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AHHOT81l.SI 

06cylK.ll&EITCSI onpe.llelle&Re fi011SipR3yeMOCTR &TOMHhiX Sl.llep R HYJtliOHOB
1 

CBSI38HHOe CO 

CfiHHOBOI CTpyKTypol &MfiliRTY.ll pacceSIHRSI y -KB&HTOB 'l&CTRU&MR CO CfiHHOM, C fiOMOu:tbiO 

.ll H'CD9pCHOHHhiX COOTHOu:teHHI fiOll)"leHa OileBK& M&l'HRTHOI fi011S1pR3yeMOCTH npOTOHa. YKaaa­

Hhl npHMeHeHHH Tpe60B&HRI nepeKpecTHOI CHMMeTpRR .llliH fi011HpR3yeMOCTH H.llep C npOH3BOllb-

HblMH CfiHH&MR. 

~. 

Abstract 

The definition .of the polarizability of atomic nuclei and nucleons which is based on dispers ton relations and the . . 

spin structure of y-:ray scattering amplitude is discussed. An estimation of the maqnetic proton polarizabllity is ob­

tained. The applications of crossing sYmmetry are indicated for the polarizability of nuclei with arbitrary spins. 
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A.B. Mar.aan , no-sa.aaMoMy, Bnepsble npHMeHHn npe.acTasneHHH o nonHpaayeMoCTH 

H,aepHOA MaTepHH OpH paceMOTpeHHH paeeeHHHSI 
121 

paMH. noa>Ke neBHHrep • PaM3elf, ManeHKa H 

aHanH3HpoBanH pa3Hble eTOpOHbl npe,acTaBneHHSI 0 

Y -KE.aHTOB ManbiX SHeprHA aTOMHbiMH H.Q-
13 I 14 51 

K pyae , a B nocne.aHee speMH Ban.aHH' 
/1/ 

nonHpHayeMocTH H.aep. Mar.aan .aan 

o6wae cpopMynbl .anH nonHpHayeMoeTH eno>Kablx H.aep B 6eecnaaosoM enyqae, nesaarep H 
16/ 

PyeTrH paeeMoTpena B ·1957 r. HMeBwHeest Tor.aa axenepHMeHTanbHbie .aaHHbie o nonstpa-
17/ 

ayeMoeTH, a nesHarep nposen no.apo6Hoe epaBHeHHe cpopMyn Mar.aana e SKenepHMeHTanb· 
/4 5/ 

HbiMH .aaHHbiMH. B eaMoe noene.aaee speMst Ban.aaa ' Bbl.aBaHyn npe.acTaBneHHe o6 aHH-

30Tp0DHOM xapaKTepe nonHpH3yeMOeTH aTOMHbiX st.aep. 

C .apyroA eTOpOHbl, B eBst3H e OflbiTaMH DO paeeestHHIO Me.aneHHbiX HeATpOHOB st.apaMH, 

a TaK>Ke B eBH3H e aaanH30M cpOTOpO>K.QeHHH DHOHOB HyKnOHaMH H paeeeHHHSI Y -xBaHTOB 

/8-12" HyxnoHaMH 6blno sse.aeao npe.aeTasneaae o nonHpH3yeMoeTH npoTOHOB H aeATpoaos /eM. I. 

B 6onbwoA 'laeTH pa6oT sse.aeaae anexTpH'IeexoA nonstpaayeMoeTH eBH3biBaeTcst e xnae~ 

eH'IecKoA aHanoraeA. 3aTeM HenOnb3yiOT eBH3b nonstpH3yeMOeTH 

.QHDOnbHOrO MOM9HTa, OpHXO.QSIT It cpopMyne 

a ~·-!; f 
UBI (y) cJy 
___ y_:l __ 

H nposo.astT aaanora10 c peneescKHM paccestaHeM. 

