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Baepeuue 

Ill faMH1lbTOHH8H caepxTeKyqeft MOAellH HApS COCTOHT, KSK H3BeCTHO , H3 on-

H0'18CTH'IHOro 'llleHa COOTBeTCTBYIOUle A 0 6 0ll0 ' Ie'IHOft MOllC.'111 H H3 OCT8TO'IHOrO 038-

HMOAeltCTBHH Me*llY HYK110H8MH flOCileAHeA He3811011HCHHO M 060110'1KH. 3To B3UHMO

AeltCTBHe coAep*HT napuy10 H MYilhTHnonh-MYilhTHnonbHY IO 'ISCTb. EcnH uanucaTb 

raMH1lbTOHH8H B nepBH'IHO KB8HTOB8HHOM BHlle B KOH¢Hr y p8UHOHHhlX nepeMHHH hl X 

n 

H t + ! 
l,J-=1 

-+ 
HtaTl+Ut(rlpt\, 

A -'!Reno HyKnoaoa Hllpa, p 
1 

- cnnuoaaH nepeMeuuaH, 

(I) 

n - '!Reno HYKilOHOB 

flOCileAHeft OISOilO'IKH, TO H8M H3BeCTeH TOil b KO HBHbiA BIIA MyllhTHflOllh-MYilbTHflOilb

HOlt 'ISCTH. Oua cocToHT H3 'lne uoa THna 

(2) 

/2/ 
napHoe B38HMOAeftCTBHe 5billO BBeAeHo flO 8H8110riiH C MOA'31lbHbiM raMHilbTOHHa-

HOM AnR caepxnpoao~HHKa c HaAe*Ao~ (KoTopau onpaaAanach) ua nony'leHHe menH 

a suepreTH'Ie CKOM cneKTpe '11:\THbiX Rnep. B caepxnpoaonHHK e auaqane 5 btnll H3 n ecTHbr 

H Y'ITeHbi ace cymecTaennbre B38HMoneAcTBHR Me*AY sneK T pouaMH H Me>KAY sneKTp o-
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H8MH H HOHBMH. MollenbHbii! raMHllbTOHHBH/ 3 / 6bin nonyqeg nyTeM npeHe6pelKeHHS! 

B aivtnynhCHOM npocTpaHcTae aeKoTopbiMH MaTpH"'HhiMH sneMeHTaMH B3aHMOilel!cTBHR 

sa ocaosaHHH HarnRilHbiX ¢aaaqecKHX apryMeHTOB. Ho H llllR cBepxnpoBOilHHKa He na-

WeH CMbiCna Bonpoc, K8KOMY B38HMOilei!CTBHIO B X -npOCTp8HCTBe OTBeqaeT T8KOe 

o6peaaHaoe B p -npOCTp8HCTBe s¢¢eKTHBHOe B38HMOilei!CTBHe. KalKeTCR, 'ITO STOT 

aonpoc 6onee HHTepecea llllR Rllpa, rile Mbi ae aaaeM npHpOilbi B38HMOilellcTBH!I MelK-

llY HYKllOH8MH, H cnapHB8HHe no KB8HTOBbiM "'HCnaM MOMeHT8 KOllH"'eCTBa llBHlKeHH!I 

B llOCllellHell 060nO"!Ke Bblp8lK8eT pe3yllbT8T p83HbiX He H3BeCTHbiX H8M B38HMOilell-

CTBHA MelKilY HyKllOH8MH. 

rile 

2. IlepexQB K X -npoCTpBHCTBY 

McxollHhiii raMHnhTOHHaH HMeeT BHil 

+ 
H ~ !. T II II 1 a I + 

<1 4 
!. 

1nP 

T* • T 
II II 

v 
ll'tf 

v 
IJ k Y. 

v ~ _, v 
llkf IJfk 

01lHO"'8CTH"'HOe COCTO!IHHe B "i -npellCT8Bne HHH 

+ 

+ 
B 

I 

+ 
B 

V* 
k pI J 

B 

I l > = a I o > • rile I 0 > -aaKyyM. 

