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1 · BBeAeBBe · 

Jlep;aBHO ( CM.(1-3j H CCLIJIKH. B HHX) llOllBIIJIHCL nepBLIC 9KCllepH~CHTaJIJ>~ 
Hhle pa60TLI, llO)l;TBepp;HBlliHC npep;cxanaHHe (4] 0 CYJI\CCTBOBaHHK HOBOrO 

· KorepeHTHoro - MexaHHOMa MYJILTHcflparMcHT~HK pemlTHBHCTCKHX .lij\ep. 

Pe'lh Hp;eT o coyp;apenux ".Hp;po-.Hp;po", B xoTopLix .llJ:(po-napTHep BLmLI

BaeT cflparMcH'l'~HIO HaJieTaromero BLICOKOBHeprH'IHOrO llJ:(pa, BOOJ:(eHCTBYll 

na Hero xax J\eJIOe (xorepeHTHo), He panpyrna.s:CJ>, He Boo6yxJ:(a.s:CL H coxpa

Hll.ll oap.llp;. 8TH pea:KI\HH BO MHOrOM llOJ:(06HLI HeynpyrHM :KorepeHTHLIM BOa

HMOp;eiCTBHllM BLICOKOBHeprH'IHLIX aJ:(pOHOB CO CllruKHLIMH .llJ:(paMR, TeopeTR

qeCKH llp(lj:\C:Ka3aHHLIM ell\e B 1953 roJ:(Y (5] H HHTeHCRBHO BllY'IaBlliHMCll B 

4lHOHKC BLICOKHX 9HeprRH Ha'IRHa.ll C 60-X rOJ:(OB. 

Peaxn;RR xorepeHTHoi 4>parMeHT~RR, o6HapyxeHHLie x HacTO.HID;eMy Bpe

MeHu,orpaHH'ICHLI:KanarroM 

12c-+ 3a, (1) 

HOY'IaBlliHMCll B <{lOTOBMYJILCRR, B T.'l. pan6aBncHHOH COnllMB ,Ph (1], H B 

J:(BYXMeTposoi nyoLipLKOBoi nponaHoBoi KaMepe (2], H-KaliarroM ' 

tso-+ 4a (2) 

(o6LI'IHJ: 4>0TOBMYJILCH.Il, (3}). tho CB.IlOaHO KaK C OTHOCHTCJIJ>HOH rqlOCTO

TOH perHcTp~RR xoHe'IHLIX cocTO.HHRi peaxn;Ri (1) II (2) B ynoM.HHYTLIX 

Tpc:KOBLIX npu6opax, Tal: H C MaJIOH BCHH'IHHOH 9HeprRH CB.IlOH Q-'lacTHI\ B 

.lll\pax yrnepoJ:(a H KRCJIOPOI\a, RMCIOID;HX 'ICTKO BLipaxeHHYIO "a-'lacTR'IHYIO" 

C'l'PYKTYPY • 
llacTOllll\a.ll pa6oTa - ,nonLIT:Ka o6HapyxeHH.Il xorepeHTHoro MCXaHHOMa 

peaxn;Ri MYJIJ>TRcflparMeHT~HR 

l:JC -+ 2a + 2d , (3) 

l:JC-+ 2a+ 2t+p, 

OTJIH'IaiOID;HXC.Il OT pea:KD;HK (1) OHa'IHTeJIJ>HO 6onee BLICOKOH CTCllCHLIO p;e

ORHTerp~HH 4>parMCHTBpYIOII\erO .llJ:(pa yrnepoJ:(a. Ilp~CTaBlUlC,T Ta:KXC O'le

BRJ:(Hhli HHTepec cpaBHCHHC xapa.J:TCpHCTHK a-..:(acTHD; Hl3 pea:KD;D KOrepeH

THOH H HexorepeHTHO:i J:(RCCOI\H~ (1) H (3). Pa6oTa BI.IllOnHeHa Ha TOM 

ll':.=~~~==l 
l._~O~-· 



}KC 9KCllCpHMCHTaJILHOM MaTepHaJIC no HeynpyrHM BOaHMOJ\CHCTBWIM yrnepOJ\

nponaH (C-CgHs) npH 4.2 A raBfc, qTo H pa6oTa [2], llOCB.!l~eH~aJI peaKD;UH 

(1). 

