIH KOD(PPUITMEHTI >KoHe OHBIH IITaMachl >KapBIKTBIH IITBIHBI Ke3iHAeTi
KepHey ©piciH TOABIK MeArepAe aHbIKTanAbl, Ki=o(1b)%°. KuchIK-TiK ©A11eMHiH >KapbIFbIHA JKETKEH CITTe
y3y >KoabIMeH Oealexkrepre kupay KkesiHge Ki moni (K) Hemece TYTKBIp KHupay Ke3iHAe >KasbIK
Aedpopmanus JKarAaibIHAAFbl KepHeY KapKbIHABLABIFBIHBIH CBIHAAPABI KOO PUITMEeHTi 60ABIIT TaObLAaABI.

Bya perTe >KapbIKTHIH IIBIHBIHAH I' KAIIBIKTHIKTAa OpHalacKaH >KoHe OHBIH >Ka3bIKTHIFbI 0 Oy phII
KypaitTeiH dxdy naacTmHaceIHBIH DAeMeHTi KoajaHbIcTa 604aabl. barbIThIHA 9peKeT eTeTiH KoHe TUICTi
KepHey T X. [11aCTMHaHbIH (0eAllleKTepaiH HeMece yATiAepAiH, MbICAaAbl, peAbC CUAKTDI) XKeTKIAIKTi yAKeH
KaABIHABIFBI ~ Ke3iHAe Oy3bldy KasplK JedopManus — KafdailbiHga 004adbl,  [11aCTUKAABIK
AedpopMallMsIHBIH aFy Mporeci OapblHIIa OacbL1adbl KoHe CO3BLAaTBIH KepHeyAepAiH acepiHeH (y3iay)
004aTbIH ChIHAP Oy3bLAy HOTUIKeCiHAe I1AaCTMHAHBIH Y3BIHABIFBIHA IePIeHAUKYASIpP >KaAIlak ChIHBIK
rnanaa 0o4aAbl.

Kepney xapKbHABLABIFBI KO9pPuimenTi yirin (1) epHeri 1mekci3 rnaacruya ymris oaia. HaxTsr
Karjaliaap MeH OeallleKTep VIIIiH f Ty3eTy ITapaMeTpi eHrisiaeai. mapameTpaep KaTapblH (Y3bIHABIFD, €Hi
>KoHe T.0.) ecKepeTiH.

Kepney KapKbIHABLABIFBIHBIH KO3 uimenTi Ki, erep 111acTuKaAblK aliMak, >KapbIKThIH IIbIHBIHBIH
MaHbIHAa a3 00/1ca, ©3iHiH MoHIH caKTallAbl.

IInkaaik XyKTeMe HoAJeH Kellip Ilamara AelliH e3repreH Kedje KepHey KapKbIHABLABIFBIHBIH
k0»(PuIMenHTi MbIHalall apaablKTa ©3repeai:

AK = Kmax — Knin (2)
IInkaaik XykTey KesiHge Oip IMKAAe >KapBIKTBIH TapaAybl (JKapbIKTBIH >KBLAKYBIHBIH COK-

POCTBIFBI) KepHey KapKbIHABLABIFBIHBIH ©3repy aMILANTYAacblHAa OalflaHBICTHI IIaMackl  Oap,
CaABICTBIpMaAbl Typae 494 Ilapuc TeHaeyiMeH aHbIKTaaaas! [1]:

db C(AK)H (3
dN )
db 4
—_— =V
dN (

MYHAAFBI V - IIIapIllaFaH JKaphIKThIH 6CY >KbLAAaM ABIFBI;

db - >KapBIKTHIH Y3BIHABIFBIHBIH OCYi;
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dN - >xykreMe nmukaepiHiy Oip HeMece OipIrtaMa OeArii caHbl;
C, n- MmaTepnaa MeH XXYJieHiH TypaKThl OOABIII eceNTeAeTiH [TapameTpaep
KYKTeMe.

AK = (Ao)/bf (5)

MyHaa Ao - KepHeyAepaiH e3repy aMILAUTYAAchl.

JKappIKTHIH Tapaay >KblAAaMABIFbI OHBIH ©CyiHe Kapail KUCBIKTapAbIH KoA0eyiHeH aHbIKTalalbl.
AK 1m1aMacelH apaKaTbIHaCTaH THUIiCTi b MaHAl KOIO Ke3iHAe aHbIKTay¥a 00aaapl. 10-cyperre, AKHiH db/dN
TayeaAaiairi AorapudmMaik KoopanHaTalapaa OeliHeAeHIeH, YAKeH aMIUANTyalap KesiHJe naija 6oaraH
KepHey e3repicrepi OipiHImi skcrepuMeHTTiH OacbiHAa AK >KoHe yAKeH MoHAepiHe colikec KeleTiHi
KOpiHeAl; eKiHIII ®KCIIepUMeHTTIH HaTwKeaepi (AK >xoHe db/dN ximii 1mamaaaper) OipiHrmi
JKaraalijarbijai yakeH MaHgepre (la skeHe 10 cypeT KUCBHIFBIHAAFBI HYKTeAep) >KeTy apKblAbl Ja OCbI
KUCBIKKa Tyceai. AK -HbIH Oipaeir Oiayi kesiHae OipiHImi cblHaKTa Ja (Killli >KapBIKIIAK SKoHe YAKeH
KepHey), eKiHII cbhlHaKTa JAa (y3hIH >KapbIKIIaK >KoHe INarblH KepHey) >KapbIKTBIH Tapaady
JKbIAAaMABIFBIHAA €IIKaHAAl allbIPMaIIbIABIK JKOK eKeHi aHBIK,.

Ocpuaarma, Ilapmx (3) TeHAeyl >KapBIKTBIH ©CYy KapKBIHBIHBIH KeIITereH ChIHaKTapbIHBIH
HOTIDKeAepiH >KaAllbldayFa >KoHe oOJapAbl opTypAi TeMmeH TeMmIlepaTypadapda AorapupMaik
KoopAMHaTTapaa Oip KMUCHIK TypiHAe KepceTyre MYMKiHAIK Oepeai: AK KepHeyAiH KapKbIHABLABIK
KOO(PPUIIMEHTI, >XKoHe >KapBIKThIH Tapaady >KblAAaMABIFRLOPTYpai Marepmaajap ymiH C >keHe n
KO9(PPUIIMEHTTepiHiH MaHAepi KeH IleKTepAe aybITKUABL.

ITapuc Tenaeyiniy rpaduri [5] db/dN=fF S popmaabl KMCBIK CBI3BIK H bICAaHBIHAA 001aAbI >KoHe 9P
TypAi keabey ydackeaepaeH Typaasl (16 cyper): miapiaraH >KapbIKTBIH TapaAyblHBIH Oactaaysl (Kj),
OHBIH 6Cy >KBLAAaMABIFBIHBIH Oipmiama Oastyaaysl (Kp), K, — K, yJackeciHae >KapBIKTBIH TapaAybIHBIH
KBIAJAMABIFBI, TY3Yy-Ty3y ToyeaAAiriHe >KakblH K, -4eH KelliH; - IIapIlaraH >KapBIKTBIH ©cCy
JKbIAAAMABIFBIHBIH OAaH 9pi KblAJAMABIFBI, ad OA ChIHU eAllleMre >KeTKeH Kesge (db/dN xaTpIHachl
IIeKCi3aiKKke aliHaAaAbl) 0©AIIeKTiH OY3bLAYbI OPBIH a1aAbl, OChI COTTE KepHeyAiH MHTeHCUBTiAiri MoHiHe

xereai K
&
a BVl lewn)
ABret ‘
a=120M/A
[
f
2 ] 7 =
/
|
f
O-e:=80MIa .
2 jl / F D/
/
o/0
— v 1/.“ 5 &K ¥
7 7 a7 44 BT 7 62 24 i

a) >JKapBIKTapABIH ©CYy KMCBIKTaphl; 0) oMipIIeHAiK grarpaMMachr
Cyper 1. CynIk Xaraariaa (-20°TaH -60°)mapinay >KapbIKTapbIHLIH Tapaaybl

Korapriga GasiHAaAFaH 3aHABIABIK, OOAIIEKTIH KaAAbIK OepiKTiri IO3MIIMACHIHAH TYCiHAipiayi
MYMKiH (2-cyper).

Kaprpikinak maiiga OoaraH >KoHe ©CKeH Ke3Je OHBIH KOHCTPYKIMAHBIH OacTalKbl (€CemnTik)
OepikTirin keOipek TeMeHAeTeTiH MipiMinTep: Oeariai Oip Ke3eHHeH KelliH OepiKTiri COHINAABIKTHI
a3asAbl, KOHCTPYKUM (O0A11eK) acep eTKeH Ke3ae Oy3blAybl MyMKiH SIIM30ATBHIK KOFaphl XKyKTeMeaepre
IIbl4all aaMainAbl (2-cyperreri A HyKreci). MyHaall Ke34eliCOK >KOFaphl XXyKTemeaep Oo/AMaraH Ke3Je
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JKapBIKIIaK ~©cCyiH >KaAFacThIpaAbl, KOHCTPYKIIVMSHBIH KaAABIK —OepikTiriHig Oearrek >KYMBIC
DKeNyAANUAABIK JXyKTeMeaep KediHAe Oy3blAaTBIH AeHTelire AeliiH o4aH api TeMeHAeyiH Tyabipaas (B
HYKTeci).

I-kaawmmrTer Xymbic )XykTemeci; II - 6y3piaysr siktmaa, 111 - Kupay; a- KaTTBIABIK ecenTey, A- KYyTiaeTiH eH
JKOFaphl XYKTeMe; b - mmarigasany xykremeaepi.
Cyper 2. Kaaawix 6epikTikTiH o3repy cxemacs! (P)>kapBIKTBIH Oy3b1AYHI Ke3iHeri 6oammexTep.

JKapbIKTHIH ©Cy KbladaMAbIFbl K; KepHeyAiH KapKbIHABLABIFbI KOD(MQUIMEHTIHiH ITaMacbiMeH
aHpIKTasaapl: K MoHiHe AeiliH >KyKTeAreH Oealek OipaeH Oysblaaabl: 9pTypAi KepHeyaepre AeiiiH
JKYKTeAreH Oipaelt OeariekTep (ap TypAi OacTamnkbl K) opTypAi yaKbITTaH KeifiH Oy3biaaast (P K1chIFs! 2-
cypert), K mekri moninen kimi K mMaHiHe aeltiHri KpI3AbIpY OealekTepi Oy3blaMaligbl ©Te y3akK yaKbIT
Oo1ipl. KepHeyain MHTeH-cUBTiAIK KODPPUIIMEHTiHIH IIeKTi MaHi >KoHe >KapBIKThIH ©Cy KbLA4aMABIFbI
MaTepuaafa, KopIllafaH OpTaHBbIH >KafrjaliblHa OallaaHBICTHI (MBICAAbl, KOPPO3MUAABIK >KapbIKTapAbIH
AaMyBbl)

A
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Cyper 3. bealnek cbIHFaHFa JeVliHTi IIMKadap caHBIHBIH K; 6acTankbl MaHiHe Tayeadiairi (N)
KopsITBIHABI

CaarpicThIpMaanl IaiijadaHy >KardaiidapblHAa, Oipak KaAMMaThl opTypai OoaraH >Karjaiiga
PeAaBCTiK epMeaepAiH YAeCTiK icTeH IIBIFYHI (4aHa/MAH T OPYTTO) peabcTepAeri eayip yAkeH (~1,5 ece)
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Oolibl CO3bLAATBIH KYIITEPAIH HEFypAbIM y3ak KeseHinge (~1,6 ece) 30-40% >xorapbl 0OAybI MYMKiH.
Peabcrik m1aeTTiH eki HycKachl KapacToIpblaabl: -20 >xeHe -60 ° C reMmniepartypaga >xoHe 800 >xane 1600 xH
OoiiabIK Kymrtepae. Ecertey kepceTkeHAel, >KOAABI JKYKTeyAiH oprTallla >KafgaiidapbiHa ToH 160-180
MlIIa peabcrepaeri esre de TeH >Kargaiidap MeH KepHey KesiHde 11 akayawiH cbiHM aygansl -20 © C
TeMmIieparypada 6-9% -ra >xoHe -60 ° C keszinge 10-13% -ra TomeHaeiAi.

Ocplaarima, OipiHmnigeH, Kelbip Jopexese opTypAai ¢aKkTropaapAblH >KapBIKTapABIH CHIHI
aJzaHbIHA 9CepiH ecKepyre, SIFHU OYAiHIeH peAbCTepAiH >KYMBICBIH OakbLiayfa Ooaaabl. EkiHImigeH,
KOHCTPYKIMAABIK OepikTik Ilapamerpaepi OONbIHINNA, €H alAbIMEH >KapblKKa Te3iMAiairi OoIbIHIIA
Kasipri 3aMaHFBl peabcTepaiH Oeariai Oip Kopsl Oap, Oya akayaapsl Oap peabcTepai maiigadaHyAbl
>Ka/AFacCTBIPY TypaAbl MaceleHi KeTepyre MyMKiHAIK Oepeai.

Tyiticriec >K0AABIH Y3BIHABIFBI apThHII Keadeai. Aaaliga, OypbIH arall eTiAreHAel, peAbCTiK
epMeaepJe TeMIlepaTypaHBIH ©3TepyiHeH TYBIHAAQUTBIH e4ayip OOMABIK KYII-Kirep >KYMBIC icTeliai.
bexiTy TemmnepaTrypachbIMeH caAbBICTBIpFaHAa OHBIH >KOFapblaaybl Ke3iHAe >KOAABIH IIbIFybIHa oKeAyi
MYMKiH OONABIK KbICYy KYIITepi, aa TeMIlepaTypa TOMeHJereH Ke3jle peAbCTepAiH CBIHYBIH TYABIPYBI
MYMKiH cO3y KyIITepi naiga 001a4pl.

CongpIKkTaH OOIABIK IIapIay KapbIKTaphl Oap peAbCTiH KoA4eHeH KMMachIH Ky el Ty MaHbI3AbL.
bya mapa Oacrarpl wmiarimm cosy kepueyaepin 30% -ra JeitiH asaliTyra, >KapBIKTapAblH AaMYbIH
OoceHaeTyTe, 0OAapAbIH CHIHM ©AIIeMiH peabc OachiHbIH 60-80% -Fa AeifiH yAraiiTyra >KeHe CTaTUKAAbIK,
JKYKTeMe KesiHge Oy3aThIH )KyKTeMeHi 1,5-2,0 ecere apTThIpyra MyMKiHAIK Oepeai. JKaricelpmara aapiHFaH
11 akayn Dap peabCTiK ©pMeaepAiH >KYMBICH Ke3iHAeri KO3FaaAbIC KayillCi3Airi, coHAali-aK, peabcTep
TO/AaCChI3 ChIHFaH JKafjaliga epMeK YIITapbhIHBIH KOA/AeHeH BIFBICYBIH 0044bIpMay apKblAbl KaMTaMachl3
eTiaeai. PeancTik epMesepai KaAnblHa KeATipy YIIIH «Tepe3e» YaKbIThl aliTapABIKTall TOMeHALNA].
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Espasuiickuii nayuonaronvui ynusepcumem umenu A.H. I'ymuresa, Acmana, Kasaxcman

Nccaeaposanme MexaHMKU pa3spylieHNs peabca TPy BOSHUKHOBEHNI KOHTaKTO-
YCTaAOCTHBIX 4e(PeKTOB B XOA0AHBIX YCAOBMSIX

Annoramms. [Ipu skcnayaranyum B IyTH PeAbChbl IOABEPralOTCsl COBMECTHOMY BO3AeVICTBUIO
Pa3ANIHBIX HATPY30K (CMAOBBIX, TeMITepaTypPHBIX, aTMOCPEPHEIX), 1104, BAUSAHIEM KOTOPBIX B PeAbCOBOM
MeTasle IPOUCXOAAT CAOXKHBIE M, KaK IIPaBUAO, B3aMMOCBS3aHHBIE IIPOLIECCH: I1AaCTUYeCcKas
Aedpopmanus MeTaslda, pa3sBUTIE Pa3ANIHOTO BlJa HEPOBHOCTEN Ha ITOBEPXHOCTV KaTaHMS TOAOBKI.

