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1. HecKonLICO neT Ha3a,n 3n6epT, 3pBBH B Yoxep o6pa
TBnB BHBMaHHe Ha aCBMMeTpmo cneKTpa BTOPH'IHblX IlHOHOB 
B peaIC:UHH TT'""+ p ➔ TT± + ... /l~ B CHCTeMe neHTpa HHepnuH 

daTT 
HHICnI03HBHOC Ce'ieHHe .. d X cna,naeT OT TO'IKH x =0 6blCT-

pee B 3a,nHeii nonyccpepe ( x <0), 'ICM B nepe,nueii (x ·> 0). 
2R* 

x"' A , Pjl - npo,nonbHblii HMnynhc qacTH:Ubl B cucTeMe 

neHTpa HHCP:UHH. CHMMeTpHJI BOCCTaHaBnHBaeTCJI, ecnH ne
peiiTH a "CHCTCMY :UCHTpa HHCPUHH ICBapICOB", r,ne PTT =-(2/3)P , 
npe,nnonaraJI cnpaBe,nnaBoii HaHBHYJO ICBapKOBYJO Mo.nemf 
a,npoHOB. Pe3ynbTaT pa6oTbl /I/ 6bln no,nTBep)K,AeH B pJI,ne 

12 ' 
6onee IlO3AHHX 3ICCnepHMCHTOB' / H CTHMynupoBan 060.tee 
o6Cy)K,neHHe cne,nCTBHH ICBapICOBOH Mo,nena ,nnJI MHOroqac
TB'IHblX nponeccoB / 3 ,4/. 

B pa6oTe 111 6blno 3aMe'ICHO TaIOKe, 'ITO aCHMMCTpHJI 

~ 6 V pacnpe,neneHHJI crx- B c.n.H. OTCYTCTBYCT ,nnJI co blTHB 

c 6onbmoii MHO)KCCTBeHHOCTblO. 3TO o6CTOJITCnhCTBO, no 
MeHbmeii Mepe, qacTH'IHO MO)KeT 6b1Tb o6ycnoaneuo TeM 
cpaICTOM, 'ITO 3a co6blTHJI C 6onhmoii MHO)KCCTBeHHOCTblO 
OTBC'iaJOT He OAHOICpaTHble ICBapIC- ICBapICOBble coy,napeHHJI 
/T .H. HMnynhCHOC npH6nIDKCHHe/, a CTOnICHOBeHHJI C yqaCTHCM 
'Tpex HRH 6onee ICBapICOB / I ,4/. . 

2. B HaCTOJiuteii pa6oTe Mbl XOTCnB 6bl o6paTHTb BHB
MaHHe Ha HanB'IBC aHanorH'IHOH CHTyanHH B pacnpe,neneHHB 
3apJI)KeHHblX qacTH:U Me:>K,ny nonyccpepaMH a c.n.u. ,nnJI TT-P -
CTOnICHOBCHHH npH 40 I'3B/c. 3xcnepHMCHT npoBO,nHnCJI Ha 
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.IUJYXMeTpOBOH rrporraHOBOH KaMepe, o6ny'leHHOH rryqKOM OT· 

puuaTeJlbHLIX IIHOHOB C p = 40 I'3B/c Ha YCKOpHTeJle H<l>B3 

B Ceprryxoae. B COOTBeTCTBHH. C KpHTepHHMH, OIIHCaHHLIMH B 

pa6oTei5/, 6LIJlO OT06paHO 8268 HeyrrpyrHX TT- p - B3aHMO· 

,neiiCTBHH. Ilo HOHH3aUHH ~eHTHqlHUHPOBaJIHCL Me,nneHHLie 

/a na6. cncTeMe/ rrpoToHLI c P ;mo :S 0,7 I'3B/c. OcTaJlbHLie 

qacTHULI npe,nrronaraJlllCb IIHOH
0

aMH: TT + HJlH TT - • IlpH 3TOM 

rrpHMepHO 15~ OT 'IHCJla ...,TT+,, COCTaBJl.SIIOT He~eHTHqlHUH· 

poBaHHLie 6LICTpLie rrpoTOHLI, a rrpHMeCb KaOHOB u rurrepo -

HOB COCTaBJl.lleT 4-=-5~ /6/_ . 
B KruKAOM co6LITHH perHCTpnpoBaJlHCL 3ap.IDKeHHLie qac

