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· A.T.CTpHraqea, n.c.HoBHxoa, A.A.CopoKHH, 
B.C .lllmrnem,, B.A.XaJIKHH 

uccnEJIOBAHHE 4>PAKmrn Ts 

113yqaJiaCL ¢paKUHS! rep6HH, KOTopaH BLl,neiurnacL pa~HOXHMH

t.J8CKHM Mero,noM HS TBHTBJIOBOR MHmeH~, o6nyt.JeHHOR npoTOHaM0 c 

3HeprHen 660 M3B Ha CHHXp~UHKJIOTpOHe B ~ydHe.. 06Jiyt.JeHH8 

TaHTaJIOBOR MHmeRH AJIHJIHCb OT 1/2 .no 2 qacon, a pa3~eJieHHe 

¢paxUHff pe~KHX seMen1, Hat.JHHanocL cpasy nocne o6nyt.JeHHH. 

B-Hy6He HCCJ18AOBaHHe Tep6HeBOR ¢paKUV.H npOBOAHJIOCb Ha 

cnexrporpa¢e THna laHHm c noJiyxpyroao~ ¢oxycHpoaxo~. MttHHManL

Hb!R pa,rtHyc npH6opa - 6,5 CM, a MaKCMMaJibHLI~ - 22,5 CM. li1Hpl1Ha 

HcroqHHKa 0,2 MM o6ecneqHaana pasperueHHe ~0,3% npH pa~Hyce 

15 CM. PerHcTpaUHR cnexrpa KOHBepcHOHHliX sneKTPOHO~ npOH3B0-

.IUUiaCh Ha qJOTOnJiaCTHHKaX nma P (TOJilllHHa SMyJU,Clrn 50p ) Moc

~OBCKOro saao,na TeXHMt.J8CKHX lpOTOnJiaCTHHOK. 

RcroqHHK npHrOTOBJIHJIC~ nyTeM BNnapHBaHHH naxrara, B KOTO

poM 61:1na pacTBOpeHa Tep<hieBaH ¢paKUHH, Ha aJIDMHHH8BOR IlOJIOCK8 

Ton~HHOR 5p. illHpMHa MCToqHHKa - 0,2-0,3 MM, a lHMHa - I5 MM. 

3KCil08H~HSI HaqHHaJJaCb rrpHMepHO qepes 4 ... 4,5 tJaca nocJie KOHUa 

oOnyt.JeHHH H ~JIHJJaCb npHMepHO cyTKH. EHJIH 3KCilOHHpOBaHl:l KOH

BepcHOHHLle JIMHMH rep6.H8 B HHTepBa~e OT 30 )1,0 650 K3B. IloJiyqe-

110 5 nnacTIHOK C xopomHM noqepHeHHeM Ha Mecrax CHJibHUX KOH

BepcHOHHUX JIHHiOf, 3 HS KOTOPl:lX oOpaOoTaHhI lpOTOMeTpHpOBaHHeM 

Ha M<.P-2. l{JISI onpe,neneHHH 3Ha'lem1n 3HeprHH np0Bo,I(1rnacb rpa~yH

poBKa no nHHHSIM F , G , H , :J, J aKTJ.1BHoro oca,n.Ka rop1rn. 
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B MOCICBe H3MepIIJICSI f - Cil8ItTp qipaitQHH Tepe5Ma H ff - COB

na.n;emrn Ha JIIOMHHec~eHTHOM crreICTpOMerpe co CTOKaHa1U,HWl aHaJUI3a-

TopoM, a TaKxe crreKTP KOHBepcHOHH.blX 3ReKTpOHOB Ha 6era-cneKTpo

MeTpe C nonepeqHNM IlOJieM (EITIT) C .n;eoUHoU qJOKYCHpOBKOtt, .D;JIR 

Toro 'lT06hl onpe.n;eJIHTl> nepHO,D;lil IlORypacna.n;a KOHBepCllIO~H.blX JIHH1df 

H HX HHTeHCHBHOCTH. Pa6oq.wff pa.n;nyc np116opa 22,5 cM. HcTO'lHHK 

m11pHHOit'I MM H ,l(JIHHOU 30 MU oC>ecneqHBaJI npH6opHoe pa3pe11IeHl'Ie 

o, ~ (.n;JiiI F JIHHlrn ffh ) • Ha EITIT H3Mepsrnc.11 crreKTP KOHBepcHoH

nux _3JieKXpOHOB B HHTepBB.Jie OT ~5 ,1{0 650 KSB • 

RcrnaeocHOHHlil0 CII0KTR <bp'aKgHH TB 

06o6~eHHHe pe3yJil>TaTH H3MepeHHM Ha cneKTporpacpe THIIa 

.Uamuu H EIIII .n;alOTCSI B CJie.n;yDIIteff TaOJIIU.{e. 3HaqeHHH 3HeprHR 

6npe.n;eJieHH c roqHOCTI:,D 0,25%. 

Jr. E1 (K3B) Er (K3B) no KOHBepcHOH- IIep1rn.n; 11.n:eHTHcpHita-
JIHTep~ ,n;aH- H.bl8 JlHHIUI ITOJTY- ,QHR 
HHM pacna.n;a 

I 2 3 -4 5 6 

I. 165,3 170 /II l<,L,M q q. rt 149 

2. 351 ,6 350 /2/ K L 
' 

4,5 q. TgI49 

3. 63_9, 7 640 /2/ I<, L b TOJTh- ~ 4 q. T&149 HJIH 
ICO Ell ) 

T(;I50TbI5I 4. 108 3· 108,3 /3/ I< 1 L 1 , L 2 J L3, M ' 
5. 180,4 180,3 /3/ l<,L,M 20 q. 'l'tI 51 

6. 192,3 192,2' /3/ I<, L 20 q. '7'bI5I 

7. 25I, 7 252,1 /3) l<,,L,M 7't!5I .. 
'7'f,I 51 8 •. 287,3 287,6 /3/· K,L,M 

9. 478,3 477 /4/ K 17,5 q. T&I5I 

j 

/ 



rr ... COB

Y aHaJUI3a

:a-cneKTpo-

' ,II.JISi 

:iIX JIHHW.t:1 

1eruemrn 

BepcMOH-

1a 

rH<pKKa-

6 

rig 149 

rg 149 

urn 

.I5I 

151 

I5I 

[51 

:51 

51 

p 

I 

IO~ 

II. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

.'.31. 

2 3 

415,5 416 

426,0 426 

442,5 442 

587,3 589 

180,0 180 

. 270, 7 265 

34.'.3,9 344,I 

41.'.3,0 413 

4.'.31,5 431 

615,9 616 

42,0 41 ,5 

IIO,O 109,8 

174.,8 174,4 

195,3 195,2 

212,4 212,2 

250,I 249,8 

123,7 123,2 

148,0 148,I 

.'.346,8 347,0 

87,0 86, 7 

105, 7 105,4 

163,6 16.'.3,5 

9 

4 . 5 6 

/4/ K,L 18 q.· 

/4/ K I8 tt. 

/4/ K 17,5 q. 

/4/ K 17,5 q. 

/5/ K,L 18,5 q. pg152 

/5/ K,L · I8,5 tt. '1'bl52 

/5/ K,L 18~5 tt. 'l'b152 

/5/ R 18 q. rr,152 
(TOJihKO EIITI) 

/4/ R 17,5 q. 'fCI52 

/4/ K,L 20 ll. TtI52 

/'JI L,,La.,L,,M re I 53 

/3/ K . , L ' .M 
Tel53 

/'3/ K nI53 

/'JI K nI_53 

/3/ K,L 70 'I. Tt;I53 

/3/ K '/'{,153 

/3/ K, L , M rcis4 
/'JI K rgI54 

/'JI K 17 q. Tel54 

/3/ K,L nI55 

/'3/ K rgl55 

/3/ K nI55 
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IIeqOxo,llHMO orMeTHT.b, ttro HccJie,lloaamte <ppaKIUm TC H u,n;eH

THqJHKaI~HR KOHBepcHOHHllX JIMHHR SIBJI.fll)TCSI B8CI,Ma 3aTpy,llHHT8JI1>HOii 

IIO CJ10.IlYDlltHM oOcTOSITSJI.bCTBaM. ~MeDTCR HeltrpOHO,Il;8qJH~HTHld8 H30-

TOITH Tg , KOTOpHe pacna,llaDTCR c 0JIH3KHMH nepHO,llaMH, HanpHMep: 

71,I 50 (3,I q); T, 149 (4,1 tt.) H 

~ , ,,. ,T&l5I (20 lf. ) 

'/16,155 (5,6 .Il ) H 

TC 152 f 18, 5 q.) H Tt 154 (I 7, 5 q.); 

r,rs6 c5 A) 

B CBSI3H C 3THM H,ll8HTHq>HKa.l{H.R K0HBepcH0HH0H /IHHHH no 

nepHO.IlY nonypacna,lla MHOr,lla CTaHOBHTCR TPY.IlHOR. KpoMe roro, npH 

pacna,n;e 3THX H30TODOB ITO.RBJISieTCSl MHoro 0JIH3KHX no 3Hepr1111 J' - . 
nepeXO,llOB, TaK llTO KOHBepcHOHHUe JIHHHH HaKJia,llHBaDTCR 0,l{Ha Ha 

,npyryn. 

11,11,eHTHq>HKal\HH J - nepexo.n;on a Hacroa1ueff paOore npo~o.n;H-

nach Ha OCHOBaHHH COBOKYilHOCTH H3MepeHHR KOHBepcnOHHoro c~exrpa, 

110J1y"leHHoro Ha cnexrporpa<fJe rirna .namrnr 11 · Eflfl, H3MepeHHR nbpHo

.n;oa PR.Ila KO~BepcHOHHHX llHHld! Ha lillII H H3Mepemdt J1 J1 COBDa~emd!. 

OOcyx4eHHe pe3yJihT8TOB \ 
JI11mrn nepexo,noa c 3HeprHRMH 165,J, 351 ,6 H 639, 7 Kss 

c nepHO).{OM 0.KOJIO 4 qacos MOXHO OTOJI,IteCTBHl'h c mrnHRMH I 70, 350 

H 640 K3n, KOTOphle paHee Ha<lJID,llaJIHCL y r, 149 /I/. IlepeXO,.I{ 

640 J{3B HaOmo,n;aJICSl TaKJCe H y fg ISO /2/ C nepHO.IlOM llOJiypacna,n;a 

3,I 4aca. IIo:lTOMY JIHHKK> 639, 7 Ksn Moxao oreecTK M I< T~ISO. 

OdHapyxeHa ente o.n;Ha KOHBepcHOHHa.H JlHHK.R C 3HeprHeh 

I 37, 3 K3B K nep110,n;oM --v JJ q. 

l 
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IlHHMH 108,J, 180,4, 192,3, 251,7 H 287,3>corJiaCHO ,n;aHHHM 

MHXeJrnqa, OTHOCSITCR K T~ 151 • Ha EIIIT H3Mepsurcst nep1rn,n; noJiypacna. 

,n;a KOHBepcHOHHHX JIHHH~ nepexo,n;oe c 3HeprHSIMH 180,4 H 192,J K3B. 

OH OKa3aJICR paBHHM 20 qaca». 

B cneKTpe t- f COBil8Jt8HHif C JIHHHeU 110 K3B, B _KOTopyD 

exo,n;RT JIHHHH 108,3 K3B Tg151 H IIO,O K3B T&153, npoRBHJIHCh 

JIHHHH: ISO, 250, 290 H 480 K3B. TaK Kax JIHHHH Tt151 e aecKOJI.b

xo pas CHJl.bHee, qew JIKHHK Ti 153, H KPOMe Toro HHTeHCHBHOCTb 

COBnaAeHntt cna,n;aeT c nepHO~OM ~20 qacoa, TO MOXHO cqHTaT.b, 

qro cneKTP cosna.,neHHR o6ycJIOBJ18H B OCHOBHOM JIHHWIMH '['g151 • 

Il03TOMY MOXHO npe,n;nOJIOICHT.b, qTO B CXeMe pacna,n;a 'f~ I 51 JIHHHM 

180,4, 251,7, 287,3 H 478,3 HaXO,D;SITCSl B KacKa.n;e c JIHHHeR 108,3 

U3MepeHKSI coena.n.emdt C 'paffOHOM 250-JOO K3B, r.n;e H8.XO,]UlTCSl 

JIHHHH 251,7 H 287,3 R3B 'l't 151 , a TaKJ:_e JIMHHH. 250,I KaB rc 153 

. H 270,71{3B 7'g 152 .n;anH coena,aeHHH co c11e,n;y1>ut1nu1 JIHHHSIMK: 
- . 

IIO, 150, 180, 350, 480 R3B H 6011ee xecTKHMH. TaK KaK HaH6011b-

:maR KHTeHCKBHOCT.b B BH6paHHOM pa~oHe ,ll;JISI coena.n.eHHn npHHa,n;JieEHT 

nepexo.n.a1, 251 , 7 H 287, 3 Ka B, a nepexo.n; 480 Ka e B O.IlHHO'-IHOM 

cnexrpe He BH,IleH, HO B8CbMa CHJI.bHO np05IBJI.H8TC.H B cneKTpe COBim,ne

HM«, TO MOXHO-C4HT,an,, qTo JIHHHSI 478,3 K3B np1rna.n.JieXHT 7't 151 H 

HaXO,IlHTCSI B KacKa,Il;e c 251, 7 KJIH 287, 3 K3B, HJIH c o6eHMH. IIp1rna,n;

JielKHOCTh JIHHHH 478,3 Kae K Tg 151 nO.IJ.TBepJB:J{aeTcH coana.n;eHHSIMH 

c JIHH.HeA 110 Rae (108,3 Tt 151). 

Coana.n;eH.He. JIHHHH 180 Kas (IB0,4 Tg151 ) c BU6paHHhlM pa~-

. OHOM coana,n;em-df roeopHT, qTQ OHa, B03MOJl:HO, HaXO,IlHTCSl B KaCKa,n;e 

C 251,7 H 287,3 K3B. 
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JIHHHH 415,5, 426, 442,5 H 587,3,oTMeqeHHLle BnepBhle B 

pa6oTe /4/ (416, 426, 442, 589.:t 2) H 3aperHCTPHPOB6HHhle HaMH 

Ha EIUl c nepHO,JtOM ~ 18 q • ., MoryT 6hlTl> o.rHeceHLI KaK K Tt 151 , 
TaK H K Tg I 52 H T~ 154• · · 

lIHHHff 180,0, a TaKJ:8 RHHHH 270,7, 343,9 H 413 K3B, 

KOTOpLle no HamHM H3MepeHHBM HM8DT nepHO~ 18 q, COOTB8TCTBYDT 

RHHHBM IBO,. 265, 344,I H 413 K3B, saperHcTpHpOBaHHHM npH H3M8~ 

peHHH cnexrpa T~152 /5/. 

H3MepeHHB ; - J' coBna,11;eHHI c JIHHHeA 340 KaB Tb 152 

noKasanM, qro OHa HaXO,l\HfCff B KaCKa,Jte C.JIHHHffMH 180, 270 H 
~;, '" . 

4I5 KaB, qro cornacH6 HaWHM H3MepeHHBM KOHBepcHOHHOro cneKTpa 

coorBercrByer K - nepexo,1ta.M rao,o, 210,1 H 413 KaB. 

Ha ~oronJiaCTHHKe dhlJI 3aCHBT cneKTP fl;~. B 3TOM cneKTpe 

Mory:r npHcyrcraoBar:o, Kpowe mrnHlt ~~ , JlHHHH Tl 152 , Tt153 

H rg 155• H30TOilLI · Tt 151 H Tt154 He ,nOJIJ:Hli npHCYTCTBOBaTb. 

CpaBH8HK8 KOHB8pCHOHHOro Cil8KTpa ;l)J CO Cil8KTpOM fC IlOKa3LIBa• 

er, qro B OdOHX cneKTpax npHCYTCTBYDT KOHBepcHOHHLl8 mrn1rn, 

COOTB8TCTBYD~He nepexo,naM 431,5 H 615, 9 K3B. IlepHO,lJ;LI KOHBepcH

OHHLIX JIKHHI 3TlilX nepexo.noa onpe.11e11eHLI KaK I8 H ,_, 20 q.' tfTO 

Il03BOJUl8T HX OTH8C1'H K Tt 152• 

BO ~paK~HH rg dWia .H3M0p8Ha KOHB8pCHOHHaff JIHHHff C 

BHeprHeR 180,5 K3B H nepHO,JtOM nonypacna,na 35 qacoa. 

H3M8p8HH K0HB8pCH0HHli8 JIHHHH, C00TB8TCTBYDll(_H8 J1- nepe-

X9,Jl;~J ~Qtopwe OliJlH yJ.<a3aHu M1t1xenHt1eM /3/ ;n;na Tt153 
H Tt154• 

. t 

M§M@p@~ffij~ nep~o,n;u nonypacna,n;a ,nna nepexo;n;os 2I2,4 K 346,8 

cgrn~oy~1cn c n~pHo,n;auK no~ypacna~a TtI53 H rgI54. 

.l 
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H3~Ton' · Tg 155 npHcyTcTayeT B xep611eao« ~paK~HH B 3HaqH

Ten1,Ho M8Hblli8M K0JIJIIJ8CTBe, qeM 6onee JierKHe JII30T0I1bl. 3aperHcTpH~ 

poBaHH TpH.~epexo,na fgISS; 87,0, 105,7 H 163,6 K3B. Ilo ,ItaH

HblM H3MepeHIUI t - CI18JCTpa aKTHBH0CTb H30l'0I10B fgISI, 'f't, 152 , 

· · Tg 15~. 11 T,154 cocraBmieT npmrnpao 9U' o6me« aKTHBHOCTH Yic

roqHHKa, He cqHT8.Jl 6oJiee KOpOTICOJlCHBYntHX H30T0il0B. Cpe,nH ,It0Jir0-

ll:£iBYl!tHX H301'0Il0B 3Ha'lll~T8Jll>Han ,It0JIJi aXTHBH0CTH np1rna,1v1eJCHT. 

Gd 149 , K0Topblit HaKammaaeTcJI HS Tg149 • 

X X 

X 

ABT0pU Bblpaxanr rny6oKyD 6na;ro.nap11ocTb pa,ItHOXYIMMqecK0MY 

K0JIJISKT.lriBY mm omrn: 3~ BH,IteJieHMe ~paKIUUJ Tep6HJi, H.B. UBeT-K0B0R 

K CTy,JteHTaM A.MaprapHHY III A. TaMqJiHY: 3a yqacTHe B H3Mepemu1x, 
' 

a TaKXe H.A.Dr.iiaH,ItOBY H K.H.rpo~OBY 3a_ C0)(eRCTBlfe npH Bl:lll0JIHe-

mrn Hac:ro.RtijeR pa6or1i1 •. 

omrn:, mu1.flcI> MrY 
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D. II. lieJiorypon, O. :J.BeBepuc, 3. 3. I1ene1mc, Jl. jl.IleneKuc 

rAMlliA-.Vi~)]IJllEH}iE HEKOTOPHX HEllTPOHQJJ.Ec~l1lU111HL!}C 

I130T0IlOB TRPli115I 

Tep(h1eB8Jl cppaKltHR l10JIY4eHa 113 Tal~TaJlO BC\1 Mlrni8H111, oCir.yqeH

HOti B TeqeBve l~-x 4aCOB npOTOH8.MH C 3Hepr:HeM 660 M.3B. XpoM~T0-

rpaqi:vrt1ecKoe BhlAeJieHvte Tep6v.esov. q1paK1w1111 npo11::i~e,n:eHo B Jie1umrpa

~e cnycTR 0K0JI0 JO 48COB nocne o6Jiy4eHHR. 

raMMa-cneKTpu H3y4aJlHCb C DOMOmbD CU~HTMJIRHUHOHHOro 

cneKTp0MeTpa conna.n.emi~, COCTOSllltero H:1 .l(BYX /I l1 IV CUMHUIJiJISI-
'7 

U.HOHIU;X cneKTpOMeTpOB, BKJHOlteHHIJX B cxeMy COBna).!,eH1'It1 c 7: =5ol□-' 

CCK., CneKTpH /3MilJlHTYAHOe pacnpe,n;eJieHYl.11 liMflJJlhCOB/ :V.3MepsurncL 

5O-K8.HB.JlhHh!M aHaJI1138.T0p0M aMTIJIUTy,.n: BMA-50. B padore HCTIOJib30Ba

JH!Cb KpHcTan1m ..NaJ ( Te ) c pa.sMepa1111 20 x JO MM 11 qioToyMuo:1a~-

CneK.Tpo1rnTpb1 rpa,1tyHpoaa.11nch no ::mepr1u1M n HX xapa.Ktep11lc-

T»KaM/pa3perna10utaH cnoco6H0CTh, q1op1m JllUUUi ~ 3qxpeKTRBH0CTI,. no 

!pOTorrnKaM/ B 3aBHCUMOCTM OT 3Hepr~l'l f -KBaHTOB :0:3yqam,i:c1, B 

HSMepeHJl!RX c Tu 170, H9 203, Cr 51, Cs 137' J/r,95"- ln 65 o 

Paspenm.10ll{aSI cnocoOnocrb cneKT.POI-LeTpOB - IO% /I/ ~ 12% /P✓ Ha 

661 ... Cs 1370 JIHHV:.:0: Jt., B 

Ha CI.\HHTHJIJISIUHOHHOM cneKTpOMeTpe I, cnycT.H OKOJIO 35 tta-

COB nocne xpm.1arorpaqi11qec1toro Bhl,JJ;eJieHJ,rn:, 11syqaimc1, H3MeHeHHSI 

HHTCHCHBHOCTH cneKTpa B pOJiaCT~ :mepnrn: OT 30 ,n;o 400 K3B co 

a:peMeHeM. Ha pRcoI noKasaHu HeKoioph!e 11s nonyqemrnx K' -cneK-

Tpoa cppaKUlU1'. TepOmr. Ha pHc. 2 H 3 IlOKa3aH cna.n HHTSHCHBHOCTH 

OT,1.l,8JILHbIX 
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~o,:onmc 87 K3B pacna;taetca c nepH0.Jt0M nonypaona.ita 

5,3 )tHH, lJT0 Il03B0JISie:r npHnHca1'.L ero Ti, r55 HJIH rr, I56• 

rpynna JIHHHA I6O + IBO K3B. B HaQM8 pacna,Jtae:rca C 
' 

Tri2::: 69 qacoB, ll01'0M C TI/2 ~ 5,3 .I{HSI. 3ro Il03B0JISI81'·CXa3a:r.L, 

-- q:ro B ynoMSIHYT0M HHrepsa.ne aaeprxH HMe1>rcsi 1 -JIHHH~ Ti 153 

H Tt 155. 

rpynna JIHHHH ,0K0JI0 210 K8B B Ha'la.JI8 pacna,Jta81'0SI c 

Tr;2 ~ 63 qac.,norow c T1; 2= 4,7 .JnfSI, noatoMy ee uozso oraecrx 
x Tt 153, Tg 156 HJIH ri;r55. 

~0T0DHK IIpH 260 K8B TaitXe CJI0J:HLIH. KpHBYJ> ero pacna,Jta 

M0XH0 opHeHrHp0B0QH0 pa3,It8J1Hf.L Ha .I{B8 _qac:ra C TI/2 ~ 2 ,ItHSI H 

T1; 2 ~ 9 .ItHeA. IIepByD qacT:& woxao orHecra x Tg 151 H. T~ 153, 

. BT0pyD x TC, 155 HJIH Ti 156• · . 

YB8JIHl{8HH08 T1;2=9 .u;Hel M0ZH0 o~~SICH~T.L npH0j'T0TBHeM 

,u;o11roltHBYutero .u;oqepHero npo.u;yxra b-d 151 • 

IIocxe.u;HBSI 1tpusaa pacna,1ta /350 xaB/ raxze cocroux no xpatl

Heff Mepe H3 .ItBYX qacrea c T112 ~ 20 qac. H T11~7 .u;He~, nepsym 

M0JCH0 orH~o:ru K Tg 15~, T, 154 HJIH · 7g 152 / 4,5/ ,aropyD 
- K Tt 155. 

HHTerpa.n.LHaSI, KPHBa.. paona,Jta. npenapaxa, cHaraa Ha raso

pa3ps.u;uow o·t1e1''1HKe CTC-5, 1'aKJCe yxa3LIBaer, tJ1'0 B npenapa?e HMe-. . 
D:rca 2O-rH qacoB&e H 5 .u;HeBHLle .11so:ronLI T& H oo speweuew 

uaxomu11>:roa .u;oxroXBBYil(He .u;oqepHHe HsoronLI Gd • . 
Ha I4-&A .u;eui, noc11e 06Jiytl8BHSI np0H3B0,ItHJI0Cl, s:ropHtlH0e 

xpoMa:rcirpacpzqecxoe pas.u;eJieHHe npenapa:ra T, cppaKI.lHH, o I.l8JihD 

or~eneHMH ~oqepaHx npo~yxxoa Gd 15I H Gd153~ Ha onexxpowerpe 

~ H3y-<la~HCL H3M8H8HHH cneKTpa co BpeMeHeM. HeKoropue H3 cneKTp0B 

aropHqao pas~e~eHH0~ ¢paKUHH Tg noKasaHH Ha puc. 4. 

I 
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~3M8H8HH8 cneKTpa co BpeMeHell IlOKa3aJIO, qTo nonyqeHHblll npe

napaT Tt co.n;epX14T B ocHOBHOM 5-TH .n;HeBHHe H30TOnbl T~ H 

HMeerca JIMllll> HesHaqHTeJII>HM npHuech Tb. 153, o qeu CBM.n;exenh

CTByex CBOpOCTb pacna.n;a crreKTpa B oonacTR 200 K&Bo 3TO IlO)];TBep

z.n;aeTC.fl H HHTerpaJibHon KPHBOll pacna.n;a,cHHTOR Ha ra3opa3pSI,D;HOM 

cqeTqHKe CTC-5o IlepHOA nonypacna.n;a npenapaTa, orrpe.n;eneHHblff no 

3TOtt KplrnOtt /pHCo5/_, paBHSI8TCSI 5,2 ! 0,1 ,JJ;. 

TOJibKO nocne 20 .n;HeU /cnycra qerHpe_nepHo.n;a nonypacna-

o6~HCHSI8TCSI IlpHCYTCTBReM B npenapare H860JihlliOro KOJIMqecTBa 
Gc1153. 

y-Y COBlla,D;eHH.fl H3MepSIJIHCh npH paCCTOSIHlut 30 MM OT HCTOqHRKa 

.no Kalt,ItOro KPHCTaJIJia. l{JISI YM8Hbill8HHH CKOpoc:rn: Cll8Ta xapaxTe

pHCTHqecICHX peuxreHOBbIX nyqen cm.werpHllHO c o6eHX CTOpOH HCTOt{

Hruta cTaBHJica ~HJII>Tp, KoropuU cocxoan H3 Sn ron~HHott 0,3 MM 

H Cu TOJIDtHHott O ,3 w. IlpH o6paooxxe 1rnuepem1ff BBO,JJ;HJIHCb non

paBKH Ha cnyqa~~lie COBna.n;eHH.fl H ICOMilTOHOBCKH~ ¢OH xecTKMX 

i -JIHHHR. IlonyqeHHHe pe3yJII>TaTbl COBITa,IteHH~ ,JJ;aHU B Ta6HHUe I 

H pHc. 6. 

Bee K -JIHHHH .n;aror coBnaJJ;eHHH c peHTreHOBCKHMH HyqauH 

/ 45 ! 3 K3Bo/ 



BHAeJI8HHaH O~HO
IcaHaJU,HUM aHaJIH-
3aT 0pOM oOJiaCTl, 
:rneprHR /K'JB/ 

.330 -t 370 

250,. 290 

190,. 230 

I45 + 185 

65 -t 95 

IS 

Ta OJI H ya.~I 

llaJr1dOJI88 HHT8HCHBHlil8 ¥ -JIHHHH, 
BXOAff~He B BH~8JI8HHYD oOJiaCTo 

./K3B/ /1,2,3/ 

Tg 153 j Tg 155 j 1,156 

205 
212 

340 
368 

262 

(221) 

, 148 
160/rp/ 
180/rp/ 

80 /rp./1 (60) 
TOO / rp/ 87 

'. I00/rp/ 

(360) 

( 290) 
260 

199 

89 

OdHapyxeHHlile ' 
cosna.,neHHSI c 

'f - JIHHHRWI /K3B/ 

87,±3, 105(?), 170 (?)., . 

87+3(0THOCHToCRa0.) 

105+3, 160(?),200(?) -
87+3, 105+3; I60+IO; - - -

180 (?) 

95+10 /CJIOJ:HHR/ 

160 ;t 5 ; IBO(?) 
220(?) 

87+3 (cJiaO) ; -
105+3 (c11aC1); -
I70.t5 (CJIO>IH); 
~65,±5, 220 (?) 
360 (?) 

·~------J..-----'-------1---J__-------

.. 

I 
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r -cneKTP npenapaTa Tt /BTOpHqaoro pas.n;eJieHirn/ 

ll03BOJUieT 3aKJI10q11:rL, ,qTo npenapaT co.n;epZHT Tt, 155(HaM<5o-

Jiee HHT8HCHBHlile . ¥ -JIHHirn 87, I05, I60 + ISO /cJIOJICHaa/ 

260 J/1 340 ~ 360 K3B) H B MeHLmeM KOJIHqecxBe Tg I 56• 

0 npr,,:cyrcxa1rn B npenapaTe Tg 156 cBz.n;eTeJILCTByer aepas.n;eJieH-
, ,~· ' ~ , ': ' i , ~ l t 

naa JIHHHSI OKOJIO 270 + 290 K3B H 06HapyJICeHH8.Sl HaMM CJia6aa JIJ/1-

HHSI 530 IC3B , KOTOpaa~ corJiaCHO / 3/} npHHa.n;Jie:arn:T Tg 156 ~ 
Tt IS? He o6Hapyi:eH. QqeBH.n;Ho, ·JI1160 np1ma,n;ne:irantHe eMy 

J' -JIHHHH J/IM8Dl' MaJIYD HI_IT8HCHBH0CT:& B J13yqeHH0'1 06JiaCTH 

3HeprHH H no3TOMY He BH,n;eJiaDrca ua ipoHe HHreHcHBHoro K -cneK-

Tpa Tb 155 · H Tg 156, JIH6o oH HMeeT Mam1a Buxo.n; npH 

peaKI.tHH rnydoKoro pacmenJieHMSI, JIHdO oqeHb MaJIHU J/IJIH dOJI:&illOR •, 

nep1110.n; noJiypacna,n;a. 

PeayJibTaTli Il03BOJI8DT 3aKJIIOqHTL, 'qTQ cymecTByeT KaCKa.n; 

262 - I05 K3B B cneKrpe T& 155 H Her KacKa.n;a 212 ~ 87 ~~B 
B cnexrpe Tg 153• 

ABTOpli Blipaxa10r 6naro.n;apHocTL M.K.Hmc~tKHY sa OKasaaHyn 

IlOMOutlt no xpoMaTorpaipHqecKouy pa3.l(eJieHHD TepOHeBOff q>paKI.tHH 

H cxy,n;eHTY -.n;HnJioMaHTyA.lHH.n;yuy sa noMomL B pa<5oxe. 

liHCTHTYT lpH3HKH AH 
JiaTB. CCP 

I 
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50 
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PHc o I rawa-cneit:rp cpprutnHH T& B paaJrnttHble MOMeHTll 

H3MepeHH~: 

I B Hattan·e H3Mepemdt ; 

II ttepes 23 ttaca; 

lli ttepes 73 ttaca; 

IY ttepes II2 q~coB. 

lnN 

7 

6 

5 

zoo 300 

PHc. 2 KpHBble pacna~a ~OTOllHKOB: 

T '/QC. 

87 K3B /BepXHaa/ H 160 + I80 K3B. 



2~ 

lnN 

.8,.,..._,~. 

. . T-63 '«JC 

7 ~~ '-.. \~~ - ~ 
;.-20,ac ~ s 

If 

3 

TYac 
100 200 JOO 

PMCo J RpRB~e pacna~a ¢0TOilMKOB: 

210 .K3B /BepXHSUI/; 260 K3B; 

350 K3B /HH~H~R/o 

PHCo 4. 

0 

N 

.~ ·f•' 

" 

,, 

I:;: 
I 

~ 
I 

xv, 05 
~ : .r \ 
'I / I Ir ; I ' I I 

I I / fl I' 

~ 

lfl I 1/~~W( i\ ,~ 
' ~VJ\ r I\ ~~~t-1_ ~, _7(r;' ) '~-~ ~ -~-~~~ 

100 ROO ,ao EKIV 

rawa-cnexrp ¢paKijHH Tg /BTOpHqao pas~eneHHO?./ 

B pa3RHQHli8 MOM8HTH H3MepeHHH: 

Io B Haqane H3M8p8HH~; 

Ilo qepe3 1}8 llaCOB j 

llio qepes 72 qaca; 

IY. qepea 96 qacoB; 

Y •. qepe3 144 qaca; 

·Yio qepe3 240 qacOBo 

j 



1,00 

1,00 

6,00 

5,00 

2'.3 

zoo 6DO aoo • 

• 

TIYac.J 

1000 

l1HTerpaJ1:&Ha.sl Kp1rnaSI pacna.n;a npenapa.;a T~ 
/BTOpRqHQ pa3.D;eJieHHOro/. 
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O + e) cneupu c0Bna,iteH111I! coonercneHHO nonozea11J1M 
•01tua• I + Y. 

