Ay0akupoBa bakbITKyJ bokaeBHaAHBIH «OHepPKICINTIK FUMApATTApP MEH
HMapaTTap/a Y3aK YaKbIT 00MbI NAIATAHBLIATHIH MOHUTOPUHT JKYHeci
uu@pJai TEXHOJOT U HeTi3iHae jKacay» IMCCePTANUSIIBIK dKYMbICHI

6D072900 — «Kypbuibic» MamMaHAbIFbI OoibIHIIIA PhD 10KTOpEI FHUTBIMU
TIOPEXKECIH alTyFa YCHIHBLIFaH.

3epTTey ©3CKTLIIr: 3aMaHayd aKMapaTThIK TEXHOJOTHSHBI  KOJIaHY
TUIMIUIITIH FUMaparTap MEH MMapaTTapibl koOamay, TYPFbI3Y KoHE MahgaiaHy
YPIICIHIIE 9JIEMAIK KYPBUIBIC TOKIPUOEC] epTe/ie AoNIeIIeTeH.

Kazipri 3amanaym omemje FumaparTap MEH HMapaTTapAblH TEXHUKAJBIK
KYHiHE MOHMTOPUHITIH CaHABIK >KyHelepl *KEeTKUTKTI cypaHbicKa ue. Keteprim
KOHCTPYKIUSUIAPBIHBIH, ~ OYy3bUTyFa  PEaKNMSCBIH  YaKTBUIBI  aHBIKTAy  JKOHE
3aKbIMJIAHYJBIH ~ €pT€ JIMarHOCTUKAChl FUMapaTTap MEH UuMaparTapiblH
TYPaKTHUIBIFbIHA OAMIAHBICTHI MACEIIETIEPIH YaKThUIbI IIEITY1He MYMKIHAIK Oepe/i.

Kazipri ke3ne canablK 3USATKEPIIK KYHETlK Oakbuiay >KOFApFbl ©3€KTLIIT1
OOWBbIHIIA ajja, OWTKeHI HaKThl YyaKbhIT TOPTIOIHIAE OPTYpil  KYPBUIBIC
KOHCTPYKUUSUIAPBIHBIH ~ TEXHUKAJIBIK KYHIH >KOFaphl JIQNJIKIEH OaKbuiayFra
KaOLIeTTi.

¥3aK yakbIT TMaijagaHy NpPOLECIHAE KYpPbUIbIC KOHCTPYKIUSIAPHIHBIH
KEHETTEH KYJIAybIHbIH Macelieci OyYpblHHaH O€Nrull KOHE TOJBIK KeJeMJe
HICIIJIMETeH, ajaiia apTypill eNAepAlH 3epTTEYLIUIepl OHbI IIENly YIIIH >KYMBIC
icreyne. byn altapiapikTail MaHBI3ABI MIHAET JAen auTyra Oonaabl, OWTKEH1
KYPBUIBIC KOHCTPYKIMSJIAPBIHBIH TEXHUKAJIBIK JKal-KYHIH MUarHOCTHKAajgay MCEH
OakpUIaybIH J>KaHAa KypajjapblH o3ipiey KaxkeT erenl. byn perre Oakpuiay
YKYHECIHIH KOFaphl TEXHUKAJIBIK-IKOHOMUKAJIBIK KOPCETKIIITEP1, COHJal-aK OHBIH
CaJBICTHIPMAJIBI  KapanaWbIMABUIBIFEI  KoHEe  Ka3akCTaHHBIH  KJIMMATTBHIK
JKaraaiaapeiHa OeHIMIUIIT KaMTaMachl3 Tyl THIC.

Kazipri yakpITTa CaHIBIK TEXHOJOTHSA HETI3IHAE FUMaparTap MeEH
UMapaTTapAblH TEXHHUKAJBIK KYHIHIH KYPBUIBIMIBIK JJIEMEHTTEpPIHE CEeHIMII
MOHUTOPHUHT 9JIiCi KaxkeT. FumaparTap MEH uMapartapabl THIMII KoHE Kayirci3
naijanaHyra KaTbICThl CAHJBIK TEXHOJOTHSUIApAbl €HTI3y Kas3ipri 3aMaH ypaici
OoiipIHINIa OIpHEIIe MaHBI3ABI MOCENICHI IIeIyre MYMKIHIIK Oepemi. ¥3ak
Mep3iMJI€ KOJJAHBUIFaH KYPBUIBIC KEHETTEH Kyjaybl - Oy macene Oapimisre
MojTiM. COHZIBIKTaH OHBI IICITY YIIiH KYPBUIBIC KOHCTPYKIUSACHIHBIH JKaFJalbIHBIH
JIMAarHOCTUKACHI dKACaWThIH KYpaJJAapMeH MEH 9/icTepiH d3ipiey kepek. CoHbIMEH
kKarap, 4.0 Mnaayctpusina KOWbUIFaH MiHAETTEpre cail OomKaMIbl TEXHOJIOTHS
CaHBIK >KOHE DHEPTHUSIIbIK TUIM1 0OTybl THIC. Byl KypbUIbICTAa TMATHOCTUKA MEH
MOHUTOPUHTITIH JKaHAa KypalJapblH >XaCaWThIH FajbIMIap MEH o3ipieymrijaepre
alTapJIbIKTAN ChIH.

OHEPKACINTIK FUMapaTTap/bIH MaiIaJaHydarbl KYPBUIBICTAPABIH KEMIIK
oepinreH CEHIMIUTIITIH KaMTaMachI3 eTy MaKcaTbIHIa KOTEpIiI
KOHCTPYKIUSUIAPBIHBIH ~ KepHEYTi-nepopMalusiaHFal  JKal-KyWiH  aBTOMATThI
TOpTiIOIHE, aKMapaTThIK MOJIEN HEeTi31Hae OaKplIayFa MYMKIHIIK OepeTiH KyieHi
KYpY MIHAETTEpIH MIENTyre *aHa FhUIBIMU TOCIT KakeT. byi capamimibira akaysiap



MEH 3aKbIMaHYJIap/IbIH CUIAThl MEH ©CYI1H aHBIKTAyFa, aBapUsUIbIK JKaFAaiaap/IbIH
aNJbIH  ajly YIIIH CAKTaHJbIPYy >KOHE OTeMaKbl CHUIATBIHJAFBl Iapasiapibl
KaObLIIayFa MYMKIHIIK Oepei.

Hudprablk TexHONOTUANAP JJYIPIHAE MOHOJUTTI OCTOH >KOHE TEeMipOETOH
KOHCTPYKUHUSUIAPBIHJIAFBl KAPBIKIIAIAPABIH ©Cyl TYPFBICHIHAH FUMaparTap MeEH
UMapaTTapAblH TEXHUKAJIBIK KYHiH OakpUlayFa MYMKIHIIK O€peTiH opTypil
AIIEKTPOHBIK MOHHUTOPUHI KyHenepi Jambliabl. byn Mocene alTapibIKTai
MaHBI3Bl JKOHE OPTYpJl JKaFdailnapnaa, ocipece FUMapaTThl MalgalaHyIblH
TEXHOJIOTUSJIBIK TIpoliecTepi Oy3pUTFaH Ke3[e TyblHAaiabl. THiCiHIe, FUMapaTThl
naiijanany = TMpOIECiHAe KOTEprill  KOHCTPYKUMSJIAPbIHBIH  KEpHEeYIIi-
nedopMaUsUIaHFaH  KYHiH aBTOMAaTThl TOPTIOIHAE epTe AMAarHOCTHUKAJIAyIbIH
TUIMJI KYpaJIapblH JaMbITy aca ©3€KTi OONIbIT TaObLIa b

JluccepranMsiHbIH, ~ MaKCaTbl OHJIPICTIK FUMApaTTapAblH  KOTEpPTill
KOHCTPYKIUSCBHIHBIH KepHEY/i-IedopMalldsiiaiFaH KYWIH >KOHE KbI3MET aTKapy
MEp3IMiHIH KaJFaH YakKbIThIH Oaranay oJICTEMECIH d3IpJiey JKOHE FhUIBIMU
Heri3eyae JACpeKTepal aly MeH OHJACYIIH Ka3ipri 3aMaHFbl aK[mapaTThIK
TEXHOJIOTUSTIAPbIH Naijanany OoJbIN TaObUTA IbI.

JluccepTanMsiHbIH KOPCETLITeH MAKCATBIH JKy3ere achbIpy YIIiH KeJjeci
MiHeTTep KOMbLIIBI:

1. Kypbulblc KOHCTPYKLIMSUIAPBIHBIH TEXHUKAJBIK >KarJalbiH Oaranayna
aKMaparThIK TEXHOJIOTHUIAPAbI KOJaHAHYFA TaJAaMalibl 3epTTEY JKYPTi3y.

2. OHIIPICTIK FUMapaT KOHCTPYKUMSUIAPBIHBIH KbI3MET jKacay MEp3IMIHIH
KaJABIKTBl YaKbITBI MEH TEXHHKAJIBIK JKaFAalibiH Oaranaygarbl akKmapaTrThIK
MOJIEJIJICy TEXHOJIOTUSCHIHBIH FHUIBIMU-9/IICTEMENIK HET13[IEMECIH d31pIIey.

