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,.{rzccepraur4onHa{ paOora flocBflrqeHa HccneAoBaHr4ro cr4creM npr4BoAoB

Marrrr,rH kr MexaHr43MoB c Hecr(oJrbKr,rMr4 oAHoBpeMeHHo pa6orar.oulunua

KuHeMarprqecKr4 cBr3alr'r{br,Mu npr4BoAaMH H paspa6orrce MeroAoB orreHKr4 HX

.,i
TexHr4qecKofo cocToflHr,I:.c Bo3Mo)r(HocTbro KoppeKur4r4 pex{r4MoB paooTbr rrpHBoAoB

rrpu Bo3Hr,rKHoBeHr,rr4 HelreJrpasHocreft B orAenbHbrx ilpr4BoAax.

Arcrya.nrHocrb t'tero, 
Ar{cceprauuoHHofi pa6oru. llpuveueune

MexaHH3MoB rrapaJrne.nrsofi crpyr{Typbr B rrocJreAHee BpeMr craJro yBenuqr4Barr,cr B

pa3nzqHblx orpacJlsx Ma[rr4HocrpoeH Hr, npoMbrrrrJreHHocrn, ceJrbcKoM xo:rfi cree,

MeAI4rIr,rHe V MaHnrrynrrlr4oHHbrx cr4cTeMax pa3nr,rqHofo Ha3HaqeHHr.

Bocrpe6oBaHHocrb MexaHI43MoB c raKr4M crpyKTypHbrM crpoeHr4eM cyulecrByer B

pa3rr,rrrHbrx orpacnqx 3KoHoMHKH, oco6euuo raKr4e MexaHr43Mrr eQQexrr4BHbr B

HcfrbrTaTeJrbHbrx H H3MepI4TeJIbHbIX CHCTeMaX, CJIOXHbIX TpeHax(epax, MeXaHH3MaX

rro3r4rlr.roHLrpoBaHafl. Hapr4y c Aocror4HcrBaMr4, TaKI,rMr4 KaK [oBbrrrreHHafl

xecTKocTb KoHcTpyl(ul4r,r, BbrcoKafl Tor{HocTb tIo3I4uHoHHpoBaHHq, BbrcoKI4e

AI{HaMI4tIeckue xapaKTepr4crvrtw) B MexaHr43Max [ap€Lnnenrnofi crpyrflypbr

cyulecTByeT K14HeMaTI4qeCKaq 83aHMOCBf,3b 14CrrOJrH14TeJrbHbrx rrp14BOAOB, r{TO

qacrur{Ho ycnox(Hfler cr4creMbr ynpaBneHHr BcnencrBHe Heo6xoArzMocrn

o6ecue.{eHl4fl oAHoBpeMeHHoro ABr.rxeHr4fl HecKoJrbKr4x rrpr4BoAoB. B cnyuae BbrxoAa

vr3 cTpot oAHofo I43 IIpr4BoAoB, TaKHe MexaHr43Mbr TepflroT Bo3Molr(HocTb

nepeMelqeHlafr BbrxoAHoro 3BeHa no HecKoJrbKr4M crerreHrM cno6o4rr, nz6o noo6ule

o6es.4euxrlBarorcfl. floerolry arflyaJrbHbrMr4 ocrarorcr Borrpocbr nporHo3r,tpoBaHr4fl

TexHI4rIeCKOfO COCTOflHI4I LrCrrOJrHr4TeJrbHbrX rrpr4BOAOB MeXalr'H3MOB rrapiLnlelrsofi

crpyKTypbl Lr MexaHI43MoB c HecKoJrbKr.rMr4 oAHoBpeMeHHo pa6orarorqzvu

[pI,IBoAaMra. llpHueu, nau6oree Ba)r(HbrM flBJrsercq He roJrbKo orleHr4Tb rexHr,rqecKoe

cocToflHHe rIpI4BoAoB MeXaHr43MOB V MarUr4H, HO V CKOppeKTr4pOBarb peXHMbr
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pa6orbr r4crroJrHr.rreJrbHbrx npHBoIoB npa rorBJreHur4 Her4cnpaBHocrefi B Hr.rx. Ha

peII]eHHe sroff aKryaJrbHofi npo6neMbr r4 HanpaBneHa Alrccepra1nfl Kpyrnoeofi T.H.

HayvHan HoBrl3Ha trccJreAoBa H ufl tr Hayq H brx pe3yJrbraroB 3aKnrcqaercfl

Ha vroft B3rJuA B cireAyrcrrleM:

. C$opvrynllpoBaH rIpLIHur,rn esr6opa pexr,rMa Dr(cnnyararJvrv MexaHH3MoB

c HecKoJIrKHMLI oAHoBpeMeHHo pa6orarcrqulrra trpnBoAaMH, yuurrraarorqufi

TexHLIqecKoe cocro flHll4e H Hafpyxe HH ocTb r,rcrroJrH r4TeJr bHbrx rrpr4BoAo B;

o Paspa6oraHa xr,r6epSra:14qecKaq cr4creMa oqeHKpr rexHHqecKoro
;lt!.

cocroflHrIfl rIpI4BoAoB MexaHr43MoB napilnJrenruofi crpyr(Typbr B pexr4Me peanbHoro
:':;'i :

