asa 1

3asucumocTb peweHunsa 3aaa4n Kowm
OT UCXOA4HbIX OAAHHbLIX N NMapamMeTposB

1.1.

p p sajaun
Koumn or MCXOAHBIX JIAHHbIX

Pacesorpint sasasy Kount s unddepenuiaisioro ypasiers nep-
BOIO HOPSAKA, PA3PEIICHHOIO OTHOCHTEBHO IPON3BOAION

Y(t) = f(tyt). telto—T.to+T), (1.1)

y(to) = vo- (1.2)
Tyers dyukuns f(t,y) u N

Q={(ty): lt—t|<T, A<y<B}

Onpenenenve 1.1.1. Pewenuest sadavu Ko (1.1), (1.2) na ompesxe
[to — T.to + T) nasweaemes dynwyua y(t) maxas, wmo y(t) menpepvieno
Qubepenuupyema wa [to—T.to+T). A< y(t) < B daat € [to—T.tg+T],
y(t) ydosaemeopsem (1.1), (1.2).

Pemene sanammn Komn (1.1), (1.2) sascir or byukwm f(£.y) n na-
HAIBHONO COCTORINS Yo, KOTOBIE MOKHO HASHIBATY UCTOINUMU JaHHAL
sazam Kom (1.1), (1.2). Kak sapicnr perenie 5Toii 3a1atm o1 msere-
IS HCXOMILIX AAMILLX, T0 ecth ynKumm f(t,y) 1 HAYAILIOro cocTosm
30?7 Tlokasken, 410 HEGOBINIE HINEHENILS HCXOANBIX JANILIX HPHEOJAT K
HeGo/bI HMenensM pemenis sanaun Ko, Takiy 0Gpason., MO0
FOBOPHTH O HeNPEPLIBLOI JABNCHMOCTH pemenis 3azatn Kou or nexoi-
HBIX JAHHBIX.

1.1.1. He or

Aammmix
Teopema 1.1.1. Mycmv dyrnyuu f1(.y) u fa(t.y) nenpepwiense 6 nps-
e Q u filt,y) yo 6 Q yeaosuro Junuua no y,
mo ecmu cyuecmeyem wonemanma L > 0 maxas, «mo
If1(t.y) = fit.7)] < ¥(t.y). (t.7) € Q.

Tozda, ecau dynxyuu y,(t) u yo(t) na ompesxe [ty — T.to + T| aeamomes
pewenusau sadav Kouu
Yi(t) = fi(t. (1)), w(t) = fot.v2(t).
yi(to) = yor, v2(to) = o2,

Lly -3l

Mo uAeem Mecmo uepasencmeo

a t) —p(t)| <
e en O~ 00

< (oo = ol + 7 g 10,0

s Rt espliT). (1)

s zexabi 06 Tt sazat Koum mire-
teayer, «wro dynkumn y (t) u yo(t) swasiorcs pe-
ypasuenuii

IEHISIMI HHTErDAIbHbI:

.
n(®) =m +/f1(ty:(7))rlﬂ telto—Toto+T],

io

.
() =+ / falroua(7))dr. L€ flo— Tt +T).

io

Burirast BTOpOE ypABHeNIe I3 NEPBOLO I OUEHHBAS 10 MOYIIIO, HMEEM
[2(8) = a(8)] < [0 = 02| + /(f. (ron(7) = Falropalr))dr|

o

Borurman n npuGasiasn no suaxos mrerpaa f1(7,yo(7)), noayms

[1(8) = 12(8)] < lyor — voo| + /l/:(m/:(T)) = fi(r.y2(n))|dr| +

i
.
+| fintrann -

Lo(rap()dr|. telto—T.to+T]. (14)

Yeurrusas 1o, wro dynkws fi(f.y) yaosiersopsier yciopmo Minmma, a

TaKKe OuenKy

¢
/\/x(ﬂyz(fl) = (rp()|dr| < T“n;‘ﬁgq\lx(hy) = Lty
o
cnpasemsyo aus seex ¢ € [tg — T.tg + T, uepasencrso (1.4) moxuo
epemicat Tax:

() — ()] < woo| + T max |fi(t.y) —

e Fat.y))+

(Iyor —
¢
+L/|y.(r)—y,(r)|dn telto-Toto+T].
o

Tpmverus x byt [y; (£) — ya(£)| aesny Pponyoaia-Beavana 22, npi

t € [to — T.to + T noayuum nepasencTso

[1(t) = y2(t)] < (Jyor — yo2| + T max_|fi(t.y) — fa(t.y)]) exp{L|t — to|}.
(tweQ

113 KoToporo ceayer omerka (1.3). Teopena 1.1.1 fokasana. o

1.1.2. Teopena cpaprenist

PACCMOTPIIN Telieph BOIPOC 0 TOM, P KAKITX YCOBIIX PeIeRHe OAmofi

sazamn Komm 6y7ter Gomume nan papio pemenino xpyroit sazam Ko,

Teopetbi TAKOIO THIA HACTO HAZLIBAIOT TEOPEMAMII CPABICHILs.
PACCMOTPIN IPANOYTOLIIK

. ={(t.y):
latee Mbl HCIOAL3YEM CIEAVIONLEE IPOCTOE YTBEPAICIIE 13 MATENATINe-

cKoro anaia, npeACTaBIAIONIEE 0G0l OPMYY KOHETHEIX pHpAIeIii
B WHTErpATHHON BiLte.

tg<t<ty+T., A<y<B}

Nemma 1.1.1. Iyemo dynwuus f(1,y) nenpepwona 6 Q. u useem 6
Q. nenpepwenyio wacmuyio npouseodnyro f,(t.y). Tozda daz a6z (t,y,),
(t.y2) € Q- cnpasedauso pasencmeo

ft.y) = f(t.y2) //y(!-yz +0(y1 = y2))db (y1 —y2).  (1.5)
0

Jlokaskent Temieps Teopesy o cpapier pemeniii apyx satat Ko,
KOTOPYIO TAK3E ACTO HA3LIBAIOT Hepacencmeon Tanavzuna.
Teopema 1.1.2. (Teopeaa cpacnenus) IMycmo dypocyun f1(t,y), fa(t,y)
nenpepuens 6 Q-+ u fy(t.y) useem 6 Q+ nenpepwenyo wacmngyo npous-
9,
codnyro %u. y). Tozda, ecau dynnyuu yi(t), y2(t) na ompeare [to,to +T)
¢
seasiomes. pewenusa sadav Kow
{ Yi(t) = filt,m (), {

v5(t) = falt. 12 (1)),
y1(to) = yor, ¥a(to) =

= Yoz,
npuset
h(t.y) > falt.v).

mo cnpasedauco Hepagencmeo
n(t) = a(t),

Adorazameavcmeo. Tax kax dynkuuu yy (1) u y(t) na orpeske [to. to + T)
10 ot
yit) < B i=12mn

(t.y) € Qs

Yo1 = Yoz

t € [to.to+T).

mcbdepentpyenst na orpeske [to.tg + 1], A <
CHpABETNBEO PABEHCTEO

1t = 45(t) = filt, (1) = fot.2(D), L€ [to,to+T).

TIpeoBpasyes IPaBYIO HACTH STOFO PABeNCTEA, HCHOb3Yst hOpY:
1bix npupaenuii (L.5),

(16)

 Koneu-

Filtwn®) - folt.alt) =
= At () = Filtpalt) + At (®) -
for
dy

Faty2(t) =

(8. 92() +0(1 (2) — 92(1))) A0 (32 (1) — (1)) +

+h(ty(0) = Lot ya(1)-
Baezexn obosnatienns

o(t) = (t) = va(t),

1
2f

p(t) = [ S~ (ty2(t) + 0(y1(t) — y2(2)))db,
! %

h(t) = fi(t. 12(t) — fat.12(t))-

Toraa fi(t.y1(t) —

nepenucars TaK:

La(tya(t) =

p(O)0(0) + h(D), 1 pasencrso (1.6) vowiio

v'(t) = p(t)o(t) + h(t), tE€ [to.to+ T)-

Pemenie 51010 Jmnieiinoro uibdepenmaibioro ypasiens 1epsoro mo-
PAiKa ¢ HauAIbHBIM yeaoBueM v(fo) = yo1 — Yoz MMeeT BIL

.
. .
o(t) = (yor —oa) exp{ JECE }+ / expf Ireie i)dr, ¢ € lto,to+T1.

Tak Kak 13 yC10Bi TEOPEMLL CACAYET, 1T

yor —yo2 =0, h(t) =0, tE€lto,to+T),

o
() = yi(t) — pa(t) 2 0,

1t reopesta 1.1.2 jokazana.

t € [to.to +T).

o

1.2. BaBucumoctsb pemenus 3agaun Kowmm
or napamerpa

B srox naparpace bt pacesorpus azaty Kown s andeperu-
A1LIOTO YPABICILIIS IEPBOTO HOPSLLKA, PA3PELICIIIOTO OTHOCHTE:IbIO POIL3-
BOANOI, B KOTOPOIi IPABAS 4ACTE YPABHEHIS 1 HATAJIBIOE YCIOBHE 3ABHCST
OT NapaMeTpa {1, I BBISCHIM NPH KAKHX YCJAOBHSX PelIeHHe 3TOil 3aatin

Ko Gyer " 10
Obosmavn
Qu={lt.y.p): |t—t|<T, A<y<B. m<p<m}

Tlyerss dhynkws f(£,y, 1) onpesesena na siosectne Q. a dynkinst yo(p)

onpeseaeita 1a oTpeske [jir. jiz).
Paceyorpiny sazaty Kou
¥t = flt.y®).p). tefto—T.to+T]. (17
ylto) = o). (1.8)

Tax KAK UpH PASIIMILIX SUAUCHILSX HAPAMETPA 1 Mbl Gy NOAYIAT pas-
“uramie pemens saza Kown (L.7). (L8), 1o, oeriaio, uro peueie
5TOii 3aJa%H 3ABHCHT He TOJILKO OT IEPEMEHHOii £, HO i OT napaMerTpa fi.
B cwsan ¢ st aaee pemene sazarm Kown (17), (L8) bt Gytent obo-
suauars y(t. ). TIpn Kaxux yezaopusix pewenie sazam Kou y(t, ) Gyaer
HenpepiBiio 10 napayerpy pi ?

1.2.1. He
or napamerpa

sazaun Koum

Teopema 1.2.1. Mycmo diynnuus [(t,y. ;1) nenpepwona 6 Q,, u ydosac-
maeopsem 6 Q,, ycaoswo Junuiuya 1o y, mo ecmv
[£(t g, ) = f(t.y2. )| < Llys = gol, ¥(tyn, 1), (8 g2, 1) € Qu,
a dynwuun yo(u) Henpepwena na ompese [jiy, io].
Tozda, ecau y(t, ) - pewenue sadawu Kowu (1.7), (1.8) na ompesxe
[to — Tuto + T) dan ecex j1 € [y, o], mo dynrun y(t, j1) nenpepuena no
ponput € [to—T.to + T, p € [pr. p2].

Jlowasameancmeo. Tlo yeropmio pemere saxasn Komn y(t, 1) cymecrnyer
s seex £ € [tg — Tito + T, pu € [pr,po] m A < y(t,p) < B s seex
t € [to— Tito+ T). p € [p.p2). Tlyers po m pro + Ap e npomspos-
e TouKH OTpeIKa [jiy, fiz]. Pacexorpin pemen saxamn Kom y(t, jio)
u y(t. pto + Apr), coorsercry; STinM 3 A Buesten
obosnauenns

y2(t) = y(t. po + Ap),
fa(t,y) = f(t.y. no + Ap),
o2 = volko + D).

yi(t) = y(t, mo),
filt.y) = f(t.y. po).
yor = vo(ko):

JLaas dbyuutit y (1) u y2(f) phinoenst yetosis teopesst 1.1.1 0 nenpepuin-
nofi sapuciocTn pemenntst satas Kow ot nexoanix gamiix. Tpisertsist

STY Teopeaty, Ho/Iy I

|y(t. o) = y(t. o + Ap)| =

telto o+ 1]

- +T max t,
< (o = vonl + T max [13(0.9) ~

et o 110 (0] <
Falt.)l) exp{LT} =
= (Ion0) = womo + Ap) 1+
+T max [7(ty.m0) = f(t.y. 0+ Ao ) exp{LT}, (1.9)
(ty)eQ
e Q={(t.y): [t—to| <T. A<y<B}.
Tlokazke, 110 13 (1.9) caeayer b Gy

(t.j1) B T0Ke f1g. TlyeTs £ — NPOU3BOABHOE HOOKITEBHOE We:10. ToKa-
e, uro naiiaercst §(c) rakoe, uro s seex t € [to — T.to + T

ly(t. o + Bp) = y(t, po)| < & (1.10)
upu |Ap| <) -

aK Kax nenpepibias 1a orpeske [ji, 2] by yo(j1) pasnonepno
HeNpepHIBIA KA STOM OTPeIKe, TO cymecTayer b (2) TaKoe, 4ro
wolpo)| <

[yo(Ho + Ap) — (1.11)

Zexp{LT}

upn [Ap| < 61(6) -

aK Kak as na MKHyTOM AHOMecTBE Q)
byt f(£,y, ) PABHOMEDIIO HEMpEDLIBIIA 1A STOM MHOKECTE, TO CyIe.
cryer 63(c) Takoe, uTo s mobwix t € [tg — T.to+T| ny € [A, B]

| £t y. o+ Ap) —

f(t.y.po)| < (L12)

T exp{LT}
upn |Au| < ().

U3 nepasencrs (L9), (L11) u (L12) cieayer, uro upn |Ap| <
5(c) = min{5,(). d2(c)} cupaemzo uepasencrso (1.10), koropoe odua-
waer nenpepuiiocts dyukumt y(t, p) no . Teopexa 1.2.1 xoxazana. O

3ameuanne 1.2.1. B meopee 1.2.1 gaxmuuecsu doxasana pasnosep-
nan na snoscecmee [to—T . to+T)x |11, j1a] Henpepwerocmy pewenus sada-
wu Kowu no napasempy j1. Omeroda nempydwo noxasams, wmo dynxyus
yl(t.p) no (t, 1) ma
lto = Toto + T] x [, pa -
1.2.2. lncepenmmpyemocts pemenns saza<n Ko
1o napamerpy

Tlokazex Tereph, “To NpH ONpeeICmIbIX YetomsX, pemente yi(t, /1)
saan Kot (1.7), (1.8) Gyter aucdepeniuipyexsit 1o napaserpy .

Teopema 1.2.2. ITycmv dynwyus f(t.y. j) nenpepusna 6 Q,, u useem
6Q,, nenpepuonme wacmmme npoussodnwe f,(t,y. 1), fult, v, ), a fynwyus
o) menpepuono dudepenuupyesa na ompesxe [jy, pz).

Tozda, ecau y(t,p) — pewenue sadavu Kowwu (1.7), (1.8) na ompese
[to — T.to + T] dan ecex p € [py. pa], mo dymnuua y(t.p) useem npu
t € [to— T.to +T], p1 € [p1, p2] mpouseoduyro no pi.

Joxasameancmeo. Tlo yexosmo pemene sanasn Koun y(t, 1) cymec

s seex ¢ € [to — Toto + T, p € [paopa) w A < yltop) < B s peex
€ [to— T.to +T), pp € [p1.pr2). Tlyers g m g + Ap e nponssosbubie

TouKn oTpesKa [jiy, ). " St

pemenus sazaun Kouwns y(t. 1) w y(t. pr+ Ap). Onpesemnt dynxumo

yltp+Ap) —

y(t. 1)
A ’

ot Ap) = telto—T.to+T).

Tax xax ymxunt y(t, o+ Apr), y(t. ) swisuoTes pemenus ypagnens:

(1.7) ua orpesxe [to — Tto + T) 1pit COOTBETCIBYIONUIX 3AMCHIAX NAPa-
Merpos, To

Syt p+ Ap).p+ Ap) —

Syt 1) 1)
A :

o't Ap) =

(1.13)

TIpeoGpasyen Bhipaskeliite, Crosilee B Npaofi ACTIL STOTO paBeHcTBa

Syt p+ Ap),p+ Dp) = [(ty(t ). ) _
A

m
_ Syt p+ D)+ D) = f(ty(t ), o+ Ap)
A
" Syt ). p+ Ap) — /(/uy(/r-/xL/l)»

Ap

TIpisicitns opaiyty KORewIbix npupaeritit (1.5), oy

Flty(tp+ Ap).p+ Ap) = f(ty(tp), p+ Ap) _
A B

(t i+ Ap) —
Y

)
- /f,,(r. Ut 1) Oy (. i+ Dgr) =y (t, 1) it Aga) -2 ytp)

0

Breaen dymxuum

plt, . Ap) = /fy(f- Yl ) + O(y(t. po+ Ape) = y(t. p)). pu + Ape)df,
]

I/

n+Ap)
Ap

St y(t ).

qlt. . Bp) = ).,

Vunrbisasi cienannbie 0Go3HAUCHIS, HMEeM

fty(t,p+ Ap), e+ Ap) — f(t, yl
An

(t ). ) _

= plt, . Aot . Ap) + g(t, . Ap).

Tloactaasis 910 pasencrso B upasyio wacts (1.13), noaym, w10 bynk-
s vt + Ap) ssasercs
YpaBHeHusi epBoro nopsiika na orpeske [ty — Tt + T]:

V(b s Ap) = plts 1, Ap)o(t 1, Apt) + qt. 1, Ap). (114

113 onpesesenus v(t. 1, Ajr) CIEAYET, 410 O YIOBICTBOPHET HAYAILIOMY
yeaosiio
Yolp+ Ap) — yolp)

V(to 1 Ap) = “ (1.15)
Pementte 3azarn Ko (1.14), (1.15) mveer su
§ _ woln+ Bp) — yo(p) f
lts Apr) = A r‘xp{;[ P& . Ap)dE }+
H t
+ /q(r. 1 Ap) Exp{ [ P&, p Ap)dg }47 telty—T.to+T). (1.16)

io

Tan Bovais L1
o
Jokasatn, o dymws v(f, i1, Apr) mveer npexe upn A — 0. Hokazest,
“1t0 cymectsyer npezea npasofi uacti oyt (1.16) upi A — 0.
Tax kax dyukwst yo(p1) nenpepuisio uddepennupyesa, 1o

Yol + Ap) — yo(p) ’lﬂ( )
A dp

Hatiztext npezien cymmmn p(t, 1, Ar) npn A — 0. 13 nenpepsisoctn
Q. mactnofi fytoyo) n by p(t, . Ap)
caeayer, o

. _of
A{l}gﬂp& wAp) = W(t y(t.p). )

pasuonepno 1o (t, u) € [to—T.to+T]x
npoussotoit f,(t, y, 1) uveext

{141, 12). T3 cymectnosans wactnoft

; _or
A q(t, . ) = w‘(?« ylts ), 1)

nasa 2

Teopus ycToiiunsocTun

2.1. OcHOBHbIC HOHSITHS

B reopimn sonpoc o perenis sa-
s Kot st ,m(bd)epenuua./lhuom VPABHENIIS LI CHCTEMBI OT 3AJAl-
HLIX 1M £ = f) NAYAJLILIX JANHBIX Ha GECKONEUHOM HPOMEIKYTKE H3Mere-
s nesasuciMoii nepenmennoii ¢ € [to; +0c). danee Ges orpanmyenis obui-
nocri nonaraent £ = 0.

Mpumep 2.1.1. Hecacdosamn sasucusocmy pewenua sadavu Ko

om nananvnozo coemosnus yo npu t € [0;+00), 2de a € R — napasemp.
Pemmenme saam Komn naxoares 1o dopuyae y(fiyo) = yoexplat}

(e, puc. 2.1).

as a < 0 mveem

1y(t:90) = y(t: )| = lyo — Yol exp{at} < |yo — Go| — 0
upit yo — o — 0 pasioyepio 1o ¢ >
t— +o0.

Jlast a = 0 uveext

0, npusient [y(: yo) — y(t: §o)| — 0 npn

ly(t:90) = y(t: 3o)| = lyo — Go| — 0

upn yo — o — 0 pasnoepuo 1o ¢
t — +o0.
T a > 0 mueen

2 0, 1o |y(t;yo) — y(t: o) = 0 npn

[y(: 90) = y(t:50)| = lyo — Tl exp{at} — +o0, t — +oo,

TO €CTh TPACKTOPHI HCOIPAMNITCIIO PACXOAATCH KAK Obi GAI3KIL oMt it
GLLI B HANALIL MOMCNT BpeNeIL.

y(tiye)

Puc. 2.1. K npinsiepy 2.1.1: B mrerpaibibix kpusbix pemenits saam Koun
y(t:yo) = yoexp{at} » sanncusoctn ot a.

B roske Bpetst 413 1060ro Koneunoro T > 0 HMEET MECTO Henpepuisias
3ABIHCUAMOCTL O HANAILILIX AambX Ha Beet orpeske [0, T

max |y(tyo) — y(t: jo)| <

—Jole T} -0
a vo — Bol exp{la|T}

upn yo — o — 0. Taxun o6pazon, npi onpeetemu yerofimupoctu na
GeCKOICHIION IPOMEAYTKE BPCMCIL 11EO0XOIMO GO/1ee TOUIO YHITHIBATY

pastioviepio 1o (4, 1) € [to — Toto + T] x [, iz]- C. npesen

upasofi uactn popayast (1.16) cymecrsyer, u nepexomst & 31ofi dopaye Kk

npese:y pu Ay — 0, noayuin
ay

g tow) = Jim ot A = G0 exp{r{ &€ ).+

+ [ et e ] 6. mdelar. (117

Teopesa 1.2.2 aoxasana. o

o

Bseaen obosnauenne 2(t, 1) = == (t. 1), a wepes z'(t, p1) obosnarmy npo-

im3eoyIo =(t, 1) 10 nepexenofi £. M3 dopaiynt (1.17) caeayer, uro dyik-
wtst (t, 1) sasieres pemenext 3z Kount na orpesxe [to — T o + T

oty
o(k)-

2tp) =
(to.n) =

Yyt 1) )2t ) + fulty(t ). ), (1.18)

(1.19)

1.2.3. Mertoa manoro napamerpa

Bo MHOTIX C/IyHIasiX e YAAeTCst SIBHO Bhillicats pemerie 3aan Ko
y'(0) = f(ty(), ),

Juist Beex ft € [py. pia], xoTs1 1pu mekotopom 1 = fig € (juy, fiz) oHO HAxO-
JUTCS OTHOCHTEBIO JIerKo (1anpunep, Korta bymkims f(t, y, jio) munefino
sasucit ot ). OBosniany 570 pewente epes u(t). Toraa uo(t) = y(t. jio)
smaserca pemeniext sajaun Ko

() = S (2, uo(t). po).

