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Cuctembl MMHeHbIX anddepeHymanbHbIX YPAaBHEHUN C NOCTOAHHbIMU
KoadoduumeHTamm

.' MHTerpupoBaHue cuctem IMHenHbIX anddepeHumanbHbiX ypaBHEHUM

I. Memo0 ucknroyeHuUsa Heu3eecmHoix

MyTeM MCKAOYEHUSA HEU3BECTHbIX CMCTeMa CBOAMTCA K auddepeHumnanb-
HOMY ypaBHeHWto 6osiee BbICOKOro Mopsfka C O4HOW HEeU3BECTHOW GyHK-
umen.

Ne 786 [P]: X'=2xX+Y,
, (786)
y'=3x+4y.
Bbipa3uns 13 nepBoro ypasBHeHUA Y:
y = X'-2X, (786.1)

M NoacTaBuB NOJIy4eEHHOE ANA Y Bblpa*KeHWe BO BTOPOE ypaBHEHUE CUCTe-
Mbl, NONy4nm
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(X'=2x)"'=3x+4(x'-2X) < x"-6x'+5x=0.
CocTaBMM AnA MOJYYEHHOTO YPaBHEHMA COOTBETCTBYIOLLEE XapaKTepw-
cTuyeckoe ypasHenne A°—61+5=0. Ero kopHamu 6yayr A, =1,
A, =5.Torpa x:Cle‘ +Cze‘r’t. MoacTtasnss BbipaxeHue ana X 8 (786.1),
nonyuum y = (Ce' +5C,e™)-2(Ce' +C,e™)=-Ce' +3C,e”.

t 5t t 5t
Omser: |X=Ce +Ce”, y=-Ce +3Ce".

B maTpuyHoit dpop X =Ce' +C.e*
Ma n on opme: .
y 1 1 2 3

Ne 788 [®]: {x'+ x—-8y =0,

. (788)
y'=x-y=0.
Bbipa3sue 13 BTOPOro ypaBHEHUA X:
X=y'-y, (788.1)

W NOACTaBMB NOJyYEHHOE AN1A X BbipaXKeHune B NepBoe ypaBHEHWE CUCTEMDI,
noay4nm

(Y-y)+y-y-8y=0 < y"-9y=0.
CocTaBuM AnA NONYYEHHOTO YpaBHEHUA COOTBETCTBYIOLLEE XapaKTepw-
cTuyeckoe ypasHenve A2 —9=0. Ero KopHAMU ByayT A, =13. Toraa

y:Cle3t +C2e’3t. MoacTtasnas BbiparkeHne ana y B (788.1), nonyymm
x=2Ce* —-4Ce™.

Otger: | X=2Ce* —4C,e™, y=Ce*+C,e™.

B maTpuuHoit popme: X =C,e* 2 +Ce™ -
: y 1 1 2 1 :




Ne 790 [®]: {x'=x—3y,
: (790)
y'=3x+Y.
Bbipasus 13 BTOPOro ypaBHEHUSA X:
x=3—Y (790.1)
3

W NOACTaBMB NOJYy4YEHHOE A1A X BblParKeEHME B NepBOe YpaBHEHNE CUCTEMDI,
nosy4ynm

y"-2y'+10y =0.
CoctaBMm gn1A NOJIY4EHHOTrO YPAaBHEHMA COOTBETCTBYHOLLEE XapaKTepwu-

cTuyeckoe ypasHeHne A2—21+10=0. Ero KopHamu  6yayT
A, =143i. Toraa y=C.e' cos3t+C,e'sin3t. Moacrasnas BbipaxeHme

anay 8 (790.1), nonyunm X =C,e' cos3t —Ce'sin3t.

Otset: |x=¢€'(C,cos3t—C,sin3t), y=e'(C,cos3t+C,sin3t).

Ne 793 [®]:  [x'=3x-Y,
. (793)
y'=4x-y.
Bbipa3uns 13 nepBoro ypasBHeHUA Y:
y =3x—Xx/, (793.1)

M noAacTaBuB NOJIy4eEHHOE ANA Y Bbipa*KeHUe BO BTOPOE ypaBHEHUE CUCTE-
Mbl, NONly4nUm

X"=2x'+x=0.
CooTBeTCTBylolee XapakTepucTuueckoe ypasHenne A°—21+1=0
umeet kopeHb A =1 kpatHoctn 2. Torga X =Ce' +C,te'. Moacrasnssa

BblpakeHne ana X B (793.1), nonyuum y =€'(2C, —C, +2C,t).

Omser: | X=€'(C,+C,t), y=€'(2C,—C,+2C,t).




Ne 813 [®]: {X" =2X—-3y,

) (813)
y"=x-2y.
Bblpasne 13 BTOPOro ypaBHeHUA X:
X=y"+2y, (813.1)

W NOACTaBUB MOJIlyYEHHOE BblpaXKeHWe B NePBOE ypPaBHEHME CUCTEMBI, MO-
ly4nm

(y"+2y)"=2(y"+2y)-3y < y“¥-y=0
COOTBETCTBYIOWEE XapaKTepucTUyeckoe ypasHeHne A'—1=0 umeer
KopHu A, =%l A, =+i. Toraa y=Cge'+C,e™ +C,cost+C,sint.
MoacTtaBnas BblpaxkeHne ansa Yy B8 (813.1), nonyuum x:3C1et+

+3C,e" +C, cost +C,sint.

