
OB'bE.lU1HEHHbitf 
VfHCTVfTYT 
51LlEPHbiX 

VfCCnELIOBAHVfVI 

Lly6aa 

-

r 1._x .1 '16 

P6 · 3343 

A. A6,eyMaJIMKOB, H. A~aM, H. Bp3an, B. ruaTOBJN, 

K. rpoMOB, M. Ky3HeQoBa, B. Ky3HeQOB, H. JbmTaK, 

• f 
I • • 
~ 

B. Mopo30B, r. My3MOJib, H. Yp6aueQ, M. ~Murep, 

B. 1JyMMH 

0 PACllA,D;E 
166Tu 

lf67r 



P6-3343 
B., 

COBpeMeHHbiX MO,aenelt 

np. 
K'of,IIIID.olllR.I~IJ 'A. H 

. 
~ 

P6 - 3343 

A. A6,eyM8JDII(OB, H. AABM, H. Bp3aJI, B. rHaToBH'I, 

K. ['poMoB, M. KY3Hel\oBa, B. KY3Hei\OB, H. JhmTax, 

B. Mop030B, r. My3HOJlb, H. Yp6aHe(\, M. IPHHrep, 

B. 1JyMHH 

0 PACOA~E 166
Tu 

•." . . . ~ ··~ -~ ) 
t · • ' .:·. Cj'il 1 

~,-_il""f'ri ' 
~ •;• .{ ·., ·"'']•.1 L. I 

l~-:~···~·:;.:~!...':;:~!c;:· ':_f~-. 



• 

JiccnellOBaHHe CBOltCTB BOa6yJKlleHHbiX COCTOSIHRll 
166 F.r, B03HHK81011lHX llpH 

pacnane 
166

Tn, npencTaBnBeT 6on&Illoll RHTepec • .Hnpo 
166

F.r SIBnSieTCSI CR/lbHO

neljlopMRpoBaHHbiM SlllpOM R 1109TOMy, RCC/lellySI ero CBOllCTB8, MOJKHO nposepHTb 

npencKaaaHRSI o6o6meHHoll R cBepxTeKyqell Monenn Bnpa. EonblllaSI aeeprHB pac

nana 
16

fru (- 3 MaB) naeT B03MOJKHOCTb nonyqHTb cBeneHHSI o BbiCOKosoa6yJKnen

HbiX COCTOSIHHSIX166 F.r. 

MccnenoBaHHIO aanyqeHRSI, BOaHHKaromero npR pacnane 
166 

Tn • 6bmo nocBSIIIleHo 

/I-17/ 
MHoro pa6oT • B aTRX pa6oTax 6&mo ycTaHoBneno, qTo npR pacnane

166 
Tn 

B 166 F.r BOa6yJKll810TCSI ypOBHR THII8 ·2+, 4+, 6+ pOT81lHOHHOH llO<IOCbl OCt;OBHoro 

COCTOSIHHSI, ypoBHH THll8 2+, 3+, 4+ R 5+ pOT81lHOHHOll llO/IOCbl y -BH6p81lHOR

HOr0 COCTOSIHHSI, ypoBHH C 9HeprHSIMH 2133 H 216() K9B. Ebin HayqeH pS!ll CBO!ICTB 

9THX COCTOSIHHll. 

JiCIIO/lb3YSI 6naronpHSITHble B03MOJKHOCTH, HMeromHeCSI B H8Illell na6opaTopHH1 

Mbl IIOBTOpHIIH HCC/lellOB8HHe pacnana 
166

Tu. npellB8pHTe/lbHbie peay/lbT8Tbl 9TOJt 

pa6oTbl 6&mH nonoJKeH&I na Bcecoi03HbiX coBemaHHSIX no BnepnoA cneKTpocKonnH 

H CTpyKType llllp8 B T6H/IHCH ( 1964 ron) H MHHCKe ( 1965 ron). 
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3xcnepHMenranbaaa rexaaxa. PeaynbTSThl uccnenoaaauA 

t.npuroroaneaue ueTO'IHHKoa 
166 

HcTO'IHHKH Tu Mhl nonyqanu B peaKnuu rny6oxoro pacmenneaua npH o6-

nyqeauu raaranoaoA MHmeaa nporoaaMu e aaepruea 660 M 98 aa caaxponHxnorpo

ae 061>enaaeaaoro uaeraryTa anepahlx ueenenosaaua. PenxoaeMenbHh1e aneMe!ITh1 

Bh1AenanHeb H3 raaranoaoll MHUJ9BH c na11raaoM s xaqecrse 11ocurena a paanena

nacb MeJKny co6ol! xpoMarorpaljluqeeKHM MeTonoM. HcnonbaosaaabiA Maron Bbt.Oe-
/18/ 

ne11ua pe.oxoaeMenbRhtX aneMearos H3 o6ny'leaaoA TaaTanosoll MHUJeHH onaca11 a • 

B nonyqaeMbiX noene xpoMarorpaljlaqecxoro paa.oeneauu ljlpaxnuax pe.oxoaeMenb-

HhtX aneMeiiTOB co.oepJKareu see aaoronht .oaaaoro pe.oxoaeMenbaoro aneMellra, 

o6paayiDmHecu a peaxnuu rny6oxoro paemenneaua, 3ro o6eTouTenberao aacra-

auno aae orxaaarbeu or uenonbaoaaaua npenaparos rynueaoA ljlpaxnuu .ona uccne-

166 168 ( 
.ooaaiiRA paena.oa Tu. B rynueaoA ljlpaxnuu aapu.oy e Tu T 112 • 7, 7 qae) 

eo.oepJKarea pa.o .opyrux uaoTonoa rynuu: 163 Tu (T
112 

• 2 qaea), 18 i!.ru (T
112

=29qae) 

167 Tu (T
112 

• 9,6 .oa,) H 
168Tu (T

111
"' 85 All,). llpueyTeTBHe Apyrux H30TOUOB 

rynuu aarpy.oauer aaanua axenepuMellranbBhtX peaynbraroa. Eonee y.oo6HhlM oxaaa

noeb nenonb30B8Tb aero'IHHKH ljlpaxnuu urrep6uu. B urrep6ueaoA ljlpaxnuu 1 ~"Tu 

o6paayercu xax .ooqep11uA npo.oyxr npu pacna.oe 166 Yb (T 
112 

= 58 qae). llpyrue 

aaoronbt urrep6uu, co.oepJKamueca B Hrrep6ueaoll ljlpaxnuu, npaxruqeexu 11e Me-

maiDT accnenoaaaaaM, rax xax ux nepHO.Obi nonypacna.oa aaMerllo oTnn'laiDTCH 

oT nepuo.oa nonypacna.oa 
166 

YL, 
164 

Yb (T
112 

• 75 MHH.) H 169 yb (T
112

•32.oll.). 
/19/ 120 

S11eprua pacna.oa 166 Yb H3Mepeaa a • 011a paa11a ( 260 :!:. 
20

) xas. B caaau 

C 9THM npll IICClie.OOB811HH CneKTpOB B 06naeTH 60nbi!IHX aaeprHA ( > 3QQ K9B) 

MOJKHO 6btnO ncnonb30B8Tb HCTO'IIIHKH1 co.oepJKamue 166 Yb B paBIIOBeCHH e 166 Tu 

u or11oeurb ace ll<ecrxue y -nepexo.oht K paena.oy 166 Tu. 3ro y.oo6aee, raK 

xaK nepuo.o rronypacna.oa 166 Yb a - 7 paa 6onbllle nepB<'Il8 rronypacrra.oa 166 Tu. 

B rex enyqagx, xor.oa aTo 6hlno aeo6xo.ouMo, ucnonbaoaanucb HCTO'IIIBKB 166 Tu, 

Bbi.Oene11110r0 H3 HTTep6ueaoA ljlpaKilBB, 3TH HCTO'IHHKH 6btnH MOIIOII30TOllllhl, 

06nyqeiii!H raaTanoaoA MHUJeau aa aayrpeaaeM nyqxe npoTOIIOB euaxponuxno

rpoaa lllii!liOCb OT 2 .00 10 qaeoa. XIIMH'IeCKHe onepanHB - Bhl.Oeneaue HTTep6HH 

H npHrOTOBneaHe BeTO'IHHK8-38K8H'IHB8liBCb qepe3 3-15 '!8eOB1 eOOTBeTCTBeHH01 

nocne xo11na o6ny'!e11ua. HCTO'IHBKH .ona fl -crrexrporpaljla roroaunueb anexTpo

nBTH'Ieexu H8 nnaTHIIOBOfi npOBOliO'IKe TOlii!IHIIOI! 0,1 MM ll llliHHOI! 6-6 MM. He-

4 
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TO'IBHKR .ana {3 -eneKTpOMeTpa C AByKp8TIIOA cjloKyeHpOBKOI! H8 yron 

TOBHnReb Bbtn8pHB8HHeM K81Ulll p8CTBOp81 COAeplKamero 186 Yb HS nom 

MBHBesoA cjlonbrH TOnmHHOI! 5 MHKpOH H UIHpHHOit 0,5 MM, BbteoTa KeTO' 

na ae 6onee 10 MM, HeTO'IHBKH .ona y -cneKTpOM9TpOB roTOBRnHeb 

aHeM xannu paeTsopa aa aniDMHHHesol! ljlonbre. 

Enaro.oapa BhlCOKOA HHT9HCHBHOeTR BHyTpeaaero nyqKa npOTOHOB 

UHKliOTpOH9 ( OKOliO 2 MK8 ) B XOpOI!IO 0Tp860T8Hb!M MeTOliOM XHMB'IeeKOi 

166 . o6ny'leHHbiX MBWeaeA Mhl HMenH B03MOlKHOeTb nony'I8Tb HeTO'IIIHKH 

60liblliOA nonaol! H ynenbHOA 8KTHBHOeTH H BbleOKOI! eTeneiiH 'IHeTOTbl, j 

HeTO'IIIHKOB 166 Yb AOCTRrana B pa.Oe CliY'186B 50 MHliliHKIDPH. 
2, H 3 M e p e H ll e e n e K T p a K 0 II B e p e H 0 II H hi X 9 

II 0 a 166 Tu 
npH ll3MepeHBHX cneKTp8 KOHBepeHOIIHbiX aneKTpOIIOB Mbl ilOCT8BBl 

co6ol! aa,Qa'ly nony'IBTb aaa6onee nonahle B TO'IHbie ll8HIIhle o6 a11epru•; 

CHBIIOeTHX liHHHI! KOHBepCHORHbiX aneKTpOHOB1 B0311HK8IDWHX npH p8CD8liE 

Mepeaua BbtnOnlleHhl c noMombiD .oayx npa6opoa: {3 -crrexTporpaljla c 

HbiM MariiHTOM noneM H {3 -cneXTpOMeTpa e llBYKP8TIIOII ljloxyeHpOBKC 

aa yron "Y2· 
Hccnegoaagae cnexrpa ItoaaepeuoaHbiX anexrpoaos s o6naeru 

aaeprul! or 20 so 1400 xaa, npouaao.oanocb sa {3 -cnexrporpaljle c n 

KHHb1M MaraurBhiM noneM H cjloTorpaljlHqeexol! peracrpanael! anexrpoaoa, 
/21/ 

30B8HBhll! npu6op OnHeaa B , MeTO.Llbl Onpe.oeneHHH aaeprHI! H OTHOel 
/22/ 

BHTeiiCHBIIOeTel! liBHHfi KOIIBepCHOBHbiX aneKTpOIIOB OllllC8Hbl B , H3MC 

BhtnonaeBbl npu cpe.oaeA paapelllaiOmel! enoeo611oCTH 1'3 -cnexrporpacjia 

Q,06%. PeaynbTSTbl arax H~MepeiiHII npeAcTaijne!lb1 B ra6n. 1. 

llpll onpeAeneHHB aaeprHI! lillHHI! KOHBepCHOHHb1X aneKTpOHOB B K8~ 

K8liH6pOBO'IHbiX 6btnH HCliOlib30B8Rbl KOHBepCHOIIRLie nHHHH y -rrepeXOil 

HHK8IDIIIHX npH pacnaae 
169 

Yb II 
160 

l!Q, SHeprHH KOTOpbiX H3MepeHbl C B~ 
/23,24/ 

roqaoerbiD ( - 0,02%) B pa6orax • Taxa!! Kanu6posKa nana !laM B 

onpenenHTb a6coniDTHbie aaa'!eHHII saepralt y -nepexonos B o6nacr~ 

C TO'IHOCTbiD ae XyJKe 0,03%. 0THOCHTSi1bHbie HHTeHCHBHOCTll KOHBepCHOI 

c aaeprael! 6onbUJe 150 KaB onpeAeneHbi c roquocrhiD ae xyll<e 20% ll/151 
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nhHBH TexnaKa. PesynbTBTbl uccnenosaael! 

ll e H H e H C T 0 'I H H K 0 B 

Tu Mbl nonyqanu B peaxneu rny6oKoro pacmenneaHSI npH o6-

MHmeHH npoToHaMH c auepruel! 660 Mas aa caaxponaKnoTpo

HCTHTyTa Hnepablx accnenosauuA. PenKoseMellbHbie aneMeHTbi 

8llOBOft MHW9HH C ll8HT8HOM B K8'19CTBe HOCHTenH H pasnenH

pOM8TOrpaljlH'I:eCKHM MeTonoM. Hcnonbsoaauabll! MeTo!l Bbi!le-

b!X 9ll9M91ITOB H3 o6ny'leHHOI! T8HT8llOBOI! MI!WeHB OITHC8H B 
/18/ 

e xpOM8TOrpaljll!'!eCKOrO p83!leneHBH ljlp8KilBHX pe!lK03eMellb

p)K8TCH nee B30TOITbi nauaoro pe.nKo3eMenhaoro aneMeUTa, 

K!lBB rny6o~~:oro pacmerrneans. 3To o6cToHTenbCTBO sacTa-

oT BCITOllb30B8HHH npenapaTOB TynneBOI! ljlp8K!lHH !lllH HCCll&

u. B Tynueaol! ljlpaK!lHH uaps.ny c 
166

Tu (T 112 • 7,7 'lac) 

nx H30TonoB TynuH: 163 Tu (T
112 

E 2 '!aca), 16 !i.ru (T112 E29'1:ac) 

• ) H 168 Tu ( T 1 I 1 E 85 !lB.). npacyTCTBI!e .npyrHx 1130TOITOB 

anH3 aKcnepHMeHTanhHbiX pe3ynhT8TOB. Eonee y.no6HbiM o~~:asa-

CTO'IHHKH ljlpaK!lHH HTTep6HH. B HTTep6HeBOI! ljlp8K!li!H 
1 ~R Tu 

paal! nponyKT npH pacna~:~e 166 Yb ( T 
112 

= 58 'lac). llpyr11e 

O!lep)K8illl!eCH B HTTep6neaol! ljlp8K!lHH 1 npaKTH'!eCKH He Me-

1 T8K K8K HX nepBO!lbl nonypacna.na 38MeTHO OTllH'I810TCH 

a.na 
166 

YU, 
164 

Yb (Tl/
2

"' 75 MHH.) B 
169

Yb (T
112

•32na.). 

