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IlOHHMaHHe CTpyKTypbI, 3aKOHOB p0)KJ:10HHSI H B3aHMOi:teiicT

BHSI sneMeHTapHbIX qaCTHU Hepa3pb!BHO CBSI3aHo C YPOBH0M pa3BH

THSI sKcnepnMeH-ranbirb1X MeToi:tcia," Oi:tHl!M na ;(jl(jleKTHBHbIX M~Toi:toa, 

03HaMeHOBaBIIJHX. HOBblii STan B pa3BHTHI! MeTOJ:IHKH H Hawei:tWHX 

wnpoKoe npaMeHeHne B sKcnepaMeHTan1,iioii (jl11anice BbICOKHX sHep

rnii, CTann i:teTeKTOpbI, ncnonb3YJOII{He 'lepeHKOBCKOe H3ny'leHHe 

B paanH'IHbIX cpei:tax, H cpeJ:IH HHX - i:teTeKTOpbl y -KBa.HTOB H 

sneKTPOHOB - 'lepeHKOBCKHe y -cneKTpoMeTpbI nonHoro nornome

HHSI, 

nepBbie 'lepeHKOBCKl!e y -cneKTpoMeTpbI, npei:tHa3Ha'leHHbie 

i:tnSI peI'l!CTpaUl!H Mannnapi:tHblX y -KB/iHTOB, 6bmH paapa6oTaHbl 

/1/ xi 
B JIB3 Ol1Hl1 B 1954-56 rr. , B Te'leH11e nocnei:1yromnx 

weCTHai:tuaTII neT aBTOpOM i:111ccepTau1111 BMecTe C COTPYJ:IHIIKBMH 

6binll C03J:18Hbl Y -cneKTpoMeTpb! paan11'1Hb!X Tl!ITOB, noason11aw11e 

no Mepe COBepweHCTBOBBHIISI MeTOJ:IIIKH peWHTb pSIJ:I aKTyanbHb!X 

3ai:ta'I q>l!3l!KII Bb!COKIIX 8Hepr11ii, 

HaCTOSIII{aSI J:ll!CCepTaUIISI ITOCBSIIUeHa paapa6oTKe H np11MeHe

Hl!IO B (jl11a11'1eCK11x sKcnepnMeHTax Ha c11Hxpo(jlaa0Tpoae Ol1Hl1 Me-

TOJ:IIIKI! 'lepeHKOBCKIIX y -cneKTpOMeTpOB, 

MaTep11anbI, BKnJO'l0HHbl0 B i:111ccepTaUIIJO, J:10Knai:tbIBan11cb Ha 

i:teBSITII M8)KJ:1yHapOJ:1HblX KOHq>epeHUIISIX II ony6n11KoBaHbl B pa6o

/4-21 / 
Tax , L111ccepTaUIISI COCTOIIT 113 ITSITII rnaB, 

x/ 
AaanOI'H'IHbie n~116opbl He3aBl!Cl!MO 6bln;f; paapa6oTaHbl TaK)K0 

B 4>l1AH CCCP ./ 1
11 B EepKn11 (CllJA) 1 , · 
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f n a Ba 1, TipeJlnO>!<eHl!e II pa3pa60TKa JleTeKT0pa 

HeliTp0H0B Bb!COKOll ::rnepr1111. l13Mepe1111e 

ceqeHl!H B3al!MOJl~llCTBll!I aeliTpOHOB C 

npoToHaMII. aeliTpOHaMI! ll !!Jl0aMI! B 

1111Tepaane ::rneprnii OT 2 no 9 j'::rn 

311a1111e nonHhIX ceqeanli B3al!MOAelicTBll!I sneMeHTapHhIX qac

Tllll C HyKnQHaMll II MpaMn UMeeT ¢YHAaMeHTanbH0e 3Haqe1111e An!! 

noH11MaHl!!I IIX CTPYKTYPbl II np11p0Abl c11n B3al!MOAelicTBll!I MelKAY 

HIIMII, Bo3Hl!Ka10m11e 3AeCb aonpoCbl npeACTaBn!!!OT 1!CKn10q11Tenb

Hblll IIHTepec B CB~311 C np<?aepK~li P,a3n11q11~1x T~opeTHq~CKIIX I'll-

noTe3 06 aCl!MnT0Tl!qecK0M noBeAeHl!II ceqeHl!ll B o6naCTII Bb!C0KIIX 

3He~rllli (rnna ·';e~peMbl TioMepaHqyKa), Al!.Cn~pc110H~b!X C00TH0llle-
' ' , I ' ,, ' ' ' " • ' • 

Hllli, M0Aen11 non!OC0B PeA>Ke, 11/:teli AyanbH0CTI! 11 KBa311noTeHu11-
. . ' . ' . ' ' ' ' /22/ ' ' 

anhaoro MeToAa nory~oaa-Taaxen11A3e • 

HacTO!lllla!I pa6oTa 6hma npeAnp11H~Ta B 1960-62 r,r, c uen.b!O 

B0Cn0ITHl!Tb , 0TCYTCTBY!Ollll!e AaHHbie no ceqeHl!!IM B3al!MOAelicTBll!I 

HeliTpOHOB C HyKnoHaMI! II !!ApaMI! B IIHTepaane 3Hepr11li OT 2 AO 

9 rsa II 0CBeTl!Tb p!!A B0npocoa, Ha K0T0pbie C0BpeMeHHal! Teopl!!! 

He M0>KeT AaTb CKOflbKO-HIIDYAb YA0BneTB0pl!TeflbH0I'0 0TBeTa. 

K Ha116onee BalKHbIM 113 HIIX 0TH0Cl!TC!I B0ilp0CbI, CBl!3aHHbJe C on

peAene1111eM a6con10THh1x 3Haqe1111ii nonHhIX ceqeH11li B3al!MOAelicT

Bll!I HeiiTp0HOB C npoT0HaMI! 11, cneA0BaTenbH0, pa3HOCTeli C00T

BeTCTBY!Ollll!X ceqeHl!ll B3al!M0AelicTBl!!I HeliTpOHOB C npoToHaMI! 

