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IIPEJIHCJIOB~ 

TpeTLe COBentaHH8 no H,D;8pHOll Cil0KTpOCKOilHH H8MTp0H0- ,I1;8WH

UHTHHX H30T0il0B npoHCX0,B;HJI0 B J{y6He c 20 no 26 IDJHH I960 r. Ha 

coBentamm: odcYJ:PtamrnL pa6oTH
1 

BHnoJIH8HHHe 3a ro,n;, nponre,n;m11:tt co 

BP8M8HH BTOporo COBentaHHH. 

Bcero ch:mo npe.n;cTaBJieHo Ha o6cyz,n;eHHe 66- ,n;oxna.n;oB, 

H3 IDIX K HaCTOHJJ.t8MY BP8M0HH B~illJIH B nepHO,n;Hqecxon neqaTH, 

HaneqaTaHll HJIH neqaTaroTcH B Btt,n;e npenpHHToB cne,n;yromne: 

M.leBeH6epr, A.MypHH, D.HopceeB, 

H.D:rnaH,n;oB "Uenoqxa-pacna,n;a 

npenpHHT o:rum P-493 (1960). 

B.IloKpOBCKHn, B.llyMHH, 
yg}64__. Tu 164 __., E,.164 ." 

2. B.Ea.paHoB, K.rpouoB, B • .u,icenenoB, 3HoHr lloHr Ea.tt, 

T.Mamitnr.eBa, E. Xourn. B. llyu1rn " Homite H3otonH :Jr u Pt, 

IlpenpHHT OH.fill P-493 (1960). 

3. A.Ea.cHaa, K. rpouoB, E • .u,icenenoB 

3Jl8KTPOHOB_,B;Hcnp03H8BOI wpaxnHH". orum 
"CneKTp KOHB0pCHOHHlilX 

P-595 (I960). 

4. E.rpHropLeB, K~rpouoB, E.JDtenenoB, B.pBoJu,cxa, A.3ono

xa:e1rn, M. Bene, BaH DH mt "Pacna,n; ,D;BYX~acoBoro H30Tona Lu 168,. 

IlpenpHHT OIDIH 596 (1960). 

5. B.,ItxenenoB, 31:iloHr lloHr Ea.it, B. ~JIKHH, B.llyium, 

'tJxoy De-Ba "Ilo3HTPOHH1:il~ cneKTP pa,n;HOa.KTHBHOit nenotntH, 
~ 142 I42 • r. 142 
um -+ Pm __. Jlld " IIpenpHHT mum 596 (1960). 
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6. H • .BoH.tJ-OCJ.lOHOBCKaJI, BaH DH-D~, E. ,nxenenoB, O.Kpaipr 

"0 nenoqxax pacna,n;oB E,-. 158 · 2, 5 'Lo Ho I58 31...! 

D I58 " ·· !:J IIpenpHHT mum 596 ( 1960). 

7. A.A~,1typasaxoB, R.rpoMoB, B.,ItxenenoB, r.YwpoB 

."Cnexrp K0HB8PCH0HHiiX 31I8KTP0H0B ,JtHCilP03H8B0I !ppaKilHH" 

IlpenpMHT 0HIDI P-595 (1960). 

a. B.C • .l{:atenenoB, !.T.!eneB, A.B.Ry,n;pJIBUeBa. 

"Hccne,n;oBaHHe nosurpoHHHX cnexrpoB £u I~ E.u 146 ". 

9o E.C • .l{:atenenoB, I.T.!eneB, A.B. Ry,n;pHBil8Ba. 
"Hccne,n;oBaHHe cnexrpa KOHBepcHoHHiiX s~exxpoHOB Eu 146 "• 

IO. BoCo.l{:atenenoB, !.T.!eneB, A.B.Ry,n;pJIBil8Ba, P.CrenHtJ. 

"Hccne,n;oBaHHe KOHeepcHoHHiiX sJieKTPOHOB Eu 148 H f c., 149n 0 

II. BoC.lxenenoB, !.T.!eJieB, A.B.Ry,n;pJIBil8Bao 

"Hccne~oBaHH8 Il03HTP0HH0ro cne1tTpa Tep0HeBoM wpaxuHH" 

!2. B.C • .l{:ateJienoB, !.T.!eneB, A.B.Ky.n;paeueea, P.C?enuq. 
·. "Mccne.n;oeam1e 

TuI68 "• 

fl -cne1trpa H K0HBepCH0HHiiX 3JI8KTP0H0B 

I3. B.c • .nxenenoB, !.T.!enee, A.B.Ky,n;pHBileea, o.B~JlapHoHoe,. 

M.R.HHKHTHH "Mccne.n;oBaHHe ,--cne~Tpa TY1IH8B0~ ¢paKUHH" 

,.~,'I. .•. 
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OilPE!lEJIEfiliE JlOfilI 3JIEKTPOHHoro 3AXBATA, HEilOCPEJlCTBEHHO 
IIP.HBOJlmitErO K OCHOBHOMY COCTOfilillD ~ g I?.3 TIPH PA){HO-

AKTID3HOM PACilA.ItE .H,llPA lw173 · ·· 

B.M.EapaHOBCKHtt, f.M.ropo,ItHHCKHR 

Hacrosn1tasr paCSora m.reer nen:&D : 

a/ IloKa3aT:& B03MOXHOCTI> Henocpe,n;cTBeHHoro onpe,n;eneHHH 

)tOJIH 3Jl8KTPOHHbIX 3aXBaTOB Ha OCHOBHOff ypoBeHI, npH PJCilOJII>30BaHH1il 

3KcnepHM8HTaJil:,H01:t H pacqeTHOii M8TO)tmtH, pa3BKTOti aBTopaMH B 

npe.ithl.ItYmHx paCSorax (I,2). 

CS/ H3M8PKTI, ,D;OJID 3JI8KTPOHHLIX saxBaT()B Ha OCHOBHOii YPOB8HI, 

yg 173 npK pacna.zte Sl.l(pa Lu 173 • 

B/ IloBTopuo onpe.iten:ar1, nepKo.it nonypacna.zta lu 173 Ha 

4n- CUHHTHJIJIHUHOHHOM cqerqHKe. 

J{JIH H3yqeHHH ,ItOJIH pacna,ItOB lu 17~ uenocpe;tCTBeHHo npH-

BO)t.RiqHX K OCHOBHOMY YPOBHD, HaMH CSHJI 1iICilOJll,30BaH 4n-cn1rnT:WIJIH-

t - cnexxpouexpoM, onHcaHHhltt 

B /3/. B paCSoxe /I,2/ HaMH CSbIJI pa3paCSoTaH M8TO)t yqexa COBna

,IteHH~ norJIOiq8HHH peHTr8HOBCKOrO H f ~ H3JiyqeHHH BffYTpH KpHc

TaJIJia, qxo ,n;aex B03MOXHOCTI, onpe,n;eJIHTI> K03qlq!HUH8HT cqeTHOCTH 

)tJIH pa3HbIX H30TOilOB 

BNno noitasauo, .. q:ro 
~ = ,1 - [..J/;,e (I- w I( w K , ) 7T ( i - w, e ) r le "m· t.m> 

r.zte f = - .. ~~ OTHOill8HH8 qHcJia 3aper1rnTp1i1poBaHHElX 
0 

HMDYJILCOB K qHcJiy aKTOB pacn~a; 
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. .Jfif, - q11cno aKTOB pacnall,a, npo11cxol1,SJmmc qepe3 e,l -Tl:lH 

Kanan /cM. /I, 2/ o 

WK - BbIXOlJ, ~JIDOpecueHUHH li,JISJ K-odoJioqKH lJ,oqepHero H,Itpao 

W~i- li,OJISJ K-3axnaTOB npH nepexoll,e na i - 1:1n ypoBeHL. 

Wiem- BepoRTHOCTH perHCTpaUHH H3JiyqeHHR OT Um -Toro 

nepexoll,a: 

:i. + u<:iem 
Wu,;, 

W,c o1., K ~em + P ¥,em 
=----------------~---- 12/ 

/o1.,Ki£m - ~03!pq)MUHeHT BHYTP8HHett KOHBepcHH Ha K-odonoqKe, 

oli,tm - IlORHI:l:tl KeBoKo, ff - BepOSJTHOCTJ, perHCTpaUHH 

· t - KBaHTa li,JISJ iem -oro nepexoll,a /. 

- B II, 2/ BeJrnq11Ha / I- ~, - / 6mia B1rneceHa 3a 3HaK 
~ . 

cywiu, qTo He BilORHe cnpaBelJ,nHBO, T.K. ~~ MOXeT H3M8HSJTLCSJ 

. B 3aBHCMMOCTH OT aHeprHH pacnall,a Ha lJ,aHHHn ypOB8HLo 

. IlpH onpe,11;enemrn: BenHqHHl:l - f 3aBHCHMOCTLIO ~l. OT 

sneprHH pacn8.l1,a n cTeneHH aanpemeHHSJ nepexoll,a MOXHO npeHe6peq1,, 

HO npH onpe,1teJI8HHl1 li,ORH nepexo.n;oB Ha OCHOBHOe COCTOSJHHe 3TY 

3aBHCHMOCTb .lCeJiaTeJibHO yqHTUBaTLo 

ECJIH )tOJISJ pacna,n;oB Ha OCHOBHOit ypeB8Hb H8H3B8CTHa H paBHa 

X , TO : 

r;_ =1- x(i-W"'W« )-(1-x),'2.., .Afi.e (t-\A1t~·) 7T (d- Wien,) /3/ f o . ,e t, ¥0 L ' 
· I m 

rll,e 3 .!'lie Ii :f: 0 I ,ll;OJilCHa 6h1TL HO.pMHPOBaHc!, K 8l1,HHHU8o 

Cy~eCTBeHao To, qTo npH pacn8.l1,e Henocpe,n;CTB8HHO Ha OCHOB

HOtt ypoBeHI:, 8l1,I1HCTBeHHHM BH)J;OM lll3Jiyqemrn, pe'rncTpnpyeMHM ·npH-

6opoM, dy.11;eT K-peHTreHOBCKOe l13JiyqeHH8o B TO xe BPBMH npH 

... --~'."-1 " t .i ~t.'J..:r.:tL..!:il..: '.lr.:"'J':"~'r~'11 

~· 
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pacna.ite qepe3 B036y~,n;eHHH8·YPOBHH peHTr8HOBCKO8 H3JiyqeHHe, 

BO3HHXanmee OT K-saxBaTa, B 3HaqHT8JILHOit CTeneHH / 3aBHCSIIl.l8n 

OT KOHKp8THOtt CX8MH pacna,n;a/ COBna,n;aeT C ,n;pyrHMH BH,n;a.MH M3JIY

qem1n, conpoBoJlt,lJ;a.IOil.lID!H ,n;aHHHit aitT pacna.ita / B TOM qmcne m c 

peHTreHOBCKHM H3JiyqeHHeM, BO3HHKaDil.lHM, HanpHMep, npm KOHB8pCHH 

,n;pyroro r - nepexo,1ta/. 

B 3TOM CJiyqae K-peHTreHOBCKoe H3JiyqeHH8 YBO,ll;HTCH HS 

peHTI'8HOB CKoro <pOTOIIHKa ; no CJie,n;m-Ht Jierxo BhI,1t8JIHTI,, CHSIB 

¥ -cneKTP npenapaxa, noMemeaaoro B neaTpe xpmcxanna. 

~HCJIO Re peHTreHOBCKHX K-KBaHTOB, He COBna.itaIDil.lHX C ,n;pyrH

MH BH,n;aMlf HSJiyqemu1, MOl!CHO BhlqHCJIHTI, TeM xe cnoco6011, ICOTOpHtt 

npHMeHeH B /I,2/o MH coxpaHHM npe~H~e o6o3HaqeHHSI. 

PaccMoTpuM m' -ui-i nepexo,n; il · -oro xaHana. BepoSITHOCTL 

Toro, tJTo peHTreaoBCKoe irnJiyq~m1e, conpoBoJlt,lJ;aIOmee sToT nepexo,n;, 

H8 COBilB.Aa8T HH C r -, HH C p8HTr8HOBCKHMH KBaHTaJ.!H, BOSHHKa-

IOII{HMH np:11 pacna.n;e qepes ,1taHHHt1·ICauaJI, paBaa: 

W te.m' 1T , ( i - Wiem) 1 matm 
~ IlOJIHaSI B8pOSITHOCTI, perHCTpanHH K-H3JIYtJ8HHSI OT 

" WK olti ~em I ~v. , = -------------; ,ll;JISI peHTr8HOB-1,.e,m 1 + o(, •e I . 

r~e w.t<e 
I l,. m 

m -oro nepexo,n;a ; 
,. m I( 

CKoro HSJiytteHI,rn OT saXBaTa K-3JI8KTPOHa Wt'.t'm,= ~ WA'i ; 

W;,em -HM88T npelCHHn CMHCJI. 

IloJIHYD BepoSITHOCTI, ~K perHCTpanHH peH~reHOBCKoro H3Jiyqe

HHSI B peHTreHoBqKOM. qJOTOilHICe MH noJiyqHJIPI, . npocyMMRpoBaB Bepo

' SITHOCTH no BCeM n, 'AaHHoro ICaHaJia H 'AaJiee no BC8M KaHaJiaM C 

yqeTOM HX BKJia.ita: 

~I<
= ..11; 30f = ~ .tf: w" 1r (i w ) .. r £-. . ,e .- ,em ) 

Jv_ • e ' Lem • o c., , m ,.,., •tn 
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IO 

HJIH 6onee no.n;po6Ho: 

~ = WI( w,i' X + ( 1,+x),! ..Nj_,[u- WI( WI{,) L ( Wx. ol,< ~em) X 
., . 0 1.e £, m I j_ + cl ~em 

x ·7f. , ( 1. - Wie,) + w" W«i 7T ( 1.- Wiern)], /6 I 
m~m m 

r.n;e -"(3Qf-qHCJIO HMilYJILCOB 3aperncTpli1pOBaHHblX B peHTreHOBCKOM 

qJOTOnIAKe. 

'X - no-np~XH0MY )l;OJISI pacna.n;oB Ha HHXHHn ypoBeHL. 

TaKHM odpasoM, f 
sum oT .x. Bli.Ita a + Cx 

H ~ K SIBJISIKlTCSI JIHH8tlHWH q)yHitIJ;H-
. # " 

, npnqeM K03qJqlHIJ;HeHTbl ·"a H 
6
B MoryT 

6bITL paccqHTaHH, eCJIH H3BeCTHH 3Jl0M0HTbl CX0Mll pacna,n;a .n;aHHoro 

H30TOilao 

ner.rto .Bli.zteTL, 

__ !!;_J.~--= 
.N;a,, 

lJTO: 

¥ I( 
_____ ,.. _____ = 

f 
a...+Cx ---a,;-;c;;;-.... 

H ecJIH BblqHCJ10Hbl K03qxpHIJ;H0HTH B npa.Bott tJaCTH paBeHCTBa /7/, To, 

onpe.n;eJIHB 3.KCnepHM0HTaJI:bHO OTHOll10Hli0 -=fl;_~---, TeM caMHM 
, , . JV 30-f' 

MOXHO onpe.n;eJIHTL H )l;OJID pacna.n;oB ua OCHOBHOtt ypoBeHL .n;oqep-

Hero n.n;pa. 

PacqeT B8JIHtJHH r H fl( npoH3B0)4HJICSI no !pOpMyJiaM 

/I/ H /6/; 3HatJeHHSI napaMeTpoB, npHHSITblX npH pactJeTe, IlPHBe

.n;eHH B Ta6~. I. OHR' Ta.K xe KaK H cxeMa pacna.14a,3aHMCTBOBaHbl 

R3 o63opa K.E. rpoMoBa i1 E~C. ,UxenenoBa /4/. Bem-ttIMHI:l ft pac-

ctmTaHH no .n;airnHM padoTI:l /I/ .n;JISI 1tp1rnTanna Ct{) pasMepoM 

1W X 40 MM
2, B KOTOPOM H npoH3B0,11;HJIJi1C:b H3MepeHHSia 

Ocodo cne.n;yeT CKasaTL o BeJIHtn,rnax WKi. -.n;onax I{-3ax

naTa npH pac~~e na ~ -I:ln ypoBeH1>. 3TH BeJIH'llHHN pacctun:aa1i1 

no ~aHHUM pa6oT /5,6/. HeKOTopyn Heonpe.n;eneHHOCTb C03~aeT He-

. 3Hamrn Bem1:q~Hb1 £ - nonHott :rneprm1: pacna,n;a Lu 173• 
0 

>\>f',$ iFJ½ .: ·· · ~~~ _,. · ~, - '.•-•.: 1 -. -~,,_•~j :~uh~ - ·- , , , ::'''~.•"== i""._, ~-,, + '~·i". -•7--q• 
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'3Ta Heonpe,I(eJieHHOC'Ib B B8JIHtrnHax ~i. COCTaBJISI8T OKOJIO I % )(JlSI 

BCeX ypoBHelt, KpOMe nocJie)(Hero ; )];JISI Hero.· wl('I M8HSI8TCR OT O ,n;o 

0,84 B 3aBHCHMOCTH OT npHHSIToro 3HaqeHHSI Eo, ll03TOMY ',Il;JISI WK.4 

npHHSITO 3HaqeHHe Oo4' ! 0.4 , qTo C03,IJ;ae? cpaBHHT8JibHO He6om,my10 

Heonpe,1(8JI8HHOCTb ·npn BhlqHcJieHHHX ~ H ~ I( BCJ18)tCTBH8 Manora 

q11cna pacna.,n;oB qepe3 yponeH1> 637 KaB /3% /. *) 

PaCCtJHTaHHhl8 3HaqeHHH \¾,· OTHOCHTCH K paspemeHHhIM nepexo-
. ~ 

,n;aM; ,n;JISI nepexo.n;oB I-ro H 2-ro 3a~pemeHHSI ·; KoTopue MoryT npH-

cyTctnoBaT:E, ecJIH cnHH Lu173 9/2- HJIH 7 /2 + / ~HatJeHHH WA'~ 

npaxuiqecKH / B npe,l\enax I npoueHTa/ coBna.,n;anT c \¼,;. ,n;JIS! pas"'." 

pemeHHhIX nepexo~OB /5, 8/ 0 MCKJIBJqeHH8 OllSITl:: COCTaBJISI8T ypoB8HI, 

637; o,n;HaKo, 3Ta Heonpe,n;eJI8HHOCTb BXO)];Hl' B yKa3aHHYJO BbIIIIe ,I(JISI 

w".,. 
PaccqHTaHHbl8 no qiopMyJiaM /I/ H /6/ B8JUfqHHbl 1 Jr'[ ~ K pan-

Hbl : 

HJIJr'[ 

fK . = O. 795 :X:. + /0. 1905 ! Oo 0003/ / I- :x:, / /8/ 

~ = I-0. 205:x:.. - /I- x. I I Oo 0343 :!: o. 005 / , /9/ 

~ = o. 1905 + o. 605 x 

f = 0.966 - O.I7Ix- • 
• I 

/IO/ 

/IV. 

,IlJIR H3MepeHH" HCilOJib3OBaJIHCb .n;Ba npenapaTa; O,ll;HH KOpOTKoro 

o<lnyqeHHR, Bbl,ll;epxaHHhlit B TeqeH:rn:e .ro,I(a nocne o6nyqeHHSI. B TeqeuHe 

0Toro ro)(a CHHMaJiac:& KpHnaa ero pacna,I(a / cM.pHc.If. Ha 

aToM xe · P,~rnyHxe :rn:so6pa.J1CeHa xpxrnaa pacna.,n;a .ztpyroro npenapaTa, 

aHanorHqHoro npoHcXoJQteHHR·/lurv. IlepHo,1( nonypacna.,n;a )(JISI 

ocfoHX npenapaTOB paBeH 1t40 ! 40 )(HSI, HHKaxnx ,I(pyrHx nepHo,I(oB, 

xpoMe nepHo,I(a 8 .rtHett / Lu 171 • 172 I . He o6aapyxeHo. 
• . J 

*) B pa6oTe /7/' C KOTopon aBTOPhl Il03HaKOMHJIHCb nocne npo

ne,n;emUI yKa3a.HHhIX pacqeToB, onpe,l\eJieHa aHeprHSI nepexo,I(a E0=730K::rn 
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BTopon npenapaT - .ItJIHT8Jll,HOro 06JiyqeHHS, BH)J;8pZaHHHtt B TeqeaHe 

6 M8CHn8B 'nepe,Jt H3MepeHHSJlH 6HJI xpo:uaTorpa~HqecKH oqHlll8H OT 

B03MOXHHX 3arpa3H8HHK HTTep6HeM • . 
B npenapatax, npHI'OTOBJI8HHWC onHcaHHNM BWll8 o6pa3oM,·B 

np1m1ume, nouWlo lu173, Mor npHcyTCTBOBau, H3oTon l,u 174 

C TV2 ,..,, I50 ,JtHett. . 

8uaqemte BHX0,1ta Lu174, pacqHTauuoe corxacuo ,1taHHIDI ,1toK

Jia,1ta MypHHa H .ItP• /9/, coctaBJIHeT. xeuee 3~ oT BHX0.1ta Lu173 • 

3To corxacyetcs c·te:u, qto H8Jffl ue 6HJIO o6uapyzeHo 3a.Metaott 

npHM8CH llOCTOp0HBett aKtHBHOCTH HH B cneKTpe HaBIHX npenapaToB, 

HH Ha KpHBOtt pacna,Jta JIDT8Izyl8BOtt ~pa.ItnM, KOTOPYD MOSHO 6HJIO 6H 

np:r,imrnau, Lu 174• IIocJie.ItHldt H~oTon pacn8J(aetca, no oeDntmtcsi 

,ItaHHID!, B OCHOBHOM nyTeM: K-3axBaTa uenocpe,ltcTB8HHO Ha HHXHHl1 

YPOB8Hl> yr, 174 / 4{ 

ECJIH 6H OH npHCYTCTBOBaJI B 3aM8THHX KOJIHqecTBax, 3TO 

npHB8JIO 6a K 3aB.b111l8HHD 3KCnepHM8HTaJILHO onpe,1teJI8HHOro OTHomeHHH 
.JI; ga.o • , I T7,3 

-------·- no cpaBH8BHD C HCTHHHblM PTHomem1eu JUIS uU- o · 

. .Jr 3fA1> · I74 
CJie,ItyeT saueTHTl>, tt:ro 3a BpeMa oKoJio ro.1ta Lu · 3a:ueTHO 

pacnB..ItaJica 6H no cpaBHeHHD c Lu 173 , T·.e. ero o?HOCHTeJILHan 

aKTHBHOCTL B npenapa.Te YJl8HLmaxac1, dH. 

l'IsuepeHHa npoBo.It~JIHCL B xp~cTaJIJie · CdJ(Te) 40 x 40 w. 

IIpe.n:eapHT8Jil>HO CHHMaJICH cneKTp Lu173 B 3T9M KpHCTaJIJie /pHc. 21. 

H.:urepaJIHCL aitTHBHOCTH npenapa:ra npH 3HaqeHHSIX nopora, COOTB8T

CTBYDlllHX JIHHHSUC AH B Ha pxcymte 2. 8HatieHHH 3TKX aKTHBHOCTeA 

~603Haqemi1 ·~ H ffs • IIpH 3TOM ~ = fiaa,f , 

''"'--~~~---~.~,:!!IQ ~,,.:r._, 'J£T7~-.~~~~~, ... 

~ 
~ 
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. ~ -J.'8 ~ .I{ , 0,I(HllltO, B no CJie,n;HeM CJiyqae Ha,n;o BBe C'.rH no npaBKY, YlIH-
3'1f 

TbIBaromyro, lJTO o6JiaCTI, cneKTpa Mex.zty AH B BKJIDtJaeT B ce6JI TaK:m:e 

KOMilTOH-<pOH OT 6onee xecTEHX JIHHHll H, B03MOXH0, qacT:& ipoTonHKa 

JIHHMH 100 KsB. PaccMoTpeHHe· cneKTpoB l u · 17~: ·cHHT!lX B 4n-

cqeTtJHKe noxasuBaeT, lJT9 

.JI!, - = 1.At: - ...N:; • , a.as ! o.oa /. 
X 3Qf A B 

,llJia KruI).l;oro M3 npenapaToB 61ma npoBe.I(eHa cep1u1 HSMepeHHll Ha 

npoTJI:llt8HHM 2-4 Mecau;eB 11 BbltJHCJI8Hbl. cpe,n;mrn OTHomeHHSI 4-3-.'14'--, 
, . .JV sar 

KOTOpble ,n;JIJI o6oHX npenapaT0B paBHU 0.25 ! 0.02 /npHBe,I(eHHaJI 

omM6Ka 0TpaRaeT Heonpe.n;eJieHH0CTI, npH pa3JI0X8HHH r-cneKTpa 

Lu173, cM. Bllme /, CHJIToro B 4n-cqeTtJHKe. 

Ha 0ClI0BaHim BblpaxeHH~ /IO/ H /II/ HaMM 6HJia nocTpoeHa pac

tieTHaSI KptrnaJI, Bblpaxammas{ sa1u1CHMO CT:& 0 TH0ill8HHSI -~-l'!:1!- 0 T 
~Q,f 

X /pHc.4/. Ha 3TOM :m:e PHCYHKe HaHeCeHa 3KCnepma:eHTaJI:&H0 no~ 

JiytieHHaJI BeJIHtJHHa _&_~~- j BM,Il;Ho, lJT0 en C0OTBeTCTByeT 
.!Vsllf 

= o.oa ,;t0.03. 

T. o. , ,!l;0JIJI nepexo;n;oB Ha O CH0BH0ll ypoBeHI> 

Lu173 · cocTaBJIHeT 8 ! 3%. 

!Jt173 npz pacna,n;e 

llpti 3T0M Ha,It0 YtJHTHBaT:r,, lJT0 B8JIHlJHHa f B8C:E,Ma CJia6o 

saBHCHT / KaK 3T0 6UJIO noKasaHo B /I//oT pa3JIHlJHHX Bapnau;Hn Be-.. 
. JnfqHH, BX0)tSintHX B ipopyYJiy /II,. II03TOMY npH MaJI!iIX 3Ha'lleHJ-r'JIX ~ 

·, .IV,, .. , 
OCHOBHYJ) p0JII> npH onemte "0THOlll8HHJI --.;l-;3-":t' .. MrpaeT_ E03<p<pHrtHeHT 

npH / I- x I B Bblpa:m:emm .ItJIH , ~ K /ipopuyJI4{ 5/. · 

I. ECJIH npHHSITI, ~ = O.48 / 7, IO/, TO npH 3TOM 3HatJeHHe 

rl( HeCKOJI:&K0 YM8HI,illHTCH, no ?paBHeHHD co 3HaqeHHeM F /(. , 
paCClJHTaHHblM ,I(JIJI ~ = 0054. 
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2. :e HaJIIHX pacqeTax npHH11To, qTo P,< = I. Ha caMoM .iteJie , 

BH,ltHMo, PK . He cKoJI:&Ko MeH:&me e.itHH~H l no-BH.JJ;HM0MY, P« = 

o. ~6 + o. 98/. Y'l8T 3Toro onsrT:& ... Ta.KH npHB0,ltHT It CHD8HHD .:3Ha

qemrn f K . no cpaBHeHHD C BHqHcJieHHWl HaMJI / 0,ltHaito, 3T0 

yueH:&meHHe npeHe6peDM0 MaJio/. 

3. HeyqeT B03M0XH0CTH perHCTJ;an~H 3JI8KTP0H0B BHYTP8HH8l 

K0HB8pCHH. Hx y~eT Talt~e CHH3HT B8JJHtlHHY · fK ,T.K. p8HTre-

H0BCKH8 KBaHTH 6y)J.yTyB0,JtBT!ICSI H.3 peHTreH0BCKoro q>OTOil.HICa 

BCJI8).T,CTBHe COBil8.)t8HHI co "CBODH" K0HB8PCH0HHHMH 3Jl~KTP0H8.llH. 

PacqeT no1ta3aJI, 'IT0 )J.JISI cnyqaa, Kor.1ta MoryT perHcTpHpoBaT:&, 

CSI B KpHCTaJIJie 3JI8KTP0HH C 3BeprHen, doJI:&men 30-40 K3B 

.!K: _Q~!1§_:_Q~212! 
~ 0.97 - 0.I7Ix 

. FK 
.1tn11 :x:, = o.oa ------ = o. 21. 

~ 
EHJia C,JteJiaHa nonHTX8. npoBepHT:& 3T0 axcnepHMeHTaJI:&Ho. 

IlpH odLl'IHWC H3MepeHHSIX npenapaTH 6HJIH odepHyTH H8CK0JI:&KHMH 

CJI0SIMH q>0JI:&rH T0JIDtBH0I ""'3 lll'/cK2, 'IT0 odecneqBBaJIO norJio

~eHHe BC8X MSlrKHX R0HB8PCH0HHWC 3JI8KTP0H0B H He npenSITCTB0BaJio 

npoX0X)J,8HlB> X-xyqel. O).T.HH HS npenapaT0B dl:VI H3MepeH des 3T0I 

ynaK0BKH, Tait 'IT0 K0HB8PCK0HHLl8 3Jl8KTP0HH xorJIH perHC'tpHpoBaT:&• 

CSI KpHCTB.)IJI0M~ :B 3THX cnyqasx Ha . )' -cnexTpe dWI0 sayeqeH0 

yMeH:&meHH~ peHTreH0BCKoro nua, H 0TH0CHT8JILH08 YB8JIHqeHH8 

q>otonHKa JIHHHH - I00 KaB. MaMepemUI ,1taJIH snaqeoe 

... &J&e- = 0.212 :!: 0.02, qTo C0Bna;taeT c·npHB8~8BHJill B~llle 
..Nsar ~ / sHaqemteM rK f = o, 2I. 

;:-=: 'f, -11,:~~-t!~~--~~-~·;_~~ _,.. ~~I;':_ 
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O.n;aaxo, YTBepx.n;eHHSI O TOtIHOM ·KO,JIH:qecTB8HHOM COBil8.,D;0}UUl 

pacqeTOB c sxcnepHMeHTOM B CJiyqae BJIHHHHH aJieKTPOHOB 6HJIH 6H, 

nomxya, CJIHlllltOM CMeJIHMH. 

4. ECJIH llpHHJITI, 3H8.ll8HliSI J.,/( H d,L .D;JUI nepexo.n;a 78, 7 ' 

noJiyt1eHHlle PHqap.n;ou H .ztp. /7 / · / ol" = 4, 8 :!: o, 5 ; al,'- =0. 93/, 
. . K 

To, xax UOltHO COC'CIHT8.TL, B8JIH'CIHHH W;.em H ~em ).(JIH. 3TOro nepexo-

.zta OCTaHyTCSI T8IDI xe, 'CITO H rrpHHSITHe Ha.MM. TrucHM o6pa3oM, 3TO 

He CKaJieTCSI Ha B8JIHllHH8 fN • 
5. Ilo .n;aHH~ Puqap.n;a n .n;p. /7/ :rnepr1rn pacnaJta lu r73 

M8HLme HJIH paBHa 730 K3Bs a ,D;OJIH 3aXB8.TOB Ha YPOB8HI, 637 K3B 

COCTaBJI88T M8HLme, qeu IO% IlOJIH~ro 'CIHCJia 38.XB8.TOB Ha 3TOT ypo-

B8HL.. Jqer 3TOro OIIJITI, - TaKH npHB8).(8;' X H8KOTopouy / O.ztHaJCO, 

qpe3BH'C18.:tlHO MaJIOMY, nopa.n;Ka o, ~ / CHIUC8BHIO BeJI11qHHH ~~ no 

cpaBH8HlU) C BHllHCJieHHOlt Halm • 
-

T.o., yqer B03MOXHWC omHdoK npHBO,Il;HT K Touy, llTO paccqHTaH-

HOe Ha.MR 3HalleHHe OTHomeHHSI ___ J_1t, __ H8CKOJILKO aa~umeHo no 
. . . F 

cpaBH8HHlD C ~eiCTBHT8JILHID.! IlOJIOX8HH8M B8IDAio Orcn.n;a CJie.n;yer, 

tlTO 3HatieHJite B8JllltIHHll .X. CKopee 3ammeHo Baim, 'Cl8M 38.BmI18HO, 

no cpaBHeHHD c HCTHHHoll .xapTHuo:n. Iloaxouy npu aHaJIH3e cxew 

pacna..n;a cJie,Ityer, cor nacuo .n;aHHID! uacxo mqett paOora, cttHTaTL,. llTO 

tJHCJIO R-aaxBaTOB Ha OCHOBHOe cocroaHHe ygI?3 COC?aBJI88l' 

8 z 3~ HJIH H8CKOnLKO 60JILme. 

3ro He npor~Bopequr 3xcnep~euraJILH1m ~aHHHM, nonytieHHhW 

B coBoxynHOCTH npe.itH.n;YlllllX pae1oT no luI73 
/ell.. odsop (4) 
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M pa6oTy (7)/. B UllT11'.POBaHHhlX pa6oTaX_ )COJIR pacna,,oB Ha OCHOBHOti 

ypoBeHI> Henocpe,ICCTB~HHO He onpe.n;eirn:J1ac1>, a BhttIHCJIRJiacb KaK pas

HOCTI> Me~,Ity IlOJIHOtt 3KCnepHM8HTaJibHO K3MepeHHO:it KHT9HCHBHOCTI,IQ 

xi( - Jiytte:it, odyCJIOBJ18HHOit nepexo,Ita.Mli Ha BCe B036yJI.D;eHHbl0 coc

TOHIU1SI/ C yqeroM XK -JiytJe:it OT KOHBepc1m BC8X nepexo,ICOB / o B 

/7/ 3Ta paSHOCTb HM88T OTPHUaTSJII,HOe SHaqeHHe H COCTaBJIR8T 7% 

OT IlOJIHOI HHTSHCHBHOCTH peHTreHOBCKoro K-HsnyqeHHR. HeCMOTpR 

Ha 3TO, aBTOpbl /7 / cqHTa,IOT, qTo norpeIIIHO CTI:> HSMepeHHit He HCKJID-

qaeT B03MO~Horo cymecTBOBaHHR 

ypoB~Hb. 

25% nepeXO,!COB Ha OCHOBHO:it 

B odsope /4/ H padore /IV noToK nepeKo,ItoB Ha ocHOBHOti 

ypoBeHI> npeBbllllaeT HHT8HCHBHOCTI, 

BaToM, npH6JIH3HT8JlbHO Ha 30%. 
XK -Jiyqen, o6yCJIOBJl8HHhlX sax~ 

B /4/ BwtBlrnyTo npe,ItilOJIOJC8HHe, llTO .I{HJII,MaH H ,n;p./II/ sa

HHSHJIH HHT8HCHBHOCTb peHTreHOBCKHX Jiyqen. Mb! IlOJIHOCTbD rro;:ui;ep

lCHBaeM TaKoe .n:onynteHHe. 3ammemie HHT8HCHBHOCTH Jiytte:it, rro-BH)CH

MOMY, npoHCXO,!CHT, rJiaBHhlM odpasoM, Hs-sa H8COBepmeHCTBa perHc-

TPKPYIOnte:it PaJtHOT8XHKtI8CKO:it annapaTyphl B f -cneK~poMeTpe. 

0ImT padoTlil C l - Cil8KTpOMeTpaMH pa3JIH_tUiblX Cl1CT8M IlOKa3aJI, 

tITO npH penrnTpau1m HHTeHCHBHoro peHTreHOBCKoro H3Jiyqemrn. Ha 

~oHe )COCTaToqHo HHT8HCHBHUX donee ~eCTKHX t -nyqeH Bcer~a 

npoHCXO~HT H3M8ll0HHe mHpHHH KaHaJioB B MSifKOH qacTH cneKTpa. 

STO npRBO)l;HT It samrncemm HHT0HCHBHOCTH xi( - Jiytteit / cyxemrn 

KaHaJIOB/. 

~::-;;:~· : 't..ii...•~::)n,,, N. '. ~--'- ~1fll':l.~ ... 

;o 
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Ha pHCo I B CKOdKaX npHBe,n;eHU HOBHe 3HaqeHHSI nepeXO,ll;OB 

Ha paSJIRqHl,18 YPOBHR, Bl,lqHCJieHHlile C yqeroM pesyJII,TaTOB Hacro

amen pa6or1i1 H paoor1i1 /4/. 

HaJIHqme saMeTHon HHT8HCHBHOCTH nepexo,n;a Ha OCHOBHOe coc

TOSIHHe Tpedyer nepecMorpa oneHKH sHa'l:lemrn cmrna lu173 
0 

IIocxon1,xy BepoSITHOCTH pacna,n;a Lu 173 Ha rpu ypoBHSI ~ ; 

~ H i OTJIHqaJ>TCSI .n;pyr oT ,n;pyra B npe,n;enax o.n;Horo nopSl)l;Ka. 

B8JIHqHHlil /ff/J; 50%; IS%; COOTB8~CTB8HHO /, ecTeCTB8HHO, H3 

,D;BYX· B03MOJB:HbIX no HKJI:&CeHy 3Haqemin cmrna ~u.173 : i - ~ + 

BHOpaTI, ~ + • Taxott Bb!Oo·p ycTpaHSI8T ,ll;Be Tpy.u;Ho CTH, OTMe

qeHHHe B padoTe /4/o 

7+ 5- 7+ 7~ 
I. IIepexo.n; '2 - '2 ; '2 - '2 ; 

dlilTI, sanpemeH / H3M8H8HH8 qeTHOCTH/. 

II03TOMY OOJII,illHe 3HaqeHHSI ~ft ,ll;JISI 3THX nepexo,n;oB 

I > 8,9 ; 8,4 ; 8,4 no padoTe /7// uaxo.u;nT ecTecx-

Beaaoe Oc5'.&SICH8HHe • 

. 2. IIp:0: pacna,n;e Lu 173. H3 ocHOBHoro. cocTo.HHHSI / ~ + / 

He peaJIK3yeTCH rpeTH:t-i BO36yz,n;eHHH:t-i YPOB8Hl> co CilHHOM / ~ /, 
IlOCKOJU,KY Bepo.HTHOCTJ, "yHHKaJII,Horo" nepexo.n;a Mana. 

,llJia , npoB8PKH HamHX pesyJII,TaTOB CJie,n;yeT npoBeCTH HCCJie

,rt;OBaHKe npenapara LJ73 , Bu.n;eneaHoro H3 Hf.: 

ABTOp:bI Bbipa.JtaIOT OJiaro,n;apHOCTI, Oo M. JIHJIOBOH sa IlOMOil{I, B 

XHMHqecKoll oq:ucrKe npenaparoB :u R.llieBeJieBy.sa npoBe.n;eH:ue pSl)l;a 

H3MepeHHll. MH raDe npmsHaTeJil>HH A.H. MypHHY sa no,1tD;epxxy 

paOOThto 

Obe,1KHcuttw11 llH~~~YT 

SJ!fPHHX bccneAOBaHRil 
_...;;5;;.;,H_s;;.;.n~H.:.:O::..;T;_:E::;.K:.:..A::..__.l 
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Ta6iurga I 

I a(,i.em Pr K 
t, W"~ e m Ek (NsC) d.,lilem 1-Wifm Wtem -.,_. _______ 

+ 
L o.as2- I I 78, 7 5,52 _ 6,9 I 0.22 0.65 

+ 0.008 
I 78, 7 5 52 6,9 I 0.22 0.65 

0.847± I ' 2. 2 I00,7 L78 2.25 I 0.I85 0.5I 
·,! o.oro 2. I I79,5 0.22 0.39. I 0.I.35 0.I47 

I 78, 7·. 5,52 6.9 I 0.22 0.65 

I 2 I00,7 I.78 2.25 I 0.I85 0.5I 
J • 

+ 3 I7I,4 o.oar 0.I0 I 0.025 0.068 
3, o.a37-· I 78, 7 5,52 6,9 I 0.22 0.65 

+ 0.0I5 - 2 2 272,5 0,025 0.030 o. 87't. 0.I32 0.022 

3 I 35I,2 o,or 0~0I 0.774 0.225 0,0I 

+ I I 636,8 0 0 0.55 0.45 0 
4, o.4- I 78, 7 5,?2 6,9 I 0.22 0,65 

+ 0.4. 2 - 2 55_8, I 0.0I5 a.ors o.59 0.595 0.0I4 

--- -----W' .N,e .tr j{", 
ff.22 .JV [ff Jv . .N .Iv 

0I II 2! 3I 32. 33 4! 42 -- ---- -
IlpHHSITOe npH 
pact1eTe X o.54 0.I8 0.0I6 0.037 0.I9 0~007 0.02 0.01 

HcnpaBneHHasr < 

yqeTOM HaIIIHX 
,ItaHHWC o.m 0.50 0.166 0.0I5 0.034 0.!75 0.0064 0.0I8 0.009 
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PAAllOAKTlIBHH½ PACIIAJJ. ll30TOITOB Lul71 H Lul72 

3 • IIira.iiH ep , JI • MaJIH, M. Bo 6 e Ultf.l. 

Ilo,n;po6Hlilll nepetieH:& pa6oT no pacna.ity Lu171 H lu 172 ,n;o 

IlOJIOBl1Hl,l 1959 r. np1rne,n;eH B o6sopHOJi )tOKJia,n;e I • Ilos,n;Hee 

O~Jrn. ony6JIHKOB8:HH pa60TbI /2, 5~ 6, 7 / • 

MHmeH:& Hs ueTaJIJIHT.IecKoro TaHTana ~NJia 06nyt1eHa npoToHaMH 

c :rneprHeR 660 MsB Ha cm1xpo1.vum0Tp0He; OIDlll B ,Uy6He B retieHHe 

4 tiaCOB. 

· 06ny-1eHHlitl TaHTaJI JRCTBopaJIH B Cl)deCH qJTOpHCTOBo.n;opo,n;Hon H 

a30THOtl KHCJIOT. Pe,n;K038M8JI:bHHe :rneMeHTbl 6HJIH OT,ll;eJieHH OT OCTa·JII,

HllX 3JieMeHTOB cooca:ac,n;eHlieM C qJTOpHCTW JiaHTaHoM; nocJie BTOpHtI

HOro OC8Jlt)t8HHa rH,n;pOOKHcen H OKCaJiaTOB pe,n;KHe 3eMJIH 6HJIH BH.n;e

JieHH Ha KOJIOHKe KaTHOH006MeHHHKa rpa,n;HeHTHl:UI BHMHBaHHeM )(QJIOT.I

HOKKCJIW aMWHHeM. 

XRMHT.IecKoe . pas,n;e1Iem1e c5Hno saxoHT.IeHo cnycTa 18 t1ac. nocne 

oO.nytieHHa; a H3MepeHHe cneKTpOB KOHBepCHOHHbIX 31I0KTpOHOB.6HJIO 

HatiaTO cnycTa 3 qaca nocne xu»uqecKoro pas,n;eneHHa. nna HacTo

amen pa60TH 6hUIH o6pa6oTaHli TpH MHll.leHH, B KOTOPHX MH Ha6JID)taJIH 

KOHBepcHoHHHe JIHHHH H30TonoB Lu 169 /I,5 ,n;Ha/, LJ-70 (2 ,n;Ha/, 

Lu 171 /8, I ,n;HS!fo lu172 /6, 7 ,n;Hen/ 11 lu 173 /I, 4 ro,n;a/. 

CneKTpu qJpaKUHH JIDTeUHa H3ytia.n:Hc:& B TetieHHe HeCKOJI:&KHX He,n;eJI:&. 

Ilocne pacnMa w169 H Lu170 B cnexTpe ocTaJIHC:& TOJI:&Ko JIHHHH 

Lul71 , Lu172 ~ Lu173, a TaKlte JIHHHH Yt169, o6pasyDJlleroc.H 

B KatieCTBe ,n;oqepuet aKTHBHOCTH 1m :ua.Tepnacxoro .LJ69 • IlHHHH LJ-73 
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H Y, 169 MOXHO nerKO onpe.n.enHTL BBl1AY 60JILmon pa3HHUbl B 

nepHo.n;ax nonypacna.n.a /I, 4 ro.na 11 .J) .n;Heil/. 

Pa.u;HOaKTHBHlln l1CT04HHK pasuepau11 1 X 25 UM 61:lJI nonyqeH 

KaneJILHHM MeTO,Il;OM Ha aJIIOWtm'leBon no.1ucna.n.Ke TOJllltHHOR 5 .f' • 

CneKTp H3y4aJIH Ha cneKTpOMeTpe C ,JJ,BOHH011 qJOKyCHpOBKOn /8/ npH 

paspelll8.10~en cnoco6HocTH nptt6opa 0,25% H CBeToc1-1ne 0,6%. Bxo.n.noe 

OKOIDKO cqeTqHKa nponycKano 3JleKTpOHli OT 5 KsB. 3HeprHH KOHBep

CHOHHHX JlHHHll onpe.n.eneHW C TOqHOCTLIO 0,1% BO BCeM HCCJie,JJ,oBaB

meuca HHTepBane; OTHOCHTeJILHlle HHTeHCHBHOCTH HOCHT opHeHTHpo

BOqHl:lll xapaKTep. 

lfauepeHHllii HaMH cneKTp KOHBepcHOHHl:lX 3Jl8KTPOHOB . Lu171 H 

Lu172 cocToHT H3 ·I:O JIHHHn. BBH.JJ.Y 6oJILmoro qHcna JIHHHit H 

He.6onLmon'pasHHUli B neptto.n;ax nonypacna.n.a nepeq11cneHHliX msoTo

noB HeJIL3H 6WIO MCCJle,JJ,OBaTL KpI-iBlle pacna.n.a OT.u;enLHliX KOHBep

CHOHHllX JlBHHll H onpe.n.enHTL, KaKOMY HMeHHO H30TOny COOTBeTCT

BYIOT OT.n;enLHlle raMMa-nepexo.n,u. llnn 1'U8HTHcpl1KaUHH Mll BOCilOJlb30-

BaJIHCL pa6oTOii /9/' B KOTopon HCCJie.n;oBaJica cneKTp 3JleKTpOHOB 

KOHBepcHH qHcToro Lu 171• Ilepexo.n.bl, tt.n.eHu1qgble c nepexo.n.aMH, 

Ha6n10.n.aBmHMHca B /9/, Ml:l npttnucann lu171, a ocTaJILHble, -xoa-

BepCHOHHble JlHHHH KOTOpbIX 

qe:14 cal.We cna6ble JIHHHH B 

HMeIOT OTHOCHTeJILHl:le HHTeHCHBHOCTMBl:lme 
' /9/, W:l npHnttcanH lu172• llna 

HeCKOJILKHX cna6HX nepexo.n.oB /yKa3aHHllX B Ta6nttue/ H.n.8HTHcpl1Ka

UHR He BllOJIHe ,l{OCTOBepHa. 

PesyJILTaTbl Hamme pa60T npHBe.n.eHl:l B Ta6JIHUaX I H 2. 