(3) 

k a f 

I 

<l!x>=¢•(x)- BOnHOB8!1 ¢yHKUH!I OllH0"18CTH"'HOrO COCTO!IHH!I B X -npellCT8B-
1_. 

neHHH, Xcr,p 01lH0"18CTH"'H09 COCTO!IHHe B X -npellCTaaneHH H 

I X > = "'+ ( X ) -., 0 > , rile l{!+(x)= !.¢>* (x) a 
I I 

npellnona raeM, 'ITO <f> I (X ) - 3TO OpT~HOpM8llbH8S!, nonHB!I CHCTeMa ¢yHKUHI!. ne-

pexoll K X 
1
-npellCTaBne HHIO ll8eT HaM: 

H=JT(x x )1/l+(x ),P(x )dx dx 
1 2 1 2 1 + (4) 

+JV(xx x x )y,+(x )Y,+(x )1/J(x),P(x)dx dx dx dx , 
1234 1 2 s 41 :t 3 4 

4 
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I 
f 

r.oe 

T ( x I x 2) ., ! T IJ </>I (x 1) rp*J ( x 2) ' 
I,J 

V (x X X X ) ~ 
I 2 3 4 4 I V • rp (x )rp (x ) rp* (x )rp~ (x ). 

IJtP ljk' t I J 2 k 3 ' 4 

(5) 

(6) 

f ... d x no.opa3 yMeaaeT HHTe rpHpoaaaHe no d; H CyMMHpOBBHHe no p ( p = + - ·) . 

BeKTop cocTOSIHHSI cH c TeM bi > MO~eM npe.OCTBBHTb B KOOp.llHHBTHOM npe.OCTBB-

neRHH c noMomhiD cne.oyromHx e ro npoeKUHA 

(7) 

TaK KBK HBC HHTepecyeT TOn b KO .OByxqacTHqHoe B3 8HMO.OeACTBHe, BBe.OeM ~YHKUHID 

rp(x x ) .. <O JI/J(x )1/J(x )J>=<x x J> .. -¢(x x ). (8) 
I 2 I 2 2 2 I 

nepexo.o OT BTOpHqHOrO K rrepBHqHOMy KB8HTOB8HHID 38KnroqaeTCSI B STOM rrpe.ocTaB-

neaaH a cne.oyromeM: 

r.oe 

r.oe 

H -orrepaTop nepaHqaoro KBBHTOBBHHSI a x -npe.ocTaaneHHH. 

nocne BbJqHcneHHA nonyqaeM: 

<x
1

x JTJ>=(T(x
1
)+T(x

2
))¢(x x ), 

T ( X ) 

5 

2 
b 

2m 

2 

v· +U(x), 

(9) 

( 10) 



U(x) -noTe HUH a n BHe mHe ro (HnH cpe nHe ro) nonH, 

< x
1

x
2

!V! > a fV(x
1

x
2

x
3

x
4
)¢(x

3
x

4
)dx

3 
dx

4 

r ne 
V(x

1 
x

2
x

3
x

4
) =V(x

2
x

1
x

3
x

4
)-V(x

1
x

2
x

3
x

4
)· 

B aa HMoneilcTene no Ka n b HO no Ot !pene n e HHJO, e cnH 

fV(x
1

x
2

x
3

x
4

)¢(x
3

x
4

)dx
3

dx
4

- V(x
1

x
2
)¢ (x

1 
x

2
) · 

3.~Q~ ~J!MOAei!CTBHe B He orpaHH'IBHHOM 

~£9<;c!J?.8 HC TB9 

B a TOM cnyqa e B3B HMone ficT ene 

4 
~ 

lJ k f 
V + + 
l!kPalalakaf 

CBOilHTCH K 

-G 

e cnn -+ p 1 u ., , a 

l: .. .. 
PI 'P3 

+ + 
a..., a .... a ... a .... 

p 1 + -p 1 - · -p s - · p s + 

v 
IJkf -- -4- G li .. -+ li .. .. ~ ( u u u u ) • 

p p 1 2 3 4 p p 
1 2 3 4 

r Ae 

E (u u u u ) - ( li li - li li ){li li 
I 2 3 4 u+ u - u - u + u - u 

1 2 I 2 3 

6 

+ 
4 

(II) 

( 12) 

( 13) 

( 14) 

( 15) 

- li li ).1 16) 
u + u-

3 4 



CooTBeTCTBeHHO 

V(x X X X ) m -
I 2 ! 4 

G 

4 

noac TaBml ll a ( 17), nony'IHM 

4 
GC 

4 

G 

4 

YpasaeHHe (12) n p HHHMaeT BHn : 

e 

.... 
1 p r 

f V( X X · X X ) rp ( X X ) d X d X 
12!4 34! 

a )cf> 
4 p 

(x
1

)cp (x ) x 
a " a 2 

I 2 2 

G 
---4- f i: ( p p p p ) 8 ( ; - ; ) 8 ( ; - "( ) cf> (; p , ; p ) d; d r .. 

1234 12 34 !344 !4 

( 18) 

( 19) 

1 

2 

.. .. .. 
-8 8 ){rp(r -,r +)dr · (20) 

pl-p2+ ! ! ' 

BHnHo , 'ITO y cnoaue noKailh HOCTH aaec b H e B I,monae ao. Mw HMee M aeno c HenoKanb-

H biM B38HMOll 9 ACTBHe M. 

