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KaMepa nK-4 Jia6opaTop1rn BbICOKHX aHeprnii Ol1HI1 111 
o6nri:anacb 

HefiTpoHaMH c aHeprnett AO 10 raB. HanpaBneHHe OCH KaHana HefiTpOHOB on-

pellensmocb no aneKTpOH-ll031ITPOHHbIM napaM OT 

IIIIIX B KaHane 121• 

Y - KBaHTO~, npHCYTCTBy10-

B pa6oTe H3nara10TCSI MeTOAbl paaaeneHHSI KaHanOB peaKUHll n P -B3aH

MOA0llCTBIIll ~ C06bITIISIX C 3-MSI H 6-10 aapruKeHHbIMH ny'laMH 6ea CTpaHHbIX 

'ISCTHII. 

Paao6beM peaKUIIII B3SIIMOAefiCTBIIll naaaIOIIIIIX HefiTpOHOB co CB060AHbl

MII npoTOH8MII _Ha cneay10mne KnaCCbl! 

1. Knacc "O", B KOTOpOM BCe BTOpH'IHbie 'ISCTHUbl aapeI"HCTpHpOBBHbI. 

- + - -CpeAH HIIX npncyTCTBYIOT 2 npoTOHa ( n P ➔ P P 11 n p ➔ pp 11 11 11 ) , . 

2. Knacc ,, 11 
0 

" - cpeAH aapeI"HCTpn:poBaHHblX 'ISCTHU npHCYTCTBYlOT. 

2 npoToHa. 06paayeTCSI eme m ea 1.2 , •.. HeperncTpnpyeMbIX ·7r
0 

-Meao-

HOB ( HanpnMep, np ➔ p p 11 -11 ° n p ➔ p p 11+ 11 - 11 - 11 o H T.A.h 
3. Knacc " n u - cpenH aaperHCTpHpOBSHHblX qacTHll npHCYTCTByeT 

OAHH npOTOH. 06paayeTC51 OAIIH He3apern:cTpn:pOBSHHblii HeiiTpOH c m = 0, l ,2 •• 

rr 
O 

-MeaoHaMn ( HanpnMep, n p ➔ n prr + 11 n p ➔ n p 11 + Tl + 11 - 11 -· 11 ° )_. 
4. Knacc " 2n ,, - cpean: aaperncTpn:poBaHHbIX 'ISCTHU HeT npOTOHOB. 

06paayeTCSI 2 HeperncTpn:pyeMhIX HefiTpOHa C m =0, l • 2 ••• 11 ° -M830HaMH. 3a

Aa'la 3aKnIO'laeTC51 B TOM, 'IT06h1, Bo-nepBbIX, ycTaHOBIITb, K KSKOMY ll3 nepe

'IHCneHHbIX KnaCCOB peaKuntt OTHOCHTCSI ASHHOe co6bITHe, n, BO-BTOpbIX, oue

HllTb HMnynhc H8llTpOHa, Bbl3BSBW0I"O 8TO B38llMOA8llCTBHe ( T.K. Ha KaMepy 
I 

naaa10T HefiTpOHbl pa3HbIX aHeprntt) • 
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I. Bb1,aeneHHe pe8KI!Hil Knacc8 uou 

BbI)leneHne OCHOBaHO Ha npnMeH0HlllI ;)('. 
2 

-TeCTa no MeTOJlY, 'OillICaH

HOMY B /3/. Ilns:r peaKUllli Tnna "O" MO)KHO HanncaTb 4 ypaBHeHlISI CBSI3bl-

Ba10miie napaMeTpb1: 

I, f 
1 P ,nx :I p Ix = O ' 

£2 = .p - !, p = 0. 
ny I ly 

(1) 

f = p -kp =zO, 
3 nz I lz 

f 4 =E +m -:IE 1 = 0. 
n P I 

3necb P Ix ' ply p lz - npoeKUlllI Ha COOTBeTCTBYIOIIIlle OCII HMnynb-

COB BH)llIMbIX 'laCTlIU, E I - lIX 3Hepr1111; P nx Pny p nz ' En - TO 

*e ans:r nanaromero Heii:TpoHa; m P - Macca npoToHa. 
2 

PaaMepHOCTb ;)('. min -pacnpeAeneHlISI paaHa 'llICny ypaBHeHHii: CBSI3ll, 

TaK KaK nns:r )laHHOI'O Heii:TpOHHOI'O o6ny'leHlISI HelI3BeCTHO aapaHee a6conIOT

HOe 3Ha'lem1e lIMnynbca Heii:Tpona, Bbl3Baamero )laHHOe B3alIMO)leiiCTBlle, TO 

onHo ns ypaaHeHnii: (1) cny)KlIT nns:r orrpeneneHns:r Ip I n TOnbKO 3 ocTaa-
n 

. 2 

llllIXCSI ypaBHeHlISI MO)KHO 11crronb30B8Tb AnSI IlOCTpoemrs:r .)( min• 

II •. BbmeneHHe peaKIUt:H Knaccos "'17 °'', "''.a "'', ''2.a. .,., 

1. Ilns:r TaKlIX peaKUHli MO)KHO narrIICaTb nnIIIb O)lHO ypaBHeHne CBS13ll 

nns:r iapaMeTpOB - aaKoH coxpaHeHIISI 3Heprnn: 

yp 2 +m 2 +m -:IE 
n n p I I 

➔ f ➔ - v' (p - p 
D I 

4 

2 
) + m o (2) 

\ 

1 

· 1 
I 
I 

:1 
:i 

'\ 

f 

·i 
. i 

.,.'I . 

3necb p n - IIMrrynbc HaneTaromero Heii:Tpona, p 1 - I1Mnynbc "i " -oii: aa

perI1CTpI1poaaHHoii: 'laCTlIUhI, E 1 -ee 3Heprns:r rrpII onpenenennoM npenrrono*eHIIII 

o ee Macce, mo - Macca yneTeaIIIeii: HeaaperI1CTpI1poBa}fHoii: 'laCTlIUbI. 

