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B namea rrpe~ea paOoTe/I/H3yqa~ocb o6pa30BaHHe npoToHoa c 
HMITY~bCOM 0.2 - 0.5 r9a/c B pA B9aHMO~eiCTBRHX DpH 40 raa/c. 
~OTawmKX B 38~~ ITO~~py B ~aOopaTOpnOI CHCTOMe. bunO 
IIOR83aHO, l;{TQ B :HX OCSpa30BaB:Hll 3H81!HT9JibHY10 pc>Jlb Krpa9T 
BHYTPIDJ.nBPHHA K8CI<a.n.. IlpH 3TOM C06HTHSI c H838.ll JI9T.HIIlHMH IlpOTOHBMH 
HBnHIDTCH RpaTHHMH B38HMO~BICTBHRMH H XapaKTepH3ymTCH 6onbmHM 
'!HCJIOM 'IBCTHU, a crreKTP rrporonos B aTKX. B3BHMOlleJtcrmmx MR:f'"qe. 
HaCS~paJICH rrpe~CK83HB89MHD a~THBHOA KBapKOBOJt MO,lle~m /C Y'i9TOM 
Jl.JIKH l{loJ>MHPOBaHHH 'i8CTHI.\, BHYTpmi.ZlSpHoro K8CK8,ll8 R II8pBl:lX. 
KOppeRHUKB/ Np-CKeanHBr/~/ npH KOTOpoM HOKOTOpHO XapaKTOpHCTHKH bA 
B38HMOJl9ACTBHit OnpeJlS.mmTCSI, B nepBOM npHCSJmJremm., 'IHCJIOM 
y'i8CTBOB8BmHX BO B3aHMOJlBICTBHK ayRHOHOB, 8 He ~· 

liBJibiD H8CTOHm9A pa6oTH HBHHSTCH TipOB9Jl9HH9 IIOJlOCSHoro 8HanH38 
~ ~-A B3aHMOJleAcrena H B aeKoTopux cny'IaHX - cpaBHe~e ~-A a PA 
~amrux. 

3KcrrepHMeHTBJibHH! MaTepHan nonyqen na ~eTpoBOll 
CTpHMBpHoA KaMepe MarHHTHOro CII9KTPQM9Tpa "PHCK" H8 nyqxe ~-.p 
'<8CTinl c HMITY~COM 40 raB/c cepnyxOBCKoro YCKOPHTOAA. Ilo,llp06H09 
OIIHCamJ.e 3KCIIepHM9HT8 ,l{89TCH B pa6orax.13~l CTaTHCTHK8, HB ROTOpol: 
OCHOBaHa pa6oT8, IIpHBOJJliTCH B T80Jm:u.9 l . 0T6HpaJIHCb C06H.THH._, 
y~onneTBOparomze ycnoBHm Nch ~ 3& 

Ta~a I 

Li c s Gu Csi Pb 
r--::-- -- - - -- --

1018 "' 217 irr6 265 450 179 
~ -- - - -- -- -

p 566 524 503 6'7r 541 462 

lVJR KaJil!Oro 06pa6aTHBaeMOro C06HTHH npH DpOCMOTpe <jioTOilROHKH 
onpe~e~HROCb (ITO,Ilp06Hee B pa6oTax/I.3-5/)' 

I • It (-)- '<Hem nonoliiHTe~Ho ( oTpHITaTe~bHo) aapHliSHHHX 
qaCTHU& 

2. Np - 'mCJIO ITOJlOEHT9JlbHO 38psmeHHHX qac~ C HMIIYJlhCOM 
~ 500 M3B/C H HOHH3anH91 I>2I0 • rna Io - ROHH3~ llyqKOBOH ~CTll
D;H (H,Ii9HTJ$nlllpOBa!!HH9 npoTOHH) .T.K. B Hani9M aKcnepJW9HT9 
norRom~ca 95% npoToHOB c HMITY~COM ~ I80 MaB/c. Np a ocnoaHOM 
COOTB6TCTBY9T BH6HTHM H3 ~ DpOTOHaM C HMUYJlhCOM 200-500 MaB/c C 
ue6oJlhmoa npHMecbm MeJtJieHHHX 'It+- Me30HoB (c HMIIYJibCOM ~ 70 M3B/c) 
H HCll8pHT9~HHX '<8CTHfi (I0-I5%). 
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3. NpB - 'lll!CJIO H.llBH~BaHHHX rrpoTDHOB, BHJIBTaKllllliX B 

Jl8~0p8TOpHOA CHCT8M8 no~ yrJIOM > 90° no OTHOID8HHD K TIY~OBOtt 
~8CTHU8. 0HH OT0En9CTBJIH~Cb C H838~ Jl9THmHMH llpOTOH8MH. 

4. Qr = Nr-N-+1-Np - OT0~8CTBJIH9TCH C ~CJIOM ~NCTpNX 

IIpOTOHOB. 

5. N;l - 'lll!CJIO M9~9IIHHX OTpHIJ;8T8Jlblill:X ':18CTHU c HMilYJlbCOM 

~ 500 MaB/c. 
6. Nfast - 'lll!CJIO ~Hcrpax oTpHUaTeJibHHX ~acTHU c HMITYJibCOM 

> 500 MaB/c (Nrast = 1<- ~l) 
Pas~eJieHHa ~acTHU no HMTIYJibCY rrposo~ocb c noMOmP~ ma6JIOHOB. 

fipHM9H9HH9 ID8~JIOHOB R H3M9peHHHM Tp9R8M TIOR838JIO, ~TO 

H90llp9~9Jl9HHOCTb B HMTIYJibC9 npH OTdope llO madJIOHY ~8CTHU C 

HMIIYJibCOM, ~JIH3KHM R 500 j\1sB/c, COCT8BJISI9T ± ?0 l~IaB/c. 

