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BonhWHHCTBO accneaosaHHl!, HMeswa" uenbro onpeaeneHHe napaMeTpa Maweng p 

obtno BhmonHeHo c nono»<:HTenbHbiMH I'+ -Me3oHaMH. CpeaHee B3BeweHHoe 3Ha'leHHe aToro 

/1 2 3 4/ 
napaMeTpa, Bbl'lHCneHHOe no pe3)'1lbT8T8M H8HOOJiee TO'lHbiX H3MepeHHJI ' ' ' , OK83biB8eT"" 

Cll pasHbiM 0,712 ;t.0;012, 'ITO Hy»<:HO c;paBHHBBTb c aeJIH'lHHOl! 0,75, npeacKB3biBaeMoll V-A

sapaaHTOM TeOpHH CJIBOOrO 1!3BHMOt:tellcTBHll. C fl.-;_ Me30H8MH BbinOJIHeHO t:IB8 3KCnepHM9H-

/4,5/ 
TB , 

B HBCTOllWell paooTe nony'leH aHepreTH'leCKHl! cneKTP aneKTpOHOB, o6pa3yrowaxcg npa 

pacnat:te OTpiiUBTeJibHhiX fl. - Me30HOB 113 COCTOllHHJI Me308TOMOB reJIHll, 

nocTaHOBKa OnbiT8 

B aKcnepHMeHTe Obtna acnon63osaHa noMeWeHHBll a cTa6HJIH3HposaHHoe MBrHIITHoe no-
3 

ne H a6100a t:~Hcpcpy3HOHH8ll KBMepa, HanonHeHH8ll lie npH t:t8B119HHH 20aTM H c Bb!COTOJI 

'l)'BCTBHTeJibHoro cnog 5-7 cM.x/. KaMepa o6nyqanacb ny'lKOM MeaneHHbiX p. - MeaoHos, 

lJ:yBCTBHTeJibHhiJI Cl!Ol! K8Mepbi cpoTorpacpHpOBBJICll CTepeocKonH'leCKH Ha Ot:~Hy nneHKY 

t:~B)'Mll oo'beKTHBBMH c napanneJibHhiMH onTH'leCKHMH OCllMH H <PoKyCHhiMH paccTOllHHllMH 35 MM •. 

·paccTOllHHe OT oo'beKTHBOB ao cepet:tHHhi 'l)'BCTBHTeJibHoro cnog paBHllJIOCh 45 eM; cTepeo-

6a3a cjloToannapaTa H nnocKOCTh nneHKH ObtnH pacnonomeHbi nepneHt:tHK)'JillpHo K MarHHTHo-

MY nomo. 

Bcero nony'leHo 200.000 cTepeocjloTorpacjlal!, npocMoTpeHo llJill HacTollmell paooTbi 46.000, 

113. HHX -22,000 CHHMKOB fl.-.. e --pacnaaa ( pHC, 1), nnll H3MepeHHJI OTOOpaHO 4090 cpoTorpa-

cpHJI; 

Vf3MepeHHll 

npa OTOOpe COOblTHl! llJlll H3MepeHHl! Mbl npHt:tep»<:HB811HCb cneayroLUHX KpHTepiieB: 

1. To'lKB ocTaHOBKH p. ••• MeaoHa HaxoaHTCll He oJIR:lKe 'leM Ha paccTOllHRH 27 MM 

OT CT9HKH KBMepbl, 

2. rnyoHHHqiJI yr011 ''6" CJiet:ta 3JieKTpOH8 1 T,e, yr011 Me»<:t:ty HanpaB\IOHHeM IIMnyJib

C8 3JieKTpOH8 H nepneHt:tiiK)'11llpHOJI K MBrHHTHOM)' n01110 nJIOCKOCTbiO ( ropi130HT811bHOJ!), He 

6onbwe 30°. 

