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HHTEHCHBHOCTH ·y ..JIY'IEA 
75 

Se 

H. Bpaan, E.n. l'paropbeB, A:B; 3onoTaBaa, H. JhmTax1 H. Yp6asen 

naaaarpSACKHll !'OCYJt8pCTBeHBblll JIIHB9pcHT9T 
06b&AHH9HHb!ll HHCTHTYT BABPHb!X HCcnenOBAHHft 

HaMepeJmSI a peaynbTBTbl 

··, 

T5 < ' • I 

, .HBMH 6bln nccnenoBaa cnexTp y -II)"Iall, conpoBOJKABIOIItHX pacnSA · Se (T" •120~8~) •. 
HaMepel!HH nponaBolUinncb c noMOIIlbiO Ge(Lil A9TBKTOpa c 'Q'BCTBIIT&nhliJ,IM o!St.eMOM 

5 cM3, nony"!eaao~ aa "!axocnoBanxoro Hl!cTH;.yTa ¢RaRKR _TBepnoro T&na. PaaP&ma10ntaJ1 crio;.._ 
~ool!ocTb cneKTpoMeTpa cocTaBnHna 4,5-5,0 xsB. PerncTpauaH cnexTpa npoaaBOAHnACb·~A-
2048-xal!anbHOM asannaaTOpe. ··> 

. n \. ; . 
PannoaxTnBab!l! acTO"'l!HK Se 6bUl non)"lea o6ny"'eJmeM B peaxTOpe npenapa'l'a·cenlllUil: -

14. . . . ' -' ·' •/ 

• o6orame11~oro aaoTOnoM. Se JOIO ~6%. nocne o6n)"leJmSI npenapa'l', tlb!IX Bb!A9PlKAlf 1,5 · ro,tta. · ' • 

PeaynbTBTb! naMepeJml! npiiBBn&Hb! aa pnc, 1 II B T~tl~, 1 BM&CT& C ycp&AH9HIIJ,IMX B,e-
,, 

nH"'RH8MB saeprnl! nepaXOAOB II OTHOCHT&nhRb!X IIHT9HCRBHOCT9ft no JIAl!:Hb!M npyri!X IICcnanoBa,-·, 
. ~ 

Tenelt. KpoMe naBeCTHbiX nepexonoEi, Mb! aa6n10nan11 cna!SYJO y-nn~~ 378+2 ItS!!,' B . n-' 

mnx naMepeanstx ae.npoSIBnncH 
- 151 

pat5oThi , paBaa 0, 11!_0,07 ( B 

y -nepexon 46809 K~B, Hl!T9HCHBHOCTb KOTOporO,,IIO JIMHb!M_· 

ennl!Bllax Ta6n. 1). no aamHM li3MepeHI!HM, :sepiu:nA: npenen .• '' 
. . 151 • . ' . 

HIIT9HCBBHOCTH STOro'nepeXOAB no xpal!l!elt Mepe B •5 pa3 M9llbW91 '19M ;a . , TIO-BIIAIIMOMJ'1 

!51 . ' .·· ' ' ' 
B npostBnncst y -napexon npyroro nponcxomneanH, 3aMaTHM, 'ITO nepexoA TalColt _s11~pr1111 ,. 

u ' . . ' ' .. 
B pacnane Se MOlK9T npHcyTCTBOB8Tb1 TaX. KaK OH npOSIBHnCH B Onb!TBX no KYIXOROBCKOMJ' , 
' n . Ill" n u . 111 · · /61 · · · . • . 
Boa6y~esnro As n, B pacnane Ge -+ As· , A:sTOpb! pa6oTl>t· · BHAann .Y .~ 

nepexon 77 ~~:sB c _llaTeacnBaocTbiO 0,3!0,1,· Mbt se ot5aapymnnn STOro nepe~Aa 11 o:npeAenn-

nn Bepxanl! npenen arO HHTBHCBBHQCTII paBHb!M 0, 15, TiosTOMy Cn&)lyeT ~T8Tb1 . m nepeXOA 
' ' · 161 . · . , . . n · 

77 xaB, npoHBnBmnltcSI.B n 6onee paaaax paooTax, ae npnllannelKIIT·pacnany Se. 

Tiepexonbl 24;4 n 80,75 xaB aaonronan:ncb TOribKo .no anexTpoaaM ~.HyTpe.aHell xoa..e~n11. 
171 . . . . ' . . 8' ' 

ABTOpb! yK83bi58IOT H8 npHCyTCTBHB ManOHHTBHCBBl!Oro nepeXOAil 17 KSB1 H9 liOll~. 
. 121 .. ' ' ' . 

Bepmnel!l!oro xax·B 6onee noananx paooTaX ,.Tax n B aacToamel!, 
Ill · · n · 

B xynoaoBCKOM BOa6ymneHBn npouBnncu ypoBal!b 821 KSB, Tipn pacnane Se He 

6blno ooaapylKaHO HHK8KBX y -n)"lal!, COOTB9TCTBYIOmRX p83pHAK9 8TQrO ·ypOllllao ' 

3 

,_. 



1-

'; 

06CY>Kil9HII9 CX9Mbl pacnaaa 

CxeMa pacnaaa u Se B OCHOBHOM YCTBHOBnena H npHB91l9HB HB pnc, 2. ·Qaa COCTBBne• 

na. no peaynbTBTaM 6onbrnoro qncna pa6oT. no H3M~pennro aneprnl! n HHTencnanocTel! Y -

nyqefi.n nnnnl! BHyTp~nnel! Konaepcnn, y -Y- H e ~- e - coanaaeirnl!, yrnoaol! Kop-

pemrnnn 
·u 

BKilllll As 

, ' T5 
y -nyqel\ 1 H3M9p9HHli Bp9M9HH )!ffi3HH B036y)!{ll9HHbiX COCTO!IHHfi As 1 , nopora pe-

U T5 
{ _P ,nl Se • KynonoacKoro aoa6y)!{lleHH!I As _n npyrnx. 

·nony'I9HHbi9 HBMH llBHHbl9 no3BOnHIOT AOnonHHTb ee nep9XOAOM 373 K3B M9:lKilY ypoB-
- - . . . • . • '2 171 

H!IMII 572,2{512 ) II 1981 6 { 112 ) , ITepeXOA 572,2 B OCHOBHOM TUna E2: . li a 5,8+ 4,8 • 

n~pexo~ 373 KaB TBK)I{9 MO)I{HO C'IHTBTb 'IIICTb!M E2 {512_, 112-). O~aornenne npnae~e~Hb!X 
_aepo!ITHocTel! aTux E2-nepexoAoB nonyqaeTcH paBHhiM: 8{E2 373)1 8{E2 572) =4,2:!:3,2. 

"no OllHO'IBCTH'IHOfi MOil9nH B91lH'IIIHB 3TOrO OTHOlli9HH!!•paB~a·3,5, 

8enH'IIIHhi lgrf AnSI {3 -nepexonoa na ypo~nW264,5S K3B1 312-·, u 279,49 K3B1 

512-, no'aonbao aennKu: 7,9. Mo)I{I!O npeAnono)I{HTb1 'ITO lgrf' nnli {3 -pacnana Ha OCHOB-
T5 - .. 

H09,COCTOS!I!H9. As 1 312 ,6nH3KO'K 3TOMY 3HB'I91!HI01_ ll TOrAB HHT9HCHBHOCTb 3TOro ne-. 

pe~ona 6yneT 6nnaKa'K.5%. 

11HT9HCHBHOCTb fJ.~nepexo~a liB OCHOBH09 COCTOS!I!H9 MO)I{HO oneHHTb 1 3HB!I IIHTei!CHB-

HOCTb' K- X' -nyqel\1 y .:nyqel! H KOHB9pCIIOHHbiX · aneKTpOHOB~ Jlnll npHHliTOl\ CX9Mbl pac-
, - - ' 

nana TBK~l! noAC'19T npnBOAHT K BepxaeMy npeneny,8%. 

8 Ta6nn,ne 2 naHbi HHTencnanocTn -nepeXOAOB B nponeHTBX -na pacnaA. 8emi'IHHhi 

.lln>l nepeXOilOB 24,4 K3B {M2) n'80,75 K3B {E2) onpenenel!bl. H3 RIIT911CHBHOCT9l! nHHHl! 

anyTpeaael! Konaepcnn 16• 11 n K8K 'nepexoAuB. 8bi'!Hcnen~ol! aenn'lnne I-/ =(),026+0,007 • 
• 141 I :-

ly 

anSI nepeXOAB 80,75 K3B npoTHBOp9'!llT Oll911KB 1 y < 0,006, nonyqennaSI _a na naMepennl! 

y - nyqel! 121-81 H 81-199 K3Bo 0nHBKO STB oneHKB OT1Ill'I~9TCS! B TpH pa3B • . 
I ' 

COBnBA9HHli 

OT 'lllCJIB1 npHB91l9HHOrO B TB6nHil9 2, 

_JlaHHbi9 Ta6nHilb! 2 no3BOJIS!IOT nO/l_C'IHTBTb BepOS!THOCTll 3BCeneHHS!, ypOBHel! 
7 ~ As B 

. T5 
peaynbTaTe ane~Tponnoro aaxaaTa B Se 3TH '!IICilB ll COOTB9TCTBY!Ollill9 UM B91lll'lllllbl 

lg rf yKB3BHbi na cxeMe pacnana. 

·!1cnonb3YH llBHHbi9 

' ·napaMeTpax cMecn li2 

o·i5 UHT9HCUBHOCTS!X y -nepeXOilOB1 Bp9M9HBX )1{1!3HII ypOBHett ll 
Ill ' . .·· . . 

1 M0)1{1!0 nOAC'IHTBTb npHB91l9~Hb~9 B9pOS!THOCTII Y -nepexo-

·llOB, PeaynbTBTbl TBKUX nOAC'19TOB llBIOTCS! B Ta6nllll9 3 BM9CT9 C ycpeAH9HHhiMll HBMif Be-' 
' . ' : ' . 76 11 31 

llii'IIIIIBMH 8 (E2) ,. nony'I91!HhiMll II~ onbiTOB no KynoHO~CKOMy B036Y)I{Il9HIHO As 1 
• 

. CpaBHeime a7nx aenH'IHH c ·oAHO'IBCTII'IHhiMU 3HB'I9HHHMH (no '1;\ornKoBCKOMy) noaaonHeT 

yxaaaTb <j>aKTOphi ycKopeHnH nnn ~aMennenHH nepexoAOB, ITepeXOilhi Tuna E2:96, 74; 198,60; 

279,49; 572,2 n 821_,4 KaB ycKopeHhi a 10-100 paa. 8enn'IHHa ycKopenHH E2 -nepexoAOB Mo

>Ke~ .6btTb Bhi3Baaa BnH"suineM ~onn~KTHBHoro JlBIUKeint,s. 

4 

.. 

't 

ITepeXOAhi Tnna C 1 aaMeAneHbi B 10-200 paa, 'ITO cooTaeTCTByeT ABHHhiM no npyrnM 
. 5 

BApaM. ITepeXOAhi Tnna E 1 cnnhHO aaTopMO)I{9Hbl1 oco6euno 400,52 KaB : F •9.10 • 3BM, 

CneKTp ypoa11eli • 15 As 6oraqe, qeM MoryT o6'hHCHHTb cymecTByroiiOie MoAenH. 3To c'anne-

TenbCTByeT 0 CnO)I{HblX CBB3S!X M9:lKilY llBH)I{91!ll9M OTnenbHblX '!aCTllll H KOnneKTUBHblMll B03-
Tf31 

6y:lKilennsMn a Taxnx snpax • ITpeACTaansno 6bl nuTepec npoaecTn TeopeTn'!ecxoe nccne-
n . 

llOBBI!H9 CBOIICTB COCTOBHHft As . Jlns cpaBH911HB C TBKHM HCCn9AOBaHHeM UM99TCSI llOCTBTO'I• 

HO nonl!bll! na6op aKcnepUM91!TanbHblX llBHHblXo 

n n T e p a T y p a 

1. B.C. Jl)l{enenoa, n.K. ITexep. CxeMbl pacna)la p8AHOaKTllBHblX BA9p. A < 100, Han. 

AH CCCP, M-n, 1966. 

2, ·R.V. Rao, D.K. McDaniels, B. Crasemao. BAPS,!!!, 714 (1965). 

3. R.L. Robinson, P.H. Stelson, F.K.McGowan, W.T. Niler. Nucl. Phys.,ll. 281 (1965). 

4, ]. Nagvi, A.J. Dilay .Nucl. Phys., ll. 665 (1966), 

5. H.A; 8onnoaa, B.C. Jl)l{enenoa, H. H. )i(yxoacul!. 11aa. AH CCCP, cep.<j>na., 23 • 159 

{ 1959). 

