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TEOPETUYECKAS YACTH

QopMyIMPOBKA, TEOPEMBI CYIIECTBOBAHUS PEIIeHUs] CUCTeMbl JudepeHnalbHbIX YPABHEHUIA.
JlokazaTesibCcTBO TeopeMbl CyIIeCTBOBAHUA sl OJHOTO ypaBHeHud Buma & = ou(t,z), * € R.
Ceegnenne nudpepeHImaJbHON0 yPAaBHEHNT K HHTEIPAJIBHOMY.

DopMyIHPOBKA TEOPEMbI €IMHCTBEHHOCTH PeIleHus CHCTeMbl auddepeHnnaabHbIX YPaBHEHNIA.
Jlokazare/bCTBO TEOPEMbBI €MHCTBEHHOCTY JIIs OJIHOrO ypasHeHus Buga & = v(t,z), x € R.
[Ipumep muddepennuaTbHOrO ypaBHEHNS C HEIIPEPBIBHON IPaBOil IaCThI0, JAjIsi KOTOPOTO HE BbI-
[IOJIHSETCH TEOPEMa eAUHCTBEHHOCTH.

Crelenrie HOPMAJILHOTO YPABHEHWS BBICITIETO TOPSIIKA K CHCTEME YPaBHEHWI TIePBOTO TOPSIIKA.
TeopeMbl CyITIECTBOBAHUS U €IMHCTBEHHOCTH pelerus 1uddepeHIna bHoro ypaBHEHNS BBICIIIETO
TTOPSA/IKA KaK CJAEJICTBUS aHAJOTUIHBIX TEOPEM JIJI CUCTEM YPaBHEHUIT TTEPBOTO MOPSTIKA.

Teopema cymecTBOBaHUS U €INHCTBEHHOCTH HEIIPOIO/IKAEMOTr0 perneHns 3aaadu Ko 11 Hop-
MaJIbHOM CUCTEMBI C HENPephIBHO Auddepennupyemoii mpaBoii 9acThio. TeopemMa 0 mpoao/I2KeHIn
pelIeHnii 0 TPAHUITEI KOMIIAKTA B PACIIHPEHHOM (Pa30BOM MIPOCTPAHCTBE JjIsI HOPMAJILHOM CH-
CTEeMbI C HENpPepPbIBHO Auddepennupyemoit mpaBoii 9acThbio. Teopema 0 TPOIOKEHUN PeIIeHuit
IO TPAHUITHI KOMIIAKTa B (a30BOM IIPOCTPAHCTBE JJIsi HEIIPEPBIBHO AudDepeHnumpyeMoro BEKTOp-
Horo noJst. (Beé ¢ jokazarenscreamu. )

Teopema 0 TIPOJOIKEHNN PEIIEHN CUCTeM JUHENHBIX OJHOPOIHBIX YPABHEHUH C TepeMeHHBIMHI
k03 durmenramu. Hermpookaembie perieruss CUCTEMbI U3 N JTUHERHBIX OJHOPOJHBIX ypPaBHE-
HUll 06pa3yoT BEKTOPHOE IIPOCTPAHCTBO pasMepHocTu N. PyHaMeHTaIbHAS CUCTEMA PElIeHuil,
onpenenutent Bpouckoro. @opmysa Jlnysumas—Octporpagackoro. OyHmaMeHTATBHAST MATPHUIIA.

Hempomonkaembie perennst TUHEHHOTO OTHOPOIHOTO yPABHEHUS TTOPSIKA 1 00PA3YIOT BEKTOPHOE
MTPOCTPAHCTBO pa3MepHOCTH n. PyHIAMEHTAJTbHAS CUCTEMa PEeIeHuit, onpeIenTe b BpoHCKOro
u dopmyia JIuyeuaas—OcTporpagckoro st JUHEHHBIX YPABHEHUH BBICIIErO TOPSIIKA.

Teopuga IlItypma: Teopema 0 TIepeMezKaeMOCTH U TeopeMa CPaBHEHMUSI.