3, n11HH8 CJiet:ta 3JleKTpOH8 B npOCTpBHCTBe He MeHbWe 5 CM, 

4. npa HBJIH'liiH saonh cneaa nposana qyscTBIITenhHOCTH anaHoJ! ·6onhwe 1cM cnea 

IICKJIIO'l89TCH H3 p8CCMOTpeHHll 1 9CJili BHilHMble 'l8CTH ero ooe KOpO'l9 4 CM, np0B811 B Haqa

Jle cneaa aonmeH ObiTb He 6onbwe 1 CM, 

5, PaCCTOllHlle OT TO'lKII OCT8HOBKII fl. - Me30H8 llO CTeHKH KBMepbl no KaCaTeJibHOJI 

x/ 
nocTBHOBKa 3Kcnepi1MeHT8 Obtnai' npeanp11HllT8 B OCHOBHOM c ueJibiO H801110tleHHll 

38XB8T8 fl.-•- M930HOB B He 5 er, 



K cneay J:lOmKHO Ob!Tb He MeHbWe 5 CM, npa KMeBWeJI MeCTO B HaweM SKCnepKMeHTe To

norpacpKK OCT8HOBOK IL -•- Me30HOB B K8Mepe 9TOT KpKTepaJI aenaeT nepab!e 'leTbipe KpKTe- , 

pKl! paBHOnpaBHb!MK J:lnll cnetlOB C niOOOJI KpKBK3HOJI, 

J;13MepeHKH npK3BO.llKnKCb Ha penpoeKTOpe, npe,llH83Ha'leHHOM .llnH penp09KTHpOBaHHll 
' . . 171 ~ . 

cTepeocpoTorpacpaJI Ha noaaK)I{Hhill axpaH ; penpcieKUHH cTepeocpoTorpacpaJI aenacb TeM )1{9 

<j:iOTOannapaTOM, KOTOpblM npOK3BO.llK.'IOCb tPOTOrpacpHpOB8HHe i HnH K,lleHTK'IHbiM, 

Y!Mnyn!'c sneKTpoHa onpe.nengncH no cpop~yne p =·300 H r I cosO .!if!. , r.ne H - MarHKT·

HOe none, El - yron Me)l{.ny HanpaaneHHeM HMnynbca sneiTpoHa K nepneHJ:lKKyngpHOl! K Mar

HHTHOMY nomo nnOCKOCThiO, r - pa.llHY'? KpKBK3Hbl np09KUKK cneaa Ha nnOCKOCTb, nepneH

.llHKyngpHyiO MarHKTHOMY nO.'IIO. 

Pa.n11yc KpKBK3Hhl r 113MepHncg nyTeM nocne.noaaTenhHoro coaMeWeHHR npoexuaa c 

ayraMH OKPY)I{HOCTel!, HaHeceHHbiMK Ha TOHK~e nnexcarnacO~bie nnacTHHbi- waonOHbi, illar·

M9)1{.lly aemi'IHHaMM paaaycoa aayx pH.llOM npoae.neH,HbiX .ny~ He npeablwan 2%. Pa.nayChi 

Kp!iBii3Hbi .nyr K3BeCTHbl C TO'IHOCTbiO 0,5%, 

H Ka)l{,llOM OTJienbHOM cnyqae npK Bbi'IHCneHK!i KMnynbCa BBOJIHnHCb nonpaaKH,. CBH3aH

-" /8/ ... 
Hb!e C KOHii'IHOCTbiO penpOeKTKpOBaHHH CTepeorpa..,nl! U C ycaJIKOJI nneHKK, 

MarHMTHoe none a oonacTH qyacTBIITenbHoro cnoH _KaMepbi MeHRnOcb nuHel!Ho xax no 

~biCOTe, TaK K no paJIKycy KaMepbi;. npM'IeM MaKCMManbHbiJI paaopoc aHa'leHHJI MarHKTHOrO 

nong no BbiCOTe qyacTBKTenhHoro cnoR He npeahxwan 6%, a no p,a.naycy ~aMepbr-1,5%. npa 

Bbi'IKCneHKH MMnynbCOB aneKTpOHOB MarHKTHOe none Bbi6HpanOCb paBHbiM 3Ha'leHKIO nong· Ha 

BbiCOTe cepeJIMHbi cneJia sneKTpoHa Ha paCCTOHHMH 5 CM OT U9HTpanbHOJI OCH .llHcpcpy3HOHHOl! 