IlpepHlilCTOII 

I-ro cnexrpoMerpa, 

KpHBOII DOICl\3a11•cne1trp 
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~') \i;; 



25 

E.C .Jl.J:Ce.,1cno B, r .c .HoBHKoB, B .A .c epnrnmro 

"COB11.AJ].EfHrn 3JIEKTPOHOB I1P fl PA.CIIAJlE fi-d I5J 11 

C llOMOll{:&!O C,Il;BOeHHOro JIHH30BOro ./3 -cneKTpoMeTpa /I/ 

Mb! HsyqaJIH coBrra.n:eHMH rlo BpeMeaM odpasoBaHH.fl sneKTpoHoB, B03-

mmafilntMX np.11 pacn~e Gd 153- Eu 153 / T,/4°:: , 236 ;H/, 

Gd 153 6wr nonyqeH nyTeM ,1tJU1TeJ11>Horo 06Jiyqemu1 TaHTaJIOBOil 

lvU11llem1 rrp0T0HaMM C :rnepr11en 660 M3B Ha CMHXP0UHitJI0TpoHe 0ID1M. 

Bhl,nenem1e HeilrpoHo,n:ecp11~.tHTHbIX HsoTonoa Gd H3 pe,ItKHX seMem, !lhIJio 

c~eJiaHO XpOMaTOrpa~11qecKHM MeTO,Il;OM. 

H3MepeHMe coarra~eHHit uex,n:y sJiexrpo~aMH Gd 153 npoHsBo

,n11noc1, cnycT.fl npn6JIM3HTeJihH0 4 MeCIU.ta· no cJie Bbl,Il;eJieHHsr, xor.n:a 

Gd 147 (37 q) H Cd 149 (9 ,n:H.) pacnanwcL,. a Gd 146 ( 46 ,n:H) 

3Haiun:em,uo ocnad. Pa.rvrnaKTHBHhle H3OTOIIhl Eu c A = 147 M .I49, 

naKon11nU111ccn npn pacna.ne MsqronoB C:d OHJIM nonTopuo oT,n;eJieHhI. 

ITpenapa:r co.ztepJCa.JI H3oronu Gd 153, G&/ ISI (150 .l.tH), Ce:/ 146 

11 cootBeTcT~YDntHe MM MSotonw Eu · . 
IIpH pacna){e lJJ153 - Eu. 153 npoucxo,1v1x Y- nepexo.l{bl 

c :rnepriuurn: 70; 98 H 103 K3n /2//1, H.itpo Eu.153, no.nyqaexcs 

W.KlCe 11 npH /3 - - pacna.I{e J'm r53 .. B CJI;rme pacna){a 

~ISS-;a. Eu_ r53 Hac5JIV.D;am:cSI n.ztep1mo nopexo)(u 709 849 

I03; 1739 545 H 600 lWB /3/o COBITa)(e.mrn: u.exJJ,y 5' -1mam:a.1m 

IIpH pacna,!.te J'mISS ,1-rny11a1rnc1, B p:tc5o:re,x /4, 5/. MeXAY r - 1rnaH• 

!aMY. C ,',J AO. IOO IWB 6!:IJIM OTH0'-!eHL! COJ.ma,nemtfi ( d70) ( t 100) 

H l!C 6wm H8.ff,1.{elfH conm.uemm ( Q 98) ( Oroo). 
M!i 1rny1m.1111 COB~8J{eH.HSJ M8Zi:){y KOHBepcnOHH!Um 3/I0ICTpouruut OT 

nepexo.n.on 1039 989 70 &au, a Ta..E.11:e irn~JJ:Y K-3J1eKrpoua1m nepe

X0.l(0B !03 M 98 J.WB 11 Oxe-OJieKTpOHlU.fH K-OGpin!o 
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PesyJibTaTbl Hanrnx OilbtTOB npe)tCTaBJISH.bl Ha pm:;.I, r.rce H30dpa~. 

:m:eHbl, KpOMe O.ICHHOQHOro cneKTpa KOHBepCHOHHWC 3Jl8KTpOHOB CMeCH 

HSOTonoB C.d , xaue cneKTpH coBna.rcemdt aJieKTpoHoB K. IOJ H 
. . 

K 98 C K H L.M -3118KTpOHaMJ1I nepexo,n;a 70 K3B H K -:OJB:e-s11eKTpo-

Ha.MH. 

l!3 Hanmx OilblTOB MOiltHO ~ eJlaTb CJle,ItylDntHe Bl:lBO,D;bl: 

I. Ha6111D.rca1DTCSI HHTeHCHBHbte COBna,n;eIOISI Mex,n;y 3Jl8KTpoHaMH 

OT nepexo.rcoB c 3Hepruen IOJ H 70 K3B (Kp~BaSI I). 

2. Ilo KpHBO iii 2 Bli,D;HO, '1TO no QTH noJIHOCTl>IO OTCYTCTBYDT 

COBna~eHHSI B TOM paitoHe, KOTOpbllt COOTB8TCTBY8T· CHJII,HOH JIHHHH 

KIOJ Ha O.ICHHOtIHOM cneKTpe. Ilo3TOMY M.bl CtlHTaeM, QTO COBlla.ICBHHH 

( 98) ( IOJ) HeT. 

3. XoTa Ha KpHBoit 2 H :r,weroTca Ma.KCHMym npH TeX Hf, 
npH KOTOJlllX ,Il;OJIJB:Hbt cpHKCHpOBaTbCH COBna,n;emrn (K98) (K70) u 

(K98)( L 70), MH CtIHTaeM, l!TO TaltHX COBna.n;eHHll HeT. 

TaK KaK Ha Ha~HX cneKTpOM8TJX:l.X KOHBepCHOHHbte JlHHHH OT 

nepexo.rcoB 103 H 98 ~SB IlOJlHOCTl>IO He OT,11;811HJIHCI>, TO npH ycTaHOB-
. . 

Jl8HHH cpHKCHpoBaHHOro KaHaJla B 0,Il;HOM H3 cneKTpoMeTpo~ Ha Ma.KCH-

MYM JlHHHH KIOJ,perHcTpHpOBa11HCl> TaKJB:e 3JI8KTPOHbt JIHHHH K98 H 

aaodopoT. Il03TOMY cy,n;HTI, 0 TOM,C KaKHMH nepeXO,I(aMH CBSI3aHbt . . 

COBna.rcemrn (IUOJ + K98) (K 70) H (K 103 + It98) ( LM 70), MOJB:HO 

TOJibKO H3 conocTaBJieHHH CKOpOCTeit CtieTa B cneKTpax COBil8Jt8HHU 

~ JlHHHiii co CKOpOCTHMH CQeTa 3Jl8KTpOHOB B cpHKCHpOBaHHOM Kaua11e. 

CKO.pOCTl> CQeTa 3Jl8KTpOHOB B <pliKCHpoBaHHOM KaHaJie Ha MaKOmlyMaX _ 

JIHHHt:1 KI03 _H · R98 OTJIHtia.JIHCl> npH6JIH3HTeJil>HO B 2, 5 pasa; OTHO-: 

memie CitopocTeit CtieTa COBna.n;eHHti (KI03) (K70) H (K98) (K70) 
/ . 

J 
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paBH0 4,5. TaKHM o6pa30M npHMeCI> KI03 K K98 npH ycTaH0BKe KaHaJia 

Ha K98 C 1136.liTK0M. o6~RCHH8T ua6JIID.n;a10my10cs CK0p0CTI> cqeTa C0Brra

.n;eHldt (KI03 + K98) (K70) H (KI03 + K98) ( L M 70). Ha ,D;0JIIO HCTHH

HWC C0Bna.n;eruin (K98) (K70) HHtiero He 0CTaeTca. 

4. Ham1qi,:e C0BilaJteHHa Mex.n;y K -3JieKTp0HaMH rrepexo.n;a I03 K3B 

H K-Oxe-3JieKTpOHaMH 0TqeTJIHB0 BH,D;H0 H3 pHc.I (KpHBaa I), r.n;e B 

cnexTpe co Bna,I( emdt Bhl,ll;en~rn11c1> TpH rpynm,1 3neKTpoH0B K - LL , 

K - Lx 

3TH COBna.n;eHHH CBH3aHbl, KaK C Oxe-3JieKTpOHa.Ml1, o6pasyromHMHca 

npH K0HBepClfH r-KBaHT0B 98 H 103 K3B Ha K - · 060JIQqKe aT0Ma; 

TaK H npH odpa3oBaHHH BaKaHcHg Ha 3T0li odoJioqKe BCJie,n;CTBHe 

K -saxBaTa B Cd153 • 

Ilo C0BpeMeHH:bIM npe.n;cTaBJieHHHM od Oxe-3qiqieKTe Bep0HTH0CTI> 

odpa30BalUUl pi3nJ1quwc rpynn K-Oxe-3JieKTpOHOB npH K0HBepcHH Ha 

K-odoJiotra:e H K -3aXBaTe 0,D;RHaK0B.li. 3KcnepHMeHTaJU,H0 ST0 Il0,D;TBepx

.n;eH0 B padoTe /6/. 

Ms HaillHX 0il.liT0B HHTeHCHBH0CTH Tpex rpynn K - Oxe-3JieKTp0H0B: 

( K - LL); (K - Lx.); (K - :;c.g) paBHlil I:0,45: 0,06. IIonyqeu

Hble . .n;aHHble corJiaCyDTCH co 3HaqemtaMH K - Loe.= o, 457 H o, 43 ,D;JIH 
' K - LL · 

i = 62 H i! = 64 - 65, IIpHBe.n;eHHblllli B padoTaX i1, ~' 9/. 

ABT0pbl BblpaJW.IOT 6Jiaro.n;apH0CTI> M.A. nncTeHrapTeHy sa o6cyx

,n;eHHe pe3yJII>TaT0B. B H3MepeHHHX npHHHMaJIH yqacTHe C.THMo¢eeB, 

A.BepecToBoa H n.ropxax. 
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A.A. Copo1om., K.Il. MMTpO<pa.HOB 

HCCJilJiQBAHHE PAC@A Gd 147 H Gd 149 

B HacTonmeit pa.dote p:i.cn~ Hso:ronoB Gd 147 H Gd 149 

HCCJI8.ItOBaJICSI Ha .ItBYXJIHH3OBOM /3 -cneKTpOMe:rpe (paspemamman 

cnoco6HOCTJ:, .'.3~) /I/ H Ha CIµIHTMJIRI.tHOHHOM cneKTpOMeTpe COBna-

. .n;eHHii (pa.3Mepli KpHCTaJIJIOB 4x4 CM, paspemeHHe Ha JIHHHH 660 K3B -

IO~) C perHCTpanHeff cneKTpOB Ha IOO-KaHaJIJ:iHO~ aHaJIH3aTOpe 

· AH~roo) /2/ • HcoJie.1tyewe · HsoTonH np:0:cyxcTBOBaJIH B Gd cppaKI.tHH, 

Bl:lAeJI e:e::i011 HS Ta umneHH, OdJIYqeHHOil npoToHaMK ( Ep = 660 M3B). 

I• I'a;goJIHHH.tt - I47 

Pacna.n; Gd 147 { T,fa = .'.35. qac.) Hccne.n;oBaJICR paHee B pae5oTax 

/3-6/ . CxeMa. pacna.n;a 3Toro HSOTona 6wia npe.n;noxeHa B _pa6o:re /3/, 
r.naBHliM odpa3OM Ha OCHOBaHHH danauca 3HeprH.tt H HHTeHCijBHOCTe.tt, 

HadJID.ztaBmmccn K - nepexo,n;oB. 

'B cneKTpe KOHpepCHOHHHX 3Jl8KTpOHOB, B ,1(OllOJIHeHHe K HadJIID

.n;aBillHMCR pa.Hee /3/, HaMH 6HJIH 06HapyxeHli nHKH, COOTBeTCTBYJO

ntHe K - nepexo.n;aM .'.3IO, !580,. I675 11 I8I0 K3B. Ha;eHCHBHOCTJ:i 

3THX nHKOB y61rnana co apeMeHeM c T,/
2 

=' I, 5 .ztH., tJTO nosBOJI.HJio 

oTHecTu HX K incna.zty Gd 147• 

HccJie,ItOBaHHe cneKTpOB ¥-f-COBIT8.,I(8HHM ll03BOJIHJIO YTOtJHHT~ 

cxeuy ypoBHeit Eu Ilfl. IlpH HsMepeHHRX coana.zteHHt! 6bl~o ~cn6JILso

BaHo TO 06CTORTeJI:E,CTBO, 'ITO ypoaeHL. 625 K3B RBJIReTCR H30M8PHWl. 
I 

Ero nepHo.zt noJiy.pacna.zta no .n;aHHHM indoTN / 7 / paBeH ('7 ,2.:t 0,.'.3). 

• ro-7 CeK. TaKMM odpasoM,.HsMepnn cneKTpI::1 "MrHOBeHHUX" H 
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"3a.n;epxaHHhlX" conna;n;em1iii c ~ -nyqa1m 230 K3B ( nepexo,n; c nep

Boro B036yx.n;eHHOro B OCHOBHOe COCTOSIH11e), y,l.T.aJIOCb pa:3,n;eJI.llTb 

nepexo.n;hl1 H,n;yntHe Henocpe,n;cTBeHHO Ha ypoBeHb 230 K3B, HJIH tiepe3 

H30MepHblli ypoBeHb 625 K3B. 

IIocTpOeHHan Ha OCHOBaHlH-1 l13MepeHHiii COBIIa)J.eHHli CXeMa ypoB

·Heit · Eu 147 (pHc. l) B ocHOBHOM 110,n;TBeplit,IJ,aeT cxeMy, 11pe.n;noxeHHy10 

paHee /3/. 0TJIHqHe 3aKJilotJaeTCSI B TOM, qTo Ha.MH BBe,n;eHbl YPOBH~ 
,• 

1070, 1360 11· 1810 K3B H HCKJIIOtJeH ypoBeHb 1480 K3B. 

YpOB8Hb 1070 K3B BBe,n;eH Ha .OCHOBaHl-11-1 Toro, tJTO r- nepe

X~)J. 1070 K3B He npOSIBJISI~CSI B cneKTpax Hl-1 "MrHOBeHHhlx", HH. · 

"sa,n;epxaHHblX "COBIIa.n;eHHil C 230 K3B. CJie,IJ,OBaT0JlbHO OH .D;OJIJlteH 

H.D;TH B OCHOBHOe COCTOSIH:0:e. B- cxeue, npe,n;JiollteHHOM paHee /3/ , 

3TOT 11epexo,n; He 6hlJI IlOMenteH. YpoB 8Hb .1360 K3B BBe,IJ,eH Ha OCHOBa

HHH HaJilillHSI "MrHOBeHHOro" KaCKa,IJ,a 230-1130 K3B.YpoBeHb 1810 K3B 

BBe)J.eH, TaK KaK nepe~O)J. 1810 K3B_ He COBna,n;aeT HH C KaKHW1 

~- nepeXO)J;aMH. KpoMe Toro Ha6JIID,ll;aJICSI )' ! -KaCKa,n; 230-~580 K3B. 

YpoBelib 1~80 K3B He npOSIBWICSI B HalliHX H3MepeHHSIX, TaK 

KaK He Ha6JID)J.aJIHCb HH COOTBeTCTBYIOnt~H npSIMOH nepexo.n;, HH 

r-KaCKaJ(, KOTOphlli MOr dbl M,l.T.TH C 3TOrO ypOBHSI. ll3MepeHHe nepHO,l.T.a 

. ID nypacna;ra YPOBHfl 625 K3B M8TO,l.T.OM 3a.n;eplCa.HHhIX COBIIa,IteHlHi .n;ano 

Be.n11q1-my T,/a = (8 :!:. I) • ro-7 cex., q:ro cornacye:rcsr c ·,n;aHHHMH 

padOTbl /7 / . 

2. ra.n;oJIHHHM - 149 

Ilocne Toro, KaK &d147 pacna));aJicn ( T. e. cnycTSI 7-10 ,n;Heit 

nocne o6JiylleHHH), HallMHaJ1oc1> 11ccJie,n;oBam10 Gd149 ( T,;
2 

= IO ,n;H •. 

li pa.6oxe /8/ 
: 

ew.1 6blJIH npHilHCaHbl 
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272; 298; 346; 461; 497; 517; 535 11 940 K3B •. TaM xe Ha OCHOBamrn 

daJiaaca :rnepr11n 11 11uTeuc11BnocTeH ¥ -rrepexo;ioB dLIJil1 rrpe.I(Jioxenu 

2 Bap1mwra cxeMhI pacna.I(a. 0,1um napimwr BKJIIOlJaJI yponH11 150, 298, 

422, 497 11 957 Kan, a ,n;pyroii - 150, 497, 795 l1 957 mm. YpoaeHI> 

lf97 K3B flBJIS18TCfl l130MepHbIM. Ero rrepHO,I( TJOJiypacrra,n;a corJiaCHO /7/ 
paneu (2, 5' .!. o, l). 10-6 ·ceK. Hm.rn owrn: l13MepeHhI cneKTpLI "s~ep

i.UlHHLIX" M "MriroBeIIHbIX" conna,n;eHHtl C t I50 K3D. B cneKTpe 

"s~epiiW.HHLIX" COBTJN(e1rnn CJ1!JI BM.)\elI TOJibI(O mm OT t- / -JIY'-lel1 

298 K8B. OTO 03HatJaeT, tJTO nepexo,n; 298 1(3B .I(OJIA!:ell l1.I(Tl1 C ypOBHfl 

795 rrnn Ha yponeHh LJ97 K3B • .Upyr11x hepeXO.I(OB, ~Ylltl1X Ha 3TOT 

ypoBeUh (a Tamr.e M Ha ypoBeH:c 795 KSB), HeT. ItpoMe Toro dwrn 

ycTaHOBJiemr "MrHOBOHHbie" KacKa,n;JiI: 150-270 K3B, 150-345 J!3B, 

150-520 IWB 11 150-790 KSB. EbIJil1 ·noJiytlelibl TaKJJCe. yrmsaHl1SI Ha 

uaJI11t111e xacxa,n;on 520-270 11 ~ 650-270 KsB. ¥ - J1ytU1 94.0 KSB 

He HaXO,Il;SiTCfl D KacKa,n;e C ¥ 150 Ii3B. Ha OCHOBflHl111 3Tl1X .I(amrnx 

na11111 npe.IJ;JioJJCeHa cxeM:a pacna,n;a, noKasanua.H na pirn. 2. ll sTovl 
, . 

CXeMe HeT t -~epexo,n;oB 46I 11 535 mm, pa3MenteHHe KOTOpblX Tpe-

6yeT BBe,I(emrn .n;onoJIHHTeJIJ:,HbIX ypOBHeU. J{1rn nep11o;n;a no11ypacna.n;a 

ypoaHn 497 K8B HaMH 01rna nonytJeHa ne1rnq11Ha (J,J .::!:. 0,5) • ro-6ceK, 

tITO B 0611teM corJiacyeTCSI C npirne;n;eHHbIMH Blilllie ;n;aHHbIMH paOOThI /7/. 

ADTopu Bblpai.taIOT c5naro.n;apnocx1:, B.C.lllrrMHe1110 3a oOcylK.14emm 

pe3yJihTaTOD, CTy,n;eHTite BaH lily-cpHH sa TJOMOIIth B 113Mepemrnx, a -

TaIOKe co Tpy)(mmaM JHlll OHHliI 3a OdJiytJeH.We, MHllieHM l1 Xl1MHqecKoe 

pa3,n;e1101rne. 

HaytJHo-11ccne,n;oBaTe111:,cK11tt HHCTMTYT 
n,n;epHOit cpl13HKH MI1Y 

j 
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• I 

D.A.AJ.IeKCaH)ij)OB·, B.Kpore., M.K.lin141'HB 

,HCCJIElIOBAIDIE CXEMll PACIIAJlA Eu -146 
-'-

Ha cnKH1'HJIJISI{HOHHOM cneKrpoMerpe COBna,JteBH~ C HCll0AI,30Ba

. ll.R8M MHOrOKaHaJfl,HOro 6H8JIH3a.Topa np0B0,J{HJI0Cl> llCCJie~0BaHHe . 

rawa-.isJ1yt1eHHR H ra.MMa-raiwa conna.n:emtlit npH pacna.J(e Eu. 146 
. . , 

.(nepHOA nonypacna.n:a 4;6.:!: 0,3 AHR_ /I,2/). 

IlpHr0l'0BJI8BHe npenapa:ra Eu 146 npOH3BO~~JIOCl, CJle,JJ,yDJqHM 

o6paso». Hs TaBT8JIOBOI immeuu, 06nyt1eauott nporoua»H c aaeprKeff · · 

660 :aras B reqesxe uecKOJlaKBX wecaueB/Ha pacceaHHOM nyqxe/, 

XHMHqec1u1w nyreM BW.1teiurnac1, cywa pe.rutoaeweJU,HNX · aneMesroa, 

xoropa.a paa,JJ,eJianac1> ,JJ,aJiee xpoua.xorpa¢uqecxH. Ilonyt1eHHaa raxMM 

oOpasow ra,JJ,OJIHHH8BaJI ¢pa.KUHS BW,JJ,epXHBMac~ OXOJIO Mecaua ~HR. 

pacna.na KOpOTKOEHB~HX H301'0DOB ra.~OJIHHHR H oqxmanach OT .JJ.0-. . 

qepHHX npO)J;YJ:1'0B •. IlocJie HaKODJl8B.5UI· B 0tJH.llleHH0fl T&tHM oopa30M 

_ ra,JJ,0JI.HHH8B0M q>pa.J(I{Kll H,3orona Eu. I 46, npOBO,?tHJIOCJ, ero xpoMaro

rpa~HQ8CE08 BHAeneHH8o T~HM o6pasou, npaxrHqeCRH, B ;a;aHH0M 

HCfOQHHKe Mor npJICyTCrBOBa1'Ii TOJl:&ItO H301'0ll Eu. 146 H HedOJU,.IIIM 

){OJIR Eu. I48+I4_9 • 

Baim npoBO'AHnoc~ H3yqeaue raMMa-cnexrpa ;a;o aHeprxu 

3500 K3Bo OOHapy&eBH rawa-nepeXOAH c 3HeprHeff: 400; 415; 
. . 

. ~35; 667; 705; 745; 900; ·I060; II50; 1300; 1420; I550; 1800; 

2!00; 2500; 2800; 3200 K3B. 

Ilp0B8~8HO ?~areHLHOe H3MepeBHe OTHOCH?81ll,HHX KH?8HCHBHO" 

crel r8.MJla-nepexo;a;oa c 3HeprHel 635H 745 K3B, a :raKxe 667 



J7 

v. 705 K3B, KOTOp~e OKa3anKCL paBHNMi'I: 

745 K3B IO(}% 

705 K:3B 

667 IWB 

635 K3B 

/7 .± 2/% 

/18+ 5/% 

- /76 .± 8/%. 

OTHOCHTeJU,Hhle HHTeHCHBHOCTH rawa-nepeX0JJ.0B C :)}rnprHef.1 

25009 28009 3200 K3B no rpydliM OQ8HK8.M COCT6BJUU)T 0,2% 0'1' 

rawua-nepexo;1;a c aHeprMen 745 K3B. 

Hccne.I(OBaHMe raMMa-raMMa COBITfl,1J.8Hllh 'A8.JIO B03MO~HOCTb 

ycTaHOBKTL HaRHQHe c~e,ItyDmHX Kacxa~HYX rawa-nepeXO.I(OB: 

745-635-667, 745-635-900, 745-6J5-I060, 745-635-1300, 

635-1800, 745-1550, 745-2100 K3Bo 

yf~eHTMqnutal\HSI KB.Cita)J.HOrc nepeXO'Aa 745-635-G67 K3E 

npOH3Be.I(eHa nyteM Tll{ateJihHOro VlCCJleJJ,OBaH~SI KPV1BL1X CODna,neHldi 

npK pa3ARQHWX HijT8pBanax 3Hepr~H B ¢~IKCKpOBaHHOM KaHane cneY.TpC 

~erpa COBilaJ.{eHMh. 

B 3aKJil)tl8HHe aBrOphl BHpa.xaDT CBOD r11y601Cy1> npH3HaTeJrh

HOCTb 1IoK.DeKepy Sa Oc:5CyX,IteHKe llOJlytleHHllX pe3yJI:&TtlT0Bc 
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B.c.nxenenoa, A.H.MeABeAeB, li.~.YqeBaTKHH 

H C.A.lliecTonaJIOBa 

"3.AMEtlAIDI.H O CilEKTPE KOHBEPCMOHHHX 3JIEKTPOHOB Pr r4o" 

Ha BTOpOM CoBe~aHHH no HeRTpOHOA8~HUHTHWM H30TOllaM 

OH~M AOnoxeaH pesyn1>raru H3MepeHwr H3ByqeaHa Pr 140 Ha 

cneKrpoMerpe c rpexxparaofl ¢oKycHpoaxoH III. B cneKrpe ·KOH

BepcHOHHHX anexrpOHOB dMJia OdHapyxeaa JIHHHB B palOHe Ee=200 

K8B, H3Becruaa paHee no HawepeHHE asnyqeuua La140 121, H 

oqeaL cna6we AHHHH B paHoHe 260-300 K3B. Euno yxasaHo, qxo 

tax Kalt H3MepeHHS npoBe~eaw C OAHHK HcroqHMKOM, TO HfXHY 

AOnonHHrenLHH8 HCCR8AOBaHHH AJIH OKOHqaTeJILHOro YTB8PXA8HH~ 

npHHa,llJI8XHOCTH 3THX JIHHHR. 

IlOBTOpHwe HCCAeAQBaHHH KOHBepCHOHHoro cnexrpa npOH3BOAH

JIHClt aa cnexrpowerpe c tpexxparHoR ~oKycHpoaxoJt, pae>orasmeM 

B ycnoBHax, xorAa paspemavmaa cnocodaocr1, cocrasnana I,4i. 

IlpH 3TOM CBeTOCHJia YM8Hl>DIHJiac1> B ~ 2,5 pasa (no cpaBH8HI4E 

C YCJIOBHRMH /I/)o 

0Ka3a.JIOC1,, qro orHOCHreJII,Haa HHT8HCHBHOCTb JIHHHH 

Ee = 20 I K3B MeHsterca or odpa3rta K odpa3ItY • 3ro sacTaBJIH~T 

JtT.lila?b, qro JIHBHH Ee =201 K3B OTHOCHTCH K npHwecH, KOTOPaJ:I 

HMee:r dnH3KHlf nepHO.l( nonypacnaAa ( ...., 3-4 .iuu1). 

C .l(By»H HCTOQHHKaMH npOBO.l(HJIOC!, nosropH08 nponycKaHHe 

.Jfd - ~Pa.KUHH qepes xpowatorpa~HqecKyD KOJIOHXy. ~ OAHOM 

cnyqae HHT8HCHBHOCTb JIHHHH 241 K3B IlOCJ!e O'tUICl'KH y-M8Hhm1rnac1, 
. 

s .nea paaa, B )ij)yrow cnytiae - JIHHHH 11ct1es.11a cosceM. IIo~roMY 
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:.ru CllifTaey, tlTO OOHapyzeHHhle B /I/ MHI'ICHe JH1HJ.U1 H61Ib:3R npH

Il*CaTb Pr 140 - cKopee scero 3TO n~HH~ npHMecH. K coxaneHHn, 

H3-3a TPYAHOCTeH H3Mepem1~, C.B.fI3aJrnUX C .iffi,JIQ~ aKTMBHOCThD 

H.CTvllHlU:a, He y.n;aeTCJI H,UeHUiqliHllriPO.BaTb 3Ty npHM8Cho 

IlOBTOpHhle H3MepeBH.fI n~H~K K~I597 K3B (np* paspewaD~en 

cnoco6HOCTK I,4~ 3Ta JJKHHSi IlOllHOCThl) OT,It8JIHJlaCb OT R-1902 K3B) 

llOAtBep,ItHJIH ee OTHOCHT8JlhHYD ~H?eHCHBHOCTh: 

JI59? 

s,~ 
B pa001e /I/ 

= (15 ± 6)010-6 • 

np~BO,ItHJJOCb 3HaqeHH8 
S,s9i s;; =(14.:5).ro-6. 

ABTOphl Il0Jlh3YDTCJI cnyqaeM BWpa3HTh Onaro,ItapHOCTb 

HHKHTHHY M.I{. sa xpowarorprupuqecxHe paa.1teneHH.flo 
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B.Epa6en, B.KpanRR, M.Bo6eUKH 

Pacny .Nd I40 _.. Pr I40..,. Ce I40 

Hsny11eHHeM pacna.zta .Jfd140 _.,. Pr r4o _,. Ce r4o saHHMaJicSI 

pa,n; aBTOPOB /r - 8 / • 

BnayH.H .ztp. /8/ onpe,IteJIMJIH Ha cneKTpOMeTpe C H30rHyTHM KpMC

xaJIJIOM OTHOCHTeJibHHe HHTeHCHBHOCTK peHTreHOBCKHX nyqeR 

Prl<"' ,o1. .. : Ce/(1. o1. : Prl<.. : Ce K"' =too: so: 28: u • . (I) 
:,. .. :i • a ,., ,. ' . 

Ha cneKTpOM8Tpe C ,ll;BORHO~ ~OKYCMpOBKOB OHM H3MepMJIM OTHOilleHHe 

HHT8HCHBHOCTe~ 3JieKTPOHOB OJB:e M TT03HTPOHOB. 

el< 
}?,,- ~ o, 02. (2) 

li3 aroro 3HatJeHHSI OHM c~eJiaJIM BHBO,ll;, tJTO BHXO,ll; 3JieKTPOHOB 0%8 

M0HLme I%, Tor.zta KaK TeopeTH110CKOe 3HatJeHH8 /9/ paBHO 

- IO%. 
rpoMOB H 'AP• /IO/ noJiytIHJIH 3HatJeHH8 e~ =0,I82. 

j!,-t- J3 
Ha OCHOBamm 3TOro 3HatJeHHSI M OTHOill8HMS{ . CK . , B3SITOro H3 

padOTH /7/ 'OHM onpe,IteJIMJIM BHX0,11; 3JI8KTpOHOB o~e WK =3,6,%. 
Mu BH)tHM, tJTO peayJILTaTH EpayHa H rpoMoBa 0118HL 3Ha-

11HT8JILHO OTJIHtJaJOTCSI OT TeopeTHtJeCKOro 3HaqeHHSia Kaxercsr Bepo~ 

HTH~.M, tJTO cy~HOCTL 3Toro pacxox,D;eHMSI 3aKJIDtJaeTCSI B aqxpexrax, 

BH3BaHHliX dOJILlliO~ TOJilltHHO~ HCTOtJHHKa. BBH,ll;y Toro, tJTO B HaIJieM 

pacnopsixeHHH HM88TCSI cneKTpoMeTp C dOJILillO~ CB8TOCHJIOff, Il03BO-

_J 
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JIJIDll(Htt H3MepHTL )J;wte CJia6He pa,n;HOa.KTHBHHe HCTOqHHKH c ,n;ocTaToq

HOtt xoqHOCTLD, HaM KaSaJIOCb ue11ecoo6pa3HlilM npoBePHTI> pesyJILTaTH 

nepeqHCJI8HHllX padoT B JiyqmHX 3KCnepHM8HTaJILHllX ycJIOBHHX. 

Hcxoquux no11yqaJica xpouarorpa~mqecKHM uero~oM H3 xaHTaJio

. BOI MHmeHH,0611yqeHHOff npoTOHaMH C 3HeprHen 660 M3~Jl1 HaHOmUICSI 

Ha MDMHHH8BYD cpoJILry TOJimHHOtt 5JI • Cnon pa)(HoaKTHBHoro Bemec

TBa He OWI BH.JJ;eH npoc~w r11asou. 

