OT3bIB
Ha aBTOpedepar Umanosa Tieka PaxmeronoBuua « KoHEeYHO-3]IEMEHTHBIH
aHaJIU3 HaANpPSHKEHHO-AE(POPMUPOBAHHOTO COCTOSIHMS TOHKHMX O0OJIOYEK C
Y4YETOM IIOIIEPEYHOIO CABUIA IIPU PA3IUYHBIX BapHAHTaX AIllIPOKCUMAIIAU
YIJIOBBIX IIEPEMEIIEHUI», IPEACTaBIEHHOW Ha COHUCKaHHE YYeHOM
CTENEeHM KaHAuIaTa TeXHUYECKHX HayK Mo cnenuaibHoctH 05.23.17. —
CTpOUTENIbHAs MEXaHHKA.

Huccepranyonnas pabora MmanoBa T.P. mocssieHa BompocaM HCClIeLOBaHUSA
HaIpPsHKEHHO-1€(pOPMUPOBAHHOTO COCTOSHUS TOHKUX 00OJIOYeK C ydeToM aedopMalyu
NIONEPEYHOro CIABHra Ha OCHOBAaHWM BEKTOPHOH alpOKCHMALUH IOJIEM IepeMelIeHuiA.
[Toctpoenne MpOCTEIX M JOCTaTOYHO HANEXKHBIX MPUKIAIHBIX METOLOB pacdyera
npeacTaBisgeT cobol OnHy U3 Haubolee akmyanbHuix TPOOIIEM CTPOUTEIBHON MEXaHUKU
000JIOYEeYHBIX KOHCTPYKUMH, T.K. TaKOro poja KOHCTPYKIMH HAILId IIKPOKOE
IPUMEHEHHE B PA3IMYHBIX 00JIaCTAX IPOMBIIUIEHHOTO U MPaXKAaHCKOTO CTPOUTEIIHCTBA.

Hocmoseprnocmo u 060CHOBAHHOCHb HAYYHBLIX NONONCEHUL TIOATBEPHKAAETCS
MaTeMaTHIeCKH KOPPEKTHOW IIOCTAaHOBKOM 3a1auu, 6a3upyroleiics Ha 3aKOHAX MEXaHUKH
nehopMHUPYEMOro TBEPJIOrO TeNla, HCIONb30BaHMEM CTPOTMX MATeMaTHYeCKUX |
YHCJICHHBIX METOJIOB PEIICHMs 3a/1a4, a TaKK€ COOTBETCTBHEM ITOJNyYEHHEIX YHMCIEHHBIX
pe3yJIbTaTOB  pe3ynpTaraM JpYrdX aBTOPOB, IIPOBEPKOH CTATHYECKUX YCIOBHH
PaBHOBECHS paCCMAaTPUBAEMBbIX KOHCTPYKITHH.

Hayunasa wnoeusna uccneooeanus u NOIYUeHHLIX pe3ynomamoé 3aKIIovyaeTcs B
paspaboTKe [ pacueTa TOHKHX 0060JI0YeK ¢ y4ueToM JedopMaluy IIONepedHOro CIBUTa
aJIropuT™Ma (OpMUPOBAHHSI MATPHIL KECTKOCTEN YETHIPEXYTONBHBIX KOHEYHBIX 3IEMEHTOB
IIpY OTCYETe yIJia MOBOPOTa HOPMaJIX OT €€ MCXOAHOTO U J1e(OPMHUPOBAHHOIO COCTOSHHUS
Ha OCHOBaHMH BEKTOPHOH KOHEYHO-3JIEMEHTHON HHTEPIIOJIIMOHHOM IPOLELYPEL.

B kadectBe 3ameuanus MOXHO OTMETHTh Clle[ylollee: B aBTopedepaTe He
IPUBOJATCS NPUMEPHI CPAaBHEHUSI IMOJyYEHHBIX aBTOPOM pe3YJIbTATOB C PE3YJIbTaTaMH
IPYTUX aBTOPOB.

YKa3zaHHOE 3aMeYaHUe He CHMKAIOT 3HAYUMOCTH JMCCEPTALHOHHOMN pabOoThL.

Cunraro, 4To nuccepranuonHas pabGora T.P. UmanoBa «KoOHEYHO-3/1eMEHTHBIH

aHallu3 HaHpH)KeHHO-I[e(bOpMPIpOBaHHOFO COCTOSIHMSIT TOHKHX 000JIOYEK C yYue€TOM
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IIONIEPEYHOr0  CHBHIa IIPM  DPa3lMYHEIX BapHaHTaX AaNMNpPOKCHMAIHH  YIJIOBBIX
IEpEMELLEHUIH» COOTBETCTBYET 1. 9 «llojlokeHnss O MOopsaKe NPHUCYXKIEHHS YYEHBIX
CTEIeHeW», yTBEPXKAEHHOro mocraHoBjieHueM IIpaBurensctBa Poccuiickoit ®@enepanuu
Ne 842 ot 24 ceursbps 2013r, TpeGOBaHUSM, NpPEABSBISEMBEIM K KaHAUOATCKUM
nuccepranusM, a e€ asrop, Mmanos Taex Paxmero/ioBHY, 3aCiTy’)KUBaeT NMPUCYKICHUS
€My YYEeHOW CTelleHM KaHAuAaTa TeXHUYECKMX HayK mo cremuaiasbHoctd 05.23.17. —

CTpOI/ITeJ'IBHaﬂ MECXaHHKa.

IIpodeccop xadbenps! «TeopeTnueckoit

MEXaHUKH U CONPOTUBIICHUSI MaTEPUAIOBY

HMHCcTUTYTa XUMIYECKOTO U HE(DTIHOTO MAITHHOBEAEHUS
OI'BOY BO «Kazanckuit HallMOHAJIBHBIN
UCCIIEIOBATENIbCKUI TEXHOJIOTUYECKUI YHUBEPCUTETY
NOKTOp ¢u3.-MaT. HayK o crnenuaibroctd 01.02.04 —

MeXaHUKa 1eGpopMHpyeMOoro TBepIoro Teja.

