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209 a17 
OnpotteneHbl oTnowonKH &bo~onoe H30Tonoe -~ H -44n npM C5oM6ap.'lHpOBXe sac-

At Ar·· 
"}'Ta H CBHHUa np.oTOHIIMR c anopr><eA o 'l' 120 no 660 Mae. BblaoneHKe npenapaToe 8CT8TH-

H8 npO.OO.!lHnOCb XHMft 110CKH, 6 OTHOCO:TenbH bl9 BbiXO.O. bl yCT8t181!1nJfB&nRCb M3 CRQX Tp08 a -

'48CTHU, H3MepRUMbJX C noM.OUibiO C9TO&fHO I ROHM38UW:OHHOA K8M8pbl. 0TK0Ul9HBe DbiXOnOB 
209 

~~J1 llpH 06Ry'<9HHH BHCMyTa npoTOHI.IMK 120 II 66~r&B HOIIllOKO paBKt.IM: 0,64!0,06 8 

<1,72 ! 0,06,8 TO BpOMR K8X OTHOWOHHO BbiX0£108 ~:2Jl COCT8&.~119T 0,30 ! 0,03 H 0,5 1 ! 
0,04, npH C5oMCi8pllKp08J<O CBHKU8 npOTOH8Mll C 23$epraeA 200 H 660 lV\118 , a TIIKll<O aeATpO

H8MH C 9H9prKOA 400 M&B, llRR OTHOWGIIItll i1n- nony'%~bl BORH'<RHbl: 1,31! 0,28; 

3 At 
I ,4 ! 0,43 .II 1 ,52 1 0,25, MO>I<llY TOM K8.1( OTKOWOHKO J1T panno: 0,28 ± 0,07 

At 
0,6 1 ! 0,13 H 0,52 ! 0,1 5 , COOTBOTCTBOHHO. 0Cipa301!18KHQ nep04HCR9HHbiX H30T0008 8CT8TKH8 

paccMIITpHeoeTcR &aK pe3)'RbT8T ocywe<:Tenenn« BTOPH'IHbiX p<>111tuaft 3axeaTa Ha.u6apbepnblx 

Rll9P He
3

, He
4 

H RHTIIR, llOny'<IH'MbiX 311 C40T MHOI"O'<IICTH'IHbll< B38HMOLI9ACTBHA HYKROHOB 

OpK BbiCOJ<HX 9H9pi"RRX, l-13 paC'IQT8 BNXOliOB H8CiOIOQ89MbiX p~81tUHA THDO I a ,'j 2 0 

I a, 4 n I H I a , 6 n I n a Di K H&Ciopa peaKUHA OT I L/ , n I D.O I Ll , 8 n 

I; 

na Pe Ka•oecTe&HKO onpeneneubl 3HepreTM'I&CJ<Ke cneJ<T pw 3aJU!IITbleaeMblx cl>pa;.MeHTOB c 

&tteprHliMB OT 20-30 ao 100 Mae. CnoKTpbl ti>p&rMeuTOB e oCioHx cnyqallx pe3KO OTI1H4aJOTCR 

OT RCR8pHT911bHWX H Q/111 8J npK 3HOPI"IIR 120 M 98 RY'<UJ& BCCI"O ORBCbiB&IOTCA KP"BOI 

TKR8 //£~ 

Abstract 

209 207 
In bombarding bismuth ond lead with 120· 660 MeV protons, the ratios of _ ~ and _ ~ 

1 
isotope 

AI A! 
yields have been de!ermmed. Usin<;J chemiC'll r.-.ethods, the astatfne was separated, while the rela11ve yields ,.ere 

obtainerl from the L particle spectra n:eosured by means of a qrld lonlzatfon chamber. In lrradlatlno bismuth wl!h 120-
209 

• 660 ~:eV protons the ratio of the .'\!.,..., yields has been found to he0.64 • 0.0€ and 0.72 • 0.06, while the ratio 
207 Af~·' - -

of th" -:btt- ylel<!s- to be :>.30! 0.03 and 0.51 t 0.04. 

In bombarnlng leo1 with 200 and 660 MeV protons, as well as with 400 MeV d~uterons the followlno valuos of 
209 

~f111 ra:!o have been obtained: 1.31.!. O.JS; 1.43 !. 0.43 and 1.32!. 0.25. 
Ai A£207 

As for ~IT rotfo, II equals: O.l8 ~ 0.07; 0.61 ~o.n and 0.~2 '..0.)5, respectively. 
AI 

The above-mentioned astatine Isotopes are reqarded to bo produced In the secondary reoctlons In which the over-Coulomb 
3 4 

He , He ~d lithium nuclei due to many partlci<Hnteractlons Involving high onerqy nucleons are captured. The 

energy spectra of the captured froqments with ener!e~ from 20-30 up to 100 !.-!eV were determined qualitatively from the 

colculotlons of the yields of the observable reactions ( u, 2n ); (a, 4n ) and (a, Gn) on 01 and aon:e reactions from 
6 7 

(LI ,n)to(Ll .8n)onPb. 

The fmQmen\ spectra in both cases ore very much different from evaporative ones, and for Bl at 120 MeV ore best 

descrlherl as 1/E 
3
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B a eaeH H e 

Hl.lC'T OSlW8Sl pn6oT a Sl B I!SleT CSl npoaon>KeHH e M UHK I!8 paa H OX H M H 'leCK HX R c c nenoaauRA T a K 

H83bJB8eM b!X • a T Op H 'tH bJX • p e8 KU HH 3 8X B8T8 H 8 !108 pbepH LIX Qlp8rM e HTOB , B !lllHH OM Clly 'lae 

peaK ull ll o6pa30 B8 HHSl HJtep a cTaTHHa I z - 85 1 npH 60M Oll p n HpOBK G BH CMYT8 I z : 83 1 H 

cBHHil8 I Z 82 I npoToHaMH Bb!COKHX s u epr u fi . 

