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Ilonoxkenus pPaBHOBeCHUA
ABTOHOMHBIX CHUCTEM BTOPOTI'O IIOPsAJdKAa

Teopema 0 BBIIPSIMJIEHUE TPAEKTOPHUIl HE TPUMEHUMa B OKPECTHOCTSIX
OJIOYKeHmit paBHOBecus. VccaenoBanue moBefieHns (Hha30BbIX TPACKTOPUIA
B 9THUX 00JACTAX TpeOyeT MCIOIbL30BaHUs 00Jiee CIOKHBIX, CIEITHATHHBIX
METO/IOB.

OpHUM U3 TAKWX METOJOB, HAIIPUMED, MOXKET IMOC/IYXKUTH JIOKAJIbHAS
JITHEAPU3AIs UCXOTHOU CUCTEMBI B MAJION OKPECTHOCTHU TOJIOYKEHUS PaB-
HOBECHSI, a TaKke HADOp YCJOBHUIl, TapaHTUPYIONINI MOI00Me MOBEICHUS
(ni1m, KaK IPUHSATO TOBOPUTD, SK6UBAACHIMHOCTY) B 9TOI OKpeCTHOCTH (ha~
30BBIX TPAEKTOPUI MCXOTHON U JIMHEAPUM30BAHHBIX CUCTEM.
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Paccmorpum B KadecTBe npumMepa BEIIECTBEHHYIO HEJIMHEHHYIO aBTO-
HOMHYIO CUCTE€MY BTOPOI'O IIOPSJIKa

{jsl = Fi(z1,22), (1)

. = Fy(wy,22),
rue Fi(z1,x2) u Fy(x1, o) — 3a/aHHbIE BelleCTBEHHbBIE, HEIIPEPBIBHO U~
depentupyemsre B obsactu ) C E? dysximm.

Haitem asoBblii HOPTPET JJIs 3TOH CUCTeMBbl B OKPECTHOCTH HEKOTO-
poit Toukn || w1 wo2 ||T € Q.

Bes moTepn OBTIHOCTH MOYKHO CIHTaTh, 9TO || w01 2oz |7 = |0 0T,
MTOCKOJIbKY HAYaJI0 KOOpJAWHAT (a30BOH IJIOCKOCTU IEPEHOCUTCS B Pac-
CMaTPUBACMYIO TOYKY JIMHEHHON HEBLIPOXKJICHHON 3aMEHON

Y1 = 1 To1 ,
Y2 = T2 — To2-
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Ecmn magamo koopauHaT He ecTh ocobast TOUKa, TO (HPa30BbIi MOPTPET
MOKHO IIOJIYIUTD, [IPUMEHSISI TEOPEMY O BBIIPSIMJIEHUU TPACKTODPHIA, U3
KOTOPO#i citejryeT, 9To (ha3oBble TPACKTOPHUH B MAJIOH OKPECTHOCTU HAYATIA
KOOD/IMHAT CYTh IIOYTH IPSMbIE, HEIIEPECEKAIOHECs] JINHIH.

JlomycTuM Terneph, YTO HAYAJI0 KOOPJAMHAT SIBJISETCS TIOJIOYKEHUEM PaB-
nosecust cucremsl (1). Torna n3 pasencrs F3(0,0) = 0 u F5(0,0) =0 un
dopmymbr Teittopa cIeIyioT COOTHOIIIEHUS

{Fl(l”hxz) = oz + opprz + o(y/ai+a3),
Fy(z1,29) = amz1 4+ amwe + o(y/xl+13),
rje
OF; o
Qij = i,7=1,2.

8.’1;] xzq1 =0,
z9 =0
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Torma cucrema (1) Moxker ObITH 3allMCAHA B BHJIE

1 =
Ty =

1 €CTEeCTBEHHO IaThb

Onpernenernue
1.