1191 120 
Yb H3Mepeaa B • Oaa p8BH8 ( 260 :!:. 

20
) KaB. B CBSI3H 

B8HIIH CITeKTpOB B 00ll8CTH OOllbWIIX 9Heprnl! ( > 300 K9B) 

OB8Tb HCTO'IHHKI!1 CO!lep)K8illH9 

TKHe y -nepexo.rtbi K pacna.ny 

166 Yb B p8BHOB9CI!H C 
166 

Tu 

166 
Tu. 3To y.no6aee, TBK 

nana 
166 

Yb B - 7 pas 6onhme nepll<'!la nonypacna.na 166 Tu. 

.na aTo 6binO aeo6xo.nnMo, acnonb30B8ni!Cb HCTO'IHHKH 166 Tu, 

ep6HeBoi!: ljlpaK!liiH. 3TH HCTO'IHIIKH ObinH MOHOH30TOI1Hblo 

TallOBOI! MHWeHI! Ha BHyTpeHHeM Dy'!Ke npOTOHOB CHHXPO!li!KllO-

!lO 10 qacoa. XHMH'!ec~~:ne onepan11n - Bbi!leneane BTTep6BSI 

TO'IHBKa•3aKaHqHB8llHCb qepe3 3-15 '18COB1 COOTBeTCTBeHH01 

HHH. HCTO'IHHKH AnSI fl -cneKTporpaljla roToaunncb aneKTpo

aoaoi! 11pOBOIIO'IKe TOllillHHOI! 0, 1 MM H !lllHHOI! 5-6 MM. He-

4 

• 

I 

t 
f 
~ 

TO'IBHI:H lll!SI {3 -CIT9KTpOM9Tp8 C !lByB:paTHOI! ljloB:yCHpOBKOI! Ha yron rr,[r ro

TOBBllBCb BbmapHBBHfleM B:arrnx pacTBopa, co.neplKamero 1
66 Yb aa nonocKe anro

MHHHeBOI! ljlon&rn TOllillHHOI! 5 MHB:pOH H WHpHHOI! 0,5 MM. BbiCOTa HCTO'IHHKOB Obi-

na ae 6onee 10 MM. HcTO'IBHKH !ll!R y -cneKTpOM9TpOB roTOBHllHCb Bbl!lapHBa-

HH9M KaiTIIH paCTBopa Ha aniOMHHH9BOI! ljlonhre. 

EnaronapSI BbiCOKOI! HIIT9HCHBIIOCTH BHyTp9HHero ITy'IKa ITpOTOHOB Ha CHIIXpO-

!lHKIIOTpOHe ( OB:OIIO 2 MB:a ) H XOpOWO OTpa6oTaBbiM MeTO!lOM XHMH'IeCKOI! o6pa60TKH 

o6ny'leBBbiX MHWeael! Mbl HMel!H B03MOlKHOCTb ITOIIy'laTb HCTO'IHHKH 166 Yb O'!eHb 

60l!bWOII ITOIIHOI! H y!lel!bHOI! aKTHBHOCTH H Bb!COKOI! CTeneHH 'IHCTOTblo AKTHBHOCTb 

HCTO'IHHKOB 
166 

Yb !lOCTHrana B pSI!le cnyqaea 50 MHllllHKIOPH. 

2. J1 3 M e p e H H e C IT e K T p a K 0 H B e p C H 0 H H bl X 9 II e K T p o

H 0 a 166 Tu 

npR H3M9p9HHHX CIT9KTpa KOIIB9pCHOHHbiX 9ll9KTpOHOB Mbl ITOCTaBHllH nepe.n 

co6oft 38!la'ly nony'IHTb aan6onee nonHble H TO'IIIbi9 naHHbie o6 aaeprn!lx n HHTea

cnaaocT!IX IIHHHII KOHBepCHOHIIbiX 9l!eKTpOHOB1 B03HHK810illBX npH pacnane 
166 

Tu.J13-

MepaHHR Bb!ITOIIH9llbl C ITOMOillbiO !lByX npn6opoB: {3 -cneKTporpaljla C ITOCTOSIH-

Hb!M MarHHTOM ITO!l9M H (3 -GIT9B:TpOMeTp8 C !lByKpaTHOi!: ljlOKYCHpOBKOI! ITy'!Ka 

aa yron rry2. 

HccnenoBaHHe CIT9B:Tp8 KOHB9QCHOHHbiX 3ll9KTpOHOB B o6naCTH 

aHeprRI! OT 20 SO 1400 B:9B,npOH3BO!lHllOCb HA {3 -ciT9KTporpaljle C ITOCTO-

RllllbiM MarHRTHbiM noneM H ljloTorpaljlnqec~~:ol! perncTpaunel!: aneKTpoaoa. Hcnonb-

1211 
30BaHIIb!l! npn6op OITHCaH B o MeTO!lbl onpe.neneHHH aaeprnl! H OTHOCHTellbHblX 

1221 
HHTeHCHBHOCTel! IIHHHI! KOHBepCHOIIHbiX 9l!eKTpOHOB 011HCaHbl B • i13MepeHHR 

Bbmonaeabl npn cpenael! paspewaromel! cnoco6aocTn /3 -cne~~:Tporpaljla oxono 

Q,06%. Pe3yn&TaTbi 9THX H3Mepeanl! npe.ncTa!lneHbi B TaiSn. 1. 

npn onpeneneHHH 9Heprnl! IIHHHI! KOHBepCIIOHHblX 9l!eKTpOHOB B Ka'!eCTBe 

Kann6pOBO'IHb!X ObiiiH HCITOllb30B8Hbl KOHBepC!!OHHLie llHHHII y -nepeXO!lOB 1 B03-

HHKaiOrnHX np!! pacnane 
169 

Yb H 
160 

Jig, SHepr!!l! KOTOpb!X H3MepeHbl C BbiCOKOI! 

123,241 
TO'IHOCTbiO ( - 0,02%) B p800T8X • TaKal! Kana6poBKa nana HaM B03MO)I{HOCTb 

onpenenaTb a6coniOTHbie saaqeanl! aaepr!!l! y -nepexonoa B o6nacTH no 1400KaB 

C TO'IHOCTbiO He Xy)Ke 0,03%. 0THOCHT9llbHhte III!TeHCHBI!OrTI! KOHBepC!!OHIIbiX lli!HHti 

c sHeprnel! 6onbme 150 K9B onpeneneHbi c TO'IHOCTbiO He xy>Ke 20% nnll CHIIbHbiX 
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(HHT9HCHBHOCTb 6on&me 20 OTHOCBTen&HYX e~BHBU CM, B Ta6nsne f) H 99 XY*9 

400 ~nR 6onee cna6h!X nHHHA, nna KOHBepCBOBBhlX nHHBA c 9Heprsei! M9Hblll9 

)50 K9B TO~BOCTb B onpe~eneHHH OTHOCBTen&HhlX HHTeHCHBHOCTei! H9CKOnbKO XY*e 

H3-.38 pe3KOrO H3MSH9HHR ~YBCTBBTen&BOCTH 9Myn&CHH npH yMeBblll9HHH 9HeprHH, 

HaMepeHHR CD9KTQ8 KOHBepCROHHhlX 9neKTQOHOB B o6nacTH eseprHfi OT 800 

JlO 3000 K9B npOH3BOAHnHCb C DOMOillbiO f3 -cneKTpOMeTpa C ABYKPBTHOM ljloKyCR-

/25/ 
poexoil sa yron rry 2 .CneKTpOMeTp Tax oro Tan a anepBbie onacas ill ecTonanoaoi! • 

0CHOBHbiM npeHMymeCTBOM 9TOrO npR60p8 SIBnHeTCSI 0~9Hh MBnbill ljloH npH coxpa

H9BRH xopomsx rnaaHbiX cnexTpoMeTps~ecxsx xapaxTepRcTHK ( paapemaiOmaH cno

co6socTh H CB9TOCRna) cneKTpOM9Tp8 C ABOllHOll ljloKyCBpOBKOA, rJOCTpOeHHbiii B HB-

/26/ 
mei! na6opaTOpRH npH60p TBKOrO THTI8 OTIHC8B B , H3M9p9HHSI aenHCh npH p83-

pelll810IIl91l: cnoco6socTR nps6opa - 0,2 + 0,25%. CaeTocana npH 9TOM 6bma ~ 0, 1%. 

tl>os perHCTpHpyromell CHCT9Mbl - Mesee 1 HMnynhCa B CyTKR, nnSI onpeAeneHRSI 

9H9prHA nHHHA KOHBepCHOHHhlX 9neKTpOHOB R3M9pHn8Ch H8DpS1*9HHOCTh MBrHRTHOro 

nonS! B USHTpe 3830pa MSrHHTB (OAHOpOAHOil o6naCTH), nnSI rpaAyHpOBKH no 9H9p

rHSIM 6h!nH HCDOnh'30B8Hbi TO~Hbl9 3H8~9HHSI nHHHil KOHBepCHOHHbiX 9nSKTpOHOB 

.. , /27 I , " 
Th (R+I +C l . nnSI 9TOil nenB 6h!nR R3rOTOBneBbl HCTO~HHKH Th ( ll+C+ C) 

H H8 HHX BbiDapeH npenapaT HTTep6HSI, KoaeepCHOBHhl9 nHHHH Th H 
166 Tu H3Me-

pRnHCb B OAHOM ODbiTe, 

B Ta6nune 2 npeACTaBnSHbl nony~eHHble B 9THX H3M9p9HHSIX CB9A9HHSI 0 

JKSCTKOA ~BCTB CTI9KTpa KOHBepCHOHHbiX 9n9KTpOHOB 
166 

Tu. 3seprBR nHBRll KOHBep

CHOBBhlX 9nexTpouoa onpe~eneay c To~socThiO ae xyJKe O,J%. HsTeacsaaocTR nu

HHA H norpemHOCTR RX onpeAeneHRR npRB9A9.Hhl B Ta6nsne, 

CpaBBHBBII npaaeAeHHh!e a Ta6nsnax 1 R 2 ASBBbie c peayn&TaTaMH 6onee 
168 11,5,6,ll,14/ 

p8HHBX RCCneAOB8HBA cneKTpa KOBBepCROHHhlX 9nexTpOHOB Tu 

MO*HO CA9a8Th cneAyiOWB9 3aKni0~9BBSI. 

A. Oony~essbie peayn&TaThl a ocsoesoM xopomo cornacyiOTC!I c peayn&TaTaMs 

/5 61 
6onee passsx pa6oT. B pa60Tax XapMana B Ap. ' pacnaAy 186 Tu 6bms npsns-

caBbi y -nepeXOAbl C 9BeprB!IMB 269,8, 1074,1, 1308, 7, 1498,2, 1829,3, 

2068,1 K9Bo Mh! TSKBX nepeXOAOB se Ba6niOA8nB H C~BT89M, ~TO npBDHCSHHe 9TBX 

6 
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TAEJIJ/IUA I 

5s8prBH raMMa-nepeXO~OB R OTHOCBT8n&HH8 BHTBHCHBHOCTH 
nHHHA KOHBepCHOHHHX 8li8KTpOHOB, B08HHK8~X npB pacn~e I66Tu 

Er 
K3! K 

73,50 

80,60 48.I08 

84,I5 --920 

96,80 Cl!Q&H, 

II 2. 75* Cl!OXH. 

I3I,IO Cl!OliiH, 

147,30 30 

154,45 no 
170,35 22 

184,40 3000 

194,80 280 

215,20 180 

215,80* 5,6 

228,15lE 8,6 

238,50 II 

280,3 22 

293,I* cnac5. 

298,I* 22 

319,8 -:J.8,2 

345,7 42 

0THOCBTBn&HHe BHTBBCHBHOCTB 

Lz 
,c.I 04 

4,5.108 

130 

2,8 

I4 

14 

CliOJitH, 

14 

2,5 

330 

42 

22 

cna6. 

cna6. 

3,1 

Cl!O&H, 

Cl!Ollt •• 

6,7 

l.rz 
14 

48.108 

.,:: 14 

19 

-7,0 

CJ!OlltH, 

2,8 

6,7 

580 

3,9 

3,7 

3,3 

2 

Lm M 

14 

5I.I08 24.108 

- cnac5. 

18 II 

-5,5 -
ona6. -
I,? 5,0 

5,9 CliO&H. 

500 420 

0,55 

4,2 7,0 

2,5 cnac5. 

7 

Myn&T~ 

"' 
HOC 

6.108 

- ~ 

E 

- III 

- (III 

cnac5. 1.11 

4,7 

ona6. 