xaMepbi. TorJia, ecna y'<eCTh cpnroKTyauuro nonH ( Toxa MarHHTa) a Te'leHae axcnoaanaa, He

onpe.neneHHOCTh B OTHOCHTenhHOl! aenM'<HHe H He npeBbiWana 1,5%, 

H HaCTOHwei! paooTe KCllOnb30BaHbl CTepeocj:>OTOrpacpK!i, nonyqeHHbie B Te'leHHe .llBYX 

sxcnoannnJI JIM<j:>cj:>ysaoHHoll xaMepbi a nyqxe p, -·- MesoHoa, AoconroTHoe sHaqeHHe MarHHTHo

ro nonH B npeJienax yxasaHHOl! TO'IHOCTII Morno H3MeHMTbCH sa apeMH, npowe.nwee Me)I{

!J.Y JJ.ByMH 'sKCII031IUH.HMH. IIosTOMy JJ.Be cepHH' II3MepeHIIJI oopaoaTb!Bannch paaaenbHO, 

0KOH'IaTenbHbl9 SKcnepHMeHT8nbHbi9 Cll9KTpbl, COOTB9TCTBYIOWHe llBYM 3KCn03HUHHM, 

npeJICTaB~9Hbl Ha pH C. 2 H. 3, no OCR aoCUIICC OTnO)I{eHa Be~H'IKHa X =·p/p 
0 

-aMnynbC 

anexTpoHa a eJIHHHuax MaKCHManbHO B03MO)I{Horo HMnynhca p 0 ~ 52,82 Msa/c, 

AHanna rronytteHHbiX crreKTQOB 

J]nH onpe.neneHHR napaMeTpa MIIweng ·p npoaeJieH TpexnapaMeTpa-lecxal! cTaTHCTII

qecxall aHaniis IIsMepeHHbiX cnexTp_oa. KpoMe napaMeTpa MawenR; a xaqecTae aapbapyeMbiX 

napaMeTpOB BB9.U9Hbi KOScpcpHUIIeHT t Y'<KTbiB8IqWIIJI lj03MO)I{Hble CHCT9MaTaqecKH9 OWHo-

KII B onpeJieneHKH aocOniOTHOJI BenH'IHHbl HMnynhCOB sneKTpOHOB ( HanpiiMep, _norpeWHOCTb 

B 80COniOTHOl! .BenK'IHHe MarHIITHOrO llOnR) 0 a TaK)I{9 a 0- xpscpcpHuaeHT nponopunoHanhHO-

CTII, CBH3biB8IOmHJI CpeJJ.H9KBaapaTII'IHYIO omHoKy II3M9p9HHR a~SM. C BenH'IHHOl! HMIIynhCa 
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snexTpoHa li .c napaMeTpaMII cneJia snexTpoHa. MeTOllOM HaaMeHbWIIX xaa.npaToa sxcnepH

MeHTanhHhil! cneKTp cpaBHHBanCR C cpyHKUII9JI BH,lla 
2 

P ( x, p) =-f P 
0 

( tz, p) :R ( x, tz, a
0 

) :d ( tz). 
0 

(I) 

3JI9Cb P0 ( tz, p ) OilHCbiBaeT pacnaJI IL -:..Me30Ha H3 CBH3aHHOrO COCTORHIIR Me30aTOM8 

/9,2/ 
renns c y'<eToM BHyTpeHHHX pa.niiauiiOHHbiX nonpaaox • R ( x, tz, a

0 
) -cpyHKUKR paspe-

W9HHRo 0Ha npe.llCTaBnHeT COOOJI BepORTHOCTb TOro, 'ITO .llnR sneKTpOHa C HCTIIHHbiM 3Haqe-

HII9M, HMnynhca, paBHbiM tz 0 H3MepeHHOe aHa'leHHe OK8)1{9TCR B HHTepaane OT X· .llO 

x+:dx 

QJyHKUHH R ( X, tz, a0 ) BbiOpaHa B BII,[{e CyMMbi '19Tblpex B3B9WeHHbiX HOpManbHbiX 

