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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.
Bbipa3sne 13 BTOPOro ypaBHEHUA X:
X=Yy"+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

Ne832[®]:  (x'=5x—3y+2e*,
(832)
y'=x+y+5e.

Bbipa3uB 13 BTOPOro ypaBHEHUA X:
X=y'-y-5e", (832.1)

N NoAacTaBuB NMNoJslydeHHOE Bblpa*KeHWe B nepBoe ypaBHeHUE CUCTEMDI, MNO-
cne npueegeHnA I'IOAO6HbIX CNnaraembiX NONy4YUm ypaBHeHUe

y"-6y'+8y=2e" -30e". (832.2)



XapakTtepucTuueckoe ypasHenne A°—61+8=0 umeer kopHu A, =2,
A, =4. Torpa obliee pelweHne COOTBETCTBYIOWErO OAHOPOAHOTO ypaB-
HeHna Y'—6y'+8y =0 wumeer Bug: y,, =Ce* +C,e*. YactHoe pe-

LeHWe HeoAHOPOAHOro ypaBHeHMA (832.2) MOXKHO HANTM METOA0M He-
onpegeneHHbix KoapodnumeHToB. Mpun 3TOM ero cnegyeT UCKaTb B BUAE

y, = Ae* +Be™. (832.3)
MoacTtaHOBKa BblpaxkeHus (832.3) B (832.2) aaert:
—Ae* +15Be "' =2e* -30e"' = A=-2, B=-2.
Takum obpasom, nonyyanu obulee pelieHme ypasHeHua (832.2)
y=Ce* +Ce" —2e* -2¢e™.
Moactasnas BbipaskeHue ana y B (832.1), noayumm X =Cle2t +3Cze4t —
4™ —e™",

OtseT: |x=C,e* +3C,e" —4e* —e™,

y=Ce* +C,e" —2e* -2¢e™.

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

Ne 796 [®]: )(':X_y+z1
y'=X+y-12, (796)
7'=2x-Y.

Bbipa3uns 13 nepBoro ypasBHeHUA Y:
y=X+z-X, (796.1)



M NoAcCTaBMB NMosydYeHHOE BblpaXKeHWe 4114 Y BO BTOpOe U TpeTbe ypaBHe-
HUA 3a,u,aHH017| CUCTEMDI, NONTYHUM

X"=2X"+2"'-2X, X"=3X'-Xx-12,
@ 1 1
2'=X—7+X".

7'=X—7+X,

Bbipa3uB Z U3 NepBOro ypaBHeHUs cuctembl (966.2):

Z=3X'-X—-Xx",

(796.2)

(796.3)

M3 BTOPOro ypaBHEHUA cuctembl (796.2) McKaouUMM nepemeHHyto Z. B pe-
3y/ibTaTe Nosly4um ypaBHeHue

X"—2Xx"-x"+2x =0.

COOTBETCTByI'OLLI,ee XapaKTepncTtnyeckoe ypaBsHeHne

B-22-1+2=0 < (A-2)(1*-1)=0

(796.4)

umeetr Kopun A =2, A,,=%x1. CneposatenbHo, obwum pelieHnem

ypaBHeHus (796.4) byaet

X=Ce' +Ce' +C e

MoacTaBmB (796.5) B (796.3), Hangem

2t t —t
z=Ce" +C,e —5C,e .

MoacTasmB (796.5) n (796.6) B (796.1), Hallaem

OTBeT:

y=Ce'-3C,e™.

X=Ce” +Ce' +C e,
y=C,e' -3C,e™,
72=Ce" +C,e' —5C e

(796.5)

(796.6)

L'.".‘.‘I‘."J'I‘.]

JomawHee 3apgaHue
[®] NeNe 787, 789, 814, 843.

MoarotoBKa K KOHTpPOAbHOM paboTe N2 3 (4acTb 1).