PesyJibTBTH aKcnepHMeHTa 

Pa3~8JI9HH8 ~-A B38HMO~eACTBH0 H8 CO~H.THH 693 H838~ JI9Tam»X 

(BHIT) H c Hasan JIBTamHMH (CHIT) npoToHaMH noRaaaJio.~T~KaK H B PA 

B3aHMoneACTBHHX/1~co6H.THH CHIT B ~-A -B38HMOneACTBHRX 

xapaKT8pH3YIDTCH 60JibWHMH 3H8~9HHRMH <Np>, <N->, <Qr> (T86JI.2). 

OTJIH':~He cocToHT ~b B TOM, qTo sHaqeHHa aTHX seJIH~ B PA 

coynapeHHHX cucTeMaTnqecKR BHme B cpe~eM Ha 10-15%. B aToa Ee 

Tad~e ~ Cp8BH9HHR npKBO~TCH 3HaqeHHa <Np> H <NpB> ~ ~-C 
B38RMOneACTBHA H3 p860TH./S/,KOTOpH.e XOpOIDO COBTianaiDT C H8mHMH 

naHHliMH. 
<Np> 

qTO R8C89TCR noJIH M9~9HHHX TipOTOHOB ~ = <Np> + <Qr> ,TO K8K 

B PA,TaK H B ~-A ssaMoneAcTBHax ~CHIT >~HIT·T.e.s o6oux cJiy~aax 

CITBKTp ITpOTOHOB B C06H.THHX C H838n JIBTflmHMH ITp0TOH8MH MHrqe. B 

C06HTHHX CHIT 60JibiD9 H ~OJIH M9nJI8HHHX OTpHU8T9JlbHHX qacTHU 

a= <.N;1>1<N->; B T86JIHI..J;e 3 IlpHB9.1I.9HH 3H8'l9HIDI Cl H f3 nJIH 

~--C,CU,Pb B38HM0.1I.eAcTBHR. 

CoO!ITJ!Jl Ellll TaOJll!Ua 2" 

<Np> <NpB> <Or> <N-> 

c 0 45±0.03 0,82±0-04 3.43±0-06 
cu 0.90±0.08 1,08±0.09 3,60±0.II 
Pb I ,01±0.09 I,I6±0-09 3.64±0 IO 
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C06HTHH CHI! Ta6Jil!Ua 26 

c I.94±0.IO I.25±0.05 I.04±0.IO 3.75±0.I6 
cu 3.32±0.I6 I.52±0.07 2.45±0.20 4.67±0.I6 
Pb 6.24±0.I7 2.66±0.I7 4.44±0.I7 5.28±0.II 

Bee B38HMO,U8:R:"CTBHH Ta6Jil!Ua 2B 

c 0.65±0.03 O.I7±0.02 0.85±0.04 3.48±0.05 
c/6/0.68±0.04 O.I7±0.0I 
cu I.88±0.IO 0.62±0.04 I.64±0.IO 4.03±0.IO 
Pb 4.08±0.I3 I.57±0.06 3.II±O.I2 4.6!±0.08 

Ta6Jil!UB 3 

~ = <N2> a = <N sl> 
<Np>+<Qr> <N-> 

EHII CHI! EHII CHI! 

c 0.35±0.03 0.65±0.05 0.20±0.0I 0.26±0.03 
cu 0.45±0.05 0.58±0.04 0.24±0.02 0.34±0.03 
Pb 0.46±0.05 0.58±0.02 0.24±0.02 0.39±0.02 

B ~-A B3aHMO.UeacTBHRX .UO~ COOHTHI C H838.U ~9TRmHMH 
IIpOTOH8MH ,U8H8 B T86JIHII.9 4. IlpHB9,U9HH09 B H91t 3H81.I9HH9 
Sn(C)=0.I4+0.0I H8XO~TCR B pa3YMHOM cor~aCHE C .U8HHHMH, 
rro~qeHHHMH C ITOMOmPID ITpOIT8HOBO:R:" KaMepH/~/ITO KOTOpHM 
E~(C)=O.I80+0.005 B HHTepaa~e HMTIY~COB rrpoTOHOB I40-IOOO MaB/c. 
ITpH rrepecqeTe aToa Be~ Ha Ham naarrasoH HMTiyAhCOB (200+500) 
MaB/c )(~H E~(C) !IOJI.Y'!aeM o.I25+0.005. 

