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P.ApJJbT, K.H.rpoMos, H.r.3aJiQesa, .IH 'lyH XH, 

3.MaJJeK, r .My3HOJJb, X.IIITpycJ blit 

HOBbiE H30TOfihl 
176 Os H l 

77 Os · 
' 

CBE,li,EHHH 0 PACfiA,li,E H30TOfiOB 177.;18° Re, 

178.;..180os ; 0 CXEME PACfiA,li,A 179 Re 

HanpasneHo B 'V1asecTIHI AH CC ::;p• 



1. B B e ,a e H n e 

I 1-6/ 
KopoTKO.>KHBywne H30TOITbi ocMHH H3yqanncb B pi 6oTax • Ebrno 

ycTaHOBJieHO CyWeCTBOBaHHe CJie,aywWHX H30TOITOB OCMKH C rrepno,aaMH 

rronypacrrana Me HbW e ,aByx qacoB: H30MepLI 18 I Os c rre pnonaMn rrony

pacrranEl 105 MHH H 2,7 MHH, I
80 

Os (25 MHH), ~19 o~ (8 MHH), I7R Os 

( 5 MHH). CxeMa pacrrana H30Mepa IBI Os c T I/2 = 05 MHH rrpenno.>Kena 
/2 5/ /2,3,4/ 18I Os 

B 0 H30Mepa c T I/2 = 2, 7 MHH - B CxeMa pacrra-

na ISO Os /2-6/ I79 0 
rrpenno.>Kena B • MaoTorrhl s n I7l Os nnenTncpnunpo-

aaHLI coaceM ne,aaano E.H.EenHeBbiM n np. 
/3/ 

TaKHM o6paaoM, no nacToHwero apeMeHn nMenncb cnenywwne caene-

HHH 0 rrepHOJlaX llOJiypacrrana KOpOTKO.>KHBylUHX l130TOITOB OCMHH H HX JlO-

qepnnx nao6apoB: 

Is I Os 

I8I()s 

180 Os 

179 Os 

I7R Os 

25 MHH I80 Re 

8 MllH I79Re 

5 MHH 178Re 

177 Re 17 MHH 
--~~ 

176 Re 5 MHH 

120 Jlf'> 
1 8 

I Ta 

2,4 MHH 
I80 w 

179 
20 MIIH 179 w 40 M IH Ta600nu.179 Hf 

15 MHH 

177 w 
176 w 

3 

------ --~ 

178 w 
22 llH 17HTa 9,4 MHH 17R Hf 

135 MHH 
177 la 

2,3 qac 176 1 a 

56,6 qac 
177 Hf 

8,0 qac 176 llf 



HacT05lll!85l paeoTn 5lBJl5leTC5l 'WCThiO rrporpaMMbi nccnenonmmii 

KOpOTKO/KIIBY!UliX He~ TpO HOUerlrnUHTHbiX H30TOITOB 1 ITDJlY'lClet--lbiX llpi! OOJly'le-

Hll!I pn3HbiX MHliieHeJ JIB BbiBCDeHHO:V1 IIy'lKe 11pOTOIIOB CIIHX[lOUilKI10TpOHD 

06'h0LUUieHIIOf'O HJICTJTyTa 51/le[JHbiX IlCCJJeDOBaf!IIJ"i B Lly6HP ( IIporp·r:V1Jv!a 

HCHAnn - >IJ:LepHa5l cneKTpocKorrHH Ha Wf'lKe rrpoToHon). llpn nccnenona-

HHHX KOpOTKO/KHBy!UiX Il30TOITOB M~ CTDBHJlH nepen co6o" CJlODYID!UilB 

3aUEl'Il1! !1011CKI! !!OBI !X 1!30TOITOB OCMH5l II ITOJly'lBHlle OOJlBB TO'l!Ib!X CBBDB-

HllH 0 pacnane KOpO~O/KHBY!UllX H30TOITOB OCMII5l, ~Cl1011b3Y5l reHeTI!'lBCK!le 

CB5l3H 1130TOITOB peHJ5l C IICCJleUOBCliiHblMll ll306apaMH OCM!l5l 1 Mbl CMO!'Jlll 

llD.iiY'lHTb HHTl?peCHblB CBeUBHH5l 0 CXel\IB pacrrana IT!I RP ( TI.'2 = 20 MIIH). 

2, 3KCI10pllMeHTEIJlbHa5l MBTOJ11!1\!1 

H eiiTpOHOneljmr: llTHhiB H30TOITbl OCMlf5l Mbl IlOJlY'li'lJlll B p0<1KU11ll r ny6o-

KOf'O paC!UPJ1.i1eHH5l f pH OOJJY'lCHHl! MeTilJIJ11I'lBCKOf'O 3il.iiOTa H[l BLIBBUO!IHO~l 

rry'lKe rrpoTouon cnH>epouHKJlOTpoHa O~H~ ( E" = 660 M:m). Bee MIIIIIeHH 

COCTC1BJI5lJl 245 f' 1 l peM5l OOJJy'leHHH 2f-5 Ml!H 1 IIHTCI!Cl!BI!OCTb ny'lKCl !IpOT0-

11 
HOB 5-10 rrpOTOHOBICeK. 

XHMH'leCKll •m :TI>Ie rrperrapaTbi OCI-.!l!H BLIUBJHI11HCb 113 pacrBopeHnori 

B uapcKOI'I BOUKB 3 l.iiOTOit MHLUeH!l l\!BTODOl\! UIICTIIJIJJHUJ[][ B BHUe 0s0 1 • 

Lln>~ H3Mepenni1 y - crreKTpoB 11CITOJlb3onanc>~ pL1CTnor Os 0 1 n ii~l Na OH. 

