
OT3bIB HAITqHOTO KOHCYJIbTAIITA

o Alrccepr ar\un -fcxesn.ra Augper BlaAuunpoBuqa <<KounrrorepHble MoAeJIII

c03.rIaHlIt HOBbIX KOCMLIIIECKI4X

ArrHaMI/tKLI CTbIKOBKI,I U npnaIaJI BAIIUl KOCMUqeCKI|TX anlapaToB),

rlpeAcraBlennofi Ha colrcK arrve yrenofi creneHl4

AoKTopa Qnrurco-uareMarl{qecK}rx HayK

no creqrlzulbHocrl{ 01.02.0 1 - <<TeoperuqecKar MexaHuKD)

llparrura

83 arrMoA er,rcrByro qux B Kocrvroce, rpe6yer paePa6orrcH

reopeTruecrofi 6agn u rporpaMMHoro o6ecneqenns MeToAoB Lrx

npoeKTr{poBaHl{s. IItu Bo3MoxHocr}r yrrera AIiHaMIftKI{ KoHTaKTHofo

B3alrMoAeficraag Bcex KoMnoHeHToB MexaHr.ttlecKrlx clrcreM, ) racrBylorll4x B

crbIKoBKe r,r rrplrq€urnBannvr, neo6xoAuMo BrITIoJIHeHI,Ie cJIo)KHbrx, KoMrrJIeKcHbrx

MareMarrrrrecKr{x rr KoMrrbrorepHbrx pacqeroB. flptt sroM pacqer A}rHaMI4KrI }r

aHaJrrr3 6onruoro o6reua noJrfraeMbrx rrpu MoAennpoBalr;nu AaHHsIX MoryT

6strr BbrrroJrHeHbr 3a npueunerrao6 BpeMf, ToJrbKo npu EcrroJIb3oBaHuI,I

cneqlraJrbHbrx €u[opLlTMoB I,I npolpaMMHbIX rIHcTpyMeHTOB.

A.B. -flcreBrrrr 6olee rprrArlarrr JIer BbrrroJlrrf,er rIarIHo rI Bo3rJIaBJLf,er

IIAO PKK <9neprrar> pa6orrr ro MareMarrrrrecKoMy MoAeJI4poBaHrIIo

gKcneplrMenranrnofi orpa6orre [poqeccoB crbIKoBKI{ KA. Mareuau{rlecKl{e

MoAeJrrr crblKoBKrl, rrcrroJrb3oBaBrrll{ecs Ao Haqarra efo nayttrofi u lpaKTrl.recrofi

AerreJrbHocrlr, He frlrrbrBaJrlt ArrHaMuKy naxnefiurero KoMrroHeHTa

crbrKoBorrHoro MexaHr{3Ma, rrMeroulero co6crBeHHbre crerreH}I cso6oArr. B culy

aIIIIapaToB,

naAexnofi

B

n

gToro oHlt orrncbrB€t"Jrrr upu6rulxeHHo rr He BcerAa KoppeKTHo roJIbKo HaqalbHylo

Qasy npoqecca. Orpa6orKa ocrarrbHbrx cta4ufi npoqecca cTbIKoBKTI

B UENOM TOJIbKO BocylqecTBJrrJrocb no qacTf,M gKcneplrMeHTaJrbHo, a

KOCMIITIeCKOM npOCTpaHCTBe, rITO OqeHb 3aTpaTHO.

Heo6xo4lrMocrb reoperrdqecrofi orleHKrr Bo3Mo)KHocrLI npnqarruBalaus.

KOCMLIIIECKI,IX AMIAPATOB C I{CNOJIb3OBAHI{EM MAH}IIYJIf,TOPA BNEPBbIE BO3HI{KJIA B

KoHrIe 80-x rr. 20-ro BeKa, n A.B. -f,cresu.r npeAno)r(un nosblfi opI,IrI,IHaJIsnrrfi



rIoAXoA K 9Tofi [po6reMbl - ru6pugHoe MoAenlrpoBaHue, Koropoe Ao cr{x nop

peaJIrI3oBaHo roJlbrco s IIAO PKK <<3neprulr>>. On pa:pa6oraJr MareMaruqecKyro

MoAeJIb AIIHaMIK]I ABrDr(eHru MexaH]rqecrofi c]rcreMbr ((KocMrrqecrulfi

MaHllnyJltrop nepeHocLturrfi rocNau.recrczfi aulapar)), Koropaf, B

IOCJIOAyTIII€M IIM HOOAHOIIpaTHO COBepIUeHcTBOBaIIaCb AJIf, IftCIIOJIb3OBaHILf, B