6. E.n. fpnropbeB, A.B. 3onoTaann, 8.H. KneMeHTbea, P.8. CnHHilhiH. 
Nucl. Phys., !!, 443 (1960) • . . 

7. C.L. Peackok, M. Goodrich. BAPS, ~ 448 (1960). 

8. 0. Natan, S.G. Nilsson. a, {3, y- Ray Spectroscopy, val. 1, chapt 10. Ed.K. Siegbahn. Amsterdam, 1965. 
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Ta6nuna 

u 
SueprHSI R HHTSHCBBBOCTH Y -nep9XOltOB, COttpoBOJKllBIOmBX p8CII8Jl Se 

3HeprHH nepeXOllOB Ey ( K3B) 0THOCHTenLHbi9 HHTSBCHBHOCTH 

y -nepexonoB 

Hawu 
JlBHHbi9 

YcpellHeBHbie auaqesusr 
no npyrHM pa6oTaM 

Ccbiii
I<H 

Hamu 
ll8RBbl9 

Ycpenaeaabte naBBbte Ccbtn-

66 

tR 
12I 
!36 
I99 
265 
280 
304 
373±2 
40I 

573±1 
6I8.ii 
600} 
800 
82I 

24.40±0.o5•> 
66.05-tO.OI 
80.75fo.Io•> 
77.0±0.5 
96.74,tO.OI 
I2I.IO±Q.OI 
I35.96±0.06 
I98.60±<>o06 
264.58±0.06 
279.49,±0.07 
303.77i0.I2 

400.52±0.I4 
4I9.6+0.5 
468,~0. 73BBl) 
572.2.±0.3 
6I7.4±0.4 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
2 
3 
2.3 
2.3 

1.7±Q.1 
<0.15 
< 0.15 

5.7±Q.2 
26.S±I.O 
9I.8.f2.0 
2.6±Q.2 

100 
43.7±2.0 
2 •. 25.fo. I 
0.03±0.02 
I8.6±I.O 

<0.008 
0.07 
o.o1o 

<0.008 

<:::0.0008 

a/Ha6niD.Il9HO no nBHHBM BHyTpeHHeA KOHBGpCHH. 
u/ /4/ 

no npyrHM pa6oTaM KH 

< 0.3 
1.58+0.14 
<O.OI0 > 
0.3±0~1 
5.5.f0.2 
27.9±0.4 
95.2.fi.2 
2.4.±<>.1 

100 
4~.4;t0.5 
2.28±0.09 

20•9,±0.5 
0.024±Q.004 
O.II±Q.07 
0.067±0.004 
0.009±Q.OOI 

I 
1.2 
4 
I 
I,2 
1,2 
I,2 
I.2 
I.2 
I.2 
I.2 

1.2 
I.2 
5 
I,2,5 
2 

B pa6oTe npHBOllHTCSI oneui<a I y < 0.01 unu < 0.006%, nony .. euuaSI ua Bepxuero 
npenena B03MOJKHbiX y - y -cosnaneuul! 121-81 H 81-199 K3B. 

ff.Aif./ nonyqeao B OIIbiTSX no KynOHOBCKOMY B036y>KJleHHJO. 

6 

.. 

T a 15. n u n a 2 

u 
J1HT9HCHBHOCTB y - ne_peXOAOB B pacnaAe Se B nponeaTaX K 'I¥~1IY pacnaAOB 

(B npeAnonomeHHH, 'ITO aneKTpDHHhlA 38XBaT Ha OCHOBHOe COCTOHHH6 As He npoHCXOAHT) 

fiepeXOA 
(KaB) 

K-X-JIYlDI 

~:TpOHH 

24.4 
66.05 
80.75• 
96.74 
121.10 
135.96 
198.60 
264.58 
279.49 
303.77 
373 
400.52 
419.6 
468.9 
572.2 
617.4 

1y 

48±7 

(0.03,tO.OI)iE) 
0.93+0.09 
co.o26.±o.oo7)i£) 
3.2.5,±0.12 
16.5,t0.2 
56.2±0.7 
1.42,t0.06 
59.0±0.6 
25.1,t0.3 
I.35,t0.05 
0.018±0.012 
12.4±0.3 
0.014;±0.002 
<0.0046 
o.o40,t0.02 
0.0053±0.0004 

IK+L +N. 

55±20 

6.0±0.7 
0.34!_0.01 
o.o39,t0.002 
3.3D_t0.18 
o.73,t0.06 
1.69,t0.05 
0.029±,0.002 
0.42±0.02 
0.24,t0.01 
0.069±0.003 

0.015±0.001 

"'2.10-4 

ly+K+L+N 

6.0,t0.7 
1.27_±0.10 
0.065±0.009 
6.6±0.3 
17.2±0 .. 3 
57.9,t0. 7 
1.45±0.06 
59~4,t0.6 

25.3±0.3 
1.42±0.05 
0.018±0.012 
I2.4±(l.3 
0.014±0 •. 002 
<0.0046 
0.040±0.002 
0.0053±0.0004 

ftffiony'IOHO H3 HHTOHCHBHQCTeA nBHHli BHyTpeaneA KOHB9pCHH B npennonomeHHH, 'ITO 

nepexoA 24,4 KSB THna M2; 80,76 KSB - E2. 
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nepexo)l ~ B(a, L) [.• 6apa, ] ~8KTOp yCXOpeHHH ~axTop.3aMellneaaa MynLTnnonL-
,. 

(xsa) 113; H3Mepeanl! 
Ma naMepea. 113 ~3Mepea. ' HOCTb Ma KynoaoacKoro 113 KynOHOBCKOrO 

. ; ~3 xynosoa, T~ YPOBBel! 
B036YlKJl8HHH \YPOBB, 80315. T~ ypoaa, · 'B03!S, J'"; : ;·~ 1 2 3 4 5 "" 6 ? 8 .. · ' -6 .. ""·· 

I07;t3I 
24,4 M2 (1,6±0,5).!0 .. J ~ ~:· .. , 

~. ,, ,.....,, 
,·':":· '~ -;.·· 66,0 E2 a\ 0,02 0,63 ;~ 330. .... ~ .. ( ' ) -5 MI 2,I;t0,4 .10 ., :. J ,, 9: 

~0,75 .. ~ '-2 
24 ,. E2 ' 4,3.!0 < 

96,74 E2 '-·' ·•· ' I 
Z8,t6 ·(1,3±0,3).!0-

121,10 EI ·~ :" ,. 7 
' ' 3 ;(2,3±0~4).10-

(I,4,t0,3).~0 CX> .. ·• . . 7 
. 3 135,96 EI ,(5,6±I,I).IO- (7, 7;tl,4).IO -,;, ;,. ' ,' -2 

(3,4;to~4>'~w-2 · ·· 
,,:"> 198,60 E2 a•. O,II± .(I,8+I·,7).IO. 5;t4 .. ~; -. 9;tl M1 ±0,09 

.. ' - 7 
(0,9~0,83).ro-5xx) 670;t375 

(5,5;t3,I).IO-
40±38 

264,58 E2 a•. -o,06± (I,4±f;~).I0-2 (0,56±0,07).10-2 7+14 3;tl -5 MI - ±0,04 ' 5 (I,4±1,3).I0-6xx) (2,0±0,2).1o-
3I;t3 435±389 279,49 E2 a•- -0,45+ (3,0±1,5).10-2 (3,2;t0,4).IO~xx) 55±28 59±7 MI ;t0,06 (7,7±2,6).10-7 {1,1±0,2).10 285,t95 20lf±38 

• 

, xo 08 8 To As _ B ( a , L ) no ll4HHblM o apeMeaax lKH:aHH 
npHB8/l8HHbJ8 aepOHTHOCTII( y -nepe ll ana) H H3 KYllOBOBCKOro B0315YlKJl9HHSI 

ypoaaeft eM. cxeMy peen ~-< 

303,77 E3 ) -5 (5,6±0,7 .10 

400,52 EI ) -9 (4,8±I,o .ro 
468,9x E2 ) -2 (0,70±0,06 .10 

2 572,2 E~ s• 2,4~ (7,0+2,6).10- ) 
(3,6~·~).ro-7xx M ±1 10 

' . 

617,4 E2 ) -2 (0,95±0,34 .10 
B2I,4x E2 ' 2 

(3,6±0,6).10-

CD 

KI3ToT n~pexon aa6nronaeTcH Ton&xo B xynouoacKoM BOa5ymAeBHH. 

""
1 

BwmcneHbi 113 B(E2) sxcn. e a~ 

2,0;t0,2 . 
128;t47 
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Pne. Ia CneKTp y -l!y'lell 
10

Se ( Ge (Lil AeTeKrop). I1oKa3aJibl nHIIHH, oTBe'laromne y -
nepexonaM c aJieprmtMH 66, 97, 121, 136, 199, 265, 279, 304 H 401 KaB, Co 
CTOpO!Ibl MO!IhlllHX- 'ageprHlt OT fl11K8 97 KSB pacnonO)!(Ollbl flHKH o6paTaoro pac
CO>IRIIII OT Y -nyqeJt 121 II 136 KSB, Jilx aaepr1111 - 82,2 II 8818 KaB, 

10 

.. 