2 8ICDepHMeHTaJibHbiH MaTepHan 

MeTOJ\HKa npoBCJ\CHH.ll axcnepHMCHTOB H o6pa6oTKH <flunLMonoi un¢op

M~nH; nonyqeHHoi c noMO~LIO J\BYXMeTponoi nponanonoii nyoLipLKOBoii 

xaMepLI JIB8 OH.HH16Lina no;n;po6uo onncaua B MHorciqncrreuHLIX pa6oTax, ,., 
TIOC:WUD;CHHLIX BllyqCHHIO HeynpyrHX .!lp;po-.!lp;CpHLIX coyp;apCHHH C BCII.\CCTBOM 

KaMepLI (eM., HanpHMep, (6]). HeynpyrHe noaHMop;eicTBRll pen.!ITHBHCTCKHX 

.!lp;ep yrnepop;a-12 C nponanoM {C3H 8 ) COCTOJIT npHfillHOHTCJILHO Ha 55% HIJ 

CC-coy;o;apeHHi H na 45% Ho coy;o;apmmii c BOJ\Opop;oM ( C H -co6biTH.ll). CyM

MapHa.!l cTaTHCTHKa C-CgHs coy;o;apenHi npH p 0=4.2 I'aBfc na nyxnon, HC

nonLoonanna.!l J\llll noHcxa nnTepecyiOII.\HX Hac pcaxn;Hi, cocTaBlllleT 38553 

co6biTHH. 

B nacTo.!lrn;ei pa6oTe Hac HHTepecyeT, rnaBHLIM o6paooM, JIHlllb "ne

nponoaHMop;eiicTnonanlliHc" C MHlliCHLIO ( CllCKTaTOpHbiC) <flparMCHTLI .!lJ\pa 

CllapKJ\a 12C, COCpCJ\OTOqeHHLIC B yOKOM npOCTpaHCTBCHHOM KOHYCC BOKpyr 

nanpanneHH.!l nepnHqnoro HMnynLca. B nallleM axcnepHMCHTe nerxo HJ\CHTH

<flHn;HponanHCL pCJI.!lTHBHCTcxne cnexTaTopHLIC <flparMCHTLI c oap.HJ\OM z 2: 2, 
Jla 60JiblliHHCTBC TpCKOB KOTOpLIX fiLIJIH BblnOJIHCIILI HMllYJILCHbiC HOMCpC

mi.a. HoMcpeHH.ll nMuynLcon 6blnH npoHOBeACHbl TaKX<:e npaKTHqecxi na nccx 

'l'PCKaX 0)\HOOap.HJ\HbiX pCJillTHBHCTCKHX qaCTHD;, qTo llOOBOliHllO Bhi;D;CllHTL 

Op;HOOap.H)\HhiC cneKTaTopHLIC <flparMCHTLI- npOTOHLI (p), p;eiTpOHLI (d) H 

TPHTOJibl (t) na "¢one" "poX<:p;eHHLix" peJillTHBHCTCKHX qacTHIJ;. MeTOAHKa 

.tnoro BLip;erreHH.ll 6Lina no)\po6Ho onHcaHa HaMH n (7]. XoT.!l noMepcHHll oa

P.HJ\OB Ha Tpexax cnexTaTopHbiX <flparMeHToB c z 2: 2 ne npoHilBOJ\HllHCL, 

OTfiop COfiLITHH C KOJICqHblMH COCTO.llHH.liMH (1) H {3) HCKJIJOqaJI KaKyiO-JIH60 

npnMecL qacTHn; c oap.llJ\OM z > 2 CPCJ\H HHX. ~To X<:e xacaeTC.ll ;n;~nn .llJ\CP 
3He cpeJ\H <flparMeHTOB c z = 2, TO ona, no J\aHHbiM enexTponuoro axcnepn

MCHTa B BepxnH (8]1;n;Jill HHKJIIOOHBHOH peaxn;HH 12C-+ He+ X npH Ena = 2.1 

l'eB/HYKJIOH HC npeBbllllaeT HCCKOJibKHX llpOIJ;CHTOBj oqeBHJ\HO, )\Jill pCaKIJ;HH 

(1) H (3) eTa J\OJI.II npxP; nH mKnj:\aeTC.ll 6onblllen. B AaJILHeimeM nee pen.!ITH-
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BHCTCKUC qacTUD;LI C Z 2: 2 B UHTCpccyiOUJ;HX HaC C06LITWIX TUna (1) H (3) 
cqHTaJIUCL HaMH a-qacTIID;aMH. 

lla llOJ\aBll.!liOII.\CM fiOJILUIHHCTBC TpCKOB pen.!ITHBHCTCKHX <flparMCHTOB .11p;pa 

yrnepOj:\a fiLIJIH BbiiiOJIHCHbl HMllYJILCHbiC HIJMCpCHHJI, O;D;HaKO HX TOq}lOCTL 

B HCllOJibOOBaHHOH KaMCpe fiblna HC BCCrp;a BLICOKOH HIJ-Oa HCJ\OCTaTOqJIQH 

).\JlHHLI Tpexa (n ocofieHHOCTH )\JI.ll ¥HOI'OOap.a):(HbiX <flparMCHTOB). IIoaTOMY 

unJKe npH. paccMoTpemm ):(a.JIHLIX no nonepeqJILIM HMnynLCaM <flparMeHTOB . ) 

