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~.H.AHT~nos'. B.A.6aTap~H'. B.A.6e33y60B'. H.n.6YAaHOa', 
~.n.rOP~H'. ~.A.rOPHYWKHH, C.n.AeHHCOB', C.B.Kn~MeHKo', 
M.B.KoToB', n.A.KynHH~4. A.A.ne6eAeB', r.B.H~~enbMaXep,
A.r.OnbWeBCKHH~ •• nanOM602 , A.M.neTPyx~H', p.B.n~p~XanaBal. 
C.A.nOnOBHHKOB • B.H.POHHHWBHnHl , ~.CeAnaK, A.A.CTORHOBa'. 

B.M.TpaBK~H 

fHHCT~TYT ~3~KH B~COKHX 3Hepr~H. CepnyxoB 

!HH.H, HHnaH, HTanHR 
HHCT~TYT ~3HK~ AH rpyaCCP 

© O61.eAHHeHHblH HHCTHTyr Il.Il.epHbII Hecne.uosllHHii Jly6Ha, 1986. 

l1Jl;eR KHPIlJILHbIX aHOMIlJI.m 6bUla npeAJIO)KeHa 11/,lJ.JlR YCTPaHeHuH 

npOTHBOpe'IIHR Me)KJJ;Y .paclJeTOM 8.\'-1IIJIHTy,u.bI npOl~ecca rro ... 2y C no

MOlQbIO aJIre6pbI TOKOB H TeOpeMhI 0 lJacTHlJHOM COXpaHeHHH aKCHaJIbHQ

BeKTopHOrO TOKa, C O,lJ.HOH CTOPOHbI, H 3KCnepHMeHTaJIbHbIM 3HalJeHHeM 

BpeMeHH )KH:'HH HeHTpllJIliHOrO OHORa - C ,u.pyrOH. 3Ta H,lJ.eR OKa3aJIaCb 

IlJIO,u.OTBOPHOH, H B HaCTORlQee BpeMR aHOMIlJIHH HrpaIOT Ba)KHYIO pOJIb 

B COBpeMeHHl>IX KIlJIH6pOBOlJHblX TeOpHRX 12/. B lJaCTHOCTH, B nOCJIe,lJ.Hee 

BpeMR HHTeHCHBHO pa3BQBaeTCR 181 no,lI.Xo,u. K OnHCaHHIO HH3K03Hepre

THlJecKoro npe.u.ena KX,ll c nOMOlQbl() 34141eKTHBHoro KHpllJIbHOrO JIarpaH

)KHaHa Becca - 3YMHHO • BHTTeHa, Dbmo,u. KOToporo 14,61 OOHpaeTCR Ha 

mnOTe3Y 06 aHOMIlJIHRX. 3To nenaeT aKTyllJIbHOH 3a.naqy 3KCnepHMeH' 

TllJIbHOH npOBepKH rHnOTe3bI KHPaJIbHbIX aHOMIlJIHH. 

,llaHHa.ft pa60Ta nOCBRmeHa 3KcnepHMeHTIlJIbHOMY HCCJIe,u.OBaHHIO aHO· 

MllJIbHOH BepmHHLIy ... 3" B peaKUHH 06Pa30BaHHR OHOHHbIX nap nHOHaMH 
B KYJIOHOBCKOM none R,u.ep B 06JIaCTH MllJIbiX HHBapHaHTHblX Macc ,,-,,0_ 
CHCTeMhI. ~'~KO pe3YJIbTaThI HCCJIe,u.OBaHHR 6blJIH ony6JIHKOBaHbi paHee 

B pa60Tu • • 

1.K8PAJlbHAR AHOMAJIHR: B BEPmHHE y .. 3" 

1.1 B TeopHH KHPaJIbllblX aHOMaJIHA npoueccbI ,,0 ... 2", y ... 3" H PR,lJ. 

npyrHx B HH3K03HepreTlfllecKoM npe.nene nOJIHOCTbIO OOHCbtBaIOTCR neTJIe

BhIMH ,u.HaI'paMMaMH (pHc.1). npH :::!TOM KOHCTaHTbi CBR3H, BXO,lJ.RmHe 

B aMnJIHTynhl npoUecCOB ,,0 .. 2" HY" 3 .. , CBH3aHbI COOTHOmeHHeM 

F 3" F "(0)
(0) -  (1)

at 2 • 

1/2 
r,u.e e = (4114) ,a r - KOHCTaHTa pacna,u.a 3apR)KeHHOrO OHOHa. 

KaK Heo,lJ.HOKpamo OTMelJaJIOCb 110-141 , 3KcnepHMeHTaJIbHaR npoBepKa 

TeopeMbl (1) npe,u.CTaBMeT CneI(H8.JILHbIH HHTepec KaK cnoc06 npOBepKH 

mnOTe3bl KHpaJIhHbIX aHoMa.mdt .AMnn:HTy.u.a aHOMaJIbHbIX npoueccOB, 

«[
"f ~ ___ .1t PRC.!. )lHarpaMM&I, OIIHCblB8JOutHe B 

HH3K03HepreTH'leCKOM npe.tXene 1IH0""It 1C "f. 
---- F F ---- X MIIJl&H&l.e nponeCCbl: 


a) ,,a .. 2,,; 

'Y ---.X 


6) '" ... 3".t'-'O='"IJ-U-i.-n-i:ie-U-:.'lhl-'n-,-m--nr-r-yi t 
1UQlBWX IKe,eloaamrt 
, 6t1SIU' <;TE1{p. 

http:llaHHa.ft
http:8.\'-1IIJIHTy,u.bI


paCCqHTaHHaR H3 nernesoã .n;i1arpaMMhI B KBapKOBOH: MO.n;enH, npOnOJlUMO
HaJIbHa qHcny UBeTOB KBapKOn. Corrracae pacsera BpeMeHH iKH3HH fT - Me
30Ha H3 naarpaxoasr (pac.I ) npa xacrre UBeTOB N c = 3 c 3KCnepHMeHTaJIb
HhIM 3HaqeHHeM paCCMaTpHBaeTCH KaK nO.n;TBepJKAeHHH TeOpHH UBeTHhIX 
KBapKOB /15, 16/ '. Ozmaxo TaKoH pacser onapaerca aa ranoreay KHPaJIb
HhIX aHOManHH. IIo3ToMY nozrraepactenae .reopaa aHOMaJIHH B npyrax npo
ueccax, B qaCTHOCTH Y ~ 311, cymecraeaao TaKiKe H .n;nH npoaepxa UBeTHOH 

/16/
SU(3)-TeOpHH • 

HH3K03HepreTHqeCKaH reopexra (1) H KHp'aJIbHhIM narpaaacaaa Becca 
3YMHHO - BHTTeHa .n;aIOT AJlH F317 asrpascenae /5,8,9/ 

e NC
F 317 (O) = 12;2 . ---, (2)f3 

OTKYAa npa N c = 3 cneztyer snaseaae * 

F 317 (O) = 10,5 ± 1,5 r3B"3. . (3) 

F317
1.2. Pacxer B npyrax Mo.n;enme
 

F317

KOHCTaHTa ' paccuarsraanacs B pasaoe BpeMH H .n;pyrHMH cnocoõa-

MH. PaHHHe pacsersr paCCMOTpeHhI B 0630pe /111. Ilonyseaasre pa3HbIMH 
aBTOpaMH 3HaqeHHH Kone6mOTCH B HHTepBaJIe 1+30 r3:g-~TaK KaK MHorHe 
acnorrsayevrsre B 3THX pacxerax Mo.n;enH B HaCTOHm;ee BpeMJI ae crons ax
TyanbHhI, MhI ae 6YAeM OCTaHaBnHBaT!>CH na HHX. PaccMoTfHM nanrs õonee 
n03.n;HHe peayrn.rarsr TeOpeTHqeCKHX paõor.B pa6oTe/ 12 BhIpIDKeHHe' MH 
F317 B cPH3HqeCKOM oõnacra nonyseao B Mo.n;enH BeKTopHoM .n;OMHHaHTHOC
TH, B paõore /17./ - B MO.n;MH COCTaBHhIX Me30HOB, B paõore /18/ - B 

KBapK-BHpTOHHOH 'MO.n;MH. B nyrreaoxt npenene pacxersr 3THX aBTO~OB 

F 317(0),AaIOT 3H_13tIeHHH 6nH3KHe K (3): 11,8/12/ ; 11,5/17~; 7,7 18/ 

(B r3B ). 

