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B ~aHHoi pa6oTe o6cy~~aeTcB anropHTM u~eHTH~HKa
UHH KaHana peaKUHH 

a+h-+M+B, III 

r~e M - . COBOKYDHOCTL "BH~HMhiX", a B - COBOKYDHOCTL 

"HeBH~HMhiX" 'laCTHU. llpe~DOJiaraeTCB, 'ITO H3Be·cTHhl 3Hep

rHH, HMDynLChl H yrnhl BhlneTa "BH~HMhiX" 'laCTHU H HH'Iero 

He H3BeCTHO o "HeBH~HMhiX". )J;nB onpe~eneHHOCTH 6y~eM , 

C'IHTaTL, 'ITO 'laCTHUhl a H b - HaneTaiOII.UIH TT- ·Me30H H 

MHWeHL·DpOTOH, M - COBOKyDHOCTL ~BYX nerKHX 'laCTHU 

I 2 y HnH e+ e- I H B- HeiTpoH, H3o6apall236I,HyKnoH+ 

+DHOH H T.~. 

B ynpoaueHHOM BH~e anropHTM npHMeHBncB npu aHaJIH3e 

C06hiTHH rr-p-+ TJ n , TJ -+yy /I/ H trp .... 'V n , V .... e+ e-, 
V ,. Po, ¢/2/. 

llonHaB 3HeprHB COBOKYDHOCTH 'laCTHU M B peaKUHH 

Ill( a • TT-, b.p) Bhi'IHCnBeTCB DO ~OpMyne / 2/: 

mt- m2 I tl 
EM= E 17-- --.or::-........lL- -~ , 121 

· ..::mp ..::mp 

r~e m B - .3~eKTHBHaB Macca qacTHU B, - KBa~paT 

nepe~aHHoro 4-HMnynLca: 

t ,., m 2 + m 2M - 2E EM, + 2p _p M, cos e , 131 
TT rr- TT rrM 

r~e mM= [2EIE2(1-cos e) ] 1
/

2,EM=E J+E2' PM,.[ (EM) 2- m~] I/2 ' 
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e 1T M"" ( p TT-. p M ) H E I ' E 2 ' e - 3KCnepHMCHTaJibHble 3Ha-
qeHHR 3HeprHH H yrna pa3JICTa qaCTH~ COBOKynHOCTH M. 

KaK BH.IUfO H3 Bblpa)l(eHHR 121, Heonpe.n.eneHHOCTb B Bbl
qecneHHOM 3HaqeHHH 3HeprHH EM MO)I(eT 6b1Tb 3anucaHa 
B BH,IJ.e / 2/ 

(~EM) 2 = (~Err-)2+ ( ~)2 <_!f-)2+ (~-) 2 . 
mp 2mp 

141 

Bropoi qneH B Bblpa)l(eHHH 141 yqHTblsaer Heonpe.n.eneH
HOCTb B Macce qacTH~ B I r B - WHPHHa 6peHTBHrHepos
CKoro pacnpe.n.eneHesl. 

Ilpo~e.n.ypa HJJ,CHTHciiHKa~HH KaHana peaK~HB BblnOJIHRCTCR . 
B .n.sa 3Tana. Ha nepsoM sblqecnsercs X -Ksa.n.paT lunu 
aHaJIOrHqHaR BenHqHHal rHnOTC3bl: qacTH~bl COBOKynHo
CTB M reHepeposaHbl BMecre c 6apHOHOM B *. IlpH 3TOM 
3cllcileKTHBHaR Macca COBOKynHOCTH M He ciiHKCHPOBaHa, 
qro He06XO,IJ.HMO, HanpHMep, npH H,!J.CHTHciiHKa~HH KaHana 
peaK~HH rr-p -+ e+ e-n , B KOTOpOH 3cllclleKT~H'R Macca 
e+ e --n~pbl H3MCHRCTCR B WHpOKHX npe.n.enax 3 . <I>HTH

poBaHHble 3HaqeHHR 3Heprui E 10 H E 20 qacTH~ cosoKyn
HOCTH M onpe.n.ensrorcs H3 ycnosus: 

¢B=p(E -E)2+p(E -E) 2 ... min 151 
I 10 I 2 20 2 

npu E 10 + E.w- EM ~ 0 , 
r.n.e E I , E 2 - . 3KcnepHMeHTanbHble 3Ha'leHHs 3Heprui, 
3Heprus EM Bbi'IHcnsercs no cllopMyne 121, seca pi 
i = 1,2 onpe.n.enRIOTCR Bblpa)I(CHHRMH 

2 2 2 2 
p. =1/(~E.), (~E.) =(~E.,..) +a. (~EM) , 

1 1 1 1.,. 1 
/6/ 

ai=Ei/(Et+ E 2 ) , ~E i3- 3KcnepHMeHTaJibHas oWH6Ka, 
BenH'IHHa ~EM Bbi'IHCnReT'CR no cilopMyne 141. 

