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§ 1. 

B paooTe H.H:Boromooosa, HryeH BaH Xi,ey, n.CTOSIJIOBa, ·B.B.CTpyMBHCKOro, 

/1/ . , . ' 
A.H.TaBX8JlBA38, B.n.IllenecTa Obllla paCCMOTpeHa ABHaMB'l8CKS£ ":f0A81lh M830HOB, B ·KO-

. -

TOpoll M830Hhl llp8ACTSBlllllOTCSI KSK CBSl38HHbl8 COCTOSIHBSI ABYX 'l!lCTHU - KB~pKa H aH.THKB8Jl:" . 

K80 B 8T08 paoOTe SBTOpbl HC~OABIIH H3 pellSITHBHCTCKH HHBSpHBHTHOrO ypaBHBHHSI BHAS! 

rne 

3necb BOIIHOBSSI q,yHKUHSI ,f, 
tp = tp ( X 

1
, X 1 

a 1' a 2 

(1.1) 

I 
. (1.2) 

38I!HCHT OT nnyx CllHHOpHbIX'HHJ:!8KCOB al, a2= 1,2,3,4H OT nnyx TO'l8K xl(x<fl x<;>,x\2l,x\3l); 

x ( x<O) x(I> x< 2> x <8>) . npocTpB.HCTsa-speMeHH; y(")- 00bl'lHbl8 ·Y -MaTpHllbl, nei!CTBYI0-
2 2 1 2 1 2•2 

mue Ha cnHHOpHhiil HHUBKC a x) ; A •(x) - cnaooe BHewnee sneFTpOMarHHTHoe none. I V . • _ _ 

BsanMoneilcTnne, Me)!{J:!y nnyMst 'laCTHn:aMn, 06yc11as11nna10mee B03MOlKHOCTb CBSl3aHHhIX 

COCTOSIHHi!, npenCTaBIISIBTCSI B ypaBHBHHH 'l8TbipexMepHbIM q,aKT~/lH3y10rriHMCSI llOTeHUHanoM: 

U ,f, =- i gW ( x 1- x 2) JS ( x 1 + x 2-x~-x')W(x'1-·x'J ,f, (x~, x;) dx'! dx;. 

/1/ 
UellhIO HSCTOSlllleil CTaTbH SIBIIHBTCSI llOIIY'lCHHe pesym.TaTOB paoOThI BHCCTill • na 

ocnone HCllOllh30BSHHH BMCCTO ypanHCHHH c,q,aKTOpH3yIOmHMCSI llOTennnanoM ypaBHCIIHSI 

THna EeTe-ConnHTepa: 

{ (a 2
--lt!

2)(a 2- M2)-W 2(( x -x ) 2-( x<0>- x<0>)2> },f, = 0 • 
1 1 · 2 , _ I 2 1 - 2 (1.3) 

B STOM ypSBIICHHII ·vj npenCTSBIISICT CK8JIHpHbii! IlOT811UH8Jl0 38BHCSllllllil OT llHBapnaHTIIOrO 

CKangpa ( x _ x \ 2 _ ( x<Ol _ ,c<O>) 2 • 
I 2' 1 2 

/1/ 
Mb! oyneM CHCT8MBTH'l8CKH npHMBHHTb OCIIOBeyIO HJ:(810 paoOTbl , COCTOSlll!YIO B TOM1 

'ITO Macca KBapKa, Id B8CbMa B8JIHKa H 'ITO B38HMonei!CTBHe KBSpKa H SIITIIKBSpKa B Me- , 

30jle ocymeCTBIISIBT, TSK CK838Tb, KOMllBHCan:1110 STOli MSCChlo 'B COOTBBTCTBHH ci S~HM 

npnMeM: 

(1.4) 

x) 
□pn cnesa, a 

V 
-y 

2 
-cnpana: • 

3 



I. 
I 

ByneM C'!'.HT8Tb, 'ITO 

U{{i
1 

- x
2
/-{i~>- ,.(~~ 2 )>_0 np11 

{ xi- X- )~ { x<O)_ x(O))~> 0 • 
. 2 I 2 - • 

(l.~) 

JlnB nony"leHBB OXOll'l8T8llbBOro np1161I1UK8BBOro ypaBB8HBB B sa116onee npOCTOM BH!l8 Mb! 