102 Ne 4(141)/2022 A.H. Tymunres amuintdazor EYY Xadapuvicor. Texnuxarvis 2biAblm0ap xate mexHoAOUSAAP Cepusichl
ISSN: 2616-7263, eISSN: 2663-1261



B.b.Tozus0aesn, A.b. 3a0uesa, A.A. Kapaxanos, XK.P. AAunbOaes

BosHIKHOBeHIE ITOBEPXHOCTHBIX IIOBPEXXAEHUII M UX pas3BUTHe, pa3BUTHe BHYTPEHHNUX Je(eKTOB
KOHTAKTHO-YCTaAOCTHOTO ITPOMCXOXKAEHNMS — BCe DTO IPUBOAUT K CYIIIECTBEHHBIM W3MeHEeHIIM
CAy>KeOHBIX CBOJICTB peAbCOB. B cTaThe paccMOTpeHBI MPUYNMHBI BO3HUKHOBEHIS YIIPYTUX HaIIPSIKeHUI
IIpY BepIIVHe TPeIVHbI B OeCKOHEYHON ILAacTMHE BO BpeMs ABVIKEHNS IOABVMIKHOTO cocTaBa. B
pesyabTaTe IIPOBEAEHHBIX MCCAEAOBAHMII OBIAM BBIABAEHBI CIIOCOOBI BOCCTAaHOBAEHUSA Ae(eKTOB B
rOAOBKaX PeAbCOB, YTO ITO3BOAMAO IIOAHATH BOIPOC O IPOAOAKEHMM DKCILAyaTalluil pPeAbCoB C
Aedpexramu.

KaroueBbie caoBa: peanchl, AedeKT, IIpOJOAbHasl TpelluHa, BbIIepOMHA, YCTaAOCTHBIN
KOHTaKTHBIN AeeKT.

B. Togizbayeva, A. Zabieva, A. Karazhanov, Zh. Alipbayev
L.N. Gumilyov Eurasian National University, Astana, Kazakhstan

Investigation of the mechanics of rail failure in the event of contact fatigue defects in cold
conditions

Abstract. During operation in transit, rails are exposed to the combined effects of various loads
(power, temperature, atmospheric), under the influence of which complex and usually interrelated
processes occur in the rail metal: plastic deformation of metal, the development of various types of
irregularities on the surface of the rolling head. The occurrence of surface injuries and their development,
the development of internal defects of contact fatigue origin. All this leads to significant changes in the
service properties of the rails. The article discusses the causes of elastic stresses at the crack tip in an
infinite plate during the movement of rolling stock. As a result of the conducted research, there were
identified methods of repairing defects in the rail heads, which allowed raising the issue of continuing
operation of rails with defects.

Key words: rails, defect, longitudinal crack, gouge, fatigue contact defect.
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IIndposble cepBuchbl YHMBepCcUTeTa: MOOMAbHOe ITpnaoxeHne «Smart. ENU»

Annoranms. B Espasuiickom HanumonaabHOM yHusepcutere mMenm /.H. I'ymmaesa
yrepxdena «Konmenmus mmgposoir skocuctemsr Ha 2021-2025 roasr», coraacHo
KOTOPOI1 ITIODTAITHO OCYIIeCTBAsIeTCs HM(POBU3AI ¥ ONTUMM3aLsI O13HeC-IIpOIleccoB
YHuBepcuTeTa IO BCeM HaIlpaBAeHMSM JesATeAbHOCTH. COraacHO KOHIEIILMM Bce
cyIecTByIomye MHPOpPMaIMIOHHbIE CICTEMBI YHMBEPCUTETa MHTETPUPOBAHEI B € AVHYIO
maatpopmy Smart.ENU aa1 OGesmpenArcTBeHHOro oOMeHa JaHHBIMU — MeXAY
MHQPOPMAIIMOHHEIMI ~ CCTeMaMl. B cTaTbe ommcaHa MeTOAOAOTUA —Pa3pabOTKM
IQpPOBEIX CepBMCOB YHUBEpCUTeTa, Ha TIpuMepe MOOWMABHOTO IPUAOXKEHVS
«Smart.ENU». B kauecTBe MeTOA0B 1CCA€A0BaHUS IIPUMEHSIOTC pOpMalbHbIe METOABI
MOAeAUpOBaHMS  MH(POPMAIIMOHHBIX cucreM, nocrpoenne UML-auarpamm,
NpPOTOTUIIMPOBAHME, KOHIIENTyalbHOe I JAOTMYeCKOe MOJAeAUpOBaHMe Ou3Hec-
rporieccoB. MoouasHoe nipuaoxenne Smart. ENU npeanasHaueHO 4451 0Oydalommxcs,
IITIC, pykosoacTBa M CTPYKTYPHBIX IIOApasjedeHMil YHUBepcuTeTa. YHMKaAbHOCTh
MIPUAOKEHNS 3aKAIOUaeTcsl B Hanbo.lee IT0AHOM QYHKIIMOHale, HO 6e3 Ay0AMpoBaHMs
¢yukumit CucreMsl ypasAeHUs oOydeHIeM.

Karouesble ca0Ba: MOONM/ABHOE IPUAOXKEHME, YMHBIE U POBLIe CepBICH, (pOpMaabHbIe
MeTOABl MOAeAUpOBaHMS MHQPOPMAIIMOHHBIX CUCTEM, AMarpaMMa IIpeleHAeHTOB,
IPOTOTUNMPOBaHIe, MOAeApOoBaHIe OM3HeC-IIPOLIeCCOB.

DOI: doi.org/10.32523/2616-7263-2022-141-4-105-115

BBeaenne

Eppasuiicknii HanmoHaabpHbI yHUBepcuter nmenu /A.H. I'ymmaesa — Beaymiuii yHusepcureT
Kazaxcrana. Ilo pesyapraram 2022 roga Halll yHUBePCUTET B O4€pPeAHON pa3 IPOABUHYACA B MUPOBOM
pelituHre By3oB QS. YHUBepCHUTeT 3a rog IoAHsAACA ¢ 328-11 cTpOUKM Ha 277 MecCTO U BIIepBble BOllea B
TOI-300 ayummx By3os mupa [1].

B cymiecTByrommx KOHKYPEHTHBIX YCAOBMSAX M Kpuauce, BhizBaHHOM IaHgzemmert Covid 19,
YHUBEPCUTET CTPEMUTCS yAydllaTh IIpejJaraeMblil OIIBIT, YBeAMYUTb CBOM AOXOAbI M COKpPaTUTh
pacxoanl. Briciree oOpaszoBaHme B I1€10M U YHMBEPCUTETH B YACTHOCTU CTAAKUBAIOTCA C CePhE3HBIMU
npobaemMamMy Hpu ajantanuym K nudposoMy oOmjectsy. Ho cama KyabTypa yHMBEpPCUTETOB, UX
YCTOMYMBOCTh, KOHCEPBATMBHOCTD ITOPOXKAAIOT WMHEPLMIO, 3aTPYAHAIOT M3MeHeHMe X OuaHec- U
OIepaIlMOHHBIX MoOJeAeil. AHaAM3 IIOKa3blBaeT, YTO BhICIIlee OOpa3oOBaHMe TOTOBO K IIM(POBOMY
IIPOPBIBY, KOTOPBIN HY>KHO OCYILIECTBAATh CHCTEMHO U II0CA€AO0BaTeAbHO, COXpaH:AsS HaKOILA€HHBbIe
3HaHMA 1 OmIBIT. B pamkax peaansanym Konnenrym nindposort sxkocucremsl EHY nmenn /1.H. I'ymnaesa
gyepes 1¢ppPoBoe pa3BuTHe YHUBEPCUTeTa, 1104 KOTOPBIM IIOHMMAaeTCs ONTUMM3AIN U/MA U3MeHeHe
AOTMKI TIPOIIeCCOB YHUBEpCUTeTa B pe3yAbTaTe BHeApeHMs IM(PPOBLIX TEXHOAOTUI, IIPelyCMOTPeHO
pacmmpenne @ pOBU3aAINN CAEAYIONTUX BIAOB AesATeAbHOCTIA:

- AKageMmyeckas AesATeAbHOCTE;

- Hayunas: aesteapHOCTS;

- MexxayHnapoaHoe cOTpyAHIYECTBO;
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- ConmaabHO-TpakaHCKOe pasBUTHE;

- duHaHCHI, PKOHOMMKA 1 OyXTaATepCcKuil yJeT;

- YrpasaeHne yeaoBedeckMiy pecypcamu [2].

Oanon u3 BaxkHpIx 3adauy Konuennmm ssasercs co3jaHue passuTue IMQPOBBIX CEpPBICOB
YHuusepcurteta. B gaHHOII cTaThe MBI paccMoTpuM MobuasHoe npuaoxkenne «Smart. ENU», cozganHOe
JemnapraMeHTOM IIMPOBOTO pasBUTU U AVICTAaHIIMOHHOTO 00yueHus B 2021 roay [3].

1 3agauy MOOMABHOTO IIPNUAOKEHNS

MobuabHoe nTpuaoXKeHne YHUBEpCUTETa IT03B0AseT pelaTh cAeAyiole 3aadn:

- Inpopmuposanne. /1100011 MoAb30BaTeAb MPUAOXKEHS 40AKEeH UMETh AOCTYII K MH(POpMaI 1
00 YHUBepcuTeTe, HOBOCTSIX, MEPOIIPUATUIX U OOBSIBAEHILIX.

- Ayrentudukanus. IlpnioixkeHne cAy>XUT IPOITyCKOM B YHUBEPCUTET B3aMeH A1000T0 4pyroro
BIAa IIPOITyCKa.

- O0OparHas cBsa3p. ITpuaoxxenne cay>kKut cpeacTBOM 4451 OOpPaTHOM CBS3M.

I'2aBHas 11€4B CO34aHNsA MOOMABHOTO MPUAOXKEHNS - YAYUIIUTh KaueCTBO IMQPOBBIX CePBIICOB,
IpeAOCTaBAseMbIX OOYyJalOIMMCs, MX pacllMpeHre M IIOBbIIIIeHMe KadecTBa OOCAYKMBaHUSA, U,
cAe]0BaTeAbHO, CO3AaHne KOM(POPTHBIX YCAOBUI 4451 BCeX YUaCTHMKOB 0Opa3oBaTeAbHOIO IIpoliecca B
paMKax In¢poBOI HKOCUCTEMBI.

Coszgannoe MobuapHOe npuaoxenne «Smart.ENU» cosgano B 2021 roay 8 EHY Bnepsoie u
o0aajaeT psaoM (PYHKIUIL, KOTOPBIMU He 001a4al0T Ka3axXCTaHCKNe aHaAOTI .

lydiiiye MUpPOBBIE YHMBEPCUTETHl MMEIOT MOOMABHBIE IPUAOXKEeHNs, KOTOpble 3HauMTeAbHO
ITOBBICUAY CBOIO BOCTPeOOBaHHOCTH B Iiepuog naHAemun Covid-19, a K KauecTBy 1 KOAMYECTBY I POBBIX
CepBICOB, OKa3blBaeMBIX MOOMABHBIMU HPUAOKEHUAMY, IPeAbsABAAIOTCI HOBble TpeOOBaHMA.
Hampumep, B peiiTiHre MOOMABHBIX HpuAoxeHnit Appademy Awards MoOMABHBIE PUAOKEHI
PaHXXMPYIOTCSI B paMKax camMoro pasamdHoro ¢yHkiuoHada [4]. Cpeau IpuMAOXKeHUI, KOTOpbIe
00BeAVHAIOT MOAYAM, TIePCOHaXKeil, Typel M / mau aApyrue QYHKIMU AAsd aOUTypUEeHTOB, ocoboe
BHIMaHIe yAeAsIeTCs TBOPYeCTBY.

B kauectse MeTOAOB MccAejOBaHMS IIPUMEHSIOTCS (OpMadbHble METOALI MOAeAMPOBaHM
MHPOPMaAIIMOHHBIX  CUCTeM, AMarpaMMa IIpelleHAeHTOB, IIpOTOTUIIMpOBaHMeE, KOHIleNTyaAbHOE U
A0TMYecKoe MoJeAnpoBaHyie O13HeC-IIPOIIeccos.

2 IToap3oBaTeant MOOMABHOTO nipuaoxenns «Smart. ENU»

Mobunabnoe nnpuaoxenne Smart. ENU npeanasznageno aas odygaromuxcs, [ITIC, pykosoacrsa u
CTPYKTYPHBIX IIOApa3AeAeHnil YHUBepCUTeTa, B HeM IIpeAyCMOTPeHBI cAeAyloniye poau 1 GyHKIMOHAA
110Ab30BaTeelt:

- OOyuarommiics. ITpocMoTp 0ObsABAeHNIT YHMUBepCUTeTa, I0AydeHre yBeAOMAeHNUIT OT
[ITIC, 3aBeayrommux kadeapamyu, AeKaHOB, CTPYKTYPHBIX IIOApa3sAeleHuil, IIPOPeKTOpPOB, peKTopa.
[Togaua oOpamreHmii Ha MMs 3aBeAYIOIIEro, AeKaHa, CTPYKTYPHBIX MOJpa3deAeHNil, IIPOPeKTopa,
PpeKTopa, a TaK>XKe IMy0AMKaIys HOBOCTEIA.

- IIIC. IlpocmoTp OObBsABAeHMII YHUBepCUTeTa, IOAy4YeHue yBeAOMAEHUI  OT
3aBeAyIOIllero, AeKaHa, CTPyKTYPHBIX II0Apa3aeAeHnil, IPOPeKTOPoB, pekropa. Paccblika yBegomaeHMI1
00y4Jarommmcs.

- 3aBeayrommii  Kagegpoii. [IpocmoTp 0OBsABAeHUIT YHMBepCUTETa, IIOAYJeHNe
yBeAOMAEHN OT JeKaHa, CTPYKTYPHBIX IIOApa3jeleHNii, IPOPeKTOpoB, pekropa. Paccpraka
yBeaoMaennit ooyuaromumcs u [ITIC. Popmuposanne oTpeTa Ha 0OpalieHNns OT 0OyJaIOIIXC.
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- Aekan. IlpocMorp o0ObaABAeHMIT YHHUBepcuTeTa, IIOAydeHUe YBeJOMAEHUIl OT
CTPYKTYPHBIX IIOApa3AeAeHnil, IpOpeKTOopoB, pekTopa. Paccrraka yBegomaennit ooydaroriumcs u ITIC.
d®opmuposaHue OTBeTa Ha OOpaIlieHIs OT O0YJaIOIUXCH.

- IIpopextop. IlpocMoTp 0ObsABAeHMII YHMBepcUTeTa, IIOAydeHMe yBeAOMAeHUI
pekropa. Paccrraka ysegomaennit obydaromumcsa u IIIC. @opmuposanne oTBeTta Ha oOpalleHns OT
00yJaIOmIXCs.

- PexTop. [IpocmoTp oObaBaennit YaupepcureTta. PopmupopaHue oTseTa Ha oOpaleHms
OT OOYJaIOIIINXCSL.

- CrpyKTypHBIe 110apasaeaeHmst. Bo3aMOXXHOCTL OTIIPaBAATh YBeAOMACHM: U OTBeYaTh
Ha oOpaleHus o0yJaroIMXxcsl, BBOA AaHHBIX O IIPeACTOSIIINX MePOIIPUATISX.