B BblllOI!HC HHbiX p aHee no 3To A 
l i -31 

T<>M e p800T 8X H3Y'I8 Jt0Cb 

ayu..!HX TSl >Kell b JX H30T o noa - At 
21 1 

H At 
2 10 

B bJXOAbl HX o npeaeneubl HenocTaTO'lHO 

T O'IHO 1i yCT /l H8BilH B8JtHC b H3 p 83JJO>KCH H Sl 06UtH X KpH B b ! X C08!18 a -p8!1H08K THBHOCT H H8 

l i - 4 1 
OTACilbH bie n e pHOA bi . T c M He M e Hee 8 Hlli!H 3 Cl?'lCrHIA 00p 830 B8HHA BTO pH 'l HbJX peaKUHA 

Ia C llY'J8e B H CMyTa HMH SlBilSliOTCSl, no-aHA 11MOMy, BTOp li 'HI I>I C I a , 2 n 
6 

p ea KUHH, a a c ny•Jae c eHHJ!a - u e l!blll Ha6o p p ea KUHA OT I Li, 3 n I a o I TJi 

I H I 
7 

, 5 n 

a 3 n I 

I I noaeo-

111111 OOilY't i1T b npe.acT ilB.ll e HHSl 00 3Hepre TH <t CC K 0 M C n e KT pe 38XB8TbJB8 e M b lX <PparMeHTOB, 9Hep

rHil K OT Opb! X 11E!il' 81' B 11HTepB81lC OT 20-3 0 HO 50 M 3 8. 

H acT OSlii i ASl p a6o T a nocT atweHa c uenb JO onpe.ae n e HHSl BbJXO.aoe cpa eHH T CilbHO nerKH X 

npO.O YKTOB BTOpH 'l H biX peaK UHI\ , 8 li:-.tCH HO : U30 T OflOB At 
209 

H At 
207 

0 6pa3 0 B8HHC y Ka-

38H HbiX npo.ay K T O B B 03MOMHO npH 38XB8T C cPPS r :-.teHTO B C OOJtee Bb!COK HM H SHCprHSlMH 

I ~ 50 M ael .On peaene HHSl B biXO.aoe a aecb c nenanbl nyTeM H3 M e p e uHSl a - c n e K TpO B I! 

OOllH OCTbiO U C K I1JO'l8 10T nOrpeWHOCTI1 On peaellGHHSl XHM H'lC CKHX B biX O!lOB H M O HHTOpRpOB8HHSl 

ny'lK8 60,!0ilpAH p y10tUU X '18CT I1U. 

12 1 
B OOI:.JT ilX K COCilb30B8.'1 11Cb o6p 83Ubl BHCMyT a B b! COK O I% YI1CT 0 T b l , O OJJY'H~HHble 113 r H-

I3I n1• n b 
p C,.:.l)I,IQT il , I~ C !I C IHIIlJl b H O O'IH LUe HHOrO CBI1HLl8 • K O HTpOJtb ' I HC T OT bl np e n A pCI T OB K r 

n O K838J1, 'IT O ll pllKTII'l P. CKH OHH 1-1 0 COEte pn<aT npnM eCf' fl 0 0 /lC II bl X .::t J15l IIBC 6o n eP T Sl)I(Cilb! X 

aneM C flTOB . 0 6.rly<t c nK e o 6pa3 u o n u a C11H X p01t HKno -rpoH e OvHI VI npono;tHnoc b a y cnosHI1x, 

12 31 
o nHC8HH t:-JX o paooT ax ' . BbJ.<CileHIW acT a TI1 JIIl 113 o6ny•JC flfl ui X oopaa u on o cyw ecTenHnocb 

C npKMe!l eii H CM T CI'lJiy p a l} K 8'1<'lCT UC HOCMTe n SJ , C rJOC J1Cf1YI0LU 11 M OT~CI!e JJH C~I fiCT 8 TUH8 OT 

.4. 151 . n 
HOCHT eJJSl ,.K<.;TpBrllpOllll iiii CI\.1 B lll!ll30!! p 01111110BI,:ll <J't,u p H p e 3 K CTpll K U IIH p HrOT OB IT C HRC 

TOHK OC' .IlO I\ Hblll. IICTO 'l H I ! K OB, npH r O!l H b!X .::tJJSl J.I")MCpCH H I\ 110 a -COC KTpOMCT pe, OCHO B bJB illlOCL 
16 1 

H8 II COOilb ::lOBOHHii SlBJlCH H Sl OC8 1K.::!CHIHI 8CTQTH H8 H8 f!OJJ H pOBOHHYIO OOBepXHOCT b cepeopa 

H3 COI! SlHOK H CflOr O p aCT BOpa 8CT8THH8, nony<taGMOr O nocne pe3K C T p8 K UIIIi • .Q H C K M C T8Jl.'lfl 'lCC

KOrO cepeopa , JI OBP.pXHOCT b KOTOporo COnpHK llC8Jt8Cb C CO/l SlHOKHCili>IM pllCTB OpOM , Bp8 LU81lC Sl 

co c K opoCT bJO 60 o 6h.tHH . 3a:-.te'le~to, ••T o npH JotcnoT HOCTJl pacTeopa 1-2 N n o H C l 11 

0 T CM OGp a T ype 70 C llpatJtCH t!e ."liiCK 8 B T e'tC HH C 20 )I,I J.IHYT Op iiBOQ iiT K 6onee 'IC M 90% -uo My 

OCa>K!lCHH IO aCT 8THH8 H 8 cep e6p e . n onHOe BpCMSl n p arOT OBIICH HSI I!C T 0 'fH H K8 3 8HH M8J10 2 -3 

'lllCll , H 00bi4HO 118 MH IJI()H b H8 HOC:! .,OCb OT 0,2 llO 0,5 '18CTH OOwerO KOJlll 'leCT Ba 8CT 8TK H8 

a o6ny'le HH OM o5paau e . 

