CUCTEMU AUDPEPEHLIAJIbHUX PIBHAHDb MEPLUOIO NOPAAKY

6.1 OCHOBHi NOHATTA | O3HAYEeHHA

CykynHicTb cniBiiHOWEHE

I f
Al vty v 91,0 ) = 0
JER 1L TP Efmy1----hyn)= 0; (6.1)

---------------------------------

LFn ["‘:~ Hiveos s f"']r y:“ ) =0,

ie X — He3alexHa 3MIHHA] ¥, Yo, ..., Yy, — HeBidomi dyHkul Big x,
a f, Fy, ..., F, — Bioomi yHKUil, HA3MBAETHECA CHCTEMOID nHdepenui-
41bHUX PIBHAHL Neplioro nopsiaky. Poap’sakom uiel cucremu e dymkuii
y[{x}, g,i.(x}. AKi nicss nigcTaHoBkK X y cuctemy (6.1) neperso-

PIOIOTH i Ha TOTOXKHiCTh. HKIlo cHeTema nudepeHuianbuux piBHsiHb (6.1)
AONYCKaE MOMJIMBICTE PO3B A3aHHS BIHOCHO TOXITHMX, TO [AiCTaEMO
CHCTEMY

d
Y
ﬁ = il 1, o0 4 )
d
{ d!f _'1#:2{-"‘: Y Yavs Un )i (6.2)
G
o = R g ),

Aka HA3MBAETbCS HOPMadbHOW. DyHKUT f(¥, 41,45, ., y,) Maw0Tb GyTH
BusHadeHi B (n + I} -BuMipHiit oBnacti D, sika HasauBaeTbes o6aacTio BH-
3HAYEHHA CHCTeMH PIEHSHb.

HazadyeaHHsa
[IpyknanoM ogHoOro HopManLHOTO PIBHAHHS Meplioro Nopsagky €
dy _
(x.y).

dx

Posg’ H3IKOM UbOTC p]BHﬁI!I-IF!_ € ﬂﬂHDﬂHPE[‘v‘[ET}JH‘-IHEl CiM's KPHBHX, PDE’PI]'
HEHHX B OAHIH NJOLIHHI HI{III,D B LM MJIOLWHHI 3a1aHo TOYRY



of

(x0.40) i Hxy), Yy HermepepoHi, TO PIBHAHIS Mac €IHHMI

PO3B'A30K, 110 33/l0BOJLHAE MOYATKOBI YMOBH y[xD] = ijp - BiabmeMo Te-
nep ABa PIBHAHHN:

g _ g, - dy _ .
jx A v m0); . j—x-ﬁ{x,y,z}.
Bl |4

3HOBY 33 MeBHHX YMOB [licTaHEMO PO3B'S3KH
w=y=9(x): yp=2=0x)

Ix MoMmHa poarAsfaTh AK NapaMeTpHuHi PIBHSHHS [POCTOPOBOI KPHBOI Y
cHCTeMi KoopauHaT X, 4, 2. OTxe, po3B'30K OLHOTO DIBHSHHS MOXHA
306pasuUTH KPHBOK /BOBHUMIpHOro mnpocTopy. Po3B'A30K [BOX pPIBHAHL
Meplore NOPARKY MoXHA 300pa3HTH KPHBOIO Y TPHBHMIPHOMY [IPOCTOPIL.
Po3p'A3KH piBHSIHL NePLICTO NOPAAKY YTBOPIOKTL KPHBY, PO3MilleHY B

{n+l) -sHmipHomy npocropi. Li xpuBi, sk Biaomo Ha3u-

BalOThCS iHTerpadbuumu.| HaBsememo Mmexariuxe THyMayeHHs sK PO3B H3-
KIB Tak | caMHX pisHanb (6.2) i (6.1).

[loaHauuMo He3aJexHy 3MIHHY depes [ 1 PO3IISiIHEMO CHCTEMY TPBOX
pIBHAHB

&x = f(tx p.2);
4Y _ i th ).
= = bt x,y.2); (6.3)
d2 - o502

3 pO3B f3KaMHu

x = 1), y——-y(:'}, z=z{!}, (6.4)

Tenep yABHMO Macy, Npoeklif WBHAKOCTI PYXY SIKOI 3ala€ThCst PIBHAH-
uamu (6.3). Topi (6.4) e piBusHHAM TpaeKTOpil, 3amMcaHuM Yy Mapa-
mMeTpHyHili dopmi. Cucremy (6.4) HasuBaoTe AMHAMIYHOW0, a MPOCTIpP
X, i, 2 — thazosum. ko npasa yactura (6.3) ABHO Bl { He 3a/M€XKUTD,
TO B OYAb-SKHil MOMEHT 4acy HanpsiM IUBHAKOCTI ¥ AaHif Touui Oyae on-
HakoBUM. ¥ 3B'#3KY 3 UMM Taki pIBHAHHA JicTand HA3BY CTaLIOHAPHHWX
(aBTOHOMHHX).



6.2 Teopema npo iCHyYBaHHA i EQHICTb PO3B’A3KY HOPMaNbHOI CUCTEMMU
AndepeHuianbHUX piBHAHb NEpPLUOro NOPAAKY

Cxaanemo 3anauy Kol gas HopManbHO! CHCTeMH IH(epeHLialbHHX
pisusinp (6.2): 3a 3afaHdM pPIBHAHHAM | MOYATKOBHMH 3HAUEHHAMH

Mo( X0, 410+ Ypo) » BIATHMK 3 06ntacTi D BU3HAUGHHS CHCTEMH, SHAHTH
DO3B'SI30K CHCTEMH, L0 33/0BOJILHAC NOYATKOBI yMOBH

Hi{-‘-’ﬂ) = Moy - Hu(:‘fu) = Yno- - (6.6)

[1s 3ajgaua poss’siayeThes 3a nonomoroi Teopemi Kouii.
Teopema 10. Hxuwo 6 (6.2) aci [(x,4,,....4,| Henepepsui pazom i

CBOIMU HACMUHHUMU NOXIOHUMU no y; y desxiu {n + I] -BUMIPHIL 00-
aacmi D, mo daa 6yde-2Koli mMouku Mﬂ{;w:g,ymym....,ynu], Wo Hate-
wcums obaacmi D, 8 desxkomy okoai mouku My iciye edunuti po3s’a30k

0= "Pl(x)s e M = {r"n["":}1 (6.7)
wo aadosoasnae nowamxosi ymosu (6.6):
EPI{IG) = o {I"z(xu] = Yops - an("ﬂn] = Yo -

Josegenua e nasogumo. OuesniHo, 1o, 3MIoI0uH B o6aacTi D Touky
Mo( X0+ Y10+- -+ Hap) » AiCTaHEMO Ge3.iiu Po3E'SaKiB, 3alleIHHX B JOBIML:

HHX CTaJHX:
= [Pl(*t'cl-cﬂ1--~*cxa); a2 = lP?(-fsCh‘waan}%
5 Yp = 0a(x,Cp,Co...,Cy) - (6.8)
i poss'saku GyayTb 3aranbHUMH PO3B A3KaMM, AKILO 33 3alaHHMH noHat-
KOBMMH YMOBAMM MOXHA OJHO3HAauHO BU3HauuTH crani C, Cy, ... €, 3
PiBHAHD

r(F].[I{Jq CL! C?T"'!Cﬂ} = ylﬂ‘

ﬁ{PE(Iﬂ!C].‘CE’“"c”) = Yoo (6.9)

6.3 IHTerpyBaHHA HOPMaNIbHUX CUCTEM

OgHMM 3 OCHOBHMX MeETOAiIB IHTerpyBaHHA HOPMAJIbHOI  CUCTEMMU



AndepeHuianbHUX pPiBHAHb € MemoO 8uKoYeHHA. CyTb UbOro meToAay NOAra€e B
NOCNiIAOBHOMY BUKIOYEHHIO HEBIAOMMUX DYHKLIM 3 PiBHAHb CUCTEMM, BHACNIAOK
4Oro cMcTema 3BoAMTbCA A0 OAHOro AndepeHLiaibHOro PiBHAHHSA 11 -r0 NOPAAKY Bij,
OAHi€i HEBIAOMOI PYyHKLiI.

