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Pa6oTa BbIITOnHeHa. B · na6opaTopim Bb!C0KIIX :amepr111l O61,e

Al!HeH11oro IIHCTl!TyTa SIAepHblX. 11ccnenoBaH11lf 

Hay'!Hblii PYK0B0Al!Tenh: 

· K8HAIIA8T -qJll311KO-MaTeMaTl!'!eCKIIX HayK • M,H,XaqaTypSIH 

Oq>llltllanbHbie _onm:i11eHTbI: 

A0KTop q>1!3llirn-M':TeMaT11'!ecKIIX Hay15 M,11,ConoBh~B! 

KaHA~AaT qJ11311KO-M~TeMaTll'!~CKIIX HayK C,A,EyirnTOB 

, :Benywee · 11ayqHo-11ccnenoBaTenbcKoe yqpeJKne1111e: 

I na6opaT0p11S! · q>_OTOMe30,HHblX npoueccoB 4>1J311'!eCKOro l!HC.'.)'11-

TYTa AH CCCP IIM: n.H.ne6eneBa, 

ABTopeqiepaT pa3ocnaH 

3aw11Ta AIICCepTaUl!II C0CT0IITCSI n 

1968 rona 

1968 rona Ha 

3acenaH1111 ,Y'!EiHoro coBeTa na6opaTop1111 BbICOKII~ 'aHepr11ii O61,e-
/ 

~l!HeHH0r0 IIHCTl!TyTa S!AepHblX IICCnenoBaHl!ii1 r,I!y611a-:- MoCKOB-

CK0ii o6naCTII ( KOHtpepe11u-3an nB8). 

C A!lCCepTau11eii M0lKHO 03HaKOMll~bCSI .B 6116n110TeKe O61,e.:. 

Al!HeHH0ro IIHCTIITyTa SiriepHblX 11ccnenoaa11nii. -, , 
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BBeneHHe 

Mayqemie aneKTp0M8I:'HIITHblX B38HMoneiiCTBHii anpoH0B B 

H8CT0S1mee BpeMSI SIBnSleTCSI onaoii H3 rnaBHb!X npo6neM ¢II3HKH 

aneMeHTapHblX '18CTH_U. OnaaKO npouecCbl, 0TH0CSlmHeCSI K naaao

My Knaccy S!BneHHii, 0TnH'IBIOTCSI 0'leHb ManeHbKIIMH ceqeHIISIMH, 

'ITO, aaTpynmrnT IIX HCCnenoBaHHSI C Il0M0mhJO H3BeCTHblX SKCnepH

MeHTanbHblX ycTaH0B0K. BcneaCTBHe aToro MH0rHe HHTepeCHbJe 

aneKTpoMarHHTHbJe npoueccbl no CHX nop nnoxo Hayqeab1. 

Pe¢epHpyeMaS1 nHccepTaUHSI micasimeaa aKcrrepHMeHTan&Ho.My 

HccnenoaaHHIO peaKUHH 

TT + p + 
➔ e + e + n 

rrpn P - = 4,0 faB/c c II0M0mblO H0Boro MeTona. 
TT . 

-( l) 

·:1 LlnccepTaUHSI C0CT0HT H3 'leTb!pex rnaB. 

1 
-I !, 
J: 
/j 
1 
i 

B n e p Bo ii r n a a e HanoJKeH TeopeTH'leCKHii ac_neKT rrpo·-

6neMbI. BT OP. a SI H T p e Tb SI r n a Bbl II0CBSlmeHbl MeTonHKe 

SKcnepHMeHTa, rne B CBSl3H C STHM 0IIIICaH UHKn HCCnenoaaHHii 

peaKUHH 

TT-+l' ➔ TT 0 +n ( 2) 

rrpn P- _= 4,1 H 4,8 raa/c. B TieTaepToii rnaBe rrpoao
TT. 
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AHTCSI auanH3 H o6pa6oTK8 3KcnepnMeliTanbHbIX naHIIbIX 0 peaK

UHII ( 1) n o6cylKJleHHe peaynhT8T0B 3KcnepnMeHT8. 

OnncaH11bie B nuccepTaunn nccnen0Ba11usi 6hinn np0Bene11b1 

ua cuuxpoc!iaaoTpo11e na6opaTopun BhIC0KHX ~meprnii O61,emrneu

Horo nucTnTyTa sinepHbIX uccnenoBaHHii B Te'1e11ue 1963-1967 r.r. 

HuJKe KpaTKo uanaraeTcsi conepJKaune nnccepTaunn. 

I. Monenb BeKT0pH0ii noMHIIBHTH0CTH (V.D.M.) n ee 

B03M0JKHaR npoBepKa B npoueccax o6paaoBaHHR e+e~rrap B 

peaKUHH ,,-p➔ e+e-n 

OcHC>BhI V. D .M. HanoJKeHbI B opnrHHanhHhIX pa6oTax Hura 

n Mnnnca ( 1954 r.), nH H Hura ( 1955), <l>ynlKII ( 1959), CaKy

paH ( 1960),· a TaKJKe HaM6y ( 1957), <l>paaepa n <l>ynhKO ( 1960). 

"OcHOBHOii I'HU0Teaoii V • D .Al. SIBnSieTCR npennonoJKeHHe O A0MHHH

poBaHHH BeKT0pllblX Me30H0B B aneKTpoMarHHTHblX B38HMoneiicT

BHSIX anpoH0B, T.e. 0 uanH'lHH BHpTyanbHblX nepexonoB Me)KJly 

ueiiTpanbHblMH BeKT0pllbIMH MeaoHaMn ( C=-1, J>=-1, J =l ,m = m V) 

n y -KBBHT0M (C=-1,P =-1, J.;I, m =0). 

