
OT3bIB
o$uqnansnoro orrloHeHTa Ha Al,Iccepralluro He o6osoft Aunnr

Bacullegnrr Ha TeMy: <<Ynpanleur,r e ABr4)KeHrreM MaHr4[ynsTopa napaJIJIeJIbHO-

nocJleaoBareJlsnofi ctpyr<rypbl Ha ocnoBe rpnloAa c,4onolsrarelrsofr
reoMeTptlqecKofi cexsrro>, npeAcTaBJreHHOfi sa coucranre yrenoft cTe[eHI4

KaHAI,{AaTa TexgrrqecKrlx HayK no c[eq[aJrbnocTu 2.5.4. Po6oru, MexaTpoHI4Ka I,i

po6ororexHl4'{ecKl,Ie cucreMu (rexuuuecrrae uayxz)

AKTYAJIbHOCTb TEMbI .4IICCEPTAUI4OHHOIO

I4CCJIEAOBAIJVIfl.

Peqeusr.rpyeuax pa6ora nocBrqeHa pa:pa6orre aJIfopr.rTMa

$opvruponaHlar flpofpaMMHIIX TpaeKTopI4I4 Arfl rIpnBoAoB MaHl4rlyntTopa

AorroirHfi TeJIbHofi reoMerpuqecKoftnapaJIJIeJIbHo-rIocJIeAoBareJllnoft crpyxryprr c

CBt3brO. AnrOprzrlra pa:pa6Orau c f{eToM KvHeMaTl4qecKvrx lt g.v11aMl4rIecKllx

XAOAKTEPI4CTIIK MCXAHI'I3MA.

CTEIIEHb OEOCHOBAHHOCTI{ HAYIIHbIX IO,]TOXEHIIU'

BbIBONOB II PEKOMEHAAUIIII

ocHosHHe nojroxeHrrr Ar4ccepTaur4ri rrMeroT npoqHyro TeopeTnqecKylo

ocHoBy n noATBepxAeHbr 9M[r,rpuqecKr4Mt4 ,4aHHbrMr4. Brrnocurrarre Ha 3arqI,ITy

IIOJIOXeHVT IOJIHOCTLIO COOTBeTCTB]aIOT IIOCTaBJIeHHbIM aBTOpOM IIeJI'M 14

3aAarraM. cryyxrlpa pa6oTbr Jlofr4rtno BbICTpOeHa u nocJIeAoBaTeJIrHO

pacKpblBaeT arropcxuft uccJleAoBaTeJrtcrzfi gaiuucen. [uccepraqlu flocTpoeta

rlo o6qe[ptlH{ToMy Haf{Ho-I{ccJieAoBareJlbcKoMy IIplrHUfifly ia srmoqaer n ce6x

Bce neo6xo.{uurre cficreMuble SJIeMeHTbI: TeoperlirrecKlle [oJIoxeHI'It,

pe3yirbrarrl lrcclegonaunft v [paKT[qecKue peKoMeHAaIII4i'I. B npoqecce

riccJreAoBanvt aBTopoM 6ruu KoppeKTHo rIpr4MeHeHEI $yugaueura'nruue

noJroxeuwr TeopeT[ilecKofi uexanraxu, Teopull MexaHI]3MoB I{ MaIIII'IH' TeOpVlI

aBToMaTIIqecKo|oynpaBJIeHI4',aTaKXeMeToAbIMaTeMaTI,IaIecKorovI

KoMrrlrorepHoro MoAeJIrtpoB anux u o6pa6orKll AaHHbIx.



AOCTOBEPHOCTb I4 HOBI43HA

.{ocroaepnocrb norf{eHnblx pe3yJILTaroB rIoATBepxAeHa r.rx yc[eIIrHoI4

anpo6aqrefi Ha HayqHo-[paKrl4qecKl{x xourpepeuqurx u ny6nraxaqluN4l'I. llo reNIe

Ar4cceprarlrlr o[y6rLIKoBaHO 21 :PlaY.'jHas. pa6o"ra, BKrloqa.fi 8 crareft B xypHanax

r43 cnlrcKa BAK, 1 cTaTbIo n 6a:e Scopus, a TaKXe 3apefllcTpl4poBaro 2 IIaTeHTa

Ha rroJIe3IIyIo M6IeJIE t4 1,. [pofpaMMa AJIS 3BM. PesynrTaTbl I4ccJIeAoBaHI4fr

CODIAC}'IOTCf C CYqCCTBYIOIIIMI,I EAYqHLIMi4 AAHHbIMI4, AEMOHCTPI{PY}OT

COOTBCTCTBI'IC TCOPCTUTIECKi.IX 14 3KCNEPVMCHTAJILHbIX BbIBOAOB' I/I HC

lporuBopearar npeAbIAyuIIrM aHaJIOr[qHbIM pa6oraM.

