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OT3bIB
BeylleH opranu3anuy Ha JUCCEPTAlHOHHYI0 paboTy
HrnaTteeBa Anexcannpa Brnagumuposuda
«Pa3BuTHE METOZIa KOHEYHBIX JJIEMEHTOB B (hOpMe KIIaCCHIECKOI0
CMEIIaHHOT'0 METO/la CTPOUTENHLHON MEXaHUKHY,
IIpE/ICTAaBICHHYIO Ha COMCKaHNE YIEHOH CTEIeHH JOKTOpa TEXHUIECKUX HayK
no cnenuanbHocTH 05.23.17 — CTpouTenbHas MexaHuKa

AKTYaJIbHOCTH TeMbl JHCCEPTALHOHHOI0 HCC/IeI0BAHUSA

BaxHplM MOMEHTOM B IIpOIECCE IPOEKTHPOBAaHUSA  CTPOHTEIIbHBIX
KOHCTPYKIIH# SBJIETCS COBEPIIEHCTBOBAHAE METOAUKY UX pacdera. DTa mpobiema
BecbMa aKTyalbHa, TaK KaK II03BOJSET IIOBBICHUTEH JIOCTOBEPHOCTH IIOJYYaEMBIX
Pe3yIbTaTOB, YTO B KOHEYHOM UTOI'€ BEIET K SKOHOMHUH 3aTPa4iBaeMEBIX B IIpoLiecce
CTPOHMTENBCTBA CHJNI W CpeACTB. B HacTosmee BpeMs pacdeT KOHCTPYKLHiH
OCYIIECTBJIETCSA, KaK IpaBUJO, C IIOMOIIBIO IIPOrPaMMHBEIX KOMIIJIEKCOB,
peanM3yromux MeTol KoHeuHBIX dneMeHToB (MKD). M3BecTHEI TpM OCHOBHEIE
dbopmer MKD, kaxnas u3 KOTOPBIX SBIIAETCS aHAIOIOM OOHOTO M3 TPEX METOIO0B
CTPOMTENILHON MEXaHWKU CTEPXKHEBBIX CHCTEM — METOJa IEepeMEINeHnd, MeToAa
CHUJI ¥ CMEIIaHHOI'0 METO/1a.

JJ1st IpakT4YeCKUX pacyeToB oObI9HO Hcmonb3yercs MKD B nepeMeIneHusx.
JIOCTOMHCTBA ¥ HEJOCTAaTKH METO/a IIepeMeIleH i Xopomo u3BecTHEL. OTpOMHEIM
IpEerMyIIECTBOM TpamuIMoHHOM popmbl MKD sBisiercs ee moHas GopMatn3anys
(4, COOTBETCTBEHHO, IPOCTOTA pEATH3alluK B BU/IE IPOTPAMMHBIX CPE/ICTB), & TAKKE
XOpoIIas YCTOMYHBOCTh PEIEHHs C TapaHTHPOBAHHON CXOOMMOCTBIO K HIDKHEH
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rparune. OCHOBHEIME HEHM3BECTHEIMH B JAaHHOM CIydae SBJIAIOTCS HEPEMEINEHUS
Y3JIOBBIX TOYEK TUCKPETHOM MOJENN KOHCTPYKIIWH, HallpSDKEHUS )K€ BTOPHIHEI U
OIIPENEISIOTCS IIyTEM YMCIEHHOT0 TudPepeHnrpoBanus nepememenuit. [loatomy
TOYHOCTbH OIIPENENICHHs HaIpsOHKeHHH (YCHIIAN) OKa3bIBaeTCs HAMHOTO HIDKE, 9eM
IepeMEeIe U, XOTS HMEHHO 3HAUeHUs HaNpsDKeHHH SBISIOTCH BaXXHBIMH IIPH
IIPOYHOCTHBIX pacderax KOHCTpyKuui. Kpome TOro, mockoibKy npuOIMKEeHHOE
pelieHde B IEpeMELICHHAX OTBEYaeT HIDKHEH TIpaHUIe, TO B3HAYEHHS U
IepeMEINECHNH U HAPsDKEHUN OKa3bIBAIOTCS 3aHKEHHBIMUA OTHOCUTEIBHO TOYHBIX
3HAYEHUH.

ITonbITKH TpeomoNeHHs yKa3aHHBIX HEJOCTaTKOB, OCHOBaHHEIE Ha
ucronb3oBaHuu cxeM MKD HenmocpenCcTBEeHHO B HAIPSDKEHUAX WIM B CMEIIaHHOM
bopme, IpeaIpPUHAMAINCE HEOOHOKPATHO, OXHAKO IMpobiieMa oTa HajeKa eIme OT
3aBEPIICHHS. M IO-IIPEXKHEMY OCTaeTCi OIHOM M3 aKTyalbHBIX MpoOiIeM
IPHMEHEHNS METO/[a KOHEYHBIX 3JIEMEHTOB B 3a[1a4aX CTPOUTEIBHON MEXaHHUKH.

Huccepramus A. B. IrHaTseBa nocBsIIeHa pa3paboTKe ¥ HCCIEIOBAHUIO CXEM
MKD B ¢opMe KIacCH4eCKOr0 CMEIIAaHHOTO METO[a, IIOCTPOEHHIO
COOTBETCTBYIOIIMX KOHEIHO-3JIEMEHTHEIX PEIIeHUH I 3aa4 CTATHKH, THHAMUAKH
M YCTOHMYMBOCTH CTEPXKHEBEIX CHCTEM, H3rH0aeMbIX H INIOCKOHAIPSIKEHHBIX
IIacTuH. B xadecTBe NPHIIOKEHWHM pacCMaTpUBAIOTCA JWHEHHAas W HeEIHHEHHas
IIOCTaHOBKH 3aJad, B YaCTHOCTH, pacdeT CHCTEM C JKECTKAMH JJIEMEHTaMH,
TreOMETPUYECKH HEMMHENUHBIX CHCTeM, I'MOKHX HHTEH M CHCTEM C HIOSAIbHBIMH
OIHOCTOPOHHHAMH CBS35MH. TakKe paccMmarpuBaercsi mnpobiemMa coOCTBEHHBIX
3HaUeHUH ¥ COOCTBEHHBIX BEKTOPOB IJIS CTEPXKHEBBIX CHCTEM M H3rHOaeMbIX
IJIaCTHH.

