OT3bIB
OPHIHAILHOrO ONMOHEHTA O IHCCEPTALMHN HA COHCKAHME YIEHOI cTeneHH
KAHAHAATA QU3HKO-MATEMATHYECKHX HAYK
Yucrakosa UBana AjleKcanapoBHya
Ha temy: «MeToab! NpHOIHIKEHHOT0 pelieHHs 32124 ynpaBJieHus
HeJIHHEHHBIMH CHCTEMAMH 33 CYeT HX KyCOYHOH JIHHeaApH3aAUHn»
no cnennaabHocT 1.1.2. /lupdepenunanbubie ypaBHeHHA H MATEMATHYECKAS

$pn3nka

Juccepraimonnas pabora Yucrskosa U.A. nocesieHa paspaboTke METOA0B
NPUOIIDKEHHOTO PeleHns 3a/1a4 yNpaBJieHHs HeJIHMHEHHbBIMM CHCTEMAMH MyTEM HX
KYCOYHOI JIMHEeapH3aLIHH.

3aja4uM 1LEJeBOro ymnpaBlieHWs, B paMKax KOTOpbIX TpeOyercs IepeBecTH
CHCTEMY, JAMHAMHMKA KOTOpPOHl OITMCHIBAETCA COBOKYIMHOCTBIO OOBIKHOBEHHBIX
mapdepeHIManbHBIX YPaBHEHUH, U3 3a/IaHHOT0 HA4albHOTO COCTOSHHUS B 3aJaHHOE
MHOXKE€CTBO KOHEYHBIX COCTOAHMI (KaK MpaBHJIO, MPH HAIWYMH OrPaHUYEHHMH Ha
yHpaBJIsIIOUINE BO3/ACHCTBHA), BOZHUKAIOT B XO€ MaTeMaru4ecKoro MoJeIMpOBaHUs
MPOIIECCOB B CaMbIX pa3HbIX O00JACTAX HayKu (MEXaHMKa, IKOHOMHKA, XUMMS,
MeauimHa M T.4.). Kak npaBHno, Takue CHUCTEMbl SBISIOTCS HEJIMHEHHBIMH, H MX
QHAJIMTHYECKOE PEIICHUE OKAa3bIBACTCS YPE3BbIYANHO CIIOXKHBIM WIH HEBO3MOXKHBIM.
[ToaToMy pa3paborka 3()(peKTHBHBIX METO/I0B CHHTE3a YIIPABJICHUS UTS HETMHEHHBIX
CHCTEM H IOCTPOEHHUE OLIEHOK 00JacTeil JOCTIKMMOCTH (PaspeliuMOCTH) /Ul TaKKuX
CHCTEM SBJISIETCS BEChbMa BAXHOW 3ajauyeil. DTum 0O0YCIIOBJICHA AKTYAJIbHOCTH

NpeIMETHON 061acTH UCCIe0BAHMIT HACTOSIIEH AUCCEPTALMOHHO paboThl.

Jluccepraiys COCTOMT W3 BBEIEHHS, YEThIPEX IJiaB, 3aK/IIOYEHHMst M CIIMCKa
JauTeparypel, Bmoyatomero 131 HaumeHoBaHue.

Bo BBegennn 000CHOBaHA aKTyalbHOCTh PaboThI, CHOPMYJIMPOBAHBI LIEIH H
3a/1a4d  JIMCCEPTALIMOHHOTO WCCNEJ0BAHUS, OIMCAHBI WCIOJIb3yeMble B pabore
METO/Ibl M IO/IXO/bl, KPaTKO HM3JIOKEHO COJACPIKaHME JUCCEPTALMH W OCHOBHBIE

pe3yJibTarbl, BBIHOCHMbIE Ha 3alUHUTY. KpOMC TOro, BO BBCIACHHUH COACPKHUTCH



JIOCTaTO9HO NoApoOHbIN 0030p JMTEpaTyphbl, KOTOPBII O0XBAaThIBAET, B YACTHOCTH,
HayuyHble paboTbl, TOCBAIIEHHBIE PA3JIMYHBIM  METO/IaM  OLEHKM MHOMKECTB
JOCTIDKUMOCTH/PA3peliMMOCTH Uil HEJIMHEHHBIX  CMCTEM  OOBIKHOBEHHbIX
mupepeHtmanbHpiX - ypaBHeHHd. Ocoboe BHMMaHME YACNAETCS airopurMam,
OCHOBaHHBIM Ha MCITOJIb30BAHUM METO/Ia INHAMHYECKOT0 IPOrpaMMHUPOBaHHMS.