Wenoquolr pacTBop 1oMeruarrc11 B crauuapTHLIX un>~ nauJI!x orrhiTOB re,rno-

3 
HOBI,JX Karrcynax o6· .eMoM 3 eM • 

LlnH HUeHTl!\~I!Il.aUJill li30TOITOB OC:\!H5l TIO rtO'l0p1!11~1 JI:100rtpill\l [lBH!I5l 

Os 01 rrorrrotLU1JICil B pacTBope C Cl 4 , H3 KoToporo nocrre npc•nn:lf'l!Tenb-

uoii npOMhiBKH CC1 4 c rroMOUlbio 12\1 IINO ,1 IlLJ!lGJIHJIIJCb llpcnnpaTbi 

[JeHH5l :V1eTOr10M pe3 <CTpaKUJIH ero 113 opraJIII'!OCl\CJf'O [J(ICTBO[lil 12\1 II\'() :1 

conep)lWUiero !lOCH 'enb pemrH. LlnH yJlaJ1eHHI1 B0.'1MO)l<!IJ,JX rrpii~>.·Jeceii oc-

MH>I Cl30THOKHCJ1J,Ji1 paCTBOp KHI15lTHJIC5l 1 liOJlY'lPHllbiii JlClCTBOp IICf10J1h30BaJ1Cl1 

llJJH l!3MepeH!I(! y - Cl10KT[JOB DO'IC'pl!llX H::lOTOriOfl p01Ill5l, 
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npenap<1Th! L\O'Iep!!ef'O peHI!H 1 ITOJIY'IeHHb1e T8KI!M CITOC060M 1 OKB38-

JIIICb HeL\OCT<1TO'IHO 11HTOHCHBHb11\III LlJIH 1!3Mepel!HH y -crreKTpoB B o6na-

CTI1 :c>Hopnrri Gonec '!eM 1 M9B. llnH rroay'IeHHH 6onee HHTeHciiBHhiX rrpe-

rrapaToB noqepHero peHI!H Tpn MI!llleHn HgO 

4 Ml!H.) oGnyqanucb rrocnenoeaTOJihHo. 

BeCOM 4 .. 5 r (Ka~L\BH ITO 

Oc~>.IHH OTf'O!HlJICH B Te'IeHHe 4-5 MHH II ITOf'JIOIUa lCH B ('CJ 4 • 

Bech ocMnri, rronyqeHHbiir 1!3 Tpex oTroHoK, o6bennHHJI ;H. HaKOITI1BIIlliHCH 

38 10-15 MIIII peHIIii BLIMbiBaJICH H3 l (')4 pacTBopoM HNO 3• llnH rron-

HOf'O ynaJICHl!H 11p11Mece(I OCMHH BOL\HBH ljla3a llpOMI>IBO IDCh ('CI 4 

II per!llr"I OC8}!(L\8JICH ITOCJie 11pi168BJI0HllH HOCIITCJIH B BlUe Ag f{e () 1 

OcanoK pacTBopHJICH B aMMHaKe n 9TOT pacTBOp liCITOl h30BdJICH LlJIH 

1!3MepeHHH y -crreKTpa. 

CHCTeMa BKTI!BBU11H MH!UeHe!"! II ee TpaHCilOJlTllp011K8 OT M0CTa 

171 
o6Jiy'IeHI1H B Xl!MII'I0CKYIO na6opaTOpi!!O OITHC8HLJ B pa6o re 

ilJIH H3y'IeHI1H y -CITeKTJlOB 6b!Jll! ITpi!MeHeHbi: 

1) y -crreKTpoMeTp c KpHCTannoM THrra Na.J ( T I) pa3MepoM 70 x 

X 50 MM 11 9HepreTI1'IeCKIIM pa3pellleHHeM 10,7% LUHI 

r11elr 661 K9B ( 
137

C's). 

-rrepexona c 9Hep-

2) Y -crreKTpoMeTp c neyMH cMeHHbiMI1 Ge( Li) - neTeKTopaMI1 KoaK-

3 
CI18JibHOf'O TIHI'l C 'IYBCTBHTeJihHbiM o6beMOM 6,4 II 10 :;M 11 9HepreTH'IeC-

KIIM pa3pememreM 4,5 ll 6 K9B 1 COOTBeTCTBCHH0 1 L\JIH y -rrepexona 

C 9HeprHeH 1 333 K9B ( 
60 Co ) • ilm1 perHCTp8U11ll y ·CileKTpOB l!CilOJih-

30B8JICH 4096-KaHaJibllb!H [lMI!JIIITYL\Hb!!"! aHaJIH3aTop. fp. lL\YHpOBKa 

Y -crreKTpoMeTpa c Ge( Li) - neTeKTopaMH rro 9Hepri1Hl1 H IIHTeHCIIBHo-

CTHM Y -rrepexoUOB 11pOII3BOL\HJIBCh C llOMO!llhlO KBJI!!t; pOBO'IHbiX rrperrapa-

TOB 
169 Yb 133 Ba 182 Ta u 226 Ra . li3MepHTem.naH TeXHHKa 

/8/ 
n MeTOL\bi o6pa6oTKll crreKTpoe 6onee rronpo6no orriicaHJ 1 B pa6oTe • 

5 



npenapaTI>I ll0'1epmc-ro peHH>I, nony'!eHHI>Ie TaKIIM cnoco6oM, oKa3a-

J111C6 H8LlOCTilTO'IHO HIITGHCI!Bllbll\111 LlJ1>1 113Mepe11H>I y -cneKTpoB B o6na-

CTH 2110 prnii Gonee CJeM I ,l'v, 3B, Lin>~ no.<yCJeHH>I 6onee HHTe HCJI BHbiX npe-

napaTOB Ll0'18pHero peHH>I Tpll Mllll18HII flg0 

4 M!IH,) o6ny'1i1.'111C6 nocneno Bn Ten6HO, 

B8COM 4 .. 5 r ( Kil)K/lB>I no 

OcMnti oTroH>IJ1C>I B TeCJeHHe 4-5 MHH n nornouw 1C>I B CCI 4 • 

Bec6 ocM!Iii, nonyCJeHHbii"r ll3 Tpex oTroHoK, o6be/lHH>In :>I, HaKonHBW!lHC>I 

3a 10-15 MIIH peunii BbiMbiBanc>I 113 C Cit paCTBopoM HNO 3 • Lln>I non-

Horo yrraneHI!>I llflllM8Ceii OCMH>I BOJlHBH q1a3a npOMhiBB JaC6 ('(14 

11 pem1 n ocall(/lancH nocne npll6aBneHII>I HocnTen>I B B11.1e Ag RP 0 1 

OcanoK pacTBOpHnCH l:l aMM!laKe n 8TOT pacTBOp IIcno1 630H,lJ1C>I nn11 

1!3Mepenn>I y -cneKTpa, 

C11cTe:--1n aKTHBBUIIII MntueHerr !I ee TpaHcnopTHpo·lKa oT :-.wcTa 

171 
o6ny'1eHH>I B XHMliCJecKyK) na6opaTopHK) onncaHa B pa6o re 

Lin>~ 113yCJeHH>I y -cneKTpoB 6biJ1ll npn!vleHeHbi: 

I) y -cneKTpoMeTp c KpllcTannoM THna NaJ ( T I) pa3MepoM 70 x 

X 50 MM II 8HepreTH'1eCKIIM pa3peweHHeM JQ, 7% /lJ1>1 

rnei'r 661 K8B ( 
1 ~ 7 Cs). 