Mbl HCJIOJibOOBaJIH <flopMyny 

PT = mfposinO 

(mf - MaCCa Hj:\CHTH<flHD;HpOBaHHOI'O B COOTBCTCTBHH C HMIIYJILCHbiMH HIJ

MCpCHH.!lMH <flparMCHTa B C):(HHHD;ax HYKJIOHHOH Maccbl, 6 - IIOJillpHbiH yron 

B JI.C.K.), npe):(IJOJiaraiO~IO paBCHCTBO IIPOJ\OllhHbiX CKOpOCTCH <flparMeHTH

pyiO~ero "ncToqunxa" 11 nepnHqnoro .ll):(pa yrnepo)\a. 0)\naxo MLI no ncex 

crryqaJIX IlpOBCp.IIJIU COOTBCTCTBHC PT-pacnpC)\CJICHHH, IIOJiyqeHHLIX npu no

MOUJ;H IIpUBC)\CHHOH <flopMyJibl H IIPII HCIIOJihOOBaUHH HMIIYJihCllbiX HIJMepe

HHH: TaKOC COOTBCTCTBIIC HMeJIO MCCTO ( CM. TaK)KC (2]). 

3 0 ceq:eHH.&:x peax:o;uil (3} 

HcxoMLie co6biTH.Il xorepeuTnqi ):(Hccon;nan;nn yrnepo):(a Ha yrnepo)\e, nxo-

1\.IIID;CM B COCTaB C 3 H8 ,)\0JI:lKHhi BLII'Jill)\CTb B TpCKOBOM IIpH6cipe Ka.K "qH

CThie" COfibiTHJI, HC HMCIOII.\HC KaKHX-JIHfiO BH):(HMLIX IlpHilHaKOB BOOfiylK)\e

HH.ll rum paonana .a)l;pa-Mnmenn, a TaKX<:e xaxnx-nn6o "poJKACHHLix" qacTHn;. 

flpH IICpH<flepHqeCKOH ):(HCCOI~H~HH (AH<flpaxn;HOHHOH HJIH KYJIOHOBCKOH) Ha 

BO):(OpO)\C B KaMepe MO:lK.CT ~OJIOJIHHTCJILHO Jia6JIJO):(aTLC.ll BH)\HMbiH TpCK IIpO

TOHa OT)l;aqn, BbiJICTaiO~Cl'O B IICPCJ\HIOJO IIOllyc<flepy, npH 9TOM J\On.2KHO Bbl

IIOJIIUIThCH paBencTBO: PT{rrpoTona OTAaqH)=- EdiTi• r)l;e PTi - rrorrepeqnLiii 

HMIIYJILC i-ro CIICKTaTOpHOI'O <flparMCIITa. Ecnn IIOCJIC)\IICC paBCIICTBO HC BLI

JIOllH.HCTC.ll HJIH q]i[CJIO BTOpHqJILIX qacTHD; (BKJIIOqa.!l liCHTpaJILllbiC, llaJIHqne 

IIOCJICJ\HHX <flHxcnpyeTC.ll rrpn Ei PTi > 0, l'J\C cyMMHpona.une - no nceM oap.ll

JK.CHHLIM qacTHD;a.M B cofiLITHH), HC cqHTall CllCKTaTOpHbiX <flparMCIITOB HIJ 

pea.KD;HH (3), rrpeBLIUiaeT 1, peqh HJ\CT 0 oa.BC)\OMO liCKOI'CpCIITIIOM COyp;ape

JIHH C .ll)\pOM-MHUICHbJO. 
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Bcero cpe~n 38553 neynpyrnx naam.w~encTnnii .H~ep yrmipoga B npona
uonoii nym.xpLxonoii xru.tepe Mhl oTo6pann 151 co6MTne c xopomo n~enTn

. <flHIUipOBaHHLIMH CITeKTaTOpaMH CHap51,!la THITa 2a. + 2d llJlll 2a. + t + p. B HX 'IIICJIO 

BXOAHJlll: 

a) 12 "'IliCThlX" co6MTnii (7 - Tnrra 2a: + 2d n 5 - Tnna 2a: + t + p) 6ro 

KaKIIX-ITHfiO npH13HaKOB pacna~a MHUICHH U ~OllOITHHTCllbHhlX BTOpii'I

HhlX 13ap.alKCHHhlX 'laCTUll;j 

6) 139 aaBe~OMO HCKorepeHTH:biX cofihlTII~ TIIIIa (3), IIO KOTOphlX 'ICThlpe 

HC llpOTIIBOpC'IHIIH KIIHCMaTII'ICCKIIM ycrrOBH.!IM ~IICCOll;IIan;nn Ha.JICTaiO

IIJ.Cro .n~pa ua cno6o~HOM Bo~opo~e. 