B nepsoii riaBe paccMarpuBaeTCsi KJIacC CUCTEM, B KOTOPBIX HEIHMHEHHbBIE
YJIEHbl 3aBHUCAT TOJIBKO OT OJAHOH ()a3oBOif KOOpAMHATHI (WIS ONPEAETEHHOCTH,
nepBoit). JIMHaMUKa CHCTEMBI AHATM3UPYETCS BHYTPU HEKOTOPOro KOMMAKTHOTO
MHOKecTBa €. IIpeanonaraercs, 4T0 Ha ynpaBiCHWSA HAIO0KEHbBI NEOMETPHYECKUE
OrpaHW4Y€eHUs, I[IPEJCTABJICHHbIE JJUIMIICOMAAMHU (3aBUCALIMMM OT BpPEMEHM).
OcyiecTBasiercss mepexo]; OT MCXOJHOH 3aaayd K BCIIOMOraresbHOM 3amaue s
KYCOYHO-JIMHEITHOI cucTtembl. [Ipu 3Tom MHOXecTBO (2 mpeacTaBisieTcss B BHJE
O0OBEIMHEHUS TIHMIEPIIOJIOC, TIPAaHMLIAMU KOTOPbIX SBJISIOTCS TMIIEPILUIOCKOCTH,
OPTOrOHAJILHLIE II€PBOH KOOPAMHATHOM OCH (pPacCTOSIHUS MEXay JHoObIMU
COCEJTHUMH THIIEPIIOCKOCTAMH CYUTAIOTCA OAWMHAKOBBIMH). Hemmueitnsle ¢yHKimu
B TMpaBbIX 4YacTAX CHCTEMBbI AalMPOKCHMUPYIOTCS HENPEPBIBHON JIOMAHOH ¢
BEPUIMHAMU Ha BBE/ICHHBIX TUIEPILIOCKOCTSX.

JUis 1noinydeHust OLIEHKM 001acTH JOCTHKMMOCTH MCHOJB3YETCS METOJ
JMHAMHYECKOT0 NMPOrpaMMHpOBaHHs. BBOAWTCA TpaavuHMOHHas [UIsi MOAOGHBIX 33124
¢ynxms ueHsl. [IpuOmkeHne /Ui Hee MIIETCS B KJIacce HEMpepbIBHBIX KYyCOYHO-
KyOouuecknx (ynkumii. DopmysMpyercs Teopema, Jarouias rapaHTHPOBAHHYIO
BHYTPEHHIOIO OLICHKY MHOKECTBA JOCTHKUMOCTH.

B nocneanem paszaene riaaBbl OOCY:KZAIOTCA JETaNM YMCICHHOIO0 METOAA H
CnocoObI NOBBIIEHUS TOYHOCTH.

Bo BTOpOii riiaBe npeioxkeHHbiii MeTo 0000IaeTcs Ha ciydail CHCTEMbI, B
KOTOPOH HEJIMHEHHBIE YIEHbI 3aBHCAT OT HECKOJIbKHX KOMIIOHEHT BEKTOpa
cocrosiuudA. [Ipu 3Trom mMHOKeCTBO (Q mpeacraBisieTcss Kak KOHEHHOe OObEIVHEHHE
CHMIUIEKCOB. 3aTeéM OCYILECTBISETCS KyCOUHas JIMHEapH3alus paccMarpuBaeMoii
HENMHEHHON cucreMbl. Jlns annpokcumanmu (YyHKOMH LEHBI B 9TOM Ciyvae

CTPOMTCA  KyCOYHO-KBaJpaTH4yHas  allnpOKCHMaL|s. CocraBisieTcs  CUCTEMA
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MaTpuaHbIX AU QepeHIMaNbHBIX  YpaBHEHMH, pemieHHs  KOTOpOH  janee
MCIONb3YIOTCSl MPH armpokcumanuud (GpyHkimu 1eHsl. GopMmynupyercs Teopema,
Jaroas rapaHTHPOBAHHYI0 BHYTPEHHIOK OIEHKY MHOJKECTBA PaspeliuMOCTH B
paccmarpuBaeMoM ciydae. B 3akiiioueHMe riiasbl B BIIICYTIOMSAHYThIE MaTPHYHbIE
YPaBHEHHA BBOJATCA PEryJSpH3UPYIONINE YWICHBI, TMO3BOJISIOLIME ITOBBICHTH
TOYHOCTh peIieHHit u 00ecreynTh HX MPOJOIKUMOCTh HA BECh LIEJIEBON OTPE30K
BPEMEHHU.