MpMMepHbIN BapUaHT
KoHTposibHasa paboTta — 19 mas.
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Cuctembl MMHeHbIX guddepeHyanbHbIX ypaBHEHUN € NOCTOAHHbIMU
KoadduumeHTamm

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 Tt X, (1)

X,(t) =a,X +a,%+ ..+a,X,,
MO3KHO 3an1caTb B BEKTOPHOW dpopme
X (t) = AX (1), (2)

roe A:(qj) — maTpuua u3 Koadduumertos cuctembl, a X (t) — sekTtop
HenssecTHbIX dyHKumA X (t), X (t)— BekTOop NpPOM3BOAHBIX BYHKLMIA
X (t):

XO) (%0

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

Cuctemy (2) MOMKHO pelwnTb MeToaoM diinepa, KOTOpPbIi 3aK/ato4aeTca B
cneaytolem. PeweHne cuctembl (2) nwem B Buae BeKTop-GyHKLMUM


https://math-it.petrsu.ru/users/semenova/DIFF_UR/Praktika/Sam_Tasks/KR_3_Diff_Ur_ch_1.pdf

X(@t)=e*h, h=(h,h,,..,h)". (3)
dyHKuMA (3) aBnseTca peweHnem cuctemsl (2), ecam A — cobecTBeHHOe 3Ha-
yeHue matpuubl A, a h — cobcTBEHHbIN BEKTOP 3TOW MaTpuLbl, COOTBET-
cTBytoWMid uncny A. Hailaa cobeTBeHHble 3HaueHua A, matpuubl A 1 cooT-

BeTcTBylOLWMe cobcTBeHHbIe BekTopa h' , MOXHO nocTpouTb obluiee pelue-
Hue cucTemsl (2).

Mpasuno 1. Ecnm gna Kaxpaoro co6cTBEHHOro 3Ha4YeHUA KOJIMYECTBO
cob6CcTBEHHbIX BEKTOPOB PaBHO KPAaTHOCTM 3TOro CO6CTBEHHOro 3Hauye-
HUA, TO obLLee peweHne cuctembl anddepeHLManbHbIX yPpaBHEHUI ONK-
cbiBaeTca popmyion

X(t)=Ce™h' +C,e”h? +...+C e*'h". (4)

Mpu atom dyHKumm X, (1) =e™h', i=1 n, obpasyioT dbyHAAMEHTaNbHYIO

CUCTEMY peLUEeHN ypaBHeHUs (2).

Ne 796 [®]: X'=X—-Yy+2,

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

NOCTPOUB COOTBETCTBYHOLLEE XapPaKTEPUCTUNHECKOE YPaBHEHUE!
|A-2E|=0 < A-DA+D)(1-2)=0 = A =1 4, =-1 A, =2

[Ona Kaxgoro cobCTBEHHOrO 3HaYeHWs Halgem COOTBETCTBYHOLWMIA Ccob-
CTBEHHDbI BeKTOp, peluasn ypasHeHne Ah' = ﬂ,lh'.

1) Ona A, =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 NpaBuaom 1 no ¢opmyne (4) 3anuwem 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”.




Ne 798 [®]: X'=2X-y+12,

y'=x+2y-z, (798)
Z'=X-Yy+2z

2 -1 1
Haligem cobcTBeHHble 3HaueHma matpuubl cuctembl A=|1 2 -1],
1 -1 2

MOCTPOMB COOTBETCTBYIOLLLEE XapaKTePUCTUUYECKOE YPaBHEHME:
|A—/1E| =0 & (U-D(1-2)(1-3)=0 = A4 =1 4, =2, 4,=3.

Ona Kaxporo cobCTBEHHOro 3HayeHWs HallJem COOTBETCTBYHOLWMIA cob-
CTBEHHbI BeKTOp, pelasn ypasHeHne Ah' = ﬂ,lh'.