E~

SMQ.U 
~ 

"p 
sMO.l( 
p 

11 c s Cu CsJ Pb 
O.I2±0.02 O.I4±0.0I 0.24±0.03 0.4I±0.04 0.50±0.06 0.60±0.03 

0.08 O.I4 0.22 0.3I 0.44 0.55 
O.I2±0.02 0.2I±0.02 0.33±0.02 0.39±0.02 0.53±0.02 0.63±0.02 

O.I3 0.20 0.32 0.43 0.57 0.65 
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B T86JJJrn.9 4 .ItJIH cpaBH8IDlH IIplffiO,IViTCH T8KlK8 3H81.J.8lillfl Ep (A), 

rro~eHHHe HaMH111B PA BsaHMoneacTBHHX. CpaBHeHHe ~-A H PA naHHHx 

nozasHBBST, qTo: 

I. no~H co6HTK2 c Hasan ~eTHmHMH rrpoTOH8MH pacT8T 6HCTp0 c 

pocTOM A KaK B ~-A, TaK H PA BSaHMoneacTBHHX. 

sp(A)=(0.09±0.01) AO.S?±O.OS , x2= 1.48/3; 

E~-(A)=(0.04±0.01) A0 •50±0.03, x2= 3.21/3 

(B 8111Ip0KCI!M8Ul!H H9 BKJIKl'!SHhl "p (11) H 8~- (11)). ~ 

2. ~a a~ep Cu, Csl, Pb 8~(A) • 8p (A), a ~a Oo~ee ~erKHX 

~ep, 3a HCKJIKl'lSHHSM 11, 8p(A) • 1.5 8~-(A). (OT~'!He ~a a~a 11 

MOEST 6HT~ CBH38HO K8K CO CT8TnCTHqecKoa OmH6Koa,TaK H C T8M,qTo 

OHO, K8K oqeH~ ~erK08 HnpO, H9 rrpoa~H8T TIO~OCT~ID CBoacTB 

anep).llo~qeHHoe HBME sHaqeHHe oTHomeHHH Ep/E~-- n~H ~erKHx anep 

cor~acyeTca co sHa1.J.eHHeM sp<Be}/s~-(Be)=I.46±0.I3, no~y1.J.eHHHM B 

pa60T8 I?!B KOTopoa Hsyqa~CH BbiXOn TipOTOHOB B nH8IT830H8 HMTIY~~COB 
400-800 Mas/c, non yr~oM !57°±7.5° B ~-.K-.P - Be coynapeHHRX. 

Np -CKe1i,umr 

B Hamea pa6oTe no PA BsaHMoneacTBHHM111oH~ aKcnepHMeHTa~~Ho 
Ha6~neH T.H. Np-cKea~. rrpencKasa~ B pa6oTe121n~a hA 

B38HMOneacTBHa. Eano ITOK838HO, qTo cpenHHe 3H81.J.8HHR <N-> H <NpB> 

B rrepBOM rrpH6~8HRH 38BHCHT OT Np, a H8 OT flnP8
1 

T.8. 

B38HMO)l9acTBHH H8 a.n;pax, rrpm30.IJ.Hil1H9 K O.IJllliaKOBHM 3H81.J.8HIDiM Np_, 
HMSIDT B Cp9.llll9M o,JJ;Yili8ROB09 KOJIWI9CTBO pCMK.II,eHHHX. 1.J.8CT~ H 

BH~9T81011lKX H838)1, rrpOTOHQB. 

"• 

PHc.I. 38BHCHMOCTb <N-> OT 

tiHC~a M8,UJI8HHHX TipOTOHOB Np 
~R BaaHMoneacTBHA ~- H p c 
fl.2ipaMFl~To1ilill.: • -'ft:-C, x -'Jt-Cu, 

0 -'It -pb; • -TO Jl'i8 ,llJffi 

B38HM0.1l82CTBHA p C THmB~ 

~aMM (Csl,Pb)./1/ 

'd I 
ld 

• r, ~ 
~t· .-· 

' ~ 

PHc.2.3aBHCHMOCTb cpenaero tiHC~a 
H838.1l ~8TamHX rrpoTOHOB <NpB> OT 

1.J.HC~a M9~9HHHX TipOTOHOB. 

TotiKH: • -~-c. x -'11:-Cu, 

0 -~'l'b; 4 -lQ lK9 MH 

BsaHMo~eacTBHa p c Ta~e~ 

a~aMH (Cs1,Pb)./1/ 



Ha pRe. I ITOK838H8 88BHeKMOeTb <N-> OT Np ~R n-A 
saaKMo~e~eTBHa, raM *e ~~R epaBH8HHR npHBo~TeH <N!> Np 
38BlWIDI!OeTb ~JIR eTOJlliHOBe:mtlt _f) e TRmBJIHMH R,llp8Mli ( Cs!, Pb )". 
PHeYHOK TIOK83~B88T 0~8KOBRtt xon <N-> OT Np ~R Beex R~ep (Np -
eKe:A:JII.mr): .UO Np = 5 ep8BHHT8JibHO ChWTpffii: poeT. a Ha~aR e Np = 5-
60A88 M8,UJI8HHH:A:. 3TO 03H8~88T, ~TO rrepBH8 eTOJIKHOB8HHR ITpHBO~RT K 
reHepa~ ~8CTHU. 8 noeJienyromHe HOCRT B OeHOBHOM xapaKTep yrrpyrHX 
c'roJIKRoBelni:A:. B aHTHIIpOTOHID::lX .D;8Hffi:lX 3Ha~eHHH <N-> H83H8lffiT8JibHO 
Blllll8

1 
HB'-Imi8R C Np = 5. 
3aBHCHMOCTb <NpB> OT Np 

cymecTBOB8HH8 Np - CKe:A:JII.mra B 
(pHC .2) T8Rll<8 

~-A coy~apeHMax. 

yK83HB88T H8 
KaK BH.UHO H3 

pHCYHE8 2, B rrpene.rrax OIDM60K &T8 38BHCKM0CTb O,UHH8KOB8 ~R '1!;-A H 
_f)A B38HMO,U8:tlCTBffit H JK831:JB89T H8 CHJlbHYlO KOppeJIRI..UllO M8JK,Zr_y' BITepe)l H 
H838.D; Jl8TRmHMl:l M8,UJI8~MH ITpOTOH8MH: B cpe~eM H3 Tpex M8.D:JI8HHHX 
ITpOTOHOB O,UHH JIBTMT H838)l. 

