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B pa6oTe pacc'IHTBHbl yrnoBbie a aaepreTH•!eCKHe pacrrpeJleneaaH paana'IHbiX 

rpyrrrr (no Z a U 
5036

) OCTaTO'IHblX Slllep rrocne aaBepweaaSI K8CK8JlHoro rrpoueeea 

B HJlpax V Br , Ag , Au , Bl H Th rrpa aaepraa rraJlaiOmax rrpoTOHOB 660 MaB. 

XoTSI rrotro6aoro poJla JlBHHbie aenb3H aerrocpeJleTBeHHO rrpoBepHTb aKerrepaMeHTanb

no, BhiJlenenae ax Kaaanocb ueneeoo6pa3HbiM B CBSI3H e BorrpoeaMH, rroeTaBneaabiMH 

Ill 
rrpa aayqeuHB smne.a1ur cjlparMeHTauaa (eM., aarrpaMe p, ). B aaeTomuee BpeMSI rrpa 

OllaeaHHH HBneHHS! cppai'M9HT8UHH B paMK8X CT8THCTH'IeeKOA MO)lena H9Jl0CT8TO'IH09 

BHHM8HHe yJlenSieTeSI TOMY cpaKTY, 'ITO B036y)I(Jl9HHble Slllpa HM910T lliHpOKHe paerrpe-

)leneaaH DO OeHOBHblM X8p8KTepaeTHK8M A , Z u -+ 
v a aerronb3y·eTCH 

TpexrrapaMeTpH'IecKaH MOJlenb ( T acjlcjl' V acjlcjl' v 11 ) • 

B eany aaBeeTHbiX TPYllHOeTeil: pae'leTa anepreTaqeeKax erreKTpOB cjlparMeH-

121 
TOB, o6paay10maxe51 aa eTaJlHH paerraJla aoa6y)I(Jlennoro S!Jlpa (eM., aarrpaMep, ), 

)1(9naTenbHO HM9Tb HCXO)lHbl9 KHH9M8TH'19CKH9 paerrpe)leneHHH OCT8TO'IHbiX HA9p 

noene 38BepmeHHSI K8CK8JlHOf'O llpoueeea H HCilOnb30B8Tb HX )lnH OU9HOK BnHHHHH 

aTax paerrpeJleneaail: aa aaepreTaqeeKae a yrnoBhle paerrpeJleneaaH cjlparMeHTOB a Ha 

pa3nH'IHbl9 KOppenHUHH B na6opaTOpHOil: CHeTeMe KOOp)lHH8T. 

npa 9TOM BCne)leTBHe CHnbHOil: 38BHCHMOCTH C9'19BHil: HC!lapeHHH '18CTHU OT 

9H9pi'HH B036y)I(Jl9HHH OC06blil: HHTepeC npao6p~T89T rpynna CHnbHOB036y)I(Jl9HHblX 

OCT8TO'IHb!X Slll9p, o6naJl8IO[[[HX K TOMY )1(9 6onbWHMH HMrrynbC8MH. 

Bb!Jleneaae B pac'leTe KacKa)laoro rrpouecea KHHeMaTa'leCKHX xapaKTepaCTHK 

OCT8TO'IHbiX SI)lep ll03BQnH9T nony'IHTb B9nH'IHHbl Cp9Jl.HHX 3H8'19BHil: IIpOJlOnbHOil: H 

rrepneH)lHKynHpHOil: COCTaBnHIOWHX CKOpOCTH B036y)I(Jl9HHb!X S!Jl9p H CODOCT8BHTb HX 

e BenH'IHH8MH, HC!lOnb3yeMbiMH B TpexrrapaMeTpH'19CKOil: MOJl9nH. 

CxeMa paC'I9T8 BayTPHS!Jlepaoro K8CK8Jl8 6blna llOA06Hoil: HCDOnb30B8B.HOil: B 
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/3/ 
pa60Te , 8 nporpaMM8, COCT8Bne HH8SI JlnSI Bbi'IHCnHTellbHOJ!. M8111HHhl M-20, Ir03Bo-

llSin8 nony'laTb OAHOBpeMeHHO llBOi!.Hbie llH<!J<jJepeHUH81IbHhl9 j)8Cnpellell6HHSI K8K K8CK81l

/4/ 
Hb!X HYKllOHOB ( K 8K B pa60Te ) , T8K H OCT8TO'!Hb!X Slll6p. 

B pac'!eTe ucnonb30BanHCb cnellyiOmHe 3HeprHH o6pe3aHHSI )lnSI ael!TpOHOB (En) 

H npoToHoB ( E P) B KaCKallHOM npouecce: 

En ,MaB 

E P,Maa 

51 
v 23 

38,6 

45,4 

80 
Br 35 

37,6 

46,2 

108 
Ar 47 

37,8 

48,7 

Au 197 
79 

36,5 

51,5 

E' 209 
I 83 

36,4 

51,9 

Th 232 
90 

37,0 

53,0 

flony'!eHHbl e B pa60Te Jl8HHbie IIO OCT8TO'IHbiM S!llp8M IIpellCT8BneHbl B T86JIHU8 X 

B Bllll6 llBOI!HbiX llH <jJ<jJepeHUI!8nbHblX p acnpe)leneHI!l! IIO aeni!'!IIH8M CKOpOCTH V II no 

cosO llnB paamt'IHhiX rpynn smep no a apsmy z H 3 He p r llll B036y)l{)leHI! SI U 

TaKoe IIpellCTaBneHH e Jl8HHhiX )laeT B03MO)I{HOCTb HCn01Ib30B8Tb HX K 8 K BXOilHbte 

ll8HHbie llllSI p ac'le T a KI! HeMa TH'Ie CKHX x a paK'lepHC THK 'lB CTHU, o6paayiOIDHXCSI npu 

pacna11e aoa6y)f{JleHHhlX smep H llllSI p a cqeTa y rnoahiX Kop p e nHUHll 'IBCTIIn, o6ycn o a-

neHHbiX llBH)I{eHHeM HCIIBpSI!Om ero Slllp8, Jln SI npOBepKH r llnOT63 0 M6XBHH3Me o6pa30-