Ten.: +7 (843) 231-41-18 = Xaltpy /s
e-mail: x_farid@mail.ru @®apug CaruToBUY
Anpec: Poccuiickas @enepanus, Pecry6muka Tarapcras,

420015, Kazans, yn. K. Mapkca, 68,

®I'BOY BO «Kasanckuii HalMOHABHEIN HCCIIE0BATENBCKUM TEXHOJIOTHYECKHH YHUBEPCHTET)

«12_» L1 2018 r.
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OT3bIB

Ha aBTopedepar auccepraunu Mimanosa Tineka Paxmetonosnya
«KoHeuHo-3/1eMeHTHBIH aHalIu3 HaMpsiKeHHO-1e(OPMHPOBAHHOIO COCTOSHHSA TOHKHX
000J104eK C y4eTOM MONepeyHoro CABUra MpH pa3HuHbIX BapHaHTaX annpoOKCHMALUH
YIJI0BBIX MEpeMeLeHH», MpeJICTaBIeHHON Ha COMCKaHHe YYEeHOH CTeNeHH KaHauaaTa

TeXHUYECKHUX HayK 1o creuranbHocty 05.23.17 — cTpouTenbHas MexXaHHKa.

B npouecce skcrutyaTallii KOHCTPYKIUHK MOABEPratlOTCs BO3AEHCTBUIO pa3jMYHBIX
BHEUIHMX M  BHYTpeHHUX (akTopoB u cpea. BosHukaeT HeoOX0JAMMOCTh
COBEPILEHCTBOBAHMSI METOJOB pacyera M MporpaMMHbBIX KomriekcoB. OcoOeHHO
aKTyaJIbHbl 3TH BOIMPOCHI JIsi 000J0UeYHBIX KOHCTPYKIHI CIOKHONW reOMeTpUH, Koraa
HaZeXKHOCTD pacuera rapaHTupyer paboTocnocoOHOCTh KOHCTPYKLIMH.
PaccmaTtpuBaeMas Tema UMEET NPUKJIaHOE 3HAaYeHHeE.

Jlnst pacuera HEKOTOPbIX 000J04YeK BO3ZHHKAET HEOOXOAUMOCTh yueTa AedopMalluu
MONEepPEeUHOro CABUIa, JOMYCKAIOLIMX JKECTKHE CMELIeHMs MoJ JeHCTBHEM 3alaHHOH
Harpy3ku. Pabora mnocpsileHa COBEpLIEHCTBOBAHMIO KOHEYHO-3JEMEHTHOIO MeTojJa
pacuera TOHKOCTEHHBIX KOHCTPYKLIMI ¢ yYeTOM IONEepPevyHOro C/IBUra.

PaccmaTpuBaloTCst pa3jiMuHble BapHaHThl allIPOKCUMALIMM YIJIOBBIX MepeMelleHHIH,
Ha 0a3ze KOTOpbIX pa3padaTbIBalOTCA alrOPUTMBI pacyeTa. PaccMOTpeHbl KOHKpPETHBIE
pacueThl HarpsHKeHHO-1e()OPMUPOBAHHOTO COCTOSIHUS Pa3IHUHbIX 000JI0UeK.

PesynbTaThl AuccepTaliy MPeACTABIEHbl Ha PA3JIMYHBIX KOH(pEPEeHLMIX, a TaKxke
onyOJIMKOBAHbI B CTAThX.

Cyns no astopedepaTy, npeactaBieHHass paboTa, SBISETCS Ba)KHbIM Hay4HBIM
UCC/IeIOBAHMEM, COOTBETCTBYeT crneuuanbHocTd 05.23.17 M yJaoBieTBopsieT
tpeboBanusim BAK P®, a ee aBrop, MuianoB Tnex PaxmerosioBuu, 3aciyXKuBaer
NPUCYXJEHUsT YYEHOM CTeNeHM KaHAuJlata TEeXHHYECKHMX HayKk TI0 JaHHOH
CreHaJbHOCTH.

3aB. nab. HeNMMHEHHOM MeXaHUKH 000J104eK

WNuctutyra Mexanuku U MamnHoctpoenust GUIL] Kazanckoro

Hay4yHoro neHTpa PAH, n1okTop TeXHMYECKUX HayK

o crieruansHoct 05.23.17 — CtpouTenbHas MexaHuka, npodeccop

e-mail: yzsrr@@kfti.knc.ru e g

Ten.: +7(843) 272-42-45 "7 Slkynos Hyx MaxmynoBuu
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B
H. c. na6. HenuneliHo! MexaHuKK 000104€EK

Wuctutyra Mmexanuku 1 MawnHoctpoenust UL Kazanckoro

HayuHoro ueHtpa PAH, kauauaaTt TeXHHYECKHX HayK

no crneunanbHoctu 01.02.04 — Mexanuka 1ehopMHpYEeMOro TBEPJOro Tena
e-mail: true_way(@mail.ru
Ten.: +7(843) 231-91-15

[uaustyiuH Puar Pamnnosny
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OT3bIB
na agropedepar ancceprannn Mimanosa Tieka Paxmeronosuya "Koneuno-aneMentintii anamiy
HANPSHKCHHO-1ePOPMUPOBAHHOTO COCTOSIHMS TOHKHX 000JIOUEK ¢ YHETOM MONEPEHHOTO C/ARNTA
HPH PABTHYHBIX BAPHAHTAX alllPOKCHMAIIMH YITIOBBIX nepementenuit”, npeacrannennoil na
COMCKAHUE YUCHOM CTEICHN KaHMJaTa TeXHHYCCKUX HayK 110 cnennansuoctn 05.23.17

CrpounrennHas Mexanmka

B Juccepranmonnoit paGore T.P. MimanoBa paceMarpuBaloTest BOHPOCHE KOHEUHO-
MIEMEHTHOTO — pacuetra  000JIOYEUHBIX  KOHCTPYKIMH ¢ yuerom aedopmaimnii — cimmra,
COBEPIICHCTBOBAHUE METOJOB MPOYHOCTHOIO aHaJIH3a 0000UCK SBISCTCS OJIHUM M3 BAXKHLIX
HanpasicHuit crpouTesibHOM Mexanuku. 11IMpoKo npuMeHsemMast B HacTosiee BpeMst Teopus
Kupxroga-Jlsisa He yUHTBIBACT BIMSHHE MONEPEUHBIX CHJI HA HANpsHKEHHO-AedhopMupoBanioe
COCTOSIHHE TOHKOCTEHHBIX KOHCTPYKIMiL, moaTomy yuer jaedopmaituii cjsura  spisercs
AKTYaNbHOIT 3a1auei.

