
G 349 B ---

ys.zt(t:t 
I 

0 fib e A MH e H Hbl M 
MHCTMTYT 
RABPHblX 

MCC18AOB8HMM 

M.M.K0Mot1KOB 

AIIl1POKCJ1MAIJJ,1H PE3YRbTATOB 
MCCRE~OBAHMH 83AMMO~EHCTBM8 
PERHTMBMCTCKMX ~EP C H~PAMM 
C UERblO OUEHKM 

AYfiHa 

Pl6-82-432 

PA~Al.JJ10HHOH OBCTAHOBK" M 3A~T~ 

HanpasneHo Ha VIII Bceco~3Hoe cose~aHHe 
no yCKOpHTenRM aapRmeHH~X 4aCTH~ 
/npoTBHHO, OKTR6pb 1982 r,/ 

1982 



PeweHHe eonpocoe 3a~1-1Tbl OT l-1311Y4eHHl1, B03HHKalO~l-1X np1,1 
B3aHMOAeHCTBl,11,1 pe11RTHBl-1CTCKl-1X RAeP, npeA11araeTCR B HaCTOR~el1 
pa6oTe HCKaTb C 1,1cnOJ1b30BaHHeM HaKon11eHHOl1 HH¢OpMa~1,11,1 0 napa
MeTpax no11e11 l-13Jly4eHHl1, o6pa3yl0~1-1XCR np1,1 B3aHMOAel1CTBl-11-1 npo
TOHOB C RAPaM1-1: 

/1/ 

rAe ( A 1-1 ( p - BeJ11-141-1Hbl napaMeTpa no11e11 l-13Jly4eHHR /Hanp1-1Mep, 
¢1110eHc, A03a/, o6pa3yl0~1,1XCR np1,1 OAHOM HeynpyroM B3a1-1MOAe11cT
e1,11,1 RApa-cHapRAa C RAPOM-MHWeHblO, 1-1 OAHOrO Heynpyroro B3a1-1Mo
Ael1CTBl-1R npoTOHa C TeM me RAPOM, N - K03¢¢1,1~1-1eHT, KOTOP~l1 6y
AeM Ha3b1BaTb 41,1c110M 3Ke1-1ea11eHTH~x npoTOHOB. OcHoeaHHeM A11R 
/1/ RBJlReTCR onpeAeJleHHOe nOA061-1e AH¢¢epeH~HaJ1bH~X ce4eHH11 
o6pa3oeaHHR pa3J11-14H~X npOAYKTOB peaK~l-111, KOTOpoe Haw110, B 
4aCTHOCTl-1, OTpameHHe B .¢aKTOp1,13a~1-10HHOl1 r1-1n0Te3e Ill. ---

3ae1-1CHMOCTb N OT aTOMHOrO eeca RApa-cHaPRAa Ac H -aTOMHOro 
eeca RApa-M1-1WeH1-1 AM 6yAeM HCKaTb Ha OCHOBe AaHH~X pa6oT12- 41 

0 B~XOAe KacKaAH~X Hel1TPOHOB np1,1 OAHOM HeynpyroM B3aHMOAe11cT
Bl,11,1 npOTOHOB 3Hepr1,11,1 150 1,1 350 M3B - (p. a11b¢a-4acTl-1~ 3Hep
r1-11-1 177 M3B/HyK110H 1,1 RAeP HeoHa 3Hepr1-11-1 337 M3B/HYKJ10H c M1-1we
HRM1-1 1-13 yr11epOAa, aJ110Ml-1HHR, me11e3a, MeAH, CBHH~a 1-1 ypaHa. 

(A 
Ha11AeHH~e OTHOWeHHR (-rp = N) on1-1c~ea10TCR CJleAYIO~HMl-1 ¢opMy11a-
Ml-1: r, 

