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§J. BeeoeHue. MemoouKa :JKcnepuMeHma 

/I ,2 I 
AHanH3 accouuaTHBHbiX MHO>KeCTBeHHOCTeB: 1 

' B no-
nyHHKmoJHBHblX npoueccax npe.n.cTaBmieT 6onbwoB: HHTepec 
npH HJyqeHHH KOppen.RI.J;HH Me>K,D,Y qaCTHI.J;aMH, o6pa30BaHHbi
MH BO B3aHMO,D,eHCTBHH. 

B HaCTO.RIUeB: pa6oTe aHanHJHPYIOTC.R accouuaTHBHbie 
MHO>KeCTBeHHOCTH B peaKI.J;HH 

77- + 
12 c _. p /HaJa.n. a n.c./ + X /1/ 

npu HMnynbce HaneTaiOIUHX rr -Me30HOB p = 40 T3B/c. 
PeaKUHH /1/ HJyqanucb Ha CHHMKax, nonyqeHHblX c .n.ayx
MeTpoaoB: nponaHoaoB: nyJbipbKOBOH KaMepbl JIB3 OIUU1, 
o6nyqeHHOH B nyqKe 77--Me30HOB C HMnynbCCMp=/40,0± 
0,24/ T3B/c Ha cepnyxoacKOM ycKopuTene. KaMepa Haxo
.n.unacb B MarHHTHOM none co cpe.n.HeB: Hanp.R>KeHHOCTbiO 
15 KTc. )l.aa>K,D,bi 6hlno npocMoTpeHo "' 12000 cTepeoKa.n.poa. 
3tiltileKTHBHOCTb ,D,BOHHOrO npOCMOTpa OKa3anaCb 6nH3KOH 
K 100*. llpH npOCMOTpe, B COOTBeTCTBHH CO CTaH,D,apTHblMH 
KpHTepH.RMH ,D,ml nponaHOBblX KaMep/ 3 ·, 6blnO HaH,D,eHO N,;c= 
=2100 77-C -sJaHMO,D,eHCTBHH *. 113 HHX B N(p) = 968 
co6blTH.RX HMenc.R no KpaB:HeH Mepe O.D.HH npoTOH, ucnyiUeH
HblH Ha3a,D, B na6opaTOpHOH CHCTeMe KOOp,D,HHaT jyron BbineTa 
npOTOHa B n.C. OTHOCHTenbHO nepBHqHoro nyqKa 8 > 90°/. 
3TH co6blTH.R 6blnH oTo6paHbl .n.n.R HJMepeHHH. H3MepeHH.R 

'41 
npOBO,D,HnHCb Ha nonyaBTOMa TaX llHK- j

1 
· H o6cqHTblBanHCb 

no reoMeTpuqecKOH nporpaMMe "1-6" · "· · 

~eCb, KaK H B ,D,anbHeHWeM, HCKnlQ;.t~Hbl B3aHMO,D,eH
CTBH.R Ha KBa3HCB060,D,HblX HyKnOHaX /eM.' ' /. 
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IJpOTOHbl B C06b1THHX H,ll;eHTHcilHUHPOBaJIHCb no npo6eraM 

H HOHH3aUHH. IJpa 3TOM npHMeCblO ,D;eHTOHOB H ,D;pyrax 

TH>KenblX OCKOnKOB npeHe6peranOCb. Cne,D;yeT OTMeTHTb, 
1
HO B nponaHOBbiX KaMe pax H,D;eHTHcilHKaUHJI npOTOHOB npOBO

,ll;HTCJI ,ll;OCTaTOqHo TOqHo B HHTepaane HMnynbCOB 150~p~ 

$. 700 M3B/c, B CBJI3H C qeM BCe npHBO,ll;HMble HH)Ke 

peJynbTaTbl OTHOCJITCX K C06WTHJIM THna /1/, B KOTOpbiX 

HMnynbCbl npOTOHOB HaXO,ll;JITCJI B yKa3aHHOM HHTepaane 

HMnynbCOB. Ilocne o6cqeTa H3MepeHHbiX co6wTH:ii ,D;nJI ,D;anb

Heiimero aHanHJa 6blno ocTaaneHo 681 co6biTHe c 823 npo

TOHaMH, y KOTOpbiX yrnbl BbineTa OTHOCHTenbHO nepBHqHoro 
0 

nyqKa 6blnH 6onhme 90, a HMnynbCbi ne>KanH B npe,D;enax 
OT 150 ,ll;O 700 M3B/c. 