& 6on&rne 20 OTHOCBTen&a~x e~aaan eM. 8 Ta6nane l) s se xy~e 

cna6b!X nHHHA • .0liH KOHBepCBOHR~X nBHBA C aseprHeil M9HbUJG 

CTb B onpeneneRBB OTROCBT9n&S~X BRTGRCHBHOCTeA seCKOnbKO xy~e 

aaMeaesssr 'IYBCTBHTen&socTa aMyn&caa npa yMes&messH aseprss. 

f3 -cneKTpOMeTpa C nByKp8THOM cpOKYCH
/25/ rr,j 2.CneKTpOMeTp T8KOro THII8 BnepBbl9 OIIHC8H llJecTonanoBOM 

HMymecTBOM aToro npa6opa sransreTcsr O'les& ManbiA cpos nps coxpa-

rnaBHbiX cneKTpoMeTpH'!ecxsx xapaKTepBCTBK ( paapemaiOmasr cno

eTocana) cnexTpoMeTpa c naol!soA cpoxycapoBKoA. riocTpoessbiA B sa-
/26/ 

HH npa6op Taxoro Tsna onscas B • HaMepesasr aensc& npa paa-

o6socTH npa6opa - 0,2 .. 0,25%. CaeTocsna nps 9TOM 6bma ~ 0, 1%. 

IOmel! cscTeMbi - Mesee l BMnyn&ca B cyTKH. Llnsr onpenenesssr 

KOHB9pCHOHHblX aneKTpOSOB H3M9pSill8Cb H81IpS1~9HHOCTb MBrHIITHOrO 

aaopa MarsHTa (onsoponsoll o6nacTa). Llnsr rpanyspoaxs no 9Hep-

n&'30B8Hbl TO'!Hbl9 3H8'19HHSI nBHHA KOHBepCIIOHHbiX aneKTpOHOB 
/27/ ' 

, Llnsr STOlt nens 6bmH H3rOTOBll9Hbl HCTO'IHHKH Th ( Tl + C + C) 

npenapaT HTTep6ssr. Kosaepcsosshie nssss Th s 166 Tu H3M9-

Ollb!T9, 

2 npencTaBnesbi nonyqessbie B aTsx H3Mepesssrx caenesssr o 

cneKTpa KOBBepcsossbiX aneKTposoB 
166 

Tu. 3seprBB nasal! xosaep

osoB onpenenes~ c TO'IHOCT&IO se xy~e 0,1%. HsTescsasocTs ns

CTB ax onpe~enesssr npsBe~e:S~ B Ta6nsne. 

npHBe~ess~e B Ta6nsnax I H 2 ~assbie c peayn&TaTaMs 6onee 

168 11,5,6, 11,14/ ~OBBHHA CII9KTpa KOHBepCHOBHblX aneKTpOBOB Tu 

cnenyiOmse aaKnJOqesssr. 

HHbl9 peayn&T8Tbl B OCHOBHOM XOpOWO COrnacyiOTCSI C pe3yn&T8T8MH 
/56/ 

5oT, B pa60Tax XapMaua s np. ' pacna~y 186 To 6bms npsns-

XOilbi C 9HeprBSIMB 269,8, 1074, J, 1308, 7, 1498,2, 1829,3, 

TSKBX nepeXOilOB Be Ba6niOil8nB B C'IBT89M 0 'ITO npHIIBC8HB9 STBX 

6 

• 

'I 
I 

TAEJlliUA I 

SseprBH rauua-nepexO~OB B OTHOCBT8X&BHe BHT8HCHBHOCTH 
nHHHI! ~OHBepCHOHBHX aneKTpOHOB, B08HHK8~X IIpB pacn~e 166Tu 

Er 
Ka! K 

73,50 

80,60 48.!(}8 

84,15 -920 

96,80 cnozs. 

II 2, 75* cno:cs. 

131,10 C)!OlltHo 

147,30 30 

154,45 IIO 
170,35 22 

184,40 3000 

194,80 280 

215,20 180 

215,80* 5,6 

228,15* 8,6 

238,50 II 

280,3 22 

293,1* cnac5. 

298,1* 22 

319,8 -I 8,2 

345,7 42 

0THOCBT8X&BH8 HHT8HCHBHOCTB 

Lz 
~ ! 04 

4,5.108 

130 

2,8 

14 

14 

CROllH. 

14 

2,5 

330 

42 

22 

cnac5. 

cnac5. 

3,1 

CliOllH. 

CliOlltH, 

6,7 

l.tl 

14 

48.108 

"'14 

19 

~ 7,0 

CROJKH. 

2,8 

6,7 

580 

3,9 

3,7 

3,3 

2 

Lm 
14 

51.108 

18 

-5,5 

cnac5. 

1,7 

5,9 

500 

0,55 

4,2 

2,5 

7 

M 

24.108 

cnac5. 

II 

5,0 

CliOllH. 

420 

7,0 

cnac5. 

/II 

6.!08 

cnac5. 

4,7 

CJI86. 

!!yRI>THIIOll:&-
HOCTI> 

-
E2 

E2 

MI 

E2 

MI + E2 

(III + E2) 

III + E2 

E2 

E2 

III 

EI 

E2 



npo~onxeaae Ta6nx~ I 

I 0THOCHT6JU.Hlie 0THOCHT6iii>Hli6 TAEJiliiUA 2 
Er KBB MHT6HCH;!!H0Cn! El' KaB BHT6HCHBHOCTH 

K L M - K L M ) Pesyiii>T8T!i HSMepeHH~ cneKTpa KOHBepCMOHH!iX aneKTpOHOB 
166Tu B OBJI8CTII BHeprH~ BbiWe 800 K3:B 

385 ,5* CJI86, - - 705,3 72 7,0 cna6. 
389,4* 2,8 - - 7!2,4 cna6. - - I 

Saeprllll 0THOCIIT8JibHbl8 HHT6HCHBHOCTII 
rawwa-nepexo~a 

390,3 2,2 - - 729,4 cna6. - - (KaB) Iw I~. lM 
403,9 40 7,0 CROJIH, 757,7 28 j-3,6 cna6. I 2 3 4 

4I0,9 2,5 - - 778,8 89 II CJIOJIH, 

413,5 2,9 - - 785,9 45 8,3 cna6. 
429,7 4,2 - - 8IO,I 6,1 cna6. 

459,6 IIO I4 3,I 875,5 I4 cna6. 
875,8 ±>0,5 18,6 :!:. 0,2 4,0 :!:. l ,3 0,9 :!:. 0,3 

47! ,6 3,6 - - 1057,5 cna6. - - 1022,5* 0,23 :t_0,12 
496,7* cna6. - - I078,9 cna6. - - 1045,8* 0,3~ ±.0,15 

t 520,9 2,8 - - I084,8 cna6. - - 1057,8 1,74:!:. 0,3 0,3 ±. 0,15 
529,8 2,8 - - II52,3 8,3 cna6. - I079,I 2,8:!:. 0,6 0,4 ±. 0,2 >' 543,4* cna6. - - II76,5 45 "'7,8 cna6. ;~ I085,olf 0,9 ±. 0,3 0,3 ±. O,I5 
594,3 26 5,5 cna6. I203,9 5,2 - - '(I 

1097,6* 0,2 ±. 0,1 
598,7 8,2 cna6, - I235,3 c:na6. - - II20,s* 0,37 ±. 0,2 
604,3 cna6. - - I263,2 cna6. - - II52,4 6,I ±. 0,6 
672,0 I5 cna6. - 1273,4 50 8,4 cna6. II61 ,4* 0,85:t_0,3 < 0,3 
674,6 6,7 - - 1300,8 r 5,2 - - II76 ,6 ±. 0,8 37 ,I ±. 0,4 5,7 :t_1,2 I,7:t_0,8 
69I,1 48 5,6 cna6. 1347 ,o cna6. - - II87 ,5* 0,3:t_0,15 
702,4* 7,2 cna6. - 1374,3 17 - - II92,3 0,25 :t_0,12 

1200,6* 2,0'±.0,7 
iiplllle'laHI: 1203,5 3,1 :t_I,O < 0,8 

I. ~IIHH~.HHT6HCRBHOCTII KOHBepCIIOHH!iX JIIIHIIA Bb16p8Hli TBK, qT06!i HHT6HCHB-
1216 ,3* 0,8 ±. 0,3 HOCTb JIIIHHR K-1273,4 K3B 6!ill8 paBH8 50. 

2. 11CJIOZH. 11 
- 060SH8qaeT, qTO B TOM yqacTKe cneKTpa,r,lle ,llOJIZH8 6!iTD YK838H- I234,9 I ,4 ±. 0, 7 0,25 ±. O,I2 

8811 liiiHHli,IIMBmTCH ,llpyrHe JIHHIIII, KOTOp!ie MemamT onpe,llBJIHT# ee IIHT6HCHB- 1263,5 2,5 ±. I,2 0,85 ±.0,42 
HOCTb HJIH, B H6KOTOp!iX cnyqasx, ~aze H~6HTII~II~pOB8Tb ee. 

3. 11 CJI86~ - UHHII H86lll!ll86TCH BII8Y8JIDHO, HO IIHT6HCHBHOCT# H8CTOJI#KO N8JI8, 

uo onpe,lleJIRTD ee C nOKO~m MHKpO~OTOM6Tpa H6Jih3H, 
4. fiponycKH o60SH8qamr, qTo HHHIIH He H86JIII/l86TCH ~aze BII3Y8JibHO. 
5, fiepeXO,ll!i OTMeqe&H!ie li K801~·Cb B RaCTOll.el p800T8 BnepBMI, 
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npo~oxzeaKe ~a6nKQU I 

~HOCHTeJI:&Hble 0~HOCKT6JI:&IW6 
HTBHCHBHOCTH Ef' K3B BH~6HCHBHOCTH 

L. M - K L M 

705,3 72 7,0 CJI86. 
7!2,4 CJI86, 

729,4 cna6. 

7,0 CJIOJitH, 757,7 28 J-3,6 cna6. 
778,8 89 II CJIOJtH. 

785,9 45 8,3 CJIB6. 

BIO,I 6,! CJI86. 
14 3,! 875,5 !4 cna6. 

1057,5 CJI86. 

1078,9 cna6. 

1084,8 CJI86, 

Il52,3 8,3 cxa6. 

II76,5 45 "'7,8 cxa6. 
5,5 CJIB6. 1203,9 5,2 

CJI86, - 1235,3 CJI86, 

1263,2 cxa6. 
CJI86. - !273 ,4 50 8,4 cxa6. 

!300,8 t 5,2 
5,6 cna6. !347 ,0 CJI86, 

cna6. - !374,3 !7 

,HH~6HCBBHOCTH KOHBepCHOHHHX JIHHHH B~6paaw ~BK, q~o6~ BB~BBCBB
HHB K-!273,4 K3B 6YJI8 p8BH8 50. 

' - o6oaaaqaeT, q~o B ~ou yqac~Ke cneK~pa,r~e ~onxHa 6~~:& yKaaas
a,aue~TCH ~pyrHe JIHBHH, KOTOp~e uema~~ onpe~eJIH~:& ee HH~eHCHB-

' B HBKOTOpYX CJiyqaax, ~aze ~eHTH~BUBpOBBT:& ee. 
JIHHHH H86JI~86TCH BHBYBJI:&HO, HO BH~BHCBBHOCT:& HBC~OJI:&KO NBJIB, 

1B~6JIHT:& ee C fiOKO~D MKKpO~OTOMeTpti H61lh3H, 
06oaaaqaDT, q~o ilHHHH He H86JI~ae~CH ~aze BH8YBJI:&HO. 
OTueqeaaye * aad•--aa•c• B sacroa•eR padore anepsue. 
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TAEJ!I'!UA 2 

Peayil:&~BT~ HSUepeHBn cneK~pa KOHBepCHOHHYX 3JI6KTpOHOB 
l66Tu B OBJIBC~H BHeprHn BYme 800 K3B 

SaeprHR 
rauua-nepexo~a 

(K3B) 