(1.20

y(to) = vol)

tg(to) = yoltto)- (1.21)
Byaen npeanosarars, 4ro pemere uo(t) sazaun (1.21) kaxm-mGo
Cl10cOBOM yrKe Haiideno, I NOCTABIN 34y HAXOAICHIS npUbAUINCENHO-
20 pua pemerst y(t, j1) 3axamn (1.20) 0pi Beex ji, AOCTATONHO GIIKIX
K fto PR BLIOHCIN yCoBii Teopest 1.2.2. B ey 5Tofi Teopeatsi npi
Kaion £ € [ty — T.to + T) pemene y(t, 1) nenpepbinno cdepenupy-
MO 10 IApaMeTpy Jt B OKpecTHOCTH fio. TIo3ToMy cipaseaiba (oPMy:Ia
Tetiziopa (c newTpoM B j1g) ¢ ocraToumbi “wenoM & dhopye Hearo:

+o(p — po)-

y(t. 1) =yt po) + %}jm(u = o)

aylt,
BAsHo OTNETHT, TO A7 BbrT ’( )

coterst npomssomioli uy (1) =
e mysno suath pemene y(f, 1) UPH Kakux-1G0 IAteHIsX napaue’rpa,
onmrILIX 0T f1 = jig, nockombky coracio (L18), (1.19) dymkuwus uy (1)
smasierca pemenient saza Komt

(1) = a(t)ur (t) + (), w(to) = yo(p0) (1.22)
i i Ab1OTO ¥ c pep
nasn KosdpumenTas
a(t) = fy(t:uo(t), o), b(t) = fu(t, uo(t), po)-
B pesy/IbTaTe HPHXOAUM K ACHMITOTINECKOMY HPH JL — fig — 0 1pes-
Ccramaeniio nckosoro pemenis y(t, 1) sanamn (1.20):
y(t, ) = uo(t) + uy (t)(pr — po) + 0(p — o), t € [to —T.to +T], (1.23)

rae dymcun ug(t) 1 uy(f) naxossres w3 sazan (1.21) u (1.22). Tosrosy

crasaentie y(t. 1) ~ uo(t) + us (£) (11 — o)«
o Bbme nponeayp

ant verona waioro

(1.23) BhiscinTs, ocnoBmbe Ka:

ro pemens y(t, o) B

n pewenuii 1 peefi noayupsofi ¢ > 0.
2.1.1. OCHOBHbIE TIOHSITHS TEOPMH YCTONMBOCTIH

Paccyorpmy sagay Kot 113t nopyaabioit cietess audeperumat-

HBIX Y 1HepBOro HopsLAKa IB10 HCKOMOfH BeKTOp (YK
7() = w10, 1(1)..ya(8) T
dy(t o .
B0 F,50), @1
(o) = Yo. (2:2)
rae
Ft.9) = (W9, ot D) o657, To = 010320, 9m0) -
10 aro fi(t,y) n BMecTe ¢ uacT-
s npoussoansis 9f;(1,7)/dy; na suoxectse
= [0, +00) x R"
anst peex i,j = 1.2,....n. Toraa no Teopese ?? o cymectsobamimi it

caunerpenoct pemenst 3atan Kouun s 1i00biX Hatabibix A
T € R cucrena (2.1), (2.2) mveer na nekoropos orpesie [0, T) eamicreer-
Hoe perene F(f;Jy), B 0G03HATSHII KOTOPOIO OTPAZKEHA 3ABHCHMOCTE OT
HAtATbHOTO cocTosst Jo. Ecan e b matanbhon yexopmi (2.2) Gepyt-
5 HauAIbIbIe AaniLe o, TO C peuerie Kak

. no\1/2
5(t: 50)- Betoay mue |7 = (z ;,]2) 0B03HAACT EBKIIOBY HOPMY Bek-
S
Topa §= (Y1, .-, yn)T ER™.
Onpegenenve 2.1.1. Pewenue () sadw Koun (2.1), (2.2) na-
M 10 . ecau dasn awobozo = > 0 cy-
weemeyem 5(5.;,(,) > 0 maroe, wmo das A06WT HaNaHUT darruT To
ydosaemeopsousuz yeaosuro o — Foll < 8(2.7o). coomeememeyrousue
wenus G(t:§o) sadavu Kowu dan cucmenn (2.1) cyusecmeyom das ecex
t = 0 u ydosaemeoparom nepasencmey

[5(t:50) = T(t:To)| < &, ¥t € [0,+00). (2.3)
B npomuenos cayvae pewenue §(1:Jpy) nazweaemes neyemoitwuevin no Ja-
nynosy.

Baver, 410 Hepasenctso (2.3) A0KHO GLITH BLIIOJHENO cpasy s
Beex { > 0, 109TOMY BMECTO (2.3) MOAKHO HCHOIL30BATS TAKAKE HEPABEHCTEO
sup [[F(t; 5o) = F(t: Ho) | <=

0
Onpenenenve 2.1.2. Pewenue F(t:7y) sadavu Kown (2.1), (2.2) na-
i L ecau ono | no
Jlsnynosy u cywecmeyem 8o > 0 maxoe, «mo das A0GWT HaNaAOHUT Jan-
nw G, ydosaemsopmousu yeaoswo [Jo — Toll < b0, cyusecmeyem npedea

im0 70) = 5(6570) | = 0. @4

B nonsTHA Y I
ILToCTPUpYIOTCs: 1A pic. 2.2

Mpumep 2.1.2. B npuepe 2.1.1 pewenue y(t:yo) = yo expiat} acusn-
6o npu a < 0, yemoiirwueo (ne ) npu

a =0, neyemoivuuco

npua> 0.

OCTATOUHOTO 'wlena.

Mpumep 1.2.1. Tloay

pewienu sadowu Kow

€ TOYHOCTBIO 210 caaraembix 0(j — fig) cnpaseanso upubmokennoe npex- | Yz Y21
coboii Bapi-
¢ nomouwio
ie 1 .
nocri nosexerst pemertist y(t, 1) upu MAIBIX £ — fip 1A OCHOBE H3BECTHO- " g-g(t)l <=
po-
W3BoAMLIX HepBoro HopsKa. f (¢, Y, ;L) n /,l(r o). Ecan f(t,y, ) wveer [ O t 0 t
HDOISBOITBIC 10 § 1t /1 BHICIIIX NOPSAKOB, TO 1t pazioserite (1.23) Moziio a 6.
VTOMHIITS 1 OIS NPHG/IAeHIe ¢ G0lee BHICOKIIM HOPSLIKOM MATOCTI!
Puc. 2.2. K pe-
npu g — 0 . mennsa (1) = §(t:Jo): N o
a. B ciIyuae yCTONMMBOCTH MHTErpasibias Kpusas pemenns j(t) = F(t; o) maxo-
Aurrcs 1 e-1pyGke mrerpabioit kpupofi pemenns (1) (|7 — 7(1)] < <, ¢ > 0);
6. 5 cayuac lgt) - 5l — 0

¥(0) = y(6) + 3uy*(6) + p*t, y(0) = exp{2u}.

Heescto =0, 1o = 0, yo(p) = exp{2p}. yo(n) = 2exp{2u},

Sty ) =y +3uy" + 12t fy(ty,p) = 1+ 129", fult,y,p) = 3y + 2ut,
J(t5.0) =y, fylt.9.0) =1, fu(t.9.0) = 34", 10(0) =1, y(0) =2

Coenaeno (1.21) npu i = 0 fynryus ug(t) = y(¢,0) seasemes pewenucs

3adavu Kowu
uf(t) = ug(t), up(0) =1,

pewenue xomopoii acexo naimu: uo(t) = exp{t}. Hosmomy
Fy(tuo(t).0) = 1, fu(t, ua(t),

Badava Ko (1.22) das uy(t) npunusaem oud

0) = 3exp{dt}.
uy (1) = uy () + 3exp{dt}, uy(0) =2

w wneem peusenue uy(t) = 2exp{t} + exp{dt}. Tozda 6 cuny (1.23) useem
weemo pasaoomcenue npu i — 0:

y(t. ) = exp{t} + (2exp{t} + exp{4t})u +o(u).

npi t — 400,

2.1.2. PeayKusi K 3ajate yCTOMMMBOCTH HYICBOTO DelleHHs:

B cayuae J(1,0
uyitenoe peweitie §

= 7 sazaua Koum (2.1), (2.2) mueer

it eri o Jlsimynony u acunTo-
THYECKOIT y(‘mﬂ'umo(‘rﬂ 151 9TOTO BAZKHOTO 15l AAJIbHEFIIIero H310/KeHns
cayuas.

Onpepenenue 2.1.3. Hyaccoe peuwenue (1:0) = 0 sadavu Kou (2.1),

. fiuenM 1o ccau das 1106020 & > 0
cyweemayem 5(<) > 0 maxoe, wmo das 06w navatvnus dannw jo,
ydosaemeopswouguz yeaoswo ||jol| < 8(c). coomeememeyougue pewsenus,
F(t:3jo) sadavu Kowww das cucmesw (2.1) cywecmeyiom das ecex t > 0
u

a0l < (25)
B npomusnos cayuae yaceoe peuleuc MaIMGACMES HeyCmO UG 10
Janynosy.

Vit € [0,4+00).

Onpegenenme 2.14. Hyacaoc peurenuce (1) =
(2.2)

sadavu Kou (2.1),
, ecau ono yemoii-




w60 no Jlanynosy u cywecmeyem 8y > 0 maroe, wmo dan aobuz na-
v dannens o, ydosaemeopaousuz yeaosuo |[ol| < do., cyusecmayem
npedea
tim_ |5t 70) | = 0. (26)
Tpobaenty yerofimmoctn pemenns F(t: 7o) aaam Komm (2.1), (2.2)
MOANO CBECTI K anAON IOl Ipodiiene 1 ny:tesoro pements. Ilepeiiztext
or ccreni (2.1) K HOBOIi CHCTeNE, BEEA HOBbIE HET3BECTHLIC

(1) = 9(0) = 7t To)-
Tax xax F(t) — pewenne (2.1), 10 1131 T(£) nmeent

) _ ) _ 5T _+ enta ) =
T =T - T - Fasg) - T a(70) =

= F(tE(t) +5(t:T0)) = F(E:7(6:70))-
Taxinn 06pason, BekTop dynKIus F(f) ABIHETCH PElIeHIen CHCTeMbI

M

= F(t:7(t) + 9(t:)) = F(t:7(t:70))-

Peuenne 7(t:9) srofi cucresiut ¢ ostext F(0)
pasito my:tio:

er pemeniio

BBIM HAMATBHBIM Y

F(t:77) nexoanofi cnerexm. Hpmmmias o prmvarnie Bpie-
upn anase y . KAK 1IPABILIO, OIPAIINBAIOTCH
HCCIEIOBAIIEN YCTOMMUBOCTH HYJICBOIO PemieHsi.

Oboamaring p = max Re Ay < 0. BHOCe 1 3aIKCHPYeN HACTOLKO

wmazioe 5 > 0, 4robbi

a=p+y<0.
Tora coracno acti 2 gexwni 2.2.3 naitiercst koucranta C, TaKas, to
cpase;TBa OtenKa

|Z;(t.0)] < Cyexp{at}, t=0.
B ey aesamt 22,1 ¢ B(t) =

(2.9) caeayer ouenka

Z(1,0), b(t) = C explat} n F(t) = Fp w3

TIyers, Gyt f, (§) ABaAAb HEHPEpLIBHO Apeperiipyesb 5 HEKo-
Topoli okpectHocT Hatata koopumat. Tora uneer Mecto npeicTapiene

@) = A7+ R@), (2.12)
rae
R() = ol|7l)-
Hanoiiy, 4ro yeiosie R(7) = o([[7]) osuauaer, uro
Yo>0 3p>0: |7l <p = [[R@| <ol (2.13)

Nemma 2.3.1. Iycmo sunoaneno yeaosue (2.12) u ece cobemacnme

7Ol < nCy exp{at}goll- anavenu sampuyn A usicrom ompuyameave ceujecmaene vacmu:
. 3 _ N
Ecan nosowts 8() = 5. 70 w3 nepasencrna [[7ol| < 4(2) Gyzer Re <0, Yk on.
nC,
suirexarn nepasencrso [F(t)]| < & s veex t > 0. A Kan | Tozda S0 >0 upy > by > 0 marue, wmo awoboe
caeayer u3 exp{at} — 0 upu | pewenue G(t: 7o) sadawu Kowu
o

t— 400,

2.2.3. Teopema 06
CHCTeMBI ¢ HOCTORHNbIMI Ko buIIenTaMI

Teopema 2.2.2. ITycmn
e sampuup A nenoaoxcumevir,

wacmu ecex ana-

o P Re A, <0, Yek=1,..., n
2.2. HYJIEBOTO P
CHUCTeMBI C bbb u Snavenus ¢ nyaceoii ceusecmeennoii a-
cmvi0, nputes wasncdozo
Re A= c e

B aannom cucre-
M OBBIKHOBEHIELIX A pePENIUIATLHEL YPABIEIIIIT ¢ HOCTORMIbIMII Berite-
crpemmim kosdpimuernaym

o5l mmeiinas

(aij), aij €R, i,

Toeda nyacace pewene 3(¢;0) = § cucmenn, (2.8) seasemes yemoiisu-
6wt o Janynosy, wo ne acusnmomuiecu.

T JOKA3AIIL TEOPEMBI 06 )
BOCTH M HeYCTOHYHBOCTH

2.2.1. Benomoratesbibie yTnepsaeus

Vo
= A7,
Z(t.0) = Y(1)Y "' (0)
7. B 3aBIHCHMOCTH OT CHOICTH MATDHI
yeroitu- |or t>08 cayune. [l neex saementon
€BOrO pellenitst STofl CHCTeMbI. Yij(t) s i MaTPHIBI,

¢ orpinaTe Bl BelleCTBeION YACTbIO, ANATONIIO Teopexe 2.2.1, cipa-
BeIBa OleIKa

T _ xy+ Ty, 500 = 7o @1

20e ||| < do. ydoeaemeopaem nepasencmey
17(t:70)l < po
das scex t = 0.

Joxasameavemeo. Criavata yoeumes B Tow, wto pemente (L o) 3ata
Koun (2.14) ¥ HITerpAILIONY |

Yo) = Z(f-ﬂ)?qu/Z(f- ) R(y(r: o)) dr. (2.15)
0
Ieficraire:nio, obosnatan
F(t) = R((t: 7)), (2.16)

b B, wto Gt §o) Abastercs pemenen saxaun Ko as mmedinof
Heo/0po/oil cucTeb ¢ npasoit actbio F(t)
O _ o DT w0) — 3
~a = AO+F@D). 70) =T
Tlo hopuiyte (??), yeranowsenoit b cieactnin 22 K Teopeste 77, pemernie
sroii sagaun Kount mveer s
'
(1) = Z(t.0)y "+/ZirT“
0
Vunrsisas Gopayay (2.16), npuxomnm k (2.15).

Ouernnt craraesbie 5 npapoii wactn (2.15). B ey aea 2.2.1, 2.2.3
ANATOrIIO JoKAzATELCT Y Teopebi 2.2.1 06 acumiToTHeCKol yeTolin-
BOCTH HyJIEBOro pemens ol CHCTeMbI 3AK/T0NACM, 410 nalAyTes e
saucame or o, koncrantsi a < 0 u My > 0 Takue, 4ro cnpasennso
nepasencrao

[1Z(t.0)% || < My exp{at} |7l

AAIONIHIO OUCHIBACTCH NOAbIITerPaIbIIoe Bupazkene 1 (2.15):
[1Z(t. ) R(w(7: %)) || < Mz exp{a(t = 1)} R@(T:70)Il-

TIpinvertsist Zexisty 2.2.2 21151 OILCHKI HODMbI HHTerPaia OT BeKTOp-y K1,
HPHXOMIM K HEDABeHCTRY

—un —ay2+y3, o(yre) =y — i + o5,

2£(0.0) -1 -a
A= (2= .
Dy; o
Jas nazoowcdenus cobemeennvr suanenuit sampuum A cocmasust Tapax-
mepucmuneckuit snozonaen

Hueest fi(y1.y2)

M()) = det(A — AE) = ( l‘* - ) N 4Ata
Toada cobcmoenme snavenus Az = 0.5(-1 £ vT=a).

Ipu a > 0 useest Redyy < 0. Hpua = 0 uscest Ay = —1, Ay = 0.
Ipua < 0 uscess Ay < 0. Ay > 0. Tawust o6pasost, cozaacno nepsosy
aemody Jlsnynosa, nyaceoe pewienue acusmmomusecku yemoinuco npu
a > 0, neyemoitwuco npu a < 0. Ipu a = 0 nepewii semod Janynoca
nenpustenus.

2.4. VlccaneoBanne Ha yCTOWYMBOCTD € MOMOIIBIO
bynkumii JIsmynosa (Bropoii meros JIsimynosa)

2.4.1. 1T

Onpepenenve 2.4.1. Oyuryus V() : R" — R naswcacmes noaoxcu-
meavno onpedeacnnoi na suosrcecmee Q (0 € Q). ecau cunoanenw cacdy-
tougue doa yeaosun:

LV(@)20,Vyeq;
2.V(@H =0s7=0.

Jlatee AU1st OUPEACICIIOCTH BYA€M CHITATS, 'TO MHOAKECTBO S siBitsieTcst
wapost paiyca R > 0 ¢ LEHTPOM B Ha'ale KOOPAUHAT:

Q={7eR": R}.

7l <

Nemma 2.8.1. ITyemn V(5) - nenpepwenas u nosoocumenno onpede-

aennan wa Q dyrcus. Toeda:

1. das awboz0 &1 > 0 cyweemeyem €5 > 0 maroe, wmo u3 yeaosuit

FEQ, |7l > &1 ewmexaem nepasencmeo V(3) > ea;
2. das 406020 £3 > 0 cywecmeyem 3 > 0 maxoe, wmo u3 yeaoGuit
7€ Q V(7) > e2 eumernaem nepasencmeo ||| > e3.
I TIposezies METOZIOM OT IOTHBIONO.

1. TIDEHOIOKINN, 'TO HEPBOC 13 JIOKASLIBACMBIX Y THCPAKACHILT HEBepHO.
Toraa cymecrsyer €, > 0 Takoe, 410 s 100010 €2 > () CylmecTByer ToUKa
7 rakas, wro &1 < ||7]| < R uV(F) < e2. B ciuly HpOM3BO/ILHOCTI €2 MOKHO
B3 noCeAoBATebHOCT O < g3 — 0, W TOrAA HAfiAeTCH HOCICAOBA-
TEABHOCTL TOUEK Ty, tst Kotopoit €1 < [T, € R, V(7,,) — 0. Tockoabky
[0CI1EI0BATENLHOCT]. 7‘ NPHHAIEAKIT 3AMKILYTOMY OFPANHYEHHOMY MIO-
KeeTBy, TO smsercs

Ui, = ¥ e < |l < A cuay wenpepusnoct V(7,,) — V(5) = 0,
omxyaa 11 neent § = 0. Hporu-
Bopee.

2. TIpE/mONOAII, ITO BTOPOE I3 JIOKASIBACMBIX YTBEpASICHIIii Henep-
Ho. Anajornuno BbILIE pacc) ymecrsyer £2 > 0
‘Takoe, 10 47131 HeKoTOpoii nocesoBaTebIoCTH 0 < £31 — 0 HAliAeTCS 10~
CEOBATEALHOCTD TOUCK Ty, 15 Kotopoii |[Ty]| < £3, V() > €2. B cmay
nenpepuisnocti mieent V(7,) — V(0) = 0, wrro npotusoper npeaiy-
1meMy nepasencrsy. o

[15(t: o) Il < M exp{at}|goll + M / expla(t = )}HR(T:70)lld7, (2:17) | Teomerpireckinii cMBIC JeMMBI COCTOIT B TOM, HTO IOBEPXHOCTS YPOBHs
0 by V( HAXOUTCSH B WIAPOBOM €10, OTPAMIMCHHOM IT3HIYTPI
e M = max{My. May/i). cepoit |[7]| = 3 n cnapyzxu — cdepoit [[7]| = &1 (em. puc. 2.3).
Badukcupyes ey o > 0 HACTOILKO MaIOf, H100b! c 2.4.1. Eeau mouex J, € Q, mo npu
HepaBencTo k— 400
Mo _1 _
TaT <37 Ty — 0 mozda u moavwo mozda, xozda V (g;,) — 0.

s aanmoro o cornacio (2.13) naiizeres po > 0 Taxoe, wwro upn 7] < po
Inveet MecTo orerka. -

IR@)II < oll3ll- (2.18)
Haxontent, 10107

8o =min{ 20 1.

Hrax, putop diry B YCIOBIII TeOPEMEI KONCTANT Gg 1 py 0CY-

Nemma 2.2.1. Myemn B(t) = (bi;(1) — dyrwuuonanvnan sampuya, [¥;;(0)] < Cijexplat}, Ve >0.
aaexerm Komopois acopupyomes 0ok w moi e et ()| o €, nocrommmse, o < 0. Caezonarensio,
[bi; (O < b(t), i.j V(0] <Cyr V0
Eeau  eexmop-gynwyuu T(t) = (21(t).....za()T, Ft) = ’
(12(Or s () consanse coommouentes 5(t) — B()(L). mo enpaged- | 110 YEI0BIO Teopexis, saexientni Yiq(1) bywiaviewraimnofi yarpuis, orve-
o e HAIONLIe COBCTREINLIN FHAUCHIN A = iq ¢ NYIeR0fi BeUICCTBION HACTbIO,
1501 < nb@IZO)l ABIAIOTCH KONIONCHTaN I BeKTOp- by NIUNT 153 By eNTIbIOf CHcrent
pewenii pita -
Hoxasameavcmeo. Tax Kax yj(t z by (Oe(). o, oneman voayan | ¥(t) = hexp{At},
e = (hug. . hat) T~ iii BeKTOp BeKTOpbI
1t upusensist ineext !
U151 TAKIIX COBCTBOUIBIX Suatenii OTeyTCTBYIOT). OMCBILLIO, HTO It B ITOM
n n 8 S1CMEHTL Y ILIAMEHTAIHON MATPILLL TAKZKC OFPAIITICHbL:
()] = 3 bsw(®)] - lza(0)] < b() D lan(t)] < )
kz z [Yia(O)] = lhwa| - | exp{igt}| < Cra, ¥ > 0.
W 12 n 2
Wt 2 . 2(t by rle()]. | Taxm oSpason, nee saenentt dynaventaioit Marpmus Y (¢) orpan-
) (2 E w(t) OVl @l onene Y (t) 1a nocrosmnyio sarpuiy Y ~(0) ocranasier kosd-
F— NaTpIL orp [¢
Bospoxs b kpapar ofe wacti 1oy 1 cysupys 1o n
j= M, IPHXOIM K YTBEPKACHHIO JeMMbl 2.2.1. o 1Zi;(t.0)| < Cyj. Wt =0.
Jlemma 2.2.2. Jlas woboi it nput > 0 eexmop-gy Toraa us pemenitz (2.9) B ety gemyb 2.2.1 ¢ Marpuuedi
7(t) = (n(t).. (£)" enpasedauso nepasercmso B(t) = Z(t,0), pynxuneii b(t) = C = max C,, n Z(t) = P mueer MecTo
. t onerka 'JF
[mee] < va [ imeas. 150 < nClgoll
o ° 113 70ii OUEHKIH CJIeAyeT YCTONMIBOCTh HYICBOIO PeLleHits. -
. I N Tlokazen orcyrerpie acuymroriieckoii yerofiumocru. Tyers i € C*
o irerpata ot pexrop-dy ineest < o .
- Kakofi-1160 COBCTBEIILL BEKTO, COOTBOTCTBYIONULTT COBCTBEIIONY i1a-
¢ . wemtio A = ig, ¢ > 0. Bea orpanmienis ofIUOCTI MOKEM CUITATD, 1TO
/ ()€ = (0, Tn(®) T, L(t) = [y;(€)de, . |l = 1. Bexrop-dhymms
4
0 (1) = 0.560Re hexp{igt}. >0,
Tipi ¢ > 0 cupa ot THBIE
siBasIeTest pemeneN: cicTest (2.8) KAK BOIECTREMIAS TACTS KOMIL o
. £ £ pewenns hexp{igt}. B nasanpiniii moser ¢ = 0 meent
1500 = |fuse| < [1s(@ae < [menae N ;
o J ) 7(0) = 0.500Re Fi, [[7(0)]| < 0.55]F]| = 0.56.
Boseoas B Kpaapar ofe uacti nouy u 10 [ Lt 106010 dg > 0 163 §g-OKDECTHOCTH HYIEBOTO PEMIeIits CTapTyer no-
j = L.....7n, UPUXOMM K yTEEPAKICHILIO bl 2.2.2 O | crpoennoe suume pemenue 3(t), 1o (t) -~ 8 upu ¢ — +00, noCKoMLKY,
nanpimep, §(t;) = 0.56Re h # 0 npu t). = 27k/q, k € N. Bozee npocroii
Nemma 2.2.3. ITycms Y(l; ¢ymia_uenma./wmm sampuya /mm:ﬁnm‘l cnyali q - 0 pacCHATIBICTCN ARATOIO. o
e ay
R.ij=1.....n, A doe. Ay — coﬁcmeenmx& anavenus sampuup. A c L

PR A—— max_ Re .

Tozda dan sampuuanma Z(t,7) = Y ()Y ~1(7) cnpacedausw coomio-

wenus

1. Z(t,7) = Z(t - 7,0);

2. das 06020 5 > 0 naiidemes C, > 0 maroe, «mo cnpacedauco nepa-

sencmeo
|Zij(t.7)| < Cyexp{(p+7)(t—7)}, Vi=>T.
N sBaseTCs MaTp sazaun
Koum
L’ D) _ Azt.). Zinr)=E.
O t-r,7 u moesent oy
Z(s) = Z(7 + 5,7).

Ouesizio, uro

2 AZ(s), Z(0)=

Ho Tor,1a B CIL1Y ¢AUCTROIOCTI Peteris MaTpieinoft saasm Kou cipa-
Bezvumo pasencrno Z(s) = Z(s,0). Bosspamasch K nepesentofi £, noysia-
et Z(t.7) = Z(t - 7,0).