3. KypbUIbIC KOHCTPYKUUSCBHIHBIH KEpHEYMi-IepopManus xKaraabiH Oaraiay
o/IiCTeMECiH aKMapaTThIK MOJEN/IEY TEXHOIOTUSCHIH KOJIaHy apKbUIBI 93ipIey.

4. TemipOeTOH KOHCTPYKIMSUIAPBIHBIH KepHEYIi-nedopMalis KarIaaibiH
MOHUTOPHUHT >KacayFa dKCIIEPUMEHTTIK 3epTTEY KYPri3yle CaHIbIK TE€XHOJIOTHSIHBI
naijanany.

5. TypfFbI3bUTFaH KOHCTPYKIUSIIAP MBICATBIHAA MOHHTOPHHI 9/IICTEMECIH
1CKE achIpy.

6. TemipOETOH KOHCTPYKIUSIAPBIHBIH TEXHUKAJIBIK KaFIalblH MOHUTOPUHT
’Kacall ajaThlH anmaparThiK-OargapiamManblK Oakpllay TOCUNHIH OJIICTEMECIH
a3ipIey.

3eprTey  HbICaHbI: OHEPKOCINTIK  FUMapaTTaplblH  TeMipOETOHIbI
KOHCTPYKIMSIAPhl, MOHUTOPHHT Kypainapbl MEH oficTepi, KBa3U-TapaThUIFaH
TaJIIIBIKTBI-ONTUKAJIBIK JaTIYUKTED,

3epTTey  HBICAHACHI  OHEPKACINTIK  FUMApArTapAblH  TeMipOETOH
KOHCTPYKIMSUIAPBIHBIH TEXHUKAJBIK JKarlailblH Oakpliay[a KBa3u-TapaThlIFaH
TaJIBIKTHI-ONTUKATBIK JaTYUKTEPAl KOJAaHy HETI31HAE€ aBTOMATTAaHJIbIPBUIFaH
MOHUTOPHUHT JKYHECIMEH KYPY OOJBIT TaOBLIAIbI.

3eprreyniH JgicTeMesiK KOHE TEOPUSIBIK Heri3AepiH WHXCHEPIIK
13[ICHICTEep, KYPBUIBIC KOHCTPYKIUSUIAPBIH 3€pTTEy, T€OAC3USIIBIK OJIIIeyep,
KYPBUIBIC MOHUTOPHUHT1 CallaChIHAAFbl TOXipuOen wmxenepnik keizmer, KP KH
coiikec FUMapaTTap MEH HuMapaTrTapbl jxo0ajay KOHE €cCeNTey MpolecTepiH



aBTOMATTaHABIPY, KYPBUIBICTAP KYMBICHIH MAaTEMAaTUKAJBIK KOHE KOMIIBIOTEPIIK
MOJIETIBICY CalachlHJAFbl OTAHIBIK MOHE IIETENAIK FaJIbIMIAPIbIH >KYMBICTapbl
KYpau/ibl.

ZKYMBICTBIH FBIJIBIMU KAHAJIBIFBI:

- OHJIPICTIK FUMAPATThIH KBI3MET jkKacay MEpP3IMiHIH KaJJBIKThl YaKbIThI
MEH TEXHUKAJIbIK >KaFfailblH OaranayJgarbl  aKMapaTThIK  TEXHOJOTHUSIIBIK
MOJIEIICY1H KOJIIAHY/IbIH FRIIBIMU KOHE 9J[ICTEMEIIK HeT13/IeMeC] Kacasbl.

- TeMIpOETOH KYPBUIBIC KOHCTPYKIMSUTAPBIHBIH TEXHUKAJIBIK >KaFJalibiHA
MOHUTOPUHT AacayMeH KBa3H-TapaThUIFaH TAJIIBIKTHI-ONTUKAIBIK JaTYAKTEPI
KOJIJIaHy HET131HJe 9/1iCi KYpaJI Ibl;

- KOHCTPYKUMSJIApJbIH OYJiHYIH €pTepeK aHbIKTay >KoHE OOoJabIpMay
MakcaThlHIa  TeMIpOETOH  KOHCTPYKIFSUIAPBIHBIH  KOFaphl  KEpHEYMEH
CHUTIIATTANATBIH YYaCKEJEPIHAEC  TaJIIBIKTHI-ONTHKAIBIK JaTIUKTEPIH OpPHATY
apKbpUIbI  KepHEyJi-aedopMalisUlanFal  KYWIH JUArHOCTUKAaNay THIMIUTITIHIH
HKCIIEPUMEHTTIK pacTaMachl aJIbIH/IbL;

- KYPBUIBIC KOHCTPYKUMSUIAPBIHBIH TEXHUKANBIK KYWIH JUAarHOCTHUKaiay
YIIIH TaJIIIBIKTBI-ONTUKAIBIK JaTYUKTEP HETI31HAE OardapiiaMaibiK-anmnapaTThiK
KEIIIEHHIH MaTeMaTUKAJIBIK >KOHE KOMITBIOTEPJIIK MOJIETBEP] d31pJICH/IL;

- TEeMIpOETOH KYpPBUIBIC KOHCTPYKIIMSUIAPBIHBIH TEXHHUKAJBIK *Kah-KyH1HIH
MOHUTOPHUHIT JKOHE NaWJalaHyJblH KaJIJIbIK KbI3MET €Ty Mep3iMiH Oorpkay
omicTeMecCi KBa3W-TapaThUIFAaH TaJIIBIKTHI-ONTHKAIBIK JAaTYMKTEPAl KOJIaHY
HET131He 931pIACH/I].

KYMBICTBIH TI:KipHOeiK KYHIbLIBIKTAPbI:

- OHAIPICTIK FUMAPATTHIH KbI3MET >Kacay MEpP3IMIHIH asKTajdy yaKbIThl MEH
TEXHUKAJBIK >KardaiiblH Oaranay YUIIH >KaHa OaFblT PETIHAE aKMapaTThIK
MOJIEIIEY TEXHOJIOTHACKHIH KYHeney ®oHe FRUIBIMA-TEXHUKAJIBIK HET13/ey/Ie.

- FUMaparTap MEH HMapaTTapAblH TEXHHUKAJIBIK KYHIHIH KE3CHIIK
MOHUTOPUHT1  OapbIChIHAA KOTEPrilll  KOHCTPYKIUSJIAPBIHBIH  KEpHEYIi-
nedopmansiiaHFaH  KyWiH Oaramay ofjicTeMeci KYPBUIBIC OOBEKTUIEPIHIH
MOHUTOPHUHTICIH KYPri3y KbI3METIMEH aifHAJIBICATHIH YHBIMHBIH 3€PTTEY, TAIIAY
YKOHE yko0asay 6azachl peTiH/Ie Mai1aaaHbLUTyb;

- KYPBUIBIC KOHCTPYKIUSICHIHBIH TEXHHUKAJBIK YKaFTalibIHbIH
JMAarHOCTUKAChIHA aBTOMATTAHJBIPY JKYHECIH jkacayFa MYMKIHIIK OepeTiH,
anmaparThIK-OaFaapiaMajblK  KEIMIeHIIK OaFajayldblH MaTeMaTUKAIBIK JKOHE
KOMITHIOTEPITI MOJICIIIH JKacalybl,

- KypaJIFaH FhUIBIMU-TEXHHUKAJBIK CYHEMEIIEY J)KOHE KYPBIIBIC MOHHUTOPUHT

omictemect Oipkenki emMec aepopManusiapiaH KYpbUIBIC OOBEKTIIEPiH
naiananyzia Kayincizik IeHreiin apTThIpyFa MYMKIHIIK Oepe/l.

ABTOpIBIH JKEKEe KOCKaH YVJeci, OJ JUCCEPTallMsIHBbIH MaKcaThl MEH
MIHJIETTEPIH KYPY, 3€pTTEy MaTepHaIapbIH KUHAY MEH >KaJIblIay, CAHJIbI JKOHE
OKCIIEPUMEHTTIK 3EpPTTEy JKYPTi3y, ajdblHFaH HOTIDKEIEPJl HWHTEPIpeTaIusiay,
HETI3r1  epexkeniepl KOPTBHIHIABUIAPABI KAJIBITITACTHIPY, IUCCEPTALUS TaKbIPHIOBI
OOWMBIHIIIA FRUTBIMU MaKaJiajap >kasy.



KapusnansimMaap.

FrutbiMu 3epTTey sKyMBICHI OapbIichiHAa 17 FBUIBIMU KYMBIC >KapHsIaHIbI.
Onpbiy imiage 10 makama KazakctaH MeH MIETENIH XalbIKapaliblK FhUIBIMU
KOH(epeHIMIApbIH/IA JKapUsUTaHIbl, SCOPUS FRUIBIMU Oa3aFa KOPETiH KypHaIFa —
3 makana, Kazakcran PecnyOnukacel bisliM »oHE FBUIBIM CaJlachlHJIaFbl OaKbLIay
KOMHUTETI OCKITKEH FBUIBIMH >KypHajga — 4 Makaja apblKKa MIBIKThl. COHBIMEH
Karap 1 mIBIFapMaNIbUIBIK TIATCHT; aBTOPJIBIK KYKBIK Typasbl 1 Keke Kyolik
aJIBIHFaH.

