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1. B JieK0T0pbIX 3anaqax q>H3HKH Bb!C0KHX sneprHll: ( B o6nacTH JieCK0nb

KHX faB) B03JIHK8IDT 6onbWHe TpynH0CTH npH pa3neneHHH KaJianoB peaKuH8. 

OJIH oco6eJIJIO BenHKH B cny'lae o6ny'leJIHll: nell:TpanblihlMH 'laCTHUaMH c WH

P0KHM snepreTH'l8CKHM cneKTpOM. O6bI'lHbill: X 2 
-MeTO!l npHMeJIHM anecJ, 

nHWb K peaKUH5!M, rne Bee BT0pH'llibie. 'l8CTHUbl 3aperHCTpHp0B0libl ( 3c fit ) . 
Bb1nenenne npyrnx peaKuHll:, conep)KaIUHX onHY H 6onee neperncTpHpyeMb~X 

BT0pH'lliblX nell:TpanbliblX 'l8CTHU, npencTaBn5!eT 'lp83BbI'lall:JI0 cn0)KHYID 3an,aqy. 

B naJIJI0ll: pa6oTe Mb! H3naraeM MeTon, K0T0pbill: Il03B0n5!eT B 'laCTH co-

6bITHli C nell:Tpanblib!MH BT0PH'lliblMH 'I0CTHU8MH pa3nenHTb KaJianbI peaKUHiJ:, HC

nonb3Y5! JieK0T0pbie llHHaMH'leCKHe oco6eJIJIOCTH peaKUHll: H cnenyromHe H3 JIHX 

pacnpeneneHH5!. 

PaccMoTpenne 6yneT BecTHCb na npnMepe nefiTponnoro o6nyqeJIH5! npo

nanoBofi ny3bipbKOB0ll: KaMepbi TTK-4 ( cneKTp nefiTp0H0B npocTnpaeTCH OT 2 

no 10 faB). O6o6meHHe nnH npyrux cnyqaeB nponaBonnTCH aneMeHTapHo. 

Cpenn paanH'lHblX peaKUHll: B30HMonell:cTBHH Hell:TpOHOB C BonoponoM 

cymeCTByroT peaKUHH 

n p ➔ n p rr + rr. + rr - TT - ( m rr O ) , 

rne m =O, 1,2 ••• 

HannweM Bb1pa)KeHne nng q>yHKUHH 6ananca aneprnn: 

f =E +m·-E n p C 

-# - ➔ 2 2 
- Y ( pn - pc ) + m O 
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3aech En - aaeprH51 aaneTa10mer-o aeil:Tpoaa, m P - Macca IIp0TOH8-MH-

memr, Ee cyMM8pH851 aaepI'H51 BHJlHMbIX 38p51llieHHblX lJ:8CTHU B orrpeaeneH-, 

HOM rrpearronollieHHir o5 HX Maccax, pf - cyMMapHhiil: HMIIynhC BHJlHMbIX 38-

p51llieHHbIX lJ:8CTHU, mo - a<p<peKTHBH851 Macca yneTeBll!HX Heil:TpanhHbIX lJ:8CTHU. , 

TToapo5aoe nccneaoBaane rroBeaeHH51 cpyHKUHH f aaao B pa5oTe/ll. TTpn 

CTpeMneHHH p 
n K 00 nonyqaeM ee BCHMnTOTH'IeCKOe 3Ha'IeHHe: 

f P Cos 0 E + m (II) 
00 l l f p 

3aech Cos 0£ - yron cyMM8pHOI'O HMnynhca Bcex BHJlHMbIX 38p51llieHHhlX 

lJ:aCTHU c, aarrpaBneaneM HaneTa10mero aeil:Tpoaa. OcTanhHbie o5oaaatieHH51 -

Te llie, 'ITO H B cpopMyne ( 1). Bee BenHlJ:HHbl B351Tbi B na5.CHCTeMe. TaKHM 

o5paaoM, aCHMIITOTHlJ:eCKoe 3HalJ:eHHe f oo orrpeaen51eTC51 cyMMoii: npoaonb-

HbIX COCT8Bn51lOinHX HMIIynhCOB 3apeI'HCTpHpOB8HHb!X 'I8CTHU H HX cyMM8pHoil: 

aaeprHeii:. PacnpeaeneHHSI no BCHMnToTe COObITHfl: H3 KaaanoB peaKIIHfl: 

np ➔ np 11+11- + - 0 
H np ➔ IlJ)IT 11 11 , I'eHepHp0B8HHblX llpH ll0MO-

mn rrporpaMMbl <l>OPC C YlI~TOM yI'nOBbIX pacrrpeaeneHHil: HyKnOHOB B c.u.M. 

