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Crenem, 060CHOBaHHOCTH H )];OCTOBepHOCTHHaYQHbIX nOJlOmeHHH H

BbIBO)];OB

060cHoBaHHocTb rrOJIYLIeHHblX pe3YJIbTaTOB zraccepranaomrofi pa60TbI

rrO.[(TBep)K.[(aeTCHKoppeKTHbIM HCrrOJIb30BaHHeM annapara BbILIHCJIIITeJIbHOH

rlI.[(pO.[(IIHaMIIKII II MaTeMaTIILIeCKlIX Mo.[(eJIeH, OCHOBaHHblX aa 3aKOHax

rlI.[(paBJIIILIeCKIIX:meMeHTOB,BXO.[(HmIIXB COCTaBTOrrJIIIBHOHCIICTeMbICaMOJIeTa.

Pa3pa60TaHbI 3a.[(aLIIIneparpaxanna srerozta II rrpnaenensr pe3YJIbTaTbI

sepadiaxanan paapaocrannux MeTO.[(OBII anroparvoa.

Mo.[(eJIII

OCHOBHble HaYQHbIe peayrn.ra'rur
B rrponecce IICCJIe.[(oBaHIIH, npoaenenasrx B paxncax pa60TbI nazi

nnccepranneii, .5IJI030A.B rronyLIIIJI pH.[(HOBblXHaYLIHbIXpe3YJIbTaTOB:

Pa3pa60TaH MeTO.[( COBMeCTHoro ID-3D Mo.[(eJIlIpOBaHIIH

rlI.[(po.[(IIHaMIILIecKlIx TeLIeHIIH,OCHOBaHHbIHaa IITepaUlIoHHoH nponezrype 06MeHa

06mlIMlI rpaHIILIHbIMII YCJIOBIIHMII Me)Key pa3HOMaCllITa6HbIMII 06JIaCTHMlI C

YLIeTOMBOCCTaHOBJIeHIIHKapTIIHbI pa3BIITOrOTeLIeHlIHB rpexnepaoii 06JIaCTII.

Bnepasre rrpeztnozcen II peanasosan anroprrrv «xacxazmoro cfiopa

rnofiam.noro ypOBHH» MHoroceTOLIHoro penrarena eJIAY, rr03BOJIHIOmlIH

YCKOPIITb rpexsrepnoe Mo.[(eJIlIpOBaHlIe rlI.[(po.[(IIHaMIILIecKlIx TeLIeHIIH npa

BbICOKOHMacllITa6lIPyeMocTlI MeTo.[(a.

Pa3pa60TaHbI nonyaarnrpa-recrore

peanasyroutae COBMeCTHOe MO.[(emipOBaHlIe ID II 3D TeLIeHIIH HBJUIIOTCH

BocTpe60BaHHbIMlI II He06xo.[(IIMbIM 3JIeMeHTOM pa3pa60TKII CJIO)KHbIX

rlI.[(paBJIJIlIeCKIIXCIICTeM.

Pemenae rrepeLIIICJIeHHbIXrrp06JIeM COCTaBJIHeTOCHOBYzmcceprauaoaaoro
IICCJIe.[(OBaHIIH .5IJI030 A.B., xoropoe, 6e3 BCHKoro COMHeHIIH, HBJlHeTCH

aKTyaJlbHbIM. Llensro pa60TbI HBJIHeTCHpaspafiorxa MaTeMaTIILIeCKIIXMeTO.[(OB,

anroplITMOBII nporpasoraoro KOMrrJIeKCa .[(JIH omroveprroro II rnfipaztaoro
Mo.[(eJIlIpOBaHIIHrlI.[(po.[(IIHaMIILIecKlIx TeLIeHIIH B IIH)KeHepHbIX rnnpocacreaax, a

TaK)Ke uepnrpmcauaa II snenpemre paspafiorannoro nporpasornoro ofiecneveana
.[(JIHpeutenna rrpOMblllIJIeHHO-OplIeHTlIpoBaHHblx 3a.[(aLIasnacrpoerraa.
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Conepacaune pa60ThI

~HCCepTaUH}I 51JI030A.B. COCTOHTH3 BBe.n:eHIDI,-rersrpex rJIaB, 3aKJIIO~eHH}I,

cnncxa HCrrOJIb3yeMoH mrreparypsr, BKJIIO~aIOmero 106 HaHMeHoBaHHH, H nsyx
rrpHJIO)l(eHHH. OCHoBHoe conepscanne .n:HccepTaUHHH3JIO)l(eHOna IS 3 crpanauax,
BKJIIO~a~82 HJIJIIOCTpaUHHH 11 Ta6JIHU.