I 

I 

N 
6'l5 

500 

375 

250 

~~~ 
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•• 

400 r,\m) 

75 Se 120.3 AHSI. 
'f + llo 
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I l8 
I 

30l77 9/-t 0 I l6.~"1o:~o 
" I 

279.49 'h- I 1.9 >'(0_11 
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ID4 
En cnEKTP Y -11Y'I.fE3 

H. BpsSJI, B.C. nJKenenoa., H.H. )!(yKoBCKni!, fl. JlnnTaK, fl. Yp6aneu 
PaJ1neBbii! HHCTHTyT HM, B.r. Xnonnna 

06~nnnennwl! nncTnTyT nnepnwx nccnenoaannl! 

1&4 
y -uanyqenne En nccnenOBHHO npn llOMOIUH KOAKCHAnbHOrO repMaHHeBO~nBTHeao-

ro neTeKTOpa H 2048-KAHAnbHOrO AMnnHTyllHOrO ananHSATOpa, nnn npHrOTOBneHHH HCTOqHHKA 

nenom.soaana o6oramenaan OKHCb eaponnn (98,2% 
158

Eu n 1,8% 
151

En ). 0KHCb eaponnn o6-
13 -2 -1 

nyqanacL na peaKTope B noToB:e TennoBhiX nel!Tponoa " 2,10 n • eM • ceK a Teqenne 

1000 qacoa. MeTonoM pacnpenennTenbHol! xpoMaTorpaljlnn 6bma npoHsaenena oqJicTKa HCToq

HHKa 
154 

En O'I' npyrnx llpHMecei! penKHX seMenb. OT MOMenTa llpHrOTOBneaJIH HCTOqnHKa no 
!52 

naqana H3Mepeanl! y -cneKTpa npomno oKono 2-x neT, 'HcToqnnK conepJKan npnMecn En 
IU 1&4 Ul U2 

1 nonyqaromnecn onHoBpeMeliHO C En COOTBOTCTBeHHP no p98.KilHHM En (n,y) Eu n En 
ua· 

B Eu(2 n , Y ) 
154

En B nccnenyeMoM o6pasue aKTHBHOCTH 
154

Eu, IG
5 

En n IG
2 En naxonH-

nHCL B COOTHOIUOHHH 100 ; 27 ; 5,5, 

HsMepeaun nponsBonnnncb B cnenyromnx ycnoannx. 

PacCTOHHHe HCTO'tHHK8. OT llGTeKTOpa • 15 CMj HCToqnnK 6bm llOKpblT aniOMJIHHeaol! 

nnacTJIHKol! Tonmnaol! 4 MM, Bwnonneno 3 cepnn nsMepennl!, B Tax ll<e npH6opnbiX ycnoannx 

npousaonnnacL rpanynpoaxa npn6opa no nnHHHM RoC'. 

Ha pHc, 1 (a-JK) nnnrocTpnpyroTcn sKcnepnMenTaubllpie KpiiBhte y -cneKTpa, nony- · 

'IeHHhie B onnol! ns cepnl! IISMepennl!. B o6nacTH sneprnlt oT 40 ·no 1800 KsB IIB.MII Bhiile-

neno 6onee 50 nnHHl!. Ha6nroneHhi nae penTreiiOBCKIIe nHHIIH K a n K fJ , a TaKJKe n11Kn 
165 154 

o6paTHoro pacceHHHH ( U ) OT y -nBHHi! En hv • 87 K9B H Eu hv = 724 K3B 

(llHK o6paTHOro pacceHHHSl OT CllnbHOi! nHHIIH hv = 123 K3B H8.Kna):lb!B8.9TCH 118. Y -nn-

HHIO IU En hv * 87 K3B), nHKn o6p8.THOrO pacceHIIHH OT OCTanbHhiX niiHHi! llpOHBnHniiCb 

oqeab cna6o; HX nonoJKeHne B ClleKTpe OTMeqeno BepTHKB.nblibiMH CTpenKaMII, nnKII C nBoi!-

liblM BWneTOM 8.llHHrHUSIIliiOHHhiX y -KB8.HTOB OT JKeCTKHX y -nyqei! llp8.KTH'IeCKH lie na6-

IIIOI18.1IHCL. 

MnrKne nnnnn no hv = 105 KSB npllnanneJKaT
156

Eu ; niiHHH hv = g44; 412; 716; 
162 

779; 985; 1087; 1100; 1113; 1215; 1300; 1408 n 1454 KSB- Eu (12,3 neT.), OcTanb-
154 165 

awe nn!lnn npnnanneJKaT Eu • En IIMeeT sneprHro pacnana = 250 KSB. Cornac11o IIMeiO-
Ill to5 

IUIIMCH 9KCilepnMeHT8.llblibiM 118.1111hiM B y -cneKTpe Eu Y -niiHIIII C. OTCyTCTByiOT 

14 

.. 

160 

snepr11el! DhiWe 137 KSB, BbrneneHHbie H8.MH niiHIIII En hv = 60; 78 11 105 KSD 11a6niOna-

nUCb paaee; cornaCHO HBlllliM OU9HK8M1 OTHOCUT9nhHb19 liHT9HCliBHOCTH HX COOTB9TCTBeHHO 

paBIIbl 4 14:0,6; 100 II 38+2, 

B Ta6n. 

npaBKH 118. 

npiiBeneHbl s11epr1111 II OTHOCHTenbHbie I!HTeHCHBHOCTH y -nHHHi! 
162 

y -cneKTp llpi!MeCII Eu p8.CC'IliT8.IIhl no nllllllli hv = 1408 K9B II 

104
Eu. no

/2/ 
pa6oTe 

0TIIOCIITenbHbie HHTeiiCIIDIIOCTH B pasnii'IHbiX C<'piiHX 113Mepelllll! nnn CllnbHblX niiHHi! CODnana

IOT a npenenax 2-5%, a nmr cna6brX nn1111it n11orna oTmt'IaroTcn 11a 20-30%. 3To oTpaJKeno a 

norpewnocTHX, npnaeneHIIhiX B Ta6n. 1. 

BonbWHHCTBO nnn11i! 154Eu (31 !13 34) nsaecTHO 113 npyr11x pa6oT 11, sa ncKmoqeii!IeM 
/3/ 

nnnnl! hv = 478; 1130 11 1190 Ksa,. pasMemeno a cxeMy pacnana • nonyqeHHhie naMn 

snaqelll!H snepr11fi nnnni! a npe.nenax + 
154 

2 K9D CODllBn8.IOT C 3H8.'IeHI!HMll 0 KOTOpbie non·yqellbl 

npH IICCnenOD8.11liii. y -cneKTpa Eu 
/3/ . 

H8. 9llOTpoHe , J1cKlliO'IeHIIe COCT8.BllHeT cna6an illl-

IIHH hv 1534 K9D BMeCTO hv = 1540 Ksa
131

• Hawe snaqenne Mhi cqnTaeM ronee npa-

BllllbllblM C norpeWHOCTbiO : 2 K9D, 

0THOCI!Tellbllbie IIIITeiiCIIBHOCTll 6onbWlli!CTD8. y -nHIIIIi!, nonyqellrtbie 11a snoTpo11e II 

repMaHIIeBo-nnTneaoM neTeKTope, coananaroT a npe.nenax cyMMhi !lOrpewnocTn. OnllaKo a 

neKOTOpblX CllY'I8.liX l!MOIOTCH Cyll)OCTBOHJ!bie paCXOJKAOllllli: 

1 ) CyMMbi IIHTencnanocTeii mumit y 322 + y331 IIY 398 + y402 a pa6oT/
31

, 

DllnliMOMy, 6blllll 38DhiilleHbl; !lllSI 9J10TpOH8 9T8 o6naCTb 9Hepr1111 He6naronp11HTHa: yqeT 

XBOCTOB OT 6onee JKOCTKIIX ni!Hllli BHOCIIT 60llbWYIO HeonpenerreHHOCTb, 

no-

. /3/ 
2) HnTeHCliBHOCTll llliHHit hv = 583; 846; 1130 II 1190 K9D B pa60Te llOlly'IeHbl B 

pesynhTaTe cnoJKHhiX pasnoJKeuni! ,11, aepoliTHo, norpewnocTb nx 6bma nenoouenena. 

3) B pa6oTe1316bmll npHaeneHbl nnHllll hv = 616 n 628 KSB c nnTeHCliBHOCTstMn co-

OTBOTCTBe!IHO 0,9 ll 1,0% OT UHTeHCIIDHOCTll niiHilll hv = 1276 KSB. B naweM cneKTpe STU 

llllllllll TaKJKe na6rriOnaiOTCst, no c MeHbWei! I!HTOHCHBHOCTbiO, B Ta6rr11ue npnaonnTcli TOHbKO 

OlleHKa liiiTeiiCUBHOCTII llllHHII 628 K9B, 

noMliMO qeTKOrO pa3nellOlllili llllHHl! y 322 + Y 331 ll Y 398 + y 402, Mbl o6uapyl!<JI-

ill! I!Be HOBbiO O'IOHb crra6bie llllHllll hv = 948 II 1460 KSD, KOTOpb!e UpOstBHHlli!Cb BO BCeX 
IH 

cepnnx 113Mepelll!ll. noK8.38.Te/1bCTB np>manneJKHOCTll l!X Eu UOK8. neT, 

JliiHliii hv = 322; 331 11 398 KSD yKnanoiDBIOTCli D cxeMy pacnana 
/3/ IH 

F.u Ecnn 

lli!Hll!I hv = 478; 948; 1130; 119011 1460 KSB npunanneJKaT
15 'f:u J TO nHll IIX pll3MeiUe-

Hl!ll B CXeMy pacnana, HylKHhl HOBLlO ypOBHII. 

Jl II T e p a T y p a 

1. B.C. nJKenenoa, n.K. neKep, B.O. Cepreea. CxeMbl pacnail8. pannoaKTHBHhlX ltaep. M-n. 
1963. 

2. B.C. nJKenenoa, H.H. )!(yKoBcKnii, A.r. Manostn. Haepnast ~~nsuKa, lL 785 ( 1966). 

3. B.C. nJKenenon, A.r. nM!ITpuea, H.H. )!(yKoDCKilli, A.r. ManoliH. Han. AH CCCP, 
cep. ¢us, ..lli1 )'{o 8, 1265 ( 1966), 
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Tat5nnna 

8aeprHR H OTHOCHTenhHSR HHTeHCHBHOCTh y -nnanll 

Hamn pe3ynhTSTht 

hv 0 K3B 0THOCHTenhHS!I bv , KSB 

HHTeHCHBHOCTh 

123 90±8 123 
247 i7±3 247±2 
322 0.3.±0.1 } 331 0.15±0.06 328±3 

398 0.2±0.1 } 402 0.57±0.09 403±2 

447 1.7±0.2 445±2 
478 0.76±0.09 480£5 
558 0.67±0.15 555±4· 
583 1.9±0.2 581±3 
593 II.5±0.5 593±1 
627 0.7±0.1 628±3 
693 . 4.8±0.3 693±1 
724 60.±4 724±1 
758 !2.7±0.9 758.±1 
800 0.6±0.2 800 
816 I.8±0o5 815±2 
846 1.4.f0.4 847±3 
874 35±2 874±1 
89'+ 1,5±0.2 895±3 
905 2.6.±0.4 906:±:.3 
925 0.2±0.1 925.±2 
9'+8 <0.3 
998 33±.2 998±2 

1007 52±2 1007±2 
II30 2.2±0.5 1!29±3 
1H2 0.9£0.3 II42±2 
II90 0.5±0.2 II90£2 
I2Lf7 2.4±0.2 1248.±4 
1276 roo 1277.±1 
1460 <.0.2 

. 1492 1.8±0.2 149~±2 
1531+ 0.15±0.05 1539.±3 
I598 Lf. 7±.0• 3 1598±2 

16 

IU 
Eo 

nlKenenoB H Jlp, 
/2/ 

0THOCHTenhHS!I 
HI!TeHCHBHOCTh 

II6±8 
22£2 

2.3±0.6 

1.3±0.3 

1.5±0.3 
0.4£0.2 
0.7£0.2 
3'.1£0.6 
14.0±0• T 
0.6±0.2 
5.4£0.5 
57£3 

~3.2.±0.8 

1.8±0.2 
2.8£0.3 
34±2 

It 

1.4_±0.3 
2.3_±0.3 
0.27±0.07 

32.5±.2.5 
46.4£2.8 
1.0±0.1 
0.6£0.1 

.Q.24±0.06 
2.3±0.3 
roo 

2.1±0.1 
0.19±0~03 

5.0±0.3 
'2 
z 

N 
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fAMMA-CnEKTP 
12. 

Sh 

H. Bp3an, B.C. n>KenerroB, A.r. nMnTpHeB, H.H. :>KyKOBCKHiJ:, H. nnrrTaK, H. Yp6anen 

ParrneBbiiJ: nncTnTyT nM, B.r. Xnorrnna 
06'berrnneHHbiii HHCTMTyT srrrepnbrx nccnerroaanni1: 

y -crreKTp 
124 

ShnccnerroBaH IIpH IIOMOWH KOaKCHaiibHOrO repMaHH9BO-IIHTH9BOrO rre-

TeKropa n 2048-Kananbnoro aMrrnnTyrrnoro anann3aTopa. HcTO'IHHKOM cnyJKnna ecTecTaennasr 
13 2 -1 

CM9Cb cypbMblo o6nyqeSHali Ha peaK TOpe B nOTOK9 TeniiOBbiX neiiTpOHOB ~ 2,10 H CM -.C9K • 
124 I 11 

C aTnM >Ke HCTO'IHHKOM Mbi nccnerroaann y -n3nyqenne Sh na anoTpone 

I13MepeHnsr npon3Borrnnncb nonTopa rorra cnycTsr nocne npnroToanennsr ncTO'IHHKa. Yc-

IIOBHH H3M9p9HHiJ:: pacCTOHHH9 M9>KliY HCTO'IHHKOM If rreTSKTOpOM ~ 15 CMi HCII<;>nb30B8IIHCb 

rrsa BHrra tjliiiibTpOB - a) 4 MM AI 

nacTn 6onhmnx anepriiiJ:). 