. TaJOKe BOCn~yeMC.11 cj,opMaJlbBhlM npenem.BhlM nepexonoM M ➔ 00 • 

§ 2 •. CBB38HBb18 COCTOBHBB npn OTCyTCTBIIII BB81IIHero non.11 

PaccMOTpHM npoc:rel!wnlt cny'lal! OTCYTCTBHB BHewHero nom1, xorna A = O • 
• ' . . V 

B aTOM cny'lae HMeeM na (1.3) cne;yrowee ypaaHeBHe' B-C: 
. \ . ' 

I< □ + M~><O +M 2)-w21cx-x>~cx<0l.x<0 l)
2I 1 ,t,=o; (2.1) 

x x J " 1 2 l 2 / 
. . . 1. 2 , 

rnEl D - nanaM6epTHaHhl, nel!cTByromne ua .nepeMeHHhie x 1 
xi a . 2 D = :i: g cJ > ; g = 1, -1, -1, -1. 

. • . xi a=O aa a Xa aa .. 
BhI!t8lIHM TOimph ltBlllKOHHO .llOBTPB TBlKeC4-H ll OTHOCIITOIIhHOO !tBHlKOHIIO !tBYX 'lBCTHll. JlnB 

aToro ItpOH3BO!t8M 38MOHY rrepeMOHH~x: 

Torna 

x~=x· 
2 

x1-x2=y 

a a a 
D = 1 D ·+ D t :i: gaaa7' ay a 

. x 1 T x ~ a=O X • 

. • 3 

D =.:!.O+O-l:g_iL_a_. 
x2 4 X y a=O aa a.x a a ya 

/2/ 
lrlcnom.ayeM anech cnenaHHhiil BnKOM rroaopoT ,ocn apeMeHB, rronolKHB 

rne TGneph y'(I) 6yneT BOlllOCTBOHHOii rrepeMOHHOli:. Torna 

·w = M. 2 -U {y2-(y<0 >):i, =M, 2-U(y2+(y<'l) 2 ). 

Baeng OBKlIH!tOBCK!lli: KB8Ap4T 
l 

'lOTblpOXBOKTOpa 
2 4 • · . 2 

y = l: ( ya ) • 
a=t 

HaITHWOM npoCTO \11 = M 2 - U (y 2). 

'· 3anlllll8M ypaa11e1111e B HOBhlX nepeMOHllblX! 

l<D + 1,12){ D + M
2
)-(M

2
-U(y2) >21 ,;,;.o 

xl x2 . , i 

_rite O , D onpenenSIIOTCSI cj,opMYnaMn (2.2). OTcrona, paanenHB na 
xl x2 D 2 

1+O+2O-+2U+ xpx;-U )if,=0• 
,_ x y M2 

Kax BHAHO ~orna, nocne cj,opMam.Horo nepexona K npeneny, !JPH 

IIMOTb Bllll 

<--}O,.+2Oy+2U)if,=0. 

□ a 2 a a 2 Tax KaK = {-- ) - l: {-:;--n ) , 
. y -ay0 . a=t ay 

. ' a 2~ 
To 06oauaq11s A=l: (~, nony'IHM D =-i'. •. 

.a=t a y y 
',/ I 

4 

M ➔ oo 

(2.2) 

l''')= i y(<l, 

2 
M '· UOny'l80M 

ypaBHOHIIO 6yneT 

(2.3) 

I 

! 
1 

'J 

·,, 

r 

l 
I 
I 

l 
I 
j 

0KOB'l8T81lbBO (2.3) npHHHMaeT cnenyromnli: BH!t! 

1-i'. +U{y 2)+-1.O I ,t, {x,y)=0. 
4 X 

(2.4) 

PaCCMOTpHM Tenepb B 8BKlIH!tOBCKOM npocTpaHCTB8 TO'l8K y aana'iy Ha co6CTB8H

Hbl8 aua'leHHB H q,yHKllHH nng ypaaHeHHB THiia lllpenHHrepa: 

1-i'.+ U(y 2 )-,lcp (y)=0. (2.5) 

EcnH norryCTHTb, 'ITO B38IlMOneli:CTBH8 

! . w I ( X - X ) 2 
- { x<0> - x(O)) 