~· - -iJ--

PHc.3. 38BHCHMOCTb a=<N;1>1<N-> 
OT '-IHCJI8 M8~8HHNX ITpOTOHOB. 
ToqKH: • -n-c, x -n-Cu, 
0 -'I!; -Pb; A -TO me .D;JIH 
B38KMO,U8:tlCTBffit _f) C THm8JIHMH 
H~aMH (Csi.Pb)./I/ 

Ha pHc.3 ITpHBO~TCR B8JIH'-IHHa a=<N;1>J<N-> H ee saBHcHMOCTb 
OT Np .UJIR pasHHX Rnep B n-A B38KMOne:A:CTBHRX. KaK BH.n:HO H3 pHCJHR8

1 H 8T8 B8Jili'!HH8 ITO.D;~HHH8TCR Np -CKeHmurry. XapaKT8pHOfi qeprot:! 
38BHCKMOCTH RBJIR8TCR TOT ~8KT, ~TO .D;JlR Np=O )lOJIR M8)lJI8HHHX 
OTpHU8T8JibHHX ~8CTHU M8Jl8 H COCT8BJIR8T !6-!7%. C yB9JIHI.l8HH8M Np 
3T8 )lOJIR pacTS~ H TipH Np=5 )lOCTHraeT N 40%. na.rrbHeamee YB8JIH~8HH8 
Np ITp8KTH~8CKH He ITpKBO~T K CMRr~eHHIO Cll8KTpa pO~eHHHX qacT~U. 

Ha.uo OTMSTHTb, ~To c yBeJIHqeHHeM Np rrpoHcxo~T poor KaK 
dHCTpHX <Nfast~ T8K H Me~eHHHX <N;1> l.l8CTHU, HO poeT <Nfast> 
ITpOHCXOJIHT H8MHOrO M8~9HH991 H8rrpHMep, ,llJIR n -pb B38HMO)le:A:CTBillt rrpH 
YBeJIHqeHHH Np OT 0 )lO !9 - <Nfast> paCT9T B 1,5 pasa,TOr~a RaK 
<N;1> ~ B 6 pas~4/CK838HH08 xopomo KJIJIDCTpHpYSTCR 38BHCHMOCTRMH 
<Np>, <NpB> - OT N;1 H <Np>, <NpB> OT Nfast 1 ITOJIY~9HHUMH H8MH ~R 
pasHHX ~ep. ~R ~HMepa H8 pHC. 4,5 ITpHBO.URTCR naHHHe ITO ~-Pb 
B38HMOne:A:CTBHRM. Ha HHX RBHO BanHa CKnhH8R 38BHCKM0CTb <NpB> H 
<Np> OT N;1 .Torna K8K 38BHCHMOCTb OT Nfast H8MHOro c~a6ee. 
Xap8KT9p 3THX 38BHCHMOCTe~ TBKO:A: ~8 .D;~R a.n:pa Me~ H ~8~8 ~R 
yr.rrepona. 06pamaeT Ha C96R BHHM8HH9 MZHKMYM B 38BHCHMOCTH <Np> H 
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<NpB> OT Nfast B 0Kp8CTHOCTH Nfast=~· 3TO MOE8T OTpamaTb XO~ OT 

MHOroHYK~OHHHX, qepes OnHDHYK~OHHHe K MHorDHYK~OHHHM rrpoueccaM. 

HeaCTBHT8~bHO, B C00HTHR C Nfast=O MOryT naB8Tb B~8~ K8K 

MHOrOHYK~OHHHB ITpOU8CCH C nepesapR~O~, T8K H C OO~blliO~ 

.n;H.ccmraUHe~ 3HeprHH. B TaKHX coCiHTHRX, OesycJIOBHO, M8.1WI8HHHX 

~OHOB no~mHo OHTb Oo~bme. CoOHTHH c Nfast = 2, rro-B~DMy, rrpH 

naHHO~ 3HeprHH Ci~Ee K O~OHYKJIOHHHM, 1.!TO H 008CTI81.!HB88T 

MHHHM8JlhH08 3H81.!8HH8 ~CJI8 ~8HTH~OB8HHHX ITpOTOHOB B HHX. 

neaCTBHTBJlbHO,TIO H8illHM E8 naHHHM 3HaqeHHe <Nfast> ~H ~ p 

B38HM0~8:A:CTBHn ITpH 40 raB/C 0JIH3KO K 2. 

,, 

5 

\ 

,~~,--,~~.~, -,~ .. ~10-

Pnc.4. 3aBHCHMOCTh cpeaHero 

1.lliCJI8 M8,UJI8HHhlX IIpOTOHOB <Np> 

OT M8~~8HHHX OTpHU8T8JlbHNX 

N~l- ( • ) H CiHCTpllX OTPHI-l8T8Jlb

Hb!X Nfast- ( o ) qacTHU .JlJIH 
~-Pb B38HMone~CTB~. 