Bo BBeLl,eHHH 060cHoBbIBaeTc}I aKTYaJIbHOCTb TeMbI HCCJIe.n:OBaHH~,

rrpHBo.n:HTC}IKpaTKHH0630p mrreparypsr rro .n:aHHoMYHarrpaBJIeHHIO,CTaB}lTC}IueJIH

H orrpenenmorca 3a.n:a~H HCCJIe.n:OBaHH}I,nay-mas HOBH3Ha, 060cHoBbIBaeTc~

.n:OCTOBepHOCTbnorrysaevr,rx pe3YJIbTaTOB,YKa3bIBaeTC}I reopera-recxas ueHHOCTb

H npaxrnnecxaa 3Ha~HMOCTb pa60TbI, npasozorrca CBe.n:eHH}I 06 anpofiauan
pe3YJIbTaTOBHCCJIe.n:OBaHIDIH JIH~HbIH BKJIa.n:asropa.

TIepBaH rnana nocsamena MeTo.n:HKeCOBMeCTHoro ID-3D Mo.n:eJIHpOBaHH}I

rH.n:po.n:HHaMH~eCKHXTe~eHHH B HH)I(eHepHbIX rH.n:pOCHCTeMax.B naparparpe 1.1

TeOpeTHqeCKaH H "paKTHqeCKaH 3HaQHMOCTb Ll,HCCepTaIJ,HOHHOiipa60ThI

Ilorryxeaasre TeOpeTH~eCKHe H rrpaKTH~eCKHe pe3YJIbTaTbI .n:HCCepTaUHH

MOryT npaxreaarsca .n:JI}I MO.n:eJIHpOBaHH}I pa3JIH~HbIX rH.n:pO.n:HHaMH~eCKHX

Te~eHHH B CJIO)l(HbIXHH)I(eHepHbIX rH.n:pOCHCTeMaX.B .n:HCCepTaUHHYKa3aHO, ~TO

pa3pa60TaHHbIH aBTOpOM.n:HCCepTaUHHnporpaxerasia KOMrrJIeKCyxce rrprorerrxerca

B I1AO «KoMrraHIDI «CYXOH» «OK6 Cyxoro». B 3TOHOpraHH3aUHH 6bIJIH ycnenmo
rrpoaenerrsr pacnersr KaK OT.n:eJIbHbIX rrO.n:CHCTeM,TaK H rrOJIHOMaClIITa6HbIX

MO.n:eJIeHTOrrJIHBHbIX CHCTeM 06'beKTOB CY-S7 H OXOTHHK-n na pa3JIH~HbIX

pe)l(HMaX nonera. Kpoxre TOrO, pe3YJIbTaTbI, rronynennsre B .n:HCCepTaUHH,

HCrrOJIb30BaJIHCbB BOCbMH POCCHHCKHXrrpOMbIlIIJIeHHbIX H HCCJIe.n:OBaTeJIbCKHX

rrpoexrax. I1epe~HCJIeHHbre <paKTbI, 6e3YCJIOBHO, rrO.n:~epKHBaIOT BbICOKYIO

npaxrasecsyro 3Ha~HMOCTb.n:HCCepTaUHOHHOHpa60TbI.

coxpanenaa MaCCbI, nsmynsca H 3HeprHH B rrOTOKe )l(H.n:KOCTHHJIH rasa.
Ilposenennas BepH<pHKaUIDI aJIrOpHTMOB H nporpasra, paapafioramrsrx aBTOpOM

.n:HCCepTaUHH, rryrev CpaBHeHH}I pe3YJIbTaTOB paC~eTOB C aHaJIHTH~eCKHMH

pelIIeHH}lMH H .n:aHHbIMHztpyrnx aBTOpOB, rr03BOJI}leT CKa3aTb 0 .n:OCTOBepHOCTH

pe3YJIbTaTOB,rrOJIy~eHHbIX B .n:HCCepTaUHH.
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npencrasnen MeTO.n:O.n:HOMepHOrO MO.n:em1:pOBaHH5IrH.n:pO.n:HHaMH"LJeCKHXTe"LJeHHH