OteeT: |x=3Ce'+3C,e" +C,cost+C,sint,

y=Cge'+C,e" +C,cost+C,sint.

B maTtpunyHoi dopme:

X (3 (3 1 1) .
=Cpe +C,e +G,| , |cost+C,| |sint.
y 1 1 1 1

OomawHee 3agaHue

[®] NeNe 787, 789, 814.

MoAroToBKa K KOHTPO/bHOM paboTe Ne 3 (4acTtb 1).
MNpUMepHbIN BapuaHT
KoHTposibHasa paboTta — 19 mas.
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Cuctembl MMHeliHbIX guddepeHLMaNnbHbIX YpaBHEHUI C MOCTOAHHbIMMU
KoadduumeHTamm

Ne 832 [®]: {x' =5x—3y+2e%,
(832)

y'=x+y+5e".

Bbipa3sue 13 BTOPOro ypaBHEHUA X:

X=y'-y-5e", (832.1)
M NOACTaBUB MOSYyYEHHOE BblipaXKeHMe B NepBOe ypaBHEHWE CUCTEMDbI, MNO-
cne npmeeneHnsa NoAobHbIX caaraemblX NOAYYNUM YpaBHEHNE

y"-6y'+8y=2e" -30e". (832.2)
XapaKkTepuctuueckoe ypasHeHne A2 —61+8=0 umeer KopHU A =2,
A, =4. Torpa oblyee pelueHNe COOTBETCTBYIOLLETO OAHOPOAHOIO ypaB-

HeHua y"-6Yy'+8y =0 wumeer sug: Yy, =Ce” +C,e". YactHoe pe-

O00H
WeHNe HEOLHOPOLHOrO ypaBHeHUS (832.2) MOXKHO HAWTU METOLOM He-
onpeaeneHHblx KoadoduLmeHToB. MpK 3TOM ero cnesyeT UCKaTb B BUAE

y, = Ae® +Be™. (832.3)
MoacTaHOBKa BblpaxeHus (832.3) B (832.2) aaerT:
—Ae* +15Be "' =2¢" -30e" = A=-2, B=-2
Takum obpasom, nonyyanu obuiee pelleHne ypaBHeHus (832.2)
y=Ce” +C,e" -2e* —2e™,
MoactaBnas BbipaxkeHue ana y B (832.1), nonyumm X :CleZt +3C2e4t -
—4e* —e™',



OtseT: |x=C,e* +3C,e" —4e* —e™,

y=Ce* +C,e" —2e* -2¢e™.

B maTpuuHolt dopme:
X 1 3 2 1
=Ce*|  [+Ce"| |-2e*| " |-e| |
y 1 1 1 2

Ne 796 [®]: X'=X-y+z,
y'=X+y-12, (796)
7'=2x-Y.

Bbipa3ne 13 nepBoro ypaBHeHUA Y:

y=X+2Z-X/, (796.1)
M NoACTaBUB NONYYEHHOE BblpaXKeHWe ANA Y BO BTOPOE U TpeTbe ypaBHe-
HMA 3343aHHON CUCTEMbI, MOTYYUM

X"=2X"+12"-2X, X"=3X"-x-12,
. . === ' (796.2)
Z =X—7+X, Z =X—7Z+X.
BblpasuB Z M3 NepBOro ypaBHeHUs cucTembl (966.2):
z2=3x'-x—Xx" (796.3)

M3 BTOPOrO ypaBHEHWsA cucTembl (796.2) UcKoUMM NepemeHHyto Z. B pe-
3y/ibTaTe NoJ/yYUM ypaBHeHue

X"=2x"-x"+2x=0. (796.4)
CoOTBETCTBYIOLLEE XapaKTEPUCTUYECKOE YpaBHEHME
A2 -21+2=0 & (A1-2A*-D=0
umeet kopuu A =2, 1,,=x1. CnegosatenbHo, obwum peleHrem
ypaBHeHus (796.4) 6yaet
X= Cle2t +Czet +Cge’t. (796.5)
MoacTasmB (796.5) B (796.3), Hailaem



7= Cle2t + Czet — 5C3e_t. (796.6)
MNopactasuB (796.5) n (796.6) B (796.1), Haliaem
y=C,e' —-3C,e™.

OteeT: |x=Ce” +Ce' +C e,
y=C,' -3C.e™,

2=Ce" +C,e' —5C e

Il. Memod 3iinepa (memoo cobcmeeHHbIX 6eKMOpPo8)

Cuctemy NMHENHbIX 0AHOPOAHbIX AnddepeHUManbHbIX YpaBHEHW, paspe-
LUEHHbIX OTHOCUTE/IbHO NMPOU3BOAHbIX,

Xl(t) =a, X% tayX, + .. +a,X,,

>'<2(t)=a21x1+a22x2 ot X, (1)

X, (t) =a,X +a,X, + ..+a,X

nn“*n?

