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"u11fy111 Jl(}epHt.rx ucc;re(}oeaHuii ';~y6Ha 

B 3KcnepHMeHTax no cHHTe 3Y caepxT JDKeJILix JI,nep onpe • 

,neJIBIOIUHMH JIBJIJIIOTCJI ,naa o6cToJITeJILCTBa. Bo ·nepBLIX, 

npe,ncKa3LIBae~Lre MarHttecKHe ttHcna Z =114, 126 H N = 
=184 ,nomKHhl ,neitCTBHTeJILHO CYIUeCTBOBaTL H COOTBeTCTBYJO• 
IUHe HM 3·aMKHYTLie o60JIO'IKH B ,!lOCTaTO'IHOil CTeneHH CTa· 

6HJIH3HpoaaTL JI,npa THna · 
298114, 31122611- 3 1 • Bo·oTophlx, 

CTa6HJIH3HPYI01Uee ,neilCTBHe. 3THX o6oJiotteK ,nomKHO coxpa· 

HJITLCJI OpH B036y>K,neHHJIX B HeCKOJILKO ,neCJITKOB M3B, 'IT06LI 

B036y>K,neHHLie JI,npa, B03HHKaromHe B peaKUHBX, MorJIH BLI· 

>KHTL H 6LITL 06Hapy>KeHLI B OCHOBHOM COCTOJIHHH. EcJIH 

o npe,ncKaJaHHJI.x cooilcTB ocaoBHLIX cocTOJIHHil coepxT.R>Ke~ 
JILIX JI,nep pa3JIH'IHLie aBTOpLI 6oJiee HJIH MeHee e,nHHOAYWHLI, 

To o oueHKax ponH o6onotteK o aoJ6y>K,neHHLIX JI,!lpax JICHOCTH 

neT. HeKoTopLie aoTopLI CKJIOHJIIOTCJI K · TOMY, .ttTo npH B03 • 

6y>K,neHHJIX nopBAKa 20 • 30 M 3D Jlctte JaeT BJIHJIHHe JI~epHLIX 
060JIOtteK. Ha CBOitCTBa pacna,na /B ttaCTHOCTH,Ha OTHOWeHHe 

. r n I f't I, o,nHaKO, HMeiOTCJI .H o6pa THLie YTBep>K,!le. 
HHJI 14-:BI ' . . 

. TaK HJIH HHatte, c,nenau p11.n oueaoK. AJIJI cetteHHil o6pa· 

30BaHHJI caepxTJI>KeJILIX 3JieMeHToB a peaKUHJIX. CHKKenau,n/4/ 

H Bour. 1 ~1 . oueuHoaroT cetteHHB Tuna ~~1 Cl(. 62 Ni ,xn/1'3-Jin~ 
HJIH 2~1 Pa(. ~1 Br, xn) 312- x 126 .a aecKoJILKO ,necJITKOB MHJI· 

JIH6apu. CymecToyromHe y>Ke TenepL ny"'KH TJI>KeJILIX HOHOB 

(Zn,. Kr, Xe). noJBOJIJIIOT npoBOAHTL .onLITLI no CHHTe3y 

. ,na>Ke npH ·3HattHTeJILHO MeHLWHX CetteHHJIX •. 

)J;nJI AOCTH>KeHH.!I Z =114. AOCTaTO'IHO TJI)I(eJILIMH JIBJIJI• 

IOT-CJI y:>Ke HOHLI aproua. O,naaKo npH. nonLITKe ocyruecTBHTL 

.peaKUHIO . 248 Cm ( 40 Ar ,xn) 2~8-x11.4 .3tiJdleKT; KOTOpLiil MO>K· 

HO, 6LIJIO 6LI npHDHCaTL· o6pa30BaHHIO 114 3JieMeHTa, o6Ha· 
.py>KeH He 6LIJI: a ~ 10':'"'30 • 10-31 CM 2 /10/. TaKOH 

, pe3yJILTaT Hey,nHBHTeJieH,, T.K., JI,npa 114·ro :meMeHTa B 
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3TOM cnyqae, I<ai< Bo3"6y)I(JleHHLie, Tai< H o6pa3yiOIQHeca 
nocne CHHTHH B036y)K.IJ;eHHH, OTCTOHT OT 3aMI<HYTOH o6onoq-

. I<H N =184 aa 10 H 6onee aeii:TpoaoB. Cne.n;yeT OTMeTHTh, 
qTo B peai<tiHHX nonaoro cnHHHHH THna /HoH, xn I .n;Ba)K.IJ;LI 
MarHqeci<oe a.n;po . ;:~ 11.4-- HnH ero 6nmKaii:ume coce.n;H 
He.D;OCTH)KHMhl. 

C noMOIQhiO HOHOB Zn, Kt, Xe MO)KHO .D;OCTH"l{h o6o-
noqJ<H N =184 npH Z =122-126. B qacTHOCTH, c HOHaMH 
IIHHI<a .D;OCTynHhl .n;nH H3yqeHHH peai<uHH: 

238 u 68 306 
+ Zn .... 184122 * 

242 . ' 68 . 
Pu+ . Zn .... -;~!224* 

243 68 .311 
Am+ Zn .... 18~25* .. 

. ' 

246 68 . 314 
Cm + Zn .... . 126* 

188 

PeJyn·LTaTLI nepBhiX onLITOB c HOHaMH ·uHHI<a coo6Ii\a
. nHch Ha ·Me)K.n;yaapo.n;Hoii I<o:Iii!JepeHuHH no I!JH3HI<e TH)KeJILIX 
HOHOB' B ,L(y6He B 1971 ro,n;ylll/. · ' · · 

HoHLI IIHHI<a /.n;ecHTHJapa.tiHLie/ 6LmH yci<opeHLI iia 
IIHI<nOTPOHe Y-300· na6opaTOPHH .il.n;epHhiX'Pea~uHH OHJIH, 
cnaqana. HJOTOnLr;· 64•66 Zn; noJ.n;Hee 68 Zn. ITo pa.n;y napa
MeTpoB IIHHI< HBHnCH .n;nH Y- 300 npe,n;e.rihHOH tJaCTHueif. 
llpe)K.n;e Bcero, npHmnocL paJ pa6oTa Th cneuHanLHLiii BapuaHT 

