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AHHOT8URH 

B o6meM cnyqae ynpyroro pacceHHHSI y -maHTOB Ha npoaasonhHOI CHCTeMe co 

CITHHOM 1/ 2 Bbi'IHCJteHO aQJ<PeKTHBHOe Ce'I9HK9, Bblp8)K810WeecSI qepea WQCTb cpop M - ct>BKTOpo a. 

Ecnu a KeprHH y -maHTOB w 3HB.'IKTenbHo MeH bWe MBCCbi rr -MeaoHa, TO aTo ce'leHne 

B blp8)K8QTCSI qepea 9 JlQKTpH'IeCKRI 38pSI.ll 1 8HOM8JlbHhlft MBrHKTHblA MOM QHT 1 anexTpH'IecKyiO 

R M8.rHHTHyiO nonHpKayeMOCTR pacceuaaJOwe A CKC T9Mhl. B ttBCTHOM c nyttae ynpyro r o pacceSI

HHSI Ha npoTOHe nonyqeuuoe TBKHM o6paaoM npH6JtH)K e Hnoe Bbipa>Kenne xopowo cornacyeTCSI 

c HaaeCTHbiMH axcnepnMeHT8nbH&IMH n.aHHbiMH snnoTb n.o aHepruA: 4l • 100- 150 Mae, ecnu 

-43 3 -
anexTpH'IeCKBH nonstpaayeMOCT b npoTOHa a 

MOCTb ,8!:,2•10-4
3 

CM
3

. 

•9• 10 CM , 8. e r o M8I"'HHTH8SI 11 0JtS1pH3ye-

MeTon.oM n.soiHhiX .aKcnepcHOHHblX cooTnoweuuA nony'leHbl aHannTu\feC Kne Bblpa>KeHHH 

D. JtSI nonApHayeMOCTeft a H {3 • 

Abstract 

The effective cross section in the general case of elastic scattering of y ~rays on arbitrary systems of spin ~ is 

expressed in tenns of six fonn factors. In the case when the y-ray energy w is considerably smaller than the mass 

of th e rrmeson then this cross section is expressed in tenns of the electric charge, the anomalous magnetic moment 

and the electric and magnetic polarizabilities of the scattering system. For elastic scattering on protons the expres

sion obtained agrees well with experimental data in the energy range w • 100 to ISO MeV if the electric polarizabi

lity of the proton is a ~ · 9. 10 "
43 

em 3 and its magnetic polarizability is ,8 m 2. l0.43cm 3. 

Analytic expressions for the polarizabilities a and {3 are obtained using double dispersion relations. 

;.. 

l.~n-~ 

VIH¢opMBUHIO o6 a n eKTpOMarHHTHOA CTPYKType HyKnonoa R s:r.a.ep a HBCTOstw:ee apeMst nony

'IBJOT B OC HOBH OM U3 OObiTOB C p8CCeHHHeM 6bJCTpb1X ::meKTpOHOB. AH8JlH3 3THX OfibiTOB .O.BeT 

CBe.lleHHH 0 >KeC TKHX 1 H e H3MeHSI!Ol.UHXCSI 00.0 .ae A: CTBHeM aneKT pOM 8I"'HHTHO J"' O ITOJlH pacnpeaene

HHHX 3JteKTpHlfeCKOI"'O 38pHD.B H MBI"'HHTHOJ"'O MOM eHTB . QqeH b HHTe peCHbJe, C TeOpeTH'IeCKOA TOlf

KH apeHHSI 1 CBOftCTBB. HYK110HOB 1 CBSI38HHble C HX .aeQJOpMBUHeA, H B nepayJO Olfepe.lJ.b HX a neKTpH

\feCK8H H M8I"'HHTH8SI 00JtS1pH3yeM OCTH 1 CyWeC TSe HHO npOSIBJlSI!OTCSI JlHW b npH 3HeprHstX 00pst.OK8 

Eas H BbiWe. TeopeTH\fec xua auanHa npH TBKHx BbiCOK HX aHepruSix o\feHb cno.>K e H, TBK KBK .O.IH I 

3TOro He06XO.O.HMO 3H8Tb 38BHCHWYIO OT 60JlbWOI"'O lfHCna HHB8pU8HTOB 8MOJ1HTYD.Y BHpTyMbHOI"' O 

paCCeSIHHSI y -xaa HTOB . 