2 1 
I 2 I 2 

HC'l0380T rrpH <it -i2) ➔ oo, TO nOTe!IUHalI U(y 2 ) ➔ M ➔ .. npH y 2➔ oo 

nanee, B cnny yclIOBHSI (l_.5) U(y 2 ) ~ o. 3aMeTHM, 'ITO (-i'.) 5lBJISIOTCSI nonolKHTOJihHO 

orrpeneneHHblM orrepaTopoM, H ITOSTOMY orrepaTop (-A+ U(y2)) TBKlKO 6yneT ITOJIOlKHTOJihHO 

orrpeneaeHHhlM. TaKHM o6pa30M, BCO ero co6CTBOIIHblO 3118'10HBSI ITOJIOlKHTOllbllhl. TTpenrronO-: 

lKHM Terrepb, 'l'fO 118IIM011blll00 co6CTBOIIHOe _3H8'1011110 , =, 0 .• ,COOTBGTCTayeT 's. -COCT0.51-

HHIO, T.e. 'IITO .nnsr Hero 

cp =cpo (y)=cp(R2); 

rite ¢(R 2
)- HOpM11pyeMa.ll B0lll8CTBOHH85l cj,yH~llHSI R 

f ¢ 2
( R 2

) d! = 1. 

R=y f. (ya)~ 
a=l 

(2.6) 

(2.7) 

lr!HTepeCHO OTMOTBTh, 'ITO AlISI TaKoro pellleHBSI ypaDHeHne (2.5) CBOitHTCB K o6b!HIIOMY 

nncj,cj,epe11nuam,110My ypaBue111110: 

- a 2
¢<R3 -..1.. ~+ U(R 2)cp (R2)=•cp(R 2). aR 2 R aR 

Ycnonrre lKO HOpMllpOB!tl! 6yneT: 

21r2j R 3 cp 2(R
2
)dR =l. 

0 . 
BoaapaTHMCSl Tenepb K ypaBHOHHIO (2.4) • .flcno, 'ITO OHO o6nanaeT peweHB_RMII, 

rrponopil11011anhllb!MH cp 
O 

( y ) 

V' a a ( X, Y) = cp ( y) <Ii (x) = ¢ ( y 3 '1> a ( X) , 

rite 
1• 2 O .,.•2 . 1••2 

cf) YitOBJIOTBOpSIOT yp8BH8HIIIO 
·1• •2 

B KOTOpOM 

<D,.+ m2
) ,Z, {x)= O, 

m
2= 4£ • 

0 

B nepBOH81[allhHbIX nepeMOHHb!X xl, x2 peweHHe (2.8) aan11weTCS1: 

- - 2 V' {xi' xn) = cp({x
1
-x) 2-,{i' -i'

2
) I~ ·. (2.t.:!:.!~ • 

• t' •2 • • 1 
J ••• ·, 2 

Kax BH!lHO, nnoc:a:asr BonHa 

YitOBlIOTBOpHeT ypaBHOHHIO 

.._ •l(E x 0 -;x),., 

.., {x)=e .., 
al' •2, 

2 - 2 
(2.0),:a:orna E-p2=m • 

•1, "2 
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(2.8) 

(2.0) 

(2.10) 

(2.11) 



HTlll!:, co6CTB0HHbl0 3H8'10HRSI 

•. CBSl38HHOro COCTOSIHBSI (2.8). 

, o onpenensieT KBllJlpaT Macc1,1 pac·cMaTpBBaeMoro 

§ 3. CBSl38HRLle COCTOSlllllSI B npucyTCTBBH cna6oro sneJtTJ)OMarHRTHOro nonsi 

PacCMOTpHM Tenepb Bonpoc o BnHSIHRB, ~na6oro BHemaero snexT'poMarHHTHoro nonsi. 

Jlng npOCTOTbl 6yneM C'IHT8Tb era He 38BBCSIWBM OT BpeMeHB A (x) = A (;). 
JI II 

Torixa B ypaBHeHHH (1.3) 6yixeM nMeTb: 

a2 = - 0 + e1 s > 
I xi xi 

rixe a - - a "" "IL Sx = }: gw i ( -::--t, A ( x I ) + A ( x ) -- ) + _j_ :t o .F ' ( x I ) ; 
I V=0 a x 11 11 I a x11 2 "•IL I 

I I 

F"•IL= ~)- aAv~); o"•IL= _i_ ( y ·Y - ·Y ·Y ) • 
a x. ax 2 11 IL IL v 

M1,1 yq11TblBaeM shecb, pasyMeeTcsi, nHWb qneHbl nepBoro nopSlll1ta ManocTH no OTHomea1110 

1t A. 