11 Ilp0T0H0B C Ilp0T0HaMI!, xapaKTep Il0BeAeHl!II nonHbIX ceqeH11li 

B3al!MOAeliCTBl!II HeliTpOHOB C npoT0HaMI! B yKa3aHH0M l!HTe.paane. 

sHepr11li, a6con10THhie aen11q11HhI nonpaaoK Ha sKpaH11poaa1111e 11eli

Tpo11a np0T0H0M B l!Ape AeliTpOHa. Ilpll BblC0KIIX 3Heprl!HX, nonHhie 

II Heynpyr11e ceqeHl!II B3al!MOAelicTBll!I HeliTpOHOB C MpaMI! II AP, 

Lln11 AeTeK~IIII HeliTp0H0B C 3Hepr11eli B HeCK0nbK0 M11nn11ap

A0B aneKTP0HBO/IbT 6hin npeAn0;l<eH II pa3pa6oTaH HOBblll MeT0A 

per11cTpaun11 HeliTpOH0B qepeHK0BCKl!M y -cneKTP0MeTp0M 113 

CBIIHU0B0I'O CTeKna pa3MepoM 0Kono ABYX cpeAHIIX l!AepHbIX npo-

6eroa. Tip!iHU11n p'a60Ti:1 AeTeKTopa oc·110BaH Ha npeo6pa3oaaH1111 
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.a11epr1111. HeliTpoHa B . 1r
0 ·,-Me30Hbl,· OKCilep11MeHTanbHO. 113MepeHHa!I· 

a¢¢eKTl!BHOCTb AeTeKT0pa An!! HeliTpOHOB•C .aHepr11eft.8,3 raa paa-. 

Ha 0,6% np11 aHepreT11qecKoM pa3peweH1111 :!: 0,8 raa, 

TionHhie ceqeHl!!I B3al!M0AeHCTBl!S! HeHTpOHOB · C a¢¢eKTl!BHOH 

3Hepr11eft 2,6;- 3,9; ·5,5; 6,9·11 8;3 raa,·c .npoT0HaM11.113Mepgn11cb 

pa3HOCTHblM MeT0A0M no ocna6neH~!O nyqKa HeHTpOHOB B MllllleHHX ' 

113 non11aT11neHa 11,yrnepoAa a ycnoa11Hx •xopoweii reoMeTp1111• 

( 0 / 2 = 0,228°). SKcnep11MeHTanbHhie AaHHhie no nonHbIM ceqeHl!!IM 

B3al!M0AeHCTBII!! HeHTpOHOB CJ npoToHaMI! np11aeAeHbl Ha p11c. 1, 

LlnH cpaaHeHl!!I· Ha TOM )Ke p11cyHKe np11BeAeHb1 AaHHbie no nonHbIM 

ceqeHl!!!M B3al!MOAeHCTBll!I np0T0H0B C np0T0HaMI!, 

80 

)()--~,--
Gt:<pd) t 

~60 
l: 

--<:<pp). : 
DaHHQR 
paaoma 

(1962) -d' 

40 1tF~-- ~ J 111""' , 
20 

2 3 5 ? IO 20 30 

longoe-t ae. 
(1968) 

Paeevs1<y etae. 
. (1964) . 

Arxinsoneiat. 
(1959) 

50 70 
. En,r38 

P11c.l, TionHbI·e ceqeHl!!I B3al!M0AeliCTBl!!I H8HTpOHOB C npoT0HaMI! 

II AeHTP.oHaMI! B 3aBl!CIIM0CTI! OT a11epr1111. 

A11an113 nonyqeHHb!X AaHllbIX Il0Ka3blBaeT, qTo at (n p) B 

Al!ana3oHe aHepr11li OT 5 AO 8,3 raa npaKT11qecK11 nocToHHH0 11, 

Haq11Ha!! C 3Hepr1111 4 raa, B npeAenax 3KCnep11MeHTaflbHb!X Olll1!60K, 

COBnaAaeT C a t (pp) , OTOT pe3ynbTaT He np0Tl!B0peq11T npeA-

/23/ . . 
CKa3aHl!!IM M0Aen11 PeA>Ke , 11cnonb3YH 1!30T0ill!qecKy!O IIHBa-

p11aHTHOCTb, M0JKH0 nonyql!Tb ceqeH11e HyKn0H-HyKn0HH0I'0 B3al!MO-
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)lel!CTBIISI B COCTOSIHHH: C H30TOilH'JeCKHM· CilHHOM, paBH
0

blM' Hyn~:, 

a (T-0) .. 2 at ( n·p ,)--a ;:(pp-). nony'leHHbie ,)l8HHbie ,yKa3hlB8IOT, Ha·; ', ' 

TO, '!TO npa 3Heprasrx, 'npeBb!W8IOillllX, 6. ras; Ce'!eHHSl ,HyKnoH-lfyK

noHHOI'O .B38HMO)lel!CTBHSI, . 13 -npe)lenax, OWHOOK 8KCnep11MeHT8" .He 

' 38BHCSlT,-oT: senH'IHHbl: H30'.I'OilH'!ecK6ro cn11Ha HYKJ:IOH- iiyKnOHHOl!· 

· cac.TeMbI, ,:,. , ' ' T ~ ". ', ,_, ; ' ' .. 

l13MepeHHSl nonHhIX Ce'!eHiil!, B38HMO!lel!C,TBHSI:Hel!TpOHOB .c: Hell--, 

TpOH8MH .np_OH3BO!lHnHCh .. pa3HOCTHh!M ,,MeTO!lOM -,c _MHWeHSIMII · 113 ' 

II 
2
0 , H, ,,D_

2
O. B 0 yc;noB11SIX Wxopowel! reoMeTpaa" {0/2=0,228°). 

nony'leHHhie B 3KcnepHMeHTe Bena'IHHbl : d, 't ( n n) anSI HeliTpOHOB · 

c aHepraei 5,5 H 8,3:, T:as:·, npHBeaeHbI· &· Taonaue · 1, .. , 

Taon11ua 

·E, ras a'(nnh.4oH, a(p p) MoH;•, · /j.a ,MOH, 

5,5 34,8 + 1,6. 42 + 1 7,2 : 2 

8,3 31,5'! 1,7 40 + 1 8,5 + 2 

3aecb a-, ( n n )-ce'!eHae B38HMO!lel!CTBHSI Hel!Tp0H0B C Hel!-
t 

'Tp0H8MII oes yiieTa nonpaBKH _Ha 3KpaHapOB8HHe B ael!TPOHe, Be-' 

na'IHHY nonpaBKH Ha 3Kp8HHp0B8HHe tJ.a MOJKHO Bbl'IHCnHTb' 113 

aaHHhIX HacTosnueli paooThI AnSI a' ( n n) a asBeCTHhIX aKcnepa-
t 

MeHTanbHbIX Benl!'IHH -a t ( p p ) , KaK BH!lH0 113 Ta6n11UhI, C poCT0M 

3Hepraa He Ha6nroaaeTCSI yMeHbWeHH~ a¢¢eKT8 3Kp8Hllp0BKH, OTOT 
,' . /24/ 

BbIB0Jl npoTaBope'IHT npeACK838HHSIM, nony'leHHbIM B pa6oTe 

HS 0CH0Be :reopaH PeAJKe, Hcri0nb3YSI H3MepeHHhie B H8CTOSIWel! 