,:HOHHOro · HCTO'lHHI<a. C TeM, 'lT06hf OH pa6oTan Ha• napax 
MeTannHqeci<oro ·uHHI<a /12 I. CaMa Ja.n;aqa, nonyqeHH~r.n;eca
THJapa.n;HLix HOHOB Henocpe,n;CTBeHHO B ra3opa3p11.D;HOH-· I<a
Mepe noTpe6oBana . oco6oro pe)KHMa •pa6oTLI- HCTO'lHHI<a. 
BbiXO,n HOHOB H3 HCTO'lHHI<a OI<aJancH BeCLMa qyBCTBHTenL
HOH I!JyHI<uHeii napaMeTpoB pa3pa.n;a, noJTOMy·.n;na nony'leHHH 
.D;OCTaTO'lHO . BhiCOI<OH ·'HHTeHCHBHOCTH · nyqJ<a· 6binH · pemeHhl 

· BOnpOChl ,n;ononHHTenhHOH CTa6HnH3auHH;· ·TO'lHhiX H3MepeHHH 
H HenpepbiBHOro' · I<OHTpbnHpOBaHHH : .rrapaMeTpOB UJia3Mhl. 

· ; C yBeJIH'leHHeM 3apa,n;a. yCI<OpHeMoro i HOHa pe3I<O. yCH
nHBaeTCH ':JaBHCHMOCTh .HHTeHCHBHOCt:H nyqJ<a Ha I<OHe'lHOM 

·· pa,nHyce·•nH.I<nOTpoHa OT 'CTeneHH pa3pe)f(eHHH B Bai<yyMHOH 

;A 

.I<aMepe. Tai<, H3MeHeHHe .n;aBneHHH oT . .4.10 ~6 ):(o 
8,10,':-6Top nOHH)KaeT HHTeHCHBHOCTh nyqJ<a HOHOB Z~+1°B 
6 pa3. il03TOMy 6hinH npHHHThl ~~pbl .n;nH ynyqmeHHJI Bai<yy
Ma B pa6oqeM pe)f(HMe,.n;o 4.10- ·· -Top. ITpH Tai<HX ycnoBHHX 

: HHTeHCHBHOCT~ · BhiBe,IteHHOrO .. ~yqJ<a. HOHOB IIHHI<a COpTaB-
nana 1 - 3.10 HOHOB/cei<. .. · • . . .· . .. •. . 

'BecL:Ma Ba)KHhiM lbai<TopoM B 3TH~ 3KcnepHMeHTai aBna-
, eTCH· 3HeprHH ·HOHOB IIHHI<a •. BhiCOTa I<ynOHOBCI<oro 6apbepa 
.nna ·.peai<uHH 238 U + · 66 Zn, paccqHTaHHaa o6LI"l{HhiM o6pa-
30M, paBHa 352 M3B npH 3HaqeHHH napaMeTpa t 0 -·=1,41:.4>. 
PacqeTHaH 3HeprH.il HOHOB ,. 66 

Zn. :- ·oi<ono 400 M3B - nHmh 
Ha _13tfo npeBLimaeT .3Ty _BenHqHHy. lloJTo~y JHeprHJI 6Lma 
npe)K,n;e Bcero TIIIaTenLHO H3MepeHa c noMOIULIO nonynpoBo.n
HHI<OBoro cnei<TpoMeTpa. Cnei<TyoMeTf I<anH6poBanca no 
HoHaM c H 3Be CTHOH JHe prHeii ( 1 C, 2 N e, 40 At). ,L(na 

64
Zn 6Lmo nonyqeao 3HaqeaHe E =381 MJB. ,L(ononHH-

TenLHOH npoBepi<OH HBHnOCh Ha6nro.n;eHHe Ha cnei<TpOMeTpe, 
o.n;HoBpeMeHHo c .. HoHaMH UHHK-a~64,66, cna6Lix·nHHHii nHTH-

3apn.n;HhiX HOHOB. cepbt~32;33 C H3BeCTHOH 3HeprHeH. Pa3HHIIa 
B ,nei!Jei<T~X Mace He ,TI03BOnHeT nonHOCTblO paJ,n;enHTb Ha 
l{HKnoTpOHe 3TH napbl, nOJTOMY Hei<OTOpoe I<OnHqeCTBO HOHOB 
cepLI y.ci<opneTcH B~ecTe c HOHaMH uHHI<a H HMe_eT TY )Ke 
3HeprHro ita Hyi<noH. · 

fipe)K,n;e_ qeM TIPOBO.D;HTb.OTibiTLino CHHTe3y,6LinO.He06XO-
,nHMO JI<cnepHMeHTanLHO y6e.n;HTLCH B TOM, 'ITO HMeiOIUaHcH 
3HeprHH .D;OCTaTO'lHa ,nnH CnHHHHH H.n;ep IIHHI<<i C a,npaMH ypa
Ha - aMepliuHH. HcnonL3oBaalioe BLime JHa'leHHe t 0· = 
= 1 ,41«1» TIO.D;TBep)K.IJ;aeTCH JJ(CnepHMeHTanLHhiMH ,n;aHiibiMH, no
Jiy'leHHhiMH ,nnJI OTHOCHTeJibHO neri<HX HOHOB /.n;o HeOHa/ /13!. 

CyiUecTayeT npe.nnoJio)KeHHe o ao3Mo)Kaoii .n;ei!JopMauHH npH 
CTOnKHOBeHHH 6oJiee . TH::KenLIX a.riep /cnniOIQHBaHHe B,nOnb 
Tpaei<TopHH/, 'ITO npliaeno 6LI I< yMeHLWeHHIO 34Jibei<THBHOro 
3Ha'leHHH to H nOBbllli~HHJO ~apbepa /14.15/. , 

B03MO)KHO, 'ITO 3TO ,neHCTBHTeJibHO aa6nro.n;aeTCH B onLI
TaX 114- 181. lf3y'leHHe pacceHJIHH I<pHnTOHa Ha H.D;pax TO
pHH npHBeno I< 3Ha'leHHIO to = 1 ,27«1», a H3MepeHHe IPYHKUHH 
Bo36y)K.n;eHHH peaKUHii, li.nymHx nyTeM cnHHHHH HOHOB KpHn
ToHa c_ ~Hille'iiJiMH H3 rep:Maiina H :Ka,nMHH, -I< 3HaqeHHIO t 0 = 
= 1 ,324». 

llpH Tai<HX 3Ha'leHHHX to I<yJIOHOBCI<HH 6apbep pea.I<l{HH 
238u + 66zn 6Lm 6LI paaea 390 - 380 M:1B. 

