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4 CucreMn piBHSIHbDb

4.1 3arajibHa Teopis

CHiBBiIHOIIIEHHS BUTJISIILY

Fl(xl,xg,...,xn,xl,xg,...,:L‘n,t) :0,
F2(x17x27"'7xn7x17x27"'7xn7t) = U
Fn('Ilvaa ey Ty, X1, T2, >$n7t) = 07

ot = s
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Ha3WBAETHCA CHCTEMOIO N 3BUYANHUX JUEepeHIliaJbHIX PIiBHAHDb MEPIIOro
IOPAIKY.

SKimo cucrema po3B’si3aHa BiIHOCHO MOXIIHUX 1 MA€ BULJISI

.7‘:31 :fl(ﬂ?l,Ig,...,In,t) :0,
L.UQ :f2(x17x27"'7x'n7t) :07
Tn = fn(mla X2, 7$n7t) - 07

TO BOHA HAa3WUBAETHCA CUCTEMOIO B HOPMAJILHIN popmMi.

OsnavyenHs 4.1. Pozp’si3koM cucremn mudepeHIiaJIbHuX PiBHAHL HA3WBa-
eThest HAGIp n HemepepBHO audepeniiiioBanux GyHKin 1 (t),. .., Ty (t) mo
TOTOKHO 3a/I0BOJIbHSIIOTH KOKHOMY 3 PIBHSIHb CHCTEMH.

Y 3araJlbHOMY BHUIAJKY PO3B’S30K CHCTEMH 3aJI€KUTh BiJl 1 JOBUIBHUX CTa-
mx 1 mae surisin z1(t, Ch, ..., Cr), ... 2, (t, Ch, ..., Cy) 1 3amaga Ko st
cucTeMn 3BUIAiHIX nepeHIiaJbHIX PIBHAHD IEPIIOro MOPSJIKY CTABUTHCS
B Takuii croci6. IlorpibHo 3HA#TH PO3B’A30K, IO 3a/0BOJILHAE MOYATKOBUM
ymoBam (ymosam Kori):

0 0 0

x1(to) = x], xa(ty) =5, ..., xu(to) =z,
Osnauenns 4.2. Poss’sizok x1(t,C4,...,Cy), ..., zo(t,C4,...,C,) Ha3uBa-
€THCA 3arajlbHUM, SIKINO 3& paxyHOK BuOopy cramux Cfi,...,C ), MoOXKHa pO3-

B’s13aTu HMOBiIbHY 3aga4dy Korri.

st cucreM 3BUYAiHUX JndpepeHIliaIbHUX PIBHIHD JOCUTH BaXKJIMBUM € I10-
HATTS iHTerpaja cucremu. B 3amexkaocTi B riajgkocti (Tobro audepeHtii-
HOBAHOCTI) MOXKHA PO3IJISIATH JiBa BU3HAYEHHS IHTErpasia.

Osnauvenns 4.3. 1. Oyukuis F(z1, 29, .., 2y, t) cTasia y3/0BK PO3B’I3KiB
CHCTEMH, HA3MBAETHCA IHTErPAJIOM CHCTEMU.

2. Oyukuia F(z1, 2, ..., Ty, t) IOBHA HOXiIHA, SKOI B CUILY CHCTEMHU TOTO-
2KHO JOPIBHIOE HYJIIO, HA3UBAETHCS IHTErPAJIOM CUCTEMH.

Jts miHifiHUX PIBHSHB iCHY€ TOHATTS JIHIWHOI 3a/I1€7KHOCT1 1 He3aJIe2KHOCT1
posB’s3kiB. s mesminiitnux piBHAHD (CHCTEM DIBHSIHB) AHAJOTIIHUM MOHST-
M € (DYHKIIOHAJIbHA HE3aIEXKHICTD.



OsnauenHs 4.4. [arerpasn
Fi(x1,29,...,2n,t), Fo(r1,T2,...,2n,t), ..., Fp(r1,22,...,Tn,t)

Ha3UBAIOTHCS (PYHKIIOHAILHO HE3AJIEKHUMU, SIKIIO HE icHye (DYHKITT 12 3MiH-
aux ®(z1, 22, ..., 2y) TAKoI, 110

O(Fi(x1,x9,. .. T, t), Fo(z1, 22, ..., Tn,t), ..., Fp(x1, 29, ..., 20,t)) = 0.

{
Teopema 4.5

g Toro 106 iHTerpaJsmn
Fl(x17x27"'7'rn7t)7 FZ(xlax%"'axnat)’ 000 g Fn(xlax%"'vxn?t)

CUCTEMU 3BUYANHUX TudepeHIiaJlbHuX PiBHAHL Oy/Iu (DYyHKIIOHAILHO
He3aJIEXKHUMU, HEOOXITHO 1 JIOCTATHBO, 100 BU3HAYHUK fIK00I OyB BijI-
MIHHUN BiJl TOTOXKHOI'O HYJIsI, TOOTO

D(F,, F,...,F,) g

D(x1,9,...,2,)
- J
Osnauenns 4.6. fdxmo F(z1,22,...,Ty,t) — inTerpan cucremn audepeHti-
aJbHUX DPIBHsIHb, TO piBHICTH F'(Z1,%2,...,2Tn,t) = C' HA3UBAETHCs LEPIIUM

IHTerpaJioM.

OsnaueHHs 4.7. CykynHicTb 1 (DYHKIIOHAIBHO HE3AJEXKHUX IHTErpaIiB Ha-
3UBAETHCS 3aTrajIbHUM IHTEIPAJIOM CUCTEMU JAr(EpPEHIlaJIbHIX PiBHSHB.

Bracne kaxkyum zarajbHEHil iHTerpaJ — Iie 3araJibHUNi PO3B’I30K CHUCTEMU
JnudepenniaabHUX PiBHAHD Y HESIBHOMY BHUIJISI.



4 N
Teopema 4.8 (icHyBaHHs Ta €ANHOCTI po3B'si3Ky 3agadi Kowwi)

[MIo6 cucrema audepeHIiaIbHIX PIBHAHb, PO3B’A3aHUX BIJIHOCHO MOXi-
JTHOT, MaJia €IMHUI PO3B 30K, IO 3a/10BOJIbHsIE yMoBaM Korrri:

zi(te) = 20, za(to) =29, ..., zp(to) =20
JOCHUTB, I100:

1. dbyukuii fi, fo, ..., f, Oy/au HellepepBHUME IO 3MIHHUM X1, Ta, - . . ,
T, t B okomi Toukn (9,29, ..., 2% t0);

2. dyukil fi, fo, ..., f, 3ag0BobHIN yMOoBi Jlinmuis mo aprymen-

Tax X1, X2, ...,Ty Y TOMY K OKOJIL.
N J

3ayBakeHHs 4.9 — VYwosy Jlinmmuig MoxKHa 3aMiHUTH OLIBINT TPYOOIO
YMOBOIO, aJjie TaKOIO, IO IePEeBIPAEThCs JIETrIe, iCHyBaHHs OOMEXKEeHUX
YACTUHHUX MOXITHUX, TOOTO

Ofi < M,
81’]’ -

4.1.1 TeomerpuyHa iHTepIIpeTaIlisi pO3B’sI3KiB

Haseemo (n + 1)-BumipHuii mpocTip 3MIHHUX X1, T, ..., Ty, PO3IMIMPEHUM
daszosum npocropom R, Toni pose’sizok o1 = x4 (t), 2 = xo(t),..., T, =
7, (t) Buznauae B npocropi R™™ jesaky Kpuby, 10 Ha3MBAETLCS IHTETrpA/Ib-
HOTO KPUBOIO. 3arajibHUii po3B’s130K (49U 3arajibHUiT iHTErpast) BU3HAIA€E CiM 10
IHTerpaJbHUX KPUBUX, IO BCIOJW MIIJIHHO 3aMOBHIOIOTH JedAKy o0nactb D C
R"*! (06macTn icnyBanng Ta €auHOCTI PO3B’a3KiB). 3amada Konr craBuThes
JK BUJJIEHHS i3 ¢iM'T iHTerpajbHUX KPUBHUX, OKPEMOI KPUBOI, IO IIPOXO/IUTH
gepes zajany nouarkosy Touky M (29,29, ..., 2% ty) € D.

4.1.2 MexaHiuHa iHTepIIpeTallisi po3B’si3KiB

B eBkmigoBomy mpoctopi R™ aminaux x(t), xa(t), ..., x,(t) po3B’a30K x1 =
x1(t), xg = x9(t), ..., 2, = z,(t) BU3HAUAE 3aKOH PyXy 1O JesKiil TpaeKTOPil
B 3aJiekHOCTi Bij dacy t. Ilpm Taxiit intepuperanii ¢dbyuxmii fi, fo, ..., fn €
CKJIAJIOBUMHU IIBUJIKOCTI PyXY, IIPOCTIp 3MiHU MEPEMIHHUX HA3UBAETHCS (a-
30BUM IIPOCTOPOM, CUCTEMA JIMHAMIYHOI, & KPUBA, 10 SIKiil BiJIOyBa€THCA PyX



r1 = z1(t), 20 = xo(t),...,x, = x,(t) — dasosoro Tpaekropiero. Pazosa
TPAEKTOPIA € IPOEKINEI0 iHTerpaabHol KPUBol Ha da30BHUil IPOCTIP.

4.1.3 3BejJieHHs OJAHOIO PiBHSHHS BUIINOIO MOPSJIKY O CHUCTEMU
PIBHSIHb MEPINOTO MOPSIAKY

Hexait maemo audepeniiaabie piBHSIHHSA

dn ( dy d2 dn—ly)

dan Y aw dz? T dan T
Posrisiremo 3aminy 3MiHHEX

dy dn—ly
R don-1

=1, y+—x, = Tp-

Toni oyep:kuMO cuctemy piBHSIHB

Ty = To,
To = T3,
Tp—1 = Tn,
Tn = f(t,x1, 20, ..., Tp).

4.1.4 3BeJieHHs CUCTEMHU PiBHSAHBb 0 OJHOT'O PiBHAHHSA BUIIIOTO I10-
PAOKY

Hexait maemo cucremy audepeHIiajbHIX PiBHIHDb

jjl :fl(xlax%"'?xnat)a
.jfg :fg(xl,xg,...,xn,t),
Tn = fn(x17$27 w'En,t)
i 3amanmit 11 po3B’a30k ©1 = x1(t),x9 = zo(t),...,x, = z,(t). fAxmo neit

PO3B’SI30K IJICTABUTHU B IIE€PIe PiBHAHHS, TO BUIi/I€ TOTOXKHICTH 1 11 MOXKHA
JibepenItiioBaT

dszl afl dZL‘Z )
a2 Zaxz' dt -

[TizcraBusmn 3amictsb dr;(t)/ dt iX 3HAUEHHS, OIEPKUMO

Py _0f | N~ON
ez ot &= o

= Fg(t,xl,l’g, e ,ZCn).



3HOBY MuhepPEeHITIOEMO T1e PIBHSIHHS I OJIEPXKIMO

d3 Fy  dag(t F " OF
1 = Za 2 x _a 2 a 2f Fg(t .ZCl,.Z'Q,...,{En>.

dt3 dr; At ot +1_ O,

[IponoBzKytoun 1porec fgaJti, 01epKIMO

dn—lx1
dtn—l
dnl’l

dir

- anl(ta L1, T2y - - 7xn)7

= F,(t,x1,29,...,2,).

TakuMm YUHOM, Ma€MO CHUCTEMY

( dl’l
At

d2CL’1

2
) dt

= fi(z1, 29, .., 2, 1),

= Fg(t,$17$27 cee an)7

= n—l(taxhx%"'axn)a
L drey = F,(t, 1,29, ..., 2y).

[Ipunycrumo, 1o
D<f17F27"'7Fn71)
D(zo,x3,...,2,)

£0.

Toxi cucremy neprux (n — 1) piBHSHB

( diL‘l
= fl(x17$27 <oy Iy, t)7
oA
1
ds2 :F2(t7x17$27"'7$n)7
dn—ll.1
L dtn 1 Fn—l(tax17x27 axn)
MOXKHA PO3B’SI3aTU BiJIHOCHO OCTaHHIX (n — 1) 3MIHHUX 9, X3, ..., T, 1 Oep-
2KaTH
( / daxq dnill'l
T = Yy L1y s T |
2 T\ by dgn—1
. dl‘l dn_ll’l
T3 = 3 t,$175,~~,w )
. dxy dnill‘l
| Tn = $n t?‘rhga ’ dtn_l )




[TigcraBuBim ojiepzKaHi BUpa3u B OCTAHHE PIBHAHHS, 3aIlAIIEMO

d d drt
xl:Fn (t,l‘l,QOQ <t,$1, 1 Il),...,

der dt 7 dint

/ dxy dnil{L‘l

n ) ""E ) VAR *
v b qe den—1

A6o, micis nepersopeHn

d"z, dxy dnill'l
- —q’(t’xl’ﬁmw ’

OJIEPKUMO OjiHe JudepeHItiajibHe PIBHIHHS N-T'0 HOPSJIKY.

VY 3araJbHOMY BHUIIAJIKY, OJEPKUMO, IO cucTeMa JindepeHIiaabHIX PiBHIHD
IIEPIIOTO TOPSIJIKY

i‘l :fl(xlaan"'7xn7t)7
:t2 :fQ(xlaan"'7$n7t)a
an :fn(ﬂﬁl,ﬂfg,...,%n,t).

