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. 12131 
B 1956-1957 rr. r.H. ct>nepoB u Jlp. 1 npoBOJl51 OIIbiTbi no CHHTesy 

H H3y'IeHHIO a .-pacrra)la TpaacypaHOBbiX 9ll9M9HTOB Ha UHKllOTpOHe MHOI'O-_ 

3ap51JlHbiX. HOHOB 1 o6paTHllH BHHM8HHe Ha B03HHKHOB9HH9 60llhlll01'0 'IHClla 

. '<t>oHOBblX a . -H3llY'I8Teneii B o!JnaCTH IlOllOHH51 - pa)lH511 CBOiiCTBa KOTOpbiX 

6billH 6llH3KH K O>KHJl89MblM CBOiiCTBaM 9ll9M9HTOB B TpaHCM9H)leneBU9BOii 

o6nacTn, B 'IaCTHOCTH 1 6hmn o6aapy)l{eHbi a - nsny'IaTenn c aaeprneii a -

'IaCTnU 8 187 n 11 165 MsB1 KOTOpbie rros)l{e 6hinH HJleHTn<PnunponaHbi · KaK 
'211m 212m 141 

nsoMepbi rronoHH51 Po ( T ~ = 25 ceK) n Po ( T~ = 45 ceK) • 

8bi51CHimocb 1 'ITO HCTO'IHHKOM <PoHa 51Bll5110TC51 MHKporrpnMeCH BHCMyTa 1 

CBHHUa H pTyTn ~ BeiiieCTBe MniiieHn. Ce'JeHH51 o6pa30B8HH51 HeKOTOpb!X <Po­

HOBb!X H30TOilOB Ha CBHHUe IlOJl JleiiCTBneM HOHOB yrnepOJl8 1 KHCllOp0Jl8 1 

nnu .aeoaa n coTHn. TbiC51'I u 6onee pas· rrpeBbiiiiaiOT ce'IeHn51· o6pasoBaHn51 

.. TpaHCMeHJlelleBneBbiX 9ll9M9HTOB, f1 OSTOMY 6binll paspa60T8Hbl MeTOJlbl Till a­

. Tellh!IOii O'IHCTKH BeLUeCTBa Mlllli9HW ( rrnyTOHH51 1 aMepnUH51) OT MHKpOilpHMe.:.. 

ceii Bi 
' 

I Ph ; llg n ilP•. B ;Jlallh!IeiiiiieM 9TO rro~Bonuno ycrreiii!IO rrpoBec.:.. 
! . 

Tn Ollb!Tbl IlO CHHTe3y H H3Y'I.eHHIO a -paJlHOaKTHB!IbiX CBOiiCTB MHOI'HX 

· · · , ' 15 6 7 I 
H30TOilOB aneMe!ITOB 102 'H 103 1 1 

• 

, · 11 I 
HeJlaBHo 6hmu orry6~HKOBaHbi pesynhTaThi · pa6o~hi fnopco u Jlp, 

HO rrony'IeHHIO a -paJlHOaKTHBHbiX H30TOilOB 9lleMeHTa 104 1 Kyp'IaTOBH51 . ' ' . ) . . · n''6 18191 . · 111 
pa!Iee CHIIT93HpOBa!IHOI'O B y He .! • 8 9THX 9KCilepHM9HTaX MH-

. 249 Cf l I ' ,. i 12 13 
lli9Hh. }13 o6ny'Iaf,aCh tycKOpeHHb!Mll IIOH8MII · C H C , f10-BH-

, i . \ 



249 12 ~57 
llHMOMy 1 HaHo.onee TIUaTenhHo nay-qanacb SIAepaasr peaKUHSI Cf( C,4nJ 104 

nnsr KOTOpOil: llpHBOilSITCSI KBK cneKTpbi nepBH'IHhiX . a ~'18CTHU 1 TaK II pe-
l 

aynbTBTbl 1:!3MepeH!Iii pacnpeneneHHSI Ha BTOpi:!'IHhiX COOpHI:!KaX I'eHeTI:!'IeCKI:! 
· U3 . 

CBSI38HHOI'O 1:!30TOlla 102 (TaK H8ShiBaeMhie SKCnepHMeHTbl "MaTb-llO'Ib"), 

npH paCCMOTpeHI:!H nepBH'IHh!X cneKTpOB a -'laCTI:!U1 3apei'HCTpHpOB8H­
/1 I. .. 

1 00pa-Hh!X BCeMH 'leTb!pbMSI JleTeKTOpaMH 1 HCllOnb30B8HHh!MH B Ollb!T8X 

ruaeT Ha ceosr BHUManHe O'leHh HHTeHCHBHast nHHHSI c aaeprHefi 7 1 138 MsB. 

