JImneitnbie mudpdepennuanbabie ypaBHEHUS C
nepeMeHHbIMI KO3(duIiimeHTaMmn

PaCCl\’IOTpI/IIVI JIMHEHOE YpaBHEHUE N-TI0 NOPAJIKa BUIA

an(D)y™ (1) + an 1 ()y" V() + -+ ar(5(1) + ao(B)y(t) = b(2),
(5.3.1)

rie ai(t) u b(t) mHenpepbiBabl Vk = [0,n] VE€Q u a,(t) #0 Vi€ Q.



OHO Bcerga MOXKeT OBITh CBEIEHO IPU IIOMOIIU CJIEIYIOIIeil 3aMeHbI
IepeMeHHbIX:

xl(t) = y(t) ) 1‘2(t) = y(t) ) L]5.3(15) = y(t) )

, o Tn—a(t) = y(n72)(t) ) T, (t) = y(nil)(t) (5.3.2)

K PaBHOCHJIBHOI CHCTEMe JIMHEWHBIX YpaBHEHUN

(5.3.3)




Nmn B MAaTPUYIHOM BHUJIE

@) = [ A@IZON + 1B

rie
0 1 0 0 0
0 0 1 0 0
0 0 0 0 0
lA®l =
0 0 0 0 1
) (t) o (t _ap (t)  On- (t) B an—1(t)
an (t an(t an (%) an(t) an(t)
0 z1(t) y(t)
) 0 a(1) i)
16(8)|| = . 1Z@®)) = =
0 Z'nfl(t) y(n72) (t)
b(t)/an(t) Zn(t) y" (1)




Dopmyist (5.3.2) u (5.3.3) HO3BOJIAIOT JEIATH 3aKJIIOYEHI O CBOMCTBAaX
ypasrenuii Buza (5.3.1) u ux perrenuil, UCHOIb3Ysl PE3YJIBTATHI, OJLYI€H-
wble B § 5.1-5.2 jy1s1 cucTeM JIMHEHHBIX yDaBHEHMIA.

OCHOBOI 77T 9TOTO CJIY2KUAT

Jlemma IIpu 3amene nepemenubix (5.3.2) nuHeiHO 3aBUCH-

5.3.1 Mble perieHusi ypasHenusi (5.3.4) mepexonsiT B Jiu-
HeWHO 3aBucHMBble peuteHusi cucremsbl (5.3.5), u Ha-
obopoT.

AmnanornysHo, npu 3amene nepeMeHHbIX (5.3.2) au-
HefflHO He3aBUCHMBbIE penieHusi ypasHeHusi (5.3.4)
epexoisT B JIMHEHO HE3aBHUCUMBIE DELIEHUs] CH-
cremsl (5.3.5), u HaoGOPOT.



Tenepp Mbl MOxKeM cOPMYIMpPOBaTh i ypasHenus (5.3.1) yTsep-
JKJIeHHs], aHAJIOTMYHbIE JOKa3aHHBIM paHee Jyis cucreM (5.1.1). Tak Bunx
001I1ero pentenus OJHOPOAHOrO ypasuenud (5.3.4) onucwiBaeT

Teopema  Ilycte dymrmum y)(t), yo)(t), ..., Ym)(t) cyTs am-

5.3.1 HEWHO He3aBUCHUMbIC YaCTHBIE PeIleHns] OJHOPOIHO-
ro ypasHenus (5.3.4). Torga obGiee perieHue 3Toro
ypaBHeHUsI jJaeTcsa (popmyJioi

y(t) = Cryan (),
k=1

roe Cp, Cs, ... ,C, — IpON3BOJIbHBIE ITIOCTOSTHHBIE.



[To anasioruu ¢ pamee TaHHBIM OIpPeeIeHNEM OYIeT YMECTHBIM U

Onpernenernue DyHdameHmasvHoLM HAOOPOM peweruti ypaBHEHUsI
5.3.1 (5.3.4) Ha3BIBAETCS COBOKYITHOCTH JIFOOBIX M €r0 JIH-
HEHO HE3aBUCHUMBIX YaCTHBIX PEIIeHU.

IIpu sToM OymeT mMeTh MecTo

Teopema  Jljasi MHOXKeCTBa YaCTHBIX PEHIEHUN 00H0podH020
5.3.2 ypasHeHus (5.3.4) cupaBeJINBBI Yy TBEPXKIECHUSI:

1°. dynmaMeHTaJIbHbIE HAOOPHI 3TOTO YPaBHEHUS
CYIIEeCTBYIOT.