Cmemannpie Gopmer MKD 6asupyroTcs Ha NpPUHIHANE CTallMOHApHOCTH
pazmuaHEIX QopM (QyHKnumoHana PeiiccHepa. IlepeMelneHns M HanpsOKEHHS B
Impeneiax KaXJOoro KOHEYHOTO JJIEMEHTa allIpOKCHMHUPYIOTCS OIHOBPEMEHHO,
II09TOMY HET HEOOXOAMMOCTH 3aBBIIIATh TPeOOBAHMA K HENIPEPEIBHOCTH HCKOMBIX
GyHKIUE ¥ WX TPOM3BOAHBIX. HampoTWB, MOXHO 3aJaBaTh HMEHHO HYXXHEIE
aIIPOKCHMAIINH, & TOCKOJIbKY CMEIIaHHbIe BApHAllHOHHBIE IPAHIIMIIEI IPHBOMIAT K
K CMEIIaHHOMY BHIy COOTHOIIEHUH MEX Iy HaIIPSDKEHUSMH U IIEpEMEINECHUSIMHE 11
KOHEYHOI'0 3JIEMEHTa, MOXXHO IOJydaTh Oosiee TodHOoe pemeHue. Kpome Toro,
IIPUBJIEKaTeIbHA X 09€Hb [10JIe3Ha BO3MOXKHOCTh BYCTOPOHHMX OIIEHOK TOYHOCTH
pemenus 3agad MKO.

OpnHako B peanu3anuu cMemanHod Gopmel MKD uMeroTcs U onpeneneHHbIe
TPYOHOCTH. Bo-TiepBBIX, 5TO mpobieMa cCMEeIIaHHbIX HEM3BECTHEIX, IPUBOASIIAT K
YCIOXKHEHHUIO aJrOpPATMOB  (GOPMHPOBaHMSI MaTpHl KO3Q(OHIMEHTOB IIPH
HEeM3BECTHAIX, KaK JJIf OTAEILHEIX KOHEUHBIX 311eMeHToB (KO), Tak ¥ BCcel CHCTEMEL
B IeJloM. Bo-BTopelX, (yHKIWOHan PeficcHepa He SBIAETCS BEIIYKIBIM,
HOBEPXHOCTH €ro B TOYKE CTALMOHAPHOCTHA MMEET BEIPaXEHHEIA CeNI000pasHbIA
XapakTep. OJTO INPUBOAMT K HEKOTOpO# HecOalaHCHPOBAHHOCTH YCIIOBHH
PaBHOBECHSs H YCIOBHH COBMECTHOCTH AeopMalmi B molydaeMoM pemeHuH. B-
TpPeTHHX, CHCTeMa paspernaromux ypasHeHu#t MKD, oTBedaromas GopmyIupoBKe
CMEIIaHHOr0 MeTOAa, He SBISETCS CHMMETPHYHOM H  IIOJIOXKHUTEIIBHO
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ompenenesHoi. IlosTomy mpuOmIKeHHOE pelleHHe, NONYYeHHOE CMEIIaHHBIM
METOZIOM, IIPX CTYIICHHWU CETKH MOXET NPUOIKATHECA K TOYHOMY PEIISHHIO Kak
CHH3Y, TaK W CBEpXy W, TakuM 00pa3oM, HE HaeT rapaHTHPOBAHHOMW CXOIMMOCTH
pemeHus. OTH U JIpyrde OoOCTOSTENhCTBA B HEKOTOPOH CTENEHH 3aTPyIHSIOT
IpsMOe UCI0b30Banre (QyHKIMOHaNa PeliccHepa B METO1e KOHETHEIX JJIEMEHTOB.

IIpoBeneHHBI! IUCCEPTAHTOM aHAIN3 COBPEMEHHEIX HCCIIEOBAHUMN ITO3BOJIHII
eMy chopMynmupoBaTh (QyHTaMEHTATbHYIO HAydHYIO IIpoOlleMy, Ha peIlIeHHe
KOTOPOH HaIIpaBJIEHO NaHHOE UCCIIE0BaHUe: pacllIUpeHne BO3MOXHOCTEH MeTona
KOHEYHEBIX JJIEMEHTOB, J[aloIlee BO3MOXHOCTE CPaBHHUTEIBHOIO aHAJIA3a
pe3yJIbTaTOB pacyeTa MOIyJaeMbIX Ha OCHOBE €r0 pa3IudHbIX GOpM.

Ienpro MaHHOTO MCCIEIOBaHMS SABISIETCS Pa3BUTHE TEOPUH METO1a KOHETHBIX
311eMeHTOoB BKodeHreM B He€ MKO B popme KitacCHIecKoro CMEanHoro MeTo1a
CTPOHUTEILHON MEXaHWKH, paspaboTka COOTBETCTBYIOIIUX bu3uKo-
MaTeMaTHYeCKHX MOJeJIedl KOHEYHBIX JJIEMEHTOB M aJirOpUTMOB pacdera
Pa3IUYHBIX THIIOB KOHCTPYKLHH M HMX 3JIEMEHTOB B JMHEHHOM UM HEIUHEHHOU
IIOCTAaHOBKE. JTO IO3BOJIAET peIlaTh KakK HOBHIE HaydHbIE IpoOIeMBI, Tak U
aKTyaJbHBIE IPaKTUYECKUE 3a1a4H.

