


















oT3hrB O@HUTIAJIbHOIO OIIOHEHTA
Ha Ar{ccepTallurc

Iop4eena AHroHa BlaAnprnpoBrqa
Ha TeMy

<<Parpa6orKa KprrreprreB nur6opa rapaMerpoB BepxHero crpoeHrrfl rlyrrr B

ToHHeJrflx, c yqeroM rlx nu6poraqnrnofi Qynnqnn>>,
rrpeAcraBneHHyro Ha coracKanue yrenofi creneHu KaHAvAara rexHI4qecKLIx HayK rlo

c[erlr4anbHocru 2.9.2. XenesnoAopo)KHbrfi nyru, ra3blcKaHne u upoeKTl4poBaHue

)r(eJre3Hbrx Aopof

Arrya"rr rHocrb reMbr rrccJreAoB anrrr'

3QQercruBHoe pa3Burue xene3HoAopo)KHoro rpaHcuopra B Poccnficrcofr

@e4epaqrau HeBo3Mo)r(Ho 6es pacrukrpeHr4r cerr4 cKopocrHbrx )KeJIe3HbIx Aopor,
yBerrrqeHr{f, rrpoBosHofi cnoco6nocru nyrefi coo6uleHnf,, pocra o6rerroB rpy3oBblx t4

[accaKlrpcKlrx [epeBo3oK. PeureHze grl4x 3aAaq [pLrBoAr4T K neo6xoAuMocrll

cyulecTBeHHoro yBen[qeHu.f, Harpy3oK Ha KoHcTpyKrIuu u coopyxeHlLf, )I(eJIe3HbIx

AOpOf, K KOTOpbrM, B IIaCTHOCTLI, OTHOCTTC' I4 TOHHeJIbHbIe [epeceqeHl4t.

Kporvre rofo, B Hacrorrqee BpeMr pa3Blrrue xeJre3HbIX Aopof B MerarloJlucax

AuKTyer neo6xoAzMocrb [pHMeHeHr,[r AorronHureJrbHbrx Mep rro cHrDl(enzro eu6pa\uir
peJrbcoBoro TpaHcrropTa Ha oKpy)Karoulyrc 3acTpouKy B cooTBeTcTBLru He ToJIbKo co

crpor4TenbHbrMLr, Ho u caHr4TapHbrMlr HopMaMu. B cnssu c grr4M orKpbITbIM ocraerc-s

Borrpoc rro parl]roHzrnbHoMy nu6opy KoHcrpyKrlrlr4 BepxHero crpoeHl4t rryru B

)Kene3HoAopo)KHhrx roHHeflf,x.

I-{errr, pa6our, cQopvrynupoBaHHafl. coLrcKareJreM, 3aKJrrotraerc.f, B rrccJreAoBanvrLt

loBeAeHr{f, gJreMeHToB BCII rroA nosAeficrBrreM uo4nuxuofi Harpy3KLI Ha

nu6posaqurHbrx KoHcrpyKrlrarx c parpa6orrofi KprrrepueB uo zx nu6opy Ha ocHoBe

rpe6onaHufi cHrDr(eHz.fl ALTHaMLTKu B3alrMoAeitcrsvs. c rroABr,rxHbrM cocraBoM vr

orpaHuqeHr4r yp oBrrr BrIopaIILt uI, Bo3Hu Kaloulzx npu upoxoAe rIoe3AoB.

Taxuu o6pasou, [peAcraBJreHHoe ALrcceprarlLroHHoe uccneAoBaHvre rrocB.alrleHo

perueHrrro oAHofi r.r3 Balr(Hetruttux HayqHo-TexHurrecKnx 3aAaq uo paepa6orKe KpurepueB

rro nu6opy HoBbrx KoHcrpyKrrvrtrr, K Topoe ocHoBaHo Ha MareMarLItIecKoM

MOAenVpO BAHI".II{I r4 BbTTIOJIHeHHbIX HaTypHbIX 9KCrIepU MeHTaX.

Y.IurHnaq BbIIueLI3JIoxeHHoe, Mo)I(Ho yrBepxAarb, qro reMa IlccneAoBaHufl,

flBrrflercfl. BecbMa aKTVErrIbHofi n naxnofi.
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Creuens o6ocHonaHnocrn HayqHbrx rroJroxeHufi , nnrnoAoB rI peKoMeH \a\uit,
cQopuy.rrupoBaHHbrx B Arrccepraqnr

O6ocnonaHHocrb Ha) rHbrx rroJro)KeHnfi, cQopMynrrpoBaHHbrx B Akrcceprarlvrrr)

o6ecue.rzBaercr crerreHbro upopa6orru reMbr u KoppeKTHbIM LtcrIoJIb3oBaHI4eM

r43Be crHbrx H af{Hbrx MeroAoB rIpLI [poBeAeH uu vcc re AosaHuir.

OcHosHHe roJro)Kennfl, AucceprarluoHuofi pa6orbr AoKJraAbrBElrIr{cb, o6cyx4arucr
n 6ru:a o4o6pena Ha 3aceAanvrnx raQe4prr dlyrr u rryreBoe xogsficrso> PVT (MIrkIT),
a raK)r(e Ha Me)KAyHap oAHbrx HayqHo -TexHrrq e cKLrx ronQ epe HIII4f, x.

