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Comparison of Some Inclusive Characteristics of 
pp Interactions at 22.4 GeV/c Momentum with 
the Predictions of the Quark-Parton Model 

Inclusive characteristics of pp interactions at 
22.4 GeV/c momentum are compared with the predictions 

of the quark-parton model using collective variables. The 
model describes qualitatively the experimental data in 
contrast to the cylindrical phase space model. Possible 
ways of further modification of the quark-parton model 
are discussed. 
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K HacToR~eMy apeMeH~ y~e HaKonneHa 3Ha4~TenbHaR ~H$OpMa
~~R o MHO)f(eCTBeHHOM po~Ae~~~ 4acT~~. A~HaM~Ka MHO)f(eCTBeHHO
ro pO~AeH~R HaCTOn b KO CnO)f(Ha, 4TO BbiAeneH~e ~ paCCMOTpeH~e 

OTAenbHOH rpynnbl AaHHbiX BPRA n~ MO)f(eT np~BeCT~ K 6onee rny-
60KOMY nOH~MaH~~ npo~ecca. no3TOMY MOAen~, OCHOBaHH~e Ha 
reHepa~~~ co6~T~H no MeTOAY MOHie-Kapno, npeA<.TaBnR~TCR 

oco6eHHO YA06H~M~ AnR cpaeHeH~R pe3ynbTaToe, nony4eHH~x 

np~ npOCTbiX TeOpeT~4eCK~X npeAnOnO~eH~RX, C W~pOK~M Ha6opOM 
3Kcnep~MeHTanbH~x AaHH~x. 

CpaeHeH~e HeKOTOp~x ~HKn~3~BH~x ~ nony~HKn~3~BH~x pac
npeAeneH~H pp-e3a~MOAeHCTB~H np~ ~Mnynbce 22,4 r3B/c 
C npeACKa3aH~RM~ KBapK-napTOHHOH MOAen~ / 1 / y)f(e npOBOA~nOCb 
B pa60Te 121. D~no nOKa3aHO, 4TO MO/lenb HennOXO on~CbiBaeT 
3KCnep~MeHTanbHble OAH04aCT~4H~e ~HKn~3~BHble xapaKTE'P~CT~K~. 

no3TOMY 11MeeT CMbiCn npoeeCTI1 aHanl13, B PnMKaX 3TOH MOAenl1, 
6onee cno)f(H~x KonneKTI1BH~x xapaKTepi1CT11K · pp-a3ai1MOAe.:i
cTe~A, TaKI1X, Hanp~Mep, KaK MHOr04aCTI14H~e KOppenR~I111. no
AOfiHbiH aHanl13 Mo~eT oKa3aT bCR none3H~M AnR AanbHe.:iwero pa3-
B11TI1R KBapK-napTOHHOH MOAen~. 

Hcnonb3yeMaR HaMI1 MOAe.Jlb MOAenl1pOBaH~R C06biT11H 111 OCHOea
Ha Ha cneAy~~eH 11HTYI1TI1BHOH KapT~He npo~eCCOB np11 B~COKI1X 

3Hepr~RX /eM. TaK~e 1 3-51 I. PeaK~I1R Ha411HaeTcR c e3ai1MOAe.:i
CTBI1R MOpCKI1X KBapKOB, 3aTeM o6a aApOHa B036y)f(Aa~TCR, rn~OH~ 

npeapa~a~TCR B KBapK-aHT11KBapKOB~e nap~, KOTOp~e o6ora~a~T 

MOpe, 11, HaKOHe~, COCeAH11e no 6~CTpOTaM KBapK~ peKOM611HI1PY~T 
no 3aKoHaM SU(6) -c~MMeTpl1~ e cTa6~nbH~e aAPOH~ 11n11 pe3o
HaHCbl. Ha nocneAHe.:i CTaA~11 pe3oHaHc~ 1130TponHo pacnaAa~TCR 
B COOTBeTCTBI111 C 3KCnepi1MeHTanbH~M11 eepORTHOCTRMI1 pa3H~X 

MOA pacnaAa. B Ka4eCTBe pacnpeAeneH~R napaMeTpoe napTOHOB 
BHYTP~ Ha4anbH~x aApOHOB 11Cnonb3y~TCR $YHK~I111 KyTI1-Ba.:icKon
$a 161. PO)f(AeH~e CTpaHH~X KBapKOB noAaBnReTCR C nOMO~b~ $eHo-
MeHonorl14eCKOrO $aKTopa A= s/u = 0,22. TaK11M o6pa3oM, 
Ka)f(AOH KOH$11rypa~~l1 reHepl1pOBaHH~X napTOHOB npi1CBai1BaeTCR 
eec 

dWN (y1 , pT 1, ... ,yN ,pTN)- an W1d V(X1 , X2 ,X 3 )V(X4 .Xr,.X 6) x 

N 2 2 N -+ N N 2 /1/ 
x exp(-};pTi/ R )8(}; p 1 )8(E-};E 1) lldy . d pTi' 

1 1 1 1 1 

rAe P 1, PT!, y 1 , E 1 - 11Mnynbc, nonepe4H~H 11Mnynbc, 6~cTpo
Ta 11 3Hepr~R i -oro napTOHa COOTBeTCTBeHHO; N - nonHOe 411CnO 
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napTOHOB jN = 6 + 2 n, rAe n - 41-'tCilO MOpCKHX KBapKOB/; G - na
paMeTp, peryilHPY~~I-1~ cpeAH~~ MHOmeCTBeHHOCTb napTOHoa;Wid

¢laKTOp, BBOAI-IMbl~ AflR 1-1AeHTI-14HbiX napTOHOB * 1-1 V(X i .Xi ·~l- ¢laK
TOp AilR aaneHTHbiX KaapKoB V(Xi,X ., Xk) =<I Xi i· IX .1 · IXk i) Y2, 
I Xi - OTHOCI-ITeilbHble AOilH 1-iMnynbtoa cTa!lKI-IBa~~~-~xcR aApOHOB 
a c ·ll· M. , yHOCI-IMble aaneHTHbiMI-1 KaapKaMH/. oblcTpOTbl 1-1 1-1Mnyn b
Cbl napTOHOB reHepl-lpy~TCR B COOTBeTCTBI-11-1 C npOCTO~ MOAeilb~ 
I..II-1Ili-1HAPI-14ecKoro ¢la3oaoro o6beMa 1 71• CneAyeT OTMeTI-ITb, 4TO 
B paccMaTpi-IBaeMO~ MOAe!ll-1 3¢l¢leKT Ha!ll-141-ifl Ili-IAHPY~~I-IX 4aCTHI..I 
y4TeH c noMO~b~ ¢laKTOpoa V(Xi , Xj,X k) B /1/. 