B HH)I(eHepHbIX rH.n:pOCHCTeMaX. OCHOBHa51H.n:e51rrpeztnaraexroro xrerozta COCTOHTB

rrpe.n:CTaBJIeHHH rH.n:pOCHCTeMbI B BH.n:e CB5I3aHHOrO rpaqia 3JIeMeHTOB. Ka)l(.n:bIH

3JIeMeHT OrrHCbIBaeTC5I He3aBHCHMbIM Ha6opOM 3aKOHOB COXpaHeHH5I, 3a.n:aIOTC5Iero

3MrrHpHQeCKHe xapaKTepHCTHKH (nanpmrep, rH.n:po.n:HHaMH"LJeCKOe

corrpOTHBJIeHHe). L(anee B naparparpe onacansr MaTeMaTH"LJeCKHeMo.n:eJIHOCHOBHbIX

THrrOB KOHCTPYKTHBHblX3JIeMeHTOB, COCTaBJI5IIOmHXrH.n:pOCHCTeMbI.TaK)I(e B

naparpadie rrpencrasnea rrpavep pac-rera rrpOCTeHIIleH rH.n:pOCHCTeMbI. B
naparparpe 1.2 rrpeztcraa.teno xparxoe ormcarrae MeTo.n:a Mo.n:eJIHpOBaHH5I

rpexvepasrx Te"LJeHHHB sana-rax rH.n:po.n:HHaMHKHC HCrrOJIb30BaHHeManroparva

SIMPLE. OrrHcaHHbIM B .n:aHHoHrnase anropnrxr SIMPLE JIe)l(HTB OCHOBeMO.n:YJI5I

pac-rera rH.n:po.n:HHaMH"LJeCKHXTe"LJeHHMOTe"LJeCTBeHHoro naxera rrporpaxrv

HH)I(eHepHOro anamrsa ]lOrOC (Ill ]lOrOC), O.n:HHM H3 OCHOBHbIX

pa3pa60T"LJHKOBxoroporo 51BJI5IeTC5Izmccepraar. B naparparpe 1.3 H3JIO)l(eH

npennoaceaasrii .n:HccepTaHToM MeTO.n:H anropirrsr pacxera rH6pH.n:HbIX 1D-3D
Mo.n:eJIeHC Y"LJeTOMBOCCTaHOBJIeHH5IKapTHHbI pa3BHTOrO Te"LJeHH5IB rpexsrepnofi

06JIaCTH.

BTopaH rnaBa rrOCB5ImeHaBorrpocy YCKopeHH5I paC"LJeTOBB TpexMepHoH

rrOCTaHOBKeC HCrrOJIb30BaHHeMMHorOCeTOQHbIXTeXHOJIOrHM.B naparpaoe 2.1
rrpeztcranneu KpaTKHH 0630p rrpHMeHeHH5I MHorOCeTOQHbIX TeXHOJIOrHH .n:JI5I

rrOBbIIIleHH5I 3<pcpeKTHBHoCTHBbI"LJHCJIHTeJIbHOrOanroptrrva Mo.n:eJIHpOBaHH5I

rpexsrepasix 06JIaCTeH. Ilaparparp 2.2 rrOCB5ImeHoco6eHHOCT5IM napannerrsaoli

peamrsauaa MHorOCeTO"LJHOrOxrerona na rrpOH3BOJIbHbIXnecrpyxrypapoaannsrx
cerxax npu HCrrOJIb30BaHHH3BM C pacnpenenemroii rraM5ITbIO.B naparparpe 2.3
onacan anroparv «xacxannoro cfiopa rnofiansnoro ypOBH5I», npenxoaceaasni

zmcceprarrrov .n:JI5IpeIIleHH5I rrp06JIeMbI rrOCTpOeHH5Irpyfisrx yponaefi H YCKopeHH5I

