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ABTOMATTAHAObBIPY XXOHE AKMAPATTbIK TEXHOJIOMMANAP

ABTOMATU3ALIUA U UHOOPMALIMOHHBLIE TEXHONOIMNH
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B.C. lWepcTHeB
HauuoHanbHbIn nccnegoBaTensCkun TOMCKUMIW NOANTEXHUYECKUI YHUBEPCUTET,
Poccuiickaa ®egepauus, r. Tomck, np. JlleHnHa, 30
e-mail: vss@tpu.ru

NOBbILLEHUE KAHECTBA PETYJINPOBAHUA CUCTEM YNPABJIEHUA MNPU HEYETKOW
MCXOAHOU NHPOPMALIUUN

AHHOmauyusi: B OaHHOU cmambe npusedeHo uccriedogaHue ceolcme CucmeMbl
asmomMamu4ecKo20 peayrniuposaHusi C He4YemkuMm peayrnsimopoM, Komopbll eknwdaem 8 cebs
He4Yemkoe rncesdoIUHElHOE KOppeKkmupyruwee ycmpolcmeo ¢ ¢ha3osbiM onepexeHuem u /-
peaynsamop.

OO0HUM U3 nepcriekKmugHbIX U acbgbeKmueHbIXx Modxod08 cospeMeHHOU meopuu yrpasreHus
CI10XKHbIX MEXHOI02UYECKUX CUCMEM 8 yCr108USIX HeornpedeneHHOCMU, 8bI38aHHOU HEYEeMKOCMbIO
ucxo0HoU uHgopmayuu, serssemcsi nodxod, 0OCHOBaHHbILU Ha NMPUMEHEHUE Memo0O08 3KCIEePMHbIX
OUEHOK U meopuu Hedemkux MHoxxecme [1,2]. TexHoroau4ecKue rnpoyeccehbl, xapakmepusyruwuecs
MHO20KpUmepuansHOCMbio, (OYHKUUOHUPYOM 8 OCHOBHOM, 8 Hedyemkol cpede. Moamomy, Ons
ornmumarsibHO20 yrpassieHus pexuMamu pabombl makux cucmem, Heobxo0uMo yyecmb 8ekmopa
Kpumepueg U He4Yemkocmb UCXOOHOU uHgopmayuu. OBHUM U3 arbmepHamueHbIX Memodos8
MOCMPOEHUSI cucmeM yrnpaeseHus U peaynuposaHus obbekmamu, HeYemko ornpeodeseHHbIMU C
MOYKU 3PEHUs  K/laccu4yeckol meopuu  Sensemcsi  UCMofb308aHUe mak Ha3bleaeMbiX
KOHMPOJs11epo8 HeHemkoU 5102UKU.

Moamomy paspabomka peaynsimopo8 He4Yemkoz20 yrnpaeseHusi Ha base cyuecmsyruwux
MUKPOKOHMPOJINIEpO8 Se/siemcs e8ecbMa akmyasibHoU 3adadvell, mak Kak nceedosiuHelHbIl
HeYyemkuul peaynsimop, MOCMPOEHHbIU Ha OCHOBE HEYEMKUX MHOXECME8 U HEYEeMKO20 JI02U4EeCKO20
8eo0a-ebigo0a, 8 ycrosuu HeornpedesieHHOCMU 803Myuwjarouwe2o 8o30elicmeusi, crnocobeH
obecrne4yums bosiee 8bICOKUE MoKa3amersiu Kadecmea repexo0Ho20 npoyecca, 4em mpadulyUoHHbIU
g — peeynsmop.

B kayecmee ncegdonuHelHbix Koppekmupyrouwux ycmpoticme ([1KY) ucnonb3yem: KY ¢
amnaumyOHbIM rnodasrnieHueM, C ha3o8biM ONepexeHueM U C paldenibHbIMU KaHanamu Orns
amnnumyObl u ¢hasbl, mak Kak 0OUH U3 OCHOBHbIXx Hedocmamkos [M/[-peaynamopa sensgemcs
Hanu4ue ¢ha308020 3arna3dbleaHusi U 8bICOKasi 4y8CMEUMeIbHOCMb K IoMexam 8 U3MepumesibHOM
KaHare.

Knroyeebie cnoea: MuKkpoKoHmMposnep, peaynsamop, ricesdoriuHelHoe Koppekmupyrouwee
ycmpoulcmeo, KOHmMPOosi/iep He4emkoU /102UKU, Ka4ecmaeo nepexoOHO20 rnpoyecca.

BeegeHue. OgHUM 13 NepCrneKkTUBHbIX U 3(PDEKTUBHBIX NOOXOLOB COBPEMEHHOW Teopum
yrpaBneHnss CrOXHbIX TEXHOMOMMYEeCKUX CUCTEM B YCIOBUSIX HeonpedeneHHOCTU, Bbi3BaHHOM
HEYeTKOCTbIO MCXOAHOW MHAOPMaLUN, ABMAETCA NOAXO04, OCHOBaHHbLIN Ha NpUMEHeHWe MeToaoB
9KCMEPTHbIX OLUEHOK M Teopum HeyeTkMx MHoxecTB [1, 2]. TexHomnorudeckue npouecchl,
XapakTepuayoLmecs MHOroKpUTepmarnbHOCTbIO, (DYHKLUNOHMPYIOT B OCHOBHOM, B HEYETKOW cpefe.
MoaTomy, 4nst ONTUMAanbHOro ynpaBreHnsa pexnmammn paboTbl Takux cuctem, HeobxoamMmMo y4ecTb
BEKTOpPa KPUTEPUEB N HEYETKOCTb MCXOL4HOW MHAOPpMaLMK.

Mo cpaBHeHWO C TPagMUMOHHLIMKM MeTOAaMW aHanu3a U BEpPOSATHOCTHbIM MOAXOA0M
MEeTOAbl HEeYeTKOro ynpasfieHus NO3BONSAKT ObICTPO MPOM3BOAWUTL aHanu3 3agadv U nonyyatb
pesynbTaTbl C BbICOKOW TOYHOCTbI0. OCHOBHbIE NPpenMMyLLecTBa NPUMEHEHUS HEYETKOW NOrMKN ANns
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peleHna 3agad asToMaTM3auuMu MO CpPaBHEHUIO C  TPaguUMOHHBIMKM MNoAxo4amMu  Teopuu

aBTOMATMYECKOro yrnpaBneHusi COCTOAT B CneayroLlem:

— 3HauuTenbHOe NOBbilWeHMe ObICTPOAENCTBUSA MPOLIECCOB YNpaBreHUs Npu MCMOoNb30BaHUN
HeYeTKUX KOHTPONNEepos.;

— BO3MOXHOCTb CO34aHWSA CUCTEM yrnpaBneHus ans ob6bekToB, anropuTmbl PYHKLMOHNUPOBAHNSA
KOTOPbIX TPYAHO hopManmsyemMbl MeTogaMu TpaguuMoHHOW MaTteMaTuKu;

— BO3MOXHOCTb CUMHTE3a aganTuBHbIX perynatopos Ha 6ase knaccuyeckux NN perynatopos;

— MOBbIEHNE TOYHOCTU anropuTMOB UIbTpPaUUM CryYyanHbIX BO3MYLLUEHWUA npu obpaboTke
NMHopMaLumm OT OaTYMKOB;

— CHWKEHWe BEepOATHOCTENM OWWUBOYHLIX pelleHMn npu  PYHKUMOHMPOBAHUM  YNPaBISIOLWNX
anropuTMoB, YTO MNO3BOMSIET YBENUYUTL CPOK CNYXObl TEXHOMNOrM4eckoro o6opyaoBaHus.

TpaguMUMOHHbIE  CUCTEMbl  aBTOMATU3MPOBAHHOIO  yrNpaBfeHUs  TEXHOMNOrm4yecKnmu
npoueccamn CTPOATCA Ha OCHOBE NUMHEWMHbIX MoAeneh O6beKTOB, MOCTPOEHHbIX MO HEKOTOPbIM
KpUTEPUAM ONTUManbHOCTU. [onyyYeHHble Takum 06pa3oM perynsatopbl ABASTCS ONTUMarbHbIMU
N YCTOMYMBBIMM MO OTHOLLEHWUIO K 3ar0XEHHbBIM B MX OCHOBY MOAENSM pearnbHbIX TEXHOOMMYeCKnx
npoueccoB — 0H6bEKTOB ynpaBneHus n perynupoBaHus. OgHako 4acTo MeToAbl YNpOoOLieHus U
nHeapusaunm, NpUMeHsiEMble K HEMMHENHbIM, AMHAMUYECKMM, HEYETKO onpeaeneHHbIM obbekTam
He JalT OXMAAEMbIX pe3ynbTaToB YCTOMYMBOIO YpaBreHns 1 XXenaemoro Kadectsa yrnpaBneHus
peanbHbIM TEXHOMNOrM4ecknm npoueccom. C yBenumuneHmemM CrioXKHOCTUM CTPYKTypbl OoObekTa u
BbINOSNIHAEMbIX MM (OYHKUWUA CTaHOBUTCHA BCE CIIOXHEee WCMOoMb30BaTb Kraccuyeckne MeToabl
yrnpaBneHus.

OcHoBHoM pasgen. OgHMM 13 anbTepHaTUBHLIX METOAOB MOCTPOEHNSA CUCTEM ynpaBneHns
N perynupoBaHnst obbekTamun, HeYeTKO ONpedeneHHbIMU C TOYKM 3PEHUST KnaccuyecKon Teopuum
(AN KOTOpbIX HE NonyyYeHa aHanUTUYeckas Mogesb), BNAETCA UCNONb30BaHWE TaK Ha3blBaeMbIX
KOHTPONIEPOB HEYETKOWN FTOMMKM.

Moatomy paspaboTka perynsatopoB HeYeTKOro YynpaBreHwss Ha 6ase CyecTBYOLWMUX
MUKPOKOHTPOINEPOB ABMNSAETCHA BECbMa akTyaribHOM 3agadvyen, Tak Kak NCeBAONTMHENHBIN HEYETKNN
perynsitop, NOCTPOEHHbIN HA OCHOBE HEYETKMX MHOXECTB 1 HEYETKOro JIOrM4eckoro BBOA4a-BbIBOAA,
B YCMOBMM HeonpedenieHHOCTM BO3MyLLaloLero BO3OencTBus, cnocobeH obecneynTb Oonee
BbICOKME MOKa3aTesiv kKadecTBa nepexoHoro npouecca, 4em TpaguumoHHsin MO — perynarop.

Tak, kak B HacTosillee Bpemsi OonbwuHcTBO CAP cTtpoutcs Ha 6ase cBobogHo
NporpaMMmMpyemMbIX MPOMbILLNIEHHbIX KOHTPOSNEPOB, No3TOMY MMEETCH BO3MOXHOCTb CO34aTh

CUCTEMY C NPUMEHEHMEM HEYETKOro perynsrtopa.

PaccmoTpum cuHtes HeveTkoro NN perynsitopa Ha 6a3e mukpokoHTponnepa SIMATIC S7-
1200 npu noMmoLUM NakeTa NpuknagHbIx nporpamm MatlLab.

CTpyKTypa HEeYeTKoro perynstopa coBnagaeT Co CTPYKTYPOM HEYETKOM MOAENN C O4HUM
BbIXOAOM M 3aBMCUT OT OObekTta ynpaBneHus W npouecca ynpaefeHusi, a Takke oOT
TpeboBaHui Kk ero kKadectBy. [lOCKOnbKy cdepa NPUMEHEHUSI HEYEeTKOro YNpaBfieHUs OYeHb
LWNPOKa, BO3MOXHbl  pasnU4YHble CTPYKTYpbl perynatopa, OTnuvarolmMecs YMCNoM BXOAOB,
HEeYeTKMMN MHOXECTBaMM, (PYHKLMAMM NPUHAANEXHOCTN, OOPMOK yNpaBnsowmnx npasun, TMnaMmm
MexXaHM3MOB BblBOAa 1 MeTodgamun aeddasndukaumm.

Ha Bxog perynatopa noctynaeT HeobxogMmoe Ans pelleHnsl KOHKPETHON 3ajaynM  YMCho
BXOOHbIX CurHanoB. B HeuyeTkOM perynsatope npoucxoauT npouenypa dasudukauum, T.e.
NCXOAS W3 TEKYLlero 3HayYeHWss YEeTKOro CurHamna, Ha  OCHOBaHWM  M3BECTHbIX  QOYHKUWIA
NPUHAONEXHOCTU KaXgoMy CUrHany 4eTkoro BeKTopa npucBamBaeTCH onpegenieHHoe BXO4HOe
3Ha4veHue. porpamma HeveTkoro fornyeckoro BbiBoda (FIS-CTpykTypa) Ha OCHOBaHWW HEYeTKOM
6asbl 3HaHMN CTaBUT B COOTBETCTBME KaXOOMy BXOAHOMY BEKTOPY 3HAYEeHMI BbIXOOHOW
HEYEeTKMA BEKTOp, SABNAOWMINCA pe3ynbTaTOM HEYeTKOro forMyeckoro BbiBoga. 3HayeHusM
TNIMHIBUCTUYECKNX MEPEMEHHbIX, COCTaBNSAOLWMNX BbIXOAHOW BEKTOP, HA OCHOBaHUM OYHKLUN
NPVHaANEeXHOCTU CTaBATCA B COOTBETCTBME OnpedefieHHble 4YeTkue 3HayeHusi, obpasyolume
BbIXOOQHOW YeTKUI BEKTOP, T. €. NPOUCXOANT Npouenypa gedasndurkanmm

B HeuyeTkOoM perynatope Ha oOCHOBe cdopMynupoBaHHbIX npasun Tuna ECJIN-TO
ocyulecTtenseTcs oOpMMpoOBaHME NIOMMYECKOrO pPELLEHUS — MOMydeHNe HeYeTKOro MHOXEeCTBa B
dopMe pesynbTUpPYLWENn QYHKUUKN NpUHAanIexXHoCcTU. lNepeBoa TeKyLMX 3Ha4YeHUN BXOLHbIX
NepeMeHHbIX HeYyeTKOro perynsatopa B JIMHIBUCTMYECKME BENUYMHbI Ha3biBalOT npoueaypou
dhassncpmkaymm.
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CTpyKTypHasi cxema C HeYeTKUM NCeBAONNHENHBIM PEryNnATOPOM NpuBeaeHa Ha pucyHke 1.

MCEBAOMMHEMHLIM
HEMETKWHM PEYAATOP

oy If—- 4@

PucyHok 1 — CTpykTypHasi cxeMa C He4YeTKUM NCEeBAONMHENHBIM PErYNATOPOM

lMceBOONMVHENHBIM HEYeTKUW perynatop BKAYaeT B CBOW COCTaB HeYeTKoe NceBao
KoppeKTupyloLiee yCcTpoMCcTBO (puc. 2) nocrnefoBatenbHO  CoeAMHEHHOE C  KacCUYecKUM
MO-perynatopom. [MoacTtponka napameTtpoB [MKY ocyuwectBnderca no mMoAyrno ownbkn m
CKOPOCTU N3MEHEHUS OLLIMOKM

EaN! s
3
o ]
- T(5) » 5igh

1 — 6nok onpeaeneHnsa MOAYns; 2 — nHTerpo-gnddepeHumnpytoLLiee 3BeHO;
3 — 3HakoBbIl onepaTop Sign, 4 — yCTPOWCTBO NEPEMHOXEHUSA

PucyHok 2 — Cxema NceBAONMMHENHOIO KOPPEKTUPYHIOLLLErO YCTPONCTBA € (pa3oBbLIM OnepexeHnem

Mcnonb3yem MNKY ¢ ha3oBbIM onepexeHneM, Tak Kak OCHOBHbIM HegocTaTkoMm MNI-perynatopa
ABMSETCA Hanuume (pasoBoro 3anasgbiBaHUA U BbICOKaAs YyBCTBUTENBHOCTb K MOMEXam B
N3MepUTENbHOM KaHane, No3TOMYy OH He BCeraa MOXeT AaTb XOpoLlee KayecTBO perynmpoBaHust

[3].

MpoBepka paboTOCNOCOBGHOCTM HEYEeTKOro perynsatopa nposoaunack B nakete Simulink
cpeabl MatLab Ha npumepe CAP ogHOKOHTYpHOW cuctembl ¢ MAL n HeyeTkum perynaropom npwu
N3MeHeHWN 3Ha4YeHnsa napameTpa obbekTa ynpasneHus (puc. 4).

Mogenupyem CAP B MMM MatLab Simulink (puc. 3)

S

S-Function

Fuzzy Logic
Contraller

1
e u —_
15541

Classic PID1 Transfer Feni

Stept Transfer Fend Sign
Scopel

-1
A > T 1
v 155+1

Classic PID2 Transfer Fen2

PucyHok 3 — MogenuposaHnune CAP B NI MatLab Simulink

MonyyaemM rpacdmkmM nepexodHbiX MpoueccoB AN obbekTa ynpaBneHUss C UCXOOHbIM W
N3MEHMBLUMMCSI 3HAa4YeHMEM MOCTOsIHHOW BpemeHu. [lpu  3TOM  3HayYeHUss napamMeTpoB
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perynaTtopoB 06enx CcUCTeM ABMNSATCHA Hen3MeHHbIMU. Ha pucyHkax kpuBas 1 cooTBeTcTBYeT
cuctemam c rnceBOoNMMHENHbIM HedeTkum MWL — perynatopom, a kpuBasi 2 COOTBETCTBYeET
cuctemam c¢ MWL — perynatopoMm. M3 pUCYHKOB BUOHO, 4YTO KayeCTBO peryrnvpoBaHuUs
cucteMbl C nceBOONUHENHbIM HedeTkum UL — perynaTtopoM 3HAUMTENBHO nydlle, 4Yem
cuctembl ¢ ML — perynsatopom Npy M3MEHMBLUNXCS NapaMmeTpax obbekTa ynpaBreHus.

T:1=1 cek T.:=10 cek
PucyHok 4 — KpuBble nepexoaHoro npotecca

BbiBoa. U3 rpadomkoB BUOHO, yTO Ka4yeCTBO perynupoBaHuUst CUCTEMbI C
nceBoonMHENHbIM HeveTkum AL — perynsatopoM 3HauMTeNbHO nydwe, Yem cuctemsl ¢ ML
— perynatopoMm npu M3MeHMBLUMXCHA napameTpax obbekTa ynpasrneHus. Bxogsuiee B coctas
NceBOONIMHENHOE KOPPEKTMpYtoLLee YCTPOWCTBO MO3BONseT obecneuntb Xopollee KavyecTBO
perynupoBaHus nNpyu M3MeHeHMn napameTpoB OObEKTa ynpaBneHwusl, YTO LOCTUraeTcs nyTem
onpegeneHns ero napaMeTpoB Ha OCHOBE annaparta HeYeTKOW FOruKu.
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B.C. LlepcTtHeB
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e-mail: vss@tpu.ru

BACTAINKbI AKNAPAT B¥J1bIHFbIP EOJNFAH KE3[E GACKAPY XXYUENEPIH PETTEY
CAMNACbIH APTTbIPY

byn makanada ¢hbasaribiK 03bIK XalfaH Cbi3bIKmbl my3emy Kypbirfbicbl MeH PID pemmeaiwiH
KaMmumbIH aHbIK eMec pemmeeiwi bap asmomammbl pemmey XyUecCiHiH KacuemmepiH 3epmmey
bepineeH.

Bbacmankel aknapammaiH 6yribIHFbIprbiFbIHaH myblHOaraH 6enzici3dik xardalibiHOa Kypoersi
mexHoso2ausinbIK Xyltenepdi 6ackapyObiH Ka3ipai 3aMaHfbl MEeOoPUSICbIHbIH Mepcrnekmuearbl XeHe
muimOi macindepiHiH 6ipi-HezaiddenzeH macin. capanmamarbik baranay adicmepi MeH OyribIHFbIP
JKUbIHMbIK meopusicbiH KondaHy [1, 2]. Ken kpumepudnikneH cunammarsnambiH MeXHOI02UsbIK
npouecmep HeaisiHeH 6ynbiHFbip opmada Xymbic icmeldi. CoHObIKmaH, MyHOal XxylenepoiH
XKYMbIC pexumOepiH oHmalinibl 6ackapy ywiH Kpumepuulnep 6€KmMOopbiH XeHe 6acmarikbi
aknapammbiH OynbIHFbIPIbIFbIH - €CKepy Kaxem. Knaccukarnblk meopusi MmypfbiCbiIHAH aHbIK
aHbiKmanmaraH obbekminepdi backapy xoHe pemmey xyluenepiH KypyObiH 6anama adicmepiHiH
6ipi-6yrbIHFBIP 102UKarsbiKk KOHMposiepaepdi KondaHy.

CoHObiKmaH KondaHbicmarbl MUKPOKOHMposiepnep HeeaisiHde OynbiHFblp b6ackapy
pemmeeaiwmepiH xacay eme e3ekmi MiHOem 60s1bin mabbinnadbl, eUmkeHi 6y bIHFbIP XUbIHOap MeH
aHbIK emec Jlo2uKallblK €Hei3y-WbiFapy Heai3iHOe KypbiifaH XalfaH Cbi3biIKmbl OyrbIHFbIP
pemmeeiw, 6y3ywnblinbiK acepdiH benzicisdiei xardalibiH0a, dacmypni PID pemmeeziwiHe KaparaHOa
emriesii canaHbIH XofFapbl KepcemkiwmepiH Kammamachi3 eme anadsbl.

XanraH cbi3bikmbl mysemy Kypbinfbinapsl (PKU) peminde 6i3 mbiHanapdbl KondaHambi3:
amnnumyoarnbik mexenyi 6ap KY, ¢a3arnbik 03bIK xoHe amrinumydachbl MeH ¢hasachl ywiH benek
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apHanapel bap, elmkeHi PID pemmeaiwiHiH Heeidai kemwinikmepiHid 6ipi ¢gbasasibik KidipicmiH
boriybl XeHe ernwey apHacbiHOarbl kedepairiepae xofFapbi ce3immarobiK

TytiH ce3dep: MukpokoHmponnep, pemmeaiw, xasnfaH CbI3bIKMbl My3emy KYpbIfbICbl,
6y/IbIHFBIP 5102UKasblK KOHMpPOiep, emrnesii cana.

V.S. Sherstnev
National Research Tomsk Polytechnic University,
30 Lenin Ave., Tomsk, Russian Federation
e-mail: vss@tpu.ru

IMPROVING THE QUALITY OF REGULATION OF CONTROL SYSTEMS WITH UNCLEAR
INITIAL INFORMATION

This article presents a study of the properties of an automatic control system with a fuzzy
controller, which includes a fuzzy pseudo-linear correction device with phase advance and a PID
controller.

One of the promising and effective approaches of the modern theory of control of complex
technological systems in conditions of uncertainty caused by the fuzziness of initial information is an
approach based on the use of expert assessment methods and the theory of fuzzy sets [1,2].
Technological processes characterized by multi-criteria function mainly in a fuzzy environment.
Therefore, for optimal control of the operating modes of such systems, it is necessary to take into
account the vectors of criteria and the fuzziness of the initial information. One of the alternative
methods of building control and regulation systems for objects that are indistinctly defined from the
point of view of classical theory is the use of so-called fuzzy logic controllers.

Therefore, the development of fuzzy control controllers based on existing microcontrollers is
a very urgent task, since a pseudo-linear fuzzy controller built on the basis of fuzzy sets and fuzzy
logical 1/0, under the condition of uncertainty of the disturbing effect, is able to provide higher quality
indicators of the transient process than a traditional PID controller.

As pseudolinear correction devices (PKU) we use: Amplitude-suppressed, phase-ahead, and
with separate channels for amplitude and phase, since one of the main disadvantages of the PID
controller is the presence of a phase delay and high sensitivity to interference in the measuring
channel

Key words: microcontroller, regulator, pseudolinear correction device, fuzzy logic controller,
transient quality.
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CITY TRAFFIC SIMULATION ON MICROSERVICES

Abstract: Population growth and urbanization in Kazakhstan have led to significant traffic
management problems in large urban areas. Initiatives such as intelligent road systems, real-time
traffic information, and traffic management have been implemented to address these issues.
However, congestion and delays remain as major problems. Effective traffic modeling is necessary
to understand traffic patterns, identify bottlenecks, and implement effective solutions for reducing
congestion. Microservice architecture has recently become a trend owing to its advantages, and the
authors of this paper propose the use of microservices for urban traffic modeling to solve these
problems. In this study, any moving object between two points: a car, a bicyclist, or a pedestrian —
was presented as an actor. Each actor is represented as a microservice. They communicate their
movements through city microservice. After sending their movements, a red line is displayed on the
map, indicating their travel paths. This solution helps to simulate movement more realistically
because each microservice is independent and can move randomly.

Key words: urbanization, traffic, microservices, simulations, city traffic simulation.

Introduction

The growing population and urbanization trends in Kazakhstan are expected to lead to a
significant increase in the population of urban areas, which, in turn, poses considerable challenges
in managing traffic in large urban areas. To address these difficulties, various initiatives have been
undertaken, such as the development of intelligent traffic systems, real-time traffic information,
traffic-control management, and accident-alert systems. Despite these attempts, traffic congestion
and delays continue to pose significant challenges. Efficient traffic simulations play a crucial role in
understanding traffic patterns, identifying bottlenecks, and implementing effective solutions to
alleviate congestion. Moreover, the consequences of traffic congestion are far-reaching, including
increased fuel consumption, accidents, air pollution, and economic costs. For instance, in the United
States alone, traffic jams result in billions of wasted hours, dollars, and fuel consumption (Arnott and
Small 1994) [1]. Accurately estimating travel time is vital for individuals and businesses, as it impacts
economic activities and overall societal well-being. To solve these issues we propose traffic modeling
on microservices. Microservices have become popular in recent years, and many studies have been
conducted in this area. Several studies have compared microservices with other types of architecture
[2] [3], and many have pointed out that microservices have a number of advantages. Some
researchers have attempted to apply the benefits of microservices to other areas. For example,
Razzaqg applied microservices to 10T [4]. In this study, we attempted to apply microservices to city
traffic simulations.

Related works

Pump et al. suggested building microsimulations for urban transportation using microservice
concepts [5]. Their objective was to develop a decision support tool that integrates two distinct
simulation frameworks: AnyLogic and MatSim. These frameworks are connected by a bonding layer.
The bonding layer employs the idea of small independent components by confining simulations to a
single logistic concept, while the frameworks and other microsimulations provide more
comprehensive perspectives.

The definition of microsimulation used in reference [5] varies from the microsimulation models
detailed by Merz [6] and other researchers. Microsimulation models are constructed using microlevel
information and only simulate a small portion of the system being studied, without establishing a
specific pattern for the model's development. Although our paper's simulation scenarios may be
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considered microsimulation models, the modeling process and simulation theory underlying these
scenarios are beyond the scope of this research.

The authors of [7] provide an in-depth analysis of a microservices and REST-based agent-
based traffic simulator prototype. The prototype's development showcases the effectiveness of
Agent-Based Modelling in creating simulations. A standout aspect of this method is the adaptability
it offers in selecting how to implement the agent component of the simulation. By utilizing HTTP as
an interface between the agent and its environment, it becomes feasible to employ any programming
language or agent framework capable of communicating with services via HTTP.

Implementation

The idea is to represent each road user as an independent and separate microservice, i.e.
each road actor is a microservice. This solution will help to model road traffic more realistically, since
each actor will be independent and will move randomly. The city itself will also be in the form of a
microservice, it will be responsible for communication between other microservices, transfer data
between them (Figure 1) and play the role of a store.

Actor

Actor ‘ Actor

‘Ador-- - ‘ — {Ador
‘ Actor |- i ‘ Gty ’ ~{ Actor

‘ Actor | - — { Actor

Actor Actor Actor

Figure 1 — Relation of city microservice with other microservices

We use the open source project Graphhoper [8] for route planning. It provides an API for point-
to-point route planning and many other navigation-related functions. For map representation, we
used the free and publicly available geographic database Open Street Map (OSM) [9]. Both services
can be easily integrated into the project. So there are 4 services and each was wrapped in a
container using a docker file, and a docker-compose file was used to manage all containers [10]. To
run the application, you just need to run the docker-compose up -d command. This command will
start the application with a single road user. To increase the number, you must explicitly specify how
many are needed for a particular service. In our case we need to increase the number of road users:
docker-compose up — scale actor=50 -d. This command will create 50 actors. Road actors can be
any moving object between two points. It can be a car, a bus, a bicycle, etc. Each actor sends their
location through the city (Figure 2).

Message (

: List<Coordinate>
: Int

Coordinate(
: Double
: Double

Figure 2 — Kotlin data class for actor’s location messages

As soon as an actor sends his coordinates, a line is drawn on the map to indicate his
movement. To display the map, we used JavaScript and npm [11] to pull dependencies. For testing,
we used a map of Astana city and used only cars as actors. Therefore, in Figure 3, a screenshot is
shown during the simulation.
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Figure 3 — Screenshot of running simulation

Conclusion

We were able to apply the concept of microservices to urban traffic modeling. This solution
allows for more realism, as each actor is independent and moves randomly. However, the solution
is not perfect and can be improved. We now present some improvements that can be made in future
work. First, a microservice city may fail if the number of actors increases. As the city stores
messages, a distributed database can be used. Second, additional user integration can be added.
Add the ability to select parameters for the simulation: city, coordinates, number of actors, and their
roles
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MUKPOCEPBUCTEPLOEI KANAJbIK TPA®UKTI MOAEJNBAOEY

KasakcmaHOa xarnbikmbiH ecyi MeH ypbaHu3auus ipi kanasnbsik aydaH0apda o1 KO3fallbICbiH
vibimOacmeipyOa eneyni npobnemanapra anein kendi. Ocbl Mmocenenepdi wewy YWiH
UHmennekmyanobl o xylenepi, HaKMbl yaKblmmarbl X051 KO3faslbiCbl myparibl akrnapam XXoHe
XKOI Ko3frasbicbiH bacKapy cusikmbl bacmamarap y3eze acbipbliiiObl. Anatida kenmersicmep MeH
Kidipicmep Heeizai npobriemanap 6onbin Kana 6epedi. XKon KosfanbicbiH muimOi modernibdey
KosfasbIC 3aHObIbIKMapbiH MYCIHY, KUbIHObIKMapObl aHbiKmay XoHe Kernmesicmi a3alimyOobiH
muimOi wewimoOepiH Xy3eae acbipy YWiH Kaxem. XXakbiHOa MUKpOCepauCMIK apxumekmypa 63iHiH
apmbIKWhbIIbIKMapbiHbIH apkacbiH0a mpeHOKe aliHanlbl XOHE OCbl MakaslaHbIH asmopriapbl OCbl
macernenepdi wewy ywid Kananbik mpagukmi modernboey ywiH Mukpocepsucmepdi natidanaHyobl
ycbiHadbl. Byn 3epmmeyde eki Hykme apacbiHOarbl Ke3 — Ken2eH KosfanambiH O6bekm:
asmomoburne, eerocuneduwi Hemece xxasly XypeiHwi-akmep pemiHde YCbIHbINObI. ©p akmep
MUKpocepsuc mypiHoe ycbiHbiiiraH. Onap e30epiHiH Kosranbicmapbl myparisl "Kaa'MUuKpocepsuci
apKbinbl xabapnatiobl. Ci3diH Ko3farbicmapbiHbIi3 myparbl 0epekmepdi xibepaeHHeH KeliH Kkapma
onapldbiH KO3falnbIC XOJfbIH KepcememiH KbI3blfl Cbi3bIKmbl  Kepcemedi. MyHOal wewim
Ko3fasibicmbl WhbiHalbl Modenbdeyee kemekmeceOi, elimkeHi apbip MUKPOCep8UC MayeriCi3 XoHe
epikmi mypde Kosrana anaosl.

TytiH ce3dep: ypbaHusauusi, Ol KO3falbICbl, MUKpocepsucmep, modesnboey, KanasblK
mpacgukmi modesnbdey.
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MOOENMPOBAHUE TOPOOCKOIO TPA®UKA HA MUKPOCEPBUCAX

Pocm HaceneHus u ypbaHu3ayusi 8 KazaxcmaHe npugesnu K 3HaqdumersibHbIM rpobrnemam ¢
opeaHu3auueli 00POXXHO20 O8UXEHUS 8 KPYTHbIX 20p0JCKUX palioHax. [ns peweHus amux ripobnem
6bIU  peanu3ogaHbl Makue UHUyUamuebl, Kak UHMmMesiieKmyasbHble OOPOXHbIE CUCMEMBbI,
UHhopmayusi 0 OOPOXHOM OBUXEHUU 8 pPeXuMe peasibHO20 8peMeHU U yrnpasreHue OOPOXHbIM
osuxxeHuem. OOHaKo 3amopkl U 3a0epXXKU 0Ccmaromcsi OCHOBHbIMU ripobremamu. SghghekmusHoe
modenuposaHue OOpPOXHO20 O8UXeHUSI Heobxodumo Onsi [OHUMAaHUsl 3aKoOHoMepHocmel
O0BUXEHUS, 8bIIBNIEHUST Y3KUX Mecm U peanu3ayuu 3eKmueHbIX peuweHul o CHUXEHUO
3amopos. B nocriedHee epems MUKpOCepeucCHasi apxumekmypa cmasa mpeHOom 6riazodapsi
C8OUM ripeumyujecmeam, U asmopbl OaHHOU cmambu ripednnazarom UCroib308amb MUKPOCEP8UCHI
0na modenuposaHusi 20podcko2o mpaghuka, 4mobbl pewums amu npobnemsl. B OaHHOM
uccniedosaHuu nwobol  deuxywuticas obbekm MexOy O8ymMs  moyYkamu: asmomobursib,
genocuneducm unu rnewexod — 6l npedcmasnieH Kak akmepa. Kaxobil akmep npedcmassieH 8
sude mukpocepsguca. OHU coobwarom O C8OUX MEPeMEWEHUSIX Yepe3 MUKPOCeps8uc «20p00».
lNocne omnpasku GaHHbIX O CBOUX MepeMeuwieHUsIX Ha Kapme omobpaxaemcs KpacHas JIUHUS,
yKasblgarowass rnyms ux OsUXeHus. Takoe peweHue romo2aem b6osiee peanucmuyHo
Mooenupogamb O8UXEHUE, MOCKO/bKY KaxObil MUKPOCEP8UC He3asUuCUM U Moxem dsu2ambCs
MpouU380J1bHO.

Knroyeeble crioea: ypbaHusauyusi, OOPOXHOE OBUXKEHUE, MUKPOCEPBUCHI, CUMYyIaUuuU,
ModesnuposaHue 20podCKO20 O8LXKEHUS.

Information about the authors
Beibarys Zholmyrza'— Master degree, Astana IT University, Republic of Kazakhstan, Astana;
e-mail: 222170@astanait.edu.kz.

ISSN 2788-7995 (Print) IITokaopiM yHHBEpCHTETiHIH Xa0apIubichl. TexHUKambIK FeutbiMaap Ne 1(13) 2024 14
ISSN 3006-0524 (Online) Bulletin of Shakarim University. Technical Sciences Ne 1(13) 2024


mailto:222170@astanait.edu.kz
mailto:222170@astanait.edu.kz

Assel Maralbaikyzy Smaiyl — PhD, assistant -professor; Astana IT University; Republic of
Kazakhstan, Astana; e-mail: syrymbayeva.assel@gmail.com. ORCID: https://orcid.org/0000-0002-
6215-932X.

ABTOpnap Typarnbl manimeTTep

Benbapbic Xonmbip3a — maructpaHT, Astana IT University; KasakctaH Pecny6nukachl,
AcTaHa K.; e-mail: 222170@astanait.edu.kz.

Acenb Mapan6ankbi3bl Cmambin — PhD, accucteHnT-npodeccop; Astana IT University;
Pecnybnuka KasaxctaH, AcTaHa; e-mail: syrymbayeva.assel@gmail.com. ORCID:
https://orcid.org/0000-0002-6215-932X.

CBepeHua o6 aBTopax
Benbapbic Xonmbip3a — maructpaHT Astana IT University, Pecnybnuka KasaxctaH r.
AcTaHa; e-mail: 222170@astanait.edu.kz.
Acenb Mapan6ankbi3bl Cmanbin — PhD, accucteHnT-npodeccop; Astana IT University;
KasakctaH Pecnybnukacol, r. ActaHa; e-mail: syrymbayeva.assel@gmail.com. ORCID:
https://orcid.org/0000-0002-6215-932X.

Received 25.01.2024
Accepted 22.02.2024

DOI: 10.53360/2788-7995-2024-1(13)-3
ISTIR: 50.01.05; 50.01.11 @)ey 40

A. Mendebayeva, T. Zhylkybayev’, T. Mukhamediyarova, K. Baibossinova, B. Zhapar
Shakarim University of Semey
071412, Republic of Kazakhstan, Semey, 20 A, Glinki str.
*e-mail: zhitosya@mail.ru

GENERAL QUESTIONS OF SELECTION AND APPLICATION OF COMMUNICATION
PROTOCOLS OF «SMART HOUSE» SYSTEM

Annotation: The article considers SMART technology, in particular smart house and basic
communication protocols used for data exchange. Smart house technology additionally bears the
name «home automation». Home automation in modern conditions allows the user or consumer to
flexibly manage and independently configure the system, depending on the requirements of the user.
One of the stages of customization of smart home technology is the selection of communication
protocol for data exchange within the smart home system.

To implement data exchange in smart home technology, it is necessary to properly approach
the choice of communication protocols. Smart home technology uses several types of devices:
controllers, sensors, acoustics. Since not all devices support existing protocols, there are also unique
devices that support several of the existing protocols. There are several protocols used in smart
home technology: ZigBee, Z-Wave, Wi-Fi.

In this article the analysis of two main wireless protocols operating at high frequencies,
namely ZigBee and Z-Wave. Correctly selected protocols implement fast data transmission without
loss. In addition, it will be possible to realize the needs of the user or user, which are set by the
system.

Key words: protocol, Z-Wave, ZigBee, wireless technology, smart home, home automation.

Introduction

In the period of automation of all spheres of human activity, issues of management of
household appliances that provide a comfortable existence of the person, which is defined as the
concept of «Smart House», become relevant. This concept is dynamically developing, as the
technologies that provide it, do not stand still, new devices, devices and gadgets appear to improve
and comfort human life.
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The concept of construction and development of «Smart Home» technology involves the joint
work of all components of the smart home system using wired or wireless communication [1, 2]. The
control of devices included in the «Smart Home» structure can be realized with the help of various
communication devices, including portable, for example, smartphones. In this case, it is not the brand
of smart home devices and their controls that will be decisive, but the protocols between them,
because it is communication protocols that determine the qualitative and quantitative characteristics
of the interaction of components of the hardware and software of the smart home.

Conditions and methods of research

Based on the above, the properly selected protocol of interaction gives the opportunity to
complete the system «Smart Home» with the products of various manufacturers, for example, Xiaomi
security system and Apple video surveillance camera and allows to organize their interaction [3, 4].

Thus, many smart devices support several universal standards and protocols, such as Z-
Wave (Figure 1) and ZigBee (Figure 2). These protocols are designed specifically for home
automation, they provide security and versatility [4].

Telecom

Figure 2 — ZigBee protocol management

Both protocols belong to the cellular network category, which means that the communication
within them has the possibility of reaching its destination in several ways. They also reduce the
likelihood of failure and ensure safety by ensuring that when a host is damaged, the message is
redirected to the nearest available device within the network. This network algorithm is made
possible by arranging a network in which each device is connected to several other devices.

If you look at the protocols separately, then the Z-Wave (Figure 1) works in the frequency
range up to 1 GHz, and this is convenient, because the potential interference in this band is
significantly less than in the 2.4 GHz frequency range on which Wi-Fi and Bluetooth work. An
additional advantage of the protocols are small time delays when passing short commands [5-8].

The ZigBee protocol, unlike Z-Wave, provides the ability to select a routing algorithm
depending on the network state and program requirements (Figure 2). Like the Z-Wave protocol,
ZigBee provides increased security and low power consumption, which means long-term offline
operation of network devices [9, 10].

Research results
The protocols reviewed are open protocols and are increasingly supported by companies
such as Xiaomi. Alliances have already formed around both protocols, which include manufacturers
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of smart home systems. The list of companies is extremely wide, it can be found on official sites Z-
Wave and ZigBee [4-9].

Wireless data transmission technologies Z-Wave and ZigBee are a real find not only for the
«smart home» systems, but also for modern smart devices in general. Solutions for intelligent home
system, combined through Z-Wave and ZigBee protocols, provide huge opportunities for a modern
apartment or private house, as an individual project of the system «smart home» allows you to create
your own rules of interaction between devices with your unique software [4-10].

Discussion of research results

Thus, we can conclude that the described communication protocols are reliable and
comfortable solutions not only for users, but also developers. The protocol structure provides
sufficient coverage to operate the system over large areas with an ideal signal quality.

Conclusion

In conclusion, | would like to say that in recent times there have been many multi rotary
controllers that simultaneously combine several wireless technologies of the smart home. Therefore,
manufacturers try to harmonize competing protocols and give users more freedom to create
intelligent home networks. The most popular combination is simultaneous support for Z-Wave,
Zigbee and Bluetooth Smart in one device. Today, the wireless technology market for a smart home
is changing rapidly. Only the requirements for the power consumption of the device, digital security,
network fault tolerance, the device’s anti-interference capability, ease of connection and
interoperability of products of the same communication standard remain unchanged. When choosing
the basis for a smart home, you need to carefully weigh all these factors.
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OBLUUE BOMNPOCbI BbIBOPA U MPUMEHEHUA NPOTOKOJIOB CBA3N CUCTEMbI
«YMHbI OOM»

B cmambse paccmampusaemcsi mexHonoauss SMART, @ yacmHocmu ymHbIlU 0om (SMART
HOUSE) u ocHosHble rpomokorsbl c853u, ripumeHsiembie Onsd obmeHa OaHHbIMU. TexHoroaus
YMHbIU oM OOMOIHUMEIbHO HOCUM HauMeHo8aHuUe «0oMalwHsIsi aemomMamu3ayusi»y. [JomMawHss
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asmomamu3sayusi 8 COBPEMEHHbIX yCI08USIX 0380J19em 1051b308amerto unu nompebumernto 2ubko
yrnpaensame U caMocmosimesibHO Hacmpaueamb cucmemy, 8 3asucumocmu om mpebogaHuli
nonb3ogamerns. OOHUM U3 3mMariog HacmpoUKU MmexHoso2uu yMHbIU doM, sensemcs eblbop
rpomokorna ces3u 0rs obMeHa 0aHHbIMU 8HYmMpu cucmeMbl yMHbIU OOM.

Lnsa peanusayuu obmeHa OaHHbIMU 8 MEXHOo02uU YMHbIU oM, HeOb6X0OUMO rpasusibHO
rnodolimu K ebibopy rMPomokosioe c¢es3u. B mexHonoauu ymHbIU GOM UCMOMb3YMCS HECKOJIbKO
murioe ycmpolicme: KOHmposniepbl, dam4yuku, akymamopbl. Tak kak He ece ycmpolcmea
rnoddepxkusarom cyuwiecmsyrowue npomokona, HO ©Obigarom U YyHUKalbHble ycmpolcmea,
rnoddepxkusaroujue HECKOMbLKO U3 cywecmsyowux npomokosos. Cyuwecmsayem HECKObKO
MPOMOKOI108, NMPUMEHSIeMbIX 8 MexHOI02uU yMHbIU dom: ZigBee, Z-Wave, Wi-Fi.

B 0daHHoOlU cmambe npoudsedeH aHanu3 08yX OCHO8HbIX 6ecripO800HbIX [POMOKOII0S,
pabomarowux Ha BbICOKUX 4Yacmomax, a UMeHHo ZigBee u Z-Wave. [lpasunbHO 6blbpaHHbIe
npomokorbl peanusyrom bbicmpyro nepedady OaHHbIx 6e3 rnomepb. Kpome smoeo, rnoseosisim
peanusogams nompebHocmu ronb3o8amerns unu nompebumerns, Komopble 3adatomcsi cucmeme.

Knroyeenle cnoea: npomokor, Z-\Wave, ZigBee, 6ecripogo0OHbie mexHOsi0auu, YMHbILU AoMm,
domaliHsIs asmomMamua3auusi.
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AKbINAbl YA XXYXECI YLUIH BAI?IJ'IAHbIC XATTAMAJIAPbIH TAHOAY XOHE KOJNIAAHY
BOUDBIHLUA XAJNbl CYPAKTAP

Makanada SMART mexHonoausinapbl, amarn atmkaHO0a, akblriObl YU MEeXHOM02USIChI
(SMART HOUSE) xxeHe Oepekmep anmacy ywiH KorndaHblrnamabiH Hezidei balnaHbIC xammamarapb!
mariKblnaHadbl. AKbIObl Yl MexHoo2uschkl «ylidi asmomammaHObipy» OeceH amrneH 0e besneisi.
BamaHayu xardalnapOa yudi asmomammaHObipy naudanaHywbira Hemece mymbiHyWbIFa
natiGanaHywhblHblH mananmapeiHa 6alnaHbicmbl XyleHi ukemOi backapyra xoHe Oepbec
KOHGpuaypauusnayra mymMkiHOik 6epedi. Akbindbl yli MexHo102usiCbiH opHamy Ke3eHOepiHiH bipi-
cmapm yu xyueciHOe Oepekmep anmacy ywiH 6alnaHbiC xammamacbiH maHday 605birn
mabbinadsl.