I 

875,8 ±>0,5 

!022,5* 

I045,8* 

!057,8 

!079,1 

I085,o* 

1097 ,6* 

II20,a* 

II52,4 

II6I ,4* 

Il76,6 ±. 0,8 

II87 ,s* 

Il92,3 

1200,6* 

1203,5 

12!6 ,3* 

1234,9 

1263,5 

O~HOCH~eJI:&HYe HH~BHCHBKOCTH 

!11 I~, 1M 
2 3 4 

!8,6 ±. 0,2 4,0 ±. 1,3 0,9 ±. 0,3 
0,23 ±. 0,!2 

0,3~ ±. 0,!5 

I, 74 ±. 0,3 0,3 ±. 0,!5 

2,8 ±. 0,6 0,4 ±. 0,2 
0,9 ±. 0,3 0,3 ±. 0,!5 
0,2 ±. O,I 

0,37 ±. 0,2 

6,! ±. 0,6 

0,85±.0,3 < 0,3 

37 ,I ±. 0,4 5,7 ±.1,2 !,7±.0,8 
0,3 ±. 0,15 

0,25 ±. 0,12 

2,0 ±. o, 7 

3,1 t.I,O < 0,8 
0,8 ±. 0,3 

I ,4 ±. 0, 7 0,25 ±. 0,12 
2,5 ±.1,2 0,85 ±. 0,42 

0 



I 2 3 4 

I 2 3 4 
I986, 7* 0,04 ±. 0,02 

1273,4 ±. 0,8 50 ,o ±. 0,8 7,9 t. 0,8 2008,0* O,I ±. 0,04 

noo,8 4;5 ±. 0,5 2052,9 ±. 2,0 15,3 t,I,5 2,6 ±. 0,3 0,5 ±. O,I 

I347,I 3,I ±. 0,3 0,4 t. O,I 0,3 ±. O,I 2080,1 7 ,o ±. 0 t 7 I,Ot,02 0,3t,O,I5 

I358,0 0,3 2093,2 I ,6 ±. 0,3 0,2 ±. O,I 0,05 ±. 0,025 

I376,6 t,I,O I4,6 t. I ,5 2,I t. 0,3 2I62,4* 0 ,OI ±. 0,005 

I430,9 2,0t,0,7 0,3 t. O;I5 2I77 ,3* 0,05 ±. 0,025 0,005 t. 0,003 

I437,3* O,I2 ±. 0,06 21:84,8* 0,02 t. O,OI 

I447,3 3,7 ±. 0,4 0,6 ±. 0,2 2I92,4i: o,o8 ±. o,o3 0,02 ±. O,OI 0,007 t. 0,00 

1462,3 0,36 ±. O,I8 2202,5lf 0,03 t. O,OI5 

I505,0 2,0 ±. 0,2 0,25 ±. 0,05 0,06 t. 0,03 22I0,8* 0,04 t. 0,02 O,OI ±. 0,005 

I523 ,I~< 0,25 ±. 0,05 0 ,03 ±. 0,015 2298,8* 0,025 t. O,OI2 

I528,6* 0,05 ±. 0,025 2303,I* 0,02 ±. O,OI 

I542,1* 0,03 ±. O,OI5 23I3,IlE 0,025 ±. O,OI2 

I576,4lE 0,05 t. 0,025 2378,9* 0,02 ±. O,OI 

I59I, 7* 0,4 t. O,I 0,05 t. 0,025 2384,5. 0,008 ±. 0,004 

I607,4 0,3 ±. O,I 2396,3* 0,025 ±. 0 ,OI2 0,007 ±. 0,004 

I623,I 0,95 ±. 0,2 o,n ±. o,04 0,03 t. O,OI5 2425,5. 0,02 ±. O,OI 

I628,6tt O,I t. 0,03 2464,5. 0,03 ±. 0 ,OI5 0,006 t. 0,003 

I653,2* 0,6 t. O,I2 O,I ±. o,os 0,04 t. 0,02 25I9,9* O,OI ±. 0,005 

I704,3lE 0,035 ±. 0,02 2562,8* 0,02 ±. O,OI 

I72I ,4* 0,03 ±. O,OI5 2600,8* 0,03 ±. O,OI5 

I73I,s* 0 ,05 ±. 0 ,025 2648,6* 0 ~OI ±. 0,005 

I737,3JE 0 ,05 ±. 0 ,025 2681 ,4• 0,03 ±. 0 ,OI5 

I7S4,3* 0,09 t. 0,045 274I ,I* O,OI ±. 0,005 

I8I4,4* O,I5 ±. 0,05 2782,6* 0,007 ±. 0,003 

I824,8 O,I2 ±. 0,06 fipllli8118HII8: I. Omii<IKII B onpe,llelleBIIII aaepl'llll DJliiBBABBH .llllll ! 

I837 ,4 0,43 t. 0,09 0,08 t. 0,04 I66Tu 1 KO!Op!ie 113118p8BH OJIB0Bpeli8BBO C liiiB 

I868,2 4,6 t. 0,5 0,6 t. O,I2 0,3 t. 0,06 OIIII<IBII B 0Dpe,ll8li8BBB OCT8~BHX DXBIII - 0 

I895, 7 I ,3 ±. o,n 0,2 ±. 0,04 O,I 2. lf) - D8p8XOJIH. o<IH8py:18BBH8 BD8pB!i8 B B8C!OBII 

I908,5* 0,5 ±. O,I O,I 

I967,o* O,I ±. 0,03 

I980,0* 0,06 ±. 0,03 
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I 2 3 4 
2 3 4 

I986,7* 0,04 t. 0,02 
,8 50,0 t. 0,8 7,9 t. 0,8 

2008,0* O,I t. 0,04 
4;5 t. 0,5 2052,9 t. 2,0 I5,3 t. I,5 2,6 t. 0,3 0,5 t. O,I 
3,I t. 0,3 0,4 t. O,I 0,3 t. O,I 

2080,I 7,0 t. 0,7 I,Ot,02 0,3 t. O,I5 
0,3 

2093,2 I,6t,0,3 0,2 t. O,I 0,05 t. 0,025 
,o I4,6 t. 1,5 2,I t. 0,3 

2162,4* O,OI t. 0,005 
2,0±.0,7 0,3 t. 0;15 

2177 ,3JE 0,05 ±. 0,025 0,005 :1:. 0,003 
O,I2 t. 0,06 

2184,alE 0,02 :1:. O,OI 
3. 7 ±. 0,4 0,6 t. 0,2 

2192,4* 0,08 t. 0,03 0,02 ±. O,OI 0,007 t. 0,004 0,36 ±. O,I8 
2202,5lf 0,03 ±. 0,015 

2,0 ±. 0,2 0,25 ±. 0,05 0,06 ±. 0,03 
221o,8JE 0,04 t. 0,02 O,OI t. 0,005 

0,25 t. 0,05 0,03 ±. 0,015 
2298,alE 0,025 ±. 0,012 

0,05 t. 0,025 
2303,IJE 0,02 t. O,OI 

0,03 t. 0,015 
2313,1* 0,025 t. O,OI2 

0,05 :1:. 0,025 
2378,9JE 0,02 t. O,OI 

0,4 ±. O,I 0,05 t. 0,025 
2384,5JE 0,008 t. 0,004 

0,3 t. 0,1 
2396,3* 0,025 ±. 0,012 0,007 t. 0,004 0,95 t. 0,2 0,13 t. 0,04 0,03 :1:. 0,015 
2425,5JE 0,02 t. O,OI 

O,I ±. 0,03 
2464,5* 0,03 t. 0 ,OI5 0,006 t. 0,003 0,6 ±. 0,12 0,1 ±. u,o5 0,04 :1:. 0,02 
2519,9* O,OI t. 0,005 

0,035 t. 0,02 
2562,alf 0,02 t. 0,01 

0,03 ±. 0,015 
2600,alf 0,03 t. 0,015 

0,05 t. 0,025 
2648,6* O,OI t,0,005 

0,05 t. 0,025 
2681 ,4* 0,03 t. 0,015 

0,09 ±. 0,045 
2741 ,I* O,OI ±. 0,005 

0,15 t. 0,05 
2782,6JE 0,007 t. 0,003 

0,12 t. 0,06 
fiplllle'liiHHe: I. 011H0KB B 0Upe,J.18JI8111111 8B8pl'IIB npHB8Jl8BH .llllll MX miBBla 0,43 t. 0,09 0,08 :1:. 0,04 166

Tu , KO!OpHe H8118p8BH O,liBOBpelleBBO C miBHIIIIH Th(B+Ci.cJ 4,6 ±. 0,5 0,6 ±. 0,12 0,3 t. 0,06 
011H0KH B OUP8Jl8JI8BHB OC~Sn&BHX JIHBB!a . 0,1~ • 

1,3 t. 0,13 0,2 t. 0,04 0,1 
2. lf) - nepeXO.liH, o0H8PYJt8BBH8 BnepBKe B B8C!OIIJI8la pa00!'e • . , 

0,5 ±. O,I 0,1 

0,1 t. 0,03 

0,06 t. 0,03 
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r= 

nepexonoB pacnany 
188 To oblnO owuoo'!BbiM. OcaoaaaueM AIUI Ta~toro aaKniO'I8BHH 

HBn518TCSI TOT ljlaKT, ~TO Mbl OOH&pyJKBnH p.H.tt HOBbiX H8 HSOn!OA&BWRXCSI paaee cna

ObiX y -nepexonoa. 3To aaKniO'IeHae ocooeaao nonTaepJKJlAeTCH a o6nacTH saeprull 

oollbme 1 Msa, rne acnollbaoaaaae 6eclj>oaoaoro cneKTPOMeTpa c JlByXKpaTaoll cj>oKycupoa

KOll U03BOnHnO HAM OORapyJKBTb nHBHH KOBB8pCHOHHbiX sneKTpOHOB C HBT8BCHBROCTbiO 

6onee qeM a 100 paa Mea&meit caMbiX cnaobiX paaee sa6niOnaawuxcSI. 
/28/ J3 pa6oTe )f(anH'IS npH H3Y'I8HHH CU8KTpa KOBB&pCHOHBbiX sneKTpOHOB 

C noMOWbiO CB8TOCHnbHOTO ( ~ 10%) {3 -cn&KTpOM8Tp8 THUS 'ananbCHH .. , a T&K-

)1(8 OUb!TOB ·no e-y -coananesHHM aa6niOnanue& o'leB& cnaoble y -nepexoJlbl 

c aseprH.HMH 372, 488, 537, 557, 563, 617, 632 H, aoaMoJKBo, 655 ;:ea. flepexo.tthi 

T&KOli M&noll HBTeBCHBBOCTB C UOMOWbiO f3 -cnaKTporpalj>a Mbl oosapylKBTb ae 

Mornu. 

E. flony:qeaabie aaaqeaaa saepraa paaee aaaecTBbiX y -nepexonoa a npenenax 
/1,5,6,11,14/ 

omaooK coanana10T c 6onee paBBHMB H3Mepe&HSIMII , Hauny'!mee corna-
/11,14/ 

c11e saoniOJlaeTCSI c naB&biMH fpHrop&eaa 11 np. • OnsaKo a o6nacTH aseprull 
/14/ 

Mes&me 1 Msa aaa'!aBHSI eaeprHA B paooTe aaMeTso aaablwaBhi. Mbl C'laTaeM 

nony'laBHbla saMH aaaqesHH esepruu y -nepexo.ttoa sa116onee TO'IHbiMH. 3To nos-

TB&pJKnaeTCH npeKpaCBbiM coananesueM aaaqeaait saeprHA ypoaaeft 166 F:r, Bbl-

'IHCne&HbiX R&MH H3 3HS'!eBHli sseprHit y -nepexonoa (eM. aaJKe). 

B. 0THOCHTenbHble RHT8RCHBHOCTH paHee H3B8CTRblX nHHHli KOHBepcHOBBblX sneKT

pOHOB B npenena:x Ol~HOOK SKCnepHM8BT8 COBfi8.tl810T C OTBOCHTen&HblMH HHT8BCHBBO

CTSIMBt nonyqeBBbiMii B 6onee paHHHX paooTax. 

3. H c c n e Jl o a a a 11 e c n e K T p a y -n y 'I e li 

CneKTP y -nyqeit H3Mepea c noMOWbiO y -cneKTpoMeTpa c Ge ( Li l -no-

nynpoaonBHKOBbiM neTeKTopoM H 2048 -Kaaan&BbiM aaanuaaTopoM. EbmH ucnon&aoaa

'lbl naa neTaKTopa npouaaoncTaa HaCTHTyTa cj>H3HKH TBapnoro Tena qexocnoaan-
2 

KOli aK8A8MHII aayK, 0AHH H3 BHX - nnoCKonapannenbBblft paaMepaMH 6 MM X 1,5 CM 

HM&n paapewaRH8 ~ 4,0 KSB H& nHHHSIX 8° Co, BTOpoit - K081tCB8llbHblft C 'IYB-
3 

CTBIITenbJibiM OO'beMOM 7 CM H TOnWBHOft npeftljla 7 MM HM&n paapeweHH8 6,2 KSB 

Ra nHHBliX 6° Co. 

12 

• 

TABIHUA 3 

rauua-nyqx npH pacnale I66Tu 

SaeprBa O!r!IOCI'!. aaeprxa O~aocx~. Saeprxa O~BOCI r&Mua-nyqell HB'l8BCBBB, riiJDia-Jcy"Jell HBT8BCHBB. r&MMa-nyqelt HH'leBCI KSB KaB K8B 

II3 4,2 I2I6,3 3,I I986,7 0,3 
I3I 5,4 I234,9 7,3 I994,cfE 0,3 
I84 79 I263,5 S,I 2008,0 I,I 
I94 5,5 I273,4 72,0 2026* 0,25 
2I5 33 I300,8 6 2036.1£ 0,9 
404 S,I I347 ,I 4,4 2052,9 100 
459 13,2 i374,6 26 2080,I 35,6 
594 I4 1430,9 I,4 2093 9,I 
599 8,0 I437,3 3,6 

-~_?2,0} 
674,6 

45 I447,3 3,0 2I2s* O,II 

69I,I 37 I47I 0,5 2I36* 0,3 

I505 4,I 

705 57 I523,I 0,75 2I62,4 0,2I 

757,7 13 I59I ~ 7 I ,I 2I77 ,3 0,13 

778,8 IOO I607,4 < 0,25 2I92,4 0,8 

785,9 43,5 I623,I 2,2 2300 0,16 

8IO,I 6,I I653,2 5,3 2300 O,I6 
846* 4,4 ~T I704,3} 2464 O,I? 

<O,IS 
875,5 19 ~0 I824,8 25I9,9 O,I4 

II20,8 I,6 I837 ,4 2,7 2562,8 0,05 

II52,4 5,5 I868,2 2I 2600,8 0,27 

II61,4 I,? 1895,7 4,I 

II76,6 42 1908,5 2,6 

I200,6} I980,0 0,7 

I203,5 
S,I 

---
* - rauua-~ o6HapyaeHHHe :anep:aye :a a!KX Hauepe&BRX. . 
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166 Tu 6&tnO omu6o'IH&IM. OcaosaaueM lliHI Taxoro aaxnto'leHHII 

~TO Mbl o6aapyJKunu p!!ll HOBbiX ae aa6ntonasmuxc!l paaee cna-

TO aaKnto'leaae oco6eaao nonTsepJKll&eTCII B o6naCTH aaeprall: 

nollhaosaaae 6ec<jloaosoro cneKTpoMeTpa c ABYXJCpaTaoA <jloKycapoB

o6aapyJKHT& n!IHHH KOHB9pCHOBHhlX aneKTpOBOB C HHT9BCBBHOCTblO 

a Mea&mefi caMhiX cna6&IX paaee aa6ntonaemuxc!l. 