1) Ana A, =1n h*=(a, b, ¢)’ umeem:

2 -1 1)(a a
a-b+c=0, a=0,
1 2 -1|4bl=|b| < =
a+b—-c=0, c=h.
1 -1 2)\c c
Monaras b =1, noayuum h* = (0, 1, 1)".
2) Ana 4, =2 u h’=(a, b, ¢)" umeem:
2 -1 1)(a a -b+c=0, e
1 2 -1||b|=2-|b| < {a-c=0, < {b:c
1 -1 2)l\c c a—-b=0, -

Monaras C=1, noayuum h®> =(1, 1, 1)".

3) Ana A, =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 pelieHume
3a[1aHHOTO YpaBHEHMUSA:

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

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

Ecnm cpeam coBCTBEHHBIX YMCeN MaTPULbl A MMEHOTCA KOMMIEKCHbIE
umcna, TO CTPOUTCA COOTBETCTBYHOLLEE TaKOMY COBCTBEHHOMY YMCay
peweHne cuctembl (2) yepes KommnaekcHble GyHKUmMK. YTobbl Bbipa-
3UTb peLleHne Yepes BellecTBEHHbIE GpYHKLMM (B Cyyae BeLecTBeH-
HOM maTpuupl A), HaJO BOCMONL30BATLCA TEM, YTO BELLECTBEHHAA U
MHMMan 4YacTU KOMMJ/IEKCHOrO peLleHus, COOTBETCTBylowero cob-
creeHHomy uncny A =a tif (S #0), sasnawotca AnHENHO Hesasu-

CMMbIMU peELLEHNAMMUN.

Ne 801 [@]: X'=x-y-2,
y'=x+Yy, (801)
7'=3X+2Z.



1 -1 -1
Haligem cobcrBeHHble 3HaveHma matpuubl cuctembl A=|1 1 0
3 0 1
NOCTPOMB COOTBETCTBYIOLLEE XapPaKTEPUCTUYECKOE YPaBHEHME:
|A-2E|=0 < (A-D(A*-24+5)=0 = A =1, 4,,=1+2i
Haitgem cooTseTcTBytOLWME COBCTBEHHDbIE BEKTOPA.

1) Ana A, =1wn h*=(a, b, ¢)' umeem:

1 -1 -1)(a a a-b-c=a, az0
1 1 0f|bl=|b| < Ja+b=h, @{C:I’O
3 0 1]/lc c 3a+c=c, -

Monaras b =1, noayuum h' =(0, 1,-1)". Torga peweHnem cucremsl
(801), cootsetcraytowmm A, =1, 6yaer sektop-dpyHkuma X, (t) = e'ht.
2) Ana A, =1+2i n h®=(a, b, ¢)’ umeem:

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

Monaraa a=2i, noayuum h®=(2i, 1, 3)". CobcrBeHHOMY 3HauEHMIO

A, =1+2i cooTBeTCTBYET KOMM/IEKCHOE peleHune cuctemsl (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

Takum 06pasom, NOCTPOEHbI TPU BELLECTBEHHbIX JIMHEMNHO HE33aBUCHMMBbIX
peleHna 3aJaHHOM CUCTEMbI U UX JIMHEHAA KOMOUWHaLMA C NPOM3BOJIb-
HbIMW KO3ddMUMeHTamM gaeT ee obLuee pelleHme:



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

OtBer:

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

-‘*-*«‘h“"r-‘] JdomawHee 3apaHue
LA [®] NeNe 799, 802.
MoarotoBKa K KOHTPOAbHOM paboTe Ne 3 (4acTb 1).

MpUMepHbI BapuaHT
KoHTponbHas paboTta — 19 mas.

[JomMallHAA KOHTpoIbHaA paboTta Ne 3 (4acTb 2).
BapunaHTbl 3a4aHMM
CpOK BbIMO/HEHWA — 2 UIOHA.

19.05.2026
3aHAaTtue Ne 15

KoHTponbHasa paboTa
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Cuctembl MMHeliHbIX guddepeHLMaNnbHbIX YpaBHEHUI C MOCTOAHHbIMMU
KoadduumeHTamm

(817)

Ne 817 [®]: 2X'-5y'=4y-x,
3X'-4y'=2x-Yy.

