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Bunorpanoa B.E., Mapl'UHCKa. r,. WaHnop Jl. P13-5516 

Mo'nenupoBaHne HeilrpanbHbiX· IT-p B38l!MOAeiicrani1 npu 5 rsa/c 
B nponaHOBOil ny3blpbKOBOll KaMepe · 

. '-::· 

npuaeneHbl Mel'OAI!Ka ll pe3y1lb1'81'bl MO.r!Elnl!pOB8H~SI IT7p B38l!MO.rl~HC1'BI!H 
npu _5 Tsa/c .c HeilrpanbHbiMII 'lacrnuaMu B KOHe'IHOM cocrommn c yqeroM 
nx pel'ucrpauuu B · Merpoaoil · nponaHoaoil ny3bipbKOBoi-i K1JMepe OHHH, Pe-
3ynhrarw MorienupoaaHI!SI 6wnu ucnonb30BaHw nnSI onpeneneHUSI ce'!eHuil 

· peaKunti IT- p ,. n+ (1,2,3;4,5) 77° , 77-p ... ;'-1* 0(1236) 1To,77-p,.nf 0(f 0.,2.rr0 ) 
n 77 -p '-> n TJ ( 1J ,. 2y) npu 5 rsa/c'. ' 

':'.I-• 
Co06111eHHll 06be,IIKHeHHOro. KHCTKTyTa · Jl,llepHhiX KCCJie,IIOBBHKJI 

~&Ia, 1970. 

Vinogradov V,B,, Martinska G,, Shandor L, P13-5516 

A Monte Carlo Generation of the. Neutral 77p Interactions 
at 5 GeV/c in· the Prop::tne Bubble Chamber 

The techniq~e and . the results of Monte Carlo generati~n 
.~f neutral final states produced in the rr-P interactions· at. ·s . .GeV/c 
.with ·the account of y. -ray detection probability in the 1,-meter JINR 
prop::tne bubble, chamber are presented, The results were used in 
determing the cross sections of the reactions IT- p ... n + (1,2,3,4,5) IT 0 , 

IT - p ,. N. * CXI236) . IT 
0 

1 IT -p ,. n f 0( f 0 -> 2 IT 1l ) and IT -P ... 0 ~ ( TJ .:. 2 'y ) 
at 5 GeV/c. 

Communications of the Joint lnatitute for Nuclear Research• 

·Duhaa, 1970 

. .. . 
~ ~: .. ; 

'' 

. .,._{ .. 
·~-~' '·~ \ 

:·.1'. 

~::'"~-~- . 

,. 

·-:> •1t:~· 

. i· •.. 
I : '' .. : . 
-I--~ .::· . 

~: :; ... ·) 

~-~;~ 

I, 

1

.,·· 
.· ~· .... 

·• .. . · 

_I • 'I~ ' ·. ,,•• 

' . ' ~ 

·~· 
'" . ' -, 

!: . 
•'j .j • :" .... ~·. ., .. 

._,-:. •!-

4 iH 

I· ::. 

. ·. 

.... 
····· .; ~ 

/ ·. 

:."",, 

. .~·. 

·( 

.. ... , 

'< 

·''· 

•,. 

' ' /t/ 
B pa6oTe . _6b11IH ni 

uaii: · 

TT p ... n + / 2,3,4,5 

... N*o. +TTo 
(1236) 

... n + fo • 

,.. n + TT
0 

·" 
... n + 7J 

npH HMllY1lbCe ll8Jl810IDHX :..-------"""'""""" ___ _ 
:3TOT 3KCllepHM9HT _ 61 

rpaqmii, no.ny'leHHbiX c no~ 
em: .fll1 /2 I. c e'leHH SipeaKUI 

MSUHH 3KCnepHM~HT81lbHbiX 

KB8HT8MH JllfHel!:HOH · KOM6H 

HbiX nyTeM MOJl9.11HpOB8HHl 

(1 )-(5) He05XOJlHMO 5bl1l0 
~- ~-~'_..._._,._~--~-_....__;,_..,.,.,....,....... ... 
UHii (1)-(5)·B yc.nOBRRX ~ 
_.,.....:------. -~-
nyTeM MoJi~.nHpOBaHHR. · 
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Ill B pa6oTe 6hmH npnBeneHhi. pesynbTaTbi HSMepeHHst cetieHHil: pea~~:-

unil:: 

17 p .. n + /2,3,4,5/ 17° (1) 

.... N*o 
(123 6) 

+ 170 ' N*o .. n 17° (2) 

.... n + £0' £0 .... 217 ° . (3) 

., 
0 (4) .... n + 17 

.... n +TJ TJ .. 2y ~5) 

npH HMnynbce nanaiOIUHX 17 -Me30HOB 5 fsBIC. ------·"'-"'" ........... ". ··---··--··""'"'""""";" ..................... ·• 
3TOT sKcnepHMeHT 6hm BhmonHeH B pesynhTaTe aHannsa 230000 4JoTo

rpa¢Hil:, nony'IeHHbiX C ITOMOIIlbiO MeTpOBOil: nponaHOBOfi nyShlpbKOBOil: KaMepbl 

Oi-HIHI21. CetieHHst peaKUHfi (1 )-(3) 6hmH onpenenellhi MeTOJlOM annpoKCH

MaUHH sKcnepHMenTanbHhiX pacnpeneneHHfi 0-nytieBhiX co6hiTHi1 c 2-4 raMMa

KBaHTaMH nHHeil:noil: KOM6HH8UHefi COOTBeTCTBYIOIIlHX pacnpeneneHHil:, nony'IeH

HhiX nyTeM MonenHpoBaiiHst. KpoMe Toro, nnst onpeneneHHst ce'IeHHil: peaKuHil: 

(1 )-(5) He06XOJlHMO 6hinO 3H8Tb Bepo;;~·OC;~·,.~;;H·~;~·~;H·H co6biT~H ~3 ~e~K:. 
.nnifTi)::(§"'j"' ~-~~;;;;;;;x Jl~-~-Hor~ 9K~n~p~Me~Ta. O~H 6~I~H nony~e~~~ T~~)Ke _ .. ___ ....:-.---"·------~---------~-"'' --~ .. ~--------- --·- ~- -- ~ ........ -- ---- ----
nyTeM MonennpoBaHHst. 
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pa 6oTbr,_siBnsreTe sr _: i:leTanbHoe 

'· . . 
. I . .. " 
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; ..... 