Kiacendukanus n30mpoBaHHbIX 0COOBIX TOUEK JIMHEHBIX BEKTOPHBIX 110J1€il Ha 110cKocTH (H/y
y3eJ1, H/y BBIPOXKJIEHHBIH y3e/1, H/y AUKPUTUUIECKUil y3es1, ceaio, H/y GOoKyc, TEeHTD).

JIuHeitHbIE OIHOPOJIHBIE CUCTEMbBI C MOCTOsIHHBbIMU Kodd duimentamu. ObIiee perreHne CucTeMbl
C IMAaroHaJM3UPYEMOil MaTPUIIENl C BENECTBEHHBIMU COOCTBEHHBIMU 3HAYEHUSIMU.

OrnpejieieHne SKCIIOHEHTHI MATPUIIBL. JKCIOHEHTA CyMMbl KOMMYTUPYIOIIX Marpur. Popmysia
Jutsd pertenud 3aadu Koy cucTeMbl IMHERHBIX OJTHOPOHBIX YPABHEHUN C TOCTOAHHBIMUA KO3(]-
dunumenTamu Yepe3 MaTPUIHYIO SKCIIOHEHTY.

DKCIIOHEHTa, YKOPJAAHOBOI KyieTKu. Komiekcudukays 1 OBEIECTB/IEHNE BEKTOPHOTO IIPOCTPAH-
CTBa, JUHEHHOTO OTepaToOpa W €ro MAaTPUIIbl. DKCIOHEHTA JUATOHATUIUPYEMON MATPHUITBI C KOM-
TJIEKCHBIMU COOCTBEHHBIMU 3HATEHUSIMU.

Daz0BbBIi MOTOK BEKTOPHOTO TOJId. ['pymmoBoe CBOCTBO.
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Jlemma I'poryosna 06 omenke byHKIMT, yIOBJIETBOPSIONIEH HHTErPAJIHLHOMY HepaBeHCTBY. Dop-
MYJIIPOBKA T€OPEMbI O HEIPEPBHIBHOM 3aBUCUMOCTH pelllennsd 3a/1a4u Ko oT Ha9aabHbBIX YCJI0-
BUil U mapaMeTpoB. Ké 1oKkazaTeibCTBO JIJist OJHOIO YPABHEHUS, 3aBUCSIIEr0 OT OJHONO HapaMeT-
pa.

Cucrema ypaBHeHUIT B BapUaIlUsIX M0 HadaIbHOMY ycioBuio. Popmyanpoeka Teopema o audde-
perrpyemoctu (0fuMH pa3) pemrenus 3agadn Komm mo Ha9aJbHBIM YCJIOBUSIM (YacTHAS MPOU3-
BOJIHAsS YJIOBJIETBOPSAET yPABHEHMIO B Bapuanmsx). Ké 10Ka3areanCTBO JJIst OJHOrO yPABHEHUSI.
Jlemma A mamapa.

Cucrema ypaBHennii B Bapuanugx no mapamerpy. luddepenrupyemMocts (0iH pa3) pelienus
cucTeMbl 10 napamerpy (Ipom3BOjHAS YJO0BIETBOPSET ypaBHeHMIO B Bapuanusix). Ceejenne k
TeopeMe O 3aBUCAMOCTH OT HAYAJbHBIX YCJIOBUI.

DopMyIMPOBKA TEOpeMa 0 MHOTOKPATHON MudOepeHIINPYEeMOCTH PEIIeHNsT CUCTEMbBI 110 HAYaJTh-
HBIM yCI0BUsM. Eé m0KazaTeabCcTBO /s OJHOTO ypaBHeHusi. Muorokparhas auddepeniupye-
MOCTH perrerus 3aaaqn Ko mo mapaMerpy Kak e€ Ciie/ICTBUE.

DopmynmpoBka Teopembl 0 muddepeniupyemoctr (pa30BOT0 MOTOKA BEKTOPHOTO IOJIsI IO BPe-
Menu. E€ mokazaTeanbCcTBO Mg TOJId Ha MpaMoit. TeopeMa 0 BRIIPAMJIEHUN BEKTOPHOTO TOJIS B
OKPECTHOCTH HEOCOOO# TOUKM.