BpeMeHH;

o VcraHoBJreHa 3aKoHoMepHafl B3anMocBrsr xoeSszqueuroe sefierer-

npeo6pa:oBaHufl cI4rHal:B roKa ulutu en6paryuu pa3nr4qHbrx r4crroJrHnreJrbHbrx

rIpHBoAoB c HX TexH[qecKI4M cocrosHneM, Ha ocHoBe r<oropoft npeAnoxeH MeroA

oIIeHKH TexHnr{ecKoro cocrof,Hr4fl, peailv3yrourafi rror4cK [porHo3r4poBaHHr orKa3a

cHcTeMbr npHBoAoB;

o Pa:pa6oraH MeroA cHHTe3a orr(a3oycroftquer,tx cr4cTeM ttpHBoAoB,

orJluqaroUui4cq onpeAeJIeHHeM rexyulefi u AorroJrHt4Telrnofi Harpy3oK Ha

I4cfIoJIHI4TeJIbHbIe [pI4BoAbr u nrr6opoM pexnMa vx ilurcnefiuefi 3KcnJryararJnr4 c

yqeroM KpHTepLreB onrHMH3aUHr,r C npHMeHeHr4eM MeroAoB r,raKyccrBeHHofo

AHTCJINCKTA;

o VcoeeplxeHcrBoBaH MeroA nporpaMMHoro ynpaBneHur rrpHBoAaMH

MexaHH3MOB B 3aBI4CI{MOCTH OT Hafpy3KH Ha HVX Vl HX TeXHHqeCKOfO COCTOTHT,Ifl;

o Paspa6oraHbl rIpHHuH n br crpyl{ryprrpoBaH ax xrz6ep$r43uqecKr4x cr4creM

oIIeHKpI TeXHrIr{eCKOfO COCTOrrHr4fl I,rC[OJIHVTeJIbHbTX npr,rBoAoB c Bo3MOXHOCTbTO

rrpr4uflTnfl peueHl4fl no ert6opy pelKnMa 3r(cnnyaraqr4rr MexaHh3MoB AJrr peailv3arrvt4

3aAaHHoro TexHoJIorl4r{ecKoro rrpoqecca B 3aBr4cHMocrr4 or SaxruvecKofo vr

TIPO|HO3HO|O COCTOflHl/.fl CIICTCM I4CIIOJIHI4TCJIbHbIX |IPHBOAOB. . ,

HoszsHa TexHI,IqecI(HX petueuufi roArBepxAaercr qerbrpbMfl rrareHTaMr,r Ha

ra:o6perelr^vfl vr rone3Hylo ruoAenl PcD.
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TeoperlrvecKafl 3HaqlrMocrb rroJryqeHHbrx pe3yJrbraroB 3aKJuoqaercr B

paspa6orxe MeroAoJIofI{I4 oIreHKI,r rexHuqecKoro cocrorHuq cr4creM rrpHBoAoB

MexaHLI3MoB nap€illelrnofi crpylflypbr KaK coBor(ynHocru MeroAoB, oaHoBaHHbrx

ua ru6ep$I,I3I4qecKHX rIoAXoAax, o6ecneqr.rBarcrqnx nrr6op pexlrMa 3Kcnnyar aL\ur4 c

yrleroM TexHnsecKoro cocroflHnr, rercyuefi n Ao[onHr4TelrHofi Harpy3r{r4 Ha

rIpI4BoAbI cHcreMbl, rlo3Bon{rcrqHfi cxoppeKTapoBarb pe)r(r4rr,r pa6oru MexaHr43Ma u

BbIIIOJIHI4Tb sa4anurtil 3aKoH ynpaBneHr4r npr4 qacrr4qHoM orKa3e cHcreMbr

rrpr4BoAoB. :':'''

flparrravecKafl 'ttut"*ocrb 
',oryqeHHbrx 

pe3yJrbraroB cocror4T B

IIOBbIIIIEH1414 oSsertu'eHocru QyHr(UtroHkrpoBaHr4f, cr4creM npHBoAoB

KI4HeMaruqecKH a:6"iioiiru* MexaHr43MoB B rrpoqecce sKcrrnyar apr4kr 6es

IIpHMeHeHI4f, CJIO)KHbIX TpOMO3AKI4X BblqHCIHTeJrbHbrx cpeAcTB B pe)r(r4Me peaJrbHofo

BpeMeHI'I, IIoBbIIIreHur xoeQSHIII4eHTa rexHuqecKoro trcrroJrb3oBaH:afl o6opyaon aHVfl

Ha ocHoBe MexaHH3MoB [ap€unelruoil crpyKTyprr ua I 6oh,wcxlroqeHr4tr anapufiusrx

ocTaHoBoK TexHoJrofrrr{ecKofo npouecca.

Creneur o6ocuoCaHHocrLI 1r AocroBepHocrrd HayqHbrx noroxeuufi,
BbIBonoB. ' .''

[ocronepHocrb Lr o6ocnosaHHocrb [oryr{eHHbrx pe3ynbraroB

o6ecnequBaJlacb o6ocnoeaHHbrMr4 Aorryu{eH vflMvr, ncnoJrb3oBaHr.reM

aupo6ttpoBaHHbrx MeroAzK r4ccJreAoB aruuit, a TaKXe [oATBepx{AeHa Aocraro.{Hofi

cxoAHMocrbro pe3yJlbraroB TeoperHqecKofo 14 3r(cneptrMeHTaJrbHofo r4ccneAoeaHzfi.

llocrasreHHble B Ancceprauaousofi pa6ore 3aILa.c'v no3BoJrr4nu Aocrr4rrb

3atBJIeHHyIo qenb. Bce rrocraBJleHHble 3a1alrr4 [ocJreloBareJrbHo perxeHbr B rJraBax