Cucmema (817) He npusedeHa K HOPMAAbHOMY 8UOY, HO ee MmaKe
MOMHO pewumbs memooom Jiinepa.

byaem nckaTb ee HeEHyeBOe pelleHne B BUAE:

X Aeﬂt
= . (817.1)
(y] (Be“J
MoacTasus (817.1) B 3aAaHHYI0 cucTemy, byaem UMeTb:
2A%e™ —5BAe™ =4Be™ — Ae™,
{BMe’“ —4Bae™ = 2Ae™ - Be™,
(2A-1)A-(51+4)B=0,
{(3/1—2)A—(4ﬂ +1)B=0.
Cuctema (817.2) — cuctema IMHENHbBIX O4HOPOAHbIX YPaBHEHUM OTHOCU-

TenbHo KoaddpuumeHToB A n B. OHa byaeT umeTb HEHyNeBOE peLleHue,
€C/IM ONnpesenuTe/ib MaTPULbl CUCTEMbI PABEH HYJHO:

24-1 —(51+4)
31-2 —(41+))
MocTpoeHHOoe ypaBHeHMe ABNACTCA XapaKTepUCTUYECKUM A9 3a4aHHOM
cuctembl U umeeT KopHu 4, =1 n A, =—-1. MoacTaBuns nocneposatenb-

(817.2)

=0 < A°-1=0.

HO KarKAbl U3 HUX B cucTemy (817.2), Haliaem COOTBETCTBYIOLIME UM
pelweHuns, u, cneaoBaTeNbHO, ABa IMHENHO HE3aBMCUMbIX PELUeHMA BU-
na (817.1) ana 3agaHHOM CUCTEMBI.




1) Ana A=A, =1 cucrema (817.2) pasHocunbHa ypasHennio A—B =0.
Torpa A= B, nnonaraa A=1, nonyuum

X e!
Xl = = ¢
Yy e
2) Ona A=A, =—1 6yaem umetb B =3A. MNonaraa A =1, nonyuum
X et
y 3e”

Obuee pelieHne 3alaHHON CUCTEMbI SIBASETCA IMHEMHON KOMBUHaLM-
el HaiaeHHbIX pewennin X; n X,.

Otser: |X=Cge' +Ce™, y=Cpe' +3C,e".

Mpasuno 2. Ecan pna cob6cTBeHHOro 3HayeHusa A KpaTtHoctn K umeerca
ToNbKO M (M < k) AMHEHO He3aBUCMMbIX COBCTBEHHbIX BEKTOPOB, TO
pelleHne, COOTBETCTBYOLLEE TaKOMY A, MOXKHO UCKaTb B BUAE:

Xl I:)kl—m (t)
X2 — sz—m (t) . e/lt (5)
Xn Pkn—m (t)

rae R (t) — mHorouneHb! nopsigka m —k ¢ HensBecTHbIMM KOIGGULM-

eHTamu. KoadpduuMeHTbl MHOTOY/IEHOB onpeaensatoTca nyTem noacTa-
HOBKKM BbipaxkeHu (5) B cuctemy (1). MpupaBHAB KO3DOULMEHTLI NpU
O4MHAKOBbIX CTeneHsAX t B NpaBoit U IeBOIM YacTAX ypaBHEHWA, MOAYYUM
CUCTEMY JIMHEMHbIX YPaBHEHWI OTHOCUTE/NIbHO BceX KO3pPULMEHTOB.
Hago Haiitn ee obuiee pelweHne. KoappuumeHTbl MHOTOUIEHOB A,0/1K-
Hbl 3aBUCETb OT K NPOU3BO/bHbIX NOCTOAHHDIX.




