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B 1955 r. XoBmT~TepoM 61:vm BIIDOJIHeH!l nepnue oni.Tu no a:iyqe­
mm ynpyroro pacce.f!HHj{ a.11eKTpoHOB npoToHaMR. C aToro BpeMeHR pac­
cemme 3JieKTPOHOB HyKJIOHaMR H3ytJaeTC.fI Ha pa3Jrn'IHHX 3.IIeKTPOHliblX 
ycKOPRTeMX npa pa3HHX 3HeprlUIX. B '1968 r. OUJlli Ha'IaTH 3KCnepmt.eH­
T!l no H3y'IeHRIO rJiy60KOHeynpyroro pacce.fIBM aJieKTPOHOB npOTOHaMR. 
3TH OilUThl curpaJlli HCK1llO'IUTeJIE,HO Ba.JKHylO pOlll, B IlOHHMaHRR CTPYKTypu 
~OHOB. Euna OTKPHTa MacmTa6Ha.fI HHBapuaHTHOCTb (sca.C~r~q) u nos­
HHK ne.lllIB P.fI.lt HOBHX HanpanneIIBH TeopeTu'!ecKHX uccne.n;oroHR't!: napTott­
Ha.fI MO)l;elll,, H3y'IeHRe oco6eHHOCTett KOMMyTaTOPOB TOROB Ha CBeTOBOM 
HOHyce, aBTOMO)l;eJIE,Ha.fI acHMilTOTRRa B J!OKaJIE,HOH Teopna Il0.11.fI a .n;p. 

,llHccepTanaR nocBJI111eHa usytJeHRIO nponecca ynpyroro pacceru,RR 
JienTOHOB HyKJIOHaMR 

e+N.-f.+ N ( 1) 

n nponecca r.ny6oKoHeynpyroro pacce.FIHHR .11enTOHOB npoTOHaMR 

e+p--e+··· c2> 
B HaCTO.fI!llee BpeM.fI HaKOilJieHa o6mnpHM !UlqJOflMaUR.fI 06 3THX npo­

neccax. 0.n;HaKO .n;o CRX nop He 61,1.11 npone.n;eH CRCTeMaTR'IeCKRtt ~HaJIR3 
Bcex no.nyqeHHUX .n;aHHUX. TaKofi attaJIR3 6<1,1 B~OJlHell B pa6oTaX" 1- 101. 
MeTO,ll; ojpadOTKR ,naHH!IX, pa3BHT!ltt B OHID11111 R liCil0Jll,3QBamam pa­
Hee )];71.fI BOCCTaHOBJieHWI aMilJ!RTy)l; HYKJIOH-HyKJ!OHHOro !'I IlROH-Hj'RJlOH­
HOro pacceRHIDI, 6HJI BnepBue npRMeaea npn attaJIUse aJieKTpoMarHRTHHX 
nponeccoB (1) a (2). 

Uem, pa6oTu cocToHT: 
1) B nonyqeHRH ;J:HqJOll\lanaH O qiopM!paI{TOpaX Id CTPYHTYPHhlX qiyHK­

nnmc ttyK.11oaa; 
2) B cpanHeHll.R no.nytJeHHHX pesym,TaTOB c Teopaeil; 
3) B npe,nJio~eHRH 3KcnepRMeHTOB, KOTopue Il03BOJIBJIR 6H OTDe­

TRTL Ha aKTyaJILHue Bonpocu TeopRH qJOTOH-a,IUJOHHHX B3aliMo)l;ettcTB!dtt,n 
B B!HICHemm TaKIDC IU'!HeMaTH'IeCRHX 06JiacTeli, B KOTOPHX c.11e.nyeT npo­
BO,ll;RTL 6y.ny11tRe R3Meperum. 
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ll pa6oTe He CTaBIDiaCL ~eJII,IO npoBe!)Ka R8.KO:i1-Jm60 ROHRpeTHOH 
MO,ne.Jll'l. Hae lllHTepecOBaJIH npellt,ll;e Boero OO!l!Re 38.KOHOMepHOCTlll B no­
Be,neHRR g;iopMcpa.RTOPOB R CTPYRTYPHIDC (!JYHRIUIH. 

n111ccepT~R COCTOlllT 1113 Tpex rJJaB, BBe~eHRR Ill 38.KJWlleHRR. 
B nepBOH rJiaBe (BBe.n;eHRe) no~o6HO R3JU!I'a.JOTCR 06m111e COOTHome­

IillR, ROTOPHM Y~OBJleTBOPfiIDT qiOpMipaRTOPH Ill CTPYRTypHHe ~YHR~ HYRJIO­
Ha. 3TR COOTHomeHRR ncnOJU,3yIDTCR np111 aa.aJmse pesyMTaTOB onHTOB. B 
nepao0 rnaBe 06cy:30taetcH TaK%e napTOHHaH RHTepnpetaURH rny6oKo­
Heynpyroro e-p-paccreHHHH. 

Bo BTopon rnaBe 111sJ1o~eHH pesyJII,TaTH aHaJmsa on11TOB no ynpyro­
MY paccemmro 3Jl8RTPOHOB npOTOIIBMlll H 3JleRTPOHOB 'AeltTOHru,m. 06!jqHo 
qiopuipaRTOPH npOTOHa ll3BJleKaJOTCR lll3 3Rcnepm.ieHTaJIE,HHX .IJ:aHHHX nyTeM 
IlOCTP08IillR "npJIMOH PoseH6moTa" (npn qiJIBcupoBaHHOM 9 )l, ) • Han~eHHHe 
Ta.KRM cnocOOOM 3HaqeHllfi qJOJXll~RTOPOB annpo:rrnru.mpyIOTCR T8Mlll 111m1 
RHIB~lll aHaJll'lTRqecRlllMlll BHpalKeHRRMlll. 