Aucceprar\vv, 
:" llonyr{eHHble pe3ynbrarbr 14 BbrBoAbr He ilporr4Boper{ar ocHoBHr,rM

rIoJIox{eHI4-f,M aHaJT4Tr4secroft reoMeTp1414, TeopeTl4qecxofi MexaHr,rKr4, Teopr414

MexaHI43MoB 14 MaruHH, MareMarnqecKoft crarucu4Kr.r, Teopprr4 HaAexHocrr4 Marur4H.

llpn pe[reHI4H nocranleHHblx 3aAar{ [crroJrb3oBiur]rcb coBpeMeHHbre HayqHbre

AOCTI4X{eHU{ KHHeMaraqecKofo h Ar4HaMHqecKofo aH€uIH3a MeXaHH3MOB, MerOAbI

I4ccneAoBaH[fl H oueHKr4 TexHr4r{ecr(oro cocrotrHnfl o6rexros Mar.uuHocrpoeHzr,



MeTOAbr CO3AaHr4{ Marrrr4H Lr MeXaHr43MOB Ha OCHOBe KH6ep0H3r4qeCKr4X rrpHHrIr4rrOB,

a TaKx{e MeToAbr MaTeMaTr4qecKofo aljaJrv3a, MaTeMaTr.rqecKofo MoAeJrHpoBaHVfl vr

3KCrreplrMeHTilrrbHbrx HccJreAoBalH]|1^it.

Anropol,r pa6orrr rpr4MeHrJrr,rcb coBpeMeHHbre MeroAbr o6rerruo-

opr4eHTnpoBaHHoro rrporpaMMnpoBa+Vfl Ha r3brKe C, Ha 6a:e [porpaMMHbrx

KoMrrJreKcoB Matlab, uc[oJrb3oBaJrr4cb coBpeMeHHbre MeroAbr nefipocereBoro

rrporpaMMlapoBaHvrfl Ha ocHoBe seqerrofi JrorurKr4. 3xcnepuvreHTzurbHbre

HccJreAoBaHLrfl, perucrpawrfl v o6pa6orxa AaHHbrx BbrrroJrHeHbr Ha arrecroBaHHoM

!ICTIbITaTeJIbHOM,

TCXHOJIO|I4IIECKOM

i(oHTpoJrbHo-r43MepHTeJrbHoM kr ranSoprrrarrr4oHHo-

; ,,i
a[[aparHo-trpofpaMMHbrx KoMnJreKcoB.

Pa6ora flpotuna Aocraror{Ho

ooopyAoBa}]uv c rcrroJrb3oBaHr4eM nnqeH3r4poBaHHbrx

rxupoKyro anpo6aqurc, pe3ynbrarbr

r4ccJreAoBauufi, o6cyx4a-irr4cb Ha Hayr{Hbrx xoHQepenrlr4rx pa3nr4r{Horo ypoBHr, KaK B

saruefi crpaHe, raK pr sa py6eNorr,r.

AHa.[Hs coAepr(a H uq AHccepra UHH

,{uccepraqlroHHaf, pa6ora coAep}r(r4T BBeAeHHe, ceMb rJraB ocHoBHoro

Marepl4aJla I,I 3aKJIloqeHI,re o6quru o6renorvr 254 wpaurrrlbr H crrr4coK nr4Teparypbr Ha

42 ctpanuuax. B KoHue 4iaccepraur4r4 rrpr4BeAeHbr rrpr4no)(eHnfl.

Bo sne,qeHuu npeAcraBJleHbr apryMeHTrr, o6ocnoBbrBarcrur4e aKTyaJrbHocrb

TeMbI pa6orut, 3arBneHa ueJlb 14 ilepeqr4cJreHbr 3ara.uv H MeroAbr r4ccreAoB alvrfl,,

orIpeAeJIeH o6rerr" HccJIeAoBal:zrfl. llpe4craeJreHa crerreHb paspa6oraHHocrr4

I4CCneAyeMOfO HayqHOfO Ha[paBneHlrfl kr oTMer{eH Br(naA B r4ccJreAoB aHl1rfl

MexaHu3MoB rlapannensnofi crpyKTypbr oreqecrBeHHbrx 14 r4HocrpaHHbrx yueHux n
i,r{acTl4 KHHeMarI,IKI4, AT4HAMV, rrpOfpaMMHOfO ynpaBneHnfl [pr4BOAaMH, a TaKX(e

!

rurerOAOB OIIeHI(H TeXHI,IqecKOrO COCTOflHHfl tIpI4BOAOB.

rroJroxeHr{r uayvuofi HoBr43Hbr, rroJroxeHHr, BbIHocr4Mbre

CQopuynr4poBaHbr

Ha 3&UILTTY,

Hn$opvrar\vfl , Kacarcrr1ascr anpo6aquu pa6omr.

B uepsofi rrase <<O6nacrrz nplrMeHeHtfl vr cyuecrBylourr4e MeroAbr oueHKr4

TexHl4qecKoro cocroflHl4f, cr4creM npr4BoAoB MexaHLr3MoB rrapaJrnensuofi

KHHeMarll.{ecxofi crpylflypbl) paccMorpeHbr ocHoBHbre cSeptr rpHMeHeH14r
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MexaHI43MOB rlapannenbH.ofi crpyloypbl

oAHOBpeMeHHO pa6oralotlll4Ml',I [pI4BOAaMI4,

MeTOAOB OIIeHKI4 TeXHI4TIeCKOfO COCTO'HI4t

f [ApaBnI4r{ecKLIX [p trBoAoB.