HoBbIX npoeKTD(. Heo6xoArlMo 3aMerurb, qro Poccz.f, BrrJrorb Ao rrocneAHlrx JIer

f,BJItJIacb MoHorroJII{croM r4 B Hacro{rqee BpeMr ocraercs Jr}rAepoM s o6racrlr

paspa6orKl{ npaKTzrIecKLI 4efictnyroq x cucreM crbrKoBKrfr. Sruu Bo MHoroM

o6tscnf,erc.f, Tor Qarcr, rrro rry6nuraqllu, rrocBrrqeHHbre MeroAlrKe

MareMarrlqecKoro MoAeJILtpoBaHLtfl ArrHaMlrKlr crbrKoBKrr u rz6pn4Horo

MOAeJI4pOBaHU', npr{qaluBaHvrs., Ao Hacrorrqero BpeMeHr4 npaKTnqecKr4

oTcyTcTByroT.

Taruu o6pasou, pa6ora A.B. f,cresuqa, rocBsrleHHaf, perneHlrK)

olpoMHoro KoMrIJIeKca yKa3aHHbrx Bbrrrre HacyrrlHbrx npo6lervr ocBoeHritf,

KocMurrecKoro npocrpaHcrBa f,BJrf,ercr, 6esyclonHo, aKTyaJrrHofi .

B nepnofi rroJIoBLIHe Arlcceprarl"L -flr*aar.r A.B. rlr3Jraraer rrolyqeHHbre r{M

o6qne MeroAbr pelneHl4t 3aAaq MoAeJrr{poBaHvrs. crbrKoBK}r. B rnase 1 au'qenenrr

pa3JII4rIHbre KJIaCCbI CTbIKOBOqHbTX MeXaHI{3MOB }r OnpeAeJreHbr I4X OCHOBHbTe

crpyKTypHbre cnofictsa. Ha ocHoBe yrcasannofi r.naccuQnKarluu aBTopoM

[peAJIo)KeHbI HoBbIe o6qne MeroAbr QoprraupoBaHlrr u perxeHr4f, ypaBHenufi

KOHTypHbTX CBr3er{.

B rnaBe 2 aHarll43l{pylorct IfnBecrHbre aflrop}rrMbr, o6ecneqnBaroque

pacqer ArIH€tMrIKr4 orAenbHbrx KLrHeMarrrrrecKHX rleuefi c noMorrlbro

MrIHI4MaJIbHoro rII,Icna BeKTopHo-MarpuqHbrx ouepaqufi. flpe4Jraraerct

oprlrl{HaJrrnrrfi cnoco6 rx eQQerruBHoro rou6znzpoBaHHoro ucroJrb3oBaHrif, B

MO.UeTSX .4IIHAMLIKI{ CTbIKOBOqHbIX MEXAHI{3MOB rIeHTpanbHoro

nepuQepufisoro rI{rIoB. flpe4raraercr raK)Ke BrrepBbre cosAaHHrrfi aBTopoM

aJIropI{TM pacqera cuil }t MoMeHTon, 4eftcrnyroqr{x Ha KocMr{qecrufi aunapar n

[poqecce cTbrKoBKrr.



B rnaee 3 ouzcaHsr paspa6oraHHbre aBTopoM HoBbre MoAeJrLt u arrropurMbr

Arf, pacqera yupyrux 4eQoprvraqnfi c rurcrepe3r{coM AJrf, KrrHeMarr,rqecKrx qenefi

u orAeJIbHbIX 3BeHbeB crbIKoBorIHbD( MexaHu3MoB. Bes raKrrx anroplrrMoB

HeBO3MOIKHO [paBI,InbHO rreoTb noTeprr 9Hepruru B npoqecce KOHTaKTHOTO

B3al4MoAeficrsur. B curry cJro)KHocrLr KoHcrpyKqnfi uexaHlr3MoB gTlr MoAeJrlr

ocHoBaHbI Ha gKCnepI|IMeHTarrbHbD( AaHHbrX, nOJry reHHbrX npu cTaTlrrrecKr4x

I{3Mep eHl4fi n AI4HaIMnqe CKIIIX u CnbITaHnf,X.

