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BBEliEHU 

B pa6o~e [I] ~oxaaaaa ~ne~ym.as 

Teope11a I. II;rcn y:: qJ{x) - seupepsBBas tyBKIUtfl, oTo6pazammas 

6aaaxoBo npoc~paHc~Bo X B 6aaaxoBo npoc~p&Bcno Y . 
II;rcn ypaBaea•e 

q>(x)=o 

BMee~ e~BBcnessoe pe•esn x.' B o6~acu 2J 

Ux-x•n,M. 
IIpe~nOBOZHJI 1 UO B]) CJ'Jil8C'l'BJ'H HenpepYBBYe npOii8BO~RY8 tpe•e 

({J'fx) H (/J"f'xj 1 a T8D6 06paud OU8p8'!'0p q;>'f'Xr1 , ~.Jlfl KO~OpO
ro BYIIOnBS8~Cfl B8p8B6BC'!'BO 

flq>'rxr'/1 ~B. 
Tor~a c;rmecnyeT cl)!epa S : 11~-x•1 '£ , £ < M , 'l'axas, uo 

JlU u6oro X.!: S Jlii~peBIUt&nBoe J'PaBBeBBe 

d::rt-1} = _ q>'(:c)-1 q>f,c) 
dt I 

r,lle -t - Bellecneod napue~p, c B&118lUtBIIDI ycnoBHeu 

X(o}:X. 

iiJI88'f e~HHC'fB8HH08 pe•e~He X= X {f / B DpOJ16KJ'TK6 0 ~ -t C: + o-<> 

ii t~tt. ?Cf+j = X- • <•> 
'f+-

O~•e!KJI, q'fo COO!BO.e&He (•) H&JlO UOBHJI8!D !aK: 

J!,J, Qoct-f J- x~ I X. = o 
f-.-
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B pa6oTax ~J , [2] 1 [3] 1 [4J Teopeua I KcnoXDaoBanacD 

npH pemeHHH rpaHHQBHX a~aq ~HH HeHHHe~HHX 06~KHOBeHH~ ~H~epeH

~HaJ!DHHX ypaBHeHH~ BToporo H ~ -ro nopa~KoB, npu pemeHHH He

HHHe~HHX HHTerpanDHHX ypaBHeHH~ 1 a TaKEe npH pemeHBH o6paTHO~ 

a~aqz B TeOpHH pacceHHHH, 

B HacToa~e~ pa6oTe ueTo~ cTa6HnHsa~H no napaueTpy npuue

HReTca K pemeHH~ KpaeBo~ s~aqft ~na HenuaeiHoro annHnTzqecKoro 

~H~epeauHaHDHoro ypaBHeHHH BToporo nopa~Ka. 

B pas~ene I ~aeTcH nocTaHOBKa a~aqx 1 ~opuynupyeTca H ~oKa

a~BaeTca Teopeua o BBe~eHHH Henpep~aoro napaueTpa. 

B paa~ene IT npBBO~HTCH cxeua npH6nH&eHHoro ueTo~a pemeaua 
ITOCTaBHeHHOI a~aqz, 

I 
PaccMoTpHu ypaBHeHHe 

llr(x,y) + frx,yJ) = o, (I) 

r,Zle ..1 - onepaTop Jlannaca, fr-x,y, z) - .ztBaz.zt~ aenpep~ao ~H~
@epeHuHpyeuaa ~YHKUHH CBOHX apryueHTOB. M~~teTca pemeHBe ypaBHe

HHH ( I ) 1 a~aHHoro B orpaHHqeaaol nnocRo~ o6nacTH C- 1 y~oB

JieTBOPHIIDtee Ha rpaHBUe r JCHOBHil 

't{x.y}/ r = o . (2) 

ITpe,Zlnonaraeu, qTo rpaHBUa r 06JI8CTH c ,Z!OCT8TQqHo rna.l!KaH. 

PaCCUOTPHU nonaoe JIHHeiHoe HOPUHpOBaHBOe npocTpaHCTBO xr~,ll) 
I . -

~BSX~H HenpepHBHO ~H~pea~pyeuHX B S8YKHYTOI 06JI8CTH C ~YHK-

UBI U:r, 'l) , o6palllallDtHXCH B ayn~ Ha rpaBHUe H TaKHX 1 qTo no

pHe npOHSBO~HHe OT 'l(:X,JI} · Y~OBJIBTliOpll~'f B C YCXOBllll reu~epa 

c rroKasaTeneu ). ( o £ A "' 1.} 

Hopua sneueHTa 'i(:r. y) B npocorpaHCTBe X (r;, H} onpe.zteJieHa TaK : 

1/U:r.y)/{ v = IMf!'X I 'l(:X,'J)/ +·~X l 'l~ {:x, "'' + ~" /'i.;(z,yj I+ 
" (;. c. ' 

-+ ftKII% /l~ (:If, 'JJ/ +~tf.!.~l~:,r-x.YJ/ + '""u.Jz;,r,,,Jf + Hz" + Hl" + ltr > t. t r; (; ,1(& ..., y& 

(3) 

4 -

~ 

.t 
'> ~~· 

.,.;', 

, 

r,Zle qepea He;.. 1 ff2::, 1 H2;, o6oaHnes:w HIIUBe rpa 

KOHCTaHT renD,Zlepa C ITOK838Teneu ~ COOTB6TCTB6HHO ~HB 

2;.t,,y), 'l.~('X,yj, 1:.Ja(x,:J) B o6nacn C 
nna Kp8TKOCTH HHOr~a 6y~ey ITBC8T~ 

II ~ II X == II ~ I/ C' + H "l, I 

r~e Q 'i{x,'J) n C'- 060aHaqaeT HOpMy 'l (x,'l) B npOCTpaH 

a If If = H-:~.r + H'l:· + H'i" . j! Cl(& ~J )'L 

BBe~eu 6aBaxo:Bo npocTpaBCTBO Y(t:,H) aenpep~H~ B (; 

w-(x. Y) ' Y.ztOBXeTBOpH~JitHX ycnOBH. ren~~epa c noKasaTeHI 

( O£ >...:. 1.} • Hopuy B Y(c.,H) onpe~enBu cooTHomeHBeu 

$')1/"r:x,yJflv = ~7t Jwr'C,!JJ I + HIIV' , 
c. 

r.zte H~ - BHSHHH rpaH~ KOHCTaHT reJI~.ztepa ~XH ~YHK~ 1 

B 06H8CTH ~ 

B ~an~He~meu Bau noH~o6HTCH CHe~yllDtee yTBep~eBHe. 

ITycT~ ~aHa nocJie~oBaTen~HOCT~ aenpep~HHX ~YHK~I . 

paBHOUepHO CXO,Z!H~aHCH K ~YHKUHH 1{~) , EcnB K~aH HS 

l~r~) Y.llOBneTBOplleT ycnoBHD ren~~epa c noxaaaTenau ) {c 
npuqeu nocne~oBaTen~HOCT~ KOHCTaH! rex~~epa ~~~~ cxo~ 

qucny HI TO KOHCTaHTa reXD,Zlepa Hz ~na npe~en~HOI ~YHKnR 
He npe:Bocxo.ztHT H :~ 

H1: ~ H . 