MO3KHO 3anucaTb B BEKTOPHOW dpopme
X (t) = AX (1), (2)

rae  A=(a;) — matpuua u3 koapduumentos cuctembl, a X (t) — sektop
HenssecTHbIX dyHKumiA X (t), X (t)— BekTOop NpPOM3BOAHBIX BYHKLMIA
X (t):

KO) (%0

XM= : |, X(t)=
X, (t) X, (t)

Cuctemy (2) MOMKHO pelwnTb MeToaoM diinepa, KOTOpbIi 3aK/tovaeTca B
cneaytoliem. PeweHne cuctembl (2) nwem B Buae BeKTop-pyHKLUM

X(t)=e"h, h=(h,h,...h)". (3)



dyHKuMA (3) aBnseTca peweHnem cuctemsl (2), ecam A — cobcTBeHHoe 3Ha-
yeHne matpuupl A, a h — cobcTBEHHbIN BEKTOP 3TOW MaTpuLibl, COOTBET-

cTBytoWMiA uncny A. Hailaa cobeTBeHHble 3HaueHua A, maTpuubl A 1 cooT-

BeTcTBYIOLME cobeTBeHHble BekTopa N' , MOXHO nocTpouTsb obliee pelue-
Hue cuctembl (2).

Mpasuno 1. Ecnm gna Kaxpaoro cob6cTBEHHOro 3Ha4YeHUA KOJIMYECTBO
co6CcTBEHHbIX BEKTOPOB PaBHO KPAaTHOCTM 3TOro CO6CTBEHHOro 3Hauye-
HUA, TO obulee pelueHne cuctembl anddepeHunanbHbIX ypaBHEHWU onn-
cbiBaeTca popmysion

X(t)=Ce™h' +C,e”h? +...+C e*'h". (4)

Mpu atom dyHKumm X, (1) =e™h', i=1 n, obpasyioT dbyHAAMEHTaNbHYIO
CUCTEMY peLleHuii ypaBHeHUA (2).

Ne 796 [®]: X'=X—y+2,

y'=X+y-12, (796)
7'=2x-Y.
1 -1 1
Haiioem cobcTBeHHble 3HaveHMsa matpuubl cuctembl A=|1 1 -1],
2 -1 0

NOCTPOUB COOTBETCTBYHOLLEE XapPaKTEPUCTUHECKOE YPaBHEHUE!
|A-2E|=0 & (A-DA+D(A-2)=0 = A4 =1 4, =-1 4 =2

[Ona Kaxporo cobCTBEHHOrO 3HaYeHWs Halgem COOTBETCTBYIHOLWMIA CcO6-
CTBEHHDbI BeKTOp, peluasn ypasHeHne Ah' = ﬂih'.

1) Ona 4, =1n h*=(a, b, ¢)’ umeem:



1 11

a a b+c=0 b=c
_+: =
1 1 -1|{bl=|b <:>{ ’<:>{ ’
a—-c=0, a=_c.
2 -1 0 c C

Monaras € =1, noayuum ' =(1, 1, 1)'.

2) Ana A, =-1wn h’=(a, b, ¢)" umeem:
1 -1 1)(a a
1 1 -1|-ib|=—|b| < {
2 -1 0){c c
Monaras a =1, noayuum h* =(1, -3, —5)".

2a—-b+c =0, b=-3a,
&
3a+b=0,

3) Ana A, =2 m h®*=(a, b, ¢)" umeem:

1 -1 1 a a -a-b+c=0, aec
1 1 -1||/b|=2|b| < {a-b-c=0, < {b:o,
2 -1 0/lc c 2a-b-2c=0, e

Monaras ¢ =1, noayuum h® =(1, 0, 1)".

B cooTBeTcTBUM C Npasuaom 1 no ¢opmyne (4) 3anuiwem obliee pelieHue
3a4aHHOTO ypaBHeHusn:

X(t) 1 1 1 Ce' +Ce ' +Ce”

y(t) |=Cpe'|1|+Ce| -3 |+C,e”|0|= Ce'—-3C,e"

2(t) 1 -5 1) |Ce' -5C.e™ +C.e”
OTBerT:

x=Ce'+Ce ' +C,e”, y=Cge'-3C,e", z=Cge'-5C,e" +Ce”.




AdomaliHee 3apaHue

[®] NoNe 843, 799.

KoHTponbHas pabota Ne 3 (yacTb 2).
BapuaHTbl 3a4aHWIA.
CpOK BbINO/MHEHUA — 2 UIOHA.

3aaaHuA gNa CaMOCTOATENbHOro U3yyeHusn

Ne 798 [®]: X'=2X-y+1,

y'=X+2y-1z, (798)
Z'=x-y+2z
2 -1 1
Halioem cobcTBeHHble 3HaueHMa matpuubl cuctembl A=|1 2 -1],
1 -1 2

NOCTPOUB COOTBETCTBYHOLLEE XapPaKTEPUCTNHECKOE YPaBHEHUE!
|A-2E|=0 < A-D(A-2)(1-3)=0 = A4 =1 4,=2 4,=3.

Onsa Kaxporo cobcTBEHHOrO 3HAYeHWA Halgem COOTBETCTBYHOLWMI cO6-
CTBEHHbIl BeKTOp, pewas ypasHeHne Ah' = Ah'.