:· f 

-·· OITHeaHHe. MeTOJlHKH" H pe.-:;<_:.·.~· 
. ·• 

. ":;/ .; :::\: 

A, -~-·t ·. }· · . · . -
synbTaToB MOJlenHpoBaHHsr· peaKUHfi ( 1 )- (5). 

-: . ,, •. ,( . 

;_. •• ! 

L{,• 

.J• 

·, . MoJlenHpoaaHHe Hecne.nyeM~>rx peaKuHfi . . . . 
_;.-'·-.:: :: •• • •. J. i'. . ~ .• : . .. ..-.~-·:··, 

.. ':·. "MOJlelmpoBaHHe peaKUHfi (·1 )-(5) npoH3BOJlllnocb ·Ha 38M ·B3CM::-6. I . 

'".:.e no~om6ro npoi'p~MMbi . FOWL 13i.' ·3Ta npo~p~M~a 'I'i:mepHpyeT MeT·o~~~ · .:· -'" ~ • t. 'I ' ' '• • • .~ l ' • " , . ' . 1 ' 

,f..\~HT~-Kapn6 eo6niTHsr, paBiioMepHo ·pa~npeJleneHH~>Ie 8 $~3oBoM 'npoeTpaH::_ · 
'. ; . ' . . . ' ,.. . ·": ., . . . . ., . ;: . .. .. : .. , : ..... 
eTBe. llnsr y"'~Ta JlHHaMHKH B3aHMOJlefieTBHsr, y"'eTa yenoB.H.fi · aR:enepHMeiiTa 

H. '~oJlenapo~aHH'sr · JlByxtla6THqHoi''o pa:i::naJla · A ~ '~ + b · K ~eft 6nr.im ~o6a~-
. neHnr:·. eneuH.anbHhie npoi'paMMbi. 

· ··· ··i'llnsr KB)KAOI'O ei'eHepHpOBaHHOI'O eo6biTHSI Bbi"'Hensrnesr Bee 

.• .!~'· ~ . ~ :. 

W- ·'H·e-. . . 

nonhsyeMbill: npH noeTpoeHaa paenpeJleneHall: c~fl~>ITafi' ·a Bbi"'aeneHHH, ax epeJl-:.. 

Hiot .3HaireHHfi ''· , . 

w 

·~ .. 

=·WF we . wr 
p (6)1'.-.~. -

-~ . ..,. 
~ ~ ~; . 

~ \ .. ~-..: 
~ ,:-~ .. ...... 

-~ 

. . ~ 1 .... ~ ...... .' ' _I'Ae WF .:. Bee,· o6ecne.•,mBaromMfi paBHOMepHoe pacnpeJleneHMe :co6biTHfi :·:· · , . 

B '!flasoBoM npoeTpaHeTBe ( o6bi"'Hbill: Bee,_ Bbi"'HensreMblll:. B ·npoi'paMMe FOWL ) ~- ·; ~· ·;:· 
~ ' ' ' . . 

W (J :- Bee~ Y"'HTbiBaiOIUHfi· Jl~HaMHKy B3aHMOJlefieTBHsr, W y. -. Bee,. y"'H~biBaiO·<· <. ·' ~ 
IUHfi reoMeTpH"'eeKyro a!fl!fleKTifBHOCTb pe~HeTpaUHH eo6b!T~SI B 06'beMe Ka~e-- -~ ~·· 

.•' 
~·t:~7-.· .. pbt; 

Opll MOJlenHpoBaHHH peaKUHfi, npoHeXOJlSIIUHX e o6pasoBaHHeM peso~: 
. ' 

.. · ...... 

.-!IaHeoB·, Bee · W YMHO)Kanesr Ha BenH"'H.IIy . < •. ,._ . 
wp ' 2 . 2 

1 I [ (.M - M p ) + ( r I 2) ] 
$, "n (7), '" 

·' ..... 

,I'Jle M p. }I r - Mace a . H IIIHpliHa pesoaaaca, M ... a¢¢eKTHBHa'sr Mac'ca 
npoJlyKTOB paenaJla pesoaaaca. ~.1. 

~-

~ ·" ' 

~· ( .... _,·,, 
f;.\' 

1 ., • 

' ,·· '"t'' 

I 

"'', , • : i , '~ I 

~-- . 
,, 4 

~· ~~ ' \ 
/~ ·~ 

.. {; ;:·. ~4 .·" ~ .: .. ~' 

. ·~ ... 
' . ~ :-· . ·z, .... 

. •' 

' CTaTHeTH"'eeKaH ,Mo~ .. ' 

TanbHble paenpeJleneHHH. cc 
. . ' 

B .. OTeyTeTBH·e pe30H8HCOBJ 

noB~IX paenp~JleneHHfi (eM 

OoaTOMY JlJlSI TOrO, 'l 

MY MOJlenapoB~HifSI 6binlf . ~ 

~eHHSI H~fi:TpOHOB B eaeTe~ 

Ka)KJlOMy epeaepHpc 
xx/. . · * (Jn npHnHebiBanesr J 

' J'-

w 'e ... r ( cos e : , 
B Ka"'eCTBe ¢YHKUH~ 

' paenpeJlene.HHH uell:TpoHoB 

MHO)KeeTB9HHOeTif 0 'ITO ll ~ 

OpH aTOM aenonh3~B: 
HOI'O 77- ;..MesoHa, 6nasKu 

J1s-sa OT,eyTeTBHSI 

B peaKUHSIX e 3 If 5 · ·770 -l\1 

·. xxx/ · 
npOTOHOB • 

Ha pae. 1 a 2 npaael 

pOHOB H 77° -M930HOB Hee: 

· pae. 1 a npaBeJleHbi sanoJKc 

x/ 
. B cnyqae peaK: 

no a¢cjleK.THBHhiM Macca~ 
. nHHefiHYIO KOM6HH8UHIO q 
BHrHepa. 

xx/ e * 3aecb n o6c 
poaa e CHCTeMe uearpa· 

xxx/ , . , 
KaK noKa3hiBaK 

npOTOHOB li H9liTpOHOB 
Mano ornH'IaJOTCH apyr 
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~ 'peaKIIHH • 
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OJlHnocb Ha 3BM B3~M.:-8 · 
.~ ·: ~~. 