3aKOHOB pacnpe.neneHKR, C00TB9TCTByiOWMX '19TbipeM HHTepaanaM JinHH npoeKuHll cneJIOB 

sneKTpOHOB ( OT 6 !1.0 6 CM, OT 6 liD 7 CM, OT 7 .llO 8 CM II OT 8 CM H BbiWe ): 
2 

e- (x;~~) . (2) R(x,tz, a ) =:t g 1 
O·l=l ~~ 

B STOJI cj:>opMyne .; I - JIOnR cneJIOB H3 oow
1
ero 'IKCna C JJ.niiHaMH B -TOM IIHTepaane: 

e =0,12; e =0,13; ·" =o.t3; .; =0,62. 
l ~ :0 8 2 4 

npa Bbi'IH.CneHIIH .llKCnepciiJI a UpiiHHManiiCb BO BHIIM8HII9 MHOrOKpaTH09 pacceSIHHe 
/lQ/ . I . , 

aneKTpOHOB B rase , HeonpeAeneHHOCTb B OTHOCHTenbHOl! BenaqaHe MarHHTHOro nong 

( CM. BbiWe) H. saBHCIIMOCTb Cpe,llHeKBallp8TII'IHOl! OWIIOKII II3MepeHHR HMnynhCOB sneKTpOHOB 
2 

oT aenii'IHHbi HMnynbCOB a .nnaH npoeKIIIIll cne.noa sneKTpoHoa, TorJia JIHcnepcHR a;· .* 

( 2 2 2 ) . 
!7·HSM+ "'pace _+ "u I , rJie !7 HSM' , u·pacc H "iJ- COOTBeTCTBYIOWHe CTaH-

.llapTHbie OTKnOHeHHR, 

B cpyHKIIHIO paspeweHHR He aowna n0npaaxa, Y'<IITblaarowae TOpMosHoe asnyqeHae 
'"' . ' 

sneKTpOHOB H HOHH3aUHOHHbie noTepH B rase, To K, OHII IIC'Ieaarowe Manbi no cpaBHeHHIO C 

.llpyrHMH 3cpcp9KTaMH, 

J]ng 0U9HKH 38BHCHMOCTH cpeJIH9KBaJip8TH'IHOJI OWHOKH II3MepeHHH HMnynbCOB sneKTpOr-. 

HOB oT aenH'<HHhi HMnynhcoa a JinHH npoex~all cneJioB Ha sacaeqeHHoll cpoTooyMare ohxnn 

HaaeceHbi .nyra oxpy)I{HOCTel!, ~MHTapyrowae cneJibi snexTpOHOB a xaMepe ( TecT-oo'&eKThi ), 

3aTeM TecT-oo'&eKTbi cpoTorpacpapoaaniicb, n IIsMepRnHcb pa.niiychi xpHBK3Hbi .nyr pasnH'IHDll . . 
'.nnHHbl H C pasHol! KpHBH3HOJI, Yl3MepeHHR npoBOJIIInHCb qenOBeKOM, He 3HaBWHM IICTHHHbiX 

sHaqeHHJI paJiaycoa KpHBH3Hhi Jiyr. Ha ocHoaaHuH pesynhTaTOB H3MepeHall TecT-oo'&eKToa 
. 3/2 

oblna BbiopaHa ownoxa HsMepeHHR a BHJie "" =·<~· ( tz ) __ 1_ ( npa ycnoaaa " . > 
· H3M 0 f 2 . H3M -

~ 0,0H(tz)}·, r.ne £i COOTBeTCTByeT cepeJIHHe i -.Toro HHTepaana H ycpeJIHeHa C Y'<9TOM 

pacnpeJieneHHl! cneJioB sneKTpOHOB no aenn'lnHe rnyonHHhiX yrnoa, 

PesynhT8Tbl II HX oocy)l{)leHHe' 

npoBe.lleHHbiJI CTaTH'IeCKHit aHanM3 . .llBYX cepHJI H3MepeHHit )laeT 3Ha'leHHR napaMeTJl"l 
. . 2 

MamenR, paBHbie 0,754 !_O,Oi'O H 0,904 .:!:,0,039;. sHa'leHHR' X oxasanHCh paaHbiMH 31 H 38,:3j1 

COOTB9TCTB9HH01 npii 0)1{H,llaeMbiX 3H8'1eHHHJC., paBHbiX ,40 .:!:,8,9. 