Monenb BeKT0pHoii Jl0MHHaHTH0CTH rrpen~K83blBaeT CTpyKTY

py nuarpaMMhl. <l>eiiHMaHa llnR peaKUHH ( 1) B Bnne: 

x-x·~-i~ 
P n P "' 

~e+ 
JC.-,✓.., 

+ II 
A 
p VI 

:i:;-,~e• 

~A (3) 

p VI 

Ha_nnarpaMMhl (3) cnenyeT, 'ITO o6paaoBaHHe e+e-:-rrap·c 

BbIC0KHM BpeMeHHnono6HhlM 3Ha'leHHRM q 2 rrponcxonnT, B 0CH0B

H0M, 'lepea Te rrpoMelh-yT0'IHble C0CT0RHHR, K0TOphie H3 BeCTHhI 

KaK BeKT0PHbie Me30llbl . p0 
, W n 'P• 
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3KcrrepnMeHTanhnoe nccnenoBanne peaKHHH ( 1) rroaBonsieT·

rrpoBepnTh rrpencKaaaune v.D.M., T.e. uanH'IHe cTpyKTyphI nHar

paMMhI _<l>eiinMaHa (3), H B cny'lae Il0JlTBeplKJleHHR naeT B03-

M0lKH0CTb orrpenenl!Tb K0HCTaHTy CBSI3ll_ BeKT0pH0I'O _MeaoHa C 

y -KBilllTOM ( y v nnH y ~ I 411 ), K0TopaR CBHaana c napn_H-

anhnoii mHpnnoii pacrrana BeKTopnhIX MeaouoB ere v ➔ e+ e- )] / l~ 

Ha6n10neune e+ e - -nap rrpn q 2 , "oTnn'1a10mnxcH OT Tex ana

'leanii, K0TOpb1e cooTaeTcTBYIOT p O
, w · n ¢. naeT BoaMoJKHocTb 

rny6xm Il0HRTb aneKTpoMaI'IIHTHLiii c!iopMc!iaKTOp HyKnoua. 

n. MeTOn nccnenoBaHHR panHaunoHHhIX pacnanoB peaouaucoB 

,MHPPP) 

MeTOJlH'leCKne ocnoBhl MHPPP 61,1nn paapa6oTaHhI B n11Kne 

nccnenoaaHHii, KoTophie 6binn ltpoBenen1,1 c 'lepe!IK0BCKHM y -crreKT

poMeTpoM 113 CBHIIII0BOI'O CTeKna paaMepaMII 18 X 18 X 30 cM3 

(paanen n. I ). 

Hay'leHHe 'lepe!IKOBCK0I'O y -crreKTpoMeTpa na rry'IKe aneKT

pOIIOB/2,3/ B o6naCTH 3Hepr11n E =0,25 -t 4,0 faB IlOKaaano ..-
HBnH'IHe nuneiinoii aaBHCHMOCTll aMilnHTyJ:{hI HMITyilbCOB OT ;9Hep-

rnn aneKTpoHoB annoTb no 4,0 faa. 

3aBHCHMOCTb anepreTH~eCKOI'O paapemelllIH cneKTpoMeT-
-¼ 

pa (R) OT aneprnn (Ee_) B HHTepBane 0,25 -;- 2,0 faB :R=-const(E
9
J, 

a OT 2 no 4 raa: R = Const. = ":!:._ 5%l4I ~ 

IIpnMeHeHHe HCKpOBhIX KaMep COBMeCTHO C 'lepeHKOBCKllM 

y -cneKTpoMeTpoM Il03B0,iIReT .yny'IIDHTb TO'IHOCTb ll3Mepenm1 

aneprnn ( npn y'leTe 38BllCHM0C'rII 8MnnHTyJlbl OT MeCTa ll OT yr

na naneanH nn»neaoii 'laCTnn1,I} n rrony'IRTh 6onee rroJlllYJO 11n

c!iopMaJOID (aueprrrR. 11 KoopA11HaT1,1) o nanuoii nn»neaoii 'IBCTH-

ne. 
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1:· 

B 3KcirepnMeHTe/5/ C IlOMOmhJO MaKeTnpoBaHlllI IICKpOBbIX 

KaMep naTyHHbIMII H CBIIHIIOBbIMH nnacTHHaMH, pacnonoJKeHHblMII 

nepen qepeHKOBCKHM y -cneKTpOMeTpoM, BbIHCHeHa npHHlllllllfallh

Hall B03MOJKHOCTh np11MeHeHlllI IICKpOBbIX KaMep COBMeCTHO C qe

peHKOBCKHM cneKTpoMeTpOM. PeaynhTaTbl 3Kcnep11MeHTa noKaaam,, 

'ITO IICKpOBbie KaMepbl TonmnHOli no 2 pan.en. nO'ITII He BlllllIIOT 

Ha OCHOBHbie• xapaKTepllCTIIKII cneKTpoMeTpa. 

Bo3MOJKHOCTh aarrycKa IICKpOBblX KaMep OT 11Mrrynhca qepeH-

KOBCKoro y -cn_eKTpoMeTpa 11ccnen0Banach- Ha ny'IKe " -Meao-

HOB. ToHKOCTeHHbie IICKpOBbie KaMepbl co CBIIHIIOBbIM KOHBepTO

poM, pacnonolKeHHbie nepen qepeHKOBCKHM y -cneKTpoMeTpoM, 

06nyqan11Cb Bbl)leneHHblMII CHCTeMoli CIIHHTHillllIIIIIOHHbIX C'leT-

'IIIKOB y - KBaHTaMH OT peaKIIHII " - p .. n +,m 'TT 
O 

•• 3anycK HCKpO-

BbIX KaMep ocymecTBilllilCll. OT HMnynhca qepeHKOBCKoro y 

poMeTpa. B peaynhTaTe COBMeCTHO pa60Ta10meli CHCTeMoli 

-cneKT

na qe-

peHKOBCKOI'O cneKTpoMeTpa· II IICKPOBblX KaMep /leTeKTl!poBanHCh 

y -KBaHTbl C 3Heprlleli 3 .;. 5 faB. YcTaHOBKa noaBOnllna 0/lHO-
' 0 

BpeMeHHO ll3MepSITh yrnhI naneHHll ( c TO'IHOCThlO :!:. 0,4 ) , KOOP-

nnHaTbl TpeKa ll 3Hepr1110 ( C TO'IHOCThlO :!:_ 5%) mrnHeBblX qac-

T1111161• CnenyeT non'lepKHYTh, 'ITO AaHHall CllCTeMa cnoco6Ha 

neTeKTllpOBaTh IlllBHeBbie qaCTllllbl B urnpoKOM IIHTepBane aHepruli 

oT )leCHTKOB MaB AO coTeH ll TbIClI'I faB. 