C llpyroA CTOpOHbi , iiOK8ilhHOe -o6p83 HOe B38HMOllC ACTBHe Me*!ly '18C-

THU8MH C npOTHBOUOilOlKHbi MH npoeKUHSIMH CUHHOB ocymeCTBiiSI9TCSI UOT9HUH8ilOM 

G a---
2 
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CooTBeTCTBYIOWHII sToMy eaaHMOJJ.ell:cTBHIO MaTpH•IHhiii sneMeHT saaHMOJJ.ellcTBHH 

p -npocTpaHCTBe JJ.IISI IIIIOCKHX BOIIH, B3SITbiX B Ka'leCTBe cp-+ (X) ' npHHHMa F'· 
pi 

BHJJ. 

v ... 
PI q I 

... 
p 2<72 

... . 
p 3 q 3 p. <7. 

-G 
8 8(p+p-p-p)(8 8 -8 8 

u
1
-u

2 
1 2 3 4 u

1 
u

4 
u

3
-u

1 
u

1 
u

3 
u

4
-u 

( 2: 
2 

00UC TaHOBKa B raMHIIbTOHIIaH B3aHMOJJ.ei!CTBHSI JJ.aeT HaM 

G 

2 
I ~ a 

;I' P 3 ,lJ 
u 

a .. ... a a .. 
u-p 

1 
, - u -~-u 8 + p 

3
, u P I u ( 2~ 

TaKHM o6pa30M, ana TetrO, 'lT06bi nony'lHTb nap Hoe B3aHMOJJ. e i!CTBHe ( )3), Mbl .!lOIIll' ... 
Hbl B31l T b TOII hKO OJlllH 'IneH H3 cyMMbl 110 U 8 > a l!MeHHO 8a0 0TCIO.!la Bllll-... 
HO, 'ITO npeue6pell<eHHe JJ.pyrHMH 'llleHaMH B CyMMe 110 8 SKBHBalleHTHO 

X -rrpocTpaHCTBe nepexon y oT 8 -o6paauoro B3aHMo.oellcTBHH ~ aenoxan~-

H OMY ll3aPMO.Oel!cTBHIO, 

4. flapHQEJ' B3liJ!..¥OBe8CTBHe MelKlJy HYKOOH4MH OOCOeJUifl!l 

Heaano:rHeHHoif o6ono'IKH 

PaCCMOTpHM CaMblll llpOCTOII cnyqal! - c<jlepH'l9CKHI! OCUHIIIISITOpHblll IIOTeHUH · 

an, B IIOCIIe.QHell o6orrO'lK9 HaXOJJ.HTCH HYKIIOHbl O.!lHOro COpTa, M9ll<.!ly HHMH .Qei!CTBY· 

lOT napHbl9 CHIIbl. TorJJ.a crrapHBaHHe - STO B3aHMO.!lellcTBH9 C IIOCTO!IHHO!t KOHCT8H 

TOll CBli3H MeJKJJ.y 'laCTHUaMH C npOTHBOIIOIIOlKHblMH npoeKUHSIMH 

Hble BOIIHOBbl9 !jJyHKUHH: 

m U • 0.!lHO"!aCTH'. I 

r.oe 

1 
¢ • (r9¢p.)~-R .Cr)Y 0 (9¢)8 , 

ntmu r nr. r.m ap 

Yem(O,¢,) 

( r I 

R n e 

rnapOBbie tPYHKUHH, 

f 
2 ( 2 II ) 

3 
+-

2 (D -1) 

1 3 
crcn+f+-2)) 

8 

e- II r2 
y + 

f+l L 2 
n+f __ l_ 

2 

(2· . 

2 
(2 11 r ) , 



:TBHSI I 

HHMaF ·• 

I 
(~ 

LlOflll' 

BHLl-

HTHO I 

oKanl'>-

TeHUH• 

HCTaH 

·acTH< I 

( 2· ' 

k 
v= 

lie.~ 

2b 
, M - Macca ayxnoaa, "' -qaCTOTa xoneoaHHli, •L n - nonHHOM 

nareppa. 