•aMMa 'r!mepHpyeT Mero~~~ , 

HHhle B QJ~30BOM , IIpOeTpaH~ · , ' : t: • ' 

eTa ;enoB,HH a~enepHr-i~~~~··. ' <;. ·[ 
• 'a + b K Heii 6hi.1IH Jlo6aB- .. 

.~ __ :~ ~ ( :~_:.: 
,. ·.. '",;_'' 

Bhi'IHcnsmcsi Bee W , ,'H·c-. ·· '; • ·. 

THil·a. Bhi'IHeneHHH ax";pe~~-

~ .. ; .. ~ _;. .... 

pacnpeJlenenHe :co6biTHH '.::· 

!M~Iii. B 'nporpaMMe FO~L );':; •' 

Hsr; Wy. - Bee, Y'~H~hi~aiO·/·.;· =":. . '-' ·- . . . . . . ,. /~ 

co6hiTHsr B o6'heMe KaMe-' · .. 
. ~ ":: ~"' 

.; '. . . •. : ~ 

IX c · o6pasoBaHHeM peso-:: ; ' 

.. '. :, ( • .. } ~. 

-;-··: 

f· .. , •, 
;., :. 

.-:· 

'l • 

·-· J, . 
'r /' •,, ~ • 

·- ,· 
• < . 

. (7/.:·· . ' . . . ' .· "" 
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Y'leT .OHHaMHKH asaaMo.oe:ii:eTBHSI 

TiporpaMMa FOWL renepHpyeT co6hiTH51, .paBHOMepHo paenpe)leneH-. 

. Hhle B !jlaSOBOM 06'heMe cornaeHO eTaTHeTH-iJeeKOH MO]lenH. f'CRJ1 \ 
C Ta THeTH'IeCKa51. MO]lenb YllOBneTB.OPHTenbH.O. OIIHehiBaeT aKCrrepHMeH

TanbHhie pacrrpeJleneHH51 C06hiTHft IIO a!f>!f>eKTHBHhiM. MaceaM .H IIO HMIIynbeaM · 

a oTcyTCTBHe pesonancoBx/, HO ]laer HerrpaBHnbHhie npeJlCKasanHsr Jln~ yr

nbB~Ix pacnp~JleneHHH (eM., nanp~Mep,/4-~/). . .. 

n~aToMy /J.nSI .Toro, 'IT06hi cornaeoBaTb MOJlenb e orrhiTOM, ,B rrporpaM

MY MO]lenHpOB~HHSI 6hinH sanmKeHhi aKcrrepHMeHTanbHhie yrnoB~Ie paerrpeJle- . 

neHH51 HeHTpOHOB B eHCTeMe UeHTpa Mace. rrepBH'IHOrO B3aHMOJleHCTBH51, 

Ka)KJlOMY erenepapoBaHHOMY co6hiTHIO B saBHCHMoeTH oT sHa'leHn:sr 

(} * xx/ · 
n ·npHIIHChiBaneSI aec 

(8) w (} "' f ( cos (} : . ) 

B Ka'leCTBe !jlyHKUHH f ( cos 0* 
n 

6hinH B351Thl 9KerrepHMeHTanbHhle 

pacnpe]leneHH51 HeHTpOHOB H3 peaKUHH C SapSI)!{eHHhiMH 1T -Me30HaMH TOH )!{e. 

MHO)!{eeTBeHHOeTH, 'ITO H MO]lenapyeMhie peaKUHH, · 

TipH aT~M HCIIOnbS.OBanHCb JlaHHhie; nony'leHHhl9 IIpH aneprH51X. rrepBU'I:-
. . ~ 

HOrO 1T "-MeSOHa, 6nH3KHX K. aecne]lyeMOH ( Ta6n. 1) • 
•• J 

Ms-sa oTcyTCTBH51 JlaHHbiX o6 .yrnoaoM pacrrp€).oeneHHH He:ii:TpbHOB 

B peaKUH5IX C 3 H 5 · 1TO -MeSOHaMH HCIIOnbSOBamrcb yrnOBbie pacrrpe]leneHH5I . 
xxx/ 

IIpOTOHOB 

Ha pHc. 1 H 2 rrpHBe]leHhi HMrrynbCHhie H yrnoBhie pacnpe]leneiiHSI HeiiT

pOHOB H 1r 0 -MeSOHOB n:ccJieJlyeMhiX peaKuHii B CHCTeMe ueHTpa Mace. Ha· 

·pH c. 1 a rrpHBeJleHhi sano)!{eHHhie B nporpaMMY. aKcrrepHMeHTanbHhie yrnoBhie 

~ ,. 
, B cnyqae peaKun:ii c o6paaoeaHn:eM peaoHaHCOB pacnpeneneun:sr 

ITO s¢!jleK,TliBHblM M8CC8M OIIHCbiB8IOTCSI KpliBOH 1 IIpeACTaBnSIIO!lleii C060ii 

, nn:HeiiHyiO KOM6HH8UHIO !jla30BOH KpHBOH If COOTBeTCTBY!OlllliX KpHBbiX EpeiiTa

BHf'Hepa • 

xx/ e * . 3necb n 0603H8'Ia~;r YI'?fl M8)KJlY Haiipa~lleHHe~ HMIIynbca .HeiiT-
pOHa B CHCTeMe U8HTpa· M8CC TT -p. II H8IIpaaneHI!8M rrepBH'IHOI'O TT--.Me30H8. 

xxx/ . .. /5-7/ 
KaK noKa3hiBaiOT namibre pa6or ; yrnoabre P,acnpeneneun:SI 

rrpOTOHOB H HeiiTpOHOB B peaKUH~X c OAHH8KOBOii MHO)K8CTBeHHOCTbiD 'I8CTHU 

Mano OTUH'I810TC5I Jlpyr OT Jipyra~ 
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pacnpe):leneHHSI Heli:Tp0HOS 1 Ha pHC. 16 - Shl'lHCJieHHhie HMUYJibCHhie pacnpe':"' 

AeJieHHSI aeli:rpoaos, aa pH~. 2a H 26 ~ sht'lucne~~-hte. yr-noshte H HMUYJif>CHhie 

pacnpeAeJieHHSI ITO -M·e30HOS •. 