Ouennyt kosmonentt satpmt Z(s,0) = Y (s)Y 1 (0). Tax kax coat-
bt Y IIAMERTATB IOl MATPHIE COCTOAT 113 BeKTOp-chyNKILMii dhymAaNen-
‘TabiOfl cHCTeMBI pewennii, To KoMuonenTs Marpunanta Z(s,0) mmeior
it (e, Teopest

Zi5(5,0) = a5 (s) exp{ A @7

©te A — oo W3 cobeTBemLIX Suatenii, a gi;(s) - MuOrowien crenen
deg gij(s) < n — 1. Jlan moboro 7 > 0 maiiayres noctommmme Ci; > 0
TaKIte, T BHIOMENT HepABEHCTEA

laii(s)| < Cijexp{ys}, Vs>0.

max Redi. 10

Tac s p = s

[exp{Axs}| = exp{ Re As} < exp{ps}.

Venrrmas svn nepanencria, 3 (2.7) noayacs

2.2.4. Teopema o ney
cHCTeMBI ¢ MoCTOSHHBIMI Ko dummenTas

Teopema 2.2.3. [lyemy sunoaneno zoma G odno u3 yeaosui:

1. sampuya A useem anavenue ¢ it Geuye-
cmeennoii wacmvio;
2. mampuua A usicem cofemeennoe snavenue N, maxoe, «mo
Red,, = 0.
npuest omaearo-

We20 Ay, MeNDUIE KPIMNOCTIU IMO20 COBCMGEN1020 FNANCHU.

Tozda nyaeeoe pewenue F(t;0) neyemoiinueo no Jlsanynoey.

Jlowasameavemeo. Tlyers y sarpumpr A mieercss cobCTBenmoe suateriie

= p+iq e p > 0, ¢ > 0. OGosuarumn wepes h = hp + ihy coor-
Bercreyioutii cobeTBennbli BekTOp, e hp, iy — Mmelino HesapHCHMbIE
sextopst 13 R”. Bes orpamienis oGuuocti Moxken cunrats, uto ||
Bekrop-cynkuust

5(t) = 0.50Re hrexp{(p + iq)t} =

=050 exp{pt}(hrcosqt —hysingt), §>0, (2.10)

sipsiercs pemente cictexbi (2.8) KAK BeLICCTBEHNAs 1ACTD KOMILIEKCHOTO
pewenus frexp{(p + iq)t}. B nauatsusii sosent ¢ = 0 meext

5(0) 15(0)]] < 0.58][R]| =

st 1106010 § > 0 113 $-OKPECTHOCTH HYJIEBOr0 PELeIlits CTAPTYeT HOCTpO-
cunoe  (2.10) pemene (t), as koroporo upu ¢ = t; = 2zk/q, k € N,
k — 400 mmeen:

= 0.56TR. .50.

Btx) = 056hmesp{2mkp/a}.  [5()] = 0551l expf2kp/a) — +oo.
Botee npoctoii ctyuaii g = () PaCCMATPUBACTCH ANATOTIHIO.
Ecan y marpuis A mveercs cobersennoe snavenie A = ig, g > 0, kpar-
H00TH KOTOpORO nommpocrpancens,
10 113 106010 6 > 0 cymectsyer pemenue cuctenn (2.8) Biia

7(t) = 0.50Re (g + th) exp{iqt} =

1Zi3(5,0)| < laij(s)] - | exp{Aus}| < Cyexp{(p+)s}, C, = L Cij. =0.50((gp + thr) cosqt — (G + thy)singt), 5> 0,
7(0) = 0.56Re g. |[7(0)|| < 0.5,
Tonaras s = 3 B TH BTOPOIO yT
Jeanbl 2.2. O [rae & = kg + ihy — cobersennbiii Bekrop, § = Gg + iy — UPHCOE b
sexrop, [[g]| = 1. Tocrpoenmoe pemenue F(t) crapryer npm ¢ = 0 w3 d-
2.2.2. Teopea o6 y Aesoro pemenusi, a npu t =t = 2zk/q. k € N, k — +oc
cueTeMDI ¢ eent:
xosppummentanu . . - . -
by 7(t) = 055(@n + tlin). (0] ~ kTl = +c.
ametinyio cucrenty ¢ semme-  Bojiee npocrofi ciysail g = 0 PACCMATPHBACTCH ANAIONHHHO. o
croeminm Kospumentas:
g _ A7 ©8) 2.3. Ucc. HaAy Th IO NEPBOMY IHpU-
t ’ i Gakennio (nepsbiii Meroa Jlsimynosa)

tte A = (a), @ € R, i,j = L...,n. Iyers Ay....
Suateris MaTpiuL A ¢ yHeToM ux Kparioctefi.

An - cobersenie

Teopema 2.2.1. ITycmo wacmu ecex sua-
wenuit mampuyw A ompuyamenvnwi:
Redp <0,  Vk=1l...n

Tozda nyaecoe pewenue G(t;0) = 8 cucmemw (2.8) asasemes acumn-
momusecku yemoiwucua.

Joxasameavemeo. Tlyers F(t) = F(t:

jo) — pementie atas Kount

dy
— = Ay, F(0) =7,

o =A% 10 =7

Tora, HCNONL3YS OIPEteIIelie MATPHIANTA, Pelerie 1o 3A1aM MOKIO
npeACTaBTS B BiLIC

B(t) = 2(1.0)7- 29)

PAccMOTPHM ABTONOMILYIO CliCTeMy

o) _
dt

1@
70 =7.

soe pemente F(t)

Faw). (2.11)

. Mpeanonaraercs, uro

e F(7) = (A1), f2(9).-

Toraa cueresa (2.11) myeer iy 8. 910 pewerne aaee
HeCeAYeTes! Ha YCTONTHBOCTE.

B samo naparpacde n mixe v naparpace 2.4 6 . o
Bee pemeints, upu ¢ = 0 3 nyacuoro
pettients, onpe.ciienst upi uoGbix ¢ > 0. DTOT GAKT 3ABEIONO HMECT MCCTO
., Koraa kommouentt f;(7) upavoii wactu (2.11) yiosrersopsior
yesomuio JTummna a noen npocrpascrae R™ (e reopeny 7). Boawoxarst
TaKOKe 1t APYIIE Mellee Of pAIIITCIbILIE CAY AL,

AL CuiT

wmecrnaci.
Tyers pewene F(t:7y) 3asaum Kouu (2.14) upu ¢ = 0 yiosiersops-
er nepasenctuy [yl < o, toraa [Foll < po. 1 B ety uenpepuisnoctu

pewmenz nepasercrso [[7(t )| < po GyaeT uveTs Mecto Ha HeKOTOPOM
noayunrepsase [0, ¢). Ocracres ybemurnes, uto £, = +oo. Hpeanonaras
TPOTHBHOE, Mbl U151 HEKOTOPOro Konenoro ty € (0,+00) mveenm

[7(t:To)l < po. ¥t € [0.t2).  [[F(ts:To)ll = po-
Toraa b ciny (2.18)
IR@ (o)l < ollF(r:To)| S opo. 0<7 <t

Yeursisas to, uto
= Po
< < —,
I70ll < 40 < 337
b ey (2.17) mees

o
2 expfats} + Mopn / explalts — 7)}dr <
)

po= 7t T)ll <

Mapu

(1-explat}) < ‘;’.

Toiysenioe npoTUBOpeHIe AOKA3LIBACT eMMy 2.

Ecau npu t > 0 eexmop-giynnuua y(t) € Q, mo npu t — +o0

7(t) — 8 mozda uw moavwo mozda, woeda V (§(t)) — 0.

sepa e o nom0-
TeABHO onpesesentas GYHKIIH MOKCT HCHONL3OBATLCH B KAUCCTBE MCPhi
Gumoctin Toukn € R K nasaaty koopumar. Seio, uro nopya V(7) = 7]

SABISCTCH HENPEPLIBHON HOIOAKITebHO onpeseiientofi gynKieli bexTopa
7. TIpUBeCN NPHMCPBI HOIOANTELIO OUPEACCHbIX DY HKIULH, e sBs-
lolIXCst HOpAANIL.

Vy1y2)

Puc. 2.3. 11 coficTs

dymiwm V(7),
= (y1.12)-

Mpamep 2.4.1. @yusigis V (11, y2) = y3+u} Asanemen nososcumeano
i, 1o ne yeaosuro 0an nopami.
Baecme ¢ mes, ee AUNUAMU YPOGHA AEARIOMCR ONPYHCHOCTI.
PR
3 (a>0.b>0,a#b)

Mpumep 2.4.2. Oyrruus V(y.y2) =

Teopema 2 3.1. Myemo dywoyuu f5(5) doancon
navaa

s ace cotematrine smaioin sampuyn A =
wnerom ompuyameavtie Geusecmaenibie wacmus

j=1
(9£(0....0

Rede <0, Vhk=1,....n

&

aseme: "o ne nepasen-
cmey mpeyzonviuna dan nopaes. Junusau yposns smoi Gynryuu A6an-
tomes sanuncy ¢ daunau noayocet, nponopyuouarvIAL a, b.

2.4.2. @ynkuus Jlsnynosa

saany Kol st HOPMATLION CHETEMbI OBbIKIOBEIIIBIX

mo nyacsoe pewenue cucmesw (2.11)
Tanynosy.
Ecau on

A= (2f:(0

natidemes woms Gvi 00HO COGCMGENNOE SHANENUS MATPUH
0)/dy;) ¢ noaoscumeavnoit sewecmeennoic wacmvio:

3neE {An.. A} s ReA> 0,

mo nyaceoe pewsenue neyemoiiwuso no Janynosy.

T Orp HepBOi HACTI TeOpeI
06 yerofitmpocti. Bospaen maiigenibie b 0KazaTeinerne es 2.3.1 Kon-
Crantsi 6y 1t po. Bo3LMEM 113 §)-OKPECTHOCTH 1Y:1CBOLO Pellieiiist IPOUBO:IL-
1y10 HauaBIyIo 104Ky Fo. Toraa 3(t: ) — pemenne sazaun Ko (2.14) 1
COOTBETCTBYIONEro HiTerpaibioro ypasuers (2.15). B ety e 2.3.1
upit ¢ > 0 cupaseamso nepasencrso [F(t:%,)| < po u cornacuo (2.18)
Ineer yecto otenka

IR@(: 7)) < olF(r:To)ll, 7> 0.

Torza b iy (2.17) s peex ¢ > 0 CHPABCAINEO HEPABHCTEO

.
[[7(t: To) || < M exp{at} ([Tl + M”KP(M)/EKP(*HT))W(TZ%)Hdﬂ
0

Vaunoxus na exp{—at} u peeis obo3Havene st cKaIAPHOl ynKi

u(t) = exp{—at}

o)l

UPIHXOUIM K HEPABEHCTRY

.
0< ult) < M7, +Mry/u(-r)d7, t>0.
2

Tpinvensist sesty Tporyosuta-Beanana, nosysaes

u(t) < Myl exp{Mat}.

K CTapbin L ¢ yuerom

la]
Mo<

o<
usteen

17t 70)l <

Mgl exp{ (Mo + @)t} < M|go|| exp{3at/4}.

B Cliily OTPHIATE/ILIOCTI G OTCIOAA BLTCKACT ACUMITOTINECKAs! YCTOM it~
BOrO peueitsi. o

Mpumep 2.3.1. Hccacdyes: yemoiwsocme pewenua (0,0) cucmen

{ dyy/dt = —y1 — ays + 3,
dya/di = y1 =y} + 3.

sucppepenurabibix ypasneriii

(f)

=F5(t), 70) =T € (2.19)
e 7(t.7) = (ll(lvylw--~!/n)~/2(1.y|,u-.yn).--~.fn(1~y|,~-yyn))T, KoM=
nonerThl f;(t,y1. .. ., Yn) OUPEACICIE I HOUPEPHIBIIbI 1A MHOAKCCTEE
[0: +00) x Q.
et
Si(1,0,...,0)=0, j= n, o t>

Sfleno, uro cucrenma (2.19) mveer myiesoe pemene J(1; )

o] 24.2. U noaoKHCU-

meavno onpedeacrnas na @ dymwuus V(j) nazucacmes $ynnyuets Ja-
nynoea cucmeaws (2.19), ecau

(2.20)

2.4.3. Teopema 06 ycroiismsoctn

Teopema 2.4.1. [Tycmv na amoocecmee  cyueemoyem Gynmyus Js-
nynosa dax cucmeawn (2.19). Tozda nyaceoe pewsenue F(t:0) = 0 cucmesun
(2.19) s6asemes yemoiiuewin no Janynosy.

T abioe 21 € (0, R). B ey aest

2.4.1 naiinercs €2 = ea(e1) TAKO, 41O KAK TOLKO s € Q Bhinoaneno
nepasencrso || > &1, 10

V(@) > e (2:21)

Ben 'ly nenpepuisioct ynkuun V(F) 1 uyte s ex(ey) uaiiaercn § =
5 raoe, uto 13 nepasencrsa |7 < & puirexaer oneika

(2:22)

Bes orpamutenis obuHoCTI MOKHO CHUTAT, 410 6 < £1

PACCMOTPIM NDONSBOILHYIO HAATBHYIO TOUKY Fo 113 0-0KDECTHOCTH Hy-
sesoro pememns ([Tl < 8) 1 noxaen, uro npu ¢ > 0 coorsercrByOmEe
pemene F(t) = §(t:Jp) cucremsi (2.19) yiosiersopser nepasencrsy

70 < 1.

TIpu t = 0 510 Hepagencrso suimosneno, [[F(0)| = |7, < 6 <
(2.22) meen

£1, 1 B 1y

Vo) < 3

B cuty nenpepuisioct nepasenctso [F(t)|| < &1 octactes cnpaneymniin
na nexoropoy nosyunrepsaie ¢ € [0:t). Ecan £y = +00, 1o yeroitunsocrs
sokasana. Ecam e st nekoroporo mMomenta f1 € (0, +00) OKakKercs Bhi-

(2.23)

7t > &1,




Puc. 2.4. K soxasareanerny Teopess 2.4.1.

1o B ety (2.21) noaysaen (ex. pic. 2.4)
V(@) > e

Tpimsias 8o pumsame nepaneictso (2.23), meest

V() - V(E0) > & (2:24)
C apyroii croponsl, B city (2.20)
AV FH) _ N~ V() dy; (1) v (3(0)
i ;T o IX; Lit50) <0, teo.n).

Caenosareasno, dbynxuus V(y(t)) ne ospactaer na orpeske [0,#], uto
npornsopesir (2.24).

Takum o6pasom, 10 npowsBO:bHOMY £1 > 0 Haiizeno § = 3(;) Taxoe,
wro 13 nepasencrsa [Tl < 6 shrexaer ouenxa [F(t: 7o)l < €1 A peex
£ > 0, 03HAYAIOMAs YCTOMMNBOCTD HYJIEBOIO Pemlenis. o

TNpumep 2.4.3. Hecacdyest yemoirwusoemo pewenus (0. 0) cucmean
dy:/dt = —y1y3,
dys/dt = ylyz.

v} 21 12) = ule.

A= (0!.( U)) ( 00 )
dy; 00
Hepenit semod Janynosa e, o s A wseem cob-
cmeennve auavenun Ay = Ay =
Hoaoareumeno onpel]menmm Gumwuus V(yr.y2) = yi +yd seanemes
yE cucmemt,

Huees fi(y1.42)

WV (y1,y2)
M

IW(y1,y2)
12 12)+ O

fi(ys Fa(yr2) = 4 (—y13) +493 - (i) =

Cacdosameavno, sunoancno yeaosue (2.20). Cozaacno meopee 2.4.1 ny-
aceoe pewenue yemoivweo no Janynosy.

2.4.4. Teopema 06 acuMmTOTHYECKO YCTONMBOCTI

Teopema 2.4.2. [lyems na smonnceemee Q cyucemeyem dynryus Ja-
nynosa V() cucmesun (2.19), ydosaemeoparouan nepacencmey

[

Puc. 2.5. K soxasaremerny teopesn Ueracsa.
Toka crapropasumas npn ¢ = 0 13 o6mactin D Tpaekropita () ocraetc
1 o10ii o6aacti (§(t) € D). enpase:iso uepaseucrso

)
Tat

Tora dynxuns U(F(t)) sospactaer m, ciezosateniio,

UG(t) > UFy) = 1o > 0. (2.28)
Paccyarpisaenas TpaeKTOpUS e MoyKeT BhiiiTi 13 obnacti D i epes
rpammy To (5 cuty yetosus Ulr, = 0), m wepes rpammuy Te (5 cuwy

(2.26)). Tostony
3(t) € D,

t>0, (2.29)

1t nepasenctso (2.28) pumoaneno s seex ¢ > 0. Toraa B ity nenpepuis-

nocti dpymkin U (1)) TpaeKTopit e MosKer BuiiTi 3a HeACL 3aKiLy-

Toro orpamentoro muoxkectsa D (. puc. 2.5), re
Do={y€DUTGUT.:U(y) > uo}.

Coraciio yciopiio Teopest it B ciuy (2.27), (2.28) 1 (2.29) 115 o

nafizercs o > 0 TaKoe, TO BO BeeX TOUKAX TpaeKTopHH F(t) crpane:
nepaserictio
aUE) o
w2 Bo-

Tlowenno mirerpupys na orpeske [0, ¢] 1 nepexozs K npesesy upi t — +00,
eyt
u@) > () € Do,

“To npoTHEOpeHIT OrpamentocT Henpepunofi dynkuw U(F) 1a 3a-

U(F) + ot — +00,

Puc. 2.6. Vs a — yerofimpiit, 6 — neycrofiumsuit,

sumefino nesacnsbi 1 cocrapsior Gasue » C2. Eean A = Ay, 10 o
MOAIO CYNICCTBOBAIIC KAK ABYX, TAK 1 OAHOIO /HEIiO HE3ABUCHMOLO
coberpentioro pekropa; b cayae o p

e BexTop, muefiio e iii ¢ Tt

TOUEK TIOKOS B Cl1y*Iae HeBHIPOAACHHOM MaTpiisi A (det A#0).
2.5.2. Vaen (A1, A2 € B, At # Aoy A1+ Ay > 0)

Obttee pemerme cncrext (2.31) mveer st

() = ( n() ) e ( ";: )exp(A;f)+C7( ";i )exp{/\;!).

wa(t)
VC1,C2 €R.

Pacesorpint cauata clyuaii, Koria cobCTBeNIbe SHaens oTpuia-
reapint: Ay < Ap < 0. Torja iy1enas ToUKa HOKOS ACHMITOTHYCCKI yCTOfi-
wmpa 10 JIsNyHOBY B mAsBIBACTCH yeTofTBbIM Y310, Dazosbie KpHBbIE
upn t — 400 crpemsTes K ycroftumsomy yaay: y(t) — 6 . Boisicnnm, no
KaKoMy Hanpapieniio basoLie TPACKTOPIH BXOAAT B y3e:1. [Lis 5Toro poi-
HCTIM HPONSBOIYI0

(2.33)

dyi _ CihudieM! + Calughoe™! _ CihunAs + Colighge2 2" 2310

dyz — CihanhieM + Cohaphoe®st — Crhig Ay + CahgghoePe 201" 17

Tax xak Az — Ay < 0, 1o npu Cy # 0 myeest (:% - ;ﬂ pi £ — 450, 10
»

ecth KacaTeabibiii BexTop (asoBoii TPACKTOPI B Npeese KoJUmHeaper
coberpenomy pektopy . Ecant ke Cp = 0, 10
s

F(t)=Cy ( T ) et

Buaun, azonast TPACKTOPHS JACAKUT 1A NPSMOI, 32 1aBACNOF COBCTBEIBIM
BekTopoM Tia, 1 NPHGIIZKACTES K TOMKE HOKOs! it { — +00.
Buisicny asosbix TpaekTopuit npu { — —oo. B arom

MKIIYTOM OFAILIMCIION MIOKeCTRE 03r0My HCxOIOE
e nesepiio. Heycroittuumocts mo JISnylony 1myIchoro pemeris 10kaa-
[a}

na.
Npumep 2.4.5. Hecaedyes yemoitwcocms peuienus (0,0) cucmeats

dy/dt = yry3.
dyp/dt = yly,.

Haees fi(yr.2) = 193, fa(u1.92) = vive.
A (2:0.0) _ (0 0
Dy; 00
Iepowit semod Janynosa nenpusenus, max xax samputa A useem co6-
cmeennvie suauenus A2 = 0.

catytae azoBbie TPACKTOPIIL, OTIMHbIC OT TOUKI TOKOsL, CTPEMSITCs! K Gec-
Koneuno yaasenoit touke. B ety (2.33) npu Ca # 0 miees

dyi _ Cihudie®™ ) 4+ Gohiody  hia

= = —, t——00, (AI—A2>0),
gy~ Ciharh o™ 9§ Cohaghy a=2a>0)
10 ects » y ———
HBAIOTCA NAPALTENBHO BEKTOPY hz Ecan e Cz = 0, To
h
F(t) =0 ( ,:: )e*l’.

1t (pasoBast TPACKTOPIS JICKIIT A NPAMOIL, 31ABACMOI COBCTERIIBIM BeK-
‘topoxt foy. TIpobeseribie BLKIAIKI ILTIOCTPUPYIOTes 1ia pic. 2.6, 1300pa-
RAOUIEN. (paSOBHE TPACKTOPHI 1 CIYae YCTONHON0 Y1, CIpeikit 1a

Puc. 2.10. Doxyc: a — yeroftumbuiit, 6 — neycrofiumsyit.

1 — 00 HOMyUAEM IpeACTABIICHIC
h hi
70 = e (@ () e (12 )espl0 -0 =
= exp{Mt}(Cy ( h“ ) +a(1)).

dyy hiy

Kpowe oro, s (2:34) nerpyuio mwers, wro 510 10 cetn dazonbic

TpaekTopun npu f — +00 CTpemMsTcs K Geu«me'mo :.eu:exmoia TOUKe 1
HMEIOT ACHAMITOTY, 3A1ABACMYI0 COBCTBeIbIM BekTopon hy. Ec ke Oy =

0. 10 F(t) = Cahaexp{Aat}, n dasosasi TpaeKTOpHS JEKUT HA HPSIMOI,
3a1BaeMOIl COBCTBEIIBIM BeKTOPOM T, IPHGINZKASCE K TOUKE OKOs I
t— 400,

Jlst t — —o0 KapTHIA HPOT basosuie T crpe-
MsITCst K Geckonerio yageriofi Touke npi Ca # 0 1 HMEIOT ACHMITTOTY,
sazasaenyto sextopost fip. Ecan Cy = 0, 10 5(t) = Cily exp{Ait}, n da-
s0mas TpASKTOps XeXT 1A MpaAGD, 347ANACMON COBCTDCHILM PEKTOpOM
Ty, upHGIIAKAsCh K TOUKe 10Kos npi ¢ — —00. TIpoBe/enibie BhkIa K
IHOCTPUPYIOTCH PHCYIKOM 2.9.

2.5.6. Dokye (A2 =0 £iw e C, w#0, 6 #0)

TOKA HOKOH HASHIIETCH GOKYCON, CCi NATPIIA A WNCCT KoM c-

1o i€ 3HAUCII ¢ Hel) ; resLuolt 1

ol wactsna. Ilyers i = fiy + ihy — cobersenmuiii sextop ¢ mmefi-
10 T2, or y anavenio A = 8 +iw.
Tora AefiCTBITE b AN 1t MHIMASH HACTH KOMILIeKCHOSIA O BeK10p by
i Z(t) = hexp{\t}
cTeny pemieriii ceTeMbr:
7,(t) = Re=(t) = exp{6t} (b coswt — hasinwt),
To(t) = Im=(t) = exp{dt} (A sinwt + Ry coswt).

yio &b HYIO CHt-

TTosToMy OBlilee BelLeCTBeNIoe PElene HMeeT B
I(t) = Cii (1) + Capip(t) =
= exp{0t}(Cy coswt + Cysinwt)hy + exp{dt}(Cy coswt —

VCTHCF # 0 u promws penoNo;

Cysinwt)hy.