2. 3KCIIEPHMEHTAJIbHOE HCCJIE,UOBAHHE BEPIIIHHhI y -+ 317 

2.1. Y.n;06HhIM cnocoõoxr accnenoaaaas BepIIIHHhI Y-+ 317 H~nHeTcH 

peaKUHH o6pa30BaHHH nHOHHhIX nap nHOHaMH B KynoHoBcKOM none 
anpa / 19-21/ : 

17 - + (A, Z) -+ 17 - + TTo + (A, Z) • (4) 

Cesenae peaK1UIH (4) MOiKeT 6hITb .n;OCTaTOqHO 6onbIIIHM, ,TaK KaK npo
nOpUHOHaJIbHO KBMpaTY aapana aztpa Z H CBH3aHO c ceseaaesr nponecca 
'Y17 -+ 1711 MeTo.n;OM 3KBHBaneHTHhIX <pOTOHOB /22/: 

317* Teoperasecxoe aaasenae F , KaK 3TO BH,D;HO H3 526' CRJIbHO 3aBHCHT OT f. Pa3

HLIe anropsr acnonsayxrr AlIH f 3HaqeHHH OT 83 M3B 1 I AO 95 M3B /4/ • MLI ac
norrssyevr f = 90 M3B. C aeonpeneneaaocrsto B 3Ha4eHHH f ( ± 5 M3B) CBH3aHa 

oWH6Ka B (3), KOTOpaH COOTBeTCTByeT ... 15% TOlJHOCTH HH3Ko3HepreTHQeCKHX pac

QeTOB. 

2 

Z2 a (q 22)dO', qmln- 1 dO'.}'7T-+ mr 

fTdBdtdq2 q4 (s - m;> dt 
(5) 

rne (pac.â) B = (p:' + PO)2, t = (p_+p:.>2,p_,p:' H po-4-HMnyJIlr 
CM sasansrroro H KOHe1lHbIX fT-Me30HOB, -q2 - KBa,npaT nepenaaaoro 

2 8 -m2 
~py HMDyJILCa, q = (_..!.)2, E - 3HeprHH aasansaoro fT--Me30Ha.

mio 2E 
)VIR ceqeHIDI peaxnaa ')'fI' -+"" HMeeM /19.21/ 

d o,}'7T -+ mr 317. 2
 
_(F_>_ .'1..(8 _ 4m2 ) sín 2 8 ;
 

(6)dt 128rr" rr 

(J - yroJI pacceaaaa rr- -Me30Ha B C.n.M. 

Benasana FS
" B cPH3Ht1eCKOH 06

naCTH 3aBHCHTOT S, t H q 2 • 
OfibNHO nonaraeresr, sro B6JIH3H O1L 3TH. 38BHCHMOCTL cJIa6W1 H . npa 

1L - ~" e, t. q 2 -c m2 
p 

-"",,'- »> 
----- ,-

F Srr ...... (s, t; q 2) =F 3"(0) • . (7)p ...2\15;-- B r:aKIUm (4) <POTOH nosra peaneal.I ( 1(0 ....·. 
(q .::O), n03ToMY HCCJIe,nOBaHHe y npouecca B o6JIacTH MaJIhIX 3HaqeHHH 
,. H t nepeeremrsrx, rne asmonnner, 

ca YCJIOBHe (7) H MOneJILHO 3aBHCH

Ze Mble OOOpaBKH OpH nepexone B 
<pH3HllecKyIO 06JIacTh ManhI, ztaer 

PHc.2. JlaarpaMMa peaxnmt fT-+.(A,Z)..,~ xopomyio B03MO)f(HOCTh il3MepeHHJI 
-+ rr- + rro + (A. Z) B lCynoHoBcKOM Fsrr (O) li npoaepxn reopesrsr (l)*. 
none~pa. TOtIHOCTL npH6JIH)f(eHIDI (7) pac

cMarpHBaeTcH B ,n8JILHeHllleM rrpa 
o6cy~eHHH 3KcnepHMeHTWlLHhlX pe
3ynLTaTOB. 

B HRCTORIQeu paõore rrpencraaneasr pe3YJILTaTLI 3KcnepHMeHTanLHoro 
UCCJICnOBaHHR peaxnaa (4). xoropoe npOBOnanOCL napannenLHO c acene
,nOB8.HHeM peaKllHH P8.nHaltHOHHoro paCCeHHHJI rmOHOB B, KYJIOHOBCKOM 
nOJIe aaep (KOMIlTOH-34>«peI<Taa rr-Me30He) /28-241 • 

tio nepeMeHHaR t CBR38Hac 8 COOTHoweHeeM .. _--~ 

1 224m" 
t = 2 [3m 17 - f:I + (8 - m;;> j 1 - -8- coa (J] • 

B HccncAYeMOÜ o6nac:rn nepeMeHHblx (8 <10~> HMeeM It" .s 3,5hl~ < 8 ~ n03TO

My B .u;anbHeHweM OCHOBHoe BHHM8HHe 06panUleTCJI na BeJIHtJHHy nepeseeaaoã 8. 
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3. 3KCl1EPI1lVIEHTAJIbHAH YCTAHOBKA 

3KcnepHMeHT npoaonanca aa cnexrposrerpe "CHrMa" /25/, pacno

JIO:>KeHHOM na nYQKe 40 r3B fT --Me30HOB YCKopHTeJIlI H<I>B3 (Cepnyxoa) , 
3KcnepHMeHTaJIbHaR YCTaHOBKa (pac.S) BKJIlOqaJIa nytIKOBytO tIaCTL, 

aztepayro MHUleHL, MarHHTHbIH cnexrpovrerp )J;JIR: peracrpanaa 3apR:)KeH

HblX tIaCTHIJ;, nerexrop raMMa-KBaHTOB. Ilonpoõaoe orracaaae YCTaHOBKH 

npHBO,nHTCR: B /25/, snecs OnHC8Hbl JIHIllL cyntecrseaasre W1H H3JIO)Ke

HHR: ee xapaxrepacraxa, 

fio. 

~. IM s, 

Beam 

/
B A2C H3-5 

CPM, T 

I I ' o -5 -105 

PHc.3. Cxesta 3KCnepHMeHTaJIbHOH YCTaHOBKH. 

3.1. nYtIKOBaR tIaCTh 

nyqOK oTpHuaTeJILHbIX tIaCTJm c HMnyJILCOM '40 r3B/c, COCTaB KOTO

ro npaaenea B Ta6JI.1, cPOKYCHpOBaJICH aa MHIlleHL T. nOTOK xacran, 
nonanaromax B MHIlleHL, onpenenanca CQHHTHJlJIR:UHOHlibIMH CtIeTtrnKaMH 

S 1 - 84, A 1. 77- -Me30HbI BbmeJIRJlHCL rrpa nOMO~ ra30BbIX tIepeHKOB

CKHX CtIeTtIHKOB: ,nHcP<pepeHUHaJILHOrO D H rroporoaoro C 1 - _flHTeHClfB

HOCTb M~HHTopHoro caraana "beam" = S1 • S 2' 83 • S 4' D •C 1 • A 1 COCTaB

JIRJIa 10 c-1, paaõpoc tIaCTHIJ; no HMnYJILCaM B nyxxe COCTaBJI1IJI ~p /p = 
= ± 2,5%. Koopnaaarsr li yrJIbI qaCTHU B nytIKe H3MepR:JIHCL rrpa nOMOID;H 

C~HTHJIJIR:UHOHHbIX ronocxonoa H 1 H H2 li ,nBYX 6JIOKOB nponopnao

HaJIbHbIX xasrep BPC 1 li BPC2 c paspeureaaesr: o (x, z) ~ 0,6 MM, 

a((~) = 0,12 Mpa,n. 

4 

Ta6J1Hu;a 1 
CoCT8.B nytIKa 

COpT tIaCTHIJ; e - 11' - K- PIl 

CO)l;ep)KaHHe,% 0,1 2,5 95,0 2,1 0,3 

3.2 •.MHIlleHL. OXpaHHaR CHCTeMa 

OCHOBHaH CTaTHCTHKa C06blTHH peaxnaa (4) 6hIJIa aaõpaaa aa MHUle

HR:X C, AI H Fe. MHUleHH HMeJIH cPOPMY QHJIHH,npOB ~ 70 MM H TOJIID;H

HY COOTBeTCTBeHHO 0,29, 0,19 H 0,26 pan, en. Maureas OKpY'KaJIaCL 

CqeTtIHKaMH aHTHCOBn~eHHH'R, Q H F THna "C3H)l;BHtI" (CJIOH C~HTHJI

JIHTOp - BOJILcPpaM, CUHHTHJIJIR:TOp - caanen) , KOTopble HCnOJIL30BaJIHCL 

AJIH nO)J;aBJIeHHR: cP0HOBbIX C06hITHH c BblJIeTOM H3 MHUleHH sapa

)KeHHhIX tIaCTHU H raMMa-KBaHTOB non yrJIOM (J 2: 12,5 Mpa,n. OTHOCH

TeJILHO OCH nyuxa. 
Iloporoasrã qepeHKOBCKHH CtIeTtIHK C 2 pa60TaJI B pe:>KHMe aHTHCOB

naneaaã c rroporowr MR: ImOHOB 18 r3B H HCnOJIL30BaJIClI B rpart-epe 

AJIH nsmeneaaa B3aHMO,D;eHCTBHH B MHllieHH. 

