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I. BBeaeHHe 

V! 3 0TO!Jhl 8 CTaTa BIJepBbie 6hinH CHHTe3HpOB8 Hbl HCKyCCTBeHHbiM rryTeM 

B 1940 rouy 
1 11 • 0HH pacrrauaiOTCH B pe3ynbTaTe aaxBaTa op6HTanbHhiX 

9ReKTpOHOB H HCIJyCK8HH51 anb~a-qacTHU. 0630p 51UepHO-~H3HqecKHX CBOHCTB 

9TH X Haep a a eTCH B nHTepaType 
121 , Anh~a-crreKTpbi yxaaaHHhiX H3bTorroB 

H3yqanHCb Ha M8f'HI1THb iX anb~a-crreKTpOrpa~aX 11 C IIOMOIUbiO HOHH38UHOH

Hh!X KaMep 11 1• 

M bl HMenH B03MOlKHOCTb rronyqHTb HHTeHCHBHbJe HCTOqHHKH H HCCneuo-

B8Tb anb~a-crreKTpbl H30TOIJOB aCTBTa C A= 211, 210, 209 H 207 Ha nony-

npoBOllHHKOBOM anb~a-cneKTpoMeTpe. B HaCTOHlUeH p a6oT e yToqHHIOTCH H uo

nonHHmTCH llBHHhle 0 pacnaue 9THX H30TOTIOB 1 ony6RHKOB8HHhle HBMH paHeel31, 

II. nonyrrpOBOaHHKOBbiH anbr/Ja -crreKTpOMeTp 

nonynpOBOllHHKOBhiH anb~a-)leTeKTOp ( TIOBepXHOCTH0-6apbepHbiH KpeM

HHeBblii:) liMen qyBCTBHTeRbHYIO IIOBepXHOCTb 25 MM2, Ero paapemeHHe B 

38BHCHMOCTH OT pelKHMa pa60Tbl cneKTpOMeTpa H3MeH51ROCb B npeuenax 

23-28 K9B B HCIIORb3yeMOM 9HepreTHqecKOM AHBII830He a - qaCTHU OT 

4,5 uo 7,5 M9B. n oupo6Hoe onHcaHHe cneKTpoMeTpa ( npeuycHnHTenb, rnaB

Hhili YCHRHTenb, 9KCTI8HAep, K8RH6pOBOqHbiM HMTIYnhC-f'eHepaTop) H ero Ka

nH6pOBK8 ll8IOTC51 B pa60Te 
141 

VI3MepeHH51 CIIeKTpOB npOBOAHRHCb C TIOMOIUbiO MHOI'OKBHBnhHbiX aHa

RH38TOpOB THna Y-52- R /KFKI (BeHrpHH) c qHcnoM xaHanoB 128 H AVI-4096 

C qHCROM KaHaROB 256 H 512. VI3MepeHH51 6bJnH BhiTIORHeHbl B H3MepHTenhHOM 

ueHTpe fla6opaTopHH HUepHhiX npo6neM OVIHVI. 
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lll. 
211 210 

Allb¢8-HCTQqHHKH At I At 201A 
I t 

209A , t 

Pa.rtHOaKTHBHhie H30TOllbl acTaTa 6hinH nony'leHhi nyTeM rny6oKoro pac

menneHH9 TOpHg (OT 1 .rtO 5 r) Ha BHyTpeHH9M nyqKe CHHXpOUHK110TpOHa 

OH.HH npoToHaMH c aHeprHeil: 660 Msa B Te'leHHe 0,5-1 qaca. 11HTeHCHBHOCTb 

npOTOHHOrO lly'!Ka - 2 MKa, J.130T0llbl aCTaTa 11011Y'I811HCb CyMMHpOB8HHeM npo-

282 (227-x) 
LlYKTOB 11p9MOil: peaKUHH goTh (p,6px) At H rrpOJlYKTOB p8CI18Jl8 

lS 
H30TOI10B pa.rtOHa H «flpaHUHSI, B 3aBHCHMOCTH OT TOro, K8KHe H30T01lbl Mbl XO-

Te11H H3y'laTb, HCI1011b30Ba11HCb TpH BHJ:l8 HCTO'IHHKOB 8CTaTa. 3TH HCTO'IHH

KH npHrOTOB11SI11HCb C11e.rty~WHM o6pa30M. 