Bmrny Toro, 'ITO IIMrrynbc neii:TpoHa HenaBecTeH, nns:r 3TIIX KnaccoB 
2 

peaKUllll X min • 0 • 

Ilns:r BbI)leneHIISI peaKUilli yKa3aHHbIX TIIIlOB nonaraeM f = U II peIIIaeM 

rrony'leHHOe ypaaneHile OTHOCIITenbHO p n , TipII 3TOM -)lnSI Ka)K)lOI'O Knacca 

nenaeTcs:r orrpeneneHHoe rrpenrrono)KeHile o Maccax rrono*nTenbHbIX 'laCTlIU (na

rrpIIMep, nns:r Knacca "11 °" a 3-ny'leBhIX aaeanax o6e nonO)KIITenbHbie 'lac-

Tllllbl c•mTaIOTCSI rrpOTOHaMII) II rrpenrronaraeTCSI Bbin0T MlIHIIManbHOli MaCCbI 

m O , Tpe6yeMoii nns:r naHHoro Knacca ( mo=m110 ans:r Knacca "rro,,, mo= mn 

,, ,, 2 "2 ") nns:r Knacca n .' H m 0= m n nns:r Knacca n • 

Ecnn Haii:nenHoe pellleHne nns:r KaKoro-nH6o Knacca ne)KlIT a ¢H3H'!ecKn no-

nycTHMOM nns:r nae lIHTepBane HMnynbCOB ( pn < 10,7 f3a/c). TO I'lIIlOTeaa 

0 rrpHHanne)KHOCTII co6bITHSI K HCilb!TbIBaeMOMY Knaccy C'IHTaeTCSI rrpneMneMoii:, 

E cnH cpy HKUII SI He HMeeT )lellCTBHTenbHbIX peIIIennii: nnn peIIIeHHSI ne)KaT 

a o6naCTH HMrrynbCOB P n > 10, 7 f3a/c, TO TaKaSI I'HilOTeaa OT6paCbIBaeTCSI, 

TioaeneHne ¢YHKUHH f nns:r pa3nH'lllbIX I'HilOTe3 rronpo6HO HCCnenoaaHO B /4/, 

0TMeTHM, 'ITO TaKHM o6pa30M Mb! HaXO)lHM MHHHManbHblli HMilynbC HaneTaIO

mero Heii:TpOHa nns:r )laHHOll rnrroTe3bl O co6hITHH, 

Ilanee rrpHMeHSIIOTCSI npyrHe He3aBHCHMbie crroco6bi HJl0HTlI¢HKaUHlI 'lac

THU (H3MepeHHe HOHH3aUlIH, C'leT 'IHCna 8 -aneKTpOHOB Ha cnene H T,n/51 ). 

HanH'!He Y -KBaHTa, CBSI3aHHOI'O co aaeanofi, I'OBOplIT O TOM, 'ITO B 

naHHOM co6hITIIH HMencs:r XOTSI 6bI O)lHH 11° -Me30H, 

fHITOTe3a O rrpHHa)lne)KHOCTH C06b!THSI K OJlHOMy H3 KnaCCOB ",r o,: ,, ,, 
n 

"2n" C'IHTaeTCSI rrpneMneMoii:, ecnn MlIHlIManbHblli p n , Haii:)leHHblii: 113 peIIIe

HHSI ypaBHeHHSI f= 0 , ne)KHT B cpH3H'leCKH AOilYCTHMOii o6naCTH HMnynbCOB 

neii:TpOHOB H H)leHTHcpHKaUHSI 'laCTHU He rrpoTHBOpe'IHT rrpenncino)KeHlIIO 06 lIX 

Macce. 

2. IlanbHeii:IIIee pa3)leneHne KaHanoB peaKUHii: OCHOBaHO Ha cpaBHeHHlI 

Bepos:rTHOCTeii: ocymecTaneHlISI pa3nH'IHbIX I'HilOTea. 

B pa6oTe 161 rrony'leHa cpopMyna nns:r OTHOll!eHHSI aepOSITHOCTeii: ocy-

IUeCTBneHHSI paanH'IHbIX I'HilOTe3, 
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PacCMOTpHM cny-<rnii pa3HOM8C!l1Ta6Hb!X rm10Te3, T.e. 6y/leM cpaBHHB8Tb 

Bepo.lITHOCTH ocymeCTBJieHH.II llBYX rm10Te3, 113 KOTOpb!X 0/lH8 xapaKTep113yeT
/ 

C.II 60JiblllllM 'IHCJIOM ypaBHeHHH CB.II3H, 'leM /lpyra.110 iln.11 HeiiTpOHHOrO o_6ny-

'leHli.lI MO)l{HO 38IlliC8Tb ¢opMyny O'J.'HO!lleHli.lI BepO.IITHOCTeii pa60Tbl 
161 

rrpH 

cpaBHeHHII rn:rroTe3hI "0" c rn:rroTeaaMn: "11 ° " ,, 
n '2n ,, B BH/le 

2 

CUo 

(JJ f3 
(f 1 max - f 1 min) 

(211)a/2 M1 

0 o nonaraeM paBHbIM n f3 

(f 2 max f 2 min) ( f 3maxf 2mln) 
-~ 

----------• e 

L\£2 L\ £ 8 (4) 

]lmI OT/leJibHOro co6bITRSI). 

3/leCh f I max - If f I min - 3Ha'leHH.II ¢YHKUHii, xapaKTepnay10mnx 

ypaBHeHH.II CBSI3H ( CM. cpopMyJibl ( 1)) rHIIOTe3bl "0". K0TOpbie OHH np11HHM8-

f3 -rn:rroTeaa "11 ° " n:nH 
,, ,, 

n nnH "2n" ). B IOT /lJl.lI rHIIOTe3bl {3 

ypaBHeHH .IIX ( 1 ) f 1 f 2 , fa xapaKTepH3YIOT 3aKOH coxpaHeHH.II liMIIYJlb-

ca. C'ln:Ta.11, 'ITO BCe liMilYJlbCHbie pacnpe]leJieHH.II 11 ° -Me30HOB nono6Hbl 

pacnpe/leJieHli.lIM 3ap.11meHHblX Me30HOB, a Bee liMIIyJibCHbJe pacnpeneneHH.II BTO

pli'IHblX HeiiTpOHOB IIO/l06Hbl pacnpe/leJieHHSIM npoTOHOB,li y'IHTbIBaSI, 'ITO TO'I

HOCTb li3MepeHHSI BCeX liMnynhCOB y HBC He xyme 10%, MOmHO rrony'IHTb, Ha-
2 w''O '' 

npnMep, /lJISI X min = 3 OTHOllleHHe ,, 0 ,, .. 100 • To me HMeeT MeCTO 
(<} ,., 

H JJ.JISI rn:rroTea "n H"2n". 

