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BBeneun:e 

B rrocnenuee BpeMH saMeTHo ycn:nn:ncH HHTepec K sKcrrepn:MeHTanbHOfi 

rrpoBepKe noKanbHOCTH KBaHTOBOfi TeopHH rronH. ITpn: STOM 06b1qao CT8BHTCH 

nBa OCHOBHhlX Borrpoca: 

1) orrpenenemre s<p<peKTHBHocTn: Toro n:nn: n:uoro orrb1Ta B CMhxcne rrpo

HHKHoBeHHH B o6naCTb Manhlx nnn:H; 

2) nsBneqean:e HH<popMaun:n: 06 sneMeHTapaofi nnn:ae n:s yme HMe10mn:xcH 

0ITbITHbIX naHHbIX. 

OTB8T Ha STH B0ITp0Cbl M0meT 6b!Tb pellleH cneny10lllllM o6pasoM. B 

Bblpameane nnH H3MepH8MOH Benn:qllffbl A BB0nHTCH <paKTOpbI, napyma10ume 

noKanhHOCTh. B pesynhTaTe A rrpn:o6peTaeT rrorrpaBoqHhifi qnea o A 

38BllCHmn:fi OT £ , saeprn:11 £ H T.rr. Torna MOmHO aanncaTb COOTH01lle1111e 

( /t,,. - ToqHOCTb SKCnepn:MeHTa) 

JoA(£,EJI < /t,,.. (B.l) 
"" 

ITpn: pellleHHll Bonpoca 1) ncnonb3YIOT 3HBK "' 'B STOM cnyqae COOTHOllle

HHe ITOKB3bIBaeT, no KBKHX £ MOmllO nponBHHYTbCH B naHH0M OITbITe. '4To 

me KacaeTCH Borrpoca 2), To snech Hymao n:crronbsoBaTb snaK < , Torna 

Hep,rneHCTBO ( B.]) /lfl 1 'T 0IH"HKY HB f , COBM8CTHMYIO C SKCITepIIMeHTOM, 

B K0TOpOM ~eT pacxomneHllH C noKanbHOfi Teopnefi., 

3 



KaK BHAHO H3 ( B. l,) 1 HMeJOTCSI pa3nH'IHble rryTH llpOHHKHOBeHHSI B 

o6naCTb M8nbIX AnHH. B '18CTHOCTH, ucrronb3y!OTCSI aKcrrepHMeHTbl rrpu BblCO-
• 

KHX aaeprusrx, HO co cpaBHHTenbHO HeBbICOKOfi TO'IHOCTblO. BTopon rryTb 

CBSl38H C HCllOnb30B8HHeM rrpoueccoB llpH ManbIX aHeprusrx, HO C BbICOKOfi 

TO'IHOCTblO. C10Aa OTHOCSITCH, rrpe:>KAe Bcero, H3MepeHHSI MarHHTHbIX MOMeH-

/1 / /2/ 
TOB aneKTpOHa I MIOOH8 II H3Mepeaue naM60BCKOro CABHra. 

BbI'IHCneaue rrorrpaBOK K 8HOManbHOMy MarHHTHOMY MOMeHTy aneKTpo

Ha II MIO0H8 rrpoBOAHnOCb MHOrHMH aBTopaMH. B '18CTH0CTH, oueHKH BKna

AOB 38 cqeT pa3nH'IHhlX BapH8HT0B cna6oro II CHnbHoro B38HMOAeficTBHSI 

/3-7 / • 
rrpoAenaHbI B pa6oTax • TioAo6Hbie BbI'IHcneausr Tpe6y10T rrpuaneqe-

HHH MeTOA0B HenoKanbHOfi TeOpHH, u HaAe>KHbie oueHKH MoryT 6b!Tb rrony

qeHbl B paMK8X rrocneAoBaTenbHOfi cxeMbl BBeAeHHSI aenoKanbHOCTH. M bl 

HMeeM B BRAY OTCyTCTBHe TPYAHOCTett ,CBSl38HHbIX C HapyweHHeM yHHTap

HOCTH, llpH'IHHH0CTH, rpaAHeHTHOfi HHBapuaHTHOCTH. 

O6bI'IHD rrpu pac'leTe rrorrpaBoK 3a cqeT 'leTbipexqiepMHOHHoro cna6oro 

B38HMOAeficTBHH ucrronb3yeTcsr perynsrpu3auuoHHasr rrpoueAypa Tiaynu-Bun-

/8,9/ 
napca a qiopManH3Me fyrrTa • 3Ta rrpoueAypa aKBHBaneHTHa BBeAeHHJO 

B TeOpHIO <pOpM<paKTOpOB H3 Knacca MepoMop<pHblX <pyHKUHtt. KaK H3BeCTH0, 

aTo llpHBOAHT K ll0HBneHHIO AOrronHHTenbHblX oco6eHHOCTe! B 8MllnHTyAaX 

<pH3H'leCKIIX rrpoueccoB II, cneAoBaTenbHO, K HapyweHHIO YHHTapHOCTH II 

llpH'IIIHHOCTH S -MaTpHUbl. BKnaA rrpoMe>KyTO'IHbIX W -6030HOB Y'IHTbl-

/ 11 / . . 
BaeTCSI B paMK8X t - <pOpM8nH3Ma nu II Hara I llpeAll0naraJOlllero 

Hanuque B TeopHH COCTOSIHHll C HHAeCjlHHHTHOll MeTpHKOll. TioMHMO y>Ke 

rrepequcneHHblX TpyAHOcTeft, aTOT llOAXOA peanbHO M0>KeT 6b!Tb ucrronb-

30B8H nurnb B HH3WHX rropHAKax Teopuu B03Mymeaun. Ha aTo yKa3bIBaeT, 

XOTSI 6b1, pacxo>KAeHHe B pe3ynbTaTax, rrony'leHHblX pa3nH'IHbIMH 8BT0p8MH 

/8/ 
(cM. CBOAKY B ). 
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· I 10/ 
HecKOnbKO neT TOMy H838Jl B pa6oTaX 6bina IIOCTpoena caMo-

cornacoBaHH8H uenoKanbHaH Teopn11 cKan11pHoro non11, K0Topa11 saTeM 6b1na 

/17/ j12 13/ 
o6o6meHa Ha cnyqafi aneKTPOJlllH8MllKll II cna6b!X B38llMO)lettCTBllll ' • 