*~anee H3naraercs npo~e.n.ypa H.IJ.CHTHciiHKa~HH KaHana 
peaK~HH B cnyqae COBOKynHOCTH M , COCTORIQCH H3 .IJ.BYX 
qacTH~. AnropHTM nerKo o6o6IQaercs Ha cnyqai 6onLmero 
'IHCna "BH,IJ.HMbiX" 'laCTH~. 
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PeWeHHC CHCTCMbl 151 3anHCbiBaeTCR B BH,IJ.C 

Eio=[ PI EI +p2(EM-E2)]/(pi+p2), 

E 20 = E M - E 10 . 
171 

X--Ksa,IJ.par IHJIH ero aHanorl rHnOTC3bl BblqHCJIRCTCR 
no cllopMyne 

ci>!in '"'PI (EIO-EI)
2
+P2(E2o-E2) 

2
· 181 

KaK BH,IJ.HO H3 Bblpa)I(CHHR /61, pe3ynbTHPYIOUUIC OWH6KH 
3Heprui E I H E 2 CKoppenHposaHbl,, no3TOMY B ciiYHK~Ho
nan 151 Ha.n.o 6bl .n.o6asHTb Koppens~HOHHbiH qneH. Hey'leT 
3TOrO qneHa MO)I(CT npHBCCTH K TOMY, 'ITO ¢ B I - pac-mn 
npe.n.eneHHe 6y.n.er y)l(e HnH WHpe X 2 -pacnpe.n.eneHHJI. 
C .n.pyrOH CTOpOHbl, KBa,IJ.paTH'IHOC cyMMHpOBaHHe rayc
COBCKHX OWH60K H nonymHpHHbl 6peHTBHrHepOBCKOrO cac
npe.n.eneHHR lsblpa)l(eHBe I 41 I npuse.n.er K ymupeHHIO ¢min -
pacnpe.n.eneHHR. Il03TOMY 6blnO peweHO orpaHH'IHTbCR .IJ.BYMR 
'lneHaMH B ciiYHK~HOHane 151 H npH H,IJ.CHTHciiHKa~HH onpe
.n.eneHHOrO KaHana peaK~HH BMCCTO X 2 -pacnpe,IJ.eneHHR 
nonb30BaTbCR 3TanOHHbiM cp:in -pacnpe.n.eneHHCM, nony
'ICHHbiM H3nO)I(CHHbiM BbiWC cnoco6oM Ha C06b1THRX ,IJ.aHHOH 
peaK~HH, reHepuposaHHbiX Mero.n.oM MoHre-Kapno. 

Ha sropoM 3Tane H.IJ.CHTHciiHKa~HH KaHana peaK~HH Bbi
'IHCnsercs x -Ksa.n.par lero aHanorl runore3bl; qacTH~bl 
COBOKynHOCTH M reHepHpOBaHbl BMCCTC C 6apHOHOM B H 
npoucxo.n.sr or pacna.n.a Me3oHa M. <l>ureposaHHble 3Haqe
HHR 3Heprui E I 0 , E 20 H yron pa3nera e0 = 2 arc sin ( a0! 2) 
qaCTH~ COBOKynHOCTH M onpe.n.enRIOTCR H3 ycnOBHR: 

MB 2 2 2 . 
¢ =PI (E10-E1) +P 2 (E20-E 2) +P3 (a0-a) = mtn 191 

npH 
E10+ E 20- EM "" 0 , 

m M - ..j E 10 E20 a 0 '"' 0 , 

r.n.e a "' 2 sin(0/2) • E l • E 2' e - 3KCnepHMCHTaJibHOe 
3Ha'leHHe 3Heprui H yrna pa3nera qacTH~. m M - cpe.n.Hss 
Macca pe3oHaHca M H /2/ 
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p3 = 1 I (~a ) 2 , (~a) 2 = [cos ( 0/2) ~ e 1 2 + 

+( rM/2 )2+(~ ~EM)2 
v"EA v~; EM 

/10/ 

r M- WHpHHa 6peiiTBHrHepOBCKOrO pacnpe~eneHHJI Me 30-
ua M , Beca p 1 , i ... 1 , 2 onpe~enJIIOTCJI cooTuoweHHJIMH 
/6/. IlapaMeTp a MO>KeT 6wn. owpa>KeH qepe3 Macey 
H 3Hepraro Me3oua M/2/ 

EM 
/11/ a =t 2mM 

r.ne t = 1. 

KaK BH~Ho H3 3Toii 4JopMynw, ueonpe~eneuuocTH o 
3HeprHH H Macce /Hanaqae KOHequoii ecTeCTBeHHOH WHpHHLI 
Me30Ha/ npHBO~JIT K ~ononHHTell:bHOMy pa3MLITHIO napa
MeTpa a • 3TOT 4JaKT yqHTLJBaeTCJI BTOpLIM H TpeT:bHM 
qneuaMH B 4JopMyne /10/. 