B Tperbeii r1aBe TakkKe paccMaTpuBaeTcs MPUOIMKEHHOE penieHue 3aaaqu
yHOpaBJieHHsi IyTEM MOCTPOEHUS KyCOYHO-KBA/IpaTUYHON anmnpoKCUMalMu (yHKIMA
LEHBbI, HO TEeNephb MpeAroiaraeTcs, 4yto 3Ta (yHKUMS LUEHbl W YIPABJIEHHUS MOTYT
npeTepneBars paspsiBbl (1O (pa30BBIM EPEMEHHBIM) Ha TIPAaHHMIIAX CHMILIEKCOB
pasOuenusa. [Ipu >TOM npuUHMMaeTcs, 4TO HCCleayeMas CHCTeMa aBTOHOMHA. B
Hayajge rjaBbl BBOJUTCH IMOHATHE JOCTHXKMMOCTH CHMIUIEKCOB. Baiaensrorcs
MHOXECTBa B ()a30BOM TMpPOCTPAHCTBE, HA KOTOPHIX OLEHKA (YHKIMH LEHBI M
(GyHKIMS ynpaBiieHUs NOJDKHBI ObITh HENPEphIBHBI M, COOTBETCTBEHHO, Tpelyercs
«ckneiika». [lpeanokeH airoput™M MOCTPOEHHMS Pa3pbIBHOTO yIPaBICHUs B
(UKCHpOBaHHBIIT MOMEHT BpeMEHM, pa3paboTaHHbli A1 KyCOYHO-KBAJApPaTUYHBIX
armpokcumanmii GyHKiIMH LeHbl. [loka3biBaeTcst, YTO aIrOPUTM BCEr/ia 3aKaHYMBaET
pabory 3a KoOHe4HOe 4YMCA0 [maroB. OnucaHbl JCHCTBHUSA, IO3BOJISIOIINAE
ONTUMM3UPOBATh «CKJEHKy». HakoHel, mnosyuyeHa BHYTPEHHSS OLIEHKA MHOXECTBA
JOCTVDKAMOCTH.

B nocrenHem pasjene riaBbl  MPEUIOXKEHBI MEpHI [0  CHIDKEHHIO
BBIYMCIUTEIBHON HArpy3KH I@pU TOUCKE YNpaBJICHUA M PpEIIEHHH 3aJa4 ¢
KBaJpPaTUYHBIMU OrpPaHUYEHUSAMHU, HEOOXOAUMBIX IS pacdéTa (yHKLIUH LIEHbI.

B 4erBeproii rnaBe 00CYyXIAlOTCA aIbTEPHATHBHBIE AITOPUTMblI [OMCKA
NO3ULIMOHHBIX  CTPATeruii  ynpaBJIeHWH, HE ONUpalollUecs Ha ypaBHECHHE
["amunbroHa-bemmmana-SIkobu (B wacTHOCTH, HCnoJb3ywomue o0ydeHwe c
noakpervieHueM). Kpome toro, B 9TOH rjiaBe NnpMBOAWTCA HECKOJBKO IPHMEpOB
NMPUMEHEHUS METO/IOB, NPEUIOKEHHBIX B pabore, Juis MOCTPOEHUS YIIPABJIEHUS B

HECKOJIBKUX KOHKPETHBIX CHCTEMAX. B YaCTHOCTH, pemaercs 3aaada 0 CHHTE3C



YNPABJIEHUSI KBAJIPOKONTEPOM, NEPEBOALLErO CUCTEMY M3 3a/IaHHOIO [10JI0XKEHUS B
HEKOTOpOE IIelleBOe MHOXKecTBO. IIpejronaraercs, YTo KBaJpOKONTEP JIBIDKETCS B
FOPU30HTANBHON TUIOCKOCTH C TOCTOSIHHBIM YIJIOM TaHraka ¥ HYJIEBBIM YIJIOM
kpena. Kpome Toro, paccmarpmBaercss 3ajaua o0 yNpaBiieHMM TENEKKOH ¢
MO/IBEILIEHHBIM K HEif MAasATHUKOM M 3a7a4ya 00 ynpaB/ieHUM MasTHUKOM C IIOMOIIBIO
snekTpoMotopa (B ob6oux rnpumepax TpeOyercsi MepeBecTH CUCTEMY M3 OJIHOIO
3aIaHHOr0  TOJNIOKEHUst B Jpyroe 3a (ukcupoBaHHoe Bpems). Hakosen,
NMPUMEHHUMOCTh KYCOYHO-3a/IaHHBIX OLEHOK (DYHKIMI IIEHBl JAEMOHCTpUpYeTCs Ha
NMpUMEPE JIMHEHHON CUCTEMBI 2 TOpAIKA.

