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Onpe.neneaable npe.nnono>KeHKII o BblcoJtoaaepreTI<'iecKoM noae.neHHH aMnnaTyJlhl, onpe

/2/ 
.llO~SIIOlUHe 'iiiCJIO Bbl'iiiTaHHI B JliiCDepCIIOHHbiX COOTHOlUOHIISIX , D03B01IHJIH llOJIY'iiiTb p01111-

TIIBIICTCKHO JliiCDOpCHOHHbiO npaB111!a CYMM .l11ISI 

M030HOB/ 
31 , OOOOlUOHHbiO ~aTOM a a CJiy'ial 

CIIJibHbiX B3aiiMO.l1eiCTBHI H 31IOKTpOpO>KJlOHHSI 

/4/ 
- CIIMMOTpHK , a TaK>KO BbiBOCTII su (3) 

COOTHOWOHIIO Ka6K66o- Pa.naKaTH
151 • npll 3TOM He IICD01Ib30BMaCb HKKaKaSI anre6pa TO~OB. 

npeJlCTaBJIHOT IIHTOpOC y3HaTb, KaKHe pe3yJibTaTbl ]laeT llpHMOHOHHO MOTO.na llHCDOpcH

OHHblX npaBHJI CYMM B CTaTK'iOCKOll MOJlOJIH, 8 qaCTHOCTH, 3TO HHTepeCHO C TO'IKH 3peHHSI 

DpOBOpKH B03MO>KHOCTH CylUOCTBOBaHHH CTaTH'IOCKOrO npenena JlJISI JlHCDOpCHOHHblX COOTHO

lUOHIII!. 

B nacTOHlllOll pa6oTe nonyqeHhl npaa11na cyMM JlJIH cTaTH'IOCKOI! Monena na ocaoae 

DpO.llDOJIO>KeHHI! 00 ODpe.neneHHOM BbiCOK03HepreTH'IOCKOM DOBOJlOHHH aMDJIHTy.llbl ynpyroro 

pacceHHRH 7T- Me30HOB Ha HyKJIOHax R aMDJIHTYllhl BHpTyaJibHOPO tPOTOpO>KllOHHSI 

tt - Me30HOB na nyKnonax. 

§ 1. PacceHHKe naonoa aa nyKnonax 

KaK H3BeCTHo, B cTaTH'IeCKOI! MOJleJIH C'IRTaiOT, 'ITO MaCChi HyKnonoa m 11 H3o6apbl 

M aeJIHKH no cpaaneHifiO c Maccol! tt - Me3ona 

OT,naqell oapHOHOB/l/ 

f.l HaCTOJibKO, 'ITO MO>KHO npeae6pe'lb 

np11 3TOM MaTpK'IHbll! 31IOMOHT M030HHOrO TOKa MO>K.lly .llBYMSI OJlHOHyKJIOHHbiMK COCTO" 

SIHHSIMH IIMOOT BH.n: 

u(p'), u(p) - HyKnOHHbie CUHHOphl, 
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- pBUKOHBnH30BBHHBH, rrepeHOpMHpOBBHHBH, 6eap83M9pHBH KOHC,BHTB; 

r p- H30TOITH'I9CKH9 MBTpHUbl naym:, 
-+2 

V(k ) - <iJyHKUHH, xapBKT9pH3ylO!llBll o6pe3BHH9 ITO HMITynbCBM H CBH38HHBH C ,PyHKUHeJ! 

KCTO'!Hl!KB p (x) ITOCp9Jl.CTBOM rrpeo6pB30BBHHH <l>ypbe: 

..... -i·~-; ... ..... 
v(k 2 ) • fe p(x) dx. 

<l>yHKUKll' HCTO'IHHKB HOpMHpOBBHa TBK/ 1•71 

fp(1) d"i a 1 , o-rrtyna B cuny (!.2) rronyqaeM: 

v(O) a1 , 

BM6epeM a nanbuellweM: 

{ 

1 1 I k I < k maz ' 

-+2 
v(k ) • 

o, lk I>< m= 

TO 9CTb panuyc o6pe38HHH 

rne 

1 • 
Ro • k ma:r: , 06b!'IHO 

PaccMoTpHM senuquuy Tuna aMrrnHTYJJ.bi: 

Ro<.l ,.. 

-lEt I 
T(E)=Je 8(t)<p

2
I[Ja(t,O), i,a'O)], p

1
> dt, 

. . 

ja( x) -77 - M930HHbiA TOK: 

. < > . 5 s 5+ 
J a X = 1 8¢ ( X) ' 

p 

I P 1 >, I P 2 > - oniiouyrtnouubre cocTOHHHn, 

a 1 {3- H30TOI1HqeCKHe COCTORHHSi Tr- M930HOB. 