3BOJIUTHCS JI0 OJTHOTO PIBHSHHS N-TO MOPSJIKY

dn$1 d331 dn_ll'l
= (¢ —_— .,
dtn (’xl’ at’ T et )

i cucremn (n — 1) piBHAHD 3B’S3KY

( dz,y d" 1z,
Ty = P2 tyxla 3 )

de 77 dent
dl’l dn_ll'l
T3 = Q3 tamlaga >dtn_1 9

3ayBakeHHs1 4.10 — Byiio 3pobJieHe puUmyIeHHs, Mo

D(f1, Fo, ..., Fyq)
D(xg,x3,...,%y)

£ 0.

Axmo 1mg yMoBa He BUKOHAHA, TO MOXKHA 3BOJUTH 0 PIBHAHHS MO0
IHIMUX 3MIHAUX, HAITPUKJIA/] BIJTHOCHO T5.




4.1.5 Kowmbinamii, mo inTerpyorbcs

OsnauenHs 4.11. KombGinariieto, 1110 IHTErpyeThCsl, HA3UBAETHCS TU(DEPEHTITI-
aJibHe PiBHSAHHS, OTPUMAHE MIJISIXOM IIEPETBOPEHD i3 cucreMu, audepeHItiaib-
HUX PIiBHSHD, aJjieé STKe BXKEe MOXKHA JIETKO iHTEerPyBaTH.

dd(t, x1,xe,...,x,) = 0.

OHa KoMOIHAIIiS, 1110 IHTErPYEThCsI, A€ MOKIUBICTD OJI€PKATH OJHE KiHIEBE
PIBHSIHHS
O(t,x1,29,...,2,) = C,

dKe € TIEPITUM 1HTErPAJIOM CUCTEMU.

[eomeTpuyHO nepinuii iHTerpas saBisge cobor n-BUMIpHY HOBepXHIO B (n+ 1)-
BUMIPHOMY IIPOCTOPI, IO TIJIKOM CKJIQIA€ThC 3 IHTEerpaJbHUX KPUBUX.

Axmo 3uaiieno k komOiHariiil, Mo iHTErpyoThes, TO O/IEPKYEMO k mepImx
iHTEerpaJin

q)n<t,$17x2,...,xn> = Un.
I, akmo inTerpasin HezajexkHi, To xo4a 6 OJIMH 3 BUSHAYHUKIB

D(®q, Py, ..., D)
D(ZL’Z'I,ZL’Z'Q, e ’xik)

£0.

3Bifcn 3 cucTeMn MOXKHa BHPA3UTH k HeBIIOMHX GYHKIGH T, Tiy, - - -, Tiy
“epes iHIi 1 micTaBUBIIT TX Y BUXIJIHY CHCTEMY, IIOHU3UTH OPsIIOK 110 (n—k)
piBHAHDb. AKIO n = k 1 Bl iHTErpa/in HE3a/I€KHi, TO OJIEPKUMO 3araTbHUI
IHTErpaJl CUCTEMHU.

OcobBO MommMpeHnM 3ac000M 3HAXO/IZKEHHST KOMOIHAIII, 10 IHTErPYIOThCS,
€ BUKOPHUCTAHHS CUCTEM Yy CUMETPUIHOMY BUIJISIII.

Cucremy nudepeHIialbHUX PIBHAHD, 0 3allUCaHa B HOpMaJIbHIN dopmi

jjl :fl(x17x27"'7xn7t)7
:tQ :fQ(xlaxZa"'a'In7t)a
T, *fn(mlax% 7$n7t)



MOYKHA TIEPENNCATNA y BUTJISII

dz, dxs dz,, dt

- ':fn(xlaxZa"'7xn7t) 1

fl({L‘l,Ig,...,fL'n,t) fQ(ZL'l,IQ,...,iL'n,t)
[Ipu Takiit popmi 3amnucy Bci 3MiHHI X1, T, . . ., Ty, t PIBHOZHAUHI.

Cucrema audepeHia bHIX PIBHSIHB, 10 3allUCaHa y BUTJIA

d.fL'l d.’EQ d$n

Xy (z1,20,...,1)  Xo(x1,29,...,2,) X (21, T2, .o p)

Ha3WBa€TbCA CUCTEMOIO Y CUMETPUIHOMY BI/II‘JIH,ZLi.

[Ipu 3HAXO0/IZKEHHI KOMOIHAIIIH, 0 IHTErPYIOTHC, HAMOLIBIIT YaCcTO BUKOPH-
CTOBYETHCS BJIACTUBICTH “TIpomopIiiHocTi”. A came, JjId CUCTEM B CUMETPU-
YHOMY BUIJI/Il CIIPABE/JINBa PIBHICTD

dxq B dxs B B dz,
Xi(21,29,...,00)  Xo(zy,20,...,2,)  Xp(x1,29,...,25)
k1d$1+k2d$2+kndxn

(k1X1 + kQXQ 4+ ...+ ann)(.fEl,iCQ, e ,l’n)'

4.1.6 Bnpasu aas camocTiiiHol poboTtu

Ilpuknan 4.12

Posp’sizatn cucremy audepeHIia bHIX PIBHSIHD 3BEJIEHHSIM JI0 OIHOIO
PIBHSHHS BUIIOIO IMOPSAJIKY:
dy =« dz
z

de de Y

Pose’aszox. [Iudepenriitoemo 1epiiie piBHAHHs 110 3MiHHIT X
, 1 x , 1 =z =z
Y =-—S2d=-+=-=.
z oz z 22y
TakuMm 9uHOM, OJIEpKAJH JIONIOMIZKHY CHCTEMY:
SIS SN
z z 22y
3 mepmioro piBusHHg orpumaemo z = x/y’. IligcraBisiemo ojep:kane 3Hade-
HHS B PYrY CUCTEMY

gV W
oy



Maemo omropinse (110 ¥, y', y") nudepeHiiaabHe PIBHAHHS JIPYTOTO HOPSIIKY.

Pobumo 3aminy
y:exp{/udx}7

y’:ueXp{/udx},
y' = (u2+u’)exp{/udx}.

[Ticyis mijicTAaHOBKHM Ta CKOPOYEHHS HA el wdz OJIEPAKYEMO

w2y = u2,
abo
du o
dr =z
Haumi
du dzx Cix
—_—= e = Y= —
U T 2
3Bijcu
- on{ G- e
abo

2
Yo = Cgeclx .
s /
3MiHHA 2 SHaXOIUTBCA 3 YMOBU 2 — I/y s abo

o T o ]_ 701332
2050 xeCr 7 20, CY

z

Ilpuknan 4.13

Posp’sazaTu cucremy B CUMETPUIHOMY BHIJISI/II 38 JOIIOMOIOIO iHTErpoBa-
HUX KOMOIHAITii

d_:v_dy dz

Y x z

Po3ss’azox. BukopucToBy1oun BJIACTUBOCTI “IIPOIOPIIHHOCTI”, MagMO

dz _dy dz dz-y) dlz+y+z)
y oz —(r—y) (rty+z)

10



1. Bizpmemo

3Bijcu
In|z|+Injz —y|=InCh,

1 nepmmii inrerpan mae sursiy z(z — y) = Ci.

2. Biszbmemo
dz  dxz+y+2)

. (rty+2)
3Bijcu
In|z| +Injz+y+ 2| =1nCy,

1 IIle OJINH 1HTEerpaJ Ma€ BULJTIA

r+y+z
z

- CQ.

YMoBOIO (PYHKITIOHAJIBHOT HE3AIEKHOCTI OJIEPyKAHUX IHTEIPAJIB €

D(G1, C) 0.
D(z,y)
[Iepesipsiemo:
DCLG) _|"ow "oy _ |2 —2| Ly 4
D(zy)  [“Ploe oy | V- |
Taxknum arHOM T4y 4+ 2
z2(x —y) = CY, +:CQ

€ 3araJbHUM IHTETPAJIOM CUCTEMU.

Posp’a3atn cucremu judepeHiiagbHIX piBHAHD, 3BEJICHHAM JI0 OJTHOTO PiB-
HSIHHS BUITIOTO TOPSIIIKY

3amaua 4.1. Sagaua 4.3.
dy y? dz dy 9 dz =z 9
de  z2—2" dx y+h x 7% @z
3agaua 4.2. Samaya 4.4.
dy _z dz_ z(y+2:-1) dy ¢y*—22+1 dz
de 2’ dx x(y—1) = 22 aZZ-I—y.

11



Posp’s13atu cucremu jiudepenItiaabHIX PIBHSHD 3a JIOIIOMOIOI0 iHTEIPOBAHNIX
KOMOIHAaITi.

3amaua 4.5. Samgaua 4.10.
de.  dy = dz dx _dy  dz
y+z x4+z x4y rHy2+22 oy oz
Sagaua 4.6. Samaua 4.11.
de.  dy  dz de. dy dz
y—r rHytz w-y a(y+z) 2z—y) yly—2)
Samaua 4.7. Samaya 4.12.
de  dy dz dr dy _%.
z  xz oy —22 oy —222 a2
Sapaua 4.8. Sagauya 4.13.
de  dy dz de. dy dz
2y oz =y v(z—y) yly—x) y—a
Samaua 4.9. Sagaua 4.14.
de dy  dz de/r dyly  dz/z
r oy  axy+2z Y2 — 22 —22—22) 224y

4.2 CuctremMn JiHITHUX PIBHAHb. 3araJibHI ITOJIOXKEHHS

Cucrema audepeHia bHIX PIBHSIHB, 10 3aIllUCAHA y BUTJISA

jjl = a11(t)$1 + a12(t)x2 +...+ aln(t)xn + fl<t)7
Ty = ag(t)ry + an(t)ze + .. 4 an()zn + f2(1),

HA3UBAETHCH JIIHIHOIO HEOITHOPITHOK CUCTEMOIO JindepeHIiaJbHuX PiBHIHb.

Cucrema '
ry = CLH(t)J?l + a12(t):z;2 + ...+ aln(t)a:n,
i‘g = a921 (t)[El =+ (lgg(t)[ﬂg 4+ ... + CLQn(t)ZL'n,

12



Ha3WBAETHCA JIHIHHOIO OHOPIIHOIO CUCTEMOIO JinpepeHIiaIbHIX PIBHAHbD.
K10 BBECTU BEKTOPHI MO3HAYEHHS

T fi(t) an(t) aw(t) -+ an(t)
Lo fa(t) an(t) agn(t) -+ au(t)

= |, fO=1"."1 A®=[ . — R
Tn (1) an1(t) ana(t) - ann(t)
TO JIHIIIHY HEOJHOPI/IHY CUCTEeMY MOXKHA IepelucaT y BUIJIs/I
&= A(t)z + f(1),

a JIHIHHY OTHOPIIHY CUCTEMY Y BUTJISII

T = A(t)zx.
Axmo dynxuii a;(t), fi(t), i, = 1,n HenepepsHi B OKOJI TOUKH
(.Z'o,to) ( (1] 1’2,..., n,to)

TO BUKOHAHI YMOBU T€OPEMHU iCHYBaHHS Ta €IUHOCTI po3B’s3Ky 3aa4di Korri,
1 icHye emnmii po3B’A30K

x1=x1(t), T2 =1x2(t), ..., Tm=x,(t),

CucTeMum piBHHHb, 10 3aJ0BOJIbHAE ITIO9aTKOBUM JaHUM

vi(to) = @, wa(to) = a3, ..., wa(to) =y,

4.2.1 BuacTtuBocTi po3B’d3KiB JIHINHUX OJHOPIIHUX CUCTEM

Buactusicts 4.1

dkmo Bextop z(t) = (w1(t),x(t), ..., 2, (t))T € poss’sizkomM imiiiHol
OJTHOPIJTHOI cUCTeMHU, TO 1

Cx(t) = (Cxy(t), Caa(t),...,Cxn(t))T,

e C' — craja cKaJIgpHa BeJIMINHA, TAKOXK € PO3B I3KOM ITi€] CHCTEMU.

Josedenna. JificHo, 38 yMOBOIO
x(t) — A(t)z(t) = 0.

Aune Toni i

S (Calt) — AN(Calt) = = C((1) — ADa()

OCKIJIbKH JIOPIBHIOE HYJTIO BUpa3 B JAyKkax. TooTo Cz(t) € po3s’si3KOM OJTHO-
PiaHOI cHCTEMH. ]

0
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Baactusicts 4.2
fAximo 181 BeKTOpHI PYyHKIIT

Ir1 = (JTll(t), :chl(t), e ,l’nl(t))T,
To = (Ilg(t), l’gg(t), N ,J)ng(t))T

€ PO3B’A3KaMU OJHOPIIHOT CUCTEMH, TO 1 IXHS CyMa TaKoxK Oy/ie PO3B’I3KOM
OJTHOPITHOI CUCTEMU.

Josedenna. JliiicHO, 38 yMOBOIO

Aune Toni i

d

S (@1 (t) + 22(0) = AW)(@1(6) + 25(1) =
= (21(t) — A(t)x1(t)) + (i2(t) — A(t)zo(t)) =0

TOMY IO JIOPIBHIOIOTH HYJIIO BUPA3U B JIy?KKax, TOOTO 1 (t) + 22(t) € po3s’ss-
KOM OJIHOPIJIHOI CUCTEMH. ]

Biaacrusicts 4.3

_ T _
HKH_[O BEKTOpU 1 = (acn(t), l‘gl(t), 500 ,l’nl(t)) g ey Ly = ($1n(t), l'gn(t),
ey Tun ()T € POBB’A3KAME OJIHODIIHOT cucTeMH, Ta 1 iXHs JliHifiHa KoMOGi-
HAIlid 3 JOBIIbHUMU KoedillieHTaMU TaKOXK Oy/ie pO3B’ I3KOM OJTHOPITHOT
CHUCTEMH.