111+ Qa2
Q211+ Q22

+ o(\/z?+22%),
+ o(y/ai+a3)

JIuneiinast OJTHOPOJIHAST CUCTEMA,

1 oy + o272, )
To = Q211 + Q2T2

Ha3bIBAETCS AuHeapusayuel cucrembl (1) B Hauase
KOODJ/IMHAT.
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Kak u panbe, 6yaeM UCIoIb30BaTh 0003HATEHIE

OcCHOBOIT JI71sT MCCIIeOBaHUs TTOBeIeHUsT (PA30BBIX TPACKTOPHUIl B OKPECT-

arlr 02
=1 °
21 Q22

HOCTH IIOJIO?KE€HHNA PAaBHOBECUA HEJIMHENHOUN CUCTEMBI (1) CJIYy2KUT

Teopema
1.

(0
JIVHEeapu-
3alun)

Ecau njyist muHeiiHOTO ITpeodpa3oBaHus, 3a/1aBa€MO-
ro marpuueii ||A||, sce coGcTBeHHBIE 3HAYEHUSI pa3-
JIMYHBI U UMEIOT HEHYAEEbie BEIECTBEHHBIE YaCTH,
TO ocobasi ToUuKa B Havaje KoopAauHar cucrembr (1)
nMeeT TOT >Ke BHJ (Pa30BOrO IIOPTPETA, UTO U ee
guneapusanus (2). IIpu sTrom B Masioil oKpecTHO-
CTH 0CODOM TOYKH COXPAHAIOTCH TaKue 0COOEHHOCTH
daz30BbIX TpaeKTOpuil, KAK HaMpPaBJIEHUE 3aKPy4u-
BaHUS U YCTOWYUBOCTb.
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Bynem mccmemoBaTh xapakTep moBemeHus (pa30BBIX TPACKTOPHUH Au-
HeTlHbIr aBTOHOMHBIX CUCTEM, /I N = 2, TO eCTb JJIs CIydas, Kormaa da-

30BO€ IIPOCTPAHCTBO €CTh IIJIOCKOCTb.

Paccmorpum sinHElHYI0, ¢ TPOU3BOJIBHBIMU BEIIECTBEHHBIMEU KO3 (U~
IMIEeHTaMH, aBTOHOMHYIO CUCTEMY ypPaBHEHUH BUIa

1X]| = 1anxi

WIN YK€ B Pa3BePHYTONH MATPUIHON hopMme

T1 || || c1n oaz
T Qg1 (22
rue
. T « «
HXH _ £y 7 IA| = 11 12
T2 Q21 Qg2

(3)

I
T2

Z1

o=
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Onpezernenue Eciu det ||Al| # 0, To cuctemy (3) Ha3BIBAIOT NPO-
2. cmot, ¥ HA3BIBAIOT caooickol mpu det || Al = 0.

B cuny onpegnenenuit 1 u 2 npocras cucrema (corsiacHo teopeme Kpa-
Mepa) UMeeT eJUHCTBEHHOE II0JIOYKEeHHEe PABHOBECHs — HAYAJIO KOODJIUHAT
B E? — ToUKY oO.

s wccnenoBanus XapakTepa IOBeJieHnsT (a30BBIX TPAEKTOPHil CH-
creMbl (3) KeaaTejbHO HAWTH aHAJMTUIECKOE IIPEJCTAaBICHUE ee ODIIero
pellieHnst, 9YTO TPeOyeT BBIUMCJIEHUsI COOCTBEHHBIX 3HAYEHUU A1 W Az, a
Tak»Ke COOCTBEHHBIX BEKTOPOB JIMHEHHOTO Mpeobpa3oBaHus, 3a/1aBaeMOr0
marpunoii ||A|, obosnavaemprx manee Kak |||l 1 [[he).
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Paccymorpum cremyrorue ciaydan.
1°. Yucma A\; m )y BemeCTBeHHHE, pa3jU4YHEHE ¥ OTIMUYHHE OT HYJIA

B srom ciaydae B E? cymectByer 6a3suc u3 COOCTBEHHBIX BEKTODOB
Ryl m |||, B KOTOpOM cicTema (3) mmeeT Brs

o= My,
Yo = Aol
I cooTBeTcTBenHo pemenns yi (t) = Cre*t m yy(t) = Cae2t, rae Oy m Oy —