/28/ B'l8 npH H3Y'I9HHB C09KTpa KOHB9pCHOHHhlX aneKTpOROB 

n&aoro ( ~ 10%) {3 -cneKTpoMeTpa Tuna 'anen&cua', a TaK

-coenaneaHIIM aa6nronanue& o'leB& cna6we y -nepexonw 

88, 537, 557, 563, 617, 632 8 1 B03MOJKH0 1 655 ;:ae, nepeXOllbl 

HBHOCTH C OOMOIIlblO (3 -cneKTporpa<jla Mhl o6aapylKBTb 89 

e aaa'leHHII aaeprHH paaee uaeecTHhlX y -nepexonoe e npenenax 
/1 5 6,ll 14/ 

c 6onee paHHBMH uaMepeaBHMB ' ' ' • Hauny'lmee corna-
/11,14/ 

naaawMH fparop&eea u np. • OnaaKo e o6nacTB aaeprull: 
I 141 

;-qeHB!I aaeprull: e pa6oTe aaMeTHO aae&tmeRbi. Mbi C'IHTaeM 

aa'leHH!I aaeprBB y -nepexoll.OB aau6onee TO'IRhlMB. 3To noA-

,acH&IM coenaneaueM aaa-qeaull: aaeprull ypoeaell: 
166 

Er, ew-

aaa'leault aaeprult y -nepexonoe (eM. aaJKe). 

Hble IIHT9HCHBHOCTII paaee H3BeCTHblX OHHHli KOHBepCHOBHblX aneKT-

ot~H60K aKCnepHMeBTa COBnanaiOT C OTHOCBTen&HbiMB BHT9HCHBBO

~ B 6onee paaaux pa6oTax. 

c n e n o e a a B e c n e It T p a y -n y '1, e A 

y-qelt B3Mepea c noMom&IO y -cnexTpoMeTpa c Ge ( Li l -no-

neTeKTopoM e 2048 -Jtaaan&HbiM aaanuaaTopoM. E&tnB ucnon&aoea

npoaaeoncTea HaCTHTyTa <jlu3HKB TBepnoro Tena qexocnoean-
2 

It, Onua ua aux - nnoCJtonapannen&Hbiii: paaMepaMB 6 MM x 1,5cM 

4,0 K9B aa /UIHHRX 6° Co, BTOpOII: - JtOaKCBallhHblll C 'IYB-

3 MOM 7 CM B TOnmBSOlt ll.pelt<jla 7 WM HMen paapemeaue 6, 2 K9B 

12 

... 

TAEJIHUA 3 

rauua-nyq• npa pacnale 166Tu 

S&epl'IIH Ouocu. SseprHH Oorsoca!. Saepl'IIH 0TBOCB!. 
rauua-nyqell BB!eHCBBBo rauua-mell HHTeBCHBB. r&Mli8-JIY'Iell HBTeBCIIBB. 

KaB KaB KBB 

II3 4,2 12I6,3 3,1 1986,7 0,3 

I31 5,4 1234,9 7,3 1994,o* 0,3 

184 79 1263,5 5,1 2008,0 1,1 

194 5,5 I273,4 72,0 2026* 0,25 

2I5 33 1300,8 6 2036* 0,9 

404 5,I I347 ,I 4,4 2052,9 100 

459 I3,2 i374,6 26 2080,1 35,6 

594 I4 I430,9 I,4 2093 9,I 

599 8,o I437,3 3,6 

-~_?2,0} 45 I447,3 
674,6 

3,0 2I2a* O,II 

69I,I 37 I47I 0,5 2I36* 0,3 

I505 4,I 

705 57 I523,1 0,75 2I62,4 0,2I 

757,7 I3 159I ~ 7 I ,I 2I77 ,3 O,I3 

778,8 IOO I607,4 < 0,25 2I92,4 0,8 

785,9 43,5 I623,1 2,2 2300 O,I6 

810,1 6,I I653,2 5,3 2300 0,16 

846* 4,4 OT I704,3} Z464 0,17 

875,5 I9 ;ItO I824,8 
< 0,15 

25I9,9 O,I4 

II20,8 I,6 I837 ,4 2,7 2562,8 0,05 

II52,4 5,5 I868,2 2I 2600,8 0,27 

II6I ,4 I,7 I895,7 4,I 

II76,6 42 I908,5 2,6 

1200,6} 1980,0 0,7 

I203,5 
S,I 

---
lf - rauua-:1)"111 o6aapyzeallile Bneplllie B aux IIUepeBBBX • . 
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nony'leBHb18 AaBHb18 0 CII8KTp8 )' -nyqeft 
188 Tu npeACTasneHbl B Ta6nHne 3, 

Ha pacysxe 1 noxa3aHbl sexoTopble y'laCTKH caexTpa. y -nyqeft, 

To'IBOCT& OJipe.aeneHHR HBT8BCIIBBOCT8ft raMMa-nyqeft COCTasnReT .,JQ% .ltDR HBTeB-

CHBHbiX DHBBft ( 6onee 20 8.1tHHBil TaflDBilbl 8) B - 50% - .ltDR cnaflbiX , 

4, 11 C C n e .It 0 B 8 B H e C II e K T p 0 B )'-)' H e-)' - C 0 B D a A e H II ft . 
l13y'laDHCb CDeKTpbl .ltBOftHbiX H CYMMapSbiX COBDaJleHHft )' -ny'left, B03HHK8-

IU . 
!OWHX npH pacnaJle Tu, a TaKlK8 OTA9n&Hb18 CD8KTpbl e-)' COBDaA9HHft ( nps 

ycTaaosKe aneKTpoasoro xasana sa nasus L-80,6; K-184,4; K - 184,8; K- 215 xsB) 

B 9TBX axcnepBM8STax 6blnB scnonb30BBSbl raMMa-cneKTpoMeTp c 

xpBCTannoM Na J ( Tfl H p83peweHB8M 8-10% H Mai'HHTHO-nHH3011blft 6eTa""CD8KTpO-

MeTp c pa3peweBBeM 2%. nony'lessble pe3yn&TaTbi xopowo cornacy!OTCR c .aassbiMH, 

/28/ 
nony'leSBbiMB )!(snB'I8M R .ltP• npB HCCD8AOBaHRR CD8KTpOB e-)' -cosna.aeBBft 

C DOMO!Il .. IO W8CTR3a30pBOro 6eTa-cneKTpOM8Tpa HBCTHTyTa HM, HRn&ca Eopa 

R : 1 t, T ~ 10% ) , Mbl C'IBTa8M 1 OABaK0 1 seo6XOJlRMbiM o6paTBT& BBBMaHRe 

/28/ 
sa O.ltBH ~aKT 1 0 KOTOpOM B pa60Te se coo6manoc&, nps BCCD8JlOBaBBB CII8KTpOB 

)'- )' B e-)' -cOBDa.lt8BIIft Mbl sa6niOAAnR COIIIIA.It8BRSI )' -nyqeft B KOBB8pCHOSBbiX 

anexTposoB nepexo.aa c asepraeft 184,4 KSB c y -ny'laMs c asepraeft oxono 
/13/ 

2100 K9Bo YKa3aBRe sa 9TOT ~aKT HMenoc& II pas&me B pa6oTe , 

5, 0 n p e .a e n e s H e M y n & T H n o n & s o c T H n e p e x o Jl o s 

11cnonb3yR .aaBSb18 Ta6nsn 1,2,3, MOlKBO ODpeAenBT& Myn&THIIOn&BOCTB psAa 

Y -nepexoAOB, soasRKaiOmBx nps pacnaAe 
188

Tu• B Ta6nsne 4 npeAcTasnesbi 

peayn&T8Tbl cpaBB~BHR axcnepBMeBTaD&BbiX OTHOlli8BHft BHT8HCHBBOCT9ft KOSB9pCB-

OBHbiX K, L
1 

L
11 

H L Ill -nHBIIft C OlKHAa8MbiMH Teop9TH'I8CKHMR ADII p83Bb1X 

MYD&TBIIODeft, .QaBBbl8 0 nepexoAaX 73,5: 80,~ 96,8 H 184,4 K9B B Ta6nsny se 

BKDIO'I8Hbl, TaX xax RX MyDbTHDOD&BOCTB (E2) 6b!DH 0Dp8A8D9Hbl B 6onee paBHHX 

pa6oTax. Hawa ABSBble xopomo cornacyiOTCII H noATBeplKAaiOT aTOT BbiBOA. B Ta6-

nane 5 onpe.aeneBSbl9 HaMH 3Ha'leHHII K09~HilH9BTOB BHyTp9HB8ft KOBBepC·HB Sa 

K-o6onO'IK8 ADII )' -nepeXOAOB cpaBHRBaiOTCR C T90p9TH'19CKHMB 3Ba'leHBIIMR, 

TO'IBOCT& onpeAeneHBII 9KCDepBM9BTanbHbiX BeDH'IBB OTHOW9BHII HHT9HCHBHOCTeft 

KOHBepCBOSBbiX DBHHft, DpHB9A9BabiX B Ta6nsne 4, 20-30%, norpelllHOCT& B onpe-

AeneHBB 8KCD9pBM9HTan&soft B8DH'IHBbl ak yxaaasa B Ta6nsne 5. TeopeTH'Iecxse 

3Ha'I8BBH KO~BilH9BTOB BRyTpesseft KOHBepcHH sa K H L -o6onO'IKaX nony'leHbl 

/29/ 
sa Ta6nsn Cnasa H Eas.a • Kax BHARO H3 Ta6nsn 4 H 5, yAaeTCR onpeAenaTb 

xapaxTep asa'IHTen&soro 'IRena nepexoAoB, aoalfHKaromax npH pacnaAe 
166 

Tu. 
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0 
cneKTpe y -nyqeA 

168 Tu npe.llCT8BII9Hbl B Ta6nane 3. 

Y -ny'leA. 

RBT9HCHBROCT9A raMMB-nyqeA COCT8BnSieT • 10% .llnSI RRTeB-

50% - .nnSI cna6blx. 

c n e K T p 0 B y-y He-y - C 0 B n 8 .ll e H R A . 
.llBOi!HbiX H CyMM8pHbiX C0Bll8.ll9BHA Y -ny'leA, B03HHK8-

0T.ll9nbHbl9 cneKTpbi e-y coena.neaaA (npa 

nRHHH L -80,6; K -184,4; K - 184,8; K- 215 xaB) 

6hinH acnonb30BBBbl raMMa-cneKTpoMeTp c 

H pa3p9II19HH9M 8-10% H M8rHHTHO-nRH30!lbiA 6eTa-cneKTpO

peaynbT8Tbl xopowo cornacyiOTcSI c .naHHbiMH, 

npH accne.noBaaaa cneltTpoB e - y -coena.neaaA 

6eTa-cneKTpoMeTpa HBCTHTyT8 aM. Han&ca Eopa 

C'IHT89M, O.llH81tO, H906XO.llRMbiM o6p8TRTb BBRM8HH9 

/28/ 
B pa6oTe ae coo6wanoc&, npa accnenoBaaaa cneJtTpoe 

Mbl aa6mo.llanB COBll8.ll9BR51 Y -ny'leA H KOBBepCHOHRbiX 

aaepraeA 184,4 K9B c y -ny'laMH c aaepraelt OJtono 

/13/ 
«jlaKT HMenOCb H p8BbW9 B. p860T9 , 

M y n b T H n 0 n b H 0 C T H ll e p 9 X 0 .ll 0 B 

Ta6nHil 1,2,3, MOlKHO onpe.nenHTb MYnhTHilOnbBOCTK pR.ll8 

lfKaiOmax npa pacna.ne 
166

Tu, B Ta6nane 4 npe.ncTaeneHbi 

9KCll9pHM9HT8nbRbiX OTHOlll9RHA HRT9RCHBROCT91t KORB9pCH

III -nHHHA C OlKH.ll89MbiMH T90p9TH'I9CKHMH .llnR p83RbiX 

0 nepeXO.ll8X 73,5: 80,6; 96,8 H 184,4 K9B B T86nHilY R& 

MynhTHnonbHOCTH (E2) 6binH onpe.neneBbl B 6onee p8BHHX 

XOpOIIIO cornacyiOTCH H llO.llTB9plK.ll810T STOT BbiBO.llo B Ta6-

3H8'19HH51 KOS«<>«!>HilH9BTOB BBYTP9RH91t KOBB9pC·RH 88 

~epeXO.llOB cp8BHHB8IOTCH C T90p9TR'19CKHMH 3B8'19HR51MH, 

9KCil9pUM9RT8nbRbiX BenH'IRB OTBOW9HHH HBT9RCHBBOCT9A 

20-30%, norpewaocT& B onpe

ak yKaaaaa B Ta6nune 5, TeopeTU'IecJtae 

BHyTpeaaei! KORB9pCRH 88 K H L -o6ono'IK8X nony'I9Rbl 

/29/ 
• KaK BR.llHO R3 Ta6nRil 4 R 5, Y.ll89TCH onpe.ll91lRTb 

qacna nepexonoe, eoalfHKaiOWHX npu pacna.ne 
166 
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::iiJi 

TABJI14UA 5 I· I 2 3 4 5 6 

Koa~UKeHTH BHJ!peBHeA KOHBepciH B8 K-o<Sonoqxe. :~;i I653,2 0,5 t. 0,2 0,45 I,IO I,60 EI 

OnpeAeneBBe MY~fBno~uocfB raKM&-nepexo~oB I837 ,4 0,7 t. 0,2 0,40 0,88 I,22 E2(EI + M2) 

_g,IC X ~Q8 i' 
I868,2 I,O t. 0,3 0,39 0,85 I,2 UI,E2 

Ssepl'IIH SaUII'IeBBe I895,7 I ,4 t. 0,3 0,38 0,83 I,IS MI, E2 
ra1111a-n e pe- 8KCUep!lll. Teopepqecxoe asa'leBBe o xynfB- ·:~~/~ I908,5 0,85 t. 0,2 0,38 0,82 I,IO 

