
' .J.L 
Btl 

L 

.. ' 

06bEnHHEHHblt1 HHCTHTYT 51nEP_HbJX -HCCJ1EnOBAHHt1 

-. 

na6oparopHH HAepHYX npo6~CM 

BaH qyaHb-mm, B.H. Mexe.ooa, B.H. Pbi6axoa, P.A. illHM'I.BK 

nO VICKY! 
3AXBATA 

'UftTtfj 

' 

/ 

P- 1157 

BTOPYit.!HbiX PEAKUYIH _ 
.lJ.EHTEPYIH VI TPYITYIH t e;r--
~1 rl/'1. I. 6 !, /tOP -I .. 

I I 

. . ,... 

, .. "\ 1 

• 

I, 
.lJ.y6H8 1982 I'O.ll 

-, 



.-

Baa Yyaab-rraa, B.H. MexeAoB, B.H. PbJ6aKoB, P.A. illHM'l:aK 

nOVJCKVI 
3AXBATA 

l < 

BTOPVIYHb!X PEAKUVIH 
.LlEHTEPVI.H VI TPVITVI.H 

Harrpaaneao B )K.3T¢ 

Y.tttHHWI\ HHCTvl ~ · 
WI. IICC.Ie.)I.OS;t ll · 

6nHOTEK 

.[ly6Ha 1962 rOA 

p- 1157 

·. 



, 

I 

A H H 0 T a U H H 

Pa.aHOXHMH'ieCKHM MeTO.UOM onpe.aeneHbi BhiXO.Uhi TH:»<enhiX H3 0TOIIOB M hi illbHKa npH 6oM-

6ap.aHpOBKe repM8HHH IIpOTOH8MH C 8HeprHea 120, 300, 480 H 660 ~8B. C p OCT OM 8HeprHH n p o-

74 
TOHOB BbiXO.Ubl MOHOTOHHO yMeHbW810TCH H 38KniO'ieHbl .anH H.apa As B npe.aenax 

76 77 78 
3,4-1,0 M6, .anH As - 1,0-0,38 M 6 H .anH As H As - 0,13-0,035 M6 • . ~exaHH3-

74 76 
MOM o6pa3osaHHH As H As HBnHIOTCH, no-sH.aHMOMY, nepB H'iHbie (p , x n) p eaKUHH. 

78 
Vl30TOII As o6pa3yeTCH, sepOHTHO, 38 C'ieT 38XB8T8 Ha.a6apbe pH biX H.a e p TPHTHH. npoHcxo:»<: .a e -

77 
HHe H30Tona As 6onee cno:»<Ho. OpH He6onbWHX aHeprHHX npo T OH OB ( 120 H 300 ~as ) OH 

nonyqaeTCSI, B OCHOBHOM 1 IIO BTOpK'iHblM peaKUKHM 38XB8Ta H.Uep .aeaTepHH K TpKTHH. npH 6onee 

BbiCOKHX 8HeprHHX IIpOTOHOB IIO.U8BnHiOW8H 'i8CTb 8TOrO H30TOII 8 n o nyqae TCH , n o -BH.UHMOMY, 

IIO BTOpH'iHblM peaKUHHM 38XB8T8 a -qaCTHU. 

Wang Chang-pen, V.N .Mekhedov, 
V.N .Rybakov, R.A.Szymczal{ 

SEARCH FOR SECONDARY REACTIONS OF 
DEUTERIUM AND TRITIUM CAPTURE 

Abstract 
= = 

The yields of heavy arsenic isotopes in the bombardm ent of germanium with 120, 300, 480 , and 660 MeV protons 

have been determined by the radiochemical meth od. With the increasing proton energy these yi elds are monotonousl y 

falling, and are within 3.4-1.0 mb for the As
14 

nucleus, l.0-0. 38 mb for As
16 

, and 0 .13- 0 .035mb for As 11 

and As 18
• The initial ( p, xn) reactions are likely to be the production mech anism of A; 

4 
and As 

76
• The As 

7 8 

isotope is generated, apparently , by capturing the over-Coulomb tritium nucl e i. The ori gin o f the Al7 isotope is 

more complicated. At small proton energies ( 120 and 300 MeV) it is produced, in the main , from the secondary reac

tions in which deuterium and tritium nuclei are captured. At higher proton energies the major part of this isotope is 

obtained, probably from the secondary reactions of a- particle capture. 