[IPOU3BOJIbHBIE KOHCTAHTHI. ¥ paBHEHNS (DA30BBIX TPACKTOPU Oy IAIOTCS
U3 9TUX PelIeHuil NCKJIIoYeHrneM ¢ U UMeIOT BU/J,

)\2/)1
1

y2 = Cs o ., mpuC; #0,
! (4)

v =0, upu €1 = 0.
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U3 dopmya (4) caemyer, 9ro ecam A; 1 A2 OJHOIO 3HaKa, TO (a30BbIE
TPAEKTOPHUH SIBJISTIOTCS JIyTaMu apadoJI, KACAIOIINXCs B HAYAJIe KOODIMHAT
ocu Oy upn |A1] < |Az]. IIpu |A1| > |A2| TpaekTopun B Hauase KOOPAUHAT
kacatorcst ocu Oys.

Eciu A\ m Ao orpumarespHbl, TO ABUKEHHE C POCTOM ¢ MO (HA30BBIM
TPAEKTOPHUSAM IIPOUCXOJUT 110 HAIIPABJIEHUIO K HAYATY KOODJMHAT, U MOJIO-
JKeHIEe PABHOBECHUST HA3BIBAETCS ACUMNMOMUYECKY YCTNOTLYUBHIM Y3AOM.

B cnay4gae, koryia A1 1 Ao MOJIO2KUTEJIHHBI, JIBUYKEHUE TTPOUCXOJIUT OT Ha-
vaja koopauHatr (Heyemotivusvil ysea). Creyer OTMETUTD, 9TO KOOP/IH-
HATHBIE MMOJIyOCH, PABHO KaK M CAMO HAYAJIO KOOPIUHAT, TAKXKE SIBJISTIOTCS
ba30BBIMU TPAEKTOPHUIMHA.

Haxomerr, ciiefyer BBITOJHATH OOPATHBIN MEPEX0 K UCXOTHBIM Tepe-
MEHHBIM X1 U T2, KOTOPBIA sIBJISIeTCs JTUHEAHBIM HEBBIPOXKJEHHBIM (ad-
dbunnbIM) MpeobpazosanueM B E2.

Camo mpeobpa3oBaHme MIPHU MOCTPOSHUH (HA30BOr0 TTOPTPETA HAXOIUTH
HEOOsI3aTeIbHO. J]0CTATOYHO BOCHOJIB30BATHCST TEM €r0 CBOWCTBOM, €TO
coBCTBEHHBIE BEKTOPBI MATPUIB! || Al| ABJIAOTCS HAIDPABJISIONUMEI BEKTO-
paMu TIpSIMOJIMHEHHBIX (DAa30BbIX TPAEKTOPUit
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Wrorossiit Buz ¢pa30BbIX MOPTPETOB I IOJIOXKEHUST PABHOBECHS TUTIA
yemotinuenll y3ena MOKa3aH Ha puc. 1A, a s MOJIOXKEHWs] PABHOBECHS
TUNA Heycmolwuesil ysen — Ha puc. 1B.

X
A

N

Y

A)

8%

777

B)

Puc. 1. Ilonoxkenune paBHOBECUST Y3€EN.
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Ecmun A\ m Ao pa3HbIX 3HAKOB, TO TMOJIOXKEHNE PABHOBECHS HA3LIBAETCS
cedaom. OHO Bcerja HEyCTOMYMBO, IOCKOJIBKY OJIHO U3 COOCTBEHHBIX 3HAa-
yeHuit MaTpuiipl || A|| moaokuTesnbHO.