Cpe,D;HJIJI MHO>KeCTBeHHOCTb npOTOHOB, BblneTalOIUHX Ha-

3a,D; B n.c., B C06b1THXX THna /1/ OKa3anaCb paBHOH 
< n (p) >= 1,24 ± 0,04*. 

§2. 3KcnepuMeHmaAbHble pe3yAbmambl 

B ma6A. 1 npHBO;:J.JITCJI JaBHCHMOCTH cpe,D;HHX MHO>KecT

BeHHOCTeii penJITHBHCTCKHX 3apJI)KeHHbiX qaCTHU <n., > OT 

qacna npOTOHOB (n p ) BO BCeX TT C - B3aHMO,D;eH~CTBHJIX 
(NTTC) H B C06b1THJIX C npOTOHaMH, BblneTaiOIUHMH Ha3a,D; 

( N(f>)). BH,D;Ho, qTo B npe,D;enax 3KcnepHMeHTanbHbiX oma-

6oK (n s ) npaKTHqeCKH He 3aBHCHT OT HanHqHJI B COfibiTHH 

npoToHa, neTJIIUero Ha3a,D;, paBHO KaK H oT qacna o6paJo

BaHHbiX BO B3aHMO,D;eHCTBHH npOTOHOB. AHanoraqHbiH 3cllclleKT 

HMeeT MeCTO H ,D;nJI Cpe,D;HeH MHO>KeCTBeHHOCTH Y -KBaHTOB. 

* 3,D;eCb He yqTeHbl B03MO>KHble noTepH npOTOHOB, Bblne
TaiOIUHX B rny6b KaMepbl. AHanaJ pacnpe,D;eneHaii no aJH
MyTanbHbiM yrnaM npOTOHOB nOKa3biBaeT, qTO noTepa npo
TOHOB COCTaBnJIIOT $- 12~. 
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Ha puc. 1 noKaJaua JaBBCBMOCTL cpe.D;ueii MHo-
>KeCTBeuuocTB npOTOHOB, BLIJieTaiOIIUIX B nepe.D;HIOIO nony
ccllepy *, OT pa3JIB'IHLIX KBHeMa TH'IeCKBX nepeMeHHLIX npo
TOHa, BCny~eHHOro Ha3a.D; B peaK~BB /1/. 3.D;eCL p B pl. -
nonuLiii B nonepe'IHLiii BMnyJILCLI npoToHa B /1/; M2 = 

2 X 
= (q 77 +qc-q+-) - He.D;ocTaro~aJI Macca; t=(q

77
-q+- )2 -KBa.D;-

paT 'leTLipefMepuoro nepe.D;aaaeMoro BMnynLca PoT uaneTa
IO~ero rr--Meloua K npoTouy-uaJa.D;; q

77 
, qc B qp--

4-uMnynLcLI nepauquoro rr- -Meloua, JI.D;pa yrnepo.D;a u 
npoToHa- Hala.D;. KaK BB.D;HO Bl puc. 1, cpe.D;HJIJI MHO>KecT
BeHHOCTL npOTOHOB, HCny~eHHLIX no HanpaBJieHBIO nepBB'IHOH 
\faCTH~LI B JI.C., B peaK~BB /1/ He laBBCBT OT XapaKTepBCTHK 
npOTOHOB, 3MBTTHpOBaHHLIX Hala.D;. 