A MCXAHPI3MbI C HECKOJIbKI'IMI4

BbrrrOJIHeH aH€LJI}I3 CyIUeCTByIOUIHX

clrcreM 3neKTpoMexaHI4r{ecKI4X V1

B maee [peAcraBJIeH aHaJIH3 Hayr{Hux pa6or poccrlficr<vx u sapy6eNurx

yqeHbIX IIo TeMe AnccepTaIlnosnofi pa6Orrr. B xosqe rJIaBbI cQOpuyll4poBaHa Uenb

v 3aAAqV I4CCJIeAOB aHVrfl .

Bropaq rrasa n;i"rurr.{ecxufi a*a'',s v TpIIHIII{II'I nrr6opa pe)I(I4Ma

3Kcrrnyara\w *nexaHuirrlos napannenruofi KnHeMarnqecxofi crpyKTypbl rlpl4

qacrr4rrHoM orr(a3e ux r4crrojrHr4TerbHblx npr4BoAOB)) rlocBffuleHa reoperl4r{ecKoMy

r4ccJIeAoBaHI4Io kr nocipbenraro AuHaM[qecKux vroAelefi AByx pa3nur{HbIX

t,
cTpyKTypHbrx cxeM M exaHr43MO B rrapan Jlelruoft cTpyKTyp bI Ha IIpI4Mepe Hec KoiI b K I4X

r{acrHbrx cnyqaeB ABr4xeHr4fl BbtxoAHofo 3BeHa - unarsopMbl Arq rIoAT'eMa rpy3a'

YpanHenu fl. ilwHaMLII(r{ il:crpoeHbl Ha ocHoBe ypaBHeHI'Ifi JlarpaHxa2 Pola'

Taxxe B Aausofi' .nu"a c$op'lynr.poBaHbl rlprlHtll'Irlbt nu6opa pex'Ma

3KCIInyaT AIVla. MeXaHH3MOB napaJlneJlsHOft CTpyKTypbI npl4 rIaCTI4I{HOM OTKa3e

cr4creM IIpI{BoAoB. 06oqroBaHo BBeAeHHe I'IHrerpanbHoro rcoeQSraUI4eHra,

.;, -,
KOppeKTHpyro ule f o cTaTl4qecKylo c o cTaBn fl rouylo yflpaBn t [o ule H c Hn bI'

fnaea 3 <Ilpunqrarrbr rrocTpoeHHf, cr4cTeM OUeHKH TeXHI'IqeCKofo cocToflHl4fl

rrpr4BoAoB MarxuH v MexaHr,I3MoB [apannenbHofi Kl4HeMarl4qecKofi crpyKTypbl)

rrocBflrrleHa o6ocHoeanraio vr pa3pa6orKe xra6epQr,r:I4rIecKpIX cHcreM olreHKI4

TexHqqecKofo cocrofl Hr,rh HcnolHr4TeJr bHbrx npHBoAoB MexaHH3MoB napaJIJIeJIbHol4

,.1.\

CTpyKTypu. CSOprnlynI4pOBaHbr Tpe6OBaHrlfl, ilpeAT'tBnfleMble K TaKI4M cl4creMaM' B

pa3Aene 3.2. ruoxa3aHbr rip'lzHuvnbr nocrpoeHl4fl xr,r6epSra:I4qecKofi cl4creMbl oueHI(H

TexHr4qecKoro cocrosHr4fl, a B pa3Aene 3.3 - [pHHuI4tIbI oIIeHKn rexHHt{ecKoro

cocTorHr4r lrcrroJrHtrreJrbHbrx rrpr4BoAoB MaITIIIH Ha ocHoBe MexaHI43MOB

napaJrJrenssofi crpyKTyprr. B rrtaee paccMorpeH cHHTe3 orKa3oycrofir{I4Bblx cncreM

rrpr4BoAoB MexaHr43MoB, a raKxe npeAno)KeHa crpyKTypa HHQoprvraIII4oHHofi qacrH

cHcTeM OIIeHKH TexHr4r{ecKofo cocTotHnt IpI4BOAOB MaIIIHH Ha OCHOBe aHuwl3a

crrrHiuroB ToKa H nu6paqw Ha ocHoBe [porpaMMHbIX cpeAcrB c [p]IMeHeHI4eM
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SBpHCTr4rIeCKlrX rroAXoAoB, peaJru3yeMLIX C IIOMOUIITO UUI|OpI{TMOB Ha 6a:e

r4cKyccTBeHHofo HHTeJIJIeKTa.

frasa 4 <Mero.U orIeHKr4 TexHlrqecKoro cocroqHl4{ npHBoAoB MexaHI43MoB

napanJrenrnofi KnHeMarr4qecxoft crpyKTypbl)) - oAHa us o6ruzpHblx rJIaB, n roropoft

paccMoTpeHbr frpHHrlunbr MoAenr4poBaHnfl TexHHqecKofo cocToflHl4t npl4BoAoB

MexaHr43MoB rrapannenruofi crpyr{Typbr, npeAnoxeH MeroA oIIeHKI4 TeKyulero

TexHr4qecKofo cocToflHr,rr [pr4BoAoB MexaHI43MOB Ha OCHOBe CI4fH€tlIOB TOKOB 14

yulparyuu r4ccJreAoBaHr4eM eefierer-rcoeSSuuueHToB, cBfl3aHHbIX c KoHKperHbIMI4

Her,rcnpaBHocrsM 14 nprrBoAoB. B ruase [peAcraBJIeHo orIHcaHLI e 3KcnepI4M eural rnofi

ycraHoBKvr Anfl HccJreAoBaHofl3nerffpnrrecKux npHBoAoB [pH pa3Jllt'IHofi Hafpy3Ke