B 6asuce u3 coOCTBEHHBIX BEKTOPOB (ha30Bble TPAeKTOpUu cejia (oT-
JITYHBbIE OT KOOPJMHATHBIX IOJIYOCEl U HAaYaJa KOOPAUHAT) IO CBOHCTBAM
aHAJIOrUYHBI BeTBaM rutiepboit. Jeficrurensao, u3 (4) umeem:

lim |y2| = 400, lim y,=0.

y1—0 [ y1|—+o0
JlBurkeHune 1o TPAaeKTOPHSAM, SIBIISIONUMCS KOOD/IMHATHBIMU ITOJIYOCSIMU,
HAIIPABJIEHO OT HadaJja KOOPJIUHAT JIJIs OCH, KOTOPOil cooTBeTcTBYeT A > 0,
¥ HApPaBJIeHO K Hadasry koopauaart, e A < 0. Ilo ocrampabsiM da3oBbIM
TPAEKTOPHUSIM HAIIPABJICHNE JIBUKEHUsT B KAXKJON YeTBEPTH KOOPIMHATHOMN
IIJIOCKOCTU olIpe/iesideTcd HallpaBJIEHUEM JIBU2KEHUSA 110 CME>KHbIM KOOD/IH-
HATHBIM IOJIyocsiM (cM. puc. 2).

[Tepexo; K HCXO/IHBIM [IEPEMEHHBIM BBIIIOJIHSIETCS TAKXKE KaK U B CJIydae

y3i1a.
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A

7
o

iz

N
<
)

Puc. 2. TTonoxenune paBHOBecusi cedao ¢ A1 > 0, A2 < 0.
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3azaga Haiitu mostoxkenust paBHOBeCHUs, OIPEIETUTh UX XapaKTep I

1. HApPUCOBATDL 3CKU3 (Da30BBIX TPAECKTOPUIl JTMHEAPU3AIINA B
OKPECTHOCTHU IIOJIO?KeHUs PaBHOBECHUs JJIsI aBTOHOMHOH cu-
CTeMBI

T = ln(3—|—y—y2),
y = arcsin (x—y2

13
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Pemenre. 1°. Haxomnm moJsioxKeHusT paBHOBECHS
In(3+y—y*) = 0, . 3+y—y? = 1,
arcsin (z — %) = 0 x —y? =0

ry = 1 y Ty = 4,
= nJjaim
Y1 = -1 Y2 = 2.
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2°. Uccaenyem nosioxkenue pasHoBecusi — Touky M (1; —1).
Buadase mepeneceM HaYaJI0 KOOPIUHAT B OCOOYIO TOUKY

M IIPpU IIOMOIIU 3aMEHbI IIepeMEeHHbIX

u = xz—1, = u—+1,
v = y+1 y = v—1.

B sTOM Cilydae cupaBeyiuBbl PABEHCTBA
mB+y—¢?)=ImB+@w-1)—(v-1)?) =

=In(1+3v—2%) =3v+o(VuZ+0?),

arcsin (z — y?) = arcsin (u+1— (v — 1)?) =
= arcsin (u + 2v — v?) = u+ 2v + o(Vu? + v?).
Otkyna cienyer, 4ro auHeapu3anus (3) Qi 0coboil ToU-

Ku M umeer BUI

i = 30, o 3
{i)zu+2v :>||A|_H12H'

15
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Haiinem cobcrBennble 3nadeHus Marpuisl ||All, pemms
xapakrepucruueckoe ypasaernue det ||A — AE|| = 0.

det |A—AE| = det = AM-2)\-3=0.

-2 3
1 2—-2A

CremoBarenbuo, Ay = —1, Ay = 3, U HOJIOKEHNE PABHO-
Becusi M ecthb cejjio.

CobcrBennble BeKTOpHI ||| Marpuner ||Al| Hafigem, pe-
IUB I KaXKJIOTO M3 COOCTBEHHBLIX 3HAUEHHH CHCTEMY
YPpaBHEHU

A = AE| [|A]] = [loll -

B nmamem ciyaae g A = —1

-1 3 113 S |0

R L Bt 1 o
3

- lral=] 3

16
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Anajiormano gy Ay = 3

X 3 T -3 3 & ] o
1 2=X @AnF=1 1 -1 m |l |l o

= Jrol=|,

[Ipu mocrpoennn sckm3a a30BOro MOPTPETA MJIA OCO-
60it Toukn M yuUTBIBaeM, UTO MPAMOJUHEHHBbIE (dha3o-
Bble TPAEKTOPUU UMEIOT CBOUMHU HAIIPABJIAIONUMEI COO-
CTBEHHBIE BEKTOPBI Hh(l) H u Hh(2) H U SIBJISIFOTCSI TIPU 3TOM
ACHMIITOTAMU J[jIsi KPUBOJIMHENHBIX TPAECKTOPUIA.