HsuepeHHH npOBO,Il;HJIHCI> Ha MarHHTHOM fo -cne1tTpouexpe C 

npouezyroqHIDf usoOpaxeHHeM. /II/ • IlapB.MeTpH cnexrpoMeTpa 

BH6paHH TaKHM odpasou, qTodll paspemaDmaa cnocodaocT» npHdopa 

,dWia Olt01IO 2 1,. . . . . 
HBJIH-

8TCH mrnettaw. HaMexa Ha c11ady10 xounoneHTY c Ma.KCHMaJILHo:r1 3HeprH-. · . 

ett oxoJio I M3B, o KOTopott mrnairn Epaya, PacMycceu H ,n;p. /8/ , Mll 

·,He 38.MeTHJIH. MaKCHMaJILHaSI 3HeprHH HenpepllBHoro: crieKTpa, noJiyqeH

HaSI H3 TpeX cepHit, COCTaBJIHeT 23Ia! IO K3B. Cqer Ha uaKCHMyMe 
+ HenpepHBHoro .J3 -~nexrpa nepsoU cepHH cocTaBJIHJI· oxo110 2000 

HMllYJil>COB B wrnyTy npH cpoHe I6 HMilYJILCOB B MHHYTY.• 

B HH31toaaeprerHqec1tott qacTH fi -cneKrpa. .Mii aaOJID.JJ;aJIH 

3 JIHHHH (pHc.2), H,It8HTH~HUHPOBaHHHe H&m Kalt JIHHHH rpynn Oxe 

K-Lb, l<-LX u 1(-MX • Cqex Ha Ma.KCHuyMe JIHHHH K- LL · B 

nepBott cepHH H3MepeHHR dllJI OKOJIO 3000 HMIIYJil>COB B MH_HyTy. EWia 

BB8)1;8Ha nonpaBKa Ha nor11ozqem1e MSlrKHX 3JI8KTpOHO.B B IlJI8HK8 ).t;exex-

:ropa no 3KCnepHM8HTaJIF,HbIM ICpHBbUl Jl3ttHa 11 3aqxpa.paHa : /I2/ '.• . 
01'HOCHT8JILHH8 HHT8HCHBHOCTH 3THX rpynn 6WIH onpe,n;eJieHI»° ·Ha.·.ocHODa-

. . : . -
HHH HX nnozqa,n;e~ H HMeDT 3HatJeHHSI 

K-LL: l<-LX : I<- MX = I : (0,58 :t 0,05):(o,og: !:0,02)(3) 

( 3HaxoM X oOo:3HatJeHH odo11ottKH Bblllle L ) • 



Lt4 

Hs 3KCnepH:U8HT6JILHJiX pesyJILTaTOB )tJijJ 3JI8KTPOHOB Oxe cepHH 

K ( el{ ) K HenpepHBHOyY Cll8KTpy fl.,. - H3JIY118HHSI dWIO nonyqeHo 

l"' 
~+ 

= 0,292 ! O,OI5. (4) 

IlepHo.it nonypacna,n;a .itJia cnnomaoro .,s+-cneKTpa H JIHHHn 

Oxe npoB8PHJICSI B reqeHH8 I5 )tHen H OKa3aJICSI paBHHM 3,3 )tHSI B cor

JiaCHH C JIHTeparypHNMH ,JtaHHWH. 

3KcnepHM8HTaJILH08 3Ha118HH8 e: = 0,292 MOXHO HCilOJIL30BaTL 

JIHdo )tJUI onpe,It8JI8HHSI BLtXO,Jta 3JI8KTp0/oB Olte .ceI40 ( w"' ) , JIH60 . 

,ItJISI onpe.D;eJieHlUI OTHOW8HHSI llHCJia Il03HTPOHOB 

aaXBaTy , Pr r4o ( € I< ) • 

(JJ+) K 3JI8KTpOHHOMY 

JlJia onpe.D;eJieHHa BLtXO,Jta 3JI8KTPOHOB Olte Heo6XO)tHMO BOCllOJIL30BaTLCR 

TeopeTHqecKHll 3HaqeHH8M OTHOW8HH8 Bepoaruocren saxsara 3118KTPOHOB 

H3 K-odonoqKH H fl+ -pacna.ita. JlJia onpe,1teneHHJ1 ~! Pr 140, uan-

. pOTHp, H80dXO)tHMO HCilOJIL30BaTL Teoper11qe0Koe 3Ha118HH8 3JI8KTPOHOB 

BLIXO,Jta OJte. 

Ilocne Kax.itoro 3JI8KTpouuoro K-3aJCBaTa K-odono11xa sanonHaeToa 

3JI8KTPOH8.MH H3 donee BLtCOKHX odoJio11eK, npMtieM B03HHKaeT H1IH peHT

reHOBCK08 H3JIY118HH8 K-cep"H, HJIH Hcnycxanrca 3JI8KTPOHLt Oze 

K-cepHH. ITO.it BLtXO)tOM 3118KTPOHPB Oxe WH MLt IlOHHMaeu OTHoweHHe 

q11c11a 3JI8KTpOHOB Oxe K-cepHH ( e~) K qHOJiy 3JI8KTPOHHLtX K-3aXBa-
•. 

TOB- ( €1( ) • AHaJIOrH11HIDl odpa30M, MOJltHO onpe.D;eJIHTL BLtXO)t q>JI1>0peoneu ... 

UHH KaK OTHOW8HHe 11HOJia peHTreHOBCKHX KBaHTOB K-oepHH.K QHCJIY BC8X 

OJI8KTPOHHLtX K-3aXBaTOB. 

B paB8HCTBe 

el( ce el( ce J3.,. 
€/( = 13+ ~ (5) 

.J 
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\ 

llJI8H MOJICHO onpe)(eJU1Tb 113 onpe)(JI8HHOro SKcnepHMeHTaJib
el( 

Hl:lM nyTeM OTHOW8HHSI --"1= • 0.I(HaKo, B l.lHCJIO 3JI8KTPOHOB Oxe 

t.K. BXO,B;SIT He TOJil>KO !neKTpOHH OJ!Ce CeI40, HO H Pr I40 • 

ECJIH MH BOCilOJIL3yeMCSI pe3yJiiTaTOM EpayHa /I/, no KOTOpouy 

OTHOW8HH8 ee#Pr = 2,I, TO MhI CMOJIC8M onpe)(eJIHTh H3 3Toro pe-
llet 

3YJILTaTa H H3 HaWHX H3MepeHldt 3Haqem1e e"ce • Tor,Jta MhI noJiytU!M 

= 0,0942. (6) 

BTopott MHOJICHT8Jlb MOJB:HO onpe)(8JIHTb TeopeTHlleCKHM nyTeM. 

Jlna Pr c HSMepeHnott HaMH 3Hepr1rntt pacna.,n;a 23!8 RsB 

= 0,9. (7) 

3TO 3HaqeHH8 dHJIO nonyqeHO HHTepnOIIHpOBaHH8M M3 TeopeTHqecKHX 

saaqeaHn, BHQHcneHHHX UBeff¢eneu (IJ/. 

IlO)(CTaHOBKOU (6) H (7) B (5) MH nonyqHM )(JISI BHXO)(a 

sneKTpoHoB OJ:e ce140 

(8) 

3TO 3HaqeHH8 HaXO)(HTCSI B ·Ol.18Hb xopomeM corJiaCHH C TeopeTHqecKHM 

3HalleHH8M (I0,5 %) /9/. 

B COOTB8TCTBHH c /9 / )(JISI i! = 58 BhIXO).{ q>JilOOpecueHr.tHH 

paseH 89,5 % • 
. OTCD)(a CJie)(yer, qTo BHXO)( Oxe paBeH I0,5 %. H3 3TOro 3HaqeHHSI 

··H H3 (I) Mlit IlOJIYllHM )(RSI OTHOIIl8HHSI · l.lMCJia 3R8KTPOHHHX 3aXBaTOB 

I{ H no3HTPOHOB npH pacna.,n;e Pr r4o. 

~ = 0,897 pt- (9) 

. ECJIH MhI XOTHM onpe)(eJIHTb OTHomeHHe q11cna BCeX 3JI8KTPOHHI:iIX sax

BaTOB K llHCJIY Il03HTPOHOB, MU ,1.J;OJil!CHbI ytntT1,1BaT:o I.a - saxsaT 
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npeHedpeqL). TeopeTHQ8CK08 3HatieHHe 

/I4/ • IlyreM npocroro pacqera MH 3aTeM Haioteu, 

(M-3aXBaTOM MOZHO 

§ =0,I25 
€" 

QTO npH pacna,Jte Pr r4o Ha 3JI8KTPOHHHH saXBaT npHXO)J;HTCSI 
+ . 

50,3 'I,, a ua ft -pacna.Jt 49, 7 'I,. 

Kai yze YKa3UBaJIOCL BWU8 (cu.(3) ), OTHOW8HH8 MHT8HCHBHOC
K-~X 

TeH cauux CHJILHUX rpynn 3JI8KTpOHOB Oze pa.BHO ~-ii =0,58! 0,05. 

TeopeTHQ8CK08 8HaQ8HH8 /9/ paBHO 0,50. 

HHCTHTYT n,Jtepaux Hccne,JtonaHH~. ~CAH. Ilpara. 

" 

.J 
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25 

20 

15 

10 
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p+ -cneKTP H3JiytreHHR Pr 140• 



No 
1250 

1000 

750 

500 

250 

10 20 

48 

K - LL 

K :-.LX 

K - MX 

JO 40 E K38 

PHc. 2. Cnexrp 3JI8KrpoHOB Oze K-cepHH Pa,JtHO~KTHBHOro pH,Jta 

.Jfd !40--.. Pr I40 _ Ce !40. 

3uax X o6osHaqaer 06011oqxy Bwe l, • 

I 

J 
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A.K.JiaBpyxirna, T.B.MaJrn111eaa, · E.A. XoTHH 

HOBillt H3QTOil Jr I83 

IlpH Bb1)1;8JI8HHH ,n;oqepHero OCMHH H3 ~paKUHH HPH.ItHR,o6pasyn

lI{erocn npH pac11tenneHHH sonoxa npoTOHaMH c sHeprHett 660 MsB, 6H

na 06Hapyxeua aKTHBHOCTL C nepHO,ll;OM IlOAypacnMa I2 qacoB, npH

Ha,ItJiexaman Os-I83 (I,2). 3ToT ~aKT CBH,n;erenLCTByeT 06 o6paso

Bamrn B npo,n;yKTaX pacll(enJieHHH 30JIOTa HOBOro aettTpoHo;n;eq>Hl{HTHO

ro liaOTona HpH,ItHH c MaCCOBbIM. qHCJIOM I83.· HacTOHll{aH pa6oTa rro-

CBSU1te11a onpe,n;eJiem110 nepirn;n;a nonypacna.zta :Jr IBJ. 

MeTaJIJIHqecKoe 30JIOTO B KOJIHqecTBe ,,.., 0,5 r o6JiyqaJIOCb 

BO BHyTpeHH8M nytrne CHHXPOUHKJIOTpOHa OYI.ffil npoTOHaMM C 3Hepr:ue~ 

660 M3B B TeqeHHH o, 5-I qaca. Pa;n;irnaKTHDHO-qH~Tbitt HPH.IJ;Htt H3 

npo,n;yKTOB. pacmennemu1 sonoTa nonyqaJICJI no MeTo;n;mce, .omrnaHHott B 

'pa6oTe (3). 3aTeM 113 HpH;n;HJI qepes paBHble npoMeXyTKH BpeMeHH rrpo

BO,ItHJIOCL CHCTe:MaTI-ftleCKOe Bl:l,It8J1em-1.e ;n;oqepHero OCMHJI (Bp8MSI HaKo

nneinrn H3M8HRJIOCL B pa3JIHtJHl:lX OI1blTaX OT I, 5 qaca ~o 4 qacoB). 

C 3TOM uenLD K paCTBOpy pa;n;noaKTHBHOro HpH,IJ;HH .n;o6aBJIHJIOCL 

,., 20 Mr OCMHH B BH,Ite .,N01,l. O.s Oy • OsOq ~ OTfOH.fIJICH c XJIOpHOti . 

KHCJIOTOM H ynaamrnaJICH IO% ..IVa OH • 3aTeM OCa.JK,ItaJICJI cyJIL-

~H.It OCMHR, KOTOpbltt npoKa.JIHBaJICH ;n;o MeTanJia B TOKe BO~Opo~a. 
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IloJIHOTa 0T,JteJieHH.fl 0CMHH K0HTponHp0Banacb nyTeM B3B8IDHBaHHH_Me

TMJIHqecxoro 0CMHH. XMMHqecKHD BHX0.Jt. C0CTaBHHJI 95-98%. 

Ona.it aKTHBH0CTH ,JtoqepHero 0CMHH H3MepSIJICH Ha TopnoB0M 

cqerqHKe cTaH.:rtapTHoro cqeTHoro ycTpoUcTBa. Ha pHc. I H 2 npHBe

.:rteHH KPHBH8 pacna.ita HaK0ilHBWH8CH B T8Q8HHH I,5 qaca aKTHBHOCTH 

0CMHH ,JtJIH 4-ro, 7-ro H 9-ro BH,It8JI8HHK. H~MeHeHHe KOJIHQ8CTBa 

aKTHBH0CTH 'Os 183 B 3aBHCHMOCTH OT BpeMeHH BI:il)l;eJieHHH (pHc.3) 

.:rtaeT nepHo.:rt nonypacna.zta ::Jr 183 , paBHHH I! O,I qaca. ARTHB

HOCTh c nepHo.:rtoM nonypacna.zta I! O,15 qaca o6HapyxeHa Taue B 

KPHBon pacna.zta cyMMapJfoU aKTHBH0CTH HP~H8B0l ~paKnRR (pHc.4). 

~oJirOXHBYntaH aKTHBH0CTl, C nepH0.Jt0M nonypacna.,tta ,v 90 ,JtH8l 

(pHc. I H 2) o6ycnoBJieHa o6pa3oBaHHeM Os 185 H3 _15-TH qacoBoro 
Jr 185. 

KopoTKOX~rnyntaSI a.KTHBH0CTl>, pacna.rt81>ntaSIC.fl C nepHO.JtOM nony- . 

pacna.rta IO ! 2 MHHYTH H npHcyTCTBy1011taSI B .1tot1epHeM oC1lHH nocxe 

Hcqe3H0B8HH.fl I2-TH qac0B0I aKTHBH0CTH, npHHa.itJieXHT, no-BH,D;HMOMY, 

usoMepy 00111,rn Os 184 (I). 

1. B. li. EapaHoB, I\ • .H. rpoMoB, E. c • .I{J[enenoB, 3HoHr tioHr Ban, 
T.B.ManwueBa, B.A.Mopo3oB, E.A.XOTHH, B.r.qyMHH, OHmi, P 493. 

JJ:y6Ha, 1960 r. 

2. A.K.HaBpyXHHa, D.A.CypKoB, 3.B.XpouqeHKo, r.M.tiepHoB, 

ITporpaMMa H T83HCH .JtOKJia,I(OB X exero.:rtHOro COBentaHH.fl no SI,Jtepuon 

cneKTP0CKOilHH B M0CKBe, 50, 1960 r. 

3. A.K.HaBpyXVIHa, T.B.MaJiwueBa, E.A.XoTHH. lli-e coBemaaHe 

no HettTpOHO,Jte~HnHTHIDA H30TonaM, Jly6Ha 1960 r. 

HaCTO.!llltMliTOM CTp.143. 
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13.C. llinHH8Jih, 13. :1. illyuu1ypoB 

MCCJIEJIOBAHRE KOHBEPC:L10HHOro CIIEKTPA viPW,IUrnBofl 

~PAKIID~ 

Ha. 6OJILIIJOM MarHIIITHOM Cil8KTporpa<pe / f ma:x. =-0 50cM/ C 

ITOCTOSIHHHMV! MarEMTaMPI MCCJie,n.oaaHaCL cppaK].\HJI l13OT.OTIOB HpH):V'I.8, 

ITOJlY1!aCMHX nyreIA OClJiytlCHPUI 30J!OTC~ MHIIIClnt npOTOHa1rn: C rrnepn~

.eit 660 M3B c nocne.n,ylllllHM pas.n,enem1eu Ha xpoMaTorpaqiw:rnc!WR 

KOnOIUtH. icTOtIHRK ,II.JIR cneKTporpaqa npHT0T0BJIHJICH Ii n,1;;:e 

flf)Jl0CKV. WHp11H0~ 0,3 MM, cneKTp perHCTpnpoBaJ!C8 T0,1C1'0{;J!(;i!H0~ 

4lOTOUJI6.CTHHKO~ THna P-50. CHETHe cneKTpa Il0BTCpHJI0Cl> 3 pasa 

qepe3 pan1rne npo.MexyTKK ape1temt /30-GO qacoB/, t1To no3aomtJio 

rpye5o ouem1Th nepKO~bl nonypacna.n.ao B nonyqeHHOM cneKTpe 

aa6nD.n,eHo 6onee 50 KOHB8pCHOHHliX JIHHK~, np~Be.n.eHHHX B raORHUe 

I. 3TH ~aHH~e ll03BOJIHnT OAHO3HatlHO HHTepnpeTMpOBaTb 46 JIHHHV.. 

JJ,JISI HHiepnperan~rn: OCTaJil>Hl:lX KOHBepcllOHHhlX JI:HHJ,tR Heo6xo,1vu.m 

.n.an1>aeAwHe Hccne~osairna. B :not-l se ra6nnne .II.RH cpaBHeH~.!l 

npMB0.II.8Hhl )laHHhl8 H3 J:E,6OThl /I/. M~eHTH~MKaUHH H30TOil0B CAena

Ha B COOTB0TCTBUlt c YK8.3aHHO0 pa6oxon. 

MyJU,Tl1IIOJU,HOCTH f - nepexo;i;OB c 3Hepree~ 97; 120 H 

137 M3B, ycra.HOBJl8HHhle no OTHOCM?eJH,HHM KO3<fxinrnHeHTaM KOH-

BepcHH Ha L - no.n.060JIOli1tax, np1,rne,neHH B ra.6JIHI\e 2. 
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TadJIHya I 

jj a,. Ee(K8B) 
.l!;e +.l!;a Et Er f1.) Myn1,x11- A nn (xas) (K3B) non1>H./I1 

I 2 3 4 5 6 7 8 
I. 525 2.'.3,7 K 97,5 97,l 97,3 E2-(MI) I85 
2. 631,9 3~,9 M 36,9 - 36,9 37,4 MI-E2 185 
3. 654,0 36,3 J{ 36,9 

' 
4. 744,8 · 46,6 K· !20,5 II9,7 

5. 792,3 62,5 I< 64,9 

6. 805,8 54,2 L,, 65,I 65,0 65,2 E2 !87 
7. 826,4 56,9 K I.'.30,8 130,8 

8. 858,7 6I,2 L, 74,2 

9. 867,7 62,3 L,. 74,7 74,6 75,0 . E2 187 
IO. 872,2 63,0 K 136,9 · !37,0 I.'.37,2 E2 186 
II. 879,4 64,I L,,, 75,0 . 
12. 986,l 79,3 K 153,2 !58,3 153,6 185 

UJIU 92, 7 

! 

l [,'.3. 995,I 80,7 K 154,6 154,9 
[4. IOI7,5 84-,I L, 97,I 
[5. I02I~I 84,6 L,, _97,0 

. 
[6. 1030,I 86,0 L,,, 96,9 

[7. 1039,I 87,4 K 161,3 160,7 I62,9 186 HJIH 
187 

[8. 1080,3 94,0 M 97,0 
[9. 1095,6 96,4 JV 97,0 
~o. ll.'.36,8 103,2 K 176,8 !7618 . 177,6 MI 187 
~l ~ 1160,0 I07,I · L,, II9,5 

~2. 1168,3 108,5 L,,, 119,4 



I 2 J 4 5 6 '7 8 

23. I215, 3 II6,6 M II9,6 

24. I256,8 123,8 L, 136, 7 

25. 1260,5 124,5 L" I:36,9 

26. I269,7 126,2 L"' I'.37,I 

27. DD,9 I.34,2 M I'.37,2 

28. IJ26,8 I.'.36,5 J{ I'.37,l 

29. 1351,0 141,0 L, 153,4 

30. I.358,2 142,4 L,. 154,8 

'.3!. 1365,6 143,7 L 154,6 
Pl 

32. I'.388,I !48,0 Lu 160,4 

'.3'.3. I:396,8 149,6 L., 160,5 

'.34. I4II,6 152,4 M 155,4 

'.35. 1420,8 !54,2 J{ 154,9 

'.36. 1552,6 180,I K 253,9 252,8 . 252,6 

'.37. 1661,8 190,2 K 264,I 264,1 

'.38. 1755,8 222,5 K 296,4 296,9 296,9 E2 186 

'.39. 1833,4 2'.39,4 L,, 251,8 
-

40. 1840,7 241,0 L,n 25!,9 

4!. 

42. 2033,4 284,4 L. 296,6 

43. 2041,0 28611 L,.. 297,0 

44. 2077,J _294,5 M 297,5 
45. 2084,5 296,2 J( 296,8 
46. 2'.336,0 .355,8 K 429,6 429,6 427,2 185-186 
470 2369,2 363,9 K 437,8 4'.37,8 4'.34,8 186 
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'l'a<SJiga _2 

E (K0B) L, , L2 L5 T:an nepexo.na 

a1tcn. 8,14 Il6,8 100,0 
97 E2 

teop; 7,25 112,I IOO,O 
'' 

( :neon. , 55,l 119,4 100,0 
!37 E2 

Teop • 19,2 I:3I,8 100,0 . 

3ltCD. L, +L,. IS 125,0 100,0 
120 E2 

Teop. L, + L.11 • 132,5 IOO,O 

JI H T_ e_ p a r Y p A 

I.R.M.D1J1mond and 1r.M.Hollander. Nuclear Phys,ics, 

v. a, N 2, 14J (58). 

2. n.A.CJJHB H H.M.EaH.11;. TaOJIMUH It08cpl)BJtH8BT0B BHyrpeHHel ,, 

xossepcHH raMMa-HBJ1yqeHKa. qacra 2. L - oOoaoqxa 
1958 r. , 

Hayquo-•c CJ18.JJ;OBate11J,C1tKI HHC_!ll'l'J't 

a.nepHon ~H3HM Ml'Y 

. 
' 
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A. A. A6;:typa3a.KOB, K. H. rpoMOB, E. c. }t'!eJienoB, T.B. MwnmieBa, 

E.A. Xourn. 

IlPEliBAPHTETihHHE ,UAHHHE O KOHBEPCliOHHl:lX 3JIEKTPOHAX 

IIEWrPOHO,D.E~IDUiTHUX li30TOIIOB · IIJIATHHl:i 

CneKTP KOHBepCHOHHbIX 3JI8ICTPOHOB H8MT,POHO,l1.8(pHnHTHhIX 

H30TOilOB nJiaTHHH, nonyqeHHHX npu 06nyt18HHH 30JIOTa npoTOH&m C 

3HeprHeM 660 M3B, H3yqaJICSJ npH IlOMOillH /J -cneKTporpa<pa C IlOCTO-

• SIHHIDl uarHHTHIDl noneM. JinHT8JibHOCTb o6nyqeHHH 30JIOTa - I qac. 

3xcno3JnJHH q>oTonnacTHHOK aat1aTa qepes 7 qacoB nocne Ko:ena 06J1yqe

HHS1 H qepe3 I qac noc~e BW(0JI8HHSI ITJiaTHHH H3 lll'.1fil8HH.Ilocne,1I.0BaTenb

.HO 3KCITOHHpOBaHO TPH q>OTOilJiaCTHHKH. lJIHT8JibHOCTb 3KCilO3HnHI: 

. 9 qac, 25 qac, H 26 qac. BH6op BpeMeHH 3KCll03HJlHH Il03BOJISI0T 

C,JteJiaTJ. rpy6yD oneHKy nepHO,l(OB noJiypac~a,n;a JIHHldt KOHBepCHOHHJiX 

3Jl0KTPOHOB. IloJiytieHHble pe3yJibTaTli npe;:tcTaBJieHH B Ta6JIHU8 I • 
• Mli He npeTeH,JtyeM Ha TOQHOCib B 3HaQ0HHHX 3HeprHH JiyqmyD 

Q8M ! o, lJ K3B, TaK KaK K8%)taSI qJOTOnJiaCTHHKa He 6HJia KaJIH6poBaHa 
/ 

oT,JteJI.ao, KaK MH 3TO ,1:texae:11 B .JtpyrHx onmax, a 3HeprHa onpe;:teJieHa 

no rpaJtyHpOBOtlHOn KPHBOi,cHJITOff sa I M0CSIU 3KCil03HUHH n11aTHHOBOI 

q,pa.xnnH. 

Bcero 06HapyxeHO 23 KOHBepcmOHHHX JIHHHH. IlHHHH !! 7,8,9, 

OTHeceHLI K Pt ra9 Ha ocaoBe npe.1tnono1teHH.fl JlaBpyx1,rnott H ;:tp. 

(MaTepHaJILt X co~elJlaHH.fl no SJ)tepHott cneKTPOCKOilHH B MOCKBe I960 r.), 

KOTOphte TOlte BH)t8JIH 3TH JIHHMH • 

. RHT8HCHBHOCTb KOHB8PCHOHHLIX JIHHHlt C 3HeprHeit 60, 5 ; 60; 9 

H 6I,7 K3B cna..aeT C T,k. > 4 qaca. Tpy~HO ~TO-JIH6o CKa3aTb 0 

nepHO,JtaX cna.n;aHH.fl HHTeHCHBHOCTH BKHHtt Ee =78,3 H 97,8 K3B, 

Ta.K KaK OHH Otl8Ho cna6hl. 
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l1HTeHCHBHOCTL JJHHHB c Ee =!09, 7 K3B) no-BH)(HMOMY, cna~aeT c 

nep1rn,n;oM > IO qacoB. llTo xacaexca JIHHHI Ee =63,0 ; 93,.'.3 ; 

94, 7 '; I24, I ; . I25, 7 K3B, TO ,I(JJSI HHX T I/2 < 4 qacoB. 

3JieKTPOHHiiie JIHHHH Ee =63, O H 125, 7 K3B Ha.MH H.zteHTH<lmu11poBam,1 

KaK R H L, JIHHHH nepexo,n;a c h" =I39, I K3B. Tio pa3H0CTH 

I< - LI BH)tHO, llTO 3TOT nepeXO)t IIpOMCXO)tHT B Sl)(pe Jr- . RoH-

B8PCMOHHbl8 JIHHHH C :rnepr.11en Ee =9.'.3, 3 ' 94, 7 K3B Mbl H,D;eH-

TH(p.m~HpyeM KaK L, -1-L, 11 H L,,, JIHHHH nepexo,n;a c 3HeprHeff. I06, I K3B. 

Cyllt8CTB0BaHH8 3Toro nepeXo,Jta Il0)tTB8pX,1taeTCH B 60Jiee T
0

0tlHHX 

H3MepeHH.RX E.H.rpHrop:&eBa, B.C.J{XeJienoBa, 13.3BO.lf.:&CKOI H )tp. 

(MarepHaJibl HaCTOH~ero COBe~aHHH). 

J 
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TA~JrnyA Jf! 1 

KOHBepCHOHHHe JIHHHH Pt -cppaKUHH 

};.J(! Ee 1ts& H,lteHTH!pHIW,Ul'UI 
nn J.-8 c-s J-8 upe,u;He~J -

nnact. nn:act. nn:act. 3HaqeHH 

l. - 60,53 - 60,5 -
2. - 60,94 - 60,9 -
3. - 61,68 - 61,7 -
4. 6;3,0 - 63,0 K-I'.39, 1 Pt 
5. 6_4,6a cn:arl. - 64,6 K-140,6 Pt 189 
6. 78,3 - - \ 78,3 -
7. 81,l 01,0 - 81,l L,+L,.-93,8 I 

P-b 189 
. a. 82,50 82,50 - 82,5 L.,-93,8 Pt 189 

9. 9I,2 91,05 - 91,l M-93.8 Pt, 189 

IO. 93.3 - - 93,3 1.,,. -I06, I Pt 
II. 94,88 - - 94,9 L111-I06, I Pt 
12. 97,8 - - 97,8 -
I3. 103,2 - - 103,2 I\-179,3 Pt.186, 187,184. 

14. !09,7 !09,62 !09,86 109,7 -
15. - l.I0,8 ? II0,8 K-186,9 Pt 188 

16. - - II6.5 II6,5 L
1
+L,.-129,6 Pt 195m 

17. II7,4 II7,5 II7,5 II7,5 K-193,6 Pt 188 

18. - II9,2 - II8,2 L111 -129,6 pt,195tn 
Pt 193m I 

19. .:. CJiarl. 121,9 121,9 L.1 -I'.35, 3 
20. - cnarl. 122,6 122,6 L.,, -I'.35, 3 M.I93m 

2I. I24,I 124,I K? 200,2 pt, 
22. 125,7 125,7 L, -I'.39, l Pt. 
2'.3. 127,I 127,l L1 -140,6 Pt. 189 

. a - B8P08THO ,IJ;BOitHas • 

. / 
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T~ll.Manhlmeea, E.A.XoTHH, A.K.HaepyxHna, JI.H.KproKona, 
B.B.Mypan&eea 

I'1CCJIE,UOJ3AHUE IIEllTPOHO,u:EPHWITHblX U30TOIIOB ITJIA'.I'MIILI 

laHHaH pa6ora HBJIHeTCH npo,n;oJIY.eH.HeM HccJie,n;onaHHH HeMxpono-

)(e<PHUHTHbIX H30T0TI0B Pt , o6pa3YJOI.UHXCSI npH pacmen.nemu1 30JI0Ta . . 
nporoHB.MH c 3HeprHeti 660 M3B. Pa6ora no 11ccne,n;onamno HeUrpono-

' ,n;ecpHUHTHbIX H30T0il0B Pt. d1ma HatiaTa B 1959 ro,n;y H nepBbI8 

pesyJILTaTH 6HJIH .n;oJI0X8HbI Ha X e~ero.n;H0M C0BemaHHH no .R:~epHO~ 

Cll~KTP0CK0illUi / I /. Hccne.n;oBaHHe K0HBepc11omrnro cneKTpa 

np0B0,ll;HTCSI. Ha cm1paJibH0M MarmtTH0M fl -cnexTpoMeTpe C annapa

TYPHb!M paspemeHM8M 0,5 %. B HaCT0HI.U8~ padoTe nonyqeH pH.n; 

.n;onoJIHHT8Jil:,HbIX CEe,n;emt~ 0TH0CHT8JibH0 HCCJie,n;yeMbIX M30TOilOB. 

YTOtIH8HbI nepH0)(H cna,n;aHHR HHT.8HCHBH0CTH 3JI8KTP0HHHX JIHHH~ j B 

H8K0TOpbIX CJiyqaRX ST0 npHB8JIO K H3M8H8HJ,f]() HX H)t8HTH~HKanHH •. 

Onpe,n;eJieHhI MYJihTHll0.llbH0CTH )(JIR HeK0T0pbIX nepexo.n;oB, a raxxe 

.n;onoJIHHT8JibH0 0dHapyxeH pH.n; H0BHX JIHHH~. ~aHHHe O pe3yJil:>TaTaX 

HCCJI8)t0BaHHSI K0HBepcH0HHoro cnexrpa M30T0TI0B nJiaTJ,rn0D0~ qipaxum1 

npHB8)(8HbI B Ta6JIHU8 I. ITpe,n;cTaBJI8HHble B H8H 3JI8KTp0HHRe JIHHHH 

MOJlCH0 pa36HTJ, no nep1t0)t8.l{ Ha ·CJI.e,n;yDilll18 rpynnhI : 

I 

..d 
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I. rpynna c T = IO- II .ztHell. If3 25 JIHH11tt 3TOH rpymrn II xapaKTe

pl13YIOT H3B8CTHbl8 nepeXO,I(Ll: 155 K3B B :Jr 188 ; 58,4.; 69,3.H 

95, 4 B ::Ir 189, HaKOilHBIIlHXCSI B peaym,TaTe pacna.14a Pt 188 H. 

' Pt 189 , /2/. .I{pyrHe 14 JIHHHR Mhl CBH3IiIBaeM C Pt. 188' 'TOK. OHM 

OOHapyJICHBaJJT CH B cneKTpe' noJiyq~HHOM. C HCToqHMKOM pt, ' OT,IteJien

HOM OT· J,.. cnyCTH 12 ,I(Heit nocJie OOJiyttemrn. IlHHHH Ee J CB.fl3aHHble c 

H3JiyqeHI18M :Jr- 189 , .B 3TOM CileKTpe OTCyTCTBYIQT. 

I3 KOHBepcHOHHb!X JIHHHtt IlO):tTBep~aIOT HaJIHttHe nepeXO,Il;OB 54, 6 ; 

139, 9 ; 187, 5 ; 194, 7 M 28.I K3B Pt- 188, np1rne,neHHiilX ~ pa6oTe 

/3/ • .I{JIH nepBbIX qeTupex nepeXO,Il;OB no OTHOlli8HliHM BHCOT KOHBepcH

OHHHX JIHHHlt Ha K- o6oJioqxe lJ L, L,, u L 111 

npe,ItilOJIOX8HbI CJI8,Il;YIOlllM8 MYJILTMilOJILHOCTH nepeXO,ItOB: 

3H.nepexo,rcoB B K3B MyJU,THilOJILHOCTL 

54,6 no _L,: L,, •: L,,, E2 + MI (B03MOXHO .M2 + E3) 

139,9 no KIL ... L,, E2 

187,5 .no I{/L.1 +L,, MI + E2,B03MOXHO M2 

194,7 no KIL, +L,,/L,,, MI+ E2 (B03MOXHO M2 +E3) 

IlHHHIO C 3HeprMett 56,8 K3B Mbl He MOXeM onpe,IteJieHHO CBR3aTL 

C KaKHM - JIH(fo H3B8CTHbIM 1- nepeXO,I(OM' H npe.n;noJiaraeM, qTo OHa 

RBJIR8TCH K-JIMHMelt OT nepexo,Ita 132,9 K3B,aHeprHH KOTOporo paBHa 

pasHocTH :rnepr11tt nepexo,n;oB 187,5 H 54,6 K3B. 