Hcnonb30B8Hlle B Ka<JeCTBe ¢opM¢aKTOpOB uenbIX ¢yHKUllll ll IIOJlXOJlHIUllll 

Bb16op rrpoMe)KyTO'lHOfi peryn11pnsaunn II03BOnnnn IIOCTpOllTb s - M8Tpnuy' 

YJlOBneTBOpmoUiyIO B K8)K)l0M IIOPHJlKe no KO.HCT8.HTe CBH3ll Tpe6oBa.HllHM 

KOHe'l.HOCTll, y.HnTap.HOCTll, M8Kponpll'lll.H.HOCTII ll rpaane.HT.HOll ll.HBapna.HT-

.HOCTll, 

B .H8CTOSl!Uefi pa6oTe B paMK8X TaKoro IIO)lXO)la Bb!'lllCneHbl nonpaBKll 

K atIOManbl!OMY MarHllTHOMY MOMeHTy neIITOHa, PaCCMOTpen BKnaa 38 

cqeT <JeTb1pex¢epMnonnoro cna6oro Bs~nMoJleficTBmr, a TaK)Ke BKnan npo-

Me )KyTo<JHoro W - 6osoua, BbIHC.He.H ¢nsnqecKnfi CMbicn ¢opM¢aKTopa, 

1. ITocTa.HoBKa saaaqn 

HcxonHblll narpaJI)KllaH, OIIllCblB8IOIUllll aneKTpoMarJillTHOe II cna6oe 

B38llMOneficTBlle neIITOHOB ll sapH)KeJIHoro BeKTOpHoro 6oso.Haj Bb16npaeT

CH B ¢opMe x/: 

f(x) = £ (x) + £ (x) + £ (x) 
O em w 

xi 
Ha Mn npnHHTa cneay10ma11 cncTeMa o6osnaqennfi: 

ya ·Y /3 + y /3 ya 

ga/3= O npn 
,. 
p = p ·Y - p y' 0 O 

0 =y (l+y ), 
a a 5 

(kp) =pk -pt 
0 0 · · 

flpn nepexoae K eBKnnaoBofi MeTpnKe aMnnnTyna 

E E E E 
F (p ,p , ... ,p) = F(p ,p ,.- .. ,p ), 

I 2 n I 2 n 

E ➔ 
p =(ip p) 

4; 

5 

2 
,y = 1 ' 

5 

( 1. 1) 



f 
w 

ra 1 .,, 1 -4-
.i.. = - - : a 1A (x) a A (x) : - - : G (x}'G (x) : + 

o 2 a l3 a f3 2 µv µv 

A 

+ 
+ M 

2
: ~ (x) Wµ (x): + I 'Pa (i"a - ma) 'Pa : 

a 

A 

f = - e : L (x} A ( e ; ; ) L (x) : + em, 

+ + 
+ i e : I w (x)'G (x) - 'G. (x) w (x) l : A ( e; X) + 

µ /Jll µv µ V 

( 1.2) 

( 1.3a) 

2 + + 
+ e : I wµ (x) WV (x) - gµv W ,\ (x) W ,\ (x}} : ·Aµ ( e; x) Av ( e; x) ( 1.36) 

. - + 
f: [L(x}O v(£;x)W (x}+ v(e;x)O L{x)W (x}]: 

a a a a ( 1.4a) 

HnH 

·c 
-=.: ( L (x} 0 v re, x J) (-; ( e; x) 0 L (x)) : 
y2 a a 

( 1.46) 
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3nech Aµ re; x) - aneKTpoMarHHTHoe none, Wµ r x) none sapsi)KeHHoro 

BeKTOpHOI'O 6o30Ha MaCCbl M • 

G rx) = a W rxJ - a W rxJ µv µ V V µ ( 1.5) 

nnsi nenTOHHblX noneii: npHHHTa aanHCh B BHlle llBYXKOMnoHeHTHbIX CnHHOpOB 

L rxJ L
(i) 

rxJ 
{ 

erxJ 1 = { IJ1 e rx} \ 

µrxJ IJ1 rxJ 
µ ( 1 .8) 

(i) -- {ye re; X) } 
Lr e ; X) = V rx) 

V re;x) 
µ 

( 1.2) nneT no qiepMHOHHbIM nonHM CyMMIIp0B8HIIe ~ 

[2 = 1 'GM 2 
y2 ' rne ·c - yHHBepcanhHaH KOHCTaHTa cna6oro 

B3aBMoneii:CTBHH I G 

HenoKanhHOCTh B narpaH)KliaH B381IMoneficTBIIH BXOllH'.I' qepe3 nonH 

Heii:TpanhHbIX tJ:8CTHU 

A re;x) 
µ 

vre;x) 

2 
K re □ )A rxJ 

A A µ 

2 
K re □JvrxJ 

V V 

( 1. 7) 