a CO cpe.aHHM 3Ha'leHHeM 

/1/ 

AaanH3 CDHHOBOA CTpyKTypbl 8MDnHTy,abl ynpyroro paccestHHSI cpoTOHOB H HCOOnb30B8HHe 

.QHCDepCHOHHbiX eOOTHOWeHHA / .a.c.l D03BOnHIOT e,aHHbiM 00pa30M no .a OATH K onpe.aeneHHIO H 

• aaanH3y DOnHpH3yeMOCTH H,aep H HyKnOHOB. 

npe.acTaBnsteTest, 'ITO .anst aaanH3a paceestHHSI MO>KHO ·HCXO.QHTb DpHMO H3 CDHHOBOA 
/13 14/ 

CTpyKTypbl aMDnHTy.abl KOMDTOH-ScpcpeKT8 /eM., HanpHMep, ' ,anSI 'ISCTHU CO' CDHHOM 

1/2 H/
151 

-.anst paceestHHH Ha '18CTHUaX CO CDHHOM }/ H paceMaTpHBaTb nonstpH3y9MOCTb 

ItaK senH'IHHY, · xapaitTepH3YIOWYIO, HapH.ay C 3apst.QOM, MarHHTHbiM, KBa.apynonbHbiM H 11pO­

'IHMH MOM9HTaMH , npe.aenbHOe 3Ha'IeHHe aMnnHTy.Qbl .QByXcpOTOHHOro B3aHMo.aeiicTBHSI qae-

T.IIIl. no TOM·Y, KaK OlleHHBaeTCH IIOnstpH3yeMOCTb B SKCnepHMeHTaX 110 paecestHHIO Y -KBaH-

TOB, ee MO>KHO Ollpe.aenHTb cpopManbHO ItaK ItOScpcpHilHeHT llpH KBa.QpaTH'IHOM 110 'laCTOTe H3-
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ny''leHHSI cnaraeMOM a aMnnHTy.n:ax R 1 I aneKTpH'IecKaH nonspH3yeMOCTbl H B pa3nO)KeHHH 

R 2 /MarHHTHaH nonspH3yeMoCTbl. Ha3BaHHSI HaBeSIHbi xapaKTepoM cocTOSIHHit, nornome-

HHe cPOTOHOB B KOTOpbiX OnHCblBaeT Ka)KL{aSI H3 ynOMSIHYTbiX aMnnHTy L{ 1 'ITO C ne.n:yeT KaK H3 

. /14/ . 
CnHHOBOft CTpyKTypbl aMnnHTYLJ:hl, TaK H H3 COOTHOWeHHft YHHTapHOCTH /eM. /7/ B H /22/ 

/15/ . 
a I .n:na 3Ha'leHHil cnHHOB 1/2 H 1 I. XoTSI npH aTOM Mhl He onHpaeMca Ha KnaccH'IecKyiO 

aHanorHI01 MO)KH(), OTMeTHTb 1 'ITO STH Onpe.n:eneHHSI OKa3biBaiOTCSI y.n:o6Hb!MH .n:nH aHanH3a 

pacceSIHHSI, YfMeHHO TaKOBa 6bina nocT8HOBKa 3aL{a'IH LtnSl npOTOHHOrO KOMnTOH-ScPcPeKTa B 

/16/ 
SKCnepHMeHTanbHOM HCCne.n:oBaHHH rpynnbi CI>YJAH • 

TaK KaK nonHpHayeMOCTbiO MO*HO xapaKTepH30B8Tloll ynpyroe pacceSIHHe Y -KBaHTOB 

TOnbKO B o6nacTH aHepr.HA 1 MHoro HH*e noporos HeynpyrHx npoueccos 1 H3 .n: .c. nonyqa-

eTCH 1 'ITO CYMMa aneKTpH'IeCKOft H MarHHTHOft nOnS!pH3yeMOCTeil a + aM pasHa 

00 

aM-+~ =lim__!!_(R+R)= be fa <v) dv 
v~o dv 2 1 2 2112 11 :z 
0 0 ~ 

/2/ 

r.n:e v, -nopor HeynpyrHx npoueccos. 3To Bbipa*eHHe oTnH'IaeTcH OT o6bi'IHO npHBo.n:H-