1 R ~o M 

(1.2) 

(1.3) 

( 1.4) 

AMnnHTyna mwu-uyrtnouuoro pacceHHHH T(E) MO}K9T 6b!Tb npencTasneua s 6peiiTos

CKOil CHCT8Me B rpopMe: 

IT pH '19M 

rne E - BHeprHH 

T(E)=A(E)+{ iJ.axiJ 

~ 
-E]B(E), 

odd 1 [ C-) 
B(E)=•\a B · (E)+y 'a''.B] B tE) 

11 -Me.3oaa. 

4 

( 1.5) 

( 1.6) 

• 

I 
l 

ll 

l 
f 

· npeJ].DOnO>KHU T9D9pb, 'ITO B!.WnHTyJJ.a B(E) HM99T TBKOe BhlCOK03HepreTH'I9CK09 

OOJS9.z:t9HH9, liTO .llnSI B9nR'IHH B( E) H E· B( E) crrpasennHBhi 6eaBM'IHTBTenbHhle JJ.Hc-

rrepCHOHHble COOTHOW9HKSI, OTrtyna cnenyeT: 

flmB( E) dE-0, -
VIa Kpocc - uusap!laHTHOCTH aMrrnHTYJJ.hl rrony'IHM: 

8 toddl( E) • _ B(oddl*( _E) ' 

TorJJ.a 113 (1.7) cnenyeT: 

00 (odd) 
f 1mB (E)dEaO, 
0 

.[lanee arrrrpOKCHMHpyeM aMrrnKTyny rronrocaMK uyrtnoua H uao6apbl 

eM nnll N*N 11 - sepwuuM cnenyromee Bbipa}Keuue: 

rne 

'f'* 
< N (p ')I j p ( 0) I N p,. > =Jt u*(p ') r P u,. (p '- p),. v ( p '- p) , 

n,. - BOnHOBBll <iJyHKUKH H3Q6Bpbl 0 

f* - 6eap83M9pHBH DOCTOHHH8ll, 

Torn a ua rrpa:sun cyMM ( 1.9) c rroMOlllb!O ( 1.1) u ( 1.10) nonyqaeM 

f2 -f*2. [.i 9-
(M

2
+m

2
)(M -m)

2 

18m 
2

M
2 

= 0. 

§ 2. BupTyanbuoe ffioTopO)KJJ.9Hlle mwuos ua uyrtnouax 

N* 
33 

( 1.7) 

( 1.8) 

(1.9) 

• Ylcrronbay-

( 1.10) 

( 1.11) 

Ylcrronb3yeM, KBK H B cnyqae 77N - pacceHHHll, CT8TH'I9CKY!O MOJ].enb, TO 9CTb npe-.. 
ue6peraeM OTJJ.B'Ieii HyKnoua. MaTpH'IHhll! aneMeHT arreKTpoMarHHTHoro ToKa J 

O.llHOHyK~OHHbiMII. COCTOSIHHSIMH HM99T BH.ll: 

... -+2 F -+ .... · 
<p'IJ(O)Ip>=v(k )u*(p'){ 

2
me ((p+p')+ 

+H;xk])+iF)(;xk] u(p), 

5 
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rtte 
~-=P'-P, 

1+ r 3 F.·-,- e, 
.s ,v 

F ap. (N)+r
3

p. (N), 
M 

11p11'19M f'
1

·(o,T)(N) - CTBTH'I9CKH9 BHOMBDbHble H30CKBDllpHblll H H30B9KTOpHb1ll 
-+ 

MBrHHTHb!9 MOM9HTbl HYKDOHB; V(k) onpetteneHo B COOTB9TCTB!lll C (1.3). 

rtte 

PaccMOTpllM, KBK ll paHee, B9DH'IHHy THIIB BMIIDilTYJlbl: 

Ff' ( E)a f e -tEB(t)<p 2 1 [ ia ( t, 0), Jf'(O)]{ p 1>, 

jf' (x) - 309KTpOMBrHRTI!bll! TOK, 

I p 1>, I p ?- OJlHOHyxnoHHbi9 cocTORHHll, 

ja{x)- tT - M930HHbll! TOK. 

(2.2) 

AMnDHTYJlY F MO>KHO a 6pel!TCBCIWI! CHCTeMe paano>KHTb no HHBBpllBHTaM161: 

... ...... ... ... ......... 
F•i(u.l.)). L+iuL 1 + i(u•p) pL

2
+ 

(2.3) 

+[p x1JL 3 +i(;·A)pL
4
+i(;;·P>h 

5 

npH'IeM H30TOIIH'19CKBll CTpyKTypa HHDBpHBHTHOJ! BMIIDHTYJlbl L T8KOaa: 

(T) 1 (-) (s) 
L~8'¥: L +y[ra, r

3
] L +ra L (2.4) 

r.ne a - H30TOfiH'I9CKOe COCTOSIHHe fiHOH8. 

