IVIAH UCCJIIEJOBAHUA

Tema uccienoBaTeJbCKOro mnpoekrta: PemieHue ABYXTOYEYHOM KpaeBOM 3ajayu
HeJIMHENHHOM crucTeMbl TuddepeHINaTbHBIX YPaBHEHUH C OTKIOHSIOIUMCS apTyMEHTOM U
IapaMeTPOM.

Llenbto uccnenoBaHUs SBIAETCSA JeTalbHas pa3padoTKa KadyeCTBEHHBIX METOOB
UCCIIEJIOBAHMS JBYX BHJIOB HEJIMHEWHBIX cucTeM JupdepeHIalbHbIX YpaBHEHHUHN C
OTKJIOHSIFOILIMMCSL apIYMEHTOM U ITapaMeTPOM:

1. Henuneiinas cuctema nuddepeHIMaNbHbIX ypaBHEHUH C OTKIOHSIOIIUMCS
apryMEHTOM IPOU3BOJIBHOM CTPYKTYpHI U TapaMeTpoM (cucteMa | Bua)

X(t) = A()x(t) + B(t, A)x(h(t)) + f (t,x(t),x(h(t)),4),
B kotopoit A(t), B(t,A) — HenpepwiBHbIe (Nxn)—Mmarpuisl, f(t,X,y,4) — n—-MmepHas
BekTOp-pyHKuus, h(t) — orkmonenue, A — mapamerp.
2. Henuneitnas cucrema nuddepeHnaibHbIX YpaBHEHH 3ama3/IbIBAIOIIET0 THIIA C

napaMeTpom (cucrema 2 BUAQ)

X(t) = A(t)x(t)+ A(t, A)X(t) + B(t,/i)Ty X(t)+ f(t, X(t),Tﬂ X(t),A)+ fN(t,ﬂ,),

B KoTOopor A(t), K(t,l) B(t,A) — "HenpepwiBHbIe (Nx N)—maTpunsl, f(t,X,y,4), fN(t,/I) —

N —MepHbIe BEKTOP-PYHKIIHNH, T,,_ orepaTop ciBura, A — mapamerp.

PaGora HampaBieHa Ha (QyHAAMEHTAIBbHYIO MpOOJEMy OTBICKAHHSA YCJIOBHMA
CyLIECTBOBAHUSI HETPUBHUAJIBHBIX PEIICHUN JBYXTOYECYHOM KPACBOM 3aJ1a4l HEJIMHEWHBIX
cucteM Tud@epeHInalbHbIX YPABHEHUN C OTKJIOHSIOIMMCS apryMEHTOM U [apaMeTpoM,
ONMCHIBAIOIIMX MHOTME IMPOLECCHI C MOCICACHCTBUEM M 3ala3[bIBAIOIIMMU CBA3SMH, B
KOTOPBIX COCTOSIHME (DU3UYECKUX CHUCTEM B JaHHBIH MOMEHT BPEMEHHU CYIIECTBEHHO
3aBUCUT OT UX COCTOSSHUM B MPOLUIOM. AKTYaJbHOCTh JAHHOW MPOOJEMBbI TUKTYETCS
XapaKTEpPHBIMU  JUISl TOCIEJHUX JIECATWIECTUH HHTEHCHUBHBIMH  HCCIEJOBAaHUSMU
MAaTeMaTUYECKUX MOJEIENR C OTKIOHEHUEM, CTHUMYJHUPYEMBIMA MHOTOYUCIECHHBIMU
OpWIOKEHUSAMU T (PEepeHInaIbHbIX YPABHEHUHM C OTKJIOHSIOIIMMCS apryMEHTOM.
[TockonbKy 007aCTh IPUIIOKEHUST OOIIMPHA, TO €CTECTBEHHBI CI0KHOCTH M1 MHOTOOOpasue
MOJIy4aeMbIX MAaTeMaTHYeCKUX wMoxaened. B cuny 3TUX npuuMH OOLIEro peleHus

MOCTABJICHHOW MPOOJIEMBI TIOKA HE HAWJICHO.