reOMeTpIDI axcnepasreara 6bma asrõpaaa Tal<:, tlTO nOCJIe MarHHTHoro 

cnexrpoxrerpa oõnacra perHCTp8.QHH 77- -Me30HOB H cPOTOHOB OT 1To-Me30

aa ae nepexpsmanacs. ArrR: HCKJIlOtIeHHlI C06bITHH c nonanaaaesr aapa

)KeIlHbIX Q8.CTHU B raMMa-,neTeKTOp HCnOJIL30BaJICH C[(HHTHJIJIR:UHOHHbIH 

CtIeTtlHK A 2 ,pacnOJIO)KeHHbIH rrepen raMMa-,neTeKTopoM. CHrHaJI co 

CQHHTHJI1IHQHOHHorO CtIeT1JHKa B, pacnOJIO)KeHHOrO aa MarHHTHhlM cnexr

posrerposr aa nYTH nymca, aarrpeman cPOpMHpOBaHHe TpHrrepa npa aa

JIHtJHH HenpoB3aHMo,neHcTBYIOI.InIX rrnOHOB. I1MnYJIhCbl OT YKa3aHHbIX 

CtIeTtJHKOB aHTHCOBnaneHHH HCnOJI&30BaJIHCL ,nJIR: Bhlpa60TKH JIOrHtIeCKOrO 

caraana "anti"·= R + a + F + C 2 + A 2 + B • 

3.8 MarHHTHbIH cnexrposrerp 

HMnyJIhC pacceaaaoro n"-Me30Ha H3MepmICH npa llOMOID;H Mannrr

aoro crrexrposserpa, COCTOHID;ero H3 MarHHTa M, CHCTeMbl nponopnaoaans
HbIX xastep CPM1,2 H CHCTeMbl, H,CKpOBbIX xaxrep CHS-5' CHCTeMa 

nponOp[(HOHaJI&HbIX xasrep CPM 1 2 oõecnesaaarra TOtIHOCTH npa H3Me

peHHH Koop)J;HHaT H yrJIOB pàcce~HHbIX tIaCTHIJ;: a (x, z) = 0,6 MM, 

u«(J) = 0,12 Mpa,n. Ilpoaonosasre acxpoasre xasrepst c MarHHTOcTpHK

UHOHHblM C'beMOM IfiIQ:>OPMa[(IDI o6eCne1JHBaJIH BOCCTaHOBJIeHHe yrJIOB 

rpaexropaa qaCTH[(b1 C TOtIHOCT&1O u«(J) = 0,38 Mpan. I1MnYJIhC sapa

)KeHHblX . tIaCTHU H3Mep1lJICH B npH6JIH)KeHHH onaoponaoro MarHHTHoro 

nOJIH C TOtIHOCThIO Ap/p S 1%. 
a 6 



):LnH BpeMeHHOH npHBH3KH TpeKOB B HCKpOBhIX .KaMepaX Hcn031b30

BaJIHCb C~HTHnnHUHOHHhIe.rOAOCI<onhI S" H H 4. Caraan " S"" Hcn031b30

BanCH TaK)I(e npa <POpMHpOBaHHH rparrepa. 

3.4. raMMa-,neTeKTop 

):LnH peracrpanaa <POTOHOB OT pacnana "0 -Me30HOB, poscneaasrx 
B peaxuaa (4), Hcn031b30Ba,,'ICH ro,nocKOIIHqeCKHH qepeHKOBcKHH cnexrpo
MeTp Cso (pac.S) , HMelO~HH aneprypy 50 x 50 CM 2 • raMMa-CneKTpo

MeTp õsm coõpaa H3 80 tIepeHKOBCKHX CtleT1IHKOB nonaoro nornomeaaa 
c panaaropasra H3 CBHHUOBoro crexna, CqeTtrnKlI aaeuraero cnoa " 
(16 IlITYK) HMeJIH paasrep 10 x 10 x 42 CM

S (-14 pan. ,nnHH) • BHYTpeH

HHe 64 csersaxa 'lIMe31H reOMeTpHtleCI<.HH paasrep panaaropos 3,8 x 3, 
8 x 45 CM S ( -15 pan. ,n31HH) • 

AMllJlHTy,nhI aHO,nHhIX CHrHaJIOB cI>3Y acex CqeTtIHKOB H3MepHnllCb 

npa nOMOmH npeoõpasoaareneã aapan - KO,n. HMIIY31bChl c nOCJIe,nHHX 

ARHO,nOB BHYTpeHHHX 64 CtIeTtlHKOB naCCHBHO CYMMHpOBaJlHCb, 06pasYH 

carnan "E.y" . Caraan "E,y' ,nHCKpHMHHHpOBaJICH na ypoaae, COOTBeT

crayroutevr 3HeprHH <POTOHOB ~ 5 r3B, H HCnOJIb30BaJICH npa <POPMH

pOBaHHH rparrepa, TeM CaMbIM Tpe60BaJIOCb nonanaaae XOTH 6hI onaoro 

<l>oToHa BO BHYTpeHHHe 64 csersaxa. 

Koopnaaara 'Y-KB8HTa ao aHYTpeHHHX CqeTQHKax :BhI1IHCJImIaCb no 

uearpy TH>KeCTH JlHBHH, c nOCJIe,nYIOIneH xoppexnaeã HeJIHHeHHOCTH. 

OWH6Ka B onpeneneaaa KOOp,lI,HHaTbI 'Y-KBaHTa DO aayrpeaaax ClIeT'IH

xax COCTaBmma o (x, z) .. 0,3 CM. 3a xoopnaaary <pOTOHa npa peracrpa

UHH ero BO BHelllHeM cserxaxe npHHHM8JICH uearp C11€T1lHKa. TaKHM 

06Pa30M, OWH6K~ B onpeneneaaa KOOPAHH8ThI ao BHeWHeM CqeTtIHKe 

6hm8 o(x, s ) - 3 CM. 

3HepreTHtleCKOe paspeureaae 64 BHYTpeHHHX csersaxoa npa K81IH6

pOBKe HX B 3JIeKTpOHHOM nyxxe c HMI1YJIbCOM 26,6 r3B COCTaBJIíDIO 

o (E) IE = 3,5%. 3HepreTH1IeCKOe paspeureaae BHeIllHHX 16 CqeT1lHKOB 

npa xanaõpoaxe 6bIJIO Toro ')ICe nopRAK8, 0,nH8KO OHO CHJIbHO 3aBHCeJIO 

OT MeCTa nOna,IJ,aHHH <pOTOHa ~ cqeTIIJII<: qeM 6JIH:>Ke 1<: KpaIO ClIeTlIHK8, 

TeM xY:>Ke paspeureaae /25/. Taxoã 3<PcPeKT 6bIl1 BbI3BaH rJIa.BHbIM 

06p830M "BhITeKaHHeM" saepraa H3 CqeTilHKa npa nonanaaaa <POTOHB 

B ero xpaã, 

3.5. Tparrep 

Caraan OT nyuxoasrx Cu;HHTwma~oHHbIXH tlepeHKOBCKHX ClIeTtlHKOB

" beam'~, OT CHCTeMhI aHTHCOBna,naTeJIbHhlX CtIeTtmKOB- "anti", OT C~H

THJlJIHUHOHHOr'o ronocxona- "8"", a taKme carnan "E .y', Tpe60B8BWHÜ 

cymecraeaaoro 3HeprOBbI,ll€31eHHH B y-,neTeKTope, HCnOJlb30B8JlHC& Mil 
~OpMHpOBaHHHTpHrrepa: __ 

"Tparrep" = "beam". "anti"· "s rr ". "E ,y " • 
YpoBeHb rparrepa COCT8.BJIIDI -10 -5. 
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4. AKCEnTAHC YCTAHOBKI1 

AKCenTaHC YCTaHOBKH ,n31H perHCTp8.UHH npouecca (4) OnpeAeJIIDI

CH c nOMOII.J;blO Mo,neJIHpOBaHHfI MeTo,nOM MOHTe-Kaprro. fIPH pacnere 
axcerrraaca YtrnThIBaJIHCb reOMeTpHH YCTaHOBKH, ycnonaa orfiopa C06bI

THM, Hcno31b3yeMhle B rparrepe, paspeureaae nerexropoa, a TaK)I(e MHoro

xparaoe pacceaaae n": Me30HOB B MHlIIeHH. KHHeMaTHtleCKHe nepesrea
asre passrrpsiaanacs B COOTBeTCTBHH c ,nH<p<pepeHUHaJIbHhIM CetIeHHeM 

(5) - (6). Ilo31YlIeHHaH 3aBHCHMOCTb axcerrraaca OT S H q2 npencraansna 
aa pHC.4. H3 pHCYHKa BH.lUIO, tITO aKCenTaHC llJIaBHO MeHHeTCH B HHTep

Bane q 2 < 25 . 10 -8 (r3B/c)2. Ilazreaae axcerrraaca B oõnacra 60JIb

Il1HX B OrpaHHlJHB8JlO HHTepB8.1I peracrpapyewsrx 3HatIeHHH 3TOH nepe
MeHHOH HHTepeCYlOmeH 0631aCThID M8JlhIX HHBapHaHTHhlX Macc "-_ tt o CH

CTeMhI. Ilpa MO.n;eJIHpOBaHHH napasrerpsr, xapaKTepH3YIOI.UHe reOMeTpHIO 

YCTaHOBKH, BapbHpOBMHCb, lIT06hI OnpeAeJIHTb norpeuraocrs axcerrraa

ca, CBH3aHHYIO c OlIIH6K8.MH B HX H3MepeHHH. OlIIH6Ka B onpeaeneaaa 
axcerrraaca ae npeasnnana t:J.(al f a < 4%. 