~ueeT MeCTO CX6.zlYillltaH 

Teopeua 2. ITycn B o6nacTH 1J 

11-z- t."llx ~ M 

npocorpaHCTBa )( ( r;, H} RpaeBaa a~aqa ( I ) - ( 2 ) zuee 

npHTOII e~HHCTB6liHOe, pemeHHe 2, 4(X,J) • 
ITpe,Z!nono&HU 1 qTo ,Z!HH JI~6oro 2 (:1(, '1) ~ 7J H n~6or 
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T8X (I] , [21 , [3] , (4] Teopeua I HC00Jll>30Ba.Jl8C:& 

rpaaHqeax a~a~ ~na aenzaeaaHX o6~KHOBeHHHX ~~~~w~epea

aBHeHz~ BToporo H ~ -ro nopa~KoB, npH pemeHHH ae

Terpa.JI:&HNX ypaBHeHH~, a TaKEe npH pemeazH o6paTaoa 

opHH pacceHH14H. 

oa~e~ pa6oTe ueTo~ cTa6HnHaanHH no napaueTpy npHMe

meHH~ KpaeBo~ a~a~ ~na aenHHeaHoro annHnTzqecKoro 

n:&Horo ypaBHeHHH BToporo nopa~Ka. 

ene I ~aeTcH nocTaHOBKa a~aqz, ~opuynapyeTcH H AOKa

opeMa o BBeAeHH14 Henpep~Horo napauetpa. 

ene IT npHBOAHTCH cxeua npH6nHaeaaoro ueTo~a pemeHHH 

ol a~aqJa. 

I 

OTpHM ypaBH8HH8 

.At.(x,yj + frx,y,z) = 0, (I) 

nepaTop Jlarmaca, fr'X, y, z) - ABSJ;.llhl Henpep~Ho AH~
uaa ~YHKUHH CBOHX apryueHTOB. ~~eTCH pemeHKe ypaBHe-

3~8HBOrO B orpaHHll:eaaoi nnocxoa o6nacTH C- , y.noB

e Ha rpaHHUe r ycnOBHJ) 

}!(x.yJ/r = 0. (2) 

6Y, ll:TO rpaHHU8 r 06JiaCTI4 (; ,llOCTaTOll:HO rJia,llKaH. 

noJIHoe JIHHeiHoe aopuHpoBaaaoe nitoctpaHCTBO X(t:.,H} 
. - \ 

pepblBHO ~H!f>!f>epeHUHpyeuHX B aaMKHYTOit o6nacTH C !l>YHK-

, o6pa~aD~CH B HYJI:& H8 rpaHHU6 H T8KHX, ll:TO BTO

OAHble OT 'i(:r, J j · Y.llOBJI6TBOplill'l' B (; ycJIOBHil ren:&Aepa 

Jieu .A ( o .c. A ..:: t} 
ea'l'a 1.( -x, y) B npocTpaHCTBe X ( r;l H} onpe,zteneHa TaK : 

""~" f u:x,~J/ + ~x 1 'l~ rx, '1)/ +'"'!"I z;r:x,y;/ + 

' c. ' (3) 
:r /l~(:x, 'IJ/ +Jtt.!!.ll/'l!{-r.YJ/ + '"c!u./Z1.i'~~·'l[ + Hl" + Hl." + /fi" > t (; N c )(& ...,. y& 

4 ·-

.,.: 

j
)•c 

: 

' 

! 

i
i 

. 

f!J 

:~i. 

:'rlfi: 

'1 ,,, 

rAe qepes H !;.. , H2::, , Hl;& 
KOHCTaHT ren:&A6P8 C llOK888T6JI611 ~ 

o6oaHaqeubl BH&HBe rpaaa 

COOTB6TCTB6BBO ~JIB WYBKUHit 

'1.;.{"•'1), ''l.~('x,yj, 1:J..(x.:J) :s o6nacn C • 
nna.Kp8TKOCTH HBOrA8 6y,lleY llBC8T:& 

Jl z. II x :; II '1- I/ cz. + H l" I 

r.zte Q1{:rc,yJftcz. o6osHall:aeT Hopuy 't(x,'l) :s npocTpaHCTBe ~~{aj , 

a fl = H~' + H.,., + Hi, . 1'' Z:l{& c ;t;y ya. 

BBe,llell 6aH8XOBO npOCTpaBCTBO y(~,H) Henpep~HHX B (; !f>yHKUHit 

~(x,yj , y~o:BneTBopHD~Hx ycno:s•• ren:r..ztepa c noxasaTeneu A 
( o .c. >, ~ 1.) • Hopuy B Y ( r;., H) onpe;!l,eJIHII cooTHomeaBeu 

//'Ml"(:x,y)f/y = ~7t /'Uf{'l,'!J} I + HIIV' I c. ( 4) 

r~e Hw - HHlltHiili rpaH:& KOHCT8HT ren:&;!J,epa ~nli IPYHKUHB 'IA!(:x,yj 

B o6nacTH fi. 
B ;!l,aJI~Heitmeu Hall noa~o6HTCH cne~ym~ee y'l'Bep~eHHe. 

llycn .naHa nocne,ztoBaTen:&HOCT:& Henpep~HHX WYBKUHI { 2., ( 'JI)} , 

paBHOUepHO CXO;!I,Ii~aHCH K rpyHKUHH 1{9) . ECJIH KSZ;!I,ali HS ~YHK~Bit 

2 .. (1') y~o:sneTBopHeT ycJIOBHil reu;!J,epa c noxaaatenau ) { oL ,\ c.J.) 
npJ&qeu OOCJieAOBaTeJI:&HOCT:& KOHCTaHT ren~.ztepa ~~~~ CXO;!I,HTCH K 

~cny H, TO KOHCTaHTa reJI:&~epa Hz ,llJIIi npe;!l,en:DHOit lPYHKUHH ?:('1') 

He npeBocxo~HT H : ~' 

H1: ~ H . (5) 

HueeT uecTo c•e;!l,ym~aH 

Teopeua 2. Ilycn B o6nacTH 1J 
11-z- t."'llx ~ M (G) 

npocTPaHcTBa )( ( r;l H) KpaeBM s~aqa ( I ) - ( 2 ) HMeeT, H 

npHTOII 6;!1,HHCTB6HHOe, pemeHHe '}.
4
('X,)/) • 

ITpeAnonoaHu, liTO .nJIH nm6oro 2 (!!1, '1) l:- :lJ B JID6oro 
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w-{-x.yj~ Y(c.,lfj KpaeBaH aB,laqa 

A fi/{'X, 'I j + fi {'x, 'j, 'l)'lt('Jt, 'J} = 'UI(:x, 'I) 1 (7) 

11(-x,y) / r = 0 (8) 

1r111eeT e,JtKHCTBeaaoe pemeBHe 1/(:x, y) €. X (t;, H}. 
Tor,Jta cymectByeT c(f!epa S 

l/1-1'*/lx 1f.N , .JY<M, 

Ta.KaH, qTo ,ltJIH JIIlCiOI'O 'i" ( "Jf, J) E- _$ B UIUII4B,lJ;pe ~ =- (;X foe t " +-) 

cymecTByeT 6,ltHHCTB8HBOe pemeHHe CHCT811Y ypaBH8HHI 

{

L1tt + f; (-:K,!J, ~Jv =- [4~ + /rx.y, i!J], 

'()'l("Jf,y,t} = 111(:x u-t:j 
., i IJ/ I 

YAOBJieTBOPHDmee ycJioBHHu: 

{

1J('}(,'J,i) lo = 0 I 

'!(:x,y,f)/t=o = ?..(7t,J) 

(B - ClOKOBaH llOBepXHOCT:& 

U.HJIIIIH,ltpa Q ) 
I l..(,,yJfr=oJ 

npneu !t·w., 6'1{:x.y,+)- l*(x,y; lfx= O · 
-~:~-

11oKaaa!eJI:~>cno. 

