
B nepaoii rnane paccvarpasaerca sanasa cra611JIH3aUHH noJIO)KeH11li pasnoaecaa 
MexaTpOHHbIX CHCTeM, B KOTOpbIX 11MeIOTC51 0.[(11H 11Jil1 HeCKOJibKO 3JieKTponp11BO.[(OB. 
Ilpezmonaraerca, -rro ,n:BH)KeH11e raxoii c11cTeMhI crecneao HeJI11HettHhIMl1 ronoHOMHhIMl1 
CB51351Ml1, a ynpasneaae ocymecTBJI51eTC51 sa c-rer 113MeHeHl151 Hanp51)KeHl151 Ha 51KOpHbIX 
o6MOTKaX nnararenea. ,l.J;JI51 peIIIeH1151 saztasra cra611n113au1111 BhIB0.[(51TC51 ypaBHeHl151, B KOTOpbIX 
yqHThIBaeTC51 .[(11HaMl1Ka 3JieKTponpHBO.[(OB. Ha OCHOBe aHaJIH3a CTpyKTYPhl nonyseaasrx 
ypasaeaaa ycranaanasaerca ztocraro-moe ycrronae pa3peIII11MocT11 sanasa cratianasauaa npa 
nonaoii 11 npn HenOJIHOll 11H¢opMau1111 0 COCT051Hl111. Ilp11B0.[(11TC51 anroparsr xacneaaoro 
orrpeztenemor Ko3¢¢11u11eHTOB crariannsapyromero ynpaanenaa. 

Bo nropoii rnane peIIIaeTC51 sanasa craoanasauaa craimonapnsrx .n;B11)KeH11il 
MexaTpOHHbIX Cl1CTeM c HeJI11HeHHhIMl1 fOJIOHOMHhIMH CB51351MH B npennonoaceana, srro y 
paccnarpaaaesrsrx Cl1CTeM HMelOTC51 Ul1KJil1qecK11e KOOp,ll;11HaTbI. ,l.J;JI5I MO,ll;eJI11posaHH5I 
.[(11HaMl1KH TaKl1X Cl1CTeM npezinaraerca passarae MeTO.[(a, onacannoro B nepsoti rnaae, 
PaccMaTp11saIOTC5I Tp11 cnoco6a nseneaas ynpaBJI5IlOIIIl1X B03,n;eiicTBl1il: no -racra m6hIToqHhIX 
KOOp,ll;11HaT, no -racrn no311U110HHhIX KOOp.[(11HaT 11 no BCeMy BeKTOpy UHKJIH"l!eCKl1X KOOp,ll;11HaT. 
,l.J;JIH MO,ll;eJI11poBaHl15I .[(11HaM11Kl1 TaKl1X Cl1CTeM 11cnOJib3YlOTC51 ypasrrenaa M.<I>. Illynsraaa 
(qacTHhIH cny-raii ypasuenaa II.B. Boponua .[(JI51 ronoHOMHhIX c11cTeM c m61>1ToqH1>IM11 
Koop,n:11HaTaM11) B nepexeansrx Jlarpaazca 11 Payca. Ilposo,n;11TC5I aaarras CTPYKTyp1>1 
rronyaeaasrx ypanaeaaii. y CTaHaBJil1BalOTC51 .[(OCTaTO"l!Hhie ycJIOBl151 paspemaaocra sanax 

CTa611JI113au1111 KaK B crrysae noJIHOCThlO H3BeCTHOfO ¢a3oBoro BeKTOpa Cl1C:TeMI>I, TaK_:-npHI 
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,1.J;11ccepTau110HHa5I pafiora COCTOl1T 113 BBe.n;eHHH, qeTbipex rnan, 3aKJIJOqeHH51, cnncxa 
rnrreparypsr 11 ztsyx npanozceaaa. Bo sse,n:eH1111 o6ocHOBhIBaeTc51 aKTYaJihHOCTh paficrsr, 
npaseziea o63op OCHOBHhIX peayns raros no TeMaT11Ke 11CCJie.[(OBaHl151, cdiopxrynaponana nens 
pa60TbI 11 sazra-m, pemaensre B pasncax .[(OCTl1)KeHl151 3TOH uerra, o60CHOBaHa HaJ'"IHM HOBl13Ha 
11 npaxra-recxaa 3Haql1MOCTb pa60ThI, KpaTKO H3JIO)KeHO ee cozrepxanae. 