3 



J.1a:-.tepe11HSI CliCK TpOB npOBO.::tHJlHCb C liOMOLUblO C9TO'IKOrO 140HH38UHOHHOrO a -cneK-

/1 / 
Tp0 M9T p8 B p83JlH'IKbte MOMeHTbl Bpe!>.li?!IH, 'ITO rt03B01l.lli10 OOMH MO BCJ1H'111Hbl 9H9prua 

oueHHBSTb n epHO!lbl nonypacna na y Kan<..:lOA a -rpynnbt . npH H3M epeHH.RX npenapaTOB C 

!lOCTSTO'IHOA HHT9HCHBKOCTb10 HC00ilb30BOJ1HCb C O eUHSJlbH ble M9XSHH'I 9CKHe K OJ1JlHM8T Opb1 , 

ana'IH TenbHO JtOppe KTH pylOtune CHH Ma \3Mbte cneKTpbt . T aKne MHUJ9HH 6btn H T aK >~<e npHrO!lHbiMH 

!1 11.11 HS6J110!19Hllll !lOilrO>l{HBYLUHX 'l0'lC(1HHX OOJ10HH9BbiX a -aany'l a T e n e ti, HaK anm1Ba9Mbtx 

38 C 'I9T K-aaXBtiTS H9KOT0pb!X H30 T OOOB 8CT8THH8 . npenap8T bl CJ1850it HHT9HCHBHOCTH H3Me

p!!OHCb 6ea K OJ1JlHM8TOpOB . 3TO H9C K01lbKO YXY!1W8i10 TO'IHOCTb peaynbTaTOB H3-38 yB9JlH'Ie-

Hill! OOrpewHOCTCA npll p.l,l IO·hefiiHI u - cneJt Tpos. B c na6blx npenapaTax He yaasanocb 

H86J110.:J8Tb H£1KOO:t9HIIC LlOilrO,hHBYILIHX OOJ10HH9Db1X H30TOOOB. 

Ha pHC. 1 OpHBe..'J.eHbl npHM 9pb1 H80!ll•>:t8eMbiX B HSWIIX 00b!T8X « -cneKT pOB npena-

p8TOB At R Po H HX llll.9HT!Hp11K •IUHSI: 'l/ C KO!li111MaTOpOM; 6 / 093 KOJ11ll!M8TOp8 H a/ a 

cneKTp l].0'19pHHX llOilrO ·,{ HBY IUIIX 1130TOnOB nOJlOHII SI , .QnSI a -'ISCTIIU C 3Hepr11SIM H 

5,86 ,\\98, 5,75 /V\9B II 5,84 ~\\38 IIOIY'teHbl Ci19 /lVIOlll H 9 3H8'!PHHSI nepHOll.OB nOllV(18C08!108 

7, 1 - 7,8 '18C; 1,7 - 1,9 'IBC; 5,3 - 5,7 'ISC, COOTBCTCT89HHO , T a K HM 00p8.:l0M OL1H03 Ha'r-

/8/ 21 1 207 
11 0 ycTaHoaneHo o5paaoaaHII P c:1en yto!UHX H30T tHtOB acTaTHHa: At , At H 

209 211 
At • 0 6paaosaHne At nonTnep,KnaeT CSI TaK ;Ke HtlnH4HeM rpynnbl 

211 
u - 'laCTH u c $HeprH eA 7,44 Mas, llcnycKaeMol\ KOpOTKO >t< IIBYWIIM Po , B03HRK aiOWIIM 

211 a M H weH II acnencTBHe K -aa xeaTa y HeKoTopoA '18CTH H30Tona At . Y 'lO'IepHeli non-

ron< Heywen a KTIIBH OCTH / pB c. 1 a/ H a5ntO,..!IW H Cb a -nHKH Po
211 

I E ~ 5,3 M 98, 

T 138 !:!HI 11 Po
208 /E = 5, 1 M 9a , T ~ 2,9 ."JoT/; 

0THOCIIT 9ilbHbl9 Bb!XO!lbl H30T0008 C p8311114Hb1MII MaCCOBhlM II 4HCrlaMII p8CC'IIITbiB8llHCb 

H3 BK•18!lOB OTnenbHblX a -rpynn 06b14HbiM H COOC06aMII p8H H OXII'-IH'1 eC KHX IICCJle!lOBaHI!Ii, 

T ,U , C y'leTOM H8K00fl8H HSI npll 06ny•teH H H H (11COa!l8 OOCJ19 K OHUa 06ny'le HHSI, 8 TaK >Ke nap-

ltHa!tbHOI! !101111 a -pacnaAa. n .apuH8JlbHaSI JlOJlSI a -pacna!l8 y ~130TOOOB At 
2 11

, 
A 209 207 /8/ . t H AI npHHHMaflaC.b, COrnaCHO , paSH OA: 41 %; -5% H ·- } 0%, COOTB9TCTBeH-

