Jlexyin 9 1

JOO3HAYEHHA PO3B’A3KY B CUCTEMAX 3 PO3PUBHOIO ITPABOIO YHACTHHOIO

1. OcnosHi o3nayenns. Posrnsinemo cucremy audepeHuianbHuX piBHSIHb

dx
i f(x,1), (1)

1e X — N-BUMipHHI BeKTOp (a3zoBux koopauHar, f(X,t) - n-BumipHa BekTOp-PyHKILIS, (X,t) eG,
G c R™! - 06macth. BaXIIMBUMY € HACTYIIHI TOHATTS.

Osnauenns. Oyuxuis f(X,t) € nenepepsnorw B obnacti G enpumyn oo epanuyi I'=0G,
SKIIO MPH HAOJMXKEHHI 10 KokHOT Toukw [' ¢ynkmis f(X,t) mpsmye 1m0 CKIHYCHHOI TpaHMII

(MOXJTUBO, /10 PI3HUX TPAHULIb JUIS PI3HUX TPAHUYHHUX TOYOK).
Osnauenns. Bekrop-dynkmis f(X,t) Ha3uBaeTbCs Kyckoso-nenepepsnolo B 00JACTi

N
G c R™', sxuo G=(UG1.)UM, ne G, R™' - obmacts, B sxiii f(X,t) € nemepepsHOIO

i=1

N
BIpUTYI 10 rpanuii G,, M-MHOXUHA MipH Hynb, M = UG[ .
i=1

Osnauenns. Cucrema nudepeHIiaIbHUX PiBHSAHB (1) HA3MBAETHCSA CUCMEMOIO 3 PO3PUBHOIO
npasoio yuacmunor, skmo f(X,1) e xyckoBo-HenepepBHOIO B obacTi G .

O3Ha4yeHHS PO3B’SA3KY, SIK a0COJOTHO HETEPEPBHOT (PYHKIIII, IO 33OBOJBHSE MaliKe CKPi3hb
nudepeHiliagbHe PIBHSAHHS HE 3aBXKIU MOXKE OyTH 3aCTOCOBAHE JJIsi PIBHSHHS, IpaBa 4acTHHA
SIKOTO PO3PHMBHA Ha TJIaAKiK MoBepxHi S =M .

VY BUMajKy, SKIIO 3 OJIHIET CTOPOHU PO3B’SI30K MIAXOAUTH A0 S, a 3 1HIIOI CXOIUTh 3 S, TO TYT
PO3B’S30K MEPETUHAE S 1 3aJI0BOJIBHIE CUCTEMY CKpPi3b, KPIM TOUOK MEPETUHY, B SIKUX PO3B’SI30K
He Mae moxinHoi (puc.1). TyT MOXHA 3aCTOCYBaTH CTaHIAPTHE O3HAUCHHSI.

Puc. 1

ko 3 000X CTOpIH MOBEPXHI PO3PUBY S PpO3B’A3KM HAOMMKAIOTHCS O S, TO MOCTae
MUTAHHS PO JT003HAYEHHS MPaBOi YaCTUHU B TOUYKAX pO3pUBY (puc.2).

T~
T s

Otxe, mis cucremu (1) 6ymemo BBakatH, mo f(X,t) e xyckoBo-HemepepsHoio B G, M -

Puc. 2

MHO)KHHA MipH HYJIb TOYOK po3puBy (yskmii f(X,t). binbnricts 1003HaUYeHb pO3B’S3KY CHCTEMH 3
PO3PHBHOIO TPaBOI0 YaCTHHOKO (1) MOXyTh OyTH BHKJIAJEHHMH HACTYTHHUM YUHOM. [IJisi KOXKHOI
touku (x,7) € G BKasyeTbcs MHOXHMHA F(x,t) € R". Sxmo f(Xx,t) € menepepBuoio B Touri (X,t),
T0 F(x,t)= { f(x, t)}, to0T0 F(X,t) ckmamaerscst 3 omniei Toukn. Skmo (X,t) — Touka po3puBy
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¢yuknii f(X,t) To mHOXkuHa F(X,t) 3amaeTbes nesskuM criocoOoM. Sk mpaBuiio, MHOKKHA F( X,t)
Ma€ MICTUTH BCi TpaHWYHI TOYKM TpaBoi dactuHu cuctemu (1) mpm migxomi ao (X,t). Tomi