Hame ypaBHeHRe. ( 1.3) sanBmeTCSI nosTOMY B BUite: 

1(0 -es+ M
2 )C0 -es +M

2
)-(M 2-U) 2 1,t,=0. 

xl l ~l . , x2 ~ li':2 I 

Kax U B IIP0llblllYDleM naparpaqie, cixenaeM 38M8HY nep8M8HHblX: 

~ 2 = x. X -x = y 
I 2 . 

U nony'IUM: 

a 

ox ¼ 0 +O + :t a 
g aa a ya 

_a_ 
I 

0. 
x2 

x 7 a=O 

•a 
¼ Ox +O - :t 

y a=O 

a 
gaaay a 

a 
axa 

.axa 

a 
s = i :t 

X 
l V•O 

g I ( ½ ...L- + ...2.... ) A
11

( i', + 'y ) + A.,J. i" + ..i.) ( ½+,,+ 
w ax" ay" 2 2 ax 

- "•IL - , y + ½ :t 0 v,1L .F ( x +. 
2 

) 
v.p l "-

(3.1) 

-2-.,> I + 

ay ' . (3;2) 

a 
s -i,:I X . 

2 11=0 
g I c ½...a:..:- _ _a_· > A < ~ - · Y > + A.,< i' _;_...L ><..!.. _a_ - _a_> 1 + 

W ax 11 ayv II 2 2 2 ax" .. ay-11 

+ ½ :t o"•IL :F",P. (; - 2... ) , 
"•IL 2 2 .. 

CJi.enaaM OIIS!Tb BUltOBC!tUII nOB0pOT 

y(O) - i y(() (3.3) 

6 

'/ 
1'• 
l 
t 
,(, 

tf 

i 
1, 

L_ 
1~f 
lif/ 

, -ij~ 
:'; 

rih 
l1.1 
1:I -

._( 

I 
i? 

q 

I 
•,j 

I 
!i 

.J 

rite ye,, B8Dl0CTB0BH8SI 11epeM8HH8SI H 11epelliteM K '10Tblp8XM8pHOMY ~BKnBllOBCKOMY 

npocTpaHCTBy: 
2 2 

4 

y =y2+(yC4l_) = :t (y<a))~ 
a=I 

B HOBblX nepeMeBHblX ypaBH8HUe (3.1) BM08T BHJl: 

, 20 ~2 2 2· 1(0 -e
1
Sx+M )( -e 2Sx+M) -(M -U (y2)) I if, (x,y)=O, 

xl l . . x2- 2 
rne O O ·s ·s onpenensitoTCSI ua qiopMYn (3.2). PacKp1,rnasi npouaBeiteHHe u paane-x; x; X( X 2 

nHB peaynbTAT Ha M2 , Hal!J:teM: 

1(0 + 0 -e
1

S -e
2
S +2U)+_l_[([J -e

1
S)( 

xl i x2 . xl x:I M 2 xl xl 
0 x - !! A) - U 2 

] J if, ( x, y )= 0 • 
2 2 _ . 

OTC10na nocne qiopManbnoro nepexoi:1a K npeixeny npn M .... ITDny'IHM: 

IO + · 0 - e S - e S x + 2 U (y 2 ) I if, ( x,y ) = 0 • 
xi x2 1 xi 2 2 

B cuny (3.2), (3.3) 3AeCb: 

0603H8'1HM 

1 
0 + 0 = -0 .:. 21\ 

x I x2 2 x 

( 

I\ = :t (_a_ )2 • 
. , a= I a ya 

L =eS +eS = x,y t x
1 

2 x 
2 

a 
= i e :t 

1.,..0 

,a a - y -ya a 
g 1(-4---+--)A(x+-)+A.,(x+-H½--+ --)1+ 

W 2 a X JI a y JI II 2 2 ax JI a y JI 

a - - -
+ ie :t gl{½...2.... -..2...) A (x -1'..:) +AJi" -.1'..)(½+i,--a_) I+ 

2 v,.o wax" ay" 11 2 2 ax. ay" 

+ ~ :t of.•IL:F"•IL ( i" + 2'._ 
·2 v.p. I .2 

+...:!.:) :I ~•ILF"'I'( x -J..). 
2 ",IL !J · 2 

Torixa ypaBH0HIJ8 (3.4), llpHBOABTCH K Blllly: 

1- 2 I\ + 2U (y 2 ) + ½ 0 x- L x,y I if, ( x, y) = 0. 