MblX TeM 1 'ITO B UOnHOQ C9'1eHH9 nornoll{eHHSI UOL{ HHTerpanoM BXOL{SIT BKn8L{bl Bcex COCTOSI-

HHft1 a He TOnbKO aneKTpH'IeCK09 LJ:HnOnbHOe nornomeHHe 1 KOTOpOe L{On)KHO BXOL{HTb no 

CMblcny KnaCCH'IeCKOft aHanorHH • .LlnH H.n:ep 1 r.n:e OCHOBHbiM OK83biBaeTCSI L{HnOnbHOe norno-

ll{9HH9 1 BBQL{9HH09 BbiWQ Onpe.n:eneHH9 nonSipH3y9MOCTH npaKTH'I9CKH He npOTHBOp9'IH? Onpe· 

.n:eneBH10 1 CBSI3aHHOMy CO CpeLJ:HHM 3Ha'I9HH9M LJ:HUOnbHOrO MOMeHTa. 8 cnyqae )Ke HyKnOHOB 

senH'IHHa KBa.n:paTH'IHoro no qacToTe cnaraeMoro onpe.n:enHeTcH BKna.n:oM scex cocTOSIHHA a 

C9'19HH9 cPOTOpO)KL{QHHSI UHOHOB 1 XOTSI pO)KL{QHHe UHOHOB B S -coCTOSIHHH 1 CBSI38HH09 C 

aneKTpH'19CKHM LJ:HnOnbHblM nornoweHH9M 1 HrpaeT B8*HYIO ponb. 0TM9THM TO 06CTOSITenbC1'­

B01 'ITO onpe.n:eneHHe /2/ H9 38BHCHT OT 'IHCna Bbi'IHT8HHft B .n:.c. 

MarHHTHaH nonHpHayeMoCTb a.n:ep1 ecnH onpe.n:enHTb ee KaK yKa3aHo BbiWe 1 OKa3biBa­

eTcH 3Ha'IHT9nbHO M9HbW9 aneKTpH'IQCKOft nonHpH3y9MOCTH • .LlnH .n:eftTpOHa STO cne.n:yeT H3 

H3B9CTHbiX cPOpMyn .n:nH C9'19HHft L{HUOnbBOrO aneK TpH'19CKOro H MarHHTHOro pacmenneHHSI 

.n:eilTpOHa B o6nacTH ManhlX SHeprHft • .LlnH Sl19KTpH'19CKOi! UOliSipH3y9MOCTH .n:eilTpOHa HM99M 

a = 1 e2 b 2 

32 ""1lfT 
•l -39 > 3 

( 1 -'y J = 01 64 . . 10 CM 1 /3/ 

MarHHTHaH nonHpH3yeMOCTb .n:eilTpoHa pasHa 

2 2 :l 2 
a =_.!_(~)_1_(l+y~)_!:_(p-JL) 

M AI c 2 
f 12 f MP c2 

P " 
141 

/15/ 
I o6o3Ha'leHHSI Te *91 'ITO H a I. l-13 cpasHeHHSI /3 I H /4/ BHLJ:HO 1 'ITO aM<< a. 