qliC1IO "'IIICThlX"· COfihlTIIH gnccon;nan;HII (3) B HaillCM OKCJiepHMCHTC CO

OTBCTC'l'BYCT CC'ICHIIIO 11(3) = (0.4±0.1)M6 Ha.!Igpe yrnepoga, 'ITO B ~ 10 pan 

MCHbillC BCITII'IHHhl U(l) = ( 4.4 ± 0.5)M6 ~Jl.ll KOrepeH'l'liOro KaHana 12C --> 3a: 
(1), norry'leHHOH npu TCX .lKC ycrroBH.!IX [2]. B TO }KC BpeM.ll o6Ill;C~ 'IHCJIO 
cofihlTIIH <flparMCIITaD;HH .!IApa yrnepoga B KOHC'IHhle. COCTO.liHH.!I (3) JlHUJb 

B 4.9 ± 0.4 pan MCHblUC 'IIIC1Ia COfihlTIIH (KorepeHTHhlX H HCKOrepeHTHbiX) 
(1). Taxn.M o6panoM, ~oJI.ll xorepeJITHhlX peaxn;nii (3) cpeAH o6rn.ero qucrra 

pacna~on oToro Tnna npnMepno B~Boe MeHLille, '!eM ~Jl.ll pacna~oB ua Tpn a:

'Ja.cTnn;LI (1). 8TO nerxo IIOII.!ITL1 HMC.ll B BH~y B'ICTBepo 60JibillCC OHa'ICHHC 

. "ge<fleKTa MaCChl" JIO OTHOIIICHHIO K paccMaTpHBaCMLIM J!:aHaJiaM 

~ = 2:m,,- Mo 
i 

(4) 

(M0 - Macca cpparMeH'l'HPYJOIIJ.ero .H~pa 12C): ~:::::: 31 n 27 MoB ;qn.!l peaxn;nii 

(3) n:::::: 7 MoB ~Jl.ll pea:ttn;nn (1) n rrnneiinyJO cn.nob Me.>Kp;y enepreTn'lecxnM 
noporoM ~ncJ:lpaxn;nommii KorepenTnoii,gn:ccon;Han;nn n: BeJIH'IHIIOH ~ [4]: 

p[fin.:::::: (MoB1f3JJL)~ (5) 

(aACCh B - Macconoe '!Herro .ll~pa-MHIIICHII, JL - Macca mmua). 8'1'0 oaua
qaeT, 'ITO pcaKD;IIII (1) II (3) IIMCIOT CYIIJ.CCTBCHHO panJIII'IHhlC eHepreTII'Ie

'CKilC noporn: (p(fin.:::::: 0.2 roBfc ua HYKJIOH H::::: 1 raBfc ua HYKITOH COOTBCT
CTBCllliO) n nx ce'leHrui MoryT noopacTn B o6nacTn aneprn:ii (p(fin.,pg"'P=4.2 

taB/c/HYKJIOH) B pa3Jill'IHOH CTeneHH.. 
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Jipn Oll;CHKe CC'ICHHH panrrii'IIlLIX Ka.Jia.JIOB ~HCCOD;Ban;IUI nyxmo HMCT:b B 
BII/lY, 'ITO B nponaHOBOH TIYIJLip:bKOBOH KaMepe IIMCITCJI ~OBOITbHO BblCOKHH 
ouepreTn'leCKIIH nopor periicTpan;nu npoTonoB (Pnop :::::: 150 M3B/c). 3TO 

IIpHBO~BT K TOMy, 'ITO,aaperiiCTpiipOBaHHble KaK "'IHCThle", COfihlTH.!I gnc
con;nan;nH (1) nrrn (3) MoryT B ~eiicTBHTerrLuocTn co~ep.lKa'l'b npnMecL peax-
1\HR Ha BO~Opo~e IIITH HCKOrepeHTHhlX peaKD;HH C O'ICHb MC~ITCJIHbiMH BTOpH'I- . 

HhlMH npoTonaMn. T.e. o6cy.lK~aBillHCCJI ana'leHH.!I ceqeunii pacnagon (1) II 

(3) B ACHCTBBTeiTbHOCTH OTHOCJITCJI K BCpXHIIM npe~enaM IICTIIHHbiX CC'ICHHH 
KorepCHTHOH <flparMCHTall;IIH. 8TO o6CTO.l!TeiTbCTBO, O~HaKo, crra6o CKanLIBa

CTCJI Jfa OTHOillCHH.!IX CC'ICHHH peaxn;uiJ ( 1) II (3). 

llpH ~n<ppaKD;BOHHOM MCXaHH3MC peaKD;IIR KorepeHTJIOH }:\HCCOD;IIall;HII.liACP 

pacnpegerrenue no KBa~paTy nepeAanaet.wro ABccon;nnpyK>rn.eMy .ll~py 4-IIMnynbca 
t HJIH DO BCIIH'IHHC t1