2°. O6uee penteHue ypasHenus (5.3.4) ectb co-
BOKYITHOCTH BCEBO3MOXKHBIX JINHEHBIX KOM-
ouHanuii pyHIaMeHTaJIbHOro Habopa perliie-
HUIHA.

3°. MHoO>KecTBO BcexX 4YacCTHBIX PelIeHuii OJIHO-
poauoro ypasHenus (5.3.4) siBisiercs JimHeli-
HBIM MPOCTPAHCTBOM pa3MepHOCTH N, ba3m-
COM B KOTOPOM MOXKET CJIY>KUTb JIto00it pyH-
JaMeHTaJIbHbIIT Habop perieHmii.



YunTeiBas 3aMeHy IrepeMenHbix (5.3.2), mis ypasraenus (5.3.1) MOXKHO
JIATh

Onpeznenenue Bponckuarom nadbopa n—1 pa3 HenpepbIBHO nudde-
5.3.2 penrupyembix byarmmit ye1)(t), ye2)(t), - 5 Y (t)
HA3BIBAETCS
yo () oy o oy (@)
71y (T 72y (t 7o) (T
] I
n—1 n—1 n—1
yEl) )(t) yég) )(t) yén) )(t)

0603HaUaeMblii, Kak u paHbire, W (t).



Ilepeuncaum Temeph CBOWCTBA PeIIEHWH OIHOPOIHOTO yPABHEHUS
(5.3.4), onucbiBaeMble ¢ MOMOIIBIO MOHSITHsI BPOHCKUAHA.

Teopema  Ilycrs dymkmum y)(t), y2)(t), ..., Ym)(t) onpenemne-
5.3.3 HBI U N — | pa3 HempepbIBHO anddepeHIupyemMbl
Vit € Q m W(t) — ux BpoHckuan. Toraga

1°. Ecom y)(t), y2)(t), ..., Yn)(t) Muneiino saBu-
cumbl Ha ), To W(t) =0 uHa Q.

2°. Ecau Bpouckuan W (t) # 0 Ha (), To pyHK-
mun Y (t), y2)(t), ..., Ym)(t) TuHeitHO Heza-
BUCUMBI Ha ().

3°. Ilyctw y1)(t), y2)(t), ..., Yn)(t) cyTh UacTHbBIE
pelieHusi omHopoaHoro ypasHeHus (5.3.4).
OHu JTUHEWHO 3aBUCUMBI TOTAA U TOJBKO TO-
rfa, KOorja M MX BPOHCKHAH TOXKJIECTBEHHO
paBeH Hyaw, To ectb W(t) = 0 ma Q. Hus
UX JIMHEWHOIl He3aBUCUMOCTU HEOOXOAMMO U
JocraTo4yHo, 4rooer W(t) # 0 ma Q, T. e.
dtg € Q: W(to) 750

4°. Ecmm y1)(t), y2)(t), ... , Yn)(t) 4UacTHBIE pe-
HieHusi oJHOpoAHOro ypasHeuus (5.3.4), To
V tg,t € € conpaBemnmBa dopmyna Jlmy-
Busig—OcTporpaackoro

an—1(u)

d
an(u) Y

W(t) = W(to)exp | — /

to



Paccmorpum reneps Heoguopomnoe ypasaenue (5.3.1). Crpykrypy ero
OOIIIEero pernreHnst OMUCHIBAET

Teopema OObiiiee peliienne HeOAHOPOAHOTO aAuddepeHITnaATIb-

5.3.4 Horo ypasHeHusi (5.3.1) ecTb cymMa 4106020 4acmHozo0
pelleHns 3Toro HEOAHOPOAHOIO YPABHEHUS U 00ue20
pelieHusi oaHOpoAHOro ypasHenusi (5.3.4).



Kak u B ciyuae HeomHopoiuoii cucremsl (5.3.3), dacTHOe pelneHue
HEOHOPOHOIO YPABHEHUSI MOXKET ObITh HANJIEHO METOIOM 6aAPUALUL NO-
CTMOAHNDBLL.