CnouaTtky noBefemo, o OyOb-fike PiBHAHHA -0 NOPAAKY, poau’ﬂaa?{e

BITHOCHO cTapiiol NOXigHOl, eKBiBafeHTHe HOPMalbHIH CHCTeMi 1 piB-

HAHb NEepPLIOro NOpPAAKY.

Hexan gaHo piBHAHHA N—T0 NOPAAKY, PO3B’A3aHe BiAHOCHO CTAapLWOi NOXigHOI

y" = f(x? 9459 y(”")). (6.10)
BukoHaemo saMiny y = zp; ¢’ = 29, ... y(”"l} = 2, . Toxj
i dz " dE - d-z -
Yy =d—;:zz;y =—§—=zs;...;y{ ']=—d';' =2, (6.11)
dz |
J =L =[x 222
HicTaHeMo HOpMalbHY CHCTEMY, eKBiBaJeHTHY piBuadHio (6.10):
dz dzs dz,_,
—— = 29y, = 21 ey =2,
dx dx dx
6.12
da (6.12)

= f(x,21,29,2).

[Tokaxemo, 10 MOMIAMBHM € i obepHeHe TBepLxeHHA. Hexai navo wop-
MaJibHY CHCTeEMY

dur.

Biasmemo noxigHy

2 a) o) A+
d7y; O O dy  OF dy,

dx? 6x Oy, dx = dy, dx

dy, | . ) .y
Ji CarigHo 3 (6.13), i 3HaHOBILK NOXiMAHI
X

3aMiHUBIUK TYT

aic!_ll} L —
E, i=1n,



JiCTaHeMo

ﬂ — f(?}{x }
d‘xz - i ly]!yi’v--;yn -
[TponoBxyeMO MOWYK MOXIAHHX A0 A-To NOPSAKY BKJIIOYHO:
d"y;
= (g1 Yae ) (6.14)
dx

la cuctemu (n - 1) pisusie

= ﬂ-:‘;'](-tyhyz,n--yn}:
m _ 2 .
yi = £ g Yo iy )i (6.15)

------------------------------------

5D = (0 g e g)

3HAXOOUMO Y|, Y9, -y Y|y - Yy (BCI, KpiM ;) i nigcraBasemo & pis-
siHHe (6.14):

yf”} - ﬂ{"](r, Yo Wis Yive o, yi-(“"l}). (6.16)

Jicraemo piBHALHA 1-T0 NOPALKY.
Mpukaad. Poas'azaty CHCTEMY PIRHANL

{5’ e (6.17)
Z'=y+z+x

Poss'sazanus, 3aMiHHMO 33 HaBCICHOK BULLE MeTOAMKOK CHCTEMY OAHHM PiBHAH-
HAM LPYroro Nopaiky BiAHOcHO Hesifomol dyHxuil y. Jdudepenuimwun nepue pisHAHHA
y" =y + 2", mcraemo

y' =g ty+z+x,ane y'=y+ 2z,
TOAl
[l

Br =y oy -2y = X

Lle piBHAHHA 31 cTaauMH Koediiicitamy. Poan'aiyemo fioro:
.} -
R* = 2%=0; Ry =0, ky=2; F=0C +Cye™™ (6.18)

OcKiNbKH HYNL € KOPEeHEM XapakTepHeTH Hore pisdainns (e, n. 5.9), macmo

gy :.1'{f'l.x+ﬁ}; (y'}’-..’itrﬂ [) =24,



2A-4Ax =28 =yx; 44 =1; A -_-—111—; B = A= -i;
* | g
=——yx+l); y=Cp+Coe™" —=x{x +1}. (6.19
y 3 deel): y=C+Cy 1 (x+1) )
3HaHleMo Z 3 nNepworo PiBHAHUA CHCTEMH!
a1 1
2=g" -y =20 ——x - — |
¥-u.y 2 B 1
JaraabHHH po3B'A30K Mae BULARA
z = Cye® 4-~1—.f(.t I}—l—{'.'l. (6.20}
4 4

6.4 Cucrtemum niHiHnx gudepeHuiaNbHUX PiBHAHDb NEPLUOro NOPAAKY

Braxatumemo, wo B (6.2) fi-{:-:, yl,yg,...,y”] € JNiHIHHUMH DyHKLIg-

MH Bill HeBIZOMHX (yHKuii #(x), yo(x), ... y,(x). Toni (6.2) sanmue-
MO Y BHTAADI

dy; .

A= gilx)+ an(x) + .+ aix)g, (6.21)
abo

dy; & —

E‘E__ .Za‘-f(x}yf - g,—(.x], [ = l,ﬂ_

Cucrema (6.21) HasuBaeTbCsA JIHIHHOK i3 3MIHHMMM KoedillieHTaMH,

Koediuientn a;; (x) i dyHkuii g; (x) —HenepesHi Ha BiapisKy [a, b], a po3s’a3ok
PiBHAHb iCHYE Ha HTepBani (a, b) 3rigHo Teopemu Kouwi.

flkmo a; sin x He sanexars, To (6.21) e cucremoio minifitux pis-

HAHL 31 CTaJMMH KoediuieHTamu. Hkuio gi[x} =0, to cuctema (6.21)

HAa3HBaETLCHA ONHOPIJHOW, ¥ IPOTHBHOMY pasi — HeoJHOPIiAHoI0.
PosriisHeMo cno4aTky oJHOPIAHY CHCTeMY

dy;, I . ,
Lo Nadxly, =0, i=1n. (6.22)
dx ;El U{ )yi




Hexail yy;, Yoj, Y3+ v Ypy — HYaCTHHHI po3s’siku cucTemu (6.22).
Toni, milouu Tak camo, sK i B 3aradbHiil Teopil AinifiHUX AHdepeHUialb-

HHX piBHAHL A-ro MOPALKY MOKHA TI0Ka3aTH, [0 Ji-
HiMHa KoMBiHALIA UHX PO3B f3KIB TAKOMX € PO3B A3KOM CHCTEMH!

y; = Cryy + Coyoi+. +Cpy,; . (6.23)

Buuukae 3anutaHia: xoaM uel pose'szox Oyge saransHum? Biano-
BiAb aHaforiyHa BHNaaKy nMdepedtiiansioro piBHAHHA A-TO [MOPALKY:

AKLIO cHCTeMa PYHKWH 4y, Yoy, - Yy OVAE JiHiHO 3afeXHow, To0TO

He iCHYE BIAMIHHHX BId HYJSI CTAJHMX O, ..., O, , TPH AKHX BHKOHYETLCH
PIBHICTh

iy + Colfo;+. . i,y =0 (6.24)
st Beix x €(a,b), ne ay( v} — wemepepsni. [lowstTs niniittio HesanexHof

CHCTeMH (PYHKLIH € pO3IUMPeHMM MOHSTTAM JiHIHHO He3aJjleXHO! CHCTe-
MH BEKTODIB.