JlnSI p83HbIX HMIIynhCOB HaneTBIOinHX aeiiTpOHOB, npe.ncTaBneHbl Ha pnc. l 

(crrnomHaH nHHH51 - KaHan np 17+ 11 , IIyHKTHp np 11+11- 11 0 ) . 
BHJlHO, 'ITO IIpH Bcex HMIIynhcax HaneTa10mnx HeiiTpOHOB 3H8lJ:HTenhH851 JlOn51 

CO0blTHii KaHana Il JI 11 + 11 - rpyrrrrnpyeTC51 npn ManbIX 3HatieHH51X f 00 I 

B TO BpeM51 K8K co5bITH51 KaHana Il p 11 +11-11 O CJlBHHYTbl BllpaBo ITO OTHOIIleHHI0 

K peaKUHH n p 11 + 11 - • TTpn MoaennpoBaHHH peaKuntt yr-noBoe pacrrpeaene

Hne HYKn0H0B B351TO B BHJle CHMMeTpHlIH0I'O JlBYP0I'0I'0 pacrrpeaeneHH51, B K0-

TOp0M HyKn0HbI cocpeaoTotieHhI B JlBYX HHTepBanax c I Cos 0; I > 0,8 

TaKott BHJl pacrrpeaeneHH51 He npoTHB0pe'IHT BCeM HMelOinHMC51 B nnTepaType 

aaHHhIM no N N -B38HMO)leil:CTBH51M npH 8HepI'H51X BblIIIP. 2 ras. 

CymecTByeT HeK0Topoe KpHTHlJ:eCKoe 3H8lJ:eHHe £00 , HHllie K0T0p0I'0 

C05bITlIM C p0lli)leHHeM JlOIIOnHHTenhHOI'0 

llieT. 

11° -Meaolia Boo5me 5b1Th He Mo-

Lln51 II0HHM8HH51 8T0I'0 <paKT8 paCCM0TpHM cnytiall:, K0I'll8 HyKn0Hbl paane-
0 0 

T8lOTC51 II0Jl yr-naMH O H 180 B c.u.M., a POlliJl8lOinHeC51 11 -Me30Hbl rro-

K051TC51 B c.u.M. Lln51 peaKuHil: 
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np ➔ np rr+ 1T 

H 

aTOMY 6y.i:tyT COOTBeTCTBOBBTb pHCyHKH 

p 

p 

1T + 
0 
0 
1T 

17+ 
0 7T 
00------

770 

(3) 

(4) 

n 
($) 

n 
(4) 

Mb! Bb!OpanH TaKoe H8IIpaBneHH9 .[lBH;>K9HHH IlpOTOHa IIOTOMY, 'ITO HMEIHHO 

B STOM cnyqae rrony'lalOTCH Manhl9 3H8'I9HHSI f 
00 

f' = p 
.oo p 

+ P +P -E -E -E + m rr+ rr- P rr+ rr- P 
npH ManoM 

P (P ,.,,O)H P+"'P ... E +"'E 
p p 7T 17- 1T 1T IIMeeM f' .. 0 . 

00 

PaccMoTpHM peaKuHro (3). IlnSI aee a c.u.M.: 

E * 2 m 17 + 2 y P ;/ + m ; 
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E* - 2 m
77 E * = 

p3 2 

-
p = 

v ( E* - 2m 77 )2 - m2 
P3 2 N 

3JleCb Mb! npeHe6peraeM pa3llH'IHeM Mace npOTOHa H Heii:TpoHa. 

