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MHOJKECTBEHHOE OBPA:DBAHME 'IACTMU 

B fl -p - B3AMMO~Et1CTBMHX 

IlPM MMilY JlbCE P = 4 r3B/C 

A BTopect,epaT ,llMCcepTIU,IMM Ha COMCKBHMe y'leHOlt CTeneHM 

KaH,llM,118Ta ct,M3MKO-M aTeMaTM'leCKMX HBYK 
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MHOJ:eCTBeHHYe nponeccy npH BYCOKHX H CBepxmcoKIDC 3HeprHJix. 

· .1IBJI.1IDTc.1I ,n:oMHHHpyDDUrnH. MccJieJtoBaHHe Ta1mx nponeccoB B HacTOJID(ee_

i3peu.1I Be.n;eTC.II. oqeHJ, HHT8HCHBHO H .IIBJIJI8TC.II o.n:uon H3. neHtpaJILHHX · 
• • , • > •• , • ' 

.~·a,n:aq ,cpH3HKH m:cox~x. 3HeprHtt. OcHOBHUe pado:ru no ~Toil Te-

. MaTHie irs-sa TPY.ll:HOctett sxcnepmeHTaJILHoti MeTo.n:1urn nocBJID(eHH 

npemzyD(eCTB8HHO H3Y118HHD.B3aHMo.n;ettcTBHlt, ,B KOTOpux odpasyDTCJI 

sap.lIJ:eHHYe qacTHIUl. CnpaBe.n;JIHBOCTL Te __ x HJIH HH~X TeopetH11ecKIDC 

uo.n:exett Ta:ae. npoBepJieTc.lI, .B OCHOBHOM:, Ha sxcnepmre;irTaJILHYX,.n:au

HYX. no. poJ:.n;eHHD sapJIJ:8,HHUX qactHn. 
' < ' • • , 

·nauuue no MHOX8CTB8HHOMY odpasOBaHHD H8ltTpaJILHYX qacTHn, B 

·qaCTHOCTH n°-Me30HOB, oqeHLcxy.n;HY,H 3TO .n:enaeT Heodxo.n;HMHM 

·. 3KCil0pHMeHTaJILHOe HCCJI8,ll;OBaHH8 _TaKHX nponeCCOB H cpaBH8HHe IlOJiy

qeHHU~ pesyJILTaTOB ,c npe,ItCK8.3aHHJIMH pa3JIHIIHYX reopeTHlleCKHX M'.0-

.n:enen. 

B HaCTOJID(eff padore HCCJI8,ll;yDTCJI peaxno MHOJ:eCTBeHHOro odpa-

30BaHHJI sapJIXeHHYX H HettrpaJILHYX IlHOHOB, a TeRJCe cTpaHHUX qactHn 

B U-p - Bsaoo.n:ettctBHBX npH HMnyxr,ce p = 4 rsB/c. 3xcnepHMeHTaJIJ,- . 

·uue iaHHYe aH8JIB3HpYDTCB B pau,xax pa3JIHIIHYX reopetHlleCKHX uo.n:e

Jieff. 

JllrncepTarurn COCTOHT H3 118TYpex ,:r,JiaB, 3aKJIIJ11eHHJI H 

np~~ollteH~JI• 

B nepBOlt .rJiaBe .n:a~t.c:9 0630p OCHOBH~X .n:aHHllX, no M'.HOXeCTBeHHO,

MY o_Op8.30BaHBD Il-M830HOB B Il'.':'p - B38.HJ.IO.n;ettCTBPJ.RX. npB 3HeprHJIX, 

HaxeraDIIIHX nBOHOB E .. '.3 rsB., B § l 3TOlt .r.naBY oOcYQallTCB 3Jtcne~ . .• ,..... . . . : . ·. '. ~ ' . .' , - , . 

'poearaJILHYe .. P8.3YJILTaTY no 11cc.ne.n:0BaHHll taKH:X B3aJDIO,lleltCTBBlt. 

TeoperiitiecKBe ll0Jl8JIH ( CTaTIICTJllleCKBe, ne:rJ1cJ:epJl\l8C1tHe H :uyJIL"tB

nep111pepH11ecKHe, .pe.JtD30BaHBHe, Mo,n:eJI11 ~enuiiaua, Hara H ,D,pyrae) . . . ' , , ' ' ' .... ' 

onBCaHY .. B § 2. B 3ton xe rnaBe ( § .'.3.) paccuorpeBH HllelllllJiecs 
• • • • , ~ ' .. , f , 

~xcnepDeuran~HYe_JtaHHY~ no Hccne.n:0BaHH~.p~a1tn~n.coBMecrHoro 

oOpa30BaBB,S. 3apoeBHl,IX B HeltrpanJ,BHX nHOH<>B! QJI~,11,yer !)TMet~TJ,,. 

'.3 



qTQ. Tarme peaxn:im H3ytlemi eme uaJIO H Hll8DTCH JIHIIll, OT.1(8JILHH8 pa6o-·. 

TU no.3TOMY BOnpocy. 
Bo BTOpott rnaBe H3JIOZ8Ha M8TO.l(HKa BHl8JieHHH peaxnztt: 

JT'"j) - pJT+J-m.lT 0 
( m .; l,2, ••• ) , (I~ 

Jl?~h2.n+,2.;r-/d.ff 0 
( 111 = I,2,••• ) • (2). 

J(na BCCJie.l(OBaHBH peaxnHtt (I) B (2) HcnonL30BMBCL CTepeOCHm.t

KH, nonyqeaHHe c 24- JIHTpOBOil nponaHOBOtt ( C3H5) K8l{epY nl33 arum! 
nouemeHHOtt B wrHHTHOe none HanpaeHHOCTLD H = (14,'.3~'.3%) xrc.· 

Ka.M:epa 3K~IlOHBpOBaJiaCL B nyqite OTPJmRTeJILHHX Il-Me30HOB C mmyiL

COM p = (3,97,:t0,06) l'3B/C. 
lBB.ZlH 6YJIO npocMOTpeHO 150 THCHq CTepeOCHHMKOB. 3qxpeKTH~, 

HOCTL.lBOttHoro npocuoTpa oxasanacL paBHOtt 6 • 97%. Ha Bceu 

npOCMOTpeHHOM MaTepHane 0.l(HO B38.JIMOleHCTBBe Ha CB060.l(HOM npOTOHe 

COOTBeTCTB0B8.JIO ceqeHHD 61 = (0,48,t0,0'.3) MK6H. 