/ 5 / 
BBHHSI pacmenneHHI! C <jJparMeHTBMII • 

Jlng Hllll!OCTp8UHH 38KOHOM6pHOCTel!, X8p8K T 6 p ii3 YIOIIIH X OCTB T O'!Hhle Slllpa noc-

ne 38BepllleHHSI K8CKBilHOrO nponecca , H8 p!!C . 1-4 nOK8 38Hbl HeKOTOpbi e 38BHCHMOCTH, 

1!3Bll6'16HHbie H3 TB6nHU. 

flpH IIHTepnpeTBllHH S!Bll6HII SI <jJparMe HTBllHII B p 8 MK8X CT8THCT H'!eCKOJ!. MO)le llH onpe

ll6llS!IOllli!M <jJaKTOpOM S!BnSieTCSI nllOTH OCTb ypOBHel! B036y)I{Jl 6 HHOrO smpa , KOTOp8S! B o6na

CTH BhiCOKHX a a e praa aoa6y)l{tteHHB annp.oKCHMHpyeTcSI Bhtpa)l{eHHeM p( u )~ ronst exp 2va A I , 

rile A - aTOMHbt A aec , a- KOHCT8HT8, p8BH8SI npHMepgo 0,1. fl03TOMY) 'IT06hl Xa-

paKTe pH30BaTb OCTaTO'IRbie smpa c paanH'!HbiMH A B Ka'!eCTBe napaMe Tpa 6hinO 

B 3 SITO oTaome aue U/ A • Pac. 1 noKa3hiBaeT pacnpetteneaue ocTaTo'!RhlX smep no 

a e nH'IHHe U I A npu o6ny'leHHH MHmeaaa ua V , Ar: H Th • Ha pHC. 2 H 3 no-

K83 8Hhl yrnQBbiS pacnpe)leneRHB H paCIIpetteneHHB DO CKOpOCTSlM OCT8TO'!HbiX smep, 

xapaKTepxayeMbiX napaMeTpoM U/ A~ , T.e. TeX OCT8TO'lHbiX smep, KOTOpble 
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MoryT naTb HaH6onbwHl! BKnan a npouecce HcnapeHHSI cno)!{HbiX 'IaCTHu. Ha pHc. 4 

npHBe)leHbl 3aBHCHMOCTH npOJlOJibHOl! H nepneHJlHKYJIS!pHOl! KOMHOHeHT CKOpOCTH JlJISI 

TOll )!{e rpyiTITbl OCTaTO'IHbiX S!Aep B 3aBHCHMOCTH OT aTOMHOro HOMepa MHWeHH. 

0pHMe'IaTeJibHO HOCTOSIHCTBO aeJIH'IHHbl V l I B 60JibWOl! o6naCTH aTOMHhiX aeCOB 

Slllep MHWe Hel!. 3Ta BeJIH'IHHa ;II <= 0, 0()2 C MO)!{eT 6biTb COIIOCTaBneaa C XOpOWO 

H3BeCTHOl! aeJIH'IHHOl! rrepeHOCHOl! CKOpOCTH V = 0,013-0,015, KOTOpaSI HCIIOJib3Y

eTCSI B TpexnapaMeTpH'leCKOl! MOAeJIH AJIS! OIIHCaHHSI yrnOBbiX pacrrpeAeJieHHl! ¢par-

B I 1,2 I 
MeHTOB Ll ( CM., aarrpHMep, ) • 3TO CpaBHeHHe IIOKa3biBaeT, 'ITO H TpeTHl! 

napaMeTp )laHHOl! MOAeJIH He HMeeT ¢H3H'IeCKOrO COAep)!{8HHSI, IIOA06HO napaMeT-

paM T aqxp H 

Oony'IeHHbie B pacqeTe KHHeMaTH'IeCKHe xapaKTepHCTHKH OCTaTO'IHbiX SIAep 

nocne KacKanaoro npouecca MO)!{HO B HaaecTnoll: Mepe rrpoaepHTb conocTaaneaHeM 

C 3KCrrepHMeHTanbHbiMH AaHHbiMH ITO SIApaM OTJla'IH B npouecce pacmenneHHSI SIAep 

Ag Br npoToHaMH 660 Msa. Ha pHc. 5 H 6 npHaeneHbi sKcrrepHMeHTanbHbte rrpo-

6eroaoe H yrnoaoe pacnpeneneaHSI SIJlep OTJla'IH npH pacmenneHHH Mep AgBr npo-

161 
TOHBMH 660 Maa • lln11 CpaBHeHHSI Ha TeX )!{e pHCYHKaX ilOKa3aHbl pac'!eTHbie pac-

npeneneHHSI AnSI ocTaTO'IRbiX SIAep H3 Ag c U > 80 Maa, a B cnyqae yrnoaoro 

pacnpeneneHHSI eme H c orpaHH'IeHHeM no CKOpoCTH v > 8 · 10-3 
c. 3To aeo6xo-

JlHMO JlJISI JIY'!Wef'O COilOCT8BJieHHSI C 3 KCITepHMeHTaJibHbiMH )laHHbiMH, KOTOpbte IIOJiy

'!eHbl llJIS! MHOf'OJiy'leBb!X pacmerrneHHl! H IIpH HaJIH'IHH HH)!{Hel! rpaRHllbl aa6JIIOAaB-

WHXCSI HMIIYJihCOB SIAep OTAa'IH ~ 500 M s alc (rrpo6er > 1 MK). .LlnSI pac'IeTa 

npo6eroaoro pacnpeneneHHII ocTaTO'IHbtX SIJlep Hcnonbaoaanoch cooTaoweaae npo6eP-

171 
aaeprHSI AJII! Ag H Br , rronyqeaaoe a pa6oTe • Lln11 cpaaneHHSI c s KcrrepHMeH-

TanbHbtM yrnoabt M pacrrpeneneaHeM SIAep oTna'IH paCC'IHTaaaoe yrnoaoe pacrrpene-

nenae 6binO Tpaac¢opMapoaaao a pacnpenenenHe no yrnaM a rrpoeKuHH. 

