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E 3 M 5!., fpHlllHH B.f., MyMHnoa M.M., PSI6uoa B • .n. Pl-3143 

YiccneuoaanHe o6paa_QaanHSI (e + e-) -nap 3neKTpOH8MH 

c aneprHeH E = 2,4 faa 

Yiayqanocb npsrMoe o6paaoaanHe ( e + e - ) -nap c E > 10 M aa 
Yane!tTpoHaMH C aHeprHSIMH 1,25-4 faa C nOMOlllb!O 24-nHTpOaOH npo-

IT8HOaOli nySblpbKoaoli K8Mepb! nB3 OYIHH. 3KcnepHMBHT8rrbHO nony-

'lBHHOe C9'lBHHe a = 55 + 24 M6H H8XO.QHTCSI a COI'rr8CHH C TeopeTH-
Tp -

'leCKHM 3Ha 'leHHeM, nonyqeHHhiM Ea6a. 

Paapa6oTannaSI MeTO.QHKa noaaonSieT ycnewno H3Mep SITh a 
C ITOMOl!lb!O aoaopO.QHOA nyawpbKOBOA KaMepw , Tp 

TipenpHHT 06oeUBHeHHOro HHCTHTYT8 KUepHblX HCCneUOB8HHA. 

ny6Ka, 1967. 

Bohm J., Grishin V.G., Murninov M .M. , 
Ryabtsov V.D . 

P1-3143 

Investigation o f (e + e} Pair Production by Electrons \!\lith 
E = 2,4 GeV 

Direct production of (e + e J -pa.i:-s with E y .::,>10 MeV by 
1,25-4 GeV electrons was investigated with the help of a 24-
litre propa.ne bubble chamber o f the Hig h Energy Laboratory 
of the JINR. The obtained cross sections at, =55±_24 mb is 
in agreement w ith the theoretical value obtained by Bhabha, 
The method proposed admits a successful measuring o f the 

a,, by means of a hydrogen bubble chamber, 

Preprint. Joint Institute for Nuclear Research. 
Dubna, 1967. 

npouecc o6pa30BBH 

H3yqancH B pHue Teope 
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I 

6wno awqncneuo ceqeune 

y'lnTwnanncb TOITbKO uae 

OC'TBITbHb!X 6bin OU8H8H n 

npn6nnmeHHH BaAu3eKepa
/ 1 / 

nonyqeunwe 5a6a , MC 

nepBH'lHhlX 3IT8KTpOHOB ( 

171 
B pa6oTe 6btmt E 

TOM BC8X BOCbMif UH&rpt 

6onbWHX nepeua'l HMnyn~ 

nonyqeHHbte pe3ynb 

2-3 pa3a. OTciDua uen aeT 

ace ul!arpaMMb! (pi!C. 1 ). 
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no ~lOpMynaM , nony'leHHbi 

p!!C, 2 BlfUHO, 'ITO TeOpe · 

noaTOMy npeucTaBnHe TC H 
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2. 06paaoaa Hl!e ( e ~ 

HeCKOITbKI!X .QeCHTKBX pa6• 



§l.BaeneHIIB 

npoueCC o6pa30BaHIIH aneKTpOH-II0311TpOHHhlX nap 38pH*BHHhlMII 'IBCTIIUBMII 

11-81 
H3yqancn a pone TeopeTB'leCKIIX pa6oT • Bnepabie ceqeHIIB npouecca 

( 1) 

13 
_ Ill B /4,5/ 

6u1no Bbi'IHCneHO aoa a np116n11)!CeHIIII B ai!u3eKepa- llnbnMca. B pa6oTax 

6u!IIO Bbi'IIICneHO ce<JeHIIe 3TOH peaKUIIII C nOMOIJlb!O Jlll&rpaMM <l>el\HMaHa, Ilpl!'IBM 

y'IHTb!Ban!!Cb TOnbKO nae JlHarpaMMbl 113 BOCbMII B03MO*Hb!X (pi! C. 18, 1 f), a BKnaJl 

oc-TanhHbiX 6bin oueneH np116nH•eHHO. B 3TI!X •e pa6oTaX 6bin npoaeneH aHanH3 

np116nH•eHHH BaAu3cKepa-BHnbnMca 11 aaTOphl npnwn11 K 3aKn~'leHH~ . 'ITO ceqeHBH, 

/1/ 
nony'leHHb!B J3a6a , MOllCHO cpaBHI!B8Tb C 3KCIIep11MeHTanbHb!MII, KOrAa 31\:eprBS! 

nepaii'IHbiX 3neKTpOHOB ( E 0 ) 6onbllle 10 f3a. 

171 
B pa6oTe 6hinll Bbi'IHCneHbi nHtjlcjlepeHUI!anbHbie ceqeHI!H peaKUIIII ( 1) c y'!e-

TOM BCeX BOCbMII JlllarpaMM ( piiC. 1) C IIOMOlllh~ 

6onbWIIX nepenaq IIMnynhCOB ( e +e-) -nape . 

3BM nnn Eo"' 6 f3a 11 nnn 

nonyqeH!!b!C pe3ynbTaTbl OTnii'IBIOTCH OT Bhl'IIICneH!lhlX no cjlopMynaM J3a6a B 

2-3 pa3a. 0TCIOna nenaeTCH BblBOJl, 'ITO npll Eo A 1-10 raa Heo6XOJli!MO Y'li!ThiBBTb 

ace n11arpaMMhi ( p11c. 1). 

!-Ia p11c. 2 noKa3aHui nonHhie ceqeHIIH nnn E 0 =0,01- 100 f3a, Bbi'IIICneHHhie 

/1-6/ 
no cjlopMynaM, nony'leHHbiM B pa60TaX nnn MOneKynbl nponaHa (C,H

8
) • J.13 

p!!C. 2 BIIJlHO, 'ITO TeOpBTII'!eCKIIe CB'leHIIH OTni!'IBIOTCH npyr OT npyra HB .. 30%. 

no3 TOMY IIpBJlCT&BnHBTCH I!HTepeCHblM Bbl'II!CniiTb Ce'!BHIIH IIpOUBCCB ( 1) C IIOMO!UbiO 

38 M C y'leTOM BCBX Jl1!8rpaMM <l>eiiHMal!a C TO'IHOCTb!O "5%. 

2. 06pa30BaHIIe 
+· -

( e e )-nap aneKTpOHBMII IICCnenoaanOCb 3KCIIep11Mef!T8nbHO B 

/9-23/ 
pa6oT ( Hanpi!Mep, CM. pa60Tbi ) • no'!Tll acerna pe3ynb-HBCKOnbKHX JlCCHTKBX 

3 



III 
Ta T bl OllbiTOB CpaBHHBanHCb C TeOpHeH 6a6a 0CHOBHOH 3KC nepHMBHTa nbHOil Tpy,a-

HOCTbiO npu onpe.aeneHHH ceqeHHll npouecca ( 1) smnlleTCll Bbi,aeneHHe !)JoHOBbiX co-

6biTHii, B03HHKUJHX B peaynbTaTe KOHBepCHH TOpM03HbiX y -KBaHTOB B BBllleCTBC 

( nceeaoTpHaeHTbl), TBK KaK Ce'!e HHe TOpM03HOI'O H3ny'!eHHll npHMepHO B J00 pa3 

6onbwe ce '!eHHll npouecca (1). ¢oH nceenoTpHaeHTOB a a aaHCHMOCTH aT ycnoauA 

9 KCnepHMe HTa COCTaBnlln 80% OT BCeX 3ap e i'HCTpHpOBaHHbiX (e+ ·e~) -nap. 

O epaa11 cepH!I pa6oT HMe eT Ka'!eCTBeHHbill xapaKTep H 6bina c aenaHa c noMo-

Ulb!O au!jl!jly3HOHHbiX KaMep. Y!CTO'IHHKOM sneKTpOHOB liBn!lnHCb 

191 
(eM. , HanpuMep , o6aopHyiO pa6oTy ). 

{3 -aKTHBHbie 11apa 

BTopa!! cepu11 pa6oT cegaaHa c MeToauKoll !laepHbr x sMynbCHfl. B 6onbUJHHCTBe 

110-16/. Oll biTOB !lllBPHbi e 3 MynbCHH 6binH 06ny'!BHbl KOC MH'IBCKHMH n y'!aMH ( HaiTPHMep, ) , 
117-18 1 

B 3 Kc n e pHMBHTax ucnonbaoeanucb 3neKTPOHHbie ny'!KH OT ycKopuT enell ( E~ ~ 
1101 . 

=320 u 550 M ::m) . B pa6oTe 6brna Bbi'!HcneHa aaeuCHMOCTb 'IHCna nce eaoTpuaeH-
+ - . 

TOB OT p a CCTOHHHll BBp UJHHbl (e e ~ -napb! OT Cneaa n e pBH'IHOI'O 3 neKTpOHa B nno-

CKOCTH 3 My nbCHH, 3TH peaynbTa Tbl HCITOnb30BanHCb MHOI'HMH aBTOp8MH llpH OTaeneHHH 

TpHae HTOB oT <jloHa. H a puc. 3 npueeaeHbi c peaaue anHHbi ceo6oaHoro npo6era sneK-

110-181 Tpoaoe e 3 MynbCHH Ylnb<jlopa G -5 an11 npouecca ( 1), nony'leHHbie e pa6oTax 

H a puc . 3 e u aao, 'lTD an11 E0 > 1 f 3B 3KcnepHMeHTanbHbre 3Ha'!eHH!I ce '!eHull e 2-4 

paa a 6onbw e , 'IBM npeacKaabreaeT Teop u11 6a6a. 