IlpH npocuorpe no COOTBeTCTBYD~ KpBrepHHM OT6HpMHCL 2-

H 4-xyqeBee co6erua rHna 

Jf7- n.n-+JT-o"' 

Jr-;, -. h .21r~ L1r<f .. . 

(3) 

(4) 

PerHcrpanHH O - KBaHTOB npOBOlHnaCL no 3JieKTpOH-Il03BTp0HHHM 

nap~ KOHBepcHH~ KsuepenHa4ft°to6paHHHX npB ripocuorpe cnyqaeB B3aB

uo~encrBHH BeJIHCL na nonyaBTOua.rax THna IlYOC~ inn BOCCTaHOB-· 

JieHHH npocrpaHCTBeHHOH xapTBHY B onpeleJieHHH mmyJILCOB qaCTBn HC

nOJIL30BaJiaCL reouerpHqecxaa nporpmrua •1~33• c sanucLD laHHHX Ha 

uarHHTHYD neHTY /I/. 06cqeT pesyntaTOB usuepeHHtt ·. x- KBaHTOB. 

npOH3BO.l(BJICSI no nporpamie • 1~7· 121~ PacqE!TY q>H3HqeCKBX xapaxre-· . 

PHCTHK BlliIOJIHHJIHCL C IlOMO~LD nporpalOlH·n·rrayx• 131. . 
J(na ]UeBTlllf!Hxa.ItHB BTOpHqBYX qaCTJIIt HCnOJIL3OBaJIHCL HOBH38IU[OB

HYe Hswepenu~ Ilp• on:enKe npoecB npOTOHOB B co6HTux, Qe no.110-

. :nre.111,uo: sapueHHHe 11acrRitY oe.1111 HMDJJILCH P > I l'3 B/c, npoeau-

ca: craTBCTJ1118CKlllt 11eTO.Jt P8.3.Jt8JleHU II! ll830JIOB • DpOTOBOB DO ... 
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· ~ - 3Jie1trpoHau 141• JJ,ou co6HT1nt, B 1toroplix np1rnyTcTJ1yllT ne-

_ MeHTH¢HnHpoBaHirae npOTOHH, COCTaBHJia: '(4,:t2)% B_pea1tnHH (I) H 

(9,:t'.3)% B peaKn:BB (2). BICJia,»; C06HTHff c napamf JJ:anHn:a: <::I% B (I) H 

~ (5 .:t 2)% B (2). B1,1,1;eneHHe COOHTHil Ha yrnepo~e DpOBO~H

JIOCl, no aHaJIHsy He.l(OCTaDmHx Mace M.(;r•JT-0) B ('.3) H M1<(211+2-irifh (4}; 

B pesyJILTaTe 6HJIO nonyqeHo, qTO-H3 Bcex OT06paHHHX C06HTHtt 12% 

lByxnyqeBHX H 20% qeTHpexnyqeBHX HBJIHDTCH cnyqafiMH B3aKMO.l(ettCTBHH 

Ha yrnepo.l(e H .l(anee HaMH He paccMaTpHBaJIHCLo 

TaKRM o6pa30M, nocne H.l(eHTHq)HKami:H BTOpHqHUX qacrun: H BY.l(ene-. _ 

HHH q>OHOBHX C06HTHtt )tJIH .l(aJil,Hettmero aHaJIH3a 6HJIO OCTaBJieHO 2775 

C06HTH1l, OTHOCSil!tHXCJI K pea1tn:Kmi (I) H {2). 

TpeTLSI rJiaBa COCTOHT B3 rpex pa3.l(eJIOB: A, Ii H B. 

B pa3.l(eJie A npoBO)tHTCH 8.HaJIR3 pacnpe.l(eJieHHit 3qxpeKTHBHHX H He-. 

lOCTRlllltHX Ma.CC B peaKn:HHX (I) H (2).~ 

0CHOBHasr qaCTL pas.n:ena A IlOCBH~eHa onpe.l(eJieHHll ceqeHHtt napn:H

aJILHHX KaHaJIOB peait~Hit (I) H (2) /J, 6, 7 1• IloJiyqeHH cJie.l(ylllltHe 

3HaqeHHSI: 

<5(.71-J, ""7' /1./T-,.JTJT•) = (2,3,:t0,5) M6H , 

o'(JT"";6~11.r".ffJT'tr) = (2,I,:t0,4) M6H, 

5'{.;tj,~n.JT"J-JT°./r':Jr°) = (0,40,:t0,I8) 116H , 

ff'(.JT"j,~ htv".71"') = (0,47,:t0,12) M6H, 

o(.llJ~ 17./''VTV = (0,23.:t0,20) u6H, 
5'(.rj,~ n.Z,,--2,7:,r) = (I 21+0 12) MISH 

\ ' - ' , 
r5(.JTJ~n4r•.2.,,--.?Jlo/ = (0,22,:t0,04) M6H • 

IlOJIHUe ce11eHHSI pea1tn:Bff (I) H (2) 0Ita3aJIBCL COOTB8TCTBeHHO 

paBHWH 6'(-1)- (5,5'.3 .:t o,7) M6H H o(2) = (I,44.±0,12) M6H H naxo

lSITCSI B,XopomeM cornacn C pesyxLTaTaMH, nonyqeHHWH Ha BO.D:OPO.D:HUX 

Ita.Mepax npH pc= 4 raB: 6'H(I) • (5,57,:tO,I7) M6H /IO/ a 

6H(2) = (I,47 .:t 0,07) u6H /III, ~ro roaopm:t o MlUIOU np1111ecH m.oaa 

B BH.D:8K8HBLIX HauH co6HT■Hx, COOTBeTCTBYll~■x peaKij■SIM (I). (2). 
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PesyniiTaTH H3MepeHHll ceqeHHll peaKnHtt (I) H (2) cpaBHHBaJIHCI, · 

C npe,ItCKa3aHltmm: CTaTlilCTl'IqecKOll H30CnHHOBOll MO,IteRH /I2,I'..3/ H Ha-· 

XO,ltHTCH B Y.ItOBReTBOPHTeRiiHOM cornacHH C pacqeTaMH no 3TOll MO,Ite-, 

RH /I4/ ( CM.Ta6nHey l). 