CHCTeMa /9/ CBO~HTCJI K O~HOMY ypaBHeHHIO 

f 1 mM a 
E10 .. a +b - (- - ) , 

£2 r2 v~ 
/12/ 

r,ne a .. [ piEI+p2(EM-E2)] /(pi +P2), 
01 M P3 2 

b =--,-- , fi =EM-2EIO' f 2 =EME 10 -E10 . 
P1+P2 

Ypaoueuae /12/ pewaeTcJI cnoco6oM HTepanai. B KaqecToe 
O-ro npa6nu>KeHHJI acnonJ.JyeTcJI 3Haqeuae E 10 , nonyqeu
uoe ua 1 3Tane npone~ypw ~eHTHibHKa~H KaHana peaK:nHH. 
B Ka~oii HTepanaa nepe~ no~cTaBKoi E 1 o B npaBYIO qacTJ. 
ypaBHeHHJI /12/ npOH3BO~HTCJI "B3BeWHBaHHe" 3TOrO 3Ha
qeHHJI c acnonJ.JooauaeM Juaq«;J~aii E 10 B npe~LI~YJ:nHX 
HTepanaJix /cnoco6 BercTeiiua /4 /: 

ik+1 • xk+1 -
(xk+1 -xk) (xk+1- i k) 

x k+I - x k- x k + xk-1 /13/ 
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r ,ne x n - Juaqeuue E I o nocne n - ii HTepa~H, x n - ero 
BJoeweuuoe no 4JopMyne /13/ Juaqeuue. 

Ilocne Ka.>K~oii HTepanaa npooepJieTcJI ycnooae 

I x k - xk+I I II x-k I ~ l , /14/ 

r~e t - ManaJI oenaqaua. Ecna ycnooae /14/ y~oBneToopJI
eTcJI, TO E 10 ,. i k+I , auaqe npoH3BO~TcJI cne~yro~:naJI 
HTepa:nHJI. ,lJ;nJI uCBOHX" H 6nH3KHX rHUOTe3 06LJqHo 6LJBaeT 
~ocTaToquo /4-6/ HTepanaii. Cnoco6 BercTeiiua /4/ o6ec
neqaoaeT 6LICTPYIO CXO~MOCT:b HTepa:nHOHHOrO nponecca 
npH ni060M BH~e ypaBHeHHJI /12/. 

~HTHPOBaHHLie 3HaqeHHJI napaMeTpOB BLJqHCllJIIOTCJI cne-
~YIOIQHM o6pa30M: . . 

E20 ""EM-Eio• a 0 =mM/vE10E 20, e0 .. 2arcsin(a /2). 

X -K.oa~paT /Hnu ero auanor/ ranoTe3LI owqacnJieT-
CJI no 4JopMyne 

¢:!'"'PI (EIO-EI)2+p2(E20-E2)2+p3(ao-a)2. /15/ 

KaK H B npe~w~y~QeM cnyqae, oWH6KH cKoppenapooauw 
H rayccoocKHe oWH6KH cyMMHPYIOTCJI c nonyWHpHHaMH 
6peiTBHruepoocKoro pacnpe~eneHHJI. Ilo3TOMY npa npaK
TaqecKOM npHMeHeHHH anropHTMa He06XO~MO nOll:b30BaT:b-
CJI 3TanOHHLIMH cp M~ -pacnpe~eneHHJIMH. 

m1n 
Ha ocuooe onacauuoro anropHTMa 6wna pa3pa6oTaua 

nporpaMMa Ha JI3LIKe ~OPTPAH. AnropHTM H nporpaMMa 
npooepJinHCh ua reuepapooauuwx MeTo~oM MouTe- Kapno 
C06LJTHJIX: 

11-p ... p 0 n, p 0 ... e +e -; 

11-p -+p 0 ~ (1236), p 0 
... e+e-; 

77p-+cun, cu-+e+e-; 

11-p -+ cu t\(1236), cu-+ e +e -; 

11-p -+ ¢ n, ¢ ... e +e -; 
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li-p-+ ¢/'o. (1236), ¢-+ e+e-; 

" p -+"' n ' "' -+ YY ; 

1T-p -+ ., f.. (1236) ' ., -+ y y 

,IJ;nJI Ka:>K,~~;oii peaKD;HH 6wno reHepuposaHo npHMepHo no 
7000 co6LITH:ii, HMDynLC HaneTaiOme:ii 'laCTHD;bl P~4 raB/c 
H f.. P77 I P17 = ± 1~. B 3Ha'leHHJI napaMeTpos "BH,II;HMblx" 
'laCTHD; ( e +, e - H y ) BHOCHJIH~ rayCCOBCKHe OWB6KH 

I f..E . = c E .J~ ; f..() i = k ....; t I E i ; c E = 0,05, 
k =

1
0,02f; t = 0,05; EisraB,i=1,2aEI~E'l/. 