PaCCMOTpHM CUCT8My co6CTB8HHblX q>yHKIIBII 'Pn (y);_. n=l,2 ••• ypaBH8HlUI 

1-1\,+ U(y
2

) -•n I 'Pn(y) =0 

TaKyto, KOTopaH BM8CT8 c 'Po (y) o6paayeT nonHYto CBCT8MY • 

EcTeCTB8HHO, 'IT~ 
J¢ (y) ¢ (y)d} = O. 

0 D 

IlOCTpOBM Tenepb paanmKeHBe ,{i ( X, y) 110 q>yHKilBSIM <p n (y) 

"' ( x,y) = ¢ (y) <P (x)·+ ·i <p (y) <P(n) (x); 
•1•"2 O •i••2 n>_t,n •p•2 

0'18BBllHO> 

<P. ,.(x)=fcf,
0

(y) r/,a /x,y)d'y. 
1 2 1' 2 

\__ 

(3.4) 

(3.5) 

', 

(3.6) .-

, (3.7) 

(3.~) 

KaK Mbl y)Ke BBll8nH B np8ALIJlYDl0M llaparpaqie, B cny'lae OTCyTCTBBn- sneKTpoMar

HBTHOro 11onsi, L = 0 ' BM88TCn peme1111e. KOrAa B (3.7) 

cpa (x)=e•l(Ex
0

-11_x_) <P 
l' •-2 at' •2 

fn) 
~ • (x)=O 

·1• •2 
D > 1. 

7 



Ilpoauann:aHpyeM Tenepb anHHHHe 6eCKOH8'1HO Manoro aneKTpoMarHHTHoro nonn Ha 
~) . 

3TO peweHne. ECT8CTB8HHO C'IHTBTb, 'ITO <l>a a {x) npn n~l 6ynyT 6eCKOH8'1HO MBilbI-
. l' 2 

MH nepaoro nopnnKa no OTHOW8HHIO K A • 3aM8THB STO, noncTaBHM paanoJKeHHe B ypaB-, 

Henne, nony11eHHoe na (3.6), 

f¢ (y)(-2A+2U{y 2)+½O -L f,J,(x,y)d 4y=0. (3.9) 
0 X x,y 

Hall.tteM 

HO 

+ I 
n> I 

f¢ (y){-2A+2U(y 2) +½0 -Lx,y1¢ (y)d~ <fl'0>(x)+ 
0 X 1 0 

f¢
0

{y)(-2A+2U(y2} +½ Dx-Lx)¢
0

(y)d\ <11<
0
tx)=O, 

f¢ {y)l-2A+2U(y 2)+½O -L 1¢ (y)dt 
O x x,y n 

= 2, f ¢ ( y ) ¢ ( y) d 4y + ½ f ¢ ( y) ¢ ( Y) d'y 
n O n O 'n D -

X 

· 4 4 - f¢ (y) Lxy¢ (y) d y =- f ¢ (y )Lx ¢ (y)d y. 
0 ' ft O ,, 11 

3aa'IHT, ypaBHeHHe (3,10) MOJKeT 0blTb aanncaao·B anne: 

(3.10) 

.f¢
0 

(y) l-2A+2U(y 2) +½ 0 -L 1¢ (y)d
4
y <I>(x)- I f¢(y)L ¢ (y)d4y<1>< 0 >(x)=O. 

• x x,y O n > 1 0 x,y n 

Ho Bb1paJKeHHn 
f¢

0
(y)L ¢ (y)d\,<fl(n)(x) 

X.Y D 

oynyT BTOpOrO nopnnKa M8IlOCTH no OTHOW8HHIO K A • Il03TOMY, H8 y'IHTblBBH HX, 

nOJiy'IHM BM8CTO (3.10) 

f¢ (y)(-2l\+2U(y 2 )+½O-L 1¢ (y)d 4y <fl(x)=O. 
0 X X.Y 0 

Ho 

f ¢ (y ) I - 2 A + 2U(y 2 ) I¢ (y) di = 2, f ¢ 
2 

(y ) d} = 2, = ......!!L
2
• 

0 0 0 0 0 2 

TaKHM o6pa30M, OltOll"lBTenLHO aallzxeM: 

CJ +m2) ¢(z)-2f¢ (y) L ¢ (y) d\, <I> (x) = 0, 
X O x,v 0 

rne m2 = J..J, • 
4 

3necb HaM H800XO.t1BMO Bbl'IHCnBTb BBTerpan: 

f</>o(y) L,..y¢o(Y )d\ 

rne L onpenenseTCH na (3.5). lfBTerpHpyH no 11:aCTHM, x, y 

8 

BHJlHM, 11TO 

(3.11) 

"· 

f"¢(y)(~A,,(;+Y2-)+A,,(x+..i.:) a)¢ (y)d4y 
0 iJy" - - 2 a? 0 

-f·A,,(i"1:.:i>fl-iJ¢n(y) ¢(y)+¢(y) iJ¢n(Y) 'H\.=o. 