--·t 
~·~ -

Hccne)loBaHlle peaKUllll "· - p ➔ "
0 

n 

OnncaHile 3KCnepI1MeHTOB no ll3MepeHIIIO nonnoro ll n11¢¢e-

peHullanhHOrO ce'leHlllI nepeaapHJlKll " -Me30HOB Ha npoToHaX 

( 2) npll IIMnynhCe 4, I n 4,8 faB/c CO)lepJKIITClI B paaAene II.2. 

ITOMIIMO Toro, 'l'I'O 3TH aKcnep11MeHTbl HHTepeCHbl caMII no ce6e, 

OHII Il03B0lllIIOT npoBepllTh OCHOBHbie MeTO/ll!'leCKHe HJlCll, np11Be..: 

AeHHbIC Bblllle. 
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>:~ 

{l 
{, 
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j 
'• l 
/I 

f I 
ii 
!) 

Llnll 113MepeHlllI nonnoro ce'leHlllI peaKmrn ( 2) npll llMrryllbCe 

" -Me30HOB 4, 1 faB/c llCilOllh30BancH yll(e OllllCaHHbili qepeH-

KOBCKIIH y -cn·eKTpOMeTp. C noMomhro CllCTeMbl CIIIIHTlllllllIUIIOH-

HbIX C'leT'lllKOB npOll3BOnnnocb MOHllTOpllpOBaHlle ny'!Ka ll Bbl/lene-

HIie co6bITIIH c y -KBaHTaMll. HaMepeHllSI npoBO/lllllHCh pa3HOCT-

HbIM MeTOJlOM { Cll2 ll C l. B 3KcnepllMeHTe ll3Meps!llClI 3HCpre-. 
Tll'leCKIIH cneKTp .cnyqaeB, Bbl3BaHHblX nona/laHlleM B qepeHKOBCKl!li 

cneKTpOMeTp y -KBaHTOB ll3 peaKmili T!Illa "- p ➔n+ m"
0 

,B cneKT

pe 11a6n10JlallClI xapaKTepHblH MaKCHMYM OT y -KB811TOB ll3 peaKU !Ill ( 2). 

ITocne BBCne1111H COOTBeTCTBy10m11x nonpaBOK 6bma nony'leHa BellH'IHHa 

nommro ceqeHlllI peaKUHII (2) : aex = {01 12 :!:. 0,02) M6H •. 3To'I' 

peaynhTaT, npllBe)leHHblli B pa6oTax17, 81 (BMCCTC C npellCTaBllCHHOli 

Ha XII MeJ1{JlyHapo/lHy10 KOHljiepeHUlllO no ljJil311Ke BbICOKIIX a11epr11li 

pa6oToli YaKmrnra II ./lp.), lIBlllle'I'ClI nepBb!M 113MCpCHIICM ce'ICHillI 

peaKIIIIII nepeaapH/lKll npn 6onhIIIllX aneprIIHX. 

Llm1 I1ccne1loBaHI1lI llll¢¢epeH11I1anhHoro ce'ICHllll nepeaa,pH/lKH 

npll p "-= 4,8 faB/c npIIMeHllnach COBMecTHO pa60Ta10ma.H CIICTeMa 

Il3 qepCHKOBCKoro y -cneKTpoMeTpa II IICKpOBbIX KaMep/9/ .. B 

3KcnepnMef!Te Il3MepHnIICh 3Hepre'I'Il'ICCKIIC II yrnOBb!e xapaK-repllCTII

KII y -KBaHTOB OT pacnaAOB "o -MC30HOB, pOJK1la10m11xclI B j:le

aKIIIIII ( 2). HaMepeHIISI np0113BO/llWIICh TaKJKe paaHOC'I'HbIM MC'I'O/lOM 

( Cll 2 II C l. Ha p11c. } np11Be1lCHO llll¢1jiepeHUllallhHOe ce'ICHIIC nepe

aapHnKII B e/lHHlluax KBallpaTa nepe/laRHoro 11Mnynhca -t. Benll'IHRa 

ceqeHIIH nepeaapH/lKH Bnepell, ycpeAReRRaH no IIRTepBany o::;j t l,::;.0,1, 

paBRa 

da ~ 
---{tdl)= (0,49 + 0,10 ) MOR /(faB/c), 

d t - 1 

11n11 B en11H11uax TenecRoro-yrna (c.u.) 

~{O °l = ( 0,33 +_ 0,07) M6H/ CTep. 
d 0. 

3To aRa'!eHne cornacyeTclI B npe/lenax 0III1160K 11aMepeH11li 

C Bellll'IIIHOli ~ (0°), pa°CC'IIITaHHOli Ha OCHOBaHIIII m1cnepCIIOHHbIX 
dO . 

- + COOTROIUeHllli II 113BeCTHbIX /laHHbIX O nonHbIX ce'!eHlllIX " p II " P 

B3allMoneliCTBllli. 
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IlonHoe ceqeHne peaKnnu (2), rroncqnTannoe c yqeTOM re

oMeTpHH aKcnepnMenTa u nannwx no nn$$epennnanhHOMY ceqeHnro 

nepeaapsutKH npn 6onhmnx (t ), paano: u ex = (0,11 +_0,02) M6n. 

O6cylKJlenne aKcnepnMenTanhnhlx nanHbIX ll paam1qnbIX Teo

peTnqecKHX Moneneil, oTnocumnxcH K peaKI1llll nepeaapunKH, co

nep}l{HTCH ao acTynnTenhHOil qacTn paanena n.2. 