HaAO yKa3aTb Ha orpaHH4eHI-1R paccMaTpHaaeMo~ MOAeilH : 
1/ npOI..IeCC A1-1¢lpaKI..II-10HHO~ AHCCOI..II-iai..IHI-1 e~ He Oni-ICbiBaeTCR; 
2/ B MOAe!ll-1 Y4TeHa TOilbKO peKOM6HHai..IHOHHaR 4aCTb aHHI-IrHilR-
1..11-11-1, T.e. -50% nonHoro aHHHri-IIlRI..II-IOHHoro ce4eHI-1R; 3/ npeHe6-
peraeTcR 6o3e-cHMMeTpl-1e~ TOmAeCTBeHHbiX 4aCTI-11..1 B KOHe4HOM 
COCTORHI-11-1; 4/ o6pa3y~~l-1eCR aApOHbl RBilfi~TCR 4IleHaMH TOilbKO 
HI-13WHX SU(6) MYil bTHnneToB c aecaMH, B3RTbiMI-1 1-13 pa6oTbl ; s ; ; 

'5/ np~-1 peKOM6!-1Hal..ll-11-1 KBapKOB B aApOHbl 3Hepri-1R COXpaHReTCR 
TOilbKO npH6!1HlKeHHO /peKOM61-1HI-1PY~T COCeAHI-Ie no 6biCTpOTe 
KBapKH/. 3TO npHBOAI-IT K Cili-IWKOM fiOilbWO~ Be!lH4HHe OTHOWeHHR 
npRMO pO)i(AaeMbiX p -Me30HOB K 77-Me3oHaM, paBHO~ -3. KaK 
6blno noKa3aHo B pa6oTe 191, y4eT coxpaHeHI-IR 3HeprHI-1 B npo1..1ecce 
CilHRHHR THna .Qpenna- .f!Ha MOmeT H3MeHHTb 3TO OTHOWeHHe AO 
3Ha4eHHR 0, 3. MaccoBbl~ ¢laKTOP 1/ m • m ..l , KOTOPbl~ nOR8nReTcR 
B pe3y!lbTaTe TaKHX paC4eTOB, CileAyeT , OAHaKO, nOHI-IMaTb KaK 
¢leHOMeHOI10rl-14eCKH~, nOCKOilbKy HeRCHO, KaKI-IM o6pa30M MOmHO 
npeHe6pe4b BHpTya!lbHOCTb~ K8apKOB npl-1 TaKI-IX Ma!lbiX Maccax, 
KaK mp H m 77 . Bee 3TI-1 orpaHH4eHI-1R MOAeilH CileAyeT HMeTb B BH
AY npH cpaaHeHHH ee npeAcKa3aHH~ c 3KcnepHMeHTa!lbHbiMH AaH
HbiMH. 

B pa3Aene 1 KOpOTKO onHcblaaeTcR npo1..1eAypa o6pa6oTKH 3K
cnepHMeHTa!lbHbiX AaHHbiX, B pa3Ae!le 2 o6cymAaeT~R CTPYKTypa 
pacnpeAe!leHHR HMny!lbCOB BTOpH4HbiX 4aCTHI..I B pp -83aHMOAe~
CT BHRX, 8 pa3Ae!le 3 C$OPMYI1HPOBaHbl OCH08Hble Bb180Abl. 

1. i!POI..IeAYPa o6pa6oTKH 3KcnepHMeHTa!lbHbiX AaHHbiX 

06cymAaeMble B CTaTbe pe3y!lbTaTbl 6b1!1H nOily4eHbl Ha CTC!THC
TI-IKe-24000 COfibiTH~ C MHOmeCTBeHHOCTb~ 3apRmeHHbiX 4aCTHI..I 4, 
6, 8, 10, nony4eHHbiX npH o6ny4eHI-1H BOAOPOAHOH KaMepbl 11Jl~AMH
na11 ny4KOM aHTHnpOTOHOB c HMnynbCOM 22,4 r3B/c. Co6biTI-1R 
o6C4HTb1Ba!lHCb no nporpaMMaM reoMeTpH4eCKOH peKOHCTPYKI..II-11-1 

·* B I-1CnOilb3yeMO~ HaMH BepCHI-1 MOAeilH 3TOT ¢laKTOp 3aBb1WeH 
/eM. 1 11 I, 4TO noeneKno 3a co6oi:i HecTaHAaPTHoe 3Ha4eHI-1e na
paMeTpa nOAaB!leHHR pomAeHHR CTpaHHbiX KBapK08 A =0,22, 8MeCTO 
06bi4HO npHMeHReMOrO A= 0,4 7 0,5. 
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MDTHRESH 1-1!11-1 HYDRA. noAp06HOCTH o6pa60TKH 3KcnepHMeHTanb
HbiX AaHHbiX ny6IlHKOBa!li-1Cb paHee B pafioTaX I lO,ll l . 4aCTHI..Ibl 
C HMny!lbCOM B na6opaTOPHO~ CHCTeMe pna5. < 1,5 r3B/c HAeHTH
¢lHLIHP08a!lHCb 8H3ya!lbHO no Ol..leHKe nnoTHOCTH I-IOHH3ai..IHH. oblcT
pble 4aCTHI..Ibl C ¢le~HMaHOBCKO~ nepeMeHHO~ X > 0,66 C41-1Ta!lHCb 
aHTHnpOTOHaMH. noc!leAHI-1~ KPHTepH~ OCHOBaH Ha I-1CnO!lb308aHHH 

CP- ·cHMMeTPHH Hawe~ peaKI..IHI-1, a HMeHHO, Ha cpaaHeHHH oT
pameHHbiX cneKTPOB 77+-Me30HOB 1-1 npOTOHOB CO cneKTpaMH OTpH
I..IaTeilbHbiX 4aCTHI..I B CI-ICTeMe l..leHTpa Mace. npi-IMeCb npOTOHOB, 
aHTI-1npOTOH08 1-1 KaOH08 8 cneKTpax 77-Me30HOB nocne npHMeHe
HHR TaKO~ npOI..IeAYPbl COCTaB!lReT COOTBeTCTBeHHO 5 %, 12% 1-1 2,5 %. 