JKyMBICTBIH KYPBIIBIMBI MEH KOJIEMI.

JluccepTalsuibIK JKYMBIC Kipiciie, TOpPT 0eJiMiH, KOPBITBIHIBICHIH KYpanbl
xoHe 118 Oerren Typaasl. XKymeic 58 cypernen 6e3enpipinreH, 4 kecte xone 143
araylaH TypaTblH ofIcOUeT TI3IMIHEH TYPa/Jibl.

I[PICCCpTaIII/IﬂHLIH KOPTBIHABICHI

«OHEpKOCINTIK FUMaparTap MEH uMaparrapia y3aK YakbIT — OOMbI
naianaHblIaThiH MOHUTOPUHT Kyiecl Iudpii TEXHOJOTHS HETI3IHIAE XKacay»
TaKbIPBIOBI OOMBIHIIIA.

JluccepTanusuiblK  JKYMBIC KYPBUIBIC KOHCTPYKIHMSUTAPBIHBIH TEXHHUKAJIBIK
KYHIH Oakpliay YIIIH TaJIlIbIKThI-ONTHKANBIK JATYUKTEPAl KOJIJAHY HETr131H/e
KaHa TEOPUSUTBIK JKOHE SKCIIEPUMEHTTIK HOTIDKEIIEpPIre HETI3IENTeH, MaHBI3IbI
FBITBIMH JKYMBICTBI KAMTHIBI.

JuccepranmsiyibIK KYMBICTBIH HEri3ri FbUIBIMHM JKJHE TJKipuOesdik
HOTHKeJIepi:

1.OHaipicTiK FUMapaTThIH TEXHUKANBIK KYHl MEH KaJIJIBIK KbI3MET €Ty
Mep3iMiH Oarajay Ke3iHJe aKIapaTrThlK MOJESIACY TEXHOJOTHSACHIH KOJIaHYIbIH
FBUTBIMH-OJIICTEMEITIK HeT13/ieMeci OOMBIHIIA TalAaMallbIK 3EpTTEYNep KYPri3uiil.
Fumaparrap MeHn umapartapabl >kobanay, caily jKoHE MaijaiaHy MpOIECiHIIe
Ka3ipri  3aMaHfbl  aKMaparThlK  TEXHOJOTHSJIAPABl  KOJIAAHYABIH  QJIEMJIIK
TOXKIpUOECIH Taljay Heri3iHae FUMaparTap MEH HMaparTapiblH — Tipek
KOHCTPYKIUSUIAPBIHBIH, ~ OY3bUTYbIHA ~ OalIaHBICTBI  3aKbIMJIAHYIBl  €pTe
JIMarHOCTUKAaNay  KE3CHIHJE  aKMapaTThlK  TEXHOJOTHSUIApIbIH  THIMIUIITI
O€JIr1JIeHIeH.

2. KBazu-0esiHreH TaabIKThI-ONTHKAIBIK JaTYMKTEpAl ai1anaHa OThIPHIII,
TEMIpOCTOH KYPBUIBIC KOHCTPYKIHUSIAPBIHBIH TEXHUKAJIBIK KyHiHE MOHHUTOPHHT
xyprizy oxictemeci a3ipneni. Ouicreme ANSYS STATIC STRUCTURAL xone
COMSOL Multiphysics JK mekri »aeMeHTTEp oAICiH NaijanaHa OTBIPbII,
TEMIpOETOH KOHCTPYKIUSIAPBIHBIH Je()OPMAIHSICHIHBIH OCEPIH CaHJBIK TaJay
JKoHE Oarasiay YIIH ONTUKAIBIK TAIIIBIKTHIH JeQOpMaIUsiChl IPOLECIH TIPKEYIIH
AKCIIEPUMEHTAIIIBI HOTHKEJIEPIHE HET13/Ie/ITeH.

3. TemipOeTOH KOHCTPYKIMSUIAPBIHAA TaJIIBIKTHI-ONTUKAIBIK JaTYUKTEP/Ii
KOJIJIaHy TUIMIUTITIH pacTalThIH KOHCTPYKIMSIApFa KYKTeMe (aKTOPBIH ecKepe
OTBIPBIT, ONTUKAIBIK TAaJIIBIK MaTePUAIBIHBIH OY3bUTYbIHA SKCIIEPUMEHTTIK



TOYENIUIIK aNbIHABI. 3aTTail 3epTTeyjep MbBICAIBIHAA KOHCTPYKIUSIIAPIbIH
OY3bUIYbIH €pTe€ aHbIKTay >KOHE OOJAblpMay MAaKCaThbIHAA >KOFAphl KEpPHEYMEH
CUIIaTTaJaThIH yqacKeaepaiy KepHeyi-aedopMalysiiaHFaH KYHiH
MOHUTOPHUHTJIEY KOHE JHArHOCTHKajlay MYMKIHAIr OenriaenreH. CoHuai-ak
ONTHUKANBIK TalIbIKTa IIapuiay >KapbIKIIAJIApbIHBIH  JTAMYBIHBIH  HET13r1
dakropiapsl KepHEy KoHe AedopMalus aAMIUIMTYIAChI, KYKTEY IUKIJIEPIHIH
Y3aKThIFbI OOJIBITT TaObLIA/IBI.

4. KypbUTbIC KOHCTPYKIHSUTAPBIHBIH TEXHHUKAIBIK KYWIH IUArHOCTHUKAJIAY
YIIH TaigagaHbUIaThIH TaJIIBIKTHI-ONTHKANBIK JaTYAKTEp HETI31HAE KypajFaH
OarmapiaMalbIK-annapaTThIK KeMIeH YIIH ONTUKAIBIK MPOIECTEP/Il CUMATTaAUThIH
MaTeMaTUKaJIbIK JKOHE KOMIBIOTEPIIK MOJENbACp 93ipiacHAl. ¥ ChIHBUIFAH
MaTEeMaTHKaJIbIK  MOJEIBACP ONTHUKAIBIK TOJKBIHHBIH  J1e(QOopMaIusChiIMeH
OallmaHbBICTBI OapJIBIK TMPOLECTEP/IIH TOJIBIK CHIATTaMachblH Oepe/ll, ©JIICHETIH
niamasapra caHAblK MOHIEpTe TYPJICHIpyTre MYMKIH/IK Oepe/i.

5. TemipObeToH KOHCTPYKIUSIAPBIHBIH TEXHUKAJIBIK KYWIH Oakbliayra
MYMKIHIIK O€peTiH TaJIbIKThI-ONTUKAIBIK JaTYMKTEP/l TaijaiaHa OTBIPHII
dboTomaTpuIlaHbIH OETiHE TYCETIH ONTUKAIBIK TAJIIBIKTHIH IIETIH/IC KaJIbITACKaH,
rayccayiblK TapaTyMeH >KOHE TOJKbIH Y3bIHABIFBI 650 HM 60mnaTbid [lyaHCOH xapbIk
JIaFbl MUKCENIEPIHIH KAPKBIHIBUIBIFBIH CIIEKTPAIIBIK Tajlaay HET131HJE, KYPbUIbIC
KOHCTPYKUUSUIAPBIHBIH ~ TEXHUKAJBIK o Kall-KyHiH OaKpUIay[blH arapaTThiK-
OarapiaManblK KEIIeH1 931pJeH[l, OHBbIH ChIHY KO3(PQUIIMEHTI ©3repreH Ke3Me
YKOFaphI IICIIMI aJIbIH/BI.

6. KyppulbiC KOHCTPYKIMSJIAPBIHBIH TEXHUKAIBIK KYHIH OaKbLIAyIbIH
VCBIHBUIBIIT OTHIPFAaH TAJIBIKTHI-ONTUKAIBIK CE3IMTAJl KBa3HU-TapaThbUIFaH >KOHE
TapaTbUIFaH THUIITI DJEMEHTTEPHl KOJAaHy ojicTeMect AcTaHa KaJlaChIHJarhbl
«Empire Construction» JXXIIC HaKThl KYpbUIBIC OOBEKTIIEPIHJIE MPAKTUKAIBIK
Oaiikayman oTTi, Oaiikay HoTHXkenepi AkTiiepmeH pactanabl. AOK parumkrepi
Kazakcranaplk cTaHgapTTay >KOHE METpPOJIOTHsl MHCTUTYThIHIA opHaiackaH CB-
10MI'-4 TunTi Kymrti KeOeWTeTIH MalllMHAHBI MaiaJaHyMEeH KaJuOpJICHIEeH.
JluccepTalusuiblK KYMBICTAa TaIIBIKTHI-ONTHKAIBIK JATYUKTEP MEH aIapaTThiK-
OarmapiaMalblK KEIIeH HET131HJE KYPbUIBIC KOHCTPYKIIUSIIAPBIHBIH TEXHHUKAJBIK
KYHiH OaKpliay 9/1ICTEMECIH d31pjeyMeH OalIaHbICThI ©3€KT1 FHIITBIMHU -TEXHUKAIIBIK
MIHIET TOJBIFBIMEH IS/,

/. TeXHUKaJIBIK KYHIHIH KE3€HJIK MOHUTOPUHI1 YIIIH FUMaparTap MeEH
UMaparTapAblH KOTEPTilll KOHCTPYKIUSJIAPBIHBIH KEpHEYIIi-aehopManusuIanFaH
KYHiH Oaranay olicTeMeci KbI3METI KYpbUIBIC OOBEKTUIEpI MOHUTOPUHTIHIH
TOXKIpUOETIK KbI3METIMEH OalIaHBICThl YUBIMHBIH 3€PTTEY, Tajlaay >kKoHe xKolasay
0a3zackl peTiHje nailgalaHblUTybl MYMKIH.