[Tepsoiit marerpas cucremsr pudpdeperimanbabix ypasuenunii. [Ipoussonnast pyHuxmmm B1o/1b BEK-
TopHOTO 1OJd. Teopema 0 CyIIecTBOBAHNU MOJTHOM CHCTEMBI IEPBBIX WHTEI'PAIOB B OKPECTHOCTHU
Heoc000# TOYKU BeKTOPHOTO 110Jist. OO0IIee pelenne JIMHEHHOTO OJJHOPOIHOTO YPABHEHUS B 9aCT-
HBIX TTPOU3BOIHBIX MTEPBOTO MOPSIIKA B OKPECTHOCTH HEOCODO# TOUKHM XapaKTePUCTUIECKOTO BEK-
TOpHOTO ToJis1. CyIIecTBOBaHME U eIMHCTBEHHOCTD pertienns 3aga4u Ko ypaBHEHUS B YaCTHBIX
MIPOU3BO/IHBIX B OKPECTHOCTH HEXAPAKTEPUCTUIECKO ToukH. [IpuMeps! HapyIIeHnst CyIeCcTBOBaA-
HUS U €IMHCTBEHHOCTH B OKPECTHOCTH XaPAKTEPUCTUIECKON TOUKH.

YeroitunBocTh 10 JIAMYHOBY M aCHMIOTOTHYECKAs YCTOWYUBOCTH pelieHus: cucteMbl. OyHKITHS
Jlanynosa. Teopema JlamyroBa 06 ycroitanBocTu 0c000# TOYKM BEKTOPHOTO TOJIA TPU HAJTHIUU
dyuknun Jlanynosa. Teopema 06 ycroituuBocTu 0c060i TOYKH BEKTOPHOIO IMOJIS MO JIMHEHHOMY
npubsimkennio. Pyukius JIdmynoBa s y3J1a, BEIPOKIAECHHOTO y3Jya U (DOKyca. YCTONINBOCTH
pelIeHnil JUHEeHHBIX BEKTOPHBIX IIOJIei.

JIuneiinbie cucremsbl ¢ epuogndecknmu Kodddunmnentamu. Omneparop MoHoapoMun. My abTurm-
KaTopbl. CBsI3b MYJBTUILIUKATOPOB C YCTONIUBOCTHIO PEITIeHMIA.

[Ipenenvable TUKJIBI. YCTOWYNBLIE, HEYCTONYNBLIE W TIOJYYCTONYUMBLIE TMpeIeTbHbIE UKL Ha
mirockoctu. Oroopazkernue [lyankape. CBsi3b yCTOWUNBOCTH MPEIEIBHOTO [IUKJIA, C MIPOU3BOIHOMN
orobpakenus Ilyankape. @opmysia s OTpom3BojHOM oToOparkenus llyankape Ha mja0CKOCTH
qepe3 JUBEPrEeHITNI0 BEKTOPHOTO TOJIS.

Teopema o ckopocTn m3mMeHeHUst 00bEMa, 0bacTn Tipn AeficTeun (pa3oBoro moroka. Teopema /lo-
Jlaka 00 OTCYTCTBUU ITHKJIOB.

Pasromepro pacnpegenénnabie mocaenoBaTenbHOCTH. OOMOTKY TOpa, PAIMOHAILHO-HE3aBUCMBIiH
cayqdait. Teopema Bupkroda—-Xununna.
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[IPAKTUYECKASI YACTb

. Iuddepennmanbroe ypaBHeHre Kak 0Ji€ HAIPABIECHUH HA IJIOCKOCTU. PUCYHKM MHTErPAJIbHBIX

KPUBBIX aBTOHOMHOTO Ju(pdepeHninaabHoro YypaBHEHUs C UCC/IeIOBAHUEM €/IMHCTBEHHOCTH.