3aDOMHHanHCL TaK:>Ke TO'IHble 3Ha'leHHJI napaMeTpOB 3THX 
qacTHu;. Bhi'IHCnJIJIHCL OTKnoHeHHJI o = ( p -p 0) I p 0 , r,~~;e 

Po - ~O'IHoe 3Ha'leHHe napaMeTpa , a p - 3Ha'leHHe napa
MeTpa: 1/ nocne BHeceHH.R rayccoBCKHX oWB6oK, HJIH 
2/ nocne 1-ro :nana, HJIH 3/ nocne 2- ro 3Tana npou;e,~~;ypw 
H,ll;eHTHI!lHKaD;HH KaHana peaKD;HH. }J;n.R BCeX napaMeTpOB H BO 
BCCX 3- X. cnyqa.RX pacnpe,~~;eneHH.R OTKnOHeHHH 0 CHMMeT
pH'IHbl OTHOCHTenLHO Hyn.R. 3TO YK&3biB&eT H& TO, 'ITO 
npHH.RTa.R npou;e,11;ypa H,ll;eHTHI!lHK&u;HH KaHana peaKD;HH HC 
BHOCHT CHCTeM&TH'IeCKHX C,II;BHrOB napaMeTpOB. 

fiOJIH&.R WHpHH& Ha nonyBbiCOTe pacnpe,~~;eneHH.R OTKnOHe
HHH 0 eCTL pa3peweHHe no COOTBeTCTBYIOID;eMy napaMeTpy 
p . B Ta6JIHu;e 1 ,II;&Ha CBO,II;K& pa3pemeHH:ii no OCHOBHbiM 

napaMeTpaM Ha scex 3Tanax aH&JIH3a co6biTHii. B nepswx 
cTpoKax npuse,~~;eHLI annapaTypHwe pa3pemeHH.R, B cTpoKax 
BTopo:ii H TpeTLeit - pa3pemeHB.R nocne 1-ro B 2- ro 3TanoB 
npou;e,~~;ypw; 3ciM)eKTBBHble MACChi rn M ,II;Jl.R BTOpOB B TpeTLeit 
CTpOK Bbi'IBCn.RnBCL c

1 
HCnonL30BaHBeM nopeHu;-lilaKTOpa 

nap "BB,II;BMbiX" 'I&CTBD; Sl · 
Bee npou;eccw, nepe'IHcneHHhle B •a6A. 1, MOlKHO 

pa36BTL Ha 'leTwpe rpynnw: 
1/ npou;eCCbl C rM /. 0 H ro /. 0, r,11;e rM , ro- ecTeCT· 
BeHHble WBpBHbl Me30Ha H 6apBOH& /npou;eCCbl 1T -p -+p 0 f.. , 
TT-P-+ wf.. , TT-P -+¢f../; 
2/ npou;eCCbiC rM=0Bf'o /.0/77-p -+"'f../; 
3/ npou;eccbl c r M ./ 0 B r B = 0 I 77 -p -+p 0 n t 77-p-+ (L) n ' 
77-p -+ ¢ n /; 
4/ npou;eccbl c rM = 0 B ro .. 0 I 77-p-+., n /. 
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Ta6nHna I 

PaspemeHMa ( nonaaa mHpxaa aa nonyBHcore, ~ ) no OCHOBHHK 

napaKeTpaM aa pa3HHX 3Tanax aaanH3a co6HTH~. 

Ilpouecc Ilo.n:npo- ) 
rpilllllli • £1 - E .. E .. - Eu e -e. h1. - JU. 

EfD Eu e. m~ 

,--f ... j"fl, I n.o 7.0 I.2 6.5 

f"-+ .{1+1- rr 8.0 3.0 - 2.0 
ill 8.0 3.0 I8.0 I8.0 

~-r .... r~. I II.O 7.0 I.2 7.0 

y--.,+r II n.o 7.0 - 7.0 
m u.o 7.0 I8.0 I8.0 

..--,-~,... I n.o 7.0 I.2 7.0 
w-+ .e-t-e- II 8.0 3.0 - 2.0 

m 7.0 2.0 2.0 I.B 

1C-f--+ WA I I n.o 7.0 I.2 7.0 

1/J ~ e+e- 'l II II.O 7.0 - 6.5 
m 9.0 7.5 6.0 2.0 

.. -r ~ 'f ~. I I II.O 7.0 0.8 6.0 

¥-' -t ~ +-e-
n 8.0 4.0 - 2.0 
m 6.0 I.6 I.6 0.9 

~-f .... ftl, I 12.0 7.5 0.8 7.0 

y:...,. t+r rr 12.0 7.5 7.0 
m 8.0 7.0 4.0 I.5 

.k-f-+?11, I I2.0 7.0 I.6 7.0 

'z-+fr 
n 8.5 3.0 - 3.0 
m 6.0 I.6 0.8 0.2 

.,.__, .. ,Ll, I I2.0 7.5 I.6 7.5 
n I2.0 7.5 - 7.0 

t.., rr m 8.0 7.0 4.2 0.3 
- -· ~ . ---~ 

ll) I - no.11nporpawa PA R.LC , annaperypaoe paspemeaHe; II - no.nnporpaKKH 
FIT 8 A II.. t PAR.M a- paspemeaHe nocne I-ro 3Tana npoue)IYpH ~!l8HTH