Josedenna. JlificHO, 38 yMOBOIO
i(t) — A(t)x;(t) =0, i=1,n.

Aune Toni i

% (Z Cix@-(t)> — A(t) (Z Cl-:r;z-(t)> = C(@:(t) — A(t)aq(t) = 0

TOMY M0 JOPIBHIOE HYJIIO KOXKHUIT 3 JoAaHKiB, To6T0 Y -, Ciz;(t) € po3s’si3-
KOM OJIHOPIJIHOI CUCTEMH. ]
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BiacTtusicts 4.4

ko komIuteKcHUi BeKTOP 3 sificaumu ejiemertamu u(t)+iv(t) = (uq(t),
o U ()T + i(ui(2), ..., va(t))T € poss’sasKoM omHOpINHOT cucTeMu, TO
OKPEMO JIificHa Ta ysIBHA YACTUHU € PO3B’SI3KAMU CHCTEMU.

Josedenna. JificHO 3a yMOBOIO

%(u(t) +iv(t)) — A(t) (u(t) + iv(t)) = 0.

Poskpusiim J1yzKKu i 3pOOUBIIH IEPETBOPEHHSA, OJICPKIMO

(a(t) = A()u(t)) +i(0(t) — A(t)o(1))

A KomIIeKCHUIT BUpa3 JOPIBHIOE HYJIIO TO 1 TLIBKHU TOJI1, KON JOPIBHIOIOTH
HYJIIO JlificHa 1 yBHA YacTUHHU, TOOTO

0.

110 1 OyJI0 TOTPIOHO JIOBECTH. O

O3snauyenHs 4.5. Bekropu

x11(t) x12(t) T1n(1)

J}gl(t) x22 (t) an(t)
-’L'l = : ] x2 — . s ey $n = .

Tn1(t) Tn2(t) Znn(t)

HA3UBAIOTHCs JHHIHO 3a/1eXKHUME Ha BIAPI3KY t € [a, b], sKI10 icHYIOTH He BCi
pieai mymo crami Cp,Co,. .., ), Taki, 1m0

Cll'l(t) + Cg:l?z(t) + ...+ Cnxn(t) =0

upu t € [a,b)].

dxmo rToroxkuicTh cupaseiuusa juie npu C; = 0, ¢ = 1,n, To BeKTOpPU
JIHITHO He3aJIeYKHi.

OsnavenHs 4.6. Busnaunuk, mo ckiagaerbes 3 BekTopiB 1 (t), z2(t), . . .,
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Zn(t), TOOTO

Ha3UBa€THCA BU3HAYHUKOM BpOHCbKOFO.

.%‘11(75) {Elg(t) ooo :Bln(t)
W[xl’ o wn] (t) _ .1‘21'(75) .%'22.(t) . xgé(t) ‘
Tp1(t) Tn2(t) -+ ZTon(t)

{
Teopema 4.7

3HAYHUK BPOHCHKOTO TOTOXKHO JIOPIBHIOE HYJIIO.
o

Axmo BekropHi dyHKIl 21(t), 2(t),. .., x,(t) diniiino 3amexHi, TO BU-

Josedenna. 3a ymoBOIO icHYIOTH He Bci piBHi Hymio Ch, (s, . .

Cizy(t) + Coxa(t) + ... + Cran(t) = 0 pu t € [a, b).
Ao, posnucaBIM OKOOPJAMHATHO, OJIEPIKUMO

Crx11(t) + Cozqa(t) + ... + Crx1(t) =0,
Chx91(t) + Comag(t) + ... + Crxan(t) =0

., Cp, Taki, mo

A omHopinHa cucrema Mae HeHyIboBHIT po3B’ 130K C, Cy, . . ., C), Toi 1 TLIbKHI

TOJIi, KOJIM BU3HAYHUK JIOPIBHIOE HYJIIO, TOOTO

r11(t) z2(t) -+ x1a(t)
Wixy, xg, ..., x,](t) = :1:21:(75) x22:(t) x%:(t) =0, telab.
Ta(t) Taalt) o Tan(t)
[
Teopema 4.8
Aximo poss’ssku 1 (t), 2(t), . .., x,(t) JiHiiiHOT OHOPIAHOT crCTEMH JIi-

HITHO He3aJ/IeXKHi, TO BUBHAYHUK BPOHCHKOTO He JIOPIBHIOE HYJIIO B KO-

nHiit Touri t € [a, b].

16



Jlosedenns. Hexait, Bin cynpoTuBHOro, icHye TouKa to € [a,b] i
Wiz, xa, ..., x,](to) = 0.
Tosi BUKOHY€ETBCA cUCTEMa OJIHOPIIHUX aareOpaldHuX PiBHIAHb
Crxy(to) + Coxa(to) + . .. + Cran(to) = 0.
AGo, po3nucaBIy TOKOOPIMHATHO, OJIEPsKIMO

Cix11(to) + Comqa(to) + ... + Crn(ty) =0,
Cll’gl(t0> + Cgl’gg(t()) 4+ ...+ Cn$2n<t0> = 0,

Clxnl (to) —f- Ogdfng(to) —I— Ce —f- C’nx,m(to) = 0

Mae HenysboBuit poss’azok CY, CY. ... CY. Posrasuemo Jiniiiny koMGinario
PO3B’4I3KIB 3 OTpUMaHUMU KoedillieHTaMmu

z(t) = CV1(t) + Caa(t) + ... + Clx,(2).

Binnosinno j10 BiractuBocti 4, g kombinarist 6yj1e po3s’sazkom. Kpim Toro, sk
BUILIMBAE i3 CUCTEMH ajirebpaiuHux piBHAHD, it orpuMmanux CY, C9 ... CO:
x(tg) = 0, to € [a,b]. Ane po3B’A3KOM, 1110 3aJI0BOJIbHAIOTH TAKKM YMOBaM, €
x = 0. I B cimty Teopemu icHyBaHHSI Ta €IMHOCTI I1i JIBa PO3B’sI3KM 30iraroThesd,
To6To z(t) = 0 pu t € [a, b], abo

CVy () + Cxy(t) + ... + CP2,(t) = 0,

abo posB’st3ku x1(t), xo(t), ..., x,(t) JiHiiHO 3a71€XKHI, IO CyHepeInTh YMOBI
TEOPEMHU.
Taxkum aunom, Wiz, o, ..., x,](t) # 0y xkomuiit Touni ¢ € [a, b, mo i Gymro
IIOTPIOHO JIOBECTH. O
Teopema 4.9
st Toro mo6 poss’asku xq(t), ..., x,(t) Oyau JiHIHO He3aTeXKHi, He-

00xisHo 1 mocrarHo, o6 Wz, ..., z,](t) # 0 y Koxmiit Toumni ¢t € [a, b].

/losedenns. Bumimpae 3 momepeiHix TBOX TEOPEM. O]
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Teopema 4.10

BarajpHnil po3B’30K JIHIKHOT OJHOPIIHOT CHCTEMU TPEICTABIAETHCA Y
BUIVISIIL JIIHIAHOT KOMOIHAINT 1 JIHIHHO He3aIe;KHUX PO3B’A3KiB.

Josedenna. dx BumuBae 3 BIACTUBOCTI 3, JiiHifiHA KOMOiIHAIlisT PO3B’SI3KiB
TakoxK Oyae po3s’siskom. [lokazkemo, 110 1eit po3B’s30K 3arajbHUil, TOOTO
3aBIgKE BUOOpy Koedimientis C', . .., C), MoKHa PO3B’a3aTH OYIb-AIKY 388~
qy Ko z(ty) = xg abo B KoopauHaTHIN dhopmi:

zi(to) = @, wa(to) = a3, ..., wa(to) =y,

Ockinbku po3B’sa3knu xq (1), . . ., T, (t) JiHiiiHO HE3aIeKH], TO BUBHATHUK BpoH-
cbKOrO Biaminuuit Bix mHyasa. OTxe, cucrema ajareOpaldHUX PiBHSHD

Ciz11(to) + Cozra(to) + - .. + Crwin(te) = af,
Ch1791(to) + Coman(to) + ... + Cpaan(ty) = 29,

C12n1(to) + Coxna(to) + ... + Crxpn(to) = 29.

Mae enunuit poss’azox C CY. ... CY.
Toni niniitna KoMOiHAIIiS

z(t) = CYwy(t) + Clwa(t) + ... 4+ Cl2,(2)

€ Po3B’g3KOM 1ocTaBieHol 3a1a4i Korri. Teopema mqoBejieHa. O

3ayBakeHHs1 4.11 — MaxkcumasbHe YUCTIO HE3aJEXKHUX PO3B’I3KiB J10-
PIBHIOE KI1JTBKOCTI PIBHSHB 7.

Josedenna. lle BummBage 3 TeopeMu Ipo 3araJbHUR PO3B’SI30K CUCTEMH OJTHO-

PIJIHUX PiBHSAHB, TOMY IO Oy/Ib-IKUI IHINNI PO3B’ 430K MOXKe OyTHU IIPeICTaB-
JIEHUH y BUTJIAJI JIIHIFHOT KOMOIHAIIT 1 JIHITHO He3a/Ie2KHUX PO3B’a3KiB. [

O3snavyenHsa 4.12. Marpurs, ckirageHa 3 Oyab-IKuxX N JiHINHO HE3aJIEKHAX
PO3B’SI3KiB, HA3MBAETHCsT PYHIAMEHTAJIHLHOIO MATPUIIEIO PO3B’SI3KiB CUCTEMHU.

Ao giHiiHO He3aIeKHUMU PO3B d3KaM# OYy/IyTh

l’ll(t) ZL‘lg(t) l’ln(t)
I = o (t) To = xQQ(t) Ce X, — an(t)
a(t) Tus(t) L)
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TO MaTPUIA

x11(t) z12(t) -+ x1(t)
iy - |0 0
Tp1(t) @p2(t) -+ Tpn(t)

ovyie HJIAMEHTAJILHOIO MAaTPUIIEIO PO3B’ A3KIB.
YA YHI PUIL p

K BUILIMBAE 3 MTOIIEPEIHBOI TEOPEMHU 3arajJbHIil PO3B’I30K MOXKe OyTH IIpe -
CTaBJIEHUI Y BUTJISA/I

e C; — mosinbHi crasi. dAkmo Beectu Bektop C' = (Ch, Oy, ... ,C’n)T, TO
3araJIbHUIT PO3B’A30K MOYKHA 3AIMCATH ¥ BUTVIS Thomo = X (1)C.

4.2.2 ®Popmyna Akobi

Hexait 1 (t), ..., 2, (t) — miniiino mesaseKui po3s’S3KN OTHOPIIHOT CHCTEMH,
Wiz, ..., x,] — Busnauauk Bponcbkoro. O64ucmMo MOXiIHY BU3HAYHUKA
Bponcskoro
() T2(t) -0 w1a(t)
d d [ma1(t) @22(t) -+ w2n()
2y () wia(t) -0 ww()] |en(t) @(t) - @1t
Cjan(t) waa(t) - () N T (t) wh(t) -+ Tan(t)
T (t) @p2(t) -+ @ua(t) Ta1(t) pa(t) -+ Taa(t)
r11(t)  T12(t) T (1)
Ta1(t)  w2o(t) T ()
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OCKiIBbKY J1JTsT TIOXITHIX BUKOHYETHCSI CITIBBITHOIIIEHHST

= 0611$11(t) -+ 06121'12(t) 4+ ...+ Oélnl'ln(t),
.flfllz(t) = (¥11T21 (t) + Oélgxgg(t) + ..+ OélnIQn(t),
ZElln(t) = anxnl(t) + algxng(t) + ...+ alnxnn(t)
15 (1) = agz11(t) + aoeria(t) + ...+ 2T 1n(1),

) = (¥21T21 (t) —+ Q9999 (t) 4+ ...+ Oéznl'gn(t)

\/~

?

(2, () = i (t) + anezia(t) + ..+ pin(t),
xlzn(t> = p1T21 (t) + Oéngl'gg(t) 4+ ...+ Cknnl'gn(t),

TO IIICJIA HiACTAHOBKHU OJIEPKIMO

d
&W[l‘l, ce ,l’n] =
a11211(t) + apzia(t) + ...+ a1nin(t)  z12(t) -+ z1,(t)
_ 11T21 (t) + 04121'22(t) + ...+ a1n$2n(t) 1'22(25) L [Egn(t)
a11Tn1 (t) + alzfﬂng(t) 4+ ...+ Oéln.fnn(t) Tn2 (t) s Tpn (t)
T11 (t) OéQll‘H(t) -+ 0422x12(t) 4+ ...+ Oégnﬂfln<t) cee $1n<t)
i To1 (t) 91T 21 (t) —+ 92929 (t) + ...+ O(gnl’gn<t) cee Ign(t)
Tnl (t) 21T p1 (t) + 99T p0 (t) + ...+ O[in’nn(t) ce xnn(t)
ri(t) wi2(t) 0 amrn(t) + aneria(t) + . 4 Qe (t)
n T21 (t) T2 (t) e Oén13321( ) + Q299 (t) T Oénann(t)
Tp1(t) Tpa(t) -+ apirn(t) + angxng(t) + ot QT (t)

Poskpusmm KoxKHUIT 3 BUBHAYHHUKIB, 1 3 OIJIA/LYy Ha Te, MO0 BU3HAYHUKU 3
OJITHAKOBUMMU CTOBIIISIMU JIOPIBHIOIOTH HYJIIO, OJIEPIKIMO

l’ugtg xlggtg e ZEln%t;
d xo1(l) @aalt) -+ xou(l
&W[l’l,...,l'n] = an : .
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T11 (t) xlg(t) s $1n(t) Ill(t> Iu(t) s .Tln(t)

o T1(t) $22.(t) x%.(t) e ta o1 (t) 1’22:(15) " x27%(t) _
Tp1(t) Tpa(t) -+ zpu(t) Tp1(t) Tpa(t) -+ Tpn(t)
l’ll(t) [Elz(t) R $1n(t)
To1(t) Xoo(t) -+ xop(t
ottt oy [0 RO 0]
r11(t) T2(t) -0 w1a(t)
t ) ... (1
=trA xgl() x22() ‘ x2<) =trA - Wiz, ..., 2,
T (t) Tpa(t) -+ zpa(t)
Abo q
&W[xl, ce Xy =tr A Wiz, .o 2.
Poszpminusmm 3minni, ojepKuMo
dW[ﬂfl, Ce ,Z’n]
= tr Adt.
W[[L’l,...,a?n] '

[IpoiaTerpyemo B mexkax to < s < t,
t
InWizq, ..., x,)(t) = In Wz, ..., x,](t0) = / tr Adt,
to
abo

Wias, .l (E) = Wlan, .. 2] (fo) exp {/t:trAdt}.