Ilepexo.1:tH.I7I,4 H !83,7 KDB B Pt He no.1:tTBepllC,ltaJOTCH II/. 

rr. rpynna JIHHHtt c T =3-4 AHH. 3Ta rpynna COCTOMT H3 2I 

JIMH:HH,. COOTBeTCTBYIOlllHX xopomo HsyqeHHW paaee nepexo,1.ta.M C :rnep

r~rntt 98, 4 ,; 129, 5 K3B B Pt r95m , !35, 2 K3B B · Pm 193"! 82, I ; 

I29, 0 ; I7I, 5 ; 268, 2 ; 350, 8 ; 359, 6 K3B B Pt 191 /2/ 0 

illo rpynna JIHHHH CT= I0-!5 qac • .I{Be JIHHMH 3Ton rpyrrnR MLI 

CB.fl3hIB~eM c· H3B8CTH11MH nepeXO):ta.Mli3I4,6M296,6 B Jr 187 H B· 
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::Jr !86 /4/' C00TB8TCTB8HH0' "IT0 r0B0PHT 06 oCSpa3oBaHHH HS0T0D0B 

Pt187 HPt186 B peaKnHH pac~enJieHKJI 3onoTa npoToHaMH BHC0KHX 

oueprHM. H3 12· JIHHH~ c T =IO± r·qac, K0T0pNe Ha.MH npHllHCaHN 

npaKTH'll8CKH H8H3y'lleHHOMY H30Tony Pt 189 2 C00TB8TCTBYDT 

H3B8CTH0MY nepexo.zty 140, 2 K3B /2/' .ztPYJ;'H8 Mil 0T0X)t8CTBJUl8M C 

nepexo.zta.MH 70,8; 8I,5; 94 H I75,8 K0B, o R0T0phlX He HM88TCJI 

onyCSJIHKOBaHHNX CB8,lt8HHA. · 

MyJILTHil0JibH0CTL ,nepexo.zta 94 K3B MH npe.ztn0JI0XHJIH Ka.K 

E2 + MI. Ilepexo.zt !75,9 KaB, no-BH.ztHMouy, RBJISieTCSI cy.uuapHl:ilM no 

0THomeHHD K nepexo.zt8JI 8I,4 H 94, 0 K3B. J[Jrn 4-x JIHHH!t 37,3 

102,0; IIO,I; 229,7; 'KOB Mil He MOZ8M .ztaTb T0"IH0I H,lt8HTH~H

KaUHH • 

IY. 5 3JI8KTPOHHHX JIHHHA c T = 2-3 qaca H,lt8Hl'H~HnHpoBaHH 

KaK KOHB8PCHOHHhte JIHHHH OT nepexo.zt0B 179,5 H !84 B Pt. 184 HJIH 

Pt !86 ' Pt I87. . 

Onpe.zteJieHHe nepHO,ItOB nonypacnBJJ;a H30TOilOB nJiaTHHH npOBO

.ztHJI0CL nyreu B~eJieHHJI H3 nnaTHHOBoH ~PaKUHH .ztoqepuero HPH.ztHJI 

qepe3 paBHNe npoMe!:yTKH BP8M8HH / OT I .ztO 4 qac./. Onpe.zteneHHe 

cywapHoro nepHo.zta nonypacnBJJ;a Pt 186 H Pt 187 no axTHBH0CTH 

,r 186 / T=I5 qac /. H Jr 187 / T=I3 t1ac./ .ztano 3Ha\leHHe 

2,2 + O,5 qac., qro xopomo cornacyercJI c .ztaHHHMH paCSorH /5/. 

IlepH0)t nonypacnBJta nnaTHHH, onpe.zteJieHHLIA no aRTHBH0CTH 

.ztoqepHero HPH.ztHsz, pacnBJtB.K>nteroca c nep1w.n;oM noJiypa~nBJta 3 qaca, 

C0CTaBHJI 2,6 ± 0,6 qaca. B C00TB8TCTBHH C padorolt /5/ 3T0T 

nepHo.n; nonypacnBJta npHHa.itJieKHT H0B0MY usorony nnaTHHH Pt. 184• 

--···--
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- lfflTHPOBAHHAH JIHTEPATYPA 

Io ManwueBa T.B., XoTXX EoA., JlaBpyXHHa A.R., RpDKOBa Il.H., 

Mypa1»eBa B.B,., X-exero;.urne coBell{aHHe no .R,n;epHoff 

cneKtpoCKOfiRM B MoCKBe 1960 ro 

2 n.c;trominger, I.M.Hollander, G.T.Seaborg. Rev. Mod. Phys., 

JO, -585, 1958. 
Nuclear Date Sheets, 119, 1959. 

4. Diar_nond, Hollander. Nucl. Phys., 8, 143, 1958. 

5. BapaHoB B.H., rpoMOB R.H., .I{zeRenoB, B.c., 3HoHr qosr Bal, 
ManweBa T.B., Mopo3oB, B.A., XoTHH E.A., qJJOIH B.r., 
X exero~Hoe coBemaHHe no H~epHo« cneKTpocxonn B locKne 

!960 r. 

lIHCTMTYT reOXliU.Urn: H aHaJIHTHl!eCK0.11 XHMJU1 
HM.B.1'I.BepHap;xcKoro AH CCCP 

Hayl!HO-HCCJle,l(OBaTeJibCKirfi1 irncnnyr .11,nepHOtt 
tlrn:3HKH MrY 
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TMJ111na » I 

E
8 

lt8B Ilep110,ll noiypacniua JUeHTll~ltB.llMll E1 KCD 

J11311epeHHLllt /JlHT.JtaHHH8 lt3119p8HHAll J111r • .1taa111,1e: ltaoron 

2,4,5/ / 2,J.4/ 

I rPYililA .llltHmt 

41,J.: 0.2 IO .± I JlH L, -5417 

l 41,9,:0.2 IO,:IJtH L. -5417 54,6.: 0.2 55 Pt'8e 

4),4 .± 0.2 -·- L. -5416 

51,2.,: 0,1 
_ .. _ 

M -5414 

56,8.: 0, l 10;£1.llR K -1)219 IJ2,9 - Pt
188 

6)18.: 01 I -·- H -IJ9,9 l IJ919 .± 01 I 140 Pt 188 

1261) +_O,J -·- L, -IJ917 

128, 7 .: 0,4 -·- IO .ltHo L.,-IJ919 

II0,9.: 0,2 
_ .. _ 

. H -18710 l Pt 1
,. 

173,8.: 0.2 · -·- l../L,,-18619 
1871 0 .± 01 2 1871 5 

,' 

Il814 .: 013 
_ .. _ 

K -194,5 

} 
, ., 

IBI,4 .: 01 2 -·- L,+-L. 11-194 15 I941 7 .± Q1J 195.4 
.. 

Pt
1
" 

183,9 .± 0,2 
_ .. _ 

L,. -195,l 

205,.: 115 -·- I( -281 281 .± I,5 . 279 Pt
1
" 

80,9 .: 0,2 -·- IO JlHo -154 

H2,I.: 0,2· 
_ .. _ 

/nepHOJt Pt 188; L,+l..0 -154,8 

I4J,9 .± o,J 
_ .. _ 

l...,-154 1 8 154,8 .± 0,2 155 
:Jr IBIS 

: '> 

1511 6.: 01 2 
_ .. _ 

M -1541 8 

I54,J.: o,J -·- .N -155,0 

56,7.: 01 I Ir .± l JtH, II JlHo L, +-L.-69,4 l 69,J .: o, 2 69,5 Jr 189 

56,:J .: 0,2 -·- L., -69 1 2 

82, 7.: 0,2 -·- l, +l..1-951 4 } 64, 5 .: o,J -·- L,.- 9514 95,4 .: o,J 95,2 Jr'" 

45,? .: o, '3 -·- L., + L.. 58,4 56,4.: 6,J 59,0 Jr,,, 

110,a.: 014 -·- K -244, 7 244, 7 .: 0,4 245 Jr"' 

.• 

-,,,--~-----
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n rPYIIIlA mmmt 

51,·2 .± 0,1 4 .± I ,JlR. 313 - 4~4 ,JlR. H -129,6 

II5,5 .± 0,3 -·- l, - 129,4 

n0,o .± 0,2 -·- l.- 129,6 129,5 .± 0,2 I29-I29,9 Ptl95m 

!26 .± 0,5 -·- M- I29,3 

120,8 .± o,3 5 .± I ,JlRo .If- !29,5 

84 15 .± o,3 4 .± I ,JJ;H. l, 98,4} 98,5 .± 0,2 97-99 Pt/9srn 

95,4_:tO.l -·- M - 98,6 

121,4 .± o,3 4 .± I ,JJ;H. 3,4 - 4,5 ,JlHo l,•l,ns,o l 
I23,4 .± o,3 -·- L., D5,0 D51 2 .± 0,3 !35,5 

Ptl93m 

132,2 .± 0,2 -·- M- D5,5 

134,6 .± o, 2 -·- ./{ 135,3 

52,9 .± 0,2 3,5 - I ,JlR. I<- 129,0 !29,0 .± 0,2 !29,4 -I291 E Pt''j 

68,9 .± 0,4 -·- 2, 9-3, 2 ,ltRo L,+ L. 82,0 l 70,8 .± 0,2 -·- L,., 82,0 82,I .± 0,4 82,5 Pt 191 

79,2 .± o,4 -"- M- 82,4 . 

;' 

95,5 .± 0.2 -·- I<- 171,6 } /91 

158, I .± 0,3 L, •L.-I7I,4 I7I,5 .± 0,3 172 Pt 

19117 .± o,3 3,5 .± 0,5 ,l{R K-267,8 } 268,2 .± 0,5 267-268 Pt''' 

255,4 .± o,4 3,2 .± o,5 L, +L,-268, 5 

274, 7 .± 0,4 3,2 .± 0,5 ,JlH, 1(-,. 350,8 350,8 .± 0,4 351-352 Pt'91 

283,5 .± 0,4 2,6 .± 0,5 ,JlH, l<-359,6 359,6 .± 0,4 360-36! Pt'o, 

m rPYililA mnmtt 

57, 7 .± O. 1 IO .± 2 qac. L,+L. 70,8 } 70, 8 .± o,;2 Pt
189 

59 17 .± O,I IO.± 3 qac. L,.-7019 

68,3 .± O,I 9 .± I qac. L/L,;-81,4 l 8I,5 .± 0,3 Pt's' 

70,6 .± 0,2 uec1t.qacon t. .. 81,8 

~,9 .± 0,2 IO .± I qac. 
L •L -94 l , . 

82,7 .t0,2 9 .± I qac. L,.-93,9 

9019 .± O,I IO .± o, 5 qa,c M- 94,I 94 .± 0,2 . Pt's' 

93, 2 .± o, 2 IO.:!: I qac Jf- 93,9 

64,4 .:!: 0,2 II.± I,5 qac II qac K-140,5} 

126,9 .± 0,4 HeCJt.qacon L, •t.,;!40,0 1401 2 .± o,· 140 Pt189 



-
a
 

.
.
:
 ~
 
-
,
 

9
9

, 7
 .:

!: 
0

,2
 

IO
.:!

: 
0

,5
 q

ac
. 

K
 

I7
5

,8
 

I6
2,

.6
 .:

!: 
o

,4
 

I5
 '

11
8.C

 
l/

L
,,

-I
75

, 7
 i 

24
0,

7:
.:

t-
0,

3 
12

 .:!
: 

l 
11

ac
. 

D
 

'1
8.

C
. 

3
1

4
,6

 

22
2,

 1
 .

:t 
o

,3
 

14
 .:

!: 
I 

qa
c.

 
I4

-I
6

 1
18

.c.
 

29
6,

6 

37
,3

 .:
!: 

o
,r

 
II

.:
!:

 2
 q

ac
. 

1
0

2
,0

 .:
!: 

0
,2

 
15

 -
20

 q
ac

. 
B

e 
Q

eH
T)

iq
iK

1X
llp

oB
8.

R
H

 

II
O

,I
 .:

!: 
0

,2
 

IS
 1

18
.C

, 

2
2

9
,7

 .:
!: 

0
,2

 
I0

-1
4 

qa
c 

IY
 r

PY
III

IA
 

JO
O

id
 

I0
:3

,4
 .:

!: 
0

,2
 

:!:
: 
2 

11
ac

. 
-

K-
I7

9
,5

 

I6
6

,4
 .:

!: 
0

,4
 

3
,:

t 
l 

qa
c 

-
L,

+l
. 1

79
,5

 -

16
8,

3 
.:!:

 0
,4

 
3 

'11
8.C

~ 
-

l 
-!

7
9

,5
 

• 

I7
I,

O
 .:

!: 
0

,4
 

2
,5

 .:
!: 

0
,5

 q
ac

. 
-

L.
,.L

 1
84

,I
 

I 
• 

1
7

2
,8

 .:
!: 

0
,4

 
2

,5
 .:

!: 
0

,5
 q

ac
 

-
l.

, -
-1

84
, o

 

!7
5

,8
 .:!

: 
0

,3
 

-
3

1
4

,6
 .:

!: 
0,

3.
 

31
4 

,4
_ 

2
9

6
,6

 .:
!: 

0
,3

 
29

'7
 

..
 

I7
9

,5
 .:

!: 
0

,3
 

-

1
8

4
,0

 .:
!: 

0
,4

 
-

P
t~

' 

18
1 

:J
r 

-

9r
 18

'-

P
t 18

11
, 

P
t 1 " 

'" 
U

A
U

 
f't

. 
. 

0
\ 
~
 



.rp¾ropbeB E~IT., )IJB:enenoB E .. c., 3BOJibCKa. Bo, 30JIOTUB11H AoB. 

· MaJihll!IeBa T.B., Xonrn E.,.Ao 

K0HBEPCM0HHb!E 3JIEI{TP0Hl1 lWPOTKOJKvIBYllilX 1130T0l10B 

' ITJTillT11HU YI BOJibrJ?PAMA 

Ha J, -cneKTPOMeTpe C .I(BOMHOit cpoKyc1-1poBI~O~ Ha yron "J{.,1/i. 

H C npHMbIM l13Mepelll18M MarHHTHOro IlOJIR MeTO.D;OM .R,n:epHoro pe30HaHca 
I 

HaMH dun HCCJie.n;oBaH cneKTP K0HBepcV.0HHHX 3JieKTP0H0B TIJiaTHHOBO~,cppaR-

IlH11 B l1HTepBaJle :rneprirn 70 K3 B - 105 K3 B li BOJibqipaMOBOil cppaKriH:rt1 B 
\ 

HHT8pBaJie 70-90 K3Bo !il:30T0TihI TIJianUihI 11 BOJibcppaMa C~3,I(fiB6.nI1Cb B. pe-

liKI.ll1!1 rny601wro pacmerrnemr.a rrpH CioM6ap.n;:rt1ponKe 30JIOTa npoToHruA~ c 

2Hepr11et:t 660 lfaB. 

Harnew sa.n;attett 6Wio 11ccne.n;0Bam1e pacJia.;:;a 1wpoTKoJJC1,rnym11x 

H30T0il0Bo 

Ilna T Irn O BaSI q,paKIJHSI 

B nnanrnonon cppaK~1,n1 Ha H3MepReMoM yttacTKe cneKTpa Mhl Hamm,1 

17 JIHHHit, 113 HMX 7 .HODhIX mrn11ii,. li1HTeHCHBHOCTb KOTOphIX cna.n;ana C ne-. 

pH0,I(0M Tl/2 = 2, 0 - 2, 7 ttaca ( CM. pH Co 2) o 3HeprHl1 ~ nepl10)f.hl · nony

pacna.It~ Hait.n;eHHhlX JIHHMi'i TIP11B8,11.8Hhl B Ta6JI. Jf. Io YqacTOK CJ)eKTpa 

KOHBepCHOHHhIX 3Jl8KTPOHOB OT 92 .n;o 105 K3B TIOKa3aH Ha p11c. I. 

4 JIIS 7 · JU'1Hl1¥I, pacna,Ilfl!Oll\tllXCff c nep11o~OM 2, 6 qaca, MbT n.n;eHTJ.1(JlHU1t1PY-

eM KaK L, + L 11. , . L,,, , M 11 IV JIHHHvt nepexo.n;a 106, 43 mm,~ 

OCTaJibHhle 3-KaK L,, L,, LI, t,., JIHHHH rrepexo.n;a IIO, IO K::>Bo 
1
Ilepexo).( c :rneprHeM 106-,43 K3B • 

J{irn nep:uo)4a y61rnam-1:n: · MHTeHCHBHOCTH JIHHHV. L, u L 
II 

H L 
III 

Hai.rn · 

nonyqeHo 3HaqeHHe (2,6 ± 0,3) qac0 
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%Agil(J I· 

311pr•• 1 nepao~M yd»11&11N•·•■tea0111100111exo,opux 
, ,_ . ' . J . ' . . 

KOHIIPCNOHRIIX JIMNII U&~KHOIOI t.l)&ICIUINe. 

HI llzn.l·.·· 'u2 I,.=:• 110 
,on 

912,7 '68. 63 .:t o· IO".,.-·-• • • ·····--IO .:t I Pf.IIB 
.. 

929,5 • 71102 .:t O,IO 70,9,:t0,5 
997,9 az,II .t 0,08 IO .t 2 l..,•L, 93,94 ,,_IIB a>,SjQ,3181,l 

1008,6, 82, 74 .:!: o,os - 1095 .t I L.93,94 · ,JIB 82,7,:t0,3 82,5 
1021,2 , 84,68. 

ptli90,9,10,21 9I,I 1063,0 ., 
1 91, 21 .:t o, IO II 93,94, 

I073,I 93,28 .t-0~15 .11'93, ~ 1't' 93, 3.,tO, 3 
1078,0 · 93,60 .t 0,10 2,7 j0,3 L,tl,.106,43 - , I 9,,, 
1088,2 95,24'.t-O,IO ·2,6 .:t o,, L.,106,43 - · 91t,9 
I()g7,3 96171 + O,IO 

, - 2,0·.:t o,, · L, IIO,IO 
,,U00,6 97,25 J: O,IO L.IIO,IO 

III0,6 
IIIl,3 
IDI,5 , ,u,e,, 
u,2,1 

9818'7 ,± O,IO 2,0 ,:.0,5 L.IIo,10· 
100, 05 ,i 01 IO 13 .:t 2 ' ' 1,189 jlOO, O,:tO, 3 
102;,, ,i,;.0,15 
I03,67 .t 0,15 I 2,, .t 0,4 , II 106,,43 
I0,,'16 ,t,012 - , 2,4 .t 014 .K' IH,IIJ 

J1Qy ,oro,•1O u-..11111111&111 n11110,. noiypaa- • npe...,. 
•x. 10•10011 ao1n1i11111 o d111a111 n1p■o...,... no•y~onqa , Pt. 186 

( ·, • 2,5 .t,O,; 'l&o~) , Pt 184 ( ! ~- 21 3 .t 0~4 .. o,) 1 Pt187 

__ ( ! ■ 2~:, .t o,4 •aa,j Rtll!■• n,111n1oat• ...,.,un un_ 111a onpe,-1-
1111O111 ·•~o,ony. Mos1O. 101,xo oxua,,, q1O no1yq111ui 111111·nep110,. 

· '· .. d1a1 10,ro & IH&'IIHaD, .. ~•~MJ ,.H Pt 186, 

. ' 

·' ., 

./ 
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B Tactmnte 2 npHBe.n;eHo cpaBHeH:vie pa3HOCTet! ::rnepr11~ 1rnHHt1 

L,., H L,, , l,
111 

· H ./{ , KO!Opble TIC3BOJHIJOT c.neJiaTI> Bhlno,n;, 

QTO nepexo,n; npoHCXO,n;HT B R,n;pe HpH,ItHR. 

Ta6mu-1a 2 

CpanHeHHe om:i1THhlX .D;aHHhlX o pa3Hoc:rnx 3Hepni~ ·L,. H L. , 
L,,, H Jf -JIHHH~ nepe·xoita I06, 43 K3B c ·peHTreHOBCKHMH 

3HatJeHHRMH. 

L,,, - L.,, . 1<3& L,,,-..N" "~g· 
JI ,n; p 0 

PeHTreH O u· hi r PeHTreH O n hi T --
Pt I,7I I0,85. 

J,. I"· 60 ' . 
1,·54 .! 0,07 I0,53 I0,52 .! ·0,08 

0~ I,5I IO, 22 .. 
'· . 

-
' - -

Ebtno onpe.IteneHo oTHoweHHe MHTeHCHBHOcTeil JIHHHM L,. H L,,, 

nepexo,n;a !06,43 K3B. Cpc,1.BH8Hl1e C reopeTHtteCKHM 3HatteHH8M OTHOllle

HHSI xo:;qxpHuHeHTOB KOHBepcMH Ha no.n;o<:1onottKax L,, H L,,, , KoTo

poe npHBe.IteHo B ra61rnue 3, no!ta3blBaeT, tJTo sKcnepirn·eHT~.bHoe 

OTHowe1rne. 6,rnxe Bcero K ·3HatJeHHSIM .ItJIR ilepexo,n;a nma E 2 · l1JIH 

E 3. 
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TAEIDfil! J 

CpaBH9HHe sKcnepID.!eHTaJII,HHX OTHOIIJ0HHlt K03!p<pHI:~meHTOB 

KOHBepmrn Ha L,, L,. m L,,, noAoOoJio~IKax c TeopeuiqecKHMH ,n;Jrn 

pa3JIMqH~X MYJihTHTIOJibHOCTelt % -nepexo,n;a I06,4J K3Bo 

MyJIJ,THilOJihHO CTI, EI E2 E2 

TeopeTMtl.3Hatio 2,90: 0,87: I O,IO:I,I9:I 0,04:I,38:I 
J, ·~ . ,I. '-, . z.,, . L.,,, • --- -

MyJII:,THnOJil,HO CTI> MI M2 MJ 

TeopeTHtt.sHatI. 
98:9,8:I 4,4:0,54:I 0,78:0,IJ:I 

el :c,(, :c:,(, 
1., l-11 l. Ill 

3KcnepHM9HTo3Haq. 

J :J :J '-, t.,, l-,,, ( -' 0, 26) : ( I; 4 I .:!: 0, 2.3 ) : I 

IlepeXOA C 3HeprHelt IIO,~p K3B 

lIHTeHCHBHOCTI, JIHHHtl c 3HeprHSIMH 96, 7I KSB; 97, 25 K3Bj 

98, 87 K3B cna,n;ana c nepH6)tOM TI/2 = (2, 0 .± o, .3) qaco Pa_3HOCTH 

3HeprHlt 3THX JIHHHU ,ItaDT B03MO~HOCTI, H)t0HTH~HUHPOBaTI, 

HX KaK L,, l..,. H L,,, JIHHHH n~pexo,Ita IIO, IO K3Bo 

B Ta<lJio 4 np11ne,1teHo cpaBHeHHe pasHocTelt sHeprH~ JIHHHlt Lm 

H L, , L,11 H L11 . , xoxopoe noKa3HBaer, tIT6 nepexo,It IIO,IO KSB 

npoHCXO,Il;HT B SI,n;pe Jr • IlorpelllHOCTI, B onpe,n;eJieHHH nepHO.Jta nony

. pacna,n;a He no3BOJISieT onpe,n;eJIHTL H30Ton, npH pacna,1te Koroporo 

nosHHKaer nepexo,n; IIO,IO KSB •. 
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TAEnvIUA 4 

CpaBHemrn 0ilblTHhlX, ,l{aHHh!X O pa3H0CTSIX 3HeprHtt 

L,,,-L, H L,;,- L,, nepexo,Ita IIO,IO KaB 

H.ztpo ' 
L,,,-L, Hag L,,,-L,, 1<38 

I 
PeHTreH O n hI T PeHTrell 0 Il hI T 

Pt 2,JI I, ?I 
Jr 2,20 2,I6 .! 0,08 I,6I I, 62 .! 9,08 

Os 2,09 

--- -
., ' 

OTHOllleHHe HHT8HCHBH0-.;Teil mrnr,rn BHyTpeHHe~ K0HBepCHH Ha 

L -no.zto6onoqKax,nyqme Bcero cornacyeTcH c TeopexHqecKHMH .ztnH 

nepexo,I(a uma EI HJIH CMeCH E2 + MI ,( CM. xa6n. 5)o 

TAEJIMUA 5 

CpaBH8HHe 3KCnepIDd8HTaJihHblX ,OTHOlli8HH~ K03cp<pHUH8HTOB KOHBep

CHH Ha L' no,n;o6oJioqxax c TeopeTHqecKHMH ,ItJIH paSJIHqHW{ MYJib-

THI10JlbHOCT8it ¥ -nepexo,n;a IIO, IO K3Bo 

-
MyJihTHilOJII>HOCTh EI E2 EJ 

' ' • 
TeopeTHlle 3HatteH., 

2,98:q,97:I O,IO:I,20:I 0,04:I,40:I' bt, . ~ . <1, L1 ' L., . L,11 -· 
Myn!,THilOJll>HO CTb MI M2 M3 

TeopeTHqo3HaqeHHH 
J.,,._ :o1.,._ : ,1.,,._ 

I II nt 
98:9,8:I 4,45:0,57:I 0,8I:O,I4:I 

3KcnepHMo3HaqeHHSl 

JL,: 71-,, :.7,._11 (2,4 .:!: 0,7) • (I,4 .:!: 0,4) • I • • 
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IlepexoA c 3nepruen 93194 K3B 

O. nepexo.ite 93, 94 K3B .it0KJIBJtl:lBBJioc1, Ha X ·coBeiqaHHJt no R.itep-

ao.tt cnexrpocxomrn B MocxBe. I960 r. /2/ • B ra6n. I npuse.iteHLl 

~aHHLle paoorl:l /2/. 
Bonee roQHl:le H3uepeHHH uarHHTHoro nona no3B0JIHJIH yroQHHTL 

3HeprHD ororo nepexo.ita H nyreu cpaBHeHHH onl:lTHl:lX .itaRHYX o pa.a~ . ~ -" . . 

Hocrn 3aeprnn L.,,,, - L,, H ff- L.,,, (cM.Tadn.6) onpe,n;eniir,, q:ro nepe-

xo.it npoHCXO)tHT B H.ltP8 :Jr • 

, TABJUlllA 6 

CpasHeHHe on1:i1rnwc ·.itaHHHX o · paauocTH· 3HeprH£t L,. - L,, H 

:·. g_·[-j,na--fiepexo,n;a··93,·94 K3B C· peHTreHOB_QI(HMH 3Hall8HH8MH 
Ill . . . -····· ... -··-· ···•·····•···· 

fl .it p ·o · 
L,,,- L;, w.sC .}{-.L,,, ,u, . 

PeHTrer. On1:i1r· PeurreH 0 n hl T 

Pt. I,7I I0,85 

Jr I,60 I,63 .± 0,08 I0,5J I0,54 .± O,I5 

Os I,5I I0,22 

~]aKijHR B,QJil><R,Ya.Ma 

KopOTKOXHBY~He H30TOill:l BOJll>~paua H3Yll8Hl:l 0Q8HL Mano. H3 

nHreparypbl Hasec:rno, .1.1ro nepHo.n; nonypacna.ita. W 176 paBeH · 

80 .:t 5 MHH, ~ a . W 177 - 130 MHHo /4 / • CnocodoM H,l(8HTHqJHKa

UH11 3THX H30T0O0B dhlJI0 P~HOXUMH'•l8CK08 DJm8JI8HH8 ,n;pqepHHX Ta176 

H Ta I?? qepe3 onpe,n;eJI8HHlil8 npoMe%yTKH Bp8M8HHo 

I ,.r·; .l 



75 

Ha ytiaCTKe cneKTpa OT 70 ~o 90 K3B HaMH Ha6JID,Il;aJittCb Tpl1 

KOHBepCHOHHbIX JIHHHH, HHTeHCHBHOCTb KOTOpbIX y6HBaJia 'c nepHo,n;oM 

2,6 .:!: 0,6 qaca. 3TH mrn1,rn: M& MOJIC8M OTHeCTl1 K pacna.zty · W 176 

HJIH \/i/ 177• SHeprim 3THX JIHHHt! paBHbl 72,4 ; 71i,J l1 83,2 K3Bo 

IlepBble ,ll;B8 JIHHHH MOXHO H)t8HTW~l1UHPOBaTb KaK M l1 J/ JIHHHH nepe

xo.n;a hv = 74,9 K3B B H.n;pe Ta. IlHHHR c trneprHe.tt Ee = 88,5 KaB,. 

CITa.zta.D~aH npaKTHtieCKH c TeM xe nepHO,Il;OM T ~ 2,7 qaca, npHHaJJ;Jie

~HT, no-BH,ItHMOMY, npHMecH. 3TO MOJICHO ycTaHOBHTb nyTeM cpaBH~HHH 

·. Ramero cneKTpa C KOHB8PCHOHHbIMH cneKTpaMH BOJibcppaMa, nonytieHHbIMH 

BacHHott 11 .n;p. 

·MLI Ha6nn.n;an11 L, + L,,, L111 , M H J{ KOHBepcHoHHHe irnmrn nepexo.n;a 

hv =88,35 K3B B . H1 176 ( 2+ - o+). liHT8HCl1BHOCTH :3Tl1X Jil1Hl1tt 

BHatiane Hapacranu c nep110,n;ou 2,5 .:!: 0,4 qaca, saTeM cnaJJ;aJIM. c ne

PH_o.n;oM nonypacnaJJ;a Ta176 Tv2 = 8 qac. TaKRM o6pa3oM, HamR pesy.lib

l'aTI:iI no ·onp~,n;ene~~rn nep110,n;a nonypacna.zta W.176 Tr/2 = 2, 5 tJaca 

OTJIH'tlanTCH OT npeXHHX /4/ T = 80 MHH. Cnoco6 orrpe,n;eJieHHR rre~ 

pHo,n;a no HapacTaHHD KOHBepCHOHHbIX JIHHH.tt HBJIHeTCH 6onee HaJJ;e~HHM, 

qeu pa.ztHOXHMHtieCKHtt cnoco6. 

ABTOPbl BblpaxanT CBOD dJiaro,n;apHOCTb A.A6.n;ypa3aKOBy 3a npe-. ' 

,ltOCTaBJI8HHe pesym,TaTOB irnytieHHH nJiaTMHOB OH cppe.KUHH Ha 

Tporpa¢e .n;o HX ony6JIHKOBaHHH. 

./3 -cneK-
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I. B.H.EapaHOB, K.RorpoMoB, E.C • .I{xenenoB, 3uoHr qoHr Ea~, 

T.BoManHmeBa, B.A.Mopo30B, E.A.XoTHH, Bor.qyMHH 

06 Hsoronax :Jr 184 u. Pt. 187 P-493, .I{y6Ha I960 r. 

2. A.K.JlaBpyXHHa, T.B.ManH11IeBa, B.A.XoTHH, JI.H.KpDKoBa, 

B.B.MypaBbijBa. Te3HCH X cosemaHHH no R.D;epHoV. cneKTpocKonHv., 

n Mo c1rne I960 r. 

3. A.A.AdAypa3aKoB, K.R.~poMoB, E.C • .It,rcenenoB, T.B.ManbIIIleBa, 

·E.A. Xorirn. Max epHanH rpeTbero coBemaHHJI no HettrpoHo-,11;ecpH

UHTHHM H30TOil8.M. ~ydHa I960 r. HacTORmHR TOM CTp.59. 

4. G .~'/ilkin.son. Phys. Rev., 80, 495 (1950). 
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E. C. ,IOKEJIEIIOB, P. Eo IDlAHOB H. JI. H. MOC1tBI1H 

_" ___ 06"--__ J.,= .. _::BacnM e _ Ac 2 25 " 

IlepBbie CBe.n;eHHH 06 Dl--pacrr~e Ac225 dbIJIH rronyqeHbI B pa-

dote XareMaHa /I/. Eonee nonaoe Hccne.n;oBaHHe ol ~crreKTpa 

Ac225 th.mo npoH3Be.n;eHo B pa6ore mrn1,repa (2). ·.llaHHbie 3Tott pado-:

TH MU npHBO,D;HM B TadJIHUe I •. 

B 1960 r. Ha MarHHTHOM ~ -cneKTPOMeTpe·PHAH (4) rrpe,n;-
) 

npHHHTO HOBOe HCCJie,n;oBaHHe cneKTpa Ac225 • .llJIH nonyqeHHH npenapa-

Ta Ac MeTaJIJIHqecKHff TOpHll 6WI o6nyqea npoTOHa.MH c 3HeprHett 660 

MsB Ha CHHXpouHKJIOTpoHe· QI1fili. TopHll 6HJI paCTBopen BIO MJI II,2 

HC t c He60JI1,111ott ,n;odaBKon HF (I-2 KaITJIH 2, OJ{ HF ) o. PacTBOP 

OCTOPOJtHO ynapirnanc~ ,n;o MHHHMa.Jll,HO B03MOJtHOro od'f>eMa 6e3 IlOHB

JieHHH oca,n;Ka, nocne qero pas6aBJIHJICH ,D;HCTHJIJIHPOBaHHOll. BO,D;Ott 

,n;o IO MJI. 