IIo [apaMeTpy ToKa, rrpeAcTaBJreHbr pe3yJIbTaTbI 3KC[epI4MeHTiL]IbHbIX

LrccJreAoBaifluit. B rrase [poBeAeHbr r4ccJIeAoBaHHt I4cTIOJIHI,ITeJIbHbIX rIpI4BoAoB c

r4cKyccrBeHHo cosAaeaer\aofi Her4cnpaBHocrblo u HccneAoBanlafl su6paryuu

nprano4oe. B rJraBe 4 rrpr4BeAeH 3Har{I4TeJlrurtfi rpa$rauecxHfi MarepHaJI tto

pe3ynbraraM 3Kc[epHMeHTaJrbHbrx r,rccneAoBale.uft. Taxxe [peAcraBJIeHbI

pe3yJrbrarbr 3nclepr4MeHT€urbHbrx r4ccJleAoBasui,t rI4ApaBnI4qecKI4x rIpI4BoAoB rlo

yufiparyuu. B pas4en e 4.3.parpa6oraHa MoAenb oIIeHKH rexyulero cocrotHl4fl crlcreM

npnBoAoB MexaHV3MoB rrapaJrnenssofi crpyKrypbl. llpune4eurt parpa6oraHHble

MeTOA r4 aJrfOpHTM OUeHKH Ter(yUIefO cocToflHldfl HCIIOJIHI4TeJIbHbIX IpI{BOAOB 14

rrpHHur4rrbr rrpofHo3r4poBaHr4q vx TexHl4qecKofo cocTotHl4fl Ha ocHoBe

HefipocereBbrx €LJrropr4TMos. TaxraN{ o6pasovt, B pa3Aene 4 uonyveHbl MoAenb 14 MeroA

npofHo3r4poBaHr4r TexHlrqecKofo cocTotHI4{ I4CIIOJIHI4TeJIbHbIX np14BoAoB

MexaHI43MoB rlapaJlJlelrnofi crpylcypbl.

B rJraBe 5 <MeroA ctrHTe3a orKa3oycroftqneblx MaITII4H vr MexaHI43MoB

napaJrJreJmnofi KnHeMaru.recxofi crpylflypbl> BbIttoJIHeH aHaJIu3 cnoco6os

rroBbrrrreHr4fl HaAexHocru MIIC, rroKa3aHa IIeJIecoo6pa3Hocrb tlpI4MeHeHI4fl

Harpy3oLrHoro pe3epBupoBaHr4fl cncreM rrpr4BoAoB. ,l$onyynl4poBaHbl I(pI4repHH

nrr6opa pex(r4Ma 3Kcnnyara\vtkr MnC, yqI4rbIBaIo[lHe rpaHuqHble ycroBI4q

HaAexHocrvr, crarvqecxofi ycrofi.rranocrr4, Harpy3KI4 v ynpaBJlf,eMocrl,I cl4creMbl,

Pa^:pa6oranu MoAenH orIeHKr4 rexyuefi v AotloJlHldrelruofi Harpy3ol( npl4
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r{acrl'Ir{HoM orKa3e cncreMbr npHBoAoB MexaHn3Ma, a raK}r(e MoAeJIb \pvHflTilfl

pelxeHHt no Bbl6opy pexl4Ma 3I{cnnyararryv MexaH}r3MoB rrapannenbHofi crpyrflypbr

c rIacrLIrIHbIM orKa3oM cldcreM rIpHBoAoB. llpune4en paspa6oraunrrft MeroA caHTe3a

orKa3oycrofiquslrx cl4creM npI4BoAoB, o6re4ausroulufi MoAenr4 pacr{era rexyulefi z

AorIoJIlILITelrsofi Hafpy3oK c Mo.{eJIbIo }rHTeJrJreKTy€LnbHoro rrpuH flT:afl perxeHr4r 14

orITI4MI43aIIuz pe)KHMa oKcnnyararryv MexaHr43MoB Ha ocHoBe ueqerxofi lorHxz. B
fJIaBe rIpeAcTaBJIeHbI anfopHTMbr npvHflTLlfl peueHUr ro pe3ynbraTaM

AI,Ia|HOCTI4pOBaHHS V npOfHO3HpOBaHr4r rexHr4r{ecKofo cocrofHr,rr c yqeroM

Kl4HeMaruIqecroft crpylflypbl, rpaHnqHbrx yclonnfi, nepepacrrpeAeJreHur Harpy3or(

Ha rrpuBoAbr c noMoulbro lao4enefi nputflTlafl perxeHr4r.

flasa 6 <llpnnqnrlbr crpylilypr4poB aHvfl r<z6ep$ra:rqecKnx cr4creM oqeHKH

TCXHHqCCKOfO COCTOflHI4fl CI4CTCM IPI4BOAOB MAIIIZH H MEXAHI,I3MOB ilAPAJUICNTTTOfi

Kl4HeMarl{'Iecxofi crpyKrypbl)) rocBf, ilIeHa paspa6orxe xra6ep Qrasu.recxofi c u crevu