<PnanqecKne ocnoaw MHPPP 

Onncaanwe aKcnepuMeHThl no nccnenoaaHnro peaKnnn nepe-

aapunKn 11 

peaKIIllll 

-Meaonoa na npoToaax·n nccnenoaanne KnHeMaTnKn 

00 0 0 +-
11 + p .-. n +V (x) n V (x ).-.e e , y y ll T.n. (4) 

(paanen II. 3 ) canneTenhCTByeT O TOM, qTo MOlKJIO onHoBpe-

Menno naMepnTh yrnoawe n aHepreTnqecKne xapaKTepncTnKn 

aTnx peaKUnil C noMomhIO nnyXKananhnoii CllCTeMbl conMecTno -

pa60Ta10mnx_ qepeHKOBCKllX . y ·-cneKTpoMeTpOn ll llCKponwx Ka

Mep/ 10, _ Pnc. 2 II0Kaa1,1aaeT 0CHOnnoe npenMymecTBO T.UKOii 

ycTaIIoBKn1 I 11. 

III. YcTaaoaKa llffll nccnenoaaHHu paJUiannonHhlX pacnanon 

peaonancon 

OnncaHHe ycTanoaKn, coanaHnoft na. ocnone nneii, nanoJKen

nhlX nblille, ll C IlOMOmhIO KOTOpon· nccneAoaana peaKUllH ( I) I 

npnBeneno n TpeTbeil rnaae AIICCepTannn. 

Ha pnc. 3 npencTaBJien cxeMaTnqecKHii qepTeJK ycTaHOBKn. 

CnnnTHJIJU1I1Honn1,1e cqeTqHKH S 1 u S 2 cny:ai:aT AJlll MoHll

TOpnpoaaHHH nyqKa naneTa10mnx qacTHU. 
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HcKponwe KaMepw n KalKJlOM na nnyx nnenTnqnbIX Kananon 

npencTan1U1 JOT co6oii cncTeMy na qeT·b1pex Monyneii c nnomanhro 

pa6oqeii o6nacTn Kall{Jloro 50 x 50 cM:2 n nennqnnoii paapnnnoro 

npoMeJKYTKa IO cM. Llnu Konaepcnn qacTnn, nMeromnx nnaneayro 

npnpony, nepen BTopoii n nocnenyromnMH KaMepaMn noMemaroTCn _ 

naTynn1,1e nnacTnnw cyMMapnoii Tonmnsoii 1,2 (0,4 x 3) pan.ell. 

Llnu yaennqeHHH a¢4,eKTHBnoCTll aanyCKOB ycTanOBKH Me,KJly 

HCKpOBblMll KaMepaMn Ir qepenKOBCKHMH y -crreKTpOMeTpaMn ycTa-

naBJinnaroTCH cnnnTnnnnnnoanwe cqeTqllKll S 
3 

H S 
4 

qepenKOBCKHe cneKTpOMeTpbl qC-1 ll qc_ II cnyJKaT nnu 

naMepennn aneprnn pacnannwx qacTnn. Llnn co6npaHnn-qepenKoB

CKoro cBeTa B K8ll{Jl0M cn~KTpoMeTpe ncnonh3yeTCH neBHTh $oTo

YMHO}l{HTeneii C nnaMeTpoM ~OTOKaTO/l8 17 CM. CneKTpoMeTpbl nc

cne/lonannch na nyqKe aneKTponon/3/ n o6nacTn aaeprnn 1--4 ran. 

B npenenax aKcnepnMenTanhHblX omn6oK aanncnMOCTh aMnnn-

Tynw OT aneprnn AJlll o6oux cneKTpoMeTpoB nrrnoTh no 4,0 ran 

nnaeiiaa. 3nepreTnqecKoe paapemeHne (R) cneKTpoMeTpoB (npn 
-½ 

E 
9
_-4 ran R .. :!::, (5 -+ 7)% aaancnT OT aaeprnnJ KaK R =eonst(E

9
j, 

annoTh no 4 ran. B nnccepTannn npnaeneaw peaynhTaTbl nccneno

aaanii aanncHM0CTll aMIIIlHTy/lbl HMfiYilhC0n ll aaepreTHqecKoro paa

pemesnn oT MecTa n yrna naneann n~a aneKTpoaon aa noaepx

nocTh pannaTO_pa cneKTpOMeTpa. 3TH nanHwe 61,1nn llCil0Ilh30Banbl 

nnn nneneann nonpaaoK. 

Ananna pa60Tbl ycTaaonKn npnaonnTCH B paa/lene m.2 nnccep-

Tannn. IlpoaenenHI,Ift ananna anepreTnqecKnx cneKTpon e+e-(yyl 

OT nponeccon (4) n OIITllMailbnoA reoMeTpllll (cM. pnc. 2) IlOKa

aan, qTO n npenenax Teneca1,1x -yrnon, oxaaT1,1aaeM1,1x neTeKTopa-
+ -

Mn, cpellHee aaaqeHHe aneprnA e - ( y) n _KaJKllOM 1rnaane E1 -

- E 
2 

;., E --/ :z ., rne E _ - aaeprnn aaneTa10meii qacTHnhl. · Qqe-
11. - 11 

BH/lHo, qTQ n1,1nonnHeTCH n /lpyroe ycnoane, . a HMenao, cyMMa aaep-

rnii (E 1-tE
2

) c TOqaocThIO no -nepenaanoro HyKnoay 11Mnynhca paa

ua aneprn11·naneTa10mero nnoaa. 
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YKa3aHHbie ycnoBHSI no3BonmoT ncnonh3oBa'l'b B H3MepeHHSIX 

nornqecKyIO CHCTeMy nnSI OT6opa HHTepecyromnx COobITHii n TaKHM 

o6pa30M 3HaqnTenbHO CHH3HTb qncno ¢oHOBbIX cpa6aTblB8HIIH anna

paTypbI. 

CncTeMa IICKpOBbIX KaMep 

'-IC-I , '-IC- II 

3anycKaeTcS1 coBrraneHHSIMII 

np11 cnenyromnx ycn0B11S1x :: <s 1,s 21 s 3 ,s 4 

l)E 1 > E ~ ; 2) E
2

>Ei;3)E=E 1 + E 2 >Eo 

Ha ocaOBan1111 KnHeMaT11qecKoro auann3a npoueccoB c yqeTOM 

::rnepreTnqecKnx pa3pemeunii y -cneKTpoMeTpOB B npoBeneHHhIX 

3KCnep11MeHTax Obinll ycTaHOBneHbI 3HaqeHl!SI noporoB: E ~ =E~ = 0,5 faB 

n E 
0 = 3 faB. 