K noJiyqeHHOMY pacTsopy, npe,n;sapHTen1,ao HarperoMy noqrH ,n;o 

EHileHHH ,n;odaBJIHJIOCI, IO MJI JO% paCTBOpa H202· 06pa30BaBillHMcri 

npH 3TOM aMOp~HbIM oca,n;oK nepeKHCHbIX coe,n;HHeHHff TOPHH OT,n;eJIHJICH 

ueHTPH~yrHpoBaHHeMo AKTHHHK B 3a.M8THbIX KOJIHqecrsax He coocax,n;a.nca 

C coe,n;HHeHHHMH TOPHH H OCTaBaJICH B paCTBope. KOHTPOJib.3a nose.n:e

HHeM ,n;pyrHX 3JI8M8HTOB o6pa3yIOll(HXCH np'H odnyqeHliUI TOpHH He npOH3-

BO,D;HJICH, IlOCKOJibKY OHH He MemaJIH ,n;aJibHettmeMy Bl:l,lt8JI~HHD aKTHHHH, 

KOTopoe ocy~eCTBJIHJIOCb xpoMaTorpa¢HqeCKH Ha KOJIOHKe co CMOJIOti 

Jaysxc·- 50.0 M8TO,D;HKe xpoMarorpa~HH aKTHHHH dy,n;er onydJIHKOBaHa 

or,n;en1,Haa pa6ora. 
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ITonyqeHHNR HaM11 npenapaT Ac dun. HanuneH B BaKyyMe Ha 

CTeKRRHHYD no~no~Ky. Euna npOl13Be~eHo H8CKOnbKO 3KCTT03H~Hn 

pa3Rl1QHhlX oOnacreM ~ -cnexrpa oT 5,9 ~o 5,2 MsB. CBeToc11na 

Ci18KTPOM8Tpa B 0OJil,llll1HCTBe onh!TOB OCTaBaJiaCb HeH3M8HHOtt - 0,2I~ 

OT 4'J[, , a paspemaJJmaR cnocodHOCTb COCTaBJIRJia OROJIO 7 K3B, T.e. 

o, 07% no H .f • 

Ha ·p11c. I-3 npe~cTaBJI8HH peaynLTaTLI H3MepeHHR. Hccne~osauHe 

ct -cneKrpa Ac 225 no~TBep~uno cymecTBOBaHHe pa.Hee H3BeCTHHX 

cl., -nepexo~OBo 3HeprHH H HHTeHCHBHOC?H 3THX nepexo~oB HaXO~SITCR 

B xopomeM cornacuu c uamHMH ~aHHWH. 

IlpH aaanuae cneRTpa o6pamaeT ua ce6R BHHMaHHe TOT cpaxr,qro 

nonyIDHPHHa JIHHHH OCHOBHOro nepexo~a H8CKOJILKO dOJILme, qeM nony-. 

urnp1rna OOT8JU,HHX JIHHHU. 3ro MOX8T. CSLITL BH3BaHO TeM, QTO OCHOBHa.R 

RHHHH He SIBJiaerca O~HHOQHOR, Kalt 3TO CQHT8JIOCL ~o CHX nop. HrulH 

0.hlnO npoH3B8~8H0 H8CK0JILK0 3KCil03HUHR 3T0R JIHHHH B pa3JIHQHLIX 

YCJI0BHRX ,ItJIJI Toro> qTo<hr pa3penrHTL BT0PYD JIHHHD, 8C11H 0Ha cymec

TByer. O~Haxo, ~aJEe C HaHJiyQmHM pa3peweHH8M,~0CTHrHyT0M HaMH 

(oKOJIO 5 K3B~ HaM He y~anoc& ~0CSHTLCH 3Ton neJIH X0TJI BO scex 

onHrax nonymHpHHa nHHHH ol0 ocTaBanacL donLmeR, qeM y ~pyrux 

Jrnirn:it. Pe3yJU,TaTL1 3THX 0ilhlTOB CBH~eTeJILCTBYl>T 0 TOM, llT~, 8CJIH 

8Ta RHHHH HBRB8TCB ~BOIHoR, TO pa3HHna B 3HeprH.RX yposuen, OCHOB

Horo H nepBoro B036yx~eHHoro C0CT0HHHI COCTaBnaer M~Hee 5 K3B. 

B non&3y npe~nonozeHHH O cy~eCTBOBaHHH ~BYX 0JIH3KO nexautHX YPOBH8! 

cB11.1terenLcTsyeT H TOT <l>a,KT, qro cpe~H H3secTHHX ¥- nepexo~oB, 

o0Hapy~eHHUX s Pr 22I (3), HM81>Tca nepexo~LJ c aHeprHRMH 36,6 

H 38,4 K3B, R0Topwe B 3T0M cnyqae 0ll8HL xopomo YXJia,JtUBaDTCH B 

CXeMy pacna.ita Ac225, KaK nepexo~u C YP0BHJI 38 R3B Ha ~Ba HHX8Jie

'1Carqwx ypoBH.R. 
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B 06nacn1 :rneprrttl or 5, 34 ,Ito 5, I M:rn HaM11 o6Hapyxeno no 

Kpa~HeU Mepe ABe HOBb!X JIHHHH, 3HeprHH H HHTeHCHBHOCTH KOTOpbIX 

MH npHBO)lHM B TU6JIHUe i. IloKa HeB03MOXHO O)lH03HaqHQ npv.rrMcaTL 

3TH JIHHHH K cneKTPY Ac 225, TaK KaK OHR MoryT np11.na.n;neJKaTh 

. npo.n;yKTaM pacna;:(a Ac 225• IloBTOpHaH 3KCil03HUHSI a°Toit 06JiaCTH cneK-

rpa IlOKa31rnaeT, tITO l1HTeHCUBHO CTI> 3Tl1X JIHHHR ydh!BaeT C nepuo.n;oM 

~ IO .J:men, T. e. c nepirn.n;oM nonypacna.n;a Ac225• Ha p11c. J 6y1rna1m 

~ VI ,!! o6o3naq~Hbl oCiJiaCTH, r.n;e HM08TCSI npeBbll!IelH-rn Ha.n; q>OHOM, 

o,1maKO Mb! noKa He yBepeHhl B TOM, QTO 3Tlll mtmrn, npHHa,ItJieiltaT 

Ac225, a He npHMeCHM .n;pyrHX 3JieMeHTOB. 

MM8DIJU"[XCH B HarneM pacnopmtemrn ,ItaHHbIX He.n;ocTaTOQHO ,I{JIR 

nocTpOeHHR CX8Mbl pacna.rta Ac225• IlpHnHCaHHe KBUHTOBbIX xapaKTepHc

THK OT,1{8JlbHh!M YPOBHRM Tpe6yeT )lOilOJIHHTeJII>HblX HCCJie)lOBaHHll. 

B 3aKJIIDQ8HHH Mbl cqMTaeM .n;oJirOM no6narc.n;apHTb A.I' • .I{MRTpReBa, 

B.H.nenaeBa M B.~.Po.n;11.0Hona sa noMonu, B H3MepenHHX. MH 6naro~ap

. H}f B.K.IlpeodpaJIC8HCKOMY 3a KOHCYJil>Tau~ni np.1,1 XMMlflleCKOM Bbl)leJieHHH 

ltF.THHH.R. 
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TABJIHII! I 

laHHHe pa6oT& (2) HamH ,n;aamrn 

3aepr1rn. nepexo,n;a HHTeHCHB- 3Hepr1rn ypoB- HHT8HCHBHOCTI> 

K3B HOCTI, HH % % IWB 

~o 5,818 54 0 53 ! I 

ol, 5,782 28 38 29 ! I 
o(,A, 5, 72! 9,5 IOO ! 2 8,9 ! 0,2 

d,3 5, 7I3 2,6 !09 ! 3 3,I ! 0,2 

d," 5,672 o,8 !50 ! 2 0,85 ! 0,05 

rks 5,627 3,B I97 :!: 2 3,7 ! 0,3 

"'-, 5,599 0,6 22I ! 3 0;6 ! 0,05 

~:, 5,570 0,7 248 ! 3 0,7 ! 0,05 

;,(,fl 5, 543 0,07 28! :!: 4 + . 
0,06 - o,or 

c(,g - - 390 ! 5 o,oa :!: 0,02 

o1,,o - - 550 :!: 8 0,12 :!: 0,03 
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B.111.EapaHOBCKHR, A.HeMYPHHp E.K.IIpeo<SpaieHC!adt 

3AKOHOMEPHOCT~ B PACilPE]EJIEIUffl BHXO!OB IIPO!YKTOB. 

PEAKmrn rJJYEOKoro PACillEIIJIEHml TAijTAJIA IlPOTOHAMH 

3HEPr:vm 660 Mas 

Mu npOH3BeRH onpeAeneHBe BYXO~OB npo~yit?OB peaitUHH 

rnyOoKoro OT~en.11eHHSl Ha TaHTMe npH oonyqeHKB ero DpOTOHa.MH 

3HeprKH 660 M3B. OdLyqeHHe npOH3BOAHJIOCL Ha BBytp8HR8M nyqxe 

CV.HXPOUHKROTpOHa na<SopaTOpHH Sl~epH~X npoo~e» OIDIR. Pa3A8JI8HHe 

PMHOaY.THBHliX pe~K038M8R&HliX 3R8M8HTOB npOH3BOAH~OCL xpowato

rpa<plr\tl8CKH (I), TaKJ:e Kalt H oxos11areJILHai otiHcrxa' Ba. H Te 
(2 ~3). }13liepeHHe a6co.r.DTH00 8.KTMBHOCTH nonyqe_HHliX cppaxuHU 

npo~3B0~HROCb Ha 4Ji, • CUHHTHnnHUHOHHOM Ctl8TtlHKe; wero~mta 

pacqeTa R03q:,<pMUH8HTa cqeTHOCTH ( ~) ycTaHOBKB ODHCaHa B (4). 
ITonyqeHHHe KPHB~e pacna~a oopa6aTliBanHCb od~qHHM odpa30M H . 

np0H3B0,JOt.11CSl pacqer ceqeH:Kh oopa30BaHHSl H3yt1ae:vux H30T0II0B. 

B Ka'tleCTBe MOHHTOpa MCilOJI.L30Ba.11Ca, ItaK 06HQHQ' .Na 24 ' o6pa3ylr 

ll{M~CSI B .At IlO. peaKIU1_H .Jlf, 27 ( f, 3 pn) .Na 24; C8118HHe 3t0R 

pea1t1un1 npHHSIT0 p8.BHHM II mC ~ , 

Bpewn,. npomeAmee or wo»eHra KoHna o6Ryqee■s lO pa3.ttene-. 

HHJI npO,ltYJCTOB pea1:1.ur1r1, Bap1>HpOBaJIOCI, OT 1 11aca .n;o HeCKOJihlrnX 

He.tteni, B 3aBHCHMOCT~ or nep»o~a noRypacnaAa H3yqaeMiiX H3oronoe 

a "X MatepKHCKHX B8~8CT8 KB 3aBHCHMOCTH OT Toro, onpe,1tenRAOCI, 

UH)UUHl,JJ.yan&HOe l-lJUI ·KyMyn.H1'11BHOe ce'llOHHe o6pe.30Bamut AaHHOro 

i130tona. 
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IloJiylleHime :mcnep11MeHT8.JIJ,Hfie pe3yJIJ,Tfl.'lhl npe.l{CT8.BJieHH B 

TaCIJI.l. 5oJII,lll!iIHCT'BO IIOJiytrnHHElX ,n;aumu npeACT,!1.BJl801' co6oA 

KYMYJIH1'HBHble ceqemrn: H3MepReuoro H30T011a H ero KOpOl':KOJnrny

:l(HX npe,n;wecTB8HHW:KOB, HO. qro YICa3UBaeT COOTBeTCTBYDulee oO

paMJie fHfe tJJI8HO B pa,n;~oaKTHBHHX 1.1,e IlOlleK O ij3 OTO £1hl, .~JIR ICOTOpux 

onpe.n:eneHU HH.IJ;liBH,l{JaJH>Hhle C8ll8HU.II oOpasoBaHIUl, 3aKJH)tJ8HU B 

CilJIOl!IHlie paMKX1o B Tadirnue yKa3aH ~ - K03cp¢m.1,"eH1' ClleTHOCTH 

,ll;JUI U3M8p.HeUHX ~30TOITOB: 

~ = .Jf" 3h;e~CTQUQo (cM./4/) • ECJIH H3MepSieMIItl 

~30TOfl HMeeT )tOqepHee pa.n;~oaKTKBHOe Bell{eCTBO, TO aeJIHlll~Ha ~ 
.HBJIH0TCH K03qxfmuueHTOH 'nepexo.1ta OT '11:X cyMMapHo.n aKTHBHOCTH: 

K aC>COJUOTHO~ aKTHBHOCTftl MaTep.tHCKOfO U30T0flaa 

ITpliIBe.n;emme B Ta.Onnue suaqemm BhlX0,11;0B SIBJIJIDTCJI CP8AHH

MY. BC.IBfqHHaMH, nonyqemuu.m 113 ,PSI,Ita M3UepeHK~, Q:I,ICJIO. KOTOp:ux 

KOJieOaJIOC:b OT ,l~BYX ,J.1,0 ,JJ,eC.flTil. l3 TaOnnue To:l.KJ!Ce npHBe.nem,1 

cpe;urne OIKlIOHeHL-tfl 3KCnepmteHTaJIJ,Hh!X BeJIHtmH OT npHHRTHX 

3HalleHllA BHXOAOBo 

IToJiyqenmrn 3KcnepHY8Hl'aJlbHUe .naHirne ,nJUI OOJiaCTH MaCCOBliX 

tfldC8JI I20-I 60 xopolllo OilUCldBaX>TCJI cpopMyJiami, CJI8.ItYIDlltilMH 113 

001Jtett cpopuym,1, npe~JIO:iteHHO~ Py,l\CT8.MOM x) /5/: 

6' (A)~ \[f e pJJ-q 
(I) 

r .n:e 6 (A) HHTerpMhHhlft BHXO,Il )(JUI ).UlHHOro Macconoro lfMCJta 

p, Q 1.1 R - nocTOSIHHNe napaMeTplio JierKo uoKa3aTb, ·qro 

o(ll,l)uHg~ 6(11)(r-{VR(l-Sll~ '/4 » -o/ (Vif (l-SIJ- ¼~ (2) 

°Zen.. (5 (.ll,l.)1.1Hg = f.1/-q-R~(Z-SJI/° 
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3A8Ch d(.11, l)1.1w9 

M30TOna C aopaiKOBHM HOMOpOM Z H 

MUCC•JU Ao 

.ne~C'fBltTeJihHO H3 YP8.Bl!eHJ1ff PyJl;CTahm n paBeHCTBa (I) CJie,n;ye-r ~ 

llTO 

CorJmcHo onpc).le.,,emrn <PYHKUUH <I> (a) 

cl(cp(a,) = J_ e- a.a 

da. VJ[. 

Y., Haf<OHe It, 

'f (Vii (i-S.11 + 1/2.>)- cp (VR(i!.- Sh-fe.>) ~ 

~ _ti_cp~(vii_R~(~_-_s_A..;.,)).._· _ . VR = \ JR e - R (~ -.s.n/ 
d ('1R (r. -s.11>) · V x 

(J) . 

(4) 

(5) 

CpaFHUU~lH pa.BeHc·.rna (8) M (5), MU ydex).laOM.CH B cnpaBe)J;JIHBOCT-1 

jHlll(HH.:TSa (2). 

!{aK c;rn;rr.yeT 113 an~mrna Ral!IHX 3Kcnepm.mnram,m:r!X ,naHHblX 

3Haqemrn napau.e:rpoa p , Q , S , vi c;ie;.t.yDt~~e: 

p = O o I 39 .:t o, 003 

Q = 18.04 .± 0.06 

v,r = '(I.± O,.I) 

5 = 00426 .± 00002 
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}13 . paB8HCTBa (2) CJie.11;yeT t 111'0 KYJdYJUITHBHOe C8ll8HHe 

rpynnH reHerHqecxH CBJl3aHHLIX H30TODOB C MaOCOBWI llHCJIOU A, 

nOCJI8.JJ;HHit H3 -KOTOPlilX _HMeeT llOPSIJtKOBHM HOMep :l. ' ~6 (JI,.& )ll:YKi 

paauaerc.R: . 

rf(.11,Zk~,y ~ o(JJ)·('k- cp(VR(z-s11-¼)). 
(6) . 

B ,JtaHHOM OJiyllae HMeerca B BH~Y, ll?O H30?0DH nepeXO)tSI? 

.11;pyr ~ ~pyra nyreM K - 3aXBaTa HJIK U03HTPOHHOro pacna,:a;a, 

Te8o , MH KaK du H~8M OT dOH~WHX r K M8HiWHM. 

Ha pHc.I HSOdpaxeHH H3M8p8HBHe Ha.MK C8ll8HHJI B BH,lte 

or~eJiiBlilX roqex, a raKZ8 npHBe~eHa ll:PHBM, UOK&3KBaD~M 

3aBHCHMOC?o HHTerpaJihHOro BWXO~a ~ (A). or Ma.CCOBOro 'lHCJla 

a.iwa-npo,1tyxra • 

. Ha--pKc..2_ 11pe,JtcraBJ18HH pesyJii»Tarw CpaBH8HHSI 3KCll8pHM8H

,:8,JIJ,RHX ,ltaHHlilX c- KP;~oi~ ·-a.paiaeM'.oR·-paseHcrBoK (6) npx Tpex 

pa3JIHllHHX SHaqeaxax napaMetpa VR. CpasuesHe a1tcnepHM8Rt8.Jlo

HWX ,ltaRHWX c paCCllHTaRHHMH no cpopMyJI&K (I,2 H 6) npoae~eHO 

taxae B ra6na~e 2. KaK BH~Ho, coriacHe pacqerawx H axcnepH-• 
weHrMiHJi)( Be,rxqHR xopomee. HcxnmqeHHe cocraanaer pa~ H3oro-

. . 
llOB B Y8KOH OOJlaCTX Ma.CC I46-I49; 3A8Ca, B03MOZHo, CK8.3JiBaDr-

ca OC:SOJIOQ8QRW8 aqxpexrw, O~HaKO odcyXA8HB8 3Toro BODpoc~·w 

01'JIOZJIK Ha ,JtaJIJaHeitmee. Ka.It BHAHO H3 PKC. I, B oC:SJJacT~,;;im.c

COBliX 'IHC8JI 160-180 3aKOBOM8pHOCTL B H3M8H8HBH 6 (A)° B 38.BH-,,, 

CHMOC?B OT A HHM, qe11 B oC:SnacTH Ma.CC' 12<>-160. 



91 

'lJia BHtlHCJ18HHS BYXO~OB H3070Il0B aroro yqactKa waCCOBHX 

'IMC8JI MO:IHO B0Cfl0Jlo30B8TLC8 cpopwyJI8lfil {2)'u,(6), 838B 3Hat1e

HHa 6 (JI) 143 p1rc.I (mtpKxoBaa xpmBaa). Haxnyqmee corJiacHe 

c axcnepHMeHraJliHWJ4 ,J;aHHlillH B OCJJiaCTK A~ 163 llOJIY'laerca, 

ecJIH npHHHwar~ S = o. 422; 3HaqeHHe napawerpa l/if npexHee. 

Asropu npHHocar rJiyCJoxyi, 6J1aro~apHoctL lMxcypeHy • 

XyaH qaH-ran 3a fi~.l(O~L B paOore. 

I 
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CpaBHem1e 3ICcnepMMeHran:r:,HI:iIX .n;aHHLIX no pacnpe.n;eneHMn 

Blal'XO~oB npo.ny1troa peax1urn rJLy6oxoro pacutenJieHH.a no 

z: JVISI ,naHHoro MaccoBoro, q11cna c KpHBWMH, pacqnxaa

H~MK· no ¢opMyJie (3) npH pa3JIHqH~X 3HaqeHH.HX napa

t-:erpa VR' • 
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A.K.IlaBpyxHHa, A.A.Ilo3AHRKOB 

XAPAKTEP PACilPE]EJIEHIDlBHXO!OB H30BAP,OBPA3YDIIIHXCH 
IlPH PACDIEIIJIEHD rA~HIDI IlPOTOHA.MH C 3HEPrHrut 660 M3B 

·xapaxTep pacnpe,u;eJieHHa suxo.u;os iiaoOap, oOpaay1>1JtHxcs 

npu pac~enneHHK ra~HHa npotOH8lOI c 3Heprxel 660 Mas, npe.u;~ 

crasnaer HHTepec, xax c Toqxn speHBB B03»ozaoro nonyqeuma 

HOBHX Heftrpoao.u;e~•~•rHHX H30TOUOB·P8,JUCBX SeMeJI», Tax H C TOqKH 

3p8HHS YCTaHOBJieHHB rpaBII~ np1u1eRHMOCTH UOJIY311IIKpHqecxoJt 

~OpMJJIH Py.u;craKa AJlff pacqeTa BHX0,11;0B K30TODOB. Ilpe.u;craBJISIJIOCh 

1raxxe HRTepecHHM conocrasnT» xapaxTep pacnpe.u;eieaxa awxo.u;oa 

B30dap, odpaay»~HXCSI npx pac•enieHKH r84>RHS ( 2 = 72) B 118,Jl;H 

( 2 = 29) npo:ouao c :nieprxen 660 lla.:e. 
r 

l{JIH noJiyqeHHB IIOJIHOI xapTHHH pacupe,u;eJieHHSI BHX0,11;0B 

H30dap aeodxo.u;oo dHJIO onpe.u;enxr. BHXO,ll;W B03MOXHO dOJibmero 

qxc~a H30Tonos. 3ra 3a,u;aqa 11orna ~Hr» ycnellfHo pemeHa JIHmb 

B tOK CJiyqae, 8CJIH npOBO,Jl;HTb H3MepeHHSI 8.ltTMBHOCTeff Ha MarHBTM 

HOM aH8JIH3aTope, .u;am~eu B03MOXHOCTb pa3,11;8JlbHO K,11;eHTH¢HUHPOBaT~ 

H30T0DH no /> - , fl + H a11e1tTpOHHOMY 36XBaTy, 'ITO oco<SeHHO 

CYJ.lt8CTB8BHO ,Jl;JIR P8JlHOH30%0DOB C 0,Jl;JL~KOBIDOI nepxo,11;ao noiy

pacna,11;a. 3To ueRL3R c~enaTo .u;pyrHMH 11ero~a.MH, Hanpilllep, npx 

IlOMODtH 'llf - C~HHTKJIJISl~HOHIIOro cqeT\UUCa /I/. IIocJie)lHHSt ·:u:eTOA 

~onee TO'leH ,ItJIR onpeAe~eHHR BNXOAa, O~HaKO ARi nonyqeHHS 

o<Smel xapTMHH pacnpe~eneHHS BHXO,ll;OB H30dap KODO ll0JIL30Ba1'DCS 

_H KeTO,Jl;OW, ODHCaHHHM B pa<Sote /5/ • B B6CTORD181l JE.dOTe H3Mepe-

. HHe 8.JC'l'KBHOCTel npOB3B"0,11;KJIOCL ltaK C llOMOll(J,!) C'?aH,llapTHOro 

• ! 
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ropueBoro cqerqHxa, TaK H Ha uarHUTHOM aHa~M3arope c ~BYMR 

ct1eTqHKttMPl' Taxoro r<e uma. Per11ctpau1rn H30TonoD, npeTepneBat.:>

~v.x E-saxBa!1 npOBO~HnacL Ha O~HOM H3 CtleTtlHKOB npH BKRK>tleH

HOM MarHHTHOM no1,e MaKCHMan1>HO~ Hanp.1uceHHOCTH no peHrreHOBCIW

•1' L - Ha11yt1eHHI), conpoaoJ[.n.aK>tqeMy K-3axBa1', 1t0Topoe nor11on1a

~oc1, B anvMHHHeBOM ¢Hnbrpe. HanHqHe Il03HTPOHOB H 3ReKTPOHOB 

onpe~elIRJI0Cb pa3A8Jil,Hl&H H3MepeHHHMH Ha Ctl8TtlHKe, pacnonoxeu

HOM no~ yrnoM 90° K nepBOMY, npH pa3HOR CH1I8 M nonHpHOCTM 

T0Ke. B 3JH~KTp0MarHIIT8 0 ).{JIR onpe,IteJieHJU{ llJ,fCJia 8.KT0B pacna,lla 

D B8JIH'IHHli 8.KTMBH0CTeff peurreH0BCKOro H KOpnycKyJUlpHoro H3JIY

Q8HHH BBO,JtHJIHCh C00TB8?CTBYD~He nonpaBKH. T0tlH0CTh onpe~ene

HHSi BHXO,II.OB COCT8BJIH0T 50-100%0 

.neraJI:bHLle H3MepeJUIII Il03BOJUUD1 oOuapy>:HTli, HCCKOJIJ,KO SJ).tep 

C 1rnOH1'1COM HeRTpOHOB, pacna,naX>mMXCSI nyreu fl-- pacnaAa, KaK 

Lu I76, Lu I77, fr I 69, Ho I66 ' KOTOpHe 11PM H3Mepemu1x 

061llelt aICT:KBHOCTM He y.l(aBe..'lOC.b oCiuapyEHT!i • 

CJie;tyeT 0TMeTil7'L, tJT0 HeK0TCph!e ::nccnepHMeH1'8JIJ,HHe ,ItaH

HLl8 npe,ncTaBnsrnT co6ott KYMYJUITliBHile BbIX0)J;h! M30l'0D0B, BKJilltJa!r 

~Ke l3hlXOJJ;bl KOpOTK,OJnrnynu1x npe.n.wecrHeHHHJC0B. O,nHaKo, HCXO){Jl H3 

xynonoo6pasttoro xapaxrepa pacnpe.iteneHHSJ BlilXo,noB M3OTcnoB ,nnn 

HekOTOphlX 3ReMeHTOB, ycraaoeneHHOro llCKJIDqHteJILH0 no 3KCnepH

M81J'.1'8Jll,HHM H He3aBMCJIMl:lM )taHHHM (Hanp., ,11iu:1 Eu ) , M0ICHo oxr,,:

~aTL, llTO AJIR OORhWHHCTBa H3OTOflOB BKna.n K0p0TK0XHBY~HX npe,n

fil€CTE,8HH¥.J<.0B H83Ha1rnTeneH }1 B npe.n;enax 1'C•llHOCUl U3Mepemrn: HX 

BLlX0AH MOXHO CtJHTaTb He3aBMC~MHM.H. 
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lJUI noJiyqeam1 CioJiee noJrnon xapTHHU pacnpe,neJiea1u1 

BHXO~OB M300ap HeOOXO~HMO 01ieHHBaTb BLIXO~H HeH~eHT~¢HUHPOBaH

llHX H30l'0il0B: CT8CSl!Rl>HHX, xopon:o-.H ~OJLrOJ{}fBYlllHXo Bo;u,moe 

lJHCJIO 8KCnepHM8HTaJl.E>HHX ,1{8HHUX IIO BeJIM'lHHau BLIXO,ItOB, .aBJISIDll{HX

CSI, B OCHOBHOM, He3aBHCM}lllU,rn, ){a.lJO B03MOJCHOCTI, IlOCl'pOHTI, xpu

nue pacnpe,neneHHSI BLIXOAOB Pa.itKOH30TOilOB C 0,1{HHaKOBHM H30TO

nittzeCKHM 'lHCJ!OM J Kalt 4JYHKD;IU1: A (pMC. I). 

KaK CJieAyeT M3 pHc.:r., HMeer Mecro, B OCHOBHOM, MOHOTOH

HOe H 3ICCilOH8HUH8JI.LHOe YJil8H.LID8HHe BHXO)J;OB ,l(JIH Kall.l{Oro J C 

Y.It8JI8HH8M H3070rra OT H,llpa MMmeHH. no 3THM KPHBHM oneHMBaJICH 

BHXO,l( psi.Ila HeM)J.8HTM~HUHpOBaHHHX H30TOfiOB. 

no axcnepHMeH?aJIDHWol H HHTepn0JIHponaHHWI ,l(aHHHM OHJIH 

nocrpoeuu xp1,rnue pacnpe.IteJiea1u1 BHX0.It0B uaooap )J.Jtsl Kaz,i,;oro A 
(pHc.2). KaK BH,lUIO H3 KPHBHX, HaO~D,l(aerca xynonoo6pa3HOe 

pacnpe,l(eneuHe. Ha ocHoBaHHH xapaxrepa pacnpe~eneHHH aHxo.n;oB 

H300ap H 3KCilOHeH~HaRhHOro yweHLmeHHSI HX xywynarHBH.bIX BNX0,1(0B 

/2/ y.1(8.JIOCI, YCT8H0BHTL npuro,nH0CTL ~OPJ.fYJIH PylCTaMa BH,l(a 

o (lit, l;. ) = ex·p [PA-Q-.R(l - SAJ
2
], 

r.1te o (Jh , 2i. ) - ceqeHHe oOpasoaamrn ,na.mrnro 1rnorona, a 

P, Q, R u S - rrocroaHHHe napaMeTpH, JI,nSJ. pacqera BHXO,ItOB 

H30Tonoa·, y.l(aJieHHlilX or Si,Itpa t.rameHK Ha 20 11 CloJiee. HYKJI0H0B • 

Onpe,1\eJieHH.ble HaMH 3HaQ8HHSI K03qJq)Hl'tH8HT0B Cll8,l(yDllll18: p =0, II; 

Q = 12,8; R =I,2; S = Op433. PaccqHraHHHe 3HatJeHHH 

<S ( .IJ, 2. ) CX0)\HTCH C 1{3MepeHHH:t.m: C TOlJHOCTI,D .n;o 
• ~ , L. 

MHOJ:HT8JIH 2o 
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.IIna BiiUICH~HJ(H BnHJIHHB l dowdap,uHpyeMoro 11.npa Ha xapruc

Tep pacnpe,ueHeHHB BHXO.UOB H300ap HRMH d~nK nocrpoeHH no .uau-
--·- .. ----·-·· ' 

HH» padoru /3/ aua.noraqlUle xpuaue pacnpe.ueneuHa H3o6ap, 

o6pa3YJ)~Heca npH pac•enneHHH Me.UH (pHc.3).0ica3anocL, qro 
I 

3HalleHHa 
1
;gpyTH3HH xynonoodpa3HHX xpHBwx, xapaxrepxsyewe 

nonywHpH~ol,cocraananr I-I,5 e,uHHBU 3apa,ua xax xna H3odap, 

oOpa3yD~HXC8 npa pac~eDJI8HHH ra.q>HHB, raK H .UJISI H30dap, nony

qan~HXCS npH pac~enneHHH M8,UH. Orco.ua MOXHO cxenarL BHBO.U, 

qio KPYTH3H8 XPHBWX pacnpe,ueneHHSI BHXO~OB H30dap no A He 

38.BHCl!t or l do:w:dap,uzpyeworo a.upa B HHrepBa,re l. or 29 ,11;0 72. 

H3 ltPHBHX pacnpe,ueJieBHH BHX0,ll;0B H306ap', odpa3ylJil(HXCH 

npx pac~erineHKH ra~Hua, BH.UHO, qTo ctadHJibHNe B.upa pacnona

rantca ua neBol aerBH KPHBHx, B xoropHe BJIHBanrca Bee a.npa 

uenollxH, B OCHOBHO», C CIOJILWWlM l. • no KPHBHM y.n;oCIHO OI:t8HH

Ba?L RYMYJISITHBHHe BHXO.UH Ta.KHX CTa6HJihHlilX H306ap, qro np~.u

craBJiaer HHTepec AHH pemeHHR BOnpoca O npOHCXOX,U8HHH H30?0DOB 

pe,lUtHX 3e»enh. Kpoue Toro, no HHM MOXHO onpe,JteJIRTh Ky»yJIHTHB

HH8 BWXO.JtH Tex AOJirOXHBYmHx H306ap, ROTOpue, 0Cpa3yach C H0• 

donamHMH BHXO,JtaMH, woryr 6HTL, O,UHaxo, IlOHYQ8Bll C· 6onaman 

axrHBHOC?LD 38 cqeT BKRa,Jta HX KOpOTEOXHBY~HX npe~meCTB8HHH

KOBt odpa3yD~Hxca c donamHUH awxoAa»H. HanpHMep, BHXO.JtDy159 

cocraBJu1er o, 3 MO , uo 3a cqe:r BKna,n;a Ilenott:KH Er159 ? Ho159 

33M Dy 159 I40 .JtH ero KYJi(YJUITHBHHR BliXO.Jt B03pa-

craer npH6nH3HtenLuo B 200 pas. Cne~yer or»erurL, qro ua npa

uoR B8TBH KpHBliX pacnOJIOKl!Hlil HelrpoH_0.Jt8~HUH'?Hli8 B,Upa, 1toropse 
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nHdO He~OCTaTOQHO eme H3ytl8HH, nMOO aoodme eme He OTKpliTS. 

Ilpe~craBneHHHe xpHBHe pacnpe~eneHHH Hsodap ~anT BO3MOXHOCTL 

Ol(eHHTL cetieHHSI oOpa3OBaHJtSI TaKHX H3O1'OIlOB •. 