B jmccepranmn T.P. Mmanosa npeacrasiieH BbIBOJL FCOMETPHUCCKNX YPABHCHMI TOHKHX
000104eK yyeTom JiepOopMalini MoNepeyHoro CABHIA MPU Pa3sjinuHbIX BApHAHTAX OTCUCTA YIUIA
1IOBOPOTA  HOPMAJIH,  PACCMOTPEHBI  BOMPOCHI  (DOPMUPOBANMS  MATPHIL  IKCCTKOCTCH
UCTBIPEXYTOJILHBIX KOHEUHBIX 3JEMEHTOB JUIs pacyera o0osiouek ¢ yuerom jicopmatiii
MONEPEHHOrO CABHIA MPH UCIIOJIBL30BAHNUH CKISPHOM W BEKTOPHOIM PopM artnpokcuMaryii imosnei
nepemenieHnit, pazpaboran aJropuT™M (POpPMHPOBAHUS MATPHIL HECTKOCTCH UCTBLIPEXYIOILHBLIX
KOHCHHBIX DJICMEHTOB ITPH OOLLEIPHHATOM U AJIbTEPHATHBHOM OTCUETE YIU1a MOBOPOTA HOPMAIIH,

B ornunume ot OosbiuuHCTBa cymectByiommx MKD kommiekcos, riae obGonoycunnie
KOHCTPYKLHH MOJCIIHUPYIOTCS IUIOCKHMHM KOHEUHBIMH DJIEMEHTaAMH, aBTOP PaccMaTpHBac|
KPHBOJIMHEHHBIC JIEMEHTBI U UCIOJIL3YET KPUBOJIMHCHHYIO CHCTEMY KOOPJIMHAT, UTO SBJSNCTCH
HECOMHEHHBLIM JJOCTOHHCTBOM paboThI.

[To aBTopedepary M quccepTali UMEIOTCS CIICYIOLINE 3aMeUaHMs:

1. B mucceprauuu Ha ctp. 29 npuBoasTes GU3MUECKUE YPaBHEHUS Ul H3OTPOTTHLIX 0000UCK,
oaHako yuer aedopmauuit ciasura Oosiee akTyaJeH JUISL  QHHU3OTPONHBIX  KOMHOZHTHBLIX
MaTepHaJIOB C HU3KUM MOJLyJIEM C/IBHra.

2. llpn murTerpupoBaHuu 1o TonmuHe obosouku (popmyna (2.60) B jaucceprannn) aprop
HCIIOJIB3YET YMCICHHOE MHTErpupoBanue 1o ¢gopmysne CHMICOHA, OJHAKO HOABIHTEIPAILHOC
BBIPOKEHHE JIOCTATOYHO MMPOCTOE, M PE3YJLbTaT MOMHO ObUIO MOJYUHTL QHAIMTHUCCKH HPH
IIOMOIIH HHCTPYMEHTOB CHMBOJILHOTO BbluMcieHus, Harmpumep Matlab wnn Mathead. Dro

IOJIOXKHTEJIbHO OTPa3HjIoCh Obl Ha CKOPOCTH pa60'l‘bl pilC‘lC'l'llOl‘i HPOIrpaMMBbl,



3. ABTOp NPHBOJMT CPABHEHHE PE3Y/IbTATOB, MOMYUEHHBIX HM Ha OCHOBE CKAIAPHOH H BEKTOPHOH
HHTEpNoOAsSUHH (puc. 2 M puc. 3 aBTopedepara), OAHAKO XOTeJI0Ch Obl YBHJIETh CpaBHEHHE C
HE3aBHCHMBIM pEIIEHHEM JPYIHX aBTOPOB, JHOO APYTHM METOJOM HJIH C HCIOJIb30BAHHEM
POTOBBIX KOHEUHO-3JIEMEHTHBIX MTAKETOB.

4. BozuHkaer BONpOC O 1e1eco00pa3sHOCTH BKJIIOYEHHS B BEKTOP HEH3BECTHBIX BTOPBIX
NPOH3BOJHBIX TMepeMeleHHi. Hcenons3yeMblif KOHEUHBIH 371EMEHT HMeeT B uTore 18 crenenei
cBoboabl B y3ine. Bo3MOXHO, 10OCTaTOYHO OBLIIO OTPAaHHYUTHCS IEPBBIMHU TMPOU3BOJHBIMHU
nepeMerienuii. Takke mnpu Takom OONBIIOM MOPSAKE MAaTpHLbl KecTKkocTH (72x72)
JMCKYCCHOHHBIM  SIBJIIETCSL BONPOC 00 HCMOJBb30BaHHH BMECTO OOO0JIOUEYHBIX 3JIEMEHTOB
oObemubIX KD 0e3 ynpomaromux runores.

B nenom auccepranmoHHas paboTra BBINIOJHEHA HA BBICOKOM HAY4YHO - TEXHHYECKOM
VPOBHE, HMEET HAayYHYI0 H NPAaKTHYECKYIO HEHHOCTh U MpeACTaBiseT co0oi 3aKoHYEHHOE
HCCIe/I0BaHHE.

JluccepraunonHas pabora oreeyaeT TpeboBaHusAM 1.9 «[loyOKEHHS O HPUCYKIECHHH
VUYEHBIX cTeneHeil», yrBepkaeHHoro IlocranosnenueMm IlpaButensctBa P® ot 24 centsabps
2013r. Ne842, npenbssiseMbiM BAK k kanaumaTckuM auccepranusmM, a ee aBtop Uimanos Tiex
PaxmeronoBuu, Ha MOH B3IV, 3aCIy)XHBAeT INPHCYKACHUS YUEHOM CTeNeHH KaHAuaaTa

TeXHHYECKHX Hayk no crnenranbHocTd 05.23.17 — CtpouTenbHasi MEXaHHKaA.

