Jlexyis 14 1

CUCTEMHN NUOEPEHUIAJIBHUX PIBHAHb 3 HE®PIKCOBAHMMU MOMEHTAMMU
IMITYJIBCHOI'O BIIIMBY

1. Cucmema 3 HegixcoeaHumu MOMeHMAMU IMNYIbCHO20 6nAugy. PO3IIISIHEMO cuUCTeMY 3
IMITyJTECHUM BIUTHBOM

%= F(x,1), t=7,(x), )
AX‘ eatn = 1 (%), )

Tyt X — Nn-BumipHUi BeKTOp (ha30BUX KOOPAUHAT, f(X,t) — N -BUMIipHA BEKTOP (PYHKITis,
HeTepepBHa 3a CYKYMHICTIO 3MIHHHMX 1 JIMNIIMIICBA 32 X, |i(X) — N-BUMipHa HENEpEepBHA BEKTOP
bynkuid, t =7, (X) — neriepepHa ¢yHkiis, X € D, D  R" — o6acTs.

Ha BimMinHy Big cuctem 3 ()iKCOBAaHUMH MOMEHTAaMH IMITYJIbCHOTO BILTUBY, PO3B’SI3KM CUCTEMHU
(1), (2) € Takumu, O A7 KOXKHOTO PO3B’SI3KY — CBOI TOYKH po3puBy. KpiMm 1poro, B cucremax 3
He(IKCOBAaHUMU MOMEHTaMU IMIYJIbCHOTO BIUIMBY 3 SIBIISIETHCS TaKe SBUILE, IK OUMmMs po3s s3Kie
10 MOBEpXHi t =7, (X) Bono mossirae B Tomy, 1o iHTETrpajibHa KPUBA 3yCTPIYA€THCS 3 PIKCOBAHOKO
MOBEPXHEIO0 PO3PHUBY 3JIIYEHHE YUCIIO pasiB. A 1€ MOXE CTaTH NMPUYMHOIO BHXOIY PO3B’S3KY 3
o0acTi BU3HAYEHHS CUCTEMU 3 IMITYJIbCHUM BIUTUBOM. KpiMm 1poro, came depe3 OUTTS po3B 30K
MOKe OyTH HETIPOJOBKYBAHUM Ha JOCTATHIN MPOMIXKOK.

2. bumms po3e ’a3kis.

Ipuxnao. Po3rnsaemo mudepeHiiaabHe piBHSHHS 3 IMITYJIbCHAM BILTHBOM

dx

dt
ne a e R, r, =arctgx+iz, i=012,....

=X, t#=7,(x), Ax‘t:q(x) = ox, (3)
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Puc. 1
Po3B’s3k0M piBHSAHHS %:—X € x(t):xoe*t, Xo :X(O) (puc. 1). Sxmo go(O):X0 <0,

a <0, To iHTerpanbHa KpuBa po3B’s3Ky X =@(t) piBHAHHS (3) 3ycTpidyae KOXHY MOBEPXHIO
t = 7,(X) TinbKu ouH pas.
a) Skmo (0(0): X, >0, a>0, To BinOyBaeTbcsi OMTTS pO3B’s3Ky X = @(t) 1Mo mOBepxHi

t =arctgx i iHTerpajibHa KpuBa 3yCTPIiYaeThCs 3 MOBEPXHEI0 U = arctgx 3miyeHHy KiJIbKICTh pasiB.

B ObOMY BUIIAJIKY pO3B’H30K 1€ B HCCKIHUCHHICTD IIPpU HaOaMKeHHI t J0 TOYKH E .
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6) Sxmo ¢(O)>O, ae(—l,O), TO IHTErpaibHa KpuBa po3B’si3Ky X = @(t) 3 KOXHOIO
noBepxHero t =, (X) 3YCTPIYaETHCS OAMH pas.

B) Skiio (0(0)< 0, ae (—1,0), TO IHTErpajbHa KpHBa pPo3B’s3Ky X = @(t) cmyckaerbes 10
noBepxHi t = +arctgx 1 mami BinOyBaeTbcs OMTTS pO3B’sA3Ky Mo Iiii mosepxHi. Ilpu mpomy
po3B’sa30k Habmwkaerbes a0 npsamoi X=0 nmpu t —>7—0. B manomy Bumaaky po3B’s30K HE
MOKHa MPOJOBXKHUTH Ha MPOMIKOK t € [0, 72'], TaK sSIK IHTETrpajibHa KpPHBAa KOKHOTO PO3B’SI3KY 3
TaKUMH BIACTUBOCTAMH Tipu t — 7 —0 HaOMKaeThCS 10 TOYKHU (72',0). Mae wmicie HacTyIHe
TBEPIKCHHSL.