Y'l~T 'r-e.oMeTpH'leCKOH a«P«PeKTHBHOCTH pei'HCTpauHH 

C06hlTHH S KaMepe 

Y'l~T · reoMeTpH'lecKoli: a«P~e~THSHOCTH 'perHcrpauHH co6hiTHli: npoHaso

AHJICSI. nyreM ripHllHChiBaHHSI Ka)KJ:IOMY CI'eHepHposaHHOMy' co6hiTHIO seca. Wy ' . . . 
saSHCSI!Uer-o or ·3Ha'leHHH KOOPAHHaT TO.'lKH saaHMOAeli:cTsHSI·· s o6'beMe KaMe-

phi H 'OT SeJIH'lHH HMUyJibCOB H YI'JIOS y -KSaHTOS. 

Dns:~ seJIH'lHH, xapaKT~pHayioumx OAHH y -KsaHT (HMUYJibChi, KOOPAH-

Ha Tbl . TO'leK KOHSepCHH y -KSaHTOS If T ,J:I~ ), sec W ~· . paseaX/ 

. n n n n ··n· {ecfi WI = {I I I £ l [II £k+I £-g, + I . '£ m II £·k ) l I ' (9) 
y y l=l y k=l y &2 ·y k=t Y · ·m=3 y k=l 

J=/1 k;il,j f;il,j k;ii,J,f . 
y 

m;i I,J,f k;i I,J,f,m. 
: f•>J m 1> e f",,.. 

a J:IJISI SeJIH'lHH, xapaKTeJ?H3YIOIUHX KOM6HHaUHIO ASYX y -KSaHTOB ( a4>4>eK- .· 

THSHhie· u HeAocraromHe MaCChi, yi'Jihr paanera H T.A.), sec W~l pasea 

n n n n n w lj = { I { l I' II £-k+ I { f [ n £ k' '.j. I { m II ;k ] I • (10) y . y y k=l y &t Y k=l Y ·. m=.2 Y lid y 
k;i l,j f;il,j k;i I,J,f m;i I,J,f k;it.,J,f,m 

/ m•>f 

I'J:Ie n - 'lHCJIO · y -KS8HTOS 1 o6pa30S8HHhiX B C06hiT1fH
1 

£1 . 
y sepOSITHOCTb 

pei'HCTpaUHH -I'O y -KB8HT8 '(I y 
I- {I 

y 

. x/8 cpOpMynax. (9) H (10) OTpalKeH TOT cpaKT,.'ITO B 9KcnepHM9HTe 

HCUOJlb3YIOTCSI' C06b!TIHi. C· 2,3 H .4 Y -KBBHTBMH, .. 

:'i· 

6 

. BepostTHOCTH pei'HCTJ 

Myne:. 

exp ( -L 
(y 

0 am 

I'Ae L M - MHHHMaJibHoe 

J:IO TO'lKH KOHsepCHH . y·· .-: 

Ta, Lk=f(Py)·- cpeAHsi' 

Ln· - ·noreauHaJibHast,- AJIHI 

· H rpaauueli: a«P«PeKTHSHOI''?. 

B coorseTCTSHH c s 

6i.mo npHHSITo: L M = 1 

3.aSHCHMOCTb CpeAHe 

Ta ria pa6oTbtl8/ • 

rr OTeHUHaJII?HaSI J:IJIHW 

L = min I P , Q , F 
n 

I'Ae 

P = I 
(X 2 

(X I -X 

Q = I (Y2 
-Y 

.:_y ( Y, 

R. = l < z2 ~ z 

< ( z, - z 

B STHX ,«PopMynax X 
-

IT -MeGO!iOS S KaMepe, 

Z t = 1.0 CM 1 Z 2 = .35 .C 

m , n - HanpaBnSIJOIUHe ~ 

H n = sin .\ ) , r/> - 83HM 



uui,re HMnynbcHhre pacrrpe:

:bre yrnoBhre 11 HMnynbCHbre 

perHCTpaUHii 

:Tp8UHH C06biTHH IIpOH3BO

~HHOMY, co6hiTHIO Beca. Wy , 

)Jleil:CTBH5I · B 06oheMe KaMe-

3, 

:BaHT ( HMnynbCbi, KOOPilli

~C WI. paBeuXI y 

'( m 

,a. y 
I,J,f 

>f 

·-u-
TI.. (·k 
k=l y 

k;61,J,e,;,. 

) l I . (9) . 

BYX y -KBaHTOB ( stlJtiJeK- . 

T~Jl.), BeC WI l . paBeH y . 

n 
. ( m n ;-k.] 

:.2 y k=l y 
( I,J .e k;61 .• J .f.m 
>f 

(10) 

paKT,. <iTO 1'1 SKCIIepHMeHTe. 

.. BepoSITHOCTH perHcTpauHH y -KBaHTOB Bhi'UICnSinHCb no cneJlyiOUieil: tiJop

Myne:. 

exp ( - L M I L k ) - exp ( - LJ L k ) nm1 Py ·~ Py M H Ln ~ L M , 

(11) 
0 P < P nnn L n < L M y yM 

I'Jle L M - MHHHManbHOe paCCT05IHHe OT TO"'KH B38HMOJleil:CTBH5I 77:'"-Me30H8 

JlO TO"'KH KOHBepCHH Y -KB8HT8, p y M - MHHHManbHbiH HMIIynbC Y -KBaH- · 

Ta , L k = £( P Yr ) - cpeJlHSISI JlnHHa KOHBepCHH y -KBaHTa c liMnynbco·~ P y , 

Ln· - ·rroreuuuanbHaSI JlnHHa, · T.e. paccTOSIHHe MelKJlY TO"'Koil: B38HMOJleil:cTBH5I 

H rpaurtueii stlJtiJeKTuBuoro o6'beMa KaMepbi B uarrpaBneHHH BbmeTa. y -Ki:laiha. 