I. O!ueTHu, qTo ~na KpaeBo~ aa,lJ;aq.J4 (I)-(2) onepaTop qD 

Teopeuli I HueeT BH.lt 

qJ(l) = AZ + /f:x,y, 'i.) . 

(9) 

(IO) 

(II) 

CorJiaCHO onpe~eJieHHil npOH3BO,llHOI ~peme (cu., Hanp!rnlep, [5] , [6 J ) 
Hueeu 

qJfl.) = .1 -f. f: (:x,y, l) I 

cp"(l} = f;~ (-x,y, ~). 

6 

,, ,, 
~~· 

:~ 
,,,~ 

"~' ·:ll 

I 

•',;·', 

I
ii 

':.. ~~ 
~:;;(\ ( 

.\ 

:) 

"'~ (·j~~~· 

I; 
·,t 
'•~,~~: 

/' 
,•;~ 
.~ 
'1,,, 

• •f'l·~ 

'1'*: I.' . , 
,·:·~f' 
' I ~~~~,~~' 

' J
·~ 

I
. I ' 

I : 
i : 

~ 

llOCKOJI:&Ky {(x,y, ~} - ,ltBU,IJ;Ii Henpep!iBHO ,Jtli!iJ.l(l>ep~Hi.U!PY611aH if! 
TO ycJIOBKe Teopeuli I o cy~ecTBOBSHHH B odJiacTH ~ Henpep!i 

npOHSBO,IJ;HbiX ~peme 'o/J' ('l) H "P'f~J BWOJIH6HO. 

2. ~a npe,IJ;noJio~eHHH, ~To KpaeBaH aa,IJ;a~a {7)-{8) Huee 

cTBeHH.oe pemeHHe, noJiy~aeu cy~e CTBOBaHIIIe B o6JiaCTH 2) on 

q>'tlr' , oCipaTHoro K onepaTopy c:p'(~J • 

3. noK8li6M OI'paHH~6HHOCT:& onepaTopa Cf.J'(~r', T .e. yeie 

~TO cymecTByeT KOHCTaHTa ~ - O,JtHa H Ta ~e AJIH BC~X z(x,~ 

TaKaH, ~TO 

II Cf>'f'l r1 II ! 1( . 

CtmTaH, qTo Hopua WYHKUH~ tUT(x,yj , Ha KOTOPiiX pacc11 

onepaTOp <fJ'f~F 1 He npeBOCXO,llHT 6,lJ;HHHU!i, T .e. 

JJIH!'(x,yJ/Iy = "rx Jw-c:x.yJJ + H'MI" ~ i, 

.14 ytmTb1BaH 1 qTo 

'1/{x,y)= q)'(~{ 1 w-fx,1) 1 

Mhl CBO,JJ;lr'IM Hally Sa,JJ;atiy it 'rOYy, ~TOClhl ,llJIH JIIOdOI'O 'l(:x, 'J) f 2J 

'/liT(:x,yjt:: Y , Q'Hrlfy ~ i , ycTaHOB!r1T:& CYIIl6CTBOBaHHe KOI 

Ta.KOI, qTO 

/1 'lf(x,,) 1/ X 1f 1(. 

CHaqaJia noK~&M, qTo 1f(x,y) orpaHHqeHo B Hopue 

1/ V(x,y) llc2. ~ 1(1. . 
llpe~nOJIOJKIU4 npoTMIBHOe.. Tor,ZJ;a ,ZJ;JIH JIDCioro HOMepa n.. MO~Ho 

4/YHKIJ;HH 
1

1
Jx,"J}(2), W';._(t,'J} ~ Y{~H) 1 JJ9if..(t,y}//y ·.( 1., 

TaKHe 1 qTo COOTB6TCTByiOmafl 1411 iflYHKIJ;14fl ~ (:X, 'f) 

no ~OpMyJie (12), dy~eT y,JJ;OBXeTBOpHT:& YCJIOB!r1ID 

l/'l!{x,'J)//c2 ~n . 
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JtpaeBaJI sa,11;aqa 

-+ f: ('x, 'j, '1}'11(-:x,'J} = W(:x,'l) ~ 

,yJ lr = 0 

HHOe pemeaHe 1/(-:x, 'J) €. X. (C., H}. 
eor ccpepa 5 
llx ~.N I .lf<M, 

(7) 

(8) 

.nll6oro 'Zo (:x,y) E- .5 B UlllJlHH~pe Q= t;x [oct«+-) 

HCTB6HH06 pemeaae CHC'f6MH ypaBH6HHI 

(:r,y, ~J 11' =- [.de+ /rx,y, l)], 

V(x.Y,i), 

e YCJIOBitllUI: 

(B - 60KOB8JI noBepXHOCT» 

UHJIHH~pa S2 ) 
l.(x,yJ/r = o ~ 

'm./[1{:x,.Y,-tJ- l*(7t,yJ lfx= o. ..... 
liTO ~JlH KpaeBOI 38,11;8qJtl (!)-(2) onepaTOp qD 

'{z) = AZ + frx,y, 'i:) . 

(9) 

(IO) 

(II) 

6J16Hitlll npOHSBO~HOI ~peme ( Cll., HanpHuep, [5] , [6] ) 

h} == .1 -f f: (:X, y, 'l) I 

"(?.) ::: f;~ (x,y, ~). 

6 

,..: 

~·~ 
:;~:~· 

. ! ~
ll 

'' ., 
:i 

• ... 1. 

,il 
·~·· ' ·~ I 

, ·:n~. 
I,,;,.! 

.·1\··~.•.f·:,··. 't'J" 
•' 

IIOCKOlll>KY {(x,y, '1:) - ~Ba.x,zJ;Ii aenpepHBHO ~J4!lXPep~HUHPY6118JI cpyHKUHH, 

TO ycJioBHe TeopeuH I o cy~ecTBOBaHHH B o6.nacTJ4 ~ aenpepHBHHX 

npOHSBO~HiiX ~p~me t:p' ('1:) 14 .:p·r~J BhlllOJIHeHO. 

2. ~3 npe~llOJ10S6HHH, qTO KpaeBaH S8,11;aqa (7)-(8) Hlle6T e~HH

CTB6HH.Oe pemeHHe, noJiyqaeu cym.ecTBOBaHHe B o6JiaCTH :0 onepaTopa 

<t:p'fl;-1 , o6paTHoro K onepaTopy <qJ'(?:) • 

3. ,llOKaJiteM orpaHMqeHHOCT:& onepaTopa Cf.J'(?r', T .e. y6e~HIICH, 

liTO cym.ecTByeT KOHCT8HT8 1{ - O~Ha H Ta JKe ,ZJ;JIH BCeX Z.(X,'J) l': 2J 1 -

TaKaH, qTo 

II cp'r2 r1 II { 1(. 

CqJtiT8H 1 liTO HOpMa tPYHKli,Hi.t 'IAT(X,'Jj , Ha KOTOPHX paCCM8TPHBaeTCH 

onepaTOp '/)
1/iF 1 He npeBOCXO~HT e~HHl'll.\li, T .e. 