15 

10 

I 
tAl 

a) 
5 

4 8 8 10 12 S/m.:.c 

5. PA3PElliEHHE YCTAHOBKI1 

UJ~15[
10 

5 4 8 12 16' ·20~x;;;'{~i 
6) 

PHc.4. 3aBHCHMOCn axcerrraaca: a) OT 

HHBapHaH:rHoH MaCCbI 8 17-17°-eHCTeMhI; 

6) OT KBMpaTa nepenaaaoro H,n;py 
HMuynbca. 

C nOMOII.J;h1O nporpasrsna Mo,ne.iIHpoBaHHR 6hIJIO rarose onpeneneao 

paspeureaae YCTaHOBKH npa H3MepeHHH nonepesnoã nepenasa HMnY31bca 

HAPY· Ilpa pacxere YlJHThmanHCb peansnsre norpelIIHOCTH B onpeneneaaa 

HMnynbca nepBHtIHhIX "- -Me30HOB, xoopzmaar H yr310B B TpeKOBhIX 

nerexropax, T01ffiOCTh onpeneneaaa KOOpnHHaT H 3HeprHH <POTOHOB B 

raMMa-,neTeKTOpe, MHOrOKpamOe paCCeHHHe 17- -Me30Ha B MHlIIeHH. 

Bxnan paannsasrx XapaKTepHCTHK YCTaHOBKH B paspemeaae FIO rrepe

AaHHOMY HMIIyJIbCY npeACTaB31eH B Ta631.2. ,UnH onpezrerreaaa a(qT) no31Y
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- TpeKH nepaauaoro H pacceaaaoro nHOHOB xopomo "crnHBaIOTCH" 
seaaoe npa MO,n;eJIHpOBaHllli pa3HOCTH HCTHHHOH nepenasa H HCKa)KeH B MHIIleHH; 
HOH paapeureaaera <pHTHpOBaJIOCb. pacnpeneneaaevr I'aycca, - B raMMa-cneKTpOMeTpe 3aperHCTpHpOBaHO naa cPOTOHa c saepraeã 

õorrsure 2 r3B Ka)K,lJ;bIH. 
,[(JlH orõopa C06bITHH B pacnpeneneaaa no 3cP<peKTHBHOH Macce 2· 

'I'afinana 2 
<pOTOHOB (pac.õ) HMeeTCH nHK, cooTBeTcTBYlOmHH TTo-Me30HY. ,[(JlH

OCHOBHhIe HCTOtJHHKH norpenurocra npa HSMepeHHH norrepesaoro nepe
C06bITHH H3 HHTepBaJIa 

AaHHOrO HMnynLca H HX nxnan B paspeureaae 
\ 

0,09 r3B/c 2 < M,yy < 0,17 r3B/c2 (9) 
Bxnan B paspeuieaaeI1CTOtIHHK norpeumocra 

(M3B/c) '\' õsrrro nocrpoeao pacnpeneneaae no nOJlHOH saepraa npo,n;YKTOB peaKUHH 
E tot = E" + E 'y 1 + E y 2 (pac.B) , B KOTOpOM Ha6J1IO,n;aeTcH nHK npa 
40 r3B c IIlHpHHOH, cooTBeTcTBYIOI..UeH 3HepreTHqeCKoMY paspeureaarcllpOCTpaHCTBeHHoe paspenteaae BHernHHX 

11 ycrarioarca AJlH peaKUHH (4) âE/E ... 15%. ,[(JIH nansaeãureã o6pa60TKHcuersaxoa raMMa-,n;eTeKTOpa 
8HepreTHqeCKOe paapemeaae BHernHHX 6bmH OT06paHbI C06bITIDI H3 HHTepBaJIa: 

7CqeTqHKOB raMMa-,n;eTeKTOpa 
7 35 r3B < E tot < 45 r3B. (10) 

Tlorpeumocrs H3MepeHHHnapasrerpoa 
5 

MHOrOKpaTHOe paCCeHHHe B MHrneHH 

TpeKOB B KOOp,n;IDIaTHbIX nerercropax 
llpOCTpaHCTBeHHOe paspeureaae BHYTpeHHHX Al Fec5CqeTqHKOB raMMa-,n;eTeKTOpa 
8HepreTHqeCKOe paspeureaae BHYTpeHHHX 

3CqeT'lliKOB raMMa-,n;eTeKTOpa 
80 60 

t-
)~ 400 

100100 

::õ 
U) 
O 

B peayrrsrare õstno nonyueno aaanenae U(qT) = (17 ± 2) M3B/c. 
OrnH6Ka B u(q T) HBJlHeTCH CHCTeMaTIfqeCKOH H Onpe,n;eJIHeTCH HeTOq U 

HOCTblO 3HaqeHHH napasrerpoa YCTaHOBKH, acrronsayescsrx npa MO,n;emi

5
O 

POBaHHH. 
s: 
tr 

l[J 30200 
6. AHAJUi3 ,[(AHHhIX 

10
 
,[(aHHaH paõora OCHOBaHa na CTaTHCTHKe ...8 . 10 TT- -Me30HOB,
 

nponyuteaasrx qepe3 C, AI H Fe MHIIleHH, a TtK)Ke qepe3 "nyCTYIO" MH

uieas. 3anHCaHHaH HH<popMaUHH (-1,1· 10 rpar-repoa) õsma oõpa

60TaHa c nOMOIUblO nporpaMMbI reOMeTpHqeCKOH peKOHcTpYKUHH /26/ .
 

B peayrrsrare 6bmH BOC<:TaHOBJleHbI napasrerpsr rpercon 3apH:>KeHHbIX
 
qaCTHU - nepaasaoro H pacceaaaoro TT--Me30HOB, a TaK:>Ke 3HeprHH
 
H KOOp,n;IDIaTbI <pOTOHOB B raMMa-,n;eTeKTope. OT60p C06bITHH peaKUHH (4)
 
npoH3Bo,n;HJlCH c noraoursio cJle,n;YIOIUHx KpHTepHeB:
 PHc.5. Pacnpeneneaae saperHCTpHpOBaHHhIX C06bITHH no 3q>q>eKTHB

- "TOJlbKO ozma OTpHIJ;aTeJlbHO 3apH)KeHHaH sacrana c HMnYJlbCOM HOH Macce ABYX q,oTOHOB Anil paaasrx IIAep.
 
<18 r3B/c 3aperHcTpHpOBaHa B MarHHTHOM cnexrpor-rerpe;
 

- yron pacceanaa TT--Me30Ha () 86> 3,5 Mpa,n; (3TOT KpHTepHH HCnOJlbn u 

30BaJICH AJlH 6orree TOqHOrO onpeneneaaa xoopnaaar TOqKH B3aHMo,n;eH 8<p<peKTHBHOCTb orõopa C06bITHH aa Ka)K,lJ;OM srane 06pa6oTKH one

CTBMH) ; HHBaJIaCb C nOMOI..UblO nporpaMMbI Mo,n;eJIHpOBaHHH. llYTeM BBe,n;eHHH 
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C. Al Fe 

>~r r I 40r I1 40~ ~ 
I 
1) 
LO· 

i, Jl:: 
100~ J I 

:: 11 
r I 

30 40 30 40 30 40 
ETOT =EJf+~,(r3B) 

PHc.6. Pacrrpeaenenae C06bITHH c "0 Me30H8.MH B KOHetlHOM COCTOJIHHH 

no nonaoâ 3HeprHH E to t = E" - ... E"o . 

B nporpasoay 3KCnepHMeH'f.aJIbHb1X norpeIIIHOCTeM B onpeneneaaa KHHe
MaTHtIeCKHX nepesreaasrx onpenenanacs B03MO)KH8JI nOrpeWHOCTb B onpe

nerreaaa 3~~eKTHBHOCTeM (Ta6n.3). 

Taõnuua 3 
3~~eKTHBHOCTb orõopa C06bITJÜi B nporpasnae 06pa60TKH 

peaKQHH (4). 

KpHTepHM orõopa	 3cPcPeKTHBHOCTb 

0na6	 > 3,5 Mpan 0,98 ± 0,01 

E y >2 r3B 0,99 ± 0,01 

OT60p no KOOpnIDIaTe TOtIKH 
B3aHMOneMCTBHH B MHweHH' 0,96 ± 0,02 

35 r3B < E tot < 45 r3B 0,93 ± 0,02 

0,09 r3B/c 2 < M yy < 0,17 r3B/c 2 0,96 ± 0,02 

C06bITHH, npanannescautae onHOBpeMeHHO HHTepBaJIaM (9) H (10), 

HneHTHcPHUHPOBaJIHCb KaK C06bITHH peaKUUH (4). 113 HHX 6hInH OT06paHbl 

C06blTHH c MaJIOM HHBapHaHTHO~i MaCCOM "-"0 - CHCTeMbI (8 < 10m2" ) . 

