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1 • BBEtlEHHE 

tlaHHbJe paHHVIx pa6oT I 1 ~I 01, s KoTopbiX c¢opMV1posanacb ·ac.Hosa 
cxeMbl pacna,qa 153Tb - 153Gd, n03BOilVIIlVI ycTaHOBVITb CYl!leCTBo
saHVIe HJ.13K03HepreTVI4eCKVIX < 300 K38 Bo36YlK,qeHHbiX cocTORHVIH 
153Gd, VIX pa3pR,qKy VI KB~HTOBbJe xap?KTl~VI/TVIKVI. 0AHaKo, KaK YlKe _ 
OTMe4ailOCb HaMVI B nepBOVI 4aCTVI pa60Tbl I , cneKTp V13Ily4eHVIR . 
153Tb ,[IOCTaT04HO CilOlKHbiH VI Tpe6yeT 6onee Tll!aTeilbHOrO VI~Cne,qo
BaHVIfl C npVIMeHeHVIeM COBpeMeHHbiX MeTOAOB R,q·epHOH cneKTpOCKOnVIVI. 
HaMVI npose,qeHo ,qeTailbHoe VI3Y4eHVIe cneKTpoa e-y-cosnaAeHVIi1 
c ~eilb~ YT04HeHVIR pa3MellleHVIR Y-nepexo,qos B cxeMe pacnaAa 
153Tb - 153Gd. 

2. 3KCnEPHMEHTAJlbHbiE tlAHHbiE 

3KcnepVIMeHTailbHble pe3YilbTaTbl aHailV13a cneKTpa y-ny4ei1 '1s3Tb 
npe,qcTasneHbl s nepsoi1 4aCTVI HaCTORl!lei1 pa6oTb/ II/, rAe npVIse,qe
Hbl ,qaHHble 06 3HeprVIRX, OTHOCVITeilbHbiX _ VIHTeHCVIBHOCTfiX VI pa3Mel!le
HVIRX -r-nepexo,qos s cxeMe pacna,qa 153Tb - 1s3Gd. Pa3Mel!leHVIe 
y-nepexo,qos ocHosaHo Ha npe,qcTasneHHbiX s Ta6n. 1 pe3YilbTaTax 
o6pa6oTKVI cneKTpos ey-cosna,qeHVIi1 c npVIBile4eHVIeM AaHHbiX pa-
6oT I I -6 I . _ ! · _ 

npoBeAeHW ,qeTailbHWe VICCile,[IOBaHVIfl cneKTPOB ey-cosnaAeHVIH 
nPVI pacnaAe 153Tb C VICnOilb30BaHVIeM MOHOV130TOnHbiX VICT04HVIKOB. 
H3MepeHVIR cneKTpos ey-cosnaAeHVIi1 nposo,qVIIlVICb Ha ycTaHoBKel12( 
co6paHHoi1 Ha 6a3e cseTOCVIIlbHoro 6eTa-cneKTPOMeTpa c TopoVI,qanb
HbiM MarHVITHWM noneMI l31 VI cneKTPOMeTpa C Ge (Li) -,qeTeKTOPOM. 
HHcpopMa~VIR Olcosna,qeHVIRX HaKannVIsanacb e naMRTVI 4096-KaHailbHo-

·ro aMnilVITYAHoro aHailV13aTopa ICA-70. 
npVI VI3MepeHVIfiX COBnaAeHVIH VICnOilb30BailVICb pa3IlV14Hble cDVIIlbTpbl 

,qnR norno111eHVIR peHTreHoBcKoro VI MRrKoro y-J.13IlY4eHvtR 153Tb: 
cDVIIlbTp 1 /0,5 MM Cu/, cDYIIlbTp 2 /0,5 MM Cd + 0,5 MM Cu/, 
cDVIIlbTp 3/1,5 MM Ph+ 0,5 MM Cd + 0,5 MM Cu/, 4TO no3BOilVIIlO 
HaM Ha6n~,qaTb- cosna,qeHVIR c lKecTKvtMVI_ no 3HeprVIVI y-ny4aMVI c vtH
TeHCVIBHoCTb~ BnilOTb AO Iy = 0,05 e,q. /Iy212 = 100 eA./.-