B 3akimiouenHH kpatko COpPMYIMPOBaHbI  OCHOBHBIE  pPe3yJIbTATHI,

MOJy9€HHBIE B IMCCEPTALIMOHHO# paboTe.
ABropedepar aeKBaTHO OTPAKAET CTPYKTYPY U COJEPIKAHUE JIMCCEPTALMH.

Hay4uHbie pe3ysbTarbl, BHIHECEHHBIE COMCKATEIeM Ha 3alluTy, SBJSIOTCH
HOBBIMH ¥ IIPEICTaBISIOT HECOMHEHHBbI HHTEpec /I pa3sBUTHA METONOB
NPUOIMKEHHOrO PEIICHUs 3aa4 yIpaBleHUs HEIMHEHHBIMU CUCTEMAMH ITyTEM HX
KyCOYHOM JMHeapu3auud. OHM MOryT OBIThH IOJI€3HBI, B YAaCTHOCTH, JUIS CHHTE3a
yOpaBiI€HUSs M IIOCTPOCHHMA OLEHKH oOnacreil JOCTHKHUMOCTH B  Pa3M4YHBIX
MexaHu4eckux cucreMax. Pesynprarel auccepramy 00CYKAAIMCh HA HAyYHBIX
CEeMHMHapax, JOK/IaJbIBAIMCh HA POCCUMCKMX M MEXIAYHApOIHbIX KOH(EPEHIMIX W

ObLIH B MOJIHOM Mepe OnmyOTMKOBAHbI B PELIEH3UPYEMbIX HAY9IHBIX H3aHHAX.

O00CcHOBAHHOCTD TOJIYYEHHBIX PE3YJIbTATOB rapaHTHPYETCS KOPPEKTHOCTHIO
NOCTAHOBKM 34/1a4M M CTPOrOCTbIO MPUMEHSIBLIMXCA MATEMAaTH4eCKUX METO/IO0B.
JI0CTOBEPHOCTDh JUCCEPTALIMOHHOIO HCC/IEA0BaHHUs IOATBEPH/IACTCS YHMCIEHHBIM
MOJETHPOBAaHHEM JUHAMHUKH Pa3IMYHBIX CHUCTEM, IPOBEACHHBIM COHMCKATENeM, a
TAKGKE COOTBETCTBMEM BbIBOAOB, [10JYYEHHbIX B JMCCEPTALUM, M3BECTHBIM

pe3yJbTaraM KJacCUYeCKUX M HOBBIX paboT, OTHOCAIMXCS K HCCIeyeMOoi 001acTH.

K paGore nmeioTest ciieayionue 3aMmeuanus.
1. Ilockonmbky B pabore mpeioxKeH HOBbIH METOA  MOCTPOEHHS

rapaHTHPOBAHHBIX OLEHOK O00JAacTH JOCTIDKMMOCTH, ObUIO OBl LieJecoodpasHo



MPOBECTH CUCTEMATHYECKOE CPaBHEHHE PE3YJIbTATOB IMPUMEHEHHA 3TOr0 METoJa ¢
TEM, YTO JAOT APYTrHE, U3BECTHBIE U3 JIMTEPATYPbI IOAXOIBI.

2. Ilpu paccMoTpenmu 3amauym 00 ynpaBICHMM TOJIETOM KBaJpoKonTepa B
rOpPU30HTAIBHOMN TUIOCKOCTH (paszaen 4.3.1) BBoaUTCS OrpaHuyueHHe Ha CyMMapHbI
MOMEHT, Pa3BUBAEMbIH MPONELIEPAMH OTHOCHTEJILHO OCH, TEepPNEeHIUKYIAPHOM
IUIOCKOCTH BHHTOB. OAHAKO B pEaJbHOCTH OrpaHUYEeHUsS HaAKJIAJAbIBAKOTCA Ha
BEJIMYMHBI CHJI TATH BUHTOB. B0oO11e roBops, BbINOJIHEHUE YCIOBUS HA MOMEHT HE
O3HAYaeT ABTOMATHYECKHU BBIIIOJHEHHMS YCIOBUH Ha CHIBl TArM. OTO CHWXKAET
PEATMCTUYHOCTb paccMarpuBaemoii moaeau. Kpome Toro, cBa3b MEXIY CHIaMH TATH
BUHTOB H CYMMapHbIM MOMEHTOM OTHOCHTEJIBHO OCH, TEPHEeHIUKYISIPHOI
[UIOCKOCTH BUHTOB, BBE/ICHA HE BIOJIHE KOPPEKTHO.