— VMndopmarmonHbi neHTp. BBoa HOBOCTeI Ha 3 s3BIKAX.

- AeraprTaMeHT II0 COLMaabHOMY M I'Ppa’kKAaHCKOMY pasBuTmio. Bsog nHosocreir Ha 3
SA3bIKaX, MOAepals CTy eHUeCKIX HOBOCTeI .

— Kanneastpust. Moaepans oOpaliieHnii o0yq9aronxcsl.

Paccpraka yBeaoMAeHMIT 0Oy4alONMMCsl BO3MOXKHA depe3 IMOUCK 1o (paMUANY, TPpyIIe, Kypcy,
oOpasoBaTeabHOI Iporpamme, gpakyanrety, Kadeape; [II1C - mo pammann, pakyarrery, Kadespam.

IToao6HOe pa3aeseHne Ha ITOAb30BaTeAell 11 PYHKIIMOHAA IPOAUKTOBAHO PeaAbHON CTPYKTYPOIL
YHuBepcuTeTa U BBIIIOAHAEMBIMU (PYHKIIUMAMHU U B CAydae HeOOXOAMMOCTU MOKeT OBITh M3MeHEeHO
COTZacHO 3aIIpOCcaM.

3 IIpoTOTHITI MOOMABHOTO IIPUAOKEHISI

C neapio »PPeKTUBHOTO MOAEeAMPOBaHMUs, a TaKKe corlacosaHmsl MHTepdeiica pazpaboTaH
IIPOTOTUIT MOOMABHOTO IpMAOXKeHst: https://clck.ru/y6]bt.

BECTHWK EHY umenu A.H. Tymunesa. Cepus mexnurecxue HayKu u mexHoA02u Y Ne 4(141)/2022 107
BULLETIN of L.N. Gumilyov ENU. Technical Science and Technology Series


https://clck.ru/y6Jbt

Hudgposvie cepsuctr Yrusepcumema: modurvroe npuroxkerue «Smart. ENU»

MobunbHoe npunoxexune Smart.ENU ~

T 2oL

3 i s
oz
L‘«“:-‘\;l‘-‘: oM p el 5 KOMTaNTM W poKaMIwTY Jrn—
Savansy Sanymrer f o M T B ]
x o M Uit ey
Smart.ENU = ‘ “Topasstcast setvarment )
2\ pareed [ T AL e b
Lomomrer | e
LA [re——— — L= 1| e e
[ra— RPT | oo <
, ‘ Pt i 2 f
s [ e . : !
Abwrypuen A |
[ "‘%"‘ mneszia
L e e e
e houn |
s sunondiRE bR ‘ B atosir w2
PR e e % NI, {l Il
E g g g

Ho soem
01.03.2021

Vs

01,00 2021

g | . {
- % = £y —~ . E
@ < @ el -3 &@ o @
¥ asin Ao s )
a5 i Perwctpausa
Smart.ENU
— .
=

d m—

Pucynox 1. IlpoToTin MoOMABHOTO IIPIAOXKEHNST
4 AnarpamMMma rpeneAeHTOB

MobnabHOe IpUAOXKeHUe COAePKUT CIIPaBOYHYIO MHPOPMAIINIO, HOBOCTHOI 610K, 640K 9acTo
IIOBTOPSIONIUXCA  BOIIPOCOB, OOBABAEHNMS O IPeACTOSINNX MEepPOIPUATUIX, CepBUC 0OpabOTKM
oOpalrieHuii OOy4alOIMXCsl, IT0AydeHUe YBeAOMAeHUII, 3akas crpaBok B lleHTpe oOcayKmpaHNS
00y4aroIIXCsl.

Cratmynass crpasouHas wuHpopmanus (o ¢akyabrerax, Kadeapax, o0OpasoBaTeAbHBIX
IporpamMmax, 4acTo 3ajaBaeMble BOIIPOCHl, KaK J400paThbCsl, PEKBU3UTH, O CTyAeHYeCKUX JOMaX,
abutypueHTram 1 T.4.) Oy/AeT 3arpy>keHa Ha MOOMABHBIE YCTPOJICTBA IIPY YCTAaHOBKe IIPUAOKeHNs, OyaeT
AOCTyIIHa Ipy paboTe NMpuAoXKeHNs Oe3 JocTymna B uHTepHeT. VIHpopmariusa B npuaoxeHnu Oyaer
OOHOBAATLCA ITPU ITOAKAIOYEHN MOOVABHOTO YCTPONCTBa B ceTh VIHTepHer.

AuarpaMmma npere4eHTOB:
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Pucynox 2. AuarpaMma IpereaeHToB

Crpykrypa npuaosxenus https://clck.ru/y6JeU.
CrpykTypa MeHIO:
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Pucynox 4. busHec-tiporiecc my0amkany HOBOCTen
Boants HOBOCcTM Moryr VHpopMmManuoHHBIT HeHTp, JemapTaMeHT IO COIIMAABHOMY MU
rpakaHCKOMY pasBUTHIO, oOydarommiicsa. Hopoctu oOydarommxcs A0AKHBI IIPOITH MOAepanuio y

ACTP.

5.2 IlyOamkanyst MepOIpUATHIA.
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CTPYKTYPHBIE NOAPa3geneHnn

MpocmoTtp MoareepxasH
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~ HamepeH

MNPHHATE
WY ACTIE?

MySAvKaL na

MEPOMPHATHA

MoBuasHoe npw.

Pucynox 5. busnec-riponecc my0anKanu MepOIpUsI T

CTpykTypHBIE TOJpazdeldeHNsl BBOAAT MHPOPMaUMIO O IIPEACTOSIEM MePOIPUITULH,
obOyuJaromyecs Ipy He0OXOAVMMOCTY IOATBEP>XKAAIOT ydacTue.
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Pucynox 6. busnec-riponecc oOpameHnst 00y Jaromyxcsi

ObpareHne MO>XeT UMeThb CTaTyChl: HOBOe, B paboTe, IIpOCPOYeHO, 3aBepIlIeHo.

Obpanenns NMeIOT BO3MOKHOCTD II0JaBaTh 0Oy4aloIyecs (CTaTyc: HOBOe).

Ecan oOywarommii 3HaeT HaIlpaBAeHMe oOpallleHUs, BbIOMpaeT HaIlpaBAeHMe W3 CIICKa.
Obparenne oTapasaAseTcs COOTBETCTBYIOIIEMY CTPYKTYpHOMY HogpasdedeHmio. Ecam aesteabHOCTD
OTJeAa He COOTBeTCTByeT TeMaTHKe oOpallieHIs, COTPYAHMK OTIIpaBAseT oOpallieHue Ha Mogepaluio.

Ecan oOywaloniuii He 3HaeT HallpaBAeHHUe oOpallleH!s — BhIOMpaeT HalpasaeHue «/pyroe». B
DTOM cAydae oOpallieHe IIollajaeT B KaHIeAspUIo Ha Moepanuio. KaHiieasapus nmposepsieT oOpalieHne
U HaIlpaBAsieT COOTBETCTBYIOIeMY CTPYKTYPHOMY II0Apa3AeAeHUIO.

CrpyKTypHBIe ITOApa3jeAeHns] AOAKHBI OTBETUTh B TeUeHUe Ollpee]eHHOIO BpeMeHM (BpeMs
yCTaHaBAMBaeTCsl B HAaCTPOKax NpuAoXkeHus) (craTyc: B padore). Ecan BblgeaeHHOe BpeMs IIPOIIAO, B
KaHIeASPUIO IIOCTyIlaeT MHGpOpMaIMs O IIPOCPOYeHHOM oOOparieHnn (CTaTtyc: IIpOCPOYEHO).
Kanneasipus cBsi3bIBaeTCsl C COOTBETCTBYIOIIMM CTPYKTYPHBIM IOApa3jeleHNeM, yCTaHaBANBaeT HOBBIN
CPOK HCIOAHeHUs (craTyc: IpocpoueHo). Ecam orser Ha oOparreHne cpopMmpoBaHO, OOpalleHue
IoAyJaeT cTaTyc «3apepIiieHo». ITocae roayuenns orsera 0Oy4JarOniics MMeeT BO3MOKHOCTD OIIeHUTh
padoTy CTPYKTYypPHOTO IO4pa3aeleHns (CKOPOCTh I IIOAHOTY OTBeTa Ha oOpallleHne).

6 MinTerpamsi c ASHYQ 1 cucreMoit KOHTpOAst yripaBaeHmst A0cTtynoMm Perco

B nepnog mangemun Covid-19 ocTpo craa BOmpoc MHTerpanyuy MOOMABHOTO HPUAOXKEHUs C
6asoit Aannpix ASHYQ, xpawnsameit mHPOpMAIMIO O 3apakeHHBIX W KOHTAKTHBIX AHUIIAX C
KopoHaBupycHoit nHpeknueir. Heobxoaumocrs mcrnoaszosanms ASHYQ mnpusesa K 0Opa3oBaHMIO
odepeJell Ha BXOAaxX YHMBEpPCHUTETa, ITIOCKOABKY BO3HIKAa HEOOXOAMMOCTh cunThiBanusa QR koja mpm
BXOJe U AEeMOHCTpaumm caAy>k0Oe oxpaHbl craryca 0asel ganHHbIX ASHYQ. Taxke Ttpebosasach
AOTIOAHNUTeAbHAas BepU(UKAINA BXOAIIIETO C IIOMOIIIBIO 9AeKTPOHHOTO IIPOITyCKa CHCTEMOI KOHTPOAS
yIpabaeHus AoctyrioM Perco, IIOCKOABKY TYpHMKET OTKPBLIBAeTCsS IIOCA€ CUMTBHIBAHUA HAEKTPOHHOTO
npormycka. MoOnuapHOe ITpuAo>KeHne o0beANHNAO AaHHbIE ABe PYHKINM: TocAe canThiBanmsa QR-koza
n oOpamenmss K Oase gannpix ASHYQ oOydamomumca M BceM COTpyAHMKaM YHHUBepcuTeTa
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aBTOMAaTUYeCKM OTKpBIBaACsA TypHUKeT. KaxXabli BXOAAIIMIT JOAXKeH OblA MMeTh MOOMABHOe
npuaoxenne Smart.ENU u 3apanee asropmsoBaThcsa B HeM. Peaamsanms gaHHOTO (PyHKIIMOHaJa
II03B0AMAA 3HAUMTEeABHO COKpaTUTh BpeMs BXOXAEHMS B KOpIlyca, COKpaTUTh odepeau U AaTh
BO3MO>KHOCTb BXOASIIIUM COOAI0AATh AVICTAaHIIUIO APYT OT ApyTa.

3akaiodeHue

B ycaosmsax tpancpopmanym YHuBepcuTera B IMQPOBOIL By3 aHAAM3UPYIOTCs CyIIeCTBYIOIIe
OusHec-miporeccsl, (OPMaAUUPYIOTCA ¥ ONTUMUBMPYIOTCSI HEKOTOpble 13 HUX BO U30eKaHUe
AyOAMpOBaHMs, a TaKXKe yMeHbIIaeTCs M3OBITOYHOCTh AEVCTBUI, BBIIIOAHSEMBIX I10Ab30BaTeAsIMMU.
PaspaboranHoe MOOMABHOE TTpUAOKeHNe pasMelrieHo Ha Google Play Store, App Store u goctynHO A5
ckaunanus. [Ipnaoskenne TpeOyeT aBTOpU3aIUN 4451 MCIIOAB30BaHNS IT0AHOTO (PYHKIMIOHAAa, OAHAKO
aBTOpHU3allusl He HyXXKHa AAs aOUTYpMEHTOB I BCeX >KeJaloIMX O3HAKOMUTLCS CO CIPaBOYHOI
na$opmanmei o0 YHUBepCuTere.

IIpnaoxkeHme oxBaTbiBaeT OCHOBHBIe OM3HeC-IIPOIeCChl A4 MOOMABHOTO IPUAOKEHIS
Yuusepcutera. Ero yHmkaapHOCTh 3akaiouaeTcss B HamOoJee IT0AHOM (PYHKIIMOHaJe, IPU 9HTOM
npuaoxeHne He aydoampyet ¢pyHkumym Cucremsl ynpasaeHns: ooydyenmem (LMS), Tak xak Aas 9Tux
PYHKIIUII CYIIIecTBYIOT ¥ MOOMABHAs BepCusl, U MOOMABHOe TpuaokeHue LMS, B KoTopoM A0CTyTIeH Bech
ee nHTepdeiic. Hecomuenno, yto Smart.ENU oOpamraercst x moanzosateasam LMS, umeHHO Tak OHO
onpejeseT aKTyaAbHBIX IT0Ab30BaTeA€ll U X POAM, a TakxkKe oOparraercs K 6ase gaHHbix ASHYQ n
ClICTeMe KOHTPOASl YIIpaBA€HUs AOCTYIIOM, YTO ITO3BOAsET OpraHM30BaTh OECKOHTAKTHBIN ¥ OBICTPHIN
AOCTYII B KOpITyca YHUBEpCUTETa.
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YausepcureTTiH nudpabik ceppucrepi: «Smart. ENU» MOOGIabAi KOCBIMIIIAChHI

Anpaarma. A.HIymnaes areingarsl Eypasus yarteik yHusepcuretinge "2021-2025 xpragapra
apHa/AfaH IUQPABIK DKOXKYIie TY>KbIphIMAaMach!' OeKiTiai, OFaH coliKec KbI3METTiH OapABIK OaFbITTaphl
OolibIHIIIa YHIBEPCUTETTIH OM3Hec-TIporiecTepid InppAaHABIPY KoHe OHTallAaHABIPY Ke3eH-Ke3eHiMeH
Kys3ere achIpblaagbl. Ty>KbIppIMJaMara ColiKeC YHMBEPCUTETTIH OapAbIK KOAAAHBICTAFBl aKIlapaTThIK
xyiteaepi GipsiaFait Smart. ENU naardopmaceina Oipikripiaren. Oa aknaparThlK Kyiiedep apachiHAa
AepeKTepai Kedepricis aamacyfa apHaaraH. Makaaaga «Smart. ENU» MOOMABAl KOCBIMINIACHI HeridiHae
JKacaAraH 3epTTey agicTepi cumnarradaabl. AKIapaTThIK Xylieaepai Mogeabaeyain pecmu aaicrepi, UML
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Hudgposvie cepsuctr Yrusepcumema: modurvroe npuroxkerue «Smart. ENU»

AuarpamMMmasapbiH Kypy, HPOTOTHUIITeY, OM3Hec-IIpollecTepAi TY>KBIphIMAaMaAblK, >KoHe AOTMKAABIK
Mogeabaey Koadanbiaagel. Smart.ENU moOmapai xoceimmiacer crydenrrepre, I1OK, yHmBepcurer
OacCIIbLABIFBI MEH KYPBLABIMABIK O0iMIIIesepiHe apHaafraH. KocbiMmIiaHblH Oipereiiairi HeFypABIM TOABIK,
JpyHKIIMOHAAa XKaTHIP, AFHM OKBITYABI OacKapy >KylieciHiH (pyHKIIMAAapbIH KaliTadaMaiAbL.

Tyiin ce3aep: MoOMABAI KOCBIMINA, aKblAAbl HMQPPABIK CepBUCTep, aKIapaTThIK >Kylieaepai
MoJeabaeyAiH popMaabAbl 94icTepi, IperieHAeHTTep AuarpaMMachl, IPOTOTUIITeY, OM3Hec-TIpoliecTepai
MoJeabaey.