1191 
ABTOpb! pa60T bi npoaaanH3HpOBanH MBTOaHKy H3Mep eHHfl peaKUHH ( J) B 

lla e pHbiX 3 MynbCH!IX H C'!HTa!OT, '!TO yC TaHOBn e Ho paCXO)I<aeHHe Me)l(ay T BOpHefl H 

1201 9 KCITepHMeHTanbHblMH peaynbTaTaMH. C apyroii CTOpOH bl, B pa6oTe o6pamaeTCSI 

DHHMaHHe Ha O'!eHb ManyiO CT a THCTHKy BO BCeX 3 THX pa6oTaX (60 TPHllBHTOB H 

nc e eaoTpuaeHToa ), BbiCOKHll ypoeeHb !)JoHa " 80%), 60nbUJHe He TO'IHOCTH llpH H3 -

Mep e HHH 3 HeprHH nepBH'IHbiX s neKTpOHOB, H B CB!I3H C 3THM 3KCnepHMeHT anbHb!e pe-

a ynbTaTbl CTaB!ITC!I noa COMH8HHe . 

12!-231 
YlM e iOTCll T8KlKe TpH pa60Tbl , B KOTOpbiX Ce'!eHR e npouecca (J) onpeae-

n!lnOCb c noMOUJbiO sneK TpOHR KR an11 En =25, 230 R 31,5 M se cooTaeTCTBeHao. Pe-
12 1-221 -

a ynhTa Tbi pa6oT Haxoa!ITCll B cornacaa c Teop!!ell 6 a6a. ,Urnb!)JepeHuua·nbHhre 
123 1 

ce '! e iiHll npu E: 0 = 31,5 Mse cocTaengroT 113 T eopeTH'IeCKH Bbi'!HcneHHbiX ceqe-

HHH peaKUHfl (1)
111 

H H8XO.QIITC!! B paMK8X T e opeTH'I8CKOH Heonpeaene HHOCTH Bbl'IH-
141 

c n e HH!I ce'!e HHli • ¢ oH n ceeaoTpuaeHTOB e 3THX pa6oTax onpenenHncg c noMa-

+ - · 
Illb!O H3 Me p e HHM C8'l 8 HHH o6pa30B8HH!! ( e e ) - nap B MHUJ8 H!!X C p a3nH'!HOil TOnlllHHOH, 

4 

TaKHM o6pa aoM, I 

3 n e KTpoHa MH nnoxo u ay'!E 

npeacTaanmoTC!I HHTepecH 

Hbi X yCKOpHTenefl MeT oa 

TeopeTH'!eCKHX 3Ha'!eHHii 

+ -
06paa oeaHHe (e e 

nponaHOB Oil n ya wpbKOBOt 

14,3 Kraycc. K aMepa 6 u 

1241 
p c =4,00 :t:_0,06 f 3BI 

nene HO s Kcne puM e HTa m 

( 1,3+0,13 ) %
1271

• 

0T6upanucb co6 br 

1. (/e-)-napa una 

pe n!ITHBRCTCKHX nyqe l\, n 

HHMH). 

2. B TO'!Ke o6paa o1 

0 
THUbl ( 0:;; 1 ) . 

3. C o 6biTHll a a xoa m 

B cero 6binO npoCM· 

,Uae HaauaTb TbiC!I'I Kaap o ! 

1'0 H aByKp8THOI'O n p OCMO 

eeTCTaenao. Oa Ho c o 6brTu 

eT CB 'IBHII IO (1,2.:!:_0,12) 

B 80% co6biTH ll 6bi.r 

s He pruu, 0 - sneKTpOF 

cnea c MeHhUJ e fl 3 Hepruc 

oaHo c o6btTHe c o BTOPK'H 

AHanua !jlouoebrx C• 

BK naa B OT06paHHbl 8 Cn) 

M eToa uKa H3Me p etm i 

C Y'I8TOM HOHH38UH OH HhlX 

B onpea e neHuu 3 HeprH I! a 



3KC n epKMeHT a ilbHOl! TpyA

H BbiA9i!BHH e !j>OHOBbi X co-

y - KBB HTOB B Bew eCTBe 

'HK H n p RMe pno a 100 paa 

38BHC HMOCTH OT ycnoaHA 

Eibxx (e+e~ ) -nap. 

H 6btna cnen a aa c noMo-

i!HCb {3 -BKTHBHbie HApa 

sMynb c HIL B 6 onbWI!HCTBe 

IV'IBMK ( HBnPHMe p /
10-! 61. 

q KI! o T ycK o pHTe n el! ( E "' 
.II 

OCTb 'l l!Cna n ceanoTp Kn e n-

lH'IHOro sneKTpona a nno-

H BBTOpaMH npH OT t:teneHIIH 

cao6onHor o npo6er a s n eK

'IBHHbie B pa6oT ax
110

-
181. 

' 3 Ha'!eHHH CB"'B HH H B 2-4 

:3Mep eHH J:\ p eBKUHH ( 1) B 

i<t:tBHK e M B)K.UY Te opHeJ:\ H 

/ 20 / 
3 pa6oTe o 6 p amaeT C R 

a60T 8 X (60 TPH.UB HTOB H 

:bWHe RBTO"'HOC TH npH H3 -

\A 3KC n epHMeHT 8i!bHble p e -

HKe npouecca {1) onpene

"v\sa COOT BBT CTBeHHO. Pe-

Eaoa . llRdl!j>ep e n u K a·n bHhte 

neonpe nenenno CTR BbPm-

rax onpeaen 11ncH c n oMo-

TaKHM o6pa30M, a nacT·omuee apeMH npouecc o6pa3oaaHHH ( e + e } -nap 

sneKTpOHaMH nnoXO H3Y"'BH KaK 3KCnepHMeHTai!bHO, TaK H TeopeTH"'eCKH . nosTOMY 

npeACTaBi!HIDTCH HHTepeCHb!MH HCCi!BAOBaHHH 3TOro npouecca C nOMOWbiD 3 i!eKTpOH

Hb!X yCKOpKTei!BH MBTOAHKOH ny3blpbKOBbiX Ki!H KCKpOBbiX KaMep C Bbi "'KC TI B HHBM 

TeOpBTH"'eCKI!X 3!IB"'BHHR CB"'91'fHH ( 1) HB 38M. 

§ 2. MeTOAHKB sKcnepuMeHTa 

+ -
Q6pa30B8HHe (e e )-nap sneKTpOHBMK H3y"'ai!OCb C TIOMOWbiD 24-nKTpOBOH 

nponanoaoil! ny3btpbKOaoli KaMepbt nB3 OYIHYI, rroMewennoti a MarHRTHOe none 

14,3 Kraycc. KaMepa 6blila o6ny'leHa rry"'KOM rr , 1.1 -Me30HOB a sneKTpOHOB c 

/24/ p c =4,0 0 ±_0,06 faa/ • Conep)j{amx e sneK TpOHOB B nepBK"'HOM ny<IKe 6binO onpe-

(2,0:!:.0 ,6 010 ) /25 ,26 / u 

aeneHO 3KCTIBpHM9HT8i!bHO I! OK838i!0Cb paBHbiM ~ n 

/27/ 
( 1 , 3:t_O, 13 ) % • 

0T6Hpan HCb co6biTI!R no cneJlyiOWHM npaannaM npocMOTpa: 

1. ( e + e-}-napa !!ill! napa, COCTOHW811 H3 noi!O)!{KTellbHOrO H: OTpHUaTBi!bl!OrO 

pei!llTKBHCTCKHX nyqelf, i!9)KHT liB cneae "'aCTHUbl K3 ny"'KB ( HBT npOCBBTB MB)KAY 

liHMH). 

2. B TO"'Ke o6pa30BBHHI1 nap~ ne 3aMeTeH 113i!OM aa cnene nepBH'InoA qac

o 
THUbl ( 8 ~ 1 ) . 

3 . Co6biTHI1 HaXOJlHTCil B s!j>!j>eKTHBHOM o6beMe KaMepbl ( CM. npHi!0)K9liiie I). 

8cero 6blil0 npOCMOTpeHO OKOi!O 43 TbiCWI KaJlpOB H HaH.UBHO 203 C06biTH51. 

liae nanuaTb Tb!Cil'l KB.UpOB 6btn0 lipOCMOTpeHO ,UBa)Kt:{bl. 3ljJ!j>eKTHBHOCTH O.UHOKpBTHQ-

ro K t:!ByKpaTHOrO npOCMOTpOB OK838i!HCb paBHbl ( l ~(87:t_3)% H ( 
2 

•98% COOT-

aeTCTBBHHo. O.uno co6~>tTae, HaiineHHOe na npoCMOTpeHHOM MaTepHane, coOTaeTCTBy-

eT ceqeHI!ID ( 1,2±_0 , 1 2) M6H. 

B 80% COObiTHli 6btna H.UeHTH!j>Runpoaana 
+ -(e e )-napa no HPHH3aURI!, c6pocy 

s HeprnH, /) - 3i!BKTpOH8M H no COOTHOWBHHID rrpo6er-sneprHH ( OTpi!UaTei!bHblil 

cnea c MBHbweli sneprRefi C"'HTancll oTHOCHIUI!MCil K nape). EbtnO naR.ueao TOilbKO 

Ot:!HO co6biTHB CO BTOpll"'llb!M B38HMO.UelicTBH:BM nepBH:"'BOii "'aCTKUbl. 

Ananl!3 !j>onoBbiX COObiTHii , CBI13aHHbiX c rr - MB30HaMH , IIOKa38i! 1 "'TO KX 

B!{]lat:{ B OT06paHHbiB cny'!aH liB npeBblWBBT 4% (eM . npHi!O)KBf!He II ) . 
MeTot:tKKa H3Mepet-mfi sHeprna sneKTponoa B nponanoaoli rry3btpbKOBoli KaMepe 

/28/ 
c yqeTOM HOHH3aUHOHHblX II p8AH8UHOBHbiX liOTBpb OnHCaHa B pa60TB • 0wK6I<K 

B onpeneneHKH 3 HeprHH 3TIBKTpOHOB COCTaBli51IDT ( 20- 25) %. 