BuadauyHMK, aHanoTiYHHA 10 BH3HauHHKa DBpoubcbKoro, sanuiliemo y
BUTTIAL

Hir Yoo - Hu
Wix)= |92 Y22 - Ya2) (6.25)
Wi Hag ee- Yan

ko Busnauruk (6.25) He gopisuioe Hymo as peix x €(ab), To cue-

rema dyukuiit y;(x) nisiiiso sanexua 8 (a,b). Taxum 4uHOM, 3aranb-
HUE po3B’A30K ofHopinHol cuetemu (6.22) samuineno y BATIS]

il ) = Cuyy + Coyip+.. 4C 0y, i = In, (6.26)
3a ymoBw, wo (yukuii g x) ainiino Hesanexii, T06T0 YyTBOPIOTL (-
HAAMEHTAABHY CHCTEMY,

Posrasiemo Tenep HeomuopiaHy cuctemy (6.21). Hexait yi(x) —

YaCTHHHI po3p'siaxil neopnopiaiol cueremu. Toui 3aranbHHH po2B fA30K
CHCTeMH

yi(x) = vilx) + ui (%) (6.27)



fAKio BilOMMM € 3arabHHH PO3B'A30K (6.26) ONHOPIZIHOT CHCTEMH,
TO 3arajbHHH I]DBB H3IO0OK HED,IIHDP]HHDl CHCTEMH MOMHA 3HAHTH MEeTON0OM

BaplaLI,II ,D,OBII'IbHVIX CTanux.
flpukaad. Po3g'azaTH cHcTeMY piBHRHE

dy
= = (05 X + Z;
d (6.28)
dz —1-
t'.fl' ¥
Pose 'AzaHna. Poag'AayeMo ofHOPIIHY CHCTEMY
2— -
dy - . |44 _dF _5 dZ . &
Te 20 T2 Ty T Tde -
_ - .
d_2+-'£"_=ﬂ: if%‘f;+y::ﬂ: .‘EJ-I-I:U'LkLE:if-;
X | dx
Q’ = Cycos x + Cy sin x ; (6.29)
=~ sinx + Cycosx . (6.30)

¥ NROX OCTEHHIX BHMpazax BBaxatiMemo Cj 1 Cp ¢ynkuiamu pin k. Toai ¥ i z nepexo-
AATH B 4 | 2. 3nadieMo noxigHi

L

i [ .

y =-Cysinx+Cyeosx + Cieosx+ Cysiny
z =-Ceosx—Cysiny — Cysinx + C; cosx
i niacTasumo X v pisnsnas (6.28):

-Cysinx + G cosx + Cpcosx + Cy sinx = cosx - Cysinx + Gy cos .

¢ ¢ .
—Cycosx —Cysinx - Cysing + Cyeosx +Gyeosx + Cysine =1,
R - [ . r
Mictaemo cHcTeMy sinHocHo Hesizomux Pywkuin Cp i Cy:
] P

Cjcosx + Co sin X = cos.x;

— Cysinx +Cycosx =1;

05X sinX
; 1l cosx

G = —— =c052 X =sinx;
cosx sink
— sif X COS.X
C] = ICGSQ xdx — j %N xdx = —%_{, + %smgﬂ; + C05 X + Cl :
] COSX COSX _
Cy = , =cnsx+l,;_5m2x;
— 111X s

Cy =siny - %-:052,1‘ + lf.:g :

C] = %.‘L’ + %ﬁiﬂ?.’f + Ccos XY + E’:l:



Cy = sinx - %cna‘lx Gy

Tencp saranbHuil pO3B'AI0K CHCTOMM 3anuleMo Y BHCAALL

-~ - . i . e 7} B
y=Ccosx+Cosine+ -};[r + EUL}&] Cos X +[s|n x —“"J’l—"x]sm X

z=-Csinx +Cysinx + %(r 1l %J sin x4 [sin X - %g—r-]msx .

[MoKaxem 3aCcToCyBaHHA MemooOy BUK/KOYEHHA WOAO iHTErpPyBaHHA CUCTEMMU
NIHINMHUX OAHOPIAHNX AndepeHUiaIbHUX PIBHAHDb 3i CTaAMMK KoedilieHTamu.

Npuxknag 1. 3HaHTH  3arageHEEE pPO3B #30K  CHCTEMH  NHIHHHX

oHpepeHIATEHEE PIBHAHD

E= Sx+4v,
] dt
‘E=4x+ V.
_dt

Po3e #zapHEA. MaeMo odHopidHy cucmeMy OBOX IHQEPEHIIATEHHX PIEHAHE
BITHOCHO MVEAHHX $yvHEmE x(f) 1 y(f). 3acTocyeMo mo 1i po3B H3aHHA METOT
BHETIYEHHT Ta 3BEIeMO ii J0 OOHOTO OH(EpPeHmIATEHOIO PIBHAHHA 2-TO IOPAIEY.

[TepenHmeMo 0 CHCTEMY B OUIBIN KOMIIAKTHOMY BHIJIAIL

[x; =5x +4y.

L v, =4x+5y.

—

. IIpomudepeHmioeMo Nepile PIBHAHEA CHCTEMH 33 3MIHHOK [

x, =5x, +4y;.

[t

. IlimcTaEngI04H B IO PIEHICTE BHPA3: ), 13 APYTOro PIBHAHHA CHCTEMH, M3EMO

xp =50 +H4x+5y) = xp =5x; +16x+ 20y

Lad

. HapemTi 3aMiHIO0OTH QVHEIK V i BHPA30M 3 MEPIIOTO PIEHAHHA CHCTEMH
(-sx) ()
v=—Ix; —5x =-*
4

MICTAHEMO



X5, =5x; +16x + 2011'11 -5x) =  x;,=5x;+16x+5x; —25x.
4

X, =10x;-9x. = x,—10x; +9x=0

- JiHiliHe 0OHOPiOHe PIBHAHHA 2-TO HNOPAIKY 31 CTAIHMH KOe(III€HTAMH BiTHOCHO

byErmi x(1).
Jna Horo po3B A3aHHA CEIAZEMO 1 PO3B SDKEMO BLINOBIIHE XapaKTepHCTHYHE

PIBHAHHA:
/’sl =2

/:4 =9-

A=10249=0 = [

OTxe. 9acTHHH1 MHIHHO HE3adeXkH1 po3B #3kH (DVHIaMEHTATBHA CHCTEMA
po3B’A3KiB) - X;(f)=e" 1 x,(f)=€"". a 3aranbHHI PO’ 130K
x(t) = CGe* + Cye’™.
4. 106 3maiite y(7). mMICTaBHMO B PIBHESHHA (*) 3HaigeHy QyHkuio x(f) Tai
IOX1IHY:
X' () =Ce* +9C,e™.
Maemo:
y(t)= %‘C,e" +9C,e™ - 5lCie” + €™ )= %(Cle" +9C,e™ —5C,e" —5C,¢° )=
=—Cie* + Czegx.
CyKVOHICT, JBOX 3HAHAeHHX QVHKIIH Ja€ HAM 3Q2atbHull Po3€ A30K 3a0aHol
cucmemu:
x()=Cie* +Coe”*. Y(t)=—Ce"+Cye™.
HMoro MoXHa 3aIHCATH V BHTTIAAL

[x(®]
lm(r)l

[xs (t) l’egx l
e

r - IBa MHIHHO HE3aJdeXH1 PO3B A3KH. IO

G L

C > 4=
1| e I leg l

J’ﬁ(f)[ J | :
o) |- |v,(r)1

VTBOPKIOTE QYHIAMEHTATEHY CHCTEMY PO3B H3KIB.