paoo:re_ BenH'IHHhI An SI. . a\ ( n n) H at ( n p ) npa aHepra11 5,5 a 

8,3 raB, MOJKH0 onpeAenl!Tb nonHbie Ce'!eHaSI B3811MOAelicTBHSI Hel!

TpOH0B C Ael!TpOH8MH, 0TH pesynbT8ThI, HapSIAy C Jl8HHb!Mll at (pd), 

npaBeAeHhI Ha. pac, 1. CpasHeHae ce'!eHal! a t (n d ) a a/pd) noKa-

3bIBaeT, '!TO 0TnH'!He MeJKAY HIIMH H8X0AHTCSI B npe)lenax 3KCne

PHMeHT8nbHbIX' oum6oK, 

6. 

I• 

; I 
I 

·1 

t1 
11 

. i! 

' 

.r 

.,, 
:_i 

I 
I 

,• ·1 

nonHhie Ii Heynpyrae Ce'!eHl!Sl B38HMO)lel!CTBHSI Hel!TpOHOB C 

SIAP8MH' yrnepoaa, anIOMHHHSI, Mella, onosa Ii CBIIHUa H3MepeHbl npa 

3HepI"Hll 8,3 ras. OT!! pesynbT8TH npaseae'Hbl Ha PHC. 2, KpHBbie 

anSI nonHhIX Ce'!eHHl! B38HMO!lel!CTBHSI (cnnowHaSI KpHBaSI) H !lnSI 

Heynpyrax Ce'!eH11l! B38HMO!lel!CTBHSI { WTpHXOB8HH8Sl KpllBSSI) Bbl'll!C-

- • /25/ 
neHbl Ha OCHOBe ooooweHHol! amppaKUHOHHOH MO)lenH 

4000 
f HacmORUIOR pa5oma P8. 

,3000 .... 
'IC) 2000 +1---1-- I -4-4-

1000 

Cu 
1600 

~1200 
~ . 

'IQ 800 

-~ 

-w--r-i--:---+--r-~, 
400 

ne 
'800 

~600 
~ 

lc5' 400 

~ 
i---rr--t- 1 · ➔ 

200 

C 
400 

Lo 300 

i 200 ;,----r--r --t 
~ 

100 

03 0.5 LO 2.0 5.0 10.0 
:lHepeuR HeumpoHo8, r38 

P11c,2, nonHhie Ii Heynpyrae Ce'!eHHSI B38HM0)lel!CTBHSI Hel!TpOHOB 

C SIAP8Mll yrnepoAa, anIOMHHHSI, Mean H, CBHHUa, KpaBbie 

Ha rpa¢aKe Bbl'IHCneHhl Ha OCHOBe o6oomeHHOll !lH¢paKUHOH

HOll MO)lena, 
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AHanH30M ,3KCIIepHMeHTaru,HblX naHHb!X Ha OCHOBe Monemi: 

OAHOPOAHOI'O smpa 6bmH 011peneneHbl, panHYCb! smep ',R ',. 11apaMeT-

phi Ol!TH'IeCKOll MonenH K H 

- /26/ 
k 1 , H cpenHllSI aenH'IHHa, ,smepHoro 

IIOT0HUHana V, ',, 

1/a -13 
R • (1,26 : 0,02) A • 10 CM 

'13 -1 
K, =,(0,~8 :.0,03)•10 CM 

13 -1 k .(0,12 + 0,04)•10 CM 
l -

V .. (24 : '8) Maa. 

r n a Ba II • npennolKeHHe H paspa60TKa' OllHOKaHaflbHOll 

C:HCTeMbl HCKOOBblX KaMep H 'lepeHKOBCKOI"Q 

i -cIIeKTOOMeTpa. HsMepeHHe l!OflHb!X H 

nmb<bepeH11HanhHh1X ce'IeHHli peaKUHH rr-p ➔ rr0 n 

11pH HM11yru,ce 4 H 4 18 ra~Lq 

Harepec K' H3y'leHHIO peaKUHII TT- p ➔ rr 0n (1) CBSl3aH C B03-

MOlKHOCTb!O 3KCIIepHMeHTanhHOli 11poaepKH OCHOBHhlX IIpHHUHIIOB Teo

PHH l!OflSI II MOneneli, paccMaTpHBaIOmHX B3aHMoneliCTBIISI 11p11 BbICO

KHX aaepI'HllX KaK o6MeH BHpTyanhHblMH '1aCTHUaM11. 'PeaKUHSl IIepe

aapSIAKII O'IeHb yno6aa nnll IIpoaepKH TeOpH11 nonIOCOB PenlKe. B 

3TOli peaKUIIH MOlKeT IlpOl!CXOAHTb o6MeH TOflbKO OAHHM penlKe-no-

nIOCOM C KBaHTOBbIMH 'IHCflaMll p -Meaoaa, 'ITO y11po1Uaer aaanHa -

3KCl!epHMeHTanbHblX naHHblX H HX reop9.TH'leCKYIO 1!HTep11peraUHIO. 

K11HeM1l'l'H'1eCKl!e oco6eHHOCTH 11poueccp. 11epeaapSIAKH •IIPH, Bbl

COKHX 3HepI'HllX 1!03BOn11nH Bl!epawe H3MepHTb Ce'leHHe peaKUH~ (1) 

- - ·Y-KBaH-B o6naCTH 3HeprHli BbJWe ~ raa 110 MaKCHMYMY' B CIIeKTpe 
' ' 

TOB IlpH 11ornome.a~11 11paKTH'leCKH MOH03HepreTH'IeCKHX 1T O-Me30-

HOBB 'lepeHKOBCKOM · y· -cm:iKrpoMeTpe. 