LlnH 6onee TSI)KQnbiX SID:9p ManOCTb MarHHTBOft nonHpH3yeMOCTH CBSI3aHa C OTHOCHT9llb­

HO Ma·nof!: ponbiO MarHHTHbiX nepexo.n:os a ¢oToH.n:epBbiX npoueccax. 
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/16/ 
n()nSipH3yeMOCTb IIpOTOHOB He.o;aBHO 6blfl8 HCcneAOB8H8 9KCIIepHMeHT8flbHO IlpH 

H3y'leHHH KOMIITOH-9!l>!l>eKT8 B o6nacTH 9Hepi'HH 40-70 MsB, ABTOpb! npHllWH K 3aKfliO'IeHHIO 

0 TOM, 'ITO sneKTpH'IeCKaSI IIOflHpH3yeMOCTb IIpOTOHOB paBHa 
-43 3 

a = ( 9 ± 2 ) , 10 CM 

a Mai'HHTH8H IIOnHpH3yeMOCTb COCTaBnHeT 

-43 
aM= ( 2 ± 2 ) . 10 

3 
CM • 

OrrapaHCb Ha .o;.c., Ban.o;HH rrpawen .o;nH cyMMbi sneKTpH'IecKoii H Mai'HHTHOH rronHpa-

3yeMOCTH IIpOTOHa K OUeHKe 

-43 3 
a + aM= 11 . 10 CM /5/ 

OueHKH .o;nH Mai'HHTHOil: rronS1pH3yeMOCTH rrpoTOHOB B naTepaType He H3BeCTHhi. PaccMo­

/14/ 
TpeHHe aMIIflHTyA Y - P -pacceSIHHH BrrepeA, rrpose.o;eHHOe B , II03BOnHeT orrpe.o;enHTb 

Mai'HHTHYIO rronHpH3yeMOCTb IIpOTOHOB, .[lnH 9TOI'O AOCTaTO'IHO H8HTH KBa.o;paTH'IHb!il: no qaCTOTe 

qneH B ·pa3no)KeHHH .o;eltCTBHTenbHOlt '18CTH aMIIflHTYAhl R 
2 

Y''IHTb!BaH, 'ITO IIO CMb!Cny IIOnSipH3yeMOCTH HYKflOHa OHa Orrpe.o;enHeTCH OCHOBHb!M 
2 2 

qneHOM pa3no*eHHH BHAa (II I ·11, ) , a He ( 11 I M ) , KOTOpb!lt cBH3aH c s~P!l>eKTaMH 

OTAa'IH, H paCCMaTpHBaH .o;,C, K8K .o;nH 

00 

d11 
112 

JlflH Mai'HHTHOlt nonHpH3yeMOCTH, H 

2 2 2 2 

I w I + 2 ~I + -!- ~tl - -6
1 IE I 

I 3 i> 2 2 

"' .J .2 2 

a = 2/71 J ~ I IE I N+ 2 IE I + L IE 1
2 
-L IM I 

1
, vl t J 3 J G J 

t 

/14/ 
.o;nH sneKTpH'IeCKOit /onpe.o;eneHHH aMrrnHTYA !l>oTopO*AeHHH eM. B I. 

161 

171 

XoTH ~PopManbHO TOflbKO cyMMa 

E 12. 
nH'IHe He6onbWHX BKna.o;OB 2 H 

OK83biBaeTCH IIOnO)KHTenbHOit BenH'IHHOlt, Ha­

peanbHO He MO)KeT H3MeHHTb IIOnO)!{HfinhHOCTH 

a H aM .o;nH IIpOTOHS B OTJtenbHOCTH, 

EcnH rrpHHHTb BO BHHMaHHe !l>OTOpO)K,ZJ;eHHe IIHOHOB nHWb B pe30H8HCHOM 
p -COCTOSI-

HHH, IIpHXOAHM K OUeHKe 

3 
CM , /8/ 

C IIOMOWbiO KOTOpolt H3 pe3ynbTaTa Ban.o;HHa rronyqaeM 

/9/ 

'ITO 6nH3KO K 9KCIIepHMeHTSnbHbiM OUeliKSM. 