TaKRM o6paaoM, rn:noTeae "0", xapaKTepn:ayeMoii B cnyqae HefiTpoH

Horo o6ny'leHliSI 3-MSI ypaBHeHHSIMH CB.II3li, Ha/lO OTJl8Tb npe/lIIO'ITeHHe nepen 
2 

/lpyrn:Mn: rnnoTeaaM11, ecn11 3Ha'leHne X min /lJISI rn:noTe3bI "0" ne*n:T 

BHyTpli HeKOTOporo Bhl6paHHOro /lOBepnTeJibHOro HHTepBana. 

noaToMy npn:H.11Ta cneny10maSI npoue/lypa paa]leneHn:SI KaHanoB peaKun:ii: 

ecnH 3Ha'leHn:e X !in "0" nemn:T B /lOBepn:TeJihHOM n:HTepBane, o6ecne-

w 0 
'lliBa10meM ~ > 1 , npe/lIIOJIO)l{eHHe o Maccax perncTpHpyeMblX 'laCTlill 

He rrpOTHBOpe'lliT liX H/leHTli¢HK8UHH, H B co6hlTliHH He aaperHCTplipOB8H y -

, KBaHT, TO, /lame ecnn: /lOIIyCTHMbI npyrHe rnnoTe3hI, orrpenensreMbJe pemeHH-

eM ypaBHeHHSI f =0 , rrpeJJ.IIO'ITeHHe OTJJ.aeTCSI rnrroTe3e "O", a OCT8JlbHbJe 

rHIIOTe3bl OT6paCblB8lOTCSI. EcnH 
2 

X min 
"0,, 60JlblIIe rpaHH'IHOro, TO OT-

6paCbIBaeTCSI rnrroTe3a Ho· H OCT8BJ1SIIOTCSI npyrne rHIIOTe3bl ( ecnn: OHH npn-

6 

r 
!I 
I 

"1 

'i ,, 
) ,, 

,;.i 
-11 
/( 

,1, 

'/ 
) 
I __ ,./ 

-f 
J 
I'. 

.:'i' 
·ii 
' 

0 ,11 
•\, 

,) 
,, 

I 

i 
\l 
_ ti 
i~\\ 

1: 
' 

,, 

J\; 
' {,, ~Ji:, 

eMneMbI)., Ecnn: 3Ha'leHn:e 
2 

X min .. 0,, 6onb!lle rpaHIPIHOro li HHK8Klie llPY-

rn:e r1m0Te3bl O co6b!Tlili He YllOBJieTBOpSIIOTCSI, TO TaKoe co6b!Tlle OTHOCllT

CSI K T11ny n C. 

Orrn:caHHbie crroco6b1 llBIOT cne1ly10mee paa]leneHn:e: 

3-ny'leBbie 3Be3/lbl 

0 rim. 1 rnn. 2 rnn. 3 rnn. 4r1m. 

11,8% 45% 35,8% 1,83% 5,5% 

5-ny'leBhie 3Be3J].bl 

0 rnrr. 1 l'Hil. 2 rHII. 3 rHH. 4 l'HII. 5 rHrr. 6 PHH. 7r1m. 

22,7% 40,5% 23,4% 5,3% 5,3% 1,4% 0 1,4% 

3TH Ta6JIHUbl noKa3bIBaIOT, B CKOJlbKliX npoueHTax CJiy'laeB OCTalOTCSI 

rrpneMJieMbJMH /lJISI co6hITHSI 0,1,2' ••• rnrroTe3. rn:noTe3~ii Ci C06bJTliH C'IH

TaeTC.II npennonomeHn:e o npn:HaJJ.JiemH0CTH naHHoro co6bITH.II K OJJ.HOMY n:a rre

pe'IHcneHHbIX BbJlIIe KJlaCCOB peaKUHfi C 0/lH03H8'1HbIM orrpeneJieHlieM Mace rro

JIO)l{liTeJibHbIX '18CTliU. 

npn paaneJieHn:n: KaHanoB peaKunii, ecJin: nng co6b1Tn.11 npoxonn:T n rn:-

noTea, Kam/la.II na HHX noJiy'laeT Bee 1/n. 
3. ilJI.II /].8JibHeiimero pa3J].eJieHli.lI K8H8JIOB peaKUliH liCilOJib3yeM HeKOTO

pbJe BepO.IITHOCTHbJe coo6pameHli.lI. 

A. ilo CliX nop ypaBHeHn:e f = 0 pemaJiocb B rrpennoJiomemm JJ.JI.II naH-

HOH rnrroTe3bl O co6bITHli BbIJleTa MliHliMaJibHOH Hepern:cTpnpyeMofi MaCCbI. 

Ho .B peanhHbIX rrpoueccax nae (n:nn 6onhme) yneTeB~He HeaaperncTpnpoBaH

HbJe '18CTl!Ubl o6pa3yIOT HeK0Topy10 acpcpeKTHBHYIO Macey, 60JiblIIYIO cyMMbl M8CC 

yJieTeawnx qacTnu. IloaToMy JJ.JI.II KaHaJia "2n,, ypaBHeHn:e f=O _pemaeTCSI 

B rrpenrronomeHnn, 'ITO 2 HefiTpoHa 06paay10T a¢¢eKTHBHYIO Macey. EcJin B 

co6hITHH eCTb y -KBaHT, TO /].JISI KaHaJia 
,, D. ,, 

B rrpe/lIIOJIO)l{eHHli, 'ITO yJieTeBlIIHe HeiiTpOH li 11° 

PYIO a¢¢eKTHBHYIO Macey; /].JISI KaHaJia "2 n ,, 

ypaBHeHn:e f=O ,pemaeTCSI 

-Me30H_o6pa3yIOT HeKOTO

B 8TOM CJiy'lae 2 HefiTpOHa 

H 11" -Me30H 06pasy10T HeKOTopy10 a¢¢eKTliBHYIO Macey. 
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3HatJeHH~ 3THX a¢cpeKTHBHbIX Mace BbI6HpanHCb H3 Hawero :lKe aKcnepH-

MeHTa. B KaHanax peaKUHii:, paa.r:teneHHbIX onucaHHblMH paHee MeTO.QaMH, 

+ - + + 
CTPOSITCSI pacnpe.QeneHHSI acjl<peKTHBHblX Mace fl rr ; 1T 1T 

pp 1T PP • Pacnpe.r:1eneHHSI no a¢cpeKTHBHbIM MaccaM n rr 
0 

p11 

nn 

; p 77+ 

n nrro 

fl 011 O ClJHTalOTCSI He CHnbHO OTnHtJaromHMHCSl OT COOTB9TCTByromHX pacnpe

.r:teneHHii: aapSl)KeHHbIX 'laCTHU. Ha pacnpe.r:teneHHSIX acpcpeKTHBHbIX Mace BbI6Hpa

eTCSI TOtJKa, .r:tensimaSI aero nnoma.r:tb no.n pacnpe.neneHHeM nononaM, T.e. 
M GO~ 

f. f (M)dM 
0 

Mmax 

jf(M)dM 

... ·o,s. 