Obosmaasn C =
yeaopuii

rebbl yron ¥ i3

(&} 2}
c’ c’
HPIXOAIIM K PAIOAKEIIIO PElIeHItst 10 GA3HCY, COCTABICHIOMY 13 BEKTOPOB
Fanky

(1) = & (0 + & (n

: s

sing = cosy =

a2

Z‘JV(J fi(tg) < -W(F). YgeQ t=0, (2.25) Paccyompuse gynxuuwo U(yy.y2) = yiys. Myeme D~ upi y &1(t) = Cexp{dt}sin(wt + v'), &(t) = C exp{dt} cos(wt + ),
= doyz cexmopos, omeexaca om cduniinozo Kpyea nepooii u mpemveis xo- Tt HooRHIEABIIX coBCTpennx nasiennil 0 < Xy < Xy Toua io- ) o
opdunammusaw wemeepmasiu, zpanuya Ty cocmoum u3 aewcauuz na ocaz | xop [ . aovapidy IO CINpath, KOTOpAsH it | — 430 CKpy-tpa-
e W) va | OYi wOY; paduyeon. e el estt . 1T 1 . STATCIAIAX coBemmenI St o | C16% 13 0 < 0 (ycroftumna bowses €1(1) 4 E3(1) — 0) w puckpy mwacres
dynmuu. o ersercs na s & > 0 (neyeroitamspii dokye, & (1) + &3(t) — +00). Xapaxrepnoe no-
. - Vi v Besene dasopLix KpUBLIX B c1yuae okyca npuseieno ua pucyie 2.10.
Toeda nyaceoe pewenue (t:9) = § cucmeswt (2.19) sounn-| 2 “‘ ) £ (1) + 2 (5" Y2 b gre) = v ad + yr - b = Tozeatio noMHTH cie/ylollee NPABILIO yaia: (pA3OBbe TACKTODHI BXO- P P yae dpokyca npisey picy
momunecru yemoiusbat. AT B y3e1, Kacasich COGCTBEIIOND BEKTOPA ¢ HAUMEHLUIIAL 10 MOLY-1IO COB- _
=il +v3) = y:m((y; =132+ 2112)%) > 2(12)* > 20° | crpenimin suaveries 2.5.7. Hentp (A1 = +iw € C, w #0)
JIAnyHoRY HY;IEEOFO PRMENns CIeiyer @ > 0. Taxuac ofpazon, cunoanenu ycaosus meopeatst

13 Teopestin 2.4.1. OctaeTea A0Kka3aTh, o A1 pemenis () =
sazamn Komnt (2.19) srimoamero

o)

F(t)—8 upn t— +oo,

eCa1It TOBKO T HAXOMNTCS B HEKOTOPOIi OKPECTHOCTH HYIIeBOrO PelieHIts.

npu yeaoouu yyys >
2.4.3 ¢ B(a) = 20°, u nyacsoe pewienue neyemoiiwueo no Janynosy.
2.4.6. YcTOiiMMBOCTD TOUEK TOKOs

Touka 3, € R" ToUKOl 1oKOst (;
cucrent

U3 sokasatenscrsa teopestst 2.4.1 phitekact TpackTo-
pitit (). HOCKOJLKY OHA IPIHALIEIKUT €1-0KPECTHOCTIE HYJICBOTO PElICHIst.

Tostoy i ynkus V(§(t)), swassics cxansproii ynkiedi aprysenta £,
OrpanIena CIII3Y I He BO3PACTACT GATOIADS HCPABCNCTEY

T = L .50) < W) <o

KoTopoe caeayer i3 (2.25). Toraa cymectsyer npede:

Jim V() =a>0.

Yoeancs, uro a = 0. [elicrsuretsuo, ecan a > 0, 10 B cu1y uesos-
pactauns V(7(t)) 13 nepasencrsa V(F(t)) > a coraacio 1. 2 et 2.4.1
suirexaer ouena [[§(t)| > e3 > 0 s peex ¢ > 0, te £ = e3(a). Hpive-
uss aesnty 2.4.1 1 1 41 nosokuTesio oupe;e‘lem-wii by W (7).

i B " W(F(t)) > B st neex ¢ > 0,
11 3= B(e3) > 0. Toraa npu t — +00 B ity (2.25) 1t OPAMYILL KoUEHIBIX
Tarpauxa useex

vEE),
dt

V(@) - V(@(0) = < -WEE < -8t — —o0,

“TO npoTHBOpENIT NoToKITEbHO! onpeaeeniocti V(7).
Taxins 06pazos V (5(t)) — a = 0 u, & ciwny caeacrems i3 exsis 2.4.1,
oxomtaTebo yoesaeNes, wto F(t) — 8 upi t — +00.

Mpumep 2.8.4. Hecacdyest yemoirwusocmy pewenus (0,0) cuemeat

dys[dt = —y> -y},
dys/dt = y1 — 43

Haeest fi(y1.v2) = —v2 = v, fayr.v2) = w1 — 13,
9£:(0,0) 0 -1
A= (200 .
e 10
Mepowit semod Janynosa nenpusenust, max xax smampuya A useem co6-
cmeennwe ananenun Ay = %i. Jas V(yy,ye) = (47 + 43)/2 usteent

0V(y| y2) a‘/(y ¥2)

Tilys,y2) + Py y2) =

=u ~(f.vz ) +y2- (1 —83) = —(i + 43).

Cuaedosamenvno, Gynxyus V(yy. ya) seasemes Gynwyueis Janynoca, xomo-
pas ydosaemeopsiem ycaosuio (2.25) ¢ nenpepuenot noaovicumeaHo onpe-
deaennoti fymxuuets W(yy,y2) = yl + yi. Hosmomy, cozaacno meopese

dg(t) _ 5
= 1E0).
ecnt f(7y) = 0. Takuy o6pasoM, KOOPUINATE TOEK NOKOH HAXOLATCH 13
cucreb ypapnerii
hiln n)

Falyrsoiyn) = 0.

Ecam Gy — 104Ka 110kos, To ynxus j(t) = Fo ABIACICH He 3aBuCs-
1 o1 nepenenofi ¢ pemene cucrensi (2.30). Tpaekropist Takoro pe-
eIt HpeiCTaBIeT COBOli IPAMYIO MO B HPOCTPANCTEE (Y1, - - -, Yn)s
2 B (hAIOLOM IPOCTPAICTEE HEPEMEHIbIX (y, ..... ) — omy Touky. Byen
HASLIBATE TOUKY HIOKOH T )
neycroliumoli 1o JlynoBY, ecm CoOTBCTCTRYIONeE permientie
VCTOIiIBO, ACHMITOTIECKH s rey 110 Jlsuny

L ncC-1e 10BAMNA YCTOTBOCTI TOMKI TIOKOR MOKHO CACTAT SaMerty
nepexennbix §(t) = () + J, 1 nepeiitn K uccieosammo yeroftmsocTi
HYJICBOrO Pemerst CHCTeMEL

dl/(')

(2.30)

0.

wm
) =To

=F@1). F@)=T@+7)-

Tt npiyienenits Teopesst 2.3.1 BHHCIHM SICMENTH MATPIIL POH3BOL-
ix A = (a;j):

OF; ofi
= 20,0
ai = g 00) = T
Ky 06 ) 11 10 HepBOMY TIpH-
it (11e o6 liysienoli) TouK 1OKOsL.
Teopema 2.4.4. [Tycmo G, - mowsa nowos cucmesw (2.50). dynwyun

15(@) doancom. o i
Voo J=Loooosne

Ecau ace cofemeennmie auavenus sampuyn A = (2:(F)/dy;) wscrom

ompuuameabubie euecmeennme wacmu:

Redp <0, Vk=

mo mowwa nowos o no JI
Eeau owce natidemes zoms 6w oo cofcmoeKHoE SHANENA MAmPULH
= (0£i(F0)/y;) ¢ noaoscumeavnol ceusecmeennois wacmuio:

Anb e

mo moxa nowos o neycmotiuuca no Janynosy.

Ae .. ReA >0,

2.5. Knaccudukauust To4eK 10Kost

Bhillie Teopexsl 2.2.1-2.2.3 N03BOJISIOT HCCIEA0BATD 1A ¥

n+ v
2.4.2, nyaceoe pewenue no JI:
2.4.5. Teopema Ueraesa o neycroiiuusocti

Teopema 2.4.3. ITyemo ¢ nexomopos wape Q. = {7 € B* : |7 < ¢}
paduyca & > 0 naiidemes obaacmv D C Q. ¢ zpanuyeii To UT., 6 € T,

lIgll npuy € T.. Iyemo na samvicanuu D U Ty UT. smoi oGaacmu
y) Pyrxuus U(7), obaadarousan
ceoiicmeau:
1. U(y)=0npuyeTo, U®y) >0 npuy € D;

2. dan w06020 o > 0 naidemes § = f(a) > 0 mawoe, wmo uz ycaosuit
Y€ D uU(y) > a enmexaem nepasencmeo

(@)

71‘,(1 W6 >0

Tozda nyaesoe pewenue F(t;0) = 0 sadavwu (2.19) neycmoiivueo no Jany-

HO6Y.

1 1 70 ecth nyJesoe perer
yeroiiumso no Jlanynosy. Corzacio onpeseseniio yeroftmsocrs no Jlsmy
HOBY /LISl B3SITOTO 13 ye/10Bust Teopembl € > 0 cymectsyer § > 0 Takoe, 4t0
s moGoro pemens §(t) = F(t:7,) sanaum Koum (2.19), a1s kotoporo
npu ¢ = 0 sumosneno nepasencrso |7y < 8, ans Beex ¢ > 0 cnpaseguso
nepasencrso [[§(t)]| < &, 10 ects

() € Q.. (2.26)
Tak kak 8 € Tg, 10 Moxkenm suGpats Jy € D, u toraa U(Fy) = ug > 0.
Paceyorpi ckassipiyio dymkumo U (F(t)). Haeest
EH) _§~UED) o, -
= - £t 5(t). (2.27)
dt ; ay;

AU (7
Tostoxy i ¢ = 0 cHpaBe LB HepaBecTso # > 0.

TOMMUBOCTL TOMKI NOKOS JIMHEIiHOl CHCTEMBI ¢ TOCTOSHEBIME K03 bMII-
HTAMI It OTBETHTD HA BOIPOC, “ITO NPOHCXOMIIT €O CTAPTYIONIEi 113 OKpecT-
HOCTII TOIKIH 1IOKOS TPACKTOpHei: OCTACTCS! 11 O11A I STOH OKPECTHOCTH it
£ — +00, GO HOKILLACT ce 3a Konenoe Bpesi. ByecTe ¢ Ten 4acto Guinaer
YTOUHHTL it B it B TO4-
Kil 10KOA 1, 110 BO3MOALOCTH, Bie ce. B aaumox naparpade Mt npipeiest
KitaccndIUKALILO TOUCK 1OKOs nmmefinofi cieTexst ua wiockoern (n = 2).

2.5.1. K.

TOUeK TOKOT cmerens
PaccMOTPIN JHHeliiyIo CHCTEMY ¢ TOCTOAMIBIMI BeIIeCTHeMTBMI KO-
shbuupenTamu ornocurensio sexrop-bynkummm F(t) = (y1(t), y2(t)) "

a2
az
Hac Gyayr untepecoats dasosuie (10 ecrs B 110ckoct (yy,y2)) Tpack-
ropuit cucresst (2.31). Saverit, wro (azonbie TpaeKropi SToll ClcTess!

SURISIOTCA HITErPAILIbINI KPUBLIMI OGLKHOBEHIOro Aiidhepeniabioro
YDABHeHIsi, TO.IYYeHIONO NOCIe HCKITIOUeritst nepexeriofi 113 (2.31)

dy
dt

an

P (2.31)

= A7, A:(

dy,
dy>

_ auyi +anpy

. (2.32)
anyr + axnys

Touxa nokos (0,0) smaserca ocobofi v ypavieins (2.32), H0CKOIbKY B
Hell HApYIIeNbl YCIOBHA TEOPeMbI CYWICCTBOBANIS 1 e HHCTEEHHOCTH pe-
wenis 3azam Koun. Hosrosy wepes touxy (0,0) Moker npoxoauts kax
HeCKO:LKO (pA3OBLIX KPUBLIX, TaK 1t 1t oanofi. TaKits oBpaso, TouKa 10-

2.5.3. Tuxpuriueckuii yzea
(A1 = A2 # 0, dimker(A - \, E) = 2)

B ciayuae aukp yana
A= Al = Ay OTBCUAIOT ABA JNINCHNO HEABNCHMBIX CODCTRONNEIX BOKTO-
pa T i Fip sarpimut A. Tora ppaene (2.33) i obimero pemens
npumaeT Bt

F(t) = (Crhy + Coha) exp{At}

ve Y

Puc. 2.8. yaer: a - ) .6

ua (y1,92)
BXOSINIX B TOUKY NOKs st A < 0 (yeTofitummii AuKpiTiteckiii yiex
11 BBIXOJSIIUIX 13 TOUKH 10Kost 1t A > 0 (meycrofimpuiii Ankpuirieckiii
y3en), ecam £ — +00 (eat. puc. 2.7).

2.5.4. Buiponcaennuiii ysen
(A1 = Az # 0, dimker(A — M, E) = 1)

Buiposenipili ysen yeroitsis, ecam Ap = A < 0, 1 neyeroitis, ecai
A= A2 > 0. B eayuae yaa
anavemiio A = Ay = ) OTBeNAIOT o1 coBcraemmil eTop iy MATDHIE

hy

Puc. 2.9. Cexio.

A omm npucocumeniii pextop py. Obutee pemere cucrembi (2.31)
SaniCHBACTCH B BILIE
T(t) = Crhy exp{At} + Ca(Py + thy) exp{At}.

0, 10 dpasobie Tpaexropun pemernns (1) = Cihy exp{At} co-
CTOAT U3 JABYX Jy4eil, BXOAAUMX B TOUKY 10KOst it A < 0 (Bbixoasmmx

To'lka NOKOS HA3HIBACTCA NHTPOM, eCa Marpuia A meer wmero
MHIMbIE KOMILIEKCHO conpsiermbie coberperibie suaters. Taxim o6pa-
30M, LEHTp — )c,mﬁqmmx TOUKA TOKOH, He ABJAIONAACH ACHMITOTHYC-
cKm yeroi . C noonwio Bexropa
B =Ty + ihy ¢ ammeiino
s By i By anasoriano ciytaio dokyca sammmen obiiee pemerie B pie
pasiosers F(t) = €1(t)h + E(t)ha ¢ xosbdummernay

&(t) = Csin(wt +¢), &) =

1Y

a 6

C cos(wt + 1),

Y2

Y Y

)
Puc. 2.11. Lentp.

yaosaersopsionyn pasencrsy £(t) + €3(t) = C2. Torua sekrop Ko~
uneriron (€1(t). £2(1)) OmICHBACT HEPHOLIECKOE ABIGKCINE 0 OKDY -
HOCTH, KOTOPOMY B HCXOHBIX KOOD/MHATAX COOTBETCIBYET 1 OBIIEM ClyHae
awikenie 1o ey (em. puc. 2.11).

2.5.8. Catywait Bbposkenmofi Marput A (det A = 0)

V BHIPOAIEHHOI MATDHIE OO 11 06a COBCTBEHNBIX SHAEHIS PABHbI
1y/m0. PACCMOTDIM BOSHIKAIOUIIE 3/1eCh CIyai.
yers A = 0, Ag # 0, 1 fiy, hy — cooTBeTCIBYIONNE IHHEHHO HE3ABNCH-
Mbie cobernenibie bexropht. Tora ofiiiee peuienie neer B

J(t) = Cihy + Coha exp{Aat}.

Best npsivas, “epes nasao BeKTOpY
Ty, cocronT u3 Totek nokost. M3 OCTAILILIX TOUCK IUIOCKOCTH ABIKeIHe
HO HPAMBIM, NAPAILICILILIN BTOPOMY v BeKTOpY
T, npHGANIKAsCH K TOMKE HOKOA npi { — +00 B ciiydae g < 0 i npi
t — —oo b cayuae Ay > 0. Xapaxrep dasonix Tpackropuit npejcranien
na pucynkax 2.12a u 2.12b.
Iyers Ay = Xp = 0 n dimker A = 2, 70 ecrb cymecrsyior aumeiino
nesapiciMBIe cobeTBense sekTopht iy 11 hy. Toraa Matpiuia A cocront s
X mystedi, a obutee pemene (2.31) mueer Bt

F(t) = Cihy + Coha.

Pric. 2.12. Caynali BHpORCHHON MaTHIH

Bee toukn
wac.
Tyers Ay = Az = 0 i dimker A = 1, 10 ecrs cymecrsyer oau aueiino
nesapucivbii cobersennnii sexrop h. Toraa nafiercs coorsercryiomuii
npucoemennyiii sekrop p. Ouee pemenue (2.31) mueer siy

y(t)

ILIOCKOCTH SUBIIOTCS TOYKAMH HOKO3 13 PACCMATPHBACMOM CI1y-

= C1h + Ca(p+ th) = (Cy + Cat)h + Cap.

Best npsssasi, “tepes a0 napasLIebIo coBCTReN-

U3 TOUKM 10Kos s A > 0) upu £ — 400 no TBEHHON

sextopa. Ecm Cs # 0, 1o

F(t) = texp{At}(Caly +0(1)), t — +oc.
Bujtio, 4To pemente Kacaeres cobCTBENNOT BeKTOpA B TOUKE OKOH Hpi
t — +00 ana A < 0 omGo nupn ¢ — —oo aam A > 0. Ha Geckoneunocrn
upn t — —o00 mas A > 0 mbo npn t — +oo anma A < 0 dasosas Tpaek-
TOpHS ONATE B 1o BekTopa, 1o

kost (0,0) ucxomoit cucrext (2.31) siercs ocoSofi 10uKofi y
(2.32) b dasonix nepesemix.

1ACCHUKAIIO TOHEK HOKOs GYACN IPOBONTE B JABICHMOCTH OT C00-
CrenbIX Snatenii i cobcruenmbx pexTopon Marpiis A. B pacesarpi-
BacyoM cayuae n = 2 umeerca Apa cobCrpenubix uatenns Ay, Ao, Eeau
A1 # Az, 10 COOTBETCIBYIOULIE COBCTBEIILIE BeKTOPLL

_( 7 _f M2
R= () R=(in)

b DAt CAICHE BHHAKA MIOKITCIS 1.
Tumranas kapriia GasopLx TPACKTOPITi L1t BHIPOAICHIIONO Y31 Ipibe-
Jena na pucyike 2.8.

2.5.5. Ceano (A, A2 € R, Ay <0< \y)

Sleno, wro ceao spasieres neyeToiiuuoi Toukofi nokost. Bocnoasayescs

Ui anasa noesenis Tpacktopuii dopatyiofi (2.33). s C1 # 0 upn

HOMY BEKTOPY T, COCTONT 13 HeyCTOMMMBBIX ToUeK 1oKos. M3 ocrambmbix
TOMEK ILIOCKOCTII JIBIZKENIE HPOMCXOMT 110 HPHMBIM, HIADAILIELHbIM CO0-
crentoMy sexTopy hi, npites po
B noiymiockoctsx, orsedaomux Co > 0 u €y < 0. Xapakrep dasoBbix
TpaeKTOpHii NpEACTABIen 1A pucymKe 2.125.

2.5.9. K. TOYEK MOKOS fiHoii

cucrembr

Touky nokos o € R” antonosnoii cucress

() _ 5.
R t 2.35
oe =T (2:35)
Gystent nasumaTh rpyGO, ec.u MATPUIA IPONIBOAMLX
A= (o). ay=Lig), o (2.36)
u): =5 ;




HMEET POBHO 71 [IONAPHO PASIIMHBIX COOCTBEHNBIX 3HAUCHIil ¢ HenyJ1eBoit
Beutectseoli actuio. Verofisocts 1o Jlsuyuony rpyGoit ocoboit Toukit
BCOIIA OAHO3ANO ONPEAISIETCA ¢ MOMOIIbIO TIepBOro. Netoxa Jlstyno-
Ba corzmacto Teopeste 2.4.4. OKA3bIBACTCS, 'ITO 1t KA'leCTBEINOE IOBEACHIIe
basopuix Tpaekropuii ciicrenbi (2.35) AOCTATONMIO 10O OUICHBACTE ¢
TNOMOULLIO JHHeiiHofl cHeTeMbl

aite)
dt

Aj(t) (2.37)

B MaI0fi OKPECTHOCTH KaA10/i IPYGOli TOUKH NIOKOSL.
Ha wiockoeru (n = 2) rpyGoii Touke nokos coorsercryer jumefinas

caieayious
1HoKos nesmedinofi cieTeMb y 3
IMCeT IHyICBAs TOUKA NOKOs! COOTBETCTRYIONUIT nelinoit cucrent (2.37)
¢ Marpieit (2.36).

Mpumep 2.5.1. Onpedeaumy mun movex noxost cucmeatn

dyyfdt = y1 — 1,
dya/dt =y} — 3.

TouKit 110KOs! ONPEACSIOTCS! 113 AreGpAITIecKoi CleTeMbl

{y:—l:o
vi-u

umesomeit apa pemens: (1, 1) 7. Tak kak 4151 Aannoii cuerembt

Alyw) =vi =45, L) =vi -4

T0

oh _y O 0f_
I Ay2 Ay
Tt ok nokos (1, 1) sarpiia A = ; fz ) mcer cofcTaermue
snavenis \; = 1, A2 = —2. Torza (1,1)7 — cewro.
Jins Toukn noxost (1, —1)T marpiua A = ; g ) Ry S —

snatensa \; = 1, Az = 2. Torza (1, —1)7 — neycroiiumnsuii ysei.

nasa 3

Kpaesble 3aga4n gns
AndbcbepeHumnanbHOro ypaBHeHus
BTOPOro nopsigka

3.1. ITocraHoBKa KpaeBbIX 3aja4

B HpeALLAYII HAPAIPAGAX MiOrO BIINAII G110 VACACIO HECIEI0-
sammio saat Ko s
B saate Koun st ypaBHemIs n-ro HOpsUIKA, PASDEIIEHHOI0 OTHOCHTEIb-
1o crapmeii B Kavuectse OBl 1131 BB-
eTeNIs € MHCTBENHOTO PENemIIs 3a1a10TCsH Snaterst yHKIum 1 ee 1po-
W3BOAMBIX 10 (1 — 1)-T0 MOPHAKA B HeKOTOPOIT TouKe. BosMOKHE 1 ApyTHe
HOCTAHOBKM 3a/1a4, B KOTOPBIX JOHOMITE/bHbIE YCAOBHH 3AAI0TC 1P
ABYX SHACHISX He3ABHCHMOl epeneriofi. TIpieien pa npiepa.

PaccMOTPIM ABHIKeNIe MATEPHAILHOI TOUKI eNHIMHON MACCh! B0
upsvoii y. [lpikenne onpejensiercs wssectnoii cuofi F, sasucsmedi or
Bpenenn f, nooxenns Touxn y(t) u ee ckopocrn y'(t). B coorsercrsmm ¢
sakonon Heiotona, noay«i anddepeiiuaipioe ypasieiie BToporo 1no-
KA Ut HenssectHoit bymkium y(t)

Y'() = Ft.y).y' (1)), to<t<t. (3.1)
/I MBI 3H1ACM 1010 TOUKI 1 N b MOMEIIT BPNCIIH It KONett-
MoMeIT Bpexernt, To

y(t) = . 32)

Takim 06pasoM, HAM HYKHO peuniTh leAVIOLYIO Sa
o y(t), y;
nemmo (3.1) 1 kpaesun yetonu (3.2).

JIpyrin upiMepoM Kpaesofi 3a1ati MOKET C:IYIKITh 314, OLHCHBA-
JOIlAA PACTIEIETeNITe TeMIePATYPH u(T) B TORKOM CTEpAIe

y(to) = yo,
maditn bymx-
IbHOMY ypaB-

(K(J) ) —q(@)u=—f(z), 0<z<l,
dx

u'(l) = (3.4)
Kpaesoe yciosie u(0) = o COOTBOTCTBYET TOMY, IO Ha JIBOM KO
Crepiiis isBecTHA TeMuepaTypa, a kpaepoe yeiopne u'(1) = 0 osuataer,
1O npabiii Kowen crepxis Temtonsoamposan. Gynkiwm k(x), g(x) u f(x)
sazanpi. Hysuo maiiti pacupeesenie Tennepatyphi b crepiie u(z), o
ccrn pemits kpaenyio sazany (3.3), (3.4).