MLI H3MepanH ce'leHHe o6pa3oBaHHH 211At B 3TOii 
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2;.10 ,....2 8. · · CMI:2 <f·~ ''npoae:ztettLI -ifpir~l>Ie' nunii'hlX· \ceqemBi .. 
peaKUHH,·· pacic'tHTaHHi.Ie no,Mo;n;eiiH'''tepHoro 1I;npa~c pe3i<ii~'
KpaeMJ13/,,:;·.npH·•pa3nH'IH~Ix ·.~!'JiiiiiteHHHX' r~j'·~ 3i<ctiepHMeH"''' 
TaJJhHbie:·ToqKH.cCOOTBeTCTBYIOT r o'''··=l';37±01,05cl>. Ilo;;BH:..:· 
.D:HMOMY, HeT npHqHH cqHTaTb, qTo 3tP!lJe~THBHLie ·, :iHa{u{uH:Jt' 
ro ··.n;n11 .neneHHH 'H'·.nn.il rfomioro·cnHHHHj(MOryr'cYIUeCTBeliHO 
pa3JIHqaThcH; llo3TOldY OCHOBHoii· BhiBO.D: COCTOHT B TOM, 
~TO ·a ·.n;aHHOM cnyifae yaenH:<ieHHe· 6apLepa, .. ecnH·H· ecTL·; TO ... ·; 
:i!eCyiUeCTBeHHOe, H ~:!f.e_;J!~.JJH.~TCH npenHTCTBHeM .D:JIH peaKUHH 
CHHTe3a. · -..~,.:_:.:,.·,c·~·:"~~,·~. ;.::: ·•t'~··.:: '; .. ~.·;_,;•. 

. . . . ,:- " . . 238 
;Aiocne 3Toro 6hmH npoBe.n~.~hi o6nyq:~us_MHmeHeii · . u : 

Am HOHaMH. 66Zn c MaKcHMammoH 1 :nteprHeii /cxeMa 
onLITa H onHcaHHe - HHme/. Bhmo rioi<a3aHo, qTo ce'leHHe 
Q6pa30BaHHH Cll,QH~aHHO .n;eJIJIIJiHXCJI I{po,nyKTOB C [[epuo,naM~ 
nonypacna.n:a OT 10-9 . cei<_'.n;o Heci<onhKHX cyTOK''He:•·npe:
BLIIIIaeT 10-3° CM 2 /111., .. : ·· [., . , 

~6 B ~anhH~~~.eM Ollhl'fhl ·~hiJIH 11PO.D:OJI>KeHbl c HOHaMH 
Zn; 8 Zn. · 'PeaKUHH . 243 'Am +' 68Zn,... 311125 oco.: ' . .·. . 311 • 

6eHHO HHTepecHa. Bo36y:>K,neHHoe cOcTaoHoe .11,npo 125 ' 
HMeeT 186 HeihpoHoa~'raK qTo npH ucnapeHHH HeiiTpoHoB B 
npouecce CHHTHH Bo36ym.n;eHHH npoMe)K)'Tol.JHhie s.npa oKa
jhlBaroTcH B Henocpe,nCTBeHHOA 6JIH30CTH K o6onoqJ<e N = 
=184. 3HeprHH B036ym,neHHH COCTaBHOrO~ H.n;pa, DO OUeHKaM, 
pasHa 33 ·M3B,-- :niepr8ii cas3H. iieATpoiioB - 6-7 ~bB 1201 , 
TaK qTo .nonmHo uc"napu:ncx,:.' no-sif.nHMoMy, He 6oriee 4-x 
HeiiTpOHOB. Jl,npa, KaK np.OMemyToqHhle, TaK H KOHelJHbie, 
HeqeTHLI no Z, qTo .D:OJI)f(HO .ll:ODOJIHHTeJihHO CTa6HJIH3Hpo
BaTh HX OTHOCHTeJihHO ,neJieHHH H anbdJa- pacna,na. BepOHTHOe 
KOHeqHoe H.n;po .. 3-~~ 125. . - HeqeTHO~HeqeTHOe • .Q.eno~KH: 
pacna.n;oB·. itoruKHLi'. npifa'o'.zlifTL,' a' x·OHUe 'i<oinioa ,··K 'cn(>HTClHHO. 
.n:e.ri:HmiiMc's' .~~).paM:' l 3/ .' ~:B 1 

• p'eaKuH'Rx : c i 66 Zn Bee ·· ,l,npa ' 
OK~l3 &isaiOT CH . c ooTae -r CTBe Ii1Io' ·, Ha: . ; 2 ''lleiiTp(ma' 'ilanhine . oT' •.. 
3aMKHyToil o6dhoqt(H'~ ' . . . . . .• ,. '. ·.~ ·_ ~ ' . :: ... '.':. 

' 'Crie.n:y'eToTMeTinh, .. 4-ro .nnx uHimoTpoi:Ia Y~3()0 3Heprif'g ·.· 
HoHoB UBHKa ··s,94 'M3B/liyKnoH /392 M3B'·'.nris · .. 66 Zn ·; 
OKa3anach npe.n;eni>Hoii.' .llpH .. nepexo.n;e . 1c' .. y.cKopimlno ·HoHoB·. 