5 



veqeHHH TOpM03HOf'O H3ITy'!eHHH H o6pa30B8HHH 

/ 29-33/ 
( e+ e -~nap y -KB8HT8MH B 

aemecTae xopomo H3BeCTHhi 
8TO 06CTO HTenhCTBO B IlpHHUHIIe II03BOnseT 

KOnHqeCTBeHHO BhiAenHTh rrpouecc IIpHMOf'O o6pa30B8HHH (e+ errrap 

e- +Z-+ e-+e++e-+Z 
( 1) 

11a c!Joae TOpMoaaoro aanyqea.as, corrpoaolKnaeMoro xoaaepcae~ y -KB8HTOB B(e +e)-
rrapbi: 

e~+ Z-+y+e +Z 
(2) 

y + Z' ... e + + e- + Z '. 
(3) 

lln s 3 KCrrepHMeHT8nhHOf'O OIIpeaeneHHH Ce'!eHHH rrpouecca (1) B IIpOII8HOBOfi 

IlY3bip hKOBO~ KaMepe Mbi HCIIOnh30B8nH MeToa, 8H8nOf'H'!Hbi~ TO My, KOTOpb!l! IlpHMe
/10/ IIHnCs B saepHbiX 3MyTihCHHX 

CxeMa c!Jo11oaoro rrpouecca ( 2) , ( 3) a rrnocxocTH KaMepbi ( x, y ) 
1 rreprrea-

aaxynSipnoli K HarrpaaneHHIO MBf'IIHTHoro nons, noxaaaHa Ha pac. 4. A- TO'!Ka polK-

aeHHS! TOpM03HOT'O y -KB8HT8 H B 
TO'!KB ero KOHBepCHH B (e+e-)-napy, AB'-

TpaeKTOpHR aBHlKeHHR a neKTpOH8 B K8Mepe. f1pH He60llblliHX anHHBX KO!iBepCHH 

( e = AB < 9 CM ) MOlKijO npene6pe'!h yrnOBbiM pacrrpeaene.HHeM TOPM03HbiX y 

KB8HTOB, MHOT'OKp8THbiM pacCeRHHeM 3JieKTpOH8 B rrporraae H ero 3HepreTH'!eCKHMH 

IIOTepSIMH H8 e ~ 9 CM { CM. flpHnolKeHHe nr ) . B 3 TOM npa6nalKeHH.H aneKTpOB 

K = 0,233 eM/ Maa ann H = 14,3 xrayc. 

R =I< ( E- Ey) , rile 
nocne H3Hy'!eHHH ABHlKeTCR ITO OKpylKH OCTH C pa.QHyCOM 

PaccTOS!BHe MelKay TO'!KBMH B ' H B o603H8'!HM '!epea ; • nonolKHM $> 0 
ecna B nelKHT BH e OKpylKUOCTH ( R) , H .; < 0 , ecna B H8XO.QHTCR BHyTpH 

( R) • Qqeaaaao, 'ITO ann !jloaoaoro npouecca aenaqaua .; - HMeeT lliHpOKOe pac-

npeaeneaHe (( :::_ 0) , a To apeMR xax ann rrpouecca { 1) .; ~ 0, ecna He pac

CMaTpHBaTh 0111H60K H3MepeH.Hll. 

Y'!HThi san caenanHhie Bhiille npa6na)KeHHH, rrony'!HM, '!TO . 
( .. _r__ 

2R 

Yl3MepeHHS! BeJIH'!HHbi .; rrpoaoaanHch aa MHKpocxon(l MEY!-9 

(4) 

c oKynsp-

llblM MHKPOMeTpOM ( 15 x6,3). Oaao a~nenHe MHKpOMeTpa COOTBeTCTByeT 1,82 MHKpO-

HaM na xaape. B aanhaellllleM ace 3Ha'!eHHR aenH'!HHhi .; IIp.HBOASITCS! H8 CHHM-

xe B nenenaSix. 

6 

flepaw~ crroco6 H3 ~ 

rroMOJllhiO oxynspnoro MHI 

X 3 , X 4 • flpaaana oT 6c 

'!HH8 ; I Bhi'!HCnsn< 

"'x4::_x3; ;I=X2-xl 

; I = I (X 4 + X 2 )/2 - ( X 3 + 

BTopo~ crroco6 aax~ 

TpeKOB 3JieKTp0118 H (e+ e· 

IIOK838118 118 pHC. 6 . 0rCR 

TaK xai< 3TH naa MeToaa 

HefiweM Mbl HX He 6y.neM 

llns IlOJiy'!eHHH KOJIH'!E 

MepeHHH BeJIH'!HHbi ~ 

Ha rrepBH'!IIhiX " 

TeM lKe C8MbiM crroco6oM 

0TCIOA8 Mbl IIOJIY'!f!nH MH 

KH o ~ =2 aen. (eM. pac. 

BenaqaHa ~ H3Me: 

p c =4 f aa ) 11a 3nexTpoH 

pe. Cpeaaati yron BbineTa 

paae11 q.~enaeMy yrny ME 

uecca " e -pacce5IHH51 

TH~ no ; IIOK838Ha 11, 

C TeM , 'ITO TO'!K8 " e 

( e +e-) -rrapbi ( TOJihKO .QB < 

'ITO 0 /; =3 ,7 .nen. S!BJISieTC: 

B enaqaaa ( nnH 

TOf'O '!T06bi 3TH Ii3MepeHH 

aoaanacb apyras o6nacTb 

EbinO rrony q eno , '!TO ow~ 

o = 3 a en. To'IHOe orrpe 

CT8BJIHeT 60JibWHe TpyaH< 

2,5 nen 2- a~~ 3,5 J.len., 1 



e --}nap y -KB8HT8MH B 

0 B npHHUHne n03BOIIHeT 

(e+ eJ-nap 

(1} 

(2) 

(3} 

uecca ( I ) a nponaHOBO~ 

ii TOMY, KOTOpbl~ npnMe-

Mephr ( x, y ), n epn e H-

pHc . 4. A - TO<rKa po)!{

::aH B (e +e - ) -napy, AB ' -

billHX UIIHHBX KOHBep CHH 

~IleHl!eM T OpM03HblX y 

! H ero aaepreTH'IeCKHMH 

~ np1!6Ill!)!{eHHH 9 IleKTpOH 

vt R = I< ( E - E ) , r.ne y 

B H8XOAHTC51 BHY TPI! 

- !!MeeT mapoK o e pac -

~ a 0, e CIIH R e p ac-

'ITO 

(4) 

::me MEI1-9 c oKynn p-

OT BeTCTByeT 1,82 MHKpO

npRBOA51TCH Ha CHI! M -

nepBhrii cnoco6 H3MepeHH51 ~ 38K11IO'I8IlC51 B CileAylOl!IeM ( CM. pHC. 5). C 

nOMOJllb!O OKYilHpHOI'O MHKpOMeTpa onpeAeilS!Ili!Cb KOOPAI!H8Tbl X TO'IeK X 
1 

, X • , 

• X 4 • npaBI!Il8 OT6opa co6hiTI!ii o6ecne'IHB8lOT, 'iTO 

'iHHa ~I Bbi'II!CIIHII8Cb CileUyJOilli!M o6pa30M: 

II X 
4 

:_X 
3 

~I= X 
2 

-X 
1 

ecn11 

~ 1 =1(X 4 +X 2 )/2 -(X 3 +XI)/2. 

X <X 
4 -

H X >X 
4 I 

, ecnH 

Bemr-

X >X 
2- I 

• B OCTBilbHhlX Cily'Ianx 

BTopoii cnoco6 aaKiliO'IBilCSI B TOM, 'iTO H3MepS!IlOCb paccT051HI!e Me*AY OCSIMI! 

TpeKOB aileKTpoaa 11 ( e +e-) -napbr ( ~ 
2

) fHcTorpaMMa pacnpeAeileHii Sl to.~= of 
1

- ~ • 

noKaaaaa Ha p11c. 8. OrciOAa 6hrno noily'IeHO, 'iTO i\ ~ = 0,15 neil. 11 o( i\f,\ = 1,9 A e il. 

TaK KaK aTH nBa MeTana 1!3MepeHI!D t; nan11 OAHHaKOBhre peayilbTaThr, TO B A8Ilb

Her1weM Mhi HX He 6yAeM pa3Ili!'IaTb. 

ilils:! nony'ieHI!51 KOill!'ieCTBeHHhlX peaynbTaTOB He06XOAI!MO onpeAeilHTb OlliH6Ky B 1!3 -

MepeHHH BeilH'ii!Hbl /; C aToii uenhiO 6hrnH npoBeneHhl cneAyromHe H3MepuHus:~. 

H a nepBH'IHh!X "~ -Me30HHhiX TpeKax ( pc =4 faB) aaMeps:~nacb BenH4liHa t; 

TeM )!{e caM hiM cnoco6oM, KaK aTo AeilailOCb naMH Ans:~ co6hiTI!H. c ( e +e-) -napa Mil. 

0TCIOA8 Mbl nony'II!nl! MI!HI!MailbHO B03MO )!{HOe 3H8'IeHI!e cpenHeKB8Ap8TI!'IHOii OlliH6-

Kli o ~ =2 Aeil. (eM. p11c. 7). 