Yla pHc. 5 MO>KHO cnenaTb BbtBOil o nocTaTO'IHO ynoBJieTaopHTellbHOM coarrane-

HHH paC'IeTa C 3KC1IepHMeHTOM, eCJIH y'leCTh CneAyiOIDHe ¢aKTOpbt: rrporrycK TpeKOB 

S!Jlep-OTAa'IH C R ~ 1 MK a aKcrrepHMeaTe, aanH'IHe SIAep-OTAB'IH oT pacmenneHHSI 

Br , anHSIHHe HCnapeHHSI 'IaCTHU aa saepreTH'IeCKHl! crreKTp ocTaTO'IHbiX SIAep, Ko-

181 
Topoe yaenH'IHBaeT HX cpenHIOJO KHHeTH'IecKyiO aaeprHIO • B To )!{e apeMI! pac'!eT-

aoe yrnoaoe pacrrpeneneaHe ocTaTO'IHbiX SIAep cymecTaeaao OTJIH'!aeTCII OT yrnoao

ro pacrrpeneneHHSI Mep oTna'IH (pH c. 6) , oco6enao B rrpenenax rrepenael! rronyc¢epbt, 

XOTSI OTHOWeHHSI F / B llJIS! paC'!eTHOf'O pacrrpeneJieHHSI OKa3anOCh 6JIH3KHM K 3KCITe-
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pHMeHT811bHOMY (2, 1 H 3,1 :t_0,5 COOTBeTCTBeHHO). KaK H3BeCTHO, paC'IeT KaCKBll-

/9/ 
HOrO npouecca C y'IeTOM OTPB*eHHR HyKnOHOB OT rpaHHllbl Rllpa npHBOllHT K 6o-

nee aHH30TponnoMy yrnoaoMy pacnpeneneauro ( F/B~30) H K 6onee MRrKOMY saep

reTH'IeCKOMY CTieKTpy OCTBTO'IHblX Rnep, '!eM :~ B 3KCrrepHMeHTe (pH C. 5 H 6 ),. H B 

TO *e apeMR K 60llbllleil 3HeprHH B036Y*lleHHR, '!.eM B HBllleM p8C'IeTe, XOTR, K838-

nOCb 6bl, a naHHOM cnyqae pacc'IHTbiBaeTcs 6onee peallbaas KapTHHa. TaKHM o6-

p830M, B03HHK8eT BOnpoc 0 rrpH'IHHBX paCXO*lleHHll: paC'IeTHb!X H 3KCnepHMeHT8nbHblX 

yrnOBblX pacnpeneneHHll: OCTBTO'IHblX Mep. 

f10Tpe6yeTCR, TIQ-BHllHMOMy, B8pbHpOB8HHe B pac'IeTe K8CK8llHOrO rrponecca 

PRllB TI8p8MeTpOB, 'IT06b! TIOHRTb npOHCXO*lleHHe llBHHblX pa3nH'l:Hll:. 
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TIOSICHeHHe K Ta6nHU8M 

U - 9HeprHSI B036ylK.Q8HHSI OCT8TO'!Hb!X SI.Qep. 

V- BenH'!HH8 CKOpOCTH OCT8TO'!HOrO S!.Qpa. 

0 - yron OTHOCHTenh HO rra.oaromero npoToHa. 

l!.Z- H3M8H8HH e 38pS!t:l8 S!t:lpa MHlll8HH . 

NP - '!acno npoTOHOB B pac•IeT e. 

N 
83 

'!Hcno SI.QepHhiX B38HMOACJ1CTDidi t:IBHHoro '!Hcna npoTOH OB. 

r k - 06!Uee '!HCnO K8CK8t:1Hh!X HyKnOHOB H8 ,Q8HHOe '!HCnO B38HMOA8HCTBHM. 

7 



_ , 
(10 c) 0 + 6 

~ 0 0 0 0 
N "" 'f 1' I I 
0 0 0 0 • N .,. 

"' 
0 +6,6 30 I7 6 4 

0 . 6t(), 2 29 IIO 24 3 

0 ,2+-0,2 7S 26 s 2 

-0,2+-0,6 2S 2I 5 6 

- 0 , 6.-I , O 4S 23 n 5 

-- ----

v (IO- 'C) 

·--· ---
U, \'eV 2 ~ 

-~ 
I I 

Cose 0 0 
N 

I + 0,6 0 I 

0,6 + 0 , 2 0 I 

o , 2+-0 , 2 I 2 

-0,2 + -0,6 I I 

-0 ,6 .-I, o I 0 

\:; 

0 
ro 

-
3 

I 

4 

0 

2 

\7 •J w, l 

-- --6+12 __ _ 

0 10 N 4' 
I I 

0 0 
N 

I2 

85 6 

or ro 
I9 7 

23 

2 

3 

7 

9 

c 
'f 
~ 

I4 

35 

29 

~2 

II 

0 
I 

"<' 0 
I "' 0 

"' A 

s I2 

22 I2 

25 I3 

20 9 

I4 3 

', =4'/62 j N l> =325S 

' 
=I57S2 

· < 
- ----U + IS--

---
0 0 0 

0 0 0 0 '? N i N i 'f "' I 
I 0 0 0 

0 0 0 "' ' 
N 

"' "" 

2 6 II 5 I6 3 0 

60 37 36 25 20 36 25 

I 57 79 4I ~4 23 S9 63 

42 4I 20 I4 I4 I4 I3 

9 s 5 5 3 0 2 

- -· -'-·- - ---'-- --
I Z 2 H 3 - "" .. ... 