O3HAYCeHHS PO3B’s3Ky s (1) MOJaeThesl HACTYITHUM YHHOM.
Osnauenns. Posze’saskom cuctemu nuepeHUiaIbHUX pIBHAHB 3 PO3PUBHOIO MPABOIO
yacTUHOIO (1) HA3MBaIOTh PO3B’A30K AUPEPECHITIATHPHOTO BKIFOUCHHS

dx
— e F(x,t), 2
ot (x,t) 2)
T00TO, a0COIOTHO HemepepBHY BeKTOp-(yHKII0 X(t), 10 BU3HAYeHa Ha iHTepBam t €/, mis sKoi
. .. X
Maiike CKpi3bh Ha | BHKOHYETBHCS CITiBBiIHOMICHHS % e F(x(t),t).

PosrnsiHeMO Kiacu npaBuX 4acTWUH IU(GEPEHIiaIbHOTO BKIFOYCHHS (2), SKi 3aCTOCOBYIOTHCS
IIpU JOO3HAYCHHSX PO3B’SI3KY CUCTeMH AudepeHuianbHuX piBHAHb (1).

2. Hatinpocmiwe onykne doosnauenus. IlpaBa yacTuHa nudepeHiaibHOTO BKIFOYCHHS (2)
BUOHMPAETHCS HACTYITHUM YHHOM: JIJISl KOYKHOTO (hikCOBaHOTO t = CONSt 3a1aeThcsi MHOXKMHA

F(x,t)=co{ limf(yt):(yt)eM I (3)
y—X
Sxuro (X,t)-rouka HenepepBrocti GyHkiii f(X,t), 10 F(x,7) ={f(x,7)}. Sdxuo x (X,t) gekKUTH HA
TpaHUIl NEepPeTUHY ABOX 4M KiUIbKOX oOmactedt G,,...,G, 3 miommHoI0 t=CONst, To MHOXHHA
F(x,t) € Bimpi3ok, ONMyKIMH MHOTOKYTHHUK YH MHOrorpaHHuk 3 BepumHamu f (X,t), me
fi(x,t)= limG f(r,t), 1 <k. Ilpu upomy Bci Toukn f,(Xx,t), 1=12,.k, nanexars F(x,t), ane
e

He 000B’SI3KOBO BOHHU € BEpUIMHAMH MHOT'OI'PaHHUKA.

3. Baoicnueuil npukiad Haunpocmiuio2o 00o3HaverHs. Po3riasHeMO BUMAIOK, KOIH (YHKIS
f (x,t) po3puBHa Ha TJiajKiid MOBEpXHI S, M0 3aMa€Thcs PiBHAHHAM ¢@(x) =0, ne QyHKIisS @ €

nudepeniiiioBanoro. [ToBepxHs S AUIMTEH AESKUI OKiJ B MPOCTOpi 3MiHK x Ha obaacti G* ta G~
(puc. 3)

Rn

Puc.3.

! coA -naiimenma OTIYKJIa 3aMKHEHa MHOXKHHA, 1110 MICTHTh A
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Hexaii t=const i )I(Ig] f(y,t)=f(x;t), lirgl+ f(x,t)= f"(x,t). Tomi 3rimHo (3) F(x,t) €
€ ye
y—X yox
BiZpi3oKk V , 0 3’€aHye KiHIl BeKTopiB f ' (x,7) i f (x,?). Po3risHeMo aBa BUMMAIKH.
a). Slkmo V mpu ¢, <t<t, J1eXNTb 3 OAHIE] CTOPOHU BiJ IUIOMIUHU P, JOTUYHOI 10 MOBEPXHI S

B TOYIIi X, TO PO3B’S30K MPHU BKa3aHUX ! MepexoauTh 3 OJHIET CTOPOHM TOBEpPXHi S HA 1HIIY (pHC.
4).

Puc. 4.