BrraoArr u peKoMeHAarlnv, cQoprr,rynupoBaHHbre B pa6ore, o6ocHoeaHH

[olyqeHHbrMlr pe3yJrbTaTaMur TeopeTr4rrecKrrx Lr SKcrrepuMeHTaJrbHbrx LlccJIeAoBaHLIu.

[ocronepHocrb n HoBrr3Ha roryqeHHbrx pe3yJrbraroB

,{ocronepHocrb HafrHbrx uccneAoBauuit u 3aKrrorrerruit ocHo aHaHaKoppeKTHoM

rrcrroJrb3oBanvrvr reopuu rore6anz.s rlyrr{ 14 ocHoBHbrx uoroxenufi Teopuu

B3alrMoAeitcrr;ufl, nyru c IoABLDKHETM cocraBoM, HarypHblx v ra6oparopHhlx

SKCrrepLrMeHTax, BbrrroJrHeHHhrx Ha rroBepeHHorra o6opyAoBanvrn14 rro alpo6zponannrru
MeroArrKaM, roppexrnofi crarucrnrecrofi o6pa6orre pe3ynbraroB gKcrrepuMeHToB,

rrpvMeHeHnu Arrfl, MoAenupoBanvs. cepruQzqupoBaHHoro [porpaMMHoro KoMrJreKca

<Yuuaepcaruurrfi MexaHLr3M> 'c MoAyneu <Vnpyrnfi rryrb)), a raKxe ua xoporuefr

CXOALIMOCTI4 pe3ynbTaToB MOAenvpOBAHvIs,v HaTypHOrO SKCIIepI{MeHTa c pe3ynbTaTAMvI,

II oJlyq e H HbrMLr Apyf vrMkr klc c IIeA o B aTe Jrf, MLI.

Ha ocnone BbrrroJrHeHHbrx riccneAoBauuit coucKareneM [onyrreHbr cneAyroqve

npuHrlr4nv zlrrbHo HoBbre HarrHbr e pe3yJrbTaTbr :

1) flpone4eH TexHLrqecrcnit aleattr{3 pa3flrlrrnrrx 6arracrHbrx pr 6es6arracrHblx
roncrpyrqufi rryrlr B ToHHeJrf,x c oqenrofi nau6oree yr3BuMblx oJIeMeHToB

rroApenbcoBofo ocHoBaHr4f,

2) A,qaurnpoBaHbr MoAenkr B3azMoAeitctnus, rroABrrx(Horo cocraBa u \yrr4 14

rrpeAnox(eHbr Heo6xo4uurre r4cxoAHbre AaHHbre AJrf, pacqera KoHcrpyKqvfi uyru e

ToHHeJre c pa3nnqHbrMrr KoHcrpyKTuBHuuu oco6eHHocrrMra.

3) Oupe4ereuu uapaMerpbr Anr^ MareMarraqecKoro MoAeJrlrpoBanwl

B3arrMoAevcTBLtg, rIyTtI B ToHHeJIe I,I TIOABUXHO|O COCTaBa, B TOM rILICre C p€Blr4rrHbrMr4

TIdrra]N'Iv KoHcTpyKrIr4r4 BepxHef o cTpoeHr4r.

4) flony.renu 3aBLrcrrMocrra aMrrnraTyA ara6poycropeHufi rroApenbcoBoro

ocHoBaHr4f, r{ rrepeMerrleHlru penbca oT oceBolt Hafpy3Krr r,r cKopocrr4 ABLrxeHr4t rroe3Aa

Ha ocHoBe MareMarraqecKoro MoAenr4poBaHLrs. Anr pa3Hbrx rLrrroB KoHcrpyKqufi uyru n

ToHHeJItx, B ToM qucre c gJreMeHTaMvr nu6posauqprrbr.
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5) Brruonnenrr HarypHrre u3MepeHLrr B ToHHeJr.f,x c pa3nrrqHbrMlr

KoHcrpyK\uflMr BCII, B ToM qr,rcJre c Y3 rrplr rrpoxoAe rroe3AoB, roryrreHbr aMrIJIr4ryAbr

6)

n cneKTpu nra6poycropeHufi Ha BCII z o6Aerxe roHueJrr, rro3 oJrlrBruue BbrrroJrHkrrb

Banr4Aarlr4ro MaTeMaTLIqecKLIx MoAeneu kr npeAnoxlrTb rrkIcJIeHHbIe 3HaIIeHut An[.

Kplrrepuen eQQerrrr BHocrLr nz6posaqLrrbl.

flpone4enrr na6oparopHbre vrcrrbrrallvrn, rro pe3ynbraraM Koropbrx

BbruoJrHeHa orIeHKa nu6poracrqr{x csoficre yupyrr4x MaroB rrocJre r{x 2O-rernefi
gKcrrnyar a\uu B )Kene3HoAopoxuoM ToHHeJre, n oKzl3asruefi ux cr a6uJrbHocrb.

7) Paepa6oraHbr KpLtrep:rra upn nu6ope KoHcrpyrqufi BCII B roHHeJre Ha

ocHoBe SKcuepuMeHTELIrbHbrx LrccJreAoBaHvrvr r4 MaTeMaTLItrecKoro MoAeJIupoBaHLIS.