Havquas HoBIr3Ha pa6orbl BKJIIoqaer B ce6t: HoByIo KuHeMarI'IqecKyIo

CxeMy MaHHnyJuTopa c AoIIoJIHI4TeJIbHoft cBt3bIO, I4cKnIOqarcqyIO I43II,I6aIoqI4e

MoMeHTbr [pIrBoAoB Ir pacml,Iptloiqyro tpynrqlloiral; MeroAbr pacqera

cB.f,3bIO, BKJIIOqa.tKr4HeMarrlKli MaHI{rIyn{TOpa-TpI4[oAa C .4OrIOJIHfiTerbHOft

perrreHr4e fiprMoft 14 o6pargoft 3aAaq Kr4HeMarr4Kr{; Kpr4repwr 6ru3oc1v K oco6blM

rroJroxeHl4rlMMexaHI43Ma,OllpeAentlotqvenoTeplorIoABI4XHOCTI414

HeKOH:rpOJILIpyeMbIeflepeMellleHlr{;aJIfopI4TMnporpaMMHoroyIpaBJreHr'I{

nepeMerrleHl,IeM TIpIIBOAOB MeTOAOM KI,IHeMarVr{eCKoro cI4HTe3a' Qopullpyrcrqzi

3aKoHABI4}KeHII'BBIzAeeA}IHoroIIoJII4HoMa;MaTeMaTI4qecKyIoMoAeJIb

Ar.rHaMnKr{, yiluTblBaloqat peaJlbHble ABI4XeHI4{ 3BeHbeB KaK TBepAbIX TeJI AJI'

loBbr[reHr4-t AocToBepnooTII; pe3yJIbTaTbI 3Kcflepu MeHTaJIbHbIx I4ccJIeAoBaHIzfi Ha

rroJrHoMacrrrra6nov o6pa:qe.

Hos[gua rexnl{alecn4x perrreHl4i noATBepx,qaerct rIareHTaMI4 PO Ha

rrqJre3gbre MOAeJII4, CBI4AeTeJI6CTBaMI,I o rOcyAapCTBSHHOfi perUCTpaIII4I,I fiporpaMM

HA3BM.

IIPAKTI4TIECKA' 3HAIIIIMOCTb

MOAeJIII MaHI,ITIyJI'TOpOB MOryT npl4MeHfiTbcs

aJIropr4TMoB y[paBJreHnr B rrpor]3BoAcTBeHHbrX c$epax. Pesyrlrarlr pa6oTbl

Teopetzvecrze AI[fl

rloJre3Hbr rlpLl [poeKTi,IpoBaHI,II4 HOBbIX MaHV [yJIflTOpOB' pacqeTe



KzHeMarr4qecKvx u rt4HaMldqecKr4x xapaKTepr.rcrr{K rrpv [epeMerileHLrr4 pa6oqero

opraHa rro npor,r3BoJrEHbrM TpaeKToprrfM.

OUEHKA CTpyKTypbI r4 CoAEpx AHI4fl I.I'CCEPTAUI4IT

,,{uccepraqrzonnaa pa6ora cocrour r43 BBeAeHr4r (ctp.4-10), nxrrz ruan (crp.

11-131), 3aKrroqeHr4f (crp.132-133), crvcKa rrrzreparypEr (crp. 134-145),

cocrorruero r43 87 r4crorrHr4 KoB u npu,roxennft (ctp. I 46- 148). O6seN.r

Ar.rcceprarlrzr4 cocraBJrrer 1 48 crpauuq.