3. Cxema wmMasTHuKa, npuBeneHHas B pasgene 4.3.3 (puc. 4.9), He
COOTBETCTBYET OMMMCAHHUIO pacCMaTPUBAeMOii MEXaHUYECKOH CUCTEMBI U YPaBHEHUSAM
JMHAMUKH TOH CHCTEMBI, NMPEICTaBJIEHHbIM B paboTe.

4. B paccMOTpEHHBIX NIPUMEpaxX CTPOATCS ANPUOPHBIE OLIEHKU OTKJIOHEHHS OT
LEeNeBOM TOYKM. BO MHOIMMX mMpeacTaBieHHBIX CIIydasX 3TH OLEHKU OKa3bIBAIOTCSH
CPaBHHMTEIbHO TrpyObIMM (MHOrJa OHM J@KE BKIIOYAIOT HAYAJIbHYI) TOYKY
Tpaekropuu). bbuio Obl  penecoobpasHo  Oosiee  THIATENBHO  MCCIIEI0BATh
BO3MOJKHOCTh YTOYHEHHS OTHX OLEHOK JUIA pPa3HbIX TMPEIIOKEHHBIX METO/I0B
CHHTE3a YIpPaBJICHHS. .

Bmecte ¢ TeM, YKasaHHbIE 3aMECYaHMS HE YMAISIOT 3HAYMMOCTH
JUCCEPTALMOHHOI0 UCCIIEI0BAHMS.

Juccepranms  orBedaer TpeOOBaHMAM, YCTAaHOBIEHHBIM MOCKOBCKHM
rocy/apCTBeHHBIM YHUBepcHTEeTOM MMeHH M.B. JlomonocoBa k paGoram nogpoGHOro
pogma. CopepxaHue  JMcCEpTallMd  COOTBETCTBYET  cneumanbHoctd  1.1.2.
Juddepennmansupie  ypaBHeHHs ¥ Maremaruyeckas (usuka (mo  (Qusuko-
MareMaTU4eCKMM HaykaMm), a TakkKe KpUTepusiM, ompejeneHHbiM . 2.1-2.5
[TosoxkeHus o npucyxeHUH y4eHbIX creneHeil B MOCKOBCKOM rocyJapCTBEHHOM
yHusepcurere umenu M.B. JlomonocoBa. JlucceprauuoHHOE —MCClEI0BaHHE

oopmiieHo cornacHo tpebosanusiM [TonoxkeHus o cosere mo 3amure JUCCepTaLMii



Ha COMCKaHME YYEHOW CTEMEeHM KaHAWJaTa HayK, Ha COMCKAHWE YYEHOM CTEIeHH
JIOKTOpa Hayk MOCKOBCKOr0 rocyaapCTBEHHOro YyHUBepcurera umeHd M.B.
JlomonocoBa. Takum oOpa3om, couckarens Yucrsakos Hean AnexcaHapoBud
3aCJIy’KMBAET MPHUCYAJICHUS YYCHOM CTENEHM KaHauaara (PU3MKO-MareMaThdecKuX

Hayk no crneupanbHocTH 1.1.2. Jludepenumansubie ypaBHeHUsS U MaTeMaTHYeCKas

¢$uzuka.

OduipanbHbii ONMOHEHT:

JIokTOop PHU3HKO-MaTEeMaTHYECKUX HAYK, AOLIEHT

Beaymuit Hay4HbIi COTPYIHUK

denepaibHOE IOCYAapPCTBEHHOE OIO/DKETHOE 00pa3oBaTeIbHOE YUPEKICHHE
BbICIIETO 00pa3oBaHus « MOCKOBCKHIN rOCy/1apCTBEHHbIH YHHBEPCUTET HIMEHU
M.B. JlomonocoBa», HUU mexauuku MI'Y
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Puzannesa M.10.
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TeJL: _ e-mail: seliutski@imec.msu.ru
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119192, r. MockBa, Muaypunckuii npoc., 1. 1., HUM mexanuku MI'Y
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