G.T. Bekmanova, A.S. Omarbekova, A. Zulkhazhav, B.M. Sultan,
Zh. Onasha, B. Timur
L.N.Gumilyov Eurasian National University, Astana, Kazakhstan

Digital services of the University: mobile application "Smart. ENU"

Abstract. In the L.N. Gumilyov Eurasian National University, there was discovered the “Concept
of a digital ecosystem for 2021-2025”, according to which the digitalization and optimization of the
University’s business processes in all areas of activity were carried out in stages. According to the
identification of all senses, coming in a single “Smart.ENU” package for seamless data exchange between
information studies. The article describes the methodology for developing digital services of the
University, based on the mobile application "Smart.ENU". Formal methods of modeling information
systems, building UML diagrams, prototyping, and conceptual and logical modeling of business
processes are used as research methods. The Smart.ENU mobile application is intended for students,
teaching staff, received and structural divisions of the University. The uniqueness of the application
includes the most complete functionality, but without duplicating the functions of the Learning
Management System.

Keywords: mobile application, smart digital services, formal methods of information systems,
precedent diagram, prototyping, business process modeling.
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Toroaormaeckmii aHAAV3 HEeBBIPOBHEHHBIX ayAVO- V1 TEKCTOBBIX 4aHHBIX

AnHOTanmsr. ABTOpaMM BBIIIO/AHEHa IIpejBapuTeabHas paboTa II0 TOIIOAOIMYECKOMY
aHaAU3y ayAy0- ¥ TEKCTOBBIX AaHHBIX 415 HEKOHTPOAMpPyeMoli oOpaboTku peun. Pabora
OCHOBaHa Ha IPeANIOAOKEeHNY, YTO YacTOTH (POHEeM U KOHTEKCTyaAbHBLIE OTHOIIEHIS
CXOXXU B aKyCTIIeCKOI ¥ TeKCTOBOI 061acTsAX OAHOTO U TOTO Xe sA3bIKa. COOTBeTCTBEHHO,
DTO TO3BOANAO CO34aTh OTOOpa’keHUe MeXXAy STUMU IPOCTpaHCTBaMM, YIMTHIBAIOIIee
X TeOMeTPIYECKYIO CTPYKTYpy. B KauecTse 11epBorO I1ara OblAM BHIOPaHBI TeHepaTHBHBIE
METOAbl, OCHOBaHHBIE Ha BapMAaIlVIOHHBIX aBTOPHKOAEPAX, A4 OTOOPa’KeHMs ayAuo- U
TEKCTOBBIX JAHHBIX B ABa CKPBITHIX BEKTOPHEIX IpocTpaHcTBa. Ha caeayiomem »rame
METOABI TIePCHCTEHTHON TOMO/JOTUM WCIOAB3YIOTCA AAs aHaAM3a TOIOAOTIIECKO
CTPYKTYpPHI ABYX IIPOCTPAaHCTB. XOTs ITOAy4eHHBIE Pe3yAbTaThl IOATBEPKAAIOT MAEIO
CXOJ4CTBa ABYX IIPOCTPAHCTB, HEOOXOAVNMEBI AaAbHENIIIINE MCCAEAOBAHM A5l KOPPEKTHOIO
0TOOPa’keHMsI aKyCTUYECKOTO M TEKCTOBOTO IIPOCTPAHCTB, a TaKXKe 451 OLIEHKM peaAbHOTO
5¢@dexkra OT BKAIOUEHUS] TOIOAOTMYECKON MHPpOpMALNM B IMpoLecc OOyJIeHMs
aBTODHKOZEpa

KaroueBble  caoBa:  HeKOHTpoaupyemass  obpaboTKa  pedn, BapHUaIlOHHBIE
aBTOKOAVMPOBIIVIKY, BCTpauBaHMe CAOB, TOIIOAOTMYIECKUI aHaAU3 JAHHBIX, TTOCTOSHHAs
TOMOAOTHSI ¥ A¥IarpaMMBI.

DOI: doi.org/10.32523/2616-7263-2022-141-4-116-126

BBeaenue

Tommoaormyecknuit anaan3 ganueix (TAA) [1, 2] — oTHOcUTeABHO HOBas 004acTh
MHTeAAeKTyaAbHOIl OOpabOTKM HeCTPyKTYypUpPOBaHHBIX JaHHBIX. OH moOsABUACI B pe3yabTare
KOMIIBIOTEPHOI1 peaan3aliiy MeTO40B aareOpanyeckoil Tonoaorun [3]. DBpuctudeckn uaes: COCTOUT B
TOM, 4YTOOBI TIOCTPOUTH «POpMy» AAsl «0DJaKa TOYEK» B IPOCTPaHCTBAX He CAUIIKOM BBICOKOM
pasmepHocTu. POpMBI HpPeACTaBAAIOT COOOM CHUMIIAMIIMAAbHBIE KOMILAEKChl, T. €. MHOKeCTBa,
oOpasoBaHHbIe BepIIMHaMM, peOpamm, IpaHAMM, TeTpad®ApaMM U T.A., IIOAydeHHBle B pe3yabTare
IpoleAypbl pUABTpaIU: HOKPHITH 0OAaKa TOUEK IapaMii IIepeMeHHOTO payca 1AM IIPOCTO IIKaAbI
0AM30CTM B COOTBETCTBYIOIIe MeTpuke. CMHXPOHHOe yBeAndeHNe paAuyCcoB IIapoB IPUBOAUT K MX
IepeceyeHNsAM, KOTOpble KOAMPYIOTCSI DAeMeHTaMM KoMIldeKkca: peOpammu 1 rpaHamu. Komriaekc
I103BOAsIET BHIYUCASTH TOIIOAOTMYECK/ e MHBapMaHThl — TaK HasblBaeMble uncaa bertu, kotopsle, rpy6o
TOBOpsI, M3MePSIOT KOANYeCTBO k-MepHBIX ABIpoK. OgHaKO TONOAOIMS, IT0AydaeMmasi C IIOMOIIIBIO
ITOKPBITUI, CYIIIeCTBEHHO 3aBMCUT OT BBHIOPAaHHOIO IpOCTpaHCTBeHHOro MaciiTada. IlepsoHayaanrHOe
pellleHne 3aKA04aloCh B OJHOBPEMEHHOI OlleHKe MHBapMaHTOB IO BceM IIKadaM. CBs3u MeXAy
MHBapMaHTaMI Ha Pa3HBIX MacIlTabaX KOAUPYIOTCS UX BpeMeHeM >KU3HU B mporjecce GpUAbBTpalu B
BIIJe AMarpaMMBI IlepcucTeHTHOCTH [4]. I'pyOo rosopsi, MocTosAHCcTBO — 9TO MeTadpopa BpeMeH! KIU3HI,
BBIpa’keHHas B e AMHUIIaX IIIKaAbl pacCTOSHUI, TOITIOAOTMYECKIUII ITaTTepH, HalIpUMep, IT0sIBAeHNe HKAa
U IIpeBpallleHNe ero B TIpaHb. DbblAM I0AydeHBl HeTpuBHaAbHbIE TeOpeMBl OO0 YCTOMYMBOCTU
IIEpCUCTEHTHBIX AMarpaMM IO OTHOIIEHMIO K BO3MYIIeHMsAM [5], 4TO c4eaano BBIUMCAUTEABHYIO
TOIIOAOTUIO YHUBEPCaAbHBIM HeMeTPpUUYeCcKUM alllapaTtoM AAs aHaAM3a pasAMdHBIX 00BeKTos [5, 6, 7, 8,
9].
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MeTtoaoaorusa

/lBe TOUKM HIPOCTpaHCTBa MPU3HAKOB COeAMHEHB peOpOM, ecAM paccTOsSHMe MeXAy HUMU B
IIOAXOAsIIIel MeTpUKe He ITPeBOCXOAUT 3a4aHHOTO MaAoTo 4ncaa €. 'opopst popMaAbHBIM S3BIKOM, pedb
nAeT O IOHATUM TaK HasblBaeMoil &-cBsaA3HON mernm Kantopa. Tak HasbiBaeTcs I1ocaegoBaTeAbHOCTD
HEeDKBUAMCTAHTHBIX TOYeK, B KOTOPOil KOAMYECTBO AMHENHO CBA3aHHBIX KOMIIOHEHT 3aBUCUT OT
BHIOpAaHHOTO ITPOCTPAHCTBEHHOIO paspelieHns. ApyruMm cA0BaMu, Mbl OObeAHsIeM ABe COCTaBASIOITe
B OAHY, ecAll Hallle 3peHie He pa3jeaseT X OTAEABHO IIO I1KaJe < €.

Iernas 6A130CTh NPUBOAUT K MOHATUIO HEPBa TOIIOAOTMYECKOIO IMTOKPBITUA MHOXKEeCTBa TOYeK.
I[Mycrs S = {v;}}’L;a — KoHeuHOe MHOKecTBO Touek u3 R2. YkpachTe KaXKAylO TOUKy auckom B(v;,€) c
LIEHTPOM B vi I paguycoM ¢. HamomMHMM, 4To CTpyKTypa, CcOCTosAIIas M3 mpocrenmmx (simplicissima)
9AEMEeHTOB - BepIIIiH, pebep 1 TPeyTroAbHBIX I'PaHeil, Ha3bIBaeTCsl CUMILAUIIMAABHBIM KOMILAEKCOM, €CAN
ee coceiHMe D/AEeMEHTHl IlepeceKalOTCsl B TOUYKe 1AM MMeIOT oOilee pebpo. OaHOBpeMeHHO OyaeM
yBeAUYMBATh pPajuycel AMCKOB. IlepeceueHme IOAy4eHHBIX DAEMEHTOB paCTsKeHUs HPUBOAUT K
CUMIIAUIIMAAbHOMY KOMILAEKCY, KOTOPBII Ha3bIBaeTcsl KoMIlaekcoMm Yexa:

K(S, &) = N, B(v;€) 1

YrtoOpl MOAYyYNThL COOCTBEHHO HEpB, MBI COeAMHsEeM COCeAHMe TOYKM pedpoM, Korga
COOTBETCTBYIOIIE M COCeAHNe AVICKH IepecekaloTcsa. Kpome Toro, yca0BUMCs, UTO IlepecedeHne Tpex
COCeJHIX AVCKOB IIOPOKAaeT IpaHb, T.e. «3allITPUXOBaHHbI» TpeyroabHuK. C yBeandeHneM pajuycos
KOMIIAEKC CTPYKTYPHO YIIpOIIjaeTcs U IIpeBpaliaeTcs B OAHY «3alllTPUMXOBaHHYIO» IpaHb (Pucynok 1).
DToT mpouecc B aaredpamyeckoi Toroaornu HasbiBaercst ¢uabtpaumert [10]. Hamomzmm, dyro
pasAyBaHNe 1AM paclliipeHne AMCKa - O4Ha 3 OCHOBHBIX OIlepaliuii B MaTeMaTudeckoit MOp¢poAOTUM -
caoXeHne 1o MIHKOBCKOMY, KOTOpoOe MPHUHATO oOo3HadaTh Kak Bee [7]. Kak m mpexae, ykpacum
Ka’kAyI0 TOYKY MHOXeCTBa ACKOM S paanyca . O0beauHeHe 9TIX AMICKOB Ha3blBaeTcs IlapalaeAbHbIM
TeaoM See a4 S man HakpeITrieM MuHkosckoro. Teopema o HepBax yTBepsK4aeT, uTo Komiiaekc Yexa (1)
AAsl MHOXKeCTBa S 11 ero MOKpbITHe MIHKOBCKOTO S©¢ TOMOTOITHH ApyT ApyTy [10]:

K(S, &) ~S®¢ 2)

Apyrumn  caosamy, oOObeAMHeHMe KPYTOB THOKPBITHMA MIHKOBCKOIO MOXKHO — «CXKaTb»
HellpepbIBHOI Aedopmaniyeil 40 CUMIIAMIINAABHOTO KoMIldekca Yexa: 3amMeTuM, 4TO TOMOTOIIMS
aomyckaet “caunanue” Touek. C ApyToii CTOPOHBI, TeOpeMa I103B0AsIeT CPaBHIUBATh ABa IIPOCTPAHCTBa C
TOYHOCTBIO A0  UX  aIIIPOKCMMalMy  KOMOMHATOPHBIMU  KOMIIAe€KCaMM,  Harpy>KeHHBIMU
11eA0YMCAHHBIMI TONOAOTMYEeCKMMH MHBapuaHTaMm. OTMeTHM, 4TO CyIIeCTBeHHBIMM DAeMeHTaMU
KOMIIAeKCa SBASIOTCS YMCAO OTAEABHBIX €-pasAMYMMBIX KOMIIOHEHT, M3MepsieMOoe TaK Ha3blBaeMbIM
yncaom bertu fb, 1 4mca0 He3aBUCUMBIX KAaCCOB HE3aIlOAHEHHBIX ABIP, T. €. IIMKAOB, 0Opa3oBaHHBIX
3aMKHYTOI1 11eIIouKkoii pedep. VIx koamuecTso uamepsiercs uncaom berru fi.

C TOuKM 3peHMs pacrio3HaBaHM:A OOpPa3oB, MPW HOCTPOeHNM (PUALTPAMU MBI MEHsJeM Halll
AOIIyCK OIlpeAeAeHNs B3aIMOCBA3M MeXAy IpU3HaKaMM OT HalIMeHBIIIero, KOIJa COoceJHie TOUKM He
IlepeceKkaloTCs CO CBOMMM OKPeCTHOCTAMU - AMCKaMM, A0 HanOOABIIIero, Koraa Touka poACTBeHHA MAU
110400Ha BceM TOYKaM B IIPOCTPaHCTBe IPU3HAKOB, T.e. BKAIOYEeHHBIM B eAMHbI Toper]. O4eBnaHo, 4To B
DTOM IIpolleAype BpeMeHa SKU3HU Ka’kK40M TOUKM 40 ee BKAIOUeHN: B peOpo U KaXKA0TO OTBePCTHs A0 ee
JCYe3HOBeHMs (3aTeHeHUs) pas3anyHbl. [Ipog0AXUTEABHOCTh >KM3HM MAM TIOCTOSHCTBO MOXKHO
U3MEPUTh MHTEPBAaAOM M3MEHeHUs pasuyCcoB AUAaTalluil OT pOXAeHUs A0 paspylleHus pedpa man
orBepcrusl. Takme oramums umsoOpakaioTcss HaOOPOM TOPU3OHTAABHBIX OTPE3KOB - IITPUX-KOAOB,
IapaAAeAbHBIX OCK M3MeHeHus paguyca (Prucynok 1).
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Pucynox 1. Ilpumep (a) dnabTparms (cuMIanimaibHble KOMIIAEKCHI 4451 Pa3ANYIHEIX &) 1 (6)
IepCcUCTeHTHBIE ITPUX-KOAbI, IOCTPOEeHHBIE Ha 001aKe TOUeK

IITpux-xoael yAoOHee IIpeACTaBAATh B BUAe IE€PCUCTEHTHON AMarpaMMBbl, o0JaKa TOYeK Ha
IIZI0CKOCTH, KOOpAMHAaTaMI Ka’KA0M 13 KOTOPBIX SABAAIOTCS Hadyalo M KOHel IITpux-Koga (PucyHoxk 2).
Bce Toukn, ecrecTBeHHO, Ae>KaT Bblllle AMaTOHAAM, YTO COOTBETCTBYyeT HyAeBOMY BpeMeHN >XK13Hu [4]. Bee
BbIIIIeIlepedlICAeHHble TeXHUKM OTHOCITCS K BBIYMCAEHUIO IIePCUCTEHTHBIX TOMO/AOIMII MeTO4aMu
BBIYMCANTEABHOI TomoAoruy. Tak Ha3bBaeTCsl KOMIIBIOTEpHasl Bepcusl aarebpandecKor TOIOAOTUN —
HayKll, akKTUBHO pa3BMBAIOIIENICSI B ocaedHne rogsl [6, 11]. B caeayomem pasaeae Mbl gaem Ooaee
¢opmaabpHOe omIpeseseHNe MEPCUCTEHTHBIX TOMOAOTUI U AVIaTPaMM.