2. H3y4eHHe CTPYKTYPbl B3aHMOAe~CT8H~ 
B HMny!lbCHOM npOCTpaHCTBe 

MeTOA H3y4eHHR KOH$Hrypa1..11-1~ 4aCTHI..I B HMny!lbCHOM npOcT
paHCT8e 8 npo1..1eccax MHomecT8eHHoro pomAeHHR 6bln npeAilOmeH 
B pa6oTe 1121 1-1 HCnOilb30BaH npH nOHCKe BbiCTpOeHHOCTH HMnynb
COB 4aCTHI..I B aAPOHHbiX l lS,l 4 l H e+e- -e3aHMOAe~CTBHRX 115,161. 

.QnR TOro, 4T06bl Ha~TH CHCTeMy r!laBHbiX OCe~, AilR KamAOrO 
C06b1THR He06XOAHMO AHarOHa!ll-131-iPOBaTb TeH30p 81-iAa: 

nch 
Ta/3 = I (Sa/3-+ 2 _ a {3) p . p . p . • 

i= 1 1 1 1 
/2/ 

rAe nch - 4HCI10 3apRmeHHbiX 4aCTHI..I, p~ - KOMnOHeHTbl I-IM
ny!lbCa i-TO~ 4aCTHI..Ibl 8 CHCTeMe l..leHTpa MaCC 1-1 a, {3 =1,2,3. 
EcnH ynopRA041-1Tb co6cTBeHHble 3Ha4eHHR TeH3opa cneAY~HM o6-
pa3oM A1 > A2 >As, TO C$epH4HOCTb S onpeAe!lReTCR KaK 

2 
3 A s 

3 
· ~ PTi /ocHoeHaR ocb/ s = ---- = ---1...----'.....::.::.;.;.;:..;;;.;.;.;:;;;.,;,_.:...: 

IA 2-Ip2 
a a i i 

/3/ 

Deb es /OTHOC~~aRCR K As/, no OTHOWeHH~ K KOTOPO~ CYMMa 
KBaApaTOB nonepe4HbiX HMnyilbCOB MHHHMa!lbHa, R8I1ReTCR rnaBHOH 
OCb~. OcHOBHaR nngcKOCTb onpeAeilReTCR 8eKTOpaMH es 1-1 e2 
/pHC. 1/. HanpaBileHI-Ie ny4KOBOH 4aCTHI..Ibl 3aAaHO B CHCTeMe 
rnaBHbiX OCeH nOilRPHbiM yr!lOM EJ B 1-1 a3HMyTa!lbHbiM yr!lOM cp B 
/CM. pHC. 1/ • .QilR H3y4eHHR CTpyKTYPbl C06b1TH~ B HMny!lbCHOM 
npOCTpaHCT8e, KpOMe c¢lepH4HOCTH S HCnOilb3Y~TCR TaKme Be!lH-
41-iHbl I 151 

Qa 

2 
2Aa IpiL 

=1- -- =--1!-:-::;:--
IAa Ip~ 
a ' 1 

/4/ 
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rAe p .L- npOAOnbHaR KOMnOHeHTa HMnynbca OTHOCHTenbHO rnaa
HOI1 O~H H_:.~Qa=l, Q1_$ Q2 ~Q3 • Ha AByMepHo~ AHarpaMMe Q 1 vs 
(Q3 -Q 2)/V3 · ace C06b!THR 6YAYT HaXOAHTbCR B 3aWTPHXOBaHHOI1 
o6naCTH TpeyrOnbHHKa C B~COTOI1, paBHOI1 1 /pHC. 2/. JlnR c¢e
PH4eCKHX, AHCK006pa3H~X HnH ABYXCTpyi1Hb!X KOH¢Hrypa~HI1 C06~

THR 6YAYT KOH~eHTPHPOBaTbCR B OAHOM H3 yrnoB TpeyrOnbHHKa, 
KaK 3TO noKa3aHO Ha PHC. 2. JlnR H3y4eHHR BbiCTpOeHHOCTH 
nonepe4H~X MMnynbCOB 4aCTH~ B C06blTHM BBOAHTCR nnaHapHOCTb 

2,\3 
p = _...:::.__ (\ < ,\ 2) /5/ 

,\ 2+,\ 3 

c noMOlllb~ co6cTBeHH~x 3Ha4eHH~ TeH3opa Ta~ rAe a,/3 =2,3 . 

e1 

ny40K 

e3 L::::::::.._____::..........L.. __ 

PMc. 1. CHcTeMa "rnaaH~x 
OCe~": e3 - rnaBHaR OCb, 
OCM e 3 H e-+ 2 OnpeAenR~T 
rnaaHy~ nnocKOCTb. 

PHc. 2 . .QayMepHaR AMar

paMMa Ql vs(Q3 -Q 2)/ V3 • . : 
j 3awTpHXOBaHH~M TpeyrOnb
l HHKOM nOKa3aHa KHHeMaTH-
4eCKaR o6nacTb AnR aenH4HH Q 1 
H (Q3-Q2)/ j3. 