HampaBjenusi IBUKeHUsT IO TMPSIMOJUHEHHBIM TPAEKTO-
pusSM: OT HadvaJa KOOPJAWHAT JJjIs ACUMITOTHI C Hh(2)||,
Tak Kak Ay = 3 > 0, ¥ COOTBETCTBEHHO K HAYAJY KOOD-
JAHAT JJId ACUMIITOTHI C Hh(l)H’ Tak Kak A1 = —1 < 0.

Kaxk cirencrue aroro pakra, HApaABIEHUs! JBUKEHUS 110
KPUBOJMHEHHBIM (DA3OBBIM TPACKTOPUSAM TP 9TOM OKa-
3BIBAIOTCSI OIHO3HAYHO OIPEJIEIEHHBIME, TOCKOJIbKY B CH-
JIy HeIPepbIBHOCTH OHU JIOJI2KHBI COBIIAIATH C HAIIPABJIE-
HUSIMU JBUKEHUS 110 TIPIMOJIMHEHHBIM KaK IpH t — +00,
Tak u 1pu t — —o0. VITOroBeIil BUJ 9CKMU3a MOKA3aH Ha
puc. 3A.
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\\\*«X/”///( U
s

A) B)

Puc. 3. ®azoBble mOpTPeTHI HOJIOXKEHN paBHOBECU I 3a7a4n 1.
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3°. Uccmeyem Terepb BTOPOE TIOJIOKEHIE PABHOBECHUS — TOU-
Ky N(4;2). Brauajse nepeHeceM Havajo KOODJMHAT B
0c0ob6yI0 TOUKy N IIpU ITOMOIIU 3aMEHbI TEPEMEHHBIX

u = x—4, .l = u—+4,
v o= y—2 y = v+2.

B sromMm ciry4dae cupaBejimBbl paBEHCTBA:

In(3+y—y?) =In(34+ (v+2)— (v+2)?) =

=1In(1-3v—v?) = =3v+o(Vu? +v?),

arcsin (z — y?) = arcsin (u +4 — (v +2)?) =
= arcsin (u — 4v — v?) = u — 4v + o(Vu? + v?).

19
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Otkyna ciemyer, 4To jmHeapusalys (3) mjist 0coboil TOYKU
N umeer Buj

U = - v, 10 =3
{q'; - u - ”A”_Hl —4”'

Haiinem cobcrseHHble 3HavYeHust Marpuipl ||All, pemus
xapakrepucruueckoe ypastenue det ||A — AE|| = 0.

-2 -3 2 _
det 1 _4_)\H = AN +4+4\+3=0.
CremoBarenbHo, Ay = —1, Ay = —3 1 MOJIOXKEHNE PaBHO-

Becusi N ectb ycroituusblii y3ea. CobGCTBEHHBIE BEKTOPBI
||| MmaTpunet | A|| HaligeM, permus s KaXK0ro u3 cob-

cTBeHHBIX 3HadeHuil cucremy ||[A — AE|| ||k| = |o] -
B nmamewm ciygae g A = —1
1 2=\ OF=11 -3 mill |0

3
— ol =] 3]

20
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Pemenune
IIOJIyYEHO .