CTpyKTypa H coep:KaHHe JUCCEPTANHHA

Marepuran quccepTally U3j1araeTcs B JIOTHYECKOU IIOCIeIOBATEIEHOCTH —
OT IIPOCTOTO K CIOKHOMY, OT OOIIMX ITOJOXEHUH K PEIICHUI0 KOHKPETHRIX 3a1a4.
Pabota o6vemHas, BKIIOYaeT pazHoodpasasle Moxemd MKD B cMemmanHO# Gopme,
METOIUKHA WX pealn3alli, YUCJICHHBIE HCCIEeNOBAHUS W IIPAMEPHl PEIICHHU
TECTOBEIX 3a1ad. Jluccepranusi COCTOUT U3 BBEACHHS, INECTU I71aB, 3aKIFOYCHHUS,
CIIFCKA  WCIOIB30BAHHOU IUTEpaTypbl #3 314 HauMeHOBaHWH, a TakKe
IIPUJIOXKEHHUH, BKIIOYAIOMNAX CBUIETENHCTBA O TOCYJapCTBEHHOM PpETHCTpalldy
IIpOrpaMM ¥ aKThI BHEAPEHHXS BEIIIOTHEHHBIX HAyYHBIX HccnenoBanuii, KomrgecTso

crpamun — 283, pucyHKoB — 125, Tabmun — 26.

JuccepranuonHas paboTa sBISETCS 3aBepUICHHOM ¥ 0GOpMIIEHHOW B
COOTBETCTBHM C INpembsBisieMbIMH TpeboBaHmsamu. ConepxaHue U CTPYKTypa
JIMCCEPTAl[Md COOTBETCTBYET ITOCTaBICHHOHM LEIH HMCCIIENOBAHHS W KPUTEPHIO
BHYTPEHHEr0 €IMHCTBA. DBBIIBATaeMBI€ COHCKATEIEeM TEOpeTHIecKue H
METOMOJIOTAYECKAE IONOXEHHUS, a TakKe COOPMYIMPOBaHHEIE BBIBOABI H
IPEIOKEHNs,, KaK pe3y/ibTaThl MCCIENOBAaHHUSA, SBIIOTCS OOOCHOBAaHHBIMH,
HOBBIMHU H BECbMa 3HAYMMBIMHE ISl HAYKH ¥ HHXXEHEPHOH IIPaKTHKH.

Conepxanme apTopedepara coorBerctByeT TpeboBamuaM BAK P® m
OTpa)KaeT Pe3yILTATHI BHIIOJIHEHHBIX HCCIEA0BaHNH, PaCKPEIBAET OCHOBHEIE HICH
H BBEIBOOB,, C(HOPMYJIMpOBaHHBIE B [OUCCEPTAlMHd M CONECPKUT IIEPEHICHB
OIy0IMKOBaHHEIX aBTOPOM paboT IO TEME HCCIIEIOBAHNUS.

OcHOBHEIE Pe3y/IbTATHI HCCJIEJOBAHHH H HX HAy9YHAasi HOBH3HA
OCHOBHBIE pe3yJIBTAaThl AMCCEPTAIlMOHHOTO HCCIIENOBaHuUsd, IIONyICHHBIC
aBTOPOM, ¥ 00JaJaroInye HaydHOH HOBH3HOM, COCTOST B CIEAYIOMIEM.



1. ABTopoM mpemioxeHbl pacdeTHble cxembl MKD B ¢dopMe KiIaccH4ecKoro
CMEIIaHHOTO MEeTOJa CTPOWTENbHOM MEXaHWKH, pa3paboTaHbl (HU3HKO-
MaTeMaTH4YeCKIe MOJIENH IS Psifia HOBBIX CTEP)KHEBBIX U INTACTHHYATEIX KOHEYHBIX
3JIEMEHTOB.

2. CocraBiieHBI aTOpPUTMEI B IIPOrPaMMEI YHCIEHHON peann3anny pa3paboTaHHbIX
MOJelIel, IPOBEIEHbI X UCCIEN0BaHNs ¥ NaHbl PEKOMEHIAIUH 110 IEPCIEKTUBHBIM
HalpaBJIeHUAM IIPEMEHEHUs IpenoxeHHbIX cxeM MKO B nmpakTuke HHKESHEPHBIX
pac4eroB. [IOCTOMHCTBOM SIBISIETCS TO, YTO IIOCTPOEHHBIE B paboOTe alrOPHTMEI
COXPAaHSIOT IPEUMYIIECTBa TPAAUIIHOHHOM cxembl MKD B nmepeMernenusx.

3. IlpuMeHeHne pa3sBuBaeMoil B paboTax muccepranTa cMemanHoi ¢hopmer MKO
IIO3BOJSIET  PEMUTH HOpoOJIeMy  HCKIIOUEHHS  OTPHUATEILHOTO  BIIHSHES
IIEPEMENICHUI KOHEYHOI0 3JIEMEHTa KaK >KECTKOIr'o IIeJIOr0 Ha 00YCIOBIEHHOCTE
paspelnaroniei CucTeMsl ypaBHeHUH. Pemenne aTo#t npo6iaeMbl MO3BOJISET, B CBOIO
o4epenb, IOCTPOUTh 3(P(QEKTUBHBIE AITOPHTMEI pacuéTa CTEPIKHEBBIX CHCTEM H
IJIACTHHOK, UMEIOIMUX KECTKUE BKIIFOUCHHUSI WU BEIPE3EL.

IIpu pacuérax mo MKD B mepeMemennsX HaInIue 09€Hb KECTKIX WA OSCKOHETHO
KECTKUX OJIIEMEHTOB IPUBONWAT K YXyAIIEHUIO OOYCIOBIEHHOCTH MAaTpHUIIBI
KECTKOCTH H, KaK CIIE[CTBHE, K OONBINON INOTpEIIHOCTH peINeHHs HHOTAa K
HEBEPHOMY peIIeHuIo0 (0COOEHHO B 3a1a9aX YCTONYABOCTH).

4. ITomoxuTenbHOR CTOPOHOM paboTHI TaKKe SBIIETCS BHEAPEHUE IIPEII0KEHHBIX
MoJeJIel ¥ METOIUK B y4eOHBIHM ITpoIiecc Ha ypOBHE IPOrPaMMHOro obecrnedeHus.