8 3KCIIepHMeHTe_ 6bm HCl!Oflb30B~H _ y~cl!eKTpOMeTp, HMeIO

mHli peKopnaoe aHepreTH'lecKoe paapeweaHe ( fl E/ E = : 4,5% nnll 

aneKTpOHOB 6 3HeprHeli 2 t-4' raa). B H3MepeHHSlX .i:m¢¢epeaim~-

8 

· .. ; 

,. 

., . 

~: ( . 

:,j 

\ \-
'i 

'..,." ··):'.':·<· 

. I ,,, 

" 

HOI'O Ce'!eHHSI peaKUHH ( 1) IIPH HMIIynbce 4,8 raa/c 6bmH BIIep

Bbie IIPHMeHeHbl COBMeCTHO pa60Tal01Ill{e qepeHKOBCKHll y -cIIeKT

poMeTp H HCKpOBble KaMepbl. An11apa Typa 1!03B0flSlna OAHOBpeMeHHO 

H3MepSITb KaK yron paane,Ta y -KBaHTOB, TaK H 3Hepf'HIO 
0 

1T 

Me30HOB, 'ITO cymeCTBeHHO _yaenH'{Hno 3KCIIepHMeHranbeyJO TO'I

HOCTb. 

.llH¢¢epeauHanhHoe ceqeHne peaKUllH (1) 11pencraanea~ Ha 

PHC. 3. 3KCIIepHMeHTanbHhle naHHhle_ nnSI ( d a/ d t,) t,,,O IIpHBeneHbl 

Ha pHC. 4. C11nomHaS1 KpHBaSI 11ony'leHa H3 AHCIIepCHOHHblX COOT

HomeHHli. PesynhTaTbI· AflSI l!OflHh~X Ce'IeHHll peaKUHH ( 1) IIPHBene-

Hbl Ha pHc. 5. 

Ha pHc. 3 BHAHO, 'ITO au /d l B HHTepaane· - t < 0,1 

HMeer IInOCKYIO BepWHHY C reaneHUHeli K IIOHHlKe'HH!O IIpH M8Hb

WllX 3Ha'leHHSIX nepenaHHoro HMIIynhca. Benmmaa ( d a/ d t )t,,, 0 = 

= (Q,49 : 0,10) M6H/(faa/c}
2 

IlpH 4,8 raa/c cornacyeTCSl'C pe

ayru,TaTaMH pac'leTa Ha OCHOBe AHCIIepCHOHHhIX COOTHOWeHHli. Be-

flH'IHHbl Ce'IeHHll IlpH 4,1 H 4,8 raa/c cornacyIOTCSl C 3aBHCHMOCTbIO 

BHAa a cex 
,.., 1 -. , __ : l t 
~ Q3 ff ,s, 

~ Q2 

? n, I 
~ _, 

"'tS 005 

0.1 0.2 0.3 0.4 

-t. (r38/c)2 

Pnc.3 • .llH¢¢epeHUHanbaoe ce'IeHHe peaKUHH "- p ➔ TT O n 
= 4,8 raa/c. 
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0.9 ~ go,H1fl pa&rna 
i -pacwm 
E: 
~0.7 

. ,I 1 
r 
.305 

.l Cl 

~ ~ lo 
'tS Q3 

0.1 

2A 3.2 4.0 48 5.8 

P,, .• ra6/c 
P11c,4, (du/dt~t=O B aaa11c11MOCTH OT l!Mnynbca " ,-Me30HOB, 

l . 

Kp11BaSl Ha ·rpalj,11Ke paCC'lifTaHa Ha OCHOBe 1111cnepCIIOHHblX 

COOTH01110Hllil, 

n-+p-:,c0 +n 
os I J Hacmosiu.pfl 

I poooma 

03 ~ + Faisneref:.at 

Q2 r "I + Mannefi eto1 
+ Wahfig et.al. 

~ 
'a 0.1 

ODS 

3 4 6 8 12 16 20 

PK-,~8/c 
P11c.5, nonHoe ce'!eH11e peaKllllll " -p ➔ 1T 0

n B aaBIICIIMOCTII 

OT HMnynbC8 71- -Me30HOB. 
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r n a Ba Ill • HoBbiii: MeTon 11sMepeH11si sdlcbeKTIIBHoii: 

Maccb11 ITpenno)KeH11e II paspa6oTKa 

nBYXKaHanbHOH CIICTeMbl C0BMeCTH0 

pa60TaJOm11x IICK00Bb!X KaMep U 

qepeHKOBCKIIX y -crreKT00MeTp0B 

TpeTbSI rnaEla hOCBHIIieHa pa3J;!a60TKe H0BOH MeT0AIIK!i' 

.o;ByxKaHanbHolf c11cTeMbI C0BMec·THO pa6oTaronm·x qepeHKOBCKHX y -
• . ' . .. . /16/ 

crreKTp0MeTp0B l! HCKp0Bb!X KSMep • Paspa6oTaHHaSI MeT0AII-

Ka 11aeT B03MO)KH0CTb rrpHMblM o6pa30M 1!3MepSITb sqicjieKT,liBHYJO 

. ' . ' . . ( + - 0 0 0 J18/ 
Macey nnH · n111p0Koro Knacca pacnanoB x ➔ yy ,. e e , " Y ,rr ·TT ••• J · · • 