- · , 1:·_. - ~: ·· ••• , • ·~· '. · ~ .~ .. ' · . ~ r 1- .. ~ .~-:- : . - , ·, , '-- ~. .· _ 

. * .lln.11 ~ony~e~~x· ~Toii To~~~ 'yci<oim1-erib. Ja6~;a:ri 8 ~op.-: 
~P'?B~HHOM _ pe,j{J;IMe •. 3t6 .ziano'.B03MomHOCTh n~iiY,~JITb HOH.LI 

Zn · : · c · 3HeprHeil 405 M3B, Ho c cymecTBeHHO MeHbiiieil 
HHTeHCHBHOCTLIO: 'B ,naJibHeiiiiie'M 3TOT pe)f(HM He:ucnOJih30-.. -. 
Banes.· ... ·,;· .•;. r. ,· ,, •· .,. .. ,._, .. · ·· .. , - ' . ·; .•..... :.: .. _, '·· . '·., 
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68Zn , ., , yBe_JIH~eHHe ,Ha_Ilp.H:>KeHHOCTH }>.farHHTHOrO nonH U~nc
ITOT-pOHa OKaJaiTOCL_· HeBe03MO:)KHLIM,'.H 6LIJ}a.,COO.TBeTCTBeH'7 
HO yMeHLWeHa q~c~oTa ycKOPJJ,IOIUero Hanp.fDKeHHH. · B pe-
JynLTaTe :meprH11· UOHOB.. Zn cocTaauna 382 M3B 
/5,62 -~f3B/HyKJrOHj.:, . .. . ,. ·'· ' . . ·. . . 2 

CxeMa onLITa noKaJa~a Ha pu~. 2. MuweHL /1,5 Mr/cM 

. n!:I'IOC Zn 

Toe uol-06 

HuweH6 

Puc. 2. CxeMa OilLITa. 

243
Am Ha amOMHIIHeBOH !lJonLre _ TOITJUHHOH 3. MKM/ 6LIJia 

1 

o6paJ!leiia · cnoeM' aM:epuuun · K nyqxy ,11;mi: 1-oro, ~no_6i.r HJ6e 7 ·· 
:>KaTL noTepH 3HeprHH HOHOB H. (),II;HOBpeMeHHO 'qacTH'IHO:. 
JaTop:MoJHTL n,11;pa oT,IJ;a'IH. IIy..Jox · KOHTponupoaancn c no.:. ' 
MOJULIO UHITHH,D;pa <l>apa,IJ;efl, a TaK:>Ke nyTeM perHCTpaUHH 
HOHOB, pacceflHHLI.X ~a TOHKOH 30ITOTOH 4JonLre, cJneKTpo-: . . . . . 
MeTpOM C nonynpOBO,IJ;HHKOBLIM ,IJ;eTeKTOpOM,· 

'KaK H a npe,D;hi,IJ;YIUHX onLITax, MeTo,IJ;iiKa 61.ma paccqu
TaHa Ha perHCTpaUHIO OCKOITKOB cnOHTaHHOro ,IJ;eneHHfl npo . ., 
,IJ;YKTOB peaKUHH ,IJ;H3neKTPH'IeCKHMil ,IJ;eTeKTOpaMH/ijJoc4JaTHOe 

-cTexno/. .H,11;pa oT,IJ;aitu npom!Tanlf c:Bo6o,IJ;Hoe npocTpaHcTa({-' 
KaMepi.x H ocniHaamiaanucL B c6opHHKe. Pacna,IJ;LI HaneTy; 
T.e. Ja apeMeHa 10-9 ~ 10-8 ceK, perucTpupoaanucL 
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KOITLUeBLIM ,IJ;eTeKTOpOM, 6nu)l{aifWHM K MHWeHH /CM. pHc.2/; 
pacna,IJ;LI fl,D;ep, OCTaHOBHBWHXCfl :B · c.6opHHKe,. -, BTOpLIM KOITb
ueaLI~ ,D;eJ;eKTOPQM •. C6opHHK. npe,D;ciaannn .. co6oii ~pHcTann 
KpeMHH11 BLICOKOH 'IHCTOTLI;TOITIUHHOH 10 MK. ,qHCT<)Ta c6op:--

. HHKa B :'nHX .. OnLITaX HMeeT Ba:>KHe~wee 3Ha'leHHe. IlpHMeCH. 
3ITeMeHTOB. OT. · pe,D;KHX JeMenL .,11;0 ·ypaHa: :B ,KOITH'IeCTBe. 
10 -8 r/r MOrnH. 6LI -,IJ;aTL lPOH OCKOITKOB. ,IJ;eneHH11 1l pac
ce 11HHLIX HOHOB ~ Zn, cne,IJ;LI KOTOpLIX B · Ma TepHane ,IJ;eTeKTO
pOB MOryr·6LITL npaKTH'IeCKH HeOTllH'IHMLI OT:·cne,IJ;OB OC-
KOITKOB. • : · · ·· -• ·;. 

)l;pyrHM HCTO'IHHKOM 'lPOHa M:oryT 6LITL peaxuuu,,npu
BO,IJ;fliUHe ·x ,IJ;ennruuMcn HJOMepaM unu K cnoHTaHHO _.nenn
IUHMC11 H30TOnaM TpaHcypaHOBLIX' 3neMeHTOB,. TaKHM, KaK 
254 Cf,. 256Fm,' .246Fm~ ,u_· · . ·• ., . : . .... 

Cpe,D;H ,IJ;ennruux·cn HJOMepoa, KoTopLre o6paJyrotc.JI.npu 
o6ny'leHHH 243Am paJnH'IHLIMH HOHaMH /ciT 6opa ,11;0' ap-· 
roHa/, Hau6onLwee ce'leHHe o6paJoaaHHfl HMeeT HJOMep 
242mAm I T ¥2 = 14 :M:cex/ /2ti.Ce'leHHe peaKUHH /a 
,IJ;aHHOM cnyqae nepe,D;a'IH · o,IJ;Horo HeiiTpoHa/ cna6o JaBHCHT 
OT THna HOHa, n03TOMy ero. 'MO:>KHO OUeHHTL ,IJ;llfl cnyqa11 
Zn no peJynLTaTaM ,11;nn ,11;pyrux HOHOB /21/.<· OueHKH 

npHBO,II;flT ·!)_ Ce'leHH11M 2 • 3.J 0~32 
• CM 2 

.. · ,IJ;nfl ~6Zn · /392 M3B/ 
H 1-2.107 2 cM2 ·,11;nn 68 Zn /382 M3B/ • .H,11;pa 242mAm" 