Kanaupar  texmuueckux  Hayk  (05.23.17 -
CrpourenbHast ~ MexaHHMKa), JOLEHT Kadenpsl
«ConporuBienne  MatepuanoB»  DeneparbHOro
roCy1apCTBEHHOIO OIOKETHOro 00pa3oBaTeIbHOrO
yupexJIeHHus Bbicmiero obpasoBaHus  «J{oHCKOM
roCy1apCTBEHHBIH TEXHHYECKHH YHUBEPCUTET»
Yenypuenko AHTOH CepreeBuy

344022, r. Pocros-na-Jlony, Conuanucruyeckas, 162 (ﬂ,% A.C. HENIYPHEHKO
Ten:, +7(918)571-87-38 i
e-mail: anton chepurnenk(@mail.ru

[Tonnuce pyku JoueHtra kad. «Conpommeﬂm~
marepuanos» A.C. UenypHeHKO ynoeTOBepsno

Vuénsplii cexperapb JlOHCKOro réey,u'apcmeﬂﬂoro
TEXHHYECKOIr0 YHUBEPCHTETa ;

20.11.18

Tanumup Hukonaesuy
AHUCHUMOB

denepanbHOe rocynapcTBeHHoe OlokeTHoe oOpaszoBaTenbHOe yupexaeHHe Bbiciiero obpazoBanus «JloHCKOMH
rocynapcTBeHHblit TexHuueckuit ynnusepcurer», 344000, Pocros-na-Jlony, Ilnowans arapuna, 1, ten.: (800)100-
19-30, www.donstu.ru, e-mail: reception@donstu.ru
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OT3bIB

Ha apropedepar aucceprannn Himanosa Tueka PaxmerosoBuua
Ha remy: "Koneuno-ajieMeHTHBINH AHAJH3 HANPSIKEHHO-1e(POPMHPOBAHHOIO CO-
CTOSIHHSI TOHKHX 000/104€K € YHeTOM NONnepevuHoro ¢iBHra npH pasjiHyHbIX BapH-
AHTAX ANNPOKCHMAIHH YIVIOBBIX NepeMeleHuii ” Ha COMCKaHHe YUeHOH CTeNeHH
KAH/AH/AATAa TEXHHYECKHX HAayK no cnennaabHocT 05.23.17 — CrponTeibHasi
MeXaHHKA

O6nacTb npuMeHeHus 000J04eUHbIX KOHCTPYKLMH BecbMa oOLLIMpHA, 3TO Npo-
MBILUIEHHOE M TPa¥JaHCKOE CTPOUTENILCTBO, MALIMHOCTPOECHHUE, CYJAO0CTPOEHHE,
apuactpoenue. Takue 000I0UEUHBIE CUCTEMBI TPUMEHSIOTCS B BHJI€ KOPIYCOB KOpal-
JieH, KOHCTPYKLMI THIAa peakTopoB, THJIPOTEXHHUYECKHX COOPYKEHWH, annaparos
He(TAHOM, ra30BOH U XMMHUYECKONH NPOMBILIJIEHHOCTH. B npouecce skcnnyataumu o0o-
JIOUKH MOJABEPraloTcsi BO3ACHCTBHIO BHYTPEHHHUX W BHELIHUX CWJIOBBIX (JaKTOPOB, MO-
TOMY pacyeTbl Ha MPOYHOCTH U UX COBEPLICHCTBOBAHHME BBIXOJST Ha NMEPBbIN MJIaH.

Hayunyio noBusny amcceprauuu Mianoa Tneka PaxmeronoBuua, B mnepByio
ouepe/ib, COCTABISIOT CIIEAYIOLIME OCHOBHbIE NoJoxeHus: Pazpaboran anropurm dop-
MHUPOBAHUSI MATPHIL )KECTKOCTEH YEThIPEXYTOJIbHBIX KOHEYHBIX 3JIEMEHTOB NpH oOlliie-
MPUHATOM M aJIbTEPHATUBHOM 7 OTCYETE yIJla MOBOPOTA HOPMAJIM JUIsl pacyeTa TOHKHX
ofosouek ¢ yueroM JedopMalMu MornepeyHoro CBura Ha OCHOBAHMHM BEKTOPHOM KO-
HEYHO-2JIEMEHTHON MHTEPIOJISLIMOHHON nipoueypsl. 4. BpinosiHeH YMCIIEHHBIH aHaIu3
HJIC obonouek ¢ yueroM aepopMaumii nonepeyHoro CABUra rpu pasjMyHbIX BapHaH-
Tax OTCYETa YIJla HaKJIoOHa HOpMaJu B npouecce Ae(popMUPOBAHUS C UCIOJIB30BAHHEM
CKQJIIPHOM anmnmpoKCUMALIMK NepeMellleH!H, NoKa3aBILIHi NpeuMyllecTBa ajJbTepHATHB-
HOro crnocofa oTcuera yria noBopora HopMaiu. 5. Beinonasen ynciaenHslid ananus HZC
ofosoyek ¢ yyetoM Jedopmalmii nonepeyHoro cABUra rnpyu paszjiMyHbIX BapHaHTaX OT-
cyeTa yrjia HakjoHa HOpMaJM B npouecce aedopMUpPOBaHHUS NPH HCIIOJIB30BAHUH BEK-
TOPHOM anrnpoOKCHUMaLHUH TOJIEH.

[IpakTHueckass 3HaUUMOCTb MCCJIEIOBATENLCKOW paboThl 3aKiioyaeTcsi B paspa-
0OTKe aJropuTMOB M KOMITBIOTEPHBIX NMPOrpaMM Uil pacyeTa Ha MpPOYHOCTb TOHKMX
o0os04ek ¢ yyeToM JiehopMallMM MOMNEepeyHoro CBUra, KOTopble MOryT ObITh MCIOJb-
30BaHbl NPOECKTHBIMH, HAYYHO-UCCIEA0BATEILCKMMU M JKCIUTYaTallMOHHBIMH OpPraHM-
auusMu npy aHanuze HJIC sneMeHTOB coopykeHMH, MozaelupyeMbix 000JouKamMu
pa3IuyHON KOH(UIypalMu NpH MPOU3BOJBHOM XapaKTepe BO3ACHCTBUH W YCJIOBHH 3a-
KperieHUs Ha rpaHuLax.

JlocTOBEpPHOCTH pPe3yJbTaTOB AUCCEPTALMOHHON paboThl obecreunBaeTcs MmaTema-
THYECKOH ODOCHOBAHHOCTBIO BBIBOJIA OCHOBHBIX MEOMETPHYECKHX COOTHOLIEHWH, KOp-



PEKTHOH MaTeMaTH4YeCKOM INMOCTAHOBKOH 3a/a4 ¢ MCMNOJb30BAHHEM BEKTOPHOIO W TECH-
30pPHOr0 aHajln3a, FeOMETPHUYECKHX COOTHOIICHHH 000J104EK, OTHOCSIIMXCS K Kaccy
TOHKHX, U PepeHlHaibHON reOMEeTPHH, MOJIOKEHHIH TCOPHUH HHTEPIOJISILIMH HCKOMBIX
BEJIMYWH, COOTBETCTBHEM KAUECTBEHHBIX PE3YJILTATOB pacyera (PU3NYCCKOH KapTHHE UC-
CJIelyeMbIX MPOLECCOB, COBMNAJACHHEM KOJIMYECTBEHHBIX PE3yJIbTATOB, MMOJYYEHHBIX TPH
MCMOJAb30BaHUH pa3paboTaHHBIX 9 aNrOpHTMOB, € pPe3yJbTaTaMH HUCCIICIOBAHUH JIPYTUX
aBTOPOB, pPe3yJIbTaTaMH, MOJYHEHHBIMH 110 AHATUTHUYECKHUM (hopMyIiaMm.