Anajormano g Ay = —3
A2 3 L 13 -3 S| |0
1 2— )\ H (2)H_ 1 -1 m |l || 0
1
— ol =]

Uccmenyem tenepsb cBoiicTBa Ha30BbIX TPAEKTOPHIL. ITO
yIA00HO c/enaTh, mepeiias B 6a3uc 13 COOCTBEHHBIX BEK-
T0pOB, TO ectb B 6asuc {||ha)ll; [|he)ll}, Koopaunars: B
KoTOpoM o0o3Ha4unM Kak p(t) u ¢(t). B arom Gasuce pe-
HIeHUs] JIMHEAPU30BAHHON cucTeMbl (3) MMEIOT 0COGEHHO

OpPOCTOI BUJI:
p(t) = Ciet,
q(t> = 026_3t 3

rme C71 n Cy — mpomsBosbHble KoHCTauThl. [Ipn C; = 0
BUJT, (DA3OBBIX TPAEKTOPHII OYEBHJICH: B 3aBUCUMOCTU OT
Co, 9TO TPSIMOJINHEHHBIE JIy YN WX TOYKA.

Ucekmouns t u3 stux pasencts npu C; # 0, moJydum
ypaBHeHHsI (a30BLIX TPACKTOPHI B BHje ¢ = Dp°, rae
D — npousBonbHas KOHCTaHTA. 10 €CTh TPAEKTOPUHU CYTh
Jyru KyOUIHBIX TapaboJ1, Kacaroluxcs B Hyse ocH ||hq||.
Hanpasienne JBUKeHUS 110 BCEM TPAEKTOPHUSAM OJIMHAKO-
BO: K ITOJIOXKEHUIO PABHOBECUs. JCKHU3 IIOPTPETA TOKA3AH
Ha puc. 3B.
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CobcTBeHHIe 3HaYeHNS HeBelleCTBEHHHE M He paBHHE APYyT IPyTLy.

B sTom ciryvae u3 BerectseHHOCTH KoabdunnenTos maTpuisl | A|| cie-
ayer, 9to A1 = a + i u Ay = a — i upu ycjaosuu 5 # 0.

Cobcersennpie BekTOpbI || Aeyy|| 7 || h(g)||, oTBeatomme Ay u Ao, KOM-
IJIEKCHO CONPSKEHHbIE U JIMHEHHO He3aBUCUMbBI KaK 3JIEMEHTBI B YHUTap-
HOM IpocTpancTBe U2, mosToMmy, eciu

Ihall = Illpll+illgl w el =2l —lql

1o |[p|| n ||g|| BemecTBeHHBIE M TaKXKe JMHEHHO HE3aBUCHMbBIE SJIEMEHTHI
npocTpaHcTBa F2.

22
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KowmmnekcrHoznadanast BEKTOP-QyHKIHAS
lz(@)ll = Cre by || = Cre® TP (|l | +ilq])

B JIAHHOM CJIydae sIBJISIETCsI PellleHneM CUcTeMbl (3) Ipu JIF000H KOMILIEKC-
Hoit koncraure C'.

Kpowme Toro, pemenuem cucrembl (3) Oyuer u sewecmeentas BEKTOD-
dbyuxmus Re ||z(t)] .

Haiizem ee Buj, 1npescraBuB IpeaBapuTebHo KOoHCTaHTy C B 9Kcno-
nenyuarvrot opme Cp = pe'?, rne p > 0, 6 — Hpom3BOIBHLIE Bellie-
CTBEHHBIE TTOCTOSTHHBIE.
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s 4
[z (t)]| = pe D (|Ip || + illq]|)

MoJIydaeM, 9To
Re [|z(t)|| = llp || pe" cos(Bt +0) — |lqll p e sin(Bt + 0) .

B cuny mmmeiinoit nesasucumoctu ||p || u ||¢|] MoxKHO yTBep:KIaTH, YTO
CKAJIAPHBIE (DYHKITUT

{ yi(t) = pe® cos(Bt +0), (5)
ya2(t) = pe sin(Bt + 0)

33/1a10T [apAMETPUIECKOe IPE/ICTABIEHIEe NHTErPAJIbHBIX KPUBBIX CHCTe-
Mol (1) B Hosom dexapmosom 6asuce { ||p|; —|l¢ll }, a camu siBasirorest co-
OTBETCTBYIONAMH JIEKAPTOBBIME KOOD/IAHATAMH.
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Ormpeiesienne Bua (ha30BbIX TPAEKTOPHiT YI0OHO BBITIOIHUTD, TIEPEH/Ist
OT JIEKAPTOBOIl CHCTEMBI KOODJMHAT K IOJISIPHOM 110 CTaHIAPTHBIM (hOpMY-
JlaM

Y1 =TCcosp,
{ Y2 =7rsing. (6)

N

Puc. 4. Tlonoxenusi paBHOBeCHsT PoKYC U UeHMp.