OIIeHKI{ TeXHLIqeCKOfO COCTOflHT4{ npr4BOAOB MeXaHH3MOB [apanJrensuofi

crpyKrypbl. llpe4noxena crpylflypa orKa3oycroilqraeofi cucreMbr rrprrBoAoB

MexaHI43MoB rlapannellsofi crpyt<rypbl, Koropafl rro3BoJrfler eu6parb Aonycrnutrfi
pex{LIM 3KCrIJIyarAr\Lrr4 Ha ocHoBe pe3yJrbTaroB AUa|HOCTWpOBaHHfl,

rlporHo3l,IpoBaHus r.r pacqera rer(yulefi uarpy:Kr4, c yr{eroM rpaHqr{Hbrx yclonrzfi

y[paBnqeMocrll, HaAexHocrn lI ycrofi.{veocra MexaHz3Ma.PazpaloraHa crpyrcypa

HHTeJIJIeKryalrnoft cHcreMbl yrlpaB rreHnfl MexaHH3MaMr,r c Bo3Mo)KHocrbro

pe€LnH3aIILrU 3aAaHHOrO TeXHOJrOfr4qeCKOfO rrpoqecca npn qacrr4r{HoM orKa3e B

cHcreMe rIpI4BoAoB. llpe4nox(eHa AByxypoBHeBaq apxureKrypa xu6epQr,r:rz.reqcofi

cHcreMbl 0II0HKI4 TexHnqecKoro cocrorHr4f, orKa3oycrofi.{Hsrrx cacreM npr4BoAoB

MexaHr{3MoB rrapannelluofi crpyrflypbr.
" B rJIaBe 7 <3r<cnepl4MeHTulnbHbre r4ccJreAoB alr4fl vroAeneft 14 MeroAoB oueHKH

TexHl'IqecKoro cocroflHl4fl H cuHTe3a orKa3oycrofivr,rBbrx rrpr4BoAoB MexaHr43MoB

rap€LnJlenruofi KI4HeMaru'{ecxofi crpylflypbl) npeAcraBneHbr pe3ynbrarbr

3KcnepI4MeHT€uIbHbIX HcciIeAoBawwii. llpoHsne4en pacrrer rexyruefi v
AorloJlHl4Telilrofi Harpy3ol( Ha cepBortpt4BoA, 3I(c[epHMeHTaJrbHo ocyulecrBJreHo

[epepacflpeAeneHHe Harpy3t(H rIpr4 orKa3e LracrH cepBonpHBOAOB fpyI]nbt,



floxa:auo, t{To nu6pauuufi pex(r,rM 3r(cnnyararyw MexaHr43Ma napa"11nenrHofi

crpyKTypbl He npI4BOAt4T K Ar4HaMr,rqecKr4M nepefpy3KaM cepBonpr4BoAoB Vt krx

rrpexAeBpeMeHHoMy orKa3y, a cneAoBareJrbHo, Mo)Ker 6srrr r4c[onb3oBaH Ha

rIpaKTI4Ke. llponeAeHbl HccneAoBaHLrfl HaAexHocrr,r cucreMbr npr4BoAoB c

pe3epBr4poBaHr4eM rro Hafpy3Ke.

I4ccne4onaHHfl cucreMbl yrlpaBneHlrr 3BeHb{Ma MexaHa3Ma napaJrneJrrnofi

cTpyKTypbl IIpI4 qaCTI4r{HOM OTKa3e CHCTeMbT rrpr4BoAoB rroKa3€LJrr4, r{To BBeAeHHafl

KoppeKruPYrorqaq QyuxqHr o6ecnequBaer 3aAaHHyro cKopocrb nepeMeuleHHr npq

H3MOHOHHII BHe[IHefi Harpy:xu Ha oepBollpprBoAbr. llpe4no]KeHbr per(oMeHAarl[H rro

npoeKTHpoBaHHro orKa3oycrofiqHeltx cllcreM [pr{BoAoB MexaHr43MoB rrapiunelrHofi

crpyKTypbl c yrleroM Tel(yrlefo v rrpofHo3Hofo rexHtrqecKofo cocrorHtrr,

yr{I4TbIBaIOUII4e rI4II I4C[IOJIHHTeJIbHOfO [pr4BOAa U KVHeMarHqeCKyro crpyrflypy

MexaHI'I3Ma. IIpHne4eHrr Bap14aHrbl apxr4reKrypbr yponnefi xu6epSra:H.{ecrcofi

cIICTeMbI OIIeHKI4 TeXHI4qeCKOfO COCTOrHr,rq, KOTOpbre rro3BoJrtrIor peaJrr43oBaTb

MecTHOe Lr AVCTAHIIT4OHHOe y[paBn eHr4e MexaHH3MOM.

3axmo'IeHlae no pa6ore orpaxaer cyrb 14 coAepx( aHvre BbrrroJrHeHnofi pa6orrr.

flprane4enrr pe3yJrbrarbr BHeApeHHfl B npor43BolcrBo 14 cSoprraynHpoBaHbr

frepc[erflzBbr Aiurbseffurero pa3BrTvrfl TeMarprKr4 AaHHofo Hayr{Hofo r4ccneAoBaHvr'. .

Cnucox lureparlzprt rlo reMe Atrccepraqun o6ruupeH, BKJrroqaer e ce6x 304

I4crorIHI,IKa. B cnzcoK BKrloqeHbr rlareHTbr, KHr4rH, Hayr{Hbre crarbr4, anrope0eparbr

4zccepraqHfi [paKTHt{ecKH Bcex coBpeMeHHbrx HayqHbrx pa6or tto TeMe

HccneAoBaHr4fl,, rITo cBzAerenbcrByer o rny6oxoft upopa6orKe aBTopov uayvuofi tt

TexHr4 lrecxoft lzreparypbr.