OTmeTuM, YTO B JWTEparype OOJbIIOE BHUMAHUE YICIAJIOCh U YACNACTCS
pazIuMYHBIM 33a4aM TEOPUM YCTOMYHMBOCTH CHCTEM C IIOCIEACHCTBHEM. 3ajada XKe
MCCJIEI0BAHMS HEIMHEUHBIX CUCTEM NU(PEepeHIIMaIbHBIX YPABHEHUI C OTKIOHSIIOIUMCS
apryMEHTOM M IapaMeTPOM, B YaCTHOCTH, CUCTEMBI | BUJa C OTKIIOHEHUEM ITPOU3BOJIBHON
CTPYKTYpBI, SIBISI€TCS Majlo HU3y4yeHHOW. B paMkax maHHOM paboThl INpeanonaraercs
MOJIYYUTh KayECTBEHHBIE METOJbl HCCJIENOBAHMUS TAaKUX CUCTEM W MPUMEHUTh HUX K
UCCJIEJOBAaHUIO KOHKPETHBIX MOJIEJICH, ISl KOTOPhIX IOKa He pelieHa npoliema BbiOopa
MaTEMaTHUYECKOTO anmapara.

B pabote uccrenytorcs cucremsl nuddepeHInaNbHbIX yYpaBHEHUH CIENHUaIbHOTO
Buja (cuctema 1 BUja u cucreMa 2 BU/Ia) C 1I€JIbI0 ONPEEICHNs YCIOBUN CYIIECTBOBAHMS
HETPUBUAIIBHBIX PELICHUHA JABYXTOYEYHOM KpAacBOW 3aJadyd B JOCTATOYHO Majou
OKPECTHOCTH TpUBUAIbHOrO pemieHud. Cucrema nud@epeHIuanbHbIX YpaBHEHHH C
OTKJIOHSIFOLIMMCSI apIyMEHTOM |1 BHJa B OTJIMYHE OT CUCTEM, PAaCCMOTPEHHBIX B paboTax
b.I'. I'pebenmukoBa, O.M. Kiona, B.B. Manbirunoii, umeer BEKTOPHBI mapaMmerp
IPOU3BOJIBHOE OTKJIOHEHHE. (Cuctema SBISECTCA HEJIWHEWHOM, 4YeM OTJIMYAeTCs OT
JUHEHHBIX CHCTEM C IMOCJHeAecTBUEM, H3yueHHbIX B paborax H.B. Asbenepa, I1.M.
CumonoBa, B.B. ManeirnHoi. OTKIOHEHME HOCUT TaKOM XapakTep, YTO HaydajbHbIE
(YHKIIMM COBHAJAIOT HE C HYJEM, a C HayaJlbHbIM 3HAYEHHEM Ha BCEM Ha4aJlbHOM
MHOKecTBe. KOHCTpYKTHBHBIE METO/BI, MCHOJIb3YyEMblE MHOTMMH aBTOpaMH s
UCClIe/IOBaHUs cucTeM Ju(pdepeHalbHbIX ypaBHEHUH, K PEHICHUIO IOCTaBJIECHHOM
npoOiemMbl He TOpuUMeHUMBI. lccnenoBaHus ¢ HCHONB30BAHUEM KOHCTPYKTHBHBIX
METO/IOB, IIPH KOTOPBIX UCXOJHAsS 3a7a4ya alllPOKCUMUPYETCS, SIBISIOTCS JOKAIbHBIMU T10
BpeMeHU. PaccmarpuBaemas ke B pabore cuctema | BHAa HMMEET INPOU3BOJIBHOE
OTKJIOHEHHUE, TO €CTh B JIFOOOH MOMEHT BpPEMEHHM (PYHKIUSI OTKJIOHEHHSI MOXKET BBIUTH 3a
npenensl cerMenTa. [loaToMy npuMeHeHrne MeTo/a I1aroB, a 3Ha4uT, U U3BECTHBIX TEOPEM
CYLIECTBOBAHMSI M E€IMHCTBEHHOCTH PELICHUS OCHOBHOM HAYaJIbHOM 3aJlayM, SIBISETCS
HEBO3MOKHBIM.