Eonee yn,o6HbiMH .QJlSI H3y\feHHSI .aeQ:>o pM8UHH HyKnOHOB H SI.Qep SI Bn SIJEJTCSI OllblTbl C KOMilTO-

HOBCKHM pacc e stHHQM y -KB8HTOB., 3 neKTpH\feCK8SI H M8f'HHTH8SI llOJUtpHayeMOC TH B STOM cnyqae 

npoRBJtHJOT CH KaK OCHOBHOA a ct><f:>eKT BHyTpenHeA CTPYKTYP bi paccenaaromeA 'IBCTHUbL y>Ke npu 

sueprHstX n opH.llKB u ecKonbKnx :aecHTKOB Mas. 

Vfccne.OOB8HH e KOMOTOHOBCKOrO pBCCeSIHHSI o6nerqaeT TBK>Ke H 8H8JtH3 Onbi TOB n o ynpyrOMy 

pacceSIHH JO aneKTpouoa a o6nacTH suepruA ~ t Esa. 

P aanH ttHbie Te0p8TH\f:eCKHe npH6Jtn >KeHHSI D.JlSI 8MITJlHTy.Obl KOMnTOHOBCKOro p8CCeSIHHSI H 8 

cncTeMe, nMe10meR auyTpeHHIOIO C TPYKTYPY, paccMaTpuaanHC h yme so MHo rux pa6oTax. B qacT

HOCTH,_B pa60 T8X/ l,
2

/ B 061UeM 8R.Qe, 6ea HCnOJtb3088HHSI K8KH X-nH60 KOHKpeTHbiX B8pH8HTOB 

Me30HHbiX TeopuA, nonyqeuo Bbipa>K e Hue aMnnnTy.aw c TO \fH OCTblO .no qneHoa nopH.a.xa wi ll .l w -

s u eprHSI pacceueaK>LUerocH y -KBanTa, 11 - Macca rr -Meaoua ). Cne.nyiOwue qneHhi paano)f{eHHH 

aMnnnTy.abi, xsa.apaTnlfH bie H xy6H'IH bie , nonytteHbi a pa6oTax
13 •4 •51 • MeTOn.br, Hcnon b3oaaHH bre 

B pa60T8X/ l-S/, OCH088Hbl H8 BHBnH3e B HMnynbCHOM npOCTp8HCTBe 3HepreTH\feCKOA: 38BHCHMOCTH 

K09ctxi>HUHeHTOB npn HQ38BHClfMbiX HHB8 pH 8HT8X . n pu 3TOM B K8>K.ll0M cneD.yJOWeM npu6JtH>KeHHH 

ncnon b3oaanncb cneunanbHbi e H, aoo6me roaopH, aecbMa c nO)KHble paccy)K.aeun sr. 

Hu:>Ke Mbi noKa*eM, 'ITO paccMoTpeHHe Heaaae~cHM biX nHaapHBHTOB a KOop.aHHBTHOM npo

c TpaHCTae aHa'IRTenbHO ynpomaeT paccy)K.aen uR R noaaonsreT nonyttHTh BMnnHTY.llY a m o6oM 

npu6nH)KeHHH. 

B nepaoM npn6nH>K 9H HH no wl 11 aMnJti'ITy.aa u e nKKOM onpe.nenHeTCSI a nexTpnttecKHM aapg-

.llOM H 8HOMBnbHhJM M8rHHTHbiM MOMe HTOM pacceH B810l.UeR C HCT<!Mbl . 80 BTOpOM H TpeTbeM npu-

6JtK)KeHHSIX n.o6aanHeTCSI ewe aneKTpuqecKaH H MarHHTH8SI nonHpaayeMOCTH a n {3 • B cne.ny K>

wnx npH6JtH)K9HHSIX 1 XaK Mbl YBH.QHM HR)KQ 1 'IHCJlO H938BHC HMbJX DQCT0SIHHbiX 1 X8p8KTepH3YK>lUHX 

BHyTpeHHJOJO cTpyxTypy ttBCTHU&I-MnwenH, 6biCTpo aoapacTaeT; a s ToM c nyqae aMnnnTy.ny 6onee 

Y .ll06HO Bblp83HTb ttepea ~OpM-Q:>8KTOpbi . 4aCTb 3THX ct>opM-~8KTOpOB Onpe.aeJtSI9T DpocTp8HCTBQH-

aoe pacnpe.aeneune 3 n e xTpot.earHHTHOil nons:rpeayet.eocTn c ncTeMhl , .apyrag KX qacTb HMeeT 6onee 

CJlO>KHblA: (jJH3R'IecKHA: CM.blCJl . 