AKbInObi yli mexHoroausicbiHOa depekmep anmacyObl Xy3ezae acbipy yWiH dypbic 6alnaHbic
rnpomokondapbiH maHday Kaxxemmiriei mybiHOalobl. AKbl10bl Yl MEXHOI02USIChl KypbliFbliapObiH
bipHewe mypiH natidanaHalbl. KOHMPOIIEPep, CceHcopnap, akymamopnap. ©UmkeHi 6aprbiK
Kypbinfbinap 6ipdeli KondaHbicmarbl bap xammamanapOsl Kosndal bepmelidi, bipak bipHewe
rnpomokondapdbl KonidalimbiH yHUKaNObI Kypbinfbinap 0a 6ap. Akbindel yi mexHonoausics! bipHewe
xammamanapdel natidanaHaodkl: ZigBee, Z-Wave, Wi-Fi.

byn makanada ZigBee xoHe Z-Wave cusikmbl xoFapbi Xuinikmepde XymbiC icmelmiH eki
Hezi3ai cbIMcbI3 Xxammamarnap mandaHaoel. [ypbic maHOanfaH xammamarnap Oepekmepdi
)XofFanmnad, xblndam mackiMandaydbl xy3eze acbipadbl. COHbIMEH Kamap, onap Xyuede
KepcemineeH naddanaHywbl HEMece mymbiHyWbl KaXemminikmepiH y3eze acbipyfa MyMKiHOIK
bepedi.

Tylin ce3dep: xammama, Z-Wave, ZigBee, cbiMcbi3 mexHonoausinap, akbiidbl yu, yuoi
asmomammaHObIpy.
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OKY OPbIHAOAPBIHbIH AKIMAPATTbIK KEHICTITHIH
KUBEPKOPFAY CAJIACbIHOAFbI ANAbIHFbl 3EPTTEYJIEPTE LLUOJTY XXOHE TAJIAAY

AHOamna: Makanada 3amaHayu >XOO-HbIH Kayincia aknapammsbik 6iniM 6epy opmachkiH
KanbinmacmaeIpyOblH anfbiluapmmapb! KapacmbipbiiraH. OmaHObIK XoHe xemekuwli wemendik
3epmmeynepdid xapusnaHbiMdapbl masndaHibl. OKy oOpbiHOapbIHbIH akKnapammbsiK KeHicmigiH
kubepkopray canacbiHOarbl anlbiHFbl 3epmmeyriepae Worsy xoHe marnday xacandbl. Ocbl
makbIpbin bolibiHWAa WhIKKaH xapusiiaHbiMOapsa marnday xacanobl. KacanraH manday xofapbl
OKy opbiHOapbiHbIH KKay XxyleciH y3dikciz esapa uHeecmuyusnay miHOemmepiHOe LIKXK ywiH
modenblepdi odaH oepi dambimy npobriemacsbiHbiH 63eKmisnigiH pacmadbl. AKnapammaHObipy
HbicaHOapObiH KKay kamepnepiHiH modesniH cunammay vywiH [lempu xeninepiH KondaHyra
apHanraH 3epmmeyrniep Hemuxesnepi bolbiHWa XapusnaHbimMOapra manday xacanobl. by
XXYMbicmap ocbl MiHOemme alimaprnbikmal meopusinbiK ynec kKocca 0a, 6i30iH olbiMbi3uwa,
asmopnap yceiHraH ModenbOepldi, aman aumkaHda AH-0i AK xoHe KKay 6olbiHwa LLKW)K-0a
xoHe C)K-0a bar0apnamarbiK xy3eeze acbipy bipwama KubiHFa coradbl. byn e3 ke3eziHOe KocbiMwa
3epmmeyrnepdi manan emeoi.

Tytin ce3dep: kubepkayinciadik, xofapbl OKy OPHbIHbIH aknapammsik 6inim 6epy opmacsl,
modendey, lNempu Xxenici, aknapammebl KOpFray, Kofapbl OKY OPHbIHbIH 3/1EKMPOHObLI aKrnapammaiK
6inim 6epy opmacsl, adic, MoOesib.

Kipicne

TML, engepi fanbiMoapblHbIH KeNTereH eHOeKkTepi MeMMeKeTTiK KypblibiIMAapAdblH, OHbIH,
iwiHae YKOO-HbIH aknapaTTblK-KOMMYHUKauMAnbIK xynenepiHii (AKXK) knbepkopray MiHOeTTEpPIH
Teopusnblk 3eptreyre apHanfaH: P.H. AkuHwuH [3], 6.C. AxmweTos [10], P.I". Busawes [11], O.B.
Ecukos [3], B.A. JlaxHo [9], R. Ortalo [14], P. Puhakainen [13].

Ananpga, KasakctaHga xoeHe TM[-HbiH ©acka engepinge 6yn 6acbinbiMgapablH Kenemi
LWeKTeyni Hemece aunTapnbikTanm as, onap TeK «kKofapbl OKy OpblHAApbIHAAPbIH Kubepkopray
KaXKeTTiniri» TakblpblbblHaarbl 6asgHaaManapdblH, Te3NCTepiMeH faHa wektenreH [13]. Teopusanbik
HOTMXenep MeH 3epTTey HaTuxenepi kenbip 6acbinbiMaapaa, SKCNePUMEHTTIK ManiMeTTep Hemece
nMuUTaumsanblk mMogenbaey Hatwxkenepi 6acka Oacbinbimpgapga GepinreH [5]. 3epTTeyaiH, xeke
cermeHTi KOO vyuwiH AKay-abl xeHe KKay-obl kamTamacbi3 eTydiH annapaTtTblK >KaHe
Gargapnamanslk KypangapbiH Kypy MiHAEeTTepiHe apHanfaH [3].

XKapuanaHeiMgapablH egayip ken 6eniri, atan antkanga, KOO KKay xxyireci yLwiH kapxblinan
NHBEeCTMUMANayAbIH TMiMAI cTpaTernanapbiH TaHaayFa apHarnfaH 3eptreynep [6, 8, 13].

Herisri 6enim. AKay xaHe KKay mogenbgepiHiH iwiHae MopaoH-Jloeba (1) mogeni eH Herisri
X9He KeH TapanfaH. byn mogenbaiH MakcaTbl aknapaTTbl KOpFayFa MHBECTULMANAPObIH, OHTansbI
MeriLepiH aHblkTayFa BbannaHbICTbl MiHOETTEepAl WeLlly.

I'J1 mogeniHaeri Heriari xxaraan KapacTblpblSibin OTbIPFaH aknapaTTaHablpy HblCaHbl YLUiH, aTan
antkanga XOO ABBO vyuwiH AKay-gbiH xeHe KKay-OblH OeHreliH aHblKTanTblH - ocangblk
OYHKUMACBIH eHridy aHe AaMblTy. AKNnapaTTblK HbICaHHbIH, 9pTypni doopmanapbl 60nybl MyMKIH:
KongaHywbinap Tidimi, Oyxrantepnik ecen kKitabbl, cTpaTernsanblk gamMy >Kocnapbl, Be6-canTt xaHe
T.6. Kayinci3gikti  apTTblpy  KyNUANbIAbIKTbl,  TYTACTbIKTbl,  HAKTbIIbIKTbI,  CEHiMAINIKTi,
KongaHyLwbinapablH aBTopM3aunACckiHbIH, KO XeTiMAinNiriH xaHe 1.6. kopray 6afblTbiHAA OpPbIH anybl
MYMKIH.
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Mogenb KypbinbiMbl 6oMbIHIWA cTaTuKanblk 6onagbl. [emek, wewimgep MeH HaTwkenep Oip
yakbiTTa narga 6onagbl, an AMHaMuKanblk acepriep, OHbIH ilWiHOe aKwaHblH yakbiTka Tayenginiri
eckepinmena,.

AKay xeHe KKay kypangapbl MeH aficTepiHe MHBeCTULMANap Kymcay ocanablKTbIH XeTKiNiKTi
KiLLi >X@He XeTKISIKTI yrikeH MaHaepiHae TUiMcCi3 ekeHiH eckepe oTbipbin, [J1 MoaeniHiH aBTopnapsl,
coHgan-ak ['J1 mogeniHe HerisgenreH ngesnapabl gambiTkad [10] GipkaTap XymbicTapaa Keneci
»Kargawnnap atan eTinreH.

KenTereH aBTopfiap HblCaHAapAbl TOMEH, opTalla XXaHe XOfFapbl ocanblk OeHrennepiHe
benyni 6ackapyablH GipiHwWwi MiHaeTi xxeHe Oyn xobanayablH anfalkbl Ke3eHdepiHae acanybl
Kepek gen caHaungbl. Ananga, T mogeniHiH kaHe ofFaH ykcac MoaenbaepaiH aBTopnapbl OHbIH
KeMLLUINiKTepiH atan eTTi:

— LWabybin bIKTUManNAbIfblH X8HEe aknapaTTblk MacCUBTEPAiH OcanablfblH aHbIKTanTbIH
kapanarbiM npoleaypa »ok.

— AxnapattaHgblipy HbICaHbIHbIH Kopray nepumMeTprepiHiy Kayincisgiri MeH
knbepkayincisgiriHiH 6y3binybiHaH 6onaTbiH NOTEHUManapbl WbifbIHAAPAbI aHbIKTAY KMbIHFA COFagbl.
(>KOO ABBO yuwiH 6yn AKay xoHe KKay nepumeTtpnepi ani ge XeTkKinikTi Typae wapTTbl eKeHiH
eckepemis).

— 3epTTey HaTWXKenepiH 6enrini 6ip HbicaHFa KaTbICTbI iCKe acblpyAblH, Kypaeniniri.

— LWabybingaywbiHblH,  KOpPFaHbIC YLWiH KOCbIMWA WHBECTUUMsINAp cany kesiHge o3
CTpaTerusiCblH Kanam ea3repTeTiHi eckepinmereH, atan antkaHga, AMHamuKanblk pexnMae kapama-
Kapcbl KenyAin, Tangaybl XOokK.

11 mogeni KeHiHEH TaHbINbIN XXoHe XapuanaHfaH kesgeH 6actan OH Xbin iWwiHae KenTereH
XyYMbICTap4a AaMblfaHblHA KapamMacTaH, KOMbINFaH cypakTapablH 6acbiv Geniri OyriHri KyHre gewin
wewinmereH 6onbin oTblp. Mogene aBTopnapbIHbIH CO3Ci3 eHberi — 6yn MiHOETTi anFawl peT MyKusT
KapacTbIpbI >XaHe ocangblk (PYHKUUSCHIH aHblKTaFaHbl, aknapaTtTblK canagafbl Kapama-kapcbl
TYpyAbl KapacTtblpydafbl 6actel Macene. PYHKUMSAHbBIH TYPiH aHblKTay, OUHAMWUKanbIK >XYMEHiH
ocangbifblH Bingipeai, aknapaTtTblKk KapamMa- Kapchbl TYpyabl MatemaTukanblk mogenbaeygeri 6actol
Macene XaHe KenTereH 3epTTeyLlinepai XXymbiCTapbl OCbl Macenere apHangbl [11].

Erep 6i3 MiHOeTTiH TapuxbiHa XyriHeTiH Bomncak, oHAa eki TapanTbiH, Kapama-Kapcbl TYPYbIH
OipiHWI peT ekiHWi AYHUEeXY3iNiK COFbICTbIH COHbIHAA SCKEPMU >KOcnapraygblH MaTemaTuKanblk
HerizgepiH kypy kesiHoe RAND Corporation mamaHgapbl MykuaTt kapactbipabl. RAND dupmachkl
XacafaH eki TapanTblH Kapcbl TYpy MOAENi TakTUKanblK ackepu onepauusnapibl umutaumsinayra
apHanfaH [pocc mogeni [15]. Ocbl Mogenbre COMKEC, KaKTbIFbICYLbl TapantapdblH X XoHe Y
pecypctapbl 6ap, onapablH Kapama-kapcbl Typy HOTWXKECi canblHFaH pecypcTapiblH
anblpMaLlbIbIKTapblHa CbI3bIKTLIK Tayendi XeHe CbI3blKTblK Oaraapnamanap ecebiHe okeneTiH
MakcaTTbl (PYHKUUSIMEH aHbIKTanagpl.

Ockepu onepauusanapgbl  Kocnapnay kesiHge nawmga 6GonFaH  [poccTbiH,  ecebiHiH
kapacTblpblinfaH ecenTepaeH Bipkatap anblpmallbinibiKkTapbl 6ap. bipiHwigeH, makcaTTel (OyHKUNS
OUCKPETTIi, BNTKEHi KOPFaHbIC apKblfbl ©6TYyAiH Hemece Wabybingbl Xo4blH HEMeCe KOpFaHbIC CaHblIH
aHblKTangpl. ExiHwigeH, 6yn enwemaep kapama-kapcbl KYpecTiH ap0bip ann3ogbiHaa wabybingayLbl
YLUIH e XX8He CaNKecC KopFaHyLwbl YLWiH e Gipaen.

HbicaHgapablH, OipTekTiniri ecenTi wewyai anTapnblKkTan XeHingeteai, ananga kapcbl kypecy
lWwapTTapbiH wWektengi. Ananga, [pocc wmogeniHiH ©6acTtbl KeMuWwiniri — OHbIH MakcaTTbl
YHKUMSACBIHBIH cMnaThl Y3iK-CbI3bIKTbIK 60MnbIN TabbinybiHAA, ON 9pUHE, HaKTbl Xafaannapra Conkec
kenmengi. Ocbl cebenti pocc MoaeniH OHbIH KapananmbiMAbIfbIFbIH €CKEPE OTbIPbIN, MakcaTThbl
YHKUMSIHBI - annpokcumauusanay >xaHe OipiHWi XyblkTayga HaTwkenepai any ywiH faHa
navganaHagel [12].

AKnapaTtTbl KOpFayFa apHarnfaH LWhblfbiHAap kenemiHe xxaHe KKay-fa 6annaHbICcTbl, kKaTepnepai
icke acblpy cangapblHaH 6onfaH LWbiFbiHAAP AEHreniH ecenteyre MyMKiHAIK 6epeTiH Tafbl 6ip
Matematukanblk mModenb mogenbaep [7,9] kymbicTapga cunaTttanfaH. MelHa 3epTTey
XyMbIcTapbiHbIH [11,10] makcaThbl, bikTuMman 6enyaid, 6enrini sgicTepiH kongaHa oTbipbIn, aknapaTtThbl
TexXHuKanblK Kopray kewweHiHiH (ATK) TypakTbinbifblH 6aranay 6ongbl.

Kopfrayra Hemece OHbl MOAEpHU3aumsnayFa kapxblnan nisectuyuanap 6onvaraH xarganaa,
yakbITKa KapamacTaH KopfanygblH ceHimainiri Henre TeH 6onagbl. Byn mogenb kamTtamachi3 ety
bIKTUManAbIFbIHbIH HEFYPNbIM TUIMAI KapXKblNaHgblpyFa TayenginiriH aHbiKrayra MyMKiHAIK 6epegi.
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Mogenbai Kypygafbl Herisri  KublHObIKTap Oy3y HaTwkenepi Typanbl CTaTUCTMKanbIK
ManiMeTTepai XnHaymeH 6annaHbICTbl (koHe KopfaydblH Oy3biny akTIiCiHIH, KaXKeTTiniri), enTKeHi
MYHOaAW KOPFaHbIC Xyneci byaaH keniH kanTanaHbin kongaHsiMmangbl. OcbiFaH 6annaHbICTbl aBTOP
[9,12] Xeke KOpfaHbIC XyWenepiHiH bIKTUManabl ceHimainirii 6aranayfa xaHe OHbl GipHelue
HblCaHOapFa opHaTyFa MyMKiHAiK ©6epeTiH HakTbl Oy3y apekeTTepi HeridiHae ATK-HbIH biIKTUMangbl
CEHiMAINIriH aHblKTay ogiciH »xacagbl (Mbicanbl, 6GipHelwe KomnbioTepre aHTUBUPYCTLIK
GafgapnamMaHbl OpHaTy ©peKkeTTi faHa €eMec, COHbIMeH kaTap Gacka komnbroTeprepai Oy3y
MYMKIHAIMHE KeTeTiH yakpITTbl Aa kapacTtbipyra 6onagbl) [10,16]. Byn agicTiH kemwiniri — Gyn
Xafganaa )KyMeHiH HakTbl Oy3binybl cangapbiH Tangay HoTuKeciHeH anbiHaTbliH ATK-HbIH TMiMainiriH
Giny KakeTTiniri.

3epTTeynep HoTuxeciHae [9], aBTopnap ATK kacueTTepiH aHbIKTaNTbIH NapaMeTp TeK TypaKThbl
Lwama faHa eMec, COHbIMEH KaTap pyHKUusa ga ga 6ona anaTblHAbIFbIH kepceTTi. COHbIMEH KaTap,
Oyn dyHKumMs Gy3y opekeTTepiHe >aHe MyHOaW SpeKeTTep OpblH anfaH yakbiTka OannaHbICTbl
Toyenai Gonagbl, Mbicanbl, aknapaTTaHAblpy HbICaHbIHbIH  XeniCiHAe  KongaHyLbIHbI
ayTeHTMdMKaumanay npouegypackl 6apbicbiHOa naponbdepai TaHgay TakTukachl kesiHge [8, 2].
3epTtTey HoTmxkenepi 6GowbiHwa, Oy3y OpeKeTTepiHiH XWiniriH ecenteyre MyMKiHOiK OepeTiH
dyHKUMsINAp anbiHAbI.

Mmywak-HoBukoBTbIH, Mogeni [2] kopraydblH MakcMmangbl OeHreniH KamTamacbl3 eTeTiH
XYMEHIH KOMMOHEHTTepi (HbicaHOapbl) apacbiHOa KOpFaHbIC  MEeXaHM3MAepiH OHTaWnbl
opHanacTblpyfa OafbiTTanfaH.

AknapaTTbl XofanTyablH MUHMManAbl ToyekeniH kKamTamachl3 eTeTiH Kopray MexaHU3MAEepPiHiH
OHTaNMNbl XWUbIHTBIFbIH i34ey, ayMakTblK TapaTbiifaH aknapaTtTaHablpy HblCaHHbIH, aygaHOblK
GenimwenepiHiH XyWeci MblcanbliHAa XKyprisinreH (aBTop 6aHk ©GeniMmweciHiH MblcanbiHAa
kapacTtbipapbl) [4]. Opbip Genimweaeri aknapat kenemi noTeHuMangbl KNMMEHTTepAiH caHbl, aTan
anTkaHda aygaH TypfblHAApbIHbIH, caHblHA nponopuMoHangbl. KekernereH katepnepai icke acblpy
bIKTUManAblfbl, COHAAW-aK KopFay MEeXaHU3MOEPIHIH OpKANCLICBIHbIH, KyHbl MEH TWuiMainiri
capantamansblk 6aranay agicimeH aHblkTanaapl. byn xargarnga ap0ip HbicaH YLWiH KaTepaiH TybiHAay
bIKTUManablFbl Oipaen aHe Tek KaTepAiH TypiHe 6annanbicTbl 6onaabl Agen 6omkaHaabl. Opbip
aymakTblk ©OeniMwenep YWiH KOPFaHbIC SMNEMEHTTEPiHIH dpTypni KomMOMHauusinapblH eckepe
OTbIpbIN, OYKiN Xynere kenTipinreH xannel 6apnblk WoeiFbiHAAP (0N KayinTiH 4apeXeciH cunaTrangbl)
»XoHe oapbip GenimLue yLIiH KOpFaHbIC 3N1IEMEHTTEPIHIH OHTaNNbl XWbIHTbIFbI ecenTeneni. CoHbIMEH
Gipre Kopray XXYMECIiHIH Xannbl KyHblHA LLUEKTeynep eHrisy wapTTapblH TEKCEPY KapacCTbIpblFaH.

TonblK KayinTi ecentey kesiHOe apTypni kaTepnepai xysere acblipygaH 6onaTtbiH LWbIFbIH
MerLepiH KepceTeTiH TeHaeynepaiH, KUbINbICKaH MyLlenepiHii, MaHi Typarnbl MiHAET awblK KyniHae
kanagbl (byn okuranap yrinecimai 6onein caHanagb!) [14].

O.E. ApxunoBTbIH XyMbICTapbl Toyekengepai 6aranay >xeHe aknapaTtTblK Kayincidgikke
canblHFaH MHBECTULMANAPAbIH TMIMAINIMH 3epTTey YLWiH «wabybin-kopray» 3KOHOMUKanbIK-KyHAbIK
MoZenbaepiH kongaHy MiHgeTtTepiHe apHanfad [3]. Ocbl mMogenbaepaeri Tayekenid, bikTuman
napameTprepiH aHbikTay YLWiH aknapaT canacblHaafbl «wabybin-kopFay» >kafganblHa ToH
MOTUBALMSANbIK-KYHABIK KOHE 3KOHOMMKaMNbIK-KapXXbl KaTblHAcTapAblH 6enrini 6ip cMnatramanapsl
KkongaHbinagbl. Atan anTkaHga, wabybingaywbsl A (wabybingaywbl) kenbip | aknapatTbik
pecypcTapfa KaTbICTbl T KayniH XXy3ere acblpfaH ke3ae nanga 6onaTbiH Xaraan B TapabbiHa Tuecini.

AKnapaTtTblK KaTepAi Xy3ere acblpyablH 9KOHOMUKAIbIK X8He LUbIFbIHAbIK cunaTtTaMmanapbliH
Tangay MeH caHblk baranaygblH, HakTbl MyMKiHAIr 6onfFaH xargarnaa, astopnap [3-6] eHbekTepinge
KenTipinreH mofenbaepai Kes-kernreH HakTbl YMbIMHbIH ToyekenaepiH ecentey YLiH KongaHyabl
ycbiHaabl. Ocbl GaranayablH HaTwkeciH 6enrini 6ip KocbiMLWa aknapaTt GonfFaH kesge Tayekenaep
MeHeKMEHTi CTaHA4apTTapbIHbIH NapamMeTpnepi MeH yCbiHbICTapbliHa COMKEC YNbIMHbIH aknapaTTbIK
Kayincisgik »xan-kymiH 3epTrey (ayauT) Xypridy apkbinbl anyra 6onagbl, yakblT 60MbIHLLA CTaTUKaIbIK
Garanaygbl kabblngaHraH 9KOHOMUKanNbIK-KYHAbIK Wabybingapabl AaMbiTy CLeHapuinepiHe cankec
yakbIT ©Te Kene 3 MoHAEepiH e3repTeTiH AMHaMuKanblK Typae AambiTyra 6onagpl [13].

«Labybin-kopFay» 9KOHOMMUKANbIK-KYHObIK MOAENbAEPi HaKTbl YMbIM Typarbl HaKTbl aknapart
HerisiHae oCbl YMbIMHbIH aknapaTtTblK KayincisgiriHe canbiHFaH KapakaT KerneMi XXafblHaH XeTKinikTi
Me eKeHiH Tekcepyre MyMKiHAiK 6epegai [14].

AKnapaTTblK XyWnenepre xacanfaH kubepwabybingapgbl 3epttey B.A. XopoOWKoHbIH [8]
XyMbICTapblHAa kepceTinreH. Knbepabybingap kesiHae kackyHemaepaid MyMKiHAiKTepiH 6aranay
TangayablH OViblH 84iCcTepiH nNarnganaHa oTblpbIn Xyprisineqi [12].
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AknapaTtTblk canafa KkubepwabybingayablH OHTaWnbl  UMKIbIH - paciMaey  (WapTThbl
TaHOanapablH, KemerimeH Moaenbgi xasy) kesiHge B.Haw TyxbipbiMaamachkl Kongadbinagbl gen
6omkanyna [1]. Byn wmogenbae KapXbinaHAblpyablH OHTaWnbl LWewiMai TangayFa acepi
eckepinMereHiH anTa KeTy Kepek, anamga sepTreyllinep KypraH tangayablH OMbIH aaicTepi Xeke
X9He TonThblK kmbepwabybingapabl 6aranayra MyMmkiHOIK OepeTiHiH kepceTin oTbip. byn aknapaTt
canacblHa Mbicanbl, OKy OpblHAApblHA XacanfaH kubepwabybingapdaH aknapaTtTbiH Koprany
OEHreniHiH keningeHaipinreH xxeHe ceHimai 6aranapblH anyra MymkiHAik 6epeai [16].

OKOHOMMKanbIK KaTblHAaCTap MeH aknapaTTblk canaHblH, artan antkaHga 6inim  6epy
canachblHbIH AamMybl 69CEKenecTiKTiH KyLletoiHe, aknapaT KerieMi MeH KyHbIHbIH apTyblHa, COHOan-akK
aknapaTTblH >KaWbinbin KeTyiHeH 6GonfaH noTeHumanpl LWbiFblHAAPAbIH apTyblHA, aknapaTTbiK
HblCaHAap caHblHbIH 6cyiHe (6yn acipece KOO ABBO-aa 6ankanaabl )XeHe KapKbliHAbI) XXoHe knbep-
WHUMAEHTTEpAiH, >kui GonybiHa okenedi. byn peTTe eki TapanTblH: aknapaTtTbl KOpFay MeH
wabybingaywbl- Kapama — kapcbl TapanTapAblH, AMHaAMUKanblK ©3apa opeKkeTTecyiH KepceTte
OTbIPbIM, KApChl TYPY XafgannapblHblH LWapTTapbl Aa YHEMi e3repin oTbipaabl.

Knbepkopray TapanTapblHblH CTpaTernscbl MeH TaKTUKacCbiHbIH ©3repyi aknapaTtTblk
pecypcTapfa XaHa wabybingap Tyablpagbl, onap 6ip XafblHaH KapcbinacTblH HUETIH KepceTeni,
eKiHLUi XafblHaH Wwabybingap Hemece OEeCTPYKTUBTI apanacyablH e3re e apekeTTepi 6arbiTTanfaH
KOPFaHbICTbIH, SJICI3 XaKTapblH KepceTes,.

KOO ABEBO-garbl KKay-gbl xeHe AKay-Obl kamTamachi3 eTy TacingepiHgeri earepicrepaid
Gacka cebenTepi aknapaTTblH «eCKipyiHe», XXaHa aknapaT neH KocbiMLla pecypcTapabl eHrisinyiHe,
HblCaHA4ap apacbliHAa aknapaTtTblk pecypcTapAbl kamta ©Oenyre, onapablH apacbiHOaFbl XaHa
OarinaHbicTapablH Nanga 6onybiHa 6annaHbICTbl hakTopnap 60nybl MyMKiH.

AKnapaTTblKk canagafbl eki TapanTblH aHTaroHUCTIK Kapcbl Typybl , 84eTTe KopraylublFa
wabybingayLwblHbIH (XakepaiH) ic — apekeTTepi MeH KapXKbinam MyMKiHAIKTepi 6enricia 6onfaHbIMeH
cvnaTTanagl.

CoHbIMeH KaTap, wabybigayLbiiap KOpraHbIC XKYWECiHIH KypbiribiMbl Typaribl 6ipa3s TyCiHiKke
ne xaHe Kayinci3aik >XXyMWeciHiH eH, anci3 6ybiHOapblH By3yFa ©3 KyL-XirepiH >xymcam anagbl. byn
wabyblngaylbiFa ete TMiMai.

Kayin — katepnepaiH apTypni TypnepiH Oyrattayfa kKopfay pecypctapbliH Geny GenceHgi
pexmMmae — KapcblacTblH iC- KUMbINbIHBIH angblH ana oTbIpbIn, COHAan-aK MyMKiIH WwabybingapablH
OarbIThbl alKkblH BoNFaH ke3ge KapKblnaHablpyabl KELWIKTIpin, atan anTkanga 6enimgenin xyprisinyi
MYMKIH.

PecypcTapabl AuHamukanblk 6ackapy kaxeTTiniri keneci cebentepre 6annaHbICTbl:

— KapcblnacTblH ic- apekeTi HyckanapblHblH, 6enriciagiri, atan anTkaHaa, aknapatTbl anyfa
OarbITTanfaH KyLu-XirepiHiH 6afbiThbl X)XeHe OCbl XXYMbICTbIH ayKbIMbl, aTan antkaHga oyayra kymcaraH
XakeprepaiH pecypcrapbiHbIH Kap»Kbl KOMNOHEHTTEpPIHE Ae GalinaHbICTbI;

— YaKbIT eTe Kefe Kapama-KanLlbIfbIKTbIH, iLLKi XK8He CbIPTKbI XKafaannapbl- aknapat KYHbIHbIH
e3repyiMeH, OHbIH, HbicaHaap apacbiHaa 6eniHyiMeH, kapcbinacTbiH WabybingapbiHbiH, 6afbIThIHbIH
e3repyi, xaHa wabybingayLwbinapabiH nanga 6onybIMeH;

— aknapaTTblk Xyne KyuiHiH e3repyi (KOO ABBO-cbl pepbec xafgan peTiHAe
kapacTblpbinagbl), aran anTkaHga, walbybingapablH, 0afbiTblH aHbIKTaFaHHAH KEWiH >XoHe Kopfray
TapanblHaH TUICTi Wapanap kabblngaraHHaH KeniH OHbIH €H aci3 BybIHbIHbIH ©3repyiMeH.

AKnapaTtTbl KOpfFay XyrenepiH matematukanblk Mmogengey O0MbIHLLA FbINbIMU KyMbICTapabl
Tangay, Heri3ri MiHaeT Kopfrayabl KapXbliaHablpyablH KeNneMiH aHblkTayFa 6afbITTanfaHblH KOpCeTTi.

KapXblHbl KOpFay HbiCaHAapbl apacbiHaa 6eny MiHgeTTepi kenbip XymbicTapaa KepceTinreH
[2, 4]. CoHbiMeH KaTap, KongaHbiCTafbl HaTWXenep (Moaenbaep) [6], wabybingaywbiHbIH MYMKIH
apekeTTepi MeH onapfblH cangapbl XXYWEeHiH, KepceTKilTepi MeH cunaTTamanapblHblH, e3repyiHe
acepiH TUri3eTiHi cupek eckepeai.

Ocbinanwa, 3epTTenin oTbipFaH TakblpbINTaFbl XXyMbICTapFa XYprisinreH Tangay wapyatlbisibIK
KbI3MeT CyObekTinepi MeH OKy OpblHOAPbIHbIH aknapaTblH KOpfay YLWIiH LWeKTeyni KapXbl
pecypcTapblH TMiMAI nanganaHy MiHAETIi aca MaHbI3abl )XaHe MaHbI3abl 6ona TyceTiHiH kepceTTi [7].

CoHbIMeH KaTap, Wwabybingaylbl TapanTblH, iC- 9peKkeTTepi MeH KapXbl pecypcTapblH 6enrini
Gip bIKTMManablknNeH FaHa 6omkayra 6onaTblH Genriciagik XaraanbiHAa, TEOPUANbIK-ONbIH 84iCTEPIH
nanganaHy xxeHe Kapama-KauLbInbIK WapTTapbliHbIH, ©3repy AMHaMUKacblH eckepe OTbIpbIn KopFay
HblCaHOapbl apacblHAa LWeKTeyni pecypctapabl OHTawnbl Genydi isgey aknapaTTblH KaWbinbin
KeTyiHeH BonFaH KapXXbinan WheifbiHAapAbl 6apblHWa azanTyra MyMKIHAIK 6epeai.
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KomnbloTepnik »xyrhenep MeH aknapartTblk TexHonorusnapgblH gamybl KKay >xyneciH
NHBeCTMUMANayAbl OHTaWnaHablpy OOMbIHLLA KXyMbICTapAblH Xeke TyKblpbiMAamacbiH TyablpAbl.
3eptTeyaih 6yn  Tykblpbimgamacbl KKay canacbiHoafbl  MHBECTUUMSINAyAblH - paunoHangpl
cTpaTerysnapblH aHblKTay ecenTepiHae capantamansik xynenepai (CX) [2] xeHe LUKXK-Hbl [6]
KEeHiHEH KongaHyFa HerisgenreH. bi3a ocbl canaga KenTereH XymbicTapgbl 3epTTen, ocbl
XapusnaHoiMgapablH kenwiniringe [5, 8, 12] xxofapbl oKy opHbiHbIH KKay »xyneciH e3apa kapxbinan
WHBECTULMANAYObIH, paunoHanbl cTpaTernsicblH TaHgay OoMblHWA HakTbl LWewimaepai
KapacTblpMaraH AereH KopblTblHAbIFA Kenaik.

CoHbiMeH kaTap, [10, 11] xoeHe [12] >kymbiCTapbliHblH KOpbITbiHObIApbiHOA KKay-fa
nHBecTMumanayabl 6ackapydblH pauuMoHangbl  cTpaTeruanapbiH - TaHgay npouegypanapbiH
aBToMaTtTaHabIpy ywiH CX-Hbl xxaHe LWKXK-Hbl kongaHy kesiHae HakTbl yCbiHbICTap 6epinmereH. byn
Xargannap xorfapbl oKy OpHbIHbIH KKay XXyneciH e3apa kapxXbinanm nHBectuumuanaynbliH paumoHanibl
cTpaterysnapblH aHblkTay ecentepiHge LWKXK ywiH xaHa mogenbaepai Kypy KaKeTTinirimeH
GannaHbICTbl MIHAETTIH TyblHOAyblHa cebenwi Gongbl. Ocbl Takblpbin GOMbIHLWA KacanFaH
3eptreynepgeri [13, 14] aBTopnapabiH 6basHgaraH Toxipube MeH TocingepiHe, coHaan-aK 3epTrey
agictemenepi ykcac aBTopnapablH XKymbicTapbiHa [15, 16] cyineHe OTblpbin, OCbiHAAW MiHOETTEp
KnacblH LeLlyae XeTKinikTi Tmimai Tacin: 6ipHelwwe TepmuHangpbl 6eti 6ap guddepeHumangbik cana
OMblHOAPbLlI TEOPUSCbIHLIH, SAICTEPIH KongaHy gen anTta anambid [7]. Ocbinanwa, ocbl Takblpbin
OoVibiHLWAa 3epTTeyrepre XyprisinreH Tangay »ofapbl OKy opHblHbIH KKay »xyneciH y3aikcis e3apa
uHBecTuumanay ecentepiHge LUKXK ywiH mogenbaepai ogaH api AamMbiTy MiHAETIHIH ©3€eKTiniriH
pacTtagpl. byn TyXblpbiM MHBECTOpPMiap YLUiH HaKTbl YCbIHbICTAP Kypy KaxeT GonfaH ke3ge ete
MaHbI3gbl. bipak Kypoeni matemaTtvkanblk ecenTeynepdi KongaHydblH KaxeTi ok, cebebi
ecenTeynepaiH ken 6eniri komnbloTepNik 6araapnamanapmeH opbiHaanaabl.

MbiHa >xymbicTapaa [9] AH-HiH KKay kaTepiHiH MogeniH cunattay ywiH NeTpu xeninepiH
KongaHyra apHanfaH 3epTTeynepaiH HaTwxkenepi KenTipinreH. byn XymbiCTap oOCbl MiHAETIHAE
anTapnbiKTan TeopusnblK yriec Kocca aa, 6i3aiH orbiMbi3Lwwa, aBTopriap yCbiHFaH Moaenbaepai, atan
antkaHga AH-ai AK eHe KKay 6orbiHwa LWKWXK-aa xxeHe CXK-ga 6araapnamanslk Xy3ere acblpy
(nporpammanay) Gipwama KublHFa coragpl.

MblHa 3epTTey XyMmbiCTapblHa [5-7] cyheHe oOTbipbin, KaTepnepgiH, moaenbaepiH AH-HiH
KopFanyblH 6aranay MiHOETIH e3eKTeHAipy KesiHOe kaTeprepai KepceTydiH KepHeki KecTenik
dopmMacbiH KorngaHa oTblpbin KypyFa 6onagbl. bipak ofapblga kepceTinreHaen, byn TacinmeH
KkatepnepaiH MogeniH xacay ken eHOekTi kaxeT etefi. COHbIMEH KaTap, kaTepriep CaHbIHbIH 6cyi,
acipece KKay canacbiHgoa XymbiC Taxipubeci a3 mMamaHgap YWiH MyHOam KecTeHi Kypabl
KnblHOaTagbl.

Metpu (MeTpn-MapkoB) xeninepi wabybingayLbiHblH MOAENbAEPIH cunaTTay YLWiH e CoTTi
kongaHbabl [8]. Anamga, aBTopnap wabybingaylwbiHbiH MOAENIH Ty3eTy MYMKIHAIrH, aTan
anTKkaHga, OHbl rpadpTap TEOPUSACHIHbIH, HEri3iHaOe KypblinFaH mopenbaepmeH OipikTipy apkbinbl
TY3eTy MYMKIHAIMH KapacTteipmagbl, ©6yn Haktel AH ywiH knbepkopray nepumeTprepiHeH
(wekapacbl) wabybingayLwbiHbIH eHcepy npoueciHaeri Kynnepaid aybiCyblH Odnipek cunatrayfa
MYMKiHAIK 6epep eni.

KopbiTbiHabl. 3eptreynepae [1-9] ap Typni AH yuwin AK xymneciHiH mogenbaepi MeTtpu
XerniciHae anablH ana ipikTenreH kapanambiM onepauusnapiblH, Ti30eri peTiHae KapacTbIpbISFaH,
onapgblH iwiHae knbepwabybin ga Gonybl MymkiH. Mogenbgep GepinreH yakblT apanbifbiHaa
apTypni wabybingapablH Xy3ere acy biIkTuMangbifblH ecenteyre MymkiHaik 6epeai. Ananga, [10-15]
3epTTeynepae KapacTblpbiniFaH mMogenbaep XaHa kubepkatepnepgi xysere acblpy npoueciHae
yakbITka GannaHbICTbl cMnaTTamanapabl ecenteyre MyMkiHaik 6epmegi.

3epTTeynepae [8-16] lMeTpm xeninepiHe HerisgenreH xeHe aknapatTblk xynenepae (AX)
KkaTtepnepai icke acblpy NpoLEeCcTepiH cMnaTTanTbIH XXaHe Mogenbaep yCbiHbinAabl. byn mogensaep
AH-gi  KopfayadblH KenTereH napameTpriepiH artan aWTkaHga, KaTepriepdiH —opbliHAany
bIKTUManNAbIfbIH, Katepnepaid opblHAany yakblTblH Gafanayra MyMKiHAIK ©6epreHiHe kapamacTtaH,
WwabyblgayLwbiHbIH, iC-KUMbINTAAPbIHBIH, PETi COHbIHA AEWiH TONbIK asikTanMaraH. ATan anTkaHaa,
Oyn XymbICTapaa apTyphni KnacTtapra xatatbliH wabybingap 6apbicbiHaa AXK-HbIH, XXan- KyWiHiH
esrepyi kesiHae TybIHOAWTbIH KaKThIFbIC XaFdannapabl wewy MiHaeTi 3epTtrenvereH. byn xarfnan,
0i3giH oMbiMbI3LIa, OChbl 3epTTeynepaiH NpakTukaga KongaHbinybiHa WwekTey 6onaabl.

Ocbinanwa, katepnepgi aHblikTay MeH TangayablH KongaHblCTafbl 94iCTepiH, [NeTpu xeninepin
anroputmaey xeHe BuM3yanusauuanay HerisiHge wabybingaylwbinapabliH MOAeNnbAEPiH TOMNbIKTbIPY
HakTbl AH yLWiH KopFany Xafganbl MEH XXaHa katepnepdi 6omkaygbiH, TviMai kypanbel 6ona anagbl.
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Byn >xaHa kmbepkaTepnepaiH, Herisi Kamga >kaTkaHblH XKoHe KaH4aW canjap oOKeneTiHiH yFyFa
MYMKIHAIK ©6epepfi xaHe Oonalwakra apTypni aknapaTTaH4blpy HbiCaHOapblHbIH KMbepkayincisairi
mMeH AK KbI3MeTTepiHiH TangayLbinapbl YCbiHFaH Tacingepai Tvimai kongaHyra 6onagbl.
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OB30P U AHANU3 NPEObLIAYLWMX UCCNEQOBAHUN B OBJIACTHU KUBEP3ALLUTDI
MHPOPMALIMOHHOIO NPOCTPAHCTBA YYEBHbIX 3ABEJEHUU

B cmamebe paccmompeHsi npednockiniku ¢hopmuposaHusi be3onacHol UHGpopMayUuOHHOU
obpasogsamersnbHoU  cpedbl  cospeMeHHo20  8y3a.  [IpoaHanusupoeaHbl  nybnukayuu
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omeyecmeeHHbIX U 8edyuiux 3apybexHbix uccriedosaHul. lMposedeH 0630p u aHanu3 npedbidywux
uccriedogaHull 8 obnacmu kKubep3awumsl UHGOPMaUUOHHO20 rfpocmpaHcmea y4yebHbIX
3aeeleHull. [lposedeH aHanus orybrnukoeaHHbIX rybnukayul no daHHoU mewme. [MpoeedeHHbIl
aHanus nodmeepdusn akmyasibHocmb rpobriembl OanbHeliweao passumusi modenel Ons BKC 8
3a0ayvax HernpepbiBHO20 83aUMHO20 UHeecmuposaHusi cucmembl KC ey3o8. lNposedeH aHanu3
nybnukayul rno pesynbmamam uccredosaHull no ucronb3ogaHuto cemed lNempu 058 onucaHusi
modesnu yepos yepo3 obbekmos uHghopmamu3sayuu. Xomsi amu pabomel 8HOCSM 3Ha4YUMesibHbIlU
meopemudeckuli ekriad 8 amy 3adady, Ha Hall 8321180, rpogpamMMHast peanusayus npednoXeHHbIX
asmopamu modened, 8 yacmHocmu AH, e BKUI u CC rio U6 u Kb, Heckornibko 3ampydHeHa. 3mo,
8 ¢80k o4epedb, mpebyem AorosHuUmMerbHbIX uccriedoeaHudl.

Knroyeeble crnoea: kubepbesonacHocmsb, UHhOpMaUUOHHash obpasosameribHas cpeda
s8y3a, molenuposaHue, cempb [lempu, 3awuma UHGOpPMayuUu, 371eKMPOHHas UHGOopPMayUOHHas
obpasoeamerbHas cpeda 8y3a, Memood, Moderib.
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REVIEW AND ANALYSIS OF PREVIOUS RESEARCH IN THE FIELD OF CYBER PROTECTION
OF THE INFORMATION SPACE OF EDUCATIONAL INSTITUTIONS

The article considers the prerequisites for the formation of a secure information and
educational environment of a modern university. Publications of domestic and leading foreign studies
were analyzed. An overview and analysis of previous research in the field of cybersecurity of the
information space of educational institutions was carried out. The analysis of publications published
on this topic was carried out. The analysis confirmed the relevance of the problem of further
development of models for VHS in the tasks of continuous mutual investment of the system of higher
education institutions. Analysis of publications based on the results of research on the use of Petri
nets to describe the model of cyber threats of informatization objects was carried out. Although these
works make a significant theoretical contribution to this task, in our opinion, the programmatic
implementation of the models proposed by the authors, in particular, The an in the ICIS and ICS on
ICS, is somewhat difficult. This, in turn, requires additional research.

Key words: cybersecurity, University information and educational environment, modeling,
Petri nets, information security, electronic information and educational environment of universities,
method, model.
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MOAENMUMPOBAHUE NOTEHUMOMETPUYECKOIO OATYUKA YPOBHA U OLLEHKA
MOrPEWHOCTH

AHHOMauus: B daHHoU cmambe paccmampeH rnpuHuyun pabomsi nomeHyUuoOMempu4ecKoao
yposHemepa Orii  U3MEPEHUSI YPOBHS  371IeKMpPOrnpoe8odHoU Xudkocmu 8 pesepsyape.
AnekmponpogodHasi XUOKOCMb U3MEPSIeMCS yPOBHEMEPOM KOCBEHHbIM MEMOOOM 8 3a3eMIIEHHOM
pesepegyape. Ycmpolicmeo cocmoum U3 CeHcopa C HU3KUM 371eKMPUYEeCKUM COMPOMuUBrieHUeM,
2eHepamopa rnepeMeHHo20 moka, Memaru4eckoli CmeHKU pesepsyapa u ycunumers cnaboeo
cuzsHarna.

HenuHeliHocmb nepedamoyHol (byHKUUU He 0380715em UCMo/1b308amb U3MEPEHHbIE
3HayeHus ceHcopa bes npedesapumeribHOU uHeapusayuu. lNoamomy Heobxodumo paspabomame
MoOeslb CeHcopa 8 371eKmMPOrnpPoB8oOHOU XUOGKOCMU U 8biSeUumb (bakmophbl, 6nuswWue Ha
MOYHOCMb U3MEPEHUST YPOBHSI.

Lns oueHku moyHocmu usMepeHul 8 cmamee rpedcmassieHa MoOesb 371eKMPUYECKO20
rosig 8Hympu 311eKmposiuma, co30agaemMo20 CeHCOPOM MOMEeHUUOMEemMpPUYECKO20 yposHemepa 8
pesepsyape ¢ yunuHopuyYeckol cmeHKoU. Mcronb308aHbl YUCIEHHbIE MemOoObl, OCHOBaHHbIE Ha
Memooe KOHeYHbIX 3ieMeHmos, 071 pacdema omeHyuasaoe U moKo8 8Hympu 3/1eKkmposiuma.
Modenb KoHe4YHO20 aremMeHma U KOHEeYHO-3/IeMEeHmHasi cemka M03680JIUulU  paccMompems
nepedady NoOmMeHyuano8 Mexoy KOHEYHbIMU fIeMeHmamu.