4 r d r K J x - r J vrr J 

2 (4) 
npn aToM K. r x - y) = K. re. □ ) o r x - y) npirnanne)KHT nonxonHmeMy 

1 1 1 

/10/ 
rrpocTpaHCTBY HenoKanhHblX o6o6meHHblX ¢YHKUHii: , a rrapaMeTpbl f A 

H e V HMelOT CMbICn aneMeHTapHoii nnHHbI. 
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~ . 
"XpoHonorH'leCKHe" crrapHBaHHSI orrepaTopoB aapm1<:eHHbIX rrone!1 

orrpeaenHM oobI'IHbIM oopaaoM: 

(ii) (i) (/) 

S (x-y)=<OIT[L (x}L (y)]!O> 
C 

A 

O•· 4 p + m,· -ip(x-yJ 
', d 

4 _( p 2 
(2TT) i m -p 2 -ic 

; 

e 

(J) + 
/',,. CJ. (x-y)=.<OI T[W (x}WCJ.(y)]IO> = 

a~ - a ~ 

i 4 g/3-p 2 
-(

2

) 4 .f d p a a P f3 IM - ; "<" TT M2 -y) 

- p 2 . e 
- £( 

~) . . + 
/',,. ( x - y) = < O I "T [ G (x) W (y)] I O > 

µv:a µv a 

I =-;------() 4 _id 4P pµ ~a - pv g TT · µa 
M 2 2 e 

- p - i ( 

-it,(x-y) 

+ (2+) 
/',,. (x-y) =.<olT[W (x}G (y)]IO> 

a µv a :µv 

-I 
-= 4 

-(2TT/ f d 
P 

p µ g va - p v g µ a 
2 2 . e 

M - p - ic 

-ip(x-y) 

8 

( 1.8) 

( 1.9) 

( 1.10) 

(1.·11) 



(.3) + 
6. r x - y) = < 0 I T [ Gµ JI rx)Gaf3 rr)] I O > 

µJ1;af3 

(1.12) 

i 4 

r21r)4 [ d p 

pµ pagJ1f3+pJ1pf3gµa-pµpf3gJ1a-pJ1pagµf3 -ippc-yJ 
e 

.. 
TiplfllHHHbie )!{8 <pyHKUlflf HefiTpanbHbIX HefiTpllHHOt'O II lpOTOHHOt'O rronett 

38I11flll8M B cpopMe 
/12/ 

JI (ii) 

s rx - r) <i1 - o, n I <OI T[JI rLx)J1 rL;y}] O> 
C 

(1.13) 

2 2 (i) (i) 
=K re □ )K re □ ).< ol'T[J1 rx)JI rrJllO> = 

JI JIX JI JIY 

g af3 4 

r21r) 4 i .f d p 

-ip(X-Y) 

e (1.14) 

B 
/ 14/ -

3TOT BbI6op COOTB8TCTByeT TaK lI83bIB88MOMy T* - npOll3B8Jl8lIIIIO IIKa • 

I 10, 12, 13/ 
6 B COOTB8TCTBIIII C peaynbTaTaMII yneM rrpennonaraTb, 'ITO 

2 2 2 2 2 
<popM!paKTOpbl [K. re. p )] = v_ r-e. p )YllOBneTBOpHIOT ycnOBIIHM: 

I I I I . 

( 1) V rz)- uenaH <pylIKUIIH I10pHJlK8 pocTa 1/2::. p < 1 

(2) [Vrz)]'!' = Vrz*) ( 1.15) 

(3)Vrx)>O 

9 



00 

(4) V(O) = 1 ( 5) J du u 2 V (u) .< oo 

.. o,., /10-18/ 
CBoficTBa ( 1.15), KaK noKasano B paooTax , nosBonmoT 

c$opMynnpoBaTh perymipnsaunonnyro npouenypy, B paMKax KoTopoA nocTpo

ennag S -MaTpnua Koneqna, ynnTapHa, MaKponpnqnnna n rpanHeH'l!Ho-nHBa

pHaHTHa B KamnoM nopgnK~ Teopnn BOSMymeHHfi, 

2. Bb1qncneane aeil:TpllHHOjt neTnn. 

. TTpe)Klle qeM npHCTynnTb K OU8HK8 . BKnana B aHoManbHbIH MarHllTHblH 

MOMeHT nenTOHa sa cqeT cnaobIX qeTb!pex$epMHOHHblX B3aHMonefiCTBnfi, 

paCCMOTpllM nnarpaMMy 

p+ K 

>,,,..,,,,..-1-.- ...... , < 
/ ' r . ,_ 
' \ / . 

' 'I / 
____ ,,,,,. 

t< 

Pnc. 1. 

CooTBeTCTBYIOIIlHfi qneH S - MaTpHUbl, nocne npoBenenng a .( 1.46) 
. . /15/. ·, . 
npeoopasoBaHnR <l>npua (CM,, nanpHMep, ) MomeT obITh sanncan B 

$opMe 

02 - . ~ 
--i: (L (x)O L(x})Il 't:/x-y)(L(y)Ot:JL(y)) 

2 a a~ ~ 

rne TI (x-y) 
af3 

1 ' 
-- fd 4 

(2rr) 4 · P e 
-ip('c-y) 

. n af3 (p} ' 

10 

( 2.-1) 



. 2 2 2 2 
V(-k e )V(-(p+k) e) 

i 4 " " " V V 
TI (p)=-+-- (d kSp(k0a (k + p)0/3) 2 2 af3 (2rr) 4 ' c:..k -id[-(p+k) - id 

. /10/ 
CymecTayeT peryngpuaaunoHHaR npouenypa , noaaonmomag 

nepell:Tll B 8TOM Bblp8)1{8HHH K 8BKnllilOBOll: MeTpnKe. Torna 

2 2 2 2 
8 _ l ,, ,, ,, V (k £ v ) V ( (p + k) ev ) 

TI (p) = --. (,d
4
k Sp (k 0 (k +p)0/3) 2 2 

a/3 (2rr) 4 . a k (p + k) 
( 2.2) 

4 ip,r vE vE 
- J d x e Sp ( S (x) 0 S (x} 0{3) . 