(14Ra) .• Ha PHC, 1 Bepxanii cneKTp npencTaBnsreT coooii peaynbTaT oony-
249 12 . . -. . I . • . I 1 I . 

'IeHHSI Cf HOHaMH C, aaperHCTpnpoBaHHhiii' nepBhiM neTeKTopoM .Ha,... 

TeHcnBJIOCTb nnHHH 7 1 138 MaB npnMepJio-cB 5000 paa npeBocxonnT nHTeJI"':' 
257 

CIIBHOCTb BCeX a -niiHIIii 1 npnm!Ca-JIHh!X H30TOny . 104. 
. 214 R. ( . • 

0'1eBHilii0 1 ' 'ITO nosrBnemre .n 7 1 138 MaB) B nponyKTax SIAepHhiX 

peaKUIIii ooycnoBneHO :· Hani:!'IHeM CBHHUa B Kann¢opHHeBOii MHIUeHH, J130TOn. 
214 . • _208 12 - 214 

Ra oopaayeTCSI B peaynbTaTe srnepHOH peaKUHI:! . Pb( . c, ·bn) Ra 

HnH 38 C'leT _peaKUHfi Ha llPYI'HX H30TOnax CBiiHUa npH HCnapeHIIH MeHbiUei'O 

'IHcna aeil:TpoaoB. Ty JKe caMyiO npHpony HMeiOT H H3oTonhi pan<ma·c:· MaccoBI>I­

MH 'IHCnaMH 209 1 210 H 212 1 a -nHHHH OT pacnana KOTOpb!X B OOnbiUOM KOnH-

11/ 
'leCTBe npHCYTCTBYIOT aa nepBH'IHhiX a -cneKTpax. ABTOphi Booorue 

He oocy~JlaiOT Bonpoca 'o <Poire OT CBtmua li He npHBO)lSIT a -cneKTpOB npl:! 
12 

o6ny'leHHH Pb HOHBMI:! C • 

tfTOObl npoBepi:!Tb, KBKOBa B03MOJKH8SI Bani:!'II:!Ha BKnana B nepBH'IHbie 
. 11 I 

0 a -cneKTpbl OT npHMeceil: CBHHUa B MH!UeHH 1 Mhl npoBenl:! 0 ny'leHHe 

MHIUeHH H3 eCTeCTBeHHOfO CBI:!HUa HOHBMH yrnepona C TOil: IKe SHepi'Heii 
. . .. .. . .. 11/ 

(71 MsB) B ycnoBrrsrx sKcnepHMeHTa 1 6nH3KHX ·K ycnoBHSIM paooTbi · • 

CxeMa ycTaHOBKH 1 l:!cnonb30BaHHoii B HaiUI:!X aKcnepHMeHTaX1 .rraoopa-· · 

-2 
JKeHa Ha p!:!C, 2, CBHHUOBaSI MHIUGHb TOniUI:!HOii 1 15 MI'•CM oony'lanacb Ha 

BhiBeneHHOM ny'IKe 310-caHTHMeTpoBoro UHKnoTpoaa Ol1Hl1. HaiUa annapaTy-:. 
. . r 111 . 

pa 1 KaK H annapaTypa HOpCO H Jlp, . 1 OCHOBaHa Ha HCnOnb30B8lll:!l:!· MST0-
1101 . . 

. na MaK<flepnaaa • ATOMhi OTJla'll:! TOPM<?31:!nHCb B raae (cMecb renHsr 

4 

_, 
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c".••v 

II. 830TC) II Bb!HOCI!ni!Ch IIOTOKOM !'838 U3 p86oqeif K8Mepbl ·qepe3 M8nOE! 

OTBepCTHe B Herrpepb!BHO OTK8qi!B8eMbltf 06'beM, B KOTOpOM H8XO.QUni!Cb KO-. 