TemipOeTOH KOHCTPYKIMSUIApbIH  OakblIay[blH Oacka omicTepli MeEH
KYpaJJIapblH CAJIBICTHIPFaHAa TAIIBIKTHI-ONTUKAIIBIK JATYUKTAp TEXHOJOTUSICHIH
KOJIIAHYIBIH APTHIKIIBIIBIFEl - DHEPTEeTUKAIBIK TOYEJCI3MIK, OTKa TO3IMILIIK,
HAKThl yaKbITTa >KYMBIC I1CT€Yy MYMKIHJII, JJIEKTPOMArHUTTIK KeAeprijepacH
TOYEJNICI3MIK, BUIFAIABUIBIK TI€H TeMIlepaTypajaH ToyeJCI3IiK, COHBIMEH Karap
KOppO3usl KoHE 0aCKa XUMHSUIBIK PEareHTTepre TO31MILTIK.

Hortmxenep xonmanGansl cumaTka ve, COHABIKTAH KOMMEPIUSUTAHIBIPYIbIH



JKOFaphl OJieyeTIHE We, COHBIMEH Karap MaljgajaHy TMPOIECIHIe TeMipOeTOH
KOHCTPYKIMSUIAPBIHBIH ~ TEXHUKAJBIK JKaFJaiiblH JWAarHOCTUKANay[dblH >KaHa
TEXHOJIOTHSIJIAPBIH  JaMBITaJbl. OJCYMETTIK ocep MaijanaHy Kayilci3airid
KaMTaMachl3 €Ty, FUMaparTap MEH WMaparTap/bl alaTThIK IIBIFapy KaymmiH a3aiTy
00JBINT TaOBUIABl. DKOJOTHSIIBIK 9cep O6JeKTeyre oHE >KOIOFa >KaTaThIH
TeMipOeTOH OYMBIMIAPBIHBIH CAHBIH a3aiTy OOJIBITT TaObLIA/IbI.

Anpiaran HoTmkenep Wupyctpus 4.0 OarmapiaMachIHBIH MiHJIETTEpPiHE
COMKEC KEJETiH TaJIIBIKTHI-ONTHKAIBIK TEXHOJOTHUIAP MEH >KacaHAbl HHTEIJICKT
anropuT™MIEpl Heri3iHae Oy30alThiH OaKbUTAyAbIH JKaHA OTAHJBIK FHUIBIMU-
TEXHUKAJIBIK OAFBITHIH JAMBITYFa BIKITAJ €TE/i.



Annotation

Abstract of the dissertation by Aubakirova Bakhytkul Bokaevna, entitled “
Development of a monitoring sistem for continuously operoted industrial
bvilding and structures based on digital technologies,” submitted for the

degree of Doctor of Philosophy (PhD) in the specialty 6D072900 -
“Construction”.

Research relevance:The dissertation focuses on the development of a digital system
for monitoring the technical condition of building structures, which is crucial for the
early diagnosis and prevention of damage to load-bearing structures, ensuring the
safety and longevity of industrial facilities.

Relevance of the study: The global experience in construction has long demonstrated
the effectiveness of modern information technologies in the design, construction,
and operation of buildings and structures. Digital monitoring systems for assessing
the technical condition of structures are now highly sought after, as timely response
and early diagnosis allow prompt action to address issues related to the deterioration
of load-bearing elements. Digital intelligent monitoring systems are especially
relevant, as they enable precise, real-time control over the technical condition of
various structural elements.

Obijective: The goal of the dissertation is to develop and scientifically substantiate a
methodology for assessing the stress-strain state (SSS) and the remaining service life
of load-bearing structures in industrial buildings using modern information
technologies for data collection and processing. The research aims to create new
methods for monitoring the stress-strain condition at the onset of cracking and
identifying zones of critical stress using quasi-distributed fiber-optic sensors
embedded in structural elements during construction, alongside a hardware-software
complex for continuous monitoring throughout the building’s lifespan.

Research tasks:

1.  Conduct an analytical study on the application of information technologies in
assessing the technical condition of building structures.

2. Develop the scientific and methodological justification for information
modeling technology in assessing the residual service life and technical condition of
industrial building structures.



3. Develop a methodology for evaluating the stress-strain state of building
structures using information modeling technology.

4. Utilize digital technologies in experimental studies for monitoring the stress-
strain state of reinforced concrete structures.

5. Practical implementation of monitoring methodology on prototype structures.

6. Development of a monitoring methodology for the technical condition of
reinforced concrete structures and a hardware-software monitoring system.

Object of study: Reinforced concrete structures of industrial buildings subjected to
uneven foundation deformations.

Subject of study: Methods and tools for periodic monitoring of the technical
condition of load-bearing structures using an automated monitoring system based on
quasi-distributed fiber-optic sensors.

Methodological and theoretical basis: This study builds on the work of domestic
and foreign scientists in the fields of engineering surveys, structural inspection,
geodetic measurements, practical engineering in building monitoring, automation in
design processes, and building calculations as per the standards SN RK EN,
including mathematical and computer modeling of structures.

Scientific novelty:

. Scientific and methodological substantiation for using information modeling
technology in assessing the technical condition and remaining service life of
industrial buildings.

. Development of a monitoring methodology for the technical condition of
reinforced concrete structures using quasi-distributed fiber-optic sensors.

. Experimental confirmation of the effectiveness of fiber-optic sensors in
diagnosing the stress-strain state of high-stress zones to enable early
identification and prevention of structural damage.

. Development of mathematical and computer models of a hardwaresoftware
complex for the diagnosis of building structures based on fiber-optic sensors.



. Development of a monitoring methodology for the technical condition of
reinforced concrete structures based on quasi-distributed fiber-optic sensors
for use during operation and in forecasting the remaining service life.

Practical value:

. Systematization and scientific-technical justification of information modeling
technology as a new approach for assessing the technical condition and
remaining service life of industrial buildings.

. A methodology for assessing the stress-strain state of load-bearing structures
during periodic monitoring of their technical condition, which can serve as a
research, analytical, and project foundation for organizations engaged in
building monitoring.

. Development of a mathematical and computer model of a hardware-
software control complex, creating an automated system for diagnosing the technical
condition of building structures.

. A scientific-technical support and monitoring methodology for construction,
improving the operational safety of buildings experiencing uneven foundation
deformations.

Author’s contribution: The author contributed by setting the research objectives and
tasks, collecting and summarizing research materials, conducting experimental and
numerical studies, interpreting results, formulating conclusions, and publishing
articles and reports on the dissertation topic.

Publications: The research resulted in 17 scientific publications, including 10
articles presented at international scientific conferences in Kazakhstan and abroad,
3 articles in Scopus-indexed journals, and 4 articles in journals recognized by the
Committee for Control in Education and Science of Kazakhstan. Additionally, one
creative patent and one certificate of copyright were obtained.

Structure and volume: The dissertation consists of an introduction, four chapters,
a conclusion, and comprises 118 pages. The work includes 58 figures, 4 tables, and
a bibliography of 143 references.



CONCLUSION OF THE DISSERTATION

on the topic «Development of a monitoring sistem for continuously operoted
industrial bvilding and structures based on digital technologies»

The dissertation presents new scientifically validated theoretical and experimental
results, which together are of critical importance for monitoring the technical
condition of building structures using fiber-optic sensors. The main scientific and
practical results of the dissertation are as follows:

1.  An analytical study was conducted to scientifically substantiate the
application of information modeling technology in assessing the technical condition
and remaining service life of industrial buildings. Based on an analysis of global
experience in applying modern information technologies in the design, construction,
and operation of buildings and structures, the effectiveness of these technologies
was confirmed for the early diagnosis of damage associated with the deterioration
of load-bearing structures.

2. A methodology for monitoring the technical condition of reinforced concrete
building structures using quasi-distributed fiber-optic sensors was developed. This
methodology is based on experimental data for recording the deformation process
of optical fibers, allowing for numerical analysis and evaluation of deformation
impacts on reinforced concrete structures using the finite element method on
ANSYS STATIC STRUCTURAL and COMSOL Multiphysics software.