Teopema  IlycTh YacTHBIE PEIIEHUs OSHOPOLHOIO yPAaBHEHUS

5.3.5 (5.3.4) {y1)(t), y2)(t), ..., yn)(t)} oBpasyror byna-
MEHTAJIBHBII HaGoOp, TOrJa HEOJHOPOIHOE ypaBHe-
Hue (5.3.1) uMeer yacTHOe pelieHHe BUAA

Yy (t) = Z Cr(t) yoy(t) (5.3.9)
=1

rae HemnpepbiBHO auddepeHnupyembie ¢yHKIANA
Ck(t), k = [1,n] onpemensirorcs Kak KBaApaTypbl pe-
IIIeHUil CUCTEMBI JUHENHBIX ypaBHEHU

ya)(t) yoyt) o ym(t) C:H(t) 8
Yy (t) o)) o Yy (t) Co(t) 0
@) de®) . i () Gy || =
0 o o an | 28
(5.3.10)
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JluHeiiable ypaBHEHUs BTOPOTO TOPS/IKA C Te-
peMeHHbIMU KO3 duitmeHramMmn

B GosbimmHCTBE ClydyaeB pellleHus! JTMHEHHOIO YpaBHEHUs C IepeMeH-
HBIME KO3 UIMEHTAMI HE BBIPAXKAIOTCS JaKe B KBaJIpaTypax.

[TosToMy mjist MPAKTUKKM BAaKHBIMHA OKA3bIBAIOTCS KOCBEHHBIE METOIHI,
[TO3BOJIAIONINE JI€JIATh 3aKJIOYEHNs] O CBOMCTBAX TAKWUX PeIIeHuili 6e3 mo-
CTPOEHUs WX SIBHOTO BHUJA, OIPEIETIIEMOro TeopeMoit 5.3.4.

B stom maparpade Mbl OrpaHUYNMCS PACCMOTPEHUEM TOJBKO Geuye-
cmeenHnslr MYHKIUN BEIIeCTBEHHOI'O MIEPEMEHHOr0, UTO IO3BOJIUT OoJiee
MMAPOKO HCIIOIb30BATH HEPABEHCTBA JIJIS OIMUCAHUS CBOICTB pEIlIeHwmil.
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Hampuwmep, ecsin 7j1s ypaBHEHUS BTOPOI'O HOPSIKA
i +ao(t)y =0 (5.4.1)

umeeM ag(t) > 0,¢ € ©, To (COrTacHO M3BECTHON M3 Kypca MaTeMaTHde-
CKOT'O aHAJIN3a TEOPEME) MOKHO yTBEPKIATh, 9T0 npu y > 0 rpaduk so-
60oro 9acTHOrO pemenns Ha {2 6yeT IMEThb BBITYKJIOCTh BBEPX, IIOCKOJIbKY
B 9TOM CJIydae

ij = —ao(t)y < 0.
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Menee odeBHUIHbIE, HO TAKXKe TPAKTHYECKH IOJIE3HBIE METOIBI MOTLYT
OBITH IPUMEHEHBI JJISI UCCIEIOBAHUS Hyael peweHud, TO eCTh 3HAYEHUI
HE3AaBUCHMOI TIEPEMEHHOM ¢, JIJIsT KOTOPBIX UCKOMasi (DYHKIUS [IPUHUMAET
HyJIeBOE 3HaUcHUe.

Hasee Oymem paccMaTpuBaTh JUHEHBbIE OMHOPOIHBIE YDABHEHUS BTO-
poOro nopsijika BUIA

as(t)y + a1(t)y + ag(t)y =0, (5.4.2)

rae dbyskuun ag(t), ai(t), as(t), t € Q menpepoisaO muddepeHUpyemMbl
uas(t) #0.
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VYéenumes, aro ypasuenue (5.4.2) Moxker ObITh NPHUBEIEHO K BULY
(5.4.1) npu oMoy JMHEHHON 3aMeHbl nCKOMOi dyHKImu 1o Gopmyste
y(t) = p(t)u(t), toe u(t) — HOBasi HemsBecTHAs (DYHKIWS,

p(t) = exp —1/ a1(s) ds | . (5.4.3)

HeiictBurensHo, ecu B ypasaerue (5.4.2) moxcrasuts y(t) = p(t)u(t), To
MBI TIOJIY TUM

(azpii + 2a9p 0 + agj)'u) + (alpu + alpu) +appu =0

nJjim
aspii + (2a2p + a1p)t + (agp + a1p + agp)u =0,

TO €CTh MOJYYaeM yPABHEHHE, HE COMEPIKAIIEE CIAraeMoro C 1, MOCKOIb-
Ky BblOpannas 1o dopmyse (5.4.3) dyukuus p(t) yuoBierBopsier Jerko
IIPOBEPSIEMOMY PaBEHCTBY 2asp + a1p = 0.
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