Teopema 1. SIxmo GyHKIIS f(X,t) € HerepepBHa 3a 3MIHHUMHU X, 1, QyHKIi Ii(x), T, (X) €
HenepepBHi pu X € D 1 14 7, (X) BHKOHY€EThCS YMOBa JIINIIIHI, @ TAKOX HEPIBHICTh

T 2T, (X + Ii(x)) 4
TO MOXHa KOHCTaHTy Jlimmmus BuOpaTtH oIHY Ui BCiX t=r7, (X), ne te [tO,T], T>t, 1
IHTerpajibHa KpHBa PO3B’SI3KY X(t) cuctemu (1), (2), nas saxoro X(t)e D, te [tO,T] MepEeTUHAE
KOXHY rimepriosepxuio t = 7,(x), t €[t T] tizsku oun pas.

[ls Teopema BKa3zye yMOBHU BiJICYTHOCTI OWTTs pO3B’si3Ky. BHSBISETBCS, IO JUIS CUCTEM 3
He()IKCOBAHUMH MOMCHTAMH IMITYJIbCHOTO BIUIMBY € TPOOJEMAaTHYHHM TaKOX IUTAHHS
HETePEPBHOT 3aJIS)KHOCTI PO3B’S3KIB BiJl TOYATKOBUX YMOB.

3. Henepepena 3anescrhicmos po38’s3Kie 6i0 nouamrkogux ymos. Po3riissHeMO TOCUTH MPOCTUH
npukiaa. Hexait € piBHSHHS 3 IMITYJIbCHUM BILTUBOM

(;)t( =0, t=17,(x), Ax‘t:ﬁ(x) =b, 7;(x)=2i—x, b>0, ne t €[0,2].

[ToOynyemo aBa pO3B’SI3KM IILOTO PIBHSHHS BUXOASYHM 3 TIOYATKOBHX YMOB X(O):l Ta
x(0)=1+a, ne a>0. Orxe, sxmo X =¢(t) € po3s’ssok, ¢(0)=1, 10 @(t)=1, t €[0,1). B Touni
t =1 inTerpampbHa KpHBa pPO3B’SI3KYy MEPETHHAE MOBEPXHIO 1= rl( ): 2—X, B pe3ylbTaTi 4oro
( + ) (1 O)+b 1+b 1 (p( )=1+b, te(l,Z]. AHaNoOriuyHo, I PO3B’SI3KY X=l//(t),
( ) 1+ a orpumyemo:

w(t )=1+a te[0l-a); p(t)=1+a+b, te(l-a,2].

Otxe |l// t] b, te (1 al) B TOMy uMchi 1 Juia Manux «. lle o3Hauae, mo

HEMepEepBHICTh PO3B’A3KY 3a MOYATKOBMMHU JIaHUMM B KJIIACUYHOMY PO3YMIHHI HE Ma€ MicIs s
BKa3aHOT'O TUITYy PIBHSAHB 3 IMIYJbCHUM BIUIMBOM. TOA1 pO3IsatoTh HEMEPEPBHY 3aIEKHICTh Bl
MIOYaTKOBHUX YMOB B CEHCI HACTYITHOT TEOPEMH.

Teopema 2. Hexail B cucteMi piBHSHB (1), (2) BUKOHYIOTBCSI HACTYTIHI HEPIBHOCTI:

Jr(x)<c,

£ ( xl,t —f xz,t]|§L||x —X,|,
1) = 1 O | = L =

7 (x) =7 0, )| < Njx, =,

e N>0, C> O, L>0,NC<1, x,X,,X;eD, te [tO,T] 1 CTIpaBIKYETHCS HEPIBHICTH (4). Axio
PO3B 30K X(t,xo,to) BU3HAa4YeHUH npu e [tO,T], TO Ma€ MICIE HENEpEpBHA 3aJICKHICTh L[LOTO
PO3B’SI3KY BiZl X, B HACTYITHOMY 3MICTi: s JOBiIbHOTO & >0 icHye O = 5(8) >0, Take, mo I
JOBUTBHOTO O3B SI3KY X(t, Xo,to) cuctemu (1), (2) 3 HepiBHOCTI ||X0 - y0|| <0 BHWILUIMBAE
||X(t,xo,t0)—x(t, Yot ]| <& g BCiX te [tO,T], IO 33/I0BOJIbHSE HEPIBHOCTI |t—Si| >¢. Tyt s; —