}/tW(x,'J)f/y = 7x jw-(x.y)/ + H'Ml' ~ 1., 

H YqJtiThlB8H, liTO 

1/{x,y)= c::p'f~rt.w(x.J-) I 
(12) 

Mhl cBO,JJ;IIlM Barny sa,JJ;aqy 1t TOuy, qTo6bl ,llJIH JII06oro 1(:x,y) f 2J H JII06oro 

'HT(:J~,yjt:; Y , Q'W"'ffy ~1 , YC'l'8HOBHT» cym.eCTBOB8HHe KOHCT8HT!i 7( 

TaKOit, q'l'o 

/11f(x,y) 1/ X ~ 'J{ . 

CHallaJia noKaJKeu, liTO '1J(x,1J) orpaHH'i&Ho B HOpMe C
2
(r;!}: 

J/v(x,yJJ/c2. <. 1<t. (I3) . 
ITpe.nnoJIOJKI.U4 npoTHBHoe. Tor~a ~JIH JII06oro HOMepa n.. MOlltHO yKa3aT:o 

~YHKUHH 
1."-(x,"J)(lJ 

1 
W,.(t.,'J)!. Y{~ff} 1 1/W..(t,y)//y .-t 1., 

T8KH6, liTO COOTB6TCTBYIODI8H Hll tPYHKUI4fl ~ (X, Y} , llOJI.Y 'iaJOmaHCH 

no ~OpMyJie (!2), 6y,n;eT y~OBJieTBOpflT:O ycnOBHID 

/11J{x,'J)//C2 ~n (I4) 
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JlerKO l0K&3&'!:D 1 '1!0 HS IIOCM;!tOB&!8:11JtHOC'ril (IJIIKIUII { ut;._(~.,)} C y , 
/['UJ;.(t,,)Qy ~ 1 1 11~0 148BJleq:& pUBOIIepBO CXOlflliiJDCH IIOlllOCJI8;JtO

B&T8JI:&KOC'l:& 1 npneu npu;en:&aaa {IJHK~Bll w(:z,y) JlOBnenopaet 

ycnOBKJ> ren:&lepa c IIOKaaatellell ) H 6W(r.y)Hy " 1. , talC qto 

I'Ui{:x,¥) t: y . 
IIOKU611 1 'ClTO IIOC.JI6lOB&teJI:&BOCU fl,..(X.!I)} ( 2) CXOlUCfl K 

(IJHKIUIK 2(:x, 'I)..,. " 'Cl!O npe;~tell:&&aH (lysx~•a npHH&lJliUt o<Sncn J) 1 

OIIP8l6.Jl8HHOi COOTH0.8HK811 (6). 
ltl.a JCJIOBKH, 'CITO z~ ~ '}) , BHT8K&et 

n ~,,,(,,y)- 'l4f,,y) 1/x ~ M, 

HJIH, 'ClTO !0 ae, 

I I •' I lt!!l?tl'l ... -2ot:I+~:X 'l;,.~-'lx + ~x/i!~y-l~l + 
~ ~ c 

I 
'' *"I I " ··1 ,..,, z•"t + """!!" 'l,.,,.-2 t• + ~" z/l:L,- 'ity -+ ~~ ~,,. - .YJ. ~o 

c r;. c. 

+ H{~ -t:J +H ... _ -z••J +Hf,.. _'2••; ~ M ~~ • • '(l,.,, .,. c:,.,a ~ ,.. . 

OtCJ>l& cornacao teopeue Ap~ena nonyqaeu puaouepBJJ> CXOlBIIOC!:& 

'l,,_(:r,'J) ... 'J:{z,'l) 1 t,.:a (:t,y) ~ 'l;J. (X,1) J 

'l~.(X.'J},., l~(~1), 

z.~,f:r,,J,.,.'l.~{:r,y),· 

z:,, (:x,Y) ~ 1';y {:r,y), 

'1..,~1_{-x,y; ~ 2;~. (1t,J). 

(IS) 

(I6) 

B C&IIOII l8JI8 1 H8 (IS) CJI8lJ8T paBHOMepllaH orpaaaqeBHOCT:& 110lJJ18l 

/l.Jx.y) I, It"~ ( x,y) /, rz.:, ( x, y) I J I ~ .. ~a ( ~. '1) I I 

/zJ\.;yrx.y)J, tl..;,r:r,yJ/ ~ M1. 
(I7) 

PaBHOCT81161lH&ft HenpepHBHOCT:& IIOC.Jl8l0B&T8JI:&HOCTH (IJBKIUII {z~(~~JJ 
cnelyeT Ha orpaaH'CleHaocTH nepBwc npoHaBOlHHX / z~. '"·'ll / • 
/l~,(~y)/ ; paBHOCT8118HH&fl HenpepHBHOCT~ IIOC.Jie~oBateJI:&HOCTel 

{:z:.,_(z,,)}. H { 2.:, {:r,y)} CJ18lJ8T HS orpaHH'Cl8HHOCTB BTOpHX 

,·:.}~1 

'~\~ ,i 
.~fl 

··i~,r: 
,w~~~ 

i ~ • 

I 
·~, 

. ·:II{ 
.~~ ~~\ 

8 

npOHSBO~HHX, a paBHOCT6118HH&fl BenpepHBHOCT:& IIOCJ18l0B8!4 

{z: ... rx.yJ} , {z;lt,{x,yJ} • {2 .. ;,(K.JJ} o6ecne1ll 

paBHOIIepaoll orpaHH'Cl8HBOCT:&lll KOHC!e.HT renJtepa: HZ" < I 

IloKaaeu, Banpauep, ~To nocxe~oBaTen:&Hocn { 'i :." .. f "'· 'IJ} 

cteneaao aenpepHBBa. 

Cornacao BH6opy ueTpHKH B npoctpaacue X ( t:, H) Ka&AaH 

IIOCJI6l0B8T61I:&HOCTH { 211 :a ( ~. y}} y~OBJ18!BOpfl8! 7CJIOBHJ 

c noKasateneu ) , T.e. 

I 'Y " {Ill' - ,., , ( Q) f ~ H " [f ( ~ r; J] A 
;z;,.l(t. F/ .z:,.ll~ . l .. xa ~ 

rle p{'P, Q) - paCC!OflHHe 116JElY TO'UaD <}J II Q • 

Ho H:z. ~ Ilea., -1:•") + H.,.. ~ /11 + 11'1 •• = M, . 
-I( I. "JL .(l Z: kl I(L 

llycu E - npoHaBon:&aoe nonoaHTe.JI:&Hoe qacno. 
1 j_ 

Bw6zpaa J' < 8 1 rle 8 = -r €. " , .-.., 
nonyuu 

r..:~~('P)- 2:t' l G) I ~ £. 

3H&'ClHT, l ':l;,_"xz.} paBHOCT8118HHO HenpepHBK8. 

AsanorB'ClHO lOKasHBaetcH pusocteneasaH aenpepHBHO 

l0B&!8JI:&HOC!ell { 2:.., } I { ?,.;~.} 
Kt&K 1 Hueev puapuepayJ> orpaaHqeaaocT:& • paBHocTeneHHY 

HOC!:& IIOCJI6l0B&T81I:&HOCT81l { ~ ... ( 'Jl,y)} 1 • • • t . { ~ ,.;, ( "•~ 
'ClTO npHueHHMOCT:& TeopeMH Apuexa o6ocaoBaaa. 

lloKaaeu, qTo '1: ( :Tr, 'J) f 2) . 