YcTaHOBKa no3BOnSleT onHoBpeMeHHO nonyq11Tb O Ka)l{nOM COObI-

TIii! (e+ e- , YY n np.) cneny10m11e naHHble: yron Bhl/IeTa 113 M11llleH11 
+ 

e -( y), yron pa3neTa e+e- (yyl auepr1110 E I e± (yl , 11; cne-

noBaTenbHO, IIO3BOnSieT onpenenllTb a(ji¢eKTIIBHYIO Macey V
0 

( x o) 

iracTIIU 113 peaKUIIH ( 4): 

2 2 
M =(E

1 
+E 2 l 

➔ ➔ 2 
(P

1 
+P

2
) = 2E

1
E

2
(1-cos0). ( 5) 

CnenyeT 3aMeTHTb, qTQ ¢0Torpa¢11S1 IICKpOBbIX KaMep naeT 

1rn¢opMaUIIIO He TOIIbKO O KOopn11uaTax II yrnOBbIX xapaKTepllCTII

Kax TpeKa qacTl!UbI, HO II o 3apS1ne qaCTIIUbl. no ¢oTorpacpllSIM 

MO*HO nerKo onpenem1Th np11pony TpeKoB: TpeK11 3apS1)1{eHHbIX qac-

TIIU - "e,,, TpeKII, o6paaoBaHHbie y -KBaHTaM11, '!.y ,, II TpeKII 

y -KOHBepCIIOHHbIX nap, o6pa30BaHHbIX B MllllleHII, "yk " YcTa

HOBKa Kann6poBanacb no ;:,cpcpeKTIIBHbIM · MaccaM no pacnanaM 71° -Me-

3OHOB B peaKun11: 11 p ➔ 71° n 11 71 ° ➔ yy np11P 17- = 4,0 f::rn/cl 13/. 

B 8KCIIep11MeHTe IICITOIIb3OBanacb non11aT11neHOBaS1 Ml!llleHb. 

no !pOTOI'pacp11S11'1° C IICKpOBbIX KaMep OT611pan11cb COOblTIISI, 

11Me10m11e no onuoMy "y" -TpeKy B Ka)l{nOM Kanane. )13 u11x 

nneHTll!pllUIIPOBaHbl Bcero 49 COOblTllii KaK pacrranbI . .,, 0 ➔ y + y 

B peaKUIIII 17-P ➔ n 7l o •. YqHTbIBaSI COOTBeTCTBy10m11e rrorrpaBKll 

r 10 

r 

,, 

I 

.1 

II np11H11MaS1 OTHOCIITenbHYIO BepOSITHOCTb pacnana .,, 0 .➔ yy paBHOii 

38,6%, nng rro.nuoro ceqeu11S1 o6pa30Bau11g· 71 ° -MeaoHoB rrony-

qaeM/ 14, 15/: a 
11 0 = ( 74 ±.. 12) MK6n, KOTopoe cornacyeTcSI 

C naHHbIMII npyr11x aBTopoB. 

IV. l1ccnen0Ban11e peaKUHH 11- p ➔ .,+e-n rrpn P = 4,OfaB/c 
rr 

11ccnenoBaHHIO peaKUIIII ( 1) Obinll IIOCBSIIUeHbI nBe cepn11 

8.KcrrepnMeHTOB rrp11 p TT - = 4,0 faB/ c. 

B rrepBoii cep1111 8KCIIepnMeHTOB HCilOIIb3,OBanacb nnOCKOCTeH

HaSI )l{llnKoBonoponHaSI MllllleHb paaMepaMII 7 x 10 x 50 CM3. Yron 

Me=y OCSIMH KaHaIIOB Obin paBeH 26°. AHaIIH3 8KCIIep11MeHTaIIbllbIX 

naHHhlX aToii cepn11 aKcnepnMeHTOB rroKa3an uannqne 3aMeTHOro 

q11cna !pOHOBbIX COOblTHii, 06ycnOB1Iel!l!bIX KOl!Bepcneii 

B CTeHKax MllllleHn/ 16-19/. 

y -KBal!TOB 

BTopasi cepllSI 8KCIIep11MeHTOB (yron Me)l{ny OCSIMII o6onx Ka-

uanoB - 29°), rrpoBene1111aS1 C llCIIO/Ib3OBal!neM KOHycoo6pa3.-

uoii )l{llnKoBonoponuoii Mllllleu11 .(f - 25 CM) C TOHKIIM BbIXOn-

llb!M OKHOM, rronTBepn11na I'IIIIOTeay O KOHB~pCIIOHHOM xapaKTepe 

cpoua/2O,21/. 

TTonuoe q11cno Me3oHoB, npolllenlll11x qepe3 *llnKoBonopon

uyro MllllleHb B nByx cepnsix 8KCnep11Mel!TOB, COCTaBIIIIO OKOIIO 

6. 109• TTp11 3TOM ycTaHOBKOii 3aperncTp11poBaHO OKOIIO 33000 co

Ob!Tllii, 113 KOTOpbIX. OTo6paHbI cnyqan, conep)l{amne Ha !pOTOrpa

!pllSIX 11epBoro II BToporo KauanoB onnuoqublii TpeK 3apsi*euuoii qac

TllllhI, Bxonsimeii .,B 6noK ~(j CTOpOHbI MHllleH11. TaKHX cnyqaeB, BO3-

+ -MO)l{llb!X KaHn11naTOB B e e -COOblTIISI, OKaaanocb 332. 