14 BbIBoAbI rlo pe3ynbraraM HccneAoBauufi. O6reu v crpyrcypa aBrope$epara

coorBercrByer IIpeAbtBJIteMbIM rpe6onaHr4qM couracHo |OCT P 7.0.1 I -201 I .

3anae.taHr,rfl no padore

1. Ha crp.30 paaaela I

Anrope$epar B nolnofi Mepe orpaxaer ocHoBHbre ronoxeH:zfl 4acaepraril4u

cooreercrBr{ e coAep?r(a H Hfl a BTopeeepara A r.r ccepra uH H

(nepasrfi a6saq)

crp.47 rJraBbr

.2

HA

Harrr4caHo: (. . .[epeMeuleHr4e

2 (nropoft a6:aq) yr(a3aHocroeK unarQopvrr>. Tax xe,



(...crofiKaMl4 perynl4pyeMofi AJIHHbr,...., r.rMerour4M ABe v 6olee cTereHr4

IIoABlIxtHocrH)). B reopHu MexaHI43MoB kr MaruHH crofixofi [pr4Hqro Ha3brBarb

HenoABI'I)KHoe 3BeHo, ecJltr 3BeHo rrorBprxHoe, To cneAoB€uro 6u ero Ha3Barb no-

ApyfoMy.

2. Ha crp.47 B pa3AeJIe 2.1 HecKoJrbKo pa3 rrpr4BoAnrcfl rroHrr4e

((He3aBLICHMbIe KHHeMaTI4rIeCKue qeIII4)), OAHaKO An{ rrpr4BeAeHHOrO ua pwC.2.I

MexaHH3Ma IrapuunenrHofi crpylffypbl Bce npr4BoAbr Kr4HeMarr4lrecKr4

B3aHMocBs3aHbr r,r rro orAeJrbHocrr4 He Moryr pa6orarr.

3. Ha crp.49 n pa:4ete 2,1 HenossrHo, rroqeMy rplrMeHflrcrcfl pa3Hbre

HHAeKcbI, o6o:uaqaloune HoMepa ror{eK r(peflneHr4 xi u j.llo raxofi JrorHKe crep)r(eHb

I uoxer KpenHTbcq K nnarQoprr,te e rovrce 4, K npr4Mepy. A cyAr no cxeMe

MexaHr43M a Ua puc.2. 1 . crepxHr4 Mofyr HyMepoBarbcr roJrbrco A1B 1, AzBz 14 T.L.

4. He coBceM qceH rtoAXoA K onpereneHr4ro reoMerpr4qecKr4x

B3al4MocBssefi e MexaHI43Me [apaJ]nelnnofi crpyrcypbr qepe3 cer{eHlrq MexaHh3Ma

(crp.50-53). Hauuoro rporrle 6rtro 6rr Hcrroirb3oBarb ypaBHeH1rr cnasefi,

BbIpaxeHHbIe qepes o6o6qeHHble I{oopAnHarlr 11, lz ...1a. K rovry xe Ha crp.53 aBrop

yrBepxAaer, qro rlono)KeHue nnar$opMbl ((orrr4cbrBaercfl ABylaq o6o6qeHHbrMr4

KoopInHaraMW h 
" 

qr, Ho Ha caMoM Aene ilapaMerplr h u g 3aBncrr or o6o6uteHHbrx

KoopAI{Har \,lz ...1e, s rloJloxeHae nnarsopMbl B rrpocrpaHcrBe orrr4cbrBaercr KaK

Mr4Hr4MyM TpeMr r{oopAHHaTaMr4.

5. Ha crp.57,3-i4 a6sau Hel(oppeKrHo Ha3BaH yroJr o,1 - <{}roJr HaKJroHa

Kl4HeMarrrlecxofi ue[H K Beprnl(aJtr4>>, npaBuJrbHo 6rrlo 6rr HassaTb yfon MexAy

3BeHOM Ur BepTHKaJrbro.

6. Ha crp.96 pa3AeJIa 4.1 upnao [krrcfl r{acrora BparrleHufl cepBorrpr4BoAa B

3 o6lc, a ua mp.215 yxa:ano, rITo gKcnep[MeHT€urbHbre HccneAoBaHur rrpoBoAynr4cb

[pI4 rlacroTe BpaqeHLrfl 5 o6lc, He {cHo nor{eMy raKoe orrur{ne :uaueuHfi npu

Teoperl4tlecKrIx V 3I(CnepI4MeHTaJrbHbrx r4ccneloBaHvrflx, v KaK TOfAa

co frocraBJrr Jr r4 c b p e3yn brarbr H c c Jr e Ao sawvir.

7. B piuAene 4.2.4 [peAcraBJIeHbI 3KcneprzMeHTaJrbHbre !{acneAoBaHr4r

aKcl4iulbHo-[oplxHeBoro Hacoca, xors Bul.]/lTcfl JroruqHbrM 6u r4acJrenoBaHue



10

fr4AporIr4JrHHApoB, KaK HerrocpeAcTBeHHofo HcrroJrHr{TeJrbHofo [pHBoAa, TeM 6onee,

qTo rexHr,rqecKoe cocro{Hr4e ynnorHeHwr4 BJrr4rer Ha paBHoMepHocrb ABHXeHHT,

Kone6aHr4q rxToKa r.r pa3Br4BaeMoe ycvnve.