AuanorH'IHLiii 3«W!eKT BMeeT MecTo B .D;JIJI pacnpe.D;ene
uaii npoTOHOB no Mno,KecTaeuuocTB. Bee co6LITBJI N(p) 
6LIJIH pa3.D;eJieHLI Ha .D;Be rpynnLI B 3aBBCHMOCTH OT BMnyJILCa 
npoToua, BLineTaro~ero HaJa.D;. B nepayro rpynny 6LIJIH 
BKJIIO'IeHLI co6LITBJI I 1/, B KOTopLix npoTOHLI- uaJa.D; BMenu 
HMnyJILCLI p p ;5. 300 M3B/c, BO BTOpyro - C06LITBJI, 
BMeiO~Be npoTOHLI c HMnynLcaMB 6onLwe 300 M3B/c /T .e. 
06JiaCTL HMnyJILCOB, r.D;e B03MO>KHaJI npBMeCL OT Bcnapu
TeJILHLIX npoTOHOB npeue6pe>KBMO Mana/. Pacnpe.D;eneHBJI 
no MHO>KeCTBeHHOCTB npOTOHOB, 0 p, BLIJieTaiOIIUIX B nepe.D;
HIOIO nonyccllepy .D;JIJI o6eux rpynn, npe.D;cTaaneHLI ua puc. 2. 
Ba.D;uo, 'ITO o6a pacnpe.D;eneuuJI coana.D;aJOT. Cpe.D;HBe Muo
>KecTaeuuocTa npOTOHOB, BLIJieTaiO~BX Bnepe.D;, B /1/ OKa-
3aJIHCL paBHLIMB. 

< np anepe.D; > = 1 ,09± 0,05 .D;JIJI co6LITBii I 1/ c 
Pp- ;5.300 M3B/c 
B 

<np anepe.D;>= 1,10±0,07 .D;JIJI co6LITBH /1/ c 
Pp- >300 M3B/c. 
KpaaaJI ua puc. 2 - peJyJILTaT annpoKCBMa~BH 3Kcnepa
MeHTaJILHLIX .D;aHHLIX pacnpe.D;eneuBeM llyaccoua 

* }J;aHHLie .D;JIJI npOTOHOB-Bnepe.D; npBBO.D;JITCJI no pe3yJIL
TaTaM npOCMOTpa. 
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Puc. 1. CpeoHue MHOJICecm6eHHocmu npomoHo6- 6nepeo 6 3a-
6UCUMocmu 0111 xapaKmepUCIIIUK np01110H06- HU3aO 6 peaKijUU 
/1/: a/ UMnyAbca P; 6/ nonepe'lHozo uMnyAbca; 6/ ne
peoa6aeMozo 4- UMnyAbca; z/ HeOOCifiUIOUieii MUCCbl M 

n 
P(n )-aPe-a 

p--
n 

p 

2 fa= 1 ,08± 0,05; X = 1,1 npu 'IHCJie TO'IeK N = 5/. 

/2/ 

TaKHM o6pa3oM, CKOJIL-HB6y.D;L c~ecTBeHHLie Koppe
JIJI~BH Me>K.D;y npOTOHaMB, HCny~eHHLIMB Bnepe.D; B Ha3a.D; 
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• q, ~ !JXJiblfc-
0 Pp > 300 lf~A/c 
- flYDCCOH 
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Puc. 2. PacnpeoeAeHUJI no MHOJICecmeeHHocmu npomoHoe
enepeo e peaKt~uu /1/ oAJI co6bzmuii c Pp :::. 300 M:JB/c 
(t) u p P ·;:: 300 M3B/c (0). KpueaJI - pe3yAuam annpoK
cuMat~uu pacnpeoeAeHueM IlyaccoHa. 

B peaKu;HH /1/, oTCYTCTBYIOT. KpoMe Toro, pacnpe,IJ.eJieHHJI 

no MHO:>KeCTBeHHOCTH npOTOHOB XOpOWO OnHCbiBaiOTCJI pac

rrpe,IJ.eJieHHeM IIyaccoHa. Cne,IJ.oBa TeJILHO, npHBe,IJ.eHHble 3K

cnepHMeHTanLHble ,IJ.aHHLie He npoTHBope'laT KapTHHe HeJa

BHCHMoro pO:>K,IJ.eHHJI npOTOHOB B peaKD;HH /1/. 
lipe,IJ.CTaBJIJieT TaK:>Ke HHTepec H3y'leHHe KOppeJIJID;HB 