-nepexo!la c 8Hep-

2) y -cneKTpoMeTp c llBYM>I cMeHHbiMH Gc( Li) - DeTeKTopaMH KOaK-

3 
ClWJ16HOrO TIH!<t C '1YBCTBHTel16HbiM o6beMOM 6,4 II JQ 8M !1 8HepreTH'1eC-

KIIM pa3peweHIIeM 4,5 II 6 K3B1 COOTBeTCTBeHHO, /ll1>1 y -nepexo!la 

C 8HeprHeH 1333 K8B ( 
60 Co ) · Lln>I perHCTpBUIIl! y -cneKTpOB HCnOJ16-

30BBJ1C>I 4Q96-KaHaJ16HbiH al\WJ1llTYD.Hblfr aHa.'1H3BTOp, fp. 1/lYIIpOBKa 

Y -cneKTpOMeTpa C Ge(Li)- !leTeKTOpaMH no 8HeprH>I:~ H HHTGHCHBHO-

CT>IM }' -nepexo!lOB npoH3BO!liinacb c noMoUlbio Kam11; poB0'1H6IX rrperrapa-

TOB 
169 Yb 1 ~ 3 Ba IRZ Ta 11 226 Ra . vi3MepHTem.Ha>I TeXHHKa 

/8/ 
ll MeTOilbl o6pa6oTKll cneKTpOB 6onee nO/lp06HO Ofil!CBH:.J B pa6oTe , 

5 



Pe3yJibTBThi Hm mx Hccnenorwnnil raM~w-crreKTpoB KopoTKO)KJIBymHx 

H30TOITOB OCMITH rrpeCCTBBJI8HW B Ta6nHU8 1, npHITl!CBHll8 f'HMMa-nepeXOJIOB 

TOMY HJIH HHOMY H30' 'OITy OCMIJH ITpOll:lBOJIHJ10Cb IUl OCHORe ITfJOB0JI8HilhlX 

HBMH ll3MepeHHH nepJ:OJIOB nonypaCITfl.JIB 1 C KOTOp!,JM y6t.lF\neT IIHTOHCHBHOCTb 

3THX J1HI!HH 1 a T11K)K8 pe:3yJibTBTOB H3y'-IOHHH f'BMMa-CIT8KTpOB 3THX ll30TO

ITOB B UHTH[JOBBI!HblX Bbllll8 pa6oTaX, Ha pllC, 1 IT[l8r1CTaBJ18Hhl I![ll!M8pbl 

nony'-!eHHbiX B 3TI!X 13MepeHHHX Kpi!BbiX pacnarw. P!!c, 1a noKa3I>IBaeT, '-ITO 

ll3M8H8HI!e l!HT8HCI!BIOCTH f'BMMCl-ITl!Ka C 3HO[lf'l!8H 238 K3B IT[JOHCXOUllT 

c nBYMH rrepnoaaMH ronypacrrana. nepnoa rronypacrraaa 110 MI!H CBH3nH 

c raMMa-rrepexoaoM 238,9 K3B 
1

R
1
0s, a rrepnon rronypacrrana 15 MHH -

c raMMa-rrepexoaoM 237,6 K3B, B03HHKBIOllillM rrpn pacrraae 
17

RRe , o6-

pa3oBaBtuerocH nocm pacrrana 6-MHHYTHoro 
17

' Os. Ha pHc, 16 rroKa3aHo 

H3MeH81!l!8 HHT81!CHBIIOCTl! f'ClMMa-rrepeXOUB C 3HeprHeiJ 902,2 K3B 
1R00s > 

•
180 Re-> 180 W e80

0s: 1'1'2 22,0.:_0,8 Ml!H). PHc, ln rrpeacTaBnHeT Kpl!Bble 

1790s pacrrana raMMa-nHHH1 , 1RO Os 

B KOHUe Ta6nm lbi 1 rrpnnenen crrncoK raMMa-nHRHi1, KOTOphie panee 

ue Ha6monanHCb, ne lHODbi rronypacrrana, C KOTOphlMH 113M8HHIOTCII l!HT81!-

Cl!BHOCTH 3THX JIHHlli, Mbl OU8HllBBeM KBK 4 MHH ~ 1'1j 2 < 9 MHH ll 2 Ml!H;; 

< 
"' 

4 MHH, J HHHH C rrepl!ODBMH rronypacrraaa B HHTepBane 4-9 MllH 1 

BepOHTH0 1 rrpHHBDJI8)! aT H30TOIIa'v1 OCMHH C A = 178 II 179, Jluunu c rrepn-

onaMH rronypacrrana 3 HHTe pnane 2-4 MHH MoryT rrpnnanne)KaTb 

= 2, 7 MHH: llJill HOBbiM H30TorraM OCMHH, BTopoe rrpenrrono)Ke-

nl!e 6onee nepoHTuo, TBK KaK y -crreKTp LR 
1 Os T 1; 2 = 2, 7 MHH) 

/2,5/ 
H3Y'-18H DOBOJ!bHO XO]>OWO , l..J T06b! rrpoBepHTb rrpeUITOJIO)IWH!Ie 0 Ha-

6JUO.'l?HIIH HOBbiX ll3C TOTIOB OCMIIH 0 a T8K)K8 '-IT06b! llODTBepUIITb o6HHpy-

/3/ 17!! Os 178 
)K8HHbre EenHeBbiM 1 np, II30Tom.r Os , Mbi nponenn 

!ICCJ18JIOBBHIIII raMMl-CIT8KTpOB aperrapaTOB peHHH, BOnb¢paMa II TBHTana, 

6 



Tac5mn.\a I 
2 3 4 5 6 7 8 

/3/ /2/ IHBIUH/ 

E , /KSB E /KSB/
1 I I E r /KsB/ I 

T !dUHH/ I lll;n;ear~-1-
I }' )' I ~HK8UHH 
I 

) I 

' II8 ,8 23' II8,0±0,6 1~20 12 ~ Tt/~ -: :~~ 
I 

I 145,0 100 144, 7±0,6 :roo '2, 1±.0,4 I 
1'<1()::-; 