HCXOlfl aa toro, 1lto 

z. (:r,y) I 2,: (:r,y)' z.:, ('Jt',J) I 'l: .. ("·Y), z:x~ (x,y), 

paBHOMepao CXOlHTCH COO!B8!CTB8HBO K 

1(:r,yJ 1 'l.~(:r,y), l; ('X,'J) 1 z;J:r,'J) 1 1;, ('X,'J), 

Moaeu JTB6PEl8T:&, 'ClTO 

9 



:D, ~!0 BS fiOCJ18,ltOB8'f8JI:DHOC'ril lf}JBKIUII { U/;,.{~,,)} C y 1 

, MO~HO H8BJ181l:D paBBOMepBO CXO,ltB~DCB fiO,ltU0~8,ltO

npll~eM npe,li;8Jll>B8B lf}JBK~BB W(:r,y) J,ltOBJl8'fBOpB8'f 

epa c noKaaaoreneu J. H IW(:x.Y)Hy ~ 1. , oru uo 

/]A!(:x,y) t: y . 
nocne,noBaTeJI:DHOCT:D { l,... (:X, !I)} ( 2) CXO.ltil'fCB K 

'I)"" H ~TO npe,neJI:DHSJI lf}y&K~BB npBB8J1;.111U'f o<SJI&C'fB J) , 

COOTHOm6HB6M (6). 
TO l .. ! J) , BHT6K88'f 

~,J:r,yJ-'l4f!r,yJI/x "M, 

e, 
I /, 41 I I I .,, I ""I+ )'M.Q:X '!,.- 'l X + ~X 'i! .. y- z.. .,. c. c. , 

• I " ··1 /"'" z••t ;. ·I + ~" z,.~~,- 'iII)' -+ ~" r:,,~.. -. ,,_ ~o 
c. t:. (IS) 

t:J + H ..... -i!••J + H( .... _.,.••; ~ M. a ' '(l,..y •II c,.,~ ,;;. ,._ 

HO oreopeue Ap~e.11a nony~aeu pa:ssouepBJD cxo,~~;JYOC'fi> 

'l:(z,Y) I 

l~('X.,), 

'l~(:r,y), 

t,.:J:x,"J) ~ r.;,_ (x,1), 

2:,, (:x,Y) ~ 1.';y {!JC,y), 

'1..,~1 (x,y; ==> 2;, ('l,J}. 

(16) 

, HS (IS) CJle,D;yeT paBHOM8pB8JI orpasHqeHBOCTI> YO,li;JJI81 

1. .. ~rx,y) I I rz.:, (:X,J) /, /2,~a r~.fJJ/, 

,..;Y (x, 'Y) I , I z..;, ( x,yJ I ~ M1 . 
(17) 

aa HenpepHBHOCTI> noc.11e,JtoBaTeJII>HOCTH lf}JHKIUII { 'l,,.(-x, '1) J 
'rpaHHil6HHOCTB nep:swc npOBSBO.ltHHX I z~.l( (%.'1) I 14 

i pa:sHocoreneHHaH HenpepHBHOCTI> nocne,Jto:saoren:&HOCTel 

H { 'l.~ (:x,y)} cne,nyeT Ha orpasneHHocu nopwx 

8 

.,.: 

·!','\1 

3l 
. II' 

j,l',l 

·~· 

·~ /,;I' 

.j 

npoHaBO.JtHHX, a pa:suocoreneHHSJI senpepHBBOCT:D nocnexo:sa'feJII>BOc'fe~ 

{ l.._".t._(x.y)} 1 { z:.ty {x,y)} B { 2,.;, (1l.J)} 06ecne~B88'fCH 
pa:suouepHol· orpasneHBOCTI>JO KOBC'faH'f reJII>,Jtepa: H l" ~ M • 
IloKaaeM, HanpBMep, ~TO nocne,noB~'fen:t.Hocn { '1.::.x .. f:x,y)} pa:sso-

CTeneHBO HenpepHBHa. 

Cornacuo :sw6opy Me'fpHKB B npocorpasc'fBe X ( r;, H) KU:XaB Hs lf)ysltiUII 

nocne,nOBST8Jll>HOCTB { 211:. ( ~. J)} y,nOBJ18'fBOpH8'f JCJIOBHD ren,~~;epa 
c noxasa'fe11e11 ) , 'f.e. 

I 'Y" (.,,_ ,.,. (Q)/ ~ H , [f{~r;;JA 
.Z::~oJ(I. F,/ 1!IIJI~ l,.xa. 1 

r,~~;e j{'P, Q) - paCC'lOHHH6 M6QY 'fO'UaMB <j) II Q • 

Ho Hz, ~ 11(2 , _ .,. ") + H ... ., ~ /11 + II '14" = N 1 • 
..... 1(1. "JL C. ;tl. r:; Jrl. /IL 

Ilycor:& E - npoHaBoJI:&Boe nono:a:uen:&Hoe ~HCJIO. 

Bw6Kp8Jl J' ~ 8 , r,ne 8 = ~ E. f- , 
}oil 

nonyuu 

I r.~~~('PJ- z:Jl, taJ I ~ £. 

3B81UI'f, {l,._"xa.} paBHOCTeneHHO HenpepHBHS. 

ABallor•~o ,~~;oKasHBae'fc.R pa:ssoctenes&a.R senpepHBHOC'f:& nocne-

,no:saorenuoc'fel { 2:., } 1 { ?,.;,_} 
H'faK, Hueeu pa:ssoMepHJD orpas•~essocT:& H,pa:saocTenesuym uenpepHB-

socu fiOCJI8,li;OBS'f8JII>HOC'f81 { 2, (:x,y)} 1 ••• 1 . { ~ ,.;, ( "•3)} 1 'faK 

~To npaueszuoc'f:& TeopeMH ApQeJia o6ocso:saHa. 

JlOKU611 1 ~TO 2 (~.yJ f 2). 

HCXO,li;R B8 !OrO, qTo 

Z.fz,yJ, 2,:r:x,y;, 'l.:,r<Jr,,), 'l.; •• r"·Y), z:x,(:x,y)~ 1.:;,rx.y) 
paBHOIIepHO CXO,li;.RTCH COO'fB8'fCTB8HBO K 

'l('x,y), 7_~(:x,yj, l;(-x.'J), z;J:x,y), 1~,{-x,,), 'iy•z(:x,'J), 

11o:a:eu y'fBepz,naor:D, liTO 

9 



!)U!:X /2 - 'l.•f ==* ~" I 'i- c*l 1 - ... c. 
c. I "'I ......ax ll I - i!•'l ~ ~~ I z~~.- 2 ~ 
;; "t t t;_ I 

"" I I .. ~, 
ll , - ... ~I __.. ......,..x 'ly - z y 

~X "Y E:y ~ i;: I 

,;: I " ••J 
/-," -z••j ~ ~X j!JIL·- j!t• I 

~" ..,..... ~· c. 
c. , •• , I 

I '7 • - .., •• I =t ~" I ~ .. , - l., J 
I'IWII'I: C"~o.ry c., (). 
c I " •• , l'f. fl,.;,_- 2;: I~ rn;_x 'ly,_ - i!ya · 

(IS) 

CKx~HBaH noqneHHO ~eBHe H npasHe ~acTH H yllHTHBaH onpe~e~eHHe 

Hopuy B npocTpaHcTBe X (().I H) ,no~yllHu 

1/l.,_-z"llx- Hcz .. -"l·J" ===> h-'2"1/x- H(-a-2•]". 
(I9) 

Ha (IS) BH~Hu, ~To noc~e~oBaTe~~HOCT~ KOHCTaHT rex~~epa H~_-t1 v 

orpaHHlleHa, a SHallHT, UOZHO BY6paT~ no~~OCXe~OBaTe~~HOCT~ 

H (l.._ -i• J " , HueK>QK> npe~en, cKazeu, l ( ( ~ /11) • 3aueHHU :e 

(I9) 1/i.,-z*/lx 66n:omu ~cnou M, nepeaeceu :ene:eo Hrl-l.4)" 

H nepei;lte11 K npe~eny npx K- .-

B peayXDTaTe noxy~u (c11. ~xy (5) ): 

M -· e + Hr~-z·r -:,. ll 'l- z<t II X I 

O'!Ky~a Oli8BH~HO 

11~-2""/1 ~/Ill. 
X 

k1TaK, 

2_(7r, 'I)" E 0. 