o6pa3yiOTCfl a peaKUHH nepe,D;a'IH·H HMeiOT OTHOCHTenLHO WH
pOKOe ·yrnol3oe pacnpe,D;eneH:H:e. KoHcTpyKUHn l<:aMepLI Taxo-· 
aa, 'ITO Ha c6opHHK, rio oueHKaM, ,IJ;on:>KHa nona,IJ;aTL nplfMepHo 
ipeTLfl qacTL · JI,IJ;ep HJoMepa, ocTanLH'hie .; lla o6paTHyiD 
cTopoHy'•:Broporo ,IJ;eTei<Topa. B peJynLTaTe,- c:yqeToM·reo
MeTpuqecxoii 3tPtPeKTHBHOCTH, lPOH ,IJ;On:>KeH pacnpe,IJ;emiTLCfl 
Me:>K,IJ;Y o60HMH ,IJ;enii<T'opaMH npHMepii'o nopOBHy; . . 

.. ·cnoHTaHHO .rienHIUHecg' HJOTOnLI·TpaHcypaliOBbiX 3ne:Me·H~ 
T<lB MOryT o6pa30BbiBaTLCfl ITHWL ; B c.rimKHLIX ··peaKUHHX 
~rt?_roiJ:yKn~IIIILIX n~pe.zt~·l: '. 2::6cf_ -· B pea:KuHH. ( f.3p ;+Bn)~ 

·Fm - (+5p;+8n); Fm- (+5p,-2n) .Ceqe• 
HHfl TaKHX peaKUHH no oueHKaM, OCHOBaHiiLIM Ha 3KCTpano:. 
ITflUHH ,IJ;aHHLIX C 6onee nerKHMH ·qacTHUaMH, He npeBLJWaiOT 
l0-32 'cM 2 : . . ... '.,_ ...... . 

TaKHM ·o6paJ.oM, o:>KH,IJ;aeMLre c'eqe}mn o6pa3oaaH'H'n !Pb:. 
HOBLIX crioiiTaHHo ',11;ennuiux'cn HJny~-IaTem!ii MHoro HH:>K-enpe.i\• 
nonaraeMLIX ce:'-JeHHH o6paJm3aHHH CBepXTfl:>Ke·nLix 3JieMeii
TO~ I 4-~ 9 / '. 66 H . HH:>i<~ -~1JaHHUb1, yc:raHO~JH~HHOH B nepB.LIX 
cinLITax c · Zn /10 CM /. 

g: 
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.. cllpe:>K~e· ., acero,; Mbi 1 npO~OU»<HmF-ll3Y'-IeHHe ,, pea:K~HH 
?,4~Am +''"~ 6Zn . ~, H' npoaenn:o6ny'lel!H:e'':B )Ja6o-.inx ycnoBH.Hx· 

c'.:'HHTerpa:Jn>HbiM·c'nOTOKOM• •4;10 13 •0/·_~HOllOB• ~HHKa 'le·pe3 
MHlliEHib~··B :ptbyJ1bTa're·'o6ny.qeliHH ·:Ha ~eTeKTopa:X He 6LI.llo· 
o6Hapy)KCHO HK·O~Horo ·TJ}eKa; 'ITOXO)Kero. na:.cne,Il' OT•OCKOUKa 
~eneHHK;. ,lJ;nH perncTpa~nn pacna~a ~onro)KHBYI.QHX· npo~yK.,.. 
Toa. .. peaK~HH •c.6opHHK' noone,:·opny'leHRH'noMei.QancH''B i<ou;. 
TaKT · C: ~eTeKTOpOM· OCKOUKOB ·ua .. HeCKOULKO CYTOK. Cne~OB 
OC;KOUKOB. 06Hapy)K6HO He 6LIUO;,: ~ .. , c·.•.· ·" r '. · · ·''!• . , 

3TOT pe3yULTaT CHH3HU ycTaHOBUeHHYID paHee rpaHH~y 
243 A ( 66z J 3o9- x 125 · · 

Ce'I~3H0HJJ..,peaK~HK .<· m ·,._. _n, ·:xn: ,, .. , .. •-··· .. ·_C BeUH'IHHhl 
10- . 2 . 2 s 1 o-3 2 2 t:' . : • eM .• ;,;, JJ;O , .; . ; , :CM . • ... ;ohinO llQKjl3aHOTAK)Ke, • 
'IT.Q· c60pJIHK ~OCT a 'f.O'IHO 'IHC.T ,H QTCY,T(;TBYe:f. «<JoROT BhtHy)K
JJ;eHHOrO JJ;eneHHH TH)KeULIX npHMece.ii. B ·c6opHHke, a TaK)Ke 
«<JoH T~KHX: .ll.P.9JJ;YKJO~ pejlK~~ •. Ka~" . .zienJ!;I.QH.eCH,. H30M'ephl H 
CUOHTaHHO: ~enHI.QHeCH:. J!30T<mhi.Tpal{cypaHOBhtX 3Jl~MeHTOB. 

B JJ;anLneiimeM Ta )Ke.MHllleHL .c T.eM )Ke.c6opHHKoM·H B ,Toii 
>i(e ·'. ycl-anoal<~. o6nytiaiuici. uona~H 68 Zn~ HHTerpain~HLiii 
llO~~K HOHOB ;'lepe,3 MHllleJIL .CO,CTaBHJ1;6.10/ 3 , liE,i ,1\eTeKTOpe; · 
6nn~aiimeM K MHllleH11,::.6Lm .uaii.IJ;en.·1~ .cne.IJ;. o_cKonKa·; ua 
6nu,KaiimeM K c6opHHI<Y - 3 cne.IJ;a:. .AnanH3 .Hx JJ;UHH H ua
npaaneuuii .. noi<il3an, 'ITo·cne.zi ·aa nepaoM JJ;eTeKTope.neni.3H 
o6t.HCHHTL JJ;~neuneM JI.JJ;pa:.oTJJ;a'IH uane.TyHnH JJ;ene.iiue.M RJJ;pa~ 
nonaamero na.c6opHHK; 3 cne.IJ;a ua BTopoM JJ;e'tei<Tope Bhl3-
oai,{J,~ OCI<OUKaMH,, BhiJ]eTe~WHMHH3 .cGopi;IHic~ .... ~(mr,o)K~ByRtH;t. 
CllOHTaHHO JJ;eJ]HI.QHXC_H lqnyqaTeneii, ,TaK ~e. KaK ,.B O{lbiTaX 
c .6~Zn, o6Iiapy>Keaq:.ae 6Lino:, .3aperJiC"I:PHPO.BaHHOMY. 
KOUH~IE~ciay OCKOUI<OB' . .rie'miHHH COO.TBeTCTBYeT ce.'leHHe peal<:·-· 
~H~ 5.10.-3_~ CM.

