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() 1976 061>eOUHeHHf>IU UHCIIrUIIJYIII JIOepHbiX UCCAe006QHUU ,4y6Ha 

B pa6oTe /I/ 

ceqeHHJI ynpyroro 
npu HMnynLcax 40 

6LIITH onpe.neneHLI .nu<lxtJepeHn;HanLHLie 
+ + -

pacceJIHHJI rr -, K-, p H p Ha npoToHax 
T:JB/c ,nnJI oTpun;aTenLHLIX H 45 T:JB/c 

.IJ:ITJI llOITO~HTeiTLHLIX qaCTHI.(. QenL HaCTOJI~eH pa6oTLI -
aHaiTH3 3THX pe3yiTLTaTOB H paHee H3BeCTHLIX ,naHHLIX llO 
,nu4>4JepeHI.(HaiTLHLIM ceqeHHJIM npH BLICOKHX 3HeprHJIX Ha 

OCHOBe pe,n~eBCKOH CXeMLI. 

I. BKJIA)l. B AMIIJIHTY)l.Y PACCEJIHHJI 
PE)l.)f(HOHOB C OTPHI.(ATEJibHOHCHTHATYPOH 

1. Kpoccoeep- :JrjJrjJeKm. )l,nJI BLI,neneHHJI BKna,na pe.n-
~HOHOB paCCMOTpHM pa3HOCTL .IJ:H<lxtJepeHI.J;HaiTLHLIX ceqeHHH 

r.u.e 

\ 'P ( s, t) 

dr~-(s, t) 
-- dt 

da 'P da 'P Ill 
---- (s, t)- ---- (s, t), 

dt - dt 
du 'P 

u ---(s,t) - ceqeHHJI pacceJIHHJI qac-
dt 

THI.(Ll H aHTHqaCTHI.(Ll Ha npOTOHe; s H t - KBa.u.paTLI llOITHOH 
3Hepruu u nepe.u.aHHoro 4-uMnynLca B c.n;.M. 

113 puc. 1 BH.IJ:HO, qTO '\'P(s,U,nBa~,nLI MeHJieT 3HaK 

npu t -0,2 I T:JB/cl 2u npu t ~ -0,7 I T:JB/cl 
2 

• 2 
H3MeHeHHe 3HaKa !\'I' (s .0 npu t "'-0,2 I T:JB/cl IIIH-

poKo H3BeCTHO no.u. Ha3BaHHeM KpoccoBep·3~eKTa. Or
paHuquBIIIHCL BKna,naMH llOMepoHa p H ITH.IJ:HpylOII.(HX pe,n

~HOHOB f, (u, p, A2, MO~Ho 3anucaTL 

<h xp 
. --

dt 

xp 'P 
~ ' f i f 

I p H + 
' f 'P I 2 

H_ I 

121 
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t.PPjVdd(pp)/df 

QJ 

tJrpll/da(:Ttp) jdt 
o.zi !J.trp /Vdcr{lfp}/dt 0.2 

0.1 Of 0.1 

0 I \U3 u.o ~ I It Ut U.b '' ""'"""' ' ,. ' , , ,..- ' ' '.c·'i:l~~,· '• 
0.7 

-011 
jtj(6gVjr}' 

-Q.( 

-o.z -02 

-{J.J 

xp da -I I 2 
Puc. 1. 3Hat~eHUJI i\ (dC (xp)) , onpeoeAeHHbre U3 

pe3yAbmamoe pa6ombr /I/ a/ OAJI rrp - pacce.RHUJI, 6/ OAJI 
Kp - pacce.RHUJI, e/ OAJI pp - pacce.RHUJI. 

3,IJ.eCb f;f - llOMepOHHag 'laCTb aMnnHTY.IJ.bi pacceJI.HHjJ. 

fll+ - CYMMapHhle BKna,IJ.bl pe,IJ.:>KHOHOB C nono:>KHTenbHOH 
(f~ A 

2
) unu oTpH~aTenbHoii: ({,), p) curHa1 ypoii:. liy.neM 

C'IHTa Tb, 'ITO B f p H f ll BKniO'IeHbl TaK:>Ke BCe nonpaBKH 
OT BaKyyMHbiX nepepaccegHHH, T .e. 

IR R l + R ( lP + R ~R < P + · • • 

~) a'). /,) 

Puc. 2 

4 

113 /11 H 121 cne.nyeT, 'ITO 

xp ,xp xp 
i\ (s,t>- 4lmi p<s,t).Imf R_ (s,tl. 131 

3.necb npeHe6peraeTcg peanhHOH H cnuH-cllnun qacTgMu 
aMnnHTY.IJ.hl f ~P(s,t). KpoMe Toro, C'IHTaeTcg, 'ITO Bee nu
.IJ.HPYIOlllHe pe,IJ.:>KHOHbl HMeiOT YHHBepcanbHYIO TpaeKTOpHIO 
a 11 (t) o anW>+ a flt, r.ne an (O)c, 1/2, ll03TOMY He fn_..JR+ =0. 

KpoccoBep- 3cPcPeKT cBg3aH c H3MeHeHHeM 3HaKa 

l[n f ~p- ( s, t) B /31. Ilocne,IJ.Hee MO:>KHO 06'bjJCHHTb ,IJ.eCTpyK
THBHOH HHTepcllepeH~Heii: rpacPHKOB Ha puc. 2 12• 3 /. Cy-

1 13 ,11 
mecTByeT, o.nHaKo, H .npyroe o6'hgcHeHHe eM., Hanp., ' • 1 I, 

I xp 
CBjJ3blBaiOmee H3MeHeHue 3HaKa mf n (s,t) c o6pame-

HHeM B Hynh pe,IJ.:>KeBCKOrO Bbl'leTa. ,nnB BbJjJCHeHHjJ 3TOrO 
BOnpoca paCCMOTpHM 3aBHCHMOCTb nono:>KeHHjJ TO'IKH KpOCC
OBep-3¢clleKTa OT 3HeprHH. 