B nanbHeiill!eM ST!! COobJTIISI 113MepSIIIIICb II o6pa6aTbIBanncb 

HHnllBllnyanbHO c ITOMOfilbIO rrporpaMMbl 'PaneK - 2· Ha 3BM • .Unsi 

Ka)l{noro COObITIISI Obinll BbJqncnel!bl acp¢eKTIIBHaSI Macca M •• 

yron paarieTa 0 • • , )( 2 
- rrepeceqeum1 TpeKoB II rrono*eH11e 

ToqKn B3al!MoneiiCTBHSI B MllllleH11. 

11 
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ITpH OT6ope no reoMeTpaqeCKIIM KplITepHIIM ypoBeHb 6pa-

K0BKH no x2 C00TBeTCTB0Bail Bep0IITH0CTII p ( ~X 
2 

) = 1 % • 

ITocne np11MeHeHHII 0CTanbHbIX Kp!ITep!IeB 0CTaeTCII 71 KaH-

n11naT B e + e - - napbI ( nna peaK!llIII ( 1) ) • <l>0Torpa1jma, nony-

qeHHalI c II0M0lllblO IICKpOBOli KaMepbl c xapaKTepHbIM e+e - -co6bI

THeM, np11Beneaa aa p11c. 4. 

Aaan11a ljloaoBhIX nponeccoB noKaaan, qTo npeo6nanaromaM 

nponeccoM srnnaeTca qion, 06ycnoBneHHb1l! K0JIBepc11el! 

TOB B CTeHKax M!IilleHH. 

y -KBaJI-

CneKTp yrnoB paaneTa II cneKTp aqi¢eKTIIBHbIX Mace y -KOH-

BepCII0HH0ro qJOHa nonyqeHbl Ha 0CH0Be C00TBeTCTBYIOllllIX pac-

npeneneH11ll yy -co6bITIIl!, aaper11cTp11poBaHHbIX napannenbHO C 

e+ e- -co6b!TIIIIMII.- HopM!IpOBaHHbJe cneKTpbl y - K0HBepCH0HH0ro 

qioHa no o6e1IM cep!IIIM 9KCnep11MeHT0B BbJq11Tan1ICb OT C00TBeT~ 

CTBYIOllllIX pacnpeneneHHli 0.,., 11 M ee paanenbH0. CneKTp~ aqiqieK

THBJiblX Mace ( M .,+.,-) nocne BbJqeTa qJOHa H0pMHp0BanHCb Ha MaK

CHManbHYJO aqiqieKTIIBHOCTb. 

KpHBbJe aqJqJeKTHBJIOCTH nmr H II cepnl! aKcnepnMeH-

T0B BbJqHCilHilHCb MeTonoM cTaTHCTnqecKHX HCnbITaHHli Ha 8BM~ 

ITonyqeHHbie cneKTpbl CYMMHIJOBanHCb noHHTepBanbH0. 

CyMMapHbie pacnpeneneHHH (nmr · •I n II cepnl! aKcnepn

MeJITOB} aqiqieKTHBHbIX Mace H yrnoB paaneTa npencTaBneHbl Ha 

pnc. 5. 

Mace 

O6cylKJleHne peaynhTaToB, ?KCnepnMeHTa 

ITonyqeHHbJe pacnpeneneHmI yrnoB paaneTa n aqiqieKTHBHblX 

e + e - -nap OT peaKnim ( 1) nMeroT cymecTBeHHbie oco6eH-

H0CTHo .llei!CTBHTenbHO, B o6naCTH aqiqieKTHBHbIX ·Mace OT 600 no 

900 MaB H B HHTepBane yrnoB paaneTa OT 20° no 26° B CIICTeMe 

e+ e- ~nap na6nronaeTCH peaoaaHC mnpHH0li 6onee 100 MaB n c 

Maccoll oKono 750 MaB (cM. pnc. 5). ITponecc o6paaoBaHirn .fe--nap 

B yKaaaHHOi! o6naCTH cornacyeTCH CO cnenyromel! peaK!lHel!: 
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rr-+ P -+n+ p° (w) 

I te++e. (6) 

KnHeMaTnqecKnll aHanna 9THX pacnanoB npnBenen na pnc. 6, rne 

no ocn opnnHaT oTnoJKeHo oTHomeHne ~Heprnl! pacnanHhIX qacTnu, 

a no ocn·a6cnncc - yron paaneTa qacTnu. ITpencTaBneH!Ie_TOq

Koll KalKJloro Ha 71 C06bITHli ( KaHnnnaT0B B e + e- -co6b!THH) Ha 

9T0M rpaqinKe noKa3b!BaeT CKClllneHne e+e - -co6blTHl! B o6nacTH 

TeopeTnqecKoll KPJ!B0li nnn p 
O 

-MeaoHa ( p l • KpHBble 

11p 1 H l'J.p 2 BbJqncneJibl C yqeT0M illHpHHbl p O 
-MeaoHa H Toq

H0CTH H3MepeHHSI aHeprnii 
0

H yrnoB. Unqipbl pnnoM C TOqKoii yKa3bl-

BaIOT aqiqJeKTHBHbJe MaCCbl 
,, 

ee B Man. 

ITpnBeneHHble qJaKTbl cnyJKaT y6ennTenbHblM noKaaaTenbCTB0M 

0 • + -
cymecTBoBaHHH pacnanoB p .. e +e n ne npoTHBopeqaT cymecT-

BOBaHHJO pacnano·B W➔ e++e-. TaKHM o6paaoM, B o6naCTH aqiqieK

THBHbIX Mace OT 600 no 900 MaB .t e - -napbl B peaKUHH ( i) 06-

paayroTCH B 0CHOBHOM B peaynbTaTe pacnana neiiTpanbHbIX BeK-

T0pHblX MeaOH0B P. 
0 (H w ,. 

Ha OCHOBe Hamnx 9KcnepnMeHTanbHl,IX naHHbIX M0JKH0 oueHIITb 

+ -Bepxaroro rpannuy ceqennn aepeaoHancnoro poJKJteH!In e e -nap 

B peaKUHH (1) B nccnenoBaHHOii o6nacTH acjllfieKTHB~blX Mace 
-34 2 . 

u + :S < 6 +_10) 10 CM , KOTopaH He npoTHBopeqnT TeopeTnqec-
e" 

KHM onenKaM •. 