Jlayx'IBCTHqHblli qneH ( 14) HanHIIIeM B BHLle: 

-G ! a+ a 
n f "'+ n 

2n + f aN 
I I 0 

2D S +£3 aN O 

1;. I zO,I, ... P. 
I I 

I m S I e 0, I, ... f S 

3HaqRT, 

V IJ tf 
G 

-4-

0TCJOLla 

G 
V(I I I I)---

1 2 s 4 4 

I I I 

s, 
If 2 

8 

r a 
-m-n f -m 

I I I 3 3 s 

n I n2 
sf 

s 

¢ • ( r (} 
D[Dt(l 11 

I I I I 

I m 
2 
I • 0, I , ••• f 

3 

ul ,asz,u ,,a 4 

a 
f ll 

s s 

8 
D.SD4 

m + 
(25) 

8 · 8 E'(o ... o (26) . ., -m m -m 
2 s 

I 4 

flonh3yHCb cjlopMynoli cyMMHpoaaHHSI LlflH IIIapOBbiX cjlyHKURli, npHXOLlRM K Bb!paJKeHRIO 
f 

(-1) 1 (2fl+ 1) 
V(I I I X ) R --

1- G 
I 2 3 4 4 -

1
-P ((} )R (r )'> ' 

r 2 f I 12 n /I I. ( 28) 4rr 
2f + n aN 

~ I 0 

(-1) 3 (2f,+ 1) 
1 1 

4rr 
Pp (8 )--R f (r )R f(r )E:(p .. p) 

s u r s r 4 "s s 3 .. , s 4 I 4 

Ha aanRcaHHOli Bbiiiie cjlopMynhi oqeaHLlHbiM o6pa30M BbiTexaeT, qTo nonyqeHaoe ann 

V( x 
1 

x 
2 

x 
3

I 
4

) BbipaJKeHHe npaaeaeT Hac K aenoxanhHOMY ypaaaeHHJO an11 LlBYX'IaCTHq

Holi cjlyHKUHH. KpoMe 9TOrO - B3aHMOLleliCTBRe MeJKLlY '!aCTHUaMH 3aBHCHT OT cjlopMbl 

noTeHuHana o6onoqeqaoli MoaenH. BHLlHO, qTo '!aCTb V(I 1I
2

I 
3

I 
4
), 3aBHCSIIIIaSI OT 

. ~ ~ 

nepeMeHHbiX I, 2, He MoJKeT 6 biTh npocyMMHpoaaaa H He npaaeaeT Hac K 8 ( r 
1
- r 

2 
) , 

xax 9TO HMeno MecTo a HeorpaHHqeaHoM P -npocTpaHCTae. TaxHM o6paaoM, Mbi 
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llOK838liH, 'ITO cnapHB8HHIO (n f m U, D f- m- U) TO/IbKO 13 nocnenneA He38llO/IHeHHOA 

o6ono'!Ke N a He/Ib3SI COllOCT8BHTb /IOK8/IbH biR llBYX'I8CTH'lHblit KOpOTKOUeiiCTBYIOmHA 

llOTeHUH8/I B X -npOCTp8 HCTBe. 

5. 3aKmo'leHHe 

Yf8BeCTHO, 'ITO CBepXTCKY'IBSI MOAe/Ib 51llp8 o6bnCHHna 60/IbiiiOe KOnH'ieCTBO 

aKcnepHMeHTB/IbHbiX ¢laKTOB 
1 11

, H ace apeMSI c ee noMOIIIbiO npoaonstTCSI Bbi'lHcneHHH 

OCHOBHbiX llBHHbiX no CTpyKType nnpa. Y'IHTbiB8SI 3TO, a T8K>Ke Bbi'IHC/IeHHH npellblllYIIIHX 

naparpa¢>oa, npeanonaraeM, 'ITO Mbi Hy>lmaeMcH cei\qac B Moaenn c nayxqacTH'IHbiM 

a¢l¢leKTHBHbiM B38HMOACitCTBHeM B X -npOCTp8 HCTBe, H3 KOTOpO/l ecTeCTBeHHbiM 

o6pa30M BbiTeKB/18 6bi CBepXTeKy'laH MOUe/lb. lloBO/IbHO ycnelllHOii llO/IbiTKOi\ BBeneHl!SI 

/4/ 
TaKoro B38HMoneAc TBHst 6bina npcnno>KenHaH fpHHOM H MomKOBCKliM Monenb c 

llOBepXHOCTHbiM 8 -B3aHMoneAcTBHeM . H ecMoTpst na ee npocToTy, y>Ke MOJKHO cKa -

38Th, 'ITO ona npencTaBn steT co6o10 narnstnnoe o6ocnoaanne caepxTeKy'leil Monenn. 

B 38KliiO'Ienne BbipaJKaiO 6naron apnocTb npo:jleccopy B.LConOBbOBy 11 coTp y!IHIIKBM 

rpyllllbl TeOpllll SI!!p8 B lly5 ne 38 !IHCKyCCIIII II 38MG'18HIISI. 
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