[Moka3aHo, Ymo no2pewHoOCMb U3MEPEHUST YPOBHS 8 MOMEHUUOMEeMPUYECKOM ypOBHEMEpPE
umeem HedoMycmMuUMyr 6€e/IUYUHY U 3asucum Om ypPOBHS XUOKOCMU U OmM pPacriofoXeHust
u3mMepumeris ypOoBHsi.

Ha ocHoee nony4eHHoU modenu bbiniu onpedesneHbl hakmophbl, 8/1USIOUUE Ha USMEPEHHOe
3Ha4YeHuUe YPOBHS XXUOKOCMU, U BbIMOSTHEHO 8blYucrieHue abcomomHyol U OmHocumersibHol
rnoepewHocmel usmepeHusi. Tak xe onpedesneHbl 0anbHelwue waau rno yayHuweHur moYyHocmu
U3MepeHus yposHemepa.
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Knroyeseble cnoea: nomeHyuomempuyeckuli Memod, u3Mepumersb YPOBHS, YPOBHEMEP,
YucrieHHble MemoObi MOOesIUPOB8aHUS, MeMOO KOHEYHbLIX 3/1EMEHMO8, 0e2PeWHOCMb USMEPEHUS.

BBepgeHune

B coBpemMeHHOM NpOMbILLNEHHOCTM AaTYMKN YPOBHS UrpatoT KIOYEBYHO porib B 06ecnevyeHmm
3P PEKTMBHOIO KOHTPOSISA U yNpaBneHus NpoLeccamMmm, CBA3aHHbIMK C XKugkocTsimun [1]. YpoBHemMepbl
obecneynBaloT NPELM3NOHHBIN MOHUTOPUHI M aBTOMATM3aLMIO Pa3NNYHbIX NPON3BOLACTBEHHbIX
npoueccoB. Nx BaxHOCTb OOycrioBneHa He TOSbKO MOBbIWEHWEM MPOU3BOAUTENBHOCTU, HO U
CHWKEHMEM PUCKOB aBapUMHbIX CUTyaLMi, KOHTPOMEM KadecTBa NpoayKuun, a Takke 3KOHOMUEWN
PEeCypcoB, Takux Kak Boga 1 cbipbe. [10aTomy BaXHO 06ecneymTb TOMHOCTb N3MEPEHUS YPOBHS Ha
npoussoacTee [2, 3].

MpuHUMN OencTBMS MOTEHUWMOMETPUYECKOrO0 YpOBHEMepa W3BeCTeH AaBHO [4, 5], HO
HeNMHENHOCTb nepedaTodHON OYHKUMM M3MepuTens He MOo3BOMseT UCMNOoNb30BaTb M3MEpPEeHHOe
3Ha4eHue ceHcopa 6e3 NuHeapusauun nepegatodHon yHKumMn. NoatoMy HeoBXoaMMO NOCTPOUTL
MoZerb CEHCOopa B 3NEKTPONPOBOAHON XUAKOCTM 1 OnpeaenuTb hakTopbl, BAUSIOLWMNE HA TOYHOCTb
N3MepeHns namepuTens.

MpyHUMN n3mMepeHns ypoBHSA NOTEHLNOMETPUYECKMM YPOBHEMEPOM

MpyHUMN 3MepPeHNst YPOBHS MOTEHLIMOMETPUYECKUM YPOBHEMEPOM MOKa3aH Ha puUCyHke 1.
Al

Tz D Tout
@Ugen

Ls

Lm

Pl/lcyHOK 1- (DyHKLl,I/IOHaJ'IbHaFI cxXemMa namepeHusa yposHa noTeHUunomMmeTpn4eCcknmMm ypoBHemMepom

YpoBeHb 3NEKTPONPOBOAHON XUOKOCTN U3MEPAETCS NMOTEHLNOMETPUYECKAM YPOBHEMEPOM
B 3a3eMIIeHHOM pe3epByape KOCBEHHbIM METOA0M.

YpoBHEMep COCTOUT U3 ceHcopa B BUAe Tpybbl C HU3KUM 3IEKTPUYECKUM CONPOTUBIEHNEM,
reHepaTopa nepemeHHoro Toka Ugen, meTannuMyeckon CTeHKU pesepByapa n ycunutena Af
cnaboro curHana Us.

Mexay Tpybon u CTeHKOM pe3epByapa COEOUHEHbl MHOXECTBO COMPOTMBIIEHWI
9NEKTPONPOBOAHON XWAOKOCTU. Tak KaK OHU COEOUHAKTCS C HYMNEeBbIM MNOTEHLMANOM CTEHKM
pe3epByapa, TO OHM npeobpas3oBaHbl B BMAE ABYX SKBUBANEHTHbIX conpoTtmBnenHnn R1 un R2,
COEONHEHHBIX CO CTEHKOM pe3epByapa. ConpoTusnenna R1 n R2 obpasyoT genntenb HanpskeHns
Ha YacTu CTEPXHS, NOrPY>KEHHOIO B XXNOKOCTb.

N3mepeHHoe HanpsikeHne US B HUXKHEM KOHLEe CEHCOopa OTHOCUTENBbHO CTEHKM pe3epByapa
OyaeT nponopuMoHarnbHO YPOBHIO XUOKOCTU B pe3epByape OTHOCUTENbHO HyrieBOro noteHuuana
CTEHKM pe3epByapa:

Us =Ugen L_mi Q)
Ls R1+R2
rae Lm — nsmepsiembin ypoBEHb XUAKOCTH;
Ls — anuHa ceHcopa ypoBHemepa.

ConpoTtuBneHua pesmctopoB R1 n R2 He paBHbl M3-3a pasHbIX FPaHUYHbLIX YCrOBUN B
BEPXHEN YacCTM CEHcopa W B HWKHEW 4YacTu CeHcopa W, BCMEACTBME 3TOro, pasnuyaroTcs
pacnpeaeneHnemM aNeKTpU4ecKMx TOKOB CBEPXY U CHU3Y CEHCcopa.
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MeToabl uccneaoBaHus

MeTog mMogenupoBaHWA 3rIEeKTPUYECKOro Momnsd B 3MNeKTponuTe, co3gaHHOro CEeHCOpoM
CTEPXXHEBOro NOTEHUNOMETPUYECKOTO YPOBHEMEPA BHYTPU 3MNEKTPOMPOBOLAHOM LMANHAPUYECKON
CTEHKM.

Ona pelweHns matemaTtnyeckoM MOAENU Ha MUKPOYPOBHE MNPUMEHSIOTCHA YUCHEHHbIe
MeTOAbl, OCHOBaHHble Ha [OUCKpeTM3auunm He3aBUCUMbIX MepeMeHHbiX. B pesynbtarte
ANCKPEeTM3auun HenpepbiBHble 00nacTm M3MEHEHWs 3HAYEeHW 3aMEHSITCA  MHOXEeCTBaMu
3HaYeHUN B Y3MNOBbIX TOYKAx, KOTOpPble paccMaTpuBalOTCA Kak Y3nbl HEKOTOPOW ceTku. MoaTtomy
MeTOoAbl peLleHns ypaBHEHU B YaCTHbIX MPOU3BOAHBLIX HA3bIBAKOT TakKe CETOYHbIMU, Hanbornbluee
pacnpocTpaHeHe 13 KOTOpbIX NOMy4nunu MeTon KOHeYHbIX pasHocten (MKP) n Metoa KOHEeYHbIX
anemeHToB (MKJ) [6, 7, 8].

bygem BbINONHATL MOOENUPOBAHME 3TIEKTPUYECKOrO MOMA B 3NEKTPONUTe B CTaTUYECKOM
pexuMme, TO eCTb YyCTaHOBMBLLEMCS BO BpeMeHu [9, 10, 11].

[na moaenupoBaHUSA 3NEKTPUYECKOro NoMs B SNEKTPONUTE HEOOXOANMO BbINOMHUTD:

e CcO3[aHve Moaenn KOHEYHOro aremMeHTa,

® OCTPOEHUE KOHEYHO-3NEMEHTHON CETKM,

e pacuyéT noTeHumana B Kaxgon Touke o0bEMA B aNEKTponuTe,

® 11 U3 3TOro NOsyYmTb KapTUHY NOTEHLNANOB N TOKOB.

MogenupoBaHue afeKkTPUYECKOro nosisi B 3afeKTPONMTE C LNNMHAPUYECKON CTEHKOW NpoLle
BbIMOMHUTL B MNOMSAPHbLIX KoopAuHaTax. PacnpocTpaHeHue noTeHuManoB UM TOKOB B
KOHLLEHTPUYECKON KOHCTPYKUMM OOUHAKOBOE B nOOOM paguanbHOM HanpasneHun. [loatomy
AOCTaTOMHO paccMOTpeTb nepedayym NoTeHUManoB B OAHOW BepTUKanbHOWM MIOCKOCTM, YTOObI
NOMNy4YnTb KapTUHY NOTEHLMANOB 1 TOKOB BO BCEM O6bEME B 3NeKTponuTe.

Cos3gagnm Moaenb KOHEYHOro 3fieMeHTa U BbIMOSTHUM MOCTPOEHNE KOHEYHO-3NIEMEHTHOM
ceTkn. Pa3obbéM Teno anekTponuta Ha paBHble KyOWKM B MOMsAPHbIX KOOpAMHATax C pa3mepom,
paBHbIM paguycy ceHcopa 1R=5 wmm. [lpumem B MoAenb YycrnoBue, 4TO yAenbHas
3MEeKTPONPOBOAHOCTL 3MEKTPonnMTa MOCTOAHHAs W OOUHAKOBas BO BCEX KOHEYHbIX 3feMeHTax
anekTponuTa.

Cxema nepegjayn MOTEHUMANOB MeXOY KOHEYHbIMW 3JfiEMEHTaMW 3fekTponuta B
rOpM3oHTaNbHOM Crioe nokasaHa Ha pucyHke 2. Ha pucyHke nsobpakeH oguH CeKTop nepegayv
noTeHunanos 13 WwecTtu. [lpyrne cektopbl Takme Xe 1 pacrnonoXeHbl pagnanbHo Yyepes kaxable 60°.

Esz

’“’f\*‘“@%

PVIOyHOK 2 — Cxema nepenayun noteHumnanoB Mexay Ka)K,EI,bIMI/I KOHEeYHbIMN 3NNIeMeHTaMn BHYTPU
ANeKTposinTa B ropu3oHTarIbHOM Croe

Kaxgbln KOHLUEHTPUYECKUI OTPE30K Ha pUCyHKe 2 o0603HayaeT BepTuKanbHYK rpaHb

27zRR

KOHEYHbIX SMEMEHTOB LMMMHAPUYECKOA MOBEPXHOCTW € nnowagbo 6 , @ KOnunyecTtBoO
OTPE3KOB, HanNpuMmep, Ha NUHUKM paBHoro noteHunana EN2, o6o3HavaeT cekTop LUMNMHAPUYECKON

3. 28 R

MOBEPXHOCTU C  MrowWaabio 6 . lMNepemaun noteHumanoB NpouUCXxoamuT  4Yepes
KOHTaKTUPYHOLLME FpaHn CoOceHNX KOHEYHbIX arieMeHToB. HanpaBneHve nepegaym noteHumnanos ot
OOHOW BEPTUKANbHOW FpaHn K crieaytoLLEel rpaHn nokasaHo CTpenkaMy Mexay noBepXHOCTAMMU.

Mepepaun noTeHUManoB B OAHOM BEPTUKANbHOM CIOE MOKas3aHbl CTpenkamu Mexay
KOHEYHbIMW d1IEMEHTaMN Ha pUCYHKe 3.
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PI/ICyHOK 3- I'Iepep,a'-m noTeHUManoBs MexXxny KOHEYHbIMU 3rieMeHTaMn B TeNe 3NTEKTpPOosinTa B
BepPTUKalribHOM CJrioe

Uncno M, N, O o3Ha4aeT NopsiaKoBbIA HOMEP KOHLIEHTPMUYECKOrO Cros B 3MEKTPONnTE.
Uuncno EM, EN o3HavaeT noTeHumnan ganbHen BepTUKanbHOW rpaHn KOHEYHbIX 95IEMEHTOB.
YUmncno k — KonmyecTBO KOHTAKTUPYIOLLMX KOHEYHBIX 3JIEMEHTOB B rOPU3OHTANIbHOM Crl0€.

Mo oencTBneEM 3NEKTPUYECKOrO NOMS BHYTPU 3MEKTPONIMTa NPOTEKAKOT ANEKTPUYECKNE TOKN
B HanpaBneHun oT Gonbluero noTeHumMana K MeHbllemy noTeHuuany nepneHamkynspHo NMHUAM
paBHOro noTeHumana. B pesynbTate npoTekaHWs ANMeKTPUYEeCKMX TOKOB BHYTPU 3nekTponuta
obpa3syeTcsa COBOKYNHOCTb 3HAYEHUIN NOTEHLMANOB aneKkTpmuyeckoro nons [12, 13].

CocTaBUM ypaBHEHME 3NEKTPUYECKUX TOKOB B 3NEKTposnimTe no 3akoHy Kupxrodha [14],
Hanpumep, B KOHEYHOM anieMeHTe N2, KOTOPbIN BblAeNeH TONCTON JIMHUEN HA PUCYHKE 3.

YL(k _l)(EMZ - EN2)+ yLk(ENl o EN2)+ yLk(EN3 a ENz)+ YL(k +:l-)(Eoz - ENZ): 0 (1)

rge yL — yAenbHagda 3N1eKTponpoBOAHOCTb 3N1IEeKTponnTa.
Peluas ypaBHeHuWe, NONY4YnNM:

k—1 k+1

" EM2*EN1+ENst ~Fo2
N2 4 @)

MHOXuTENN cCcnaraembiX B q)opmyne YYUTbIBAOT YyBENn4eHne KOHEYHbIX 3J1eMEeHTOB B

rOPpN30OHTAlIbHOM CIO€ BHYTPU 3M1EKTpOoNinTa C yBernm4eHmem pagnyca ot ceHcopa. ,D,J'IFI OCTalibHbIX
KOHEYHbIX 3N1EMEHTOB BHYTPU 3reKTponuTa dpopmyna pacyéra noTeHumnana aHanormyxa.

E

Pe3ynbTaTbl uccneaoBaHus

BbINONHUM 4nCrieHHOEe MoAenupoBaHMe nepefadn noTeHuMana Mexgy KOHeYHbIMU
anemMeHTamMu BHYTPW 3MeKTponuTa B O4HOM BepTUKanbHOM crioe pacdétom B nporpamme MatLab
MEeTO4O0M UTepaLmmn BbIYMCEHNI NOTEHLMANOB KOHEYHbIX 3anieMeHToB. [py aToM BBeAeM B MoAenb
KpaeBble YCroBMS, YTO NOTEHUMaN aNeKTponpoBOAHON LUNNMHOPUYECKON CTEHKN paBeH O 1 4YTO TOK
B 9NEKTPONPOBOAHYIO LMAVHAPUYECKYIO CTEHKY, MOMELLEHHYI0 B nore noTeHuuanos, paseH O.
MogkniouMM K KpasiM CeHCcopa MCTOYMHWMK TOKa TakoW, YTOObl HanpsbkeHne Mexay KOHEeYHbIMU
3fIEMEHTaMUN CEHCOPa U3MEHSNOCh HA €AMHULY HAanNpsXKeHUs, Ans HarnsagHoOCTH.

Ha pucyHke 4 npuBedeHO MOLENMPOBaHME SfIEKTPUYECKOro MoTeHuMana BHYTPU
3MEeKTPonMTa C 3NeKTPornpoBOAHOM LIMIMHOPUYECKON CTEHKOW, yOanéHHon Ha paccTtodHne 8R oT
ceHcopa.

B ueHTpe Tabnuubl NOMELLEH CEHCOP NOTEHLNOMETPUYECKOIO ypOBHEMEPA HA FMNyOMHY OT
+20 po -20 eguHuu noTeHumana B ceHcope. CeHcop BbleneH B Tabnuue cepbiM LUBETOM. Bhlille
cepeduHbl ceHcopa YCIOBHO MOTeHLUMan oTpuuaTeribHbIR, HWKe cepefuHbl CeHcopa YCMNOBHO
noTeHuunan nonoxutenbHbld. CTpoka NOTEHUManoB Ha cepeanHe CeHcopa BbigernieHa 3eNéHbiM
LBETOM.

CneBa, cnpaBa M HWXe CeHCopa PaBHOMEPHO PaCMONOXeHbl CEKTOPbl LMANHAPUYECKOM
NOBEPXHOCTM anekTponuTa. LLlar cekTopoB LMnMHAPUYECKON NOBEPXHOCTM ANEKTPONNTa BbIOPaHO B
eavHuuax paguyca ceHcopa 1R=5 mm.
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| R | cexcop R |
1w [al 8 [ 776 s 4 2T 2 J23ns4f[zes8 217 3 [ 4] s 6 [ 7 [ & [a]um

0,000/ 0 -0,259 -0,667 -1,213 -1,966 -3,127 -5123 -B.ZEEI -22,154) -22 154|-9,258 -5123 | -3,127 -1,966 -1,213 -0667 -028% 0 0,000
0,000] 0 -0.295 -0.880 -1,199 1,941 -3.081 -5,028 -9,012) -21,154] -21,154|-9.012 -5.028 -3.081 -1941 -1,199 0680 -0295 0 0.000
0,000 0 -0,2%0 -0666 -1,173 -1855 -2 9959 -4372 -B,G'MI -20,154) -20 154|-8 671 -4 872 -2 999 -1,885 -1,173 -0666 -0290] 0 0000
0,000/ 0 -0,282 -0646 -1,137 -1,833 -2,893 -4 680 -B.ZEBI -19,154) -19,154|-8,268 -4 680 -2,893 -1,833 -1,137 -0646 -0282 0 0,000
0,000] 0 -0271 -0.622 1,093 1,759 2769 4,467 -7,883) -18,154) -16.154| 7,833 -4 467 -2.769 -1759 -1,093 0622 -0271 0 0.000
0,000 0 -0,255 -0,594 -1,044 -1677 -2 635 -4 241 -7 456] -17,154] -17 154(-7 486 -4 241 -2635 -1677 -1,044 -0534 -0255 0 0,000
0,000] 0 -0,245 -0.564 -0,990 -1,590 -2,494 -4,007 -7,041) -16,154) -16,154|-7,041 -4 007 -2,494 -1590 -0,990 -0.564 -0.245 0 0000
0,000] 0 -0.233 -0.533 -0,934 1,498 2,347 -3,767 -6,613] -15,154) -15.154| 5,613 -3 787 -2.347 -1498 0,934 0533 -0233 0 0.000
0,000 0 -0,218 -0,500 -0,876 -1,403 -2 198 -3,524 -5,181] -14,154] -14 154(-5,181 -3,524 -2 198 -1403 -0,878 -0500 -0218 0 0,000
0,000] 0 -0.204 -0.455 -0,816 -1,307 -2,048 -3,279 -5,747] -13,154) -13,154|-5.747 -3279 -2,045 -1307 -0,816 -0.485 -0.204 0 0.000
0,000] 0 -0,18% -0.431 -0,755 1,210 -1,893 -3,032 -5,312] -12,154) -12,154| 5,312 -3.032 1,893 -1.210 -0.755 0431 0,188 0 0.000
0,000 O -0,173 -0,396 -0,5%4 -1,112 -1,738 -2, 784 -4 876] -11,154] -11 154(-4 876 -2 784 -1,739 -1,112 -06%4 -0386 -0173 0 0,000
0,000] 0 -0,158 -0.361 -0,833 1,013 -1,584 -2,536 -4,440) -10,154) -10,154| 4,440 -2538 1,584 -1013 -0,533 0,351 -0,158 0 (0.000
0,000 0 -0,143 -0,326 -0,571 -0,914 -1.428 -2 286 -4 003] -9154] -5 154(-4003 -2286 -1,423 -0914 -0571 -0325 -0143 0 0,000
0,000/ 0 -0,127 -0,291 -0,509 -0,814 -1,273 -2,037 -3,566] -8/154] -8 154(-3,566 -2,037 -1,273 -0614 -0,509 -0281 -0,127 0 0,000
0,000] 0 -0112 -0.255 -0,447 0,715 1,117 1,788 -3,129) -7.154] 7,154 3,129 1788 1117 -0.715 -0,447 0255 -0,112 0 (0.000
0,000/ 0 -0,096 -0,220 -0,384 -0, -0,981 -1,538 -2552] -6,154) -6 154|-7 652 -1538 -0,951 -0,384 -0220 -0,096 0 0,000
0,000/ O -0,080 -0,184 -0,322 805 1,286 -2,255) -5154] -5154|-2,255 -1.288 -0,805 -0,322 -0184 -0,080 0 0,000
0,000] 0 -0,085 -0.148 -0.260 -0.415 -0,84% 1,038 -1.817| -4.154] 4154|1817 -1,038 -0.649 -0.280 0148 0,085 0 0.000
0,000] 0 -0,045% -0,113 -0,157 -0,315 -0493 -0,789 -1,380] -3,154] -3 154(-1,380 -0,785 -0,453 -0, -0,197-0,113 -0,045 0 0,000
0,000] 0 -0,034 -0077 -0,135 -0,216 -0,337 -0,539 -0,943] -2.154] -2154[-0,943 -0,539 -0,337 -0216 -0,135 -0,077 -0,034 0 0000
0,000] 0 -0.012 -0.041 -0,072 0,116 -0,181 -0,289 -0,505] -1,154] -1.154|-0,505 -0289 -0.181 -0.116 -0,072 -0.041 0,012 0 (0.000
0,000/ O -0,003 -0,006 -0,010 -0,016 -0,025)-0,039 -0,068] -0,154] -0,154(-0,066 -0,039 -0,025 -0,016 -0,010/-0,006 -0,003_ 0 0,000
0,000 0 0013 0030 0052 0,083 0,131 0210 0389 0848 0.248| 0,359 0210/ 0,131 0083 0,052 0030 0,013 0 0000
0,000 0 0028 0065 0114 0183 0236 0460 0206] 1.846] 1846| 0,306 0460/ 0286 0183 0,114 0065 0028 0 0000
0,000/ O 0,044 0,100 0,176 0,262 0442 0,709 1243] 2846] 2846| 1,243 0,709 0,442 0282 0,176 0100 0044 0 0,000
0,000 0 005% 0135 0238 0,381 0597 0957 1679) 3,846 3.846| 1679 0957| 0597 0381 0238 0135 0058 0 0000
0000] 0 0074 0170 0259 0479 0751 1205 2115] 4846] 4846| 2115 1205 0751 0479 0299 0170 0074 0 0000
0,000/ 0 0083 0205 0,359 0,577 0,904 1452 2550] 5846] 5846| 2550 1452 0,504 0577 0,359 0205 0083 0 0,000
0,000 0 0104 0239 0419 0673 1,056 1697 2.984] 6,848] 6.848| 2934 1697 1056 0673 0419 0239 0,104 0 0000
0,000f 0 0118 0271 0477 0767 1208 1541 3416] 7 846] 7 846| 3416 1941 1206 0767 0477 0271 0118 0 0,000
0,000 0 0132 0303 0533 0859 1,352 2181 3.845] 8846] B846| 3,845 2181| 1,352 0859 0533 0303 0132 0 0000
0,000] 0 0145 0333 0587 0,947 1494 2416 4270 9,848 4270 2416 1494 0947 0586 0333 0145 0 0000
0,000/ O 0157 0,360 0,536 1,029 1629 2643 4639 10,846| 4689 2643 1629 1029 0838 0360 0,157 0 0000
0,000 0 0167 0383 0879 1,102 1,753 2,359 5093 11.846| 5098 2859 1,753 1102 0679 0383 0167 0 0.000
0,000 0 0174 0401 0713| 1,164 1862 3.057 5491 12.846| 5491 3057 1,862 1164 0713 0401 0174 0 0.000
0,000f O 0178 0,412 0,735 1,207 1946 3227 5 858 13,846| 5858 3227 1,946 1207 0,735 0412 0178 0 0000
0,000 0 0179 0414 0741 1,235 1,994 3349 6,173 14.846| 5178 3349 1994 1235 0741 0414 0179 0 0.000
0000] O 0174 0404 0727 1208 19887 3392 6408 15846| 6408 3392 1987 1208 0727 0404 0174 0 0000
0,000/ O 0164 0381 0887 1,146 1,899 3,298 6443 16,846| 6,443 3298 1,899 1146 0687 0381 0164 0 0000
0,000 0 0149 0345 0520 1,031 1705 2,972 5095 17.846( 5995 2972 1,705 1031 0620 0345 0149 0 0.000
0,000/ 0 0129 0298 0531 0870 1402 2321 4154 38917 8917 4154 2321 1402 0870 0531 0298 0,125 0 0,000
0,000/ O 0107 0245 0,431 0692 1,075 1673 2683 4750 4750 2683 1673 1,075 0692 0431 0245 0107 0 0,000
0,000 0 0084 0191 0331 0519 0779 1147 1693 2649 2649 1693 1147 0779 0519 0331 0191 0034 0 0000
0,000/ O 0,081 0,138 0237 0,365 0531 0,750 1043 1506 1506 1,043 0750 0,531 0365 0237 0138 0081 0 0,000
0,000/ 0 0040 0089 0152 0,230 0,328 0450 0601 0824 0824 0601 0450/ 0328 0230 0,152 0089 0040 0 0000
0,000 0 001% 0044 0074 0111 0,156 0210 0275 0,386 0366 0275 0210/ 0156 0111 0074 0044 0019 0 0000
0,000/ 0 0,000 0,000 0,000 0,000 0,000 0,000 0000 0000 0000 0000 0000 0,000 0000 0000 0000 0000 O 0,000
0,000 0 0000 0000 0,000 0,000 0,000 0000 0000 0,000 0000 0,000 0000 0000 0000 0,000 0000 0000 O 0000

0,000 0 0000 0000 0,000 0,000 0,000 0000 0000 0,000 0000 0000 0000 0000 0000 0000 0000 0000 0 0000

PucyHok 4 — MogenvpoBaHue 31ekTpuyeckoro NoTeHunana BHyTpu anekTponmra ¢
3NEeKTPONPOBOAHON LIMSIMHAPUYECKON CTEHKOW, YAANEHHON Ha paccTosHme 8R OT ceHcopa

Ecnv nomewiatb CeHCOp KOakcuanbHO W BEPTUMKANbHO B AOSIMHHYIO UMAVHAPUYECKYHO
3MEKTPONPOBOAHYIO CTEHKY C aMNeKTponnTom Ha pacctosHumn 3R...8R oT cTeHku, To pacnpegeneHve
nons MOTEeHUManoB Wu3MeHUTCs. BnusHue pacctosHMs OT  CeHcopa [0 BepTuKanbHOM
UUNIMHOPUYECKON CTEHKNM Ha abCONIOTHYHO M OTHOCUTENbHYK MOrpeLlHOCTU U3MEPEHUS] YPOBHS
npveBegeHo B Tabnuue 1 M pucyHke 5. BblumMcneHus NpoBOAMMANCH MPY MOrpyXeHuu 3oHA4a Ha
rnyouny 200 mm.

Tabnmua 1 — 3aBUCMMOCTb abGCOMIOTHOM M OTHOCUTENBHOW MOrPELLUHOCTEN U3MEPEHUS
POBHS OT PacCTOSAHMS OT OCU CEHCOopa 40 BEPTUKANbHON LMNUHAPUYECKON CTEHKK
PaccTosiHue oT ceHcopa 40 BEPTMKAIIbHOW CTEHKU S, MM 15 20 25 30 35 40
ABconoTHas NOrpeLHoCTb U3MEPEHMS YPOBHS Am, MM -4,38 | -4,76 | -5,04 | -5,28 | -5,46 | -5,64
OTHocuTEeNbHas NOrpPEeLLHOCTb N3MEPEHUS YPOBHS 8, % 2,19 238 | 252 | 264 | 2,73 | 2,82

S, Mm

PucyHok 5 — 3aB1UCMMOCTb abCoMOTHOM NOrPeLLHOCTU N3MEPEHMUS YPOBHS OT PacCTOsSHUSI CEHcopa
00 BEepTUKanbHOW 3NEeKTPONPOBOAHON LINMNHAPUYECKON CTEHKN

Ecnn nomelwlatb ceHCOp KoaKcuarbHO W BepTUKaNbHO B ASIMHHYKO LMNUHOPUYECKYHO
3MEKTPONPOBOAHYHO CTEHKY C 3neKkTponuMtoM Ha rmybuHy 6R...220R, To pacnpegeneHve nons
noTeHumanoB u3MeHuTca. BrnimsHue rnybuHbl ceHcopa B anekTponute Ha abConioTHY |
OTHOCUTESNbHYIO MOrPELLUHOCTU N3MEPEHMSA YPOBHSA NpMBELEHO B Tabnumue 2 n pucyHke 6.
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Tabnvua 2 — 3aBUCMMOCTb abCOMIOTHOM M OTHOCUTESIbHOW MOrPEeLUHOCTEN WU3MEPEHMS
POBHSA OT rNy6uHbI CEHCOpa B 9NEKTponuTe

[”i’ﬂ?ﬂ””a CeHCOpa B SNEKTPONUTE 1 35 | 45 | 70 | 100 | 150 | 225 | 340 | 500 | 750 | 1100

AbconioTHas NorpeiHoCTe 3,70 | -4,38 | -5,14 | -5,24 | -5,50 | -5,68 | -5,82 | -5,90 | -5,96 | -6,00
N3MepeHus ypoBHsa Am, MM
OTHOCVITeJ'IbHaFI NorpeLlHoCTb
n3MepeHnsa ypoBH4 d, %

12,33 9,73 | 7,34 | 5,24 | 3,67 | 2,52 | 1,71 | 1,18 | 0,79 | 0,55

30 45 70 100 150 225 340 500 750 1100

3,5 1

4,5 1

dm, mm

5,5

-6,5
L, Mmm

PrcyHok 6 — 3aBMCUMOCTb abCOMTHON NOrpeLLHOCT U3MEPEHMUST YPOBHS OT rMyGuHbLI CeHcopa B
3NEeKTPOoNnUTE BHYTPW BEPTUKANbHON 3NEKTPONPOBOAHON LIMITMHAPUYECKOW CTEHKOM

Ecnu nomewiate ropu3oHTanbHyl0 CTeHKY Ha pacctosiHum 4R...30R Hwmxke ceHcopa, TO
pacnpegeneHve nons MOoTeHuuanoB Wu3MeHUTcsd. BrnvsHue pacctosHuss OT ceHcopa Ao
FOPM3OHTANbHOW CTEHKW B 3NeKTponute Ha abComnTHY0 W OTHOCUTENbHYIO MOrpeLiHOCTH
n3MepeHus ypoBHS npuBegeHo B Tabnuue 3 M pucyHke 7. BblumMcneHuss npoBogunMCb Mpu
norpy>xeHum aoHga Ha rnyouHy 200 mm.

Tabnmua 3 — 3aBUCMMOCTb abGCOMIOTHOM M OTHOCUTENBHOW MOrPELLUHOCTEN U3MEPEHMS
POBHSI OT PACCTOSIHNA CEHCOPa 40 rOPU30HTaNIbHOM CTEHKM

PaccTosiHue oT ceHcopa [0 ropu30oHTanbHOM CTEHKN S, MM 20 30 45 70 100 150
ABCconoTHas NOrpeLHoCTb U3MEPEHMS YPOBHS Am, MM -38,56 | -21,54 | -11,02 | -6,58 | -5,72 | -5,64
OTHocuTEeNbHas NOrPEeLLIHOCTb N3MEPEHUS YPOBHS 5, % 19,28 | 10,77 | 551 | 3,29 | 2,86 | 2,82

dm, mm
5ok
&

S, Mm

PucyHok 7 — 3aBUCMMOCTb abCOoMOTHOM NOrPELLHOCTU N3MEPEHMUS YPOBHS OT PacCTOSAHUSI CEHCopa
[0 rOPU30HTaNbHON CTEHKU

O6cyxaeHne Hay4HbIX pe3ynbTaToB

B pesynbTaTe MOOenMpoBaHUA CTEPXXHEBOIO YpOBHEMEpPA B SMNEKTPONUTE BbISBNEHO, YTO:

1. CTep>xHEBOW ypOBHEMEP MMEET CUCTEMATUYECKYHO NOrPELUHOCTb N3MEPEHUS YPOBHSA 3,7—
6,0 MM, NpeacTaBneHHyd B pPUCYHKE 6, 4YTO COOTBETCTBYET OTHOCUTESNIbHOW MOrpeLLuHOCTH
namepenma 6=0,55-12,3%. Cucrematnyeckasi NOrpeLlHOCTb M3MEPEHUST YPOBHS MPOSIBASIETCA B
N3MEHEeHWM NONs NOTEHUMANOB B ANEKTPONMTE NPU U3MEHEHUN rNyOMHbI CTEPXXHEBOrO YpOBHEMEpPA
B oanektponute. WM3mepsiembli ypOBEHb 3MNEKTPONUTA BO3MOXHO BbIYMCNUTL MO  dopmyrne

L = k(Us + Asist + Arand)

ISSN 2788-7995 (Print) Becrauxk yunsepcurera llakapuma. Texaudeckue Hayku Ne 1(13) 2024 33
ISSN 3006-0524 (Online) Bulletin of Shakarim University. Technical Sciences Ne 1(13) 2024



roe k — macwrabupyowmn koaprUNEHT pacnpedeneHus noteHumMana B CeHcope B
3aBMCUMOCTU OT ASIMHbI CEHCOPA;

Us — u3MepeHHOe HarnpskeHue B HWKHEM KOHLle CeHcopa OTHOCUTENBbHO CTEHKU
pe3epByapa;

ASISt _ cpcremaTiyeckas MOrpeLLHOCTb 3MEPEHIS HANPSHKEHUS

Arand _ criyyaiiHasi NorpeLIHOCTb M3MepEHUst HANPSHKEHUSI.

Ecnn BBectTM B BbluMCIMTENb Tabnuuy KOPPEKLMM CUCTEMATMYECKOW MOrpeLuHocTu, To
NOrpeLlHOCTb N3MEPEHUS YPOBHS YMEHbLLUTCS.

2. CTepXHeBOW ypoBHEMEP MMEeET OOMNOMHUTENbHYIO NOrPELHOCTb U3MEPEHNUS YPOBHSA OT
NonoXeHUsi ypoBHEMepa, npeacTaBfeHHY Ha puUcyHke 7. Tlpu ycroBuu, 4YTO MNONOXEHue
ypOBHEMeEpaA He OyayT perynupoBaTb, U 3TO BEPOATHO, TO 3Ta OOMNOMHUTENbHAs MNOrpeLHOCTb
N3MEPEHUST YPOBHSA CTAHOBUTCS CIyYaMHOM MNOrpeLlHOCTbI0  W3MepeHus YypoBHA. A aTa
OOMNOSHUTENMbHAsA NOrpeLLHOCTb COOTBETCTBYET OTHOCUTENBbHON NOrPELIHOCTN U3MEPEHUS YPOBHS
0=2,8-19,3%, 4TO 9BNSETCA HE AOMNYyCKaeMOW BENMNYMHON B CPaBHEHUUN C APYrMMU YPOBHEMEPAMM.

3. YMeHbWwNUTb AOMONHUTENBbHYK MOrpeLHoOCTb U3MEPEHNsT YPOBHSA UM, crnegoBaTeribHO,
YMEHbLUNTb CIyYanHy NOrpeLlHoOCTb N3MEPEHUS YPOBHSA BO3MOXHO BBEAEHNEM IKPAHMPOBAHMUSA U
N30NNPOBaHNSA 3NEKTPMUYECKOro Monst OT CryYyanHbiX (PakTOPOB BO3L4EWCTBUSA NMyTEM Yry4lleHus
KOHCTPYKLMN U3MepuTens.

3akntoyeHue

MogenupoBaHue CTEPXHA B JMEKTPONMTE MEeTOOOM KOHEYHbIX 3NeMEeHTOB MNo3BONsAeT
mMogenupoBaTtb by KOH(Urypaumio cpefbl C pasHbiMM  YCIOBUSMU 3NEKTPONPOBOAHOCTU
XUOKOCTM M pacrnofnioXeHus ceHcopa. PesynbTaTbl MOAENUMPOBaHUSA MO3BOMSOT  OLEHUTb
NOrpelwHoOCTb M3MEPEHUST YCTPOMCTBA, OCHOBAHHOIO Ha MOTEHUMOMETPUYECKOM MeToae
nameperHus. OnucaHHbI MeTod MOAenMpoBaHUs MOXeT ObiTb MNpMMEHEeH And €MKOCTHOro
YPOBHEMEpPA C COCTaBfIEHNEM YpPaBHEHUN ONINEKTPUYECKON NPOBOAUMOCTM U3MeEPSEMOnN cpepbl
[15].

HaHHoe uccnedosaHue uHaHcupyemcsi Komumemom Hayku MuHucmepcmea Hayku u
ebicwez0 obpasoeaHusi Pecnybnuku KazaxcmaH (2paHm Ne AP13268797).
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OEHFENAIH NOTEHUMOMETPUANBIK OATYUINH MOAENBAEY XXOHE AKAYbIH BAFANAY

byn makanada pesepsyapOarbi 371eKmMp emkisaiul CylblIKmbIKMbIH OeHaeliH enwey YWiH
lNomeHuuomempusinbiK deHael enueaiuimiH XYMbIC NPUHUUNI KapacmbipbliiFraH. Orekmp emkisaiw
cylbikmbik  Xepze mylbikmanraH pe3depgyapdarbl xaHama odicrieH OeHeel enuweaiwneH
enweHedi. Kypbinrsl memeH anekmp kedepeaici 6ap ceHcopdaH, aliHbiMaribl MOK 2eHepamopbiHaH,
Memai pesepsyap KabbipracblHaH XoHe 8siCi3 cuaHar KywelmkilwiHeH mypadsbl.

BGepinic ¢byHKUUACBHIHbIH CbI3bIKMbIK 3HaYeHUsIcmi2i CeHCcopObiH erileHa2eH MaHOepiH andbiH-
ana CbI3blIKmaHObIpyCchi3 natdanaHyra MYMKIHOIK 6epmelidi. CoHObIKmaH 3riekmp emkisaiu
cylbIKmbiKmarbl ceHcop MoOeriiH xacari, 0eHeaeldi enwey OandigiHe acep ememiH chakmopiapdbi
aHbIKmMay Kaxem.

Ornwey O0OoandieiH baranay ywiH Makanada uyunuHOpnik Kabbipranbl pesepsyapdarbl
lNomeHuuomempusinbiK OeHael enuiezill CEHCOPbI XKacaraH 35IEKMpPOonum iwiHoeai 351eKmp epiciHiH
modeni KenmipinazeH. dnekmponum iwiHdeai rnomeHuuandap MeH MmoKmapObl ecenmey YWwiH
aKblpbl anemeHmmep odiciHe HezizderieeH caHObIK 8dicmep KondaHbinadbl. AKbIprbl 3feMeHm
Moderni XoHe aKbIpribl a5IeMeHm mopbl akbIpiibl aieMeHmmep apacbiHOarbl nomeHyuandapdbiH
bepinyiH Kapacmbipyra MyMKiHOIK 6epdi.

lNMomeHuyuomempusnbiK 0eHeel Onweaiwumeai 0eHeeldi enwey kameniai o 6epinmelmiH
MoHze ue XoHe cylblKmblK OeHzeliHe xoHe OeHeel ernweziwumiH opHanacyblHa 6alnaHbicmbl
6011ambIHOBIFbI KOPCEMITI2EH.

AnbiHFaH MmoOernb Heei3iHOe cyUbiKkmblK OeHaeliHiH 6ernueH2eH MoOHIHe acep ememiH
hakmopnap aHbikmandbl XoHe abcomommi XeHe canbicmbipMarbl efiey Kamesikmepi
ecenmendi. [eHeel enweeziwmid enwey 0sendieiH xakcapmyObiH Kerneci Kalamdapbl Oa
aHbIKMarnosbl.

TyliH ce3dep: nomeHuyuomempusinblk 8dic, OeHzel enweeiw, Mooernb0eydiH caHObIK
adicmepi, akbipfbl anemeHmmep a0ici, enwey akaybl.

A.P. Smirnov, E.S. Rittef, A.A. Savostin, D.V. Ritter, S.S. Moldakhmetov
North Kazakhstan University named after Manash Kozybayev,
150000, Kazakhstan, Petropavlovsk, st. Pushkin, 86
*e-mail: esritter@ku.edu.kz

MODELING OF A POTENTIOMETRIC LEVEL SENSOR AND ERROR ASSESSMENT

This article discusses the principle of operation of a potentiometric level meter for measuring
the level of an electrically conductive liquid in a vessel. An electrically conductive liquid is measured
by an indirect method in a grounded tank. The device consists of a sensor with low electrical
resistance, an alternator, a metal vessel wall and a small signal amplifier.

The nonlinearity of the transfer function does not allow the measured values of the sensor to
be used without preliminary linearization. Therefore, it is necessary to develop a sensor model in an
electrically conductive liquid and determine factors affecting the accuracy of level measurement.

To assess the accuracy of measurements, the article presents a model of the electric field
inside the electrolyte created by a sensor of a potentiometric level meter in a vessel with a cylindrical
wall. Numerical methods based on the finite element method are used to calculate potentials and
currents inside the electrolyte. The finite element model and the finite element grid allows to consider
the transfer of potentials between finite elements.

It is shown that the level measurement error in a potentiometric level meter has an
unacceptable value and depends on the liquid level and on the location of the level meter.
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Based on the obtained model, the factors influencing the measured value of the liquid level
were determined and the absolute and relative measurement errors were calculated. Further steps
have also been identified to improve the accuracy of measuring the level gauge.

Key words: potentiometric method, level meter, level sensor, numerical modeling methods,
finite element method, measurement error.
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PROSPECTS FOR THE USE OF PROBIOTIC ENCAPSULATION PROCESS

Abstract: This article discusses the various types, encapsulation stages, and polymers for
encapsulating probiotics. The article reflects several methods of encapsulation, such as spray drying,
spray freezing, emulsification, extrusion method, etc. Encapsulation allows isolating the
encapsulated material from the surrounding environment until its release occurs. The structure
formed by the encapsulating agent around the encapsulated material can be tailored to protect the
contents and ensure their release under certain conditions. The size of capsules can range from
submicron to several millimeters, and their shape can vary. The content of the capsule can be
released through various pathways: mechanical rupture of the capsule, dissolution of the capsule,
melting of the capsule, or diffusion through the capsule wall.

In our time, a large number of people suffer from gastrointestinal diseases. Encapsulation of
dietary supplements (BAA) will help replenish the deficiency of microelements in the human body.
The article demonstrates that the use of encapsulated forms of probiotic cultures in the food industry,
especially in the production of dairy products, will not only preserve the viability of the applied
microorganisms but also provide favorable conditions for their development in the human body.

Key words: encapsulation, probiotics, viability, capsule, gastrointestinal tract, polymers

Given the significant role of gut microbiota in shaping the immunobiological reactivity of the
body, the exclusive importance lies in the creation and use of functional food products based on
microorganisms belonging to the normal physiological inhabitants of a healthy human intestine.

According to modern requirements imposed on these products, probiotic bacteria must be
present in quantities corresponding to the therapeutic dose (no less than 1-108 CFU/g of the
product), maintain viability throughout the product's shelf life, and survive in the human
gastrointestinal tract [1]. However, to date, numerous studies indicate that a significant portion of
probiotic cells loses its activity due to the death of microorganisms during the storage of products,
as well as during the passage through the gastrointestinal tract. The reasons for this are low pH
values of the stomach, the influence of gastric acid, and pepsin in the gastric juice, etc. The most
promising direction for solving this problem is the use of a specific case of the bacterial cell
immobilization process — encapsulation [2].

Encapsulation is a physico-chemical or mechanical process of enclosing small particles of a
substance (solid, liquid, or gaseous) in a shell of a film-forming material to obtain particles with
diameters ranging from several nanometers to several millimeters [3, 4].

The process of encapsulating microorganisms involves creating polymeric systems in the
form of hydrogel matrices and microcapsules with immobilized microbial cells. The capsules have a
dense outer shell that serves the role of a semi-permeable membrane, and an internal liquid content.
Microorganism cells are localized within the matrix formed inside the capsules, where they can
reproduce directly [5].

Initially, the encapsulation of biologically active substances was carried out to enhance their
effectiveness, reduce toxicity, or for their stabilization, primarily — in the pharmaceutical industry and
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pesticide production. Today, encapsulation is a rapidly developing technology that has found broad
applications in various sectors of industry, serving as a notable example of utilizing
microtechnologies in the fields of food science and biotechnology [6].

In the food industry, encapsulation of bioactive components is used to regulate oxidation-
reduction reactions, adjust taste, color, and smell, and increase lifespan expiration date, etc.
Currently, encapsulation of lactic acid bacteria, both starter cultures and probiotics, has become
widespread to protect them in the gastrointestinal tract from acidic pH values, which makes it
possible to increase the production of new technologies of functional food products [7].

The technology of encapsulation is gaining increasing interest in the field of biotechnology,
because, in addition to increasing the survival rate of probiotic cultures in dairy products and in the
gastrointestinal tract, it can protects cells from bacteriophages, increases their survival during drying
and freezing, stabilizes quality indicators and increases expiration date of products. Moreover,
encapsulated cultures provide greater stability of cells and high production of metabolites at a high
agitation rate.

The encapsulating substance must be safe and capable of forming a barrier to protect
probiotics.

There are various types of encapsulation, such as the «reservoir» type and the matrix type.
In the first case, the encapsulating material forms a shell around the encapsulated material and,
consequently, may be referred to as a capsule. In the matrix type, the active agent is dispersed in
the carrier material but can also be present on the surface of the encapsulating substance. The
combination of these two methods allows obtaining a third type of encapsulation — matrix, where the
active agent is covered by a film [8].