MOMEHTH NEePETUHY 1HTETPaTbHOT KPUBOT PO3B’SI3KY X(t, X, ,to) 3 rineproBepxHero t =7, (X)
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CTIMKICTh CUCTEM JUDEPEHIIIAJILHUX PIBHSHbD 3 IMITYJIbCHMM BILIMBOM

1. Cmitxicmo po3s ‘sa3Ki6 NIHIUHUX cucmeMm 3 IMNYIbCHUM 6naugoM. Po3riasiHeMo iHIHHY
OJTHOPIIHY CUCTEMY 3 IMITYJIbCHUM BIUTUBOM

dx

—=A()x, t#71,, 1
” (t)x ; 1)
Ax|_ =Bx. )

Tyr nxn matpuus A(t) HemepepBHa 1 oOMexeHa mpu t=>t,, B, — nNxn- marpuui, i=12,..,

X —BEKTOp (a30BUX KOOPIUHAT PO3MIPHOCTI 1, f, <7, <7, <..<T, <T;; <..., T, =0, [ —> +00.

i+l
Hexaii Z(t,t,)- ¢yHnamentansHa wMarpuus cucremu (1) HopmoBana B Toumi f,. Toxi
dbynnameHTanpHa MaTpuis cuctem (1), (2)
1
X(tt) =Z(t 7)1 +Bj)3 [ [Z (a7 ) +B) pZ (7, 1).
k=j-1

Tyrte(r i 7 j+l) . Mae miciie HaCTyITHEe TBEPIKEHHS

Teopema 1. ]Insg Toro, mo6 po3B‘sI30K CUCTEMH 3 iIMITYIbCHUM BILTUBOM (1),(2) OyB cTiiikuMm,
HEeoOXinHO 1 1ocTaTtHbo, MO0 Marpuus X(f,7,) Oyna oOMexeHa mpu ¢ >f,. s aCHMOTOTUYHO]

CTIHKOCTI HEOOXimHO 1 JocTtaTHbo, o0  lim X (¢,7,) =0, a w1g HECTIMKOCTI — MO0 MaTpuIs
t—0

X(t,t,) Oyna HEOOMEKEHOIO.

JloBelleHHST TEOpEMHU BWILTUBAE 3 TOTO, MO OYAb-SIKUH PO3BSI30K CHCTEMHU 3 IMIYJIBCHUM
BIUBOM (1),(2) MoxkHa npeactaButu y Gpopmi Komri

X(t, Xy, 1) = X(t,15)X%, .

2. Cmitixicmv 6 cucmemax 3 He@ikCOBAHUMU MOMEHMAMU IMAYIbCHO20 6nau8y. Po3risHeMo
CHCTEMY 3 IMITYJIbCHUM BIUIUBOM

% = f(x,0),1 #7,(x). (3)
= 1,(). (4)

Tyr x—n-BuMipHuUN BekTOop (a3oBUX KoopAuHAT, f(x,f)—n-BUMIpHA BEKTOP-(PYHKIIS,

Ax

1=7;(x)

HEMepepBHa MO CYKYNHOCTI 3MIHHMX 1 JiNmunesa mo x, /,(x)—n-BUMipHa HelepepBHA BEKTOP-
GbyHkuid, ¢ = 7,(x)-HenepepBHi QyHKLII, 7,(x) —> 0, i — ©.

Sk Bxe 3a3Havanocs, aas cuctemu (3),(4) Moke BUHUKHYTH OUTTSI PO3B‘A3KY IO MOBEPXHI
t=7,(x). TakuM 4YMHOM, MOXIHMBO HE BHMKOHYETHCS HEMNEPEPBHA 3aJIEKHICTb PO3B‘A3KIB B[

[IOYAaTKOBUX YMOB PIBHOMIPHO Ha CKIHYEHHOMY HPOMDKKY 3MiHM f. Lle roBoputh mpo Te, 1o
O3HAYEeHHS CTIHKOCTI po3B‘s3Ky 3a JIAMyHOBUM € HEKOPEKTHUM /ISl BKAa3aHOTO THITY CHCTEM B
3BMYAlHOMY TpakTyBaHHI. ToMy HEOOXiJHO BHECTH YTOYHEHHS /0 BIANOBIJHOIO O3HAYEHHS
CTIMKOCTI.