5 
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H eT OCHOBSHBI nepeoueHHBST:b X'opowee cornacHe /9 I H /10/ c axcrrepHMeHTaJibHbiMH 

llaHHbiMH, IIOCKOJlbKY KaK SKC!I9pHM9HTaJI:bHbl9 .uaHHble, T8K H peayJibTaTbl OII9HOK Tpe6yiOT 

!IpHBJ19'19HHH 6onee COJIHllHOI CT8THCTH'I9CKOI 00p860TKH. 

/14/ 
l1CII0Jlb30B8HH9 !IpHHSITbiX B llSHHbiX 0 cP0TOpO)Kll9RHH .!IHOHOB B 8 -cOCTOSIHHH 

IIpHBOllHT llJISI 3JI9~TpH'19CKOI !IOJIS!pH3y9MOCTH K HH)KHel OII9HKe. 

a > 4,2 ' 10-48 
cM

3 , 

/11/ 
cosna.uaiOwel c peayJibTaTaMH Ban.uHHa H ¢on.uH /eM. I. 

npH OII9HKaX HH)KaiWHX IIO KBa.LlpSTy 'laCTOTbl CJiaraeMbiX B aMIIJIHTy ll8X 1 aHaJIOrHq­

HbiX R; H B CJiyqae !IpOH3BOJibHbiX 3Ha'I9HHI C!IHHOB OKa3biBaeTCSI HHTepeCHbiM IIpHM9H9HH9 • 
Tpe6oBaHHI nepexpecTHOI CHMMeTpHH. K ax H3BecTHO, HapSillY c aMnnaTy.uaMK R; B 

/17 18/ 
C,II.M, BBOllSITCSI HHBapHaHTHble aM!IJIHTYllbl /o603Ha'I9HHbl9 B ' qepe3 T; /, KOTOpbie 

B CHJiy nepexpeCTHOI CHMMeTpHH 06Jiall810T !IpOCTbiMH CBOICTBaMH !IpH 3aMeHe 'laCTOTbl II 

R T /18/ 
HS -II • Vl3 COOTHOW9HHI M9*llY SM!IJIHTyllaMH i H i //1/ B / cne.uyeT, 'ITO, 

HanpHMep, pa3JIO)f{9HHe .uel.cTBHTeJibHOI qacTH BeJIH'IHHbi ~- R
4 

llJISI qacTKII co crralioM 

1/2 C TO'IHOCTbiO ·llO 8cPcP9KTOB OT .Lla'IH ll0Jl)KH0 COll9p)f{aTb JIHWb H9'19THbi9 CT9!I9HH 11/11 t 

L!JISI 'laCTHII CO C!IHHOM 1 B npeHe6pe)f{9HHH 8cPcP9KTaMH OT.ll8'1H .~MIIJIHTY.Llbl A,B,C H Ll, 
/15/ 

OIIp9.ll9Jl9HHbl9, Ha!IDliMep, B , TaK)f{9 06JIS.LlaiOT OIIpe.ueJI9HHOI '19THOCTbiO !IpH 38M9H9 

II-+ _,II 1 TaK 'ITO Tpe60B8HHH nepexpeCTHOI CHMMeTpHH !IpHBOllSIT, Ha!IpHMep, X TOMy, 'ITO'· 
2 

B9KTOpHaH !IOJIHpH3Y9MOCTb 1 9CJIH IIOIIbiTaTbCSI OIIJ:-9ll9JlHTb ee KaK HH)f{SftWHI 110 II xoact>-

ct>auHeHT B aMIIJIHTy.ae B , o6pawaeTCH B HYJib. 

AHanorK'IHble coo6pa*eHKH 6y.uyT rrone3HbiMH npH paapa6oTxe TeopHH pacceHHHH Y 

KBSHTOB aTOM Hb!MH Slllp8MH C !IpOH3BOJI:bHbiMB C!IHR8MH. 

ABTop 6naro.aapeH H .A. CMopOllHHCKOMY 3a HHTepecHble o6cy*.aeHHH a A .M- Ban.aHHY 

3a !IOJ193HYIO KpHTHKy. 
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