H 6) 5 MM Pb + 1 MM Cu +. 0,5 MM Cd (rrnsr o6-

Ebrno Bhrnonneno 3 cepnn H3MepeHIIi1:. 

nnsr 6onee TO'IHOrO H3M9p9HHSI aneprniJ: y -nnnnii 
12
)b Mbr nocne Ka>Krroll cepnn n3-

Mepennii B Tex >Ke npii6opnb!X ycnoansrx npoaorrnnn rpanynpoBKY np1I6opa no 

Rae' .II 6° Co 

y -IIHHIISIM 

Ha p1Ic. 1 II .2 II3o6paJKen aKcnepiiMSHTanbnbrii y -cneKTp B o6nacTn anepriill oT 0,3 

rro 2,4 Mas, noMnMo nnKoB nonnoro nornomeniisr, B crreKTpe na6morraroTcH niiKH 'rrsoi1:noro 

BhmeTa' npn o6pa3oBannn nap oT hv = 1692 II hv = 2090 K3B, nHKH o6paTHOrO paCC9H-

HHH ( o ) , a TaK>Ke nnKn cyMMnpoaannsr n cnyqafiHbiX coananenHll B nperrenax norpemnocTH" 

H3M9p9HHii OTCyTCTBYIOT. 

HaMH Bbrneneno 27 y -nHHHll. nHnnn hv = 426 n hv = 462 KaB npnnarrne>KaT 
125 124 

Sb • nonyqaromnMycsr no peaKnnn ( 2n • y ) orrnoapeMeHHO c Sh . nHnHH hv =1173K9B 

H hv = 1332 K3B o6yCIIOBII9Hbl npHM9Cbi0
6° Co • 0cTaiibHbl9 23 Y -IIHHHH Mbl OTHOCHM K 

12{. 124 
Sb. t.feTb!p9 H3 3THX IIHHHii ' hv = 635; 658; 884; 2182 K9B,B Y -cneKTpe Sb na6nro-

124 12 31 
li9Hbl HaMH Bn9pBbi9, nnnHH hv = 885 K3B na6monanaCb B y -cneKTp9 I ' 

B Ta6n. 1 npnBeneHbi anaqeHHH aneprnll n OTHOCHTen&HbiX nnTencnanocTell Y -nn-
124 

HHll Sb . norpemHOCTb B 3Ha'!9HHliX O~'HOCHT91IbHbiX HHT9HCHBHOCT9ii IIHHHii BKIIIO'!a9T B 

C96H CTaTHCTH'I9.CKH9 norpeiDHOCTH H3M9p9Hlll1, a TaKJK9 norpeiDHOCTh, C KOTOpOJ! H3B9CTH8 

atjltjleKTHBHOCTb ll9T9KTOpa. npn onpeneneHHH HHT9HCHBHOCTH y -IIHHHii hv = 603 H 635 K3B 

Y'IHTbiBancsr BKnaa oT nnnnl! • 
125

Sb hv = 598 n 603 KSB H hv = 633 KaB, KOTop&rll coc-

24 

• 

TaBIISIII COOTB9TCTB9HHO: 0,8; 0,2 H 0,5% OT HHT9HCHBHOCTll y -nnnnn Sb 
120 

hv =603 Kaa. 

YqeT npon3BOnHIICH no caMoll HHTencnanoll 
125 

y -IIHHliH Sb 
125 

hv 426 K3B, KOTOpaH OT'IST-

IIHBO na6nronanacb B namnX onbiTaX. 0THOCliT91IbHbl9 HHT9HCliBHOCTH Y -IIl!HHiJ: Sb B3SI-

Tbl H3 pa60Tb/
41 

B Ta6n. 1 npnaenenbr TaKJKe 3Ha'!eHHH oTnocnTenbH&IX nnTencnanocTell y -m!Hnll 
124

Sb, 
I 1,5 61 

nonyqennbre B npyrnx pa6oTax npii. noMomii MarHIITHblX cneKTpoMeTpoB ' • B npenenax 

norpemHOCTII na6nronaeTCSI XOpomee cornaCH9 B 3Ha'!9HIIHX IIHT9HCHBHOCTeii H3B9CTHblX panee 

y -nnnHll. HcKIIIO'ISHHe cocTaansreT y -nHnnsr hv = 1582 KaB. B namell npenhrnymea 

111 pa6oTe aTa nnnnn 6brna nonyqena B peaynbTaTe pa3IIO>K91IHSI yqacTKa cneKTpa, KOTOpblli 

COCTOSIII 113 H9CKOIIbKHX nepa3A9II9HHbcr IIHHHli, nony'I9HH09 noaTOMy B HaCTOHrueli pa60T9 

3Ha'!9HH9 Mbl C'!HTaeM 6onee TO'!HbiMo 

hv • 763 K3BI 1/ hv = 1900 Ka/
21 

H hv •1298Kal
61 

Mbl ne na6nrorraeM y -nnnnii 

C TaKHMH HHTEOiHCHBHOCT!!MH, KaKH9 rraHbl ~BTopaMH 0 na6nronaBIDHMH 3TH IIHHHH ( T.e. C HHTSH

CHBHOCTSIMH 0,4; 0,1 H 0,2% OT .lyeos, COOTB9TCTB9HHO), y -IIHHHIO hv =1326 K3B, K0-
/1,6/ 

Topyro na6nroaanH B rrpyrxx pa6oTax , Mbl ne MornH BblrrerrHTh na-aa nano>Kennsr B aToll 

o6nacTH cneKTpa y -nHHHli 
6
°Co

60 
hv = 1332 KSB •• 

124 
0 cxeMe pacnana Sb 

Ha pnc, 3 H3o6pa>Kena npenno>Kennasr B psrne 
17 9/ 

pa6oT ' H rrononnennasr naMH cxeMa 
124 

Te, aoa6y>KnaeMbiX npn 
pacnarra 

124 
Sb . B nacTosrmee apeMsr TOrrhKO rrnsr mecTII ypoaneii 

12Bb, C ynoBrr9TBOpHT91IbHOll TO'IHOCTbiO onperrene!lbl 3Ha'!9HIIH aneprnn II H3B9CT!Ibl 
+ + + . 

KBa!ITOBbl9 xapSKT9pHCTHKII: (603+1) K3B (2 );(1249+1) K3B (4 ); (1326+2) K3B (2 ); 
+ - - - - -

pacrrane 

(195e:.2) K3B (4 ); (229~2) K3B (3 ) H (2694!2) K3B (3 ). 06 OCTarrbllblX ypOBIIHX 3TOro 

CKa3aTb H91Ib3li: B 3Ha'!9HHliX aneprnll cymeCTByeT 6onbiDaH JISOnpeneneHHOCTb, H KBaJITOBbl9 

xapaKT9piiCTIIKH H9 II3B9CTHblo 

fHprnc H Ban nHmoyT
121 

BB9IIH B cxeMy pacnana 

C 3119prneli: = 1900 K3Bo 3TOT ypOB9Hb BKIIIO'!arr 

12 i B036y>Krr9HHblll ypoB91lb 
124

Te 

124 
Sb 

y -nepexon&I hv = 1298 Ka-1
61 

n 

/21 
hv = 1900 KaB • Ecnn ypoaenb c aneprnell = 1900 KaB Bo36y>Krra9TCli rrpH pacnane 

,To cornacRo namnM oneRKaM aepxnnx npenenoa nRTencnanocTeli: Y -nnnnll hv =1298 

n 1 900 KaB 011 MO>K9T 3acemtThCSI ne 6onee qeM B 0,5% pacrrana. 
I 101 124 n>KenenoB ll np, npennOIIO>KHIIll cymeCTBOBaJIH9 B Te ypOBHSI C aneprner1 ~ 3034 K3B 

( pa3MemarrHCh y -nepexonhr hv = 789 II 708 Kaa). B namiiX onbrTax Mbl 11a6nronaeM Y -

rriiHHro hv = 2038!2 KaB. B npenenax rrorpemnocTII H3MepeRIIll K aToMy anaqeJIHIO aneprnn 

6nnaKH crrenyromne cyMMbr: 603+ 1438-2040!3; 1249+790=2041+3 II 1326+713=2039~3, 3KcrrepH-

MeRTarr&HbiX naHH&IX o coananeHIIHX nnnnli: hv = 713; 790 II 1438 KaB c npyrnMH nnnH..:MH 

124 SbneT. OnnaKo MO>KHO, aepo..:Tno, yTBep>KrraTb, 'ITO cymecTByeT ypoBeHb c anepriieli 

2040+2 K3B, 

Bo acex npyrHx nperrbiAymHx BapHanTax cxeMbi pacnana 
12

'Sb y -nepexon- hv =713KaB 

pacnonarancg B KBCKane c hv = 646 KaB H cnenoBan c ypoan..: c aneprHefi 1962 KaB. 
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Cornacao aawuM AaHHhiM, 9TOT yposeHb IIMeeT 9aepr11ro 1959~2 K9B (ere onpe!lenliiOT Y -

nepeXOJlhl hv • 635; 709 II 1356 K9Bj paaee OH onpe!lenlinCli B OCHOBHOM nepexo!lOM 

hv • 1361+4 K9/61 ), PaaMerneHHe Y -nepeXOJlOB hv = 709 II 713 K9B COOTBeTCTBeH-
12( 

HO Me*Ay ypOBHliMH Boa6y*A&HHli Te c 9HeprHliMH 1959-1249 11 2040-1326 K9B nyqwe 

cornacyeTCli C )laHHhlMH 0 aaceneHIIII yposaeA C 9HeprllliMII 1249 II 1326 K9B: OTHOWeHHe BH-

{J 
J P. 1249 181 

TeHCHBHOCT9A - KOMIIOHeHTOB1 cneAyiOWIIX aa 9TH ypOBHH 1 ~J paBHO 0,56+0,08 , fJ 1826 -

Ecnn npeAnonaraT&, qTo ypOBHH c 9HeprllliMII 1249 11 1326 K9B aacenliroTcli cooTBeTCTB&HHO 

y -nepeXO!lSMH hv • 709; 790 H 1044 K9B H hv = 635; 713; 970; 1369; 1527 H 

J fJ 1249 
1580 K9B, TO H3 Hawero 9Kcnep11M&HTa nonyqaeTcli aaaqeaHe 1 = 0,75+0,11, xoTo-

181 fJ 1826 -

poe yAosneTBOpHT&n&Ho cornacyeTCli c peaynbTaTaMH pa6oThi • 
12• I Ill 

Ypol!eHL Te c aHepruefi 2865 K9B hv •890 K9/
21 

sxnroqan y -nepeXOJlhi 

hv •1500 K9/
51 . hv •1540 x9/

51 
H 

121 
hv • 2260 K9B j OH BBe)leH Ha OCHOBaHHH 

COBnSJl&HHll ( Y 2260) y 603) H ( y 1540) ( 
13,9/ y 723) , no HaWHX Ollb!TOB aaeprHli 

y -nepeXOAOB hv • 890; 1505; 1540 u 2260 K9B onpeAemmac& c 6on&woll norpewHocT&IO 

( 10-20 K9B), TenepL HaM uasecTHo, qTo 9TH nepeXOJlhi uMeroT 9aeprHn (884~3) K9Bi 

( 1489+2) K9Bj ( 152~2) K9B n( 2295+5) KaB, flo-BIIlliiMOMy 1 B OnbiTaX no COBna)leHHliM 
- 13 91 -

( y 2260) ( y 603) 1 Hat'SniOAanCli xacKaJl y 2295 -> y 603. CyMMa 2295 + 603 = 2898 + 6 B 
124 -

npeAenax norpewaocTH t'SnBaxa K cyMMe 1326+ 1580=2906~4, BepoliTHo, B Te cymecTByeT 
1121 

soa6ylK!l&HHhill ypose.Hb c aHepruell 2903 ~ 5 KaB, CnellyeT OTMeTHT&, qTo B OAHOA pa6oTe 

He ot'SaapyJKeao cosna)l&HHfi y (2280~20) c y (603). ITo9ToMy qnpelleneaao yTBeplKJlaT&, 

=o cymecTBYEI'I' ypoB&Hb c aHepr11ell 2903 xas, aenb3li, CosnaAeHHli ( y 1540) ( y 723), 

oq&BHAH0
1 

OTHOCliTCSI K KaCKaAy y 1526 -> ·. y 723, 8 aTOM cnyqae 9Heprllli ypOBHli B036yJK-

124 
A9HHSI . Te )lOHJKHa Ob1Tb paBJia 1326 + 1526- 2852 ~ 3 KaB. npyrux y -nepeXOJlOB, KpOMe 

1H 
Te, hv • 1526 K9Bo KOTOphle yxnaJlh1BanHCb 6b! Me:lKlly 9THM II 6onee HB3KIIMII ypOBHliMII 

HHKTO He Jiat'SnroAan. 

nsa y -nepexoAa hv • 884 II 1489 K9B MOJKHO pa3M9CTBTb B cxeMy pacna)la 1 ec-

nH BBQCTH HOBb!il ypoB9Hb B036y:lKlleHI!li 
124Te c 9JieprHeil 1489 xas. Me:lKlly aTIIM yposaeM 

11 yposaeM 3- c aaepr11efi 2694 K9B yxnaJlbJBaeTCli Ha6nro!leHHhiil HaMil paJiee 

XOJl hV • 1200 X3B, 8TOT ypoBeHb MOJK9T IIM9Tb KBaHTOBb!9 xapaKTepl!CTIIKII 

y -nepe-

1± Hill! 2+, 

ITocxon&Ky yposeH& c aJieprBell 1489 xas HaxoAHTCli B o6nacTII AByx¢oHoHaoro so36ylK!leHIIli, 

nepsoe aaaqeHIIe xsaaTOBbJX xapaxTepiiCTBK Mane sepoliTHo. 

CxeMa pacnll!la, uaofipaJKeaaaSI aa p11c. 3, sxnroqaeT see llasecTHbie us pacnaAa 
124

sb 
124 

Te 
1 

3a HCKnJOq9HH9M aafinro!leHHOrO HaMH nepeXO)la 

1298 KaB, aa6nroAeHHOrO B paooTe 3onoTaBHHB H JlP_IB/ 

y -nepexo/lh1 
hv = 2182 K9B 

H nepeXOA8. hv 

Mcnonb3yH HaWH aaaqeHHSI OTHOCHTenbHh!X IIHTeHCIIBHOCTell Y -nii11Hll1 Mbl onpeAennnn 