3. An experimental dependency was obtained that describes material failure in
optical fibers, taking into account the load factor on the structure. This confirms the
effectiveness of fiber-optic sensors in reinforced concrete structures. Field research
demonstrated the potential for monitoring and diagnosing stress-strain states in high-
stress areas to enable early detection and prevention of structural failures. It was also
found that the main factors in the development of fatigue cracks in optical fibers are
stress amplitude, deformation, and loading cycle duration.

4. Mathematical and computer models describing optical processes have been
developed for a software-hardware complex based on fiber-optic sensors used to
diagnose the technical condition of building structures.These mathematical models
provide a complete description of all processes associated with the deformation of
the optical wave, enabling transformation into measurable quantities.

5. A hardware-software complex for monitoring the technical condition of
reinforced concrete structures was developed based on spectral analysis of the



intensity of Gaussian-distributed Poisson light spots, formed at the edge of an optical
fiber with a wavelength of 650 nm, projected onto the surface of a photomatrix.
Using fiber-optic sensors, the system enables high-resolution monitoring of the
technical state of construction structures when the refractive index changes.

6.  The proposed methodology for monitoring the technical condition of
construction structures using quasi-distributed and distributed fiber-optic sensitive
elements was tested on real construction sites of “Empire Construction” LLP in
Astana. The results of the testing were confirmed by official reports. The calibration
of the sensors for the hardware-software complex was conducted using a force-
multiplying machine of the SV-10MG-4 type located at the Kazakh Institute of
Standardization and Metrology.The dissertation fully addresses the relevant
scientific and technical challenge of developing a methodology for monitoring the
technical condition of building structures using fiber-optic sensors and a hardware-
software complex.

7. The developed methodology for assessing the stress-strain state of
loadbearing structures in buildings and structures for periodic technical condition
monitoring can serve as a research, analytical, and project base for organizations
involved in the practical monitoring of building objects.

The advantage of using fiber-optic sensor technology for monitoring
reinforced concrete structures, compared to other methods and tools, is its energy
independence, fire resistance, real-time operation capability, immunity to
electromagnetic interference, independence from humidity and temperature, as well
as resistance to corrosion and other chemical reagents.

The results have an applied nature, thus holding high commercialization
potential, and also contribute to the development of new technologies for diagnosing
the technical condition of reinforced concrete structures during operation. The social
Impact lies in ensuring operational safety and reducing the risk of emergency
evacuation of buildings and structures. The environmental impact is in reducing the
number of reinforced concrete products subject to dismantling and disposal.

The obtained results contribute to the development of a new domestic
scientific and technical direction in non-destructive testing based on fiber-optic
technologies and artificial intelligence algorithms, in line with the objectives of the
Industry 4.0 program.



AHHOTAIUA
Ha IUCCEPTALMOHHYIO padoTy AybakupoBoii bakbiTkys bokaeBHOM
«Pa3padoTka cucTeMbl MOHUTOPHHIA JJINTEIbHO IKCIIyaTHPYEMbIX
MPOMBIIIICHHBIX 3JAHUN M COOPYKEHUIN HA OCHOBE HM(PPOBLIX TEXHOJIOTHI»
NMPeJCTABJCHHYI0 HA COUCKAHME YYeHOU cTeneHu JokTopa PhD no
cnenuagabHocTn 6D072900 — CTpouTtebCcTBO.

AKTYaJIbHOCTb HCCJIe0BaHUsA: MMUPOBOM ONBIT CTPOUTEIHCTBA JABHO
nokazanm o0 3(PQPEeKTUBHOCTH TPUMEHEHUS COBPEMEHHBIX WH()OPMAITMOHHBIX
TEXHOJIOTUN B MPOLIECCE MPOCKTUPOBAHUSI, CTPOUTEIBCTBA U IKCILTyaTalluU 30aHUM
U COOPYKEHHM.

B coBpemeHHOM Mupe AOCTAaTOYHO BOCTPEOOBAHBI HHUQPPOBHIE CHUCTEMbI
MOHUTOPHUHIa TEXHUYECKOTO COCTOSIHUA 3AaHUM U coopykeHui. CBOEBPEMEHHOCTD
peaKuu U paHHSS TUArHOCTHKA MMOBPEXKICHUIM TTO3BOJISIET CBOEBPEMEHHO MPHUHSATh
MEpHI K YCTPAHEHUIO MPOOJIEM, CBA3aHHBIX C Pa3pPYLICHUEM HECYIINX KOHCTPYKIIUN
3IaHUM U COOPYKEHUMU.

Bbicokyl0 akTyasllbHOCTh B HACTOSIIEE BpeMsl MPUOOpETaloT HHU(PPOBHIE
WHTEJUIEKTYaJIbHbIE CHCTEMbI KOHTPOJISI, KOTOPBIE CIIOCOOHBI C BBICOKON TOYHOCTBHIO
KOHTPOJIMPOBATh TEXHUYECKOE COCTOSIHUE PA3JIMYHBIX CTPOUTENBHBIX KOHCTPYKIIHIMA
B PEXKUME PEATBLHOIO BPEMEHMU.

N3BectHas mpobiieMa BHE3AMHOTO OOPYIIEHUS CTPOUTEIBLHBIX MOHOJUTHBIX
KOHCTPYKIIMH B MPOLIECCE UX IIUTEIbHON IKCIUTyaTallud CYIIECTBYET 1OCTATOYHO
JAaBHO W pelleHa HE B TMOJHOM OO0BbEMe, XOTS HCCIENOBATENId Pa3HbIX CTpaH
paboTaroT Haj ee penieHueM. MOXHO CKa3aTh, YTO ATO JOCTATOYHO CEpbe3Hast
3a/1aya, Tak Kak TpeOyeTcs: pa3paboTka HOBBIX CPEJCTB JUATHOCTUKH M KOHTPOJIS
TEXHUYECKOTO COCTOSIHUS CTPOUTENIbHBIX KOHCTPYKIHM. [Ipu 3TOM HOKHBI OBITH
oOecreueHbl BHICOKHE TEXHUKO-DPKOHOMHYECKHUE MTOKA3aTEeM CUCTEMbI KOHTPOJIS, a
TaK)X€ €€ OTHOCUTEJIbHAS MPOCTOTA U aJalTUBHOCTh K KIIMMAaTUYECKUM YCIOBUSIM
Kazaxcrana.

B mnactosiimee Bpemsi HEOOXOAMMBI HAJACKHBIE METOAbl MOHHUTOPHHTA
TEXHUYECKOT0 COCTOSIHUSI KOHCTPYKTUBHBIX 3JIEMEHTOB 3/IaHUIl U COOPYKEHUHN Ha
ocHOBe IUGPOBBIX TexHoJorui. CoBpeMeHHas! TEHACHIUS BHEAPEHUS UGPOBBIX
TEXHOJIOTUH TIO3BOJIUT PEIIUTh HECKOJBKO BAXHBIX BOIPOCOB, KaCAIOUIUXCS
¢ dexTuBHON M Oe30macHOi SKCIulyaTaluu 374aHuil U coopykenuid. [TpoGrema
BHE3AITHOTO0 OOpYIICHUST KOHCTPYKIIMU TMOcCie WX JUIMTEIBHOM JKCIUTyaTalluu
JIOCTATOYHO M3BECTHAsA, JIA €€ pelleHus HeoOXoJauma pa3paboTKa METOIOB U
CPEACTB  JIUAarHOCTUKU  COCTOSIHUS  CTPOUTENIbHBIX  KOHCTpYKIuH. Takxke
HEOOXOAMMO TIOHMMAaTh, YTO TMpeJJIaraéMble TEXHOJIOTHH JOJDKHBI  OBIThH
mUGPoBBIMH M 3HEProdHPeKTUBHBIMU, OTBEYATh IIOCTABIICHHBIM 3ajadaM
Nuayctpun 4.0. DT0 I1OCTATOYHO CEPhE3HBIA BHI30B YUYEHBIM U pa3pabOTUHKaM,
CO3/IAI0IINM HOBBIE CPEICTBA JUATHOCTUKA U MOHUTOPUHTA B CTPOUTEILCTBE.



HeoOxomum Hay4HBId TOAXOA K  PEIICHUIO 3amad  o0ecredeHus
rapaHTUPOBAHHOM HAJIEKHOCTH MPOMBIIUIICHHBIX 3JaHUN, COOPYXEHHUU U
KOMILJIEKCOB IJTUTEIBHOTO MOJIb30BAaHUSI HA OCHOBE UX MH(OPMAIIMOHHOW MOJIENH,
YTO IO3BOJISIET KOHTPOJUPOBATH HAMPSIKEHHO-AC(POPMUPOBAHHOE COCTOSTHUE
HECYIIMX KOHCTPYKIHMII B aBTOMAaTUYECKOM DPEXUME. DTO MO3BOJSET JKCIEPTY
OTIPENIETUTh XapaKTep U JUHAMHUKY pa3BUTHSA Je(HEKTOB M IMOBPEKICHUM, 3apaHee
MPUHATH MEPHI CTPAXOBOTO U KOMIICHCAIIMOHHOTO XapaKTepa JAJisd NpeynpeKaeHus
ABapUMHBIX CUTYaIUH.

