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Anaarna. Makanana kabartel ruapaBiaukaibik skapy (KIOK) ke3inae 1ieMeHT cakmHaChIHBIH
KepHeyIi aedopManysiaHFaH KYHiH OaranaylblH 3aMaHayHl TOCUIAEpiHe XKyHelni 1oy OepiireH.
"[llerenney Ti30eri - EMEHT- Tay >KbIHBICHI" KON KaOaTThl MWIMHJIPIIK KXYHEHIH aHAIUTUKAIBIK
MOJICTIBICPi, COHFBI JJIEMCHTTEP OMICIMEH CaHIBIK €celTeyJiep, COH/Aal-aK IIEeMEHT CaKWHAHBIH
MEXaHHUKAJIBIK KAaCHETTEPiH, OHBIH CO3bLTy OEpIKTIriH, CePHIMALIIK MOIYJIH >XOHE TeMIeparypa
ocepiHe IKCIEPUMEHTTIK 3epTTey KapacThIpblianbl. LleMeHT cakuHACHIHBIH TYPaKTBUIBIFBIHA dCEp
eTeTIH Heri3ri (Qakxropiap: KaOaTTbl THIPABIMKAIBIK Kapy peXUMIEpl, IHUKIIIK >XYKTEME,
TeMIIepaTypaHblH aybITKYbl, IEMEHTTIH KOPITYC IEH JKBIHBICKA a/re3USICHIHBIH Calachl, COHIai-aK
aKayJapAblH OoJybl (TOJBIK eMec OaillaHbIC, KEYeKTLI1K, MUKpOKpeKTep MeH 0oc opblHAap). Imiki
KBICHIMHBIH JKOFapbUIAybIMEH IIEMEHT CAKMHACHIHBIH 11IK1 O€TIH/I€ MaKCUMAaJIJIbI CO3BLTY KEPHEYIEP1
naiina Oosazpl, Oy JKapblKTap MEH KeIli-KOH apHaJapblHbIH Naiiia O0o0Jly BIKTUMAJIbIFbIH
apTTeIpagsl. JKyMbIcTa KBICBIM MEH TEMIIEpaTypaHblH ©3repyiHiH KaiTaJaHaThIH LUKIIapbI
MHUKPO3aKbIMHBIH JKHHATYBIHA, CO3bLTYy OEpIKTITiHIH TOMEHJEYiHE OHE IIEMEHT KYPBUIBIMBIHBIH
JIerpalaliisChIH KeAENAEeTyre bIKIal eTeTiHl aTtan KepceTiareH, Oy ken carbuibl KIOK yuriH ete
MaHbI3bl. Ce3rilTIKTI Tanay MeH BIKTUMAJJIBIK OaFanay/ibl Koca alfaH/ia, aHaIUTUKAJIBIK, CAaHIbIK
KOHE CTAaTHUCTHKAJIBIK oICTepAl OIPIKTIPETIH LEMEHT CaKWMHACBIHBIH OYy3bUTy KayImiH Oarajay/blH
KEIIEeH/ I TOCUTI YChIHBUIFaH. AJIBIHFAH TYKBIPBIMAAP LEMEHTTEY/Ii *Kobaay/ia, IEeMEeHT KypaMIapblH
TaHJay/1a )KoHe YHFbIMaJap/IblH CEHIMAUIITIH apTThIPY *oHe KabaT apasblK aFbIHIAp/IbIH aJl/IbIH aly
yurin KI'K pexxumMaepin sxocnapiay/a naiaaaaHbulybl MYMKIH.

Tyilin ce3mep: KabaTThl THUIPABIUKAIBIK JKapy;, I[EMEHT CaKHHACBI, KEpHEYJl
nedopmanustanFan Kyii; ken caTbuibl KIDK; COHFBI aneMEHTTEp 9Jici; HMMKIIIK JKYKTeMesep;
TEPMOMEXAHHUKAIIBIK dcepiiep; IIEMEHTTIH are3usChI.

Kipicne

Kazipri yakpITTa KOMIpCYTEKTepAl ©HAIPY TI'eOJOTHsIIbIK-TEXHUKAIBIK KYPICTUTIKTIH
JKOFapbUIAYBI YKaFIaHbIH/IA KYPTi3inyae, Oy aFrbIHABl KAPKBIHIATY TEXHOJOTHSIAPBIH KOJIaHY bl
Tanan erefi. TexHomorusmapAslH Oipi-)KapbIKTapAblH Maiga OoMybl apKbUIBl JEOUTTIH OCYiH
KamMTamachl3 eTeTiH KabarTel ruapaBiukanbik xapy (KIK). Kennenen sxone kenbey yHFbIMaIapia
ken cathlibl KIJK-HbI KEHIHEH KOJIJIaHY YHFBIMAHBIH KYPBUTBIMBIHA MEXaHUKAIBIK KYKTeMeIep/Ii
JKOHE IIEMEHT CAaKMHACBHIHBIH TYTACTBIFBIH Oy3y KaymiH apTThipaabl. LleMeHT cakuHachl miereHaey
Ti30eri MEH JKBIHBICTAD apachIHIAFbl THIFBI3BIKTHl KaMTaMachl3 €Tell, KabaTTap apachIHIaFrbl
arplHIApD MEH aFblll KeTyJepaiH aiuiablH ananbl. OHBIH TYTACTBIFBIH JKOFAITY- TaiajgaHy
TUIMJUTITIHIH TOMEHJEYiHEe XKOHE amaTThIK TIyeKeJAepHAiH ecyiHe okeneni, xoHe KIJK kesinnme
IIEMEHT CaKWHACHIHBIH TYPAKTBUIBIFBIH KaMTaMachl3 €Ty MIHJAETIH epekie o3ekTi eremi. LlemeHT
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CaKMHACBIHBIH KepHEyll aedopMalMsUIaHFaH KYWIH Tajijgay omiCTepl IIAPTTHI TYpPAE YII TOIKA
OeiHe/i: aHATUTHKAIBIK, CAHIBIK JKOHE JKCIEPUMEHTTIK. AHAIUTHKAIBIK MOJEIBACD IICTCHICY
Ti30€T1—1IeMEHT—Tay KBIHBICTAPBI JKYHECIHJEr KEpHEYJEep/iH Tapadybl Typaslbl alImbl TYCIHIK
Oepeni, 6ipak xeHiuaeryre Herizaenren. CanbIK 9icTep KypAesi TeOMETPHSHBI )KOHE KaCUETTeP IiH
O1pOaFbITTHI EMECTITIH €CKepeli, OipaK alTapibIKTal ecenTey pecypcTapbl MEH BaTUAAMSHBI KAXKET
ereqi. DKCIEPUMEHTTIK 3epTTeyJiep LEMEHTTIH MEXaHUKaIbIK KYHi Typajbl CEHIMII MolliMETTep
Oepeni, Oipak 3epTxaHalbIK >KarmaiimapMmeH mekteneni. byn perre kem carbutbl KIOK kesinme
UKJIIK KYKTEMEJIEPIiH jKOHE TeMIepaTypajIblK dCEpiH eCKepeTiH OipbIHFail KeIeH 11 TOCT JKOK.