Permterive ypaBHeHniI mepBOro mopsiaka B HOPMAJIbHON U CHMMETPUIHON hOpMe CIeTyIONuX TH-
IIOB: C PA3IEJAONINMUCI IePEMEHHBIME, B TMOJHBIX ArddepeHInaiax, 0JHOPOIHbIe, KBA3HOTHO-
poaHbIe, TMHEHHDBIC.

. YpaBHeHUsl, HE PAa3PElIEHHbIE OTHOCUTEIHHO IPOu3BoAHO0I. Ocobble pereHust.

Permtenve jinaeitHOro HEOIHOPOIHOIO YPABHEHUS BBICIIETO MOPS/KA C MOCTOAHHBIMU KO3MDduiu-
eHTaMU ¥ KBA3UMHOTOUIEHOM B TIpaBoit yactu. OaHOpoaHbIe ypaBHeHUs Jitntepa. Perernne ypas-
HEHM JTHHEAHBIX HEOIHOPOIHBIX YPABHEHN BTOPOTO MOPIIKA C MOCTOAHHBIMI KO3 PUITHEHTAMT
METO/IOM BapHWallN¥! MOCTOSTHHBIX.

Pemenne 3amaan Kot g1t muHENHHBIX OJIHOPOIHBIX CUCTEM 2 X 2 1 3 X 3 C BeIeCTBEHHBIMU 1
KOMILJIEKCHBIME COOCTBEHHBIMU 3HAUEHNAME. BbIancieHne 3KCIIOHeHThI MaTPHUIlbl. Pa30BbIe TOPT-
pPeThl HEBBIPOXKIEHHBIX CHCTEM Ha TLJIOCKOCTH.

Pertiennie muneitHoit HEOIHOPOTHON CUCTEMBI 2 X 2 C TOCTOSTHHBIMU KO3 DUITHEHTAMY U KBA3UMHO-
TOYJIEHAMU B MPABBIX YaCTIX. Perrenne JuHEWHONH HEOIHOPOIHON CUCTEMBI 2 X 2 C TTIOCTOAHHBIMU
k03 durmeHTaMu MeToI0M BAPUAIUHU TTOCTOSTHHBIX.

YpaBHeHUe B BapHaIUgX 110 TapaMeTpPy U HAYaAJIbHBIM YCIOBUIM ISl CUCTEM U ypaBHeHU. MeTos
MaJIOro Hapamerpa.

®azoBble MOTOKHU. BRIMpsiMyIeHIe BEKTOPHBIX MOJIell Ha MI0cKocTH (siBHbIH Bu nuddeomopdus-
Ma, 0OPATHOTO K BBIIPAMJISIONIEMY ).

Hemee nHTEeTrpaJibl aBTOHOMHBIX CHUCTEM. Jluneitanie OZHOPOJAHBIE YPABHECHUA B YaCTHBIX ITPON3-
BOJJHBIX. Ba/:[aqa Komm n HaXO0KJCHUE XapPaKTEPUCTUIECCKNX TOYEK.

Uccnegoranme 0cobbIX TOUEK Ha YCTOWUWBOCTH 10 JUHEHHOMY Tipubsmkennto. Ompegesienne ux
tumna. (He 3a6p1BaTh PO MCKTIOYUTEBHBIN Corydaii eHTpal)

®a3zoBble TOPTPETH ypaBHeHUs HptoToHa. @a30Bble MOPTPETHI ABTOHOMHBIX CUCTEM HA ILJTIOCKOCTH
C HCCJIEJOBaHIEM OCOOBIX TOYEK.

Daz0Bbie MOPTPETHI C IPEIEJIbHBIMU [IMKJAAMEU B [OJSPHBIX KOoOpAuHaTax. VccaeqoBanue muk/ia
Ha YCTOWYMBOCTDH C MTOMOIIBLI0 (DOPMYJIBI JJIst TTPOU3BOTHOM oTobparkenus [lyamkape.