0+6 6+ I2 I2+IS 
-

1 0 0 2 1 0 0 0 
0 0 0 'f '? 0 'f '? 0 N 

'f l' 0 N co I "' I 
00 I 0 0 0 0 0 0 0 0 0 0 0 N "" "' N 4' "' A 

4' "' ' A 

0 0 I 0 I I 0 3 0 0 I 2 5 

0 0 0 0 4 3 3 2 I 6 5 3 5 

2 0 0 3 7 3 2 4 4 6 I6 s s 
0 0 0 3 4 5 I 4 s 7 6 2 5 9 

2 0 3 2 5 6 I I 2 6 7 3 I I 

> Z :4 K 5 - 28 Clly-qaeB ; A Z ~ 6 - 0 Clly-q&e:B 

IS f 24 > 24 
.-•--w --
0 0 0 

0 'f '? 1 ~ '? 0 
0 N "' ~ 0 "' I n 

"' A 
0 0 ~ "' A N 

4 6 II I I 7 4 II 

22 s 24 II II I 2 9 I4 

~4 20 I7 29 32 25 I9 26 

I3 IO IO 0 5 5 0 4 

4 2 5 2 0 0 2 I 

. 

IS .. 24 > 24 
0 2 J ~ 

0 

1 ~ '? 0 '? 0 
<X> I "' 0 0 N 0 0 

0 ~ "' A 
4' "' A N 

0 4 5 2 4 0 2 2 0 4 

2 6 9 2 IO I II I 7 IO 22 

5 I4 I4 IO IO 5 I5 IS 9 I6 

I 7 7 2 IO 0 2 2 2 6 

0 0 3 0 3 0 0 0 I 4 



~ oo-' Cl 0+4 

'-, U, MtV 
0 0 'f 0 N "' '? H H 0 

Coo~ 
I I "' 0 ~ 0 0 H 

co N II ,_. 

I t<J, 6 I6 5 3 0 I 

0,6 ~ 0,2 22 27 4 0 I 

0,2~ - 0,2 34 4 I 0 I 3 

-0,2 ~-(),6 IO 7 3 I I 0 

-O,b •-I,O 8 7 5 0 : 0 

I 

'f 
0 

4 

26 

3I 

~I 

6 

" Br H 

'H8 

0 

'? 
0 
-'T 

a I 

0 
N 
H 

I 
0 
co 

5 

I9 I I5 

27 I I6 

I9 1 I2 
4 I 

0 

"' ,_. 
I 

0 
N 
H 

3 

I5 

3 

2 

3 

, IZ = 2 H 3 

,, z ... o 

:r I ~ 0 

"' H 

A 0 I ~ 
_..._ ___ 

0 I I 3 

4 20 1 8 

6 :r 0 

0 0 5 

L 

'• =I426 

8+I2 I2-ti6 

~ 0 2 "' 'f 0 
H H 0 '? H 
I I \0 I 

0 ~ H 0 0 0 co I\ -'T co 
H 

f----
3 3 6 I 2 4 

I? IO 9 1 I3 I5 6 

I4 8 4 1 37 23 II 

3 3 I , II IO 3 

2 I 3 0 I 3 

I i 

"' H 
I 

2 
H 

2 

I 

9 

4 

I 

N'" =II29 
N <. =5842 

0 l'b 'f '? H 

1\ 0 ~ 

0 0 I 

2 II 8 

3 5 I2 

5 0 I 

I 0 0 

> I6 

2 0 

"' 'i' H ~ 
~ 0 H 

co II H 

0 0 6 

IS 5 II 

7 2 II 

3 0 9 

0 0 0 

---

_, -;- -----,-- --- -·- ---
v(lO C') l 0+4 -- ... - '4.a .------r- 8+I2 I I2-ti6 I > I6 

u, ft'eV --"'- -- ·l·----·,, 'f 0 "" ""D I~ 
I + 0,6 I 

0,6 ~ 0,2 0 

0,2 ~-a,2 r 
...(),2 •-0,6 0 

-o,6 ~-I,o o 

I 

0 

0 

0 

0 

-~-- ~--~,;r'f-1 ;r~-
g ~~Ao~ ro 

0 

0 

0 

0 

0 

H 

0 

0 

0 

l 

0 

0 

0 

0 

0 

0 

I I I 
0 3 

~ I ~ 
o I o 

0 

I 

3 

3 

2 

ffif!f i 
I 

~ 
'i' 
0 
co 

0 

0 

I 

I 

2 

~ l. ~JI ~I ~ 
I 0 2 2 

I 3 7 I 

2 I 2 I 
----

''. , • 5 · - IO cnyqaeB; 12 ~ 6 - 0 cJiyqaeB 

--r--li---.---.,..----,---;;--,--t---.--.-~--;:;..,.--- ---
0 0 

"' "' H H 
I 

0 
N 
H 

0 

0 

0 

I 

I 

1\ 

o'o o o o i

1

I
1
I,oi 2 9 

0 0 2 I 0 IJ 0 9 I 3 6 
31 I 2 3 2 0 Il4 2 2 5 

S o I 2 0 0 I 5 O j I 2 I 2 

s o 1 o 1 o _.L_I_j__ ~ ~ 1 or_I o 



0 

Ar :~8 

,\z,. 0 

Ot4 

-- ---- g I o o S? ;r-~ o i S? 

