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Summary 

It is shown, that at high energy and small t the contribution 

of electromagnetic interaction of particles with spin is of importance 

for polarization effects in elastic ( and some inelastic) processes of 

hadrons. The investigation of polarization Po(t) and also Wolfenstein 

parameters A and Rat small t gives the possibilities for experimental 

determination of real and imaginary parts of hadronic invariant amplitud, 

es A and B. in (13). 

With the help of (22), (23) and (25) under condition (26) we o~ 

tain (24). When comparing (24) with (13) we obtain (27) and (28) for 

electromagnetic contribution for A and B. When the amplitude A' in (14) 

is involved, the expressions for the cross-section, polarization P0 , 

Rand A are given in (15), (16), (39) and (40). The expression for 

A1 is given in (29). 
em 

When both hadronic and electromagnetic amplitudes are consider-

ed simultaneously the question of relative phases of amplitudes becomes 

of interest. With the help of the representations (42) and (43) for 

total elastic amplitude we obtain (46) when (45) and (44) are taken 

into account. In the Born approximation for electromagnetic amplitude 

(48) is valid._ For hadronic amplitudes we have (51) from (43) and (48). 

For these amplitudes (52) follows-from (43), (49) and (50). With the 

help of (51) and (52) we obtain (53) and (54). For the determination 

of singular parts of the r, phase we have to take into account (43) 
em 

and (47). This gives (55). With the help of (52) we have (56), (57), 

(58) and (59). With the help of (59), (54), (46) and (42) we have (60) 

at small q 2 • 

The estimations for t 
m 

in (33) and (34) give relativistic 

generalization of Schwinger slow neutron scattering (1)-(5) results. 

The Coulomb interaction, which is dominant at l t I< lt \ , where t 
C C 

given in (35) and (36), strongly reduces polarization effects when 

is 

compared with the case of meson-neutron scattering (37). Electromagnet

ic effects give essential deviations from (38) at small t. 

For the numerical estimation of the scale of electromagnetic 

effects, we have taken approximate hadronic amplitudes from Rarita 

et al~l). The results, which were obtained in this way, are illustrated 

on the figure. 



1.· 3KcnepnMeHTanhHoe nccneaoBaHne ancpq>epeHunanhHhlX ceqeHnu pac

cesrnnSI aapmKeHHhIX a.ripoHOB B o5nacTn ManhIX yrnoa, rae cymecTBeHHa 

llHTep¢epeHUllSI aMnnnTya aapoHHOI'O ll KynOHOBCKOI'O pacceSIHHSI, OK83b!BaeT

CSI BeChM8 acpq>eKTHBHbIM MeToaoM anSI onpeaeneHHSI aMnnnTyahI SiaepHOI'O 

pacceSIHllSI npn ManbIX aHaqeHHSIX KBaapaTa nepeaaHHOI'O HMITynbca - t 

BMecTe co 3H8KOM ee aeHCTBHTenbHOH qacTH ll llillpOKO llCITOnhayeTCSI npn 

paannqHbIX aHeprHSIX qacTnu. 

HeaaBHO 5bmo o5paIUeHO BHHMaHne Ha 3HaqnTenhHb!H BKnaa oaH0¢0ToH

HbIX anarpaMM B ceqeHne pSiaa Heynpyrnx npoueccoB, oco5eHHo npn ·BhICOKHX 

aHeprnSix, Koraa aapoHHaSI qacTh aMnnnTyahI y5hrnaeT c pocToM aHeprnn11~ 

HayqeHHIO nonSipll38UllOHHhIX SIBneHH_H C yqeTOM aneKTpOM8I'HllTHb!X a¢

¢eKTOB B ynpyrnx ll Heynpyrnx CTOnKHOBeHHSIX aapoii:oB npn ManbIX t ( t, ) 

ITOCBSIIl{eHO HeMHOI'O nccneaOB8HllH 121• Co BpeMeHH pa50Tb! lliBHHI'epa 131 

ll3BeCTHo, qTo B peaynhTaTe yqeTa B38HMoaeHCTBHSI M8I'HHTHOI'O MOMeHTa 

HeHTpoHa µ n C KynOHOBCKHM noneM (5ecCITHHOBOI'O)Siapa c aapSiaOM 

Z e K He 38BllCSIIl{eH npn MBnhIX aHeprllSIX OT CITHHa SiaepHOH aMnnnTyae 

ynpyroro pacceSIHHSI HeHTpOHOB SiapaMH Fo 

HaSI aMnnnTyaa Bnaa 

i(anJ r 10 , 
n 

3 

ao5aBnSieTcSI cnnH-op5~Tanh-

( 1) 



rne 

[ pp'] = ·sin 0 ➔ 

n ' Yn = Z µn e
2 

/ M c 2 ( 2) 

II npeHe5peraeTCSI acpcpexTaMH cpopMcpaKTOpOB II aneKTpOHHbIM axpaHHpoBaHHeM. 