J death

& oo
ts ; H H
ts!

te
tle
tyle

0t tp t3 ty ts tg tz Sbirth

Pucynoxk 2. CBsi3b MeXAy NOCTOSIHHBIMU IITPUX-KOAAMI U AiaTr paMMaMU

PaccMoTpum cuMnianimaabpHbii Komriaeke K n gyuknuio f: K — R [5]. Mbl XoTuM, 4TOOBI f OBbL1a
MOHOTOHHOIJ4, 4YTO O3Ha4aeT, YTO OHa He yObIBaeT BA04b BO3pacTaloInX Iiellodek rpaneit, T. e. f(0) < f(1),
ecAu ¢ — rpaHb 7. MOHOTOHHOCTb O3HAYaeT, YTO MHOXKECTBO IOAYpoBHeli K (a) = f~1(—oo, a] sBasiercst
noaxomiaekcoM K aas aroooro a € R. Ilycts m OyaeT KoAM4ecTBoM CUMIIAEKCOB B K, MBI ITOAy4YMM n +
1 < m+ 1 pa3anyHpIX NOAKOMIIAEKCOB, KOTOPhIE YIIOPSIAOYMM B BUAE BO3pacTaioliell BAOXKEHHON
I10C/e40BaTeAbHOCTU KOMIIAeKCoB: @ = Ky S K; € -+ € K, = K.

Apyrumu caosamu, ecan ay < a; < - < a, — 3HaueHus PyHKIUI cuMILaekcoB B K 1 ay = —oo,
TOo K; = K(a;) A4 KaXA0r0 i. DTy I0cAe40BaTeAbHOCTh KOMILAEKCOB MBI HasbiBaeM ¢uabTpanuein f u
BOCIIpPMHIMaeM ee KaK KOHCTPYKIMIO, A400aBAAIONIYyIO (pparMeHThl CUMILA€KCOB B IIpollecce UX
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arperaliuy B IOKPBIBAIOIINI KOMILAeKC. MBI y>ke BuAgeAn ImpuMepsl GUABTpalli paHbIlle, a MIMEHHO,
komriaekc Yexa. Hac Ooaplre nHTEpecyeT Tomoaormdeckast 9B0OA0Ns, BIpa’kaeMasl COOTBETCTBYIOIIel
I10C/1€40BaTeABHOCTDIO TPYIIN romoAornit. Aas kaxaoro i < j y Hac ecTb OTOOpa’keHue BKAIOYeHNs U3
OCHOBHOTO IpocTpaHcTBa Ki B mpocrpaHctso Kj 1, caejoBaTeAbHO, MHAYIIMPOBAHHBIN TOMOMOP(U3M
fp” :H,(K;) » Hy(K;) aasa xaxaoit pasmepHoctu p. Takum o0pa3oMm, ¢GuabTpauuu COOTBETCTBYeT
110C/1€40BaTeABHOCTD TPYIII TOMOAOTUI, CBsI3aHHBIX TOMOMOpPpU3MaMM:

0= Hp(KO) - Hp(Kl) = Hp(Kn) = Hp(K) 3)

TO >Ke caMoe 4451 KaKA0ro usmepenus p. [Tpu nepexoze ot Ki1 x Ki MBI MOXeM ITOAYYUTDH HOBbIE KAaCChI
TOMOJAOIMM ¥ MOXKeM ITOTepsITh HeKOTOpble M3 HUX, KOI4a OHU CTaHyT TPUBUAABHBIMU MAU COABIOTCSA
APYT C apyroM. Msl cobupaeM Kaaccpl, KOTOpble POXKAAIOTCS MPY MAM AO OIpejeAeHHOIo IIopora u
YMUPAIOT I10CA€e APYTOTO IIOpOTa B IPYIIIIbL.

Onpedereriie. p-e TIEPCUCTEHTHBIE TIPYIIBI TOMOAOIMII — 9TO OOpa3bl TOMOMOP(QU3MOB,
UHAYLIMPOBAHHLIX BKAIOUEHEM H;’j = imfpi’j a4 0 < i < j < n. CoOTBeTCTBYIOIIE p-€ IIePCUCTeHTHBIe
yncaa berrm sBasioTcs paHramMm ®TMX TPYII, ;;j = rank Hzi,'j . Touno Tak >Xe MbI ompejeasem
peayLpoOBaHHbIe II€PCUCTEHTHbIE TPYIIIB TOMOAOTUMM U peAylMpOBaHHble IIepCUCTeHTHBIe 4icaa

berru. O0parurte BHMMaHMe, YTO Hzi,’j = H,(K;). IlocTosiHHbIE TPYIIIIBI TOMOAOTMI COCTOSIT U3 KAACCOB
romoaorun Ki, KoTopsle Bce elrie «Kusbl» B Kj, mam, 6oaee popmaabHO, H;,’j = Z,(K)/(Bp(K;) N Zy (K;)).
Y Hac ecTb Takas rpymmna A4s Kaxk40l pa3MepHOCTHI p U KaXKA0M Tapbl MHAEKCOB i < j. MBI MO>KeM OBITh
0041ee KOHKPETHBIMI B OTHOIIIEHIN KAaCCOB, YIMUTBIBAEMBIX CTOMKIMU TpyImamMy romoaorun. ITycrs y
— Kaacc B Hy, (K;), MBI TOBOpMM, YTO OH poanacs B Ki, ecan y & Hzi,_l'i. Aaaee, ecan y poxaaercs B Ki, TO

ij-1
yMupaeT, Bxoas B Kj, ecamn canBaeTcs co cTapIInM KaaccoM npu nepexode us Kj1 B Kj, To ectsb fp J )¢

i-1,j-1
H,
PpasHUITY B IIOCTOSHCTBe 3HaueHMst PpyHKIuu pers(y) = aj - ai. Ecan y poxaaercsa B Ki, HO HUKorga He

yMupaet, TO Mbl YCTaHaBAVBaeM €TI0 ITOCTOSIHCTBO Ha 0eCKOHEYHOCTb.

, HO fpl’] ) € H;,_l’] (Pucynok 3). Ecan y poxaaercs B Ki 1 ymupaeT, BXxoas B Kj, To MbI Ha3bIBaeM

Hy(K) Hy(Kj-1) Hy(K;)
v o o
0 0 0 0

Pucysox 3. I'pymiisl roM020Inii 1 ToMOMOPpM3MBI

Busyaansanms Habopa ITOCTOSHHBIX 4mcea beTrtn ocymecTsasercs myTreM pucoBaHNS TOYeK B
AByX nsmepenusx [5]. Hekoroprle 13 9TuX TOU€K MOTYT MMeTh KOOPAMHATEI, paBHble O@CKOHEUYHOCTH, a
HEKOTOpbIe MOTYT OBITh OAVHAKOBBIMM, ITOSTOMY MBI AEVICTBUTEABHO TOBOPUM O MYABTMMHOXKeCTBe
TOYEK B PaCIIMPEHHO BEIIeCTBeHHON 1140cKocTH, R? = (R U {+0})?. ObosHauas y;’j KaK KOAMYeCTBO
HEe3aBICUMBIX P-MEPHBIX KAaCCOB, KOTOPbIe POXKAaIOTCs B Ki M yMUPAIOT Ipu BXo4e B Kj, uMeeMm:

b =B =) = BT =B, @

AAs1 BeeX i<j 1 BceX p. JeliCTBUTeABHO, IlepBas PasHOCTb B IIPaBOJ YaCTy IOACIUTLIBACT
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KJAacchl, KOTOpble poguanuch B (mam pasbire) Ki m ymmpaior npu sxode B Kj, a BTOpas pasHOCTb
MOACYMUTHIBAeT KAacchl, poAuslinuecs B (Mau pasblie) Ki1 m ymmpalomme npu Bxoge B K. Ilposoas
KaXXAYyI0 TOYKYy (4, 4j) C KpaTHOCTBIO yzi,‘j, MBI IIOAy4YaeM p AMarpaMMy IIepCUCTEHTHOCTM AaHHOM
duaprparum, obozHadaemyio kak Dgmp(f). OH mpeacraBaseT KaacC B BUAe TOUYKM, PacCTOsSHUE IIO
BepTUKaAU AO AMarOHaAV KOTOPOJ SIBASI€TCS MOCTOSHCTBOM. Tak KaK KpaTHOCTUM OIpeAeAeHBl TOABKO
1pu i < j, TO BCe TOUKM AeXKaT BhIIle AraroHaan. ITo TexHnyeckuM nmpudamMHaM MBI 400aBAsieM TOUKM Ha
AViarOHaAU AVarpaMMBI ¢ 0OeCKOHEeYHOI KpaTHOCTBIO. [IpuMepsl AmarpaMm IIOCTOSIHCTBA MOYKHO YBUAETD
zl;]
BepXHeM AeBOM KBaJpaHTe C yTA0BOM TOUKOI (ak, ai). Kaace, poausiniics B Ki u ymepimii B Kj, canraercs

Ha Pucynke 4. IlocrosiHHbIe uncaa bertu aerko Bpramcants. B wactHOCTH, — KOAMYECTBO TOYEK B
TOTAA U TOABKO TOTAQ, Koraa ai < ak and aj>a1. Takum 0O6pasom, KBagpaHT 3aKpBIT 110 BEPTUKAAN CIIpaBa U
OTKPBIT 110 TOPU30HTAAN CHUSY.
Ocnosnas remma o cmoiikux zomoroeusx. Ilycrs @ = Ky € Ky € -+ € K, = K uasrpanusa. Jas
KaxkA011 ntapbl nHAEKCOB 0 < k < <7 1 KaXKA0l1 pa3MepHOCTH p p-e ITIOCTOSIHHOe Y1CA0 Bi’,j = Yisk Zj>1 ui‘,j.
DTO BaKHOe CBOVICTBO. B HeM rosopmrcs, 4TO AmarpaMma IEePCUCTEHTHOCTU KOAMPYET BCIO
MHPOPMALNIO O IePCUCTEHTHBIX TOMOAOTUYHBIX IPYTIIaX.

A A A

7 7 7 ................. Q

6 6

5 5 (R 0 5

4 4 |--ee o : 4

3 3 3

2 2 2

1 1 1

0 - 0 P = 0 P .
012345617 01234567 01234567

Pucynox 4. IlpuMepbl IIOCTOSIHHBIX AMlarpaMM

Bapnanmonnsie asrosukogepsl (VAE) [12, 13] onpeaeasioT BepOATHOCTHBIN HOPOXKAAIOIINIA
Ipoliecc MeXXAy HabAI0AeHMeM X M CKPBITOM IlepeMeHHO z CAeAyIOINUM 00pa3oM: Z~py(z) nx~pg(x|z),
rAe pg(z) mpg(x|z)— PyHKIUU paciipeseaeHIs] BEPOATHOCTEN, TapaMeTpu3oBaHHble 110 0. B cucreme
oOydeHns1 6e3 yunreas: HaM JaeTcsl TOABKO HaOOp AaHHBIX X=(xi}, HO MCTMHHOe 3HayeHNe O U CKphITas
IepeMeHHast Z A4 Ka’KA0T0 HaDAIOAeHN s X Hem3BeCTHBI. YacTo Hac MHTepecyeT IIpejeAbHas BepOATHOCTb
AQHHBIX Pg(x) man pg(z|x). Oanaxo oba TpeBYIOT BBIUMCAEHSI CAOSKHOTO MHTerpada [ pg(2) pe(x|z)dz.

Aas pemennst sToit mpodaembl B VAE BBOAUTCA MOJAeab pacrio3dHaBaHUA 4 (z]x), xoropas
allIPOKCUMUPYET WCTUHHYIO BEPOATHOCTh pg(z|x). CaeaoBaTeabHO, MBI MOKEM  IIepeIncarh
IpeAeAbHYIO BepPOATHOCTD KaK:

log pg(x) = Di;,(qy(z|2)|| po(2|x)) + L(6, ¢; %) = L(6,¢; x) =
~Di1(q(210)|| po () + E g,z1x) [l0g Py (x]2)] 5

rae L(6,;x) — Bapmanmonnas Hyokuss rpannna (ELBO), KOoTopyio MBI XOTMM ONTMMM3MPOBATh II0
otHomeHno K O u ¢. Ontumusanusa ELBO no 6 u ¢ ocyiiecrsasercs: ¢ MCII0Ab30BaHMEM CTOXaCTIYeCKOM
Bapuanuu rpaguenta baiteca (SGVB).

B pamxax VAE mpearioaaraercsi, 4To MogeAb pacrio3HaBaHus gy (z|x) u mopoxaaroras Moaean
pe(x|2z) mapamMeTpusyIoTcsi C IIOMOIIBIO AMArOHaABHBIX —pacipejedeHmii I'aycca, B KOTOPBIX
BBIUMCASIOTCS CpeAHee 3HaueHe 1 KoBapualls ¢ IIOMOIIbIO HelipoHHol cetu. [Ipeanoaaraercs rakxke,
4TO aIpUOpHas BEPOATHOCTb Pg(Z) sABASETCA IIEHTPUPOBAHHBIM M3OTPOITHBIM ~MHOTOMEPHBIM
rayccmaHoMm, T. e. pg(z) = N(z,0,I), He wumerommum cBOOOAHBIX TIlapaMmeTpos. Ha mpakTuke
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MaTeMaTudeckoe OXUAaHMe aIllpOKCMMUpyercst Bbibopkoit K orcuetos us zk~ q4(z|x), a 3aTem
BBIYICACHUIEM yPpaBHEHIL E 4,z1)[log pe (x|2)] = %Z’k(:l log pg(x|z*). Aas HIOAYYeHVIsI
anddepeHIIpyeMoi1 ceTu II0CAe AMCKPeTU3aluy MCIOAB3YyeTcs IIpueM pemapamerpusarum [13].
IIpeannoaoxum, uro z = N(z; My o21)), Toraa rocae reperiapamMeTprsauy UMeeM z = i, + 0,® g, 14e ®
oDO3HavaeT I1051eMeHTHOe IIpon3BeseHne, a BeKrop ¢ setoupaercst n3 N (0; I) n paccmarpusaercs kax
AOTIOZAHUTEABHBIN BXOA,.

OG6cyxaeHne

B kauecTBe BXOAHBIX 4aHHBIX MBI BoIOpaau Habop ganHbix TIMIT [14]. Kopiyc mpounTanHOM peun
TIMIT mnpeaHasHadeH A4 HOpeAOCTaBAEHUSI PeYeBBIX JAaHHBIX A4 aKyCTMKo—c])OHeTI/IquKMX
MCCAeA0BaHUI, a TakKKe AAs Ppa3paOOTKM U OLIeHKM CIMCTeM aBTOMATMYeCKOIO pacIlO3HaBaHUS pedll.
TIMIT coaep>XuT mmpoxonoaocHsle 3ammucu 630 HocuTesell 8 OCHOBHBIX AMaA€KTOB aMepPUKaHCKOTO
aHTAMIICKOTO, Ka>XKABIN 13 KOTOPHIX unTaeT 1o 10 ¢poHeTmuecky HachIIIeHHBIX Ipeaaokenuii. Koprryc
TIMIT BKAIOYaeT BBIpOBHEHHBIE IO BpeMmeHM opdorpadudeckne, ¢(OHETUIECKNE W CAOBECHbIE
TpaHCKpUNIIMM, a Takxke 16-OutHei aita GopMel pedeporo curHada 16 kI1y Aad KaXA0ro
BbICKasbiBaHMA. PazpaboTka kopriyca Oblaa pe3yAbTaTOM COBMECTHBIX ycuauit MaccadyceTcKoro
texHoaorngeckoro nucrutyrta (MIT), SRI International (SRI) n Texas Instruments, Inc. (TT). Peus 6n12a
sanmcana B TI, pacmmdposana B MaccauyceTrckoM TexXHOAOIMYECKOM MHCTUTYTe, IIpOBepeHa U
IOATOTOBAEHA AASl BBIITyCKa KOMIAKT-AMCKOB HallmoHaabHBIM MHCTUTYTOM CTaHAAPTOB M TEXHOAOIMIA
(NIST).