,l.J;HcceprnuHOHHa51 pafiora A.H. I1JihHHOH nOCB51IlleHa pa3Bl1THIO MeTO.[(OB accneztonanax 
sanas ycroanaaocra H CTa6HJil13aUH11 noJIO)KeHl1H paBHOBeCl151 H CTaU110HapHbIX .[(BH)KeHl1H 
fOJIOHOMHhIX MexaH11qecKHX Cl1CTeM c HeJil1HeHHhIMH reoverpasecroera CB51351MH, ypasaenaa 

KOTOpbIX yztofinee 3an11CbIBaTb c nOMOIIIhlO H36h!TOqHhIX KOOp.[(HHaT. l13BeCTHO, qTo BO MHOfHX 
aKTYaJihHhIX sazta-rax TeXHl1KH (nanpmrep, B aazra-rax yrrpasneaas MHOf03BeHHbIMH 
MaHHnyJI51TOpaMH) OKa3bIBaeTC51 uenecoofipaaasna sanaaars KOH¢11rypaUHIO MeXaH11qecKOH 
CHCTeMbI napasrerpaan, npeBOCX0.[(51IIIHMH qifCJIO crerreaea CB060.[(bl. Ilpotineusr 
MaTeMaTHqecKoro on11caHl15I .[(11HaMHKH TaKHX Cl1CTeM 113.[(aBHa np11BJieKaJIH BHHMaHHe yqeHbIX, 
HX 113yqeHHIO rrocasmensr MHOrHe pa60TI>1 no aaanarasecxoji MexaHHKe. B TO )Ke speaa, 
sazraxa HCCJie.[(OBaHl151 ycrorrsaaocra 11 craoanasanaa ycTaHOBHBIIIHXC51 .[(Bl1)KeHl1H aroro 

xnacca CHCTeM 113yqeHbI He,ll;OCTaTOqHo, HeCMOTp51 Ha HX He TOJibKO 60JibIIIOe reoperasecxoe 
3HaqeH11e, HO TaK)Ke 11 3HaqeH11e, o6ocHOBaHHOe npaKT11qecKHMH Hy)K,n;aMH. Ilo3TOMY reaa 
.n:11cceprnu110HHOH pa60ThI npe,n:CTaBJI51eTC51 BnOJIHe aKTYaJihHOH. 

xannanara ¢mHKO-MaTeMaTHqecKHx aayx, nonenra Anexcannpa Cepreesasa Kyneuroaa Ha 
znrcceprarraonnyro paoory I1JihHHoli Anacracaa HHKonaeBHhI Ha reay «Ma'resrarauecxoe 
MOAeJIHpOBaHHe roJIOHOMHhIX CHCTeM c HeJIHHeHHbIMH reoaerpasecxmm CB.H3.HMH AJI.H 
pemenna sanau yCToiiqHBOCTH H CTaOHJIH3a.QHH ycTaHOBHBIDHXC.H ABHiKeHHH», 
npe.[(CTaBJieHHYIO Ha COHCKaHHe yqeHOH CTeneHH KaH.[(H.[(aTa ¢H3HKO-MaTeMaTHqecKHX nayx no 
cneUHaJibHOCTH 05 .13 .18 - «Mareaarn-recxoe MO.[(eJIHpOBaHHe, qlfcJieHHbie MeTO.[(hI If 
KOMnJieKChI nporpasea» 