TaKHM o5paaoM, (B 5opHoBcKoM np116n11*eH1111) aMnn11Tyna ynpyroro pac

ceSIHHSI" MenneHHbIX HefiTpOHOB H/lpaMH C Y'l9TOM aneKTpOMarHHTHblX acpcpeK

TOB HM99T BH/l 

F Fo + 
·i Yn 

0 
( u➔n➔) , (3) 

B CHny qero npn pacceSI.1;11111 B03HHKalOT 3aMeTHbl9 nonsipnaaunoHHbi9 acpcpeK

Tbl )la)Ke B OTCYTCTBHe CilHHOBOfi aaBHCHMOCTH B Slll9pHofi aMnn11Ty1le F O • 

HecMoTpSI Ha TO,. 'ITO BemI'IHHa y B ( 2) Mana ( - z a ) • 113-~a 

cnHrynHpHoro (npn t ➔ 0 ) xapaxTepa aneKTpoMarHHTHoro saanMonettcT

BHSI nonHpHaaUHH HefiTpOHOB Po ( 0) llOCTHraeT 3aM9THbIX 3Ha'l9HHfi 

P0 ( 0 ~ ) =..-Im F O / I F0 I ( 4) 

npn 

OM I Yn I I I F0 I (5) 

npH'l9M 3HaK nonsip11aau1111 onpenenSieTCH 3HaKOM MarHHTHoro MOM9HTa. On

peneneHHe Po (OM) noasonsieT onpenenHTb I "Re Fo I , 'ITO Hena_BHO obmo 

nposeneHo axcnep11Me.HTanhHD 141• 

8TOT H3B9CTHblfi npHMep 11nn10CTpnpyeT pa3Hbl9 CT0p0Hbl B03M0)KHDrO 

HHTepeca K H3y'l9Hlil0 aneKTpoMarHHTHbIX acpq>eKTOB B nonHpHaauHDHHblX 

HBneHHSIX npH ynpyroM (11 HeK0TOpbIX Heynpyrnx) pacceSIHlm anpoH0B Ha 

Manb1e yrnhI n B 5onee o5meM cnyqae. CymecTBoBaHne anexTpoMarHHTHhIX 

acpcpeKTOB )lOn)KHO Y'IHTbIBaTbCH np11 o5pa5oTKe )laHHbIX D pacceSIHHH Ha Ma-
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nb1e yrnhI. HccneaoBa_ane 9TllX 9Q)Q}9KTOB Il03BOmieT nony•rnTb CB9Jl9Hll.lI 

0 aeiicTBllTenhHOli ll MHllMOli 'IaCT.IIX paann'IHh!X aapoHHh!X aMnnnTyJl npn 

ManhIX 121• ITpn pacceSIHllll TaKnx HettTpanbHbIX H9CTa6nnbHb!X qacTnu, 

KaK A O - rnnepOHh1, npn xoponmx aaHHbIX o .11aepHhIX aMnnnTyaax nay

'IeHne Po ( t) aaeT CBeJleHnH O MarHnTHOM MOMeHTe, IlOCKOnhKY B COOT

BeTcTBllll c (5) nono:lKeHne MaKcnMyMa non.11pnaaunn onpeaen.11eTCH MaranT-

HhIM MoMeHTOM rnnepoHa, a aHaK nom1pnaaunn npn O = 0 
M 

- 3HaKOM 

MarHllTHoro MOMeHTa. 

2. Hcnonhay.11 9pMllTOBbl MaTpllUbl llnpaKa n MeTpllKY, B KOTopott CKa-

n.11paoe nponaBeaeHne JlBYX 4-BeKTopoB aµ n b µ paBHO 

o6oaHa'IllM Ha'IanhHbie 4-nMnynhCbI MeaoHa n 6apnoaa qepea q n p 

COOTBeTCTByroume Benn'IllHbl B KOH9'IHOM COCTOHHllll - 'Iepea q' ll p' 

BBeaeM 

p p + p', P 2 =-2M 2 + 2pp' 

n 

Q = q + q' Q2 = -2m 2 + 2qq' , 

rae m n M -MaCCbI 6oaoHa n 6apnoaa, a TaK:lKe Maaaenh!IITaMOBcKne 

nepeMeHHhie 

u = -(p-q' )2 

Ha (9) n aaKoHa coxpaHean.11 

( 6) 

( 7) 

( 8) 

(9) 

p + q = p' + q' . ( 10 ) 

HeTpyJlHO BllJl9Tb1 'ITO 

p Q = 2p Q ( 11) 
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M 

·s-u = -2pQ =·2M (wL +eu L ) = 4M (w L+ ti 4M ) , (12) 

rne eu L - nonnasi: aHeprMsi: na•rnnbHoro Meaona B na5opaTopnofi CMCTeMe. 

Mbl 5yll8M nonh30.B8TbCSI OOIUMM Bb!pameHM8M llnSI aMnnMTYllbl M830H

HyKnOHHoro paccesi:HMSI B BMll8 

'1l . 1 " = A ...:,z - Q B 
2 

( 13) 

rne MHBapMaHTHbl8 aMnnMTYllbl A = A ( ·s • t > M B = B ( s • t ) • 

BBelleM, KaK oobitmo, aMnnMTYllY A ' 

A, 1 2=,U 
A +4 M 

B 

(1-t/4M2) 
( 14) 

KOTOpasi: onpeneneHa TaK, 'lTOObl B BbipameHMM nnsi: C8'l8HMSI paccesi:HMSI He-

nonsi:pMaoBaHHbIX 'la CT MU d a O I d t 

M8)KllY aMnnMTyllaMM A ' M B I T.e. 