" oo-a .c) 4.S 

f§ L'. ·-·f'v 1 ~ 

N, =6809; 

0 

"' 0 

' '• =5284 
N oo: :30096 

0 

>I6 

g 
0 

C011 11 >j 
~ 

I 
0 
co 

~ ~ ~ 1 I ~ ~ ~ ~ f . I 
~ 1\ o / ~ g : ~ A o l ~ 

~-- .-L-+-+ ~ - L . , -+---1- ---~-·-·-+-_______, __ _ 

~ 
'1 
0 
co 

'1 
f§ 

~ 
'1 
0 
co 

~ I ~ 0 
I "' 

::l ~ 
~ § . ~ 

I 
1\ 

I + 0, 6 

0 , 6t 0,2 

0, 2+ 0, 2 

- 0, 2t -G , 6 

- 0, 6t-I, 0 

I 60 

I ~86 · 

I93 ; 

68 i 
'/2 I 

I7 

I30 

3I 

34 

I4 

r 1 

I9 

I4 

II 

I , 
- l. 

r . 2 r3 •7 I r2 6 ' 2 r I II 7 · ro I o i ro I 3 I o o o I o o •· r 

2 1 o I33 83 ar Ia a 52 53 42 22 ro ro ; 3I I I9 j 9 r 2 I 2 5 7 : o 

5 2 
1
. 2I3 I36 33 I6 o I66 69 3I rr I ro I8 J 2o ! I 

1 

o 

1

. o o I · o 

0 I33 47 I4 2 4 20 IO I7 4 0 3 1 5 I 4 I 0 0 I 0 0 I i 0 

1 o , r9 ! I4 5 1 o : 4 o ro 4 o o o 
1 

o ; o r 
1 

o o o o ! o 
-·- ------- -. -----~--- --- 0 

t\Z•l 

•(/0 - •. c) ) T-~· --- --~+4 4.S - 8+I2 I2+I6 > I6 '- 4--- -- -~ ~ --~ ----· -- --- r---r-~ ' l o ' ~ o ~ ' ~ f o o • ~ !g 
, ..... 0 0 • § 0 0 • § 

1

. 0 0 • • , • ~ • , • , • v . , . '1 1'1 s 
l "i' I I I s l "i' I I ~ l "i' I 0 ~ 0 0 0 ' 0 I 0 0 0 0 ~ 

"" 0 0 0 0 .... 0 0 0 0 • 0 0 0 N • ... co I N 1\ ... "' ' "' 1\ Co.O 4' CO ~ 1\ 4' <Xl ~ " <> CO ~ " I ~ j I ~ ---- --f---.- ---f--~ 

I t 0, 6 38 II ~- I 0 IO I3 IO 4 5 I2 IS 5 4 I 0 8 6 ' 4 I 0 2 / I 0 0 

3 

3 

0 

0, 6 + 0,2 / 43 30 3 ! 4 o 68 5I / 23 I4 "' 46

1

1 40 3I 9 8 I2 33 I4 I ro Io 2 rr / I4 4 r 

(),z + -D , 2 I Q2 / Ilt a 8 s rso 118 21 Io 8 / I47 1o ""' 1 6 21 s2 r8 I" 6 o "! 6 4 o 
-G , 2 t -{) , 6 32 I3 2 0 I 99 37 I' I5 I I 20 38 3 2 I 0 4 0 0 0 0 0 I 0 0 0 

-"·' H,O i " I " ' ' ' " " I " ' • ' 0 I ' 0 ' 0 0 0 ' . 0 I 0 0 0 I 0 0 ·-~ 



= 

...--
"'-

Coa 6 

0 

0 

-0 

(Io-a .c) 

'· U, MeV 

~"'-._ 
+ 0, 6 

j + 0,2 

~ H,2 

2+-0,6 

6+-I,O 

v (Io-• .c) 

~~ 0 

!+0,6 

0, 6+0,2 

Oy2+-0 , 2 

-0 , 2+-0 , 6 

-0,6+-I,O 

~ 
0 

0 

s 
0 

7 

7 

1 
0 

0 

0 

0 

0 

0 

0+4 

~ 0 

~ "' 1 .... 
~ 

0 
1 "' 0 0 .... 0 .. "' " .... 

I 7 0 0 0 

4 IO 0 I 7 

5 2 0 0 IS 

I 9 4 0 20 

IO 4 0 I I2 

0-+4 

~ 0 

1? "' ~ r .... .... 
1 1 .... 

~ 0 ~ 0 

"' A 
H 

0 0 0 0 a 
0 0 0 a 0 

0 4 0 0 0 

0 0 0 I 0 

0 0 8 0 3 

-

6Z • < - 30 CJ!yqaeB 

" ' Ac 4, 

6Z • 2 

4+8 

~ 
~ .... 

1 
0 0 
~ "' 
0 I3 

I~ 3 

20 9 

I4 IS 

9 2 

6Z· 3 

&+8 

0 l ~ 
'\' I 'j' 
~ I o 

I "' 
0 ; 0 

4 ' I 
'· 

6 I 2 

I j I 

I ; 0 
I 

! 
I 

8+I2 

~ ~ ~ ~ ~ ~ .... :!: .... 
1 .... I 1 

0 

" 
0 0 0 

N .. "' N .... .... 
s 2 2 I 6 5 

0 3 I? 28 I6 8 

5 8 23 33 5 7 

6 0 ? I6 7 0 

I 6 2 IO 7 4 

----- -- -

. 8+I2 

0 ~ 0 

"' 1 ~ "' .... 0 .... .... 
1 "' 1 I 

~ .... 0 ~ 0 0 

" "' N .... .... 

5 0 0 0 0 0 

I I 6 2 5 2 

0 I 0 7 5 4 

a 2 0 2 4 0 

0 0 I 0 2 I 

- . 