ArrrrapaTypoll 113MepiiIOTCSI yI'nb,· BbineTa 3.IIEJKTP0H0B (n.1111 Y-KBaH

TOB) 11 IIX 3Heprn11. YKa3aHHbie Tpn rrapaMeTpa Il03B0.IISl!OT B0CCTa

H0BliTb sqiqieKTHBHyro Macey ( m 
2 s,,2 E ;E 2 O -cosl}))HepeHKOBCKllll Macc

cneKTp0MeTp Kami6poBancH iia nyqKe sneKTp0HOB n no pacrranaM 

71 ° ➔ yy ( L\M/M = ::_ 9%) rrp11 p 
17
_= 4 fsB/c, 

BbICOKSSI scjlqieKTIIBHOCTb crreKTpo~eTpa (10% A.IISI AByxqacT11q

Hb!X pacrranoB) 1 IllllpOKl!Il .cmarra30H sqiijieKTHBHb!X Mace, pernCTpll

pyeMb!X 0AH0BpeMeHH0, Bb!COKHH ypoBeHb rronaBneHIISI qJOHa Ii B03-

M0)KH0CTb perncTpau1111 B 0AH0M 3KCrrepnMeHTe pacrra)l0B HeCK0nb

KIIX TIIIl0B e + e -, y y Ii T,A.) Il03B0.IIHnn 11ccnenoBaTb PHA rrpo-

neccoB, pesynbTaTbl K0T0pb!X 113.II0)KeHbl B IV u V rnaBax, 

fnaBa IV • l1ccnenoBaH11e peaKun11 rr-p ➔ ne+e-rrp11 

4 fsB/c. O6Hapy)KeH11e pacrranoB f!.o -

Me30H0B Ha sneKTpoH-Il03HTp0HHY!O rrapy, 

l1sMepeH11e rrapu11a.1IbHOH Illl!0IIHbl r (p 
0➔ e + e -) 

HccnenoBaHlle CB0HCTB BeKT0pHb!X Me30H0B SIBnSieTCSI OAHOH 

113 ueHTpanbHblX sanaq QJl!311KII Bb!C0KIIX s11epr11ii:, 

8 paspa6aTb!B88Mb!X TeopeT11qecK11X cxeMaX B8KT0pHb!M Me30-

HSM B Cll.llbHbIX B3allMOAellcTBIISIX 0TB0AIITCSI ponb, aHanornqHaSI po

nu sneKTp0MSI'HIITH0I'0 rronH B sneKTP0AHHSMIIKe. 8 3THX cxet4aX 

11 



BCH COBOKynHOCTb cun&HhlX B3aHMOAeHCTBHH TpaKTyeTCH KaK pas

nn'!Hble npOHBneHHH. Tpex <jJyHAaMeHTan&HblX B3aHMOAeHCTBHH BeK

TOpHblX Me3OHOB COOTBBTCTBeHHO C 6apHOHHbIM, runepaapMHblM 

u HaocnnHOBbIM TOKaMH, Cpenu 3THX Moneneft oco6oe 3Ha'leHne 

npuo6pena Monenb BeKTOPHOH AOMHHaHTHOCTH, cornaCHO KOTopoft 

B3aHMOAeHCTBHe sneKTpOMaI'HHTHOI'O nong C n106oft CHCTeMOH an

pOHOB npo11cxon11T 'lepe3 npeBpamea11e q>OTOHa B BeKTOpHblH Me3OH, 

8 Monemr Be!(TOpHO:ii AOM11HaHTHOCTII KOHCTaHTa CBH311 Yv MBlKAY 

Y -KBaHTOM II BeKTOpHb!M Me3OHOM IIMeeT BalKHOe 3Ha'1eH11e nng 

noH11MaH11g uenoro pgna HBflBHIIH - sneKTpOMaI'HIITHblX q>OpMqiaKTO

POB nceBAOCKanHpHblX Me3OHOB II HyKnOHOB, sneKTPOMaI'HIITHblX 

pacnaAOB Me3OHOB II T,A, 

En11HCTBeHHblM npHMblM cnoco6oM onpeneneHHH y V g5ng-

o + -
eTC.11 113MepeH11e OTHOCIITenbHOH BepO.IITHOCTII pacnaAOB V ➔ e e_ • 

B sKcnep11MeHTe cTaB11nacb aana'la: 

1. y CTaHOBIITb cy1I1eCTBOBaH11e sneKTpoH-noa11TpOHHbIX pacna-

AOB HeHTpan&HbIX p -Me3OHOB, 

2, HaMep11T& napu11an&ay10 w11p11Hy 3Tl!X pacnanoB r {p 
0 ➔ e+ e-). 

3, OnpenenllTb aen11'111Hy KOHCTaHTbl CBH311 MBlKAY p -Me-

3OHOM II y -KBaHTOM y p • 

3Kcnep11MeHT npoaon11ncg B naa sTana. B nepaoft cep1111 BeK-

TOpHbie Me3OHbl I'eHep11poaanHCb Tr -Me3OHaMH C HMnynbCOM 

4 rsa/c a lKHAKOBOAOPOAHOH MHWeHH nnHHOH 50'cM, Pacnpenene

HHe no sqxj>eKTHBHOH Macce nng COOb!THH C ABYMH 3apHlKeHHblMII 

TpeKaMII nocne OToopa no reoMeTpll'leCKHM H KHHeMaTH'leCKIIM Kpll

TepHS!M npHBeAeHo !{a p11c. 6, lllTp11xoBaHHaH I'HCTorpaMMa nony'le-

, 0 + -
Ha MOAenHpOBaHHeM pacnaAOB p ➔ e e Ha 3BM. Benll'IHHa 

P (x 
2
), yKaaaHHa.11 Ha rpa<p11Ke, noKa3bIBaeT cornacHe 3Kcnep11-

MeHTan&Hofi I'IICTOI'par:,,iMbl C MOABflb!O, 

PacnpeneneHHe no s<p<peKTIIBHOH Macce nng e + e - nap obino 

nony'leHo TaKlKe • OToopOM COOblTHH. TOflbKO no reoMeTpH'IBCKHM 

Kp11TepHHM 11 3Hepnrn C Bbl'IHTaHHBM q>OHOBblX COOblTHH ( CM, pHc. 

7). p a3HHUa B KOflH'IBCTBe _e+e--nap, HafineH~bIX ABYMH cnoco-_ 

6aM11, COCTaBngeT 8% H HaXOAHTCH B npenenax OWHOOK 3KCnepH-

12 

~s 
11i 

J, 
\ 

'.y 
• 

l 
r' 

c:ic, 10 

i 
~ 
!i 

'ig 
E 
Qi 5. ::,, 
CJ 

§ 
0 
~ 
\J 
::s 

:::,,- 0 

p-ft'e--HOgtJllb 
-3KC-m 

P!,X2J>eo;t 

600 700 800 900 

Met,-M38 
I + -

P11c,6, Pacnpenenea11e no sqiqieKTIIBHOH Macce nng e e -nap 

nocne OT6opa no reoMeTpll'leCKHM H KHHeMaTH'leCKIIM 

KpHTepHflM (27 COOblTHH), BeilH'IIIHa P(x 2
) _noKa3b!BaeT 

cornacHe SKCnep11MeHTan&HOli I'HCTOI'paMMbl C MOAen&IO, 

~ 
~ 
~ 

10 - e+e-coo'W'l'IUR 
--- HOf!!1upo~e 
. coottmUR 

i 
'5 
§ 
~ 

CJ 

5 

.~ 
::i' 