MHorOCeTO"LJHOrOMeTo.n:a na BbIQHCJIHTeJIbHbIXCHCTeMax C pacnpezrenennoii

rraM5ITH. CYTb ztanaoro anroparxia 3aKJIIO"LJaeTC5IB napannensaori pafiore

YMeHbIIlaIOmerOC5I "LJHCJIanpoueccos npn rrOCTPoeHHH aepapxna Pa3JIH"LJHbIX

yposneii MHorOCeTO"LJHbIMMeTo.n:OM.B naparparpe 2.4 rrpasenensr pe3YJIbTaTbI

BepH<pHKaU;HHH HCCJIe.n:OBaHH5I3<p<peKTHBHoCTHMHorOCeTO"LJHOrOMeTo.n:a C

HCrrOJIb30BaHHeM anroparva «xacxaztaoro cfiopa rrrofiarrsnoro ypOBH5I»,

peanasoaaaaoro zracceprarrrov B paMKax III ]lOrOC na cepmr "LJHCJIeHHbIX

sxcneprorearoa. ITo rronysennsm pe3YJIbTaTaM MO)l(HO czrenarr. BbIBon , "LJTO
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arrropMTM KaCKanHOrO c60pa rr03BOfl~eT 3Ha~MTeflbHO YCKOPMTbo6rnee BpeM~

peIIIeHM~ aazra-m, M OCHOBHoe ero npeaxrymecrsc Ha~MHaeT npoannarr.cs C

yaena-reanev ncnonsayevoro npoueccopnoro nona no COTeH M TbIC~~

npoueccopos.
Tpert.a r.naea nocsauieaa onacamno paapafiorannoro rrporpasonroro

xoxrnnexca «FlowDesigner», OCHOBaHHoro na MeTOnMKe, rrpeztcraaneanori B

nepsoii rnase, M rrpezmasaaxeaaoro nM MOneflMpOBaHM~ rMnpOnMHaMM~eCKMX

Te~eHMH B MH)I(eHepHbIX rMnpOCMCTeMax C B03MO)l(HOCTbIOpacsera rM6pMnHbIX

MOnefleH COBMeCTHO C rrn JIOroc. )J;MccepTaHT sanaercs OCHOBHbIM

pa3pa60T~MKOM ztannoro rtporpaxoanoro xoxrnnercca. B naparparpe 3.1 onacan
OCHOBHOHCPYHKU:MoHarrM anevearta rpadra-recxoro mrrepdietica paspafioraaaoro
rrporpaxoaaoro xoxrnnexca. Ilaparparp 3.2 rrocsamen ocofienaocrxv rrporpasoraoa

peamrsauaa «FlowDesigner». TaK)I(e B naHHOM naparparpe onacan rrozrxon K

MOneflMpoBaHMIO norauecxax ynpaanmonnrx rrOnCMCTeM, rr03BOfl~IOrnMH

COBMeCTHOMOneflMpoBaTb ranpaamrtecrore M norn-rectore ~aCTM rMnpOCMCTeM.B

naparparpe 3.3 npezrcraaneasr peaynsrarsr BepM<pMKaU:MMnporpaxoanoro

xoxmnexca «FlowDesigner» na rrpasrepe TMrrM~HblX sazra-r, B03HMKaIOrnMXnpn

MOneflMpOBaHMMMH)I(eHepHbIXrMnpOCMCTeM.

B qeTSepToii r.naae npencraarrensr pesynsrarsr pacseros HeCKOflbKMX

MHnYCTpMarrbHbIXsana-r MOneflMpOBaHM~pa60TbI ronnannsrx M ranpaarrnvecxnx
CMCTeMcavoneros C nosroun.io paspafioraanoro nporpaxnmoro ofiecneseaas. B

naparparpe 4.1 rrpMBOnMTC~ofintee onacanae ronnasnoa CMCTeMbIcavonera M

COCTaBJI~IOrnMXee rrOnCMCTeM. Tlaparparp 4.2 conepsorr cepmo ~MCfleHHblX

sxcnepaaenros MOneflMpoBaHM~ orzrensnsrx rrOnCMCTeM TorrflMBHOH CMCTeMbI

canonera. B rraparparpe 4.3 rrpaaeztensr pesynsrarsr ~MCJIeHHbIXexcnepaaenron na

rronaovacurrafinoti xroztena TorrflMBHOH CMCTeMbI caxronera, npoexrapyeaoro
«OKE Cyxoro». Ilaparparp 4.4 coztepaorr pesynsrarsr ~MCfleHHblX excrrepavenros

na rM6pMnHoH 1D-3D MOneflM ~aCTM razrpasna-recxoji CMCTeMbIMaHeBpeHHoro

casronera.
B 3aKJIIOQeHHH C<P0PMYflMpoBaHbIOCHOBHblepesynsrarsr, asnoacenaue B

nncceprauaa.
OCHoBHble peaynsrarst zmccepranaa, BbIHOCMMble na 3arnMTY,

orryfinaxosaasr B 28 neaarnsrx pafiorax, cpezra KOTOPbIX9 CTaTeHB xcyprranax M3

nepexaa sezrynmx perreaaapyexrsrx M3naHMHBAK P<I> (7 M3 KOTOPbIXTaK)I(eBXOn~T
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3aKJIIOQeHHe