210 208 
HO. n pennonaranocb, 'ITO At H At pacnana!OT C.Il npen :-.lytueCTBeHH O nyTeM K -

210 208 
3AXB8Ta, a noqepH B e P o 11 Po -TOnbK O nyTeM a -pacnana . B sonli !liiC b nonpaBKif 

HA nOTep~ B C48T9 u -4acTuu Ha-aa HanB'IHSI MepTeoro apeMe HII cneJCTpoM eTpa 11 H8 pac-

nan KOpOTKO>l< HBYWIIX H31ly'faTef'Jeli npH .:J JTHT8!tbHbiX 9KC003HUHSIX , 

PeayJJbTaT bi H3MepeHHII 

Halt::teHHbl9 OT HOCHTe!lb Hble B bi.\O.:lbl npuB~.:teHI! B T a5n11Ue l , r.:te Y K 838Hbl T aK>Ke 3Ha

't9Hfl.ll 803MO>KHbiX OT KJ10H9HIIR, ycpeJJHeHHble llilSl Bo:e l.\ cep HH OObiTOB, .0.1111 BlfCMyTOBb!X 

06083UOB OTHOCHT9flbH bl e Bb!XO!lbl Onpenene H bl ll0CT8T04HO H8 Jle>l< l!ll , T8K KBK B OOilbUJ HHCT-

89 Oflbi TOB 113M9p9HII!I npOBOllllllHCb C KOJllliiMSTOp OMH , Pe3y!tbT8Tbl OTlleilbHblX H3M epCHHll COB ... 

na!la!OT npyr C !lpyro'l B npeaenax B03MO>KHbiX OUJ IIOOK B TO'I 'IIICflC H TOr::t8, KOT .. ta OHII 

0 pORO.::t 11.111Cb 6e3 KOJlil BM8TOpOB, 

4 

B Kr 

np 1 

"' :;; 

K< lb~ 

C~ XC 

I 10 I' 

ti60 H 

f IIT('Jlf 

Jllepr. 

OTHOJJI 

n y, npr 



MH 

e-

3:-

a -

·B 

q-

WHM 

non-

I H Cb 

nap

. l 

K -

KH 

~ pac-

!HHil COB~ 

8 OHH 

T a (5 n H u a 1. 

0 6 - 3H ~;pr11 SI 

p o - 'l8CTIIII, 0 T H 0 c II T e n b H bl A 8 bl X o a 
3 e u ;\t\ 3 8 2 10 A ._2<?.~_ AJ._2_08 _ A.L~~T 

nHT9p8T y p a 

:~ ~2 ! f A 1211 A t 211 At 2 1 1 

npOTCIII bl 

66 J ,\t\ 38 0 ,81:tCI , 08 o , 7 ~ :!:o , on 0 , 40! 0 , 04 0 , 51:!;0 , 04 HacT.pa6 . 
:l 660 Mas 

P a6/
2 1 

e> 0 ,82!0 , 12 
X 1:.:: ~) :\t\ a a 0 , 96 0 ,6 4:!;0 , 06 0 , 5 O, JO:!;O, OJ 
= HacT.pa6 . 

:0 
.., . ,\\38 0 , 6)~0 , 10 Pa6.

121 
-'--' 

u l 5J ,'1/\ 38 1 , 02~ 0 , 20 0 ,81!0 , 22. 0 , 22-:tO, ·)5 () , J. J::_ G , 04 
/ 4 / 

Pa6 . 

n p o T O Hbl 

1)6 I 
,\-\38 1 ' 4):!;0 , .1) J , 6l 10 , 1J HacT . pA 6 . 

t- (0 , 62!0 , 12 ) 
:>, 

') ~-· .\ \ 3 & 1 , )1~0 , 28 0 , 28+0 , 07 
?. ~ v'-

(.) 
(0 , 56!0 ,25) 

:::: Ll !' I1Tp0 Hb1 

ClJ t, ( .\\ ::>H 1 , 52::0 , 25 0 , 52-tC , l5 
( 0 , 72~0 , 10 ) 

a - ' 11\CTH ll bl 

~~ 
... J ~ , .\\38 ( 0 , 71:tu , J5) 

8 Kll 'i PCT BP K OH T pO:J SI Mbl U C"1101b 30B8111 'liP'' t<>1P1111C' OTH OUoC•IIHSI • 3 T a B E>Jl H 'lHHB 

12 1 
np.1 660 ,o\\ 3 8 X Op O !IIO COr : J;H;V8T C fl C B••l f1LJUII O I\ OTII O IJJCHH H, IIB ii Jl P. IIJI O !l B !.W 6 0 T e np H T Oll 

lh au e p r u u n p o T OHOB . 0 1 1111KO 3na•toHue u pH 120 ,\\ ::~a, IIO·'I' 't e nn oe a n acT OMule H p HiioT e , u ec-

/2/ 
K ( l bKO OT 1 11 '1 8 e T CH OT BC.'t:! Y H HI>1 , ll f> IIB 0.'1 11MOI\ B , J t:ISI "3 Hf'prH H ll flC)T OHOB 130 :\-\ 3 8 . V!MeeT -

At 2J0 
c~ xopo u•co c o r .l .tC H C :-.1 e'r' IV 11<-''111 ' 1111L'l\HI cYrnow e u1n1 "IT , n o n y••enn J,J ,1H H!l l\.1 H '1 J1S1 

Ar-

14 1 
1 20 1\-\aa 11 H 8H 11JJ:O.IH •J; p llllll\ IChll \ HCC.'!CrtOBOT P. .'l e il npn ~H f>prH H I SO ,V\ 3D . 