OTCyTCTBOBana Obi MHTep~epeHUMSI 

dao 
----ar- L cLJ2 [(1-,14M

2
J i A -1 2

- -'-
77s 4k 4M2 

a 

p-5_ 
o dt 

sin 0 Im ( A ' B * ) 
1617 V'S 

IBl2 
(li,+ts/4M 2

) 

( 1- t/4M 2 ) 
] ' ( 15) 

( 16) 

3necb k -Monynh 3-nMnynhca B c.u.M., a qL - 3-MMnynhc MeaoHa 

B na5opaTopHofi CMCTeMe, npM'l8M 

·sk 2 = M2 q2c_ • l 17) 
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EcnH rrpellCTBBHTb BMIInHTyilbI B c.u.M. B BH/le 

w '* M w = w '* [ f 1 + f 2 ( ii e..., ) ( ii e) ] w = 

M 
ii'(p'),r{u(p)' 

4rr-..fs 

r]le w - /lBYXKOMIIOHeHTHbie CIIHHOpbI, a 

8rr-,fs £1 =(E+M) [A+B (yT- M)], 

81T y"'s 12 = (E -M) [-A + B (y"'"s + M) ] 

( 18) 

( 19) 

E - aaeprH.ll ayxnoaa B c.u.M., To 

H3 ( 14) H ( 19) HeTpy/lHO BH]leTb, 'ITO 

Cne]lOBBTenbHO, B IIPHH.IITOft HOpMHpOBKe 

4rry7 kFs 
Im A' (0) = M Im M (0) = -M- <J tot ( 21) 

3. C IIOMOlllblO o6mnx BbipBJKeHHfi /ln.ll HyKnOHHoro 

p 
u( p) = ii ( p ') [ 'GM y + ·i -· ~ F 

2 
] u ( p ) 

a 2M 
(22) 

H Me30HHOrO 

( 23) 

aneKTpOMarHHTHbIX TOKOB BKna]l 0/lHO<iiOTOHHOro o6MeHa B aMIInHTYllY Me-

30H-HyKnOHHOro pacce.lIHH.ll B 6opHOBCKOM IIpH6nHJKeHHH MOJKHO rrpe]lCTa

BHTb B BH/le 
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MY= 4rre2 F(t) u(p)['GM·:iy1 Q - PaQa F2] u(p). 
MB t ( a a 2M 

3aecb 'GM 

. F2 

2M 

2 M ('G M - GE ) 

4M 2 - t 

(24) 

( 25) 

H. F ( t ) - cpopMcpaKTOpbl HyKn0HOB ( G M -MarHHTHbilt, 'GE - 38pSl/:l0-

Bbilt) H 6eccnHHOBOr0 6oaoaa. OHH ll0pMHp0B8Hbl o6bI'IHblM o6pa30M 

F(0)=1, GEp(0) = 1, GE n (0) = 0 

'GMµ(0t = µ p , GMn (0) = µn ( 26) 

CpaBH8HHe ( 24) C ( 13) npHB0/:lHT K cneJlyIOIUHM Bb!p8)1{8HHSIM /:lnSI 

O)lHOcpOTOHHOro BKnana B HHBapHaHTHbie aMnnHTYJlbl A em H B em 

2 ('G' G ) 
4rre

2 
P Q _ ~ F ~) t.r E (27) 

Aem = - -t- F ~F2 - t ( 2M (1- t/4M2 ) 

H 

B em 
4 TT e

2 
F 2·G M • ( 28) 

ilnSI nony'leHHSI 0K0H'l8TenbHbIX Bblp8)1{8HHfi B ( 27) HCil0nb30B8Hbl 

( 11) 1 ( 12) H ( 25) • ilnSI 

HMeeM 

A , 
em , onpeaensieMolt B C00TBeTCTBHH c (14), 

A , 
em 

.4rre
2 

F (~) GE(t) • 
t 2M 

( 29) 
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4. Ilpe.QcTaBHM cyMMapHbl0 aMIIJJllTY.Qbl A , n B 

8MIIJJHTy.Q 

B =-Bn +-Bem, 

B Bll.[le CYMMbI 

(30) 

r.Qe "a.QpoHHhie aMrrnnTy.QhI" A 8 n -Bn o6ycnoBneHbI BKJJa.QoM cnnbHbIX 

B38llMO.QelicTBllli ( BMeCTe C a:ecnHrymipHbIMir 3JJ0KTpOMarHllTHb!Mll rrorrpaBKaMn 

- cnHrymrpHhili ( rrpn t ➔ 0 ) BKJJa.[l OJ:lHocjlo-

TOHHOli .[lllarpaMMbl ( 28) Ir ( 29). 'focnnTeJJb B Bb!p8)K0Hllll ( 16) .[lJJg p 0 