HaaoeeM TaKyro Macey "5O%-oii: acp¢leKTHBHOii: ·Maccoii:". YpaeHeHHe f ... o, 
e KOTOpOM aano:lKeHa BMeCTO cyMMbl Mace yneTeBWIIX tJaCTH 5O%-HaSI, acpcpeK-

THBHaSI Macca ( TaM, r.r:te 3TO Heo6XO.QHMO)' .QaeT peweHHe p D , C.QBHHYTOe 

B CTopoHy 6onbWIIX 3HatJeHHfi Pn np11MepHO Ha eenH'lllHY 

,'.\ p D 

2 2 
M O aft - M O min 

f (3) 
00 

ecnn f 00 > 0 • HaaoeeM TaKofi C.QBHHyTblll IIMnynbc ,, oueHOlJHbIM"'. B (3) 

Mo eff - aaKna.r:tbIBaeMaSI B cpyHKUHIO acpcpeKTHBHaSI Macca, mo min - MIi-

'H11ManbHaSI yneTeewasi Macca .r:tnsi .r:taHHoro Knacca peaKuuii, f00"'f p 1cos0i+ mP-~E 1 

aCHMnToTa ,J:lnSI f /4/, Ap !L- C.QBHr B peweHHH f .. o no OTHOWeHHIO K 

MHHHManbHOMY peweHHIO. TipH 3aKna.r:tbIBaHHH B cpyHKUHIO 50%-HOH MaCCbl 

peweHHSI .r:tnSI HeKOTOpblX runoTe3 MOryT OKa3aTbCSI BHe cpH3HlJeCKOH o6naCTH 

(p D > 10,7 f35/c), 

B. 113 .npyrux aKcnepHMeHTOB 11 ,Bl cnehy.eT, 'ITO 2 HyKnoHa B CHCTeMe 

ueHTpa Mace B3aHMO.r:teiiCTBHSI paaneTaIOTCSI B OCHOBHOM B pa3Hbie nonyccpepbl. 

HanpuMep, B pa6oTe 11 I HyKnOHbI _B 5-nytJeBbIX aeea.r:1ax nuwb B 10% cny•rn

ee neTSIT B OllHY nonyccpepy' a B 3-nytJeBbIX 3Be3nax - nHWb B 1 %. 

Tipe.nnonO:lKHM, 'ITO H B HaWHX np -B3aHMO)1eiiCTBHSIX HyKnOHbl non:lKHbl 

1e OCHOBHOM paaneTaTbCSI B pa3Hb!e nonyccpepbl B 06111eii c.u.M., TOr.Qa aHanH3 

8 

BbWeTa HyKnOHOB B c.u.M. npH MHHHManbHOM HMnynbce npll:BO.QIIT K cne.r:1yro

llllIM BblBO.QaM. 

runoTeaa "11 ° ". Ec:n1I o6a npoToHa npH MlfHll:ManbHOM HMnynbce neTSIT• 

B c.u.M. Ha3a.r:t, To npn Han11tJ1IH .r:tpyrux nplreMneMbIX rnnoTea rnnoTeaa "rr O
" 

OT6paCbIBaeTCSI, T.K. npn yeenntJeHHH ll:Mnynbca na.QaIOwero HeiiTpOHa npOTOHbl 

6y.r:tyT neTeTb e c.u.M. c yrnaMH, eme 6onee 6nnaKnMH e 1800; ecnu o6a 

npoToHa npn MHHIIManbHOM HMnynbce neTSIT e c.u.M. Bnepe.r:t, TO Tpe6yeTCSI 

BbWeT eme o.r:tHoro ( no KpaiiHeii Mepe) 11 ° -MeaoHa, tJT06bI HyKnOHbI paane-

Tanucb B pa_3Hble nonyccpepb! • TI pH 3TOM B cpyHKUHIO f Ha.r:to aanO:lKHTb acp-

cpeKTHBHYIO Macey 2-x 1T 
O -Me3OHOB. Ecnlf npli 3TOM p OKa:lKeTCSI BHe cpll:-

n 

3HlJeCKOH o6naCTH, TO rlfnOTe3a "11 ° ,, OT6paCbIBaeTCSI npu HanHlJHH npyrux 

npu_eMneMb!X rHnOTe3 H OCTaBnSieTCSI, ecnu. HX HeT, T.K. B 3TOM cnyqae Mb! 

npe.r:trronaraeM BbWeT M9HbWeii, 'leM 5O%-HaSI acpcpeKTHBHOH MaCCbl 2-x "rr 0 
,, 

Me3OHOBi HMnynbC HeiiTpOHa, Bbl3Baewero .naHHOe B38HMO.Qeii:CTBHe C rnno

Teaoii: "11 ° ,, ' ClJHTaeTCSI paBHbIM rpaHHlJHOMY ( 10,7 rae/c). 

fHnOTe3a "n,, • EcnH IIpH MHHHManbHOM HMnynbce o6a ~yKnoHa neTSIT 

e c.u.M. e O.QHY nonyc¢epy ( BCe paBHO KaKyro), TO Tpe6yeTCSI BbineT eme 

O.r:tHoro (no Kpaii:Heii Mepe) rr O -Me3OHa. B cpyHKUIIIO f .r:tnsi runoTe3bI "n" 

B aToM cnytJae aaKna.r:tbIBaeTcsi 5O%-uasi acpcpeKTHBHasi Macca HefiTpoua 
0

H rr 0 -

Mea·oua. Ecnu npu aTOM p n OKa3bIBaeTC5'1 B!Ie cpH3HlJeCKOH o6naCTH, TO ru-
,, ,, 

noTeaa n OT6paCbIBaeTCSI npH HanHlJHH npyrHX npHeMneMbIX rnnoTe3 H 

OCTaBnSieTCSI, ecnH HX HeT, T,K. npH 3TOM Mb! npe.r:tnaraeM Bb1neT MeHbWefi, 

tJeM 5O%-HaSI a¢¢eKTHBHOii: M8CCbl n "
0 

; HMIIynbc Heii:TpoHa, Bbl3B8Blllero 

.Q8HHOe B3aHMO.QeHCTBHe C rHnOTeaoii 
,, ,, 

n ' ClJHTaeTC.II paBHbIM rpaHHlJHOMy. 