N = 0,47 A½ (1 + 0,291n AM ), 0=0+11. /2/ 
C 

½ 
(1 + 0,29lnAM ), 0-0+-1!. /3/ N = 0,51A c 2 • 

½ 
(1 + 1,2 ln AM), 0=..!!. + /4/ N -0,09A c 17 

2 
rAe 0 - yro11 B~JleTa Hel1TPOHOB no OTHOWeHHIO K Hanpae11eHHIO ABH-
meHHR RApa-cHaPRAa. np1-1 onpeAeJleHl-11-1 OTHOWeHl-111 (A/(p 3Hep-
r1-1R npOTOHOB e~61,1pa11acb np1-16111-131-1TeJ1bHO paBHOl1 3Hepr1,11,1 RAep
CHaPRAOB Ha OAHH HYKJlOH. Ha p1,1c. 1 AeMOHCTpHpyeTCR cTeneHb co
r11ac1-1R paCC4HTaHHblX Ha OCHOBe ¢OPMYJ1 /1/ 1,1 /3/ /pac4eT no Me
TOAY 3KBHBaneHTHblX npOTOHOB/ AH¢¢epeH~HaJ1bH~X ce4eHHl1 o6pa3oea-

v d 2 av /4/ · 
HHR HeHTpOHOB ----- C l-13MCpeHHblMl,1 3Ha4eHHRMl-1 ; TaM me AJ1R 

dEnd n 

l 
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Puc. I • ,lJ;HqxpepeHI~HaJ1bHh1e nonepet1-

Hh1e cet1eHH.1I o6pasoBaHH.II Heil:Tpo
d 2 av 

HOB -d-,B 3aBHCHMOCTH OT HX 
EndO 

sHeprHH En H yrna BbJJieTa O npH 
6oM6ap,a;HpOBKe TOHKHX MHWeHeil: Me

AH H ypaHa HOHaMH HeOHa 3HeprHH 

337 MsB/HyKJ10H: □- 0=:30°; !1 -0= 
= 45°; -- - pact1eT no MeTop;y 
3KBHBaJ1eHTHblX npOTOHOB, o .. 3Q 0 +6o 0

; 

<> - 0 = 60°; V - 0 = 90°; - - -
- pact1eT no Mo;a;enH "cl>ail:epcTpHK 11

, 

0 ... 30 °. 

. 
Puc.2. Cet1eHHe o6pasoBaHH.II oT
,a;eJ1bHb1X .11,a;ep npH B3aHMo,a;eil:CTBHH 

'lie H 
12 0 3HeprHH 400 MsB/HYKJ10H 

c .11,a;paMH 4° Ca : 

• 12 } 
4 C 3KCnepHMeHT; 

& He 

o C pact1eT no Mop;enu 3KBH-12 } 
/1 ,4He BaJ1eHTHblX npoTOHOB. 

cpasHeH1-1R np1-1se,qeHb1 peaynbTaTbl pac4eTa no Mo,qen1-1 "<1>ai1epcTp1-1K"141 
Pa6o4ei1 <1>opMynoi1 pac4eTa 6b1na 

d2av d 2 
(----) = Na(--2-----) /5/ 

dEn dO Ne➔ AM dE n dO P ➔ AM 

r,qe a- ce4eH1-1e Heynpyroro saa1-1Mo,qeiicTB1-1R R,qpa-cHapR,qa /a,qecb 
2 

HeOHa/ C RAPOM Ml-1WeH1-1, ( _.\!_,!!.._) - 41-1CI1O HeHTpOHOB Ha e,q1,1-
dE ndO P ➔ AM 

Hl-14HWH HHTepsan 3Hepr1-11-1, neTR~1-1x B e,q1-1H1,14y TenecHoro yrna nocne 
o,qHoro Heynpyroro ssa1-1Mo,qeiicTs1-1R npoToHa c RAPOM Mi-1WeH1-1 /2/ 
/fp B <1>opMyne /1//. Cne,qyeT l-1MeTb B Bl-1AY, 4TO 

"° d 2 
( dEn ( ---~- dO =va, /6/ 

o 417 dEndO 
I 

r,qe V - 4HCI1O HeHTPOHOB, o6paay~~l-1XCR np1,1 OAHOM HeynpyroM 
B3al-1MOAeHCT81,11,1 RApa HeOHa C RAPOM Mi-1WeH1,1. 
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Ha p1,1c. 2 cpaBHHBa~TCR pe3YilbTaTbl pac4eTa no MeTOAY 3KBl-1Ba-- .. 
neHTHblX npOTOHOB Ce4eHHR o6paaosaHHR HeKOTOpblX R,qep np1,1 

· ssa1-1Mo,qeiicTs1-11,1 4 He 111 12 c c40 ca c ,qaHHblMH 3Kcnep111MeHTa161• Pa-
6o4eH ct>opMynoii pac4eTa 6wna 

a-(Zi'Aj )=Nap(ZiAj), 171 

r,qe a p(Z i ,A j ) - ce4eH111e 06paaosaH1t1R R,qpa Zi ,A j np1,1 saa111Mo,qei1-
CTB1t1111 npoTOHa 3Hepr1,11,1 400 MaB C RAPOM 40Ca, KOTOpoe pacc41,1-
TblBaI1OCb no MO,q111<1>1,141,1poBaHHOH <!>OpMyne Py,qcTaMa 16 ( a N Bbl4HCI1R
I1OCb C nOMO~b~ <!>OPMYilW /2/. 