, paBHOH 

t' = t- t"'in. ( ~mt.)' (6) 

HMCCT {4] npocTyJO OKCIIOHCHll;HaJILJIYJO <flopMy, auanorn'IHYJO crryqaJO ynpy
roro An4Jpaxn;nmmoro pacce.HHH.!I 

du ( , ) dt' ex exp -a I t I (7) 

c uaxnonoM ~mppaxn;nom1oro nnxa 

a:::::: (RA + Rn)2 /4, (8) 

rge RA n: Rn - pap;nychl .ll~ep cnap.H~a n MHIIICHII. Ilpn OTOM -t' :::::: q}, r~e 
qT - nepe~anaeMhlH nonepe'IHI.XH nMnynhc n pacnpe~erreHne no neMy p;omKHO · 

nMeTL BH~ pacrrpe~cnemi.ll Pene.u 

du ( 2 ) 
d 2 ex exp -aqT 

q1' 
{9) 

lljJH cpe~HCKBa~paTH'IHOM 13Ha'ICHHH 

2 >1/2~ 2 (10) 
< qT ~ RA + Rn · 1 

Kpaiine Manoe 'IHCJIO cofihlTnii- :xaugn~aToB B xorepenTnwe peaxn;nn (3) 

He JJ:aeT B03MO)KHOCTH' IlpOBCpHTb COOTBCTCTBHC <flopMyJILI (9) OIIhlTy. (0T-
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MCTIIM, 'ITO J\IIH peaKQIIII (1) TaKOC COOTBCTCTBIIC UMCCTCJI [2]). fla pnc.1 

npe;qcTaaneno pacrrpe;qeJienne rro q} ;qn.!I <flonoaoii (nmmrepcnTnoii) rpyrrm.x 

w(;;::: z) % 
100 · _qT , o 

50 

10 

5 

1 
0.0 0.2 0.5 0.7 1.0 1.2 

q~.(rsB/c)2 

Puc.l lfnTerpanLHLie pacnpe;qerrenli.ll no q} ::= -t' J\IIH <flonoBLIX co6LITHii 

pCaKQUII (3). Ilp.llMaJI - pacnpCJ\CliCHIIC (9) llpli a= aexp 

COfibiTIIH TUlia (3): MO.lKHO KOJICTaTnpoBaTL, 'ITO ):IIIH JIUX pacnpC):IeJICJIUC 

(9) (np.nMa.ll JIHHII.ll B MaCUITafie pncyliKa) MO)KCT paccMaTpHBaTLCJI Ka.II: rpy-

6oe npHfiJIH}KCHHe. 0TMCTHM, 'ITO TaKa.H .lKC CHTyaD;II.ll HMeJia MCCTO II ):IIIH 

COOTBCTCT~YIO~UX peaKQHH (1) [2]: 
Ecnn npe;qnoJio.lKHTL, 'ITO co6LITH.Il <flonoaoii (ueKorepeHTHoii) rpynnhl 

o6ycnoaneHLI ;r~ntppaxQneii cnap.H):Ia na ognHO'IHOM HyxnoHe (nepn<flcpn'lecxoM 

Hll .ll):lpa llllli CB060):IHOM),- O}KO):IaCMOC B COOTBeTCTBIHI C cpopMyJIOH (10) OT

liOillCHIIC 

2 1/2 
r = < q1' >cj>oR 

< q2 >1/2 
T eoh 

(11) 

1\0JI)KHO 6LITL paBHhiM 1.39. 8xcnepiiMCHTaJILHoe ona'IeHne r giiH pea.xQnii 

( 1) paBHO 1.36 ± 0.07 U npeBOCXOJ\110 corrracyeTCJI C O.lKH;qaeMLIM OHa'ICHHCM. 

)~ll.ll peaKQHH (3), HOy'IaeMLIX B HacTO.ll~CH pafioTe, r = 1.29 ± 0.18, T.e. 

TaKHCC HC llpOTHBOpC'lliT npegUOJIO.lKCHHIO 0 KOrepCHTHOM xapaKTepe "'IU

CTbiX" co6MTHH. Kone'Ino, norpemnocTL B nameM cny'Iae HacTOllhKO BeJinxa, 

'ITO X 9TOMy BhlBogy na;qo OTHOCliTbC.Il C 60JibillOH OCTOpOiKHOCTbiO. 
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.flcuo, 'ITO IIpliBCJ\CHHLIC nonyKOllll'ICCTBCHHLIC C006pa}KCHWI, CTpOrO ro

BOp.ll, lleJihO.ll paCCMaTpiiBaTL KaK J\OKa.OaTeJILCTBO KOrepCIITJIOCTII OTOfipaH

HbiX 12 "'IIlCTLIX" C06LITIIH THUa (3), O):IHaKO OHII ):leJiaiOT npe;qUOJIO:lKCHHC 

o6 aTOM ):IOCTaTO'IHO npaa):\onogo6HLIM. Aanee MLI 6JACM C'IIITaTL "'IUCTLie" 

co6LITII.ll Tnrroa (1) n (3) xorepeHTliLI,;lii peaK[\II.liMII gnccon;IIan;nn .ngpa yrrre

po;r~a 11a yrrrepo;r~e. 