OT3blB O<l>IIIJ;IIAJlbHOro OIIIIOHEHTA 



K HOBhIM peaynsraraa, nonyseaasnr B zmccepranaa, cneztyer OTHeCTH BeKTOpHo 
MaTplfqHhie ypaBHeHHH .[{HHaMHKH CHCTeM c HeJIHHeHHhIMH fOJIOHOMHhIMH CB5135IMH B 
o6o6w;eHHhIX (Jlarpaaxcsux) KOOp.[{HHaTax npa HaJIIfqlflf IlHKJIIfqecKHx KOOp.[{HHaT If 
pa3JIHqHhIX crroco6ax ynpaanenas (no BeKTOpy IlHKJIIfqecKHX, II03HUHOHHhIX HJIH H36hITOqHhIX 
KOOp.[{HHaT), If B nepenennsrx Payca ,[{JI.SI cnysas ynpasnenaa ITO xacra UHKJIIfqecKHX 
KOOp.[{HHaT. B pafiore npennoxeaa raicse HOBa.SI cpopMa 3aIIHCH BeKTOpHO - MaTpHqHhIX 
HeJIHHeHHhIX ypaBHeHHH nenaaenasrx ypaBHeHHH If ypaBHeHHH c nsrneneansra nepBhlM 
rrpH6JIH)KeHHeM B OKpeCTHOCTH cranaonapnoro ,[{BH)l{eHH51, xoropaa Il03BOJI51eT ynpocrtrrs 
ananas cTpyKTYPhI HeJIHHeHHhIX -menoa. Ilonyaensr nonsre .nocTaToqHhie ycnosaa 
pa3pernHMOCTH ,[{JI51 saztaxa CTa6HJIH3aUHH CHCTeM, OIIHChIBaeMhIX H36hITOqHhIMH 
xoopzraaarasor. Ilocrpoensr MaTeMaTHqecKHe Mo.nerrH creazta GBB 1005 Ball and Beam c 
ysero« HeJIHHeHHOH fOJIOHOMHOH CB513H ,[{JI51 pa3JIIfqHhIX cnysaes BhI6opa H36hITOqHoi1: 
KOOp.[{HHaThI H pa3JIIfqHhIX cnocofios BBe,neHH.SI ynpaBJI5IlOLUHX B03,[{eHCTBHH. BhIITOJIHeHO 
nonpofiaoe HCCJie,[{OBaHHe ycroa-rasocra If CTa6HJIH3aUHH ncex IlOJIO)KeHHH paBHOBeCH5I 
cacreusr GBB 1005 Ball and Beam, paspafioraa nporpaaxnsra nponyxr .nrrx accnenoaamra 
nonoxeaaa paBHOBeCH5I xrexaaauecxax CHCTeM nannoro rana. Pesym.rarsi accnenoaaaaa 
MoryT 6hITh HCIIOJih30BaHhI npa MO,nerrHpOBaHHH If ynpanneaan MexaTpOHHhIMH CHCTeMaMH c 
HeJIHHeHHhIMH fOJIOHOMHhlMH CB.Sl3.SIMH, narrpavep, npa OIIHCaHHH ,[{Blf)KeHH5I MHOf03BeHHhIX 
MaHHnyrrxTopoB. Paspaooraaasia nporpaxoansra npczryxr raroxe MmKeT 6hITh HCITOJih30BaH B 
yqe6ttoM nponecce. 

,[(ocTOBepHOCTh peaynsraros pa60ThI IIO,[{TBep)l{.naeTC5I CTpOroCThlO MaTeMaTifqecKHX 
cpopMyrrHpOBOK If ,[{0Ka3aTeJihCTB yraepxcieaaa, a raioxe qifcJieHHhlMH 3KcrrepHMeHTaMH, 
IIO,[{TBep)K.[{aJOW:HMH norry-rennsre reopernsecxae BhIBO):(hI. 

B 3aKrr10qeHHH eme pas nepe-nrcnensr Bee ocaosasre pesynsrarsr, nonyseaasre B 
pafiore. B rrpHJIO)KeHHH A npnaenenst cpopMyrrhI, HCIIOJih3yeMhie ,nrr51 nsmona BeKTOpHo - 
MarpHqHhIX ypaBHeHHH .[{BH)l{eHH51. B rrpHJIO)KeHHH E npasenensr rpacpHKH nepexonasrx 
nponeccos cacrerasr GBB 1005 Ball and Beam. 

HeIIOJIHOH 1rncpopMaI..tlfH 0 COCTO.SIHHH. Pa3pa6aThIBaeTC.SI anroparv HaxO)l{):(eHH.SI 
K03cpcpmmeHTOB crn6HJIH3HpYJOw:ero B03,[{eHCTBH.SI If CHCTeMhI onenxa COCT051HH51. 

