JIEKIIUS 17

KPUTEPUM PAVCA-TYPBUIIA.
MAJIBIE KOJIEBAHUWA

1. YCcTONMYMNBOCTh JIMHEMHOMN CUCTEMBbI

Paccmorpum cucrtemy nByX ypaBHEHUi. ¥ paBHEHUA BO3MYIIIEHHOTO JBUKEHUA UMEIOT BUJI:

dx,
W = —Ty + axy,
dx,

W = + arsy,

rie a — napamerp. HeBo3aMmyIenHoe gBuzkenune OyaeT B ciaydae T, = Ty = 0.
IIyctb a = 0. Torga

x1(t) = x,(0)cost — x4(0)sint, x4(t) = x,(0)sint + x4(0) cost.
JIuneitnas cucremMa ycTOWYMBA, TaK KakK

€
>0, 6=——,
V2
B menuneitnom yYpaBHEHUN JOMHOXKKM IIEPBOEC YPpaBHEHUE HUCXOAHOM CUCTEMBI Ha Zi, BTOpOE
Ha — X, IIOCJIE 9€I'0 CJIO2KUM PE€3YyJIbTaThbl:

T1Xy + ToTy = a@% + 37%)»

2 2
d(zf + z3)
dt
[IpousBosHast B 1mocJjie THEM PABEHCTBE COBIIAIAET CO 3HAKOM @, TIO3TOMY
npu a > () — HEeyCTOWYINBOCTD,
npu a < 0 — acuMITOTHYECKasl YCTOUINBOCTb.

= 2a(x} + 23).
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dx

— = AZ + ... 17.1
Ty

r=||:
Lm

Bynem caurars, uto AT — JuHeHAs 9aCTh CUCTEMbI ¢ TocToAHHON Marpureit A. Takxke
Oy/leM CUMTATh JIBUZKEHNE YCTAHOBUBIIMMCS, T. €. BDEMSI B CUCTEMY HE BXOJUT. 38 MHOI'OTOYHUE
0003HaY€HA COBOKYITHOCTD YJIEHOB BBIIIIE TIEPBOM CTEIIEHN OTHOCUTENBHO Ly, Lo, ..., L,y

XapaKTepuCcTHYeCKoe ypaBHEeHHe:

det |A — AE| = 0, (17.2)

KOPDHH 3TOT'0 ypaBHEHUA

A, ooy A

m*

Teopema 25 (JIsmyHnoBa nmo npubGJm>keHurio nepBoii crenenu (6e3 Jo0Ka3aTeabCTBA))
Ecsin Bce KOpHU XapakTepucTudeckKoro ypasaenus (17.5) uMeroT orpuriaTesibHble BeleCcTBeH-
HbI€ YaCTH, TO HEBO3MYIIIEHHOE JIBUKECHNE ACUMIITOTUYECKHN yCTONYNBO BHE 3aBUCUMOCTU OT
HesmmHelHo yactu. Eciu ke cpenu kopueit ypasaenusi (17.5) ecTb XoTst ObI OJUH C TOJIO-
JKUTEJIbHOI BEIeCTBEHHOI YacTbio, TO JBUXKEeHMEe HeycToitunBo. Eciu ke ypasuenue (17.5)
UMeeT KOPHU C HYJIEBOU BEIECTBEHHOW YaCTbIO, TO MOYXKHO TTOA0OPATH HEJIMHEHHYIO YacCThb
TaK, YTOObI UMEJIM MECTO U YCTONIMBOCTD, M HEYCTOWIMBOCTh (KPUTUUIECKUIA CIIydail). *

Im A

Puc. 17.1

2. Kpurepuin Payca—I'ypBuia
Paccmorpum xapakrepucTuieckoe ypaBHEHUE:
fO) =agA" +a; X"+ -+ a,, =0. (17.3)

Bynem cunrars, uto a, > 0.
Heobxomumoe yciioBue Toro, 9ro Bce KOpHU ypaBHeHus (17.6) uMeroT oTpunareabHbe Be-
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IIeCTBCHHBIC YaCTHU — IIOJIOZKHTEJIbHOCTDb BCEX KOS(b(bI/ILLI/IeHTOBI

Ases A, ER > 0.

HeiicTBUTETHHO, TIyCTH
Ay s A, € R <O,
m—p
2

TOF,ZL& XapaKTepI/ICTI/I‘{eCKI/Iﬁ MHOI'O4JIEH IIPpE€ACTaBUM B BH/JIC:

) r. <0.

A =rtis, jg=1,..., ;

J

f(A):CLOH()‘_)‘i) (N =1y —is;] [N—r;+is;] =

ME

=ao [JT =) I [(x=7;)" +52].