3eprrey o0BekTici-KIK kyprizy ke3iHae KOPITyCIIeH »oHE >KbIHBICTApMEH OaiilaHbICTa
00JIaThIH IIEMEHT CAaKMHACHI, KbICBIM, TEMIIEPATypa JKOHE LUKIIIK JKYKTEMEJIEpAiH oCepiHEH OHBIH
KepHeys aedopManmsuianFaH Kyidi. JKyMBICTBIH MakcaTbl-Oarajiay oJIiCTEpiH JKyHeney, Oy3bury
MEXaHU3MEPIH aHBIKTAy JKOHE LIEMEHTTIH OEpIKTIriH apTThIpy OaFbITTapbhlH aHBIKTAy. By3bLny
JKOFapbl CO3bULY KEpHEYJepiHIH, MHUKIJIIK >KYKTEeMeNIepHiH MXoHe OalllaHbIC >KarIaiiapbIHbIH
HaIllapJIaybIHBIH YiJIeCcyiHe OalIaHBICThI T O0JDKaHAIb.

Kazakcran yimnH epekiie e3eKTuTri 0ap, oHJa KETUIreH >KOHE TeOJOTHSUIBIK >KarbIHaH
OIpTeKTI eMec KeH OpbIHIapbIH urepy ke cateuibl KIJK-Hbl Oerncenai KomgaHyMeH KaTap Kypeai.
MyHaii sxaFaaiinap/a IeMeHT KabaThl CTaTUKAJIBIK KOHE JUHAMHUKAIIBIK 9cepiepre YIIbIpanabl, Oy
aKayJjiap MEH THIFBI3JaFbIIITHIH OY3bLTY KayIliH apTTHIPAIbL.

[leMeHT caKMHACBIHBIH TYTACTBIFbIHA OCEp €TETiH (aKkTopiapasl TOPT TOMKa OipiKTipyre
Oomapl:

- TeOMEXaHUKaJbIK (Tay KBIHBICTAPBIHBIH TETEPOreHAUIIr, KabaTr KepHeynepi, Keyek
KBICBIMBIHBIH ©3Tepyi);

- TEXHOJIOTHSUIBIK (IIEMEHTTEY peXXUMIEPl, OKIaHbl JalbIHAAY carackl, IEMEHT KypaMbl);

- maiinanany (MUKIIIK KYKTEMeIep, TeMIIEpaTypallblK aybITKYJIap, XUMHUSUIIBIK 9CEP);

- MaTepHanabIK (OEpiKTiK, CepMIMIUTIK MOYJII, KEYEKTLIIK, TEPMUSIIBIK KEHEI0).

OmnapnpiH e3apa OaiiylaHbICKI 3aKpIMIaHy cunaThiH koHe KIJK kyprisreH kesne 1memMeHT
CaKWHACBIHBIH OY3bLTy BIKTUMAJIBIFBIH aHBIKTAN/IbI.

Martepuasanap MeH dicrep

3epTTey  MarepHalbl-YHFbIMANAPABIH T'€OMEXaHHKAChl, IIEMEHTTEY JKOHE KalaTThl
THIPABIUKANIBIK Kapy Typaslbl FBUIBIMA Makajanap, MOHorpadusiap, ecentep MeH CTaHmapTTap.
O3eKTiIIriH KaMTaMachl3 €Ty YIIiH COHFbl 10 KbUIIAFbl )KYMBICTapFa OachIMABIK Oepinfi, amaiina
Tangayra MEMEHT CaKMHAChl MEXaHMKACBHIHBIH HETI3Ti 3aHJBUIBIKTApBIH KOHE OHBIH KalnTaMaMeH
’KOHE JKbIHBICTAPMEH ©3apa 9pEKeTTECYiH aHBIKTalUThIH ipreii 3epTreyiep enriziii [1-2].

XKapusmanpIMmapasl TaHAay KpUTEPUINIEpi: TaKbIPhIKAa COWKECTIK, MaTeMaTHKAJIbIK
MOJIENIbJICPIH HEMece SKCHEPUMEHTTIK AEpPEeKTepAiH OOlybl, JOHEKCe3 Jopexeci >KoHe KeHiHTi
3eprreynepre ocepi. [IUkmmik sKykTemesnep/i, TEPMOMEXaHUKAIBIK dCepyep/i >KOHE IEMEHTTIH
KarTaMa MEH XBbIHBICTapFa a/Ire3UsIChIH KapacThIPAThIH JKYMBICTApPFa €peKIle Ha3ap ayAapbuiasl [3-
6].

1. AHaNUTUKAJBIK MOJENbACP

AHaJIUTHKANBIK MOJENbJAep Koem KabaTThl MWJIMHApJEpre apHaJfaH CepHiMALIIK
TEOPHUSCHIHBIH MIHAETTEpiHe HerizaenreH. [[eMeHT cakuHachl KOpIYyC TEH Tay >KBIHBICTAPHI
apachlHIarbl LUMIUMHAPIIK KaObIK peTiHAe KapacTblpbuliajbpl. KabaTThl T'HIpaBIMKANBIK Kapy
Ke31Her1 11IKi KbICHIM IIEMEHT CAKMHACHIHBIH 1I1IKi OeTiHEe ocep eTelli, HOTHKECIHIE paanalabl )KOHe
alfHaJIMaJTbl KepHeyep nanaa 6omazist [7].

AHaJTUTHKAIBIK MOJAETBACPAIH HETi3T1 KOPBITBIHIBICHI-IIEMEHT CaKMHACHIHBIH IIIKiI OeTiHe
KAaKbIH KepAe CO3bUIATHIH MaKCHMaJIbl KepHeyJjep maiima Oonanmel. bynm wmarepuanmapasiH
KATTHUIBIFBIHBIH ~ albIPMAIIBUIBIFBIHA JKOHE JW3allH TreoMeTpusichbiHa OailnmaHbicThl. KabaTThl
TUIPaBIMKANBIK Kapy KbICBIMBIHBIH KYPT ©CYyl KaFdaiblHAa CO3bUTYy KepHEeyJiepl LIEMEHT TaChIHBIH
CO3bUTY OEpIKTITiHIH IIETriHEeH achlll KTyl MYMKiH, OyJI sKapbIKTapblH naiina 0omybiHa okeneai [ 8-
10].

AHAIMTHKAIBIK MOJENbCp KepHEY KyHiHE acep eTETiH HEri3ri mapameTrpiiepi aHbIKTayFa
MYMKIHAIK Oepe/ii: IeMEHTTIH cepriMIiTik Moy, [Tyaccon koaduimenTi, HeMeHT CaKuHACKIHBIH
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KAJIBIHJIBIFBI, KOPIYC TI€H Tay JKbIHBICTAPBIHBIH KATTBUIBIFBL. JlereHMeH, oJaplblH IIEeKTeyl
KEHUIeTUIreH Ooipkamaap OoJbln TaObUIaAbl: Tamaina OaiylaHbIC Kardaiaapel, aKayJapIblH
0oJMaybl, MaTepUAIAPbIH OIPKEIKLIIT )KoHE )KYKTEMEHIH OChTiK cummeTpusice [1,7,11].