B obuen cayuae, kpackofi 3aaueii i adbepeniuaibioro ypasie-
HIS N-TO NOPA/KA, JAbHO Ccrapuieii
pacesarpiBacyioro na orpeske [0, 1]. HASBIBACTCH 3144, B KOTODOii 3hate-
s neispectioii ynKi y(x), ee NPOUIBOMIBIX I HX JIMHCTiHAS KOM-
GHuALIIS 381A10TCH KAK B TOUKe

Ml OrpANIIIMCS HCCICA0BAIHEM KPACBBIX 3484 A5 Hefitioro -
bepeIINIAILIOND YPABICIILS BTOPOIO HOPSIKA.

Baskioii 0COGRINOCTHIO KPACBLX 3a/1a4 HIACTCH 10, 4TO WX peimeriie
He BCOTA CYIIECTBYCT, A CClIT CYIICCTRYET, TO MOKCT GhiTh IeCMICTROIIO.

i JIBHO, a UM yP

(33)

u(0) = uo,

y'(x) + y(x) 0<z<m

© KPAeBLIMI YCIOBIAMU
y(0) =0,

Obutce peutenite ypastienust (3.5) iicet it ¢y sin 2+ ¢ cos . 3 kpacworo
veaonis y(0) = 0 noayuus, uro y(z) = e sinx. Ecan yy # 0, 10 pemene
agam (3.5). (3.6) ue cymecrnyer. Een xe y1 = 0, 10 pemenie 3a1a-
it (3.5), (3.6) swasiercs dyukuwnst y(x) = ¢y sinz, tae ¢ - npousBOLHAL

y(@) =y (3.6)

>

Mit HOKASATH, 470 KPACBy10 a1ty MOKIO CHECTI K Kpacsoll aae ¢
OAHOPOALIAIE KpACBLIA YCIOBIANI

di (p(r)%) —q(@)y = f(x), 0<a<l, (3.10)
T e
a1y (0) + B1y(0) = 0. azy'(1) + Bey(l) = 0. (3.11)

Jlazee sty 3agady GyjeM nasuisath ocHosroli Kpaenoii sataveii. Kpaesas
sagana (3.10), (3.11) nassisactes: 0dnopodnoit, ecaut f(x) = 0 1t neodnopod-
HOil B HPOTHBHOM C1yvAC.

3.1.3. P u ero

Buibeex HCKOTOpbIC COOTHOWICIII, KOTOPBIC GYAYT HAM LOJC3HbI B
Janeiiest. Bueex anddepenuasiiii onepatop

d d
= # (p(-r)%) —q(@)y.

Tyer, dynum y(x) € C2[0,1] u 2(x) €

Ly n Lz, a takxe oipaene
dz
i () - wiorf (r0 ).

[1 (0122 - w1

dy dz
NP v T

Ly

€2[0,1), Tora Moo BLrTICTITL

WOF) = i

2(x)Ly — y(a)Lz = % [p(.r) ( )] L 0<a<l (312)
S0 pasencrso nasmBaeTes Tomecrnon Jlarpara.

Toays oamo paioe creactsie w3 roxcecrsa Jarpamia. ycrs
1(2), ya() — meiino. HE3ABICHAbIE PEMeHIIA OUOPOANOXO YpaABHEII
Ly = 0, 10 ecti Ly = Ly = 0. Samcwan i dynunii g (), y2(x)
roxaectso Jlarpama (3.12), monyun

d d
3 [P(-T) (‘Jl(l') e (3.13)
[¢ b, 15t arenst
Wiy pl(2) = n(@)y(2) - ya(@)y) ()
cupaseasa dopsyata p(z)W[yr. el (x) = ¢, 0 < & < I, tae ¢ - nocrosumas,
wan )
Wy pl@) = —, 0<a<l (3.14)
p(x)
3.1.4. @opmyaa Tpuia i ee caeacTpie
Hurerpupys toacectso JMarpamsa (3.12) or 0 10 I, noayus
'
o=t
/ (2(e)Ly = y(a)L2) do = p(o) (:(@)y (@) — (@) @)| . (315)

]
Sta dopaya uassiacrcst dopaiytofi Tpua.

Tokasken, uro, ecaut kit y(z) 1t =(z) yA0BICTBOPSIOT O 1t TeM
ke Kpaepbit yeaopisnt (3.11), To cupasemso pasencrso

'
/(Z(I)Ly —y(a)Lz)dz =0 (3.16)
2

Jleiicrpreanno, 13 dopsyati [piiia. ¢eAYer, 9To 0CTATONHO J0KA3ATS
pasercrio
(0 1) =y (1) ~ p0) (2(0)y'(0) —

Tokasxewm, 4ro

y(0)2'(0)) = 0.

2(0)y'(0) - y(0)2(0) = 0.
Ecan ag = 0, 10 f1 # 0, y(0) = 0. 2(0) = 0, u (3.17)

(3.17)

T3 yetomis paspuia Ipo3BoAION Gy (7, €) B TOMKE & = € mieent

2(&)ya(€) = er()yi(§) =

»(&)
Takin 0GPAIOM, Mbi HOAYHIIIH CHCTEMY /BYX YpaBtemnii oTHOCHTELIO
nemssectibix pynkiii ¢ (€) 1 ¢2(€). Pewns sty cucreny, naiien, wro

¥2(§) (€
WEp(e)’ WEp(e)’
e W(E) = 11 (E)vh(€) — 12(E)y, (€) — onpesemurens Bponckoro. Kax cite-

ayer us dopyant (3.14), W(€)p(€) = go — msecrnas nocrosmmas. B pe-
SyJIbTaTe N0y M OKolrATeabiy10 dopMyy Autst by Ipiia

al®) = 8 =

n@w® e
Gle6) = » (3.23)
nOR@ ooy
%

Mui sokasamn eymecrsopamie dynkmm Tpina. Jokazes Teneps ee
1 o ey, yior we dymkumn Tpuia:
G(2.€) u G(x,€). Hyers € — npoussoabiias pUKCHPOBANIAS TOUKA I3 1il-
vepuasia (0, 1). Pacesorpunt dynkumo 2(x) = Gz, §) — G(x.€). Ira dynk-
1A Henpepbisia 1a orpeske [0, 1] 1 MyeeT Ha HeM HeNpPepHIBHYI0 NPOH3BOL-
1y10 2/(x), nockoanky G (x,€) 1 G (x,€) mmeior B rouke z = & o 1 ToT
e pasphis. Bamicsipas gatee w3 ypastenis Lz = 0, x # £, phipaerie

(2)2(x) - P (@) (x)

#(g) = LD EATE ),

yoexcaaescs b o Bropoit i upn & = €
pascuctpy e npeebibix suasenii up « — & + 0. Torxa dyukuwis =(x)
SABIsICTCA pellieneN ypABIIeHIIs TAKAC 1 upi T = £,

0, 0gz<l,

U yaoneropser yeaopis (3.19), (3.20). Tlo ye1omiio Teopestst oopot-
nast kpaesast 3a1aua na orpeaxe [0, 1] mveer To/bKo TPUBHAILIOE peueite.
Tosromy =(2) = 0, a anaur Gz, €) = Gla.€). 1 reopesa 3.2.1 aoxaza-
ua.

MNpumep 3.2.1. Iocmpoums dypyuo Tpuna dan wpaccoi sadau

y'(@) +a®y(z) = fx). 0<z<,
y(0)=0, y()=0,
2ea# Tl n=1.2....

Bosbaen y () = sinaz, a yo(z) = sina(z — [). Ouesnano, 1ro

y(@) +ayi() =0, i=12, 5(0)=p) =0
Tocrommman
o= PEW(E) = 1 (@) — (@) (2) = asinal.

s dopayant (3.23) caeayer, wro ams gamnofi kpaceoii 3ataun ynkms
Tpitia pasiia

Ga(z.6) = (3.24)

3.2.3. Kpaesoii sagaun ¢

nomomwio bynkiuun Tpuia

JloKasKe M Teopey CYIIeCTEOBAIILS 1 eMICTHeIHOCTH Pelelis Kpaenofi
sazamn (3.18)-(3.20).

Teopema 3.2.2. Ecau odnopoduas xpacsas sadava (3.21) useem moav-
K0 nyae6oe pewenue, mo pewenue xkpaccoii sadavwu (3.18)-(3.20) cywecmey-

Tipu
a1 # 0 sammmes rpamibie yeA0BIA
a/(0) + Bry(0) = 0. a;2'(0) + 42(0) = 0.

VAo niepsoe pasencrso na =(0), sropoe — na y(0). Boruutas nowienio
HOYHCHIbIe PABEIICTEA, HAMEEM

a1(2(0)y'(0) - y(0)2'(0)) =
oty porrekaet (3.17). ABATONINHO IOKASHIBACTCH, TT0

2y’ () -y () =0.
Te cavmant paseicrso (3.16) nokasaio.
3.2. ®yunkuus Ipuna. CywecrsoBanue pelieHust
KpaeBoii 3a1aun

Paceo1pin Kpaesyio sataty

=2 (p(r) ";) —ae=f@), 0<z<l (@19
a1y (0) + fiy(0) = (3.19)
/() + ayll) = (3.20)

e p(x). q(x), f(x) — wssectubie ynxi, a ay, f1. az, f — HBECTHLE
nocrosmbie Taie, ato p(z) € C1[0,1], p(z) > 0, z € [0,1], g(z). f(x) €
Cl0.0), a2 + 32> 0,i=1.2.

Onpepenenue 3.2.1. Dyunuus y(z) naswsaemes peuenues. xpaccoi
sadavu (3.18)-(3.20), ecau y(x) € C2[0,1) u ydosaemeopsem (3.18)-(3.20).

3.2.1. ®ynxuus Tpuna

Breaes dynxumio Ipiiia, kotopast fatee GyAer ucno/b3opara s pe-
wemist kpackoit saxatn (3.18)-(3.20).
Onpepenenne 3.2.2. Pynryus G(r.€) nassacmes dyrnyuci Tpuna
wpaceoit sadavu (3.18)-(3.20). ecau ona onpedeacna 6 weadpame [0,1) x [0.1]
) )

HOCTOsIIAsE, TO €CTh peletie Kpackoil 3atai . Onveriny,
wt0 pemenite 3azan Kounn st ypanienitst (3.5) ¢ natasibibisg: yeionsm
y(x0) = yo. ¥/ (x0) = Y1 CYWECTRYCT 1 CAUNCTEENIO NPH TOBHIX DUKCHPO-
BamILIX Yo, Y1 1 To € [0

3.1.1. TIpeoBpasonanite ypasnemnus

PaccMOTPIN Kpaekyio sataty s mmedinoro oSsiknopenoro midide-

Vb BToporo nopazKa
ao(x)y"(x) + ar(x)y (x) + az(x)y(x) = fi(z), 0<x <, (3.7)
a1y (0) + Auy(0) = wo, a2y () + Boy(l) = wr, 38)

ymxumn a;(z), i = 0,1,2, /,(4) 1t nocrostmsie aj, fi,az, f 3axamb.
Tpeﬁ)en‘n naiiti dynxummo y(z) € C?[0,1], yaosrersopsomyio (3.7), (3.8).
Jlasiee npeznonaraen, uro dynkmnt a;(z). . 1,2, fi(x) nenpepbisibt na
orpeske, ag(z) # 0, a noctosmubie aj, By, az, By Takoswl, uto a? + 32 >
i=12

TpeoSpasyent ypasnenie (3.7). Cuiiana nowaenio. paseam ero wa

(), a satent ysmosm ma p(z) = e‘(p( IE ds). Bbute:tsts 10:1HY10 1o~

PR —
()~ = raoh, 0z <, 39)
e p(x) — nenpepbisuo acdepenmpyesa ua [0, 1, p(z) > 0, a dyuKuwm
) P)fi(e)
o) = 2D ) )
P —————

3.1.2. PeAyKIits K OJHOPOMEIM KPACBLIM YCIOBMSIM

worpin kpacuse seioms (38). Een o
o, B

Pa = 0, 10 Kpacsbie
veona yiae
s, Tloasent, w1to azatty (3.9), (3.8) MO0 cecTin K 3aate ¢ 0AMOPO-
i kpaessim yerosna. [lyers y(x) - pemene sagarm (3.9), (3.8).
Pacexorpm dyniumo =(x) = y(x) — v(z), tae v(r) - mBecTHAR VAT
Gynku, y Kpacnni
tommant (3.8). Toaerams 1 (3.9), (3.8) y(x) = =(x) + v(z), noayums s
bynKium 2(x) KpAEBYIO FAAATY ¢ OUIOPOUIBINIL KPACBINIL YCAOBIAAT

i (p()‘;—) — @
a12/(0) + 12(0)

0<z<l,

= f(x),

aa?/ (1) + Baz(l) = 0,

f(@) = fol2) - (P(')*) +a(x)v.

o), y 1M KDACBBIM YCI0BIAN
(3.8), MOAKIO BHIGPATH PASIILIALL CIOCOBANH, OMIIM I3 CAMBLX IPOCTBIX
SBIETCH ee HOHCK B BILE MUOIOWIeHA.

1) Jan arobozo 5 (.0 ¢.,m,m G(x,€) deasrcdu nenpepuano dugdbe-
0,€) U(&.1] u ydosac-

Toopacm vdnopotmosy gpaenerts

£ (™0 §’) — 4@)G(a.€) =

o<a<l,

€

) Gycyua G(x, €) ydosaemeopaem 00nopodmA KPaCEHM YCAOGUAM 1O
nepesiennoi x:
016G (0,6)+41G(0.6) =0.  02G.(1L.E)+AG(LE) =0, YEe (0,1),
3) Gynryua G(x.€) nenpepuena 6 weadpame [0.1] x [0.1], a wacmmuaz
npouseoduas G (x.€) npu x = € umeem xonewnve npedeavivie sna-
wenus
G(6+0,6) = lim G.(2,8), G.(£-0,6)= lim G.(x¢),
P 2—E-0
coRsannme coommouLenuEA
Ga(€+0,6) = Go(6—0,6) = —, ¥E€(0,0).
(£40.€) (£-0.9) G €€ (0.0)
3.2.2. C; n Tpuna

Teopema 3.2.1. Ecau odnopoduas rpacean sadava
Lo=0, a/(0)+Ai(0) =0, ax'(l) + Bav(l) =0 (3.21)

waeem moavko nyaceoe peutenue, mo ynryus Ipuna wpacsoi sadavu
(3.18)-(3.20) cywecmeyem u cduncmaenna.

Jorasameanemso. Oupese:s yniimo yy (x) Kax pemerme 3aam Komm

Ly, 0<a<l, w(0)=—-a, #(0)=4.
a dynkimo y2(z) kax pemere sasasn Ko
Ly =0, 0<z<l, ypl)=—a2 u(l) =0

Oqeniano, 910 dynKua 1 (<) YAORIeTBOpSET Kpacsomy yenoamo (3.19),

a ya(x) kpacsomy yerosmio (3.20):

14(0) + B (0) = 0. aaul) + Buall) = 0.

@y y; () 1 y2(z) TeHINO HCIABICHMM, TAK KAK B IDOTHBIOM CIy9ae
OAHOPOAs KpaeBAs 32a4a HMea Gl HeHYJIeBOE pelleHIte.

Byzem uckars dynkummo Ipuna B clienyiomes Bige:

Cla.€) = { (@),

@O = ex@ala).

1€ €1(€) 1 e2(€) newssectunie dynxum. W3 51010 npesicrasens cieiyer,

wro dynxun G(z, € somusint 1) 1 2) dynx-

(3.22)

0<z<E,
e<a<l,

" sadnmen
)

wa) = [Goneds o<o<t
3

Jowasameavemoo. Toxaen, *ro dynxuua y(x). onpescasiesas popy-
J10fi (3.25), spasieres pewerest kpacsoii 3asaus (3.18)-(
113 popayaant (3.23) it ymcuunn Ipuna caeayer, uro

/ (O + 12 / RO (3.26)
Tlocae u 006X ¢ noayua-
’
V(o) = 24 / @10+ 12 [ ree (327)
Borancan
£ (o) - o) - PR
90
1 d

(o2 / BN+~

Y 9o dz

.
(r22) [ mierrcone.
Tak kak Ly = Lyz = 0. a (y1(2)y4(x) = y2(2)y; () pl)

2 - sento) =

90, 10

+ i / n(©f(©

o, y(x) Aaserca (3.18).
Voeuniea 1 ppimoAnenn Kpacksix yeionii (3.19), (3.20). Wz dopaya
(3.26), (3.27) n (3.22) caeayer, uro

!
a131(0) + 5111 (0)
22500 |

,
i+ 20 [ @) p(erde = ).

Cs

ay'(0) + Ary(0) = y2(&) f(€)dE

Anatoriruo nposepsiercst (3.20).

lokaent eauncrsennocts noayentoro pememst. Ilyers meercs eue
oo pemenne (z) kpacsofi azaun (3.18)-(3.20). Torta ux pasuocts
v() = y(x) — §(x) Gyer pewenent oanopoatoli kpacsofi saxawu (3.21) na
orpeske [0,1] 11 1o yei0Bio Teopest pasna uymo, 10 ects y(w) —
1t Teopesa 3.2.2 aoxasana.

3.2.4.0 Tpuna s
AndbepenmUATLALX ypaBHen X

Tlpueeaes npusep npuseneius ik Tpuna s

1t y"(2) b ypasieie (3.28), JCIKO YOCAITLOA B TOM, 110 y(2) ABAHCICH

51010, 110, pewenie ypas-

nemust (3.30) spasiercs pewenen kpacsoii sazarm (3.28), (3.29). Tawi

0Gpa3OM, Mbl HOKa3aM, 'TO Kpaesas 3ataa (3.28), (3.20) sKpuaentia
wrerpabiiony ypastenio (3.30).

Jlokazent cyliecTsopante pewenitst ypasiietist (3.30), Hepepbisioro a

orpeae [0,1]. Pacesorpin noceopatebiocts dyukwnii yo(x) =

'

ba@) = [ Gule. OF €O, 0o <l n=012 (31)
’
R pp——————
ToKasen, 4TO CIPABE/IIBA OlEHKA
[Uns1(2) = yu(@)] < ()" <l 0.1,2,.... (3.32)
Yn41(T YnlT, A U‘Slllll” N Sr< n=>0, ..

rae
.
M = a1 (0] = gua, / Gala. OF (€. 0)de].
)
Jleficrpnreanno, upn n = 0 ona sepua. Tyers ona vepua npn n = m — 1.

Tlokazken, 470 ol cnpaeata it 1upit i = m. Ouern [y, 1 () — Yy ().
Tax kak

[Ga(@,€)| < (alsinall) ™, 0<ze<1,

0
'

[Yms1(x) = ym ()| < / [Galx OIF(E ym (&) = F(& ym-1(8))ld <
0

0<z<l.

R o

Caestosarensio, onenka (3.32) 0Kasana 1o M AyKImL.
Tax kax

B
= Walt) = gar (1)),

vk(t)

0 b
SKBHBAICHTIIA PABIOMEPIOI CXOMIMOCTH Psiia

yk(t) na orpeske [0,1]

> wnt) = yaar(1))-

=
s ouenku (3.32) u npusuaxa Beflepirrpacea CICAYCT, HT0 STOT P cxo-
Jurrcs pastoepio 1a orpeske [0, 1. Cle0BATEIbIO, HOCICIOBATCALIOCTS
ynunit i (x) raxxe cxomrren pastovepio 1a orpeske [0, K nexoro-
poii chymucmn y(z). Tax xax nce by y(t) nenpepusis, 1o 1 y(x)
nenpepusia na orpesie [0, 1], Tlepexons 5 popsye (3.31) K npeteay npu
7 Crpessenca K GeckoeunocT, oy, 410 dynxus y(x) Aer-
- s (3.30). Crenosatenio, oua snnserca pemenes
Kpacsoit sazar (3.28), (3.29).

Jokazent exmcrsentiocts pentemnis kpaesoli satatn (3.28), (3.29). /L

5TOM0 A0CTATONHO JOKAZATH, TO VP (3.30) mueer
Hempepustoe pemerme. TPETIOIORII, STO STO He TAK 1 CYMIECTBYIOT /156
nenpepusiibie bynKi y; (z), y2(x), ABTOICCH pelem YA
(330). Tora

!
wnle) - /G,‘(.x-,é) [F&.0(9) = FEua(€)]de, 0<a<l.
0

Henomsya onenky as dynium Tpina Gy (x, ), moaysm
'

) = (o) < | 1Gule Nl (€)) ~

0

ya(&)ldg <

- <xz<l
<0'21§'|J1(X) p@)], 0<z<L

113 51010 Hepaencrsa phiTekaer 410 i (x) = ya(x). Taxin oGpason, peme-
Hi1e KpACBOI 318" eAUICTBONIO 1t Teopeya 3.2.3 AoKazauA.

3.3. Bagaua Mltypma-JTuysuias

PaccuoTpin kpaesyio saaty
dy

Ly= % ) —q(@)y=-XNy, O<z<l, (3.33)
a1y'(0) + Biy(0) =0, (3.34)
asy' (1) + Bay(l) = 0, (3.35)
tze p(r), q(x) — wspectibie aeiicrpnensibie dynxmu, ay, fi, 02, G2

usBecTHbIe feficTBITEbHBIE HOCTOAMHBIE Takke, 110 p(z) € C1(0,1], plz) >
0,z € [0,0], glx) € C[0,1], af + 2 > 0,7 = 1,2 n A — KomwteKcubiii
napaverp.

OueBio, 410 P M0GOM 3HANCHUH NapaMerpa A Kpaehas sajaua
(3.33)-(3.35) mveer pemenne y(z) = 0.

Onpenenenve 3.3.1. Ecau dax nexomopozo Ay wpacsas sadava (3.33)-
(8.95) usteem nempusuarvnoe pewenue yy(x), mo A wasveaemes cob-

, ayi(w) & &

Bazata noncka coOCTBERMBIX 3uateri 1t cobCTBenmbIx K Ha3bi-
saetest sanasedi Irypa-TTnysis.

Ouepio, r0 coberpenmsie YUK OUPEACICHE € TOUHOCTLIO A0
POISBOLION HOCTOIIION, & WerHo, ecau y(r) — cobernenmas dynKus,
10 1 ey(x). e ¢ - NPOUSBOIbIAs OTIHAs OT HyIIsi NOCTORHIAS, ABISETCS
cobersennoii bynkieii.

Bazaua pemenis ypasienus (3.33) npeicranisier coboli sagaty moic-
Ka sHauenmii n bynkmui
oneparopa L. Basio orerits, o Ges kpacsbix yeaopuii (3.34), (3.35)

s1a 3aata Geceac eficraireio, y Ly = —Ay(x) npn
AT060M A HMCET HETPHBHIATLIOE PelIerIe, NOCKOBKY TI 0BOM A OO AB-
aserces i 3y BTOpOTO
noprKa.

I3 Kypea airebpei H3BecTio, UTO COBCTBONUbIE Suatens 1t coBCTBel-

HEIe BEKTODBI JCfICTBITeNBION MATPHILE MOTYT GbiTh KOMILICKCHOZHAMHEI-

st Tax 1t b caysae sazan Iy pya-Tny i, BooBiie OBOps, BOIMOA-

1O LIOAKICIIIIE KOMILICKCHO3AIbIX COBCTBEIIIBIX 3uavertii 1t coBCTBenibiX

ymxunii. TI0STOMY Mbi AO/AIL PACCMATPHBATD KOMILICKCHOSHAILIC 311a-

“enus napayeTpa A 1t KOMILIeKCuOsnasbIe pewerst 3atavt (3.33)-(3.35).
cBoficTBa bynkmmii n

suaueni saan Iy pya-TTny b

Teopema 3.3.1. Bee Syrryuu u
sadau Mmypsa-TTuyeuans deiicmoumenvn.

T Tiyern Ay —
eny by, T

snavenus

anaserme, a y () — coormer-
R —

CYIICCTRORANIIS 1t CAMICTBONHOCTH PeIleIIs Kpaeroii Jatai 41 neucli-
1010 sutdxpepentuaibioro ypasiens.
PaccMoTpint Kpaenyio 3ataiy

(@) + a®y(z) = Fz,y(x), 0<z <L,
y(0) =y(l) =0. (3.29)

Teopema 3.2.3. Mycmov dynnuus F(x,y) onpedeacna u nenpepwona
npux € [0,1] uy € R u ydosaemeoprem yeaosuro Junwuua no y:

|F(@, 1) = F(x,1)| <

Ecau IL(a]sinall) ™" < 1, mo pewenue npaceoi sadawu (3.28), (3.29) cy-
wecmeyem u eduncmeeno.