f , 
"°3 

p 
P3 

+ p 17+ +P 17 - -E 
P3 

-E 17 + -E 
17 

+ m 
p 

=Y (E* f3 -P* ) +2y f3 m -y (E* -(:3 P* 
C p 3 C Pa C C 17 C Pa C Pg 

-2ym +m 
a 7T P 

= y [ E* 
a P 

({3 -1}+({3 -l)P* 
C C p 

3 

] +2y ({3 -1) m + 
C · C 1T 

3 

m 
p 

Bbrpa:lKeHHe JlllSI f , 
00 4 

6yJleT npH TOH :lKe H8'18llbHOH saeprHH: 

f' = y [ E* ({3 -1) + ({3 -1) P* ] +2y ({3 -1) m + m 
00 4 -C P4 C C P4 C C 17 p 

B aToM cnyqae MO:>KHO aanHcaTh ( npeae6peraSI pa31rnuell: Mace 3apSI:>Ke1moro 

H Heii:Tp8llbHOrO 17 -Me30HOB): 
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E* 

Toraa 

3m 17 +2 ,VP* 
P4 

3m 

2 

../ ( E* -3m 17 

2 

+ m 
2 

N 

- f, 
00 3 = y (I - f3 ) ( E * 

C C Pa 

=Y (1-{3 
C C 

[ 2!.z. + v ( E*-2m 
2 2 

E* 
P4 

IT pH HMrrynbce rraaaroruero Heii:Tpona Pn =5 r~rn/ c 

+P* 
P3 

-P* 
P4 

'ITO IIO BenH'IHHe 6nII3KO K 3H8'18HIIIO, rrony'leHHOMy H3 MonennpoBaHHblX C06bITHii: 

( CM. pHc. 1). IT pH 8TOM C8MO 3H8'18HHe f ~3 rropsrnKa o. 
nm1 peaKUHii: 

1T 
. ( 5) 

np ➔ np 
( Bl 
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ITOny<raeM ITpll p n =5 fss/c f :ia - f C:, 5 =0,054, T.e. B 3Be3nax c 6onb-

rneii MHO*eCTBeHHOCTbID s~~eKT cns11ra aCIIMITTOTllqeCKIIX 3HaqeHllii B cnyqa11x 

C po*neHlleM II 6e3 PO*AeHllll 11° -Me3oHa TBK*e non*eH ITpllCYTCTBOBaTb: 

f , 
00 6 

f, 
005 

=Y 
C 

m
11 

/ E*-4m 17 2 
{1-{3 ) [ -- + ✓<----) - m 2 

o 2 2 N 

/ E* - 5m ) 2 2 ] 
✓ (-----IL.- -mN 

2 

I-fa ITp11seneHHhIX ~opMyn cnenyeT, qTo CllBllr 6onbllie ITpll MeHbllillX HaqanbHhIX 

SHepr1111x, qTo II ITpOSIBmieTCSI B Monemi:poBaHHblX co6b!TllllX. 

CaM xapaKTep pacITpeneneHllii ITO aCIIMITTOTe 38B11CIIT cymecTBeHHO OT 

n11HaMIIKII B3allMoneiiCTBllii nnll peaKmi:n C BTOpllqHb!MII HeiiTpanbHhIMII qacTll

uaMII (nn11 peaKUIIH co BCeMII 3aper11cTpllpOB8HHhIMII C06b!TllllMII STD He TaK, 

qTo Mb! YBllllllM Hll*e). 