1) Ana A =1unh'=(a, b, ¢) umeem:

2 -1 1 a a
a—-b+c=0, a=0,
1 2 -1||b|=lb = =
a+b—-c=0, c=h.
1 -1 2 c c

Monaras b =1, noayuum h' =(0, 1, 1)".
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2) Ana A, =2 n h?=(a, b, ¢)" umeem:

2 -1 1 a a —b+c=0, e c
1 2 -1||b|=2-|b| < {a-c=0, < {b:c’
1 -1 2])lc c a-b=0, 7

Monaras C=1, noayuum h’ =(1, 1, 1)".

3) Ana L, =3 n h®=(a, b, ¢)" umeem:

2 -1 1 a a
-a—-b+c=0, b =0,
1 2 -1|/b|=3]b = =
a—-b-c=0, a=c.
1 -1 2 C C

Monaras € =1, noayuum h® = (1, 0, 1)".

B cooTBeTcTBMM € npaBuaom 1 no popmyne (4) 3anuwem obuiee peleHume
3a4aHHOrO0 ypaBHeHUA:

x(t) 0 1 1 C,e* +Ce*
y(t) |=Ce'| 1 [+C,e*[1|+Ce*|0|=| Cpg'+Ce”
2(t) 1 1 1) |Ce'+C,e* +Ce™

2t 3t t 2t t 2t 3t
Omger: |X=Ce” +Ce”, y=Ce +Ce”, z=Ce +Ce” +Cge”.

Ecnm cpem cobCTBEHHBIX YMCEN MATPULbl A UMEIOTCA KOMMIEKCHbIe
UMCa, TO CTPOUTCA COOTBETCTBYIOLLEE TAKOMY COBCTBEHHOMY YMCaY
peweHne cuctembl (2) yepes KomnaekcHble GyHKUmMK. YTobbl Bbipa-
3UTb pelleHne Yepes BelecTBEHHbIE GpYHKLMM (B Cyyae BewecTBeH-
HOM maTpuupl A), Ha4O BOCMONL30BATLCA TEM, YTO BELLECTBEHHAsA U
MHMMas 4acTU KOMMJIEKCHOMO pelleHus, COOTBETCTBYIOWEro cob-
ctBeHHomy uncny A=a tif (B #0), asnaotca NMHENHO He3aBM-

CMMbIMMU pelleHnAMN.




Ne 801 [@]: X'=X—y—Z,

y'=X+y, (801)
Z2'=3X+1.
1 -1 -1
Haiioem cobcrBeHHble 3HaveHusa matpuubl cuctemsl A=|1 1 0 |,
3 0 1

NOCTPOMB COOTBETCTBYIOLLEE XapaKTePUCTUHECKOEe YpaBHEHME:

|A—/1E| =0 & (A-)(A*-21+5=0 = A =1 Ay =1£20
Haliaem cooTBeTCTBYIOLIME COBCTBEHHbIE BEKTOPA.
1) Ana A, =1n h*=(a, b, ¢)' umeem:

1 -1 1 a a-b-c=a

a
1 1 0 |/b|=|b < <a+b=b, = {
3 0 1 C

a=0,

c=-bh.
c 3a+c=c,

Monaras b =1, noayuum h' =(0, 1,-1)". Torga peweHnem cucremsl
(801), cootseTcTaytowmm 4, =1, 6yaer sektop-dyHkuma X, (t) =e'h.
2) Ona A, =1+2i n h>=(a, b, ¢)" umeem:

2 -1 1 a a 2ib
a =2ib,
1 2 -1||b|=1+2)-|b| < ]
3a=2ic.
1 -1 2 c c

Monaras a=2i, nonyuum h®=(2i, 1, 3)". CobcrBeHHOMY 3HaueHMIO

A, =1+2i cooTBeTCTByeT KOMM/IEKCHOE pelweHune cuctemsbl (803)

X, (t) =e™?'h?, Bbigennm B Hem BeLLECTBEHHYIO M MHUMYIO YacTH:



2i 2i —2sin 2t 2C0s 2t
et 1 |=¢'(cos2t+isin2t)| 1 |=e'| cos2t |+ie'| sin2t
3 3 3cos 2t 3sin 2t

Taknm 0bpa3om, NOCTPOEHblI TPU BeLEeCTBEHHbIX MHENHO He3aBUCUMBbIX
pelweHns 3a4aHHON CUCTEMbI U UX JIMHEMHAa KOMOMHaAUMA C NPOU3BOJIb-
HbIMU KO3ddULMEHTaMN AaeT ee obLlee pelleHue:

X(t) 0 —-2sin 2t 2c0s 2t
y(t) |=Ce'| 1 |[+C,e'| cos2t |+C,e'| sin2t
zZ(t) -1 3cos 2t 3sin 2t

OTBert:

x =¢'(-2C,sin 2t + 2C,cos 2t), y=¢€'(C, +C,cos2t+C,sin2t),
z=¢'(-C, +3C, cos 2t +3C,sin 2t).

Ne 817 [®]:  [2x'-5y'=4y—x,
[ { y y (817)

3X'—=4y'=2x-y.

Cucmema (817) He npusedeHa K HOPMAsAbHOMY 8UOY, HO ee MmaKce
MOXHO pewumb memoodom Jiinepa.