B HaCTORmeK 'ARCcepT~ RHqio~R 00 3JleRTpoMarHRTHIDC qioI)M­
qia.KTOpax HyRJIOHa (CTPYRTYPHHX qiyHRrumx npoTOHa) lll3BJleRaeTCR Heno­
cpe~CTB8HHO 1113 'AaHHHX no ~111iw:,epe~aJII,HHM ceqeH111.s1M. C caMoro Haqa­
Jia np111H111MaeTCR onpe'AeJieHHM saBRCRMOCTL WO:f'Mipal<TOPOB (cTpyKTyPHHX 
WHRIUin) OT cooTBeTCTBYIDmHX nepeMeHHmc. CBo6o~HHe napaMeTp11 Ha:xo­
~CR ns Bcex nMerom111xcR aRcnepHMeHTanLHl:lX ~aHHwc nyTeM MlllHilMR3~R 
ipy HRIUIOHaJia 

;i_ ~ 'r 1 { N rnea'f .2., 
X: == L ? -:t. o. - cY. ) (3) 

/ i. '"'iZ ~i;K. 1.-;K. /(. t.. • 

3,necL <Y.. - ceqeIIBe ·B i.. -TOH TOqRe, lll3MepeHHoe B K.-OM 3Rcne-
(.," K., 

pru~eHTe; '.6 .. - o!llR6Ra BeJmqJllHH o-L . I{_ ; o-_Teop - ceqemrn B 
• L., K- I L 
L .-Toti TOqRe, B11q111cneHHOe no COOTB8TCTBYJalllllM TeopeT111qecRHM ~OPMY-

JlaM. MHOJKJllT8Jlll N K, RBnRIOTCR Bap!i111pyeM1JMll napruJeTpa.v.111 R BBO~CR 
~M yqeTa B03MO~HHX CllCTeMaT111qecRJ11X OmR60K K,-Oro SKCnepRMeHTa. 
MlllHlllMR3a~ (!JYHRIUIOHa.na J<:i., npoBO.n;lllTCR M8TO~OM '1il.eapR3aIUIR, 
npe.n;JIOlK8HHblM B pa60Tel11/ no nporpaMMe FUHILI 121. 

B TeqeHRe ~o1!I'oro BpeMeHR cqnTaJiocL,. qTo .n;aHHHe no ynpyroMy 
e-p-pacceRHRID MoryT 6!1TL y~OBJ18TBOPRT8J11,HO on111caH11, ecJIR npeMOJIO­
lKRTL, qTo WOpM~a.KTOPll CBR3a1il:l MacmTa6HHM COOTHomeHReM 

GM <fl> ==f-t GE(f·) (4) 
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1. 

( /1-p - MaI'HRTHHH MOMeHT npOTOHa} . 
Ill :imeeT MeCTO .n;lllIIOJlI,HM lpOp.lyJL9. 

- 1 G (q2.)-= I == G (q!l.) 
f-lf H l . (t + £ )9-. r:, l . 

(5) 

B .IJ:lllCCepT~ lllCCJle.n:yeTCR BOnpoc o6 OOJiaCTIII npRMeHRMOCTR .D:111-
IlOJl!,HOH qiOp.!yJm. IloKasaHO, qTo Bllp&teHIDI (4) Ill (5) nosBOJIRIDT Oillll­
caTL .n;aHHHe TOJII,RO nPJll OTHOCJIITeJII,HO MaJIWC c(· ( 'i~ 0,43 (raB/c>2). 

naJiee 6HJia no.nyqeHa TBRM napaMeTp1113~ WOl)MipaRTOPOB, C no­
MOmI,ID ROTopolt MOlltHO ormcaTL ~arurne no ynpyroMy e-p-pacce.lIIIIDO BO 

l. ~ 2 Bcea o611acrn 9,. (0,012 ~ Cf ~ 25.03 (rsB/c ) • nJIR qioµ.$.RTopa 
G H ( f·) 61mo npe.n;JiollteHo BHpal!teime 

_L I l. _ 83 . 1 - gJ 1 - If Q L ( 
6

) 
G lG )--- + --== I 

fp H I t + ~j2- 1 +1_{- (! +~{i..J(t +6:i.f) 

6 = g g + 6 (1- 6,) ..z. .3 1 .., • 

KOTOpoe RBJ1R8TCR o6o6meHReM (5) R nosBOJIReT no.nyq111TL TO llt8, qTo 111 
(5), noBe.n;eHRe B o6JiaCTlll 6om,omx 9,J... •• Arurnor111qHoe BHPID[8Hllle npRIDI­
MaJIOC!, .n:M 3ap~OBOrO-cpOpMgiaRTOpa GE( c('-) • 'l'aRlllM BHpaJKeHMM OT­
Beqa.JJT IlJlOTHOCTL 3ap~a III MarHRTHoro MOMeHTa, npe~cTaB.1lID001Re co60H 
cyMMy ~nyx pacnpe~eneHRlt Dxaau. 

AHaJIHs nona3aJ1, qTo C IlOMOmLD (6) MOryT OUT!, onncaHu Bee lllM8IO-
mR8CR ~aHHue no ynpyroMy e-p-pacceRHRD. ~ 

nM napaMeTpoB no.nyqeHH cJie.n:yRlltRe 3HaqeHRR (_7 I .. f"- =416/339): 

~ = (0,58±U,03) (rsB/cJ-2 , 
6l. = (G,42±0,0'7) (rsB/c)-2 , (?) 
8
3 

= -0,33±0,03. 

hc.1111l, .B .n:yxe B8KTOPHOH ~OMJa:HaHTHOCTIII RHTepnpeTlllPOBaTL napaMeTp!l 
(i._Y.f.= mi.. KaR sitxI>eKTRBHHe "Maccu", TO o.n;Ha 1113 Haii.n;eHHUX "Mace" 
Jl8lltRT B OOJiaCTR .f , w -Me30HOB ( ~= (0,64±0,01) raB), a .n:pyrM 
- B o6JiaCTIII y'-Me30Ha (rn.L:(1,31±0,0J) raB). n)lf! ~yea HyRJIOHa 
1113 (6) nonyqae~ 