Tiocne npHMeHeHHSI onHCaHHoii nporte.r:1ypb1 nonyqaeM cne.r:1y10111ee paa.ne

nemre no tJucny rnnoTea: 

3-ny'leBbie 3Be3.Qbl 

0 rHrr. 1 rnn. 2 rnrr. 3 run. 4 run. 

11,8% 47,8% 33,8% 2,7% 3,9% 
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3Ha'leHH5t 3T!IX scpcpeKTHBHblX Mace BblOHpanHCb 1{3 HallleI"O :lKe SKCIIepH-

MeHTa. B KaHanax peaKUHii:, paaaeneHHblX OIIHCaHHblMH paHee MeTOJ:laMH, 

+ - + + 
CTp0SITC5t pacnpeaeneHH5t :acjJcpeKTHBHblX Mace ,r ,r i TT ,r 

pp fT pp • PacnpeaeneHHSI no :acpcpeKTHBHblM MaccaM n rr 
0 

pTT 

nn 

i p IT+ 

n n17' 0 
; 

fT 0 rr O C'IHTa!OTCSI He CHnbHO OTnH'la!OIUHMHCSl OT COOTBeTCTBY!OIUHX pacnpe

aeneHHH aapSI:lKeHHblX 'laCTHll, Ha pacnpeaeneHHSIX :acpcpeKTHBHblX Mace BblOHpa

eTC5t TO'!Ka, aen5tIUa5t sc10 nnomaab noa pacnpeaeneHHeM nononaM, T.e. 

MGO~ 

f, f (M)dM 
0 

Mmax l f(M)dM 

= ·o,s. 

HaaoseM TaKy!O Macey "50%-oii: :acptjleKTHBHOH ·Maccofi". YpaBHeHHe f - 0, 

B KOTOpOM aanmKeHa BMeCTO CyMMbl Mace yneTeBlllHX '18CTH 50%-Ha5t, scpcpeK-

THBHaSI Macca ( TaM, rae 3TO Heo6XOJ:IHMO), aaeT peweHHe PD ' CJ:IBHHyToe 

B CTOpOHY 6onblllHX 3Ha'leHHH Pn 11p11MepHo Ha senH'IHHy 

~PD .. 

2 2 
M O eff - l\f O min 

f (3) 
00 

ecnH f oo> 0 • HaaoseM TaKOH CJ:IBHHYTblii: HMIIynbc "oueHO'IHbIM', B (3) 

Mo ett - aaKnaJ:lbIBaeMaSI B cpyHKUHIO f scpcpeKTHBHaSI Macca, mo min - MH-

HHManbHaSI yneTeswas:i Macca ans:i aaHHOI"O Knacca peaK1111ii:,f00=rpfosOi+mp-fE1 

aCHMIITOTa 'J:lnSI f /4/ 1 ~p ·n .. - CJ:IBHI' B pellleHHH f ... o 110 OTH0lll8HJl!O K 

MHHHManhHOMY peweHHIO, TipH aaKna.O.bIBaHHH B cpyHKUHIO f 50%-Hoii: MaCCbl 

peweHH5t ans:i HeKOTOpMX I"HIIOTe3 MOI"yT OKa3aTbCH BHe cpH3H'leCKOii: o6nacTH 

(_pn> 10,7rss/c). 

B. Ha J:IPYI"HX 3KCIIep11MeHTOB 11 ,Bl cnehy__eT, 'ITO 2 HyKnoHa B CHCTeMe 

UeHTpa Mace B3aHMOJJ.efiCTBHSI paaneTa!OTCSI B OCHo'BHOM B pa3Hbie nonyccpepbl, 

Ha11p11Mep, s pa6oTe 111 HyKn.oHbI s 5-ny'leBbIX aseaaax nHlllb s 10% cnyqa

es neTHT B OJlHy nonyccpepy, a B 3-nyqeBbIX aseaaax - nHlllh B 1 %. 

TI{)e1111onO:lKHM, 'ITO H B HalllHX np -saaHMOJ18HCTBHHX HyKnOHbl JtOn:lKHbl 

B OCHOBHOM paaneTaTbCH B pa3Hbie nonyccpepbl B o6mefi C,U,M,, TOI"Jla aHanH3 

8 

BbineTa HyKnOHOB B c.u.M. IIPH MHHHManbHOM HMIIynbce IIpHBOJIHT. K cneay10-

lUHM BblBO.O.aM. 

r11110Te3a "IT o ,, Ecn11 o6a npOTOHa IIPH MHHHManbHOM UMIIynbce neTSIT• 

B c.u.M. Haaa.o., TO rrpn HanH'IHU .o.pyI"HX IIJ)HeMneMblX I"HIIOTe3 I"HIIOTeaa "rr o,, 

OTopaCbIBaeTCSI, T.K. npn ysenn'leHHH HMIIynbca 11aaa10mero HeiiTpOHa npoTOHbl 

6yJ:tyT neTeTb s c.u.M. c yrnaMH, eme 6onee 6n11aKnMn s 18QO; ecnn o6a 

IIpOTOHa npn MIIHlIManbHOM HMnynbce neTSIT s c.u.M. snepe./:1, TO Tpe6yeTCSI 

BbineT eme OJlHOI"O (no KpaiiHeii: Mepe) IT o -Me30Ha, 'ITOObl HyKnOHbl paane-

TanHCb B pa_3Hble nonyccjlepbl. TI pH 3TOM B cpyHKUII!O f Haao aanO:lKIITb :acp-

cpeKTHBHYIO Macey 2-x IT 
O -MeaoHoa. EcnH 11p11 9TOM p oKa:iKeTC5t BHe cp11-

n 

3H'leCKOH o6naCTH, TO I'HIIOTe3a "tr 
O 

,, OT6paCbIBaeTCH IIPH Hamr'IHII J:IPYI"IIX 

npHeMneMbIX I"HIIOTe3 H OCTasns:ieTCSI, ecnu, HX HeT, T.K. B 9TOM cnyqae Mb! 

rrpe.o.rronaraeM BbineT Me_Hblllell, 'leM 50%-HaSI scjlcpeKTHBHOii: MaCCbl 2-x "tr 
O 

,, 

M830H0Bi IIMllynbC Heii:TpoHa, Bbl3BaBllleI"O J:18HHOe B3a1IMOJ:1eii:CTB1Ie C I"IIIIO

Te30ll "IT 
O 

,, • C'IHTaeTC51 paBHb!M rpaHH'IHOMy ( 10 '7 r:as/ C). 