AZ > S - 0 Cl!y'tdeB 

~ 

I2+I6 > I6 

0 r 0 ~ 0 
0 0 ~ 0 

0 '? "' r "' "' .... 
~ "' ~ 

.... 'i' "' .... 0 0 1 .... 6 .... 
1\ 

~ 0 1\ 0 ~ II "' ... "' .... .... 
s 4 I 2 I 4 0 3 2 4 3 

8 2I IO IS 4 I 4 IO IO 3 II 

a II II 7 4 a s 2 I 4 0 

0 7 2 5 8 0 

~ L~ 
2 0 0 

0 0 I 
4 ! 

a 0 0 0 ! 0 
_ j _ 

I2+I6 > I6 

0 I ~ 10 

~ ~ l1 11? 
. 
' o 0 

0 r ~ ~ I N "' ~ ~ "' '? I 'i' 1 .... H .... 
0 lo lg 1 .... 

1\ 
0 0 0 0 ~ , II .. "' •N l.:t .... I .... 

0 0 B j I 0 I 0 o 1 s 0 l 2 

0 5 I ! 4 I 0 I o I i 5 2 i I 

o 1 2 
I 

I 0 4 , 2 7 0 5 7 • I 
' 

0 0 0 j I 
. 

0 0 0 o 1 o a i 0 I 
I 0 0 0 

I 
0 0 0 o I o o I 0 

I 
I I 

I I - ·· 

j I 



V (10_, C) 0;.2 

~ 0- :~& 200 900-
U, l1eV p400 

CosO 

-------
-100 -900 -400 

-
1+0,6 19 6 0 0 0 

0,6 .. 0,2 II 9 0 0 0 

0 , 2t-(-0,2) 51 8 0 0 0 

(-0,2)1-(-0 , 6) 54 5 0 0 0 

(-0 , 6).(-I,O) 94 I 0 0 0 

v (10_, C) 0.;.2 

__: U, MeV ll- roo- aJQ- 900- p..oo 
Cos 0 ----- 00 - 200 -300 -400 

I + 0,6 ~ I 0 0 0 

0, 6 + 0,2 2 2 0 I 0 

0,2+(-0,2) I 0 0 0 0 

(-0,2)+(-0 , 6 I 0 0 0 0 

(-0,6)+(-I,O 3 0 0 0 0 

-

"· =2000; ' '• =1656 
Nl( =12120 

2 ..... 
4-!6 ! 6f8 

900- 0---r-::c:::-..- ci- 'roo: · 2oii= 3oo- >4 o- roo- 2oci 
~roo :~go ~8o ~a >400 

>400 
-100 -200 -900 -400 -100 -200 -300 -400 -100 

f.- -- -- 1-- - --. - - - -----+-- -
99 IS I 2 

roo 28 9 0 

!91 27 I 0 

99 29 I 0 

29 9 2 0 

2-!4 

0- roo- 200- ~00 
-100 -200 -300 -400 

2 2 0 0 

IO 4 0 0 

I O 3 0 0 

6 6 2 0 

5 0 I 0 

'" =0 • I 

0 16 14 

0 78 96 

0 149 25 

0 28 8 

0 12 5 

!>4oo 
0-

-100 

"' 

0 

0 

0 

0 

0 

209 

as 

2 

6 

6 

4 

5 

4-.'-6 

roo-
-200 

I 

IS 

8 

3 

9 

4 0 0 2 7 4 0 0 9 

9 9 0 42 14 9 0 0 SI 

5 0 0 40 25 4 0 0 I? 

9 0 0 9 7 2 0 0 I 

0 0 0 2 0 0 0 0 0 

6t8 

200- 900- >400 
0- roo- 200- 900-~0 0-

-900 -400 -IOO - 200 -300 -400 -roo 

I 0 0 I 4 I 0 0 4 

2 0 0 8 9 9 0 0 6 

4 0 0 7 II 0 0 0 5 

2 I 0 9 5 0 0 0 I 

0 0 0 I I 0 0 0 0 

,\ z • 4 H 5 - IO c•y'l&e:ll 

- 0 cnyqae~ 

NP •lOOO; Nb•l6~9 

NK= ii920 

--
> 8 

roo- · 20o-l9ooi}oJ · 
- 200 -300 -400 - --r-1 -IO 5 0 0 

18 7 I I 0 

I 0 
I 

0 0 
: 

0 0 0 0 

I 0 0 0 

> 8 

roo- 200- ~a' ~ -200 -300 

9 2 0 0 

6 I 0 0 

4 0 0 ) 

2 I 0 0 

0 0 0 0 

~~ v ·(Hi3 .C) 
- -·----a-.. -z-----------T---~2~ ..... ~---~~---;,.: ,_,_-;-----T---:-::------..----------

~ 6.;.8 >8 

-

--. U, 1-'eV 
COt I' 

I + 0 , 6 

0 , 6+0 , 2 

0 , 2t-(-0,2) 

( -0,2t( -0,6) 

(-0,6~( -I , O) 

' (ro" .c) 
--- u.~·"v 
Co~:J~ 

I + 0,6 

0 , 6 + 0 ,2 

0 , 2+( -0 , 2) 

(-Oy2h(-0 , 6) 

(-0,6h(-I, O) 

-~o J8o roo- :2sooo- ~2oo o- ·sa- roo- rso- l,~- o- so- o--r5o - so -roo -rso - 200 1"-o' -so -roo :_oorso- :_25000- 200 -so so- roo- rso-Jn, o--roo -Iso -200 ,oo -so 

I9 

69 

55 

39 

30 

0-
50 

9 

0 

9 

5 

0 

23 

IS 

6 

14 

6 

0+-2 

50-
-IOO 

0 

0 

0 

I 

9 I 

2 

II 

I 

4 

0 

roo-
- ISO 

0 

0 

0 

0 
i 

0 ! 