4 MMnyJibCBble H :rmppeJUI~BOBBble xapaKTepBCTEIRB 

fllparMeHTOB a:a pew:m;:aa (1) m (3) 

PaccMoTpHM ocnoanLie xapa.xTepncTHKH (nonepe'IHLie IIMnyJILcLI, annMy

TaJILHLie KOppeJI.!IQHH) O):IHOOap.li):IHbiX <flparMCHTOB II a-'IacTHD; liO peaKD;IIH 

):IIICCOD;IIa.n;nn (3), a TaK.HI.C cpaBHHM 9TH xapa.KTCpliCTHKII ):lll.II a-'IacTHD; HO 

pea.KQHH (3) II (1). 

Ha pnc.2a npe):ICTaaneno pacnpe;r~eneune no napnoMy anHMyTanLHOMY yrny 

Sij = arccos(PTiPTj/PTiPTj) MClKJ\Y aexTopaMn nonepe'IHLIX nMnynLcoa PTi n 

cL"''/dt 
I 

80 

80 
a} 

40 ~~· 
20 

t: 

oL-------------~----------~ n/2 n 

dN/dt• 

100 

BD 

80 

40 

20 

t:• 

o n/2 n 

Puc.2 Pacnpe;qerrenne no eii J\II.ll BTOpli'IHLIX <flparMeHTOB no pea.xn;nn (3) B 

rr.c.x. (a) II cncTe:Me noxo.n tfJparMeHTHpyiOII\Cro llgpa (6) 
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·, 

PTi cf>parMeHTOB no cf>ononoii rpynrrLI co6LITHii Tnrra. (3) ( cTaTHCTHKa co6LI

THH B KBaDHKOrepeHTHOH rpynne OTHX C06LITHH - Kpaii:Hc Hep;ocTaTO'lHa). 

8TO pacnpep;eneHHC )\CMOJICTpHpyeT HaJIH'IHC aDHMYTaJibHOH acHMMCTpHH 

("6oxono:ii" BbiJICT HJIII acf>cf>exT "bounce off'') BLineTa cf>parMeUTOB. Koecf>

cf>nn;ueHT aDHMYTaJibHOH aCHMMCTpHH 

A= Nt,j<'l(/2- Nt,j>'l(/2 

No~tu~1( 
(12) 

oToro pacnpep;eneHWl nonmKnTenen (cM •• Ta6nnn;y), B TO npeMH xax Tpe6ye

Moe IIpH "npliMOM" pacrrap;e Ha cflparMCJIThl KOHC'IHOrO COCTOlllUill OaKOHOM 

coxpaneHWl nMnyni>ca onaqeune (npn qj.=O) panno -1/(N/flp.- 1) ::::: -0.33 

[9]. 'faKall XC CHTyai(Wl JlaDJIJO)\aCTCll H )\Jill peaKI(HH (1) [2]. 
,[I,Jill nony'ICJIWl "HCTHHHLIX" xapaKTCpHC'rHK cf>parMCHTai(HH (3) Mbl Bbl

ncinHHJIH (aHaJIOrH'IHO [2]) nepexop; B CHCTCMY nOKOll J];HCCOI(BHpyiOmero .!Ip;pa

cnapllp;a, npep;norrarall, 'ITO xaxne-nn6o ne:iiTpaJibHhle cnexTaTopnhle cf>par

MeHTbi B oTo6paHHLIX peaxn;n11X oTcyTcTBYJOT. Ha pncynxe 26 npep;cTanneno 
* - (""' ""' I * * ) pacnpep;enenne no napnoMy aonMyTan:I>noMy yrny E:;j - arccos PT;P1·j PTiPTj 

n eToii cncTeMe, na pncynxe 3- HHTerpan:LHLie pacnpep;enenu11 no p} (n n.c.x.) 