PacITpeneneH11e ITO aCIIMITTOTe SKCITep11MeHTanbHhlX co6hITllii H3 KaHana 

n p ➔ n p IT + IT - ( m IT O ) • m =0, 1,2, ... , BhineneHHhIX MeTOll8Mll, 

113no*eHHhIMH ·B pa6oTe
121 , ITpencTasneHo Ha p11c. 2. 3necb cnnornHoii nnHneii 

11306pa*eHo pacnpeneneH11e Bcex co6bITHi1:, ITyHKTHpHofi n11Hneii - pacnpenene

Hlle co6b!TIIH, conep*alllHX y -KB8HThI, yMHO*eHHOe Ha COOTBeTCTBYIDIUIIH 

Bee ( 5,69). B pacnpeneneHHSI BXOASIT co6b!THSI, B3SITh!e ITO see My CITeKTpy 

ITanaromnx HeHTpOHOB. l13 p11c. 2 BllllHO, qTo o6naCTb C f 00 < o, 16 3Haq11-

TenbHO o6orameHa peaKUHHMH n p 11 + 11 - • llonsr peaKUHH n p 11 + 11 - , 

ITOIIanaromnx B HHTepBan C f 00 < 0, 16, no OTHOllieHIIID KO BCeM peaKUllllM 

n p IT + IT - COCTaBnlleT 45%, B TO BpeMSI KaK nonsr peaKUHii n p IT +17 - 11° 

C f 00 < 0, 16 no OTHOllieHHID KO BCeM peaKUIISIM n p 11+ 1T - 1T ° COCTaBnSI

eT nmub 16%, XOTSI COOTHOIIIeHHe Me)K)ly peaKUHSIMH n p 17 + 1T - H 

n p 

np 

1T + 1T 

1T + 1T 

11 ° paBHO 1:1,25 (44,4% n 55,6% Bcero Kaaana 

( m 11 u ) • m =O, 1, 2, ••• } • 

AuanornqHhie pacnpeneneHllll nnsr KaHana n p ➔ n p 11 + 11 + 11 - 11 -( m 11 °) 

m =0, 1,2, ... npencTasneHhI Ha pnc. 3. Cnnomaasr nHHHSI npeacTaBnsreT 
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pacrrpe.oeneane Bcex co6bITHii:, rryHKTHpHaSI - co6b1THSI Toro )Ke KaHana, co-

.oep)Kanrne Y -KB8HTbI, YMHO)KeHHbJe Ha COOTBeTCTBYIOIIIHH Bee. B 8TOM pac-

rrpe.oeneHHH HeT, K8K ll B rrpe.Qbl.OYIII~M cny<rne, TaKOH SipKOH KOHUeHTpaUHH 

cnrrneB IIpll ManbIX 3Ha'leHHSIX aCHMIITOTbI, 'ITO OTpa)KaeT TOT q>aKT, 'ITO IIJ)ll 

6onhlIIOM qncne '18CTHU B KOHe'IHOM COCTOSIHHH B38HMO.Qeii:c"TBHe HM-eeT .opy

roii: .1lllH8MH'leCKHH xapaKTep, OHO MeHee "rrepnq>epll'IHO". 

2. I1ano)KeHHbJe BbIIIIe coo6pa)KeHHSI ll q>aKTbl .1l8IOT B03MO)KHOCTh ynyq

llillTh paa.oeneane KBHanoB peaKUHH B Heii:TpOHHOM o6nyqeHHH n YTO'IHHTh 

aaa'leHne HMIIynhca ·HaneTaIOmero neii:Tpona B .oaHHOM co6bITHH. Ecnn paHee
121 

.onSI Ka)K.ooro co6b1Tm1, He co.oep)Kamero Y -KBaHTa nnn He 06na.oa10mero 

xapaKTepHOH KHHeM8THKOH (o6a HyKnona neTSIT B O.OHY CTOpOHY B c.u.M. IIpll 

MHHHManhHOM HMrrynhce rra.oa10mero Heii:Tpona), rrpnxo.onnoch BbI'IHCnSITb 2 

HMIIynhca ( p min ll p OU ) ll rrpHIIHCblB8Tb orrpe.oeneHHbl0 BepOSITHOCTH 

co6b!THIO HM0Th O.OHH HnH .opyroii: naqanhHb!H HMIIynhc, TO Terreph B 3H8'111Tenh

HOH .oone cnyqaeB Mb! TO'IHO 3HaeM, 'ITO OTCyTCTByeT .oorronHrrTenbHblH 17 O -Me-

30H n, cne.ooBaTenbHO, TO'IHO 3H88M HMIIynhC HaneTaIOurero Heii:TpoHa. TToSICHHM 

cKaaaHHoe rro.opo6nee. 

MeT0.1l8Mll pa60Tb/ 21 Bbl.1l6nSIIOTCSI C06bJTHSI THIIa n p ➔ n p 1T + 1T -( m 1T 
0 ) • 

nm1 arrx cTpoHTCSI pacrrpe.oeneane no acrrMrrToTe ( pnc. 2). 3aTeM MbI rronaraeM, 

'ITO rrpn f 00 < 0, 16 H8X0.1lSITCSI TOnhKO co6bITHSI peaKUHH n p ➔ n p 1T + 1T - • 