BeilH4HHa t; H3MepnilaCh TBKli<e Ails:! 150 Cily'IaeB pacces:~HHH tr -Me30HOB 

pc =4 r aa ) Ha aileKTponax l E 0 =200-680 MaB) B rrponaaoaoii nyahipbKOBOll KaMe-
~ 2 

pe. CpenHHfi yrOil BbineTa 0 - aile!npoHOB es .. 10- paA . ) no nopSJAKY Beill!'iHllbl 

paBeH ClJeAHeMy yrily Me)!{ny 9IleKTpOHOM II n031!TpOHOM B ( e + e J -nape. ililH npo-

uecca " e -pacceDHHSI AOil)!{HO 6hiTb /; = Q • fHcTorpaMMa pacnpeneileUHH co6hr-

Tl!ll n o noKaaaHa Ha p11c. 8. 3AeCb t; ':" - 0 , 7 Aeil . 11 o t; = 3, 7 Aeil. B CBH3H 

C TeM , 'ITO T O'IKB rr e -pacces:~HI!n onpeAeils:~eTCH xy)!{e , '!eM TO'IKB o6pa30B8HI!H 

(e+ e-) - napbl ( T011bKO ABOHHBH I!OHH38UHH I! ABa BTOPli'IHbiX CIIeAa ) , Mbl C'IHTaeM , 

'-ITO 0 /; = 3,7 Aeil . 51Bil51eTCH MaKCI!MailbHOH B8Ili!'IIIHOH AilS! 0 f; B Cily'Iae ( e+e "-}-nap. 

B eilH4HHa t; Ails:! 63 (/e-) - nap TBK)!{e 1!3Meps:~IlaCb ABYM51 cjJH31!KaMH. ilnH 

TOI'O 'IT 06bi 3TH Ii3MepeH1!51 6b!Ill! H838BIICI!MblMI!, npl! BTOpOM 1!3MepeHI!I! ~ I!CIJOilb-

30B8Il8Cb Apyrag 06IlaCTb TpeKOB , yAaileHHaH Ha 3-4 ny3blpbKa OT BeplliHHbl naphl . 

E brno noily 'IeHo, 'ITO omn6Ka pa3HHUbi 11BYX H3MepeHnif , T . e . paBHa 

a = 3 Aeil , T o'IHOe onpeAeileHHe 3Ha'IeHHD noilnoif own6Ku B Beili!'If!He ~ npen-

cTaBnHeT 6oilbllll!e T PYAHOCTI! . B CB513li c 3TIIM B naai-Ioii pa6oTe noilaranocb , 'ITO 

2,5 A8Il ::0!;::: 3,5 [.len,, T . e. 3!18'IeH1!51 38K1110'i8Hbl M8)!{AY MHIIHM8IlbHO H M8KCHM8nb-
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HO n03MOlKHbiMB. E bwa H3Mepena TaKlKe epeAHHH wapnHa 3neKTpOHHoro TpeKa. 0Ha 

oKa::Janaeb paaaoi1 (30:+:_8) Aen. 
+ ~ 

fneTorpaMMa paenpeAeneHH H 203( e e ) -nap no EenH'lHHe ( nOK83aHa Ha 

pl'lc . 9. EorrhwnHeTao eo6biTHil (90%) HMeeT aennqnHy .;:_- 3 nen. 06eylKneane 3<j>

QJC KTOB, KOTOpble MOI"'YT BllHHTb 118 3TO paenpeAeneHHe, naao B nparro>KeHHHX II nm. 

§ 3. Pe3yrrbT8Tbl 3KenepnMeHTa 

PaenpcAene nae cjJoHOBbiX eo6biTHH ( npoueeebl (2), ( 3)) no aerrH'IHHe /; 6bmO 

awqf!ClleHO (eM. npnnolKeHne IV , y paane1me ( 4. IV ) ) • C TO'IHOeTbJO ~ 3% <jlopMa 

pa enpe/le llCllHH He 38BHeHT OT 3Heprnii E y 1'1 E • npH BblqHellCHHH npe/lnOll81"'8llOCb, 

'ITo AnH ae ex 3Haqenaii ( own6KH H3Mepennii paenpeAelleHbl no fayeey e Anenep-

e f! e ii or fneTOI"'p8MMbl AllH cjJOHOBbiX npoueeeOB (2), (3) nOK838Hbl HB pH e. 0 

II YHKTnpoM, HOpMHpoaKa npoaonnrraeb no qnerry e<J6biTHH B HHTepaane ( m3- 15 A ell. 

!-13 pa3HOeTH <jJOHOBOi'I H 3 KencpHMe HT8llbHOH f'HeTOI"'p8MMbl llllH 0 /; =3 )lell. 

Haii lleHo, 'ITO ee'!enne o6pa3oBaHnSI ( e +e-)-nap B nponane ( C H ) paano o 
3 8 

6bWO 

Tp 
= 55:+:_14 M6H. npnBe,lleHH8SI 3Aeeb OWH6Ka yqHTbiBBeT eTaTHeTII'!eeKHe $rryKTY8UHH 

/27 I . 
'IHe lla ncpnnqnbiX 3rreKTponoa , '!Hena naHAeHHbiX TpHAeHTOB, qaena eo6biTnfl B 

nnTepaane ( = 3- 15 nen., no KOTOpbiM HopMnponanoeb <j:JoHoaoe paenpeAerrenne. 

Ecnu yqliTbiBBTb ewe HeonpenerreHHOeTh a a ( (2,5- 3,5 nerr) K8K CHeTeMBTH'!eeKyJO 

OW1'!6Ky, TO 0 =55 + 24 M6H. 
Tp -

Ha pae. 10 npHaenena rHeTorpaMMa paenpeAeneHHSI OT06paHHbiX eo6biTHil no 

::J ne prHH ( e: e-) -nap Ann Ey ~ 10 M3B. nynKTHpOM A8H8 T ElOpeTH'leeKH Bbl'!H-

ene nnan rneTorpaMMa eyMMbl paenpe,llenennfl eo6biTHH no 3HeprHHM (e + e-)-nap AnSI 

npoueeeoa ( 1) n (2), {3). PaenpeneneHne AnSI TpHAeHTOB (ypaanenne ( 7,1V ) ) 

nopMnpoaano na 46 eo6biTHH n cjJonoaaSI !CpnaaSI ( ypaanenne 6, IV ) nonyqena B 

/27 I 
llfHJilnorrolKeHHH, qTo qneno 3lleKTponoa B nepBH'IHOM ny'!Ke paano ( 1,3 :+:_0,13 ) % • 

0wH6Ka, HOK83811H8SI HU pile. 10 B nepBOM HHTepB;l.lle 3Hepl"'lfH (10-60 M3B), eag-

3 3ll[l e OWH6K8MH Bblql!eneiiiiH tPOHOBOfi KpHBOH ( "' 12%) H nafiAeHHOI"'O '!Hena TpH-

/l (o i!TOB ( "' 45%). LlrrSI 9Hepl"'HH Ey::: 150 M3B BblqHell ... ~!HaSI rneTorpaMMa IIMeeT 

OlUI16Ky ~ 12%. l-13 pHC. 10 BIIAHO, qTo TeOpeTI!qeeKaH H 3KenepHMeHTanbU8SI f'HeTo

rpaMMbl HaxonnTeSI n xopoweM eornaeun n n SI EY :_ 60 M3n. LlnH E Y = (10-60) M3B 

3KenepnM e HT811I>ll8H rneTorpaMMa nc)(<HT I!HlKe Teope-raqeeKofi , HO ccrnneycTeH e nell 

13 pa MKax nnoliHon owH6Kfl. 

8 

Ha pne. 11 npnneA 

3He prHHM nepnnqnwx ::Jn c 

f'H eTOI"'p8MM8 TOnbKO An f 

w aAb. T e opeTnqe cKoc pae 

pnM e HTOM. 

B Ta6rrnue 1 npnae l 

Tpex 3Haqennil (max ( yp . 

HOeTbiO l!HlK!lHX rpOl!H ll 3 11 

3lle KTp0110B B nyqKe . 0TC 

( m~• = 9 nerr. p8BHO 1' 

HbiM no paenpenerr e HHJO e 

no cjJOpMyllOM, npHBe 

o6pa::JoaannH ( e +e-) -nap 

= (60:+:_5 ) M6H (yp. (3, l 

Sl,llp8 8TOMHbiMH 3lle¥Tp0l 

:+:. 0,25 f3a. Y<IeT 3KpaHH! 

HO, C npyroil eTOpOHW 1 Mhl 

(e+e-)-nap B none aTOM! 

TpHAeHTOB H8 "'18%. Ta 

t,on y qurru eornaene MelKAY 

HHH nnSI npoueeea ( 1). 

npH npoeMOTpe 6billC 

B33HMOilCHCTBHCM 1 KOTOpOe 

30HOM ( ~ =- 26 /len.). ( 

TT + C 

MCllbWe ~ 20 MK6apn. f[ 

HOI' O o6paaoaaHH il ( e+ e- )-1 

qnHe llOP5lllK8 HeeKOnbKHX I 

T aKHM o6pa3oM, B Ae 

1. HaMepeHo eeqeHne 

B n ponane ( C 3 H 
8 

) • n. 
cyeTeH e TeopeTnqeeKH 



flH'lHHC ~ nOK838HS H8 

- 3 nen. 06cyJKJleHHe a<!>

) a ITpanoJKeHHSIX II H m. 

') no ae/lH'!HHe C 6binO 

: TO'!HOCTbJO ~ 3% ~OpMa 

l'iHCneHHH npennonaranoch, 

e Hhi no fayccy c nacnep

( 3) nOK838Hbl Ha pH C. B 

HHTepaane ~ • 3 - 15 nen. 

Mhi nn51 a c = 3 nen . 6binO 

H? ( C 
3 

H 
8

) paan o u 
Tp 

.THCTU'leCKHe $nyKTY8UHH 

!C HTOa, 'IHC/la C06biTHfi B 

<jlonoaoe pacnpeaeneuae. 