Ne 808 [@]: X'=X—Yy+2,

y'=x+y-z, (808)
7'=27-Yy.
1 -1 1
Ona matpuubl cuctembl A=|1 1 —1| XapaKTepuctuyeckum ypas-
0 -1 2

HeHnem 6yaeT ypasHeHne (1—A1)°(2—A1)=0. Matpuua A umeet npo-
cToe cobeTBeHHOe 3HaueHne 4, =2  u cobeTBeHHOe 3Hauenne A, =1

kpatHocTn K = 2.

1) Ana A, =2m h'=(a, b, ¢)' umeem:

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

Monaras C=1, noayuum h'=(1, 0, 1)". Torga pewenuem cuctembl

(808), cootseTcTRytOWMM A, = 2, 6yaeT sekTop-byHkuma X, (t) =e*h'.

2) ona A, =1 n h’>=(a, b, )’ umeem:
1 -1 1)(a a a-b+c=a,
1 1 -1||b|=|b| & <a+b-c=bh < {
0O -1 2 C C —b+2c=c,

Tak Kak ansa cobctBeHHoro 3HavyeHua A, =1 Hawnm oguH (M = 1) cobetaen-

a=c,
b=c.

o 2 T
Hbiii Bektop h” =(aQ, @, @) (7. e. meHbLe ero kpaTtHoctn K = 2), To, co-
FNaCHO MPaBMAY 2, COOTBETCTBYIOLLLEE eMY PeLLeHMe MOXHO UCKaTb B BUAE



X at+b
X,=|y|=|ct+d |-€".
z yt+g
MoacTaBuB 3TN BbIpaXKeHUA gna X, Y u Z B cuctemy (808), nonyumnm:
at+b+a=at+b-ct—d+yt+g,
ct+d+c=at+b+ct+d—yt—g,
mM+g+y=2yt+2g—ct—d.

MpupaBHAB KO3pPULIMEHTbI NPU OAMHAKOBLIX CTENEHAX t B NpaBoli U NeBoM
YyacTaAx ypaBHeHU, byaem MMeTb:

(808.1)

a=a-c+y,

a+b=b-d+g, c=y,

c=a+Cc—y, a=y,
=

d+c=b+d-g, d=g-7,

y =2y —C, b=y+0.

g+y=29-d,

Nycte ¥ =C,, g =C,. NMonyunnn, uto KoadGPULMEHTbI MHOTOUNEHOB B
(808.1) 3aBucAT OT AByXx Npon3BobHbIX noctoaHHbiX C, n C,. Takum 06-
pasom, cobcTBeHHOMY 3HaueHuio A, =1 cooTseTcTBYET pelleHue:
Cit+C,+C,
X,=| Ct—C,+C, |-€.
Cit+C,
CnokvB MonyyeHHoe pelueHue U pelleHne X, YMHOXKeHHOe Ha Mpows-

BO/IbHYO nocToAHHyto C;, nonyunm obluee peleHne cuctemsl (808):



X 1 Ct+C,+C,
y |=Ce*| 0 |+| Cit—C,+C, |-€". (808.2)
z 1) \Ct+C,
Orser:
X=Ce® +(Ct+C,+Cy)e', y=(Ct—C,+C,)e',
z=Ce” +(C,t+C,)e".

3ameuaHue. MonyyeHHoe obllee pelleHne (808.2) MOKHO NpeacTaBUTL B
BMAE NMHENHON KOMBUHaLMN:

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

1 t+1 1
dyrkumm €7 0|, e'| t—11|, e'|1| senstoTca AMHENHO He3aBUCUMbIMK
1 t 1

peweHnamm cuctembl (808) 1, cnegosaTenbHO, 06pasyloT ee PpyHAAMEH-
Ta/IbHYIO CUCTEMY peLleHniA. [encTBUTENbHO,

e? (t+De' ¢
0 (t-De' e'|=e"=0.