'Banny 

· ,; iJ y V O O iJyV 

panHanbHO~ CHMM8TpHB ¢iy) =¢(y '> Mb! M0lli8M aanncaTb. nnil moooll· q>yHI!:IXBH :F 

f F. (x +.l'..) ¢ 2 (y)d4y =f :F(x:._..:;_) ¢ 2 (y)d4y. 
2 o - 2 o 

OTCrona cnenyeT, ··11'1'0 
4 

f ¢
0 

(y) L.,,.¢ 0 (y) d y 
a . . - - . 

= i(e1+e,) I &w12...· f A (x-+..!... >"¢2(y)d~+fA,Jx+.1'..)¢2(y)d4y _a_b+i2) 
2 y= 0 iJ XV V 2 0 2 0 ' iJ XV • 

+I 
v,µ 

e p~•P.+ e 2 u~•IL· 
2 

v,µ _ ; 2 4 

f :F (x,1-_;_)¢ (y) d y., 2 0 . 

Ilpeo6paaye~ Tenepb axonlllI(He' crona_ HHTerpanbI no ·y. 

Bocrioru,ayeMcn nnn ·aToro np.encTaaneHHHMB <l>ypbe: 

A,,(i').=f\ICiix) A,,(q) dq 

F
v,µ "'" l(qx"} ·- -

· ( x) = f e · :Fv,µ ( q ) d q • 

nonyqHM. 

f A,,(x + .2..
2

) ¢ 2 (y) d 4y =fdq e;"•ii lfe~¢
2 

d'y IA (q). 
0 . O V 

(s.1·s) 

BaHny panBBnbHOll . CHMM8,:PHB ¢ 2 (y) = ¢ 2 
(y 1 axon.smmA crona BHTerpan B qlilrypHblX CKOOKBX 

0 

aaaHCBT numb oT q 2 • HannweM noaTOMY 

.J..gi 2' ' . -
fe 2 ¢

0
(y)dy=f(q,. (3.14) 

EnaronapH ycnoBHIO HOpMHpOBKH (2.7) , 

f (0) = 1. {3.15) 

11TaK) 

nocKOnbKY 

A
, ( - - y 2 .__ - I( qx"'j ,.. 
i, x)=fA,,(~ +

2
)¢

0
(y)dy=fdqe f(q1A,,(q). (S.lB) 

D 
l(qXJ I( qx) . - l(qx) f ( .) e = f(-A .> e = f( q 2) e MOlK8M uanucaTb CHMBOnH'l8CKH: 

A',,(;)=lfCO )A(x)I. 
X V 

(3.17) 

•CoaepweHHo auanorH11Ho: 

F,v.µ (x)= fFv.µ(;+L)¢ 2 (y)d)' =fdqe._1
(qx) f(q2).F,,•/L(q)dq= (3.18) 

' 2 0 . ' =If (0) Fv',..(x)I. 

noncTaBHB {3.16), {3.18) a {3.12), uallneM: x 

f,¢ (y) L ¢ (~) d•i = He, +e J I 
0 x,y O 2 v=o 

g , _a_ A' <i"> + A' ci'> _a_, + 
w iJ xv v v iJ_xv 

+·I 
.Y,f' V,/l 

e10, +ee, .F ,cv,µ:\'. x). 
Jl,ll 2 
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. \ 

2 2 ca 1 +a2 -2u )if, =O, 

a B cnny (4.9) 
if, = ,y<6> ,y(6) if, 

I 2 

Ho, ItaK MbI BllJlemI a § 3, 
2 

a, =- ox + e, sx 
H ll09TOMY ypaanenne (4.14) 6y)leT: l I 

(4.14) 

(4.15) 

(Ox+ Ox -e1Sx-e~x +2U(y 2 )) if, =0. (4.16) 
I 2 I 2 

Mb1 nony•mmI, cneJloBaTem,no, ypaBnenne, .coananaromee (3.4). ITosToMY, npoBOJlSI 

nee 11am,nel!mue paccyJKAennsi § 3, Mb! 3/10Cb TaKJKe npu11 eM Jlnsi 

K ypannennro EHCCTlll 

ycnonue: 