8 COOTBeTCTBHH C SKCIIepHMeHTanbHbiMH KpHTepH5IMH OT6opa C06biTHil: 

6hmo npuuSiro: LM = 1 eM, PyM = 50 MsBic. 

3aBHCHMOCTb cpe)lHefi )lnUHbl KOHBepCHH OT HMIIYnbC8 Y -KB8HTa B35I

Ta H3 pa60Thll81, 

IToreuuuanbuaSI Jlnuua Bhi"'ucnSinacb cneJlyiOUIHM o6pasoM: 

L 
n 

= min I P, Q, R (12) 

I'Jle 

(X2 X ) I £ . ecnH· £ > 0 
p 

(XI -X ) I f ecrm £ < 0 

! 
( y -Y I m . ecnH m > 0. 

Q 
2 

( yl - y.) l m . ecnn m· < 0 

R = l ( z -Z ) I n ecnu n > 0 
2 

( Z I z ) I n . ecnu n < 0 • 

· B srux tiJopMYnax X Y Z - KOOpJlHH8Tbl TO"'eK B38HMOJleHCTBH5I 
I 

1T -MeSOHOB B KaMepe, X 1 13 QM, x2 =· 90 OM, Y,.= 10OM, ·Y2=45oM, 

Z 1 = 1.0 CM, Z 2 = .35 CM ""'· rpaHHUbl stlJtiJeKTHBHOI'O o6'?eMa K8Mepbij f , . 

m , n - uarrpalmSIIOll!He KOOHHYCbi y -KBBHTa ( £ = cos )1. cos rp , m =cos A sinrp 

u n = sin A ) , rp - asuMyranbHbiil:. yron y -KBaHTa, A - rny6HHHbiH yron. 

7 
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KoopJlHHaThi TO'IeK B3aHMOJleii:cTBHSI ( X ,- Y , Z ) MOJleJIHpoBamiCb 

CJie)lyiOIUHM o6pa30M: 

X -- - L b en a 

-y = y + uy aH ' (13) 

-z = z +U a z H 

I'Jle L b ·_ cpenHSISI Jl~HHa B3aHMOJleii:cTBIISI 17- -Me30HOB B pa6o'leM BeiUeCTBe 

KaMepbi, a - cnyqaii:Hoe 'IIICno, paBHOMepHo pacnpeneneHHoe B IIHTepBane 

(0,1 ), aH cnyqaii:Hoe 'IIICJio, pacnpeJleJieHHoe no HOpMaJibHOMY saKoHy co 

C_£>eJlHIIM 3HaqeHHeM a H = 0 ~ JlHCIIepcHeii: u~H .,; 1 ; L b · = 180 CM, 

Y. = 26,4 eM, uy = 4 eM, Z = 24,7 CM H uz = 4,4 eM. 

3KCIIepHMeHTaJibHhie pacnpeneneHIISI KOOpJliiHaT TO'IKH B3aiiMOJleii:CTBIISI 

(·· X , Y · , Z ) IIOKa38Hbl Ha piiC. 3 CIIJIOUIHOii: JIIIHIIeii:, a CMOJleJI!IpOBaH

Hbie - IIyHKTHpOM. 3KCIIepiiMeHTaJibHhie II CMOJl9JIHpOB8HHble paCIIpe)leJieHHSI. 
' ~ ' ' 

cornacyiOTC SI Me*JlY co6oii:. 

BnHSIHHe yrnoBoro pacnpeJleneHHSI Heii:TpOHOB B c.u.M. 
. ' 

17 p H I'eOMeTpntieCKOii: a!j>!j>eKTHBHOCTH perHCTpaUHH 

C06b!TIISI Ha !j>opMy MOJl9JIIIpyeMb!X pacrrpeJleJieHHii: 

BJIIISIH!Ie yrnoBoro pacripeJleJieHHSI Heii:TpoHoB· B c.u~M. 11 p H reo

MeTpii'IeCKoii: a!j>ciJeKTIIBHOCTII pei'II~Tpaium C06b!THSI B KaMepe Ha !j>opMy MOJle

JIIIpyeMbiX pacnpe)leJieHnii: paCCMOTpeHO Ha IIpiiMepe peaKUHH 17 -p -+ n 2 17°. 

MoJleJIIIPOBaJIIICb pacnpeJleJieHIISI IIMrrynbCOB y -KBaHTOB ( Py ) II yrnoB 

BbJne.Ta Y -KBaHTOB ( (J y ) B na6opaTOpHOii: .CHC~eMe, alj>lj>eKTIIBHhiX Mace 

JlBYX Y -KBaHTOB (M 9 ) II KBaJlpaTOB He)lOCTaiOIUHX Mace K JlBYM y -KBaH-

TaM ( M ~ ) np~ cne)lyiOIUIIX ycnoBHSIX. . . 

1) C y'leTOM 9KCIIepHMeHT8JibiiOI'O yi'JIOBOI'O pacnpe)leJieHHSI Heii:TpO-: 

HOB H a!j>!j>eKTIIBHOCTH pei'HCTpaUHH C06biTHii: • 

8 

/ 

j 

2) C y'leTOM a!j>!j>eKTf 

yrnoBoro pacnpeJleneHHSI H• 

B · c.u.M. npe)lrronaraeTCSI 

3) c yqeToM yrnciBoro 

MeTpH'I9CKOii: a!j>ciJeKTIIBHOCTi 

PesynbTaT!>I MOJleniipOB 

Hhi Ha pnc. 5. 