Mpuknag 2 3HAHTH  3alralbHHE  PO3B A30K CHCTEMH  IHIHHHX

THDEpEHINATEHHX PIEHAHE

-

J:r =3x—y+z,
Y, =—X+5y-z,

Lz;=x—}'+33.

Po3B #3aHHA. 3aJaHO MHIAEY 0JHOPLIHY CHCTEMY TPBOX PIEHAHE 31 CTaTHMH

koedimerTamu. 38egeMo i1 70 0JHOrO JHDEPEHINATEHOTO PIEHAHHESA 3-TO IOPAIKY.
BHETOTHMO CIOYaTEy ¢vEEmEC z(f). 18 oporo BHpasmMo z(f) 3 mepmoro

PIBHAHHA CHCTEMH:
zZ(f)=x; —3x+y.

npoaHQepeHNoeEMO =, =X, —3x, + }; 1 MUIACTABHMO B ApPYTe 1 TPETE PIBHAHHA

CHCTEMH:
[yi =—x+5y—x; +3x— . (yi+xi =2x+4y.
< < ®
X =3x; + Y, =x—y+3(x] —3x+ y) | X}, —6x; + ¥, =—8x+2y.

3ammutocsk BHIVIHTHE QvEHKm0 V(f). BigHiMeMmo Bil ApPYroro piBHAHHA
CHCTeMH (*) mepime piBHAHHA:
X —Tx; =—10x—2y.
TTpoaudepeHmroeMo 0OHIBI 9aCTHHH IBOTO CIIBBIIHOIIEHHA:
Xip — TXp =—10x; — 2y;. (=<)
BigHivMeMo Bi IOABOEHOTO APYTOrO PIBHAHHA CHCTEMH (*) mepime piBHAHHA Ta
BHpPa3HEMO y; depe3 x(7). x;. Xp.:
2% —13x; + ) =—18%" = =-2x" +13x"—18x.
ITiACTaBAAIOYH 3HAHACHHH BHPA3 1A ), B PIBHAHHA (7). OJepAHMO TiHiliHe
00HOpioHe mHGepeHIiaTbHE PIBHAHHA 3-TO MOPAIKY 31 CTATHMH Koe(iIicHTaMH
B1IHOCHO QVHKmMI x(7):

Xpe — 117, +36x; —36x=0. (=)




BiamosigHe XapakTepHCTHYHE PIBHAHHA
A2 —114* +364-36=0
Mac J1HCH1 P13H1 KOPEeH1
AW=2 =3 A;=6.
OTxe. 3araapHHA PO3B A30K PIBHAHHA (***) Ma€ BHIVIAL:
x(t)=Ce™ + Cye” +Cye®.
Ina 3HaxomxeHHA QyHKui (f) macTraBEMoO 3HaHzeHY ¢yvHEKmio x(f) Ta il
MIOX1TH1
X, =2Ce™ +3C,e” +6Ce™ .  x)=4Ce™ +9C,e" +36C;e™
Y PIBHAHHSA X;, — 7Xx; =—10x—2y. Tom
I, b 3t 6c
¥(t) = ;(— xp+7x,—10x) = J()=Cye" —2Cse".
Hapemri. 3 pin;mnnx z =X, —3x+ ) JICTAaHEMO
2(f) =—Ce™ + Cye’ + Cie™.
TaxkuM 9HHOM. 3a2a7bHUll PO36 A30K CHCTEMH MAaE BHIVIAI:
x(t)=Cer +Ce +Ce¥. (1) =C,e’ —2Ce”.

Aodo
"r(t)l 1 | ll i
1(t)l =Cie”'{ 0 L+ Cre* 1} + Cye®
kol " - L
Mpuknap 3 3HAHTH YaCTHHHHH pO3B 930K J/IHIAHOI  CHCTEMH

audepeHIMaTPHAX PIBHAHD. IO 33J0BOJIBHAE IOYaTKOB1 YMOBH (3adava Kowi):

% +2y—4z=0,
4 W0)=0. =(0)=0.
| d=
= F=3z=3x:
dx




Po3B s3anHs. 11[00 3HaATH YaCTHHHHH PO3B A30K CHCTEMH IHGEpPEeHINATLHHX

PIBHAHB, HEOOX{THO CIOYATKY 3HAHTH ii 3arajbHHH PO3B A30K 1 MOTIM JOMATaTHCA.
mo0 BiH 3aJ0BOJIBHAB IOYaTKOB1 VMOBH.
3aJ3aH0 HEOOHOPIOHY cucmeMmy MHIHHAX THdepeHIAThHEX PIBHAHE, e y(X) 1

z(x) - myxaH1 ¢yEKmI 3acTocyeMo 0 il PO3B A3aHHA METOA BHKIIOYEHHA Ta
3BeIeMO ii 0 0aHOro AH(EPEeHmMATIEHOrO PIBHAHHEL 2-T0 MOPAAKY.

1. JudeperniroeMo nepme piBHAHHA CHCTEMH 33 3MIHHOK X -

>
&Y oW 4%

dx” dc dx

-

2. IT1ACTaBHMO B L0 PIBHICTH BHPA3 d—' 13 APYTOrO PIBHAHHA CHCTEMH:
x

d2 ) y d2 -~ R
P o Gl )l o Y 2@ _toxsdy—12:-0.
ax- dx ax- dx
3. 3amiHO0YH QVHKIIO Z 11 BHPA3OM 3 IEpLIOrO PIBHAHHA CHCTEMH
1(dy '
I=—|—+2y *
il M

OTPHMAEMO 7iHiliHe HeOOHOPIOHe PIBHAHHA 2-TO MOPAIKY 31 CTATHMH Koe(iIleHTaMH
BiAHOCHO QVEKII y(x):
2 . 2
dy ,dy 1(dh dy a
y.

+22 “1ox+ay-12-24 D oyl = Y _ D 5y _12x+3.(+)
& slax ) @’ dx

4. JJOTPHMVIOUHCE CXE€MH PO3B #3aHHA MHIHHHX HEOJHOPIIHHX DPIBHAHE (IHB.
o , - ~ - -~ - - -
OVHKT 2.5.) 3HaiZeMO CHOYATKY 3aradbHHA PO3B 430K J,, BUINOBLIHOTO

OJHOPLIHOTO PIBHAHHS




AKOMY BIAIIOBIIAE XAPAKTCPHCTHYHE PIBHAHHA 3 JIACHHMH P13HHMH KOPCHAMH:

A—A-2=0 =
2 = —1.
Otxe.
S osmz 2x -X
'1'30 - Cle -+ Cze -
Tenep 3HaHIeMO YAaCTHHHHH PO3B 430K ), HEOJHOPLIHOTO PIBHAHHA 3 IPABOK

YACTHHOK cHemadsHoro BHraAgy. Ockumka P (x)=12x+3.(n=1) 1 d9HWIO

o+ Bi=0= 4 ,. T00TO 7 =0. TO PYHKUIIO ), IIYKAEMO V¥ BHIIAA

Vo = Ax+ B.
Tom
B ik . = _0.
dx dx”

I1ACTARAAOYH V., H 3HAHIEH! NOXUTHI B HEOJZHOPUIHE PIBHAHHA. MaTHMEMO Take
CIIBBIIHOMIEHHA 1719 BH3HA4YeHHA KoedimieHTiB 4 1 B:
—A-2(Ax+B)=12x+3 = —24x—A4-2B=12x+3,

3IBIIKH

X —24=12. 4
= 3
x| —A—-2B=3. | B=—.
L 2

OTtxe,
3

Vg =—6X+ =
-~ m ?