·lnH cnexrpOCKOilW-18CKHX ueReH T8.KE8 npe~CT8BHHDT HHTepec , 

H30dapH, KOTOplie odpa3yDTCSI C Ma.KCHMBJILHHMH BHXO~aMHo Ha pHc. 

4 npe~cTaBneua KPHBaH (I), coe~HHHDmaa H306apH C M8.ICCHM6BL• 

KWM BHXOAOM. nonoxeHHe 3TOH KPHBOn conocraBRSleTCH C pacnono

Z8BH8M HHHHH a~epuoH cradHHLHOCTH. Ka.x BH~Ho, H3OTonw C MaKCH• 

lilaJILHHM BHXO~OK ~na xa.z,n;oro A nezar B oOnaCTH HelTpOHOA8~HnHr~ 

HHX a~ep. Hcxo~a HS BHBe~eHHOro B pa.Oare /4/ ypaBH8HHSI ~BH 

oneHKH B8BHQHHH H8.l!donee BepOSITHOro QHcna BMHereBmHX HeHrpo

HOB, COOTB8TCTBYDll(HX pea.Kl{HHM ( p,, y f x.n ) , <1HRH paCCtJHTaHH 

xpmswe pacnpe~eneHHSI BHXO~OB H3OTODOB ~HSI Hexoropwx 3B8M8HTOB, 

nonyqaD~HXCSI npH pac~enneHHH ra¢HHSI H TaHTaJia. Ha pHc. 5 s 

xaqecrae npHMepa npe.n;craBJieHw coorsercTBYD'-He RpHswe pa.cnpe

~eneHHH ·BMXO,D;OB H30TODOB Tu, xoTopue cpaBHHBaDrca c 0xcne-. 
. ' 

PHM8BTMJ»H0H KPHBOff pacnpe,D;eJieHHJI, D0JiytieHH0U ~JUI raq>HlUI • 

Kalt BH)CHO, HaOJin,n;aerca COBDa)C8HH8 B XO,D;e 3TBX KpHBWX. Il03TOMY 

MOZHO H~eaTLCH, qro cy~eCTB8BHHX.pa3JIHqHff B B~XO,D;aX H3070llOB, 

oOpasyn~axca npK oonyqeHHH r~HHH H raurana 9 He ueer wecra 
( ' . 

H, no-D}UHMOMY, ace 38.KOHOMepHOCTH B pacnpe~eJI8HMH BlilX~,D;OB. 

Haooap, odpaayn~Hxca npM pac~enJieHHH ra¢HHH, uoaHo nepeuecrH 

H Ha npo~yKtH pac~en~eBHH raHra.na. 
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I 
I 

I 
I , 

III 

a1------..___,_--'-...i-_. _ _,__,__1-.._.___,__..a..-_,__..__ 
160 165 110 A· 

KpHBiiie pa.cnpe.n;eneHH.fI BliIXO)J;OB M3OTOITOB rynnH.fI no 

A (D OTHOCHT8RbHiiIX e.n;MHUUaX): 

I ) paC0tJHTaHHa.fI )tR.fI npo.n;yKTOB. pac!IleilJieHI-rn 1-1# ; 

2) -"- -"- -"- -"- Ta. 
3) onpe,IteneHIIaSI 3KCnepMMeHTaJIJ,HO ,l(JIJI npb.n;yKTOB 

pacmemiem1.a J.l/ .. 



;' : ) 
1 .L l .... 

r· ... , )" "-" •• C' >' · 1 ,. r A lf t.'-;:, !Tue 1• ·, .. , LJ c. 1.., .,_ t·, t. Ji,.: i ~ • . .f ,;J y ~·1 e ... ! (• nt ._ • ·~ .D -.1 r'.:t t, P t 

c.A.lliecronanoBac 

Yi o 4~4 .. J'1f; a::r:.· lcz r! ;.1 

".QPPE);$JI.EH1'ffi._ OTHOlilEHllff i{YMMYJUIT~mm1x Bi1XO!QJ2 

___ L·u I~~~- i1 Lu f7'.J :1PL1 rEAKmrn Ta+ e (660 Ms~.t 

T7J B CTapi.!X n10reu11eB61X npenuparax co;~ep;:,atcH Lu -
r T 5iJ. U' \ Y" IG9 ,, T J'' 6 ... '\ · t; \ I/2 l )I.He) H O· \,, I/2 = ~1, .4t!, 1, uaKOf!I1B!Ul1,iCfl B 

pe3ynbra-:e pacna.na Lu 169 ( Tr;2 "" 34 1io )o ECJ1H B TaY.OM n~:ie-

napaTe H3MepHT:b 0TH0!lleHHe HHT8HCHBH0CTeit TaJrnX KOHIHiPCi10HHHX .'It1-

Hrtn, .ztnn ~otopux H3B8CTHht trncna K0HBepCH0HHhlX 3Jl8KTp0U0B na pac

na.n, To, 3Ha.R "HcTopmo" npenapara, MOltHO onpe~emtTL OTH'Ol!lemrn 

KYMMYJISITHBHLIX B~X0l0B Lu169 
i Lu 173 np~ peaKUHH To+p (660M3~ 

llioTeuHeBaR tJ}paKUHR BwteJUIJ18CL H3 TaHTanoao« M0W9HH qepe3 

16 tiacoB noCJie 0KoH1-mmrn 4-x qacoBoro oonytteH1.u1 MHmeHH npoToHaMH 

C 3Hepr11e~ 660 MOB. vf3Mepemrn OT.zte.mJHblX J<OHBepCHOHHblX JIHHHA npo

BOlHJIHCL np~ noMomv. cneRTpoMerpa C rpeXRpaTHon ¢oKycHpOBK0V.. nna 

yMeHbWeHMR BJIHRHV..fl paccesrnl-!R nepBun cqeTtJHK 1'1b1;r yOpaH ; ctmTa1It1Cb_ 

.J.4B::>ZlH.ue cormaJtemrn /I/. · 

toH, CDR3aHHYA C 'K - ttarpy3Kott ctterttmcos, onpe)le.JJHJICH 

B )tOTTOJIHHT8JU,Hh!X OIThlT8X, B .KOTO pux cqerqmrn no.11ytta1rn Tairne i:e, 

HO He3aB1'!C;.tt.me · 't -Harpystrn /2/ j q_mH OKa3D..IICR p9.B!-!blM CKOpOCTt-l 

c1rnTa COBTTa,IteHMt1 3a npe,neJiaMi1 JIHHJ.11{, 

Ilpoae..neHo ..nae cep1ni1 HJMepeHtti1 : qepen 225 11 250 JrneR nocne 

Bl,J,JL8JI01H1R cfJPUKlU-rn~ I{ 3TOMY apeMemt see KO pOTKIJX11IlY!ll}'te 1130TOITbl 

JrnTe1nrn pacnam1ci;, Ha61mna1rnr:1, r0.rn,rrn .rrMH1,rn xopomo t13ytteH.i-mx 

l130TOITOB yg 169 11 L 171 u. .. • 
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Ha PHCo I npe)(CTaB_~eHhl KOHBepcHOHHHe JIHHliH, no KOTOpbIM 

onp8)(8JI8HO OTHomeHHe Ky&yJIRTHBHhlX BhlXO)(OB: . 
K-I97, 97 yg 169 H K-272,5 Lu. 173• 

OruomeHHe quceJI R)(ep Lu 169:rt Lu 173 B npenapaxe n 

Lu 169= 34 .:.!: 4 qaca 131 

Y' ! 69 =30, 6 .:.!: 0, 2 )tBSI / 4/ 

Lu.. 173= 500 .:.!: I00 · ,n:Hett 151 

t - HHT8pBaJI BP8M8HH M8E)(y MOM8HTOM BH,I1;8JI8HHH ~paKilHH H MOM8HTOM 

H3M8p8HHR ; s 169 H $ 173 - IlJIOll(aJJ;H. KOHBepCHOHHhlX JIHHHit BO 

BP8MSI H3MepeBHfl B KOOp,ItHHaTax ff/HJ'= j (I-Ip). . , 
p - llHCJIO K - KBaHTOB paccMarpiIBaeuoit sHeprHH Ha pacna.n;o 

cL "K03ql(pHUH0HT KOHBepcHH )(JIH paccMaTpHBaeMo« JIHHHH 

pol.,. - 'IHCJIO 3Jl8KTPOHOB ,ItaHHoro copra Ha pacna.n;. 

3aaqeuHe (pol ) 173 = 4, 6 • 10-3 np1ttne.1teuo B pa6ore /5/, a 

(pol ) 169 = o, 140 noJiy'leHo no ,ItaHHW pa60TbI /6/, 

SI69 -7---- = 6,8 .:.!: o, 7 B nepBOlt cepHH H3MepeHHit (.t, =225 ')(Ho) 
-:> I7'.3 

H paBHO 4,2 .:.!: 0,6 BO BTOpol cepHH ( t = 250 )(H.) • 

. Oruomeaue KYIDIYJIRTHBHWC BhlXO)tOB (cpe,ItHee H3 )(BYX cepHj 

H3118peHldt) : ( ff 169 _\ = I, 6 .:.!: 0, 5. , 
Jr 213 lo · , s 

YKa38.HH8.JI norpemHOCTJ, B&Jl!DqaeT B ce6sr norpemHOCTH B S ~~: _, 

. B Tr T2 H T:3 rJiaBHYD pOJih Hrpaer IlOCJI8,ltHHSI, HO He BKJIDqaeT 

norpewuocrett B poL ,Korophle Moryx )(OCTHrarh 50% KaJlt)(aSio 
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IlonyTHo 6unH npoH3Be,IteHu H3MepeHHH nepHO.Ita nonypacna.na 

yg 169 no nMHHHM: 

I) . L - 177, 24 ; 

4) L - 307, 7. 

.2) K - !97,97 ; 3) K - 307, 7 ; 

H3M8peHHH npoH3B0~~nHCh B TeqeHHe 2-x M8CSIU8B, npHqeM, 

HCTQqHHK He 'BNHHMMCH H3 cneKTPOMeTpa. Ha Ka.JQO« nHHHH H3MepeHO 

oKono 30 ToqeK. 06pa6otxa pe3yn&TatoB np~Be~eaa no MeTo~y HaHMeH&

lllHX KB8.)tpaTOBo 

Cpe,Ituee H3 'leTupex onpe~eneuMit: 

TI/2 = ( 30, 8 .± 0,3 ) ~HSI., 

Ilonyqeuuoe sHaqeume xopomo coBna.naeT co suaqeuHeM 

T1j2 =· (30,6 .± 0,2) ~us, onpe,Iteneuuw B paOoTe / 4/ no. cna.naamo 

oO~en aKTHBHOCTH • 
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l{OI!BepcHOHHUe ,JIHHHH I{ I'98jl l 69 H K 273 L,.,.17'3 
noJiyqeHHue or craporo npenapai:a JIIOTe~ueBol-1 ' 
q1paK~U. )tJISI JH:IHHJ,i Ii 27'3 L.1,1 l'/j craT0:CTHll8CKaR 
norpewHocri, He npeB1,1waer pasMepon TOlleK. 

. \ 

EI IC;JA 
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M.Bode:QKM, A.MarnTaJIKa 

PA.IUIOXMMWIBCKOE BHJJ.EJIEIDIB I'A<l>HUH 11 BOJlbPPAMA H3 IIPO,D,YKTOB 
- · I'JIYEOKOI'O OTmEITJIEIII1:rI TAHTAJIA · . .• , 

H3 npo.n;yxroB rJiydo~oro or~enneuHa raHraJia npoToHaMH c 

aueprHel 660 MaB Chilll BH,Jt8JI8BH PBJtHoaETHBHHe H30X0ilH raq>HHJl H 

BOJILq>paMa. MeTaJIJJIIRBCKHI TaHTB.JI odJiyqaJIC.fI Ha CHHXP0!lHKJI0TpoHe 

OHHH B J(ydH_e • .- Mero.n; BH.Jt8JI8HHH raq>HHa H3 npo.n;yKT0B rnydoitoro 

orD(enJieHHa Ta.Brana nporoHaMH c aHeprue!-34O.MaB on11can HepBHK 

I II , H3 rauxana, o6Jiyqeuuoro npoToHaim 660 MaB rpHropr,eB H 

,Jtp. /2 / • B odemc- padorax P8JtH0aKTHBHH8 H30T0ilH BH,Jt8JIJlJIHC& uae:so

. TOilHHX HOCHT8JIRX. B Hamel padore ~BoaKTHBBHe H30TOilH raq>HHJl. 

dHJIH nonyqesu des· HocHrena. 

HepBHit nonyqaJI BOJl!>q>pa.M Ha H30TOilHOM HOCHT8JI8 H ~JIJl OQH~

?lt.H HCil0Jib30BB.JI aKcrparHpoBaHHe po,n;aHH,D;Horo K0MIIJieitca i0JJLq>paMa . 

arua~erarox.B npe,n;naraeM0M Mero,n;e w Bocnonr,soBWIHCL uero.n;oK 

xpoKarorpaq,e:H Ha auuoHure. PadqmtoB /3/ on~cHBaeT cnocod pas

.n:eneHHa M0JJHd,JteHa H B0JIL<ppaJla, copdHp0BaHH~X Ha aHH0HHre, 3,1{3-IO 

B q,opKe q>0Cq>0BOJJoq>pauarsoro H q>0Cq>0MOJIH<S,n;aruoro aBH0Ha, C ll0ll0D(l,I) 

D(8JIOqJI. 3ror cnocod ChiJI · BH.J(0H3M8H8H H&m ,D;JISI•.; a~HOHHTa Boq,arHT 

JI I50. 

Bg,_eJieHHJl raq>HHJl 

PaCTBOP nocne OT.J(8JI8HHJl q>ropH,D;OB pe.n;KHX 38M8JII>, co.n:epxa-· 

UUIA 3 -5 Kr 2r B xaq~crBe H8H30TOnHoro HOCHre,rn, OXJla:£,n;aJ>r B 

Jl8,J{StH0R <SaHe H HaCH~8HBWi. paCTB0P0M HHrpara dapHH ocax.n;8.DT 

Bct.lt.,; . Ilocne ox,rax.n:euua B TeqeHHe 20 :wIHyr ocBJtoK 
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OT,1{8JIRDT n;eHTpHq>yrHpOBa.HMeM, npOMHBaDT MHHHMa.JII,HHM KOJIHqecTBOM 

XOJIO,JJ;Hol · BO,JJ;U, pacTBOpSIDT B HaCliIIJt0HHOM paCTBOpe cfopaon K~CJIOTH 

H cepHol ItHCJIOTOtf ocax,naDT Ba- So,, • Hs cpHJI»Tpaxa ·.n;et!cTBHeM 

aMMHaKa .ocaz,na.IOT 2.r. (OH) 4, pacraopSIDl' era B Hee M caona 

ocaxia1>r aWHaKOM. lr(OH4) 3aTeM pacl'BOpSID? B MHHHMaJI:&HOM 

KOJrn:qecrBe KOHD; .• HCe , BHDapHBallT ,l\OCyxa, H OCTaTOK llOCJie 

BHnapHBaHHH CHOBa paCTBOpSIDT B MHHMMaJI:&HOM ROJIMqecTB8 KOHD;. 

HCt • PacTBOp cop6Hpyerca Ha croJI6n;e aHHOHHTa ,Uayaxc I 

. H1IH _BO<pa.TIIT JI 150 B ce= q>OpMe, pa3M8plil 'IRCl'Hll ItOTOpliX onpe,ne

JUllll'CSI cxopocr:&n ce.1tH»eura1u1H 0, 4-0,8 c:w. »KH -I. ·Mu HcnoJI1>so

B8JIH C?OJI6en; 'AHa»erpou 2 MM H ,1{JIHHOI 120 MM~ .AHHOHHT npe,nBapH

'1'8JII,HO npO&BaJICS KOHD;eCOJISIHOH KHCBO!OH (no KpaHHel Mepe 

. I2 »Hee) -,]tJIB y,1taJieBHil B03MOJ:HOI npBMeCH P33, lll8JIOtlHHX HJIH 

~8JIOttB0-38M8JILH_I:lX MeTaJIJIOB. raq,HHil BHJ.mBaDT 8 M COJISIHOH ltHCJIO-

ron co CK~pOCThD I Ranna (~ 0,5 !!JI) B 40 C8Ko 

BuneJI8HK8 BOJI1><fmaMa 

IIocJie o:r,1teJieHHSI Ba,lr.1;, pacrBop 1 co,nepxa~HU 2-3 Mr 

BOJIL~pava, OQH~aor OT npHM8CH TaHTaJJa ocaQeHH8M ~TopoTaHTaJJa 
. . 

KaJIHH ( I< 2 Ta. fl,. ) • 1?MJILrpa.T :rpHX.I\li BimapHBanr ,n;ocyxa B nnaTH• 

llOBOI tJaJIIKe C aaOTHOU KHCJIOTOfl. OcTaTOK nocne BHnapHBaHHH 

CIWBanr aaorHofl RHcnoron, H oca,1toK nocne npoMHBKH Bo.non o6pa6a

:r:wnaor MHHHMaJILHhlM KOJJMtJecTBOM 2 M H 3 P04 • Ilpospaquuil · pac

TBOp cop6Hpyerca_ Ha cron6ne aHHOHHTa Boqiar~T n 1?0 B Pot 
q>OpMe C paa11epaMH aepeH, onpe,neJIR8MiilMH CKOpOCTbi> ce,n;MM8HTaUHH 

0,4-0,8 CM.MHH-
1• AHHOHilT npO.MhtBaDT 0,5 MJI 2M H3P04, aareM 

BO,n;on .n:o. HeltTpaJILHOit pea.KUH~' J4 BOJII>q>paM BlilMh!BaIOT I o,g pac

TBOpO}.r KOH. 
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B BH,Ite.neuuon ~Pa.KUHH racpsua no raMMa-cnexrpa.M dwtH H~eH

u1~HUHpoaaa:a pa_ttHoa1trHBH:ae H3oTona ra~H1rn:, Hf 171, · Hf173 H 

Hf175 /4/. B ~PaKUHH Bo.n~~p&1a, BH,Ite.neHHol cnycra !4 ~uen 
noc.ne 06.nyqeHHH raHraJia, dWI H,It8HTH~HUHPOBaH H30ron C nepuo~OM 

nonypacna_tta 22,J ~Ha, qro uaxo~Krca B xopomeM cornacHH co 

3HaqeHHmLH, np1rn0,1\vIMh!Mvl . ~.na w 178• 

iIHCTHTYT .H.JJ,epHLIX HCCJie.n;oBaHliIM 

1ICAH, IIpara 
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A.I{.Jianpyxirna, r .M.I{oJiecon, TaH Csio-eH 

H3Yl!EHHE HEKOTOPHX PEAI{UU.v1 PACIUEfIJIEIDIH HEO,IU1MA ITPOTOHAMH 
BHCOKOi1 3HEPfiUI 

I.BB e g e H He 

}{JUI npe,ItcF.asamrn B8POSITHOCTH o6pa30Ba.IUISI HOBHX H MSJI0-
1 

HsyqeHHHX HettrpOHO,Il;8~H~HTHHX H30TOilOB dOJILmo~ HHTepec npe,ItcTaB-

JUl8T BHSIBJI8HHe 3altOHOMepHocren pacnpe,IteJieHHSI BHXO,Il;OB o6pa3yDutHX

CSI HsoronoB Kax.ztoro aJieMe~ra no A. ¥apaKTep 3THX pacnpe.zteJieHHI -

BHCOTa H IlOJIOE8HH8 M~CHMYMa, KaK noKaSHBaDT MHoroqHcJieHHHe 

3KCnepHM:eHTMLHlil8 ,ItaHHHe, 3aBHCHT OT B8JIHtIHHH fl l = l Hex. 

- l npo.zt., sHeprHH doudap.ztHPYIOutMX qacrHI~ H nopSl,ItKoBoro nouepa 

odJiyqeHHoro 3JI8M8HTa. B CBSl3H C TeM, ttTO noJiy3MIIHpliiqecKaSI ~op

MyJia Py,ItcTaMa B odJiaCTH cpaBHHT8JILHO TJDIC8JiliIX 3JI8M8HTOB He Il03BO

JIH8T OU8HHTL BliIXO,It H30TOllOB C .6 2 6 . 4, KOTOpble odpa3yt>TCJI C. 

MaKCHMaJILHID4 BHXO,ItoM, TO 3KCnepHM:8HTaJILHHe HCCJI8,ItOBaHHJI HBJISIDTCSI 

B Hacroamee Bp8MH e,ItHHCTB8HHW cpe,ItCTBOM ycraHOBJieHHSI saKOHOMep

HOCTeff B pacnpe,IteJieHHH TaKHX H30TOilOB. 

C ~8JILD HSytteHHH HellrpoHo,Ite~H~HTHHX H30TOilOB peiK038M0JIL

HbIX sJieMeHTOB uepHeBoit rpyrrnH 6HJIH onpe.zteneHll ceqemrn odpaso:eamrn 

pSl,Ita pa,n;HoHaoronoB_, odpasynmHxca npH pacmen.nemrn eBponHH nporoaru.rn 

c 3HeprHe~ 660 M3B /I/. YcraHoB.neno, ~To BHXo~ HsoronoB Ce, Pr, 

H Pm 3HattHT8JILHO BHme, tteM npH pacmenJieHHH ra~HHH /2/ H xaH

- TaJia /3/: 0.ztHaKO dwro saMetteHo, 'tlTO ceqemrn o~pa3oBaHHH caMHX 
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JierKHX H3OTOilOB Ce H Pr 'Han pin.mp, HOBoro H3OTona - Pr 134' 

Koropun o<1HapyxeH HaMH no .n;oqepHeMy. ceI34, Bee eI11e He.n:ocra:rotrno 

BeJIHKO .n:na HX .n;e:ra.JILHoro HCCJI8.D;OBaHMH H T8M doJiee .D;JIR nene~ 
j -cneKTpOCKOUHH. 

B CBJI3H C 3THM Ha.MH CII:ilJIH onpe.n;eneHH ceqeHHJI o6pa3OBaHlfSI . . . . 

HeltrpoHo.n;eq>HUHTHLIX Pa.itHOH3OTOilOB Ce H Pr npH oCIJiytlOHI-fH IlPHPO.lt-

Horo H8O){HMa npoTOHaMH pa3JIHqHHX aHeprH~. BHC!op TaKOlt MHilleHH 

OCHOBaH Ha npe.ztnOJlOJ:eHHH, qxo BbTXO.IJ; 31'HX H3OTOllOB H3 Jvd. 142, 

co.n:epxaHHe xoroporo B npHpo.n;Ho~ cuecH cocraBJIJieT --J~, .n:on~eH 

CILtT:& 3H8.'IHTeJILHO nume, qeM H3 Eu ISI H Eu. ISJ 0 

2. Me :r O...A. HK a 

MHIII8HH H3 2-5 Mr OKHCU H8O.D;HMa / C CO)tepxaHHeM OCHOBHoro 

KOMilOH8HTa Nd 203 99, 8% / oCIJiyqa.JIHC:& B reqeHHe I5-90 MHHYT BO 

DHYTP8HH8M nyqKe npoTOHOB Ha CHHXPOUHKJIOTpoHe IladopaTopHH JI,Itep

HHX npo6JI8M mum. IlocJie XHMHqecKoro Blil)t0Jl~HHSI K O'llHCTKH pe)tKO3e

MeJI:&HHX 3JI8M8HTOB HX aJIHKBOTHaJI qacT:& HaHOCHRaCL Ha KOJIOHKY H 

npoH3BO)tHJIOC1, P,a3,JteJieHJrf8 xpoMa:rorpacpHqecKMM MCTO)tOM /4/ • AKTHBHOCTL 

H3Mepanac:& Ha ycTaHOBKe E-2 co C'18TQHK~M MCT-I7 co CTaTHCTH'lleCKOI 

omHdKolt cqera .:t 3%. ~eHTHq>Hxanr,rn cppaxnutt npOH3BO.D;liJia~r, no IIOJIO-

X8HHD IlHKOB Ha xpoMaTorpa.we /pHc.I /, a P8JtHOH3OTOilOB no nep11O-

,JtaM nonypacna.u;a H B OT)t8JII>HUX CJiy'laHX no 3HeprHHM ·, -H3JIY'18HHH. 
+ -BblXO~H fl - j3 -H3OTOllOB onpe.n;eJIHJIHC:& TaIC xe, KaK H B 

paCSoxe /I/, ane1crpoHHo ... saxBaTHhlX - no L -H3Jiy"tieHHD, conpoBox

,.n:aD~eMy K~3aXBaT no MeTo,n;y /5/. TOQHO~TI, orrpe,n;eJieHHH COCTaBJIHJia 

~50 H roag coorBexcrBeHHo. IIpH onpe.n:eJieHHH BlilXo,n;on L aI32, 

Pr 139 ' JfcLI4I 6HJI yqreH BKJIB.)t COC8)tHWC ~3oCSapo.ItnJI H30TOilOB ceI32, 
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ce134 , .Nd 139, Jfd 140, ,Il;JUI KOTOpbIX He H3BeCTHht H306apu c 

l + I ( KpoMe Pr 134) 3TO c,n;eJiaTL He npe,n;cTaBJISIJIOCI, B03MOXHUMo 

Ho KaK noKa3a.JIH noJiyqeHHble ,n;aHHble,ceqeHHH HX o6pa30BaHHH 3Ha

qHTeJr:&HO !.!eHT:,me, qeM yxasa1mux BHme H30TOilOB H Il03TOMY HX BKJlaJJ; 

MOXHO He yQHThtBaT:&. 

IIpH onpe,n;eJiemrn BhtXO).(OB ce13~ Ci.~
5 J{,l-39 , .Jld140 YtJTeH 

BK11a.n; ,n;oqepmtx H3oTorron, o6pa3yx>n:t:ifxc·.H B nponecce H3MepeHHH o6pa3-

noB. IIpH onpe.ztenemrn: ceqeHH.R o6pa3oBaHHH ce132 no j3 -aKTMBHOCTH 

He yQMThrna.ncH BKJIBJ( aToro H3JiytJeHHH OT ce133' BB~Y OTCYTCTBH.fl 

cxeMH pacna,n;a. lloaTOMY BSJIHQHHa cetieHHH )(JIH ce132 MOXeT 6htT.b 

saBiiIIIIeHa. 

MOHHTOPHPOBaHHe nyt1Ka npoTOHOB ocymecTBJIHJIOCb no aKTHB

HOCTH Jfa 24 H3 Ae -q>oJILrH. Ce11emrn peaKuim Ae27 /p, 3p n / ffa, 24 

npHHHMaJIOCL paBHbIM IO M6. 

3. 06cyx,n;en11e I!,83YJILTaroB. 

PesyJILTaTbl OilUTOB npeACTaBJI8Hhl B Ta6JIHI.:(e H B BH.n;e KPHBhtX 

PRC. 2 H 3, KOTOphte ITOCTpoeHbl c yqeroM HHTepnoJIHPOBaHHhIX ,n;aHHhIX. 

ITpe.n;cTaBJISIDT HHTepec CJie.n;ynmne ~aKTH: 

I. Ma.KCHMaJI:&HNll BhIXO,Il; ,Il;JIH M30TOilOB Ce, Pr H'.NdCOOTBeT

CTByeT He~TpOHOAe~H~HTHNM H30TOilaM - ce134, Pr 137 H . ..lfd139• 

Bee CTadHJII>HhIC H30TOilhI JieXaT Ha npaBoll B8TBH KPHBhIX pacnpe,n;ene

HH.H.3HeprHR 6oM6ap,n;HpYIJIItMX qacTHU B HHTepBaJie 220-660 M3B He 

OKa3HBaeT BJIHSIHHH Ha nonoxeHHe MaKCHMyMa 3THX KPHBHX.AHBJiorHqHoe 

SIBJlemie Ha6mo,n;aJIOCb I.f paHee He npIDAepe KPHBHX pacnpe,n;eJieHHH 

1130TOITOB MapraHua, o6pa3yIOil{HXCR IlpH pacntenJieHHH Co IlpOTOHa.MR C 

SHeprHRMM OT IOO ~o 370 M3B /6/ H PTYTH - npH pacntenJieHHH Bi 

npoToHaMH c 3HeprHRMH 220-660 M3B /5/. 
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2o CeqeHHe o6pa3oBaHHH MHOrHX HeUTpouo.zi;e~HUHTHWC H30TOilOB 

H oco6eHHO H30TOilOB, nexantHX Ha MrutCHMyMax KPHBUX pacnpe.zi;eneHHH~ 

yMeHLmaeTCH npH yBeJIHqeHHH 3HeprHH npoTOHOB OT 220 .l(O 660 M3B. 

3To yMeHLW8HHe HaH6onee 3aMeTHO .l(JIH H30TOilOB o6JiyqeHHoro 3JieMeH

ra, o6pa3YBJlltHXca no peaKUHH / p, p :x. n I. TaK, Buxo.zi; /4 IJ9 cH.mm
exca B J, 2 pa3a, a Jvd, r4o - B 2, 7 pa3a.. Buxo.zi; H8ROTOp:bIX H30TO-

Il0B. c don:E,IUHM H8)tOCTaTKOM HeffTpOIIOB - ' z(µ r32 H ceI32, a TaKJICe 

H30TOilOB C H3dblTKOM - ceI
4

I H Pr r49 ' Hao6opoT, yBeJrn:q1rnaeTCSI 

C pOCTOM 3HeprHH npoTOHOB. 3To npHBO)tHT K pacmHpeHHJO RPHBUX 

pacnpe.zi;eJieHHH ,, qxo MOJICeT dbITI, HJIJIBJCTPHPOBaHo KPHBUMH, noJiyqeHHhIMH 

.l(JIH M30TOilOB uep1rn /KpHBl:l8 2 H 3 p.ac.4/. 

3. HsoTonu npoMeTHH, 3JI8M8HTa C l = ~ HCX. + I, odpa3y

IOT,CH co 3HaqHT8}II,HO M8HI,illHMH BUXO,It&m, tteM H30TOilU 3JieMeHTOB C 

l 6 ~ HCX. 

MaKcID.l:yM· KPHBOii pacnpe,1teJieH11SI npHXO,n;HT CH Ha Pm r4a' BhIX0,11; 

KOToporo npH 3Hepr1,rn npoTOHOB 660 M3B B IO pa3 MSHI>llie, tieM ~ht

XO.l(U H30TOITOB ffdI39 , Pr r37 H ceI34• Buxo,n; H30TOilOB rrpoMeTHR 

YMSHI,maeTCH H c pocTOM 3HeprHH npOTOHOB OT 220 .ItO 660 M3D; 

nanp11Mep , )tJISI Pm I 5D, odpaayromeroc.ff no pea1tu1u1 .NdISO;p, n / 

Pm ISO, ou. na.itaex B .l(Ba pasa. 

4. Bo ~paKUHH npoMeTHR 3HatIHT8Jll,Hhltt BKJIU.l( BHOCHT aKTHB

HOCTl>, COOTB8TCTBYDlltUH T ·= 27 qaco CorJiaCHO JllfTepaTypHliIM .zi;aHHil!M 

OHa npHHa.l(JISJICHT PmI5I. Ceqeu11e·ero odpa30BaHH.ff COCTaBJIR8T 20 

M<lapH~ B CB.fl.SH C TeM, qro CO){SpJKaHHe rrpimeceit BCeX coce,n;HHX sJie

MSHTOB B Bell(eCTBe Ml1lll8Hl1 He rrpHBbllllaeT o, c~, o6pa30BaHHe sroro 

H30Tona 3a Cl.JeT peaKUH~ C coce,n;HHMH sJieMeHTmrn liCKJIIOl.JaeTCR. · 

KpoMe Toro BO ~paKUHH npoMeTMR,BWJ;eJieHHoro H3 odnyqeHHOro EU-

I 



r 
125 

/I/,. H30TOil Pm r5I He 6hlJI. H~eHTHWHUHPOBaHo ]03MOXHIDrn peaKUHSIMH 

ero o6pa30Bamu1 113 .Nd ISO /113 OCTaJII>HbIX H30TOTTOB Heo~HMa OH 

o6pa3OBaTLCJt He MO~eT/ SIBJISlDTCSl CJie~yID~He: 

Jfd I50 If, 7C o I Pm I50, 

JfdI50 '(p, :?l+) ~I5I /3-. Pm I5I _ ]I. , HaKOHen, 

. T = I5 MHH. 

peaxnHst co BTopHttHHMH ~ettrpoHaMR - ..Na:ISO / d, n I Pm ISI. OneHHTL 

ce11eHHe Kwr.ito« peaxnHH He·npe)tcTaBJiaeTCSI B03MOXHHM; no-BH,ItHMOMY, 

HaH6OJILmHI BKJIBJ.t BHOCHT IlOCJI8)tHSISJ- peaKUHH. 