B nepBOM cnyqae t c .non:>KHO CMema Tbcg c poeT OM 
3Hepruu B cTopoHy MeHbliiHX 3Ha'leHHii: 1 t I . Ecnu BKna.n 
BeTBneHHjJ O~eHHTb B npu6nH:>KeHHH 3HKOHana, TO ,IJ.ng 

tc nony'IHM: 

f' 2 2 

r.ne 

I t c ( s> l -
•p+ R 
--II 

m2)2 
R 

R~ = R 2
0 

+ a.'ln(s/s 0 ). 
1 . 1 

1 

141 

151 

Ecnu :>Ke KpoccoBep- 3cPcPeKT cBg3aH c o6pameHHeM 

B Hynh pe:>K,IJ.eBcKoro Bbl'leTa, TO BenH'IHHa t c He .non:>KHa 
3aBuceTh oT 3Hepruu. Ha puc. 3 noKa3aHa 3aBHCHMOCTh 
tc oT HMnynhca HaneTaiOmux 'laCTH~ .nng pp-pacceJI.HHg * . 

"3Ha'leHug t c npu P.~a6.? 50 T3B/c 6hinH nony'leHbi 
H3 pe3ynbTaTOB pa60Tbl I:>/. IlpH 3TOM HCDOnh30BanHCb 
.nu«PcllepeH~uanhHhle ceqeHHJI. B aHanHTH'IecKoii: cllopMe, npu
Be.neHHbie B 3TOH pa6oTe, KOTOpbie 6binH OTHOpMHpOBaHbl Ha 
OllTH'IeCKHe TO'IKH lnOCKOnhKY B pa6oTe ,')/ npe,IJ.CTaBneHhl 
nHlllb pe3ynbTaTbl cPHTa 3KCnepHMeHTanbHbiX ,IJ.aHHhiXI. 

Cne.nyeT OTMeTHTh, 'ITO 3Ha'leHug t c npu P,1a6. 2: 
>50 I T3B/cl, npuBe,IJ.eHHhle B pa6oTe liaprepa H fl>unnun
ca /6/lcM. 3aMel.JaHHJI. B KOH~e CTaThH/, npHMepHO Ha 200/o 
ne:>KaT Bblllle .naHHhiX, noKa3aHHhiX Ha puc. 3. IlpH'IHHa 
3TOrO paCXO:>K,IJ.eHHJI. He jJCHa. 
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l 
Pu.a(Gev/c) 

Puc. 3. 3aeucuMocm& noAoJtCeHUJI mo'IKU Kpoccoeepa t c OAJI 
pp-pacceJIHUJI om UMnyAbCQ HUAemUIOU#UX 'IQCI/IUi, e - OQH
Hble pa60111 /5,16,19/, 0- pe3yAbi/IQI/I pa60IIIbl /1 , 

llyHKTHpHaJI KpHBaJI paCC'IHTaHa no cllopMyne /4/. llpH 
3TOM npeHe6peranocL ManhiM BKna,noM p- o6MeHa, a napa
MeTpbl B /5/ ,nnJI w-nomoca 6blnH B3JITbl H3 pa60Thl /7/. 
Ha puc. 3 BH,nHO, 'ITO ,naHHhle He npOTHBOpeqa T HH o,nHOMy 
H3 BapHaHTOB 06'bJICHeHHB KpOCCOBep- 3cWJeKTa. 

Axp 
PaccMoTpHM .nanee 3HepreTH'IeCKYIO JaBHCBMOCTL /\ (s,t). 

lf3 /3/ cne,nyeT, 'ITO npB cllBKCBpOBaHHOM 3Ba'leHBB t 

a ( t) 1 
!\(s,t) - (s/s ) P 

0 

~$P 
aR ( t) - 2 

/6/ 

3,neCb a~~cp (t) - 3cWJeKTBBHaJI TpaeKTOpHJI, OnBCbiBaiOll.{aJI 
3HepreTH'IeCKYIO JaBBCBMOCTb CYMMapHOrO BKna,na rpacllBKOB 
Ha puc. 2; ap (t) = 1 +apt, r.ne a'p"" 0,3 / F3B/cj-2 Ecna 
Ha puc. 2 ,nOMHHHpyeT noniOCHOB rpacllBK, TO • 

a3¢¢ (t) "" ii pol"(t) =a H (0) + a ~t 
R R " 

- npJIMonBHeiiHaJI TpaeKTOPHJI c a R "' 1 I F3B/c/-'2 /eM. 
puc. 4/. Ecnu )l(e Kpoccoaep-3cWJeKT o6ycnosneH anBJIHBeM 
BeTsneHHB, To npu It I > It c I rnaBHhiM _non)l(eH 6h1Th 
rpacllHK "6" Ha puc. 2. B 3TOM cnyqae a~ (t) ,nOn)I(HO 
HMeTL BJnoM a HaKnoue npu t ... t c . Ha puc. 4 noKaJaHhl 
JHa'leHHJI a ~¢¢(t), nony'leHHhle B3 aHanuJa 3KcnepuMeH
TanLHhiX .naHHhiX npu P m6. > 5 F3B/c c noMOIULIO cllop:Mynbl 
/6/. BB,nHo, 'ITO JaBBCBMOCTb a~¢(!> (t) CBnhHO OTnsqaeTCJI 
OT TpaeiCTOpBB noniOca. llpB t"' t c a ~cprp ,neii:CTBBTenLHO 
npeTepneaaeT pe3ICBB usnoM B npu \tl > O<P6 I F3B/c/ 2 
a ~cll~th a ~t (t). Cne,nyeT OT:MeTBTL, 'ITO a