e te e
1
3ameTnm, 4To peweHne et 1 COOTBETCTBYET CO6CTB€HHOMV 3HA4YEeHU0
1

1
A, =1.3pecb BekTop h? =| 1| asnseTcs cobcTBeHHbIM (Nonaras a = 1).

1




CyLuecTByeT M Apyroli MeTos NOCTPOEHUA TIMHENHO HE3aBUCUMbIX QYHKLMA,
KOTOpble ABAAIOTCA PelleHnAMU cuctembl (2) U CoOTBETCTBYIOT cobCTBEH-
HOMy 3HauyeHutio A maTpuubl A, Umetowemy KpatHocTb K > 1. 3ToT meTog,
OCHOBaH Ha MNOCTPOEHMU COBCTBEHHOrO BEKTOpa W NPUCOeAUHEHHOro
(npucoeanHeHHbIX) K HeMy BeKTopa (BekTopos). Konuuyectso npucoeam-

HEHHbIX BEKTOPOB paBHO pasHoctv (P = k —m). CobcTBeHHbIN BekTop hy

npucoeauHeHHble K Hemy p Bektopos h, h,,..., hp HaxogAaTca, pewas
ypaBHeHUsA:

Ah, = Ah,, h, =0,

Ah = Ah +h,,

Ah, = Ah, +h,, (6)

Ah, = h +h ..

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

x —et| L st Lh +h
o =€ —!0+ _hl+...+ﬂ o thy |




Cuctembl HEO4HOPOAHbBIX INHeHbIX AuddepeHUnaNbHbIX ypaBHEHUN
C NOCTOAHHbIMU KO3PPuLumneHTamm

Cuctemoli NMHENHbIX HeoaHOPOoAHbIX AuddepeHuUanbHbIX YpaBHEHWUI
Ha3blBaeTCsA cMcTema BMaa

X1(t):ai1xi+aizxz + ot X, + f1(t)'
X,(t) = a, X +a,X, + ..+ a,,X, + f,(t),

2n""n (8)

X,(t) =a,X +a,Xx,+ ..+a,X, + f (1),
Cuctemy (8) MOXKHO 3anm1caThb B BEKTOPHOW popme
X (t) = AX (t) + F (1), (9)
roe A=(a1.j) — maTpuua u3 koadduumentos cuctembl, a X (t) — sektop
HensBecCTHbIX yHKumiA X (1), X (t)— Bektop NpPoM3BOAHbIX (YHKLMI
X:(t), F(t) — sexkrop-pyHKuma c komnonentamu T (t):
KO) (RO)  (a o a, )
XM= @ |, XO)=| @ |, A=| oo , F(t) =
X, (t) X, (t) a, - a, f.(t)
ObLwee pelueHmre cucTembl (9) UMEET CeAyIOLLYIO CTPYKTYPY
X(t) = X, (0 + X, (1), (10)
rae X,,, — obliee peLieHne COOTBETCTBYIOLLEN OLHOPOAHOM CUCTEMBI

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

X, — Kakoe-HW1ByAb YacTHOe pelleHne HeOAHOPOAHOM cucTembl (9).

Cnocobbl peweHus cucrtemsl (8)




1 cnocob6. Cuctemy (8) MOXKHO peLnTb NyTeM NPUBEAEHUS K OAHOMY ypaB-
HeHuto 6osee BbICOKOTo nopsaaKa (Hanpumep, METOA0M UCKIIOYEHUS).

2 cnocob. PelwnTb COOTBETCTBYHIOLLYIO O4HOPOAHYIO CUCTEMY, @ AA NOCTPO-
€HMA YaCTHOro peleHMa NPUMEHUTb Memod HeonpeodesnieHHbIX Ko3ggu-

yueHmoe. 3T0 MOXHO CAenaTb B Tom cnyyae, eciv dyHkumm T, (t) cocroar
M3 cymm u nponsseaenuii dyHkumii P (t)=a t"+a t" " +..+at+a,,
e, cos ft, sin ft.
B cnyuae, korga fi(t) = Pnii (t)e™, uyacTHoe peleHue cuctembl (9) niem B
BuAe

Qn.s (D)e”

2 (t)eat

X,([t)= Qs : (12)

t
Qn.s ()e”
roe Q:M (t) - mHorounexbl nopsagka M+S ¢ HeM3BeCTHbIMK KO3bOULMEH-

Tamn, M=mMmaxm,, S= 0, ecnn a He aBnaeTca cOBCTBEHHBIM 3HaYeHMEM
i=l.n

matpuubl A, u S=K, ecim o asnsetca cobCTBEHHBIM 3HAaYEHMEM MaTPHULLbI
A v umeet KpaTtHocTh K.