aaceneaaocTb yposaell soat'Sy:lKlleHHH
124

Te npn pacna)le 
124

Sb 11 Bhiq11cn11nn lglt fJ -ne-

pexoAoB. 
124 

Mhl npeAnonaraeM aannq11e B fJ -cneKTpe Sb 10 KOMnoaeaTOB C HHTeHCIIBHOC-
124 

TSIMH 6on&me 0,5% pacnaAa. ITpn HenocpeACTBeHHOM nccneAoBaHnn fJ -cnexTpa Sb Bbl-

26 

• 

I 

/10/ Aeneao 6 KOMnoaeHTOB , 0THOCHT9nbHble HHTeHCHBHOCTII 9THX KOMIIOHeHTOB B npeAenaX 

15% cornacyiOTCSI C BhlqHcneHHb!MH HaMH 3HaqeHHliMH H3 6anaaca HHTeHCHBHOCTefi no ypoB-

HliM soat'SylK!leHHli 
12(Te. 
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TaonHna 

3neprH!I H OTHOCHTenhHl\!1 HHTeHCHB!IOCTb y -nHHHll 
12

( Sb 

hY , K9B OTnocnTenhHa!l HHTeHCHBHOCTb 

Harnn nai!Hbie llJKenenoB n np.
11 ;B/ 3onoTaBHH n np.161 

603.±1 100 100 I 100 
635±.1 0.34.±0.05 -
6'f6±1 7.9.±0.4 7.5.±0.5 I 6 
658.±3 0.5±0.1 -
709.±2 1.2±0.1 } } 4 713.±1 2.8±0.2 14±1 
723.±1 II.8±0• 7 IO 
790.±2 I. 1±0.2 
884.±3 :;;o,6 

970.±3 2.0.±0.6 2.5.±0.4 I 2.6 
1044.±2 2.2.±0.3 2.4±0.4 2.0 
1203 < o;s 0.10.±0.05 
1356.±2 1.2.±0.1 
1369.±2 2.85.±0.15 3.6.±0.3 I 3 
1438.±2 I. 2.±0.2 1.8.±0.2 
11f89.±2 0.9.±0.2 0.95.±0.08 
1526±.2 0.7.!0.1 0.64.±0.06 
1580±..5 0.6.±0.1 0.2±0.1 
1692.±1 :52.±3 49.7.±0.9 I 52 
2038±.2 0.09.±0.03 0.12.±0.07 
2090±2 6.3±0.4 5.9±0.6 I 6.7 
2182±.5 0. Qlf.±O. 02 
2295±.5 O.U3.:t0.01 
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+ 0,5 MM Cd Bnonb ocel! - To JKe, 'ITO H aa pac. 1. 
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P ACnAJl 
108

Rh 

II. Bpaan, E.n. fpHrop&ea, A.B. 3onoTSBHH, .H. nnnTaK, B.o. Cepreea, .H. Ypoanen 

neRHHrpaltCKHA rocynapCTBeHHhlA YHHBepcnTeT 
05'bennneHRhlA HliCTHTyT H·nepahlx ·nccnenoaannA 

106 

HnlKHHe ypoann Hltpa • 6 Pd 60 noaon&Ro xopowo oo'bHCIIHIOTCH c TO'IKH 3peRnH anopa-

llHOHRoA Monenu, nepBhlA ·B030YJKileHIIhlll ypoBeHb 3TOI'O Hltpa C xapaKTepHCTHKSMH 2 + MOlKHO 

paccMaTpuaaT&,KaK onno~ononnoe Bnopanuonaoe cocToHnne, a Tpn nocnenyromux - 2+, 0+ u 

4+ -KSK llByX~OHOIJHblll TpnnneT. neT81lbliOe H3y'leHHe CBOMCTB B030yJKneHHbiX ypOB!IeA 106Pd 

no3aonaeT TO'IHee onpenennT& napaMeTpbi BHopanHoanoA Monenn H o5'bHCHHTb npnpony 5o

nee Bb!COKHX ypoBHeA. 
106 

HcTO'IHHKOM cnyl!Om pannoaKTHBHhiii H3oTon Rh ( T !4 c 30 ceK), aaxoAHwHiicg a 
106 

pSBIIOBeCHH C MSTepHHCKHM Ru ( T!{ • 366 AH) - nponyKTOM Ae1lel!HSI ypaaa. 

CneKTp aneKTpoRoa BHyTpeaneii KOHBepcnn n3y'lancg aa {3 -cnexTpoMeTpe c naoiiaol! 
Ill ~OKyCHpOBKOl! C pa3pewaroweii CllOCOOHOCTbiO 0,17% 1 y -1ly'IH - HS nonynpoBOilHHKOBOM 

y -cneKTpOM9Tpe C K08KCH81lbHbiM Ge(Li) lt9T9KTOpOM OO'b9MOM 5 CM3 C pa3pewaro-

wel! cnoco5nocT&ro • 5 xaa. 

no KOHBepcHOHHbiM 3119KTpOH8M Ob11IH onpeAeneHbl aneprnn ABYX Han6onee HHTencna

Hb!X nepexoAoB 511,8 + 0,2 n 622,0 + 0,2 Kaa. PenepaMH Ohi1IH aneKTpOHHbie nmmn' paAnoaK-
- 137 -

THBHOI'O OC8AK8 TOpHSI H Cs nocneAHHll H30T01l npncyTCTBOB81l B OJlHOM H3 npenapSTOB 
106 

Ru, 'ITO 1l03B01IH1IO HC001lb30B8Tb ero He T01lbKO Jl1ISI YTO'IH9HHH aHeprnl!, HO TaKJKe ll Jl1ISI 

Henocpe)lCTB9HHOI'O onpeA9119HHSI KO~~HUH9HTOB KOHB9pCHH nepeXOJlOB 511,8 H 622,0 K8Bo 

3naH OTHOCHT91lbllbi9 HHT9HCHBHOCTH ]( -KOHB9pCHOHHb!X 8119KTpOHOB H y -1ly'lelt 

nepeXOJlOB 511,8 H 622,0 K8B B 
106

Pd H 661,6 K8B B 
181 

Ba H KO~tPHIIHenT KOHB9pCHH 

ak (661,6)=0,089, Mbi onpeAennnn ak (511,8)=(5,1:1,0).10-3 ; /ak(E2)=4,9.10-3 ; 
~ ~ ~ 

"k (M1)=4,6.10 I H "k (622,0)=(3,4+0,7).10 I "k (E2)=3,0.10 ; 

( -3 -
"k Ml)c3,0.10 I. Ooa nony'leHnhlx KO~~nnnenTa KonaepcnH cooTBeTcTBYIOT aneKTpn-

'leCKHM KB8Jlpyn01lbllbiM nepeXOJl8M 0 HAYWHM M9JKAY COCTOSI!IHSIMH 511,8 K3B (2+) H 0 K8B 
+ + + 

(0 ) ll 1133,8 K8B (0 ) H _511,8 KaB (2 ). 6&m onpeAeneH BepXHHA npeAen HHT9HCHBHOCTH 

K-KoaaepCHOHHbiX aneKTponoa EO nepexoAa 1133,8 KaB 

lk(l133,8) < 0,2 lk(622,0). 
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napaXOilbl 1133,8 H 622,0 KSB HllYT C OllHOro H TOrO )!{a ypOBHlt1 noaTOMY1 npHHHM8lt napa

Oil nonypacnana.no.· OTHOIUaHHIO K E2 napaXOilY 622 KSB- no OllHO'I8CTH'lHOII MonanH 
-10 

Tl! (E2, 622,0 xas)•2.10 cax, Mbi nony'IHnH napaon nonypacnaAa no oTaorneHBJO x EO 
. -7 

napaXOAY Tj! (EO, 113318 xas)•3.10 CaK, 3TO 3H8'laRHa COOTBaTCTBY9T AOBOilbiiO Ma-
2 -4 

noMy 3Ra<raHBJO npasanaaaoro MaTpH'IHoro anaMaaTa EO napaxoAa p • 6.10 • Ho STO 

MO)KIIO o6'b>ICHHTb TaM, 'ITO E2 nepexoA 622,0 xas, xax o6bi'lii01 aecxon&xo pa3 ycxopeR. 

nonllblll cnaKTp 

H8 nonynpOBOilHHKOBOM 

y -ny'lall IO~Rh BnepBbia 6btn H3MapaH C BbiCOKHM pa3parnaaHaM 

y -cnexTpoMaTpa. 3To no3sonano o6aapy)KHTb oxono 20 HOBbiX nepa-

XOilOB H 3H8'1HTallbHO YTO'lHHTb HHTaHCHBHOCTH y -ny'lall. B Ta6nana npBBaAaHbl A8HHbla 
lOB 

06 SHaprBltX R HHTaRCHBIIOCTltX Y -ny'lall Rh • 3nacb )!{a Alllt cpaBHaHHlt ASHbl pe3yll&Ta-
. /2 3/ 

Tbl ABYX ny<riUHX pa60T1 BbinOnHBHHbiX H8 CllHIITRilllltllHOIIIIOM CllaKTpOMaTpa 1 
1 H aAHHCT-

. /4/ 
BBHHOII ony6nHKOB8HHOII pa60Tbl1. B KOTOpOII HCnonb30B81lClt nonynpOBOAHHKOBblll naTBKTOp , 

K co)KanenaJO, coapaMaaaalt annapaTypa aa no3BonRaT H3MepBTb o'leHb cna6bte nnaan 

anexTponoa BHyTpeanall xonaepcna na ¢one cnn&noro cnnornnoro P.-cnexTpa, n naM aa

H3BeCTHI>I MyllbTHllOilbHOCTH 60ilblUHHCTBa nepeXO/lOB, noaToMy CXeMa pacnana tOe Rh (pRe,!) 

nocTpoeaa aa ocaose 6anaaca aaeprall y -nepaXOAOB H AaHHblX 0 y - y -cosnaneaaltx 
/2,415/ /6/ 

a yrnoBbiX xoppenRilHltx 

Ypoaea& 1562 xan onaosaa'lao ycTaaoanea no ( p 2000) ( y 1050) - COBllSileHH-
121 12 3 5/ 

liM 1 ( y 512) ( y 1050) - COBllalleHHRM 1 1 , J13MepeHHH yrnoBbiX xoppenltnHII xac-

KSila 1050-512 KSB ll03BOilHilH ycTSHOBHTb cnHH ypOBHR - 2/B/, 

Xopornee coananenae saeprHH nepexona 1562 xsa c cyMMOI! 512 + 1050 xsa nossonlt

eT HanpaBHTb ero Ha OCHOBHOe COCTORHHB, CnenyeT OTMBTHTb 1 'ITO OH 38TOpM0)1{9H npHMep

HO aa nsa nopRnxa no cpaaaeHHJO c nepexoAoM 1050 xaa. no xapaxTepy paspRilKH cocToltHHe 

O'lBHb llOXO)Ke Ha ypoBeHb 1127 KSB, 

YpOBBHb 2000 KSB npOltBHllClt B COBlllllle!IHRX ( y 512) ( y 873) H ( y 622) ( y 873) /,2, 3 ,5 / 

npa COBll81leHHltX ( y 622) ( Y 873). B neiiCTBHTellbHOCTH na6mOil810TCR COBll81leHHR C llHHH

eil 615 K8B1 KOTOp8R llOll81laeT B BblllalleHHblll 8MllllHTYilHblll HHTepBSil, Pe3yllbT8Tbl yriiOBbiX 
/5/ /213/ 

KOppellltllHll YK83b!BSIOT HS CllllH 0 • CoBll81l9HHlt ( y 1050) ( y 873) MOJKHO o6'bRC-

HHTb TaM! 'ITO xorna OllHH H3 K8H81l0B ycTaHOBileH Ha 

nan a lOT y -llY'IH 1127 K8B, KOTOpbla H COBll81l810T C 

y -llHHHIO 1050 KSB 1 TO B aero no

y -873 xas. llpyrnx nepexonos c 

ypOBHR 2000 KSB He npORBHilOCb, 3TO MOlKHO 05'bltCHHTb Tpex¢oHOHHbll>! xapaxTepoM COCTOR-

HHR, 

Yposea& 2308 xaa xoporno onpenenHeTcR TpeMlt anymaMn c aero nepexonaMn, Oa npo-
/2/ /315/ 

ltBHilCR B cnexTpe cyMM H B COBnaneHHltX ( Y 512) ( Y 1770) , Bo3MOJKHbJe 3Ha-

'19HHlt cnHHa - 1 HnH 2, 

Ypoaea& 2440 BbiliBHnclt B cnexTpe cyMM
121 

a B connaneaaRx ( y 512) ( y1940)
13

•
51

• 

Yposea& 2623 xsa onpenenlteTcR 'lBTbipbMlt nepexonaMn, o6'bi<CHlteT noganeaae naxa B 

cnexTpe cyMM
121 

a cosnaneaalt ( y 512) ( y 2100/
3

•
51

; ( y 615) ( y 150o/51 
8 

( y 1050) ( y 1060) 
12·~1 . 
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Ypoaan& 2823 BBeAeH no TpaM y -nepexonaM. Oa npoRBHnc>r B cnexTpa cyMM n B 
/3,5/ 

COBnaAeHHRX ( y 512) ( Y 2360) • 

BanaHC HHT9HCHBHOCTell y -nepexoAOB ll03BOilHil onpeAenHTb HHTBHCHBHOCTb P 
pacnaAa H8 pa3nli'IHbla ypOBHH lOB Pd H 3HS'IaHHlt lgft _, npa STOM HCnOnb30BanHCb 

ASHHbra
171

, cornacao xoTopbiM 'lepa3 napexon 511,8 xsn HAeT 22% ncax: pacnaAoB. 

J1aTepeCHO OTMBTHTb 6nH3KHe 3Ha'laHH>I lgft f3 -nepaXOilOB HS OCHOBHOa COCTOHHHe 

H Ha llBYX¢OHOHHbiii ypoBeHb 1134 KaB, npHBBilBHHbiB BepORTIIOCTH napeXOilOB Ha ypoBHH 2 + 

H8 llOpRilOK MaHbiUa, 3TH ¢aKTbl Tpe6yJOT 06'bHCHaHHR C TO'IKH 3paHHH BH6panHOHHOll MOilBilH, 

n H T e p a T Y p 8 
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Tar5nnna 

3aeprHH H OTHOCHTenbHhle HHTeHCHBHOCTH y -nepexoAOB B 