r11110Teaa "n" • Ecmr rrpn MHHHManbHOM HMIIynbce o6a nyKnoaa neT5tT 

B c.u.M. B oany nonyccpepy (see pasno KaKy10), To Tpe6yeTC5t BhineT eme 

OJ:IHOI"O (no Kpaii:neii: Mepe) ITO -Me3oHa. B cpyHKUII!O f an5t I"IIIIOTe3bI "n" 

B sToM cnyqae aaKnaabrnaeTC51 50%-Has:i scjJcjleKTHBHaSI Macca Heii:TpoHa 'II rr 0 -

Meaona. Ecnn npu 9TOM p D OK83b!BaeTCSI BHe cpH3H'leCKOH o6naCTH, TO I"II-
,, ,, 

noTeaa n OT6paCbJBaeTCSI IIpH nanH'IIIH Jlpyrnx npHeMneMbIX I"IIIIOT03 II 

OCTaBns:ieTCSI, ecnu HX HeT, T.K, IIpH 9TOM Mb! npennaraeM BbmeT MeHbll!eii: t 

'10M 50%-HaSI scpcpeKTIIBHOli M8CCbl n rr 
O 

; IIMl1ynbc Heii:TpoHa, Bbl3BaBII!0I"O 

naHHOe B3aHMOJ:leii:CTBHe C I"HIIOTeaoii: 
,, ,, 

n • C'IHTaeTC.II paBHblM rpaHH'IHOMy. 

Tiocne npHMeHeHHH onncaHHoii: 11poueJ:typb1 nonyqaeM cneay10mee paaJ:te

neHHe no 'IHcny I'HIIOTea: 

3-ny'leBbie 3Be3.(lbl 

Q I"HII, 1 rnrr, 2 I"HII, 3 I"HII, 4 rnn. 

11,8% 47,8% 33,8% 2,7% 3,9% 
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6-ny'leBbie 3Be3Llbl 

: 0 I'Hll, 1 I'Hll, .2 I'Hll, 3 run. 4 I'Hll, 5 rHn: 

' 22,7% 51,5% 16% 5% 4,3% 0,7% 

4. .[lm1 pa3aeneHIISI eo6bITIIH, ansi KOTOpbIX npOXOLllIT 6onbWe OLlHOH I'II

noTe3bI, 1Ienonb3OBan1Ieb eneay10m1Ie eoo6pa:lKeHIISI, H3 II30TOll1I'leeKoii 1IHBa

p1IaHTHOeT1I eneayeT, 'ITO 

C7 [ Dp ➔ DDff'+ff'+ff'-(mff' 0 ')] 

(4) 
+ - - 0 .. u[ np ➔ pp rr rr rr Cm rr )] m a0,1,2, .. 

3TO eooTHOWeH1Ie He 38BHelIT OT 9HeprlIH H O3Ha'laeT, 'ITO KOnH'leeTBO 

eo6bITIIH B KaHane "2n ,, 3-ny'leBblX 3Be3Ll aon:lKHO 6b!Tb paBHO cyMMapHo

MY KOnH'leeTBY eo6bITHH H3 KaHanOB 'O"' H "n- 0
" B llSITHny'leBbIX 3Be3Ll8X, 

C apyroi!: eTOPOHbI, KOnH'leeTBO eo6bITHi!: B KaHane "n-. 
0 

,, B 3- II 6-ny'leBblX 

3Be3Ll8X LlOn:lKHO eoaep:lK8Tb rr 
O 

-Me3OHOB, onpeaeneHHblX no y -KBaHTaM, 

He MeHbWe, 'leM eaMIIX eo6bITIIH B 9TIIX KaHanax. 3TH l(Ba Tpe60B8HIISI MO:lKHO 

YLlOBneTBOplITb TOnbKO nplI cneLl,IOWIIX yenOBHSIX: 

Een1I K 3-ny'leBOi!: 3Be3l(e nOLlXOLlSIT 3 I'HllOTe3bl "" 
0 

,, ' ,, D ,, H ,, 2 D ,, • 

ro r1InOTe3a "2 D ,, OT6paebIBaeTeSI, a oeTaBW_HMeSI rHnoTe3aM npHnHCbIBaeTeSI 

Bee l /2 K8:lKLlOi!:, EenH K 3-ny'leBOH 3Be3Lle nOLlOW,XH 2 r1InOTe3bI, Ol(Ha H3 

K:OTOpbIX "2n,, , TO rnnoTe3a "2~,, OT6paebIBaeTeSI, a oeTaBWaSICSI rHnoTe3a 

rx_ony'laeT Bee 1, 

EenH LlnSI 6-ny'leBoi!: 3Be3Llbl np1IeMneMbl 3 rHnoTe3bl ::,, 0". "n,, II "2n". TO 

oeTaBnSieTCSI TOnbKQ I'IInoTe3a "rr O ,, 1 eenH "r, 0 ,, H ,, n,, , TO OC-

raBnSieTeSI "rr O,, 1 e,enH )Ke npHeMneMbl 'n "H''2n "To oeTaBnSieTeSI ,, ft ,, , ITpH 

9TOM Mbl Y'IIITbIBaeM, 'ITO KaHan ., 2n N Mano BepOSITeH (2% OT Beex 5:..ny'leBbIX 

3Be3Ll no eTaTIIeTH'leeKOH TeoplIH nplI sHeprHII 7 fsB) 
191

• 

EenlI y'leeTb Bee II3no:lKeHHbie eoo6pa:lKeHIISI, TO ansi eOOTHOWeHHSI ( 4) MO:lKHO 

nony<mTb "s ,, 
N ''!an,, 

''a,, 

N '?-an~, 

''5,, 

N "o '+"nod' .. 0,087 ± 0,076 
''6 ,, 

+ N 'fl "+'1r o,, 

10 

BIILlHO, 'ITO (4) YLlOBneTBOpSieTCSI B npeaenax ow1I60K, 'ITO IlOLlTBep:lKl(aeT npa

BHnbHOeTb pa3l(eneHIISI KaHanoB peaKUIIi!:.BeeMH nenonb3OBSHHblMH MeTOl(aMH, 

6. ITpH yKasaHHOM paaaeneHIIII KaHan 'O' B 3-ny'leBbIX 3Be3l(8X COl(ep:lKHT 

17% npHMee_eii Llpyrnx KaHanoB (H nC, ,B TOM '!Hene), KaHan "O' B 6-ny'le

BbIX 3Be3l(SX eOLlep:lKHT 20% npHMeeei!: OT Llpyrnx KaHanoB. ITpoueHTbl npHMe

eei!: onpeaeneHbl no .. XBOeTaM" X 2 
-paenpel(eneHHi!:, noeTpoeHHbIX C y'leTOM 

HLleHTHci>HK8UHH 'laeTHU. KaHan "rr 0 ,, B 3-ny'leBbIX 3Be3l(aX MO:lKeT COl(ep:lKaTb 