I1MrrynhC HaneTBIOIIIero Heii:TpOHa orrpe.oenSieTCSI .OnSI HHX ll3 perneHHSI ypaBHeHHSI 

f E 
n + m p 

-P 
( 

+ ~ 2 
n 

0 

T.e. TO'IHO ll3B8CTeH. TTpnMeCb B 8TH C06bJTHSI peaKUllH C .oorronHHTenbHblM 

1r
0 -MeaoHOM cocTaBnsreT, 110 H81IIHM oueaKaM, B lialII8M 8KC116pHM8HT0 IIpll

M6pHo 23%. B co6hITllSIX C f 00 > 0, 16 CHoBa llnSI K8)K.1lOI"'O co6b!THSI Bbl'IHC-

nSIIOTCSI 2 HMIIynhC8 ( p min ll p OU) ll C orrpe.oeneHHOH BepoSITHOCThlO co6b!THIO 

rrpIIIIHCb!BaeTCSI TOT Hnll .opyroii: HMrrynhc. HarroMHHM, 'ITO TaKoe oueHO'IHblH 

HMIIynhc. OH rronyqaeTCSI npn pemeHHH ypaBH8HHSI f = u , Korna 

rronaraeTcSI paBHhIM HeKoTopoii: cpe.oHeii: sq>q>eKTHBHoii: Macce yneTearnnx aeii:T

poHa ll rr 0 -Meaona. CnBHI"' 8TOI"'O HMnynhca IIO OTHOlli0HHIO K MHHHManhHOMY 

(mo = mn ) B nHHeHHOM npn6nll)K0Hllll paBeH 
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~p 
n p OU - p min 

2 -
m acpcp 

m2 
n 

2[f
00

+(E£-mp ){l-{3: 1n)] 

ITono)KHM noKa f3 min= 1 • Torna 
n 

~p 
.n 

m2 - m2 
n 

2 f 00 

(III) 

(IV) 

Bm:urn, 'ITO npH ManbIX acHMilTOTBX 9TOT cnBHI' MO)KeT OK838TbCSI O'leHb 

601IbllIHM. HanpHMep, nm1 npmrnTOH y Hae acpcpeKTHBHOH MaCCbl m acpqi = 1,37 faB 

H f 00 =0,08 ~ p n =6,26 fae/c. ITpH 9TOM '18CTb co6bITH:ii 

MO)K0T HM0Tb oueHO'IHblH HMnynbC 6onbllle npenenbHO nonyCTHMOI'O. nmi TaKHX 

co6b1TH:ii Mb! nonarann P n =10, 7 fae/c, T.e. HMnynbc nana10mero Heii:T

poHa paBeH rpaHH'IHOMy. KaK BH!lHO H3 npHB81l8HHb!X pacnpeneneHHH no aCllMilTO

Te, B co6b!THSI C p OU =10,7 nonanano 3H8'IHTenbHOe KOnH'I0CTBO cnyqaeB 

peaKUHH n p 17 + 17 , rne Boo6me He HY)KHO onpenenSITb 
p 

OU H rne 

HMnynbc nana10mero Heil:TIJOHa paBeH P min • 3To npHBO!lHno K IlOSIBneHll!O 

BcnnecKa Ha KoHue onpeneneHHoro HaMH paHee cneKTpa nana10mnx Heii:TpoHoB 

( pHc. 4 - nyHKTHpHaSI KpHBBSI). ITocne npHMeHeHHSI npouenypb! pa3neneHHSI 

KaHanoe n p ➔ np 17+ 17 - H n p ➔ n p 17 + 17 - 17 ° no acHMnToTe 

9TOT BcnnecK HC'I0380T H cneKTp npHHHMaeT cpopMy, H306pa)K0HHYJO cnnollIHOH 

nHHHe:ii Ha pHCo 4. 

nm1 C06b!THH C 6onbllIHM 3HatJeHH0M aCHMilTOTbl C/lBHI' OU8HO'lHOrO llMnynb-

ca no OTHOIII0HHIO K MHHMManbHOMY ropaano M0Hbllle (nnSI f 00 =0,32 

~ p n = 1,56). a Ha KOHUe pacnpeneneHHSI fO() COBCeM Man. EcnH Y'I8CTb, 

'ITO H3-3a Olllll60K H3MepeHHSI B nponaHOBOH KaMepe Mb! onpenenSieM HMnynbC na-

na10mero He:iiTpoHa na pellleHHSI ypaBHeHHSI f = 0 C TO'IHOCTb!O nopSinKa 

1 rae/ c, TO MO)KHO CK838Tb, 'ITO B nonaBnSIJOIU0M 'IHCne co6bITHli KaHana 

Il p 17 + 17 - ( m 17 O ) Mb! 3HaeM p n llOCTaTO'IHO TO'IHO (nng B03MOlK

HOCTeii: TIK-4). 