THULI, rrona,naromue KaK a rrepe,nHIOro, TaK u a 3a,nHI010 rrony

cq>epLI. B c.u.u. 6LinH rrony'leHLI cne.nyroIUHe 3Ha'leHHH cpe,n

Heii MHO)KeCTBeHHOCTH 'laCTHU arrepe.n (F) H Ha3a,n (B) Ha 

OAHO co6LITHe * 

< n > = 2.92 + 0.02 
C F -

< n > = 2.47 ± 0.02 , 
C D 

/c.u.u./ /1/ 

TaKHM o6pa3oM, a pacnpe,neneHHH 3ap.ll)KeHHLIX 11acnm 

Ha6Jno,naeTC.ll 3Ha'IHTeJibHa.H aCHMMeTpH.11 Me)K_ny rrepe,nHeii 

H 3a,nHeii nonycq>epaMH: 

<n> -<n> =0.45±0.03 
C I!' C B 

<n > - <n > 
A = c F c R '"' 0.084± 0.005 . 

/c.u.u./ /2/ 

<n •> +<n •> 
C F C B 

C TO'IKH 3peHH.ll KBapKOBOH MO,neJIH acHMMeTpmo arrepe.n -

11a3a,n .nn.11 3ap.ll)KeHHLIX qacTHU MO)KffO IIOHHTb cne.nyroIUHM 

o6pa30M: IIPH KBapK·:i:rnapKOBOM B3aHMO,neiiCTBHH B c.u.H. 

HMIIYJlbC IIHOHHoro KBapKa B 3/2 pa3a npeBLiwaeT HMIIYJlbC 

rrpoTOHHOro ICDapKa. Ilo3TOMY CHCTeMa ueHTpa HHepuHH 

KBapKOB / c.u.K./ ,nBIDKeTc.11 no Harrpaane11mo rrepBH'IHoro 

IIHOHa. Ilpu 60JlbWOH 3HeprHH Me3oH·HyKJlOHHLIX CTOJlKHO· 

BeHHH crrpaae,nJIHBO COOTHOllleHHe: 

* 3TH ,naHHLie II0Jly'leHLI no co6LITHHM, B K0TOpLIX 6LIJl11 
H3MepeHLI ace BTOPH'IHLie 3apa)KeHHLie 'laCTHUbl •. 
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C.U.H, 

- y "'1/2 f'n 2/3::: -1/5. ·c.u.K. /3/ 

II03TOMy AJlH nepexo,na OT c.u.H. K c.u.K. HaAO nepeBeCTH 

HHTepa_an 0,:::; y c.u,Ji. ::;0,2 H3 nepe,nHeii rronycq>epbl a 3aAHIOIO. 

Ilepec'leT B KBapICOBYIO CHCTeMy ,naeT: 

<nc> F =2,62±0,02, 

<n c> n· =2,78±0,02 , /c.u.K./ /4/ 

A =-0,030±0,005. 

TaKHM o6pa30M, B 3TOH CHCTeMe aCHMMeTpll.11 3apIDKeHHLIX 

'laCTHU CHJlbHO yMeHLwaeTC.11 /a TPH pa3a/ H MeH.HeT 3HaK. 

HeTpy,nHO y6e,nHTbC.ll a TOM, 'ITO nocne,nHHH q>aKT o6yc

JlOBJleH BKJla,noM co6LITHH C 60JlbllIOH MHO:>KeCTBeHHOCTblO. 