3 
'<l>(t) ,nnJI p

non10ca a aMnnuTy,ne c nepesopoTo:M cnuua, aaii:.neaaaJI 

6 

d.eff(t) 

0.5 
tt\ -- -/ 

~·/ - - o-'t/ 01 J 
-_c;~.._c':!-t- ~0//t? I OJ 

t ~i !\ 1 'OI J -trGovlcf _ -----r-/ _0, ~-01 - ~~ 

/ 
/ 

/ 
/ 

/ 
/ ~-QJ 

Puc. 4. 3(/J(/JeKmueHa.R mpaeKmopu.R, onuc&IBUIOU#UJI 3Hepzemu
'leCKY10 3Q6UCUMOCmb i\PP ( s,t), noAy'leHHQJI U3 QHQAU3Q 
oaHH&IX pa6om /1,S,I6,I9/. 

B pa6oTe /9/ B3 ,naHHhiX 0 nonJipH3al.{BB B 11-p- pacceJIHHH, 
He BMeeT HJnoMa npu \tl "' 0,2 I T3B/c/ 2, 'ITO cornacy
eTcJI c ManocTLIO BKna.na aeTaneHHB B aMnnuTy,ny c nepe
aopoToM cnHHa, 6naro,napJI 'leMy :na aMnnHTy,na o6pamaeTcJI 
B HynL TonLKO npu t ,, -0,6 I T3B/c/~.Mmt<HO, o.nHaKo, 
3aMeTHTh, 'ITO npH \t\ < \tc i HaKnOH a ;~qHp (t) ropa3,nO 
6onLIIIe a R. 3To Haxo,nHT o6'hJICHeHHe, ecnu c pocToM 
3HeprHH nonO)I(eHHe tc C,nBHraeTCJI B CTOpOHY MeHLIIIHX 
ltl, npH'IeM B o6nacTB It I /It(. I npoacxo,nHT .nononHHTenLHoe 
na,neHHe .'\ xp (s,t).AHanorH'IHOe JIBneHHe y)l(e BCTpe'lanOCb 
B ynpyroM pd -pacceJIHHH, r.ne (up )'jljHp oKaJanocL B .naa 
pa3a 6onLIIIe H3- 3a ,nBB)I(eHHJI ,nHcllpaKI.{HOHHOrO MHHHMyMa/ 10/ 

~eBCTBHTenLHO, orpaHH'IHBaJICh BKna,naMH rpacllHKOB 
a H 6 Ha puc. 2, MO)I(HO nony'IBTb 

a3¢¢(t)=-d~i!'R.J.~·-~2~-=a (t)- dt~~j_!_~, /7/ 
H d ln s H t - tc 

TaKHM o6pa3oM, npH \t \ < .It c I H t .... t c a~¢¢ (t) .neiicTBH
TenLHO, MO)I(eT 6b1Th 3Ha'IHTenLHO MeHLIIIe aR (t) · 

3aMeTHM TaK)I(e, 'ITO B3 /7 I cne.nyeT, 'ITO npH t = t c 

a ~q¢ (t) _non)I(HO HMeTL pa3pb1B, aHanorH'IHO TOMY, KaK 
3TO npoHCXO,nHT ,nnJI 3cWJeiCTBBHOB TpaeiCTOpBH no:MepoHa/ 11/. 
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O~HaKo H3 rpa4JuKa puc. 4 HH'Iero no~o6Horo He BH~Ho. 
Bo3MO)I(HO, 3TO o6'LHCHHeTcH TeM, 'ITO cooTHoweHHe /7 I -
noKanhHOe, a a ~tflcl(t) HaB~eHO no ~aHHhiM ~nH WHpOKOrO 
3HepreTH'IecKoro HHTepBana. 

TaKHM o6pa3oM, npoBe~eHHhiB aHanH3 noKa3an, 'ITO 
KpOCCOBep-34>4JeKT MO)I(eT fihiTb Ofi'LHCHeH HHTep4JepeHUHeB 
rpa4JHKOB a H 6 Ha pUC. 2. JaMeTHM TaK)I(e, 'ITO npH 60nh· 
WHX 3Ha'leHHHX it! H3- 3a ~eCTpyKTHBHOB HHTep4JepeHUHH 
rpa4JHKOB a u 6 Ha puc. 2 aMnnuTy ~a f R _ ( s, t) MO)I(eT 
ewe pa3 H3MeHHTh 3HaK. H3 puc. 1 BH~Ho, 'ITO 3TO npouc
xo~HT npu t"' -0,7 I raB/c/2.HaKOHeu, H3BeCTHO H3 ~aHHhiX 
o6 ynpyroM pp-pacceHHHH /12/, 'ITO aMnnuTy~a f~P <~>, t) 
MeHHeT 3HaK npu t ·"' -1,5 /FaB/c/ 21 13 /.cne~oBaTenLHo, 
B 3TOB TO'IKe ~P(s,t) TpeTHB pa3 npoif~eT qepe3 Hynb. 