:109 -:111 
1, B bill e 11 e H He At 

XHMH'IeqKag o6pa6oTKa MHllieHH npoao.rtHnacb qepea 5-6 qacoa rrocne 

KOHUa o6ny'leHH9 .nng Toro, 'IT05bi H30TOllbi acTaTa c rrepHOJlOM rronypacrraaa 

MeHbrne 'leM 2 qaca ycnenH pacrraCTbC9, MeTO.rtHKa cooca*.rteHH9 acTaTa c 

MeT81111H'IeCKHM Te H cop5UHH Ha KaTHOHHTe H3 C011SIHOKHC110rO paCTBOpa 

6bl1la pa3pa5oTaHa B OT.rtene 9.rtepHOil: ClleKTpOCKOilHH H pa.rtHOXHMHH na5opa

TOpHH MepHbiX rrpo5neM IO. B. HopceeBbiM H B. A. XanKHHbiM /5/. CaM rrpo

necc Bbi.rte11eHH9 H O'IHCTKH 
209

-
211 

At 3aHHMa11 5 'laCOB, rrpH 3TOM BbiXO.rt 

209 210 2ll 
8CTaTa COCTaB11911 OK0110 60%, a HCTO'IHHKH CO.rtep*a11H At , At, At, 

2, Bbii!el1eHHe H30TOIIOB 

nepHOI!OM no11ypacnaaa 0,5 qac 

8CT8T8 C 
305-:JJ 1 

H 6 0 11 b UI e ( At) 

Bbi.rteneHHe acTaTa rrpoao.rtH1IOCb 'lepea 15-20 MHHYT rrocne Koaua o5-

ny'leHH9, aecb rrponecc Bhi.rteneHH 51 cocTaangn 1,1-2 'Ia ca. 11crronb30BaHHa51 

MeTO.rtHKa 011HCbiBaeTC51 B pa6oTe /6/, 3Ta M9TO.rtHKa 1103B01191la 1101!y'laTb 

HCTO'IHHKH H31!y'leHH51, COJlep*aWHe H30TOI1bl 
205

-
211 

At H rrpo.rtyKT bl HX 

pacnaaa - H30TOI1bl rronoHH~ 
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3. B hi a en e H He o 6 or 8 Ill e H H oro 8 c T 8 T a - 211 

06nyqanocb 5 rpaMMOB TopHSI B Te'leHHe qaca. ITocne o6ny'leHHSI MH

IIJeHb Bbl):{ep)KHB8li8Cb 80 '18COB, IlpH STOM B MHIIIeHH OCT8B8liCSI 
211 

At , Ha

XOLIHBIIIHikSI B p8BHOBeCHH C 
211 

Rn ( T y,=16 '18COB), IlOClleLIHHH pacrranaeTC~ rry-

TeM 3axBaTa op6HT81lbHhiX sneKTpOHOB c HHTeHCHBHOCTbiO 74 % /I I. llanbHei1-

IIIee BbiL{elleHHe IIpOBOLIHliOCb ITO MeTOLIHKe, OIIHC8HHOH B rryHKTe 1. 0THOIIIe-

H'lfA lf:'lo'T'onoR 
211 

At 
210 

At 
209 

At =1: 1 /30:1 I 1000. B Ka'leCTBe rron

llO)KeK HCTO'IHHKOB HCilOllb30B8liHCb OTil0liHpOB8HHble Illi8THH0Bhle LIHCKH JlH8-

MeTpOM 12 MM H TOlllUHHOH 0,1 MM. Ha IlOLiliO)f{KU 8CT8T H8HOCHliCSI C8MO-

rrpOH3BOllbHbiM BbiL{elleHHeM SlleMeHT8 H3 830THOKHCliOI'O paCTBOpa H8 0Tilo

l1Hp0B8HHYIO ITOBepxHOCTb ITnacTHHhi ITO MeTOJlY lO. B. HopceeBa H Jlp. /7 I 
f1li8THHOB8Sl Illi8CTHHK8 IlOClle OC8)K)JeHHSI H8 Heii 8CT8T8 TIU8TellbHO Ilp0Mbi

B8li8Cb 6HLIHCTHllnHpoBaHHOH BOJlOH H BhiCYIIIHBanacb. TaKHM o6pa30M rrony

'lallHCb HCTO'IHHKH 6e3 HOCHTellSI. 