• llplll Il0111CK8 napaMeTplll3aillill ~OJldqiaKTOPOB MU lllCXO.ItlllJll'l 1113 Toro, qTo 
XOTR BO BCeH 06.nacTIII ~l..n:aHHHe Ill He OllllC!lBa!OTCJI .D::l'IIlOJlbHOH qioIJ,1y­
non, OTKJlOHemrn ipOpM,pa.HTOPOB OT 3HaqeHJlllt, .n;aBaeMHX (5), H8B8JIRRO 
(He 6oJiee 20%}. 
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✓-<--i'\ =(0,83,t±0,003)F 
qTo cor.nacyeTca co sHaqe1meM paJ:tRyca, no~eH.Hl,IM B axcnepm!eRTef13/ 
no l1l3Mepemm e-p-pacceamm npR Manmc q_~ • ~3 (6) c11e.zr.yeT, qTo 

8 = (.;.Q,02+0,08) {raB/c)-2 • (8) 
- 1 

llonyqeRlUl:e pe3ym,TaT1:l Re npOTRBOpeqaT, CJ18,ll,0BaTem,Ro; -,, - noBe-
.n;emno ¢lOPMrpa.RTOPOB np:a 00.llbllIWC Cf_ 2- • - 2- Cf,_ 

- IloBe.n;eH:ae ¢!0.PMqJaRTOPOB B O0JiaCTH oom,mmc i npe.n;cTaBMeT 
RCK.7IXl'll!T8JIE,R!:ili RRTepec ,ll,M Teop:a:a. B Jm.TepaTYpe HeO,ll,HORpaTHO o0cyllt­
,ll,aJmCI, TIDJteJll:le RetfTpam,Hl:le B8RTOPH1:le qacTmn,r (TJillteJlble qJOTOHl:l,rJIJOO­
lill). ~ymecTBO:saHHe TaRIDC qacTm:( H8COMHeHHO CK83anOCI, 01:l Ha IlOB8,ll,e­
lllU1 q>Ol)MqiaRTOpoB B 00JiaCT111 00.llbllll11X 9,, 2- • BosmmaeT BOnpoc, He HB­

JIHeTC.II 1fR MHOUTem, (!- 6c() pe3ym,TaTOM pa3n.oJ1teHIDI no Bi~ BHpru!e­
IDi.lI I? l- • .1:3 CB/!3111 c 8THM ,IJ,aHHHe no e-p-paccemuu:> 0HJIH npoaaa-

f + o 9- .2. 
JIBsnpoBaHH B npe.n;noJ1011teRHH, qTo qiop,1rpaRTOP G H ( 1 ) :r.weeT BHJJ: 

_L G ( .i) - - i l9) 
f-t H j - (t + fc{L)(J + 8~f·>(1+ 6

1c/·) . 
~ -

.UJI.II napaueTpoB HEill,ll,eHl:l cJie.zr.yvJtHe 3Ha1ieHl1l.lI { ./ / .f :1... = 384/320) 

6
1

1 

= (0,61±0,03) (rsB/c)-2 , 
g~ = (2,31+0,06) (rsB/c)-2 (10) 

L -
6' = 0,04±0,004. 

COOTBeTCTBYJOOIRe "Maccl:l" paBHl:l 

m, = (1,28±0,03) raB; 
m. = (0,67+0,01) raB; (11) 

J.. -
rrL= (5,00;t0,22) raB. 

Ha pnc.1 npRBe.n;eHH rpaqnmn qiyHRIU!n 

_!_ 3-1~ 
t'-f G-~( 9!%.) 

FJ:lqUCJ18HHillC ,ll,JI.II CJiyqM napaMeTpl1l3imIIB (6) (RpRBa.lI 1) l1l nap8MeTpl1l-
3~ (9) (Rp:ll:Ba.JI TI). HaHeceHH TaRJKe 8Rcnepm.1eHTaJJI,Hl:le TOtraR pa0o­
Ti/14/. KaR BR,ll,H0 l1l3 PRC.1, napaMeTpl1l3aIU!l1l (6) l1l (9) OTJlli'iaDTC.II 
Jll1llIII, npn 9J.. > 20 rsB/c2 • TaKHM o0pasoM, peme1me Bonpoca o BJIHJI­
HRR Ha noBe,ll,eHRe 8JleRTPOMarlil1lTHHX qJOp.!qlaRTOP0B npOTOHa BeRTOPHHX 
qacTRIJ; C MaCCOH ~ 5 raB Tpe0yeT npoBe,ll,eHM Oil!,!TOB no 1rnyqeHlll) pac-

6 

!-' 

11 

__ G_M~ 

14! J-1pGIJipole 

12 

08 

06 

04 

02 

K--:--:-+-
J-3nOJIIOCO 

I-12-x no111oco6 
I - 3Kcnep. CJOHHble 

io is io 2s 30 35 

PRc.1 

II 

I G ~ 
3aBRCHM0CTI, BeJ!HqRHH - ~ OT i· . KpRBl:le ( c RO- - -- -
pR,ll,OpOM O!Ill1l60R) nony~ilil cf> IlOMOIIIJ,IO wpaJKelill~ (6)- (I) -
l1l (9) - (IT). ToqRR - sxcnepm1eHTaJII,HHe ,IJ,aHHHe paOori/

14
/. 

vW, 

Q40 

Q35 

Q30 

0251 

Q20 

0.15 

0.10 

2 3 4 5 6 7 8 910 

Puc.2 

q' 
1·R•Q035~ 

q' 
2-R•Ql.1w1 

-3-R•Q27 1 · 
4-2MW,•WvW,~ 

,. w 

20 30 40 50 70 100 
w 

3aBllCRM0CTI, qlyHRUlill J) Iv' OT w , BJ:lqRCJl8HHM C no-
.:i.. 