Ha pHc. 3 npHBeAeHb! cpeAHHe 3Ha4eHHR nnaHapHOCTH < P > exp 
AnR peanbH~x co6btTHI1, nnaHapHOCTH < P CPM> AnR co6btTH~, creHe-
pHpoaaHHblX no MOAenM ~HnHHAPH4ecKoro ¢aaoaoro o6DeMa /CPM/ 171 

6 

S,P 

06 

0.1 

__ .. -
~~ 

~ 

+ <PcPH> 
o <PaPH> 
x <f!.~xp> 
o <fTexp> 

• <Sev> 
a<Srm.i> 

4 6 8 10 nch 
PHc. 3. CpeAHee 3Ha4eHHe nnaHapHOCTH B saBHCHMOCTH OT MHO-
~ecTBeHHOCTH 3apR~eHH~X 4aCTH~ AnR 3KCnepHMeHTanbH~X C06~
TH~ (Pexp),AnR 3KcnepHMeHTanbH~x co6~TH~ 6es nap H3 o6nacTH 
HHTep¢epeH~HH (P:x ),AnR co6~TH~, creHepHpOBaHH~X no MOAenH 
~HnHHAPH4ecKoro ¢a~oeoro o6DeMa (PCPM) , 171 H co6~TH~, cre
HepHpoeaHH~x no KBapK-napTOHHO~ MOAenH (PQPJ 111 . CpeAHHe 
3Ha4eHHR 3KCnepHMeHTanbHO~ c¢epH4HOCTH Sexp H c¢epH4HOCTH 
SQPM AnR co6~TH~, creHepHpoeaHH~X no KBapK-napTOHHO~ MO
AenH. 

H nnaHapHOCTH < PQ > AnR co6blTH~, creHepHpoeaHH~x no KeapK-
w PM . / 1/ n napTOHHOH MOAenH (QPM) . naHapHOCTb P AnR COBOKynHOCTH 

3KcnepHMeHTanbH~x co6~THI1 ecerAa MeHbwe, 4eM AnR creHepHpo
eaHH~x. 3TO 03Ha4aeT, 4TO peanbH~e C06~THR RBnR~TCR B cpeA
HeM 6onee B~CTpOeHHblMH. ~3 pHC. 3 BHAHO TaK~e, 4TO pa3HH~a 
Me~AY <PQPM > H < P ex > A~R nch < 10 3Ha4HTenbHO MeHbWe, 4eM 
Me~Ay <Pcpt.( H <P ex '!! • .QeHCTBHTenbHO, KaK BHAHO H3 pHC. 4, 
KBapK-napTOHHaR M~Aenb BnOnHe YAOBneTBOPHTenbHO OnHCb!BaeT 
3KcnepHMeHTanbHb!e AH¢¢epeH~HanbHb!e cneKTPb! dN/ dP. EcnH 
H3 Ha6opa 3KCnepHMeHTanbHblX C06~TH~ HCKn~4HTb C06blTHR, B KO
TOpblX npHCyTCTBy~T napb! 4aCTH~ H3 o6naCTH HHTep¢epeH~HH* 1 17 ~ 
TO pa3HH~a Me~AY 3Ha4eHHeM nnaHapHOCTH AnR OCTaBWHXCR C06b!
TH~ < P ;x > H < P QPM > HeMHOrO yMeHbWHTCR AnR nch :::: 8. ~HTe
peCHO O~MeTHTb, 4TO ny4Wee cornacHe Me~AY npeACKa3aHHRMH 
KBapK-napTOHHO~ MOAenH H 3KCnepHMeHTanbHblMH 3Ha4eHHRMH nna
HapHOCTH Cyl!leCTByeT AnR He6onbWHX MHO~eCTBeHHOCTe~ (nch= 4 H 6) . 
3TO H He AOn~HO YAHBnRTb, TaK KaK 3Ha4HTenbHaR 4aCTb C06b!
TH~ C 6onbWHMH MHO~eCTBeHHOCTRMH OTHOCHTCR K aHHHrHnR~HOHHblM 
KaHanaM, a BKnaA aHHHrHnR~HH Y4TeH B KBapK-napTOHHO~ MOAenH 
nHWb 4aCTH4HO. K TOMY ~e AnR n ch ?:. 6 Mo~eT 6b!Tb cyl!leCTBeH-

* napb! c qT < 0,2 r3B/c H q 0 < 0,1 ~3B/c 2 , rAe q = (q0 ~qT)=Dr-i>:l , 
pa3HOCTb 4eTb!peXHMnynbCOB 4aCTH~ H qT- KOMnOHeHTa q , nep
neHAHKynRpHaR K CYMMapHOMY HMnynbcy P1 + p 2 napb! 4aCTH~. 
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a p 
PHc. 4. PacnpeAeneHHe no nnaHapHOCTH Anfl 3KcnepHMeHTanbH~x 
co6b!THH I rHcTorpaMMa/ H Anfl co6~THH, c reHepHpo8aHH~x no 
K8apK-napTOHHO~ MOAenH /KpH8afl/ Anfl MHO~eCT8eHHOCTe~ 3apfl
~eHHbiX 4aCTHI..I nch= 4,6,8 H 10. 

H~M po~AeHHe Tfl~en~x pe3oHaHC08 H3 8~CWHX SU~) -MynbTHnne
T08, KOTOpbiM 8 MOAenH npeHe6peraeTCfl. npol.leCCbl AHctJpaKI..IHOH
HO~ AHCCOI..IHal.IHH, KOTOP~MH TaK~e npeHe6peraeTCfl 8 MOAenH, 
AaiOT 8KnaA, 8 OCH08HOM, 8 2-ny4e8ble co6~HHfl / l8 / . B 3aKnl04eHHe 
MO~HO CKa3aTb, 4TO Ha6niOAaeMaH 8~CTpOeHHOCTb nonepe4H~X 
HMnynbC08 4aCTHLI A080nbHO XOpOWO OnHC~8aeTCfl K8apK-napTOHHO~ 

MOAenb~ Anfl MHO~eCT8eHHOCTe~ 4, 6 H 8 /6onbWafl 8~CTpOeH
HOCTb 3KCnepHMeHTanbHbiX C06~TH~ C8fl3aHa C 3$$eKTOM CHMMeTpHH 
oo3e-3.:1HwTe~Ha H He onHc~8aeTCfl 1..1HnHHAPH4eCKHM ct>a.308biM o6"be
MOM. HanoMHHM, 4TO 8 K- p-83aHMOAe~CT8HHX npH HMnynbce 
8,25 r3B/c H 8 rrp -83aHMOAe~CT8HflX 8 o6nacTH 4-25 r3B/c / lS / 
Ha6niOAaeMafl 8enH4HHa nnaHapHOCTH TaK~e OTnH4aeTCfl OT npeA
CKa3aHH~ MOAHC!lHLIHP08aHHO~ MOAenH 1..1HnHHAPH4eCKOrO $a3080ro 
o6ceMa. 