8) llpe4noxeH urrrropraru nrr6opa KoHcrpyKrlnu BCn B roHHeJre Ha ocHoBe

MoAenvpoBalnurr B cpeAe MATLAB u c [pLrMeHeHLreM <YnunepcurrrEHoro MexaHr43Ma>>.

TeopernqecKafl lr rrpaKTr{qecKafl 3uaquMocrb pe3yJrr,TaroB, rroryqeHHbrx

aBTOpOM ArrCCepTarIrroHHOfO rrccJreAoBaH[s

[ucceptarlr4oHHoe uccneAoBanvre LrMeer KaK TeoperuqecKoe,Tarvr npaKTvqecKoe

3HarIeHI4e.

TeoperuvecKztr 3HaqLtMocrr pa6orrr 3aKJrroqaercr B :

aHaIII,I3e TLIIIoB KoHcTpyKIJvIvI nyTu B ToHHeJItX Ha ceTla XeJIe3HEIx Aopor I4

cocTorHrrf, rryTr4 B 3aBlrcr4MocTr,r oT Tlrfra rroApenbcoBofo ocHoBaHztr;

orrpeAeneHr{ra Koluqecr eHHbrx sHa.reHufi napaMerpoB eu6paqnoHHoro

nos4eficrBur Ha BCII z o6Aemy roHHeJrf, Arrs. pa3nvrqHbrx KoHcrpyKTLrBHbrx perueHzfi,

B ToM rrucre c gJreMeHTauunu6po3arrllrrbr, B HarypHbrx ycnoBrutxtrpu upoxoAe rroe3AoB;

a4ailTarlLrn MoAeJrefi u upe4nox(eHvLr neo6xoAzMbrx vcxoAHbrx AaHHbrx AJrr

pacqera B3avMoAetrtcreus, rroABlrx(Horo cocraBa u KoHcrpyKqnit nyrn B ToHHeJre c

pa3nzqHbrMLr gJreMeHTaMLr nz6posaqvrrbr;

orIeHKe 3aBLrczMocrLr clrJroBbrx vr 4eQoprvrarlnoHHhrx

eos4eficrBzr rroe3AoB Ha BCII pzBnuqHbrx KoHcrpyrqzfi B ToHHeJre, B

rrapaMeTpoB

TOM qLICIC C

nz6posaqurotrt, rrpr{ pa3nr4rrHbrx Harpy3Kax Ha ocb r4 cKopocrrx ABt4xenvrfl. rroe3AoB,

nolyqeHHofi uarerraarlrrlecKrrM MoAenupoBaHr4eM;

nrrpa6orxe Kpr{repzen nu6opa KoHcrpyKrlLru BCII B roHHeJre.

flparcru.recKafl 3HaqrrMocrb pa6oru cocror4T B ToM, rrro orrpeAeneHHbre

rrapaMerpbr gJreMeHToB KoHcrpyKrluu BCII B ToHHeJre rro3BoJrrror orrrnMr.r3lrpoBarb

rpe6onanvrs, K grlrM KoHcrpyKrlprrM, .rro o6eclerrrrBaer rpe6yevryro AonroBeqHocrb
KOHCTpyKrryVrryTkrLr caEuTapHbre HopMbr Bo3Aer4cTBvrs. )Kene3HoAopoxGoro TpaHcnopTa

B ycJroBrarx ropo4crofi sacrpofirn, a aAarrrLrpoBaHHbre Anr KoHcrpyKrlnfi BCII e
TOHHeJIe MaTeMaTIIqeCKr4e MO.qeJII4 U VtX KOMIIbIOTepHbIe peaIIr43arIUI4 ITO3BOJLf,TOT
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oupeAennTb Heo6xoAr4Mbre yrpyfLre cBoficTBa sJreMeHToB B KoHcTpyKIIuut Anfl

rrpoeKTLrpoBaHr{r [prr crpoLrreJrbcTBe HoBbrx nuHvrfi r{JrH peKoHcrpyKrluvnyTV.

JIu.r n u fi BrcrraA co lrcKareJrs B rr oryqeH rrn pe3yJl braroB u cc.rreAo B anufl

JIz.rHHfi BKJTaA fopAeena A.B. cocrokrr B rronf{eHur{ HoBbrx 3aB}Iczuocrefi

AvHavrvrv'ecKnx nos4eficrnufi no4peJrbcoBbrx onop rrpn pa3nuqHbrx cKopocr.f,x Ia oceBblx

Harpy3Kax Ha pa3nnrrHbrx KoHcrpyKrlr,r{x nz6posaqlrrHoro BepxHero crpoeHr{r rlyrll B

ToHHe[f,x, Ha ocHoBe Koropbrx olpeAeJreHbr Kpureplru uo ux Ha3HaqeHuro. I-{euuocrr
pa6orrr cokrcKareu 3aKrroqaercr B ToM, rrro paccMorpeHHbre Borrpocbr uMeror B

Hacrorrqee BpeMr 6omuoe [paKTr{rrecKoe 3HarreHue Arrs. orIeHKu rrapaMerpoB

nosAeficrBr4r [oABt4xHoro cocraBa Ha KoHcrpyKrlurc \yrv B ToHHeJIe u rlo3BoJtf,Ior

paspa6orarr rexHr4qecKLre rpe6oaanua K KoHcrpyKrILtrM tryrvr B ToHHeJItx, rITo

o6ecuequr rpe6yerrayro AoJrroBeqHocrb KoHcrpyK\uu nyrkr Lr BbrroJrHeHLIe caHIlTapHbIX

HopM uo sosAeficrszrc )Kene3HoAopox(Horo rpaHcnopra B ycnoBr4rx ropo4cxofr

aacrpofirra.