(3.28)

Liyi =yl Vze[0d], y.p€R.

Joxazameavemeo. Tlyers y(x) - pemene kpaesofi sazaun (3.28), (3.29).
Beeaext dynkumo f(x) = F(z,y(x)). Toraa dyuxuus y(x) spasiercs pe-
LeHen Kpaesoii 3a/1aun

y'(@) + a’y(x) = f(x),
y(0) y(1) =0,

@yuxuns Tpiuna st pemers Stofi satas mveer s (3.24). Tpinvensist
yuunio Tpiia, noysi

0<z<l,

v = [ Gul 1@, 0<ast
;

Venrumas onpesesenne by f(x), mieext

y(x) /G,.(.nE)F(g, y(€)ds, 0<z <l (3.30)
0

Taxu 00pa3ost, Mbi HOKa3a:N, w0, ecaun hynkis y(z) —
saga (3.28), (3.29), TO oA ABAACTCH PeLICHHCM HIT

pemeitite kpacuofi
paboro ypasiie-

i (3.30).
C

i Tpua. Buﬁepeu e1(€) 1 €2(€) Tax, wroBu BEmoMIAIOCH 1 yeTOBHE 3).
I3 nenpepipoctn G(z,€) B To'Ke T = & cieayer, 1To

a(€)y1(8) = e2(1(8)-

wobpatioe. Tyers d o) a na otpesre
[0, n awaserca pewenmes mrrerpasioro ypasers (3.30). T dopaya
(3.24), (3.30) ctenyer, wro ymKim y(x) yAOBICTBOPACT KpACHHIM YCAOBH-
e (3.29). i yp e (3.30) awa pasa y(@)

nosuatbie, 10 ecth Ay = a+ ib, yy(2) = u(x) + iv(z). Tax Kax pyuxkuwus

y1(2) Avasercs pemenent ypasuenma (3.33), 10 Ly = —Ayys(x). Samu-
CBBAs 3TO PABEHCTBO OTAEBHO 15l AeliCTBUTEBIBIX I MINMBIX Hactell,
noaym

Lu = —au(z) + bo(x),

—bu() — av(a).

(3.36)
(337)
oB:tersopsier Kpacsuit yeaopi (3.34), (3.35),
10 u yuKmt u(z), v(x) VAOBICTBOPSIOT STIM KPACBLIM YCAOBIN.

Vamonaun ypasuene (3.36) ua v(z), a ypasueune (3.37) na u(x), upo-
wrerpupyes sates o6a ypapieis o1 0 10 { 1 BLITEM 13 1EPBOO BTOpOC.
B pesyaraze noy s

Lv=

Tax kak ynkuws y;

g

! '

/1’(1 )Lu — u(x)Lv)dz = b/ (u2(2) + v () de.

0 0

Tpiensis caeacraue w3 dopsyas Tpinia

/(v ) Lu — u(x) Lv)dz = 0, (3.38)
[
inveent
!
b/ (u(x) + v*(x))dzx = 0.
0
C. b= 0. Buaunr Ay 1o 1 Y (x) Takske geficTsu-
Tebia.

Teopema 3.3.2. Kaocd Fnanenuo

moavKko odna cobemeennas dynryus.

T Tlyers ¥ 3MAtCHIO A COOTRETCIBYIOT e

ymsan g1 (2), y2(2). 10 AT, 4TO OUH ABIAOTCH Pe-
wermms ypasnes (3.33) 1 yomiersopsor Kpacspin yeopiam (3.34),
(3.35). M3 xpacsoro yeaonms (3.34) caeayer, wro onpeseanress Bpon-
ckoro Wlyy,92)(0) = 0. Tax xax yi(x), y2(«) — pemems omoro u To-
10 e mioro y (3.33), 10
y2(x) = eyi(x).




Breien ckapiioe npoisBeacHie (ynktit o(z) 1t w(x)

(v,w) = / v(@)yw()d.

By e nassimats hyni v(x) 1 w(x) 0pmozonatbumau, ecm X ckaisp-

Hoe npom3BeelIe PaBHO Hy10, TO ecTh (v, w) = 0.
Teopema 3.3.3. (i Py,

o

pasauy-
anaenum,

Jorasameavemeo. Tlycri Ay # Az — pasmirimie cobeTpemibie uatenis, a
31(x), 12() - coorsercTayIomite Iyt cobeTpenbie ynkim. Tax Kak yi (x),
Ya(x) yaosaersopsior Kpaessin yetopiant (3.34), (3.35), To 13 caeacTsiA
w3 poparyaten Tpunia (3.16) noayum, ato

!

(o) = L) = [ (o) = (o) )
]

=i (@) . Lyz = —Aaya(x), 10

(A1 = A2) (w1, 42) = M (w1, 92) — Ao (w1, 92)
= (Ao y2) = (1 A2yz) = —(Lyny2) + (1, Ly) = 0.

Tax kax Ly, =

Caexoparensiio, (A1 — A2)(y1.y2) =
y1(x), y2(x) oproronanbusi.

0. a snanr (y1.52) = 0 1 ynkum
o

Teopema 3.3.4. [lycmv o = cobemaennoe

anavenue, mo

az = 0. Tozda, ecau X

2
A> g,

(3.39)

Jowasameanemeo. Tipeanonoan, wrro Ay — cobernenmoe auasente, y (r)
cooTBeTCTBYIOMAR COBCTReNMAR YK 1t

A<
1< i o)

Toraa g(x) — A > 0 na orpeske [0.1). U3 ypasuenust (3.33) creayer, uto

) = A+ s

Huterpupys ot 0 10 , noiyin

—M)un(s)ds. (3.40)

p(@)y;(x) = p(0)y} (0 +/

0

Ta Kak yy(r) yaopaersopsier kpaesbin yeropusn (3.34), (3.35) 1 a; =
a3z =0, 10y (0) = y1 () = 0. Tak xax y; (x) - neny:esoe pemenne (3.33), To
41(0) # 0. Tlyers s onpexesenocrn y}(0) > 0. Toraa yi(x) > 0 upn = €
[0.1]. Mpeanoaoin, o 510 e Tak. OGOIMATIN HePes To MUHINAIbHO
“ic10, mpit kotopon ¥ (o) = 0. Toraa a1 € [0, o) npomssoauas v} (x) >
0, a suawr u yi(z) > 0 upn o € (0,x0). oo o (3.40) = zq u
“ITBIBAs NOMOAKITEIbHOCTE ¢(x) — Ay, moaymnd, wT0 i (zg) > 0. D10

o0 Yi(x) npu € [0,1). Ho torta
y1(x) > 0 npu = € (0,1], 4TO NPOTHBOPEUNT KPaeBoM om0 3 (1)
Caex nexooe Heepio 1

J10Ka3ano.

Pacemorpin npocroit npuep 3azam Lltypa-/Tuy s,

Npumep 3.3.1. Iycmn p(x) = 1, q(x) = 0, a1 = az = 0, | = 7. Tozda
sadava mypaa-JTuyeuais npuotpemacm cacdyouguis 6ud

y'(x) + My(z) =0, 0<a<m,

y(0) =y(7) =0. (3.42)

anavenus u

(3.41)

Tpebyemes naiimu
.

ynyuu smoii

Tyeri A = —p venime nyats. Tora obutee pemente ypasnema (3.41)

usieer pitt
U(x) = cr exp{yiz} + caexp{—fiz}.

Tlonosus = = 0, 2 = [ 1 ucnoab305as Kpaesie yeosus (3.42), nosy

cicreny ypabmemii A1t onpesesens ¢ it ¢

ca+e=0,
crexp{Vam} +c;exp{—yur} =0,

113 KOTOPOIi CeayeT, 410 ¢y = ¢z = 0. Taxi 06pazoN OTpHIATEBIbIE A e
ABAIOTCA cOBCTBENMLINI SatenL. OTNETIN, 410 3ToT aKT cieayer
u3 teopenmsi 3.3.4. Jlerko suiers, 4to A = () Takxke He sBIseTcs cOOCTBEN-
[ ——

Tyers A Goabue nyasi. Toraa obuee pemerie ypasuenist (3.41) meer
Bit
y(x) = ¢y sin VAz + ¢y cos VAx.
3 kpacsoro ycaosist o nyse cacayer, wro ¢z = 0. Toraa i3 kpaesoro
st .
st sin VA7 = 0. Ero peleiisi ssisiorcs cobCTentbie nasenis

OB B 7 TIO:

i ypa

An=n? n=12...
Coorsercrayionme i cobernenmie by
yn(x) = csinnaz,

e ¢ ~ NPON3BO.IbHAS OT/IHAS OT HYIIsi IOCTOSHHASL.

3.3.1. Teopema Crexsiona

Ccpopiyampyest  Teopenty,
ltypata-TTinysi
Pacesorpint cobersermbie by saza rypaa-TTiysuis (3.33)-
(3.35). Mosaio nokasars, to 1x ciernoe wcio. C. Bee 1x

BAKHOCTE

110 sagaun

naBsa 4

VpaBHeva B 4AaCTHbIX NPON3BO4HbIX
nepBoro nopsigka

4.1. Tlepsble uHTErpajibl HOPMAILHOMN CHCTEMbI

4.1.1. Onpegesnenye nepsoro muTerpana

PaccyOTpIny HOpMATBIYIO CHCTeMy AiddepentaTb L ypasHemii n-
to noprKa

(u(;’(ti = [t (t), . zn(t)),
(1)
% Salt.r(D),.... za (1)),

tte by f;(1,) saasmore nenpepuisnim B o6aacti Dy € R pyie-
L R e —————r YT

Obosmarint wepes C*(Dy)
sibix » Dy ynaii.

Onpenenenve 4.1.1. Hepove unmezpatost cucmestws (4.1) 6 ofiaacmu
Dy masweacmes fynwyus v(t, . ... 2,) € C1(Dy), cozpanaousas nocmo-
annoe anavenue 6004 xaxcdoii aescaueii 6 Dy unmezpaavnoii xpusoi cu-
cmeaw (4.1).

Taxun oBpasost, 415t kascioro pewennst Z(t) = (1(1). .
sibit (4.1) nafizercs koucranta C raxas, uto

(1)) cuiere-

o(t.x1(b).... zalt) = C. (42)

B (pUBIHECKIX MOACIAX EPBbE UITEPAIL BOSMIKAIOT KAK OTpaseist
PAIIILIX JAKOHOB COXPANCIIsL (SUCPIHIL, IMIVILCA 1 T..1.).

4.1.2. TIponsBo/as NEPBOro MHTErPATA B CHITY CHCTEMbI

Jlaun onpe/iesienie IpOU3BOHOI B CILTY CHCTEMbI /151 OBIIETO CIyHas
HopMaLIOit cicTest (4.1).

Onpepenenvie 4.1.2. ITpouzsoduoi dypsyuu v(t. 1. ... x,) € C1(Dy)
6 cuay cucmeawn (4.1) nasweaemes dynryun

——fi(t. ), (t.F) € Dy.

Nemma 4.1.1. @yuyus v ) € CX(Dy) scasemes neperia
wimcapanost cuemesi (4.1) o ofaaenu Dy mosda u moavo mosda, xosda
ce npouscoduas o cus eawt (4.1) pasna nyawo @ Dy :

=0, ¥t3)eD; (4.3)

iy

Jorasameavemeo. Tyers dyukuns v(t,21,....2,) € C'(Dy) spaserea
nepubin unrerpaton cueresst (4.1) b obaacri Dy. Toraa ua exaueii b
Dy unrerpasiofi kpusofi (¢,F(t)), tae F(t) — pemenne (4.1), cupasei-
o pasencrso (4.2). Tudppepernupys (4.2) notwiemno no ¢ 1 noacraniss
ppakems s npowssoaubix da; (1) /dt w3 (4.1), meest

Pu(t,F(1))

du(t
ot +Z 22

(.7 (1)) da(t) _
dt

0
)z

Taxit o6pason, npomssoas ety cucress! (4.1) pasua ny:1io B0, -
Terpanoii kpupoii. Tak Kak uepes ioGyio Touxy (fy.To) € Dy 10 Teopese
CYUCCTBOBANNS 1 CAMNCTBEHHOCTI petei 3ajaun Ko s HopMaih-
Hoii cicrenbt (4.1) ¢ HasABIBIM ye10BHeA T(fg) = To HPOXOANT € UHCTBC-
Hast mrerpagbias Kpusast, 10 (4.3) BHoaneno s a06of Toukn Dy.
O6parno, nyers ans nekoropoit dynkumn v(t,xy.....x,) € C'(Dy)
cupasemso (4.3). B uactiocrn, (4.3) Gyaer shmommeno u na moGoli -

t)) € D;. Toraa

Terpansofi kpisoit (

Qu(t, (1) day(t) _ d
a—%# = dt(m“((t)))A

it b i dymanm v(t,F(t)) cxa-
AAPHOTO APryMENTA f PABHA HYTIO TOTHKO KOt YNKINIA ABIACTCH KO-
crarroit, 1o ect v(t, 7(t)) = C. llostoy v(t, ) - nepsuiii mrerpat cuere-
bt (4.1).

4.1.3. Teomerputieckmii CMBICJI ePBOTO MHTErpasa

Tyers dynkuus v(L, 21, .....,) € C1(Dy) sBAsCICH NepBLIM wIITerpa-
10 cucrest (4.1) B obaacri Dy, Cy - uoGoe 3uatenne, Koropoe 3ta
Gymcws upumniaer 8 Dy, u a1s nexoroporo j € {1,....n} uponsso-
sa 00(0.7)/0x; # 0 Da. Howauness o ypasere v(t.,...0n) = Co

Takue, 4ro upu noacranoske g(t) = (gi(t),
TOAICCTBO:

n(t)) B (4.5) noayuaercs

v (t.5(1) =

: (4.6)
o (8,5(1) = €.
Ilyers #(f) — pemenne sanaun Kown (4.4). o onpeesenio nepsbix

HHTErpasion myeea

;{8 F(t)) = vj(to

to)) = v;(to, o) = ¢,

Takin oGpason, T(f) yaobaersopser Tofi e cayofi cicreye ynximonan-
nbix ypasuenit (4.6), wro u g(t). B cuy eumersenoern nessnoft yk-
1w B oKpectocTH fo naitienbie dbynKkwm copnazaor: T(t) =g(t). O

TIMeeT MCCTO CICAYIONICe YTRCPAICIIIE, KOTOPO® Mbi IDHBOUIN 663 J0-
KazATCLCTEA.

Teopema 4.1.2. B cayuae asmonosmnoii cucmemv (4.1), mo ecmo

fi=1@). j=1....n,
& oxpecmnocmu 11060t mowwu To, dax Komopoi:
PNHEDES
=t
poeno (n—1) ne t

neaaeuCUAMT nepots unmezpanos cucmet (4.1).

4.2. YpaBHeHUsI B YaCTHBIX [POM3BOJHBIX NEPBOro M0~

B ity yeronisn (1.8) b kol touxe & € Do cncresa (4.11) npeactanis-
et coboli meronyio nerpimmatboe peeiic a, (3 r) <, (%) oaopoiyio
cueresty s 101t
cnerest, npe arpi-
1w, pasert ny:io

cofoit onpeaere

TIpi 570N B ci1y BYHKINIOHATHHON HE3ABICHMOCTI v (), .., U1 (F) Co-
omerC O oD 0P (n—1) oraumten ot myzts. Torza 1o Teopexie

NATIIAX B 0K 11t e a0fi Torrn Mo nafierea
erpepo dbepepy by e esth 1) Tk A0 5
orpectioctnn Mo cnpaseanimo pagerictso (4.10).

4.2.3. Ki
nepsoro nopm:u(a

B UACTHBIX

) \ b wacTbIx ¢ niep-
Boro nopsuka B obaactu D C R
o du
@ (@ u(@) g + 0l u(r))T2 +
o an (@) g O _ s (@), (412)

w). bF.u) € C'(D), j=1,

> ai@u) #0,
t

o,

(@ u) € D.

pajKa Tlo kopmuerrras it npasoft wact ypasicins (4.12) noctpoi cuciesy
¥ it (n+1)-r0 nopsuka.
121K i & @,
B YACTHBLIX MPOM3BOJAHLIX MEPBOro nopz,m(n dt
Tlyers u(F) 1 ) — pynkums or . @) € Dy, Dy — (4.13)
oGaacts 5 R™. Ypabieine
p(r n_,h‘l Ou ) =b(T, u).
Dy D
AbHEM ) B uacTiLIX o 4.2.3. Pewenus (x1(1),....w,(t). u(t)) cuemesn (4.13)
nepporo nopsuika, ecu sazamas dbynkumust F(z; onpedeasiom Pazosue wpuswie 6 npocmpancmee R"1, xomopwe nasvica-
HIECTBEHHO 3ABHCHT OT HOCJC/HIX 7 APIYMEHTOB, 1omes 6 wacmuor (4.12).

B UACTHBIX 1epBoro 1o-

HACTHDBIE IPO3-

praka
BOAIBIC BXOJT N0, TO €CTl>

ecam B 910

s u(F)).

tae dynkwn a;(F,u) = a;(z; ), b(F,u) = b, u) cunra-
10TCH 3aAANIBINH 1A HIeKOTOpoM Amoxkectne Dy € R™L, npisent neioxy b

Cisian, nepuix mrerpaion cncrexst (4.13) 1 kpasinieiinoro ypatie-
st (4.12) nposicusieres b cieayiomed Teopee.

Teopema 4.2.2. ITycmy v
cucmenwt (4.13) 6 ofaacmu D, u 6 nexomopoii mowe No(af. .
D cunoanenn yeaosus

) — ne codeporcauguii t nepowis unmezpaa
,u’) €

v(No) = Co, w #0. (4.14)

Tocda & i mowsu No
HIET (4.15)
neasHy0 Pyrnyuio u Ganiouyoca peuteniiest

Dy manomeno yesone - a?(F.u) # 0.
i=1
- B uacTibIx nepBoro no-
praka ecam 1 1010
VPABHCHILL He SABUCAT OT U, A IPABAR ACTI> PABIA HYIIO:
nte dymwm a;(7) 3azamst ma nexoropont amoectse Do C R”, npirient

seioay B Do BBIIOINENO yesioBHe Z a2(%) # 0. Ouennno, uro auneiinoe

B HACTHLIX
et ke aelioro ypasueus,

X SBJIAETCS UACTHBIN CIIy-

Onpegenenve 4.2.1. @yuryun u(F) nazweacmes peuenuest weamau-
Neilnoz0 YpasHeHUA 6 NaCTINIT NPOUIGOONILT NEPG0z0 nopAdKa 6 ofaacT
Do CR”, ecau

1. u(F) nenpepreno dufdepenyupyesta 6 Do (mo ecmo u(F) € C1(Dy) );

2. das ar06o2

F € Dy mowna (%,u(F)) € Dy;

Keasuauneiinozo ypasnenun (4.12).

Jorasameavemeo. Tlyern v(F, u) ABIse1ca 1e CoACHARAILIM § IEPBbIN Mil-
terpatos cuerensi (4.13). Toraa no sexse 4.1.1 0 cpoficrsax nepsoro -
‘Terpaia ero npospoMas b ity cicresst (4.13) pasua nymo » obaacti

dv
dt

= 9u(z, a(z,
> Q@) )+ PEDy
(113 5 dx; Ju

V(z,u) € D. (4.16)
JLas dynxumonaisoro ypasieruss (4.15) o ity (4.14) 110 Teopesie o mesin-
noii dynkumm cymecrsyer okpecrnocts Toukn Mo(zY, ..., %), B koropoii
yuks u = u(xy, ... z,),

obpantaioman ypasnenme (4.15) B TocIeCTBO B HTOli OKpeCTHOCTI:

v, ) = Co.

(s,

Tlo poparyte ndbcpepermponars nessiofi ymKim myeeN

3. npu nodemanoswe Gynmyuu u(®) 6 obe nacmu reazuAUNEiNOZ0 Ypas- w0 o
=t L....n.
nenus noayuacmes moswcdecmeo 6 o6aacmu Dy. 95, = u s,
1.2.2. 5 |ocae tix paeners b (4.16) u s wa dv/du # 0 upi-

YACTHEIX TIPOM3BOAHBIX NIEPEOTO MOPSAKA

ACCMOTDIM JIHefiHoe P B
SACTHLIX NPOI3BOILIX NEPBOro HopstKa 1 odtactin Dy C K™

9u
oz,
S a@) #o.

=1

(.7

(7)€ (Do), j

Vi € Dy. (4.8)

To kosdpmerrax ypasnenz (4.7) mocTpomyt cuiereny

XouIM K pasencrsy

7, u())

JZ a;(F, u(f))%

b pacesarpunacnioli oxpectiiocti touxu Mo. To ecrs u(F) — pemere kpa-
< (4

yP B HACTHBIX

Cucrexa . B ACTHLIX PO
o (4.13) mueer mopazaok (n -+ 1). Hostoty, cormacio Teopesre 4.

cTHK

MOKIO 3a1yMepOBATS Yo (2), n = 1,2, ... YT00s yerpamiTs neonpeeer-
HOCTD, CBABANIYIO C TeM, 4TO O COIEPAKAT NPONEO/ILHLL COMIOKITE,

Gyse cuirat, wro
[y
;

Tycrs, f(x) nexotopan nenpepusnan ma [0, (] dynmus. Breaes obosnarie-

,
[z
i’

CbopAyIpYeM TCOPEMY, HMEIOILYIO BAKIOE JUAMICIIE BO MIOTIX 06ACTAX
MATEMATHKH 1 €e IILIOAeHHii.

Teopema 3.3.5. (Teopewa Cmennosa) Ecau f(x) €
meopsem xpacewat yeaosuse (3.34). (3.35), mo pad

Z Futin(2)

crodumes panosepno na ompeawe (0. 1] x dyrwyuu f(x), mo ecm

n=12....

€2(0,1) u ydosae-

1@ =3 fa(),

n=1

o<a<l.

neKos s -
Terpamsbix kpubix cnerest (4.1). Ilyers TouKa (fo, 7o) € Dy aexut na

HOBEPXHOCTI

o(t,7) = Co,

10 ectb v(tg, o) = Co. B ciuly Teopenisi cymmecTsoBams 1t €UICTEEIO-
ctn pemens sazam Komu s cueresst (4.1) ¢ navaisubi yeiopiex
F(tg) = Fo cymectnyer emersennas uurerpaibias kpusast (¢, (1)), upo-
xousumast epes 1ouxy (fo, Fo). Tax kax v(f,F) — uepebiii mrrerpas, o ua
PACCMATPHBAENOIi HHTErPATBHOI KPHBOIi CIIPABE/LTIBb PABEHCTBA

(. 7(t)) = v(to, T(to)) =

HOKASLIBAIOLLIIC, TO DI BeeX AONYCTHMBIX { # fo MITerpaibias Kpuas
octaetcst na nosepxiocti v(t, ) = C

4.1.4. HesaBucumbIe neppbie MHTErPassl

Hycrs vy (8.7 . vk(t,T) — nepsute murerpan cucremsi (4.1). Torza

st moGoii nenpeprisio ddepenmpyevoii & R* bymkum o(yy.. ... ur)
cynepuosis
B(1,7) = p(v1 (.7 (t.7))
TAKIKe ABIACTCH EPBHIM HTerpasion crcrenbr (4.1).
Onpegenenve 4.1.3. Ilepeue unmezpann vy(LF), ..., vk(t,T) cucme-
e (4.1) & ofaacmu

Di, ecau panz pasen Gyncuuis b

¥(t.7) € Dy.

rng (2442
4

Baztiocrs pVHKINIONAILIO He3aBICHAbIX
P it cucTenbl

HHTErpaos uisi pemens
Teopena.