Msl ucroanp3yeM BapMALVIOHHBINI aBTO®HKOAEP CO CBEPTOYHBIMU CAOSIMM, KOTOpbIe OBLAU
peaansosansl B Keras. Mogeab cocTonT 13 BXOAHOIO €105, CA0€B Kojepa 1 gekodepa. Bxoanas popma
uMeeT pasMepHOCTh (256, 64, 1). UToOBI MPUCIIOCOOUTHCA K DTOMY, MBI M3MeHseM Hallll ayAuo- U
TeKCTOBbIe 4aHHbIe. B yuacTHOCTH, 4451 ayAMO4aHHBIX MBI MICIIOAB3yeM ABYMepHbIe CIIEKTpOIpaMMBI, TOr4a
KakK 445 TeKCTOBBIX AaHHBIX MBI MICIIOAb3yeM AByMepHbIe BAoXKeHus ca0B. Kogep u gexogep uMeroT 1o
ILITh CBEPTOYHBIX CA0€B KaKAbI. Mbl ycTaHaBAMBaeM KOAMYeCTBO BIOX paBHBIM 150, a pasmep makera
— 64. Ha Pucynke 5 nokasana apxutexrypa VAE c BxogHbIMI 1 BBIXOAHBIMU apaMeTpaM. B koneunom
UTOTe HaC MHTePeCyIOT IIPOMe>KYTOUHbIe BeKTOPBI MeXKAY CAOSIMU KOAepa U AeKojepa, T.e. Te, KOTOpble
UMeIOT pa3MepHOCTh 128.

input: | [(?, 256, 64, 1)]
output: | [(?, 256, 64, 1)]

encoder_input: InputLayer

'

input: | (7, 256, 64, 1)
output: (7, 128)

encoder: Functional

Y
input: (7, 128)

output: | (?, 256, 64, 1)

decoder: Functional

Pucynoxk 5. Apxurekrypa VAE ¢ BXOAHBIMI U BBIXOAHBIMU IapaMeTpaMI

UrtoObl M3BA€Yb IIPMU3HAKOB U3 ayAMOAAHHBIX, HaM HY>XHO BBIIIOAHNUTH HEKOTOpPHIE IIIarmu
npeBapuTeAbHON o6pa60TK1/[. Kaxxapiin ayzu/[ocl)aﬁm Obla paszdedeH Ha 4YacTU C MCIOAb30BaHVEM
BPeMeHHBIX MeTOK CJOB, yKa3aHHBIX B aHHOTanmaX Oasbl AaHHbIX TIMIT. 3ateM MBI BBIIIOAHMAU
3all0AHeH!e CUTHA/AOB I U3 BTUX CUTHaA0B 13BAekan seKTopsl MFCC (criexrporpaMmsr). /45 9TOro Mbl
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ucrioap3osaan librosa [15], Oubanorexy 4451 mpeaBapuTeAbHON 00paOOTKM MY3BIKM 11 ayAuo. B kauecTse
II0CAe/Hero I1ara Mbl HOPMaAM30BaAyu BEeKTOpbl. Bce ©Tm miarm OblAM BBIIIOAHEHBI 445 KaXKAOIO U3
ayanodaiiaos B HaOOpe AaHHBIX. DTV BEKTOPbI UCIIOAB30BAANCh 4451 0OydeHs1 Hameit mogean VAE n
U3BAeYeHNs IIPOMEXKYTOUHBIX BeKTOpoB. Ha Pucynke 6 mokasaHsl motepu rnpy oOy4eHUM MOAeAN.

TRAINING LOSS

dmm e e

Pucynoxk 6. O6yuenne VAE aast ayanoaaHHBIX

A5l TeKCTOBBIX JAAHHBIX MBI MCIIOAB30BaAM Oubamoreky Gensim, KoTopas IOAAep>KMBaeT
peaamnsanmio Bcrpamsanms caos Word2Vec 445 m3ydeHNs: HOBBIX BeKTOPOB cA0B 13 TekcTa. OH Takxke
IpeAOCTaBAseT MHCTPYMEHTBI 4451 3aTPy3KM IpeABapuUTeAbHO OOYJEeHHBIX BAOKEHIII CA0B B HECKOABKIX
¢opmarax, a Tak>Ke 4451 MCIIOAL30BAHNS U 3aIIpOca 3arpy>KeHHbIX BAoKeHn 1 [16]. Kak T0AbKO BAOKeHNs
CA0B OBLAY TTOAYYeHBI, MBI 00yuray Modeasb VAE u nssaekan mpomesxyrouHsle BeKTopsl. Ha Pucynke 7
ITIOKa3aHbl IIOTePH IIPU OOy4YeHUN MOARAN.

TRAINING LOSS

gy

Pucynoxk 7 - O6ydenne VAE 445 TeKCTOBBIX AaHHBIX
PesyabTaThl

JanHble 445 pacyeTa II€PCUCTEHTHON I'OMOAOIMI MOTIYT OBITh IIpeACTaBAeHbl IIO-Pa3HOMY B
3aBMCUMMOCTM OT M3ydaeMOll NpeaMeTHOM oOJacTu - B3BellleHHble rpadpuky, u3oOpakeHus:, obaaka
TOYeK. B Hamem caydae MBI MCIIOAB3yeM TpeTuUil TUII IIPeACTaBAEHIUs ayAMO- U TeKCTOBBIX JaHHBIX —
o0aaka TOYeK, TaK KaK JaHHBIE YKe 3apaHee M3BJA€YeHBl B BlJe HaOOpa BEKTOPOB, COOTBETCTBYIOIIUX
OTJeAbHBIM cA0BaM. Takum oOpas3oM, y Hac ecTb gBa 128-mepHbIX HaOOpa BEKTOPOB — A4s ayAuo U
TeKCTOBOTO AOMEHOB. BeKTOophl 3amlmchIBalOTCS IIOCTPOYHO B TEKCTOBOM (paiide, a BeKTOpPHBIE
KOMITOHEHTBI pa3AeAsioTcsl 3allAThIMU. 34ech MBI IIpeAlloJaraeM, 4TO BEKTOPHOE IIPOCTPaHCTBO
CHaO>KeHO CTaHAapTHON eBKAMAOBONM MeTpukoil. B TabGaniie 1 nmpusegens cratucTiyeckne gaHHbIE O
KOAMYECTBe BeKTOPOB A5 000MX TUIIOB AQHHBIX.
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Aast

Tabaumna 1. CraTucruka 4aHHBIX

Tun aasHBIX

KoanaecTtBo BeKTOpOB

Pasmep BekTOpa

AyanoaaHHble

54378

128

TekcToBEIE JaHHEBIE

6224

128

IMOCTPOEHMT  CUMIIAMIINAABHBIX KOMILA€KCOB (BmeTopI/Ica—PI/mca) " TIePCUCTEHTHBIX

TOMOAOTUM MBI MCIIOAB30BaaM makeT Ripser [17], oaguH M3 Ay4mmx cpeAy aHAAOTOB IIO CKOPOCTU

BpIYMCAeHMI 1 HanmucanHbln Ha C++. Tporiecc pacyera 3aHmMaeT 40 3 4acoB 4451 ayAMOAaHHBIX 1 40 1,5

JaCOB A4 TeCTOBBIX AaHHBIX. HpI/I‘H/IHa B TOM, 49TO ob0beM ayAnoAaHHBIX OoapIile 13-3a IIOBTOPEHII

OTAE€ADbHBIX CA0B, KOTOPbBI€ IIPOU3HOCATCS HECKOABKO pa3, B TO BpeM: KaK B TEKCTOBBIX AaHHBIX Ka’kg0€e

CA0OBO BCTpe€daeTcs TOAbBKO OAMH Ppas.

Haxkowner, MbI

IIoCTpONAN IIEPCUCTEHTHBIE ANarpaMMbl,

rokasaHHble Ha Pucynke 8. KpacHble TOuky cooTBeTCTBYIOT uncaam bertn (3 =0, a cunne Touku — 3 =1.

Pucynoxk 8 — IocTosiHHAs AntarpaMMa ay AMOAaHHBIX (caeBa) 1
TeKCTOBBIX AaHHBIX (cIIpaBa)

Aas aHaausa pacrpedeAeHns YCTOMYMBBIX MHTEPBaAOB ObLAM ITOCTPOEHBI IMCTOIPaMMBbl AAVH
uHTepBaAoB Aas pasmepHoct 1 (Pucynok 9). I'mcrorpammbl B 00OMX caydasX aHaAOTMYHBI
DKCIIOHEHIIMaAbHOMY paclpejeaeHNIo, HO C APYTUMU IlapaMeTpaMu.
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Pucynox 9. I'mcTorpaMMBbl IIOCTOSTHHBIX MHTEPBaaOB 4451 pasMepHOCcTH 1

Kaxk BIIAHO "3 PI/ICYHKa 8, ArarpaMMBbl ayAnO- ' TEKCTOBBIX AaHHBIX O4€Hb ITOXOXKM, T.€. MMEIOT
CXOXYIO TOIIOAOIMYECKYIO CTPYKTYpy, 3a MCKAIOYEHMEM TOIO, 4YTO CHUHME TOYKM INPUCYTCTBYIOT B

MEHBIIIEN CTEIIEeH! B BerHeIZ qacTu! I’pa(i)I/IKa. DTO MOKET OBITH CBSI3aHO C T€M, 4YTO 3BYKOBbBIE AaHHbIE A1
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KaXkJA0TO CA0Ba IIOBTOPSAIOTCSA M, COOTBETCTBEHHO, 0Dpas3yioT 0oAbllle «OTBePCTHUIi» B IPOCTPAHCTBe,
KOTOpBbIe 3aKpBIBAIOTCs Ha O04ee IMo3AHMX DTarax GpuabTparum (IIpy OOABIINX pajuycax I1apa).

BuiBoabI

B aaHHOII cTaThe HaMM IIpeJcTaBAeHa IIpeaBapuTeAbHas paOoTa IO aHAAM3Yy M BU3yaAU3ariin
ayAMO- U TeKCTOBBIX JaHHBIX C MCIIOAB30BaHIEM MeETOJ0B IepCuCTeHTHON romoaornu. Kak moxasaan
pe3yAbTaThl, TOIIOAOTMYECKasl CTPYKTypa OOOMX IPOCTPAHCTB AOCTaTOYHO CXOKa, YTO IOATBEpP KAaeT
TUIIOTe3y O CXOACTBE 3BYKOBOTO M TeKCTOBOTO ITPOCTPAHCTB, a CaMO MCCAeJOBaHNe MOKeT OBITh
IIpOJOAXKeHO. B uacTHOCTHM, MBI IlAaHMpyeM IIpOBeCTM KOAMYECTBeHHOe CpaBHeHUe AyarpamMm
IIePCUCTEHTHOCTH C MCITOAb30BaHIEM PYMaHOBOM MeTPUKI AN MeTpuku Baccepmrerina. Kpome Toro,
nHpopMaUMIO O TOIMNOAOTMYECKOM I0400MM  O0DOMX IPOCTPAHCTB  MOXKHO  MCIIOAB30BaTh
HeIrocpeACTBeHHO TPV OOYJYeHNY BapHaljiIOHHBIX aBTODHKOAEPOB U M3BA€UeHNN ITPU3HAKOB.

baazodaprocmu

Paboma evinoAnena npu noddepxke zpanmosozo ¢unarcuposarus npoexkmos Komumema nayxu
Mumnucmepcmea nayku u evicuiezo odpasosarus Pecnyoruxu Kasaxcman (zpanmor No. AP13068635 u No.
AP08053085).
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TeHrepiameren ayamo koHe MITiHAIK AepeKTepai TOIIOAOIMUSIABIK Taaay

Annorams: bis Oakblaaycel3 ceiiaeyadi eHJAey VIIIH ayAuo >KoHe MOTiHAIK Jepekrepai
TOIIOAOTVSIABIK Talaay OOMBIHIIA aAABIH aja >KYMBIC >KacaablK. JKympic ¢poHeMa >Kmidikrepi MeH
KOHTEKCTiK KaTbIHacTap Oip TiaAiH aKyCTMKaAbIK >KoHe MITiHAIK casaJapblHAa yKcac 0o0aaabl JereH
Doaxamra HeridgeareH. TuiciHie, 6ya 0AapAblH TeOMeTPUAABIK KYPBIABIMBIH eCKepe OTBIPBII, OChI
KeHiCTiKTep apacblHAa KecKiH KypyFfa MyMKiHAik Oepeai. bipini Kagam peTiHge ayano >KeoHe MaTiHAIK
AepeKTepai eKi >KachIpbIH BEKTOPABIK KEHiCTiKTe CaABICTBIPY VINiH BapMalMAABIK aBTOKOJepaepre
HeTi3/eATeH reHepaTUBTi aicTep TaHaaaabl. Keaeci kedeHae eKi KeHiCTiKTiH TOITOAOTUSIABIK KYPhLABIMBIH
Taajay YIIH TypakKThl I'OMOAOIMAABIK dJicTep KOAJ4aHblAaAbl. AABIHFaH HOTUKeAep €Ki KeHiCTiKTiH
YKCaCTBhIFBI Typaabl MAESHBI KoAJaca Aa, aKyCTMKaABIK >KoHe MaTiHAIK KeHICTiKTepai A4yphbIC KecKiHre
TyCipy VIIiH, COHBIMEH KaTap TOIIOAOIMSABIK akKIlapaTThl aBTOKOJepAepAi OKBITY IpolleciHe KOCYAbIH
HaKTBI 9cepiH Oarasay YIIIiH KOCBIMIIIA 3epTTeyaep KaKeT.

TyitiH ce3aep: OakblaaHOANTHIH collAeyai OHAey, BapMallsAAbIK aBTOKOJAepAep, co3Aepai eHrisy,
TOIIOAOTUSABIK AepeKTepai Taajay, TYpaKThl TOMOAOIUS XKaHe AuarpaMMadsap.

Zh.M. Kozhirbayev, Zh.A. Yessenbayev
National Laboratory Astana, Astana, Kazakhstan

Topological analysis of unaligned audio and text data

Abstract: We have performed preliminary work on topological analysis of audio and text data for
unsupervised speech processing. The work assumes that phoneme frequencies and contextual
relationships are similar in the acoustic and text domains for the same language. Accordingly, this
allowed the creation of a mapping between these spaces that considers their geometric structure. As a
first step, generative methods based on variational autoencoders were chosen to map audio and text data
into two latent vector spaces. In the next stage, persistent homology methods are used to analyze the
topological structure of two spaces. Although the results obtained support the idea of the similarity of the
two spaces, further research is needed to correctly map acoustic and text spaces, as well as to evaluate the
real effect of including topological information in the autoencoder training process.

Keywords: unsupervised speech processing, variational autoencoders, word embeddings,
topological data analysis, persistent homology and diagrams.
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Implementation of the quality management system in the enterprise producing
bentonite clay

Abstract. In the developed countries of the world, the problem of quality improvement
occupies a leading place in ensuring the competitiveness of products and services,
building new relationships between consumers and producers, and meeting material
needs, social interests, and spiritual demands, especially in production and industrial
engineering. With the entry of Kazakhstan enterprises into international markets and the
opening of the Kazakh market for the goods of foreign firms, the problem of product
quality has become a priority for domestic producers. Currently, there are problems in the
implementation of the quality management system in Kazakhstan. Accordingly, the
article discusses the problems of implementing a quality management system in the
example of a company producing bentonite clay in Kazakhstan. The methods of
observation, analysis, and synthesis, as well as the technique of interview with the head
of the quality group, were used for the research. As a result of the research, the
management system introduced in this enterprise was discussed, and the problems
observed during the system implementation were presented, as well as recommendations
for the company.