Ha puc. 1 npuae,neHLI 3Ha'leHHH acHMMeTpHH A .nn.11 ·co6LITHH 

C onpe.neneHHOH MHO)KeCTBeHHOCTblO fie B~HO, 'ITO B 

c.u.H. aCHMMeTpHH 6JlH3Ka K 0,1 BIIJlOTb .no nc = 8, a 3aTeM 

pe3KO · rra,naeT .no Hyn.n H ,na:>Ke 0TpHUaTeJlbHLIX 3Ha'leHHH • 

B KBapKoaoii CHCTeMe A =0 rrpn n = 6, T.e. KaK pa3 B paii-
~ • C -

one cpe,nHeu MHO)KeCTBeHHOCTH,' nc :: < n c >, Ky,na rrorr~aeT 

60J1bllIHHCTBo co6LITHii. ,D;n.11 60J1hllIHX n c A c.u.K. < 0, .nn.11 

. nc =2 H n c= 4 A OCTaeTC.11 IIOJlO)KIITeJlbHLIM, HO 06IUHii BKJlaA 

co6LITHH C 60JlbllIHMH n C OKa3LIBaeTC.ll 6onee CYJ:UeCTBen

HLIM, TaK 'IT0 II0JlHOe 3Ha'leHHe acHMMeTpHH OTPHUaTeJlbHO. 

TaKHM o6pa30M, acuMMeTpHH arrepe,n ·Ha3a,n,nn.11 3ap.11)KeHHLIX 

'laCTHU 3aBHCHT OT n c TaK )Ke, KaK H pa3JlH'IHe crreKTpOB 

BTOpH'IHLIX IIHOHOB, H·aii,neHHOe B / 1- . qT06LI rrp0HJlJllOCTpH· 

poBaTb 3TOT q>aKT' MLI IIpHBOAHM B ma6A. 1 3Ha'leHH.ll K03ql· 

qlHUHeHTa R' orrpe,nen.11eMoro KaK OTHOWeHHe HMIIYJibCOB 

rrpOTOHa H IIIIOHa B CHCTeMe, r.ne HMeeT MeCTO CHMMeTpll.11, 

nu6o crreI<Tpoa BTOPH'IHLIX IIHOHOB du TT Id x B HHTepaane 

-0,25 s. x $ 0,25, JIH6o 'IHCJia 3ap.ll)KeHHLIX a,npOH0B, 

JieTHIUHX arrepe.n H Ha3a,n (R F-B ). 

B~HO, 'ITO IIPH acex 3Ha'leHH.IIX MHO)KeCTBeHHOCTH 3Ha· 

'leHH.11 R, BLI'IHCJieHHLie .nn.11 crreKTP0B H CHMMeTpHH Brre

pe,n·Ha3a,n, COBIIa,naIOT B rrpe.nenax OllIH60K. TaKHM o6pa-
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~ j 3ap.11J1CeHHblX 11ac•u1J. llpRMbie no1<a31,,oa10• 1mme2paAbH0e 
µ:i 

(IJ 3Ha11eHue A. TeMHble KPYJ/tl<U u cnAOUIHa.JI np.11Ma.J1 coo•oem-
A 
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C: 
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cY') <O It'\ (") 0 (") . . . . • . • I 30M, M0)KHO AYMaTL, 'IT0 IlPHP0Aa o60HX JIBJieHHH ,lieiicTBH· N N H H 1-1 0 H 

TeJILH0 0AHHaK0Ba. 3aMeTHM, 'IT0 3Ha'leHHJI AJ}JI aCHMMeT-

t 
PHH anepeA·Ha3aA onpeAeJIJ110Tc JI C CYllleCTBeHHo ny'lllleii 

T0'IH0CTLIO, 'leM AJIJI cneKTpoB; B nocJieAHeM cnyqae HMeeT-

CJI AOilOJIHHTeJILHaJI He0AH03Ha'IH0CTh, CBJl3aHHaJI C BLI· 
" I N I -,j4 I <.O I CX) I 0 fN a, 