Ha pHc. 3 npH80AHTCfl TaK~e 3aBHCHMOCTb OT MHO~eCT8eHHOCTH 
cpeAHHX 3Ha4eHH~ cctJepH4HOCTH < S exp > H < SQPM> ; 8HAHa 3Ha4H-

C 

• 

\ 
i~ 

TenbHaH pa3HHI..Ia Me~AY 3THMH 8enH4HHaMH. Ha6niOAaeTcH TaK~e 
pa3nH4He H Me~AY AHctJctJepeHI..IHanbH~MH pacnpeAeneHHHMH dN/ dS 
8 3KcnepHMeHTe H 8 K8apK-napTOHHOH MOAenH /pHc. 5/. MeHbwee 
3Ha4eHHe cctJepH4HOCTH, npeACKa3~8aeMOe K8apK-napTOHHOH MO
AenbiO, COOT8eTCT8yeT 6onee pe3KOH 8~CTpOeHHOCTH HMnynbC08 
4aCTHLI 8 creHepHp08aHH~X C06~THHX no cpa8HeHHIO C 3KCnepHMeH
TOM. 

PHc. 5. PacnpeAeneHHe no 
cct>epH4HOCTH Anfl 3KcnepH
MeHTanbH~X co6~THH /rH
CTOrpaMMa/ H Anfl C06~TH~, 
creHepHp08aHH~X no K8apK
napTOHHOH t-IOAenH /KpH8afl/, 
AnH MHO~eCT8eHHOCTe~ 3a
PH~eHHbiX 4acTHLI nch= L1, 6, 
8 H 10. 

50 
1rJH.. 
NdS 

0.4 

Q3 

Q2 

0.11 

a 

nch-4 

s 1. 

nHHHH pa8H~X nnOTHOCTeH Ha A8YMepHOH AHarpaMMe Q l VS 
(Q 3-Q 2); J3 · AnH 3KcnepHMeHTanbH~x H creHepHp08aKHbiX co6bi
TH~ nOKa3aH~ Ha pHC. 6-8. 4eTKO 8~pa~eHH~e AHCKO- HnH cctJepo
o6pa3H~e KOH$Hrypal.IHH He Ha6niOAaiOTCfl HH 8 MOAenHp08aHH~X 
co6~THHX, HH B 3KCnepHMeHTe. 3KcnepHMeHTanbH~e H MOAenHp08aH
H~e co6~THfl cocpeAOT04eHbl s6nH3H 11A8YXCTPY~HOH 11 o6naCTH. 
C 803pacTaHHeM MHO~eCT8eHHOCTH_nch t~aKCHMYM~ pacnpeAeneHH~ 

CA8HraiOTCH K MeHbWHM (Q3-Q2 ) / y3 H 60nbWHf.l BenH4HHaM Q1 . 
3TO 03Ha4aeT, KaK H CneAOBano OmHAaTb, 4TO 3KCnepHMeHTanbH~e 
~l MOAenHpOBaHH~e C06~THfl CTaHOBflTCfl 6onee cctJepH4HbiMH HnH 
{',HCK006pa3H~MH C POCTOM "IHO~eCTOeHHOCTH /pHC. 6-8/. KOHI..Ieii
Tpal.IHfl co6~THH s6nH3H ABYXCTPYHHO~ o6nacT.H 6onee 3aMeTHa 

s 
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PHC. 6. nHHHH paBHblX nilOTHOCTeH Ha ABYMepHOH AHarpaMMe Ql 

H (Q 3-Q2) f.J3 AilR 3KCnepHMeHTaJ1bHblX C06biTHH H C06blTHH, cre
HepHpoeaHHblX no KBapK-napTOHHOH MOAeJlH C n =6, OTHOpMHpO-
BaHHble Ha 100%. ch 

as a-a 
7f 

06 Q -Q 

~ 
PHC. 7. nHH~ paBHblX nJlOTHOCTeH Ha ABYMepHOH AHarpaMMe Ql 

H (Q3 -Qi) f../3 AJ1R 3KCnepHMeHTaJ1bHblX C06b1THH H C06b1THH, cre
HepHpOBaHHblX no KBapK-napTOHHOH MOAeJlH C nch=8, OTHOpMH
poeaHHble Ha 100%. 

AJ1R creHepHpOBaHHblX C06blTHH, 4eM AJ1R peaJlbHblX . 3TO BnOJlHe 
COOTBeTCTByeT paHee HaHAeHHOMY pa3J1H4H~ Me~AY 3KCnepHMeHTaJ1b
HOH eeJ1H4HHOH c~epH4HOCTH H coc4HTaHHOH no MOAeJlH. HanoMHHM, 
4TO C~epH4HOCTb peaJlbHblX C06blTHH B e+e- -a3aHMOAeHCTBHRX 
MeHbWe, 4eM O~HAaeTCR 1-13 pac4eTOB no ~a30BOMY 06DeMy. 3TOT 
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PHC. 8. nHHHH paBHblX nJlOTHOCTeH Ha ABYMepHOH AHarpaMMe Ql 

H (Q3-Q2 ) /y'a AilR 3KCnepHMeHTaJ1bHbiX C06blTHH H C06biTHH, C re
HepHpOBaHHbiX no KBapK-napTOHHOH MOAeJlH C ncb =10, OTHOpMH
poeaHHble Ha 100%. 