.::::.:;.;..;..,::· ·· · "."""'""""'."1.'.1,.~:·.,ztGtl ·.·-: .. :::,..,.._~~:,~ 
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Tadirnga I 

OTH0CHT81IbHHe HHTeHCMBH0CTM Hadnro.n;aBmMXCR'K0HBepcH0HHliX 
nHHHt:i npH p:1.cna,ne Lu171 /8,I .n;HR/ - !:JC 171• a) 

:tw,eprm1 rm.w:a-nepexo.n;e IlpHMe-
(Kan)' K L- Ln L iJJ M .N tJaHHe J. 

-, 

I9,4 - ~I50 ~I55 -245 IJI ~45 M = 37· . I J 

Mn= 56; · 
M = 38 

8 ,v 
27.,0 - -5 ~7 -6 
46 ;6 - 23 6,5 . 5,8 6,0 ; 

55,7 II8. ~4 i -9 
.. C - -JJ 

66,7 - 125 265 260 .65 
.72,J ~I27 96 22 24 ' 

75,8 ~lLO 9LO IOOO 550 150 
95,5 lIO & g t', 

< 

9I,3 4!!) f, g 

109,2 ~60 15 ,.... 5C 

142,6 g f, ~ 
-

163,8 g ~2 ,..I,O I,7. 

,I95,0 3,5 g 8 

3HeprHa rmrua nepexo.zta . 3HepJ;'liR{-nepe-
L (K:,n) K . I., M xo.n;a ( I{s B) K M 

499,8 0,6 al, 741,0 21,0 , .. ;· a· 
C.' 0,7 

518,4 I,7 O,J 769,4 · 1,4 o,Jc 
628,1. 2·,2 0,2 al., 782,5 . I,8 olJ. 

668,4 6,5 0,8 0,2· · 840,6 5,8 I,O 
690,J I,I 6 · 853,I I,O oL 

713,8 20 0,2c ·-

' 
' 

a) HeJib3.H:cpaBHHBaTb_ HHTeHCHBHOCTH JIHHHH npHHa.n;ne~amHX pasn11q-
'"· HbIM H30TonaM. 

d) KOHBepCHO}!Ha!J JIMHHSI COCTOHT 113 .n;By?{ Jlim,1 HeCKOJibKHX JIHHHil . 
c) KoHBepCH0HHa.H JIHHHH He nonH0CTbID paspemeHa 

G(.) TI11HHn cnadaR. 
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Lu171 MH npHnHcanH 24 nepexo,IJ;a (cM.TadnHey I). MH He 

HadJIJO,IJ;aJIH nepeXO,Il;OB !54,6; 170,6;!83,2'; 786,0; 795, I; 827, 3 K:rn, 

npHBe,IJ;eHHhlX B /9/ B cneKTpe tIHCToro Lu171, H nepexo.1toB 318; 

377 mm, npHB6,Il;8HHbIX B /6/ • IIepeXO,I(H 482; 486; 536; 697 KsB, 

npI:IBe,IJ;eHHble B /6/ ' MH npHm1crun1 lu172 ' Tait KaK TaKHe nepeXO,Il;bI 

He HadJI~,IJ;aJIHCL B /9/4 

CaMWH CHJlbHbI:MH nHHHSlMH cneKTpa Lu171 SlBRSil>TCSl KOHBepcHOH

Hble JIHHHH nepexo,IJ;a 75,8 KaB. KaK H3B6CTHO M3 padox/I,9/' :MH 

H:MeeM 3,Il;8Cb nepeXO,Il; M6Z,IJ;Y BTOpHM pOTaUHOHHbIM H OCHOBHbIM COCTO

SlHHeM nepBon poTaUHOHHOll IlOJIOCbI. J],JISI OTHOfil6HHSl KO3q,q>liUHeHTOB 

KOHBepCHH Mli nonyqHJIH axcnepHMeHTaJibHOe 3aaqeHHe 

K·L · L ' 1 •Ii ' ,,, = 0,45 : I,05: I 

B xopomeM cornaCHH c/4,9/' B 'tO Bp8MSI KaK TeopeTHt18CKOe 3Ha

tl8HHe ,IJ;Jifl tIHcToro nepexo,IJ;a E 2 dy,IJ;eT 

I( : L : l : I., = 0, 52 : 0, 06 : 0, 96 : I • 
I II Ill 

H3 conocTaBJI8HHSl OtleBH,Il;HO, tITO MbI IDrleeM 3,Il;8Cb ,IJ;eJIO C 

tIHCTIDA nepeXO,Il;OM Tlma E 2. HeCKOJibKO donee HH3KOe 3HatieHHe ,ItJISl 

JIHHHH K MOXHO od~SICHHTL ee MaJIOll sHeprHen H H8TOtIHOCTbJO nonpa

BOK. 

IlepeXO,IJ; 66,7 KaB, KOTOpun HaOJIDAanH COBM8CTBO C nepeXOAOM 

75,8 K3B 3n1dex H .ItP• lro/ npH xynouoacxoM oosdyx,IteHHH, SIBJlSieTCSI 

H8COMH0HHO TaKxe nepeXO,Il;OM Mex,IJ;y HH3KHMH B03dYJIC,IJ;0HHW4H COCTO

SlHHflMH~ J].JISI OTHOlll0HHSl KO3qxpHUH0HTOB KOHBepcHH MH nonytIHJIH ,Il;JISl 

sToro nepexo,1ta sHatieHHe 

l- : l- : L = l : 2, 14 : 2, 15, 
I II m - - -

1. ,f 
J, 

I 

'i 
•.fi: 

'jj 
l 

·1 
i 

. I 
-~ 
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He y,n;OBT10TBOpSIIDmee HHKaKOMY qHCTOMY rrepexo,n;y. ITo,n;oOHbie pesyJIL-

TaTbI c5h!JIH TaKXe rronyqeHhI aBTOpaw.1/4,9/. Xopomee corJiaCHe C 

HamHM 3KCnepHM0HTaJILHHM OTHomeHHeM Mbl HMeeM ,IJ;JISI CMeCH 65% MI

- 35% E 2. 

HH3K03Hepre~HqecKHn rrepexo,n; 19,35 KsB, KOTOpbIH aBTOpht 

pac50TbI /9 / npHBO,IUlT B KaqecTBe BepOSITHOI'O rrepexo,Ita E I, no · 

aamHM pesyn:&TaTaM npe,1tcTaBJI.HeT coc5ott HMeBHO nepexo,1t E I. )J.JIR 

OTHOIII0HHH K03<pqJHUH0HTOB K~HBepc.HH Mil noJiyq~JIH 3KCnepHMeHTaJIL

HOe 3HaqeHHe 

I. : L,.: L.: M_: 11n: ,hL= I : I,30 : 2,30 : O,.::x> : 0,39 : O,JI. 
J !! !!t'J .! ID 

TeopeT11qecK11e 3Ha qe,rnR no /I2/ ,n;aDT .n;JISI E I. 

L. :L;; :L;;: M7 :Mn: ft'tm = I : I,05 : 2,2 : ·0,23 : O,I6 : 0,25 • 
.!. - - - --- -

T04Hble 3ID48Hl1fl OTHOIII0HHM K03<pepHUH9HTOB KOHBepCHH .,n;JIR 

OCTaJibHhIX. HH3IC03HepreTHqecKHX nepeXO,IJ;OB . L,}71 HaM. ,n;o . CHX 

rrop He y,n;aJIOCb onpe,n;eJIHTI>. y nepeXO,IJ;OB B JKeCTKOti oc5JiaCTH Mht 

onpe,n;eJIHJIH TOJII>KO OTHOmeHHe KIL ,IJ;JIR Tpex nepexo,n;oB. 

naeT Ha B03MOlCHOCTb CMeCH E I + M 2. HJIH E 2 + M I • 

.I(JISI hJ =_ 74I Kan 3/t = 7, 5. 3To OTHOIIIeHHe HaH6oJiee 

c5JIH3KO K. TeopeT.HqecX:HM 3Haqerurnu 7' 3 (E I) H 7 ,2 ,IJ;JISI M I. 

HaKoHeU, .n;nSI nepexo,Ita 840,~ Kan MhI HMeeu Kit., = 5,5. 

l{ 3TOMY 3HatleHmo HaH60Jiee c5JU13KH Teopeu1qecKHe 3HaqeHHSI 5,6 

,n;JISI E 2 H 5,7 ,n;~a MI. 

Lu I 72 ITac5iuiua 21 MhI npHn11can11 JI nepe·xo,n; B H3MepeHHOH 

Ha.MM oc5JiaCTH. Mht He HadJID,IJ;aJIH nepexo,n;ht 575,6; 594,0; 814 KsB, 
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npRBe)J,eHHhle B /5/ 1i1 /3/, H 539,5; 575,6; 594,0; 814; 

985, 7; II03 K:rn, nplilBe)J,eHHhle B/II/ )J,1IH. KOHBepCHOHHOro cne1crpa 

CMecli1 Lu 171 + . Lu 172 , KO TOplie, o qeB~Ho, He npHH~JieJJCa T 

Lu171, TaK KaK OHH He Hadn10)J.amrn1:, /9/ B cneKTpe KOHBepcm-1 

q:ucToro Lu171• JJ.nH pemeHHH Bonpoca od HX cymecTBOBaHlHt Heod

xo.n;HMhl ,n;an: I>Hetfnrne 1-isMepeHHSI • 

IlepeXO)J,hl C 3Heprli1m.m 78,7 K3B H I8I,8 K3B OTHOC.HTCH K 

poTaUHOHHOH no11oce ocHOBHOro cocTOSIHHH. JJ.11a hJ = 78,7 K3B 

Mhl onpe)J.eJIHJlH OTHOllieHHe I<: L.1 ... 11 : L,ijJ = o, Tl : o, 96 : I 

B OTHOCHTeJII>HO xopomeM corJiaCHH c /4/. TeopeTH'leCKOe 3Hatiemrn 

J<:L1 :L.n:Lm = 0,56: 0,06: 0,96: I - - -
)J,JIH E 2 yKa3h1BaeT Ha TO, l!TO Mhl HMeeM )J.en9 .n;eacTBHT81ILHO C 

nepexo)J,OM Taxoro THna. Hecxon1:,Ko 60111:,mee pas1111qne uex.n;y TeopH

e11i1 OilHTHHMH .n;aHHIDIH MOXHO od~HCHHTI:, TeM, q'fQ JlHHHH 3Toro 

nepeXO,I(a co.n;epxaT HeKOTOpyn npHMeCI:, ,ltpyrHX JlHHHil. JJ.ng 

hv = IBI, 8 K:rn MN onpe.n;eJIHJIH OilhlTHHM nyTeM OTHOllleHHe: 

I< :L.l.,.11 : L, ii = 5,0 : I,9: I, 

B TO BpeMSl KaX TeopeTHtJeCKOe 3Ha 'leHHe ,ltJISl E 2 paBHO 

J(.:t.z:Ln: Lii! = 5,I: 0,5I :·I,35: I. 

IlepeXO)J.Y 280,0 KaB, KOTOphlil MOr dbl dhlTb nepeXO,I(OM Me~.n;y 

ypOBHSlMlil 6+ - 4+ poTaUHOHHOil UOJIOChl OCHOBHor9 COCTOSlHlilff. /I/, 
COOTBeTCTByeT aKcnepHM~HTaJlbHOe OTHOmeHHe Kli = 3,5. 3TOMy 

3HatieHHIO Ha.lildOJiee Y.ltOBJieTBOpH.eT TeopeTHqecKoe 3Ha'Iemie 3,2 

,ll;JIH nepexo.n;a Tlma ·E 2, HO HeJII:,3Sl IlOJIHOCTI>IO HCKJil)qHTb Taue 

11 THn M 3. 

( 
~ 

l)~ 

i! 

l 
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y nepexo,n;a 90,6 K3B MbI H3 OTHOmeHHSI 

Lz : L'B : L fil = 0, .3 : I, 16 : I 

orrpe.rcenmrn:, qTo B ,!CaHHOM CJiyqae MbI HMeeM .rceno co CM0Cbl0 ·E 2 +. M.l 

c 6onee cHJibHhIMH BKJia.ICOM E 2. 

IL-·: L-:L.,, = 0,09 : I,0I : I ,n;JISI E 2 
I II ,11 - - -

l1:L71 :Lr,,= I: 0,09: 0,0~3 ,l(JIH MI/. - - -
IIepeXO,l\ 203,3 K3B OTHOCHTCSI K THUY E 2. COOTB8TCTBy101qee 

eMy OTHome~He K /L = o, 34 xoporuo cornacyeTCH c TeopeTHqecKHM 

3HaqeHHeM ,l(JUI ~,. paBllW4 0,3I. K OTHOilleHmo K/i...= 7,.3 ,l(JIH nepe

xo,n;a 270, 5 Ifan 6mb!ce Beer<> TeopeTHqe·cKne 3HatieHHsi 7, I ,JJ;JI.H 

E I R 7 ,6 'AJIII M · I. Y rrepexo.rcoB 324,·4 K:rn H 373,2 KaB OTHorue-

HHe K{ = 3, 5 6nmce, i3cero K TeopeTHqec~nM 3Ha qeHHHM ,n;JI.H E 2, 

paBHOMY .3, 8 H .3, 7 ,!CJIH MS B O6O11x CJiytia.fIXit 
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T a 6 JI H ~ a 2 

0TH0CHT8JibHhle HHT8HCHBH0CTH Ha6JID,ItaBmmccn K0HBe~CH0HHHX JIHHHn. 
npn pacna.1tc · lu 172 /6, 7 .ItHfl• / ~ ':JC 17 . a) 

3HeprH.R raw.m.-nepe-
xo,Ita (I{:rn) K Lr l.,l1 Lm M . ff 

78,7 ~ 300 6 910c 1000 450 150 
90,5 -150 17c 220C IBO 105 

112,6 ,., 28 8 t, g 

181,8 2Ilc 103 66 .40 
203,J 53 15 6 9 

3Hepr1rn raMMa-
nepex o,Ita ( K:rn) I{ L M 

3Hepr:0:si raMMa-
nepexo,1ta (KsB K L,· 

---
270,5 32 · 4,3° 2,5 637, re,(. l 
280,0 6,6 2,5 0,8 698,6 8,1 l 
324', 4 147C 

' 
3,8 ,.,1,5 811,l 16,5 2 8 

' 373,2 ~12 2,8 1,5 901,9 28,0 4, 5 · 
400,8 .3, I 0,5 913,4 5,3° I,2 
4II,I 8,2 I,8 ,..0,45 914,7. 5, 7C 
483, 7 .1, 2,1 930,3· 2,8 
486,7 .. 2,1 g 0,7c 954,3 1,J 
491,3 6,6 1 ~ 1003 2,7 0,5~ 

529,5 I0,9 2c g I 1023 I,4 
5'31, 5 t, g 1084 ~1,I 0,J 
541,1 4,76 I,48 0,6 1095 24,I 4,5 
63I,9«L · .. 2,0 I,4 I1I4 1,4 

a) HeJib3fl ·cpaBHHBaTb HHT8HCHBH0CTH JIHHHll npHHa,Itnexa~HX pa3HhlM 
U30TOnaM. 

8) KoHBepCHOHHafl JIHHHH COCTOHT H3 ,ItByX HJIH H0CKOJibKHX JIHHHn 

c) TIHHHH KOIIBepcHH He nonHOCTbD pa3pemeHa 

dJ) Ilepexo.1t MOXeT· npHHa,ItJieEaTL Lu171 • 

= :: · S>J ;~-;-,Jtl··f ¥t ;-; ~~-

L6 

IO 

M 

I,J 
I,I 

I,J 

~ 

, 

___.:--
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CIIEKTP I{OHBEPCH0HHllX 3JlEKTP0H0B Lu169 H Lu I70. 

3.IlnanHep, n.Manhl, M.Boe>euKH 

Pacna,It aKTHBHOCTen, H.IteHTHq>HUHPOBaHHhlX KaK Lu 169 HepBHKO:M 

11 CmSoprou /I/ H LJ-70 
BHJII>KHHCOHOM H rmccou /2/ , HccJie,n;oBam1 

aBTOphl paC>OT /3·- II/. 

Ilp11 11ccne.ItOBaHHH cppaK~HH Lu, Blil,ll;eneJIHOll H3 MmIIeHH Ta no

cne o6nyqeHJ4Sl 6hlCTpbIW1 npoTOHa:MR /660 M3B/, B cneKTpe KOHBepcH

OHHblX 3JleKTpOHOB BCTpeqaIOTCSl JIHHHH, H:MeIOmHe nepHO,IJ; noJiypacna,Ita 

~ 2 .ItHSI. 3TH JIHHHH cooTBeTcT:sy10T .ItBYM H30Tonau: Lu 169 H Lu 17o. 
IIepHO.It nonypacna;n:a Lu 169 6WI onpe;n;eneH B paC>oTax /I, 4,_ 6, I3/. 

B CBoen pa6oTe Mhl BSHJIH ,J.\JISI lu169 · T112 = I, 5 .n;HR H AJISI Lu 170 

TI/2 = 2 ,IJ;HSI. 

H3MepeHHSI npOH3BO,ItJ4JIH Ha cneKTpOMeTpe C ,ItBOiiHOll <pOKyCH-
" . . . 

pOBKon /I4/ co CB8TOCHJIOll 0,6 %. IlpHC>OpHaSI paspemaroman cno-

co6HOCTI> B 3TOM cnyqae paBHa 0,25%. B MSlrKOH OOJiaCTH mHpHHa 

nmmn dWia C>OJll>!lle BCJI8,IJ;CTBH8 TOJIInHHll HCTO'I.JHHKa •. OKOlllKO ,IteTeKTO

pa nponycKaJio 3JieKTpOHbl OT :rneprHH ,., 5 K3B. 3Heprirn KOHBepcHOH

HhlX JIHHH~ onpe,IteJieHa BO Been OC>JiaCTH C TO'I.JHOCTbD o,r%. Bcero 

6hlJIO npOH3B8,It0HO H3MepeHH8 Tpex HCTO'I.JHHKOB B 06JiaCTH 7,5 K3B -

. 1600 lfaB, nonyqeHHhlX1H3 MHilleHen, OC>JiyqeHHhlX B T8'lJ8HHe iropoTKoro 

BpeMeHH(4 qaca). XHMH'I.JeCKOe pa3ieneHHe C>hlJIO BhlITOJIH8HO cnyCTSl 

IS qacoB no cne OC>Jiyll8HHH, a H3Mepe1urn Ha'I.JaTbl npHC5JIM3HTeJI:&HO 

qepe3 2 qaca no cne pa3,n;eneHHSI. IlHHHH H30TonoB Lu169 11 Lu 170 

HCCJl8)40BaJIHCli .B Te'I.JeHHe npHC>JIH3HT8JI:&HO 8 .n;He~. 
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BBMAY dJIH3KHX 3HaqeHHM nepl10,140B no11ypacna.14a HeJib3Sl dh!JIO 

HenocpeACTBeHHO npmrncaT:b JIHHHI1 KOHBepcHH OT,n;eJI:bHhIM H30TonaM. 

Ilos TOMY Mb! rrp1urnca_JU1 lu169 
BCe nepeXOAH, H3BeCTHiiie H3 no.n:

po6Hoi1 pa60Thl rapMaTna' I'sH,14JI11 l1 M11xem11qa/8/ ' HCCJI8,Il;OBaBIIIl1X 

npaKTlflJeCKM tIHCThlli H30TOII 169. Jlmurn, COOTBeTCTByIOmHe nepexo.14aM, 

He yKa3aHHhle B sTon pa6oTe, Mhl BBeJIH B Ta6JIHl\Y lu170, ecn11 nx 

HHTeHCHBHOCT:b ()bIJla B.bIIIle HJIH cpaBHHMa co cna6hIM11 JIHHHSIMH, yKa-

L 169 
3aHHbIM11 )tJIJI U • 

MbI OT,n;aeM cede OTT.IeT B TOM, tITO npHilHCbIBaTb TaKHM odpa30M 

JIHHI,111 OT,14eJII>HUM H30TOilaM He Bcer,na npaBHJlbHO. 

OTHOCHTeJlbHhie HHTeHCHBHOCTH, npHBe.n;eHHble B TadJIH~ax I, 

II B HaCTOSIII{eit CTaTI>e, npe,14CTaBJIHIOT codon TOJI:bKO opneHTHpOBOT.IHhle 

;It_aHHhle,' TaK KaK, ocoC>eHHO B MSirKO.H OCiJiaCTH, npHXO.IUVIOCl> aHaJI11-

3HpOBaTb BeC1>Ua CJIOJICHhlit cneKTp. KpoMe Toro, cneKTp BCeil: OCiJiaCTH 

He H3MepHJIH O,Il;HOBpeMeHHO H3 O,Il;Horo HCTOT.IHHKa9 HaM npHXO,Il;HJIOC:b 

ClliHBaTI> ,Il;Be qacTH crreKTpa, qxo MO~eT BeCTH K omHdKe. HaKOHe~, 

B03MOl!CHOe OTKJIOHeHHe HCilOJlb30BaHHbIX rrepHO,Il;OB ITOJiypacrra.n:a OT 

npaBHJlbHbIX 3HaqeHHit MOl!CeT 3HaqHT0JlbHO IlOBJIHSITb Ha HalliH pesynh

TaThl B cnyqae ·JIHHHl, H3MepeHH8 KOTOphIX npOH3BO,ItHJIOCb cnycTH He

CKOJIJ,XO ,nHeit nocne odJiyqemrn. 0,ItHaKO, 3HaqeHHSI OTHOill8HHlt K:LiL! :t'ii 

JIBJISIIOTCH OTHOCHTeJil,HO TQqllbllrn, TaK KaK rrpoMel!CyTOK BpeMeHH 

Me>I,Ity H3MepemUIMH OT,Il;eJILHblX JIHHHH 6bIJI AOBOJlbHO HedOJIJ,IIIHM H 

COOTBeTCTByrom11e JIHHHH H3MepRJIH BCer.n:a 113 O.l4Horo H Toro x~ HC

TQqHHKa B HeCKOJlbKHx·nocne,n;oBaTeJILHbIX cepHHX. 

Lu 169 Mh1 np11n11can11 57 rrepexo.140B B HsMepeHHOil HaMH . 
OC>JlaCTH. Mu He HamJIM 6 rrepexo~OB, npHBe.l4eHH1iIX B /8/, H OAHH ne-

pexo.14 11:s/II/ • Hamlt HsuepeHHR He orrpoBepraroT cymecTBOBaHRR 

3THX rrepexo,n;oB, TaK KaK 3TH JIHHJ.iH Jie~aT B 06JlaCTH, B KOTOpOH. 
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WiI Ha6JI10,11;a1m JIHHBH: ,11;pyr.Hx HsotonoB · Lu • IIepexo,11; 419 KaB, 
. . . . 

npHBe,neHHbltl B /IIl ol!eBH,IJ;Hb, ~eHTHlleH c nepexo,11;0M 420,3 ~B, 

np1ma,11;J1eJIC8.IllHM Lu 170• PesyJil,TaTH HamHX H3MepeHHii codpaHbl B 

TadJIHI.\8 I, B KOT0poit yxasa.H~ 8HeprHH nepeX0,Il;OB H 0TH0CHTeJil:,Hble 

HHTeHCHBH0CTH 3,THX nepeX0,Il;OB. 

T a d JI H !! a I 

0THOCHT81I:&HblA HHTeHCHBHOCTH KOHBepCHOHHBX 1IHHMit npu pacrra.ne 

Lu169 /I, 5 ,11;Hett/~ Y,169• 

3Heprmi rawm~ 
nepexo,11;a. (KaB, ·.K Lj LB Lm M 

24,IS a II25 1344 750 
62,75 594 1270 1070:& 1420 
70,8 l.'.375 191 a a 
75,0 sa a a a 
87,2 . 2710 a a a 38I 
90,7 a a a a a 
91,9 891 'Y7 

104,3 a ·126° a 

!08,0 a 58° 
II0,9 2845 -v625 a 

l.'.33,5 a 5Ic 34 
144,6 a 106c a 

157,0 . 582 3.'.31° 200 
165,0 85.'.3 439C 195 
166,5 .97 
191,4' 1375 . 384c 128 

!98,4 119 

I 

/i 
-\' 

?\ 

I 

., 
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3HepfMSI, raMMa 
K L M (K:rn) nepexo,n;a(K:rn) 

226,2 
. 

762,0 a 
245,0 a 88I,O 
258,9 97 891,2 
29I, 7 - IOO 20 962,0 
369,9 117 135 _IQ62 
379,5 177 29 2I I072 

- 405, I 13 1076 
457,0 91 8,7 I08I 
47I,5 ~37B II73 
480,I- 12 II78 
483,6 a II79 
550,I 22 I187 
564,3 15 5,4 II92 
577,8 a 1208 
592,2 3I I274 
624,1 ~I3a 14 I29J 
637 ,1 a I38I 
649,6 9 I394 
656,7 4,5 
69I,3 a 
709,2 a 
725,9 9 

a= JllilHMSI COCTOMT lil3 ,n;ayx MM HeCKOJlbKMX nHIDIR 

B =JIMHM fl He no JIHO.CT blO paspellleHa 
S = JllilHlilH oqeHb CJia6a 

K 

a 

7,2 
a 
94 
64 
4IB 
lOB 
5,2a 

II 
--

~IO 
8,IB 

JJ 
,v 5 
7,0 
I2 
IJ 
8,7 
27 

C = MHTeHClilBHOCTb npl1BO,D;l1TCR )J;JIR cyMMhl JIHHHll Ly+ Lw - -

M 

I, 

I2 

IO 

9.4 

3,6 
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J}.Jifl HeCKOJibEHX rrepeXO,IJ;OB MH orrpe,IJ;eJIHJIH MYJibTHilOJibHOCTH ne

peXOA0B HS oTHoIIIeHHti I<: l;: L;; .· L,;; , npHtieM Mli 6pam1 TeopeTH-- - - . 

1.1ec1rne 3Ha tJeHHn Hs Ta6m1u /I5/ • JJ.n.a nepexo,It0D 24, I5 K:rn 

Mhl noJiy1.1aeM oTHoIIIeHH.a L,;•·l,n :M,;: M;; = I _: 1,33 : O,35 :O,41. 

OTHOmemrn L!J 'i- = o, 75- CB~eT;JibCT~yeT o TOM, tJT0 Mhl MMeeM /L,n . 
,IJ;eJIO C rrepeXOAOM THna E3 HJIH E2,TeopeTHtJeCEHe 0TH0IIIeHH.fl K0-

T0pHX paBHhl O,77 AJIH .E3 li O,75 ,IJ;JI.fl E 2. Y rrepexo,Ita 62,7 RsB 

mrn1rn l,; nepe~pl:lTa JIHHHeH Lz nepexo,Ita 63, 1 K:.rn Ye 169• 

~ 
t 

0THOllleHR; L] { _ = 0, 42 CBH,IteTeJibCTByeT 0 TOM, tJT0 MH KMeeM ► 
/J./11 a 

3,IteCb CMeCb THna E 2 + M 1. THil rrepeX0,IJ;a 165,2 RSB 6HJI onpe-

.1teJieH 

0tJeHb 

li3 K:Lr+r; :L,;; = 1 : o, 4 : 0,2 EaK E 2, npHtJe¥ RMeeTCH - - -
xopomee co Bila,IJ;eHHe C TeopeTHtJeCKMMH 3Ha tJeHHSIMH I( ,•Lr :L- :Lii 

- !! r.i! 
=I: O,21 :O,22. 

r - nepeX0,IJ;H, C00TBeTCTByIOmlie JIHHHHM KOHBepCHH J1u170, H 

0THOCH'reJibHHe HHT8HCHBHOCTH JIHHHn K0HBepCHH npHBe,IJ;eHH B Ta6-

JIHI,\8 II. 

Ha6mo,IJ;anmanc.a npH pa.cnaAe JIHHH.H hiJ = 84,2 Ksn npe.n;cTan

JIHeT co6on nepexo,n; 113 nepBoro pOTaUHOHHOro ypOBHII B OCH0BH0e 

C0CTOSIHHe. TOtJHOe orrpe,IJ;eneHHe OTHomeHHii K:Lr:Lp-: Lm 3aTpy,IJ;-- - -
HHTeJibHO, TaK KaK B o6JiaCTH JIHHHn L HaX0,IJ;SITC.H JIHHHH OT nepe-

XO,Il;OB ,n;pyrHX H3OTOilOB /.,u,,. IIocJie nonpaBOK Ha 3TH npHMeCH MH 

IlOJIY 'tU,UIH OTHODl8HHe I(: LI+/! : Ltg = 0, 5 : 0, 94 : 1 B xopo- ' 

meM corJiacHH c /4/. TeopeTHtJecKoe OTHomeHHe ,IJ;JI.H rrepexo,1ta 

THna ~ panHo 0,6 : O,O7 : O,97 : I .ItJI.H K: L1-•· L11 : L,;, • - - -
QqeHb xopomee COBila,IJ;eHHe C TeopeTHtJ8CKHM 3HatJeHHeM CBH,IJ;eTeJib

CTByeT o TOM, qTO 3TOT nepeXO,It npe,ItCTaBJI.aeT co6on qHCTli8 E 2. 

J_._ -- .. ___ ... __ .,~--------------•---~ ~--~· ----~--:;;~-,~ .~-·,~~~ , · x.weeti;-IWii;;.~;;~·-;:. ,~1-; ?r:~,.~ 

l 
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ITepeX0,It 193,5 R:3B IIBJI.fiel'ca, 0t.JeDH,U:H0, ncpeXO)tOM 1-13 BTOporo 

B paiqaren aHoro ypoBHH Ha n e pBH8. OraoweHHe K: Lz.,6 : J.,!l = I : 

0,43: 0,21 SIBJineTCfl T0JibK0 

JIHHHH Lil nex11r rax~e JIHHMSI 

~ 169. 

If' V ~ ')')6 ') ~ - nope .. OAc~ .:...... , ,. 

B xacL11H1~e II co,1tepxarc.11 Bee nepexo~u, H3necTALie Ao nacron - · 

ntero npeMeHH no JIHTepaxypo, a raK.':<e pn,n; nepexo,non, nae5m:,_n:an

m11xcSI BnepBbie. 

Pa6oTa HM 3THMH H30Tonaim: euie Ho 3aK01It1em1.; rrpo,wmm10Tc.n 

,ItaJI:&Hei-lmHe irnuepeHHJl. IIocJie 0K0H 1IaHlHI H0BI.!X ccputi H3Mepemrn 

Mmmo · 6y.zteT onpe.neJIHTI> MyJII>T11nom,uocrr1 ,naJI1,11etrurnx nepexo.non 

H nom1mx&cS1 noctpowr& cxeiw pa.cna,1;a. 
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T A B n H y A Il 

OTHOCHTeJlhHhle HHTe!,I.CHBHOCTH HaCSJuo,n;~BmHxciI KOHBe~HOHHhlX 
JIHHHii npH · pacnall;e Lu 170 · /2 .ItHH/-+ YC O 

-
8Hepr1rn raMMa · 
nepexo.n:a (K:rn) K LI L.,ii 

84 ~ 
' 

~IOOO 1720ac . 

193,5 178 40 B 42 
·-

3tteprH .a raw.m 3HetirHSI_ rawa 
nepexo.zta (K3B) K M nepexo.zta (K3B) 

283,7 13,1 . ''~1,6 1165 
287, l .. . ' 4,4 · ,..,1, 5a 1224 
396,9 8 3 2,5 . 1229 .... 

' . •. : . ' ,. '• . . .. a. 
420,3 . 16, I 5,5 · 1282 
545,5 .15, 4B 2,7a 

.. , 

.. :·1297 

573,6 3,4 ,.,,2, 5B ·1309 
758,5 ,.,,4,0 1343 
856,3 5,9B 1366 
9I8,I 1,8 a I407· 
91.j(), 4 8,I a 1430 
987,0 17,3 2,7 1453 

1001 -s,9a a 1467 
I004 ,.... 8, 9a a 1482 
I030 ~I,5 a 1502 
I056 12,I I,6B I515 
II03 1,8 a 1569 
II35 ~3, IB a 
II40 6,6B 0,9a 
Il48 ,...,4 oa 

' 
I,2 

r 

a= JIHHH.H COCTOHT H3 .n;Byx HM HeCKOHbKJ,OC JlHHHi 
B = JIHHH.H He TIOJIHOCTbID pa3pemeHa 

Lm 

1830 

K-·• 

o;6 
6,4B 
5,IB .. 
7 2 
' I,9B 

4~4 
3,6a 
2 8 
' 1,8 

4,3 
44,3 
1,6. 

28,4 
a 
a 
a 

C = HIITeHCHBHOCTb npHBO.I(HTC.H COBMeCTFiO ,D;JlSl JlHHH:lit L, + L 
. f II 

,. 

M 

a 

M 

'. 

l 6B ' . 
.a 

0,7 
, .. 

~0,6B 
a 

-0,4 
a 
a 
a a 
a 

4,8 I,4 
I,4 

a 
0,7 

= ~._, tt¥1J a+ =:;4' ,,T-"''---?"JIS:d ~ 

i'J 
~i 

•' .... 

>tf., 

l 
I 

r 
i 
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"0 e-- e- -C0BIIA.nEillUIX IIPM PACIIAJJ.E 

li.c.nxenenoB, B.A.CeprHeHKO 

Lul7In 

" - ~ .. _ 
' . 

• 

Ha C~BOeHHOM JH1H30BOM fo - CIICKTpOMeTpe / I / Mb! npo.n:oJI

JKaJrn 1rnyqem,1e COBn~n;eHl1li IIO BpeMeHH oc5pa30Bamrn KOHBepCl10HHb!X 

:rneK·.t·poHoB·, oo smrn:a10m11x np11 IRCna.n.e LJ-71 ( T½ ~ 8 .n;Hett). 

B KatJeCTDe npenapaTOB HCl10Jlb30Bamw:r, JIIOTeuHeBa.H qipaKUHH pe~Kl1X 

so:Me.llh 11 HeitTpoHo-,neq>M~MTHHe l130To~rn Lu, HaKornrnurncc.fl np11 pac

Iln,I(e H30TonoB Hf • lf30:rpnhl Lu 1,1 Hf du1rn rronytJeHhl B pear:1.n1H 
~ 

Ta +p (660 M:rn). ·YcJIOBr,rn onuToB vr cnococ5• B11,IJ,enemrn Lu H~ Hf 
c5blJil1 Te Re, tJTO HD padoTe /2/. 

PaHee IIaMl1 coodmanocb le.I, tJTO np11 pacrral(e Lu 171~ Y&171 

()l:,IJIJ,1 OOHapyJiteHbl COBIT~eHHH no _ BpeMeHH BO 3Hl1KHOBeHI.1.H 0.neI,JIJOHOB 

OT nepeXO,ItOB c :rneprirn:MH 66,7 H 55,7 l{3B H He·Ob!JU1 HaJl~·eHhl COB

na.n,oHH.H MeJK:.n;y :rneKTponaMH nepexo.n;oB c sueprHm.m 75, 9 111 55, 7 Ksn, 

75,911 66,7 K3B. TaKJICe c5b!JIH saperHCTpHpOBaHhl CODITaAeHHH sneKTpO

HOB JIMHHHL75, 9 c :rneKTpoHairn, t1Meroll\HMli sHeprmo 9; 17 11 36 K:rn. 

HaCTOSlli\He OnI,lTl,l 3TH ,11amrne 110.n,TBepJIC.n,aIOT. 

Ha pHC. I rrpe.n,cTaBJieHLI cneKTPLI COBrra.n;eHl1l1 Me¼)],y 3JH:ii.TpOHaMl1 

L - JIHHHH 75, 9 KsB · Lu 171 11 78, 7 lfaB Lu 172 ll ::rner,,:rpoHaMH 

c 3HeprmIMll OT 5 .n;o 50 I{:rn, a TaKJKe "caMOCOBrra.n,emrn" ~\JteKTpOHOB 

c E = 17 K::rn. 
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KaK BM,I(HO H3 pHc. l,oxqeTJIHBO npOSIBHJIHCb COBila,JJ;eHHSI ( 75,9) 

( L 19,3); (L 75,9) ( M 19,J + L 27,0); (L, 75,9) (K 91,3) 

( L 75, 9) ( L 46, 5) npo11cxo,n;n11vrn B lu171 , a Tamice coBna,n;eHHSI 

(L79) (K 90,6) B Lu 172 . Ms conocTaBJieHIUI cKopocTeii ctJeTa coB

na.n;emUl B cneKTpax 3JieKTpoHoB L 75.·9 Lu171 
H L 78. 7 · lu172 

MOJICHO 

O,ll;H03HatIHO saKJIK)qHTb, qxo IlO,JJ;TBepJK,JJ;aeTCSI npHmrnaHHe nepeXO,Il;OB C 

!'.'HeprHe~ 19,3 11 16 ,5 K3B ~cna,n;y Lu 171 , c,11;enaHHoe MHXeJrnqeM 

11 ,n;p. / 3/ , a nepexo.n;a c 3HeprHeH 90,6 K:rn - pacna;ty lu17~ 
' 

HedOJiblllOe q,0:CJIO "caMOCOBila,JJ;eHHH" ,lJ;JISI :rneKTpOHOB C 3HeprHeH 

17 IfaB IDJJCeT 6ux1 odycJIOBJieHo Kac1m,n;oM I9,3 - 27,0 IfaB Lil-71 : 

( M I9,3 + L 27 ,O) ( M 19,3 + L, 27,0). 

l{poMe 3TOro HaMH ()hIJIH o6HapyJB:eHbI COBna,n;eHHSI M0JJC,JJ;y 3JieK

TpOHaMH OT nepexo,n;oB c 3Heprlieil 85,5 H I09,2 K3B (PHc.2). 
. ' 

CoBna.n;eHHSI no BpeMeHH o6pa30Ba.HHSI SJieKTpOHOB,OT nepeXO,Il;OB 75.9 H 

85.5; 75.9 M 72; 75,9 11 91,3 K3B He. ()I,IJIH 3aMetielibl. 

Ha puc.3 rrpHBe.n;eaa cxeMa ypoBHeM YC171 .n;o aHeprHH 

230 KsB., yJJCe BCTpe tJaBmancSI B mL ~paxype. B Hee xopomo y1rna.n;1rna

IDTCSI BCe BhI,Il;eJieHHble HaMH KaCKa,H;~ r- nepeXO,JJ;OB, KpOMe KaCEa,JJ;a 

85,5 H I09 KsB. K -rrepexo.n;bl, Mex.n;y snexxpoHaMH xoxopbIX dbIJIH 

saperHCTpMpOBaHbl COBrra,n;eHHSI, OTMetJeHH JJCHpHblMH JIHHH.HMH 

ABTOpbI BblpaJ!taK>T 6Jiaro.n;apHOCTb M.K. HHKHTHHY H r.HOBHKOBY 

sa H3rOTOBJ18HH8 HCTO'lIHHKOB. 
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HM TEP AT Y·P A 

- ' ' .r. CeprHeHxo B.A~ 
22, I98 (I958). 

HsB. AH CCCP, C~pHH cpHsuttec'xa~, ·_ 

2 • .I{xeJierroB B.C., · CeprHeHKo B.A., -)taxep~llJI~-' BToporo· 
COBe~aHHR IIO HeffrpOHO-Ae«pH~HTHHM H30TOnau P8AKIDC 

3eMeJIL r • .I{y6Ha, ~ 4~ CTp. I34 (I959). 

J. B. Harma.tz, T~: Handley, J. :Mihelich Phys.Rev.114,1082(1959). 
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"CIIEKTP K0HBEPCR0HHHX 3JIEKTP0H0B. l LI l 70 B 0EJIACTH 
3HEPfi1lt' 1350-1:200 KJB ': . 

B.C .,llJ!te11enoB, A.H. Me,n;Be,n;eB, H. cJ?.Yq~B~TltHH, ., 
· · , '- ; C.A~ lllecTonaJioBa· · · · · · · · , 

'.B 1959 r.~•B::pa6oTe / I/ Cimro 061rn.pyxeHo, tiTo npn 

racna.rte lu110 cneKTp KOHBepcHoHHb!X sneKTpoHOB npoCTHpaeTc.fI 

BilJIOTb ,ll;O 3300 lfaB. H3MepeHirn npOBO)tHJIHCb Ha cneKTpoueTpe c 

TpeXKpaTHOil cp<>KYCHpOBKOt:i c pa3peDiarnne£1 cnoco6HOCT.bl0 ~3, 5%. 

IIpn TaKOil pa3pemaromet.l 'cnoco6HOCTH KOHBepCHOHHUe JIHHHH He pa3,It811.fI

JIHCb; oTqeTJIHBO npOflBIDIHCb 7 mHpOKIDC MaKCHMYMOB (Ta611.I, rpaqa4). 

I!OCKOJibKY ,l(aHHhl8 0 JIC8CTKHX Jrnmrnx npe,ItCTaBJIRJDT HHTepec ,ll;Jl.fI yToq

He HHR no JIO:xcemrn nepXHHX yponHei1 B036Ylt.rtemrn YC 17D, MN Hccne,n.o

Bann cneKTp KOHBepcHOHHblX 3JI8KTpOHOB npH IlOMOII\H 6eTa-cneKTpOMeT

pa c TpexxpaTnon qioiycnpoBKOH B ycnonHRX, KOr.rta paspemaromaR 

cnocoCiHOCTb COCTaBJIHJia I,4%. 

Pesym,TaThl ,flP8.ItCTaBJI8Hhl Ha pHC. Ia H lei H B Ta6mu~e I. 

KaK BH,Il.HO H3, pHc.I, cneICTp B STOil o6nacTH :rnepnnl HaCTOJib-

(r 
,( 
(-• 

~ 
(;;; 

KO c·no:res, qxo llnpll ~f = I,4% ~aneKO He Bee DIIHHll jl0.S)lieJil!lllTCH. ~ 
YqacTOK cneKTpa 1350- 1600 K3B Mhl pa3JIOEHJIH Ha KOMTIOHeHTli 

(pirn.2). IIOJIOJ:8HH8 H3B0CTHblX KOHBepCJ10HHHX JIHHHil, COOTBSTCTBYJ0-

11\HX J - riepexo,IJ;aM 1454, 1481, 1567 k:.rn (pa.Cic>Ta /2/) H 1593 K3B 

(aTa m,rn1,rn cornacHo pa6oTe /3/ npmia.rvre>:tHT lu 169) cqHTanocb 

sa,n.aHHIDA; no CJI8 npone,Itemrn 3THX JIHHHR C. MaKCHM8.JILH0 B03M0JltH0li 

HHTeHCHBH0CTLJO, 0Ka3aJI0C:&, qTo H3CililT0K K0HBepCH0HHhIX 3JieKTp0H0B 

cooTBeTcTBYeT. ~onoxeHMIO .ItBYX L -JIHHE:H OT 'K -nepexo,1toB I454 H 

1481 Ifa B. ·CpanHelfne rpaq> J H 7 ( Ta6n. l) norta3bIBaeT xopo111ee 
' 

"'iiiiiii;;i . -,·-w::7'FJIYWZZ:Ni - p;-... MPFFiP J 
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COBila,IJ;eHHe AaHHblX no OTHOCHTeJibmIM HHTeHCHBHOCTflM ,Il;JIR .K-KOHBep

CHOHHl:D{ :rneKTpOHOB, COOTBeTCTBYIOiqHX nepexoAaM 1454, I46I n 

I567 mm. 

Ha ytraCT~e CileKTpa Bhlllle I600 K3B TOJibKO O,ItHa KOHBepCHOH

Hafl JIHHll.fI 1992 IfaB OKasanac:r, O)tlfHQqH011. 

Onpe,1teneHHe nepHOAa rronypacna.1ta B panoHax HaHOonee J.1H

TeHCJ.1BHLIX MaKCJ.1MYMO B e11te pas IlO,Il;TBep,1vmo IlpHHa,ItJie:li:HOCTb 3Tl1X 

KOHBepcHOHHHX 3Jl8KTpOHOB lu170 • 



I 
I 
I 

I 
I 
I 

ii 
nn 

I 

KOHBepcHOHHlie s~eKTpOHli 

l{auHasi pa6oTa /ti 
~Heprn.a UTH0CHT. c:1HeprH.H -UTH0CHT. 

KsB HHTeHCHB- KsB BRTeHCHB. 
H0CT:& 

2 3 4 5 

1393 I I393 I,63 

1420 0,6:3 -
1444 0 .l) 

' -
I47I 0,20 -

) I506 
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-
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16 2230. 
17. 2320 
18 2380 
19 2660 
20 2735 
21 28)) 
22 2925 
23 ))IO 
24 3090 
25 3160 
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3 4 5 6 7 8 9 
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2300+ 20 .. -

-., 
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O,I6 -
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x) lna 3HeprHH IIpmlSTO 3HaqeHHe H3 pl.60TR /2/, xax HaHdonee TOqHoe. 
xx) lna 3HeprHH npHHsTo sHaqenHe H3 pa6oxu /3/. nnnus rrpHHa~nexHT Lu169• 
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JI 11 T E P A T Y P A 

I. B.lxenenoB, H. YqeBaTKHH, c.mecTonaJ10Ba. 

I) MaTepHaJIH BTOporo COBema.HHH no H8HTPOHO-'A8~HJ:UiTHJill 
H30T0na.M pe.I(Kl'IX se1,1em, T.l, I68 (I059), r.ly6Ha. 

2) MaTepHaJIH 1O-ro Bceco10sHoro CoBemaimn no smepHoR 
cneKTPOCKOnm1. MOCKBa, 1960 r. 

2. B. TyqKeBHq, B.PoMa.HoB, M.MO.I(KO. 

MaTepHaJlli 1O-ro COBemaHHfl no Mepaog cneKTpOCKOllHH 
(MoCKBa, 1960 r.). 

J.B. Harmatz, T. Handley, J. Mihelioh,Phys. Rev. 114, 1082 (19591 

4. L. Dillman, R. Genry, N. Gove, R. Beoker,Phys.Rev.Lett. 2, 27 
(1959). Phys.Rev. llJ, 6J5 (1959). 

Bceco10sH1:ilti aay·tJHo-nccJ1eioBaTem,cxult 
HHCTHTyT M8TpOJIOrHH lW.A.H.Me~eJleeBa. 
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1992 

i 
2 

-1 

, 
'1000 8000 9000 

PHc. Ia. CneKTp KOHBepcHOHHHX aneKTpOHOB Lul?O. 
Y CTpenoK ~aHli 3HeprHH KOHBepCHOHHliX RHHH~. 
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CilERTP ROHBEPCHOHHHX 3TIERTPOHOB TIDTEUHEBOn ~PARID1H 

A.A.A6~ypa3aKos, ~.M.A6~ypa3aKOBa, K.E.rpoMos, 
E.C.lxenenoB H I'.fl.YMapOB 

~3yqeHHD c~eKTpa KOHBepCHOHHHX 3JI8KTpOHOB JIDTeUHeBOR 

¢p'8.KUHH IlOCBH!lleHO MHOro paCioT, B qacTHOCTH, (I,2,3). C U8JILD 

npoBepKH HMeDmHXCH ~aHHHX B cneKTpe Lu - ¢PaKUHH HaMH npH 

IlOMOmH ./3 - cneKTporpa.cpa C IlOCTOHHHHM MafHHTHLIM IlOJl8M CiHJIO 

CHHTO H8CKOJILKO cneKTporpaw Cll8KTpa KOHB8pCHOHHHX 3JI8KTpOHOB 

Lu , 0Cipasy1>11{erocs B peaKUHH r nyCioKoro OT!lle}JJieHHH Ha TaHxane. 