10 

I	 30 

~l	 
I110 (	 Al 25" Fe 

J 
10 

5 10 15 20 5 10 15 20 5 10 15 20 
q2)(~ (GeV/d2 

Pac, 7. 3KcnepHMeHTaJILHOe pacrrpeneneaae C06bITHH no q2 ,AnIl p83HbIX 

MHWeHeH • - <PHTHPYIOIU8,R· 3KCnepHMeHT8nbHOe pacnpeneneaae cYMMa 

KynoHoBcKHX C06bITHH H <pOlia; O - BKJI8,lJ, <poHa. 

,llnH 3THX C06blTHM B pacnpeneneaaa no q2-KBanpaTY nepenaanoro Hnpy 

HMnynbca (pac.T) aa acex anpax XOpOIIIO BHneH xapaxrepasrã nna xyno
HOBCKHX npOQeCCOB nHK B oõnacra MaJIbIJÇ.nepenatI. Illapaaa naxa onpene
nanacs paapemeaaest YCTaHOBI>H-. Co6bITHH, ne npaaanneacauure illiTep
BaJIaM (9) H (10), ae naior u rnnca npa MMbIX rrepenasax. 

113MeHeHue rpaaau 06pe3aHIDI npa orõope no M yy H E tot Mano 
MeHHeT pacnpeneneaae no q2. 

7. AHAJII13 <I>OHOBhIX fIPOQECCOB 

Man8JI aenasaaa CetIeHIDI H3ytIaeMOrO npouecca rpeõoaana CneUUaJIb

aoro BHHMaHHH K cPOHOBblM nponeccasr, conpoaoacnarourar-r xynoaoacxoe 
pO:>K,[(eHHe nHOHHblX nap, 

7.1. <I>OHOBbIM npOneCCOM I, KOTOpblM MO:>KeT HMHTHpOBaTb nHK npa 
ManblX nepenaxax HMnynbca, xapaxrepasrã nna accnenyer-roro rrpouecca, 
HBnHeTCH pacnan K--t.·1e30HOB, COnep:>KaIT(HXCH B rryxrce (CM. Ta6n.1): 

I. K- ... TT - + "~.	 (11) 

I 

J ,llnH nonaaneaaa sroro cPoHa B rpar-rep 6bInH BI<JIlOtIeHbl CHrHaJIbl nopo

roaoro H nH~cPepeHUMaJIbHOrO tIepeHKOBCKHX CtIeTtrnKOB) trro nonasrrano 
j perHCTpaQHIO rrpouecca (11) õonee tIeM B 10 6 paa /25 • KpOMe Toro,
I' 
:'5t~	 aKCenTaHC ztna naoaastx nap OT pacnana K --Me30Ha 3HatIHTenbHO MeHb

ure , tIeM ,nnH H3ytIaeMbIX 3HatIeHHM S (pac.d) . 06pa60TKa naHHhIX sxcno
3HUMH 6e3 MHWeHH nOKa3aJIa, tITO cPOH OT pacnana K --Me3~HOB nonH~cTblO 
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nonaanea. BbIBO,n o TOM, qTO OT06p3HHble C06bITIDI H3 rraxa MaJIblX nepe

,naq ae npananneacar (11), nonraepaoiaerca H TeM, qTO OT06paHHhle CO

6bITHH 06pa3YIOT nHK B pacnpeneneaaa no KOOp,IUlHaTe TOqKH B3aHMo,neH

CTBHH, COOTBeTCTBYIO~eHnOnO)lCeHHIO MHllleHH. 

7.2. Cansasre B3aHMo,neHcTBHH TaIOKe MorYT naaars axnan B xore
pearaoe 06pa30BaHHe llHOHHbIX nap na anpax. Ilonsayacs CT3H,napTHoH 

OllTHqeCKOIf Mo,nenhlO aztpa, asmnaryny sroro npouecca MO:>KHO npencra
BHTh B nane 127 I: 

00 iqLz 00 2 -+ -+ .... 
T B = C s J dz e I db b J 1 (qTb) h • V p(r) , (12) 

-00 R 

rne qL H q T - npononsaaa H nonepe~aH COCTaBnHlOmue nepenaaaoro 
ar-mynsca, b - npauerrsasrâ napasrerp, h - e,nHHHtIHblH aexrop B aanpaa
neHHH nonepenaoã COCTaBnHIOI..I.J;eH nepenaaaoro HMnynhca, Vp (f) - rpa
,IUleHT anepaoá nnoraocra, CB - HOpMHpOBOllHaH KOHCT3HTa. 

)lnH ,nHePePepeHUHaJIhHOrO ceueaaa xorepearaoro pO:>K,neHIDl IDIOHHhIX 

nap, TaKHM 06pa30M, HMeeM: 

~ = IT + ej<PT I 2 , (13)
d 2 c Bq

rne T c - KynoHOBCKaH asmmrryna, ~ - OTHOCHTenhHaH <pa3a. 

Cexeaae xynoaoacxoro nponecca (4) pacrer c pOCTOM 3Hepnm KaK 

.... logE .. B TO BpeMH KaK ceseaae 06pà30BaHIDI llHOHHblX nap B CIDIhHOM 

norte H,npa nanaer KaK -l/E. Ilpa HaqanhHoi\:· 3HeprHH 40 r3B KynoHoBc

KHH nHK Y:>Ke,nocTaTo~o xopoino Bbl,neJIHeTCH, a C06bITIDl pO:>K,neHIDl 

llHOHHblX nap B CHnhHOM rrone naror BKJIa,o; B nonnoacxy non DHKOM. 

Oraoureaae CeqeHHH xynoaoacxoro npouecca K ypOBHlO <poHa xorepear
aoro. 06pasOBaHHH B CIDIhHOM none 3aBHCHT TaK:>Ke 01' sapana H pacrer 
KaK > Z 2IA4/~ ll03TOMY B 3KcnepHMeHTaJIhHOM pacnpeneneaaa dNI dq 2 
nOAJIÕ:>KKa non llHKOM AJIH yrnepona 3aMeTHO õonsme, qeM ,lUIH npyrax, 
õorree TH>KenblX anep. B03MO:>KHOe oõpasosaaae IIHOHHbIX nap B CIDIhHOM 

none anpa yqHTbmanOCh IIpH ePHTHpOB3HHH 3KcnepHMeHTaJIhHhIX ztaaasrx 
(CM. pasnen 8). Ilpa pacserax nna anepaoã nnOTHOCTH HcnOnh30BaJIOCh 

pacnpeneneaae <1>epMH: 

p (r) = p O 1(1 + exp «r - c) la» (14) 

c napavrerpasra: c = 1,1 A 1/3 ePM, a 0,55 ePM, a anpo nonaranocs 

nonaocrsro nornomaronnoa c pa,nHYCOM 

R .~.. (c 2 + ~ (77&) 2 ) 1/2 . 

B 3TOM npezmonoaceaaaa COOTBeTCTBHH c ~l~) õsma paccqHTaHa Ta6nH

na 3HaqeHHH T s B aarepaane q 2 .< 25 . 10 -3 (r3B/c) 2 , KOTOpaH HC

nOnh30BaJIaCh nna norryseaaa 3HaqeHHH T B B naneneãmexr rrpa 06pa60T

xe naaasrx. 

7:.3. B 3KcnepHMeHTaJIhHOM pacnpenenenaa MorYT 6blTh C06bITHH, 

B KOTOpblX 06pa30BaJIOCh õonee qeM zma 7T-Me30Ha, HO sacre npo,nYKTOB 

peaxnan ae aaperacrpapoaaaa B YCTaHOBKe. <POH rarcoro porra nonaa
nHnCH OXpaHHOH CHCTeMOH, sanpeutaameã perHCTpa.IJ;HIO C06bITRH, B 

KOTOpblX qaCTHIJ;bl ae nonanaror B aneprypy YCTaHOBKH. KpOMe ,Toro, 

TaKHe C06bITHH nonasnanacs npa orõope no M,yy H E tot· H HaKOHeu;, 

) , . TaKOH cPoH ae ztaer, Bo06~e roaopa, IIHKa B 06nacTH MaJIblX nepenax. 
B03MO>KHbIH mcnan rronoõnsrx C06hlTHH yqHThIBanCH npa 06pa60TKe 

naaasix. Ypoaeas sroro ePoHa B accnenyer-rovr HHTepBaJIe q2 rrorraran
CH nOCTOHHHblM H paBHblM C O • 

8. <pHT 3KCllEPHMEHTAJIbHhIX ,nAHHhIX 

8.1. C yqeTOM nxnana oõcyzcnaerasrx B npensrnyutevr pasnene ePOHO

BblX nponeccoa ,nHePePepeHU;HaJIhHOe cexeaae pO:>K,neHHH llHOHHhlX nap 
na anpax MOJKHO npencraaars B nane 

da 
'= (F 317 ) 2 T'~ +C2T'2 +2C F 317 . \T ' \ · IT ' ! . cos <P + Co,(1 6 ) 

c s S 8 e B
ds dt dq 2 

rue T~ = Te IF S7T H T ~ = Tstc s . 
)lnH onpenerreaaa n~nHoro CeqeHHH xynoaoacxoro pO)l(,I.l;eHWI nHOHHblX 

nap H KOHCTaHTbl F 17 pacnpeneneaae saperacrpapoaaaasrx C06hlTHH 

no q2 ePHTHpOBanOCh pacxernsrwr pacnpeneneaaesr, nonyqeHHhlM H3 (16) 
c yxerowr axcerrraaca H paspemeaaa YCTaHOBKH. Ilapar-rerpaxra cPHTa 

6hInH Bxo,nHIUHe B (16) F 317, C s ,<P H C O. ,UnH CBH3H pacnpene
neHHH q~cna C06hlTHH c ,nHePePepeHu;HanhHhIM cesenaer-r HcnOnh30BaJIaCh 

HOpMHpOBKa aa o,nHOBpeMeHHO H3yqaBlllHHCH B axcnepnsrenre rrpou;ecc 

pa,nHa.IJ;HOHHoe pacceaaae nHOHOB B KyJiOHOBCKOM norte anep 723-241 

(CM. n. 8.3) . 