' 
! t<o Os 104 20 104 ±I :~31 ! ~ '~0 f taoRP 

328,7±1,5 11,4 :<; .~0 
"

0 Os 

(668±l) I 
< '~2 ,2,3 1"0 o~ 

• 751 ± 2 13,7 '$ ; ~0 I 
i ''o Os t t>~oR(:_' 

816 9 : 824,8±0, 7 I II . ~ ~:8 
180 lle 

I I 
B92 roo r 902,2+0,5 

I -

I 

I 

IOO 22,0,:0,8! no liP 

,164 38 ' 165,6±0,9 1,34 ~±2 

b? IOO 
i lroo : 218,9±0,6 ~±I 

1310 
i I 

58 I (309,6±1,0 ·24 l;l / T t/~~ 71 17° Os ,;, I 

~56 
I I 

92 : (759,6±1,0 44 II ~ T ~ 9 ti'J 
I 

,, 
I 

(I3II,6± 11 < 1300 1- 83 T 1 ,~:~ ~ 9: I ~ 

± 1,2) I 

320±1 5 

350,8±1,0 30 

533,1±0,8 72 

548±1 I? 

II 551,8±1,0 40 
< T < HI I,, 

~ 

594,6±0,8 100 
,. 

''''o~ 

600,6.±1,0 56 17"0...; 

613±1 31 
17li Ill' ) ( 

632,5±1,0 56 

685,0.±,1,2 90 
---- -- -~-- ------------
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11PD80JJlK. Ta6. I 

I 2 3 4 5 6 7 8 

('?45;t2) ~1+0 
li'l 

(b 

%8,7;t0,8 I38 t ~ T 1/2 

17,'1 

~ n (b 

l35I,I;ti,2 130 ( "" n .. ) 

84,4J:I,I 69 

I25,4;t0,6 40 

I57,4;ti,5 I4 

(I86;ti) 8 

196, O..:O, 8 54 
') <' - ,;; T 1/"-;:_ 1 1"10:-' 

: ( 337+2) I5 177 Os 
I -

!539,2+1,2 53 
171;0s 

I - ( IH flp) 

(672;t2) 

8I8,0;t0,9 72 

8 



Pnc. 1. 

N 

N 

10 

---------------------, 

3 

238,9 keV 181 Os • 237.2 keV 178 Re 

237,2 keV 178 Re 

·-------

·[min] 

902,2 kel/ 180 Os 

T11 ,• 221J min 

~----~20~---~---6~0----~8~0----~10~0-----1~20---- [min-~]--------~ 
N 

10 

----·---41--- . ·---- --f-- ----- - _,_ 
T1J ,• 22 min 

-t 

0 824,8 ktV 180 05 't 
102 179 05 0 218,9 ktV 

• 14 ,7 ktV 181 Os 

-· l Tv .• 2,7 min 

0 10 15 20 25 (m1n: 

a) Cno/1\HAH KJlllBLHl crwna l!HTC?HCirnJIOCTI! y -nepexo!10il c 3Hep-

I'l!HMII 237,2. ICJB pncrra;:w '"Rl' II 238,9 : ~·JB pac na11a 1' 1(),-; 

n:1~wpean Ha \'a .J ( Tl )- crreKTpo:-.wTpe. 

6) Kpnnn>~ cnana HHTencnBHocTH Y nope) ona c :omeprueii 

902,2 JC>Il rwno'{KI! pncrHJ!1a
1
'

0 0;,. 22,0 \1lllJ 1 ' 0 IP 2,4 :-.mH., 1 qo W 
n:JMepcHD Hc'l \a.J(TI)-cnernpo:-.IcTpe. 

c) KpHBhie Cllllila l!HTeHCHilHOCTH y -rrepexo, 1on c 3l!eprn>~MH 
144,7 K3Il pacna11a tst (),- , 218,8 K3B nacnuw J7q 0,; 11 

824,8 K clB ]1(' riO"!Kil pacrrana I ' 0 Os 22 Mil~-~ I ' 0 I~c 2,4 Mllll hO n 
li:'J~lept~IILI JW Ge(Li) - crreKTfJO\IeTpe. 

9 



BLrneJTeHHbiX !13 ocrvme 1oii r!JpaKUIHI. KaK yKa3aHo BLIIue, r~paKUHll oc.-vmn 

rronyqanacb npn o6rry4E HI!!! ;,rHruerwii Au lUll! HgO Ha BblB8Ll8HHOM 

ny4Ke npoTOHOB. O,cmH H3 nony4eHHb!X B 3THX II::JMepl?HHllX raMMa-cneKTpoB 

rrpenup;cna peHHll, B~>WE rreHIIoro H::J oc:--mH, rrpencTaBn8II Ha pHc. 2. 

lJ3!'v18pH5l H!IT(?IJCHflHOCTb rLJ!v!Ma-ll!!!fllli Ll048pHHX 1!30TOITOB B CH8KTpax 

rrocrrea osa TonL 110 BI,ILl''JIE:'HIIb!X nponapaTOB 0 Mbl Ill\! 8Jill B03\10/Kl£0CTb Of1[J8-

L18J1HTIJ n8pnoa norrypac narw !\HlTepi!HCKI!X H30TO!lOB oCMHH. TaK, ua 

puc. 3a rrpl!BoneiiLI Kpl B1>1e rronypacrrarw l!30TonoB 17S (),.; II 1 B Os 

Ha To:--1 /Ko p!!CYHKO n< !Ul Kpi!BaH pacrrana 
1

'
0 

(),.; , rrony48HHaH no l!::J\18118-

HHro IIHTeHCIJBHOCTH nH mr1 LSO He B l10C.Jl8LlOllilT8J1bl!O BbL'l8J18!!flh1X H3 

OC!\!Illl rrpc>napaTax po11 IH, 

f1orry40HHLifr T!:lKII\1 o6pa3oM rrep!!OL! rrorrypacrraLw 1 ~ 0 (b cosrrnnaeT 

C 1!0liOC[J8L1CTB81!1!0 1!3~ !OpE:'HHb!:\lo 3TO CBl!Ll8T8J1bCTBY8T 0 T0~.1, 41'0 l!C-

rronb30BaHHI>Je MeTOJI1,1 BI>IL18JI8IIHH peHHll rro3BonnroT xopowo orrpenenHTb ne

prronLr ITOilypacrraJiil 1\,l"TepHHCKHX l!~oOTOITOB OC!\IIIH. f1ony4eHHJ,J8 B 3THX 