CrnenyeTr OTMETUTD, UTO B pabOTE HE UCIOJB3YETCSI METO/ MPEICTABICHUS PEIICHUS
B BUJIE TPUTOHOMETPUUYECKOIO0 MHOrousjeHa B oriauuue ot padbor C.B. borarosoi, I'.C.

JlykpssHOBOM. MeTon, NpenyoKeHHbI B padoTe [UIsl MCCIENOBaHUA cHCTeMbl | BuAa,



MO3BOJISIET PelIaTh 0ojiee MMUPOKUNA CIIEKTP 3aja4, UCCIeIOBATh PA3HOOOpa3HBIC MO CBOCH
CTPYKTYpE MaTEMaTUYECKUE MOJICIIH.

PaccMoTpennas B pabore  cucremMa  Jud@PepeHUHATbHBIX  YpaBHEHMM
3ama3fplBalolIero Tuna (cucrtema 2 BuAa) B OTIMYHME OT CHUCTEM, M3yYEHHBIX B padoTax
H.B. AsbGeneBa, b.I'. I'peGeHimukoBa, MMeeT BEKTOPHBIM IMapaMeTp M 3ara3jbIBaHUC
CIICIMAIIBHOTO BUJA. 3ara3JblBaHUE HOCUT TAKOW XapakTep, 4To He TpeOyercs BBOAUTH
HaYaJIbHYI0 (DYHKIIMIO, KaK JUIsi CHCTEM C TIOCTOSIHHBIM 3alla3/IbIBAHUEM, HadabHBIN
MPOMEXKYTOK BBIPOXKIAETCS B TOYKY. B paboTe He mpeamojaraeTcs HCIOIb30BaHUE
METO/Ia PA3JI0KEHUS PELIEHUS IO CTEIEHSIM MapaMeTpa U HadalbHBIX JAaHHBIX. B OCHOBE
UCCIEIOBAHUM CHCTEMBI 2 BHjaa, B oTiauuue or padbotr M.T. Tepexuna, A. Xananas, /.
Bexkcnepa, nexuT cnenuaibHbIM 00pa30M MOCTPOCHHBIM BUJT PEIICHUSI, YTO TTO3BOJIUT JIJIs
pEIICHUS ABYXTOUYECUYHOM KPAeBOM 3a/1a4M CyUIECTBEHHO IPUBJICYb CBOMCTBA HEJIMHEHWHBIX
YacTel CUCTEMBI.

Mertoapl pernieHus HeMMHEHHbBIX AuddepeHInanbHbIX YPaBHEHUN, UCTIOIb3YEMbIC B
paborte, AeNal0T BO3MOKHBIM HCCIIEIOBAaHUE OOIMPHOTO KPyra HOBBIX 3a/1a4. Tem cambiM,
OOJIBIIMHCTBO U3 0KUIAEMBIX PE3YyJIbTATOB SBISIOTCS a0COTIOTHO HOBBIMU.

IIpoBeneHHbIE HCCIAECAOBAHUSA

1. Jloka3zaHbl TEOpEMbl O CYLIECTBOBAHUM, E€IUHCTBEHHOCTM U HENPEPHIBHOM
3aBUCUMOCTH pelIeHuil cucTeM (PyHKIMOHaNbHO-AU(PdEepeHIInaNbHbIX YpaBHeHud 1 u 2
BUJIa OT IapaMeTpa U HayaJbHbIX JAHHBIX.