TakuM 9HHOM. 3aTaJILHHE PO3B 30K MHITHOIO HEOOHOPIIHOTO PIBHAHHA ()

Ma€ BHITIAD

) - 3
V(X)= V30 + Vo =Cle™™ + Cre™* —6x F s



5. Tenep BH3HauuMo ¢yHKmio z(x). I Oporo mMACTaBHMO Yy BHpa3 (*)

dyEkmro y(x) Ta il mOXUIHY:

o 4 2C,e™ — Cye™ —6.
dx -

B pe3yasTaTi MaeMo:
2(x) = %‘ 20,6 - Cpe™ — 6+ 2 Ce* +Cya
1 2x -x '
=Z(4C1e +Cre ¥ —12x-3)

U - 3
z(x)=Cie™ +—Cye™ —3x—=.
- -
TakuM YHHOM. 3a2ATbH Ul PO3€ A30K 3A0AHOT CUCIEMIL:

3
y(x)= Cle +Che —6x+;

" 1 3
z(xX)=Ce™ +—C,e™* —3x——.
(x)=C Font. -

6. 1100 3HAHTH YaCTHHHHH PO3B A30K, CKOPHCTAEMOCH TOYaTKOBHMH YMOBAaMH:

b 3
[(0)=0. =Gl fg=2.
1z(0)=0 = 1 § = ;
[_-‘-( sy 0=C1 +_C’__? C.,=—3
_ 4% &

IMiacrapuemu C; 1 C, y 3araJbHHH PO3B #30K CHCTEMH. MAaTHMEMO IIyKaHHH

YACTMUHHUT pose "A30K:

y(x) =-§eJJr —3e™ —6x+ 2 z(x) = = e — 3 C,e* —3x —3.
2 2 2 &7 4

BIIPABU JJISI CAMOCTIHHOI POBOTH

‘%I‘ 5x + 4y x=Ce' + Egen;

1. Bidnoaids. bl 2
e A 2x + 3y. y ==Ce "'ECEE *
dt
[y P 8, x = Cy + Coe™;

2, - Bidnoaide, 1 |
dy _ = —=C +=Cye¥
.E_'t-'-tly' Y g 1Tk




3ayeaxcenns 1. 3 HaBeAEHHX NPHKIATIB BHIHO. IO MEMO0 SUKTIOHEHHA MOXKE
OVTH 3aCTOCOBAHHH fAK IO OOHOPIOHUX cUCmeM. TaK 1 HeooHopiowux. B mepmomy
BHIIAZKY CHCTEMa 3BOJHTECH JO IiHIHO20 0OHOPIOHO20 PIBHAHHA. A B APYTOMY — AK
IPaBHJIO A0 HEOOHOPIoKozo. IIpHIOMY, SKINO BC1 KOEPIEHTH @;; THUAHOI CHCTEMH
OV/IH CTATHMH, TO i OTPHMAH! PIBHAHHA OYAVTH 31 CTATHMH Koe(iIeHTaMH.

3aysaxcenna 2. NeTon BHKTIOUEHHA MOXe OVTH 3aCTOCOBAHHH 1 A
HOPMAJIBHHX CHCTEM 3 OUIBIIOK KUIBKICTIO PIBHSHE 1 HEBIIOMHX QVHKIIH. ate Horo
pPeal13amisa IPH UBOMY VCKIAIHIOETECA. TOMY ICHVIOTE 1 1HII1 METOOH PO3B 43YVBaHHA
TAKHX CHCTEM.

PoarngHeMO me OZHH METOX, SKHH HA3HBACTBCA MAMPUYHUM MEMoooM
IHTeTPVBAaHHA HOPMATbHOI CHCTeMH PpiBHAHB (6.2). VvV BHIAZKY, KOMH BOHAa €
CHCTEMOK  J7iHIUHUX OOHOpIOWUX JHOEPEHINATHHHX PIBHAHD 31 CTATHMH
KoedimieHTaMH (6.22). TOOTO CHCTEMY BHIVIAAY

~

1/
'l — ) )
i Y)Y Ve Giln

Va L , , .
—=an V1 TAqn)2 - T App)n-
. dx

18 OpocTOTH OOMEXKHMOCH PO3ITIAJOM CHCTEMH TPhOX PIBHAHB 3 TPhOMa

HeBiToMHEMH dyHKOLIME x(1). ¥(7). z(7):

-

dx : -
o anX + apy + aac,
Y o e
Yoy~ uX+ a0+ Gy, (1)
£=a X+ a3,Y + Q332
dr PX EA53) + 4332,

Ae BC1 koediiienTH a; (7.7 =12.3) - ctam.

Ilr0 cHCTeMy MOXKHA 3allHCaTH Y BHIVIAAI MAMPUHHO20 Ou@epeHyiatsHozo

DIEHAHHA:



X'(t)=A4-X(1).

(@ ap; a3 | | x(7) |
|
ae A=| ay @ G; | - TOIOBHA MATPHUA CHCTEMH. X()=| y(t)| - MaTpuna
| as ay as; | L2(1) )
(X))
CTOBIENH HeBLIoMHX dyHKmL. a X (1) =% ¥'(?) | - MaTpHIA CTOBIENH MOXLIHHX ITHX
\ z'(z)
OyHKmHA.
ByaeMo ITYKaTH YaCMuHKUI po3e ‘A30K CHCTeMH (1) y BHITIAM
x()=ae”. y(t)=pe". z()=r". 3

ne o.fB.y.A - cram, #K1 Tpeba mMmOPaTH TakHM dYHHOM. mod ¢yHKI (2)
33J0BOIBHAIH CHCTEMY (1)

IMiactasEeme m ¢yekmi B cHcTeMy (1) Ta CKOPOTHBIIH Ha MHOXKHHK
e’ =0, nicraremo:

18A =ana +anf + ayy.

.:',/. =a31a + aszﬂ -+ 033}/-

adto
1021@ + (@3 — A)F + ay;7 =0, (3)
a3, + a3, 8 +laz; — 4)y =0.

CrcTeMy (3) MOKHA PO3TIAAATH AK OJHOPLIHYV CHCTEMY TPHOX MHIAHHX

amreOpaiTHEX PpIBHAHBE 3 TphOMa HEBUIOMHMH . f,7. Illo® ma cHcTemMa Mada

HEHYJIBOBHH PpO3B #30K. HEOOXIZHO 1 JOCTaTHRO. MO0 BH3HAYHHK CHCTEMH

JOPIBHIOBAB HYIIO:

ayn an -A aa; =0 (4)



O3HauenHA. PIBEAHEA (4) HA3HBACTHCA XAPAKMNEPUCTNUHHUM DISHAHHAM
cHcTeMH (1).