2. KeapKoe&ze coomHoweHUJI OAJI !\ x P (s, t). PaccMoTpHM 
HeKOTOpble cne~CTBHH ~nH ,1\xP(s,t),BbiTeKaiOIUHe H3 KBapKOBOB 

CTPYKTYPhl a~poHoB. C~enaeM cne~yrowue, qacTo ucnonL-
3yeMLie npe~nono)l(eHHH: 

/a/ p- w -yHHBepcanLHOCTh. BepwHHhl ucnycKaHHH p H 
wpe~)I(HOHOB HecTpaHHhiMH KBapKaMH coBna~aiOT I 4/ ; 

/6/ nH~HPYIOIUHe pe~)I(HOHbl He CBH3aHbl C A ·KBapKaMH. 
I , 

3To npHMo cne~yeT H3 npaBuna UBeB:ra' 14~e<YH ero npu-
MeHHTh B t -KaHane. K TaKoMy )l(e 3aKnro'leHHIO npHBO~HT 
runoTe 3a 06 06MeHHOM BblpO)I(~eHHH nH~HPYIOIUHX pe~HOHOB 
B KBapKOBhiX aMnnHTy~ax /IS/; 

/B/ npu Manwx 3Ha'leHHHX ltl 3KcnepuMeHTanLHhle 
~aHHhie XOpOWO COOTBeTCTBYIOT npe~nonO)I(eHHIO 06 a~~HTHB-

/ . 
HOCTH KBapKOBhiX aMnnHTYW HI. ,ApyrHMH cnoBaMH, nonHaH 
aMnnuTy~a pacceHHHH ecTh KorepeHTHaH cyMMa aMnnuTy~ 
pacceHHHH KBapKa Ha KBapKe. 

ilOCKOnhKY B A
77

P (s, t) BHOCHT BKna~ TOnhKO p ·o6MeH, 
a B ~Kp (s, t) p H uJ, TO, ucnonh3YH /a/-/B/, Haxo~HM: 

77p K 11 
2fR <s,t)=fR_<s,tl 

TO eCTb 

8 

~7Tp ( s' t) 

2 --===-=-=- = 
..j da17P / dt 

Kp 
!\ (s,t) 

vd;-Kp /dt 

/8/ 

/9/ 

JICHO, 'ITO C pOCTOM itl npe~nonO)I(eHHe /B/ CTaHOBHTCH 
HecnpaBe~nHBhiM H3 • 3a BKna~a BeTBneHHB, H COOTHOWeHHJI 
/8/-/9/ ~On)I(Hbl HapywaTbCH. HHTepeCHO, O~HaKO, TO, 
'ITO 3Toro ue npoucxo~HT. ,AeilcTBHTenbHo, pa~uycbl 4JopM-
4>aKTopoB TT- u K-Me30HOB paBHhl, a nonHble ce'leHHH pac
ceHHHH TTP- u Kp 6nH3KH no BenH'IHHe. llo3TOMY MH Heno
nroCHhiX rpa4JHKOB Ha pUC. 2 COOTHOWeHHH /8/ H /9/ 
~on)I(Hhl npu6nu)l(eHHO BhlnonHJIThCH. Ha puc.5 cpaBHHBaiOT-

"P d 1Tp -lh 
CH 3KcnepuMeHTanhH~e. ~aHHhle ~nJI ~ (s,t)(-a-<-s,t)) 

dt 
npu ~ao. = 40 FaBle I II co 3Ha'leHHHMH, nony'leHHhiMH c no-

Kp d Kp -lh 
MOIUhiO /9/ H3 ~aHHhiX ~nH ~ (st).(-a--(st)) Ha 

' dt ' . 
puc. 6 npoBe~eHo aHanorH'IHoe cpaBHeHue ~aHHhiX 1161 npu 

PnaG. = 10,4 TaB/c. BH~Ho, 'ITO HMeeTCH xopowee cornacue. 

Puc. 6. To JICe, t~mo 

Ha puc. 5, HO 

npu 10,4 FaBle / 161 

i7 

/t/{GeV/c? 

0.2 

0.1 

~ -0.1 j 
-0.2 

~~ Puc. 5. IlpoeepKa 
KeapKoeozo coom
HoweHUJI /9/·---
3Hat~eHue 

1 ~"P (da(77 p) / dt ) - ~ 
npu 40 FaB/c/1< 
- - - - 3Ha<~eHue 

1/ 2'¥ nda(Kp) I dt) -lh 
npu 40 TaB/eli/. 

t::.gro/ Vd6 {5tp)!dt 

0.1 

It! (GeV/c) 2 
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II. FEOMETPHl/ECKHii CKEiiJIHHF 

PaccMoTpHM Tenepb aeKoTopble csoiicTsa noMepoHHoro 
BKna.u.a. B ps.u.e peaK:uaii npu BbiCOKHX 3Heprusx - 100 F3B 
a Bhlwe - 6bln o6Hapy)l(eH reoMeTpaqecKaii cKeiinaHr 1rc1 I 4/,, 
KOTOpbiR noJsonseT JanucaTb .u.a~epeH:uaanbHOe a nonHoe 
ce'leHas s cne.u.yJOU.{eB 4JopMe /II/: 

da 4 2 
-(s,t>= R <s>·¢<t·R (s)), 
dt 

2 
at (s) - R ( s). ot 

1101 

1111 
2 2 3.u.ecb H (s)· Ksa.u.paT pa.u.uyca BJaHMo.u.eiicTBHJI, <t><t·H (s))-

HeKOTopag .YHKUHR. 

da da 1:13 1101, 1111 cne.u.yeT, 'ITO 3aBHCHMOCTb -dt (s,t)/-dt (s,O) 
OT a tot • t B 3TOM cnyqae onpe.u.enJieTCJI BH.D.OM ¢(t·R2(sJ) H 
He .IJ.On)I(Ha MeHRTbCJI C 3Hepraeii. 