HemnssecTHble koadpduumeHTsl mHorouneHos Q' (t) onpeaenstotca nytem

m+s
NoACTaHOBKM BblpaxkeHuin (12) B cuctemy (9) 1 cpaBHeHMA KoadPULMEHTOB
NoA06HbIX YNEHOB.

AHanorn4yHo onpeaenAarTca cteneHn MHOro4s1eHoOB 1 B C/1y4ae, Koraa
i t i t o3
fi(t) =P, ()e” cos St + R, (t)e” sin ft,

a komnnekcHoe uucno a=a+if (f#0) sasnserca wan He asnsetcs
cobCTBEHHbBIM 3HAa4YeHEeM MaTpuLbl A.

3 cnocob. Haliaa obuiee pelleHMe COOTBETCTBYHOLLEN OA4HOPOAHON cucTe-
Mbl, NPUMEHUTbL Memod eapuayuu MpPouU380/AbHbIX MOCMOAHHbIX. Ecnu



HalAeHbl N AuHeiHo Hesasucumbix pewenunin X, (t), X, (t),..., X, (t) oa-

HOpoAHOM cucTembl (11), To oblee pelleHnin HeoOAHOPOAHOM CUCTEMbI 3a-
nucbiBaeTca B BUAE

X({)=C,(t) X, (t)+C, ()X, (t)+...+C, (t) X, (1), (13)
rae ¢yHkumn  C. (t) BoccTaHasnMBalOTCA MHTErPUPOBAHMEM MPOU3BOLHBIX
Ci'(t), i=1n. Mpon3BOAHbIE e HaxoAATCa, pellas MHelHyo anrebpa-
MYECKYIo CUCTEMY

W®C'(t)=F(), (14)
roe W(t) oyHaamenTanbHaa maTtpuua cuctembl (11) (ee ctonbuamm ss-

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

C'(t) =W *(t)F(b). (15)
NHTerpupyn ypasHeHue (15), Hailaem
C(t) = [W@F(t) dt+C. (16)
Tak Kak dpopmyny (13) MoKHO 3anucaTtb B BUAE
X (t) =W (1)C (1), (17)

TO, NOACTaBAAA B Hee BblpaxeHue (16), nonyuymnm obliee pelieHMe ypaBHe-
HuA (9):

X () :W(t)(_[W’l(t)F(t) dt+é). (18)

MpKn NOMCKe YaCTHOTO PeLleHUs cUCTeMbI (9) MOXKeT BbiTb NPUMEHEH MPUH-

M
umn cynepnosuumn. Ecin F(t) :ZFJ (t), To, Hallaa yacTHble pelueHus
=l

qu (t) cucrem X (t) = AX () + F ), ] =1 M, nonyuum yactHoe peLe-

M .
Hue cuctemsbl (9) B Buge ux cymmer, 7. e. X, (t) = Z XI().
1



Ne 826 [¢] {X':y+29t,
(826)

y'=x+t2

1 cnocob (Memo0 ucknroveHus). Ans 3alaHHOM CUCTEMbI UMEEM:

y=Xx'-2¢', y =Xx'-2¢',
2 < t 2
y'=Xx+1°, X"—Xx=2e +t°.
Pelwaem ypaBHeHne X'"—X = 2e' +t?paccMOTpPeHHbIM Ha 3aHATUM 8 Me-
TOLOM.