C a C 

HHTerpHpOBaHne B (2.2) BeneTCR no 4-MepHoMy 8BKnHnoay npocTp8HCTBy, 
➔ ➔ 

px = P4\+px 

ITponaraTop aell:TpnHo npencTaBnM B anne 

vE 
S (x) 

C . (2rr) 2 
( 2.3) 

rne IPYHKlllrn 

2 2 00 

X X 2 2 2 2 
W(-)=- (dk.k V(k e )J (vk X) 

£2 2 . V 2 
( 2.4) 

V ' 0 

6naronapg ycnoBHRM ( 1. 15), o6nanaeT caoll:cTBaMn 

2 
X ·Y x2-➔ 1 + 0 (exp[-(-2-)] ), 00 

2 
X ev 

W(-} e 2 
00 6 V 4 X X X2-➔ --4 J du• u V(u) + 0(-), 0 

32£ £6 
( 2.5) 

0 V 

{y pl (2p - l)J. 
~ 

11 



IToncTaamrn ( 2.3) n ( 2~:1) B ( 2.2), MhI rrpnxonnM K Bhipa)KeJimo: 

2 
B 8 i) i) 4 ipx 

I1 (p} = - -- ( g - - 2 P. p --) J d x e 
a/3 17 4 a/3 a p 2 a f3 a (p 2)2 

W2(x2/e:) 

8 
X 

2 2 
- -;;-; ga/3{ d4x e ipx W (x i;e/J 32 a a 2 

X 6 
--(g ---2p p ---) X 

17 4 af3 a p 2 a f3 a (p 2) 2 

00 

dr 2 2 --
x J--_--_ w (r 2 /e )! (,jp 2 r 2

) -
r 6 yp2 II I 

0 

B oo d ---gr r 222 

17 
2 a/3 O r4yp2 W (r /f11 )fl (vp 2r2) 

Bocrronh3yeMcH nanee rrpencTaaneeneM ¢yeKunH EeccenH 

J (z) 
I 

-{3- joo (-z-2) ( 
z 4 

- { d(--------
4 i · sin 77 ( r ( 1 + () r ( 2 + () 

-{3+ joo (0<{3<]} 

lI BBeneM ¢yHKUll!O 

v( () 
1 

f(2-0 w (') 

1 00 (-J 
r(2-Q ( du u Wz(u} 

0 

( 2.6) 

( 2, 7) 

( 2,8) 

aeannTHL!8CKYIO B rronyrrnoCKOCTll Re' > -2 ( CM, ( 25)) lI IIMe10my10 Hynn 

l rropHaKa a TOL!Kax ( = 3,4 ••• 

Toraa 

B 

naf:l(p) 
B 2 B 2 

g {3 fl (p ) t p pa II (p ) , 
a I a ~ 2 

12 

( 2,9) 



rJle 

( 2. 10) 

H 

-{3+ ioo 

<t>opMyJlbl ( 2.9) -( 2.11) 38Jl8lOT HCKOMoe pasno>Kelrne 

CTeITeHSIM £ • 

3." BKnan 'leTbipexcjJepMHOHHOI'O cna6oro B38HMOll0HCTBHSI 

B BHOManbll'.bIH MBI'HHTHbIH MOM8HT neITTQHB 

( 2. 11) 

ITO 

IlorrycTHM, 'ITO cna6oe BSaHMO)leii:cTBHe neITTOHOB peannsyeTCSI B 

cjiopMe ( 1.46). B HH31118M ITOPSIJlKe ITO 'G ITOITpaBKa K aHOM8JlbHOMy Mar

HHTHOMY MOMeHTY neITTOHa CBSl38Ha C )lByMSI )lHarpaMMBMH 

p' ' p 

e(fl 

Pnc. 2. 
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oTBeqaromnMn "nnaroaanbHOMy" n "aennaroaanhHOMy" qneaaM B (1,45) 
~ . 

3neMeHT s -MaTpllUhI, COOTBeTCTByromnii: 9TllM nnarpaMMaM, MO)KHO rrpen

CT8BllTb B Bnne: 

. - i e : ( L (x) A 
1
\ x, z/y) L (z}} A (y) : , 

µ ,. 

rne 

J ·iP(z-_x)+iq(y-x)µ 
Aµ(x,z/y)=--

8 
Je II. (p,q)d

4
pd

4
q, 

(2rr) 

" 

Afp, q) 
G2 

2i (2rr) 
4 

m. + ;, + k 
4 _:._'---:----

( d k n a/3 (k) X ~ 0 a I , + k) 2 - m ~ + i ( 
;=e,µ 1P 1 

" " 
m; + P + k 

X ·Yµ:----:--;;---:-----
(p+k)2-m2 + i 013. ; ( 

3necb p' , P. - BHOUIHlle llMIIynhChI, q = p, - p • 

X 
( 3, l) 

ITonh3yRCb perynRpll38UllOHHOll rrpouenypoii: Ro , rrepeii:neM n ( 3, 1) 

K eBKnnnoBoii: MeTpnKe n yqTeM BKnan qneaa TI 1 ( 2, 10), Torna 

E (1) 