BzaraJii kaxky«4u, JI0BeJIeHHS ITPOBOJIMIOCS B IIPUITYIIEHHI, 110 CUCTeMa PiB-
HsIHb MOKE 3aJIe’KaTu BiJ Jacy, TOOTO

Wiar, . 2](t) = Wi, ... 2] (o) exp {/ttrA(t) dt}.

to

OTrpumana dopmyita Ha3UBAETHCS (POPMYJIOK0 KOOI,
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4.3 CucremMn JIHINHUX OJHOPIAHUX PIBHAHDL 3 CTAJIUMU
KoedinienraMm

Cucrema audepeHia IbHIX PIBHSIHb BUTTISLY

Ty = Q111 + a2 + ...+ ALy,
T1 = QA91X1 + Q29T + ...+ AanLhy,
T1 = Qp1T1 + A2 + ... + QppTy,
e a;j, 1,7 = 1l,n — cTanl BeJMYMHM, Ha3UBAETLCA JIHIHHOIO OJHOPIIHOIO

CUCTEMOIO 3 cTaJIMMK KoedirieHTaMu. Y MAaTpPUIHOMY BUIVISl BOHA 3aITHCY-
€ThCH
T = Ax.

4.3.1 Po3B’sa3yBaHHs CUCTEM OJHOPiAHUX PiBHSHb 3 CTAJUMU KO-
ediniearamu merogom Eiisepa
Posriiinemo o 3 MeTo1iB IOOY/I0BU PO3B A3KY CHCTEM 3 CTAJIUMHU Koedi-
IMI€HTAMMH.
Po3B’s130K cucremu mIykKaemMo y BUTJIsIII BEKTOPA
At AT
. ).

z(t) = (are™, e, ... age

[ligcTaBuBim B cucteMy JqudEpeHIaJIbHUX PIBHAHD, OJIEPKUMO

adeM = ajone + ajpase™ + L+ apome,
asheM = ag i eM 4 agone™ + ..+ agpane,
ap et = apioie™ + appane + .+ apnape.

At

CxoporuBIu Ha e, 1 TIepeHiCII BCl 9JIEHN BIIPABO, 3AIUIIEMO

(au — /\)Oél + 1909 + ...+ A1n0y, = 0,
a91Q¢] + (CLQQ - /\)O{Q + ...+ Aont, = 07

11 + Apae + ...+ (Apn — N, = 0.

Orpumana oJIHOpi/IHA cUCTeMA JIHIFTHIX aareOpaildHuX PIBHSHL Ma€ PO3B’s3-
OK TOJi 1 TUIBKH TOJIi, KOJIM 11 BUSHAYHUK JOPIBHIOE HYJIIO, TOOTO

aj; — A a12 T A1n
21 g — A - - Q2n, 0
(07951 an2 e Ann — )\
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[e piBHAHHS, MOXKe OYTH 3allUCAHUM y BEKTOPHO-MATPUUHIii hopmi
det(A — AFE) = 0.
1 BOHO Ha3UBAETHCA XapaKTEPUCTUUHUM PIBHAHHAM. PO3KpuemMo ioro
N+ p A"+ pasi A+ = 0.

Asrebpaldse piBHSIHHSI N-I'0 CTYIIEHd Ma€ 1 KOpeHiB. Posrisimemo pi3ui BU-

TTaJIKH:
1. Bei kopeHni xapakKTepuCTUIHOTO PIBHSIHHS A1, Ao, . . ., A, (BJIacHI dmca
marpuri A) nificui i pizui. I[ligcrasisgouan ix mo wepsi B cucteMy aJre-
OpaluyHUX PiBHAHD
(all — )\i)al + a0 + ... + A1y = 0,
a1 + (a22 — )\Z')OCQ + ..t agay,, = O,

11 + Apoe + ...+ (Apn — Nj)a, = 0.

OJIEPXKYEMO BiJIIOBI/IHI HEHYJILOBI PO3B’SA3KU CHCTEMU

1 2

Oz% oz% (o't}

n

1 Q2 2 Qg n Q2
o = , o = , S, Q= .

1 2 n

IO ABJIAIOTH COOOIO BJIACHI BEKTOPH, AKi BiJIIIOBIJAIOTHL BJIACHUM YH-

ciraM A, © = 1,n.

Y Takuit criocid oJepKUMO 1. PO3B’A3KiB

oz%e’\” oz%e)‘zx oz{‘e’\"x
aée/\lx Oé%e)\gz age)\nx
x1(t) = _ , To(t) = _ e xp(t) =
1 Mz 2 Aoz n  An®
Qe age agen
[TpudoMy OCKITBKE A1, Mg, ..., A\, — pisHi a ob,a?, ..., a" — Bijnosij-
— JIHIIHO

Hi IM BiacHI BeKTOpH, TO PO3B’sa3KU T1(t), xo(t), ..., 2, (%)
He3aJIeXKHi, 1 3arajbHUil PO3B’SI30K CHCTEMU Ma€ BUIJIS]L

x(t) = Z Cixy(t).
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Abo y BekTOpHO-MaTpUIHIN dopMi 3amucy

T ateMt alert ... et o
To ateMt adett ... qRetnt Cy
= . ,
1 A\t 2 2t . n  Ant
Tn Qe ase e Ch
ne C,Cy, ..., C,, — DoBiIbHI cTaJI.

. Hexait A\ 3 = ptig — napa KOMIIJIEKCHO CIPAKEHUX KOpeHiB. Bizbmemo
OJIVH 3 HUX, HAPUKITL A = p + 1q. KoMmIiiekcHoMy BJIacHOMY YHUC/TY
BiJINOBIJa€ KOMIIEKCHHUI BJIACHUI BEKTOP

aq r+ ’iSl
e%) To + 159
fo' Tn + 18p
1, BiAITOBiIHO, PO3B’sI30K
I (7'1 + iSl)e(p+Zq)t
To (7'2 + i82)€(p+zq)t
T (1 + s, )ePriot

Bukopucrosyioun sanexuicts ePH0t = ePt(cos gt + isin gt), meperso-
PUMO PO3B’SI30K 10 BUTJISAJLY:

T (ry + isy)eP(cos gt + i sin gt)

To (rg + is9)eP(cos qt + i sin gt)

T (rp + i8,)eP(cos gt + isin qt)
ePt (11 cos gt — sy sin gt) el (sy cos gt + 1 sin gt)
Pt (ry cos gt — so sin gt) | e'(s2cos gt + rosingt)

— _ i : =
et (r,, cos qt — s, sin qt) el (s, cos gt + 1, sin qt)

= u(t) + iv(t).

I, sk BUILIMBAE 3 BJIACTUBOCTI 4 PO3B’SI3KIB OJHOPIHUX CUCTEM, AKIIO
KoMILIekcHa yHKIist u(t) + dv(t) AilicHOrO apryMenTy € po3B’s3KOM
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OJIHOPIJIHOI CUCTEMHU, TO OKPEMO JIifiCHAa 1 ysIBHA YaCTHHU TaKOXK Oy-
JIyTh PO3B’A3KaMH, TOOTO KOMIIJICKCHAM BJIACHUM UHCJIAM Ao = D £ ig
BiJITOBIIAIOTE JIHIAHO He3a/I€KHI PO3B’SI3KH

ePt(ry cos gt — s sin gt)
ePt (1o cos gt — so sin gt)

el (1, cos qt — s, sin qt)

eP!(sq cos gt + 71 sin qt)
eP(sq cos gt + 1o 8in gt)

el (s, cos qt + rp, sin gt)

3. dxmo xapakTepucTuvdHe PIBHAHHS MA€ KPATHUIl KOPiHb A KPaTHOCTI

7, TOOTO A\; = Ag = ... = Ay = )\, TO PO3B’A30K CHUCTE€MH PIBHAHbL Ma€
BUTJISLT

Ty (ot +adt+ ...+ ajtr ) eM

T (b +adt+...+agtr 1) eM

T, (al + a2t +...+ o)t ) et

[ligcraBuBim ftoro y BuXijHe judepeniiaabie PIBHIHH 1 IPUPIBHIB-
1 KOeiIieHTn Tpu OHAKOBUX CTEINEHX, OJEPKUMO YN PIBHAHD, 110
MICTATD YN HeBiloMux. ToMy 110 KOPiHb XapaKTEePUCTHIHOTO PiBHAHHS
A Ma€ KpaTHICTh <y, TO paHr oTpuMaHol cucremu yn — v = y(n — 1).
YBopaun vy posinbHux cranux Cf,Cy, ..., C, 1 po3B’a3yloun cucreMmy,
0JIEPZKUMO

J_ S -
ai_ai(clvc’?a"'ac’y)a Z_l7n7 ]_177
4.3.2 Po3B’930K cuCcTeM OJHOPiJHUX PiBHAHB 3i cTaanmu Koedirri-
€HTAaMU MATPUYHUM METOOM

JlocuTh yHiBEpCAJILHUM METOJIOM PO3B 3Ky JIHIHHUX OJHOPITIHUX CUCTEM 3
craauMu KoedillieHTaMu € MaTpudHuit Metoji. BiH moJisirae B HACTYITHOMY.
Posrnsiaerbes Jtiniitna cucrema 3 crajumu KoedillieHTaMu, M0 3allicaHa Y
BEKTOPHO-MAaTPUIHOMY BUTJISII

t(t) = Az, = €R"
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Pobutbcest HeBupomzkene nepersopenns r = Sy, y € R™, det S # 0, 1e BekTop
y(t) — noBa HesijoMa BekTOpHa dyHKIist. Tosl piBHAHHS TpuiivMe BT

Sy = ASy,

abo
= StASy.

s nosinbuol maTpuili A 3aBxKu icHye HeocoOMBa MaTpulld S, MO MIPH-
BOIUTD ii 10 Kopganosoi dopmu, Tobro S~LAS = A, 1e A — xopmaHoba
dopma marpuri A. I cucrema nudepeniiaabHUX PIBHIHD MPUiMe BUTIST

y=Ay, yeR"
Cx1a/1eMo XapaKTepUCTUIHe PiBHIHHS MaTpuri A
det(D — AE) =0,

abo
N AN+ 4 pai A+, =0,

Asrebpaldse piBHSIHHSI Nn-I'0 CTYIIEHA Ma€ 1 KOpeHiB. Posrisimemo pi3ui BU-
MTaJIKH:

1. Hexait A1, Ag, ..., A\, — mgiiicui pizui uncia. Toxl maTpuis A Mae BUTIsI
AN O - 0
0 Xy -+ 0
0 0 - A

I neperBopena cucrema JndepeHItiaabHIX PIBHSIHDb PO3IIAIAETHCI HA N
He3aJIe’KHUX PIBHSIHB

Ui =AY, Yo =A¥Y2, oy Un = AplUn.

Po3p’s13ytoun KoxKHE OKPEMO, OTPUMAaEMO

At Aot Ant
y1 = Cre™,  yp = Che™', .., Yy, = Che™.

A60 B MATPUIHOMY BUTJISAI

— €At0,
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Jie

6)\1t 0 0 Cl

0 et 0 C
M = ) , C= ?
0 0 ernt C,

3BijcH PO3B’A30K BUXITHOrO piBHAHHSA Mae Burian x = SeMC. s
3HAXO/[PKeHHS MaTpuIli S Tpeba po3B’sa3aTh MaTpUIHE PIBHIHHS

STTAS = A

abo

AS = SA

e A — xopjanoBa ¢popma marpuri A. dxmo marpuio S 3anucartu y
BUTJISII1

O{% O{% ... a;:"
a% a% ... a/g’
Ss=1. . . .
1 2 n
&n &n DRI a{n
TO JIIs1 KOYKHOT'O 3 CTOBIUUKIE 8; = (o}, oy, ..., al)T, marpuune pipns-

HH¢A IEPETBOPUTHCA J10

ASZ' = )\iSi, 1= ]_,TL.

Takum 9uHOM, y BUMAQJIKY PI3HUX JIACHUX BJIACHUX YHCET MaTPHUILA
S gBjge cobo0 HAbIp N BJIACHUX BEKTOPIB, IO BIANOBIIAIOTH PI3HUM
BJIACHUM UYHCJIAM.