XOJ;8 UO~HOCTH 
E2, UI 

8H&'IeBBe EI E2 III I980,0 -o,4 t. o,6 0,36 0,77 1,05 EI, E2 

I 2 3 4 5 6 I986,7 0,57 t. 0,3 0,36 0,76 I,OS EI, E2 

I84,4 I70 t. 40 53 220 430 F2 
2008 0,4 t. 0,2 0,35 0,74 I,OO EI 

I94,8 300 t. 90 48 I90 370 III;E2 
2052,9 0,68 t. O,IO 0,34 0,73 0,96 E2 + III 

215,2 24 t. IO 37 ISO 290 EI 
2080,I 0,87 t. O,IS 0,33 O,?I 0,94 IAI+E2 

403,9 34 t. IO 8,0 23 52 E2+11I 
2093,2 0,76 t.0,25 0,33 0,70 0,93 MI + E2 

459,6 37 t. 8 5,8 I6 37 III 
2162,4 0,2 t. O,I 0,3I 0,65 0,86 EI 

594,3 8,4 t. 2,0 • 3,4 9,4 20 F2 
2177,3 I,7t.0,8 0,30 0,64 0,84 se EI 

598,7 4,4 t. I,S 3,3 9,2 I9 EI 
2192,4 0,45 t. 0,2 0,30 0,63 0,82 EI,E2 

672,0} 2,I t. 0,5 2,6 6,8 I4 EI 2298,~ 0,8 t. 0,4 0,28 0,58 0,74 He EI 

674,6 EI ! 
2303,I 

69I ,I 5,6 t. I,O 2,5 6,4 13,5 F2 
2464,5 0,8 t. 0,4 0,27 0,55 0,70 UI, E2 

705,3 6,0 t. I,O 2,3 6,I n E2 
25I9,9 0,3 t. O,IS 0,24 0,50 0,62 EI,E2 

757,7 9,2 t. 2,0 2,0 5,4 IO,S III 
2562,& 2,0 t. I,O 0,24 0,49 0,59 E3, M2 

778,8 4,0 t. 0, 7 I,9 5,0 IO,O F2 
!. 2600,8 0,5 t. 0,25 0,24 0,48 0,58 EI,E2,lii 

785,9. 4,8 - 4,8 - F2 

SIO,I 4,3 t. I,I I,75 4,4 8,9 F2 

875,5 3,6 t. 0,4 I,55 3,8 7,4 F2 
fiplllleUBBe: I • .ilnR QBII811 eAIIHII~ IIB!eBCIIBHOCf&A r&IIII&-JJY'Ielt II KOHl! 

II20,8 ... I • 2 I,O 2,2 4,0 EI,E2 
CIIOHBWX aneK!pOHOB c(N AXH nepexo~a 785 19 K8B npHB 

II52,3 4,9 t.I,O 0,95 2,I 3,7 III 
paBBHII teopeTH'Iecxouy ;~tnH uyn&fllno~BOC!II E2. 

II6I,4 2,3 t. 0,8 0,95 2,I 3,7 E2 2. flpH onp&AeneHHH uynhTHnonhHOCTH no a<SconDTHHII aua 
II76,5 3,9 t. 0,2 0,90 2,0 3,6 III 

I200,6} 4,4 t. I,2 0,88 I,95 3,4 III 
K08~UHeBTB B&yTpeHHeA KOHB8pcHH HB K-o<SOXO!Ke O~HOSH8!HO YCTBH8BXIIB 

1203,9 
TOlii>KO yYlii>TIIUOXbHOCTb THUS EI. ,lll!H 8HB'I8HIIA o(116XHSKIIX K Teopefii'I8CK 

1216,3 I,I t. 0,4 0,85 I,9 3,3 EI 
IIYXh!IIUOXbHOCTH MI II E2 BcerAB 1103HO UOAO<Spa!b TBKYD cuech (EI + Y2) 

I235,3 0,85 t. 0,5 o,aa I,85 3,3 EI 
8BB!eHIIe ~I( <Sy,lle! COBd8JIBTh C TeopeTH'IeCKIIU AXIl !AI HXH E2. fiOafOIIY y 

I263,2 2,I t.I,3 0,80 I,80 3,2 (E2 + III) 
HUlt B!i<SOp IIJXb'IIIDOXhHOCfB !.II IIXH E2 B 8TOlt TBCiXH~e liBXH8TCll HBHCionee 

I273,4 3,0 t. 0,3 0,78 I,70 3,0 III 
HOlt, HO H8 8AIIHCTB8HHOA B08110KHOCTbD. 

1300,8 3,3 t. 0,4 0,76 1,65 2,9 !.II 

I347,0 3,I t. 0,4 0,70 I ,5 2,6 III 

1374,3 2,5 t. 0,3 0,69 !,5 2,5 III 
I430,9 6 0,63 I,4 2,3 >112 
I447,3 5,4 t. I,S 0,62 I,35 2,2 >112 

l ISOS,O 2,2 t. 0,3 0,57 I,30 2,1 loii 

I523,I I ,5 t. 0,4 0,56 I,30 2,I E2,11I 
I59I ,7 1,6 t. 0,5 0,51 I ,IS I,8 E2, III 
I607 ,4 > 5 0,50 I,IS I,? > 112 

'I 

~· 
I623,I I ,9 t. 0,5 0,49 I ,IO I,? loii 
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I' TABJIHUA 5 
/ .. I~ 

I . I 2 3 ,if 4 5 6 
Koa~UHeH~ BHJTpeHHeA KOHBepCBB H8 K-o6ono11xe. '~: \: 

I653,2 o,s t. 0,2 0,45 ':.·: "i/ 1,IO I,60 EI 
Onp~eneBHe uyn&THnon&HOCTH ra»»a-nepexo~oB ~i i I837 ,4 0,7 t. 0,2 0,40 0,88 I,22 E2(EI + M2) 

.,I~ 
I868,2 I,O t. 0,3 0,39 0,85 I,2 lli,E2 

~kX IQ8 SaKllll'leBHe I895,7 I ,4 t. 0,3 0,38 0,83 I,IS I.II, E2 
SxcnepB». Teooepqecxoe aHQIIOBIIe o uyn&m- j I908,5 0,85 t. 0,2 0,38 0,82 I ,IO E2, MI non:r.uoc!H 3H811eHHe EI ~ MI ·,,; ~ I980,0 -o,4 t. o,6 0,36 0,77 I,OS EI, E2 

2 3 4 5 6 
., . 

I986,7 0,57 t. 0,3 0,36 0,76 1,05 EI, E2 

I70 t. 40 53 220 430 E2 2008 0,4 t. 0,2 0,35 0,74 1,00 EI 

300 t. 90 48 I90 370 UI;E2 2052,9 0,68 t. O,IO 0,34 0,73 0,96 E2 + III 

24 t. IO 37 ISO 290 EI 2080,I 0,87 t. O,IS 0,33 0,7! 0,94 III+E2 

34 t. IO 8,0 23 52 E2+11I 2093,2 0,76 t.0,25 0,33 0,70 0,93 MI + E2 

37 t. 8 5,8 I6 37 III 2I62,4 0,2 t. O,I 0,3I 0,65 0,86 EI 

8,4 t. 2,0 • 3,4 9,4 20 E2 2I77 ,3 I,? t. o,8 0,30 0,64 0,84 Be EI 

4,4 t. I,S 3,3 9,2 I9 EI 2I92,4 0,45 t. 0,2 0,30 0,63 0,82 EI,E2 

2,I t. 0,5 2,6 6,8 I4 EI 2298,~ 0,8 t. 0,4 0,28 0,58 0,74 He EI 
EI l 

2303,1 

5,6 t. I,O 2,5 6,4 I3,5 E2 2464,5 0,8 t. 0,4 0,27 0,55 0,70 It[, E2 

6,0 t. I,Q 2,3 6,I I3 EZ 25I9,9 0,3 t. O,IS 0,24 0,50 0,62 EI,E2 

9,2 t. 2,0 2,0 5,4 IO,S III 2562,~ 2,0 t. I,O 0,24 0,49 0,59 E3, 1112 

4,0 t. 0,7 I,9 5,0 IO,O E2 r 2600,8 0,5 t. 0,25 0,24 0,48 0,58 EI ,E2,lii 

4,8 - 4,8 - E2 
4,3 t.I 1I I,75 4,4 8,9 E2 

J 
3,6 t. 0,4 I,55 3,8 7,4 E2 DpH»eaue: I. ,llu QBIIBB ~~HH~ JIB'feBCRBBOCTeA r&llli8-JJY'I!!Ii JJ KOHBep-

-I • 2 I,O 2,2 4,0 EI,E2 CBOHBHX aneKTpOHOB c(N ~JR nepeX0~8 785 19 KBB npHHHTO 

4,9 t. I ,0 0,95 2,I 3,7 III paBHWII teopepqecxolly Ana ayx:r.THnox:r.Hoct~~ E2. 

2,3 t. 0,8 0,95 2,I 3,7 E2 2. DpH onp~eneHHH uyn:r.THnon:&HOCTH no a6conmtBKU BH&'IeHHHII 
3,9 t. 0,2 0,90 2,0 3,6 MI 

4,4t.I,2 0,88 I,95 3,4 III 
K08~UHeHT8 BayTpeHH!!A KOHBepcHH B8 K-o6onO'IKe O~HOSH811BO JCT8H8BnHB8eTCH 
TOn&KO yYn&THnon:&HOCT:& TKOS EI. JlJIH 8H8'1eHHA a(116nH3KHX K TeopeTHIIeCKHII :ztn'a 

I,I ±.0 14 0,85 I,9 3,3 EI uyn:r.THnon:r.aocTH MI 11 E2 acer:zta uoaHo no:zto6pat:r. taKym cuec:r. (EI + M2), 'ITO 
0,85 t. 0,5 0,83 I,85 3,3 EI 8H8'1eHRe ~H 6y~eT COBD8lt8T:& C TeopetH'IeCKHII :ztnH Ul Hnll E2. fiOSTOIIY YK888H-
2,I t. I,3 0,80 I,80 3,2 (E2 + III) HHII BII60p IIJn:&THnOn:&HOCft lli Hnll E2 B 8TOA T86nH~e HBnH!!TCH H8H6onee DepoRT-
3,0 t. 0,3 0,78 I,70 3,0 III HOii, HO He e~RHCTB!!HHOA B08110&HOCT:&m. 
3,3 t. 0,4 0,76 I,65 2,9 Ali 
3,1 t. 0,4 0,70 1,5 2,6 w: 
2,5 t. 0,3 0,69 1,5 2,5 III 

6 0,63 I,4 2,3 >12 
5,4 t. I ,5 0,62 1,35 2,2 >12 

l 2,2 t. 0,3 0,57 I,30 2,I lli 
I ,5 t. 0,4 0,56 I,30 2,1 E2,1li 
I ,6 t. 0,5 0,51 1,I5 I,8 E2, MI 
> 5 0,50 I,IS I,? > ),12 'I 

1,9 t. 0,5 0,49 I,IO I,? III ~ 
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Myn&Tanon&socTs nepexoAoB, nepeqscnesBbiX 11 Ta6nme 4, onpeAenesbl snep

Bbie. Peayn&T&Tbl onpeAenesss MYJibTRDOJibSOCTH nepexoAOB no a6comoTBOMY asa-

qeHBIO ak B 3S8'1ST8JibBOII 'ISC'I"R COBDSASIOT C asanorH'IBbiMH peaynJ>T&TaMH 

/28/ 
)i(anR'Ia R Ap, , B aTOll pa6oTe AODOJISHT8JibBO It AaJIBbiM Ta6JIBJ[bl 5 0Dp8Aene-

Sbl Myn&TRDOn&socTR nepexoAOB 346 lt&B (E2, Ml); 530 Jt&B (E2 + M1); 730 Jt&B 

(El, E2), B CBR3R C TeM, 'ITO saMR 6bln RCDOJib30B8B Ge( Li) A8Teii:TOp 60Jib-

/28/ 
UIHX, DO cpaBS8HRIO C pa60TOII t pa3M8pOB1 SaMR 0Dp8A8JI8Bbl RST8SCHBHOCTH 

S a k AJIR 20 JK8CTKHX raMMa-nepeXOAOB, 

II. CxeMa p8C!l81l8 I66rn 

1. 0 C S 0 B S 0 8 C 0 C T 0 5I S S e 
166 

Tn. 
~~ /30/ 

CDHH OCHOBHOrO COCTORHSR Tu R3Mepes BonKepoM S XappRCOM , Os 

p8B8H 2, qATHOCTb OCHOBHOrO COCTORHRH 
166 Tn DOJIOJKHTen&H8, 3TO CJI8AY8T H3 

166 /7/ 
peayn&TaTOB H3Y'I8HRR pacnaAa Yb B pa6oTax rpuropbel!la H Ap. s HcRHCKO-

/ 19/ 
ro R AP· H H3 peayn&TaTOB H3Y'I8BHR D03HTpOHHOrO p8CD8A8 

16~u sa ypoBHH 

166 /17/ 
poTallHOHHOII DOJIOCbl OCHOBHOro COCTORHHR F:r B pa60T8 LlJKeneDOB8 R Ap. 