2. Cangsik mozenaep (COO)

Cangpik  Mozenbaep (CDO) yHFbIMAHBIH KypJeii Te€OMETPUSIChIH, MaTepHalaapIblH
reTepPOreHAUIITH, IEeMEHT CaKMHACBIHBIH aKayJlapblH JKOHE MaTepUalIJapiblH ChI3BIKTBIK €eMec
OpEKeTIH ecKepyre MyMKiHAIK Oepeai. Monaenbaep crieHapHiliepi KapacThIpaabl: KbICBIMHBIH TE3
KOeTeputyi, HUKIIIK )KYKTeMe, TeMIIepaTypaHbIH dcepi xkoHe OailiaHbIC XKarFaainapbIHbIH e3repyi [12-
15].

MaHpI3apl  3J€MEHT-LIEMEHT—O0JIaT KOHE IIEMEHT-TAy JKBIHBICTAPBIHBIH aJre3UsIChIH
Mozenbaey. Hamap aare3susiMeH KepHeyJepiAiH KaiTa OeJliHyi >Kypell, CO3bLIy KepHEYJIEepiHIH
HIOFBIPJIAHYBIHBIH JKEPrUTIKTI aliMakTapel maijga 0ojansl, OyJl IEMEHTTIH JKEePrijikTi Oy3bUTybIHA
okenyi MyMmKiH. CaHIBIK MOJAENBICP COHBIMEH KaTap LEMEHTTIH IUJIACTHKAIBIK Je(OpMAIUSICHIH,
CBHIHYBIH oHE OCpIKTIT1HIH AeTpaJalusiChiH eCKepyre MyMKiHIIK O6epeni [9,15].

3. DKCIIEpUMEHTTIK 3epTTeyIep

DKCIIEPUMEHTTIK 3€pTTEeyJiep LEMEHT TAChIHBIH MEXaHUKAIBIK KAaCHETTEPiH 3epTTeyre
OarpITTa]IFaH: KbICYy JKOHE CO3bUTYy OEpIKTIri, CepHiMAUIIK MOIYJi, MKeMIUTIK, TeMIepaTypa MeH
KYKTEME JKbULTaMIBIFBIHBIH ocepi. MaHbI3 bl OaFBIT — MUKIIIK )KYKTEMEIepAeTi IEMEHT TaChbIHBIH
MEXaHMKAIBIK KYHIH 3epTTey, Oyl acipece Kemn caTbUlbl Ka0aTThl THIIPABIMKAIBIK Kapy YIIiH
MaHbI36I [3,15].

ArpeccuBTi opTanapAblH (KbIIIKbUIIAP, TY3Aap) EMEHT TaChIHBIH JETPaJalusIChiHa dcepi /1€
3eprTenyae. byn nepekrep caHABIK MOAETBAEPIII TEKCEpy JKOHE JKaHa LEMEHT KypaMmaaphlH Kacay
yIIiH Kopansiiaas [12,13].

4. lleMeHT CaKMHACHIHBIH aKayJIapbl )KOHE OJIap/IbIH KEPHEYiHIH TapaxyblHa dcepi

YHFbIManap/pl LEMEHTTeY TKIpHOeciH/e IIEeMEHT CaKUHACHIHBIH aKayJlapblHbIH OipHele
Typl Oap: LeMeHTTeNIMereH (LEeMEHTTIH "Kapbulybl"), IEMEHTTIH KOPITYCIIEH THIFbI3 OalaHbICHI,
LIEMEHTTIH JKbIHBICIIEH TBIFbI3 OalIaHbICBl, IIEMEHT CAaKMHACBIHAAFbl JKapbIKTap, LEMEHTTIH
KEYEeKTLJIII )KoHE MUKpOXKapbulysl [5,9,14].

AKaynbIH op TYpl KepHeyi apTypJl Kailta OeniHyiHe okeneni. Mbicaibl, epKiH OaiiaHbicTa
OoJnFaH Ke3/ie IIEMEHT KopIycreH Oipre ">KyMmbIC icTemeiai", Oy IIeMeHT CaKMHAChIHA KYKTEMEH1
apTTHIPA/IbI )KOHE KEPHEYIiH LIOFbIpIIaHybIHa dKkenenl. HoTmxkecinae xkaHacyaan 00c OpbIHIapFa oTy
OpBIHJIapbIHA CO3bLTY KEPHEYJIEPIHIH XKOFapbUIaybIHbIH )KEpPIUTIKTI ailMaKTapbl naiiia 0osasl, onap
KapbIKIIaKTapIbIH OacTaMmainbichl Oona anass [2,5,9].

5. Mopenbnepai Tekcepy Tociaepi

3epTTeyliH MaHbI3/bl KE3EHI-MOIeNbIepi TeKcepy. Tekcepy MbIHAIap/ bl KAMTHIbL:

AQHATUTHKAITBIK MOJICIBICP/IIH HOTHIKEJIEPiH CaHIIBIK MOJIENIBJICPMEH CABICTHIPY;

CaHJIBIK eCenTeyJIep/li IKCIIEPUMEHTTIK MAJIIMETTEPMEH CaJIBICTBIPY;

MOJIEJIb/I1H MTapaMeTpiIepiHiH e3repyiHe Ce3TiITIriH Oaranay (cepmiMaUTiK MOAYJIl, OEpIKTIK,
TEPMHUSITBIK KeHeto kKoddduiuenti) [14,15];

aKayJapJIbIH KepHeyl TapaiyblHa ocepin Oaramnay [2,3,8].

Banunanus Mozens1iH KOJIaHbLUTY ayKbIMBIH jKOHE OHBIH JQJIITH aHBIKTayFa, COHIali-akK ic
KY31H]Ie OaKbUTAYIbl KAXKET €TETIH €H MaHBI3/Ibl TapaMeTpIIep Il aHbIKTayFa MYMKIHJIIK Oepe/l.

6. MopenbieHeTiH Kyiie MeH OoJKaMIap/IbIH CUITATTaMachl

AHaATMTHUKAJIBIK )KOHE CAaHIBIK MOJICITBIEP YIIIH [IEMEHT CAKMHACHIH KOTI Ka0aTThI IIMIHHAPIIK
KYHe peTiHJie KapacThIpFaH KeH:

1Kl KabaT-mereHaey Tizoeri (6omar);

OpTaHFbI KabaT — IIEMEHT Tac;

CBIPTKBI KaOaThI-Tay KBIHBICH [1,7,14].

Monenbaeyzae KonaaHbUIaThIH OobKamaap:

MaTepHuaiap ChI3BIKTHI cepriMai (Herisri moaenbae) [1];

KabaTTap apacklHIaFbl OaliaHbIC MIHCI3 HeMece MEeKTeYIl aare3usMeH 00ybl MyMKiH [2,6];
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KabarThl THApaBIUKAIIBIK XKapy KbICBIMBI OCCHMMETPHSUIBIK OONBINT caHajmaabl (Oa3asbiK
mozenbe)[1,2];

TEMIIEPATYPAJIbIK dCepiiep TEPMUSIIBIK KEHE0 KOod(D(UIMEHTTEpiHE TOyeNll TEPMUSIIBIK
KepHEyJiep peTiHae KapacTeipbutas [3,15].

byn Oomkammap Herisri MozenbpIi ajdyFa MYMKIHIIK Oepemi, cofgaH KEHIH OJI CaHIBIK
MOJIENIBJICY JKOHE SKCIIEPUMEHTTIK JIePEeKTep apKbLIbl HAKThUIaHAAbI [2,3].