neco..:c6opHIIK )li!8MeTpOM 240. MM II a -.ueTeKTOpb!, C6op!ii!K IIOMeiii8nC5I 

H8 rryTII I'830BOfi cTpy!!, B K8qecTBe .ueTeKTopoB a -q8cTnu ncrronb30B8-

ni!Ch .QB8. IIOBep_XHOCTH0-68pbepHbiX KpeMHI!eBb!X cqeTqi!K8 1 p8CIIOnO)KeHHbie 

IIO.Q yi'n8.MII "" 90° II ~ 180° OTHOCI!TenbHO H8IIp8BneHU5I I'830BOH CTpy!!·, 

Tiepenoc g.uep'- rrpo.uyKTOB pe8KUI!fi ocyiiieCTBnSincg rroBopoToM Konec8 118 

88°48' 38 BpeM5I • "" 0,2 CeK, Bbr6p8HHblll yron IIOBOpOT8 o6ecrreqi!B8n IIC­

Kmoqe.Hne H8KOIIneH1!5I. ·llOni'O)KIIBYIIIIIX .a -8KTIIBiiOCTeif Ha o6o.ue· KOneC8~ 

c6opHIIK8~ BpeM5I 
11
H8KOIIneHI!e-1!3MepeHne" Baph!!pOB8nOCh c IIOMOll!h!O 6no­

It8 8BTOM8THKI!, Bo3MO)KHOCTh ·.rrpoBe.QeHI!5I BpeMeHHOI'O a.H8nl!3a a -crreKT­

p8 o6ecrre'l:IIB8n8Ch p836HeHHeM BpeMeHH H3MepeHH5I .ung K8)K.QOI'O .ueTeKTOpa 

118 4 HHTepB8na, AMIInHTY.UHO-BpeMeHHOif a.HanH3 HMIIynhCOB' C .QeTeKTOpOB ocy­

IIIeCTBn5InC5I Q rroMOIIIhiO 8H8nH38TOp8 AI1-4096. 

H8 p!!C~ 1 BHH3Y IIOK838H a -CIIeKTp, .rronyqeHHbifi HaMH 118 rrepBOM 

.QeTeKTOpe B pe)KHMe Heiipepb!BHOI'O o6nyqeHH5I CBHHUOBOfi MI!IIIeHH HOH8MH 

12 c 
c s.Hepriiefi 71 MsB n: · .ung BpeMeHH "H8KorrnenHe-n:3Mepeane", p8BHO-

. ro 3,2 ceK. 

l13 cp8BHeHH5I H8IIIHX a -crreKTpoB, rronyqeHHbiX rrpn: o6nyqemm 

12 
Pb + C, n: 

Ill 
a -?rreKTP!JB, rronyqeHUbiX rpyrrrroil f11opco rrp11 o6nyqeaHn 

- 249 Cf +r2 C 
1 BII.QHO; 'ITO IlpHMeCH CBI!l!U8 B K8nll<fJOpHHeBOfi MHIIIeHH OTBeT-

CTBe!IHbl • 38 HeKOTOpb!e HHTeHCIIBHb!e nHHHH B. CIIeKTpe, H86niO.Q8eMOe COOT­

HOIIIeHne Me)K.QY Hl!Tenci!BHOCT5IMII STHX nHHI!fi, ecTeCTBeuao; 38BHCHT ue 
. 12 

TOnhKO OT 9Hepi'IIH I!OHOB C 1 110 H OT oco6eHHOCTefi p860Tbl 9KCIIepii- • • 

Ill 
· MeHT8nhuofi y CT8HOBKI!, K co)Kane.Hn:ro, B p86oTe fHopco il .up. ue rrpl!-

. ' 12 
BOJl5ITC5I .U8HHhre no n:3yqeHHIO · pe8KUHH Pb + · C B Tex )Ke ycnoBnSix, qTo ., 
H 24.9 Cf+ 12 C 6 ,~, 

1 XOT5I HeO XOilllo/'OCTh TaKOI'O 'I'OHOBOI'O OIIbiT8 COBepiiieHHO 

oqeBH.UH8, 

5 



Bht3biBaeT TaK:1Ke YllHBneHue, .'ITO HeKoTopbte xopowo H3BeCTHhie aK-

. · r · 111 6 THBHOCTH B 9KCnepHMeHTaX HOpCO H Jlp, BeJlyT Ce H He CBOfiCTBeHHhiM 
. . . j -

HM o6pa3oM. AHal!H3 cneKTpoB, H3MepeHHhiX 'leThipbMH ~:teTeKTopaMH, noKa-. 

3h!BaeT, 'ITO, HanpnMep, aKTHBHOCTb c E a = 6,043 M9B 1 npnHa~:tne)l{aWaH 
. 209' . : 210 . 