·-



BeeLieHHe 

!J.o H8CTOSUUei'O BpeMeHH B p8LlHOXHMH'ieCKHX HCClleLlOB8HHS'IX "' BTOpH'iHbiX"' 
11-91 

peaKUHlt 

/1-7 9/ 
a -qaCTHU ' S'!Llep 

/1-5,8,9/ 
llHTHS'I yLlaBanocb Ha6moLl8Tb peaKUMH 3axeaTa HaLI6apbepHbiX 

/2/ 
H HHOI'Ll8 6epHllllHS'I • npeLlCT8BllS'IeT HHTepec IIOIIb!T8TbCS'I p8CUI!ipHTb llH811830H H86n!OLl8eMbiX 

pe8KUHlt, B 'i8CTHOCTH , H3Y'iHTb OC06eHHOCTH peaKUKlt 38XB8T8 H8ll68pbepHb!X S'!Llep LleltTepHS'I H 

TpHTHS'I. OnbiT rroKa3biBaeT, 'iTO l'ILlpa LleltTepHS'I H TPHTHS'I aocTaTO'iHO qacTo HcrrycKaiOTCS'I c 6onb
/ 10 11/ 

WHMH 9Hepi'HS'IMH IIpH 6oM68pLlHpOBKe CJlO)!{Hb!X S'!Llep CBepX6b!CTpb!MH 1IpOTOH8MH ' , H, cne-

LlOBSTellbH O, HMeiOTCS'I B03M0)!{H0CTH Lllls:l OCyWeCTBlleHHS'I BTOpH'iHblX peaKUHlt 38XB8T8 T8KHX 

<lJparMeHTOB. 

KaK H rrpH HCCnel]OB8HHH lll06biX BTOpH'iHbiX peaKUHlt 3LleCb 0)!{Ji!Ll810TCS'I M8llb!e a<tJ<PeKTbi, 

1109TOMY B T8KHX Ollb!T8X He06XOLlHM8 Bb!COK8S'I 'iHCTOT8 o6nyqaeMb!X M8TepH8llOB H OC068S'I Tll.la

TellbHOCTb XHMH'ieCKHX orrepauHlt Bb!LlelleHHS'I H O'iHCTKH. !J.pyrag TpyLlHOCTb IIOLl06Hb!X Oilb!TOB 

38KlliO'i8eTCS'I B TOM, 'iTO H86lliOLleHHIO BTOpH'iHbiX peaKUHlt 38XB8T8 0LlH038ps:1LlHbiX lPP8I'MeHTOB B 

CHllbHOlt CTeiieiiH MeWSIOT BTOpH'iHbie (p, xn) pe8KUHH ( X =1, 2 - 'iHCllO BbllleTSIOWHX HeitTpo-

HOB) r Bb!XOLlbl KOTOpblX rrpeBbiW810T ceqeHHS'I o6pa30B8HHS'I HCKOMb!X llpO.LlYKTOB B 100 H 6onee 

pa3. 0TCIOLl8 IIOHS'ITHbl ClleUHlPH'ieCKHe Tpe60B8HHS'I Ha Bbi60p o6nyqaeMOI'O 9lleMeHT8 H MeTOLlHKH 

perHcTpauHH rrpoLlyKTOB peaKUHH. 

.. 
~eTOLlHK8 9KC1IepHMeHT8 

~bl Bbi6panH B KS'ieCTBe o6nyqaeMOI'O aneMeHT8 repMaHHlt, rrpHMeHS'IeMbilt ans:~ rronyrrpo-

BOllHHKOB, 113-38 BbiCOKOlt CTelleHii 'iHCTOTbl 9TOI'O MSTepHana. J.1CKOMbiM 9lleMeHTOM B 9TOM cny-

qae s:~ens:~eTC!'I MbiWbHK. ~ewaiOwHe 
70 74 

(p, xn) peaKUHH Ll810T HeitTpOHOllelPHUHTHhle H30T0Ilhl 

MbiW bS'IK8 ( OT As ao As }, npH'ieM OHH 06pa3yiOTC5! H3 BCeX CT86HllbHblX H30TOIIOB rep-

76 77 78 
Me)!{LlY TeM, KBK o6pa3oBaHHe TS'I)!{enbiX H30TOIIOB MbiW b!'IKa (As As H As ) 

MO)!{HO 0)!{Ji!Ll8Tb I'll8BHbiM o6pa30M IIO BTOpH'iHblM peaKUHS'IM 38XB8T8 LleitTepHS'I H TpHTHS'I H30T0-

74 76 74 76 
naMH Ge H Ge • PacnpocTpaHeHHOCTb B npHpoae Ge H Ge cocTaBns:~eT 36,7 H 

7, 7 %, COOTBeTCTBeHHO, H BKll8Llbl BTOpH'iHbiX pe8KUHlt MOI'YT 6b!Tb ewe 38MeTHb!Mii. 

npenap8Tbl 1IOpOWK006pa3HOI'O repM8HHS'I BeCOM 0,2-0,5 I', 38BepHyTOI'O B 8lliOMHHI1eByiO 

<Ponbry, o6nyqanHC b Ha BHyTpeHHeM ny<~Ke rrpoTOHOB CHHXpOUHKllOTpoHa 01-1 H 1-1. V13MeHeHHe aHep

I'HH 6oM68pLlHpy10WHX npOTOHOB llOCTHf'8llOCb YCT8HOBKOit o6p83U8 Ha p83llH'iHble paLlHYCbl Op6H-

T bl rrpo T OHOB . BpeMs:~ o6nyqeHH!'I cocTaanRno o6bi'iHO oKono 1 qaca. nocne o6ny<~eHHS'I npenapaTbi 
v 