Byaem vckaTb ee HEHyeBOe pelleHue B BUAe:

X Ae™
= x| (817.1)
y Be
MoacTtasus (817.1) B 3aAaHHY0 cucTemy, byaem MMeTb:
2A%e™ —5B1e™ =4Be™ — Ae™,
3A%e™ —4Ble™ =2Ae" —Be*,
{(2/1—1)A—(51+4)B =0,

(31-2)A-(421+1)B=0. (817.2)




Cuctema (817.2) — cuctema AMHENHBIX O4HOPOAHbBIX YPAaBHEHWUI OTHOCK-
TeNbHO KoapdmumeHToB A 1 B. OHa byseT MMeTb HEHY/IEBOE pPeLLEHMUE,
ec/n onpeaennTenb MaTpuLbl CUCTEMbI PABEH HYHO:

24-1 —(51+4)
31-2 —(41+))
MocTpoeHHOe ypaBHEHWe ABNAETCA XapaKTePUCTUUECKUM 1A 3aaHHOM
cuctembl M umeeT Kophn 4, =1 n A, =—1. NopacTtasus nocnegosatens-

=0 < A°-1=0.

HO KarKAbI M3 HUX B cucTemy (817.2), Hangem COOTBETCTBYHOWME UM
pelweHnn, 1, cneaoBaTeNbHO, ABa MHENHO HE3aBUCUMbIX PeLleHUs BU-
na (817.1) ana 3agaHHOM CUCTEMBI.

1) Ana A =4, =1 cuctema (817.2) pasHocunbHa ypasHeHnto A—B =0.

Torga A= B, nnonaras A=1, nonyynm
X e!
Xl :( ]:( tj.
Yy e
2) Ana A =4, =—1 6yaem umetb B =3A. MNonaraa A=1, nonyuum
X e
X, = = o -
y 3e”

Oblee pelleHWe 3alaHHON CUCTEMbI ABASIETCA IMHEMHOW KOMBUHaLM-
eil HaliaeHHbIX pewwennii X; n X,.

Omset: | Xx=Ce' +C,e ", y=Ce' +3C,e™".




Mpasuno 2. Ecnu gna co6cTBEHHOro 3HaueHua A KpaTHocth K umeerca
TONIbKO M (M < k) AMHEHO He3aBUCMMbIX COBCTBEHHbIX BEKTOPOB, TO
pelleHue, COOTBETCTBYOLWEE TAKOMY A, MOXKHO MUCKaTb B BUAE:

X1 F)kl—m (t)
X.z _ sz—r.n (t) e (5)
Xn Pkn—m (t)

roe F’k'_m (t) — mHorouneHs! nopsaaka m —k ¢ HeusBecTHbIMU KO3DGULYM-

eHTamun. KoappuumeHTbl MHOTOYSIEHOB OMpeaenatTca nyTem noacTa-
HOBKK BbipaxkeHun (5) B cuctemy (1). MpupaBHAB KO3bDOULMEHTLI NpU
OAMHAKOBbIX CTEeMNeHAX I B MpaBoit M NeBOM YacTAX ypaBHEHUI, NOJYYNUM
CUCTEMY JIMHEMHbIX YPAaBHEHWIA OTHOCUTENbHO BCEX KO3PPUUMEHTOB.
Hazo Halitn ee obuee peweHne. KoapdpuumeHTbl MHOFOUNEHOB A,0/K-
Hbl 3aBUCETb OT K NPOU3BObHbIX NOCTOAHHDIX.

Ne 808 [®]: X'=X-y+12,

y'=x+y-z, (808)
7'=2z7-Y.
1 -1 1
Ona matpuupl cuctembl A= 1 1  —1| XapaKkTepucTMyeckum ypas-
0 -1 2

HeHnem 6yget ypasHeHne (1—A1)*(2—1)=0. Marpuua A umeet npo-
cToe cobcTBeHHOe 3HaveHne A4 =2  u cobctBeHHoe 3HadeHne A, =1

KpaTHocTn K = 2.

1) Ana A =2u h'=(a, b, ¢)' umeem:



1 -1 1)(a a a—b+c=2a,

1 1 -1||b|=2:|b| < la+b-c=25, < {ZZS
0O -1 2 C C —b+2c=2c, '
Monaraa C=1, noayuum h'=(1, 0, 1)". Torga peweHnem cuctemsi

(808), cootsetcTBytOWMM A = 2, ByaeT BekTop-dpyHKuma X, (t) = e’'ht.

2) Ana A, =1wm h®=(a, b, ¢)" umeem:

1 -1 1 a a a-b+c=a, A
1 1 -1|b|=|b| < Ja+b-c=b < {b:c’
0 -1 2)lc) lc b+2c=c, -

Tak Kak ansa cobctBeHHoro 3HayeHua A, =1 Hawnm oguH (M = 1) cobetBen-

o 2 T
Hbiii Bektop h” =(Q, @, @) (7. e. meHblwe ero kpaTtHocth K = 2), To, co-
FNaCcHO MpPaBMAY 2, COOTBETCTBYIOLLLEE eMY PeLLeHMe MOXHO UCKaTb B BUAE

X at+b
X,=|y|=|ct+d |-€". (808.1)
z et+g

MofcTaBuB 3TU BbIpaXKeHUa An1 X, Y u Z B cuctemy (808), nonyumm:
at+b+a=at+b—-ct—d-+et+g,

ct+d+c=at+b+ct+d—-et—g,
et+g+e=2et+2g—ct—d.