Ta6nHna I 

I ! I j Ilpe,ItCKa3aHHe ! 3KcnepmrnHT ~) ., 
! ' CTaT;Mo,IteRH ! ! 

6' (.JT-e._--+ e_.1T+Jr-.1r-J . ! 0,6 ! 0,8'.3,±0,IB ! 
o(./f-J> ➔ h.JT+./T-.rj 

! ! ! ! . ! 

' 0(.lie_ ➔ 17.1/"+J-,JT"O.JT"j_ ' o,9 ! l,00,±0,19 . ! 
! 6'(.r;o ➔ pr+ Jr 7r .. r) I ! 

. ' I ' ! i 
! rsf ~-,.t,-/?JT"':Jr-..7r•;",)_ ! l,84 ! I,91,±0,'.38 ! 

' ! o( .ll'"/J ➔ /l./1" W + .1r./T-; ! ' ! ' ' 
t 6" ( Jtj, ➔ M .J/"T./J"'-.ffO .I'" .JT•) I 0,47 ! 0,'.3'.3,±0,17 

. · r 
; ! ' ! o( .r;,f> ➔ n.7T-1-..IT+J:,;-;,,rJ ! ! ' ' I i 

' 0 / J ;6 - 11J f-.r-.n- 0 Jr' Jr-) ! 2,61 
! 

2,09,±0,27 
!· 

; ! ! I 
o(.n"jJ-p.1r-1-.H"-,.Jr"J'r..,,.-.; ; ;_ ! I 

Cpe,ItHee qHCXO n°-Me30HOB Ha O,ltHO B3aHMO,ItellCTBHe B (I) H (2) 

paBHO: nn-.(I) "' I,68 ,±0,2'.3 H nT.c2) = r,26.±0,rs. 

B paa.1tene B yrXOBHe H mmyniiCHHe pacnpe,IteReHHH BTOpHqHux qac-

THn aHMH3HpyDTCH B p8.MK8.X CTaTHCTHqecKott Teoplffl ( qia30Bllll o6~eM) 

H qJ8HOM8HOROrHqecxon XBa3H,IJ;ByxqacTHqHOll MO,D;eXH MHOZeCTB0HHOro 
o6pa3oBamrn qacT~ ( ~:KM ) /I4, 17, I9, 20 /. 

. 

I 
I 
j 

I 

I 
'1 
\ 

B ~KM npe,1tnoxaraeTcs, qTo ceq~m,rn nponecca THIIa _q-lJ-8 + llf1+ ..... n,"..,I · I 
uo:no 3aIIHcaTii B BH.Ite u): . 1 · / 

~ I 

d 36' ... F(K) d£'8 1<~-t (-Ja,E.-~j 1111/ ... 1 ,,,,,_ 1) (5) 
2&:s 

ii:) Cet1eHu KaHaJIOB .lf}J..,,. pJT'f-JT""Jr/II".JT?~P-n'".r:iT:ir", .n-J,--, nb+ z.,,-- npH 
pc= 4 I'3B B3HTH H3 pa6om ,, a .fi;JIH KaHaJia J,l'~p2.n+3JT-
npH p = '.3,9 raB/C-H3.pa6om /16/~ . . 

u) PaccvaTpHBaDTCll TOnI,KO KHHeKaTIItieCKHe nepeMeHHHe~ 

6 

I 

' 
' 

3,D;ec1, · F(K) = /ftf/ 2 
- KBa,ItpaT .MaTPHtlHoro aneMeHTa; K - Ha6op 

KHHeMaTHqecxmc nepeMeHHHX 6apHOHa; 

f<. _· :; J. .. f.ll ~1: <J
3(Z 1-Ja)J"[#E;-(E.-E&}J 

. . h f (.311-1) l"f . I ,~1 . . 

HBRHeTcH qia30BIDI o6~eMOM (n -1) M030HOB; p8 (E~ p,(£,h ... , A-, {1=
11

_
1

) 

- mmyRiiCH (3Heprn) BTOpHqHoro 6apHOHa H (n~1) M030HOB • 

B HacTosrn1en pa6oTe B KaqecTBe K 6unH BH6paHH nepeueHHHe p
5 

, 

cos 01,Tlf. yt~ , r.1te 0~ , ~8 - noxspwn H fi3HMY?aJIIiHHl! yrm~ EcnH 

HaqaJII,HH8 COCTOHHHH H0nOXHpH30BaHH H HMnYRiiC 6apHOHa OilHCHBaeTCH 

qia30BIDI o6~euou, .TO B F(K) OCTa8TCH 3aBHCmLOCTI, TORiiKO OT cos 0s ' 

T.e~woroYepH~ <flYHxnu F(K) 38JleHH0TCH O,ItHOlle!)HOl! ¢(cos0s), ~o- . 

TOpas npe,D;CTaBXH0T co6on yrROBOe pacnpe,D;eReHHe BTOpHqmx 6apHOHOB 

B c.n.:u:.peaxnHH. 

Mo,1temq>OBaHHe KaHMOB peaKnHll (I) H (2) B COOTB0TCTBHH c 

<p{cos08) npoBo,1tuocL npH no:u:omH cnenHMiiHOf nporpa.mm, co3~aHHOff 
Ha OCHOBe 

0

nporpamm ~0PC /B/~ 

PesyniiTaTH cpaBHeHHH pacqeTOB no ~KM C 3KCnepHM0HTaJIIimlllH ,ItaH-

. HHMH ,ltRH peaJmHff (I) u (2) nOxa3HBaDT Y.ltOBReTBOpHT8XI,HOe cornacHe. 