IV • Pe3ynbT8Tbi Hccnea.oBaHHIJ 

llnSI K81IH6pOBKH ClleKTpOMeTpa ITO 3Hepi'HSIM 6bi1IH HCil01lb30B8Hbl Jl8H

Hble /8/ o6 allbcpa-rpyrrrrax 
210 

Po (5304,5 KSB), 
211 

At (5868 KSB) H 211 Po 

(7448 KSB). J.130T0Ilbl :HO Po H 
211 Po B03HHK8IOT B pe3y1lhTaTe K -38X-

B8T8 H3 210 At H 211 At , HHTeHCHBHOCTb 38XB8T8 p8BH8 100% H 59%, 

COOTBeTCTBeHHO. 

3Hepi'HH 81Ibcpa-rpyrrrr orrpe)lellSIIlHCb C y'leTOM IlOI'peiiiHOCTH K81IH6po

BO'lHbiX allbcpa-rpylliT H CT8THCTH'IeCKHX OIIIH60K B HeCKOllbKHX cepHSIX H3Mepe-

HHH. 

AnhcjJa-ciTeKTpbi 
211 -209 

At 201 At 211 -208 
Po 

206 
Po 

204 
H Po 

IlpliBeJleHbl H8 pHC.l-3, 8 pe3yllbT8Tbl H3MepeHHH B Cp8BHeHHH C Jl8HHbiMH 

JlPYI'liX 8BTOpOB CBeJleHbl B Ta6n. 1. 

211 
1. H30TOII 

211 
At 

At ( T ~ .. 7,5 'lac a) BnepBbie 6 bzn rron y 'leH K opcoHOM K np. B 1940 ro-

/9/ I1 211 A 207 B ' ( T -38 /10/) LIY • 0 ei'O ll8HHbiM liHTeHCHBHOCTb paCIT8ll8 t-> I ~- neT 

paBHa 40% H BeTBli 211 At-o211 Po( T ~ =0,52 CeK /11 / ) .. 60%. 
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!13 H3MepeHHH allb¢a-cneKTpa 
211 At aa MarHHTHOM anh¢a-cneKTpo-

rpa¢e /12/ H C IIOMO!Ilb!O HOHH38UHOHHOH K8M8pbl /13, 14 / H3B8CTH8 TOIIbKO 

OUHB HHT8HCHBH8R IIHHHR, COOTB8TCTBY!Olll8R OCHOBHOMY 81Ib¢a-nepexony, KO

TOpllSI 6bin8 H8MH npHHRTa B K8'!eCTBe K81IH6pOBO'IHOH. Mbl HCK81IH IIHHHJO 

nepexona H8 nepBbiH B036y)I{L18HHbiH ypOB8Hh 
207 

Bi (67 1 K3B /1 /) C HCTO'l

HHKOM 3 THna. COOTB8TCTBYIO!Il8R IIHHHSI C y"'eTOM OTU8'1H gnpa UOII)I{H8 HM8Tb 

3HeprHJO 5210 K3B. VIHTeHCHBHOCTb 3TOH IIHHHH 6onee '18M 2.10-4 OT OCHOB

HOrO nepexona He o6aapy)l{eHa. Ha ocaoBaHHH H3MepeHHH anh¢a-cneKTpoB 

211 
LlBYX HCTO'IHHKOB THU8 2 onpeneneHO p83B8TB118HHe At riO OTHOIII8HHIO 

K HHT8HCHBHOCTRM 81Ih¢a-rpynn 
211

At H H8XOUR!IlerOCR C HHM B paBHOBe-

CHH 
211 

Po ( PHC.2). VI HTeHCHBHOCTb anhc!Ja-BeTBH :lll At paBHa 41,8 ±0,2 % , 

pacnan C 38XB8TOM op6HT81IbHbiX 3118KTpOHOB - 58,2 ~ 0,2 % . 

311 
2.H30TOII Po 

Anh¢a-cneKTp 
211

Po HCcnenoaancR n pa6oTax /12, 15, 16,1?1. Hei1 MaH 

H 0ep1IbM8H /lB/ L18JOT TpH mi:HHH TOHKOH CTpyKTypb! C 3HeprHRMH H HHTeHCHB-

/12/ 
HOCTRMH 6,90 M3B (0,57%), 6,57 M3B (0,48%) If 6,34 M3B (0,07% ). Xo<jl<tJ 

B CUeKTpe, CHRTOM H8 M8rHHTHOM CII8KTporpa¢e, 06Hapy)I{HII aBe nepBbie 

IIHHHH TOHKOH CTpyKTypbi, a B UH8ll830He 3HeprHH OT 6,26 LlO 6,57 M3B He 

HBIIIen HHK8KHX npyrHX IIHHHH C HHTeHCHBHOCTbJO, COCT8BIIRIO!ll8H 6onbllie 0,02 % 