MpupaBHAB KO3PPULIMEHTbI NPU OAMHAKOBBIX CTeNeHsX t B npaBoli U 1eBoM
YacTaAX ypaBHEHWU, byaem nmeTb:



a=a-—-c+e,
b+c=b-d+g, c=e¢,
c=a+C-—e, a=e,

=
d+c=b+d-g, d=g-—e,
e=2e—c, b=e+g
g+e=2g-d,

Nycte €=C,, g =C,. Monyunnn, 4to Ko3GOULMEHTbI MHOFOUNEHOB B
(808.1) 3aBucAT OT ABYX Mpon3BO/bHbIX NocToAHHbIX C, n C,. Takum o6-
pasom, cobcTBeHHOMY 3HadeHuio A, =1 cootsertcTByeT pelueHue:
Ct+C,+C,
X,=|Ct-C,+C, |-
Ct+C,
CNI0XMB MOJIyYeHHOE pelueHne W peweHne X;, YMHOMKEHHOEe Ha Mpous-

BO/IbHYt0 noctosaHHyto C;, nonyymm obuiee peleHne cuctembl (808):

X 1 Ct+C,+C,
y |=Ce*| 0 |+| Cit—C,+C, |-€. (808.2)
z 1 Ct+GC,

Oteer:
X=Ce" +(Cit+C,+C,)e', y=(Ct—C,+C,)e,
z=Ce” +(C,t+C,)e".

3ameuaHue. MNonyyeHHoe obuiee pelweHne (808.2) MOXKHO NpeacTaBUTbL B
BUAE IMHENHOM KOMBUHaUMN:

X 1 t+1 1
y|=Ce”|0|+Ce'|t-1|+Ce'|1].
z 1 t 1



1 t+1 1
dyrkumm €7 0|, e'| t=11|, e'|1| senatoTca AMHENHO He3aBUCUMbIMK
1 t 1

peweHnamu cuctembl (808) 1, cnegoBaTenbHO, 06pasyloT ee PpyHAAMEH-
Ta/IbHYI0 CUCTEMY peLleHnid. [encTBUTeNbHO,

e? (t+De' ¢
0 (t-De' e'|=e"=0.

2t t t

e te e
1
3ametum, uto petwenune €'|1| cooTBeTcTByeT COBCTBEHHOMY 3HAYEHMIO
1
1
A, =1.3pecb BekTOp h? =| 1 | ssnseTca cobcTBeHHbIM (Monaras a = 1).
1

CyLiecTByeT v Apyroii MeTos, NOCTPOEHMUA IMHENHO HE3ABUCUMbIX YHKLNN,
KOTOpble ABAAIOTCA PELEHUAMMU CUCTEMbI (2) U COOTBETCTBYHOT COBCTBEH-
HOMYy 3HaueHuio A maTpuupl A, umetolemy KpatHocTb K > 1. 3ToT meToq,
OCHOBaH Ha MNOCTPOEHMM COBCTBEHHOrO BEKTOPA W NPUCOEAUHEHHOro
(npucoeanHeHHbIX) K HeMy BeKTopa (BekTopos). Konuuyectso npucoeau-

HEHHbIX BEKTOPOB paBHO pasHoctv (P = k —m). CobcTBeHHbIN BekTop hy
npucoeauHeHHble kK Hemy p Bektopos h, h,..., hp HaxoAATca, peluas

YPaBHEHMUS:



Ah, = Ah,, h, #0,
Ah = Ah +h,,
Ah, = ih, +h,, (6)

Ah, =h, +h .

Habopy sextopos hy, hy, h,,..., h) cootsercteyer p + 1 nuHeiiHo Hesasu-
cumbix pewenmit X, X,,..., X cucremol X (t) = AX(t):
X, =e"h,,
X, =" Gho +hlj,
xzzeﬂ(ﬁhﬁlmhzj, @)
2! 1!

X =e™ Eh +L + +£h +h
R T T T

Cuctembl HEOA4HOPOAHbBIX INHeHbIX AuddepeHUNaNbHbIX ypaBHEHUN
C NOCTOAHHbIMU KO3 PuLumneHTammu

CucTeMoidi NUHENHbIX HeoA4HOPOAHbIX AuddepeHuUanbHbIX ypaBHEHUI
Ha3blBaeTCsA cucTema BMAa

>‘<1(t)=a11x1+a12x2 + ot X, + f1(t)'
X,(t) = a, X +a,X, + ..+ a,,X, + f,(t),

2n""n

(8)

X, (t)=a,x +a,%+ ..+a,X + f (1),

Cuctemy (8) MOXKHO 3anumcaTtb B BEKTOpHOW dopme



X(t) = AX (t) + F (1), (9)
rae A=(a;) — matpuua u3 koapduumeHTos cuctemsl, a X (t) — sextop
HemssecTHbIX dyHKumin X (t), X (t)— Bektop npousBoAHbIX GYHKLMIA
X;(t), F(t) — sexktop-¢pyHKums c komnonentamu f(t):

x©) %, (£) a, @, f,(t)
X®)=| | X@O) =] |, Ax| oo , F(D) =
X, (t) X, (t) a, - a, f.(t)
Obuee peweHne cucteMbl (9) UMeEeT crieayioLLYO CTPYKTYPY
X (1) =X, O+ X, (1), (10)
rae X, — obliee pelleHne COOTBETCTBYIOLLEN OAHOPOAHOW CUCTEMBI

X (t) = AX (1), (11)

X, — Kakoe-HWbyAb YacTHOe pelleHne HeOAHOPOAHO cucTembl (9).