fnaaa 4 nocBf,rrleHa MoAeJrf,M ArrHaMlrKlr B3anMHoro ABr4x(eHr4t

cTbrKyeMbIX KocMr{qecKrD( annapaToB c rreroM Lrx ylpyforo KoHTaKTHoro

B3arrMoAeftcranr. Honragna nplrMeHreMoro no4xoAa K pacr{ery ynpyr}rx

rone6anufi rconcrpyKrluu cocrorrT B rrcloJrb3oBaHrru coorHorrreuzfi, rroJq reHHbD(

npeABapureJlbHo Ha ocHoBe aHaJrr4TltqecKoro perueHrifl AJrf, KalKAofi co6crseHHofi

Qoprr,ru rore6aHufi Ha ruare rrHTerpupoBaHr{.f,, rrro 3Harrr{TeJrbHo ylpoulaer

BbIqncJIeHur rrpn 6onrruorvr (4o necroJrbKr{x rucrv) qncJre grr4x Qopr. flpn erou

paspa6otaHHat aBTopoM nporpaMMa rrHrrrlLt€rJrr43arlrfrr,r MoAenr,r crbrKoBKr.[

coBMecrLrMa c cucreuofi NASTRAN:c rroMorqbrc Koropoft abrqzcJrf,rorcf, ora

QoprvrsI, rITo o6ecue.rnBaer aBToMarlftrlecKoe BbrqucreHue neo6xoAuurrx

rosQQuqneHroB.

B rnaae 5 ouzcanrr parpa6oraHHbre cor{cKareJreM MoAeJrLt AJrf, onuca:nua

cJIO)KHbrX KOHTaKTllpyrOq[x rroBepxHocTer4 cTbrKoBorrHbrx arperaToB c rroMorrlbro

na6opon pa3nruHbrx npocrefiurlrx reoMerplrErecKlrx $zryp, a raK)Ke aJrroplrrMbr,

Koropble o6ecne.InBaror naz6onee 6ucrpoe olpeAeJreHrre rorreK r4 [ap€rMerpoB

KoHTaKTa c rloMolqblo aHarrurrrrrecKnx Bbrp€DreHuit u rrrepaqnoHHbrx npoqeAyp.

llpo4err,roHcrpr,rpoBaHo nplrMeHeHne AaHHoro rroAxoAa AJrr orrcaHrrt

KoHTaKTHoro B3allMoAetrtctsus crbrKoBoqHbrx arperaroB rleHTp€urbHoro u

nepnQepufiHoro rrrua, .qJrf, pa3Jr[rrrHbrx ycrpoficrB npurraJruBarrul..

Bo aropofi .racru Alrcceprarluu [peAcraBJreHbr paspa6oraHHbre Ha ocHoBe

ynorraffryrofi BbIIrre o6qefi MeroAoJrorr4r{ MoAenz npoqeccoB crbrKoBKH u

lpIftrIarII,IBaHut c ucnoJrb3oBaHl{eM p€t3JruqHbrx MexaHLr3MoB }r ycrpoficrB npl{

frere ux KoHKperHbIX yHr{KaJrbHbrx cnoficrs. B HraBe 6 or}rcaHbr MoAeJrr.r
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AI{HaMI{KI4 CTBTKOBKLI C nCrrOJIb3OBaHrreM crblKoBoqHbrx arperaroB rleHTp€urbHoro