B KaqecTBe um>cTpanHH Ha pHc.I npHBO.ltHTCH yrxoBue pacnpe,1teneHHJ'I · 

IJ! ~ ll030HOB B'CelteMe BH,IJ;HO; tlTO xpHBHe, COOTBeTCTBYJ)JIIH8 pact18Ta.M 

no ~KM, Y.lt0BXl3TBOPHT8XI,HO OnHCHBaDT'axcnepHMeHTaJII,HHepacnpe,ltexe~ 

HHH~ .AHaxor11t1Hoe corxacxe Ha6nll)taeTca H ,ItRH ,1tpyrmc pacnpe,1teneHmt B 
peaxnHsx· (I) 11 (2)/I4/ •· 

CpaBHeHHe axcnepHMeHTaJII,HllX ~aHHHX C npe~Clta3a.HHHMH CTaTHCTH

treCKOff reopn ( cpa30BHff 06,;ey ). ~ae·T y~OBR8TBOpHTeXIiH08 corxaCH8 

TORI,KO B pacnpe,IteReHu:ic'nonepeqHHX mmy'RiiCOB'11·3aBHCHJ,(OCt1i cpe~He

ro nonepetrHoro :mkynLca o-r npo~OXIiH~ro ins n± - M830HOB, Tor.1ta - , . . . 
mx ,1tpyrze pacnpe~exeau pe3xo npOTHBOpetraT pacqeTau no cTaTHCTH-. 
tJeCKOff TeOpHH. 

B HaCTOJIJlleff pa~o-re ·.ltaHHlle no poll'J(eHHD CTpaHHllX qact:Hn B peax

nxsx 
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.IT? --/J,(JT (A"f!jr+ A",l'°'J1-), 

.JT-_p--AK.1TJr (A"/:'".Jr"'Jr+ A"~jr-,r) 

..llp-p,(,(~ f p,cr,,,.-+11 ,l(~'Jr-J , 

JTj>-.. nl<,fR(11,eR:n-+nf<""/(j;-+) 

(a) 

(6) (6) 

(B) 

(r) 

npH m.mym,ce p = 4 raB/c TaKZe cpaBHHBaJIHCl, C npe,ll;Clta3aHHlIMH 

~8HOM8HOJIOrKqecxon KBa3H,ItByxqaCTHqHon MO.lt8JIH /I7/. AHaJIH3 pacnpe

;i:eneHHtt no nOJIH_OMY H¥11YJ1l>CY .ltJllI BTOpHllH~X 6apHOHOB B peaxnHJIX (6) 

noita.3IlBaeT, qTO npH Kaz.itOM cpHKCHpOBaHHOM COS es m.mynI,C 6apHOHa 

Y.ltOMeTBOPHTeJll>HO onHCHBaeTCSI qia30Bl:W 06'IieMOM, T.e. F(K) = cp(co.S95). 

CpaBH8HH8 3KcnepHM8HT8JILHHX ;i:aHHHX .ltJISI peaKnHn (6) C pacqe-. 

T8JAH no . cpl{M ll0lt8.3HBaeT, qTO yrJIOBJ:le H mmynLCHHe pacnpe;i:eneHHlI 

K-H II-Me30HOB, a· Talt'l:e pacnpe;i:eneHHH no KBa.n;paTy nepe;i:aHHOro 

4- uepHoro ~'TIYJILCa BTOpHqHOMY 6apHOHY ( t ) Y.ltOBneTBOpHTeJILHO 

onHCHBaDTCSI B Pa.MKaX npe;i:naraeuon MO.lt8JIH 1111• B KaqecTBe HJIJIJO-

i 
I 

I 

~ I 
i 

'• 1 

cTpanHH Ha pHc.2 npHBO.ltHTCH yrJIOBoe pacnpe;i:eJ1eHHe K-Me30HOB B(6a).B . / 

peaxn1rnx (6a) H <66) nonyqeHa saBHCHMOCTL F(X) OT t ( TaK Ha3H_. l 
Baewe F(t) - qiyHKnHH /r9, 2o1 )~ ArmpOKCHManHH c noMOll!l,I) 3KcnoHeH- : I 

(1; -~m 7~·· TH. F ~ ~ e ;i:aeT 3Ha'lleHHSI o<'. : o<'.(6a) .. (4,7,±I,9)/r3B/c . 

H ~(66) = ( 4,9 ~ 2,5) /r3B/cl2. 3TH 3Ha'lleHHSI cpaBHHMH c ffl,(81>

D!KMHCSI .ltaHHHMH no "" .ltJISI .ltByxllaCTHqHHX nponecCOB THIIa 

.1tJ-A"(XJ+ K
0 

• 

B 3TOM xe pas;i:ene Ha npoepe peaxnHH (66) noxa3aHa cnpaBe.lt

JIHBOCTL rHIIOT83H O B!J.lt8Jl8HHOCTH 6apHO~OB B .JT/V - B3aHMo;i:ettCTBRHX~ 

B pas;,;eJ1e B pacnpe.iteJieHHSI nonepe'IIHl:lX ( p.L ) H npo;i:0J11,wx ( p,, ) 
HMDYJll>COB =8000 nHOHOB, o6pa30BaHHHX B peaxnHHX (I), (2). H (6) 

( • inclusive " 3ttcnepHMeHT: .;r7' - JT .' + • 'IITO yro.itHo•) np11 

HWIYJIJ.Ce p = 4 I':la/c, aHaJIH3HPyJ>TCSI c TOqKH speHHSI 0038~CTaTHCTH

ltlt IIBI. 
Ilolt8.3aRo, qTo pecnpe.1teJ1eRBS1 BTOpH'IIHHX n•oaoa no p.,_ • Pu xo

pomo ODHCHBaDTCSI ~YHKUHmm:: 
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(7) 