¢HKauHH; ill- no)lnporpwtMH FITMES, PAilMBH- paspemeHHe nocne 
2-ro 3Tana npone.J~ypu ~eHTHWHKanHH. 

KaK BB,II;HO B3 •a6A. 1, nocne 1 3Tana npou;e,~~;ypw 
B,ll;eHTBI!lBKau;HH KaHana peaKD;HH ,II;Jl.R npou;eccos: a/ 1-:ii 
B 2-:ii. rpynn ( ro /. 0)pa3pemeHBe He DOBbiWaeTC.R H 6/ 3-i 
B 4-:ii. rpynn ( rB ... 0) pa3pemeHBe cymeCTBeHHO ynyqmaeTC.R, 
HanpBMep, ,II;Jl.R 3ciM)eKTBBHOH MACChi C /6,5 77 ,5/~ ,11;0 /2,0 7 
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+ 3,0/~. Ilocne 2-ro 3Tana npone.Aypw B.AeHTBWBKallHB ,AnJI 
nponeccos polK,AeHBJI: a/ y3KBX pe3osascos ( ., , ¢ , w ) 
pa3pemes&e ynY'fmaeTCJI /sanp&Mep, B cnyqae peaKilHB 
11- p -+¢n, ¢ .... e +e- pa3pemesae no 3c)cileKTBBHoi Macce 
e+e-·naphl yny'IWaeTCJI C 2,0~ .AO 0,9~/; 6/ m&pOKBX 

pe30HaHCOB /peaKilHR ""'P-+ p 0 n , rp -+p 0 ~ I pa3pemesae 
no yrny pa3neTa R 3c)cileKTRBHoi Macce c&nLHO orpy6nJieT
CJI /sanp&Mep, B cnyqae peaKilBR "-P .... p 0 n , p0 

.... e+e
pa3pemesae no :Jc)cileKTBBHoi Macce e +e ~napw na.AaeT c 
2,0~ .AO 18,0~/. 3To nocne,AHee o6cT.oJITenLCTBO JIBnJieT
CJI pe3ynLTaTOM BJIBJIHBJI ecTeCTBeHHOi m&pBHhl pe30· 
sasca Ha pacnpe,AeneHBe yrnos pa3neTa /c.w. clM>PMYJIW 
/10/ R /11//. B cnyqae polK,AeHRJI .ABYX m&pOKRX pe3o· 
HaBcos /sanpa.wep, p 0 A I HB sa O.AHOM B3 3Tanos npo
lle.Aypw R.AeHTBc)&KallBB He .AOCT&raeTcJI noswmesae pa3-
pemeHBJI. Hec.woTpJI sa 3TO , &MeeT c.wwcn np&MeHJITL 
npOile,Aypy R.AeHTRc)RKallBB K TaKBM nponecCaM • .AJIJI pa3 • 
,AeJieHBJI KaHaJIOB peaKilBB. ~JIJI OlleHKB "BJIBJIHBJI" pe30· 
sascos ,Apyr sa ,Apyra Ka)I(Jloe co6WTBe xaxoi-JIB6o peax
IlHB /sanpa.wep, 11- p .... p 0 n , p 0 .... e + e-I o6pa6aTWBaJIOCL 
no "csoei" R no "1f)'lKRM" ranoTe3aM - 3TO ( P 0 n) -co6w
TRe paCCMaTpBBaJIOCit nocJie,AOBaTeJILBO KaK P n - , 
w n- , p n- , p !:J- , cu A -a ¢A - co6wT&e. 06o3Ha'IBM c)oso

Bhle C06hiTRJI COOTBeTCTBeBBO: p 0-+ cu 0, p 0 -+ cp 0 
e•+e-n .... e+e-A , p 0 0-+cu A , p0 n -+¢A. 