3 



KaK n a cny"'a.e xopowo nasecTHoR Q:>opMyn&t P o aeH6moca Q:>opM-cpaxTopbt ( nnn xoHcTaHTbJ 

n pu ue6onhwnx anepruHx) MoryT 6btTb onpe.a.eneubl u a c pa.sneunR Teope Tn'lecxoro ceqenusr c 

axc n e pHM9 HT8nbH bi MH yrnOB blMH pacnpe.a.eneHHSIMH . 

BoaM o >K e n 1 KOHe'IH0 1 u .a.pyroR no.a.xo.o: c pa.snusaT b c a xcnepnMeHTBnbHbiMH .aaHHbiMH ce'le

HH e 1 B KOTOpOM ¢ o pM-¢8.KTOpbi Bbi 'IHCneHbl C DOMOWblO KBKOR-nu6o KOHKpeTHOA MOllenu. Taxoe 

ce qeHHe stBnsteTCSI 3H8lJHTenbHO 6onee TOlJHbiM 1 "19M Bbi'IHCneHHOe HeOOCpe.C.CTBeHHO B p8MK8.X 

paCCM8TpHB8eMOA MO.Qenu. 

4ucneHH&Je oueuxu nonstpuayeMocTeA Hyxnona a u {3 1 nony'leHHbte c noMOWbJO Meaou-

Ho R TeOpHH C ¢HKCHpOB8HlfbiM HCTO"'HHKOM, npHBe.O e Hbl B pa6oTe/
4
/. B § 4 Mbl p8.CCMOTpHM 

BbllJHCneHHe a H {3 MeTO.llOM ,asoA:HbiX .OHCnepcHOHHbiX COOTHOWeHnA:. TBKOft MeTO.O. MO>KeT 

.aaTb a HB'IHTenbHO 6onee TO'IH&re peaynbTBTbl . O.a.Haxo 'IHCneHHbJX 3HB'IeHuA a.aecb ewe He nony-

qeuo. 

2. CTpyKTypa 8MDnHTY.llbl KOMDTOHOBCKOrO pacceSIHHSI 

BaauMoaeAcTsne anexTpoMar HHTHoro nonsr All (z ) c npOTSI>KeHHOA: .ae¢opMnpyeMoA cncTe-

MOA, HMeJOweR anexTpu q ecxu A aap SI.O. e , auoManbHbiA MarHHTHbtA: MOMeHT A n cnuu s - 'h: , 

ODHCbiB8eTCSI rBMHnbTOHHBHOM: 

H(x) = if;(x)ley
11

A (x) + ~u"" F.,., (x)ii/J(x)+ 
" 2 ~ 

ooma{3a an 
+ 1/J (x) l: 0 (p p ~ ;-:1>) x a. a. 

n,m= o 

"" s = "" >. >. j I ) 
x I r F ( x) F ( x) + r y F ( x) F ( x) + r v 11 p v F,, (x) 1\ (•) + r p 

11 
p v F (x)F ( x) + 

Imn W 2mn llll Jmr/ ,. /\II 4mn ll ~~~ 

,\ 

+ r y 11 p • _a_ [ ~ F (x) I + 
jmn ax· axv .\v 

s , a F (•! ~,.x 
r y y ~ F (x)p p>.. + 
fmn axv 1: 

+ a pMnT . conp. "' (.) 
3.o e Cb r - DOC TOSIHH bie KOa<Pct>uuHeHTbi; pV E ia/ a X - onep8.T0p qeTbtpeXMepHOrO HMnynb-

lmn 4 V 

ca , .a.eACT8YlOWHA H8. cnHHOp 1/1( x) ; 0 = La 2 / a X 
2 

- onepaTop' .oeACTBYJOlUHR H8 T9H3 0p ;;) 

v = p.v ~v>../ ~vilu 
::m e xTpo MaruuTuoro n o nSI FtL (XJ F (x) = £ F>..u(x); £ - nonHOCTbi:O BHTHCHMMeTpH'IHbiA 

e.oHHH'IHbiA ncea.aoTeHa op. 

r a MHnbTOHH BH H(x) y.a o sneTBOpR e T ycnOBHSIM p e nSITHBHCTCKOA H xanu6pOBO'IHOA HHB8pu-

8 HTH OCTe A ( T 8 K KBK M bJ He paCCM8Tpn s a e M BHpTyBIIbH blX 3 1I9 KTpOMBrHHTHbiX npouec c o a; 1'10 

::J "A ""' D " F IJ.V = O) H(x) HHsapuanTeH TBK>Ke n o OT HOW e HHIO K npeo6paaosaHnstM npocTpan-
1' 

CTB9HHOrO H SpeM9 HH Or O 0Tp8 >K9HHSJ . 