(8) 

dN = A p.-¾ e- cr.1.P.J. 
,I p.J. .J. :L ' 

dN _ A e-a,,p11 
-- w J dpK 

r;i:e A.J. H Au - HOPMHPOBO'IIHl:le MHOXHTeJIH~ 

Pe3yJIJ.TaTH annpOKCHManHH llpHBO,!tlITCSI Ha pHC~3 H 4~ naHHHe, 

noJiyqeHHHe npH 3TOM .ltJIH TeMnepaTypH CHCTew T
0 

( a.J. = ~ = 

= 8,0I ,± 0,06 ( r3n/cr
1 

), 6JIH3KH K pesyJIJ.TaTB.M 3KCnepHM;HTOB, 

BHDOJIH8HHHX npH 3HeprHHX E "' (13-29) ran H 500 ra/21/ • Annpo1tcB-

1mnHS1 cnexrpa npo;i:OJII,HHX m.myJibCOB BCex nHOHOB .itaer: 

C1 11 (p,..:: 0) = 5,93,±0,II (rsn/c)-I H a11 (p
1
>0) "'3,75,:t0,07(!'3B/c)-I~ 

CJie,n;yeT OTMeTHn, 'IITO npH BBe;i:eHn:H orpaHPI'lleHHtt p.J.~ 0,2 Tun/c H 

I p,il > o, :i: I'3 B/c 4lYHKilHH (7) R (8) J!Yqme cornacynrcH c sxcnepH

MeHTaJILH!lMH cnexrpa.uK~ 

B srou xe pas,~ene .itaercH xaqecrBeHHOe o6'f>SICHeHHe sxcnepHMeH

raJIJ.HO Ha6J11>,n;aeuon acmmerpHH B pacnpe.n;eJieHHHX npo,n;oJ11,wx m.myJIJ.

con DHOHOB, 06pasot1aHHHX B .1rN - B3eifMO,l(ettCTBHSIX~ TaK KaK yrJIOBOe 

pacnpe;ri;enemrn 6apttOHOB B .JrN - B3aHl!O)(ettcn1rnx HHeer pes:r.yn aHH

sorponH11 Ha3aJt, npe,l(nono:nrn, qTO CHCTena Me30HOB',l(BHJ:8TC.H B c.n.M~ 

peaKn:HH npeHMymecTBeHHO Bnepe.it Hee nexTop cxopocrH C{c) nocToH-

HeH, m.1eeT noJIOJCHTeJiaH!ltt 3HaK CJc.> 0) H napa.JIJieneH ocH p
11 

-~ B 

CHCTeMe nOKOSI RTOpHqHHX M830HOB.pacnpe.n;eJieHHe npo,n;OJII,Hl:lX HMDYJIL~ 

COB 6y;,;eT WMeTI, RH,l( 

dN ~ e- a/•;p// 
d/pt/ . . I 

(9) 

r;i:e 3HaK * OTHOCHTCSI K c~n~M~ M830HOB; 

Tor;i:a cne:r.Tp npo;i:oJILHHX mmyJILCOB a c;n~u~ J)eaF.rurn uoxHo no

J1yqHrJ., Hcnon1,syS1 nepexo,n; 

dN - dN . ✓IP// ..:. a:;c1 /:)II {:rt- A~ /1+ ,,,z~,t,l' )/ (IO) ____ -L:.- ·~ e r•. r• . p.« .,/f. 

d/Pttf ~/;:~*/ cl/p11/ ·.. {Jc:: -1,fi-~J') 1 

CpaBHHBaSI (8) H (IO), nonyqmi:: 
. ~ ·. ... . . . ·. 

Cl,, = q~ oc / ( :r f - /3c. (I+ "'~/1' )/ 
. - 9 - ' 
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o:rity,l!';a mmuo, til'O .n:iui: -qac:r:m:~ c p 11 4- 0 BeJrnl!lrna a,, no uo.n:ynv 

·; 6y.n;eT 60JI1,me, 'lleM ,ll;JIJI 'llaCTlH{ C Pu> o· , IITO 1i 11a6JI10.n;aeTCJI Ha 3KCIIe-

p:m.rnHl'e /18, 21/ • 
f. 

j 
: ! 
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I ,, 
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B rJiaBe IY oOcyx.n:ael'CJI 0,l(HH H3 B03MO:EHUX ny:ren H3BJI011eHHH 

;n;aH!IUX lt8.K O cneKTpax 3qxpeKTHBHUX Ma.CC BTOp!rillHUX 'llacTHU, TaK li 0 

pe30HaHcax B peaKUHHX MHOXeCTBeHHOro oOpa30EaHHH HettTPaJil>HUX H. 

3apnxeHHUX 'llaCTHU, xor.n;a perHCTp!ripyel'CH l'OJI!,KO 'llaCTl, npo.n;yKTOB 

peaKUHH~ Hanpmxep, IIOKa3UBalDTCJI B03MOXHOCl'H onpe.n:eneHHH cneKTPOB 

3qxpeKTHBHUX Mace m(ir±JT-) H m(ir•Jnr•) ( xor.n;a He perHCTPHPYDT-· 

CH rr0 -Me30HU ) C IIOllODll,lD lriHTerpaJil>HUX ypaBHeHH!.l, BUBe.n;eHHHX B . 

11ac:ron111en padore 1221; 3.n:ecL xe paccMa:rpJrnaD:rcn Bonpocu o6Hapyxe

HHJI pe30HaHCOB B peaKUHHX Tmia 

JT-1,.,. n R±.JT-:;; ___ · (II) 
,- '-- JT ::!:: Jr. 

'--t't' 
IIpH perHcTpanHH TOJil,KO 3apnxeHHUX II-Me30HOB 1ri 0,l(HOro ~ - KBaHTa 

( R:t - .l(BYXtiaCTHllHHJI pe30HaHC C Maccon mR H IIIHPHHOH £' ) .cneKTp 

3qxpeKTHBHUX Ya.CC. m,,~,.=mo B (II) HBJIHeTCH cymrnfl eneKTPOB B IIpJI

M?M ( ¢( m.)) H pe30HaHCHOU ( /< ( m.) ) KaHa.Jiax: 

f'l(m.)=· a ¢(m.)-1- ~l<(m.) .. 