25



Jluppepenrnmanpabie ypaBaernst Yuuos A.E., Vumos E.A. Temal2 2024/25r 26

Dopmysbl (5) u (6) MO3BOIAIOT HOLYYUTH YIOOHOE IIApAMETPUIECKOE
npezcrasieHne hasoBbIX TPACKTOPHIA B HOJSAPHON CHCTEME KOODIUHAT:

r=pe*,
7
{ p=0t+0, (7)
U3 KOTOPOro cJieyert, uto ¢asosble Tpaektopun B 6asuce { ||p||; —||q||

npu « > 0 cyTb pacKpyduBaioniuecs OT HadaJia KOODJWHAT Jiora-
pudmMudeckue cnupayau (MOJOKEHNEe PABHOBECHs HA3BIBAETCS
HEYCOoU u6bM HoKycom);

npu « < 0 cyTh CKpydYHBaIOIIMecsd K HAdYaJy KOODAWHAT Jorapud-
MHUYecKre crupasu ( 9TO MOJIOKEHNe PABHOBECHs HA3BIBAETCSI
ACUMNMOMUKECKYU, YCMOTUUBHLM POKYCOM);

npu « = 0 06pa3yioT cUCTEMY KOHIIEHTPUIECKUX OKPYKHOCTEN C TIeH-
TPOM B HavaJje KOOPAUHAT ([0JI0KEHNE PDABHOBECUSI HA3BIBAET-
csl yenmpom). DTO MOJIOKEeHe PABHOBECUsT YCTOiunBo 1o Jls-
IIyHOBY, HO HE YCTOHYUBO ACUMNIMOMUYECKY, .
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Baxno ormerurs: opmysbl (7) DalOT 6ce BENECTBEHHBIE DEINEHHUS,
LIOCKOJIBKY 044 Ka0tc00T TOUKY { Y1, Y2 } CYIIECTBYIOT 3HAUEHHSI IIOJIAPHBIX
KOODJIMHAT p U 6 Takme, 94TO Uepe3 5Ty TOUKY IPOXOIUT eQUHCMEEHHAA B
cuity Teopembl Komu dazosag Tpaekropus Buga (7).

ITepexon ot 6Gasmca {||pl|; —|l¢|l } ¥ mcxomHOMy BBIONHSIETCS CTAH-
JIAPTHO.

Hanpasienne apuzkenns 1o (HpasoBbIM TPAEKTOPUAM (TO €CTh, [0 9aco-
BOIl CTpeJIKe MM MPOTHB) MOXKHO yCTAHOBHUTD, Haiizisi (ha3s0By0 CKOPOCTH
JUUIsl HEKOTOPON KOHKPETHON TOUYKM, He SIBJSIONIEICs TOJOKEHNEM PABHO-
Becus. Hanpumep us (3) cremyer, uto B Touxe || 1 0]|T dbasosas ckopocts
paBHa BeKTOpPY || 11 a1 ||T.
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Kpome Toro, ajis yTouHeHns Biaa (ha3oBoif TPAEKTOPHUN MOJIE3HOH MO-
JKeT OKazaThbca MHGOpPMAaIUs O TOYKAaX, B KOTOPBIX KacaTelbHas K Heit
Jmbo ropusoHTaNbHA (TO ecThb, &2 = 0), ubo BepTUKagbHa (1 = 0).

VYpaBHeHUs] COOTBETCTBYIONUX M30KJIMH HAXONATCS U3 CHCTeMBI (3) m
MMEIOT BHT

Q2171 + aoxy =0 u 1171 + ajexry =0

COOTBE€TCTBEHHO.