B Bek nupoBbIX TEXHOJOTUN OIYUYHIIA PA3BUTHE PA3IMYHBIC FJIEKTPOHHbBIE
CUCTEMbl MOHMTOPHHIA, TMO3BOJSIOINIME, B TOM YHCJIE, KOHTPOJHUPOBATH
TEXHUYECKOE COCTOSIHUE 3/IaHWIl M COOPYKEHUU Ha MNpPEeAMET POCTa TPEUIUH B
MOHOJIUTHBIX OETOHHBIX U JKEJIE300€TOHHBIX KOHCTPYKIHUSX. ITa mpodiiema
JIOCTaTOYHO CEpbe3Hass M BO3HHMKAET B PA3JIUYHBIX CIy4asX, OCOOEHHO IpHU
HapyIICHUU TEXHOJIOTHYECKHUX MPOIECCOB AKCIUTyaTallui 3/1aHMUsl.
CoO0TBETCTBEHHO, pa3BUTHE F3(D(PEKTUBHBIX CPEACTB paHHEN TUATHOCTUKU KOHTPOJIS
HaNPsHKEHHO-IE(DOPMUPOBAHHOTO ~ COCTOSIHUS ~ HECYIIUX  KOHCTPYKIMHA B
ABTOMATHUYECKOM PEXHME B IPOLECCE SKCIUTyaTalluid 3JaHUs SIBISETCS BEChbMa
AKTyaJIbHBIM.

Heabio aucceprammii siBJsieTcsl pa3padoTka M HaydHOEe OOOCHOBaHUE
METOJMKM OLIEHKM HamnpskeHHO-AepopmupoBaHHoro cocrosHua (HAC) u
OCTaTOYHOTO CPOKa CIYXKOBI HECYIITMX KOHCTPYKIIUN MTPOU3BOACTBEHHOTO 3/IaHUHN C
UCIIOJIb30BAHUEM COBPEMEHHBIX HH()OPMAIMOHHBIX TEXHOJIOTHH TMOJIY4YEHUsI |
00pabOTKH JTaHHBIX.

UccnenoBanue HampaBlIieHO Ha pa3padOTKy HOBBIX METOJOB KOHTPOJIS
HaMpsHLKEHHO-1ePOPMUPOBAHHOTO COCTOSTHUS HECYIIUX CTPOUTENHHBIX
KOHCTPYKIIUM Ha CTauKM 00pa30BaHMs TPEUIMH U ONpPEASSICHUs] 30H KPUTHYECKOTO
HaIpPsSHKEHHOTO  COCTOSIHUSI HAa OCHOBE NIPUMEHEHHS KBa3H-PaclpeaesIeHHBIX
BOJIOKOHHO-ONTHYECKUX JATYUKOB, IPEABAPUTEIHHO BCTPOCHHBIX B CTPOUTEIbHBIE
KOHCTPYKIIMM Ha JTare CTPOUTENhCTBA OOBEKTa W ammapaTHO-TIPOrPaAMMHOTO
KOMILIEKCA, JJIs PETUCTPAallid U MOHHTOPUHIA COCTOSIHHMSI T€YEHUE BCEro CpPOKa
CITY>KOBI 3IaHUS UJIK COOPY>KEHUS. DTO MO3BOJISET OLICHUTh TEXHUUYECKOE COCTOSIHUE
BCEUM KOHCTPYKIIUU B PEKUME PEATHLHOTO BPEMEHHU, B TOM YHCIIE TPYIHOJOCTYITHBIC
MeCTa, CTIpSATaHHbIC B OCHOBAHUM 3aHUSI.

JInst nOCTMKEHUST YKa3aHHOW LIENIM IUCCEPTALMM MOCTABJICHBbI CJIeAYyolue
3aJaum:

1. AHanUTUYECKHE WCCIENOBAaHUS OLEHKUM TEXHUYECKOTO COCTOSIHUE
pPa3IUYHBIX ~ OOBEKTOB C  HWCIOJIb30BAaHUEM  HH(POPMAIIMOHHBIX
TEXHOJIOTUH.

2. HayuHo-Meroanueckoe 0OOOCHOBaHHE MIPUMEHEHUSI TEXHOJIOTUU
MHPOPMALIMOHHOTO  MOJEIHMPOBAHUS IPU  OLEHKE TEXHUYECKOTO
COCTOSIHUSI U OCTaTOYHOI'O CPOKa CIIY>KObI MPOU3BOICTBEHHOTO 3aHMSL.



3. Pa3paboTka METOAMKM OLEHKH HaMpsHKEHHO-AEPOPMUPOBAHHOTO
COCTOSTHHSI CTPOUTEILHBIX KOHCTPYKIIUH C UCTIOb30BAHUEM TEXHOJIOTHU
MH()OPMAIIMOHHOTO MOJCTHPOBAHHSL.

4. DKCHEpUMEHTANIbHBIE  HCCIIEJOBAaHUS MOHUTOPUHIA  HaNpsHKEHHO-
1e(OPMHUPOBAHHOTO COCTOSIHUSI KEJI€300€TOHHBIX KOHCTPYKIHMH ¢
UCIOJIb30BaHUEM ITU(POBBIX TEXHOJIOTHUHU.

5. Peai3oBana MeToIMKa MOHHUTOPHUHIA Ha  [puMepe
HATYPHBIX KOHCTPYKIIUI
6. PazpaboTka METOAMKM MOHHUTOPHUHTA TEXHUYECKOTO COCTOSHUSA
KeJIe300€TOHHBIX KOHCTPYKLIMNA M Crocoba ammapaTHO-IPOTrPaMMHOTO
KOHTPOJIS.

O0beKT HcciIeI0BaHUsA: JKEJIE300€TOHHbIE KOHCTPYKIUHU MPOMBIIUIEHHBIX
31aHUM, HAXOALIUXCS B 30HE BIIMSAHMS HEPABHOMEPHBIX JAepopMalvii OCHOBaHUI
31aHUN U COOPYKECHHU,

IIpeaMeTom ucciaeI0BaHUS SIBIIETCS METO/IbI U CPEACTBA IIEPUOIUUECKOTO
MOHHUTOPHUHIA TEXHUYECKOTO COCTOSIHUSI HECYIIUMX KOHCTPYKIMK, KOHTPOJIb
TEXHUYECKOTO COCTOSHUS JK€1€300€TOHHBIX KOHCTPYKIIUI IPOMBIIITIEHHBIX 3/JaHU
CUCTEMOW AaBTOMATU3UPOBAHHOIO MOHHMTOPHMHIAa Ha OCHOBE IPUMEHEHHUs
KBa3UPACIPEACICHHBIX BOJOKOHHO-ONTUYECKUX JTaTYUKOB.

Mertogoioruyeckue M TeOpeTHYeCKHe  OCHOBbI  MCCJIEA0BAHUA
COCTABJISIIOT pabOThl OTEYECTBEHHBIX M 3apyO€XHBIX YYEHBIX B 00JIACTH
MH)KCHEPHBIX  M3bICKaHWM, 0O0CIeAOBaHUS  CTPOUTENBHBIX  KOHCTPYKLHUH,
re0/Ie3UYECKUX U3MEPEHUM, MPAKTUYECKOU WHKEHEPHOU NESITeNHbHOCTH B cdepe
CTPOMUTENBHOTO MOHUTOPHMHIA, aBTOMAaTH3allMM TNPOLECCOB INPOEKTUPOBAHUSA U
pacuera 31aHuii U coopyxxkeHui B coorBerctBuu CH PK EN, matemarnueckoe u
KOMITBIOTEPHOE MOJIETMPOBAHUE PA0OTHI COOPYKEHHM.