.Qmr npaKTB'Iecxoro npa.weseBBJI none3Hhl 3Tanosswe 
RHTerpaJILBhle cp B

1 
- B ¢ M B

1 
• pacnpe,AeJieHBJI: mn mn 

¢D D B "" B • D 
'I'(¢B) =fNo(¢min)d¢min/ fNo(¢mln)d¢mln' 

0 0 

¢MD MD . • MB "" MD • MD 
1' (¢MD) =f No(¢min )d¢min/ f No(¢min )d¢min· 

0 0 

B •atJA. 2 npase,Aesw 3Ha1feHBJI W ( ¢ B) An• 3TaJIOBBhlx 
¢~in - llacnpe,AeJieHBi, a TaJOKe /An• cpasHeHBJI/3Ba-

1feBBJI 'I' ( xt) ·: 
2 XI 2 2. .oe a 2 

W(x1> =JN 0 (x )dx7fN 0(x,dx. 
0 0 

10 

. ~ 

r 

' 

~~-~~ 
lOW II 

0.2 

0.4 

0.6 

o.8 

1.0 

1.2 

1.4 

1.6 

1.8 

2.0 

2.2 

2.4 

2.6 

2.8 

3.0 

3.2 

3.4 

3.6 

·-· 

Ta6JI11Ua II 

UHTerpaJII>RYe 3TaJIORRYe ~!~,- pacnpe.n:eneRHJI. 

Efe- n. e-+t.-4-+lit.. €+e- .a e+l-r~ ... le-A W{t!l) 

0.409 0.0228 0.:3:35 0.00073 0.375 

0.558 0.0334 0.457 0.00176 0.490 

0.648 0.0406 0.531 0.004II 0.575 

0.717 0.0470 0.588 0.00748 0.645 

0.770 0.0554 0.640 0.00983 0.695 

0.804 0.0641 0.680 0.0148 0.735 

0.836 0.07!9 0.715 0.0204 0.770 

0.862 0.0778 0.743 0.0274 o.eoo 
0.886 0.0846 0.770 0.0339 0.825 

0.903 0.0907 0.790 0.0421 0.845 

0.919 0.0976 0.809 0.0530 0.865 

0.932 o.104 0.824 0.0664 0.880 

0.944 O.II3 0.838 0.0786 0.895 

0.950 0.124 - 0.850 0.0921 0.905 

0.956 0.!31 0.861 o.ro4 0.915 

0.965 0.08 0.872 o.II9 0.925 

0.969 0.147 0."884 0.!38 0.935 

0.974 o.156 0.891 o.157 G.940 

BBTerpaJILBOro X 2 ·pacnpe,AeJieHBJI ,AnJI O.ABO\ CTeneBB 
cso6o.AW. H3 Ta6JIBilw BB.ABO, 'ITO 3TaJIOHBhle ¢min -pac
npe,AeJieHBJI .AJIJI nponecca 11-p -+ e+e-n secxonLKO ylKe, 
a .AJIJI npo!lecca 77-p .... e+e-~ - m&pe, 'leM x2 -pacnpe
,AeJieBBe. Ilpa B3y1feBBB, sanp&Mep, peaKilHB 11-p .... e+e -n 
peaKUBJI 11-p -+ e+e -~ - c)ososaJI. Kax BB.ABO B3 •a611. 2, 
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ecnH, HanpHMep, orpaHH'IHTLCJl 3Ha'leHH1lMH cp~n= 0 +2,0, 
TO 6y.D;eT llOTep1lHO 9, 7fl/o none 3HLIX ( e+e 11)- C06LITHH H B 
CTa THCTHKY 6y,D;eT BKJUO'IeHO -9,1 f1/o 4JOHOBLIX ( e+e ""'n -+ e+e "11 ) -
co6LJTHH. ,l],n1l peaxu;HH 11-p-+ e+e-~ npou;ecc 11-p -.e+e-n-
4JoHOBLIH H npH cp ~in ~ 2, 0 6epeTC1l 79f1/o none3HLIX 
( e+ e-~) - co6LJTHH H 4,2fl/o ( e + e~ n --. e +e- ~ ) - 4JoHOBLIX 
C06LITHH. 