PesyabTarhl HeccaenoBaHUH IOCTATOUHO WIKPOKO OnyOJIMKOBAHbI B OTKPLITOM 1e-
yatu. Jlucceprauus COOTBETCTBYET nacnopty cneuuanbHoct 05.23.17 — CrpoutenbHas
MEeXaHHWKa, B YaCTHOCTH, NMYHKTY 2 «JIMHelHas 1 HenuHeliHas MexaHuKa KOHCTPYKIUH U
coopyeHHi, pazpaboTka (PU3MKO-MATEMATHYECKUX MOJiesiel X 8 pacueTa» W nyHKTy 4
«YHcaeHHbIE METO/Ibl pacyeTa COOPYKEHHI U UX DJIEMEHTOB» 00J1aCTH MCCIIe/I0BAaHHH.

[To aBropedepary HMeeTcs clieaylollee 3aMeuatue:

- B aBropedepare HE0CTATOUHO KOJHYECTBEHHO AKIIEHTHPOBAHO TMOBBIILIEHHE TOYHO-
CTH pacyeToB no pa3paboTaHHbIM B pabore ajJropuTMam M He NPHBEACHO Kakas To4Y-
HOCTb JJOCTAaTOYHA Il pacuéToB.

CuuTato, 4TO MO AKTYaJbHOCTH, HAYYHOH HOBH3HE M NPAKTHYECKOH 3HAYUMOCTH
pelieH3upyeMblii aBropedepar coorsercTByeT Tpebosanusm BAK Poceun, a ero aBrop -
HMianos Trnek PaxmeTonoBuy, 3aciyKUBaeT MPUCYKICHHUs YUEHOH CTENEHH KaHauaTa
TEXHUYECKUX HaykK no crneunanbHocTH 05.23.17 — CrpouTtenbHas MeXaHHKa

JlokTop TexHuyeckux Hayk (05.23.01

CrpoutenbHble KOHCTPYKLMH, 3[1aHHsI U COOPYIKEHHS),

JOLIEHT, 3aB. kKadeapoi 31aHui, COOPYKEHNIT H aBTOMOOMJIbHBIX
nopor ®I'bOY BO «HauuoHanbsHOro Hece0BaTebecKoro
MopnoBckoro rocyaapetsennoro ynusepeurera uMm. H.IT. Orapesa,
430005. r. Capanck,ys. bosbuieBucTekas, /.68
E-mail: antovd@mail/ru ~/, /Auromkun Bacuauii Jimurpuesiy/

Jlara I'epGoBas nevath Ha NOANHCH
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OT3bIB
Ha asTopedepar Mmanosa Tiexa PaxmeronoBuua «KoHEYHO-3JIEMEHTHBIN aHAIN3
HaIpPSHKEHHO-1e()OPMUPOBAHHOTO COCTOSHHS TOHKHMX 00OJI0YEK C y4eTOM IOIEePEYHOro
COBUra IIPU PAa3IMYHBIX BAapHaHTaX alMpPOKCUMAIMU YIJIOBBIX IE€pPEMELICHUI»,
MpeJCTaBJIEHHOM Ha COUCKaHWE Y4YeHOW CTelleHM KaHAuIaTa TeXHUYECKUX HayK IIO

cniermabHOCTH 05.23.17. — CTpouTenbHas MeXaHuKa

B nucceprammonHoit padore Mmanosa T.P. paccMoTpeH airopuT™ HCCIEI0BAHMUS
HaNpsHKEHHO-Ie(OPMUPOBAHHOTO COCTOSHHS TOHKHX OOOJOYEK C HCIIOJIb30BaHUEM
YeTBHIPEXYTOJBHOrO0 KOHEYHOTO 3JIeMeHTa Ha OcHOBaHMM Teopuu Tumomrernko C.IIL mpu
MCIIOJE30BaHUH CKASIPHON M BEKTOPHON MHTEPITOISIUOHHBIX TPOLIEIYD.

Hayuynasi HOBH3HA HCCJEJOBAHHSl 3aKIIOYaeTCs B TOM, YTO Ha OCHOBAaHUH
YHCJIEHHOTO aHaIM3a HalpsHKEHHO-Ie()OPMUPOBAHHOTO COCTOSHHUs O00O0JIOYEK IOKa3aHa
HeoOXOOMMOCT,  yueTa  JedopMaluii  IONEPEYHOIo  CABUTa  TIpU pacyere
KOPOTKOIIPOJIETHEIX, JKECTKO 3alIeMICHHBIX O00O0J0YeYHBIX KOHCTpYKuui. IToxasaHbl
IPeMMYILeCcTBa IIPEeIOKEHHOr0 BaprHaHTa 0TCYeTa yIia HaKJoHa HopMaly (yrojl HakJIoHa
HOpPMAaJd OTCUUTHIBAETCS OT ee IehOpPMHUPOBAHHOIO COCTOSIHHS) IO CPaBHEHMIO C
OOIIENPUHATEIM BapUaHTOM (Yroj HakJIOHa HOPMajld OTCYUTBIBAETCH OT €€ MCXOIHOrO
COCTOSIHMS) B COYETAHMU C MHTEPIIONSIIUEH II0JIell BEKTOPOB NEPEMEIIEHNI U BEKTOPOB
yTJI0B TOBOPOTA HOPMaJIH.

[IpakTHYecKasi 3HAYHUMOCTH HAYYHOH paGoOThI 3aKiIOYaeTcss B paspaboTke
IPOrPaMMHBIX MOJYJIeH, KOTOphle MOXXHO HCIIOJb30BaTh B MHXKEHEPHBIX U TPOCKTHBIX
pacyeTax KOHCTPYKILHUH U COOPYKEHHH.

3ameuanue no padore.

B kadecTBe IPUMEPOB B OCHOBHOM PacCMaTPUBAIOTCS LUIMHIPUYECKHE 0OOIOUKY.
Bb110 6B LieTTecoobpasHee Pa3sHOOOPa3UTh TEOMETPUIO PACCMATPUBAEMBIX 00OBEKTOB.