Hexait A\; 9 = p £ iq — KoMmmurekcHuil Kopinb. Toxi BinmoBinHa KiiTKa

2Kopana mMae BUTJIS]T
b q
Ao = ,
a= (20

a IepeTBOpeHa cucreMa JudepeHIiaJlbHIX PIBHIAHD

U1 = py1 + qy2,
Y2 = —qy1 + pya.

Hesaxkko mepesiputu, 1o po3B’d30K OTpUMaHOI cucTteMu audepeHti-
aJIbHUX PIBHAHb MAa€ BUTJISA/,

Y, = cie?’ cos gt + cpef’ sin gt
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Yo = coeP" cos gt — cief’ sin gt.

Abo B MATPUIHOMY BUTJISI

v\ [ ePcosqt  eftsingt) [
Yo —ePlsingt ePlcosqt) \ca)”
TakuM IMHOM, KOMIUIEKCHO-CIPSAZKEHIM BJIACHUM HHCJIAM Ao Bimo-

BiJia€ po3B’sI30K
y =M,
e
A el cosqt  ePlsingt
 \—ePlsingt ePlcosqt

. Hexait A — kparuwmit Kopinb, KparHocti m < n, ToOTO A\ = Ay = ... =
Am = A1 flomy BignoBizaooTh r < m JIHIHO He3aJIE2KHUX BEKTOPIB.
Tomi kriTka 2Kopjana, 1o BiIIOBIIa€ IIbOMY BJIACHOMY YHUCJTY, MA€ BU/T

(A0
(5 )

e
0 0 0
0 0 0
M=+ 0 | eRY,
0 0 - A0
0 0 - 0 A
Al 0
0o X . 0
NAo=1|: - . - | eRimximm)
0 0 - A1
0 0 0 A

I nmeperBopena mijcucrema, 10 BiIIIOBIIa€ BJIACHOMY YHCIY A, PO3IIa-
JAETHCS He JIBl I CUCTEMU

=My, yeR,
yQ = A2y27 Y2 € Rm—r’
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Po3B’s130K 11€pI11101 3HAXOIUThCS 3 BUKOPUCTAHHAM 3a3HAYEHOTO B IEP-
oMy IyHKTI mijgxomy. Posruisinemo apyry migcucremy. Sammmemo i1 B
KOOD/IMHATHOMY BUIJIfA/I1

Po3B’s130K ocTaHHBOIO PIBHSIHHS II€T MiJICUCTEMH MA€E BUTJIST

At
Y2,m—r = C2m—r€

[TizcraBumo ioro B mepemoctanne piBHsHHS. OIepKYyEMO

. At
Y2,m—r—1 = /\yQ,m—r—l + C2.m—r€ .

SaraJibHUI PO3B’A30K JIHIHHOIO HEOHOPITHOTO PIBHAHHS MA€ BUIJIS]
CyMH 3araJIbHOTO PO3B’SI3KY OJIHOPIIHOTO 1 YaCTHHHOTO PO3B 3Ky HEO-
JIHOPIJIHUX PIBHSHDb, TOOTO

Y2.m—r—1 = Y2,m—r—1homo + Y2, m—r—1 hetero-

BaraJIbHII PO3B’SI30K OMHOPITHONO MA€ BUIJISII

. At
Y2, m—r—1homo — C2m—r—1€ .

YacTuHHUN PO3B’A30K HEOTHOPITHOTO IIYKAEMO METOJIOM HEBU3HAME-
HUX KOeIIEHTIB y BUTJIsA I

_ At
Y2,m—r—1,hetero — Ate 9

e A — meBimoma craja. IlizcTaBuBim B HeOIHOPIHE PIBHSIHHS, OI€p-

KMIMO
AeM + AXteM = AXte™ + co e

3Bincu A = ¢y, 1 3arasbHII PO3B’A30K HEOJHOPITHOTO PIBHAHHSA Ma€
BUTJISLII,
M M
Y2.m—r—1 = C2m—r—1€ + CQ,m—rte .

Hi,HHHBH_H/ICb e Ha OJUMH KPOK Haropy OJIepzKuMoO
t2

At At
Y2,m—r—1 = C2m—r—2€ + C2,m—7‘—1t6 + CQ,m—Tge

At

[IponoB:kyioun Iporec gaJti, MaeMo

tm—r—l

At At
Y2,1 = C21€ + 0272?56 4+ ...+ 627m,r—'€
(m—r—1)!

At

29



ABO y BEKTOPHO-MaTPUIHOMY BUTJISITI

N \ tm—r—2 tm—r—l
e te
(m—r—=2)1 (m—r—1)! C2,1
m—r—3 m—r—2
O e)‘t t t 02’2
Yo (t) = (m—r—=3)! (m—r—2) :
: . C2 m—r—1
o 0o --- e teM Com—r
0 0 0 e
JlomaBIuy mepIy IiJCUcTeMy, OJIePXKIMO
At
e 0
y = ( 0 €A2t> C?
e
e 0 0 0
0 eM 0 0
M= SN
0 0 eM o0
0 0 0 eM
m—r—2 m—r—1
6)\t te)\t t t
(m—r—=2)1 (m—r—1)!
m—r—3 m—r—2
0 oM t t
ehet — (m—r—=3)! (m—r—=2)1'],
o 0o - eM teM
0 0 0 eM
T
C = (01,1 Cir C21 CQ,mfr) .

JL1st ocTaHHIX JIBOX BHUMAJIKIB MATPUILS 3HAXOIUTHCS SIK PO3B’I30K Ma-
TPUYHOI'O PIBHAHHA

AS = SA

4.3.3 Bmnpasmu ajiss camocriitHol poboTn

[Ipu posp’azyBanni cucrem merojom Eitiepa cKja/ai0Th XapaKTepUCTUIHE

PIBHAHHS, 1 B 3a/I€2KHOCTI BiJ| 100 KOPEHiB JJIsT KOYXKHOTO A;, ¢ = 1, n 3HaX0-

JITh BIIIOBITHUN JIHITHO He3aJIeKHUI PO3B’A30K.
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IIpukaan 4.13

Posw’sazaTu cucremy:

T =2z + 3y,
y = 3z + 4y.

Posé’azox. XapakrepucTuine piBHAHHS MA€ BUTJIST

2—A 1
‘ 3 4- A‘ =0
abo A2 — 6\ +5=0.
Kopensmu 0yayTs Ay = 1, Ay = 5.
1. Bmaitmemo BacHmit BeKTOp, IO Biamosimae \; = 1. IligcraBuBmm B
CHCTEMY
(2 — /\)041 + g = O,
3@1 + (4 — )\)042 = O,
OJIEPKUMO
aq + Ay = 0,
3aq + 3ag = 0.
3Bigcun a; = 1, ap = —1.
2. 3HaiijeMo BJIACHUII BEKTOp, IO Bimmosimae Ao = 5. IlizcraBusmm B

CUCTEMY, OJICPKUAMO
{—3&1 + Qi = 0,

30&1 — (g = 0.
BBigcn o = 1, ap = 3.

TaKuM YHHOM, OJCP:KUMO PO3B 30K CUCTEMHU y BULJIAI
r\ 1 s (1) (e € c1
(y) - (_1) e (3) a (_et 3¢ ) \e2)

IIpukiaan 4.14

Posp’st3aTn cucremy:
T=2x+y,
y = —2x + 3y.
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Pose’sazox. XapakrepucTudHe PiBHSIHHST Ma€ BUIJISIT

=0,

1—A 1
-2 3-A

abo A2 — 4\ +5 = 0.
Kopensamu 6ynyTs Ao = 2 4.

Bizememo \; = 2 + 4. IlincraBusiim B cucremy

(1 — )\)Oél + ap = 0,
—2a1 + (3= A)ay =0,

OJIEPKUMO

(—1 — ’i)(lq + oy = 07
—201 + (1 —i)ag = 0.

BBigcn ap = 1, ap = 1 +1.

BanuremMo BEKTOP PO3B 3Ky
z\ e(ZHi)t B e*(cost +isint) B
y)  \(14+d)e@H)t ] 7 \e(1 +i)(cost +isint))

B e?t cost b e?sint
— \e*(cost — sint) e*(cost +sint) )’

OCKIJIbKM KOMIIJIEKCHO-CIIPSIZKEHOMY PO3B’S3KY BiJIIIOBIAIOTH JIBA JIHIHHO
HE3aJIEYKHUX PO3B’SI3KU, TO 3arajibHIUil PO3B’SI30K Ma€ BUTJIS,

T\ _ ., e? cost Lo e*sint B
y) ' \e*cost —sint >\e*(cost +sint) ) —

B e? cost e’ sint 1
— \e*(cost —sint) e*(cost +sint)) \cy) "

Ilpuknan 4.15

Posp’sizatu cucremy:

T=2z+y,
y=—x+4y.
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Pose’sazox. XapakrepucTudHe PiBHSIHHST Ma€ BUIJISIT

‘2—)\ 1

abo A2 — 6\ +9 = 0.
Kopensmu 6yayTs Ay = Ay = 3. OckinbKu

(2= YL U AN
MEL -1 4], T ) T

TO MaTPUIIS MAa€ OJINH BJIACHUN BeKTOP. ToMy PO3B’'SI30K IIYKA€MO y BHUTJISII

x = (a; +ait)e®, y = (aj+ ast)e®.
[lizcraBuMO B cuctreMmy

3e*(a) + ait) + aje® = 2(a; + ait)e® + (ay + a3)e™,
3e*(ay + ast) + aze™ = —(aj + att)e® + 4(as + al)e.

[IpupiBugBIn KOEMIIIEHTH IPU OAHAKOBUX UJIEHAX, OJEPXKUMO JIBI CUCTEMHU

3a] = 243 + a3, 3a; + a? = 2a; + a3,
3a5 = —ai + 4aj 3ay + a3 = —a; + 4ay
2= 2 2 Ty = —0 2°

Abo
2 2 1 1 2
—CLl + a2 - 07 _al + a2 - a17
2 2 __ 1 1 _ 2

3 [epIoi CUCTeMHU OJIEPKYEMO a? = a2 = ¢;. llizcraBuBimu B Iy, ojep-

1 2 )
KUMO —ai + ai = c¢;. Tloknasum al = ¢y, omepskumo ¢ = ¢; + ¢o. Takum
YIHOM,

T\ (cy + cit)e . tedt Lo ety

y)  \(cr+co+et)e?) P\ (1+t)e 2 et ) —
B t63t €3t c1
S\ +t)ed ) \e)

Po3B’szkeMo 11i 2K cucTeMu MaTPUIHUM METOJIOM.
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IIpukiaan 4.16
Posw’sazaTu cucremy:
T =2z + 3y,
{y =3z + 4y.

Posé’azox. XapakrepucTuine piBHAHHS MA€ BUTJISIT

2— A 1

=0
PR B
a60o A2 — 6\ + 5 = 0.

IToro xopersivmu 6yayTs A = 1, Ay = 5. Tomy

. 10 At et 0
(o) =)

Posp’ssyemo marpuune pipasgaaa AS = SA, abo

2 1\ (a1 a}\  [a} a?\ (1 O
3 4)\a} a3)  \ad a3)\0 5)°

Bono poznajaerncd Ha jaBa

1 1 1 2 2 2
2a1+a2:a1, 2a1+a2:5a1,
1 1 1 2 2 2
[Ticyig mepenecenHs BCiX YJIEHIB YJIiBO, OJIEPYKUMO
1 1 2 2
CLl + a2 - 07 _3a1 _'_ a/2 - 0,
1 1_ 2 2 _
3a; + 3ay = 0, a7 —a; =0,
: 1 _ 1 _ 2 _ 2 _

BBigcu a; =1, a5 = —1,af =1, a5 = 3.

Taxknm YMHOM, 3araJbHHIi pOSB’HBOK Ma€ BUIJIAL

() -0 96

Ilpukaan 4.17

Posp’st3aTn cucremy:

T=1z+y,
y = —2x + 3y.
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Pose’sazox. XapakrepucTudHe PiBHSIHHST Ma€ BUIJISIT

1—A 1

9 370

abo A2 — 4\ +5 = 0.
Kopensamu 6ynyTsb Aj o = 2 4. Tomy

A= 2 1 oAt e?cost e*sint
=1 2 — \—e*sint e*cost)”

Marpuane piBagaaa Mae Burisg AS = SA, an

12 12
L1\ fa; a7\ _ (a7 a3 2 1
-2 3) \a} d3 ad a3 \—-1 2
Poznuiemo fioro moesemMenTHO

1, 1 _o 1 _ 2
—2a; + 3ay = 2ay — a3,
2., .2 _ 1 2
aj +a; = a; + 2aj,

—2a} + 3a3 = a3 + 2da3.

Ha Bigminy Bif momepeiaboro myHKTY (i 11€ iCTOTHO YCKITAIHIOE OOINCICHHS )
crucTeMa He PO3IIEILIIOEThCA Ha 1Bl He3asexHi mijgcucremu. [licis nmepenece-
HHS BCIX YJIEHIB B OJIHY CTOPOHY, OJEPKUMO CHCTEMY

1 2 1 _

1 1 2
_2a1+a2+a2:o,

1 2 2
—a; —aj +a; =0,

—2a} + ay + a3 = 0.