Ml)IJU,B) ( J...'i..2. ) npH pasJlR'IHIDS napaMeTpHsru1,1urx R : 1-R = 
= o,035 q;H~ ; 2 - Pt= o,41 flw~ ; 3 - Jl=0,27; 

4 
, 1./ 1 -

- J.Mw= w\!w O 63 
1 JL 1+ .:::.a.::=' 

w 
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cesnm:H nenTOHOB npOTOHaMR B 06JJaCTH iL> 20 (raB/c)2• l1Mel!EU!eCH 
,namrn:e He npoTHBopeqaT rnnoTese o cy~ecTBOBaHKH Ta.Kl'IX qacTHn. 

CJie.ny.lOO!M npo6JieMa - npoBepKa MacmTa6aoro cooTHomeHRH (4). 
EcJll'I sarmcaT1> cooTHomemie Mellr,l!J MarHHTlillM n sapsmo:am1 qio~Topa-
MH B ~e 

GH(i2..>=S(f)fpG-E({1) ' (12) 

TO H3 ycJIOBHH Hoµ,mpomm c11e.nyeT, 'ITO S (0) = 1, a R3 YCJlOBHH pa­
BeHCTBa qiOIJMqJa.RTopoB Ha nopore peaxnim e+ + e- ➔ p + p noJiy'la-
eM "ITO 5 (- 'tMft.) =_J_ · . , ? . 

II pH napru,1eTp:0srunhi q,yHKnHH 5 ( i:1.) yqRTl:lBa1IHC1, o6a 8TH ycn.o­
nrur, n npe,nnoJ1aranoc1,, tJTo W'.!!RnRJI S ( cf-> npe,ncTaBMeT co6oa oT­
Homelll'!e IlOJll'IHOMOB no i ~ . JJ;im CJiytJM IlOJll'IHOMOB nepBott CTeneHll 
noJiytJaeM 

1 
. <[ .t. 

S ( 
2.) 1 + {t- ,.z/1- c>] 3/11.ft. 

G = ~b~ (13) 
/, 1-+C+-11.. 

Lt H 
Ha aHaJll'l3a MHPOBHX ,nruurnx Hatt,neHo, 'ITO C = 1,05±0,09 H !pyHKnM 

s ( q_L) BO BCeM HCCJie,ItOBaHHOM Ha onHTe RHTepmn.e i:t. He OTJllllqa­
eTCH B npe,neJ18X Olllli60K OT 1. TaKoii: ge pesym,TaT 61:lJI nOJiytJeH R npa. 
miyrIIX napaMeTpzsammx q,yHRnim S ( 9,,2..>. 

CJie.nyKl!llRtt naparpaqi .nnccepTanHH nocBliIJleH nsytieHltD noBe,neHruI 
~PMqJa.RTOPOB B o6JiaCTR 6om,OlRX 9 ~ . lfa napTOHHOii: MO,IteJll'I CJie.nyeT' 
'ITO npH Cj_!__>> /'12.. sapg,nomtt :11 MarHRTHl:le (l)OP.,qJa.RTOPl:l Be,ItyT ce6H 
O,ItllHaKOBO 

. G- ( j_.) ~ G ( q.1..) 
H Cf_ E l- • (14) 

C ,npyroii: CTOPOHH, ecJIH HyKJI.OH CtIHTaeTCH CM38.Hlil™ COCTOHHReM 'laCTHI( 
co Cill!.HaMH OH 1/2, TO H3 Ta.KOH MO,IteJll'I cne.nyeT, 'ITO B 06J.IaCTR 6om,­
lllill( 9- !L Be.nyT ce6H o.nnHaKoBo .nnpaxoBCKHff F n nayJI:11eaczrntt F qiop.i-
qJa.RTOPH 1 ~ 

· p ( ~) ~ F. (. !l,) 
I i ~ i · (15) 

AHaJI.Hs axcnepHMeHTaJII,Hl:lX ,nruurnx no ceqerum pacceJUU!lJ HenoMpHSOBaH­
HHX aneKTpOHOB HenoJL<IpH30Ba.HHHMH·npoTOHaMH B 00.lla.CTH ii6 (raB/c)2 
noxasruz, 'ITO HR O,ItHO H3 8THX COOTHomew He MO~eT 61:lTl> li!CKJJDtieHo 
HMeD!!UlMHCH ,ItaHlll,JMH. Ec1m ,!tM MarHRTHOro qiOp.!qJa.RTOpa npoTOHa np:1UIHT1> 
Bl:ij)allteHHe 

8 

) 

I 

{ 

't 
G ( q1.) = al!.... 

H .[,. f' (16) 

R npe,nnoJIOlKRTl>, 'ITO (l)OP.,qJa.RTOP G-£' CM3aH C qiop.$1.I{TOPOM GM 
MacmTa6Rl:lM cooTHomeHReM, TO .ItM napaMeTpa a. noJiytJeHo sHaqeHRe 
( ..f'l J:J.. = 7 ,4/7) 

a,= 1,44 ± 0,02. 

C miyroii: CTOPOHH, ecJll'I npe,ItnOJ!OllTl>, 'ITO B o6JiaCTH 60J1I,fillIX Cf_ :i... 

qiop.1qJa.RTOPH F H F HMem BR.It 
L 2- y 

H F, = <j 1 cf'( ( 17) 

~ = ~L~ !__ ~ I 
(aTo npe,nnonogeHRe 03Ha'laeT, qTo npn 9, >> H GE~ cfR-
.ItM :J-

1 
n ;}.2.. noJiytJeHH cne.zcvBll!Re SHaqeHHJI ( x.2.. /x,z = 8/6) 