B pas4ene BBeAeHufl apryMeHTrzpoBaHa 3HaqrrMocu nrr6pannofi rerrltr,

oxapaKTepr43oBaH ypoBeHb ee r43yqeHHocrr,r, onpeAeJleHbr rlerr4 v 3a!.a'9,v pa6or:rt,

cqopMyJrr{poBanbr ocHoBHEre noJroxeHlrr, no,qJrexaque 3arqr.rre. Taxxe

II3JIOXCHbI MCTOAOIOII4IIECKI4 C OCHOBbI I4 IIPI,IMCHfCMbIE MCTOAbI I,ICCTEAOBAHI4,S,

o6ocnonaua ,4ocroBepHocrb rroJryqeHHbrx AaHHbrx, a raxxe pacKpbrra r4x

TeopeTr,rqecKair r{ rlpaKTIIqecKarr rleHHocrb.

B nepnou pa3AeJre pa6ortr npoBeAen o6:op u orIeHKa aKTyaJibubrx

Har{H6rx paspa60:rox a clf epe MaHrrrryJrrrluoHH6rx crrcreM napaJrJreJrbHoro 14

Irap€UIJIeJIbHO-IIOCIeIOBaTeJIbHOTO TI4IIOB, aKTI4BHO VCnOIByeMbIx B

arpolpoMbrrrrJreHHoM KoMnJreKCe r4 Marrrr4 HocrpoeHr4r4. llpoana:ru:rapoaanlr

KoHcrpyKuHr{ Ha 6a:e nocJre,qoBareJrbHbrx, napaJrJreJlbHbrx Iz rr6pzgnrrx

MexaHI43MoB, BKrloqas ux KI4 HeMaTI'IaIecKI4e cxeMbl v a\a TarJLrro IIOA KoHKpeTHbIe

TexHoJror[lIecKI,Ie 3aAarru. Orrvreuaercx, iITo cI,IcreMbI nocJleAoBareJlbHoro rl4rla

orJrr{qarorc-{ o6llrzpnoi :onofi o6cly)KvBaHLlA, OAHaKO CTparaior or uilgxoft

xecrKocrr{, qro cHrilKaer ro-1lHocr6 no3r4rlr4oHrzpoBaHv{. llapa-nle:lbnue

MaHr4rlyJrrropLl, Hafiporr.rB, xapaKTepr43yrorc{ srrcoxofi xecrKocrbro u

cKopocrblo, Ho rrMeror ofpaHr4qeHHoe pa6o.iee flpocrpaHcrBo. fa6pr.r4Hrre

perxeHr{r coqeraror AocrorlHcrBa o60vx no4xoAoB, rro3BoJrff o,AHoBpeMeHHO

AOCTVrarb 6ontllrofi 3oHbr oxBara ]r sHcoxofi ToqHocrrl. [nx ycrpauenvx

HeAOCTaTKOB CyUIeCTByrOrqrIx rrz6pz4nrrx cvcreM [peAJroxeHa HoBaJr

KV HeMarV qecKa-rr cxeMa c BHerpeHr.reM AorioJrHareJrbuofi reorraerpr.rvecroii cerara,

- '{ro cnoco6crByer CHI4)KeHI.IIO rZSrA6aiOrq[x MoMeHToB e rI4HefiHHX IlpfitsoAax 14

pac rr4peHrzro crreKTpa Blr[oJrnreMbrx onepaqufr.



Bo nropofi DraBe Alacceprallvl4 npoBeAen KuHeMarvrrecKuit asanuz

MaHr4nyJltTopa c yqeToM ero reoMeTpvqecKl4x rlapaMeTpoB.

Tperua rJraBa [ocBtIIIeHa rIpeAcraBJIeHIaIo MeroAa Kl4HeMar[r{ecxoro

cr4HTe3a, Ha[paBIeHHofo Ha IIoJIyqeHI4e aHa][4TvrIecKI4 x 3aKoHoB [polpaMMHbix

ueperrlerqenrZi 14 CIIOJIHIITeJIbHLIX IIpIIBOAoB MaHulylsTopa. ,{aunrrt uetog

O6ecne.rusaer peaJllr3allurc,. AB[XeHI4q xapaKTepnot TorIKI4 BLixoAHoro 3BeHa B

coOTBeTcTBr{y c 3aAaggoft TpaeKTopl,Ieft 14 3aKOHoM. Pa:pa6Oraunax MeToAI4Ka

paoileTa aHaI[TuqeCKItx 3aBIlCI4MocTefr A;t{ ynpaBJItIOlquX I4c[OJIHIITeJIIHIIx

3BeHbeB MaHI{nyJItTOpa, O6lagaroIqerO [apaJ]JIeJIbHO-IIocJIeAOBaTeJI6Hoft

cTpyKrypoft, rlo3BoJlter coopMl4poBaT6 anfopIlrM cI{cTeMbI ylpaBJIeHI4t'