The viability of encapsulated probiotic cells depends on the physicochemical properties of
the capsules. For scientists conducting the encapsulation process, the following parameters are
crucial: the type and concentration of the covering material, particle size, initial cell count, and the
strain of certain bacteria. In the case of probiotic encapsulation, the task is not only to protect cells
from adverse conditions but also to maintain them in a viable state with metabolic activity in the
intestine. The obtaines capsules should be insoluble in water and stable in foods and in the upper
gastrointestinal tract, and the encapsulating polymer must be allow for the gradual release of cell
contents during intestinal digestion [9].

The encapsulation technology typically involves three stages.

The first stage involves incorporating bioactive components into a liquid or solid matrix. In the
case where the base is a liquid, incorporation will occur through dissolution or dispersion in the
matrix. If the base is a solid substance, introduction will be done through methods like agglomeration
or adsorption.

In the second stage, the liquid matrix is dispersed, and the solution is sprayed onto the solid
matrix.

Various materials are used for encapsulation, such as alginate, gellan gum, chitosan, pectin,
etc.

Alginate hydrogels are widely used in cell encapsulation, and calcium alginate is preferred
for encapsulating probiotics due to its simplicity of use, non-toxicity, biocompatibility, and low cost.
The use of coating microcapsules with alginate during encapsulation is a popular research direction
in the field of probiotic encapsulation. In addition to providing additional cell protection, such coatings
can possess other beneficial properties, such as controlling the release of probiotic cells. The most
popular material used for coating is the polysaccharide chitosan. Research has shown that a
multilayer coating of chitosan on capsules enhances protective properties and can be applied to
improve the survival of probiotic cells in highly acidic food systems, such as pomegranate juice.

Pectic substances, or pectins, are polysaccharides formed primarily from residues of
galacturonic acid. They are present in all higher plants, especially in fruits, and some seaweeds.
Serving as a structural element in plant tissues, pectins contribute to maintaining their rigidity,
enhancing the resistance of plants to wilting, and the stability of vegetables and fruits during storage.
Used in the food industry — as structuring formers (gelling agents), thickeners, as well as in the
medical and pharmaceutical industries as physiologically active substances with beneficial
properties for the human body. On an industrial scale, pectic substances are primarily obtained from
apple and citrus pomace, sugar beet pulp, and sunflower husks.

Gelatin is a product of the destruction of collagen, the connective tissue protein in animals.
The production of gelatin can be carried out through the following methods: acid, alkaline, enzymatic,
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and steam extraction under high pressure. In the USA, food-grade gelatin is produced using acidic
treatment of frozen pig skin, while in domestic food industry gelatin is obtained through alkaline
treatment of bones and skins from pigs and cows.

Thus, the use of hydrophilic polymers for the encapsulation of probiotics is promising and
contributes to the high viability of cells under the influence of aggressive conditions in the
gastrointestinal tract.

An important aspect in the encapsulation process is the selection of the encapsulation
method. Choosing the encapsulation method allows selecting the encapsulating material based on
the morphological characteristics of the obtained capsules.

There are several encapsulation methods, such as spray drying, spray-freeze drying,
emulsification, extrusion methods, and etc.

Spray drying is one of the oldest and most widely used methods of encapsulation employed
in the industry. The use of this method provides flexibility and continuity in the process and
contributes to obtaining capsules of high quality with a particle size of less than 40 micrometer.
However, despite the widespread use of spray drying in the food industry, this method has several
drawbacks, such as the need for complex and expensive equipment, uneven drying conditions in
the drying chamber, as well as difficulties in controlling particle sizes.

Figure 1 shows a scheme for obtaining microcapsules.

l Inclusion of bioactive components |

oy

Into aliquid matrix (dissolution, On a solid matrix (agglomeration,
synthesis. emulsification) adsorption)
I
Preparation of microcapsules

Dispersing
Liquids in air Liquids in liquid Mixing and grinding
1. Spray 1. Emulsification
2. Extrusion

—

Stabilization of microcapsules

Polymerization Coacervation Crystallization
Gelization Coalescence Evaporation

Figure 1 — Basic diagram describing the stages of obtaining microcapsules [11]

Vacuum or sublimation drying is very similar to the process of spray drying; however, it is
faster and more cost-effective, as it occurs at a temperature above the freezing point of the solvent.
The main drawback of sublimation drying is high energy consumption and the duration of the
process.

Another commonly used method of encapsulation is emulsification. It is employed for
encapsulating water-soluble components, is easily scalable, and ensures high cell survival for
bacterial cultures. Capsules obtained through this method have a small diameter, but a major
drawback is the production of capsules with a wide range of sizes and shapes.

The extrusion method is widely used in laboratory research. Extrusion is a physical method
of encapsulating living probiotic cells using hydrocolloids (aqueous solutions of polymers) as
encapsulating materials. The essence of the method is to obtain capsules by squeezing the polymer
through a nozzle under pressure. The chosen method is simpler and cheaper, and also uses a gentle
mode of operation and does not cause damage to probiotic cells and ensures their high vitality.
However, this encapsulation method does not involve the use of harmful solvents and can be used
both in aerobic and anaerobic conditions [12].
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NMPOBUOTUKTAPObI UHKAMNCYNAEY NMPOUECIH KONNAAHY KEJELUETI

byn wmakanada uHkancyndeyOiH epmypni munmepi, cmadusinapbl, COHbIMEH Kamap
npobuomukmepdi  uHKaricyndeyze apHanfaH ronuMmepnep  KapacmelpbiifaH. Makanada
uHkaricyndeyodiq bGipHewe odicmepi KepceminzeH, onap MbiHanap: O6ypikkiw kenmipy, crnped-
MOoHasbimy, aMmyrnbaupney, 3Kempy3uoHObl xeHe m.6. adic. KaricynanaHambiH MamepuasnobiH
aliHanacblHOa KaricynarsnblK a2eHm my3emiH KypbifibiM Kabbipranap MasmyHbIH KOpfFalmblH XoHe
beneini 6ip xardalinapda OHbIH 60cambiflybiH KaMmamachkli3a ememid emin maHdanybl MyMKIH.
KancynanapdeiH menwepi cybMukpoHHaH bipHewe munnumempee 0eliH e32epyi MyMKiH. [TiwiHi de
apmypni 60nybl MyMKiH. KancynaHblH Ma3MyHbIH 8pmypii xondapMeH wbiFapyra 60mnadbl:
KarncynaHbiH MexaHuKarnblKk Oy3biflybl, KaricynaHblH €pyi, KarncynaHbiH epyi Hemece Karicyna
Kabblpracbl apKbiiibl QU y3Us apKbIribl.

Kasipai yakeimma kennmeaeH adamdap acKa3aH-ilekK xondapbiHbIiH aypynapbiMeH aybipadbl.
Huemanbik kocnanapdbl Karcynanay adam ar3acbiHOarbl MUKpO3sieMeHmmepOdiH XemicrneywirieiH
monmeipadbl. Makanada mamax eHepkacibiHde, ocipece aulbimbiriraH cym eHiMAepiH eHdipyde
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npobuomukanelk  OaKblndapObiH  KafncynanaHFaH  myprepiH  KondaHy — KordaHbliambiH
MukpoopzaHu3mOepdiH emipuwieHdigiH cakmarn KaHa Kolimau, oniapdbiH adam ar3acbiHOa Oamybl YWiH
Konaldinkl xardaltnapobl KaMmmamachi3 ememiHdiei KepcemireaeH.

TytiH ce30ep: uHkarncyndey, npobuomukmep, mipwinik kabinemminiai, karncyna, acka3aH-
iwekK Xonbl, nonumepsep.
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NEPCMNEKTUBHOCTb NPUMEHEHUA NMPOLUECCA UHKATNCYJIMPOBAHUA NMPOBUOTUKOB

B 0aHHOU cmambe paccmampuearomcs pasfiudHbie muribl, cmaduu UHKarcynuposaHus, a
makxxe ronumepb! Ors UHKarcynuposaHusi npobuomukos. B cmambe ompaxXeHbl HEeCKOsIbKO
crnocobos8 UHKaricynupoeaHusi, makue Kak pacrbiiumeribHasi cywka, crpeli — 3aMOpO3Ka,
aMmyrnbauposaHue, 3KCMpy3uoHHbIl memod u m.d. VHKarcynuposaHue no3sosisem omaoesnume
Karicynupyembil Mamepuas om okpyxarowel cpedbi 00 mex fop, roka He rnpousolidem ezo
ebicgobox0eHue. Cmpykmypa, Komopasi o0bpadyemcs KariCynupyruuM a2eHmoM 8OKpye
KaricynupyemMoeo Mamepuasia CmeHKU moa2ym Obbimb nodobpaHel makum obpa3om, 4mobbi
3awumume codepxxumoe u obecriedumb €20 8bIC8OBOXOEHUE rnpu OnpedesieHHbIX YCI08USIX.
Pasmep karicyn mMoxxem gapbuposamb om CybMUKPOHHO20 00 HECKOMbKUX Musiiumempos. @opma
makxe Mmoxem ©6bimb pasnu4yHou. Codepxxumoe Karicysrbl Moxem 6bimb 8bIC8060XKAEHO
pasuYHbIMU  MyMAaMU. MeXaHUYeCKUM paspyweHUeM Karicyribl, pacmeopeHUeM Karicyribl,
pacrinasneHuem Karicysel, 1ubo nymem oughghy3uu Yyepes CmeHKy Karicyrsibl.

B Hawe sepems 6onbwoe konudecmeo sitodel cmpadarom 60nesHsmu xesnyGo4yHo-
Kuwe4yHoeo mpakma. KancynupoeaHue  BA[Joe rnoseorium — 80CrOMHUMb  Hexeamky
MUKDPO3/IeMEHMO8 8 oOp2aHu3Me 4esioeeka. B cmambe noka3aHo, 4mo ucCronb308aHuUe
KarcynupogaHHbIX ¢popM npobuomuyecKux Kyrbmyp 8 nuu,eeol rnpoMbIWIeHHOCMU, 0COO6EeHHO
fpu  U320MOB/IeHUU  KUCIIOMOJIOYHbIX  PpOo0yKmos, Mo380/UmM He MmOJbLKO  COXpaHumb
JKU3HECTOCOBHOCMb  MPUMEHSIEMbIX MUKDPOOp2aHU3Mo8, HO U obecriequmb b6r1a2ornpusimHbie
ycrosusi 011 UX pa3eumusi 8 Op2aHU3Me Yesiogeka.

Knroyeeble csioga: uHKarcynuposaHue, npobuomuku, Xu3HecrnocobHocmb, Karicyna,
XKes1yO04YHO-KUWEYHbIU mpakm, rnosiumepsil.
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WCCNEAOBAHUE U NPUMEHEHWE TEXHONOIMU MUKPOAYIrOBOIro OKCUANPOBAHUA
AnsA BOCCTAHOBJIEHUA PABOYUX NOBEPXHOCTEW NMOPLUHA NPY30BbIX
TPAHCINOPTHbIX CPEACTB

AHHOMauyus: HayyHas cmambs nocssweHa uccredosaHuto U npuUMeHeHU0 mexHosaoa2uu
MUKpoQy208020 OKcudupoeaHusi Ofid eoccmaHosneHus pabodux nosepxHocmel nopwHel
2py308biX MmpaHcrnopmHbix cpedcms. MccnedosaHue eKnwdYaem 6 cebs aHanu3 u3UKo-
XUMUYECKUX MPOoUeccos, npoucxosuux 80 8pemMsi MUKPOOy208020 OKCUOUPOB8aHUS aflloMUHUEBbIX
Criyiagos, U3 Komophbix us2omoersieHbl nopuwHu. ®usudeckoe goszdeticmeue MO crocobecmeyem
hopmMuUpO8aHUK MPOYHO20 U CMOUKO20 OKCUOHO20 Cri0s, Npueods K yryquleHuo mopghorioauu
M08epXHOCMU U 3aKpbImuto MUKpompeuwuH. lony4yeHHble pe3ynbmambi nodmeepxdatom, 4mo
OaHHass mexHoroz2usi criocobcmeyem ¢opmuposaHuto meepObix nokpbimul. Ommedaemcs
Hanuyue MUKpompeuwjuH U rnoeepxHocmHbix 0eghekmos Ha UCXOOHOU 1oeepxHocmu antoMuUHUE8020
crinaea, 6bl38aHHbIX aKcrilyamayued. [locne npumeHeHuss npouedypbl  MUKPOOY208020
oKkcuduposaHusi 8UOHa 3HadumeribHasi yryduweHHas: Mopgosioausi Mo8epxHoCmu, yMeHbweHUe
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MUKpompewuH u ydaneHue deghekmos, 4mo ceudemesib.cmgyem O 8bICOKOU aghghekmugHocmu
rnpouecca. [llpumeHeHue MUKPOOY208bIX OKCUBUPOBAHHbLIX MOKPbIMUL 8 MauwuHOCmpoeHUU
obewaem rosbiweHue 0o1208e4HOCMU U 3¢hheKmu8HOCMU 2py308bIX MPaHCIOPMHbIX cpedcms,
a makxXe CHUXeHue 3ampam Ha peMOHmM U mexHu4Yyeckoe obcryxueaHue. 3mo uccredogaHue
rnpedcmaesrisiem BaxkHbili 8Krad 8 obriacmb MEXHOI02UYECKUX peweHUl O 80CCmaHOB8IeHUS
Oemarnel mpaHCrnopmHol mexHUKU, obecrneqyueasi repcrieKmueHbie repcriekmuebl Oris
MPOMbILWIIEHHBIX MPUIOXEHUU.

Knroyeeble cnoea:  MukpoOyeoeoe  OKcuduposaHue,  OpWeHb,  MEXHOI02ust
80CCMaHO8/1eHUS, MUKPOMBEPOOCMb, WEePOX08amocmab, antoMUHUU.

BBepgeHune

B coBpemMeHHOM Mupe aBTOTPaHCMOPT SBMASETCS BaXHbIM CpPeAcTBOM obecneyeHus
MOGUIBHOCTM U 3PPEKTUBHOCTN  rpy3onepeBo3oK. PaboTocnocobHOCTb  TpaHCMOpPTHOM
NMHPPaCTPYKTYpbl 3aBUCUT OT HAAEXHOCTM OBuUratenen rpys3oBblX MalMH. TemM He MeHee, B
npouecce aKcnnyataumm asuratenen Hem3BeXxxHO BO3HMKAOT U3HOC U NOBpeXAeHUs, 0COBeHHO Ha
NMOBEPXHOCTU MopLUHeNn. BoccTaHOBEHNE U YNPOYHEHME U3HOLLEHHbIX NMOPLUHEN rpy30BbIX MaLLVH
N CENbCKOXO3ANCTBEHHON TEXHMKN OCTAOTCS aKTyanbHbIMW HA MPOTSXKEHUN MHOTMX NIET, MOCKOSbKY
9TO OCHOBHOW CMOCO6 CHWXEHWS 3aTpaT U NOBbILLEHWS Ka4ecTBa peMOHTa TEXHUKN 1 06opyaoBaHus
[1-2].

OAavH 13 MeToaoB BOCCTAHOBIIEHMSA U YNIPOYHEHUS NOPLUHEN ANa ABUraTenen BHYTPEHHEro
CrOpaHusl, W3roTOBMIEHHbIX M3 anioMUHUEBLIX CNMaBoB, MpeacTaBnsieT cobon npouecc
Mukpogyrosoro okcuampoBaHus (MOO). MNokpbiTusa, nonyyaemsble npy MOO, obnagatoT BbICOKOM
CTOMKOCTBbIO K WM3HOCY M KOPpPO3MKM, a Takke OEeMOHCTPUPYHOT YCTOMYMBOCTb K WHTEHCMBHBIM
TEennoBbiM BO3AENCTBUAM U 3HAYMTENbHLIM KonebaHuam TemnepaTtyp [3-5]. MNpu 3TOM coxpaHsieTcs
NMPOYHOCTb CLEMMEHNA 3TUX MOKPbLITUA C OCHOBHbIM MaTtepuanom. Takum obpasom, ynydleHve
9KCMyaTauMOHHbIX XapaKTepUCTUK MOXET ObiTb AOCTUrHYTO nNyTemM pa3paboTku HOBbIX COCTaABOB
3NEKTPONMTOB UNN MoandmKaLmm YNPOYHAIOLWEro NoKpbITMS, dopmmupyemoro npu npouecce MO
[6-7].

Mpouecc MOO cBs3aH c obpa3oBaHMEM HaA MNOBEPXHOCTM [O€TanM MHOXECTBEHHbIX
MuKpoayroBbix paspagos (MAP) B ycnoBusX BbICOKOrO HamnpsbKeHUs, annivuMpoOBaHHOrO Mexay
aKTMBHOW OeTanblo, HaxoAasLWwencs B 3MeKTponuTe, U MeTannmMyecknm Katogom. JOTu paspsgbl,
BKIIOYas TepMuYecKme, NiasMoxXxmMmMmyeckne 1 rmgpogmHammyeckme Bo3aencTamns, obycnasnmearoT
npeobpa3oBaHMe MOBEPXHOCTHOMO CNOA B KepaMuyeckoe MOKpbITUE C  YnyudleHHbIMU
MexaHu4eckumu cesoncteamum [8-10].

TexHonorms MOO [oCTaToOYHO LIMPOKO pacnpoCcTpaHeHa, NpPeuMyLLECTBEHHO B obnacTu
antoMuHueBbix cnnaeoB. [MoKpbITUSA, nonyyeHHble ¢ npumeHeHnem MOO, HaxogaT Bce 6Gonee
LUMPOKOE MPUMEHEHME B PasNUYHbIX OTpacnsiX, BKMYas NPOW3BOACTBO TOBApOB AN Aoma M
MEOUMUUHCKUX Un3genuin, a Takke B obnactu npubopoCcTpoeHns u  a3pOKOCMUYECKOM
NMPOMbILINEHHOCTH, BKNoYasa cdepy apuratenectpoeHns. Ocoboe BHUMaHWE yaensetcs AHWLY
MOPLUHSA, ABNSAOLWEMYCA Hanboree TEPMUYECKN Harpy>xeHHon YyacTbto. [pn yBennyeHun gnameTtpa
MOPLUHA TemrnepaTypa AHWLLA Takke yBenMuYnBaeTCcsl, YTO NPMBOLMT K pacLUMPEHUIO NyTK OTBOAA
Tenna K CTeHkam uunuHapa. Takke yBenMunBaeTcs COOTHOLIEHME MEXAY HMKHEN NOBEPXHOCTLIO,
nony4aroLwen Tenno, 1 NOBEPXHOCTbIO, Yepe3 KOTOPYIO TENSO OTBOAUTCS K CTEHKaM LMNNHAPA.

K npumepy, TOncCTble MOKPbITUS, HAaHECEHHble Ha anmtOMUHUW B CUMMKATHO-LLENOYHOM
3NEeKTponuTe, CTPYKTYpMpoBaHbl B Tpu crnos (pucyHok 1): 1 — TOHKMM nepexogHon cnon; 2 —
OCHOBHOM pabounin cnon, obnagallnin  MakCMManbHOW TBEPAOCTbIO U MUHMMAIbHOW
NMOPUCTOCTbIO, COCTOALLMNIA NpenmyLLecTBeHHO 13 kopyHaa (Al2Os); n 3 — BHELUHWIA TEXHOMNOMMYECKni
cnon, oboralleHHbIn antomMmocunukaTamm [11].

PucyHok 1 — Ctpyktypa MOO-NOKpbITUA Ha NOPLUHE: 1 — TOHKUA NEepPexXoaHbIA CNow;
2— OCHOBHOM pabounn crnomn; 3 — BHELLUHUIN TEXHOMOMMYECKMIA CNOoN
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Cyte MOO 3akntovaetcd B criegyloleM: deTanb, HaXO4sLWasicss B 3NEKTPONUTUYECKOMN
BaHHe, NogBepraeTca BO3AENCTBUIO TOKa OT CreunanbHOro UCTOYMHUKA MUTaHUS, YTO NMPUBOLMUT K
obpa3oBaHMI0O MUKpPOMMNAa3MEeHHbIX pa3psiioB Ha ee noBepxHocTu. [log BO3OencTBUMEM 3STUX
pa3psi4oB MOBEPXHOCTHBINM CroW AeTanu npeobpasyeTca B OKCua antoMuHusa. B pesynbrate
obpasyeTcsa NpPoYHbIA OKCUAHBIN CIIOM HA NOBEPXHOCTM AeTanu [12-14].

Llenb pgaHHOro wccrnegoBaHusl 3ako4aeTCa B U3yYeHUM npouecca  MUKPOAYroBOro
OKCWMOMPOBAHUS  anOMUHMEBBLIX CMMaBOB, aHanm3e (U3NKO-MEXaHMYECKNX XapaKTepUCTUK
OpMMPYEMbBIX 3ALLUUTHBIX MOKPbLITUA, a TakkKe pPaCCMOTPEHUN BO3MOXHOCTM MNPUMEHEHUS
MMWKPOLYrOBbIX OKCUOVNPOBAHHbIX NMOKPbLITWIA B 0651aCTN MALUMHOCTPOEHMS.

MeTtoAabl

B pamkax wuccnegoBaHMs TEXHOMOMMM MUKPOAyroBoro okcugupoBanua (MOO) gns
BOCCTAHOBIEHUA paboyMx MNOBEPXHOCTEN MOPLUHEN [Py30BbIX TPAHCMOPTHbLIX Cpeacts Obino
NCnonb3oBaHO 06OpyAOBaHWE WMMYSbCHLIN UCTOMHUK nNuTaHuss — Bbinpsmutenb «KP-HI-F-
40A600V». 310 yctponcTeo ana MO npencraensieT cobom KOMMEKCHOE CPeACcTBO, BKIOYaloLee
NporpaMMmMpyeMbI UICTOYHMK NEPEMEHHOIO TOKA, raribBaHMYECKY0 OXJTaX4atoLyo BaHHY, Habop
3NEeKTpoaOoB, a Takke mporpammMHoe obecrnedeHne Ans KOHTPONSA W ynpasreHus napameTpamu
ANEKTPOPUINYECKOrO CXKUraHus. [HOonoSHUTENBHO NpPeaycMOTPeH uUudpoBon ocuunnorpad,
obecneunBalOLWMA MOHUTOPUHI KMHETUYECKOM 3aBMCUMOCTWM B xode npouecca. [Mpouecc MOO-
MOKPbITUS peanu3yeTcs B aHOOHOM NOTEHLMOCTAaTUYECKOM pexnme. YCTaHOoBKa 4151 MUKPO4YroBOro
OKCMOMPOBaHMWSA, NPeACcTaBfeHHas Ha PUCYHKE 2, LEMOHCTpPUPYET UCNONb30BaHWE BEHTUNBHOMO
MeTanna (anoMuHUS) B Ka4eCcTBe aHo4a, NMOrPY>KEHHOro B NepeMeLLlaHHbI anekTponut. KoHTenHep
N3 HepXaBewLlen CcTanu BbINONHAET (YHKUMIO 3NEeKTPONUTMYECKOro 3feMeHTa W KartoAa.
OneKkTpu4ecknin ToK MNocTynaeT OT WUCTodHuka nutanma MOO. PerynupoBaHue Temnepartypsbl
anekTponuTta go 40°C ocylecTBnseTcs C UCNoNb30BaHMEM KOHAEHCMpOBaHHOM Boabl. MepgHas
TpybKa, OKpyxawowas CcoCyd C SNEKTPONUTOM M MOAKMIOYEHHasi K CUCTeME OxnaxaeHus sl-
1500/aurora-pro/,  obecneumBaeT HeoOXoAMMYHO  TemnepaTypHyw  CTabunbHOCTb  ANS
HhOpPMMPOBaHUS BbICOKOKAQYECTBEHHOIO OKCUAHOro cnos [15-16].

PucyHok 2 — YcTaHoBKa Mao

C uenblo uvccnegoBaHUA  TEXHOMOMMW  MUKpoZyroBoro okcuauposanus (MOO) B
BOCCTaHOBIEHUN paboymx NOBEPXHOCTEN MOPLUHSA rPYy30BbIX TPAHCMOPTHbLIX CPEACTB, B KaYecTBe
obbekTa nccrnegosaHusa bbina BblibpaHa nnacTuHkKa n3 antomMuHuesoro cnnasa AntoMmuHnn 30. 3Ta
nnacTtmHka Obina BblpesaHa 13 NopLUHsa rpy3osoro astomobunsa MNA3-53, NpogeHHOro paccTosiHme
B 60 000 kM. MeomeTpuryeckue napameTpbl NNACTUHKU COCTaBMAIOT 25 MM B A5VMHY, 15 MM B LUMPUHY
n 10 mm B BbicOoTy. [pexage yem nMpuCTynuTb K MNpoueaype MWUKPOLYrOBOrO OKCUAMPOBAHMS,
nnactuHka O6bina npegBapuTenbHO MNOAroTOBrieHa. JTO BKMAYanNo B ceba wnudgosky u
nonupoBoYHyto 06paboTky Ha cTtaHke GP-1A. 3atem noBepxHOCTb Obina ouunlieHa OT CTPYXKeK U
abpasnBHbIX MaTepuaroB B ynbTpasByKOBOW BaHHe Stegler, 4tobbl obecneunTb onTUManbHble
yCcrnoBus Ans HaHeceHus nokpbiTun. COCTaB M pEXUMbI UCMNOMb30BaHWUA JNEeKTponuTa Ans
nposefeHuns npoueaypbl MOO Ha antoMuHMeBOM nNnacTuHke Gbinn NogobpaHbl ¢ y4eTOM BIUAHUS
XMMWYECKOrO COCTaBa dneKkTponuta Ha npouecc naccvBauun MeTanna v  obpasoBaHue
nsonupyowen nneHkn. [poBeaeHoO WCNONb30BaHME CUMMKATHO-LLENOYHOro 3fekTponuTa ¢
nogpoObHLIM ONMCaHNEM PEXMMOB 1 COCTABOB B Tabnuue 1.
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Tabnuua 1 — CocTaB 3NekTponuTa 1 peXXMmbl MUKPOZYrOBOrO OKCUANPOBaHNS antoMUHUS

Pexxumbl MOO
CocraB
SMEKTPONNTA YactoTa, | CkBaxHOCTb, | HanpspkeHue, Bpems, | lMnoTHocTb dopma ToKa
My % B MWH ToKa, A/cm? MAOO

KOH (2r/n) +
NazSiOsz (10 50 10 300 30 0,17 MMnynbCHbIN
r/n)+CuQ

[MoBEPXHOCTHYO  Mopdoonornio  ObiNo  M3y4eHO  NpU  MOMOLWM  TPUHOKYNSIPHON

WHBEPTUPOBaAHHOW MeTannorpadguyeckon mukpockona «HL-102AW» ¢ umdposoin kamepon 3.0 MIT.
OnpegeneHne MUKpPOTBEPAOCTU MPOBOAWMOCL C MCMoNb3oBaHMeM TeBepgomepa «HLV-1DT» no
Bukkepcy. Obpasel BbigepkmBarncs nog Harpyskon 2 H B Tedenne 10 cekyHa ons antoMuHmus. beino
BbINONIHEHO No 10 M3MepeHun TBepaOoCTM B Pas3fMyHbiX TOYKax NOBEPXHOCTM obGpasua. OueHka
LLepoXoBaToOCTM MNoBepxHOCTM aniomMuHua 30 OO M nocrne MUKPOAYroBOro OKCUAWPOBAHWUS
ocyLecTBnsinach ¢ ucnonb3oBaHnem npodunometpa mogenm «HY2300 Anytestery.

PesynbTaTbl M 06CcyXaeHune

TPUHOKYNSAPHBLIN MHBEPTUPOBAHHLIN MeTannorpadgpuyeckmin  Mukpockon «HL-102AW» ¢
umdposon kamepon 3.0 MIN ncnonb3oBancsa ana NogpobHOro aHanMaa MopgonorMnm NOBEPXHOCTH
anomuHua 30 go 1 nocrne npouenypbl MOO. Ha pucyHke 3 MOXHO YBMAETL, YTO HA MOBEPXHOCTH
ncxopgHoro obpasua OobHapyXeHbl MUKPOTPELUUHbI MU NMOBEPXHOCTHblE AedEKTbl, CBA3aHHblE C
aKcnnyataumen n nsHocom nopLuHsi. A nocne MO BbISIBIEHO 3aMETHOE yIydLUeHNE B MOPdOnorum
NMOBEPXHOCTU, COKPALLEHNE KONMYeCcTBa MUKPOTPELLMH U yaaneHne aedekToB, CBMAETENbCTBYET O
adppekTmeHocTM npoueaypbl MOO. lMotomy 4to, Cu B npouecce MOO B3aumogencTsyeT C
antoMVHMEM U 3rieMeHTaMK 3neKTponnTa, cnocobecTBys 06pas3oBaHMIO0 NTErMPOBaHHOMO OKCUMOHOMO
Cnosi, KOTOPbIV MOXET 06nagaTh ynyyleHHbIMU MEXaHNYEeCKUMUN CBOMCTBaMU. OTOT NErMpoBaHHbIN
OKCUHbIA Crion MOXeT 3(P(EKTMBHO 3anoSiHATL MMM 3aKpbiBaTb MUKPOTPELLUUHBLI, obGecne4vnBas
OOMNOSHUTENbHYID MPOYHOCTb UM CTOMKOCTb MNOBEPXHOCTW. Takmm obpasom, dumandeckoe
Bosgencteme Cu B npouecce MAO moxeT cnocob6cTBoBaTb (OPMUPOBAHUIO Bonee NpPoYHOro u
CTOWNKOro OKCMAHOrO Cros, YTO B CBOKO o4Yepeb NpMBOAUT K YNyYLLIEHNIO MOPEOOrMn NoBEPXHOCTH
N 3aKpbITUIO MUKPOTpELLMH [17-18].

Ge o R Brs » ' d
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PucyHok 3 — MuKkpocTpykTypa MOpdonornm noBepxHocTu antoMmmHms-30 4o v nocrne
MUWKPOAYroBOro OKCUANPOBaHUS

Wcnonb3oBaHne B anektponmte Cu B npouecce MOO npogemMoHCTpupoBarno
3(pPeKTUBHOCTL B Yry4LlEHUM MOPAOMOrMM 1 CTPYKTYpbl NOBEPXHOCTU, Tak kKak Cu CMOT 3aKpbITb
NMOBEPXHOCTU MUKPOTPELUUHbl. A yMeHblueHue TpewmH W [edeKkToB ABASeTCcs  KYeBbiM
MOMEHTOM [AONA BOCCTAHOBMNEHUSA MOpLUHen, obecrnevmBas MOBbLIWEHHYIO HaOEXHOCTb U
ponrosevyHocTb. OTCloAa MOXHO yBMaeTb YTO Cu urpaeTt BaxHyl porib B hopMupoBaHuMmM Goree
CTOMKUX U Ka4yeCTBEHHbIX MOKPbITUIA, CMNOCOBHbLIX BblAEpXMBaTb TEPMUYECKME U MexaHudeckue
Harpysku. YnydweHHas Mopdornornss u cTpyktypa nosepxHocTn nocne MOO o6ecneuunBaioTt
yBernumyeHue 4OMroBe4YHOCTU N 3PPEeKTUBHOCTM NOPLUHEN B YCNOBUSX aKcnnyaTaumm [19].

M3mepunB MUKpOTBEPAOCTL C Ucnons3osaHnem Teepgomepa «HLV-1DT» no Bukkepcy oo u
nocne npouecca MAO (Tabn. 2) MOXHO yBUAETb, YTO MUKPOTBEPAOCTb Ynyywmnack. [1otomy 4Tto
npouecc MOO npuBoanT K 06pa3oBaHW0 TBEPAOr0 OKCMOHOrO Cros Ha MOBEPXHOCTH
anioMUHWEBOro Ccrnnaea, YTO CnocobCTByeT yBENUYEeHW0 ero MUKpoTBepAocTW. [loBbieHHas
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MukpoTBepaocTb nocrie MOO cBMaeTeNbCTBYET O YMyYlEHUM MeXaHU4Yeckux CBOMCTB obpasua,
TaKMX Kak TBEPAOCTb M CTOMKOCTb K M3HOCY. BrnmsHve Cu v Opyrmx anemMeHTOB 3fekTponuTta B
npouecce MOO MoOXeT Takke okasaTb BIMSHWE Ha XMMWUYECKUA COCTaB MOBEPXHOCTHOrO Cros,
BNUSIS HA €ro MMKPOTBEPAOCTb. YBenunyeHne mukpotsepaoctn nocne MOO sBnsieTca BaXHbIM
hakTopoM Npu PacCMOTPEHUU TEXHONOMMM BOCCTAHOBIIEHUS MOBEPXHOCTEN MOPLUHEN TPY30BbIX
TpaHcnopTHbIX cpencts [20].

Tabnuua 2 — MukpoteepgocTtb Al-30 go n nocne npouecca MO B pasHbIX pexmnmax

Oo MO Mocne MOO
75,1 HV 118 HV
83,7 HV 107 HV
74,5 HV 115 HV
72,6 HV 168 HV
70,7 HV 158 HV

YBenvyeHne MUKPOTBEPAOCTU B pesynbTate npouecca MUKpOOYroBOro OKCUAUPOBAHUS
(MAO) MOXHO 0ObsicHUTbL Tem, 4To B xoge MOO Ha NOBEPXHOCTVM aniMUHUEBOW AeTanu
npoucxoanT obpasoBaHMe OKCUOHOrO Criosl, MPeEMMYLLIECTBEHHO okcmaa antomuHus (Al.Os). OToT
crnow aBnsieTca TBepAbiM U obnagaeT BbICOKOW TBEPAOCTbI0. OKCMA antoMuHUSA, o6pasyowminca B
pesynbtate MOO, obnagaet 6onee BbICOKOW KPUCTANSIMYHOCTLIO MO CPaBHEHMIO C WUCXOAHbLIM
Martepuarnom. Beicokas Kpuctannmnm4yHoOCTb BrieYeT 3a cobon yBenniyeHme MnkpotTeepaoctu [21].

Takum obpasom, coyeTaHne 3TUX PaKTOPOB NPUBOAUT K MOBbLILUEHUIO MUKPOTBEPAOCTU B
pesynbtate npouecca MOO. 3710T achbdeKkT ABNSETCS BaXHbIM, OCOBEHHO NPW BOCCTAHOBMEHWM
NMOBEPXHOCTEN [AeTanen, Takmx Kak MOPLIHW Tpy30BbIX TPaHCMOPTHLIX CPEACTB, M MOXET
Cnoco6CTBOBATL MOBbLILLEHWIO MPOYHOCTU, CTOMKOCTU M AONITOBEYHOCTU MaTepuana [22].
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PucyHok 4 — MukpoTBepgocTtb anomMuHuin-30 no Bukkepcy 0o 1 nocne Myukpoayrosas
OKCMANPOBaHNS

M3mepuB wepoxosaTocTb A0 M nocne npouecca MOO (tabnuua 4) ¢ ncnonb3oBaHMEM
npocdunometpa mogenn «HY2300 Anytester», MOXHO yBMAETb, YTO LUEPOXOBATOCTb MOKPbLITUM
yBenuumnach (puc. 4), Tak kak obpasoBaHue oKkcMagHoro crnos B pesynbetate MO MoxeT npmBecTn
K co3gaHuto 6onee NopucTon NOBEPXHOCTU, YTO MOXET YBESNNYUTL LLIEPOXOBATOCTb.

Tabnuua 3 — LWepoxosaTtocTb Al-30 go u nocne npouecca MO

Ra po MOO Ra nocne MO
0,257 MKM 0,224 MKm
0,189 MKkm 0,201 MKm
0,177 MKM 0,267 MKM
0,156 MKM 0,255 Mkm
0,169 MKm 0,225 MKkm
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Ra 0.189 (um)
20t Rz 2.350 (um)
10| Rt 2.753 (um)

I RSm |0.0180 (mm)
0.0 WW‘“I TIW ,l,f! e Sy (RO 10,774 (um)
10t Rv -1.978 (um)
20 | Rmax |2.615 (um)
o Rqg 0.285 (um)

D 55.62 (1/mm)

Lr 0.80 (mm)

Ln 1.60 (mm)

McxoaHbii obpasel Al-30

| Ra 0.225 (um)
2.0: Rz 2.543 (um)
10! Rt 3.332 (um)
f L [ RSm |0.0180 (mm)
00 WWW'W*W'M MMWJL”VWWWAL Rp | 1.871 (um)
10 Rv -1.461 (um)
Rmax | 2.565 (um)
20 | Rq  |0.294 (um)
D 55.62 (1/mm)
Lr 0.80 (mm)
Ln 1.60 (mm)

O6paboTaHHbIN obpaszel Al-30

PucyHok 4 — LLlepoxoBaTocTb noBepxHocTn AntoMnHnn-30 40 1 nocne MMKpogyrosas
OKCMANPOBaAHNS

BbiBoabl

WccnepoBaHne TexHonormm Mmnkpoayrosoro okcuauposaHusa (MOO) ana BoccTaHOBREHUS
pabounx NOBEPXHOCTEN MOPLUHEN IPY30BbLIX TPAHCMOPTHLIX CPEACTB NpedocTaBnseT crnegyowme
KntodeBble pesynbTaTbl M BbiBogbl: [locne npouecca MOO HabniogaeTcs 3Ha4UTENbHOE
yBenuyeHne MUKPOTBEPAOCTU MOBEPXHOCTM aniOMUMHMEBOrO ChfaBa, 4YTO CBMAETENbCTBYET O
opMMPOBaAHMM NPOYHOrO 1 TBEPLOr0 OKCUAHOro cnos; JlermpoBaHne aneMeHTamu anekTponuTa,
TakKMMWN Kak Kynpym, BfiMSIET Ha XMMMUYECKUA COCTaB OKCWAOHOrO Crosi, CNocobCTBYSA YNy4dLLEeHWUO
MexaHU4eckmx cBOMCTB. PesynbTaTbl nocne nposegeHus npouenypbl MOO cBvaeTenbCcTBYOT O
3aMeTHOM yny4leHUn Moponornm NOBEPXHOCTU, COKPALLEHUN YUCa MUKPOTPELLUH N YOaneHnu
JedekToB, 4YTO ABNAeTCA nokasatenem aggeKkTMBHOCTM AdaHHOW npouenypbl. [lpouecc
B3aMMOAENCTBUA Mean C antoMUHMEM M anemeHTamu anekTponuta B xoge MOO cnocoberByet
HPOPMMPOBAHMIO NTIETMPOBAHHOIO OKCUOHOMO CNOoSl. ATOT Cron 3(P(PEeKTMBHO 3anoHSET U 3aKpbiBaeT
MUKPOTPELLUHbI, NpuaaBasi MOBEPXHOCTU OOMNOSTHUTENBbHYO MPOYHOCTb N CTONKOCTb.

PeaynbTaThbl uccrnenoBaHus MOATBEPKAAOT NEPCNEKTUBbLI UCNONb30BaHUA MUKPOLAYroBOro
OKCMONPOBAHNSA B MALUMHOCTPOEHUN AN BOCCTAHOBIIEHUSI MOBEPXHOCTEN MOPLUHEN C LEnbi
NOBbILLEHNS OONTOBEYHOCTU U CHUXKEHUS 3aTpaT Ha TexHudeckoe obcnyxumBaHue. [na Gonee
rnybokoro noHumaHua BnvaHua MOO Ha MUKPOCTPYKTYPY W MeXaHW4Yeckune CBOWCTBA
pekomeHOyeTCca NpoOBeCTU [OOMNONHUTENbHbIE uKccnefoBaHud. lMccrnegoBaHuve noayepkusaeT
3Ha4mMmocTb TexHonormm MOO B o6GnacTv BOCCTaHOBMEHUS OeTanen rpy3oBbIX TPaHCMOPTHbLIX
cpeacte, obecnevnBasi MNEPCNEKTMBHbIE pPELleHUs ANs  MOBbIWEHWS  OOSNITOBEYHOCTU U
3PPEKTUBHOCTM aBTOTPAHCMOPTHOM TEXHUKU.
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XYK KONIKTEPIHIH NOPLUEHAEPIHIH XX¥MbIC BETTEPIH KAJNMbIHA KENTIPY YLUIH
MUKPOTOTbLIKTbIPY TEXHOJIOTMACDBIH 3EPTTEY XXOHE KOJIAAHY

fFbIIbIMU Makana XyK Keriai nopueHOepiHiH XyMbic bemmepiH KannbiHa Kenmipy YWiH
MUKPOQOFasiblK MOMbIfy MEXHOI02USICbIH 3epmmeyae XoHe KorndaHyra apHasraH. 3epmmey
nopweHb0ep xacanamblH anoMUHUlU KopbimnanapbiHbiH MUKPOOOFasiblK MOMmbIfybl Ke3iHOe
b6onambiH (husuKarbiK XoHe XumusrnbiK npouecmepdi mandaydbl Kammudbl. MOT-0biH ¢husukanbiK
acepi Kywmi xoHe mypakmbl okcudmi kabammbiH natida 6onybiHa biknan emeoi, 6yn 6emmiH
MOP@OII02USIChIHbIH XXaKcapyblHa XoHe MUKPpOXapbiKmapObiH XabbinybiHa okesneldi. ArbiHFaH
Hamuxxenep 6yl mexHOno2usiHbIH Kammabl xabbiHOapdbiH nalida 6onybiHa biKAaa ememiHiH
pacmaliobl. ArlroMuHuUl KopbimnackiHbiH 6acmarikbl 6emiHoe XymbiC HomuxxeciHOe natda bornraH
MUKpOXapbikmap MeH bemmik akaynapObiH 6onybl aman eminedi. Mukpodorarnbik mombiry
npouedypacbiH KosndaHFaHHaH KeUiH 6emmiH Mopgbonoausicbl altmaprbikmal xakKcapraHhbl,
MUKpOXapbiKWwakmapObiH a3alobl XoeHe akaynapObiH XolUblnybl 6alikanadsl, 6yn npouecmiy
)XofFapbl muimdinieiH kepcemedi. MawuHa xacayOa MukpoOofasibli mombikkaH XabbiHOapObi
natidanaHy XyK KesnikmepiHiH 6epikmiei meH muimdinieiH apmmbipyra, COHbIMEH Kamap XeHoey
JKOHEe MEeXHUKarbIK KbiaMem kepcemy WhbifbiHOapbIH asaltimyra MyMmKiHOik 6epedi. byn 3epmmey
Kenik bernwekmepiH Kalima eHOeyae apHalsiFaH MexXHO02USbIK Macesiesiep canacbiHa MaHbI30bl
pes amkapadbl, 6yn eHepkacinmik KondaHyObiH nepcrekmueasnapbiH Kammamachki3 emedi.

TyliH ce30ep: MUKpPOOOfasnblK MOMbIfy, MOPWEHb, KalrfbiHa KeJImipy MmexHOI02usiChl,
MUKPOKammblIibIK, KeQip-06yObIpribIK, arltOMUHUL.
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RESEARCH AND APPLICATION OF MICROARC OXIDATION TECHNOLOGY FOR
RESTORATION OF WORKING PISTON SURFACES OF FREIGHT VEHICLES

The scientific article is devoted to the study and application of micro-arc oxidation technology
for the restoration of the working surfaces of truck pistons. The study includes an analysis of the
physical and chemical processes occurring during microarc oxidation of aluminum alloys from which
the pistons are made. The physical impact of MAO promotes the formation of a strong and stable
oxide layer, leading to improved surface morphology and closure of microcracks. The results
obtained confirm that this technology promotes the formation of hard coatings. The presence of
microcracks and surface defects on the original surface of the aluminum alloy caused by operation
is noted. After applying the micro-arc oxidation procedure, significant improved surface morphology,
reduction of microcracks and removal of defects are visible, indicating the high efficiency of the
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process. The use of micro-arc oxidized coatings in mechanical engineering promises to increase the
durability and efficiency of freight vehicles, as well as reduce repair and maintenance costs. This
research represents an important contribution to the field of technological solutions for the
remanufacturing of vehicle parts, providing promising prospects for industrial applications.

Key words: microarc oxidation, piston, restoration technology, microhardness, roughness,
aluminum.
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ANALYSIS OF METHODS FOR OBTAINING WIRE PRODUCTS, ADVANTAGES
OF TECHNOLOGICAL PROCESSES AT RADIAL SHEAR MILLS

Abstract: The production of wire products sets high demands in the field of assortment,
quality, flexibility of technologies, efficiency and cost-effectiveness, as well as full automation of
processes. This article is aimed at analyzing existing methods and identifying the most promising
approach to the production of wire products among innovative highly efficient technological
processes for the manufacture of rods and wire. The research is aimed at a highly specialized subject
area sufficient for full coverage and disclosure of the objectives of this article. Within the framework
of the article, a comparative analysis of the most effective modern technological processes for
producing wire products is carried out. The authors' conclusions indicate that modern methods of
producing wire products of various diameters through rolling processes (for example, on radial shear
mills) often represent the most economically justified process. A significant advantage of this process
is the possibility of obtaining high-quality wire products corresponding to the required dimensions,
with minimal tolerances. To verify this conclusion, at this time, a radial shear mill was created on the
basis of KazZNRTU named after K.Satpayev, the main novelty of which is the location of the rolls. A
number of practical experiments were carried out on the created radial shear mill to attract an
aluminum rod of the alloy 6082 grade.

Key words: wire products, rod, rolling, mill, bed, deformation, radial shear, rolls.