Ol11>1T8X rrepiiOLlbl flOJIY!=aCrrana 
1

B Os II 
179 

(),.; XO[JOUIO COBIIanaroT C naHIIbi-

13/ 
:--1n E.H.EenHesa u up. • Ha puc. 36 npencTaBneHbi pe3yJibTHTbi ll3Mepe-

Imii nepHOLlOB !10JJypilCJ '11/111 HOBI>IX H30TOI10B 
176 ()~ n 

177 Os 0 3TH H3Mepe-

Hlll1 61Mlll nposonem c ncrrorrh30Darr:r eM ["[l;. 1\1 ~-llllf!llll BHY4EITbiX II30TO-

IIOB 
17 6 w 177 w II 176 Ta 0 f1epl!OLlhi rronypacrrorw !lOBI>! X l!30TOHOB 

flilBHLI: L1J15l 
t76 (),; ( 3,0::_0, 7) MIIH II L1J1l1 177 Os 

~ (3,5.:!:_0,8) Mllf!o 

B TailnHuax 2, 3 ll 4 rrpe!lcTaBneHI>I rrony'IceHHbie HaMn csenem1.11 o raM-

Ma-C ITC'KT)l11X 1 D03H11Ka: )l!{HX ITJ-ll! ruJCITaJie 1!30TOf!O£l 

177 W n 
171

; Tao KilK B rn11o II3 3THX TililJllru, rrony48!IIILre naHIII>Je o6 

3IW[lrl!l1X !I I!HTI?IICI!Ill!11CT5lX rarv11\Ia-rrepOXOLlOfl B OCIIOBI!OM CorrracyiOTCH 

C pC3yJihTilTDMII, 1!3BG<:Tlli>IM l! !!3 60J1G8 [JC1HHJ1X pa6oT. 06rWpy>IW!IO H8CKOJ!b-

raMI\lil-l1l')l0XOLlOB. f1oc KOJJbKY l!OBI,JX LlillllfLIX o6 C>Tl!X II30TOlfllX H01vlll0l'0 0 

\I' .r ne 6yL1C:\1 oGC'YEI([ta rb l!X cxel\I 1,1 pacrrana. 
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--~-------------------, 

100.2 ki-V 176w 

Puc, 3, a) KpHn~>rc pncna,1a tuoTol!OB 
1

'
0 0.- , 7'1 o~ n 17, o .. 

1 llOC'T-

p00Hfi!,JC Jl) yf5J,J[}f1HIIIO IIIITe!IC'IIDIIOCTII )' -fiCJlC'XOrtOR JI306:Jfl0D 

1 '
0 Jlp (8:··1,8 11 802,2 tnn), 17 '1 f1p (280,0 11 -130,2 K3n) nt 7 '11l' 

( 106,4 II ~37,2 !C'Jfl), COOT!leTCT!lel!IIO, II l!!JC'Jll','!!JB.'lTO.r!bHO '!epl'3 

Ka>t<rtLJC 8 MHII Bunc·.ncrJin,Jx H:J r]1prm:urrn OC:'\11HI llJlCITnpnTnx HP . 

G) Kp11nr.Jr pncnnnn Jt30TOnon 
17

" ()" 
17'- ()_" J 1 77 ():--; 11171i (},.; 

DOCTJIO('JlllllC' ITO yfJJ,JBHHIIlO liHTCHCI!l\HOCTTJ )' -lll""pCXOD.OP. H:-:\O

Uilf'O!l17"11• (280,0 11401,7 tcm), 17 '11!' (106,•11! 237,2 ruB), 
177

\\ ( 11:,,7; 186,4 n 427,2 K:'>B) 11 
17 "11 ( 100,2 K'-lll) !! 

171
'fa (88,ln llf31,5K'JB)' D ffOC,IT('j(OB<IT('Jlhf!0 1 

1 fL'fH',l K<l/l\rlhl0 I'f111 

\lll!!YTH U •l/ll',iF'HII1_,!X 113 ()~ -rJlf)iJJ,U:i!ll Ilfll:>II;l!'dTOJ\ !>Pf!JIH. 
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Ta6mn~a 2 

SHeprMM M ~HTeHC~BHOCTM r~nepexO~OB, B03f.~KaromHX ITpM 

pacrra~e ~aoTorron 177Re ' '"'Re M lRo Re 

·•· --.,..-----'-1"------------~----------~ 
/2/ /3/ . V130TOilj. i -----+-· 

JEy haB/l I y E I 
y hem~ I y 

I . 
i 177R" I26 ~ 25 

I9I IOO 

I 
IOS ~ I I 

I ! 
17

" Re i 238 I I 
I 
I 

I 
I 

I 
I 
I 
I 

I K IIO I X 

I j 
76 0,5 

! 
, 

103,6:!:_0,3 j26 
, 

! 

"
0 

ll<' 

232,6:!:_1,0 ji '2 

750,8± 
r±I,O 0,8 

826,4± I 
r±0,8 II I i 

I 

I i 
I 9~,~ I 
+0,5 ~00 

I 

15! 
---- ·-· ·I. 

E y hem/ I y 

I05,9 IOO 
237,6 60 

- -
777,9 4,6 
940,2 I7,5 
977,5 5, 0 

K 87 
X 

76,5 10,? 
I03,8 23 

I 234,8 p,5 
I 

749,0+Ii I,4 
I 
I 

824,9± I,II,8 
± 0,6 I 

902,4± IOO 
±0,4 

13 

! 