~aKT CBR3aH c ABYXCTPYHHOH CTPYKTypoa:\ e+e- -aHHHrHI1R4HH 
B npOTMBOnonO~HOCTb MHOrOCTpyHHOCTH aAPOHHblX B3aHMOAeHCTBHH 
/wecTH cTpya:i a c11y4ae pp -aHHH rHI1R4HH npH BbiCOKHX 3HeprH
Rx/ 1 19 ~ TaKaR CTPYHHaR CTPYKTypa 4aCTH4HO Y4TeHa B KBapK
napTOHHOH MOAe11H, nOCKOJlbKy KOH~Hrypa4HH C JlHAHPY~~HMH BaJleHT
HblMH KBapKaMH HMe~T 60J1bWHe eeca, onpeAeileHHble 4epe3 ~YHK4HH 
KyTwBaHCKOn~a B /1/. C APYrOH CTOPOHbl, ypaeHeHHe /1/ He 
OnHCblBaeT pO~AeHHR qq -nap C MaJlbiM nonepe4HblM HMnyJlbCOM 
OTHOCHTeJlbHO OCH CTPYH. no3TOMY B MOAeJlH AaeTCR 3aBbiWeHHOe 
3Ha4eHHe BblCTpOeHHOCTH HMnyilbCOB BAOJlb OCH peaK4HH. 3TO MO
~eT 6b1Tb OAHOH H3 npH4HH MaJlOH eeJ1H4H Hbl c~ePH4HOCTH a co6br-

THRX, paCC4HTaHHbiX no MOAeJlH. CJleAyeT nOA4epKHYTb TaK~e, 4TO 
pacnpeAeileHHe KyTH-Baa:icKon$a napTOHOB a npoTOHe /aHTHnpoTOHe/ 
npeACTaBJlReT C060H BeCbMa rpy6oe npH6J1H~eHHe K AeHCTBHTeJlb
HOCTH. HanpHMep, BBeAeHHe A06aa04HOro ~aKTOpa (1 -X)f3, ({3 > 0) 
AJlR Ka~AOro MOpCI<OrO KBapKa 12 1 CABH raeT MOpCKHe KBapKH 
K MeHbWHM 3Ha4eHHRM jX j H, CJleAOBaTeJlbHO, MO~eT nOBblCHTb 
eeJ1H4HHY c~epH4HOCTH. K TOMY ~e npeAnOJlO~eHHe o ~aKTOpH
ayeMOCTH KBapKOBblX nepeMeHHbiX X H p T MO~eT 6b1Tb HeBepHbiM. 

PaccMOTPHM Tenep b ymoeoe pacnpeAeJleHHe (Els.¢ B) OCH 
ny4Ka OTHOCHTeJlbHO CHCTeMbl rJlaBHblX OCeH. Ha pHC. 9 npHee
AeHbl pacnpeAeJleHHR dN I d cosEl B AJ1R 3KcnepHMeHTaJ1 bHbiX co6bi
THH H C06biTHH, reHepHpOBaHHblX no KBapK-napTOHHOH MOAem-1. 
3KcnepHMeHTaJ1bHble H MOAeJlbHble cneKTpbl HMe~T nHK npH COSEls=l , 
HO cneKTpbl reHepHpOBaHHblX C06blTHH Cy~eCTBeHHO OTJ1H4a~TCR 
OT 3KCnepHMeHTaJ1 bHbiX. 3TO npOHJlJl~CTpHpOBaHO TaK~C H B Ta611. 1 , 
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PHC. 9. 3KcnepHMeHTaJ1bHble pacnpeAeJleHHJ'I dN/d cos e B Alll'l 
nch = 4,6,8 H 10 /rHCTorpaMMa/ H Te >Ke pacnpeAeneHHJ'I AJll'l 
C06WTHA, creHepHpOBaHHWX no KBapK-napTOHHOA MOAellH /JlHHHH/. 
06a pacnpeAeJleHHJ'I HOpMHPOBaHbl Ha nOJlHOe 4HCJ10 C06WTHA AaHHOA 
TononorHH. 

Ta6n1-14a 1 

N1 (cosEl B ~ 0,9) N2 (cosElB < 0,9) 

0 ch 3KcnepHMeHT MoAellb 3KcnepHMeHT MoAellb 

1+ 77' 3+0' 1 89,6 22,7 10,4 
6 6lt, i+o, 1 89,2 35,3+0, 1 10,8 
8 53,9"+0' 1 83,8 46, 1+o, 1 16,2 

10 45,8~0,2 86,6 54,2::E0,2 13,4 
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rAe cpaBHHBaiOTCJ'I 3KcnepHMeHT'il11bHble 3Ha4eHHl'l A011H co6biTHA 
N1 C cos8B_?0,9 H N2 C cosElB <0,9 C COOTBeTCTBYIOillHMH 
3Ha4eHHl'IMH, pacc4HTaHHbiMH AJll'l reHepHposaHHbiX co6wTHA. MoAenb
HWe pacnpeAeJleHHJ'I MeHJ'IIOTCJ'I C pOCTOM MHO>KeCTBeHHOCTH JlHWb He-
3Ha4HTeJ1bHO, B TO BpeMJ'I KaK 3KCnepHMeHTaJ1bHWe cneKTpW CTa
HOBJ'ITCJ'I WHpe npH yBeJ1H4eHHH nch . PaHee 6bl110 HaAAeHO 120 1 , 4TO 
3KcnepHMeHTa11bHble pacnpeAelleHHJ'I no cosEls AJll'l nch =4 H nch=6 
xopowo onHcwsaiOTCJ'I c noMO~biO cynepno3H4HH ABYX 3KcnoHeHT 

dN a [ )] 1- a --= -exp -a1 (1 - cosElB +--exp[-a
2 

(1 -cosEl B)] . /6/ 
d cos ElB I 1 I 2 

3TO MO>KeT yKa3WBaTb Ha npHCYTCTBHe ABYX pa3HWX MeXaHH3MOB 
B pp -peaK4Hl'IX, HanpHMep, HeaHHHrH11l'I4HOHHOro /3KcnoHeHTa 
C 60J1bWHM HaKJlOHOM/ H aHHHrH11l'I4HOHHOrO /3KCnOHeHTa C MeHbWHM 
HaKJlOHOM/. AeAcTBHTellbHO, AOlll'l npo4eccoa, cooTBeTCTBYIOillHX 
3KcnoHeHTe c MeHbWHM HaKnoHoM, 6onbwe Alll'l n h=6, 4eM AJll'l 

v c 
n ch = 4 /Ta6n. 2/. C APYrOH CTOPOHbl, pacnpeAeneHHe no 
COS EJB AJll'l reHepHpOBaHHbiX COfibiTHA XOpOWO OnHCbiBaeTCJ'I TOJlbKO 
OAHOA 3KCnOHeHTOA BHYTPH HHTepeanacosEJB, npHBeAeHHOrO B Ta6n.2. 