Ko3qxpHUHeHTH Cl H 6 npOllOPUHOHaUHU ee'lleHH.RM COOTBeTeTBeHHO 

Hepe30HaHCHOro H pe30HaHeHoro KaHaJIOB; IlpOH3BO,l(HaJI eneKTpa Mace 

n ( /1111'~,f) ' eBJI3aHa e /1/ ( mo) COOTHOmeHHeM 1231 

dn(m#~,rl = ± N'(m.) . 
z. '{ ~ ~, • cl 111,,-ro 2m,, /11,r,tJ" -m,,../ 

(I2) 

0TCD,l(a BH.ItHO, llTO d ;( n;_frr) mmeltHO 3aBHCHT OT i/(m.) • Rl-
m,"'lr 

-qMeJieBHJI, IIPOBe.n;eHHUe B HaCTOJIDlen paOore, IIOKa3HB8.ET 1231, tIT~ 

npH po-.u;euim pesOHaHCOB THIJa R ~ ( .P±.1 x;! K;+';O H T .n • ) B 
• '-. I. 

pacnpe.n;e.11eBHB npoM3BO.ltHOlt enexrpa wee. n(m;,,d'J npH 3HatieHimX 
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.1. 

' m:±;, ~ m: ,J(OJIXHll IIOJIBJIJITJ:,CJI CHJil>IIUe npOEaJill e IIIHpHHon, 
o ' . - c/11(111.z.. ) 

paBHOJI r. IlpHqeM TaKOe H3MeHeHHe B cneKTpe :~~ TeM 
. . dmll'r0 

c:eJI~Hee, -qeu ueHLme IIIHpHHa pe30HaHca H tieu 60JI1,me BKJiaJJ: pesoHaH-

cHoro KaHaJia B nOJIHOe cetieHHe peaKUHH. Pac'CleTH 6UJIH BHIIOJIHeH~ 

. .l(JIJi 3Hel!rHR E c: 4; 20 H 40 r3B. C poeTOM 3Hepr:elri erpyxrypa ~fl(m.) 
eHJil>Hee OTpazaeTeJI B e~eKTpe npOH3BO,JJ;HOlt . cf n ( m;~ . 

dmt;~ 

.B np:wroxeHHH OIIHeaHa eos.n:aHHaJI Ha OCHOBe POPCa /Bl nporpaMMa 

1.rn.n;eJIHPOBaHHJI CJiy'llattHHX 3Be3,Jt no 38,1{8.IIHOMY Ma.TpHIIHOMy 3JieMeHTY, 

3aBHeJI111euy OT KHHeMa.TuqecKHX nepeMeHHUX O,l(HOU H3 BTOpH'llHHX qac

THU. 

C~opuyneyyeM OCHOBHHe pesyni,ram padom. 

I. C IIOMODll>ll 24- JIHTpOBOR · nponaHOBOlt KaMepH RB3 orum: :irny

'lleHH perumlriH MHOXeCTBeHHOro o6pa30Ba.BHH IIHOHOB H CTpaHHUX 'llaCTHI{ 

B rr-p - B38lDlO.l(ettcTBHJIX npH m.myni,ee p = 4 I'3B/e. Pa.spadOTaHa 

MeTO,J(HKO. BU,JJ;eJieHHH peaKnHR (I) H (2). Onpe.n;eneHll ee'lleHHJI napUHMl>

HllX KaHaJIOB H xapaKTepHCTHKH BTOPHtIHHX qaeTHU B peaKUHHX 

JT-;>-+n.1r+J,-m.JT 0 
( 2374 coduua) H .lT-p ➔nZn+2.n?nn•r40T rodHTHe). 

AH8JIH3 IIOKa3HBaer, 'llTO 3TH peaKUHM H.ItYT npeID.cyllteCTBeHHO des oO

pa30BaHID! pe30Ha.BeOBo 

2. CpaBHeHHe IIOJiy'lleHHUX ,JJ;aHHUX .l(JIJI ceqeHHn napnHan1>HHX KaHa

JIOB peaKUH?- (I) H (2) e npe.l(CKa3RHHJIMH e:raTHCTH11eeKOf H30enHHOBOR 

MO,l(eJIH .n;aeT Y.ltOBJieTBOPHT8JIJ:,HOe eornacHe. 

3. B o0111eu BH,Ite BHBe,JJ;eHH HHTerpanl>HUe ypaBHeHHJI, c IlOl!ODU,E 

KOTOpHX MOXHO BOCeTaHaBJIHBaTJ:, cneKTpH 3qxileKTHBHHX uacc eHCTeW 
' " ~' ' -· 

'llRCTHU, p~rlf~!.PHPY_H TOJI!,!CO tiaCTb npo;n;yKTOB paena,P.a 3TOU CHCTeim. 

; Hc.J.I?JIJ:,30B8.~He. npe,JtJIOJ;eBHOro, :ueTO)ta Il03BOJIK.110 BOCCTe.HOBHTl, cneKTpu 

3qxpext~~x vacc mf.JT':.lr'.J H /11/.JT".JT-jr•J B peaxnelf ~I). 

4. Ilo~saHo, 11ro_ B nponeccax TMIIa fi'"J>- n ~;·;_j,. .. 
KOr,lla peI'JlCTpiq>YDTCH TOJil,KO n! ._ Me3~Hll -~. . . '-J"o 

O)tHH i- ltBaHT, JIB',opuruum O cetieHJDl pe30HaHCHOro Ka.HaJie. H lmpHHe 
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pe30HaHca MOXHO noJiyqHTL H3 npOH3BO;n;~on ( d n ( mn~d_) cneKTpa 
. z . dm;,d' . . . 