.en) KaK CHCTCMaTB'leCKyJO 

OT06paHHblX C06b!THR no 

aHa TeopeTH'leCKH Bbl'lH-

3 He prH51M ( e + e - )-nap nn51 

3 (ypaBHenae ( 7,1V }) 

me 6 , IV } nony'!eHa B 

paano ( 1,3 :!:_0,1 3 }%
127 1

• 

prHli ( 10-60 M sa } , CBB-

naliaeHHOPO '!HCila TpH-

!1185! PHCTOrpaMM8 HMCeT 

lKCnepHMeHT8/lhH851 PHCTQ-

nn5! E y = (10- 60} M sa 

oil , HO ccrnacycTCH c Hell 

.. 

Ha pHc. 11 npanencna rHCTorpaMMa pacnpeueneHHH aalineHHhiX co6biTHfi no 

a neprHHM n epDH 'iHbiX ::weKTpOHOa ( E ~ 1,25 faa). flyHKTHpOM naHa Teope TH'iCCKa H 

PHCTOrpaMM8 TOllbKO /l iTH cpOHODblX npoueccoa, nopMHpoaanHaH na nonny10 nno-

manh. Teop eTH'iecKoe pacnpenencnae aaxonaTcH a Ka'iecTaennoM cornacH H c aKcne-

pHM CHTOM. 

B Ta6naue 1 npaaene Hbi abi'lHCnenHhie 3Ha'leHHH '!Hcna cpoH OabiX co6biTHli nnH 

Tpex 3Ha'leHHli ~max (yp. (2. IV ) ) . fl paaeaenna51 owH6Ka cagaana c aeonpeaenen-

HOCTb!O IIHlKIIHX rpaiiHU ::JileprHli E y mi n= 10:!:,.3 Maa II E min =1,25:!:_0,25 faa H qacna 

aneKTpOliOa a nyqKe . 0TCIO.[I8 MOlKeT 6b!Tb nonyqeHO, 'ITO '!HC/10 TpHJ:IeHTOa 

~ m~• = 9 aen. p aano 14:!:,.19, 'iTO cornacyeTCH c '!liCITOM TpHaenToa, onpeaeneH

Hbi M no pacnpeaeneHFIJO co6hiTHli no ~ 
111 

ITo tjlopMynaM, npnaeaeHHbiM B pa6oTe , 6hinO abi'lHCneHo ceq e HH e npouecca 

o6paaonaHH51 ( e +e-) -nap aneKTponaMH B nponane. Ono oKaaanocb p a anhiM a 
TP 

= ( 60 :!:_5 ) M6H ( yp. (3, IV ) ) • ITpa Bhi'lHCneHFIH np ene6peranoch aKpanHpoaanaeM 

Hapa a TOMHbiMH sneKTpoHaMH H nonaranocb E: Ymin • 10:!:,.3 MsB H E: min • 1 ,25:!:_ 

:!:.. 0,25 f sa. Y•1eT sKpanapoaanHH aaHH:>Ka~T ce'!eHHe ( 1) npH6nH3HTenhHO na 15%, 

no, C npyroli CTOpOHbl , Mbl II C Y'!HTbiBallH aKnaa B ceqeJlHe OT npouecca o6paaoaaHHH 

( e +e-)-nap B none aTOMHblX 3 /leKTpOHOa, KOTOpblfi 3aa biW8eT Ce'leHHe o6pa30BaHHSI 

T pHUeHTOB Ha = 18%. TaKHM o6paaoM, B paMKax npaaeaeHHhiX BbiWe own6oK Mhi 

I.ony'iH/lH cornaCt!e MelKUY TeopeTH'leCKHM 11 3KCnepHMeHTa/lbHblM 3 Ha'leHHSIMH ceqe

HHH anH npouecca (1). 

flpH rrpOCMOTpe 6hinO HaliaeHO TO/lbKO 0.[1110 C06biTBe CO aTOpH'IHblM MepHblM 

B33HMO.[IeHCTaHCM, KOTOpOe He CB513aHO C llp51M0ll r e nepaUHCH ( e + e-) -napbl TT -Me-

3 0lt0M ( ~ =- 26 nen.). OTcJOaa MOlKHO nony'lHTh, 'ITO ceqeHH e npouecca 

rr- + C ~ 2 
-+ rr- + e- + e + + C ~2 (5 ) 

MCI!bWC = 20 MK6apH. fpy6aH oueHKa OlKHUaeMOPO ceqeHH51 npouecca UHcppaKUHOH-

!IOI'O o6pa3oBaHJHI ( e+ e-)-nap rr - Me3 oHa MH 11a 51/lp e yrnepona npaaonnT K aena-
134 1 

'lHHe llOP511lKa HeCKO/lbKHX MHKpo6apH • 

T aKHM o6paaoM, a naHHOli pa60Te non yqeHhi cnenyJOlUHe pe3ynbTaThi. 

1. Y!aMepeHo ceqeHae o6paaoaaHH51 ( e + e-) -nap a neKTpoHaMH c E: =1,25 - 4 -fsa 

B nponane ITonyqeHnoe 3Ha'!eHHC u • (55 :!:.. 24) M6H c or n a-
Tp 

M6H I 1 I B Ca 5!3H c 3THM cyeTC51 C Teope TH'leCKHM a = (60 :!:.. 5 
Tp 

9 



paCXOlK!(eHH e MelKA~' T eOpHeM H aKCnepHM9HTOM B 2-4 pa3a ( § 1) npeACTaBnSieTCSI 

ManoaepoHTHbiM AnH nponaaa. 

2 . J;!cnonb30BaHHaSI B aTOM aKCnepHM9HTe M9TOAHKa TI03BOnl1eT ycneWHO HCCne
+ -

AOBaTb npouecc o6pa30B8HI!I1 ( e e )-nap aneKTpOHaMH C TIOMOIUbiO BO.QOpOAHOll: ny-

3bt pH<OBOH KaMepbi, TaK KaK <jlOH OT nCeBAOTpH.Q9HTOB B aTOM cnyqae 6y.QeT llpB-

Mepno B 10 pa3 MeHbwe ( L (H) = 10M, t (C. H
8
)=1 M). lln11 onpeaene-

oaA oaa • 

HHI1 Ce'leHHSI a C TO'lHOCTbiO "' 7% .QOCTaTO'lHO 'l:M9Tb OKOno 70 TbiCSI'l Ka.QpOB 
Tp 

(10 aneK TpOHOB Ha 1 Kfl.Qp) C 50-CM BO.QOpO.QHOll: ny3b!p bKOBOll: KaMepbi. 

ABTOpbi npH3HaTenhHbi 3a none3Hbte o6cylK.QeHHSI Vl.M. fpaMeHHuKoMy, M. Vlpe-

wy, M.VI. TioAropeuKoMy, B.H. CTpenbuoay 11 na6opaHTaM rpynn npocMoTpa H 1!3-

MepeHHii. 

TIPV!JlO)f<EHVIE 

Co6biTHI1 THna (2), (3) OT6HpanHCb AnH ~max'" 20 Aen. f1oaTOMY Ha'lano a<jl<jleK

THBHOH o6naCTH OTCTOHT Ha 10 CM OT BXO.QHO!'O OKHa KaMepbl ( Y =-15 CM). ToniUH

Ha axoaHoro OKHa KaMepbt cocTaBnSieT 0,32 paaaauaoaaoll: e .QHHHI.lbi anHHbi. B KOHue 

KaMepbt a¢¢eKTHBHOCTb npocMoTpa 3a HH lKaeTCSI. B CBSI3H c 3THM a<jl<jleKTHBHbiH o6-beM 

6btn 3aAaH cneAyiOIUHM o6pa30M: 

3 ~ )( _5 27 CM, -15 < Y ( 12 CM , 2 < Z < I:J CM • 

kl3 249 3aperHCTpHposaHHbiX co6bi TH M 221 HaXOAHnoch s aToll: o6nacTH. B 18 cny-

'laSIX He yAanOCb H3MepHTb aenH'lHHY ~ H B 21 c nyqae H9 6binO B03MOlKHOCTH 

onpeAenHTb HMnynbCbt H Ha npaBnSIIOIUI!e KOCHHYCbl aneKTpOHOB. 

PacnpeaeneHHSI TO'leK o6pa3oBaHHSI (e +e-)-nap no KOOpARHaTaM X , Y , Z 

TIOKa3aHbl Ha pHC. f11. 

PacnpeaeneHHH aanpasnSIIOIUHX KOCHHycoa f , m , n nepBH'lHhlX TpeKOB B 

TO'lKaX o6pa3 0BaHHSI ( e+ e-)-nap nOKa3aHbl Ha pac. f12. 

P acnpeaen eaa SI a a pH c. n 1, f12 xopowo c ornacyroTc 11 c pacnpeAeneaaHMH, nony 

/27 I 
'l9HHbiMH B pa6oTe 

10 

I> 

1. lln11 onpeneneH 

OT KOHBepCHH y -KBa J 

30HOB 6btno npOCMOTp CH 

neHHbiX aaonb none Ta 

HaweM MaTepHane aom; 

2. CeqeHHSI TOpM o 

TT -M930HaMH BO MilO! 