106 

Pd 

Ey , K9B 
ly 

'. 
HacT. par5. /4/ HacT,par5. /2/ 

5II.B±0.2 5II.6±0.5 IOOO IOOO 

6!6 6!6.2£0.9 34±4 

622.0±0.2 622.2±.0.5 485±10 440 

873 873.5±0.7 20±1 17 

!050 1049.8±0.7 80±5 

I06I - I.I±0.2 62 

III3 0.64 

II27 II27.4±0.7 20.5 I9 

IIBO 0.84 

II93 2.7 

(1261) 0.14 I. I 

14~8 !.2 4 

1562 1562.5±1.1 7.2 4.9 

(!568) I 

(1606) O.I 

(1732) 0.2 

1766 1.3 

1797 1.2 I.9 

1928 0.60 

1988 1.0 1.3 

2II2 I.5 I.5 

2195 0.2 

23II 0.3 
23!7 0.3 2.0 

2366 0.79 

2392 O.I3 

2405 0.49 
2441 0.13 0.47 

2546 0.10 
• 

157'7 0.046 
262! 0.038 0.18 
27!2 0.18 
2824 0.055 0.16 
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125 uo 140 
y-CnEKTPbl Sb, Ba, La 

H.M. AHTO!Iheaa, fl. Bpaan, B.C. JlJKenenoa, r.c. KaTb!XHH, fl. nnnTaK, fl. Yp6aaen 

neanarpancKnfi rocynapcTaeaawA yanaepcnTeT 
06~ennaeaawl! nacTHTyT nnepawx nccnenoaaaull 

Hccnenoaaane y -cneKTpoa pannoaKTnaawx naoTonoa nponaaonunoc& aaMn npn no-
Ill 

Momn nonynpoaonanKoaoro y -cneKTPOMeTpa c paapemaiOmen cnoco6aocT&IO 5 Kaa. 3<P-
3 

<jleKTHaHblil OO~eM neT9KTOpa - 5 CM 1 TOnlliHH8 >zyBCTaBT9nbHOI'O enOS! - 6 MM. 

125 
Y -cneKTp Sb 

125 12-41 
OnaaKo 6on&UIBHcTao pa6oT abt-Y -cneKTp Sb B3Y'IlinCSJ MHOI'BMB 8BTOpaMH 

nonaeao npn 
141 

noMomn cnuaTnnnnnuoaaoli TeXHnKn. Ton&KO a pa6oTe Manna n np. 6&m uc-
125 

cnenoaaa y -cneKTp Sb MeTonOM <jJOT03n9KTpOHOa, HO C O'leHb TOnCTb!M pannaTOpOM 

( 12 MrlcM
2 

Ph ), 

J1ccnenoaaHHH nponaaont<nHCb C BCTO'IHBKOM, KOTOpbtl! llOny'lancH XHMH'IeCKHM abtnene

HHeM na onoaa, o6nyqeaaoro aeliTpoaaMn, n ncnonb3oaancs paaee a pa6oTe
151

• 

Hau6onee TO'Inoe onpeneneane aaeprun y -nepexonoa npouaaeneao B pa6oTe Maaena 
161 

n CepreeaKoaa • AaTopbl nccnenoaann aa npH3MeanoM {3 -cneKTpoMeTpe npn paapeUie-

ann 0,06% cneKTp KoaaepcnoHHbtX aneKTpoaoa, 3aa'lennll aaeprnn 

Hhte a aTOll p800T9 1 npHHS!Tbl aaMH, 

y -nepexonoa, onpenenea-

Ha pnc, 1 npencTaanea o6mnli ann y -cneKTpa 
125

Sb, a aa puc, 2 n 3 - oTnen&Hbte 

y'laCTKB cneKTpa. 

y -cneKTp naMepl!ncll aaMn, aaqnaast c • 75 K3a, B Ta6n, nponaaeneao cpaa-

aeane OTHOCHTen&HbiX BHTeHCHaHOCTell y -nepexonoa, 

111,0 Kaa naMn ae paapemeHbt, n naeTcn cyMMapaoe 

y -nnann c aaeprnl!MH 109,27 n 

HI 
aaaqeane, B pa6oTe a naTeacna-

HOCTb aTOll rpynnhl aXOilHT1 no-aH!lllMOMy, H HHTeHCHaHOCTb y -nnann c aaeprneli 

116,97 K3B, 3TOT nepexon anepabte 6btn aaenea H3 aaann3a y - y -coananeaull naaa-
111 161 

pOM H llO!lTilepJKileH a p800Te , rpynna Y -niiHHll C 3HeprnstMH 172,60; 176,29 H 

40 

• 

178,68 Kaa HaMil He paaperneaa H naeTCSI CYMMapH8SI HHT9HCHaHOCTb, 11HT9HCHaHOCTH y 

nnanll c aaeprnstMn 204,07 n 208,12 Kaa naabt cyMMapao, b TaKJKe npon3aeneaa non&tTKa 

pa3nOJKeHHSI STOll rpyllllbl, y -nepeXOilbl C 3HeprH<IMB 122,4 H 489,8 K3a HaMil He HBOniOna-

nne&. Bepxanll npenen naTeacnaaocTu aTBX y -nHHBll - 0,1% OTHOCHT9nbHO HHT9HCHaHOC-

TH y -1mana 427,95 Kaa. Ha pnc. 1 cTpenKoll OTMeqeao nonoJKeaue y -nnann c saep-

rnell 652 Kaa. Bepxanl! npenen HHTeHCHaHOCTH y -nepexona c TaKoll aaeprnel!, KOTOpbtl! 

MOl' Ohl Ob!Tb 3aM9'19H H8MH 1 COCTaansteT 1,5% OT HHT9HCHaHOCTH y -nnann 671,66 K3B 

nnn 0,1% OT HHT9HCHaHOCTH y -nnann 427,95 Kaa, 

HaMn Obtna nponaaeneaa nonbtTKa onpeneneanst Koa<P<!JnnneaToa aayTpeaaell KOHaepcnn 

( KBK) aeKOTOpb!X y -nepexonoa, 8 Ta6n, 2 naaa CaonKa OTHOCHTenbHhlX HHTeHcnaHOC-

Tell K-KonaepcnoHHbiX nnanll. Jlnst onpeneneanst KBK Mbi aocnonb3oaannc& ana'leHHliMH oT-

. K I~ HOCHT9nbHblX HHTeHCHaHOCTefi -KoaaepCHOHHblX aneKTpOHOa, onpeneneHHbiX a pa6oTe , 

Jlnll onpeneneanst KBK aeo6xonnMo cali38Tb IllKanbt OTHocnTen&HbiX naTencnaaocTel! 

KOaaepCBOHHblX aneKTpOHOa II y -nyqeli, npHHlla ak nnst onaoro Hnn HeCKOnbKHX nepexo-

noa c xopomo H3aecTaol! Myn&Tnnon&HoCTbiO, 113 npenwnymnx nccnenoaaanll u3ny'lennll 
126

Sb 

naaecTao, 'ITO nepexon&I 463,51 n 600,79 Kaa stanstiOTcst 'IHCTbiMH E2 nepexonaMn
161

• Mbt 

nns onpeneneanll KBK ncnon&aoaann a Ka'lecTae naaecTaoro aaaqeanst KBK aaa'leanst KBK 

nnst nepexona 463,51 Kaa, TaK H nnll nepexona 600,79 Kaa, Peayn&TBTbt 

Ta6n, 3·, 

uo 
y- cneKTp Ba 

uo 

npnaenen&t a 

Jlnll H3y'leHHSI y -cneKTpa Ba npenapaT Ba , nony'leaHbtll no peaKunn neneanll, 
140 

O'IHillancll oT .noqepaero nponyKTa La 0'1HCTKa nponaaonnnac& MeTonoM pacnpenennTen&-

noll xpoMaTorpa<jlnn Ha <jJTOponnacTe-4 c nn -H - OICTHn<jloc<jJopaoll KHCnOTO!\ a KB'IeCTae 

aenonanJKHOl! 4183blo npn nponycKaHHH qepea KOnOHKy pacTaopa Ba - La a ... 0,1 HOp-

Man&aoll KncnoTe naaTaa KonnqecTaeaao ynepmnaaeTcll aa KonoaKe, a 6apnll npoxonnT 6ea 

nornomeanst. 

y -cneKTp 
140 

Ba nayqancst cnycTst .. 30 MHHYT nocne abtneneanst La. Heoon&-

Uioll nponenT naaTaaa ocTaaancst, no cpaaaeane 'IHcToro nanTanoaoro y -cneKTpa, 6apne-

a oro y - cneKTpa a paaaoaeCHH C ll8HT8HOM II 6apH9BOI'O y -cneKTp~, O'~lliiUeHHOrO OT 

naaTaaa,noaaonn.'lo cnenaT& onaoaaa'IHbte 33rl:.~IO'I9HHSI o npnaanneJKaocTn y -nepexonoa 

pacnany Ba nnn La. 

y -cneKTP Ba 

o6mnll ann y -cneKTpa 

6btn nccnenoaaa, aaqnaas c 
140

Ba c npnMeC&IO 
140 

La 

• 90 Kaa. Ha pnc. 4 npencTnanea 

, a na puc. 5 Y'IBCTOK 100-150 Kaa. 
140 

B Ta6n. 4 ll8Hbl H8lllH naaHbl9 06 OTHOCl!Ten&HblX HHTeHCIIB!IOCTSIX Y -nyqel! Ba II 

nponaaene!lo cpaaneane c 6onee paHIIHMII paooTaMn. 3aaqeanll aaeprnn nepexonoa, naaecT-
- I 101 

HbiX paaee, a3SITbl H3 paoOTbl renrepa • 3aeprun anoab OOHBpy:n<eaHbiX nepexonoB onpe-

41 



)leneHbl H8MH II OTM9'!9Hbl B :raonHlle 3B931lO'!KOll. Bcero HBMll ooaapylKeHO 8 HOBblX cnaoblX 

·~ . y -nepexonoa. y -nepexo)l Ba c 9Heprnel! 132,7 K9B aaKnanblBae:rcst aa y -

nepeXO)l 130,8 11:35 
140

La · npx Onpe)l&ll&IIHII IIHT911CHBHOCT1I )' - 132,7 K9B Mbl Bbl'IIITMH 

BKllBil; BllOCIIMblll D&p&XOilOM y - 130,8 K9B, KaK BHilHO na :raonHD:ht, :ronhKO nnn caMblX 

I' IIIIT9HCIIBHbiX 
I 

y -nepexonoB aal5ntonae:rcst cornacne c nn:repa:rypHhlMH naHHhtMH. 

uo 
)' - CD&KTp La 

140 /15/ 
y -cneKTP La H3y'!ancst .MaorRMH aa:ropaMH 11 pa3nR'IHbtMH Me:ronaMn. He-

. '" 
llOllb30BBHHe nonynpOBOilHIIKOBOrO 

np0113B91l9HO BnepBh!&, npenapaT 

)' -cneKTpOM9Tpa llllSI H3Y'!9HHSI • y -cneK:rpa 

'" La nonyqancH xpoMa:rorpa<jlnqecKnM Bbt)leneaneM 113 
uo -

Ba. )' -cneKTp CHHM8llCSI B IIHT9pBane 9Heprnu OT ~ 80 )10..'3000 K9B, Ha puc, 6 

La 

uo . 
La • a aa pnc, 7, 8 H 9 - aant5onee na:repeCHbte npenc:raanea ot5mnl! ann y -cneKTpa 

yqaCTKII 9TOrO cneKTpa, B T80lllll19 5 npOH3B9)l9HO CpaBH9Hll9 OTHOCIIT9llbHbiX IIHT&HCIIBHOC-
140 /16-18/ 

:rel! y -nyqel! La • nonyqeaHhiX HaMn, c nocnenanMn paooTaMn • 
140 

nnst onpenen&HIISI OTHOCHT9llbHb!X IIHTeHCHBHOCTel! >K€CTKHX y -nnani! La y -cneKTp 

CHIIMBllCSI C 4-MIInnHM&TpOBbiM CBHHD:OBblM <jlnnh•'PO~, CBSI3b pa3llH'!HbiX y'!aCTKOB cneKTpa 

np0113BO)lllll8Cb no )' -nUHIIliM 815 II 1596 K3B, nollTB9p>KJl9Hbl H9KOTOpbt9 M8llOIIHT€1ICIIBHhl9 
. . . . /19/ 

y -nepeXO)lhl, o6napy>K9HHbl9 B cneKTpe KOHBepCUOHHhiX sneKTpO"OB 
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· N>N> SseprBSI 

nn nepe:"~ft' 
(K3B} 

r. 35.45 

2. 82.0 

3. ro9.27 

4. rrr.o 

5. II6.97 

6. r22.4 

7. 172,60} 
8. r76.29 

9. r78.78 

ro. 204.07 

II. 208.r2 

r2. 227.77 

r3. 32r.r3 

r4. 380.5r 

r5. 408.07 

r6. 427.95 

r7. 443.62 

r8. 463.5r 

r9. 489.8 

20. 600.79 

21. 606.82 

Ta6nsna 1 

••• 
0THOCHT9n~H~e RHT9HCB8HOCTB y -n:r<ell Sb 

na3a/7
' 

( 1956) 

r.4 3£) 

Hapn11c/
81 

(1959) 

0,6. •> ] 21.2 

r9 

0,8 •> J 
<2 

0.6 3£) 

0.88 3£) 2.6±0.9 

3.8 3.99±0.8 

roo roo 

3r 32.5j:2 

88 
6r.7.:t3 

r6.8.:tr.7 

44 

Man s np/41 
( 1964) 

Hamil 
JIABifble 

83 O)IBI!. 

cnexTp. 

) 2.4±1.0 

}~2 
} 2,9J:;.o 

-
4.7.:ti.O 

4.:tr 

~TO-M8KTo 

,[l8BHbl8 

4±1 

o.o96,:t0.009 

} 0.95;t0.06 

I. I5;t0. 09 

23.2;t0.8 

0.9j;O.I 

0.7.:tO.I 

0.47,:t0.04 

I.35;tO.IO 

5.I,:t0.2 

-
roo roo 

O. 7;t0. I 

roo 
0.97;t0.09 

3r.5.:t3.0 3r.5.:t3.0 33.0.:ti.O 

53;t4 IOO 57.7;t0.5 