8.2. C yxerora arccerrranca H paapeureaaa YCTaHOBKH COOTBeTCTBYIO~ee 

Ha6nlO,naeMOMY pacnpenerreaaro C06hITHH ceseaae pO>K,neHHH nHOHHhIX 

nap MO>KHO HaHTH KaK 

.~,. 
da aaen. 2 -+ -+ da.r d q; R(qT' q~) .r --- (s, t, q2) dtds , (17)

~l.· dq2 dsdt dq 2 

I da 
(8, t,q2)
 

ds dtdq2
 
rne --- onpenerraerca (16), aKCenTaHC YCTaHOBKH. 
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-+ .... , 
<I>YHKQHH paapemeaaa YCTaHOBKH R( q'r q T) HCnOJIb30BaJIaCb B BH,Il;e 
.n.BYMepHOrO pacnpeneneaaa I'aycca: 

1 Iq T- q;' 12 

R(q T' q',J --- exp[- ], (18) 
2 170' 2 (q t 2Ü2 (q T) 

... .... 
rne qTH q T - COOTBeTCTBeHHO HCTHHHaR: H HCKIDKeHHaR: paapeureaaera 
nonepexaaa COCTaBJIHlOmaH nepenaxa HMnYJILCa. 

Ceueaae (17) paCClIHThIBaJIOCh MeTo,u,OM MOHTe-KapJIo. Ilpa pacxere 
ceseaae ycpenaanocs B COOTBeTCTBHH c 6HHOM 3KcnepHMeHTaJIhHOrO 
pacnpeneneaaa. 

8.3. PeaKlJ,IiH panaanaoaaor-o pacceaaaa rmOHOB B KYJIOHOBCKOM 
nOJIe anpa 

17- + (A, Z) -+ 17 - + y + (A, Z) (19) 

H3YlIaJIaCb na CTaTHCTHKe B _10 2 pas 60JIbIlleH no cpaaneamo c ~CJ10M 
C06hITHH peaKUHH (4). Ilpa 3TOM peaKUHH (19) HBJIHeTCH ~CTO 3JIeKT

pO,ll;HHaMHlIeCKHM nponeccosr H c TOllHOCTblO ,Il;O MaJIOH nOnp8BKH nOJIH

pasyesrocra /24/ paCCtIHThIBaeTCH reoperaaecxa. H3MepeHHoe cexeaae 
npouecca (19) xopouio cornacyerca c reoperasecxara /23/. ll03TOMY 

HOpMHpOBKa na 3TOT npouecc n03BOJIHeT nonasars B03MO)KHhIe CHCTe

MaTlflJeCKHe ornH6KH B MOHHTOpHpOBaHHH, B oueaxe 3lPlPeKTHBHOCrn 
pa60ThI neTeKTOpOB H 3<PlPeKTHBHOCTH reOMeTpHlIeCKOH peKOHCTpYKUHH 
TpeKOB. 

HOpMHpOBOtrnhlH K03lPlPHUHeHT, CBH3hmalOIllHH cexeaae c lIHCJIOM 

3aperHCTpHpOBaHHhIX C06hITHH, onpenenanca BhIpaiKeHHeM 

N1 ~I!!- (02C (20)H 
0'1 (pl (01 

rne O' 1 - paCClIHTaHHOe /28/ ceseaae peaKUHH (19) c yqeToM reosserpa
lIeCKoro' axcerrraaca YCTaHOBKH, N 1 - COOTBeTCTBYlOmee O' 1 lIHCJ10 sape
rHCTpHpOBaHHhlX C06bITHH /23 -24/ , (02 H (o 1 - 3lPlPeKTHBHOCTH OT

õopa C06hITHH peaKUHH (4) H (19) COOTBeTCTBeHHO; (p2 H (pl - 3lPlPeK
THBHOCTH peracrpanaa B YCTaHOBKe npO,ll;YKTOB peaKUHH (4) H (19). 

llOCKOJIbKY peaKUHH (4) OTJIHlIaeTCR OT peaKUHH (19) TOJIbKO aa
JIH~eM aroporo lPoToHa, nna OTHorneHIDI 3lPlPeKTHBHocTeH peracrpa
UHH H.MeeM 

(p2 / e P 1 = (y , (21) 

rne (,y - BepoHTHoCTh "HenOrJIOmeHIDI" lPOTOHa B aeutecrae MHrneHH 
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H YCTaHOBKH. BeJIHlIHHa (,y onpenenanacs rcax /29/ 

7 
e = exp(- - L) , (22)y 9 

rne L - KOJlHlIeCTBO aemecraa B pa,u;HaUHoHHhIX nnaaax na nYTH lPoToHa. 

Ilpa pacsere B L BKJIlOlIaJIaCb nOJIOBHHa TOJIlIlHHbI MHrneHH, 

xa, BemeCTBO TpeKoBhIX .n.eTeKTOpOB na nYTH «pOTOHOB. 

MhI HMemr l,y ,nJIR pasasrx MHIlleHeH: C - 0,79 ± 0,01, AI 
l • Fe - 0,80 ± O,Ol. 

3<J><peKTHBHOCTb orõopa C06hITHH peaKUHH (4) H (19) 

...15 M B03,u,y

B pe3YJIbTaTe 

- 0,82 ± 0,01, 

TaK:>Ke BXO,ll;HT 

B (20} B BH,ne OTHOIlleHIDI, n03ToMY ytIHThlBaJIHCh TOJIhleO 3lPlPeKTHBHoCTH 

KpHTepHeB orõopa, icoropsre OTJIHlIaJIHCh ,Il;lIH 060HX npoueccon, BXO,lJ;H

!.UHe B (02 3<p<pe KTHBHOCTH npaaeneasr B Ta6JI.3. B lOl BXO,ll;HT 3lPlPeK

THBHOCTH orõopa, HCnOJIb30B8HHhIe npa 06pa60TKe ,Il;aHHbIX peaKUHH (19). 

OKOaqaTeJIbHO HMeeM (01~ /(0 f'= 0,97 ± 0,03. 

,llorpeIllHocTb B onpeneneaaa C H COCT8BHJIa - 4% H B ,Il;aJIbHeHrneM 

BOIllJIa B CHCTeMaTH1IecKYIO OUlH6KY pe3YJIbTaTa. 

8.4. B pe3YJIbTaTe <pHTa 3KcnepHMeHTaJIbHOrO pacnpeaeneaaa C06hITHH 

no q2 paClIeTHbIM pacnpeneneaaasr CYMMhI KYJIOHOBCKHX H lPOHOBbIX 

C06hITHH 6hIJIH nOJIYlIeHbI 3HaqeHHfI F8f7 MH pa3HhIX anep (Ta6JIA) • 

Ha pac.? nOK83aHhI <pHTHpyJOmee pacseraoe pacrrpezieneaae H axnan lPOHO

BbIX npoueccoa (BKJIlOqaR HHTep<PepeHI.tHOHHhIH 1IJIeH). H3MeHeHHe HHTep

Bana q 2, B KOTOpOM <J>HTHPY1OTCII ,naHHhle, urapaasr 6HHa 3KcnepHMeHTaJIb

noro pacnpeneneaaa, a TalOKe <pHT 6e3 Heynpj;roro lPoHa ae npaaomrr 
K 3aMeTHOMY H3MeHeHHIO pe3YJIbTaTa ,lJ,JIH F ~ Bo acex CJIYtIaR:X MbI 

X 2•HMeJIH npHeMJIeMhlH Hecymecraeaasre naparaerpsr Cs , ~ H Co orrpe-: 
,neJIHJIHCb c 6oJIbwOH OIllH6KOH. 3TO CBH3aHO c TeM, lITO 3TH napasrerpsr 
onpe~eJIHIOTCH oõnacrsro BMe KYJIOHOSCKoro THna, rne 3KcnepHMeHTaJIbHOe 

paenpenenenae rJI8JiKoe H Mellee CTaTHc1WlecKH oõecneseao. Ilonsrrxa lPHTa 

axcnepasreararrsaoro pacnpeneneaas 6e3 KYJIOHOBCKoro BKJIa,na ,lJ,JIH 

acex anep HMeeT ypoaeas AOCTooepHocTH MeHee 10-6. <I>HTHpOB8HHe 

npoBO,ll,HJIOCb TaIOKe H WIII npyrax 3HaqeHHH napasrerpa paapenreaaa 0'( q2). 
Bsuro KaH,n,eHO, qTO -10% norpemaocrs sroro napasrerpa naer BKJI8.Jl, 

B cacresearaxecxyro ornH6KY pe3YJIbTaTa 0,;3 r3B -8 . 