Qynruzonupyroqefi c o6parHLIMI4 cB.l3sMrl rlo KoopAtIHaraM [oJloxenrrt 14

cKopocTrr.

rlertepraa rJraBa flocBruleHa MaTeMaTr4qecKoMy o[r4caHr4ro ABr.rxeHr4t

MaHr{rryn lropa. C [c[orL3oBaHI4eM ypaBHeHI4ft Jlarpairxa 2-ro po4a 6una

rrocTpoeHa c14CTeMa HCNIiHEfiHbIX Ar40 OepeHrII,IarbHblx ypaBHeHrrr4,

MoAenrpyrouzu efo .4I,IHaMv Ky. Sror no,4xoA no3BoJrteT paccall{TaTb yctrlltls.'

Heo6xoAI4MbIe AJIfi 3aAaHHoro [epeMeqeHl'It KoHeqHoro 3BeHa MaHI4nyJItTopa.

B nqroft r.,'IaBe [peAcraBJIeHa KoHcrpyKuI4JI I'I TexHI{qecKIre flapaMerpbl

rroJrHoMacrrrTa6Horo O6pa3IIa MaHI{IIynfTopa C [apaJIJIeJIrHo-nOCJIeAoBaTeJIbHoft

crpyKT)?oft ri AorloJrHureJlbHofi cB{3blo. Eula 3KcrIep?IMeHTaJIbHO OrIpeAeJIeHa

craTr4qecKar xapaKTepacT[Ka efo npxBona. cpaeneuue reopeTl'rLIecKI4x 14

3KCnepvMeHTaJrbHbrx ,AaHHEIX BbIgBI4 JIO paCXOXAeI{I4e He 6O:ree 10%.

Couaconaunoctr pe3y;rbraroB, yrlnrblBar rrorpellrHocrll i,I3MepeHI4I4,

IIOATBepIKAaeT pa6oTOCnOco6HocTB pa3pa6oTaHHbIX aHaJIIzTI{qecKI,IX €UIropI4TMoB

y[paBJreHrrr AJIfi AaHHOTO TIl[a MaHI]nyJrtTOpa.

3AMEIIAHI{fl I4 TIOXEJIAHIIf, IIO IIICCEPTAUIIOHHOfr

PAEOTE

1. Bo rnegenltra c$opMyrvpoBaHa Aocraroquo o6rur,tpHafi HoBIz3Ha

Ai{CCepTaIII4oHHOrO uccJieAoBaHuf, Ho n.6 o <PeSylrbTaTax 3Kc[epI4MeHTarIIrHEIX



r4ccJreAoBaHIIft NOJIHOMACIIITA6HOM SKCnepI4MeHTaJIbHOM Oopa3qe

MaHrlnyntrop a fiptl [epeMeuIeHI4I'I pa6oqerc opraHa MaHl4rlyjltropa r43

HarlaJrbHoro [oJIox{eHI4{ B 3aAaHHoe KoHeqHoe IIOJIOXeHUe> cKopee oTpaxaeT

oAI4H }I3 TryHKTOB 3aAatl r{ccJIeA oBaiPiItA' HO He HoBI',I3HbI' B AUCCepTaqI4I4 B {BHOM

Br4Ae He [pIrBeAeHEI pe3yJIbTaTbI cpaBHI4TeJIbI{Oro aifraJftrga pa3pa6oTaHHblx

aBTOpOM MeTOAOB SKCnepI',IMeHTaJIbHLIX I',ICCJreAoBaHI',Ifr c MeToAaMIi Apyrulx

aBTOpOB.