H3MepeHw cneKTPW cosnaAeHvti1 y-ny4ei1 c 3IleKTpoHaMVI BHyTpeH
Hei1 KOHBepcVIH L 3 19,4; L 1 ,M41,6; L151,8; K68,2; K87,6; K102,3; 
K109,8; K174,4; K212,0 VI K249,5_npVI pacnaAe 153Tb. 

i( ~," • > - -- ·11 ' ...... • ~ -!l tJ~!.+;,~-~1; \ltJl-..in llllbu .. .'Y'/1: I 
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Ta6.flU4a 1 
CoBrrap;eHHH e-y' Haomop;aeMbie IIPH pacrrap;e 1S3Tb, s;z+ 

:38K 
(E~p,t<3Bl 

1 

.t1 41.6 

141.SSI 

L 51.8 
(93,311 

Y-nepeHO.zlW. HaCSn10.z1aeMwe a coana.zleHHRH. K38 

2 

68.2, 82.9, 87.6, 11112.3, 126.11 132.6, 139.8, 
-- -- *· 141.9, ~. ~~ 178.1, 186.1+186.9, 197.21 

~I 210.3~ 229.61 233.9, 239.8, ~· 258.7, 
262.01 266.81 273.4+2741 275, 278,51 299.6, 31111, 

320.01 327.21 332.61 340.41 346.21 348.81 41110.61 --- --- * ' ·!: ---
~1 462.41 467.21 489 1 507.7 1 514~51 526.0 
548.1, 552.9, ~~ 579.8, 598.2, 605.01 622.111, 

'629.71. 638.21 65111.21 653.3, 667.31 673.1111 ~~ 
711.51 727.81 733.5, 736.41 73?.61 740.81 754, 

--- * 755.8, 761.81 798.81 ~ 1 8191 ~I 827.31 
835.51 842.31 852.1111 860.91 882.9, 885.71 89111, 

~· ~I 918.11 '925.51 937.41 945.21 964.7, 
972.6, 991.91 111112.21 111122.01 1111321 111136.7, 

111151.51 106111.21 11117111.111 1 111177.21 1ti1861 11119111.2 1 
111115.71 1139.11 11441 1157.71 1179.6,,1199~01 
1218.51 1231.1111 1272.51 12951 13231 13471 .136111 

. ' * 
~~ 11112.31 ~ 1 132.61 147.71 151.71 166.9, 
174.4, 178.11 186 •. 9, 195.2, 197.21 21116.3, ~~ 
233.9, 239.8, 258.7, 266.8, 275.2, 332.6, 34111.41 --- . * 
~~- ~~ 362.91 398 •• 81 41111.91 417.21 ~ 1 
479.21 482.2, 489.111, 496.61 504.61 514.21 526.61 
542.51 548.11 552.91 579.8, 586.51 61115.21 629.7, 

* . 
~ 1 6531 665.21 6731 682.31 6911· 711.51 -718.5, 
727.81 736.4, 739.6, 754.111, 755.8, 771.9, 795.41 

7951 8161 827.3,·835.51 842.31 845.71 8521 861111 

8831 91116.1111 9121 9181 925, 9371 9451 973, 979.71 

991.91_ 9971 ~~ 111124.61 11!151.5~ !!!!I 111116111441 
1157.71 1179.71 11991 1272.51 1295 

r ., 
I 
I 
t 

"• 

1 

K 11119.8 
K 68.2 

(109,751 

K 87.6. 

L 19.4 

1129,161 

K 174.4 
I 21-5,951 

K 249.5 

_{ 249,531 

2 

82.9, ~. 12111.2, 132.6, ~. 151.7, 174.4, 
186.9, 193.8, 21116.3, 223.6, 229.6, 233.9, 239.8, --- --- * 
258.7, 278.5, 285, 299.6, 31113.111, 319, 327, 332,6 ' 

* ---34111.4, 353.4, 393, 420.4' (439), 467.2, 496.6, 
* --- * 

51114.~, 526.6 1 533.1 1 :r79.8 1 ~ '· 61115.~, 618 1 

~,-629.7, 653.3, 665.2,-~. 705.8, 711.5, 
718.5, 721.4, 728.111, 736.4, 739.7, ~. 75s.a, 

785.7, '795.4, 798.8,'816.1111 ~· ~. ~. 
852.111, 86111.9, 88111.7, 885.7, 89111.2,'· 906.111, 918.111, 