B HamHx onurax TaHTanosaa MHmeHL oCinyqanacL -2 qaca. 

PerHCTpaUHH 3JI8KTpOHOB Ha nepBon ¢oronnacTHHK8 HaqHHaJiaCL qepes 

3-4 qaca nocne KOHUa QCinyqeHHa H qepes I qac nocne xpoMatorpa

¢HqecKoro BLl~8Jl8HHH JIDT8UHH. 

liCilOJlb3OBaHHe npHCiopa, perHCTPHPYDll{ero O~HOBpeM8HHO 

3JI8KTPOHH B um:pOKOM ~HanasoHe 3HeprHH 3a 5-IO lfflHYT, a TaKXe 

BO3MOZHOCTb 3aM8HHTb ¢oronnaCTHHKH, no3BOJIHJIH HaM, IlOJILSYHCb 

~BYMH npenapaTW4H JIDT8UHH, CHHTL cneKTP KOHB8pCHOHHLIX 

aneKrpoaoe a HHTepeane 3HeprHH or 30 ~o IOOO K3B. 

C Kalt~HM npenapaTOM nocne~oeaTeJILHO CiLIJIH 3KCllOHHpOBaHH 

no 3 ¢oronJiaCTHHKH c pa~HHMH BpeveHaMH 3KCilO3HUHHo 

nns KaJIHCipOBKH f,- cneKTporpa<I>a B yKa3aHHOM ~Hana3OH8 

3Hepr1,n1 CiHJIH HcnonLsoeaHLI cne~ynntHe KHTeHcHB_Hlile JIHHHH Yt,169 , 

I 
J ",, 

l: 
~ ~· 
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3Hepr•m KOT0pliX i13MepeHa ,nn MOH,D;OJ,1 H ,H;po /5 / : I{ H L.
1 

109, 78 

K3B, I<" L, 177 ,24 KaB, ,< H L, - 307, 7 KaB, a taxxe JntHHH 

456,8 KsB, 962,4 Lu169 /2/ •. 

OueHKa HHT8HCHBHOCTeH npOH3B0,D;HJiaCL TOJILK0 BH3Ya.7ILH0~ 

IlpHilHCaHHe Ha0JID.D;8HHliX JIHHHI TO~ HJIH HH0MY H30T0ny Lu np0H3BO.n;H

JIOCL no JIHTepatypHHM ,11;aHHHM H no rpy6oB oneaKe nepHO,D;a nonypacna

,11;a. 3a,11;aqa CB0.D;HJiaCL K onpe,n;eneHHI> 3HeprHH HK Il0HCKaM H0BliX 

JIKHHH. B ta6n111uax I, 2, 3, 4, 5 H 6 crpynn111poaaHLI aaMeqeuuue· 
BaMH JIHHHH Lu 167 , Lu 169, Lu 170, Lul71 , Lu 172,,., ygl67, 

yg 169 H Tu 167• · Hoaax JIHHHI c nepn:o.u;oM > 3 qacoe o6Ha,.;. 

pyxeHO He 6uno. He OH.110 oOaapyzeuo TaitJ:e caMOI HHTeHCHBHOI B 

ei.Opaauol oOnacTH 3HeprHH JIHHKK. Lu173 - 78,8 K3B• 

B 1959 r. rpoMOB H .n;p. /4/ B Jil>T8UH8BOH ¢PaKUHH OOHapyxHJIH 

ItOHB8pCilOHHYI> JIHHJ/11> c Ee =78, 7 K;tB,111HT8HCHBHOCTL KOTOpol yOaBana 
. . . 

c nepHo.u;o.v nonypacna.n;a oxoJio 2 qacoa. Aetopli :noH paOOTli npe,Itno-

narMH, Ql'O 3TOT nepHo.n; nonypacnaJ:ta .VOZeT 61iTL CBH3aH JIH60 c HO

BliM H30TOllOM nnreuHa, JIHOO C H30MepHliM COCTOHHK8M xaxoro-ro H3 

H3B8CTHliX H30T0DOB. 

Ilo ,Jta.HHlill rpHropLeBa H ,Jtp. /6/ ¥ - nepexo.n;, aaOnn,IteHHlil 

H.IIH B Jil>T8UH8B01 ¢Pa.KUHH C nepH0~0.11 nonypacna,11;a 2,3 qaca,npOHCXO

,D;HT B a.we Y& • 3tor 'I - nepexo.u; ( h.J =87, 7 Kae) npHnHci.eaeT-
. T68 ca pacna.n;y Lw • 

B HamHx onurax HaOn1>.n;a.nHcL ,!IHHIOt L,, ( Ee =77 ,67 Ras,) 

H L,,,( Ee -78,68 Kaa) nepexo,D;a hiJ =87, 7 KaB. Jtls conocraaneHHS 

HHT8HCHBH0CT81 nocne.n;oeareJILHO 3KCllOHHpOBaHHWX ¢ororinacTHHOK C 

O,JUIH.11 H T8.V ze HCTOqHHK0.11 BH,JtHO, qro ~na COOTB8TCTBYD~ero H30TO

na T }2 < 3 'laCOB. 
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KOHBepCHOHHUe JIHHHH, KOTOpHe MH npHilHCHBaeM nenoqKe 

Lu I67 -- Hb 167 • Tu16~ npHBe.n;eau B Tadmu.~e 6. HamH 

.n;aHHHe xopomo cornacynTca c .n;aHHHMH MHxenHqa H .n;p. /2/. 

KpoMe Toro, HaMH odaapyxeHH .n;Be HOBlie KOHBepCHOHHHe JIHHHH 

C 3HeprHe~ I05,9 K3B H 169,I K3B H nepHO,D;OM noJiypacna,n;a,vJ qac • 

Ilo-BH.D;HMOMY, 3TH JIHHHH npHHa.n;nemT mido Lu167 ( 'T, 1 =54 1urn), 
12. . 

JIH60 Lu. 168 ( T,/2 =2,3 qaca)o 

3aTpy.n;HeHHH C H.D;8HTHq>HKaUHeH B03HHKJIH Ha yqaCTKe 30-45 K3B 

Ha TpeTLeR nnacTHHKe. B 3TOR 06JiaCTH Ha6JID.n;aDTCa JIHHHH 33,6; 

34,8; 40,5; 41,6; 42,I; 42,8 H 43,I K3B. IlepBHe .n;Be JIHHHH MOrJIH 

6u npHHa.,n;nexaTL lu 17 4• OcTaJILHHe JIHHHH no saeprm1 MO:l(HO. 6uJio 6u 

npHilHCaTL Oxe-3JI8KTPOHaM. 0.n;Ha.KO OTHOCHT8JILHHe HHT8HCHBHOCTH 

3THX JIHHHR npOTHBOpeqaT Ta.KOH H.D;8HTHq>HK6.UHH. B03MOXHO, qro W 

s.n;ecL HM88M .n;eJIO C HOBHMH y- nepexo.n;aMH. 3TOT yqacToK·cneKtpa 

Heo6xo.n;HMO .n;onoJIHHT8JILHO HsyqHTb. 

06'Ei8.D;HH8HHlili:t HHCTHTYT 
a.n;epHUX HCCJI8.D;OBaHHR 

Cpe.n;HeasHaTCKHR IlOJIHTeXHHqe
CKHR HHCTKTYT 

' 'I 
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Ta6muta I 

PesynbTaTH HsyqeHHH cneKTpa KOHBepcHOHHUX 

3JI8KTpOHOB lu 172 

Hp Ee (K3B) .H.1te HT Hq>Hxanirn 

913,5 68,74 L - 78, 7 
II 

920,5 69,74 L - 78,7 
L · : L I69 

Ill : 

C0Bna.1taer c -87,4, - u M - 78,7 , 
CoBna,u;aex c L,,,-87 ,4 -Lu 169 .JI- 78,7 

994,8 80,64 L - 90,6, · 
II 

1000 8I,43 L,,.- 90,6 

1045 88,37 M - 90,6 

I057 90,30 JV - 90,6 

I237 120,3 I< -18I ,8 

1557 I42,2 N -203,5 

I5II I7I,8 L,, -I8I ,8 

1517 173,0 L
111 

.:.18I ,8 

1693 209,I N -270,5 

1549 I79,5 M -181,8 

1936 262,2 J,( -32.'.3,6 

2152 3II,9 J< -373,2' 

2.'.308 349,0 H -410,3 

2629 428,2 I< -489,5 

2790 469,0 I< -4.'.30,3 

3425 635,7 1-< -697,0 

3842 748,8 I< -810,2 

4170· 839,3 ,1'( -901,0 

X 

X 

X 

X 

X 

X 

x. 3TH RHHHH Ha6nD,u;anHCb tOJibKO B paOoxe B.POMaHOBa H ,llp. /3/ 
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Ta6111,1na 2 

PesyJihTaTli H3y,t8HHH cneKTpa KOHBepcKOHHliX 3Jl8KTpOHOB 

Li.t.171 (8 ,1 ,n:mi) • y~I71 

f Hp Ee K3B 
H.n;eHTHqJHKan1rn 

I. 821,0 56,17 L, -66, 7 

2. 825~0 56,70 L -66,7 
II 

3. · 832,5 57,66 L -66, 7 
Ill 

4. Coe_na,n:aeT c L,,, - 75,0 Lul69 L.,
11
-75,8 

5. 900,0 66,84 Lm-75,8 

6. 997,0 73,55 M -75,8 

7. CoBna,n:aeT c L,,, 84,2 lul70 JI -75,8 

8. 3589 680.0 t< -741 ,2 

Ta6mn\a 3 

PesynLTaTli :HsyqeHMH Cil8KTpa KOHBepcHOHIWX 3Jl8KTpOHOB 

170 IT' ) lu ("/a= I,9 ,n:H. 

)f?' HJ' Ee Kan R,n:eHTHq>HKallI-Ul 

I. 951,4 74,20 L,, -84,2 

2. 958,8 75,25 L -84,2 
Ill 

3. 1004 82,09 M -84,2 

4. 1015 83,80 .N -84,2 

5. 1303 132,3 N -193,6 

6. '2346 358,2 N -419,5 

7. 2847 · 483, 7 H -545,0 

"'J'f'"""'- llll!'M J!i'.71' ., 

i 
I 
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Tac5miua 4 

Pe3yRhTaTH H3yqeHHR cneKTpa KOHBepCHOHHHX 3R8KTpOHOB 

Lu.I69 (I,5 .D;H.) • y,169 

Hp Ee 
JA.n;eHTHqJHKaUHH 

KsC 

2 3 4 

7I2,5 42,84 K - 104,2 

759,I 49,59 R - III,0 
790,4 52,25 L-I 

62,6 

794,2 52, 75. L,,- 62,7 

801,8 53,70 L,.- 62,7 

852 ,5 60,33 L, -I 70,8 

855 ,8 60,77 L,,- 70,8 

864,0 6I,88 L,,,- 70,8 

886,3 64,94 L -n 75,0 

893,0 65,87 L,,,- 75,0 

CoBna,JtaeT c L,, -78, 7 - luI72 M - 70,~ 

937,5 72,18 K - 133,48 

94!,2 72,71 M - 75,0 

969,0 76,79 L,- 87,3 

972,5 77,30 L,,- 87,3 

979,4 78,33 L,,,- 87,3 

99!,0 80,07 L,- 90,6 

Cosna.1:aeT c L L 112 ,,,-90,6 - u L-I 
92,0 

IOI! 83,16 K - !44,7 

102.'.l 85,02 M - 87,3 

1036 86,96 .N- 87,3 

Cosna.itaeT c L 172 M- 90,6 - u M - 90,6 



-I . ... 2 .. 

·23.· !079 

:;:f ~:i 
26. I !124 L 
27. I 1130 I 

28. I 1141 · I 

29. I 1150 I 
30.-1 1!70 I 

31. I II8I I 

32. I !291 I 

33. I 1315 

34. I ' !330 

35. I 1383 I 

36. I 1~9 

37. I 1426 

38. I · I432 I 
39. I 1466 I 

40. I 1476 I 
41. I 1557 -, 

42. I !569 I 

43. I 1637 I 
44. I 1792 I 

45. I 2137 I 
46. I 2175 I 

47. I 2284 I 

48. I · 2388 I 
49. I 2498 I 

·- ---~------- -

I 
-•i'I ., 
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3 

93,75 

· :95.60 
. ' 
I00,6 

I0I,I 

102,I 

· 103,9 · 

105,4 

108,8 

II0,6 

130,I 

!34,4 

137,2 

147,0 

148,l 

155,3 

156,4 

I63,0 

165,0 

IBI,0 

183,6 

197,4 

230,4 

308,4 

3!7,3 

343,3 

368,5 

395,5 

4 •. 

L, - I04,2 

K-157,0 

L-III ,0 , 
L,,-III, 0 

Ltn-Ill,0 

K-165,2 

K-I66 ., 
M-IIl ,0 

.N~l!l,0 

K-I9I,4 

L,-144,7 .. 

K .. 198,5 

Lu-!57,0 

L,. ... I57 ,o 
L,, ... I65,2 

L,,,-165,2. 

M-165,2 

K-226,2 

L,-19!,4 

K-244,9 

l{ ... 258,7 

K-291, 7 

K-369,7 

K-378,8 

K-404,6 

L,-378,.8 

K-456,8 



6I , 

I 2 3 4 

50. 2553 409,2 K-470,5 

51. 2972 516,0 K-577,3 

52. 4392 901,I K-962,4 

Ta6m1ua 5 

Pesym,ra:rn 1rnyt1eHJrtH cnexrpa K0HBepcH0HHHX 3R8KTP0H0B 
- yg 169 

! Hp Ee Ks& 
Kit ea UI<pmtaUHSI 

I. 775,0 50,45 K-109,78 

2. 841,0 58,8 K-II8,2 

3. 930,0 71,IO K-130,6 

4. 1II6 99,64 L-I09, 7 
' 5. 1223 117,91 K-177,24 

6. 1240 120,9 L-130,6 
" 

7. 1246 121,9 L -I30,6 ,n 

8. 1282 128,4 M-130,6 

9. 1338 . 138,64 K-197,9 

IO. 1488 167,10 L,-177.,24 

IL 1591 187,86 l, -Ig7,97 

12. 1874 248,4 
:_•. 

K-307,7 

IJ. 2030 297,6 L,-3?7,7 -
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TaOirn:~a 6 

PesynbTaTH H3yqeHH2 cneKTpa KOHBepcHOHHHX sneKTPOHOB 
L 167 • 

u ' 
1:1, 167 • 

. ' 'r. 167. 
u ' 

i I Hp I Ef:. K3B I H,JteHTR<pMKaD.HS 

lu167 (54 MHH) ~ !:Ji167 

I< 

I. I 1409 I 151,9 ··.· K-213,2 
·' .. 

2. I 1542 I 178,l K-239,·4 \ 

3. I !729 I 216,8 K-278,1. 

. 4. I 1785 I 228,9 L -239,4 

5. I 1908 I 255,9 K-317 ,3 

6. I 2271 I 340,I K-401,4 

!:}' 167 . (18 :wrn) ., -Tu167 

1 I 745,5 46,73 R-106,2 

' . 2 I 794,0 52,7 L,-62,8 

3 I 804,0 54,0 K-113,4 

4 I 853,0 60,4 M- 62,8 

5 I 939 72,4 K-131,9 

6 I 1093 I 96,I L-106,2 
I 

::--7 I 1138 I 103,5 L,-II3,4 

8 I 1141 I . 103,9 M-106,2 

9. I II60 I 107,I L,,-II6, 7 

IO I 1166 I 108,2 L,,,-116, 7 

II I 1184 I IlI,2 M-II3,4 

12 I 1217 I 116,9 K-176,2 ' i 
13 I 1249 I 122,5 L,,~131,9 

!; 

ii 
I 

14 I l254 I 123,5 L111-I.'.3I;9 l 



Tu I 67 (9, 6 .ItH) ~ 
K 

E 167 cra6 r . 

I 1403 150,8 K-208,3 

2 1644 199,0 L-208,3 ,, 
3 1649 199,3 L,,,-208,3 

4 1680 206,5 M-208,3 

5 1686 207,7 .J/-208,3 



64 

Il HT e pa T .y pa 

I. D.T.Bo6poB, R.H.rpoM0B, B.c.nxenenoB, B.K.Ilpeo6paxeHCKHff 
H3B. AH CCCP cep.~H3. 795 (1958). 

2. B. Harmatz, T. Hana.Ley, I. M1hel1oh 1Phys.Rev. 114, 1082 (1-959). 

3. B.A.PoMaHos; M..r.11:o.IUto, B.B.Tyt11teBHt1, 
MarepHanu X-exero,1taoro :coBeJitaHHSI no SI,1tepHoH cnexTpocxomrn: 

B MOCitBe, SIHBapb 1960 r. 

4. R.rpoMOB, E,lXeJieDOB, i.,UHenpoBCKHff 
MaTeJrn&Jibl, BTOporo COBemaHHSI no H.Il8PHOR cne1tTpOCltOilHH 

ueRTpoHo-~e~H~HTHHX usotonoB. Ilpenp2ur OHlll, P-459, ly6aa I959r. 

5.E.N. Hatch, F. Boehm, P. Marmier, I~W.DuMond1 Phys.Rev. 104, 
745 (1956). 

6. E.n.rpHrop:&eB, K.H.rpou:os, E.C.,UxenenoB, B.3B0JI1>c1ta, 
A.B.3onoraBHH, M.Belc, Ba.H,DH-DH 

MarepHaJibl HacroSimero coBemaHHSI. 

\ 
,, 
) 

~, 

,~: 

t: 

l 
' I 



65 

3HEPrETHllliCIU1E YPOBHH E r- 166 

I. BBE)lEHliE 

Uen1> HacTosunen pa6oTLr - nony1rnT1> bonee noirnyD 1rncpop.Ma1u-m 

o cxeMe· ypoaHen Er 166 npH pacna.n.e YC 166 •. 

51,npo !:JC I 66 (58 tJac) pacna.n.aeTcH sneKTponmJM 3axBaTou 

a Tu166 (7,7 t1ac), KOTopun B caon oqepe,n;1> pacna,n:aeTcSI oJieKTpoH

ma, 3aXBaTOM Mi C Manon B0JIHtJHHOi'1 .J3 + B Er- 166• 

3a IlOCJie,D;HHe H8CKOJibKO neT :rnepri-rn 4'- H3JiytJeH1'1SI. H KOHBep

CHOHHHX 3J18KTpOHOB npH pacna,n:e Y&166 H 'f'u I~6 ~i3Mep.R:JIHCh 

pa3JIHtJHLIMR aBxopauK (I-6). HenonnaH cxeMa yponaen Er 166 

npH pacna,ne 'l'" 166 chrna npe,n;noxeaa rpoMOBHM H ){p. ( 6) H 

;nxaxo6oM H ,I!;p.(2). ¥.x npe,n;noJIOIC8HWSI OCHOBhlBaJIHCI, Ha H3MepeH:HSIX 

:rneprH" K HHTeHCRBHO.CTeit nepexo,n;OB. EOCICMa H .zte Baap,It ( 6) Ha 

OCHOBaHHH OilHTOB no. COBila,l{eHHRM KOHBepCHOHHHX 3JI8KTpOHOB H 

¥ - nyqen H no K - rcoana,n:eHHHM npe,nJIOXHJIK CXeMY ypOBHen ,l{JIH 

HaH6onee HHT0HCHBHHX nepexo,n;OB n Er 166• 

B HaCTOSill{eJt pa60T0 OilHCaHbI HOKOTOpble OilHTH no r- f COBila,n;e

lUUn.t npH pacna,n;e !:JC166 H npe,nJIOJCeHa 6onee IlOJIHa.H CXeMa ypOBHeB 

£~ 166. 

2. I1CT04IDUG1 H AIIIIAPATYPA 

Rsoronu ~f, nonyt1anHc.& B peaKitHH pacmennemrn: npH 3-4 ttaco

BOM odJiytJeHHH Ta npoTOHa)IH C 3HeprHelt 660 M3B Ha cimxpouru:JIOTpO-
" 

He 06~8~KH8HHOf0 HHCTMTyTa R~epHHX HCCJle){OBaHHH B ny6He. 
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XHMHqecKHe onepanHH - Bhl,l(8JI9HHe rpynnhl pe.n;KHX 38M8JID H3 Ta 
MHill8HH H xpoMaTorpa~mecxoe pa3,l(9JI8HKe 3JI9M9HTOB - ObiJIH npOH3-

Be~eHhl B Ey6He qepes II-19 qacoB nocJie oonyqeaHR. 

I!s11epemrn B KpaKoBe HaqJIHaJIHCI> qepes I, 5-3 ,I(HR nocne 

OOJiyqemrn • B OilblTax, omICaHHHX B axon CTaTI>e, HCilOJII,30BaJIIIICI, 

oopa3Uhl noJiyqenmrn H3 qexupex Ta u:mnenen. Oonyqenwa npoHsBo.n;:H

JIHcb C .HHTepBaJiaMH npHOJI.H3HT8JibHO B 2 M8CRl.la. B nepBhlX ,l(BYX 

0D~TaX·H3MepeHMH r - H~JiyqeHHR IlpOH3BO,l(HJIHCb H80,l(H0KpaTH0 

C l.l8JlbID M3J48HliR ncero cneKTpa CMeCH H30T0il0B HTTepOHH. B ,l(BYX 

.npyrHx onblTax dLI1rn H3Mepem,z K .;_ t - coBna.n;emrn. 

Ilp0CT0tl K - cn~KTP dbiJI noJiyqeH C Il0M0IJtbl) CUHHTHJIJIHUH0HH0ro 

Cil8KTpO.M8Tpa C ICpHCTaJIJIOM J/a,:J ( 'Ft . ) I, 5" X l" C q>OTO

YMH0lCHTeJieM EM i 6097 F H 100 KaHaJII>Hb!M a1mJI.HTY,l(HblM aHamrnaro

p0M. Pasperuavmaa cnocoonocTI> aToro cneKrpoMerpa Ha JIHHHH Cs137 

661 K3B OHJia 8,2%. 

J' - t conna,nem-m penteTpHp0BaJIHCI, MHOrOKaHaJII>lil:lM aMIIJIHTy,l(

HblM aHamrnaT0p0M • .IlJIR Bbl,l(eJiemrn cneKTpa C0BIIa,l{emdi HCil0Jil>30Ba

JiaCb cxeMa db!CTpo-Me,n;JieHHhIX COBII8,l(8Hvlil. EJIOK-cxeua ,l(aHa Ha 

PHC .I. l1cn0JI.b30DaJICSI KPIIICTaJIJI ..tla:J (Te) I, 75 x2" H 2"x2" 

H <p0T0YMH0l!CHTeJII> EMI 6097 F • Pa3pewarontaR cnocodHocTI> odoux 

cnexrpoMeTpoB Ha JIMHvU'I Cs .137 6hlJia 9%. PaspemaDmee npeMR cxeM~ 

COBna,l(eH~~ 27: =5.5.10-S CeK. 

3. PE3YJI1TATH H3MEPEHIDl 

Moxrno Qj!H.n;aT.b, qro l1CCJie,1\yeMlilli HCTQqHHK co.n;eplKHT }t3Jiyqe-

HH8 CJI8.l\Yl0lll11X H8MTPOHO-,l(eq>HIUITHilIX H30T0II0B : yg 166 
B paBH0-

-- - --

./ 
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BecHH c Tu 166 H 

IlpocTofl (- cneKTp, 3aperHCTpHpOB8.HHHU IOO-KaHanI,HHM 

a1mnHTy.n;HL1M.aHaJIHSaTopo1.1,noxasaH Ha pHc.2a,2B. AHanH3 pacna.n;a 

q>0T0mtxa Il0Ka3HBaeT, tfT0 pacna.n; npoI,!CX0}tHT C nonynepH0,It0M 

OKono 57 qac. , T. e. OH np1rna.n;neXHT cnexrpy !JC 166• 

qepes HeCKOJILKO ,ItHen nocne Hat1ana H3MepeHHI naOnn.n;anHc.r, 

JIHHHH II5, IBO, 250 H 300Kan c nepzo,n;oM nonypacna.n;a 30,6 .n;HH. 

3TO pacna.n; YC 169• H3 aHaJIH3a 6HJIO ycTaHOBJI8HO, tfTO OilHTH no 

conna,n;eHHHM .n;JIH !JC 166 MoryT <5HrL BlilllOJIHeHH B nepByn He,n;eJ!D 

H3MepeHHff, xor,n;a aKTHBHOCTI, !Jl166 B8JlHXa ao cpaBH8HHD c ,n;py

rHMH aKTHBHOCTJIMH, npHCYTCTBYD~HMH B o6pas~e.cpaBH8HH8 3Hatf8HHH 

3Heprirn: '{ -H3JlytfeHHH £ L, 
166 ~ nonyqeHHliX B HalllHX H3MepeHHHX, 

co 3HaqeHHH.wt, nonyqenHHMH .n;pyrHim anxoprum, noxasa.Ho B xaOJIH-

1.te I. 

CymecrnonaHHe nepexo,n;a c saeprHel 880 Kan, cooo~enHoe 

roJu,xo EpaOe1toM (4), no.icrnepx,n;aeTcH. HamHMH H3Mepemuurn conna.zte

HH~. 

MH He oOHapY]tWIH JIHHHff I53 H 522 K3B, H3MepeHHHX Ha CI.tHH

THJlJIHI.tHOHHOM cneKTpOMe~pe Ea.paHOBCKHM H rroxpOBCKHM (5), H JIHHHD 

1550 K3B, oOaapYJC8HHYD nOCKMa H ,n;e Baap,n;OM (6). 

IIIHplrna H qiopua <pOTOilHKOB c :meprlUIMPI 185, 710 H 790 ~3B 

n0Kas1i1Baer, qro 3TH nHKH co.n;epxar 0onee, tfeM o,nHH nepexoA. 

Pe3yJILTaTU HafilHX H3MepeHHR conna,n;eHHR ~aHU B Ta0JIHI.t8 TI. 

JIHHHH I85, 710, 790, II80, 1270 H 2070 K3B pa3JIHtfMHC1, C 

IlOhlOI!ILIJ o,nHOICaHaJll,HOro aMilJIHTY.ItHOro aHan1rnaropa. H3MepeHIUI 

Ka.l'C,non nHHHH npOH3BO,nHRHCb npH pa3nHqHUX YCHR8HHSX YCHRHT8JISI, 

pasnHqHoR mHpHHe KaHMOB H pa3RHtIHOM nonoXeHHH KaHa.JIOB Ha nmce. 
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TaKHM nyTeM H3MepaJICH H HHTepBaJI 3HeprHH cneKTpa C0Bile.A8HHH, 

saperHCTpHpOBaHHH~ MHOfOKaHa."lbHl»M aHam.rnaTopou H MHTepBaJI 3Hep

rHHJ OT6HpaelW~ O.]J.HOKaHaJihHHM aHaJIH3aTopoM. 

CJie.It~mne C0BTI8,)];8Hlrn:, no.r.ytieHHH8 B HaCT0Slllt8~ padoxe, Ha

X0AflTCH B corJiacv.H c pesyJihTaTaMH EocF.Ma H .n;e Baap.n;a (6); JIH

HHSI I85 K3B c qJOTOmtKaMH 80, 710, 790, l 180 KaB; JIHHHSI 790 RaB 

c flHKaMH 80111270 K3Bi JIHHHSI 1180 K3B c TI~KaMH 80, 185, 210 K3B 

H JIHHrtfl 1270 C nmtm.rn 80 JI! 790 K3Bo 

KpoMe 3TOro IlO)J;TBepx,n;eH~H pe3yJibTaTOB EocKMa H ,n;e Baap.]J.a 

j 

1 

(6), Mhl IlOJIYtililJil1 COBna.n;emrn c JIHHHen 185 K3B <pOTOilHKOB 185, 460 .·~; 

H 1880 K3B (pMc.3 a,B), HO He MOrJIK IlOATBep.]J.HTh COBna.n;eHHe 

JIKHHH 185 K3B C nru,oM 2070 K3B, YKa3~HH08 EocKMa H .]J.8 ~aap.]J.OKo 

B .]J.8.JII:,H8~lll8M :Mhl noJiytIRJIR CJie)J;yIOil{He COBna,n;eHHSI : Mez~y JIHm-1811 

710 K3B JII HliUta.Ml1 460' 710 K3B (p11c O 4) ; MeJ&:,n;y JIHHHelt 79Q K3B H 

IIHKaMH 185, 460, 710 K3B (pHCo4) ; .M8J:,n;y 1180 K3B H IlHKOM . 

880 KaB (pirn.5); -Me:it,n;y m,rnueit 1270 KaE H mncaMH 185, 6OOK:rnCpHc.5J 

H M8E,1l;y JIHHHeU 2070 K3B H ~OTOflHKaMH 80,185 K3Bo Ta.KHe COBTia.n;eHHS

EocKlla H ,lt8 .Baap,11; He Ha0JIIO,IJ;a1IHo 

q. CXEMA YPOBHEit 

Ha ocHoBamrn Hanmx om,1TOB 1a BeJrn.qHH 3Hepr11ll nepexo,n;oa, ,Ita

BaeMbIX rpoMOBhlM H ,n;p. (7) ( CM. Ta6.r.~ny 1) J Mb! npe,n;nOJIOXHJUl cxeMy 

ypoBHetr Er166_ np11 pacna.n;e Tu 166 
o 3Ta. cxeMa ypOBHe" ,Ita.Ha Ha 

pHCo 6. 

.naa ypoBHSI 80 H 264 K3B 0mm: yxa3aHbl bOCKMa ItI · .1(8 , Baap,n;OM 

( 6) H Ta.K'1Ce H3B8CTHhl ~3 pacna.n;a Ho 166• 0Hli HHTepnpenipOBaJIHC:h 

KaK pOTal\110HHhle COCTOJIHllSI. HM npHnHcaJIH COOTB8TCXB8HHO (0, 2+) Ii 

(0,4+). 

" '_...,r,-

,.; 

t 
~ 
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TpH ypOBHfl 788, 862 1t 967 R3B Mory:r llHTepnpeTHpOBaTLCSI 

Ka.K 0XH0CSil.lt.H9CSI It BH0pa.I{I{OHH0MY C0CT0JJHJU) , Ji ,ItBa HaHHH3IlIHX 

po:raQiiOHHHX yp0BHSI ChlJIH llOCTpOeHH Ha 0CH0BaHliH 3Xoro • lfX 

SHaqe:aHiI COOTB8l'C?B8HHO /2,2+/, /2,3+/ H /2, 4+/. Eoc:ru.la H 

,Ite Baap,D,HHTepnpeTHpOBaJIH ypOB8HL 8~2 R3BK8.It BH6pal\HOHHh!ti 

c snaqeHH8M /2,2+/ ll ypoBeHL 957 ~3B KaK pOl'a.I{HOHHHll./2,J+/. 

OHH He yno1nrnBJIH 06 ypoBHe 788 R3B. · B cxeue ypoBnett, npe.ztJia

raeMotr EaCKJ.f8. lI ,It8 . .Baap:r~oM 1{U88TCH H800CJI8,ItOBa'l'eJILHOCU,. 

CorJiaCHO HX, cxeue ,ItOJIXHH BCTpeqa:rLCSI ,ItBa nepexo.zta IlO'qTH 

c :roff xe ca.not! 3HeprHtt. 870 KaB; rrepB~U-Mex,n;y ypOBHeM 862 K3B 

H OCHOBHm.t: COCTOSIHHeM, BTOpoi - uex,Ity YPOBHSl!ffl 957 H 80 K3B. 
. ,: . -

IlOJIHM HHT8HCHBHOCTL odOHX nepeXO,ItOB ,n;ocraroqHo B8JIHEa ,ItJISI 

Ha0JID,It8HHsi 410:ronmta B rrpOCTOM t -cne1txpe. 3ro npOTHBOpeBHe 

orcyTCTByer B CX8M8 pHc.6. 

B radJIH~e ill ,ItaHH OTHOill8HHSI HHT8HCHBHOCT8M nepeXO,ItOB 

Me:rl,Ity ypOBHSIMH c K=2 u ypOBHSIUH c K=O, BiilqHcJieHHUe Ha OCHOBa-
. 

HHH reope:rRqec:a:ux 38.KJUOtJeHHlt AJiara ,ItJISl yp0BHei!, npHBO,ItHYlilX B 
C 

paCSore Eocxua H ,n;e Baap.zta H ,it1m ypoB11ell npe,n;Jiaraeuou Ha.MH 

CX8MbI. ,UJUI cpaBH8HHSl B xae5.nlil\8 raxue ,ItaH.u 3KcnepHM8H?aJil,HHe 

,ItaHHHe, IlOJiyt18HHbI8 rpoMOBHU H APo (7)o li3 3TO~ Ta6JIH~bI RCHO 

BH~Ho, qro cxeua,npe,ItHOX8HHaJI H8J.IH)HaXO,ItHTCH B xopo~eM corHa

CIDI C 31tcnepm1earaJII,HHlut ,ItaHHWH. 

Ha OCHOBaHHlt COBna.,B;eHHit cpo:ronHKOB 7IO H 790 K3B MOXHO 
' . , . 

npe,itnOJIOJE:HTL cy11tecrBOBaHHe ypoBHSI 15.36 K:rn, T .x. xapa.K:rep 
- . . . -

.E-I nepexo~OB 674 li 749 R3B onpe,IteHSieTCR paSMepaMH _K03cpq!H~H-

eH?OB KOHBepcirn (7)' TO ypOBHIO I5.J6 K3B MO:IIHO np.HllHCaT'I> (2,2-) 

0,ItHrutO, 3B:Cilepml8HT8JILHO 0Ilp8,It8JI8HH08 OTHOW8HH8.: HHT8HCHBHOC?e~ 



70 -

sxnx nepexo.n;oB He cor nacyeTcSI c reopeTHttecICMMH npe.ztno1101:eHmn,m. 

YpOB8Hb 2140 K3B TaKXe ,n;aH 50CKMa H ,Ite-Baap,n;oM, KOTOp~e 

np1m11ca.nH eMy (2-) Ha OCHOBaHHM no,n;ctteTa Co9ft :rneKTpOHHOro 

saxBaTa npH nepexo,n;e C OCHOBHOro COCTOHHHH Tu 166 Ha 8TOT 

ypoBeHL H B3RTOro cornacHO ~3MepeHHH.OTHOilleHKH JIHHMll nepexo,n;oB 

1180 H 1270 K3B, C .ztpyron CTOpOHN, rpoMOB H ~Po (7) HOKaSa.JIH,qTo 

ooa nepexo,n;a Il8I H 1277 IfaB HMeK>T E-2 11m1 B03MO::&:Ho (MI+E2) Tim, 

H, c11e,n;oBaTe1IbHO, ypoBeHL 2140 K3B HMeeT ITOJIOJ.B:MT81IbH~~ CTIMH. 

TaK Ka.F. nepexo,n; 1352 KSB C ypOBHH 2140 Ha 788 K3B He 6h!JI Hat!,IteH, 

CilHH ypOBHH 2140 K3B ,ItOnJ.B:eH 6~Tb/Il0 KpaM~eH Mepe, =5. O~Ha.KO, 3TO 

MaJIOBepOSITHO H3-3a MaJIHX 3Hatl8HHif f!o9 ft nepeXo,n;a Ha 3TOT ypo

B8Hb nyTeM 3118KTPOHH0f0 saXBa?a H TaKJ.B:e 113-Sa 3HatieHH.fi cmrna 

2 HJIH 3 M OTPHUaTeJILHO~ qeTHOCTH OCHOBHOro COCTOSIHHH Tu 166 
0 

Ilocne,n;Hee 3Hatl8HHe CHHHa H qeTHOCTb O~H,n;a~TCSI no CXeMe HHJILCOHa 

H ny-reM cpaBH8HHH CITHHa H qeTHOCTH coce,n;HHX tteTHO-HetleTH~X SI~ep 

C TBM J.B:8 q11cJIOM npoTOHOB H HeMTpOHOB. 

YpoBeH:b . 2354 KSB MOReT 6bITI> TeM JIC9 caMLnA:, KOTOpOMY 130CKM8, 

H .Jie Baap,n; np:mrncaJrn :rnepr:mo .2260 Kaa,. OCHOBbIBaRCI> Ha COOTHOiae

HI.1.HX conna,n;emHt 180-2000 KaB~. 3Heprirn 2354 KaB, np1mMcaHHaH 

3TOMY ypOBHIO,. I103B0JI.HeT BB9CTI.1 B CXeMy ypOBHei-i nepexo;i; 2I4,1 KaB 0 

Ec;rn Mbl ITOMBCTHM :3TOT nepexo,n; MeJIC,n;y ypOBH.fIMH 2354 11 2I40 KsB, 

Tor,n;a MOXHO 06~.HCHMTb COBna,n;eHH.H Me~,n;y ~OTOilHICaMH 185 K3B M 185, 

790, I270 KaB. XapaKTep EI nepexo,n;a 2I4oI KaB (7) B coe,11;irnemm 

c IlORO~HTeJibHO~ qeTHOCTI>ID ypOBH.fl 2140 KaB Tpe6yeT OTpR~aT8JILHOi1 

qeTHOCTH ypOBH.H 2354 KaB, B corJiaCHR c npe,n;cKa3aHH.HMH EOCKMa H 

,n;e Baap,n;a.· B HamHX H3MepeHMRX M~ He Ha6JID,I(a.HH ~OTOITMKa 2070. KsB 

B Cil8KTpe COBTia,n;emitt c .'IHHI.rnU I85 KaB, HO c ~pyro~ CTOpom,1, B 

·~ 
~ 

t 
.~ 

. '\~ 

• r. 

{! 
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Cnexr~e COBITBJt8HHn c JJHHHen 2070 K3B M1i Ha6JID,ll;8JIH JJHHHH 80 H !85 

K3Bo 3ror <pa.KT MOZHO o6~SCHHrL, 8CJJH MH rrpHMeM, qro roJiaKO nepe

xo,n; 2088 KaB coBna.ztaer c JIHHHeR !83,9 KaB H qro nepexo.n; 2060 KaB 

(Ha6JJIO.D;8HHliR B cnexrpe KOHBepcHOHHllX 3JJexrpOHOB) ( 4) SBJIJl8%CJI nepe

XO,ItOM Mez.n;y ypOBHSMH 2!40 H 80 KaB. 

lliiHHJI 460 KaB, KOTOpaa HaOJJD,n;aJJaCL B aamHX H3M8P8HHBX . 
cneKrpa c.oanaJ(eHHH c JIHHHRMH I85, ?IO H 790 Kai3 He YJl8Il(~erca B 

npe.itnoJiaraeMyn cxeMy ypoBHel. 3ro He MOJB:eT 61i1r1, nepexo.n; Mez.n;y-· · 

ypoBHRMH, npe,n;noJB:eHHWH B aacroa~e~ padoreo lJIR roro qro6H od~ac

HHTL IlORBJI8HHe aroM JIHHHH rpeOyercH HOBHR ypOB8HL. 0.n;Ha.Ro, )tJIH 

npaBHJILHoro pa3MemeHHR aroro YPOBHB B CX8MY ypOBHeM HalllKX 3HaHHR 

He,n;ocraxoqHo. 

Ilpe)t1IOX8HH8Jt H8.MH cxewa ypOBHeff Er166 Hyx,n;aerca B 6oJiee 

IlOJIHOM Il0,ll;1'Beplt,It8HHH. JlJIH aroro· MH HatI8JIH 3KCnepHileHrH no 

~-t-yrJIOBO~ KOppeJIR~HH,qroOH IlOJiyqHTL onpe,n;eneHHH8 B8JIHtIHHH 

CflHHOB ,ll;JIH ypOBHeU 788, 862, 957 H 2!40 K3Bo 

ABTOpH dnaro,n;apHlil CoXOttHB.UKOMY H ~oAoI>TJiaH,n;OBY 36 pa6orr 

no npHrOTOBJI8HHI\1 HCTOtJHHKOB. Tait ,re 6naro,n;apar K.MaJIHHOBCKOro H 

T.BanL~aK sa ITOMO~b B H3MepeHHSIX. 

liHCTHTyT SI,D;8pHO~ q>H3.HK.H 

r.KpaKOB 

06~e~HH8HHH~ HHCTHTYT 
SI,D;epHHX HCCH8,D;OBaHH~ 

r.,UyOaa 
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,IAEJJJilUA Io 

Cne.n;em-tfl o ¥ -Jiyqax (KaB) TuI66 

MarHHTHHe cneKTPOMeTpH CnHHTHJIJianHOHHHe cneK?poueTpH 

rpoMOB MHX8JU1t.; EocKMa EOCKMa EapaHOBCKldl Hanrn: 
171 III 161 . 161 151 pesym,xan1 

80,0 80,_7 80,2 80 80 80 
!53,4 !54,6 . - - 153 
183,9 - 184, 7 183 IBO 184 
193,6 194,8 192 194 185 
2!4,I 215,4 - 215 

j 
ii": 

282 
299 
347 
405 
433 

460* 459 464 464 450 
522 522 
596 596 . 600 
598 
674 
693 .. 710 710 690 710 
707 
7Lf9 
760 
782 790 790 780 790 
789 

18071 I 

880~ 877 -
III58I 
II8I II80 II80 1180 

~ ,. 

II209I 
II209I 
1277 1270 1280 1270 

II:3091 
1380 , 1380 113801 

II423/ 
- 1550 

1878 !880 1880* 
2060 2000 2060 2070 

' 
., 

. *) Ha6JIIO)J.aJICH B Cfl8KTp8 COBfla.,It8HHflo 

l ·:J 
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I85 + 

710 + 

790 + 

II80 + 

-I270 + 
. -

2070 + 

73 

,IAEJIIBlA II 

Cne,n;eHHn npH pacn~e 

I85 460 600 7IO 790 

+ + + + .... 

+ + - /+/ + 

+ + - T -
+ - - + -

-
+ - + . - + 

+ - - - -

,IAEJIHUA J1I 

Tu I66 

880 II80 I270 I880 2070 

- + - + -
- + - - -
- - + - -
+ - - - -
- - - ... ·-
- ... -· - .. 

OTH0illeHHe HHTeHCHBH0CT8B nepeX0,ll;0B C yp0BHeM C K=2 Ha 

yp0BHH c K =0 B ErI66 

YpOBHH OTH0ill8HH8 HHT8HCHBH0CT8ff-
H 

3xcnepHMeHr EocxMa H .n;e Baap,n; TeoperHt18CKH8 
rrepexo.ztH /7/ /6/ aamx cxe!W 

788 K3B yp0B8HJ, 

789 K3B r = o,63 ... I /2 O/=I,19 
,, ' 

707 K3B. I I 12 2/ 

862 K3.9 ypOB8HL 
I =17,5 I /2 2/ =53,3 I /'J 21=9,26 782 K3B · 

598 K3B I I /2 4/ I /3 4/ 

I = I /2 21=5 35 I /3 21_ I 
' . ' 

I I /2 0/ I /3 0/ 
957 K3B yp0B8Hll I I /3 2/ I /4 2/ 

877 K3B =0,66 = a,oa .:.... I,09 
693 li3B I I /3 4/ I /4. 4 
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KOHBEPCHOHHHE JJIEKTPOHll 1j ~ 166 

Ha J3 - cneKrpowerpe C )lBOflHOI ~oxycHpOBKOH OHJl,HCCJie.ito

BaH cnexrp KOHBepcxoHHHx anexrpoaon YC 166, Baxo~smeroca 

B_ paBHOBeCHK c Tu 166• 

UeJIJai) HCCJle,llOBaHHB <1HJIO ycraBOBJl8BH8 3Heprun ¥ - nepe

XO,l{OB c TOQHOCTJaD~0,05-0,IO'; aroM ~eJIH MOXBO <11VIO ,ltOCTHqJa, 

HCfiOJU,3YJI Kero.it nporoHBOro pe38Jl&HC.~ ,l{JISI H3MepeBHSI MarBHTHOro 

nona. B raOume I· npMBe.iteaw noJiyqeBHHe HaMH 3Haqemrn: a11eprzff 

nepexo.itos, a Ta.E>:e auepr:aH nepexo.ito.B no paOora.M Bpaoena H 

.J(p. /I/ H ltJ;exoOa x .ltP• /2/. 

Tax X8.lt aBropw paOoTw /2/ yitaGWBanr norpemaocra B onpe

.J(eJieHBH 3HeprHI O,I5%, TO Hamm pe3yJILrarH corJJaCYl)?CS C pe3yJIL• 

rarrum /2/ B npe.1teJ1a.x norpeJ1Bocr11:. Pacxo-..euns: c .J(aBBHlU{ Bpaoe .. 

~a H Jl.P• /I/ .itocrara.Dr 0,8%; oux HKeDT cBcreMa;~qecxHI xapax

rep B OOJiacrH <10JIL,HX 3HeprHU. 

HBlOI yroqBeua raxxe auepr•s nepexo.ita c BoaOyz,:euHoro 

ypoBHSI Tu166 Ha ocaoseoe -cocrosuue. B pa<>ore /'J/ ycraao:eneuo, 
qro wy111arxnoJILHocrL aroro nepexo.ita MI, a o xap8.Ittepmcr•mx 

yposuel Tu 166 C)leJiaao 38JCJ11>t1&H•e B :piOore /4 /. 
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Ha pHc.I noxasaHa cxewa yponHefl Er 166, B xoropon 

pa3MemeHa 60RbllJB.JI qacTh HCCneAOBaHHHX f- nepeXO,Il;OBo B Ta6-

JIHU8 2 npHBe~eH 3HepreTMqecKHR 6ana.BC CX81W ypOBHeA Er 166• 

3HaqeuHR sueprHH ypoBHeR, onpeAeneHHYe no pa3HHM nepe

XO.ItaM, xopomo cornacyDrcs weXAY coOoR. 

Crume xecrxHe nepexo~Y ~E =2053,6 R 2080,2 K3B Ha pHc.I 

CB83aHH C xopomo onpeieneHHHMH ypOBHBMH. 0AHrutO, B lBYX paoo

rax /5 H 6/ ~aOJill.ItaJIHCL coBna.i:teH_Ha K - Jiyqel c 3Hepr111snr1H 

2000 H 200 K:rn . (a ee 80 I{:rn). EcJIH Ou nepexo,noM ?053, 6 H 

2080,2 l{3B npe,ItmecTBOBai ~ocraroqHo HBT8HCHBHHM nepeXO,II; c 

fl E = 200 KsB, OH ,IJ;OnXeH O~JI Os Ha0JID~aTLC8 no XOHBepcHKo 

B ABYX Oo~ee paHHHX paOorax /I H 2/ HM8DTCS ,Il;8HHH8 oO 

OTHOCH?8JILHWX HHT8HCHBHOCTBX KOHBepcHOHHYX JIHHHA, KOTopue 

H8CK0Jlb&O pacXO,Il;STC8 M8X.ItY cooon. B ra6JIHU8 3 npHB8~8H~ nony

qeHHb!8 BaMH 3H8ll8HHSI H .ItaHHY8 pador /I H 2/. 