A 
µ 

21;- 2 
G 2 -{3-ioo f (]+I;} V (l + I;} - ( d I; _v ____________ _ 

Bi1t 5 · 2 2 (f(()·f(l+l;)f(3+1;)sin 2 rrl; 
-{3+ioo 

,. "' ,. " 2 

>\ ~ J d
4
k 

[(p + k Jr. (p ' + k) + m; Yµ ] (J + Y 5 ) 2 I; 

/ 2 2 2 (k ) 

; = e,µ [ (p + k) + m. ] [ (p ' + k) + m. ] 
1 ' 1 

14 

X 
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flpuMeM BO BHIIMaHHe Jlanee ¢opMyny <I>eiiHMaaa 

µ1~1 l!:n-1 
r(µ + .. , + µ ) 1 a , .. a 

1 n ( da ... da 8(1-la.) \ n (3.3) 
r 0

. 1 n 1 [ ·~ b ·. a ] µ l+ .. ,µn 

1 

,rrµ J... (µ J ,i;, 

l n i= 1 1 I 

. H YJl9plliHM B ( 3.2) 'In9HbI, )l8IOIIIHe BKna)l B aHoManbHblH MarHHTHblH MO-

MeHT, flocne HHTerpHp0B8HH5I ITO k II rrepexo)la Ha MaCC0By!O lI0BepxH0CTb 

2 , 2 2) 
nenT0HOB (p = p = m L • Mb! rronytrnM: 

( 1) 
A (q) 

µ 

-{3- ioo 

X J 

-{3+ loo 

2 .I) 

G mLa q µv 

(2rr) 
3 

2<;-2 
e v(l+(J 

d(~.--------:-----
22(,rr ()'r (1 + () r ( 3 + ()sin 

2 
rr ( i= ,,µ 

X 

X 

-1-( I+( 2 2 ( 
x J da a (1-a) (1 +a)[m; - amL] 

0 

AaanorH'IHO qnea TI 2 ( 2, 11) lipHB0JllIT K Bblp8lli9HIIIO 

2( 
(2) 

A (q} 
µ 

2 V 
G mL a q µv 

-{3'-ioo CV v(2 + (Jr(-1-() 

4(2rr} 3 ( d(------------
22(r(-(}r2(1 +(}r(4+()sin 2 rr( 

-f!,'+ioo 

(1<{3'<2) 

1 - 1-i; 2+ ( 2 2 t; 2 
( d a a (1 - a) [ m; - a m L l [ (1 - 3 a) + ( 1 + t; )( 1 - a) ] 

i= •. µ 0 

X 

O6b9JlHHSISI ( 3.4) H ( 3,5), Mb! npIIX0)llIM K cneayromeii nonpaBKe Jll!SI 

aHoManbaoro MoMeHTa nenToaa: 

... 
1 5 

(3.4) 

( 3.5) 



m!£2 (, 

2 2 -{3-i- v(l + (,) r (2 - (,) (-
1
-J.I-). 

weak. 
Ba 

L 

im G ~ - 4 
: 2 ·-k f d (, --. --,2,-----------

12 rr eJ.I 1-:•/l-f3+io<> sin rr(,r(t;,)r(l+(,) 

2 
mL 

X 2 ~ (-(,, 2 - (,; 4; -
2

) 
m. 

1 

m:G
2
v(l) _ ~ 

3rr4£ 2 
J.I 

j=e,µ 

2 2 2 
mLm~(2) 

24 rr 
4 

2 m.2e 
2 

v'(2) 

X 

x F (-1, 1; 4; 
2 1 

~)[£n 
2 

mi 

1 J.I +---21J.1(1)-
4 v(2) 

- IJ.1(3) + 
F' (-(,, 1 - (,; 4; m: /m

1
.
2

) l' 
2 l .,_ = l ] 

2 2 

2 F
1 

(-1, 1; 4; mL/m;) 

2 

X 

2 2 2 . ·oo 2 2 · 
mL 'G m j £ n v (1 + n) 2 F 

1 
(-n, 2 - n ; 4 ; m L / m; ) 

--~ ~( J.I) 
6 rr 

4 
i=e,µ n=2 4 (1-n)(n-l)!(n+l)! 

(3.6) 

X 

2e 2 
mLv v'(l +n} 

2 
mL 

F'(-(,,2-(,; 4 ; m~) 
1 2 l 1 

X [fo 
4 

+ ---
v(l+n) 

- q, (n) - ) + -- + 2/ 2) '¥(2+n 1-n F(-n,2-n;4;mL mi 
2 l 

2 2 
B _ITp0./:UlOJIO)K0HHH MaJIOCTH mi £J.I .<< J HM00M OKOHtJ8T0JlbHO 

2 2 

] . 

wea.t 
oa 

mi;.G v(l} 
-'----- ~ 

3rr4£2 j=e,µ 
J.I 

mtm/G 
2
v(2} J m/ ~/ei 

---(1-- --)fo---
24 4 4 m.2 4 

( 3,7) 
L 

. 1T 1 
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8 H8CTOHmee BpeMH 9KCITepnMeHT8DbHhl8 3HaqeHHH 8HOM8DbHhlX Mar

HHTHblX MOM8HTOB 

2 3 
a (e-) = 0,S(a/TT) - 0,32846(alTT) +(0,54 + 0,SB)(a/TT) 

,:cp 

a (µ) = (11661,6 ± 3,1)10 
•xp 

-7 

/16/ 
. ITOnHoCTblO OO'bHCHHIOTCH KB8HTOBOH aneKTponmraMHKOfi • noaToMy 

ecTeCTB8HHO cqnTaTb, qTo Bb1qncneH!lbl8 H8Mll BKD8ilbl - ITOpHnKa nnn 

M8llblll8 9KCITepnMeHT8DbHOit ITorpell!HOCTH. 3To ·. n~eT B03MO)KHOCTb ycTa

HOBl!Tb cneny10mne orpaHnqe11nH 11a ITapaMeTp HenoKan&HocTn 

-19 ½ e > 10 V (1) (e ) 
V= 

-11 ½ 
(µ) e > 10 V (1) 

V "" 

( 3.8) 

V (l) - •rncnoBofi ITapaMeTp, CBH38HHblll C cpopMtpaKTOpOM V( Z) • Ponb 

ero 5yneT BhlHCHeHa a §5. 