925.4, 937.4, 956.5, 972.6, 992, 11111118.7, 111112.2, 
111122.111, 111151.5, !_!!!, 111178.6, 1144, 1199.0, ~. 
1272, 1291.5, 1323, 1342.5 

* . 82.91 132.61 ill.:..i 1 ~+~_:.YI 232.71 239.~ 1 * ' 278.51 2851 299.61 ~· 332.6 ' 34111.41 353.41 
~. 392.6+393.41 405.61 417, 420.41 436.31 
455.4;1 467.21 482.21 489.111,:496.61 525.71·548.11 

. * 579.8, 591.3, 5991 629.71 638, 6471 653.3·1 6651 --- ' ,. .. ---
673.5, 691111 711161 718.5 ' 728.51 736.41 739, 7411 --- ----* 
754+755, 7621 785.6, 799, 806, §1~111 1 826, 852, 
861 1 883 1 · 885.71 906 1 918, 937.4 1 945.21 967~7, -- --- -- ----* * 
~51 111112.._111151.51 11441 ~ , 1272.5 , 1323 

87.6*, 152.71 197.2, 226.2*, 232.71 266.81 292.7, -- --- ~~ --.. - --- * 
310.5, 3191 332.6 1 34111.41 3931 42111.4 1 4361 4671 --- ' ---
4891 494+496, 51114.5, 515.51 5331 5531 557, 571, 
61115.2, 629.71 641.5, 666, 673, 6901 721.41 739.51 --- ' --- ---
7791 785.7, 7991' 819.01 883, ~~ 945, ~~ 
9831 99111, 1111121 1111321 111155, 1111.81 (121111) 

(~) 1 (~)'I 2~!_. 4361 (441) 1 4591 47111.61 482.21 
496.61 51!131 ~ ; '5331 57!.:.11 586_, 5981 61!18, 65111: 
6651 ~~ ~~ ; 741 1 785.7 1 795~ ~~ ~I ~ t 
~I 9451 9901 ~. (121!12) 

flpUMetiail.ue: 3Besp;oqKoii o6osHaqeHhi cno)KHbie rrepexop;hi, KoTo

pbie pasMelllaiOTCH B ,IJ;Byx MeCTaX CXeMbl pacrrap;a 153Tb, O,IJ;HH H3 KO-. 
TOpblX COBIIa,IJ;aeT C p;aHHb!MH 3BK. 
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C y-nyt.IaMH npH pacnap;e 153Tb. IlpH H3MepeHH.HX HCnOnb30-
BanC.H cPHnbTP 2. 
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np~ ~3Y4eH~~ cneKTpos coanaAeH~~ 3BK c y-ny4aM~ a aHanor~4-
HbiX ycnos~RX ~3MepRncR TaK>Ke cneKTp y-ny4e~ 15 3Tb. CneKTpbl ey
cosnaAeH~~ ~3MepRn~Cb B Te4eH~e 20-40 4aCOB B Ka>KAOM cny4ae 
~ cneKTpbl y-ny4e~ - 0, 5-2 4aca. 

nocne onpeAeneH~R nno~aAe~ n~Kos nonHoro norno~eH~R /¢oTo
n~Kos/ y-ny4e~ B cneKTpax noAaepran~cb aHan~sy OTHoweH~R nno
~aAe~ ¢oTon~KOB y-ny4e~ B cneKTpe ey-coanaAeH~~ Seyi K cooT
seTCTBYID~~M nno~aARM ¢oTon~KOB B cneKTpe y-ny4e~ Syi· 8 TOM 0 

cny4ae, KOrAa PRA y-nepeXOAOB sacenReT OA~H ~ TOT >Ke yposeHb, 
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,qonmHw ewnonH~TbCH cooTHoweH~H Sey 1/Sy1 = Sey2/Sy~ = Sey3/Sy3 = 
= .•• = Seyi/SYl =canst, TaK KaK ,qnH nepexo,qo~, 3acenH~~~x 

. o,qH~ ~ Te me YPOBH~, COOT~OWeH~H ~HTeHC~BHOCTe~ y-ny4e~ 

B cneKTpe COBna,qeH~~ 6y,qyT paBHbl COOTHOWeH~~M ~HTeHC~BHOCTe~ 
3T~X y-ny4e~ B o,q~Ho4HOM y-cneKTpe. np~ Sey/Sy = c, < c = 
= canst cne,qyeT, 4To y-ny4~ c ,qaHHo~ 3Hepr~e~ oTBe4a~T 3a 3a
ceneH~e Bbrwenema~~x ypoaHe~. YMeHbWeH~e OTHoweH~~ no aen~4~He 
o6ycnoeneHO BeTBneH~eM pa3PHAK~ ·COOTBeTCTBY~~.~X B036ym,qeHHbiX 
COCTOHH~~. 