Ha OCHOBaHHH nonyqeHHhJX pesyRbTaTOB MOXHO C.IteRaTD 

HeKoxopue 38XJIDqeHH8 o t1erHo-qerHow H.lij)e Er 166
o qerHpe 

' 
HHZHMX ypOBHSI coctaBJISIDT pOT~HOHHJD nonocy C K=O; TpH cne~ylr 

~HX OTHOCSITCSI It nonoce, 0CHOB8.HHOI Ha YPOBHe 786,5 K3B C 

.K=2 (ecHH cqBrarD HAPO Er 166 axcMaJIDHO-cmweTpHqHYM)oToqHoe 

onpe~eJieHHe 3HaprHtt ypOBHel Il03BOJIR8T BWllHCJIHXD napaMerpw 

AH B ~Jla pora~HOHHWX nonoc, r.e. MOM8HXW HHepnHH 8~pa H 

---- -----~-"--"--- - - ·- - -
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B8JIMqHHY CBH3~ M8¥~Y Bpa~eHHeM a,Jtpa H ,JtpyrMMU BH.B;aMH era 

,ll;BHZeHua. 3TH nap8.MeTpW onpe.:iteJIHETCR no HSBecrHon ~OpMyJie 

Bopa-MorreJILcoua: 

El= Eo +A[Il (Ii,+ 1)-· Io(Io + 1)]- B[Il(l i,+1)- Io(Io + :t.)] ~ 

Ina HHXHen poraUHOHHOI IlOJIOCLI: 

Ar = ,I3,5I·~ 0,03 K::rn 

Br = O,QI3 .;!; 0,003 I{::rn. 

JLna pOTaIUiOHHOR IlOJIOCli, OCHOBaHHO~ Ha ypOBH8 786, 5 K:rn: 

A2 = 12,33 ~ O,I3 K3B 

B2 = 09 014 ~ 0,008 l{3B o 

Ma.JiaH B8JIH\IHH8. B :xapaxrepHa ,J{JIR H30l'OITOB, orHOCHll(HXCR K cepe

AHHe OC5JI8CTH .:ite¢opMHpOBaHBLIX a,nep. 

3HaHHe HHTeHCHBHOcren·KOHBepcHOHHLIX JIHHHI MOZHO HCilOJIJ,-

30B8Tl, ~Jla cpaBH8BHB C reope?HqecKHMH 3H8.Q8HHHMH, BHQHCJieHHWWJ 

no o6oOmeHBOH MO~eJIH (npaBHJia AJiarH) H no reopHH Hea.xcMMaHWX 

a,nep. B raC5JIHne 4 npHBO,JtHTCH cpaBHeHHe OTHOCHT8Jll,HHX HH?8HCHB

HOCTeR KOHBepcHOHHliX JIHHl/11 nepexo.noe, H.:itYDtHX wex,Jty ypOBHIIMH 

nepBOI H BTOpon pora~KOHHLIX nonoc C reoperaqecXHMH 3HaQ8HMSMK 

ITpe,Jtnonaraercap qro »yR1,ranonhaocrH ecex nepexo~oe :E2. 

113 raC5JIHni. 4 BH,ll;HO, q TO 3KCnepHM8HXaJibHhle 3HaqeHHH . 

OTHOmeHK~ HHT8HCHBHOCT8ff neza.T, Rrut npaBHJIO, M8X,.Y TeopeTH

qeCKHMH senHqHHaMH. IlpH»epHO TaKaH %8 xapTHHa HaOnm~aerca 

H ,ll;RH 60RI,WHHC?Ba ~pyrMX ~e~opirnpOBaHHHX HA8P /?/. 

HeHHHrpa.JtCKHR YHH~epcHreT 
00~8lHH8HH~H HHCTHTYT RA8PHMX HCCJl8,J{OBaH~ff 
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TaOJlBila I 

3aeprHa · nepexo,JtOB ~ Er 166 B K3B 

EpaOert H ,lp./I/ l(ze:,;o<S H J.p./2/ 

2. 3 
-

80 80,6 

- 84,l 
.;.. 147,2 

153,4 154,3 . 

- 170,0 

183,9 184,5· 

193,6 194,7 

214,I, 215,I. 

282 280,2 

-299 -
347 345,5 

405 403,8 

433 -
\ 

459 459,3 

522 -
596 595,0 

598 .. 
- ... 

674 672,3 

- 675,4 

693 692,3 

707 706,2 

749 -

,f 

·1 

Hau .. AaHHlile 

4 

82,4 ( Tu 166) 

80,6 

-
- X 

- X 

-
184,4 ·1 

. 194,8 _ 

215,4 

280,5 

298,3 X 

344,3cx 

. 403,9 X 

.. X •. 

459,5 

- X - ~ 

594,8 

, 599,0 X 

(604,7)x .. 

672,8 

675,0 

· 691 9 . , 
... 
705,8 

- X 

l 
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I 2 3 4 

24 760 758.,9. 758,9 X 

' 25 ·. 782 780,0 779,6 

26 789 787,I 786,7 

27 (807) - - X 

28 877 876,9 875,6 

29 - l08I,6 IOBO,O 

'.30 II58 II55,2 II53,8 

31 -Il8I 1179,8 1178,2 

32 1209 - 1204,5 

33 1277 1276,9 · 1275,0 

34 1309 1304,3 1302,7 

35 - 1350,4 1348,I 

36 1380 1377,6 I'.375,9 

37 (1423) 
, 

X - .. 
38 .. I45I,2 - X 

39 - 1508,5 - X 

40 1878 - 1868,9 . 
41 2060 - 2053,6 

42 2088 - - 2080,2 <• 

x - nepexo,1,;Ji1, ae pa3Mell(eHHHe B cxe»e yposHel (pHc.I) 
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TaOnH~ 

3HepreTRttecKHR 6aJiaHC B cxeMe ypoBHeR Er166 

IlpHHSITBJI Halm 
3H8P,rHa ypOBHSI 

(KsB) 

- 80,6 

265,0 

545,5 

786,5 

860,0 

956,5 

1246,0 

1461,4 

1545,5 

1940,1 

2134,5 

I 

I 

I 

l 

I 

3aeprHa npHMOrO nepexo~a Ha OCHOBHOR 
yp0B8HL Er166 ll cyiwa 3HeprMR KaCKa~
llNX nepexo~os, H~YBlHX C ~aHHOro ypOBHSI 
XX) K3Bo 

80,6 

80,6 + 184,4 = ·265,0 

265,0 + 280,5 = . 545;5 

786,7 

80,6 + 705,8 = 786,4 

80,6 + 779,6 = 860,2 

265,0 + 594,8 = 859,8 

80,6 + 875,6 a 956,2 

265,0 +.691,9 = 956,9 

786,5 + I70,0 = 956,5 X 

786,5 + 459,5 = 1246,0 

786,5 + 675,0 = 1461, 5 

1246,0 + 215,4 = 1461 ,4 

78695 + 758,9 = 1545,4 

1461,5 + 84,I = 1545,6 X 

786,5 +1153,8 = 1940,3 

860,0 +1080,0 = 1940,0 

80, 6 +2053, 6 = 2134,2 

265,0 +1868,9 = 2133,9 

786, 5 +1348,I = 2134,6 

860,0 +!275,0 = 2135,0 

956,5 +II78,2 = 2134,7 

1461,4 + 672,8 = 21.'.34,2 

1940,I + 194,8 = 2134,9 

·-- . -- --- - ·--- --·--·-------·~~----,------,,--~----~ ---, --,~~--~--- ·-· ~•'-~----· ·-·~ -- --~----.---~ ·-·--- - -- ~-- - ---- _.. 
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2161, 7 80,6 + 2000,2 = 2160,8 

786,5 + 1375,9 • 2162,4 

860,0 + !302,7 • 2!62,7 

956,5 + 2I04,5 • 2161,0 

. x - aHepru nepeX0A0B 84,I B 170,0 K3B B3BTa no paOore /2/. 

xx - c1tJ1a..narrrca aaeprxa nepexo,1;a, WJl&ro c paccJl8.tPBBaeMoro .,., 
ypOBBa H npaHaraa pu~•e • JE&3aaaaa B nep101 xoioue 

.,--: 

auepru yposes,aa Eoropwl Qer nepexo~. 
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TaG~Hita. 3 

O!IOCKT8RaRHe IUIT8BCHIROCTB K•XOBBepcKORHlil ~-··· 

y - nepextAOB B Er 166• 

hv OTaoc•ren•&e ••reacKBRocrx 
K3B Bpaden • AP-III J[Kexo<S • ,:p./2/ BaaB ,-aHR&e -· l .2 .. 3 4 

-

80,6 L 1640 L 1200 L 1670 

· dl.+Jf 450 JI +.JI 435 M+N 420 

184,4 IOO IOO IOO 

194,8 II I0,3 8,3 

215,4 8,4 8,7 7,3 

280,5 0,84 _ 0,8I 0,56 

298,3 0,11 - 0,57 

344,3 - 2,1 I,2 

403,9 I,O 2,0 I,2 

433X 0,45 - -
459,5 2,7 4,9 3,3 

522x 0,13· - -
594,8 r,o I,5 0,97 

599,0 0,21 - 0,27 

604,7 - .. O,I · 

f,72,8} 0,77 
0,91 0,52 

675,0 0,39 0,17 

691,9 I,45 2,2 I,63 

705,8 - 2,4 3,4 2,7 

749X O,IB - -
758,9 0,77 ·1,4 o,ao 

~ 

C 
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I 2 3 

779,6 2,7 4,4 

786,7 I,2 2,3 

875,6 0,55 0,73 

rooo,o .. CJia6 • 

II53,8 0,23 0,43 

II78,2 I,2 I,3 

1204,5 o,r4 -
I275,0 I,7 I,9 

1302, 7 o,r O,I3 

I348,I - O,I4 

1375,9 o,59 0,57 

I423x O,I .. 
I45Ixx .. 0,15 
I508xx - 0,091 

1868,9 0,37 -
2053,6 0,68 -
2000,2 0,27 -

x - 3HeprHs nepexo~a B3ara no pa6ore /I/o 

xx - aaeprxa nepexo~a B3sra no pa6ore /2/o 

4 

3,6 

2,2 

0,56 

o,ra 

0,32 

I,3 

0,18 

2,0 

- 0,20 

0,17 

0,60 
.. 

I 0,01 

-
0,16 

0,65 

0,2 
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Ta6,mya 4 

· 3xcnepHM8HT8.JlbHH8 ll TeopeTHqec~He OTHOfil8HHa 

HHT8HCHBHOCT8~ KOHBepcHOHHHX HHHHI 166 

Ilepexo,n;H TeotHR 3KCil8llHM8HT 
a.KCH8JlbHH8 H8aKC H8Jll,- .opaoen ,!l:l:8KOO tlaIBH 

s,n;pa HHe a,llpa H )J.p./1/ H ')I.p./2/ ,1taHH1:i1e 
' 

2+ - o+ 2 0,92 0,59 0,49 0,68 0,82 
2+ 

2 -2i 

3+ 4+ __,. 
2 · ., I 

0,14 0,34 0,37 0,34 0,27 
3+ _,. 2+ 
2 I 

4+ _.,. 4+ 
2 I 

I,63 5,5 2,7 3,0 2,9 
4+ - 2+ 
2 I 



93 H& 166 

581.facTD.,. 

Tul6G /c 
82.1./ (1.-)-

'1. '1Yac. 0 (2-) 

+ 

-rrr-,-------------· 2461. '1 
2,f '3'1.5 

IQ 
<::) 
Cle) 
cu 

co 
.::; 
°' ~ 

I /l I It I I I I/ It/ I I/ I/ II IT I// I/// I//////,/// //7 

15lt-S.5 
llf.61.l.f 

12.'-16.0 

956.5 

860.0 
986.5 

5lt5.5 

2,65.0 

80.6 

D 

PHCoI CxeMa pacna~a ygl66 __ Tul66 __ Erl66 

4+-
.3.,. 
2-1-

6+ 

2. + 

o+ 
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II O 3 H T P O H U TlA l66 

5I.~HnHq, U.HopceeB, 3.ITpenCiHlll, C.XoRHaUKH~, E.BOJIOBCKH~ 

iaHHHe no no3MTPOHHOMY HsnyqeHHID Tu 166(T112 =7,7 qa

coB) MO~HO HaRTH B pa.CioTax BHJIKHHCOHa H XliKca /I/, a TaIOICe 

EoCKMa H .n;e Baap.n;a /2/. 3TH ,ItaHHI,Ie npoTHBOpeqRBllo CorJiaCHO 

nepBon pa6oxe, MaKcHMaJILHaH 3HeprMH nosHTpoHHoro cneKTpa 

paBHa 2,I MsB (OKOJIO 0,5% Il03HTpOHOB Ha pacna.zt). EocKMa H 

.zte Baap.zt yTBepjlt)tanT, qxo OHR HalliJIH )tBe KOMilOH8HTH C 3Hep

rHSIMK 450 :t....- 80 KsB (r,ag) R 1300 ! I00 K:rn (I,3%). B 

oCioHX CJiyqaHX Tu 166 nonyqaJIH H MCCJie)tOBaJIM Henocpe.n;CTBeH

HO. 

B HacxoameR padoxe Mccne.n;oBaJiocb 

Tu 16~ Haxo.n;HmeroCH B pa.BHOBeCHH c 

. J3 + - M3nyqem1:e 

. 'df, 166 (Tv2=57 

KOTOphI~ He 1rnnyqaex IlO3HTPOHOB. l1Tepc5H:tt 6hIJI IlOJiytieH H3 

TaHTaJIOBOtt MHlli8HH,o6nyqeHHOn npoToHaMH C 3H8pHe:n 660.Msn. 

~paKUHH HTTep6MH nocne BhJ.n;eJieHHH HS MHilleHH 6HJia HeMe,n;JieHHO 

no.n;BeprHyTa .n;ononHHT0JILHO~ OQMCTKe. H3MepeHMH HaqaJIMCL no 

HCTeqeHHM 48 qacoB, xor,n;a Tu 166 noqTH ,n;ocTHr paBHOBecHR 
C !jg 166. 

}.,. -nsnyqeHHe Tu 166 HaCinro.n;aJioc1> xaKxe B cpparcn1u1 Ty.mm. 

0.n;Haxo,qepes 48 qacoB nocJie oCinyqeHHH (BpeMH Heodxo,n;HMoe 

,I(JIH o6pa6oTKH MH!ll8HJII H nepeB03KH H30TOilOB H3 J!y6Hhl B 

BapmaBy) HHT8HCHBHOCTl> ero 6HJia CJIHlliKOM cnadott .1J;JIH roqHW{ 

H3MepeHH:tt. 

-
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Msuepemrn npoe:sB0JOIJiilc1, npH noM0il{H cnexrpouexpa c .itJIIm ... 

HO~ JIHH3o~, B K0T0P0M HCilOJil>30BaJIHCI, cnHpaJil>HHe ,n;Ha~parMiiI 

,J.l;JIH 0T,J.l;eJieHHH Il03HTPOH0B OT 3JI8KTP0H0B. 

Ha pnc. I npe.n;craBJie H cneKTP nosHTP0H0B Tu 166 B z.coop

.n;1rnaTax fu:lpM, a aa p1-rn. 2 - sHeprer11qec1toe pacnpe,IteJieHHe. 

~eTK0 BH,ll;HH .n;Be J3 - KOMll0H8HTH C MaKCHMaJII,HhU!H 3HeprHsmH 

I, 9 H I, 2 MsB. He l/ICKJIDqeao HaJIHtU{e It0Uil0H8HTH (HJIH KOMIIOH8HT) 

c im.xcm.taJil>H~tt sHeprHett n1me I M3B. 

IDiTeHCHBH0CTI, H3JiyqeHHH y6HBaJia c nepHo,n;ou nonypacna.n;a 

Ycl66 : Tv2 = 57 qacoB • 

B Ta6JIHU8 co6paHH 0K0HqaTeJILHHe pesyJILTaTH - cpe.n;HHe H3 

. Tpex H3UepeHHtt. 

Ko1.m0H8HTa 
EMaKC O'l'HOCH- Komrqec- £ /.13+ (mm) T8JILHaH TBO Il03tf • 

~ft (reopeT) HHT8B- TpOHOB Ha 
CHBHOCTI, pacna.n; /%, 

fl, . 1920 ! 20 l .-1 .- 7,8 4 

. .Pa 1219 :!: 40 0,092 ,..,o, I -7,9 18 

AHaJIH3 cneKTpa 6HJI C,ll;eJiaH npH ycJIOBHH,qTo ~opMa oOemc 

KOMilOB8HT COOTB8TCTBY8T paspemeHHHM nepexo.n;aMo 

IlpH BHqncJieHHH KO~HqecTBa Il03HTpOHOB Ha pacna.n; npe.n;noJia

ra.JI0Cb, qTo B 0CH0BH0e C0CTOHHHe Be.n;yT T0JibK0 nepeX0,ItN 80,6 

KsB H 787,I KsB (cuorpH l:eKo6 H .n;p). Ilpa srou HcnoJI1,soBaJinc1, 

OTHOCHT8JII,HH8 HHT8HCHBHOCTH KOHBepCHOHIWX JIHHHR, npHBe~eHHHe 

Bpa6euou HAP• /4/. 

0THOilleHHH BepOHTHOCTR 3JI8KTPOHHOro saxBaTa K B8POHTHOCTH 

H3Jiyqemtn: no31upoHOB ( E I ft +) onpe;teJiaJIMCL na ocHoBaHlffl 

~aHHHX codpaHHUX Bancrpott n .n;p./5/. 3TH AaHHHe roqHH ,ll;JI.R: 

pa3pemeHHRX nepeXOAOB, a AJIR nepBHX aanpe~eHHHX HX MOEHO pac-

/ 

d 

~J 
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CMa.TpHBaTL B xaqecTBe nepBoro npH6JIHX8HHH. 

Ha p1rn. 2 npe,11;cTaBJI8Ha CHCTeMa Hll311IHX B036yx.n;eHHhlX YPOBHeit 

Er I 66, B3ataa us pa6oTH ,llxe1to6a H .n:p. /3/ o PasH11ua. :rneprHit 

ypoBHel 787,I K3B (2+) H 80,6 K3B (2+) paBHa 796,5 l{3B. 3Ta 

B8JIHqHHa 6JIH3Ka K pa3HHne MaitCHMaJIDH!lX 3HeprHit KOMil9H8HT fl, H 

.ft2 (70I K3B). Tor.n;a oqeHL BepoaTHO, 'ITO 3TH KOMTIOH8HTH COOTBeT

CTBYl)T /> -nepexo.n;aM Ha YPOBHH 80, 6 K3B H 787, I Ji3B• 

0CHOBH08 COCTOHHH8 Tu I 66 o6Jia.ztaeT B8POHTHO KBaHTOBblMH 

xapaKTepHCTHitaMH 2- /6/. OTCD)ta CJie,11;yer, qro ode ll03HTpOHHH8 

KOMITOH8HTH HBJIHDTCH 3anpe~eHHWH nepexo,11;a1.m nepBoro nopa.n;Ka. 

IloJIHa.R sueprHa nepexo.n;a cocraBJiaeT · 

Q =BI+ !920 + !022 = 3023 KsB. 

MHCTHTYT a.n;epHRX HCCJI8,1l;OBaa111 IlOJILCKOI 

AKa.zteMIDI HayK. BapmaBa. 

MHCTHTYT 3KCnepHMeHTaJILHOH ~H3HKH 

BapmaBCKoro YHHBepCHTeTa. BapmaBa. 

06~e.n;HH8HHHH IdHCTHTYT a.n;epHWC HCCJie.n;oBa

Hldt. .I{y6Ha. 
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HCCJIE~OBAHHE CIIEKTPA KOHBEPCHOHHiiX 3REKTPOHOB I.lEIIOlfilH 
PACIIAJlOB yg 164 ~ '7'uI64 2M~ f;f.64 B OBnACTH 

OT ISO K3B lO 900 K3B 

K.H.rpouoB, E.C.lxeJienoB, 3uoHr ~oHr Batt, 
B.A~xaJixHH, B.r.qyi,:Ha . 

UenoqKa pacna,itoB Yc164 - Tu 164 ___.. ErI64 J.1A8H-
THcpHl.UlPOBaHa B pa<:10:rax /I,2/. YCT8.HOBJ18BO, tiTO yg 164 C ne-

PHO~OM nonypacnaJta 75 MHH • . npeBpall{aerca nyteM K-3axBata B 

Tu 164• IIepBO.lt noJiypacn~a Tu 164 ,.., 2 MHH. Ilpu pacna.,n;e 

Tu164 B03HHKaDT nosutpoHH c rpaHxqaott aBeprHeH 2940 KaB H 

'I -JlY"Bi C 3HeprHeU 91, 5 K3B B 2II K3Bo YcTaHOBJ18HO, ttTO no-

3HTpOHHldt pacn~ H,Jt8T rJiaBHWI o6pa36M Ha OCHOBHOH yp0B8Ho £r164• 

IlepeXO,]Ui 91, 5 K3B B 21! K3B B03HHKa.l)T IlplI pa3pJI,1Ut8 ypOBHel 2+ H 

4+ potaUHOHHOff IlOJIOCH OCHOBHOrO COCTOSllltJlo 

MH npo,ItOJIJ:HJIH.JlCCJI8,11;0BaHH8 cne:&rpa ltOBB8pCHOHHilX 3JI8lt• 

xpoaoB ·uenottKH HattHHaDmelca c Y& 164
o 

Ilpenapar,co,1tepz8Jl(Hff Yt164,nonyqaJica Ta.K xe Ka:& H B 

pac:1otax /l,2/ (odJiytt8HH8 TaHTaJia 6HCTpmm IlpOTOHa.MH). }LnHT8Jih

HOCTL 06JiyqeHHH, Ka.IC npaBHJIO, COCTaBJIJIJia OKOJIO 2-x ttaCOB. 

XpoMarorpacpHttecxoe BH,It8J18HHe BTtepc:1HeBOff cppaxnHH npOHCXO,ltHJI9 

qepe3 2-2,5 qaca nocJie ROHUa Oc:1JiyqeHH8. H3MepeHHH HattHHaJIBCL 

ttepe3 .ItBa.ituar1>-TpH,1tUaTL MBHyr nocne BH,It8JI8HHH HTTepdHHo 

MaytteHHe cnexrpa KOHBepcHOHHHX 3JI8KTPOHOB npoH3BO~HJIOCL 

npH IlOMOmH .P -cnexrpoMerpa C O,ItHOpO~HHM nonepettHNM MarHHTHSM 

DOJ18M (CB8TOCHJia ,.., o,1i,_paspeU{aDDtM cnococ:1HOCTh -o,ai). 

·----' ---· . ·-
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~8JlbD MCCJie,n;oBaHJIItl SIBJUIJIOCI, noJiytze1urn CBe.ztem1tl O KOHBepCHOH-. . 

IlbIX 3Jl8KTPOHax, BO3HHKMDtHX npH pacna.rte 

~g164 75 MHH 
K 

Tu 164. 2MHH. 
K, f,+ 

Er164 . 
HsseCTHO, tITO B HTTep6HJII, BwteJieHHOM JII3 TaHTana,o6nyqeHHOro 

6blCTPbIMH npoTOHaMH, npH -yKa3aHHblX BblWe speMeHax o6nytieHHSI 

H XJIIMHll8CKO~ o6pa6oTKH,' co,n;epJtaTCSI CJI8)Cj'IllI{H8 JII3OTOilli MTTep-

<hUI : ~g164 (75 M1'1H.), !JC 166 (60 q~c), yg 167 (18 MHH) 

H !jg 169 (30 .n;Hett). 

EcTeCTB8HHO,_" tJTO KOHBepCHOHHble 3J18KTpOHHpBO3H.HKanntHe npH 

pacna..Ite yg 166 , Y& 167 H yg 16~ sa:rpy,n;aan111 pememrn 

nocraBJl0HHOj;f sa,n;allH. SJieKTpOHHHe cneKTPN Ye 169 H yg 166 H 

,n;oqepHero Tu 166 (7, 7 tJaca) .I(OCTaiotIHO xopomo H3ytJeHhlo IlpH 

ytJeTe H3JlytJeHHSI 3THX H3OTOilOB Mbl HCilOJib3OBMH ,I(aHHH0 pa6oT 

/3, 4/o 0 Cll8KTpe !:Jg 167 B H3ytla0hl0~ OOJlaCT.M HHtiero H8H3B8CT-

HO; noaTOMY npHXO)tHJlOCL ytlHTblBaTL BO3MO~HOCTI, npHCYTCTBHSI 

3J18KTPOHHNX JIHHHg C nepHO)tOM nonypacna,n;a 18 MHH. 3a O,11;HH OilHT 

y,n;aBaJIOCL HCCJl8,IJ;OBaTL, T.e. O6Hapy-J;HTb KOHBepCROHHlie JIHHHH H 

rpy6o npocne,n;HTI> sa HX nep110)tOM nonypacna,na , yqacroK crreKTpa 

npoTSIXeHHeM B 50-80 KSB• 

IHT0HCHBHOCTL JIHHH~ onpe,n;eJISIJlaCL no OTHomeHHD K IlO3HTpOH

HOMY cneKTPY• lnn sxoro KalC'AM~ pa3 HSMepSinacL cxopocTL cqexa 

Ha MaKCHMyue rIOSHTpOHHOro Cil8KTpa yg 164• ~OpMa IlO3HTpOH

HOro cneKTpa HsyqeHa B pa6oTe /I/. 

IIpe.n;BapHT0JlhHNe pesynLTaT:bl on~TOB, npe,n;cTaBJI8HH:ble B 

Ta6JIHUe It IlO3BOJISIDT c,n;eJiaTL CJie,nyJOII(He BE:1BO,11;:bl: 

I. IlpH pacna,n;e y, 164......, Tu 164 - ErI64 ·BO3HH-

KaeT MHoro ~. -nepexo,n;oa.3To saat1HT, qro B aToU uenoqxe Bos-
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6yx,n;aexca MHOfO YPOBHe~ Er- 164, a B03MOEHO H IT' 164 
!I.I 0 

2. Bo3uo~Ho, qxo nepexoAw 773 K3B n 862 Kaa ecTb nepexo~u 

C YPOBHH C 3HeprHen 862 K3B Ha OCHOBHOe H nepaoe B036yx,n;eHHOe 

COCTOSIH:Ue poTal,\HOHHOH IlOJIOC:bl OCHOBHOro COCTORHH.R £,.. 164 
0 

Ta6JIHya Io PesynbTaTH H3Y48HHH cneKTpa KOHBepcHOHHHX 

:3JieKTp0H0B IJ(, 164 75 M~ ,r,u 164 2M., E.,.164 0 

U '
4 

H1 j3+ r 

N! 
Yf,n;eHTHq)., 0THOCHT T Hp Ee l'1HT8BCllBHo I/2..." 

(R3B) (a) 

I •. 1402,6 150,7 .:!: I,O (6) K 208 0,22 
2. I488 167,3 {B) o,or IQ0.:!:25 MHH. 
3. 1590 187,8 (B) o,or ~80 wrn. 
4. 1641 198,3 (6) L. 208 0,1 
5. 1675 205,4 (6) M 208 0,02 
6. 2092 297,9 .! r,o K 355,4 0,01 ~70 MHHo 
7. 2II6 303,J ± r,o K 360,8 0,016 ~70 MllH. 
8. 2239 332,5 ! r,o K 39I 0,04 50-80 MHH. 
9. 2354 360 .! 2 

IO. 2438 390,8 ~ 75 MHH. 
II. 2462 386,6 ! I (K 446) 90 ! 30 MUH, 
I2. 2549 408,2 
13. 2578 415,4 ~ 75 AU1H. 
I4. 2596 419,9 (r) 
I5. 2635 429, 7 (r) 
16. 2662 436,5 ! I (L 446) IIO !4Q MHH. 
17. 2693 !5 444,2 ! I,5 (M 446) 
IS. 2704 447 no ±40 MHH • 
18a. 2835 481 0,007 
I9. 3719 715, J :!:2, 5 K 773 0,014 (80±2o)MIIB. 
20. 4046 .• 805 .! 3 K 862 0,0II (90.:!:J0)MHH. 
2I. 3355 617 ,I 6 75 MHH. 
22. 4210 850 . .:!: 3 Ii 907 ,5 0,005 (8Q!2O)M.11H,. 

23. 4287 872 ! J K 930 0,008 (90.!20)MHH. 
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IlpKweqa.HHH x Ta6nmye 

a) HHTeHCHBHOCTH ~aDTCa no OTHOmeHHD K HHT8HCHBHOCTH 

ll03ltTpOHHOrO cnexTpa.; npHHHTOlt 3a IOO • 

6) K-208, L-208 H M-208 - yroqseHHlie .itaHHE!e o nepexo,n;e 

Er = 211 K3B. " 

B) fuiHHH COBna~aIOT no 3HeprHH c L 177,3 HiI98,0 K3B 

ygl69 • 

r) JIHHHH npOHBHJIHCL TOJILKO nocJie BliqHTaHHH cnexxpa KOH-

BepcHOHHlilX ane1tTpOHOB Tu 166• 

,1 
~ 
i 
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f-' - 113JIY1lEffilE Tu 172 

o.BonqeK, H.MHJIHq, 3.ITpeKdHw, c.XoRaanKHR, R.DtnaHJtoB 
' . 

B I95I ro.n;y ~onrep· H .It.Po /I/ Bil8pBHe ycTaHOBHRH cymecl'BO

' BaHhe H30l'Ona l'YJIHff O nepHO.D;~~ IlOJiypacnaAa 2-3 .D;Hff, HO MaCCH 

ero He onpe,n;eJIHJIH. IJgr1,n ro.n;alO'I nosxe H33eBeH H .IU>• /2/ 1,13yqHJIH ~-

Hsoron donee roqao: 

I. YcrauoBHJIH :u:accoBoe .. QHcno: A=I72. 

2o HsMepHJIH nepuo.n; nonypacnaAa: TI/2-= 63,6 ! 0,3 qaca, 

3~ YCl'aHOBHJIH H8.JIHtlH8 . fo- -H3Jiyq8HHff C. M8.KCHM8.JIIIHOff . 

3HeprHeH I,5 M8B /H3MepeHHO! adcopOnHOHHlilM uero,n;oM/. 
"' 

4. HantJIH PR.It y-nepeXO)tOB: I,79; I,44 ; I,09 ; 0,076, 

a rax:r.e donee CJia<SHe 0,40 H o,ra M3Bo 

Bo BpeMH HCCJI8,ItOBaHHH H3Ol'O~IOB ryJJHff, noJiytleHHh!X M3 l'aH

TeJIOBOll MHWeHtt,o6JiyqeHHOi npOl'OHaMM O 8HeprHe~ 660 MsB, dHJI 

3aM8tt8H (B HaCXOS!IIt80 pa60T8), CllJIOmHOit Cll8It?p 3JI8KTpOHOB (pHCoI)o 

IIpHB8.D;8HHH8 HHJ:8 <pa.KUI ,1\am: yxa3aHHe Ha TO, Q'.1:O 8?0 H3JIY\l8HJ18 
172 Tu • 

Io ~paKUHR TYJIHR IlOCJie BH,D;8JI8HHH✓ M3 MHfil8HH 0HJia ,n;onO~HH

TeJil,HO Otll11~8Ha (pHC • 2), Il03TOMy l,lhl yBepeHN J3 TOM, tITO HaOJID,Ita

eMoe ft - J.rnJJytieHHe npHHa..2VI8XMT It J130Tony :ryirn.ao 

2o ¥.sMepeHHHM nepMOA nonypacnaAa paBeH 6I z 3 qacaM 

(pHC O .'.3); TaKHM oCSpa,30M' OH c5Jil'I80K K B81IB'llI:rHe' llpHB8.D;8HHO~ B pa

doie HaseBea H .1tP• /2/~ 

'f ,,_,,_ -·-- ,----- ------ _, ______ _ 

.;. 

'I 
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3. Y.a,paxTep H3JiytteHHSI dhlJI onpe.n;eneH TOtJHO, TaK Kl;l,K B 

H3MepeHH8X IlOJII>30B8.Jil!C.b JIHH3OBHM cneICTpO.M_eTpOM co CilHPM.bHbIMH 

.n;1mqiparMaMH )(JUI or.n;enemrn nosH:rpoHOB H a.nexipdHoB • 

.. 4. OTHowemrn nonepeqH1:1x ce't!em1H ,n;JIR cos,1.tamu1 Hcc11e.n;yeM~ro 

H30TODa Tu 167 paBHO ~ I0-4 , 'lTO KatieCTB8HHO COOTB8TCTBy

eT OXH;l;aeMOMy. 

PHC. Li npe.n;cTaBJIHeT ,, -cneKTp B KOOp,n;MHaTax KDpH. IIo 

HCT8ll8HHH Il8TH ,II.Heit nocne· o6nytteHH8 MHmeHH cnnomHO~ cneKTp 6HJI 

eme CHJibHO ,n;e~OpMHpOBaH HMHttH0U KOHB8pCHOHHHX JIHHHM .Tu 165• 

~epes C8Mb .n;Heit, OT,n;eJIHBWHX Hae OT nepnoro H3MepeHHH, rpa~HX 

KDpH npe.n;cTaBJIHJI yxe npHMJD JIHHH~ n npe.n;enax aHeprHM or 900 Kan 

.n;o I866 KaB (Ma.KCHMa.JlhHaH aHeprHa). 

EcJIH npe.n;rtoJIOXHT.b, llTO Ha6nn.n;aeMa.SI KOMilOH88Ta 8BJI88TC8 

e.n;HB:CTBeHHOit, TO &9 ft paBeH 8 ,2. Eom,moe KOJIHllec:rno KOHBepcHOH

llbIX JIHHHii Tu 165 H '1'u167 c aHeprHetf HHice 900 Kan .1tenaer oueu

KY HHT8HCHBHOCTH H aHeprHH MHrKHX KOMilOH8HT' /3 -cneKTpa (ecJIH 

OHH B006me cymecTBYDT) npaKTHll8CKH H8B03MOXH9~. 

IlpH Hccne.n;onauHH pacna.n;a Lu172 o6HapyJCeHo ,uy~ecrnoBa

HHe poTa~HOHHliX ypOBHelt #g 172: 76 K3n (2+) H 256 K3B (4+) 

(cM.KHHry .l{JlcenenoBa H Ilexepa /3/). CornacHo Ilexepy /4/, ocHOB

Hoe COCTOSIHH8 Tu 172 HMeeT cne~yD~Re KBaH?OBHe xapaKrepzcrB~H: 

CilHH 2 H OTpHUaTeJihHYD qerHOCTb.Cne,ll;OBaTeRbHO,HaOJIDjaeMoe n 
- . 

HaCTOa~et paOoTe . j3 -nanyqeaHe, n03MOXHO,COOTB8TCTnyer ne-

pexo,D;y Ha ypoBeHh 76 K3B (2+) (sanpemeHHe nepnoro nopH.ItKa). 

Cxe:u:y pacna,l{a Tu172 B ,ll;a.HHOM npe.n;noJioxeHHH npe,D;cTaBJISieT 

. pHc.5. 

IIpaMeqaHH8. ERH3KH8 pesyJibTaTH (T1i2=58 qac, 
E'lf =1900 Kan) 6HRH ,ll;OJIOXeHH Ha X COBe

~aHHH no SI,n;epHO~ cneKTpOCKOilHH B 8HBape 1960 ro.n;a ~.ienenHM H .n;p. 
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PHc.5. BosMOXHM cxeMa pacnaAa 7'u 172 

HHCTHTYT RA8PHHX HCCR8A0BaHHH Il0RLCK0~ AKa~eMHH Hayx,BapmaBao 

O6~8AHH8HHH~ HHCTHTYT RA8PHHX HCcne~0BaHH~, ~y6Hao 



II2 

H3¥tIEHKE PA,IU10AKTID3HOro PACIIAJIA Tu I68 

B.EpaOen, E.KpaIUIK, M.Bo6eiutR 

PaAHOaKTHBHHn TuI6B (nepHo~ IlOJiypacna~a T =879) JI8XHT 

uex~y ~BYMH cTa6HJILHmrn ~3o6apaMH - Er- 168 H YC168,nosToMY 

npHHUHilHaJibHO B03MOX8H pacnaA Bode CTOpOHH. O~HaKo,AO CHX nop 

H3B8CT8H pacnaA TOJlbKO B Er I68 /I-3/' KOTOPHR npdHCXO~MT 

nyTeM 3Jl8KTpOHHOro saxBaTa. TOJibKO B paOoTe BHJIKHHCOHa H XHKca 

/4/ 6HJIO BHCKa3aHo npe~nOJIOX8HHe, qTo Tu I68 nepeXOAHT nyTeM 

.,,- -pacna,n;a TaKxe B Yc168 • Ilp8.l(IlOJIOJt8HH8 6HJIO CAeJiaHo Ha 

OCHOBaHHH Toro, qTo B Cil8KTpe H3JiyqeHHR Tu 168 aBTOPH oOHapyxH

JIH 3Jl8KTPOHl:l C :rneprHen --soo KaB, KOTOpHe MOJiCHO 0H.lIOIH~8HTH<pHUHPO-

BaTL KaK SJl8KTPOHl:l CilJIOlliHoro .,a--cneKTpa. B TaKdM CJiyqae ~JIR 
1r ~ DJ 

OTHOill8HHR oOonx B8TBen pacna,n;a ~BTOPH noJiyqHJIH B8JIHqHHY e,.13+=Jfo. 

HauH 61:lJia npeAilPHHHTa IlOilliT~a npoBepHTb STO npe.l(TIOJIOX8HHe. 

Tu 168 
61:lJI nonyqeH B peaKUHH rnyOoKoro OT~8TIJI8HHH TaH

T~Jia, oOJiyqeHHOro npoToHaMH c sHeprHett 660 M3B Ha CHHXPOUHKJIO

TpoHe OMIDI B JiyOHe. Ms TaHTaJia XHMHqecKH 61:lJIH B}U8JI8HH P8AKH8 

38MJIH, KOTOpl:le saTeM pas~eJIHJIHCb no i! • Ms TyJIH8BOtt qipaKUHH 

01:lJIO H3rOTOBJI8HO H8CKOJibKO HCTQqHmtOB pa3HOff'TOJI~HHH H pasnHq~ 

HO~ aKTHBHOCTH. Ilo~JIOXKOn HCTQqHHKa CJiyEHJia aJIDMHHHeBaH ~OJibra 

TOJI~HHOtt s_,.,' ~HaMeTp HCToqHHKa npH BC8X H3MepeHHHX Oun 3 MM:9 

IfsMepemrn 6UJI:H IlpOB8~8Hbl C IlOMO~bD Marmrrnoro CTI8KTpOM8Tpa C 

npoMexyroqHID,{ H3oOpaxeHH8M /5/' KOTOPl:lH odna,n;aeT BblCOKOtt CBe

TOCHJio~. Paspeman~aH cnoco6HOCTb cneKTpOM8Tpa COCTaBJIHJia OKOJIO 

?<t. 

i 
~ 
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i 
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TyJIHeBaH ~paKUHH, xpoue Tu I 68,co,ttepxHT xaxxe Tu I67 

I I I66 I · . ·. I65 T I/2 = 9,6 .n;Ha , Tu , TI/2 = 7,7 1mc./ H Tu 

/TI/2 = 29 qac./. K3MepeHHH ll03T0MY dbIJIH HaqaTbt qepe3 3 He,n;eJIH 

ll0CJie K0Hna o6JiyqeHHH, K0r,tta Tu166 H Tu I 65 yxe pacnaJIHCL, H 

npo,ttOJIZaJIHCl, TPH Mecnna. K KOHUY H3MepeHHn npaKTHqecKH pacnaJICH • 

H Tu I67. 

B cneKTpe K0HBepcH0HHbIX 3JI8KTP0H0B Tu I 67 HaMH 6btJIH Ha61m-
"·,,, ,It8HH KOHB8PCHOHHH8 JIHHHH, COOTB8TCTBYDmHe nepexo,ttaM C 3Meprien 

57, 208 H 536 K3B, 

B cneKTpe K0HBepCH0HHbIX 3Jl8KTP0H0B Tu 168 Mbt Ha6JID,ltaJIH 9 

JIHHHM, H,JteHTHcpHKanHa ~ 0TH0CHTeJI»Hhte HHTeHCHBHocxi xoTophtx·npi; 

B8,It8Hbt B Ta6JI. JlHHHSI K-304 ,ttpyrHMH aBTopaMH He Ha6JIID,n;anac1,. 

K0HBepCH0BHl:le mrnHH Ha6JID,Il;aJIHC:b Ha cpoHe CITJI0IIIH0ro JJ -cneK

ipa, ltOTOpLtit pacna,n;ancsi' C nepH0,Il;0M)np:mi:epHo paBHbIM nepH0,Il;Y no

Jiypacna,n;a Tu I 68• TaK KaK B K0HTp0JII:iHbIX H3MepeHHSIX, npoBe,Il;eHHbIX 
. 

Ha CUHHTHJIJISIUH0HH0M cneKTpouexpe, Mbt He HaruJIH ¥ -JIHHHD, C00T-

B8TCTBYDmYD aHHHrHJIJIHUH0HHHM KBaHTaM,H TaK KaK 3Ta JIHHHSI He 6HJia 

·'Ha611n,1teHa,1tpyrHMH aBT0paMH /2/ , M0XH0 YTBepx.ztaTL, qTo peq1, H,JteT 

o .,,- -cne1npe. C noM0IJtbD rpacpHKa <I?epMH / pH c~ I / 6IiJia onpe,tteJie

Ha rpa.HHqHaa aHeprHSI fl--cneKTpa Eo= 940 ± 20 KaB. OTHOlli8HHe 

HHT8.HCHBH0CTeit cnnomHoro cneKTpa H K0HB8pCH0HH0J.1 JIHHHa L + M-80 

paBB0 :1.fl/4 = 0,45 / 44 ,lt8Hb Il0CJI8 o6JiyqeHHSI /. 
JL+M-80 

Tax xax HaruteHHaa H&m rpaaHqHaH sHeprHH oqeHL xopomo cor

JiacyeTca c rpaHHqnon aaeprmeit .P -cneKTpa Tu r7o /T=I29 ,ttHen/ 

B03HHKaeT Bonpoc, He npHHa,JtJieZHT JIM H3MepeHHHI Ha.MR CilJI0WH0ff 

cnexrp TuI70. 3To 03aaqano 6H, qTo B peaKUHH rRy6oxoro oTmen

~eHHH Ta B03HHKaeT HapSI,D;y C HeQTpOHO~~e~H~HTHHMH H30TOila.Jm 

\ 
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Tu 165- 168 H HeATpOHO-H36blTOQHli0 H3OTOII Tu I?O. )laTI, OTBeT Ha 

3TOT Bonpoc Mbl CMOX8M IIPHMepHo qepe3 ro~ Ha OQHOBaHHH TOQHoro 

HSMepeHHSI KPJIIBO~ pacna~a TYJIH8Bon ~paKUHHo 

B TOM cnyqae, ecJIH Ha611ro~aeMbltt CilJIOlliHO~ cneKTp npHHa,ItJle

XHT Tu 
168 ' rrneKTpOHHblA 3aXBaT npoxo~lm 6:bI B 8I % ' a ,,--pac

Ila,D;-B I9 % ncex pacna,ItoB Tu 
168• 

ECJIH xe CIIJIOillHOA cneKTP npHHa,ItJ18EHT Tu 170, TO ~JISI OTHO

!!18HHSI BblXO~OB Tu 168 H Tu I?O B pea.KUHH r11y6OKoro OTlll8IIJl8HHSI 

Ta no11yqaeTCSI B8JIHtIRHa I00 : 30. 3TH Bem11qHHbl Mbl paccq1ua11H Ha 

OCHOB8 H3MepeHHOro Ha.MR OTHOlli8HHSI HHT8HCJIIBHOCT80 CIIJIOmHoro 

fo - cneKrpa H KOHBepcHOHHOA JIHHHH L + M - 80 J/1 cxe1.w pacnaAa 

H JIIHT8HCHBHOCT80 OT~8JILHHX t - nepexo~oB, IIpHB8~8HHUX B pa6o

T8 / 3/ . 

HHCTHTYT SJ)J;epHHX Hcc11e~oBaHHA ~CAH, Ilpara 

'~'1',.- ~· 

.~ ,, 



II5 

3HeprHH 0THOCHT8JILHaH 
~eH:r:mpmcauHH lb 3Jl8Ittp0H0B, K3B J4HT8HCHBHOCTL 

I. 70,8 + 9.000 - I.500 L+M-80 

2. I23 - K - 180 

3. I39 - K - 196 

4. 247 40 ! I3 K - 304 

So 393 I00 K - 450 

6. 441 20 ! 6 I.. - 450 

7. 500 I6 !.6 K - 557 

Bo 686 I6 ± 6 K - 745 

9. 766 40 .t I3 K - 823 
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PHc. I. rpaqiHx ~ep.MH ~ns cnnoWioro r, -cneKtpa, H3Mepeaaoro B 
rynnHeBO~ ~paKUHHo 
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IIB 

' OilPEJtEJIEHHE IlEPHOJ{OB IlOJIYPACllAJlA Tu167 u Tu 168 

3 .A.Ky,ttpHIIIOB, r .c .HO.BHKOB, H. 11. Pora'leB 

IlpH onpe.zteJieHmt nepHOJtOB rroJiypacna.n;a ~onronBy~Hx H3oronoB 

HerrocpeJtCTB8HHO no ydHBaHm> aKrH.BHOCrK, B03HHitaDT 06JII>mHe TPY.lt· 

nOCTH,· CBH3aHHH8 co cradHJII,HOCTI,D perHcrpHpyn~en annaparypH B 

reqeHHe JtJIHT8JII,HOro BP8M8HH. BnoJIHe ecrecTB8HHO ycraHOBHTI, rre

PMOJt noJiypacna.n;a Hccne;tyeuoro Hsorona cpaBH8HH8ll ydHBaHHH HH

reHCHBHOCTH ero KOHBepcmonmn: JIHHHff H KOHB8PCHOHHHX JIHHHff H30-

rona C JtOCTaTO'IHO dOJII,mIDd H ua.n;eXHO ycraHOBJI8HHl:iIM nepHOJtOM no

Jiypacna.n;a. J{na 3Toro H800XO)tHMO IlOJtMemaTI, penepHHR H30TOil H 

cpaBHHTI, HHT8HCHBHOCTH no xpattHett uepe JtBYX KOHBepcHOHHWC JIH-
. . (1) 

HHff, npHHa..I{JI8XantHX pa3H!ll(.H30TOlla:M; HCKOMOMY - 3, H $Ta-

:J. (2> · t (d . (2) 
JIOHHOl4Y - 1 , B YOM8H'.l'H Bp8M8HH I H t, , H COOTB8TCTB8HHH8 

,., M ca) · <d ta) 
3HatzeHHSI MHT8HCHBHOCX81i "'.a , ~ B MOM8Hi'li BpeMeHH ta , t2 . 