=1 j

<
I
—

OHAKO yKa3aHHOE YCJIOBUE HE SIBJISIETCH JIOCTATOYHBIM, €CJIN, HAIPUMED, OJIMH U3 KO-
bUITERTOB OTpUIATEIeH WIN PaBeH Hy/II0. 9TO XOPOIIo BUAHO B ciaydae A3 + A2 + X+ 1 = 0.
CocraBum mMaTpuily, KOTopas Ha3biBaeTcs Marpuneit I'ypBura:

Qg Ay Gy
0 a; ay
0 ay ay
..... a,,
['taBHBIE MUHODBI:
A1 = Qy,
a; as
A2 —_— 9
D)
a; az ag
Az =lag ay ay,
0 a; ay
A, =a,A, ;.

Cdopmymupyem kputepuiit Payca—I'ypBuria:

Teopema 26 (Kpurepuii Payca—I'ypBuna (6e3 mokasaresbcrBa)) [lis Toro 4robb!
BCe BEIIECTBEHHbIE YacTh KOpHeil ypasuenus (17.6) ObLim oTpuniaTesibHbl, HEOOXOAUMO U J10-
cTaTO4HO, 4T0OBI Bce Ay, Ay, Ag, ..., A ObLIN IIOJOXKUTEIHHBL. *
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3. IlocTanoBka 3aa4uM 0 MaJIbIX KOJIEOaHMAX KOHCEpBa-
TUBHOM CHCTEMBbI BOJIN3U ITOJIOXKEHUSI PaBHOBECUS

IlycTs cucrema KOHcepBaTUBHAA C IIOJIOXKEHHEM PaBHOBeCHUd ¢ = ¢y = -+ = ¢,, = 0, KoTOpoe
COBITQ/IAET C HaYaJI0OM Koop uHAT. [Ipemosiokum, 9To moTeHIaaIbHas SHEPTUA ABJISEeTCs
AHAJIUTUIECKON PYHKIIMEH CBOUX IIEPEMEHHBIX.

" (911 1 ¢~ [ 0211
H PIEEIPY o :H O,...,O + <_> Z+_ ( ) i +... 17.4
(@ys e ) = 1I( ) z_; 50,) T3 > Ba,00;) (17.4)

ik=1

B cuiy ycTOMYMBOCTH BEJIUYUHBI ¢; MaJibl. Y paBHeHue Jlarpam:xa:

40L oL _
dtdg; dq;
L=T-—1I.

Kunerudeckasi sHeprus gBIgeTCs KBaIPATUIHON POPMOIT OTHOCUTEIHLHO CKOPOCTEIH:

1 n
T=5 E a; 1 (G e s 40) 45 G-
i k=1
31ech KOAOUIMEHTHI TPU CKOPOCTIX CUUTAIOTCH AHAJUTUICCKUMU (PYHKIIUIMUA CBOUX

[IePEMEHHBIX.
Wi (15 @) = a3, (0,...,0) + .. =
1 = . .
T = 3 Z a;(0,...,0)q;qs, + ... (17.5)

ik=1

3a MHOrOTOUME 0003HAYEHBI UJIEHBI, CTEIIEHU KOTOPHIX OTHOCUTEILHO CKOPOCTEH M KOODIUHAT
BbIte BTOpoit. OTOpocum 3Tr wiensbl. Torma

1 IR ..
=3 catigr: T=35) ity = (17.6)
ik ik

d 0L ! ) oL -
it 3_% = Zaikaa % = Zaika'

k=1 v k=1
L=T-1I = Z(%k%"‘%k%)zoa i=1,n. (17.7)
k=1

[Tostyunnmn uHEHHYIO CUCTEMY ypaBHEHMI. 3anuileM ee B MATPUIHOM BHJIE.

a1 A1 - Gy €11 - Cip
q= S, A= ... , C=1| ...... ,
q, Ay e Gy Cn1 -+ Cpn
AG+Cq=0. (17.8)
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3.1. HopmasibHBIE KOOPAMHATHI 1 HOPMAaJIbHbIE KOJIEOaHUS

Paccmorpum fBe KBagpaTudnbie (hOPMBI:
(Aq,q), (Cq.q).

Ucnonb3yem TeopeMy 0 mape KBaJIpaTUIHBIX (pOPM

91
Gg=U6, 6=1|: |, detU=0. (17.9)
en
B HOBBIX IIEpEeMEHHDBIX IIOJIYy9IrUM:
(AG.0) =205, (CaD)=D 2},
J= J=

rje Bee \; > 0 (T.X. cuuraercd, 9TO KBaJIpATHYHAS IaCTh TOTEHIUATBHON SHEPTHU MOJIO-
JKUTEJIBHO OTpeJIesIeHHas ). 3aMeHa mepeMeHHbIX (17.9) B obrieM cirydae He siBJISIETCS OJI-
HO3HAYHOM, HO BEJIMIMHBI A; ONPE/IEIeHbl OTHO3HAYTHO U HE 3aBUCAT OT KOHKPETHOIO BH/IA
Ipeodpa3OBaHMSI.