r8;t2 33.5±4.0 I7.6;t0.6 

~ -5----------,.------~~--------~--------~--

22. 636.15 23 35.7±2.5 36±3 .68±6 38.3.t<J.9 

23. (652) - < 2.5 2.7±1.3 5±2.5 

I 24. 67!.66 - 6.2±1.5 6±2 II±4 6.0±0.4 

111
M3 naHHbiX no coananeHIUIM. 
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Ta6nHna 2 

OTBOCHTen&Bble HBTeBCHBBOCTII K-KosaepcHOBBhiX ·sneKTpoBoB y -nepeXOilOB 
125 

Sb 

NlN>. 
hv 

DL (KSB) 

I. 35.45 

2. 82.0 

3. ro9.27 

4. rii.O 

5. II6.97 

6. r22.4 

7. r72.60 

8. r76.29 

9. r78.78 

IO. 204.07 

II. 208.r2 

r2. 227.77 

13. 321.r3 

r4. 380.51 

r5. 408.07 

16. 427.95 

17. 443.62 

r8. 463.5r 

r9. 489.8 

20. 600.79 

AsTOB&eaa 
11 KaTb!XHB/5/ 

(1964) 

}~a 
~5 

~5 

8 

roo 

-
26 

-
25 

46 

/4/ 
Mass 11 llP• 

( 1964) 

} 3560±200 

270.:tr5 

8.:t3 

-
!00 

-
24.5.:!:.2.0 

-
2I.6.:t2.0 

/6/ 
Ma3en 11 llP• 

( 1966) 

3 

rO_t3 

6.2_t0.7 

3_tr 

5.4_t0.5 

260_tl5 

2,0_t0.5 

7.8:t0.4 

6.5_t0.4 

3.3.:t0.5 

1.3.:t0.4 

6.I:t0.6 

0.9,:t0 .2 

roo 

1o2.:!:.0o3 

26.7.:tr.o 

0.6.:t0.2 

21.7,:t0;,4 

l 

zr. 606.82 2.6 5.7_tl.O 5.6_t0.5 
22. 636.15 14 I3.4.:t1.0 I3.3_t0.7 
23. 652 - 0.7.:t0.3 
24. 671.66 1.3 I.5.:t0.4 

I 
I.7_t0.3 

• 
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Ta6nana 3 

OnpeAenesue MynhTRDOnhBOCTB s~epHMX nepexonoB n• 
Sb no senuquue a K. 

TeopeTn~ecxne 3Ra~&HI!R 
/9/ 

a• npe.llliOI!IlraeMSR NoN' hv SKCII9pHM9H• It 

' 1111 (K9B) TanbHbte 3Ha- EI E2 E3 E4 Ml M2 MS 
MynhTHfiOnLHOCTh 

qeunsr: M4 

I. 82.0 0.35 0.29 2.2 13 87 1.1 IS 89 650 EI;99%El+I%M2 
2. II6.97 0.06,:t0.2 o.n 0.74 3.9 20 0.39 3.3 21 140 EI 
3. 204.07 0.096,:t0.020 0.023 o.n 0.47 1.9 0.082 0.45 2.2 IO 50~ E2 + 50%M1 
4. 208.!2 0.103±0.020 0.022 0.10 0.44 1.7 0.070 0.42 2.0 9.1 E2 
s. 227.77 0.077f0.015 0.017 0.077 0.31 1.2 0.051 0.31 1.4 6.0 E2 

"" 6. 321.13 O.OII,:t0.004 0.0068 0.026 0.087 0.28 0.024 o.i:o 0.37 1.3 96%EI+4% 1!2 OJ 

7. 380.5! O.OI3f0.002 0.0045 0.015 0.046 0.14 0.016 0.060 0.20 0.63 E2, iU 
8. 408.07 O.I4:t0.04 0.0037 O.OI2 0.036 O.II 0.013 0.048 O.IS 0.47 E4, M3 
9. 427.95 O.OII:t0.002 0.0033 O.OII 0.035 0.087 0.012 0.043 O.I3 0.38 E 2 + M I 
IO. 443.62 O.Ol4.:tO.J04 0.003! 0.0097 0.027 0.077 o.ou 0.038 O.II 0.33 Ml 
II. 463.5I 0.0086 (npu- 0.0086 E2 - npBHSITO 

HHTO) 
12. 600.79 0.0043 (npiil-

HHTO) 0.0043 E2 - npBBSITO 

!3. 606.82 o.oo3s.:to.ooo6 o.ooi5 0.0042 o.on 0.025 0.0049 0~015 0.038 0.095 E 2 
I4. 636.15 0.0038fp.0006 o.OOI3 0.0037 0.0094 0.021 0.0044 O.OI3 0.033 0.079 E 2 + M I 
IS. 67I.66 o.003I±0.0006 0.0012 0.0032 0.0080 O.OIB 0.0039 O.OII 0.027 0.065 E 2 

H H H H H H H H \0 00 ....::J 0\ ....::J 0\ V1 ~ VI N H 0 V1 ~ VI N H . • • • • • • 0 • • • • . 0 • • • §~ 
0\ 0\ 0\ V1 V1 ~ <f\ ~ 

~ 
~ VI H· 0\ VI O'VI H \0 VI N 0 

H H H H N H 
~ H ....::J N ....::J N 00 0\ ....::J 0\ t VI ~ \0 VI ....::J VI ~ ....::J N * :4l * . * * * . N • • (I) ........ ........ ..._,VI • • * • * • • \0 00 ........ ........ ........ 0\ 00 Ill \0 '-' ....::J '-' ....::J 00 ....::J V1 <D ...... ---'C ... "'t"l '1 ~!'< lsi 
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~ 1:1 
~tn 'C 

<D Ill 
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.... 0 0 
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Ta6nnna 5 
uo 

0THOCIITenbHbie HHTeHCHBIIOCTH 
y -ny'leli La 

/17/ 

)1:,)1:, TipHRliT09 TipnxolUleBa Xaaces n AP• 

nn 3H8'19RH9 /16/ 1960 

hY (xan) 1958 

I. I09 

2. I30.8 

3. I48.4 

4. I73.I 

5. 22I 

6. 24I 

7. 265.5 

8. 308 

9. 328.6 2I;t2 

IO. (337) 

II. 390 

I2. 400 
' 

I3. 436 2,5;tO.I 

I4. 447 

IS. 487 4I.9;t2.0 

I6. 512 

17. 574 

I8. 588 

I9. 605 

20. 640 I 

2I. 730 J 3,4;t0.4 1 22. 752 

50 

CnMoRc n np.
1181 

Hawn 
1963 ll88Hbl9 

0.23;t0.02 

0.45;t0.02 

O.IO;t0.03 

O.I7;t0.06 

o.Iz;to.o3 

0.45;t0.02 

0.50;t0.02 

O.IO;t0.02 

I9 20.0;t0.5 

(0.07;tO.IO) 

o.IS;tO.OS 

O.I5;t0.05 

0.4 3.0;t0.4 I 
o.os;to.oz 

44 46.0;ti.6 

0.23;t0.02 

4.0;t0.3 

I.4j:0.3 

I.O;t0.2 

I 
o.os;to.oz 

5 4.7;t0.2 

-T 2 . ·- 5- -------,;-----~----

23. 802 

24. 815 

25. 868 

26. 903 

27. 920 

28. 926 

29. (937) 

30; 952 

3I. I082 

32. II20 

33. I596 

34. 1680 

35;. I840 

36. I880 

37. 2348 

38. 2386 

39. 2520 

40. 2543 

4I. 2893 

42. 2940 

43. 3IOO 

44. 3250 

I9.6,:t1.0 

5.3,:t0.5 

0.8 

} 9.6,:t0.6 

roo roo 

0.15 

0 '78.:t0. 05 0.86 

3.7,:t0.2 3.0 

0.08,:t0.03 0.082 

0.35 

0.005 

51 

22 

5 

} 9.5 

I 

roo 
I 

0.5 

4 

0.15 

0.30,:t0.05 

24.8,:t0.7 

5.9,:t0.3 

O.I5,:t0.03 

2.8,:t0.2 

6.8,:t0.3 

~O.IO,:t0.03) 

0.60,:t0.04 

I.7,:t0.5 

roo 

0.4,:t0.2 

0.2,:tO.I 

0.8,:t0.2 

0.8,:tQ.3 

3.I,:tO,;I 

O.I,:t0.1 

0.09;t0.02 

0.02,:tO.OI 
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Pnc. 2. Y'l:aCTOK · y -cneKTpa 
125 

Sb • CTpenKoll yKa3al!o nono>KeiD!e · y -.IIIIIIHH c aneprn-
eJ1 122,4 KSB. 
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Pac, 3, Y'laCTOK y -cneKTpa 
12

a Sb B HBTepaane aaepruu 300-500 K<IB, CTpenKoll yKa-
saao nonoJKeHue y -nHBHH c aaepruell 489,8 KaB. 
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Pnc. 5, Y'laCTOK y -cneKTpa 

3ZI 

ell c aaeprneq4J32,7 K9B 
HannelK3108SI La 0 nonst 

25%. 

Ba B IIHT9pBane aneprHH 100-150 K9B, non y -mmn-
UO La nelKHT y -nnnnsr c anep[onell 130,8 KaB, npn-

naTencnsnocTn aToll npnMecn La B naaaoll. cepnn 

• 

111 

1$16 
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LaB HBTepBane aaeprnn 100-1600 KaB, 
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110m 
y -M3nYlffiHME Ag 

H.M. A!ITOIIbaBa, H, Bp3an, E. c. n>KenenoB, H. nnnTIU!:I n.<t>.' fipoTacoaal H. YpO/liiBit 

neannrpaacxntt rocyaapcTBe!lnhltt ynnaepcnTeT 
Oo'Leanneannii! nncTHTyT saepn!>JX nccne,t~oaannl! 

y -H31I)"I9HHI01 B03HHKBIOUlaMy B peaynbTaTe BKTHBB!tlll! cepeopa aettTp0!18MH
1 

ITOCBH
/1-12/ 

UlBIIO MHoro paooT ; B HBKOTOphlX 113 ID!X AOCTHrHYTa BhlCOKHS! TO'lHOCTb H3Mepa!Iml 
/10 11/ 

aueprnl! ' • 

EcTecTaeuHaS! ,CMecb naoTonoa cepeopa coaep>KHT 51,35% 109 Ag 11 48
1
65% tor Ag /13/ 

I 

liB KOTOpb!X npH BKTHBBllllll TBITIIOBbiMH !IattTpOIIBMH npoHCXOASIT paBKllllll 109 
Ag 

110 
( n 1 y ) Ag, 109 , 110m lOT lOS , lOT 108m 

Ag ( n 1 Y ) Ag 1 Ag ( n 1 y ) Ag 1 Ag ( n 
1 

y ) , Ag . 

B noonen1111e rOilbi B peayllbTaTe TmaTanbllhlX nccnenoBaBIII! oo!Iapy>Ken cno>KBhll! cnexTp 

/14116/ MS!rKoro y -li31IY'l9ID!S! 3THX HCKyCCTBOHIIOpBilHOBKTHBRbiX Slllap • 

Pa3pa5oTaaanie a nocnenaee apaMS! nonynpoaonanxoBbia 
Y -llBT9KTOpbi1 OOIIBilHI<iUlHe 

XOpOIDHM aaepreTH'laCKHM pa3paiD9RH9M 1 OTKpb!BBIOT HOBbiB B03MO>KHOCTH B IICCIIBilOBHID!H 

cnexTpoa y -n3ny'lennH 3THX anep. 

B IIBCToamel! paooTe 110m . 
y -H31Iy'leHne Ag nccnenoaa11o na nonynpoaott!IHKOBOM 

cnexTpoMeTpe xoaxcnan&!loro Tnna c pa3pemaromel! cnoco6nocTbro oT 5 no 7 xaa, Tonmnna 

3 'lYBCTBHTennaoro CIIOH paaaa 6 MM, ;a¢~aKTHBIIhll! OO'LeM - 6 CM , 

B 11ameM pacnopa>KennH HMenocb Tpn HCTO'lRHKa 1 nony'leH!Ib!X no peaxnnn ( n , y ) 
1 

ao paann'!!lol! llBBIIOCTH' o6ny'le11Hn; onn HMenn pa31IH'laoe conep>KanHe H3oTonoa: OllHR -
110m 108 

'Mononol!' HCTO'l!IHK Ag II llBa - ooorameHHb!B Ag. 

Bb!IIO npOH3BBil9110 6 capHJ! li3MepeiD!tt B HHTapBane 3Heprnl! OT 6Q llO 3000 K3B. 

CnexTpbl Db!IIII H3Mapeabl c npHMeaeulleM KOMOHHIIpoaaa!loro ~HIIbTpa 113 4 MM Ph + 2 MM Cu 
+ 2 MM AI 

B >KBCTKOJ! 'lHCTll CllaKTpa II npHMBHBIIHBM oonee TOHKIIX ~liiibTpOB ( 2-4 MM AI 

OpH BbiBBIIBHllll 118HOOII99 MllrKHX Y -IIHH!ll!, 

Bcero B cnexTpe yaanocb BbiJ1BIIHTb 41 
110rn 110 108 

Ag .. Cd 11 8- K pacnaay Ag B 
y -nHanro, 113 BHX 33 oTaece!lni K pacnaay 

10s Pd: 

61 



05mnl! 11ntt lrony'le!lnoro y -cnexTpa npettcTaBnen na pnc, 1-S; 3neprn o5napp!t&ll-

JlhlX y -nBilllll, lilt BJ:t&HTK<jJBKailHB ll OTilOCilT&nbllbi& HHT&BCBBHOCTH, 4 T8.10K& OTHOCHT&nbllbi9 
.. /2,4-8,21/ 1 

llllTeHCiliiBOCTif, non)"l&llllbl& B ttpyrHX p8uQT8.X , IIpHB&):t&llbl B Ta5n, , llorpemJIOCTb 