Tl4rra. flpzae4enrr Mo.qeJII{ AIaHaMr.rKn oceBoro 4erranQepa u rptrBoAa c

HcrIoJIb3oBaHneM azSQepeHIII{€uIa, MoAeJr}r ArrHaMuKr{ MexaHrr3Ma rrp}r 6oroerD(

u yfJloBbrx ABrIx(eHI{rx, pe3ynbrarbr cpaBHeHaf, c AaHHbTMI,I AnHaMI,IqeCKI/tX

ucnuranufi, qpeAnoxeHbr rvro4uQura\un Kr{HeMarr,Frecrofi cxeMbr,

yl!{eHblu€uorlne KoHTaKTHbre Harpy3Ka u o6ecnequB€trc)rrlr{e crErKoBKy K

pa3rI{rIHbIM BapZaHTaM feoMerp}rn crbrKoBoqHbrx afpefaroB. flaparvrerphr HoBbx

MexaHrl3Mon nu6paHbr Ha ocHoBe 6onrruoro o6reua MoAeJrLrpoBaHrrfl. B rnase 7

npeAcraBJleHa Kl{HeMar}IrrecKaf, cxeMa u npr{Hrlr{n pa6oru npeAJro)KeHHoro

aBTopoM HoBoro nepnQepnfinoro ynpyrc-aAarrrrrBHoro crbrKoBorrHoro

MexaHrI3Ma' ypaBHeHllf, A]rHaMIlKIr ero nnarQoprvrrr c azQQepeHrln€urbHbrM]r

InapHI.tp€lMrI, MOAQJITI ycrpoficra rrorJrorrleHr[f, gHepnrx u cr{rurBaHl[f,.

flpnne4eHbr pe3ynbrarbl MoAeJr4poBaHufl am uau6onee 4prlrlrrrHBrx Haq€urbHbrx

ycronufi crhIKoBKr.[.

B rJraBe 8 olucaHa paspa6oraHHarr u BHeApeHHarr aBTopoM B
:U

npolr3BoAcrseHHhrfi upoqecc MeroAuKa ru6pn4noro MoAeJrr{poBaHr{t

[pI{q€UII'IBaHuA KOCMI{qeCKLIX alnapaToB, KOrAa AJI' nX COeA}IHeHI4'

LrcrloJlb3ylorct pe€ulbHble crbrKoBoqHbre MexaHr{3Msr. flo4 pyKoBoAcrBoM aBTopa

paspa6oraH coorBercrByloqrEfi rorr,rnrrorepurrfi creHA. Co4epxarc.f, peyJrbrarbr

BbrrloJlHeHnofi c ero noMolrlblo gKcneprrMeHT€rJrbHofi orpa6orKlr npuqaJrtrBauul_

MoAyJrf, MI4M1 rc MKC MaHllrrynsropoM SSRMS.. Aaroporvr x(e pa3pa6oraHa

KoMrlblorepHal MoAeJIb Bll3yaJrr{3a\uil 4lx o6leFreHr4f, npoqecca HaBeAeHr{r r4

coeArlHeHrf, Oneparopy, ynpaBJrf,rorrleMy MaHurryJrf,TopoB B pe€urbHoM BpeMeHr{.

Bce npe4lo)KeHHble aBTopoM MeroAbr r4 €urropnrMbr pe€urlr3oBaHbr aBTopoM

B BrIAe sQQercrunno pa6oraroqero 6ucrpo4eficrayrolqero rporpaMMHoro

KoMrrJreKca B crrMBoJrbHoM BHAe c noMorrlbrc cpeAcrB KoMrrbK)repnofi anre6pu,
qro nprlAaer nM AocraroqHylo o6rqHoctr u uo6unrnocrb B rrpr,rMeHeHr{rr.

Paspa6oraHHbre aBTopoM MoAenr{ r,r alropnrMbr KoMnbrorepHofi ourrnurrcarl]rrfr

nrFrncreHl'Ifi nplr cl4MBonbHofi pearrcarluu anroprrrMoB paccMaTplrBarcTcr B

flpuloxenun.



,fta ncex [peAcraBJreHHbrx B rJraB€x 6-8 rvrolerefi 4r,rnaurlKu aBTopoM

rrpeAJrox(eHbr HoBbre nprrHrlrrrrbr u [porpaMMHbre cpeAcrBa (,qlrnarrlIa.recKlle

MHeMocxeuu) AJrf, Br,r3yaJrlr3aqr,rlr pe3ynbraroB MoAeJrr4poBaH[t, rlo3BoJlf,rcIque

orreparr{BHo orleHnrb xoA KoHTaKTHoro B3auMoAefi craut.

HayrHar HoBLr3Ha Alrcceprarluu cocronT B ToM, rrro B neft BnepBble

rrpeAcraBJreHbr o6qar MeroAoJrorvr prBpa6orru KoppeKTHbrx, BbIrILtcnureJIbHo

sQQerruBHbrx n nnQoprvraurBHbrx uoAerefi ArrHaM KLr crhrKoBKrl u

npru€rflLtBatrrvrs= parpa6oraHHbre Ha ee ocHoBe MoAeJru KoHKperHbrx [poqeccoB.