3cfxpe~THBHllX Mace nls-r! ~ 3TOT uero.n: J,(OJ!CeT OKa3aTLCJI noJie3H!lM 

npH dOJILl!IHX 3HeprHJIX, Kor;n;a craHOBHTCJI rpy;n;aon H,ll;eHTHqlHKaitHJI KaHa

JIOB peaKitHff~ .. 
5. IlpoBe~eH no;n;po<1HHff aHaJIH3 yrJIOBUX H mmyJILCHHX xapaKrepHC-

THK BTOpHqHUX Il-MeSOHOB B peaQHJIX (I) H (2) B pa.MKax craTHCTHqec

xon TeOpHH H qieHOMeHOJIOrHqeCKOff KBaSH,ll;ByxqacrHqHOtt uo;n;eJIH MHOXecr

BeHHOro odpasOBaHHJI qacrmi (iliKM) •. 

a) CraTHCTHlleCKM reopHJI Mozer y;n;OBJI8TBOPHT8JILHO onHcarL pac

npe;n;eJieHHJI nonepeqaux mmyJILCOB H 3aBHcm,ocrL cpe,l{Hero nonepeqHoro 

HllllYJILCil. OT npo;n;OJILHOrO .n:irs ir-: -MeSOHOB'~ C ;n;pyron CTOpOHll, yrxo

BHe pacnpe.n:exeHHJI, cneKrpu npo;n;oJILHHX mmyJILCOB H pacnpe;n;eJieHHSI 

no KBa.n:pary nepe.n:asHoro 4-x -uepHoro mmyJILca He corJiaCYJlTCB c 

npe.n:cxa.38.HHmm crarucruqecxon reopo~ 

<1) ilieHO:UeHoirorHqecKaJI KBa3H,ll;ByxqacrHqHax uo;n;exL B BapHaHre, 

npe;n;JIOXeHHOM B HRCTOSl~en padore, y;n;OBJI8TBOpHT8JILHO onHCHBaer Bee 

pacnpe,n;eJiemrn BTOpHqHllX 11-Jl830HOB B peaKitHJIX (I) H (2); . 

6. AHaJIH3 ,n;aHHllX no oCSpasOBaHHD CTp:l.HHllX qaCTHit B peaKilHSIX 

. Jp➔AK'.n-, JT-_J,..,AK~.Jr , JT-p➔;,Kb , .JT-J,➔nKK.;,r npH pc = 4 1'3:B 

nOKa3HBaer, qro yrJIOBHe H mmyJILCHHe xapaxrepKCTHKH BTOpHqHUX 
. . . 

. ,, ' 

qacTHit B 3THX nponeccax MOryT <1HTL y.n;OBJI8TBOPHTeJILHO onucaHH B 

pa.MKax qieHOY8HOJIOrHqecxon KBaSH,ll;ByxqacrHqH?ff MO,ll;8JIH; Ha npHMepe 

P~aKitHH _ .1r-;,- AKJr.JT ;n;oxasaHa cnpaBe)tJIHBOCTL rHnOT83H O BH)teJieH

HOCTH BTOpHqHHX CSapHOHOB B J/"N - B3a.HMO.D:81tCTBHS:~ • 

7 ! Pacnpe,n;eJieHHJI nonepeqHllx H npO,ItOJILHllX mmyJILCOB ~ 8000 BTO

pHqHllX DHOHOE, oCSpa30BaHHllX B " 1nc,;usive 'n '.peaKUHJIX: Kf>~ '.n- + 

+ "qro yro;n;Ho" npH p=4 r3B/c, xopomo OilHCHBaDTCH 3KCilOH8HIOmJILHHYH 

TYHKilH.n1JH, noxyqae'Ll!DLH H3 dose -cTaTHCTHKH~ 3HaqeHHJI rewepaTyj)H 

.CHCTeW ( T.= mr), noxyqeHH!le B HacTOJili(en paCSoTe, CSJIH3KH K pesyJIL

TaT8ll 3KcnepHl!:eHTOB, BHnOJIH8HHHX npa 3HeprBJIX (13-29) fBB H 

500 !':Ju. 
- I2 -

8. Ha OCHOBe ~eHOMeHOJIOrHqeCKOtt KBa3H,ll;ByxqacrHqHon uo;n;eJIH 

MHOX8CTB8HHOrO oCSpa30BaHHJI qacTHit .n:aeTCJI xaqeCTB8HHOe oCS~JICHeHHe 

3KcnepHM8HTaJILHO HaCSJID.n;aeuon acHMMeTpHH B cnexTpax npo;n;OJILHHX 

HMDYJILCOB nHOHOB, BHJieTaill!!HX B nepe,n:Hllll H 3a,n:Hllll nonycqiepu B 

c.n.u.peaKUHH. 
0CHOBHll8 pesyJILTaTU HaCTOJil!len paCSOThl ,n;oKJia,n:h!BaJIHCL Ha Me:a:,n;y-

Hapo.n:Hon KOHqiepeHitHH no 3JieMeHrapHh!M qacTHitaM B IlYH)te (1969),Ha 

Cecc1m OT,IteJieHHJI suepHOV. qJH3HKH AH CCCP B TaJIJIHHe ~1970), Ha 

XY Mex;n;yHapo,n:Hon KOH~epeHilHH no ¢H3HK8 IHCOKHX 3HeprHtt B KHeBe 
(I970) H onyCSJIHKOBaHhl B paCSorax / 6,7,I4,I5,I7,I8,22,23/. 

13 -



I 

Ii 
!I' 
:t. 

i 'I 

! 

n HT E ·p AT Y PA 

r. H;<l>~MapKOBa, B~H.Mopo3, A.B.HHKRTHH H .11:p.IlpenpHHT omrn, 
. I~'.3545, .l{y(5Ha (!967)., 

2; B;r.rp:mmm, 3~IT;KHcTeHeB, TI~H.TienHJIOBa H ,11;p.IlpenpHHT OIDIH, 
P-2277,· ,lly6Ha (!965). • : 

'.3. B;r;rpKmH, M;Hpem, ll~K;Konu110Ba, B.?.TID6Kl,loB1 M.M~MYMHHOB, ... 
A.r.IlaBJIOBa, B.B.IleTP:EHJIK8.1 M.Cy&, 3.TJ>Ka, fl~TpltOBa, :s.c.D11,11;a-
meB. IlpenpHHT OIDIH, PI-44!~, ,lly6Ha (I9o9), . 