7. CesrimTikTi Tajngay daicrepi

Keke mapamerprnep/iH KepHEy KyHiHe ocepiH Oaramay YIIiH CE3TIIITIKTI Talgay ojici
KOJIaHbIaael. byn omic Heri3ri mapaMmeTpieplli Ke3eKIeH ©3repTeTiH Oipkarap ecemnTeysep
KYprizeqi: HEMEHTTIH CepHiMAUIIK MOAYJI, CO3bUTY OCpiKTIiri, TEPMHUIBIK KeHEero Ko3(dduuumenri,
aare3ust Kod(puIMeHTi, KadaTThl THUAPABIMKAIBIK Xapy KbICHIM IapaMerpiiepi (MaKCUMaIbl
KBICBIM, 6CY XbUIAamMabIFbl) [1,2,14].

CesrilTikTi Tajngay €H MaHbI3Abl MapaMeTpiiep/l aHbIKTayFa KoHEe HEMEHTTEyl kobanay
XKOHE Ka0daTThl THAPABIMKAIBIK JKapy/Ibl )KOCTIapiiay Ke3iHJIe KYII - KyaTThl OakplIayFa OarbITTayFa
MyMKiHAiK 6epeni [1,15].

8. lleMeHT caKMHACHIHBIH OY3bLTY KaymiH Oaramay omici. KaGaTThl THIpaBIHUKAIBIK Kapy
Ke3iH/e [IEeMEHT CAKMHACBIHBIH OY3bLTy KayTiH )KYHel Tanay YIIiH Kol ASHIeilll TOCiAl KoJIJaHFaH
KOH:

camanblK Oaranay — BIKTUMaJ akKayJapJ/ibl aHbIKTay (TOJIBIK eMec OaiflaHbICc, kKapbIKTap,
KEYEKTLJIIK); TEOJOTHSUTBIK )KOHE TEXHOJIOTHSUIBIK (haKTOpIap bl aHbIKTay [5,9];

CaH/BIK — KEpHEyJAl ecenTey (aHaIUTHKAIBIK JKOHE CAaHJBIK) KOHE LEMEHTTIH OEpiKTIK
cunarraMaiapbiMeH caibicTeipy [1,2,3];

COTCI3/IIK BIKTUMANIBIFBIH Oaranay-napaMmerpiiepAid Oenrici3airid (LeMeHT OepiKTiriHiH
e3repyi, EMEHT CaKMHACHI T€OMETPHICHIHBIH JIOJICI3MIr, KBICBIM MEH TeMIepaTypaHbIH ©3repyi)
€CelKe ally YIIH CTaTUCTUKANBIK dicTepi (Mbicanbl, Monte-Kapio omici) konmany [14,15].

9. Cenimainikti Oaranayaarsl Monte-Kapio omici

Monte-Kapiio  omici  mapamerpiepiiH — ©3TepriliTiriH  €cKepe  OTBIPBIN,  Oy3bUTy
BIKTUMAJIJIBIFBIH OaFayayFa MyMKIHJIIK Oepe/il. Mozenb Ke3/1eicoK aMaiap/IblH TapadyblH €Hr13e/11
(MbIcanbl, OEpIKTIK MEeH CepmiMIUNIK MOIYJIl VIIIH KaJblIThl YJecTipyjep) >KoHe Oipkarap
ecenreynep xyprizuieni (aerre 1000-nan 10000-Fa neiiin Utepanus). Hotnxkecinae kepHeyaepIiH
CTaTUCTUKAIIBIK Tapaltybl KaJbIITAcaIbl )KoHE OEPIKTIKTEH acChIll KETY BIKTUMAJIBIFBI aHBIKTAIaIbI
[15].

by Tocin mapameTprnepi Oenrici3aAiKKe ue KoHe KeH ayKbIMJla ©3TepeTiH HaKThI JKaFaainapaa
LIEMEHT CAKMHACBIHBIH OY3bLTy KayIiH Oaraiayra MyMKIHJIK Oepeni.

HoaTu:kesiep :koHe TAIKbLIAY

1. KabarTsl ruapaBIuKaIbIK XKapy Ke31H 1€ TUEICHICTI KaFJaiIbIH KaJIBITITACybl

Ka0aTThl TUIPABIUKAIBIK JKapy KaOaTThIH MHTEPBAJIBIH/IA )KOHE KOPITYCTa KbICHBIMHBIH KYPT
JKOFapbUIaybIMEH CcHUNATTalaabl. KBICBHIM IIEMEHT CaKWHAChIHA aybIcajbl, OYJI CO3BUIATHIH,
aifHaIIMaJbl KepHeyIepAl Ty AbIpaasl. Tay sKbIHBICTAPBIHBIH T€OMEXaHUKAIBIK 9CepiMEH YilIeCKeH]Ie,
OyJ1 J)KapbIKTap MEH LIEMEHT TacTbIH JKEePriIiKTl Oy3bUTybIHA XKaFaal sxacaisl [1,7,10].

AHaJTUTHKAIBIK MOJENbIEP/IIH HOTHXKENEPl 1MIKI KbICHIM >KOFapblIaFaH CaliblH II€MEHTTET1
CO3BLTY KEpHEYJIEpl paJHallIbl KEPHEYJIepTe KaparaH/ia Te3 OCETIHIH KopceTe . bysr reoMmeTpusiHbIH
epeKIIeTIKTepiHe JKOHE Kol KabaTThl KYPBUIBIMHBIH MEXaHUKAIBIK KacHeTTepiHe OailllaHbBICTHI.
KepHeyniH KpuTHKAIBIK JEHTEHiHE JKETKEHE IIEMEHT CaKWHACHIHBIH OY3bUTy Kaymi Oap, acipece
LIEMEHTTIH KOPITyCIeH *kaHacy aiimarbinaa [1,2].

2. Huknaik xKyKTeMenepaiH acepi

Ken catbutbl KabaTThl THIPABIUKAIBIK XKapy KBICBIM MEH TEeMIepaTypaHbIH KalTalaHaThIH
HUKIAapblHa oKeneni. LIMKIIIK KYKTeMe IeMEHT TachblHAa MHUKPO 3aKbIMAAHYABIH >KUHATYBIHA,
CO3bUTY OCpIKTITiHIH TOMEH/IEYiHE JKOHE CHIHFBIIITHIKTHIH KOFapblIayblHa dKemeni. by nemMeHTTig
"MeXaHUKAJIBIK KaXy'" ocepl peTiHae KopiHemi: Oip PeTTIK KYKTeMe KEe31HJE CO3bUTy OCpIKTITiHEH
TOMEH JKyKTemesep Ooiica 1, OipHerie ukinap Oy3buryra okenyi MymkiH [14,15].
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[uknaik )kKyKTeMesnep LEMEHT - 601aT OailylaHbIChIH J1a HalllapiiaTabl: MUKPOKapbIKTap MEH
OemniHynep maiga 6omanel, Oy KepHEY/IiH KaiTa OeliHyiHe jKOHE KOIli-KOH apHalapbhIHBIH Maiiia
0oJy KaymiHiH )KOFapblIayblHa oKeneni [6,9].