Tor.zta 11cxowtt nep110,1t noJiypacna.n;a oiipe,11;eJIHrCJ1 rio cpop1.1yne : 

1 ..1. (2.) t. (2) p,,. 'J.''' p,,. l'1 (I!) e, :J_ (2} e, ~ (IJ 
-i;...2. - . / ";I I - ~ J1 + .2 - ~ - - --:: ___ ..,,.,___,.., + 

T - n" (t '''-t (I)) 0, 30J. (-t (I)._ t:.,''') . • 
I le(i11.) 2. :1 .l! 

B Hacroa~en padore K ryJIHeBoff ~pax~HH, B xoropoH cnycra 
. ' 

30 JtHeff rrocne xpoMarorpa<pMqecxoro pas,1teneHHJ1 npHcyrcTBOBaJI 

JIHlliI, H30TOil Tu I67 , dHJI IlO.D;MemaH ygI69• 

IlepHOJt noxypacna.,u;a ygI69 onpe.n;eJieH B pH.D;e pador /I,2,3/o 
Mil npHH.HJIH :rnaqeHHe T½ YC I 69 paBHI:W ( 30,6 ± o, 2 ) JtH., cor

xacHo /3/ o IlpenapaT TuI67 + !J&I69 , npKroroBJieHHHit TaJCD 

odpa30M, H3MepaJICH nocne.n;oBareJILHO 3 pa3a C HHrepBaJIOM OKOJIO 

I4 .D;Ho 

~ 

~ 

f 

·•-·-··· ......... -------~· -~~.J 
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Ha pHc. I HaodpaxeHH .ztBe cepHH H3MepeHHUo Rax BH)tHo,rpynna 

KOHBepcHoBHHX JIHHHI . ygI69 xopomo 01,z,;e.neHa ox JIHmdt Tu 167• 

JIHm1, ua H.H:reHCHBHYJl JIHmm ( L +M ) 208,3 Tu167 uaitJia.,JJ;HBaercH 

c11adaa JIHHHH ( L +M) 198 Y, 169• Ee · HHTeHCHBHO cx1, 61ma y11xeua, 

no ,z,;aHHHM padoTH /~/. 

B xadJio I npHB8,!1;8HH.HHT8HCHBHOCTH cpaBHBBa8MHX JIHHHlt H 

npoue:&y?ICH BP8M8HH Mez,n;y · M0M8HT&UI HX .Jf3MepeHHA. 3HaqeHHSI nepH-

0,!l;OB TI/2 Tu I67, BHqHCJI8HHH8 Il? ~OpMyJie (I), npHB8.lt8HH B 

TadJI. 2. B cxoJidue 2 raon. 2 yxasauo, cpaBHeHHeM xaxHx JIHHHU. 

noJiytJeHo ,z,;aHHoe suatteHHe TI/2• CJie,z,;yeT saMeTHT1t, ttro norpemao.cn 

B onpe,z,;eneHMH TI/2 npH HCDOJIL30BaHHHH ~OPMYJIH (I), COCTaBJIH8T 

doJiee tteK yqe:rsepeHHJD norpemHOCTL HHT8HCHBHOCTH KOHB8PCHOHHHX 

JIHHHtt. ijecxorpa ua :ro, q:ro cnex:rpu, H3odpaxeHHHe Ha pHc.ItcHB

MaJIHCL Ott8Hl> TntaTeJILHO, MaKCHMBJILHHI pasdpoc 3Hatt8HHtt TI/2 

.ltOC?Hraer 13%, ttTO COOTB8TCTByer norpemHOCTH B H3MepeHBH HHreH

CHBHOCTH xoli»epcHoHmrx JIHHHI oxono3%. 1Iorperauoc:r1>, cBxsaHHaa: 

C KOH8ttHHM BpeKeHeM H3MepeHHH JIHHHH,He npeBwnaer 0,3% ,!l;JISI YcI69 

H o, 7 .'/J ,z,;Ju1 Tu 167• Cpe.ztHee suatzeu11e nepHo;ta noJiypacna.u;a 

H opejuaa norpemuocx1, oxasaJIHCL paBHllM 

TI/2 Tu167 = ( 9,6 :t 0,3 ),1tBa. 

J(Jia OJ.l8HKH nep:ao,1ta noJiypacna.u;a 'T'uI68 6!iJJ HcnoJI1,soBaH BH

,1tepxaumilit )tJIHT8JILH08 BP8MH HCTOttHHK, npHrOTOBJ18HHhll HcnapeHH8M · 

B Baxyywe tzacTH TYJIHe.BoH qipaRUHH~ coAepzaDUII Be6oJILmYJl npoecL 
y,169• CpaBBHBaJIHCL HHT8HCHBHOCTH ROHB8pCHOHHhIX·JIHHHI 

L, + (M+ jr )-80 TuI6B H K-I98 Y&I69 no . xpe:u: cepHHM .Hs:uepeHHst • 

• 
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B Ta6n. 3 npHBe~e~H HHT8HCHBHOCTH yKa3aHHUX JIHHHtt H npo

MeXyTKH BpeMeHH Mex.n;y MOMeHTa.MH H3MepeHHtt. 

BuqmcneHHoe no qiopyYJie (I) 3HaqeHHe TI/2 TuI68 cocTaB~ 

JIH8T ( f!{/ ! 12) ~Hett• 

BonbmaH norpemHOCTD 06'.f>HCHH8TCH MaJiolt HHT8HCHBHOCTbD JIHHHtt 

yg I69. · 

HaHMeHOBaH. 
JIHHHH 

Ta6nHya_r. 

HHTeacHBH09TH C..:QaBHHBaeMl:lX JIHHHlt 

B npenap!):re Tu !67 + 

'·· 

HHT8HCHl3HOCT:& 
I cep. · n cep~ m c~p. 

ycI69 

At 
2-I 

~Helt) 

At 
.3-I 

~HeA) 

At. 
3-2 

(~Hal) 

I.I K I98 Yt169 I 8, 3 I0,5 ..5,3 I.3,:8 30,8 I7,0 

K-!77 ,.r59 
2.1( +M)I.30,5 !Jr j20 6 K-!98 · ' 24,8 !2·4 . , 

.3.J K 208,3 Tu167 !33,5 I 20,5 I 4,2 
. ,:,1 !67. 

4J (L +M:)208,3 u 169, I 140, 7 I II, I 

" 
I3,a· 

I.3,80 

I4,2 

30,8 

.30,8 

3I,I 

I7,0 

I7,0 

I6,9 

~------' 
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Ta6,rnya 2. 

Onpe.geJ1eHHe nep1m.n;a noJiypacIIa.ga · Tu 167 

Jr. CpaBHHBaeu. }ii 
TI/2 J CpaBH. Jr. TI/2 

JIHHHSI cepHJ 
(,n;uet( 

JIHHHH cepo 
(,n;Helt ) .. 

K-I98 K-I77+K-!98 
' I. K-208,3 I,2 9,26 7. K-208;3. I,2 ·9,77 

2. -"- I,3 9,32 8. -"- I,3 9,68 

3. -"- 2,.3 9,IO 9. -"- 2,3 9,II 

4. K-!98 K-I77+K-I98 
( L. +M) 208, 3 I,2 9,09 IO. (L +M)208,3 I,2 9,58 

5. -"- I,3 I0,04 II. -"- - I,.3 ~0,07 

60 " 2,3 IO,I7 I2. " 2,3 I0,20 - - - -

Ta6JIHna .3. 

Onpe.geJieHHe nepzo.ga nonypacna,ga Tu I 68• 

HHT8HCHBHO CTI> At At At 
Jr. ·HrumeHoBaH. 2-I .3-I 3-2 

JIHHHH I cepirn II cepHH Ill cepHs: (,n;Helt) (,n;Helt) (,n;HeA) 

I. L +(M+ JC,·)-80 Tu168 44,I 43,8 34,7 2,0 22,I 20,0 

2. K I98 ygI69 2I,O I7,9 I0,.3 2,8 22,9 20,2 
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O CXEME PACTI.A.llA Tu 167 

K.fl.rpouoB, E.C.lxe~eµoB, A.r.nuHrpHeB, M.K.HHKMTHH, 
K.ll.HKOBJ18B 

fl.llep~oe •snyqeuHe, B03HHKaD~ee npH pacna,n;e Tu 167 

(TI/2=9,6 .ttHH) H3ytlaJIOCL B pn.tte padOT (CMoI)o BHJlO yctaHOBJle

HO, qro Tu 167 K-3axBaro» npeBpall(aerca B Er I 67• IlpH aro» 

B030yJ;.1(aDTCJl ypOBBH 200,2 K3B (KB8.HTOBW8 xapax'tepKCl'JIKH I/2 -

/52I/) H 265,4 K3B (3/2 I/2 - /521/). KBaH'tOBMe xapa:,crep11-

crnm YPOBHel ,1(8.DTCJl B repMHHax M0.1(8~K Eopa-MOT8JlLCOBa-HHnL

C0Ha ( :J, Jl, JC [ffnz e] ) 0 K-3aXBar HS 0CH0BH0ro C0CT0aHHJl 

Tu.167 (I/2 + /4II/) npoucxo,1lHT ua ypOBHK 265,4 KaB (33~) K 

208,3 K3B (67/). Pa3pfi,JUC8. ypOBHJl 265,4 K3B OC~8CTBJ1Jl8TCH 

~ - nepeXO.J(OM 57,I K3B (rHna MI+E2). Paspa,ItKa ypOBHJl 200,2 

KaB oc~ecTBJiaerca nepexo.tto» 208,2 K:rn (rHna E3). Ilepexo;tos 

H3 Tu 167 B ocHOBHOe cocroauHe Er-167 (7/2 .± /6'J'J/)) no-n:e:

.ttH.MOMY, uer /I/. 
B 1959 r. noHBHJlHCL cooO~eHHH rpynnH M:m:xenmqa o row, qro. 

npH pacna,tte Tu167 B03Hmtaer 811(8 O.J(HH r - nepexo.tt C 3Hep

rHei oxono 5'J'J KaB /2/ • 

B Hacros11teA padore npo,1tOJIX8HH HCCJ18,1{0BaHHR cne1t:rpa KOH .. 

BepcHOHH~X aJ1eKTpOHOB H t - cnexrpa Tu. 167• HsyqeHHe cnexr

pa ROHB8pCKOBHHX 3Jl8KTPOHOB BHDOJ1H8HO npH no»omH :varBHTHOro 

cnexrpowerpa c ynyqmeHHoB ~oxycHpOBKOA rHna "xarpou". Paspem® 

~M cuocodHocri, j3 .. cneKrpowe~a "' o, 4'1,. CBerocHJia ... o, 5~. 
HccAelOBaHHe K - cnexrpa 'l'LLI BHnonesnoc» npH no»o~u 
CUHHTHJIJISUHOHHoro K ~ cnexrpowerpao PaspemaDmaa cnocodaocri,. 
npHOopa npH uocJie.ttoBaHHH K - JiHHHK 66! K:rn CS 137 " Il'I,. 
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Taaina:ua Jf. I. 

HOBI:l8 ~aHHI:l8 0 cneKTpe KOHBepCHOHHI:lX 3H8KTpOHOB. 

3HeprHSI OT HO C.HTem, HI:l8 

3H8KTpOHOB HHT8HCHBHOCTH 

Xo~HanKH:'1 H AP· K 207 IOO 

/ 3 / K 534 O,I 

~eHeilOB HAP• K 208 IOO 

I l~ I K 534 - 0,07 

L 534 0,02 

YapMaTn HAP· K 208,2 - IOO 

K 532,2 - ' 0,22 
I 2 I 

1' 532,2 - 0,035 

HacTOSIJ.qan: K 208 IOO 
pae5ota K 533 O,IB 

L.. 533 0,05I 
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Ta6m1ya Jf? 2 

Pe3yJIDTaTLI H3yqeHHR cneKtpa K - nyqen 

3Hepr1rn OTHO CHT81IDHL18 

y - Jiyqett HHTSHCHBHOCTH 

207 K3B · I00 

540 KaB +· 3,2 - 0,5 

(700 KaB) ( tvQ,8) 

790 KaB 2,3 :!: ! 

( 880 KaB ) (.-I,I ) 
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Ilpenapa:r Tu.167 nonyqeu npH 6ow0ap.n;mpooxe rB.BrMa oscrplilD! 

npoTOHa.uH Ha cmHxponmtnorpoue B Jiy6ue c nocJie.n;Yl)~HM xx101qe

cxuu pa3~eJieumeu aneMeHTOB, nonyqesHsx B peayB~rare peaxllUH 

rnydoxoro pac~enneHHs. 

UeJILD HaCTOH~HX HCCJie.n;oBanHtt 6HJIO.H3yqenHe xecTKO~ qacTH 

KOHBepcHoHHoro K K -crreKTpoB Tu. I 67 • PesyJILTaTI:l nccne.n;oBa

HH~ npe.n;cTaBJI8HH B Ta6JIHJ.tax I H 2 • 

B Ta6JIHJ.t8 I ).l;JIH cpaBH8Ill'IH rrpe.n;cTaBJI8HH aKcnepHM8HTaJILHHe 

.n;aHHHe O KOHBepCHOHHHX 3Jl8KTpoHax r - nepexo.n;a 533 Kan, 

ony6JIHKOBaHHH8 .n;pyrmm aBTopatm. 

IloCKOJILKY B 3TO~ pa60T8 µ~ He HsyqaJIH yqacToK cneKTpa KOH

BepCHOHHHX aneKTpouon B o6naCTH auepr1dt hv < 208 KaB, B xa6JIHUe 

I He npHBO).l;HTCH .n;aHHH8 .n;pyrHX aBTOPOB od 3TOM yqacTKe crreKTpa. 

Kax BH,B;HO H3 Ta6JIHJ.tli JI r-nepexo.n; 533 ian OdHapyzeH 

B qexupex padoxax. laHHHe o ioHB~pcHOHHHX aneixpoaax axoro nepe

xo.n;a .n;ocxaxoquo xopomo-cornacyDTca uex.n;y codol. IlpH Hccxe.n;onaHHH 

f-cneKTpa, KpOM8 t - nepexo.n;a 540 K3B 06HapyzeHH HOBli8 

¥ -nyqH c 3Heprue~ 790 Kan. Bosuoxao Tax~e Cy-1'8C?BOBaHHe 

~ .. J1Y'l8ff C Ex, = 700 K3B H Et2 880 Ka». 3:rll r -JIY'IH He npo

SIBHJIHCI:, SI BRO B aameM Y -cneKTpe » HO npe~nOJIOZ8HHSI . 0 HX HaJIH

qHH B03HHKaJIH npH aHaJIH38 t - cnexrpa. 

IlOJiyt18Hllli8 ,u;aHHli8 06' OTHOCHreJU»BWX HB?8HCHBHOCTHX r -n.y

qeff H KOHBepcnoHHliX 3Jiexxpoaoa X -nepexo.n;on 208 KaB H 533 Kaa, 

a rax~e H3B8CTHM MYJlL?BilOJ1LHOCTL - E3 ,D;JISI nepexu.u;a 208 K3B 

( J, 1<208 = 0,49), ll03BOJl.fll)T Bli'IRC1lRTl: K03qxpHJ.tH8HT KOHBepcHH 

ua K oOoJioqxe .u;na ¥ -nepexo.n;a 533 KaB. HcnoJI1:,sya HamH .u;aHHHe 

06 HHT8HCHBHOCTSIX K-JlY'!eg H KOHBepcHOHHHX aJieKxpouon rrOJIY'JaeM 
~ -

.u;JlSI K 533 saaqeHMe (0,028 Z o,OI5)o 3:ro 3HaqeHHe-xopomo 
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. corJiacyetcs: cJ, K 533 = (0,036 .± 0,015), no.nyqeHHHM JCapMaT

neu.,H ,ll;p. /2/. BHt1mc11eHHe ct L 533 ~aeT 3Hat1em1e ol L 533 
l'V 09 009. ! - nepexo.ny EK = 53.'.3 K:rn :uoxHo npHmrnax.1, 

yYJlhTHilORhHOCTb THna MI HRH MI+F2. 

IlonhlTKJA HattTM KOHBepCHOHHhle 3JI8KTpOHli, COOTB8TCTByIDmHe 

t -nepexo;:r;y c EK ·= 790 KsB He yBeHqaJIHCh ycnexoM. BepxH11tt 

npe;:r;eJI :J~?-90 ....., 0 ,or B e;:r;HHl111,aX T8:C5JIH11,bl Ni I. OTclO;:r;a CJie,n;yeT, 

tlTO 11yJU,TlUIOJihHOCTb r - nepexo;:r;a C E i =790 K3B' B03MOJ!CHO' 

nma J!;I. 

Ha pHcol npHBe,n;eHa cxeua pacna;:r;a TLL 167 , KOTopaa B npe-

,n;enax_ToqHocTn wsMepeHHa 3Hepr11U r - nepeXO,Il;OB He IlpOTHBv-

pel!JAT rrpe,n;HOJIOY.tem1!0 0 Ha.JHfllHH YPOBH.H C 3Heprirnn 798 K:m 

(534 K3B + 265 K3B)o C sxoro ypOBHR HAYT 2 nepexo;:r;a 790 K3B H 

534 KsB. 

Han~eBHOe 3HaqeuHe MYJILTHilORhHOCTH nepexo~a 534 K3B H OU8BKa 

(npe~nonaraeua.s) llYJlhTHllOJlhHOCTH nepexo~a C EK =790 K3B 

Il03B01lHIDT npHilHC8Th ypOBHD C 3Hepruet 798 K3P THn 5/2 --/512/4 

Ilepexo;:r;u c 3HeprHen 700 u 880 K3B B ~aHHYJl cxeyY pacna~a 

TOEa He yxna~HBaDTCHo 

,.,... ,, . -""~·"'111' 
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¾.+ [41t] 

532· 265,q 
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rAMMA - crrEKTP TLC I67 

C.XoDHaWCH~, A.HCHHCKHH, B.Kym, fl.KOBHawcHa, r.RaHJ:U(aH, 
H.A.DXJiaH)tOB . 

MccneAyeMH~ H30Ton 6un nony,IeH nyreM peaKUHH ,rny6o~oro ox

. IJt8IlJI8HHSI npH 06Jiy,I8HHH Ta~TaJI0B0lt MHfil8HH np0T0Ha.MH C :meprHea 

. 660 M3B Ha CHHxp0UHitJI0TPPII8 . OK.HK B ]lydHe., q,paKUHJl Tymui. 61ma 

BHieneHa .no M8TO'AY xpouarorpacpHH. 

JLnH H3M8p8HHH ra.MMa cnexrpa T• 167 6Hn HCllOJIJ,30BaH CUHHTH

JIJIHUHOHHHa cneKrpoMerp co CT0XaHMhHW ~JIHTYJtHlilM aHaJIH3aropoM. 

Pa3pemaDIItasI cnocoOaocr1, cne:rtrpouerpa cocraBJuura, 7 ,8% ;tJia JIHHMH 

660 K3B C ~ I:37 o 

M3MepeHHSI HaqaJIHCh qepe3 20 )tHea nocne BSA8JI0HHH q>paKUHH 

Tymrn H3 o6JiyqeHHOil MHU:0HK, xor ,!l,d. orcy:cqTBOB~0, yze H3Jiy,I8HH8 

dOJI88 KOpOTKOZHBYutHX H30TOllOBo 

Ha pmc. I noKa3aHH pe3yn1,rarw H3KepeHHH r8l().(a cnexrpa 

Tu 167 Ha cpoHe 85 .... 'Aft8BHoro usorona T,.i68 ~ · (JIUHH 444,730 H 

825 l\3B). KpoMe iIHHHH 208· K3B O?ll8TJIHBO Bll,.Sa JIKlUUI 527 ;t !0 K3Bo 

JIHaHa 120 Kae HBJia~rca annaparypHw aqxpexrou, qro cne;tye? H3 

H3M8p8HHH,Ilp0B8,lt8HHHX CO CBHHUOBI:at XOJIJIHMaTOpOM TOJI~KHOff IQ CMo 

(pHCo2)o 

Onp8,lt8JI8HHHil no n~eHHD HH78HCHBHOCTH JIHHHH 527 RaB nepMOA 

nonypacna,lta paBeH IO JtHHM (des yqera nonpaBKH Ha 85-'AfteBHyD 

cocraBJUllDIItyD) o 
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OueaeH0 0TH0WeHHe HHTeHCHBH0C?eff JIHHHH (527):(208)=0,059 · 

! o,oos. IlpHHHMaR BO BHHMaHHe 0?HomeHHe HHT8HCHBHOCT8~ K0HBepcH-

0HHHX JIHHHff -#e (527): .Ne (208) = O,II ! 0,04 /I/ H H3B8CTHHff 

K03qxpHUI48HX BHyxpeHHeff K0HBepcHH Ha K - od0JI0qKe ,ItJUI nepexo,Ita 

208 K3B e{,K = (0,55 ! O,I). 10-2 /2/, a Ta.KXe pe3yJILTaT HamHX 

H3M8p8HHH,MH 0ll8HHJIH K03qxpHUH8HT BHy:rpeHHeff K0HB8pCHH ,ItJIH nepe-

· X0,Ita 527 K3B H noJiyllHJIH ~K =(I,02 Z 0,41) • 10~2• CpaBHHBaS 

axo 3HalleHHe c radJIHllHWH ,1taHHHMH /'JI, M0J:Ho 3a.ItJil>llHTL, llT0 pac-

. CMaTp1,rnae1Wff nepexo,11; B8p0STH88 -BCero THna E2 ( C B03M0:IH0H MaJI0ff 

npHM8Chl> MI)o Ha 0CH0BaHHH CKa3aHH0J"0, yp0BHD 7:35 R3B Er 167 · 

M0ZH0 IlpHilHCaTL CilHH ~/2 HJIH 3/2 H 0TpHqaTeJILHYD ll8TH0CTL (ecJIH 

npHHS:tl,,llT0 MN HM88M ).(8JI0 C nepeX0).(0M Ha yp0B8HI, 208 KsB) •. 

lJHtepa'typa 

1. s. Chojnacki, H. La.noman,- R. Sosnowski, o. Wolozek, J. Zylioz, 
J.A. Jutlandow Bull. Aoad. Pol. Soi. VIII. 5J5 (1959). 

2. E. Campbell, J. Kahn, M. Goodrich - Nu.Sci. 10, 256 (1956). 

J. M.E. Rose, Internal Conversion conversion Coefioients, North
Holland Publ. Comp., Amsterdam (1958). 

·--·-· --·-· -- ---"-----~ ~-- _,. ~-- -, 
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HHCTHTYT SI,ItepHliX HCCJI8,It0Bam1ii 
Bapmana 

o~~e,Itlill8HHHll llHCTHTYT 
Sl,It8pHHX llCCJl8,ItOBaHHn 
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o PACIJAJlE Tu 167 

B HaCTOa~eff padoxe H3yqa.JICH cnex:rp KOHB8PCHOHHhlX H OXe-

3Jl8KTpOHOB7'u167 C IlOMO~LID uarHH?HO-JIHH30BOroj3 -cneTpOMer
pa c npouexy.roqnw ycxopeHHeu,xoropua Deet OTHOCHTeJlLHYD no-

nymHpirny JillHIU{-2,2 % llpll OB8TOCH1Ie 0,44 '/, /I/. Oxao cqe:rqua. 

0 4 w duno sru.tpu:ro TOHKOtt nneHKo~, xo:ropas nponycKM~ 3Jiex:rpo

HH, uaqeasi: c 2-x K3B~ 

llpenapaxH Tu167 npHrorosJiaincr, ucnapeHHeM B Bhlcoxow 

»aJtyyue qac:ra :ryJIHeaon q>pa.It~HH 4-x qacoBoro odnyqeHxa cnyc:ra 

I0-15 .ItHeit nocJie xpouarorpaq>H'llecxoro pa3~eJieHHa. Sa a:ro Bpe1m 

xoporICo-zHBY~He uso:rom1 Tu 165: / T112 = 29 qac/ H Tu166 

/ Tr;2 = 7,7 qaca/ /I2/ llpa.ItTH'l8CltH paGII8JtMRCL llOJlHOCTLD H He 

npHCyTC?BOBa.JIH B HC:roqamKaXo HcnapeHHe npoHSBO~HJlOCL Ha aJil)o,t 

IDIHH8ByD q>OJI.Lry T01IlltJIHOfl 5 .fl ; ~Hru!e:rp aKTHBHOro llHTH8. coc

TaBJIHJI :3 lille 

Ha puc.I npe.l(c:raBJieH axcnep1n,eHTMliHLilt cnex:rp, nonyqeHHhll 

B O,ItHOll HS cepHU H3MepeHHH npenapara TYJIWlo 

B cne1t:rpe, nowwo xopomo H3Bec:rHhlX JIHHHit Tu 16~ npHcYT- . 

CTBYl)T CJladue JlHHRH Tu 168, ltOTOpHit B HedOJl.LmHX KO~Hqec:rBaX 

noJiyqae:roa M npe: ltOpOTltMX odJiyqeHe:ax, it Ye 169 ; llOCJI8.ItHHU 

nona,n;aer npH xpoKarorpa~HqecxoM pa3AeJieHHH 3JieMeHTOB pe,ItKHX 

38M8Jlli B ryJIB8BYJ) ~paxnm> .B BH)t8 HedOJiiWOro sarps3H8HHa. 

Ha sexo:ropHe JIHHHH Tu 167 HMara.Drca oJiadue npHlleOHhle 

JIHHHH Tu 168 H YC 169 ; HX BKJI~ B :r,m:reHCHBHOCTl> JIHHHff 

Tu 161 dHJI yqrea Ha OOHOBaHHH AaHHhlX pado:r /3,4/. 



}f!J! Hp E 
nn IKaBI · 

(eaytc,cM} 

Io I7.'.3 - 350 2,69-10,66 

2o 682,5 39,4 

.'.3. 751 47,4 

4o 

5. 81! 54o9 

60 1395 149 • .'.3 

7. 

a. 16.'.36 I97o2 

TadJIHY!Ll• 

..Q!aocHTeJILHI:le .HHTeHcHBHOC'.rH JIKHHit B cne1t:rpe Tu l67 

li,;1t8HUiq>K -
0?HOCHT8A»HH8 HH78HCKBHOCTH 

:rtanxH J{aHHli8 H6CTOSlnt81! Xapwaxn. !1bIX8JIRq rpoHOB I!adOTH 
CywapHBJI Pas~eJleH H ,Iij) • R ,lij) o H JtP• . 
HHT8HCHBHo no /.'.3/ /8/ /3/ /4/ 

L -XY 7650 !!500 

K ... u., 2.'.34 ! 25 2.'.34 

K- LM 
1290 ! !30 · K- L..JV 141 

L -57,l · · 1159 860 845 1060 . 
t4 57.I 360 ! 40 360 230 240 .'.324 

K-208o.'.3 IOOO IOOO IOOO 1000 1000 

r--208.3 1840! 200 
l.'.345 1250 I.'.345 1410 

495 470 495 424 M+.A'208.3 ·. 

H 
\,,) 

°' 
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B raOJIHUe I npHse,11;eHli llOJiyqeH~He Hawf OTHOCHT8Jll,Hij8 HH• 

T8HCHBHOCTH JIHHHH . Tu 167; Jl;JIS: cpaBH8HHSI BHllHCaHH pesyJILTaTH 

,u;pyrHX aBTOpOB. 

B HacrOJl!ii81 paOoTe Ha OCHOBaJIHH cpaBH8HH.S HHT8HCHBHOCTeff 

K-OJJCe-aJiexrpos:os H JIHHHlt 57, I H 208,3 HesaBBClDlliK oOpasow yc

TaHOBJieau .u;oJIH saxsara Tu 167 Ha sosCSyz.u;eHRHe ypOBHII 265,4 H 

208,3 Ras E~ 167• 3ro c.u;eJiaao B paimax cxeM1i1 pacna,i;a pHc.2. 

B cnexrp,e xopomo. s1i1.u;eJIHJiac1> K-LL rpynna Oze-aJiextpo-

uos, ee HHT8HCH~HOCTb pasHa 234, ecJIH HHreHCHBHOCTl, K 208,3 

npHHHTI> sa IOOO i HHreHCHBHOCTL OCTaJILHHX oxe-aJiexrpOHOB K- ce

PHH cocrasJiaer,corJiacHo l 5{o,6 or ·.1K~LL , qTo ~aer ,1;ia noJIHoff 

HHT8HCHBHOCTH OXe-3JI8ltTpOHOB K-cepu 375 8,UHBit • 

.l{JIJI no,1;cqeTa qHcJia saxaacHltJ · oCSpaSYJ)ll(BXca Ha K-o<S_pJloqICe, 

Mlil llOJiaraew BHXO,D; K-OXe-3JI8KTpOHOB paBHHM aK = 0.068 161 • 
.. M3 no11yqeHHOro qHcJia .Jt; MH BHqBraJUI llllC.10 &ltTOB K-1toH-

B8PCHH, r.e. npaxraqecxH .HHT8BCKBH0CTl, JUIBD K 208,3, ll0CK0JliltY 

JIHHHJI K-532 OQ8HL CJiada. llpH 3TOM MH no~yqHJIX qxcJIO K-3aXBaTOB 

~ -3aXBo = 43600 

l!Bc110 L -3ax1aTOB I cor.11acHo TeopJ111, cocraB.n:aer O.I3 OT 

llHCJia K-3aXB8Y0B. ..If;_ -3aXBo = 0ol3 J J( -3aXBo•568, H, Ta

KKM odpa3oM., noJIHOe qHcJfo 3axsaros B · · Tu167 JV 3&XB = 4360 + 

568 = 4928 B e~•s•Qax K 208,3 =IObO. 

OTHOCBTeJILHO HJIDero nepexo)ta c 3Heprxel 208, 3 K3B 

/cM.cxeiq pacna.Ita pHc.2/ P.1tH03HallHO ycTaHOBieHO 17,81 ,llTO 

OH aBJiaerca nepexoiow rHna E3. no reoperHqecxowy saaqeaxD 

K03qxllHUH8HTa KOHBepcHH Ha K-o60JIOllK8 o/.,K =0,48 HaMH 6HJia 

BYllHCJieHa HHT8HCHBHOCTL HeKOHBepTHpOBaHHOrO t - B3JiylleHU; 
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npH6aBHB HHTeHCHBHOCTb ROHBepcMOHHHX JIHHH~ K 208,3 H IL+ Ml 
208,3 /Ta6JIHUa 1/, nonyqaeu IlOJIHYJ) HHT8HCHBHOCTb nepeXOAa 208,3 

paBHOtt 4920 D TeX xe e;urn:w~ax. C0BD8.,Il8Hlt8 3TOro qHCJia C onpeAe

JI8HHLIM B1i1me N saXBo noxasHnaeT, q70 HH:l'eHCHBHOCTh 3axaa:ra Ha . 

OCHOBH08 C0CT0SlHH8 oqenh MaJiao 

IlpH onpe,n;eJieHHH HHT8HCHBHOCT1f . nepXHero nepeXOAa 57 ,I K3B 

npHHHMaeu.no rpoMOBY /?l,qro C0CTaB M3nyqeHHff C00TB8TCTByeT CM8CH 

75% MI+ 25% E2 p TOrAa KO3qxpHUH8HT KOHBepCHH Ha L -_o6oJioqKe 

ol,L nonyqaeTCSl ol 1. = 3,04, a Il0JIHa.H HHT8HCHBHOCT:L nepexo,Jta 

57,I It3B B TeX lite 8,lOIHM~ax paBHO:M 1806. IlOCJl8,l{HSISl Be.nHqHHa COOT-

B8TCTBY8T corJiaCHO cxeMe pacna)];a IlOJIHOJdY 'UlCJIY 3aXBaT0B Ha 

ypOB8Hb 265 K3B, a qHCJIO 3aXBaT0B Ha ypOB8Hb 208,3 paBHH8TCSl 

pa3HOCTH HHT8HCHBHOCTM nepeX0,J.t0B 208,3 H 57,I K3B, nocxom,Ky 

yponeHh 208,3 K3B aacenaexca He TOJILKO H3-3a saxBaTa Henoc

pe.14cTB8HH0 Ha nero Tu 167, no n sa cqeT nepexo,n;oa c yponaa 

265 K3B ; Tor ,na nonaoe ~mcno saXBaTOB Ha yponeHL 208, 3 oxa-

31:lBaeTca paBHHM 4920 - 1806 = JII4. 

Ta.KHM O<1pa3ou, Ha ypoBeHL 208,3 Er 167 
iUeT 

= JII4~IOO = 63 ~, a Ha ypOB8Hh 265 K3B 

4928 

= I806 o IOO 
4928 

= 37 % acex saxnaT0B B Tu I67 

lJIH. H3RyqeHHH 57,I K3B MHX8JIHq /J/ ,n;aeT H8CKOJihKO HHOI COCTaE 

CM0CH: 87 % MI+ IJ% E2. 
MH nHqRcJHIJU:t HHT8HCHBH0Cl':& nepexo,n;a 57 ,I AJUJ 3TOro CJIY'IM. 

OKasaJiocL, ttTo Ta.Koe 1-rn:u:emteHHe B xaprutTepe nepexo,n;a 57 ,I K3B He 

CHJihHO H3M8HH8T ~OJIH pacna~a Ha ypOBHll 208,3 H 265,4 K3B: 0HH 

nonyttHJIHCh paBHUMH 60 % H 40 % COOTB8TCTB8HHO. 
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3aXBaT Ha OCHOBHOe COCTOHHHe E,-. 167 He npOHCXO,1tHT, 

llOCKOJihKY HHTeHCHBHOCTJ, nepexo;ta 208,3 K3B COBllaJia c IlOJIHHM 

qHcJJoM pacna,n;oB Tu 167• 

IlOJiy,IeHHHe pe3yJihTaTH xopomo corna~ynTCH C ;taHHHMH ;tpyrHX 

pa6ox, rie ,Il;OJIH pacna;ta dHJIM ycTa.HOBJI0HH Ha OCHOBB.HHH aHaJIH3a 

HHT8HCHBHOCT8ff nepeXO,1tOB 57,I H 208,3 K3B. 

Anr·opH Bl:lpB.Xa.Dt dnaro,1tapHOCTJ, cry,n;eH:ry JieHHHrpa,ll;CKOro 

YHHBepcHrera 3oKY.1tPHmoBy 3a noMO~1, B pa6ore. 
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Imm>OB!HIW.L.JIK,TEP !Tlli 

l. E.C.;llzenenoB, H.M. PoraqeB 

MarHHTHO-gHH30BHI _fl -cnexrpo»erp C npOM8Z:y%OqHHM 

ycxopeHHeM • 

Ilporpa.MMa H Te3HCH ~OitJiaJtOB X ezerouoro co»e~aHBa no siepuol . 
cnexTpOpKODHH B MOCKBe 19-27 SBBaps 1960 r., crp.I02. Ha~. 

AH CCCP. M-JI I960. 

2. E.C.;llzenenoB, JI.K.llexep 

~xe»a pacna,Jta pa,JtlloaxrHBBHX a~ep .Ha~. AH CCCP, M-JI, I958. 

J. J.w·. Mihelich, B. Harmatz and T.H. Handley Phys.Rev. 108, 

989(1957). 

4. K.H.rpouoB, B.c.nzeneno» H B.K.Ilpeo6pazeacxHI 

H3Bo AH CCCP, 22,775 /IJ!?5/ 

5. M.A.IlHcTeHrapreu, Oze-aqxpexr 
noxna,Jt Ha X Bcecon3Ho» co»e~aHHH no a~epaon cnexrpocxonHH 

B MOCKB8o T83HCH ~OKna,JtOB X exero.JUt.COBe~aHHS no a~epH.CD8Krp. 

Hs~. AH CCCP. M~JI 1960 r. 

6. A.H. Wapstra, G.J. Nijgh, R. Wan Lieshout 1 Nuolear Speotrosoopy 
Tables, Amsterdam, 1959. 

7. K.H.rpoMoB, E.C • .I(zenenos H E.K. Ilpeo6pazeHCKHI 

HsB. AH CCCP, 21, 918 / 1957./ 

8. B. Harmatz, T.H. Handley, J.W. Mihelioh,Phys.Rev. 114, 

1082 (1959) 
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HEROTOPl:lE 3AME"l!AHIDI O UEIIOllliAX PACIIAJf.OB 

Tu163 2 qac Er163 . 75 MHH Ho163 ?Dy163 
H 

TuI6I 37 MMH ErI6I 3,5 q •. HoI6I 2,5 qacDi6I 

lanxcypeu B.,. I'B03AeBa ll.M., Kysue~oBa M.H., 
JleBeudepr li.D., HopceeB D.B.,IIoxpoBcxua B.H., · 

D?JiaJUOB Ji.A. 

MaO?OilH Tu 163(. T1;2= 2 qac) H Tu 161( T112= 30 :wm) 

dwrn: 0Txp1:.tTH ( I) npH 06JIYt1eHHH Er npotourum~ OHH AaDT uaqano 
' ' 

reH81'Htl8C1'b I\8ll0\IX8.ll, OitaH'lHBal>lflHMCH B,ItplJDI CTadHJU,HOrO Dy• 

Ilo 3TOH IlpHt!HHe, a Taxze BCJI8ACTBH8 CJIOXHOI CM8CH H301'0llOB 

BO tppaltJ:\HH Tu(A ~ 161), Hall He YAaJIOC:& IlOJIY'lH1':& AOCTOB8pHWC 

CB~,IteHHA O 1' -Jiyqax, conpO-BOXJ,taDnou: pacna,It H3070IlOB Tu163, 161• 

0ABa.Ko, nocJieAOBaTeJU,HHe BH,lteJieHHa ,JtO'lepuHX 3JieKeHTOB ( f,-. H Ho) 
H3 lppa.ltilHB Tu Il03BOJIII.IH IlOJlytlH?I, -H8JtO?OpHe cse,n;eBIUI O xapax.;, 

.. 1 . . • 

tepucr11xax pacn~a paccMaTpHsaewx uenoqex. 

A= !63 • BnepBHXOillitTaX Ml:l 0118B» HeysepeHBO Ha6Jil).n;8JIH 

~ -cnexrp Er 163 (o npxt111~ax CM. ,1;8.Jlee) B ToJ11,xo nocJie 

npHHSTIUI CD8UB8Jll>HHX wep ( .n;onOJIHHTeJn,Bas: oqllCTKa Er ,npo~ 

se.n;eHBe B~eJ1eB1dt nocJ1e pacn~a Tu 161 Jc:u:or.1a noJ1ytn1u, ,1;oc

TOB8PH1:.te CB8Jt8HHS:. 

IIepHo.It no nypacna..n;a Tu 163, usMepeHHElR no XOJIHlleCTBaM 

£r I63(HHT8HCHBHOCTH . A" - JIHHHH 4.30 KaB) B DOCJI8~0Ba1'eJU,H:WC 
' ' 

B1meneuirnx, cocxaBJIHet I22,:tI5 ou., ·qro xopomo.cornacyexcSI co 

saat1eHHeM Tr/2= 2 qaca no (I~ IIepHOJt no11ypacn~a · Er 163 coc-

TaBJISier ~ 75 MHH.' a ero ~- - cneKTP COJ,tepx:wr JHtBMH 6JIH3KOti 

HilTeHCHBHO CT 11 c EA' = 43) Ka B H - II00 Ka B 11, BO suoxuo, 
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~ JOO K::rn. JJ.aHHble o t - cneKTpe Era I 63xopomo corJiacyroTca 

. C ;n;aHHbI1U1 ( 2), r;n;e yKa3IiIBaIOTCSI 't- JIRHHR · 430 H II00 K3B. JlHHHSI 

C ffvJOQ K:rn, He O tieHb Ha;:i;e:arno npOSIBHBlllaSICSI B Ha.lll:UX_ OilHTax, B03-

MO~Ho, eCTb 1130MepHhlll npexo;n; 305 K3B,00HapyxeHHbln (J) B MPe 

Ho 163• YcTaHOBJieHHe pa.Hee He Ha6JI10;n;aBw.eJicSI reHeTHttecKoti" 

CBSI3H MeJ!C,Il;y Tu 163 YI £r I6J (MaCCOBhle tIHCJia 3THM H3OTOilaM 

ObIJIH npRmrnaim He3aBHC:HMO ;n;pyr OT ;n;pyra) IlO3BOJISI8T CtIHTaTb 

oonee ;n;ocTOBepHbIM 3HatI8HHe A=I63 ;n;na 3TO~ uerrOtIKH. 

EHno npoBe;n;eHo -Ta!OlCe H3MepeHRe o;n;Horo n Toro ~e oopasu;a 

Er I 63 ( co;n;epxmmero TalOll:e frJ-65 , ;n;ot1epnnn Tu·165) Ha l{J{-cu1m-

THJIJIHUHOHJIOM CtI8TtIHKe H r-Cil8KTpOM8Tpe. ilOCKOJibKY H3MepeHHSI 

Ha 47i -ctieTtIHite ,naBanu sHatieHHSI tIHcna pac-

rra;n;ol4~, · xo H3Mep'eHHa Ha t -cneKTpmrnTpe nosBonann (no H3BeCT

HoJil sqxpeKT~~HOCTH KpHcTanna) ouem1T1> t1ncna 6' ~KBaHTOB, npuxo

;n;am11xca Ha aitT pacna;n;a •. 0Kasanoc:r,, lITO 't -KBaHThl 430 K3B H 

IIOO Ifan ncnycxaJOTCSI He oonee, '.lleM B 0,29' pacna;n;oB (ou;emta 
~JISI - 300 K3B e~e M8Hbllle). 3THM oO~HCHmJTCH Tpy~HOCTH HaOnn~eHH~ 

t -cnexrpa . Er I 63 npR Bl:.U(8J18HHH Er H3 Tu ' a TaKJlt8 TO, 

qTo B /I/ He OWIO- 3a.MeqeHO HapacTaHHSI JIHHHI Er 163 
B HCroqHHKe 

Tu I63,, 
lls npnne,neHHOH Bhlllle oueHKH MOJltHO saKJIIOtIHTb, tITO pa.cna;n; 

£r 163 npoHcxo;n;HT B rro;n;annsmmeM tIHcne cnyt1aeB Ha ocHOBHOe 

COCTO.llHHe Ho 163• OTCIO;n;~ MOJltHO IlOJIYtIHTb oueHKY ;n;najt(xoTa n 

He otteHJ, TOtIHyID), B3SIB -~HieprHIO pacna;:i;a Jr!3( 5 ) : ~ f-l ;::; 4, 7 , 

qro yxasbIBaeT Ha paspemeHHHiil xapaKTep nepexo;n;a. 

IlOCKOJll>Ky ,IlJUI 67 Ho ~ 3 OCHOBHOe COCT08.HRe T~rna [523] 7 /2, 

To ,D;JISI ocHOBHoro cocToaHna. 68 Er163 cne,IlyeT BHdpaTI> [52j5/2, 
. 95 
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.n:onycxaeMoe ,n;Harpawoil·HHJihccoaa .n;JIH 95-oro He~tpoHa. Pacna.zt 

Mex.n;y 3TKMH COCTOHHHmm XJiaCCHq>HI{HpyeTCH, xax paspemeHHbll He-

3aTpy.n;HeHHblil. 3xcnepHJ48HTaJU,HO onp~,n;eJieHo· (6_)' q:ro CilHH . 

I6I 
96 Dy 95 eCTh 5/2 + ' tJTO 03Ha~me:r peaJIHsanHD COC?OHHHSI 

[64~5/2 .n;JIH 95-oro HeiTpOHa. PasJIHtJHe B coc:roaaumc 95-oro HeA:r

poHa B coce.n;HHX H,ItpaX 66 Dy 161 H _ 6alio163 llOlCHO o:raeCTH Ha· 

cqe:r pasJIHtJHH ,IteqiopManHH aztep. 

3aMeTHM, qxo B OllHTaX-He 6.wzo noJiytJeHO .n;aHHHX o pacna.zte 

Ho 163• 3TO COrJiacyeTCH C npe,ItilOJIOX8HM8M·O 60JihmOM 3BaqeHHH 

nepno.n;a noJiypacna.n;a. sToro SI,Itpa. 

A = I6I. Ilep110.n; noJiypacna,Ita Tu 16! ~ usMepeHHHA no KOJIH

tiecTBfill Er 16I' B llOCJI8,ItOBaTeJil,HHX BH.n:eJiemrnx, COCTaBJIHeT 

37z..5 MHH (30z.I0 MHH(I)). 

¥ -cneKTp f,-.I6I (Tl/2 =3,4.±<},2 qac) COCTOHT H3 JIHHHI 210 1 

825 H ~1200 K3B C OTHOCHT8JlhHHMH BHT8HCHBHOCTJU,lH Jk2l0 : J,,- 825 : 

J,aoo = (I3z..2) :IOO: ~5. -3Haqem1e saepr.0:11· noc.11e,ItHero nepexo.n;a He

CKOJibKO OTJIHqaeTCH OT Er = 1120 K:rn, npHBO.n;HMOro B( 7) • He npOHBJI.JI-· 

eTCH B t -cneKTpe nepexo.n: 592 KaB, OTHeCeHHHA . .I{HenpOBCKHll(B) K 

pacna.n:y E,-. 161.·BosMoxHo, tJTO 3TO CBH3auo c MaJioA HHTeHCBBHOCThD 

X -JIHHHH 592 KaB, KOTOpaa IlO Hamel oneHKe H8 npeBOCXO.n;HT §~ OT 

:Jrs2s • 
CxeMa pacna.n:a Er 161 npe.n;Jioxeaa )laenpoBCKHM H .ItP• ( 9 ) • Taw 

JKe yxasaHbl TO'llHHe saaqeaHH aaepridt nepexo.n:os (n_o Hsu:epeHBHM 

cnex:rpa KOHBepCHOH~hIX 3JI8KTPOHOB) - 211 H 826 K3B H MYJibTHilOJihHOC

TH (E3 H MI COOTB8TCTB8HHO). liaMH 6WIH oneHeHH 'llHCJia ~ -KBaHTOB 

211 H 826 Kas ua pacna.n: TaKHM xe odpasou, xax H .n;JIH Er 163• Oxasa-

--- -~ - -

~ .. 
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JIOCb, qTo cyMMapHaH HHT8HCHBHOCTb ( C yqeTOM KOHBepCHH) nepexo,n;OB 

2II KSB (23%) H 826 K3B (77%) COCTaBJISieT (100+3)%. 3TO roBdpHT o - , 

TOM, qxo Ha ocHOBHOe cocTOSIHHe Ho 161 pacna,n;oB He npo11cxo.n;uT H 

qxo nepexo.1t Ea- ~ 1200 KsB xa1uce 11,n;eT He. Ha. Hero. MoJICHO npe,1tnono

JICHTb, qxo KPOMe ypoBHeH 211 H 826 KsB cymecrByex ypoBeHb 1418 KsB, 

C KOTOporo 11,n;yr nepeXO,ltl:l 592 H 1207 KsB (pHc.l). 3aceJieHHOCTH YPOB• 

Heii, yxasaHHhle Ha p:rrn.l, oueHeHH npe,n;nOJIOllCHT8JibHO. Eonee TOqHaSI 

ouemca MOJICeT 6HT~ c,1teJiaHa nocne 6o~ee xoqHoro onpe,1teJieHHH HHTeH

CHBHOcTe~ nepexo,n;OB 592 H 1207 K3B. 3TO He MOJICeT, BnpoqeM, 38.M8THO 

HSMeHRTb 3HaqeHHSI tg,. ft ,11;JISI nepexo,n;OB HS OCHOBHOro COCTOSIHHR 

Er- 161 Ha ypoBHH 211 H 826 KsB a,n;pa Ho 161, BhlqHcJieHHh!e Ha.MH 

,1tJISI sHeprim pacna;n;a Er 161 , paBHO~ 2033 KsBC 5). BH.1tHo, qxo 3Ha-

qeHHSI eg fl cornacyIOTCR c npHHSITHMH ,1tJISI ypoBHeH E,-. 161 

CllHHaMH, corJiaCHO KOTOPHM pacna;n; Ha ypoBeHb 2II KSB - O,ltHOKpaT

HO sanpemeHHHH Hesaxpy,1tHeHHHi, a Ha ypoBeHb 826 KSB - paspemeHHHi 

saxpy,1tHeHHHH. He,1tOCTaToqHaSI xoqHQCTb SKcnepHMeHTaJibHHX ~aHHHX 

He ll03BOJISI8T BliSICHHTb xapaKTepHCTHKH ypOBHSI 1418 KsB. 