6onbmoe '!Heno npnMeeei!: H373a HanlI'IHSI 3Ha'IHTenbHOI'O KOnH'leeTBa eo6bITHi!:, 

' HMeIOWIIX Bee MeHbWHil: 1. KaHan ,, D ,, ' B. 3-ny'leBbIX 3Be3Ll8X COl(ep:lKHT .. 10% 

npnMeeeil:_. OT LlPYI'IIX KaHanoB. KaHan "2n" npaKTH'leeKH npnMeeeil: He col(ep-· 

:lKHT, T,IC. B HeM oeTanneb eo6b!THSI, I'l(e 3apSI:lKeHHb!e 'laCTIIUbI HLleHTHci>HUHPO- .· 

+ . 
BaHbI . KaK fT -Me3OHbl_ Hnn no KHHeMaTHKe npOXOLlHT TOnhKO 9TOT KBHan. 

B KaHanax "rr 
0 

·•: , "n " 

WeM enoco6e pa3l(eneHHSI HeT. 

• "2n,, 6-ny'leBbIX 3Be3Ll npHMeCeil: npH Ha-

6. TaK KaK nponaHOBaSI KaMepa enoeo6Ha per1IeTpHpOB8Tb y, -KBBHTbI 

C scl>cl>eKTHBHOeTbIO . ·;;;. 10% B HaWeM 9KCnepHM8HTe, TO B KB)Kl(OM KaHane 

peaKuHil: MO)KHO 
, 0 

onpel(enHTb 06my10 LlOnIO co6bITHH, eOLlep:lKBIUHX rr -Me-

3OHbl, Torl(a eneKTp 'nMnynbeOB Heil:TpOHOB, Bbl3B8BWHX peaKI,t HH LlBHHOI'O TH

na, MO:lKHO 'onpeLlenlITb, Bb!'IHCnHB MHHHM8nbHbii!: HMnynbc Heil:TpoHa nnsi . cny- · 

qaea 6ea SIBHoro o6pa30B8HHSI rr O 
-Me3OHOB, oueHO'IHbii!: HMnyncc l(nSI TeX 

)Ke C06bITHi!:, B3BeWHBBSI 3TH 2 CneKTpa e H3BeeTHbIM B8COM, onpel(eneHHbIM 

no y -KBBHTaM H Ll06aBnSISI K nony'leHHOMY eneKTpy oueHO'IHblil: cneKTp H3 

cnytiaeB, eol(ep:lKBWHX Y -KBBHT HnH fT O , onpel(eneHHbii!:. no KHHeMaTHKe 

B e.u.M. npH. MHHHManbHOM HMnynbce, 

H3nO:lK8HHble M8TO.(lbl pa3l(eneHH51 KaHanoB SILlepHbIX peaKUHi!: H onpel(ene

HHSI HMnynbeOB tiaeTHU, Bb!3B8BWHX peaKUHH LlBHHOro THna, MOI'YT 6b!Tb npH

MeHeHbI npH pa6oTax e LlPYI'HMH ny'IK8MH Hei!:TpanbHbIX 'laeTHU, HMeIOIUHX 3Ha

'IHTenbHb!il: paa6poc no HMnynbeaM. 

ll H T. e p a T y p a 

1. Ban I'an-qan, M.11.ConoBbeB, 10.H.WKOOHH. nra, 1, 41 (1959). 

2, T.Enwnny, B,BnwneBCKHil, M,I'aBpnnaw, A.KoHCTBHTHHeczy H t:!P, llpeIIpHHT 

Op!HH P-2916, J1.y6na 1966, 
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0 rHn. 

22,7% 

1 rHn. 

51,5% 

5-ny'leBhie 3Be3Abl 

. 2 rHn. 3 rHn. 

16% 5% 

4 rHn. 5 rHn: 

4,3% 0,7% 

4. .Um1 pa3.cteneHHSI eo6hITHii:, .ctnSI KOTOpbIX npoXOAHT 6onbllle OAHOH rn

noTe3bI, nenonb3oBanneb ene.cty10nme eoo6pa:lKem,rn. H3 H30Tonn'leeKoii: HHBa

pnaHTHOeTH ene.ctyeT, 'ITO 

" [ np ➔ nn "+"+"- (m" o,)] 

(4) 
+ - - 0 au[ np ➔ pp ff' IT IT (mtr )] m .0,1,2, .. 

3To eooTHOllleHne He 3aBHeHT OT 9Heprnn H 03Ha'laeT, 'ITO KOnH'!eeTBO 

eo6b!THH B KaHane "2n ,, 3-ny'leBhlX 3Be3A AOn:lKHO 6b!Tb paBHO eyMMapHO

MY KOnH'leeTBY eo6bITHH H3 KaHanOB '()" H "tr
0

,, B nSITnny'leBbIX 3Be3.ctax. 

C Apyrofi eTopOHbI, KOnH'leeTBO eo6b!THH B KaHane "tr 
O 

,, B 3- H 5-ny'leBbIX 
. 0 

3Be3.ctax AOn:lKHO eo.ctep:lKaTb IT -Me30HOB, onpe.cteneHHbIX no Y -KBaHTaM, 

He MeHbllle, 'leM eaMHX eo6b!THH B 9THX KaHanax. 3TH ABa Tpe6oBaHHSI MO:lKHO 

YAOBneTBOpHTb TOnbKO npn ene.ct,IOIIIHX yenOBHSIX: 

Eenn K 3-ny'leBOH 3Be3.cte no.ctXOASIT 3 rnnoTe3bl "tr O 
,, ' ,, n ,, H ,, 2 n ,, • 

TO rnnoTe3a "2 n ,, OT6paebrnaeTeSI, a oeTaBlll_HMeSI rnnoTe3aM npnnnebIBaeTeSI 

Bee 1 /2 Ka:lKAOH. Eenn K 3-ny'leBOH 3Be3.cte no.ctOlll~H 2 rnnoTe3bI, OAHa H3 

KO.TOpb!X "2n,, , TO rnnoTe3a "2n,, OT6paehIBaeTeH, a oeTaBlllaHeSI rnnoTe3a 

n_ony'laeT Bee 1. 