Ta6111-14a 2 

nch 11HTepsan al a2 a x2/NF 

4 1-0,965 151,6:!:_27,2 27,0:!:_12,6 0' 34:!:_0' 18 0,88 

6 1-0,94 113' 1:!:_46 ,8 20,8:!:_5,0 0, 14:!:_0,06 0,52 

8 CBJ'I3H C 3THM HanOMHHM, 4TO B MOAellH Y4HTWBaeTCJ'I TOJlbKO OK0-
110 nonoBHHW aHHHrH11l'I4HOHHbiX co6biTHA. HeAOCTaTOK reHepHposaH
HWX C06biTHA B XBOCTe COSEl B -pacnpeAelleHHJ'I MOr 6bl 6b1Tb TaK>Ke 
CKOMneHCHpOBaH 3a C4eT ynOMJ'IHYTOA paHee MOAH$HKa4HH pacnpe
AeJleHHJ'I KBapKOB. 

PacnpeAeneHHe no yrny ¢ B H3y4anocb a pa6oTax 120 •211 

H 6wno HaAAeHO cy~eCTBeHHO OT11H4a10111HMCJ'I OT paBHOMepHOro C nH
KOM npH cp B = 0. 3TO 03Ha4aeT, 4TO ny4KOBaJ'I 4aCTH4a HMeeT 
TeHAeH4HIO lle>KaTb B OCHOBHOA nJlOCKOCTH. TaKoA 3$$eKT MO>KeT 
B03HHKaTb, HanpHMep, B CJ1y4ae, KOrAa 6011~WOA nOJlHWA yrnoaoA 
MOMeHT nony4aeTCJ'I H3 OTHOCHTellbHO Manwx napannellbHWX yrnoswx 

MOMeHTOB BTOpH4HWX 4aCTH4, 113 AaHHWX, npHBeAeHHWX Ha pHC, 10, 
BHAHO, 4TO pacnpeAeJleHHe no ¢ B , npeACKa3aHHOe B MOAellH, 
J'IBJll'leTCJ'I 6J1H3KHM K 3KcnepHMeHTaJ1bHOMy, XOTJ'I B MOAeJlH H He 
y4HTWBaeTCJ'I op6HTaJ1bHWA MOMeHT rpynnw 4aCTH4, AJll'l AallbHeAwe
ro HCCJleAOBaHHJ'I 3TOA npo6neMbl Mbl paccMOTpenH 3aBHCHMOCTb 
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PHc. 10. 0THOPMHpoeaHHOe pacnpeAeneHHe dN/d$B AnH 3KcnepH
MeHTanbHbiX C06biTHI7f, C06b1THI7f, creHepHpOBaHHbiX no MOAenH l.lH-
nHHAPH4eCKOrO ¢>asoeoro o61>eMa /KaHan pp ... 8mr 0 o603Ha4eH 
KpeCTHKaMH/, H C06b1THI7f, creHepHpOBaHHbiX no KBapK-napTOHHOI7f 
MOAenH /T04KH/. Te me pacnpeAeneHHH AnH C06b1THI7f C XOTH 6bl 
OAHOii 3apHmeHHOI7f 4aCTHl.lei1 C P T > 0, 7 r3B/ C. 3KcncpHMeH
TanbHOe pacnpeAeneHHe dN/ d$ B AnH C06b1THI7f CO BCeMH p T< 
< 0,5 r3B/c. 

cneKTpoe no ¢ B OT nonepe4Horo HMnynbca ~ . Ha pHc. 10 
Ha6niOAaeTCH cHnbHOe OTKnoHeHHe pacnpeAeneHHH no yrny ¢ B 
OT paBHOMepHoro AnH C06biTHI7f, HMeiO~HX XOTH 6bl OAHY sapHmeHHYIO 
4aCTHllY C p T > 0, 7 r3B/ C. C gpyroii CTOpOHbl, TaKaH 3aBHCH
MOCTb XOpOWO BOCnpOH3BOAHTCH He TOnbKO KBapK-napTOHHOI7f MO
AenbiO, HO TaKme H MOAenbiO l.lHnHHAPH4eCKOrO ¢>a30BOro 061>eMa / ? I, 

4TO yKa3biBaeT Ha KHHeMaTH4eCKOe npOHCXOmAeHHe TaKara 3¢l¢>eKTa. 
PacnpeAeneHHe no ¢ B HBnHeTCH 6nH3KHM K paeHOMepHOMY AnH 
C06b1THI7f C ManbiM PT /pT < 0,5 r3B/c/. no3TOMy TOT ¢>aKT, 
4TO KBapK-napTOHHaH MOAenb OnHCbiBaeT pacnpeAeneHHH no ¢B 
ny4we, 4eM MOAenb l.lHnHHAPH4ecKoro ¢>asoeoro o61>eMa, HMeeT AO
eonbHO npOCTOe 061>HCHeHHe, a HMeHHO: KBapK-napTOHHaH MOAenb 
ny4we onHCbleaeT xeocT p ~ -cneKTpa no cpaeHeHHIO c MOAenbiO 
l.lHnHHAPH4eCKOrO ¢>a30BOrO 061>eMa, B KOTOp017f HeAOOl.leHHBaeTCH 
AOnH co6biTHi1 c 6onbWHMH p T 121 . B 3Toi1 CBH3H cneAyeT noA-
4ePKHYTb, 4TO 4pe3Bb14ai1HO aamHO HMeTb xopowee OnHCaHHe OAH0-
4aCTH4HbiX cneKTpOB KaKoi1-nH60 MOAenbiO, npemAe 4eM npHCTynaTb 
K cpaeHeHHIO 6onee 4yBCTBHTenbHbiX KOnneKTHBHbiX nepeMeHHbiX. 