MeTOA~Ka 

af14/. 
o6pa6oTK~ cneKTPOB e~coana,qeH~~ no,qpo6Ho on~caHa 
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PHc.5. CneKTp y-nyqeH 
Hlll 3BK K249 ,5 /tH3M. 
153Tb. TipH H3MepeHHHX 

153Tb /aaepxy/ H cneKTp coanaAe
= 19 qf c y-nyqaMH npH pacnaAe 
HCnOnb30BancH cPHnbTP 3. 
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4~cno cny4a~HbiX coena,qeH~~, Ha6n~,qeHHbiX HaM~ a 3Kcnep~MeH
Tax, He npeebrwano 3% aT 4~cna ~cT~HHbiX. 

CneKTPbl ey-coana,qeH~~ npe,qcTaaneHbl Ha p~c. 1-5 . 
B Ta6n. 1 cae,qeHbl ,qaHHble aHan~3a cneKTPOB ey-coena,qeH~~. 

3Ha4eH~H 3Hepr~~ y-nepexo,qoe, Henocpe,qcTeeHHo coena,qa~~~x 
c cooTBeTcTey~~~M~ 3BK y-nepexo,qoa ~ OTBe4a~~~x 3a 3aceneH~e 
,qaHHoro B036ym,qeHHoro YPOBH~, no,q4epKHYTbl. 

HaM~ He np~ao,qHTC~ 3Ha4eH~H cxeMHWX K03¢¢~q~eHToa aeyene
H~~, nocKonbKY Henocpe,qcTeeHHbre coanaAeH~H y-nepexo,qoa OTMe-
4eHbl a Ta6n. 1 ,qn~ pa3Hblx cnyyaea ey-coena,qeH~~, oTBeYa~~x 
3a B036ym,qeHHble YPOBH~ 153Gd C 3Hepr~e~ 41 ,55; 93,31; 109, 75; 
129,16; 215,95; 303,52; 290,36 ~ 249,53 K38 COOTBeT.CTBeHHQ, 

3. CXEMA PACnAAA 153Tb 

Ha ocHoaaH~~ aHan~3a pe3ynbTaToa o6pa6oTK~ cneKTpoa y-ny-
4e~2 ey-coana,qeH~~ a coaoKynHocT~ c ,qaHHbiM~ o yy-coana,qeH~-
~x/ I ~ ,qaHHWM~ pa6oT ,qpyr~x aaTopoa/1-6/ npe,qnaraeTc~ cxeMa 
pacna,qa 153Tb--153Gd.~aHHble o cxeMe pac~aAa 153Tb--1 53Gd cae,qe
Hbl B Ta6n .2, B KOTOPO~ npe,qcTaaneHbl 3HayeH~~ 3Hepnu:i ypoBHe~, 
KBaHTOBWe XapaKTep~CT~K~, npoqeHT 3aceneH~H ypOBHe~ np~ a-pac
na,qe ~ cooTaeTCTBY~~~e 3Ha4eH~~ aen~4~H logft. B nocne,qHe~ rpa
¢e np~ae,qeHbl een~4~Hbl nep~o,qoa nonypacna,qa Bo36ym,qeHHbiX cocTo~-
H~~ 153Gd, nonyyeHHbre a pa6oTe/6/. · . 

Pa3Me~eH~e y-nepexo,qoa a cxeMe ~ac7a,qa 153Tb -- 153Gd ,qa
Ho a nepao~ yacT~ HacTo~~e~ pa6oTbl 11 a cao,qHo~ Ta6n.1. 