AMnntiTy.na ynpyroro pacceSJHUH 

p + k -+ p ' + k' 

Bbi 'IH CnSie TCSJ c n OM OlUbKJ c TaH.oapTHbiX npaann. WeCTb u e38BHCHMbiX HH-sapH 8 HTOB 3TOR aMnnVJ-

TY!l bl Vi HX COOTBe TCTBH e p83 nH"'HbiM qne H8M r8MHnbTOHVJ 8 H8 H(x) y K838Hbl B c ne.oyJOWe fi 
Ta 6nHue . 

4 

r 8.MBn bTOHH 8H 

/'A,. 
ul'" Fp.v 

"" 
F F "" 

I •JLV 
Y F F 

"" 
" v ,\ y p F

11 
I)..,+ apM,conp. 

" v ,\ 
p p F11 F>.v + apM,conp. 

aF >. 
/' P • ~ ( ~ F>.v ) + apM,conp. 

a X ax V 

, v aF >.,. ~ ,., >. 
y y ----- F p p + apM.conp. ax v K. 

om 
a (3 a a n 

(p p --a~) 
ax ax 

AMnnnTy.na {c TO'lHOCTbiO ao 'IHCneHHbiX Q:>a.xTos 

u c Teneuea M ; na.l5. cucTeMa. xoop.onHa.T) 

,. g 

g~ k, ;, 

(ee')(kk') - (e k ' )( e'k) 

I JLV~A 
y e ll e~ k ~ k). t 

(ek') wl;' + (e'k)wl;- ( ee')(wk' + w 1k ) 

ww' ·(ee') 

[{ee')(kk') - (ek ' )(e'k) ](w + w ' Jik + k') 

$ , ,.,, . , ' ' , JlVK..\ 
y (w kKk + wki<k ) e

11
•,;P,\t 

(kk ')m 

( w + w' J .:ln 

B aToll Ta.6nuue k •(w,kj u k' = ( w', I') - 'leT&rpexMepH&te HMn ynbC&I na.a.aJOuter o u pac -

c eSJHHoro y -xaauTos, 

'leTbtpexMepHblX BeKTOpOB B 

u e~ - HX nonstpnaauuu; ( ab J:: all b ll - cxanspuoe npouase.a.eHue 

u b ; B' = yll a,.,. . 

D.anee Mbl 6y.o.eM ucnonb3osaTb TBK>Ke cne,a,yJOI.UHe o6oaHa'leHnst: p - ( !tf, O) - '19 T &Ip ex-

M9pHbiA HMnynbC lJ8.CTKUbi-MHWeHH .00 838HM0.09ftCTBHS1
1 

CTBHH; S=(p+ .1:) 2
; t • (k-.1:' )2 

; Cos/J• k k'/ww' 
p~ · - ee HMnynhc nocne saan Mo.a.e A-

h • c • 1.1. • I. 

TaK xax npu aHanoriPIHOM s&rso.ae ¢opMyn&r Poaeu6moca (eM., HanpnMep/ 61 ) nonHuo-

MHanbH&rA BKII8Ll npOH3BO!lHbJX om H (p,/lp~ ...E._~/ MO>KBT 6biTb npe.QC T B.Bnen B BULle 
ax a ax 

KOaQ:><tJuu HeHTOB G
1 

( s, t J npu COOTBeTCTBYKHUHX HHB8.pH8.HT8.X: 

G1 (s,t) • 2 'tm/kk')m(w +w'J'". l: a
1

• (ww')•. 
n,m= 0 k,.O 

B e nn'IHHbi 
Bile 38.BHCSIT IIHWb OT yrna pacceSIHRSI: a

1
/lc • a

11
, (CosO) . B 3TOM nerKO y6e.a.HTb-

C SI 1 9CIIH y'leCTb, 'ITO 

(kk') = ww ' ( 1 -Cos IJ ), 

( w + w') > • 4 w w' + w 2 w ' 2 1 1 _ , Cos IJ) 
2 

/ M 
2 

CTeneub W 1 HB'IHHBSI C KOTOpOA BKII8.0 TOre HIIH IIHOrO HHB8pH8.HT8. CT8.HOBHTCSI OTIIH 'f

HbiM OT HYIISI, Tenepb BDOnHe 0'19BRD.Ha.x) 8 p860T8X/ l-S/ .OIISI Onpe.aeneHHSI 3THX CTeneHeA 

x) 
HanoMHHM, 'ITO 

w ' ~ wM / [M + w(1- C""IJ)]= w -w' (1 - CosiJ) / M+ •.• 

5 



CapyrnMK cnoeaMH, .anH onpe.aeneuasr qacna KOHCTBHT a paano>KeHHHX ¢opM-QlaKTopoa, KOTOphle 

cnenyeT y'IKTbJBSTb a aanaaaoM npu6nu>Keaun no cu ) Tpe6osanncb cno>KHble paccy>K,a.eanH . 