.llnH onpeneneHHH OTHOCHTenbHblX BepoHTH0CTeii pacnanoB 
0 

p - H 
+ -

W -Me30H0B Ha e e -napbl Hamn 9KCII_epnMeHTanbHble 

naHHble npencTaBneHbl B cnenyromeM nnne: 

u 
0
B 

O 
+ _ +u B + _;_0,445,,(0,450 :!:_0,095) 10-4M6H 

p pee -wwee 
(7) 

KoaqiqimmeHT 0,445 o6ycnoBneH paannqneM B aiM,eKTHBHOCTH pe

rncTpaunn ycTaHOBKOii p 0 _ ➔ e + + e- H W ➔ e+ +e- • l:fcnonb3yH 

rnnoTeay w- cf, - . cMemnBaHIIH c 8_ =38° n nnTepaTypH1>1e .nan-
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I 
(l· 

0 Hhie nnsr ceqeHIISI po}!{JJ.eHIISI p - ·II 

(a O = 0,75.10-27 cM 2 II a 
p . w 

HhIX BepoSITHOCTell pacnana p O - II 

nonyqaeM:. 

w -Me30HOB B peaKUIIII (6) 

O, 14. 10-27 cM
2
), nnH napu1Ianb

w -Me30HOB Ha e+e- -napbl 

B 
,J) + -p e e 

r(p 0 ➔_e++e""'.' 1 =(5,3:t.1,l)I0-5 

B + -
we e 

r ( po ➔ total 

r(w ➔ e+ +e 

r(w ➔ total 

( 8) 

=(7,4 + I, 6 )10-
5 

3necb np1IBeneHhI CTaT1ICT1IqecK1Ie ourn6KII; EcnlI B (7) npen-
• . 5 

nonO)KIITb aw = O, To Bpo .+e - = (6,0 :!:.. 1,2).10- • 0Tcrona BIIJJ.-

110, qTo BKnan OT pacnana W ➔ e+e- Man(., 12%). 311aqeH1Isr KOH-

CTaHT CBSI31I po - II 

llllie ( 8) 

W -Me3QHOB C 

y2 
__ P_,..0,52 

+0,14.· 

4 11 -0,09 
II 

y 2 
w 

411 

y -KBaH','OM, COOTBeTCTByro-

+0,35 

1,29 
-0,23 ' · 

· B npenenax 0IU1I60K 113MepeHnsr. cornacyroTcsr c npencKaaaH1IeM V,D,M, 

(y
2 /411 = 0,62 11 Y 

2 
/ 471 = 1,2). 

p (;) 

3To no.QTBepllC.QaeT npencKaaa.Hne V. D .M. OTHOCl!TenhHO xa-

+ -paKTepa o6paaoBaHIISI e e -nap, onnChrnaeMoe nnarpaMMoll <l>ellH-

MaHa ( 3). 11, cnenoaaTenbHo, CY(UeCTBOBBHne npSIMhIX BllpTyanbHhIX 

nepexonoB : V 0➔ y • 

· OcHOBHb1e -MaTepnanhI nnccepTaunn o6cyllC.QeHhI Ha MellCnyHapon

HhIX KOH<pepeHUIISIX no <pll311Ke BhICOKIIX 9Heprnll B 1964 I', B lly6-

/8/ . 
He_ , B 1966 r. B PoqecTepe/l6/, Ha pa6oqe_M coaemaHnn no 

IICKpOBhIM KaMepaM B lly6He/ 13/, Ha MellCnyHaponHhIX KOH<pepeHUIISIX 

14 

no aneKTpOMaI'HIITHhIM B3al!MO.QellcTBUSIM B lly6He/ 19/ ·H B CTeH

<popne ( 1967) /20/, a TaK}Ke ony6rmKoBaHbI B neqaTH/2,4-7,9-11, 

14, 15, 17, 18,21/ • 

TTonyqeHHbl0 B pe<jiepHpyeMoll JJ.HccepTaUHH BenHqHHbI nap-

UHanbHb!X BeposrTHOCTell pacnanoB l-( H w ) - MeaoHoB Ha 

e+ e- -napbl C nneHTll<pHKauilell IIX no a<p<peKTHBHbIM MaccaM SIB-

nHJOTCSI nepBbIMII 

Type/17/. 

naHHbIMII, ~ny6nHKOBaHHbIMH B lllITepa-

B pa11ee Bb!IIOnHeHHbIX aKcnepHMeHTaX pacna.Qbl p 0 -Me30HOB 

Ha e + e -napbl He nneHTII<pUUllpOBanncb. 

PeaynbTaTbI 6onee noanHIIX 9KCnepnMeHTOB/ 1,22/ nO.QTBep}K

naroT .QaHHbie HaCTOHlllell pa60TbI ( CM. Ta6n. 1 H 2) • 

KpaTKIIe BblBO.QbI 

0CHOBHhie peaynbTBThl nuccepTaunn MOI'yT 6bITb c<popMynlI

poBaHhI cnenyromnM o6paaoM: 

1. 3KcnepnMeHTanbHO JJ.OKa3aHa B03_MOllCHOCTb neTeKTIIpoBaHIISI 

y -KBaHTOB II aneKTpOHOB C IlOMOillbJO COBMecTHO pa6oTaromell 

CIICTeMhI, COCTOSIUlell 113 IICKpOBOll KaMepbI II qepeHKOBCKOI'O 

y -cneKTpoMeTpa. 

2. TTpennollCeHa nayxKaHanbHasr ycTaHOBKa nnH nccnenoBannsr 

peaKUIIll ( 4) , COCTOSIIUBSI II3 nayx CIIMMeTp1Iq110 pacnonmKeHHbIX 

CIICTeM ( OTHOCIITenbHO OCII nyqKa) qepeHKOBCKIIX · y , -cneKTpo

MeTpOB II IICKpOBhIX KBMep. YcTaHOBKa no3B0llll0T 113M0pSITb a<p<peK-

,TIIBHYIO Macey pe30HaHCOB, pacna)laJOIUIIXCSI Ha e+ e - , }'}' H T.n.; 

OHa o6nanaeT BhICOKOll ceneKTl!BHOCTbJO II MOllCeT pa6oTaTb np11 

6onbllllIX ... ll!IT0HCl!BHOCTSIX nepBllqHOI'O nyqKa. 