Bae,qeH~e ypoaHe~ 153Gd no,qKpenneHo Ha6n~,qaeMbrM~ coana,qeH~~
M~. 3Ha4eH~~ 3Hepr~~ ypoaHe~ ~ ~x norpewHocT~ paccY~Twaan~cb 

C ~cnonb30BaH~eM BCeX KOM6~Haq~~ CYMM ~ pa3HOCTe~ 3Hepr~~ y
nepexo,qOB ,qn~ Kam,qoro B030Ym,qeHHOrO COCTO~H~~. norpeWHOCT~ 
3Ha4eH~~ 3Hepr~~ ypoaHe~ 153Gd COCTaBnR~T 10-100 38. 

B cxeMe pacna,qa pa3Me~eHw ace Ha6n~,qaeMble nepexo,qbr. Ha oc
Hoae 6an~Hca ~HTeHc~aHocTe~ y-nepexo,qos c ~cnonb30BaH~eM 3Ha-
4eH~~ pa3HOCT~ Mace 153Tb -- 153Gd Qa = 1585(5) K38 ~ ~HTeH~ 
cHBHoCT~ no3~TPOHHoro pacna,qa/9/ paccY~TaHw npoqeHTw 3acene
H~R ypoaHe~ np~ a-pacna,qe 1S3Tb. 8en~4HHW 3aceneHHR OCHOBHoro 
COCTO~HH~ 153Gd nyTeM no3HTPOHHOrO H 3rieKTpOHHOrO 3aXBaTa 
nPH pac~a~e 153Tb onpe,qeneH~ e pa5oTe/9/ (4,1~~~~)x10-3% 
H (0,9:0 ' 8 )% COOTBeTCTBeHHO. 

np~ p~c4eTe 3Ha4eHH~ logf~ 3a 100% HHTeHCHBHOCTH Ha pacna,q 
153Tb np~HRTa CYMMapHaR HHTeHCHBHOCTb nepexo,qoa, HAY~~X B oc
HOBHoe COCTO~HHe 1 53Gd,paaHa~ 320(10) OTH.e,q. 

npH aHanH3e cneKTpoa ey-coena,qeHHH HaMH c,qenaHo 3aKn~4eHHe 
o TOM, 4TO 33 6n~3KHX no 3Hepr~H y-nepexo,qa .,qonmHbl obiTb pa3Me-
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Ta6.fluu,a 2 

CxeMa ypoBHeH 153Gd, B036y~g~mHXCH rrpH pacrrage 
1s3Tb, 5/2+ 

Eyp (AE), K38 

1 

0 

41,55(1) 

93,31(3) 

95,15(3) 

109, 75(1) 

129,16(1) 

183,46(1) 
212,0111 ( 1) 

215,95(2) 

219,32(5) 

249,53(4) 

29111,36(3) 

31113,52(1) 

315,22(5) 

316,04~1) 

327, 15(3) 

361 ,63_(5) 

368,64(5) 

412,91(6) 

436,31(4) 

442,19(3) 

448,42(4) 

482,75CEh 

504,llllliC4) 

51l18,79C8) 

5311,49(3) 

548,51(7) 

61117,45(6) 

636,47(4) 

71118,9111(6) 

731,61!1(4) 
775,14(5) 

I" 

2 

3/2-

5/2-

7/2-

9/2+ 

5/2-

3/2-

5/2+ 

312+ 

512,7/2+ 

312,512+ 

5/2 
7/2+ 

5/2+ 

1/2 
3/2+ 

U/2+) 

3/2 

7/2-:

(3/2+) 

1/2-

5/2+ 

5/2-

1/2+ 

5/2-

312,51.2-

3/2-

5/2 
3/2-

7/2-

3/2+ 

7/2+ 
312,5/2+ 

<a.3.+ fl+>.x 

3 

<2,7 
... 6(3) 

4,1(6) 

3,3(15) 

<1 ~0 

3,4(2) 
58(2) 

111,16(6) 

Ill, 11!1(1) 

2,9(1) 

1,3(1) 

3,8(1) 

<Ill, 1 

0,9(1) 

0,19(1) 

'0,65(4) 

0,16(2)_ 

111,1116 ( 1) 

0,3(1) 

0,44(2) 

<Ill, 1 

lll,lll5(2) 

<lll,lll5 

0,46(3) 

<111,1115 

111,47(5) 

Ill, 17(1) 

111,42(2) 

0,75(3) 

0,68(4) 
111,13(1) 

10 

lg ft . T112 , HC[6l 

4 5 

>8.,5 

7,8 4,1115(9) 

8,0 0,45(9) 

8,111 1!1 1 243(14) 

>8,5 2,39<14) 

8,111 111,76<1~) 

6,7 <111,18 

9,3 <0,21 

9,5 

8,0 

8,4 

7,8 <111,21 

>9,4 

8,5 

9,1 

8,6 

9,2 

. 9,6. 