3aMeTHM, qxo B CTaTbe(g) npHBO,D;HTCH OTHOllieHHe JJ-826 : JklW = 

= 8, qxo xopomo cornacyerca c Ha:rnHMH ,:n;aHHHMH. 0.n;HaKo, saceneH

Hocxn ypOBHeH 2II KSB (IO%) H 826 K3B (90%) yKaSaHH, BH,ltHMo, 

OlliH6oqao, 6e3 yqeTa KOHB8pCHH. 

la.HHHe o pacna,n;e Ho 161, nonyqeHHHe H8l01, xopomo corna

cy10Tca C ;n;aHHW,IH piHee BHilOJIHeHHliX pa6oT H II03T0My 1W Ha HHX 

He OCTaHaBJIHBaeMCSI. 
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ypOBHal418~3B o~eHeHa npe~IlOJIOSHT8JILBO; B 
CKO 61tax yxasa.Hli 3Ha \18HlUI eg ft • 
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KOHBEPCMOHHliE 3JIEltTPOHH 3PEIDJ30l1 ci?PARIUffl B MHTEPBAJIE 
JHEPfiffl OT .20 · .UO 900 K3B · · 

CneKTp· KOHBepCHOHHbIX 3JI8KTPOHOB H30TOTIOB 3p61rn, oc5pa3YJl)Il{l'IX

CSI np:0: o6nyqemrn TaHTaJia npOTOHaMH c 3Hepraen 660 M:rn, 1,myqaJICH 

npH TIOMOIIUI /3 -cneit'rporpaqia C IlOCTOJIHHliM o.n;aopOJJ;HbIM MarHHTHhIM 

noneM. 

HaqHHaDIIU,18CSI C H30TOilOB ap6Ha: 

I. Er'6s 10vac! Ho46S (cma§.) 
I( 

e/.63 15MUH Ho16S ? 
1)1:J 

16J 
(dmoo.) 2. I< 

161 3.5voc . 161 2.5w1c 16l. 

3. E.r J<, JJ+ ? Ho I< 
Dy (cmao.) 

1,60 29YOC Ho160 Svot! ; 22. MuHP 160 

£,. Dy (cmaJ.) 4. I( JI, fl+ 

t58 /2.5 yac Hoiss 2~MUH 158 

5. Er K K, .fo+ 
Dy (cmo6.). 

(Ilepeq11cJI~HH TOJIJ.,KO HeaTpOHO-'A8~RUHTHbte H30TOllli ap6RH, HeitpOHO

R36HTOqHbte H30TOilbI B HCilOJIJ.,30BaHHOil peaKUHH npaKTl1tI8CKH He oCS

pasyDTCJI). 

UeJIJ.,D OnbITOB 6HJIO yToqHHTb 3H8prHH 

m11x np* pacna.n;e Er1a1 HoJG1 

Er"~ Ho15s Dy1ss 
• 

y -nepeXOJ];OB,B03HHKaD

l1 B nenotIKe pacna.n;oB 

ItlcnoJU,30BaHO ,]lBa npenapaTa ap61rn. IlpH 3KCTIOHl1pOBamrn nJiaCTH

HOK OT o.n;noro npenapaTa none 6HJIO BbI6paHO TaK, qT06ll Ha ~OTOllJiac

THHKy n~aJIH 3JI8KTp0Hbl C 3HeprHeU OT 20 .n;o I70 KaB; np~ 8KCilOHHpO

BaHHH OT .n;pyroro npenapaTa perHCTpHpoBaJIHCh 3JI0KTpOHH C 3HeprHeH 

ot I35 Kan .n;o 9Q0 KsB. 



ISO 

B xax.n;oM M3 8THX OilliTOB TaHTaJIOBaR MHill8Hb OdJiyqaJiaCb 6K01It .n;ByX 

qacoB. 3Kcno3HUHM HaqaTH qepe3 TpH-qeTHpe qaca nocJie KOH-l{a 0611y

t1eH1u1 H npKC51IH3HTS1IbH0 qepe3 qac nocne xpoMarorpaqmqecxero BH.n;ene

mrn apchrn. OT Ka.J!C.n;oro HCT0tJHHKa nocne.n;oBaTeJII:,H0. 3KCil9HHJJ0BaH0 no 

TpH qJOTOilJiaCTHHKH. 3KCD03HUHH 61:lJIH Bu6paHH TaK, qTtlShl HM8TI, B03-

MOJKHOCTb OTJIHtJMTb JIHHHH H30TOilOB C pa3HI:U4H nepHi,l&JIH · noJiypacna,n;a. 

nnSI K8.JIH6pOBKH noJiyqeHHhIX cneKTporpaMM no 3HeprHK ~LIJIH HCilOJII,30-

BaHhl 3Hat18HHH 3HeprHH H8K0T0pliX ¥ -nepeXOAOJ, B03~HKaDmHx 

npH pacna.n;e Er 160, nonyt1eHHRe rp11rop:&eBHM H ;,.p.11/. B -ra6m1ne 

I cpaBHHBaDTCH Ham:u .n;aHHHe 06 aHepr1m '( -nepexo.n;on 
t.60 I.GO 160 /I/ Er -Ho - D!I c .n;aHHH.MH rp:wropbeBa H .rtP• .• 

B rpa~e "namH .n;aHHHe" npony~eHH 3HeprHH <I -nepexo.n;on, KOH• 

BepCHOHUhte JIHHIUi KOTOphlX HCilOJII,30BaHH. ,Il;JISI KaJIHdpOBKH. 

IlpH aHaJIH38 noJiyqeHHHX .n;aHHHX HCilOJII,30BaHl:l pe3yJI:bTttThl cpOTO

MeTpHpOBamrn cneKTporpa.w •. KOJIJ11tJ8CTB8HHaR oc5pa60Tita pe3y;n,raTOB 

<pOTOMeTpHponamiR, C l\81IbD no11yqemrn OTHOCHT8JibHhIX HHT8HCl1BHOCTeH 

KOHBepcHOHHbIX JIHHHi,He 3aKOHqeHa. 

Mhl He 06HapyJI.HJIH KOHBepCHOHHhIX 1IHHH:ii, KOTOpli0 Ha OCHOBe 

Ham11x HJIH RKTepaTypHbIX ~aHHbIX MOEHO 6bIJI0_6bI OTH8CTH K H30TOTiaM 

3pc5HSI c A = I65 l1Jlll 163. Bee OdHapyxeirnHe JIJ4HHH ¥H npHnHCblBaeM 

nenoqKaM c A=I6I 11 A=I58. 



I5I 

Ta6JBU.\a .Lo 
· E· 1so H 160 D 1150 _8Hepr.1-,.rn: 't -nepexo,n:oB, B03H11Ka101q11x np11 pacnal(e r - o- iy 'cTao. 

~~ Haum .n:aHHHe *) ).{aHHhle /l/ 

I. 60,I .:!: O,I 60,I .:!: O,I 

2. 86,84,:t0,07 

3. 197,0 .:!: 0,2 

4. 297,4 ±. 0,5 297,7 .:!: 0,3 

5. 298,6 ±. 0,5 . 298,8 .:!: 0,3 

6. 406,0 ±. 0,6 ~05,7,±. 0,4 

7. 513,9 .:!: 0,6 513,5 .:!: 0,4 

8. 538, 7 .:!: o, 4 

9. 
, 

645,5 .:!:. 0,4 ... 
IO. 728,5 .:!:. 0,5 

II. 754,I .:!: I,O 754,5 .:!:. 0,6 

12. 765,5 .:!: I,O 765;7 .:!: 0,6 

13. 873,1 ±. ·1,0 872,5 .:!:,0,8 

I4. 879,8 .:!: 0,6 

15. 962,8 .:!: 0,6 

16. 966,l .:!: I,O 966,4 + 0,6 . - . 

y ~nepeXOl(OB, KOHBepCHOHHhle nHHHH KOTOpHX MCilOnb30-

r 
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I. 
j61 3. 5 'lad. Er K 

Ho16l 2,5.,ot! Dul&I 
I< :, • 

3roR uenot11te pacna.noB w npHmrn1rnaeM KOHBepcHOHHHe Jrnmm, 

nepeqHcneHHHe B Tadnnue 2. Ilepexo,11; 77,6 K3B Ha6nn,nanca B pa.ne 

pa6oT n,B qacTHOCTH 1 B pa6ore Mnxennqa H ,np. /2/. no ,naHHHM 

MHxennqa nTo caMbl~ cHnbH11n nepexo,11; npn pacna,ne Ho161 • npyrne 

6onee cna6ue nepeXO,ll;H· Ho161 Ha HamHX nnaCTHHKaX He npOHBHRYICbe 

Cne,nyromne apryMeHTli TIO3BORRDT npHTIHCaTb nepeXO,ll;H 211,I K3B, 

E 161 H 161 592,6 KaB H 827,l K3B pacna,ny r ---.. o • 

I. B pa6oTax lHenpoBcKoro 13, 41, onpe,nenen nepno,11; nonypac

na,na,c.KoTopHM yduBaeT HHT8HCHBHOCTb KOHBepcHOHHHX RHHH~ nTHX 

nepeXO,D;OB. IlonyqeHHHe pesynbTaTH IlO3BORRDT O,ll;HO3HaqHQ OTH8CTH 

nepeqHcneHHHe nepexo,nu K uenoqKe, HaqHHaromencs c £r 161 • 

2. 3Haqemtff pa3HOCTe~ :rneprHR H ' L H M KOHBepCHOH

HHX RHHH~ radnMUli 2 IlO3BOR.fll)T ycTaHOBHTb, qTO nepeXO,ll;li 211,I; 

592, 6 :vr 827, I K3B: npo11cxo.I{RT B SJ.l{pe Ho. 

'I;.· • 
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Ta6JI11na 2. 
PesyJihTaTU 113yqeHHR cneKTpa KOHBepCHOHHHX 0JieKTpOHOB 

nenoqKH Er16
l Ho16

'- Dy161 t!ma6. 

. HJ' E. . 
e Nev 

HJJ;eHTH<pHKanna. h\J 
Hev 

f 161 H .16l r - o . 

I. 1427 155.4 I{ - 211.l 211,l+0,3 

2. 1660 202,2 L.. 1 + L,, ... 211,l 

3. 1664 203~1 L111 - 211 ,l 

4. 1693 209,2 M - 211,I 

5. 1700 210,6 .IV - 2II,l 

6. 3053 537,6 .. H - 592,6· 592,6.:t.0,6 

7. 3228. 583,2. L., - 592,6 

8. 3925 771,6 H - 827 82-1,I.:t.I ,O 

9 •. 4092 817,7 L, - 827 

IO. 4117 824,6 M. ... 827 

Ho161 . D 161 ., !:I cmoo. 

I. 912,0 68,53 L., - 77 ,6 77,6z.O,I 

l. 915,0 68,95 L,, - 77,6 

3. 920,0 69,67 L,,, - 77,6 . 

4. 960,4 75,51 11 ... 77,6 



·---·--
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2. E ,.,ss Ho11s Dy ,ss 

B Ta6Jinne 3 nepeqHCJISHH JIHHHH KOHBepCHOHHHX 3JISKTpOHOB, 

E 168 H /SB 158 
KOTOpHe MbI OTHOCHM K pacna.n;y · r - o --Dy . 

Y - nepexo.I{ 67 23 KsB. HamH ){aHHhle: pa3HOCTI, :mepr1111 L,,, 

11i ff KOJ!BepCHOHH:bIX JIMHMii Il03BOJI.HeT YTBepx.n;aTI,, tJTO 3T0'1'. nepexo,n; 

np0l1.CXO,IJ;HT . B SI.n;pe rOJII,MvUI. CorJiaCHO JlHenpOBCKOM✓4< HHTeHCMBHOCTh 

K0HBepCH0HHhlX murntl 3T0ro nepexo.n;a y6hlBaeT B ap611eB0H cppa1rn:1rn C 

nepHO~OM noJiypacna,n:a (130 ~ 25) MHH. EaCMHa H .n;p./5/ Ha6Jio.n;aJIH 

L - mrnmo sToro,,.nepexo.i:ta B roJII,MHeBoli.<ppa1tn;i,n1 11 yctaH0Bmu1, tJTO 

ee llHTSHCllBHOCTI, y6hlBaeT C nepH0.I(0M - 30 MHH. 3TH waKThl IlOKa3hI

BaIDT, '!JTO nepeXO)t 67,3 KaB npm!CXO)J;HT B SI.I(pe na158 • 

X ... nepexo.rc 387, O KaB • 3TOT nepexo.I{ na6mo.n;aJI JiuenpoBCKHv/3/ 

npH H3ytJeHHH cneKTpa KOHBepCHOHHhIX 3JI0KTPOHOB 3p611eBO~ ~paKUHH. B 

·3TOtt pa6oTe 6UJIO ycTaHOBJISHO no nepno.n;y noJiypacna.n;a KOHBepCHOHHhlX 

JIHHM.t M no 3HaqeHHIO pa3HOCTeR :rneprMH I<, L '-' /1 - mmntl, l!TO 

3TOT nepexo.n npOMCXO,ltMT B SI,npe Ho
158• Harne 3HatJeHvre pa3HOCTH 

K-L.. nO,D.TBepJK.n;aeT 3TOT BHBO,Il;. 
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Ta6m1~a 3~ 

PesyJU,TaThI nsyqemrn. cnexrpa K0HBepcll0HHb!X 3JI8KTP0H0B 

E 158 H 168 D 158 
uenoq1m Y' ---- o ---- !:J cmoJ. 

Hp Ee Kev R.n; eHT Hqnumuirn: h,J 
. 

2. 3. 4o 5. 
Er'ss Ho'ss 

838,2 58,43 · L 11 - 67, .35 67,3.:!:0,l 

844,0 59,20 L,,, - 67 ,27 -
890,0 65,45 M - 67,58 

900,0 66,84 .N - 67,27 -
2234 331,2 K - 386,8 387 ,0.:!:0,5 

2426 377,8 L, - 3s7;i2 -
H~5s '/58 Dy t1moJ. 

656,5 36,58 - -
663,4 37,30 - -
670,0 38,05 - -
674,0 38,50 - -
723,4 44,Il - -
732,5 45,18 H -98,97 99,0+0,I-

869,0 62,56 - -
1055 89,86 L.1 - 98,94 -
1058 90,41 L,, - 99,03 -
1062 91 ,05· L - 98,90 -Ill 

I.IOO 97,15 M. - 99,19 -
1109 98,61 ff - 99,03 -
1344 139,7 t< - 193,5 193,52:0,2 

1472 164,2 N -218,0_3 21~±.:!:0,2 
-

1554 180,4 - -



I 

16. 

17. 

IS. 

I9. 

20. 

2I. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 

32. 

33. 

34. 

35 • 

.'.36. 

37. 

38. 

39. 

40. 

41. 

42. 

43. 
44. 
45. 

2 

1565 

1578 

1603 

· I56 

3 

182,7 

185,3 

190.4 

1612 I 192,3 

CoBna~aer c M-21I,I En161 

CoBna~aeT cJ/~211,1 En161 

1726 216,2 

1733 217,7 

1794 230,8 

1829 

1872 

.1905 

1922 

1956 

2113 

2150 

2304 

2372 

2402 

2549 

2584 

2720 

3172 

3265 

3579 

4006 

4014 

4302 
4359 
4369 

2.'.38,5 

247,9 

255,3 

259,l 

266,7 

302,8 

311,4 

348,1 

364.,6 

371,9 

408,2 

416,9 

451~2 

568;5 

593,0~ 

677,3 

794,0 

796,3 

876,0 
891,9 
894,7 

4 

L1 + L,, - 218,3 

L,,, - 218,5 

M - 218,2 

.N - 218,I 

K - 284,6 

t< - 292,2 

I< - 301,5 

I< - 308,9 

I< - 312, 7 

I< - 320,53 

I< - 356,6 

L, - 320,54 

L - 357,1 
I 

H - 462,0 · 

H - 470, 7 

H - 505,0 

· I< - 622 ,3 

H - 646,8 

N - 731,0 

~ - 846,7 

~ - 850,l 

I-< - 929,8 
I< - 945,7 
I<. - 948,5 

5· 

... 

... 

284,6.:,0,5 

292,2,:!:0,5 

301,5.:,0,5 

308,9.:,0,5 

312,7.:,0,5 

320,5.:,0,5 

356,6,:!:0,5 

462 , O_:tO, 6 

470, 7.:,0, 6. 
505,0.:,0,6 

622,3.:,1,0 

646,8_:t0,7 

731,0_:t0,8 

846,7.:,0,9 

850,I.:,0,9 

929,8.:,1,0 
945, 7.:t.I ,O 
948,5.:t.l ,.0 
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¥ - nepexo~H 99,0 RaB H 2I8 2I KaB. Pa3HOCTH aHeprHn 

KOHBepcHOHHHX JIHHHlt STifX nepexo,n;oB (xa6JI.3) TOqHQ COBila,ll;a:IOT c 

COOTBeTCTBYIHl(HMH Ta6JI;HqH1i1101 3HaqeHHRMH )J.JIR. ,lly. 3TH nepeXO)J.bl HaOJIIo-

.n;aJIHC:b B ap6H8B0il .<ppaKttHH .l{HenpOBCKH✓3/ .u B roJI:&MH:8BOlt qipaxu1rn 

rpoMOBbtM H .n;p.161 H EaCHHOlf H .n;p.151. M0'1CHO c,qHTaTI, ycra~OBJI8HHI:U,l; 

qro 0TH nepexo,n;ht BOSHHKaIOT npH pacna,n;e Ho{,5L- ,Ity158• 

't - nepexo.giir 32025 H 356,6 RaB Ha6JID,n;aJI .ltHenposcxHi/31. 

DHJI onpe.n;eJieH nepuo,n; IlOJiypacna)J.a JIHHHll KOHBepCHOHRUX 3JI8KTpOHOB 

aTHX nepexo,n;oB ( T I/2 ~ 2 ,5 qaca). no pas·HocrJIM :meprHn 

H , L, H .M - JIHHM.tt onpe,n;eJieHO, qro 3TH nepeXO)J.H npOHCXO-

)I.RT B JUtpe ly. HamH ,n;aHHHe o pa3HOCTRX aaeprHU H H L - ~MHHll 

IlO)J.TBepx)J.aDT 3TO. TaKHM odpa3QM MOXHO cqHTaT:&, qro npH pacna)J.e 

Ho158 _B ;lly158 B03HHK8.DT 't - nepeXO).{H (320,5.:.0,5) K3B H 

(356,6,:t0,5) KaB. Ilepexo,n; 356,6 ·RaB(T I/2 - 30 MHH) Ha6JIIO)taJIH 

EacHHa H ,n;p.15/ npH 11syqemrn ron:&UHeBoi! q,paKnirn. 

CJie.n;y1011tHe apryMeHTH Il03B0JJ.IDOT ysepeHH0 0TH8CTH (/ - nepexo- · 

)I.H c aaeprHeff 622,3; 646,8; 731,0; 846,7; 850,I; 945,7 H 948,5KaB 
x p~cna.D;y Horsa_ ,nyI58: 

a) Ilepexo,n;u c aHeprHeil ~ 619 KaB , - 848 Kaa H - 947 KaB 

Ha0JID)J.BJIH BaCHHa H ,ltp.15/ npH .HayqeHHM KOHBepcHOHHHX SJI8KTpOHOB 

rOJILMHeBO" q,paKUHM. IlepHo~ noJiypacna.n;a KOHB8pCHOHHHX JIHHHn .3THX 

nepexo.n;oB cixasancR p~BHHM - 30 MHH. 

0) R - JIHHHn nepexo.n;a 647 K3B Ha6nn.n;aJIH I'pHrop:&eB H .n;p.171 

B ron:&»HeBoit·q,paxnuH. IlepHo.n; nonypacna.n;a He onpe.n;eJIRJICSI. 

B) r - nepexo.n;N 731,0; 846,7; 850,I; 945,7 H 948,5 K3B 

xopomo yxna,ttHBaJlTCSI B cxeyY pacna.zta Ho158 (pHc.I). 



I ;I· 

158 

B HaCTO.lllllee Bpmrn HeT apryMeHTOB, qTOOl:il YTBepJB:,n;aTJ,' qTO 

yxasaHHhle B TaOmn.ie 3 ¥ - nepexo.n;hl c :rnepr11eii 193,5, 284, 6; 

292,2; 30I,5; 308,9, 312, 7; 462,0; 470, 7 11 505,0; 929,8 Ifas He 

B03HMF.MT npH pacna,n;e uenOtIKH c A = 161 •·Her TaKJKe ,n;aHHhlX, D03-

BOJISIIOntHX CKa3aTh B KaKOM .R){pe (Ho HJrn l{y) npOHCXO,I{HT 8TH nepexo.n;bl. 

Bee xe MH CtrnTaeM HaHdonee BepO.HTHHM, qTO 8TH nepeXO,!tbl B03HHKaIOT 

B uenOtIKe Er.158 Ho158 
.Uy158 . • 3Hepr1rn: nepeXO)tOB BRtUIC-

JI8Hbl B npe,n;nOJIO~eHHM, tITO nepeXO)tbl npOHCXO)tSlM B fl){pe ,Uy. 

B TadJIHUe 3 npMBe.n;eHll TaKXe aHeprHH pa.n;a H0H,I{8HTH~HUHPOBaH

IIblX KOHBepCHOHHblX JH1Hl1n, KOTOplie., ll0-BH,I{KM0MY ,B03,HHKallT npH pacna.n;e 

uenoqKH c A =.I58. 

liMelOil{Heca .n;aHHll8 oO H3Jiyt1eHHH,conpOBO:llC)tail11t8M pacnaA 

Er.158 Ho158 ~y15~ Il03BOJI.Hl)T BRCKa3a~b H0KOTOpHe cooO-

paJICeHJ,rn o ~xeMe pacna,Ita. B npeBpall{eHHK Er15.!l_ Ho158 B03HVIKaJOT 

.n;Ba '1' - nepexo.i:ta 67,3 K3B 11 387,0 K3B• TOT qJaKT, qTo nepexo,n; 

67 ,3 KaB HadJIJO,I{aJIC.!I B rOJibMReBoil cppa1t1nrn, Il03BOJISI8T noJiara·n,, 

tITO nepHo,n; · no.nypacna,I{a 27 MHH. CBR3aH c ypOBHeM 67 ,3 K3B ; 

BepOHTHO nepHO)t no.11ypacna,n;a OCHOBHOrO COCT.O.HHH.H Ho158 . 011{8 MCU:bllle. 

Do3MOJitHo, qTo ypoBeH.b 67,3 KaB B Ho
158 

aHaJior11qeH ypoBHIO 60,I KaB 

B Hol60. 

B03MOJICH8.H CXeMa YPOBH8M .lly158 ' j3036yx.n;a1011tHXCSl npH pacna;te 

Ho15~ M300paXeHa Ha pMc.I. 3Ta CXeMa nocTpOeHa Ha OCHOBe ,ItaHHblX 

oo rrnepr1rnx r - nepexo.ztoB H3 TaOJIHUll 3 no aHaJior1u1 co cxeMoM 

ypOBHett ,lly160• Ilepexo.n;bl 99,0 K3B .H 218,I KaB HB.11.HJOTca nepexo;taM£1 

M0JIC.Ity nepBblM poTaUM,OHHblM ypOBH8M .Uy158 - ,99,0 K:rn (2,0+) ,H 

OCHOBHbIM COCTOSIHH8M 11 MeJIC,ny BTOpb!M P.OTaUHOHHblM ypOBHOM - 317 ,IK3B 

(ii,O+) M nepBHM pOTartMOHHblM ypOBHeM, COOTBeTCTBeHHO. 3TO no.It

TBepl!C,Il;aeTC.H TeM, tITO Ha OCHOBamm .n;aHHbIX .IlHenpOBCKOro/3/ 06 OT-

HO!ll8HHH HHTeHCVLBHOCTeil ( L, + L,, ) H L,,, - m,rnv.ft nepgxo.n;a 99 R3B 

H Ha OCHOBaH~H HalliHX npeABapHT8RbHllX .n;aHHHX HaHOonee BepOHTHaSI 
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MYJibTMOOJlhHOCTb :noro nepexo.n:a £2 • Onpe,n;e1rnn, MYJibUinOJH,HOCTI, 

nepexo.v;a 218,I K3B Ha 0CHOBaHl-Ul HMero11n,1XC.fl .n;aHHbIX Tpy;wo, T.K. 

L - murn.t-1 3Toro nepexo.na np11 llI3.Mepemn1 cneETpa 3pChrnBoi1 qipai

Ill1H coBna.rtaroT c M H JI" - mmHRMH nepexo.na 211 ,I K:rn E,-161 • 

E;umcTBeHHhIM apryMeHTOM B noJII>3Y yxasamrnro pacnonoJKemrn nepexo

Aa 218,I K3B RBJUieTCR xopornee COBna.I(eHMe OTHOilleHHR :rnepnm ypoB

ncn 317,I H 99 K3B - 3,2 c reopeTHqeCKMM )l;JIR p0Ta4J1I0HHHX ypoa-

1~ Hei-i - 3,3. B03MOliCHO, tJTO nepexo.n; 356,6 K3B eCTb nepexo.n; C TpeTI>e-

~ ro ypOBHR poTa~HOHHOH TIOJIOCH OCHOBHOro COCTOHHMR 673,7 K3B (6,0+) 

Ha BTOpon ypOBSHh TOH .llCe IIOJIOCbl. 0THOI!leHMe :rneprRH TpeThero H 

nepBoro ypOBHen pOT84HOHHO~ IlOJIOCbl B TaF.OM CJiyqae - 6,8 dJill3KO 

IC TeopeniqecKOMy - 7 ,o. 
Ilepexo.n;i:it 945, 7 K3B 11 846, 7 [3B H nep.eXOAlil 948, 5 K3B H 

' 731,0 K3B onpe.n;eJim:>T COOTBeTCTBeHHO IlOJIO~eHMe ypoBnen 945,7 K3B 

(2,2+) H 1047,8 K3B (3,2+). Ho npe,n;BapHT8J!bHhlM ou;eHKaM OTHOCl1-

T8JI.&HlW J/IHT8HCMBHOCTH 0THX nepexo.itoB oqeHb 6JIH3KH K OTHOCHTeJib

HHM HHTeHCHBHOCTRM aHaJIOrHqHhlX nepexo~OB np11 pacna,n;e Ho16Q...... .llyl60. 

BOSMO>li:HO, qro f - nepexo,n; 850,I l\3B eCTI, nepexo,n; c ypOBHR 

1167,2 KsB (4,2+) BTOpOH pOTanHOHHOH TIOJIOCbl ly158• 

TaHHM odpasoM,B HaCTORme~ pa6oTe noJiyqeHbl HaMdOJiee TOqHble 

aHaqeHHR eHeprHH r - nepexo,n;oB, BOSHHKaDmHx npH pacna,n;e 

Er161- Ho161 
11 npM pacna){e Er15~ Ho15!!.- Jiy158• 0dHapy-

'1CeH psr,n; HOBblX ~ ·- nepeXO.ll;OB 11 KOHBOpCMOHHl:lX JIUHHii. 

Ilpe.n;no~eHa cxeMa pacna,n;a Er15~Ho158 ny158• 

Cpe.n;HeasHaTCKHH IlOJIHTeXHHqecEHH HHCTHTYT, TamKeHT • 

., O6"e.n;HH8HHHH HHCTMTYT MSPHllX HCCJI8,ll;OBam1_11, .llyOHa. 
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0 hb~HTPOHHliX CIIEKTPAX HEHTPOHO-)lEiJ?HI.WTlillX 
H30TOITOB ron!fflfl, TEPEHH H r.AJJ.bnl1HHH 

H.A.E0H'Q-OCMOJIOBCKaH, E.c • .nxeJienoB, o.E.KpacpT, 
tlxoy De-B_a 

HeitTp0Ho-,necpH~HTHb18 i130T0ilbl rom.rn:a, Tepc5H.!i H rB,A0JIJ.1HHH 

mnyqa;n1c:r:, B peaxum1 rny6oKoro oTmenJieHHfl npH o6JiyqeHHH TaH

Tanoaoit MHill8HM npoToHaJ.rn Ep = 660 M:rn Ha CHHXp0UHKJI0Tpoue 

01UUI. 06Jiyttem,:e np0B0;D'.HJI0C:E, B TetJeHl1e 15, JO, 45 _MHH. 11 2 qa

COB. ~pa.KUHR BblA8JlflJIHCb XpOMaTOrpa~HqecKH. MCTOtIHHK HaHOCHJIC.!l 

Ha aJIIDMHHHeByJO IlO,ItJIOXKY pa.3MepOM I5x2 MM H TOJlll.lHHOH 5 MHKpOH. 

!fa1rnpeHHfl IlpOH3BO)J;HJIHCb Ha .fo-cneKTpO.MeTpe C TpexKpaTHOit qx)

Kyc11pOBKOH (I) H Hat1HHaJI11c:r:, cnycta 3-4 ttaca nocne KOHU,a oC>ny-

1.JeHHa n 15-30 MHH. nocne BliXO,Ita cppaKUHH c KOJIOHKH. 

ronMHeBaH gm_~xuna 

Bo cppaKUHJ.1 rOJIMHfl 6h1JIH Oc5Hapy,iceHb1 yxe xoporuo H3B8CTHblit 

Il03H'.l:pOUHbIH cneKTp 5-TH tia.COBOro Ho160 ( 2) H 048Hb UHTeHCHB

Hblll .fl+ -crreKTp c 6onee K0p0TKHM rrep110,JJ;oM nonypacna,Ita ( c'lleT 

Ha MaKCHl4YMe crreKTpa npH IIOJiytia.COBOM Oc5Jiy'QellHH COCTaBJIRJI 

8000 COBil/MHH). 

Hac5mo.neHHe 3a yc5hlBaHHeM HHTeHCHBHOCTH :noro ,t ·;;.cneKTpa .. . 

B Te1.1e1rne 12 qacoa noKasano I trro OH npHHa,nneJKHT H30Tony c 11e-

p1,10,noM nonypacna;r.a. 53~ 7 MHHYT• 
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Ilo3HTpOHHhl1t crreKTp OKa3aJICH CJIOJCHhlM, co CTOSIIlfHM H3 Tpex 

KOMIIOHeHT c rpaHM4Hbl.Ml1 :rneprHHMJ1 2930.:t.70 Ktrn, I80.:t.50 mm 11 

IJOO.:t.50 KsB,11 OTHOCHTeablillMH MHTeHCHBHOCTflMH I:I4:4. 

~ pa6oTe (.3) Ha Ma.I'HHTHOMfi-CITeKTpoMeTpe 61l.JIH saMeqeHbl. 

Il03HTpOHbl. C rpaHMt!HOll SHeprnen OKOJIO 2 M3B, npHHaAJieXaBmHe, 

ITO Mlle HHIO aBTOpOB, l130TOIIY Ho155 C rrepHOAOM rroJiypacn~a 

50 MHHyT. 

Ilo-B~HMOMY, aBTOphl na6JIIDAaJIM TOT ~e Il0311TpOHHbl.ll 

CIIeKTP, 4TO M Mhl, HO He 3aMeTIDIH CJia6on xeCTKO~ KOMITOH8HTbl.. 

Mlil He ID.!eeM cenqac Apyrnx ,n;a.HHhlX )J;JlH ~eHTHcpHKaUHH 

KpOMe nepHOAa IlOJiypacnaAa H rpaHH4HOH SHeprHH. 

B JIHTepaType yKasaHhl ABa HSOTOna Ho. C 6RH3KIDAH rrepH-

O)J;aMH: Ho156 ( 7'11 = 56 MlllI (
4) Y11 Ho155 ( '1'1/ = 46 + .3 MHH(S)). ra · 1 -

H.n;eHTH~HKaUHR Ho156 ")J;OCTOBepHa, TaK KaK xopomo H~BeCTHa 

poTaUHOHHa.fl IIOJIOCa nepeXO,Ita Ho1.2§.. .Dy 156 [ 4, 6] , Ho155 

H3y4eH rop:3.s,JJ;o cna6ee. Ero nep11oi noJiypacna,JJ;a H3MepeH( 5)ny

TeM nocJie)J;OBaTeJibHbl.X SKCTpaKUlUi Dy 155• KOHBepCHOHHble JIHHHH 

'Dy 155 B rom.meBOit <ppaKUHH Ha6JIK>AaJIHCb( 7), HO HX HapacTa

HHe He ycTaHOBJieHO H3-3a 3ItpaHHpOBltH JIHHH.HMH Ho1~ Dy156 . 

BBHAY 6JIH30CTH rrepHO~OB noJiypacna.ita Ho 155 H Ho156 l1A0HTH

cpHUHPOBaTb Ha6JIID~eHHhte HaMH Il03HTpOHbl. no nepHOAY H0JIL3fl. 

0,JJ;H03Ha4HO yxasaTL H30TOII Ha OCHOBaHHH aHeprHH HaH60Jiee 

xecTKOit KOMllOHeHTbl. H TTOJIYtH4I1HpHlJeCKHX .n;aHlihIX O pa3HOCTSIX. Ma.CC 

H30TOilOB (B) TaKllte He y,ItaeTCSI, XOTSI npe.n;llOlJTeHMe CJie.n;yeT 

OT.n;aXL Ho156 • 
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no Ta6JIHUa.M Ka.Mepoaa (8) Ho I55 D I55 - y = 3,3 M3B 

Ho I56 - DyI:6 = 4,6 M3B 

onm ,JtaeT 3,95 M3B · 

ra'AOJIHHHeBaSI ¢paxyHSI 

B ra,IJ;OJIHHHeBOA ¢paxum1 Mli aa6JIID,ltaJIH MMOHHT8HCHBBliA 

Il03HTpOHBbli1 cnex:rp ( CKOpOCTh ClleTa COCTaBJISIJia ~ IO COBn/WlH • 

.Ha MaKCID4YMe cnexTpa). HHTeBCHBHOCTh cneKTpa y6HBaJia c nepH-

0,ltOM 34 ~ 3 qaca. 

XpoMa.TorpaM11bl mxa3blBaDT, '!TO B ra,IJ;OJIHH~eBOA ¢PaKUHH 06H:tm0 

aaCSJID;o;aeTC.H MHoro npHMecen. Iloaxouy Ha.MH Heo.u;uoxpaTHO npe,1t

npm1HMaJIHCL IlOIW'?KH BTOpHl!Horo BN)l;8JI8HH.1I ra,IJ;OJIHHHeBon ¢paKUHH. 

M3MepeHlrn npo~Be;o;eH_HHe 11(0 H IlO CJie 0'U1'.CTOK. ra,n;OJIHHM8BOH ¢PaitIUtH 

noxasaJni, t.ITO Ha.CSJID,ItaeW:ltt HaMH } + -cnexTp coxpaHsier B npe,Jte

Jiax no rpemHOCTeit BeJIHtJHHY rpa.HH'!HOli 3HeprHH H y6i:lBaeT no HH

T8HCHBHOCTH, C npexHHM nepuo.u;oM. rpaq>HK KnpH, rrpHB8,lt8HHblA Ha 

pHc. I rroxa31rnaeT, t1To fl + -crrexTp aBJiaeTca npoCThIM OT rpamn.tu 

Erp= (1020.t.50) K3B ;o;o 200-300 K3B. 

M3B8CTeH TO~LKO O,JtHH H30Ton Gdc 6JIH3KHM nepHo;o;oM nony

pacna,I(a: Gd 147 ( 7''/4 = 29 - :£ ttac ( 9), (IO), (II)J;. nosH-

~poHHHn pa.crra;o; y axoro usoxona He HaCSnro.u;aJica. 

· MH npum,icblBaeM J, + - cnexxp c 'T' ½ = (34.±, 3) · qac Gdr47 • 

PasHO.CTL wee Gd Ilfl - Eu 147 no KaMepoay ii JleBH DeeT 3Ha

ll8HHH 2' I48 M:rn H 2' 329 M3B C00TB8'rCTB8HH0' tJTO corJiacye'rCH 

c HanIHM pesym,TaTOM C:d 147 - Eu r47 ~ 2,522 M:3B. 
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~OllOJIHHTeJibHI:ll4 apryMeHTOM B Il0Jih3Y HHTepnpeTaUHli }+ 
-cneKTpa c 'f,/4_ = 34 qac, KaK npHHaJv1eJICantero C:d 147, MoxeT 

CJIYJlCHTf, TO, ·qTo, HCilOJIIi3YJl TOT xe HCTOtIHHK, lW Hac5mo.itaJrn 

HSBeCTHHe pa.Hee KOHBepcHOHHlie JIHHHH r;d 147 : (396+10) K3D, 

(770,!IO) KsB H (9I5,!IO)I{3B·. 

Onpe.iteJIHB 3aHIDJaeyYID 3THM11 JIHHHm.ffl ITJIOJita.AL H 3Hafl 

IlJIOnta.Itn, 3aHIDJaeMyIO Il03HTpOHHhIM cneKTpOY C:d 147 , MM CMOrJIH 

oueHHTf, OTHOCI1TeJII>Hhte HHTelICHBHOC'IH p+ -CI18KTpa l1 KOHBepc110a-
.. Sp+/ 

HUX JIHHHn. ~Jlfl JIHHI1H 770 K3B !Se =2,98, .ItJifl JIHHHH 915 K3B 

-s'.,e~e-= 2, 40 H )tJifl JIHHHH 396 KsB S;,'lSe·~0,09. 3TH UHcpphl npHc5-

JIH3HTeJILHO corJiaCyIO?Cfl C pesyJibTaTaJffl pac50Thl.(II), no KOTO

pOit JIHHHfl .'.396 K3B, rpyc5o roBopa, B 50 pas HUTeBCHBHee .ltBYX 

,1tpyrHX. 

TepCS11eBaJl <Jlpa1m,HH · , 

B Tepc5HeBO~ ¢pa.KUHR Mht HaCSJIID)taJIH HeCKOJibKO ll03I1TpOHHHX 

cneKTpoB. PacCMOTpHM me nocJie)tOBaTeJibHO: 

rpaHHtIHHe sHeprHH xoMnoHeHT sToro cneKTpa, onpe.iteJieHHHe 

no rpacp1my KropH, OKa3aJIJ.1Cb paBHH (2750,:t50) K:rn, (I660±50)K3B 

H (750+100) K3B. 06 3TOM cneKTpe IlOflBJIRJIOCb MHoro CBe.iteHHll B - ' 

;rnxepaxype (12),(I.'.3), (I4),(i5) H AP• Haum sHatJeHHH nepHoAa 

noJiypacna.1ta H rpaHHtIHoii sHeprHH xopomo coBna)laIOT c .ztaHHhlMH 

,1tpyr~x ~BTOpOB.liHJ{eHTHcpHKaUHID 3TOro cneKTpa MOJ!CHO CtJHTaTb 

ycTaHpB~eHHOn (IS), (I6),(I?). OH npm1a.I{Jie~HT TS 152 • 

~ ~ - --
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2) 'f'1/2. "" (3, I .:t 0, 4) 1.raca 

Hapa.n;y c I8 - 't!aCOBHM cneKTpOM Mbl :ua6mo;aaJUI HHTeHCHB

Hhlii fa + -cneKTp ( crropoCTl> Ct!eTa Ha MaKCHMyMe crreKTpa ()hIJia 

lj.()00 coBn/wm). IIepMo.n; rronypacna.ri:a ero paneH '.3, I + o, 4 qaca 

(pvic.2) •. · 

Pa3no~emrn crreKTpa c 110MOnt:&10 rpaqiirn:a mop11 noKa3airn, tIT0 

Mb[ UMeeM CJ! 0J!Hhlil· .fa+ -crreKTp, C0CT0 J1ll\Mll 113 Tpex K0MTI0HeHT, 

(pHc.3) c rpamftillbl:Mll 3HepnrnMH (3600:tIOO) K3B, (2800±,IOO) K3B 

H (I500,:tIOO) K3B li 0TH0CMTeJI1:,HIDAH-HHTeHCUBH0CTSIMI1 I:0,48:0,58. 

CBe.n;eHHiI 06 H3JiytJ:emrn: B Tepc5HeB0H cppa:r-cu1-n1 C nepH0,It0M 

3-4 qaca Heras BcTpe\laJIHch B nnxepaType. B pac5oTe (I8) npn 

6ouCiap;:urpoBKe Gd, lJ':I H Eu rrpoT0Ha:W-1 c sHeprHe!-1 90-200 M3B B 
I 

Tep6HeB0ll <ppaKUHH HaOJIID,ItaJiaC:& aKTMBHOCTJJ C Ti/
2 

= 4, I_ t.Iaca. 

OH.a ouna npnnncaHa TB149 Ha ocHoBaHMH Mace - crreKTpoMeTpnqe

CKRX AaHHbIX. OTueqanoc:o, tIT0 nosMxpoH0B aBTop~ He HaOJIIDAaJI11. 

B paOOTe ( I3) cooo~aJIOCI>, \ITO B TepdHeBol ~paKn1111, 

06pa3y10me:wcsi npH 60:udap,n;npoBKe Eu .,£,-qacrm:~a1rn1 TaK.11:e Ha6mo

,n;aJiacr:, J,- aKTHBUOCTb, cnaAa10maa c T,/2 =4 ttaca. ITo3l1TpoHbI saue

lleHhl He 6hIJIH. Ha OCIIOBamm npe;iu~.ll;Yll\8ti: pac50TH PaccMyceaa H 

,n;p. aETMBH0CTT:> ObIJia rrpHnHCaHa Ti 149• 

B rrocneiyromel CBOe~ pa6oTe (I9) PaccMyCeH l1 ,n;p. HCCJie

,It0BaJUt Ha MH0roKallaJIT:>H0M aHaJIH3aTope. r - JIYtIH 4-X qac0B0I'0 

Tep61,rn, nonyt1aro11terocs. no peaKn1rn Pr 141 (c12 , x n) (fc12= 65 M:rn). 

OHM oouapyxMJIH PM JIHHHti, HO 3aM8THOro aHHKrHJI.a:nHOHHoro muta He 

ua6J1JO,n;anocy,. 
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B JiemmrpaJJ;CKOM ymrnepcHTeTe np.11 M3ytJeH1U1: Tepe5.H0BOM 

<ppaK~lm Ha cneKTpOMeTpe C TpeXKpaTHOH qxmycHpOBKOH JKeJieBHM 

H ,!\p. (20) dhIJI saMetJeH Jlt0CTirnL1 fl+ -cneKTp c 'T''/4 =( 3, 5.:t,0, I) 

tJaca. TaK KaK HSMepe1mn 6hIJIM.HatJaTiir cnycTa · 20 qacon nocJie 

xomi:a 06.ny qemtfI .f?> + -cneKTP c '1'1/2. = 3, 5 ttac. 6mr sHa tJ.H

reJI hHO CJia6ee IB-11 l!aCOBoro. 1/ -crreKTpa H aBTOPliI MOrJIH 

H3MepHTI> TOJII,KO caMHn KOHeu cnexxpa, rAe I8-Tl1 tJaCOBaH KOM

rroHeHTa OTCYTCTByeT. rpaHHtIHa.8 3H8 pr:vu1 , + ~ crieKTpa dhIJia 

orrpe.rceJieHa KaK (J720,:t60) mrn. Ha ocHoBamm Tae5JIHU KaMepoHa 

11 IleBH (8) pasHOCTh Mace Ti149 - Gd 149 paBHa B cpe,1tHeM 

3000 KsB, B xo Bpeun KaK no aHeprHH pacna,1ta oHa o:rtasaJiach 

~ 4700 KsB. YqHThIBaH, l!TO IRCXOXA8Hl1e CJIHlllKOM BeJIHKo, 

aBTOphl BhICKa3aJIH npe,!\IlOJIO~eHHe, qxo 3TOT cneKTp MOXeT cxopee 

rrpHHA.ICJieJB:aTb HOBhIM HsoxorraM TB150 IDIH T&148, .ICJI.fI :S:oTopux sHeprmi 

pacrra,n;a, corJiaCHO (8), 3700 KsB 11 5000 Kaa, COOTBeTCTBeHHO. 

He.11;aBHO IlOflBHJiaC.h padoTa, B KOTOPOH cooomaJIOCI, 06 

OTKpRTH~ HOBoro H30Tona T5150 c2r). PadoTa Bh!IlOJIHeHa ToTOM~ 

EopHXOJlhMOM l1 ,n;p. ABTOphl OOMdap~HpOBaJIH ecTeCTBeHHyID CM8Cl, 

nsoxonoB Cd rrpoToHaMH Ep = 60 Man. HoBHU 11:soxon 61i1n Bhl)J;eJieH -

Ma.Cc-cerrapaTopoM l13 XHMHqecKH tJHCTOU TepOHeBOM ¢paK~HH. IlepHOA 

.noJiypacna.11;a era oxa3aJICH paBHW 3, I .:t O, I qaca. O.n;ao·BpeMeHHO 

npH MaCCOBOM qncJie I49 Ha6JIIo,n;aJIC.H 4-:x qacOBO.iJi T&I49 ·• ABTOpbI 

HCCJie~oBaJIH f -crreKTpli T5149 l1 Tti150 • OHH HaOJIDA~JIH B o60HX 

cneKTpax aHHHTHJl.H$IOHHble IlHKH, rrpnqeM a T6150 
OH ORJI BHpaxeH 

6onee oTqeTJIHBO, qeu B T6149• 
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HaAO OTMeTHTb, qTo paa~eJieHMe cppaKUHH no MaccaM 6HJIO B 

STOM cnyqae HellOJIHIDA B OTJIHqHe OT pas~eJieHHH,npoBeAeHHoro AJIH 

H3MepeHHH nepHOAOB rronypacnaAa. 