YeroituusocTh  pemennit  (OIHOPOJHBIX M HEOJHOPOJHBIX) JHMHEHHBIX CUCTEM C MOCTOSTHHbI-
mu KodddurmenTamu. Boraucienne oneparopa MOHOAPOMUE st 1) THHEHHOTO OJXHOPOIHOTO
ypaBHEeHUsI ¢ nepemenubiMu Ko3dbdunmentamu; 2) MUHEHHON OJIHOPOAHON CHUCTEMBI ¢ KyCOYHO-
nocrosHHbIME KO3 durmentamu. Vccnenosanue ycroitansoctu: 1) perenuii (0JHOPOJHOTO UK
HEOJIHOPO/IHOTO) JIMHEHHOrO ypaBHEHUs ¢ nepeMeHHbIMU Koy dunmenramu; 2) pemennii uneii-
HO#I OJTHOPO/IHO¥ CUCTEMBI C KYCOYHO-IIOCTOSHHBIMU KO3 PuUiinenTamu.



BOIPOCHI M 3AJIAYM J1JIs1 T1OJITOTOBKU

. Jlokazarb, aro det et = 4.

. Jokazars, aro det ®A = | det A|? rue ®A — oBemecrsienne koMmtekcHo# Marpursr A.

Haiitn o6pas xBaapata |z| + |y| < 1 npu jeitcTBun hazoBoro moToka ¢ BeKTOPHOTO ToJis
T = 2xr—y
y = 2x

3a Bpemda t = /4.

BorancenTs SKCIOHEHTY MATPUITHl pa3Mepa N X 1, COCTOAIIeNH N3 OTHUX €IUHMAII.

Haittn mpeobpazosanme (pa3zoBOTO TTOTOKA CUCTEMBI, TTPEACTABUB €€ KaK OBEIIECTRIECHNE CUCTEMBI
u3 JIBYX KOMIUIEKCHBIX YpaBHeHuii (2 = x + iy, w = u + iv).

T = 2y+u
y = —2x+4v
U = x
U=y
Haiitir pemenne ypasrennsi exp X = —FE OTHOCHTEIBHO HeM3BeCTHOTO omeparopa X : RZ — R2.

Jokazarh, uro B He4éTHOMEepHOM R" 3T0 ypaBHEHUE HEPA3PEIITUMO.

[Ipm xKakoM 3HAYEHUN MapaMeTpa (i BCe PEIIeHNs CHCTEMBI

{i = r+y—1

Vo 2
Yy = prtytp
neorpanndennl Ha R? [Ipu srom @ Haiitu npeobpazoBanme (ha30BOTO MOTOKA CHCTEMBI.

Haiitu dazosbiit noTok cucrempbr X = AxX, rue

0 -1 -2
A=|1 0 =2
2 2 0

Jlnst Kakux HEHYJIEBBIX @& BCE pemrenus cucrembl X = AxX + asin 3t nepnognyeckne?

Haiitu npeobpasoBanue $HazoBOro noToka Ha MPIMOl U IPOBEPUTH I'PYIIIOBOE CBOWCTBO:

a) © = 2ux;

6) © =z In|z|;
B) & = sinz;
r) @ = 22,



10. Haittu

d —1 0 O 1 1 1
d—exp(A +sB)| , A= 0 1 0], B=|111
5 5=0 0 00 111

11. /Ioxa3arh, ITO HEMPOMOJIKAEMbIE PEIIeHNs YPaBHEHN

2 -1
.: 2 1
x e+ 7752—%1

OMpeJIe/IeHbl Ha, BCEll YnC/IOBOM mpsaMoii. (YKazaHue: BOCIOIb30BATHCS eMMoii ['poryosiia. )

12. Haiitu dpyuknun JIganyroBa u J0Ka3aTh aCUMITOTHIECKYIO YCTOWIUBOCTH HYJIEBBIX IMOJIOXKEHUN
PaBHOBECHS CJIEJYIOIINX CUCTEM:

T = —r—y+uxy & = x/3—2y/3+ xy?
g = 20—3y+a2—y> "’ gy = 2u/3-y+a’y

13. UccnenoBaTh Ha yCTOWYMBOCTD HYJIEBOE MOJIOKEHTIE PABHOBECHE CHCTEMBI

P o= z—y+y?
Yy = 2x—y+x3

un omnpeaeJnTh ero THIl. ABisierca M OHO ACUMIOTOTUYECKU yCTOfI‘{I/IBI)IM?