2. Tlomyuenbl (yHIaMeHTaIbHBIE TEOPEMbI O CBOWCTBAaX pEIICHUU CHUCTEM, B
YaCTHOCTH, T€OpPEM 00 YCIOBHUSX MPEACTABICHUS PEIICHUN cucteM TuddepeHnanbHbIX
YPaBHEHHI 4yepe3 BEKTOP Ha4aJbHOIO 3HAYEHHUS U MapaMeTp.

Crnenyer OTMETUTh, YTO B OTJIMUKE OT OMYOJMKOBAHHBIX PE3YJbTATOB HUCCIEIOBAHUS
CTPYKTYpbl PEIICHUN cucTeMbl | BuAa pe3ysbTaThl UCCIEIOBAHUS CTPYKTYpPbl PEIICHUI
CUCTEMBI 2 BUJIA TIOJYYEHBI, JI0J0KEHbI HA CEMUHapax, HO MOKA He OMyOJIMKOBaHBI.

IIpoekT Oyaymmx uccjae 0BaHu

3ajady MOMCKa YCJIOBUM CYIIECTBOBAHUS HETPUBHUAIBHBIX PEHICHUN ABYXTOUYEYHOM

KpacBOM 3aJauyd CHCTEMbI | BHJA MPENANOJIaraeTcsi CBECTH K 3aJaye IMOUCKA YCIOBUH

pPa3pelIUMOCTH OIMEPATOPHOTO YPAaBHEHUS PA30MEHUEM KOHEYHOMEPHOTO BEKTOPHOIO



IIPOCTPAHCTBA HA NMPAMYI0 CYMMY TPEX MOAIPOCTPAHCTB, OJHO U3 KOTOPHIX HHBAPUAHTHO
OTHOCHUTEJIBHO BCIIOMOI'aTEIBLHOTO OIIEpaTopa.

[Ipeanonaraercs noApoOHOE UCCIEIOBAHUE MOJYYEHHOTO ONEPATOPHOTO YPaBHEHUS
C MOMOIIBIO PA3JIOKEHUsI POPM B CTEIEHHBIE PSAJbI U MPUMEHEHHUS METO/1Aa HEMOABHXKHOM
TOYKHU.

[IpoOnemy cCylecTBOBaHHS HEHYJIEBBIX PELICHUI JBYXTOYEYHOM KpaeBOMl 3a1auu
CUCTEMBI 2 BHJA IUIAHUPYETCS CBECTHM K 3aJadye IIOMCKA YCJIOBHMM CyLIECTBOBAHUS
HEHYJIEBOM HEMOJABWXKHOW TOYKH HEJIMHEWHOTO OIEPATOpa, IOCTPOEHUE KOTOPOTO
OCHOBAHO KaK Ha CBOWMCTBaX MATpULBbI JMHEHMHOrO0 MPUOIMKEHMs, TAK U Ha CBOWCTBAX
HEJIMHEUHBIX YICHOB IPABOM YaCTU CUCTEMBI.

K oxungaeMbIM pe3yJibTaTaM Hay4HOTO UCCIEA0BAHUS OTHOCATCS:

1. BriBog anropurTma Mosiy4eHHs HEOOXOAMMBIX YCIOBHHM M JOCTATOYHBIX YCJIOBUN
CYILLIECTBOBAHMUS HETPUBUAIBHBIX PELICHUN JABYXTOYEYHOM KpacBOM 3aJayd CUCTEMBI
auddepeHIrnaIbHbIX ypaBHEHUH C OTKJIOHEHHMEM | BHJa MyTeM CBEACHUSA 3aJa4uu
HCCIIEZIOBAHUS K MPOOJIeMe pa3peliuMOCTH ONIEPAaTOPHOTO YpaBHEHHUS.

2. OmnpeneneHue BIUSHUS HEJIUHEUHBIX YIEHOB CHCTeMbl JU(D(epeHIInanbHbIX
ypaBHEHMH | BuJa Ha yCIIOBUS CYILECTBOBAHUS HETPUBHAIBHBIX PEIICHUM JBYXTOYEUYHOU
KpaeBOM 3a7jauu.