0 2 6 e. w 
N. 

PHc.5.3aBHCHMOCTb cpe~ero ~cJia 

H8381( Jl8TRmHX ITpOTOHOB <NpB> OT 

M81(Jl8HHHX OTpHU8T8JlbHHX N~l-(e) 

H Ci~cTpax oTpHuareJibHHX Nfast{o) 
1.!8CTHU ~JIR '1{;-Pb B38HM01(8:A:CTB~. 

PacrrpeneJieHHe no MBAJieHHHM rrpoTDHaM 

Ha pHc.6,7 rrpHBeneHH pacrrpeneJieHHR ~-A H PA B3aRMoneacTBHA no 

l.!HCJIY Me.n.neHHHx rrpoTOHOB .JlJIR Tpex Rnep c. Cu H Pb. ~s pHcyHKoB 

BJUU{O, '1TO: 

1. PacnpeneJIBHHR no M8.1WIBHHHM 

cpe~ /Cui Rl(Bp rrp8KTH1.!8CKH 

B38HMO.U8~CTBl1RX. 

6 

IIpOTOH8M .1WIR JIBrKHX 

COBTI81(8~T B '1{;-A 
!C! H 

H pA 



2.Pacrrpene~9HHR TIO Np ~R ~-Pb H pPb B3aHMOneitCTBK2 H8CRO~bKO 
OT~~aiDTCe.no~R C00liTlltt C Np=O ~R pPb ~aHHHX M8HbW9 (~I5%), no 
Cp8BH8HHID C 23% B ~-Pb B38RM0.1l8itCTBHRX. CoOTB8TCTB9HHO, 
H9CKO~bKO 60~bill9 H .I(O~R 006HTHa C dO~blliHMH Np BO B38HMO.I(9itCTBHRX 
jiPb. 

;or-· ''I .JlC 

20c 
. ' 

' ., 

0 ' ' 

I 

OJ 

0 2 " 6 8 10 J:?. 

PHc. 6. Paonpe.ne~eHHR no UCJIY 
M9~9HHHX ITpOTOHOB! B ~-,p -C 
B38HMO,I(8itCTBHRX-(a);H B ~-,p-Cu 

B38HMO.I(8itCTBHRX-(6). To~:

• - 8HTlmpOTOHl:l, X - 'It--M930ffil. 

KpKBHe - pac~eT no Mona~ 

AgnepcoHa ~R jiC n jiCu 
B38HMOJJ;9itCTBHA:. 

Pnc.7.Pacnpe~e~eana no 
M9.I(A9HHHX ITpOTOHOB! B 

B38HMO.I(eacTBIDIX -(a); H B 

B3aHMO~eacTBHRX-(0).KpHBlie 

pac~eT rro M0.1l9AH ~epcoHa ~ 

~-Pb H pPb B38HMO~eacTBlltt. 

06cyE,I(9HH9 pesy~bTBTOB 

~R OITnC8HHR xapaKT9pHCTKR B38HMO,I(eacTBHA a~HOB C R.I(p8Mll 
CJm8CTBY8T 60~blli09 K0~9CTBO T80p9T~9CKHX MO,I(9~9it. *3 HHX 
do~billOit K~8CC COCT8B~IDT M0.1l8~ H838BHCRMHX CTO~OB9~~·S-ll/B 
ROTOpUX B38HMO.I(9acTBHH a~HOB C H.I(paMH paOCM8TpHB8IDTCR KBK 
COBORynHOCTb H938BHCHMHX CTO~OB8HHa K8K TI9pB~Oro 8~0H8, TaR H 
BTOp~ ~8CTHU C OT.I(8~bHHMH HfKROH8MH R~a. B H8KOTOpHX MO,I(8~HX 

yqnTHB8IDTCR B38HMO.I(9itOTBHR BTOp~ ~8CTKQ H9 TO~bRO 0 HY~OH8MH, 
HO H 0 HYKJIOHHHMH rrapaMH1 H H9 B09X qaOTKQ, a TO~bKO T9X, .1lJiilll8 
~pMHpOB8HHR KOTOpHX M9Hblli8 p83Mepa anpa H T.,I(. 

0CHOBHHM rrap8M9TpOM M0.1l9~eit BHID9YTIOMHHYTOrO THIT8 HBnR9TOR V -
~c~o cTo~oBe~ rrepBH~oro a~oHa ~ era cocTaBRHromHX B anpe. 
TipKHRTO C~T8Tb Mepoit ~C~a T8KHX CTO~OB9HHA qnQAO BH6HTHX H3 
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~a TipOTOHOB, ~8H~B8HHHX ITO HMTiy~bCY H HOHH38UHH.C~e~eT 
OTM8THTb, ~TO BepxHHA rrpe~e~ HMITY~C8 ~8H~OB8HHHX ITpOTOHOB 
B pas~ ~8T8KTOp8X pasHHa. B CTpHMepHHX K8M8p8X H8~8mHO 

H.D:BH~YIOTCH rrpoToHH c HMIIYJibcOM =:::: 600 MsB/c, B IIY31ipbKOBHX 
K8M9p8X HJrn: B ~TOSMYJlbCHHX 8T8 B8JIR1llma )lOCTliT88T 1 r83/C H ,ll;8lK8 