0 

0 

0 

0 

3 

ISO 
- 200 

0 

0 

I 

0 

0 

0 

7200 

0 

0 

0 

0 

0 

I 

0 

9 

9 

I 6 !6 

67 55 

IOI 60 

0-

60 

ro 

- 50 

0 

5 

7 

6 

4 

42 

14 

50-
-roo 

3 

I 

I 

7 

I 

! 6 

!9 

12 

26 

5 

I O 6 I 

6 2 145 

I I ~I 

3 0 

0 0 

II 

I 

'\Z 2 H 3 -
2+4 

roo ISO- >200 0-
ISO - 200 -50 

2 0 0 2 

0 0 2 3 

0 4 9 0 

9 I 0 8 

I I 0 0 

5 

36 

32 

29 

2 

6 

22 

!6 

7 

I S 

4-!6 

50-
-roo 

2 

I 

5 

9 

6 

roo 
-ISO 

5 

5 

6 

8 

I 

4 

4 

4 

6 

0 

0 

2 

I 

2 

0 

9 

I 

7 

2 

0 

0 

12 

26 

3 

0 

:~& p 200 

p 
~ 
0 

0 

0 

I 

2I 

23 

6 

0 

0-
-so 

0 

6 

0 

0 

0 

IO 4 

,IO 2 

6 -I4 

0 

0 

0 

0 

6o-S 

50 roo-
-roo ISO 

5 0 

4 II 

IO 7 

6 0 

0 0 

8 

5 

6 

8 

0 

ISO-
-200 

0 

9 

0 

0 

I 

1\Z ?_ 8 Q Ill'%'. 

0 

8 

0 

0 

0 

>200 

0 

0 

I 

0 

0 

so- · roo- ISO 
-IOO -ISO -2001-eoo 
s 

IS 

I 

0 

0 

0-
-SO 

0 

0 

I 

0 

0 

5 

8 

0 

0 

0 

>8 

~tad:~ 
8 4 

0 s 
0 0 

0 0 

0 0 

I 8 

7 5 

4 0 

0 0 

0 0 

~ :~ 
kJ p 
~ ~ 
8 0 

0 0 

0 0 

. 



-----· --·· -· --~· --- ~ -- ·· - ------- ------· - -- -
v ( I o-s .c) 0.;.2 2# 4->6 6+8 > 8 

---- -- ·--- -- --·· -- .. -- -- 8-r-- .----- --- --r--r---- -
0 0 0 0 

~ 0 0 8 0 "' 0 0 8 0 0 "' 0 

8 ~ 0 0 8 H ~ g ~ 8 ~ "' H H N 0 
U, A'eV 0 0 0 0 ~ "' 0 I I I I 0 

"' H 0 "' 'i' "' 0 ')' I 0 0 0 "' 'i' I 0 0 "' 
I I I I 0 0 

I I I "' I I I "' 0 ~ 0 0 "' u'\ 8 ::: 0 0 8 0 0 0 § 0 0 0 8 ::: II Co11& - "' "' " "' ::: " "' A 8 ::: 1\ - H H ------ ---1-· -
I + 0,6 25 2S I9 9 2 0 40 23 II 9 2 4 7 I3 7 0 6 7 2 3 0 I 3 I I3 

0,6 + 0,2 I72 63 I2 6 I S2 73 54 2S IO IS 35 39 24 IO I 4 20 7 II I2 7 7 I 7 0 

0 , 2 +-<J,2 94 32 IS I I I38 IOS 3I 7 3 36 23 I4 I3 7 s IS 6 I 6 6 6 0 0 0 

-0 , 2 + -0,6 55 IS 2 I 0 73 6 IS 7 0 I2 IS I3 I 0 0 0 0 6 0 0 0 0 0 0 

-0 , 6 + -I,O 25 IO 0 I I 14 I? 3 0 0 I 0 I I 0 0 0 0 0 0 0 0 0 0 0 

i ---------- . 
c\Z"' 1 

v (ro-s .c) 0.;.2 2+4 4+6 6..S > S 
-------····- 0 8 ~I 8 0 0 8 "' 8 8 0 8 0 0 "' 0 ~ 0 ~ 'i' 8 0 0 

U, lleV § "' 8 "' 0 H "' "' H "' 8 'i' ~ 
0 H ::: "' 0 

0 H "' I 'i' I I I I I I I 0 ~ "' I I "' ., "' I I "' 0 0 0 0 0 0 0 "' 0 0 8 I 0 I 0 
I I 0 0 0 8 "' 1\ "' 0 ::: 1\ "' 0 1\ 0 "' 0 "' 1\ 

' 0 0 8 "' A "' H H "' 8 H 

__ co~.:_---~~ "' H H 

---
I + 0, 6 I4 ~2 IS 0 0 I2 26 §0 I I s 2 0 0 IO I 0 5 9 0 0 I 0 0 I 

0 , 6 + 0, 2 22 I 9 0 2 4I 30 23 3 0 60 IS I6 4 3 6 s IS ' 0 I s I I 3 I 

0, 2 +..0, 2 34 I7 0 I 0 72 42 32 IO 2 32 28 9 4 5 I 9 5 I2 3 I2 I 7 2 0 I 

- 0, 2 + -0 , 6 I 20 I6 2 0 I 25 37 IO I7 II 2 IS IO 6 0 0 I 0 I 0 0 0 0 0 0 

-0 , 6 + -I, O 

I 
23 7 2 0 0 I9 5 8 0 2 5 IO I 0 I 0 0 0 0 0 0 0 0 I 0 

--

v (Io-s .c) 0 .;. 2 2 .;. 4 4 .. 6 6 .; 8 >S 

' ' 
u. ~ .v 

8 ~ 0 8 ~ ~ 8 ~ ~ 8 13 ~ 8 ~ ~ ' '-
H ~ 8 5< H '1 8 5< H '1 ~ H ~ 

0 

~ 
H I I "' I I I "' I I I I I I I ')' .... H 0 

' I 0 0 0 Sl 0 0 0 0 0 0 0 0 0 
I I I 0 

CooO --~ 0 0 "' " 
0 "' ~ "' 0 "' 