3. IlomydyeHue yCHOBUM CyLIECTBOBAaHUS HEHYJIEBBIX PELIEHUHA JBYXTOYEYHOU
KpaeBOM 3aJ]a4M CUCTEMBI 2 BUJA C UCIIOIb30BAHUEM CBOWCTB HEJIMHEWHBIX YJIECHOB.

4. Pemenne  ABYXTOYEYHOM  KpaeBOM  3aJaud  HEJIMHEWHOM  CUCTEMBI
g depeHuranbHbIX ypaBHEHUH | BUIa METOAOM JTMHEHHOTO IPEOOPa30BaHUS.

5. PellleHue [BYXTOUYEUYHOM KpaeBOW 3ajlaud CHUCTEMbl 2 BHJA [0 TEPBOMY
npUOTMKEHUIO.

6. IlomyuyeHue NOCTATOYHBIX YCIOBHW CYLIECTBOBAaHUS M OTCYTCTBUS HEHYJIEBBIX
pELICHNI NBYXTOYEHYHON KPacBOM 3aJauu I CUCTEMBI 2 BHJA B KPUTHUYECKOM Cllydac,
KOTJla BEKTOP-(QYHKIHUS, 3aBUCSIIAS TOJBKO OT BPEMEHHM W TapaMeTpa, oOpaimiaercs B
HYJIb.

7. VccnenoBaHre YMCIEHHBIX IPUMEPOB U KOHKPETHBIX MAaTEMAaTUYECKUX MOJENEHN B
SKOHOMHUKE, OHOJIOTMM, HMMYHOJOTMM M XHMHHM C LEJIbI [OJYYEHUS YCIOBHM

CYIICCTBOBAHUA HCTPUBUAJIIBHBIX pGH_IeHI/Iﬁ ,HBYXTO‘{C‘IHOﬁ KpaCBOﬁ 3aJa4H.



IIpenonaBaTe/ibCKUi ONBIT U MEAATOTHYECKHUE MJIAHBI

IIpenonaBarenbckuit onbIT — 3 roga. C utoHs 2006 roma mo HacTosiee Bpems
padorato B ['OYBIIO «MOCKOBCKHMII TOCYyIapCTBEHHBIH YHUBEPCUTET MNPUKIATHON
ouorexnonorun» (MI'VIIB) B momknocTu nmomenta kadeapsl «Bricmias marematuka u
TEOpEeTUYECKasi MEXaHUKa», a Takxke ¢ oKTsI0ps 2006 roja mo HacToslee BpeMs SIBISIOCH
3aMmecTuTeNleM Jekana (akynprera «Mexarponnka W pobororexHukay MIVIIB. 3a
yYKa3aHHBIM TEepUOj] TPOBOJWIA BCE BHUIbI YUYEOHBIX 3aHSITHM, BKIIOYAs JEKIUH H
MPAaKTUYECKUE 3aHATHS 10 aucuuiuimHam — «Beicmiags  marematuka», «Teopus
BEPOATHOCTEW», «MaremMarndeckass CTAaTUCTHUKa», «BblUHCIHTENBHAS MAaTEMaTHKa,
«JluckpeTtHag Marematuka», «MaremaTHyeckoe MporpaMMupoBaHue». B pamkax
MeToaudeckoil paboTel B 2007 roay M3AaHbl METOJAMYECKUE YKa3aHUS ISl CTYICHTOB BCEX
CIIELIMAJIBHOCTEN N0 TeMe «J/IBOWMHBIE M TPOWHBIE MHTErpajb». ['OTOBIATCA K W3IAHUIO
yueOHoe nmocoOue «BrruucnurenbHas MaTeMaTHKa», a TAKXKE METOJIUYECKHE YKa3aHUs 110

TemaMm «BBeneHue B MaTeMaTUYecKuil aHanu3» U «OnpeeICeHHbIA HHTETpa».
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