8. B pa6ore He yKa3aHo, qeM o6ocHoBaHa rrvneirlnafl. arnpoKcnMa\vfl.

(puc.4.26, crp. l22 u pwc.4.27 , crp.123) nraxoa xore6anufi, a nueuuo Ha yqacrKe or

0 ao 1 c Ha pr4c.4.26,a, or 0 ao 5 c Ha pr4c.4.26, 6 u sayqacrKe or 0,uo 0,5 c na

pwc,4,26, B. O6rqezssecrHo, r{To xore6aHus 3aryxa}or rlo 3KcnoHeHrluamnofi

3aBr4cr4Mocrl4, Ho Hr4KaK He ruueftso.

9. B 4racceprauw He rrpr4BeAeHo, KaKr4M o6pasoru oilpeAenrJlocb 14 no

KaKHM Kpr4Tepr4f,M Kprdrur{ecKoe 3Har{eHHe flxp oAHoBpeMeHHo pa6oranqux

rrpr4BoAoB, a r4MeHHo He rrpr,rBeAeHbr qr4creHHbre 3HaqeHr4fl 3Tofo KpHTepnr.

10. He cosceM flcHo, norreMy s ra6r.5.2 ua crp.l61 paccrraarpr4Balorcn 12

oAHoBpeMeHHo pa6oraroqzx [pr4BoAoB, BeAb Ao groro paccMarpvBaJu4cb

MexaHH3Msr c 6-ro rrpnBoAaMr4. llosroNay norr,rr{Hee 6u cAeJrarb pacr{erbr uMeHHo Arq

6-ru [poBoAoB, coorBercrBeHHo 14 Harpy3or{Hyro AI4arpaMMy Ha pwc.5.l4

3arpyAHr{reJrbHo nprrMeHr,rrb Anr MexaHr.r3MoB nap€LnremHofi crpyKTyprr a 6-rc

npHBoAaMH.

11. Ha crp.233 aBrop yKa3brBaer, r{ro c yv€rou nepepacrpeAeJreHut

Hafpy3Kr4 Harrpfl)rceHrae rrHTaHHfl 3neKTpoABr4rarereft cocraBJrser 62 u 69,3 B npr,r

HoMHHaJrbHoM B 488, a Dro coorBercrBeHHo ua 22,6 u 30,7Yo 6olsure. flpra rarczx

-pelxr4Max pa6omr 1Br4rarenb rroABep)KeH rreperpeBy, a coorBercrBeHHo n 6onruroil

BepoflTHocTr4 BbrxoAa efo v3 cTpof,.

3arcrroqeHlre 
j

lIepeqLIcJIeHHbIe BbIIIre 3aMeqaHprr He craBrr nol coMHeHHe HayrrHyro

HoBr43Hy rrpoBeAeHHbrx r4ccJreAosaHnft , AocroBepHocrb noJryqeHHbrx pe3yJr braro B H

c$opuyru4poBaHHbrx BbrBoAoB, a coorBercrBeHHo H-e Brrzqror Ha o6ulyro orleHr(y

pa6oru, Koropafl flBJltercfl 3aKoHqeHHbrM r4ccJreAoBaHHeM, HarrpaBJreHHbrM Ha

pelxeHl4e rpynuofi Hayunofi npo6neusr orleHKr.r rexHr.rqecKoro cocroflHut

I4CTIOJIHHTeJIbHbTX rrpr4BOAOB MaIUI4H C HeCKOJTbKI4MH, KHHeMaTI4qeCKI4 CBq3aHHbrMr4
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oAHoBpeMeHHo pa6orarorJIHMLI npHBoAaMr4. IrlsroNeHHbre B pa6ore reoperltr{ecKr4e

nono)KeHl4fl v Hayquo-o6ocuoBaHHble perueHr4-rr MoxHo pacrleHuBarb KaK peueHHe

uayunofi npo6netrtl, BHocfl lllefi sFraqvrertnrrfi BKnaA B pa3BHTHe Marr]r4HocrpoeHHfl .

Pe:ynrrarbl Al4ccepraql4oHHofi paOoru Kpyrnosofi T.H. coAepxar HayqHyro

HoBI43Hy 14 [peAcraBJltlor cyulecrBenssrfi rpaKTnqecxufi LrHTepec AJrr 3KoHoMr4Kr4

crpaHbr. llo cnoeuy corep)KaHvtro, uayunofi HoBH3He H [paKTr4qeCXOfi UeHHOCTT.T

pa6ora yAoBnerBopter Kpl4repl4ru n.9-11 u 13-14 <llorroxeHafl o rrpr4cy)KAIH'I'LT

yqeHbIX creneneft), yrBep)KAeHHoro llocraHosJreHureM llpanHrenbcrBa Poccraficrofi

(De4epaquu or 24 ceurx6pr 2013 roAa Ns842, Koropbre rpeAbqBnnrorcr K

AHccepraIII4flM Ha coHcKaHHe y.reHofi crerreHr{ AoKTopa HayK, a ee aBTop, Kpyrnoea

TarrsHa HHxoraerHa, 3acJlyx{HBaer npr4cyx(A elvtfl yueHoft crerreHr4 Aor{Topa

TexHr4rrecKr4x HayK no clerlr4aJrbHocrlr 2.5.2 - ManrauoBeAeHne.

OQzqHanrurrfi onnoHeHr:

llpopexrop uo yue6Hofi pa6ore, AoKrop rexHr4rrecKlrx HayK

(05.02.18 - Teopnq MexaHH3M 14H), OUEHT
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