100 'W(~p2 p•2) <t7 t - T• T ,/o .. ' 

••• 
'+; + a) 

+ + 
+ 't f 

51) 

20 
10 

10:0~, 6) 

0.5 0.3 0.4 )2 .2 

2 (r3B/c ~ 
Pr• 

20 1-

"'' 4!_ tt ! t tt t! I 
10 l-

!i t 

2 L 

1 
0.0 0.1 0.2 0.3 0.4 0.5 . 

p~2,(fuB/c)2 

Puc.3 Pacnpep;enenne no p} p;Jill a-'laCTHI( HO peaxn;n:ii (3) B n.c.x. (a) Hen
, cTeMe noxOll· .llp;pa 12C (6). IlpliMLie- pacnpep;eneHWl (9) npn < p} >ezp 

H < pf! >ezp 
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H P1~ (B CHCTCMC nOKOli Cllap.llp;a),n, HaKOIICU:, D Ta6JIHilY CBCJ];CHLI cpep;HHC xa
paK'l'CpHCTIIKH pacnpep;eJICIIIIH no KBap;paTy nOJ!CpC'IHOI'O IIMUYJibCa H nap

JIOMY aonMyTan:I>HOMY yrny. Koetfl<flni{HCHT aonMyTan:I>Ho:ii KOJIJIImeapuocTn 

B(B•) onpep;enen Kax 

B _ N"'i<1(/4 + Nt;j>37t/4- N"/4<t;j<37f/4 
- No·sc•i~1( 

(13) 

. ) 

Tpe6yeMoe oaxonoM coxpanemu nMnynLca ouaqenne B npn np.liMOM pacnap;c 

na 'leTLipe oapK:lKCllllhlX <flparMCHTa panna B0 ::::: 16/25(N/flp.- 1)2 ::::: 0.07 [9]. 

Ta6nuu;a. CpannHTenhHhie xapaKTepncTHKH cf>parMeHTOB no 

KBaDHKOI'CpCHTIILIX ll <floHOBhlX cofiLITnH J];llCCOI{llai(Hll (3) 

XapaxTepncTHKa "l.JncThic" co6I>ITWJ. <Pononall rpyrrna 

< p} >1/2 npoTOHOB, ¥oB/c 190±47 192±10 

< Pf > 1/ 2 /1CHTpOHOB, :MeBfc 276±42 300±18 

< pj. >t/2 TpnTonon, MeB/c 202±33 322±30 

<Pi· > 112 o:-qacTnQ, MoB/c 257±31 351±20 

(251±10) (295±5) 

< pf! >1/2 npoTonon, Ma!3/c 126±47 152±12 

< p7? >112 p;eiiTponon, MoB/c 224±31 249±14 

< p1') >112 TpnTonon, MoBfc 195±33 286±25 

< p7? > 112 o:-TJaCTBI\, MoB/c 190±29 342±14 

(212±7) 269±4) 

A 0.19±0.12 0.06±0.03 

A* -0.28±0.011 -0.25±0.03 

n· 0.10±0.12 0.19±0.03 
--

Kax DBAHO no pnc.3, pacnpep;enenae PenCli (uanoMHHM, •rTo ono BLITC

KacT TaK)KC no CTaTnCTHTJCCKOro MCXaHHOMa Up.llMOH MJllbTHcf>parMCHTaQHH 

npn mo6oM, xorepenTHOM nnn uexorepcuTnoM, ec xapa:ncpc [10]) ue onu
CLIBaeT oxcnepnMeHTaJihHLIC p;a,;mhlc no p} ~ pacnpegeneHH.IIM rm n JI.C.K., 

liB B CHCTCMC JlOKO.H <J>parMCHTnpyiOin;Cl'O .li/Wa. llpC}'\ll0110X<CllliC 0 CTa'l'HCTH
TJCCKOM XapaKTCpC /1IICCOD;Hai(IIH IIO :KaHaJiaM (3) HC OllHChiBacT TalOKC 9M

IlHpH'IeCKOe pacnpeAeneune _ dNidEij (pnc.26), KOTopoe xapaKTepmyeTe>I 

rrOBhiUICHHoii xonnnneapnocThiD paoncTa <flparMeHTOD ( cpannn onaTicunc B• 
n Ta6nnn;e c ncnnquuoii B 0). Anan:orH'IHau. cnTyai(n.II mtcna MCCTo n HJUI 

peaxi(HII (1) [2]. 
HecMoTp.n ua Rpa.iine MaJJyro cTaTIICTBKy "'IHCTLIX" co6b!TIIH TIIIIa. (3), 

AaHHLIC Ta6UUI{bl JlOOBOJI.HlOT OaKlllO'lHTh, TJTO : 

a) Cpep;HBC OHa'lCHll.ll < pif >1/ 2 , RaK H CJIC)\ODaJIO O:lKHJ\aTb, OaMCTIIO MCHblliC, 
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', 

'ICM < p} > 1/2• Oco6emm aTo Bblpa:lKeno ):lllll na.H6onee nerxnx !Jlpar

MCHTOB. 