E 
__ jHawM/, 
I K8B/ I I y 

I 97 

IOE ,4±0, 7 40 
237 ,2±0,5 60 
351 ±I 3 
777 ,I±O, 7 5 
939 ,2±0,9 IS 
977 ±I 6 

I )4 I 2a 

7 5I±I I I,6 

8 ~'+,8+0, 71 II 
- I 

I 

9 )2,2±0,51 IOO 



Tl:6mu,\a 3 

3Hepr~~ ~ OTHOC~TenDHHe ~HTeHC~BHOCT~ y - nepexo,11,0B , 
B08Htu:aill!lRX npK pacna,11,e c 177 w 

/I/ /Hau VJ./ /3/ /I31 
E y(KSB/ I I I 

) y y . 
II5,7 roc roo roo 
142,6 ,...,I - 2,2 

149,3 "-I - ...... 0,5 

156,0 IO 4,8 7;3 

186,4 29 20 28 

223,3 5 3,7 4,4 

259,2 I,I - 2,1 

27I,I 9 5,6 7,5 

308,11 3 
310,6 

4,2 3 

367,6 8 8,2 9,2 

377,1 12 9,8 II 

381,5} 5 2,7 5 
388,9 

4I7,I 23 IS I6 

427,2 36 33 33 

437 * 2 - 1,6 

450,8 4 - 2,6 

468 2,5 - ,..., 1,5 

476 5 - 3 

502,0 2 - 2,2 

528,0 5 - 5,6 

568 4 - 3 

14 



.Jl PO,ZJ.OJIJK. Ta6JI. 3 

I 2 3 4 

612 14 I? IS 

648 8 5,8 6,7 

673 7 4,9 5,4 

712 4,5 2 

722 6 3 

760 3 2 

787 b 3 

827 4 2 

858 4 2 

877 7 6,7 

IOI5,6 * I2 I2 

1036,6 * 29 25 

1067,3 * 8 8 

* H8WH L\8HHbl8 

15 



Tae5mma 4 

naHHH6 DC5 OTHO~HT6H~HUX HHTeHCHBHOCTRX y -nepexo;LJ.OB, 
B03HHKammH! npH pacna;LJ.e t76Ta 

/14/ I 4/ /Hawfll/ 
E 

YIKaB/ 1 y y 

88,4 710 770 

201,9 250 184 

522,0 roo 72 

711,4 158 177 

1161,5 1000 1000 

1192,3 147 140 

1225,1 292 200 

1254,8 110 

1343,5 120 109 

1556,9 140 71 

1586,4 205 178 

1632,6 160 184 

1698,9 190 183 

1723,5 127 132 

1825,4 170 118 

1863,7 162 85 

16 



B Tao.rmue 5 rrpHBenenhi rrony'!eHH~>Ie B 3TOI1 pa(;oTe cBeneHHSI o raM-

~~a-crreKTpc 17
!1 HP 3necb HaM ynnnocb o6Hapy)!{I!Tb ce~IHnJJunTb HOBbiX 

rn~I\liJ-ITCpCXO!lOB, Cp3BHJ!B[]Sl OTHOCI!TellbHb!e !I HTei!CI' BHOCTH r.'l:'-.11\l[l-llY'Ieli 

II KOHB0pCIIOHI!biX 3.'JeKTpOHOB , ~II.! Bb!'-!llCill!llll 3H8'-JeHI!Sl ll k 11 orr-
141 

pcne,11Inii 1\I~'IlbTI!rrorrbHOCTI! ral\IMn-rrepexonoB ( Tn6n, i). Ha ocHoBe 

3TIIX nnHHI.IX ~·Jwnocb cyu!eCTBeHHO nonorrHIITb cxeMy 1n<errana 

(cl\I, HII:>i<el. 

4, Cxe:-.w pacrrana 
179 RP 

lbo6pa:>!WHHaH Hn p11c, 4 cxeMa pacrrana 
1711 H(' rrocTpoeua Ha 

ocuoBe nonyqeiJHbiX B HaCTOHWeii pa6oTe cneuemi(I c· )' -nyqax 171' He 
141 

u naHHb1X Xapl\laTua n XaHnneH o KoHBepc!!OHHhiX :•neKTpoHax e>Toro 

ll30T0!18, 

0CHOB!!Oe COCTOHHI!e 
179 ~e , llO-BHLlHMO~.ly, Ki1K II BCe npyrne 1!30TO

llbl peHHH C He'Jf'Tllbll\1 \, B OCHOBHOM COCTOHIIIII1 xap lKTC[lH3yCTCH 8CI!Mll

+ 
TOTI!'!eCKI!MI! KBBHTOBbll\111 'IIIC!l8:v!H 512 /402/ , 113 p·lcrrana 

179 
\\ 113-

BeCTHO, 'ITO 3TO H/1]10 B OCI!OBH0:\1 COCTOHH!IH l!1\1CeT K '\aHTOilhJe X8p11KTepH-

CTHKl! 712- I 5141, nepilb!i'i B030Y:>i<LleHHb!!"! ypoBeHb C >HeprHeil 120,1 K3B 

HBnlleTCH J10TI1UI!OIJ Hbi:>-1 cocTOHHHe:-.1 TIHJa 912-7 I 2 I 51· I. 3TOT BbiBon 

l10LlTBep:>!\LlileTCI1 31!8'!e/ll!e\I I!H0)lUl!OI!HOf'O rrapa~IeTpa f\2 /2J , paBHb!M 

13,4 K3B, comrnnmonml\I no Beni!'II!IIe c TC1\m :>Ice rwparleTp11Mll nnH rrono-

c1.1 cocTOHIII!H 7 I 2- I 514 I n npyrnx Hnpax ( Ta6n, 6). ~boMepnoe cocTo-

HI!I!C C 3J!C'f1ri!Cii 222,1 K:'II\ 
.,. /91) 

l,':: = 5,2 :\ll!H ll\1 !OT CfiJIH II 'leT-

I!OCTb - 112-, K flOTaUlfOH!fOrl rronoce '·lTOro COCTOH!fl!l ~10/1\1!0 OTHCCTI! 