VKa3aHHOE 3aMe4yaHHe He CHIDKAeT LEHHOCTH IUCCepPTalMOHHOW paboTsL.
VuuThIBas aKTyaJbHOCTh TEMBI WCCIIENOBAHMS W IPAKTUYCCKYIO 3HAYMMOCTH Hay9HBIX

BbIBOJJOB JUCCEpPTAMH, CHUTAKO, YTO OHa COOTBETCTBYET II. 9 «llonoxeHus o IMopAOKe

1



NIPUCYXKIEHUS. yUYEHBIX CTeleHei», TpeOOBaHUAM, IPENBSBISCMBIM K KaHIMIATCKUM
aucceprauusaM, a e€ aprop, MimanosB Tiex PaxmeronioBwd, 3acily’KUBA€T IPUCYKICHUSA
eMy YYeHOH CTelneHM KaHAuaTa TeXHHYeCKHX HayK mo cnenmansHoctd 05.23.17. —

CTpOI/ITGHBHaH MEXaHHKa.

ArarnoB Bnanumup [1aBnosuy,

npodeccop kadbeapsl «Kene300eTOHHBIX

U KaMEHHBIX KOHCTPYKLIUI»

NHCTUTYTa CTPOUTENBCTBA U ApXUTEKTYPEI

®I'bOY BO «HanuoHaapHBIN UCCIIe10BATEIbCKUN

MOCKOBCKHM rOCyAapCTBEHHBIN CTPOUTENBHEIN YHUBEPCUTET»

JOKTOP TEXHUYECKUX HAayK M0 CIEeLUaIbHOCTH

05.23.17 — CtpoutesbHas MexaHHKa, Ipodeccop /

Ten.: +7 (903) 783-70-34 //r( (i Bragumup [laBrnosuy
ik

e-mail: gebk@mgsu.ru AraroB

Anpec: 129337, r. Mocksa, SIpocnaBckoe mmocce, 1. 26,
®I'BOY BO «HauuoHaNbHEIM HCCIEN0BATENBCKIHH MOCKOBCKHHM TIOCYNapCTBEHHBIN

CTPOUTEIIbHBIA YHUBEPCUTET

« 28 » 11 2018 r.
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OT3bIB
Ha aBropedepar auccepraunn HMmanoBa Tieka PaxmerosioBuua «Koweuro-
ANEMEHMHBIU AHANUZ HANPAICCHHO-0ehOPMUPOBAHHO20 COCMOAHUA MOHKUX 0DOI10YEK ¢
YHEMOM NONepeyHo20 cO8U2a NPpuU PaziuyHbX 6apuUaHmMax annpoKCUMayuu ye106bix
nepemeweruit», TIPeJCTAaBIEHHOM Ha COMCKaHHe YYEHOH CTerneHH KaHauaarta
TEeXHHYECKMX HayK 1o crenuanbHocti 05.23.17. — CTpouTenbHasi MexaHHKa.

Axmyanonocme pabomur. PacyeT 0007J0YE€YHBIX KOHCTPYKUMH Ha OCHOBaHHMH
casurosoi Teopun C.I1. Tumoluenko 6osee KOppeKTeH U B Oousbllel CTEeNeHH OTBevaeT
(u3MUecKOMy CMBICITY pellaeMoii 3a1a4uu, YeM HCIOIb30BaHHe OOLIEeNPUHATON MHNOTe3bl
Kupxroda-JIsBa. B 3Toi cBA3M 3anaya CO3[aHHMs YCOBEPLUEHCTBOBAHHBIX aJIrOPHTMOB
pacueta TOHKMX 000JI04eK C yyeToM JaedopMaluii oNnepeyHoro CABUra OCTaeTcs BeChbMma
aKTyaJlbHOM.

Jlocmoeeprocmy  pa3pabOTaHHBIX B JUCCEPTALMM  TOJOXKEHWH 00OCHOBaHa
KOPPEKTHO! MaTeMaTHYeCKOW MOCTAaHOBKOM 3ajay C HCIOJIb30BaHHEM BEKTOPHOIO H
TEH30pHOro aHaiu3za, auddepeHInarIbHON reOMeTpUH, COOTBETCTBHEM Ka4yeCTBEHHBIX H
KOJIMYECTBEHHBIX pe3yJibTaTOB pacuera (U3UYECKOH COCTaBISIOWIEH HCCIeayeMbIX
MpoieccoB AeoOpMUPOBaHUS TOHKHX 000JI04€EK.

Hayunas noeuzna uccnedosanusn u nOAy4eHHuIX pe3yibmanios.

ABTOpOM pa3paboTaH aaropuT™M IMPOYHOCTHOIO pacyera TOHKHX 00004YeK C
y4yeTOM CJBHUIOBbIX AedopMalui MpH pa3JdYHBIX BapHaHTaX OTCYeTa YIJIOB MOBOPOTA
HOpMaJIM Ha OCHOBAaHMHM UHBApUAHTHON BEKTOPHOM MHTEPIOJISALMH MOJIEH NepeMelleHHH.

[Ipaxmuueckas ZHAYUMOCb pe3ynrbmamos pabombi. Pe3syabTaThl
JIMCCEPTaLlMOHHONW paboThl HMEIOT MPaKTHYECKYIO0 COCTaBISIOLLYIO, TaK Kak OblIH
ucrnosp3oBanbl B ®I'BHY «lloBoymkckuii HayuyHO-HCCIe10BaTeIbCKUH HHCTHTYT 3KO0JI0T0-
MEJIMOPaTUBHBIX TeXHOJorui». K qucceprauuu npuiaraeTcs akT BHEAPEHHS.

3ameuanue no asmopeghepamy ouccepmayuu.

I. U3 aBrOpedepata He 5CHO, MoyeMy B KadecTBe OIHOHW M3 KPHBOIHHEHHBIX

KOOpJAMHAT BbIOpaH MMEHHO napameTp t, a He yrioBas KoopauHara? Yem olycioBieH

BbIOOP?