KaK BIIJlHO na pno. '5, 

JieHHSI Heii:TpOHOB H yqeT:aq 

BJllj:SIIOT Ha pa3JIH'IHhl9 pacn 

K 'TOMy,' 'ITO HMIIYJibCHhie CIIE 

l!IIIX BeJIH'IITH, a CIIeKTpb! yr 

JlBYX y -KBaHTOBX/. CMeiU~~ 
Han6onee 'IYBCTBHTeJib 

neHHe IIO .BeJIII'IIIHe 8y H; Hi 

HeJlOCTaiOIUeii: Macce. AHano 

JI!IpOBaHHH OCTaJibHb!X peaKIJ 

Y'leT MeronrrKrr 

y -KB8l 

a) Y'leT TopMosHoro 

B HCIIOJib3yeMoii:_ HaMH 

IIMIIYJibCOB 9J19KTpOHOB Ha pi 

Eapa-MnT.Hepa/ 10/. 

npH 9TOM COOTBeTCTB~ 

B IIpeJliiOJIO)I(eHHH, 'ITO H3Me] 

poii: yMeHbl!IeHHe ITMIIYJibCa- a; 

TOB He rrpeBOCXOJliiT 30%. 

xlll-. . 
- JISI Hai'JISIJlHOCTII 

llBYX I'BMMB-KBBHTOB, o-6I 



.Y , Z .) Moaennpoaanncb 

(13) 

eaonoa B pa5oqeM aemecTae 

~~npeaenennoe B.HHTepaane 

'~o HOpManbHOMy 3aKOHY co 
::. 2 ' 
,uaH =I ; L b · = 180 CM, 

n .. u z = 4,4 CM. 

l~aT TO..{KH B3aHMO,lle:iicTBHH 

;:11 nnnne:H, a CMO.IlennpoaaH

mpoaaHHhie pacnpenenennsr 

~:i!TpOHOB B C.U.M. 

!ocTn perncTpaunn 

acnpe,lleneHn:ii 

:mos a c.u.M. " p n reo

! B Ka~epe Ha <jlopMy Moa'e

e peaKUHH 17 -:p ... n 2 170, 

Y • ~KBaHTOB ( py ) H yrnoB 

~CTeMe,· a<jl<jleKTHBHhiX l\4aCC 

.HX . Mace K .llBYM .Y ...,KBaH-

ro pacnpeaenennsr ne:i!Tpo..., 

/ 

·., 

2) C y'leTOM a<jl<jleKTHBHOCTH perncTpaUHH C06hiTHii 1 HO 6e3 yqeTa 

yrnoaoro pacnpeneneHHSI Heil:TpoHoB (yrnoBoe pacnpe¥:lenenne He:i!TpOHOB 

B c.u.M. npennonaraeTCSI naoTponHhiM, W e = 1 ) • 

3) C y'leTOM yrnoBoro pacnpeaeneHnSI aefiTpoHoB, ao 5ea y'leTa reo-· 

MeTpH'19CKOfi a<jl<jleKTHBHOCTH pei'HCTpaUHH C05biTHfi ( W y = 1) ·• 

PeaynbTaThi Moaennpoaannsr cneKTpoa npn aTnx Tpex ycnoansrx noKaaa

Hhi aa pnc. 5. 

KaK anaao na pno. 5, y'leT aKcnepnMeHTanbHoro yrnoaoro pacnpeae

neHnSI HefiTpOHOB H y'leT a<jl<jleKTHBHOCTH pei'HCTpaUHH C06biTHfi B K8Mepe 

BnnSIIOT aa paann'IHbie pacnpeneneanSI O.llnHaKOBhiM o6paaoM n npnBO.llSIT · 

K 'TOMy, 'ITO HMnynbCHhie cneKTphl Y -KBaHTOB CMemaiOTCSI B CTOpOHy 5onb

liiHX BenH'IHH 1 a cneKTpbl. yrnOB BhineTa Y -KBaHTOB H a<jl<jleKTHBHhiX Mace 

.llBYX y -KBaHTOBX/ CMemaiOTCSI B CTOpOHy MeHbliiHX aenn'IHH, 

Han6onee 'IY.BCTBHTenbHhiM K aTnM <jlaKTopaM oKa3hiBaeTCSI pacnpeae;;. 

neane no aenn'lnHe ey n aanMeaee 'IYBCTBnTenbHhlM - pacnpeaeneane no 

aeaocTaromefi Macce. Aaanorn'IHhie peaynbTaThi nony'laiOTCSI n npn MO.lle

nnpoBannn ocTanbHhiX peaKunfi. 

Y'leT MeTO.IlHKH H3MepeHnSI KHHeMaTH'IeCKHX napaMeTpoB 

y -KB8HTOB H aneKTpOHOB 

a) Y'leT TopMoaaoro nanyqeHnSI 

_19/ 
B :ncnonbayeMOH .. HBMH nporpaMMe o6pa50TKH C05hiTHH KOppeKUHSI 

nMnynbcoB aneKTPOHOB aa pannaunoHHhie noiepn n·poHaaonnnacb no MeTO.llY 

Eapa-MHTHepa/10/. 

ITpn aToM cooTaeTcTayromag nonpaBKa :K nMriynbcy 6hma Bbi'Incneaa 

B npeanonO)KeHHH, 'ITO H3MepeHHSI npOH3BO,llSITCSI Ha 'laCTH TpeKa, Ha .KOl'O

pofi yMeHbllleHHe HMnynbCa aneKTpOHa H3~3a H3ny'leUHSI TOpM03HhiX Y -KBaH

TOB He npeBOCXO.IlHT 30%, 

x/ .. 
· .llnSI· HarnSI):IHOCTH HB pnc. 5):1 H 5e npHB9):19Hhl a<t><t>eKTHBHble MBCCbi 

J:IBYX raMMB-KBBHTOB, o6pa30B~HHhiX npH. pacriaJ:te 'pa3Hh1X 170 -M930HOB, 

9 



0!lH8K0 0 KaK nOK83hiB8.IOT pac"!~Tbl 0 ecnH HSny"leHHe npOH3011JnO Ha 

Ha"lanbHOM y"laCTKe TpaeKTOpHH ( Ha J:JnHHe, MeHbiiiefi O.UHOH "leTBepTH cpe.n

Hei!: H3Mep5IeMOH .UnHHhl), TO H3MeHeHHe H~mynhca .UmKe Ha 90% HeB03MO)!(

HO 3aMeTHTb, H n~9TOMy OKOno 10% HMnynbCOB aneKTpOHHhiX TpeKOB OK83hi

BBIOTC5I HenpaaHnhHO CKoppeKTHpoBaHHhiMH, 

Lln5I Y"l~Ta 9TOI'O :a!fl!fleKTa 6bma npHMeHeaa. cne.uyromaSI npoue.nypa. 