Hay4nasi HoBu3Ha pa0doOThI:

- HaydyHO ¥ METOJUYECKHM OOOCHOBAHO MPUMEHEHUSI TEXHOJOTUU
MH(POPMAITMOHHOTO MOJICIUPOBAHUS TPU OIICHKE TEXHUYECKOTO0 COCTOSHUSI U
OCTaTOYHOT'O CPOKa CIIY»ObI MPOU3BOJACTBEHHOTO 3/IaHUS;

- pa3paboTaHa MeTOJWKa IPOBEICHHUE MOHHTOPHUHTa TEXHHUYCCKOTO
COCTOSIHUSI HKEJIe300€TOHHBIX CTPOMTENIbHBIX KOHCTPYKIIMH C HCIOJIb30BAaHUEM
KBa3W-paclpeieICHHBIX BOJJOKOHHO-ONTHYECKUX JaTYUKOB;

- MOJIy4eHO OKCIEPUMEHTAIbHOE TMOATBEpkIeHUE dS(DPEeKTUBHOCTH
MPUMEHEHUSI BOJIOKOHHO-ONTUYECKUX JaTYMKOB (BOJA) B  KeJIE300€TOHHBIX
KOHCTPYKIIUSIX, Ha TMPUMEPE HATYPHBIX HCCIEIOBAHUMN, IJI1 JUArHOCTUKH
HaMpsHKEHHO-/1e(POPMUPOBAHHOTO  COCTOSIHUSI  YYACTKOB, XapaKTEPU3YIOLIUXCS
MOBBIIIIEHHBIM HAIPSHKEHUEM, C 1IEIbI0 PAHHETO BBISBJICHUS W TMPEAOTBPAICHUS
pa3pylieHust KOHCTPYKIIHA;



- pa3paboTaHa  MaTeMaTHYEeCKUE W  KOMIBIOTEPHBIE  MOJCIHU
IPOrpaMMHO- alllIapaTHOTO KOMILIEKCA JIJIsl AMAaTHOCTUKY TEXHUYECKOTO COCTOSIHUS
CTPOUTENBHBIX KOHCTPYKIIMM HA OCHOBE BOJJOKOHHO-ONTUYECKUX JIaTYNKOB;

- pa3paboTaHa METOJMKA MOHUTOPUHI TEXHUYECKOTO COCTOSHUSA
KEJI€300€TOHHBIX CTPOUTENIBHBIX KOHCTPYKIIMHA Ha OCHOBE NPUMEHEHHS KBa3H-
pacrpeieIEHHbIX BOJOKOHHO-ONTUYECKUX AAaTYMKOB B TMEPUOJ AKCIUTyaTallud U
MIPOTHO3UPOBAHUHU OCTATOYHOI'O CPOKA CITYXKOBI.

IIpakTHyeckasi HEHHOCTH PA0OTHI 3aKIH0YACTCS:

- B CUCTEMATHU3allUi U HAYYHO-TEXHUYECKOM 0OOCHOBAHUU TEXHOJIOTUH
MH()OPMAITMOHHOTO MOJICTUPOBAHMUSI KaK HOBOE HaNpaBJeHUE IS OICHKH
TEXHUYECKOTO COCTOSIHUSI M OCTAaTOYHOTO CpPOKa CIYKObl MPOU3BOJACTBEHHOIO
3IaHUS;

- B METOAUKE OIEHKH HaIpsKeHHO-1e(OPMUPOBAHHOTO COCTOSHUS
HECYIIUX KOHCTPYKUHUM 3JaHUA U COOPYXKECHUH B XOJC IEPHUOAUYECKOTO
MOHUTOPHUHTA UX TEXHUYECKOTO COCTOSIHUS, KOTOPBIM MOTYT OBITh UCIIOJIb30BaHbI B
KAaueCTBE MCCIIEOBATEIbCKOM, AHATMTUYECKON U MPOEKTHON 0a30i OpraHu3aluu,
NEATEIIBHOCTh KOTOPBIX CBS3aHbl IPAKTHUUECKON JAESATEIbHOCTHIO MOHUTOPHUHIA
CTPOUTENBHBIX 0OBEKTOB;

- B pa3pa0OTaHHONW MaTeMaTHYECKOW U KOMIBIOTEPHOM MOJIeNu
anmapaTHO- MPOrPaMMHOTO KOMIUIEKCAa KOHTPOJS, MO3BOJISIONIEH CO3/1aTh
ABTOMATU3UPOBAHHYIOD CUCTEMY ISl JUArHOCTUKH TEXHUYECKOrO COCTOSHUS
CTPOUTENBHBIX KOHCTPYKIIUI

- B METOJIMKE HAyYHO-TEXHUYECKOTO COMPOBOXKICHHUS U MOHUTOPHUHTA
CTPOMTENBCTBA, KOTOpAasi TO3BOJSIET IMOBBICUTH YPOBEHb HKCILUTYaTAllMOHHOW
0€30MMaCHOCTH  CTPOUTENIbHBIX OOBEKTOB, HCHBITHIBAIONINX HEPABHOMEPHbIC
nedopMali OCHOBAHUSI.

JIMYHBIM BKJIAJ aBTOPA 3aKIIOYAcTCs B IIOCTAHOBKE LEIW W 3aJayu
auccepTanuu; coope W 0000IIEHHMH MaTepuaioB HCCIICAOBAHUM;, MPOBEIACHUU
AKCIEPUMEHTAIIbHBIX M YUCJIEHHBIX HUCCIIEIOBAHUM, UHTEPIIPETALNH MMOTyYEHHBIX
pe3ynbTaToB, (HOPMYIUPOBAHUH BHIBOJIOB U OCHOBHBIX MOJI0KEHUN, BBIHOCHMBIX Ha
3allUTY, HAMMCAHUU HaYyYHBIX CTaTeH U JIOKJIAJ0B O TEME AUCCEPTAIUU.

Hyonukannu

B xone uccnenoparenbckoit paboThl omy6nrnkoBaHo 17 HayuHbix pa®oT. U3
Hux 10 cTaTeit ObuH OMyOJUKOBAaHBI HA MEXIYHAPOIHBIX HAYIHBIX KOHGEPEHITUSIX
B Kazaxcrane u 3a pybexxom, 3 cTaThbU-B JXypHaje, BXOIAIIEM B HayyHyIO 0azy
JAHHBIX Scopus, 4 CTaTbU-B HAYYHBIX XKypHAIaX, YTBEP>KIECHHBIX KOMUTETOM IIO
KOHTpOJTIO B c(hepe oOpazoBaHus u Hayku Pecriyonuku Kazaxcran. Taxxke moiaydeHo
1 TBOpueckuii maTeHT; 1 TUYHOE CBUIETEILCTBO 00 aBTOPCKOM IIpPABE.

Ctpykrypa u 00beM padoThl. /[uccepraiiionHas paboTa BKIIOYAET B ceOs
BBEJICHUE, YEThIpE pasjela, 3akirodeHue, u coctaBiuseT 118 crpanursl. PaGota



WJUTFOCTPUPOBAHA 58 PUCYHKAMU, COJIEPKUT 4 TaOJIUIT U COMPOBOKIACTCS CITUCKOM
JUTEpaTyphl, BKItOYaromuM 143 HauMeHOBaHUE.

SAK/TIOYEHHUE JUCCEPTALIMHU
1o Teme «Pa3paboTka CUCTEMBI MOHUTOPUHTIA JUTUTEIIBHO SKCILTyaTUPYEMBIX

POMBIIIICHHBIX 3/IaHUN U COOPY>KEHUH Ha OCHOBE HU(PPOBBIX TEXHOJIOTUIN.

HuccepranioHHass pa0oTa COAECPAKHUT HOBbIE HAy4HO OOOCHOBAHHBIE
TEOPETUUECKHE U IKCIIEPUMEHTAIIbHBIE PE3YJIbTaThl, COBOKYITHOCTh KOTOPBIX UMEET
BXHOE 3HAYECHHUE [UII KOHTPOJIS TEXHUYECKOIO COCTOSHHUSI CTPOMTENBHBIX
KOHCTPYKIMI HAa OCHOBE BOJIOKOHHO-ONTHYECKUX JaTYMKOB. OCHOBHBIE HAy4YHbIE U
MPAaKTUYECKHE  Pe3yJbTaThl JAUCCEPTALMOHHON  pabOThl  3aKIIOYAIOTCA B
CJIETYIOILIEM:

1. IIpoBeneHo AHAJIMTHYECKOE VICCJIEI0BAHUS 1o HAy4HO-
METOJUYECKOMY O0OOCHOBAHO OPUMEHEHUsI TEXHOJOTMU HH(OPMALIMOHHOTO
MOJICJIMPOBAHUS TIPU OLIEHKE TEXHUYECKOTO COCTOSIHUS M OCTaTOYHOIO CpOKa
ciIy>)kObl TPOM3BOJACTBEHHOTO 31aHus. Ha ocHOBe aHanM3a MHPOBOM OMBIT
MPUMEHEHUsI COBPEMEHHBIX HMH(QOPMALMOHHBIX TEXHOJOTHM B Ipouecce
MIPOCKTUPOBAHMS, CTPOUTEIBCTBA M OJKCIUIyaTallUM 3JaHUA M COOPYKEHHUU,
ycTaHoBieHa 3()(PEKTUBHOCTh MH(POPMALIMOHHBIX TEXHOJOTMW Ha 3Tane paHHeu
JUArHOCTUKH MOBPEXICHUS, CBA3AHHBIX C Pa3pyLIEHUEM HECYLIUX KOHCTPYKUUU
31aHAU U COOPYKECHUM.

2. Pa3paborana MeToIMKa MPOBEACHHE MOHUTOPHHIA TEXHUUYECKOIO
COCTOSIHUSI 5KEJIe300€TOHHBIX CTPOUTENBHBIX KOHCTPYKLUHMHA C HMCHOJb30BaHUEM
KBa3U-paclpeieIEHHBIX BOJOKOHHO-ONTHUYECKUX NAaTYMKOB. MeTolrMKa OCHOBaHA
Ha DJKCIIEPUMEHTANBHBIX pe3ylibTaTaXx perucTpaluud mpoiecca jaepopManuu
ONTHYECKOTO BOJIOKHA [Jii YHUCJIEHHOTO aHalh3a W OLEHKU BO3JCUCTBUS
nepopMaIim )kene300eTOHHOW KOHCTPYKIIMH C UCTIOIb30BaHUEM METOa KOHEUHBIX
anemenToB Ha [IK ANSYS STATIC STRUCTURAL u COMSOL Multiphysics.