As r e pM8HHS'I paCTBOps:lllf!Cb B U8pCKOH BOLlKe, B KOTOpyiO rrpeLlB8pHTellbHO BHOCHllHCb 10 Mf' 

H y Llep)!{HB810WHe HOCHTellH. PaCTEOp nepeBOLlHllCS'I B COllHHOKHCllhllt ynapHB8HHeM C KOHUeH-

TpHpOB8HHOlt COllS'IHOH KHCllOTOit. npH 9TOM OTI'OHS'Ill8Cb 3H8'iHTellbH8S'I 'i8CTb repM8HHS'I B <lJopMe 

Gea 4 . OcTaewHitcs:~ repMaHHlt aKcTparHpoeancs:~ 2-3 pa3a 6eH3onoM. 3aTeM e pacTeop Ll06ae-

V l1l /12,1l' 
ns:~nacb HBr Llll!'l eoccTaHoeneHHS'I As B As > H MbiW b!'IK aKCTparHpoeancs:~ 6eH3onoM • 



'' ,. 

Vl3 6eH30nbHOro cnoSI MbiWbSIK 113BneKancSI pac:rsopoM rHLlp83HHa H nocne llOLlKI1cneHHst oca)!(

Llancst B BHLle cynbqJHLla. 0KOH'IaTenbHb!M STallOM O'ii1CTKH stBnstnOCb nony'ieHHe MeTannl1'ieCKOr'O 

/14/ 
Mb!WbstKa • .[lnst H3MepeHHSI yno:rpe6nstn~st MeTannH'ieCK11it Mb!W bstK, HaHeCeHHbiit Ha q>HnbTpo-

sanbHYJO 6yMary. Bee onepaU1111 XHMI1'ieCKOr'O BbiLleneHHSI 3aHHManl1 3-4 'lac a, a XRMH'ieCKHJt Bbr

XOLl, KaK npas11no, coc:rasnstn 30-40% 

npenapaTb! Mb!WbS!Ka H3MepSinHCb Ha TOpUeBOM {3 
/15/ 

-c'ieT'iHKe C sneKTpOMarHHTOM :ra-

KHM 06p830M, 'iT06bJ B C'ieT'ii1K OTKnOHstnaCb TOnbKO sneKTpOHHast KOMllOHeHTa 11CllyCKaeMOr'O R3-

ny'ieHI1Sl. VI3MepeH11st npoBOLlHni1Cb np11 pa3HbiX 3Ha'ieHHstX TOKa sneK:rpoMarHHTa, 'IT06br o6Hapy

)!(lfBaTb sneKTpOHbl C pa3ni1'1Hb!MH 9Hepr11stMI1 . npocne)!(HBancst CllaLl aKTI1BHOCTH BO BpeMeHR Llnst 

Ka)!(LlOro Bbr6paHHoro 3Ha'ieHHSI TOKa. TaKHM o6pa30M yLlaaanOCb Ha6nJOLlaTb nepHOLlbi nonypac-

74 76 77 78 
naLla sneKTpOHOB Ka)!(LlOro H3 11HTepecyiOWHX Hac H30TOllOB As • As • As If As • np11 

Bbi6paHHOM CllOC06e perHCTpaUH11 B03M0)!(H0 'laCTH'iHOe OTHeCeHHe K sneKTpOHaM paCll8Ll8 Tst)!(e

nbJX H30TOllOB KOHBepC110HHb!X 9neKTpOHOB 1 Bb!6paCb!B8eMblX np11 y -nepeXOLlaX B HeitTpOHOLleqJH

UHTHbiX H30TOnax. no HaWeMy MHeHHJ01 LlOllYCKaeMast 3LleC b norpeWHOCTb HeaenHKa, TaK KaK KOH" 

sepCliOHHbie sneKT{lOHbi 6onbWHX sHeprHR (Mbi LleTeKTHpyeM aneK:rpoHbi c s Hepr11SIMI1 0,4 Msa 11 

BbJWe) y n erKHX 1130TOllOB Mb!W bstKa OTHOCI1TenbHO cna6o Bb!pa)!(eHbl If K TOMY )!(e OHH nerKO OT-

24 
LlenstJOTCst no nepHOLlaM nonypacnaLla. Ha s:roM )!(e LleTeK:rope H3MepstnHCb npenapaTbi Na 113 

anJOMHHHeBOJt cponbrH, cny)!(awel! MOHHTOpOM nyqKa npOTOHOB. npenapaTbl MOHI1TOpa H3r'OTOBnst

ni1Cb ny:reM OT6opa anHKBOTHOit qacTH p~CTBOpa anJOMHHHSI B constHOR KI1CnOTe 11 BhlCYWI1BaHI1Sl 

ee Ha KanbKe. 