lr1TaK, npHM0HeHne cpyHKUHU 6anaHC8 9HeprnH naeT HaM B03MOJKHOCTb 

B ycnOBHSIX nponaHOBOH KaMepb! H IIIUpOKOI'O cneKTpa nana10mux Heii:TpanbHblX 

qaCTHU yny'IIIIHTb pa3neneHue KaHanoB peaKUllH ll yTO'lHHTb 3Ha'l8Hll8 HMnynbca 

nepBH'IHOli 'I8CTUllbl1 Bbl3B8Bllleii: naHHOe B38llMO!l0HCTBIIe. flonqepKH0M 1 'ITO 
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cymecTBeHHyro ponb rrpn aToM nrpaeT nnHaMHKa B3anMoneiicTBnsr n oqeHb 
'~ 

Ballmo, qTo KaMepa llMeeT XOTSI n He6onbllIYID, HO KOHeqHyro qyBCTBHTenbHOCTb 

K perncTpaunn y -KB8HTOB. 

3. PacCMOTpeHHb!H Bb!UI0 npnMep npnMeH0HllSI pacnpeneneHHSI 8CllMITTOTll

'l0CKOro 3Ha'leHnsr 6anaHca aHeprnn Kacancsr cnyqasr c nneHTncpnunpoBaHHhIMn 

BTopnqHb!Mll qacTnuaMn. neuCTBHTenbHO, peqb Uina, HarrpnMep, 0 peaKUIIll 

n p ➔ n p 11 + 11 ..,. ( m 11 ° ) , rne npoToH n 11 + -MeaoH 6hmn nneH-

TncpnunpoB8HhI1 6bmO ll3B0CTHO, qTo cpen;r BTOpnqHblX He,iiTpanbHb!X qacTHU 

Haxonnncsr HeiiTpoH, n 3anaqa 3aKnroqanacb B Bh1neneHnn B aTnx peaKunsrx 

co6hITHii c m =O. 

Mo)1mo yKaaaTb n npyroii cnyqaii rrpnMeHeHnsr pacnpeneneHnsr co6b1Tnii 

no 8CIIMIITOTe. PacCMOTpllM CHOBa Bb!pameHne ( 1): 

3necb Mb! 06oaHa11nnn qepea E o 

yneTeBllIIIX HeiiTpanbHbIX qacTnu. 113 Bb!pameHHSI 

+ m P (PI I = P £ Cos 0 £ ) HaxonnM - E £ 

peaynbTaT B (1), rronyqaeM: 

f 

+ m 
p 

ITpn BhmonHeHnn 3aKoHa coxpaHeHnsr aHeprnn f 

f 
00 

+ E o 
• 

11 

f 
00 

2 
mo 

+ f 
00 

0 ' 

aHeprnro 

EE + 

• IToncTaB:rns; 

(IV) 

n Mb! HMeeM; 

(V) 



3neeb P .1 - eyMMapHblll nonepe'!Hblll HMrrynhe _ Beex BHnHMb!X 3aperHeTpH-

poBaHHbIX '!aeni:u. 