3. Temmepatypa ocepiiepi xkoHE TepMoehopMaIusIap

KabaTTel TUIpaBIMKANBIK JKapy TeMIepaTypachlHbIH ©3repyi, ocipece BICTBIK KYYy
CYMBIKTBIKTApPBhIH IMalJAIAHFAH/IA HEMECE KOFapbl TEMIIEPATYpajbl CYMBIKTBIKTAPAbl aWaraH]a
aifTapiabikTaii 00J1ybl MYMKiH. LleMEHTTIH, KOPILYCTBIH >KOHE Tay >KbIHBICTAPBIHBIH TEPMUSIIBIK KEHEIO
KOX(QPUIMEHTTEPIHIH albIpMaIIbUIBIFBl KOCBIMIIA JKBUTy KepHeyJepiH Tyasipansl. KenoOip
XKarJailapaa Temmneparypa ocepiepl KbIChIMFa KaparaHaa MaHbI3AbIpAaK OO0Jybl MYMKiH, ©HTKEHI
KBLUTY KEpHEYJIepi MEXaHUKAJIBIK TYPJIE KOCBLIa bl )KOHE MUKPOKPEKTEP/IiH JaMybIHA dKETyl MYMKIH
[3,15].

TepMoMexaHUKaJIBIK 9CepIiep CO3bUTY KEpHEYJIepiH KYIEHTE 1 )KoHe KaphIKTApIbIH JaMYybIH
te3nereai. KpichlM MEH TeMriepaTypaHblH OipJeckeH acepl Kypaeni MOAeIbAep i KOIIaHyAbl KaXKeT
€TETIH CHI3BIKTBIK eMec acepiepre akeneni [2,3,8].

4. baitnansic mapTTaphl JKOHE aAre3us

LleMeHTTiH KOPIYCKa KOHE Tay KBIHBICTAPBIHA air€3HUACH IIEMEHT epITiHAICIHIH KypaMbIHa,
LIEMEHTTEY TEXHOJOTHSChIHA >KOHE TEPMHUSIBIK OHJEY JKaFfainapblHa OaillaHbICThl. AAre3us
KETKIUTIKCI3 OOJFaH Ke3[e HMEMEHT CAKMHACHI O3/ITiHEH XYMBIC icTel OacTail/ipl, Oy KepHEYyIiH
KaiiTa OeJIiHyiHE XoHE CO3bUTYy KEPHEYIHIH KOHIIEHTpAIHIChIHA dKene Il [2,6].

Tanmay HOTHOKeNepi oJici3 OailaHbIc aliMakrapbl OOJIFaH Ke3Je IEMEHT CaKHWHACHIHBIH
Oy3bUTy KayIli aiTapiblKTail apTaTbiHBIH KepceTeai. CaHIbIK MOJIENbAEpAe KOHTAKT KATThUIBIK MEH
yiikenic ko UIMEHTIHIH apaMeTpiiepiMeH MOICTbACHE/II, ajaii1a HaKThl OalTaHbIC OeTi OipKeIKi
00Maybl MYMKiH, OYJ1 HOTHIKEJIEPAiH OeNrici3airiH apTTeipaas! [2,6,9].

5. Tacinmepai caabICTBIPY

AHaJIUTHKANBIK MOJENbJIEp camanbl Oara JKOHE HETi3T1 TOYeNAUTIKTepAl Te3 aHBIKTayFa
MYMKIHIIK Oepeni. CaHABIK MOJENbIEp erKel-Tereiliepal KaMTaMachl3 eTefl KoHe Kypaenl
KaFaalaapabl eckepei, 6ipaKk HaKThl AEPEKTep MEH BaIMJAMSIHbI KOKET eTeldl. DKCIePUMEHTTIK
3epTTeysiep HAKTHI JAepeKTep Oepenl, Oipak 3epTXaHaJbIK JKaFJaliIapMeH KoHE ChIHAK ayKbIMBIMEH
mekreneni [1,2,3,8].

bipikripinaren tocun (ananutuka + MKD + skcniepuMeHT) KabaTThl MHAPABIMKAIBIK JKapy-1a
LIEMEHT CaKWHACBIHBIH TYTACTBIFbIH OOJDKay YILIIH €H NepCHeKTHBaIbl 00JbIN Tabbutasl. by Tocin
1eHOepiH/ie aHaTUTUKAJIBIK MOJIEbAEp AJIIbIH — ajia Oaranay YIUiH, CaHJIbIK MOJIETIbACP erKel —
TerKeil Tanjgay YIIiH, al 3KCIEPUMEHTTIK MAIIMETTep MOJeNb MapaMeTpiiepiH TEeKCepy *KoHe
HaKThIJIAy YIIiH KoJjaaneuians [1,2,3].

6. LleMeHT caknHACBhIHBIH OY3blTy KpUTEpHiiiepi

[{emeHT TachIHBIH OY3bUTYBIH Oarajay YIUiH opTypili KpUTepUiliep Ko JaHbLIa Ibl:

MaKCHUMaJI/Ibl HETi3r1 KepHey KpUTEepHUili-Heri3ri KepHEeyiH KPUTHKAJIBbIK MOHIHE JKETKEeHJIe
OY3BUTY OPBIH aJIaJIbI,

Muzec KpuTepuili-Kypaeni IIHUEJCHICTI JKaFJaiiibl  ecKepelli JKOHE  IUIACTHUKAJBIK
nepopMmanuscel 6ap MaTepuanaap YUIiH THIMIL

3akpIMIaHy Kputepuili (damage model) — Oy3bUly IMKIIIK OJKYKTEME Ke3iHJe
3aKbIMIaHYIbIH )KHHAKTATYbl apKbUIBI MoenbaeHe Al [2,9,15].

KI'K sxarnaiiblHaa cblHy KpuUTepHilli keOiHece co3buly OEpiKTITiHEH achlll Tycell, OWTKeH1
LIEMEHT TAChIHBIH CO3BLITY OEpIKTIr1 CalbICTHIPMAJIbI TYPJle TOMEH XoHE ChIHyFa Oeifim [1,3,10,7].
Co3bl1y KepHEeyJIepiH MaTeMaTHKAaIIbIK Oaranay

Kepueynepi cannbik Oaranay yIiH Ker KadaTThl IIWJIMHIP MOJIEIIH KoJIJanyFa 0omaabl. [mki
KBICBIM Ke3iH€ (p) LIEMEHT - KOpPIYC IIeKapachlHa LIEMEHTTEr1 KepHeyep aMaMeH KopCceTiie/i:

O-T(T) = sz:f;zlz (1 - R_(Z)) (1)

r2
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P-R? R}
o = (1+3) @

myHza ( R1) — 1ieMeHT cakiHaChIHBIH 11K paguychl, ( Ro ) — ceipTKeI paguyc [1,7].

@dopMmynaHbl Tangaybl KOpCETKEHIEH, alHaiMmallbl KepHeyilep  1Ki OeTke KaKblH
MaKCUMYMFa xKeTe/li, OyJ1 Oy3bUTyIbIH CUIIATBIH TYCIHIIPEIi — KapbIKTap 9JETTE KOPITYC KaFbIHAH
Oactanansi [1,7].