HBCKO~bKO BHmB.B 0~ MO)l8~RX C~T88TCH, qTQ ~C~O CTO~HOBeHHtt B 
~8 orpaHHqeHO M8KCHM8JlbHHM ~CJIOM B8Jl8HTHHX KBapKOB B H8JI9T8~8M 
a~oHe/1?/ B ~yrHX M0~8Jl~B,Il/ T8KOrO orpaffHqSHHH HST. ~H HHX 
MOmHO orrpe~e~Tb BB~~y P(v,Np), KOTOp8H IIp8JlCT8BJlH8T COVoa 
BepoHTHOCTb HaCiJIIOJlBirnH Np rrpoTOHOB B v CTOJII\HOBSIDIHX. Be .. m-~'Hil-ra 

i>(Np)~E vP(v,Np)/ E P(v,Np) (I) 
v~I v~I 

.uaeT cpe~ee sHaqeHHe cTo~oBe~ nepBHqHoro a~oHa B H~e rrpH 

.uaHHoM Np. OrrpeneJieHHe v qepes Np, KBK CiHJIO noKa3aHo B 
paCiOT8/I~/)l88T CiOJI88 TO~ID OUBHKY qacJia CTO~HOBBHHn B Rnpe, qeM 
ne~qHHa V(A)=Aohp/ohA. Bo~ee Toro. nacrrep~HR pacrrpene~eHHa v nna 
naHHoro Np MBHbme. qeM ~crrepCHH Be~~ v(A}. 

0~0~ H3 M0~8~ea H838BHCHMHX CTO~OBBHHa HB~H8TCH Mone~b 

AanepcoHa H ~. 181rro 3TO~ Mone~ Kamnoe cTo~oBeHHe rrepBH~oro 
a~Ha B anpe rrpHBOEHT R 0~8ROBOMY pacrrpene~eHHID 

Hn8H~B8HHHX DpOTOHOB, B03HHKIDHX OT B38HMOne~CTB~ BTOp~X 
'l8CTHU (HYRJIOHOB OTna'!H H p0JK.li;8HHHX '18CTHU) B H~8. 

Pv~I (Np)~(I-x) xNP, (2) 

rne X=¥+n: ~<Np> ; <Np> - 8CTb 8KCIT8pllMeHT8~bHO ITO~'l8HH08 '!HC~O • 
+TJ v(AJ 

H)l9HTlliPHL(HpOB8HHl:lX IIpOTOHOB ,llJlR fl.UPB A. 

Pacrrpene~eHHe ITO Np B V CTO~OB8HHRX BH~C~HBTCH no ¢QpMy~e 

pA(Np)~(Np+v-I)(l-x)vxNP (3) v Np · 
ilo~oe pacrrpene~eHHe no H.llBHTH~BaHHHM rrpoTOHaM oyneT 

HM8Th BH)J; 

pA(Np)~E P(v,Np)~E ~A(v)PAv(Np) (4) 
V-=l V=l 

rne ~A(Y) - BepoHTHOCTb CTO~OB9HHR rrep~oro. 8~H8 B anpe A 
BH~C~9TCH ITO MOna~ r~ay0epa1121 C pacrrpene~8HH8M ~OTHOCTH 
eyRJioHoB no Byncy-CaKcoHy. 

Hano OTMSTHTb, 'ITO V,paCC'!HT8HH08 no ~pMy~e I ycpe~eHHeM ITO 
Np, TIO'!TH COBITanaeT CO 3H8'!8HH9M V(A)=AOhp/ohA. 

Ha pKC.6,7 Hap~ C 8KCITOpHMOHT8~bHHMK ~aHHNMK npHBe~eHH 
pacrrpene~eHHR no Np, rro~qeHHHe no MOneRH AHnepcoHa. 1201PacqerHHe 
KPHBHe xopomo oiTHCHBaiDT aKcnepHMeHTa~HHe naHHHe H BOCITpOHSBonar 
pa3~'!He pacrrpene~eHHa no Np B ~-Pb H PPb B3aHMone~cTBHRX 
(OTMSTHM, '!TO MOne.111I,H8 Y'UlTID3aKII4K8 BHJTpl1..fJ,D;8pHbii1 KB.CK8Jl,H8 MOryT 
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name ITO ITOpHnKY Be~~ rrpaBH~bHO OITHC8Tb 8RCIT6pHM6HT8~bHH9 

naHHHe ITO aneHTH~BaHHHM rrporoHaM). Mone~b AanepcoHa xopomo 

OTIHC~BaeT pacrrpeneABHHH ITO M8~8HHHM ITpOTOH8M H B npyrHX 
8RCIT8pHM6HT8X/l3 ,l4(3Ta MO.U8Ab Y.UOB~8TBOpHT6~bHO BOCITpOH3BO~T 
T8RJK8 A-38BHCHMOCTb ,UO~ C06hlTID! C H838,ZI, A8THlllHMH IIpOTOHBMH 

EMon(A) B n-A M B PA B3aHMone~CTBHax (eM. ra6~.4). 0 rronpo6HOCTHX 
Bhl~HC~e~ EMO,U(A) CM. pa60TY/I/ 

BhJ.qMC~eHMe cpe,UHero qHCAB CTOAKHOBeHHa ~- H p C anpaMH B 

coOHTHHX CHIT (v0HIT) ll EHIT (VOHIT)/I/ (CM. TaO~. 58 ll 5°) no Mona~ 
AanepCOH8 ITOK83hlB88To qro C06hlTHH BHTI M8AOHYRAOHHH9 (ITO'ITH 

OnHOHYKAOHHH8) B38HMO,UeacTBHH. B TBX me T86~U8X ITpHBO.llflTCR 

<Q>-<N+>-<.N->+1 

7 

8 

EKll 

c !.2 

Cu !.9 
-

Pb 2. I 7 

CKll 
---

2.98 
-----

5.77 
----

I0.68 
-~-

PA -B38HMO.U8~CTBHfl 
.. 