CpaBH8HH8 C8118HH~ odpa30BaHHSI H30TOilOB 3JI8M8HTOB C Ar~3 

.itJist ..Nd H Eu. noxasiimaer noJIHYD ·Hx aHanorHD. Bwco.it H3oTonoB, 

JiezalI{HX Ha MaKCHMyuax KPHBWC pacnpe,JteJieHHJt, npH aHeprHH npoTOHOB 

660 MaB pa.BeH "'IOO M6paH. Bwro)t . H30TOfiOB c A z > 3, Kalt 3TO 

noKa3HBaJlT )taHHl,18 no 8BponHD, 3HatrnreJIJ,HO CHH%aDT CSlo HanpHMep, 

BliXO.it H30TonoB nepHst, o6pa3YJ)II{HXCSI H3 .Nd no peaxnsrn / f', 31' -z n, I 

3HaqHTeJILHo Bliillle, 11eu us Eu. B nocJie.itHeM cny11ae OHH oOpasyi>rcst 

corJiaCHO peaxnHH / p,6 pxn /. H3 KPHBHX I H 3 pHc.4 BH)(H~, qro 

ceqeHHe oOpa3oBaHHst ce132 us .Jf'rJ, B 14 pas npeBliilllaer cetteHHe ero 

oOpasoBaHHJt H3 Eu. Cne~onareJILHo, HaHOonee aqxpeKTHBHHM cnoco6oM 

nonytteHHSI CaJ.fliX JierKHX H3OTOilOB JtBJISllJTCSI pe~KJlHH / p, yp:x:.n /, 

r.u;e y 6 3. 

CJie,JtyeT OTM8THTL TOT ~aKT, QTO noJIOX8HH8 MaKCHMyMa KPHBOH 

paenpe)teJieHHJt H3OTOllOB nepHst He H3M8HJt8TCSI npH YB8JIHQ8HHH QHC~ 

na BYJieTeBmHX np~TOHOB OT 3 )tO 6 H npHXO,JtHTCH Ha H30Ton ce134, 

XOTH· BHXO)t ero npH 3TOM yueHLmaercst B 8 pas.Taxoe xe_stBJI8HH8 

Ha0JID,Jtaerca H )tJIJt Pr• CJie)tOBaTeJILHO, Ha IlOJIOX8HHe Ma.KCHuyMa 

KpHBHX pacnpe~eHeHHH H3oronoB He OKa3HBaer BHHJtHHH HH B8HHQHHa 

3HeprHH doudap~HPYDntHX qacrHn B HHT8PBaJie 200-700 MsB, HH nopst~

KOBHn HOMep o6JiyqeHHoro 3JI8M8HTa B HHTepBane H8CKOJibKHX l • 
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CBH3H C TeM, qTo npHp0).(HLin H80,ItHM npe)tCTaBJIHeT codo~ 

CTa6HJII>HLIX R30T0ll0B - .Nd, I42, .Nr:/, I/J.3, .Nd, 144, ~I45, 

J(d,148 H JQ,150, To onpe,IteJIHTL Hamdonee aeponTHoe 3Ha-

qemte "x" B yKa3aHHb!X BlilIIIe peaK[(HHX no Il0JI0JJCemno MaICCHM}'M0B KpHBHX 

pacnpe~eJieHHH H30T0il0B ,ItJIH KBlC,It0ro 3JI8M8HTa He npe).(cTaBJIHeTCH 

B03M0~HHM. IT00T0MY M~ pacqHTaJIH B8P0HTH0CTL odpa30iaHHH pasJIHQHHX 

H30T0il0B ·ce H Pr H3 KaJIC)toro 11'.S0T0na .Nd. C yqeT0M HX C0).(epzamrn 

B npHp0,ItH0ff CM8CH ,ItJI.8 pa3JIHqHHX "x". Ha'pHc.5 nyHKTUpHIDIH JIHHHSIMH 

npoBe,IteHH C00TB8TCTBYDII(He KPHBH8 )tJIH H30T0il0B nepHH npH X = 8. 

IlpH HX nocTpoeHJ,m noJiyIIIHPHHa KPHBblX pacnpe).(eJieHHH npHHHMaJiaCI, 

paBH0il 4, 'llT0 C00TB8TCTByeT ,JtaHHHM, no.nyqeHHIDl npu paCII(8IlJI8HHH 

uepHH /7/ ,ItJIH peaxuu / P, 3 pxn /. Ha 3TOM pacyHKe KPHBM I 

npe,ItcTaBJiaeT codon pacnpe,IteneuHe cywapHoro q11cna odpasynl!lHXCn 

a,Itep pa3JIH'llHLtX usoronoB uepHa us Bcex HsoTonoB .Nd. KpHBan 2 -

aKcnepHM8HTaJIJ,Han KPHBaH pacnpe,IteJieHHR BWCO,ItOB H30TOllOB nepHH - Ha

neceHa Ha rpacp:rriK Ta.KHM o6pa30M, tlTO(hl MaKCMMYMH 3THX ,ItByX KPHBWC 

COB na.itaJIH • 

113 pHCYHKa. 5 CJI8,D;ye_r' 'ITO XO.It KPHBLtX I H 2 B o0nacrH 

cra6.HJIJ,HHX H HeitrpoHOH3dbtTOttHLIX H30TOilOB COBlla,ItaeT, B oOJiaCTH xe 

H8'1TPOHO,ItecpH[(HTHHX H30TOllOB C A < 134 HadJID,Itaercsr· pesxoe CHH%8H~e 

aKcnepHMeHTaJILHWC BhIXO)t0B no cpaBHeHHD C paccqnTaHHHMH; TaK, inn 

CeI32 CHHX8HH8 npoMCXO,ItHT B 7 pas. AHanorHqHLie pesyJinTaTbt 

noJiytieHhl H JJ:JUI Pr • 3To npHBO).(HT K xouy, ttT0 RpHBLie pacnpe,1te

BeHHH, nocTpoeHHhle no 3KCnepHMaITaJihHblM ).(aHHW,HM8DT 3HattHT8JILHO 

MeHhillYD IlOJiyillHpHHy, qeM TeopeTHtteCKHe. IlpHqHHa Taxoro paCXOX,It8HHH 

noKa e~e He HCHa. O.1tHaK0 H3 X0)ta KPHBhIX 5 CJI8,ItyeT, qTo peaxnHH Ha 

H.30T0ile - ..Ncl 142 BH0CRT, Il0-BH,nHJd0MY' H83HatJHTeJILHHi1 BKJia,It JS odpaso- . 

Bamrn nerxux· H3oTonoB nepHno Boauoxao peaxn1rn './vd, 142 /p, 3 pxn 1 .· 
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HM810T aHOMaJILHO MaJihle ceqeHHSI. 3TO MOXeT dhITb CJI8,l(CTBH8M Tor~, 

qT O JIAPO .Nd 142 HM88T saMKHYTYIO odonoqxy H3 .J( == 82Q 

MaKCHMYM pacqe~HOU KPHBO~ pacnpe,n;eneHHSI H3OTOilOB ~epHH 

COBna..n;aeT C :rncnepHMeHTaJibHOli Kp1mou T.OJibKO B TOM CJiyqae, ecJIH 

aa116onee BepoSITHoe sHaqemie "x" B peaxnm1 / f', 3f :x-n I paBno 80 

Jt.nSI H30TOilOB npa3eo;iBMa, odpa3YDlllHX(;SI no peaKUHH / f, 2f .x.n /, 

MaKCHMYM COOTB8TCTByeT X = 6. nhIJIH paCC'IHTaim TaICXe Ha1Adonee 

BepoSITHUe lIHCJia BblJieTeBmHX H8UTpOHOB,COOTB8TCTBYDlllH8 peaKUHHM 

Ip, !i p:x.n I Ha H3oTonax eBponHJI Eu 151 H Eu.152 npH 

y = 2,3 ••• 6. IloJiyqeHHht8 3Ha'l8HHSI dblJIH HaHeceHhI Ha rpa¢HK sa~ 

BHCHMOCTH HaHdonee BepoaTHoro 'IHCJia BhlJieTeBmHx HellTpoHoB /JI;/ 

MaKCo OT qJiCJia BhtJI8~8BllIMX npoTOHOB 4 / C ytteTOM d0Mdap,n;Mpy101qero 

npoToHa/ / pHc.6/. BH,n;Ho, t.JTO Bee OHM nexaT Ha o,n;HoU npnMoU 

JIHHHH, KoTopaSI MoxeT duTL .BupaxeHa ynpaBJieHHeM I-Kn I MaKc. = 

a 1/vr I + B ••• 

,l(JISI I :!: y ~ 5. 

/I/, r,n;e "a" H "B" IlOCTOJIHHl:.le,paBHhI8 2 

C11e,n;oaare1u,no ,n;Jin peaKuMU If, ':J p z n I B yKa3aHHOM HHTepaaJie 

"y" xapaKTepHa cne,n;y101qag 3aBHCHMOCTb: 

X MaKc. = 2y + 2 oo• /2/. 

ECJIH paccMOTpeTb COOTB8TCTBy101qHe ,n;aHHble. ,l(JISI ,n;pyrHX od

JiyqeHHhIX SI.ztep, npe,n;cTaBJI8HHhIX B BH,lte KPHB.hlX D pa6oTe /5/, TO 

OKa3bIBaeTCSI, tJTO Haln;eHHaH HaMH 3aBRCHMOCTb / .Jin / MaKCo OT 

~p cnpaB8,l(JI7,iBa )tJIR R,Itep B HHTepBaJie r OT 50 ,1.(0 650 

TaKHM odpa30M, no ynp8J3JI8HHD /2/ MO~HO OU8HRTL B8JIHqHHhl 

J.IV;J MaKc. ,ItJISI BC8X 3JieMeHTOB, o6pasynmHXCSI no peKUHSIM /p,yp.xn/, 

.n;JI.R ~ OT I ,Ito. 5 D Yita3aHHOM lUIT8PBa.JI9 l odnyqaeMhIX 3JI8M8HTOB. 

Haat(eHHoe sHaqeHHe / N,, I .Ma.Kc. no3BOJIHeT npe,n;cKa3aTL noJioxe

HHe Ma.KCHMYMa KPMBhlX pacnpe,n;eJI8HHR H30TOilOB 3T~X 3JI8M8HTOB. 3TO 
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H:Mee't doJILmoe 3HaqeHH8 ){1IH oa;eHKH BepoHTHOCTH o6pasonamrn HOBI:lX 

Ca.MLtX nerRHX·H3OTOllOB 0JieM8H'tOB u;epHeBon rpynnu H BbI6Opa HaH6o

JI88 3q>!p8RTHBHOU peaKa;HH HX nonyqeHHH. 

I HucTHryr reoXHMHH H aHMHTHqecKOit XHMHH HM. B.H. Bep

HBJtCKoro AH CCCP, IleKHHCKHit yHHBepcureT /. 
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Ta<lJ1Kya, 

PaJ!KOaKTKBHUe K30TOfil,I pe~K03eMeJl&HUX 3J1eMeHTOB, 

oOpa3YDmKecn npK oOJ1yqeHKK Heo~l!Ma npoToHaMK, 

H;teH?Kq>K!lKPO- !IepKO)t CeqeHKe oOna3oBaHKR. 
BaHHl,18 noJiypacna.ita, 
K30TOn1,1 Hal!)teHHHll 660 M3B 220 M3B, 

Pm 141 0,5 ,qac, 6,0 
61 145 Pm 17 )tH, 41 1 
Pm 148 5,4 )tH, I0,6 
Pm 149 21 1 )tH, 7,0 x) 

Pml50 2,6 qac, 2,0 4,0 
Pm 151 27 qac, 20,0 

.Nri,!38 0,5 5 ox) 
60 ' 
/4139 610 11ac, 88 280 
.14140 3,l .ltH, 53 140 
Jul41 2,4 qac. 56 60 
.14147 II,2 )tH, 16 II 

p,. !36 l 50x) 65x) 
59 

!02''{) l45X) p,. !37 l,3 qac. 
p,. !38 80x) I05x) 

Pr 139 
} 4,6 qac. 52 60 

p,. 145 I 3 ox) 
' p,. 142 19, 2 qac. 18 22 

Pr 143 15 )tH, 12 , 

Ce 132 } 14 4 
8 

Ce 133 5,0 55X) 65x) 

Ce !34 72 qac. II5 150 

Ce 135 22,5 qac, 9QX) rnox) 

Ce 137 IO qac, 45X) raX) 
Ce B9 140 )tH, I8x) 6,4x) 
Ce I4I 33 )tH, aX) 2,0 

la.DI I,I qac, 25 

57 l~I'.32 
] 4,5 qac, , 32 20 

la. 133 27X) l4x) 

la.!35 181 5 qac. 18 7X) 

Lf40 39 qac, o,8 

x) MHTeonOJIKPOBaHHl,le )taHHHe, 
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Jx) ~ V u,_l 
.w I/(» 4IIClliflltJ""A 

Bwco~Han xpHBan xpouarorpa<pHqecxoro pa3~eneHHn 

pe~K038MenoHWC aneMeHTOB naxraTOM 8JlMOHHll DPH 

pH= 5,8, reMDepatype 85-90°c /cxopocto BIDWBaHHa 

2 xannH B MHHyry/. 
'100 

!<:, 
~ 

IOO 

so 

.,, 
~ IO 

! s 

/33 137 

' '\Nd14

' 
cl"\. n /4.t • "" 

, h/4J(\/Jm 
p,,,f4S 

Pm/50 

/Ill //IS 149 p· 

RpHBH8 pacnpe~eneHHn BHXO~OB no MaCCOBHM qffcnaM 

• - 3KCDepHM8HTMoHH8 ~aHHHe. 

0 - HHTepnonHpoBaHHH8 ~aHHse. 

• - cra6HnLHH8 K30TODH. 

3HeprHn npoT.OHOB 660 M3B •• 
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DI 

500 

100 

so 

"' 
f 

p,,,150 .. 
h'"r . iic/'s 

KpHBUe pacnpe.zteneHHR BliXO)tOB no MaCCOBl:DI qHcJiaM: 

• - 3KCnepHM8HTanJ,Hl:l8 ,D;aHHl:l8o 

o - HHTepno,mpoBaHHl:le ,D;aHHl:le. 

- 4 - CTa6H1ILHU8 H30TOfil:l0 

3HeprMSI IIPOTOHOB 220 M3B. 

KpHBUe pacnpe,D;e1IeHHSI BUXO,!l;OB H30TOIIOB ~epHn,o6pa3y

Dll!MXCSI npH pac~enneHHH 8BponH11 H HeO,D;HMa nporoHaMH 

I~ EU, + p 660 M3B • 
. 2 • .Nd + p 220 M3B. 

'J._.Nd + p 660 M3B. 
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I-PacqeTHaSI KPHBaH pacnpe,1teneHHSI cyMuapHoro qncna 

o0pa3YJOll!HXCH H:JOT_OllOB uep1rn no A. 

2-3xcnepHMeHTan1>HaSI xpHBaSI pacnpe,1tenemrn BllXO.ltOB 

li130TOilOB uepHSio 

IlyHKTHpOM oOo~mi.tleHI:l pacqeTHI:le KpHB!le BepoHTHOC Tt 

peaxu1-1rt Hd/ p, Jp.x.n I Ce .1tnSI paa;mqHI:lX H30TonoB 

aeo.itmm. 
(Nn)1t1a,::<! 

12 

8 

4 

0 1 ..... --2'----J3'----'4'---~5,---~6'M"rp-

3aBncnMocr 1, MaKcHMaRLHoro q1-1cna BI:lneTeBmHX 

Het!TpoHoB oT q1,1c,11a npoTOHOB B peaKUHH If, 'If .x-n I 

Ha SI,ItpaX C pa3nHqHJ,IM % o 

X - l = 50 • - 2 = 60 o - ~ = 63 1-1 i - z =65. 
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METOn IlOilytIEIDiff HE~TPOHOJE<.PrulMTHHX H30TOTIOB 
PE,llI{03EMEilhlillX 3IlEMEHTOB IIEPHEBOR rPYIIllil 

C BHCOKOH Y1IEJI1HO~ AKTID3HOCT1D 

PaHee /I/ Ha.MP! 0b1Jia noxasaHa npHHUMDHaJil»HM B03:MOXHOCTb 

no11yqeu~H BHCOKOaltTHBHliX nperrapaTOB pe~038M8JlbHHX 3JI8K8HTOB 

uepHeBo~ rpynnu 6es HOCHTe11en npH 0611yqeHHH crura.pHeBo~ HJIH 

eBpOnHenoR MMilleHe~ npOTOHallH BliCORO~ 3HeprHH. IlpH 3TOM ceqeHHE 

o6pa30Ba.HHH HeflrpOHOAe¢HUHTHHX H30TOilOB COCTaBJIH8T 93% OT 

IlOJIHOro ceqeHHfi oOpa30BaHKH BC8X H30TOilOB pe)U(HX 38M8Jlb /2/ 

H B 5-.'.30 pa3. npeB.blmaeT ceqeHMe l-tX. oCSpa30B8.HHH H3 ra¢HHSI /3/ 

HJIH TaHTaJiao HaUA8BH.bl8 3H~qeHMH BHXOAOB AJIH MHOfHX H30TOllOB 

MOryT 0.blTb HCilOJlb30BaHH AHH oueHKH B03MO~HOCTH nonyqeHHH npe~ 

napaTOB, npmrOAHHX ARR uene~ H~epHO~ cneKTpOCKOilHH. 
✓ 

ITp8ABapMT8JlbHHMH OilHTaMH ycTaHOBJieHo, q70 AJIH BHA8JI8HHH 

HCTOqHHKOB C 6on1rno~ YA8JibHOR aKTRBHOCTbE oOnyqae»Wl lifflilleH:& 

H3 OKKCH cauapHH HRH eapomIH .n;o;ll:lil:Ha J,U40Tb Bee He MeHee I OOMr • 

0.n;HHM TOJILKO XpOMa.TOrpa¢MqecKHM M8TO.n;OM pas.n;eJIHTb o6pa3yD~Hec~ 

YJibTpaMHKpOKO~M4eCTBh pa;tHOH30TOilOB COC8AHMX 3R8M8HTOB H 06ny-

1.iaeMHt,l 3JI8H8HT He npe,n;CT6.BJIHJI0Cb B03MOJ1CHli.Mo Il03TOMy Mll pemHJIH 

HCll0)1I,30BaTI, )!;JUI OT,n;enemm OCHOBHOro KOJrnqecrBa BeuteCTBa MHme-

HH 3Jl8KTp0mi3 C pryTHHM KaTO)l;O.M. 
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no rrocieAeero apeuenH cquranac&, q70 Hi ncez peiKo8eMen&HNX 

JJleMeHTOB :c::iJI.&1-:0 fu , yg , Sm 1 cnocod.Hhl aoccTs.naa1rnBal'.b

cs ~o ~ByxaaneHTHOfO COCTORHMR H BCn8AC!3Ke ornro BU~en8ThCR 

ea PIJ7ij0M KaTa~e H3 aneKT~ODHT0B, COAepxamwx KOMnReKcooOpa

JyD~we a~ieuxw~ CKnOHHacr1 K BWAeneH~n yMBHiwaercs B nume-

yKa3aHHO~ rIOC ,ll e.~ODt'.l.TeJII,HOC T VI 0 

- Eute B pa{lore /1/ HfiR).(eHl:J ye ROB ml 1 TI03BOJ15UJiqI,rn B OT,D;eJ1I,- . 

HlilX C.1'Iy4anX OT)l8JIM1'b 97-98~"5 caMa.pmi n :ei:zomrn I 15-2 '·laCOB. 

O.u;uaxo up~i w:3y1rnmrn cpaBHwreJIMrn xopor~o:urny:u;1x Hef1rpoao-. 

~e~~QHTHWX M3OTODOD HeOOXO~HMO MMeTh MeT0l ~nR eme 6onee 

nonaoro H 6onee dHcrporo orleneHHR aemecxBa MHmenu, M6o 

·3qxpeJCTMBHOCTh fI0C.110;:i;y.oll(ero xpoMaTorpaqmqecKoro pa3~enemrn 

3aBt-fCK1' 01' KOJJWlGC?Ba caMapm1 mm eBpomu1, OCTo.BillHXCJI UOCJle 

3,'10KT;>OJUl3fl.. CKOpOC'Xl> BiiI.n:enemrn . aeiaecTBa Ha KaTO,1.te 3aBHC;.fl' 

or \ffiOrHX (})8.JCTOpOB ~ B TOM tflfCJie OT llJIOTJIOCTH T(Hta. CJie;I.yex 

OTM8T:itTb • lfro ITOBe,IteHne ;.tpyrHX pe;.umx 3eMeJI.I, H B qaCTHOCl'1f 

11oae.1tea11e 3.1e1,1enxoa uep~enoM rpynnu B npor~ecce aJieKTpomrna 

OCTa.BaJIOCh He Dl:l.'ICH8HHLIM. ]JISI BUSICHemrn 3Toro Borrpoca OUJIM 

npoae.nenu HCCJl8,l{OBaHHH C HCllOJU,30BaHH8M pa,1tHOaKTJ,1BHL!X H30-

TDITOB Pm 147, ce144 
1t1 Er 169, KaK Hawoonee xapaxrepuux 

npe,n;craBHTe11e~ uepHeBoD H nTrpneBo:tt rpynn. 

TipHB8JJ;8M 3,I.teCh JIHilll> H8KOTOp:We H3 llOJiylleHUiilX HO.liUI ,ItaHHUXa 

0Ita3aJioc1,, 4TO nepnR H npm,erHtt .COBMeCTHO C caMapue:M HJIM 

HTTepatteM npH BUCOKHX nnoiHOCTHX TOKa T8KXe BUJenaDTCR Ha 

p?yl'HOM 'KaTo.n;e /Kp1rnaR I H 2 pnc. I/~ Tipu 3aMeHe B ane1cxpo1mre 

JilUIOHHOKHCJIOro Kamm Ha auanorHqHyXJ conll JIMTHR y'!i.e lJepe3 

30 MHHo 3JieIC?,;>omrna npl1 nnorHOC'l'H :roKa 100 MA/cv.2 B aimm>rawy ' 

---" 
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· nepexo;un 98, 1% Sm 11 58% Pm • flpn HaJIJ1tnrn Honan JIUl'HR npo

.AeTnta nu,nemJeT,:;a Ha pryTHOU 1ca10,n;e H B OTGYTCTBHe. caMapuSI 

MJlli MTTep01rn. '.Jr,:>? MCJC]IIDtmTeJlbHO HHTepecmdt qeKT rrncnyx.11JI 

0CH0B0H .lVlR BhUIJ31l8HlUI JIP.XaHM3Lfa nepexo,n;a yica31lHHL!X 3JieM8ll?0B 

B PTYTHUft KaTO)l /4/ 0 !Iorpe6oBaJIHCb .n;mn:em,HHe J.iCCJie,ItOBaHMR 

M )VUI Haxox.nemrn ycnoeMR 3JieKrpomn:rf.tiecKoro oT.iteJieHmi o6nY'{eH• 

aoro cauapHH 07 odpa3yD~~XC8 palMOH30TOITOB pe~K~X 3CMCJih. 

t13 KPHBhlX 1 H 2 PHC • I BH,lHO, tlTO o:;tenem~e caMap1rn 07 

Dp0M8TK8 /KJU{ r.tepHR/ wo:a:ex i'.ShlTI, )t0CTMrHYT0 nyTeM npoBe;J;eHH8 

3JI8JCl'pOnH3a npH J!JIOTHOCTH TOKa He BhlWe 50 MA/c>f H BpOMCJIH 

AO I,5 qac. MOXHO TaKXe BCCTij tineKTpOJIH3 npH 6onee BLICOKOff 

nn0TH0CTH TOKa, HOC npOAOJIXHl'8JihHOC?oD He Oonee 30 M0H. 

OAH8K0 B oOeHX cnyqasx B pacTB0pe OCTaeTCR 3-5% cawapHSI H 
' ,, 

nocne~yD~ee xpoMarorpa~HqecKoe pas.zteneuHe aarpy~HH?eJI.bHO. 

ttccJie~oaam-1R /4/ noxaaairn, tf'.I'D nepexo.zt npoMe?HH H uep.MR B 

p'l'yTH0~. KaTO)t nponcxo.zu,tT T0JlhK0 noc,1e ot1pa30BaHMR CMelllaHH0tt 

aM8.Jil>raMH cauapIUI C KMHeM HJIJ,f aMaJl:braw JIJfnIR H 3aBHCHT OT 

X0HU8HTpal.lHH n1npaTa KaJJM,'1 • B CBJl311 C 3THM OliilH npoae,neHbl 

OilhlTbl, B KOTO,PLIX BO BP8MSI 3JI8K'?pomrna qepe3 'Ka:t,l(ht8 30 1nrnyr 

npo1rnao,:u1nacL c11eaa pTyrH HJIH nocne 20-.'.30 :uHH. OT Haqana 

om,1Ta )tOilOJIHHTeJI.bHO no Kamun, BBO)IH.lICH pa.CT BOP llHTpaTa J(aJIHR 0 

ITocne ~BYXKpaTHOU 3a.M8Hli PXYTH /?oe. qepe3 60 MHHo 3ieKTpO-

JUf3a/ B pacxaope no .. 'Iaoc:rM> ocraaanca npoMeTHt:i K 2,5% ca.Ma-

p.HR. JlocJie 3-~ cMeRhl pTyn1 B 3JieKrpoJI.w:::e HaHAeao I, 6% Sm H 

91% Pm • B cnyqae .ltOllOJIHt,TeJI.oHoro BBe,1tea1,rn a npouecce :rneKrpc 
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JIH3a D;RTpaTa RMHa, npoueTHU npaKTHqecKM IlOJIHOCTLD OCTaBaJica 

B paCTBOp89 a BHXO~ Ca.MapHH H3UeH8HCa-He3HaqHT8Jl&HO /KpHBBe 

3 · H 4 pmc "I/. IlpH aJ1e1trpomrne pacTBopoB, c o.ztepxanuix n1n:paT 

JIHUIH .noOannemie nocne.nHero He npem1TCTBOBano BI:I.zteJieamr 

npowe-r11a o 

Ta.Kiili oe1pa30U yc?aHOBJ18HO ;itBa nyr11 O?,Jt8J18Hl.UI cauapIUl 

/eapom.tH/ OT npOM8TH.fl: ;3°JIOKTpOJnt3 pacl'BOpOB co Cl.18HOU Pl'YTH 

H nepmo,ztHqecKHM ,ItodaBA8HH8M D;HTpaTa KMHH B nponecce OilliTa. 

Ilpoae.neume 3JI8KTPOJIH3a B npHCyTCTBHH D;HTpara JIHTHH XOTH H 

,Itaet 6onee BliCOKHff BUXO~ caMapHR /99,7~/, HO He ll03BOJIH8T 

oi:.n;em1r1> ero o:r npoueT1la:. CJie,l{yer nonaraTb, tiro nose.n;ea11e 

,ztpyrHx a.neuea:ron nepaeaon rpynm:1 aHanon1t1Ho none,11;eamo npoMe .. 

THff H OHH B oupe.n;eneHHliX ycJIOBMSlX Be~eHRH 3JI8KTPOJIH3a oy~yT 

OCTaBaT&CS! .B pacrnope~ IloCru>JiLEY 3p0Hit B omteaHHHX Bblll!e YCJIO

BH.llX He Bl:l,l1;8JIHJI CJl Ha p:ryTHOM ItaTO)te, TO 8%0 pa3JIHtJMe B no 88,lle .. 

HHH pe;itICHX 38M8JU, MOReT CJiy-... tUT!, OCHOBO!i M ,ItJUI pas,neJI8HM.S 

sneueHTOB nepueaoff n H?TpMenon rpynn /Kpoue HTTep6HH/o 

MeTO.lt OT,D;eJie HHSI cauapmI OT pa,ItHOH30TOllOB coce,24HI.tX 

3JI8M8HTOB C nepliO,lJ;RqecKOU ~oOaBKOM D;H?paTa Ka.JIHSI HCilOJIL30BaH 

HaMH npm aBaJIH3e npo,Ityp:ToB pac~enneHHR cauapMa nporonaMH 

BHCOICOti 3HeprHMo HHXCe MhI IIPMBO~t'IM ero IIO)\p06H08 om1caHHe. 

MumeHb M3 IOO MI' OKHCH Ca.JJapMR /c co~ep~aHMeM OCHOBHOro 

KOMnoaeHTa Sm2o3 ~ 99, 5% m o, 5% Eu 2o3; nocJie o011yqemm 

BO BHYTP8HHeu nyqxe npOTOBOB C 3_!feprHeff 660 MSB Ha c1rnxpo

D;HKJIOTpOHe Jiaooparopirn: si,1.tepm.1x IIpo6JieM murn. pacraopsuacb npx-,; 

HarpeBaHHM B IO WI 25% yxcycHO:tl IUICJIOTlio 0:301.lTOK nocJie,n;Heff 
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. 
Y.l8.JIRAC4 ocropOXHYM BWnapHBaRH8M ,Jl;O llOSIBJieRHS nepBWX XpH-

. . , 

c,a1J1uo~ aneTara cawapu, .1to6asnanoc1, IO WI 3,ai pacrBopa 
- . . ' 

QKtpara KaJIHII K paCTBOp (pH•5,9-6,0) nepeHOCHJICR B 3Jl8KTpO-
. . . 

JIK3ep /pac .2/. 3neJC:rpoJ1113 nposo,Jt11Jica B TeqeaHe 'qaca npH Te~-

. ·neparype or ·O +
1 2°c, JL11?THocrM ToICa 100 Weil, HanpaxeHHH 

9-II ao,n,r. 11 nepewemH:aaHHJI pa.crsopa H pTyTH co cxopocu,1> 

500 OdOpOTOB/MHH•' 

B npouecce aiexrpoHH3a /qepea 20-25 MHH~ or HaqaJia onw

ra/ no rpydtte /3/ nocreneeuo BBO.Jl:H.JICJI I MJI pacTaopa~ co,n:ep.ra-
; . ' ' . 

•ero 400 Kr uxrpa,a xa.nu. IIocJie 01toHqaHwa aJie1trpo11Hsa, npu 

He . BWJCJil)'l&JIHOM :roge . o:r,n:e.111tHO CJIHBaJIHCI, pry:r:o H. 3.118KTPOJIHT 0 

PacrBop Ot:l8JISIJICII lt8H!pKcpyrHpOB8.HH8M OT we:111to,ll;HCnepcuoro 

·<>ca»ta. J>'l'YTH H npoH3BO.JUUioci. ~caz.iteHHe <1>rop~.1ta ca.Mapu. Oca,1to11 

~craopa~ca BI MJI 30% pacr~opa HJ[o3, aacumeaaoro 6opuol XHCJIC 

rot, J;0,08.BJUUIOCI> 2-3 Mr fHTpara oap~a B al0,(118.XOM ocaX){MHCI,' 

rx.-pooICHCH peJKHX ·· 3e.weJu,. IlocJ1e.1tuHe pacTaopsJIHc.& B MHHHMaJI1>-

/ HOM od'r,ewe KOHU.HCI H ~3 2H. COJISIHOKHCJIOro pactaopa npOH3BO

.-xJlac. a,a;copdUHSI penose11eJU,HWX 3Jl8M8HTOB Ha 20-25 Mr B03-

,JtymH~;..cyxol CMOJUil KP~•~ 200 X :" _I6 B ]{H4 + <poplie, C _3epaeH~8M· 

200-400 wem. CMOJia npOMliBaJiaCh CBexenpOKHllSIQ8HHOI BO,JtOl H 

HaHOCH~aCJ» B sepXH~D qacTa npe,JtBapHT8JILHO sanOJJHeHHO~ CMOJIOR 

~~JIOHKH /0,2 x 25 .elf/, Harperon ,JlO' 85-9.o0c. BWMWB8Hll8 npoH3BO-

. JtBJIOCL,JiaxraTou a11110HHH /pH=S,8/, ROHiteurpanaaxoToporo B 
, . - , . ' 

nponecce paa~eJieHKR ,HsweHaJiach or 0,4 JtO o,s H. Pacxsop B 

KOJIOHICY no,1;aBMCR no.ii; .IiaBJI8HHeM co cxopocr1i1> 0,05 ·MJI/MHH •. 

/I xanna B 30 cex./ KanJIH codxpanuc:r, Ha ~BTOMaTKqecKH·nepe.JtBH-
.' 

raDl!IJl>CII Jl8HTY H3 lta~LXH /HJIH aJil>MHHH8BH8 <f>OJI»rH/, B&ICymHBa-
. / 

\ I 

/ 
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JUiCb no,u; Jiahmott H H3Mep.HJIHCb Ha ycTallOB~e E-2 co,. CtfeTqiIKOM -- . : ' ' . '. . : ~ . ' . . ' ' . ' ,,. _· -__ 

MCT-17. H.D;eijTH<PHKal\HSI qJpaKitHit npoH3BO.IJ;Il1Iac:& no noJioJC~.HHIO , · 
'• . ' . ' :· 

mutOB B xpoMarorpawe /pHC. 3/, a QT.n;eJII,HHX H3OTOilOB pe,IUtO~ . 
. ' ' ·' -~ . 