28



Jupgepennmanpabie ypaBaernst Yuuos A.E., Vumos E.A. Temal2 2024/25r

Haiitu pacmosozkeHHnble BO BTOPOI 9€TBEPTH TOJTOKEHUST

3amaya
2. PaBHOBECHS aBTOHOMHOH CUCTEMbL
i o= exp(da+3y—4)—1,
y = z?—4x—3y.
Ornpeie/inTh UX XapakTep U HAPUCOBATH ICKHU3 (Ppa30BBIX
TpaeKTOpui.
Pemenwe. 1°. Haxomum moJioxKeHusT paBHOBECHUS
exp(dz+3y—4)—1 = 0, dr+3y =
2 =
¢ —4x — 3y =0 dr+3y = =z
== 2, Wi T2 = =2,
yi = —4/3 yo = 4.
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2°. Tlepenecem HaYaI0 KOOPAMHAT B MOJIOKEHNE PABHOBECHST
— moury M (—2; 4), PacIoJOKEeHHYIO0 BO BTOPOii YeTBep-
TH, CJIeJIaB 3aMeHY [TIEPEMEHHBIX T =u—2 u y = v+4.
B sTom ciayuae 3HavueHus pyHKIHU, CTOANUX B IPABBIX
qaCTAX UCCIIELYEMO ABTOHOMHON CHCTEMbI OYIyT DABHBI:

exp (4z+3y —4) — 1 =exp (du+3v) — 1,
22 — 4z — 3y =u?—8u—3v.
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B ar0ii 3aa4e (B oiinaume ot 3aza4u 1) Jyist HAXOXK JI€HUST
ko3bdunnenTor muHeapusanyu (8) Mbl He GyjeM IpuMe-
HATH pasJyioxkenuit mo ¢popmyse Teitopa, a BoCIoJib3yem-
ca Teopemoii Teitiopa, T.e. dopmynamu (7), U3 KOTOPHIX
HEIIOCPEICTBEHHO CJIeAYeT, YTO B HOBOM HadaJje KOOPIu-

ask
HAT, TO €CTb B TOYKE =l o>

0

oy = %(exp (4u—|—31})—1) =4,

= 0 4 3 1)=3

a12—%<exp( u+ 3v) ) =9,
95

Qo] = —(u —8u—31}) = -8,
ou

Qoo = %<u2—8u—30) =-3.

[Toydyennble paBeHCTBA IIPOBEPHTE CAMOCTOSTEIHHO.

OTkyza ciemyer, uro jguHeapusanus (8) mist 0coboit Tou-
Ku M umeer BujL

&

du + v, B 4 3
e ”A”_H -8 -3
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3°. Haiinem cobcTBeHHbIE 3HAYEHIS JINHEHHOTO OIIepaTopa C
marpunei Marpurpl ||All

4—-A 3

detH 8 _3_1

H = M -)A+12=0.

CilennoBaresbHO, A1 o = (1 + iV 47) /2 U noJioXKeHue pas-
HoBecust M ectb Heycmoluuuswili goxyc.

3aMeTnM, 9TO pacKpyduBaHUe crupasn $ha30BOil TpaeK-

TOPUU TPOUCXOIUT NO “ACO80T, CMPEAKE, TIOCKOJIBKY BEK-

TOp $Ha30BOIl CKOPOCTH, HAIPUMED, B TOUKE

|| 3
31

1 v

B |
= paBeH
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Haxower, jierko Bujiers, a0 AB — n3ok/mHa BepTUKAIBLHBIX
KacaTeJIbHBIX K UCCAeyeMoi (Da30BOit TPAEKTOPUHU — UMEET
ypaeHuerue 4u + 3v = 0, B To Bpemsi kKak CD — u3okyimHa

TOPUBOHTAJIBHBIX — ypaBHeHnue Su + v = 0.
Pemenue

nonydexo. VITOroBEIi BU 9CKM3a MOKa3aH Ha PUC. 5.

\C ‘\A

Puc. 5. ®a30BbIit mOPTPET MOJIOXKEHUST PABHOBECHUS JJTs 349U 2