LlJKenenoB B AP•t H3Y'I8R COBII8A8HBR D03BTpOBOB C raMMa-JIY'ISMH 
166 

Tu, DOJta
/9 11 12 

38JIH, 'ITO JK8CTK8R KOMDOH8HT8 D03BTpOHHOrO cneKTp8 C E • 1920 K&B 
1 1 

IV ~· 
COBDaA8eT C r4MMa-ny11aMR 80,6 K&B. TaKBM o6pa30M aaeprHR p8CII8A8 

166
Tu 

/311 
p8BH8 (3020 ~ 20) K&B, ranaxep H ConOBb8B BHT8p1Ip8THpOB8JIH OCHOBH08 

+I . + 
COCTOHHB8 166 Tu K8K COCTO!IHH8 TBII8 5/2 642/- p 112 /41J/, 

2. C X e M a y p 0 B H e Jl' 68 
Er. 

npeAnaraeM&R 88MB CX9M8 ypossell 188F: r, B036yJKA810UIHXCR IIpH paCII8A8 

168 Tu ~ npeACTaBneHa sa pHC, 2, npa COCT8BJI9HHll CX8Mbl ypOBHell 

HCXOAHJIH R3 CJI8AYIOUIHX &II:CII8pBM9HTaJibSbiX A8HSbiX: 

186 F:r 

8) B8WH pe3yJibT8Tbl H3MepeHHH e-)', )'-)' H cyMM8pSb1X COBII8A8SHI!1 

Mbl 

6) saUIH peayn&T8Tbl R3M9p9HHH &HeprBI! H HHT8HCHBHOCTell raMMa-nepexo-

AOB1 

a) peayn&T8Tbi H3MepeHRR e-)' 

/28/ 
JIH'IB H Ap, 

18 

• 

-cosnaAeSHII, nonyqessble a pa6oTe )!(a-

CneAyeT noA'ISpKBYTb, 'ITO cxeMa pacnaAa 
166

Tn oqes& cno~a 

HCDOJib30B8HH8 BC8X nepe'IHCJI8HSbiX A8HSbiX II03BOJIR8T CA8JI8Tb B8H6 

BbiBOAbl· 

KaE yK838HO Bb!WS, eme B 6onee paHSHX p860T8X 6b1JIO IIOE838SI 

pacn&Ae 168 Tn B036yJKA810TCR ypOBBH pOT81lHOSHOII IIOJIOCbl OCSOBSOro 

+ + + 
80,6 II:SB ( 02 ) j 265,0 E&B ( 04 ) H 545,3 lt&B ( 06 ); ypOBHB pOTallHO 

+ + 
Cb1 y -sa6pallHOBSOrO COCTORSHR 785,9 K&B (22 ); 859,4 K&B (28 )~ 

+ + ( 24 ) H 1075, 1 ( 2,5 ) H ypOBBH C &SeprHHMH 2188,0 H 2160,8 Jt&B, 

npHIIHCbiB8JICR CIIBB 8, nony'leBSb18 peayJI&T8Tbl XOpOWO IIOAHB8pJKA810' 

aasse STBX yposseA. MsTepecso oTMeTHT&, 'ITO aseprBB aTHX yposse 

sble no cyMM&M asepraA paasbiX y -nepexoAoB, o'leB& xopomo cost 

AY co6oA. npaseAeM 3H8'18HBR aaepraA SeKOTOpbiX yposseA BM9CT9 C 

oma6KaMH ax onpeAenesas: 

(956,20 :!:; 0,04) E&B (0,004%; 5), 

( 1075, 10 ~ 0,08) II:SB ( 0,00~;8), 

( 2188,0 ~ 0,8) K&B ( 0,0 14%; 18 ) 0 

(2160,3 ~ 0,25) II:&B (0,012%; 7), 

B CK0611:8X yKa38Sbi: OTBOCaTen&SSSI B8Jia'IHS8 OUIH6KB B % a 'IHCJIO C 

TOpbiX IIOJIY'ISHO AaHH08 3S8'18Ha8 aseprRa ypoBHR, TaKae peayn&Ta 

JIB SSM IIOTpe60B8Tb npH BB8A8BHH ypossell corn&CBSI B cyMM8X 988] 

nos se xyJKe 0,08 %. 

Hama peayn&TaTbl sayqesBH y- y -cosnanesall, peayn&Ta'l'bl a: 

TpOB COBD8A9SHI IIpB cyMMSpOB8SSR B peayJI&T8Tbl e - y -cOBII8A8Sl 

BBSCTH ypOBHB C aseprRHMH 1458,0, 1918, 1988,8 K9B. Eonee DOJIHb 

o cosnanesRHX y -nepexonos npa pacnane 
166 

Tu nonyqesbl s pae 

/28/ "" I · R liP• .rr RJIR'I R liP• aayqaJIB e - y COBII8A9HBH 1 HCIIOJib3Yil AJIH 

KOSBapCSOHBbiX aneKTpOHOB CB8TOCHJibSblit ( "' 10%) CII8KTpOM8Tp Tl 

y -nyqeft CIIBSTRJIJI!!IlHOSSblft y -cneET] 
cas' a AnH perscTpallaB 

STHX HCCJI8AOB8SHHX S8A8lKBO ycTaBOBn8B0 0 'ITO npR p8CII8A8 
188 

Tu 

IOTCH ypossa 186 Er C aseprBHMB 1458,0; 1515,8 ; 1918,0; 1988,8; 

2002; 2215 R 2290 K9Bo MMeiOTCSI TaKJK9 yKB38HRH S8 B036yJKII8SB8 

aseprSSIMB 1528,2; 1571,8 H 1020,8 K9B, YKa38SSbi8 31I8Cb1 KSK a 

qesaH asepraA Bb1'1HcneBbi sa ocsose saUIRX aaMepesait asepruit 

nos. CymecTsosasae scex yKaaaHHhiX ypoaBel!: nonTsepJKAaeTCH xop• 
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&BOCTB nepexoAoB, nepequcneBBhlX B Ta6nane 4, onpeAeneBhl snep

hl onpeAeneaua Myn&TBnon&aocTB nepexoAOB no a6con~TBoMy aaa

aaaqaTen&aoA qaCTB COBU8A8~T C aaanorR~hlMR p83YnhT8T8MB 
~8/ 

, B BTOA pa6oTe AononauTen&ao It lUUIBhlM Ta6n101hl 5 onpe.~Jene-

ocTB nepexo.~JoB 346 II:&B (E2, M 1); 580 lt&B (E2 + M I); 780 lt&B 

C T&M, qTo BBMB 6bin BCUOnh30B8B Ge ( Li) A9TeKTOp 6on&-
/28/ 

B~ C pa6oToA , pa3MepOB0 HBMB onp&AeneRhl BBT9BCBBBOCTB 

&CTKBX rBMMa-nepeXOAOB, 

11. CxeMa pacll8lla 188r" 

o e C 0 C T 0 B H H e 
188 

Tu. 

1~ /80/ aoro cocToliBBll Tu 113Mepea Bon~~:epoM 11 XappiiCOM , Oa 

Th OCHOBHOrO COCTOBBBB 188 Tu nono~IITen&Ba, 3To cnel{y&T 113 
186 /7 I 

qeaua pacnaAa Yb B pa6oTBX rpurop&esa B Ap, II HCBBCKO-

R3 peayn&TBTOB 113yqeaua fi0311TpOBBOro p8Cfi8A8 18 ~u B8 YPOBHB 

188 /17/ 0Cb1 OCHOBHoro COCTOBBBB Er B pa6oTe Ll~enenosa B APo , 

Hayqal! COBDBA&BBB fl03HTpOHOB C raMMA-nyqaMII 168 Tu, DOita

/9 11 12 aa KoMnoaeaTa noa11Tpoaaoro cneii:Tpa c E • 1920 1tas ' ' 
rp. 

r~MMa-nyqaMH 80,6 !taB. Ta11:11M o6paaoM aaepr11a pacnaAa 186Tu 
/31/ 

) K3B, fanaxep H ConOBh&B IIBTepnpeTHpoB8nB OCHOBHOe 

KBK COCTOliHIIe Tllfi8 5/2+ /642i- p 1/2+/41J/, 

p 0 B H e ai 68 Er. 

HBMII CXeMa ypoaaeA 188E r, B036YXI:AB~IUBXCB np11 pacnal{e 

sneaa aa puc, 2. ITp11 cocTaanea11x cxeMM ypoaaea 

y~m11x &KcnepiiMeHTan&HhlX A8BRbiX: 

168 Er 

yn&TBTbl 113MepeRIIll e- y
1 

y-y H cyMM8pBhlX COBU8A&BIIA
1 

Mhl 

Ynl>TBTbl H3MepeHBll &Heprllft B BBTeRCRBBOCTeft rSMMa-nepexo-

Tbl B3MepeHIIB e - y 
-coana.~JeaiiA, nonyqeaaMe B pa6oTe )l(u-

18 

• 

Cnel{y&T no.~JqepltRYTh, qTo CXeMa p8CIIBA8 188Tu oqea& cno~aa B TOnhKO 

IICrrOnh30BARR& scex nepeq&cneaahlx AaRBhlX uoasonH&T cAenaT& aa116onee uonahle 

BhlBOAhl· 

Ka1t y1taaaao BMme, eme B 6onee paaaax pa6oTax 6Mno uoKaaaao, qTo npu 

p8CU8A9 
188

Tu B036y~A8~TCH ypOBHB pOT8nBOHBOA nonOChl OCBOBHOro COCTOHBBH 
+ + + 

80,6 K9B (02 ); 265,0 lt9B (04 ) B 545,3 K&B (06 ); ypOBBB pOT8UIIOBHOA nono-
+ + 

Cbl y -BII6p81lHOHHOro COCTOHHHH 785,9 K9B (22 ); 859,4 K9B (23 )~ 956,2 K9B 
+ + 

( 24 ) II 1075, 1 ( 2,5 ) II ypOBBB C 9BeprBliMII 2183,0 II 2160,3 K&B, ltOTOpMM 

npanHcMsanca cnaa 3. ITonyqeaahle peayn&TBThl xopomo noAHBepX~:Aa~ cymecTBo

saalle 9THX yposaeA. HaTepecao OTM&THT&, qTo aaepra11 &THX yposael, BMqucnea

Rhl& no cyMMaM aaepr11A pa3RhlX y -nepexo.~JoB, oqea& xopomo cosuaAa~ Me:IK

AY co6oA. ITpaBel{&M aaaqeBRll aaepraA aeKOTOPbiX yposaea BMecTe co cpe.aaaMu 

omB6K8MH HX OUpe.aeneRBH: 

(956,20 ±; 0,04) K9B (0,004%; 5), 

( 1075, 10 :!:. 0,03) lt9B ( O,OOlt%~) I 

(2183,0 :!:. 0,3) K&B (0,014%;13 ), 

(2160,3 :!:. 0,25) K9B (0,012%; 7), 

B CII:061t8X fii:838Bbl: OTBOCHTen&B8ll Benaqaaa OWB611:11 B % B qacno CYMM, H3 11:0-

TOpbiX nonyqeao ABHHoe aaaqeaae a.11epraa yposaa. Ta11:ae peayn&T8Tbl noasona

na RaM noTpe6osaT& npa BBe.aeaaa yposaeA cornac&a s cyMMax aaepraA nepexo

.aos ae xy~e 0,03 %. 

Ham a peayn&TSTM aayqe.IIHll y- y -cosna.aeaaa, peayn&TBThl aayqeaall cneK

TpOB cosna.aea:U:A npa cyMMuposaaaa a peayn&T8Tbi e - y -cosna.aeaal noasonll~ 

BBecTH ypoBBR c aaepraaMH 1458,0, 1918, 1938,3 KsB. Eonee nonahle .aaHHbie 

o cosna.aeaHliX y -nepexo.~JOB npa pacna.ae 
188 

Tu nonyqeahl B pa6oTe )f(anuqa 

/28/ "' . .... a .ap. II'HnHq a .ap. aayqana e- y cosna.aeaa .. , acnon&ayll .anH peracTpanaa 

KORBepCHOBBhlX anaKTpOROB CB9TOCHnhBbli! ( ., 10%) CD9KTpOM9Tp THnB 'anen&-

CHB' B .ana perRCTpallHB y -nyqeft CllBHTHnnHilROHBbiA y -cneKTpoMeTp. B 

&THX IICcne.aosaRHliX aa.aeXI:Bo ycTaaosneao, qTo npa pacna.ae 188 Tu soa6y~.aa-

~TCll ypOBBH 188 Er C aaeprHSIMH 1458,0; 1515,3 i 1918,0; 1938,3; 1978,8; 

2002; 2215 a 2200 K&B, HMe~Tcll Tax>Ke yKasaaall aa soa6y~.aeaae yposaeA c 

aaeprB.IIMH 1528,2; 1571,8 R 1020,8 KaB, YxaaaaHbie a.aec&, 11:811: 11 .aanee, aaa-

'19HII.II aaepraft Bbl'IHCneHbl H8 OCBOB& H8WHX H3Mepeau!l 3HeprHit y -nepexo-

.aoa. CymecTBosaaue acex yxasaRHhlX ypoaaeil no.aTaep>KAaeTCll xopomuM cosna-
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I i 
I 

I: 

AeaueM cyMM saeprBA y -nepexo~to8. TipeAnaraeMau cxeMa ypo8Belt 118 Er 

/28/ (pac, 2) 8 OCB08HOM C08li8A89T CO CX&MOlt1 llp&AROlK&BBOlt B pa!SoTe , Ha OCBQ-

Be 6onee To~a~ onpeAeneaaA saepruA raMMa-nepexoAo8 8 cxeMe pa3Memea PRA 

HOBl>IX y -nep&XOA08, oaeprHB B&CKORhKHX nepeXOA08
1 

p83M8W&HBhiX 8 CX&M8 /28/ 

OK838RHCh Cym&CT8&HBO OTliH~~WHMBCR OT p83BOCTB 8BeprBlt yp08Relt
1

B liOSTOMY 

ORB 8 CX8MY ae 8KR~~&Bhl, Hcnonh3yR Sli:CllepHM&HT8llhBhl9 ABBHhle 0 MynhTHliOnb-