Horo MoXHa 3alTHCATH Y MAMPUYHOMY BHTIIAIL

| 4-2E|=0, (5)
ae
100
A -ronoera mMatpHud cucTeME (5) E=| 0 1 0 |- oZHHHYHA MaTpHUA.
L0 01)

Toxai piBHAHHA (5) € XapaKTepHCTHIHHM PIBHAHHAM MATPHII 1B TOH Xe Tac 4
XapaKTepHCTHYHHM PIBHAHHAM CHCTEMH (1).
Po3xkpHBIIH BH3HAYHHK (4) . OTPHMAEMO PIBHAHHA TPETHOIO CTENeHA BIJHOCHO .
BoHO MaTHME TpPH KOPEHA Aj.A;./4;. SKI HA3HBAKTBCA XAPAKMEPUCTRUYHIUMU
yuctawu MatpHmi . KoXHOMY XapakTepHCTHYHOMY HHCAY ., BIANOBLJAE CBIH
enackuil eexmop 1o, Bi.y; ¢

Posr1greMo MOATHE] BHIIATKH.

Bunaodox 1. Hexali BCi XOpeHi XapaxmepucmuyHo20 pieHAHHA OIliCHI i pi3Hi:
A2y 75 €R.

Jna xoxHOro KopeHsa /4; (i=123) zamamemo cHcTeMy (3.4) 1 BH3HATHMO
KoedimieHTH «;.[05;.7; (OOZHH 3 KOe(DII€HTIE MOXKHA BBAKAaTH PIBHHM OJHHHINI).
TaxaM 9HHOM, OTPHMAEMO:

1) ans KopeHA 4; Yacmuuwul po3e’ 430K CHCTeMH (3.2):
l.l(r) — Q’le;"r. £ ’l(t) = ﬂlellr. Zl(t) —— },le&f.
TOOTO BIACHOMY MHCIY ./, BIANIOBLIAE BIACHHH BEKTOP {al, Gi.n }
2) Ona KOpeHA A, wacmunHull po3e’asox cHcTeMH (1)

X)) =me™. ()= 5e™. z(0)=re™.

BIACHOMY YHCIY A, BUANIOBIAA€ BIACHHH BEKTOP {az, Bs.7s };



3) o714 KOpeHA A; YacmuMHuill po3e ‘a3ox cHcTeMH (1)

()= aseA3rs y3() = 'B3e23r- z;(f) = }’391"3(1
BIIACHOMY YHCIY /; BIANOBLIA€ BIACHHH BEKTOP {a3, B 73 1.

MoxHa mOKa3zaTH. mo I QVHKII YTBOPIOIOTE @VHOAMEHMATLHY CUCIMEMY
YACMUHKUX po3e’askie cucmemu. Tomi zazarsHull po3e’a30k cHcTeMH (1)

3aHIIETRECA Y BHI'JIXIIi:

x(1) = Cyx; (1) + Cyx,5 (1) + C3x5(2).
¥(1) =Cy (1) + Cop, (1) + Coy:(1). =
z(t) = C1z; (1) + Cyz, (1) + C3z;3(2).

x(t) = Cye,e™ + Cya,e™ + Cyaz0™

=2 y(t)= (:'1/5'19}'lr + Czﬁzezy + Csﬁse;drs (6)

it At A
z()=Cyre™ + Cyyr,e™ +Cyyie™.

Abo
i-x(t)' [ af{l (a5 "as l
()b =Cre® B b+ Cre™d B, L+ Cie™ i By b
1 R 1 A B

Ipakaan 4. 3HANTH 3aralbHHA PO3B A30K CHCTEMH PIBHAHD

[ dx
—=0x—-12y—=z,
dr !
dy
s—=Xx—3y—z,
7 Y
E=—4x+12}' +3z.
dt

.

Po3B #3aHH4. JaHA CHCTEMA € TiHillHOK 00HOPIOHOK CHCTEMOK TPHOX PIBHAHD
BiIHOCHO mykKaHuxX ¢ymxmi x(r). 3(7) 1 z(r). 3actocyemo a1 ii po3B I3aHHA

Mampu4Hul Memoo.



CKIaZeMOo XapaxmepucmuyHe PisHAHHA M€l CHCTEMH:

6-4 —-12 -1

1 =3=d -I |=0.

-4 12 3-4

Po3xpm;alo=m BH3IHAYHHK, 3HAXOIHMO
(6—)A2—9)—48—-12+4(3+ 1) +12(6— 1) +12(3— 1) =0.
OCTATOYHO OTPHMAEMO
A -6 +111-6=0.

OTpHMaHe KyOI1YHE PIBHAHHA Ma€ TPH OiliCHIX PI3HIUX KOPEHA: Ay =1 A, =2, i3 =3

- BJACH1 YHCJA TOJOBHOI MATpHII CHCTeMH A . 3HaHIeMo BIANOBIAHI IM &€14CHI

gexmopu {;. 5. 7; }. Ta HGCMuNHi po3e ‘A3Ku CHCTEMH

x(D=ae™. y,(O)=Be™. z,(t)=4e". (1=123).
Jna uporo modyayemo cHcTeMy (13.4) 1714 KOKHOTO YHCIA A, .

1. s 4, =1 MaeMo:

(6—1la; =128, — 1, =0. 5a1-1-')/51_.y1=0’
T l b e l)ﬂl—/ =0. = 451_ ¥, =0
Jozamo mepme piBHAHHA CHCTEMH O TPETBOro:
_[al +71 =0. i "J-al =71
'_a’l —48 —n=0. 4B =~ 1.

JaHa cHcTeMa Mae Oe3md po3B #3K1B. ITokmazeMo ¢; =1. TOMI 3 MEPIIOro PIBHAHHA

[e—y

7 =—1.a 3 IPYTOro piBHAHEA £, ==

OTke. BIACHOMY YHCTY 4; =1 BIANOBLIa€ BIACHHH BEKTOP

{al - :Bl N }= {L%‘_llr‘



a YaCTHHHHH PO3B A30K. IIPH bOMY. MAaTHME BHIVIAA:
1
4O =ce™ = 3(O)=fe¥ =5 5(O)=net =~

2. daa A, =2 MaeMo:

J‘(cs—zlcx2 G W X (40, —128, — y, =0,
c@y +1=3-2)8, -y, =0. = Jay—58,—7,=0.
-—46(2 —12[;3 +{3‘2’,’/2 =0, _‘4&2 +12ﬁ2-‘-}"_) ={);

CucremMa 3HOBY Mae Oe3md pO3B A3KIB, OCKUIBKH TPETE PIBHAHHA € HaCIIKOM
nepmoro. ToMY BI3bMEMO. HATIPHKIAI. IEPII IBA PIBHAHHA
[4a, =128, — y, =0,
@y =58, — 7, =0,
1 J0JaMO iX IIONEepeaIHBO TOMHOKHBINH JPYTe PIBHAHHA Ha (—1):
[3cy =78, =0,

-t_-"’z =y =3p;.

3 8
TloknaBmH ¢, =1. OAEPAKHMO 3 CHCTEMH [, =7 Yo = T

TakuM YHHOM. BIACHOMY 9HCIY A, =2 BIANIOBIJAE BIACHHH BEKTOP

(3 8]
Qs Oy, ) ="1,_s-_’,
{ 2 :B., 2} ! 7 7J
a YaCTHHHHH PO3B 430K. Ma€ BHIVIAN:
VL7 TR, = . w3 o w8 3
() =ce™ =e”. y,(0)=pBe =8, z,(D)=rqe -
3. Jaa xopeHA A; =3 MaeMoO:
J'(6—3la3—12,6'3-,v3= ; 3a; —128; — 3 =0,
az +(=3-3)8; -3 =0, = @ —68;—-r3=0.
—4a; +128; +(3-3)r; =0, —4a; +125; =0.