<l> a ,a (x) = J 'P (y) if, Cx,y) d \,, 
1 2 0 ·1•· .2 

(3.19). Ha (4.15), _KpoMe Toro, eme nony,mM 

( 1 - f 6l y<o ) 'P = 0 • 
I 2 

(4.17) 

JlOnonnuTem.noe 

(4.18) 

B 3altnl0'101IH0 paCCMOTpHM cny'lal! OTCyTCTBHSl sneKTpOMarnnTHOro nonsi. BoanpaTHM

CSl K nexna11puponann0My ypa:anennro (4.2), KOTopoe aannmeM n coKpamennol! cpopMe: 

\ 
r)le 

L if,= 0 , 

L =(a 1 - 11)(,\+ M) + •y~6ly~6) W. 

(4.19) 

(4.20) 

Ku H3B0CTHo, onepaTop npocTpaHCTBennoro OTpSlKGHHs:I AJISI OAHOII /IHpaxoBCKOl! 'ISCTBllbI 

MO]l{JIO B3SITb B BBAe: = ·l'° A x , r110 Ax - onepaTop H3Menenns:r 3H8Ka npOCTpan-
CTB0HHbIX KOOp/lBHllT TO'IKH X 

_ITOSTOMy B 
A_x:F ·( x 0 , x 1 , x 

2 
, x 

8 
) · = :F ( x

0 
, -x 

1 
, -x 

2
, -x 

8
) • 

. , • I 
paccMaTpHBaGMOM Cny'lae CHCT0Mbl /IBYX 'ISCTHll aa onepaTop IlpOCTpancTB0HHoro 

0Tptl)K0HHSI B03.bM0M: 

I =,y° ,y°A Ax. 
1,2 l 2 x

1 
2 

(4.21) -
Skno, 'ITO I I - SpMl!TOBCKnll' onepaTop n 'ITO r = 1. Ero co6CTB0lIHbI0 3H8'10HHs:! 

,2 1,.2 

6yJly-r, cne110BaTeru.Ho, ;t,l. PaCCMOTPHM COOTBOTCTByromne ypannenn,i AJISI C06CTB0HHblX 

ljrfRr.lllili I 1, 2 

r1.'I if, 
( 4.22) 

r1.'I =-,;, 
(4.23) 

C aprroll CTOpOHbI, HeTpyJlHO 3aMeTHTb, 'ITO I XOMMyTHpyeT C onepaTopOM L • TaJmM 
I, 2 

o-::pn3.taB, XllK COOTHomemi:e (4.12), TaK n COOTHomenne (4.23) COBM0CTHbI c OCHODHblM' 

l!:? 

'ypaBH0llll0M ( 4.19). 0'10Bll/lHO, pauenCTBO ( 4.22) COOTB0TCTBYeT "nono>KHTeJibHOll '10TIIOCTll 
. . '. - • . I . ., . 

paCCMaTpllB80MOII CHCTeMbI, a ( 4.23) - OTpnnaiem.noll. "KaK 9TO. IlplIHSITO B T00pHSIX COCTSB-

noll · M0/10ltlI M03ona, ~A0JI&GM it_onym_em1e 06 OTPHllAT0nbHOll '10_THOCTH. Torna, BM0CT0 C ypa$

H0llll8M. (4.19), Ml,I 6y11eM llMeTb AOITOJUlllT0JibHOe ·yc.'loane B qiopMe (4.23). 13bIB0A0M H3 m.

ro A0llOJIHllT0libH00 ycnoane AnSl <l>(x) • B paCCMaTPHBa0MOM Cl!Y'l80 OTCyTCTBHSl 9Il0KTpO-. . 
MarnnT1IOro nonst 

if,'(xl.~.> =</,l(x-x) 2
-(x0 -x0 

)
2 1 •I>(x). 

!• ·,. • ~ tit ~ I 1 2 1 2 

ITosTouy: , ,c • - - 2 . .. ; 2' 

I I 21/' ( X I, X :) = cp I ( X - X i - ( x01 - x0 

2) I •y° y° A <l> ( X ) , 
f ·. 1 t :, 1 1 2 X 

TAKnM o6paaoM, na (4.23), nony1nu1: 

-~ ,y" Ax <l> (x ) = - <l> ( x ) • 
I 2 

, .... 