Crenens 060CHOBAHHOCTH H JOCTOBEPHOCTH HAYYHBIX HOJ0KEHHH,
BBIBOJOB H PeKOMEeHIalui

Jloruka nmuccepTannOHHOM pabOThI IOITHOCTHIO COOTBETCTBYET IIOCTaBICHHOM
med u CHOPMYJIHPOBAHHEIM IS €€ NOCTIKeHHs 3anagaM. OOOCHOBaHHOCTB
OCHOBHBIX HAyYHEIX ITOJIOXEHHUH, BEIBOJOB M IONY4EHHBIX B paboTe pe3yIbTaToB
obecrieurBaeTCs YIOBIETBOPEHUEM pa3paboTaHHBIX IHCCEPTAHTOM alrOPHTMOB
OCHOBHBIM COOTHOIIEHHSAM CTPOUTEIIbHON MEXaHWKH, TEOPHH YIPYTOCTH H
MEXaHHKH CILIOMIHOM Cpebl, HKCIIONB30BaHUEM anpoOMpOBaHHBIX YHCICHHBIX
METOJIOB H TIIOATBEP)KIAETCS CpAaBHEHHWEM IIOJ[yYEHHBIX pE3yJbTaToOB C
pe3yIbTaTaMy UCCIEN0BaHUM IPYTUX aBTOPOB.

JIOCTOBEPHOCTh IOJMYYEHHBIX pe3yJIbTaTOB IIOATBEPKIAACTCA YHCICHHBIMH
HCCIIEIOBaHUAME pa3pab0TaHHbIX aITOPUTMOB, 8HAIM30M PE3YyIbTATOB pacdeTa IIo
CXOOMMOCTH ¥ (H3MYECKOW JOCTOBEPHOCTH, COIIOCTaBJIEHHEM C TOYHBIMH
pEIIEeHIsIMH B pe3yIbTaTaMu, TOlyYeHHBIMHA IPYTHMHA METOIaMH.

Teoperndeckasi H NpaKTHYECKas 3HAYHMOCTh
IToirydeHHBIE aBTOPOM AUCCEPTAIMH PE3YIBTATEl HCCICAOBAHMU IJIA Pa3BUTHA
Hay4uHOl cnenuansHOocTH 05.23.17 — CTpouTenbHas MeXaHHKa. TeopeTHdecKas U
IpaKTHYeCKas 3HAYMMOCTh IIOJYYeHHBIX B paboTe pe3yIbTaToB OOOCHOBAHEI
JIACCEPTAHTOM JOCTATO4HO yoenuTensHo. Ocobo mpH 3TOM CieyeT OTMETHTD, 9TO
WCCIIeIOBaHus IIONAepxKansl rpantamu POOV coBMecTHO ¢ AIMHHHCTpalueH
Bourorpanckoit obmacta B 2016-2018 rr. W IpeacTaBiseT HECOMHEHHBIH
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TEOPETHIECKUH U MPaKTUIECKUN HHTEepeC NI HHXXEHEPOB PacdeTdUKOB U APYTHX
CIIEIIHAACTOB B 00JaCTH CTPOHTEIHHON MEXaHWKH, TaK KaK pa3paboTaHHEIE IUIA
npennaraemodt popmsl MKD anmropATMBI CTaTHYECKOTO pacdeTa CTEPXKHEBBIX
CHCTeM M IUIAaCTHH, & TakXKe pealM3ylollne WX I[IpOorpaMMHBIE CpEACTBa,
IPEeIOCTaBIIIOT BO3MOXHOCTE Oojiee TIyOOKOrO CpaBHHTENLHOTO aHAJIN3a
pe3ynbTaTOB  pacdeTa, IONYYSHHBIX APYTMMH  YHUCICHHBIMA  METOJAaMH.
BrimonHeHHBIE IpUMEpPEI pacdeTa IIOKAa3bIBAIOT BBICOKYIO 3((hEKTHBHOCTH
pacmmperHoro MK3 B ¢opMe KIaccHYecKoro CMENIaHHOI'0 METOHa, a BHICOKas
TOYHOCTD, IIOJIy9aeMBIX C €T0 IOMOIIBIO PEIIEHNH, T03BOIIET PEKOMEHIOBATh €r0
IVl aHajW3a Pe3yJbTaTOB pAacUeTOB, IONyYEHHBIX C HCIONB30BAHHEM APYTHX
Y9I CIICHHBIX METOIOB. :
Anpobanus paboTsl 0 MyOTHKAHA

OCHOBHEIE pe3yIbTaTHl AUCCEPTAlUX JOKIanbIBAIUCH aBTopoM B 2007-2019
IT. Ha JECATH MEXIYHApOOHBIX M TpPEX BCEPOCCHUCKUX HAYYHO-TEXHHIECKHX
KOH(epeHIUsX.

ITo MaTepmanaM muccepTanuu omybmukoBaHo 75 pabot: 1 MoHOrpadus, 32
CTaTbH B BEHYIIHWX PELEH3UPYEMbIX HAY4YHBIX XypHalax U U3JAHUSX, 6 cTaTedl B
H3/IaHUSAX, BXOISIINUX B MEXIyHapOIHbIe pedepaTHBHEIE 0a3bl JaHHBIX H CHCTEMBI
nutupoBanuit Web of Science m Scopus, 6 CBHIETENIBECTB O PETHCTPAIIAH
nporpamm st OBM, 5 y4ueOHBIX mocobuit, 25 crareil B MpoIHX peleH3UPYEMBIX
KypHamax # cOOpHHKax TpynoB KoHGepeHmui. IlpakThdeckoe 3HadeHHE
IIPOBEICHHEIX UCCIIEAOBAaHUY IONTBEPXKIACTCS, B JaCTHOCTH, CBAIETEIHCTBAMH O
PETUCTpaly BEYUCIUTENBHEIX IIPOTpaMM H BHINONHEHHBIMH C KX IIOMOIIBIO
pacyeTaMH.