[TomHOXKMMO TIEpITIE PIBHAHHA Ha —2 1, CKJIABIIN 3 JIPYTHUM, MiJICTABUMO HA
Mmicte gpyroro. Jlasti, TOMHOXKIMO TiepIie piBHAHHS Ha —1 1, CK/IaBIIN 3 Tpe-
TiM, IIOCTABUMO HOro Ha Miciie TpeTboro. OJepKyeEMO CUCTEMY

1, 2, 1
—a; +aj +ay; =0,
2 _ 1., 2 _
—2a7 —ay +a; =0,
2 _ 1., 2 _
—2ay —ay+ a3 =0,

2 1. 2 _
—2a] —as +a;=0.
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Ocranni /iBa piBHAHHS MOXKHA BIJIKUHYTH. 3aJIUIIAETHCS

—ay + ai +ay =0,
—2a3 — ay + a3 = 0.

[okmagaemo a? = a3 = 1. Toni a3 = —1, aj = 0. Takum qnnOM,

o 0 1 zy _ (0 1 e*cost e*sint\ [c1\
S\-1 1) y) \—=1 1)\ —e?sint e*cost) \co)

B —e?tsint e?t cost ¢
— \—e*(cost +sint) e*(cost —sint)) \cz )"

Ilpuknan 4.18

Posp’sizatu cucremy:

T=2z+y,
y=—z+4y.

Pose’sazox. XapakTepucTuiHe PiBHSIHHST Ma€ BUIJISIT

‘2—)\ 1

abo A\ — 6 +9 = 0.
Kopensvu 6yayTs Ay = Ay = 3. Ockinbku

(2= YL S A
MEL -1 4], T ) T

TO MATPUIlFd MA€ OJUH BJACHUN BEKTOp 1 K/ITKa 2KopjaHa Mae BUTJIST

(31 e (e tet
A_<O 3) € _(Ot eMcost )

Marpuare piBagaasa mae Burisg AS = SA, an

2 1\ (al a3\ (a7 af\ (3 1
-1 4)\al a3)  \da} a3/ \0 3)°
Posmmriemo iforo moeseMeHTHO

{ 2a; + a3 = 3aj, { 202 + a2 = aj + 3a?,

1 1 _ 1 2 2 _ 1 2
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Ha Bijmminy Biji KOMILIEKCHUX KOPEHIB, MOYXKHA PO3B’43aTH CIOYATKY IEPIILY

mizcucreMy, a norim apyry. Ileprra mae Bu

—aj +ay =0,
—aj +ay =0,

' 1_ 1
3Bigcu a; = ay = 1.

[ligcraBuBIA B JIPYTY, OJIEPKUMO

—ai+a3=1,
—a?+a3=1.

BBigcu a3 = 1, a3 = 0. TakuM IMHOM OJlep2KaJIH

S\ 1) \y) \1 1) \-0 e ) \e)
oAt
= (63t

(t j—eit)e?’t) (2) '

3ayBa>keHHs 4.19 — ko BiaacHi YuciIa ailicHi pi3Hi, TO 06KIBa METO-
JIM eKBiBaJIeHTHI. ZIKIIO BJIACHI YKC/Ia KOMILJIEKCHI, IIepEeBaKHIIIIe METOJ]
Eitnepa, gkmo KpaTHi, To MATPUIHUAN METO/I.

Posp’sa3aTu miniitHi ogHOpiAHI cucteMu MeTogoM Eilepa unm MaTpudIHUM Me-

TOJIOM.
3agaua 4.1. Samaya 4.4.
jj:x_yu $:—$—5y;
y=—4r+y. y=x+y.
3agaua 4.2. Samaua 4.5.
T = —x+ 8y, T =3r — v,
y=x+y. y=4x —y.
Sagaua 4.3. Sama4ya 4.6.
T =1x— 3y, T = —3x + 2y,
y=3r+y. y=—2r+y.
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3amaua 4.7.

T = dx + 3y,
y=—-3r—y.

Poss’azaTn miniiini ojgHopinni cuctemu merosoM Bitepa um MaTpudHUM Me-
TozoM (MicJist cucTeMy BK3aHi BJIACHI YUC/Ia, JJIsl CIIPOIIEHHST O0UNCIICHB ).

3amaya 4.8.
T=T—Y+2z,
y:$+y—2,
z=2r—vy.

(M =1, =2, A3=-1)
3amaua 4.9.
T=x—2y— 2,

y':—.T—Fy—i—Z,

Z=x -z
(A =0, =2, A3=-1)
3anaga 4.10.
T=2x—y+z,
y=1x+2y— 2z,
=x—y+ 2z

A =1, =2, A3=3)

3amaua 4.11.
T=3x—y+z,
y=r+y+z,

=4 —y+4z.
(A =1, =2, 3=05)
Samaua 4.12.
T =—3x — 4y — 2z,
y=1x+z,
z =06z — 6y + Hz.
()\1 = 1, )\2 = 2, )\3 = —1)

Sanaua 4.13.

T=x—Yy— 2,
y=r+y,
2 =37+ z.

(A1 =1, Aoy = 1+ +3i)

Samaua 4.14.
T =2r+y,
j=a+3y -z,
i=—-x+y—=z.

(/\1 = 2, /\273 = 3:]:Z)

Samgaua 4.15.
T =2r—1y+ 2z,
y=1z+z,
z=—2rx—y+2z

Sagaua 4.16.

T=4r —y— z,
y:$+2y—27
Z=x—y+2z

(M =2 X =A3=3)
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Bamaua 4.17. (A1 = X2 =2, \3 = —5)

T=2r—y— =z,

J =3z — 2y — 32, Samaua 4.20.
z=—x+y+2z. G=x—y+z,
(M =0, 2=2%=1) y=z+y— 2,
3amaya 4.18. Z=—y+2z
y=x—2y+ 2z,
Z =3z — 3y + 5z Bagaua 4.21.
(A =3, A=X3=-1)
T =—r+y—2z,
Sagaga 4.19. g=dx+ty,
T =3r — 2y — z, Z=—y+2z.
y = 3r — 4y + 2z,
Z=2x — 4y. (M =1, A=X=-1)
Samaua 4.22. Samaua 4.23.
T =2x+y, T=2r—y—z,
y:2y+4z, y:zx_y_'z?
z=x—z. Z=—x+z.
()\1:)\220,)\3:3) ()\1:)\2:)\3:2)

4.4 JIinHiitHI HEOTHOPIAHI cHUCTeMU

Cucrema jgudepeHIiajbHUX PIBHIHB, 110 3aIllUCAHA Y BUIJISAI

jjl = afll(t)xl + 0,12(t)1'2 +...+ aln(t)xn + fl(t)’
By = an(t)r1 + an(t)rs + ..+ agn(t)zn + fa(t),

91 Yy BEKTOPHO-MaTPHUIHOMY BI/IFJIH,H,i
T =A(t)xr + f(t)

Ha3MBAETHCA CUCTEMOIO JIHIMHIX HEOJIHOPIAHNX AudepeHIiaJIbHIX PIBHAHbD.
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4.4.1 BuaacTtuBocTi po3B’a3KiB JIHINHIX HEOAHOPIJHUX CHUCTEM

Buaactusicts 4.1

SKio BeKTOp
T

o(t) = (@1(t) -+ x,(1))
€ PO3B’I3KOM JIHIHHOI HEOAHOPIIHOI CUCTEMH, a
T

y(t) = (@) - wa())

PO3B’SI3KOM BIJIIIOBIIHOT JIIHIHHOT 0iHOPIIHOT cucremu, To cyma x(t)+y(t)
€ PO3B’3KOM JIHIHHOI HEOAHOPIIHOI CUCTEMH.

Josedenna. lificHo, 32 yMOBOIO

Aune Toni i

0+ 5(0) = AO(l0) +50) = (0 = A0()) +
+ (0 - A0 = £ +0= )

T00TO X(t) + Y(t) € PO3B’SI3KOM HEOAHOPIAHOI CHCTEM.

40



Baacrtusicrs 4.2 (IIpunnun cyneprosuriii)

Akimo BekTOpHU

zi(t) = (zult) - za®)', i=T,n

€ PO3B’g3KaMM JIHINHIX HEOTHOPIIHUX CHCTEM
o(t) — A)z(t) = fi(t) i=1,n

Iie
L) = (ful) - fu@®), i=Tm,

1o Bekrop z(t) = > i, Cizy(t), ne C; — moBinbHi crasi 6yle po3s’a3KOM
JIIHIMHOI HEOTHOPIIHOI CUCTEMU

#(t) — A(t)=(?)

[
Q
=
=

1
V:‘

Hosedenna. iiicno, 3a yMOBOIO BUKOHYIOTHCS 1 TOTOXKHOCTEI
B () — AlDai(t) = fi(t) i=Ton.

CxaBmu JiiHifiHy KOMOIHAINIO 3 JIBUX 1 IPABUX YaCTUH, OJEPKUMO

% (Z Cm(t)) — A(t) (Z C’ixi(t)> =
= > Gilinlt) ~ AW(t) = 3 Cihile),

=1

T06TO Jiiniitna KoMbinanis x(t) = > | Cz;(t) Gyue po3s’a3koM cucreMu

i(t) — At)a(t) = }_Cifi)) i=Tn.
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Biactusicts 4.3

SIKI1I0 KOMIUIEKCHUH BEKTOD 3 JIfiCHUMU eJleMeHTaMu
. T
o(t) = u(t) + iv(t) = (ui(t) - up(t)) +i(vi(t) -+ wvn(t))
€ PO3B’A3KOM HeojiHOpiiHOT cuctemu & = A(t)x + f(t), ne

F&) =p@) +ig(t) = () - pu®)) +i(at) - @),

TO OKpeMO JiiiCHa 1 ysiBHA YacTHHU € PO3B’sa3Kamu cucreM & = A(t)x +
p(t) i & = A(t)x + q(t) Bimmosimso.

Josedenna. JliticHo, 3a yMOBOIO

d

3 () + v (8)) = A1) (u(t) + iv(t) = p(t) + iq(t).

PoskpuBmium J1yKKu i IEpeTBOPUBIIHU, OJIEPKIMO
(a(t) = A()u(t)) +i(0(t) = A()v(t)) = p(t) + (1),

Aute KoMILIEeKCHI BUpa3u piBHI MizK cOO0I0 TOJI 1 TLILKM TOJI, KOJKA PiBHI
JificH] Ta y{4BHI 9aCTUHU, 10 i OyJI0 OTPIOHO JIOBECTH. ]

Teopema 4.4 (npo 3arasbHuUii po3B'sI30K NiHIAHOI HEOLHOPIAHOT CNCTEMM)

BarajbHull po3B 30K JIHITHOT HEOTHOPITHOT CUCTEMU CKJIAIAETHCS 13 Cy-
MU 3arajlbHOTO PO3B’A3KY OJIHOPI/IHOI CHCTEMH 1 AKOTro-HEOYIb YaCTUH-
HOT'O PO3B’3KYy HEOTHOPITHOI CUCTEMU.

Hosedenns. Hexait z(t) = Y1, Ciz;(t) — 3arajbHuiit po3s’si30K OJHOPLIHOL
cucremu 1 y(t) — wactunHuil po3s’sa30k HeoguopiaHOl. Tomi, K BUILIUBAE 3
BraactuBocti 1, ixas cyma z(t) +y(t) 6yae po3B’a3KOM HEOTHOPIIHOT CHCTEMH.

[Tokazkemo, 110 el po3B’sA30K 3arajbHuil, T006TO migdbopom crammx Cj;, i =
1, n Moxkna po3Bs’dsaru JIOBLILHY 3aJ1ady Korri

z1(to) = $(1), Ta(to) = xga oy (o) = x?L.

Ockinbkn z(t) = Y- Ciz;(t) — 3araibHuil po3s’sI30K OQHOPIIHOIO PiBHS-
HHsI, TO BeKTOpH Z1(1), ..., x,(t) miniitno Hezamexui, Wxy, ..., x,)(t) # 01
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cucremMa ajreOpaldHuX PiBHAHD

Chaq1(to) + Cozia(to) + ... + Crzinlto) = 29 — yi(to),
011'21 (to) + Cgl’gg(to) + ...+ Cnl‘gn(to) = 27(2) — yg(to),

Clll?nl (to) + CQQ?nQ(tQ) + ...+ Cnx,m(to) = Q?g — yn(to)

Mae eauuuil poss’ssox C?) i = 1,n. [ niniiina komGinania z(t) = y(t) +
S CP2i(t) 3 OTpEMAHEME CTAJIIME € PO3B’sI3KOM HOCTaBJIeHol 3a1a4i Ko-
1. O

4.4.2 IlobymoBa YaCTUHHOTO PO3B’sI3KY HEOIHOPi/THOI cucTeMu Me-
TOAOM Bapiariil JJOBiJIbHUX CTAJINX

Sl BUILIMBAE 3 OCTAHHBOI TEOPEMHU, JJIsI IMOOY/IOBU 3arabHOIO PO3B’SIBKY
HEOJIHOPI/IHOT CUCTEeMH ITOTPIOHO pO3B’d3aTH OJIHOPIJIHY 1 AKUM-HEOYIb 3aC0-
OOM 3HAMTH YACTUHHUI PO3B’A30K HEOJIHOPiAHOI cuctemu. PosrisinemMo me-
TOJT, AKWI HAa3UBAETHCSA METOJIOM Bapiallil JIOBLJILHOI CTAJIOl.