Boa:ep~aeucs Tenep~ K ~oxaaaTeXACTBy orpaaHqeHHOCTH Hopuy lt(~,yJ 

B npoco:rpaHcTBe C1 
( r;.} • 

~ 

Bocno~~ayeucs c~e~ymmeA Teope11ol (ell. [5] , cTp. IS?). 

ITycT~ onepaTop A HlleeT o6paTHYI A-I, H onepaTop 4A TaKoB, 
liTO II A A II £. ,, A-1 ,,-.t . (20) 

Tor~a onepaTop B =A+ 4A HlleeT o6paTHYI B-I, npHqe• 

ll B-1 -. A-1 II ~ /1.11A II 

1 - I A-'ll· Jl.sA( IIA-'IIz. (2I) 

IO 

I " I ,, 

B Hameu cxyqae onepaTopy A cooTBeTcT:eyeT onepaTop <p'('e, 

rtp'(zj ;,_ ..1 + f: (7r, 'J, Jj , a onepaTOpy ri COOTB8'!CTByeT Oll 

Top q:J'rzr 1 
• 

B KaqecTBe 4A Boa~ueu 

A .. f~a) = cp'(! .. J- qJ'(~j = {; (~,y,~ .. ) --f: (xl y,~}; 

TOr~a onepao:ropy B 6y~eT COOTB8TCTBOB8Tl> ~'(~ .. )• 

OlleBH~Ho, liTOA.,'f'{zJ, HallHHaH c HeKoToporo n. , y~oBnenc 
yc~OBHI> (20),TaK KaK 