2
• _." ~ :; . ·' .•. : , _,· .. ,,/;:-:. ::·;_'::~~6 '.:.''~:, '·;6~· :< · 

HanoMHHM pa3nH'IH.Jt Me)KJJ;)' onLITaMJ.I c; ... : , Z,n_. !I .,.Zn . 
Hn"I:erpanLHl>IH)IOTOK HOHOB BO BTOPOM c'jiyit_a'e 6Li.Jl'a .1 ,5 'pll:Ja 
6on'Line, a 3neprHH -~- iieci<OULKO. MeHLw'e/392 8' '3ai M;B/. 
Ociloanoe )KC pa3nH'IHe · . .:. · na·a JJ;onoriaJirenLHLIX n'eiiTpona . 68 . . . : .. , . . > •": ,. ' . ''• .;• .. . 

B. JIJJ;pe Zn, 'ITO npH6UH)KaeT 'IHCiiO HeHTpOHOB' B KOHeit-
HhiX . .IIJJ;pax /H30TOITLI i26-ro 3UeMeuTa/ ·.H npoJJ;yKiax HX 
a -~· H {3 -pacpa.IJ;OB K MarH'ICCKo¥~'1H~ny' N'=1a~;: .· .· .• 

. KaK noKa3aHO B OllhiTaX c Zn, «~Jon OT'._ nemnnlixcs 
npHMeCeH B c6opHHKe H. CllOHTaHHO- JJ;eUJII.QHXCH npOJJ;YKTOB 
peaK~H.~ oTcy-:t:c:royeT. ~o -ali,nuMo,'M_Y, · 3Toi 'Bl>i~oi · MO)KHO 
pacnpocTpaHHTL ua cny'laii o6ny'leHHH nonaMH 6 Zn, no
CKOULKY MeToJJ;niiecKH _3TH JJ;Ba · onLITa nonuoc.TLro u.IieuTH'IHi.i, 
u He BHJJ;no «Pii3uqecic:Hx npH'I!f:H~ ito Kol-,q~)i.IM. «Pon so BTopoM 

10 

i 
i' 

1 

cnyqae·MOr•·6LI cyi.QeCTBeHIJ'O•B03pacTH. B OTHOIIIeHHH'BhiXO
JJ;a · «Ponooi>IX peaK~Hii neKoTopoe yoennqeiJ:ne; nurerpanLHoro 
llOTOKa· HOHOB, KaK- pa3 KOMlleHCilpyeTCH yMeHLIIieHHeM npOHH-

' ~aeMOC.TH KYUOHOBCKOro~6apLepa'/cM:· pnc; 1/ .. ·. ·.·.":' 

.Y 'K CO)KarieH:IIiO~'imcno. 3apetHCTplipoBaHHhiX aK~OB JJ;e'neHJIH 
cmiiiiKb:M· ·~nfild' .i(n_H' 'foro·, 'IT06LOiminto 6l,irio yoepeHHO co
nocniBHTL' ''pe3ynLTaTLI --~3THX ,;.iiayx' orii>r~o-B:· B 'qac'iiJo'crH, 
uenL3H nonuocTLro . ucKnro'IHJ:L,. 'iTo 'n&6nroJJ;aer'cH: pil.crra.IJ; 
cmhrraHiio; :r(en.Hmer"Oc·x· ·u3 oM:·epa · 242m Am~ ri:ockorthiy · o~e
HO'IHair 'Bemltinna ceileiiHH erb o6'pa30BaHHH /1 '-2:1o-32 cM: 2 I 
6.tiit:3Ka ·:R ''roM:y{- tiro·· 'noriy..Jeuo·· :B onucF;ioa:eM':brx 'on~>lrax. 
IIo:1to:My · iiprioe.rt:emi}'io .· BLiiiie' o'e.ii:n'<liiily' ';;· :s:·1 0_,.32 ···'eM:' 2 

cne.IJ;ye'r'. paccMaTpHBari/ ~aK.; ·a~epX:inoio··,rpailiii(y':''belieHH.II 
o6pa'3ooaH:u.H: ·a'-'peamui.Hx' 213 :Am +.: · · ' 66 •68Zn' <. : · caepx-1-'J.
)Keni.lx HJJ;ep c'f Z· ~· :125~''KdTopbie· nif6o 'caMH JJ;ecJIHTC.H cnoH
Taiiuo; ·.rlli6o' a;pe3yni.'iah :a·.: HJin ··f3~ ;,pacria~ii: riepeio.ri'sT 
a cn'o)lrauuo .ne.ti:Hiiulecx n3oTonLI c B'peM:eiia:Mn )KHJHH · oT 
10-9 ceK'JJ;O:HeCKOUhkHX cy"Io:K> . L . ' ;; '• .. ' " 

TaKH~. o6pa'3oM', 3KcnepHM~HTanLiil.h~ 't'eqeJtii.Ji: 06ph3oBa-
: ' • ; ~ ~ : - · . . • , -;' · ,: I , ~ · •• l- , • · .. 1 : l : , _ • ' • {'; , • 1 ' O • , : • , 1 : ; ' ~ • ( - : , • 