Ha puc. 7 npe.u.cTasneHbl peJynbTaTbl pa6oTbl 111 .u.nR + ' + 
rr -P a K -p ynpyroro pacceRHHR B sa.u.e JaBHCHMOCTH 

.,.,mm1 ... 
·-JI-p e't•,.lllm6 
o-.·p 1J'S4 

·----p alo611 
.c.-ll'p v• 

.,., 

.,-• ·l. t ++ ~ 
t 

-a 
-- .. I ri,_.,.-: 

Puc. 7. llpoeepKa rc. 3KcnepuMeH.QAbHWe •o'li(U - pe-
3YAbiiQII pa6o•w /1/. CnAOIIIHWe Kpuewe eocnpouaeoc}JfiiJ ~9c) 
3KCnepuMeH.QAbHbl~ c)aHHbiX npu PJioo. -, 12,4 raB/c /It/ u 
npu 100 F3B/c /18; c}AJf rr+p ynpyzozo pacceJfHUJI. 

10 

II 

1 

\ 
f 

da da 
-(s t)/-- (s 0) 
dt ' dt ' oTatot·t. CnnowHble KpHBble noKa3biBa· 

2 + JOT aHanorH'IHYJO JaBHCHMOCTb ¢ <t· R (s)).u.ns rr p pacceRHHR 
npu 12,4 /!7 I a 100 I F3B/c/ /IS~Ba.u.Ho, 'ITO s npe.u.enax 
3KcnepaMeHTanbHbiX owu6oK JaBHCHMOCTb ¢<t· R 2 (s )) , 
nony'leHHas npu 100 F3B/c,cosna.u.aeT c.u.aHHbiMa/1/ no 
.D.H~epeHUHanbHbiM Ce'leHHJIM ynpyroro rrp pacceRHHJI npH 
40 F3B/c. B TO )l(e speMJI Kpasas .u.ns 12,4 F3B/c ne)I(HT 
JaMeTHo BbiWe. TaKHM o6paJoM, 3TO cpasHeHae yKa3biBaeT 
Ha BblnOnHeHHe rC B WHpOKOM HHTepsane nepe.IJ.aHHbiX 
HMnynbcoa, Ha'laHaJI c 3Hepruu 40 F3B. KpoMe Toro, npu 
3TOB 3HeprHH nO.IJ.TBep)I(.IJ.aeTCJI C XOpOWeii TO'IHOCTbiO npe.IJ. • 
nonO)I(eHHe, Bbi.D.BHHYTOe B /II/ 06 YHHBepcanbHOCTH ¢(t·H 2(s)) 
.u.ns npoueccoa rrp a Kp pacceJIHHR. 

B cnyqae pp ·pacceRHHJI .u.nR itl ::::_ 1 I F3B/cl 2 npu 
PJia6. = 40 F3B/c rc 3aBe.IJ.OMO HapyweH. ~eiiCTBHTenbHO, 

npu 6onee BbiCOKHX 3Heprusx 1-200 F3BI a daPP /I2/ 

dt 

noRBnReTCR peJKHii MHHHMYM B paiioHe itl "" 1,5 I F3B/cl 2, 
B TO BpeMR KaK .OpMa ¢(t · R 2 (s)) B 1101 He .IJ.OR)I(Ha 
MeHRTbCJI C 3Hepraeii. 

Pacc.MoTpHM Tenepb JaBHCHMOCTb .u.u~epeH:uaanbHbiX 
ceqeuuii ynpyroro pacceRHHR oT JHepruu npa •HKcapoaaHHbiX 
3Ha'leHHJIX t. lf3 puc. 8,9 BH.IJ.HO, 'ITO npH BbiCOKHX 3Hep· 

rHRX P ;::: 20 F3B/c, JHepreTH'leCKHB HaKnOH ....iliL_ (s,t) He 
3aBHCHT-OT t B WHpOKOM HHTepaane no t . dt 

~nJI TOrO, 'IT06bl nOHJITb npH'IHHy 3TOrO, HanHWeM Bbl• 
pa)l(eHae .u.n• JHepreJaqecKoro HaKnoHa lE_(st) npe.u.-
nonaraJI Hanaqae rC I 1/: dt ' , 

d ln(~) 
dt 

dln s 

3.u.ecb 

B(s, t) , 

=<2+ B(s,t)·t> dlnR
2

(s) 

dln s 

dt 

1121 

1131 
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~anee o6paTHM BHHMaHBe Ha TO, qTo AB~epeHUBanb· 
. + + I HLie ceqeHH11 11- p H K- p ynpyroro pacce11HBJI npB 40 F3B c, 

DOKa3aHHLie Ha puc.10,11, BBHTepsane 0,5;Sitl :S 21 F3Bicl2 
3aBBCJIT OT t CTeneHHbiM 06pa30M. AHanorBqHoe JIBneHBe 
npB BMnynLcax 100 H 200 I F3Bicl s BHTepsane 
0,5 ~It I s_ 1 I F3Bicl 2 6Lino o6Hapy>KeHo paHee s pa6o
Te /Il/, llOACTaBBB * -t -A B 1131, HaXOABM, qTo 
B(s, t) =- A/t B s BLipa)KeHBB 1121 BcqeJaeT JaBBCHMOCTL 
oT t. CneAOBaTenLHo, KPHBLie Ha puc. 8,9 AeHcTBHTenLHO 
AOn>KHbi 6biTb napannenbHbiMH npB BbiCOKBX JHeprBJIX B 
ltl ~ 0,5 I F3Bici2.Ha puc. 8,9 cnnowHLIMB nHHBJIMB noxa-

JaB JHepreTuqecKBH HaxnoH da (8 t) npu P~ = 40 F3Bic, 
dt ' JJQIJ. 