Tax: Kax ::tueprnu y -Ka8HTOB "' H w- B paanO>K9HHSI K03ctxPHIUI9HTOB G 
1 

( S 1 t) BXO.OJtT 

s an.ae npouaseaeunH "'"'' , TO 'IHcno ae aasncHWHX OT 3Heprun senn'IHH a1• , KOTOphle cne

ayeT y'IHTbJB8Tb s 2n -oM H ( 2n + 1) -oM npn6nH>KeHHHX, see rna o.anuaKoso. 

3. Ceqeane KOMnToaoecxoro p acceHHHH 

OnycxaH BbJliHCneHHH wnypos, npnseaeM OKOH'IBTenbHoe Bbipa>Keane nnH ::t<P<PeKTHsaoro ce

'19HHH 8 na6opaTOpHOA CHCT9M9 K00p.OHH8Tx): 

du(w, 0) 

dfl 

J J , '2 , 

.!!!'..~J.~--~1'+ (..!!.. -~-J~[(4a, -G 4 )(I+cos 7 0)-a (I-cos0/1+ 
an M "' M ' 

+ \>(~i'L)>(ww')>l a (I-cosO)( I-cosO+A(I + ~)(I+cosOJ]-· 
M w M' 1 

• 

- a> (I - cos 0) [ (I - cos 0 J' +A (I- cos 0) ( 3 + A> - cos 0)] + 

+ 2 a, (I -cos 0)• [3 +cos 0 +A (I +A )( I+ cos 0) ]-

- \> G
4 

(I -cosO)[(I -cosOJ'-A(2+A)(I -cos OJ]-

- 8 a,( I -cosO )7 
- · 2a 

1 
sin' 0 (I +cos 0 )(I +A+ A>)+ 2a: (I -cosO)+ 

+ I6 a:(2-cos0 +cos' OJ+ a :(I +cos' 0 )+ 2a, (a 4 -4a, )(I -cosO)'-

- 4a 3 a 4 (I- cosO + 2cos • 0) 1-

-v,(!!..• ~J2 ( ww' · J'[2a (I-coso/-ra' + a'-4a a - ·a G J(I-cos0) 3
-

lllw M ' z' t3 24 

2 , , 2 
-4( 4a

3
+ 2a,a

1 
-4a,a

1
+ a.a,J(I - .cosO) -y,a

4
(I+cos 0)(I-cos0)+ 

+ 4 a.' (I +cos 0 / + a 
3 

a 
4 

(I -cos 0) > (I - 3cos 0) -8 a 
3 

a,( I-cosO )(I+ cos' 0 !']+ 

2 , 2 (&)((.) ' ·4 .2 J 
+lf,(~~) (-) (I-cos0)[32a +(2a,a,-4a,a,+a4 a 1 )(I-cos0) ]+ 

M w M' I 

+ 4( ::_• ~) • ( ..!!'.E!.~) 1 a • (I -cos 0 )
4 

, 
M w M• I 

x) B&I'IKC119HKR wnypos ynpomalOTCR, ecnu yqecTb, 'ITO nusapnauT 

(ek')w e~'+ (e'k )w ' ·e'- (ee')(wf' + w' f ) -

• l2ww'(ek ' J(e'fc) + 'h[(ee' J(kk')-{e'k)(elb-2ww'(ee'))(w+w')(k +k'.) - • 

~vAA f3 ( •z' 
- _I_(w '.e e~kKp +we e' · l~pl< y 1 e e~k k ~,a ry (k +k'Jil2ww'-(kk ' )] 

2M' ~ A ~ v A a " ~ , 

B 

l 
I 

r.ne duP / dfl C9'1 9HK9 noyana (eM. <jJopMyny (5) 8 pa6 oT/
41 

); 

a I " a, (s' t); 

a,(s , t)- -f3(s,t) 

a
4
(s,t) =a(s,t) + {3(s,t) + 4a

3
(s,l) 

M' 
a(s,t).,.

7
(a+a

1
cu 2 + .. • ) 

M • > 
f3 (s , IJ=-;;r(f3+f3

1
cu + •.• ) . 