Keywords: certification, quality management system, integration, standard, clay.
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Introduction

Currently, there is a focus on meeting the needs of consumers. At the same time, the requirements
for products and services are becoming more stringent every year. It means that manufacturers are
increasingly thinking about careful quality control. The need for quality control at every stage of
production is currently a generally accepted position, which shows that all employees of the enterprise
are responsible for the quality of products and services. To continuously improve and increase the
competitiveness of goods and services in the domestic and global markets, companies are implementing
quality management systems (QMS).

When certifying management systems, any company faces several main problems that need to be
solved based on the internal conditions of the company’s functioning: the direction of activity, staffing,
and financial resources of the company while considering the constantly changing external conditions:
legal norms of the company’s country of origin, tax conditions, competition in the market, etc. For the
successful implementation of the management system, it is necessary to formulate the main problems of
QMS implementation and propose ways to solve them, which is described in this article on the example
of an operating enterprise producing bentonite clay in Kazakhstan.

Various explanations of the concept of QMS can be found in modern literature. The International
Organization for Standardization defines a QMS as part of a quality-oriented management system that
aims to formulate policies and objectives, as well as processes to achieve these goals [1]. For the successful
operation of any enterprise, it is necessary to form and maintain an effective management system, an
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integral part of which is quality management. The basis for the formation of a quality management system
can be the international standards of the ISO 9000, ISO 14000, ISO 22000 series for products, ISO 17000
series standards for services, etc. as well as national and interstate standards developed on their basis.

A QMS is a part of an organization’s management system that addresses the needs, expectations,
and requirements of stakeholders to achieve results consistent with quality objectives. Quality goals
complement the organization’s other goals related to development, financing, profitability, environment,
occupational health, and safety. This can make it easier to plan, allocate resources, define additional goals,
and evaluate the overall performance of the organization [2]. Creating a quality management system
requires a strategic decision of the organization. The creation of a quality system is understood as its
development and implementation in the enterprise’s activities. Creating an effective quality system takes
several years and requires the involvement of all the company’s personnel in quality management
activities.

In Kazakhstan, the implementation of quality management systems is stimulated, including at the
state level. Thus, the presence of a certified QMS is an essential condition for participation in the annual
Kazakhstan competition for the national award “Altyn Sapa” [3]. Following the requirements of the
market, more and more enterprises are certifying their management systems, but not all of them are
effective. There are several reasons for this. In the modern scientific literature, the problem of creating
and improving quality management systems at various enterprises is reflected in the works of both
Kazakhstani and foreign scientists — Karzhaubaeva K.E. [4], Efimova V.V., Samsonova M.V. [5], Leonova
O.A., Temasova G.N., Vergazova Yu.G. [6] and others. Some studies describe common problems in
implementing all management systems. For example, in the works of Russian researchers, it is assumed
that the main reasons for inefficient functioning in the implementation of QMS in Russia are a formal
approach to implementation, insufficient awareness of the importance of QMS implementation, as well
as insufficient qualification of personnel [7]. Other researchers call the main problems in implementing
the QMS the following: tight deadlines set by management, ignorance of the specifics of international
standards, insufficient motivation of staff, financial constraints, and a large amount of documentation
developed [8].

Several studies are devoted to the development of ways to solve any implementation problem,
for example, the psychological resistance of personnel when implementing a specific quality system [9],
and the problem of implementing QMS in industrial enterprises and organizations of various fields of
activity [10].

At the same time, the research focus of most studies on certain issues of quality management
determines the lack of scientific discussions on the development of theories, methods, and practical tools
of quality management systems. Currently, the actual implementation of the management system
functioning process has not been resolved, which leaves some problems associated with the development
of agreed concepts, methods, and tools. In addition, the scientific literature describes a number of other
significant problems that we have to face when implementing QMS in practice [11]: wrong choice of
consulting company, offering its own QMS development services; a formal approach to project
implementation (the system functions only on paper); development of QMS documentation only by
means of a specially created quality service at the enterprise, without the participation of other
departments and managers; incorrect organization of the staff training process.

Implementation of various areas of management systems in Kazakhstan will contribute to the
further dynamic and qualitative development of Kazakhstani organizations and enterprises that produce
products and provide services, including consulting in the field of development and implementation of
management systems, the creation of a national system for training expert auditors in the field of
management systems that meets international standards and allows Kazakhstan to integrate. It will
contribute to solving the strategic task of making Kazakhstan one of the fifty most successful countries in
the world. Competitive countries in the world [12].
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For successful implementation and functioning of the QMS at a particular enterprise, it is
necessary to first consider the structure of the enterprise’s activities, identify the main tasks and potential
problems, and suggest certain solutions described in the relevant literature, adapted to the analyzed
enterprise what was done in this article.

Material and methods

Characteristics of the research object

The object of research is an enterprise engaged in the extraction of bentonite clay, as well as the
sale of products based on it. The company’s raw material base is a high-quality bentonite clay deposit-
Taganskoye, located in Eastern Kazakhstan [13]. The bentonite clay mining enterprise is the first
enterprise of the Bentonite Group of Companies operating in the pharmaceutical market of Russia and
the CIS countries. The Taganskoye field has the widest range of reserves of high-quality alkaline, alkaline
earth, and pharmaceutical bentonites. Based on the results of a detailed exploration of the deposit, it was
revealed that it is represented by three industrial bentonite horizons of different compositions, with
approved total reserves of over 9 million tons. Bentonite clays of the Tagansky deposit are among the
highest quality not only in Kazakhstan but also abroad. Due to the properties of montmorillonite, the
main rock-forming mineral, bentonite of this deposit has a wide range of applications in traditional
industries and agriculture. There is also an opportunity to expand the product range and start the
production of innovative products: as a component to produce oil-cracking catalysts and for
pharmaceutical production.

The latest technological developments and extensive research in the field of bentonite applications
of the Taganskoye deposit have created conditions for the company’s continuous development and
expansion in the commodity market, and it has established strong relationships with large consumer
companies in Russia, the CIS countries and Europe. In the next two years, it is planned to build a full-
cycle plant based on the Taganskoye field, which will include a production line for processing bentonite
clay:iron ore pellets and pellet concentrates; adhesives used in the oil and gas industry, drilling, and hard
disk drives; expansion used in the preparation of molding mixtures in the foundry industry; viscous agent
for the treatment of radioactive waste in the nuclear industry; organoleptic for environmental purposes;
raw materials for catalysts such as oil cracking.

High precision of the production process is ensured using modern equipment and professional
staff. At the same time, the company is constantly improving technologies, materials, and working
methods. The quality of bentonite clay is evaluated in the laboratory based on the following indicators:
compressive strength in wet conditions; tensile strength in the zone of condensation of moisture; heat
resistance; moisture content and granulometric composition (for powdery). In addition, at the stage of
geological exploration of new deposits and the actual period of exploration of existing deposits, it
conducts clay quality control based on the following indicators: montmorillonite content; amount and
composition of exchange cations; carbonate content in SASOZ; mass fraction of sulfur sulfide; iron content
in Fe2O3; clay particle content; colloids; water absorption rate. The enterprise interacts with the external
environment: suppliers of energy and material resources, state, tax, statistical authorities, and firms that
provide practical assistance in organizing accounting and control at the enterprise. The highest body of
the partnership is the founder. The executive and administrative body of the partnership is the director
appointed by the founder. The manufactured products are of high quality and are in great demand on
the market, and to establish favorable relations with consumers of products, there is required continuous
improvement of the quality system.

Analysis of the present quality management system in the enterprise
The methods of observation, analysis, and synthesis as well as the interview technique were used
for the research. The observation was made in September 2022 and the head of the quality group in the
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Quality Control Department was interviewed on 20 September 2022. The head of the quality group was
allowed to get acquainted with the QMS documents. During the interview, the following questions were
asked in the field of the functioning of the quality system:

- how is the QMS functioning assessed?

- how often is the internal audit of the QMS conducted?

- are there constantly recurring problems in the work of the enterprise?

- are the deadlines for the approval of corrective and preventive action plans regulated?

The company that extracts bentonite clay mining company has implemented a quality
management system (hereinafter — QMS), ISO 9001:2016 standard. Currently, within the framework of
quality management, the company has developed and approved system documents in accordance with
international standards: Company Policy, Management Guidelines, Environmental Management System
Guidelines, Occupational Safety and Health Management System Guidelines, Documentation
Management Rules, Internal Audit Rules, etc. The company’s quality management policy provides for
the achievement of the following objectives:

— Significantly improve the quality of products to ensure effective competition and develop new
markets that the company previously could not enter;

—  Fully meet the expectations and requirements of consumers in terms of quality, safety, availability,
and product range;

— Systematically reduce non-production costs and increase the profitability of work based on the
introduction of technological methods and the formation of economic levers for managing the
internal processes of the enterprise;

— Create sources of investment for the development and implementation of new investments in
accordance with market demand.

The purpose of creating an environmental management system in an enterprise is to maintain and
improve the Company’s environmental safety management system, confirm the Company’s compliance
with the declared environmental policy and requirements of international standards in the field of
environmental safety management, and certify the integrated management system by international
certification bodies [13]. The company’s occupational safety and health policy is based on the state policy
in the field of occupational safety and health, established by Article 306 of the Labor Code of the Republic
of Kazakhstan, considering the specifics of production activities and includes the main policy directions,
main goals, and objectives, participation of interested parties in occupational safety and health
management. The purpose of the occupational safety and health management system is to continuously
improve the working conditions of the company’s employees and ensure the safety of the lives of people
who find themselves in the Company’s area of activity.

The current QMS of the company corresponds to the approved Quality Policy, which defines the
main strategic goals and obligations of the LLP management in the field of improving the quality of
extractive products; improving working conditions and ensuring the safety and health of personnel;
ensuring the availability of information about the LLP’s activities; meeting the needs of all stakeholders.
The bentonite clay mining company is preparing for certification of compliance of the quality
management system with the requirements of GOST ISO 9001-2015 in relation to the production and sale
of bentonite clay and clay powders. The quality of products is controlled by a factory laboratory certified
by the standard. Production technologies of the main products are protected by patents of the Republic
of Kazakhstan. In June 2022, the external inspection audit of QMS business processes was successfully
completed/SUIS for compliance with the requirements of MS ISO 9001 (QMS) and ISO 20000 (SUIS). New
international certificates on business processes of activity were obtained. The company during its
activities is guided by RK-0-001, which is an internal regulatory document of the company and describes
the integrated management system in the company. RK-0-001 “ISU. Quality Manual” is developed in
accordance with the requirements of the international standards ISO 9001, ISO/IEC 20000, and ISO/IEC
27001.
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Enterprise activity is managed based on DP-0-005 “Business Process Management”, a standard
that distributes responsibility and regulates the rules for interaction between structural divisions. The
process approach used in the enterprise involves defining and describing all the processes necessary to
achieve strategic goals, as well as establishing relationships between processes and their subsequent
management, including continuous improvement using the PDCA methodology. The main purpose of
applying the process approach to management in an enterprise is to: ensure the achievement of the
company’s goals, through a clear definition of the goals of each process, prioritization, and rational use
of available resources; ensuring that all employees are focused on achieving the company’s goals;
regulation of the system of interrelations within processes; ensuring the proper quality of the result
obtained within the framework of the activity performed by performing all necessary operations in the
process; analysis and monitoring of process execution based on performance indicators; ensuring
transparency of ongoing processes at the enterprise in order to obtain objective information about the
effectiveness of the activities carried out.

The process requirements are shown In Table 1.

Table 1 - Process requirements for a bentonite clay mining company

Requirement Characteristic

Purposefulness Each process has its own goal (result), which is the main criterion for the
effectiveness of the process and is directly related to the goals of the enterprise.
Meeting the goals of all processes leads to the fulfillment of the enterprise’s

goals

Creating value Each process contributes to the enterprise’s value stream

Standardization Documentation of processes, to establish uniform rules and standards for the
implementation of the enterprise

Consistency Perception of all processes as a single system, solving local problems does not
change the system, changes are made considering the entire set as a whole

Continuous Reducing deadlines, improving quality, reducing losses

improvement

N o t e : Developed based on DP-0-005 “Business process management”

Business process management is aimed at continuous improvement to guarantee the achievement
of the strategic goals of the enterprise and is carried out according to the PDCA Dumping cycle [6]. After
performing the “adjustment”, the cycle starts again with “planning”. The planning process is continuous,
cyclical, and continuous to ensure that product requirements are met. The director of the enterprise is
responsible for planning processes to ensure the product lifecycle. Communication with consumers
includes providing information about products; processing requests, and contracts, including their
changes; receiving feedback about products from consumers, including consumer complaints. The
necessary requirements for the extracted products are defined in legislative and regulatory legal acts, and
in internal regulatory documents and are mandatory for application. Before making a commitment to sell
products to consumers, the company conducts an analysis of potential opportunities to consider
requirements set by the user; requirements that are not stated by the consumer but are necessary for a
specific or intended use by the consumer; requirements of contracts with consumers. Based on the
decisions made, adjustments are made to the relevant documentation.

Results and Discussion

The company’s quality management system has been implemented since its inception and
currently, the current system applies to all departments and workshops. During its existence, the system
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has repeatedly expanded its scope and continues to be constantly improved. The general intentions and
direction of quality activities are formally formulated in the Quality Policy, Business Process
Management. The functioning of the quality management system is evaluated through annual external
and internal audits, which help to improve the effectiveness of production activities. Based on the results
of the report, a plan of corrective and preventive measures was developed. Table 2 shows the problems
in the management of enterprises, the solution of which is possible during the enterprise’s activities.

Table 2. Enterprise management problems and ways for solving

Identified problems

Proposed recommendation

1

2

The most repetitive business processes are
not always documented.

Once a month, conduct introductory (QMS changes) and
explanatory training

Not approved in the job descriptions of
department heads and leading specialists on
product promotion issues.

It is necessary to regulate the terms of approval of the
commercial offer, review the terms of approval of the
calculation, review the scope of work, transfer the cost
of work to a subscription fee, and move away from man-
hours.

Refusal to train or improve the skills of
employees with the wording-lack of the
necessary budget.

Introduce a mentoring system at the enterprise

When  operating data  transmission
networks, processes are not documented;
measurement devices are not checked on
time; additional payments are not made to
employees for emergency recovery work

outside working hours.

To constantly improve the skills of personnel in
accordance with the requirements of an approved
annual training plan; motivate employees.

Lack of methods and technologies that allow
to objectively assess the opportunities and
prospects of employees of the enterprise

Train managers to conduct interviews. Improve the
induction procedure. When selecting personnel, user
testing, because testing is also a source of information
that can provide information about the candidate’s
personal characteristics, professional abilities, and
abilities

The mechanism of material incentives for
personnel does not work, which allows
attracting competitive employees to the

Introducing a bonus system for developing mechanisms
to reduce the cost of production, standards, and norms
for spending economic resources

management system

Note: Developed on the basis of FC-DP-0-003-004 “ Report on internal audit in the enterprise [14]

From the data presented in Table 2, it follows that the company does not always document the
most repetitive business processes, the reason for this is a misunderstanding of the need for this
documentation by the director and employees of the enterprise, and this documentation has been
introduced only since the end of 2020. The results of the analysis showed that the processes of the
enterprise’s management system function with certain shortcomings, that is, the processes are managed,
but not at the proper level, and corrective actions are required to eliminate the identified inconsistencies.
In this regard, it is necessary: to approve the annual training plan of the company’s employees and
monitor its implementation, to coordinate and approve plans of corrective and preventive actions in a
timely manner and monitor their execution, to strictly regulate the deadlines for the execution of external
and internal correspondence, to provide a system of material and moral incentives in order to improve
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the efficiency of staff, to improve the internal and external risk management system in order to eliminate
the possibility of manufacturing defects, as well as potential damage to the consumer.