KpHBbie pacnaLla npenapa:ros MbiWbstKa npH scex 3Ha'leHHstX TOKa sneK:rpoMarHI1Ta COLlep

)!(aT cneLlyiOWHe nepHOLlbl: oKono 1,5 qaca, 24-27 qacoa H 1 7-19 LlHeR. nepBbiR H nocneLlH11R 

nepHOLlbl npocne)!(I1Bani1Cb Ha llpOTSI)!(eHHI1 3-x nonynepHOLlOB pacnaLla, a 8KTHBHOCTb C nepHOLlOM 

26 'iaCOB Ha npOTst)!(eHH11 5-6-TH nonynepHOLlOB )!(113HF!. np11 ManbiX 3Ha'ieH11SIX TOKa (0,5 If 

1,0 A) 6brn o6Hapy)!(eH He6onbwoR BKnaLl aKTHBHOCTH c nepHOLlOM nonypacnaLl a 38-42 'lac a. 

OnpeLleneHHe BKnaLla nocneLlHeR Ha cpoHe npeaocxoLlstweR ee aKTI1BHOC TH c nepHOLlOM 24-27 

'!aCOB LlOCTHr'anOCb C llOMOWb!O ClleUHanbHOr'O MaTeMaTH'ieCKOr'O npHeMa npeo6pa30B8HI1Sl LlaHHblX 

x) 
113MepeHHll HHTepecyiOWHX HaC y'iaCTKOB KpHB biX paCll8Ll8, KOTOpbll! ll03BOnsteT nyqwe BbiSIBHTb 

Tpe6yeMyJO KOMllOHeHTy. MaTeMaTit'ieCKOMy npeo6pa3oBaHHJO llOL1Beprani1Cb KPiiBbie pacnaLla, 113-

/16/ 
MepeHHbie npH M8nbiX 3H8'ieHI1SIX TOKa ( 0-2,0 A). nepe 'IHCneHHbJe 8KTI1BHOCTH 0LlH03Ha'iHO 

78 76 74 77 
OTO)!(LleCTBnstJOTCst, KaK H30TOnbi As , As , As H As , coo:raeTCTBeHHo. VILleHTI1¢HKa-

Uiist Ha6nJOL18eMblX 8KTI1BHOCTelt llOLl TBep)!(Ll8eTCSI cneu11anbHblMI1 113Mepehli SIMI1 ClleKTpOB KOHBep

xx) 
CHOHHbiX sneKTpOHOB npenapa:ra Mb!WbstKa 1 CLlenaHHb!X TOT'iaC llOCne XI1MI1'ieCKOr'O Bb!Llene-

Hust. B LlHana3oHe sHeprHR 500-650 Ksa o6Hapy)!(eHbi cneLlyiOW11e o:rqe:rn11ao pa3nH'IHMbie LlPYr 
~ @ ~ n 

OT Llpyra llHKH c sHepr11stMH: 555 Ksa(As );580Kss(576Kss:tle +596 Kaa As) 11 612 Kss (As ). 
77 

VIMee:rcst yKa3aHiie Ha cywec:raosaHHe n11Ka 525 Ksa (As ). 

x) 
llpHeM M8TeM8TI1'ieCKOr'O npeo6pa30BaHiiSI COCTOiiT B cneLlyiOUleM: nyCTb HMeeM Kp11BYJO 

pacnaLla A(t) = Ak.exp(t.kt)+An exp(-1.
0

t)( 1), rLle Ak li An - Ha'ianbHbie aKTHBHOCTI1 KOMllOHeHT k H 

n , KOTOpbie Tpe6yeTCSI onpeLlenHTb; \H A
0 

- KOHCT8HTbl pacnaLla. YMHO)!(aeM ( 1) Ha exp(Akt) 
:rorLla A(t)exp(l.kt)=Ak+Anexp[(t.k-l.n)t] (2). 06o3Ha'i11MA(t)exp(Akt)=y (3) exp[(Ak-t..,)t]=x 
(4 ). nonyqaeM Ha nnOCKOCTI1 X 1i y ypaBHeHHe npstMOit y=Ak+AII'C, nepeceK<!IJOUleJt OCb OpL111HaT 

npu 3Ha'ieHHstx y = Ak , a An- npeLlc TaansteT co6oR TaHreHc yrna HaKnoHa npstMoR K oc11 a6cu11cc. 

xx) Mbi npiiHOCHM 6naroLlapHOCTb co:rpyLlHiiKY OVI5H1 

p e HHSI ClleKTpOB KOHBepcHOHHbiX sneKTpOHOB Mb!WbSIKa Ha 

4 

)K.)Kenesy 1 BblllOnHHBWeMy 113Me

{3 -cneK:rpoMe:rpe. 