Hexait maemo cucremy

&= Alt)z + f(t)

iz(t) =Y 1, Ciz;(t) — 3araubuuii po3s’s30K oxHOPiAHOI cucremu. Po3s’a30k
HEOJIHOPITHOT OyIeMo IIyKaTh B TAKOMY K BHIVIsi, aje BBaxkaTu C; He cTa-
M, a HeBimomumu dyHKIigME, TooTo C; = Cy(t) i

xhetero(t) = Z CZ(t)xz(t)v
i=1
Y1 B MATPUIHIN dhopmi

$hetero(t) = X(t)C(t),

ne X (t) — dynnamenrtanbaa Marpuiist poss’si3kis, C'(t) — BeKTOp 3 HeBiTO-
Mux GpyHKii. IliICTaBUBIIN B CUCTEMY, OJePAKUMO

d dC()
T XOCM) + X (== = AMXHC() + [ (1),
(%X@_A@X@)aw+xwggﬁzﬂw

Ockinbku X (t) — dyHmaMenTaIbHa MaTPHIlsE, TOOTO MATPHUI CKJIAIEHA 3
PO3B’SI3KiB, TO

D xy - amx

dt 0
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1 3a/IUIITAETHCS CUCTEMa PIBHAHD

X($)C'(t) = f(1).
Posnucasmn ITIOKOOPANHATHO, OJCP2KUMO

1711(t) + Comra(t) + ... + Crana(t) = fi(t),

OcCKiIbKY BUBHATHUKOM CUCTEMU € BU3HAYHUK BPOHCHKOTO 1 BiH HE JOPIBHIOE
HYJIIO, TO CUCTEMa Ma€ €JIUHUI PO3B’A30K 1 (DYHKIIT BU3HATAIOTHCI B TaKUii

coci6
fit) () - w1,(t)
fo(t) w(t) - @2,(t)
fn(t) $n2.(t) ﬂi’mi(t)
Git) = / RSO
z1(t)  fit) - x1,(t)
o1 (t) folt) -+ xon(t)
el o) - aml®)
Gt) = / Wl a0
............. RS
Toi(t) xoa(t) -+ folt)
Cnlt) = / Wi oy OF

3BiJICH YACTUHHUN PO3B’SI30K HEOIHOPIAHOI CUCTEMU Ma€ BUIJISIT

Thetero(t) = Z Ci(t)x(t).

JIytst JHiHITAHOT HEOHOPIIHOT cUCTEeMH Ha ILIONIMHI

T = anwy + app(t)zs + fi(t),
Ty = ag1y + age(t)we + fo(t)

MEeTO/T Bapiallil JOBIJIbHOI CTAJIOl peaIi3yeThCcss TAKUM YUHOM.
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Hexait

X(t) = (fffn(t) !E12(t))

T21 (t) T29 (t) .

QynmamMenTaaIbHa MaTPUILF PO3B A3KiB O HOPITHOT cuctemu. Toti YacTHHHTN
PO3B’SI30K HEOTHOPITHOT MTIYKAETHCA 3 CUCTEMHU

Cron(t) + Caxia(t) = f1(t),
Céﬂ?gl (t) + Cél'gg(t) = fg(t)

3Bijcu
TE T
2(t) xaa(t _ To1(t)  folt
Gt = / z11(t)  z12(t)| Cellt) = / x11(t) 5612(75)’
T91(t)  To2(t) To1(t)  To2(t)

[ 3arasbHuii Po3B’I30K Mae BUTLJISA/L

(0) = Gato) 22t (6) + (o) 220) (e60):
1e Oy, Cy — noBiibHI cTas.

4.4.3 Popmyina Komri

Hexait X (t,ty) — dyHmamenTagpHa cucTeMa, HOpMOBaHa 1pu t = t; TOOTO
X(to,to) = E, ne E — onuanvHa MaTpuUIis. 3arajbHUil PO3B’ 30K OJTHOPLIHOT
CHCTEMU Ma€ BUTJISL

2(t) = X(t,t0)C.

Braxaroun C' HeBiloOMOIO BEKTOPOM-(DYHKINEIO 1 IIOBTOPIOIOYN BUKJIAICHHST
MeTO/y Bapiallil JIOBIIbHOI MOCTIfiHMIL, 0/IepKIMO

X(t,t0)C"(t) = f(t).

3Bijcu ac)
t -1
3 =X (t, t0) f ().

[IpoinTerpyemo orpuManuii Bupas3

C’(t):C'—i—/t XY, to) f(7)dr.

45



Tyt C' — BexTOp i3 cTaaux, Mo oTpuMaHuii npu iHTerpyBanHi cucremu. [1i-
CTaBUBIIN Y BUXITHUN BUPA3, OJIEPIKUMO:

z(t) = X (t,to) (C + /t:X_1<T’ to) f(7) dT) -

= X(t,t))C + /t tX(t, t0) X1 (7, to) f () dr

Axmo X (t,tg) — dyHmamMerTaTbHa MATPHIg, HOPMOBaHa Tpu t = ty, TO
X(t,to) = X(t) X (to). 3simcn
X(t,t0) X (7, t0) = X ()X (to) (X (1) X (tg)) " =
= X)X (1) = X(t,7).

[TiscraBuBinn nmouaTkoBi 3HadeHHs (ty = o) 1 3 orisity Ha Te, Mo QyH/Ia-
MeTHaJIbHA MaTpullg HopMoBana, 10610 X (tg, tg) = E, oep:KuMo

() = X (t, to)ao + /t t X(t,7)f(r)dr.

Orpumana dopMmysia HazuBaeThesa dopmysioro Ko 3arajgbHOro0 po3B’sd3Ky
HEO/THOPITHOTO PIBHSIHHSI.

YacTuaHUN pO3B’A30K HEOHOPIIHOTO PIBHAHHS, IO 3aJI0BOJIbHSAE HYTHOBIN
[IOYaTKOBIii YMOBI, Ma€ BUJ

t
z(t) = / X(t,7)f(r)dr.
to
gxmo cucrema 3 cranor mMarpureo A, To
X(t, to) = X(t — to), X(t,7)=X(t—r7).

I bopmyna Korri mae Buriisit
t
() = X (t — to)z0 +/ X(t = 7)f(r) dr.
to

4.4.4 Metoa HeBU3HAUEHUX KoedillieHTiB

Ao cucrema JIiHITHIX JudepeHIliaIbHIX PIBHIHD 3 CTAJIMMU KoedillienTa-
M, a BeKTOpHA YHKIA f () creniaabHOro BHIY, TO YaCTHHHUN PO3B’sI30K
MOKHA 3HAWTH METOJOM HEeBU3HaUeHUX KoedirieHTiB. /JloBeeHHs icHYBaHHS
YACTUHHOI'O PO3B 3Ky 3a3HAYEHOI0 BUJLY AHAJIOTIYHO JOBEJIEHHIO JIJIs JIiHili-
HUX PIBHAHBb BUIIUX ITOPSJIKIB.
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1. Hexait KoKHa 3 KOMIIOHEHT BeKTOpa f(Z) € MHOrOUYJIEHOM CTEIeHIO0 He
OLIBIN HiXK S, TOOTO

f1(t) At + Ajts + L+ AL i+ AL
f2(t) ARt 4+ At 4 A2 e+ A2
fn(t) Ants + A L+ ATt 4 AT

(a) fkuo xapakTepucTHYHe PIBHAHHS HE Ma€ HYJIbOBOTO KOPEHs, TOO-
10 \; # 0,7 = 1,n, TO 9aCTUHHWIT PO3B’I30K MIYKAETHCS B TAKOMY
2K BUIJISAIL, TOOTO

71(t) Bit*+ Bit*'+...+ B!t + B!
To(t) Bat* + B#t*'+...+ B2t + B?
(1) Byt + Bit*™' + ...+ B ;t + B”

(6) fkimo xapakrepucTHdHe PIBHSIHHS Ma€ HYJIbOBHUI KODiHb KPaTHO-
cti r, T06TO A1 = Ay = ... = A\, = 0, TO YaCTUHHUN PO3B’SI30K
IIYKAETHCA Y BUTJIsA/II MHOTOYJIEHA CTEIEHIO S + 17, TOOTO

x1(1) Byt*t" + Bttt + ...+ Bi,,_,t+ BL,
T (1) B3t + Bttt .. 4+ B2, _,t+ BZ,
T, (1) Bytstr + Byttt 4 ...+ Bt + B,

[Tpuuomy nepri (s+ 1)n koedinientu BY, i = 0,s, j = 1, n 3uaxo-
AAThCA TOYHO, a IHII 71 — 3 TOYHICTIO /IO CTAJUX IHTErpyBaHHSI
Ci,...,C,, MO BXOJAATH y 3arajbHUl PO3B’I30K OJHOPIIHUX CH-
CTEM.

2. Hexait f(t) mae Buzn

fi(t) ePH AL + Al + .+ AL e+ AD)
fa(t) eP (ARt + ATt + L+ A2+ A?)
fn(t) ePl(ARtS + AMes~t .+ ATt + A7)

(a) fximo xapakTepucTudHe DIBHSHHS HE Ma€ KOPEHEM 3HAUEHHSI P,

T06TO \; # p, © = 1,n, TO YaCTUHHUII PO3B’I30K IMIYKAETHCSI B
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TaKOMY K BHIJIAJI, TOOTO

z1(t) el (Bt + Bit*' + ...+ B! ;t+ B})
x5 (t) eP'(B2t* + B! + ...+ B2 |t + B?)
z, (1) eP (Bpt® + Bt~ + ...+ B" t + B")

(6) ko p € KopeHeM XapaKTepUCTUYHOrO PIBHSIHHS KPATHOCTI T
TOOTO A\ = Ay = ... = A\, = P, TO YACTUHHUI PO3B’SI30K IIyKAE-
ThCS y BUTJISAL

w1 (t) e’ (Bt T + Byttt + ...+ Bl _,t+ BL))
To(t) P (BJt*t" + Bttt + ...+ B2, _t+ BZ,))
Ty (t) e’ (Bt + Byttt + .+ Bt + B,

[, sk y momnepenaboMy TyHKTI, nepui (s + 1)n xoedirientu Bg ,

1 = 0,8, j = 1,n, a UMl 3 TOYHICTIO /IO CTAJUX IHTErpyBaHH

Chy.. O

3. Hexait f(t) mae Burysa:

f1(t) el (AMt + At + ...+ ALt + Al) cosqt
L) | | (ARt + AT 4+ ATt + AY) cosgt
fa(t) ePARE + ATt~ 4+ AT [t + A7) cos gt

eP'(Bit* + Bit*' + ...+ B! ;t + B!)singt

el (B2tS + B#t*' + ...+ B2 jt + B?)singt
+ :

eP (BRt* + Byt~ + ...+ B™ |t + B")singt

(a) ko xapakTepucTuyHe PIBHAHHS HE Ma€ KOPEHEM 3HAUEHHsI P £
¢, TO YACTUHHUI PO3B’A30K MIYKAETHCA B TAKOMY 2K BUTJIsAIi, TOO-

TO
x1(t) el (Cots + Cits + ...+ CL it + CHcosqt
x5(1) eP(C2t° + C2* L+ ...+ C? jt + C?) cos gt
xn(t) eP(Cots + Cs~  + ...+ C™ t + C™) cos gt
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eP'(D{t* + Dit*™' + ...+ D!t + D})singt
ePl(D2ts + D3t*™' + ...+ D? |t + D?)singt
+ .
eP (Dyts + D5~ + ...+ D"t + D7) singt

(6) fkmo p &+ iq € KopeHeM XapaKTepUCTUIHOIO PIBHSHHS KPATHOCTI
7, TO YaCTUHHUI PO3B’A30K Ma€ BUIJISL

ZL‘l(t)
Z'Q(t)

n(t)
P (Cotst + Ot + L+ CL, it + CL, ) cosqt
PHCEt T + CHs T + .+ C2, it + CZ,,)cosqt

P OPtT + Ottt 4+ Ot 4+ C ) cos gt

eP (D5t + Dytst .. 4+ DL, _t+ D! )singt
N eP'(DEtst + DSt =t .. 4+ D2 t+ D?, )singt

e?(Dptst" + Dystr=t . 4+ D"t + D™ )singt

4.4.5 BmnpaBu /jis1 caMocTiitHOI podoTu

Ilpuknan 4.5

Posp’s13aTn cucremy HEOJHOPIIHUX PIBHSIHB METOJIOM Bapiallil JOBLILHOL
cTaJjol

2
P = —4pr — 2 -
T x y+€t_1,

=6 3y — .
Y T + oy 1

Poss’azox. Po3s’sazyemo criouaTky ojgHOpiiHy cucremy. [ xapakTepuctuyne
piBHHHHH Ma€ BUTJIAL

—4-X =2

det(A — \E) = 6 5\

‘:)\2+>\:O — A\ =0, =—1.

Posp’a3yemo (HapUKIIa/L) MATPUIHAM MeTogoM. Maemo

(0 0 n (10
=G 8= M)
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Marpuane piBagaasa AS = SA mae Bursn

—4 =2\ (a7 a?
6 3 )\ai d?