B eny'!ae, Korna Bee BTOpH'!Hbie '!aeTHl!bl 3aperHeTpHpoBaHbI, aanpHMep nm1 

peaKUHH np ➔ PP rr- 'Mb! HMeeM pn =p11 ·pl= 0 'mo =o H 

f ( E - p (VII) 
00 n n 

OTe10na enenyeT, 'ITO nm1 peaKunii:, rne Bee BTopH'!Hbie '!aeTHUbI Gape

rneTpnpoBaHbI, 3Ha'!eHHSI aeHMITTOT Beerna OTpHUaTenbHbl H MO,KHO yKa3aTb 

o6naeTb (HnH TO'!HOe 3Ha'!eHHe B eny'!ae H3BeeTHOro HMrrynbea HaneTaJOll!HX 

'!aeTHU), rne OHH non)KHbI paenonaraTbeSI. HarrpnMep, B eny'!ae Hamero Heii:T

poHHoro o6ny'leHHSI eneKTP Heii:TpOHOB npoeTHpaeTeSI OT 2 no 10 fsB H, ene

noBaTenbHO, aeHMITTOTbl nnSI peaKUHH n p ➔ p p rr- non)Kl!bl ne)KaTb B 

o6naeTH OT -0,21 no -0,04 fsB. KoHe'!HO, ourn6KH H3MepeHHii HeeKOnbKO 

paemnpH!OT STY o6naeTh. Ha pne, 5 npeneTaBneao paenpeneneane no aenMnTo-
- 2 

TaM eo6bJTHll peaKUHH n p ➔ p p rr ' Bb1neneHHb!X MeTO)lOM X Ha 

rrneHK8X 11eii:TpOHHOro o6ny'!eHHSI TTK-4. OTMeTHM, 'ITO paenpeneneHHe no 

aeHMITTOTe J:{nSI eo6b!THii:, rne Bee BTOpH'!HbJe '!aeTHUbl 3aperHeTpHpOBaHbl, He 

38BHeHT OT nHHaMHKH npoueeea, KaK enenyeT H3 cpopMynhI ( VII ) , a onpei:te

nSieTeSI nHlllb OlllH6irnMH H3MepeHHll H eneKTpOM nepBH'!HOro ny<IKa. Oeo6eHHO 

HHTepeeeH eny'lafi B3aHMOAefieTBHll y - KBaHTOB, B KOT0pOM nnSI peaKUHfi, 

ri:te Bee BTOpH'IHbie '18CTHUbl 3aperncTpHpoBaHbl, f 00 :0 . 3aa<ieHHe 8CHMilT0Tbl 

u + -i:tnH peaKUHH, HanpnMep, y p ➔ p rr rr pacnono)KeHo oKono aynH, H mnpn-

Ha pacnpeneneHHSI 6yneT orrpenenSITbCSI TonbKO omH6KaMn H3MepeHHH BT0pll'!HhlX 

'!8CTHU . npH n106b!X 3Hepr1rnx y -KBaHTOB. 

M O)KHO npennO)KHTb MeTon, 06ner'!a10umii: Bhineneane peaKUHfi, B KOTOpblX 

3aperHeTpHpOBaHbl Bee BTOpll'!HbJe '18CTHUbI. HanpnMep, nnH BbllleneHHSI peaK

UHH n p ➔ p p rr - caa'!ana Bo Bcex eo6bITHSIX 3-nytJeBbIX 3Be3i:t no nneH

TH!pHKaUHH enenoB Bb!'IHCnS110TeSI f 00 B npenrrono)KeHHH, 'ITO Bee nonO)KH

TenhHbie enenbI - npoTOHbI. 3aTeM nnSI nanbH0llIUero aHanH3a OT6Hpa10TeSI 

TOnbKO Te C06b!THSI • y KOTOpb!X cpyHKUHSI f 00 , COC'IHTaHH8SI TaKHM o6pa3oM, 

OK83bJBaeTCSI B HY)KHQll o6nacTH, II nHIUb 3TH eo6hITHSI rronBepraJOTCSI i:tanbHeii:

IUeii X 2 -npouei:type nnSI OKOH'!8TenhHOro BbineneHIISI eo6bITHll peaKUlilI 

n p ➔ p p rr - • Ha pHc. 6 npencTanneHo pacnp'enenemrn f 00 nnH ncex 
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TpexnyqeBbIX 3Besn ( 6es peaKu1u:1 n p ➔ p p TT ) . BbI<Incneaaoe B 

rrpenrronO)l(effHI:1, 'ITO Bee BTOpl:l'!Hbie rronO)Kl:ITenhHbie qaCTl:IUbl - rrpoTOHblo B 

o6naCTb OT -0,21 no -0,04 IIOrranaeT nl:lllih 1/5 BCeX 3Besn, TaKHM o6pa30M1 

MO)KHQ Cl:lnhHO YM8Hhllil:1Th BpeMH, aeo6xonHMOe nnH C'IeTa ITO fit -rrporpaM-

Me. EcnH )KenaTenhHO pa6oTaTb c co6b!Tl:15IMll n p ➔ p p TT nl:lllib B Y3KOM 

yqacTKe crreKTpa, TO Bbll:II'pb!lli BO BpeMeirn IIpl:I o6pa6oTKe MO)KeT 6b!Tb O'IeHb 

3Ha'!IITeJihHbIM, TaK KaK Bbl'IHcneHH5I caMHX f oo 3aHUM810T Hll'ITO)KHOe BpeM5I, 