0 t=fl -•~• 
"-M Nin 700 800 900 IOOQ 

Mete-<M38J 
. + -

PHc, 7, P acnpeneneaHe no s<jl<jleKTHBHOH Macce e e -nap rrocne 

OToopa no reoMeTpH'leCKl!M Kpi!TepHHM, SHepI'HH H Bbl'IH

TaHHH tpOHOBbiX COOblTHH ( OKono 25 COObITHfi), .llnHHa BOAO

pOAHOH MHWeHH 50 CM, 
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M8HT8/lbHblX Jl8HHbIX. YKa3aHHbie C06bITl!SI 11Jl8HTll!pl!UIIPYIOTCSI KaK 

pacna)lbl po ➔ e+e - • np·11MeCb. (,J ➔ e+e- II0 0ll8HKaM .He npeBbl

!llaeT 10% II Y'ITeHa: np11 Bb;'ll1Cn~iIIIII'' r ( p ➔ e + e ->. 
8Kcnep11MeHTbl BTOp0ii., cep1111 npoB0)ll!nl!Cb C Ml!lll8Hbl0 )lnl!HOH 

25 cM • .Unsi yMeHbw·ea11si <jioaa ~~ma H3I'OToaneH~ M11weHb a <jiopMe 

yce'leHH0I'0 KOHyca II yaen11'leHa a<ji<peKTIIBHOCTb per11cTpau1111 

V ➔ e +e - pacnaJl0B 3a C'leT 1!3MeHeHl!SI reoMeTpllll 8KCnep11MeHTa. 

Pe3ynbT8Tbl BTOpOli cep1111 8KCnep11MeHTOB 11nn10c::Tp11pyIOTCSI p11c,8, 

KaK Bl!JlH0 113 p!!CYHKa, c HOBOll Ml!lll8Hbl0 B OCHOBHO~; aa6nIO)laIOT

CSI pacnaJlbl p O ➔ e + e - ,( BC8I'O no nep~oli 11. BTOpOH cepl!SIM 1!3Mepe

Hllll 37 C06hIT11li), Ben~q~Ha OTHOCl!TenbHOll nepOS!THOCTI! pacna-
0 + ~ ,, . 

· JlOB P ➔ e e , nocne cyMMIIPOBaHl!SI' Jl8HHbIX nepaoli II BT0poli 

cep1111 aKcnep11MeHTOB, np11ae~eH~ B Ta6n11ue 2 • .Unn cpaaaeHl!SI 

B TOH lKe Ta6n1111e npl!B8Jl8Hbl 6onee no3JlHl!e JlaHHbie, nony'leHHbie 

B Jlpyr11x na6cipaTopmix. KaK Bl!JlHO 113 Ta6nl!Ubl 2, aenl!'ll!Hbl OTH0-

Cl!TenbHOli BepOS!TH0CTI! pacnaA0B p O ➔ e +e - 1 nony'ieHHbie p83Hbl

MI! MeT0Jl8MI!, cor'nacy10TCSI B npenenax OJlHOll CTaHJlapTHOll 0!11116-
. ' 

Kl! II IIOJlTB8plKJl810T pe3ynbTaT HaCTOSIIUeli pa6oTbl, Pe3ynbTaTbl 

Te0peTl!'leCK!!X p8C'l8TOB npl!BeJleHhl B 'leTBepTOM CTon6ue Ta6n11-

llbl 2. OTnll'll!e TeopeT11'leCKl!X oueHOK 3H8'll!TenbH0 6onb!ll8 II Ha

XOJlHTCSI B npenenax JlBYX nopS!JlKOB, nyqwe acero C 8KCnep11MeH-
/28/ 

TBnbllbIMI! JlaHHblMH cornacyIOTCSI oueHKH, cnenaHHbJe a pa6oTe • 

Ha6n10neane pacnaJl0B r° ➔ e +e- SIBnSieTCSI npSIMblM nOJlTB8PlKJl8HHeM 

MO)lenn BeKTopHOli JlOMHHaHTHOCTH, .Un<ji<jiepeHunanbHOe Ce'leHl!e 

0 
p -Me30HOB B 3aBHCHMOCTI! OT - l , anepBbie H3MepeHHOe 

no pacnanaM p O ➔ e + e - , npeAcTaaneao aa pnc, 9, .Unn napaMeT

pa, xapaKTepn3y10mero HaKnOH nn<p<pepeaunanbaoro ceqeansi, nony

-2 
qeao 3Ha'leHne A = (8,6 -1- 3,3) (raa/c) • 

14 
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Pacnpenenea11e no a<p<peKTHBHoli Macce e+e- -nap nocne 

oT6opa no reoMeTpH'leCKHM KpnTepHSIM'H aaepI'HH 

( 0Kono 10 co6bITHli) • .Unnaa BOJl0pOJlHOli MH~eHn 25 CM, 

LO 

~as 
~ 
~02 
~ .30, 
.... 
~005 
"""a 

002 

71~p- r•n 
'(r11/e 

• I .2 :.J A .5 
-i,(/3cfc)2 

Pnc,9, .Un<ji<jiepeaunallbaoe ceqeane peaKUHI! 11 -p ➔p0n, p 0➔ e + e :

np11 p "~ = 4 raa/c, 
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r n a a a V • vfaMepeHHe µmjxbepeHuHam,Horo ce'leHHH 

peaKllHH ,,-P ➔ 1J on 
2 

0-0.24 (raa/c) 

B )'!HTepB<1n~ 

TT.P.!! p = 4 fa_l'\/J:: ,,-
l1ccnenoaaHH9 nmjxjiepeHUHBnbHOI'O C9'19HIIH peaKUIIH TT p ➔ 71° n ( 1) 

B ~6nacTII o'leHb Manbrx nepenaHHbIX nMnym,coB. noaaonHeT npoae

.PIITh Teopmo nomocoa PenlKe, B peaKUIIII ( 1 ) AOMIIHHpyeT onHa 

penlKe-TpaeKTopnH, YKa3aHHaH oco6eHHOCTb cnm,Ho yrrpomaeT aHa

nna aKcnepnMeHTanbHbIX naHHbrx. l1a npaann oT6op'a nnH peaKunn 
~ '. . 