Teopema 4.1.1. ITyemo ¢ ofaacmu Dy cywecmeyem n dynxyuonas-
HO HEIAGUCUMNMT NEPEUT UnMezpaaos vy (1, T) va(t,T) cucmenw (4.1).
Toeda das ar0Goit mowru (tg,To) € Dy pewenue F(t) = (21(0)....,xa(t))
sadawu Kowu

uu(z)

= filtoa1(O)eeeeiza(t)), k=1li.oon, F(to) =

00no3HaNO ompedeanemea xax HeaGHaR GyryuA U3 CucmeA ypasHenuil

v(t,7) =,

ade =

v;(to.To), J

it F cicrenmy yp i (45) b
Toukn (to.To). B camoii Touke y 0UeBIIHO

HpIteN B CiTy hYHKINOHATBHOM HESABHCHMOCTH TIEPBbIX HHTErpaio (cM.
oupeeienie 413 npit k= ) AKOGHaI 1O HPNENHEN (71, 0) oL

KDeCTHOCTI

Torta 10 1eopesic o ueambix by (e zeopesty A.L.1 b zonomenin)
B TOUKN fo
pyesbie by

YIECTBY 10T

Qo

(1) = g;(t.}

0 TepBbIX CHCTEMBI, B OKPECTHOCTH KasK10ii TOUKI

snddepenmabiLx ypasienii n-ro nopska oGactn D cy yeT poBEO T ;e + esa-

da(t) BUCHMbIX HEPBBIX HIITErPAIOn

S = a0, e),

w9 v1(F,u), U (F, ).
Bonl) _ o (0 nD). Torta uts 110G0ii nenpeppiiio iddepenmpyexioit dynkm F(ys. ..., )
dt cynepuosis
o 4.2.2. PewenusT(t) = (21(1),. .., xa(t)) cucmen (4.9) 2u) = F(oi(@,u), ... on(F )

onpedeasiom gasosme wpuswe 6 npocmpancmoe R, xomopwe nazweanomes

& wacmin
(7 ® it

e

Crsn cncrenst (4.9) 11 yp
se.

Nemma 8.2.1. Oyryun u(F) € C1(Do) asanemen pewernues auneino-
6 wacmmws (4.7) mozda u moavio

ne t nepenat

0
mozda, xozda u(3
emeste (4.9) o ofaom Dy,

cu-

Jorazameancmeo. Tlyers u(F) apisercs ne cotepxauum ¢ nepunist mre-
rpastont cncresst (4.9) B o6aactu Do. Toraa 1o sexsie 4.1.1 0 coitcrnax
nepBoro mTerpaa ero npom3BoNAs B ety cneressi (4.9) pasia nymo B
obaactu Dy:

TAKKE ABIACTCH IEPBLIN MITEPATON cicTesbl xapaktepuerk (4.13). B
ey teopess 4.2.2 upu smoen yeaoni dw/du # 0 nesian bynx-
s (), w3

VP

Foi(Zu), ..

(4.17)

TAKIKE SIBISICTCH PelIeHIeN KBASMINHEHIOro YPABICNHs B YACTIBIX IPOU3-
o (4.12). Moz nokasats, wro dopaiya (4.17) sasaet obiee pere-
e kpasy . (4.12) & okpect-
HOCTH KazI10ii TOUKI

B HACTHBIX

4.2.4. T empica y
B ACTHBIX TPOU3BOAMBIX

du du
= @@ VT € Do .
dt |, 9 =2 Tpadux pemems u = f(r1,...,x,) € C'(Dy) Kpasmmneiinoro ypas-
NI B HACTILIX NPOIBBOANBIX (4.12) SIBISCTCS N-MePHOl NOBEPXIOCTHIO
Tosrony u(E) — pewente yp b wacTiLIx (7). N 1010). VTOMIIM CTpyYKTYDY ST0fi HOBEPXIOCTIL.
O6pario, nycrs u(F) - peleliiie YpaBUeNIs B MACTILIX UPONIBOAILLX u
(4.7). Toraa ero jeast uact, npectanisier coboll BLpaellie s 1O
Boanoii u(F) B ety cicreasi (4.9), 1 T0 BhPAZKeIIe PABHO HY1I0 B 0GAACTIL
Dy. Cornaciio sexnve 4.1.1 otciona sakmouaest, 1o u(F) sBAsieTes NepBbIM
urerpaion (4.9) B oSaacr Do.
Teopema 4.2.1. Iyemy & ofaacmu Dy cucmena (4.9) usieem posno
n—1ne nepour
T, 7y
V(@1 Tn)y 02(@1ree e n)s s Vpoa(@1ee o N
Tozda 6 i i mowsu Mo(af......z9) €
Do obuice peutenue auncinozo 0dnopodnozo ypasnenus ¢ acmiv npous-
Goonw (4.7) usmeem eud Puc. 4.1. K goxasateapcrsy Teopeant 4.2.3,
u(®@) = F(0y(Z), va(@), - - a1 () (4.10)
. _ 1 .
e Flneoi) - Teopema 4.2.3. Dymwyus u = f(z1,...,,) € C'(Dy) soasemes pe
wenuem w & acmnoe (4.12) mo-
Pyrruua.

ﬂumuummhcmao Ecan v;(7) — nepunie mrrerpatst cucrex (4.9), j

2da u moavro mozda, rozda amoit i

auKoa cocmoum us

ye-
(4.13) (mo

.n =1, To s moboii nenpepuisio iddepenmupyexmoit (b\m(ulm ecm wepes awbyio mowy ye-

r(n L Yn—1) dynxuus u(T), onpeserentas popaysioli (4.10), Takske sip- | AUKOM AcoCAUER 1A IMOT NOGEpTHOCTIL).
J1sieTest NepBbIM WITerpaio, e apicsun ot £. Toraa 1o aexe 4.2.1 u()
~ peuene v B uaCTIBIX i Tlyers uepes moByIo TOUKY NOBEPXIOCTI
(4.7).

Véemmes, uto dopuyioii (4.10) omicmBaoTcs Bee pemenns - P={u=f(z1,....,2n). (21.-...2n) € Do}, (4.18)
nefitoro ¥ “n e ka0l TOUKIL
Mo(a,....2) € Dy. Tyers u(z) J— € noMompIo by f(z1,...,2,) € C'(Dy), npo-

ypasuens (4.10). Tak kax ynkmnt vy (T, n—1(T) ABAIOTCH NIEPBLI-
i nmrerpaay cucrenst (4.9). To cormacno aemse 4.2.1 sru dynxumm
spasiorest pemenus ypasuenus (4.7). Taxin oGpason,

VT € Do. (4.11)

=0,

XOJUIT XAPAKTEPHCTHKA

T = {(@1(t).....an(t), u(t)} C P,
He/IKOM JleKamas na S1oft B kan 10l TouKe

ce Kacateabibii nektop B ety (4.13) mveer pi

(dx;(l)

dan(t) du(t)y
0. 0.

dt ' dt

= (@1 (@), u()s - . an(@(t), u(t)), b(E(t),u

e u(t) = f(Z(t)). Mockoniy et na
P, 10 1OCTPOCINLL BEKTOP 7 ABJIACTCH KACATE/LIBIM ONOBPEMENIO i K

(),




. Toraa 5107 BEKTOp OPTOTONACN K BEKTOpY HopMa:it

Tax xax (7, 7)gnes =0, 10

(7, u) W(,u) € T. (4.19)

entoe pasencrso 0 u = [() yaon

: Kpasi-
< (4.12) b Kaxaofi TouKe

s
xapakrepneruki T. Tlocks
nocri npoxoT
TouKax
Obparno, nyers u = f(F) — pewenie kpasinuelinoro ypasueus b
wactupix npomssoausix (4.12) B Dy. Tokases, 1To tepes 1oGyio 1o
Mo(29.....29,u") € P npoxomr aexamas b P XapakTeplCTIKa ¢ Kaca-
Teabibi pexropoy (), u?). Pacesorpiny 3azarty Kounn ¢ nasaii-
[ —

Tiika, 10 (4.12)

ai(to) = 2.

= (7, f(7)),
(4.20)

Tn(to) = a3,

T J(T))

KOTOpasi iMeeT exnHcTBennoe pemenne T(t) = (x1(t). ... x4 (t)). Tlo s1omy
DELICHINO NOCTPOIM KPHBYIO
T={@ =z1(0),....wn = wn(t).u(t) = f(21(0),. .. e} (4:21)

Tlo nocrpoerio T' C P. Yoeausics, wro ' XapaKTepHCTIIKa, TO ecTh ¥10-
waersopsier cicteie (4.13). Tleprbie n ypasneniii 310l cHCTeMBI BITIOIE
b ey (4.20). Ocratoc npoepiTs Hocaeaee panerctso b (4.13). Yo
thiBan 10, 170 (), i = ..., n, ABamoTCA pemenma cnctenst (4.20), a

u = f(T) smasiercs pemenien Kpaswimeiinoro ypasnems (4.12), nveen
du af drj = Of@E() _
T Z—(r(r 7(!)—;—(%1 a;(F(t). u(t)) = b(E(t). u(t)).
C. kpusas T ika. Hrak, nokasano, 4ro uepes

110610 TOKY HOBEpXHOCTH P NPOXOT NPHHALIEAKAMIAS STOfi TIOBEPXHO-
et xapaxTepnerika I'.

asa 5

OcHosbl BapnaynoHHOro ncHucnaeHuns

5.1. O 0 uc

Pacesorpint suoectso M,
MHOACCTBA HEpepbIBILIX 1A oTpe3Ke ynKiii C[ru 2]

o 5.1.1. aano-
arcecmea M 6 amosicecmoo delicmeumenvnn wucea.

TIpHBEACM HEKOTOPHIC DI,

Tlyers aomeerso M covnataer co seen wuosectson Clrg, ). Onpe-

et pynunona Bly(x)] creayionun oopazont: Bly(x)] = y(xo)+2y(r1).
Tlpyris

aercs

0 1A 3TOM B

oyl = [ viera.

TIpusesest eme oz npiep. Tlyers suoxkecrno M npecraser cobofi
¢ na orpeske (g, 1] dyukuwnii
s, w0 y(r0) = . y(1) = 1, 1A Yo, Yy~ Swam HOCTOMMC.
C 1a 5ToM by 0

aly(o)l = [ (e + 200

))?)dr.

5.1.1. Bapuanusi dynkumonaia

o 5.1.2.
nasweaemes arotaz dynyua dy(x) maxas, «mo yo(x) + oy(x) €

M

Fycyuu yo(x) €
eM.

Jlastee 13 1pocroTht GyAies cHiTath, wro Miozkecrso M obiataer Tes
cuoficron, wro ecun dy(x) — somycruas papuawna dynkwn yo(x), T
16y () raxoe apaneTca sonycTiofi sapaunet hynkum yo(x) A1 106010
teR

2de a;(s) = a; (1 (5). V(). vals)). 5 = 1.2,
Tozda & newomopoii oxpecmnocmu waswcdoi mowwu aunuu € cyuecmey-

em cdunemaennoe pewienue sadau Kouu (4.22), (4.23).

T T cicTenmy xapa CHK LSt i

1Oro ypastemst B aCTILIX UpoIIBOMLIX (4.22):

ay(x,y,u),

Puc. 4.2. K soxasareancrny Teopesnt 4.2.4.

Bazaua Koum s ccresm (4.2

4.2.5. Banaua Komm s ¥ Prr— 513. 50[yo(2),dy(x)]  dyrguonaaa
N — By(2)] ma dymun yo(z) € M naswoaemes
Pacemorpiy B ciyuae n = 2, Koropblii umeer nanGojiee HAIAHYIO —®[yo(x) + tdy(z))
reomerp y finoe yp B HACTHBIX t=0
HpOMSBOILIX Tpusesest npinvepsi, ar0 Bapuam 28 -
ou KT CYIICCTBOBATS, & MOAKCT 1 He CYIIECTBOBAT.
a(@.y.u) 50 +ax(z.y.u = bla.y.u), (4.22) Tyers M = Clrg, z,]. Pacexorpin
e b(z,y,u),a;(z,y,u) € CY(D), j = 1,2, D - obracts us B, Y
y aly(o)l = [ (o).
@¥(z,y,u) + a3(x, 3, u) £ 0, W(z,y,u) € D. FA
3adava Kown s ko vr B wacTHbIX 1p Torza
max (4.22) cocront B naxoxemut novepxuoct u = f(x,y), 3atanacxofi doo o _
peimenies KBaswMHeNONo ypABHEMIES B MACTHEX NPONIBOMILX (4.22) m 88lun(o). )] = Z¥lw) + 62 _, =
TPOXO/sIell Yepes 3aaHnyio JHHIIo i EN EN
d ,
— r) + toy(x)]*d: 2 x)dy(x)dx,
(@98 = (¥1(). ¥a(s). ¥a(s)). 5 € [s1. 0]} € D, i [ ) + tte [ wiarstari
xo ecrn
rp— 12 50[yo (). dy(x)] cymectnyer A m0Goi yo ().
¥a(s) = f(¥r(s). ¥2(s)). Vs € [s, ). (4:23) | Fom xe ni 112 Tow 2k canoM AoxecTSe paceMoTpiA by HKIONAT
Teopema 4.2.4. [lycmy cwnoaneno ycaosue R
ai(s) ¥i(s) d’[y(.r)]:/\y(.r)\d.r
de(( ) by )FO Vo€ [s1 (4.24) J

u Bospext o ()

0, ady(z) =1, 10

lun(2).69(2)) = 0lan(e) + 15302 = o1 = ao)l

=0 =

1t BapiaIts GYHKINIONATA He CyIIeCTBYeT.
5.1.2. Dxcrpemyn bynkimonasa

[¢] 5.14. Bly(x)] na ynyun
wolx) € M 2 ) na M, ec-
au dax woboi y(zr) € M evwnoaneno nepasencmeo ®lyo(x)] < ®ly(z)]

(@[yo(x)] > [y(x)))-

Tlyers na suosecrse M peejena nekoropast nopya dymkut y(z), na-

Oynkumst yo(x) € Cf[ro. 1] 1 yo(x) > 0 npu x € (v2 — £,22 + ). Caeno-

Teopema 5.3.1. Ilyemn gyrruun I ) tweem mpu @ €

y.p1e

BaTebo, [20:21), (4 P1s -+ -+ Pn) € R nienpepuenvie wacmume npouscodume nopad-
ate wa 2n. Eeau dynruus j(z) € M, §(z) € C*[wg, 1), u na nei docmuzacm-
/f(r)]/g(r)rh = / [(@)ya(a)dz >0, P ’ (5.8) na M, mo j(z)
s peienuest ypasnenus

40 npoTHBOpetT yeioBmo aesmi. Jemma 5.1.1 aokasaa. o d -

L R A S z <z <, (5.9)
5.2. Ypasuenue Diinepa
20e F = F(z,y(@),¥/(

Pacomorpiy  Muosecrso M | yesois yMa Bapais

[0, 1] bynkunit y(x) raxux, uro y(zo) = 1. Onpesen

i STON MHOAKCCTBe dyKINONAT

o ylan) =

Dly(a) = / Fla,y(x). v/ (x))dz,

(5.

atanmas GYIKIN TPeX HepeNenLIX.
[ ——

rae F(z,y,p)
oy
crse M.

¥ Ha Mmoze-

Teopema 5.2.1. llpednonoocust, wmo npu z € [zo,z1], (y.p) € B2 y
g F(2,1,p) eyusecmoypom nenpepuonc emopse wacmme npors-
codnne. Ecau by (5.1) na
Fyryun yo(x) € M, uneroweis nenpepenyto emopyio npouseoduyo na
ompeane [rq, 1), mo dynruus yo(z) a6asemes pewenues dufpeperpuars-
nozo ypasenus

Fyla.y(@).y/ () = —F,«(r y(@),y/'(x) =0, wo <z <ay (52)

Haiizen (51) na yo(x). U
onpeaeaen amoeersa M caeayer, wro gonyermvofi sapuaedi oy (x)
ynxumt yo(x) anaseren moban Henpepusio Anddepenmupyexan Ha or-
peske [, 1] byHKINL, OGPANAIOMAACH B HOL Ha KONIAX STOTO OTPE3KA
(cx. puc. 5.2). To ecti dy(x) € Cilg, ).

Henoasya onpesestene apuatm dynkiona

A, HOJY M

3% (yo(x), oy(x)]

= Ll + o0, =

(2y9,)

Putc. 5.2. K aoxasareasersy Teopesit 5.2.1.

- %/F(I.yq(.r)+!Jy(1).y,'1(r)+t(6y)'(.r))rir ;

- / { By 0@) + t5y(@), i) + (69)' (2)) () +
+Fy (. o) + 50(a). () + 100 (D) 00) (o) Yl _ =
- / {0 @), 5 (@)60() + Foo0(2). v (@) G0 () bk

113 TEOpeMbI 0 HEOGXOIMOA YCIOBINT IKCTPEMYMA CIEAVET, *TO BAPHALI
18 yo(z) posn Y0, T0 6T

[ e w@ s @iuterie + [ Fe w60 e = o.

Hirrerpupyst 10 4actsi BTopofi WHTErpa It YIITbIBAS TO, ITO

3y(zo) = dy(a1)

noay M

J{Fe 0@ ) = 5Bl Yot =

S0 paserictso BymoeNo 13 M0G0l dymkim Sy (x) € Cilwo, x4, Tpu-

npisiep et ety o . ueest
ly@l = maxly(z)l- | d ,
o By y0(2). 40()) = - Fol@,yo(x),yp(2)) = 0. 20 Sz <1
o 5.15. Dly(x)] na Gynyuu
wo(x) € M ’ weuy M, ecau | C. dyukuus yo(x) spaseres pemeren ypaenens (5.2) 1
cywecmeyem & > 0 maxoe, wmo dax aoGoi y(x) € M u ydosaemeops- | reopena 5.2.1 roxasana.
touseit nepasencmey |ly(x) — yo(x)|| < . enpasedauso Blyo(x)] < Bly(x)]
@ Sa Vpasienie (5.2) nasuactest ypasnenient iizepa s dynKumonata
(@[yo(=)] > @[y(x)))- . y
N (5.1). Tax kax dynkuws yo(z), na KoTOpoii J0CTUTACTCS SKCTPEMYM (yIIK-
YMBL 1 ) ) . mionaza (5.1), npunagierxur yuoxecrsy M, T0 ola ABISETCH pellenen
1a. Bazan SKCTpeyMOB 08 1t pyik-

3agauam

1w, 11 KOTOPBIX OMIt
——
Jlokasken TeopeMy 0 HeoBXOUIMOM YCI0BILI SKCTPeMya dyHKIONATA.

Teopema 5.1.1. Ecau dynwiuona 2ly(a) ()mmu?lum na y}yuwml
wau

caeayiomeii kpaesofi 3atai
oy .
Fyfay(a), @) - 7 Fylay(e).y/ (@) =

y(@o) = yo.

T T < wys

) =

sepxuocrit P. Jumitst £ €T i1 310ii HOBEPXHOCTIE 110 IOCTPOCHINIO B CILTY
(4.26) (e pic. 4.2).

Tlokazkent, 4T0 b OKDECTHOCTH KA1 TOMKH it £ 5Ta cocTosas
113 XAPAKTEPICTIK NOBEPXIIOCTI MOAKCT GbiTh 3amicana b piie u = f(z.y),
W Tora, 110 Teopexe 4.2.3, f(z,y) — pelenite ypapienits B HACTHBIX 1DO-
wosobix (4.22). List 51010 A0¢TaTouo b phrexaiomeii w3 (4.27) cicrese
byHKImONATbIbIX ypaBHeril

z=gi(t.s), y=gpa(t.s), (4.29)

BapasuTh (1. 5) Kak ynx-
i or (z,y). UNest 5 By IpiMeIieie TeopeNb 0 HeABILX yNKIsX,
BB SHAMCIIS! HACTHBIX IPOUSBOLIX Ha ittt £, T0 ects npi £ = 0.
/ (4.25) meest

%210, 4 = - ¢z
Fron=2] =a

s pasericrs (4.26) naxoan, 110

%109

(s)s

a ,
aw| JL, ©.5) :m( :;8 :}3 ) £0, Vs€[sisal.
ot

CiteA0BaATeABHO, 10 TeOpeNE O HeABHLX YNKIIIAX B OKPECTHOCTI TOMKIT
(20.90) = (1(0, 5), #2(0,.5)) cyutectnyIoT euCTBENIbI OGpAON OUPEIe-
Jtenmie nenpepipio ddepernpyessie ynku

dynkuonaa (5.8) ua dyukuwm §(z) 10uKHA OOpAATLCH B HOML AL
2n0Goii stonycriofi vapuaim 5y(x) € Cffro,21].
o oupezeienio papua dyUKILONATA HyeeN

[5(2).8y(2)] = () + 150

=0

- %/F(r.]}(r)+l6y(r).g?'(.z)+t(6y)'(:r).. 77 (2)+t(5y)™ (2))da

=

nnTerpai no
PABHIBAS BAPHALIIO K YO, HOJIY Ui

£, nonaras satem ¢ = 0 u npu-

- By, (6y) " (@) d =

[ (Bt + Bt @) +
irrerpupys: m 4acrau & yemmumas 70, w10 dymeuas Sy(z) ¥ ee mpoms-
BOIbie OGPAILAIOTES. B HOJb HA KOMIAX OTDE3KS, HMeeM

d
JICRT:

iR GV

F,,")éy(r)rlz —0

TaK Kak 510 PABOICTEO BLIIOAICHO 4115 060l dyukim y(x) € Cylwo, x1).
10, Y10 1eaMy . HOY I, 10
yuuus j(x) spaseres 1b10T0 Y (5.9).
Teopenia 5.3.1 jokazana. o

Takim 06pasoM, Mbl [OKA3a/IM, ecn na ynkum y(r) €
C?[zo,71] IKCTPeMYM aa (5.8) na M,
10 918 bynKII ABCTCH pemeniien Kpaesoii saxam (5.9), (5.6), (5.7).

B Katecrse npiepa ‘Teopexbi
saxay npubamkenns by f(x) Gosee raakoli dbymkuneii y(z). B or-
mrHe OT HPIMEPA W3 IPEABLAYIero naparpacda Gyem TpeGoBaTh, AToGH

w0,

3HAYEHIs He TOJBLKO IepBoii 1O 1t BTOPOi bynk-
i y(x), Guuam nepeki.
5 sazay 3
2 , " 5
/(y(.x') ~ f(x)) dz+o/((y (@) + (y"(x))?)da, (5.10)

e a - noaoxuTebuLi napamerp. Byjem npemorarats, uto dynkis
F(x) taxona, wro f(x0) = f(z1) = 0, f'(xo) = f'(x1) = 0 u paccyorpiy
Sazany ammnnmamm ynkmonata (5.10) na amoxectse dymxuit y(r)
raxix, 1m0 y(x) € C2lro.a1], ylxo) = yla1) = 0, y(w0) = y/(x1) = 0. Tax
KaK B 5TOM Caryae dymKiA

F(z.y.p1,02) = (y = f(2))* + op + ap,
10 ypastieme (5.9) useer piy
Aoy L
2yw) ~ f(a)) ~ 5 (209/(@)) + 75201/ (@) = 0.
TpeoGpasyst 510 ypaieHise i y4uTHiBAs Kpaesbie yeiopis y(zo) = y(z1) =
0, /(o) = ¥/(x1) = 0, H0AY*1M KPACBYIO 3a1A1Y 415 OUPEAETeHIs hyHK-
i y(z)
¥ (@) — ¥ (@) + (@) 'y(@) = () M f(@), @<z <an,
yl(xo) = y'(w0) =0, y(a1) = (a1) =

5.3.2. a,

or ¢} aByX

Bazaun s MO0 u o
IKIMOHAIOD, 3ABHCSIINX OT AYHKIVM JBYX Tepesenubex. PaceMoTpin
ynKiONa, FaBNCHILT OT dYIKIUI (2, y) 1 €0 HACTHLIX TPOHIEOILIX
11epBOro HOpsAKa

<l>[u(-r.y)]=/ Fz.y.ulz,y), uz(,y), uy(z, y))dedy, (5.11)
B

n u(z.y)

bu(z,y)

Puc. 5.3.

tae Flz,y,u,p.q) — sasammas yukwus, a D — obaacts, orpammientas
xoutypom L. Byaen npeamoarats, uto dynkumst F(z,y,u,p,q) mveer
HenpepLIBibe BTOpbie YacTubie npoussomusie upu (r,y) € D = DU L.

~ moxecrso ynkuuii u(z,y), uvelomux 5 D nenpepuis-
HLle SACTHbIE POM3BONb W UDHHMMAONUIX na L satamibie suateri
u(z,y) = ¢(x,y), (v.y) € L. Bapmamwns ynkmm u(z, y), ne woisotsimas
10 ymkims du(z, y), mveronast 5 D nenpepbisibie

e a - napayerp. nepsoro

ro skerpestyya. C. ecam #/(0) eym 0
/(0) = 0. Cymecrnosanme npomssoofi ¢ (0) ceayer 13 cymecTsopam
sapamm bymkmonaa B[y(x)] na yo(w)
d
at

o) _, = S alun(e) + o],

=0

Caexosaresio,

S¥lgo(e),8y(2)] = @luo(x) + 1oy

s moGoii 8y(). Teopena 5.1.1 fokasana.