3Bijcu MaeEMO Bl cHCTeMH PiBHSIHD

—4aj — 2a3 = 0, —4a] — 2a3 =
6a; + 3a;y = 0, 6aj + 3as =

Ix poss’szkamu Gy1yTh
ai=1, ay=-2, al=-2, dai=

I po3B’d430K OJIHOPIIHOT CUCTEMH Ma€ BUTJIS/T

G- ()6 D@ - L

—2e
3e~t

al a?\ (0 0
ai a2)\0 —-1)°

2

_a17

2
_a2’

YacTtuaauil PO3B’d30K HEOIHOPIIHOI CUCTEMH MA€ BUTJIS/T

(i) = (5

Oynkuii C1(t), Ca(t) 38/10BOMBHIIOT CHCTEM] PIBHSIHB

_ 2
Ch1) — 20~ =
_ 3
=207 (t) + 3Cy(r)e™" = 5T
3Bijcu
—2et
C(t)—/ NS P,
1 - 1 —26 1,
-2 3et
‘ et 1
— b1 %
/ e dt = / 1tdt_—/
—e
— 3e_t
In ]e — 1|+ Cy

30

) (cin)

) (@)



Hoxmasmm C; = Cy = 0, omepxyemo Cy(t) = 0, Co(t) = —In |e! — 1|. Takum
YUHOM, YACTUHHUI PO3B’SI30K Ma€ BUIJIsL

r(t)y [ 1 =2t 0 [ 2etInlet — 1]
zo(t))  \—2 3et —Inle! —1])  \—=3e'Inle’ — 1]

A zaranbuuit poss’s30K
z()\ (1 =2t [(Cy n 2¢n et — 1|
za(t))  \—=2 et Coy —3e "In et — 1]

IIpukiaan 4.6

Posp’sizaTu cuctemy HeoTHOPITHUX PiBHAHB 3a jgoroMororo dhopmyin Ko-
I1i
T =—x+ 2y,
3t

€
) =3 4 T
y=3r+dy+ 5

Posé’azox. Po3p’sizyeMo crouaTKy OJHODPIIHY cucTeMy. XapaKTePUCTUIHE
PIBHAHHSA Mae BUIJISA]

det(A — \E) = =N =3\ +2=0 = N\ =1 =1

—1-A 2
3 4—- A

Po3p’a3yemo marpuanum Metojiom. Maemo

o 1 0 At €t 0
=(03) (0 &)

Marpuuane piBagaaa AS = SA mae Burisa

-1 2\ (a7 a}\ (a] a2\ (1 O
3 4)\ad a3) \db a3)\0 2)°
Onep:KyeMo JIBi cucTeMu

—aj + 2a3 = aj, —ai + 2a3 = 2a7,
3a; + day = ay, 3a] + 4a3 = 2a3,

Ix poss’s3kamMu Gy1yTh

ai=1, ay=1, a?=2, a=3.



I po3B’s130K OHOPIIHOT cUCTEME MAa€ BUTJISA

() =096 &) (@)= 5e) (@)

@yHaMeHTaIbHa MATPHIIS JIHIITHOT OHOPIIHOT CHCTEME, HOpMOBaHa B TOYIT
t = 0, mae BUIIST,

X = et 22\ (1 2\ [(3=2e)et —2(1 —et)e!
S\et 3 \1 3] T \3(1—e)el (—2+3eh)et )
BukopucroBytoun dhopmyiy Ko, ogepKyemMo 4acTUHHUI PO3B’S30K, AKUii
38JI0BOJIbHSIE HYJIBOBUM ITOYATKOBUM yMOBaM

() = [ (e 2500) (@) -
/Ot —2(1 _ei—s)ems N

/t (_2 + Bet—s)et+25 ds

/—d8+262t/ —ds
—26/—d8+362t/ —ds

_ [—€'Ine* 4 1| 4 2e* arctan e =
—\—¢'Infe* + 1| + 3e* arctane® /| _
B (—et(ln le? + 1] — In2) + 2¢* garctan el — =

i)
—e'(In|e* 4+ 1| — In2) + 3e* (arctan e’ — %)) ’

[ zarasbuunii po3s’szok cucremu y dhopmi Korri mae Buriisit

z1(t)\  [((B3—2e")e! —2(1—e')et [z1(0 n
zo(t))  \3(1—e')et (—2+ 3eh)e' ) \22(0
N —e'(In]e* + 1| —In2) 4 2¢* (arctane’ — I

—e'(ln|e* 4+ 1] — In2) + 3e* =)

— —

arctan et — C

~— —
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3ayBakeHHs 4.7 — dxmo mykarn po3B’s30K He B hopmi Ko, To
BiH Ma€ OLIBII TPOCTIIINiT BUT/IsA/T

x1(t) el 2e\ (C4 —eIn|e?* + 1] 4+ 2e* arctan €'
=\ ot ¢ + ¢ 2t 2t t] -
xo(t) e’ 3e Cy —elln e + 1] + 3e* arctane

Ilpuknan 4.8

SuaiiTu 3araJbHUil PO3B’A30K CUCTEMU JIHINHIX HEOHOPITHUX PIBHSIHB
3a JOTIOMOT'OI0 METO/Iy HEBU3HAYEHUX KOeIIieHTIB:

‘].71:372,
ig =z +t.

Posé’azox. CkaamaeMo XapaKTepUCTUIHE PiBHSAHHS

=N-1=0= M=1X=-1.

det(A — AE) = "A L '

1 =X
OCKiIbKY pIBHAHHA HE MiCTUTH HYJIbOBUX KOPEHIB, YACTUHHUI PO3B’SI30K IITy-
z1(t)\  [(at+b
xo(t) cd+d)’
[licTaBuBIM B cUCTEMY, OTPUMAEMO
a=ct+d,
c=at+b+1.
[IpupiBHgaBIIN KoeillieHTH IPHU YIeHaX 3 OJHAKOBUMU CTEIIEHSIME, OTPUMa-
€MO

Ka€eMO Yy BUIVIs/IL

O=¢, 0=a+1, a=d, c=b.

Beigcn a = —1, b=c =0, d = —1. | vacTuHHU{l pO3B’SI30K Ma€ BUTJIS]]
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IIpukiaan 4.9

BHaiiTy 3araJbHUI PO3B’A30K CHCTEMHU JIHIWHNX HEOIHOPITHUX PIBHIHB
3a JIOIMOMOTOI0 METO/Iy HEeBU3HAYEHUX KOEMIIieHTIB:

T1 = T1 + 272,
j?g = 2%1 +43?2 + 1.

Pose’azox. CkialaeMo XapaKTePUCTUYHE PIBHAHHSA

det(A — \E) — ’1” 2

_ )2 _ _ _
) 4_)\‘—)\ BA=0 = A\ =0, =5.

OcCKiIbKM € OJINH HYJIbOBHUIl KOPiHb, TO YaCTUHHUN PO3B’SI30K IMYKAEMO Y

() = (i),

[TiscTaBasseMo B HEOJHOPIIHY CHCTEMY

BUIJISIIT1

2at + b = at® + bt + ¢+ 2(dt* + et + [),
2dt + e = 2(at® + bt +c) + 4(dt* + et + f) + t.

[IpupiBHoeMO KoedillieHTH IPU YIeHaX 3 OJHAKOBUMU CTEIEHSIMMU.

0=a+2d, 2a = b+ 2e, b=c+2f,
0 = 2a + 4d, 2d =2b+4e + 1, e=2c+4f.

[ToMHOXKUBIIHM TI€pIIIe PIBHAHHSA Y JIPYTii IMijIcCHCTEeMI Ha MIHYC JIBa 1 CKJIaBIIN
3 IDYTUM PIBHAHHSM, ojiep:kyeMo —4a+2d = 1. Pazom 3 nepmmM piBHAHHSIM

IIEPITIOl CUCTEMU MAEMO
a+2d =0,
—4a+2d = 1.

BBigcn a = —1/5,d = —1/10. | nepre piBHAHHS JAPYrol MiJCHCTEMI Mae
UL

b—2e=—-2/5.

[IoMHOXKHUBIIN HEepIlle PIBHSHHS OCTAHHBLOI MiJCHCTEMM Ha JBa 1 BiAHABIIN

JIpyre piBHSIHHS, MAEMO
2b—e=0.
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3 ozepKaHUX JIBOX piBHsiHb Jictaemo b = —2/25 e = —4/25. 1 ocranus
mijicucreMa Jiae CriBBigHONEeHHs ¢ = —2/25 — 2f. TakuMm YMHOM YaCTHHHUI
PO3B’SI30K MA€ BULJISIT

() = i),

Crasa f BXOJUTH B 3araJibHUil PO3B’A30K OMHOPIIHOI CHCTEMH 1 TOYHO He
Bu3HauaeTbesd. [lokmasmu f = 0, ogepkyemMo

G = C ™),

IIpukiaan 4.10

SHaliTi 9acTUHHAN PO3B’SI30K CUCTEMHU 3a JIOTIOMOIOI0 METOJIy HEBH3HA-

JeHnX KOoediIlieHTiB:
9 t
T =T+ €,
iy = —xq + te'.

Pose’azox. CkiamaemMo XxapaKTePUCTUIHE PIBHSIHHS OHOPI/THOT CUCTEMU

-2 1
-1 =X

det(A — A\F) =

’:)\2+1:0 = Ao = Fi.
OCKiTbKM OJIMHUIIA HE € KOPEHEeM, TO YaCTUHHUN PO3B’A30K IIyKAEMO y BU-
DJISL I

z1(t)\ _ ((at +b)e

xo(t) ) \(ct +d)et )’
[TincTaBageMoO B HEOTHOPIIHY CUCTEMY, OJIEPKYEMO

ae’ + (at +b)e' = (ct + d)e’ + ¢,
ce' + (ct + d)e' = —(at + b)e" + te'.

[IpupiBHIOEMO KOEMDIIIEHTN TTPU OJIHAKOBUX HJICHAX, OJIEPIKYEMO

CL:C, a+b:d+1,
c=—a+1, e=2c+4f.

Posp’s3aBmiu, ofepkyemo: b = 0,a = ¢ = d = 1/2. Takum auHOM YacTHHHUIIT

() = (0 e)
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IIpukaan 4.11

SHaiiTy 9acTUHHUI PO3B’A30K CHCTEMH 3a JIOTIOMOIOI0 METO/Iy HEBU3HA-

JeHnX KOoediIlieHTiB:
. t
Ty = T9 + €,
jfg = + t@t.

Pose’azox. CkiamaeMo XapaKTepUCTUIHE PiBHSAHHS

-2 1
1 =X

det(A—)\E):’ ':AQ—lzo:)\lzL)Q:_L

OcCKiJIbKM XapaKTepUCTUYHEe DIBHAHHA MA€ KOPEHEeM OJIMHUIN0 KPATHOCTI
OJINH, TO YaCTUHHUI PO3B’A30K IIYKAEMO Y BUIJISII

z1(t)\ [ (at® + bt + c)e!
xo(t))  \(dt?+et+ flet )
[TiicTaBiasgeMo B HEOTHOPIIHY CHCTEMY, OJIEPKYEMO

(2at + b)e' + (at* + bt + c)e' = (dt* +et + f)e' + €',
2dt + e)e' + (dt* + et + f)e' = (at® + bt + c)e' + te'.
(

[IpupiBHIOEMO KOEMDIIIEHTN TTPU OJIHAKOBUX HJIEHAX, OJIEPIKYEMO

a=d, 2a +b=ce, b+c=f+1,
d=a, 2d+e=0b+1, e+ f=c

3 neprrol migcucremu ogep:xkyemo a = d. Iligcrasisiemo B npyry

20 +b—e=0,
20 +e—b=1,
CkiiaBium jiBa piBHsAHHS, ojiep:KyeMo: a = 1/4, b — e = —1/2. Ckuiasimu jBa

piBHsIHHSI OCTAHHBOI Tijicucremu, Maemo b+ e = 1. 3Binen b = 1/4,e = 3/4,
f —c=3/4. Takum 9uHOM YaCTHHHUN PO3B’SI30K Ma€ BUIJIST

(253) - <(t2/gltj—/§z:;i/—4?;?fc)et> '

[TokaBmu ¢ = 0, oJiep:KyeEMO

() (12 + t)e' /4
za(t))  \(#2+3t—3)el/4)"
SHalTH 3araJbHUNI PO3B’sI30K HEOIHOPIIHOT CUCTEMHU.
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3amaua 4.24.

&=y +tan®t — 1,
Yy = —x + tant.

3amauya 4.25.

T =3z — v,
y:2x—y+15et\/f.

3amauya 4.26.
T =19y — dcost,
y=2x+y.
Samaua 4.27.

&= 2x — 4y + de”
y =2z — 2y.

Samaua 4.28.

T =—x+2y+1,
Y =2z — 2y.

Samaua 4.29.

{3’@':2x+y+et,

y = —2x + 2t.
Samaua 4.30.
{g'c = 37 — 4y,
= — 3y + 3.
Samaua 4.31.

T =z + 2y + 16te’,
y =2z — 2y.

Samaua 4.32.

T =2x — 3y,
y=x—2y+2sint.

S3agaua 4.33.

T =2r—vy,
v =x + 2.
Sanaua 4.34.

i =2x +y+ 2,
y =+ 2y — 3e'.

Samaua 4.35.
T =x—y+1/cost,
Y =2x — .
Samaua 4.36.
i =y + 2€,
g =+t
Samaua 4.37.

&= 3z + 2y + 4e™,
Y =x+2y.

Samaua 4.38.

& =d4r 4y —e*,
y=—2x+t.

Samaua 4.39.

& = 5x — 3y + 2%,
y=x+y+5e".

Samaua 4.40.
T =x+ 2y,
Y=z — dsint.
Samaua 4.41.
T =2xr —vy,
y = —2r+y+ 18t.
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3apgaua 4.42. Sanaya 4.44.

T =2x+4t -8, T =4x — 3y +sint,

y =3z + 4y. y=2x—1y—2cost.
Sagaua 4.43. Samaua 4.45.

T =x—1y-+2sint, T =2r—y,

Yy =2x —y. y = —x + 2y — be'sint.
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