IIpllHHMaeT Bll.[l 

(81) 

81r e 2 

Ct> L ( µ {3 La tot - 'GE Im -B H ) 

TaK KaK rrpn M8JJblX Im A;,_ orrpe.QeJJH0TCH IIOJJHbIM C0'10HireM CllJJbHblX 

B38llMO.QeftcTBllft, TO, Bo-rrepBbIX, 3cjicjleKT, orrpe.QenHeMblti BTOpbIM 'IJJ0HOM 

B ( 31)' OK83blB80TCH HeManbIM, a, BO-BTOpbIX, nayqea:ne Po ( t ) npn 

M8JJbIX t .QaeT B03MO)KHOCTb orrpe.QeJJHTb / m -B H ( rrpn t ➔ 0) • 

ilnsi p8CC0HHllH M030HOB H0ftTpOH8Mir IIpll M8JJbIX t GE n =- 0 ll 

rrocne.QHee cnaraeMoe B (31) ncqeaaeT. 

I.fa ( 15), ( 16) n ( 31) .Qnsi PO ( t) B o6meM cnyqae nMeeM 

( rrpea:e6perag MHllMbIMll '18CTHMll A ~m n -B em ) 

9 



Pop (t) ;;; -sin 0 ...:!l 
,j-s 

2 
Im(A.'B*) - ±_TT__!!_F (2'G lmA' -

H H t M H 

s- u ' qt . 2 0 , , 2 
- (-- ) GE Im BH ) I l ( 1 + -- ·sm - ) I AH + A I + 

2M s 2 em 

q1., I BH + B em I 2 
sin 

2 
0 

+ --
4 s ( 1 + q £ / s sin 2 0 / 2 ) 

IToMIIMO ( 17) ,B ( 32) yqTeHo, 'ITO 

-t/4M 2 = qi/s siri 2 0/2, 

rile 0 -yron paccestHIIst B c.u.M. 

1-t 

qf + (s/4M =qi cos20/2 , 

( 32) 

BMeCTO 0 M B paccMaTpIIBaeMOM 3/leCb penstTIIBIICTCKOM cnyqae 

YA06Hee onpeAenIITh tM • OHo onpeAensteTcst KaK TaKoe aHa'!eHne KBall-

paTa nepellaHaoro nMnynhca, npII KOTopoM B aaaMeaaTene ( 32) BKnall · 

I B eml paBeH BKnally I A H 
He6pe)Kel!IIII BKnallOM Re A 8 

• C IlOMOIUhIO (32), (28) II (21) B npe-

nonyqaeM 

l'tM I 
2 

., (-e-)2 ( 41rµ )2 

M a tot 
(33) 

0TKylla BllllllO, 'ITO 38BIICIIMOCTh t M OT aaeprIIn onpellemteTCst B 0Cll0B

ll0M aaepreTII'IeCK0ii: aaBIICIIM0CThIO nonaoro ceqemrn B38IIM0ll8il:CTBIIst, 

f10llCT8ll0BKa B (33) 3ll8'1811IIH nonllblX C8'!8llllii: IlII0H-HyKn0llll0r0 ( a t:r 
- ( kN - ) · = 30 M6) ll K- p -B38llM0/l8HCTBIIii: a tot = 20 M6 npn BblC0KIIX auep-

rIIstX npnB0llIIT K 'IllCneHllbIM oueHKaM 

I t ;1 ~ 0,67.10-5 (faB/c ) 2 n I tt I % 1,S0.lo-5( faB/c ) 2 • (34) 

3TH '3lla'I8HIISI t 38M8TH0 M8HbWe 3HaiteHIIst "KynoHOBCKoro" t c , KOTO-

poe ecTeCTBeHH0 onpellennT~ KaK TaKoe, npII KOT0p0M B (15) cpaBHllB8IOT-

est. BKnallbI I AH I II A; m 

aaeprIIfi · IIMeeM 

• Ha (29), (21) II (15) llnst BhlC0KllX 
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1 

a tot. 

llnH pacceHHHH ITHOHOB HK -Me3OHOB rrpoTOH8MH rronyqaeM 

tTT 
C 

- 2,35, 10-3 ( faB/c J2 t k I -; 3,5. 10-3 ( I'aBI c ) ~ 
C 

(35) 

(36) 

ITpn A ~m = 0 H3 ( 32) rronyqaeTcH cneay10mee Bhipa)KeHHe anH rronHpH-

38UHH p on HeftTpOHOB rrpH pacceHHHH Ha HHX aapH)K9HHhIX Me3OHOB! 