~3oTonaM paJlOHa Rn ( T ~- = 30 MHH) H Rn ( T~ = 2,4 qaca), 

pacna)laeTCH C ,nepHOJlOM "' 2,5 .ceK, To )l{e OTHOCHTCH H K MHOI'HM: llPY­

/1/ 
I'HM XOpOWO H3BeCTHbiM a -nHHHHM 1 llpHllHC8HHhiM aBTOpaMH pa3nH'IHbiM 

2~0 

H30TonaM B TpaHcypaHoBofi o6nacTn. B 'lJaCTHOCTH, Fm ( T~ = 30 MHH, 

·Ea = 7,43 M::m) • pacna~:taeTCH 11 
c T~."' 4 ceK. 0THOCHTenhHO nHHHH 

. ·. 211m . ' · :. 
8,87 M9B, npHHaJlne)l{awefi . Po ( T~ = 25 ceK), aBTOpbt yTBep)KJlaiOT, 

'ITO ee npupo)la HeH.3BeCTHa. BepOH~H01 9TO YTBep)l{)leHHe OCHOB8HO Ha TOM, 

'ITO HX speMeHHOil: aHaiiH3 yKa3biBaeT Ha HanH'IHe npn6nH3HTenhHO Tpexce-

KYHJlHOI'o nepuoJ:ta nonypacnaJla. 

Bee .H3nO)I{eHHOe. 38CTaSnHeT, . C OJlHOH CTOpOII.bl 1 COMHeBaTbCH B npa­

'snnbHOCTH HJleHTH¢nKai.mu pHJla nsoTonoB TpaHcypanoBbiX 9neMeHTOB. iaKux, KaK -- ' . . , .... 
246 .. 250 . . .. 254, 255,256 102 . . "' . 
. Cf , Fm· .. ;· ..... , nocKonbKY He .Y'ITeH 'i'oH oT npoJlyKTOB..!. 

o6pa3yiOrunxcH Ha npnMecHx csnHua_- Bo BCSJKOM cnyqae npn conocTaBneimu 

C.BHHUOBOI'O II, Kann4JopHHeBOI'O cneKTpOB MO)f<HO yTBep)KJl8Tb1 'ITO He TOnbKO 

111· 
9'I'HM U30TonaM npHHaJlne)l{aT yKa3aHHbie B cneKTpe a - nHHHH . • C llPYI'Dfi · 

CTOp0Hhi1 B03liUKaiOT COMHeHHSJ II B npaBHnbHOCTH. U3MepeHHSJ nep~OJlOB nonypac-· 

na)la JlnH TeX ll30TOllOB1 KQTOpbte )lefiCTBHTenbHO MOI'YT o6pa30BbiBaTbCH B SJ)lepHbiX 

249 12 2~8 2~7 . 
peaKUHHX . Cf + C , TaKHX,· KaK 103. nnn ·104 , TaK KaK JlnSJ xopo-

209, 210 211m 
wo H3BeCTHhiX H3oTonoB . Rn. u· . Po n~IJ_HOflbi· nonypacna)la on-

peJleneHbi HeBepHo, 

Co3JlaeTCSJ Bne'laTnenne, 'ITO "3 ceKyHJlht" .eCTb HeKo.TopaH xapaKTep­

HaSJ· Benn.'IHHa, onpeJlenHeMaH KOHCTpyKunefi H I'eoMeTpnefi ycTaHOBKH. OnbtT 

llOK83biBaeT, '1'1'0 K09cPcPHUHeiiT c6opa aTOMOB OTJl8'1H )l8)1{e B. OllTHManhHblX 

ycnoBHHX He JlOCTHI'aeT 100%. KaK npaBnno, npnMepHo nonoBHHa npoi:tyKTOB 

SJJlepHbiX peaKUHH He cop6upyeTCH Ha llOBepXHOCTH c6opHHKa 1 a YHOCHT~H 

6 _ .. 



UOTOKOM I"838, BepOSITHOCTb npOHHKHOB9HHSI ~Tpyu I"838 0 HM9IOIU9H 3ByKOBYIO 

/1/ 
C~OpOCTb, B 06ltaCTb .UeTeKTOpOB aennKa, H 38M9'18HHe 8BTOpOB OTHO-

CHTenbHO "'nensaecTHOI"o Me~auns~a nepe_.o.aqn" npo.o.yKTOB peaKunfi Ha no­

BepxuocTb .ue.TeKTopoa, no-BH.UHMOMy, npocTo osuaqaeT nepeuoc aTHX npo-

· .IJ.YKTOB I"830Bb!M UOTOKOM K .UeTeKTOpaM a -nsny'leHHR. 