Introduction

The contemporary trajectory of scientific and technological advancement is inconceivable
without the integration of metal products featuring diverse categories of conductive elements
composed of various metals and vortices. It is imperative to underscore that domestic enterprises
engaged in the production of machinery-related products lag significantly behind in terms of
technological modernization, enhancement, and production expansion. Consequently, local
manufacturers find themselves unable to effectively compete with their foreign counterparts,
hindering their ability to secure a prominent position in the service market. This research has
discerned the primary challenges and methodologies inherent in existing technological processes,
thereby illuminating avenues for future development.

Literature Review

In the contemporary landscape of metal and vortex-based rod and wire production, several
primary pressure treatment methods are employed, namely forging, stretching, compression, and
rolling. Each of these methods plays a crucial role in shaping the final characteristics of the
manufactured products. It is imperative to delve into a detailed examination of each method to
discern their distinct contributions and impact on the overall production process.

The forging process is applied in the fabrication of rod and wire blanks derived from refractory
metals and their challenging-to-deform alloys. This method involves subjecting the workpieces to
periodic oscillatory forces utilizing a die, resulting in the comprehensive deformation of the entire
surface area. Consequently, the cross-sectional dimensions of the workpiece are compressed, and
the mold's configuration or the spacing between the workpieces undergo alterations in accordance
with the principles governing the processing procedure. The die is strategically positioned on slides
encircling the workpieces, facilitating a reversible translational motion in the radial direction. For

ISSN 2788-7995 (Print) IITokaopiM yHHBEpCHTETiHIH Xa0apIubichl. TexHUKambIK FeutbiMaap Ne 1(13) 2024 54
ISSN 3006-0524 (Online) Bulletin of Shakarim University. Technical Sciences Ne 1(13) 2024


mailto:rsovetbayev93@gmail.com

circular machining, rotary clamping machines prove effective for smaller workpieces such as rods
and wires, while radial crimping machines are employed for larger workpieces like castings
composed of low-stability, hard-to-deform materials [1].

The device or drive mechanism transporting the die and moving around the workpieces is
implemented in rotary-clamping machines, whereas this movement is absent in radial-clamping
machines. Depending on the method of movement of the working elements, rotary compression
machines are categorized as rotary, annular, and drum machines, while radial compression
machines are further classified as rotary, lever, and connecting rod machines. Regarding the
orientation of workpiece feed to the deformation site, both rotary-clamping and radial-clamping
machines are subcategorized into horizontal and vertical configurations [2].

On the basis of scientific research at the Kazakh National Research Technical University
named after K. Satpayev, a radial shear mill has been developed. This technical unit is an innovative
system that integrates radial and shear motion to optimize material processing processes. The result
of the creation of this mill was the improvement of technological processes in metalworking, which
contributes to increased production efficiency. The machine rollers are committed to a smooth
transition from the calibration section to the helical crimping segment.

/

Figure 1 — Cdmputer model of matrices with a working area

The mill itself is a matrix with an operational zone, the structure of which is characterized by
sequentially arranged, the cross sections of which gradually decrease in the form of truncated cones
with non-parallel bases. A notable aspect is the cruciform distribution of the great and small
generators in these competitions, as well as the presence of a calibration site.

Figure 2 — The developed radial shear mill on the basis of KazNRTU named after K.Satpayev

The precision of rotation during the cold-state stretching of entire products is equivalent to
that of the second category. According to experimental findings, the outer diameter of pipes
processed on rotary forging machines maintains a tolerance threshold of 0.025 mm for each 6-10
mm diameter of forging.

Forging, as a rapid method of metal processing under pressure, involves the circular
compression process wherein the active force is simultaneously applied from two or four opposing
sides of the workpiece. In contrast to simple compression, the metal deformation transpires not under
the influence of impact but rather under the substantial compression pressure exerted sequentially.
Through the process of hot forging, wires adopt a coarse-grained structure. To produce flexible wire,
the temperature is gradually reduced during metal processing. Rhodium sheets are prepared by
sequential hot rolling using a 0.75 mm thick spatula, rendering the metal pliable enough for
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subsequent cold rolling. Multiple intermediate heating steps are imperative during the cold rolling
phase [3].

Despite its advantages, the circular forging process is associated with several drawbacks,
including low machinability, challenging working conditions marked by vibration, intense noise,
substantial heat generation, a significant reliance on manual labor, a substantial material
requirement, and a relatively high level of unusable material. The unfavorable stress-strain state
pattern leads to surface defects such as scratches and internal flaws on the rods [4].

Stretching represents a pressure-based metal processing method where the metal, in the
form of a line with a consistent cross-section, is fed into the channel of the stretching tool and
subsequently stretched or elongated. The channel mirrors the shape or cross-section of the
malleable metal, featuring a horizontal section that gradually contracts from the tool's point of entry
to its exit. The outlet section of the channel is consistently smaller than the cross-sectional area of
the stretched portion. Consequently, the stretched segment undergoes deformation as it traverses
the channel, assuming the shape and dimensions of the smallest section within the channel. The
length of the wire increases in direct proportion to the reduction in cross-sectional area[5].

Preceding the stretching process on a specialized machine, the stud is front-faced, allowing
easy insertion with a slight protrusion from the opposite side. Subsequently, the end is engaged and
stretched using a designated mechanism, applying tension force to the front end of the workpiece.
This approach ensures the production of wires, rods with highly accurate transverse dimensions,
and pipes with diverse cross-sections. Metal stretching treatment finds widespread application in the
metallurgical, cable, and machine-building industries, encompassing the manufacturing of rod metal,
wire, pipes, and other products of normal and large cross-section [6].

The stretching process accommodates steel with various chemical compositions, as well as
nearly all non-ferrous metals and their alloys, including gold, silver, copper, and aluminum. Products
generated through stretching exhibit a high-quality outer surface, accompanied by precise cross-
sectional dimensions. When the objective is to endow a product with these specific properties, the
process is referred to as calibration.

Wire steel is utilized for tension rods ranging from 16 to 100 mm in diameter and pipes with
diameters between 16 and 300 mm. In instances where a workpiece with a diameter of 0.1-60 mm
is being stretched, a wire made of a hard alloy based on tungsten carbide is employed. For
workpieces with diameters up to 2 mm, as well as non-ferrous metals and their alloys, steel with a
diameter of up to 1 mm, nichrome, tungsten, and molybdenum with a diameter of up to 0.5 mm, or
a diamond conductor, and wires made of composite materials are utilized.

To minimize external friction between the drawn metal and the cord channel, a thick lubricant
is applied. This reduction in stretching energy costs serves to create a smoother surface for the
pulled metal, prevent channel wear, and facilitate the process at higher levels of deformation [7].

In most cases, the metal subjected to stretching is not preheated,; it is introduced into the wire
channel at room temperature. The deformation formed in the channel and the heat generated
through external friction are managed through continuous washing of the conductor with a cooling
emulsion, water, and ambient air. Under these anhydrous stretching conditions, appropriately
lubricated and equipped metal attains a smooth, glossy outer surface with precise cross-sectional
dimensions. Stretching on a solid conductor stands out as the most prevalent method for producing
wire products, involving the deformation of metal by pulling it through the channel of the stretching
tool.

The channel's cross-section gradually diminishes from the point of metal entry into the
conductor to its exit plane. Consequently, the workpiece, while traversing the conductor, assumes
the shape and dimensions of the minimum (calibration) section within the conductor channel. Prior
to stretching, the front part of the workpiece undergoes pre-cutting. According to established
protocols, the wire stretching process is typically conducted in a cold state, occasionally involving
heating when processing hard-to-deform metals and alloys.

Occasionally, the stretching process employs simultaneous force on the back end of the
workpiece, aimed at reducing friction during the wire-metal connection, thereby enhancing the
strength of the wire channel. The evolution of the process has led to the emergence of methods such
as traction on rotating or oscillating conductors, traction in a liquid friction mode, multi-fiber
extraction, and traction on roller conductors.
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Theoretically and practically, the rotation of a solid wire is identified as a means to reduce
tension gain. However, experimental findings indicate that achieving a significant reduction in this
parameter at a standard stretching rate would necessitate rotating the conductor at an ultrahigh
speed. Consequently, the use of a rotating wire is infrequent and is typically reserved for ensuring
even wear of the wire channel when stretching thin wires.

Vibrating wire stretching finds application in the production of thin and ultrathin wires
composed of hard-to-deform metals and alloys. The application of ultrasonic vibrations in various
directions, within a frequency range of 17 to 20 kHz, to the conductor serves to decrease tractive
effort, enhance conductor resistance, and improve the surface quality of the wire. Vibrations of the
wire tool can be horizontal, transverse, or rotational. To maximize the efficacy of vibrational
stretching, it is imperative that the vibration velocity of the conductor significantly exceeds the tension
velocity. A piezoelectric or magnetostrictive irradiator serves as a source of mechanical ultrasonic
vibrations.

The multi-frame stretching process is employed for the repeated stretching of thin wire
through sliding. Stretching is conducted at relatively low speeds, and with the repetition of the
stretching cycle (4 to 8 times), the thread is simultaneously stretched, thereby increasing productivity,
reducing wire tool consumption, and enhancing product quality.

The prominent drawbacks of a solid conductor become evident, particularly during extensive
and moderate stretching of wire, manifesting in low productivity, stringent requirements for initial
workpieces, high costs associated with preparing its outer surface, the utilization of expensive
lubricants, low strength, and challenges in tool development. Notably, difficulties arise in producing
profiles with intricate patterns, and the method is unsuitable for obtaining thin-walled profiles and
those with a small rolling radius, as reflected in insufficient processing of the cross-section of
deformable metal obtained through casting methods.

The pressing process serves as the primary method for deforming spreading and cast blanks
in the production of wire-derived semi-finished products. The essence of this process lies in imparting
a specific shape by compressing the metal into a cavity created by a working tool. The stress state
scheme in compression (complex compression) is deemed more favorable compared to rotation.
The widespread use of compression is attributed to the advantageous stress state scheme of the
deformable metal — complex and uneven compression.

The selection of temperature conditions for pressing is contingent upon the deformation
resistance of the metal, exerting a significant influence on both the force dynamics during the
compression process and the ultimate outcome. Heating the pressed workpiece reduces the metal's
deformation resistance while enhancing its plastic properties. However, elevated temperatures
adversely affect tool working conditions. Consequently, a key challenge in determining temperature
conditions is achieving an optimal balance between the alleviation of power conditions and the
detrimental impact of high temperatures on equipment. Based on temperature conditions, the
pressing process is classified into the following types: hot, isothermal, cold.

The prevalent method in pressing processes is direct compression, where the friction force
of the metal between the ingot necessitates additional energy consumption as it moves within the
die press. In contrast, reverse compression involves the ejection of metal in the opposite direction to
the movement of the die press washer when the container is stationary. In this scenario, the ingot
does not shift more than the container, leading to a reduction in the overall compression force. The
size of the product in reverse compression is constrained by the dimensions of the press stamp
cavity. Compression with a side outlet offers convenience during product retrieval and enables the
attainment of maximum length on a vertical press [8]. The matrix is positioned directly on the sleeve
of the container at a 90° angle to the press protrusion, with the cast metal outputting at right angles
to the direction of the press stamp's movement. In hydrostatic compression, extrusion takes place
under the influence of a liquid under high pressure, with the compressible metal isolated in a liquid
layer, resulting in a significant reduction in compressive strength.

Advancements in metal pressing processes have given rise to various types of continuous
pressing, including non-contact, continuous hydrostatic, rolling-pressing, and friction force-based
methods such as "Linex," "disk extruder,” and "Conform." Continuous pressing methods offer
advantages such as automation and mechanization, increased efficiency, reduced energy
consumption, and seamless integration with continuous metal casting machines.
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A key advantage of pressed products lies in their ability to amalgamate multiple components,
each serving different functions, into a singular pressed product. For instance, panels, designed to
provide structural strength and rigidity by riveting rolled sheets and angular or T-shaped profiles, can
now be efficiently produced in a single pressing revolution, eliminating the labor-intensive process
of riveting and potential drawbacks associated with prefabricated structures. Pressed panels form a
unified entity where sheets and T-shaped profiles are seamlessly integrated, obviating the need for
assembly work to combine them. Another notable advantage is the ability to fabricate intricately
shaped pressed products, a feat unattainable through other processing methods or even cutting. An
illustrative example is an aluminum alloy pipe, 15 meters in length, with a diameter of approximately
90 mm, featuring through holes along its entire length (4 mm thickness), a configuration achievable
only through pressing. Numerous analogous examples underscore the versatility of pressed
products.

The compression process, while effective in producing wire products, presents several
disadvantages, including compromised mechanical properties of the section, heterogeneity of wire
products along their length, and a substantial strain load. Additionally, the equipment for pressing
necessitates a significant amount of metal and occupies a substantial portion of the production area.
Intensive wear of the working tool and the generation of press waste often result in reduced efficiency
of the pressing process.

Rolling, particularly with a rolling diameter suitable for rods and wires, stands out as one of
the most favored methods for producing wire products up to 5 mm. Challenges associated with this
approach are primarily linked to the difficulty in achieving the smallest wire sizes. When considering
the precise dimensions and geometry of their cross-section, available equipment may not be suitable
for rolling small profiles, and an increase in the size of a clean processing bag leads to an augmented
need for steel devices and additional production space. Consequently, wire production via rolling is
primarily directed towards obtaining hot-rolled wire billets (wire rods) or wire products from
continuous casting billets. Continuous wire mills and casting and rolling complexes have become
widely employed for this purpose.

Modern mills equipped with high-speed clean processing bag blocks, where cermets are
rolled on a single thread without a screen, can achieve high-precision (with a tolerance of £ 0.1 mm)
wire rod rolling. Morgan blocks from the USA are widely used abroad, featuring replaceable bags
with cantilever rolls positioned at an angle of 90° to each other and at an angle of 45° to the horizontal
plane. These blocks, designed for manufacturing 12.7 mm wire rods, contribute to the production of
high-quality wire products. Blocks with a similar design are produced by companies such as
"Siemag" and «SKET» in Germany.

For rolling tension wires, the triangle-triangle calibration scheme is employed in finishing bag
blocks from Kocks. These blocks consist of bags with three windings located at an angle of 120°
from each other and connected by conical gears. This block design allows for the rolling of wire made
from hard-to-deform steel grades with a diameter of up to 5 mm, originating from a finely dispersed
rolling-type billet with an elongation coefficient ranging from 1.10 to 1.25 [9].

An intriguing technology in wire production involves tubeless rolling using the RER process,
patented by the Australian company Copper Ltd. This method contributes to the standardization of
rolling rolls, enhances their efficiency, reduces the number of passes, simplifies the design of wire
fittings, and facilitates machine installation. The paper also explores the feasibility of using flat rolls
for rolling copper wire with a diameter of 6.35 mm from corrosion-resistant steel and wire with a
diameter of 8 mm.

In recent times, the method of obtaining blanks through continuous or semi-continuous
casting of metal has gained widespread use. This involves the use of casting machines equipped
with a graphite crystallizer, enabling the production of billets closely matching the size of the finished
wire. This approach reduces the overall duration of the technological cycle. However, the cast
structure of the extracted metal is unsuitable for further stretching, and the process is generally
considered less productive. Hence, in global practice, the prevalent approach is the combined
process of casting and rolling metal, executed in foundry and rolling complexes. This integrated
method has significantly increased productivity, enhanced product quality, and reduced production
costs. For the production of blanks made of aluminum and copper, rotary-type casting machines with
a vertically positioned circular crystallizer are commonly utilized, followed by rolling processes
according to schemes such as «hexagon-triangle — circle», «circle — oval — circle», or «sharp square
— sharp square — circle». In the production of zinc and brass wire rods, casting machines with a
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horizontally positioned circular mold (carousel type) are employed, utilizing alternating box-shaped
calibration systems. Leading companies engaged in the implementation of integrated casting and
billet rolling processes abroad include Continuous Properzi (Italy), General Electric Co. (USA), and
Speedem (France). The productivity of these combined processes has approached 70 t/h, with a
wire rod exit speed from finishing bags of 10 m/s, and a minimum wire rod diameter ranging from
1.5to 2.0 mm.

Cold rolling is a prevalent method in the production of rod and wire products. However, its
extensive use in the production of round-section wire encounters technological challenges, primarily
metal riveting during deformation, necessitating interruptions in the continuous deformation process
and the implementation of heat treatment operations. Uneven deformation, more critical than in hot
rolling, requires the development of a winding calibration to prevent excessive curvature of the strips
and ensure proper gauge filling. In practice, combined wire production processes are often
employed, incorporating various methods in conjunction with cold rolling. The choice of a
technological scheme is determined by the shape and size of the profile, with an emphasis on
minimizing costs and reducing technological retraining efforts. For instance, the Maschinenfabrik
Gans Arnold mill in Germany facilitates cold deformation of round and reinforcing wires with a
diameter of 4 to 7 mm in anhydrous and wet bags with a winding diameter of 180 mm. A single
adjustable rolling speed (up to a volume of 12 m/s) ensures mill production ranging from 5 to 12.5
t/s in a hopper weighing 2.5 tons. Similar production processes have been implemented at the
Cerepovets mizileumezavod for products in the range of 4 to 12 mm. LTP type lines from Impianti
Industriali SpA (ltaly) are currently utilized for cold rolling of wire with a diameter of 4 to 12 mm,
offering the rolling of a three-chamber block at speeds up to 15 m/s. There is also information
indicating the use of four-leaf caliber bags for cold rolling of circular wire [10]. Cold rolling finds
application in the production of flattened strips, shaped bars, and wire, often incorporating
prestressed double-frame bags and bags with a multi-frame caliber. The versatility and variety of
metal products, along with their distinctive features, position them as fundamental and constructively
complementary materials with widespread applications.

Conclusion

The rolling process stands out as a highly versatile, cost-effective, and quality-assuring
method for manufacturing wire products. Its advantages in terms of thickness range, energy
efficiency, quality outcomes, processing performance improvement, and enhanced productivity
make it a preferred choice in the evolving landscape of steel profile manufacturing. Among the
various methods considered for manufacturing wire products, the rolling process emerges as the
most advantageous in terms of modernization and automation. In comparison with pressing and
forging, rolling offers several key advantages:

1. Versatility in Thickness Range: Rolling provides the ability to obtain products across a wide
thickness range, spanning from several microns to 200 mm. This expansive range enhances the
versatility of steel rolling and widens its applicability.

2. Energy and Cost Efficiency: Rolling has the potential to significantly reduce energy
consumption and costs. Hot rolling, in particular, involves high metal-plastic deformation during the
process, leading to reduced electrical application for metal deformation. This, in turn, positively
impacts the cost of finished products.

3. Quality Assurance: Cold rolling, in particular, yields products of the highest quality across
various indicators, including dimensional accuracy, surface finish, and physical and mechanical
properties. These advantages have contributed to the widespread adoption of cold rolling in both
ferrous and non-ferrous metallurgy.

4. Improvement in Processing Performance: Hot rolling proves beneficial in enhancing the
processing performance of metals and alloys. It facilitates the removal of large granules during cast
production, healing of cracks, reduction or elimination of defects from casting, and transformation of
the microstructure from a cast state to a deformed structure. This, in turn, improves the technological
properties of the alloy.

5. Increased Productivity: The rolling process utilizes large castings and rolling equipment,
leading to increased productivity. Moreover, it creates favorable conditions for elevating rolling
speeds and establishing a continuous, automated rolling process.
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CbIM ©HIMAEPIH AY TOCUIAEPIH TANOAY, PAOUAINAbLI-bIFbICY BINAENHAET
TEXHONOIrnsAnblK NPOUECTEPAIH APThIKLWbIIbIKTAPDI

CbiM eHiMOepiH eHOipy mexHosoausapbiHa, SFHU OHbIH accopmuMeHmiHe, carnachbiHa,
uxkemoirniaiHe, muimdiniai  mMeH  yHemainiaiHe, coHOali-ak  npouyecmepdi  mornbikmaul
asmomammaHObIpy canacbiHa Xofapbl mananmap KosiObl. byn makana konda 6ap oadicmepli
mandayra XoHe Wbibbikmap MeH CcbiMOapdbl QdalibiHdayObiH UHHOBAUUSbIK — muimOi
mexHosio2usifblK npouecmepi apacbiHOa CbIM ©HiMOepiH eHOIpydiH nepcriekmusmi maciniH
aHbikmayfa barfbimmarnsaH. 3epmmeynep map weHbepde MamaHOaHObIpbIiFaH canara
b6arbimmarfaH, 0e2eHMEH, OCbl MakasiaHblH MaKkcammapbiH MOJIbIK Xapus emy YWiH XemkKifikmi.
Makana asiceiHOa cbiMm eHiMOepiH arnydbiH eH muimdi, 3amaHayu mexHO02UsbIK fnpouecmepiHe
canbicmbipmarnbsl manday xypaisindi. AemopnapObiH myXbipbiMdapbl bolbiHWa - unemoey
npouecmepi apKbiribl spmypni duamemprii cbiM eHiMOepiH eHOIpydiH 3amaHayu 8dicmepi (Mbicarbl,
paduandbi-bifbicy bindeai) aKOHOMUKanbIK mypfbidaH eH muimdi rpoyecmepldid 6Gipi 60:nbin
caHanadel. byn npouecmiy maHbI30bI apMbIKWbIbIFLI — Kaxemmi enwemdepae colkec KesiemiH
)KOFapbl canarsnbl CbIM ©HIMOEepiH €eH meMeH weKkmi enuwemoepmeH any MyMmKiHOiei. Ocbl
myXblpbiMObI Kasipai yakbimma mekcepy ywiH, K. Combaes ambiHOarbl Ka3¥T3Y 6asacbiHOa
paduanobl-bifbicy bindeai Kypblrobl, XoHe OHbIH Heai3ai XaHarslbifbl opamOapObiH opHanacyb! 605birn
mabbinadbl. XKacanfaH paduanibl-bifbicy 6indeciHoe 6082 mapkarbl amtOMUHUU KOpbIMMAachbiH
mapmy 6olbiHwa 6ipkamap npakmukarsbsiKk maxipubesnep xypai3inoi.

TyliH ce30ep: cbiM 6HIMOepi, wbibbiK, unemoey, bindek, kepeyem, deghopmayusi,
paduandbl bifbiCy, POIUKMEP.
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AHANKU3 CNOCOBOB NOJNTYYEHMUA NPOBOJIOYHOW NPOAYKLMWU, MPEUMYLLEECTBA
TEXHOJIOTMYECKUX NMPOLIECCOB HA PAOUAIIbHO-CABUIOBbIX CTAHAX

lMpoussodcmeo npososioyHoU npodykyuu cmasum rneped cobol ebicokue mpebosaHusi 8
obnacmu accopmumeHma, Kadecmea, aubkocmu —mexHosnoaud, aggekmusHocmu U
3KOHOMUYHOCMU, @ makKxXe rosiHol asmomamu3ayuu rnpoyeccos. Hacmosiwass cmamabs HauesneHa
Ha aHajiu3 cyuecmsyruux Memodos U ebiserieHue Hauboree nepcrnekmugHo2o rnodxoda K
rnpouseodcmey  rpoBOSIOYHOU  MPOOYKUUU cpedu  UHHOBAUUOHHbLIX  8bICOKOIGhhEKMUBHbIX
MEeXHOI02UYeCKUX MPoUecco8 U32omoesieHUs NMpymkKos8 U rnpoeosioku. MiccriedoeaHusi HanpaeeHsbl
Ha y3Kocreuuanu3upogaHHyt rnpedmemHyro obracmb, docmamo4yHyro Orisl MOSIHO20 0C8EUEHUST U
packpbimusi yenelt Hacmoswel cmambu. B pamkax cmambu nposedeH cpagHUMesbHbIU aHanu3
Haubonee 3¢bgheKmMuUBHbIX COBPEMEHHbIX MEXHOI02UHECKUX MPOYECCO8 MOSyHEHUS POBOSI0YHOU
rnpodykuyuu. Bbieodbl agmopoe yka3biearom Ha mo, 4mo CO8PEMEHHbIE Memodbl npou3godcmea
Mpo80osI04YHOU MPOBYKUUU pasiudyHbiX OuamMempos Yepes Mpouecchbl MpoKamku (Hanpumep, Ha
paduarnbHo-cO8uz208bIX cmaHax) 4Yacmo npedcmasnsaom cobol Haubosiee 9KOHOMUYECKU
obocHosaHHbIl rpouecc. CyuwecmeeHHbIM rpeumMywiecmeom 0OaHHO20 rpouyecca sesisgemcs
B803MOXXHOCMb [10/1y4EeHUS MPOBOSI0YHOU MPOdyKUUU BbICOKO20 Kayecmea, coomeemcmsyrouiel
Heobxodumbim pasmepam, ¢ MUHUMarbHbIMU Aornyckamu. [ns npoeepku daHHO20 8bisoda 8 OaHHOe
epemsi Ha basze KasHUTY um.K.Camnaesa 6bin co30aH paduarnbHo-c08u208bIli cmaH, OCHOBHOU
HOBU3HOU KOMOPOO020 S18/19emcs pacrosioxeHue gasnkos. Ha cosdaHHom paduansibHO-c08U2080M
cmaHe 6bIn nposedeH psd rnpakmu4yecKux 3KCepumMeHmos8 Mo npumsaugaHuro antoMUuHUE8020
npymeka mapku crisiaga 6082.

Knroyeeble crnoea: npososioyHas rnpoOyKyus, MpymoK, rpoKamka, cmaH, cmaHuHa,
Oeghopmauusi, paduaribHo-cO8uU208bIl, 8aslKu.
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MCTO MEH KECY[IH TEMNEPATYPAIJIbIK PEXXUMIHIH KECY NMPOLECIHIH TUIMAINITHE
OCEPI

AHOamna: Makanada MCTO (malinay-cankbiHOamy mMeXHO02UsNIbIK 0pmachkl) XoHe
memrepamyparbiK Kecy PexXuMiHiH Kecy npoyeciHiH muimdiniaiHe ocepi Kapacmbipbinadsbl.
Makanada oHmadnel MCTO KondaHy »eHe KecydiH memrepamyparbiKk PexXuMiH pemmey Kecy
npoueciHiH muimodinieiH keneci 6arbimmapda apmmbipyra MyMKIHOIK 6epemiHdieiH KepcemkeH
aKcriepuMeHmMmik 3epmmeynepdiH Homuxxesnepi KernmipinaeH:

— KypandeiH 6epikmizaiH apmmbipy. MCTO kondaHy Kecy alimarbiHOarbl memnepamypaHsbl
memeHdemyzae MyMKiHOIK 6epedi, 6yn KypandbiH mo3ybiH a3alimaolsbl.

— OHOeneeH 6emmiH kedip-byobipnbirbiH asatmy. MCTO kondaHy Kecy alimarbiHOafbi
memrnepamypaHbl memeHOemyze  MyMKIHOIK  bepedi, ©6yn  eHlenemiH MamepuasobiH
depopmayusiCbiHblH MeMeHOeyiHe XoHe HamuxeciHOoe eHOenzeH bemmiy canacbiHbIH
)KakcapybiHa akeneoi.

— Kecy kywmepiHiH memeHOeyi. MCTO kondaHy Kecy alimarbiHOafbl memrepamypaHsbl
memeHdemyae mMyMKiHOiK 6epedi, by Kypan MeH eHOesiemiH Mamepuars apacbkiHOarbl yUKesicmiy
memeHOeyiHe XXoHe HomUXeCiHOe Kecy KywmepiHiH memeHOeyiHe okeneoi.

Hemuxxenep oHmatlnel MCTO KondaHy XeHe Kecy memrepamypacbiH pemmey Kecy
npoueciHig muimoiniaiH apmmaeipydbiH muimdi 8dicmepi ekeHiH kepcemedi.

MawuHa 6enwekmepiHiH 6emki kabambiHbiH O0s8ndiciH apmmbipy ywiH MCC (madnay-
cankbiHOamkbiw cylbliKmbikmap) xoHe MCC mypnepi; akonoeusnbik mada MCTO-HbIH xaHa
mypriepiH xacay 6olbiHWa ycbiHbicmap bepineeH.

MCTO xaHa KypamdapbiH maHdayObiH Kerl Kbipsbl 8dicmemeci ycbiHblnObl. TexHuka Sots
maHday ke3iHOe 6enikmiH Mamepuarsibl MeH KyparibiHbIH XUMUSIIbIK Kypambl, 6HOey adicmepi, kecy
pexumdepi, 6enikmiq 6emki kKabamebiHblH dendiei MeH canacbiHa KolUblnambelH marnanmap
eckepinemiHoiciHe Heai30es2eH.

Tylin ce3dep: MCTO-matnay-cankbiHOamy MexHOM02USMbIK opmackl, memrepamypa
peXumi, Kkecy npoueciHiH muimoiniei, KypandeiH 6epikmiei, eHOenzeH 6emmiH kedip-6yObIpribifbil.

Kipicne

Kecy apkbinbl eHoey kesiHoe GeTki kabaTTbiH KaXeTTi cana napameTpnepiH any kenbip
KMbIHOBIKTAP TyFbl3aabl. OWTKeHi 6eTTiK KabaT canacbiHbIH kKenTereH akTopriapbliHbiH, OenLWeKTiH
OCblHO AN KacueTiHe acepi OCbl YaKbITTa OHLLA XKaKCbl 3epTTESNIMEreH.
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MCTO wmeTangapdbl kecyre acep €Ty TeTiriH 3epaeney kesiHge acnan neH OenLiekTiH
XaHacybl kesiHge 6eTki kabaTTa 6onatbliH msmKanbik-MmexaHuKkanblk KybblnbicTap Typanbl kebipek
6iny manpi3gbl. XKywmbicta [1] mannay-cankbliHAATY CYMbIKTbIKTApPbIHCLI3 (ayaga) enaey KesiHae
Kypan-0eTTik Xyheaeri TypakTbl 6arnaHbIc Ke3iHae 63iHiH dusnkanbik-MexaHuKanblk KacueTTepiMeH
eHaeneTiH 6eT neH Kypan-canMaHHbIH KacueTTepiHeH epeKweneHeTiH KOoCbiMwa YLiHWi AeHe
Kypbinagbl gereH 6omkam xacanraH. On eHaeneTiH GenwekTiH YCTiHr kabaTbiHAa Kypan XWeriHiH
GenwekTiH YCTiHr kabaTblHa OHbIH MUKPOXalOblHbIH ©3repyiMeH KelwleHnai Aedopmaumsnbik,
XbINYIbIK XXoHE KyLUTiK acep eTyi kesiHge nanga 6onagbl (1 cyper).

2\

1 cypeT — Kecy KypanblHbIH «YLUiHLWWI geHe» aen atanaTbiH O6enwekTiH yCTiHr kabaTbiHa e3apa
apekeTTecy cxemacsol

BynaH 6acka, MCTO Kypambl xaHe Kypan-6enLwek xxyneciHaeri ousnkanbik XXoHe XUMUANbIK
npouectep OHOaFbl MexaHuKanblK ayblTKynapAblH cunattamacbiHa xui acep etegi. MCTO
Xynecingeri kecy kesiHgeri aybITKy Macenenepi KenTereH xxymboictapaa 3eptrenreH [2-3], eUTKeHi
onap Kecy npoueciHge OeTki kabaTTblH canacbl MeH pongiriHe acep etegi. XKymbicTapabiH
KenwiniriHae Kecy npoueciHae aBToaybITKy MYMKIHAIN MenniHWe a3 eKeHAiri anTbliFaH, enNTKeHI
ToXipnbenik »XonmeH eHAOenreH OeTTiH reoMeTpusinblK O8nAiriHe, OHbIH Keaip-OyablpnbiFbiHa,
acnanTblH 6epikTiriHe »xaHe T.6. acep eTeTiH Heriari napameTprep 6enrinexHreH.

3epTTey aaicTepi

MCTO acep eTy TeTiriH CTaHOKTapAafrbl aKCNEepPUMEHTTEPAiH kKeMerimeH 3epaenengi. Metann
KeceTiH CTaHOKTapaarbl cbiHakTap 6eTTiH napameTprepiHe xaHe kecy pexumaepiHe MCTO acepiH
Tangangbl. MyHaan ceiHaktap ywiH MCTO ynkeH kenemi MeH BinikTi MamaHaap Kaxer.

CbiHakTap pecypcTtap MeH yakbITTbl Tanan etegi. >KaHa MCTO asipniey xaHe 6eTki kabaTTbIH
KacueTTepiHe acep €Ty XaHe Xblly anMacy canacblHaa MamaHgapapl TapTy MaHbi3gbl. Ke3gencok
akTopnapabiH, AeopmauuanapablH, XoFapbl TemnepaTypanapiblH, xxaHe eHaey kesiHgeri kabdar
kanbiHAbIFbIHBIH a3abiFbiHaH MCTO acepiHiH Kypaeni TeTiriH TyciHAipeTiH 6ip MaHAi Teopust XKOK.

Konpga 6ap [1] cbiHbinTama OGowbiHwWa MCTO kacueTTepiH 3KOMOrusnblK, CaHUTapIbikK,
TEXHONOrUANbIK, Nanganany xeHe yHKUMoHanablk 6onbin 6enyre 6onagb!.

— Canvtapnblk — 6yn kacueTTepai Oafranay >kekenereH KOMMNOHeHTTepaiH xeHe MCTO
GaprbIK KeLeHiHiH agam af3acbliHa 9Cepi, OHbIH, YbITTbIMbIFbI, TEPI XXKaMbISFbICbIHA, ThIHBIC any XyMNeci
opraHgapbiHa acepi 6oMbIHLLIA XYyprisineni;

— TexHonorusanelk — 6aranay keneci kputepunnep GonbiHWwa Xyprisineai, 6yn enaeyaeH
KeuiHri 6eTTiH kedip-6yabIpnbifbl; acnanTblH, TO3Ybl XaHe T.6.;

— Jkonorusanelk — 6yn MCTO kopluaraH opTaHblH 9KONOrMAChIHA 8Cepi, OHbl Kayirnci3 kagere
XapaTy XeHe KanTa nanganady MyMKiHAiri;

— ManganaHy — akonoruanblK, caHUTapnblK-rMrneHanblk HopMmanap >xaHe T.0. Tanantapabl
eckepe OTbIpbin, kaHganm ga 6ip eHaipic xafganbiHga MCTO nampanaHy MyMKiHAIr GonbiHWa
Oaranangpl;

— OyHKUuMOHaNAbIK — Kecy npoueciHae Kypan mMeH GenwekTiH OeTiHiH, e3apa epekeTTecyi
kesiHgeri KKXKK kacuetTepi: cankbiHaarty, mannay, Kecy, CiHipy, cyray, Koppo3susiFa Kapchbl, Xyy.

MCTO dyHKuMOHanNAblK KacveTTepiH AuHamukaga ga (Tikenew kecy npoueciHae), Kecy
npoueciH mogenbdeyre MyMKiHAiK ©epeTiH apTypni acnantapga a Oaranay oHan ekeHiH kepin
OoTblpMbI3. CoHapblkTaH ogaH api MCTO-HbIH hyHKLMOHANAbIK KACUETTEPIHIH 9CEpPIH enKen-Tenkenni
KapacTblpambI3.

MCTO mannay acepi. MCTO-HbIH Mannay acepiH apTTbIpy >XOHKaHbIH acnanTblH, angblHfbl
OeTiHe xeHe OernwekTiH acnanTblH, apTkbl OeTiHe yWMKeny KyliH TemeHngeTeni, ocbinanwa Kecy
kesiHae GeniHeTiH Xbiny MenwepiH azanTagbl. byn kacneTt acnanta ecy MymkiHgiriH 6epmengi, 6yn
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eHaeyaiH OoangiriH apTThlpa OThbIpbIN, Kedip-OyablpnblkTel TemeHgeTeni. >Kymbicta [4] MCTO
KelleHai 3epTTey KesiHge, aTan anTkaHga MCTO mannay kacumeTTepiH kapay kesiHge "ymkenic
KO3 MDULMEHTIHIH, Mannay MreHKacbiHblH KanblHAbIFbIHA Tayenainirinae mannay nrneHKacblHbIH,
KanblHObIFbIHAH YUKeNiC KO3hMUUUEHTIHIH e3repy [OuanasoHblH KepceTeTiH LeKkTeyni aymak
KepceTifnreH.

MCTO mannay acepiHiH TeTiri bannaHbic 6eTTepi apacbiHAarbl agre3usnbik bannaHsictapabl
caHAblK xaHe 6epiKTik XafblHaH azanTygaH Typaapl; Kypan-canmaHHbIH, angblHfbl OeTiHiH XXOHKaMeH
aHacy y3blHAbIFbIHbIH (ayAaHblHbIH) TEMEHAeYI; Kypan-caMaHablK )XaHe eHaeneTiH MaTepuanabiH
XaHacy anmarblHblH OeTiH eHOEeneTiH XaHe Kypan-canMaHablKk MatepuangapgblH MexaHuKanbik,
PUINKANBIK-XUMUASBIK  KaHacyblHAH  (PU3MKamNbIK-XUMUAMNBIK ~ XKOHEe  MeXaHukanblk To3ydaH
KOpFanTbIH Ty3ineTiH nneHkaga [10, 11].

Kecy npoueciHge kypan-carMmaH maTepuangapbl MeH Oeniiekrepaid yfkeH nnactukanblk
aedopmaumacel kesinae ageTTe benwek matepuansl 6epikTiri a3 peTiHae ywbipanapl, 6yn onapabiy
anblHyblHa XOHe TYNKi HaTwkeciHae GenwlekTiH YCTiHr kabaTblHbliH, efayip Keaip-byablpnbifbiHa
aKkenyi MyMmkiH. [MpobnemaHbl LwWwewy YyWwiH ageTTe aHTMAPUKUUANBIK Kocrnanap YCbiHbiNnagbl,
onapapbiH miHaeTi MCTO nanganany XarganbiHga yrukernic KoaddULMEHTIH asanTy.

Byn pette MCTO mannay KacneTTepiH »akcapTyablH ©3iHiH NAcTepi MeH MUHyCcTapbl 6ap,
nntocTep MblHanap:

o OHoeneTiH 6eTTiH kedip-OyabIprbiFbl MEH MUKPOTE3EKTINIMH a3anTy;

o Kecy KypanbIMeH iniHicy KyLiH, 6epikTiriH )koHe ecyiH a3anTy;

o Kecy anmarblHOarbl YUKeNicTeH TemnepaTtypa asasaibl;

e YukenicTi azanTy cangapbl peTiHae KypanablH 0epikTiriH apTTbipy;

MCTO mannay kacueTTepiHiH yNFalobIHbIH KeMLiNikTepi ge 6ap:
Kenbip »afgarnnapaa Kkocnanap Koppo3usanblk TO3yabl YIFANTYbl MYMKIH;

e Kypan-6enik XyneciHOe XaHacy kesiHge wekapanblk nreHkanap nanga 6onybl MyMKIH,
onapablH 6epikTiri 6enik maTtepuanbiHblH GepiKTiriHEH >ofapbl 6onybl MyMkiH, Gyn kecy
KyLUTEPIHIH apTyblHa MyMKiHAiK Oepegi;

e Maunnay KacueTTepiHiH ynfalobl eHOey npoueciHe KaTblCnanTblH ASHAEP CaHblHbIH, a3atobl
cangapbliHaH abpasuBTik eHgeyre Tepic acep eTeai.

Kecy kesiHgeri kypan-0enwek xyneciHgeri ynkenic kywi boyaeH - Tenbop copmynacel
OolblHLLA ecenTeneai:

Fr=Fpa+F(1—-a)

MYHOa: Fum — Kypan-6enLuek xyneciHgeri YMKenic KyLui;

a — bannaHbIc GeTiHiH yNeci;

F. — acnan-6enuwek >XyneciHAOeri LWeKTi NfeHkanbl acnanTblH YWKenici kesiHgeri
ymrkenic KyLwi.
MCTO xymeciHe apTypni kocnanap meH moandukaTopnap kocy, 6i3 aHbiktarangan, MCTO-

HbIH, (PYHKLMOHaNAbIK KacMeTTepiHiH acepiH e3repTen.
MCTO kongaHfanga yrkenic KyLwiH TeHaeyimeH cunattayra 6onagbl [6]:
Jrp = SuTu + SyTy + SupTup

MyHAa: Sh — Wekapanblk nneHkacbl 6ap Kypan-6enLwiek xyrecingeri 6annaHbiC anaHbl;

T, — WeKapanblK NneHKaHbIH, XbIDKYbl KEpHeYiHiH opTalla MaHi;

Sy — WekapanblK NieHKackI3, kypan-oeniiek xyneciHaeri 6annaHbiC anaHbl;

T, — XKbIIKbITYfa apHanfaH Genwek MatepuanbiHbiH aFbiMAbINbIK WETiHIH MaHi (HbiFanuTy bl
eckepe OTbIpbIn);

Spp — Oenuwek martepuanbiHa Kecy KyparblHblH JKyMbIC >kuerinde naaa GonraH
MUKpOKaknanap MeH eciHfinep eHrisinreH yyackenepaid aygaHbi,

Typ — 06K GETiHIH "ChlablpblnybiHa" KeaepriHiH MaHi.

Yikenic KyLUTepiH a3anTy XaHe KbI3MeT eTy Mep3iMiH yNFanTy yLUiH aHTUPPUKLNANBIK, TO3YFa
Kapcbl Kocnanap KeHiHeH nanganadbinagbl. Hak ocbl Tpubonornansik cunattamanap GombiHLWA
MCTO wmavnay kacueTTepiH Oafanamgbl, Oyn mawnaygblH TO3yFa Kapcbl, TO3yFa Kapchbl,
aHTUPUKUNANBIK KacueTTepi. Kecy Kywi, avHany CaTiHiH wamacbkl XoeHe KyaTbl OoWblHLWA
OaranaHagbl. Erep mannay KacueTTepiH HeFypnbiM TEpPEH 3epTTey Tanan eTince, oHOa Kypan-
CaiMaHHbIH, TO3YbIH, XXOHKaHbIH, LWeryiH xeHe T.6. enweyai xyprizeai.

ISSN 2788-7995 (Print) IITokaopiM yHHBEpCHTETiHIH Xa0apIubichl. TexHUKambIK FeutbiMaap Ne 1(13) 2024 64
ISSN 3006-0524 (Online) Bulletin of Shakarim University. Technical Sciences Ne 1(13) 2024



CoHpani-ak onapgblH KypamblHa eHrisineTiH 6eTTik-6encengi 3attapgbiH (BB3) MCTO
Mannay KacueTTepiH »>xakcapTagbl, onap abcopbums XbiiyblH apTTblpagbl xeHe MCTO
Morekynanapbl MeH JalblHA4aMa MeH Kypan-cariMaH MaTtepuanbsl apacbiHaarbl 6arinaHbicTapabiH
GepikTiriHe >ayan 6epegi. MCTO «kypambiHgarbl BB3  Tuimainiri (2-5%) xymbicTapaarbl
3KCNepuMeEHTTEPMEH aanenaeHeai [3, 5].

Kasipri yakbitta Kasakctanga tmimai MCTO asipney kasipri 3amaHfbl OTaHAbIK KocnanapabiH,
(kyy, mannay >aHe T1.6.) 6onmaybiH MeunniHwe a3, coHgan-ak kaTTbl Texenai. CoHgan-ak Kasipri
3amaHnfbl MCTO-HbI a3ipneyai Tmimai Tenimgepain Korapbl KyHbl TEXeNai.

MCTO cynaHablipy Kacuettepi. MCTO e3iHiH KacueTTepiH TonblK kKepceTyi yLWiH (mMannay,
XKyy, cankblHaaTy) Genwektep MeH KypangapablH MatepuangapblH XKakCbl CyrnaHabIpy Kaker.
Tonblk emec cynay MCTO-HbIH Kecy anmarbiHa acepiH ic y3iHae xoaabl. KaTTel AeHeHiH 6eTiH
cynay AspeXeciH TayenainikteH aHbikTayra 6onagpl:

COSQC _ Orr. = Orx.
O-)K.I‘.

MyHOaFbl 0, — XYWeHiH (pasanapabl 6enyaiH) wekapacbiHaarbl 6eTTiK Kepinynep KaTTbl
JeHe —ras;

Oy — CYMBIKTBIK-Ta3 XXYMECIHiH LiekapacbiHAarbl OETTiK kepinynep;

O — XKYWE LIEeKapacblHAarbl 6ETTiK Kepinynep KaTTbl A€HE — CYMbIKTbIK;

Cosf, — cynaHyablH WeTKi GypbiLLbl.

Kecy npoueciHge acnanTtblH xaHe benwekTiH OeTiHiH CynaHybl XXofapbl XbliigaMabIKNeH oTyi
TUWIC, OHbIH, XblNTAaMObIFbIH 90ETTE KONAEHEH Xa3bIKTbIKTa CYMbIKTbIK TaMLUbLIChIHbIH, aFybl OOMbIHLIA
Garanayra 6onagbl. CyMbIKTbIKTbIH Tapany XblngaMablFbl eHaey 6eTiHiH kedip-0yablpnbifbiHa XaHe
Kypan ©OeTiHe (OHblH TeOMETPUSICbIHA), CYMbIKTBbIKTbIH, OETTiK KepinyiHe >XoHe TYTKbIPJIbIFbiHA
6annaHbicTbl [11].