Taõnuua 4 
Pe3YJIbTaTbI <pHTHpOBaHHH 

F8f7 
lÍ , u~ a/Z2 ,MHrneHb;
 

(r3B -8)


1 (H6) (H6) 

C 13,4 ± 1,8 64± 20 1,78 ± 0,47 

AI 12,4 ±1,4 260± 57 1,54 ± 0,34

I Fe 12,9 ±1,5 1110 ± 250 1,64 ± 0,37 

I 
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F STT
Ycpenaeaaa 3HaqeHIDI , norryneaasre na pa3HhIX anpax, HMeeM 

311	 -3F = 12,9 ± 0,9 rsa .	 (23) 

Ouraõxa HBJIHeTCH CTaTHCTH1IecKoH. Ilorpemaoers B onpeneneaaa axcerrraa
ca ( - 4%) npHBO)l;HT K cacreraaranecxoâ omaõxe B F3" 0,2 r3B -3 • Ilo
rpeuraocrs B 3HaqeHHH HOpMHpoBOtIHOrO K03lPlPHUHeHTa f!1CIi CH = 4% 

naer BKJI8,n B CHCTeMaTHtleCKYIO OlllH6KY F3fT 0,3 r3B-
3 

• Bssecre c 01llH6

KOH OT HeT01ffiOrO 3HaqeHHH na~8.MeTpa paapemeaaa 'i(MMaPHaR CHCTeMa

THtleCKaR omaõxa B 3HaqeHHH F " COCT3.BHJIa 0,5 r3B - • 

1I0 pe3YJIbTaTaM lPHTa 6hIJIO TaK)Ke onpeneneao IIOJIHOe ceseaae peax
UHH (4) B oõnacra S.< 10 m'~ , q 2 < 2 • 10 -3 (r3B/c)2 (raõn.d}. 1I0

JIyqeHHhle 3HaqeHIDI a COrJIaCYIOTCH C HaIllH:MH paHHHMH pe3YJIhTaTaMH / 81 

HCCJIe.n;OBaHHH nponecca (4), rne HCnOJIb30BanaCh ynpouteaaaa npoue
nypa ysera lPOHOBhIX npoueccon. 83 pac.B nanao, srro rronyseaasre 3Ha

qeHHH U XOpOIllO cOrJIacYlQTcH C reoperanecxoâ Z2 33.BHCHMOCTblO. 

Ycpe,IJ;HHH 3HaqeHHH a/Z2, nonyxeaasre na p8.3HhIX anpax, HMeeM 

U/Z 2 
7' 1,63 ± O,23 ar ± 0,13 CHCT (H6).	 (24)

CT 

LVUI nocrpoeaaa pacnpenerreaaa KYJIOHOBCKHX C06hITHÜ no S lPOH 

CHJIbHhIX B3aHMo.n;eHCTBHH, B COOTBeTCTBHH C onpeneneaasrsr npa lPHTe 

noaeneaaesr, 6hIJI BhNTeH H3 rnoca MaJIblX .nepenan AHlPlPepeHUHaJIbHO 

no s , 1I0JIyqeHHoe pacnpeneneaae cornacyerca c Te0PeTH1IeCKHM, BhI

lIHCJIeHHhIM c yseroxr aKCeUTaHCa (pac.ê}. . 

~ 

~ 

l(	 )s: 

s	 s:
/ ~W7~ 

6	 
/( 

/ 

~205 

y /	 
~ 
~ 

113/	 J
/:] /	 ~1) 

/ x
 
/
 

/ 

2 3 4 5 6 7 ~Z2
 

Pae.B, 38BHeHMocn. H3MepeHlIOro ee

1Jemm peaKUHH (4) OT Z2 (owH6KH PHe.9. Pacnpeneneaae e06hITHH peax

CTaTHCTH1JecKHe) . UHH (4) no s (q 2 < 2 .1(,-3 (r3B/e) .
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9.0BCY~llEHHEPE3YnbTATOB 

KaK y)Ke 0.6CY)K,IJ,aJIOCb, aaaxeaae F ~1T, Bo06I.U;e ronopa, 3aBRCHT 

OT a, t H	 q 2 • B HH3K03HepreTHtIeCKHX BhNHCJIeHHHX nOJIaraeTCH, 

qTO npa nefiXO)l;e OT cPH3HQeCKHX 3HaqeHHH nepexreaasrx 1< HYJIeBOMY 

npeneny F MeH.R:eTC.R: llJIaBHO, H n03TOMY )l;JIH H3MepeHHorO HaMH 
B 06JIaCTH s .< 10 m 3HaqeHIDI F 3" MO)KHO CtIHTaTb F 3fT ::. F 3fT (O). 
)J..rrH oueaxa TOtIHOCTH sroro npH6JIH)KeHHH MO){(HO, aanpasrep, BOCnOJIb

30BaTbCH 3KCTparrOJIH UH eH 18/: 
377 2F (s, t; q	 ) = 

31t " s' . t u q 2] (25)
F (O). [1 + Cp (-2- + -r- + -r--) + C cu 2 - . 

m -8 m -t m -u m 
p p 'P (ü 

BhIpIDKeHHe (25) yqHThlBaeT B03MO)ICHbIH BKJI~ B aMITJIHTY)l;y rrpouecca 
COCTOHHHH c rrpOMe~TOtrnhIMH'~ H (ü -Me30HaMH. Ilocrrenaaâ 1JneH B 

namer-r crrysae, xorna lPOTOH no-rra peansasrã, npeaeõpeacoao MaJI H 

~ COCTaBJlHeT-l% (\ClUI ::3/8~ q2 ,< 2.10-3 (r3B/c)2).
 

,UnH Cp HMeeM: .
 

'2·lgp 1T1T I .\gpf7jl \ 
e i.p. Cp	 . . , (26) 

m S F3tr(O)
'P 

rne g p1T7TH g fTPY - KOHCTaHTbl CBH3H, onpenenaesrsre xepea napnaansasre 
I urapnasr 'P -Me30Ha: 

2 2 
gprmmp mfT 3/2


'f(p -+ 1177) = (l - 4--)

248fT	 m 'p 

2 2	 (27)
gp1T}' mp m 11 3
 

r(p -+ 1T}') = ----( 1 - -)
2


9611 ' m
p 

1/J - HeH3BeCTHaH OTHOCHTeJIbHaR q>a3a KOHCTaHT CBH3H, BXO,nHmHX B (26). 

HCrrOJlb3YH naaasre 130 I, rrOJIY1JaeM: IgP~77 I = 6,1; Ig 'PTTY I = 0,17. 
nO,ncTaBJIHH F 3W' B nane (25) B (6) H HHTerpHpYR ceseaae (5) B HCCJIe

.u;yeMoH 06JIaCTH, MO)KHO HallTH TeOpeTHqeCKOe saaxeaae CeqeHHH a/Z2
: 

2 -3 311 2 3fT
a/Z = 9,8.10 [(F (O» + l,9F ( O) oos t/J + 1,0] (H6). (28) 

H3 CpaBHeHHH (28) c 3KcnepHMeHTaJIbHhlM 3HaqeHHeM CeqeHHH (24), 

'13H8H lPa3Y t/J, MO)KHO onpenerrars F 377(O). CqHTaR cPa3Y nOJIHOCTblO 

aeorrpeneneaaoã, MO)KHO OueHHTb B03MO)I(Hoe OTKJIOHeHHe 3HaQeHIDI (23) 

• OT F3fT (O).	 OHO COCTaBJIHeT ...1,0 r3B -3, lITO COOTBeTcTByeT TOqHOCTH 

HH3K03HepreTHtleCI<HX &aCqeTOB. 

B paõorax /12, 17, 81 nano asrpazceaae )l;JIH F
3 77 

B cPH3HtIeCKOH 

06JIaC1H nepesseaastx. Ceseaae npouecca (4) paCClIHTaHHOe c HCnOJIb30I 
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BaHHeM F
3fT 

H3 3THX pa60T, TalOKe HaxoAHTCH B xopourexr cornacaa 
c nonyqeHHhIM axcnepasrearansasrsr 3HaqeHHeM (24) u/Z 2 "" 1,5 H6/17/ ; 
1,4 H6/ 18 / H 1,75 H6 /12/ • 

10. ,ZU>yrHE 3KCnEPHMEHThI no HCCJIEL(OBAHHIO BEPIIIHHhI 
.y -+ 3" . 