..d,.. qJ'(!} -0 . 
~~~-

O~eHKa (2I) :e Hameu cnyqae npHHHMaeo:r BH~ 

l, rpr~ .. r'- r:p'fiF1 1l ~ IIA..~'fzJQ. HfP'flF'IIz 
1- HA.,,'taJU ·1/C~J'(~r•lf 

npaBaH qacn CTpeUHTCH K HYH1l 1 ecnH 11-.uo 1 H60 LJ,., CfJrfJ 
a .cp'r~r1 ~nH KOHKpeTHoro ~(:¥.J) orpaaneHa. 

3~ec~ J:.(:r:,1-) - npe~e~:&Hbl£1 sneueHT nocneito:ea'ie~:&HOC'!H { 

B MeTpHK6 npOCTpaHCTBa C 2 
( (;.) • 

JIITaK, Hueeu 
/11.t(x.,JIIc2 = llc:p'(l .. f1 ~(.lWJ II~ 

~ II Cl'ri!r1'MT,.(:r,,)l) + Mf:/>'(i • .r 1- cp'fi.T1 ]W.. (:X,~j} n . 

Hop11a II q>'(~f1-w;. (:x~!J) U orpaaneHa npx n1>6o11 n.- • BTopc 

cnpaBa B (23) CTpeUHTCH K HY~~ npH M-+~ 1 !aK qfo npaBE 

HepaseHCTBa (23) orpaaHlleHa npH n-+- , a neBaH qacu IJV;.i 

no npe~no~oEeHH~. ITpoTHBopeliHe. Saaliii!T, Hame ~onymeHHe ae 

C~e~OBaTe~:&HO, CYIII8CTByeT TaKaH KOHCTaHTa 'X; 1 q'!o 

IIV'(7r, yJ II ct ~ 'X1 

~nH nl>6oro 1:( x, '1) ~ :/J H 'Hf'(:x, '1) ( Y ( ~' H / 1 1/<Wf,., '1 JJI r' . 
DoKazeu, HaKoHe~. liTO Hopua IJT('X1 'JI J orpaHneHa :e npocTp! 

X(~H) • 

II 



:X /2 .. - it'/ ~ ~X I 'l- z-*1 
(;. I 

x}l~t-~~'1 ~~1' lr~-z~J 
(; I 

x. 1z:Y - l;' 1 =9 I'M;::."'x 1 z; - z~ 1 
(;. I 

/
.., " I .. ,, •"J 

:X z::., •• -z::l ~ ~,C "'AL·- ~ •• I c. 
(IS) 

:oc 1 1~~y- ~:; 1 =t -ax 1'2 1~ - 1:; t 
lt I 2!' " - 2··1 ~ yn.41X /1: II -l.··J "Y:t 7• C. y:t y:t . 

noqneHHO xeBue H npasue ~actH H y~THBaR onpe~exeHae 

poctpa.HcTBe X ( r:., H) ,noxy'IIIUI 

..... -z"llx- H(z .. --z•J" ====> 1/'l:-?."llx- Hc-a--l•J". 
(!9) 

H~HU, ~TO nocxe~oBateXDHOCTD KOHCTaHT rexD~epa H~~-!1. 

a, a 3Ha~T, UOEHO BY6paTD fiO~~OCXe~OBaT8XDHOCTD 

') 11 , xueK>JIIYID npe~ex, CKB.lleu, l ( ( ~ M} • 3aueHir!U B 

~ .. - Z" II x 66xDmHu ~cxou M, nepeHeceu BJieBo Hrl-l.")'' 
u K npe~exy npx K- ..... 

ate nony~u (cu. ~xy (5) ): 

M -'f + Hri!.-l"J" -:,. II~- l" fl X I 

8BH~HO 

1/'l-2 4 /lx !f M. 

7_{x, 'Jj" t. 0. 

IICH TenepD K ~OKaaate~DCTBy orpaHH~eHHOCTir! HOPUH lf(~,yj 
HCTBe c.z ( (;) . 
OXDayeuca cxe~yK>~el Teopeuol (cu. [5] , ctp. 

ID onepatop A xueet o6patHYI A -I, a onepatop 

II A A II ~ ,, A-1 1/ -t . 

I57). 

4 A taxo:s, 

(20) 

onepatop B = A + .a A Hueet o6patHHI B-I, npx~e• 

II s-1 - A-1 II ~ 1/AA II 

1 - IA-'/1·//.tA( /lA-
1

11z. (2!) 

IO 

.... 

B Hameu cJiy~ae onepatopy A cooTB8TCTByeT onepatop <p'('"e} , 

oCp
1
(2.) ~ .o!1 + f: (-x, y, ~) 1 a onepatopy A-I COOTB8TCTBY8T onepa

TOp q;'rz;-t . • 

B KattecTBe 4A BoaDMeu 

A. f~a) = tq:J'(~ .. )- qJ'(~) = f: r~.y,2 .. ) - !: (:x, '/, ~}; 

TOr~a onepatopy B 6y~eT COOTB8TCTBOBaTD ~~(~ .. ). 

Q~8BH~H0 1 ~TO tJ., If'( a}, HallHHaR C HeKOTOporo h.. , y~OBX8TBOplieT 

YCXOBHD {20),TaK KaK 

A,.. qJ'(l} - 0 . 
11-+-

O~eHKa (21) B Hameu cxy~ae npHHHuaeT BH~ 

II crri .. r'- r::prir 1 II ' 114 .. <f'fl)Q. HfP'flr'JI~ 
1- OtJ .. rrraJU ·//CfJ'(~r II (22) 

npaBaR 'QaCTD CTpeJIHTCli K HYXD, eCXII 11-+ ...o , H60 LJ,., c:p r~)- 0 1 
, .... _ 

a qJ'(~;-1 ~JIH KOHKpeTaoro ~r::r.,) orpaaneHa. 

3~eCD 'A('X,1) - npe~eJIDHHI axeuen nocxe~oBaTeJIDHOCTH { 1! .. (-x. ~J f 
B MeTpHKe npOCTpaHCTBa C. 2 (C.j • 

ltitaK, Hueeu 

JJ'IJ;(:x,,Jllca = II q»'(l .. r ut (x,•o II ~ 
{. II C1>'ri!}-11Cl;,.(:t,,)f/ + NrP'(~ • .r 1_ q>'fiT1 )'HI;, (X.!j} II . (23) 

.,_ 

Hopua II q.>'(~f'-w;. (:Z,IJ) U orpaaneHa npB xD6ou n.- • Btopol qneH 

cnpaBa B (23) CTpeUHTCli K HYJID npH n-.~ 1 TaK qfo npaBaH ~aCTD 

H8paBeHCTBa (23) orpaHHileHa npH 1'1~- 1 a JieBaH ~aCTD (Jt);.(t,,JifC'L ;;:: ... .,. 

no npe~noJioxeHHD. llpoTHBopeque~ 3Ha~t, Hame ~ony~eHHe HeBepHo, a, 

cxe~oBaTeJIDHO, c~ecTByeT TaKaH KOHCTaHTa '](., , qto 

II 'lr( :x, y J If c 1 ~ 'X 1 

~XH n.Kl6oro ~(x,'1) ~ :JJ H W(:x,'1) { Y(t:,H;', 1/<W"f:~ri'!)JIY' i. 

TIOKB.lleu, HaKoHe~, ~To aopua tJT(x,;y) orpaHneHa B npoctpaHcTBe 

xr~ H J . 
II 



Tax KaK 

lltr{.:r,'j) lx = /ltr{:r,.,J llct + H.,., , /IV{r,IJ) llcz ~ 1(1 , 

TO Heo6xo.nirnlo ycTB.HOBHT:b orpaHH'leHHOCTl> HIT" npH JIJ06ou z(r,y) t-}) • 

nns BTOrO BOCnOJI1>3Y6UCH TeopeUOH 0 Henpep~BHOCTH no reJI:b,ltepy peme

HH~ 3JIJIHnTH1l6CKOrO ypaBH6HHH (CU. [7], CTp. !44) 

4V(~.y) + 1: (x,y, ~ }11(x,y) = 'JA.T(x,y) 

H o paBHouepHOCTH OI.\6HKH BeJIH'lHH~ Hv'' .l\JIH peweHHfl V(.:r.Y) 

nHpHXJie (cu. [8], CTp. !42): 

H .. ,., = 0(( F.. + F )iU<!X /1JlX,'J) /-+ ~X /'lfl (?t, '1) I + 
V o o,A C C. 

r.21e 

+max /'11" 1 (X,'1) / -t ~x J 1r;~ (:~.'IJ/+ ~x /'IJ";~ (:r,y)/ + c. 'J c. c. 
-1- ~:r /V:q (X,'J){ +~X fW{x,yJ/ 

- yt c. J c. 

[, =: --e....,n ~X' / ...f' (x,tU, :Ur.JJJ/ 
o • ·-r - · t l o- , 

2£:~ G 

~l == ;;f Hf;rx,y,l} , 

H(~c-x,y,~J - KoHcraHTa ren.21epa clJYHKl..\HH f: (?t,'J,?.('.f,'JJ) 

npH !IIHKCHPOBaHHoi1 WYHKI.\IIlH 7:(x.y) lll3 ;!) • 
\ 

KaK BH.l\HO Ha ( 25), or~eHKa H11" ~ Kz. He aaBHC!IlT o·r IPYHKU.ijl/l 

T, e, OHa pa BtiOMe piiaff ~'i'HOC~TeJIJ>HO t('x, 'J) €- lJ • 

WTaK,TIOJIJ'liiiJIH OUeHKy 

(24) 

3a,ll81llll 

(25) 

:e ' 

IIV(:r.~) llx =- II v-rx,':f) lie,_+ ·Hv-" ~ K1 + Kt = 1{ , 

q·:ro paBHoct-~JII>Ho orpaHH\I.eHHOCTH HOPMhl onepaTopa cp'r~r 1 
B o6nacTIII 'JJ • 

TaKIIIM o6paaoM, Y.l\OBJieTBopeHbl Bee npe,llnonollteHIIIH TeopeMbl I. 3Ha11HT, 