Y)l0!1llll C >JJO:I!'llll~lll 305,4 I<3B (312) 318,8 !C>B (512) ll 509 I<">B (712), 

Ct'!JB!fc'illl€' poTnnl!ol!lfi>JX nnpn'.ICTpoB 3Toi'i rronoCJ.I Tl /2J = 15,1 K:~B 

!! a = 0, 82 I\'JB c rr;t t '" \ll'TjJfl ~111 nonoc c k " 

17 



Tc6JHH.\8 5 

8HeprHH, OTHOCHTBBbHbe ~HTBHCHBHOCTH H MYBbTHITOHbHOCTH 

IT upeXO,I.\OB 1 .3 03HHr 3 1011\\iX IT pH pa CIT87~8 Vl3 OTOIT8 ", l!e 

!·- /3/ /2;-r /HarnH/ .. _ 
141 

_ . _ _, MyJibTH -
E, lKsB'; r , E )/RSB/ I, E ,/KBB/ u,·ro3 nonb-

, I , r •. 1, 
HOCTb 

I 2 3 4 5 6 7 8 9 

1\ 880 

50 

! 83 - 82,2 8 t 3,3.±0,9 12+2 I, =Il60 ", "4,2,!1,2 E2 

%.±I 5 .±I I, =224 ", ~2,0±0,7 E2 

IOI±I 2:ti 95 2IOO.±I300 E2,MI 

II9 I9 II9,8 23 J 20, I.±0,6 27:t3 305 490:tl30 E2 

I34 4,6 - - : 35' 5.±0,8 I r, 5 ,,, c, 2 (MI) 

I 52 3,2 

- - : 42,€,.±0,8 I 7 300 (E2) 

169,0 II :68,0.±0,8 IO.±I,2 160 700 _:190 I MI 

I78 I,8 

' 188 20 189,5 28 : 89,1.±0,8 28:t3 r, =I4 0· =0,022.±0,006 EI 

202 4,6 - - 204.±1 2.±I I2 350.±190 E2,MI 

I 222 24 - - ;:22,I:t0,7 B:ti, 7 2000 6700 M3 

241 _:!:1 8 ; :42:ti I2.±,I,5 .L2 43:ti3 EI 

254 4,8 

266 4,8 - - .:64.±1 2.±I I2 260.±,150 ' MI 

'290 IDO 290,0 roo '!90' 0.±0, 5 IOO:tiO 58 25.±,6 EI 

296,4 24 '!96' 3.±0,6 28 :t3 200 3IO;t80 MI 

308,7 17 109,1.±,0,6 21.±,2' 3 : 12 25.±,7 EI 
I 

135.±1 3.±1,5 6 90.±60 E2,MI i 
' 

158:tl 9.±2,5: 4 ' 19±12 El+I,!2 ~ ! t - I I i 

18 



I1pO,I\IilllK. Ta6 • 5 

I 2 3 4 5 6 7 8 9 

377 ,6;±.0, 7 4;±.1,5 3 33;±.20 .1:<:2 

405 26 401,1 20 401,7;±.0,7 26;±.3 9,5 16;±.5 E1;tl\12 

412 .. :;1 6,5;±.1,~ II 74;±.28 M1 

418 38 414,6 35 415,6;±.U,7 38;±.5 12 14;±.4 r.:r 
432 83 429,3 99 450,2;±.0, 7 l04;±.II 185 77;±.20 M1 

455, 7;±.0,8 7;±.2 

465;±.2 10 464,9;±.0,7 16;±. 2 9 24;±.5 JQ 

480 35 477,1 28 477,5;±.0,7 34;±.4 8,8 ll;±.4 E1;±.M2,E2 

500 26 498,2 I3 498,6;±.0,7 25;±.3 ~7 l 16 E1 

546;±.1 ~ 2,5 5,4 ~ 90 (lil1 ,!A2) 

552;±.! ~1,3 

832,8;±.0,8 II;±.2 

886,7;±.0,8 13+2 
1372.,!:1 '~..!:? 

( 1500.,!:2) I,? 
1560,0±0,9 15±3 

1680,1±0,7 58±8 

(1688±2) 3±3 

1808,5±u,9 9+3 
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!I03BOJHI8T C):(8JI8Tb Bb 6op M8/KDY !IBYMH B03"10/J(!Ibl:\1ll l!L160p3~11! DCHMITTO-

Tli'I8CKI1X I{B<i!ITOBblX "llCeJI: 1/2 /52}/ II 1/2 /510/ • 113 T<16Jil!UJ,J 6 BHJj-

H0 1 'ITO COCTOS!JIHe C :Jl!eprHeil 222,1 KO'lB TJI!Ia 1/2-/521/. YpOB!Ill C 31Je[l

f'll8ll 309,1; 430,2j 47'',3j 532 j 720,5; 11 773,3 K313 IW OCHOBe Ll<1HHT,JX 

0 !v!YJibTHITOJlbHOCTHX fBI\!Ma-rrepeXODOB C 3TJ1X ypOBi!Gi\ 1 ~!I,J TBK )1\e KDK 

/4/ 
11 B 1 HJ18f!THC[ll1UH[lyt ·M K<1K OJ{l!O'I8CTlf'{JlJ,J8 COCTOHI!lHI C 8CI!I\I!ITOTli'I8CKI1-

MH KBCll!TOBblMll 'IHCJia '1!! 1 YK83UH!Ib!Mil Ha CX8M8 [lllCo 4. 
+ 

YpoBeHb c 3HOprHeil 720,5 K3B HM eeT crnrH 11 'I('THOCTb 3/2 • Xnp-

/4/ + 
MilTU H XaJIL{Jiei\ ITJIOLlliOJHlf'D!OT 1 'ITO 3TO COCTOHHII8 TYIIIa 3/2 /642/. 

OnJiaKo c 3Tl!M rrpennt•TI0/1\0JIHeM IWXODIITCH B npoTHBope'II!I1 l!3MepeHHoe 

HaMH 3Ha'IeHne lg ft = 5,2 nrrH 6eTa-p3crwna rw 3TOT ypoBeHb. TaKoe 

HH3K08 3H8'I8HI!8 lg ft MO/K8T fibTTb CBH3ClHO TOJlbKO C pa.3p8Ui8fll!bii.I 

He3anep1IWHJJI,JM xapaK repoM ( au ) 6eTD-rrepexona • aU - oeT3-rrepeXOil 

B 3TOH OOJ18CTI1 HD.ep \10/KCT 6h1Tb TOJibKO MC>I<AY COCTOH!Il!HI\!H Tll!Ia 

9/2-/5111. TaKnM o6pll30I\I 1 cnenyeT cnerrnTb Br,moA, 'ITO 

ypOB8Hb C 3H8[lf'Hefi 7 20,5 K8B - Tp8XKB83l!'Ii.lCTil'IHhllJ 1 Tl!ITO 3/2+! 9/2-/514 1 

5/2i402/ 1 7 /2f5}4/ ( l Jll1 ypoBeHb 1 13 KOTOpO!v! J10JIH TpeXKBrl3li'HlCTl!'IIIOI'O 