3amMevyaHHs N0 JHCCEPTALHOHHOMH paboTe

ITo muccepTanuoOHHOK paboTe IMEIOTCS CIeIyIomue 3aMeJaHuts:

1. TIpencraBisfeTcss HECKOIBLKO 3aBBIMEHHOM ponb aBTopa B pazutue MKO,
maHHas B psage Mecrt aBTopedepara um muccepranmu («Haydnas HOBH3HA
uccuenosanus», «OCHOBHBIE pe3ynbTaThl» U «BrBomel»). Tak, B myHKTE |
«Hay4H0} HOBH3HEI» YMECTHO T'OBOPHTH O HOB0M 6apuanme CMEIIaHHOH (OpMEI
MKD, a He 0 Hosoti popme MKD, nockonsky MKD e cmewannou gpopme (“mixed
FEM’) u3BeCTeH YK€ HECKOJIBKO JECATKOB JIET.

ITo myrkty 2. TepMuH «mampuya omxiuko8 koneynozo snemenmay (“finite
element response matrix”) YyXe IOaBHO WCIONb3YeTCS B HHOCTPaHHOM
TepMuHOJIOrEd. HampuMmep, ero MOXXHO BCTpeTHTh B pabotax H. Nakata, W. R.
Martin, J. A. Rathkopf eme ragana 1980-x roznos.

CHopHO ¥ yTBEpXKAEHHE, IPUBEICHHOE B I[YHKTE 3 — YTO NOJIYYeHUe Mampuy
omxnukos KO cmeuwannoz2o memooa Tak e IIPOCTO, KaK ¥ MAMPUY HCeCmKoCcmu 8
Mmemoole nepemeujeruti. ATroput™ GOpMUPOBAHUSA MaTPHIB! K03 QHIIMEHTOB IPH
HEU3BECTHBIX B CIlydae, KOIJla HEM3BECTHBIC PAa3HOro THIA M X YUCIIO HE KpaTHO
YHCIIy Y3JI0B KOHEIHOTO dJIeMeHTa (KaK 9TO IMEET MECTO B CTEPXKHEBBIX JIICMEHTaX
CMeImmaHHOi (OpMBI), BCE-TaKH CIOXHEE CTaHIAPTHOrO AJTOpUTMa COCTaBJICHMS
MATpPHIBI )KECTKOCTH KaK OTHEIHHOTO KOHEYHOI'O 3JIEMEHTA B MEPEMEIICHUIX, TaK
U BCEH CHCTEMEI B I[EJIOM.



2. B mynkre 4 «HaydHo# HOBU3HBI» NEKJIAPAPYETCS, YTO B KA4ECTBE Y3TIOBBIX
HEM3BECTHBIX cMemaHHo# Gopmbl MKD npumHEMaroTCS Kak mepeMelneHus, Tak 1
YCUIHS, «MpU MOM Jce KONUYecmee Heu3eeCmHuvlX 8 Y3le, KaK 6 Memooe
nepemewjeruily. Mexmy TeM, U3 COAepXKaHusI BTOPOH TIaBEI BUIAHO, YTO, HAIIPAMED,
IUIS CTEp>XKHEBOT'O 3JIEMEHTa IUIOCKOM (epMBI HHCIO CMEIIaHHBIX Y3JIOBBIX
HEU3BECTHBIX PaBHO 5 MpoTUB 4 B MeETOJE IepeMeIleHu#; IS H3rH0aeMoro
CTepXKHSA — 9 CMEIIaHHBIX HEM3BECTHBIX IPOTUB 6 HEM3BECTHBIX CMEINEHWH; IS
IIPSIMOYTOJIFHOTO 3JIeMEHTa N3rnbaeMoit IacTUHE — 16 CMeIIaHHBIX HEM3BECTHBIX
npotuB 12 o0606meHHBIX cMemenui. TakuM obpa3om, B obmeM ciydae pacdeTa
CTEpXKHEBBIX cucTeM 3 dextuBHOCTS MKD B hopMe KIIacCHIECKOro CMEMIaHHOTO
METOZa BeChbMa COMHUTEIIbHA, IIOCKONBKY YCHJIUA B (EPMEHHBIX U HU3THOaeMBIX
CTEP)KHSX B METOZE NEPEMEIECHUHN BEIYUCILIIOTCS C TOH )K€ CTEIEHBIO TOYHOCTH,
9TO U IepEeMEIICHH.

3. ITo mynkty 9 «Hayguno#t HOBH3HEI). OnucanHbi B aBTopedepate (cTp. 30)
U JWCCEepTaluy HTEPALUOHHBIA aneOpumm HNEepPeKntoyeHuUs COCMOAHUS CBs3ell B
KOMOMHAIWU C IPOCTHIM IIOIIArOBEIM HarpyX€HHEM HE MOXKET IIPETeHIOBaTh Ha
HOBH3HY, TaK KaK OH JaBHO H3BECTEH KakK «anzopumm Pabunoeuuay (CM. CTATBIO
Pabunosrya . M. HekoTopble BOIPOCH TEOPHH COOPYXKEHHM, COMEpIKaIIiX
onHocTopoHHHUE cBsi3u. Imxeneprbid coopruk. U3n-Bo AH CCCP, 1950. T. VI. C.
12-23). Tak, B rnaBe 6 peneHsupyeMoit muccepramuu (ctp. 238) paccMoTpeH
IpuMep, peKkoMeHIoBaHHbH B [28, 136] B kaduecTBe BEpH(PUKAIIHOHHOTO TECTa I
IPOBEPKH AJTOPATMOB PEINSHHS 3a0a4 ¢ UCAIEHBIMA OJHOCTOPOHHUMU CBS3SIMH.
OTHOCHTENBPHO IPUOIMKEHHOE pelIeHre ObLIO IIOMY9IeHO IpH pa3OneHNH Harpy3KH
Ha 10 0IMHAKOBBIX CTyIEHEH HArpyKEHUS C IpUMeHeHreM anroput™ma PaburoBrya
U1 YyTOYHEeHHs pabodeil cXeMbI Ha KaXI0oM TeKymeM mare. OmHako abCoIIOTHO
TOYHOE pelleHre JaHHOHK 3a1add MOXXHO IIOJIY9HWTh BCETO 3a 2 Iara HarpyXeHHs
(Oe3 mOIONHUTEIEHEIX HTEpallii Ha KaXIOM Iuare). B 3ToM ciiydae IpHAMEHSETCs
an2opumm Nowazo8020 AHANU3A USMEHEHUs COCMOAHUY KOHMAKma, B KOTOPOM
BEJIMYMHA OYEepPEIHOTO PACYETHOIO Inara ONpenessIeTCs U3 YCIOBHS HACTYILICHHS
CIIEIYIOIIErO B IPOIIECCE HATPYKEHHSI COOBITHS IEPEKIIOUSHHS CBA3H (CM. IIPEMED
1.1 B muccepramnuu Jlykamesuda A. A. «Pelnenre KOHTaKTHEIX 38189 UL yIPYTHAX
CHCTEM C OJHOCTOPOHHMMH CBSI3SIME METOOM IIOIIAr0BOrO aHam3a», 2011).