3HOBY ZOJABIIH MEPIIE 1 TPETE PIBHAHHA, OTPHMAEMO :

(]

I-— ae — ¥ =O? J’a,, ==%,,
,‘ . —_ 4 -
) =65, — 7, =0. I_G,BQ =05 —¥»-



: , : 1
IToxaageMmo ¢/; =1. TOA1 3 mepIIOro PIBHAHHA ); =—1. a 3 APYTOro pIBHAHHA [; = —

Tomi. BIacHOMY 9HCAY A; =3 BIANIOB1JAE BIACHHH BEKTOP
oy

e | !

5. B 73§ = --;_1,3,—1‘[-

1 YaCTHHHHI PO3B 920K, Ha0YBa€ BHIVIAY:

At 3r

.
x3(f) =cze™ =e ."3(f)=/33943r=§e”’ z3(f) = ze™ =—e

YacTHHHI PO3B A3KH. OTPHMaHi B MVHKTax 1. 2. 3. VTBOPHIOTH
dyHOamermaneHy cucmemy po3B a3ki8. Toxs 3riygHo 3 dopmyaoro (3.7) zacamsrui

PO3€ 'A30K CHCTEMH 3alHINETHCH YV BHIVIAAL
X(t)=Cpe' + Cre” + Cye™.
x(1) = Cyx; (1) + Cyx, (1) + C3x5(2). =6 AN
: 1 3 . 1 3
_1‘(1’) = Cl-vl(,) + Cz'v'_) (f) + 03.1.3 (f). :> }'(f) - Cl ;e: - C: 78-. - 03 ‘ge-ﬂ,
z(1) = Gy (1) + Caz5 (1) + C3z3(1).
r 32r 3t
z(t)=—Ce +C, —79 +C;—e".
Bunador 2. Kopewri xapaxmepucmiyHos0 PIEHAHHA DisHI, ate ceped HuX €
KommtercHi: A =a+ib, A, =a—ib, i;=R.
YV IEOMY BHOATEY BHIVIAN YACTHHHHX PO3E 93KIE BH3IHATAETHCA Tak caMo, 8K 1 V
sunaoxy 1.

IIpH OpOMY. BIIOKPEMIIONTH B OTPHMAHHX KOMIUIEKCHHX YACTHHHHX PO3E A3KaX 3a
- i e _ it e _ —jst HCHEY
momoMorow dopmyn Eimepa (€'f =cosg+ismo, ef =cosg—ism@) MHACHY Ta
VABHY YACTHHH, IKi MICTATE QVHEN BHIASTY €° -cosbt, € -sm bt oTpEMaenMo aBa
MECHEX HHIAHO He3ATeAHHX Yac THHHHX PO3B A3KH.
JavearceHHA 3. KOoMIITeKCHO-CIIPAEEHHM KOpEHAM Ay=azx ib
XapaKTePHCTHIHOIO PIBHAHHA BIANOBLIAKTE OJHI 1 T1 CAMI1 PO3B A3KH, TOOTO KOPIHB

A, =a —ib He Tac HOBHX MHIHHO HE3ANEHKHHX MHCHAX PO3B H3KIB.



[ToOVAVBABINH YACTHHHI pPO3E 3KH, MO BUINOBITAKTE VCIM KOpPEeHAM
XApaKTEPHCTHIHOID PIBHAHHA, 1 BIABIIH MHIAHY EOMOIHAINK BCIX TOOVIOBAHHX
MEIAHD HelalekHHX YACTHHHHX PO3R S3KIE 2 JOBUIBHHMH CTATHMH, TICTAHEMO

3AranpHHE po3B Z30K cHoTeMHE (1)
Ipexaax 5. 3HAHTH YacTHHHHH  PpO3B 430K  JHHIHHOI  CHCTEMH

nHepeHIATEHEX PIBHAHD, IO 33J0BOJIBHAE IOTATKOB1 YMOBH (3adava Kowii):

-

— X P,

at

L —x+y—z. x(0)=7, y0)=2, z(0)=L
dt
&= =3y+z,

| dt

Po3p g3aHHd. 3agaHO MHIAHY OOHOPIOHY CuNCMeMYy TPhOX PIBHAHB

BIAHOCHO mvKaHHX ¢yvHkmiE x(f). y(f) 1 z(f). 3acTocyemo a1 1 PO3B A3aHHA
MampuyHuii Memoo.

CKIazgeMo Ta po3B SXKEMO XAPAaKmepucmiyHe PieHAHHA 1IET CHCTEMH:

1-2 1 0
-1 1-4 -1 |=0,
0 3 T=4

A-A)° +31-)+1-D=0 = (A-DA-21+5)=0.
3BiACH OTPHMAaeMO TPH DIi3HUX KOPEHA Cepel SKHX € KOMILIEKCHI:
R [ S N TR s ()

J171s1 KO’)KHOTO KOpHS OyayemMo:
1. Jaa A =1 oTpEMaeEMoO:
0-+ 6,+0-7,=0.
i—a+0-4-n=0, =

_0‘a1—3ﬁ1+0"71=0,

<‘ﬁ?1 = 0,

OTpuMaTH CHCTeMY, AKa Mae 03719 po3B 43K1B. 3 MepIIoro pIBHAHHA MaeMo: 3 =0.



IToxrazeMo ¢4 =1. ToA1 3 APYTOTO PIBHAHHA j; =—1.
Tozxi. BIacHOMY 9HCIIY /4; =1 BLINOB1ZA€ BIACHHH BEKTOP
1. B 11}= 101}
a JaCTHHHHH PO3B A30K. IIPH UBOMY. MaTHMEe BHIVIAI:
x() = =e'. y,(t)=LFe™ =0. z()=ye™ =—¢"
2. daa A, =1+ 2i Maemo:

~

A -a:—?.i/i'z — =O,
3822y, =

IloxmaBmu , =1. ogepxuMO 3 CHCTEMH B, =2i. ¥, =3.
OTXe, BTaCHOMY HHCIY i, =2 BIANOBLIAE BIACHHH BEKTOP
(. Br. 7y = 11213}
a YaCTHHHHH KOMIUTEKCHHH PO3B 420K B IOMY BHIIAZKY. MAa€ BHIVIAL:
X, () = ae™® =™ 3,(1) = Bre™® =2ie™ . z,(t) = 2™ =3,

B 3HalaeHHX po3B #3KaxX BHAUTHMO miicHY ( Re) ta yvaery (Im) gacTunu:

X, (1) =™ = ¢'(cos2t +ism2f ).

Rex,(f) =€’ cos2t, Imx,(f)=e'sm2t:

=200 _ o' (2icos2t —2sm 2t ).

V2 (1) =2ie
Rey,(f)=—2¢'sm2t. Imy,(f)=2e cos2t
z,(t) =36 =¢'(3cos2f + 3ism 2t ),
Rez,(f)=3e'cos2r. Imz,(f)=3e sm?2t.
JK BIOIMIMATOCH. OTPHMAaHi MIHCH1 TAa VABHI YacTHHH KOMILTEKCHOTO PO3B'S3KY

TAKOXK TYaCTHHHHMH po33’513xahm 3313aHO01 CHCTEMH.