COCTOHH!IH B8JII1KBo Tacoi\ ~8 BWBO!l CJienyeT C)l8JI8Tb 0 CBOiJCTBaX ypOBHH 

+ /10/ 0 

1680,} K3B( 1/2 ) • 3 ypoBHe C 3H8pr'H811 1680,1 K3B 3H8'II1T8JlbHYJO DOJIJO 

J10JI~HO COCTaBJIHTb CCCTOHHI18 Tl!ITB 

7/2+ 5/2 ... /402/, 

YlTaK 1 ypOBIIH C 3HeprllHM!I 1680,1 11 720,5 K3B HBJIHIOTCH 'IJ"JelliJMH 

TpeXKBi1311'Ic'lCTH'IHOI'O v1YJibTI!!IJI8Ta yKa331!fiOi\ rrpnpO!lbl. LlBD apyr'HX ypoBHH 

3Toro MYJibTHITJreTa rrr 11 6eTa-pacrrane 
17 ~ Rc Hn6JI!Oil8Tb HeB031\10~110 

l13-3n DWCOK!IX 3Haqet!1i\ C!Il!Ha 3TI1X ypODHefi- 2}/2 ll 11/2. Ha 8031\10~-

HOCTb Ha6rrJOJWTb 38CE JI8HI18 T[J8XJCB83H'IaCTH'IHblX COCTOHHI!i1 rrpn [Jil3pe11Ie H-

HOI\1 ne:wnep>IWHIIOM 6 ?Ta-pacnaAe >~npa 17
!
1Rc Gbrrro yKn33HO erue B 

Ill/ 
1962 r. B.f.ConoBb8BJ.]lv! • npn 3TOM cpeWIHH 3IlGflrlH! ypOBHerr Tpex-

rcna3H'WCTH'IHoro MYJIE TIIrrneTa npencJCD3h1BanncL paBHoi:i 1300 K3B. Cpc'IUIHH 

6 .. /ll/ 1160 3Heprnsr o )!Iapy/IWHHLIX HaMn ypoBIIGH B xopottreM corrracnn c pniiJia K3B. 
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PaccMoTpHM TGrreph raMMa-rrepexo.uLr, pC13p>DKniOm 1e ypoBHH 720,5K3B 

lf 1680, I K3B, 

B Ta6nHue 7 cpaBHHBaiOTCH 3KcnepnMeHTanbH~e 01HomeHHH npnse

DOHHhiX BepOHTHOCTel'l raMMa-nepeXO.QOB C TpeXKBa3H'IBC rH'IHbiX COCTOHHHH 

Ha ypOBHH HH*ene*BWHX pOTBUHOHH~X nonOC C TeopeTH•eCKHMH 1 paCC'llf

TaHHb!Mll no rrpaBHnaM Anara, TaM *e .uaHo nnanorH'!HO? cpaBHeane 

nnH yposHel'l c 3HeprHH~IH 309,1 l! 477,5 K3B, Brwao, '!10 s H.Qpe 179W 

KaK H B .upyrnx .uo~opM!!poBaHH~x H.Qpax c ae'!~THWM A , npasnna Anara 

xopomo BbiiiOJJHHIOTCH .unH E 1 - rrepexo.uos B cnyqae [1'1 k [ = 0 . Korna 

[_\k I = 1 Ha6JIIOL\EliOTCH 3Ha'!l!TenbHL!e oTKnoHeHHH OT np3BHn Anara, 

Pa3pH,QKQ TpeXKB[l3l!'!aCTH'IHOf'O COCTOHH!!H DpH 3HEprHH 720 K3B 

Ha COCTOHHHH poTaUHOHHOJ"! ITOnOCbl OCHOBi!Of'O COCTOHH!!S 3arrpeweHa no 

acHMITTOTH'!eCKHM KBaHTOBLIM '!HcnaM A n k . Oua rrponcxonnT qepe3 

l!HTeHCI!BHbie nepeXO.Ubl Ha HeKOTOpb!8 ypOBHll poTaUHOHHOH nonOCLI C 1/2-

/52}/ H nonOCbi C 5/27512/, no MODena He3aBHCHMbiX CBEl3H'laCTHU 3TH 

nepexon~, onnaKo, F - 3arrpeweH~. Hannqne TaKHX y - rrepexonos 

MO*HO 06bS!CHl!Th Ha OCHOBe rrpenrrono*eHl!H 0 TOM 1 'ITC ypOB8Hb 720,5K3B 1 

KOTOpWH M~ B~We l!.Q8HTl!~HUHpOBanl! KaK Tp8XKB83H'laCrli'IH~H, CO.Uep*HT 

~OHOHHbie KOMITOHeHTbl C k 7T = 2- , CBH3BHHbl8 C OCHOBf b!M COCTOHHHeM, 

ManoBLIM, ConoBbeBbiM l! <PenoTOBb!M ( nT<P OYI HI I) 6biJJa Bbl'IHCJJeHa 

CTpyKTypa OKTyrronbHOf'O COCTOHH!!H C k 7T = 2-
/12/ 

KOTOpoe 0)KH.Q88TCH npH 3HepriiH 900 K3B 

B coce~: HeM H.Upe 178W, 

Han6o. ree cymecTseHHLI-

Mll KOMIIOH8HT8MH HBJJHIOTCH I p
1 

5/2+ /402/ 

+ 
p2 9/2- /514/ l 

(55, 2%),! n 9/2 /624/, n 5/2- /512/ l 
I 2 

+ 
( 26,9%) 11 1 n 5/2 /642/, 

1 

n 2 1/2- /521/ l - ( 1,1%), 

8 H.Qpe 179 W , Bll.UllMO, nepsaH ll3 3TllX KOMITOH8H'I OTseqaeT 38 

He3a.uep)l<al!HLrii pa3peweHHLrii f3 -pacrra.u, nocne.umie .u~oa - 3a pa3pH.UKY 

Tp0XKB[l3ll'l8CTll'IHOf'O ypOBHH C 3Heprueii 720,5 K3B Ha ypoBHH poTaUI!OHHWX 

ITOnOC 1 CBH3BHHLIX C COCTOHHllHMll Tl!ITB 5/2:/512/ ll 1/2-/521/, COOTBeT-

CTBeHHO, 
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