6op0M HHTepBaJia no nepeMeHHOH x . C 
H ,~ 0 

p:i 

3. O6CYAHM TenepL nony'leHHLle pe3yJILTaTLI C T0'IKH 

3peHHJI KBapKoaou M0AeJIH. KaapKOBLie AaarpaMMLI AJIJI 

rr p - CTOJIKHOBeHH.H noKa3aHLI Ha puc. 2. ~HarpaMMa 2a 
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COOTBeTCTByeT HMnynbCHOMY npH6JIIDKe_HHIO / 7 ,3/. OCTaJIL
Hl>le .naarpaMMbl xapaKTepH3YJOT "KOJIJieKTHBHOe" B3aHMO
,neiicTBHe, T .e. nepepacce.srnae KBapKOB. Mo:>KHo ,nyMaTb, 

'ITO HMeHHO OHH CYJlleCTBeHHbl n npou.eccax c 6om.WHM 
3Ha'leHHeM MHO>KeCTBeHHOCTH, npeBblWalOJllHM cpe,nHee n / 4! 
C ,npyroii CTOPOHbl, COOTHOWeHHe 3 : 2 HMnynbCOB CTanKa
BaIOJllHXCJl KBapKOB ,nnJl TaKHX .naarpaMM, B006Jlle ronopJI, 
uecnpane.nnano. HanpnMep, OHO nepuo ,nnH puc. 2a a 26, 
HO He .nm1 26 nnn 2z, r.ne HMnym.Cbl CTanKHBalOIIJ.HXCJl 
CBCTeM OTHOCJITCJI Kai< 3 : 4 Hnu .3 : 1. 3aMeTHM, o,nHaKO, 
'ITO qacno .nuarpaMM 2z n ,nna pa3a MeHbwe, <1eM 26. Ilpa 
nepexo.ne B "34xl>eKTHBHyro" CBCTeMy u..n. ,nnH TaKHX .nuar
paMM Ha.no, B cpe,nHeM, CMeJllaTb y Ha MeHbwyro BenB'IHH3/, 
'leM ,nnH .nnarpaMM 2a /r.ne £iy,,,, 1/5 /, nnu ,na>Ke npocTo 
OCTaBaTbCJl B cncTeMe IJ..B. B T .,n. C 3TOH TO'IKH 3peHHJl 
MO>KHO noHHTb, no<1eMy .nnH co6blTHH c 6om.won MHO>KecT
neHHOCTbIO aCHMMeTpHJl B C.IJ..H. MO>KeT OTCYTCTBOBaTb 
/ puc. 1/. · Ilpu nepec<1eTe B KnapKonyro CHCTeMy TaKne 
C06blTHJl, ecTeCTBeHHO, npHBO,l\JlT K OTpau.a TenbHOMY 3Ha
'leHmo K034xl>HIJ.HeHTa aCHMMeTpHH A. 

,lJ;nJl npaBHnbHOr0 nOHHMaHBJl nony'leHHblX 3,necL pe3ym,
TaTOB CYJlleCTBeHHO HMeTb B BB,ny, 'ITO nee npane,neHHble 
OWH6KH HBnJIIOTCJl 'IHCTO CTaTHCTH'leCKBMH. K CHCTeMaTn
qecKHM oum6KaM npHBO,l\HT TOT <I,aKT, 'ITO Mbl He MO>KeM 
H,neHTH<l>HIJ.nponaTL 6blCTpble npOTOHbl c HMnynLCOM PJia6 > 

d , 
> 0,7 I'3B/c. Ilpu HenepHOM OTO)K,neCTBneHHH BX C nono-
>KHTenLHblMH nHOHaMH qaCTL TaKBX qaCTHIJ. MO>KeT "nepeHTH" 
B cacTeMe u..u. H3 3a,nHen nonyc<I,epbl B nepe.nmo10. TaKon 
34xl>eKT ,non>KeH 6b1Tb 6onee 3Ha'IHTeneH ,nnH co6blTHH c 6om,
won MHO>KeCTBeHHOCTLIO, Kor.na HCTHHHblll HMnym,c npoTo
HOB B c.u..H. HenenHK. Mo.nenurionaHHe 11-p co6blTHH no 
MYnLTHnepn<I,epa'leCKOH Mo,nenu 3/ noKa3ano, 'ITO B 70/o 
C06blTBH HMeeT MeCTO nepexo.n npoTOHOB H3 o,nuon nony
c<I,epbl n ,npyryro. 3Ta Mo,nenb y,nonneTBOPHTem.HO onHcbl
naeT HaUIH 3KCnepHMeHTani.Hble ,naHHl,le 181 , no3TOMY, 
Y'IBTblBaJl ou.eHKY CHCTeMaTH'leCKOH norpeWHOCTH B nena
'IBHaX < nc >F • H < n .;> 8 , nony<1eHHyro no 3To ii Mo,nenu, 
nonyqaeM 