4. BKnag ITPOM8)KVToq11oro W - 5oaoua B aHoManbHbIH 

MaranTHblli MOMeHT neITTOHa 

TTpenITono)KnM, qTo cnaooe aaanMoneficTane neITToHoB ocymecTBnHeTcH 

B ·cpopMe ( 1.4a). TTono5HaH ·Monen& n11Tepec11a TeM, qTo y)Ke Bo BTopoM 

ITOpHnKe ITO f ( T.e. B ITepBOM ITOpHnKe ITO G ) B03HHKaeT ITOITpaBKa 

K 8HOM8DbHOMY MaPHHTHOMy MOM8HTy 38 cqeT nnarpaMMbl 

Pnc. 3. 

17 



CooTBeTCTB,YIOIIUiii: •melt s - MaTpHUbl HMeeT BH.Q: 

• - µ. 
-ie L(x)A (x,z)/y)L(z): A (y) µ. . 

1 
µ. /)---8--Je I\ (x, z r - (217) 

ip(% - •')+ i q (-)' -- x) 
µ. 4 4 

A (p,q)d pd q 
( 4.1) 

2 II (2+) (1) II (1) (2) 
=/0 {S (x-zJ!). (x-y)/). ,/,y-z)-S (x-z)/). (x-y)/). ,:i(r-z)lxOa 

a _ c a,µ.11 11,(:j:· - c a,11 µ.11,,-, ,., 

ITpe)KJle qeM npncTynHTb K .QanbHeii:WHM BblqncneHHHM, 3aMeTHM, qTo 

CBOii:CTBa (1.15) ~opM~aKTOpa 'V(z) ll03BOnHIOT npe.QCTaBHTb ero B ~opMe: 

V(z) 

r.Qe ~yHKilHH 

u(t;) 

1 

2i 

-{3- joo 

J d( u(() (z C 
-{3+ioo sin17(r(l+(J 7), 

(2<{3<3) 

_ 2( 1 . 
00 

dt V(t) 
2 --r---

•rr-,1 
0 

e 1+( 

(4.2) 

(4.3) 

a11annTnqna B nonynnocKocTH Re C > -3 • Mcnonb3YH npnBe.c1en11oe npe.c:1-

cTaBnenne ·v ( z), a TaK>Ke ( 1.9)-( 1.13 h nonyqaeM .QnH Aµ (p, q) B 

eBKnHLlOBOii: MeTpnKe_ 
' 

E f 2 -{3-ioo u(()f:' 4 A -

A (p,q) = -- r d( , rd ky k X 
µ. (217) 4 - sin17(•22(ro+()' a 

-{3+ joo , 

(4.4) 

{[(k+p') g -(k+p') g l[g a-(k +p) (k + P)a!M
2
]+(p'.-p)I 

µ. va 11 µ.a 11,., 11 ,., 
X - -------------------- X 

(k 2 y1-([(k + p) 2 +' M2 ][(k + p'}2+M 2
] 

18 



_, . 

x J. d a 
1 

d a 
2 

d a 
3 

a 
1 

8(1 - ~ a i ) X 

0 

3aech aaeaeHhI _cneay10mne o6oaaa"IeHHH 

( 4.4) 

E " , · . 2 
f·(k) = y k l[(k+p') g -(k +p') g ][ga-(k+p) (k+p)a!M] + 
µ a µ ~ a v µ a v,-., v ,-., 

( 4.5) 

E 2 2 2 , 
A =(1-a )M +a (1-a )p +a (1-a )p'E-2a

2
a

3
(PEP,.) 

l 2 2E 3 3 r. 

·• 
E 

Bb1AeJIHH B f (k - a p - a p ') "IJieHhI, "IeTHbie no k H aa10mne BKnaa 
, µ 2 3 

B aHOM8JihHblit M8I'HHTHbiil MOMeHT, nonyqaeM: 

2 . 
E . E k E 

f (k-a
2

p-a p')=G (p,p')+_:__
2 

-~(p',p-') 
· µ 3 µ -· M /L · . 

( 4. 7) 

rae 

19. 



E A A A A 

G (p,p')=2(a p +a p'}[(J-a )p'-a p].+ [(1-a )p -a p'].x 
/l 2 . 3 3 2 /l 2 3 

X (a;+ a ;')[(1-a ); -a;'][(] -a )p'-a p]. /M 2 + 
2 3 2 3 3 2µ 

+ ( a .. a 
qneHbl 2 3 j 

p - p' 

(4.8) 

E ,. ,. 