[uccepragur. fop4eena A.B. Ha

rrapaMeTpoB BepxHefo cTpoeHnr rryTr4 B

Oqenra crpyKTyprr n o6reMa ArrcceprarlrronHofi pa6oru

reMy <Paspa6orra KpLrrepr4eB nrr6opa

ToHHeJrrx, c J reroM nx an6pogaulursofi

Qynrquu) cocrolrr Lr3 BBeAenvrfl,, rrerbrpex uraB, 3aKrK)rreHvrs., crrvrcKa coKpalqelrruit u

ycnoBHbrx o6osHa.reuuit, cnoBapr repMLrHoB, crrucKa Jrureparypbr vr upnroxeHufi.
Pa6ora Lr3JroxeHa Ha 151 crpaHr4rle ocHoBHoro reKcra u rarr,reer 33 ra6tur1rt,78
pLrcyHKoB, Tpn [puno)KeHurs Ha 5 crpanzqax. CuncoK LrcloJrb3oBaHHbrx ucrotrHr4KoB

coAepxcrr I 56 naunaenosaHzfi .

Crpyrrypa u o6reu Ancceprarlrrr4 coorBercrByer npr4HrrbrM rpe6onanvsM.

Marepuan oQoprvueH c rpe6onaHu4vru fOCT P 7.0.11-201I <<[ucceprarlr.rf, vl

aaropeQepar rucceprarllrr4. Crpyrrypa Lr \paBrana oQopMJreHLrr>). Marepzar qrlraeM,

r4Meer norr4r{ecKyo rrocneAoBareJrbHocrb, xoporuo lrJrJrK)crpLtpoBaH. B ronqe rax4ofr
fJraBbr ecrb rroApa3Aen c BbrBoAaMr4, qTo cyrqecTBeHHo rroBbrruaeT Bocrrpr4HlrMaeMocTb

MaTepr{arra.

Oqenrca coAeprcaHlrfl Arrcceprarllrlr

,{uccepraqzx fopAeena A.B. flBrrflercfl, saaepruenuofi uay.ruofi pa6orofi,

BbIrIoJIHeHHofi s TIoJIHoM coorBercrBnv c [ocraBJreHHbrMr{ 3anaLraMr I{ 3arlBJlennofi

rlenbro. Pa6ora Molr(er xraccuQurlr{poBarbcr KaK Hayrrrufi TpyA, B KoropoM
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ocyulecTBJreHo perueHlre HayqHofi gaz.al{v, vMeroulee cyulecTBeHHoe 3HaqeHue Afif,

pa3BnTkrfl cTpaHbr.

BseAeH[e coAepxLtr ocHoBHbre rroJrox(eHrrrr pa6oru: o6ocHonaHrre aKTyzlnbHocrr4

upo6leuu u SoprvrupoBaHze HarrpaBnesuituccle4onanufi. Onpe4eneHbr rIeJIu,3a4avtnvr

MeTOAbr krccJreAoBaHvrfl,, nyTu perueHr4fl 3aI.aI{, HarrHaf, HoBI{3Ha n [paKTl4qecKat

3HarrlrMocm p a6 oru, MeroAoJrorrrf, Lr MeroAbr uccneAoB aHr4A.

B nepnofi rJraBe rrpoBeAeH anaJwrruvLecrufi o6sop roHcrpyrqvlfi BepxHero

cTpoeHr{f, rryru B }KeJre3HoAopo}Gbrx ToHHeJrqx, B KoTopoM aBTop ollLtcuu TeKyIIIue

upo6leuu rro coAep)r(aHr4ro roncrpyrqzfi epxHero crpoeHr4r rryrut, B KoropoM orrlrcaH

orrbrr ,gKcrrnyararlprn u coAepx(aHlrr 6arracrnrx u 6es6anracrHbrx roncrpyrqufi.
flpunegena KJraccuQuraqnr KoHcrpyKguit rtyru B xene3HoAopoxHhrx roHHeJItx, Ha

ocHoBe roropofi BbrnoJrHrrrcs. aHarrpr3 TexHr,rqecKoro cocrorHr4r nyrvr. Ha ocnosaHuvr

rrpoBeAeHHofo alJ.urv3a aBTopoM o[peAeneHbr yAenbHbre 3HarreHlrr oTK€r3oB pa3Hbrx

TLtuoB KoHcrpyKguit rtyru B ToHHeJre, Koropbrfi uoragan, qro Han6onee cra6utrcrtlrMu

rBJrf,rorcr 6es6anracrHbre KoHcrpyKrlrrlr BepxHero crpoeHr4r rryrur. r{annoe 3aKJIIoqeHL4e

rrpuBeno K 6onee nogpo6norray anuru3y rpex 6es6arracrHbrx rconcrpyrqufi, c

upuMeHeHLreM y[pyrvx gJreMeHToB n 6es, roropufi 3aKrroqarcr B orIeHKe KoJrntrecrBa

orcryrrxeuuit 2,3 u 4 crerreHLr B ToHHeJrrx foprroncrofi xenesuofi Aoporr4. Anarus
rroArBepAun sQQexrnnHocrb upr4MeHeHr{r yupyrrrx oJreMeHroB B 6es6anracurofi
KoHcrpyKrlr4r4. Cre.qyroqnfi grarr aHanrvr3a 3aKJrroqalcr B orIeHKe cra6umuocrLl
reoMerpnr4 penbconofi roreu [recru ronnerefi, krMeroulktx KoHcrpyKrluu rryrrr pa3Hbrx