IIerxo sn.aeTb, tJ.TO, ecnn orpaun'IHTbCH qnesaMH nopH.aKa w , w2 nnn w 
3

, TO 3'1'0 Bhlpa-

>Keane cosna.aaeT COOTB9TCTBeHHO C Bblp8>K9HHSlMH 1 nonyqeRHbiMH 8 pa60T8X/l,
2

/ ,/
3

•
41 

,/S/ 1 ecnH 

BMeCTO flOCTOSlHHbiX a H < t 
2 > 1 HCflOnb30BBBWHXCH B STHX pa60TBX 1 BB9CTH HOBYIO flOCTOSIH-

ay10, pasay10 cyMMe 
a+ • • e < r > 

3M 
( < r 2> - cpe.aueKsa.apaTH'IH&IA pa.auyc pacnpe.aeneaus anexTpa'lecKoro aapsr.aa a pacceusaJOweA 

cucTeMe). Taxoe nepeonpe.aeneaue aneKTpaqecKoA nonRpuayeMocTH npe.acTasnHeTcR snonue no

HSITHbiM, TBK Kax na npnaeaeaaoro a n-pe.a&r.ayweM naparpacjle auanuaa cne.ayeT, 'tTO cpopM-<jlaK-

TOpOB
1 

onHt:biB810lUHX pacnpe.aeneHH9 3n 9KTpB'19CKOrO 38pH.ll8 H M8rHHTHOrO MOM9HT8 1 S 8MflnHTy

.ay XOMflTOHOBCKOrO paCC9SIHHH BXO.OHTb 1-te .QOIJ)f(HO. 

<t>opM-cjlaxTOpbi a ( w, cu') u 13 ( w, cu ' J onpe.aenRlOT npocTpaucTseuubie pacnpe.aeneHHR snexTpli 

'19CKOA: H M8r'HHTHOft nonRpH3Y9MOCT9A p8CC9BB8lOIU9A CHCT9Mbi. ¢B3H'I9CKHA CMbiCn .apyrBX 

cf:lopM-cf:lBKTOpOB HBnH9TCSI 6onee CIJO>KHbiM; qacTb 8MflnHTY.Ilbl 1 B KOTOpylO BXO.OHT nepSbl9 qneHbl 

p831JO>K9HBH STHX cjlopM-cjl8KTOpOS 1 38SHCHT H9 TOIJbKO OT noneA: ~~~ 1 HO H OT CKOpOCTH 't8CTH-

Ubl-MBW9HH. 

M&I xoTHM ewe paa OTM9THTb, liTO no cpasaeHHlO c pa6oTBM!!/t-S/ npe.anaraeMbl.A: 3.ll9Cb 

BbiBO.O 8Mn11HTY.0bi B C9'19HHSI KOMflTOHOBCKOrO pacC9SIHHSI SIB1JSI9TCH 6onee npOCTbiM H 6onee 

o6IUHM. 

4. CpasaeHBe c onhiTOM 

B xaqecTee npuMepa npaMeHeHJIH cjlopMynbi (2) paccMOTpHM sa>KHbiA qacTHhiA cnylla.A 

ynpyroro pacceSIHHSI y -K.BaHTOB H8 npOTOHBX. 3TO p8CC9SIHH9 H3Yli8110Cb 3KCn9pHM9HT81JbHO 

so MHOrux pa6 oTax ( sxcnepHM&HTBnbHble naaHble .anSI auepruA w .5 1.4C Mas co6paHhl a o6ao

pe141, aKcilepurvteHTMbH&Ie .aaaabre .anSI 6onee s&rcoxux sueprnA co.nep>KaTCR s pa6oTax
17 

·-e/). 

O.aaaKo TO'IHOCTb uaMepeuuA, Kax npasuno, otJ.eHb HBaxa. B o6nacTH auepraA w ~ 100 Mas 

H8H60nee TO'IH bi9 H3M9p9HHSI Bhlfl01JH8HbJ 1 nO-BH.OBMOMy, S pa60T9/ (Q/ • 

T 



Ha pHc. 1 H 2 peaynbTBTbi pacqeTos no ct>opMyne (2) a xy6uqaoM npH6nH>Keuua npa aaaqe-

- 43 3 -43 3 
HHSIX DOnSipRayeMOCTeA a • 9 •10 CM H {3 • 2•10 CM 1 BbJqHcneHHbiX no 3KCnepHM9HT8Jlb-