), TO 

Q = 1,16 + 0,04 
d 1 - (18) 
o = 0,27 + 0,08. 
(/L -

JJ;anee noKasaHo, 'ITO H3ytJeHRe nponecca pacceHHWI npo.ztOliHO noJlHPHao­
BaHH!dX nenTOHOB Ha llOJlHPH30BaHHWC npoTOHaX n03BOJ!HJ10 61:l OTB8THT1, Ha 
BOnpoc O TOM, KaKOe H3 .ztBYX o6cy~,naBl!lllXCH COOTHOmeHRtt Mellt,ey qiop.,­
qlaKTOpaMR ( ( 14) RJll'I ( 15) ) HMeeT Mee To. Ce'lemrn paccemum noMpH­
soBaHHHX -qacun RMeeT BR.It (JI.c.J 

do- ;do-} ( -+-+ (c1.12)- = ldl2. o 1 + >i. p A. ) (19) 
p ~ 

( ~ - cTeneH1> npo,ItOJll,HOil nOJ1HPH3anHH nenTOHOB, p - BeKTOP IlOJIH­
➔ 

pll3an:l'IR npoTOHOB). BeKTOP acHMMeTpHH A 11.euT B IlJIOCKOCTR pacce.lIHRH 
H paBeH 

- - ➔ lt=lt ~-+A..,.s II ..._ 
➔ ~ 

( cE - e,ItHHH'llilltt B8KTOP B Hanpa.BJiemm RMnym,ca JienTOHa, ..S -' OPTO-
roHaJI&Hl:lff eMy B8KTOp) • IloKasaHo, 'ITO B CJiy'l:ae, KOr,D;a (l)Op.!q,8.KTOPl:l 
GH n GE Be,ItyT ce6H O,ItllllaKOBO , /A.II/ >>I-A..1.f (npn E = 20 rsB n 

q\10 (raB/cJ2 , / A. 
11

/ ?;,GCY'/4, a /A. .LI :s 10%). EcJI.H mieeT MecTo 
COOTHOmeHRe (15), TO /,4_ "' R / A..L/ O,ItHHaROBOro nopH,ItKa. 

C neJI&D IlOJiy'l8HHH IDlq)OJ».lanHR O qJ0?4ql8.RTOpax Hei\TpoHa 6UJll'I npo­
aHaJll'l3HPOBaHl:l MRPOB!le ,ItaHHlle.no ynpyroMy paccemuu, aneKTPOHOB ,ll;8H­
TPOHaMH (HHTepBaJl KBa,!tpa.TOB nepe,naHHHX m.myJIE,COB OT 0,31!-2 ,no 
34,1 i-2). 
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licnom,30BaJioc1, npe,IVloJKeHHoe B pa60T/15/ Bl:lpallteHRe .n;M BOJIHO­
Bl:lX !J!YHKi:nIH .n;ei1TpoHa u ( 'Z- ) :a w' ( 1- ) • IlapaMeTpl:l, xapanepR3YIOOtR8 
aTR cpymnnm, o6.!I3aH!:l y.n;oBneTBOPJITI> onpe.n;ene.!llillM ycnoBWJM, Bl:lT8RaJ?­
mRM R3 Tpe60BaHR.FI OTCYTCTBRH c.1rnrynsrpHOCTH B TOtJ.R8 7., =0. Ilp:irne.n;eH­
Hl:le B pa60Te/15/ 3HatteHIDI napaMeTpOB y.n;oBneTBOPHl!)T aTRM ycnoB~ 
JIRIDI, npn6JIRJKeHHO, c TOtJ.HOCTI,ID, He AOCTaTOqHoR.npH npaKTHqecKOM onpe­
.n;enemm cpo:[.f,1~TOPOB .n;eRTOHa. B CBH3R C STm.l B ,IJ;RCCePTarum no;zyqe­
Hl:l HOB!:le 3HaqeHruI napaMeTpOB, xapaxTepR3YID!ltl!X BOJIHOB!:le g)j'HRIJ;RR .n;ett­
TOHa. 

MacmTa6Hl:le· COOTHomeHIDI MeJK,IJ;Y cpo~TOpaMH HyRnOHa RMelOT BR,IJ; 

G-: (c(>=-ff G: (f-J j G-: ({·)=f NG/ (cf·>; G-:(f>=o. (20) 

03 on.b!TOB no pacce.FIHRD T8IlJ10Bl:lX HettTpOHOB aneRTPOHaMR cne.n;yeT, C 
.n;pyro:ii CTOpOH!:l, tJ.TO 

N 
cl GE 2 
~ I !L = ( o, 0193±0, 0004 J P . 
<.L CJ_ 9 =O 

Ilocne.n;Hee R3 COOTHomeHRa (20) 06H3aJlO, cne.n;oBaT8JII,HO, HapymaTI,CH. 
Ilpn aHaJm3e .n;aHHmc no ynpyroMy e - ci-pacceHHRID 6u.11R c.n;enaJI!:l onpe­
.n;eneHH!:le npe.n;nonomeHRsr o HapymeHRR MacmTa6Hl:lX.cooTHomem (20). · 
IIpe.n;nonaranocI>, tJ.TO MacmTa6Hl:le COOTHOmeHRH RMelOT MeCTO OT,D;8Jil,HO ,IJ;Jllt 
H30BeKTOPH!:lX R R30CKaJIHpH!:lX cpop.l~TOPOB. 3TO 03HaqaeT, tJ.TO 

G N - 1 [Gf Gf] 
E - ~N H -~f E (21) 

G N = µ_ G f + l:!:.t [ G f - µ G f J 
M / N E f'-N H / f E • 

.UM cpop.!~TOPOB npOTOHa G: E npnHRManRCI, BHpa'lteHRH, no;zyqeHH!:le 
H3 aJlaJIR3a e-p.,D;aJlHl:lX (6). BapI>HPOBaJIRC!, TOJil,KO HO:[.f,1!:l. OrmcaHRe 
y.n;oBnezBopnTem,Boe ( y:.2. / p = 106 .6/89). IlpoR3BO.n;Hasr 

~Gi. i-?. nonOJKRTenI>Ha, ee 3H3.qeHRe lD,O 23) OnR3KO R no;zyqeHHOMY 
9. Cf-Or,,,3 fl.. - e., ,D;aHH!:lX. 