B npHHUHne, ll03HTpOHHH~ p:l.CilaA B T8I49 MOXeT HM8Tb M8CTO, 

PasHOCT:& ua.cc T5I49 - Gd r49 no KaMepoHy H JleBH co CTaBJIHeT 

B8JIHqHHY ~ 3 M3B. O~HaKo, TO 06CTOHT8JlbCTBO, qxo Il03HTpOHH 

He 6HJIH saMetieHH paHee, KaK OTMetiaJIOCb B nepeqHcneHHWC Bllllle 

pa6oTax (18), (!3), (I9), yKa3HBaex Ha xo, qxo j!> +_ cnexxp~ 

BH,I(HMO, MaJIO HHTeHCHBeH. 

TOT xe BHBOA' CJie~yeT H H3 HaIIIHX ~aHHHX. no B8JIHqHHe 

nepHoAa nonypacnaAa,panHoll 3,I z 0,4 qac.,Ham y,+- cneKTp 

MO:&eT IlpHHail];JleJJtaTb CKOpee Tn150, qe~ Te149• 

ECJIH 6H B HameM f,+- cneKTpe npHCyTCTBOBaJIH B 3a.MeTHOM 

KOJIHqeCTBe Il03HTpOHH T&149 , TO MH AOJIXHH 6HJIH 6H Ha6JIIDAaTb 

yBen11qeHHe sHaqeHHH nepHOAa nonypacrraAa npH H3MepeHHHX B 6onee 

MHrKoa 06JiaCTH cneKTpa. 3Toro He Ha6JIDAaJIOCh. Bo BC8X OilHTaX 

sHaqeHHe nepHO'Aa nonypacnaAa n npe.n:enax norpemHocxen coxpaHneT 

CBOD B8JIH'IJHHY BO BC8X 3HepreTHqecKHX HHTepBaJiaX cneKTpa. 

3) T,4 = (66 + IO) lOOI. 

B caMOil ~eCTKOil tiaCTH crreKTpa Tep6HeBOH ¢paKUHH BO BC8X 

OilHTaX Ha6JID,n;anach aKTHBHOCTb C '1'1a = (66 ! IO) MHH. (pHc.4). 

3To fo + -cneKTp ropas,n;o ueHee HHieHCHBeH, qeM j'> + -cnexTp c. 

T,1z = 3, I z O, 4 qaca H ll03TOMY Bll.llein1T1, ero 11s cywa.pHoro 

crreKTpa nyTeM BhlqHTaHHH nosnTpoHOB TS150 11 T8149 He y,n;aBanoci,. 

Mhl CMorn11 BH.n;enHTb 66-H WIHyTHYID KOWIOHeHTy TOJlbKO Bllllle 3200 KSB, 

rpaHHqHaH sHeprHH j>+_ cneKTpa oKasanac:o paBHO~ (4500z200)K3B. 

(pHC.5). 
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B JIHTepaxype coo6manoc& 06 OTKphtTHH HOBoro Hsoxona 

Ti
148 

C 'f'12 = 70 Milli. (19). ABTOpbt Ha6JIDlaJIH CJia6btM aHHH

r1mm.J;HOHHbIM nmc. PasHocT& Mace T&148 - Gd 148 no Ta6mu.i;aM 

KaMepoHa H JleBH paBHa COOTBeTCTBeHHO 5042 K3B H 4956 K3B, 

qx9 cornacyexcg c Haruen BenHqHHo~ 

qxo Ha6nDiaeMltl1 Hami .,a+-cneKTp c 

OTHOCHTC.H B T6148• 

~ 5500 K3B. Mbt cqHTaeu, 

'f'l2, ==66+ IO :wm. 

B 3aKJI10qemie aBTOpbt BUpaxaIOT HCKpeHHDID npH3HaTeJib

HOCTb M.A.DTJiaHAOBY H B.A.XanKHHy 3a xmaTeJibHOe BbtITOJIHeHHe 

XHMHtteCKOit qacTH pa60Tl:,I H K • .H.rpouony sa HHTepec H BHID.la

HHe x pa6o:re. 

HWM1 JleHHHrpa;icxoro roe. 
YmrnepCHTeTa 
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D _______ __,_ _______ __,_ _____ _ 

PHc.4 

~DO 400 t, (MLIH} 

IIepHo,n; nonypacna.i:ta fl+ -cneKtpa xep6Hn .i:tJin 
E -HHTepBaJia ~:O - 3I50 KaB. 

0 L------------L----:-----------'---------""'------
3000 3500 4000 1/500 Eci<,l) · 

PHc. 5 rpacpHK KllpH xep6Hn c T'k, = 66 .:!:. IO MHH., 

Erp = ( 4:00 _ .:!: 200) RaB, 
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0 PACITA.UE Ho160 

E.ll.rpHropoeB, B.C.lxenenoB, B.3Bon&cKa, A.B.3onoraBHH 

BB8A,8Hl18 

HcnOJlb3OBaHHe MeTO,lla Mepnoro MaI'HHTHOro p83OHaHCa )lJIH 

H3MepenHa Marnmxnoro mna cneKTpouetpa nosBonaeT c don0mo~ Toq

HOCThD onpe,lleJlaTh 3HeprHH KOBBepCHOHHblX JIHHHn,pa,llHOaKTHBH:WC 

H3OTOilOB H, TaKMM odpasoM, yroqnaT~ cxew BO36yx)leHHLIX ypoB

Heii SI,ll;ep. 

HaMH C5WI Hcnonb3OBan 3TOt Me?O)l B fl -cneKTpOMeTpe C 

,llOO anon qioxycHpoBKOti Ha yron n'/2, odJla)la.IOnteM paspelllaJlntei1 

cnocodHOCTbD 0,22% Ha JIHHIDI 662K3B Cs137 • B cepe,llRHe 3a3opa 

cnexrpoMeTpa 6lina cneu11anano co3,llaHa o6nacth O,llHopo,llHoro nona, 

B KOTOpon HaXO)lIDICH )larqnx, Il03BOJlaDIItHH H3MepaTb nona OT 60 

)lO 800 raycc, qro COOTBeTCTByer B HameM npH6ope 3HeprHH qJOKy

CHpyeMHX 3JleKTpOHOB OT 60 )lO 2700 K3E. 

H3-3a HCKOTOpoa saBHCHMOCTH TonorpacpHH MarHHTHoro nona 

OT ero B8JIHqHHli He 6liJIO 9xporon nponopUHOHaJlbHOCTH MeX,lly HM-

, nym,cou 3JleKtponoB H.f H pesoHaH_cnon qacToTott reHeparopa f • 
Ilo3TOMY dlina npoBe,lleHa rpa,llyHponxa cnexxpoMeTpa no xopomo 

11snecTBHM n11n11au 11soxonoB Th B , Cs I'Jl, lu170, y,I69 11 

,llpyrHM. Ha p11c. I noKa3a.Ha rpa,llyHpoBoqnaa xpunaa; no ocu 
op,llHHaT oTxoxeno ornomeime HMnynaca 3JleKtponoB Hp K qacToTe 

f. 
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KoHBepcMOHEHe JIHHMM Ho I60 

KoBBepc110HHHR cnextp Ho I60 HccJie,n;oBa.JICa pa.Hee B pSJJJ;e 

pa6or II, 21. B pesyn:&_m:re dWia · noc:rpoeHa. cxe:ua :BosCS~eBHHX 

ypoBHett Dy 160 BnJioTr, ,tto 3Hepma 3 B:rn. 0.n;Ha:s:o, !O'!Hoc:r» onpe

.n;eJieHMSI anepr.Hlt nepeXO.I(O_B COO'faBJUiJia npH61!J!3H-T8JlLBO o,~. Ha.mi 

6HJIH npouepeHH 3HeprlUI HruI6011ee MHTeHCMBHWC JllUUll C T01lllOC'r!ilD 

0,05 - o, IO%. B radJI~e I npH_Be,11;eHH noJiyqe:mnae pesy.111>'.l'a:ru. 

3,n;ec:& xe noxasanu npexRHe 3HaqeHHa aHeprd nepeXQ,tto» /2./ H, 

ITO-BlmHMOMy, HaH60Jiee TOtJHHe B HaCTOHDtee BpeKs 3Heprn nepexo.n;oB, 

IDJiytJeHHhle · Eexc:rpoMOM II ,n;p. 141 ·npH H3ytteHB111 pacna.M, Ti 160• 

Hanu1 pesyJI:&TaTJi IlOJIYtleH!il np11,H3MepeHHM npenapa.:roB E~ 160 

( T = 29, 4 qac) , H8.X0JVIl!(l{%CS B pa»H0B8CBi c Ho 160c T =4, 7 tm.C). 

T a 6 JI H g a l 

, r:i DuI60. vHeprl-Ui f -nep 8XO,ll;OB B 
4 

-Hamn )t8.HHhle IIO 
Ho I60 

.IJ.aHHue /2/ no 
Ho I60 

60,I±O,l (B Ho160) 60,I 

86,84+0,07 
. - 86,5 

I07,6± 0,2 107 ,4 

197,0+ 0,2 196 - . 

214,8 

297,7± 0,3 297,2 

298,8± 0,3 298,4 

393 

405, 7± 0, 1! l.fJ7 

513,6±0,4 5I4,6 

- JlaHHH8 l66/ no 
TB . 

... 
. I97 ,0±,0,_4, 

2I5,6±,0,4 

298,6:t0,4 

394,S;tI,0 . 



178 

5.38,7,:t0,4 

645, 5,:tO, 4 

728,5,:t0,5 

754~5.±,0,6 

765, 7.±,0,6 

872 , 5,:tO, 8 

879,8,±0.6 

962,8,±0,6 

966,LJ±0,7 

!069, 7,±0,8 

539,5 

647,4 

729,7 

754,6 

766,4 

872,4 

879,9 

96.3, 4 

966,6 

!069 

!272 

I.3!4 

764±2 

879,.3,±0,2 

962, 5±0, 4 
966, .3,±0, .3 

III5,0+I,7 

II77,6,:t0,.3 

!!99,9,:t0,8 

!272,.3,:t0,4 

I'.312, 4:to, 8 

Us xa6JU1UH r Blf.JlHO xopomee corJiacue Hamnx pesyJibTaTOB 

C ~HHIDm EeKCTpolia, tITO .HBJISieTC.fl .n;onoJIHMT8JlbHOll npoaepKoil 

rp~yHpOBKH rrpH6opa. MN J/J.CUOJib3yeM .n;aHHlie EeKCTpoua. ));JI.fl. orrpe

,n;eJieHJ/J.Si :rneprlig TeX YIX)BHelt ]y 160' K0T0pble CJiado B03dyx.n;aroTC.H 

Ilpli IE,CIT~.n;e Ho160• 

Y~OBHH ]J_!l IGO 

Ha pHc.2 noxasaHa cxeM.a yponHei Dy160 ,- sHepr1-1a Ko:i:opwc 

yTOllHeHa B pesyJibTaTe HamHX HsuepeHHll. 3HeprHH nepBHX ~BYX 

ypoBHeH ycxanaBJIHBaIDTCa no _nepexo.n;ruf 86,8 J/1 !97,0 KaB. 3xo 

xopomo H3BeCTHHe ypOBH~ HJ/J.~Hell poTaUHOHHon IlOJIOCll., 
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3nepr1rn ypoBHSI 966 ,5 KaB (2-r) onpe.n;eirneTCfl nepexo.n;aw.1 

Ha OCHOBHOe -COCTOSIHHe H Ha ypoBeHh 86,8 KaB. 

C O + 966 ' 4 = 066' 4 

86,8 + 879,8 = 966,6 

Cpe.u;Hee 966, 5 JKasl:. 

YpoBeHh !049., 5 ('.:,+) TaltJ!te pa3pSIJ!taeTCSI .D;BYMll nepeXOJ(aJ.m: 

86,8 + 962;8 = i:0·49,6 

28.3;8 + 765, 7 =. 1049, 5 

Cp~Hee I049,5 KaB~ 

3Heprm> ypOBHSI II:6, 4 K3B ( 4+) MOJ:HO onpe;a;eJIHT:& no )l;ByY 

nepexo.n;au: 

86,8 + 1069, 7 = II56,5 

28.3,8 + 872 25 = 11:6,.3 

Cpe.n;He e IO :6 '4 K3B• 

3TH TpH ypOBHSI OTHOCSITCH R poTaIUIOHHOff IlOJIOCe c K=2. 
Bee OHH SaCeJI.HDTCH CHJlhHiil:MH r -nepexo,n;a:,.m, M,n;y~~ C ypOBHH 

1695,0 KaB, npHtJeM 3HalieHRe ero aneprMH onpe.u;e11.He:rc.a: no a?HH 

xpeu nepexo,ll;au: 

966,5 + 728,5 = 1695,0 

!049 ,5+ 645,5 = !695,0 

I0:6, 4+ · 538.1 4 = 1695, I 

Cpe.u;nee 1695,0 Kan. 

YpoBeHL 1695,0 KaB - O,D;HH M3 HaHC>OJiee CWI:&HO B03_(5yx.n;aeMWC 

npu IR cna.1te Ho 160". 

_llepexo.u;u -II77,6, 215,6 H 298,6 ~aB (aneprum B3HTH no pa

doxe /4/) H.lty:c 6 ypOBHSI.!264,9 Kan. 3xox· ypOBeH:& o:rtie:CJIHBO 
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npoaBJIHeTCH npH pacn~e T&16O H cnHH ero - 2- /8/. O.n;HaKo n 

K0HBepcHOHHOM cneKTpe Ho16O RliH.HH II77 ,6 11 215,6 Ma.JIOHHT8HCMBHH. 

Cq11Taa, qxo JIHHHH 215,6 Kan B cnexxpe Ho 160 H.n;ex c yponHs 

1264, 9 K3B_.MOJB:HO c.n;eJiaTI, sa:rtJIDtJ8HHe, qxo HHteHCHBHOCTl, JIHHHH· 

298,8 K3B ,I(OJIXHa C0CTaBJIHTb·JIWIII, 20% or HHT8HCHBH0CTH .n;ydne?a 

297, 7 -1- 298,8 Kan .. 

3Kcnep1n,1eHT IlOKa31rnaeT, tITO xecxxan KOMilOHeHTa _,ItydJieTa COCTaB

JIHeT no MHT0HCHBHOC'.l:H OT I5 ,Ito 30~. CHJII,Haa JlarKaH KOMJIOH8HTa 

.n;oJUtaa 6HTh pacnoJiozeHa n ,Itpyrou uecxe cxew. 

YpoBeHL 1359,2 K3B onpe.n;eJlaeTCH .ItBYMH nepeXO,Ita:MH (aHeprHB 

nsaxw·no pa6oTe /4/. 

86,8 + 1272,3 = I359,I 

1264,9+94,3 = 1359,2 

Cpe,n;Hee 1359,2 K3B. 

3TH nepexo.n;H xopomo Ha6JID.ItaDTCH npH pacrra.n;e Tl 160, H 

OHH Ma.JI0HHT8HCHBHH B cneKTpe Ho 16O• 

Yponea1> 1563, 7 Kan npoaBJiaerca TOJll>K0 rrpH pacna.n;e Ho16O; 

ero aHeprna onpe.n;eJiaexcn no xpeu rrepexo.n;a.M: 

1049,5 + 513,6 = I563,I 

1264,9 + 298 = I563 

86,8 + 1476 = 1563 

Cpe,n;Hee 1563 KaB. 

3He prim no cne~H_ero nepexo~a B3 axa H3 pa6oTH /2/. rro.:.B~H

MOMY c storo YPOBH.fl WJlteT TaKllte ~TJ4 Ha· ypoBeHL 283,8 KaB O~Ha 
) 
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H3 KOMllOReHT CJIOXHOit JIHHHM I285 KaB, KOTOpaa Ha.6JI1>,tta1Lac;, 

B Tott ~e :pa6ote ./2/. 

PasuemeBHC JIMIUUI 298 lt3l3 B 3TOM M8C'Xe llO3BOJIJi8T O(h,SICBMT:& 

"C90COBil~8JUUI
11 

JIHHMH 298 Kan /3/. J3H,Itml0, 3T~-JIIIHHS! e)le 

C1IOJ1CHee , 'leM .ItBO.ffHaa. 

Hne BlilllHCJI8HH napa.ue:rpH A H B ,IJ;J!,H pora~H0BHJlX IlOJIOC DyI60. 

RClIOJI1,3YSI rroJiyqeHHHe 3Hall8HH~, Y0J:H0 BNlIHCJIHX:& nonoxem1e YPOBHSI 

6+ HH1CHel1° noJiocu. Oao paimo 578.:t5 Ka:a. Mo:ao np~.n;noJioz11:r:&, tn:o · 

C 3TOro ·YPOBH8 H,Jte'.1'.' nepeXO,It 297; 7 1{3B. _B. 3'.rOH CJiyqae 3HeprHJI 

ypoBHSI 58_!,5 :Ka» COBna,1.1;aer B npe,D;eJiwc norpeumocreA c BliltzHCJleH- . 

Hoit. Taxoe pacIIOJIOXelme nepexo.n;a 297,7 RaB o~SICHae:r .6on:&moe. 

KOJUitI0C'.rB0 e - e - C0Bila,IteHMn (.IQ? + 298 ) _ /.3/. 

CorJiaCHO pa6oie /'JI OKOJIO 70'/, HHTeliCldBHOCTM )ty6JieTa OTHOCHTCSI 

x nepexo.:i:ty 58!,5.....,. 28.'.3,8. 

AHaJIOrHtIHO BHtIHCHSl8TCSI 3HeprHs YPOBHSI 5+· B?Opoi llOJIOCH. 

0Ha ~Bua l28J;tI2 Ka». B cneKt~e Ho I60 ec:n, nepexo~ 708,6 IfaB 12{ 

K0Top1:1a uoxHo pacnoJI02tl!lT.b uex.n;y yponHeM 5+ 11 ypoBHeM 58!,5 Ka:e. 
~ ' . . ' . . . 

Tor,n;a 3Hepr1rn I290 Ra:e, noJiyqeunaa a1tc11epime:araJIJ,Ho, xopomo 

cosna.n;aet c BHizHCJieHHo~.. i1epexo.zt 40~, 7 Ka.s no sHepru xopomo. 

YitJia)tiiIBaeTCSI M82!C.ItY ypoBH~ 169?,0 H 1290 K3B. 

3aceJieHHe ypoBH.R 5+ 58I,5 KaB npH p-pacna.ice ,Ho160 MaJio

BepoaTHo M:3-3a K-sanpeTa. MHT8HCHBHOC?H nepeXO,ltOB 297,7 M 

708,6 npHMepHO OJtHHaim BLI, a ypoBeHlt · ~290 KaB MOXeT 3aC8JISI'?:&CSI 

nyre:w: 3Jiezt:rpOHBOro saxnara HJI.H nepeXO,JtOB .. C, CSoJiee BHCOltHX YPOB

HeR. 
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Cno~CTBa COCTO.flHHn D~I60 

Ha OCHOBe TQqHoro onpe,n;eJieHH.fl 3HeprHll yponnen MOXHO 

<meaaTb ReKOTOpUe33.KJ110qeHH.fl O poTaUHOHHbIX napaMeTpax Dyl60. 

H3 sHeprH8 ypoBHen nepaott pOTa.I.tHOHHOtt IlOJIOCH onpe,n;eJI.fl8TC.fl 

MOMeHT HHepUHH Dy160 B OCHOBHOM COCTO.flHHH CB.fl3aHHNn C napa-
2 , 

MeTpOM A c10 PMY JIO n A = 
2 
~ • 113 q>OPMY JIU . 

. . . 2. 
Et= E

0
+ A[Ji{ h +1)- I0 ( 10 + 1)]- B[I;, (I;.+ 1.)- 1o(I0 + :tV 

onpe,n;eJI.fleTC.fl 1.raae napaueTp B. JlJIH nepaon p0Tau1,1onnon nonocu 

Ar = I4, 59 .:!:. 0,03 KaB :Sr = 0,020 .:t 0,03 K3B. 

JlJig poTaUHOHHO~ IlOJIOCH Ha COCTO.flHHH 966,5 KsB, 2+ 

A2 = 14,0I .:t O,I7 KsB B2= 0,032 .:t 0,016 K3B, 

Menbmee sHaqeune ½ qeM A1, T.e. 6oJibmee sHaqenHe uouenTa 

RHepuirn: B036yx.n;eHHOro COCTOfiHHfi xapaKTepHO ,ItJISl coce.n;HHX qeTHO

lleTHhIX ,.fl.n;ep: 

Er166 Ar= IJ,, 51 .:t 0,03 ·. Br = 0,0IJ±0,00J A2=I2, 32,:t0,13 

B2=0,0I,:t0,0I /5/ 

Ar= 13,5 Br=0,013 A2= 12,3 /6/ 

Er 168 Ar= 13, 3 Br= 0,066 A2=<[2,4 /6/ 

MyJibTHilOJlbHOCTH nepexo,n;OB 

Bucoxoe paspemeHHe npHdopa nosBOJIHJIO nponecTH pa3JIOXeHHe 

L -JIMHH~ nepexo,n;oB 86,8 Ksa M 60,I KaB H no OTHOWeHMIO HHTeH-

CHBHOcTen L, L11 H L111 JIHHHil c.n;enaTb saKJ110iJeHHe o MYJibTH.;, 
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Il0JibH0CTH nepeX0,I(0B ( TadJI.2). 3HaqHTeJibHaR :.rn.cnepMMeHTaJibHa.R 

norpemH0CTb odyCJIOBJieHa 60JibIDOn T0JimHH0H HCToqHHKa. IlepeXO,I( 

86,8 lfaB H,I(eT c · nepnoro poxauno1rnoro ypoBHSI na ocaonaoe coc

TO.RHHe ]yI6O , Hero MYJibT~nOJibHOCTb, HeC0MHeHH0, E 2. Tad

JIHUa 2 00,I(TBepx,IlaeT 3T0. 

BHB0,I( 0 TOM, qTo My-JibTHil0JibH0CTb nepeX0,I(a 6O,I K3B B 

Ho 160 - E3' 6h!JI (}AeJiaH no npeMeHH ~H3HH B036yx.I(eHHOro 

cocToRHH.H Ho 160 /I/. IloJiytieHHOe oTHomeHHe L,.: L,,: L,,, 

(Ta6muia 2) Jiytrute corJiacyeTC.H C TeopeTlit-IeCKHMH 3HaqeHHRMH ,I(JIR 

E 3 nepexo,I(a, qeM .I(JIR .E2. 

Ta6JIH[(a 2 

CpaBHeHne aKcrrepHMeHTaJII,HhIX 0THomemut L, : L,,: L. 111 

c xeopeTHqecKHMH .n:nsr rrepexo,I(0B 86,8 Kan n.Dy16O n 6O,I RaB B 

HoI6O. 

IlepeXO,I( 60, I lfaB 86,8 Ran 
-

My11 bTl1IIOJU,HOCTb E2 E 3 E2 

CJIHB H EaH,n: O,O29:O,88:I O,OI25:O,95:I 

Days O,O34:O,88:I O,OI3:O,96 :I O, I2 :O, 96 :I 

~llb1T (O,O17.:t.O,OIO) . (O,692+O,O3) • rr . . 
(O,IO+O,O3):(O,94+O,O4):I - -
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COBilAJ.CEHH.H KOHBEPCHOHHHX 3JIEKTPOHOB IIPH PACIIAlE 
Ho I60..,,. j) !I I60 . .· .... 

:s.c • .nxeienoB, H.3Bon1,cKHH, 11.K.~HKHTHH,·B.A.CeprHeH1to 

IIpH IlOMOJllH C)(B08HHoro JIHH30B~ro fi - cneKTpouerpa /I/ 

1lJ:l npoAOJIJ:aJIH H3yqeHHe COBila;It8HHn uex~y KOHBepCHOHHI:Um 3JieK

Tp0HaJ.m, B03HMKaDIJlHMH rrpH pacna;n;e · Ho I60 _.,. Dy I60 

1Tr12 = 5 q/. 

B xa,qectBe npenapaTa H&lM (51,IJI HCilOJII>30BaH ·f,-.I60 
·' 

IT I/2 = 29 q/, npeBpa.iqaJO~Ht!CH nyTeu · 3axBaTa aTOMHwc aJieK-

TPOHOB B Ho I60. Er I 60 6LIJI noJiyqeH B pearuurn Ta+ p 

(660 Jl3B ). 

YCJIOBHH OllLITOB 6LtJIH Te xe, qro H B pa6oTe /4/. KaK y;r.e 

coo6~anoc1,, B_3TOff pa.doTe H8lffl 6¥JIH saperHCTPHPOBaHLt COBrra,n;e

HKH uex.n;y 318ETPOHaim: OT nepeXO)(OB C 3HeprHHJm: 

I) 86,6 H I07; !97; 298; 540; 647; 730; 755+766; 

873+880; 96.'.3+966 KaB, 

2) !97 H !07; 298; 540; 647; 730;' 755+766; 876+880 R3B, 

3) 297 H 298 KaB, 

4) 540 H 873+880 R3B 1 

5) 730 H 87.'.3+880 K3B 1 

6) 96.'.3+966 H 647; 730. RaB. 

B 3rOT pa.3· ·W H3fttaJIPI COBna,n;emrn: MeJ:,D;y R-3JI8Itrpoliru.m OT 

nepexo~OB 406-H I97, 298 R3B. ~JI8ETPOHLI R406 npoXO)(HJIH qepe3 

. . . ___ ,__.__ :.. ------. 
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rrpoB:Jia,D;KY - CJier.Ka aJIIOMHHHPOBaHHYJO R0JiJI0,JtH8BYll IlJI8HKY j 0Ha 

6una, O~Haito, ~OCTaToqao TOHB:Oll H fiOJIYJIIHPHHa JIHHMMfgj.06 6una 

O~HHaKOBOll Ha o6oax IIOJIOBHHax crreETpoMeTpa, a CKOPOCTI, cqera 

Ha HMX QTJIHqanac1, He 6onee, qeM Ha IO%. PesyJI1,TaTH aamax orru

TOB rrpe~cTaBJI8HH Ha pac. r. qHCJIO COBITa,D;8HHU (R I97)· (K 406) H 

(R 298) (R 406) Ha MaKCHMj'Ma.X JIHHHU COOTB8TCTB9HHO COCTaBJIHJIO 

35 H 9 HMrr.qac-I. HecMOTPH Ha MaJioe qncJIO HCTHHHHX COBrra~eann 

cymecrBoBaHHe xacxa.ztoB nepexoios 4CI! H 298; 4fJ7 H I96 KaB 

MH cqHraeM )t0B:a3aHHHM. 

CoBrra~eHHH (K 406) (KI97). 

B cxeue_ pacrra,n;a Ho r5o ~ Dy r5o (pnc. 2) pa3HOCTL OKO

JIO 406 K3B BCTpeqaeTCH B ~Byx uecrax, a IDA:eHHO: uex~y ypOBHHMH 

I563 H II56 ,4 K3.B (pa3HOCTI, 406 ,6 i.KaB:) H Melt~Y ypOBH.fIMH I695 ,o . . 

H I290 K3B (pa3HOCT1, 405 KaB)(3HeprHH ypOBHett 3~ec1, H ,Itan1,me 

~aHH no HaH60Jiee TQqHHM H3MepeHHHM rparop1,eBa H .ItP• /2/). ITpH 

pasue~eHHH rrepexo~a 406 R3B Mellt,I{y 3THMH YJ)OBHHMH B o60HX CJIY

lJaHX ~OJIJltHH Ha6JIIO~aTLCH COBIIa,D;8Hlrn 3JI8KTPOHOB nepexo,Ita 406 l{3B 

C 3JI8KTPOHaMH nepexo~a HHltHett poranaoHHOff ITOJIOCH I97 K3B. 

3KcnepHM8HTaJII,Han CKOpOCTL cqera COBrra.n;eHatt (R406) (KI97) 

corn~cyeTcH .c pact1eTHott B rrpe~rroJI01temm, qTo B·cer~a nocJie rrepe-

xo~a 406 KaB cJie,ItyeT rrepexo'A I97 Ras (a:s:crrepaueHTaJI1,Han 

35 COBrr./qac, pacqeTHa.fl - 28 COBII/'llac). 

ITpH pa3JIHqffOM paCIIOJIOX8HHH rrepexo'Aa 406 K3B COBII8.,I1;8HHH 

(K406) (KI97) MOrYT B03HHKaTI, B Ka.C:Ka.,Jtax: 

A) 406 - 708,6 .. 297 ;7 ... I97,0 ... 86 ,8 
( IGO% nepeXO'AOB I96 K3B IIOCJie 406 KaB) 

\ 
l 
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B) 406 ➔ 872,5 .., !97,0 • 86,8 
. . 

( 70'/, nepexO,ltOB _I91 KaB ~OCJie. 406 KaB ). 

MH Ol',ItaeY npe,ItIIO'IT8HH8 xaczr.a.zty A H, . CJie,n;oBaTeJI:&HO, _OOJiee 

BHCOKOMY pa.cn0JI0X8HHD nepexo.na 406 Ka», HCXO,ItSI H3 HadJID,Itaeuoff 

CKOPOCTH CtJeTa COBIIa.)1;8HHit (K406).(KI97) H H3 naJIHtIHSI COBila,lte-· 

HHil (R406) (R298) (B xacxa,Ite B HX He ,Il;0JiltH0 dHT:& COBJl8M) 

CTpoeHHe JIHHHH R:298. 

]HHHII R:298 m.<eer CJIOJltHOe CTpoeHHe. 3T0 dHJIO aaueqeao qo 

~~pue K0HBepcH0HHOtt JIHHHH/3/ H no HaJIHtmD cauoc0Bila,lt8HHff 

(R:298 )(K298 )141• IIpH pacn~e Ho I 60 HaMCSoJiee HHTeHCHBHaa tracr1, 

K0MIT0H8HTH R298"B03HHxaex, IIO-BH,ItHMO~Y,. npH nepexo.nax M8XJtY" 

YP0BHSIMH 58I,5 H 28.'.3,~ ;K3B HmtHett poTaUH0HH0H ITOJIOCH Dy I60 

(xounoHeHTa R297,7); doJiee CJiad:se KOllllOH8HTH - R:298,4 H 

R:298,I - npH nepexo.nax ),{8QY yp0BHSIAm !264·,9-966,5 KaB H 

!563 - !264,9 Ras (~He. 2, Bepx). 

ApryueHTH B IIOJI:&3y TaKoro crpoe.a:1m JilmHH R:298 _H3JI0J!t8HH 

Hmte. 

~ I. Cnm1moe crpoemte JIHmm R:298 B. I-lo 160 d:aJio sa.Metreao 

elI{e B I958 r. rpuropL8BHll H ,Itp.131. B I960 r. OHO ·IIOJ.tTB8p,ll;HJIOC:& 

na npHdopax c Jiytrmen_ pa.spema1mqett cnocodHocri:,10:. rpiifrop1,eB 

H ,ll;p.121 0TMetJaDT .ItY0JieTH0e CTpoeHHe JIHHHH (R:297,7 H R:298,8) 

npH no1ml!(H uarHHTHoro cn~x:rpoMeTpa, a A6.14ypasaxoB R .n;p.15/ -

npH II0M0ntH MarHHTH0ro cnexrporpaqia (K297,8 H R:299,0). rpHr0ph-

8B H .ItP• C006ntaDT, qro MSirKaH X0MIT0H8HTa .n;ydJieTa R:298 HHT8HCHB

qe e xecrxott B 3-6 pas. 
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2. B ;n;eHCTBHTeJibHOCTH, JlHHHn)nO-BH)l;HMOMY,TPHllJieTHaa, HO 

6onee ~ecTKa.H qacTb ,ny6neTa (K298,I+K298,4) Ha COCTaBJIHIOntHe no

Ka He pas;n;eneHa. Tp1mneTnoe ctpoemte BbITemeT H3 "cauoc0Bna;n;em1l1" 

(K298)(R298). HaH6onee HHTeHCHBHan KOMll0HeHTa TPHllJieTa B03HHKaeT 
' ' 

npH poTaUHOHH0M nepexo;n;e 6+ .... 4+ (CM. ;n;aJibllie n. 3 ) • OHa He MO-

xeT ;n;aTb cymecTBeHHOro K0J!Hl.feCTBa COBll~eirn:if (K298 )(K298), Tait 

Ka.K MYJibTHnonnHOcTH nepexo;n;oB I264, 9 K3B (2-) - 58I ,5 K3B (6+) 

H 966,5 K3'B (2+) - 58I,5 K3E (6+) OtJeH:b Bl:ICOKM H nepexo;n;u 

He Ha6.ri10,na.IOTCH. _II_0.3T0MY C0Bll~eHHH (K298 )(K298) npHX0,ll;JiTCSI 0T

HeCTH It ,nByM nepexo,IJ;aM MejJC,D;y BepxHHMH YP0BHSIMM. EcmI npe;n;nono

~HTb, qTo 3TH nepexo;n;u Haxo~nTcn B npHM0M KaCEa;n;e, HCil0Jib30B8Tb 

0TH0CHTeJibHbie HHTSHCMBHOCTH Tpex KaHaJI0B paspn;n;KH YP0BHR 

I264, 9 Kan H Ka·sqxpHUHeHT K0HBepcirn nepexo.na 298 K3B B T& r5o, 
TO MOXH0 pacCl.fHTaTb CKOp0CTb ctieTa ~0Bil~SHHH (K298)(K298); OHa 

OE8.3bIBaeTCH Ha 30% HH~e 3KCil8pHM8HTaJibHOH. 

3. To, l.fT0 HaH6onee HHT8HCHBHaH qacTb TPHITJieTa npH pac~e 

Ho I60 (pHc. 2, Bepx) B03HHEaeT npH rrepexo;n;ax Me:sr)(y ypoBHHMH 

58I ,5 H 283,8 K3B cne,nyeT · H3 liHTeHCHBH0CTH C0B~eHHl1 . 

(K298)(KI97). 

CO0TBeTCTBYIDntHe rrepexo;n;u B poTaUH0HH0U nonoce HaX0)l;HTCH 

B npnMOM Kac~e H no ~~TeHCHBH0CTH K0HBepcH0HHbIX JIHHHff MOXH0 pac

Cl.fHTaTb CK0p0CTl> Cl.feTa mic:wn;ae1,u,1x e- - e- - C0Brra,n;eHHH • Ha 0ilbI-

Te Hadnro;n;aeTCH HMeHH0 TaKaR, B npe,IJ;eJiax 20%, Cit0p0CTl,. Cl.feTa. 

]Be ;n;pyrne xourroHeHTiiI ,:n;ydneTa, B03HlUta:rontne npH rrepexo,:n;ax 

}.i:ex,ny Bepxmrnn ypoBH.!IJ.UI, npa.KTHl.feCKll He ,It0JIJltHH ;n;aBaTb (K298) 

(KI97) - C0Bna.ii;eHHti, TaK Kalt paspn,n;Ka Bepx1rnx YP0BHeil IlpOHCXO

,I(HT B 0CH0BH0M qepe3 ypoBeHb 966,5 KaB, a 3T0T ll0CJIS)l;HHil pas

pmx:aeTCR TaitHM oeipa.3<.iM~ qTQ nepeX0,I( I97 K3B B03HRKaeT B uanoi:t 

;none cnyqaeB. (RHHHH 684 K3B ropa.3,IJ;0 cmdee JlHHRil 879,8 H 

" 
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966,5 R3B). 3TO 06CTORTeJibCTBO 6hlJI0 ycTaHOBJieHO Taae rrpH H3yqe

m,rn pacrra,n;a Tg I 60: rrpH 3TOM nepexo.n; 298 lfaB rrpoHcxo,n;HT, rJiaB

HbIM o6pa.3OM HJUi ITOJIHOCTbIO, Melie,l(y BepXHHMI-r ypoBHSIMM, a COBfla.)te

HHii ( ¥ 298) ( ¥ I9.7) Ha6JIID.n;aeTC8 oqenb MaJio/61. 

Bcne.n;cTBHe 3TOro, ecJIH du HaMdOJiee HHTeHCHBHaR qacTb TPH

rrJieTa ouna cBR3aHa He c p0Tau110HHUM nepexo.n;oM, a c BepxHHW 

ypOBHJu.m, 'ro 3Itcrrepm.1em:aJI:bHan: CKOpOCT1 cqeTa COBITa,n;0HMM 

(K298 )(RI97) 6mra 6u B 3-6 pa3 MeH1me pactieTHOii. 

4 ~ IIpn pacrra,ne TG I 60 CHTyau;M.fI, rro-BH.n;1uwMy, HHaSI 

(p11c. 2' mm): HaHClonee 1:rnreHCHBHa Ta KOlUIOHeHTa Tp:mrneTa' KOTO

paSI BO3HHKaeT npM rrepexo.n;ax MeiK)'(y ypOBHSIMH !264,9 H 96p,5K3Bo 

If3 Ha JIM turn 60JI:bnIOti llHTeHCHBHOCTH COBITa.n;emfit ( 1 298) ( K 880; 

'( 966 ), Manon 0:HTeHCHBHOCTH COBITa,.n;eHHil ( ¥ 298) ( Y I97) H OT

OyTCTBUSI c0Brra.n;em1tt (ft 859) ( 0 298) cJie.n;yer, qro nepexo.n; r 298 

rrpOiiCXO,I(HT M81t.n;y BepxHinlH YPOBH.HMH (CM. n. 2) 0 11'3 HaJIH'l!H.fJ COB

rra,nem1n (Jl 570) ( ~ 298) cne.I(yer, qro k' 298 - aro rrepexo,rp,eJK.n;y 

ypOBHRMH I26LJ,9 H 966,5. K:.rn. 

CoBrra,Itemrn (K406) (I{298). 

IIpn pacrronoJJtemrn nepexo.n;a- 406 K:rn Meilt.n;y ypoBHHMM, I695, 0 11 

I290KaB HJIH I563 M II56,4 K3B He uoryT ocYJI{ecTBJISITbCH coBna

,n;eHHR 3JI0KTpOHOB K406 C 3JI0KTpoHaMn Tex KOMITOHeHT TpHrrJieTa 

298 KaB , KOTopae B03Hirna10T B BepxHei1 qacTH cxeY11 :pacrra.n;a . Ho160 

(I563 ~ I264,9 KaB u I264,9 ~966,5 K3B). 

0,I(HaKO MOryT OCYJI{eCTBJIRT1CJI COBna;:i;emnI Me:ac.ny :rneKTpOHa:m-1 . 

K406 i'i ::rneKTpoHaMH 1{298, o6pa3yIDn.rm.rn:cJI B murnen poTauuoHHotl 

IIOJIOCe. 
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EcJIR nepexo,11; 406 K3B npOHCXO,ll;HT Me~y ypOBHHMH I695,0 H 

I290K3B, TO o6pa.30BaHHe COBna.,neimtt (K406).(R298) npOHCXO,ll;HT 

nocpe,11;CTBOM nepexo,n;a 709KaB, Ha6JII0,11;8HHOro (no KOHBSPCHH) ~ 

pa.6oTe /7/ (Ira.HaJI A, PHC. 2 npe,11;'1iQtYJitei pa60TH, CTp. I86). 

B cnyqae pacnoJIOXSHHH nepexo,n;a 406 K3B M8:rJXY ypOBHHMPI 

I563 M II56,4 KaB, COBil8Jt8HHH(R406) (K298) MOrJIH dbl OCYJ!t8CT

BJIHTbCH TOJibKO npH HaJIHtraH nepexo,n;a H1IH nepexo,11;OB, CBH3IiIBaIDmHx 

YPOBHH c 3HeprHett II56,4 -K3B (4+) H 58!,5 K3B (6+). 0,11;HaKO IlpHMO~ 
c 

nepexo.zt c :rneprHeff 575 KaB noxa He aaomo,n;aJicH. EcD oH cymecTBY

er, HO HM88T MaJiyn HHTeHCHBHOCTb, TO paspH,ll;Ka ypOBHH II56,4 K3B 

llIJia 6H 1mMO Hero (i:ipeHMYJ!t0CTB0HHO qepes nepexo,11; 87.'.3 K3B) H COB

rra,n;emi:tt (R:406) (H:298) rrpa.KTHtl8CKH He 61iI1IO Oil. 

Mu CtlHTaeM II03TOMY 6oJiee Bepo.a:THI:W nepBiiIM BapHa_HT pa.3M8IIte

IDIH nepexo,11;a 406 KaB (I695,0_ - !290 Kar,). 

CrwpocTb cqera COBTia,n;eHHtt-(R406) (R298) COCTaBJIHJla B HamHx 

OiliiITaX 9 HMn/qac. 

ECJIH paccqHTaTL CKOPOCTb cqera COB118Jt8HHtt (H:406) (R298) 

no xaHaJiy AB rrpe,n;nOJIOX0HHH, qro YPOB8Hb 1290 KaB paspHxaeTcH 

TOJibKO rrepeXO,ll;OM 709 R3B, TO IIOJiyttaeTCH 3Ha tl8HM8 I5 COBil/ttac • 

ITOHHX8HHe 3KCnepHM8HTanbHOtt CKOPOCTH cqera COBna,n;eHHtt no cpa.B-

.HeHHIO C pacqeTHOtt_MOJIC0T dblTb CB.H38HO C CYll{0CTBOBami:eM nepexo.Ita 

Mex,n;y ypOBH.HMH !290 (5+) H 28.'.3,8 (4+) KaB, c 3Heprnen I006,2 K3B 

H C HHT0HCHBHOCTLD TaKoro xe nopH,ItKa KaK nepexo,n; 709 K3B. TaKOli 

nepexo,n; MOr IlOKa OCTaTLCH H83a.MeqeHHbIM. B cneKTpe KOHBepCHOHHblX 
sneKTPOHOB Ho I60 RHHHH K I006,2 H l 962;8 ~OJIXHH aaxo~HTbCH 

Ha pacCTOSIHHH I ,2 mrn, a ~JUI 06'.&SICH8HH.H Ha61ID~8J01Iteroc.H pacxo:ir~e
HHSI ,ll;OCTaTOtlHO cymecTBOBamrn I{ !006 ,2 H 6onee c11a6oit, tl8M 

L 962,8 ( L 962,8/K709 == 5 /7/). 



193 

TaKMM o6pa.30M, H3 HamHX .n;aHHHX cne,n;yeT: 

I. qro cnoxHbIU nepexo,n; 298 RsB COCTOHT H3 Tpex 6nH3KHX 

no 3HeprHH KOMITOHeHT, pa.crronoxeHHbIX Mex,n;y YPOBHHMH I563 H 

!264,9 K3B; I264,9 M 966,5 R3B; 58I,5 n 283,8 KaB. 

2. IT.PH :rneKTpOHHOM saxBaTe B Ho I 60 B03C>YJ!C.I(aIOTCH yponHH 
I290 K3B(S+) u 58I,5(6+) Dy r5o. 

J.·rro KpanHen Mepe qacrnqHo rrepexo,n; 406 KsB ocymecrB

naeTcH Mex.n;y ypoBHHMH I695 ,o M I290 R:rn. 

B cxeMe pacna.n;a I-lo 160 - Dy I 6P (pHc. 2 · rrpe,IJ;IJ,1.l;yll{eff 

pa,dOTH,crp. I86)B.bl,11;9n9HHbiii HaMll IC8.CKa,n; rrepexo,n;OB OTM8'l8H. 

'1tHPHli!MH mmMHMH • 
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-0 0 --
2400 I 2600 

Gs.cm 

(1<298) (KL/06) 

Hp 

21/00 2600 Gs. cm. 

PHc. I. CoBna~eHHa aneKtpoaoB nepexo~a 406 KaB c aneKtpoaaMH 
. OT nepexo~OB 197 H 298 KaB. 

Cauas _Bepxuaa·xp11Baa - BH~ nHHHH R 406 ua o~HaoqaoM 
cneKtpoMetpe. 
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PHc. 2. IIpe,ItIIOJIOJ!tHTeJU,Hoe CTp0eHHe TpHnJieTa K 298 B Ho160 

H Tl 160. 

OTH0CHT~JibHOe pacnono~eHHe JIHHHH TpHnJieTa B3HT0'no 

pa6cfre rpuropbeBa H .ztp. [2] 9 Coo:moweHHe HHTeHcHs.:. 

Hoc-Te.11 S . : c B Ho160 . · H a : S B · 160 HeH3B~CTHo, 

· · · JIO · a_ : ( ' + c ) = 3 - 6 B Ho 160 H ( a + 5 ) << 
<<. c . .. B Ti60• 
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. 
CIIEKTP KOI:IBEPCROHHI:1X 3JIEKTPOHOB roHhWIEBOM ~PAKWfM 

A.C.EacHHa, K.H.rpoMoB, E.C.lxe11enoB 

CrreKTP KOHBepcHOHHl-lX" 3118KTpOHOB ~PaKUHH rOJIDMHH, nonyqeHHU~ 

H3 npOAYKTOB pacn1ennemrn Ta.HTaJia C>l-lC'.1.'pID,U1 npOTOHaMH Ha CMHxporum-

JIOTpOHe OIDIH, C>UJI HCCJIC,Il;OBaH C IlOMO~bD JIHH30BOro jd -cneKTpOMeT-

pa, oOna~an~ero paspemaro~eM cnocodHocxbID I,9%. 
Ilpouecc PaJtHOXHMHqecxoro BH'A8JI8HHH ~prutUHH rOJibMHH ,D;JIHTCH 

rrpHMepHo 3 qaca, TaK qTo HSMepeHKe cnexrpa HaqHHaJiocL cnycxa 

...., 3,5 1.Jaca nocJie 0K0HtJaHMSI OOJiytJ:emtii lutmeHHo Hrum HCCJIC,D;OBaH 

yqacxox crrexxpa ox 30 .n;o !000 KsB. 

CneKTP ~Pe.KUMM rOJILMMH HenpepNBHO MSMepRJICH B TetJeHHe 20 1.Ja

COB H ~Mee, xor~a 3TO rpe60B8JIOCb ~JIH HCCJie~OBa.HHH ,D;OJirOXHBymHX 

JIHHldl. IIOCICOJU,KY Hamett 3a,D;atleH .R:B11SIJIOC:& HCCl!8)!;0Bairne Cll8I-CTpa RO

poTKO~HBymHX HSOTOilOB rOHbMHH ( C rrepv.o.n;ou -I 1.Jaca H xopoqe), 

TO .n;onro%HBY~He RHHHH HHTepecoBaJIH Hae rnaBHW oOpa30M xax ~OH, 

no~nezamHM B~qMTaHHD; B HexoropHX cnyqanx HX H.D;eHTH~KKaQHH Ohlna 

cymecTB8HHa .n;nn BUHCH8HHH reHexHqecKMX CBH3eR. 