Eenn .ctnH 5-ny'leBoii: 3Be3AhI npneMneMbI 3 rnnoTe3bI ::n- 0 ". ''n" n "2n". TO 

oeTaBnSieTeSI TonbKC! rnnoTesa "rr 
O 

", eenn "r, 0 ,, H ,, n,, , TO OC-

TaBnHeTeH "tr 
O 
", e:enn :lKe npneMneMbI "n"n''2n"To oeTaBnSieTeH "a" • TTpn 

9TOM Mb! Y'lHThIBaeM, 'ITO KaHan " 2n ,, Mano BepOSITeH (2% OT Beex 5:..ny'leBblX 

3Be3A no eTaTneTH'leeKOH TeOpHH npn 9HeprHH 7 fsB) 191• 

Eenn y'leeTb Bee H3nO:lKeHHbie eoo6pa:lKeHHH,TO AnH eoOTHOllleHHSI (4)MO:lKHO 

nony'lHTb "a,, 
N '\n,, 

''8 ,, 

N '\n ~, 

''6,, 

N "o ''+ ''nd' 
0,087 ±. 0,076 

''5 ,, 

+ N 'fl "+'fro,, 
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BHAH01 'ITO (4) YAOBneTBOpSieTeSI B npenenax OllIH60K1 'ITO nOATBep:lKAaeT npa

BHnbHOeTb pa3neneHHSI KaHanoB peaKUHH BeeMH nenonb30BaHHbIMH M8TOAaMH. 

5. TTpn yKaaaHHOM pa3.cteneHHH KaHan 'O" B 3-ny'leBbIX 3Be3AaX eo.ctep,imT 

17% npnMee_eil .ctpyrnx_ KaaanoB (n aC,, B TOM '!Hene), KaHan '0' B 5-ny'le

BhIX 3Be3.ctax eo.ctep:lKHT 20% npnMeeeii: OT .ctpyrnx KaHanoB. TTpoueHThI npnMe

eeil onpeAeneHbl no .. XBOeTaM' :)( ll -paenpeneneHHH, noeTpOeHHbIX e Y'l8TOM 

HAeHTH<fiHKaUHH 'laeTHU. KaHan "tr O 
,, B 3-ny'leBbIX 3Besnax MO:lKeT eo.[lep:lKaTb 

6onbIIIOe '!Heno npnMeeeil H373a HanH'lHH 3Ha'lHTenbHOro KOnH'!eeTBa eo6bITHfi, 

'HMeIOIIIHX Bee MeHbllIHfi 1. KaHan "n" 'B · 3-ny'leBbIX 3Be3J:lax eo.[lep:lKHT • 10% 

npnMeeefi_ OT J:lpyrnx KaHanoB. KaHan "2n" npaKTH'leeKH npHMeeefi He eoJ:lep-· 

:lKHT, T.K. B HeM oeTanneb eo6bITHSI, r.[le 3apSI:lK8HHb18 'laeTHUbl HJ:leHTHcf>HUHpO-
+ . 

BaHbl . KaK IT -Me30Hbl_ HnH no KHHeMaTHKe npoXO.[lHT TOnbKO 9TOT KaHan. 

B KaHanax "rr 
O 

·:' , "n " 
' 

. "2n,, 5-ny'leBbIX 3Be3.[l npHMeeefi npH Ha-

meM enoeo6e pa3J:leneHHH HeT. 

6. TaK KaK nponaHOBaH KaMepa enoeo6aa perHeTpHpoBaTb y, -KBaHTbl 

e scficfieKTHBHOeTbIO . ·.;;. 10% B HallleM SKenepHMeHTe, TO B Ka}K.[lOM KaHane 

peaKUHfi MO:>KHO . ' 0 
onpeAenHTb 06my10 .[lOnIO eo6bITHii:, eo.[lep:lKaIIIHX fl -Me-

30Hbl. Tor.eta eneKTp ·mvmynheOB Heil:TpOHOB, Bbl3BaBIIIHX peaKl,l HH .[laHHOI'O TH

na, MO:lKHO 'onpe.[lenHTb, Bbl'lHenHB MHHHMallbHbli!: HMnyllbe Heii:Tpoaa J:lnSI ·eny- · 

qaea 6e3 SIBHOI'O o6pa3oBaHHSI ft 
O -Me30HOB, Oll8HO'IHblil: HMnynhe .[lnSI TeX 

JKe eo6bITHii:, B3BellIHBaSI 9TH 2 eneKTpa e H3BeeTHbIM BeeoM, onpe.[leneHHblM 

no y -KBaHTaM H .[lo6aanSISI K nony'leHHOMY eneKTpy oueHO'IHbli!: eneKTp 113 

enyqaea, eo.[lep:lKaIIIHX Y -KBaHT HnH ft O 
1 onpe.[leneHHbli!:. no KHHeMaTHKe 

B e.u.M. npn. MHHHManbHOM HMnynbee. 

H3nO:lKeHHhle MeTOAbl pa3.[leneHHH KaHanoB SIA8PHbIX peaKUHi!: H onpe.[lene

HHSI HMnynbeOB qaeTHU, Bbl3BaBllIHX peaKUHH .[laHHOI'O THna, MoryT 6b!Tb npn

MeHeHI,I npn pa6oTaX e J:lpyrHMH ny'!KaMH HefiTpanbHblX 'laeTHU, HMeIOIIIHX 3Ha

'IHTenbHbiil: p"a36poe 110 HMnynbeaM. 

JI H T. e p 8 T y p 8 

I. Ban I'aH-'lBH, M.11.ConOBbeB, IO.H.lllxo6nn. nra, I, 41 (1959). 

2. T.Enmnny, B.BnmHeBCKHil, M.I'aspnnam, A.KoHCTBHTHHecxy n 11p. llpenpnHT 

OJ1HI1 P-2916, .lly6na 1866. 
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. B.i1.-Mopo3 ·u .ap •. 

·;'.Oy6sa; ·.1865 • 

4.-P:M.0JKa6ap-3a.ae; B.H.Mopo3, A.B.HHKH.THH H .ap. flpenpHHT OHH/11957, :.:.. 
• :• • > • 

. lly6sa 1965. 

;5•. B.H.Mopo3, A.B.HHKHTHH, A.H.Po.auoHos, IO.A. Tpoas. f1penpHHT OHHH. 

Pl-3145, Oy6sa 1967; 

6. B.H.Mopo3, A.B.HHKHTHH, IO.A.Tpoas, B.A.max6a3HH, H.aepsan tjJH3HK·a,· .. 

. T.6, Bbin. ], CTp. 90, 1967, 
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