6) 3uaqemui < p} > 112 n < p7? > 112 ):lllll a-'IacTnn; no co6l>ITHH (3) ona'm
'l'CJihHO rrpeBblllla.IOT TaKOBhlC ):lllll peaKn;nif (1). T.x. ona'IeHne < p;? >112 

up.IIMO CB.IIoano c "TeMnepaTypoif" pacna;r(a .ll;r(pa kT [10]: 
;' 

kT-<pi? >, (14) 

HallllhlC Ta6JHIIl;hl HOOBOJ1.11IOT oaKJIIO'Ill'l'h, 'ITO pacnap;Iol (3) Ha yrne

pO/~IIOH MHUICHR HMCIOT MCCTO rrpH TE!MrrepaTypax B "" 1.5 pana fionee 

BbiCOKRX (rpy6a.a OI~eHKa), '!eM pacna):lbl Ha TpH a-'IaCTHil;hl [2], T.e. llpH 
(• v 

kT- 15- 20 MaB •. J~llll !f!oHoBhiX co6hiTHH OTOT BhiBO):I C'l'aTRCTII'Je-
cKH o6ccneqen; p;llll xorepeHT~IhiX peaxn;Hii, panyf,fee'l'Cll, ueo6xop;KMO 

:IIO;r(TBCp»q~eHHC Ha 6onee ofimnpHOM CTaTHCTH'JeCKOM Ma:Tcpnane. 

n) HanH'Ine TeH):ICHil;HH x xonnHneapnoMy panneTy !JlparMeHTOB n nonepeq

JIOH nnocKOCTH COfflapeJUUl B CRCTeMe JIOKOB ·!f!parMeH'l'HpyiOU~ero Bp;pa 
ll HanH'IHe BbiCOKOHMIIYJihCHOrO "XBOCTa" B p;?-pacUpCT\eJiemm Q-'IaCTHil; 

RO pcaKI~HH (3) MO:lKeT fihiTh CB.!!OaHO C p.!!p;OM He Y'IHThiBaeMhiX MO
)-\CJihiO npnmro cTaTHCTH'Iecxoro pacnap;a ¢axTopon. Cpe;r(H unx: noo

M02KHOC uanH'Ine "xacxap;nhlx" Mop; pacrrap;a ( T.e. o6panoBanue npo

MeLKyTo'IHbiX necTa6HJihllhiX KBa3H.!!;r(ep11hlX o6panoBa:HHH), MCXaHHOMhl 

1\tlaHMOp;CHCTBH.!I B KOHC'IIIOM COCTO.!IIIHil MC2KAY a-'IaCTHn;aMH HJIH ;r(CH

TpOHaMH (a!fl!fleKThl TO:lKp;eCTBCHHOCTH) HJIH Me2Kgy !flparMCHTaMR H .Hj1pOM
MIIIIIe11hiO (a!fl!fle.KThl nepepacce.!IHHH) II, HaKoHen;, BOOMO:lKJIOC HanH'IHe 

y ¢parMeHTHpyiO~ero .ap;pa yrnoBoro MoMenTa, npno6peTaeMoro n co

y):lapenmix c MHlllcHhiO. 

Hblcoxa.a TCMnepaTypa pacnap;oB (3) p;enaeT, no narneMy MHCHHIO, npep;-,. 

IIOJIO:lKCIIHC 0 HanH'IHH npoMeLKyTO'IHhiX KBanB.llp;epHhiX peooHaHCOB Ma

JIOUpaBp;OI!Op;OfillhiMj cxopee ncero, xonnHHcapJIOCTh o6ycnonneua uann'IHcM 

yrJIOBOl'O MOMCHTa y !JlparMCJITHpyro~eH CHCTCMhl (eM. Ta:KLKe [11]), KOTOpbiB 

o6uapy2KnBaeT TCH):IeHn;HIO x yncnnqeunro c pocTOM aueprnn noo6y2K):ICIIH.!I. 

B 3aKJ1JOqenwe eme pan nop;qepxneM, 'ITO neci..Ma orpa:HII'ICH!Ia.ll cTa:Tn

CTHKa HMCIOll~HXCll co6biTRH ):IHCCOil;Han;nn Tnrra: (3) OOJia'IaCT HC06XO/WMOCTh 
R ITO):I'l'Bep:lK):ICHHH q~enaHIIhiX B HaCTO.IIIUCH pa6oTe BbiBO;r(OB B p;pyrnx,oua

'IHTCJihHO 6onee TO'IIIhiX 13.KCIIepnMeHTa:x. 
AnTopbi rny6oxo npnonaTcnhHhl yqacTHHKa:M coTpfflHH'IeCTBa no o6pa:-

6oTKe CHIIMKOB c p;ByxMeTponoii rrporra:IIo~oii nyohlphKOBoii xa:Mephl JIB3 
Oli.Hli, npop;cna:nmiiM orpoMHYIO pa6oTy no ua6opy cTaTHCTHKH no coy

p;apenR.HM "yrnepop;-yrnepop;" , ncnoJib3oBannoif naMn B nai'moif pa6oTe. 
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