---TLrrroB, AnA KOTOpbTX ObIJIa BbrrIOJIHeHa CTATVTCTnTIeCKa' OOpaOOTKa rIOKa3aHLItI

rryTeu3MepvTenbHbrx BaroHoB, ocHoBaHIIas, Ha BbrqucIrelIldu cKonb3rrrlefo cpeAHefo

KBaAparrrqecKoro orKJroHeHr4f, BeJrrrquHbr pocaAoK raxAofi penbcoBoit uuru. Tpernfi
grarr anarrvr3a rroATBepAun, qro nau6oruuryro cra6unrnocrr rroKzl3hrBaror

6es6umacrHbre KoHcrpyKrluu rryrrr c [pLrMeHeHVeM yrrpyrktx gJreMeHToB B 3oHax

UOIIuTI€UIEHOIO OCHOBAHI4S.

Ha ocnose [poBeAeHHoro aHurvr3a rexHlrqecKoro cocrorHr,r.r BepxHero crpoeHr4t

rJraBe rrpoBeAeH

xene3HoAopo)rGbrr4 [yTE B ToHHeJrrx

B3arrMoAeitcrsufl. rryrrr u rroABLtxHoro

aHalrvr3 .{HHaMvqecKLrx nosneficrnzfi Ha

c paccMorpeHLreM MareMarlrqecKr4x naoAenefi

cocTaBa upuMeHuTeJrbHo K ocHoBHhrM Tu[aM

tryrvr cQoplaynupoBaHbr 3a4a'v;v u qenb nccneAoBaHurs,.llepnaa rJraBa Aucceprarluounofi
pa6oru [oJrHocrbro olprcblBaer reKyrrlee cocroflHkre odtactu uccJreAoBanurs..

Bo BTOpOI|

KoHcrpyKrlzz B CII B roHHeJre c qenbro orpeAene HLrs Hanpffr(eHHo -Ae QoprvrzpoBaHHoro
cocro.f,Hr{r orrrx roHcrpyrqufi npu MoAenupoBaHr4vr, a raK)Ke cSopvrynvpoBaHbr

rpe6onaHna uo olpeAeJreHlrro uapaMerpoB BCn s roHHeJre Ans. MoAenvpoBaHvr.

OcHonrrnascr Ha reoperrirqecKoM rrccJreAoBaHnv\ Ans. orIeHKu 4eficrnyroqzx Ha

ocHoBHbre rLr[hr KoHcrpyKrlufi BC|I B ToHHeJre AvrnaMr4qecKnx cLrJr, Bo3HLrKaroulux npLr

lpoxo)r(AeHkrr4 rroABkl)KHofo cocTaBa, rrpeAno)KeHbr KJlaccuqecKlre MaTeMaTLrrrecKLre
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MoAenu Kone6aHr4fi penrca rar 6arxv Ha y[pyroM ocHoBaHVLr, c AaIrcnefiruefi zx
aAauraquefi p^ns nz6posaqr4THbrx KoHcrpyKrlnfr, B BvAe orlpeAeneHl4t KJIIoT{eBrIX

rrapaMerpoB. fittt a1arrrarlw [peAnox(eHHbrx pacqerHbrx uoAerefi aBTop rlpoBen

MareMarnrrecKoe MoAenupoBaHue n 6oree croxsofi MoAeJILI nosAefictBnt Bcero noe3Aa

Ha KOHCTpyKTIUTO fryTV\ KOTOpar IJpVTIJflTA B TULTpOKO rrpUMeHreMOM B I4CCIeAOBaHI4CX

B3arrMoAeitcrrrus. noABkrxcrroro cocraBa vr [yrpr cepru$nqzpoBaHHoM rIporpaMMHoM

KoMrrJreKce <Ynunepcamnufi MexaHLI3M)), rro3BoJrrK)rrleM MoAenvpoBarb

BepTvKurJrbHyro AnlJal'lvqecKyro Hafpy3Ky rrpn rrpoxolKAeHLII4 uoABLDKHofo cocTaBa rIO

MHorocJrofinofi KoHcrpyKrryvrnyrvr c f{eroM 3aplaHlafl, pzBrtLrqHblx xapaKTepLIcrLIK BC[I,
B ToM rrI{cJIe c ytleroM gJreMeHTon nn6posalqLITbl.

llo pesynbraraM MareMaruqecKoro MoAeJrr{poBaHufl. B cpeAe <Ynunepcamnrtfi

MexaHLr3M)) aBTopoM uoqrqeHbr KoJrrqecrBeHHbre 3HarreHllf, aMrlnuryA ycxopennfi

rroApenEconofi olopbr r{ rrepeMerrleHr4r penbca Arr ruecrra pa3Hblx rrIrIoB BCII n

ToHHeJre. llolyreubr 3aBlrcuMocrr.r nn6poycropeunfi uoApenbconofi orropbl or cKopocrl,I

ABLrxeHur rroe3Aa. Oupe4elenu arrpoKcLrMrrpypque Synrqzz v roeQQuqrreHrbl

allrrpoKclll0''darlvr4 B 3aBlrclrMocrz oT T]r[a KoHcTpyKrIuu u oceBol4 Hafpy3KI4.