OT OCHOBHOH IIHHHH. B pa6oTe BaneHa /16/ ITO HCC118UOB8HHIO 81Ib<jla-pacrra

na panH08KTHBHOH U8UO'IKH ~28 Ra YIIOMHH88TCR rrepBaR IIHHHR TOHKOH CTpy~-

TVPbl B CIIeKTPe 
211

Po • ABTOPbl pa60Tbi /17/ H3V'l81IH pacrran 
211 Po B 

2:.18 
panHoaKTHBH Oi.J: ueno'!Ke Ac • ITpH H3MepeHHH anh<jla-raMMa-coananeHHH 

6binH o6Hapy)l{eHbi coarraneHHR Me)l{ny anh<jla-'!aCTHUBMH c aaeprHeii 6,90 MaB 

H raMM8-KB8HT8MH C h v =610 Maa. 

211 
B H8III'HX OITbiT8X Po H8XODHIICR B 08BHOB8C'HH C M8T8D'HHCKHM Be-

:.!11 
mecTBOM At • M h i aa6moaanH TPH anh¢a-nHHHH c aae prHRMH 7.448; 

6,891 H 6,571 MaB (pHc. 2), rrorpeiiiHOCTh B orrpeneneHHH 3HeprHi.J: nHHHH -

4 K3B. VIHTeHCHBHOCTb 3THX IIHHHH H8 OUHH 8KT pacnana paBH8 COOTB8TCT

B8HHO: 98,90:!: 0,03% , 0,57 ± 0,03% J{ 0,53 ± ,03%. 
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3. H30TOI1 
210 At 

BTopoii H3oTorr, acTaT -210 ( T ~ =8,3 'IacaJ, 6bm CHHTe3HpoaaH a 1949 

rony 1181 Xo<P<!J, H3Mep5151 anh<jJa-crreKTP 
210 

At Ha MarHHTHOM crreKTporpa

cjle, Harnen TPH 11HHHH c rrpH611H3HTe11bHO OJJ.HHaKoao.H HHTeHCHBHOCTbiO .• ITo 

JJ.8HHbiM 3 TOM pa60Tbl HHTeHCHBHOCTb pacrra.ua 
210 

At .... 
206 

Bi He rrpeBblll!8eT 

0,2%. 

Pe3ynbTaThi HarnHx H3MepeHHii rroJJ.TBep)KJJ.8IOT cyruecTBOBaHHe Tpex nH

HHii: 552 4::!: 5 K3B 1 5442 ::!: 4 ,5 K3B H 5361 ::!: 3,5 K3B; HX HHTeHCHBHOCTb COOT-

210 
aeTCTBeHHO 36,7::!: ·3,4%, 34,3::!: 5,6% H 29,1:1: 5,6%. IlepHOJJ. rronypacrrana At 

no H8lllHM JJ.aHHhiM paaeH 8,6 + 0,4 qaca. 

4, f1 3 0 T 0 II bl 
209 

At H 207 At 

YI30TOITbi acTaTa c a TOMHbiMH aecaMH oT 209 no 200 6hmH rronv'IeHbi 

a 1951 rony 1141• CornacHo pa6oTe 1141 HHTeHCHBHOCTb anbcpa-pacna.ua 
209 

At ( T ~ '" 5,5 qac) COCT8B115!eT OK0110 5% H 
207 

At ( T ~ =1 ,8 'i8C/1/)-

10% /22/ 
209 

Mbt rrony'IH11H cnenyiOIUHe pe3ynhTaThi: HHTe HCHBHOCTb anbcpa-aeTBH At 

paaHa 4,1 ::t0,5%, a rrepHOJJ. nonypacrrana- 5,41 ::t0,05 'lac . B cnyqae 
207

At 

203 
YTO'IHeHhl 3HeprH51 11HHHH rrepeXOJJ.8 H8 OCHOBHOe COCT051HHe W E 

=5759 + q K3B H nepHOJJ. nonypacrrana 1 1!1 = 106 + 3 MHH. 
Q 

V. 3aKRIOlfBHHe 

B JJ.aHHoii pa6oTe npH IIOMOIUH nonynpoBOJJ.HHKoaoro cneK Tp6MeTpa H3y-

'IeH anbma-oacrran H30Tonoa • 207 At PI 210 Po • 

I13MepeHbl 3HeprHH H HHTeHCHBHOCTb 811bc:IJ8-11HHHfl. UnpeneneHa Bep051T-

HOCTb 811b cpa-pacnana H30TOilOB 
2 11 

At 209 At H nepHOJJ. nonypacnana 
210 

At 
209 

At 
207 

H At. 