PeaynbTaT~ cpaBHeHHR pac4eTOB Ha p111c.l 1,1 2 cs1,1,qeTeI1bCTBy
~T O BO3MOmHOCTH pac4eTa napaMeTpOB nonR H3Jly4eHHH no MeTo,qy 
3KBHBaneHTH~X npOTOHOB; AflR YCTaHOBJleHHR ,q1,1anaaOHa np111MeHeH1t1R 
MeTo,qa no 3Hepr1,11,1 R,qep-cHapR,qos 1,1 aTOMHOMY secy Heo6xo,q111Ma 
,qonOI1H1t1TeI1bHaR 3Kcnep111MeHTaI1bHaR HH<!>OpMa4111R. 

' np111 npoxom,qeHHIII R,qep B TOilCTOH MHWeHH /nornoTHTene/, KOr,qa 
IIIX IIIOHH3a41110HHblH npo6er R cpaBHHM C npo6eroM AflR Heynpyroro 
eaa111Mo,qeHCTBHR ,\=1/µ 111n111 6onbwe Hero, Heo6xo,q111Mo y4111TwsaTb 
<1>parMeHTa41,1~ R,qep-cl-lapR,qos np1,1 pac4eTe sen1114111H napaMeTpos no
IlR_111any4eHHH, nonb3YRCb OCHOBH~Ml,1 aaKOHOMepHOCTRMIII ct>parMeHTa-
41,11,1 R,qep 11- 101• MOmHO noTOK R,qep-cHapR,qOB <I>( Z .,x) B TOilC.TOH Ml,1-
weHH Ha rny6111He x<R, annpoKc111M111posaTb cne,qy~~HM s~pameH111eM: 

• -µ:,. -1/(l :,. V!) 

<I>(Z,x)-<1>0 le ozz + e µ3 x -,x 
o Z 3 /8/ 

x _lt(2 v ;;x;;:; In Z0 /Z) ) 

V /Lr V3 In Zo/Z 

r,qe <I>o - noTOK nepBH4H~X R,qep-cHapR,[1O8, Ozzo - CHMBOil KpoHe
Kepa; Z , Zo- nopRAKOB~e HOMepa R,qpa-<1>parMeHTa.111 nepBOHa4a11b
Horo R,qpa-cttapR,qa cooTBeTcTBeHHO, µ =az

0 
n , µ 3 = a3 n, n - 41,1c-

11O R,qep M1t1We~1,1 B e,q111H1114e o6beMa, V3- 3<l><l>eKTIIIBHOe 4HCI1O ct>par-
_MeHTOB Ha OAHO Heynpyroe B3aHMOAeHCTBHe R,qpa-cHapR,qa, l1 -

<l>YHK4HR 6ecce11R nepsoro nopR,qKa MHHMoro apryMeHTa, 

a • ( -a·z nx 
'.J az + azo-·az)e o , 

az nx 
z 3 .. z + (Z o - z) e o 

/9/ 

/10/ 

np111 ycTaHOBileHHIII aae1t1CHMOCTIII V3 OT aTOMHOro eeca R,qep-cHapR
,qoe A 1,1 R,qep-MHWeHH 6y,qeM on1,1paTbCR Ha peayJlbTaT~ pa6orl7-10/. 
3THM ,qaHH~M y,qoe11eTBOpReT, B 4aCT~OCTH, c11e,qy~~aR 3aBHCHMOCTb: 

A -,~-
v3:,2(1-e-'A"' ), A' ... 115(1-e 20 ), /11/ 
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AnR on1,1caHHR pacnpeAeneHHR ¢parMeHTOB no H30TonaM ~(x,Z,A) 
CAenaeM AOny~eHHe O B03MOmHOCTH ero npeACTasneHHR B ¢aKTOpH-
30BaHHOH ¢opMe: 