6)SIkmo V TmepeTHHAeThCA 3 IUIOMMHOK P, TO TOYKa TEPEeTHHY € KiHIeM Biapisky f°(x,1),

: dx : o
10 BU3HAYAE IIBUAKICTD PyXy pra f °(X,t)mo moBepxHi S B mpocTopi 3MiHK X

P

74

Osnauenns. A6comoTHO HenepepBHa GyHKIis X(t) , M0 3aJ0BOJIbHSE PIBHIHHIO

dx 0
i f7(x,t) 4)

e xe S, foxt)= f(xt), fO(x,t)= f*(X,t), HasMBAECTHCA KOB3HUM PENICUMOM.

Puc. 5

[Tpu upomy HenepepBHa GyHKIis X(1), ska Ha JeIKOMY iHTEpBai 4acy IPOXOIUTh B 00JIacTi

G" (abo G) i tam 3amoBoibHs€ (1), a Ha iHIIIM YaCTHHI YaCOBOTO iHTEPBAIIY HAJIEKHUThH ITOBEPXHI
S, TaKoK BBa)Ka€eThCs po3B’si3koM cuctemi (1) B cenci (2), (3).

Hexait N - HOpmaib 10 moBepxHi S B Touli X, HampasieHa B Gik G, fy (x,7), fy (x,t) -
npoeKIIii BekTopiB f Ta [ Ha HOpMmanb N .

1). Axmo fy >0, fy <0, To Bekropu [ (x,¢) i f (x,£) 3 060X CTOpiH MOBEpXHi S
HanpasieHi 10 S. Toxi mobmu3zy S mpu 3poctaHHi t BCl pO3B’S3KM HAOIMKAIOTHCS 1O S 1 HE
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MOXYTb 314TH 3 S . ToMy pO3B’s130K B €K MOMEHT #, BUXOIUTb HA S 1IpU > ¢, 3aJUIIAETHCS
Ha S.

2). Sxmo fy, <0,fy >0, to Bektopu f(x,¢), f (x,f) 3 000X CTOpiH MOBEpXHi S
HanpsMIIEH1 BiJ Li€l moBepxHi. (puc. 6). Tozl po3B'sI30k NpH ¢ = ¢,, SIKUI1 1T0M1aJa€ B TOYKY NOBEPXHI
S, mpu ¢ > ¢, Moxe 3iliti 3 S a6o B 061acTe G* a6o B G~ . Y 1bOMY BHITAJIKy PyX MO MOBEPXHi S
HE 311 CHIOETHCS, BIH € HECTIHKHM.

P £

G

: \

fu

Puc. 6

Otxe, B cucteMi (4) mpapa wactuna f° =af " +(1—a)f ,a €[0,1]. BusHaunmo mapamerp
a. Tak sk (N,f°)=0, 1o (N,of " +(1+a)f )=0. 3Bincu a(N,f")+(1-a)(N,f )=0 i
a{(N,f)—=(N,f )}+(N, f)=0. Ocratouno

Ny
C(NLET)=(N ) fy— £
. . Vo _ (Veo, 7). .. (Vo,f7) _ .
Hexait Vo =gradep #0.Toni N =——, f =-———=1 fj =-————= . 3Bigcu
Vol ™ vl " Ve
(Vo)
(f —f*" Vo)

SIk1io moBepxHsS po3puBy S 3amaerbes piBHSHHIM @( X,t) =0, TOAl aHANI3yIOThCS BEKTOPH
g+ — (:L f+)T c RrH—l’g— — (1’ f—)T c Rn+1 1

op _
—— +(Vo,f
o (Vo,f7)

o= :
(Vo f"—f7)
3ayeacenns. SIkmo Beck Biapizok 3 kinsgmu - (x,t) 1 f7(X,t) nexurs Ha mwrommui P, To

mBuaKicTs pyxy f°(X,t) mo moBepxHi S BH3HAYAETHCS HEOMHO3HAYHO.

3aoaya 18. BUKOPHCTOBYIOUM HAWMpOCTIiNIE OMyKJE JOO3HAYEHHS, 3alucaTH BiANOBiIHE
nudepeHiiagbHe BKIOYEHHS Ta 3HAWTH KOB3HUN PEeXUM s AUPEepeHIadbHOrO PIBHAHHS

dx .