ABTOpbi Bbipa>KaiOT rny6oKyto 6naronapHOCTb T. <Pem~wy :Ja npenoc TaB

neHHYIO FI03MOii<HOCTb HCil011b30B8Tb nonynpOBO/J.HllKOBI>Iii .:1 11btjlQ- C!lei\ TpOM8Tp, 

JI. TpoHy 3a IIOM C!Ub npH H3MepeHH51X II K. H . fpol\tOBY 3a o6cy)l<Lleimc pa-

60Tbi, 
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! 

l!aoron 

2I1At. ' 

2I1po 

' 

' 

2IOAt. 

209At 

207At 

Ta6nHua 1 

C pa nu euw e n ony •m HHbi X HEI MK 3 Hli '!CHKA nopHOJJ a nonypucnona , nepoSJ THOC TK 

ll nl>$6-pac na,aa, :iiH Op rH A If KHTeHC H8HOCT e A 81lb$a- IIHHIIH H30TOn06 211 - 20 'A_
1
, 

20f AI M 
2 11 

f'o C llll HH bi MH , nol!y 'lO HHbiM H P8311 H'l HbiM H llf\T OpllMif. 

I fa3BeTBJJeHKe ,__ 
: Eo(. T112 "<- pacnB,ll 3aXB8T 3JleKTpOIIOB 

JtMH ~B1 (K3B) 
D ~ D % 

' 
7 ,zot.o,o5 q . /29/ 41 .8±.0,2 58,2:t_0,2 ""· 5868±.3 
7 ,214:!:.0 ,007 '1../IO/ 40,9+0,5 /15/ 59,1:t_0,5 /15/ c., 

0,52 CeK . /II/ 7448:t2 
0,56±_0,04 ceK ./21/ o.. 7442:t_I5 

7430 

7430 

6891:t4 

7.._ 

\:J) 

/8/ ) 99,98 

40,0,Z 

/8/ 98 ,90:t_0, 03 

/20/ 99 ,0 /8/ 
/12/ 99 ,0 /12/ 
/15/ 99 ,88 /15/ 

0 , 57:t_0 ,03 

ol.l 6890, 7:t_2,5 /16/ 0 ,70 /16/ 
68~5 /!2/ 0 ,50 /1 2/ 
6900:t40 /15/ 0 ,57 /1 5/ 

6571±'> 0,53:t_0,03 
Ol.z 6569 /1 2/ 0 ,53 /12/ 

6570±'>0 /15/ 0 ,48 /15/ 

""J 6340±.60 /15/ . 0,07 /15/ 
0, 02 - /12/ -8,6:t_0,4 ~ . 5524:t_5,0 36, 7:t3 ,4 -01.. 

8,3 Q . /18/ 0,17 /12/ 5525 /12/ 32 /IC/ 

or., 5442:t_4,5 . 34 ,3:t_5 ,6 

5443 /12/ 31 /12/ 

01., 
5361:!;.3 ,5 29 ,1:t5 ,6 

5361 /12/ 37 /12/ 
5,41:t_0,05 Q . 4 ,I:t_0 , 5 95,9:!:_0,5 

o<. 5648±.4 /8 f/I9/ 
5,5:!:.0,3 ~ . /14/ "' 5 /14/ "'95 /14/ 

106:!;.3 IIIIH . 5759:t_4 
I - 4 Q . /24/ 5756:t_8 / 8/ 

2 Q . /14/ "' 10 / 14/ N 90 / 14/ 5750 /14/ I 

120 UIIH. /25/ o(. 
5750±.40 /25/ 

l02:t_I0 IIIIH . /26/ 

83:t_8 UHH. /27/ 5760±.40 / 27/ 
107!.5 MII H. / 28/ "" 10 /28/ "' 90 /28/ 5750±.50 /28/ I 1,8+0,2 Q . /22/ 5750±.30 / 22/ 
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" Ulfll . I • 1.5 "toco&oe UJN#~NIII 
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