/17/ 
B&IXOJlhi rrepeqMcneHHhiX M30Torroa Mbilll bHKa pacc'lMT&IaanMcb aHanorM'lHO c yqeTOM 

apeMeHM o6nyqeHMH M pacnaaa nperr a paTa nocne o6nyqeHMH, a TaK*e XMMM'leCKMX BhlXOJlOB. B 

KaqecTBe MCXOJlHbiX BKTMBHOCTe~ Jl!IH pacqeTa BbiXOJlll OTJle!lbHhiX KOMITOHeHT 11pMHMM8!1MCb rrno

lllBJlM 110Jl KpMBhiMM M3MeHeHMH 'lMC!l8 OTC'leTOB aeTeKTOp8 B Jl8HHblit MOMeHT BpeMeHH B 38BH

CMMOC T M OT Be!lM'lHHbl TOKB B S !leKTpOM8rHMTe. OTH KpHBbie H8XOJlH!lHCb rryTeM p83!lO*eHHH H8 

COCTBB!lHIOWMe rrepMOJlbl 06WMX KpMBb!X CI18Jla CO BpeMeHeM 'lMC!la OTC'leTOB )leTeKTOpa rrpu COO~ 

BeTCTBYIOWeM 3H8'leHMM TOK8. YfHTepaan M3MeHeHM51 TOK8 B S!leKTpOMarHHTe COCT8B!l51!1 OT 0 JlO 

77 74 24 
3 M!IM 5 A. B yK a 3aH HbiX HHTepaan&x ToKa sneKTpoHHoe H3!ly'leHHe As , As H Na ( rpa-

HM'lH8H SHe prHH S 1,4 ~SB) ITO!lHOCTbiO OTK!lOHH!lOCb S!leKTpOM8rHMTOM B )leTeKTOp M onpeaene-
76 

HM~8 BbiXOJlOB nepe'lMC!leHHhiX M30TOI10B MhllllbHKa aenanHCb BI10!1He HaJle*HO. AKTHBHOCTH As H 

As rrpOC'lHTbiB a !lMCb B H8llleM M3MepHTe!lbHOM ycTpOitC TBe He ITO!lHOCTbiO, T8K KaK B CITeKTpe H3-

nyqeHM~ )laHHbiX M30TOI10B HMeeTCH 3 Ha'lHTe !lbH8 51 Jl0!151 *eCTKMX S!leKTpOHOB (3 M 4,1 ~sa), He 

OTK!lOHHeMbiX B )leTeKTOp 11pM M8KCMM8!lbHO JlOITYCTMMbiX Be!lM'lMHaX TOKB S!leKTpOM8rHMT8. no-

76 78 
STOMY nepaoHa'!a!lbHbie aKTMBHOCTM As M As 6&Ino Heo6XOJlMMO yaenM'lMB8Tb Ha Koscpqm-

uMeHTbi, p a BH bie 1,8 M 2,3, C OOTB e TCTBeHHO. norrpaBO'lHbie KOScpcpMUMeHTbi OUeHMB8!1MCb M3 Be!IH"" 

'lMH cpeJlHMX SHeprMA S!leKTpOHOB, MCITYCKaeMbiX TeM M!IM MHbiM M30TOITOM. npM pacqeTe BbiXOJla 

As n f3 BBOJlM!lMCb 11011p8BKM H a CaMOITOr!lOllleHMe M ITOr!lOWeHMe -qaCTMU B ITOBepXHOCTHOM 

noKpbiTHM rrperrapaTa, OKHe C'leT'lMKa M cnoe B03Jlyxa ( k = 1,8). 

YfaeHTMcpMUMpOBaHHbie TH*e!l&Ie M30T011bl M billl b51K8 M MX Ce'leHMH 06pa30B8HM51 11pMBeJleHbl 

a Ta6nHue 1. B Ka*JlOM cnyqae aaeT CH cpeaHee M3 2-x, a nHoraa M3 3-x orrpeaenenHA. B 6 ·.>nb-

lllHHCTBe OITbiTOB pe3y!lbTaTbl OTJle!lbHbiX M3~peHMii. COr!laCyiOTCH Jlpyr C JlpyroM B rrpeaenax 

:!:_25%. TonbKO B OJlHOM cnyq ae ( BhiXOJl As rrpM sHeprMM 660 ~sa) OHM pa3!1M'l8IOTCH Me*-

JlY co6o~ Ha :!:.. 40%. TeM He MeHee no pHJlY npM'lMH Mbi p e KoMeHayeM paccMaTpMB8Tb rrpMBOJlH- 1 -

Mbie a6coniOTHbie ce'leHMH aepHbi MM B npeaenax KoscpcpMuMeHTa 2. TaM *e yKa3biB8IOTCSI Bo3-

MO*Hbie peaKUMM o6p830B8HMH rre pe'lMC!leHHbiX M30TOI10B Mbllll b51K8 M rrpMBOJlHTCH MX O*HJllleMbie 

BK!laJlbl, COr!l8CHO pacnpOCTpaneHHOCTeit MCXOJlHbiX HJlep. CpeJlM B03MO*Hb!X pe8KUMit Mbl yKa3bl-

B8eM nepBH'lHhle p e aKUMH ( p, xn) H8 6oM68pJlMpyiOWMX 11pOTOH8X (noaqepKHYTO) M BTOpM'IHble 

peaKUHM 38XBaT a a -qacTMU, )le~Te pMH R TpMTH51 1 COI1pOBO*Jl8eMbie MCITyCKaHMeM HYK!IOHOB. 