Cnocobbl peweHusa cuctemsl (8)

1 cnoco6. Cuctemy (8) MOXKHO peLwunTb NyTeM NPUBEAEHMA K O4HOMY ypaB-
HeHuto bonee BbICOKOro NopsaaKa (Hanpumep, MeToA0M UCKIOUYEHUSR).

2 cnocob. PelwnTb COOTBETCTBYHOLLYIO O4HOPOAHYIO CUCTEMY, @ AR NOCTPO-
€HMA YaCTHOro peLleHMA NMPUMEHUTbL Memood HeonpeodesieHHbIX Ko3ggu-

YueHmoe8. 3T0 MOXXHO CAenaTb B Tom ciyyae, ecim dyHkummn f, (1) cocroar
M3 cymm 1 npomsseaenmit dyHkumii P () =a t"+a_ t" +..+at+a,,
e, cos ft, sin ft.

B cnyuae, korga f(t) = Pnii (t)e™, yacTHoe pelweHue cuctembl (9) Ulem B

Buae



Qn.s ()™

2 (t)eat

X, ()= Qs : (12)

at
Qn.s(t)e
roe Q;M (t) - mHorouneHbl nopsaka M+S ¢ HEM3BECTHbIMU KOIGOULMEH-

Tamu, M=maxm,, S= 0, ecnn a He aBnaeTca cOBCTBEHHbIM 3HaYeHMEM
i=l.n

maTpuupl A, n S=K, ecnn a asnsetca cobCcTBEHHBIM 3HaYeHMEM MaTPULb
A 1 nmeert KpatHocTm K.

HeunssecTHble koadpduumeHTsl mHorouneHos Q' (t) onpeaenstotca nytem

m+s
NnoACTaHOBKM BblpaxkeHuit (12) B cuctemy (9) 1 cpaBHeHMA KoadPULMEHTOB
NoAo06HbIX Y/IEHOB.

AHanorm4yHo onpeaenAarTca CteneH MHOro4s1eHOB U B C/ly4ae, Koraa
i t i t o3
fi(t) =P, ()e” cos St + R, (t)e” sin f,

a komnnekcHoe uucno a=a+if (f#0) sasnserca wam He sasnsetcs
cO6CTBEHHBIM 3HaUYEHMEM MaTpuLbl A.

3 cnocob. Hanga obuiee pelueHMe COOTBETCTBYIOLLEN OAHOPOAHOMN CUCTe-
Mbl, NPUMEHUTbL Memod eapuayuu MpPouU380sAbHbIX MOCMOAHHbIX. Ecnu

HalaeHbl N auHeiHo Hesasucumbix pewenunin X, (t), X, (t),..., X, (t) oa-

HOpoAHOM cucTembl (11), To obliee pelleHUin HeOAHOPOAHOM CUCTEMbI 3a-
nucbiBaeTca B Buae

X({)=C,(t) X, (t)+C, ()X, (t)+...+C, (t) X, (1), (13)
roe dpyHkumm  C. (t) BoccTaHaBaMBalOTCA MHTErPUPOBAHMEM MPOU3BOLHBIX
Ci'(t), i zﬁ. Mpoun3BoaHbIe e HaxoAATCs, pelas IMHelHyo anrebpa-

NYeCKyro cnucrtemy

W (t)C'(t) = F(t), (14)



roe W (t) oynaamentanbHas maTpuua cuctemsbl (11) (ee ctonbuamm sas-

natotea dyHrunm X, (t), X, (t),..., X, (1)), sektop C'(t) - sextop npous-
soanbix, C'(t) = (C/(t),C, (t),...,C. (t))". Ana C'(t) umeem

C'(t) =W (t)F(t). (15)
NHTerpupyn ypasHeHue (15), Hallaem
C(t) = [W(®F () dt+C. (16)
Tak Kak dopmyny (13) MOXKHO 3anucaTb B BUAE
X(t) =W (t)C(t), (17)

TO, NOACTaBAAA B Hee BbipaxkeHue (16), nonyuynm obluee pelleHue ypaBHe-
HuA (9):

X () :W(t)(IW’l(t)F(t) dt+é). (18)

MpY NOMCKe YaCTHOTO pelleHns cuctembl (9) MoXKeT BbiTb NPUMEHEH NPUH-

M
uun cynepnosuumn. Ecin F(t) :ZFJ (t), To, Hallaa yacTHble pelleHus
i1

XJ(t) cucrem X (t) = AX (t) + Ft), ] =1 M, nonyumm yacTHoe pelue-

M .
Hue cuctembl (9) B Buae ux cymmbl, T e. X, (t) = Z X ().
=

(826)