HbiM .aaHHbJM pa6oT&/
101 

1 cpasHHBBIOTCSI c peaynbTBTaMu: H3MepemtJt, nony"'eHHbiMH .c.pyrHMH aa

-ropaMa. K ax BH.O.Ho, a o6nacTH aaeprHa (l) < ( 100-150) Mas cornacne asnaeTCH snonHe y.aos

neTsopuTen&HbiM • .Llna Cp8BH9HHSI HB 3TRX >Ke pHCYHK8X npHB9.0.8Hbl COOTB9TCTBYIO W H9 TeOpeTuqe

CKHe KpHBbi9 1 BbJ1iHCJl9HHbie npH yCn OBHH , qTQ a a fj::. 0 ; 3'tH KpHBbi9 3HaqHT9flbHO Xy.>Ke COrna-

CyJOTCSI C 9KCnepHM9HT8JlbHbiMH .0.8HHbiMH. 

npa 3Hepi"JHIX ILl ~ 150 Mas B ¢opMyne (2) Heo6xo.aHMO Y'iHTbJB8Tb cne.nylOUlHe CTeneHH 

paano>KeHna qneHoa c KOHCTBHTBMH e , A 
1 

a {3 H cne.a.yJOWKe cTenean a paano.>KeHHHX 

<jlopM- <jlaKTOpoa. G1 • 

5 . .LlHcnepcHOHHblA flO.O.XO.O. K JI3Y'i9HHJO aneKTpOMBI"HHTHOA .nec1JopM8UHH npOTOHB 

liT06bl non y qHTb T90p9TB"'9CK09 Bblp8>K9HIIe ,QJlSI 3JleKTpHqeCKOA H MBI"HUTHOA: fi0JlS1pH3y9MO

CT9ft npOTOHB , 38M9THM 1 liTO "'BCTb 8MflnHTy.nbi KOMfiTOHOBCKOI"O paccestH HS1
1 

B bl p8>K8HH8SI qepea 
/~ . 

a H {3 (eM. T86JlHUY B § 2 1 8 T8K>K 9 ), Cne.ayJOWRM o6 p 830M CBSI38H8 C 06bi"'HO HCnOnb3ye-

MbiMH HHB 8 pH8HTH biMH 8MflJlH Ty ll8MH A I I 11 I 

F 
J 

_I _____ l_[ (M+E)(A +A CosO)- w+w'(A +A CosO)], 
--- 2 2 l 5 4 .J 2M (/.I + E ) Sin 0 2 

(3) 

F • .,j 2M(M+E) 
_I __ [(M + F)(A +A Cos0)-w+w'(A +A Cos0)]( 3' ) 

cvcu' Sin 28 1 1 2 4 s 

LM H E - Macca 11 aHeprxa npoToHa). 

Ha cpasHeHBSI 3THX co .. )THoweHIIA cne.nyeT, qTo 

a • - 2M~ 
at I f ao 

{3. 2M~ I at t=o 

(4) 

(4 ' ) 

LJ.ng Bbl 'i RCJleHHSI aMnnRTy.a A1 H A a ocnonb3yeMcSI npH6moKeHHhiM .a.HcnepcuoHHblM cooTHo-
112/ • 

W9HI'!9M l.fJJ:HH 8 ¢y6HHH 

A 1 (s, t) • 

BennqHHbl r, ( s) 

1 - r, ( s') 
-(--
rr s' - s 

(M+Ill 

(5) ds' + ..L ( r, (s'J __ ds' + !_ r ~ dt'. 
TT ;; _ -; · 11 t~ - t 

(M+~t):l 4 V.2 

H }
1 

(t) OpoCTO CBRS8Hbl CO cneKTpanbHbiMK ~YHKUHSIMH npe.acTaane-

HHSI MaH.nenhCTBMa: 3TH senH'iHHbl SIBnstiOTCSI qneHBMH Hynesoro nopH.aKa s pasno)KeHHSIX no 

CTeneHSIM H ( S- M 
2

) MHHMbiX "18CT9A 8MnnHTyll S -sonHbl C00TB9TCTB8HHO B nepBOM H Tp9Tb~ 
9M K8H8n8X p98KUHH l + p ... k' +p ' ·• noaTOMy IJCOOJlb30B8HHOe npe6nH>K9HJre He H3MeHSJeT 3H8lJe

HKA Ko,P<jlnuneHTOB a 11 {3 . 