Bo BCeli Hccne.n;OBaHHOll o6nacTH 92.. 3aP.fl)];OB!:lll cp0:[.f,1~TOP Man 
(He npeBOCXO,D;RT 5.10-3). · . 

UTMeTHM, ttTo TO'lHOCT.b .n,ammx no ynpyrOMy e- cL -paccemum He 
no3BOJJHeT nOJiy'lRTI, o.n;H03HattHO:ii nHqJopr,ml.lllll o G / ( ,f;h .n;alilil:le oDR­
Cl:lB8.IOTCH R B c;zyqae, ecnn npe,ll;IlonollIBT.b, . tJ.TO RMeIDT MeCTO COOTHome­
HRSI (20) ) • 
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. .. 
B TpeTI>e:ii rnaBe ,D;RccepTanim R3nararoTcsr pe3ynI>TaT!:l aHann3a oil!l-

TOB no rny6oKoHeynpyroMy pacce.fllUUO aneKTpoHoB npoTOHaMR. Xopomo 
H3BeCTHO, qTo 3TH Onl:lT!:l OTRpl:lmt HO:syro CTpaHHizy B nccne.n;OBaHRH CTPYK­
TYP!:l HyKnoHa. COBOKynHOCTI, .n;aHH!,IJ( no r.,zy6oKOHeynpyrOMy paccesrHRID 
aneKTPOHOB HyxnoHaMH R H8HTPHHO HYKnOHaMH .n;aeT cepI,e3Hl:le OCHOBaHIDI 
npe.n;nonaraTI,, qTO TO'l8'1Hl:le napTOH!:l HB.llJilOTC.fI cpnanqecKRMH o6~eKTaMH. 

B nepBOM n~paqie Ha OCHOBe aHann3a Mlipomx .n;aHHmc ( S LA ( 
/
1
6/, ~ES yl17 ) .n;eTaJII,HO. H3yqaeTCH BOnpoc 06 o6nacTH MacmTa6HOH 

HHBapHaHTHOCTH cpyHKu;;m Y ½ • IlapaMeTpPI3anHH 3TOH (J!YHRnHH OCHOBa­
Ha Ha 8.C.HMilTOTH4eCROM ycnOBRH 

vW ~ con.st 
~ w-oo H noporOBOM COOTHomemm 

vhf ~(1-:-1-)3 
LW➔.t W • 

IloKaaaHo, tITO Bee HMenwaec.a: .n;aHH!:le no r.,zy6oKoneynpyrOMy e-p-paccesr­
HRID MOryT 6!:lTI, OIDlCaH!:l B o6naCTH W.:;:,. 2,3 raB ( W - nOJlHM Macca 
ROHeqHoli a.n;poHHOH CHCTeM!:l), ecn npe~nOJlOlKHTh, qTo v~ 3aBHCHT 
TOJII,RO OT nepeMeHHOH w == !!!!!! (s c.a..Li.nJ ) H m.ieeT BR)]; 

vW ==(t- ~f'f:0 + a (1~--1...t] (22) 
L .t. w · .t. 

.nnsr napaueTpoB Q 0 PI a:l.. no;zytieH!:l cne.n;ymine aHatieHHH ( / 'l~ = 
142/150) 

ao= 1,63 ± 0,02; 
a.= 1,48 + 0,02. 

.t. -
IloKaaaHo TaKJKe, qTo ~aHH!:le MoryT 6UTI, OIDICaH!:l npn CaM!:lX pa3JIRqHH:X 
Bl:lpallteH.WIX ,IJ;JJH OTHOmeHRH Ii =. (T'.s ( CJ H (TT - llOJllil:le ceqeHHsr 

a: .s . 
nornomeHH.a: BHpTyam,aoro cpoToHa c7npo~onI>Hoit a non~JqHoli nonstpa3a~ 
nH.llMH HyKnOHOM) • Ecim npe.n;nonOlKHTI,, qTo /{ =:: c1 Ji-~ (BeKTOpHM 
,IJ;OMlilH8.HTHOCTI,), TO C1 = 0,035 ± 0,004. EcnR npHHHTI,, qTo fl ==cotwt, 
TO fl= 0,27±0,03. ,llalilil:le~B 06JiaCTH W ~ 2,o raB MOryT 6!:lTI, onnca­
lil:l Ta.Kllte, ecim /{ == ~ (napTOHHasr MO~enI>, CilHH napTo­
HOB paBeH 1/2). TaKHM o6pasOM, HMeJO!llHeCH .n;aHH!:le He ll03BOJimOT c.n;e­
naTI, onpe~eneHHHX 38.K.IIIOtJeHRtt 06 IL H, cne~oBaTem,ao, o MacmTa6-
Hoil: HHBapHaHTHOCTlil CTPYKTypHoit qiyHKrnm ,.'1_,H w1. Ha PRC .2 npe.n;cTaB­
.Jl8Ha saBPicHMocTh q>YHKUlm iJ ~ OT w npn paaJIHtIH!:lX napaMeTpHsann-
srx: OTHOfil8HH.FI fl • 

"0 Onpe~eneHRe !J!YHRURH vWL D03BOJJHeT Bl:ltIHCJIRTI, RHTerpaJI 
_ ())¾._ ~~ , 3HatieHPie ROToporo COBMeCTHO C ~aJiH!:lMP! no rJiy60KO-
lesnpyroMy pacce.a:HIDO 3JleKTPOHOB HettTpOHaMH H HettTpHHO HYRllOliaMR, 
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,naeT BO3MOlltHOCTb onpe,ne.liliTb cpe,nlillH sap.sm naPTOHOB B HYl{JlOHe. Ilo;ry-
'leHO 5;_ :;=o, 158 ± 0,001 • 

1 
-PaccMoTpeaa MacmTa6HM nepeMeHHM 

C<l' == c2.Hv + /3 (23) 
o~I 
J,,. / • 

Ee.ID!. npe,nno.11ouu, "ITO vW.:i. JIBJlll:eTcJI qiyHKnnen w , TO ,naHHHe Mo-
cyT 6HTb onncaHB B 6O.11ee lllliPOKOH o6nacTn nepeMeHHott W (W~1,8 raB). 
.UM napaMeTpa !3 nony-qeHo 

/3 = (0,85±0,07) (raB/c)2 , 
"ITO cornacyeTcJI c TeopeTH'lecxRM sHaqeHHeM B;ryMa - rnJJMaaa. 