Puc. 5.1. K aoxasareanerny aesim 5.1.1.

5.1.3. O

semma

Jlokaken J16xMY, KOTOPYIO B CBA3II € €@ BAANIOCTHIO DI HCCIC0BANI
3aj1a4 BAPHAINOHHOIO HCHHCIICHIS, HAZBIBAIOT OCHOBHOI JIeMMOI BapHAII-
omoro ncwcien.
Hanosmmn, wro C*[g, 1], n € N obosnauaet wioectso n pas nenpe-
puiBio AndepermupyeNsx ma orpeske (o, 1] bymxuii. yers G [ro, 1]
smoecTso dynxuii y(x) € C" g, 1) Taxux, o

¥ o)

m=01,...

™ (1) =0, -1

KacaTbest Apyr apyra (em. puc. 4.2).

Grsocts chymann y(x) x nesoano £(x), 4 AL
BTODOIO HITErPA/a UPHBOIT K TOMY, 1T 3uatienits UpousBoAnofi y (x) ne
Gyayr cmmmkos Goapuuss.

Lust pemerntst sazam ¥ (5.3) ua
dymaunii y(z) Taxix, uro y(z) € Clrg, 21]. y(zo) = y(a1) = 0, sammmen
ypapieme Jitepa a1 dynxuonaa (5.3). Tax Kax B 510 ciyae

F(z.y,p) = (y = f(2))* +ap®, Fy(w.y.p) =2y~ f(2)). Fple,y.p) = 20p,

0 ypasieme Diitepa uneer pit

0.

d '
2(y(x) = f(2)) = 5-(2ay'(x))
TIpeoGpasyst 910 ypaBIlCILile I yUNTHIEAS KPACELIC YCIOBILS, NOLY A KPa-
enyio satauy s onpesesens dynkumt y(x)

(@) = (@) y(x) = ~(@) " f(=). (5.4)

Ylzo) = ylar) = 0. (55)
Ta Kax ypasneine iliepa 1act HEODXOMIMOE YCIOBHE SKCTPEAYMA, TO
MOAIO Y TBEpAKAATD, 110, ccat AmnyM bynKonaa (5.3) Aocturactcs
na wazcuw nenpepsisio Auddepenuupyesofi (ynxu, 1o 5ta dyuus
spsieres peuentien kpaesoft saxamu (5.4), (5.5). 3averiy, 410 010pOL-
nas (f(x) = 0) kpaesas saxaua (5.4), (5.5) mMeer ToabKo HyieBoe peie-
e, caretosateasio, pewene kpaesoit saxauu (5.4), (5.5) cymecrnyer u
camncrseno s nobofi f(z). Moxio Aokasats, 410 510 peienie Gyer
sumunmsuposars dynkuonai (5.3

To ST < 71

5.3. HeobxouMBble yCJIOBHS SKCTPEMyMa
ISl HEKOTOPBIX (byHKIMOHATIOB

ww)={ e

T lry—exr+e]

TR B srom naparpade Mbi p W noay-
=tx,y), s=s(x.y), Nemma 5.1.1. ITycmo f(x) - nenpepwenan na ompeswe [xo, 1] dynn- | HHM LI HIX HEOGXOMIMBIC YCAOBIA SKCTPEMY M.
obpamaonue ypasuenis (4.29) B roxiectsa. Toc/e noiCTanosKu i Tperpe | WU# Maxes, wmo . -
ypasuenye B (4.27) K HCKOMOMY 5.3.1. or Tnopsi/ixa Bhilie
J@)y()de = nepsoro
ea(t(x,y), s(z,y)) = flz,y). 2 -
N ” 3a Fla) = Pacesorpun amozecrso M bynkuit y(x) € C [, 7] Taxux, uro
O ——— T C L i Y O R R e ) : o
oy 3 B uACTHEIX " cortacio Teope- y(wo) = yoo. ¥'(z0) = yor. ¥"(z0) = yor y" V(o) = Yon-1. (5.6)
e 4.2.3, cocrout u3 (m cctn 11 uro ynkuus f(x) orurma or nys na _ oy — My (n—1)(g) =
(4.27)), a ubausn kpusoii £ pemenit reo. | orpesie [z, 1). Toraa cymectsyer touka 2 € (zp, 1) Taxas, wro f(zz) # | Y(#1) = 0 (@) =yu, (@) =piz, -y @) = prncr (67
pesoft 0 HeARHLIX. YHKIAX. 0 0. Tyers s onpexesennocrn f(zs) > 0. B cuny )| o na s1oM 3 a
cymectsyer & > 0 Taxoe, 1ro .
Veaosue (4.24) myeer caeayonuii reoserpiteckui caici. Tak Kax | o
BeKrop 7 = (a1 a3, b) Kacaetes xapaxrepucTinKL, a BekTop (1], U4, %) Ka- flzz) : L@ = [ Fy@).y'@) (@)dz, 38)
f@) > =2 >0, VYre€lrz—ex2+¢ C(z0.71).
caeres Kpuoit £, Ha KOTOpOIi 31AI0TCA HaATBHBIE AaHbe 15 3atai Ko- 2 ES
i, 1o yeiosne (4.24) ects ycaosne HekosLmHeapHocT npoexiii (aj, a:
B Y s oy g o 1) o e e 5.0): DO YR Pl ) OTPOREIGER M UeDpEp1LIR 1 € o, 21,
Bax, HpoeKI i { 1 NEPECEKAIONNIX ¢e XAPAKTEPUCTHK Hie J0KIbE ) (22 +€) — )", T € [za—e,x2+e]; o Il"im ‘nIl):l) yeaosue (5.8) na

wnoxecrse M.

B Hob na L, 1o ects Su(z,y) = 0,

oy neoGxommnioe yeoie skerpesyna dynkmonana (5.11). s
ST0K0 HAM HOTPeGYETCs! JIeMAA, AHAIONIHAsL OCHOBHOI JIeMMe BAPIAIIOL-

5) ¢ masaanmn upu £ = 0 gammnm na |, ) e A .
pason p ey e Pacesorp iy on reopeu N e
zle=0 = ¥1(5),  Yle=o = ¥2(s), ule=0 = ¥s(s) (4.26) | 1a 3®[yo (). dy(x)) pasra nyaw das woboii donyemuroii capuayuu y(z). rpeSyeres GBI HeKoTopyIo dynKino f(z) Goee raKof bymKi- Mycrs A
InMeeT eAuICTBeIIOE peleie yers 4 Dy(e)] socruracr ma cpymauy | €6 (F)- D10 oATaCT, 110 HpoMsOMNAS Y () He A0LANA IETS CAMMKON
- ; sy (x) | GO Suateis. TList pemerist 10A0GHbIX 3810 MOKET BT HpIMCIe-
yo(x) HokambiOr0 SKCTpeMyMa. Pacesorpis ®lyo(z) + ty(x)]. tae y(x) ! ce 13 armoncectna M.
z=gi(ts). y=galtes), u=gpst.s). (4:27) | iowssonpan sapnatt yo(x). Tpn cucposammix yo(z) 1 dy(e) cyrm |10 EapaoNIO nemenege Myern f(x) 1axona, w0 [ (ag) = f(r1) = 0. [°€ 12 N0
/ (4.26), (427) nsteest monan ®lyy(x) + tdy(x)] seasiercs bynxuueii nepesennoii ¢ : P “W*Yn * (x.y) € L (ex. pic. 5. 3)
A(t) = Blyo(x) + tdy(2)]. 2 )2
21(0,5) = 1(5), 92(0,5) = Va(s), 3(0,5) = Us(s), Vs € [s1,52]. (4.28) #lt) = Hyo(e) + t3y(=)] / (@) - f(@))’dz +a / ¥/ (2)) dx, (5.3)
Tax kak dynxumonan ®[y(x)] ocruraer na Gyukim yo(z) HokabHONO o o HOrO HCHCAeIA
Popuy:ra (4.27) sazaer 1pe; it 110~ 10 y dbynkmm ¢(t) TouKa ¢ = 0 ABAAETCH TOUKOI JOKAILHO-

Nemma 5.3.1. Ilyem giynryus f(x,y) nenpepuena 6 D. Eeau
/ T y)v(a,y)dedy =0
D

dan moboii e v(x, ), userouiei nenpepwetie xacmie npouzsod-
nwe 6 D u obpauaroueiica ¢ noav na xonmype L, mo f(a.y) = 0,
(x.y) € D.

Jorasameavcmeo. Tpenoaozis, uro dynxims f(z,y) ormrma or nyis
5 D. Toraa cymecrsyer touxa (xo,yo) € D raxas, wro f(zo, yo) # 0. Hyers
ans onpexenemnocr f(wo,y0) > 0. U3 nenpepuisuoct f(z,y) B Touke

y
D
z
Puc. 5.4. K joxasarenscrny aessi 5.3.1
(20.yo) ClleAYeT, 4TO CYIeCTBYET Kp)
§={(z,9) : (x = x0)* + (v~ 90)* <%}
Taoii, wro f(z,y) > LI‘;‘ w upn (r,y) € S C D. Pacesorpnu

dynxumo v (z, ) Taxyio, o (cx. prc. 5.4)

wo(e,) = { ((l(r )+ (y—w)? -2’ (xy) €S

(z,y) € D\S.

Tora

[ e asas = [[ stapente. itz >
i )

> flxo. %)

2 //vg(:r. y)drdy >0,
s

410 npotuBopeuT yeiopmo esst. Tlolyenioe NpoTHBOpEtie NOKATLL-
BACT, 1O HCXOANOE HpEANOOKene Gbi10 Henepio. Jlesya 5.3.1 1okaza-
na.

Teopema 5.3.2. llpednoaoocus, wmo dywsuua F(x,y, u.p.q) useem
HenpepuisHvie 6mopyie wacmuve npouseodume npu (z,y) € D, (u,p,q) € R,
FEeau (5.11) na dyrrgun u(x, y) €

M, useroueii nenpepwenme smopwe wacmume npouscoduvie 6 D, mo ama
Bynruun aeanemen

6 wacmums

(5.12)




Torasameavemeo. Tlycts sketpesiyst (ynkiuonata (5.11) Aoctiractes ma
by @z, y) € M, mveionteli HenpepbBIbie BTOPHIE MACTIbIE HPOIT3BOL-
e B D. 13 HeOGXOINOTO YCI0BIA SKCTPEAYNA CICVET, ITO BapHamis
bynxuonaa (5.11) na sroit ynkuwmt pasia 1

(e, y). Sulz,y)] = %m@ o+t

0 ecth

% // 2,9, 0(@, Y, £), W (2, Y, ), w0y (@, , 1) )(lrdyl

e w(x,y.t) = u(r,y) + tou(x, y). Jnddpepenunpys no ¢ nox snakom ui-
Terpasia i no;iarast  PABHBIN HYIHO, TOTY TN

/ Fu(a,y. i itg. iy)u(, y)dedy+
B

+ /D/{F,,(.r. vz

ity ity (Bu), (. y)}dx(ly:ﬂ. (5.

) (Ou)z (2. y)+

+ Fy(a.y,

13)

TpeoGpasyes 510 pasericrso. OueBILLIO, 1TO

Fyla it iz, i) (0u)a (. y) = [F ou) — J su,
Fyay. itz i) (5u), (. y) (r ou) — S u.

Caesosarensuo,

//{F,,(r.y. ity g ) (Ou) 2 (. ) + Fy (., 0, 1y ny)(su),<1-.y)}.trdy =
B

- //(%(F,,Ju) + %(FJ(L))HIH;/—//(%

Tpussensisi popatyay Tpitia k unrerpay

[ Gt gocrim) sy
g

u yummasas 10, 4to du(z, y) = 0, (z,y) € L, noayms

//(%(F,,&u) + %(F.,A‘u))thdy = f(r,,sudy — Fydudz) =

i)éu dzdy.

Cuaesoparednho,

//(F,,(LyA it 1) () (@ y) + Fyl,y, 1t o ) (50), (2, y) Ydady =
B

)511 dzdy,

1t pasencreo (5.13) npummaer B
a
/ / {r-5

5

tae Fy. Fy, Fy purucasiores b touxe (z,y,
KaK 10y w15t 0ofi onycTisofi Bapiatt
Su(z,y), 1o, npivensis ety 5.3.1, noayaes, rro dynkus (z, y) swas-
erca pemenent ypasrenst (5.12). Teopesta 5.3.2 tokazana. o

9
= [,TyF,,}Ju(r.y) ddy = 0.

Caezoarensio, ecam dymkms a(x, y) Taxosa, 1r0 @ € M, myeer 5 D
HeNPEPLIBHbIe BTOPbIe MACTHbIe IPOI3BO/bIE I Ha Heil J0CTHIATCs IKCTpe-
My pynKimoNata (5.12), T0 3Ta YHKIIA ABIETCH pementIeN: ceyiomeit
saza:

oF, 0F,
r"7¥707y (z.y) € D,
w(@,y) = p(x.y), (x,y)€L.

TIpiBesIeM eilie 0/t HPHMEp BADHAINONHON A4, CBA3AMNOR CO Crita-

yukim yx TIycrh man HyHO pHGIH3NTL

) AmyX fla.y). yio B ofacti D

Goee rakoli dynxutedt u(z, ). Tpeanoaoski, wro dynkuws f(z,y) na

rpame L obaactu D obpamactes n no:i. [Lis peimeiist 3a1a i pacesot-
i 3aza4y MumDIBAL BynKLHonaia

Jf{twte) = 1@ + (st ) + (a0 by
g

st 31010 (5.12), noaywus, wro, ecan

My Joctiraetes ua dyukmu (. y), meiomeli neNpephBLe B0~

pute sacre wpomssoune 5 D ofpamaonelics b ot wa L, 10 5
¥ spasercs vp B uacTiLX

—a” ' f(x,y),

12 yp:

Ure(2,y) + gy (2,y) — 0 u(z,y) = (ay) € D.

5.4. I

3a/1a4a Ha Yy Bl SKCTPEMYyM
Paceyorpiy /a GynKimonaa

oyl = [ Pl @)z (5.19)

Wy(o)] = [ Glo.yta). v/, (5.15)

200,0) = 395, Sy (@),
Tokaen, 1o s 106X 3y(x)
D(g.v) _ P[y(x), oy(x)],
D(t.7) l=ro *‘1“'( 5U[j(a). dy(z)],

TIpeAHOAOAIN, IO 5T0 e Tak i cyuiecrayer 6j(x) Takas, "o A1 Hee

o S0(3(x).3i(@)]. 50(i(x).du0()]
§(x). 65()).  6%(5(x).Syo
“"'( SW[j(x).03(x)].  W[i(e). duo(x)] ) 70
Toraa 13 Teopestst o HestBuLX GyHKIHAX creAyer, wro npu dy(z) = 6j(z)

$(0,0) = 0W[y(x). o))
€ Clao. 1] sxobuan

9[y(x), dyo(x)]
O [g(x), yo(x)]

) =0. (5.20)

p(t,7) =

Wt =v

s (u,v), B a sautofi
oxpeetioctn (ug, vo), e uo = ¢(0,0), vo = 1:(0,0).

[yern, st oupeaesentocti, §(x) - dylKis, na KOTOpoil AocTracTCs
JIOKAIBHBI MIHIMYM 3384 Ha yCJIOBHbI SKeTpeMyM. Pacemorpiy cucre-
Ny

(t.7) = (0,0) < = Bg(a)] — ¢,
7) = 6(0,0) = Wgla) = ¢,
11 € ~ JI0CTATOYHO MaJIoe No1oKuTeabHoe yneao. Tak kak

((0.0) — 2, %(0,0)

¥

B astofi 1t TouK (ug. vo). TO 10 Teope-
Me 0 nesipiofi YHKINN CHCTEMA IMeeT eCTBerHoe pelene £,
osavaer, wto

.. 910

@(te. ) = O[H(x) + t-05(x) + 10y0(2)] = [g(x)] — &,
U(te,7e) = W[j(x) + t05(z) + edyo()] = L.

Cacoparenio, na hynxuwm yu) + :5j(x) + Tebyo(). npumasieKauei
(5.14)

3naUICIIHE MenbLICe, e Ha
(). DT0 MpOTBOPEIT TOY, *T0 A YK §(x) AOCTIACTCA A0KAT-
it Mimstys. T HOAYHCHIONo NPOTUBOPENITI CICAYET ClIpABeLIHBOCT)
paencrna (5.20).

Packphipas onpeeiiTe:n, pxotsui B papencrno (5.20), noiysaes

0[y(), dy()] 8 [y(x), oyo ()] — Sy (x), oyo(x)]0¥[g(x), dy(x)] =
s eex dy(x) € Chlro.a1). Tlo yeosmo eopens 6¥[j(x), dy(x)] # 0.
Tozens na 39[j(x). dyo()] 1 oBosuats wepes

9®(j(x). dyo ()]

TR E

nosy M

0.

0®(j(x), dy(x)] + AW [(x), y(x)]

Venrusan dopayst i 50[5(x), oy(x)] 1 6¥[g(x), dy(x)], s10 pasencrso
MOAHO TIepenCaT Tak:

J{ B0+ 36 50,50 Yool +

+ / { Byt 9(0).7 @) + 2y, 52, 7 (2)) o/ (2)d = 0.

Hirrerpupys 10 acTsx BTOpofi miTerpa i yuThias onpeaedente (5.19)
ynumt L(z, y,p). mees

/{L (z.3(x). 7 ()

7)) }oy(a)de

Tpisvensist ety . noayum, w10
dyuxwis §(x) yaonaersopsier ypasnermtio (5.18). Teopesa 5.4.1 aokasara.

T3 teopentsi 5.4.1 c1eayet, 410 L1t oupeeienits by, KOTopas Mo-
KOT ABIATLCH POLICHICN 3A4A4H 1A ymonuun SKCTPEMYM, Hy’KHO PELiTh
v (5.18). 910 Broporo nopsKa.
i €r0 peulenie JABHCHT, BOOGILE TOBOD, OT ABYX TPOUIBOTLHEIX TOCTO-
P Stu u napasierp
MoryT Buits Haiitenst 13 kpaesuix yetosuii y(zo) = Yo, y(21) = y1. a Take
veaonis Wly(x)] = L.

5.5. Bapunanuonnoe cBoOHCTBO cOGCTBEHHbIX  (DYHK-
umii m cobeTBeHHBIX 3Havenmit 3amaun IIItypma-
JInysuiist

Yo-

Pacexorpinyt saaty Mlrypsa-Tuypiwis. TpeSyerca uaiirn suasenis
. IDi KOTOPBIX KpacBasi 3ajatia
s (k( z)=~ ) —ql@)y =y, 0<z<l (5.21)
dr
y(0)=0. y()=0 (5.22)
IneeT Hemy/iesoe peleniie. i 3uatens A, HASLBAIOTC COBCTROMIbI-

Mt SHAMCHISINIL, & COOTBETCTBYIONLIE NN elleiitst Y, (x) — coBCTBenmbMI
dymcwsin sazam Mrypya-Tuypis. Coberpenmsie Gy onpeie-

tae F(z,y.p). G(z.y.p) -~ 3asanibic apans
exie YHKILL CROIX APryMeHTOR.

PaccMOTPIN CIeAYIONLyI0 SKeTpeabiyio sazaty. Ilyers Tpebyeres
naiiTi dynkwmo (), Ha KOTOPOil AocTHIAETCS SKCTPeMyM dyHKIHOHATA
(5.14) na Mmosectse dymnkuii

My = {y(z) € C'[zo,21] = y(x0) = o, y(a1) = p1, ¥[y(x)] =£}. (5.16)

Takin o6pason, nan mysmno mafitin Skerpesiyn dymxmonaa (5.14)

s Text yeaoren, 1(5.15)
Ha s1ox snaverme. sa-
1@111 TAKOXO TIIA HA3LIBAIOTCS 3A1ATAMIL HA YCAOGHMWIL IKCTIPEALYAL
Haiizen aa (5.15) ma Gymeunii
M = {y(z) € C'[xo.1 y(xo) =y, yler) =yi}

Tyers dy(x) - aonycrmvas sapuams Gy na M, 0 ects
Sy(z) € C'lzo 1], Sy(wo) = dy(an) =

Tora papuauis dynkuwonana Wly(x)] ua dynxuwm j(z) € M pasua

S9l3(0),Bu(e)] = ) + 5w,

Tudbepernupysi 1o ¢ 1t nozaras £ = 0, noxyuaes
oW [y(x), y(z)] =

= / {50 7@)ou(@) + Gyl 1), 7 @) G0 (@) po. (5.17)

Cabopary-pyent yeitostie, HEOBXOIMOE LT TOr0, STOH HA chymKIIT
() AocTurancs sxerpestyy ynmonata (5.14) ma amosecrse M.

My, §(z) € C?ag, ],
My. Ecau

Teopema 5.4.1. Ilyems na dymwcyuu j(z) €
(5.14) na

cywecmeyem dynruun
Syo(x) € Cllwa,z1]. yo(xo) = dyo(ar) =0

maras, wmo capuayuz ¥[j(x), 3yo(x)) # 0, mo natidemes wucao X maroe,
“mo §(x) ydoeaemeopaem ypasuenuro

Ly(@,y(x).y'(2)) - 7Lp(r y(@).y (@) =0, zo<z<z, (518

2de
L(x.y.p) = F(z.y.p) + AG(z..p). (5.19)
T Boasyest yio dynkumo dy(z) rakyio, wro

5y(x) € CH g, z1), 6y(x0) = dy(w1) = 0. Paceorpin dynkim
o(t,7) = B[g(x) + toy(x) + Toyo(x)),
W[y(x) + toy(x) + 7oyo(x)).

e £, T — NPO3BOIbIBIC JeTICTBITEbIbIC THCIIA.
13 onpeaeaeuns dyukunii o(t, 7) 1 $(t,7) creayer, 1ro

0) = ¥lj()].
0(0,0) = 60[g(x). 5y0().

U(t,7) =

£(0.0) = dfg()),

0(0,0) = 5®[j(2), y(2)],

Jienst ¢ A0 o Hrobbt
VCTPANITE STY HCOMIOSANIOCTS, BEECM CICAVIONICE YCIoBie:
(5.23)
P 1
'
@[y(x)] /(k(f)(y'( ) +a(@)(y(2))?) de. (5.24)

0

Tokazent, w1ro, ecaut y, (x) - cobernennan dymiiuta saarm Mrypya-Tliy-

s (5.21), (5.22). coor TBeHEOMY 3 An. 0
Plya ()] = (5.25)
JleiicrBurennno, Tak Kak
, ,
[ @@z = [k @~
° 1
= K@) @l (k(a)f (@) v () )) o)
e - v
o

!

@)= [ ()00 + ) (2))) o

0

'
“/( k(@)y ()

sanay aa (5.24) na
by, yoersopsionurx yeaomsi (5.22) 1 (5.23). Janmumen yciosie

(5.23) b Buge
.
[,
Y

Tycrs sumnyy socruraercst na dynxmm (z) € C2[0, 1. s neoGxommo-
O YCIOBHS A5 PELIeNs 3a0a'i 1A YCIOBHLI SKCTPEeMYM IOy, 10
() smasiercst pewenues ypavienis

,
= de @) me)de = o [ (o) =

Y[y(@)] =1,  ¥y()

d
SL,=0, 0<z<l

P (5.26)

e L(z,y.p) = k(x)p? + q(2)y? — Ay?. Tlepenmuumest ypasnere (5.26), yuu-
ruaas by Lz, y. p):
2q(x)y(x) — 22y(x) = 2(k(@)y'(x)) =0,
Taxin o6pasox, ynkuwust §(z) spasercss pemeren ypasners (5.21)
yaosaersopsier yexopusy (5.22). Kpose Toro, ona 1e papiia TOAICCTBeHI0
11110, HOCKOIIbKY yAoBIeTBOpsieT yciopiio (5.23). Caieonateisiio, §(z) sb-
asietcst cobersentofi ynkuedt 3azat Wrypya-TTuysiwus (5.21), (5.22).
anasn ee y (2), Ay cit suanene. I3
(5.25) cacayer, uto By (z)] = Ar.

Taxinn 06pa30M, Mbl IOKA3AIN, TO PeLIeHiie 3a1a 1 1A YCIOBHbi K-
tpesiynt (5.24), (5.23) smasiercst coberenmoit dynkuueit saza Hltypaa-
Tuysuws, a snavere coboit
Pr— by,

na (5.24) na srott