Paccy>KJlBll ttanee aHanorH'IHO npeJlbiJlymeMy cny'laiO, nonyqaeM npaaHno cyMM: 

jim f!Tl ( E )d E·O 
(2.5) 

,llng N*Ntr - B9plllHHbl HCIIODb3y9M CTBTH'I9CKHI! npetten B38HMOJleliCTBHll/3/: 

<N(p')IJ (O)IN* (p)>=; 3p{N* .. Ny) 
fL v 2y2 X 

(2.6) 

xu(p')[ ( -ky. + Ys(p: k) )8vf' +y, k..,-~I u (p ). 
• M r M " 

6 

.. 

/ 

• 

8 peayrrbTBTe H3 npaaan CYMM (2.5) C RCIIOOb30BBHH9M (1.1), (1,10), (2,1), (2.6) 

IIODy'IHM B OJlHO'IBCTil'IHOM np116DR>K9HHHX/ 

f•f' 'T(N)- f* fL(N* .. Ny )( M. + m) 

6./2M 
a 0 o 

(2.7) 

06pBTHM BHHMBHH9 Ha TO, 'ITO npBBilDB CyMM B CTBTII'19CKOJI .M0Jl9Dil (1.11) II (2.7} 
131 

IIOXO>KII HB COOTB9TCTBYIOlllH9 p9DliTHBIICTCKH9 npBBHDB CyMM , nonyqeHHble H3 OJlHOMep-

HbiX JlHC119pCHOHHbiX COOTHOlll9HHJI. 0TDH'IR9 CTBTII'I9CKIIX DpBBHD cyMM OT pen!ITHBHCTCKHX 

COCTOHT B TOM, 'ITO B CTBTII'I9CKHX npaaanax CyMM OTCyTCTBYIOT '1119Hbl, 3BBIIC!Illlll9 OT 

MBCCbl M930HB H nep9JlBHHOro llMIIYDbCB B CHDy TOro, 'ITO B CTBTH'I9CKOJ! M0Jl9Dil IIOCD9JlHH9 

C'IHTB9M MBDbiMH 110 cpaaH9HHIO C MBCCOJ! 6apHOHB. 

B uengx cpaaHeHH!I c axcnepHM9HTOM npa HH3KHX aHeprKRX MO>KHO pacc'IHTBThll3 npa

BHn CyMM (2.8} MBrHHTHbiJI MOM9HT pacnatta HyKnOHHOJ! K306Bpbl C IIOMOWblO ( 1.11 ), 3TO 

Jl89T: 

f'(N*-+Ny)=~• 1,21 fL{p) 
3 

'ITO cornacyeTCR co 3HB'I9HH9M f'(N*-+Ny), 

/31 
nony'leHHbiM Ha penRTKBHCTCKHX npaaan CYMM , 11 xopomo cornacyeTCll c axcnepHMeHTBn~>-

HbiM 3HB'I9HH9M 

f'ezp (N*-+Ny) • 212 (1,25±0, 02) fL(p). 

B 3BKDIO'I9Hil9 MO>KHO CJl9DBTh BbiBOJl: 

<iJBKT Cyll(eCTBOBBHHH CTBTH'I9CKOrO npettena Jlllll JlllCU9pCHOHHb1X DpBBHD CYMM, B03MO>KHO, 

yKB3blB89T HB TO, 'ITO cymeCTByeT CTBTK'I9CKHJ! npetten y JlHCnepCHOHHbiX COOTHOlll9HHJ!, 

HBIIKCBIIHbiJ! Jlllll trN -pacC9HHIIH H Jlllll BllpTyBDbiiOrO <iJoTOpO>KJl9HHll fT -Me30HOB 

HB HyKnOHax. 

AaTop Bblpa>KaeT rny6oKyiD npllaHaTerrbHOCTh aJtatteMHKy H.H. Boron106oay aa npettno

>KeHHYIO TeMy II CTHMYDHPYIDlllll9 JlHCKyCCIIII, 

X/ 0TM9TKM 'ITO y'leT B3BHMOJl9liCTBIIll tr -MeaoHoa c aneKTpoMarHHTHbiM noneM A 

... ... ... ... .... 
JM•A =e(¢ 1V¢

2
-¢

2 
Vcp 

1
)·A 

Jl89T BKIIBJl B -+ ~ -xaHan! II DHW b Jlllll BMII~IITy Jl 

ttel!cTBIIll J 1• A= -eifi*u ( t 1¢ 
2

- r 
2

¢ 1 )1/J• A 
L 2 11 L4, AHanorK'IHo, yqeT aaaauo-

ttaeT BKIIBJl lllllllb B IIHBBpiiBHTHylO 

BMIIDKTyJly L 
1 

• To ·ecTb, o6a yxaaaHHblX aaaHMottellcTBHll He JlBIOT aKnatta a KHTepe·cylO-

lllYID HBC DpOJlODbHYIO BMIIDHTy JlY L • 
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