g 0 1\ 0 0 0 ~ N 
0 "' H H 

0 "' "' "' 0 H H H H ~ H H H H " 
l + 0,6 4 0 2 0 I i 0 8 I 0 0 7 0 2 0 0 0 9 0 9 0 0 I 6 6 

0,6 • 0,2 0 2 0 0 0 8 I 0 I 0 5 I 4 6 I 0 I6 2 I 7 0 0 6 s I 

0,2 +-0, 2 2 6 0 0 I IO I4 s s 0 IS II I 2 7 0 I IS IS 0 I 2 0 0 0 

-0 , 2 +-0,6 I I 0 6 0 s 2 IO 0 I s IS IS 8 6 0 0 0 0 0 0 0 I 0 0 

- 0 , 6 + -I,O I I2 I 0 0 7 9 I3 8 I 0 0 0 I 0 0 I 0 0 0 0 0 0 0 0 

------ --
,,z. 3 

·-;;-,.--:(;-;I:;;o=:-ar.:-:c;-) -r----:0~+-:2::----r----:::-2 --:-4:----.,------4:--+-6-:--- ---.r-- --.--6--.-s--.--.--.,---:>:-:--·- --· ··· 

I + 0,6 

0 , 6+0, 2 

0 , 2 +-0 , 2 

-0, 2+-0, 6 

- 0, 6+-I,O 

0 

0 

0 

0 

0 

8 
'1 
0 

"' 

0 

"' H 
I 

§ 

0 0 

0 0 

0 6 

0 0 

0 0 

0 

6 

0 

0 

0 

8 
N 

" 
I 

0 

0 

0 

0 

~ 
I 

0 

0 

0 

0 

0 

I 

8 
'1 

0 

~ 
I 

0 

"' 8 
H 

0 0 

7 0 

I 6 

0 0 

3 0 

8 
"' I 

~ 
H 

2 

0 

0 

I 

0 

0 

0 

0 

I 

0 

0 

0 

0 

0 

0 

8 
'1 
0 

"' 
7 

6 

6 

0 

0 

0 

I 

7 

0 

I 

0 

I 

6 

I 

0 

8 
"' 1\ 

0 

I 

0 

0 

0 

0 

"' I 
0 

0 

0 

0 

0 

0 

8 
'1 
0 

"' 
I 

6 

0 

6 

0 

2 

0 

12 

I 

I 

7 0 

0 I 
0 0 

0 0 

0 0 

~ 
I 

0 

0 

0 

0 

0 

0 

8 
:E 
"' 

0 

0 

0 

0 

0 

0 

7 

0 

0 

0 

8 
N 

A 

I 2 

0 0 

0 0 

0 0 

0 0 



Jt, ..... 
160 

JIIO 

110 

lOO 

80 

60 

ItO 

20 

~!J ~0 ~~ 'lp 2' 
\1/A , M,v 

PHc. I. PacnpeaeneHHsr ocTaTO'IHbiX sraep H3 V , A~ , Th a aaaHCHMOCTH OT 
aenH'IHHhi U/A. 

N 
OTII.'1· 

30 

20 

10 

~0 0,6 0,2 -o,t •0,6 • ., 
<:.019 

PHc. 2. Yrnoabie pacnpeaeneHHH ocTaTO'IHbiX smep npH U/A~ I 

V ( U> 60 M:aa ) , Ag ( U > 120 M:aa) , n ( U > 200 M:aa). 

16 



160 

140 

12.0 

IOO 

80 

60 

40 

20 

4 8 12. I' 20 2'1 • I,D'I·ID·J. e 

"" 
PH c. 3. PacnpeaeneHHH ocTaToqHhiX HAep no cKopocTHM rrpH U/ A~ 1: 

V(U > 60M3B),Ag(U>l20M3B ),n(U >200 M3B ). 

17 



'\r 

( b Q«l · c) 

0,01~ 

0,010 

0,00& 

0006 
I 

000'1 
I 

o,ooz • 

50 100 1)0 100 

A MLILU<!HU 

Puc. 4. 3aBHCHMOCTb npOJlOnbHOH H nepneHJlHKYn51JlHOH COCTBBnHIOIUeH CKOpOCTH 

OCTBTO'IHblX HJlep OT aTOMHoro aeca Hllep-MHIUeHH npu U/ A ~ 1: 

V(L'> 60Msa ),Ag(U>l20Ms a ), Au,Bi,Th (U > 200 Msa ). 

18 



JK 
~ 1A 

60 

l 
I 
I 
I 
I 

Jl) ' \ 
\ 

I 2 s ' ' ' R.~ 
PHc. 5. PacqeTHoe npo6eroBoe pacnpeJleneHHe ocTaTO'iHbiX S!.Qep H3 Ag npa 

U > 80 M aB ( KPHBaSI) H aKcrrepHMeHTBnbHOe npo6eroBoe pacnpeJleneHae 
S!Jl9p-OTJl8'iH H3 Ag Br ( rHCTOr paMMa). nyHKTHpHaSI KPHBBSI - nepeC'ieT 
peaynhTaTOB pa6oTbi I B!. 

18 



N 
I ' OTII. fllj. \ 

\ 
\ 

40 ~ 

30 

20 

IO 

0 ~0 

\ 
\ 

'O 

\ 
~ 
\ 
\ 
\ 
\ 

90 

\ 
~ ...... 

120 
IJ1.0J\ 8 "POe«"""' 

ISO l80. 

P11c. 6. PacqeTHoe yrnoaoe pacnpeaeneHI!e ocTaTO'iHbiX H.llep B3 Ag npa 

U > 80 Maa a v > 8· Io-3 c (Kpaaag) a aKcnepi!MeHTanbHoe yrnoaoe 
pacnpeaeneHBe H.llep-OTJl8'II! 113 Ag Br (racTorpaMMa). nyHKTHpHaH Kpll
aag - nepec'!eT pe3ynhTaToa pa6oTbi 181. 

20 