— =1-2sign(x).

dt

4. Onykne ooosznauenus. llogamo mpaBy YacTHHY IU(EPEHIIAILHOTO BKIIOYEHHS (2) y
BUTIISA1

F(x,0) = coflim £(3,5): (v,5) & M}. (5)

y—ox
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Ha BiaMiHy Bi HaliPOCTIIIOTO OMYKJIOTO 1003Ha4YeHHs (3), B paBiil yacTuHi piBHOCTI (5) MOMEHT
t He € ikcoBaHMM. BUsBIA€THCS, 110 A7 MIMPOKOTO Kiacy AudepeHIiaTbHIX PIBHSAHb 3 KyCKOBO
HETMEepepBHUMHU TPAaBUMH YacCTHHAMH J1003HauYeHHS (3) eKkBiBaJieHTHE Ao0o3HaueHHIO (5). Aue
OCTaHHE HE OXOILTIOE cucTeMu Tuity Kapareonopi.

5. Hoosnauenna Dininnosa. Hexaii nnst cucremu audepeHuianbHux. piBHsHb (1) mpaBa
gactuHa f(X,t) BM3HaueHa Maibke cKpi3b BUMipHa B o6macti G < R™ i s koxHOT 3aMKHEHOi

obmeskeHoi obmacti D — G icHye Make ckpi3b ckiHueHHA GyHKiis M(t) Taka, 1o
If (x| <m(t).
[IpaBy yacTuny AudepeHIiaIbHOTO BKIFOYCHHS (2) MoaMo Y BUTIISIL
Fxt)=[(cof (K;(x)/N,1), (6)
5>0 N=0
ne K;(x)={yeR":|ly—X| <6}, u - mipa JleGera. Maiixe ckpisb
() (Neof (K, (x)/N,t)=[cof (Ks(x)/ Ny (t),t), ne 2N, (t) =0
5>0 iN=0 550
Hoo3nauennss ®iminmosa (17) € y3araJpHEHHSIM MONEPENHIX MO003HAUYEHb Ta MOXE OyTH

3acTocoBaHe /10 cucteM tuny Kapareonopi.
Ilpuxnao. MexaHiuyHa cucteMa 3 CyXuM TepTsaM. Po3risiHeMo fuHaMivuHy CUCTEMY

du _

dt
dv

ma =—g(u) - f(v) +e(t),

e M-—maca Tina, U-mojoxeHHs Tina, ¢(U)-cuna npyxkHocti, e(t)—3oBHimHs cuna, f(v)—cuna

()

TEepTS, KA € HemapHoto 1 po3puBHO mpu V=0, f(0) — TepTs crnokoro, sike MOKe MpUiiMaTu OyIb-
K€ 3HAUEHHs MK CBOIMM HaWOUIBIINM 1 HAMMEHIIUM 3HaYeHHAMH, ToOTO — f; < f(0) < f,.

Sxmo f, = limO f(v), To MoxxHa 3acTocyBaTu noo3HadeHHs (3) ta (5). Sxwmwo f, > lim0 fv),

TO PyX 3 HOYATKOBOIO HYIb0BOIO MBUAKICTIO V(0) =0 3anexuts Bix f, i noo3naueHus (3) ta (5)

HE3aCTOCOBHI.
Cuctemy (6) MOXHa 3anucaTH y BUIIIA1 1M EpeHiaIbHOTO BKIFOYESHHS

d(u
—_ F s Jtl
dt[vJe w.v.1)

AC IIpH 0 = v MHOXXHHA

Vv
F(“’V’t):{ ~g() - ) +e) }

CKJIAJIAETHCS 3 OJIHOTO elleMenTa, a ipu V = 0
Y

F(u,v,t) = fv)e[f,, f,]5.

( ) {—g(u)—f(v)+e(t) ()E[o o]}

Otxe, mpaBy 4yacTUHY AUGEPEHITIATBFHOTO BKJIIOYEHHS (2) HE 3aBXIM BHU3HAYAIOTh TPAaHUYHUMU
3HaueHHsIMHU pynkmii f(Xx,t).
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