5 



nonyqeHHbie 3H8'!eHHSI napaMeTpOB t H C10 cornacyiOTCSI C O>KH.U8eMbii.<H BenH'IHHBMH o 

3naqeHHSI OK838nHCb paBHb!MH 1,003 :!:_ 0,011 H 1,025 :!:_ 0,006 .unst .UBYX cepHl! H3Mepe-

HHl!, COOTBeTCTBeHHO, a 3H8'1eHHSI C1~ , COOTBeTCTBeHHO, 4,0 :!:_ 0,9 H .3,11:!:_ 0,38, 

Pacxo>K.ueHHe Me>K.uy peaynhTBTBMH .usyx H3MepeHHl! Tpy.uHo o6b!ICHHTb cncTeM8TH'IeCKH

MH own6KaMH, TBK KBK o6pa6oTKa B o6oHx cnyqastx senacb cosepweHHO n.ueHTH'IHO. TeM 

He MeHee nocne TlllBTenbnoro aHannaa B03MO>KHbiX cncTeMaTn'!ecKnx· own6oK ObinH npose.ue

Hbi nosTopHbie ne3aBHCHMbre naMepeHnst, KOTOpbre .uann Te >Ke aHa'i"eHH!I napaMinpa Mnwen!l. 

Cpe.UH!I!I senH'IHHB napaMeTpa Mnwen!l, · Bbi'!HcneHHB!I no peaynhTaTaM nsyx H3MepeaHl!, 

pasHa 0,867:!:. 0,035. Dnst cpasHeHHst c pe:;JynhTBTBMH npenbrnymnx axcnepHMeHTOB c fl --Me-

30HBMH npnseneM cnenyiOmyiO Ta6nnuy. 

N2 ABTOpbl nonyqeHHOe 3H8'1eHHe 

nn napaMeTpa Mnmenst p 

/5/ 
1. BnoK H .up. ( 1960) 0,764 :!:_0,03:.1 

2. Eapnoy H .up( 1964/
41 0,64 :!:_0,04 

3. lJ.aHHBSI p800T8 (1964) 0,867:!:_0,035 

Cpe.uaee saseweHHoe 3HB'IeHHe napaMeTpa Mnwenst .unst fl - MeaoHoB nonyqaeTcst pas-

HhiM O, 766 ,:!:.0,020, 'ITO cornacyeTcst c V - A - sapnaHTOM TeopHH cna6oro saaHMo.uel!cTBHstt 

EonhwHe oT,KnoHeHH!i aHa'!eHHll napaMeTpa p oT cpe.uHero npn Manbrx senn'lnHax yKa-

3aHHbiX OlllHOOK ( 'ITO HBOniO.QBeTCSI H B cnyqae fl+:_Me30HOB), B03MO>KHO, CBSI38Hbl C TeM, 

'ITO 38HH>KeHbl OUeHKH cpe.UHeKB8.Up8T>I'IHbiX OlllHOOK npH CT8Tl!CTH'!eCKOl! o6pa60TKe cneKT-

pos. 

Mo>KHO onpe.uenHTb omn6Ky pe3ynbTaTa 3MnnpH'!ecKHM nyTeM, Bhi'IHCn!lst cpe.uHeKsa.up_a

TH'IHbre OTKnoHeHHst pe3ynhTBTOB, nonyqeHHbiX no oT.uenbHbiM Bbr6opKaM, Mbr paa6HaanH_ sec;, 

3KcnepHMeHTanbHbil! cneKTP a a .uecstTb qacTel! ( no 409 cnyqaes fl--+ e :. pacna.u8 K8>K.U8st) 

H onpe.uenstnH .un!l KB>K.UOl! .Bb!OOpKH napaMeTp Mnwenst p • nony'leHbl cne.uyiOIUHe 3Haqe-

HHSI p : 0,718; 0,766;Q,547; 0,761; 0,886; 1,007; 0,952; 1,075J 0,867; 0,819. Cpe.uHee 3Ha

'!eHHe p BMecTe co. cpe.uaexsa.upaTH'IHbiM o:rxnoHeHneM pt_l'ip_ pasHo 0,840 ±.0,48. 