<Q>=<rf'>-<N->+ 1 

-
EKil CKil 

- ---
c !.33 2.88 - --- ----
cu 2.47 6.44 

Pb 
---

2.96 I2.64 

vtot=<Q> A v VK8CK=: 
z i\ot- V 

---,----
EKH CKll EKH CKil EKil CKil 

2.54 5.96 !.2 2.5 !.3 3.5 
--- -- -- ---
3.96 II .54 !.3 3.3 2.6 8.2 
---- -- --- ---

5.49 27.02 !.3 4.I 4.2 23.0 

--,-

vtot=<Q> A v VK8CK;;; 
z iitot- V 

EKll CKil EKil CKll EKll CKll 

2.66 5. 76 I ,3 3.I !.3 2.7 

4.94 I2.88 !.6 4.8 3.3 8.I 

7.49 3!.98 I.5 6.4 6.0 25.6 
3H8'1:£8HHR ITOAHOrO ~C~a CTOAKHOB8HHa Vtot H ~C~a BTOpH~ 

B38HMO.ztettCTBHtt iJKBCK' Bhl~CABHHhle ITO H36HTKY ITOAOmHT9~bHOrO 
3ap•na ~ cOONTHa CHIT H EHIT B p-C, Cu, Pb ll ~--C, CU, Pb 
B38HMO.U9~CTBHHX. 0U6HK8 Be~~ iitot H VKBCK T8KHM TIYT9M H9 
Y~TbiBa.ST Ha.IDl'lliSI B .R,Up8X JlBYX H MHOrOHYKJIOHHHX RJI8CT9p0B • O,II;HO 
CTO~OB9HH9 C KOTOphlMH MomeT ITpHB6CTH K .ll.BYM H 60Jibill8MY qHCJIY 

HYRJIOHOB. KaK BH.IJ;HO H3 T86JIHU 5 8 H 5(5, 'IHCJIO BTOpH'llihiX 

B38HMO.U81tCTBlfit 60AbW6 B C06HTHRX Clffi H8 BC6X anpaX, a HB anp9 

CB~a ~~CK (CHIT) - (4 + 5) ~~CK(I3HIT) 8TOT ¢aKT TBKMO 
yKa3uaaer Ha 6oJiee pa3BHT~ KacKa~ B co6HTHRX CHIT. 
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HeCMOTpH HB 06H~8 pa6oT, KBK T80p8TR1.,18CKHX, TBK H 
3KCIT8pHM8HT8~bHHX, M8X8HH3M o6p830BaHHH Hasan ~8TRmHX TipOTOHOB H8 

ITOHHT OKOH1.,18T8~bHO. llo HBKOTOp~M pa60T8M OCHOBHHM HCTO~OM TBKHX 
ITpOTOHOB R~HIDTCH M8~0HYK~OHHH8 KOpp8~HUHH /I~/ B qacTH pa60T 

rronqepKHBa8TCH 3Ha1.,JHT8~bHa.FI po~b BHYTpHHnepHoro KaCKana B HX 
o6pasosamm19•16 •171siiJIOTb .no HMIIYJibcos 500 i·;iaB/c1!71 TaKo:A" JKe 
B~BO.Il C.Il8~8H B pa60T8/IB/ , B ROTOpo:A: C yqeTOM TO~bKO HYKJIOHHOrO 

KBCKana Yn81.,JHO 6~~ OTIHC8HH HMITY~bCHH8 pacrrpene~BHHH rrpoTOHO~ 

JI8TH1UHX Hasan, BIIJIOTb no 450+500 j.,jaJ/c B 'It C H 'lt-Pb 
B38HMOneaCTBHHX. llpH 3TOM .IlOJIH H838.1l ~8TRWHX TipOTOHOB C HMTIY~bC8MH 

60JI98 500 ;,·1a..0/C IIO OU8HR8 H8 OCHOB8 3KCII8pHM8HT8~bHHX .llBHffilX M8H88 

!0% .ABTOpH pa60TH/l 9 /HCTIOJ!b3YH rrpOCTYID sepCHID K8CK8nHO:A: MO.Il8~ C 
' Y'!8TOM ~ ¢opMHpOB8HRH KBK .llJIH pomneHHHX '!BCTH~ TBK H .ll~H 

HYKJIOHOB OT.Il8~ IIpH OTIHCBHHH CII8KTpoB H838.1l JIST~ TipOTOHOB B 
V, iJ, 71:--A 838HMO)l8:A:CTBHRX

1 
IIpHXO.llHT K BUBO.IJ.Y 0 TOt.·i, '!TO MR. Ilp8B.liJI:OHO

rO OilHCffiHill IlX m·,myJibCH:biX CII9KTpOB TpedyeTC.FI ytiST noro~101..!.!9HVUI 

M8,ll,JI8HHl:lX IlliOHOB /c HMTIYJibCOM 250 :"li3.0/c/ .llBYXHYKJIOHH.o:A: napo:A:. llpH 
Ma~ HMTIYJibcax sra rrorrpasKa HesHa~re~bHa. 