BKnaa aTHX nponeccos 

1. CpeAHHii npocTp 

TenbHO TICpBH'lHO!'O aneK 

aneKTpoaa, 

T opM03Hbte 

m - ero 

y -KBilHT 

P acnpeaenenHe yrna. g 

(x, y ) ) SIBnSieTCSI n 

m c 2 
H a "' --a F 

2. llRcnepCHSI CMer 

!'0 MHO!'OKpaTHbiM pace 

3. MelKay TO'lKaMf 

HOBHOM Ha TOpM03 H09 H 

paBHbi "' 6%. B CBSI3H 

Bb!W9HO ( CM. flpanolKeHI 

4. 0nTH'l9CKal1 CHC 

TOB (<jloKyC l =6,1 CM) 

HaA KaMepolt. B CBSI3H c 

cpeAHee yaenaqeaHe OKa3 

BayTpH KaMepbt ae1 .. 
~ S!Bni1IOTCI1 H306palKeH 

11 
Ecna npeae6pe'lh Koa¢¢at 



3a (§ 1) npe acTasnHeTCH 

l03 B OJJS!eT ycneWHO HCCJJe-

nOMOillbiO BOAOpOAHOl\ ny-

3TOM cnyqae 6yaeT rrpR-

18) = 1 M). .Un g onpeaene

• OKOJJO 70 Tb!CH'I KaApOB 

b KOBOlf KaMepbl. 

• fpaMeHII!lKOMy, M. Hpe-

rpynn npOCMOTpa H 113-

n. noa TOMy Ha'Iano 3 tPQJeK

·p bl ( Y •-15 eM). Tomn11-

e aHnHuLr anHHhl. B Konue 

3THM 3tPQJeKTIIBHhllf o&beM 

( Z < I:J CM • 

a Toll o6nacTH. B 18 cny-

a e He 6bJJJO B03MO)I{HOCTII 

)OHOB. 

::> KOOPUHHaTaM X , Y , Z 

n nepBII'IHbiX TpeKOB B 

c pacnpeaene HHSIMH, nony-

L 

nPHJIO:>KEHHE II 

<l>oHOBble npoueccbl 

1 • .Un'rt onpeneneHHll '1Hcna cnyqalfHLrx Hano>Ke HH li ( e +e-) -nap, so3 HIIK aJOIUHX 

OT KOHBepCHH Y -KBa HTOB , 06pa 30Ba BIUIIXC H B OKHe KaM e pbl, Ha TpeKaX rT -Me-

30HOB 6Ltno npoCMOTpe uo 7 TLICH'I Kaapos. ELmo Hai1acuo 737 ( e +e-) -na p, Ha npa s

neHHblX BAOITb noneTa n e pDH'IHblX 'IaCTIIU (±_5°). 0TC JOAa 6bl/TO nony'te HO, 'ITO Ha 

HaweM MaTepllane AOU>KHO 6hiTb HeCKOITbKO cnyqac s cnyqalfH biX Ha JJ O>KC HII lf . 

2. CeqeHIIH TOpM03Horo 113JJY'JeHIIH 11 np 'rtMoro o6pa3 osaHHH ( e +e-) -nap 11- H 

/34 / 
rT -Me30HaMII BO MHOro pa3 MeHbWe, 'leM B cnyqac 3 JlCKTpOHOB • noa TOMy 

BKnaa aTHX npoue ccos s ccqeHIIe a Tp H e Y'~IITLrsanc ll. 

nPHllO:>KEHHE III 

1. Cpean11li npoc Tp ancT senn Lr li yron B brn e T a 

m c 2 
TeiTbi!O n e p BH'IHOrO aneKTpOHa p a seH ely= -E-

TOp M 0 3 HOrO 

/29/ 
y - KBaHTa OT HOCH-

a neKTpoHa, m - ero Macca) 11 no'lTII He 3aBHCHT OT aHeprHH y -KBSHTa E y 

TopM03 Hbte Y -KBaHTbl B 90% cnyqaes B b l/T CT aJO T no a y rnoM E} ,::. 4 m C 
2 

I y ,_ !< . 

P acnpeaenen11e yrna. a ( npoeKUHll rrpocTpaHCTBCHHoro yrnA 8 ty Ha nnocKoCTb 

110/ 

H 

(X, y ) ) HBJ!HeTCH 

m c 2 

aa = -F-

npH6JJH3HTeJJbHO nopMaJJbHbJM pacnpeaene nHeM c a = 0 

2 • .QHcnepCHH CMeiU9HIIH KOOpUI!HaTbl X TpaeKTOpllll 3/TeKTpOHa , Bbi3 BaHH0-

-7 3 2 
ro MHOrOKpaTHbiM paCC9HHI!eM B nponaHe 0 pasHa X 2 " 10 f CM • 

3. Me>Kny TO'IKaMH A 11 B' (eM. p11c. 4) a neKTpoH TepHeT aue prHJO s oc

HOBHOM Ha TOpM03H09 113JJy'1eHHe. Cpe AIIHe noTe pH ane prHH Ha UJJIIHC A B '< 9 CM 

paBHhi "' 6%. B CBl13H c aTHM BhJ'lHCnenuoe nonnoe '1Hcno :PonosbiX co6biTHil 3 a-

Bhiweno ( CM. npiiJJO)I{eHI!e IV ) • 

4. 0nTII'leCKaH CIICT9M8 ny3blpbKOBOM KaMepbl COCTOIIT 113 nsyx QJOToannapa

TOB (<!>oKyC l =6,1 CM), ycTaHOBIT9HHhlX Ha 6a3e B =30 CM H Ha BbiCOTe Ho:64CM 

HaA KaMepol\. 8 CBH311 C pacnpeaeneHHeM HalfaeHHbiX C06b!TIIli no Z (eM. p!!C. nts) 

CpenHee yBeJJH'IeHIIC OKa3aJJOCb paBHblM ( 10:!::. 0,4). 
• 

8HyTpll KaMepbl B9JJII'111H8 ; HBJIHCTCH BeKTOpOM ; "' [; •' ( Y' ( ,J . ~ n II 

HBJIHIOTCH 1!306pa>KeHHeM ; Ha JICBbiM I! npaBblli KaAp H, B006we, -~ (, f.u 
Ecn11 npeHe6pe'1b Koa<!><!>IIUHeHTaMH npenoMneHHH, TO 

11 



-( -~ :=[(( -( \ Ol 
n~ xn xn' 

11 ' ~ ( x n- ( xn 
f B-2X~ 

(fl+Z) 2 
• 

(To'!Ka B' na pHe. 4 HMeeT KOOpLIHHBThi B'=[X,Y, Zl B KBMepe), 8 eBH311 

e llllnii'JIIeM :v!HOrOI<pBTHOrO paeeeHJIHSI II yrna BbineTa ~ly £ < 1 JJ.en. H 
max 

' = 0 . 

npll6nii311TenhHO LlnH 30% H8llJ:I8HHbiX eo6bJTIIH BenH'IHHB ( 

n eB OM II npaBOM K8Lipax. flleTorp8MM8 BenH'IIIHbl f = ( f";;- ( TI ) 

pile, n3, 0TeJOLI8 6bTnO nony'!eHO f =0, 15 :!::,2,2 Lien. 

H3MepHnaeb HB 

nOK838H8 Ha 

5. 3neKTpoH MC>KLIY TO'IKBMH A B' (eM. pile, 4) MO>KeT paeeeHBBTbeH H8 

BTOMHbiX a n eKTpOHaX. npll6nH3HTenbHO B 3 % eo6biTHll aneKTpOH paeeeJ!:BaeTeH Ha 

yron eo ~ 6 ' ( Es:::. 3 MaB)' 'ITO npHBO/lHT K LI06aBO'IHOMy eMamemuo 

~ 0 >a,; ( a,; = 3 Lien), TaKHM o6pa30M, paeeMoTpeHHbie BhiWe a<jxpeKTbi , KOTOpbie 

MOryT BnHHTb RB paenpet:~eneHBe H8H/.(8HHblX e06biTHl! no ( , HeeymeeTBeHHbl, 

nPHliO:tKEHY!E IV 

BaeJleM enet:~yiOmne o6oaHa'!eHHH, 

N, 'tHeno Aaoranpo, A - Bee rpaMMon~Kynhi nponana, p - nnOTnOeTb 

nponaHa, t - TOnlllHHa MHW8HH, KOTOpyiO npowcn aneKTpOH (B eepeLIHHe K8M8pb! 

t c 0,54 paLl. LlniiHbl ), ~ \' - WllpHH8 HHTepBana no OeH Y B K8Mepe, LIO eepeJ:II!Hbl 

KOToporo TonmHna paana , E 0 a4 f3B - aneprHH aneKTpOHOB nepeLI KaMepol! 

(anH cO), E - ancprHH nepBH'IHhiX aneKTponoB BHYTPH KaMepbi, 11 ( E ) - Bey 
y -KBBJITB e 3HeprHel! Ey Ha OLIHOli p8LIHBUIIOHHOl! J:lnHHe pOHTHOeTb KOHBepCHH 

/32/ 
l 13 nponane , N0 - 'IIICno aneK TpoHoa ,n~naiOlUIIX Ha'KaMepy, w(E,t,E

0
)dE-

aepo51THOCTb Toro, 'ITO aneKTpon e nepaoHa'lanhnoli ::weprHeli E 
0 

noene npoxoJKne-

E E +dE 
1331 flU Sl :-.!lilli C HH TOJJlllHHbl t 6yJ:ICT IIMCTb 3HCprii JO B IIHTepaane 

I 
a(Ey, E)dEY 0603H8'18eT C8'1CIIHe o6pa30B8HHH TOpM03HOrO y -KB8HT8 e 3Hep-

rHei1 13 IIHTepaane E y, Ey + dEy aneKTpOHOM e anepr11ei\ E B .nponaHe e y'le-
/29/ / 311 

TOM " KP<'lllHpOBBHHH H H3ny'ICHHl1 B none aTOMHbiX aneKTpOHOB a 
8 

( E Y' E )dEY 

ee'leHHe npHMoro o6paaoBaHHl1 ( e +e-) -rtap B nporrane e 3HeprHeli B HHTepBane 

. 6 . /1/ E , E + dE v 3neKTpOHOM e anepraeH E ea y'leTa aKpaHI!pOBBHHH y y ' 

12 

' ,J 

1 

1. nonnoe 'IIICno nee 

Ec 

N=!.I~Y2 f 
t Em 

11 

2. nonuoe 'll!eno npn:v 

N = M~ Y ~ 

3. PaenpeneneHIIe nee 

13L!pa~;<eHI!eM: 

dN 

d( 
=M~ 

exp 

x exp[-11(Ey)J: 

4. Pacnpenenen11e nep 

dN ~ ~li\Y 2 
dE:xp I E 

xexp[-11(1 

Bbi'lHCnenH c npoaeneno c 

epenlleKB8J:Ip8TH'IH851 Oli!H6Kl 

5. PacnpeneneHwe sHe 

_dN_ =M~YI 
dEy E 

t 

f 

X 11 (E 



~f 
J-! + z) 2' •. 