- ·sin e 
2 8 

TT e F Im A a' ) I --t- µn X 

8TTe2 2.2 
!Ba - --t-Fµnl ·sm e 

l -I ' 
( 1 + qf ls sin 2 e I 2 J 

(37) 

KoTopoe o6o6maeT peaynbTaT lliBHHrepa 131• BennqnHa P 0 n aocTnraeT 

MaKCHMyMa rrpH tM 

KaK BHllHO H3 (32), anH rrpouecca pacceHHHH Me3OHOB rrpoToHaMH 

rrpH t = t M Hannqne KynOHOBCKOH aMrrnHTYllbl A , 
em CHnbHO yMeHb-

ruaeT 3HaqeHHe rronHpH38UHH no cpaBHeHHIO C TeM, qTo HMeeTCH llnH pac-

C9HHHH Me3OHOB aeftTpoHaMH. ITpH COBCeM ManhIX t I Koraa BKnaa 

A, 
em llOMHHHpyeT B 3HaMeHaTene (32), P - sin3 0 on • TaK KaK rrpn 

I t I » I t c I aannqneM A ,;m B ( 32) MO)!{ HO rrpeae6peqb, To B aToH o6nac-

TH t aneKTpoMarHHTHbie acp¢eKTbl B Po anH pacceHHHH MeaoHoB rrpoTo-

HaMH rroao6Hbl aneKTpoMarHHTHbIM a<p<peKTaM B pacceHHHH M93DHOB IieHT

poHaMH, ecnH HHTepecoBaTbCH a6conIOTHblMH 3HaqeHHHMH rronHpH38UHH. 

11MeeTCH paannqne B 3HaKe P0 (TT+p) H Pa ( TT +n), o6ycnoBneHHoe paann-

11 



'IHeM B 3HaKe MBI'HHTHbIX MOMeHTOB rrpoTOHa H HefiTpoHa. KpoMe Toro, 

pa3nH'IBIOTCSI aapoHHb!9 'IBCTH aMrrnnTyll. HcHo, 'ITO 3HBKH aneKTpoMar

HHTHbIX acpcpeKTOB B Po ( 1T + p) ll Po ( TT- p) B o6nacTll ManhIX t paan11-

'IBIOTCSI. l13-3a OTcyTCTBllSI ( CllnhHOI'O yMeHbllleHHSI) BKnaaa A ;m B 

TT- n -B38llMOllefiCTBllil: BO3Hl1Ka!OT 3HB'IllTenbHbie IlO BenH'IllHe OTKnoHeHUSI 

OT paBeHCTBa 

P
0

(TT-n) =P
0

(TT+p), ( 38) 

llHKTyeMoro aapSillOBOfi CUMMeTpllefi. 3TOT acpcpeKT He06XOllHMO Y'IHThIBaTb 

ll rrpn He COBCeM ManbIX t H Bb!COKHX ·s • 

5. Y'IeT aneKTpOMBI'HHTHblX acpcpeKTOB B aMrrnnTylle yrrpyroro pac

ces:iHllSI CK83bIBaeTCSI He TOnhKO Ha 38BHCllMOCTU ceqeHHSI pacces:iHHSI Herro-

ns:i pnaoBaHHhIX qacTHU d a o I d t n rrons:ipneaunn Po , Ho n Ha,apyrnx 

rrons:ipll38UHOHHbIX rrapaMeTpax. nns:i yrrpyroro Me30H-HyKnOHHOI'O pacceSIHllSI 

paCCMOTpllM C aTofi uenh!O rrapaMeTpbl BonhcpeHll!TefiHa A ll' R ( orrpeae-

neHne cM. B pa6oTax BonhQleHll!TefiHa 
141 

11 KnMa 151, o6o6meHne Ha pens:i

TllBllCTCKHe aHeprllH ans:i Me3OH-HyKnOHHOI'O pacceSIHHSI - B pa6oTe Bn

neHhKOI'O H PbIHllHHa 181 ).c IlOMOlUhIO /6/ Bbipa>KeHlle ans:i napaMeTpa A 

qepe3 llHBapHaHTHbie _aMilnllTYllbl Me3oH-HyKnOHHOI'O pacceSIHHSI MO>KHO rrpu -

BeCTH K BllllY 

rae 

duo A 
dt 

1T s 

M2 P 2 
L 

I[ rl l·A'l 2 +r2 IBl2 +r3 2Re(A'B*)] sintf, -

(39) 

-2 [ r4 I A '12 +rs IB 12 
+r6 Re(A 'B*)] cosi/J} , 

M2 2 

64172 s r = ( E +M) 2 - 2 __![_. cos 0 
1 ·s 

+ (E-M) 2 cos 20, 
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M2 2 
64rr2s r,2 = (E+M)2(-.fs-y')2 + 2~ (s-y-'2) cos0 +(E-M)2(y-s+y'2Jcos20, 

·s 

M2q2 
64 rr

2 s r3 = (E+M ) 2(.,fs-y')2 +2y' __ L_ cos0 -(E-M) 2 (y-s +y') cos20, 
·s 

64rr 2sr4 =(E-M)sin0 [E+M-(E-M)cosal, 

(40) 
64rr

2
s r 5 =-(E-M) sin 0 (vs +y ') [(E +M)(,Js-y ') +(E-M) (..{s+y ') cos0 ], 

64 TT
2 

s r6 = 2 ( E-M) sin 0 [ ( E -M) ( y-:; +y ') c OS 0 - y ' ( E + M ) ] , 

y 

a /6/ 

(M+w )/(1-t/4M2 ), 
L 

tg TT - 0 

2 
( 41) 

Bb1pa)Ke1rne JJ.m1 napaMeTpa BonbcpemuTeti:Ha R nony-<rneTc.H na ( 39) aaMe

Hoti: 

cos if, ➔ ·sin if, , sin if, ➔ -cos if, 

KaK li3BeCTHO ( CM., HaIIpHMep, 
15•61 ). Me)KJJ.y p O H napaMeTpaMH 

A H R HMeeTC.H COOTHOIII8HHe 

P5+A 2 +R 2 =1. 