3. ns xopena A; =1— 27 9YacTHHHHX PO3B A3KIB ITYKATH He OYIeMO. OCKLIEKH,
ITIHO 3AVEaXCenHa 3, e IpH3BeIe 3 TOUHICTE) 0 3HAKA J0 TAKHX CAMHX PO3E A3KIE,
TOOTO BOHH OVIVTE MHIHHO 3ATeEHHMH 3 PO3E A3KaMH, II0 BIANOBLIAKTE KOPEHED
Ay =1+2i.

Orxe, 3arajibHAM PO3B’A30K CUCTEMHU MA€ BUTJISIA;
x(f) = Cye’ + C,e’ cos2t + Cye’ sm 2t
¥(f)=C, -0—2C,e" sin2t +2C;e" cos2t,
z(t) =—Cye’ + 3C,e" cos2t +3C;e' sm 2t
Tenep 3 OTPHMAHOIO 3arajIBHOIO PO2B'S3KY BHAUIHMO YACTHHHHH PO3B #30K.
CKOpPHCTABINHCH MOYAaTKOBHMH VMOBAMH. OTPHMAaEMO CHCTEMY PIBHAHB 1A
BH3Ha4YeHHA cTamux €. C,. C;:
7=C,+C, +0,
2=0-0+3C;. = (=5 C,=2. ;=1
l 1=—-C, +3C, +0.
OTxe, MYKAHHA YACMUHHUIL PO3€ 'A30K MAE BHITLAM:
x(t)=5e" +2e' cos2t +e sm2t.
y(t) =—4¢' sm 2t + 2¢" cos2t.
z(f) =—5¢’ + 6¢" cos2t + 3¢" sm 21
Bunaook 3. XapaxmepucmuyHe DIEHAHHA MICMUMbL KOPiHL A KpamHocmi
m (m=23).
P03B 430K CHCTEMH, IO BIIOBLIa€ KPATHOMY KOPEHIO, HATEAHNTH MIVKATH Y BHIVIAAL
1) sxmo m=2.T10
x(t) = (At + B)e”. y(t)=(Ct + D). z() =(Et + F)e":
2) sxmo m=3.To
x(f) =(At> + Bt + O)e”. 3(t)=(Dt’ + Et+ F)e™. z(t)=(Gt* + Ht + N)e”



ITefi poO3B’S30K 3a7M€XHTH BiI M HOBUIBHHX cTramux. Ctam A4 B.C.... N
BH3HAYAIOTHECA METOJOM HEBH3IHa4YeHHX Koe(dimieHTIB. BHpazusmu yci1 xoedimieHTH
Yepes JOBUIBHI M 3 HHX, NOKJTAJacMO MOYEproBO OJHH 3 HHX PIBHHM OJHHHII, a
peliTa — HYMIO. B pe3yabTaTi OTPHMAEMO 1 JHHIHHO HE3alNeKHHX YACTHHHHX

PO2B A3KIB CHCTEMH (1)

Ipukiaz 6. 3HAHTH 3araTbHHH PO3B A30K CHCTEMH PIBHAHB

dx
—=X—-V+Z.
dt
d =~ 7
e R
dt i

Po3p s3agHg. CKIageMO Xapaxmepucmu4He pieHAHHA HOaHOI OJHOPLIHOI

CHCTEMH:

1-A)*Q-A)-1-(1-D)+2-2)=0 = (@(-2i+A)2-A)=0.
OCTaTOYHO OTPHMAEMO KYO19HE PIBHAHHA
A -4 +51-2=0,
3 AKOr0 OTPHMAEMO Mpu OiliCHUX KOPEeHA, 08a 3 AKUX € KPAmMHUMIL
=2 A =4A;=1

1. JIns mpocToro KopeHa /4, = 2 cHcTeMa (3.4) Mae BHIVIAD:

-

|
= A —n=0. =2 T
. l 11_ 3¢
l‘:31=0=

IToxnagaroun ¢4 =1. 3HaxoaEMO j; =1.



MaeMo OHH YaCTHHHHE PO3B A30K BHX1IHOI CHCTEMH:
x(t)= ale"af =e”. = ,[ile‘" =0, zZ ("= ;/le’l" =g
2. Jlaa OBOKPAaTHOTO KOPEHA A=/, =/J3=1 (m=2) BIANOBLIHHHA pPO3B A30K
3aMMHCYEMO V BHITIAAL
X, 3(f) =(At+ B)e¥. y,;(0)=(Ct +D)e”. z,(t)=(Et + F)e*.
ae 4. B.C.D.E.F - HeBH3Ha4€H1 KOeIIIIEHTH.
3HAHIIOBIIA MOXLTHI B1 IHX QVHKING (po3B 43K1B) 1 MACTABHBIIH iX pasoM 13

caMHEMH QVHKINAMH B PIBHAHHA BHX1THOI CHCTEMH. MaTHMEMO:

|A~e' +{At+ Bl =(At+Ble" —(Ct+ D)’ +(Et+F)e'.
IC-&" +(Ct+D)e" =(At+Ble' +(Ct+ D)’ —(Et+F)e'.
|E-¢' +|Et+Fle'=—(Ct +D)e’ +2(Et+ F )e'.

a00. micIg CKopoueHHA HA € = 0 Ta 310paBmH noai10H1 JOJAaHKH. OTPHMAEMO
(C-Et+A+D-F=0.
A4—Ejt+B-C-F=0.
“C—EV+D+E—F=Q

SKImo mpHPIBHATH KOe(dIIIEHTH IPH OJHAKOBHX CTENEHAX ! B VCIX PIBHAHHAX. TO

OJepPAHMO CHCTEMY PIBHAHE J714 3HaXomxeHHT 4. B.C. D E F:

C-E=0.
A-E=0.

'A+D-F=0.
B-C—-F=0.
D+E-F=0.

OCKUIBKH pO3B 420K 3ATeAHTE BII AB0X (= 2) JOBUIRHHX CTANHX, BHPA3ZHMO V€1
Koe(IIeHTH 4Hepe: OBa 3 HHX, HampHETAD depes 4 1 5. 3 mpyroro piEHAHHA
mMaemo FE=4 Tom. 3 vpaxyBaHHSM OepIIOr0 PIBHYHHA, oTpHMaeMo C=4 3

JeTEEPTOT0 PIBHAHHA 3HaXoguMo F=B-C, 1000 F=B-4. 3 Ttpetnoro



pigasEES D=F — A tobro D=B—-A— A,  abo D=B-2A4. Koeduneata 4 1
E - gopiuneHI
IMoknamawun 4=1 B=0_3HaxogmMmo: C'=1 D=-2 E=1 F=-1.
IMoknagaroun A=0, B=1. 3Haxogudo: O=0, D=1 E=0 F=1.
TakuM YHHOM, OTPHMAIH JBA MHIAHO HE3ANEHHHX JYaCTHHHHX PO3B A3KH, IO
BiAMOBIIAI0TE JBOKPATHOMY KOpeH A =1:
B =te'. »E=0-2)e. {=0r-De.
u()=e. y(=¢, (="
OTxe. 3a2ambHull po3e 530K BHX1THOL CHCTEMH Ma€ BHITIAL:
x(t) =Cye™ + Cyte’ + Cse'.
¥(1)=C,(t—2)e" +Cse'.
() =Ce” + C,(t—1)e’ + Cye".

MOCUJIAHHS 10 JIEKIII:
https://www.youtube.com/watch?v=KXdhvEsKNIc
https://www.youtube.com/watch?v=6J3QWX4PODw



https://www.youtube.com/watch?v=KXdhvEsKNlc
https://www.youtube.com/watch?v=6J3QWX4PODw