• 3fT 
Bnepasre nonsrrxa 3KcnepHMeHTanbHOH O:QeHKH KOHCTaHTbI F õsrna 

cnenana /SO/ npa H3yqeHHH arcnana OnHOIIHOHHoro 06MeHa B peaxmno 

11+N -+ ,,+y+N.	 (29) 

DonyqeHHoe . aaaxeaae F 311 = 360 ± 40 r3B -8 aaxonarca B CWIbHOM 

nporaaopesaa KaK co BceMH reoperasecxarea pacserasra, TaK H c aa
IIIHM 3HaqeHHeM (23). 

Peak:QIDI aeyrrpyroro pacceaaaa ,,--Me30HOB na aTOMHhIX anexrpoaax 

n " + e ... fT-+"o+e (31) 

6bma npennoseeaa nJIH H3yqeHIDI BepIIIHHbI .y ... 3" B paõore /12/. Manaa 
BeJlHqHHa CeqeHHR H <l>OH npyrHX IIpOneCCOB nenaror 3KCIIepHMeHTaJTh

noe H3yqeHHe 3TOH peaKUHH CnO)f(HOH sanaseã. TeM ae MeHee s axcne
plfMeHTe NA-7 }UEPH) 3Ta peaK:QIDI 1f3yqa.n8Cb. Bcxope nocne aameâ 
nepBOH pa60TbI 6/ 6bIJIH ony6nHKoB~I pesynsrarsr sroro sxcnepaseea
Ta /81/. XOTR 3HaqeHHe KOHCTaHThI F " aBTOpbI ae npUBO,lVlT, AaHHhle 

no ceseaaso pea1<UHH T8K)Ke nOnTBep)1{,llWOT reopessy (1). 

3AKJIIOqEHHE 

B pe3ynbTaTe nposeneHHoro 3KcnepHMeHTanhHOrO HCCnenOBaHHR 

aaOMaJIbHOH B~WHHbI .y -+ 3" anepasre H3MepeHo ceseaae peaxnaa (4) 
H KOHCTllHTR F n B 06nacTH M8JIbIX 3HaqeHHH nepeseenasrx (8 < 10m~) . 
IlonyqeHHbIH pe3YJILTaT B npenenax 3KcnepHMeHTMbHhIX 01llH60K H 

TeopeTHlIecKHX npH6nH:>KeIIHH cornacyerca c TeM 3HSqeHUeM, xoropoe 
cnenyer 1013 HM:3K03HepreTH1IeCKOH reopesrsr (1) H 3<p$eKTHBHOrO narpaa
mHaHa Becca - 3YMHHO ~ BHTTeHa. TaKHM 06P830M, nOnTBep~aeTCH 

ranoreaa KRpaJThHbIX aROMaJIHH. Cornacae nonyseaaoro 3HaqeHHR F 8fT 
c reoperasecxavr npa N c=3 norrraepsenaer TaIOKe UBeTHYIO SU(3)- CUM

MeTpmo KBapKoB. 
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38 nonnepxocy naRHOR pa60TbI, a TalOKe A.A.BenbKOBY, B.B.BbIKOBCKO Pynorracs nocrynana B asnarem.crcaã ornen 
MY, c.B.repaCHMOBY, A.E.rOBOpKOBY, B.H.I1epByuumy H HiIlaaepy 17 morra 1986 rena. 
aa nonesasre 06cYJK):(eHHH. 
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TEMATMqECKME KATErOPMM llYBnMKAUMR 

OB»E~HEHHOrO MHCTMTYTA ~EPHYX 

HCCJIE,ZJ;OBAHMR 

MH~eKc TeMaTMKa 

1. 3KCnepHMeHTanbHaR ~H3HKa BWCOKHX 3HeprHH 

2. TeopeTH4eCKaR ~H3HKa BWCOKHX 3HeprHH 

3. 3KcnepHMeHTanbHaR HeHTpOHHaR ~H3HKa 

4. TeopeTH4ecKaR ~H3HKa HH3KHx 3HeprHH 

5. HaTeMaTHKa 

6. RAepHaR cneKTPOCKOnHR H paAHOXHMHR 

]. ~H3HKa TR*enwx HOHOB 

8. KpHoreHHKa 

~. YcKOPHTenH 

10. AaToMaTH3a~HR o6pa6oTKH 3KcnepHMeHTanbHWX 
AaHHwx 

11. BW4HCnHTenbHaR MaTeMaTHKa H TeXHHKa 

12. XHMHA 

13. TexHHKa ~H3H4ecKoro 3KcnepHMeHTa 

14. HccneAOBaHHR TaepAwx Ten H *HAKOCTeH 
RAePHWMH MeTOAaMH 

15o 3KcnepHMeHTanbHaR ~H3HKa AAePHWX peaK~HH 
npH HH3KHX 3HeprHRX 

16o Ao3HMeTpHR H ~H3HKa 3a~HTW 

17o TeOPHR KOHAeHCHpOBaHHOrO COCTORHHR 

18. HcnonbsoaaHHe pesynbTaToa H MeTOAOB 
~YHAaMeHTanbHWX ~H3H4eCKHX HCCneAOB8HHH 
8 CMe*HWX o6naCTRX HaYKH H TeXHHKH 

19o 6H~H3HKa 

"' 

AHTHIIOB IO.M. H np. P1-86-498 
Mccnenosaume KHpaJJbHOH aHOMaJJHH· y ... 317 

B npouecce o6pa30BaHWI nHoHHhiX nap nHoHaMH 
B KYJJOHOBCKOM none H,ll;ep 

B peaKUHH po)l(,ll;eHWI nHOHHhiX nap nHoHaMH BKyJJOHOBCKoMnone H,ll;ep 
,- + (A, Z) ... ,- + rr0 +(A, Z) B o6nacTH MaJJhiX HHBapHaHTHbiX Mace 
rr -77° CHCTeMbl (B < 10m~) HCCJJe,li;OBaHa BepWHHa y -> 3rr o 3KcnepHMeHT 

npOBO,li;HJJC.fl Ha nyqKe nHOHOB c HMnYJJbCOM 40 r3B ycKOpHTeJJ.fl M<DB3 
(Cepnyxos) Ha cneKTpoMeTpe "CHrMa". llonpo6Ho OnHCaHbi ycnosWI npo

seneHWI 3KcnepHMeHTa H npouenypa o6pa6oTKH ,ll;aHHbiX. B proyJJ&TaTe 
3KcnepHMeHTa snepB&Ie H3MepeHo ceqeHHe peaKUHH B o6nacTH 3Ha'leHHH 
KB8,D;paTa nepena'IH HMnyn&ca Hnpy q 2 < 2 ·10-3 {r3B/c) 2 : u ;z2 = 
= (1,63 ± 0,23 CTIT ± 0,13 CI1CT ) H6 H onpe,ll;eJJeHO 3Ha'leHHe KOHCTaHTbl 

CB.fi3H y ... 3rr : F 3rr = (12,9 ± 0,9 CTBT ± 0,5CMCT ) r3B - 3 
0 Pe-

3YJJbTaT COrJJacyeTC.fl C paC'IeTOM, OCHOBaHHbiM Ha 3$$eKTHBHOM JJarpaiDKH-
8He Becca - 3yMHHO - BHTTeHa. llonmep)l(,ll;aeTC.fl . rHnoTe3a KHpaJJbHhiX 
aHOMaJJHH H UBeTHa.fl SU ( 3) -CHMMeTpWI KBapKOB. 

Pa6oTa BhinOJJHeHa B Jla6opaTopHH H,ll;epHbiX npo6neM OM.RM. 
CoofillleHKe Ofu.e.llHHeiDioro HHCTHTyra .ll,llepHbiX HccnenoaaHHii. Jly6Ha 1986 

llepesonO.C.BHHOrpa,li;OBOH 

Antipov Yu.M. et al. 
Investigation of y ...a, Chiral Anomaly 
during Pion-Pair Production by Pions 
in the Nuclear Coulomb Field 

Pl-86-498 

Anomaly vertex y ... 3rr has been experimentally studied in the pion
pair production by pions in the nuclear Coulomb field rr - + (A, Z ) ... 
... rr- + rr0 (A,Z)in the region of low-invariant mass of rr-rro system. The 
experiment was carried out in 40 Ge V fc rr- meson beam of IHEP accelerator 
(Serpukhov) with Sigma spectrometer. The reaction cross section has 
been measured at (s <lorn!> q2 < 2·10-3 (GeV/c)2 : u/Z2 ... (1.63± 
± 0.23 stat ± 0.13 syst) nbarn and vertex constant y--> 3 rr : F 3"=-
=(12.9 ± 0.9 stat ± 0.58 y8 J GeV - 3 have been measured for the first 

time. The results agree with the calculation based on Wess- Zumino- Witten 
effective Lagrangian. A chiral anomaly hypothesis and colour SU(3) quark 
symmetry are confirmed. 

The investigation has been performed at the Laboratory of Nuclear Prob
lems, JINR. 
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