B rperrefi rJraBe rrprrBeAeHbr pe3ynbrarbr rro 3KcrIepI,IMeHTuIrIbHoMy

LrccJreAoBaHr{ro [apaMerpos rorte6annit oJreMeHTos BC|I z o6Aerrcu roHHeJrs. trpLr

rrpoxoAe rroe3AoB Ha orrbrrHbrx f{acrKax, Koropue 6ruz nrt6paHrr Ha ocHoBe aHaIrvr3a

orKiL3oB Lr orcryrrrreuuit, BbrrroJrHeHHoro n nepnofi uraBe Avrcce )TaIII4oHHofi pa6oru, c

rlenbro BaJrvrI\arlvr4 KoM[broTep]rofo MoAenr4poBaHvrfl) rlpvBeAeHHofo Bo BTopoI4 fJIaBe

Ar{cceprarlzonHofi pa6orrr, B rrporpaMMHoM KoM[JreKce <<VHnsepcamuuft MexaHv3M>)

Koroptrjfi ocHoBbrBaercr Ha orIeHKe pacqerHbrx aMrrnI4TyA ycKopenufi no4peJlbcoBoro

ocHoBaHnf,. AAernarHocrb sHaqeHr,rfi aMnnlrryA nn6poycxopenzfi, BbIBeAeHHbIx c

rloMorrlbro MareMarll.recrofi MoAenz Ha 6are BbIqucrI,ITeJIbHoro KoMrIJIeKca

<Yuznepcanurrfi MexaHu3M)) p^ns. pa3Hbrx rlrrroB rcoucrpyrqufi, rroATBepAvIlracb

xoponefi cxoALrMocrrro BhrqucleHnfi c AaHHbrMrr, rroJryrreHHbrMLr gKcrIepI4MeHT€uIbHbIM

rryreM, co cpeAHefi neru.rzsofi pacxo)r(Aeww 5,9Yo AJI' [accaxl4pcKoro coo6uleHLrfl, vr

8,loA Anr rpy3oBoro.
rlerneprar rJraBa rrocBrrrleHa auanu3y pe3ynbraroB MoAenupoBanus, 14

rrapaMerpoB rore6areJrbHoro [poqecca, rroJr)AreHHbrx Ha orrbrrHblx yqacrKax,

orrpeAeneHlrro [apaMerpoB xone6nrorrlkrxcr Macc B yrrpoqesnofi MoAenIa AJII pa3HbIX

TtrrroB roHcrpyrqnfi, orIeHKe AocroBepHocrr4 3Tkrx pe3yJrbraroB vr paspa6orrce

Kplrrepr4eB aubporarqraru v €rnroprlTMa

xene3HoAopo)KHbrx ToHHeJItx.

nrr6opa KoHcrpyKrlrrr4 rryru B

Ha ocsonaHr4n yroqHeHzr [apaMerpoB MareMarrrrrecKoro MoAeJrvrpoBaHnfl, aBTop

onpeAenuJr KoJruqecTBeHHbre Kpr{Tepr4r4, Ha ocHoBe KoTopbrx IIpeAnoI(eH anroprrTM rlo

orrpeAeneHuro AuHaMuqecKzx nos4eficrnuir KoHcrpyKrryvrilpv rrpoeKTupoBaHwr HoBbIX

ttuttuit )K e Jr e3H o A op o)rcrr o ro \y ru B To H H e JI e.



B 3anrrorreHur cQoprr,rynprpoBaHhr ocHoBHbre pe3ynbrarbl ALIccepraIluonuofi
pa6orrr.

Anattuzupyt Avcceprarlzo, MoxHo KoHcrarrrpoBarb, rITo ee coAepxaHl4e v
crpyKTypa coorBercrByror rrocraBJrennofi qenu uccneAoBar^vrr vr KpLITepvrc

BHyTpeHHefo eALrHcrBa, trTo rroATBepxAaeTcr Harrprqr{eM rIocJIeAoBaTeJIBHofo u

JrorurrHoro uJraHa LrccJreAoBanufl. .{uccepraur AeMoHcrpl{pyer BnaAeHue

coorBercrByroqrrMvr gna:aLrflMr4 rro reMe pa6oru z cuequQu.recrofi TepMr4HoJloruefi.