B K8Mepe). B csH31! 

< 1 Jten. 11 
I y max 

18 ~ .H3MepHR8Cb H8 

-- ~ n) nOK838H8 H8 

OlKeT p8CCei!B8TbCH H8 

KTpoH pacceaeaeTCH Ha 

30"1HOMY CMameHH!O 

billie 9qxpeKTbl , KOTOpb!e 

~ , HecymeCTBeHHbi. 

)!18118, p - nnOTJ{OCTb 

>H ( B cepenaHe KaMepbi 

B KaMepe, no cepenHHbi 

KTpOHOB rrepen KaMepoli 

! KaMephi, 1.1 ( E ) - s ey 
oli panHaUHOHHOfi nn~~ae 

•KaMepy , w(E,t,E
0

)dE-

E 
0 

nocne npoxolKne-

Ie E E +dE 
1331 

1 

JrO y -KB8HT8 C 9Hep-

E s .nponaHe c yqe
/ 31 / 

pOHOB a IE ,E)dE 
8 y y 

a HeprHeli B HHTepeane 
. /1/ 

!TB 3Kp8HHpOB8HHH • 

M~N 
0 

p. 
( l.IV 

1. nonHoe 'il!Cno nceenoTp.HneHTOB B nponaHe onpenenHeTCH Bbipa lKeHI!eM: 

E
0 

E -m v'2K(E - Ey )~max 
N~lii6Y~ fdE JdEyfw(E,t,E 0 )a(Ey,E ) x 

1 
E £ 0 

min y .. mi n 
( 2.1V) 

+ -
2. nonuoe 'il!Cn o npllMhiX ( e e ) -nap : 

E-m 

fw(E,tE 0 )a 8 (Ey,E) dEY 

E m!n E ymln 

3. PacnpeneneHHe ncesnoTpHneHTOB B 38BI!CI!MOCTI! OT ~ onpenenHeTCH 

DLipa>KeHHeM: 

dN 

d.; 
•xp 

E 
min 

E-m c;max 

f dEy f w(E,t,E
0
)a(E , E l1dE ) x 

£ 0 y y 
y min 

4. P acnpeneneHI!e nepsi!'!Holi 9HeprHH E nnH noesnoTpHneHTOB 

E-m v'zK ·( E - Eyl~ max 
f dEY f w(E,t,E

0
)a{Ey,E)1.1(Ey)x 

c 
y mln 

1 1 E 2 
X exp [ - 1.1 ( E y ) PJ r.::- exp ,[ --- ( 1 - __ e;::;:.xp_ ) ] dP . 

v2rr~E 2~ 2 
E 

B bi'IHCneHI!C npoeeneHo c Emln ~ 800 M9B II {3 ={),2. 3necb a~ {:3 E 

cpenneKsanpaTH'iH8H orn116Ka 1!3MepeHHH aHeprtm E 

5. Pacnpenene HHe 9HeprH.iL( e +e-) - nap nnH ncesnoTpHneHTOB 
E 0 V2K(E-E ,"[ 

Y m ax • 
fdE f w(E,t,E 0 )a{Ey,E) x 

E 
min 

13 



6, PacnpeaeneHHe 9HeprHi1 ( e +e-) - nap an11 TPIIACHTOD 

dN 

d E 
y 

E 
0 

=Mi\ Y; f w(E,t,E 0 )a
6
(Ey,E)dE. 

E 
m i n 

Bo scex Bbi'II!C JJeHHSJX nonara.'!OCb t\ Y = 3 CM, Y o6o3naqaeT an11 nccoao-

TPIIAeHTOB CYMM!!pOBaHI!e no 06JJaCTI! Y = ( -16,5; 7,.5) CM , OTBe'IaJOIUeii B cpeaHCM 

06JJaCTI! pO>KaeHI! II TOpM03Hb!X Y -KBaHTOB II An5! TpllaeHTOB Y =( - 13,5; 10,5) CM , 

T a6n11ua 

( max aen N Teop . 

20 204 :!:. 23 

15 176 :!:. 19 

9 137 :!:. 15 

n I! T e p a T y p a 

l. II . ] . Bhabha. Proc. Roy. Soc. (London) A 152, 559 (1935). 

2. G. Racah. Nuovo Cimento, .!_i, 93 (1937), ;.!, 112 (1937). 

3 . M.M. Block, D.T. King, W.W. Wada. Phys . Rev._22, 1627 (1954) . 

4. T. Murata, A. Ueda, H. Tanaka. Prog . Theoret. Phys. ,!&. 482 (1956). 

5. T. Murata, A. Ueda. Prog . Theoret. Pbys . .!,&. 497 (1956). 

6. <l>.<l>. TepHOBCKHlf. )1(3T<l> 37, 793 (1959). 

7. E. G. Johnson . Phys. Rev. !!Q. 48, 1005 (1965). 

8 . J . Bjorken, S. Drell , S. F'rauts che. Phys . Rev. m. 1409 (1958). 

9. II. Crane, ] . Halpern, Phys . Rev. ~. 838 ( 1938). 

10. M. Koshiba, M.F'. Kaplan . Phys. Re v. 2Z , 193 (1955). 

11. ] .E. Naugle, P .S. Freier. Phys. Rev. 92,1086 (1953). 

12. M. Ko s hiba, M.F. Kaplan. Phys . Rev. !QQ, 327 (1955). 

13 . M. Gailloud, R. Weill. Ph . A osse let . Helv. Phys. Acta !!.Q., 281 0957). 

14 . M.M. Block, D.T. King, W.W. Wada . Phys. Rev . 22. 1627 (1954). 

15.]. F:. Na ugle, P.S. Freier. Phys . Rev. 104,804 (1956). 

16 . P.K. Aditya. Nuovo Cimento U. 546 (1959). 

14 

N 9Kcn. 

203 :!:. 14 

182 :!:. 13 

151 :!:. 12 

17 , L.L. Stanley, Bull. Amer, Ph) 

18. F.]. Loeffler . Phys . Rev. 108 

19 . R. Weill, Helv. Phys. Acta. 

20.P. K. Aditya, Nuovo Cimento ~ 

21. N.S. Shiren, R.F . Post. Phys. 

22. M. Camac. Phys. Rev . .!!§., 745 

23. L. Criegee, Z. Physik, 158, 4E 

24. KHM X!! 11H, A.A. K y3 

25. B.r. rplllllHH, 3.n. K11 c 

26. B.C. naHTyea. npenp!! 

21. H. E9M, B.r. rp!!llll!a, 

28. B.r. rplllllHH 11 ap. npe 

29. H. W. Koch,]. W. Motz . Rev. I 

30. H. A. Bethe, IV . Heitler . Proc . F 

31. ]. A. Wheeler, W. E. Lamb. Phy• 

32. H. EaM, B.r. rp!!llli!H. 

33. B. ralfTnep. KBaHTOBa 

34. A.l1. AxHe3ep , 11. H. n 

P y 



DHTOB 

:) dE. 

}' o6o3naqaeT nnSI nccnno-

CM, OTBe'laiO!lleH B cpenHCM 

~HTOB \' =(-13,5; 10,5) CM, 

a 

N 3KCII, 

203 ±. 14 

182 ±. 13 

151 ±. 12 

17, L.L. Stanley, Bull. Amer, Phys. Soc.~ 167 (1956). 

18. F .J. Loeffler . Phys. Rev. 108, 1058 (1957). 

19 . R. Weill, Helv . Phys. Actal!_, 641 (1958). 

20.P. K. Aditya, Nuovo Cimento ~ 1013 (1959). 

21. N.S. Shiren, R.F. Post. Phys. Rev.!!§., 617 (1952). 

22. M. Camac. Phys. Rev.,!!!!, 745 (1952). 

23. L. Criegee, Z. Physik., 158, 433 (1960). 

24. KHM XH HH, A.A. Ky3HeUOB, B.B. Mannep. npenpHHT OH.HH 2092, Ll.y6Ha 1965. 

25. B.f.fpHlllHH, 3.n. KacTeaea, My U3IOHh • .H<t>, ~ 886 (1965). 

26. B.C. naaTyea. npenpHHT OH.HH 2100, Lly6Ha 1965. 

21 . .H. EsM, B.LfpHlllHH, B.Ll..PSI6uoa.nacbMa)l<3T<t>,T.1Y,a.3,106 (1966). 

28 . B.r. fpHlllHH H np. npenpHHT OH.HH P-2277, Ll.y6Ha 1965. 

29 . H. W.Koch, J.W.Motz . Rev. Mod. Phys., !!_, 920 (1959). 

30 . H. A. Bethe, W. Heitler. Proc. Roy . Soc. London. A 146, 83 (1934). 

31. J . A. Wheeler, W. E . Lamb. Phys . Rev . ~. 858 (1939); Phys. Hev. U>J., 1836 (1956). 

32 . .H. EsM, B.r. fpHlllHH. nperrpHHT OH .Hl-1 P-2636, Ll.y6Ha 1966. 