ITpHBe,n:eHHbIe3aMetIaHH5IHHKaKHM06pa30M He BJIH5IIOTna BbICOKYIOoueaxy

,n:HccepTaUHOHHOHpa60TbI 5i.rr030 A.B., a cxopee HOC5ITxapaxrep pexoveanarraa

,n:JI5I6y.n:yIIJ:HXHCCJIe,n:oBaHHH.,[(HccepTaUHOHHa5Ipafiora 51JI030A.B. rrpe,n:CTaBJI5IeT

C060H aasepuremryro HaytIHO-HCCJIe,n:oBaTeJIbcKYIOpa60TY, BbIIIOJIHeHHYIO na

BbICOKOMHaytIHOM yposne. ITOJIytIeHHbIe pe3YJIbTaTbI ztocroaepasr, 5IBJI5IIOTC5I

HOBbIMH,BbIBO,n:bIH 3aKJIlOtIeHH5I060cHOBaHbI.

Ha OCHOBaHHHaHaJIH3acozrepacanaa pYKorrHCHzraccepranaa, asroperpepara,
orry6JIHKOBaHHbIx pa60T MO)l(HO3aKJIlOtIHTb, tITO nncceprauaa B nOJlHOH Mepe

COOTBeTcTByeT Tpe60BaHHHM n. 9 «IIoJlo~eHHH 0 npacyaotenan YQeHblX

creneneit» (ITocTaHOBJIeHHe ITpaBHTeJIbCTBa POCCHHCKOH<l>e,n:epaUHHOT 24
CeHT5I6p5I2013 r. NQ842), rrpe,n:b5IBJI5IeMbIMK ,n:HccepTaUH5IMna COHCKaHHeytIeHOH

YtIeT TaKHX <pH3HtIeCKHX 3<i_><peKToBYBeJIHtIHJI 6bI TOtIHOCTb xrerona

Mo,n:eJIHpOBaHH5IH HMeJI 6bI 60JIee rrpencxasarensnyro CHJIY na npezmer
Mo,n:eJIHpOBaHH5Iranpoyzrapoa, rrepexozmsrx H HecTaUHoHapHbIX rrpoueccos B

rnnpocacreve.

1. A,n:Ha6aTHtIHocTb npouecca ,n:BH)I(eHH5ITOrrJIHBaB rpyfixax 2.
OTCYTcTBHepaCTBopeHHbIX ra30B B TOrrJIHBe

3. OTCYTcTBHeKaBHTaUHHTOrrJIHBa.

4. OTCYTcTBHe C)I(HMaeMOCTH(KaK BO,n:bI,TaK H rro,n:aTJIHBOCTHcaMHX

Tpy60K)

3aMeqaHHH no naccep'rauaonnoa pafiore
B zmcceprauan ,n:eJIaIOTC5ICJIe.n:yIOIIJ:Herrpezrrronozceaaa OTHOCHTeJIbHO,n:BH)I(eHH5I

TOrrJIHBaB TOrrJIHBHOUHrH,n:pOCHTeMe(B paxncax onaoraepaoro nozrxona)

Aaroperpepa'r zmcceprauaa B ueJIOMorpaacaer conepacanae pafio rsr,

B HH,n:eKCUHTHpOBaHH5I SCOPUS H/HJIH Web of Science), rrOJIYtIeHO 6 CBH,n:eTeJIbCTB

o rocynapcrseaaoit peracrpaumr nporpasor ,n:JI5I 3BM, peaJIH3YIOIIJ:HX

paspatioramme Bpaxrxax zmccepratnot aJIrOpHTMbI.Pe3YJIbTaTbInncceprannoaaoti

pa60TbI ,n:OKJIa,n:bIBaJIHCbH 06CY)l(,n:aJIHCbna 12 BcepoccHHCKHX H Me)l(.n:yHapo,n:HbIX

KOH<i_>epeHUH5Ix.
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MeTO,lJ;b1H KOMnJ1eKChi nporparasr».
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