6. ITpH paCCMOTp8Hlili HHTepcpepeHUHH 8/lpOHHOH li aneKTpoMarHHTHOH 

aMIInHTY/l Hena6e)KHQ B03HHKaeT BOIIpoc 06 OTHOCHTenbHOH cpaae 8MIInHTY/l, 

13 



HenaBHHe nccnenoBaHHSI noxepa /7/ n BecTa n Aeaan 181 noKaaann, 

tJTO nnSI 6eccnHHOBblX aMnnnTyn pa3HOCTb qiaa CBOaHTCSI K Bbipa)KeHHio, 

BnepBbre nonytJeHHOMY B HepenSITHBHCTCKOM paCCMOTpeHHH BeTe· /91. 
Hn)Ke noKaaaao, KaK aToT peaynhTaT MeHSieTcSI1 ecnn aeo6xonnMo 

ytJeCTb aaBHCHM0CTb aMnnHTyn OT cnnaa. OrpaHHtJHBaeMCSI cnyqaeM 6onh

llIHX eHeprntt H ManhIX nepenaBaeMblX HMnynhCOB, Korna 38BHCHMOCTb aMn

nnTyn OT t CBOaHTCSI K 38BHCHMOCTH OT KBanpaTa nonepetJHoro nepenaH-

noro nMnynhca q2 • 

nnSI cyMMapnott aMnnnTynhr pacceSIHHSI Torna nMeeM 

iqL ➔➔ 

FT (q) = f rT 
( b➔) e i q b d 2 b 

2rr 
( 42) 

➔➔ ➔➔ 

rne qk = 0 • bk = Q I 8 

rr r b J 
1 

2rr •i qL 
f e-iqb FT (q) d2 q➔ (43) 

B006me 1 

➔ ~ ➔ r T ( b ) = 1 - exp [ -ii f V ( b , z) dz ] • (44) -~ 

M bl paccMaTpHBaeM cnyqafi, Korna onepaTop BaanMonettcTBHSI VT cKna-

nhrBaeTCSI na anponnoro V N n aneKTpoMariinTnoro V em 

Yr = VN + V em • (45) 

Bee paccMOTpenne anecb npoBonHTCSI B na6opaTopnott cncTeMe, Ha (44) 

H (45) 

➔ ➔ ➔ ➔ ➔ 

rT ( b) = rem ( b) + rN ( b) - rem ( b) r N ( b) , (46) 

rne rem cooTBeTCTByeT "qioTonnott necTnnue'. 

14 



YcnOBHe yHHTapHOCTII JlmI rem 

➔ ➔ ➔ + ➔ 

rem ( b) + re!, ( b ) = rem ( b ) r em ( b ) (47) 

BbinOnHHeTCH B cuny t:teitCTBIITenbHOCTII V em • BBOAIIM KOH0'1HYIO Macey 

ijioTOHa vTT II 6yt:teM IIHTepecoBaTbCH cm1rynHpHbIMH no l\ 2 aijiijieKTaMH. 

llnH M030H-HyKnOHHOro paccemurn B 6opHOBCKOM rrpu6nH:lK0HHH ( B rrpeHe6-

pe:lKeHHH ijiopMijiaKTOp8MH) 

F B ( ➔) = em q 
2a 

rite llnH aeitTpona e = 0, 

llm1 at:tpoanoit aMrrnuTyAbI 

(48) 

/L = 1,91, a t:tmI rrpoToJia e l, /L = 2, 79, 

(49) 

AMrrnIITYAbI f 1,2 38BIICHT, Koaeqao, II OT 9HeprHH, HO AnH t:tanbHefirnero 

H8M B8:lKHO rrpocneAHTb HBHYIO 38BHCHMOCTb OT q2 , Orpaa11q11BaeMCH B 

9TOfi 38BHCHMOCTII Bblp8:lK0HH.HMII BHAa 

1 
41T 

15 

(50) 

] . 