I 18-211 
J3BMJlY Manoro BbiXOJl8 He Y'lMTbiBaiOTCH BTOpM'lHbiE\ pe8KUMH p8JlM8UMOHHOrO 3aXBaT8 

rr e pe'lMC!leHHbiX qacTRU 1 a TaK*e peaKUMM 3axaa T a Haep He
3

• 

74 
KaK BHJlHO R3 Ta6nMU&I

1 
c HllM60!lblllMM BbiXOJlOM o6pa3y e TcH M30Torr As CeqeHMe o6pa-

76 n 78 
30BaHMH As rrpMMepHo a TPM pa3a MeHb'fl 1 a BbiXOJlbi As H As ITO'lTM paBHbi apyr 

apyry M H a 11 0p51 Jl0K HM* e 1 '!eM BbiXOJl As C yMeHblll e HMeM SHeprMM rrpOTOHOB ceqeHue 

o6p830B8HMH BCeX H86!1IOJlaeMbiX HJlep yMeHblllaeTCH OJli!HaKOBO. 

74 

76 
CpaBHMBaH Me*JlY co6o~ sKcne pM MeHTB!l bHbie M O*HaaeMbie BbiXOJlbi y As 1 a TaK*e y 

As 1 Mbl BHJlHM 1 'ITO OHM 6!1M3KH Jlpyr K Jlpyry M 110Ka3biB8IOT 11pHMeJ?HO OJlHHaKOBJIO 38BHCM-

A 
74 

MOCTb c ya e nM'leHHeM sHeprMM rrpoToHoa. Oco6eHHO xopolll ee cornacMe MMeeTCH y s 1 rae 

paCXO*JleHMe Me*JlY O*MJlaeMbiMM H Ha6 !1IOJlaeMbiMH Ce'leHHHMH HHrJle He rrpeBbllll8IOT K09cpcpH

UMeHT 2. TaKoe paCXO*JleHMe HB!lHeTCH BITO!lHe npMeM!leM biM M MO*eT o6yC!l8B!lHBaTbCH C OJlHOit 
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120 

300 

480 

660 
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SKCIIep. O:>Kif.O. 
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74 
Ge (p,n) 

76 
Ge (p, .3n) 

t 
• 

Ta6n~rua 

CeqeH~re o6pa3oaaHifSI a M6 

As 76 As77 

SKCIIep. O:>Kif.O. SKCIIep. O:>Kif.O. 
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76 
Ge ep,n) 

.. 0,08 < 0,035 
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76 
Ge [ p( d,n)] 

76 
GEJ6( p(H 

3
, 2n)] 

Ge ( p (a , p 2n J] 
76 

Ge ( p(a, p)] 

,, 

As 

SKCIIep. O:>Kif.!J., 

0,13:t_0,045 
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76 3 
Ge ( p(H, n)] 

76 
Ge ( p (a, p n) ] 

a) H a OCHOBaHiflf Bb!XO.Oa ( p,n) peaKUiflf Ha 
69 

Ga 
/22/ 

rrp~r sHepr~r~r rrpoTOHOB 100 M sa 

6) H a OCHOB8Hiflf BbiXO.Oa (p,n) 

B) Ha OCHOB8Hiflf Bb!XO.Oa (p,n) 

66 
peaKu~r~r Ha Zn 

/22/ 
np~r sH e pr~r~r rrpoTOHOB 100 Msa • 

63 
peaKUiflf Ha Cu 

69 

1231 
rrp~r sHepr~r~r rrpoTOHOB 100 Msa 

r) CornacHo Bhlxo.oa ( p, xn) peaKu~rl! Ha Ga IIpll SHepi'IlSIX 0,5; 1,5 ~r 2,9 Es/24/ 

.o) CornacHo BbiXo.oa ( p, xn) 
89 /25/ 

peaKu~rl! Ha Y rrp~r sH epr~rstx 100-240 Msa • 

e) HansteTCH cyMMOl! oueHoqHbiX BbiXO.OOB a rop~rqHbiX [p(a,p)] ~r [p(a,p2n)] peaKu~rl!, co-

CTaanmoi.UifX 0,028 If 0,007-0,010 M6, COOTBeTCTBeHHO. np~r onpe.oeneHiflf Bb!XO.Oa (p(a,p)] peaK
Uiflf ~rcrronb30BaHa aen~rq~rHa ceqeH~rSI [p(a,n)] Ha Me.o~r np~r sHepr~ J:40 Msal 1/, paaHaSI 0,01 M6, 
a TaK:>Ke OTHOWeH~re lfHTerpanbHbiX BbiXO.OOB (a,p) peaKUHl! Ha Zn 64 20 1 I paBHOe 2,4. np~r oueHm 
Bb!XO.Oa [p(a,p2n)] peaKUiflf rrpllHSITO, qTO .oonJ'Uf1}(a,.3n)] peaKUiflf COCTaBnSieT He 6onee 1/3 OT ceqe-
HifSI (p(a,n)] peaKUiflf Ha Me.Oif, a OTHOWeH~re HHTerpanbHbiX Bb!XO.OOB (a,p2n)_ peaKUifl! H8 Zn64 

paBHO lQ/20/ • (a, Jn) 