PaccmoTpum ckasgpHoe npousBeieHue

L
o) =05 = 1 ?#J_’ (17.10)
, iF ]

Takum ob6pazom, cToadIbI MATPUIlbl U SABJIAIOTCA OPTOHOPMUPOBAHHBIMU B 9TO METPHUKE.
DTO Ke yCJIOBUE MOYKHO 3allUCATh B BUJIE:

n

i=>_0,q;. (17.11)

J=1

Nneem:
n

1
T:—
2 £

. 2 1<
0, =g Z;Aﬁ, (17.12)
J=

<

riae «9j — HOpMaJbHble (IJIaBHbIE) KOOPAUWHATHI. 3anuiieM ypasHenue Jlarpanxa, oTse-
Yarollee TaKOU CTPYKTYype KUHETUYECKOU U IIOTEHIIMAJIbHONU SHEPIrUu:

0,+7,0, =0, w;=./A; (j=1,n),
0, = c; sin (w;t + ;). (17.13)
OObiriee perenue:
q= chﬂj sin (w; t + o),
j=1
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r7ie U; — aMILTATY/bl HOPMATBHBIX KOJIeOaHuil.
Toncrasum § = U sin (wt + ) B (17.8):

|IC—XA|U =0, (17.14)

det [C' — X A| = 0. (17.15)

Ypasuenue (17.15) HazbiBaeTCsi ypaBHEHUEM YaCTOT WM BEKOBBIM YPAaBHEHUEM.
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IIpumep 13 Paccmorpum cucreMy M3 ABYX I'PDY3UKOB MacCOW M KarK/Iblil, CBA3AHHBIX TOPU-
30HTAJIBHO PACIIOJIOKEHHBIMH TIPYKUHAMU YKECTKOCTBIO k JIDYT ¢ APYTOM U CO CTEHKAMU.

mvuwwm

Puc. 17.2

Ob6o3HaunM 3a ¢; CMeIeHue IePBOro I'Py3a, a 3a ¢, — CMellleHne BToporo rpy3sa. Torma
BBIPaXKEHUS JIJII KHHETHIECKON U ITOTEHITUAJIBLHON SHEPIUuil B 3TUX 00OOIIEHHBIX KOOPINHATAX
OPUMYT BHJT:

1
T:§m<412+422>a A= (m 0)»

0 m

1 2k —k
M= k(g + (0 +a)° + @) = k(@ — a0, +%)° C:<_k 2k)'

Haiinem cobcTBeHHDIE 3HAYCHU:

L (2k—mA  —k \
||C—>\A||U—< . 2k_m>U_0,

(2k—m)?>=k* = 2k—m=+k,

3k 3k
A= m’ Wi m’

k k
A2 m’ W2 = m;

1. wzzw/%.

KommnoreHTBI BeKTOpA U, :

. 1 . m
= Uy, = Uyq, Up = Ky, 1) Aty = Ky m )

OTrHOpMEDYEM BEKTOD U :
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e — a—1<1>:ﬁ—1(11>
12 22 2 \/%_1 \/%_ 1_1 .

Obiree perrenue:

. (@) _ 1\ . |k 1Y . | 3k
q—<q2)—C’1 <1>Sm mt+a1 + C, (_1>sm mt—l—a2 ,

rae C), C; — NpOU3BOJIbHBIE IIOCTOSHHBIE.

Ecmn nonoxute C, = 0, TO ocTaBIIascs 9acTb BbIPayKeHUs U OyJIeT IPeICTaBIATh COOOi
HOpMaJIbHOE KoJiebanue (Irpy3uku GyayT Kouebarbes cuHba3HO ¢ OJUHAKOBOM aMILIATY/IOM ).

B cayuae C; = 0 konebanus OyyT TpOTHBOMDA3HBIMHA.

Ecnun nmosmyduTes, 9T0 O/IMH U3 KOPHEN A paBeH HYJIIO, TO BJOJIb COOTBETCTBYIOIIETO BEKTO-
pa 6yeT IPOMCXOANTHh PABHOMEDHOE M MPSIMOJIMHEHOe JBUKeHre (HeT MaJblX KOJIebaHuil).

Ecym nosyaurcss HECKOTIBKO OJMHAKOBBIX 3HaUeHHUN A (A, = Ay # A3), TO B IUIOCKOCTH,
HEePIEHIUKYIAPHONR BEKTOPY Uz, OYIyT JIC2KaTh JBa BEKTOPA U; U Uy, IPUIEM He 00g3aTesIbHO
OPTOrOHAJBLHBIX JAPYT APYry. B 3TOM ciiydae MOXKHO HAWTH JUMHEHHYIO KOMOWMHAIIUIO 9TUX
BEKTOPOB ¥ ITOCTPOUTH OPTOTOHAJIBHYIO CUCTEMY.

Us

i~ S

Puc. 17.3
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