4. Tlpy pelleHrH NPaKTHYeCKUX 3amad OONBIION pasMEepHOCTH, OCOOEHHO B
HEJIMHEHHOM IIOCTAHOBKE, OCHOBHBIM OIpaHWYEHHEM SABIIETCA BpEMsS CUeTa.
ITosToMy 3()heKTEBHOCT BEIYHCIUTEIBHEIX aJITOPUTMOB ONIPEAETISIETCS HE TOIBKO
TOYHOCTBIO PELIEHHS 38a9H, HO 1 BX ObIcTponeiicTBueM. K ToMy e T0Ka3aHo, 9TO
MKD B hopMe MeTOna MmepeMeleHrii MOXHO IOIyYuTh JHOOYI0 TOYHOCTH IPH
CI'YIIEHHH KOHEYHO-31eMeHTHOH ceTku. C apyroi croponsl MKD B cmemaHHOR
dopme TpeOyeT MOMONHUTENBHBIX 3aTpaT Ha (OPMHPOBAHHME paspemaromel
CHCTEMEl ypaBHEHHH M ee pemeHme (T.K. MaTpula Ko3Q(QHUIHEHTOB 3[1eCh He
CHMMeTpHYHAa M HMEeT HyJM Ha IJaBHOM puaroHami). OuesmmHO, Goee
nenecoobpasHo cpaBHHBaTh AaHHBIE GopMbel MKDO 10 TpyIOeMKOCTH, CKOPOCTH
CXOJUMOCTH II0 BPEMEHHU.



5. CpaBrenue cxomumocTs hopM MKD Kk TOYHOMY pelmeHH0 B 3aBUCUMOCTH
OT KOJIMYECTBa DJIEMEHTOB HEKOppeKTHO. ClemyeT IpOH3BOIUTH CpPaBHEHHUE IIO
YUCITy HEHM3BECTHBIX (pa3MEepHOCTH 3a[adH), a JIydlle II0 BpeMEHHU cueTra. Taxxe
Oollee KOPPEKTHO WCCISNOBaTh CXOOWMOCTh DEIIeHHS He II0 KakoMy-Jmbo
KOHKpPETHOMY Pe3ylbTaTy, a B HOPMUPOBAHHO! GopMme.

6. Kpome Toro, oTCyTCTByeT Kakoe-Iu0O COIOCTaBICHHWE IPeIIOKEHHOIO
Bapranta MKDO ¢ apyrumMu u3BECTHEIMHU cxeMaMu cMemanHoro MKDO. Takxe mpu
COIIOCTaBICHUM aTbTePHATUBHBEIX cxeM MKD He HCIONb3yeTcs HWMEIoImascs
BO3MOXXHOCTb CPaBHUTEILHON OIEHKH PEIIeHNs 3a/1a4 10 SHEPTHUH.

7. B riaBe 2 noka3aHbl TPEYTOJILHEIE KOHEUHBIE SJIEMEHTEI CMEIIaHHOK (hOpMEI
MKD pgns pemmeHds IUIOCKOM 3aladd TEOPHH YIpyroctd. M3 nampHeimmero
H3JI0KEHHUS He SICHO, KaK BHIOMpaTh OCHOBHYIO CHCTEMY AJIA KaXmoro Takoro KO
IIPH YCIIOBHH €r0 KHHEMAaTHIEeCKON HEU3MEHIEMOCTH U C yIETOM COTIIACOBAHHOCTH
II0 THILy HEU3BECTHBIX B y3iax KO certku. MIMeroTcs mi cpencTBa aBTOMAaTH3AINH
BbIOOpa OCHOBHOW cucTeMbl miis aHcaMOist KO wim ee 3amaHue mpenrosaraeTcs
Bpy4Hy!0. Taxke He IPOIZEMOHCTPHPOBAHO NpPHUMEHEHWe KOHEYHBIX SJIEMEHTOB
cMemaHHOX (OopMBI I peIIeHHs 3aJad TEeOPHH YIPYTOCTH, OTCYTCTBYIOT
IIPEII0XKEHUS 10 IIEPCIIEKTUBHBIM HaIIPaBJICHUSIM UX IPAMEHEHHS.

8. s TpeyromsHOro KO mimockod 3amadd B KaXIOM H3 TpeX Y3JIOB [Ba
CMEIIaHHBIX HEU3BECTHBIX — OHA KOMIIOHEHTA IIePEMEIEeHUS U OJHa KOMIIOHEHTa
HOPMaJILHOr'0 HalpsDKeHUs. Beero mmeeM 6 y3m0BBIX HEM3BECTHEIX B KO — cTOIBKO
xe, kak B MKD B ¢dopme mMeTona mepememenuit. [lpm 3ToM He sSICHO, KaKk OT
aNmpOKCHMAaLHHU paclpe/ieleHus HalpsDKeHNH U nepeMernenuit B KO creneHHbIMH
IIOJITHOMAaMH ¢ OOIMMM KOJMYECTBOM HEU3BECTHHIX K03()(UIMEeHTOB paBHBIM 12
yIJIOCh IEepedTH K SKBHBAJCHTHOM aNIIpOKCHMAIMH IIOJNed IEepEMEINECHUN H
HaIpsDKeHwH ¢ moMomrsio Gyrknui dopmMsl KO Beero uepes 6 y310BbIX CMEIIaHHBIX
HEHU3BECTHBIX (BMeCTO 12).