I. Pashii'phiBancSI cnyqafiHhiii: nMnyr.bc aneKTpoHa (noa.iiTpoaa): P
6
-= PY a, 

P + = P (1-a ) , I'.Ue P - HMnynJ:,c CI'eHepHpoaaHHOI'O y -KBaHTa, a -cnyqafi-
e Y Y .. 

Hoe "!Hcno, paBHDMepHo pacnpe.neneaHoe B HHTepaane (0,1 ). 

2, Pasbii'phiBanacb cnyqaii:HaSI H3MepeHHa5I .nnHHa aneKTPOHHOI'O TpeKax/: 

L = 'Lmln +a ( L max- L min ) (14) 

I'.Ue 

1,5 v'P CM npHP <S_ 500 M:aa/c, 

L 
max 34 CM npH P > 500 · Mae/ c. 

3. Pa3bii'phiBanocb o.uaoKpaTHoe HSny"leHHe TOpM03Horo y -KBaHTa c 9Hep

I'Hefi E = E 0 e-Y B cnyqafiHofi TO"!Ke aa yqacTKe . [ 0, L I 4 .] . 

'SenH"'HHa y MO.UenHpOBanaCb B COOTBeTCTBHH c. Bep05ITHOCThiO, pa,uua-

UHOHHOI'O uanyqeauSI no !flopMyne fafiTnepa/11/: 

w <e. Y > 

I'.neB=1/XoEn2 ·., 

e""'Y be::..1 
y 

r < h o 
e= 0,25L a 

dy 

X o - pa.nHaUHOHHaSI .unuaa, 

Hoe qucno, paBHOMepHo pacnpe.n.eneHHOe B HHTepaane · ( 0,1 ) • 

a - cnyqafi-

x/ 3aBUCHMOCTH L min , Lmax= f ( P) nony'IeHbi nyTeM annpoKCHMaiiHH 
9KCll8pHM8HTanhHOPO pacnpe.neneHHH H3MepeHHhiX .QnHH sneKTpOHOB Bb!palKe
HHeM ( 14), 

.,; 

'to 

4. B Ka"!eCTBe HOBOI' 

CyMMbl B3BeiiieHHhiX HMn:y 

e1 p p1 et + e2 

I'.Ue p1 • e 1 (P2 'e2) 

.no (nocne) usny"leHHSI, · 

AHanoi'H"'HaSI npoue.uy 

HMnynbC Y -KB8HTa CK~a.U 

uMnynhCOB aneKTpoaa H no 

6) Y"leT OIIIH6• 

napaMeTpo: 

Y"l~T oiiiu6oK H3MepeH 

coi'nacao cne.uyromnM !flopM~ 

P = P0 [ 1 + a 1 ( 

¢ = ¢0 +a a I a 4 

.\ .\o +a5 la6 

I'.Ue p o ¢o Ao _, 
a 1 , ••• , a 

6 
- cnyqafiHhie ' 

c ii = 0 u aa = 1 

BenH"'HHhi < l:l P I P·~ 

:aKcnepHMeHTanhHhiX pacnp1 

< l:l P /P > = 12% , 

P acnpe.ueneHHSI Benw 

H ll ¢ = ¢ - ¢o, nony"!eHHbie E 



n3ny~eHne npon3omno Ha 

nell .OilHOfi '18TB8pTH Cp~ll

l. ll·a)Ke Ha 90% Heaoa.Mo)K- · 

teKTpOHHhiX TpeKOB OK83hl-

:a cneliy!Omast npoueJlypa. 

(noiil~po.f!a): pe_:= Py a , 

:>ro Y . :-:KaaHTa, a -cny'lafi

tne, (0,1 )_. 

a :~neKTpOHHOI'O TpeKaX(: 

Cl4) 

, 500 Msa/~, 

> 500 Msa/c,. 

c, 

500 Msa/c, 

500 · Msa/c. 

3HOI'O y -KB8HTa . C SHep

:e ; [0 , L / 4 .] . 

OHHa.st JlnnHa;. a.- cny'lafi-

r:Ie· (0,1 ). .-_..·:.· 

' . ·~ : 
'18Hbl nyTeM annpOKCHMBUIIII 

J:WI!H sneKTpOHOB · BblpalKe-

' .... ~ ~. 

. i 
i 

i 

I 
I 

I 

i 
.·-.:;> 

I 
I 

I 

I 
.0 
! 

4. B Ka~ecTae noaoro nMnynbca sneKTpoHa npnHnManocb 3~a~eHne 

cyMMbl. B3BemeHHb!X HMITYJ'IbCOB SIT8KTpOHa llO H nocne H3ITy~eHHst: . 

p· 
fl+ f2 

r.ne p 1 • e .1 . ( p 2 ' f2 ) 

.no (nocne) n3ny~eHnst. · 

HMITYITbC SIT8KTpOH8 H .lliTHHa ero TpaeKTOpHH 

AHanorn~Hast npoue.nypa: Bbmonastnacb n a cny'lae no3HTpoHa. Hoabifi 

HMITYITbC Y -KBBHTa CKITB.llh!BBITCSI H3 CKOppeKTHpOBBJIJihiX TBKHM CITOC060M 

HMITyiTbCOB SIT8KTpOHa H IT03HTpOHa •. 