K IlK B lLl H O H3 T 86n . 1, <>TH01JleH HSI 8 1.1;>.0 lO B H 3 Ol!CM\' T (l 11p 11 3HPprl!SI X 

/•I t 
b6Q H 120 ,\\ 3 B npli \!C pH O •l U11f(lK()H i ol li 

2Ui 
C0hllll'HI10 T co 3 H8'1"1111 P. M , IIOti..:tf!lllli ,(M B • OTJ~()-

<' IIT P.JlbH blil B b iX.OJl A t
21 1 

n p u ::l ii ~'Pr rnt 660 ,\t\ :10 OKa3 1.JB!l e T c Sl 

A t 
fl U 30'!',., II 11p11 

311eprHII 120 ,\-\3B- 11 0 'lTH 1\ lBOC' M "llb UJC , 'lC' \.1 

it p HM C P.H O 

At209 
OTII O!UeH UC llf>IXO.QOB 

211 
[}pJJJi'III JI.'J 

207 
A t 

OTH 01 11e HHSI 2 At 11 14 1 
HV , npHB01l iiMYIO B 

A t 

l !Hl 120 ;\'\ 3 8 B Jl(lCTOfl iUC'll pa60T C' 8 T pll pcl>ll ll!JI'I11.1111 1<'T fi''Jlll'JII 

( I pwiH'P"" T lK Oe> ,, " p acx o>K:teH n e M E>>1<.a y na u1 11M11 01JTHLten o nH il MH H 
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/ 4 / 
.08HHbJMH pa60Tbl l!M99TCR ~ OTHO W9HHR 

At 
RCHbl, EcnH .OJ1R OTHOWGI!HR --nJ- MO >KilO 

At 

AtLIRJ 

AflTl 

Til 3H8'19Hifl! cpp8HIIY3CKHX lfCCJ1e.QOB8Te.fJCil, y K OTOpblX 

x / 
np1!4 HHbl pOCXO>K.QeHHA H e 

COMHeB8TbCR B np8BHJ1bHOC

U - I!H KH 8 CfiCKTpaX HMPOH 6DJ1b-

UJYIO nonyUJHpHH~/OB

OTHOWeHHe A~ 

90 K 3 B /, TO aT a npli'IHH8 , rw-aH.OliMOMY, 

14/ 
BpR .a J1H 05nRCHReT M e HblU GC 

a pa6oTe 

K FIK BH.OHM, C H8H 60J1bWHvl Bb!XO.LlOM H3 BliCMyTa npH JlBYX aHepriiRX l!Olly'ICH bl TR>I<e-

2 ll 2 10 209 
J1ble H30T Onbi acTaTHHa I At , AI 11 At I . YMeHhWCH He Moccoaoro 'IHcna 

1130T0l18 np1180.0HT K H e60J1oWOM y HPperymlpHOMy CII H >K CHH!O Bb!X OJ\8, YM e Hb UJe HHC a HeprHH 

08.08lOillHX npOTOHO B OO'ITII B 6 paa, II O-BIIJlHMOMy, ue BJlHSICT H8 OT!IOWeHHe BuiXO.QOB Tll>Ke-

J1biX H30 T Oll08 II C HH >I<8eT OpHM epHO B.QBOP OTHOCl!TenbHbl9 Bb!XO.D.bl nerKHX Ruep . 

.UnR CBIUIUOBbiX 06p83UOB npHBO.OHM ble B9J1H'IHHbl M9H ee TO'IHbl BBH.OY MeHbWero 'IHCJ18 

Onpe.aenf'HIIIl II 803MO>KIWCTH BH9CCH HS! Cy6beKTHBH blX O W H 60K Opl! p83J10.>!<eHHH cneKTpOB, 

TeM He Menee, 60J1bUIHX paCX.O>I<JJ.eHHA Me>KJJ. y OTJJ.eJ1bHbiMI! H3Mepe HHRMI! He 06HapyiKHBaeTCSI 

209 
I! OTKTlOIIeHHR OT cpe.a Hero COCT8BJ1RlOT MeHbUJe ::!:: 30%. Bb!XOJl AI OK83biB8CTCR H8 

'l 

30-50"<, BbJWe, •IeM Bb!XO Q At .ll 

207 
H llO'l.TH He MeHSieTCR C i!3M e nenHeM 3Hepr11H npOT OHOe, 

B epoRTHOCTb o6paaoaaHWR At a nacTOSiweA pa6oT e onpeaeneHa 6onee TO'lHO, 'l.eM a 

131 
npeLlbl!lYtJleA • Ona COCTaBJ1Re'T' npi!MepHO 60~ OT aepoRTHOCTI! 06p830B81li!R At 2 11 npH 

aHeprl!H 660 M a s " yM e nbwaeTcR Ia 2 paaa/ npH nepexo.ae K aHeprHH 200 Mae. 

B uenRX npoeepKH 6blnll npoacnanbl n o aTO pHbl c onpeaeneHHR OTI·IO WCHIISI Bbtxo.aoa At 207 
.) 

At 
2ll 

H3 CBI!HllOBbJX 06p83UOB nyTeM poano>KeHHR KpiiBbiX. pacnana . KpHBble pacnaaa paa

xx/ 
naran11 H 8 aneKTpOHHOI! Bbl'l ii C llHTe llbHOI! M8U111He 110 MeTOLly H8HM CHbWHX KB8Llp8TOB , 38£18-

B8SI 3H0 '19HHSI KOHC T 8HT p8Cll8Ll8 IICllYCK8eMblX 
18/ 

a - 1!3J1y 'leHHA • n ony 'leHH ble L18 HHble 

npiiBO.LleHbl a T06il, 1 a CK06KaX. M eHblU8S1 TO'l.HOCTb Onp eneneHHSI OTHOWBI! HSI LlllR npOTOHOB 

c anepruc A 200 f\\ 3B H a -'18 C TIIU o6yCJ10BileH8 60J1bU!IIMII CT8TI!CTH'IeCKHMU O!UR6K8Mlf 

np11 H3M t>peuH« cna6oaKTIIBHbiX np l"napaToa B 3THx cny'laflx. 