Bu4nuraeMble colrcKareneM TeoperlatlecKrIe I,I MeroAoJloruqecKr4e rroJroxrer^vIfl, a

TarcKe rronyqeHHbre pe3yJrbrarbr r{ccneAoBaHvrs, rBr-f,rorcr HoBITMLI Ia o6ecueqllBaror

Aocrr4xeHue saf,sreHHofi rlenr4. Tarnrra

sanepureuuofi.

o6pasou, pa6ory cJreAyer rrpr{3Harb

,{ocronHcrBa u HeAocrarKrr B coAeprtcannnr n'oQoprvureHn[ Alrccepraq[[

B KaqecrBe AocronHcrB Aucceprarlzonnofi pa6orrr cneAyer orMerLITb ee

[paKTLrqecKyro, gKcrrnyararlrroHHyro HaupaBneHHocrb B qacrl{ pelueHzs aKTyaJIEHofi Arq
orpacJrr4 3a4a'tu no p€Bpa6orre Kplrrepuen nu6opa napaMerpoB BepxHero crpoeHua

nyrr,r B ToHHeJrflx, c freroM rax au6posauurHofi SyHrqrau.
3aDreqaHlrq rro pa6ore:
flpe4naraeurrfi aBTopoM AuccepraIILIoHHoro raccneAoBallvrs. uoAxoA

orrpeAeJreHr.rro KpuTepueB nu6opa KoHcrpyKrlr'rr4 xeJre3HoAopox(Hofo nyTvr B ToHHeJre Ha

ocHoBe orrpeAeneHHbrx uapaMerpon, 6esycJroBHo, rro3BoJrLrr cylqecrBeHHo rIoBbIcvITb

KaqecrBo KaK pa3pa6arrrnaenaofi upoerrHofi AoKyMeHTarJr4vr rro p KoHcrpyKrILrLt unvrrpvr
crpol{TenbcrBe HoBofo }I(eJle3HoAopoxHofo rIyTtI B ToHHeJIe, TaK LI KarlecrBo HoBor{

KOHCTpyKrIr4Lt, OAHaKO HeJrb3r He OTMeTHTb prA CyrqeCTBeHHbrX MOMeHTOB, ynyqeHHbrx

aBTopoM, u o MHeHzro o Qzqr,r€urEHo ro olrroHeHT a, rrpv BbrrroJrHe Huu vcc reAoBaHrrr :

pa6ore cneAoBErrro 6u rpoBecrrl HarypHbre

Kpr4Tepraf, r4 rrapaMerpa Anfl. Buru4ar\vn areMarr4rrecrcofi MoAeJrr{, paspa6oraHnofi s

cpeAe <Vnznepcamnufi MexaHLr3M> z MATLAB.
2) flpz upoBe4enuvr HarypHbrx gKc[epLrMeHToB He Merualo 6u BKrroqurb

6allacrnyro KoHcrpyKrlrlro Ha AepeBrHHbrx urnalrax, Anr orIeHKr4 rrapaMerpoB nu6paguu

B noApenbcoBolr 3oHe.

3) Anropy crolrJro d:'lyrerturb BHuMaHue Ha rrpoqeccbl saryxanvrfl, rone6annfi
nocJre [poxoAa rroABr{xHbrx eAr{Hr4rI.

flp" HarypHoM oKcnepr,rMerrre crortJro 6u yKa3arb rvn BaroHoB npvr

rrpoxoAe qepe3 r43MepvreJrbHoe ceqeHr{e.

l) B Akrcceprarluouuofi
llccneAoBalJkrfl I]o olpeAeJreHr4ro rrepgMerrleHldu penbca c qenbro AorroJrHrrTeJrbHofo

4)

I,I T.TI.

5) Irftuerorc.s He3Haqr4TeJrbHlre 3aMeqaHru no oQopvureHl{ro reKcra, pLIcyHKoB
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OrNae.reHHbIe 3aMeqaHkrs. He cHLDI(aIor KarlecrBo LlccnenogaHlafi kr He BJrrrrror Ha

fJraBHbre TeoperkrqecKn e v [paKTurI e cKue pe3ynbTaTbl ALr c ceprar\krvr.

CoornercrB lle a nropeQepara A ucceprarln u ee coAep?Ica H n Io

AnropeQepar rroJrHocrbro Lt KoppeKTHo orpoKaer ocHoBHoe coAep)KaHne

AnccepTaulru B KparKoM H3Jro)r(eHzL1.

CoornercrBrre Ancceprarlrn n anropeQepara rpe6onannqrvr IOCT P 7.0.11-2011

Crpyxrypa u oQopnaneuue Ancceprarllrra u anropeQepra coorBercrByer
rpe6onauuau |OCT P 7.0.11-2011 <,{zcceprarlr4r vr anropeQepar Avrcceprar1m.

Crpyrryp a Lt \p aBura o QoprraJreHr.rr>).

3a rcr ro.reH ne o coorBercrBrrn A[cceprarln r{ Kprrrepuq M, ycra HoBJreH H br M

<<[o.uoxceHrre o rprcyxAenrrrr yqeHbrx creuenefi> uo rryHKTaM 10,ll n 14

[uccepraryus coorBercrByer Kplrreprlf,M,

[pucy)KAeHnvr yqeHhrx crenenefi>> no u.10:

ycraHoBneHHbrM <<lloroxeHlreM o

luccepragut lnailncaHa aBTopoM

caMocrorreJrbHo, o6naAaer BHyrpeHHuM eAHHcrBoM, coAep)Kr{T HoBbre Ha) rHble

pe3yJrbrarhr u rroJroxeHr4s, BbrABlrraeMbre gr.t rry6tlrqnofi 3arrll{Tbr, vr cBvr4erenbcrByer

o rLrqHoM BKJraAe aBTopa Ar{ccepTaqvu B HayKy.