14. Hapucosarb (a3osbie Kpusble npocTeiiineii Moje n XUIHIK-—2KepTrBa (T — Kapacu, § — HyKH)

mpu x > 0, y > O:
{a’c = z-zy (1)
y = —ytuay

15. Ipu xaxux p pemrenust ypasuenns & = (cos®t + a)x + cos® ¢
a) ACUMIITOTUYECKU yCTOﬁqHBbI;
6) ycroituuesl o JISmyHOBY, HO HE ACHMOTOTUIECKH;
B) HEYCTOIYIUBBI?

[Ipu Kakux @ 9TO0 ypaBHEHNE UMEET eJUHCTBEHHOE 2T-TIEPUO/IUIECKOe pPelleHre?!

16. Ilpm Kakux [ PereHnsi CUCTEMbI

P = 2qu+y_|_€c052t
y = z+In(1l+sint)
a) aCHMITOTUYIECKH YCTOWINBBI;
6) ycroitumBsl mo JIAMyHOBY, HO HE ACUMIOTOTHIECKH;

B) HEYCTOWYNBBI?

[Ipu kakux @ 9Ta CUCTEMA UMEET eJMHCTBEHHOE T-IIEPUOMIECKOe pertenne’?
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IIpu KaKUX [i BCE PeIleHns ypaBHeHus: & + ux = cos? t meorpanndenst npu t > 07 pasrorcs jm
OHU

a) aCUMITOTHYECKH YCTONYUBBIMY;
6) ycroiiumBbiMu IO JISIIyHOBY, HO HE aCHMITOTHYIECK;

B) HEYCTOWIHUBBIMU?

Haiitu MysibTUILIMKATOPBI CUCTEMBI:

x = A(t)x,

rie
A1, ecmm {t} <1/2
Alt) = { Ay, ecm {t} >1/2 °

A1:<—1 3 ) AQZ(—1 0 >;
0 -1 3 -1
¥ WCCJIEJIOBATH HA yCTOMYMBOCTH €€ PEeIeHusl.
Bepno s, uT0 ecyi Bce COOCTBEHHBIE UUC/Ia MATPUIIBI A(t) CHCTEMBI
x=A(t)x, Alt+T)= A
C TIEPUOANIECKUMI KO3D(DUIIMEHTAMN OTPHUIIATENHLHRI TTpH JIF00oM ¢t € R, To permenns yCTOI‘/‘IqI/IBbl?

Haiiru npejge/ibHble HUKJIbl 1 UCCJIeJ0BATh UX Ha yCTOﬁqHBOCTb

i = —y+a(l-22—9y>)%(2®+y? - 4)
gy = a+y(l-a2?—yH) e’ +y> - 4)

UccnaenoBaTh HA YCTOWYUBOCTD MPEIETBHBIN TTUKJT % + y2 =4

{f‘v = —y—zy(z+y)(@®+y> —4)
g = z—y@@® )@ +y*—4)

JlokazaTh, 9TO y CUCTEMBI
& = e*y3—1
j o= ey+ad
HeT TTUKJIOB.

HBHHQTCH JIn ycTOﬁqHBBIﬁ Hpeﬂ;eﬂbeIf/’I OUKJI BEKTOPHOTO TIOJIA aCUMIITOTUYECKN yCTOfI“II/IBI)IM
pemrennem?

Haiitu mromaas obpasa KBajgpara co cTopoHoii 1 mpu melicrBun Gpa30BOro MOTOKA, gt BEKTOPHOI'O

I10JI4
T = x+2y+ arctgy
y = —x+4y+sinzx

3a Bpemd t = In 2.

BrorunciuTs

)+ f(2)+...4+ f(n)

lim , f(x) =sin’z.

OTBeT 000CHOBATH.