Onp8l:t9Il8llllH OTJIOCHT8nbBbiX BHTellCHBHOCT&II COCT8BnH8T 5-20 %, 

B o5naCTll OT 60 ):tO 430 ltSB 118M yttMOCb Bbll:t&nHTb 12 
110m 

Y -nep8XOl:tOB, HllTeBCB11HOCTb 

JtOTOpbiX Ilp811b1ID89T 0,12% OT 1
818 

ttnn Ag n 5 Y·-nep8XOl:t011 C HllT81lCB111lOCTbro 
' 108m 

•J> 0,2% OT 1436 ttnB Ag. 

· B xopomo H3yq:eanol! o«SnacTn s!leprnl! 430-1500 xs11 Mbl !la5nrottanu A118 H011biX nepe

xotta C Sll&pl"HBMB 522 ll 482 KS11 H HllT&IlCBBHOCTbro > 0,32% OT lu81 KOTOpble OTil8CilH. 

1C Ag, H Y -nep&XOA C saeprnel! 723 KSB H HllTeHCHBJIOCTbro 88,7% OT I 436 ttnH 
108

m Ag, 
' Ill 

xoTQpblll 5bln 3aM&'Iell TOm.Ko KopxoM • 

XapaxTep y -cnexTpa 11 o5naCTH 600-600 KSB no3BOnBeT npeAnonaraTb Hannqne 15om.-

mora KOilB'19CTB8 M8IlOHJIT9HCHBilbiX nep&XOA011, HO HM&roiDHIICH 3A9Cl> KOMilTOH011CKHII <jloll OT 

HllT&IlCBBilbiX lK&CTKHX nHilllll 38Tpyllll519T HX Bblll&neaxe, 

Hcnonb3yll uanyq:eaxble" ll&Mll 3118'1e!IHSI_ oT!IOCHTenbllbiX HllT&HCHBHOCTell y -nyq:el! n 

3H8'1&IlllSI HllT&HCHBIIocTell- cooT11&TCTByromux K-xo!IBepcnoBHbiX nnllHI! H3. nocneAHHX pa· ... 

/11,l5/ oaT· , MOlKHO onpeAenHTb MynbTHnonbllOcTb ll&KOTOpbiX nepexoAo11 11 npeAnonolK&HHH, 

'ITO ):tilSI OllHOI"O nnH H9CKOnbltHX H3 HBX OH8 H3119CTH8, 
12 3 5/ B pa5oTaX ' ' AOcTOBepno ycTaaoaneHo, 'ITO nepexoA E y • 658 KsB BBliH&Tcll 

'IHcTbiM nepexoAOM nna E2. 3xcnepHM&HTanbRblll xos<jl<jlnnneaT xo·aaepcnn aa K-o5onoqxe 
1221 . /8 11/ 

ttnll sTore JiepexoAa xopomo cornac~eTcH c TeopeTH'lecKnM 3Ha'leHHeM • B pal5oTax ' 

" Taxne,~e 3aKnro'I&HHil cAenaRbl o nepexoAaX 884 a 937 KSB, 

Mbt -Bbi'IHcnnnn . KBK ttnn aexoTOpbiX nepexoAOB OTROcHTenbHO KaJKAoro 113 STHX Tpex 

nepeXOllOB, 110CilOnb30B8BIDliCb T90p9TH'I9CKHMH 3H8'19HHIIMH altUS , alt884 II: aKIST llilll 

E2-nepexoAOB n pe3ym.TaTbl ycpeAannn. 

Ta5n. 3 H 4 nnnrocTpnpyroT nony'l&Hilbl& aaMn aK ll MynbTllnOnbHOCTll nepeXOAOB, 8 
/6-8 1l/ 

T8KlK9 Cp8BH9Hll9 nOilY'J9HHbiX aK c pe3ynbTST8MH Apyrnx pa5oT ' , Omn5xa 11 Bbl-

'lHcneHHn aK cocTaBnH&T 10-30%. Bee nepexoAbi, xpoMe hv • 1570 xsa, B npeAenax 

yxa3aaaol! To'laocTH MoryT obiTb oTaeceHbi K MynbTnnonbRbiM cMeCHM E 1 + M2 HnH M 1 + E2 

unn It o«SenM. 

n II: T 9 p a T y p a 
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Nt?N'? 3HeprHH 
nn nepexoJla 

(KaB) 

I: 2 

r. 68 
2. so* 
3. 90 
4. I3I 

~ 5. I62* 
6. I8S* 
?. I97* 
8. 206* 
9. 2!7 
IO. 227 
II. 235 
I2. 254 
I3. 266 
I4. 363 
IS. 402 
I6. 434* 
I?. 446 

IS. 482 
I9. 522 
20. 6I5* 
2I. 620 
22. 658 
23. 677 
24. 686 
25. 706 
26. 723* 
2?. 744 

~28. 764 
29 •. 818 
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3!. 937 
32. 1384 
33. 1476 
34. !506 
35. !529 
36. !557 
37. 1570 
38. 1972 
39. 2070 
40. 2095 

3str6aH 
/2/ 

1950 

3 

roo 
""I7 

I? 

ii!: I? 
""6 

BIJ 
3I 
33 

I?} 

Ji/ 0THOCSITC9 K nepe.XOAY 

Ta!Snalla 

0THOCHTenbHbi9 BBT9HCHBBOCTH )' -n:BBHft: 

I 
110m lOS 

Ag H Ag 

.llJKenenoB ToMac· H llP• .llJKenenoB H llP• Kaanep 

141 /5/ /61 /21/ 
1956 1957 1958 

1951 

Hama ~taaa~e,1966 
AaTOa&eBa a llP• Boaaosa a llP• ' 

171 /81 
1959 1950 

108 
Ag 

4 5 6 1 8 9 10 II 

0.25_t0.05 
!.6±0.4 

I.?.±O.I 
O.I2_t0~03 

3.4±,0.6 
2.3±0.5 
2.!±0.5 
0.20_t0.05 

0.32.±0.08 
0.13±0.04 
0.23,!0.05 
O.IS.f0.04 
0.30.f0.09 
0.2If0.05 
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roo 
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0.73£0.03 

89.±3 
IO 3.9.±0.5 S.±I 3.7.±0.5 

roo roo roo roo roo roo roo 

IO±I} ro.IJ±O. 7 

D~} ?.±! IS.:t2 6.6_t0.8 
18±2 32 20±2 18.±2 I7.S.±I.3 

99.±4 
6.±2 5.±2 4.9.±0.6 

23.±2 24 25.±3 23±2 23.3,ti.2 
7 9±I 6 B±I 6±I 8.2,±0.4 

roo 75±4 75 78.±8 74.±4 79.±3 
ro3 55 32±2 25 37±4 33±2 40±3 
26 30 28±2 20 26±3 24±1 34.±4 

6·H} 5±I 4±I 5.4;t0.7 
22 IS.:ti I3 I3±I I3±I !7.±2 

0.36±0.06 
1.25±0.02 

I.3.:t.0.2 I.2.:t0.3 I. 76±0.04 
0.28±0.05 
0.04±0.0! 
0.18£0.04 . 
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TaCSnana 2 
110m 

0THOCKT9nbHhl9 KHT9HCKBHOCTH KOHBepCHOHHhlX nKHKA Ag 

MM Konaepcaon--AnTOabeaa K .np.KaTba K Ema3aa&CbiOTep K .np. HbtooonT a lliKHTilMeAcTep K 
nn BIUI nKBKll 131 191 1101 faMKnbTOB, BeilBep 1151 

1951 1962 1963 I 11 I 1964 
191:34 

I 2 3 4 5 6 --7 

I. L 00.9 
2. L 3B.5 
3. K 65 
4. K 6B 
5. K 94 
6. K IOI 
7. K II6 
B. (K I2Il 
9. (LIOIJ 
IO. L II6 
II. (L I2I} 
12. K !54 
13. LI54 
14. K IB5 
15. (K 206) 
!6. K 224 
I?. K 243 
1B. K 261 
19. L 261 
20. (K 300) 
21. CL 300) 
22. ( K 3BO) 
23. K 446 
24. K 615 
25. K 620 
26. K 65B 
2.7. L. 
28. N 
2.9. K 677 
30. K 6B6 
31. K 706 

300 

17 

3.5} 
100 

B 
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6.3,t2.5 

5.1,tl.1 
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9.5,ti.I 
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I50.:t10 
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3.~±0.6 
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Ta6nH!la s 
Onpe.ueneane MynbTHnonbHOCTH stnepHhiX nepeXOLl.OB B 

IIOCd 

3HeprH!I 3Kcnepe- TeopeTHqecKHe 3HaqeHHH aK /22/ 
N~N() nepexona MeHTanh- TipennonaraeMaH nn (KaB) Hbl9 3H8,.. El E2 E3 Ml M2 MS ~ynbTHfiOnbHOCT'b 

'19HHSI aK 

I 68 2.2 .(O) 3.9 (-I) 3.7 (0) 2.6 (+I) I.I (0) I.4 (+I) EitM2; MitE2 
2 90 2.5 (-i) 1.9.(-I) I.6 (ti) I.O (+I) 5.2. (-I) 5.8 (0) 4.8 (ti) ELt M2 
3 227 8.9 (-I) I.4 (-2) 6.8 c.:.z) 2.7 (.:.I) 4.2 (-2) 2.I (-I) 9.8 c.:.I) EI + M2 
4 254 5.0 (-I) I.O (-2) 4.6 (-2) I.8 (-I) 3.2 (-2) I.5 (-I) 6.4 (-I) EI + M2 
5 266 4.5 (-I) 9.4 (-3) 4.I (-2) I.6 (-I) 2.9 (-2) I.3 (-I) 5.4 (-I) EI + M2 

Q) 

7.3 (-3) 2.4 (-3) 8.I (-3) 2.3 (-2) 7.8 (-3) 2.6 (-2) 7.8 (-2) Eitll2; MitE2 to 6 446 
2.5 (-3) 3.2 (-3) 

\ 

I.O (-2) 2.6 (-2) 7 620 I.I (-3) 8.0 (-3) 3.4 (-3) EI + M2 
8 658 2.76 (-3) E'2 (npMBH!ro) 
9 677 3.0 (-3) 9.4 (-4) 2.5 (.:.3) 6.2 (-3). 2.8 (-3) 8.I (-3) I.9 (-2) EI + M2 

' 2.6 (-3) 9.2 (-4) 2.4 (-3) 5.9 (-3} 2.7 (-3) 7.8 (-3) I.8 (-2) Eit&12; MitE2 IO 686 
II 706 2.7 (-3) 8.5 (-4) 2.3 (-3) 5.4 (-3). 2.6 (-3) 7.2 (-3) I.7 (-2) El+M2; Mii-E2 
I2 744 2,4 (-3) 7.6 (-4) 2.0 (-3) 4.6 (-:3) 2.3 (-3) 6.2 (-3) I.4 (-2) EltM2; MitE2 
I3 764 2.I (-3) 7.2 (-4) I.9 (-3) 4.3 (-3) 2.I (-3) 5.7 (-3) I.3 (-2) El+M2; MitE2 
I4 818 I.5 (-3) 6.2 (..:.4) I.6 (-3) 3.5 (-3) I.8 (-3) 4.7 (-3) I.I (-2) EI-i-M2; Ml+E2 
I5 884 I.3 (-3) 5.3 (-4) I.3 (:..3) 2.8 (-3) I.5 (-3) 3.8 (-3) 8.I (-3) E2 (npMBH!rO) 
I6 937 I.I (-3) 4.8 (-4) I.2 (-3) 2.4 (-3) 2.4 (-3) I.3 (-3J 6.8 (-3) E2 (npMHHTo) 

i 

I7. 1384. 4.2 (-4) 2.4.(-4) 5.0 (-4) 9.8 (-:4) 6.0 (-4) I.3 (-3) 2.4 (-3) EitM2; 
I8. I476 3.5 (-4) 2.I (-4) 4.5 (-4) 8.3 (-4) 5.r (-4) I.I (-3) 2.0 (-3) EI + M2 
I9. I506 . 4.4 (-4) 2.0 (-4) 4.2 (-4) 7.8 (-'-4) 4.8 (-4) I.O (-3) I.9 (-3) Eital.; MI-tE2 
20. I570 9.8 (-4) I.9 (-4) 3.9 (-4) 7.2 (-4) 4.5 (-4) 9.3 (-4) I.6 (-3) E2 + M3 
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.Ta5nana 4 

.9xcm!I:'~MeaTanbHhl9 a K 10
3 tiD 

nliH anepawx nepexonoB B. Cd 

/ 

N!N! 3aepi"Hll 
L!JK9119110B H liP• AaTO&beea a np. BoasoBa a np. HbJOCiOIIT /ll/ nn nepexonoa /6/ 171 /8/ 1964 Hama n&H&ble, 1966 

(KaB) 1957 19,59 1960 

I / 68 2200,±400 
2 90 .I 250±50 
3 22? 890±!50 
4 254' 500±!00 

,-

5 266 450±70 
6 446 ?.3,±I.s- 8.I.±I.9 7.3£!.? 
7 620 2.5.±CJ.5 I.9±I.O 2.5+0.4 

~ 8 658 2.76 2.7:£.0.3- 2.76 2.64,:t0. IO Z.?GX 
9 6?7 . 2.9.±0.4 3.0,:tO.? 
IO 686 I.? 3.I.±0.6 2. 5;t0. 9 2.3.±0.4 2•6.±0.5 
II ?06 2.45 2·2±0.4 2.4±0.4 2.0±0.2 2. 7±0.6, 

'I2 744 I.38 I.6.±I.2 2.3±0.9 2.4.f0.4 
I3 764 I.92 I.8;t0.4 2.0;t0.3 I.85.±0.I5 I.I£0.3 ·\· 
I4 SIS I.I3 I.3.±CJ.3 I.6.f.0.3 I.4.±0.3 !.5±0.2 

'-/ 

IS 884 I.IB ' I.2±.0.3 .I•2+o~r- I.35;t0.-07- !.3±0~2 
·I6 ' -. 

937 -LIO :1·0±0.2 I.I.±CJ.I I.I7±0.07 I.If0.2 
I? .. I384 0.65I - 0. 65£0. IS O.?£O.I 0.61±0~07 0 .. #2.±0. 08 
IS I476 . 0.36? 0.44±0.10 0.5±0.2 ·o.52£0.I5 0.35±0.06 
19. I506 0•460 o.52±o.to. · o.s.to.r 0.53±0.07 0.44±.0.08 
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