.t~:paeBaH aa,llalla (9)-(IO) HMeeT pemeHHe ·~ = 'l:(x, 'f, t} B U.HJIIIIH,llpe 

fl:!:Cx[o~t~+r::;o) , nprtlleM ,,f.t·mJ/'l:(:r,y,t)- rz<~.(x.'1JUx=O. 
-t-+-

Teopeua 2 AOKaaaHa. 12 

~ 

~ 

I 
~ 

if 
CxeMa qHcneHHoro pemeHIIIR sa~aqH (9)-(IO). 

B~6epeu mar .l\BHEeHHH no napaueTpy t , o6oaaaqHM ero qep 

Paao6:oe11 o6JiacTI. Q= C K [os t ~ T] Ha n- qacorel nJIOCH 

napanneJI:&HWH nJIOCKOCTIII )( oy : 

t - o t ='f" 1 :::21: tn.= n-'i:= T. 
" - , 1 , cz , · · · , 

}luea Halla.JII>Hoe aHalleHHe 1.(~.'/,0}= 2o('X.Y), 'l.o(x.yj~ 

H no.ncTaBJiffff ero B nepBoe ypa:.eHeHHe cHcTeu~ (9), noJiylli 

HOe oJIJI.IiflTHqe CKOe ypaBH6HIIIe OTHOCHT6Jl:&HO V( X, 1j, 0) : 

L11f( X, 'f, o j +I: ('X, 'f, i!'. (~.!f)} 1/(:X, 'j, o) =- [ttr,('X,!f) -t ~(~'}, 2:.(fJt,!J}j 

C KpaeBblll yCJIOBH6U 

~y(:x,y,rv/r =o. 

PemaH KpaeByD 3a,llaqy (26)-(27) JID6HU H3B6CTHaY 116TO~OY 

ueTO~OU Ce'l'OK), ITOJIY1114M 3HaqeHI/I6 ~YHKUlrUf iJ{;r, y,t j Ha C 

3aM6HHU Tenep:& BTOpoe ypaBH6Hl/16 CIIICTell~ (9) paSHOCTHHY 

HHeu 

'l(=r,y, t.,; - z .. rx.yJ = v-r~. 'f, o), 
1: 

OTKy~a Hax:O~HY aaaqe&He ~yHKUHH ~ ( :t., Y, t) Ha CJIOe 

Boo6Jlle, e CJIIII l)yBKUHH l ( :x, 'I, t} HaBe CTHa Ha CJIOE 

TO if>YHKUI4ff 1f (X, Y, i) Ha STOU CJ106 onpe~eJIHeTCH pemE 

HO~ KpaeBO~ Sa,ltallH OTHOCI/ITeJI:&HO tV(X,!f, i~t} Ka.K cpyHKI 

t1V(X,'}f,-t,:) + 1; (x,}f,P(x,y,ii<J}V'(x,y,l:"} == 
= _ [ A'l(X,1J, i~<) + /(x, 1f, 'l('f.!f--l~e J}, 

v'(;x, Y, ~ .. J/5 = o . 

Ha,bH OTCID~a 1/{'X, '!/, tIC) onpe~enaeu ~yHKUIIIIl 1:. (:x, Y, t 

CJI6~YIOJll6U CJI06 t = i_K-+ t : 
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,.,) lx == 1/tr(z,.,J llcL -t H1t" 1 /IV(:r,IJ} llcz ~ 1(1, 

o,nHwo ycTaHOBHT:b orpaHHqeHHOCT:& Hv" npH JIJ06ow 2.(r,'Jjt-JJ • 

BOCflOJI:&3yeMCH TeopeMOH 0 HenpepHBHOCTH no rex:&,nepy peme

qecKOrO ypaBH8HHH (CM, [7], CTp. !44) 

(;r,y) + 1: (x,y,2-)1/(:x,y) = "UT(x,y) 
(24) 

o~o~epHOCTH oueHKH BeJIHl(HHhl Hv'' ,nxH pemeHHH 1J(x.'1) 

( CM, [8], CTp. 142): 
aa,naqH 

o( ( F;, + ~AJn;;x /'II(X,'J) /-+ m;x /v-; ('X, '1} I + 

m-ax /'It I {X, 'f) I + ~X I 'lr;~ r~.'J) ,.,. ~X I 'ltx'~ (z.y) I+ 
l y C- c.. 
+ jlk..qX /'It:'' {:r,•.l)/ +~'X fW{x,yJ/ 

C- Y' C. ' 

= ~ ~X 11' (x,'Jj, ~(.f'.JJ)/ I 

'lE7J G l 

::::fvvpHN 
u 7J 7/:r,y,~) J 

'lo) - KOHCf8.HTa reJII>,nepa ifJYHKl..lllllll f..: ('X, '1, ?. ('JC,~)) 
npH cpi'IKCHpOBaHHOM ilJYHKU,llllll l:(:X,'f} H3 ~ • 

I 
lila ( 25), or~eHKa H11" ~ Kz He aaBlllCHT OT ifJYHKU.I'IH ~ . , 

pa8hOMe[Jti8.ff V1'ffOC¥iT8JI:bHO l::('x,'f) €-- 2J • 

01.(8HKy 

v-rx.yJIIx =-1/v-rx . .,JIIcz.-t·H'lr" ~ K1+Kz.=7(, 

(25) 

OI'paHHlleHHOCTlll HOpMbl OllepaTopa C{)'(~r 1 B 06naCT!d ']) • 

y ,n;OBjleTBopeHh! Bee npe,nnonollteHHH TeopeMbl I. 3Hal(HT, 

aqa (9)-(IO) MMeeT pemeHHe ·~ = "t(x,y
1 
f} B 1.\HJIHH,Z(pe 

~ t ~+ t>"") , ripHtieM ,.£·m}/1(~.'f,tj'- 'l~('X,'1)f/x =:: 0 · 
-t--

,l(OKa3aHa. 
I ') 

'-

..... 

1/ 
CxeMa q~r~cneHHoro pemeHHH aa~aqH (9)-(IO). 

Bb16epeu mar ,Z(BHEeHHH no napaueTpy t , o6oaHaq~r~u ero qepes ~ • 

Paao6'beM Q6Jiacu Q==CK[o~t~ T] Han- 'llacTel nJIOCKOC'l'HuH, 

napa:JIJieJII>HWIH nJiocKoCTH X oY : 

t ::: o 1 == "l -t :::.,\2· 1: t == n..'L == T . . 
a J r:..1 1 2. J ·' ' J ~ 

KueH Haqa.JI:oHoe aHa'lleHHe r.r~.Y,oj:::: Zo(X.Y) 1 2o(x.y)c ~' 

H no,Z(cTaBJIHH ero B nepBoe ypaBHeHHe cHcTeMhl (9), noJiy~u JIHHei

Hoe l3JIJI!dllTHqe CKOe ypaBH6HHe OTHOCHT6JI:&HO V( X, 1:f, 0) : 

A IJ{x, 'I, o)-+ f: ( x,y, 'lo r~.yJ)tH:K,y,o) =-[L12,(x.y) -t f[x,y, 2:.r"·!!;}) 
(26) 

c KpaeB~M ycJIOBHeu 

~y(:x,y,oJ/r =o. (27) 

Pemafl KpaeByD 3a,Z(a'lly (26)-(27) JIJ06~y H3B6CTHHM Y6TO~OU (HanpHYep; 

M6TO]{OM C6TOK), llOJIY'IlHM SHa'lleHHe tPYHKUHH lf{:x, !j,t j Ha CJIOe · -1:.. = 0. 

3aM6HHM Tenep:o BTOpOe ypaBH6HHe CHCTeMbl (9) paSHOCTH~M COOTHOme

HHeM 

'l(x.y, t.,)- l .. (:x.yj = 1/'(X, 'f, o) J 

1: 

OTKy~a HSXO,ltHU SHa'lleHHe cpyHKUHH l ( :(, Y, t) Ha CJIOe -/:: = -f 1 • 

Boo6ll{e , e CJIH <PYHKUHH 2 ( ~, 'I, t J r. HsBe CTHa Ha cJioe i :::: -t K , 

TO tPYHKUHH 1t(x,J,i) Ha l3TOM CJIOe onpe,neJIH6TCH pemeHHeu JIHHei

HOit KpaeBOit Sa,Z(a lUI 0THOCHT6JI:&HO ·Vl 'X, 1/ 1 i ~<) KaK cpyHKUHH X H ~ : 

j V(X,')j, irt) + 1: (x,~, ~(x,y, i"'J}11"(:Y,y, t,.) = 
::: - [ LJ'l('X,1J1 iK} + /(:x-,y, '/(7(,!j,ild) I 

(28) 

'V'(:x,yi~I(J/6' = 0. (29) 

HaJi,ltH OTCIO]{a V'{X, '!/, ·l..c) onpe,Z(eJifleU ifJYHKUHK> 'i. (:x, Y, i. j Ha 

cJie~yJOmeu cJioe i = iK+f 
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1. (x, f, t:IC+f) ~ 1 (x,y, -E-1(} + cr. v-r~.y,-l .. ) 

• TaK ~anee. 

B aaxnmqeaue aaueTHK, qTo.Ka ocBOBa&HH Teopeuw 2 •a [I] 
KOKHO o~enaT» one~m~a BWBo.n. 

(30) 

Ecnu .nonycTHT», qTo pemeaae KPaeBol BaAaqa (28)-(29) ocy

•ecTBnHeTcH TOq&O, TO npH ~~0 nonyqaeK OXO~BMOOT» DpB6na&eB

BOrO pemeBKH K TOQBOKy. 
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'j,ilr+f) ~ 7.(-x.J(,-1.1()+ 'f.l/(X",f,-l .. ) 
(30) 

aaueTHM, qro.Ha OCHOB8BHH teopeuy 2 18 [I] 
cne~yD~~ BYBO~. 

, qTo pemeaue xpaeBol a~aqa (28)-(29) ocy

TO npH ~-.0 nonyqaeu CXO~BMOC!A DpB6~BaeH
K TO~Ouy. 

14 
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