TaelJIIU~a m 
~HS 

ffHTerpar.bHHe 3TanOHHHe r. . - pacnpe~eneHHR. 
~-

rs .l'" It p' A cvn. Cl)fj J'n. jcl~ ~h. t~ w (.t:} ...... " - -· -

0.2 0.098 0.082 0.125 0.104 0.162 o.no 0.133 0.120 0.375 
0.4 0.178 0.153 0.231 0.!97 0.298 0.234 0.252 0.216 0,490 
0.6 0.243 i 0.222 0.3!3 0.273 0.414 0.317 0.35! 0.297 0.575 
0.8 0.305 0.276 0.393 0.347 0.499 0.392 0,436 0.359 0.645 
1,0 0.362 0,324 0.459 0.407 0.570 0.446 0.508 0.416 0.695 
1.2 0,4!0 0,366 0.521 0.460 0.630 0.497 0.570 0.467 0.735 
!,4 0.456 0.406 0.573 0.509 0.680 0.542 0.624 0.508 0,770 
1.6 0.493 0.443 0.616 0.546 0.725 0.580 0.674 0.544 o.8oo 
1.8 0.528 0.474 0.653 0.580 0.761 0.610 0.716 0.578 0.825 
2.0 0.558 0.503 0.691 0.612 0.792 0.641 0.749 0.610 0.845 
2.2 0,586 0.529 0,721 0.639 0.819 0.667 0.781 0.638 0.865 
2.4 0.6II 0.552 0.753 0.663 0.84! 0.688 0.806 0.662 0.880 
2.6 0.632 0.573 0.777 0.689 0.861 0.705 0.829 0.681 0.895 
2.8 0,654 0.592 0.797 0.706 0.878 0.722 0.851 0.702 0.905 
3.0 0.670 o.612 1 o.817 0.724 0,893 0.738 0.869 0.719 0.915 
3.2 0,688 0.630 i 0.837 0.741 0,908 0.752 0.885 0.735 0.925 
3.4 0.702 0,646 I 0.852 0.756 0.919 0.766 0.899 0.750 0.935 
3.6 o. 7I6 0.662 0.867 0.769 0.929 0,779 0,9I2 0.763 0.940 
3.8 o. 729 i 0.676 0,883 0.779 0,938 0.789 0.920 0.773 
4.0 0, 74I i 0,692 0.896 0.790 0.946 0.799 0.929 0.783 
4.2 0.754 0,706 0.904 0.798 0.9511 0.808 0.938 0.793 

4.4 l 0.764 0.718 0.913 0.807 0.961 0.817 0.946 0.801 
4.6 0.774 0.730 0.922 0.816 0.966 0.826 0.952 o.8ro 
4.8 0.785 0.742 0,929 0,824 0.969 0.834 0.957 0,817 

5.0 0.792 0.752 0.938 0.832 0.973 0.841 0.962 0,825 

5.2 o.8oo 0.762 0.993 0.840 0.976 0.847 0.966 0.832 
5.4 0.807 0.772 0.948 0.846 0.979 0,853 0.969 0.838 
5.6 0.815 0.780 0,953 0.853 0.982 0.860 0.972 0.845 

5.8 0.822 ' o. 787 0.95:;' 0.858 0.984 0.865 0.976 0.852 
6.0 o.829 I o. 794 0.962 0.864 0.987 0.871 0,978 0.858 

! ~~ 
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B Ta6nHu;ft 3 npe.D;cTasneaw 3Ha'leHH1l W ( 1> M B) ,D;JI1l 
:HallOHHLIX cp mi~ - pacnpe,D;eneHHH /npou;eCCLI C po~eHHeM 
p 0 

n , rtf. 0 ~ , w n , ,w ~ , cf> n , cf> ~ , · '1J n, 11 ~ /. BH.D;HO, 
'ITO ¢ mi~ - . pacnpe,D;eneHHJl DIHpe X 2 -pacnpe,D;eneHHJl 
C O,D;HOH CTeneHLIO CB060,D;LI (W (xj)) · Pa3HHIJ;a TeM60llLWe, 
'leM WHpe pe30HAHC; B cnyqae po~eHHJl pe30HaHCA BMeCTe 
C H306apon ~ (1236) OTKllOHeHHe OT X 2 -pacnpe,D;eneHHJl 
6onLwe, 'leM npa po~eHHH :noro pe3oaaaca c aeiiTpOHOM. 

B Ta6nHu;ax 4-6. npe.D;cTaBJieHLI 3Ha'leHH1l W ( ¢M 8 ) ,D;JI1l 
4JoHOBLIX npou;eccos. BH.D;HO, 'ITO cnyqaa po~eHH1l pe3o
HaHca c aeiiTpimoM H H3o6apoii ~ (1236) xopowo pa3.D;en1liOT
CJl. HanpaMep, npH H3y'leHHH p 0 n - co6LJTHH B o6nacTH 

cp ~i~ ~ 3,0 HAXO,D;HTCJI 67fl/o none3HLIX C06LITHH /CM. 
•a6.11. 3/ H - 7,2 aJo 4JoHOBLIX ( p 0 ~ -+ p 0 n ) - co6LJTHH / CM. 
•a6.11. 5/. C ,D;pyro:ii CTOpOHLI, ecnH H3Y'IAIOTCJI p 0 ~ -co6w
THJI, TO B TY )l(e o6naCTL 3H&'IeHHH cp M.B nona,D;eT - 61f1/o 