K 8K BHllHM, OTH OCI! T enbH b l f' e b!XO!lbl At 207 , n ony'lf' HIIbl<' aByM S1 pa3HbiM If cnoco-

68M II, D.J1 SI O!lHIIX 11 T ex .-he 6o:v~ 6ap.OHPY!OWHX 'lllCTHU COrnacy !OTCSI 11pyr C .apyrOM B npcn.P-

207 211 
nax owH OOK uaM e pCHRii. llocT onncTeo oTHO weHHSl At I At a nR6oM oapLl HPYIO U!HX npo-

T OHOB C 3111"pr11 CH 660 J"V\ ~B , n eATpOIIOB II u -·~acTIIU llhiCOKHX 3Hepruii yKaabiBacT, 'ITO 

Tlln HOJ! CT8 lOlllCH ' t8 CTI11lul He Oll[lC'1eJ1SIOT Bf!lli!'II!Hbl OTIIOW9HIIS! BLIXOJJ.OB YK838H H blX 1!30TO-

1108 11, aepOR T I!O , cywecTBOHH8 J111Wb RX 3 HeprHR. 

xl 208 14 1 fl pH pac•Ie Te B bi XOaa At e r o n e pHO.a nonypacna.aa npHHHManc R, K8K 11 a , paa-

llb!M 6,3 '18C , nocKonbK Y npHMecb H 30Mepa At 208 IE =5,65 Mae, T : 1 ,7 Yac/ecml 11 ecTt..,To 

He3H8'111T OJ1bH8R, T.K . H e 06Hapy>KeHa 8 H lllll liX 1!3M e peHI!RX . 

XX I 
AeTO p bl npKHOCSIT 6naro.a apHOCT b H.H . roaopyny, E.A.no rHHOB OR II Vf .H. CHnHHY 

} 
Bblll0J1HH8WHM p83llO>I<eHHe KpHBbiX p8Cil8£18 H8 3J1eKTpOHHO-ebt'IIICJ111T ellbHOR M8WI!H9 , 
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r 

06Cy>K .aeHH9 3KCnepHMeHTallbHbiX .OaH HbiX 

VI30 T 01lbl aCT8THH8 C M8CCOB bi MK HOMepeMK OT 2 11 .00 207 llpK 6oM6ap.OKpOBK e B HCMy

Ta npOTOH8MH BbiCOKHX 9Hep~KH CKOpeA BCe~O 05pa3y~CH BO BTOpK'IHbiX pe8 K UBHX 3aXB8Ta 

<tJpa~MeHTOB TRna H e
3 

H He 
4 • B mnepaTy pe HeT c s e.aeHRII o sepoHTHOCTHX KcnycK aH K H H3 

Bi H LlEJp 1Ie3 11 He4 c B biCOKH¥11 KHHeTa'leC KHMII aHep~IISIMH. VIMeiOT CSI aaHHbie lliiW b oT-

HOCHTellbHO Bb!XO.OOB YK838HHbiX Haep C 3Hep~HSIMH M eHbWH M K KYilOHOBCKO~O 6apbepa K T OJlb-

/91 3 
KO .OilS! 30JlOT8 K ypaHa • ,UonSI He B IlHTHpyeMOA pa6oTe oueHJf Ba e TCS! B 10% OT 'IHC-

118 Cl - '18CTKU. np11HHM8SI 9Ty OU9HKY Cllp8B9Iti1HBOA .OilS! Haw e~O Clly'18SI, 6y.aeM C'IK-

T8Tb, 'ITO llpll 60M6ap.uHpOBKe BHCMyTOBbiX 06p83UOB KM9IOT MeCTO BTOpK'IHble I a , xn I 

= 2,3 ,4, ••• 6, 8. .BKI18.LlOM BTOpK'IjtbiX peaKUH A C SI.Op8M K lleJ pe8KUKK CO 3H8'19HKSIMH 

npene6pe~aeM . 

X 

6 Clly'!ae CBHHUOBbiX o6p80UOB Ocyw eCTBJlReTCSI WllpOKHII Ha6op B T OpH'IKbiX pea.KuKII aa-
6 

XB8T8 SI.Oep JlHTHSI, OC HOBHO H BKJ18D: cpe.aH KOTOpbiX, nO-BH.UHMOMy, .0810T peaKUHII OT I Li, 

I I Ll. 
7 ~ 8 I T 6 Bt' Pb n .00 r. n , 8KHM 0 p830M, K8K B C I1Y'18e , T8K H Mbl CTallKHBa-, 

eM CSI CO BTOp K'IH bl MII p e8 KUKHMH C p8311H'IHbiM 'IHCJlOM OC B060>K.U89M biX HeATpOHOB, a, cne-

.llOBaT ellbHO, C aKTaMH 38XB8Ta <lJpa~Me HTOB C .OOCT8T O'!HO W HpO KHM Cll9KTpOM KHHeTH'I eCKIIX 

aHep~HA IKaK 6y.aeT BH.OHO HK>Ke, npaMepHo o T 20-30 .ao 100 Mea l . KaHeT a 'lecKKe auep~KK 

<lJparMeHTOB H9pe.aK O B H9CKOJlbKO pa3 npeBbiW8IOT llOilHYIO 9Hep~HIO CBH3K acex ero HYKilOHOB. 