MCTO a3y apekeTi Kypan MeH GenwekTiH aHacy anMarbliHgarbl T TemnepaTypacbiHa,
MCT O-HbIH MUKpOXapbIKTarbl MOSISAPIIbIK KONIEMIHE XXeHe XXOofFapbl TeMnepaTtypa cangapbiHaH nanga
©onatbiH Oy KbiCbiMbIHA GannaHbICTbl 6onagp! [53], oHbl MblHagan dopmyrna GonbiHLWA ecenTeyre
oonapgbl:

RT P
PPAC = Wlnp_n

roe R — TypakThl ras;

VM — MONAPIbIK Kenew;

Ps — cyibIKTbIK OeTiMeH Tene-TeHaikTe 6onaTbiH Oy KbICbIMbI;

Pn — oCbl KanbIHAbIKTaFbl NNEHKaMeH Tene-TeHaikTe 6onaTbiH By KbICbIMbI.

MCTO kecy kacuettepi. MCTO kecy kacueTtepi 6yn cyiblk OpTaHblH 8CepiHEH eHaeneTiH
OenLwekTiH eH xyka OeTiHiH OepiKTiKk kacueTTepiHiH asatobl. CyiblKk OpTaHblH 9CepiHEH eHOeneTiH
OeTTiH YCTiHI aHeprusacel ToeMeHaenai, Matepnanbliy, arbiIMAbINbIK Weri azasabl, XbUDKyFa kegepri
YKOHEe Kecy KyLUi asasiabl.

MCTO cankbiHpaTy Kacuettepi. MCTO cankbliHOaTy KacueTTepi Kecy anmarbiHOa Xbliy
anmacygbl bakbinayra acep etegi, 6yn KypangblH TO3y KapKblHAbIMbIFbIHA, FEOMETPUANbIK
enwemaepaid gengirine, engenreH 6eTTiH Kenip-OyablpnbiFbiHa xaHe T.6. acep eTyre MyMKiHAIK
6epeni. Ocbl napametpnepaid 6Gapnbifbl MCTO KypamblHa, >XekenereH KOMMOHEHTTepaiH,
kacnetTepiHe 6arnanbicTbl. MCTO cankbiHOaTy KabineTi TyTKbIpbIfbIHA, Xbify OTKI3rilTiriHe,
MEHLUIKTI XbIfy CbIMbIMObIIbIFbIHBIH, WamacbiHa, MCTO koMMNOHeHTTepiHiH, OynaHy XbifyblHa
OarnaHbICTblI bonagpbl.

CyablH cankpiHAaTy kabineTi Mmannapfa Kaparanga >Kofapbl 60nfFaHObIKTaH, TO3yFa Kapchl,
aHTUPUKUKNANDBIK XoHe Backa ga kacuetTtepre acep eteTiH 6enrini 6ip B3 kocnanapel 6ap cy
Herizinge MCTO kypy Hefypnbim Tvimai 6onbin Tabbinagbl [1].

AcnanTblH GenwiekneH aHacy anMarbliHAaFbl TemnepaTtypameH acnanTtblH, OepikTiriHiH
Aspexeni Teyenainiri 6ap:

C
T=m
myHaa: C — koadpdpULMEHT;
t — Kypan meH GenLwekTepaiH XKaHacy anmarbiHOaFbl TemnepaTypa;

N — gapexe KepceTKiLli.
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BeniveTiH xbiny MCTO aypbeic TaHgay KesiHae TemeHAewnai, evTkeHi Oyn 6annaHbic
anvMarblHaarbl YMKENICTi XXoHe Kecy kywiH asantagbl. XKbiny 6eny kecy Xblngamabifbl yiFanFaH
Kesge ecepfi, xbiny Genyre Gepy MeH Kecy TepeHairiHiH ynfalobl a3 acep eTeni, coHpam-ak
nnacTukanblk MeTangapabl enaey kesinge Xoiny 6eny Mopt meTangapfa kapafaHga kebipek ekeHi
oenrini.

Opbip MmaTepman yuwiH oHbIH 6epikTiriH kKamTamackl3 eTeTiH OHTalrbl TemnepaTtypa 6onaasbl,
coHabiktaH MCTO kecy pexumiH TaHaay KesiHOe eCcKepy KaxeT.

MCTO xyy kab6ineti. MCTO-HbIH Xyy kabineti — 6yn Kypan meH Genwektepain, 6eTiHaeri
nacTtaHynapgpl Xo kabineri.

MCTO xyy KacueTTepiH aHbIKTayablH CaHObIK Tayenainiri >XeTKinikTi Typae 4sn MyMKiH eMec,
entkeHi MCTO Xyy kacueTTepiHe acep eTeTiH kenTereH kesgencok dakrtopnap 6ap, mbicansl,
XyblNaTblH WaMHbIH Kypambl, 6eTTiH kegdip-Oyablpnbifbl, engey Typi, 6enwekrep MeH kypan-
camaH maTepuanbl, MCTO 6epy Tocini xeHe T.6. Anamga u3nKanblK >XaHe MeXaHuKarbIK
kacuneTtTepi 6ombiHwa MCTO-HbIH Xyy KacneTTepiH XaHama avikbliHaay MyMkiHairi 6ap, 6yn 6eTTik
Kepiny, amynbrupney kabineti, gucneprupney kabineTti; Hemece ©Oenrini Gip yakbIT Ke3eHiHae
nacTaHy MerepiH enweyain Tikenewn Tacingepi 6ap.

MCTO xyy kabineTiH uU3nKanbIK-XUMUSNbIK KacueTTepimeH, BeTTiK kepiny >kaHe OeTTik
OoVibiHLWa Tapany XbligamabliFbl CUsIKTbl 6aFanayra 6onaabl. CoHgan-ak, mbicanbl, 6enrini 6ip yakbIT
apanbifblHga Hemece eHaeneTiH 6eTTi Tazanay gapexeci 6oMbIHLLIA anbin TacTanfaH nactaHyadblH
XKMbIHTBIK ~ MerwlepiH  enwieyre HerisgenreH TikenenW apictepai navpganaHyra Gonagbl.
doTomeTpuKanbIK S4ICTi e KonaaHyra 6onaapl.

3epTTey HaTMXKenepi.

MCTO TaHgay kasipri yakblTTafbl KenTereH dakropnapapbl, OHblH iwiHge 6Genwek
MaTtepuarbiHblH KacueTTepi MEH KypamblH, ©HOEY TYPiH, Kecy pPeXumiH, OGenuwekTiH VYCTiHfi
kabaTblHbIH Oangiri MeH Kegip-OyablpnblfblHbIH KaXeTTi napameTpnepiH, coHgan-ak MCTO-HbIH
aKonorvaAnbIK, NanganaHy, rmrueHanblk XxaHe KOoCbIMLLA KacueTTepiH eckepyi TUic.

MCTO-Hbl TaHOoay eHgey TypiHe Ae GannaubicThl. Mbicanbl, Taza onepaumsanap KesiHge
Xakcbl Mavinay kabineTiHiH ecebiHeH Genwek 6eTiHiH kedip-OyabIpnbifbiH KAMTaMachi3 eTe anaTbiH
mannbl MCTO kongaHfaH XakKcbl.

©OHgeneTiH matepmnangapabi e3iHge ae MCTO nanpanaHy 6oubiHWwa LwekTeynep 6ap.
Mbicanbl, MbIC NeH OHbIH KopbiTnanapblH 6enceHai kykipTi 6ap MCTO nanganaHa oTbipbin eHgeyre
6onmanabl, an TMTaH YLWiH KypambiHAa xnopbl 6ap KOMNOHEHTTepAI NarnaanaHy YCbIHbIIManabl.

MuHepangbl MaKn, amynbratopnap, Koppo3us MHrMbuTopnapbl KOcbliFaH cyablH, Gasanbik
Herisi 6ap MCTO oamynbcusinap gen artanagbl. Amynbcusnapgarbl Man TamuibinapbliHbIH
amynbratopnap pAen atanatelH BB3 monekynanapbiHbiH - Kabbikwacekl 6onagbl. Man-cy
(haszanapbliHbIH WekapacbiHaarbl BBE3 monekynanapbl hbaszanapabiH, WekapacbiHAa Tepic 3apsatap
kabaTblH Ty3eTiHaen OarbiTTanfaH, COHAbIKTaH TypakTbl aMynbCcusiga TaMulbinapra 3apsatarnfaH
KabbIKTapablH aneTpocTaTUKanbIK UTEPINYiHiH KOCcblnyblHa xon 6epmengi.

MCTO-ga cuHTeTUKanbIK XXaHe XapTbifak CUHTETUKAanbIK HEri3ae »Kakcbl kepceTkiwTep 6ap.
Onap >ofapbl TemnepaTtypaga Kecy KesiHAe ofapbl BIpTEKTINiK NeH Xakcbl TYTKbIpNblK 6epeTiH
XMMUSNbIK  CUHTe3aeH anbiiFaH. CuHteTukanblk MCTO HerisiHeH BB3 meH cyma epwTiH
nonuvepnepaeH (MuHepanabl Mamncbid) Typagbl. Xaptbinan wuHtetukanblk MCTO kepiciHwe
kypambiHaa 15-30% muHepangbl man 6ap. CUHTETUKanNbIK XXoHe XapTbinan cuHtetTukanslk MCTO
navganaHy TymblK LMKNAA aybICTbiIpMacTaH XeHe ic Xy3iHae kpimbaT 6onfFaHbIMeH, 3KONMOrmsanblk
Tasanblk ecebiHeH onapabiH KbI3MET €Ty Mep3iMi y3apTbififaH Xafqanaa faHa e3iH akranabl.

onemge xaHa MCTO asipney kesiHge onapablH KyHbiHbIH TeMeHaeyi (yHKUMoHangbik
Tenimaepai nakeTTey karvgatblH Nanganany ecebiHeH 6onagbl. basanbik Herisre (sgeTtte man)
©30€piH XaKCbl XafblHAH KOPCETKEH XoHe (PyHKUMOHaNAbIK MakcaTbl OHTannbl 6onbin TabbinaTbiH
Tenimaep NakeTiH (HeMece KeLUeHiH) Kocaabl.

Kasipri yakpiTTa »kaHa Tenimaepai acay kesiHge ctaHoktapga cbiHaman onapgbiH MCTO
KypamblHAaFbl TUIMAINIFH aHbikTay MyMKiH emec. CoHAbIKTaH oCbl Kypamabl Kecy 6apbicbiHaa Gy
pette MCTO eH a3 caHblH nanganaHa oTbipbin, anabiH ana 6aranayfa MyMKiHAIK 6epeTiH Tmimai
cTeHATepae kaxeTTinik 6ap.

Yikenic MalwuHanapbiHOafbl CblHAKTApMEH  anblHaTblH - onapablH,  TpMbonornsanbik
cvnaTTamanapbiH Hasapfa ana oTbipbin, MCTO Ttangay MCTO-HbIH XaHa Kypamaapbl YLwwiH GypbIH
TEK MOTOp Mannaphbl yLWiH narnganaHbififad Tenimaepai Tabyra xxeHe nanganaHyra Kemekreceq,.
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MCTO acnan maTtepuansl MeH benwekTepaiH, acnanTtblk XXeHe eHAeneTiH maTepuangapablH
XUMUANbIK  KypamblHa acep eTedi. YuWkenic MawuvHanapbiHOa Kypan wmaTtepuangapbl MeH
GenwekTepaiH apTypni HyckanapblHbIH YKeNiciH moaenbaey kesinge MCTO mannay kacuettepiH
Gankay kesiHge «anHanmanbl AUCK - KO3FanManTblH caycak» CXemachl Xui nanganaHbinagbl, cxema
WapuUKTepai fanblHOAyMeH canbiCTbipFfaHAa davblHoay KapananbiMabifbiFbiHa OGarnaHbICThbl
TaHganfaH.

MCTO cankbiHpaTy KabinetiH ecentey. Kecy kesiHaoe 3HeprusiHblH Ken ©Geniri by
3HeprusicbiHa ariHanagbl [7-8]. Kecy kesiHae xbiny LWwbiFapyablH HErisri kesaepi-KoHkanapAablH nanga
©ony anmMarbl XaHe KeCKILUTiH, angblHfFbl XXoHe apTKbl OETiHiH GenwekTepMeH XaHe >XOHKanapMeH
Tikenen 6annaHbicta 6onaTbiH 6eniktepi (2-cypeT).

2 cypeT — Kecy npoueciHge Kypan MeH eHdeneTiH OeTTiH XKaHacy anmarbl

Kecy kesiHperi eH >xofapbl TemnepaTypa Kypan-6enwektiH 6annaHbic awnmarbiHAa
Gankanagbl, oHAA ON nracTukanblk AedopMaLma anMarbiHaH XXOFapbl, XXOfFapbl TeMnepaTypa Kecy
npoueciHe Tepic e, oH aa acep etegi [9]. KemwinikTepre acnanTtblH AU dy3nAnbIK XXeHe wapLiay
TO3Y >XblNOAMAbIFbIHBIH, YIFAObIH XXaTkbldyFa Oonagbl, apTbiKWbIIbIKTapbl — YCTiHM KabaTTbiH
Kbl3Oblpbinybl, Icke acblpygblH OH acepi YCTiHr kabaTTblH, >KOfapbl TemnepaTtypara [OeniH
Kbl3OblpblnyblHAA, onap MaTepuangblH MeTanablH NnacTUKanblK aFbiMbIH XXEHingeTy cangapbiHaH
XbIDKYFa KegepriciH asanTtagbl.

©Haeyain, apTypni Typnepi kesiHge Kecy anMarbliHOarbl Xbiny ke3gepi YWiH f (X, Vu, Zu, T)
Toyenainik Typi Kypaeni xxaHe kebiHece Genricis.

OKCMEPUMEHTTIK XONMEH Kypan MeH GenwiekTepain Tynicy avMarbiHOa YUKENICTiH eki Typi
Oap ekeHi aHblKTangbl. Erep Tikenen Kecy >XMEriHiH >XaHblHAA, XOfapbl KbiCbIM anMarbiHOa iLUKi
YMKenNiC OpblH arnca, TOMEHri KbICbIM alMarblHOa XOHKa MeH Kypan apacbiHAa ChIPTKbl YIHKesic
6onagbl. CoHabIKTaH rpadukanbik Typae Xbiny 6eny anmarbiH €ki yyacke TypiHOe KepceTtyre
Oonagbl, OHOA Keckil >XMeK arMarblHAa Xbly 0eny ThiFbli3ablfbiH Oipkenki ©eny 3aHbl, an
kanfaHgapbliHAa - 3kcnoHeHumanablk 6eny 3aHbl kongadbinagbl (3-cyper).

3 cypeT — XKbiny 6eny TbifbI3abifbl MeH 66y 3aHblH rpadukanbik TYCIHAIPY

f Xy Yuur Zu, T) PYHKUMACBIHBIH TypiHe cyneHe oTbipbin, MCTO-HbIH oCbl (pyHKUMAFa ocepi
Typanbl 6inin, kecy anWmarbiHOafFbl Xbly MernwepiHiH ecebiH xacayra 6onagbl. Ananga, Xbiny
npouecTepiH Tangayabl iC >Ky3iHOe >Kypride OTbipbiN, 94eTTe Kepi MaceneHi Lwewei, siFHu
3KcnepuMeHTTIK Typae Q xbiny menwepi Hemece W xbiny 6enydiH opTalla KyaTbl aHblkTanagbl, T
yakbITblHAA XaHe oaaH api 6enrini 6eny 3aHbl Ke3iHAE Qo by afblHbIHbIH, €H YIIKEH TbIFbl3abIfbIH
Tabagpl [1].

Erep >xoHkaHbIH Narga 6ony anmarbiHAa Kbinyabl 6eny 3aHbl T yakbiTblHA GannaHbICTbI
eMec, AFHM yakblT 6onbiHWa TypakTbl 6onaabl Aen kabbingacak, oHaa Tayenainikti anambl3 [1]:

w

Q

=—I=—
do - I

MyHOa
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= ff £ Con Yoo 2 Vo, i 12
174

Byn teyenginik yw, exi, 6ip enwemai kesgepre KaTbICTbl XXyMbIC icTenai. KepiHeTiH exi
enwemMai ke3 yLWiH Tek | nHTerpan faHa epekweneHeni

1= rosuyddn,dy,
F
Oip enwemai ywin
1= rosd,
1

Eki enwemgi 6ipkenki TapaTtbifiifaH Ke3 XarganbiHaa

fl) = f) = 1

Kecy temnepartypacbiH MCTO kemeriMeH Heri3iHeH Kecy aMarblHa »xaHacaTblH XXOHKaMeH
TONTbIpbINMaraH Keckiw 6eTTepiHeH xbinyabl Oypy cebebiHeH TemeHpeTeni. MCTO kemerimeH
)KOHKa apKbinbl Xblyabl Oypy >KOHKA MEH KecKilTiH eTe a3 yakblT XaHacy cangapblHaH Kecy
anMarbliHAarbl TeMnepaTtypara KaTTbl ocep eTnena,i.

Erep kypan-cammaHHblH 6erniek matepuanbiMeH >aHacy anMarblHbiH >kKaHbiHga dV
KapanambiM kenemiH Genin kepceTcek, KeCKiWTiH Xu, Yu Zn Oenwek maTtepuanbiMeH >XaHacy
HYKTECIHIH KoopAanHaTanapbiHa 6enri 6epcek, oHaa dx yakpiTeiHaa dV kenemiHge dQ menwepiHge
Xbiny 6eniHepi.

4G Y 20 7) = 1€/ (dr - dV)

AnblHFaH Tayenainik yakpIT coTiHge M HyKTeciHae Xbiny 6enyaiH, ThiFbI3bIFbIH aHbIKTangbI T.
T yakpiTblHAa J canacbiHga Q Xbiny MenuwepiH Taby yuWwiH KoFapblga KepceTinreH
dopmyrnaHbl BipikTipemis

-
Q =f drf q Xy, Yur Z, T) AV
0 v

q(Xw Yur Zu, T) = qu(Xw Yw Zu T)
MYHAN g, — 6eny TbiFbl3apifbl (EH Xofapsbl), BT/m?

onwemci3 (X, Vu Zy, T) PYHKUMACH J ayMafblHbIH yakblT NeH Kenemge Xbiny 6eny
ThIfbI3AbIFbIHbIH, 6eny 3aHbiH cunattanabl [1]. Kepi (Tepic) Xbiny afbiHbl (Kblfly afblHbl) KECKiL NeH
MCTO apacbiHgafbl a xbiny 6epy koadhduumeHTiHe Typa nponopuvoHangsl 6onagbl. MCTO
cankplHOaTy acepiHiH, HaTwkKeci peTiHOe >XOHKa MeH Kypan O6eTiHiH >XaHacy OpHbIHOAaFbI
TemnepartypaHblH TemeHaeyiH Penen doopmynacel 6onbiHWa ecenTeyre 6onagb:

a T(x1y1)dx1dy;
T(X,Y)=—2 2 jf 1
TP (2= x0)% + (2 - 20?2
mMyHAa T(x,y) — acnanTblH OCbl HYKTECIHOEer Temneparypa;
a - MCTO meH kypan apacblHAaarbl Xbliy 6epy KoadpumumeHTi.
WHTterpaumnsanay MCTO cankbliHgatbinatelH 6apnblk 6eTi ywiH xypridinyi Tnic, MCTO
OHAeneTiH ayAaHbl KECKiLL MeH XXOHKaHbIH, TYWiCy aydaHblHaH angexkanga ynkeH eKeHi aHbik.
MCTO meH Kypan-cavimaH YLiH Xbly 6epy koadpduumeHTi keckiw neH MCTO 6Getrepi
apacblHOaFbl KOHBEKTUBTI XbIfly anmacygbl aHbIKTauTbiH hopmynagaH HyccenbT caHbl 6oMbIHLLIA
ecenrtene,.

D,

N, = h
myHaa A — MCTO xbiny eTkisriwTiri, BT/(M*K);
K — KenbBuH rpagycrapsbl.
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Cy xoeHe man HerisiHge MCTO cankpbliHOaTy KabineTiH ecenTten oTbipbIn, cy Herisinge MCTO
XblNy eTkiariwTiri mannbl Herisge MCTO-gaH GipHelue ece XofFapbl eKeHiH eckepy kaxeT. MyHaan
arblpMaLUbIIbIKTLIH Mbicanbl 1-kecTeae KenTipinreH.

1 kecte — bernme TemnepatypacbiHOa cy xaHe Mawn Herisingeri KKK »biny eTki3riTiriHiA
wamanapsbl [10]

Cy MCTO A B1/(M*K) Mawnnel MCTO A BT/(M*K)A
5% amynbcuna YkpuHon-1M 0,56 MP-1y 0,15
5% amynbcua HITJ1-205 0,58 MP-3 0,13
5% amynbcna AkBon-2 0,58 MP-6 0,14

KopbITbiHAbI

1. MCTO Tuimai kypamaapblH TaHday (PyHKUMOHaNObIK KacueTTepiH CblHay HaTukenepi
OoVibliHLWa THiMAi XKy3ere acblpy: cankblHaaTy, Marnnay, Kecy xoHe T1.6.;

2. MCTO xaHa KypamaapblH ipikTeyaiH kemkocnapibl agicTeMeci YCbiHbINAbl. Daicteme
MCTO TaHpay kesiHge Genwek maTepuanbl MEH Kypan-CaiMaHHbIH XMMUAMbIK Kypambl, eHAeY
aficTepi, Kecy pexumaepi, GenwekTiH YCTiHr KabaTblHbIH Aanairi MeH canacbliHa KOoWblNnaTblH
TananTtap eckepineTiHiHe Heri3genreH;

3. Awblk aepekkesgepae Gap aKCnepuUMEHTTIK OepeKTepaiH Herisinge Tangay >Kyprisingi
XoHe cy xaHe Man HeridiHge MCTO cankbliHaaTy KabineTiH ecenTtey YLiH aaicTemMe yCbiHbINAbI.
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BITUAHUE COTC U TEMNEPATYPHOIO PEXXMMA PE3AHUA HA 3®PEKTUBHOCTb
NMPOLIECCA PE3AHUA

B cmambe  paccmampusaemcs  enusHue  COTC  (CmasayHo-oxnaxdOarowas
mexHosnoau4yeckas cpeda) u memrepamypHO20 pexxuma pesaHus Ha achghekmusHocmb npoyecca
pesaHusa. B cmambe npedcmaesneHbl pe3ynbmambl 3KCNepuUMeHmarsbHbIX uccrnedogaHud,
Komopable rnokasarsnu, 4mo rnpumeHeHue onmumasnbHol COTC u peaynupogaHue memrepamypHO20
pexuma pe3aHusi Mo3eosisilom noebicumbs 3hheKMUBHOCMb fpoyecca pe3aHusi 8 criedyroujux
Harnpas/eHuUsiX:

— [lMosbiweHue cmotikocmu uHcmpymeHma. [lpumeHeHue COTC no3egonsem CHU3UMb
memrepamypy 8 30He pe3aHusi, Ymo nPUEOAUM K yMEHbUWEHUIO U3HOCa UHCMpPYMeHMa.

— YmeHbweHue wepoxosamocmu obpabomarHol mnosepxHocmu. [lNpumeHeHue COTC
10380s19€em CHU3UMb memMriepamypy 8 30He pe3aHusi, 4mo npueoodum K yMeHbuweHuro deghopmayuu
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obpabamebieaemo20 Mamepuarna u, Kak criedcmeue, K yydYWeHUK Kadecmea obpabomaHHoU
rnosepxHocmu.

— CHuxeHue cun pesarus. lNpumeHeHue COTC no3eosnssem CHU3UMb meMrepamypy 8 30He
pes3aHusi, Ymo npueodum K yMEHbWEHUO MPEeHUs MexX0y UHCMpPyMeHmMom u obpabambieaembiM
Mamepuasiom U, Kak credcmeue, K CHUXEHUIO CUJT Pe3aHUs.

[Morny4yeHHbIe pe3yrnbmambl ceudemesibCmeaym O MoM, YmMo MPUMEHEHUE OnmumMarbHOU
COTC u peeynuposaHue memriepamypHo20 pexuma pe3aHuss Aensomcs 3hheKkmueHbIMU
criocobamu rnosbiweHUs1 achghekmugHocmuU rpouecca pe3aHusl.

LaHbl pekomeHdauuu o ucnonb3osaHuro COXX (CmasoyHo-oxnaxodarowue xudkocmu) u
8udbl COXK 0ns1 nosbiWeHUs1 mMoYHOCMU o8epxXHOCMHO20 criosi demariel MawuH; PekomeHdayuu
o co30aHur Ho8bIX 8ud08 3konozu4dHbix COTC.

[MpednoxeHa MHozornaHosass memoouka rnodbopa Hoebix cocmasos COTC. Memoduka
OocHogaHa Ha mom, Yymo npu ebibope COTC ydumbieaemcsi Xxumu4yeckul cocmae Mamepuarsa
demarnu u uHcmpymeHma, MemoObl 0bpabomku, pexumbl pe3aHus, mpebosaHusi K moYHocmu u
Kayecmey rnoeepxHoCmHo20 criosi demariu.

Knrodyeeblie cnoea: COTC - cma3ouyHo-oxnaxdawowass mexHosroaudeckass cpeda,
memnepamypHbIl pexum, 3¢hheKmueHOCMb Mpoyecca pesaHus, CMoUKOCMb UHCMpyMeHma,
wepoxosamocme 0bpabomaHHOU MO8EPXHOCMU.

A. Sovetkanov?*, Ye. Shayakhmetov, R. Meirbekov.
University named after Shakarim, Semey city,
071412, Republic of Kazakhstan, Semey, 20A, Glinka str.
*e-mail: sovetkanov706@gmail.com

REFINEMENT OF THE PARAMETRIC MODEL OF ROUGHNESS FORMATION
BY CONDUCTING AN EXPERIMENT

The article deals with the influence of lubricating and cooling technological medium and cutting
temperature regime on the efficiency of the cutting process. The article presents the results of
experimental studies, which showed that the use of optimal lubricant and cutting temperature control
allows to increase the efficiency of the cutting process in the following directions:

— Increase of tool durability. The application of coolant allows to reduce the temperature in the
cutting zone, which leads to a decrease in tool wear.

— Reduction of roughness of the machined surface. The use of coolants allows to reduce the
temperature in the cutting zone, which leads to a decrease in the deformation of the machined
material and, as a consequence, to an improvement in the quality of the machined surface.

— Reduction of cutting forces. The application of coolants allows to reduce the temperature in
the cutting zone, which leads to a decrease in friction between the tool and the processed material
and, as a consequence, to a decrease in cutting forces.

The obtained results indicate that the use of optimal coolant and cutting temperature control
are effective ways to improve the efficiency of the cutting process.

Recommendations on the use of coolants (lubricating and cooling liquids) and types of coolants
to improve the accuracy of the surface layer of machine parts; Recommendations on the creation of
new types of environmentally friendly coolants are given.

A multifaceted method of selecting new compositions of coolants is proposed. The method is
based on the fact that the chemical composition of the part and tool material, machining methods,
cutting modes, requirements to accuracy and quality of the surface layer of the part are taken into
account when selecting coolants.

Key words: coolant — lubricating and cooling technological medium, temperature mode,
efficiency of cutting process, tool durability, roughness of machined surface.
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TAMAK UHXEHEPUACHI XKOHE BUOTEXHOINOIA

NMALWLEBAA UHXEHEPUA U BUOTEXHOJIOIUA

DOI: 10.53360/2788-7995-2024-1(13)-10

MPHTW: 65.59.91 9

O.A. AkumoBa'Z, A.K. Kakumog?, X.C. EcumbekoB?
YHueepcuteT nmenn LLlakapuma ropoga Cemen,

071412, Pecnybnuka KasaxctaH, r. Cemen, yn. muHkn, 20 A
2Cewmelickuin punmnan TOO «Kasaxckuii Hay4HO-UCcCcNenoBaTeNbCKUA MHCTUTYT
nepepabaTbiBaloLLEN 1 MULLEBON NPOMbILLNEHHOCTUY,

071412, Pecnybnuka KasaxctaH, r. Cemen, yn. bantypceiHoBa 29
e-mail; akdilife@mail.ru

BJINAHUE BEJ'IKOBO—I\!IVIHEPAJ'IbHOI?I NOBABKN HA KAYECTBEHHbIE
XAPAKTEPUCTUKUN ®APLUEBOU CUCTEMbI MACHbBbIX PYBJIEHHbBIX MONTY®PABPUKATOB

AHHOmMauus: bernku audponuszamos KosnazeHcodepxaweao chbipbs obradaom none3HbIMU
buonozuyeckumu ceolicmeamu U Moaym Obimb UCMOb308aHbI 8 Kadecmee aKmueHbIX
KOMMOHEHMO8 rpodyKmo8 @yHKUUOHaIbHOo20 rnumaHus. Pa3pabomka MsCHbIX pybreHHbIX
rnonyghabpukamog ¢ UCrofib3ogaHUeM 2udposiu3amo8 KoJislazeHa 8MOPUYHbIX M[POodyKmos
nmuuyenepepabamabigarouw,ell MPOMbILUIIEHHOCMU S68/15emCcsl  1epCrneKmueHbIM HarpasieHuem
nuwiesoli npombiwieHHocmu. B pabome npugedeHbl pesyrnbmamsel uccriedoeaHusi 6rlUsHUS
bernikoso-mMuHeparnbHolu 0obasku U3 KypuHbix Hoz (BM[]) Ha kadyecmeeHHble xapakmepucmuKu
hapwesoli cucmembl MACHbIX pybrieHHbIX nonyghabpukamos. EM/] nonydeHa 6 pesyribmame
MOHKO020 U3MEesIbYEeHUS KYPUHbIX HO2, pasfuyHbIMU criocobamu obpabomku u ebicywiusaHuem 00
ropowKoobpa3Ho20 cocmosiHUsl. BbipabomaHbl HECKOIbKO 8U008 06pa3u08 hapuiesbix CUCMEM.
lMpoeedeH cpasHuUmMernbHbIl aHanu3 XUMU4eckKkoeo cocmasa U QyHKUUOHaIbHO-MeXHOI02Uu4YeCKUX
ceolicme (bapwesbix cucmem. JOKcriepumMeHmarnbHo rnodmeepxxdeHa uUernecoobpasHoCcmb
MexaHu4Yeckux u buomexHonoau4eckux crocobos eo30elicmeusi Ha 8mMOpPUYHbIE POOYKMbI
nmuyesodcmea ¢ yesbio rnosydeHusi 6enkogo-muHepanbHol dobasku (BM/) u ee ucrnonb3oeaHusi
8 npoussodcmee MSCHbIX rPodykmos. Ha ocHose nposedeHHbIx uccriedosaHUuU MOXHO coeriamb
8b1800, YMO 3aMeHa nweHU4YHo20 xneba e peuenmypax pybneHHbix ronygabpukamos Ha EM/
criocobcmeyem riosbiweHuro codepxxaHus bernka. Obpaseu ¢ dobasneHuem beriko8o-MuHepasbHOU
0obasku, codepxkawlyto NibHAHYO MyKy umeem Haubornee ebicokoe codepxaHue berika 26, 83%,
ymo ripesbiiaem codepxxaHue bernka 8 KoHmMpornbHoM obpa3sue Ha 5,4%, dobaesneHue BM/] c
AYMEeHHOU MyKoU npeebiuaem colepxxaHue berika 8 KOHMPOsIbHOM obpa3sue Ha 4,4%. [aHHbie
obpasybl nonygabpukamos uMesiu MeHbwue romepu npu mennogou obpabomke, npu
ope2aHosIenmMuU4YecKol OUEHKe MofyHusiu 8bICoKUE barsibl.

Knroyeebie cnoea: nmuya, 8mMopuydHbie npolyKmbl, KypuHble Ho2u, 6esIko8o-MuHepasibHas
0dobaska, hapuiesbie KOMIO3UyuU, MsICHble pybreHHbIe rnonyghabpukamai.

BBepgeHune

Bo3HrkaeT HeobXoAMMOCTb YNYYLIEHUS CYLLEeCTBYIOLIMX TEXHOMOMMA M Mnoucka HOBbIX
METOAOB NPOU3BOACTBA MACHbLIX NPOAYKTOB. 3a CYET UCMNONb30BaHMS OOMNOSTHUTENBbHBIX PEeCYpPCoB
Cbipbsl, MOXHO YBENUYUTbL MPOM3BOLCTBO HOBbIX MPOAYKTOB MUTAHUS M3 MsiCA M CHU3UTb WX
cebectoMmocCTb. Vicnonb3oBaHne KypuHbIX HOT B NPOM3BOACTBE MSICHBIX NPOAYKTOB MOXET OTKPbITb
HOBble BO3MOXHOCTU MsiconepepabaTbiBatowenn otpacnn. KypuHble Horm  mMoryT  ObiTb
NCnomnb30BaHbl AN NONYYEHUS LEeHHbIX KOMNOHEHTOB. OgHMM 13 cnocobos aensieTca gobdasneHne
nepepaboTaHHbIX KYPUHbIX HOT B (bapLueBble CUCTEMbI B cOCTaBe 6enKoBO-MUHepanbHOW Ao6aBku.
Mcnonb3oBaHue Takmx 6enkoBo-MUHepPanbHbIX KOMNO3ULUIA NO3BONUT 3¢h(EKTMBHO UCMONb30BaTb
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Gernkn rvaponuMsaToB KonnareHcoaepXawero CbipbS M paclMpUTb aCCOPTUMEHT  MSACHbIX
NPOAYKTOB.

Llenb aaHHom paboTbl nonyyeHne 6enkoBo-MuMHepanbHbiXx 406aBOK HA OCHOBE KYPUHbIX HOT,
nccneaoBaHUe UX BAUSHUS HA XMMUYECKUIA COCTaB, PYyHKLUMOHAIbHO-TEXHONOIMYECKne CBONCTBA,
opraHonenTu4eckme CBOMCTBa MACHbIX pPyBrneHHbIX nonydabprkaTos.

KypuHble HOrM NpUMEHSATCA B WM3rOTOBMEHUM MSACHBIX NpoaykToB. CylulecTByeT cnocob
npoussoacTea nonygabpmkaTtoB MACOPACTUTENBHOIO NPOUCXOXAEHNS, BKITHOYAOLWMNIA CMeLLMBaHME
MSICHbIX UITM pacTUTENbHbIX KOMNOHEHTOB C AobaBneHnem 6enkoBo-pacTUTENbHOrO HanoNHUTENS,
NosTy4eHHoro 13 6ynboHa Ha OCHOBE KYPUHbIX HOT M MPOPOLLIEHHON KyKypy3bl [1]. PaspaboTaH meToa
co34aHusa CTpyKTypoobpasoBaTens, KOTOpbi BKtoYaeT B cebsi aTan oepMeHTaumm n3mMesib4eHHbIX
B KyTTepe KypuHbIX HOr. OT0 n3obpeteHne obecneunBaeT hopmmpoBaHme CTpykTypoobpasoBaTtens
C BbLICOKOW afreaven, 4YTo no3BonseT ero adpdekTMBHO WUCMNONb30oBaTb NPWM NPOU3BOACTBE
dopmMOBaHHbIX MACHbIX NpoaykToB [2]. MpeactaBneH mMeTon ynyudlweHUa nuTaTeNbHbIX CBONCTB
HarreTcoB, BKITOYAOLMIN NCNONb30BaHMe MOANMULMPOBAHHOIO Kpaxmara v KypuHbix Hor [3].

B paHHom pabGoTe pelwaetca npobrnema paumMoHanbHOro MCMOMb30BaHMS NOBGOYHOrO Chipbs
NTULUEBOACTBA 3a CYET rnybokon nepepaboTkm B nuweByo gobasky. HaydHowm runoteson Ons
peleHna aaHHOM npobnembl ABNSAETCS NpeanonoXeHuwe o ToM, 4To rnybokas nepepaboTka
KYPUHbIX HOr K paspaboTka crnocoba nonydeHns OenkoBO-MUHEpanbHONM O06aBKM NO3BONAT
yNyyLwnTb OpraHonenTuyeckne n PyHKLMOHaNbHO-TEXHOMNOMMYeCcKne CBOMCTBA, NOBLICUTL MNULLEBYHO
1 BMONOrNYECKyto LEHHOCTb MACHbBIX NMPOAYKTOB.

MaTtepuanbl n MmeToAabl

OO6bekTbl MccnegoBaHU: BTOPUYHBIE MPOAYKTbl y060S NTUUbl KypuUHble HOrv, ©enkoBo-
MUHepanbHble Ao6aBkn, dapLueBble KOMNO3ULMK, MSICHblE pyBreHHble nonydabpukaTol.

OnpepeneHune cogepxaHusi Bnaru nposogunochk cornacHo NOCT 9793-2016 [4] n TOCT
33319-2015 [5]. CornacHo NOCT 23042-2015 [6] onpegenanu cogepxanune xupa. CogepxaHune
MUHepanbHbIX BELLECTB (30Mbl) onpegensieTcs nytem TepMUYecKkon geMuHepanusaumm obpasua,
KOTOpbIv nNpeasaputensHoO 06e3BoXeH 1 obeaxupeH, npu temnepatype 500-650 °C. CogepxaHue
Genka onpegensnock cornacHo OCT 25011-2017 [7]. AKTuBHas KMCNOTHOCTb cpefdbl (pH)
namepsanacb noTeHunomeTpudeckum meTtoaom Ha npubope pH-meTtp-340 (Poccus, 2015),
norpykeHmem AByX 3NeKTPOAOB B pacTBoOp C hmkcaumen 3Ha4eHnsa pH Ha wkane npubopa cornacHo
FOCT 51478-99 [8]. MaccoBasi oonsi XfOpUCTOro Hatpust onpegensnack cornacHo FOCT 9957-
2015 [9]. OpraHonenTU4YecKkyto OLIEHKY KayecTBa MSCHbIX M34enui npoBoaunu no 5-6annbHou
wkane no NOCT 9959-2015 [10]. CtaTtucTnyeckuin aHanua npoBOAWUSICS C MCMNOfb30BaHUEM
nporpamMMHbIx nakeTor Statistica 6.0 n Excel 2007.

Pe3synbTaTbl uccrneaoBaHum u nx obcyxaeHme

Mpouecc nony4vyeHus 6GenkoBo-MUHepanbHOW Ao06aBKM M3 KypUHbIX HOr. OuullieHHble OT
YyeLuyu, KOrTem u 3arpsasHeHumn KypuHble Horm BbigepxmBatoTca B 10% pactesope NaCl 12 yacos npwm
Temnepartype 3-6 °C. [lanee KypuHble HOrn namerne4varotcsa Ha mscopybke MNM-300 (Poccus, 2019)
C AnameTpoM peLleTkn 5 mm. Nocne nonydeHHbIn dhapll namenbyaeTcs Ha KONNongHon MenbHuLe
C 3a30pom Mexay Hoxamu 0,1 MMm.

XUMn4eckun coctaB MONYYEHHOW NacTbl TOHKOM3MErbYeHHOro dapia KypuHbix Hor (MKH)
nokasaH B Tabnuue 1.

Tabnuua 1 — XumMu4eckuii CoctaB KypUHbIX HOT U NacTbl KypuHbix Hor (MKH)

o O6beKkT nccnegoBaHus
MNokasatenu, %
KypuHble Horu MacTta KypuHbIX Hor [KH
MaccoBasg nonsa 6enka 26,83 23,29
MaccoBas gons Bnaru 65,4 70,4
MaccoBasi gons xupa 2,3 0,03
MaccoBas gons 3onsbl 5,36 6,28

Mocne mexaHnyeckon obpaboTkum HabnogaeTcss He3HAYUTENBbHOE CHUXKEHME COAEepKaHud
Gernka n Xxupa, a TaKkke yBenumyeHme MacCoBOW JONWN BMaru B CBA3M C 0COOEHHOCTAMMU NpoBeaeHNS
MexaHu4eckomn o6paboTkm (aobaBrneHune nbaa Npy TOHKOM U3MENbYEHNN) U NOBbILLEHWE 305TbHOCTW.
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lMonyyeHHbIN TOHKOM3MENbYEHHbIM apll KypuHbix Hor (MKH) nogsepraetcsa rugponuay
Heckonbko YacoB. Nonyvyaem rmgponuaaTt nactbl KypuHbix Hor 'KIMH. MNocne otaensetcsa Teepaas
yactb [TIKH ot rens ITIKH. Yactb TBepmoro ocraTtka BbICylLUMBaeTCs B WKady B TedeHun
HecKornbknx YacoB. Cyxon TBepAbli OCTaTOK Jarnee naMmensyaeTcs Ans nonyyvyeHus nopowuka MIKH.
BenkoBo-MunHepanbHblie go6asku BM[ nony4aroT nyTemM CMeLMBaHKs B pasHbIX NPONOpUnSX rens,
TBEPLOro octatka u pacTUTeNbHOM MyKU — nbHAHOWM (BML nén) n sumeHHon (BM[, sumeHs).

Ona paspaboTkn pekomeHgauun no wucnonb3oBaHnio BM B npousBoacTBe pybneHbix
nonycdabpnkaTtoB M3y4eHbl ee opraHonenTuyeckue nokasartenu (tabn. 2) XMMudeckuin cocTas
(Tabn.3), nccnepoBaHa nuweBast 6e3onacHOCTb (Tabn. 4) u yHKUMOHANbHO-TEXHOMOMMYecKne
CBOWCTBA.

Tabnuua 2 — OpraHonenTudeckne nokasarenu 6enkoBo-mmHepanbHon 4obaBkM ¢ SUMEHHOM
mMykon (BMA s4meHb)

HanmeHoBaHue H[ Ha meToabl
- XapakTepucTtuka
nokasarens NCnbITaAHUI
BHewHun Bup, FOCT 9959-2015 | lNnoTHast macca ceporo LpeTa, 6e3 KOMOYKOB
KoHcucTeHuus FOCT 9959-2015 | lNnotHasa
3anax v Bkyc FOCT 9959-2015 CBOWCTBEHHbI AaHHOMY BUAY npopykTa 6€e3 NOCTOPOHHUX
3anaxa u nNpuBkKyca, Crnerka conoHoBaTbiv

Mpwn opraHonentnyeckon oueHke BM[I aumeHb MMeeT OQHOPOOHYI MENKOU3MENbYEHHYHO
CTPYKTYpY, 6€3 KOCTHbIX YacTuL; NAOTHY KOHCUCTEHLM0, 6€3 NOCTOPOHHEro 3anaxa.

Tabnmua 3 — Xumudecknin coctaB BenKoBO-MUHeparnbHOn gobaekn ¢ a4meHHon mykon (BM[
SAYMEHb)

. . . dakTnyeckm
HanmeHoBaHWe nokasaTtenewn, eANHULbI U3MEePEHNI HI Ha meToapbl UCMbITAHWIA
nony4yeHo
MaccoBas gons 6enka, %, He bonee FOCT 25011-2017 10,0
MaccoBas gons xupa, %, He bonee FOCT 23042-2015 9,6
MaccoBas gons xnopuctoro Hatpusi, %, He bornee FOCT 9957-2015 0,4

Mo xnmmndeckomy coctaBy 6enkoBo-MuHepanbHasa gobaeka EMI sumeHb cogepxut 6enka 10
r/100r, »upa 9,6 r/100r, gonst xnopuctoro HaTpus He 6onee 0,4%.

Tabnuua 4 — lNuuweBas 6e3onacHoCcTb 6enkoBo-MUHepansHon gobaekn BM[ suMeHb

HanmeHoBaHue nokasartenen, HO Ha meToapl dakTnyeckm
- _ Hopmebl no HA
eanHNLbl NAMEepPEHUN MCnNblTaHUU nony4yeHo
TOKCUYHbIE 3NIeMeHTbI MI/Kr, He bonee:
CauHey rOCT 30178-96 0,6 He oGHapyxeHo
Mbiwbsak FOCT 31266-2004 1,0 He oGHapyxeHo
Kagmun rOCT 30178-96 1.0 He oGHapyxeHo
PTyTb MYK 4.1.1472-03 0,2 He obHapyxeHo
Mectuumabl, Mr/kr, He 6bonee
Fexcaxnopunkrorekcar (a, B, ¥- MY 2142-80 0,1 He oBHapyeHo
n3omepsbl)
OOT v ero metabonuTsl MY 2142-80 0,1 He oGHapyxeHo
AHTNONOTUKK, MT/KT, He bonee
JleBOMMUETUH CT PKUNCO 13493-2014 | He ponyckaeTtcs He oGHapyxeHo
TeTpauvknuHoBas rpynna CT PK 1505-2006 He gonyckaetcs He oGHapyxeHo
HuTposamuHbl, Mr/Kr, He Gonee
Cymma HOMA v HOQA |  MYK4.4.1.011-93 | 0,002 | He oBHapyxeHo
Pagunonyknugpl Bk/kr, He bonee
Lleanit — 137 | TOCT32161-2013 | 200 | 43

Mo nokaszaTtenam nuwieBon GesonacHOCTN 6enkoBo-mMuHepaneHon gobaekn BML sumeHb He
oOHapyxeHbl coaepxaHne TOKCUYHbIX 3NIEMEHTOB, aHTUOMOTUKOB, NecTUUMAOB. 3 paanoHyknmaos
cogepxaHue uesus- 137 coctaBsuno 4,3 bk/kr, 4to 3HaunTenbHo Hwxe MAOK.
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CoctaB 6enkoBo-MUHepanbHbIX 406aBOK UCNONb3yeMblxX ANS JanbHEWnX UCCrefoBaHnN:
Mopowok MKH coaepxut nopowwok; BM[, sumeHb — sumMeHHyo myky, renb MKH, nopowok MKH;
coipas NKH; BMI neH-nbHsHyo myky, renb IMKH, TBepabin octaTtok MIKH.