BBe,neHHe nepeMeHHOH w/ - o,naa Rs qio.PM napymemm MacmTa6Ho:A 
IlHBaPllaHTHOCTil no nepeMeRROH W, Ba~Hmi .I\.11H Teopnn·Bonpoc O BO3MOX­
HOM HapymeHRH MacmTa6ROH RHBapnaRTHOCTR paccMOTpeH BO BTOpoM napa­
rpaqie aToil rnaBH. ,UaHRHe 6H.11R npoaaa.11RsnpoooRH B npe~o.11oxeHHH, qTo 

H:t_ 
v hi = F ( w) + c<.. -.z.. 

L &. 'J. 
( B 6bepiteHOBCKOM npe,nene BTOPOH qneH ncqesaeT) • 

.UM napru.1eTpa d HaxO,I\HM 
oC. = 0,02 ± 0,01-

(24) 

.UaHHHe 6H.11R npoaarumsnpoBaHH Tax~e B ·c;ryqae, xor,na K saBnc.mneMy OT 
w qneay B BHPaJ!teHHR .I\JJJI vW.,t. ,no6aBJJJieTcJI q.11ea, .11orap1-1q,,rn.qecxn 

saBRC.fill{HH OT Cf., .2.. • Taxon BH.n aapymeHRJI MacmTa6ROH RHBap,mHTHOCTR 
BosmmaeT B Teopim C aHOMaJlbHllMR pasMepHOCTm.lR. Iloxasaao, qTo HMeD-
111HeCJI ,naHHHe He ncK;mqaJOT Ha.11HtmJI aHOMaJlbH!iX pasMepnocTei.1, BeJlllqH­
Ha napaMeTpa, xapaxTepnsynmero BK.11a.n; q.11eHoB c aaoMaJlbHllMH pasMepao­
CT.RMR, cymecTBeHHo saBHCllT OT It n MeHJieTCJI OT 0,07±0,04 .I\O 0,47± 
± 0,06. ,Uo6aB.11e1U1e q.11eHa, O6yc.11OB.11eHHoro aHoMaJlbHblMil pasMepHocTm.m, 
ynytimaeT, xax npaBH.11O, KatJeCTBO onncaRHJI ,naHHilX, 

Iloc.11e,nHRff naparpaqi aToil r.118.PH nocr.snneH npoBepKe cooTHomeHRJI 
.Upenna - HHa. Ec.11R q,yHKnn10 v~ B O6.11acTn sHa'lelillli nepeMeHHoff w, 
6.1lllsKruc K e,nnrume,sanncaTb B Bll.I\e 

vW =tr(,_ -1... )f 
;l., w ' (25) 

a MarHRTRHH g>Op.lqiro{TOP npOTOHa B OOJlaCTR 6O.1lbll!RX ?. .2.. Il mme 

I I -G - --n. 
f'-f M - (Be(') , (26) 
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To, xax 6H.11O noxasaao B p_a6oTaxl181, 

f =n+.i. - (27) 

B.,IU!ccepTannR npoaHaIDisnpoBaHH ,naHHhle no ynpyroMy e-p-pacceJI­
Hll!D npH 9-2...>,, 5 (raB/c)2 n ,nanHHe no rny6mrnneynpyroMy e-p-pacce­
JIHll!D npa w ~ i ,45. 3Tll ,naRRHe xopomo onncHBaIOTCJI, ecnn .I\.11H 

qiyHKnnti vhl..i, n G,.:, npnrurrh BHpaJKemur (25) n (26). Jl.M napaMeT­
poB f a n., no;ryqelill cne.nylD!llRe saatJeRWI 

n.. = 1,99 ± 0,02, 
f = 2,98 ± 0,31. 

TaKRM o6pa3OM, HMeKl!J!ReCJI .I\aHHHe IlO.I\TBep~,naroT COOTHomenne (~7). 
B tJeTBeJ)TOH rna_Be Il3.11O1!teRH pa6OTH no npOBep1rn j'-- e - yHHBep­

caJlbHOCTH aneKTPOMarHRTHoro B3ruIMO,I\eHCTBilJI, licnolisyeMbrli MeTO.I\ 
BeCbMa a®eKTHBeH R nO3BO.11JieT cpaBHHTb j'--p-,naHHHe co BCeH COBO­
xynHOCTb!O e-p-,naHHHX:. lipn 3TOM He npruco~RTCJI npnoeraTb K o6mHOH 
npon;e.nype aKcTpanoJI.RI(lm. Iloxasaao, 'ITO ,nanmie no j-l·p-pacceJIHHID 
(KaK ynpyrol\ly, Tax R r ;ry60KOHeynpyroMy) CO.Bl!ecTm,m co BCeii COBO­
KYilHOCTb!O ,naRRHX no e-p-pacceJIHlllO, ecJIB. npoHSBeCTil COOTBeTCTBYID!l.\YID 
.nepenopr,mpoBRy cetJeHrui ( Nfl"t:: 0,92, N"e!f"t_ 0,85). heodxo,nHMocTb 
Taxoit nepeHOpMnpoBKH, no-Bll,I\~OMY, cBJisanh c c0.cTe1mTnqecKHMH om0.o-
KaMH, a He C HapymeHHeM /'-- e - YHHBepca.11bHOCTH. . 