( 1) cnenyeT, 'ITO_. KB8HT0Bbl9 'IHcna TpaeKTOp!III COOTBeTCTBYIOT 

KB8HTOBblM 'IIICnaM A2 -Me30H~. 

B H8CTOHWeM aKcnepnMeHTe II3y'leHa CTpYKTypa nn¢qiepeH-

UII8nbHOI'O Ce'leH!IH peaKun·H ( 1) B o6naCTII O ~:.:\ ~ 0,24 (raa/c)
2

' 

. npencTaBnHIOWaH Han_6om,wnii HHTepec nnH TeopnH, ITpnMeHeHneM 

reoMeTpH'19CKH;X H KHHeMaTH'leCKIIX KPHTepHeB 6bmo nneHTn¢n-
o · 

UHpoaaHc 1060 71 ➔ yy pacnanoa, 

.UH¢qiepeHuHanhHOe ce'IeHne peaKUIIII ·(1) npencTaaneHo Ha 

,pnc. 10. Bo3MOlKHOC.Tb II3MepeHIIH He TOnbKO yrnoB BbmeTa, HO 

H aHep!'HH y -KBaHTOB noaaonHna B Tpn paaa yaenn'll!Tb TO'I-· 

HOCTb onpeneneH~H nepenaHHoro 4-nMnynbca no cpaaHeHHIO c paHee 
. . . /29/ · " 

ony6n1IKOBaHHb!MII pa6oTaMII .• AHanna peaynbTaTOB HaCTOHWelI 
. 2 

pa60Tbl _nOK83bIBaeT, 'ITO nnaTO B IIHTepaane O'S_--t'S_ 0,25 (raa/c) 

OTCyTCTByeT. .Un¢¢epeHunanbHOe ce'leHne B yKa3aHHOM !IHTepaane 

• nMeeT HaKnoH A = ' ( 4,3 + 0,8) (raa/c)-
2

• BepoHTHOCTb A = 0 , 
-2 -3 . 2 

no oueHKaM, MeHee P( x )<10 • ITpH -t= 0,01 (raa/c) B 

AH¢¢epeHUII8nbHOM Ce'IeHIIH Ha6n10naeTCH H3nOM, 

SKcnepnMeHTanbHoe nccnenoaaHne peaKunn (1) B HHTepaane 

OT O no 0,3 (faa/c>2, KaK y'.lKe OTMe'Ianocb, np.eAcTaanHeT -::- t ,•·,• 

6o;bWOH HHTepec AnH npoaepKII .no~IOCHOH MOAenH PeAlKe, · TaK KaK 

noaaonHeT 6onee TO'IHO onpeAennTb TpaeKTopn10 a ( t ) • 0AH8Ko 

AnH peweHIIH STOH 38A8'11I He06XOAIIMbl CBeAeH!IH 06 aHepreTn'IeC

KOH 38BHCIIMOCTH AIIqi<pepeHuHanbHOI'O ce'leHIIH, KOTOpb!e B HaCTOH-
/ .. 

wee BpeMH OTCyTCTBYIOT, 
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Oc1toBHhie' peaynhT8Tbt .. H BbIBOpb! 

· 1. Paapa6oTa~a MeTOAHKa 'I~peHKOBC_KHX , y -cn~!(TpOMeTpOB 

nonHoro ~ornomeHHH, 

2. Ilpe.unoJKeH H paapa6oTaH .ueTeKTOp Hei!:TpOHOB Bb!COKHX 

SHepI'Hll, 

3 •. HaMepeHo nonaoe_ ce'IeHHe n p B _HHTepBane OT 2 .uo. 
• . I . , . , 

9 ra_B, Hai!:.ueao, 'ITO B H.HTepBane OT 4 .uo· 8,3. raB, B ~-pe.uenax 

.' 8KCnepHMeHTanhHbIX OWH60K at< np) =U t ( pp). IlpH aaeprHHX Bb!We 

5,5 raa. B38HMO.[lellCTBHe M_e,JKAY eyKnOHa_MH • He 38B~CHT OT H30TO

IlH'I.eCK0I'O CilHl~a. 

4, J1aMepeHbl Ce'IeHHH .at(n~). PaanH'IH_e: Ce'IeHHi!:' a_t_(nd) 

·. H a t (pd ) ,_Il.PH 5,5. H 8,3 raa HaXOAHTCH a npe.uenax_ SKcnepHMeH-
;_,., ' 1 < • : 

TanbHbIX O_Wl!(foK, 

5. HaMepeHbl. aenH'IHHhI_ norrpaBOK _Ha 8Kp_aHHpOB8HHe B nei!:

TpoHe npH 5,5 H 8,3 raa. BenH'IHHbl n_onpaBOK B yKa,38HHO,M HHTep

Bane IlOCTOHf!'.Hbl,_ 3TOT Bb!B0/:1 He _cornacyeTyR C npeACK838HHHMH . 

TeopHH PenJKe. 

6. ,Ha~epeHbl nonHbie, H HeynpyrHe Ce'IeHHH B38HMOAellCTBHH 

aei!:TpOHOB C En= 8,3 raa C HAP8MH yrnepona, amOMHHHH, M8AH, 

onoaa H CBHHU8, 

7. IlpennoJKeH H paapa6oTaH Me TOA H3MepeHHH Ce'IeHHll peaK-

UHH 1T -p ➔ 1T On C IlOMOmbIO qepeHKOBCKOI'O Y -cneKTpOMeTpa 

H HCKpOBbIX KaMep. 