Osnauenns. Po3B‘s30k x(t) cucremu (3),(4), BU3Ha4eHU 1pu ¢ > ¢, HA3UBAETbCA CMIUIKUM
3a JIanynosum axumo s JoBulbHUX £ > 0,77 >0 icHye O =0(&,n7) >0, Take, o i OyIb-5IKOTO
iHIIoTO PO3B‘sI3Ky y(¢) cucremu (3),(4) 3 TOrO, 10

”x(to) - y(to )” <0

BUILIMBAE, 110
||x(t) - y(t)|| <&

B.B. Iiuxyp
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Ipu = t,, ‘t - tio‘ >17, 1€ t - MOMEHTH TEPETUHY IHTErPaIbHOT KPUBOT PO3B 3Ky X(f) TIOBEPXOHb
t=7,(x). Po3B*s30x x(¢) cucremu (3),(4), HA3UBAETBCA ACUMNMOMUYHO CMIUKUM, SIKIIO BIH €
CTIMIKMM B CEHC1 MONEepeIHHOr0 O3Ha4YeHHs 1 icHye o >0, Take, 10 JUIs po3Bs3Ky )(f) cucTeMu
(3),(4) 3 HepiBHOCTI ||x(t0) - (¢, )|| < o BUJIMBAE

lim [x(t)- y(t} = 0.

Hexaii ckanspra pynkuis V(x,t), V(0,f) =0 Bu3HaueHa i HemepepBHO MUQEpEHIIiiioBaHa B
obnacti Z, = {(X;t) t> t0,||X|| < ho}. [punyctumo, mo mas cucremud (3), (4) BHKOHYETHCS
Hactynue: f(0,t)=0,7,(0)=0,7,(x)<7,,(x), dyukuis r,(x), i uucno h, 3aJOBONBHIIOTH
YMOBAaM JIEMH, 1110 BUKJIIOUA€ OUTTs po3B s3KiB (3),(4) mo noBepxHi ¢ = 7, (x) !

Teopema 2. SIkumo icHye noAaTHO-BU3Ha4YeHa QyHKLis V' (x,?), fiKa 3a10BOJIbHSE B 001acTl Z,

HEPIBHOCTI
% +gradV(x,t) f(x,t) <0, (5)
V(x+1,(x),7,(x)) <V(x,7,(x)), (6)

TO HYJBOBHU PO3B‘5130K cuctemu (3),(4) € cTiiikum. SIKmmIo x 3amicTh HepiBHOCTI (6) BUKOHYETHCS
HAaCTYyIHA HEPIBHICTb
V(x+1;(x),7,(x) = V(x,7,(x)) <~y (V(x,7,(x)) (7)
g Beix i =12,...,(s), ne w(s)-HemnepepBHa 3a s >0 ckamsgpua ¢ynkuis, w(0)=0, w(s)>0,
npu s >0, TO HyIbOBHH PO3B‘S30K CUCTEMH 3 IMITyJbCHUM BIUIUBOM (3),(4) € acUMITOTHYHO
CTIMKHUM.
HoBenenns. 3adikcyemo nosinbHe & > 0. Hexait

I=inf{V(x,0):t > 1,6 <|]| < by}, ®)
a 0 > (0 HACTUIBKHU € MaJINM, II0
sup{V(x, t,): ||x|| < 5} =m<I. 9)

BisbmeMo noBuIbHUI po3B‘A30k  x(f),x(f,) =x, cucremu (3), (4), mia sxkoro x, < K;(0),

K(a)= {x eR": |x — a|| <o }, 1 posrassHeMO QyHKUi0 7(2) =V (x(2),t) . SIKIIO TPUITYCTUTH, LIO B