No 826 [®]: X'=y+2e,
y'=X+1t%

1 cnocob (Mmemoo uckmoveHusa). Ans 3alaHHOMN CUCTEMbI UMEEM:
y =Xx'-2¢', y =x'-2¢',
2 < t 2
y'=X+17, X"—-X=2e +1°,
Pelwaem ypaBHeHHe X'—X= 2e" +12 PacCMOTPEHHbIM Ha 3aHATUM 8 me-
TOO0M.


https://math-it.petrsu.ru/users/semenova/DIFF_UR/Praktika/Audit_Tasks/201/s2/Audit_Tasks_7.pdf

2 cnocob (nouck yacmHoz2o peweHua no eudy npaeoii yacmu)
PaccMoTpMM COOTBETCTBYHOLLYIO O4HOPOAHYIO CUCTEMY

{Xlz v (826.1)
y'=X.

01
COBCTBEHHbIMM  3HAYEHUAMM ee  MaTpuLbl A:( 0 ABNAIOTCA
— 1 1
A,=%1, n um cootsercTBylOT cOBCTBEHHbIE BeKTOpbl h =(] 7

1
h? =[ J. Toraa obwum peleHnem cuctembl (826.1) byaet AnHeiHasn

KombuHauma dyHkumii X, =e'h' n X, = e'h?:

1 1
X, =Ci€' (J+Cze‘ (_J. (826.2)

—2¢t . —2¢
Npeactasus F(t) = 2 B Buae cymmbl dyHkumii  F(t) = 0 "

F,(t) = (tzj’ Hal4eMm YacTHble pelleHnsa cucTem

{x'z y+2¢,
' (826.3)
y =X
n
X'=Yy,
{y'—iﬂz (826.4)

1) YacTHoe pelueHue NepBoit cUcTeMbl Byaem UCKaTb B BUAE



wio[*]_ (at+b)e'
oy (ct+d)e'

MopacTtasue BbipaxkeHusa ana X u Yy B (826.3), nonyumm ycnosua ans
HaxoXaeHuns koappuumneHtos a, b, c n d:

a=c
at+b)e' +ae' = (ct+d)e' —2¢', ’
{(t+d)t+ t_(t+b)t brazd—2 o
(ct+d)e +ce =(at+b)e, dic=b.

a=c,

a=c=1

& qa+e=2, < {d—b—l

d=b-c. T

t
Monarasa b =0, noayuum Xj = [t Jet.

2) YacTHoe pelueHue BTOpo cuctemsl (826.4) byaem UcKaTb B BUAE:

w2 _[¥)_ at’ +bt+c
“\y) lat’+bt+c
MoactaBuB BbipaxkeHMa ana X u y B (826.4), nonyuynm ycnosus pns
HaxoXXaeHusa KoapPpuLmMeHTOoB:

a =0,

2a=0, a =b=c =0,
{2at+b=a1t2+b1t+cl, . b=c, - a=-1,
2at+b =at® +bt+c+t?, 2a, =D, b =-2,

b =c, c=-2.

a+1=0,

—t? -2
Takum obpaszom, Xf :( ]



YacTHoe pelleHne HeoAHOPOoAHOM cuctembl (826) Haiaem, NPUMEHMB
NPUHLMN CYNepnosnLmm:

L L, [tet-tP-2
X, =X, + X/ = .
(t—1)e' -2t
O6Wwmm pelieHnem 3agaHHOM cucTembl byaer:

X (1 (1) [te'-t?-2
X=X, tX, = =Ce +Ce + :
y 1 1) \(t-1e' -2t

3 cnocob (Memod sapuayuu rnpPou3e0sbHbIX MOCMOAHHbIX)
o _ Atkl
CoctaBuM ¢yHAAMeHTanbHYlO MaTpuuy U3  pelweHnin X, =e h* u

X,=e"h?:
et et
wo-(* %)

MocTpounB 06paTHYIO K Hel

1 (et et
W) ==- ,
® 2 (e‘ —et]

Haiigem sektop C(t) = (C,(t),C,(t))", pewms ypasHeHme:

C'(Oz%(ee_: :J[Ztej S C)= j(“ tzet]dt N
L )= —%(2+2t+2) .\ C,
le? le't*-2t+2)) (C,)

3aecb él, C~’2 — NPOM3BO/IbHbIE MOCTOSHHbIE,
Obuiee pelweHne ypaBHeHUA Hailgem no dopmyne (17):

o e
et —e' )|\ $e*—Le'(t*-2t+2)) (C,



_ e (?1 . e'(t+3) -t -2 _
et - |G, e't—1)-2t
- (1) = 1 te' —t*—2 1
=Ce'| [+Ce™ + t R
1 1) | t-Det-2t) 2 |1
(rlepBoe M nocnepgHee cnaraembie B MoJsiydeHHOM BbipaXeHNn MOXKHO
06beAnHUTD)

omser: | X=Ce' +Cye ' +te' —1° =2, y=Ce' —Ce" +(t-1e —2t.