8. JInHaMUKaIbIK (paKkTOpIapAbIH el (yakKbITIIa dcepIiep)

KIK-Oyn KbICKa yakpIT iMIIHAE KbICBIM KYPT apTybl MYMKIH JMHAMUKAJIBIK IPOLECC.
JIMHaMUKaIbIK PEeXUMJIE MaHbI3IbI: KbICBIMHBIH JKOFapblIay JKbUITAMJIBIFI, KHICBIMHBIH CaKTaTy
YaKbIThI )KOHE IIUKJIIAP/IbIH KaiiTanmanysl (ken catbuibl) [11,12].

KBbICBIMHBIH Te3 ©CyiMeH LEMEHT TAaChIHbIH KEepHEy/i KaiTa Oeiyre yakpIThl OOIMaybl
MYMKiH, OyJ1 )KepriTiKTi KOHIIEHTpanusara okeneni. by acipece ken catbuibl KIOK xarmaiiplHga oTe
MaHBI3/Ibl, MYHJIa 9p Ke3€H IEMEHTTI KaiiTa xykreimi [11,12].

9. KeyekTiiik neH MUKPOKAPBIKIIAKTHIKTBIH dcepi

[leMEeHT TacBHIHBIH KEYEKTLIIrl >KOHE MHKPOKPEKTEpHAiH OONybl OEpiKTiKTI aWTapibIKTai
TOMEHJIETE/l KOHE CO3bUIY KEpHEYJepiHEe Ce3TiIUTIKThI apTThIpazbl. MHUKPOKPEKTEP TEPMUSIIBIK
OHJICY KE3CHIHJEe HEeMece TeMIlepaTypara YIIbIparaH Ke3ae maiiga Ooiysl MyMmkiH. KaOGaTTer
THIPABIMKANBIK JKapy Ke3iHJe MUKPOKapbIKTap KEeHEWiN, MakpoxapbIKTapra OipikTipineni, Oy
[EMEHT CAaKMHACHIHBIH TYTACTBIFBIH KOFAITYFa dKeJe .

10. LlemeHT cakuHAachl aKayJIapbIHbIH KEPHEY/IIH TapalyblHa ocepi

Hakrbl skaFmaiiia IIEMEHT CaKMHACHl CHpeK MiHci3 Oomanel. EH kui Ke3JeceTiH akaynap:
LIEMEHTTIH KOPITYCIIEeH TOJIBIK XKaHacIaybl, IEMEHTTIH KbIHBICIIEH TOJIBIK JKaHACIAYbl, )KapbIKTap MEH
00C OpBIHIAPIBIH 00Ty, IEMEHT CAKMHACKIHBIH OipKemKi eMec KanbIHabFs! [11,12].

Oplbip akay KepHEyAlH TapalyblH e3reprTeii. MpbIcaybl, €pKiH *aHacy Ke3iHIE LEeMEHT
CaKWHAaChl KYKTeMEHIH Oip OesiriH KaObLgaMalpl *oHE KEpHEeyJep jKaHacylaH Y3UIICKe eTy
OpBIHAAPBIHAA HIOFbIpIaHazbl. byl co3bUly KepHEyJepiHiH >KepriliKTi >KOFapbulayblHa OKeJenl,
KapbIKTapIbIH ce6ed1 6obin Tadbimaas! [11,12].

11. KabGaTThl ruapaBiIMKablK Kapy Ke3iHIET! KbICBIMHBIH >KOFapblIay KbLJIIaM/IbIFbIHBIH
pedi

KabatTel ruipaBiyKaibIK kapy OpoLeciHAe KbICBIMHBIH KOFapblilay KbL11aM/IbIFbl MAHbI3/1bI
napameTp 0ok TaObuIabl. KBICEHIMHBIH T€3 ©CyIMEH LIEMEHT TacChIHBIH KEepHEyl Kaita Oeiyre
YaKBIThI KOK, OYJ1 ®KepriulikTi Oy3bly BIKTUMAIABIFBIH apTThIpaibl. COHBIMEH KaTap, KbICHIMHBIH T3
ecyl KOChIMIIIA )KYKTEME 9KEJIETIH T'MIPOIMHAMUKAIBIK COKKbUIAPFA SKENyl MYMKIH.

Mogenpaepae exi pexuM/Ii KapacTbIPFaH K6H: KbICBIMHBIH O1pTIHAET KOFapbuIaybl (0y3bLTy
KayTli a3) )KOHE KYPT ocy (YJIKEH TOyeKeln).

12. Temnepartypa rpaiueHTiHiH acepi

KabarTel THapaBiIMKalbIK Kapy-Jarbl KBUIY dcepiiepi aiJanaThlH CYHBIKTHIK IeH KabaT
apachIHAaFbl TEMIIEpaTypa ailblpMaIIbUIbIFbIHA OaliIaHbICThI Makaa Oonaapl. L{eMeHT cakuHaChIHBIH
1II1H/Ie MEXaHUKAJIBIK TEPMUSUIBIK KepHeyJiep naiaa 6omnansl. Erep 1eMeHTTIH TepMUSIIBIK KEHEHO
K03 puIMeHTI 60IaT NeH Tay >KbIHBICTapbIHAH ©3rele 0osca, OyJ1 KOChIMIIA CO3bUTy HEMece KbICY
KepHeyJepine okenesi. Kem caTbiibl KadaTThl THAPABIMKAIBIK JKapy JKaFJaibIHIa TEMITIEPaTypaHbIH
aybITKYBI KaliTaJlaHa/1bl, OYJ1 MEXaHUKAJIBIK KaXy Oy3blTy KayIiH apTThIPaJIbl.

13. IleMeHT TypJepiH CaNBICTHIPY KOHE OJIap IbIH TYPAKTBUIBIKKA dcepi

LlemenTTiH opTYpai Typiiepi (monuMmepiepMeH MoOIUGUKAIMIAHFAH — KJIACCUKAJIBIK
MOPTIaHLEMEHTTEp, TJIMHO3eM JKoHE T.0.) CepHIMAUIIK MOAYIIMEH, OEpIKTIrIMEH 3>KJHe
MKEeMAUTIriMeH epekiieneHeni. Kasipri kabaTTsl ruapaBIMKaIbIK Kapy KardalbHIA CePIIMILTIK
MOMYJIl TOMEH KOHE MKEeMIIUIITT KOFaphl KOMIO3HUIUSIAD APTHIKIIBUIBIK ajlajibl, Kapbuly KayIriH
azaiitanpl. COHBIMEH KaTap, MyH/1aii KOMIIO3HIIUSIIAP KbICY OEPIKTITi MEH XUMHUSUTBIK TYPaKTHUTBIFBIH
CaKTaybl KEpeK.
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Kecre 1. KaGaTTel ruapaBiIMKaiblK >Kapy Ke3iHAETT IIEMEHT CaKWHACBIHBIH KEpHEYIIl
nedopMaIusUIaHFaH KYHiHE )KOHE 0JIapFa ocep eTeTiH (akTopiap