Me:>K,IJ.y peJIJITHBHCTCKHMH 'laCTHD;aMH, o6pa30BaHHbiMH B pe

aKu;HH /1/, H npoToHaMB, 3MHTTBpoaaHHhiMB Ha3a,IJ.. Ha 

puc. 3 noKa3aHa 3aBHCBMOCTb cpe,IJ.HeB MHO:>KeCTBeHHOCTH 

peJIJITHBHCTCKHX JapH:>KeHHblX 'laCTHD; < n 8 > OT pa3JIB'I-
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Puc. 3. 3aeucuMocmb cpeoHeii MHOJICecmeeHHocmu peAJimu
eucmcKux 3apJIJICeHHbiX ~acmut~ <n

8 
> om xapaKmepucmuK 

npomoHoe- Ha:Jao e peaKt~uu /1/. 

HbiX KHHeMaTH'IeCKBX nepeMeHHbiX npOTOHOB-Ha3a,IJ. B peaK

D;BH /1/. KaK BB,IJ.HO B3 puc. 3, B npe,IJ.enax 3KcnepBMeH

TaJILHhiX OWB60K He Ha6JIIO,IJ.aeTCJI 3aMeTHbiX KoppeJIJID;BB 

Me)l()l.y <n s > B xapaKTepBCTBKaMB npoTOHOB Ha3a,IJ.. TaKaH 

:>Ke CHTyaD;BJI HMeeT MeCTO B )l.JIJI pacnpe,IJ.eJieHBH no MHO

:>KeCTBeHHOCTB. Ha puc. 4 noKa3aHbl pacnpe,IJ.eJieHBH no 

n s B co6LITHJIX c p P ::; 300 M3B/c B p P >300 M:JB/c. 
06a pacnpe,IJ.eneHBJI coana,IJ.aroT. CnnowHaH KPBBaJI Ha puc. 4 -
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Puc. 4. PacnpeoeAeHu.R no MHOJICecm6eHHocmu peA.Rmu6ucm
CKUX 3ap.RJICeHHbiX 'iacmut~ n s 6 peaKtiUU /1/ O/I.R co6&1muu 
c p ~ 300 M3B/c u P > 30q1:f3B/c. Kpu6a.R - pac-
npebeAeHue no n s 60 6cex 77- C - 63auMooeucm6u.Rx. 

pacnpe.n.eneHBe no ns so acex 77-c -co6blTBHX, 6e3oT

HOCBTenhHO K TOMY, BMeJOTC.JI BITB OTCYTCTBYJOT npOTOHbl, 

BCnyll.\eHHble Ha3a,IJ.. 

Cpe.n.HBe MHO:>KeCTBeHHOCTB penxTBBBCTCKBX qacTBIJ, <n s > 
OKa3aiTBCb paBHblMB: 

<n8 >= 7,25 ± 0,32 .n.nx co6b1TBH /1/ c p ::;;. 300 M3B/c, 
< ns> =7 ,19± 0,41 .n.nx co6blT!_H /1/ c p; > 300 M3B/c, 
< ng> = 7 ,35± 0,16 .n.nx acex 77 C -co6blTBB. 

Cne.n.oaaTenLHo, B npe.n.enax 3KcnepBMeHTanLHblX owH6oK 

MHO:>KeCTBeHHOCTb penRTHBHCTCKHX 3aps:>KeHHblX 'laCTHIJ, He 

3aBBCBT OT xapaKTepHCTHK npOTOHOB, HCnYIIJ,eHHblX Ha3a,IJ. 

B peaKlJ,HB /1/. 
TaKHM o6pa3oM, nonyqeHHble B BaCTOHII.\eH pa6oTe .n.aH

Hble no aCCOD;HaTHBHblM MHO:>KeCTBeiUIOCT.JIM B peaKlJ,HH /1/ 
noKa3blBaJOT OTCYTCTBHe KOppenRlJ,HH Me:>K,IJ.y llpOTOHaMH, 

BblfleTaiOIQHMH Ha3a,IJ. B n.C. C HMnynLCaMH 150 <p+- < 
- p -

::;. 700 M3B/c, H .n.pyrBMH qacTHIJ,aMB, o6pa3oBaHHblMH 

B peaKIJ,HH /1/. 
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