8. HaMepeHo nmjJcpepeHullanhHoe ce'IeHHe "-p ➔" 0 n npH 
2 

4,8 raa/c, PeaynhTaT nnH (da/dt)t=o = (0,'49::0,10)M6H(raa/c)· 

np11 4,8 raa/c cornacyeTCH C i:>aC'IeTHOll Ben11~11HOll 1 · nony'IeHHOll 

H3 .u11cnepc110HHblX COOTHOWeHHll, 

9, HaMepeHbI nonHb1e· 6e'IeH11_i:i peaKUIIH "-P ➔ .,on npn 4,1 

n 4,8 raa/c (cooTBeTCTBeHHO 

(0,11 !0,02) M6H), 

19 

a= (Q,12+0,02) M6H H a= 



10, TTpennoJKeH II paapat5oTaH .MeTon , 113Mepe_H11sr acpqieKTIIBHoli 

MaCCbl c IlOMOlllb!O nayxKaaanbHOli CIICTeMhl COBMeCTHO pa6oTaJO-

lllllX IICKPOBhIX KaMep II qepeHKOBCKIIX y -cneKTpOMeTpOB nnir· 

pacnanoa: e+ e- , YY , 1T 0y , rr 0 1T O II T,n. ( 'lepeHKOBCKIIH 

Macc-cneKTpoMeTp). 

11, .lloKaaaao cymecTBOBaH11e pacnanoa p O ➔ e + e - . 

12. H3MepeHa 
0

0THOC11TenbH8SI BElPOSITHOCTb p 
O ➔ e+ e...: pacna-

' ' -5 
llOB l B = (5,1 ~ 1,0)•10 ). OnpeneneHa KOHCTaHTa CBSl311 MeJK-

ny y -KBaHTOM II p -Me30HOM, 

13, HaMep~Ho' nmjJqiepe~u11anbHOe cetJeH11e peaKu1111 rr-p ➔ p 0 n, p 0➔ e +e -. 
• -2 

np11 4 raa/c, OnpeneneH napaMeTp HaKnoHa a= (8,6+3,3)(raa/c) 
, 2 -

11 (da/dt)t=0=(46'o:150) nb/(raa/c). 

14, HaMepeHa Macca p 
O 

-Meaoaa: Mpo= (742±12)Maa, 

15, HaMepeao n11qiqiepeHu11anbHoe cetJeH11e peaKu1111 rr p ➔ T/ 
0 

n , 
• 2 

11 ➔ yy np11 4 raa/c a 11HTepaane 0-0,24 (raa/c) , 

16. OnpeneneH napaMeTp aaKnoaa A = (4,3+0,8) (faa/c)-
2 

' 2 ' -
11 (da/dt)t= 0 )= (190!18) MK6H/(faa/c). PeaynbTaT nnR napa-

MeTpa H_aKnoHa He cor•nacyeTCSI C paHee nonytJeHHbIMII naHHhlMII, 

17, HaMepeao nonaoe cetJeH11e a/rr-p ➔ TJn) =(69,4:3,4) MKfiH 

Il)lll 4 faa/c, , 

18. HaMepeHO CetJeH11e peaKUIIII a ( rr "j, ➔,llrr'li).(0,39:0,05) MK6H, 

np11 4 raa/c, 

fl II T e p a T Y p a 

I. B.C,TTaHTyea, M.H.XatJaTypSIH, H.B. Llya11no, TTpenp11HT OH.HH 

P-291, Lly6Ha (1959). TTT3 l, 19 (1960), 

2, B,4>.fpyumH, B,A,3aneaanoa, E,M,fleliKIIH, TTT3.,a, 27 (1960), 

3, J, Brabant, UCRL- 3619 (1956). 

4. n. OJKllSIH11, B,C, TTaHTyea, M.H. XatJaTypRH, H.B. Llya11no, 

>K3T4> ~ 392 ( 1962 ) • 

5. B.C,TTaHTyea, M.H.XatJaTypRH, >K3T4> ~ 909 (1962), 

6, M,H,XatJaTYPRH, B,C,TTaHTyea, >K3T4> 11, 1411 (1963). 

20 

7, M,N, Khachaturjan, V,S. Pantujev. Nucl,Instr, and Met

hods 25, -173 (1963), 

8, M,N, Khachaturjan, V,S, Pantujev, Phys.Lett., 1, 80 (1963), 

9, B.C, TTaHTyea, M,H, XatJaTypRH, H.B. Llya11no, .HnepHaSI cp11a11Ka 

1 , Bhm, 1 , 134 ( 1965). 

10, M.A~Aa11M0B, M,H,XatJaTypSIH II np: .H4> 1, Bhm, 1, 145 (1965), 

11. B,C.naaTyea, M.H.XatJaTypSIH. nT3, ], 51 (1965). 

12. M.A. Aa11MOB, M.H. XatJaTypRH II np, TTT3 1.. 223 ( 1965). 

13. M.A.},.311MOB, M.H. XatJaTypSIH II np. npenp11HT OH.HH P-2436, 

.lly6aa ( 1965). 

14. M.A. Aa11MoB, M.H. Xa'!aTypSIH II np. n11cbMa :lK3T4>, 3, Bhm,8 

336 (1966 ). 

15, M.A. Azimov, M,N, Khachaturjan et al, Nucl,Instr, and 

Meth,, 391 325 (1966). 

16. M.H. XatJaTypSIH H np. ABTOpCKOe CBHlleTenbCTBO N9182249, 

17, M.A.Aa11MOB, M.H,XatJaTypSIH H np • .H4> 6, Bhm, ~,515 (1967) • 

18, M.A; Azimov, M.N. Khachaturjan et al, Nucl,Instr, and 

Meth,, ~ 309 (1967). 

19, A.T.MaTJOIIIHH, M.H.XatJaTypSIH H np. TTT3 l., 51 (1968). 

20. R,G, Astvacaturov, M,N. Khachaturjan et al, Phys.Lett. 

27B, 45 (1968), 

21. J, Hladky, M,N. Khachaturjan et al, Preprint JINR,El-4841(1969), 

.22. A.A. noryHOB, A.H. Taaxen11nae. Nuovo Cim., ~ 380 (1963), 

23. A. Ahmadzadeh, Phys.Rev., 1341 3633 (1964). 

24. E, Abers et aL Phys.Lett., 21, 339 (1966), 

25. A. Glassgold and K. Greider, Phys,Rev,Lett., ~,169 (1959). 

26, s. Fernbach et al. Phys.Rev., 75, 1352 (1949), 

27. M,Gell-Mann, F. Zachariazen, Phys.Rev., 1241 953(1961-), 

28. Y. Nambu and I. Sakurai, Phys.Rev.Lett., _§, 79 (1962). 

29, O. Guisan et al. Phys.Lett., ~ 200 (1965). 

PyKOilHCb nocTyn11na B 11anaTenbCKIIH OTnen 

16 Map Ta 1970 rona. 

21 