- i 1 (p, p ') = 2 [ (1 - a ) p ' - a p] [ (1 - a ) p - a p '] + 
/l 3 2 /l 2 3 

I"" I "" "" 
+-(a p +ap')[(l-a )p'-a p] +-[(I-a )p-a P1y [(1-a)p-a p1➔ 
22 3 3 2µ4 2 3 µ 2 3 

a .... a ) +, ( 'lneHbl 2 3 ) ( 4.9 
p ~ p, 

IToacTaBmrn ( 4. 7) B ( 4.4), rrony'IHM rrocne HHTerpnpoBaHHH no 'k 

B 

A (p, q) = 
/l 

f 2 

16 1T 
2 

-{3-ioo u( () e:'rr-(J 
J d( . X 

2 
2 

( r (J + () r (J - (} sin TT ( 
-{3+ ioo 

1 -( (- 1 2 .AB 
x J d a da d a o(l - ~ a. ) a A [--.1 

E E 
(p, P,) - ( G (p, p, J] • 

/l 
0 

1 2 3 1 1 E M2 /l 

( 4.10) 

PacCMOTpHM Terrepb 9TO BbipaJKeHHe Ha MBCCOBOH IIOBepXHOCTH nen-
2 , 2 2 

TO.HOB (p = p = m L) • ITorrpaBKa K BHOManbHOMY MarHHTHOMy MOMeHTy 

rrpeacTaBnSieTcH B BH/le: 

w oa 
L 

mt f 2 

81r2iM2 

-y-ioo 

r d( 

-y+ ioo 

u((Jr((Jr(2 - () 

sin 1r(•r
2 (1 + () 

M 2 e 2 ( 

f ((}( V) +(4.}1) 
1 4 

20 



. 2 f 2 -y-ioo u r, rr r2 - , J M 2 f 2 

' imL I/ 

+ J d' {2 ( ') ( ) + 
41r2M2 sin 1T 'r (1 + ') 

4 
-y+ joo 

, 4 f 2 -y-ioo u(,}'r(4 - ') M2e 2 

' im L t (°/;)(--1/) + J d' 
BTT 2 M4 sin 1T' ro + ') 

3 4 
-,y+ioo 

rne 
l 2 

J 1-, J+' m L ' f (G = --- J daa (1-a) (1 + 4a)(l-a?) 
_ 1 rr2-,J 0 

(4.12a} 

2 

J 
1 

1-, ' mL ,-1 f (,)=---(daa. (1-a) (1-a--) 
2 ,r ( 2 - ') o M 2 

(4.125) 

(4.12B) 

ananHTH'IHbl B rronyrrnocKOCTH Re ' > - 1 
w 

Bb1pa:ncenne ( 4.11} i:taeT HCKOMoe paano:ncenne 8 a L no cTerreHHM 

2 2 e 2 M 2_<< 1 2 I 2 re M ) • B rrpei:trrono:ncennn, 'ITO v n m M << 1 , nerKo 
v L 

rrony'IHTb 
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w 
8a 

L 

2 
mL G 

81/..;2 

~ 

2 2 2 
M e mL 5 2 2 

[fn • V - _, + u'(O} - 'P(l) - - + O(M e )] . 
4 M2 6 V • 

( 4. 13) 

EcnH C'lHTaTb £ "' 10- 17 
CM, a 

V 
M"' 20 faB, To 

W -13 
8a "'-10 

I 

W -B 
8 a "' - O, 5 • 10 . 

µ 

w 
Mb! BHJlHM, 'ITO XOTH nonpaBKa 8 a HMeeT MeCTO Y*e B nepBOM 

, L 

nopHJlKe no G , BenH'lHHa ee npll pa3yMHbIX 3Ha'l9HHSIX M ll e 
V 

Mana, 

T.e. aq>¢eKTbl HenoKanbHOCTll B naHHOii MonenH cnpnTaHbl CTOnb rny6oKo, 

'ITO He cymecTByeT IlO'lTll HHKaKHX H8Jl9)1(Jl o6Hapy)l{HTb RX 9KCnepHM9HTanb-

HO. 

5. K Bonpocy O Bb16ope cbopMcbaKTopa 

B nony'leHHble HaMH Bb!pa)l{e'HHSI ( 3. 7) H ( 4.11) BXOJlSIT H9ll3B9CTHbI9 

¢yHKUllll v( z) H u ( z) • M O)l{HO nn, PYKOBOACTByHCb KaKoii-n1160 ¢H3ll

'l9CKOii nneeii, BbI6paTb 9TH ¢YHKUHH, HnH, 'ITO TO )1{9 CaMoe, ¢opM¢aKTOp 

V ( Z) 0JlHO3Ha'lHO. 

/ 17/ 
KaK 6bmo IlOK838HO B pa6oTe I BBeneHHe HenoKanbHOCTll B KB8HTO-

BYIO aneKTpOAHH8MHKY COOTBeTCTByeT ll3MeHeHHIO KynoHOBCKoro IlOTeHunana: 

cp (r) 

e J 00 du r 
2 

-
2

• - J- V(u) + 0(2 ) 
411 £ 0 ..Ju f 

e 

4 TT 

2 
1 r Y 

7" [J + 0 ( exp 1-( p-) IJ] · 

r « e 

r >> e ' 
y > 1 . 

TaKHM o6pa30M, noTeHuHan ¢ (r ! KOHe'leH npH r = 0 ll y6bIBaeT npH r ➔ 00 
I 

npH'l9M npH T >> f OTKnOHeHne cp(r) OT KynOHOBCKoro nopHnKa 

r 2 ,y 
o ( exp 1- (p- J lJ , y > 1 . 

22 



B Teopnn lJ8Tbipexq>epMllOIHIOro cna6oro B38llM0Jl8HCTBHH, paccMaTpH

aaH B CT.aTlllJ8CK0M npeJlene JlllarpaMMy 

Pnc. 4. 

M0:>K.II0 nonytJllTb "'cna6hIH Il0T8.IIIlllan .. 

weal ➔ ➔ ➔ ➔ ➔ ➔ ➔ 
V (r} -= (l+u· u-lV (r) + (Vu )(Vu ) V (r). 