YB8J!Hq9HH8M HMllYJibCB H yrJia BHJI8T8 TipOTOHOB. 

OHB 

llpll 
pacrer c 

8TOM 8BTOpb1 
C~OHHH C'!RTBTb, '!TO HM9HH.O 3TOT M8X8HHSM, a H8 M8JIOHYKJIOHHb18 
KOpp8JIHUHH/l5/ RIU1fl8TC.FIOCHOBliHM HCTQqHHKQM BblCOK03H8prHqHHX H838.ll 

' JI8THlUHX ITpOTOHOB. 

llaHHHe, IIpHB9.ll8HHb18 HBMH B H8CTOHm8:A: pa60T~ YK83b1B8IDT H8 
HaJIHqHe CRJ!bHO p83BHTOrO KBCKana B C06b1THHX Cliq H T8M CBMHM naiDT 

B03MOmHOCTb YTB8p~8Tb, ~TO BHYTpHHnep~ K8CKan H8 CBMOM neJie 
Krp88T 3H8'!HT8~bHYID pOJib B o6p830B8HHH IIpOTOHOB, JI8THmHX Hasan B 

JI860p8TOpHO:A: CHCT&M8 BII.nOTb /1.0 llMIIYJibCOB 500 :··,.183/C. 

BHBO,ll!J 

I. noJIR co6uTHtt c Hasan JI8TRmHMH IIpOTOHBMH 8(A) pacT6T C~bHO 
c yaeJIHqeHHeM Maccosoro qHcJia anpa F.aK B ~-A, TaK rr B PA 
B38HM0.1l8:£\CTBH.HX 

Ep(AI=(0.09o0.0I)*A0.37o0.03, 

E~-(Ai=(0.04oO.OII*A0 · 50' 0 • 03 , 
ERR H~8p cu,Csi,Pb s~-(AI ' EP(A),a ~~" 60~88 

HCK~IDq8Hll8M 111 c,s Ep(AI N 1.5 E~-(A). 
2. C06UTH.H 683 Hasan JI8THmMX. IIpOTOHOB B 

OnBOHYKJIOHHHMH B38HM0/1.8~CTBHHMH. 

x2=r.4B/3; 

x2=3.2II3. 
~erKHX H)lep (sa 

OCHOBHOM HBJIRIDTC.H 

3. Co6HTHH c Hasan JI&TamHMH rrporoHaMH xapaKrepH3YIDTCH 
60JiblliHM 1.,JHCJIOM 1.,18CTHU BCBX THITOB <N->, <Np>, <Qr>. 8TH C06HTHH 

HBJIRIDTCH MHOrOHY~OHHUMH B38HMO.Il8:A:CTBHRMH H X8paKT9pH3YIDTC.H 
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bO~billHM qHC~OM CTO~HOBeHHa R8K rrepB~oro 8~0H8, T8K H BTOp~ 
qacTHU BHYTPH ~a. CTI8KTp K8K TipOTOHOB, T8K H poaneHHHX qacTHU B 
8THX CObHTllRX M~rqe. 

4. XapaRTepHCTHRH KaK PA1 TaK H ~-A BSaHMo~e~cTBHa <NpB>, <N-> 
H U=<N~l>/<N-> B TI8pBOM rrpH6~eHHH orrpe~e~~IDTC~ ~C~OM HJKROHOB, 
yqacTBOB8BillHX BO BS8llMO~eacTBHH, Mepoa KOTOporo ~B~H8TC~ Np, 8 He 
~)lpOM (Np - CKerurn:Hr), qTQ H8XO,ll;i1TCH B COr~aC:IDI C 8Jl.Il;RTHBHO:a 
KB8pKOBOa M0~8~hiD /~/TipH 8TOM ~-A H pA ~8HHH8 OT~qa~TC~ 
H8CYIU8CTB8RHO. 

5. KaK B ~-A1 TaK H PA BSaHMo~eacTBHRX Hab~~aeTc~ cH~nHa~ 
KOppe~RUHR <Np> H <NpB> OT N;l ~a~e Ha ~erKHX ~~aX, 38BHCHMOCTD 
<Np> H <NpB> OT Nfast HaMHoro c~abee. 

6. Pacnpe.U9JI8HHR no Me~~eHHHM rrporoHaM JMH R..nep yr~epo~a H 
Me,ll;i1 rrpaKTHqecKH coBnanaiDT ~H ~-A H PA B38HMonettcTBH:a H xopomo 
OilllCHBBDTCR MO.U8~hiD AH..nepCOH8~S/ ~R TR~e~X R.Uep (Pb) HM88TCfl 
H8bO~bill08 OT~qHe, KOTOpoe Y.UOB~8TB0pHT8~bHO BOCTipOH3BOnHTCfl 3TOtt 
JKe MO,U8~biD. 

ABTopH BHp8JK8IDT r~ybOKYID TipH3H8T8~bHOCTh H.H.PO:aHHillBRnH 38 
TIOCTOfiHHJ::lA: HHTepec K paboTe H ITOJI83Hhl8 nHCKYCCIDi. 
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