~In 
none3HLIX co6LJTH:ii H - 41o 4JoHOBLIX ~ p 0 n-+ p0~) co6LJTHii. 
Kax BH.D;HO H3 Ta6nau; 4-6 pa3.D;eneHHe ,D;JIJI Y3KHX pe3oaaa-., 
COB 6onee H&,D;e)I(HOe. H3 3THX )l(e Ta6nHu; MO>KIIO H3Bile'IL 
CBeAeHHJI 0 nepexpeCTHOM "BnHJIHHH" pe30HAHCOB .D;pyr HA 
Apyra.. Hanpawep, npH H3y'leHHH cf> n - co6LJTHH 4JoaoBLIMH 
6YAYT cp /!;,- , p 0 n- H p 0 ~ -co6LJTHJI. Kax BHAHO H3 
Ta6nau;, B o6nacTL, Hanpauep, 1> M_B ~ 3,0 nonaAeT 

min 
89,3~ none3HLIX co6LJTHii, ... 3,21o¢~, .... 1,8fl/op 0 n- H ... 0,41o 
P 0 

/!;, -c.o6LITHI. 
Ups npaJCTH'Iecxou acnonL30B&HHH anropHTMa aeo6-

xo.D;HUO 3HATL Ce'leHHJI (»OHOBLIX DpOD;eCCOB H /XOTJI 6LJ 
OpHeHTHPOBOq&O/ Ce'leHBe HCcneAyeuol peaiCIJ;HH. 0DTHMH· 
3AIJ;HJI BepOJITHOCTeB ODIH60K 1-ro H 2- ro POAOB AOn>KBA 
DpOB3BOAHTLCJI B K~OM KOHKpeTHOM Cny'lae C y'leTOM 
3Kcnep&.MeHT&nLHol CBTyan;BB I 6/ . 

Kpa•Kue eweo(}w 

06c~euwJ &JJI'OPBTU QeHTqBJCAJUPI JCaHana peaK
IJ;HH U03BOJJJieT: 

1. Pa3AeJJJIT• npoueccw, B&Dpuep, "-P-+ e +e-n 
11 -p -+ e +e- /!;, (1236); 

H 
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TaelJIHUa Y1 

3HaiJeHH.R W( ~Ms) .n:n.R rnoHOBHX rrpoueccos. 

~=~ .. aJtJ .. ftt (;)H._. o• d 
J 

tLJ ... tH. fit ... 1 Ll_ 

0.2 10.0050 o.o 0.0027 o.o 
0.4 0.01I:3 0.00029 0.0047 o.o 
0.6 0.0186 0.00086 0.0078 o.o 
0.8 0.0260 0.00214 0.0108 o.o 
r.o 0.0302 0.00389 o. 0141 o.o 
I.2 10.0384 0.00678 0.0167 o.o 
I.4 0.0442 0.00950 0.0202 o.o 
1.6 0.0510 o.o1:n 0.0229 o.o 
I.8 0.0540 0.0181 0.0252 0.00027 
2.0 0.0602 0.0236 0.0283 0.00041 
2.2 0.0665 0.0296 0.0321 0.00069 
2.4 0.0715 0.0377 0.0346 0.00096 
2.6 0.0766 0.0475 0.0374 0.00151 
2.8 0.0827 0.0584 0.0395 0.00220 
3.0 0.0880 o.ono 0.0421 0.00262 
3.2 0.0952 0.0820 0.0445 0.00289 
3.4 o.1or 0.106 0.0465 0.00398 
3.6 0.108 O.II2 0.0493 0.00481 
3.8 O.II3 0,130 0.0503 0.00503 
4.0 0.121 0.146 0.0514 0.00660 
4.2 o.I28 0.163 0.0540 0.00770 
4.4 0.136 0,181 0.0562 0.00905 
4.6 0.143 0.200 0.0588 0.0103 
4.8 0.149 0.221 0.0608 0.0120 
5.0 0.156 0.241 0.0632 0.0146 
5.2 0.164 0.264 0.0652 0.0159 
5.4 0.170 0.286 0.0665 0.0188 
5.6 0.177 0.310 0.0692 0.0227 
5.8 0.183 0.332 0.0720 0.0256 
6.0 o.r9o 0.352 0.0746 0.0282 

16 

2. B cnyqae peaKQHH, uanpHMep, 11-p -> e+e- n cymecT
aeuuo /a uecKOJJbKO pa3/ noawcHTb pa3peweuue no 34xtleK
THBHO:ii Macce e+ e- -napw; 

3. Pa'l.U:eJJ.RTb Kauanw peaKQH:ii, uanpHMep: 
a/ 11-p ... p 0 n H 11- p ... p 0 ~ ; 

6/ 11-p -+¢ n H ( 11-p -+¢ ~, 17-p -+p 0 n, 17-p->p 0~). 
4. B cnyqae po~eHH.R Y3Koro pe3ouauca B 6uuapuo:ii 

peaKUHH ,!J;CIIOJJHHTeJJbHO /K D.2/ DOBblCHTb pa3peweHHe DO 
34xtleKTHBHOB Macce. 

AaTop 6naro,napeu B.H.Mopo3y, B.A.IieJJ.RKOBYH li.Cno
BHHCKOMY 3a DOJJe3Hble o6cy~eHH.R. 
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