npoaHanH3HpyeM Tenepb nOAP06Hee C06b1THH, B KOTOpbiX HMeiOT
CH sapHmeHHble 4aCTHllbl c 6onbWHMH pT. BeeAeM yron a MemAY 
ABYMH cneAYIO~HMH nnoCKOCTHMH: nepeaH onpeAenHeTCH HMnynbCOM 
ny4KOBOH 4aCTHl.lbl H HMnyn bCOM 4aCTHl.lbl C CaMbiM 6on bWHM p T 
B C06b1THH, BTOpaH nnOCKOCTb onpeAenHeTCH HMnynbCOM ny4KOBOI7f 
4aCTHl.lbl H HMnynbCOM 4aCTHl.lbl CO cneAY~HM no aenH4HHe HaH60nb
WHM PT· PacnpeAeneHHH no yrny a acex reHepHpoaaHHbiX co6biTHi1 
H C06biTHI7f C p T < 0,5 r3B/c OKa3biBaiOTCH 6nH3KHMH K 3KcnepH
MeHTanbHbiM, KaK 3TO BHAHO H3 pHC. 11. C Apyroii CTOpOHbl, npaK
TH4eCKH paaHOMepHoe pacnpeAeneHHe no a, Ha6n10AaeMOe Ha 3K
cnepHMeHTe AnH co6biTHi1 c PT < 0,5 r3B/c, coeceM He onHcblea-

14 

eTcH MOAenbiO l.lHnHHAPH4ecKoro ¢>asoeoro o61>eMa. HTaK, Mbl npH
XOAHM K BbiBOAY, 4TO OCHOBHble 4epTbl pacnpeAeneHHH no ¢B H a 

ycneWHO npeACKa3b1BaiOTCH KBapK-napTOHHOI7f MOAenbiO, HO HaXOAHTCH 
e npOTHeope4HH c MOAenbiO l.lHnHHAPH4ecKoro ¢>asoeoro o61>eMa. ToT 
¢laKT, 4TO ABe 4aCTHl.lbl C OTHOCHTenbHO 6onbWHM pT nemaT, KaK 
npaeHno, e OAHOH nnocKOCTH c ny4Koaoi1 4aCTHl.lei1, HBnHeTcH, 
nO-BHAHMOMy, 4HCTO KHHeMaTH4eCKHM 3¢>¢leKTOM. 

•QPM 
•CPM 

Pr" Q7 1ft~ Pr<05 
Nd "• 

0.12. 
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J. 0 

PHc. 11 . 0THOPMHpoeaHHble pacnpeAeneHHH dN/ da. 3KcnepHMeHT 
/rHCTOrpaMMa/, KBapK-napTOHHaH MOAenb /T04KH/ H MOAenb l.lH
nHHAPH4eCKOrO ¢>asoeoro o61>eMa /KaHan pp ... 81111 ° - KpecTH
KH/. Te me pacnpeAeneHHH AnH C06biTHi1 C P T > 0, 7 r3B/c 
H pT < 0,5 r3B/c. 

3. BbiBOAbl 

B 3aKnl04eHHe c¢>opMyJ1HpyeM OCHOBHble pe3yJ1bTaTbl: 

1. nnaHapHOCTb co6biTHi1 YAOBJ1eTBOpHTeJ1bHO OnHCbiBaeTCH 
KBapK-napTOHHOH MOAeJ1biO / 1/ AnH MHOmeCTBeHHOCTeH llch"S_8. 
Mance OTKJ10HeHHe OT MOAeJ1H Ha6J110AaeTCH AnH nch =10. r APYrOH 
CTOpOHbl, nnaHapHOCTb C06biTHH, creHepHpOBaHHbiX no MOAeJ1H llH
nHHAPH4eCKOrO ¢la30BOrO 061>eMa, 3Ha4HTeJ1bHO OTJ1H4aeTCH OT 
3KCnepHMeHTaJ1bHOrO 3Ha4eHHH. 

2. nonyHHKJ1103HBHble pacnpeAeneHHH n~ c¢>epH4HOCTH H nony
HH Kni03HBHble ABYMepHble Q l H (Q3-.Q 2) / y3 pacnpeAeJ1eHHH, Ha-
6niOAaeMble B 3KCnepHMeHTe, Cy~eCTBeHHO OTnH4aiOTCH OT pacnpe
AeJ1eHHH, nony4eHHbiX c noMO~biO KeapK-napTOHHoii MOAenH. KoH
¢>Hrypal.lHH HMnyJ1bCOB B peanbHbiX C06b1THHX CO~TBeTCTByiOT MHOro
CTpyiiHOH CTPYKType aApOHHbiX B3aHMOAeHCTBHI7f. 3KcnepHMeHTaJ1b
HOe 3Ha4eHHe cpeAHero yrna MemAY ny4KOM H rnaeHoii OCbiO 6onb
we no ee11H4HHe, 4eM 3Ha4eHHe TaKoro me yrna e co6b1THHX, cre
HepHpoeaHHbiX no KBapK-napTOHHOii MOAeJ1H. 
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3, Ha61110AaeMOe B 3KCnepHMeHTe . OTKilOHeHHe OT paBHOMep
HOrO pacnpeAeileHH.A B cneKTpax dN / d¢ B OnHCbiBaeTC.A KBapK
napTOHHO~ MOAeilbiO B OTI1H4He OT MOAeilH ~HilHHAPH4eCKOrO ~a3o

BOrO 06beMa, 4TO CB.A3aHO B OCHOBHOM C HeAOO~eHeHHO~ AOile~ 
co6b1TH~ c 6onbWHMH PT s MOAeilH ~HilHHAPH4ecKoro ~a3oeoro 

o6beMa. ToT ~aKT, 4TO ABe 4aCTH~bl c OTHOCHTeilbHO 6onbWHMH PT 
HMeiOT TeHAeH~HIO JlemaTb B OAHO~ nJlOCKOCTH C ny4KOBO~ 4aCTH~e~, 
HMeeT 41-!CTO KHHeMaTH4eCKOe npOHCXOmAeHHe. 

ABTOpbl C4HTaiOT CBOHM AOilrOM Bblpa3HTb 6naroAapHOCTb fl. nH
WYTY 3a ero nOCTO.AHHbl~ HHTepec K aHaJlH3y 3KCnepHMeHTaJlbHbiX 
AaHHbiX, ~<~ K. Wa~apHKY - 3a npeAOCTaeneHHe nporpaMMbl reHepa~HH 
C06b1TH~ no KBapK-napTOHHO~ MOAeilH, a TaKme 3a nOMO~b npH 
ee OTilaAKe. 
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