38M8JibHHX 3JI8M8HTOB no nepHO.IJ;aM IDJiypacna,u;a H 3HeprHSIM , 
I , ' . • • ,; Ji' 

J3 - ~{3JIJtf0HlUI IIO norJIOlll8_lp1D B aJil>hfiiHHH 1-'1 d' - Jiyqeff ,Ha 

JIIOMHH6CU~HTHOM. raMMa-cneKTPOMeTpe c_o 100-KaHaJibH~M aHa~H3a-: . . . . . . ~ . . " ~ 

TOpOMo GpaBHeH11e IlOJiylleH~X pe3yJI.bTaTOB H,ll;8HTMqJHKallHH C JIHTe

paTypHlllMH ~aHHblMH /5, 6/ CBipiexeJibCTByeT O B1:lCOKOl CT_ene,HH 
/ 

·pa,1urnx1u.mqe_cKOi QHCTOTH BbJA0Jl8HHHX cppaKUHM pe.iurnx, 38M8JU,., 
, , . , ' ' ' . ,,,. 

/vlHCTHTYT--' reoX:HM;HH H aHaJIHTHt1ecKoi1 XHWut IDl.B~:0'0Bepaa,n;c_1toro, 
AH CCCP, Ile1tHHCKHif rocy.n;a!)CTBBHHLltt yaHnepcur~r/. 

' 

,.: 

',,..,_, 

·_, L 

. __ .,,. 
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DPXCYTCTBKH UHrpara xanHa, npOlO~KHT8RiHOCTR onwra 

90 MJIH. 
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PHC o2 fip.uU5op ;1vrn 3JI8KTpOJIH3B. C PTYTHHM KaTO){OM. 

IO 3Jie.KTp0Jr!-fTHt.JecKaSI JitJe!tKa )Ufi"u,mrpoM 37 MMo 

2. BHelilHlft:i cocy.n: )I.JI.fl OXJiaJ:)tf.H!MH GMeC.bD JII>));a H BO,nhl 

(9)o 

3. BopoHita.o 

4. KaTo.n: H3 PTYTM /200 ro/. 

5. ~3ne:terponM:r., 

6. AHO.it H3 ITJiaTHHOB0.11 nposonmrn B BH,lte cnttpa.JIH ,1VH1HO!O 

25 CM H .I{HaMerpoM I MMa 

7. MeruaJixa, npHBO~MMa.R B )l;B1i;rn1rne 3JieKTp0:AlOT0p0M /8/. 

10 - fiJiaTHHOB~n KOHTaKTo 

ITOCTOSIHHUH TOK OT ceneH0B0ro Br.mp.HMHT8JIR BOA-IO. 
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A.K.Jia,spyx1rna, E.A.XoTHH, MaJiblilleBa T.B. 

PAJUIOX~MHl!ECKOE BH'JIEJIE.FrnE 1130TOITOB MP~UUIB l1 
·rrJIATl1HH 113 TIPOJ!YKTOB PAClllElJJIEHfill 30JIOTA 

TIPOTOHAMH C 3HEPrREn 660 M3B 

HeMTpOHO)J,8~HUMTHW8 HSOTOilU T8XeJIHX 3JI8M8HTOB IlJI8.THHOBOR 

rpynnw H coce~RHX aneMeHTOB, pacnonoxeHuwe Ha rpa.uHne Mez~y ·· 

)J,8~0pMHpO:ea.HHHMH Sl)J.paMH M H,Jij)aMH, oonaAa~~HMM c¢epHqecxofl 

CUMMeTpHeff, npe,11;cra.BJIRDT H8COMH8HJIH.R HHTepec )J,J!Sl Teopim CTpoe

HHSl Sl)J,pa. MccJI8)J,0B8HHe HX CBOICTB TOpM03HHOCD OTCYTC~BH8M 

M8TO)J,MKH BN)J,eJieHHR HX B pa)J,MOXHMHqecKM qMCTOW COCTOSlHRH 6e3 
' 

· HOCHTenefl. 3TO SlBRSl8TCR O)J,HOff H3 HaHOonee TPYAHHX 3~aq pa)J.HO

XHMHH. IlpH BH~eneHHH H30TODOB 3JI8M8HTOB, oopasyD~HXCH B pe-

3yJU,Ta.Te pacll(em1emui Sl)J.ep qacT11I~aMH BlilCOKOff 3HeprHi1, B03HHKa

eT pSI)J, Tpy)J.H00Te~, CBRSaHHHX C H800XO)J,HMOCTDD HX OT~8JI8HHSI OT 

MarepHana MMmeHH n donbmoro qMcna ~HoHsoronon coce,lOIHX 

3JI8M8HTOB. 0'AHHMH H3 HaMdonee nepcneKrMBHbIX M8TO~OB HBJIHDl'CH 

MeTO'A~ 3KCTpaxnHH H xpouarorpa~HH. 

3a~aqet1 Hacroamero Hccne~oBaHHH SIBJIHerca paspadorxa 

M8TO}.{OB BH.l{eJieHHII Hp:K.l{HSI H IlJiaTP!HbI HS npO'AYICTOB pacll{enneH.HH 

soJiora npoTOHaMM c 3Hepn1et1 660 MaB •. IlpH 3T0M B03HHKaer He

o~xo,»;»Mocr1i HX OT,»;eneHHJI or pa,!l;PIOHso:ronoB .Au, Os, Re, W, Ta, Hf 

H p8,1U!038M8JIDHlilX 31I8M~HTOB, o6paayD~HXCH H3 30JIOTa C BWCOKHMH 
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m:xo,1\aMH. ~➔JieMeHn1 9 pacnonoxeHHt:Hl nepe.n pemrnwn 2e1MRim. 

06pasy19'l'Cff B pe3j'1lbl'87€ .neneHHR 30JTOTa. C BhiX0,1am{ CIOJIE·e lieM 

Ha )l;E'.a nop.R,1U<a MP,HblllH),U1 tJ8M coce,l4HHe C 30nO:'ClA 8Jll::MeHTh i1 

no::nouy BKJia,ll MX MOJCHO He yqHThlBa?!i. 

R~,1\eJieHHe nnaTKHU ~ "PM~MR OCHOBaHO Ra HHXGHOO~UBHHO~ 

l}8.3,E,e.ffeHHH YlX XJIOpU,1\H~X KOl4T!JIPirCOBc XJIOpM,I\HHti KOlAT!Jier.c L;-x 
2-

B8.:1ewrr10~ f1Jlt1.THHH [Pt cecsJ xopomo cop~v!pyeTCR O!JTbHO 

OCHOHHi:IM flHHOFHfTOM, HanpuMep, Jl,ay3:-:C0M I, B ump0K0M Y.HTepaaJie 

:r:om.:eHTpam1n C!OJIRHOM KllCJICTb:, B 1·0 npeim saK XJIOpl1,Il:HUU KO!t-

] ·~ me:Kc B-x BaJieHTttorc HPHAHSI [Jr Ce, .:.. n F.om1eHrpaponaHHUX 

pacTBOpax COJIStHOtt F'.HCnOT!:l (4-12 H) Heyc,:ot,q;m, ¥. 110:JTCMY 

Tpe-:o~e.JieHTHUA HpH,ItHV. np0XC,ItHT qepe3 ROJIOHKY • !1oBe.nemte nei::o

J,.aIX KOJHIQ8CTB MpH,ItYI.R H TIJl8.TMHH B OTC-Y OTFOWemrn 1aaytrnno J.(OCTa ... 

TOttHo xopomo II-Bl. Kpayc, Hem,cou it Cuwr /it/ x) 11:aytrnirn: Ko3cp

qn1~.HeHT!i pacnpe.~e11emrn pa3JIH'-IHNX 3JieMeBTCIB 11.ffJr.JJ.Y amrnH~TOJA 

l1 pacraopruot COJISiHOf.t I<HCRO'rbl H OT?l.0'.!l4JiV., lJTO npH BHnap1-rnamrn 

r.omnrn:rrncJib'.X pac?BOPDB, CO,JJ.ep:Ea~MX Il118TV.HY H MP*,I!Hi1 nocneJI.HK~,, 

TJO ... BHPYIMOUY t nepexO;tHT B '.3-x Banem:uoe COCTCfrnve J B JWTOJlOM 

H83H~4~T9JihHO copOHpye?C.R Ha 8HHO»MTa B mPpOKOM ~HrepBane 

KOHI.{eHTpaitH0 COJlRHOR KHCJIOT!il. FapMaH 11 Mar.-Epa«x / 6,5/ HAillJJH, 

tJ'rO 8Hl-tOIHtT ,Uay:nrn I 06Jia,n.aeT CBC•ACTE,OM BOCCT.at-m.Bm.rnaTt, 4-:.:: 

BaJieH'.r.lH)IJf HpM,IUiJl ,Ito 3-x B8.JieHTHOro COCTO.RHHR, B :KOTOpOlf OH 

;1er1w OT,IteJiff8TC.R OT nnaurno1,1t0Topan OCT8.B8RCI, B 4-x B8JI8HT-

1101'1. COC'!O.ffJUUlt npotrno y,l(epxirnaeTCR Cll0JIOft. 

x) R.Aelfpayc' cfi.lfem,cou O .noxJra.n,~ HHOC?paHHlilX yqeHh!X Ha Me:xc.ny
aapo,nHo~ Jtom.pepemorn no JJHpnouy t1cnon1,3oaaHiUO aroJAHon 
aHeprmt, XMMMR n~epaoro rop1>qero. exp. 353, MocKBa ( 1Y56). 
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4 8 a 12N11ce 

!'He.I 3a.BHCJIMOCTL K034XPHI(H8HTOB pacnpe.J(eJieHHH pa3JIH'IRUX 

aneMeHTOB wex.u;y aauoHHTOM H HCtor xon~eHTp~HH . -

COJIJIHOff RHCJIOTHe 

B uame» cnyqae yn~rpaMaJIHe xonHqeciBa. npH.u;H11 B pesyn1»Tare 

MHOroxpaTHoro ynapHBaHHSi C COJISIHOff KHCJI01'0lt H BOCCTaHaB.mrnaD-. 

ll{ero ,neHCTBH,R CMOJIH, DO•DJII,ll;HMOMY, ItOJIHqecrBeHHO·nepexoJ,t.RT B 

3-X Ba.JI8HTH08 COCTOJIHH8o TaKOlt .BilBO,l( C,1(8JlaH Ha OCBOBaHHH 

axcnepm»eHTMbHoro cpaKra xonHqecrBeBHoro npoxoz.neaHs qepes 

xpOMaTOrpaqiHqecxy1> ICOJJOHKY c 8.HHOHHTOM .I{ay3Kc-Ix8 4-12 H. 

COJl,RHO-KHCJIOro paCTBOpa Meqeuoro HpH,ll;HB(nocJie .2-3 xpaTHOro 

ynap11BaHU C COJUIHOI KHCJIOTOff) •. -

B CJiyqae HeOOXO,ll;HMOCT.H nonyqeHHJi HCroqamta )tJUi .P -cnexTpo-

.li8Tpa BC8 ynoTpedn~ewe peaKTHBH (HCl, HN03' .B:H3THJI?Bldf 3cp.Kp) 

,ItOJIJ:Hli 61i1r1a Tll(aT8JILBO oqHII{8H.H nyreu MHOroxpaTHOff neperOHICH C 

Od83aT8RLBOtt npoBepxott OTCYTCTBH,R oca.Jtica npH BHnapHBaHHH 
I ' 

,11;ocyxa. I-2 r · MeTaJIJIHqec1toro a~rnora /trHcrorw 99,~/ o6Jiyqa.

JIMC.L Ha BHyrpea11eM ~yqxe · npo'rolioB c · 3HeprHel 660 113B cuuxpo- -

ItHitJI0i'p0Ha OHHH B re\leHHe I-2 qacoB. 3oiioro pac.TB0pSUI0C~ 

-, . 

/ 1,i 

1.\ 
i 
.I 
l 
I 

!J 
' :i 

'ii 
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B napCKOff BO~K8 npH HarpeBaHBHo IlpH 3TOM YJI8TY'JHBaJiaCb 

OCHOBHaB qacTh OCMMff B BH~e qeTHpeXOKHCH. A30TR8ff KHCJIOTa 

·y~a.nanac1, nyTeM MHOrOKpaTHOro ynapHB8JtHff C COJIRHOn KHCJIOTOff 

~o MaJioro OOT>e»a ( o. 5-I cu3) 0 Ilpo1t3B0,l\HJiac1, 3KCTpaltUH.R 30JIOTa 

M3 3 H COJIHHO~ RHCJIOTL1 )tH8THJIOBLIM 3tpHpo», HaCHlll8HHHM 3 H. 

COJISIHOR ·1rncn0Tofl, no H3B8CTHOI! M8TO,JtHKe. :lttcTprut-t{Hff IlOBTOpa

.r.ac,1, 3-4 paaa .no nonHoro nsenet1eHMff sonora. 

- . IJ,rarnHa M HPH.JtHR, o6pa3osaemueca ·a. npouecce oony'leHJUI 

MHW8HH, B 3THX ycJIOBHSIX 3KCTparMpyDTCff H83HaQHT0Jil>HO. Cornac

HO ,l\8HHLIM AJtHMapHHa. M IlOJISIHCROro 191. a. raxxe nposepKe.·npo

H3BaieHHOA C noMomi,n M8ll8HLIX aTOMOB, HX noTepH npH 3KCTpa.KUHH 

COCT8.BJIRDT OKOJIO 15~, 

PacTB0p noc.ne 3KC!l'pa.RrtHH yne.pHBMCH 2-3 pasa C BO,D;0if ,1\0 
• 

Ma.JI Oro 06'b8Ma H o, 3 H COJiffHOKilC_llHM pa.CT BOP nponycKaJIC.R qepe3 

xpoue:rorparl>Httec:&y1> KOJJOW(y ( d BHyrp. - 3 w. e- 300 w) 
C &a?HOHHTOM KY-2 ( _. 50 uem)o Ilpn 3TOM npOHCXO~HT OQHCTKa 

Pt, Jr, Re H W · o:r pe,1ucHx 3eMeJIL, Ta, Hg H, eoawozHo, 

Hf • Ta.Hra.JI, Ka.IC 6Yno npoaepeHo cTa182
J cop6HpyeTca ,n;o 

98~ OT ero aaqaJlbHOro KOJIHQ8CTB8.. Kalt 6~JIO noEa3aBO O ll0M0~&D 

ueqenHx Pt H Jr- ,. OHH Bcne,u;creHe o6pa.3oBaHHH orpuna:ren:,:,ao 

38PRZ8RHNX XJIOPHAHHX K0MITJI8KC0B He cop6Hpj'l>TC8 KaTH0HMT0M. 

3areu KOnOHKa np0MWBaJiaCL uedoJI&WHM R0JIHQ8CTB0M o.3H 
COJiffHOR KHCJIOTH, pacTBOp ynapHBMC.R ~a MaJI0ro o6~eMa c I2H 
common KHcnorott 2-'.'3 pasa. Iloc,re 3roro 8H co.1u1no1tMc111ilt pac

rsop nponycxaJica qepe3 xpouarorpa~HqecKyD KOJIOHKY Yl(asaHH~x 

BWWe pasuepoe, aanonaeHHym CHJILHOOCHOBi!Dd 8.HHOHHTOM'layaxc-
/ 
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-Ix8 (I 00-200 Mem). IlpM 3T0M nponcX0,IUiT. 0T,It8J18HH8 HpH,l;HSI 

OT nnaTHHLlp BOJI.1>q1pai:a H peHHSI. Ko.nOHKa npoimBaeTC.R HeOOJil>mHM 

x9nHqecrBOM 8H conSIHOh KHCn0rH, raK KaK corHaCH0 .n:aHHHM 

Kpayca H HeJil,COHa (pHC .I), K03¢4,HqHeHT pacnpe,neJJeHHSI .D:JISI 

BOnL~paM8. H peHHB 3HaqHT8JILHO HHXe qeu .J(JISI nn~THHH, H npH 

<Soni.mow od1,ewe npoMHBHoro pacreopa ecrL onacaocri, sarpasHe

lfflS: HMil MPH.JUUi • 

THnuquaa KPHBWI BHMHBaHKH Jr (III) npe,ncTaBnena Ha 

t.N1/MUJ.1, ,cl 

7.5 

5 

25 

5 10 15 Mil 

PHc.2 KpBBWI BHMLIBaHHSI Jr (III) 8H commo~ KMCJI0T0ff. 

ropH30HTaJl~HaR qacTo KPHBOR BHMNBaHHH xapaKT8pH3Y8T Haqano 

Bl:ilMhlBaHHSI llOCT08HHO odpa3JDlll8roca H3 nnaTHHH ,noqepaero HpH

,JtHH. 

rrocne a,oro npOH3BOAHJlaC» npOMbtBKa KOJIOHKH .D:HCTHJJHpOBaH-

HOM B0.1(01 H sareu BOJll>~paM M peHM~ KOJIHtJeCTB8HHO CMLJBaJJHCh 

3H 830TH0R KHCJI0?0tt (pHC • 3) • 
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Pxc. 3 KpHBM BWMHBa.1u1a BOJI1>(flpawa 3 H 

( n .. 'IHCHO -xane.111> ). · 

a30TBOl KRCJIOTOM 

IlocJie Y~M8HU BOJI!>~paMa H peBHSI H3 KOJIOHKH H3BJieRaRca 

BepXHHtt (2-3 CII) CJIOH. CMOJIH, nowell{MCSI B <p6.J)~OpOBl1dt. THreJIJ, 

H npOR~JIKBaJJCS ·upH 9000C 0R0JI0 20 WIHa B 8t0M cnoco6e DeJI0CI, 

TO npeH.MyDt8CTBO, 11:ro B c11yqae npHCYTCTBJIUI Ha CMOJI8 OCIOOI HJIH 

. peHKSI Il0CJI8~BH8 npx npoitaJJHBaHIIH yJieryq.HBaJIHCL • IIocJie oc :tI:iBa

HH8 THreJIL o(Spa<SatliBaJICJi napCKOff BO)tltOffo PaCTBOp nponyCK8.JICJi 
. ' 

qepes IlJI0THHl cTeKJISIHHHff ¢HJI»Tp~ B ~HJILTpe ocTaBEµIacL T0JiiK0 

IIJJar1rna B pa.D;H0XHMHt1ec1tH llHCT0M cocro.aHHH. YiiDlttecxan auxo.D; 

nJia1'BHil COC1'aBJISl8T 0lt0JI0 27'/>, HpH.ll;HH .· - 0K0JI0 40t' •. 
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06pas~u KPH~Ha H nnaTHHH, nonyqeHHHe no .ztaHHO~ weTOAHKe, 

o6na,n;aDT B~COKOH Y'A8RbHon aKTHBHOCTbD M He ,ItaDT npH ~HnapHBa

Hl1H 3aMe?noro OCB,Ma, tlTO ,1te.1raer· HX Bno.nHe npHrOAHH1.ffl ,ItJrSI 

fl - cneKTpOCKOTTHQ0CKHX HCCRe,ItOB8HHU, a Taxxe ~HSI MCil0Rb30Ba

HH8 HX B KaqecTBe M8Q8HHX aTOMOB ~nn caMbIX pa3H006pa3HHX 

ueJie~. 

(~HCTMTYT reOXHMHH H aHaRMTHqecKoff XHMHH AH CCCP, MocKBa) 
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E.c.nxenenoB, Ho3BOnbCKHff, M.K.HHKHTHH, 

B.A.CeprHeHKO 

COBilAllElIBH .ME)K£Y KOHBEPCHOHllliM11 3J1EKTPOHAMH 
liHCilP03HEBOli ~PAKWIB 

Ha CABO8HHOM JIHH3OBOM j3 -cneKTpowerpe /I/ 113yqa.1nic1, 

COBilaAeHHSI Mex~y KOHBepCHOHHbIMH 3JI8KTPOHaMH AHCilpO3H8BOM ¢pa.K

UHH9 IlOJIYll8HHOM B peaKUHH rnyOOKOro OT~eTIJI8HHSI Ha TaHTaJie npo

TOHa.MH C 3HeprHeR 660 M3Bo 

B paOoTaX /2,'J,4/ , IlOCBSIIl(8HHbIX HCCJI.eAOBaHHD AHCilpO3H

eBOff ¢PaKI.\HH, OIVIO ycraHOBJI8HO npHCYTCTBlie B Helt H3OTOilOB .D;HC

npO3HSl c MaCCOBbIMH tIHCJiaMH 152, 15.3, 155, !57 H 159. K MOM8HTY 

BbIA8JI8HHSl ¢paKnHH KOpOTKOXHBY~Hlt Dy 152 ( T1;2 = 2,5 qaca) 

IlOl.lTH pacnaJICSlo qro Kac,aeTCSl Dy 159 (T1;2 = 144 AH), ro OH 

odpasyeTCSI. npa 3-4 qacOBOM o6nyqe_HHH TaHTaJIOBO~ lllllll8HH B CJIHIII

KOM Ma.JIOM KOJIHll8CTBe )tJISI Toro, tlTOObI ero MOlCHO ObIJIO HCCJie,n;o

BaTL Ha HallleM npudope. TaKHM odpa30M, B cneKTpe KOHBepCHOHHbIX 

3JI8KTPOHOB AHCilp03H8BOR ¢paKUHH B HanIHX H3MepeHHSIX HaOJID~aJIHCl, 

3JI8KTPOHbl H3OTOilOB Dy 157 ' D_y 155 
H Dy153 

0 

CoBna~eHHSI Me~.n;y KOHBepcHOHHbIMH 3JI8KTpOHaMH, 

BO3HHKMl.!(HMH IIpH pacrra.n;e JlylS? --+Tgl57 

no AaHHixM padOTI:l MHX8JIHlla H .n;p~ /5/' crreKTP KOHBepcH

OHHliX 3JI8KTpOHOB Dy 157 co.n;epXHT aneKTpOH~ OT nepexo~OB C 

3HeprHeff 60,76; 82,98; 14399; 182,5; 265,5; H 326,6K3B 

Cawaa HHreHCHBHM RHHHSI cne1trpa a.neitrpoHOB Dy157-R 326,6 ; 

OHa SIBRSl8TCSI B Ha.IIIHX OilUTaX RHHHeM cpeAH8~ HHTeHCHBHOCTH no 
15.3 · 155 

cpaBHeEurn c KOHBepcHOHHbIMH mrnHaMH 3JieKTPOHOB Dy H Dy 0 
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y 0CTaJI:bHhIX KOHBepcHOllHJJ!X :rneKTpOHOB JJy157 no .itaHHbIM 

pa60Tbl /5/ HHTeHCHBHOCTH B H8CKOJihKO pa3 MeHhllieo B HaCTO

Rme" paaoxe H3Y4aJIHCb COBna,n;eHHH Me~,n;y caMh!MH HH?8HCHBHHMH 

JIHHl'IHMH : L 60, 78 ; Nu L ~J,O 11 K 182, 5 .. 

B HaillHX OllhITaX ChJJIO ycTaHOBJieHO, qxo no BpeMeHH oe5pa30Ba

IlMR COBna,n;aIOT. cne,n;ynmHe naphl 3JI8KTPOHOB: 

L, 60,78 u L 83,0 ( PHc. I ) 

L, 60,78 H K 182,5 (PHc.,2)· 

R- 83 H R I82,5 (PHCo2) 
J.., BJ H K I82,5 

He 6hIJIO saMeqeHo COBrra,n;eHHH Mex,n;y 3JI8KTp0HaMH K 326,6 H 

3J18ICTpOH8.MH L 60,8 ; L 83 H K I82,5. 

lo Hepexo.n;hl I82,5 r8J,O H 60,78 KsB oOpa3yIOT Tp0~H0U 

KacKa.n;. 

2o Ilepexo,n; 326,6 KSB pacno~o~eH,no-DH,n;HMOMY, napaJIJieJibKO 

3TOMY TPOHHOMY xacICa.n;yo 

Jo ECJIH KaCKa.zt nepeXO.JJ;OB 182,5; 8J,0; 60,78 K3B KOH

qaeTCH Ha OCHOBHOM COCTOHHHH, TO cy~eCTBY8T B036yx.n;eHHhIH 

ypoaem, 1Jy 157 c :rnepr11etl 326,6 K3B~ Haurn pesyJILTaTl:l no,n;-

TBep:m:.n;a10r rrpaBirnl>HOCTb CX8Mbl pacrra,n;a 11y 157' np1rne.n;eHHOW B 

pae5o:re / 5/ H H3OdpaxeHHOil Ha p11c O J. Bu,n;eJieHHl»e HaMH 
' 

KaCKa,H;hl rrepexo,n;oB OTMeqeHU ~HpHhIMH JIHHHHMl'I • 

.QQBna4eHHR M8%Al KOHB8QCHOHHhIMH 3JI8KTQOHaMH, 

J!O3HHKaIOIJJMH n211: ,11acna,n;e Dy 155 __.r_g.I5~ 

B pado:re Toca M ~p. /6/ no M3yqeHHIO KOHBepCHOHHHX 

.,, . DyI55__,.. 17'PI55, oHeKTpOHOB, B03HHKaIOmMX IIpH pacna~e Jb 
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YCTaH0B.118H0 cyuteCTB0BaHHe nepexo,n;oe c :meprH.IIMH4J,09 ; 65,43 ; 

88,0J; 90,.38; II5,4; 155,8; 161,4; !84,6; 205,7; 

227,0 H 271,4 X3B. Ha 0CH0BaHHH MHH:blX pa60T J{:«e.11enosa H .ltP• 

/7/ H A6,n;ypa3aK0Ba H .ltP· /8/ K pacna,Jty .Dy 155 
CJie,1tyeT · 

0TH8CTH TaKJ:e nepeX0,D;:bl c 3HeprHet! .434,0 ; 508,0 ; M 66I,O K3B. 

. Rak coodmanocb B paOoxe /9/, Ha.MR dUJIH o6HapyxeHu coena-
. . 

,lt8HH.ll MBJIC){y K0HB8PCH0HH:blMM 3JI8KTp0H8.Mid ( L 65, 4 ) (R 115, 4) 

H_ ( l., 65,4)( L 90,4) (pHc.4). C U8Jibk) )t0I<:a38TI>, tIT0 cyutec:reyer 

:rpoRHoR nocne,n;oea:re.11bBUH xacxa.it nepexo,n;oe II5,4; 90,4; H. 

65,4 K3B, HCKaJIHCb C0Bll8.,Il;8HHff MeX,n;y GJI8K%POHa.MH OT y-nepexo-

JtOB 11-5, 4 H 90,4 K3Bo • 

PHc. 5 noKasueae:r pe0yn1,rar Hamero onura: 0.11eKrpoau 

L II5,4 coena,n;aD:r no speueHH odpaaoBaHHa c aJiex:rpoHa.MH l., 90,4. 

J{anbme_ObIJIH HaMJt8Hbl: 
. . -

Io COBna.,u;eHHSI (KII5,4)(RI55,8), KOTOphte HJIJIDC:rpHpyer pHc.6. 

YuutpeHHe ICpHBOM coena.zteHHJt Bb13BaHO HaJI.HllK8M COBIIa,IteHH~ 

(l.,II5,4)(M 65,4), O6yc.11OB~eHHblX TeM, llTO npH perHcTpaUH~ 3JI8K

TpOH08 K II5,4 CtIHTaDTC.ll O,Zl;HOBpCM8HHO no 3HeprHM 6JIH3KH8 3JieK

:tpOHbl M 65,4. 

2. CoBDBJt~HHR K 184,6 c L 65,4 (pHc.2). 
3a CoBna,JteHHJI K. 184, 6 C R 88. (pHC o2) 0 Henonnasr yBepeHHOCTl 

B cy~eC?BOBaHHH 3THX conna~eHMU BN3BaHa xcw,q:ro noxa HeffCHO, 

KaKaJI ~OJI.fl Ha6HD~aeMiiX COBila,IteHHR OTHOCHTCR K COBna,JteHHJIM 

K I82,5 + K 184,6 c 3H8K?p0Ha.MH K - LL ,KOTOp!ie perHCTPHPYJ>1'

CJi BMecre c aneKTPOHaMH I{ 88. 

He 6uno HaR,n;eHO COBila,zt8HHR Mex,n;y 3JI8KTpOHaMM K 227,0 H 

aJiex:rPoHaMH nepexo.iton 65,4; 90,4; II5,4; 155,8; 16I,4; H 

·I84,6 K3B. 
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3TH .n;aHHble npHBO)J;SIT K CJie,n;yIOiqeMy 3aKJIIDtiemrn : 

Io Mo~HO cqHl'aTb )J;OKa3aHHhlM, qxo nepexo.n;u II5,4; 90,4 H 

65,4 K3B oc5pa3Yl)T TPO~HOff IIOCJieAOBaTeJibHblil"Kacxa.n;. TaK Ka.IC 

aa6mo~aexca nepexo.n; 27I,4. X3B, :rneprHs:r xoroporo coBna.n;aex c 

CYM}dOil :meprwi! nepexo.n;OB II5,4 ; 90,4 ; 65,4 X3B, :ro BCe 3TH 

TlHI nepexo.n;a B cxeMe pacna,n;a Dy 155 ,n;oJIJICHN pacnonare.TbC.R He-

nccpe.n;cTBeHHO )U)yr sa )U)yrou. 

2. Ilepexo,n;u II5,4 H I55,8 K3B oOpasyior xacKa,n;, SHeprHH. 

KOToporo roxe coana,n;a.er c :-rnepr:wen nepexo.I{a 271, 4 K3B. 

EcJU7 o6a Kacxa.n;a M.n;y,: Ha OCHOBHOt! ypoBeHI,, TO )J;OIC838.HO 

cymecTBOBaHHe B030y>:,n;8HHOrO COCTOSIHHR Dy 155 C :mepn1en 

271,4 K3Ba 

Bee 3TH pe3yJibTaTH Haxo.n;HTCR B IlOJIHOM corJiaCHH co cxeuon 

pacna,n;a. 1Jy 155 (pHc. 7), ~pe,1v10JCeHHhl~ TocoM H PacMycceHoM Ha 

OCHOB8HHH :mep~8'.Ul\l0CKOro 6aJiaHCao 

3. Bhl.n;eJieHHe xacxa,n.a nepexo,n;oB 65,4 u I84,6 KSB ,n;oKaSHBaer, 

qxo nepexo.n; I84,6 RSB o6pasyexcs npn pacna.zte Dy 155, Ho B 

CX8MY pacna,H;a D!:?55 ' IlOKa ero IlOM8CTHTb He y).(a.JIOCL. 

Coana,AeHHSl_M!3JIC.gy 3JI8KTpOH8MH, ~O~HHRaPJJP,HMH 

1!J2H pacnaM :Dy 153 

Ilo .n;aHHhlM pa6oT Jlxenenoaa H APo /IO/ 11 A6.I{ypasrucoaa M .n;po 

/8/ , B cneRTpe KOHBepcMOHHHX 3JI8RTpOHOB ,1.(l1CI1p03H9BOll ~paK~HH 

c.11e,1tyer OTHeCTl'l K pacna..n;y · Dy 153 _.;;- TC 153 3JieKTPOHHHe 

JIMHHH OT nepexo,n;oB : 80,8; 82,5 ;_99,7; 147,6; 218,6; 244,5; 

254,Lf ; 274,2 ; 416,0 K3B M 3JI8KTpOHHYIO mrnmo C 3Hepr:wett 84 K3Bo 
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. . 

PaHJ.1[8 HallH 6JIJIIO ycTaHOBJieHO cyl{eC,TBOBaHHe COBna-

,J;9HHH (K 8I) (K SI); (K 8!) ( L 8!) 1-1 . ( L 8!) ( L BI) 

xoropue .I{oxasw:aa»T, qTo nepexo.B;H 80,8 H 82,5 xaB B cxe11e 
pacna.-a JJy -153 · J1.o;y'l · oOpaso:aa.tL. 1tacxa.1;. 

Tenepl> W Ha<1Jil>.I{MH ~OBD8.)t8HHSI M8X.I{Y 0JI8:ttTpOH8Jffl C euep

rHeit 84 ~3B H SJI~RTpoJiaMH K I47 (pHc; 5) H COBna..n:eHHfi.3JieK

Tp0H0B L I47 c a.11ex:rpOHaMH · 41 X8B (PHc.8). Pa3H0CTI, 3H8P- .. 

rHM 84 H 4! K3B cosna..n;aeT c pa3HOCTLD CBSISH 3JI8KTPOHOB Ha 
- ,. 

OdOJIOtJKaX )(JUI repCSHSI (K-L · =43,3 R3B). 

MOXHO noa,:o»y npe.I{DOJiarar», .q:ro 3JI8KTPOHH C 3HeprueB 

84 IC3B SBJISDTCS KOHBepCHOHHM 3JI8ltTpOH8llH L 93 H tJTO BO .. -

BTOpOM CJiyqae COBDa.I{eHHf CSHJia Bli.I{8JI8Ha 3JI8XTPOHHM JIHHHH 

K 93.IlepexoJUil 93 H I47,6 K3B uaxo.I{stcs B; xacxa..n;e. 

'.B paOore /II/ <SLU.IH OCSHapyxeHJil. K0BB8PCH0H1Uil8 3JI8Jtfp0Bli OT 

nepeXO.I{a 240, 7 K3Bo 3:ra 3HeprHSl ·OJIHSKS. CYJ0,(8 :~HeprKB nepexo

,l(OB 93 H !47,6 K3B (240,6 ~3B). Ha 09HOBaJIHH.3TOro M0EH0 

npe)(DOJIO~HTb, QTO nepeXO,l(N 93 H I47,6 K3B pacnoJIOX8HN Henoc

pe~CTB8HHO JtPyr sa .zu>yrou. 
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