ABTOphl 6n8rO.U8pHbl O.A. 38l!MHI!Opore, M.M. KyniOKHHy, E. noHTeKopso, Yf.H.CHnH

Hy, A.A. TstnKHHy, Yf.B. <l>8nOMKHHy, A-.11. <PHnHnnosy, B.M. llynKo-CnTHHKOBY H IO.A. ll!ep-

6axosy 38 none3Hb!e o6cy>K.UeHHSI • H.B. ne6et:tesy, A.Yf. ToK8pCKOl!, E.A. llJaaHeBol! - 38 

H3MepeHHst, n.A. Y!c8eBOl! H n._E. KynbKHHOl! - 38 npo.uenBHHble HMH Bbi'IHCneHHSI, 
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1, L.Rosenson: J?hys. Rev.;.~. 958 ~i958), 
·:2, W.F.D~dziak;:· R.SagaiJ.e·an'd J,Veddcr. Phys, ·Rev;,: 114,- 330;· (19S9). 

• '··.. 1_. • --

3, R,J,Plano: Phys. Rev., 1l9; ·1400 {t9eo): 

4, J,BarioV:,, P.S,L.B~'bfu,' L,J,Carcill,- G,R.Cour£ J.'D;Oavi~~.: D.N.Edwards, R.G.John-' 
s~m and J.R.Wormald, Preprint University of Liverpool ( 1964) •. 

~' ~ . ·. ~-::-". . -··~ -~- . ·.. ., - ~ ' .. ' . ~ . 

. 5. M.M.Blcick; ··E,Fiorini, '!'.Kikuchi, G. Giacomelli and. S.Katti. Nuovo Cim., 23, 1114 
c (1962)0< ' •·· ,., . . . . . . -

6,. O.A. 3al!MHi:topor~. 'M .• f1.KynroKaH,' s .. noaTeKopso, P:M. Cynstes, Yl.~. <l>anoMKHH, 

A,Y!,; <l>HnnHnos, B,M, lly~Ko-CHTHHKos,dO,A: ll!ep6axos, )K3T<l>, ·11_, 389 (1963); 
'Phys; I,etters1 '1,1 229:_(i~62). · · · 

. . ~ ' - :.; . . . 
P.M~·, Cynste!3 0 A,Y!. <l>HnnHnos, lO,A, illep6axos, 

. . 
7. A.T •. B8cHneiixo, .. ·M.C. ·Ko3ot:taes; 

nT3, L 34: (!~;~>: . 
8. n.s. noaTe:~p:o. :m;a, .i_, · 66 ( 1964). 

'J. H;Uber'an. ·Phys._,R;;,v~, .ill• 365 (19()0) 

16; H..Bethe, Phys. R~~.,7o, 821 ( 1946). 
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Puc. 1. _ <PoTorpa<Puu 'lYBCTBUTenbHoro cnog _ nu<t><Pyauouuolt KaMephl -
BH.OHbi Lisa cnyqasl pacna.a~ IL - .:;: _ e-·=+, v '+:;::_ -

~\ 

' ~ '~ 

i 

:8 

; "'. 
~--· 

'-

.b.H 
•. L:!..X . '/ 

200 
-·~·-

180 ' . ~' -

tid 

1'10 " P- =0,7. 

IZO~ 

'100 '" 

80 

60 

LfO 

20 
/ 

0,10 O,cO 0,110 q50 /loO 0.70 ,0,80 0,90 'tOO· f,fO f,ZO X=P/Po. 
''• j r ·• ·' -

,.,, 

'Puc. 2· CneKTp UMnynbCOB aneKTpOHOB, rrony'leHHhlil' no 1460 cny'l8HM 
IL-.... _ e-= ·-pa_crrana; 1x :-nMrrynbC_ aneKTpoHa ~ e.aHHKuax __ MaK;... 
cuManbHoaoaMO)KHoro HMnynbCa p0 =52,82 Mas/c. Kpuaau co-

OTBeTcTayeT, p· =0,75~ , 

./·I 

'g 

-,, 
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·~N. 

'"AX· 
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