B rpersea rnase pa60Th1 rrpoBO.[{HTC.SI zteransnoe accnenoaanae nafioparopnoro crenna 
GBB 1005 Ball and Beam KaK MexaTpOHHOH CHCTeMhI c HeJIHHeH:ttoH: rorroHOMHOH CB513hIO. ,[(rr51 
pemeaaa 3a,naqlf crn6HJIH3aum1 scex IIOJIO)KeHHH paBHOBeCH.SI paccxarpasaexoa CHCTeMhI 
rrpHMeH.srIOTC51 pesynsrarsr, rrony-rennsre B nepsoa rnase ztaccepranaouaoii pafiorsr, CTpo.si:TC51 
paanaxasre MaTeMaTifqecKHe MO,[{eJIH .naHHOH CHCTeMhI B 3aBHCHMOCTH OT BhI6opa 3aBHCHMOH 
KOOp.[{HHaThI If crroco6a yrrpasnenaa. Ecmr He npammars BO BHHMam1e ):(HHaMHKY 
anexrponpanona, TO ynpasneaae MO)KeT ocyw:ecTBJI51ThC51 sa cser xrexaaanecxoro MOMeHTa. 
Haxo,n51Tc5I ynpaBJI.SIIOW:He nosneacrnaa, crn6HJIH3HPYJOW:He Bee nonoaceaaa paBHOBeCH51 
cacrevu. ITpH noMOW:H KOMIIJieKca xoztenaposaaaa MATLAB npoBo,nHTC51 KOMIIhIOTepttoe 
xronenapoaaaae paccaarpasaevoa CHCTeMhI. 

Hersepras rrraaa ,[{HCCepTaUHOHHOH pa60ThI IlOCB51W:eHa OIIHCaHHIO nporpaMMHOfO 
KOMIIJieKca HolStabBB, C03.[{aHHOfO COHCKaTeJieM If II03BOJI5IIOW:ero cpasmmars pasnasnsre 
norrxonsr K xrarexrarnxecxojay xrozrenapoaanaro cacresasr GBB 1005 Ball and Beam c 
rroMOW:hIO cpensr MATLAB. 06cy)K.[{aIOTC51 paanaxasre qifCJieHHhie MeTO.[{hI, neofixortaxure .[{JI51 

peurenaa 3a,naqlf crn6HJIH3aUHH. Paspafiarsraaerca anroparv, rro3BOJI5IIOW:HH -racneano 
HaXO):(HTh Bee KOMIIOHeHThI BeKTOpa nasansastx B03Myru:eHHH B cnysae, xorna Ha CHCTeMy 
HaJIO)KeHhI HeJIHHeHHhie fOJIOHOMHhie CB.Sl3H. 
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A.H. I1rrhHHa B csoeH: pa6oTe npo.n:eMOHCTp11posarra ysepeHHOe sna.n:eHHe 
cospeaeaasraa MeTO,[{aMH accnenosanaa ycToliqHBOCTH H CTa6HJIH3al(HH .[{BH)KeHmI 
MeXaH11qecKHX CHCTeM, ypaBHeHH5! ,[{BH)KeHH5! KOTOphIX 3anHChIBaIOTC5l c rrovoutsro 
.H36hITOqHhIX KOOp.[{.HHaT. ,n:11ccepTal(HOHHa5I pafiora noJIHOCThlO COOTBeTcrnyeT BCeM 
KpHTepHHM Ilocraaoaneaaa N2842 OT 24 cenrsopa 2013 rozta Ilpaaarenscrsa Pocc11H:cKoH: 
<I>e.n:epau:.11.11 «0 nopsmce np11cy)K.n:eH115! ysensrx creneaen», a TaK)Ke sceM Tpe6osaH.H5IM, 
npezrsaanaexrsn« BAK K zracceprauasu Ha co11cKaH.11e yqeHoH: creneaa KaH,[{H.[{arn cpH3HKO- 
MaTeMaT.11qecK.11x HaYK no cnenaanr.nocra 05.13.18 - «Marexrarasecxoe Mo.n:en.11posaH11e, 
q.11crreHHhie MeTO,[{hl H KOMnJieKChl nporpasor», a ee aBTOp, I1JihHHa AHaCTaCH5! HHKOJiaeBHa, 
sacnyaorsaer rrpacsoenas exry YKa3aHHoH: yqeHoif creneaa. 

Ecrra He c-nrrars HeCKOJihKHX onexarox, 3aMeqaHHH no rexcry pafiorsr npaKT11qecK11 
HeT. Pafiora OCTaBJUieT BeChMa nOJIO)l(HTeJihHOe anexarneane. I13JIO)KeHHhie B Hett pesynsrarsr 
HOBhl H crporo o60CHOBaHhl. Anroperpepar ,[{OCTaToqHQ nOJIHO H npasnnsao orpazcaer 
coztepacanae ,[{HCCepTaU:HH. 
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