NEAKNH MOMEHT ! BHKOHYETHCS Hx(t*)H =&, 1o 3 (8) BurmBae 77(¢ ) >/, KpiM Toro, HepiBHOCTI
(5),(6) rapanTyroTh HezpoctanHs GyHKIIT V' (x,7) B3IOBXK Oyab-sKoro po3s‘szky cucremu (3), (4),
KU JISKUTh B Z,, TaK, o B cuiy (9)

n@ ) sn(ty) =V(x,t) <m<lI.
Otxe, [<n(t")</. OTpuManu HpoOTUpiuus, sKE MOBOAUTH MEpPIIy YacTHHY Teopemu. Hexaii

3amicTh HepiBHOCTI (6) mae wmicue (7). JloBenemMo acHMMNTOTHYHY CTIHKICTh TPUBIaJIbHOTO
po3B‘sa3Ky. J{71s IbOro JOCTaTHRO MOKa3zatu, mo lim7(¢) = 0. 3 wepiBHOCTi (5), (7) pyHkIis 77(t) He
t—o0

3pocrae. Tak six 77(¢) oOmMexeHa 3Hu3y, TO icHye lim7(z) = 0. [Ipumyctumo, mo « > 0. Hexaii
1—0

c=min{l//(s):aﬁs Sn(to)}. (20)
Sxmo x(t) nepeTuHae NoBepxHi ¢ = 7,(x) B Toukax (x,,7,(x,)), To B cuiy (7) MaeMo

77(Ti ('xi) + O) - 77(71' ('xi )) < _‘//(77(1-1' ('xi )))

! Teopema 1

B.B. Iiuxyp
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npu i=12,... Taxk gk a<n(r(x,)<ni,), 10 —wn(r(x))<-c, 1 TOoMy
n(z;(x;)+0)—n(r;(x;)) <—c. 3 HepiBHOCcTI (5) BHIUIUBAae, mo GYHKIA 77(f) HE 3pOCTae Ha
KO>KHOMY TMPOMIXKKY HEIIEPEPBHOCTI, TOMY

(7, (x;) +0) 2 1(z7,, (x;,0)).
3BifcH TSI TOBUTHBHOTO HATYPAILHOTO kK OTPUMYEMO

Nz, (x) +0) < 7(z, (x) + 0)+ . {1z, (x,) +0) = (7, (%) + 0)} =

i=0
[
7(t) + 2 {n(zi () +0) = 7(z; (x )} < m(ty) —ke.
i~0
3incu 1 3 (10) BummBae, mo icHye k, Take, mo mii k >k, BUKoHyeThes 7)(t,) —kc < 0. Takum

YHHOM, OTPUMAJIH MIPOTHPIvYs, mpunyineHHs « > 0 € HeBipauM. Otxe, o = 0. Teopemy noBeneHO.
Teopema 3. Hexaii icHye momatHo-Bu3HadyeHa (GyHKIis V(x,t), Taka, 0 3aJ0BOJBHSE B

obnacti Z, HEpiBHOCTI
b grad V(5,0 (5,0 <~V (x,0).

V(x+1,(x).7(x) <p(V(x,7,(x)),
i=L12,..., 1e ¢(s),w(s)-wenepepsHi ¢pyHkuii npus >0, @(0)=w(0)=0; @(s)>0,w(s) >0 npu
s >0 1Hexai

sup(min 7,,(x)—maxr, (x)j =0>0.

i \Ukl=h I+li<h

Toni, sixmo ¢yHkuii ¢(s) 1 w(s), Taki, mo npu aeskomy a, >0 mt a € (0,4q,]

v (a)
s g, (10)
. P09)
TO HYJBOBHU PO3B‘S30K CHCTEMH PiBHSIHB (3),(4) € crilikum. Skmio sk 3amicTh (10) BUKOHY€ETBCS
v(a)
a 905)

npu aeskoMy y > 0, To HyJIbOBUH po3B‘sA30K cucTeMH (3),(4) € aACHMOTOTHYHO CTIHKUM.

3. Ilpuxnao. JlocniaguMo Ha CTIMKICTh HYJIbOBUI PO3B‘SI30K PIBHSHHS
2

+sinx=0, ¢t # z'i(x,@),
dt

dr’
2
1(dx
Al o=—X+ arccos[— 5(?} + cos xj :
o t
dx dx
A_ t=1;(x,X) =
dt' dt
3anumiemMo e piBHAHHSA Y BUTJIS1I CUCTEMHU
dx d .
—=y, —y:—smx, t#7,(x,y),
dt dt
y2
Ax|,_, . 5=—X+arccos| —=—+cosx |,
- 2
Ay t=r(xi) Y
®ynxiito JIamyHoBa BUOMpPaeMO y BUTIISAAL

2

V(x,t)=1—cosx+y7.