B Akrccepra\nkr upuBoArrcr peKoMeHAaWv fro ucrroJrb3oBaHr4ro Haf{Hbrx

BbrBoAoB, [onyqeHHbrx B xoAe Ar,rc cepTarlproHHof o uccneAoB aHufl.

flpe4noxeHHbre aBTopoM Alrcceprarl?rn petueHr4r^ apryMeHTlrpoBaHbr pr orleHeHbr

no cpaBHeHzro c ApyrLrMr,r r43BecrHbrMLr perxeHr{f,nau. flo n.l I : OcHonnrre HaJrLrHbre

pe3yJrbrarbr Auccepra\r4u ouy6rnroBaHbr B perleH3upyeMbrx HayrrHbrx nsAarru.sx. flo
t.l4 B 4racceprarluv coucKareJrb fregofi creuenu ccbrJraercfl. Ha aBTopoB 14 LrcrorrHrrK

3aLIM CTBOBaHkrs. MaTepLIaJIOB I{JIII OTAeJIbHbIx p e3ynbTaTOB.

,{ucceprarlu.fl ((Pa3pa6orxa Kp}rrepuen nrr6opa rapaMerpoB BepxHero crpoeHr4t

rryrvr B ToHHerrf,x, c )rqeroM Ltx nz6posaqnrsoit Qynxqnu), BbrrroJrHeHHutf, colrcKareJreM

fopAeenrnra Anrouorr,r Bna4urvrupoBzqeM, coorBercrByer rrac[opry c[equarrbHocru

2.9.2. XeresHoAopoxHbrfi uyrr, r43brcKaH e Lr upoeKTLrpoBaHlre )r(eJre3Hux 4opor (u.3

Koncrpyrquu BepxHero r4 HrrxHero crpoeHrrf, )KeJre3HoAopoxHoro rryrlr. OcnosHrre

rrapaMeTpbr, HarIpaBneHLIt pa3BvrTvtg., upoeKTl4poBaHue, u3foToBJIeHue, n.4

3aronouepHocrr4 LI3MeHeHaf, TexHl{rlecKofo cocro.rHlla rIyrLI u efo gJIeMeHToB.

,{zarHocruxa x(ene3HoAopoxHoro nyru. Kpurepuz orIeHKr{ ero rexHLrqecKoro

cocro.f,Hafi. MonuropptHr cocrorHrrf, tryrvr. Auuaparypa v cr4creMbr KoHTponr, n.6

MeroArr r{ccneAoBaHvts., vrcrrbrralnutrt u ttt AeJrlrpoBaHr4f, )r(eJre3HoAopoxHoro riyrvr kr
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lpoqeccoB ero B3auMoAetrtcrskr'^ c rroABLDKHbrM cocTaBoM, tr.8 3rcunyararlLroHHEtt

HaAexHocrb )Kene3HoAopo)KHoro rryrur, r.l3 BsauNdoAeficrsue x(ene3Hofi Aoporl4 c

oKpyxarculefi cpe4 oir) u rexHuqecrofi orpa crrv HayKvr.

,{uccepraqur fop4eeea AHrona BraAr4MLrpoBuqa Ha coLrcKaHue yrenofi creueHll

KaHAVAara rexHlrqecKr,lx HayK flBrrnercfl Haf{Ho-Knarn$nraquonuofi pa6oroft, B

roropofi Lt3JroxeHbr HayqHo o6ocsonaHHbre rexHurrecKlre peruoaufl u pazpa6orKLI,

uMeroulr4e cyulecTBeHHoe 3HaqeHkre Nrs. pa3BvTTLrs. cTpaHbr, qTo cooTBeTcTByer

rpe6oranzxu rr. 9 floroxennx o rpilcyxqer'vrv freHbrx creueuefi, a ee aBTop

3acnyxr{Baer rrpucPKAeIILrs. rreHon cTerreHz KaIIAI",.AaTa TexHuqecKux HayK rlo
c[equarrbHocrra 2.9.2. XeregHo4opoxHufi rryrb, r,r3hrcKaHr4e vr upoeKTLtpoBaH[e

xeJre3Hbrx Aopor.

OQzquanrnrrfi orrrroHeHT,

Tperrxro s B acurufi BnaAIarraupoBLIq

KaHAUAaT TeXHLTqeCKUX HayK rro C [eqUarrbHo CTLr

05 .22.06. XeresHoAopo)KHbrir nyrr,
r43brcKaHue v [poeKTLtpoBaHue xeJre3HErx Aopor,
3aMecrr4Tenb feHepalrbHoro Ar4peKTopa IIo
nnQpacrpyKType rryrLr OOO <<Arropnrna C>>

. Tperuxron

OOO <<Anropuru C>>

6200| 4, CnepAnoncrax o6nacrr,
r. Erarepzn6ypr, rp-KT Jlenzna, crp. 8

ren *7 (926) 346-51-76,
e-mail : TretyakovW@sinara-group.com

-f, Tperr.axos Bacunufi BnaAuuupoBrrq, Aaro. cornacne Ha BrurroqeHrre cBorrx nepcoHaurbHbrx AaHHbrx,
coAepx(arrlr4xc.fl B HacTo.fluleM oT3brBe, B AoKyMeHTbr, cBr3aHHbre c 3arrlr{Tort

Bla4uuzpoBvtqa, vr rx Aa:rrneftnryro o6pa6orxy.

/ B.B. Tperrxron
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