8,9 

8,7 

>9;5 

9,6 

>9,5 

8,6 

>9,5 

8,6 

9,0 

8,s 
8,2 

8,2 
8,9 

1 

782,53(3) 

821,27(5) 

847,66(3) 

857,50(4) 

865~56(4) 

937,35(6) 

945,16(5) 

955,51 (2) 

9911,15(8) 

11114,9(1) 

1835,15(4) 

11!144,6(1) 

18166,45(7) 

111l11,69(3) 

1118,58(4) 

1131 ,67(6) 
1181l1 1 59(4) 

1199,84(6) 

1272,6(1) 

1328,21(4) 

1387,5(1) 

~41111,49(6) 

1422,9(1). 

1426,7(1) 

1452,33(5) 

2 

3/2+ 

5/2+ 

5/2,7/2-

3/2,5/2-

3/2+ 

712+ 

3/2+ 

5/2+ 

312,512+ 

5/2+ 

5/2+ 

(3/2,5/2+) 

312,5/2+ 
3/2+ 

312,5/2+ 

7/2+ 

3/2,512+ 

512,7/2-

51:2+ 

312,5/2+ 

(3/2,5/2+) 

312,5/2+ 

3/2,5/2+ 

312,5/2+ 

3 

111,93(3) 

11,43(3) 

111,25(2) 

111,66(6) 

&,65(3) 

a,5cu 
3,7(2) 

1,1!1(1) 

lll,26(2) 

0,29(1) 

1 ,Ill ( 1) 

Ill, 18( 1) 

0,26(2) 

3,1!1(1) 

111,11(1) 

111,35(2) 
111,24(2) 

Iii, 13(1) 

Ill, 14(1) 

0,22(2) 

111,07 

Ill, 16(1) 

111,03 

111,1114 

111,1119 (1) 

4 

8,1 

8,3 

8,5 

8,1 

8,1 

8,2 

7,2 

7,8 

8,3 

8,3 

7,7 

8,4 

8,2 

7' 1 
8,5 

7,9 
8,1i1 

8,2 

8,1i1 

7,6 

7,8 

7,3 

7,9 

7,8 

7,2 

11\eHbl 8 A8YX MeeT aX cxeMbl pacnaAa. np!-1 3TOM HaM YAallOCb 

5 

8 23 Cily~aRX 04eHI-1Tb I-1HTeHCI-18HOCTI-1 1 ~80~HWX 11 y-nepeXOR08. 3TI-1 

AaHHble 8K11104eHbl 8 Ta6n. 1 nep8o~ 4aCTI-1 Hawe~ pa6oTb/ II/. 
JleTallbHbl~ aHall!-13 cneKTP08 y-11y4e~ 1-1 ey-co8naAeH!-1~ npr-1 pacna

Ae 153Tb n03801ll-11l 88eCTI-1 56 8036Y>KAeHHbiX COCTORHI-1~ 153Gd. Ha

MI-1 OAH03Ha4Ho 8~11104eHo 6onee 50 y-nepexoA081 1ll-16o paHee He pas-

' Mell\eHHbiX, 111-160 OWH604HO pa3Mell\eHHbiX, 8 CXeMy pacnaAa 15_3Tb, 
8 TOM 4HC1le 12· H08b1X y-nepeXOA08. 

06CY>KAeHHe npHPOAbl 8036Y>KAeHHbiX COCTORHH~ 153Gd 6yAeT AaHO 

s cneAYIOII\e~ pa6oTe. 
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B aaKil104eHI-1e asTOPbl npl-1HOCRT 6naro,qapHoCTb Jl. Baspbi~YKY 
a a ueHHble aaMe4aH!-1R np1-1 o6cym,qeH!-11-1 peaynbTaTos paooTbl, 6 .KHoT
Kosol1 1-1 )!( .OTrOH 3a nOMO~b npl-1 OC!>OPMileH!-11-1 pa60Tbl. 
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