Hosrre QyH4arraeHT€urbHbre reoperuqecK[e MeroAbr, [peAcraBJIeHHbIe B

Ar{cceprarlr4vI, n MeroAbr r,rx [paKTn.recrofi peaJl]r3allnu, 6es coMHeHI{f,, lrtryr B

ocHoBy ocyrqecrBJreHr[fl HoBbrx uepcneKTrrBHbrx upoeKToB KocMl{qecrofi nayrn u

TexHr{Kr,r u 6yayt cnoco6crBoBarb 4a-nrnefiureuy HayrrHo-TexHrlrlecKoMy

lporpeccy KocMlrqecrofi orpacJnr.

Bce pe3ynbrarbr, npeAcraBJreHHbre B AlrcceprarluLl, noJrJ leHbr rl[IHo

colrcKareneu. KourrbrorepHbre [polpaMMbr Brr3yaJrr,r3arlnu paspa6arblBaJll{cb rlpu

ero HenocpeAcTBeHHoM rracTLrvru noA efo pyKoBoAcTBoM.

,{ocronepHocrb rronfraeMbrx p$yJrbraroB MoAeJILtpoBaHLIt

rroATBepxrqaercf, cpaBHeHueM c AaHHbrMLr AuHaMnqecKlrx ncnrrranufi Ha 6-

cTerreHHoM cTeH,{e, co3AaHHoM noA Ha) rHbrM pyKoBoAcTBoM A}rccepTaHTa.

OcnosHue p$yJrbrarbr pa6oru orp€DKeHbr B 22 crarbf,x B HafrHbIX

usAaHuA4 peKoMeHAoBaHHbrx BAK P@. Pesynbrarbr Arrccepraqr4Lr MHoroKparHo

o6cyx4arucr Ha Bcepoccuficrnx u MexAyHapoAHbrx ronQepeHqlaf,x.

flpe4roxeHHble KrrHeMarl{rlecKr{e cxeMbr HoBbrx crbrKoBorrHbrx MexaHI{3MoB

3arrurrrleHrr 4 narenrarr,rr,r P(D.

flpartuuecKaf, 3HaqlrMocrb noJrfreHHErx pe3yJrbraroB cocroLtr B I{x
IrcnoJlb3oBaliruu rlpu aHaJrrfl3e AuHaMrrK]r cTbrKoBKrr pa3nl,IrrHbrx ropa6nefi

(<Coros>, <flporpecc>>, ATV, IITK) r,r MoAyrrefi (MJIM, H3M) r MKC (a rorvr

qucne rrpn aHaJrr,r3e HerrrrarHhrx curyaqnfi), npu [poeKTrrpoBaHuu HoBbrx

crblKoBoqHbrx MexaHu3MoB, npu gKc epr,rMenranrHofi orpa6orHe rlpoqeccoB
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npuqafluBal;^us. KocMuqecKZX annaparoB u AocraBJrreMoro o6opy4oaaHna

pa3nLrrrHbrMLr KocMrrqecKrrMr{ MaHilrryJrf,ropaMr{ (S SRMS, ERA).

.{nccepraqlroHHar pa6ora A.B. -f,cresu.ra orKpbrBaer HoBoe

nepcneKTLtBHoe Ha[paBJreHr,re B TeopuLt MaTeMaTr,rqecKoro MoAeJrr{poBaHrr.f, AJrf,

KocMlIrIecKrIX nccJleAoBaHufi. Ona coorBercrByer rpe6oaanraau flonoxeHus

BAK o rrpr,rcpKAeHltu ] reHb[x crenenefi, a ee aBTop AocrorlH rrplrcyxAeHr[fl eMy

yrenofi creneHlr AoKTopa Qusmo-rraareMarlrqecKr{x HayK no cnerlr{aJrbHocr}r

0 1.02.0 1 - reoperr{qecKarr MexaHuKa.

Orsrrs cocraBun:

IOpzfi Oralnnnonnv foly6ea,

AoKTop Queuro-uareMarr{qecKux HayK no cnequaJrbHocr}r 01.02.01 -

Teoperrl.lecK€ul MexaHI{Ka, npoQeccop no raQe4pe reoperurrecrofi MexaHrrKr,r,

rnasHrrfi nayrnsrfi corpyAHrrK, Lr.o. 3aBeAyrcrqero orAenou J\b 5,

@e4epanrHoe rocyAapcrBeHHoe yqpe)KAeHrre < (De4epanrHrrfi

u ccJleAoBareJrbcKlrfi qenrp LIHcrnryr rip"*u4"ofi uareuarrrKrr
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