2. B pa:4ene 2.3 (ra6r'u:qa 2.1) npuee4eH arlroplrrM rocrpoeHur

Kpr4BLrX [epeMeqeHr,rf xapaKrepuofi ToiIKa BbIXoAHOfo 3BeHa AI{ QopMI4poBaHI',It

sourr o6criyx Banr4l.. I-{enecoo6pasuo 6rrlo 6u yra:arr na pilcyure 2.3

[oJroxeHv e KpITBEIX 1- 1 6 alropurva nocrpoenl4s.

3.Bpas4erre4.4uapzcyHKax4.6u4.7[pVBeAeHbI3aBI4cI{MocTIl

r43MeHeHr.rr ABrrxyulrrx cran F1, F2, F3, F4 npu [epeMeiIIeHI4I4 BbIXOAHOTo 3BeHa

rr3 HyJieBofo rtorox(eHllt B HaqarLuylo ror{Ky, a 3areM B KoHer{HyIo' llouelry

I43MeHeHI{ecl4n[pI4[epeMeqeHl]I4BbIxoAHo|o3BeHau3HyJIeBo|o[oJloXeHI,I,IB

Haq€urbHylo roqKy I4MeIOT IIOCTO'HHbIe 3HarIeHI,If ' [pI4 sTOM rlepeMeu{eHrre

[por4cxoAr4T rro [pocTpaHcTseHHofi npxnrofi, TaKXe KaK I43 HyJIeBOfo IIoJioxeHI'I.t B

xoneqnoe?

4.[ttxloATBepxAeHI'IfiaAeKBarHocrI4N'ra'reNaaTll'{ecxoftMoAeJIIi

[poBeAeHbISKcIIepI,IMeHTaJIbHbIeI4ccJIeAoBaHu'[pi,I[epeMeIIIeHuI4BbIXoAHoIo

3BeHa rr3 oAnoft To'mra B Apyrylo roJrbKo no npauoft (pa:4en 5 '4), u ue

noATBepxAeHo 3KCnepITMeHTaJILHO ABIrxeHI4e BbIXO.UHOTo 3BeHa no

rroJryoKpyxuocrt4, xorr B IaBe 3 onucana MeroAi4Ka 14 pe3yllr'TarLl

KUHeMaTrtiIecKofo cuHTe3a flpu ABIiXeHI]I4 BbIXOAHOTO 3BeHa no

noJryoKpyxHocTI4.

5. W recta nkrccepralJulr B IaBe 5 ue 'xcuo, SKcnep[MeHTanr'HbIe

I'ICCJICAOBAHI4{ . IIPOBOAITJiI4Cb IIPI4 ABUXCHI1II UCNOJIHI4TEJIbHOTO OP|aHA

Maur.r[yn.rropa c rpy3oM (eclrz 4a, To.KaKoBa vacca rpysa) uru 6es fpy3a, I4 KaK

BJrrr.rer Macca rpy3a na ourtl6ry [o3uquoHl4poBaH[q 14 Ha orKJIoHeHue

3KcrrepvMeHTaJlrnoft rpunofi or reoperrvecrofi ?



6. B pasgene 5.4. na cT p. 125 foBopl4Tct, rITo B (crlcreMy yfipaBreui4q

BBo4frc{ cl4creMa AarqrlKoB, Ir3Meprrcq[e n rax4rrft MoMeHT BpeMeHil

K[HeMaTr,rqecKrle IIapaMeTpFI ABI]XeHat>. HaAo 6ruO nOscgraTb, o KaKI4x

AaTriuKax u KuHeMaT[rrecKI{x flapaMeTpax z4er pevr?

7 . B 5 rltaee LI B 3aKJlloqerrtz':'l [vccepraql4v roBoplrrc.fi o roM' ((qro

gKcnepLrMeHTaJIbHo ycTaHoBJIeHO, qTo pa3pa6oTaHHBIe MaTeMaTI'IqecKI.Ie MOAeJIII

KI4HeMaTI4KI4 14 Av:firaMlIKu onI,IcLIBaIoT ABiIXeHI,I{ 3BeHbeB MaHIInyJlqTopa c

AOCTaTOiTHOfi IJ1A npaKTr,rqecKoro [pr4MeHeHr4q To-lrHocTblo (o rra6ra

no3r4rlr,roHlrpoBaguq He rlpeBbllxaer 700/o>>, c'rp. I 30, 1 3 1 ' 133), no He npI4BeAeHa

MeTOAT{Ka AJr{ OflpeAeJregrrr fipouegTHoro cooTgolrreHvE ornv6Kqt TeopeTur{ecKllx

u [paKTI,IqecKI{X UCCJIeAOBaHI,Ift .