12'1 1 2 2 

TTpn sToM 

➔➔ G u.., 
V (r) "' -- f e 

1 ...;2r2"l ·. 
n rk 2 J dk 

1 

x(t-2)W 2 (tr 2 /f. 2J(t-l)-½ 

G 
V (r)"' - --- f e 

2 y2(2rr/ · 

➔➔ 

i It., 

G..j 2 1 

" 4 r 5 

23 

00 

dt 
(- X 

. t 4 
1 

( 5.1) 

( 5.2) 



BnaronapH cBOHCTBaM ~2.5) ¢opM¢aKTopa 
2 2 

W (x Je ) , ¢yHKUHH- V
1 

(r) 

II v2 (r) perynHpHhl IJPlI r = o, a OTKnOHeHIIe lIX OT noKanbHblX IlOTeH

UIIanoB 
loc G 1 1 

V (r) = -- - • -
I . ,J2 2rr3 r5 

( 5.4) 

1oc G 1 1 

( 5,5) V 2 (r) = - ,J 2 \ 2 rr 3 --;-:i 

: 2 
r y 

IlpH r » f 110pHUK8 0 ( exp {-(-2) I) , y >' ] . . e 
cJ>opMynhI ( 2, 10), ( 2. 11) II ( 5,2), ( 5.3) MO>KHO • o5pa;HTb. B 9TOM 

cnyqae Mhl npHneM K BhlpB>KeHHID ¢YHKUHll 

HarrpIIMep: 

v(z) qepe3 V (r) HnH V (r} 
I 2 

- 2 
v(l + (,) = j_} Brr r((,}f'(l+(,)f(3+(,)sinrr(, 2 i(, 

G f(3+2(,) e2(,-2 

2(,+ 2 r dr r V (r) (5.6) 
I • 

0 

Tpe50B8Hl!e CXOUHMOCTII 'rpa¢oB cJ>ei"mMaHa 03!18 •rneT, '!TO q,yl!KUl!H v( z) 

auanHTH'!Ha B rronyrrnocKoCTH Re z > -2 • 3To 11aK1Wilb1BaeT onpenene1111b1e 

orpBHH'!eHIIH !18 V (r) 
I 

' a IIMeHHO: 

( dr V (r) 
I 

0 

0 . 

M bl BlllllfM, '!TO, B OTnH'!He OT nOKBnbHOii Teop1rn, B uaweM cnyqae 

IW ManbIX paCCTOHHIIHX IIMeeT xapaKTep IlOTeHUHana OTTanKHB8HllH, 

B KaqecTBe rrpIIMepa paccMOTPllM 

t;' 

vi (r) 
v2r2rrl e' 

-- )( 

[[0K838Hllbit'r Ha pile. 5. 

e 
[(l+A)- -

f I 

-A 

f 
- t ( ~- J 

24 

noTeHu1ian 

A] • o<r<e1 

e,<r < e 

r '> e ' 

' 

( 5, 7) 

V (r) 
I 

. ( 5.8) 



e.l. r 
0 

Pnc. 5. 

3necb A - I1pOH3BOnbHbilr 6eapa3MepHblll'. rrapaMeTp. Ilocne HeCnO:l:KHblX 

v(l + (,) 

H 

ro +1;,Jr(3+(,J2 
2

' 

rr4+21;,Jrr2-(,J 
. ( 5.9) 

1 e 1 2 e 
v (1 ) = - { A [l - (-} ] , - (-

1 
/ + 6 I • ( 5. 10) 

3 e e 

B rrp1meneHHOM I1pHMepe cpyHKUHSI v(l + (,) HMeeT rrpaBHnbHbie aHanHTH

qeCKHe CBOli:CTB8 1 HO 3Ha'leHHe V{J) , BXOllSIUJee B Oll9HKH ( 3.8) 1 MO:l:KeT 

6b!Tb mo6b!M 'IHCnoM _?5/3 B 38BHCHMOCTH OT BenH'IHHbl rrapaMeTpa A • 

HTaK, Beeb I1pOH3BOn HenoKanbHOll: TebpHH cocpellOTO'leH B Bb!6ope 

rroTeHunana. O6bI'IHo ncrronbayeMan rrpn BbI'IHCneHHnx HenoKanbHbIX rrorrpaBoK 

,.. 
25 



peryngpH38UHOHHag npquenypa ITaynn-Bnnnapca COOTBeTCTByeT KOHKpeT

HOMy Bb16opy noTeHUHana. C <pH3H'leCKOil: TO'IKH 3peHHg T8KOil: Bb16op HH'leM 
• 

He npenno'lTHTenbHeil: npyrHX BO3MO)KHOCTeil:. BemI'lHHbl )Ke nonpaBOK, nony-. 

'leHHblX Ha OCHOBe Toro HnH HHoro Bb16opa ITOTeHuHana, MoryT cymeCTBeHHO 

pa3HHTbcg Me)Kny co6oil:. 

B HacTogmee BpeMg HegcHo, KaKy10 nononHHTenbHy10 HH<popMaun10 

Hy)KHO npHBneqb nng Toro, 'IT06b1 nonHOCTblO ycTpairnTb rrpoH3BOn B Bb16ope 

<popM<paKTOpa. 

HaM Ka)KeTcg, 'ITO aTa npo6neMa 3acny)KHBaeT nanbHeil:rnero H3y'leHng. 

B 38KJIIO'leHne aBTOpbI Bb1pa)K8JOT rny60Ky10 6naronapHoCTb B.A. Ane-

6acTpoBy, C.E, fepacHMOBy H W.3. Cenhuepy 3a none3Hbie o6cy)Kneang, 
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