Vl c nyCKAHHe <lJparMeHTOB CO CTOilb B biCOKIIMB 9Hep~HS!MH H9 H8XO.QHT Y.OOBJ19TBOpHTeJlbHOrO 

T90peTR'IeCKOrO 06bSICH9HHSI B HaCTOS!Ulee apeMSI. rna.BH09 38Tpy.OH9HIIe ne >K HT B 06bHCHeHHH 

T OrO, K8K KOMilJ19KCY HYKJlOHOB nepeaaeT CSI OT 6oM68pll1tpyiOUle~O npOTOH8 K K HeTH'I9CK8SI 9H9p-

~RSI, B H 9CKOilbKO p83 npeBbiW8IOW8S! llOilHYIO 9HeprKIO CBH3K BC9X HYKilOHOB , H KOMUJ19KC npli 

aTOM He paapywaeTcH . M bl npanHCbiBaeM TaKH e co6 biTHH npRMbJM 8KTaM MHO~O'IaCTH'I H biX 

aaaHMo.aeltc TBHII uaneTaiOLUero npoTona a HyKnOHOB Hllpa . B oaMO>KHOCTb cywecT aoaaHIIR MHo-

13/ 
ro'laCTH'!HbiX aaaHMo.aellcTDKA npellcKa3bJBaeTcH MeaoHHOA TeopHell st.aepHbiX c Hn • O cHoB-

HOA aalla'lell npeanpHHSITO~O H8MH llHKJ18 H CCnea OB8 H HH BTOpB '!HbiX peaKUHII SIBJl SieTCSI H8KOn-

119HH 9 9KCil9pKM9HT811bHbiX .aaHHbiX 06 STOM KHT9 p9CHOM SIBJ19HHH, B '!8CTHOCTH, nony'!eHHe 

OL!HHM M9T O.OOM /uanpHMep, p8D:KOXHM H 'IeCKHM I caeneHIIA 0 aepoS!THOCTSIX MHOrO'I8CTH '!HbiX 

aaaHMoneAcTBKA npoToHa aaaaHHOll aHep~HK c paanH'iHbtM 'IKCilOM HyKnouoa Hapa. B 3 T OM OT

uoweHHH H3) 'leHKe BTOPH'IHbiX peaKUKi!. XOpOW O llOilOJlHSi e T .OPY~He Cll0C06bl I!CCJle.QOBaHHli, H 

'!aCT O IIBnH e TCSI e.OHHCTBeHHbiM I!CTO'!HHKOM ueHHOII IIH<lJOpMaUIIII. 

B oa nHKaeT aonpoc - TonbKO nH BT OpH'IH bte p eaK u KH npaaonHT K o6paaoaaRHIO Ha6niOLia.e-

111 
MblX K30TOIJOB a c T8THH8 ~ KaK OTMe'!anOCb B , 06p830B8HK e nerKHX H3 0 TOI10B aCT8TK Ha H3 

BHCMyTa B03M O>KHO TaK >Ke DO peaKUHII 3SXBa Ta npOTOHa BbJCOKKX 9 H9p~KII , COllpOBO>K.OaeMO-

~0 KCilYCKaHKeM 

207 
" -M e aoHa K u ecKOilbKKX HeiiTpOHOB. B epoHTHo,ne K OTOpble K OnH'IeCTBa 

At npK aHep~KH 660 M 3B o6pa:lyiOTCH TSKHM nyTeM, ll OCKOilbKY e~O OTHOCI!TellbH~II 

B biX O.ll K8 20% llp9BbiW8eT BbiXOL! 
At 208. B llaHH OM c nyqae HcnycKanae 11 -M930H8 

COilpOBO >I< .QaeTCSI KCilyCK8HH9M 3- x Hei! TpOHOB. 0 6pa30B8HR9 n epe•JKCJleHHblX H 30TOilOB acTa-

THHa B O BCeX OCT8JlbHblX Clly'I8SIX npOHCXO.O IIT, nO-BH.OHMOMy, TOJlbKO aa C'leT BTOpK'!HblX peaK-

UK II aaxaaTa Haa6apbepHbiX SI .Oep He3 , 1Ie
4 

H nHTHH . 

7 



Ebrna C.:lPTIOIIR nont>rTK a pacc'IHTaTc. Ha01'oJ:tat>MbJC B [.IXO.:ibl H30Tonoe ac-raTiiHa npH H<'

K OTOphrx npennono ld?H.IHIX ·n"HOCJt'l'e1bllO 3.;epr·uTH 'lCCKoro cncKTpa cjJJJ8rMvHTcHl . B!A'JHCih'HH >~ 

'1/J$1 BHCMyTOBbiX 00p83LIOB OOIJ\'0 'rO ' IH. bl, 'ol'CI.I .I IJ\1 f'BUH.UOBLJX 00p831\0B , Ti!K KllK HMeeTC\1 

B 03MO>KHOCTb S K cnepHMPHT 811bH(olt npoaepKif npoMe y T O'IHoro 3l'ana pac,reTa - cPYHK•mtt 

B<.l.30yit-.UeH HH :1 1111 pe8KI\~lti 38XB8 Ta a -"laCTHU H BHCCellli Sl COOT BCTCTBylOIHHX KOppeKTF!-

11,41 
BOB. 8bi'II1C11CHHI1 npoBOLUIIH!Cb 110 CXCMdM, OflHCBHHb.IM B ¢>yHKlllll1 D036yX<.UeH IISI !11111 