~( x, Z, A)=~( Z ,x ),f(A). /12/ 

·HeKOTOPblM OCHOBaHHeM TaKoro npeACTasneHHR RBflRIOTCR AaHHble 0 
ce4eHHH. ¢parMeHTa41,11,1 oz.A B pa6oTe18•9/, cornacHO KOTOPblM 

oZ,A :ozf z(A). /13/ 

HMeR B BHAY, 4TO Oz eCTb CYMMa Ce4eHHH o6pa30BaHHR scex 1,130-
Tonos c AaHHblM Z, MO}KHO nony4HTb ycpeAHeHHYIO ¢YHK4HIO pacnpeAe
neHHR no 3neMeHTaM: 

Zm 
} oz.Al oz _...{£.J_ __ le 

m 
f(A) = /14/ 

Pe3yflbTaTbl pa60Tb1 181 noKa3blBalOT, 4TO f z(A) 1,1 f(A) cy~eCTBeH
HO aC"1MMeTpH4Hbl OTHOC"1TenbHO 3Ha4eHJ.1R AMaKC , KOTOpoe COOT
BeTCTByeT MaKCHManbHOH sen1,141,1He oz.A ➔ oz,AMal\c; AMaKc'KaK 
npas1,1no, cosnaAaeT c aTOMHblM secoM Ha1,16onee pacnpocTpaHeHHblX 
"130Tonos Ha 3eMne C AaHHblM Z.B Ta6n1,14e npeACTasneHbl 3Ha4eHHR 
f(A) B 3aBHCJ,1MOCTJ,1 OT pa3HOCTJ,1 A-AMaKC' , Bbl4HCneHHble C no

MO~blO /14/ Ha OCHOBe 3KCnepHMeHTanbHblX AaHHblx/B/ npH ¢par
MeHTa41,11,1 40 Ar 3Hepr1,11,1 213 M3B/HyKnOH B COYAdpeHHRX C yrnepo
AOM. 

Ta6mu~a 

PacnpeAeneHHe no H30TonaM 

A-AMaKc 0 -1 +l -2 +2 . -3 +3 
--

f(A) 0,395 0,21 0,23 0,054 o, 104 0,0066 0,0234 

al - 0, I 0, I 0,040 0,042 0,0047 0,0134 

I 2 - AHCnepcm1 f(A). 

3HaR pacnpeAeneHHe nOTOKa RAep-cHaPRAOB c HX ¢parMeHTaMH 
/12/ J,1 3aBHCHMOCTb 4HCna 3KBHBaneHTHblX npOTOHOB OT A/2/, nony-
4HM ¢opMyny AflR pac4eTa 4HCna 3KBHBaneHTHblX npOTOHOB Ha pa3-
flH4HOH rny61,1He X B MHWeHH, COCTOR~eH J,13 OAHOro J,130TOna: 

zo Ao 
N(x)= f ~ N~(Zj,Ai,x). /lS/ 
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Pnc.3. 3aBHCHMOCTb qncna OCTaHOBOK RAep-~parMeHTOB 
KpeMHHR B OAHOH ¢onbre OT ee HOMepa: •t- 3KCnepHMeHT; 

-.. - pacqeT MeTo~oM MoHTe-Kapno; --, - nonyaHami:
THqecKHH pacqeT. 

napaMeTp nonR BHe M1,1weHH fA 0 /cneKTp, ¢nioeHc, A03a/ np1,1 6oM-

6apAHPOBKe MHWeHH TOfl~HHOH d RAPaMH s COOTBeTCTBl,11,1 c /1/ 6yAeT: 
.d 

~Ao= ( ~P (x)N(x)a3 ndx. /16/ 
0 

PHc.3 HflfllOCTpHpyeT CTeneHb cornaCHR pacC4HTaHHblX Ha OCHOBe 
¢opMyflbl /12/ AaHHblX c pe3ynbTaTaMH 3KCnep"1MeHTOB/11/. 

Pe3ynbTa.Tbl nonyaHanHTH4ecKoro pac4eTa, nony4eHHble Ha ocHose 
/ 12/' HOpMHpOBaHbl Ha 3KCnepHMeHTanbHble AaHHble AflR COToro HOMe
pa ¢onbrH; pe3ynbTaTbl, nony4eHHble MeTOAOM MOHT-e-Kapno111~ HOpMi,i
posaHbl Ha o6~ee 4HCflO OCTaHOBOK RAep-¢parMeHTOB. 

B 3aKnl04eHHe aBTOp BblpamaeT 6narOAapHOCTb n.r.6ecKpOBHOH J,1 
Xo KH XoHy 3a nOMO~b npH BblnOnHeHHH pac4eTOB. 
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