6) Y~eT ome6oK H3Mepeaest KHHeMaTH'IeCKHX 

napaMeTpoa y -KBBHTOB 

Y'leT mnn6oK H3MepeHnst napaMeTpoa Y -KBBHTOB npOH3BO.llHITCSI 

COI'ITaCHO CIT81lYIOWHM <jJopMynaM: 

p P0 [ I + a 1 . ( < ~- > 
.. P 

+a 
3 

a 
4 

) ] 

(15) 

., 

Ao - CMO.ll8ITHpOB8HHbl8 XapaKTepHCTHKH · y . -KBBHTOB, 

a 1 , ••• •. a 
6 

- cny~afiHbie ~ncna, pacnpelleneHHbie no HopManbHOMY 3a.KoHy 

C a 0 H Ua = 1 

Benn~HHbi < I!J. P /P •>, u I!J. P /P u ¢ H u A , onpe.neneJIHbie H3 

SKCIT8pHM8HT8J'IbHblX pacnpe.neneHHH, paBHbl 

< I!J. P /P > = 12% , u f!J.p /P = 2 ~ , u ¢ = 0,5 ° , u A = 1 ° 

Pacnpe.neneHHst aenn~HH I!J.P /Po= ( P - P0 )/ P0,. I!J.A =A . - A0 

n I!J. ¢ = ¢ -¢0 , nony'leHHhie a pe3ynbTaTe Mo.nennpoaaHnst, noKa3aHhi Ha puc. 4 • 

11 



PesynhTBThi MoaenupoBa~nHI-

nnn KBllillOH ns peaKUlill ( 1 )- ( 5) MOt:tennpoaanoci:. 300Q0..;50000 co5hi

THH. PesynbTaThr MoaennpoBaHnn - cpeaHne BepoHTHOCTH perncTpaunn 

y ..;.KB8HTOB <Ey> x/ li B8n!I"IH.Hbl E P _· ~ • EM XX/- rr'~llB8~8Hbi B.Ta5n. 2, 

a pacrrpeaeneHnst aenn'mH MJ , · Py , (Jy , (JYY (yron pacTBopa 'MellillY 

t:tBYMSI Y -KBaHTaMn a naGopaTopaoif cucTeMe) n M. 3 .- Ha pnc. 6. Hs puc.6 

BHllHO, "TO Hau5onee SaMeTHbiM o5paSOM OT peaKUHH K peaKUHH MeHHIOTCH 

. crreKTphr M 
2
H u P . y 

PesynhTaTbl MOt:tennpoBaHHH 5hinli ncrronb30B8Hbl itnH orrpei:teneHHH ce
<ieHHH peaKUliH If" p ... n + (l,2,3,4,5frr 0 , rr-p ... Nff2 ~ 6 >rr0 , :•rr-p -,.n £0(£ 0 ... 2rr0 ) 

li 1T ~ p -> n Tf ( Tf -> 2 Y.) rrpn 5 fsB/ C C llOMOmhiO :MeTpOBOH rrpo~aHOBOH 

rrys:orpbKOB~H KaMepbi. ) .. 
/ 

Mbl GnaroaapHbl B.n. nllienerroay li IO.A. Eyb.aroBy sa HeHSMeHHOe 

BHHM8Hll:e li ll0!.10mb B pa5oTe, B.E. cl>~SIPHHy, n.B. llinHITHHKOBy, A.r. Bo

nOilhKO H H.K. Kyuuan sa rronesHoe oGcyllilleHne pesynhTaToB pa50Thi, 

.A_:''lllaHoopOBOH H n.M. KpacHocno5oaueaoif sa TeXHH'IeCKYIO rro.Momb B pa5oTe • 

.. 
nnrepa.rypa. 

1. IO.A. Ey11a.ros H 11P• .flcfJ, g 1221 (1970). 

2. A.B. EoroMonoB H 11P· nra, 2..! 61 (1964). 

x/0 . .15 .. " 
l'HOCIIT81lbHble OWl! Kll B OIIpeneneHI!Ii BOpOSITHOCT811. pel"I!CTpaUI!II. 

I"8MM8-KB.8HTOB ( 1'1 ( y I ( y ) COCT8BilHI~JT"' 2o/; II BO::HIIK810T . B OCHOBHOM 

113-38 HeTO'IHOI"O 3H8llllS! 38BIICI!MOCTII, KOHBepCHOHHOH···J:tlli!Hbl y -KB8HT8 

OT IIMIIYilbCa. 

xx/B M - 15 . • enl!'!llllbi c P- -11 , . . , neo xonHMbie nnH orrpenene!II!H ce'le!II!H 

1' _, 

IICCileJ:tyeMbiX peaKUI!il/1 / 1 rrpencT8BilSllOT c615oil Cpeltlll-18 ;II!Cila BKil8ltOB OT :11 
onnoro col5hiTIIH a cneKTphi aeni!'IIIH, xapaKTep11ayrownx onn11 H naa y -Kaa!l- I 
Ta, co6rnercraeH!Io: ,P ,.,. n < W ~ > n · 

c M ,.,. ..!!.. < w_ 11 > + < c 2 _ ..!!.. > < w lk > t 
2 · Y 'n 2 "Y ' '"" 

rne n - .'ll!cno y -KBaHToa, o6paaoaa!IHbiX a co6hiTIIII, C! - 'lircno co-·· 

qe'T8HI!il 113 n :31l8M8HTOB ITO 2; lllllt8KCbl ( ij ) OI503118'!810T KOMI5HH8UH10 

y -KB811TOB OT p8Cil8lt8 Ol\1101"0 '1TfLMe30118, 8 ( ik)- p83llb!X 11° -M830IIOB. 

12 

W F'. James. F'O\IV.Lt~ 
4. T. Ohba· and T. Kq 

_j;_b 90 (1.967). 

·s. L. Bondar et _a1. 

6. L. Bondar et al •. 

7. F'. Bomse et a1. -• 

s. B.r. Tpnllinn n 11p. 

9. H.A. J3Y311B.BHHB. H ilJ 
10. L. Behr and P. MittJ 

.. -® B. raurnep. KBB.HTC 



llll5I :.··· 

IOBBIIOCb 30000-50000. C06bl-

Bep05IT~OCTll pePIICTp8Ullll 

xxf_ rr'pnBeJJ.eHbl B Ta6n. 2, 

6 yy (yron paCTBopa 'Me)l{)ly 

u M.8 . ..:. Ha puc. 6. via puc. 6 

~8KUUll K · peaKUHU MeH5IIOTC5I 

IOB8Hbl JJ.II5I OIIpeJJ.e1IeHll5I ce

NtP2~6)1TO • >rr-p -+n £0(£ 0-+ 2rr0
) 

WbiD ~eTpOBOll rrporyaHOBOll 

.• , EyJJ.aPoBy a a HeuaMeHHoe 

n.B. Wn5IIIHHKOBY' A.r. Bo
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