The main disadvantage of the existing enterprise management system is that it has a negative
impact on quality assurance issues and, consequently, has a negative impact on the results of work:

— Imperfect management decision-making mechanism. In many cases, the decision-making process
is very bureaucratic. Business and technical processes are not fully formalized, which leads to
inconsistent and mutually exclusive decision-making. There is no consistency between strategy,
business planning, and management.

— Different divisions of the company do not have clear boundaries of authority and responsibility
in interaction in the performance of their functions. The system of decentralization of
responsibility and monitoring of the effectiveness of implemented management decisions and
processes is not sufficiently developed, which has led to an excessive centralization of
management.

— There is no single method for diagnosing the quality state of the enterprise and formal system of
product quality indicators. Criteria for evaluating the quality and effectiveness of products in
terms of financial results are not defined.

— The use of outdated and unqualified technical means and technical equipment regulations does
not contribute to the effective implementation of technical processes and does not ensure their
flexible optimization to improve the quality and efficiency of resource use.

— The company does not have a system for managing external and internal risks. This system does
not allow for continuous improvement of the enterprise’s operations based on an early assessment
of the possibility of adverse changes and potential damage, as well as providing appropriate
countermeasures and protective measures.

— Inefficient management of information flows and use of information. The collection and analysis
of management information and internal statistical reports have not been fully optimized, and
there is no unified system for measuring, collecting, and analyzing information about the quality
of products and processes, which does not allow for timely and objective assessment of the
company’s activities, as well as effective management of resources and processes.

— Imperfection and non-transparency of the existing employee incentive system. The current
incentive system does not allow for achieving the required level of employee interest in the quality
of an internal or final product. There is no correlation between the quality level and motivation.
This is based on a system of metrics that provides each employee with the motivation to perform
high-quality work.

Thus, the stable and effective functioning of the quality management system should consist of
strict compliance with the procedures described above, as well as the use of standards and other practices
in the field of product quality. In addition, the analysis of the quality management system and the
conclusions drawn from the results of the study revealed several shortcomings, as well as insufficient
attention to some issues the existing methods of forming the remuneration fund at the enterprise are
outdated and require revision.

To solve this number of problems, it is necessary to adopt a systematic approach to optimizing
management tools and activities of the enterprise based on the development and implementation of an
integrated quality management system. The integrated management system will allow the bentonite clay
mining company to: Implementation of a comprehensive enterprise development plan, considering the
requirements of stakeholders: investors, consumers, employees, society, etc.; By adopting a common
policy, goals, and objectives, create conditions for reducing conflicts between different management
systems of the organization. By reducing the cost of developing, operating, and certifying an ISM
compared to the total cost of multiple autonomous control systems, resource efficiency is improved;
Reduce management risks due to the fact that a single system provides accounting for the consequences
of any action and the risks associated with it; Increase the satisfaction of potential customers, suppliers,

BECTHWK EHY umenu A.H. Tymunesa. Cepus mexnurecxue HayKu u mexHoA02u Y Ne 4(141)/2022 133
BULLETIN of L.N. Gumilyov ENU. Technical Science and Technology Series



Implementation of the quality management system in the enterprise producing bentonite clay

investors, and other stakeholders; Improve the company’s business image; Understand the role of each
employee in achieving common goals, increasing employee enthusiasm and creating conditions for the
formation of a unified corporate culture; Reduce audit costs by reducing the number of required audits;
Reduce labor costs for the transition to the new version of the occupational health and safety management
system standards.Thus, an integrated quality management system is a set of organizational structures,
procedures, and processes necessary to implement overall quality management. The methods proposed
for implementation by organizations and the expected results of QMS implementation in a bentonite clay
mining company are presented in Table 3.

Table 3. Expected results of integrated quality management system implementation in a bentonite

clay mining company

Key The proposed methods that can be implemented Expected results
element by the organization
1 2 3
What is management | Conceptual organizational model; algorithm of | Solutions are based on the

focused on? What is
the
approach? (Manual)

management

element-by-element integration of strategic
management and quality management and
integrated model; system of principles and tools
for effective implementation; functional and
model;

structural implementation

implementation mechanism; matrix of
integration of quality management into the

strategic management system.

deployment of the strategy,
the need for flexibility, agility,
and stability of operations,
considering the needs of all
stakeholders.  An
approach aimed at training

active

and empowering employees
at all levels.

How are decisions

Strategy development: mini-foresight session-

Strategy is developed based

made? development scenarios, strategic map, MTSP, | on actual data obtained as a
(Strategy and Policy) | matrix of integration of quality management into | result of a comprehensive

the strategic management system in the aspect of | analysis using the tools of

an adapted MTSP system and quality | QMS and MC.

management methods.
How the | Dynamic instrumental and methodological | The organization
organization model of QMS; integrated model of balanced | continuously analyzes the
responds to external | analysis of the enterprise context; PEST+E- | environment, as well as
and internal risks | analysis, assessment of the degree and time of | assesses and plans risks
Wednesday? occurrence of environmental factors, rating of | reducing, eliminating or
(Organization's strategic priority of the influence of factors; | benefitting from
environment) matrix of assessment of stakeholders ' interests | opportunities.

and its effectiveness. visualization, SWOT-

analysis, interest assessment matrices of

opportunities and threats; final matrix

"Organization context"; the mechanism for

identifying key business processes of the

organization; Y-matrix for identifying key

processes of the enterprise.
Does the | Matrix for assessing stakeholders 'interests and | Stakeholders' needs and
organization relate to | its visualization, SWOT analysis, matrix for | expectations serve as the

the needs of | assessing the interests of opportunities and | basis for top management
stakeholders? threats; final matrix "Organization context". decision-making and are
(Stakeholders, their fully.

needs and
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expectations)

How are the | Translation of targets to different levels of the | Resources are  planned,
resources needed to | hierarchy, X-matrix, cascade of X-matrices, catch | effectively structured and
achieve results | ball matching ball method; Y-matrix for | meet the requirements of
identified? establishing a link between significant factors, | stakeholders.

(Resources) goals, and breakthrough events; model of

organizational processes that include subsystems
of strategic management quality
management; decomposition of a balanced
system of strategic indicators of the enterprise.

and

How are activities
organized?
(Processes)

System of principles and tools for effective
implementation; functional and structural model
of implementation; implementation mechanism
matrix of integration of quality management into
the strategic management system in the aspect of

There is a QMS that is
effective and efficient,
promotes  strong  links
between  processes  and

ensures maneuverability and

an adapted quality management system and | improvement, promotes
methods. innovation.
How is the learning | Information collection, storage, processing and | Learning processes
process organized? | use system - information database and strategic | developed by the
(Training, landscape of the enterprise. organization are used
knowledge) together  with relevant
stakeholders and contribute
to a creative and innovative
approach.
How are results The results achieved are
achieved? How is the | Methodological —approach to monitoring: | higher than the industry
results monitored? | algorithm for internal strategic verification; | average and are maintained
(Monitoring and | system and criteria for evaluating strategic | at this level for a long time.
measurement) performance; strategic performance rating; rank | Improvements and
correlation of the level of strategic performance; | innovations are being
translation of targets to different levels of the | implemented at all levels of
hierarchy, X-matrix, cascade of X-matrices, catch | the organization.
ball matching method; Y-matrix for establishing | Key performance indicators
the relationship between significant factors, goals | are  included in  the
and  breakthrough events; model of | monitoring of all processes in
organizational processes that include subsystems | real time, and performance
of quality management and strategic | indicators are quickly
management; decomposition of a balanced | communicated to all
system of strategic indicators of the enterprise. stakeholders.
How is the priority of The priority of improvement
improvement All developments. measures depends on
measures information received from
determined? new stakeholders, as well as
(Improvements, an analysis of the
innovations) organization's context.
Note-source: Developed on the basis on [15]
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Conclusion

In the theory and practice of quality management, there are identified two problems such as
product quality and quality management. Quality assurance requires considerable costs. Until recently,
the main share of quality costs was accounted for by physical labor. But today the share of intellectual
labor is high. The quality problem cannot be solved without the participation of scientists, engineers, and
managers. There should be a harmony of all components of professional influence on quality. If you do
not pay serious attention to quality, significant funds will be required to correct defects. A much greater
effect will be achieved by developing long-term programs to prevent defects. Such a solution is the
introduction of quality management systems. However, problems may arise during and after the
implementation of quality management systems, including as presented in this article. Therefore, it is
important to implement corrective or remedial actions in these systems.

As aresult of the research on the analysis of the quality system in a company producing bentonite
clay in Kazakhstan, there were identified several main problems, and the following recommendations
were proposed to solve:

— adopt a systematic approach to optimizing the management tools and activities of the enterprise
based on the development and implementation of an integrated quality management system,

— conduct continuous training and professional development of the company's employees and
management personnel to understand the importance of documenting business processes,

— conduct systematic training for employees, including changes in the quality system, and monitor
their implementation;

— timely coordinate and approve corrective and preventive action plans;

— change procedures for external and internal correspondence;

— improve the internal and external risk management system in order to eliminate the possibility of
manufacturing defects, as well as potential damage to the consumer.

The above recommendations will improve the efficiency of the enterprise, will promote strong
links between processes within the enterprise, and an innovative approach aimed at meeting the needs of
all stakeholders.

The implementation of quality management systems in enterprises in Kazakhstan, and their
further improvement, will contribute to the further dynamic and qualitative development of Kazakh
organizations and enterprises producing products and providing services. It will contribute to making
Kazakhstan one of the most competitive countries in the world.
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M. Kyauur!, K. 4. )Kymabekosa?, E.b. ®upcos?, 3.A. Aybakuposa?, I'.A. JKanpOaesa?
LA100Aun mexnorozuarvt yrusepcumemi, Aro0Aun, [Toavuia
2/. Cepikoaesa amuviridazuvl Illvizvic Kasaxcman mexnuxaavik yrusepcumemi, Ocxemer, Kasaxcmarn

beHTOHMT ca3bIH ©HJiIpeTiH KoCilOpbIHJa calla MeHe A KMEeHTI JKyleCiH eHrisy

Anpaatma. OJeMHIH JaMbIFaH eaJepiHAe callaHbl apTThIpy IHpoOJemachl ©HiMJep MeH
KbI3MeTTepAiH Oacekere KabiAeTTiAiriH KaMTaMachl3 eTyJe, TYTBIHYIIIbLAaP MeH OHAipyllidep apackiHAa
’KaHa KaTblHacTap Kypyda, MarepuaaablK KaKeTTidiKTepai, 24eyMeTTiK Myadedep MeH pyXxaHHU
CypaHbICTapAbl KaHaraTTaHABIpyJAa, ocipece ©HAipic IIeH ©OHEepKoCiNTiK MalllMHa >Kacay cadacblHAa
>KeTeKIIi OpbIH adaabl. KasakcTaHABIK KoCiTOpBIHAQPABIH XaAbIKapaAblK HapbIKTapFa IIBIFybIMeH JKoHe
meTeaAik pupmMasapAbIH TayapAaphl YIIiH KadaKCTaHABIK HAPBIKTBIH alllbLAybIMeH OTaHABIK, OHAIpYyIIi
YILIiH ©HiM carachl Maceaeci OachIMABIKKa 1e 00a4bl. Kasipri yakpirra Kasakcranga cara MeHeAKMeHTI
KylleciH eHrisyge npoOaemaaap Oap. Tuicinmie, makasaga Kasakcranaga OeHTOHUT ca3blH ©HAipeTiH
KoCIITIOpBIH MbICaAbIHAA calla MeHe/ KMeHTI KyJieciH eHri3y Maceaeaepi KapacTbIpblaabl. 3epTTey YIIiH
Dakpliay, Taajay >KoHe CHMHTe3 dJicTepi, COHAali-aK calla TOOBIHBIH >KeTeKIliciMeH cyxOar agici
KOAJAaHBLAABL. 3epTTey HOTIUKeCiHAe OChl KOCIIIOphIHAA eHI131ATeH MeHe A KMeHT >XKylieci KapacThIPBhLAABL,
KYIieHi eHrisy kes3iHge OaliKaaraH Maceaeaep, COHAal-aK KOMIaHMs YIIIiH YChIHBICTap YCHIHBLAABL.

Tyiiin cesaep: ceprudukarray, carra MeHeA>KMeHTi >Kylieci, carta MeHeA>KMeHTi, MHTerparscsl,
CTaHJapT, cas.

M. Kyanur!, K. 4. )Kymaoekosa?, E.b. ®upcosa?, 3.A. Ayoakuposa?, I''A. JKaupoOaesa?
Lro0Aurickutl mexrorozueckuil yrusepcumem, Arobaun, IToaviua

?Bocmoutio — Kasaxcmanciuii mextudeckutl yrusepcumem um./.Cepuxoaesa

BHeapeHI/[e CCTeMbl MEHEAKMEHTAa KadeCTBa Ha IIpeAIIpVSsITIN I10 IIPOM3BOACTBY
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OEeHTOHMTOBOV TAVMHBI

Annoramms. B passuteix crpanax Mupa npo0.eMa IOBBIIIIeH)s KauyecTBa 3aHMMaeT BeJyliiee
MecTO B oOecriedeHNy KOHKYPeHTOCIIOCOOHOCTY ITPOAYKIIUI U YCAYT, IIOCTPOEHIM HOBBIX OTHOIIIEHMI
MeXJy NOoTpeOUTeAs MU U IIPOU3BOAUTEAAMM, YAOBAETBOPEHUN MaTepUaAbHBIX ITOTpeOHOCTel,
COIIMaAbHBIX MHTEPECOB U AYXOBHBIX 3aIIpOCOB, OCODEHHO B cpepe MPOM3BOACTBA ¥ ITPOMBIIILAEHHOTO
MammHoOcTpoeHns. C BEIXO40M Ka3aXCTaHCKUX IIPeATIPUATUN Ha MeXXAYHapOAHbIe PBIHKM V1 OTKPBITHEM
Ka3aXCTaHCKOTO PBIHKA AJAs TOBApOB MHOCTPaHHBIX (PUPM IpobaemMa KadecTBa HPOAYKLIMM CTada
IIPMOPUTETHON A451 OTEYeCTBeHHOIO IpousBoAuTeas. B HacTosIiee BpeMs CyIecTByIOT IIpoOAeMBbl BO
BHeAPEeHUM CUCTeMbl MeHeJXXMeHTa Kadecrtsa B Kasaxcrane. B crartbe paccmaTpmBaioTcst IpoOaeMbl
BHEeJpDEeHIs CUCTeMBl MeHeAXKMEeHTa KadecTBa Ha IIpuMepe IpeAlpUATHs IO HPOU3BOACTBY
©enToHnTOBOM ranHbl B Kaszaxcrane. /45 nccae0BaHU MCIOAB30BAAMICh METOABI HAOAIOA€HIS, aHAAU3a
U CUHTe3a, a TakKKe MeTO/ MHTEPBBIO C pyKOBOAUTEAEeM IPYIIILI KauecTsa. B pesyaprare mccaeaosanus
Oblaa paccMOTpeHa cuUCTeMa MeHeAKMeHTa, BHegpeHHas Ha JaHHOM IpeAlpUATUN, IpejcTaBAeHbI
1po0aembl, HabAI0AaeMble IIpU BHeAPEHUM CIICTeMBI, U peKOMeHAalnu 445 KOMIIaHWUM.

KaroueBbie caoBa: ceprudukanis, cucreMa MeHeAXKMeHTa KauecTBa, MHTerpalus, CTaHAapT,
rAMHa.
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