4-~ fl~ToM, B~r~rpKDIHH, A.r .KpKB0H~OBa K .11:p.IlpenpHHT OHflH, P-2842, 
,lty6Ha (!966). . . 

5. I.H~Boyd et.al. Phys.Rev., .'.1§2, 1458 (1968) •· 

6~ ~~r~rpHmKH, M~~p~m, ,ll.It.KonuJI~Ba, n;:s~nD6HMOB,_ M.M;M~HH?B, 
A.r .IlaBJIOBa, B.B.IleTplmJIKa, M.Cy&, 3. TpKa, fl. :rp&OBa, :s.c.Dn.11:a-
meB~ fl<l>, 1.Q ,I204 (1969). . 

_7~ n,r~rpHDIH¥"'-ll;K~KonuJI~Ba, B.B;nD6ma:oB, B;B.Ilerp~KJIKa, M~Cy&, 
. 3.TpKa, fl.:rpKOBa, :s.c.D11.11:ameB. 51<1>, 1!, !242 (!970); 

IlpenpHHT Om, PI-4695, ,lly6Ha (!969). 

8~ B.E~KOMOJIOBa,r;H~KOmtJIOB. Ilp~npKHT om, P-2027, ,lly6Ha(I965)~ 

9. H~H.CKJIHH. IlpenpKHT OIDIH, II-'.3'.362, ,lly6Ha (!967). 

IO. ABBI!ll4 qollaboration. Nuovo Cim.,....21, ?29 (1964). 

II~ ABBHIM Collaborat:ion. Nuovo Cim., J!, 485 (1964) .• 

r2. C~3.EeJieHLKHI, B~M.MaKCHM0HKO, A~H;HHKKmOB, :r;r~n~P030HTaJIL. 
Y<l>H, _g , BHD~ 2,I (!957) .• 

I'.3~ F.Cerulus. Nuovo Cim., .12,, 528 (1961); 
I.Bartke, O.Czyzewski. Nucl. Phys.,~, 583 (1968) • 

I4~ B~r;rpxmHH, m;B.HHora.uoB1 .n:;K~Konu110Ba,. B~:s;nD6HMoB, B~C~D11,11;a
meB~ IlpenpKHT om, Pl-5q'.3I, ,lly6Ha (I9·,o). 

rs; n.r.rpxDIHH, K~r~ry11ID10B,__.n:~K .• Konu110Ba,_ __ M~M;MyuHHoB, 3~ Tp1ta, 
B.C~DJI,11;ameB~ IlpenpHHT OID:tH, PI-'.3677, .u.y6Ha(I968), 

I6. K.Abe et.al. Phys.Rev.,_L, 91 (1970) _ 

17. n;r~rpHDIHH1 m~B~HHora~IOB, A.A~K~aecioB, l{;H~MeJILHK;OBa, .. 
A.MHxyJI, M·.ca63yl B.C.DJI,11;ameB, r;flatio, B.Eon.1tea1 C.<l>eJiea5 IIpenpHHT om, P -5706, ,lly6Ha, (I97I); fl<l>, ~, Iu7I (l97I • 

I8. BS .rpmlllm, m~B~HHorm&oB, :s~c;D11,11;aJ11eB, r~flHtio. IlpenpHHT 
· o:inm, Pl-5849, ,lly6Ha (I97I). 

- 14 -

I I9. G.Bialkowski, R.Sosnowski. Phys • .Lett., 25B, 519 (1967). 

20 •. A.Zieminski. Nucl. Phys., B14, 75 (19b9) • 

. 2!. _I.W.Elbert et.al. Phys.Rev.Lett., 2U, 124 (1968); 
D.B.Smith et.al. Phys.Rev.Lett •. , £l, 1064 (19b9); 

H.H.PoUDBIBHJIH, E.H.meppep. IlHCLMa. B JK3'.N?, .Q,24'.3(197!) ... 

. 22.· B~r.rpHDIHH, ,ll.K~KODHJIOBa, r.H.KonunoB, B.:S.TID6ID.IOB, 
.:s~c;D11,;ameB. fl~, ,lg, 757 (1970); IIpenpHHT om, Pl-4926, 

. .Ityr1Ha (1970)., . 

2'.3~·B.r.rpHIIIHH, B.:S.IlD6ID.IOB, :s.C.DJI.1tameB. IIpenpHHT OIDIH, 
. 1~5146, ,lty6aa (1970). 

PyKODHCL nocryDHxa B H3,ll;aTeJILCKHR OT~eJI 
14 OKTH6pa 1971 roAa. . 
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PHc.I. Yrnoaue pacnpe,1teneHHJ1 n!-uesoHOB B c.n.M. pealtilD (I)~ 

KpHBUe - pacqeTU no ~eHOMeHonoI'}tqecKOff KBa.3H.ltByxtlaCTHtI-
cY HOft MO,lte.l(H• 

16 

• I 

f 

. ·., 

, }I 

P1rn.2. YrnoBoe pacnpe,1tenemte ► 

K-Ye30HOB B peaxnHH (6a). 
Kp1maH - pesym,rar pacqera no ~KM. 

N 

!1[ 

WI rLp-AK!r 

50 

~D 

"° 

0 0:2 M 06 08 !O :L2 t+ PJ.(J;A/c) 

PHc.3. Pacnpe,1texeuHe nonepequux mmynLCOB nHOHOB B 

" inclusive" 3KcnepDeHTe: :n-J....:.,,- + "qro yrOJtHO". 

CnXOIIIHaH XHHHH - npHdXD8HH8 ~YHKnHen (7); ~ - COOT

B8TCTBY8T roMY ze np11 p.J. ~ 0,2 raB/c. 
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2000 

\r 
9f 

- i2 -UB -0.4 · Q 4 QB i.2 P,, (r,t /c) 

PHc.4. Cnexrp npo~OHLHHX lWIIYHLCOB DHOHOB B" inclusive" 

3RcnepIDleHre. Ilpinme·- pe3yHLraru.annpoxcBKilllHH 
~YHRUH8ff (8). 
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