3. [Tomy4yeHa skcieprMEHTalIbHAs 3aBUCUMOCTD Pa3pyLIEHUsI MaTepuasa
ONTHYECKOTO0 BOJOKHA C y4yeToM (akTopa Harpy3Kd Ha KOHCTPYKIMH, KOTOpas
noaTrBepkAaacT 3(P(PEKTUBHOCTh MPUMEHEHHUS BOJIOKOHHO-ONTUYECKUX JIaTYUKOB
(Bom) B kene300€TOHHBIX KOHCTpYKUMAX. Ha nmpumepe HaTypHBIX HCCIIE€IOBAHUH,
YCTAHOBJIEHA BO3MOKHOCTh ~MOHUTOPUHIA W  JUArHOCTUKH  HaIPSKEHHO-
1e(OPMUPOBAHHOTO COCTOSIHUSI YYacCTKOB, XapaKTEPU3YIOUIMXCS IMOBBIIIEHHBIM
HaIPSDKEHUEM, C IIEJIBI0 PAHHETO BBISBICHUS W NPENOTBPALICHUS pPAa3pyLICHUS
KOHCTpyKUud. Taxke yCTaHOBJIEHAa, YTO OCHOBHBIMU (DaKTOpamMH pa3BUTHUSA
YCTJIOCTHBIX TPELIMH B ONTUYECKOM BOJIOKHE SIBJISIOTCA aMIUIMTYJa HANPSKEHUN
U neopmanuy, JJIMTEIBHOCTh LIMKJIOB HATPYKEHUSI.

4. Pa3paborana  mareMaTMyecKMe€ U KOMIBIOTEPHBIE  MOJEIIH,
ONKCBHIBAOIINE ONTHYECKHE NPOLIECCHI ISl IPOrPaMMHO-aIIapaTHOrO KOMILJIEKCA,



WCMOJIb3YEMbBIE [JII JAUArHOCTUKH TEXHHUYECKOTO COCTOSIHUSI CTPOUTENBHBIX
KOHCTPYKIIMII Ha OCHOBE BOJIOKOHHO-ONTHUYECKUX JaT4yuMKOB. IIpencraBiieHHbIE
MaTeMaTHYECKHE MOJENH JA0T MOJIHOE OMKUCAHUE BCEX MPOLIECCOB, CBSI3aHHBIX C
nedopmalieil ONTHUYECKOW BOJIHBI, MO3BOJSET IMpeoOpa3oBaTh B YHUCICHHbBIC
3HAYEHUS B U3MEPSEMbIE BETUYUHBI.

S. Pa3paGotan  anmapaTHO-IIPOrpaMMHBIM ~ KOMIUIEKC ~ KOHTpPOJIA
TEXHUYECKOTO COCTOSIHUSL CTPOMUTEIBHBIX KOHCTPYKLIHM C HCHOJIb30BAaHUEM
BOJIOKOHHO-ONITUYECKUX JTATYMKOB, MO3BOJISIONIMNA KOHTPOJIUPOBATH TEXHUYECKOE
COCTOSIHUE  MOHOJUTHBIX  JKEJE300€TOHHBIX  KOHCTPYKIMA  HAa  OCHOBE
CIIEKTPAJIbHOTO aHaJIN3a UHTEHCUBHOCTU NUKCENEN cBeToBoro mnsatHa IlyaHcoHna, ¢
rayCCOBCKUM paCIpeeIiCHHeM U JUIMHOW BOJIHBI 650 HM, c(hOpMHUPOBAHHOTO HA
TOpIIE ONTHYECKOTO BOJIOKHA, TMaJIalOIIET0 Ha TOBEPXHOCTh (POTOMATPUIIBI
BBICOKOTO pa3pelieHus MPU U3MEHEHUH er0 Kod(pPulueHTa npeioMIIeHuUs.

6. [Ipemaraemass MeTOAWMKA KOHTPOJISI TEXHUYECKOTO  COCTOSTHHS
CTPOUTEINIBHBIX ~ KOHCTPYKLIHMM C  IIPUMEHEHHEM  BOJIOKOHHO-ONTHYECKUX
YyBCTBUTEIIBHBIX 3JIEMEHTOB KBa3U-PACIIPEICICHHOTO M PACIpPENEIIEHHOIO THUIA
poluIa MPaKTUYECKYI0 anmpoOaIyio Ha peajgbHbIX CTpOUTENbHBIX 00bekTax TOO
«Empire Construction» ropoja AcTaHbl, pe3yibTaThl anpoOaIuu MOATBEPKICHbI
aKTaMH. Hatunkn  AIIK ObLITH OTKaHOpPOBaHBI HCIOJIB30BaHUEM
cunoBocnpon3Bosiied MammHon tuna CB-10MI'-4, koropag HaxoauTcs B
KazaxcTaHCKOM MHCTUTYTE CTaHAAPTU3ALMUA U METPOJOTUHU. B nuccepranroHHON
paboTe MOTHOCTHIO PEIlICHa aKTyallbHasg HAYYHO-TEXHUYECKas 3a7a4a, CBSI3aHHAS C
pa3pabOTKOM METOMUKU KOHTPOJISI TEXHHUYECKOTO COCTOSIHUS CTPOMTEIbHBIX
KOHCTPYKLIMI Ha OCHOBE BOJIOKOHHO-ONTHYECKUX JAaT4MKOB U aIlllapaTHO-
IIPOTPAMMHOI0 KOMILJIEKCA.

7. Meroarka OLIEHKH HAMNpsKEHHO-AS()OPMHUPOBAHHOTO  COCTOSHUSA
HECYIIHUX KOHCTPYKIMUH 31aHUN U COOPYKEHUUN JJIS IEPUOIUUECKOTO MOHUTOPHHIA
TEXHUYECKOTO  COCTOSIHHS, MOTYT  OBITh  HWCIOJB30BaHbI B  KayecCTBE
UCCJICIOBATENILCKOM, AHAJIMTHYECKOM M TMPOEKTHOM ©0a3oil  opraHuzaiuw,
JNEATEIbHOCTh KOTOPBIX CBSI3aHBI MPAKTUYECKON JEATEIbHOCTHIO MOHUTOPHWHIA
CTPOUTETHHBIX 00BEKTOB.

[IpeumymiecTBa HCHOJIB30BAHUSI  TEXHOJOTHM  BOJIOKOHHO-ONTHUYECKUX
JTATYUKOB JIJIs1 KOHTPOJIS JKEJIe300€TOHHBIX KOHCTPYKIIUN TIO CPABHEHUIO C APYTUMHU
METOAaMU M CPEACTBAMHU 3aAKIFOYAKOTCA B DOHEPreTUYECKOW HE3aBUCUMOCTH,
OTHECTONKOCTH, BOBMOXKHOCTH PabOThl B pealbHOM BPEMEHH, HE3aBUCUMOCTH OT
AJIEKTPOMArHUTHBIX MOMEX, a4 TAKXKE YCTOMYMBOCTH K BJIAXHOCTH, TEMIIEpATYypE,
KOPPO3UH U APYTUM XUMHYECKUM PEAreHTaM.

[TomydyeHHbIE pe3ylbTaThl MMEIOT MPUKIAIHOW XapakKTep M BBICOKUM
MOTEHITUAT JUIsI KOMMEPIUAU3aINA, a TaKKe CIIOCOOCTBYIOT Pa3BUTHIO HOBBIX
TEXHOJIOTUA  JIMaTHOCTUKU  TEXHUYECKOTO  COCTOSHUS  JKEJEe300€TOHHBIX
KOHCTPYKITMH B Tporecce skcruryaranuu. ConuanbHbeiid 3h(EKT 3aKaodaeTcss B
obOecrieueHny 0OE30MACHOCTH JKCIUTyaTalldd M CHIDKCHUM PHUCKAa aBapUHHBIX
paspylieHui 374aHUd W COOpYXKeHUM. Okojoruueckuii 3h@PeKkT CcocTouT B



YMEHBIIIEHUN KOJIMYECTBA JKEJIe300€TOHHBIX U3, TIOIJISKAINX TEMOHTAXKY U
YTUIN3ALHH.

[Tony4yeHHbI€ pe3yabTaThl CIOCOOCTBYIOT Pa3BUTHIO HOBOTO OT€UECTBEHHOTO
HAay4YHO-TEXHUYECKOTO HAIPaBJICHUS HEPA3PYIIAIONIET0 KOHTPOJIS Ha OCHOBE
BOJIOKOHHO-ONITUYECKUX TEXHOJOTUN U aJTOPUTMOB HUCKYCCTBEHHOTO MHTEJUICKTA,
COOTBETCTBYIONIETO 3a7a4am nporpammbel Uuayctpus 4.0.