33. B. faliTnep. KaaHTOB8SI TeOpHS! H3ny'leHI!SI, r HTTn, MocKBB, 1956. 

34. A.H. Axae3ep' l1 • .H. noMepaH'IyK. Y<t>H T, LXV, • B. 4, 593 ( 1958). 

PyKonacb nocTynana a H3naTenbCKHli oTnen 
27 SIHB8pS1 1967 r, 

15 



f rp+ '2 (#+ '2 ~P. 2 

P K K K 
't' 

f6 .g .g 
a-) 

~e, 
t l 

a') 

l \/1 
~ 

.L) 

4- ) 1.) 

(#~ 
Po g 

.x. ) ~) 

+ -
Puc . I. fpa<!mKu <l>eiiHMana nn" npou;cca o6pa30BBHH51 ( e e ) -nap 3n..:>KTponaMH. 

16 

f\J 
50 

40 

30 

20 

10 

N 
:xl" 

/.()-

3) 

20 

10 

3 

-15-12-9-6-3 0 3 

PHc. Ill. Pacnpeneneun 
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\Po 

1.) 
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)f) 

+ -
: e e ) -nap 9n0 KTpOHOMH . 

N 
!:{) a) 

40 

:J) 

20 

10 

6 9121518212427X[CA,] 

N N 
50 !iJ 

6) s) 

40 1,() 

30 :J) 

20 20 

10 10 

-1 -12-9-6 -3 0 3 6 9 12 y [UCJ] 456789 z [c.M.-] 

PHC . n t. PacnpenenCHHe npocTpaHCTBeHHbiX KOopnuHBT TO'-teK o6pnaouaHH ~{ 

(e+e-)-nap a KaMepe IW<I 203 co6biTHii . a) 11 0 X, 6)Ho Y , n ) n o 7 
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CT 
(a F..) 

Q) 

f) 

I 

10 2 

.-1 

iJI z-;--v. v• 2 t>' 10' ECM.l ) 

P uc . 2 . 3asH C U f\tOC Tn JIOJI H J,JX CI.? "I O II H H n n H rrponecca ( 1 ) OT 3 11 0 pra 11 a n c KT p oHoo ·, BbP-u : 

cnPuHhl e no ~~~up r-. ry naM : 1) Ge.'1 y t.te-rn 3 Kp fi HHpoBa HIHI H.apa nTo :-. tHhiMH 3 neKT[JO
IID\t l! ' 'I I ; 2 ) Gc.l y •re-rn .l i:(JHHHpOBaHHSJ / J ,6 / ; 3) noJHroo '> tcpa HHpona Hue / 6 / ; 
4) u onHoe '> Kpn mrpoa<lf! H<'/ 1 ; 5) 6e3 y qe -ra ~Kpa HupOBDI! II SJ/ 3 / . 

11' 

N 
100 

50 

OJ=. 

Pl!c . n2. Pacnpenen eJU 

a ) no P= cos 
rne f' 1 x, f 1 y 
n c p B J.ftiH blX 81J ( 

D E T C TOe HH O OC 



3Hr>prHH 8JICKTp01100'1 BbflUJ 

HQpa D:TOM!lhlMH ::>neKTpO

nHOC qKpBHHpODBHUC/6/ i 

lpODBHHll/ 3 /. 

N 
100 

N 
125 

100 

75 

50 

25 

[I) 

-o.t04 -on7o-o.OJ5 ao 1-

5 ) 

N 
125 

75 

50 

25 

-aav -aos2-o.o1a+0.01B 

o) 

Puc. !12. P acnpeaen e1me neporl'lll ulx 9neKTpOIIOB " npoueccax ( 1), (2) H ( 3). 

a ) 110 e ~ COS p I x , 5 ) no 11' ~COS(" I y B) no n = COS(-' I z 

rue f' 1 x , fP 1 y , f-=1 1 2! - yrnbi r..Jenuty !H-InpanJIOJUJ.OM /..lDIDKC'Jm~l 
n e pBHqH WX sneKTpOifOB B TO'tKC oG~:l30HAHI I 'l (C

1 

c-) - napbl II COOT-

DE:TCTDeHHO OCSl~lR X , Y, Z , con.JaJtliLIMJI c KaMepoii . 

19 
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t )11c. 3. CpPnlls'~' cuofionfl.:HI Jll!liHn 11poG"1·a r 

-------r 

~ }t)t;:~:i::~~: ::::-:- :: ,, 

./1" 

2 J 

I 

I 
i 

,v;,..,, 

eM rrll'rl nponccca ( l) B sJ:J.opllblX 
:v,:yJtbC H ~IX IIJlbthopn C -5 , nony•I2ll•llHI n pd-HI}·~X/ "JI<.C n CpH!~.~C'IIT 'tX . C11:10w11nsi 

1\.plli\<JSI H!Ji•IHC!\0! 1/.l ilO TC0ptHI 

.::l; 

" 

Puc. f13. rucTorpllMM8 
H3Mepe Hbl COOTl 

1 

PRe. 4 . CxeMa <jlonoaoro r 

nslpHoH K unnpann 

y - KOfiHTB; U · 
3fleKTJ)OH ; R -pn . 



------ --r 
I 

[ 

~u • ..:-r 
--vs 23 s1 ,..., 

urea ( I ) B <~uop nwx 

CII C !JH!-.10 H T .' lX . CII :I OilJI!llSI 

N 

20 

62~ 

P HC. f13. rHc Tor pa MM8 pacrrpen enei!H<I B€JlH'lHHbl 6/; ~ ~n- ~ rr ' rne ~ J1 ' ~ n 
HOMepe Hbt C OOTBe T C TB8 HHO HB n eaOM H npB B OM Kan p ax . 

A 

2 

R 

s 

P11 c . 4 . CxeMa <jJo uoooro rrpouecca (2), {3) B nnoc i<OCTI! J<n Mepci (x , y ) , nepn <> IIJUII<y -
n51p n oH K nanpa oneHHIO MarHHTHor o HOITH . A - TOtrK a fJO)K!lC'HJBI Top M03Horo 

y - KBllHTB ; IJ - TQl£K8 ero !{OIIB CpC HH. O(e-+ e} - n tlpy j 1 - n epBi-fTIH L>Ji'l 

3 JT eK T poH; R -panH yC' O Kpyx<I-lO C T!i, no K OTo p oii JlB H:>KPTCH 8Jl C! K Tpou 2. 

2 1 
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Pnc. 5. CxeMa H3MepOHJHI aenHt.IHHbl e c Il OMOL'lLIO OKYIHipHoro MHKpOMeT pa . 

np~Mble fl H HHH IlOKB3biB8lOT ycpeaHeHH e KOOp!UlH3T X no 3-4 ny3bip bKBM . 

N 
60 

50 

40 

3J 

10 

!.t; -4 -2 0 2 4 6 ~.-r, f~ 

PHc . 6. r acT orpaMMB pac npeJJ.eneHHff seJ IH l.JH Hbl t\ ~ f.,- f," 0 
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-8 

PHc . 7. fHc TorpaMMB p a c 



lflpnoro MHKpOM<?Tpa . 

T X no 3-4 ny3bip b K BM , 

f, (~ 

N 
30 

20 

10 

70~ 

PH c. 7, fHc TorpaMMB pacnpenenemHr aemt'IHHbJ ~ , 113MepeHHOil aa n ep.BH'IHhJX 

" - -Me30HHblX TpeKaX, 

23 



N 
5J 

4() 

150 cAy~aes 

:xJ 

20 

'() w= 
-15 -11 -1 -J 5 9 13 11 ( {9f-') 

Puc . 8 . racTorpaMMB pacnpeneneHH!I B8nii'U!Hbl ( Jlnll npouecca pacce!IHH!I 
f7 -Me30HOB HB 3 lteKTpOH8X. 

N 
90 

60 

ilJ -- - · e" • 2.5 '1"-

60 
---- 6• 3.0 'i"' 
------ 6. 3.5 '1"' 

50 203~ 

1,() 

3< 

20 

10 

3 915212133 { (.?'.L) 

Pu r- . 9. ru c rorpaMME! pacnpen eneiHI H 130 JllPUf!Ibl c ilJI$1 naiin C' ~!JI U X C06b!TH.ii . 

rl y lf i<;THpOJ\! fl0K()3flHbl rl1CT O l ' p.:.1MMhl BhiYHCJl e i!HblX po.cnpcoe.rJ CHH.ii BeJHi'il l!fbl 

~~ /lJHI (jJC: llODblX npOll•J CCOU (2) 1 (3) npH TP ~'X :J !I.::l'-I C IIH HX OUJ f1 6 JUf H-l~,lO {J 8-
ll\l)! ( CT ~ ~ 2 , ;); 3 ,0 If 3, 5 Ll ..? !1 . ), 

24 
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20 
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P11c. 10. fHCTorpaMMa pacnpenerJeHHll co6&JTHfl rro 3HeprHHM ( e + e-) -nap nn<~ 
npoue cca (I) H <jloaa. DyHKTRpoM noKa3aHa rucTorpaMMa cyMMbt BbJ'IH

cneHHbJX pacnpeneneHaii nn<~ Tpane HTOB a nnll <jloHa (a6comoTIIOe '!Reno). 
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PHc . 11. fHcTorpaMMa pacnpeneneHHH cny•1aea no 8Heprm< n epan qH &IX 8neKTpoHOB. 
OyHKTHpoM noKa3ana BLtqncnenHa>I rHcTorpaMMa TOTibKO Jll!H QJOHOB&IX npo
ueccoa C yqeTOM OWI!60K H3MepeHHH 8HeprHfl 8TieKTpOIIOB ( 2Q'Yo) . 
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