<n ·>F - <n > = 0,31 ± 0,03 
C C B 

A = 0,058 ± 0,006. 
/5/ 
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Puc. 3. AcuMAiempu.R enepeo- Ha3ao DA.JI 11±p-c•oAKHoeeHuii 
a c.i#.u. a 3aeucuMoc•u o• 3Hepzuu: (a) - pa3HOC•b 11ucAa 
3ap.RJKeHHblX 11ac•ull a nepeoHeii u 3ac)Heii noAyc(Jepe; 
(b) - K03,j}¢UijUeH• aCUMMe•puu. ,4aHHble 0/1.JI 40 I'3B/c 
npueeoeHbl c y11emoM n,R~aeKu, noAy'leHHoii no MYAb•u-
nepu(Jepu11ecKoii .4CooeAu 8 . · 

Ha puc. 3 3TH BenH'IHHhl DpHBe,IJ,eHhl TaIOKe ,IJ,ml 17 +p CTomc

HOBeHHii DPH 8, 16 H 23 I'3B/cl 9( Cne.nyeT OTMeTHTL TaIOKe, 

'ITO a co6hlTHJIX c Manoii MHO)KeCTBeHHOCTLIO c~eCTBeHHa 

,IJ,H~paKUHOHHa.11 ,IJ,Hcconuanu.11, Ha ODHCaHHe KOTopoi KBap

KOBaJI M
0

0,IJ,enL He npeTeH,IJ,yeT. MO)KHO .IJ.YMaTL, 'ITO nono

)KHTenLHOe 3Ha'leHue A B KBapK0BOH CHCTeMe DpH n = 2 
. . C 

H nc = 4 CBJI3aHo C TeM, 'ITO DHOH .nu~parupyeT HeCKOnLKO 
OXOTHee, 'leM D~OTOH. 

4. C nenLJO npoaepKH H3nO)KeHHhlX Bhlwe npe.ncTaaneHJrli 

6i.m npOH3Be,IJ,eH ,IJ,OnOnHHTenLHhlB OT6op co6hlTHH, B KOTO

phlx ,IJ,eTeKTHpoBanHcL 'laCTHUhl C 60nLWHM nonepe'IHhlM 

HMnynLCOM /p .1. > 1 I'3B/c/. EcTeCTBeHHO ,IJ,yMaTL, 'ITO 

a,IJ,pOHhl C 6onLWHM PJ.. o6pa3YJOTCJI B pe3yn&TaTe )KeCTKoro 

coy.napeHBJI KBapKOB, npu KOTOpOM c~eCTBeHHO TOnLKO 

10 

B3aHMO,IJ,eHCTBHe O,IJ,HOii nap.bl KBapKOB; aepOJITHOCTL Toro, 

'ITO TaKa.11 qacTuna no.11an.11eTc11 B pe3yn&TaTe nepepac

ce.11HHJ1 KBapKa, y,Ke HCDhlTaBwero B3aHMO,IJ,eHCTBHe H no

TepJIBWero 'laCTL 3HeprHH, . ,IJ,OJDICHa 6hlTL Manoii. Il03TOMY 

,IJ,IlJI qacTHU C pl.> 1 I'3B/c O:>KH.IJ;anacL CHMMeTpHH B c.n.K. 