:>K) OueHKa BbiXO.Oa [ p ( a,pn)] peaKUiflf c Hcrronb30BaH~reM ceqeH~rSI [p(a,2n)] peaKu~r~r 
Ha Me .Oil/ 1 ~ paBHOI'O 0,006 M6, If OTHOWeHifSI lfHTerpan bHbiX Bb!XO.OOB (a,~'!)__ peaKUHl! .OnSI 

70 / 26/ (a,2n) 
cnyqag MlfWeH~r Ge , KOTopoe cocTaanHeT 2 

3) Bep <HSIH rpaH~rua B03MO)KHOI'O BKna.oa [p(a,pn)] 

HlfeM lfHTerpanbHhiX Bhixo.ooa (a,pn) = 10 Ha Zn 64 

(a,2n) 

6 

peaKUHif • nonyqeHa C HCIIOnb30Ba
/20/ 

, cornacHo pa6oTe • 



C-TOpOHbl norpeWHOCT51MH B OUeHK8X 0)!{HA8eMbiX Bb!XOAOB B 3aBI1CHMOCTI1 OT Bbi60pa Tl1na Ml1llle-

Hl1, C .n;pyf'OH CTOpOHbl - OWH6KaMI1 onpe.n;e11eHI151 86C01l!OTHbiX ceqeH11H B H8ll1HX OnbiTax, Y Ai6 

11J'illlee COf'118CI1e Ha6mo.n;aeTC51 np11 M811blX 3Hepr1151X npOTOHOB (OHO T8K)!{e He npe BOCXOAI1T 

K03cPcP11U11eHT 2). Op11 6o11ee BhiCOKHX 3Hepr1151X (480 11 660 Mss) sKcnepHMeHTa11bHbie BhiXOAbi 

cywecTBeHHO npesocxo.n;51T O)!{HABeMbJe no pea~gm (p,n) 

74 
.r:\1151 f'8111111eBOH MHWefiH, 0TCIOA8 MO)!{-

HO c.ae118Tb BbiBOA, 'iTO 1130TOnbi · As H As o6pa3y!OTC51 B Haw11x onbiTax r11aBHbiM o6pa3oM 

B nepBI1'iHbiX peaKUI151X Tl1na · (p,xn) , 3aMeTHOe npeo611a.n;aH11e 3KCnep11MeHTa11bHbiX C8'i8HI1H 
As76 

np11 6011ee Bb!COK11X 3Hepr1151X npOTOHOB M0)!(8T 6b!Tb Bbi3BaHO BCe B03paCT810LU11MI1 BK11a.aaMI1 

/1-7/ 
BTOp11'iHblX peaKUI1H 3aXB8Ta H8A6apbepHbiX cPP8f'M8HTOB , 'iHC110 B03MO)!(Hb!X KaH8110B KOTO-

pb!X AOCTaTO'iHO B81111KO, 0AH8KO n011HOCTbiO OTHOCI1Tb 3TO npe06118A8HI1e 38 C'i8T BK118A8 BT0p11q-

Hb!X pe8KUI1fi He11b351 H C11e.n;yeT 11M8Tb BB11AY B03M0)!(Hbl8 OC06eHHOCTI1 Te'i8HH51 (p,n) 

76 Ga69• 
U1111 H8 Ge no Cp8BHeHI110 C XOAOM ee H8 H30TOne 

6o11ee T51)!(811bie 1130TOnhi 

77 
(As 

78 
As o6pa3y!OTC51, no-BHAHMOMY, BO BTOpH'iHb!X 

peaKUI151X 38XBaTa Ha.n;6apbepHbiX ¢parMeHTOB, D.1151 H30TOna 
77 

As npH pa31111'iHbiX 3HeprH51X 

npOTOHOB OA11HaKOBO B03M0)!{Hbl KaK BTOp11'iHbie peaKUHH 3aXBaTa A8HT8p1151 H Tp!1TI151 1 TaK 11 BTO

p11'iH b Je p (a, pxn] peaKU1111, K CO)!{a11eHHI0 7 np51M hie !13MepeH!151 BbiXOAOB rroc11e.n;H11X aoo6we oT

cyTCTBYIOT 11 HaM TpyAHO TO'iHO pa3Ae1111Tb HX BK118Abl, 0o11b3Y51Cb .n;aHHbiMI1 0 [p(a,xn)) peaKUH11 

H8 MeLli/ 
11 

H OTHOWeH1151MI1 11HTerpa11bHbiX Bb!XOAOB ( a,pxn) peaKUI1H H8 611113KI1X K Hallie My 
(a, xn) 

C11Y'i810 M11llleH51X,MO)!(H0 oueHI1Tb BK118Abl [p(a,pxn)) pe8KU11H Ha HeKOTOpbiX 1130Tonax repM8HI151 

77 
np11 sHeprHn 300 Mss. B c11yqae As oueHKa noKa3biBaeT, 'iTO Bb!XOA 3TI1X peaKUHH He npe-