Mbr TaK:lKe npoaenn onbiT c Heno.uan:lKHhiM KonecoM-c6opHHKOM, HecMoT­

. pg ita TO, 'ITO H8ll!H .U9T9KTOpbl HaXO.UHnHCb cpaBHHTenbHO .o.aneKO OT M9CT8 

BXO.Ua I"830BOH CTpylf, Mbl Ha6nro.o.ann 3aMeTHYIO a -aKTHBHOCTb npaKTH'leC­

KH TOI"O :lKe. Cl:l.MOI"O CU9KTpa, .. KaK, H- UpH UO.UBH:lKHOM c6opHHK9, 

/1/ 
B aKcnepnMeHTax "MaTb-.UO'lb" '· KOI".Ua aaTophr per'ncTpnpoaann Ha.,. 

. . 253 102 
KOUneHHe . · Ha UOBepXHOCTH .UeTeKTOpOB, TOT :lKe C8Mb!H MeXaHH3M 

. 253 . 

. "npoca.'IHB8HH51" I"a3a · MDI" npHBeCTH K HCKa:lKeHHIO pacnpe.o.eneHH51 102 

no 'leTbipeM '.o.eTeKTOpaM HS-38 UpOHHKHOBeHHSI I'!PSIMOI"O .npO.UYKTa 51.UepHOH 

peaKUHH 
249 

Cf( 
12 

C, a 4n )
263

102 .. · Mbr y:lKe an.uenn, 'ITO . .o.nSI .uoni"O:lKH-

·ByiUHX H30TOU.OB pa~OHa, !flepMH51 H nonOHHSI nony'leHO "a~!fleKTHBHOe" 3!18'le­

HHe nepno.ua ·nonypacna.ua 3-5 ceK, IToaTOMY I"OBOpHTb o.nepno.uax nonypac-
257 259 

· na.ua Ku ("" 4,5 ceK) H Ku ("' 3 ceK) Ka:lKeTCSI npe:lK.o.eapeMeH-
. . 

Hb!M 6es npc>Be.U9HH51 p51.U8 KOHTpOnbHbiX OUbiTOB, 

/1/ 
8KcnepHMeHTanbHbie .0.8H!Ibl9 · He HCKniO'laiOT H B03MO:lKHOCTH. TOI"O, 

257 259 
'ITO apeMeHa :lKHSHll Ku n Ku Kopoqe,; nocKonhKy, no yKasa-

!IlliO aBTOpOB' 0 Ha nepBOM .UeTeKTOpe HM99TCSI 6onbliiOfi ll36biTOK .UO'lep!IHX 

aTOMOB 
253

102 ·n 
255 

.102 , 3TOT us6biTOK MO:lKeT 6biTh o6ycnoaneu· a -

pacna.UOM KOpOTKO:lKRBYIUllX H30TOUOB Kyp'18TOBH51, B 'TO Bp9M51 KaK 9KCUO­

HeHTa 3-5 CeK 06'b51CH519T.C51 ."UpOCa'l~B8UlleM" nepBH'IHbiX npo.UyKT?B SI.Uep-

249 12 
HbiX peaKunii Tnna Cf( C, axn) 102. 

EcTeCTBeHHO, HaM Tpy.o.Ho yKaSaTb ~eficTanTenbHYIO npll'IHHY ollln6oK 
I . 

B HHTepnpeTaUHH H9KOTOpb!X 9KCU9pHMeHTanbHblX .0.8HHbiX 0 He 3H851 CUeUHtPH­

KH pa60Tbl B BepKnH, neTanbHblii KpHTH'leCKHii auanns H npoaepKy CBOHX 

' pesynbT8TOB 'MOI"YT C.UenaTb TOnbKO C8MH 8BT0pbl, 

.l 

7 



. B saKniO'leHne aBTOphi BhipmKaiOT CBOIO ncKpeHHIOIO 6naronapHOCTb 
\,, 

aKaneM!fKY f.H. c!lnepoBy Sa UOCTOSIHHhlll lfHTepec K pa6oTe, A,r, lleM!fHy 
' 

If IO.B. no6aHOBY sa noneSHhle nncKyccnn, a TaK)Ke n.n. 4EWHOKOBy, . 
A.C. Tpo~nMoBy, IO.IT. XapnToHoBy n B.H. KpamoHKnHy sa noMOllib B nonro-

TOBKe annapaTyphi ll npoBeneHnn OllhiTOB, 
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. . 249 
.Pnc.l. Anbljla-crreKTphi, rrony'leHHhie llpll o5ny'leHllll cr (BepXHliH 

~lleKTp) II ecTeCTBeHHOJ:'O Pb ( HlllKHHH crre'KTp) IIOHBMII 12 C 
sHeprneii: 71 MsB, 
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Puc.2. CxeMa sKcnepuMeHTanbaoii ycTaHOBKH ami II3y'leHIIH npoayKTOB. 

Htlepaoii peaKuim Pb + 12 C. 
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