2. Cyas no npuBeleHHBIM rpadukaM, aBTOP HMCIONB30Bajl MPH pacyeTax CeTKy ¢
PaBHOMEPHO OTCTOSILUMMH y31aMu. B npumepe 3 oTMevaercs, 4yTo aHanu3 ouazpammeol
nokasbieaem CyuwecmeeHHo y4ywyr Ccxo0UMOCMb B8bI4UCAUMENbHO20 MPOYecca 60
8Mopom eapuaHme pac4ema rno CpasHeHuro ¢ Nepevim 8apuaHmom. [na 0ocmuxeHus
aHan02U4HO20 YPOBHA MOYHOCMU 8 nepsom 6apuaHme mpebyemca Ha MOpPAOOK
6osbwee yucno anemeHmMos AUCKpemu3ayuu, 4em 80 6Mopom sapuaHme. MOXHO JH B
oboux ciayyasXx OXHAATh YJydylleHHE CXOJUMOCTH, €CIH MpH (QUKCUPOBAaHHOM
KOJIMYECTBE Y3JI0B MepepacrpesieluTh UX TaK, 4ToObl OHU 00Opa30BEIBAIM 6ojiee IIOTHYIO
CeTKy y rpaHuubl AedopMHpyeMoro Teia, TO €CTh TaM, IZe JOCTHraloTcsi OoJblune
3HAueHUs HanpspkeHus aedopmauuu?

B uenoM, mpeacraBieHHas K 3alllUTe JUCCEPTALIMOHHAs paboTa yIOBJIETBOpPSET
BCceM TpeOOBaHUAM, NPEAbSIBISEMbIM K IMCCEPTALMAM HA COMCKAHHWE YUEHOH CTerneHH
KaHIU/JaTa TeXHUYECKHUX Hayk, a e€ aBTop, MmanoB Taek PaxmeTronoBu4, 3aciIyXuBaeT
NPUCYXAEHUSI €My Y4YeHOW CTeneHM KaHIWAAaTa TeXHUYECKHUX HayK I10 CIeLHaTbHOCTH

05.23.17. — CTrponTesibHasi MeXaHHKa.

3aBenyrouuid kapeapoi «MaremMaTHuecKoro
aHaJau3a U TeOpuH QYyHKLHNH»

MHcTuTyTa MaTeMaTUKU U HHHOPMALIMOHHBIX TEXHOJIOTUH

OI'AOY BO «Bonrorpaackuii

roCcyJapCTBEHHBIN YHUBEPCUTET

JNOKTOp (hH3.-MaT. HAYK, JOLIEHT 10 CIEeLHaTbHOCTH

01.01.01 — BenleCTBEHHBIH, KOMITJIEKCHBIN

U (YHKLIMOHAJIbHBIN aHAJU3

ten.: +7 (844) 246-02-61 P Knsiyun

e-mail: klyachin-aa@yandex.ru R Sgimoe «, AJlekceii AsekcaHIpOBUY
Anpec: Poccuiickas ®enepauust, FOxKHBIH penepanbHBIH OKPYr, 2\

420062, r. Bonrorpan, np. YuuBepcuterckui, 100, - - B

®I'AOY BO «Bonrorpaackui rocy1apcTBEHHbIH yuupepéﬂi&%i;a.

1Y

« 26 » 11 2018 r.
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Yupexnerun BbiCliero 0bpaszopanns
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OT3bIB
Ha apTopedepar aucceprannd Hmanosa T. P. «KoneuH0-3.1eMEHTHBIH AHAJIH3 HANPSKEHHO-
1epOPMHPOBAHHOTO COCTOSIHHA TOHKHX 000/104€K ¢ Y4€TOM NONEePEeYHOro CABHIA NIPH
Pa3IHYHBIX BADHAHTAX ANNPOKCHMAIHH YIVIOBBIX NepeMeleHH», NpeACTaB/IeHHOH HA
COHCKAHHE YYCHOH CTeNeHH KAHAWIATA TEXHHYECKHX HAYK 10 cnennaabHocTH 05.23.17 -
CTPOHTE/IbHAS MEXaHHKA

HanexXHOCTh 3KCIUIyaTallHH W BO3MOXXHOCTH BHEJPEHHS HOBBIX BbICOKOI()(EKTHBHBIX
HH)XEHEPHBIX COOPY)XEHHH BO MHOINOM 3aBHCHT OT TOYHOCTH pacyeToB Ha MPOYHOCTb,
BBINOJIHAEMBIX Ha CTAAHM INpoeKTHpoBaHus. OnuuM u3 Haubosnee IP(EKTHBHBIX YHCICHHBIX
METOJIOB pacyeTa KOHCTPYKUMH siBiseTcss MeTo] KoHewHbIX 3neMeHToB (MKD) Gnaromapst ero
YHHBEPCAJIbHOCTH B MPOrPaMMHOH peajM3alid M BO3MOXXHOCTH CO3JaHHsl IOJHOCTBIO
aBTOMaTH3HPOBAHHOTO IHKJA pacyeTa. B Hacrosiiee BpeMsi METOJ, KOHEUYHBIX JIEMEHTOB 3aJI0)KEH
B OCHOBY IOYTH BCEX CHCTEM aBTOMATH3HPOBAHHOIO pacyeTa KOHCTPYKLHH BO MHOTHX OTpacisixX
TEeXHHKH: aBHACTPOCHHM, CYIOCTPOCHHH, MAUIHHOCTPOCHHH, B MPOMBIUIIEHHOM H TpaKIaHCKOM
CTPOHTEJILCTBE U JP.

Jlucceprauuonnas pabora Mimanosa T. P. mocBsileHa co3faHHIO aJrOPHTMOB KOHEYHO-
3JIEMEHTHOr0 aHaliM3a HanpsbkeHHo-aedopmupoBaHHoro coctosHus (HJC) Tonkux obojouek ¢
y4yeToM aedopMallii MOMEepeyHOoro CABHra NpH pa3jiMYHBIX BapHaHTaxX OTCYeTa yrja MOBOpOTa
HOpMaJIH, YCJIOBHSX 3aKpeIlIeHHs W BHJAX HarpyxeHus. 3ajava gansHeimero pa3utust MKD ¢
000CHOBaHHEM TpEHMMYLIECTBA BEKTOPHOH (OpMBlI annmpoKCHMAIHi TNOoJed mNepeMelleHnH Mo
CPaBHEHHIO CO CKAISApHOH GOpPMOH SBISETCS JOCTATOYHO AKTYAJbHOM M MPEICTaBIseT CODOH Kak
TEOPETHYECKHH, TaK H NPaKTHUYECKHH HHTEpec.