9. VimeroTcst HEOPEXXHOCTH B M3JIOKEHUH JUCCEPTAIUy U aBTopedepara. Tak,
Ha puC.7 aBTopedepara HalpaBlIeHHE HAIpPsDKEHUM HE COOTBETCTBYIOT OCSM,
BMecto k" B dopmyne (3) momxen OeiTeh “n” (cTp. 12 aBTOpedepata, crp. 335
IECCEpTALNH), BMECTO KOMITOHEHT Bektopa “‘{b,} = [b1, b3, bs]” “ momkHO GBITH
“[b1, b2, b3]"“ (cTp. 64 muccepTaryu). BMeCTO BRIPOXKEHHS (CUCIMEMA PEUAIOUSUX
ypaeHeHuily — «cucmema paspewiarowux ypasnenutiy (ctp. 231 muccepraimm).
CII0BOCOUETAHHE «MAMPUYa OMKIUKO8 KOHCMpykyuu pasmepom (n+m)x(n+m)y
MOXKHO IIOHHMAaTh [ABOSKO (cTp.25 aBTopedepara, crp. 196 muccepTamun).
JlomyImeHa omedaTka B OIVIABJICHHM JHCCEpTallMy — IaBa | HaumHaeTcs ¢ 15-H
CTpaHHIlbl, & HE C 5-H.

Kpome Toro, B paboTe BcTpedaroTcss opdorpaduieckue, rpaMMaTHIecKue 1
crTrcTHIecKre ommokyu. Hampumep, yxke B caMoM Hadalie aBTopedepara (cTp. 3)
B 6-M ab3ame CIOBO «OUCKDEmMUSUPOBAHHbIX» THIeETcs depes «u» (CM.
«Ouckpemuszayusy). B ciemyromem a63ale IpOIYIEHO CIOBO «cemkay. TaM xe
BBIP@KEHUE (HeUcnonv308anuey ('PaHAYHBIX YCIOBUH) CIeXyeT B3ATh B KaBbIUKH,
IIOCKOIEKY JTF06EIe Tpanudnble ycroBus B MKO hopMEl MeTo[a IepeMeIeHId He
MOTYT OBITH He HCII0Ib30BaHEl (BOIIPOC TOIEKO — KaKAM 06pa3oM 5TO JENaeTCs).
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10. B cTob 0OIMPHOM CITUCKE TUTEPATypH! (13 3 14 HCTOYHUKOB) HEe HAIIOCh
MecTa psITy 3Ha9HMEBIX HayJHBIX paboT, B KOTOPBIX paccMaTpuBatoTces cxeMbl MKO
B popme cmemanHoro Meroaa. B wactHoctH, pabotam MacierankoBa A. M. 1 ero
YYE€HHUKOB, IIOCBSIIEHHBIM PacdeTy TOHKHUX IUIUT CMEIIAHHBIM METOLOM KOHEYHBIX
351eMeHTOB: MacneHHUKOB A. M. «Pacuem naum cMeuanHvim Memooom HA OCHO8e
OUCKpemHOU pacyemHol cxemwuly, HOKIanel XXV Hayd. koHd., JIMCH, 1967,
MacnerrukoB A. M. «Pacuem mOHKUX NIUM MEMOOOM KOHEYHbLX SNeMEHMOBY,
cbopruk TpymoB JIMCHU Ne 57, 1968; Macneunukos A. M., Ilunkuaa 3. U.
«Pacuem wnnum cmewlaHHLIM MEMOOOM NPU UHMEPHONAYUU  KYOUUECKUM
nonuromomy, coopruk Tpynos Cub.AJIM, Ne 54, 1975 u mp. A Takke TOKTOPCKAM
muccepranusiM CrnuBkepa B. B. «Oggexmusnvie cxemvr memooa KoHeyHbix
SNEMEeHmOo8 6 3a0a4ax CMpOUMenvHOU MEXAHUKU C UCNONb308AHUEM HOBbLIX
8apuUayUOHHbIX N00Xx0008y», Jleruurpan, 1983; Hukomsckoro M. . «Bcmpeunvie
Dopmer MemoOa KOHeUHbIX IeMeHmMO8 8 meopuu ynpyzocmuy, Jleauarpam, 1992,
3apy6exxHyl0 IHTepaTypy MOXHO MJOIOJHHATH CIENYIOIIAMEH HCTOYHHKAMHE:
Wriggers P., Carstensen C. «Mixed finite element technologies», 2009; Wriggers P.
«Mixed Finite Element Methods — Theory and Discretization», 2009 u np.

OTMedeHHbBIE HEIOCTATKY HOCST PEKOMEHIATENbHEIM XapakTep U, HeCMOTPS Ha
IepEeYrCICHHBIE 3aMeYaHu s, MOXKHO IPU3HATh, YTO peleH3upyeMas paboTa B IeJIOM
BEITIOJTHEHA Ha BEICOKOM ITPO(QECCHOHATIEHOM YPOBHE M XOPOIIO 0popMIIeHA.

CooTBeTcTBHE JHCCEPTANMH HAYYHOH CENHAJIBHOCTH
Comepxanue IUCCEPTallMd COOTBETCTBYET IACHOPTY HAYYHOH CHENUATBHOCTH
05.23.17 — CtpoutenpHas MEXaHHUKa, @ AMEHHO: MyHKTY 2.  «JIuHeiHas %4
HeJWHEeWHas MeXaHWKa KOHCTPYKIHM H COOpYXKeHu#, paspaborka (u3HKO-
MaTeMaTHYeCKHX MOJeNel uX pacueran; IMyHKTy 4. «HUCIIeHHBIe METOIBI pacueTra
COOPYXEHHUH U UX BIIEMEHTOB.