KauectBo BM[] 3aBMCUT HE TONMbKO OT XMMMUYECKOro COCTaBa, HO U OT €€ TEXHOSOMMYEeCKNxX
ceoncte. B cBAsn ¢ atum B paboTte 6binM  M3ydeHbl PYHKUMOHASbHO-TEXHOMOrMYyeckue
xapaktepuctukn M. BrisiBneHo, uyto BM/ obnagatoT 4OCTaTOMHO BbICOKOW BraroCBsi3biBaoLLEN,
BnaroygepxuvBatoLien n reneobpasyroLlen cnocobHoCTAMMU.

Ha ocHoBaHMM NpoBeOeHHbIX WCCreoBaHMM PeKoMeHOOoBaHO wucnonb3oBaHve BM[ B
TexXHonornm pybneHHbIx MsCHbIX nonydgabpukaTtoB. Konmyecteo BBognmbix BM/L coctaensieT 13-
15% Kk BECy OCHOBHOIO Cblpbsi, YTO COOTBETCTBYET 3aMeHe xneba NweHNYHOro 1 YyacTn Bogbl. 3a
KOHTpOnbHbIN 0bpasey 1 npuHaTbl «KoTtnetbl aepeseHckue» NOCT 32951-2014; obpasey 2 —
KoTneTbl ¢ gobaBneHMeM Chipol nacTbl KypuHbIX Hor (cbipasd MKH); obpasey 3 — koTneTbl C
pobasneHnem 6enkoBo-MuHepansHon gobaeku ¢ suMeHHon Mmykon (BMI sumeHb); obpasey 4 —
KoTneTbl ¢ fobaBneHMemM NOpoLLKa rugponumaaTa nactbl KypuHbix Hor (nopowok MKH); obpasey 5
— KOTNeTbl ¢ gobaeneHmem 6enkoBo-MnHepanobHon gobasku ¢ NbHsAHOM Mykon (BM nen).

Mpn npoBedeHMM  IKCMEPUMEHTANbHbIX  WUCCREeLOBaHWA  MOMYYEHHbIX  PYyBrEeHHbIX
nonycgabpnkaToB KOHTpONbHOro M obpasuoB ¢ gobasneHvem BM[ onpepensnu cneaywowime
nokasatenu: MaccOByK [OOfi0 Bnaru, xwupa, 6enka, 3onbl, BCC, pH, npoeogunach
opraHornenTrnyeckasi oLeHKa NpoayKToB, NOTEPU Npu TENoBon 0bpaboTke (yCTOMYMBOCTL hapLua).
[aHHble nccnegoBaHuii OTpaxKkeHbl B Tabnuue 5.

Tabnuua 5 — Xummnyeckmin coctas 1 yHKLMOHANbHO-TEXHONOIMYECKNe CBOMCTBA pybneHHbIX
nonycgabpmnkaToB KOHTPOMNBHOIMO M ONbITHLIX 00pa3uoB ¢ AobaBneHvemM GenkoBO-MUHEpParbHbIX
nobaBok

omsarorn, % | Goveeedt | b | Qomerend | Gment | e,
Maccosasi gonst 6enka 21,34 19,3 26,83 24,21 25,76
MaccoBas gons Bnaru 75,55 75,95 69,81 71,1 71,07
MaccoBasi gons xupa 1,31 2,43 0,21 0,26 0,19
MaccoBas gons 3onsbl 1,8 2,31 3,15 4,46 2,98

pH 5,47 5,8 5,56 5,59 5,49
BCC 23 26 66 46 46
MoTepu npu Tennosomn 19 32.3 14 278 16,8
obpaboTke

Ha ocHoBe Tabnuubl 5 MOXHO caenatb BbiBo4 06pasel, 3 BMI neH nmeet Hanbonee BbICOKOE
copgepxaHue 6ernka 26, 83%), 4To NpeBbIaeT coaepxaHue 6ernka B KOHTponbHOM obpasue Ha 5,4%,
obpaszeu 5 bBM[ aumeHb Ha 4,4%, obpasey 4 Mopowwok Ha 2,8%. dobasneHne M neH n M
S]4MEHb MOKa3bIBalOT CHMXeHne obuien BraxHoctn dapwa Ha 5,7% u 4,4% cOOTBETCTBEHHO,
CHWKEHME JKCTPaKUMM >Xupa, [MOBbILEHWE COAEPXaHUS MMUHEparbHbIX BeLWecTB. 3ameHa
nweHn4Horo xneba Ha Cbipyto NacTy KYPUHbIX HOT, MOABEPrHYTOM TONbKO MexaHuyeckon obpaboTke
BbI3BANO CHWXeHne copepxaHne 6enka Ha 2%, He3HaAuMTENbHO MNOBLICUIIOCH 3HaveHne pH,
CHM3anacb XupoyaepxuBatoLlasi CnocobHOCTb, MOBLICUINOCH COAEPXXaHMe MUHEPASbHbIX BELLECTB.
Mpn pobasnennn nopowka [MIKH npoucxogut cHwxkeHue obuien BnaxHocTn dapwa Ha 4%,
CHMXKaeTCs KONMUYECTBO 3KCTpParMpoBaHHOIO Xupa, yBenuuunocb copepxaHue 6enka Ha 3% u
MOBbLICUITOCL COAEep)KaHWe MuHeparnbHbIX BELWLECTB B CPaBHEHWM C KOHTPOSbHbIM 06pasuom. Mo
pe3ynbTaTtam MCCnefoBaHMs BaroCBs3bIBaOLLEN CNOCOBHOCTN MOAENbHbIX haplien BbiISBMNEHO,
4YTO Hambonee BLICOKMI NOKa3aTenb y obpasua ¢ gobaeneHmem BM/ neH 66%, 3atem obpasel ¢
nobaeneHmem nopotuka NMKH 46% n obpasey, ¢ gobasneHnem EML saumeHb 46%, nokasatens BCC
KOHTponbHoro obpasua 23% n obpasua ¢ gobasneHnem coipon NKH 26%. MoTepn npun Tennoson
obpaboTke B 0bpa3uax ¢ gobasneHnem coipon NMKH 1 nopowka MKH Bbiwe koHTponbHOro obpasua
32% n 27% cooTBeTCTBEHHO, B obpasuax ¢ gobasneHnem 6MI neH 14% u ¢ gobasneHmem M/
a4uMeHb 12%, YTO HMKE Noka3aTensa KOHTPONbHOro obpasua.

OpraHonentunyeckasi ouLeHKa MoAernbHbIX 00pasLoB KOTMNET Mokasana, 4YTo W3MEeHeHus
NnoTpebUTENLCKUX CBOWCTB MPOOYKLUMW 3HAUYMTENbHO 3aBUCAT OT LO3MPOBKU HETPaauUMOHHOIro
cbipbsi. Tak, gobasneHue coipon NMKH B konnuectBe 13% M3MeHUna BHELWHWA BUO WU3LENUn u
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npvBHecna oOTAernbHble BKpanfneHus Menkux 4actuy. [lonHas 3ameHa nweHwyHoro xneba
nopowkom [TIKH npuBeno k oGpa3oBaHWIO CIIMLIKOM MAIOTHOM KOHCUCTEHLMU U CHUKEHMIO
COYHOCTW, 3aMeTHbl OTAENbHbIE OYEeHb MENKNe BKpanieHnsa YyacTul, CBETIO - KOPUYHEBOrO LBeTa.
Ho6aBnenne BM[ néH cnerka wn3ameHwna UuBeT W34eNuA, NPUBHECNA MNUKAHTHbIA BKYC,
HanoMuHawLWmMn MonoTble npaHocTu. [lobasneHne M/ sumMeHb HE3HAYMTENBHO M3MEHMMNA BKYC U
3anax nsgenuin, coxpaHunacb COYHOCTb M KOHCUCTEHLMSA KoTneT. B pesynbtate obpasey BM[ neH
n obpasey BEM[ saumeHb Habpanu 48,7+0,3 6anna n 47,8+0,2 6anna, 4To COOTBETCTBYET KaTeropum
«O4YeHb XOpoLLee» KavyecTBo.

[o6aeneHnue coipon MNMKH n nopowka MKH cnocob6ctBoBano 6onbluemMy M3MEHEHMIO BKyCa,
KOHCUCTEHUMN N COYHOCTM FOTOBOM MPOAYKUUKW, HO C elle npuemMnemMbiMU XapaKTepucTukamu
BHELUHEro Bnaa, uBeTa v 3anaxa. 1o ntoram geryctaumoHHOM OLEHKM OnbITHble 06pa3sLbl Habpanu
31,710,3 6anna n 31,2+0,2, YTO COOTBETCTBYET KaTEropmm «CpegHee» Ka4yecTBo.

BbiBOoAbI

Bnarogapss KOMMMEeKCHOMY WCNONb30BaHWUIO BEnKkoBbIX WHIPEOMEHTOB C  BbICOKMMU
OYHKUMOHANbHLIMA ~ CBOWCTBAMM M OMOMOrMYECKOW  LIEHHOCTbIO,  ydarnocb  co3gaTb
MHOIOKOMMOHEHTHblIE  6enkoBo-MmHepanbHble  gobGaBkn. 3OTO  MO3BONWUNO  paclIMpuUTb
TEXHONOrM4yeckMe BO3MOXHOCTM WCMOMb30BaHUA MOBOYHOro KonnareHcodepKallero Cblpbs,
nony4yaemoro npu rnybokon nepepaboTke NTULbl. OKCNEPUMEHTANbHO MOATBEPXKAEHA
Lenecoobpas3HOCTb MEXaHUYECKNX U BUOTEXHONOrMYecknx cnocoboB BO3AENCTBUS HA NOBOYHbIE
NPOAYKTbl NTMUEBOACTBA C UeNbk nonydeHus 6GenkoBo-muHepanbHoW [[obaBkMm u  ee
NCNONb30BaHWs B NPOU3BOACTBE MSACHbLIX NPOAYKTOB. 3yyYeHbl (OyHKLMOHANbHO-TEXHOMNOMMYEeCcKne
CBOWCTBA rMOpONM3aToOB, MOMYYEHHbIX W3 KypuHbIX Hor. O6ocHOBaHa 3h(PEKTUBHOCTL
ncnonb3oBaHnsi BML npy nponsBoacTBE MACHbLIX pybneHbix nonydabpmnkaToB. YCTaHOBNEHO, YTO
ncnonb3oBaHne MHorokomnoHeHTHon BM/ ynyywaeT ®TC dapLueBo CUCTEMbI KOTIET, MOHWKAET
noTepu maccbl npu Tennosorn obpaboTke (B obpasue ¢ gobasneHnem BEM[ néH Ha 26%, B obpasue
BM[ sumeHb Ha 11%), NoBbILWAET KAYECTBO FOTOBOrO NPoAyKTa. OKCNepMMeHTanbHO 060CHOBaHbI
KONM4ecTBO 1 cnocob BBeaEeHUS rMAponM3aToB KypUHbIX HOr B cocTaBe BM/I B peLenType MACHbIX
pybneHbix nonydabpukatoB. Ha ocHoBe aHanm3a M 0600LWEHUS 3KCNepPUMEHTAarbHbIX OaHHbIX
pa3paboTaHbi:

— TexHomnorus nonyvyeHnss 6enkoBo-MuHeparnbHbiX A00aBOK C AOCTAaTOMHO BbICOKMMM
PYHKLMOHAaNbHLIMW CBOMCTBaMU;

— peuenTtypa U TEXHONOrMA MSACHbIX pybneHbix nonydabpukatoB ¢ ncnonb3osaHnem bM[I
CMNOXHOro coctasa.

Matepuanbl  NoAroToBneHbl B paMKax  BbINOfMHeHMs — npoekta  «PaspaboTtka
pecypcocbeperatoLlen TexHonornm nepepaboTkun BTopmnyHOro ceipbs KPC 1 nTuubl B Npon3BoacTBe
MSICHbIX NPOAYKTOB  (PYHKLUMOHANbHOW HaMpaBNEHHOCTM» B paMKaxX Hay4YHO-TEXHUYECKOM
nporpammbl BR10764970 «PaspaboTka HayKoeMKUX TEXHOMOrmin rnybokon nepepaboTkn /X Cbipbs
B Uensax pacumpeHus acCopTMMEHTa M BbIXxo4a roTOBOW NPOAYKUUW C eAWMHMULUbI Cbipbsl, @ Takke
CHWDKEHUS 40NN OTXO40B B MPOM3BOACTBE NPOAYKUUNY BHogKeTHOM nporpammbl 267 «[lMoBblweHne
OOCTYNHOCTU 3HAHWUM U HayyHbIX uccnegosaHuny» nognporpamma 101 «[lporpammHo-uenesoe
(PUHaAHCMpPOBaHWE Hay4HbIX UCCneaoBaHUM U MeponpusaTuin»y MMHUCTEPCTBaA CenbCKoro X03sMcTea
Pecnybnukn KasaxctaH Ha 2021-2023 rogpbl.
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AKYbI3-MUHEPANObI KOCNANAPAbIH OHOENTEH ET ¥HTAKTAY XXYUECIHIH CANAJbIK
CUNATTAMAIJIAPbIHA BCEPI.

KypambiHOa kosinazeH 6ap wukizammelq audponusam akybi3dapbl ratidarns! 6uonoaussibiK
Kacuemmepze ue xoHe onapdbl @yHKYUUOHanNObl MmamakmaHy 6HIMOepIiHiH 6ernceHoi
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KomrioHeHmmepi pemiHde natdanaHyra 6onadsbl. Kyc eHoey eHepkacibiHIH Kalimanama eHiMOepiHiH
KonnazeH  eudponusammapbiH  natdanaHa  OombIpbil, em  mapmbiifaH  Xapmbliad
abpukammapdbl a3ipsiey mamak eHepKacibiHiH nepcrekmusasbl barbimbi 605bin mabbinadsbl.
XKymbicma maybiKk emiHeH aribiHFaH akybl3-MuHeparnob! KocraHsbiH (AMK) mypanraH em xapmaeinad
pabpukammapsblHblH mapmbiriraH em XyUecCiHiH canarbiK curnammamariapbiHa acepi myparibl
3epmmey Hemuxenepi kenmipineeH. AMK maybikmbiH asskmapbiH ycak yHmakmay, spmypirii eHoey
JKOHe yHmak KyliHe OeliH Kenmipy apkblibl anbiHalbl. Tapmeinrad em xylenepiHid bipHewe
mypnepi xacandel. TapmbinraH em XyUenepiHiH XUMUsinblK Kypambl MeH ¢hyHKUUOHaObIK-
MeXxHOI02UsIbIK KacuemmepiHe casibicmbipMarisl manday xypaisindi. AKybi3-muHepandbl KOCraHb!
(AMK) any xeHe OHbl em eHiMOepiH eHOipyOe naudarnaHy MakKcambiHOa KycC wapyawbirbifbIHbIH
Kalimanama eHimOepiHe ocep emyqdiH MexaHUKalblK XoHe buomexHonoausisblK 80icmepiHiH
OpPbIHObINbIFLI  3KCrepumMeHmarnobl mypde pacmanodbl. XKypeisineeH 3epmmeyrnepee cyleHe
ombIpbInl, myparsnfaH xapmbiaat cabpukammapObiH KypambiHOarbl 6udal HaHbiH AMK -ra
aybicmbipy aKybI30blH XofapblnaybiHa biknaga emedi 0e2eH KOpbimbIHObI xacayra 6onadbl.
KypambiHOa 3bifbip yYHbl 6ap aKybi3-MuHepasidbl KocraHbl KOcamabiH yrzioe aKybl30biH €H XoFapbl
menwepi 26, 83% Kypalidbl, 6yn b6akbinay yreiciHOeai akybislaH 5,4%-fa, apna yHbiMeH AMK
Kocbirlybl  bakbinay — yneiciH0eai akybiddaH 4,4%-fa acbin  mycedi. byn xapmbinad
pabpukammapdbid  yneinepi mepmusinblK  6HOey  Ke3iHOe a3  WbifblHFa  yWhipadkl,
opeaHonenmukarbsik baranay ke3iHOe xorapb! 6arnn anodsbl.

TytiH ce30ep: Kyc emi, Kalimanama eHimOep, mayblKmbIH askKmapbl, akybl3-MuHepanobl
Kocnanap, mapmbiiiraH em KOMMo3uyusinnapbl, mypanfaH em xapmsbinal ¢ghabpukammapsbi.
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INFLUENCE OF PROTEIN-MINERAL ADDITIVES ON THE QUALITATIVE CHARACTERISTICS
OF THE MINTING SYSTEM OF MINUTE SEMI-FINISHED MEAT PRODUCTS

Proteins from hydrolysates of the collagen-containing component have the properties of
biological substances and can be used as active components of functional food products. The
development of chopped semi-finished meat products using collagen hydrolysates from secondary
products of the poultry processing industry is a promising direction in the food industry. The paper
presents the results of a study of the influence of a protein-mineral additive from chicken legs (BMD)
on the quality characteristics of the minced meat system of minced semi-finished meat products.
BMD is obtained by finely grinding chicken legs, using various processing methods and drying to a
powdery state. Several types of minced meat systems have been developed. A comparative analysis
of the chemical composition and functional and technological properties of minced meat systems
was carried out. The feasibility of mechanical and biotechnological methods of influencing secondary
poultry products in order to obtain a protein-mineral additive (PMD) and its use in the production of
meat products has been experimentally confirmed. Based on the conducted research, we can
conclude that replacing wheat bread in the recipes of chopped semi-finished products with BMD
helps to increase the protein content. The sample with the addition of a protein-mineral additive
containing flax flour has the highest protein content of 26.83%, which exceeds the protein content in
the control sample by 5.4%; the addition of BMD with barley flour exceeds the protein content in the
control sample by 4.4%. These samples of semi-finished products had lower losses during heat
treatment and received high scores during organoleptic evaluation.

Key words: poultry, secondary products, chicken legs, protein-mineral additive, minced
compositions, minced meat semi-finished products.
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®YHKUMOHANObI BAFbITTAFbl HAH ©HIMAEPIHIH TEXHOJNTOIM'NACHI

AHOamna: Tymac 0sHOi 6udali HaHbl MEH 2/1tOMeHCI3 HaH eHiMOepi edemme ycakmarraH
meKkcmypaMeH, Hawap MmycrieH, Kili KerieMMEeH, KaHarammaHapJibiKCbi3 OOMMEH XOHEe KbiCKa
cakmay mep3imimeH 6alinaHbicmbl, MyMKIH 2/1lomeH my3emiH mymkbip mopdblH 8JCi3 Hemece
bonmaybiHa batinaHbicmsbl. Ocbinadiwa, yHKUyUoHan0bl barbimmarbl duemarbiK HaHHbIH Keubip
akaynapbl 2a3dapdbl muiMci3 ycmaymeH XoHe KaMbipObl KOMCbIMy Ke3iHOe KeHeroMeH
balinaHbicmel, 6ysr HaH VYeaiHOICIHIH Kenemi MeH XYMCakmblifbiHbIH MeMeHOeyiHe okenedi.
XKymbicmbiH Ka3sipai MiHOemi - ocbl wekmeynepoi XeHy.
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Tymac 0eHOIi 6udali HaHbl MeH 2J/IIOMEHCI3 HaH 6HIMOEpIHIH XaHa accopmuMeHmMMEeiHIH
peuenmypachl xacarnbiHObl. Kypama yH HezidiHOe mymac 0oHOi budali HaHbl MEH 2/1t0MEHCI3 HaH
OHIMOepIiHiH mexHo1oausichl XXemindipindi. 3epmmeyae arbiHFaH YyHOapObiH husuKabIK-XUMUSITIbIK
KypambiHOarbl  Kaxemmi 3ammapObiH nalbi30blK  KepcemkiumepiHiH adam  ar3acbiHa
natodarnbinbifbiHa fblbIMU WOy Xypaisindi. Texipube Xy3iHOe 3epmxaHasbik xardalida cbiHama
HaH nicipy Xymbicmapbl Xypei3indi, HemuxeciH0e MamemamukarblK Modendey apKbisbl
peuenmypa 6olbIHWa eH oHmaunibl yuw mypsi cbiHama HaH eHimoepi ipikmeniHdi. byn xymbicma
ipikmernieeH cbiHama HaH OHIMOeEpIHiH peuenmypackl, xaHa 6HiMOi o83ipney 6apbicbiHOa
KapacmblpbliiFaH MexHONo2usnblK pexumoepi, 0OalblH 6HIMHIH op2aHorenmuKkasblK XoHe
bu3UKanbIK-XUMUSILIK Kacuemmepi aHbiKmarbiHbI, marsKbinaHobl. YiainepdiH myci 6ipkesiki, eHim
6emiHiH myci KOHbIp, XYyMcaK, opmauwia Keyekmi, HaH Xymcarbl cepnimoi, 6ez0e uicmepci3 XXoHe
Oami barbimmarnraH HaH 6HimiHe yuneciMOi myple colkec kenedi. HaH KondaHbicmarbi
HopmMamuemik KyxxammapOblH manarnmapbiHa calikec Kkeneoi.

TyliH ce3dep: mymac 0eHOi 6udali yHbI, 2/IlOMEHCI3 HaH, hyHKUUOHanobl 6arbim, HaH
©HimMAepi, carna Kepcemkiumepi.

Kipicne

YKofapfbl CypbINTbl YHHAH OaMblHOanfaH HaH eHimaepi — opraHonenTuKanblK KacueTTepiHe
OarnaHbICTbl OYKin enemae TyTbiHyWbINAp YHATaTbiH, KYHOENKTi TYThIHATbIH, KEH TapanfaH Herisri
eHiM Gonbin Tabbinagpl. [lereHMeH, Kasipri yakpiTTa TyTbiHyLIbINap AMeTa MeH AeHCaynblKTbIH
MaHbI34bIbIFbl Typanbl TYCIHIK XXapHama XeHe fbifibiIM/ 3epTTeynepaiH HaTwxKenepi Typanbl YHeMi
xabapgap bonartbiHAbIKTaH, TabuFn Taramgapra Kebipek keHin Genyge. byn TeHOeHcus Taramablk
Kocnanap MeH ecimAik TeKTeC LuMKi3aTTap CUsIKTbl TaOWUFn MHIPUONEHTTEPre CypaHbICTbIH apTyblHa
XoeHe dyHKuMoHanabl Taram peTiHae 6enrini 6ongbl. TyTac asHAi Guaan HaHbl, AdHAI HAaH eHIMaepi
KapT XXoHe Ke3 KenreH agamgapabiH NpodmnakTMkachl YLWiH eTe Konansnbl, OUTKEHI 0N KaHT guaberi,
KaTepni iCiK XXeHe XXypeK — KaH Tamblpriapbl aypynapblHbIH KayiniH azantagbl. [JereHmeH Tytac AsHai
Ouaan HaHbl emipnik MaHbI3abl JIM3MH XX8HEe TPEOHMH CUSIKTbl aMUH KbILLKbINAapAblH MernLepi as.
OHiMre KocbiMLIA ASCTYPIIK eMec eciMAiK LWKKi3aTTapbliH KOCY apKblnbl XofapbinaTyra 6onags! [1].

buoan yHbl HaH-TOKALW 6HIMAOEPiIH eHAipyae Herisri uHrpegmMeHT 6onbin Tabbinagbl XXoHe
OHblH YCaKTbINbIK AWCNEPCTIiri COHfFbl ©HIMHIH canacbiHa acep eTedi. HducnepcTinik gen yH
OernLweKkTepiHiH, rpaHynoMeTpuanblK Kypambl 6onbin Tabbinagbl XeHe OHbIH, (PUHKUMOHaNAbIK
KacueTTepiHe acep eTedi. ¥HHbIH GenwekTepiHiH enwemaepi Typni geHrenge 6onaagbl. OnapabiH
TapanyblH nasepnik guvadpakuua Hemece erekTeH oTKidy apkbinbl enwengi. buoan yHbIHbIH
ANCnepcCTiri oHiM canacbiHa anTapnblKTanm acep eTesi. ¥HHbIH, eTe ipi Hemece ThiM ycak benLuekTepi
KaMbIpAdblH, cepniMainiri MeH cosbliManblifblHa 9cep €TiM, HaH XXYMCafblHblH KYPbIibIMbl MEH
TeKcTypacbliHa Oy3agbl. OpTypni gucnepcusanblk 6uagan yHbIHbIH TEXHOMOMMANbIK cunaTtTamanapbl
anTapnbiKTan epekweneHei. ¥HHbIH 6enwekTepi TbiM ycak 6onca cyabl CiHipy kabineTi aptagbl Aa
KambIpablH cepniMainirii apTTeipagbl. ByHaan yHaapabl KOHAUTEP eHaipiciHae (TOPT, NeYeHbe XoaHe
T.6.) KongaHbinagbl. paHynomMeTpusnbiK Kypambl aca ipi yHaap cyabl a3 ciHipedi Ae, kaMblpabiH
CO3bINFbIWTBIFBIH apTThipadbl. byHaam yHOap HaH XeHe HaH —ToKall eHiMaepiH eHaipyae, HaH
XYMCaFbIHbIH KYPbIfibIMbIH KEHEWTY YLLUIH XOHE XafbiMAbl TEKCTYpa 6epy YLUiH KongaHbinagbl.

HaH eHimaepi xarnblK YLUiH bIHFanbl, OHan AarblHOanaThiH XoHe AeHcay blkKa KaXeTTi TaFam
eHimi 6onbin Tabbinaabl. YHEMi KONAaHbICTarbl XKOHE HapbIKTarbl HAH BHIMI Aece, oFa KormkeTimai,
PeHi capfbll- anTblH TYCTEC, 6Te cepnimMai, >KoFapfbl CypbINTbl Buaan yHaapbiHaH JanbiHAanFaH HaH
eHiMi kenepni. byHaan HaH XXeHe HaH-ToKall eHiMaepiHAe KongaHblnaTblH paUHUpPIIEHreH Hemece
JKOFapfbl CYPbINTbl YHHbIH KypamMblHOA Kpaxmarn MeH XeniMmweaeH 6acka agamHbiH 6acTbl HaH
eHiMaepiHeH anaTblH MUHepanablK XXeHe OopyMeHAIK Kypamaapbl Hawap 6onagpl. Kasipri TaHaa
OHIMHIH TaFamablK KypamMbl MEH canacbliHa KapafaHga eHiMHIH, caTbinbiMbl XKoFapbl 60Ny YLUiH XXeHe
TYTbIHYLWbINApAbIH, CypaHbICbiHA biKNan eTy YLiH, CbIPTKbl Typ TYCiHE Ken akueHT xacanabl. HaH
eHIMOEpPIHIH, peonornanblK KacueTTepiHiH, akcbl 60nybl, AFHW, OHIMHIH cepnimgi 6onybl MeH
KeneMmiHiH ipi 6onybl XoHe HaHHbIH, CbIPTKbl TYpi MeH YriHAinepaiH KypbinbiMblHA FIOTEH MeEH
rMnaguH aMmH KbllKbINAapbl XXayanTbl. HiH KywiHe 6arnaHbICTbl [2].

HerenmeH rnioteHre 6an Taramgapdbl Xey kembip reHeTukanblk cesiMTan agamjapaa
LuenMak aypybl Hemece rrnoTeHre Te3beywinik gen aTtanaTtbliH TYKbIM KyananTTblH MMMYHObIK
3HTeponaTnsa fdereH aypyabl Tygblpagbl. byn Oykin anempge TapanfaH XeHe Xui Ke3geceTiH
aypynapabiH 6ipi. Ocipece 6ananap MeH xacecnipimaep apacbiHAaa co3blniMarnbl 4amMyAblH TeXenyiH
TyFbl3aTblH Oy3blfibiCTapfFa anbin keneqi. OpTalwa ecenneH xannbl XxanbikTbiH 1% kypangbl [3].
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MwaguH MeH rnioTeHre 6an eHiMaepMeEH TYTbIHY iLLEKTiH WhIpbIWTbl KabblfbiHa KATThl 3aKbIM
KenTipeni XaHe TaraMHbIH, illeKTe OYPbIC KOPbITbIybIHA Keaepri xacanabl, TaraMHblH KOPbITbITY
kabineTcisgiriHe ywelpatagbl. Llenvak aypybl ©ap HaykacTapabl emaeyaid, GipaeH Oip xonbl
FMIOTEHCI3 AneTanblk eHiM 0onbin Tabbinagbl. byHaoan eHimaepaiH KypambiHAA FMOTEH Hemece
nponamuHi 6ap Ougan, kapabugan, apna >xeHe CyNbl CUSIKTbl ASHAI Oakbingap kataH Typae
bonmaybl KaxeT. HaH eHimgepiHeH nanga GonaTtbiH Lennak aypybl xui kesgecegi. An, rmioTeHci3
HaH eHaipy Guaanm akybI3blHbiH KbI3METIH aTkapa anaTtblH 6anama uHrpegueHTTepAid 6onmaybl
HayOalxaHalbinapdblH angbiHOarbl KublH MiHgeT. Kasipri TaHga rnioTeHre Tte3beywiniri 6ap
agamap YLiH HaH xeniMmweciHe 6anama peTiHge OaCTypIli eMec Ke34epAeH MMI0TEHCI3 HaH Xacay
GombliHWa apTypni 3epTTey >XyMbICTapbl Xypridinyae [4]. [MOTeHCi3 HaH eHimaepiHae MangbiH
MerLiepi YCbIHbINFaH Ma MenwlepiMeH canbICTbipFaHaa Xofapbl, an, afybl3dblH Menwlepi as
6onagpbl. byHblH e3i aF3aga akybl3gblH TanwbinbifbiHA 9Kenyi MyMKiH. [MIOTeHci3 TaFamgapablH
TaramMAblK canacblHblH, TOMEHZir onapAblH opraHonenTuKanblk KacueTTepiH XakcapTyra okeneTiH
ASCTYPIi eMeC LWMKI3aT ke3aepiH nanganaHy gapkbinbl TaFraMmablk KYHAbINbIFbIH XakcapTyFa 6onaabi.
"MIoTEHCI3 HaH eHIMAEepI YLWiH KypiLl, XXyrepi, kKapakyMblk, XXaHe OypLuak Aakbligapbl CUSIKTbl 6HIMAep
XWi kongaHbinaagbl. Kenge, HaHgafFbl XeniMWeHi Ty3eTiH akybldgapablibanama WHrpegueHTTep
peTiHae XYMbIPTKa, MTMOPOKONIoMATap xaHe bypLuak akybli3gapblHblH, N30MNSATTapbl KONAaHbinagpl.
MIoTeHCi3 HaHOafFbl akybl3dblH KypamMbl aKk HAHMEH canbICThlpFaHAa TeMeH, Bipak, ken gsHAi HaH
eHAipyaiH XaHa Tacifi rNoTEeHCI3 HaHAarbl akybl3OblH TOMEH MerWepPiH eTen anagbl. [acTypni emec
AoHAI Aakbingap (amapaHT, KBWHOAQ, Kapakymblk >aHe T.6.), Oypwak pakpingapbl, CyT
WHIPUELEHTTEPI XKOHE >XYMbIPTKA CUSIKTbl akybldfra Gal LwiukisaTTapabl KongaHy apkbifbl akybi3
KYpaMmbl XXKeHe aMUH KbILKbIAbl TPOoduni XXakcapTbifiFaH rTEHCI3 HaH Xacay YLWiH Fanbivmaap Typai
3epTTeynep xyprisai [5].

HaH eHimaepiH eHaipy GapbicbiHOa onapablH opraHonenTukanblk, UanKanblK-XUMUATbIK
XXOHEe peonorvanblK KacMeTTepiH KanbiNTacTblpaTblH HETi3ri LWKKI3aTTblH TypriepiHiH, Oipi HaHHbIH,
awbITKbICcbl. Cebebi, awbITKbl XacylwanapbliH ecipy 6apbiCbiHAa KypamblHAA rMOTEHi 6ap KOpeKTik
OpTaHbl NanganaHagbl. byHbl narnganaHap angesiHga Kopanka MyKkuaT Hasap ayaapfaH xeH. OHga
rMOTEHAi He MMIOTEHCI3 KOPEeKTiKk opTaaa AakbingaHFaH allbITKbl ekeHi TaHOanaHagbl.

XKyMbICTbIH MakcaTbl - OSCTYpSi eMec WuKisaTTapabl KongaHy apkblibl QyHKUMOHaNObIK
OarblTTafbl AMeTanblk HaH eHIMAEepiHiH, aCCOPTUMEHTTEPIH KEHENTY MakcaTblHAa MaTemaTukasnblk
MoaenaeyaiH kemeriMeH peuenTtypaFa KocbinaTtblH WHIPeAWEHTTEepAiH OHTannbl Menwepnepi
ipikTey.

3epTTey HbicaHAapbl MeH apicTepi

XKaHapaH ganbiHganfaH yHKUMoHanabl 6afbiTTaFbl HAH OHIMIHIH WWKKI3aTbl peTiHae TyTac
AaHai 6uaan yHbl, 3biFbIp, Xyrepi yHaapbl (apHambl LM3310 3epTxaHanblk gvipMeHae eTKi3inreH,
opTawa YHTakTanfaH) XeHe 6HIMHIH TaramMiblKk KyHAbIMbIFbl MEH OpraHonenTukanblK CUnaTbiH
XakcapTy ywiH ntmypbiH (CT-XKLWIC-131141026615-01-2018 cankec) xoHe umna (TY 9721-001-
5426329-2014) ecimaik WwukizaTTapbl KongaHbiabl. Kamblpra ogaH 6acka, cy, ac Ty3bl XXeHe eciMaik
MaKbl Kocblnagbl. KongaHbinaTtbiH WWKI3aTTap MeH AdalbliH HaH ©HIMAEpiHiH, cana kepceTkiwTepi
Oynatn  yHuBepcuTeTiHiH  «Tafam  eHAipici xoHe  BuoTexHonorvs»  kadegpacbiHbiH
3epTxaHanapblHaa >kaHe «HaHOWHXUHepnik 3epTTey ofici» fbiNbIMU 3epTTey 3epTxaHacbiHAaa
aHblKTanbIHAbl. AN, XUMUANbIK KypaMbl GOMbIHLWIA aKybl3 Merepi MEH aMUHKbILLKbINAAP Kypambl
AnmMaTbl TEXHOMOIMMSANbIK YHUBEPCUTETIHIH, Tamak KayincCi3giri fbiribiMy 3€pTTeY MHCTUTYThIHBIH, a3blK-
TYNiK eHiMAepiHiH KayincisairiH 6aranay fbinbiIMU-3epTTeY 3epTXaHacbiHAA XYpPrisingi.

3epTTey HaTUXKenepi XxoHe onapAabl Tankbinay.

DyHKUMOHanabl 6afbiTTafrbl HAH eHIMAEPIHIH NHIPUANEHTTEPIHIH, canbICTbipMarbl OHTaNsbI
apakaTblHacbl CblHaMa HaH nicipy ofici BGoMblHWA MamemaTUKanblK >KOSIMEH aHbIKTanbliHAbI.
M.X.OynaTtu aTbiHAarbl Tapas eHipnik yHMBepcuTeTke kapacTbl akkpeauTTenreH « HaHouHxXuHepnik
3epTTey ofici» FbiNbIMU 3epTTey 3epTxaHacblHOAa CblHAMa HaH4apfFa, Ken KOMMNaHeHTTi peuenTypa
KypaMblHbIH, MaTemaTukanblKk MOAeNnbAeHY >XYWeci Xyprisingi XeHe HoaTwkenepi TangaHbin,
TeMeHgeri 1-wwi kecTtere Tycipingi.
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1 kecte — Toxipnbe GapbiCbiHOa AavblHAaanfaH PyHKUMoHangblk 6arbITTarbl HaH eHIMOEepi

LnkisaT aTayb 100 r yHfa WKKi3aT LWbIfbIHbI, BHIMHIH KOCbINaTbliH MerLepi
Ne 1 Ne 2 Ne 3
TyTtac geHai buaan yHbl, r 70 - -
AMapaHT yHbl, - 80 50
JKyrepi yHbl, T - 20 25
3bIfbIp YHbI, T 15 - 25
Cynbl yHTafbI, T 15 - -
UTmypbIH yHTafbI, % 2,86 2,86 2,86
Yuna asHi, % 7,13 7,13 7,13
CylibiK Man, M 10 20 20
Ac Ty3bI, T 15 15 15
Cy Ecen 6oMbiHwWA
[MpecTenreH awbITKpI, I - 2,5 -
buaan yHbIHaH XacanfaH awbitna 200 - 200
Bapnbifbl 101,5 104 101,5

3epTTeyre anblHFaH yH eHiMaepi apHaunbl 3epTxaHarnblK AWNIPMEHMEH rpaHyrnoMeTPUAnbIK
Kypambl ipi ancnapcti menwepae Taptoingbl. Cebebi, Tytac gaHai Guaan yHOapbIHbIH, KEeYEKTiniri
Hawap OGonfaHabIKTaH, ipi AUCnNepcTi yHOap Keyek KeHICTiriH ycran Typagbl Aa ©HiM KenemiH
apTTbipagp! [6].

©HpipicTiH keseHaepi:

3epTTeyre anblHFAH HETi3ri XOHEe KOCbIMLIA LUMKI3aTTap apHaubl LUMKI3aTTbl galbliHOaay
TexXHonorusicbl OoMbiHWA MeMIIEKETTIK CcTaHdapTka coankec gdanmbiHgangbl [7].  Kambip
AanblHoanaTblH Kyprak 3aTTap apanactbipbingpl. bipak, yna meH nTMypbiH 6enek apancTbipbingbl.
Cebebi, eHiMHiH cyabl copy kacueTi ToMmeH 6onybiHa 6annaHbICTbl, KaMblp Ke3iHAE KOCbINFaH aypbiC.
Kambip keTepiny 6apbicbiHaa 6eniHreH apTblk Cyabl KYHXIT CiHipin 5-6 ece ynfasgbl. An, UTMypbIH
KypambiHaarbl C aspymeHi kamblpaarbl NpOTenHAiK GannaHbicTapabl kaTantagbl. HatwkeciHae,
KambIpablH, KeneMiHiH, yrratobiHa akenegi [8].

Kamblp nney 6apbicbiHAa YW Typri CbiIHAaMa eHiMaepaiH, peuenTypanapbl O0OMbIHLWA YMa MEH
KyHXyTTeH 6acka KOCbIMLLIA@ >QHe Heri3ri LKuKizaTTap Kamblp WMeriw  MallumHaFa canbliHbIn
apanacTtblpblnagpbl. Tek apanacTblpyablH 5 MUHYTbIHAH 6acTan UTMYpbIH YHTafbl MEH KyHXYT OoHi
Kocbinaabl, 7-8 MMHyTTa OipKkenki dopmMara kenreHae faHa yCTiHe KyHOarFbiC Malbl Kynbinagbl.

HanbiH 6onfaH kKamblp Kanbinka canbiHagbl, cebebi, KypambiHOa XeniMweci a3 Hemece
mynge 6onmaraHablkTaH, GepinreH niwiHai yctanm anmangbl. Terictenin canblHFaH KanbinTafbl
cbiHama HaHgapabl 30-32 °C TepMocTaTka opHanacTbipaabl.

KambipablH awy y3akTbiFbl Ne1 celHama HyckacbiHoa 170-180 muH Kypaca, Ne 2 xaHe Ne 3
cbiHama HyckanapbiHaa 140-150 MyH Kypangpbl )XaHe ocbl aparnbikTa bip peT gorangaHagbl.

2 kecTe — Toxipube 6apbicbiHaa AanbiHaanfaH QyHKUMOHaNAbIK 6arbiTTarbl HAH 6HIMAEPIHIH,
TEXHOMNOIUAILIK pEXUMAEPI

. KepceTkKilTiH, MaHAepi

KepceTkilw aTaynapsl No 1 No 2 No 3
Kamblppbl nney y3akTblfbl, MUH 8-9 8-9 8-9
KamblppbIH ally y3aKTbifbl, MUH 170-180 140-150 140-150
Kamblippbl gofanay y3akTblfbl, MUH 5-10 5-10 5-10
Kamblp ganbiHOaMachbIHbIH, canmarbl, r 300 300 300
Kamblp fanblHAaMachIH XeTingipy y3aTbifbl, MUH 35 25-30 25-30
XKeTingipy wkadbiHgarsl Temnepatypar °C 35-40 35-40 35-40
AyaHblIH canbICTbipMansbl binfangbinbiebl, % 70-80 70-80 70-80
HaH nicipy y3akrbifbl, °C 45 35 35

Kamblp kanbinka Terictenin canbliHFaHHaH KeniH, XeTingipy wkadbiHa 35-40 MuH Konbinagpl.
CblHama HaHaapabl 6actanksl 20 MmuH Gynay apkpinbl 180 °C nicipce, ogaH keliH TemnepaTypaHbi
210 °C peiiiH keTepegi. ByablH acepiHeH HaH yMCcaK xaHe CblpTKbl 6eTi xaHe opTachkl XaKcbl nicei.

CblHama HaH eHimgepiHiH, cana kepceTkiwi GonbiHWa opraHonenTukanblk, uankanbik-
XMMUSNbIK cMnaTTapbiH NiCIipiNreHHEH KeniH 4 xxaHe 24 cafaT apanbifbiHga Tekcepinegi. CbiHama
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HaH eHiMAepiHiH opraHonenTMKanblK KOPCETKIWiHIH, canbiCTblpManbl MaHgepi TemeHaeri 3 —Lwi
KecTeqe KenTipinreH.

3 kecTe — [JaiblH cblHama HaH eHiMAEpiHiH OpraHonenTuKanblk KepceTKilTepi

KepceTkiwTepaiH CblHama HaH eHiMAepiHiH Hyckanapbl
ataybl Ne 1 | Ne 2 | Ne 3
CbIpTKbl TYPI

Miwini Aypbic niwiHgi Aypbic niwiHgi Aypsbic niwiHai

beTki xafbl Kegip 6yabipnebl, Kenip Oyapbipnbl, Kegip 6yabipnebl,
XapbliMaraH, OMbICChI3 XapbliMaraH, OMbICCbI3 XapblfiMaraH, OMbICCbI3

Tyci KoHbIp AKLUbIN KOHbIP AKLLbIT KOHbIP

HaH »XyMcarblIHbIH, Ky Wi

Mickenairi NickeH, azpgan binFangbl MNickeH, aspgan binFangbl MNickeH, azpgan binFangbl

KeyexTiniri Bipkenki opTawua, Xyka Aanan KeyekTi Aspgan Gipkernki keyekTi,
KabblpFanbl XyKa kabblprarbl

[owi OHiMHiH TypiHe ToH, OHIMHIH TypiHe ToH, OHIMHIH TypiHe ToH,
Xarbimapbl XarbIMabl

Vici OHiMHIH TypiHe ToH, 66TeH | ©OHIMHIH TypiHe TaH, OHIMHIH TypiHe ToH,
MiC XXOK BOTEH MiC XOK D6eTeH Mic XOK

3 KecTeeri 3epTTeyre anblHFaH yLW Typhi CbiHaMa HaH eHiMAepiHiH e3iHAiK dyHKUMOHaNabIK
OarbiTbl 60OMbIHLA KypaMblHAAFbl HETi3ri KoHEe KOCbIMLLA LUMKi3aTTapFa CaMKec opraHorenTukanbIk
kepceTkiwTep kepceTTi. Ne1 cblHama HaH TyTac AoHAi Ouaanm HaHbl OonfFaHObIKTaH KypambiHOA
»xeniMmiwe menuwepi azgan kesgeceTiHaikteH Ne2 meH Ne3 wi rnioTeHCi3 HaH eHiMaepiHe KaparaHaa
KeyekTiniri ipipek 6ongbl. On eHiMHIH, U3nKanbIK XoHEe XUMMUANbIK KOPCETKITepiHe acep eTTi.
[lereHMeH, 3epTTeyre anblHFaH CbiHAMa HaH BHIMOEPi XaKCbl HOTWXKENep KepceTTi. OHimaepain,
dusmnKanbik — XMMUSTbIK KacneTTepi OOMbIHLLIA canbICThipManbl HeTWXenep TeMeHaeri 4 kecteae
KENTipinreH. OHiMHIH du3nKanblKk KACMeTTEpI, OHbIH iWiHAE CblHAMAa BHiIMHIH KenemMi MeH MEHLUIKTI
kenemi «BVM-370LC HaH KenemiH enLieril» KOHObLIPFbICLIHBbIH KOMEriMeH eren, HaTuxkenepi
TemeHaeri kecteae KenTipinreH.

DEE

5 EIE 0 @1 51 (S == 4]

T g s | — : — ‘
Ne 1 Ne 2 Ne 3
1 cypeT — CblHama HaH eHimaepiHiH «BVM-370LC HaH kenemiH enweriw»
KOHObIPFbICBIHbIH, KEMeriMeH »acanfaH 3D kepiHici

byn eHimaepai GipiHWI cypbinTbl OMaan yHbIMEH canbicThipyFa kenvengi. Cebebi, oHaarbl
XeniMmweHiH, 6onmMaybiHa GannaHbICTbl cana KepceTKilwTepi TeMeH. [lereHMeH, OHbIH canacbiH
XakcapTy YLWiH KypamblHOaFbl KOCbIMLLA LUMKI3ATTbIH, KEMeriMeH Kamblpaarbl Ty3inreH KeyekTepaiH,
KaHKacCblH KaTaWTbIN, OpraHonenTuKanblk XoHe (U3nKanblKk-XMMUANbIK KaCUETTEPIH >XakcapTyfa
kemekTecepi [9].