3. 'l1aMepeno rronHoe II n11<p<jlepeHu11anbnoe ceqeHne peaKunn 

0 
11 p ➔ TT n rrpn PIT_ = 4,83 raa/ c. 

4. 11:aMepeno rronHoe ceqeHne peaKUIIH 11- p ➔ 11° n nplI 

P 11 _ = 4, 14 raa/c. 
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5. HaMepeno nonnoe ceqeane peaKIIHH 11-·P ➔ if' n npn P,,...=4,0faa/c. 

6. 3KcnepnMe~T8IlbHO noKa38HO, qTo ·xapaKTep-o6pa30BaHHSI #e-aap 

B peaKUHII 11-p➔ e+.e-n B o6nacTn 91p¢eKTHBHbIX Mace OT 400 no 

900 Maa cornacyeTcsi c nnarpaMMoft <f>eftnMana (3),T.e. c npen

CKaaanneM V. D.AI. 

Cnenaaa oueHKa aepxaen rpaHIIIIbI ceqeHHsi nepeaonaacnoro 

po)KJ{eHHSI e+ e - -nap B 06nacT11 91p¢eKTHBHbIX Mace OT 400 no · 

900 Maa. 

7. a) IloKaaano cymecTB0BaHHe pacnana p 0➔ e+ e - , 

6) HaMepeaa aennqnaa rrapunanbHOH aeposiTH0CTII pac-
o + -nana P -Meaona Ha e e -napbI. 

Ha 0CH0Be II0n}"IeHHbIX 3KcnepnMeHT8IlbHbIX naHHbIX BbiqIIcne-

Ha K0HCT8HTa CBSl311 p O -MeaoHa C y -KBaRTOM ( y2 / 411) , 
p 

nM'eromasi «fiyanaMeHTanbHoe anaqeHHe nrn1 npoaepKII V.D.AI. 

r) ITonyqennbie peayllbTBTbI nonTaepJKJ:taIOT rnrroTeay o 

cymecTB0BaHHII npSIMbIX BHpTyallbHbIX nepexonoa VO➔ f • 

nnTepaTypa 

1. S.C.C~Ting. O6aopnhlil: noKnan na cnMnoanyMe no naanMo

neifcTansiM aneKTp0H0B II $OTOHOB npn BbIC0KIIX 3Heprnnx. CTeH

«fiopn, 1967. 

2. M.A.AanMoB, B.A.HnKIITnn, B.C.ITanTyeB, B.A.Canpnnoa, 

n~H.CTpynoa, M.H.XaqaTyp.sm •. ITpenpnHT OHHH, 2451, 1ly6na, 

1965.· 

3. B.C.ITaHTyea, M.H.XaqaTypsm. ITT3, N-3, 51 ( 1965). 

4. M~A.AanMoB, B.C.ITaHTyea, M.H.XaqaTypnH. ITpenpnnT OHHH, 

2240, 1ly6aa, 1965 ; Nuclear Instruments and Methods., 

39, 325 ( 1966). 

5. M.A.AanMoB, B.C.ITanTyea, M.H.Xaqa-ryp.srn, 11.B. qyanno. Ilpe

npnnT OHHH, 1730, 1ly6na, 1964; IlT3 N> 4, 223 ( 1965). 
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6. M.A.AanMoa, B.r.KonecHnK, B.C.ITanTyea, n.B. CnnbaecTpoa, 

cToB, M.H.XaqaTypsin. IlperrpHHT OHHH, P-2436, 1ly6na, 1965. 

7. M.A.AanMoa, B.C.IlanTyea, n.B. CnnbaecTpoa, M.H.XaqaTy

pnn, 11.B.lJyanno. ITpenpHHT OHHH, P-1782, 1ly6na, 1964; 

HnepnaSI cf>nanKa, T.l, 145 ( 1965). 

8. M.A~AanMoB, 11.M.fpaMeHHIIKHif, iI.C.OxpnMeHKo, B.C.ITan-

Tyea, n.B. CnnbaecTpoa, E.CnoanncKii, 3.CTpyranbcKIIif, M.H.Xa-

qaTypnn, 11.B.lJyanno. MaTepnanhI XII MeJKJ:tynaponnoil: 

Kon¢epen111111 110 cf>nanKe BbIC0KIIX aneprnii, L 145, MocKaa, 

'ATOMII3Jl8T' • 1966. 

9. M.A.AanMoa, E.H.Eacoaa, Y.r.rynnMoa, K.P.HraM6epnnea, 

B.r.KonecnnK, B.C.ITanTyea, n.B .. CnnbaecTpoa, M.ij.XaqaTy

pnn. Ilpe11p11HT OHHH, 2592-6, 1966. JK3T<f>, HIICbMa a pe-' 

naKUIIIO 3, 336 ( 1966). 

10. · M.A.AanMoa, A.M.Eannnn, B.C.ITanTyea, n.B. CnnbaecTpoB, 

M.H.XaqaTypnn, 11.B.lJyanno. Ily6nnKannn OHHH, 67-20-70, 

1ly6na, 1964 • 

11. M.H.XaqaTypnn, M.A.AanMoB, B.C.ITaHTyea. EronneTeHb nao6. 

11 (1966). 

12. M.A.AmrMoB, M.H.XaqaTyp.sm, B.C.ITanTyea. ABT. canneT. 

N> 182249. 

13. M.A.AanMoa, M.H.XaqaTypnn, B.C.IlanTyea, n.M. :lKypaaneaa, 

E.3enenoa, 3.Manbnea, A.MacnaKoB, A.MaTromnn, B.MaTromnn, 

M.Xaactjnoa, P.<l>npxoacKII, 11.B~qyBIIno. MaTepnanbI pa6oqe

ro coaemamm no ncKp0BbIM xaMepaM {1ly6na, 14-19 MapTa 
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