BOCXO.O.IIT 42-45% OT H861110AaeMOI'O Bb!XOAa 1130TOna np11 COOTBeTCTBYIOWeH 3Heprl111 npOTOHOB, a 

CKOpeH Bcero MeHbllle, 0oCK011bKY BbiXOAbl ( p( a, xn}) pe8KU11H MOHOTOHHO paCTyT C yse1111'ieH11eM 

/347/ [ ] 
3Hepr1111 ' ' , TO .r:\1151 3Hepr1111 npOTOHOB 120 M3B BK11aAbl p(a,pxn) peaKU11H A011)!(Hb! 6b!Tb 

npnMepHo B 2 pa3a MeHbWe, a A1151 660 Msa B 2 pa3a 6o11bwe, 'ieM .r:\1151 3Hepr1111 300 Mss. 

TaKHM o6pa30M BK11a.a KOHKYPI1PYIOLU11X BTOp11'iHbiX peaKU11H 3axaaTa 
77 

0)!(11LJ.8eTC51 He 6011ee 20% OT H861110A8eMoro Ce'ieH1151 As 

a -qacT11U .r:\1151 120 Msa 

MO)!{eT ue11~~0M 06b51CH51Tb o6p830B8HI18 A8HHOI'O 1130TOTI8, 

BbiXOA As np11 3HeprHu 660 Mss B K .S. 'iecTse
7

.5epxHeii 

74 ° 
u [ P (a, P 2n)] peaKunfi Ha u3oTonax Ge 11 Ge • 

78 

' B TO Bp8M51 KaK .r:\1151 660 M3B OH 

3TO .n;aeT OCHOB8HHe p8CCMaTp11B8Tb 

rp8HI1Ubl CYMMbl ceqeHHH [ p(a,p)] 

B o6pa30BSHHI1 1130TonaAs yqacTsyeT MeHbwee K01111'ieCTBO K8Ha110B, OH no11y'iaeTC51 

I'118BHb!M o6pa30M 38 C'ieT BTOp11'iHbiX pe8KUI1H 3axBaTa Ha.n;6apbepHbiX 51Aep Tp11TI151, BK11a.a KOH-

Kypupy!OLUeH peaKUI111 3axBaTa 

/1 ,26/ 
a -qacT11U TI1H d Lp(a,pn)] HeBe1111K, D.1151 8Hepr1111 300 MsB OH 

/1 20/ 
OUeHK11 ' < 0,015 M6, 

I 
OUeHI1B8eTC51 OK0110 0,003 M6, a COr11aCHO MeHee CTpOrf! 

T,e, OK0110 3% 11 He 6011ee 16% OT Ha61110AaeMoro BbiXOAa As 

D.1151 sHeprHI1 npoTOHOB 120 11 660 Msa BK11a.o. paccMaTpl1saeMOH KOHKYPI1PYIO~~H peaKUH11 

OUeHHBaeTC51 OK0110 11 17%' COOTBeTCTBeHHO, OT H861110A8eMbiX Bb!XOAOB As 

0TCIO.O.a BbiTeKaeT, 'iTO C yBe11H'ieHHeM 3HeprHI1 npOTOHOB 11MeeT MeCTO 6011ee Cl111bHOe 

yMeHbllleHI1e Bb!XO.O.OB BTOpH'lHbl~ peaKUHH 3aXBaTa .n;efiTep1151 11 Tp11TH51 no cpaBHeH1110 C Ha61110Aae-
77 18 

MbiMI1 BbiXOABMI1 As 11 As • Henocpe.acTB8HHibie 113MepeHH51 BbiXOAOB .aefiTpOHOB c K11He-

TI1'ieCKI1MH 3Hepr1151MI1 > 50 Mss 113 yr11epo.o.a npH 6oM6ap.aapoBKe npoToHaMH c 8Hepr11efi 

/27/ /28/ /10/ 
95 Mss H 300 Mss , a T8K)!(e 660 Mss no.n;TBep)!(.n;aiOT Ha61110AaeMy10 TeH.n;eHUHIO 



77 
yMeHblll9HIHI BbiXO.IlOB As • O.oHaKo roaopHTb o HanH'lHH CTpororo KOnHqecTBeHHoro 

CTBIHI M9)KJly .llaHHbiMH .llnR CTOnb CHnbHO paSnH'laiOWHXCR MHllleHeA SaTpy.OHHTenbHO, 

Hy)KHO OTM9THTb 1 'ITO IIOB9.1l9HH9 BbiXO.IlOB BT·OpH'lHbiX peaKUHA saxBaTa .ll9AT9pHR 

OT SHeprHH IIpOTOHOB IIpOTHBOIIOnO)KHQ SaBHCHMOCTRM BTOpH'lHbiX peaKUHft SaXBaTa 

Sl.llep nHTHSI HnH 6epHnnHR 1 .llnR KOTOpb!X XapaKTepHO yBenH'l9HH9 Bb!XO.Ila IIpH 6onee Bb!COKHX 
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