BLiqucneHHLIH no $ooMyne 1121. llpH BblqHcneHBH nonara
nocL, qTo R 2(s)= R~+af.ln(s/s ), rAe a'p =0,31 F3Bicl-2, 
R~ = 3 I F3Bicl-2• BHAHO, qTo peJynLTaTLI pacqeTa xopo
wo cornacyiOTCJI c JKcnepHMeHTanLHLIMB AaHHLIMH. 

10 2 r (dl!/dl) mb/(GeV/c)2 K'P 

10' 

.... ......... ..., -t=o.a 
,---..~-V!___ ' 

-,. -----? 
• ·--;,,J. ·t•u t r-.... ._,__ ~ 

-t •o.J(etevtdl -----... _ _. _ _,__, ____ --o--

10. 

1o·• 

10-2 

e XJ 20 40 80 m zoo s Gev' 

Puc. 8. s - 3Q6UCUMOC111b ou,P,PepeHliUQ/lbHOZO Ce'leHUJI 77-p 
ynpyzozo pacce.RHUJI npu ,PuKcupoeaHHbZX 3Ha'leHUJIX t . 
fiyHKIIIUpHble /lUHUU npoeeoeHbl Ha 2/la3, Cn/lOIUHble /lUHUU 
noKa3bZeaJOm noeeoeHue ce'leHui1 npu PJ1ao. = 40 F3Bic, 
C/l€0Y10Uiee U3 rc I •; ~/' - pe3y/lb111QIIIbl pa6om /1 8, 20/ , 
0 - pe3yAblllalll pa6ombz 1 1. 

B pp-pacce11HBH B o6nacTH He6onLWHX 3HaqeHHH ltl 
npH p JB6. = 45 F3Bic TaK>Ke BblnOnHJieTCJI rc. lh puc. 12 
BHAHO, qTo npB t = -0,3 I F3Bicl 2 JHepreTBqecxaJI JaBB
CHMOCTL da P~- (s t) cornacyeTCJI c pacqeTHOH B3 I 121. 

dt ' 

12 

I dtl/dl m6/(GeV/c )2 Ji·p 

l(j·r ~ ..... __ -t=1(GeV/c)2 

~ ."-.. .. _ -·---10-2 ~ ·-....__, ·t=-,-;---oa--- ----+-

10-JL·._ .. -._,.;~-----+ .. _ 
10·4 - -.--a0>----

8 10 20 -~:.. BO 100 200 400 s Gev1 

+ Puc. 9. To xe, 'liiiO Ha P14C. 8, HO OAJI K p· pacce.RHUJI. 
I • '! 'l - pe3yAblllalllbl pa6oml21, 22/, 0 - pe3yAbllla111 pa6o
lllbl 1 I. 

10' 

dl!idt mbi(GeV/c)' 

00 
0 "·p :·.:. 0\ 

j lt(
41 

::1·: \ 
1() ~j__ 

0.2 05 1D 20 
-t(l>eV/c)' 
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0 0 0 k- p 10l 
100 o\ 

J(r'~ ~~~~-· 
,, \ 
YJ''~ f 

n{_...i...._ .... L ... LLU. .. LI..L....._._ ... ....I..-_ ... ~-
0.2 0.5 1.0 20 

-t(GeV/c)2 

Puc. 10. CmeneHHaJI 3aeucuMOCIIIb da/dt - t -,\ OAJI 11-p, 
K-p ourP¢epeHliUQAbH020 Ce'leH¥)17 ynpyzozo pacce.RHUJI e 
06Aacmu ltl,. 0,5 -7-2,0 IF3Bicl l!. 

10 1 .. l dc5idl m61 (GeVkl' 

000 
1)' oq.. "•p 

10~~ \ -·· 
1()''[ 

~-· \ 
10'' 

L:oc:t.2~a'-'5'-"-''-!-,o,-;;-2D=--
-t(GeVicl' 

10' t~~ miJ{(GeVtcl' 
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ll' 0\ 
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~-l 
~~-
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Puc. 11. To xe, 'IIIlO Ha puc. 10, HO OAJI 11 +P , ~P ynpyzozo 
pacce.RHUJI /1/, 
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«J'f' dC/d! m~/(GeV/C~ PP 

, •---,.....,_ -t .. aJ(CeV/cJ2 l)t •., ~~---·-· 
·-.,. \ ... 

ll'' 

I)'' 

ll'' 