HHJI' caepxTH)KeULIX' 3UeMeHTOB B H3y'leHHhiX peaK~HHX OKa-
3biBaiDTCH~ 'no· kpaiiiteii''inijje;"Iia 16'nop.si.ziko·I3· nn~e· ih:,eJJ;ci<h.-
3aniii.ix· Te.OpueH: 1 4 ;9?. ·: 3io 'o3Jtaqae,.;· tiTc(:nn6o caoiicl-aa 
n3 o-ioiroa· ·c-a'epxT'H>l<e'.ti~>rx' 11.ilep~ 'Kol-opLie Mor;.rrn dopa3c:JB·a:-rJ.c.~~ 
B HaiiiHX OllLITaX, TaKOBhl, 'ITO Mhl He MOrUH HX ifaGJIIO.riafL, 

. 'i:Uf6(F c'elleHJ{JI' ''peaK'Iiiiii' ''H:X'' ot5pa3oi3aHHH' O'leiib. M~llhl; Hpe.D;
nonanbr, '<iro' ·nonytie8naH oueil:Ka be'leHHH' 661..Jicu.HercH 

>·. • ·u ·- .-i · _.- .. ,· ·", ~--•• ·I' )J 1' '=" .;, , ·•. ·• :~l:'•: ' -- :· ~-· :.:··· · .. - ~, ~ ~ ··-' ·. • 
Manon BepOHTH'OCTLID' o6pa3 QBaHHH CBepXT H)KeULIX HJJ;ep, a He 
caoiicTaaMn n:X a ocuoaii():M · cocroHii:ii:H:,::ni)o·alninii'lupyeM · 
B03MO)KHLie npH'IHHhl paCXO)K~eHHH Me)KJJ;y 3KCnepHMeHTanL
HhiMH JJ;aHHLIMit: ii' n'pe;i(ci<'a:l:aHH~IMH :Benir'tllliaM'R.'; . ',; ' •. 
. ; O~iia H3 B03MO)KHLix· nj>'Hitiu( .:· ~.iana.si'':BepoHTHOcTb fron
HO:r'b :cJinHiiHH · b'-leu'b.rT H)ke'nLix· H:oiioi3'' ( Zii'/ Kr ~ ·xe') ' c· TH
)l(errLIMu'· HJJ;pa::Mit: ':Cyiuecti:lyror· Teope~iiitecKne ·YKa3ainiH ita 
To; ' q'fo • -peaKnn:R·· ·:YH:na' -u + Kr-·,1 "U'+ xe: · ~- > iie · 'riiniao.frJIT · K 

- no:rfiroMy · c.tiuHnHJb: H)iep acne.nthaiie orpa:HiltieliB:ii; ca.R3aiili:biX 
. "c :yrn6BLIM L MOMeiiTnM:' -123 /:)·. 3To Ka~ oy.rito 'm::>:ztl-uep)K,naetcH 
pe3Yn~>TaTaM~f·'on~It91 ::no ,.H.3Me_pe,u-H~. ,_seq~~_HH .· JJ;~'oiii_Ioro 
JJ;eneHHH B peaK~HH U + 84Kr· ·' · ··MeT-o:n;oM KoppenupooaH:
HLix: '· OCKonkon': ,nmi: ' cet.i:eiiHH ._. no'niioro c.iUIHHiiH ' nonyqeua 
rp~uin~a 'u ···'~10 M6 '1~ 6 .;..1Bl: · C :npyro:H croponLI; e'cTL 

· pa~'I(!Thl; ·a:'I<<b~o~LIX':'rtmrytieJi:a:'o~e~Ka ac;F, -:::.'200 'M6: .. ~~H 
TOR )Ke ·peaK~HH / 4 / •· . · · · · · · · .· 

.. II 



I 

'· .: B ,[(y6ue nony'leHLI JKcnepHMeHTaJILHLie ,IJ;aHHLie no ceqe-
. · HHSM · ·peaKUHH. · •:-C . -HOHaMH· KCeHOHa. B peaKUHH-

. 70 Zn ( 1
.
36 Xe, xn) 206.-:- x Po ' . ' ceqeuua-npoueccoa c BLI-. 

JieTOM 4 H 5 HeiiTpOHOB OKa3aJIHCb' COOTBeTCTBeHH0''31 H 
52 .Mii 1251 • ITo .3THM .,IJ;aHHLIM a H3BeCTHhiM- JHa'leHHSM 
j;n / f' . . . '.ziir11 a,D;ep nonquuaJ26 ~ 6Lmo BLI'IHcneuo ceqe
HHe otfpa30BaHHS COCTaBHoro ·.R,D;pa . 206Po,_ KOTOpOe:OKa
JaJIOCb paBHbiM 400 Mli: 

.. ' 181 .. 136 
B peaKUHH ]a·~ Xe HJy'laJIHCh, MaccoaLie H Ja-

p.R,D;OBhle. ·pacnpe,IJ;eneHHH oci<:o,JIKOB ,IJ;eneHHH·: I 2 7 '· .· IIoKaJauo, 
'ITO llOJIO~eHHe .. MaKCHMYMOB H.BeJIH'IHHa ,I:(HcnepCHH pacnpe
,I(eJieHHH ~He.ripOTHBOpe'laT rrpe,D;ITOJIO>KeHHIO 0 TOM, 'ITO B 3TOH . - ~z 

. pea~D;HH o6pa3yeTC11 COCTaBHOe .R,D;po_ . 127 ;· KOTOpOe ,3a-
. TeM ,IJ;eJIHTca ua:2 ocKOJIKa. ,Ceqeuue o6paJoaaHH.R coc-faauo

r.o H,IJ;pa B TaKOM . npe,D;ITOJIO>KeHHH _. COCTaBJI.ReT _ -:-1.50 Mli. 
Al{anorH'IHLie peJyJILTal:hl 6LIJIH nony'leHbi pa}fee ,IJ;JIH peaKUHH 
2

3
,
8 u t. 40Ar ... 27~110 *,. r,IJ;e TaK)Ke H3y'laJIHCh/J'AaJ

0
SOBLie, 

3ap.R,D;OBbie H yrJIOBble pacnpe,D;eJieHH.JI O.CKOJIKOB ' ' • 
ItanOM:HHM TaK>Ke, 'ITO CHKKenaH,I:( nony'lHJI 'leTKYIO Kap

THHY peaKUIJH "IIOJIHOrO cnHHHH.R" npH o6nyq~HHH ypa,Ha f!.}l;ro
HOM,. perHCTpHpy.R KoppeJIHpoBa,HHhle: OCKOJIKH ,I(eJieHH.R ·' 9l . 
o.nuaKO B. TaKHX OrlbiTax, CTporo . roaop.R, .. .zioKa3biBaeTC11 
'in{ini. nomia11 nepe,IJ;a':la HMnynLca, uo ue o6paJoaauue cocTaa
uoro .R,D;pa. 