KBICBIM, TEMIIEPATypa

Ne daxkropJiap Hakrs! pakTop Jcep eTy MexaHu3Mbl | llemeHT cakMHachl yIIiH
TOOBI HOTHIKE
1 T'eomexanukanbik | Tay *KbIHBICBIHBIH IlemenTke aitHamMansl | JKykremenepmiH
KepHeyJi KyHni YKOHE paihaibl JKOFapbLIaysl / TOMEHAEY1,
KepHEYJep/iH e3repyl | IeMeHTTIH Ae(opMaIusichl
MYMKiH
2 I'eomexanukanblk | Tay KBIHBICHIHBIH KaTTpuibIKTEIH KepHey KOHIIGHTpaHSACHL,
JKapBIKIIAKTHIFBI TOMEH/ICYiHiH >KoHE JKEPruTiKTi OY3bUTy Kayi
JKYKTEMEHIH OipKemKi
OeiHOeyiHIH
KEPriTiKTi alMaKTapbl
3 Texnonorusuiplk | KaObipramapasl Bypreinay LlemeHTTIH
TazapTy camnachl epITIHIICIHIH, OAMIBIK | KBIHBICTICH/KaNiTaMaMeH
KBIPTBICBIHBIH 00ybl | epKiH OaiilaHbIChI
4 TeXHOTOTUSIBIK Lement eprinaiciniy | CeprimMaiTiK MOIYJII, JKapbIkiakka Te3IMAUTIK
KYpambl WKEeM/IUTIK, KeYEKTIIIK | TIeH Mery/iH e3repyi
5 TeXHOTOTUSIIBIK Llementrey pexxuMbl | AWnay *KbUITAMABIFEI, | AKaynap/blH maiina 60Iysl,

[IEMEHT CaKWHACHIHBIH
OipTeKci3ir

Kapy Ke3iHzeri
IUKJIIK )KYKTEMeTIep

6 [Nalinanany Ko caTbuisl Kaiitananateia 3aKbIMAAHYIbIH KUHATYHI,
KabarTst KYKTEY/TYCIpy [EMEHTTIH IIapIiaybl
TUAPABITUKAIIBIK LUKJIIAPHI

7 [Natimanany TemmnepaTypaibik Kbty keHeroiHiH TepMusIbIK KEpHEY,
TepOericrep alBIPMAaIIbUTBIFBI MHUKPOKPEKTEP/IiH ocyi
8 Marepuanbl LlemeHT agre3uscel baiinansic canacel Kepneyni katita 6emy,
LIEMEHT-00JIaT XKoHe JKEPTUTIKTI MOFBIPIIaHy
LEMEHT-)KBIHBIC aliMaKTapebl
9 Martepuanst LlemeHT keyekTiniri | MUKpO xoHe BepikTiKkTiH TOMEH Y],
MaKpOKeYeKTepliH CO3BLTY CE3TIIITITIHIH
00I1yBI JKOFapbLIaybl
10 | Marepuanab IleMeHTTIH 1116TY1 TepMuUsIIbIK OHIEY JKapbIkTapapiH naiiga
Ke31HJIer1 11Kl 00J1ybI, OaiIaHBICTHIH
KepHeyJiep Halapiaysl
KopbITbIHABI
KabaTTel  ruUapaBIUKanmbIK  JKapy  Ke3iHJAeri  IEeMEHT  CaKUHACHIHBIH  KEpHEYi-

nedopmarusiIaHFaH  KyWl CO3BUTy IMEHOEPIHIH KepHEYJEpiHIH, IUKIIIK >KYKTeMeIep/iH,
TEMIEpaTypajbIK dceplepAiH KoHe OalIaHbIC JKaFAalIapbIHbIH YilJieciMiMeH aHbIKTanans [1,2,17].

IlemMeHT TacThl Oy3yIBbIH HETI3T1 MEXaHW3Mi — IUKIIIK KYKTEME Ke31HJIe 3aKbIMIaHYyIbIH
KMHAKTAJTybIMEH KYLIEHTIJIreH co3blTy OepiKTiriHiH aptysl [3,6,15].

AHaAMTUKAIBIK MOJENbIEP alAblH — ajia Oarajay YIIH MaHBI3IbI, CAHIBIK MOJEIBACD
erxei — TerKeli Tanaay yIliH, ajl SKCIIEPUMEHTTIK 3epTTeyJiep BaauIaus YIIiH MaHbI3b! [2,6,9].

1. KabarTel ruapaBiIMKaibIK Kapy Ke3iHAErT MaKCHUMaJbl CO3bULY KEpHEyJepi LIEMEHT
CaKWHACBIHBIH 1MIKiI O€TiHEe >KaKbIH >KepJie maiiga Oonaipl, Oy MaTepHalgapIblH KaTThUTBIFBIHBIH
alBIPMAIBUTBIFBIHA KOHE JU3aliH TeOMEeTpUsIChIHA OaitmanbIcThI [1,2,7].

2. Hukamik KYKTeMelnep MEH TEePMOMEXaHUKAJBIK ocepiep LEMEHT TAChIHBIH OY3bLTY
KAayIliH apTThIpajbl, OHTKEHI oJap MHKPO 3aKbIMAAHYIbIH >KMHATybIHA >OHE ILIeMEHT—Oojar
a/re3usICHIHBIH HalllapiayblHa bIKnaiu ereni [3,6,16].
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3. lleMeHTTIH KamTaMaMEH J>KOHE Tay  JKBIHBICTAPBIMEH JKaHACy camachl KaOaTThl
THJIPABIMKAIBIK Kapy Ke3iHIe KEepHEYHiH Tapalybl MEH I[EMEHT CAKWHACHIHBIH TYPAaKTHUIBIFBIH
AHBIKTAUTBHIH HET13T1 akTop O0bI TadbuIa s [2,6,9].

4. bipikripinren Ttocin (amamutuka + MKD + SKCIepuMEHT) IEMEHT CaKWHACBHIHBIH
TYTACTBIFBIH OOJIKay 12 €H THIM/I1 O0JIbIN TaObLIaAbl, ©UTKEHI OJ1 KYPCII IIapTTap MEH BaJIUIAISTHBI
eckepyre MyMmKinmik 6epeni [1,2,3].

5. KabarTel ruapaBIUKaibIK Kapy Ke31H/AE IIEMEHT CAaKWHACHIHBIH CEHIMILIITIH apTThIpy
VIIH JWHAMUKAIBIK, TEMIIEPATypalblK >KOHE MaTepHAIIBIK (aKkTopiapisl eCKepy, COHaaii-ak
LIEMEHTTEY camachl MEH OalJIaHbIC JKaFAaiIapeid O0akpuiay Kaxer [5,10,14,16].

[TpakTUKaIbIK MaHBI3ABUIBIFEI IIEMEHTTEYIl jkobanay >kKoHE KabaTThl THIPABIMKAIBIK
YKapybl )KOCIapiay, MaTepualiaap MEH PSKUMACP/Il TaHAay KE31H]1€ JKaTbUIaHFaH TY KBIPBIMIAPIbI
KOJIJIaHy MYMKIHITIHAC.

[lemMeHT cakWHACBIHBIH OY3bUTY KayIliH a3aiiTy YIIiH MKeMJILTIrT MEeH >KapbhlKKa TO31IMILTIr
JKOFapbl IIEMEHT KOCBUIBICTAPBIH KOJIJAaHy, COHJal-aK IIEMEHTTIH KalTaMaMEH JXOHE >KBIHBICIICH
canasbl OailIaHbICBIH KAMTAMacChl3 €Ty YChIHBLIAIBI.