-~ "'......._ -t·ro.BGe\1/cJ' 
''~. ~.c..:=. __ 

..;;_!l;t, 

'~~1t:JIGe\I/CJ' 
/ -i 
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' 11 20 40 m 200 400 1100 2000 :m> 
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Puc. 12. s- 3QBUCUMOCIIIb ourjNjJepeHijUQAbHOZO ce~eHUJI pp -
ynpyzozo pacce.RHU.R npu ¢uKcupoeaHHblX 3Ha~eHU.RX t • 
IlyHKIIIUpHbl€ AUHUU npoeeOeHbl HQ 2AQ3, cnAOWHbl€ AUHUU 
noKa3bJBaKJm noeeoeHue ce~eHuii npu PJia6.= 40 F:JB/c, 
CA€0Y10JI#€€ U3 rc I. , ! , • J ~ - pe3yAbiiiQIIIbl pa-
6om 71 2, 23, 24/ 0 - pe3yAbmam pa6om~1 /I I 

llpu t = -0,8 I F:JB/c/ 2 noB:BJIB:eTeB: JaMeTuoe paexo)l(~euue. 
B o6naeTH It I 2: 1 I F:JB/c/ 2 rc eHJibHO HapyweH. ,lJ.eu
eTBHTeJibHO, npu t = -1,3 I F:JB/c/ 2 npu 45 raB/c 

B(s,t)=O /1/ 
' ll03TOMy 

dapp 
dt-(s,t>, B eOOTBeTeTBHH 

e /12/, ~OJI)I(HO paeTH e 3Heprueu a pauoue s ,so F:JB 2. 
113 puc. 12 BH~Ho, 'iTO eeqeuue, uao6opoT, 6bleTpo na~aeT, 
T .e. rC npH 3THX 3Ha'ieHHJIX s H t eHJibHO HapyWeH. 3TO 
MO)I(HO 06bB:eHHTb TeM, 'iTO H3-3a ~eeTpyKTHBHOH HHTep-
4JepeHl{HH nomoea lloMepauqyKa u eonpoBO)I(~aiOwux ero 
BeTBJieHHH HX eyMMapHLIH BKJia~ B aMllJIHTy~y pp-paeeeB:HHJI 
B 3TOH o6naeTH HaeTOJibKO MaJI, 'iTO BKJia~ BTOpH'iHbiX 
pe~)I(HOHOB urpaeT 3aMeTHYIO ponL onnoTL ~o s"' 400 F:JB 2. 

daPP I I 11HTepeeHa 3aBHeHMOeTL --- (s, t) OT S npH t 
dt 

daPP 
1,5 /F3Bjcj 2.MHHHMYM B t-3aBHeHMOeTH --dt-(s,t) e 

poe TOM s e~ouraeTeJl B eTopouy MeHLWHX it I, u npu 
s ?.. 400 F:JB 2 TO'iKa t = -1,5 I F:JB/c/ 2 oKa3LIBaeTeB: 
npaoee MHHHMyMa. llpH 3TOM B (s, t) < 0 H 3HaK npaBOH 
qaeTH /12/ MeHJleTeJl. 3THM o6bB:eHB:eTeB: pe3KHH H3JIOM 

14 

B xo~e Kpusou ua puc. 12 B TO'iKe s"' 400 F:JB2. HaKoueu, 
nput =-2 I F:JB/c/'l.upu JHeprHJIX ISR B<s,t), 0 u B eooT
seTeTBHH e /12/ /eM. puc. 12/ ua6mo~aeTeJl poeT eeqeuuu. 
3aMeTHM, 'iTO OTeyTeTBHe aHaJIOrH'iHOrO llOBe~eHHJI eeqeHHH 
rrp H Kp ynpyroro paeeeB:HHJl roBOpHT 0 TOM, 'iTO MHHHMYM 
B t - 3aBHeHMOeTH ~u4J41epeHl{HaJibHLIX ee'ieHHB 3THX peaK
l{HH MO)I(eT noB:BHTLeJl TOJILKO npu itl > 2 I F:JB/c/.2 

,l).o eHX nop npH paeeMOTpeHHH rC Mhl npeue6peraJIH 
BKna~oM pe~)I(HOHOB B aMnJIBTY~Y paeeeB:HHJl. O~HaKo yqeT 
3TOrO BKJia~a MO)I(eT BHeeTH onpe~eJieHHYIO nonpaBKY B Be
JIH'iHHY JHepreTB'ieeKoro HaKnoua ~u4J41epeuuuaJILHoro eeqe
HHJI /12/. 3Ty nonpaBKY MO)I(HO Ol{eHHTb, eeJIH yqeCTL 
B aMllJIHTy~e paeeeJIHHJI BKJia~ BTOpH'iHLIX pe~HOHOB, 

TOr~a B nepBOM npH6JIH)I(eHHH 

da I 
1

2 -d "' f p + 21m f p · lm (f R + f H ) . 
t + 

/14/ 

,l).JIB: Ol{eHKH llOpB:~Ka BeJIH'iHHLI 3TOrO HapyweHHJI 6y~eM 
Y'iHTLIBaTb TOJibKO f R_' TOr~a 

(dln(da/dt)) "'<1-a'>qJi:J (t))o( t>. /15/ 
P8i-1lK11011 S, dIns 

3~eeL 

0 ( S, t) 
t\ x p ( S, t) 

/16/ 
da ) da - )) (- (xp + -- (xp 
dt dt 

B pa6oTe /1/ 6Lino noKa3auo, 'iTO ~JIB: rrp u Kp -pae
eeB:HHH 0 (s, t) eoeTaBJIJleT 5-10~ H nonpaBKa /15/ He 
3aMeTHa B npe~enax 3KenepuMeHTaJILHO:ii TO'iHOeTB. B eny-
qae pp -paeeeB:HHJI o(s,t) pe3KO B03paCTaeT npB jtj > 
> 1 I F3B/c/ 2 H rc OKa3LIBaeTCJI CHJibHO HapyweHHLI~. 
- + + -

,lJ.ucW>epeuuuaJILHLie eeqeuuJl rr-p, K-p , pp u pp ynpy-
roro pacceJIHHJl, onpe~eneHHLie B JKcnepuMeHTe, BLinonueu
HOM npu 3Hepruu 40-45 F:JB ua cepnyxoocKoM ycKopuTene, 
no3BOJIJIIOT ycTaHOBHTL pJI~ HHTepecHLIX illaKTOB. 