11TaK, B .I\HCCePTannR BnepB!ie npoBe,neH CHCTeMaTRtJeCKRH aua.7m3 
Bcex HMeromruccJI ~aRRHX no ynpyroMy pacceJIHRID nenTOHOB HyKnOHaMH n 
r;ry6OKOHeynpyroMy pacceJIHHD JienTOHOB npOTOHBMR, 

1) 1l3B0CTHOe ,ll;IlDOJlbHOe pacce.f!m,e )(Jlfl (jJOrl.!(jJaH:Topou O()r)(l111eHn Tcl.­

KRM oopasoM, 'ITO BnepB1,1e DO3HRKJ!a EO3MOlitHOC_Tb onncaHRJI .n;aHHHX no 
e-p-pacceJililllO BO BC0M HCC.110,I\OBaHHOM HHTepro.11e i.:t.,(0,012!!.c/:i:25 •. 'J 

(raB/c)2). 
2) IIo:imsaao, qTo nOBe,ne1U1e rpopr.1qiaxTopa GH(c/l..> r O6.nacTn 

CiO.1lb!IIRX 9,_ L COil,leCTHMO C -\. , He 11CKJI!(JqeHo ..J..6 - IlOBe,neHHe, 
npHtJeM .n;onO.11HllTe.1lbHID! MHOUT~Jlb t:t_, MOXeT OHTb c:ZisaH C cymecT­
BOBaHHeM EeKTOpH!iX tJaCTHU c MaCCOM ~ 5 raB (rmooHH, TJIJKenHe ~OTO­
HH). 

3) IloRasaao, tJTO BO BceM nccne,noBaHHOM Ha omrre nHTepBane 9~ 
,narume cornacymcJI c MacrnTa6.lillM cooTHomeHHeM. Ilpn npoBepKe Macm,rao­
Horo cooTnomemm y'iHTHBa.11O01, noporoooe ycnome G- l-4.'vi2 )= G.(-4r,f). 

H E 
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4) .llaHHUe no ce'!emm e-p-pacceJllUUI comecTnMH B oo.nacTR oom.­
llIBX 1- l., Ka.K C OJUUJ.aROBblM noBe,neIDieM qJOIJ,lqia.KTOPOB GH R G F , Ta.It R 

C O.JU!Ha.KOBml noBe,neHllleM qJO!)Mgia.KTOpoB F, R ~ • IloRasano, 'ITO :as­
MepeHHe npo,nom,Hoff III nonepe'IHOM acRMMeTpRH B paccemma npo.nom.Ho­
uoJUip.11soBaHHHX 11enTOHOB Ha noJ1.1Ipli30BaHH!1X npoTOHaX ll03BOJIIIIJIO 611 OT­
BeTHTl>- Ha Ba.llt1llii1 nM COCTaBHl:llC Teop111n BOnpoc O TOM, RaROe :as 3TliX 
nBYX COOTHOWe!IBH MeJKAY ~OPM(llaRTOpaMli BMeeT MeCTO • 

5 J IloKasano, 'ITO 1,1111poB1i1e naHHue no ynpyrOMy e-d -paccemmJO 
MOryT 6UTb on111caHu, ecJIIII npe~OJIOUTb, 'ITO MacmTa6Hue COOTHome.a:aa: 
HMeKlT MeCTO OTnem,Ho nm=I 11130CKam=IPHHX Ill 11130BeRTOpHUX ~O!)MqiaRTOPOB. 

6) YcTaHOBJieHa 06.naCTb Mac1DTa6Hoff liHBapliaHTHOCTR(W~2,3 raB) 
CTPYRTYPHOti q;yimUlilll vW.t • Hailneaa napaMeTpnsaUHsr ~HKUHH vW.t. · B 
sToil 0611acT:a (n:sa napaMeTpaJ. l1cc.11eno:saHH pasJm'lHHe BHpallteHM .nm=I 

ft_ • IloRa3aHo, 'ITO liCil0Jl1,30BaHllle nepeMeHHOtt W
I 

ll03BOJIJ'IeT omi.caTb 
.na1rnue B 06.nacT111 W ~ 1, 8 raB. 

?) IloKasaao, 'ITO .nonycTHMO 11orapngNH'lecRoe aapymeHllle MacmTa6-
Hoff IIIHBap111aHTHOCTH, OTBe'lal()!Jlee HaJilll'lIDO aHOMaJlbHIDC paSMepHOCTeff B 
Teop111111. 

8) IloKa3aHO, 'ITO COOTHOm,eHHe .Il,peJIJia - HHa cor.nacyeTCJi c liMeD­
UUIMHCJi naHIUJ!Mli. 

9) IloKasano, 'ITO MHPOBHe nam1ue KaR no ·ynpyra.iy, TaK n no 
r.ny60KOHeynpyroMy pacceJIHHBJ 11enTOHOB npoTOHaMli COB,leCTHMU c r:ano­
Te30H ~- e-yHHBepcaJ!bHOCTH 3JleKTpoMarHRTHHX B3aHMonei!CTBHl-r. 

Pesy.m,TaTH pa6oT, BOme.nnmx B n:accePTaum>, ,I\OKJia,ItHBaJIIIICb Ha 
XY Me.amynaponnoff KOH~epeHUHH no qlli3HKe BUCORliX aHepr:ail (KHeB,19?0), 

n Rm Mellt,eyHaponumc cIDiosnyMax no qinsHKe BucoKHX aaeprliil n aneMeH­
TapHIDC 'laCTlin (IDTp6CKe Ilneco qccP,19?2; CRHaJi CPP,19?3), Me;it,nyHapo,n­
HOM.CeMRHape no r.ny60K0Heynpyr111M nponeccaM (.lly6Ha,1972J, ceccliJIX 
OT.neJieHRJI Ji,lJ,epHoff wnsHR111 AH CCCP, 3HMHHX mKonax RIDIP (1972,1973) H 
IT Han111OH8.JILHOn ROH¢epeHnttH MOJIO~HX ¢1113HROB EonrapHH (1974). 
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