2 cnocob (nouck yacmHozo peweHusa no eudy npaeoii yacmu)
PaccmMoTprMm COOTBETCTBYIOLLYIO O4HOPOAHYI CUCTEMY

{X:: Y (826.1)
y'=X.

01
CobCTBeHHbIMM  3HaueHMAMM ee maTpuupl A= ABNAIOTCA
10
(1
A,=%1, n um cootsercTBylOT CcOBCTBEHHbIE BeKTOpbl h :(J "

1
h? :[ J Torpa obwum pelweHnem cuctembl (826.1) byaeT NnHelHan

. thl th2 .
KombuHaumsa ¢yHkumnit X, =e'h n X, =e"h":

1 1
X,, :Cle‘[ J+Cze‘( j (826.2)
ooH 1 _1


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

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

F,(t) = [tz} Hal4eMm YacTHble pelleHns cucTem

{x': y+2¢e",
. (826.3)
y =X
n
X'=vy,
{y'—iﬂz (826.4)

1) YacTHoe pelleHMe nepBon cuctembl byaem UcKaTb B BUAeE

wio[X)2 (at +b)e’
“ly) ((ct+d)e'
MoactaBuB BblpaxkeHMa ana X u Yy B (826.3), nonyunum ycnosus ans
HaxoKaeHna Koadduumnentos a, b, cn d:

a=c,
{(at+b)e‘+ae‘=(ct+d)e‘—2et, bracd—?
t t t YT e

(ct+d)e" +ce =(at+b)e’, dic=b,

a=c,

a=c=1,

& ja+c=2, & {d—b—l

d=b-c. T

t
Monarasa b =0, noayuum Xi = (t Jet.

2) YacTHoe pelueHue BTOpol cucTemsbl (826.4) byaem uckaTb B BUAE:



w2 _[X)_ at’ +bt+c '
“\y) latP+bt+c

MopacTtasue BbipaxkeHusa ana X u Yy B (826.4), nonyumm ycnosua ans
HaxoXaeHusa KoapPpuumeHTOoB:

a =0,

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

b =c, c=-2.

a+1=0,

—t? -2
Takum o6pasom, Xf :[ ot ]

YacTHoe pelwleHne HeoAHOPOAHOM cuctembl (826) Hangem, NPUMEHUB
NPUHLMN Cynepnosnumm:

X X1 X? te' —t* -2
o t-net-2t )

O6wmnm pelleHnem 3aaaHHON cucTembl ByaeT:

X (1 (1) (te'-t*-2
X=X, +X, = =Ce +C,e + .
y 1 =-1) \(t-De' -2t

3 cnocob (MemoO eapuayuu nNPou38obHbIX MOCMOAHHbIX)
. _Atpl
Coctasum  ¢yHAaMeHTanbHylo Matpuuy w3  pewennit X, =eh  u

X,=e"h’:
et eft
wm:[et eJ

MocTpouns obpaTHYIO K Heit



1 (et e
W (t) == :
® 2 (e‘ —et]
Haiipem sektop C(t) = (C,(t),C,(t))", pewms ypasHeHme:

, 1 (et et 2€ 1+it%e™
(:(t)=§.(et et)[tzl - C()= j( %tzetjdt -

L oC)- —1(t2+2t+2) +Cl
le” —Lle'(t*-2t+2)) \C,)

3pece C;, C, —npoun3BosibHblE MOCTOAHHbIE.

Obuiee peweHne ypaBHeHUA Haiagem no ¢opmyne (17):

X (t) = et e t—1(t*+2t+2) +C~:l ~
et —et)|(de* -Le'(t*-2t+2)) (C, -
(e ][~1]+[et(t+%)—t2—zjz
e' C, e't—1)—2t

- (1ren (3 e )20
1 - t-e'-2t) 2 1

(nepBoe ¥ nocnegHee cnaraemble B MOJYYEHHOM BbIPaXKEHUN MOMKHO
06beAnHUTD)

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