8. Heroroprre npfiBeAeHnble fpaOI4Ku B pa6ore flplrBoAfrcs 6e3

aHaJMa, rITO CHXXaST rrx [paKTrrqecKy]o qeHHocTb. HanpnMep, He rcHo AJI{

KaKOfi rlenu npfiBeAeHbl 3KclepIlMeHTaJIbHbIe 3aB7SIIMOCTI4 B fJIaBe 5 na pzcynre

5.15, npu groM Ha,4aHHoM rpa(bl.rKe Her reoperl4qecKl'1x KpIlBbIx AJIq cpaBgeHlrf, lI

onr4caHr,re TaKXe orcyTcTByer.

3AKNIOqEHI{E

,,{uccepraqraoHr{ar pa6ora Henro6osoii Annlr BacnlbeBHbl Ha reMy

(ynpaBregne ABI4KeHII9M MaHlrnynsTopa fiapaJIJIeJIbHO-nocJIeAoBaTenbHoI4

cTpyKTypbr Ha ocHoBe TpnrroAa c AoloirHrTeJlbHofi reoMeTpr4r{ecKoft cB.fl36IO>

npeAcraBJrrer 3aBeprIIeHHyIO HayilHo-KBaru$n raqilonnyro pa6ory, B Koropoft

rroJDFIeHbI HoBhIe pe3ynbTaTbl, 3aKJllgqaloqeect B pa3pa6OTKI4 aHaIII'ITI4r{eCKIIX

MeroAoB cI4HTe3a npofpaMMHblx opv eHTapyrcqvx EepeMerIeHI'Ift

HCITOJIHITeJIIHrIX 3BeHEeB MaHI,IIIyJIITOpOB napanJleJIbHO-ttoCJIeAOBaTeJIbHOfr

cTpyKTypbr Ha ocHoBe Tprlno.{a c AorroJrHr4TeJrbHofi reoMeTpr4arecKoi cBt3blo.

floryrennrre .pe3ynbrarbl l{ccneAoBau[fi xapaKTepI4 3ylorct Hayr{Hofi 14

npaKTl4qecKofi 3HaqI4 MOCTLIO, MOryT V CriOJIb3OBaTbC.g AJrf pa3r tTHbrx

TexHoJror[rrec1r4x [poqeccoB rrpor,r3BoAcTBeHHofr cQepbr, qTo I4MeeT BarKHOS

cour4aJILHO-gKOHOMI'IqeCKOe V XO3f,ilCTBeHHOe 3HaqeHue.



Yxagannrre 3aMerraurr.r He BJrr{.rror Ha fioJroxldreJrrHylo oIIeHKy

,qrzccepraquounofi pa6oru, Koropail coorBercrByer rlacnopry

cneuuaJrbHocru 2.5.4. u 'rpe6oeaultqM pa3Aera II <<lloroxeru4{ o rloptAKe

npr4cyxAeHl,rr f{eHbrx crenenefr>>, yrBepxAeHHoro [ocraHoBJIeHIaeM

flparure.nrcrna Poccuftcxofi @e4epaqura or 24.09.2013 r. Ns 842,.B qacruocru

[yHKToB 9-11, 13, 14, a ee aarop Henro6oea Anna Baczmenna 3acryxi4Baer

lprrcyxAenru yuenofi creneHlr KaH,4I,IAara rexHI,IqecKI,Ix HayK no creIII4 aJIbHocrI'I

2.5.4. Po6o'rs, MexarpoHlrxa ra po6ororexHl,IqecKl4e clrcreMbr (rexnzvecxlIe

navxu).

O(plrqzanrnrrft onnonenr:
AOKTOp TeXHUareCKr4X HayK, AOTIeHT,

raee4y'rorqlrfi raSe4pofi <<Mexanzxa>>,

@e4epamnoe rocyAapcrBeHHoe
6roAxerxoe o6pa3oBarerBHoe
yqpe)KAeu[e Bbrc[Iero o6pa:onanux
<Bo:rrorpagcrufi rocyAapcrseHHrrfi
arpapnufi yHrrBepcrrrer>
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