KIK skobamay Ke3iHAe MHMKIIIK JKYKTEMEHI €CKepy JKOHE KOCBIMINA Kayilci3ik
KO3 (ULIMEHTTepIH €HTi3y, COHJai-aKk KbICBIM MEH TeMmIlepaTypa peXHMJIEpiH OHTalIaHABIPY
KaXer.

Opi Kapalfrbl 3epTTeylepiH MEepCHeKTUBAIBIK OarbITTaphbl: KbICHIMHBIH, TeMIIEpaTypaHbIH
KOHE XMMHUSUIBIK (DaKTOpIapAbIH OipJeCKeH JCepiH eCKEpeTiH HHTerpalysulaHFaH MOAEIbAEpi
a3ipIiey; xKapbIKKa TO3IMALIITT )KOFaphl IIEMEHT KYPaMAAPbIH KYPY; IEMEHT CAKUHACBIHBIH JKali-KYHiH
KeJleN Talaay YUIH DUGPIBIK KypaiaapIsl eHrisy.
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I'MIAPOPA3PBIBE IIVIACTA
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AHHoTanus. B cTtaThe npeacTaBieH cucTeMaTH3UPOBAHHBIN 0030p COBPEMEHHBIX TOIX00B
K OLIEHKE HampspKEHHO-Ie()OPMUPOBAHHOTO COCTOSHUS ILIEMEHTHOTO KOJIbla TMPH MPOBEIACHHUH
ruapopaspsiBa 1iacta (['uapaBnuyeckuit pa3pbiB miacta). PaccMoTpeHbl aHaTUTUYECKUE MOACIN
MHOTOCJIONHOW IWIMHIPHYECKONH CHUCTEMBI «00caaHas KOJIOHHA—IIEMEHT—IIOPO/Ia», YUCIICHHBIC
pacy€Tsl METOJIOM KOHEUHBIX JJIEMEHTOB, a TakKKe OSKCIEPUMEHTAJIbHbIE HCCIEI0BAHUS
MEXaHUYECKUX CBOWMCTB LEMEHTHOTO KaMHsA, BKJIIOYas €ro MpOYHOCTh HA PACTSIKEHUE, MOIYJIb
YOPYTOCTH U UyBCTBUTEILHOCTD K TEMIIEpATYPHBIM BO3JCHCTBUSIM. BhIieneHb! KiroueBbie PaKTOpHI,
BJIMSIIOIIKME HA YCTOMYMBOCTH LIEMEHTHOI'O KOJbLA: PEKUMBI THAPABIMYECKOrO pa3pblBa IJIACTa,
LUKINYECKOe Harpy>KeHue, TeMIepaTypHble KojeOaHus, KauecTBO aJre3uu IeMEeHTa K 00caJaHOMN
KOJIOHHE U TIOpOJIe, a TaKXKe HAIM4Iue AePEeKTOB (HEIOIHBINH KOHTAKT, TOPHUCTOCTh, MUKPOTPEIIUHBI
u nyctothl). [lokazaHo, 4TO MpHU POCTe BHYTPEHHErO JABJIECHUS MAKCUMAJbHbIE PACTATHUBAOIINE
OKPY’XHbIE HAINpSHKEHUST BO3HMKAIOT Yy BHYTPEHHEH IMOBEPXHOCTH LEMEHTHOTO KOJIbIA, YTO
MOBBIIIAET BEPOSITHOCTh TPEIIMHOOOpA30BaHUS M 00pa30BaHUs KaHAJIOB MUTPALIUU.

B paboTte nomu€pkuBaeTcsi, 4TO MOBTOPHBIE ITUKJIIBI IaBJIICHUS M TEMIIEPATYPHBIX U3MEHEHUHN
CHOCOOCTBYIOT HAKOIUIGHHIO MHUKPOTIOBPEXKICHUHN, CHIDKEHHUIO TPOYHOCTH HA paCTsDKEHHE U
YCKOPEHUIO JErpajallii CTPYKTYpbl LEMEHTa, YTO KPUTHYECKH BAXHO [JII MHOTOCTaAUHHOIO
TUAPABIMYECKOr0 paspeiBa iacra. [IpennokeH KOMILIEKCHBIN MOAXO0/ K OLIEHKE PUCKA pa3pyLIECHUs
IIEMEHTHOTO KOJIbIIA, OOBEAMHSIONIUN aHATUTUYECKUE, YHCIICHHBIE W CTATUCTUYECKHE METO/IbI,
BKJIIOYAsl aHAIN3 YYBCTBUTEIHLHOCTU U BEPOSITHOCTHYIO OLICHKY. [loydeHHbIe BBIBOABI MOTYT OBITh
WCIIOIB30BaHbl TIPU TPOCKTUPOBAHUHM IIEMEHTUPOBAHUA, BBIOOPE IIEMEHTHBIX COCTaBOB W
IUIAHUPOBAHUU PEKUMOB THAPABINYECKOTO pa3phiBa IU1ACTa IS MIOBBILICHUS HAAEKHOCTU CKBAKUH
Y MPEIOTBPAILIEHHS] MEKIIJIACTOBBIX MEPETOKOB.

KuroueBble ciioBa: TruapaBIdyecKUil pa3pbIB IJIAaCTa; LHEMEHTHOE KOJbI0; HANpPSHKEHHO
neopMHUPOBaHHOE COCTOstHME; MHoroctyneH4areiii  ['PII; MeTrom KOHEYHBIX DIIEMEHTOB;
[UKINYECKUE Harpy3KH; TepMoMexaHndeckue 3(h(HeKTol; aare3us eMeHTa.
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IMODERN APPROACHES TO ASSESSING THE STRESS-STRAIN STATE OF A
CEMENT RING DURING HYDRAULIC FRACTURING
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Tazhibaev D.K.?
"University Yessenov, Aktau, Kazakhstan
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Abstract. The article presents a systematized review of modern approaches to assessing the
stress-strain state of the cement ring during hydraulic fracturing (HF). It considers analytical models
of the multi-layer cylindrical system "casing-cement-rock", numerical calculations using the finite
element method, and experimental studies of the mechanical properties of the cement stone, including
its tensile strength, modulus of elasticity, and sensitivity to temperature effects. The key factors
affecting the stability of the cement layer have been identified: hydraulic fracturing modes, cyclic
loading, temperature fluctuations, the quality of cement adhesion to the casing and rock, and the
presence of defects (incomplete contact, porosity, microcracks, and voids). It has been shown that as
the internal pressure increases, the maximum tensile circumferential stresses occur at the inner surface
of the cement ring, which increases the likelihood of cracking and the formation of migration
channels.The paper emphasizes that repeated cycles of pressure and temperature changes contribute
to the accumulation of microdamage, a decrease in tensile strength, and an acceleration of cement
structure degradation, which 1is critical for multi-stage hydraulic fracturing. A comprehensive
approach to assessing the risk of cement ring failure is proposed, combining analytical, numerical,
and statistical methods, including sensitivity analysis and probabilistic assessment. The findings can
be used in cementing design, cement composition selection, and hydraulic fracturing regime planning
to enhance well reliability and prevent inter-formation flow.

Keywords: hydraulic fracturing; cement ring; stress-strain state; multi-stage hydraulic
fracturing; finite element method; cyclic loads; thermomechanical effects; cement adhesion.
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