I1TaK, pacrrpet1enea1:1e co6bITHii rro Benu<IHHe acHMIITOTH<IecKoro 3J-la<IeHH5I 

6anaHca sHepr1:11:1 no3Bom1eT Jl8)1(e B cny,:rne o6ny<IeHHH nponaHoBoi1: KaMepbI HeiiTpo

HaMn lllllpOKoro crreKTpa OTaenl:ITb 3HaqnTenhHYIO non10 co6b!Tllll !)8aKUllll 

n p ➔ n p 17+ TT OT peaKunii c norronHnTenhHb!Mll 
0 

TT -MesoHaMn n, 

BO-BTOpb!X, Cl:lnhHO o6ner'!HTh BbineneHHe peaKUHii, rne 3aperHCTpI:1pOB8Hbl Bee 

BTOpH'!Hbie qacTHUbl ( HanpnMep, peaKUHl:I n p ➔ p p TT- ) • 

Bo3MO)KHQCTh l:ICIIOnb3OB8Hl:15I-8TOro MeTona nn5I o6ny'IeHHll y -KBaHTa

Mn, TT -Me3OHHb!X o6nyqeHnii, o6nyqeHnii c 6on·blllllM ( a6conIOTHh!M) 

aaepreTn<IecKnM pa36pocoM nyqKa Tpe6yeT nanbHeiirnero nccnenoBaHn5I. 

flHTepa Typa 

1. P.M. Jl)Ka6ap-3Bt:le, B.11. Mopo3, A.B. HHKHTHH, A.11, PoaHoHoB, 3, Pynn, 

IO.A. TpoHH, E.A. 11Jax6a3HH. llpenpHHT 0111111, 1957, Jly6na, 1965. 

2. B.11. Mopo3, A.B. HHKifTHH, IO.A. TpoHH, H<P, f1 Bbm,3, cTp. 585 (1989). 

PyKDnilCb ITOCTyrrnna B 113naTeITbCKllll oTnE IT 

24 neKa6pS1 1970 rona. 
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P11c. · 1. P acnpeAeneam1 no ac11MnT0Te co6b1T11ii peaKu1111 n p ➔ n p 11 + 11 -

( Cill10IIIH8S! nl!HIISI) 11 D p ➔ D p 11 + 11 -. 11 O ( nyHKTllpH8SI l111Hlllil, 

reaep11poBaHHblX np11 Il0M0Wll nporpaMMbl <t>OPC np11 paal!b!X IIMilYl1bC8X aa
neT8IOIU11X 11eiiTpoHoB. Ilp11 M0Aem1ponaa1111 neaAe I Cos 0 ~ I > 0,8 • 
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Puc, 2, P acnpe.rieneHue no acuMnTOTe. sxcnepuMeaTanbHbIX co6bITlli!:, CnnowaaH 

nuam1 - Beeb xaaan n p· TT+ TT - ( m TT 0 ) m =0,1,2, ••• flyHKTIIp -
co6b!Tl!H 8Toro Kaaana, co.riepJKalIIIIe y -KBaHTb! , YMHOJKeHHbie Ha COOTBeTCT
BYIOIIIllH Bee, 
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Pnc. 3. Pacnpeneneane no acnMnToTe aKcnepnMeHTanhHhIX co6b1Tntt. Cnnowaa11 
nnan11 - Bech KaHan n p rr + TT + TT - TT - ( m TT O ) , m = O, 1,2, .•• 
IlyHKTllp - C06b!Tllll 3Toro ,Kaaana, conepJKam11e. Y -KB8HTbI, yMHOlK0HHbie 
Ha COOTB0TCTBYIOilll!H Bee. 
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Pnc. 4. CneKTp HellTpOHOB, nanaJOumx Ha KaMepy. TTyHKTHp - CT8pb1ll cneKTp. 
CnnowHasi nHHHsi - cneKTp, nocTpoeHHbIH. nocne npHMeHeHnsi npouenypb1 paano
JKeHHH Kaaanoa no acHMnToTe. 
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Pnc. 5. Pacnpenenemie no acHMnToTe co6b1T11ll peaKu1111 n p ➔ p p 11 • 
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PHc. 6. Pacnpeaenemrn no aCHMnToTe Bcex co6b1THll: TpexnyqeBbIX ·aBeaa 
( 6ea peaKUHH n p ➔ p p 1T - > • Bee nonoJKHTe/lblibie '18CTHUbl C'IH-
TaJOTCSI npoTOHSMH. 
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