HaM 6yAOT yno6no nepel!Tn K HMIIYJibCHOMy np0/ICT8B1l0BHIO. TaK KAK 

'Mhl MOlKGM HAHHCSTb 

<0/ _m~) <l>(x) =0, 

<l>'(x) =fe•l(poxo-,,iq <P(p-)dp p0 =E/=y'm2 +p2 

-Tor)la 

A ill ( X) = f _e •l(poxo+PiJ 

ITosToMy, ns, (4.24) cnenyeT 

ill (p)dp =Je•l(poxo.;x) ~(-p--)dp-. 

,y" ·>'° <l> . ( - ; ) = - .j; ( p) . 
I 2 / 

.. 

_ (4.24) 

( 4.25) ✓ 

BoabMeM cn:cTeMy OTC'leTa, n K·oTopoli npocTpaHCTB011HbIII HMnym.c panen H_ynro: p = 0 ; 
. .... --

B ~TOIi CHCT0M0 (4.25) )l88T ,y 0 ,y0 <l> =-W 
I 2 

• IToMHOlKast na ,y0

1 
I IlOny,IHM! 

,yo <l> +,yo ill = 0 
I, 2· (4.26) 

ITepefuteM Tenepb K npoH3BOJII,HOli CHCT0M0 OTC'leTa. Tor)la penSITHBHCTCK~.KOBapnan:H~M' 

pacmnpenneM ycnonnst (4.26)_ 6y1teT cne11y10mee ycnoane: 

I 
(,yip) <ii +C•y2p)ill=O, l4,27) 

rne •J'p =•Jt°p0-,y p-. / 

ill 
MbI IlOl!Y'lllllll llOllOJIHBTem.noe ycnonne ( 4.27 J. HCilOJib30BaHH00' B pa60Te .• BbistCHHM 

• . na ocnone, ycnonnll (4.18), (4.2h. TaK ;iaK' - ·Y ·11ei!-Tenepb MaTpnqnyro CTpyKTYPY ill 

,cTByeT Ha ill : -cnena, a . ,y 2 - ~n~aaa, ~o: 

y6<!1 yG=<l> 

( ,y p ) ill + <ti (·y p ) = 0 • 

. ' 

1 1 

'(4.28) 

(4.29) 

KaK. H3B0CTHO, nponanoru,ny_ro. MSTp'nny 'IGTBepToro_ nopruiKa. MOlKHO npe11cTaBBT.b C. IlOMOl!lb!O 

CYMMbI 'na lllIPBKQBCKBX MaTPBll! 
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-·· . . 
(! = ·F.+:F ,yfi+I,_,yv:FY +'I ,yG,yv'sV+I. ~v.p.Tv•/l, 

' .. p . (V) (V). f _V,/l 

Ho 
1¢, G 5 , ·r. ,y =-:F.-·r :Fp+I .,,v:FV+I. ·r~yvSV-IuV•/'rV,JI. 

(V) (V) Y,/l . 
I:09TOM}' 1!3 (4.28) clieayeT, 'lTO :Fp- 0 F'.= O _Tv.µ = O 11, TaJCIIM oop8.30M, 

/ 

4' = I ,yv :Fv + I ,y~yv· sv • 
(V) CJ.'.) 

·Y'ITOM Torrep& (4,20) 

/ (•)'p) 41 :+- 4i ( yp) = 

(gaapasv-g""pYSa)y'(yY,ya-yayv)+ 2I. pvFv, 
V 

=½ I 
a,v 

oT:r.:yaa \. 

HTaz, 

gaa pasv-gwpvsa=O; I pvFv= II. 
V 

41-~Q +(ye)P 
m 

(4.30) 

· ... rae e - OAHHll'lHblil 'l8TbipeXBeKTOp e 2-(eo) 2,.1, OpToronan&Hb!l! K 'l0Tb!p0XBOKTOpy p , 

e p + e0p0 = 0, 

Bneall nHJieKCbl KaapKoB, ·A, B = 1,2,3 

G . 

41 = ~l'J- Q : + ( ,y e ) P: , 
m 

/3/ 
Mb! npnxon11M K npencTannemuo Bara n Ilal!ca anll nceanocKannp11b1x 11, aeKTOpHblX 

' M030HOB, 

B saxn10'1eH11e, n0llb3ylle& c_ny'laeM, BblpalKa10· rny6oxy10 6naronap11ocT& H.H.Boron10-

\-- 5ony, A.H.Taaxenunse ·11 y'laCTIIIIKB.M ceMUHapa oTnena Teopuu nong sa ue11nh10 coaeTbl 

111 06cymae1rno; 
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