'•'. Tai<'u:M. o6pa30M,Ha OCHOBe HMeromHXCJI JKcnepHMeHTaJib
HbiX ,IJ;aHHLIX. ~pR,D;. JIH MO>KHo c,IJ;eJiaTL O,IJ;HOJHa':IHLiii BLIBO,I( 
0 BepO.RTHOCTH o6pa30BaHHH ,COCTaBHbiX .R,D;ep /noJIHoro CJIH.R-

. HHH/ a peaKUHHX TJ,ua U, Am+_Zn~ · · · .. , . . . . - . 

,[(pyroii npH'lHHOH MaJIOH BeJIH'lHH~I Ce'leHH.R MO>KeT 6b1Tb 
6onL.maa ,IJ;eJIHMOCTL aoJ6y>K,IJ;eHHhlx .R,D;ep c Z. = 125.· Y>Ke 
ITPH· CHHTe3e JJieMeHTOB 1027105 OCHOBHble JKCnepHMeH
TaJibHble ,:fpy.!(HOCTH 6biJIH. CB113_aHbl C. BOJpaCTaiOmeii ,I:(eJIH-

. MOCTbiO BOJ(}y>K,I(eHHbiX .R,D;ep-- npo,IJ;yKTOB H COOTBeTCTByiO
IUHM yMeHLWeHHeM .. ,c~'leHHH o6pa3oBaHH.R. _ TaK, JJieMeHT-

. Ml5 . - HHJibC60.tJHH · -.. 6LIJI CHHTe3HpoaaH. B peaKUHH 
.Am ( zz Ne, 4n) .6 ~ Ns .. _

34 
c fe'If_JIHeM B MaKCHM}'Me . 

tiJyHKUHH aoJ6y>K,IJ;eHHH 5.10 · eM 1 1 

Ha •. ycnemHLiii CHHTeJ caep-'ST~_>KeJibi~ H,D;ep a peaKUHHX 
.. ;__,-::-·;- ~ .. -. . 

ITOJIHOrO .CJIH.JIHH.JI ·MO>KHO Ha.I(e.RTbCR:JIHWb B TOM CJiyqae, 
eCJIH npe,IJ;n~naraeMO;c{~'Ta6HJIH3Hpyi~:nuee BJIH~HHe JaMKHYThiX 
o6ono'leK coxpaH.ReTC.R. npH B036yJK.UeHHSX, · xapaKTepHbiX 

12 

,D;JIH peaKtiHii · / ,D;JIH cnyqa.R 243 Am+ · 68 Zn Jueprua aoJ-
6y>K,IJ;euua cocTaauoro· a,D;pa 311125, no oueuKaM./20~ . , 
cocTaBJI.Re.T 33 MJB/. ·Muaqe ce'leHH.R. MoryT _-,KaTacTpotiJu
qecKH yMeHLWHTLCH." Cyrtiec'rayromue ua ·JTOT c'leT Teope
TH'lecK_He coo6pa>Kemi11 npoTHBope':IHBLI 15•61• a ,JKcnepu
MeHTaJILHLie ,IJ;aHHbie HeMHOrO'lHCJieHHbl H, KPOMe_- TOrO, 
OTHOC.RTCH K ,iipyrHM oonacTSM .R,D;ep. Bonpoc O.TOM, R;aKOBa 
po.rib o6onoqeK ~ B036y,K,I(eHHbiX, caepxTa:>KeJibiX .R,D;pax, oc
TaeTca noKa orKpLITLIM. 

ABTOpbl npH3HaTeJibHbl aKa,I(eMHKY r .H:<I>nepoay Ja no
CTaHOBKY 3a,IJ;a':IH H. ITOCTO.RHHYIO ITO,I(,D;ep:>KKY B pa6oTe; ,I(OK
TOPY. tiJHJHKo-MaTeMaTH'leCKHX uayK IO.U:.Orauec.RHY Ja no
neJHble o6cy>K,IJ;eHH11 pe3yJILTaTOB. c.rr. TpeTbHKOBOH, 
A. c .IIaciOKY' 10 .II. TpeTbSKOBY' r .H.AKanbeBy Mbl 6naro
,IJ;apHLI Ja noMOJUL a npoae,IJ;eHHH JKcnepHMeHToa; T.M.PLI-
6aKoaoii H K.M.MepKHHoii Ja 6onLmok TPY,IJ; no''npocMoTpy 
,IJ;eTeKTopoa ocKoJIKOB ·. ,IJ;ene~m.R. MLI 6naro,D;apHLI rpynne 
JKCITJiya TaUHH yCKOpHTeJI.R ll.H.P, o6e cne'lHBWeii_ OllTHMaJIL
Hble YCJIOBH.R ,I(JIS ycneWHOrO YCKOpeHHS HOHOB UHHKa. 
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3 Hromr 1973 ro.na. 

HeT JIH npo6eJioB B Banleit 6H6JIHOTeKe? 
<" ~ ;'- • T - • < • 

Bhl MOllt8T8 DOJiyQTb no DO'ITe nepe'IHCJieHHhle HHllte KHJtrK 
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2-4816 

16-4888 

3-4891 
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,l\1-6349 
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192 CTp. 3 p. 76 K. 

294 CTp. 3 p. 17 K. 

588 CTp. 6 p. 

250 CTp. 2 p. 64 K. 

428 CTp. 5 p. 49 1(. 

882 CTp. 14 p. 74 K. 

772 CTp. 7 p. 69 K. 

768 CTp. 7 p. 60 K. 

372 CTp. 3 p. 67 K. 

564 CTp. 6 p. 14 K. 

670 CTp. 6 p. 95 K. · 

525 CTp. 5 p. 85 K. 