J13 (43) H (48) 

r:m (b) = ___ a_ J [ q e + iiµ ([a qL] ;;I] 
rr~qL L 2M 

e_,-,;;; 

q2 + >.. 2 
d2 q 

➔➔ ➔ 

~[e- ([aqL]Vb) ·00 ➔➔ ➔ 
rr·z . µ 2M <JL ] Jdx Ji·iJe-iqb -x(q2+>..2) 

a 
i 

([; ij L 1 b) 
J [ e +µ 4M q L x 

➔ ➔ 

-x>..2 -b2/4x dx 
] e 

X 

ilnn rN (b) HS (43), (49) H (50) rrony"laeM 

( 51) 

➔2 ([11 ➔ ] s) ➔2 
irN(b)=a-J 1

1 
(0) e-b l 2az+a;2 qL t

2
(0) e-b l 2a2. (52) 

2M qL 

IToncTaDnHH (51) H (52) n 

FcN (q) ~ -
iiqL 

2rr 
J r:3m(g) rN(G) e,;; 

H IIpODO/lH HHTer-pHpODaHHe no b • HMeeM 

➔ 00 2 ' 

FCN (q) =,iqLa [ dz e-z>.. /
2 j [ el 1 (0) 

a 1 + z 

16 
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+ 
µ 12 (0 ) 

(1 - ) e ] + 

re ; ~1 q➔ J el2 (0)z -~ z --+ ·i [ e a 2+ z + 
2M q L (a2+z)2 

11 (0) al 
_ a

1 
(/2 

z · 1 µ 
+ e 2 a1+z ]· . , 

(al+ z )2 

TaK K8K THITli'IHhie 3H8'18HHSI a 1,i B ( faB/ C) - 2• TO rtpn - t 

10-2 - 10-3 
t rae B8)KH8 HHTep<pepeHUHSI 8MIInHTyll, a 1,2 q 2 << 1 

IToaToMy 

00 

d -zA.2/21 e 11 (0) µ 12 (0) 
FCN ( q) s •i q a £ .z e + L a 1 + z 4M 2 (a 2+ z ) 2 

'( ➔ ➔ ] ➔ ) z e 12 (0) µ 11 (0) ~1 a q L q 
[ al 

] I + + (53) 
2M q L (a2+ z )2 (a1+z)2 

IT pH Bhl'IHCneHHH BToporo n qeTBepToro cnaraeMbIX B ( 53) MO)KHO rrono

)KHTb A 2 
= o. nnsi Bhl'IHCneHHSI rrepBoro HHTerpana B ( 53) rrepeii:aeM K HO

BOii: rrepeMeHHoii: y = z A 2 
/ 2 H B03bMeM rronytIHBIIIHii:CSI HHTerpan rro qac

TSIM. Toraa 

17 



[ dz e -z>..2 /2 

a, + ,:1 ' z 

"" 
i 

dy e-Y 

y a1 >.,2 
+ --

2 

e+a1>..2/2Ed (- al>..2/ 2 J = 

= -en 
B1A2 

2 

"" ,2 
BJ/\ 

+ .f e-Y dy fn ( y + -- J • 
o 2 

ITocne Toro KaK B nocneaHeM HHTerpane nono*HM Macey q>oTona paBHott 

Hymo, HHTerpan OK83b!B89TCSI paBHbIM MHHyc IlOCTOSIHHott 3ttnepa C = 

= 0,57722. AHanorH'IHO Bbl'IHCnSieTCSI TpeTHii HHTerpan B ( 53). ITpH aTOM 

"" 
.r 
!)_ 

d -z>.2 /2 z z e 

(a2+zJ2 

B pesynbTaTe HMeeM 

>,_2 a 
- (en ---2

- + 1 + C J • 
2 

., ·ia /L 
FN(OJ+FNc(OJ = fJL[f1(OJ+~a 

BJA.2 
f2(OJ] e -la e (f.n-2- +C) 

2 

·i([ & qL] qJ [ f
2 

(OJ +iia /L f1 (OJ] 
+ 2M 

2 
B2A 

-iae(fn-- + C + 1 ) 
e 2 

(54) 

ilnSI onpeaeneHHSI CHHrynSipHOii 'I8CTH ¢a3bl aMnnHTYJ:lbl rem BOC

nonbsyeMCSI npeacTaBnenHeM (43) H COOTHOW9HHeM yHHTapHOCTH (47) 
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(55) 

BocnonbayeMcsi Tenepb ( 52), Toraa 

( 56) 
b2 +µ2; ___ _ 

16M2xy 
+ 

eµ ([& qJ .iJ 

4M qL 

( .L + .LJ] e -(x+y)>..2+ b2(-Jx + --J; )-t<iqb. 
X y 

TTpeHe6perasi BKnaAoM, nponopunoHanbHbIM µ 2 , nonyqaeM cnpasa 

B (56) ~ocne nHTerpnpoBaHnsi no 8 

·iq 00 1 .4rrxy ([a➔ q~] if) 
__ La 2 f dx dy -- ---- [ e2 + eµ i ----- ] x 
2rr o xy x + y 2M qL 

(57) 

TTepexoasi K HOBbIM nepeMeHHbIM u n r no q>opMynaM 
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Cl 

2x=u(l+r), 2 dx dy u du dr , 

2y = u(l-r ), 

llMeeM 

F ( q) - F + ( q) = iia 2 e I e + ·i µ. 
em em 

➔➔ ] ➔ ) 00 t 
([(!"qL q I f du f dr x 

0 -t 2M qL 

(58) 

exp[-u,\2 - uq\1-r2)] =lea F 8 { 
2

dr =2•iea F 8 xfn q2/,\2, 
4 em . 4,\ 2 / q 2 + 1 -T 2 em 

CneaoBaTenbHo, 

➔2 2 
F ( ➔) =FB ( ➔) e iaefnq /,\ 

em q em q (59) 