3KcnepHMeHTanLHOe 3Ha'leHHe OKa3anocL paBHhlM R /p .1.'> 

> 1 I'3B/c/ = 1,53±0,15 /cM. TpeTHii cTon6en ma6A. 1/ . 
HHYJO cHTyanHJO cne.noaano O>KH.naTL .nn.11 a.npoHoB, ·conpoao>K

.IJ.alOIUHX qacTuny c 6onLWHM p .1. . B 3TOM cnyqae uccne.nyeT

c.11 ,IJ,B~hl HHKJII03HBHhlH nponecc THDa 

11-+p ➔ a+b+ ... , /6/ 

r.ne a - qacTuna c p .1.-. 1 I'3B/c, a b - 3apJI>KeHHhlii a.npoH. 

,Ana peaKUHii TaKoro Tuna pon& nepepacceJiHHii yaenuqu

aaeTc.11 H3 - 3a npocToii KoM6uua TOPHKH, u OTHOCHTenLHhle 

BKila,IJ,hl ,IJ,HarpaMM Ha puc. 26- e B03pacTaroT. IlocKOnLKY 

B TaKOH CHTyanHH CHMMeTpHJI HMeeT MeCTO B CHCTeMe 

neHTpa HHepnna, MO)KHO 6L1no ,IJ,yMaTL, 'ITO .nn.11 conpoao>K

,IJ,aJOmux qacTHnR:11. 11.~ 1, 'ITO, KaK O!(a3a~OCL, TO>Ke co

rnacyeTCJI C • 3KcnepuMeHTailLHhlM 3Ha'leHHeM: R ll• 11 . = 
= 1,06±0,04 /noc.ne,IJ,HBH CTOn6en ma6A. 1/. B COOTBeTCTBHH 

C npHBe,IJ,eHHhlM BLIWe paccy>K,IJ,CHHeM MHO)KeCTBeHHOCTL 

3apH)KeHHblX 'laCTHU B co6blTHJIX, r,IJ,e HMeeTCJI a.D,pOH C 

p '- 1 I'3B/c, BblWe, 'ICM cpe.D,HHJI MHO)KeCTBeHHOCTL n C • 

O,IJ,HaKO 3TOT ~aKT /no ·MeHLWeii Mepe qacTH'IHO/ MO)KeT 

6blTL CBJI3aH C o6pa3oBaHHeM ,IJ,OnOnHHTenLHOH CTpyH a.npo

HOB, neTJIIUHX B CTOpOHY, npOTHBOnonO)KHYJO HMnynLCY H3-

6paHHOH qaCTHUbl. B 3TOM nnaHe HHTepec npe,IJ,CTaBnJIIOT 

TaK>Ke ,IJ,Ba>K,IJ,bl HHKJII03HBHble nponeccbl, B KOTOpblX ponL 

qaCTHUbl ,, a " urpaeT ne a.npoH c 6on&WHM p .l , a .npyra.11 

qacTuna, CKa>KeM, K" unu A -runepoH. 

H3y'leHHe acuMMeTpHH Bnepe,IJ,-Ha3a,IJ, .nn.11 3apJl)KeHHblX 
+ + 

qacTHU B 17- p unuK-p CTOJIKHOBeHHHX /B qacTHOCTH, COT-

6opoM a,IJ,pOHOB no p -l. /6blnO 6bl )KenaTenLHO npoH3BeCTH 

H npu .npyrux 3Hepruax, 'IT06bl npocne,IJ,HTL 3HepreTH'leCKYJO 

3aBHCHMOCTL 3TOro JIBneHHJI. 

II 



ABTOphl npH3HaTeJILHhl y11aCTHHKaM COTPYAHH'leCTBa no 
~ -uccne,noaaHmo MHO:>KeCTBeHHoro po:>K,neHH.ll 11acnm B rr p -

B3aHMO,neiiCTBHJIX npH p = 40 I'3B/c 3a none3Hhle 06-
. . 

cy:>K,neHH.ll, a TaK:>Ke E.M.JleBHHY 3a CTHMYnapy1011U1e 3a-
Me11aHHJ1. 
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