1. BKna~ BTOPB'iHLIX pe~uouoB B aMnJIHTy~y rrp u 
Kp ynpyroro pacceJIHHJI y)l(e npu 40 F:JB/c B o6nacTu 
~o it\ 'S_ 2 I F:JB/c/ 2 ue npesLiwaeT 5·710~. 

2. H3y'ieuue JHepreTB'ieCICo:ii 3aBBCHMOCTB BICJia~a BTo
PB'iHLIX pe~HOHOB C OTpBUaTeJILHOB CHrHaTypoi yKa3LIBaeT 
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Ha HaJIH'IHe pe3KOrO H3JIOMa B XO,IJ,e a ~cpcp (t) npH t "" t c . 

JTO CBH,IJ,eTeJibCTByeT B DOJib3Y TOrO, 'ITO KpOCCOBep· 

3~eKT o6yCJIOBJieH ,IJ,eCTPYKTHBHOH HHTep~epeHUHeH BKJia· 

.Il,OB DOJIIOCa H BeTBJieHHH. 

3. KaapKOBble COOTHOWeHH!l Me)I(.IJ.Y f! 77P (s,t) H 1'1. Kp(s,t), 

nonyqeHHble B ,IJ,aHHOH pa6oTe, xopowo cornacyroTc!l c pe-

3YJibTaTaMH 3KCnepHMeHTOB npH HMDYJihCaX 40 H 

10,4 F3B/c. 
4. Bnepable noKa3aHo, 'ITO reoMeTpH'IeCKHH cKeHJIHHr 

B rrp H Kp ynpyroM pacce!lHHH HMeeT MecTo B HHTepaane 

.IJ.O \t\ ~ 2 I F3B/cl 2 , Ha'IHHa!l c s "' 80 F3B 2. Ilpoae,IJ,eH· 

Hble OUeHKH DOKa3aJIH, 'ITO OTKJIOHeHH!l OT rC npH 3TOH 

3HeprHH HaXO.Il,JITC!l B npe,IJ,eJiaX 3KCnepHMeHTaJibHbiX OWH60K. 

5. HHTepecHo OTMeTHTh TaK)I(e, 'ITO 3aBHCHMOCTh 

da da 
--<s t)/--(s 0) 

dt ' dt ' 
HBJIHeTCH YHHBepcaJibHOH ~YHKUHeH 

npoH3Be,IJ,eHH!l atot • t .IJ.JI!l rrp H Kp pacce!lHH!l, Ha'IHHa!l 

c PJJa6. ,40 F3B/c. 
6. ~H~epeHUHaJibHble ce'leHH!l rrp H Kp pacce!lHH!l 

npu 40 F3B/c H 0,5:5 \ t I :5 2 I F3B/cl 2 3aaucn cTeneH· 

HhiM o6pa30M OTt: ~(s t)-t-A r,IJ,e A
77

p ,4,7 ,AKP,4. 
dt ' , 

JTO npHBO.Il,HT K yHHBepcaJihHOCTH 3HepreTH'IeCKOH 3aBHCH· 

MOCTH da I dt ( s, t) npH ~HKCHpoaaHHhiX t . 

7. IloKa3aHo, 'ITO B ynpyroM pp ·pacce!lHHH npu 

40 F3B/c H \t\ ::::.. 1 I F3B/cl 2 rc pe3KO HapyweH, 'ITO 

06'bHCH!leTC.!I B3aHMHOH KOMDeHCaUHeH BKJia,IJ,OB DOJIIOCa H 

BeTBJieHHH B DOMepOHHOH 'laCTH aMDJIHTY.IJ.hl H OTHOCHTeJibHO 

60JibWHM BKJia,IJ,OM BTOpH'IHbiX pe.Il,)I(HOHOB. 

8. HaJIH'IHe rc B rrp H Kp -pacce!lHHH B HHTepBaJie 

\t\ 'S_ 2 I F3B/cl2 yKa3hiBaeT Ha To, 'ITO B 3THX npoueccax 

MHHHMYM B .Il,H~epeHUHaJibHbiX Ce'leHH.!IX MO)I(eT npO.!IBHTbCH 

c pocToM 3HeprHH JIHWh npu \t\ > 2 I F3B/cl 2 • 

IJocJie 3aBepweHHH HaCTOHIUeH pa60Tbl DOHBHJiaCb pa6o· 

Ta liaprepa H q,HJIJIHDCa/ 6/, B KOTOpOH paCCMOTpeHbl 6JIH3 • 

KHe aonpochl. TeM He MeHee, pe3yJihTaTbi pa6oT He nepeKpbi· 

aaiOTCH. B/6/ HJyqaeTcH .IJ.BH)I(eHHe c 3Heprue8 noJIO)I(eHHH 

KpOCCOBepa JIHWb C TO'IKH 3peHHH reOMeTpH'IeCKOrO CKeH· 

JIHHra H o6cy)I(,IJ,aeTCH runoTe3a YHHBepcaJibHOCTH rc. 
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B JaKJIIO'IeHHe H xoqy Bblpa3HTh 6naro,IJ,apHOCTh IO.M.Ka-

3apHHOBY 3a HHHUHHpOBaHHe pa60Tbl, DOJie3Hble 06Cy)I(,IJ,eHHJI 

H UeHHble 3aMe'laHHH. 
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