B.B. Iiuxyp
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dv . .
3HaxoaAuMO ’ry =ysinx—ysinx=0,

2 2

Vix+Ax,y+Ay)=1- cos(arccos(—y? +cosx))=1-cosx+ y? =V(x,y)

Otxe, BUKOHYIOTBCSI YMOBU TEOPEMHU 2 HE3aJIeKHO BiJ] BIACTUBOCTEH MOBEPXOHB ¢ = 7,(X).
Taxkum 94MHOM, TPUBIATBLHUIA PO3B S30K PIBHAHHS € CTIHKHM.

4. Teopema npo necmitikicms. Po3riisHeMo aHanor Teopemu UeTaeBa mpo HECTIHKICTb.

Teopema 4. Hexaii icuye Qyukmis V(x,t), Taka, mo obnacts 1 = {(X,t) eZ,:V(x,t)> O}

Ipu ¢ > ¢, Mae HEMOPOXKHiil nepetun /I, miommHow0 ¢ = const, 11, mictuts Touku B K, (0) < R”

st poinbHOro » >0. Kpim Toro, B o6macti I yukmis V(x,t) € oOmexenorwo i B [1
BHKOHYIOTBCSI HEPIBHOCTI

% + gradXTV(x,t)f(x, =0, (11)
Vix+1,(x),7,(x)=V(x,7,(x) 2w (V(x,7,(x))), (12)

i=L12,..., ne w(s)- nenepeppa npu s=>0 dyakuia, w(0)=0,y(s)>0 mpu s>0. Toxui
HYIBOBUH po3B*s30K cuctemi (3),(4) € HECTIUKHUM.

JloBenieHHs. 32 yMOBOIO TEOPEMH B IOBUIBHOMY OKOJI TOUKH X = () iCHye TOuKa X, Taka, IO
V(x,,t,) > 0. JoBenemo, mo po3s‘sa30k x(¢)cucremu (3),(4) 110 BUXOAUTH 3 BUOPAHOI TOUKU X, B
nesikuit MOMeHT ¢ = ¢ mokuHe Kymo K, (0). Ilpunycrumo npotunexue. Hexail mpu Beix ¢ > ¢, mae
micue x(z) € K, (0) i x(¢) mepermnae moBepxHio f=7,(x) B Toukax (x,,7,(x;)). Posrmsaemo
bynkuito 77(¢) =V (x(¢),t). B cuny (11),(12) dynxuia 7(z) e vecnagnoto, 1(¢) > n(t,) >0, t >t,.
Lle o3Hauae, 1m0 MpH BCiX ¢ > ¢, BUKOHYeTbCs (x(7),7) € 1. Hexait

c=min{y(s): s €[n(t,).a,1},
ae a, = sup{V(x, 1):(x,t) e H}. OueBunHo, mo ¢ >0 1 77(z,(x;)+0)—n(7;(x;)) = ¢, i =1,2,.... Tax
sk 1'(t) 20 nput #7,(x;), o n(r,_(x,,)+0)—n(r,(x,)) <0, i=12,... . Tomy s Oynp-sKoro
HaTypaJIbHOTO k MaemMo

n(r, (x,)+0) =1z, (x,)+0)+ D {n(r, (x, )+ 0) = n(z,(x,))} =

i=1

() + Y {n(z, (%) +0) = 1z, (%))} = 1(z,) +Ke.

i=1
IIpn k& — oo mpaBa yacTHHA OCTaHHBOI HEPIBHOCTI HEOOMEKEHO 3pOCTaE. A 11€ IPOTUPIUUTh
tomy, mo (x(¢),t) e I1, Tak six B I ¢yakuis V(x,t) € HeoOMexeHoto. [IpoTupiuus AOBOAUTH
TEOpEMY.

Jlimepamypa.

1. Cawmoiinenko A.M., Ilepectiok H.A. JlupdepeHunanbHble ypaBHEHHS € HMITYJIbCHBIM
BozjaeiicTBueM. —K.: Breimia mkona, 1987. -228c.

2. lemunosuu B.I1. Jlekiuu mo matematndeckoit Teopun ycroiunBoctu. —M.: M31-Bo Mock. yH-
Ta, 1998. -480c.

B.B. Iiuxyp