B pabote nosiydeHbl OCHOBHBIE F€OMETPUYECKHE COOTHOLUICHHS MEXIy AehopMalHsIMH H
NEepeMEeLEHHSIME TIPU  OTCYETe Yrjla I[OBOPOTA HOPMAIH K CPEIMHHOM IMOBEPXHOCTH OT €€
1ehOPMUPOBAHHOIO COCTOSIHHS, pa3paboTaH anroput™ (OPMHPOBAHHS MAaTPHIL IKECTKOCTEH
YeThIPEXYTOJbHBIX KOHEYHBIX JJIEMEHTOB Ha OCHOBAHMH CKAJIIPHOH M BEKTOPHOW KOHEUYHO-
9JIEMEHTHOH HHTEPIIONSLMOHHON MNpOLeayphl, NPOBEJEH CPaBHUTEIbHBIH AaHAIH3 YHUCIIEHHBIX
pe3y/bTaToB.

IIpakTHyeckas weHHocTh palboTHI 3akimodaeTcss B pa3paboTke MaxkeTra IPHKIAIHBIX
NMpOorpaMM, KOTOPbIH  IMO3BOJISET IOJYYHTh YTOYHEHHOE HaNpsHKEHHO-Ae(hOopMHpOBaHHOE
COCTOSIHHE TOHKOCTEHHBIX 000704E€YHBIX KOHCTPYKLUH W CHU3HTH UX MaTepHAIOEMKOCTb.

Cojnepxanue aMccepTallMM  COOTBETCTBYET HayyHOW cmenuanbHoctH 05.23.17 -
CTpOMTE/IbHAsE MEXaHHKa, B YaCTHOCTH, MyHKTY 4 macrnopra CHenHaTbHOCTH: YHCICHHBIE METOJIbI
pacyeTa COOpyKeHHH U HX JJIEMEHTOB.

3amMeuanus 110 cofep)kaHuio aBropedepara:

1. B aBropedepate He AaHO CpaBHEHHME IPEJCTABJCHHBIX pE3yJbTATOB C JAHHBIMH,
MOJIyYEHHBIMH JIPYTMMH aBTOPaMH, aHAJIMTHYECKU MJIH C MIOMOLUBIO JAPYTHX YHCIEHHBIX
METO/IOB MJTH MPOTPAMMHBIX KOMILJIEKCOB.

2. B nyskrax HOBM3HBI (CTp. 4,5) NyHKTBI 2 M 3, 4 U 5 MOXHO ObUIO OOBEIMHUTD, T. K.
MeXay coOOH OHH OTJIMYAIOTCA TEKCTOM JIMIIb HECKOJIBKHMH TOCHEIHUMH B
COOTBETCTBYIOLLHMX ab3anax clI0BOCOYETAaHUSMH.

3. HasBanue auccepraiinoHHOH paboThl U3 16 ciioB, noxanyH, JJIMHHOE.



Cyvase no asropedepary, auccepraiuonnas pabora Mmanosa T. P. mo crpykrype H
CONACPRAHUIO SBISCTCS 3aKOHUCHHBIM HAYYHO KBATH()HKAIMOHHBIM TPYAOM, B KOTOPOM pelleHa
HPOBACMA CO3NaHNs dYPPEKTHBHBLIX KOHEYHO-IJIEMEHTHBIX QJITOPUTMOB M Ha MX OCHOBE I1aKeTa
NPURILIHBIN nporpams uis ueenenosanns HJIC ToHKOCTEHHBIX 000104€UHBIX KOHCTPYKUHH MPH
DAL HMHBIN BUJAX 3aKpeIUicHust 1 Harpy3ok. Pabora nmonyuuna g0CTaTOuHYIO anpoOauuio, 0 4eMm
CBILICTCABCTBYIOT JIOKJIQAbI, CJICJIAHHBIC HA 3-X HAYYHO-NPAKTHUYECKUX KOH(EPEHLUHAX, a TaKxKe
Clucok 13 9 pador, onyOJIMKOBAHHBIX B Pa3IMYHbIX H3JaHusAX, HauuHas ¢ 2014 roma, um 3-x
CBIICTOLCTR O TOCYIAPCTBEHHOMN perucTpauuu nporpamm s BM.

Jluccepraunonnast  pabora Ha TeMy «KOHEUHO-DEMEHTHBIH aHajaM3  HarpsHKEHHO-
WHOPMUPOBAHHOTO COCTOSIHUSI TOHKHX 0D0I0UEK ¢ YUETOM MOMNEPEYHOro CABUIa MPH pa3JInyHbIX
BAPHAHTANX QLIPOKCHMALMH YITIOBBIX TEepeMeIeHHi» cooTBeTcTBYET TpeboBanusam «ITonoxenus o
HPHCVKICHHN VUCHBIX cTenenei», yreepxaeHHoro [locranosnenuem Ilpasutenscrsa PO ot 24
cenrsiopst 2013 1. Ne842, npeabsBiseMbIM K JUCCEPTALMAM Ha COMCKAHHUE YYEHOH CTerneHH
KQHULIATA  TOXHHUYECKHX Hayk, a ee asrop WmanoB Tiek PaxmeronoBuu 3aciy)KuBaeT
HPHCVKIACHHS OTOl crenenu no cneunansioctu 05.23.17 — crpoutenbHas MeXaHHKa.

L 0. 3aseaytomero kadenpoi
CTPOUTC/ILHOM MEXAHHKH
BOPOHEKCKOTO rocy1apcTBEHHOIO

ICNHHHCCKOTO YHHBEPCHTETA jy/_//
OKTOP (PH3NKO-MATEMATHUECKNX HayK J'% Ko3nos Bianumup AHaTO/IbEBUY
10 CHEUHATBLHOCTH

01.02.04 — Mexanuka nepopMHpyeMoro TBEpIOro Tena

«lloannes Koznosa B.A. yocrosepsiton»
I lpopekTop no nayunoii pabore ®I'6OY BO

AT 4 PA o 147
«BOpoHeKCKHI rocy 1apCTBEHHBIA TEXHUUECKHH ynuaepcn‘repz LN / IO
IOKTOP TEXHHUECKHX Hayk, rnpodeccop S | L

23.11.2018 TR A DR Y

394006, r. Boponex, yi. 20-netust Oxts0ps, 84 \"\‘4‘;\; Vi o

e ua e s
OI'BOY BO «BopoHeKeKuH rocy1apCcTBEHHbIH TEXHHYECKHIT YHUBEPCUTETY
Ten.: 8(473)276-40-06, kadenpa cTpOMTEILHOIN MEXaHHKH

¢-mail: vakozlov(@vgasu.vrn.ru
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