3axir0uenne mo paborte

COBOKYIIHOCTh IIOJMy4E€HHBIX HOBBIX HAy9HBIX PE3yJbTaTOB H IIOIOXEHHI,
pa3paboTaHHBIX TEOPETHYECKWX MOJAeNeH H NIPHUKIAJHBIX METOIHWK pacdeTa,
BEIJBHTaEMBIX aBTOPOM JJIsA ITyOIMYHOMN 3alUTEI, IO3BOIHIIMA EMY CO34aTh HAYIHO-
O00OCHOBaHHEIM ITOAXOA K pa3BUTUIO TEOPHH METOJa KOHEYHEIX 3IE€MEHTOB
BKmrodeHneM B He€ MKD B ¢opMe KIacCHYECKOro CMEINaHHOIO MeTona
CTPOUTEIBHON MEXaHUKH.

[TpencraBnenHyr0 quccepTanuio «Pa3BuTHE MeTO[a KOHEYHBIX 3JIEMEHTOB B
bopMe KJIaCCHYECKOr0 CMEIIaHHOI'O0 METOJa CTPOHTEIbHOW MEXaHUKHY,
BEIIIOJHEHHYIO MrHaTheBBIM AJeKcaHApoM BragumupoBHdeM, MOXHO CYUTaTh
3aBEpIIEHHON HayIHO-KBAM(QUKAIIMOHHOK paboTOH, B KOTOPOH H3JI0)KEHEI HOBEIE
Hay4H0-000CHOBAHHBIE PEIICHUS, UMEIOINHE NPaKTHIECKYI0 IEHHOCTh U BAXHOE
3HaYeHHUe JJIS PEIIeHUS 3a1a9 CTPOUTEILHOM OTPacIi HAPOMHOIO X03SHCTBA.

IluccepTanmss  yHOBIETBOpseT  TpeOOBaHMAM,  IpPENBSBISIEMBIM K
IHCCepTanyaM HA COMCKaHHe y9IeHOM CTeleHH JoKTopa Hayk B mm. 9-11, 13-14
TTooxenus 0 IPUCYKIEHAN YIEHBIX CTelleHeH, yTepxkaeHHoro IlocranoBieHreM
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IIpaButensctBa PO oT 24 centsbps 2013 r. No 842, a e€ aBrop — MrmateeB
Anexcanznp BraguMupoBud, 3aciry>KABaeT IPUCYKICHUS YICHOH CTEIIEHH JOKTOpa
TEXHUYECKUX HayK 1o cnenuanbHocTd 05.23.17 — CrponTenbHas MeXaHUKA.

OT3BIB paccMOTpeH M omoOpeH Ha 3acefaHWd Ka(eapbl CTPOHUTEILHOU
MEXaHUKH (enepabHOr0 T'oCyJapCTBEHHOr0 OIOKETHOr0 00pa3oBaTeIbHOrO
yapexaenust Beicmero obpaszoBanust «Cankt-IleTepOyprekuit rocynapCTBEHHBIN
ApXUTEKTYPHO-CTPOUTEILHBIA YHUBEPCUTETY.

[TpucytcTBOBaO Z34el., C MpaBOM pelraroInero roioca <3 gen. Pe3ymbTaTsl
TOJIOCOBAHHMS: «3a» - £ ¢ 4Yell., KIPOTUBY - //£ 7 Yell., KBO3AEPKAIOCHY - 3 dHell.
ITporoxox Ne 2 ot 24 centsi6pst 2019 .

CBemennsi o Beaymeil opranusanuu: OenepambHOE ToCyIapCTBEHHOE
Oro/pkeTHOE 00pa3oBaTeNbHOE YYPEeXKICHUs BbIcmero obpasoBamus «CaHKT-
[TerepOyprekuit rocy1apCTBEHHBIM apXUTEKTYPHO-CTPOUTENbHBIA YHUBEPCUTET)

Anpec: 190005, Caaxt-IlerepOypr, 2-s Kpacnoapmeiickas yi., 1. 4
Ten.: (812) 575-05-34

DnexTpoHHAas mo4Ta: rector@spbgasu.ru

Caitt: https://www.spbgasu.ru

W.o. 3aBenyromero kabeapoi
CTPOUTEIBHON MEXaHUKH, K.T.H.
(o cmermansrocTH 05.23.17 —
CrpouTtenbHas MEXaHUKa)

Kob6enes EBreauit AHaToIbEEBHY

[Tpodeccop xadenpst
CTPOMTEIHLHON MEXaHUKH, II.T.H.
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CrpoutensHas Mexanuka) [ 7y — ykameBud AHATOMUHA AHATONEEBHY
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I.X.H., Ipodeccopy
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YBEJOMJIEHHUE O COTVIACHUHA

Hacrosmmum  yBemomisieM Bac, 4To He Bo3paxkaeM IIPOTHB Ha3HAYCHUS
HaIllero YHUBEPCUTETAa B KadecTBE BeAYILIEH OpraHu3alMi M0 AuCCepTaluy
UrnateeBa Anekcanapa BragumupoBrnya Ha TeMy: «Pa3Butne MeTona KOHEYHBIX
3JIEMEHTOB B (OpPME KIACCHYECKOrO CMEIIaHHOTO METOJa CTPOUTEILHOM
MEXaHUKWY, MPEICTAaBICHHON K 3allliTe Ha COMCKaHHe Y4YEHOM CTEIeHH JOKTOpa
TEXHHYECKMX HayK 1o crenuanbHocTh 05.23.17 - CrpouTenbHas MEXaHUKa.

C HOPMATUBHEIMH JOKYMEHTAMH, PETYIHPYIOMIUMHU AeSITENbHOCTh BeAyLIeH
OpraHu3aIiy, 03HAKOMJICHbI U 0053yeMCsl UX BBIIIOJIHSATE.

CTpykTypHOE TOJpa3fesieHue, OTBEYarollee 3a IOATOTOBKY OT3bIBA —

kadenpa « MexaHUKI».

E.N. Pr10HOB
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