I 101 
pea K uuli 3axaaTa cppa rM CHTOB Mbl Haxo.ai1JHf , cornacHo , o npen enllS! snepr1110 C BS!311 nellTpo -

- 11 I I 
'lOB 113 Tao.'lltll b l B<'pOS!THOCTb o6p a3o BaHilll Ko:-.wayH.LJ.-S!ll.pa pacc'I I1T bJBanacb no cjlopMy-

1121 
118M' npHB<•.aeHI!biM B pll6oTC' • n o n y"lEl iiHbiC cPYHKUIII1 B03 6yx<neHHll .UTISI I (l • 2 n 1-, 

I a • 3 n ;- I a , 4 n 1 - I a 5 n 1-H Ia , 6 n 1-peaK UHH ' ' . liB BIICMy-

Te npuae ... "leHbl H8 puc . 2 • Ha 3 T OM ·t-e pncynKe Kpy>K K8MII n OK838 Hbl 3KCnep HMeHT811bH ble 

3H8'l911Hll I a 2 n 1-H I a ' 3 n 1- peaKui1A 
113 1 

B HHTCpBane 3HeprHA OT 20 .ao 

.no 40 Mae. Bei1 LlY IHlJJI1'1Hll pe3KI1 X pacxO,I<.ao rml!' Me*.aY 9 KcnepHM eHT811bHblMH aaH H biMH o 

ce'le HI1llX I a 

9HeprHHX a 

(l , 5 n 1-H I a , 6 n 1- pe8 KUI!l!' H 8 BHCMyTe np11 

1141 
-"laCTHU OT 60 .UO 100 /V\ 38 H p8C'IeTHbiX Kp11 BbiX Jl iJR yK836HHbi X peaK UH A 

, 4 n 1-; I 

y H8C HeT IIOl!HOA yee peHHOCTH B npaeHIJbHOCTit Bbi'IHC .fl 81111 H e 3TOA 06l!8CTH S11 0 pr11r:i <lJpAr

/ 4 1 MeHTOB, XOTSI OHH M8l!O •JeM OTTIII'l8 10TCSI OT p OC4eTOB , npoDeLtCHHbiX B • 

3 HepreTfi'IOCKHii COeKT p cj.JpurMOHTOB 3 8 !1-'lea.1 Cn B lfHT Opaane <Hr e prul!' OT 20 II B b iUJe B 

BH.ae 11 En R l!H B cjlopMe , o nHCblBlleMoil T eopiieil 11cnapemt11 . C TaBH.lllC b aana'la no.ao6paTb 

Y .llOBI19TBOpSilOUlHe OllbiTY napuMeTpbl n II il K v II He II PHllBBBSI H!l.l rp1! 3 H 'IeC KOrO CMh!Cli8; 

floTepH cpparMeHTOB H8 HOHH38UIIl0 npH npOX0)K!le H11H B MHllleHH H8XOJJ, HIJHC b no IIO BCC1' llloiM 

115 1 
cp0pMy118M , nony'l eH H b iC pe3y11bT8Tbl l1pHBf'.:i8Hbl B Ta6l! I1Ue 2 . 

T aonHua 2 . 

B H Ll At210 At209 Ac208 At207 
CI18KTp8 .'At21T - Af2il 'At211 At'2 11 

2 
liE 1 ,:32 1,05 0,68 0,52 

3 
l i E 1,07 0 ,74 0,43 0,3 1 

3 
CpaBHHBBSI .aaHHbie Ta6l!HU 1 H 2, BHLlfiM, 'ITO cneKTp Tuna l i E y.aoeneTBOpRTe nbHO onHCbJ-

eaeT Bbi'xOLlbl H30TOnoa acTaTHH a npH 3HeprHH 120 f\'\ 3B H, nO- B I1J:t H MOMy , np11 660 Mae. 

CneKTp a -'laCTHU , 3aaaaaeMbll!' 1e0p11el!' HCnapeHHSI, He .Q8 9 T CO!"IJ8CHll C OflblTOM 

npH p83YMHblX 3H8 •i e HHSIX TeMnepavpbt ll.U pa r 11 KYIJOH OBCKOro 6apbepa v EcnH 

y n aeTCll no.aorHaTb aemt'IHH bi ~- npH v = 19 lv\ sa 11 r 8, -ro OTHo~en1111 At
207 

At A7ll 
OK83hiB8JOTCll np11 3ToM B TPH pa3a MeHbwe aKcnepHM OHT8llbHbiX. Hao6op o T, eh16op 

At207 
f = 12 Mae .OTIS! COT'T18COe8HI!R C Oflb!TQ.II,l OT HOUJeH11ll - '?Tr npHBOLliiT K 3 H /l'l liTOllbHOMY 

At:llO 210 Ar·· 
noabiWeHHlO I H& 00%1 T eopeTH'IecKoro OTHo weHI!R At Han 3 KCIIepHM9HT&llbHbiM . Cneaye T o T-

1 AfliT 
MeTKTb, 'lTO y'leT BKTI8.ll8 ffe' HeC K OTi bKO CMSlr•B!T cneKTp U - 'l8CTHU B 06n8CTK BbiCOKIIX 3Hep· 

r KA , T BK K llK T e >Ke C8Mble HpO!lyKTbl ll pH 38XB 8 Te ::lTOrO 1!30TOn8 6ylly T 11011Y'I8TbCSI C IIC IIYCKtl-

'/ 4 HIICM 'I IICT18 neATpOHOB 118 9lli!HHUY M8Hbll.IKM, 'leM np11 38XB8Te 1 e 
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