PaccMaTpHB851 o6nacTb ManbIX q➔2 H yttHTb!B851 ( 59), ( 54), ( 46) H ( 42), 

nonyttaeM oKOHttaTenbHo: 

FT(c/) = F +F +F =eieafn "q2/,\2 I 2a [ . ([a'q-;_]q) 
em N cN - 2 q Le + 1 µ. --q , 2M 

+ [ .:J. Lf t (0) + 
aµ. f 2 (0) . a 1 q2 ] 

'l __ ...;;;.__ ] exp [ - ,z ea ( en -·- + C ) + 
4M2 a

2 
2 

(60) 

·i ([ c1 chl c1 > a ii2 
+ --....:::-- [ f2 (0) + iaµ. f 1 (0)] exp [-·iea (fn - 2-- + C + 1)] I, 

2M 2 

20 



TaKnM o6pa3oM, MbI nonyqaeM Ann pa3H0CTn cjia3 aapoHHofi n sneKT

poMarHnTHott aMnnnTyA Bb1pa:iKeHne, 6nn3Koe no cTpyKType K nonyqeHH0My 

Ann 6eccmmoaott aMnnnTyAbI BeTe, noxepoM, BecToM n 11eHHn. YqeT cjiopM

cjiaKTOpoa npnB0AHT B paccMaTpnaaeM0M 3A8Cb cnyqae M830H-HyKn0HHoro 

paccenHnn K 3aMeHe 

rae RM - cpeAH8KBaApaTnqHb1fi paAnyc ( 6eccnnHoBoro) Me3oHa, a 

REN ( RMN ) - 3apnA0Bblit (MarHnTHbiit) paAHYC HYKnoHa. KaK cneAyeT 

n3 pe3ynbTaToB pa6oTbI /10/, Ann npoToHa He o6Hapy*nBaeTcn pa3nnqnn 

Me*Ay REP n RMP • 

7. OcTaBnnn ann AanbHettwero CTaTnCTIIqecKyro o6pa60TKy AaHHblX 

0 IllI0H-HyKn0HH0M ll K -Me30H-HyKn0HH0M pacceSIHlllI C yqeT0M sneKTpo

MarHIITHblX s$cjieKTOB, B npeABapnTenbH0M aHann3e Mbl orpaHIIqHBanncb 

nH0H-HyKn0HHbIM paccenHHeM, a AnH aApoHHbIX aMnnHTya AH n BH 

npn qncneHHblX oueHKax ncnonb3oBann npeACTaaneHne aMnnnTyA n 3Haqe

Hnn HX napaMeTp0B B paMKaX Teopnn K0MnneKCHblX M0M8HT0B, nonyqeH-. 

Hbl8 B pa6oTe PapnTa H Ap. / 
111• nnsi cjiopMCfiaKTOpOB npoT0Ha 6bmH nc

nonb30BaHbl pe3ynbTaTbl H8AaBHHX pa6oT / 10/. 

Pe3ynbTaTbl qncneHHblX oueHoK Ann pnAa sHeprntt. npnaeaeHbI Ha 

pncyHKe. KaK n 0:lKHAanocb, sneKTp0MarHHTHbl8 scjicjieKTbl CKa3anncb B 

ocH0BH0M Ha 3HaqeHnnx nonnpn3auntt Po ( rr -P ) n P0 ( rr+ p ) • O6pa-

maeT Ha ce6si BHHMaHH8 MaKCHMyM B 3HaqeHnn Po ( TT - p ) npn 

t 2,5 10-3 (fsa/c) 2• 3neKTpoMarHnTHbJe scjicjieKTbI B napaMeTpax 

A n R He_BennKn. KaK oTMeqanocb BbIWe, Ann napaMeTpa 'R ST0 xa-

paKTepHo npn npon3B0nbHbIX sHeprnnx. llnn napaMeTpa A sneKTpoMarHnT,

Hbie scjicjieKTbI onpeaennroTcn AeficTBnTenbHofi qacTbIO aapoHH0i!: aMnnnTyAbl, 

K0T0pan Mana npn BbIC0KHX SHeprnnx. 
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P8CCM8TpIIB8eMbie acpcpeKTbl B PO OCT8IOTCSI 38MeTHblMH npn 

C0BpeMeHlI0M ypoBae T0'IH0CTH 9KCnepHMeHT8 H npn HeM8nblX - t 5! o, 1. 

ABTOpbr BeCbM8 6n8I'OA8PHb1 E. Eo111HsrKOBH'IY n n. B8H PoccyMy, Bon

pocbl K0T0pbIX BbI3B8nH H8111 HHTepec K p8CCM0TpeaHoii: 38,[l8'Ie, A.A.AHcenb

MY, C.M. EnneHbKOMy, c.c.rep111Teii:Hy, B.H. fpnooBy, n.A. CnnBy, 

M.i1. IToAropeuKoMy 38 none3Hb1e oGcy)KAeHnsr n B.C. KnceneBy 38 noMoIUb 

npu npoBeAeHHH 'IHCneHHblX p8C'IeToB. 
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