4 kecte — [arblH HaH eHIMOEPiHIH dU3NKanbIK-XMMUANBIK  kacueTTepi  GonblHLWIA
canbICTbIpMarbl KepceTKilTepi

. : CblHama HaH eHiMgepiHiH Hyckanapbl

KepceTkiwTepaiH ataysl No 1 No 2 Ne 3
HaH »XymcarblHbIH, biIiFanabinbifbl, % 43,2 44,7 45,1
KbIWKbINAbINbIFbl, rpag 6,5 4
KeyekTiniri, % 65 57 59
Kenewmi, cm 864 671 673
MeHLwikTi kenemi, cm3/r 2,6 2 2
ISSN 2788-7995 (Print) Becrruk yHusepcurera [lakapuma. Texunueckue nayku Ne 1(13) 2024 85

ISSN 3006-0524 (Online) Bulletin of Shakarim University. Technical Sciences Ne 1(13) 2024



[dveTanblk eHiM peTiHOe >XaHe npodunakTMka YWiH KongaHblNnaTblH YHKUMOHaNAb!
OarbiTTafbl HaHAbI XeTiNaipy Hemece Backa aCCOPTUMEHTTEPIMEH TONbIKTbIPY Kasipri TaHHbIH, ©3eKTi
maceneci [10]. XKymbicTa doyHKUMOHanbIk 6afbiT peTiHAe TaH4anfaH yw Typhi Hyckaaa Tytaac AaH4j
Ovaan HaHbl MEH TMTEHCI3 HaHgapAbl XEeTiNgipy YyWiH SOCTyprii eMec eciMAiK LMKisaTTapbiMeH
TOMbIKTLIPY  XKypriginreH. OpraHonenTukanblk, U3MKanbIK-XUMUAIBIK  K8HE  PeoriorusanbIk
KacneTTepi GombliHWA cana KepceTKilTepi A8CTYpni HaH eHIMAEpIHEH KEM TYCNEWTIH XaHa eHiM
Xacayfa MyMKiHAik ©6epegi.

KopbITbiHAbI

dyHkunoHanapl 6afbiTTarbl HAH ©HIMAepi, COHbIH iWiHAe TyTac AsHAi Guaanm HaHbl XXoHe
rMIOTEHCI3 HAaH eHIMOEPIH LManuk aypybiMeH ayblpaTbiH agamaap XeHe »anmnbl NpoduiakTmka yLuiH
CypaHbICTaFbl ©0acTbl ©HiIMHIH Oipi. >KepriniktTi anmmMakta ocbl OafbiTTafbl HaH eHIMAEepiHiH
aCCOPTUMEHTTEPI a3 TiNTi XOKTbIH, kacbl geyre Gonagbl. Ocbl GaFbiTTaFbl HAH-TOKALW OHIMAEpPIH
TankaHHbIH 63iHAe AnMartbl 061 aKeniHe i XxaHe onapAblH cana KepceTKiLLTepi ainTapnblKTam Xakchbl
emec. Tytac osHai 6ugan HaHbl 6onFaHabIKTaH, OHAA TEPMOTYPaKTbl HAHHbIH, KapTOMN aypyblHbIH
KO3adblpFbilTapblH 6acy YLWIiH ©HIMHIH KbILWKbINAbIbIFBIH aca XofapbinatkaH. OHganm eHimaep
MUKpobumonormanblk Typrblaa TypakTbl OnFaHbIMEH, ackasaHblHAa apackl 6ap, racTpuT aypybiHa
WwangblkkaH agamaap YLUiH XXapamchbi3.

[ereHmeH, kasipri Tanga yHkumoHangbl 6arbiTTarbl HAH eHIMAEPIHIH, canacbiH XakcapTy
YWiH OacTypni emec yHOapabl KOnAaHy apkbinbl TEXHOMOrMAmMbIK Macenenepai wewy ypaici
Oarikanagbl. HaHHbIH peuenTypacbiHga Ovganm yHbIH TIIHOTEHCI3 KOMMOHEHTTEPMEH anMacTbIpy
apKbifbl canachl XafblHaH A9CTYpni eHiMAepaeH KeM TYCMEWTIH XXoHe anmacTbIpblfIManTbIH aMUH
KblLWKbINOapAblH XoFapbl ©OonyblHA OGannaHbICTbl cananbl XaHa 6HIM TypriepiH ganbliHOayFa
MYMKiHAIK 6epeni.

TyTtac pgeHai 6uaan HaHbl MEH FMTEHCI3 HaHHbIH Gonawlak acnekTici uenvak aypybl 6ap
agamgap YLWiH Hemece AeHcaynblFblH onnaraH apbip azamarT yuWiH onapAblH TaramablK NpoduniH
XKeHe Tnimai agueTacblH e3repTy YLUiH TEHAECTIPINreH KOPEKTIK MHrpeaneHTTepi 6ap HaHabl a3ipney
OoribiHLWa Kebipek 3epTTeynepai kaxeT eTeq,.
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TEXHONNOINA XNEBOBYJTOYHbIX U3OENMUA MO ®YHKLUUOHAIIbHOMY HAMPABIEHUIO

LlensHo3epHosolU xneb u xnebHbie u3ddenus 6e3 enomeHa 0b6bIYHO accouuupyromcesi ¢
pacceindamou mekcmypod, rnaoxum uysemom, Hebonbwum obbeMomM, HeydosrnemeopumersibHbIM
8KYCOM U KOPOMKUM CPOKOM XpaHeHUsl, B03MOXHO, U3-3a criabol usiu omcymcmeusi Ko2e3UuOHHOU
cemu, obpasyrouwel emomeH. Takum obpa3omMm, Hekomopble deghekmbl duemu4deckoao xreba 8
QYHKUUOHaIbHOM HarpaeneHuu cesi3aHbl C HeaghhekmusHbIM ydepxusaHUeM 2a308 U
pacuwupeHuUemM rpu 3amece, 4Ymo rnpueooum K YMEHbWEHU obbema U Msi2Kocmu MsKuwa.
Tekywel 3adaveli pabomei s8515emcs ripeodosieHUe 3Mux 0gpaHuU4YeHUU.

Cos0aHa peuenmypa Ho8020 accopmumMmeHma UesibHO3epH08020 xsieba u 6e32/11meHo8bIX
xrnebobynoyHbix u3denul. YcogepuieHcmeosaHa MEXHOOo_US UerlbHO3epHO8020 xrieba U
be3sanomeHosbix xnebobynoyHbix u3desniuli Ha ocHose cmecesol Myku. [lpoeedeHa Hay4qHasi
OUEHKa MPOUEHMHo20 codepxaHusi HeobxoO0uMbiX eeuw,ecme 8 (PU3UKO-XUMUYECKOM cocmase
e3amol 0nsa uccriedogaHus MyKU. OKcriepumMeHmarbHas ebifedka xneba npoeodunacb 6
n1abopamopHbIX YCII08USIX, 8 pe3y/bmame 4yeao nymem MamemMamu4ecKko20 MooesiuposaHusi bbinu
8bibpaHbl mpu suda obpasyoe xnebHbix usdenul, Haubonee onmumarsbHbie o peuenmype. B
OaHHoOU pabome onpedesieHbl U 06Ccyx0eHbl peuernmypa 8bibpaHHbIX 06pa3y08 xrebobyrioqYHbIX
uszdesnuli, MexHO/I02UYECKUE PEXUMbI, y4Yumbieaemble Mpu paspabomke HOB8020 MpPOOyKmMa,
opaaHonienmuyeckue U bu3uKo-xuMu4Yeckue ceolicmea 20moeoeo rnpodykma. Lieem obpasuos
00HOPOOHBIU, ugem rnosepxHocmu u3desnusi KopuyHesbil, xrneb msekul, cpedHernopucmell, xineb
Msiekull U aracmuyHbil, 6e3 MOCMOPOHHUX 3araxos, 6KyC 2apMOHUYHO coomeemcmeyem
xnnebHomy u3denuro. Xneb coomeemcmeyem mpebogaHusm Oelicmayouux HOPMamueHbIX
OOKyMeHmoe.

Knrouyeeble cnoea: uenbHO3epHOBas [rWeHUYHass Myka, be3anromeHosbil  xneb,
yHKUUOHabHoe HarnpasseHue, xebobynoyHbie usdesnus, nokasamesu kadyecmea.

L.Zh. Alashbayeva’, A.S. Borankulova?, Sh.A. Tursunbayeva?, Zh.K. Nurgozhina?,
A.A. Bayaly?
Taraz Regional University named after M.H. Dulati,
080000, Republic of Kazakhstan, Zhambyl region, Taraz, st. Tole bi 60
2 Almaty Technological University
050002, Republic of Kazakhstan, Almaty, st. Tole bi 100
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TECHNOLOGY OF BAKERY PRODUCTS BY FUNCTIONAL DIRECTION

Whole grain breads and gluten-free bread products are commonly associated with crumbly
texture, poor color, low volume, poor flavor, and short shelf life, possibly due to a weak or absent
cohesive network that forms gluten. Thus, some defects in dietary bread in the functional direction
are associated with ineffective gas retention and expansion during kneading, which leads to a
decrease in the volume and softness of the crumb. The current challenge of the work is to overcome
these limitations.

The recipe for a new range of whole grain bread and gluten-free bakery products has been
created. The technology for whole grain bread and gluten-free bakery products based on mixed flour
has been improved. A scientific assessment of the percentage of necessary substances in the
physical and chemical composition of the flour taken for research was carried out. Experimental
baking of bread was carried out in laboratory conditions, as a result of which, through mathematical
modeling, three types of samples of bread products were selected, the most optimal in terms of
recipe. In this work, the recipes of selected samples of bakery products, technological regimes taken
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into account when developing a new product, organoleptic and physicochemical properties of the
finished product are determined and discussed. The color of the samples is uniform, the surface
color of the product is brown, the bread is soft, medium-porous, the bread is soft and elastic, without
foreign odors, the taste harmoniously matches the bread product. The bread meets the requirements
of current regulatory documents.

Key words: whole grain wheat flour, gluten-free bread, functional direction, bakery products,
quality indicators.
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M.K. AnumappaHoBa, B.M. BakueBa, [1.A. TneBnecosa
ANMaTUHCKNA TEXHOSTOTMYECKUIA YHUBEPCUTET,
050000, Pecnybnuka KasaxctaH, r. Anmartsbl, yn. Tone 6u, 100
“e-mail: venerabakieva@mail.ru

ONTUMU3ALUUNA TEXHONTOITMU U BbIBOP BUOCOPBEHTOB HA OCHOBE BOAPBILLUHUKA,
PABUHbI U NMYCTbIPHUKA ANA YNYYWEHUA KAHECTBA KUCJITOMOJIOYHOIO
NPOAYKTA

AHHOmMauusi: YckopeHHoe paszsumue ypbaHusauuu Hecem ¢ cobol npobnembl Ons
OKpyxarouwjeld cpedbl U oOkKasbigaem ompuuyamersibHoe e8o30elicmeue Ha 3dopoebe nroded.
3agpssHeHue e030yxa, 800bl U O2paHUYeHHbIU Oocmyrn K MpUpOOHbIM pecypcaM CmaHo8smcs
cepbe3HbIMU 8bI308aMu. TeM He MeHee, UHHOBAaUUOHHbIE POodyKmbl, 8KIIHOYarowue mexHonoauu
3HmMepocopbyuu, npedcmasnisam nomeHyuanbHoe peweHue Ons yrny4uweHus: obu,ecmeeHHO20
300po8bs. Imu rpodykmel criocobemeyrom 3ghcheKmueHOMy ydasieHUK MOKCUYHbIX eeujecms u3
opeaHu3mMa, cMs24yasi HeeaamueHoe 8o30elicmeue ypbaHu3auyuu Ha 300poske.

B koHmekcme tioeypma ¢ LABR 6b1510 8bisi851€HO, YmOo OH bosiee cmaburneH K omoesieHuro
CbIBOPOMKU U COXpaHeHUro enaau. [Npebuomuku oka3blgarom MonoxumesnbHoe gosdelcmeue Ha
800oydepxusarowyro crrocobHocmb, Xoms amom 3ghheKkm Moxem yMeHbUWambCs CO 8PEMEHEM.
OnmumanbHas koHueHmpauusi 6bakmepuli LABR makxe nodyepkueaem 6aXHOCMb MOYHO20
b6anaHca, nocrne Komopozao OOMNOoHUMESbLHOE y8esludeHUe He [PUHOCUM 3HadyumesibHbIX
yry4dweHul. dmu pesynbmambsi Mo2ym 6bimb UCMOb308aHb! O onmumu3sayuu rnpouseodcmea
toz2ypma, ydumbigas €20 CmpyKmypy u ceolicmea Ha npomsi>kKeHuUU cpoka 200HOCMu.

C yyemom OaHHbIX uccredosaHusi MOXHO cdenamb 8bI800, 4mMO Onid OOCMUXEHUS
MakcumarbHoU aghghekmusHocmu buoydarieHusi msxesibix Memarsiniog HeobxoOumMo ormumarsibHoe
codemaHue KoHuyeHmpauyuu 6akmepud L. acidophilus u koHueHmpayuu memarios, docmuzaemoe
Ha 4emeepmbili OeHb rocne O0obasneHus npebuomukos. 3mu pe3ynbmambsl UMemM
rpakmuyeckoe 3HadeHue O Mpoyecco8 O4YUCMKU B00HbIX Cped Om mMmsKernbiX Memarssos,
rnpedocmaerniss OcHogy Ons onmumu3ayuu ycrnoeuli buoydaneHuss 8 [POMbIWIIEHHbIX U
9KOJ102UHECKUX MPUITOXKEHUSIX.

Knroyeebie crnoga: psbuHa, 60spbILUHUK, MyCMbIPHUK, KUCITIOMOIOYHbIU npodykm, kadmud,
ceuHey,

BBepgeHue

Morno4dHokucnble 6akTepun, NPUCYTCTBYIOLLME B KUCIIOMOJSOYHbIX MPOAyKTax, He TOSbKO
Yy4acTBYOT B CMSArMEHUN BO3AEWNCTBUSA OKPYXKalOLLEeW cpedbl Ha OpraHM3M 4YerioBeka, HO Takxke
CrnocoOCTBYIOT BbIBEAEHMIO TOKCMHOB U3 OpraHuama. J3TO [AOMOfHUTENbHOE CBOWCTBO,
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HanpaBneHHoe Ha MoAAepXaHue 300POBbS B YCMOBMSAX 3KOMOrMYeCcKoro AaBrieHUs, MoXeT ObiTb
BaXHbIM aCNeKkTOM PacCMOTPEHUSA KUCIIOMOMOYHbIX NPOOYKTOB Kak cpeacTBa And nogaepkaHus
3goposbs. [Mpy cpaBHEHUU pasnMyHbIX COPOEHTOB MO UX BO3AEWCTBUIO M B3aUMOOENCTBUIO C
MeTannaMmm MOXHO BbISIBUTb ONTUMAasbHbIN COCTAaB AN OOCTMXKEHWS] MOCTaBMEHHbIX Lenen.
CpaBHUTENbHbLIN aHanNn3 BblopaHHbIX COPOEHTOB Mo UX 4eNCTBUIO U B3aMMOAENCTBUIO C MeTannaMmm
npeaocTaBnseT BO3MOXHOCTb OnpeaennTb ONTUMarbHbIA COCTaB ANA JOCTUXKEHUS NOCTaBNEHHbIX
uenemn.

Coobwaetcs, uto Lactobacillus acidophilus obnagaoT BbICOKOM CMOCOOHOCTBIO K
Onocopbumm Tskenbix meTannoB [1]. buoyganeHue TsKenbiXx MeTannoB npegcraesnsieT cobown
npouecc, B OCHOBE KOTOPOro mneXWUT B3aMMOAEWCTBME KATWUOHOB MeETanfioB C aHWUOHHbIMU
yHKUMOHaNbHBIMKU rpynnaMu. OTOT MOBEPXHOCTHbIA MPOLECC 3aBUCUT OT €MKOCTM LUTaMMOB
Oaktepun un anekTpooTpuuartenbHocTn MeTanna [2]. Cpegu naktobaktepun BblgensaTcs
onpeeneHHble NoNMMepbI, Takne Kak NMNoTenxoesas K1cnoTa, KoTopble MOTyT UrpaTb KIo4YeByto
ponb B B3aUMOAENCTBMM MeXAY TSXKENbIMU MeTannaMm 1 otpuuaTenbHbiM 3apsagoM NOBEPXHOCTH
OakTepun. 3TO CBOMCTBO yKa3biBaeT Ha NOTeHUuarnbHOe BrMsiHUE NONMMepPoB Ha 3 EKTUBHOCTD
OvoyganeHus TskenbixX MeTannoB naktobakrepuamm [3, 4].

WccnepoBaHve  BbISBUNO, YTO  YBEMWYEHWE KOHUEHTpauuMum MeTanna npuBoauT K
MOBbLILLIEHWUIO NorfoweHnsa 6akrepnanbHbIMK peuenTopamMm, YTO yBenMunBaeT ypoBHu Gruocopbunm
[5]. Hawmn pesynbtatbl nogTeep)aatT, 4TOo 3dpdEeKTUBHOCTL Guocopbuumn CBUHLA W KagMmus
BO3pacTaeT npu pocTte KoHueHTpauum metannos (ot 40 go 100 mkr/n). KnovesbiMu dhakTopamu,
BNMsOWMMM Ha BroyaaneHue, aBnaTcs KoHueHTpaums L. acidophilus, a Takke KoHueHTpauun Pb
n Cd. OnTmanbHble YPOBHU AN AOCTUXEHMS MakcumanbHon 6uocopbunm (75%) coctasnsaioT 100
MKr/n n 1x10'? KOE. 3Tn pesynbTaTthl COrnacylTca C npeablaylumMmn uccnenosaHuamm [6,7],
noayvepkmBas, YTo NornoLleHne yeenmyimBaeTcs ¢ yBenuyeHmem 6uomaccel 6akrepun. Kpome Toro,
yBEeNM4eHMe KOHLEHTpaLMM MeTanoB ycunmBaeT buoyganeHme, 4To COOTBETCTBYET AaHHbIM [8,9].
Takum ob6pasom, addekTnBHoCcTb ©Omocopbumm Pb un Cd noBbiwaeTca € yBeNUYEHWEM
KOHUeHTpauun metannos (o1 40 go 100 mkr/n).

KncnomonoyHble NpoayKTbl MUMEKT MHOXECTBO MOME3HbIX CBOMCTB Afs OpraHM3ma, MOXHO
caenatb BblBOA O MHOMOMYHKLMOHANBHOCTM  KACNOMOJSIOYHBIX MPOAYKTOB. YuuTbiBad MX
nonynspHOCTb CPpean HaceneHus, LenecoobpasHo pacCcMOTpPeTb BO3MOXHOCTU MCMOSb30BaHUS
AaHHbIX NPOAYKTOB 41151 0340POBMEHUSA N NPUAAHUSA AOMONHUTENBHOM PYHKLMOHANBbHOCTW.
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PucyHok 1 — CpaBHUTENbHLIN aHann3 copbeHToB

Kaxabin 3 aTnx cCopbeHTOB UMEET CBOU YHMKATbHbIE XapakTEPUCTUKU, K UX NCNONb30BaHMe
MOXET yCunuTb obLwunn acpdekT. Tspkenble MeTannbl CTany cepbe3Hon npobnemon B pesynbTraTe
ypbaHuzauum n nHgyctpmanusauumn. 3T TOKCUYHbIE MeTanmbl 3arpsa3HaroT Bogy, NoYBYy, pacTeHns
N, B KOHEYHOM cuyeTe, NPOAYKTbl NUTaHMA M Haw opraHm3am. Pb n Cd gaBnsawTca TOKCUYHbIMU
TSXKENbIMWU MeTannamu Ans 4YenoBeka, KOTopble MOXHO HaWTW B BO3fyxe, NoyBe, BOAEe W Aaxe
npoayktax nutaHns. OHM OTHOCATCS K rpynne onacHblx Tshkenbix metannos [10, 11].

O6es3apaxunBaHne NuLLEBbIX MPOAYKTOB C MOMOLLLI MUKPOBOHOM BUoMaccChl — 3TO AELLEBLIN,
NpOCTOW, 3(PEKTUBHBIA WU IKOMOrMYHbIA METOA, M3BECTHbIM Kak Guoyaanenue. [MpobuoTukm
CMOCOBHbI CHMXKAaTb OCTYNHOCTb TSXKENbIX MEeTanoB Y TOKCUHOB B MULLEBbLIX NPOAYKTaX.
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CoobulaeTcsi, 4TO B MMUpPE €XerogHo MMUKOTOKCMHamMu 3arpsasHsetca nodtn  30%
CENbCKOXO3ANCTBEHHbIX KynbTyp [12, 13]. Kpome TOro, pasnuyHble BuAbl 4YesloBEeYECKOU
AEATENbHOCTN, Takme Kak fo0bl4a nosne3HbiX CKonaeMblX, CTPOUTENbCTBO, NECTMUMAbI, XUMUKATbI
W MPOMBbILLMEHHbIE CTOKWU, 3arps3HAOT OKpYXalollylo cpefy M MNULLeBY Uernb pasnnuyHbiMU
TsDKenbiMn metannamu [14].

[nga geTtokcukaumm n ges3akTuBaumm OnacHbIX 3arpA3HSAIOWNX BELEeCTB B NMLLEBOM MaTpuue
NPUMEHSAIOTCSH pasfnyHble MUKPOOpraHuamel [15].

CoobuaeTcsi, 4TO MepTBbLIE U KMBblE MOSOYHOKUCIbIE GakTepum cnocobHbl BbIBOOWTb
TOKCUHbI. CumMTaeTcsl, Y4TO 3TOT MPOUECC MNPOUCXOAUT 3a cyeT (U3NYECKOrO CBSA3bIBAHUSA C
KOMMNOHEHTaMM KNeTOYHOW CTEHKN, a He KOBareHTHOro cBs3bliBaHUA [16]. CornacHo uccnegosaHusm
[17], S-cnou npuvHUMMaOT y4acTMe B CBA3AX MexXay MOJSIOYHOKUCIBIMK — BakTepuammn un
MUKOTOKCMHaMKN. bBakTepuanbHble S-cnon o6nagaldoT HECKONbKMMM  CBA3YIOWMMU - CanTamu,
CMOCOOHbIMU MPUBSA3bLIBATLCA K TOKCMHAM Yepes3 HEKOBANEeHTHbIE B3aMMOAENCTBMS, KaK yKka3aHo B
pabote [18]. OTme4daeTcd, 4YTO 3apsa S-Cnos MOJNIOMHOKUCTLIX 6akTepuid oTpuuaTenbHbIN 13-3a
HanNnuMsa nNenTUAOrnNMKaHoB. JTO O3HA4yaeT, YTO 3TU CouM CNocoBHbl aacopbupoBaTb WOHDI
METasNoB C NOJIOXKMUTENbHBbIM 3apsAoM, YTo BbINo 0TMeYeHo B nccnegoeanum [19]. Takum ob6pasom,
S-crnov MOryT B3anMoAenCcTBOBaTb C MUKOTOKCUHAMM M MOHAMUX MeTarmnoB, Urpasi Kno4eByto posb
B Guocopbumm n gpyrmx GUoOXMMmn4eckmx npoueccax.

S-cnou HenocpeacTBEHHO Y4aCTBYHOT B CBA3AX MOJSIOMHOKUCIIbIE GakTepuMm-MUKOTOKCUHOB
[20]. BakTepuanbHble S-CroM WUMEKT HECKONbKO CBA3YHOLWMX CaNTOB, KOTOPble CNOCOOGHbI
NPUKPENNATECH K TOKCMHAM NOCPeACTBOM HeEKOBaNeHTHbIX B3aumogencteumn. 3apsag S-cnos LAB
oTpuuaTenbHbI M3-3a HanMyuusa NenTUOOrNIMKaHOB, MO3TOMY OHM MOryT agcopbupoBaTb MOHbI
MeTannoB C NONOXUTENbHbIM 3apsaom [17, 20].

CtabunbHOCTb CrycTka W BRaroygepXuBarowas CrnocobHOCTb SABMAKTCA  BaXHbIMU
nokasaTtensamm KadecTBa KMCIOMOJSIOYHbBIX MPOAYKTOB, TakMX Kak wmoryptbl. CrycTok BnvsieT Ha
TEKCTYPY W KOHCUCTEHUMIO MpoAyKTa, a ero crtabunbHOCTb BaxHa pAna npenoTBpaleHus
CMOHTaHHOW CUHepesnca, T.e., BblaeneHnst CbiBOPOTKN. CNOHTaHHbIA CUHEPE3NC NPOMCXOOUT MU3-3a
ocnabneHust reneBon CTPYKTYpbl NPOAYKTA, YTO MOXET MPOU3OUTU U3-3a pasfiUdHbIX (PakTopos,
TaKNX Kak NU3MEeHeHNs1 TemnepaTtypbl, BPEMEHWN XpaHEHUS UNn BO3AeNCTBUSA pepmeHToB. KOHTpOrb
3TOro npouecca BaxeH AN nogaepXaHus xenaembiX TEKCTYPHbBIX XapakTepuUcTUK NPoayKTa.

BrnaroygepxuBatowaa CcnocobHOCTb TakkKe BaxHa AN  KadecTBa  KMCITIOMOSOYHbIX
NMPOAYKTOB. JTa XapaKTepucTuka CBsi3aHa C CNOCOBHOCTBbIO NpoAyKTa yAepXuBaTb Brary, 4to
BINUSIET HA €ro COMHOCTb, TEKCTYPY M1 06LLYI0 BOCMPUMMHYMBOCTL NOTpebutens.

KoHTponb aTMx napameTpoB B MpoLecce npou3BOACTBA W XpaHeHUst nomoraet
obecneumBaTb CTaburnbHOE KayeCTBO KMCIIOMOJSIOYHbIX MPOAYKTOB, Ynyyllass WX BKyCOBble W
TEKCTYPHbIE CBOWCTBA.

MeTtoabl

KoHueHTpaumn ancopbupoBaHHbIX MOHOB METansfioB KONMMYECTBEHHO oOnpeaensnu ¢
NMOMOLLbIO aTOMHO-abCcopOLMOHHOIO CrnekTpoMeTpa.

KnucnomonouHele npogyktel ¢ gobaBneHnem  9HTepocopbeHTOB, NpeaocTaBnsitoT
YHUKaNbHY0 BO3MOXHOCTb COBMeELaTb MPUATHOCTb M Nonb3y Ana 300poBba. OHM MoryT ObiTb
AOCTYNHbIMU 1 3(PPEKTUBHBIMX cnocobammn  3alimTbl OpraHM3aMa OT BpeAHbIX BO3OENCTBUN
OKpYy>KatoLLen cpeabl U NoMoYdb B 6opbbe ¢ nocneqcTBMsIMm 3arpsi3HEHMS.

WccnegoBaHnst KMHETUKM M paBHOBecust Guocopbumm MoryT CoaencTBOBaTb CO3[4aHMI0
onTUManbHbIX OpMyNn NPOAYKTOB M 06ecnevnTb MakCMMarnbHy 3EKTUBHOCTb AETOKCUMKaLUN.
Takve npogykTbl MOryT ObITb BOCTpeboBaHbl Kak cpean 300pOoBbIX Mtoden, Tak U cpeaun Tex, KTo
noaBeprcs BO3AENCTBUIO 3arpsi3HEHHOW OKpyXXalowlen cpefbl U HyXgaeTcsa B LOMOMHUTENbHON
3awmTe Ang CBOero opraHmama.

[na 3annaHnMpoBaHHOro aKcnepumeHTa no 6uoyganerHnto Pb n Cd B gaHHOM uccnegosaHum
baktepuanbHas 6Guomacca (1x1011 n 1x1012 KOE) pobasnsanu B CTepurnibHOE MOSIOKO npu
Temnepatype 37°C; 3atem o06pasupl BblaepxmBanu B TedeHne 20 MuH, nocne yero gobasnanu
metannbl (40 n 100 mkr/n) n nomewann Ha wevikep. B 1-n n 4-i cytkn (B COOTBETCTBUMN C
onpedeneHHblIM BpPEMEHEM KOHTakTa) ©OakTepuarnbHble KneTku ueHTpudyrmposanu (npu
KOHUeHTpauun 8 x 1 B TeyeHne 000 myH). HakoHew,, HagoCado4HYH0 XXUAKOCTb aHannMa3npoBanu Ha
ocTaToYHble KoHueHTpaunn Pb n Cd ¢ nomowsto MCI-MC.
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Bce akcnepuMmeHTbl npoBoguMnmncb B Tpex ak3demnnapax. CnocobHoctb L. Acidophilus
nornowaTtb Pb n Cd oueHnBanacs criegytoium obpasom:

%Y panenne=100x[(C0-C1)/CO0] (1)

roe CO — HavanbHbeIM 1 C1 ocTaToYHasA KOHUEHTpaums pTytu [21].

CobpaHHble pgaHHble 6binv  nNpoaHanM3MpoBaHbl  CTAaTUCTUYECKUMM  NMPOrpaMMHbIM
obecneyveHnem Statistica (Bepcua 12). CornacHo pesynbTaTam, OCHOBHble NepemMeHHble OGbinu
cnegylowmmmn: KoHueHTpauusa L. acidophilus, BpeMsa KOHTakTa M KOHUEHTpauma meTanna, gosa
BHeceHus1 BR(nNopoluka BbICYLUEHHbIX U U3MESIbYEHHbIX GOSpbILHMKA U PAOUHBI, COBPaHHbIX B
MaHrbiwnake), BP (NOpoLOK 13 BbICYLLUEHHbIX U U3MENbYEHHbIX B0APbILLHNKA 1 NyCTbipHMKA). [Ang
3KCNepuUMEHTarbHOM ONTUMKU3aLMM aHHOro uccnegoBaHus Obin BbINONMHEH APOOHbIN (daKkTOPHbIN
ON3anH.

MeTogonorma noBEPXHOCTM OTKNIMKA — 3TO MaTteMaTuU4ecKui MeTod, KOTOpbI momoraeT
aHanmMsnpoBaThb BIMSHME NEePEMEHHbIX MNpoLecca Ha OTKNKKK [22]. PesynbTaTthl [nakeTTa-bepmana
(Plackett—Burman design) nokasanu, 4YTo NnepeMeHHbIE: KOHLEHTpaUnsa MmeTanna, BpeMs KOHTakTa u
koHueHTpaums L. Acidophilus okasbiBaloT 3HaUMTENBHOE BNNsSiHME Ha GuoyaaneHue Pb n Cd. RSM
6bin paspaboTaH ansa onTMMmM3aumm BapuabenbHbix ypoBHen 6uoyaaneHus Pb n Cd, a Takke ans
MUHUMU3aUMN  KonnyecTBa TecToB. B gaHHOM npoekTe Obina npvMeHeHa MaTtpuua Ans
nccneaoBaHNsA OonTUMarbHbIX YCNOBUA BMocopOLmMM C NOMOLLBIO SKCMEepPUMEHTarnbHbIX (PakTOpPOB,
npvBeaeHHbIX B Tabnuue 1.

Tabnmua 1 — OCHOBHblE TEXHONOIMYECKME NEPEMEHHLIE U YPOBHU buoyaaneHus Pb n Cd
Lactobacillus acidophilus ¢ nomouibto MN3C-matpuubl

[nana3soH n ypoBeHb
HesaBucumas nepemeHHas -a(-1.68) -1 0 +1 +a (+1.68)
KoHueHTpauus L. Acidophilus (KOE) 1x1010 | 10%x 1011 |1x 1012 |10x 1013 | 10 x 1014
Bpems koHTakTa (OeHb) 0 1 2 3 4
KoHueHTpauua metanna (Mkr/n) 40 50 70 90 100
no3a gobaeneHus copbeHToB BP,% 0 2 3 4 5
no3a pobaeneHus copbeHToB BR,% 0 2 3 4 5
Pe3ynbTaThbl

Bo Bcex obpasuax rorypta Habnioganacbk pas3nuyHas cteneHb OTAENEeHUs CbIBOPOTKU CO
3HaveHuammn 18,58-31,23% B Havane akcnepumeHTa (p >0, 05). Kak nokasaHo Ha pUcyHke 2, 4em
OOnblUe CPOK XpaHeHNs NorypToB, TeM BornbLue NPOLIEHT CMHepesanca ansa Bcex obpasuos rnorypra.
Ha 14-e cyTku NMpouUEHTHble 3HAYEHUsa CUHepe3uca yBenuumBanucb B obpasuax. Kak npasuno,
norypt LABR coxpaHsin B cBO€eW CTPYKType 3Ha4YnTENbHO 6oNbLUnK NPpoLeHT cbiBopoTku (p < 0,05,1),
YTO XapakTepu3oBanocb CaMblM HU3KMM CUHEPE3MCOM cpeaun Bcex obpasuoB B TeYeHMe BCEro
BpeMeHu XxpaHeHusi. HanpoTtus, wnoryptel C BkrAoyveHnem LABP un LAK pemoHcTpupoBanu
BM3yanbHOE OTAENEHNe CbIBOPOTKM pJaxe C 1-ro AHa. 3Tu pesynbTaTtbl COrNacylTcs C
npeabigywmMMm nccnegoBaHUAMM M MOXET ObiTb 0ObSACHEHO MPUCYTCTBMEM ANMHHOLENOYEYHbIX
nonucaxapuaos, KOTOpble MOryT MNPEensTCTBOBaTb CO3[4aHUI0 TPEXMEPHOM CeTU KalewHa, 4To
npmBoguT k 6onee cnabomy rento ¢ NOBbILIEHHbIM CbIBOPOTKON. CUHEPE3NC Bbinl HECKOMNBKO HMKE
ana LABR, yem ana K un LAC, LABP (p > 0,05). bonee Hu3kas BOCNPUMMYMBOCTb MNOrypTa,
coAepXXallero NeKTUHbI,MHYMWH, K CMHepe3ncy paHee coobluanocb Ans horypta ¢ NOHUKEHHbIM
coAepXXaHuem xupa, 1 3To 6bIN0 CBSA3AHO C B3aUMOLENCTBUEM TMAPOKCUITbHBIX FPYyNn UHYNNHA C
3apsHKEHHON rpynmnowv Ha MOBEPXHOCTN MOoNoYHoro 6ernka [25].

BaxxHblM CBOWCTBOM WMOrypTa sBNsSieTCsa ero cnocobHocTb yaepxmeaTb Bogy. Korga
[00aBnAT B MOrypT NpeburoTrKK (B JAHHOM Crydae MHYIWH 1 nonncaxapuabl), 3TO NOSIOXKUTENBHO
BNUSIET Ha ero cnocobHOCTb yaepXXuBaTtb BoOAyY, YTO AenaeT horypT 6onee CoOuHbIM U BNaXXHbIM.
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PucyHok 2 — KoHTponb cuHepeauca:
roe K — koHTponb, LAK — koHTponb ¢ go6aenexunem L. Acidophilus,
LABR — obpas3eu ¢ gobasneHvem L. acidophilus n cmecun 6osipbilHVKa U pOUHBI,
LABP — obpaseu c gobasnenvem L. acidophilus n cmecu 60sipbILLHUKa 1 NYCTbIPHMKA

Bogoyanepxumsatowan cnocobHOCTb ABNSETCA )KenaTenbHbIM CBOMCTBOM NOrypTa v cBA3aHa
CO cnocobHocTbio 6enkoB M nonucaxapuaoB yaepxuBaTb BOAY B CTPYKType rens norypra.
O6oralueHne npebunoTnkamm okasarno 3ameTHoe BnvsiHMe Ha BYC, coctaBume 3HaueHus ot 45,98%
00 55,19% cooTBeTCTBEHHO B TeyeHue nepsbix cyTok (puc. 3) OgHako ¢ Te4eHnem BpemMeHun (unm
Cpoka XpaHeHusl) 3ddeKkT ynydlweHns BOOOYAEPKMBAKOLWEN CNOCOOHOCTUM yMEHbLUAETCS.
Hanpumep, wnorypt LABR okasanca 6onee CTOMKMM K WM3MEHEHWSM W COXPaHSAST CBOH
BOAOYAEPXKMBAOLLYIO CNOCOBHOCTb AOMbLUE.

3710 npoucxoaunT m3-3a Toro, Yto LABR, no6aBneHHbI B MOrypT, co3aaeT AONONHUTENbHbIE
MecTa Ons YAepXuMBaHWa BoAbl, 4YTO pfernaeTr norypt 6onee ryctbiM. Takke, yMeHbLUUB
MonekynspHbin Bec LABR, ygaetcs gobutbcsa nyyiien yCToluMBOCTU BO BPEMEHMN.

B obwem, nobaBka npebuotmkos, Takmx kak LABR, genaet norypT BnaxHbIM 1 coxpaHaeT
3TO CBOMCTBO Ha NPOTSXXEHUMN ONUTENTbHOrO BPEMEHM.
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PucyHok 3 — BnaroyaepxumsatoLas cnocobHOCTb KMCITOMOSOYHbIX MPOAYKTOB B paspese
NPOJOIKUTENBHOCTN XPaAHEHUS B XOSNTOAMUIbHbIX YCIOBUSIX

B cooTBeTcTBMM C npeacTaBrieHHOM B Tabnuue 1 MaTtpuuen npoBeaeHbl 3KCMEPUMEHTHI,
n3BneveHbl COOTBETCTBYIOLLNE AaHHbIE.

Pareto Chart of Standardized Effects: Variable: conepaanme kamvmn
4 factors, 1 Blocks, 18 Runs: MS Residual=3,100351
DV: coaepmanie KaaMus
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PucyHok 4 — Inarpamma lMNapeTtTto
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CornacHo gmnarpamme lNapeTo (puc. 4) BbISIBIIEHO, YTO KIHOYEBBbIMU (hakTOpaMn sIBRSIOTCA
NPOAOIKUTESNbHOCTb KOHTaKTa, 403bl BHeceHust LABR u LA. Ha pucyHke 5 nokasaHbl NOBEPXHOCTH
OTK/IMKOB B 3aBUCUMOCTM OT 3HAYUMbIX NOKa3aTenen.

Fitted Surface: Variable: coxepxanne xaxyua Fitted Surface: Variable: coxepaanie xaxmus
4 factors, 1 Blocks. 18 Runs: MS Residual=3,100351 4 factors, 1 Blocks, 18 Runs: MS Residual=3,100351
DV: coxepkanne KaaMus DV: conepxanne xaxvus

50
o

a) 6)
PucyHok 5 — NoBepXHOCTb OTKIMKA yOaneHus TshKesbiX MeTansos:

A — B 3aBMCMOCTM OT NPOJOIMKUTENBHOCTM KOHTaKTa 1 gobasnenus L. Acidophilus,
5 — B 3aBMcumMocCTM oT o3bl BHeceHust LABR u gobaenenus L. Acidophilus

Kak BuaHO 13 pucyHka 5 nsHadanbHo apEKTUBHOCTb OUYUCTKM OT 3TUX TSKENbIX METANIIOB
yBenuMuMBanacb C YBENUYEHMEeM KonmyectBa OakTepuil M BPEeMEHU KOHTaKTa, pocTurana
Makcumyma, a 3aTeM, MNpu JarbHenweMm yBenuyeHun konuyectBa OakTepuit, Habnioganocb
HeGOonbLLOE CHMKEHME 3PPEKTUBHOCTU OYUCTKN. DTO FOBOPUT O TOM, YTO ECTb ONTUMarnbHasi TOYKa,
roe 9EKTUBHOCTbL MakCcUMmarbHa, W TMNPEBbILEHWE 3TOM TOYKM MOXKET HE TMNPUMBECTU K
[AOMNONHUTENbHOMY YNYYLLEHWIO, @ AaxXe K HEGOMNbLLIOMY CHIKEHMIO 3DEKTUBHOCTM.

O6cyxaeHue

Pe3ynbTaTbl nccrnegoBaHvsi NO3BONSAIOT CAeNaTb HECKOSbKO BaXXHbIX BbIBOAOB. Bo-nepBbiXx,
Habnogaemoe OTAeneHne CbIBOPOTKM B MOrypTax C pasnuyHbiMi gobaBkamu ykasbiBaeT Ha
BNUSIHNE NPUMECEN Ha CTPYKTYpPY npoaykTa. MpoaomKuTenbHOCTb XpaHEHUS ABASIETCA KNOYEBbLIM
hakTopoM, BAUSAIOWMM Ha MPOLEHT CUHepesuca, 4YTO COOTBETCTBYET paHee npoBeAeHHbIM
nccneaoBaHNAM.

WorypT ¢ 6aktepuamu LABR AeMOHCTPUPYET 3HAUMTENBHO MEHBLUNIA CUHEPE3NUC B TeYeHNe
BCEro nepuoga xpaHeHust no cpaBHeHuto ¢ LABP un LAK. 310 0b6bACHSAETCA BO3MOXHbIM
NPUCYTCTBMEM OMMHHbIX MONIMCaxapuaoB, KOTOpble MOryT BO3[4EMCTBOBATb Ha TPEXMEPHYHO CETb
KaseunHa, obecneunBasi 6onee cTabubHbIN refib ¢ MEHbLUUM BblOENEHUEM CbIBOPOTKM.

OTmevaeTcs, 4TO NorypTbl ¢ gobaBrneHHbIMU NpebuoTukamu (MHYNUH KU nonmucaxapuabl)
obnapgaloT nydlien BOAOYOEPXKMBAKLWLEN CMNOCOOHOCTBIO, YTO AenaeT ux 6onee COYHbIMU W
BnaxHbeiMn. OOHAKO, C TEYEHWEM BPEMEHMU, ITOT MOMOXKUTENbHbIN 3PEPEKT yMEeHbLIaeTCS.
MHTepecHO 0TMETUTL, YTO NorypT ¢ bakTepuamm LABR coxpaHsieT BNaXHOCTb npogykta Ha 6onee
NPOAOCIHKNTENBHbBIV CPOK, YTO NOAYEPKMBAET €r0 CTOMKOCTb K U3BMEHEHMAM BO BPEMEHU.

B KOHTeKcTe mccnegoBaHus yaaneHus TSKenbiX MeTannoB M3 cpedbl C UCNOSb30BaHNEM
6aktepun L. acidophilus n npebrnoTnkos, KNYEBLIM MOMEHTOM CTaro onpegeneHne onTMManbHbIX
ycrnoBun gnst 9eKTMBHOrO yaaneHua meTtannoB. PesynbTaTtbhl ykasblBaldT Ha TO, 4TO
MakcMmMarnbHas apdekTMBHOCTb yaaneHus ceuHua (Pb) n kagmus (Cd) gocturaetca Ha vyeTBepThin
OeHb nocne gobdaeneHnst NPebroTHKOB.

Mpouecc OwuoypaneHus TSXKenblX METansoB, Kak nokasanu pesynbTaTbl, 3aBUCUT OT
HEeCKOMbKNX (haKTOPOB, BKINOYasi KOHUEHTpauuio 6aktepun L. acidophilus, kOHUEHTpaLmMo MeTanmos
N NPOOOITPKUTENBbHOCTb KOHTAKTa. BaHO OTMETUTb, YTO pe3yrbTaTbl COrNacyoTCs C NpeablayLwmmm
nccnegoBaHUsMM M NO3BONAOT yTBEpPXAaTb, YTO OuoyganeHne adeKTMBHO B OMNpederieHHbIX
YCNOBMSAX, KOTOPbIE BKIOYAOT ONpeaeneHHble YPOBHU KOHLIEHTpaumMm 6aktepuin n meTanmnos.
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3aknto4yeHume

B 3akntoueHunn, pesynbtaTthl UCCReLOBaHMSA NoATBEPXKOAOT BNUsAHME 406aBOK HA CTPYKTYPY
n ceoiicTBa norypta. Morypt ¢ LABR okasancs 6onee yCTONUMBBLIM K OTAEMNEHUI0 ChIBOPOTKM W
coxpaHeHuto Bnarn B npoaykre. [lobaBka NnpebnoTMKoB oKasbiBaeT NONOXUTENbHOE BO3OeNCTBUNE
Ha BOAOYOEPXKMBAIOLLYIO CMOCOOHOCTb, HO 3TOT 3dEKT YMEHbLIAETCHS CO BPEMEHEM.
OntumanbHaa koHueHTpauua 6Gaktepun LABR Takke nogTeBepgaeT, 4YTO  CywecTByeT
onTUMarbHas ToOYKa, Nnocrie KOTOPOW AOMNONHUTENBHOE YBENMYEeHUe He MPUHOCUT CYLLLeCTBEHHbIX
ynyudLweHnn. 3Tn pesynbTatbl MOryT ObiTb MCNOSMb30BaHbI AN ONTMMMU3aLMM NPOM3BOACTBA NorypTa
C Yy4YETOM €ro CTPYKTYpbl U1 CBOWCTB B TEYEHNE CpOKa XpaHEHMSI.

Ha ocHoBe nony4eHHbIX AaHHbIX MOXHO 3aKIOUYUTb, YTO AN AOCTUKEHUS MakKCUMaribHOW
achbcpekTBHOCTN BuoyaaneHnss TSXKenbiX MeTannoB, HeobXoAMMO OnTUManbHOe CcovYeTaHue
KOHUeHTpauun 6aktepun L. acidophilus n koHUeHTpauMmM mMeTannoB, 4OCTUrAaeMOEe Ha YeTBepPTbIn
AeHb nocne pobasneHnss npebuoTukoB. ITU  pesynbTaTbl MNPEACTaBASIT  MPaKTUYECKYHO
3HAYMMOCTb AN NPOLIECCOB OYUCTKM BOAHLIX Cpen OT TSshKenblX MEeTannoB C UCMNOoMb30oBaHWEM
MWUKPOOPraHM3MoB W NpebuoTMKOB, nNpegocTaBrssi OCHOBY ANS  ONTMMM3auun  yCrioBUWA
OvoyganeHnsi B NPOMbILLUNEHHbIX U 9KONOrMYECKMX MPUIOXKEHUSX.
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