Mu aaOJlD,Il;aJIH BO $p8.XUHH rOHbMHH KOHBepcMOHHHe JIHHHH C nepH-

0,ll;aMH nonypacna.:ita : ~ 30 MHHYT, --I qac, ,..2,5 qaca_, ~ 5 qa

coB, ~IO qacOB H H8CKOJibKO .n;He~. 

t.=._ (5 .:!: 0,5) qaca., Ho 160 

KOHBepCHOHHH8 JIHHHH C TaKHY nepHO,ll;OM noHypacnB.,lta npHHa.n;nexaT 

xopomo HSBeCTBOMY HSOTOilY -Ho160
o Mli Ha0HD,ll;8JIH KOHBepcMOHHH8, JIHHHH, 
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np1rne.,1v1exall!H'e nepexo,n:aM c :rneprneit hv =60,87, 197, 298, 540, 

648, 730,880,963 K:rn,HCCJie,n:oBaH_HblM paHee B pa6oTaX /1,2,3,4,5/ 0 

Bee 3TH JIHHHH qeTEo npoRBJIRJIHCb B cneKTpe Hamero npenapaTa qepes 

6 H 6onee qacoB c MOMeHTa Haqana HSMepeHHM, Kor.n:a ucqesanH JIHHHH, 

CBR3aHHRe C pacna,n:OM 6onee KOPOTKOXHBYl!tHX H30TOilOB fOJlhMHH. 

+ Ho 161 
T = (J - 0,5) qaca. 

MbI Ha6JIID,n:aJIH JIHillb O,n:Hy KOHBepCHOHHYJ) JIHHHD C TaKHM nepHO~OM 

IIOJiypacna~a: Ee =69,0 K3Bo MHxem,iq H .ll:Po /4/ H,n:eHTI1<pHUHPOB8JIH 

ee KaK L 11 tto161 o ,npyi:nx JIHHH~, np1rna.n:ne:icamnx 3TOMY H30Tony, MbI 

He Ha6JIIo,n:a;rn, TRK Ka.It OHli JIH6O MaJIO HHT8HCHBHlil, JIH<5O 3aMaCKP1pOBaH!il 

6onee CHJILHlilMH JIHHHflMH ,n:pyrHX ~3OTOilOB rOJibMHHa 

I = ( 55 ! 5) MHR~o Ho 156 

CymecTBOBaHHe H30TOna roJibMHH C nepHO.D:OM nonypacn8.,!La 6JIH3-

KHM KI qacy 6HJIO 3a.Meqeao BnepBb18 B paOOT~ MHxennqa H .n:p. /4~t 

IlpH O6JiyqeHHH npoTOHa.MH c 3HeprHe~ 22 M3B ,n:Hcnpo3HeBO~ MHilleHH, 

06ora11teHHOit H3OTOilOM ,ll;HCnpos1rn I56, B rrpo,n:yKTa.X peaKl.\lllH Ha.omo,n;a.n:-

C.H nepexo.n: hv =L'.38 1{3B, np1rna,n;Jie:a:am.iM qacoBott aitTHBHOCTH_. IlpH 

O6JiyqeHPIH 1mmeHe :A' o6ora.meHHb1X H3OTOilOM ,Itl!CilpO3¥.Sl I 58' TaKoi1 nepe

xo.n: He Ha6JIID,n;ancn. Ha 3TOM OCHOBaHHH aBTOpH npe,ItilOJIOXHTeJibHO 

npHmrna;rn: H30Tony ron1:,11ou1 c nepHo,ItoM ...., I qac MaccoBoe qncno I56o 

~aCOBaSl 8.ltTHBHOCTb BO ~paEUKR ronbMV<R1 awi:eneHHOM H3 npo.n;yKTOB 

pacmenJieHVIH TaHTaJia npOTOHaMH, H8.CiJIIO,D.aiiacb rpoMOBhlM 111 .ll:Po / 6/ ,. 

Kpo:Me JIHH11fi nepexo.n;a 138 1{:rn, H3BeCTHoro no MnxeJIH4Y, aBTopu oOHa

PYJUIJIH mrnmo c :3Heprirnv. (214 ~ 2) K3B / T =55 ± 2/ MMHYTb!,H,Il;eH

TV.qnuu1poBaJIH ee Ke.K K 268 H npe.n;nono:m:111JI1-1, qTo nepexo.ztH 138 H 

268 K3B o6pasyDT po!aUHOHHyD no~ocy B Sl,Itpe lJy 156• 
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• B raonunelnpHBe~eHH AaHHHe 06 aaeprMJix, nepHo~ax nonypacna-

;ta 11 OTHOCHTeJI.LHUX HHTeHCUBHOCl'.RX KOHBepc.HOHHLIX JIHHldi Ho 156, 

KOTOpLle noJiyqeHH B HafilHX H3MepeHHJIX. 

B 'AOllOJIHeHHe K Il13B8CTHLIM paHee,Ha.M y,ItaJIOC.L HaOJIDAaTb nepexo

,ltliI C 3H~prHetl 366 l{.3B H 686 K:rno BO3MOI<HO, q:ro nepeXOA C 3Hepr:r1Ieit 

366 R3B npOliCXOAHT M8JIC,Ity %p8l'.MiM H BTOpbIM ypOBHSIMM pOTB.UHOHHOit 

nonocu, a:,Itpa · .Dy 156, ( 3Hepr:r,rn ypoBH~tl : £, =138, Ea ==406 H 

E3 • =772 K3B) o OTHomeHHe 3Hepr1dt ypoBHeff E3/E =5, 6 JIBJISieTca 
i 

HeCEOJiaKO SaHHX8HHLIM no cpaBH8HHD C TeopeTHQ8CKHM 3HaqeaHeM 7 

)tJIJI Q8THO- Q8THLIX ,Ite~OpMMpOBaHH~X SI,Itep. 3ro,o,ItHaxo, H8Y'AHBHTe-

n.LHO,DOCKOJI.LKY SI,IU>O 1Jy 156 ,pacnonoxeao B0JIH3H rpaHH~H "oonacTR 

,Ite~opirn:pOBaHHliX HAep. 

naHH~e 06 OTHOCHT8R.LHHX HHT8BCHBHOCTJIX nepeXO~OB 138, 268, 

366 K3B He npOTHBOpeqax IlP8'AilOJIOX8HHD, QtO 3TH nepeXOA~ rv.na 

E 2 H cneiyvr B KacxaAe. 

MecTO nepexo,n;a C 3HeprI11ett 686 . K:rn OCT8.8TCSI IlOl:a H8SICH},U,{' XOTH 

no nepHO'AY nonypacnaAa 8TOT nepexo,n; ?aKXe CJieAyer 07li8CT~ K Ho lS~ 

Ho 158 T =(JO! 5) MHHX! 

IIonyqacOBaJI (TOqHee? 27 MHHY1'Haa) aKTHBHOCTL B.roJILMHeBOif <ppaR 

l.lMH Ouna uccne.n;oBaHa paaee B paOore rpouoBa H .iu>~ / 6 / na cnex-

rpouerpe C nonepeqHID,( O'AHOPO'AHhlM MarHMTHNM noneM, B HHTepBaJie 

aHeprHH. 70 - 315 K3B o ABropH Ha6Jin,n;am1 nepexo.ztN h~ =98 H 218 RaB o 

CoorHomeHHe aHeprmn ar~x ypoBHea noseonano ,n;Y),!aTb, qxo OHM o<5pa-

3Yl)T por~Ho1rny1> nonocy e. qerHo-qeTaou: si:,n;pe. 

B padote ].(HenpOBCKOro /'1/ , IlOCBHl!l8HHOl HCCJie,n;o,BaHHll 3pdH8BOii 

~par.~HH Ha npHOope c BNCOKMM paspemeHHeM,Ha<5nD.n;anzc& nepexo,n;N c 
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T_a~JIH!m.,l 

~OHBEPCHOHHHE Jimil1H Ho ·15~ 

Hp E . hJ TI/2 M.JteHTH<pl'I ... 0:rHOCHT8Jll,HaJI 
eK3B K3E MHHYrLI xanua HHT8HCHBHOCX:& 

1020 84,5 I.38,3 60 :!: 5 K 138 I420 

1292 I30,2 139,2 60 + i::. 
- ;,J L I38 , IOOO 

I335 I38 140 - M 138 300 

1720 2I4,9 268,7 58 :!: 3 .· K 268 300 

1925 259,7 · 268,3 50 :!: 5 L 268 I54 

2155 312,6 366,4 52 ! J K 366 3I 
' 

2349 359 367,6 53 ± 2 L 366 II . ' 

3412 632,3 686 60 ! 5 K 686 24 . 

" 
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3Heprmu.rn 98,6 p 218 p .320 ; H 35695 I\3BI, HHTeBCHBHOCTll lCOTOpHX 

ydliBMa c nepHo,11.ou nonypacna,l{a oxono 2,5 qacoB. Sapa.n a;q>a, 

onpe.n;eneHHhdt no pa3HOCTSIM K-L l! K-M ,11.JISI 3T:HX rrepexo.n;oB, y1m-

3HBM, q70 OHM npoucxo.n;aT B a;q>e ,1I.HCilp03HH. 

Ma 3HeprHH 98,6 ~3B nepBoro ypOBHH B030j7J[,11.8HHH qerHo-qerHo

ro SI,Itpa CJie,11.yex Ma.CCOBOe lUICJIO 158 .l\JISi H30%0lla XOJIMHP., npH pacna

,Ite xoroporo BOSOYJ(,11;antcn a?H nepexo.1tH~ TaxIDA.o0pa3oM, npoucxo.nar 

IlOCJI8,JtOBa:rem,HH8 pacrra,n:.H 

2 25, Ho 158 
33 

. 

27 Mlfif 

a3 
D 158 

y • 

B cnexrpe aamero npenapara w Hadnm,nanH pn.n xoaBepcuoHHUX 

' JIHHM~ C nepH0,11.0M nonypacna~a,6JIH3KHM K 30 lmHy.taM. 3aeprHH, 

nepH0,11.a nonypacna.na M OTHOCHX8JlbHHe HHX8HCMBHOCXH 3THX JIHHHM 

yxasanu B raOnunax Il H filo 
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TaC>JIH.ruL.ll 

IWHBEP_Qi'.tOfllUIE JIIDHUi Ho I 58 

Hp 'f' MUH 
:H.lteH'rH- 0rH0CHT8Jlh-

Ee hJ !pHXalUIS HM HH1'8HCHB-
HOC?:& 

729 44,8 98,6 27 .± 3 K 98 86 

839 58,5 - 33 ! 3 ... II5 

1062 90,8 99,4 28 ! 3 L 98 IOO 

II02 97,5 99,5 27 ! 3 M 98 34 
. 

1481 165,9 2I8,7 32 :!: .4 K 218 26 

2102· 300,2 '.354 40 ! IO K 356 -r,s 
3159 565 619 - K 619 -
4000 792 846 - K 848 -... 

4365 892 947 - K 947 --
4530 940 948 - L 948 -
4800 1016 1070 - K I070 -
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D l'a6JIHl.{e Il HM8Dl'CR KOHB8pCHOHHH8 3Jl8K?p0HH 8 nepeXOAOB, 

B TOM qgcJie KOHB8pCHOHHH8 3JI8Kl'pOH1:i Ol' XOpOWO H3B8CTHHX r-ne
peXO~OB B Ho I 58 : h~ =98,6 ; 2I8 77 356 Kan /6'/. ( Ilepexo~ 

. . . 
c aaepr.iett 320 Kan, B cnexrpe uamero npenapata He BJIIJteH, no-BH-

.JtHMOMY, OH 3a»acxHpoBaH 6onee HHreucHBHlilMH JIHHHHMH Ho I 56). 

OcraJibHHe JIHHHH ta6JI. IT - K 6I9, K 848 i K 947 HK I070 ~ 

dNJIH 3BlfeqeHH .]lHenpOBCEHM /?/ T8lt%8 B 3p6meBO~ ~PaKUHH, rAe 

t OHH ydUBaJIH no HH?8HCHBHOC?H C nepHO,ll;OM 2-4 q~cao M3B8C?H~ 

~ roni,xo 2' H3orona Er c 6JIH3KHMH nepHo,Jta1u1 - ErI58 H Er16I -

► xoropue aBnanrca po,JtouaqaJiaHHKa»H uenoqex: 

f,..I58 

I6I Er 

215 11act:t Ho I58 

315 qac~ HoI6I 

0,5 qacl:_ 

I!OCK_OJlbKY B rOJI.&MH8BOH ~paKl.{HH 3TH JlHHlfH ydl:iBaDr C nepH

O,ll;OM 0,5 - I,O 11aca, ro BX cJie,Jtyer npHnHcar1, Ho 158
0 

0dOCHOBB.HH8 aror~ BHBO,lta H8 H3MeHHJIHCli C>l:i7 8CJIH 6H 

CYlll8C?BOB8.JI f,-. 156 c nepHO,ll;OM 2-4 qaca, ?8.K xax B sro:u CJlyqae 

B 3p6K8BOH ~PaJtUHH ,ll;OJIXHH 61:iJIH Ou Ha0JID,Jtar1,cg JIHHHH Ho 156; 

; qero aer ua ca.MOM .B;eJie ~ / 7 18 I 0 

IlOMHMO pa.Hee oOaapyzeHHHX /6,7/ JIHHHH DOJiyqa~OBOff 

aKTHBHOC?H Ho 158, B KOHB8PCHOHHOM cnexrpe q>pa.Kl{HH.HO Ha6JID,Jta-· 

eTCH HHTeHCKBHas AHHHS Ee =58,5 K3B /TI/2 =(33 ! 3)MHHYTW 

(CMoraOAH~Y II). 

MozHo ,1ty:ua.:r1,, q:ro sro L JIHHu, nocxon1,1ty orcyrc:tBYDT 

AHHHH, xo:ropwe MOXHO dH HCTOJIKOBarL Rax L HM ~HBHH, 8CRH 

cqHTaTL AHHHD. 58,5 K3B 3a K JIHHHD. He HCKJIDqeuo 'qro cna-

6aa KOPOTKOXHBYD(a2 JIHHHH Ee~ 67 KaB,O?M8'18HHa2 B CilHCKe 
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.HeH.It8HTllllplU.U1P0BaHHblX uepeX0)t0B, S!BJIHeTCSI M-JIHHHel nepexo,Jta 
' • ' ,, .. , ··~1·--' .. ~1:~' ~. . 

67 K3B. IlepexoA C TaKOff 3HeprHel hJ =66,9 .K3B HaCSnDl8.JICSI 

.]lHenpOBCKMM BO <ppa.KIU,rn: ap6H~ B nepiiO,ltOU: noJiypacna.u;a I35 .! 15 J,(H

HYT H 6HR H~eHT~~HnMpOBaH Kalt H30MepH~M nepexo.u; B a.npe Ho158 

(auanor nepexo,21;a 60 K3B B Ho160)o _ 

B Ta6JIHU0 fil coCSpanH ROpOTROXHBY~He XOHBepcHOHHHe JIHHHH, 

1:tOTOphle .• Ha6JID;ita!DTCSI _BO cppaKIUIFl roJI:&WIH H He Ha6JID,ll;aDTCSI B 3pCSH

enoM cpp~turn:, T .e. JI~HMH, ae cBasa1rnue c pacna.u;ou Ho~6I HJIH 

HoI58. 

M3 HHX HHHHR Ee =20I,8 SBJIHeTCSI AO~Taroquo CWibHOR, 

_qT06bl 7oqHo onpeAeJIHTb nepmoA, HaH,ll;eHHHff .paBHHM 34 ! 4 MMH. 

HoI55 . .;, 3 ► ,, 155 
· 46 MHH+JY 

~ Tt, 155 as GdI55 
IO qac. 5,6 'AH 

HSO?Oll roJI»MHS! c waccOBJ:Dl qHcJIOM I55 OdHapyJ;HBaetcSI B fOJlb• 

MHeBO~ ®prut~Jt!H no )tOqepHeMy lJy r55 
0. 

IIep:trnA Ho I 55, orrpe,ll;eJieHHHli . B pa6ore /IO/ c noMOIJlbl> noB-

ropmu BH.1(8JI8Hldt Dy ll3. Ho, CSJ!H30K lt 45 HMHY,:8l4o Ha.Jntt[K8 Dy 155 

B rom,MH8B0ll tppa.Itl\HH 0'.t!!8Qa.Jl.OCJ'> B pa6oTe rpoMOBa lrI .lU)YlUIX /6/ 0 

B cneKrpe sa.mero npenapara Trutxe xopomo sauerBN JIMHKm 

nepexo,n;a c 3Heprnett 227 ItaB B H)We Tc} 55, a qepes 60-80 ·qacoa, 

KOr,H.a HcqesaD:r .llHHHM, CBH3aHHJile C paCIIaJtOM.~~OTOllOB roJII:iMHs, cra

IlOBUTCR sauerHNMH JIHHHH nepex~~OB c sHeprmao h~ =86; I05 9 
162 ; IBO n. 262 K3B 

1
npMH0JJ;JI8UJ!(He TC r55, :rpet1JeMy t1JieHy reae-

Tn11ecxott. · ueno111tH Ho155 Dy I55 __ p& 155 · C:dI55. 
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Ta6mm;a III 

He HA8Hl'HIDHYHJ!.OBaHHHe KOHBepcmoHHHe nHHHJ! 

KOpOl'KOJUIByntHX H3OTOilOB Ho 

Hf E.e 
T IlpHMetJaHHe MHHo 

' 

903 67,3 - II.noxo paspemoc L 77 Ho l6l 

1658 201,8 34 ::t 4 no HHT8HCHBHOCTH ~20% ox 
l 98 Ho 158 

1813 235 · -
; 

2620 425 
; - ! 

2928 504,6 -
2745 457,6 46 :!: IO 

3700 710 50 ! 15 
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C,1teJiaHHaH Ha.MM Il0IWTKa onpe,1teJ1HTL nepHO,It Ho1.55 no Hapac

JIHHHB K 227 ,1toqepaero Dy 155 ne yneaqa.n~c& ycnexoM, TaK 

KaK B nepa~e qacu H3MepeaH.n JIHHHH K 227 IlJIOXO BB)tHa H3-3a 0JIH3-

KOro coce.n;crBa HHT8HCHBHblX K0p0TK0J!a.fBYntHX JIHHH.tio 

IIo-BH,Il.H.MOMY, Ha npm6ope c . ny,une~ paapema.Dute.t:t cnoco6aocT&IO 3Ta 

sa~aqa MoxeT OblT& peweHao. 

Mbl He Ha6JIIO)taJIH CHJI&HhlX KOHB8pCMOHHliX JIHHMR C nepMo,ItOM 

nonypacna.u;a L~5 MHHy-T. 0,llHa.KO, HeJI&38 yBepeHHO OTpH~aT& HX cyme

CTB0Bam1e9 II0CK0JI&Ky 0HH Mory? 0Ka3aT&Ca C QMCJI8 cna<hi1x K0P0TK0 

XHBymHX JIKHRij,nepeqHcJieHHHX B Ta0JIHU8 ill, )tJlH KOTOpblX Mbl 3aTpy,It

HR8MCH onpe,1teJIHT& nepuo.it nonypacna.n;a. 
~ • -:-~• :T• 

ABTOpbl CQB?aDr CBOKM ,ltOJirOM Bblpa3RT& 6naro.n.apHOCT& 

1'ioAoDrnaH,ICOBy H BoAoX'a.HKHHY 3a Bhl,lt8Jl8HB8 npenapaTOB, M.A.,llonro

dopo,1tOBO! H Ky Sa XeK sa IlOMO~b B B3MepeHHHX. 

IDi<MI JirY 

0 H H ~ 
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0 CIIEKTPE KOHBEPCliOHHHX 3JIEKTPOHOB JlHCIIP03HE.BOl1 
<I>PAKIUrn 

Ha ,- cne1trpo11erpe C ,ltBOAHOit q>0KYCHp0Blt0A Ha "J!0ll Il V2. H C 

npHMlill HS»epeHHeM Ma.rHHrBoro nons ueroiow aiepHoro pesoHaHca 

HCC118~0Ba11CH cneKTp KOHBepcHOHHSX 3118KTPOHOB ~HCllp03H8BOI 

qipa.It~HH B oOnacrH aaeprHH o~ 25 Ao IBO xas. PaspemaD~BJI 

cnocoOHocr» npxOopa B armx onwrax Owna o,~o HcroqHmc .-.cnpo-

3KH Own nonyqeH xpo:ua.rorpa.q,uqecRHH aiue~eune» H3 exec• pe,1Uto

ae11eBDBllX 3118118B?OB, B03HKK8~~HX npH oO~yqeBHK TaH?aJIOBOl 

immeHK nporOHaMH c 3Heprnel 660 M3B• 

B pa.6oTaX /I,2;J/ OWIO ycraROBK8HO, q70 B peaxnax riyOoEoro 

or~enneBMH Ha raHraJle B 38l8'.87HOM KOJlHqecrBe odpasyt>TCS H30TOml 

,ltHCilp031UI C :wacc0Blilnf tfHCJiaMH 159, I57,I55, I53 II I524 B Ha

mew cnexrpe OWIH H,1(8BTH~HnHpOBaHli K0HBepcH0HBHe AKKKH. Dy157, 

OOHapyxeHHHe KHX8BHtf811 H ~p. B paOore /4/o CUKCOX 87HX AHHHH 

npxBe~eH B ra6~H~e I. 

B Ta6HHU8 2 npHBe~eHH HanIM ~aHHHe O KOHB8PCHOHHHX 3Jl8K• 

rponax Dy155; 3TH 311eKTPOHH 6u11H BnepBHe o6HapyzeHli TocoM 

H PaCLcyCC8HOM / 5 / npH H3yqeHHH pacnaJJ;a JJy 155• 

KoHB8pCHOHHHe 3118KTPOHH, o6HapyxeHHH8:B·Hameu. Cll8KTpe, 

KOTOpHe lW OTH8CJIH K pacna~y .Dy15~ nepeqHCJI8HH B Ta611Hne 3 0 

B Ta611Hne ijpHBO~flTCfl nepHO~H no11ypacnaJJ;a H OTHOCHT8JlhHlie 

HB78HCHBJIOCTH H8KOTOpliX KOHBepCHOHHHX JIHHHR. 
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~aHHl:le o KOHBepcHoHHHX 3JI8KTpoHax Dy 153 BnepBlie . . 

dl:lJIH npJrne;n;eHbl B w,CSoTax / 6, 7 / • kiHTepnpeTa:rurn HMe.na 

opHeHTHP0BoqHHtt xapaKTep. HamH .naHHI:le o nep110;n;ax noJiypacn~a 

M0ryT CJI,Ylln!TI,. npSIMHM ;n;oEa3aTeJII:i CTBOM npHHa;n;JieJICHO CTH B cex 

K0HB8pCH0HHh!X 3Jl8KTp0H0B, nepetIHCJI8HHHX B Ta6Jntne J, K o;n;Ho

MY H3oTony. OHH yToqam>T 3HatieHHH nepHo;n;oB nonypacna;n;a, onpe

)J;eJieHHHe n ·padoTax / 2, 8 / o Harne cpe;n;aee 3HatieHHe 

TI/2 = 6,4 ! 0,3 qac. 

Kn;eHTH~HKaUHa nepexo;n;a I49,0 K3B Ha 0CH0BaHHH Ha6JID

,ll;8HHI:lX HaMH K H L sneKTpOHHIDC JIHHHn·;n;aua B Hacxon~e~ paCSoxe 

BnepB.ble. 

B Ta6JIHne 4 IlPHBe;n;eHl:l pesyJII,TaTu H~HX H3M8p8HHll K0H-

nepCH0HHHX 3J18KTP0H0B·K0P0TK0JICHBYmero H30T0na 1J9 152 
0 

ABTopl:l Blipru!taDT CB0D CSnaro;n;apH0CTI, AoA.ACS;n;ypasaKOBY H 

K.R.rpoMOBY 3a npe;n;ocTaBJI8HHe pesyJII,TaTOB HsyqeBHH ,ll;HCilP03H

enoR ~paKUHH Ha·cnexxporpa~e ;n;o HX onyCSJIHK0BaHHRo 
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,,['J 

TAEJIHUA I I 

11y 
157 

}&j J.meHTHq>HKa- . 
nn Hp Ee <1<s&> U}UI -----
1. 603,0 31,04 K 83,0l 

ri 2. 788, 74 52,05 L, 60, 77-
I 

" 3. 1067,I 91,87 K 143,9 :, 

4. !294,0 !30,55 K !82,5 

5. 1989,9 274,43:!: 0,2 K 326,4 

• ~-.~_~'-< 

TAEIDil!A I 2 

Dy 155 

Jh]f. 
Hp E 

li,n;eHTHqJHKa-
nn e (t<9CJ UHJI -
1. 672,8 38,36 K 90,36 

2. 825,5 56,76 L, 65,48 

3. 875,2 63,41 M 65,38 (K 115,7) 

4. !002,8 81,85 L 90,57 
I 

5o II40,9 IOJ,38 K 155,9 

6. 1174,70 109,57 K I6I,6 

7. 1305,0 132,54 K 184,5 

8. 1527 ,46 I75,I2 K 227,I 
9 •. 1736,2 218,35 ± o, 2 L, 227, I 

r 
IO. 1767,7 225,12 :t 0,2 M 227,I 

~ 



I 
Jf?}f? 

Hp nn 

. 580,65 
• 597, 86 
C 753,96 
. 937, IO 
, 940,56 
, 948,6 
, 952, I 

'• 956,5 
• 189,04 
• 993,93 

• 1004,5 
• 1018,6 

'c I06I,9 

r, 

I 
I 
I 
I 
I 
I 
I 
I 
I 
20 
2 
2 
2. 
2 
2 
2 
2 

·, !090,9 
, I099,6 
,. IIOJ,'.3 
• III.3,5 
• 1244,3 
• I.338, 7 
• IJL~6, 9 
o 1484, I 
.1594,8 
• I6I2, 7 
• I660,6 
• 1698, 8 
o 1757 ,4 
o I8I6, 2 

£ e 1<sC 

. + 28,82 -_O,IO 
30,52 :!: O,IO 
47,75 :!: O,IO 
72,II ! o,ro 
. + 72,61 - o, IO 
73, 78 :!: O, IO 
74,:30 ! o,ro 

74,95 :!: 0,10 
78,fJ"I ! O,IO 
80,42 ± O, IO 

82,lI ± O,I5 · 
84, 27 :!: o,ro 
9I,0.3 :!: O,IO 
95,67 :!: O,IO 
97,07. :!: 0,10 
97,70 :!: O,IO 
99,36 :!: O,IO 

121,66 ! O,I5 
138,7.3 :!: O,I5 
140,25 :!: O,I5 
166,52 ! O,I5 
188,75 ! 0,2 
192;43 ! 0,2 
·202,.37 ! 0,2 
210,40 :!: 0,2 
222,94 :!: 0,2 
235,65 ± 0,2 
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TABmm! .3 

Dy I5.3 -

KzteHT·H- hv q>HKaUHSI 
K9C 

K 80,84 
K 82,48 
K 99,75 
L, 80,84 
L,, 80,84 
L, - 82,48 
L,, 82,48 

L,,, · 82,48 
M 80,84 
M 82,48 

.IV 82,48 
L, 9.3,00 
L, 99,75 
K !47;6 
K I49,0 
M 99,75 
.tr 99, 75 . 
K I7.3,6 
L I47,6 ---
L I49,0 
K 2!8,6 
K 240,7 
K 244,4 
K 254,4 
L 2!8,6 
K. 274,9 
L 244,4 

OTH0CHT8Jlli 
HHT8HCRBHO 
ICOHB8pCHOE -

3.? 
.3. ~ 
2.1 

L,1 + /.,• + L,,;: 
l

1 
:L.

11
:L

11
;=5, 

l, + L,, +L., = 
BM8CTe C 

JJg 
L,: L,, :L., =3 

2IC 
240 BJJ 

Jf 80, E 

.32 
.360 
260 
54 
72 
20 
I4 
50 

Hli8 
CTH 
.IIKHJd~ 

Q -()~'¢ 

0 
730 
:I:~I 
760 

~~3,0 

5:I,I: 

cte c 

·-------
TI/2trac. 

6,5 ! 0,3 
+ . 

6,5 - 0,3 

-

6,.'.3 ! 0,3 
6,.3 !o,5 
6,0 ! o,s 
6,0 ! 0,5 . 

7,'J :!: I 
6,6 ! O,J 
6,6 ! O,J 
6,8 ! 0,6 
7,0 ;!: I,O 

6,I ! 0,7 
+ -

6,.'.3 - 0,6 
16 BM8C'.re L 147,6' 

Ill 1 + 
.30 
a, 

46 
IOO 
II 
.35 
7 

6,.3 - 0,3 

6,0 ! 0,3 
5,5 ! 0,7 

6,2 ! 0,.'.3 
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I 2 3 4 5 6 7 

28 •. I86I,8 245,68 :!: 0,2 L 254,4 I5 6,8 ! I 
290 I893,6 252,73 :!: 0,3 R 304,7 5 
30. I952,9 266,04 ± 0,2 L, 274,8 ·II 
JI. 2260,5 337,66 :!: 0,3 R 389,7 9 
32. 2369,2 363,89 ! 0,3 R 4I5,9 ' 

TAEJifillA 4 

-----------
I. !673,0 

2. !873,5 

204,96 :!: 0,2 

248, 27 :!: o, 2 

Dy !52. 

-..----------------
R 

L 

257,0 

257,0 

IOO 

I7 

2,6 ! 0,3 
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ClIEI{TP ROHBEPCHOHilliX 3JlEI{TPOHOB TEPBmoa tP.AKIUIH 

A.A.AO~ypaarutoB, R.~.rpoMOB 

CneKTp KOHBepcMOHHHX anexrpoHOB H30TOil0B rep6HeBoff ~pax

~HH, oOpaaymmHxca B pea.E~HH rnyooxoro or•enneHMH Ha raBTMe 
. . 

( Ep =660 M3B), xrnyqaJicn npH rroMOutII .P -cnexrporpaqia. c noc-

TOHHHHM uarHHTHW noJieM. 

TaHTaJI0BWI tm:mem, oOnyqanac:b I5~20 IDIH, a ' 3XCII03H~HJI 

Ha JJ ~cnoKxporpa~e- HaqHHaJiaCb qepea 3--4 qaca nocne xoH~~ o6ny

qeHHH H qepes I qac nocne xpouaTorpaqiHqecxoro pa3~eneHHR repOHao 

liWIH nocJie,It0BaTeJIMI0 ::JKCII0HUp0BalUl )tBe cporonJiaC'.!:JIHRJI THna 

p -50)( co Bpeuenaw 3KCil03HqHH IO qacOB B I8 qacoB. 

JlJUI xaim<SpOBKH fi ~cnexxpo~paqm. CSwrn· MCilOJILSOBaHH. ·cJie-

,n;yDll{He HHteHcMBHue ,mmm TC ISI /I/: 

R-108.3 ; 1(-180,3 ; ·R-252 ,I 1t R ... 287 06 

JJ 
n.n. 

I. 

Pe3yJibTaT~ HayqeHHH cnexrpa KOBBepcBOHHWC a~extpOHOB 
repouenoJt cpprut!lHK 

Hp Ee 11aC l!,JteHtB<pKU.IUIJI 

2 3 4 

835,5~ 58.07 R - I08.3. T&I5I 
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-
I 2 3 4 

2. 1116,0 99076 L,-108.3 Tg 151 

3o 1118 11 5 I00o2 L,n -108.3 T,rsr 
4. . 1123,0 I00.9 L -108.3 

Ill 
r,rsr 

5. 1156,0 106.4 M -I0B.3 rsrsr 
6. 1165.5 108.0 ( .JV -108.3 Ttl5I) 

7. 1205,5 114.9 K-165.1 Tt59HJU1 150 

a. I2I6,0 116.7 

9. I29I.4 * I.30 K-180.3 T~ 151 
IO. I.356.2 142.0 K-192.2 T&I5I 
II. I5I2o6 172,0 L.,-180 • .3 r,1s1 

120 1658.2 ~ 201.9 K-252ol 1,151 

I3o 164900 22loIO K-271.3 r,rs2 
14. 1773.5 226.9 

15. 1824,I* 237.4 I{-287.6 r,151 

16. 2075,0 294.0 K-344.2 T&I52 

* - npRHflThl ,I(Jifi.KaJIHCSpOBKH. 

KaK BH,ltHO R3 TaOJIHUH, B OCHOBHOM, MH HaCSJID,lta.JIH KOHBepcH-

OHHl:le 3JieKTpOHLI TC 151 • 

KOHBepcMOHHl:l~ cneKTP TepCSHeBO~ ¢P8.KUHH HsyqaJicH B pa

OoTaX (I,2). HamH pesyJII>TaTH xopomo cornacyDTCH c .n;BHHl:lMH 

MYt1:X81IH1ta 11 .n;po (I). ¥ -Jiyt1H,conpoBOX,Il;aDiltll8 pacn~ Tg , 
HsyqaJIRCb ropO,ltHHCKID.f, MypHHNM H ~p. (3) H EapaHOBCKHM, MypRHl:lM 

H .itP. ( LJ). HaCSnn,naei.me ua>.rn: nepexo,n;H c ::>ueprHett 271 • .'.3 K3B H 

344,3 K3:s, KOTOf"ilt MH npt1ni,ic1rnaew Tf, 152, paHee aaCS111>,n;a.JIHc1> 

B paCSorax (2,3,4). 0.n;Ha.Ko, OHM omnCSoqHo rrpmrHCHBaJIHcb T~ 151 
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mm: Tfi 154 
o B no.usy Toro I.ITO nepexo.n;u c 3Hepn1en 271 ,2 I{8a 

H J44oJ B03HV.KaDr npH pacna.n;e Tg 152 , rOBOPHT TOT <pa.KT, tJTO 

ST:K nepexo,n;1i1 oT•rnrinrno noRBJisrnrcSI B cJT.eKrpe .n;irnnpo:meao~ qipa.K~HH, 

KpoMe roro, B ,n;Hcnpo3H8BO~ q>paKIUrn: MH H86JII>,n;aeM nepeXO,ItI:il C 

3HeprHetl (186,9 K3B), 411,,J K3Bt 432,5 R3B ; 588.4 H 616,2 K3B. 

Be~ 3?1'1 nepexo,n;u (Kp01..fe 186,9 KsB) (hlJili Ha6.nll)(8Hl:l Ea.IIIHJIOBb!M H .n;p. 

/2/ B rep6HeB0~ ¢pa.KqHH. 

~ 1 BBH~Y 3Toro, MO~HO cqHrar.b ycraHOBJieHHl:IM, tlTO nepexo.n;H 
;t,_f 

~ c ,rnepr11en 271,3 Ksa, 344,3 KaB B03HHKanr npH pacna,n;e Tg 152
0 

JIKHHSI Ee =114.9 K3B; ort1ermrno BH.n;Ha Ha nepBolt nnac-

THHKe. ¥.3 C00TH0fil8HHSI HHTeHC}lBH0CreM JIHHHI B .n;Byx nocJie.n;oBaTeJI.b-

HU 3KCil0HHp0BaHHHX nnacr1rnxax BH,IUI0, qro nepuo.n; y6l:lBaHHSI 

HHT8HCHBHOCTH KOHBepCHOHHOI JIHHHH C 3HeprKeff II4,9 KaB,3HatIKT8Jlb

H0 MeHLllle t1eM nepHo,n; noJiypacna.n;a Tg 151 (Tr;e=,20 qac). 3ry 

JIHHHD MLI H,n;eHTH<pH~HpyeM xax K=JIHHHI> nepexo.n;a c hJ =165,I KaB. 

M3 JIHTepaTypHHX .n;aHHI:,iX H3B8CTH0, qro cy~eCTByer 

Tl 149 , nepHo~ nonypacna.tta Koroporo 4,I qaca /5/, H T&150, 

C nepH0,11;0.M' 3' I / 6 / HJIH 3' 5 qaca / 7/o O.n;Hrut0 .n;aHHHX 0 

cneKxpe K0HBepcnoHHHX aJieKTp0H0B T~149 
H T, 150 

B JIHTeparype 

H8Te 

PacMycceH H .n;p~ /8/ npH HSyqeHHH 
I4I . noJiyt1eHHoro no perurn;}rn: · Pr (C,2 , xn ) 

'¥ -cneKTpa T g , 

(E =65 MaB) Ha 
UH0roKaHMLH0.M aHaJIH38T0pe 06HapylCHJIH ¥ -JIHHlUl C 

230 ; 360 ; 640 lt3B, HHT8HCHBH0CT.L K0T0pNX y61rna..na 

. 4,It.1; OH H npHilHCaJIH HX 7g 149• , 

Ju) =I70 ; 

C nepH0,D;0M 

Bo3M0XH0,t1ro Ha6JID'AaBmaaca Ha.MR JIHHHa hv =165,I KaB 

B03Hmmer npu pacna.n;e T g 149 
o 

I 
! 
~ 
! 

I 
'I 

! 
I 
I I . 
' I 
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ROHBepcHOHHH8 RHHHH Ee =Il6o68 KaB H 226,37 K3B Hac

TORLKO cna6H, QTO TPY'AHO qro nH60 cKa3aTL od HX npHHaAR8ZHOCTM 

KaKOMy--nK60 H30TOny. 

Cpe~He-AsnaTCKHI TionHT8X
H}(tt8CICHit HHCTHTYT 

00~8'AHH8HHHI HHCTHTYT 
R'A8PHHX HCCR8'AOBaHHi 
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HEHTPOHO-,Il.Ert,flUWfHHE H30TOIIH TEPmrn C ITEPHOJJ.OM 
IIOJIYPACITAJlA 18 lIACOB 

.a.'-l_)paua, vl.PJKe3amm, M.Bo6e1.tKH, B.rywax 

MaCCOBOe qHCJIO uenTpOHO- ~e~HUHTHHX H3OTOilOB Tep6~n 

Mett1,me I59o 'vfsoron 158 noKa HeH3BecTeH, cymecTBOBamrn .:Jc 157 

RBJISieTCSI cnopHHM. CneKTphl 3JI0KTPOHOB .Yi 155 H J'"jI56 

( T ,v5 ,D;He~) 6b!JIH no.7.tpo6110 HCCJI8).(0BaHU B pa6oTaX (I,2,3), 

38153 ( T IV ·2,3 .n;Hn) 6hIJI HaH6OJ1ee no.rtpo6Ho HSMepeH B pa6oTax 
. r;:-:- . 

(5) 11 (3). Ha116onee no.rtpo6Hue .I(aHHue o J8 154 c T = 18 qac. 

co.n:epxaTcSI B (5), o Ja 151 c noQTH Ta.KHM :m:e nepHo.n;oM nonypac

rra,n;a (T,..., 18 qac) B (2,~,4). B nocJie.I{Hee BPSMSI IlOSIBHJIHCI, .n;aHHHe, 

CBH.rteTeJibCTBYIOll{He O cymecTBOBaHHH .Ye' 152 C nepHO.I(OM nonypacna

.I(a 18 qac.' Ji 152 (6). til30TOilH C A < 151 lr1M8IOT nepHO.I(hl nony

pacna.,J:(a MeH1,rne 4 qac. (IO). 
B CBoen pa6oTe MH Bbf,!1;8JIHJIH xpoMaTorpa.q>H'lJSCKHM MSTO.I(OM 

H3 TaHTaJIOBon MHJll8HH,o6JiyqeHHO~ npoTOHa.MH 660 M3B Ha CHHXpo

UHKJIOTpoHe 0~5m B ,Uy6He, ~paKUHIO :If> 0 3Ta ~paKUHR 6HJia R3MepeHa 

Ha cneKTPOMeTpe C KOJ)OTKO.tt mrn:rnti, paOoTaiomeM C pa3p8Ill8.DII{81t 

cnoco6HOCTI>l) I, 6 % (7). CBoe OCHOBHOe B!UU1amrn Mlil cocpe.I{OTOQH.JIH 

Ha aKTHBHOCTRX c T."' !8 qac. KpoMe HHX, Mhl HalllJIH OOJII,JllHHCTBO 

JIHHHii ff 153 J ~,155 H ff 156 ; H3OTOIlhl c 6onee KOPOTKHM 



221 

nepMOAOM noJiypacn~a He Hac5JrI0,1.tG.lll-iCl> ,' TaK KaIC H3Mepemrn ChlJIM 

HaqaTH cnycTII 30 qaco nocJie odJiyqeHMH. -
; -

. B aKTMBHOC TM C T ,..., I8 qac. 61i1JI HatueH PH.It KOHBepCHOHB.blX 

JIHHHif H CIIJlOIDH0.0 Il03HTpOHHf.lil cneKTp. B COOTBeTCTBMM C pesyJII>Ta

Ta.MM pa6oT (I,2,4,5), B KOTOPHX MCilOJil>30BaJIMCI, o6orameHHUe CTa-

6MJil>H.ble nsoTonu, odJiyqeHHHe npoToHa.MM 11 ML~a - qacTMna.MM pasHmc 
. ~ 

-sHeprH~, nosHTpoHHHI cneKTP cooTBeTCTByeT M3oTony :/8 154• 

CrrJIOillHOH cneKTP MH pa3JIOXMJIH Ha KOMilOH8HThI C rpaHMqHIDA:H 3Hep

rMRM11 2830, I550 M 800 R3B C OTHOCHT0JibHHMH HHTeHCMBHOCT.fIMH 

67:20:I3. HaueqaeTC.fI ICOMilOHeHTa C £,,,.= IIOO K3Be :0:3 H3BeCTHhIX 

JIMHMll KOHB8pCMH sToro M30TOna M.bl HamJIH TOJibKO HaM6onee CHJibHHe, 

CBR3aHHhI8 C r-nepexo:n;ouI23 R3B ; 601lee CJiae5ble· JIHHMM 3TOro 

H30TOila Ha.MM He HaCSJID)l;a.JlMCh. Mu rrpMilHCaBaeM BCe OCTaJILH.ble JIMHMM 

KOHB8PCJ.U1 CM8CM re ISI + 152• COOTB8TCTBYDIItHe sHeprHM nepexo

AOB M OTHOCHTeJILliHe HHT0HCHBHOCTH JIMHMI KOHBepcMM npMB8)l;8HbI B 

Tae5JII,n:(e. 

TottHOCT:& npM onpe:n;e1lemrn 3Heprldl dbIJia o, 3 %, y CJiaCSwr JlHHHi 

Bblllie 700 RsB-0,6 %, 0_!.1mCS1ta B onpe.n;eJieHm1'. HHTeHCHBHOCTe~-I0-20 %. 

M3uepeHHH 6y.n;yr npo~onttaTLca. 

Ta 6 JI.II u a 

3HeprHSI rru.ma nepexo.n;a B l{3B 0THOCHT0J!LHHe HHT8HCHBHOC-
. TM J!MHHff KOHBepCHH 

3 4 Ha.rnH Ji3M8 8HHH R L M 
I 2 3 4 5 6 

I09 I08,I I08 750 300 BI 
IBO IBO,I IBO I40 2I 6 

fl 



I 

I9I 
250 
Z/I 
287 
343 
4IO 
4I6 
426 

· 43I 
1f42 
477 
589 
6I6 

!050 

0·\ 
~ ·J. 
0-'-- - '"::\._ - - -- ~r •• 
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2 3· 4 5 6 
I92,0 I92 45 - 8 .-
25I,8 252 I30 22 -
27I,I Z/Ia. 32 8 -
287,3 288 IOO I4 -
344,I 345a IIO 42 I2 

4I.'.3a 6 - ... 

432,I 433 35 5 -
444 -I2 - -

. 479 8 - , -
588 I~ 3· -

6I5,2 · ·6I6a 65 II -
70Ia 3 - .. 
732 2,2 - -
777a 2 - ... 
900 I,4 - - .. 

(943)d - - -
977a I,7 - -

!049 I,6 - -
IIIOa I - -

a) IIepexo.ztLI, Ha<1JID,ttaBmHecH npH pacnaJte Cu 152 H 

CU.,!52 tn B {J.J I52 • (8,9). 

c5) Cynte CTBOBaHHe JlliHHI He HBJIH8T CSI ycxaHOB118HHllM 

J.t0CT0BepHo. 

/ 
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HHCXHTYX S)tepBliX HCCB0AOBaHHI 
l!CAH . · 

~aKYBDT8? a~epaol H 
rexliltqecKoB tHSHXH 
IlonHrexHHqecKoro HHCTHryra 

l!CAH 
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CilEKTP KOHBEPCROHilliX 3JIEKTPOHOB G,d I 49 
B OBJI.ACTH OT 300 K3B lO IOOOK3B 

E.C • .llxeJienoB, A.H.~eOKTHCTOB 

Ha MarHHTHOM /d -cne~T poMeTpe :uma n K3TPOH" _1rnyqa.JIC8 

c11eKTP KOHBepcHOHHhlX aJie1tTpoHoB (}cJ 149 B odJiacTH' ox· 300 1{3B 

;a;o I M3B, 

IlonyqeHHHe pesyJI:&TaTR npirne;a;eHI:,I B Tadmn~e : 

}f!f E K3B Ha6n1>.ztaeMHe K .: L ( I{ : K346)xIOO 
nn JIJ4HHH 

I. 298 K 6 .:t I 46 .:t 3 

. 2. 346 K, L, M 5, 7 .:t o, 2 IOO 

3. 46! K - o, 38 .:t o, 20 

4. 497 K, - I, I .± O, I 

5. 5I7 K, - I,O .± O,I 

6. 535 K, L, M 5,8.± 0,3 r,r .:t o,r 
7. 787 K, L - 0,5 .± 0,05 

8. 939 K, L - O, I8 .:t O, 02 

OTH0CHT8JI:&Hli8 HHT8HCHBH0CTH d0Jl:&lliKHCTBa K-JIHHH~, nony

qeHHHX B ;a;aHHO~ padoTe, B npe;a;eJiax omHdOK H3MepeHHtt corJiaCj'DT~ 

CH C pesyJI:&Taxa.r.m, onydJIHKOB~HHHMH B. padoTe /I/. 

Ilepexo;a; c aHeprHe~ Er =787 K3B B.padoxe /I/ He odHapy-

xeH, uo OH uadJil).ztancs B pa6oTe /2/ no Y-nyqau. 
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Ha6JIID,It8HHe 3T0ro rrepexo.n;a no K0liBt!PCH0HHlilM 3JI8KTp0HaM 

aarpy.n;HeH0 TeM, qro Ha R-JIHHMD HaKna.n;~Ba.KlTCR eme 2 JIHHHH: 

K - 787. -Crc/ 147 Ii L -748 Su 146• O.n;Harw K-JIHHHSI. nepexo.n;a 

E = 787 K~B B C,-Jr47 cJia6aR H yxe qepe3 7-9 .n;He~ nocJie Bwte

neHMSJ ra,n;OJIHHM8BOit cppaKUHH npaKTHqecKH Hcqe3aeTo BKJia,n; OT 

L -n11:Ka nepexo.n;a E = 748 KsE tU- 146 MO~Ho yqecrb, ~CJIH cne.n;

HTb sa K-nHKOM sroro nepexo.n;ao 

IIocne BlilqHTamrn L -nnxa tu..146 nonyqaercR JI1IH1rn, 

HHT8HCHBHOCTh KOTopoit cna,n;aeT C nepHO.I{OM nonypacna,n;a nopR.I{xa 

IO .I{H8Ro 3T0 Il03BOJISl8T np11mrnaTb ee ·CU 149• HaMH Ha6JID,ItaJICSl 

H l -nHK nepexo.n;a E =787 l{aB, o)uiaKo OH ell(e nJioxo HsyqeH. · 
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