TaKI'IM o(5paaoM, 

8 

\ 

a~ 2!!_ f _I.L~ ds' 
" (s'-,\1~2 
(M+l/.)1 

(6) 
]_A~ (- J ( :·; dt' 

" 2 t 
·~ 

fJ=-
2M - l (s ' ) , 2M(~ !..!!l_dt' 

2 ds +- ,
2 (s' - .lf2)2 " • ~2 t 

(M+~t) 1 

(6') 

C flOMOLUblO ycnOBKSI yHHT8pHOCTH B nepBOM K8Hane p e8KUHH c$yHKUHH /
1 

(s) H /
2 

( s ) 

MoryT 6btTb sbtpa.>KeHbi q epes aMnnHTy.nbl, a saTeM H ttepes nonH&te ceqeHHSI ¢oTopO.>K.O.eHH Sl 

11 -Me30HOB H8 HyKnOHBX. 0THOCSiil.llf9CSI CIO.na BOflpOCbl p8CCMOTpeHbl B pa60T8.X/ J
3

-
151 

1 003'tQ

MY Mbl onycTHM npoMe>KyTO'iH&re BbtqHcneHHH K cpaay npHse.neM pesynhTaT: 

r, ( s I = "• ( s i - 2u+ ( s i (I + _E_ i + 3 ~01 (1 - _!!___ i • 
8rr Vs 8rr Vs 

(7) 

f2(s) = "o(•) -2u+ (s) (1-4- )+ 3(p-l)"•(s)(l+ !!_), 
8rr .J s 16rr .J s 

(7') 

r.ae a
0 

H o+ - nonu&re ce'ieHHH cpoTopo>K.neHHH rr 
0 

H rr + -Meaouoa: y + p ... p + ,o n 

y + p ... n + 11 + ; a p - napaMeTp1 paBHbiR: npu6nH3HT9nbHO 0,5. 

T axnM >Ke o6paaoM ~YHKUHH 

COB TT + y ... TT +y u N+N ... rr+rr 

}
1 

(t) H ~ (t) MO)I(HO Bblp83HTb 'i9pe3 aMnnHTY.llbl npouec

• OnycKast CHosa npoMe)l(yTO'iH&Ie s&Jqncneunst, npnae.a.eM 

OKOH'i8T9nbHbl9 Bblp8>K9HHSI: 

] (t) -~ 4M
2 

.,j t - 4"
2 

[D' (t) + .i_(t -4~ 2 )D"(t))A ( t) , ( 8 ) 
l 3• 2 $ TT t • S • • 

1-4M 2 
-----, 

]
2

(1) = - ---,---- t
2.J _!_:::.~lL[D:(t)-.!...(t - 4/)D;'(t)]A.(t), 

3 · ~ " ' 3 

(8') 

r.ne D'. u D'; - .aae HeaasHCHMbiX aMnnHTY.Obi npouecca ., +rr ... y + y B S -coCTOSIHHH: 

A,,~yy = D'(ee') + D"2t(eq)(e'q). 

( q - HMnynbC TT - Me30HB B CHCT9M9 U8HTp8 M8CC 1 e H e' B9KTOp8 nOnS1pH38UHH y -KB BH-

TOB), A.- S aonua aMnnuTy.n&I ..aayxnnoHHoa auunrHnHUHH N+ .~ ... tT+rr. 

J..1ccnen.osaHHIO aMnnnTy.n D n A nocsstmeu uenbtA pst.n TeopeTHtteCKHX pa6oT (eM ., .aa-

/ 16-1 9/ • 
npuMep, ) , o.aHaxo qucneHHbtx peaynbTBTos eme He nony'ieHo. J..1cnonb3yst ycnoaue ynH -

TapHOCTH COBM9CTHO C ,QHCOepCUOHHbiMH COOTHOWeHHSIMK 1 3TJI 8MflJlHTY.0.bi M0)1(H0 Bblp83HTb 

qepea aMnnHTY.Obi npoueccoa ., +., -+., +., 1 y +"-+ rr+rr 1 aKcnepuMeH TanbH Oe uccnen.or:taHHe 

KOTOpbtX stBnSieTCSI 6onee llOCTyOHbiM (a 'i8CTHOCTH C fiOMOll.lbiO 8H8JlH38 nepucpepH"19CKHX B38HMQ

.aeR:CTBHA n 3KCTpanonstUHOHHbiX npoue.nyp)
141

• K co>KaneHHI0 1 SKcnepnMeHTanbHast uu~opMaunst 
a.aec b eme o'ieH b 6en.ua. 

9 
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PHc. 2 . 3uepreTn1.fecKast aasncHMOCTb ce"'eHJHI ynpyroro paccestHHH y -KBBHTOB 
ua npoTouax npH paanH "'HbiX yrnax paccestHHH. Bee o6oaua 1.feHHH H e.c.HH HUbl 

Te >Ke, "'TO H H8 puc. 1. 