BOCTH Y -nepeXOA08, MOlKHO YTBeplK)t8Th1 ~TO yp088B& 1458,0 11:88 TRIUI 2 RRR 3-, 
- + 

ypoB&Hb 1918,0 KSB - TRIUI 3 , ypOBeB& 1938,8 11:88 - 2 RRR 3 
1 

yp089B& 1978,8 -
+ -

THll8 2,3 BRH 4 H ypoBBR 2002,0 KSB H 2020,8 KSB - 2 RliH 3 , YpoB&Rh 2215 11:98 

HM&eT oTpauaTenhay~ ~llTaocTh a B03MOlKHhl& aaa~eaas cnaaa 1,2 ana S. Ypoaea& 

C SHeprRelt 2290,9 KSB HM&eT liOROlKHT&RhBY~ ~ATHOCThj B03MOlKHbl9 3B8~9BRB 

cnaaa 2 ana 3, CyMMbi &Heprall y -nepexo~toa no3sona~ T&XlKe npe.ttnonolKB-

T&RbHO BBeCTB ypoB&Bh C SHeprReil 1622,9 K98, Mbl ae 81f.ltRM AOCT8TO~llblX 9KCDe-

pHMeRT8RhBbiX OCBOB8HHII ARB YTB&plii:A&BBlt, ~TO llpR p8Cli8A9 188Tu B036ylii:Aa-

/28/ 
~TCH ypOBKH C SHepriiRMR 1590 H 1687 11:88 , Ha6n~A8BWR&CH RBMH COBD8A9-

BHH M&lii:Ay y -ny~SMH C SHepraelt 184 KSB 11 .. 2]00 K98 CBRli&T9llhCT8Y~T 0 B03-

6ylll:li&RHH ypOBRB C SHepraelt OKOliO 2400 KSB, 0AH8li:O YK838Th TO~HO SKeprR~ 

STOro ypoBKB Mbl liOK8 He. MOlK&M, TSK Mbl ae MOlK&M yK838Th TO~BO, C K8KBM 

H3 r&MMa-nep&XOA08 8 06R8CTR 2100 - 2150 11:88 Mbl aa6n~A8IIJI COBll4li9BRH, Ouea

KH RRT9HCHBROCTH C08ll8li9BHII liOK83biBa~T, 'ITO 8TH C08ll8.1t9BHII Re CB!l38Rbl C 

raMMa -nepexo.ctoM 2093 KSB, 8 STOM cny~ae C081l8li&RRII .QORlKHbl 6b!Th B H&CKOnh

KO p83 CBRhK&e, BepOIITHO, STO COBllaA&HH!l C O.QHRM R3 r&MMa-nep&XO.QOB C SHep

rRelt 2162, 2177 ana 2184 KSB, 

Y'pOBRR p0T8UROBHOQ liOliOCW OCHOB@Oro COCTOHHHH H 

y -8a6pauaoaaoll nonocbl 

HaMepeaae MYRbTHliORhHOCTR 6on&WHBCT88 Y -nep&XO.QOB M9lK.tiY yp08HIIMH 

STHX liOROC liO.QTB&pJK.Q89T llpHliHC8RHble STHM ypoBHHM paaee KB8HT08bl& xapaKT&

pHCTHKH, C8ollcTaa ypo8Hell &TIIX nonoc 6&Ina npoaaana3apo8a&bl a o6aope E.C.DlKe-

/32/ /33/ /33/ 
nenoaa a a pa6oTe ranaxepa a Ap. • B pa6oTe np11 aaanaae acnon&-

30BaHbl HOBbie ABHHble o pacna.Qe AonrolKHBymero H30Mepa 166 no, r.Qe paccMaTpH-

20 

• 

aaeMbl& pOT81lHOBBbl9 liOliOCbl p83811B8~CH O~&Bh BblCOKO (.t~O .. 8) 

A&HRH o C80ACTB8X ypoaaelt STHX nonoc nony~eBbl 6onee liORHbl&o Mbl 

aeo6xoAHMblM1 OAHaKo, npaBeCTII aaa~eHIIH napaMeTpoa A, B, C a <!>op~ 

saeprHH 8pamaTenhB~ ypo8aelt 

F.
1
-E

0
+A[I(I+ll-K(K+lll '+R[ ll\1+1)2-K~K+ ll2}+C {18(1+ 

onpe~:~eneaable aa ocaoae aamax H3M&pellllll saeprall ( Ta6n. 6), Cpaaa 

/33/ 
co 3H8~9RHHMJI ranaxepa H .Qp. liOK83bl88&T, 'ITO napaMeTpbl A, B, 

liOROCbl OCHOBHOrO COCTOHBRll llp8KTR~eCKH COBli8.Q8~T. 0AH8KO napaMe1 

Anll y -aa6panaoaaoll nonoc&I pa3nH"'8~Tcs cymecTaeaao. XoTs Mbi 

nH A,B,C, HCliOllh3Yll B3M&p&RRbl8 BBMR 3R8~9RHll saeprHH ypOBRelt THI 

( 2,3+), ( 2,4+) H ( 2,5+), saeprHH ypOBHelt CO CliHR8MH 6 H 7, liOliC"'HT 

HCliOllh30B8RH9M R8WHX 3H8"19HHII ll8p8M&TpOB A,B,C,cOBli8A8~T C H3ME 

/34/ /32/ 
a saepraliMH STJIX ypoaaell. ranaxep a Ap. c~RTa~T, ~To ssep 

aell y -aa6panaoaaoll nonoc&I 
186 F.r ae MoryT 6&ITh onacaBbi 6e3 ac 

"'neaa J 3 ( I+ 1)
8 ( c ,l O). Tio-aameMy . MB9BH~, TO~HOCTh IIM9~WIIXC! 

M9BT8llhHblX ABRRblX H&AOCT8TO"'R8, "'T06bl yTB9plKA8Th, ~TO c ,l o. 

Ta6n11na 6 

TiapaMeTp&I A,B,C B <J>opMyne Anll saeprii:H apamaTenhRbiX 

ypOBReil OCHOBHOro R y -BH6panHORHOro COCTOHHHll 
16

PEr 

H a m R A a R H b1 e DaRHbl& ranaxepa H A 

A ( KS!I) ,, B (sa) C (all) A (us) B (sa) 

Tionoca oc- 13,51;t.0,01 -( 13,7 :t. 0,025:!:. -1:1,5 
aoaaoro coc- :t 1,0 ;t,0,019 
TOHRRH 

raMM8 12,41 :t. -( 17,82;t, -( 0,064;t, 
aa6panaoa- :t. 0,08 :t 5,3 :t. 0,104 12,6 -19,5 
aas nonoca 

CnHHbl H ~llTHOCTb BbiCOKRX ( > ]300 KSB) ypoaaeil 
166 

Er 

OnpeAeneHHe MYRbTRnon&ROCTB 3H8"1HTenhRoro ~11cna y -nepexo 

RHK810WRX npa p8Cfi8A9 166 Tu 1 ~:~aeT 9KCnepHM9HT8llbHbl9 OCHOB8HH51 IJ.llfl 
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y -nepexonos. llpennaraeMall cxeMa yposael 188 Er 

/28/ 
cosnanaeT co cxeMoA, npennoJKeaaoA B pa15oTe • Ha ocao-

axpeneneaaA aaepraA raMMa-nepexonos B cxeMe pa3Memea pBn 

/28/ 3aepraa aec~:on&J:ax nepexonos, pa3Meme.IIHb!X B cxeMe , 

oTnHqa~maMaCll OT p83BOCTa &Hepral ypOBH&I
1

a HO&TOMY 

Bbl. Hcnonh3yll axcnepiiMe&Tan&Bbl& Aaaable o Myn&Tanom.

MoJKao YTBeplK.QSTh, 'ITO ypOB&B& 1458,0 I:&B Tllna 2 an~~ 3-, 

1938,8 I:&B - 2 ana 3+, ypoB&Bb 1978,8 -

2020,8 KaB 2 ana 3-. YpoBeBb 2215 KaB 

3HB'Ie&IIH cn~~aa 1,2 an11 3. Yposea& 

RMeeT fiOIIOlKHTen&BYIO 'I~THOCTh; B03MOlKBble 388'1&Ba.ll 

aaepr11A y -nepexoAOB no3BOnH~ TBI:lKe npeAnonoJKH-

c aaepraeA 1622,9 K&B. Mbl ae BII.QaM nocTaTO'IHbiX a~:cne

II nnst yTBeplK.QeaiiA, 'ITO npa pacnaAe 188Tu B036yJKAa-
/28/ 

MH 1590 a 1687 B:aB • Ha6nJOAaamaecg HSI\411 COBnane-

184 KSB av2J00 l:aB CBHAeTen&CTBy~T 0 803-

2400 KSB. 0AB81:0 YK838Th TO'IBO aaeprll~ 

c aaepraell 

MOJKeM YK438Tb TO'IHO, C K81:BM 

B o6naCTH 2100 - 2150 X&B Mbl aa6n~Aana cosnaAeaas. Onea

maAenal! llOK83biBa~T, 'ITO &Til COBD8.Q&BaSI He CBSI38Hbl C 

B aTOM cny'lae COBDB.QeBaSI AOIIlKRbl fiblTh B HeCKOII!o

COBD8.Q6HIIlt C OABIIM H3 raMMa-nepeXOAOB C aaep-

Y -nepeXOAOB MelKAY YPOBHSII\411 

npanacaHBbie aTIIM ypOBHSIM paaee KBBRTOBble Xapai:Te

nonoc 6&ma npoaaanii3HpoBaBbl B o6aope E.C.DJKe-
/33/ /33/ 

a np. • B pa6oTe npa aaana3e acnon&-

o pacnane nonroJKHBymero 1130Mepa 168
Uo, rAe paccMaTpa-

20 

... 

aaeMbl8 pOT8IIIIOBBb18 ROnOCbl pa3BIIB8~CSI 0'188& BbiCOI:O (AO • 8), R CBe-

nesJIR o cBOACTaax yposaeA &TIIX non:oc nony'leBbl 6onee nona&Ie. M&t C'IHTaeM 

aeo6xoAIIMbtM, onaa~o, npiiB&CTII 3Ba'leaas napaMeTpoB A, B, C B cjlopMyne nnll 

aaeprHH apamaTen&BblX ypoaaea 

F.
1
=E

0
+A[I(l+ll-K(K+lli+R[ f?(I+ll2-K~K+ ll2}+C {! 8(1+1)3-~K+l)'l, 

onpeAeneaable aa ocaose aamax H3MepeBI!ll aaepraA ( Ta6n. 6). CpaBaeaae ax 
/33/ 

co 3Ha'leHHHMa ranaxepa 11 AP· noB:aabiBaeT, 'ITO napaMeTpbl A, B, C nns 

nonoCbl OCHOB&OrO COCTOHHIISI npaB:TII'I8CKH COBHSA8~T. 0ABBKO napaMeTpbl B H C 

AnR y -aa6panaoaaoa nonoc&I paanll'la~TCH cymecTBeaao. XoTH Mbi Bbi'IHCnH-

nll A,B,C, IICHOn&ayH a3M&p&BHbl8 HBMH 3HB'I&HIIH aaeprHII ypOBHell THRB (2,2 +), 

( 2,3+) 1 ( 2,4+) II ( 2,5+), aaeprllll ypOBHaft CO CRHHBMH 6 H 71 ROAC'IHTBHHbla C 

HCROIIb30B8HH6M HBIIIIIX 3HB'IeHHI napaM&TpOB A,B,C, COBRBL'(B~T C H3MepeHHbiMII 
/84/ /82/ 

B aaeprHHMH aTaX ypoB&eft, ranaxep H AP• C'IHTB~T, 'ITO aaeprHH ypoB-

aeA y -Ba6panHoaaoa nonoc&I 166 
F.r ae MoryT 6&IT& onacaa&I 6ea acnonh3oBaHH.II 

'lneaa ! 3 ( I+ 1)
3 

( c ~ Ol. fio-aameMy .MB&BR~, TO'IHOCTb HMe~IIIHXCSI aKcnepa-

MeBTBII&BblX .QBBHbiX aeL'(OCT8TO'IH8, 'IT06bi YTB8pJKA8T&, 'ITO C f. 0. 

Ta6nana 6 

napaMeTp&I A,B,C B cjlopMyne nnH aaeprHH BpamaTen&HblX 

ypOBH&lt OCBOBBOrO H y -BH6paQHOBBOro COCTOSIHHH 
16 ~F.r 

Hama L'(BBHble Daua&Ie ranaxepa R np. 

A ( KSB) B (aa) C (as) A (KaB) B (aa) C ( aa) 

nonoca oc- 18,51±.0,01 -( 13,7 ±. 0,025±. -1~,5 0,02 

aoaaoro coc- :t. 1,0 ±.0,019 

TOltBHSI 

raMMB 12,41 ±. -( 17,82±. -(0,064±. 

BHfipaQROH- ±. 0,08 :t. 5,3 :!:. 0,104 12,6 -19,5 + 0,10 

aas nonoca 

Cni!Hbl a 'I~TBOCTh BbJCOKHX (> 1300 KaBl ypoaaeA 
166 

Er 

OnpeneneBKe Myn&Tanon&HOCTR aaa'IIITen&aoro 'IRena y -nepexonoB, aoa

HRKB~IIIRX npH pacnane 166 Tu
1 

ABeT SKCnepHM6HT8nbBble OCHOBSHHSI ARlt yCTBHOB-
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neHHH KBBHTOBhlX xapaKTepHCTHK ypOBHeA
166 Er. 0AHBKO TOnbKO AJIH 2 HJIH 8 ypOB

aeA 9TO ynaeTeR CA9JI8Tb OAH03H&qac. DnH pHA8 ypOBHeA 9KCU9pHM9HTanbHhl9 

A8HHbi9 He HCKnJoqSIOT ABYX HJIH Tpex B03MOlKHblX 3BaqeHHA CURBS, 

Paaee nenanucb upo~sopeqa&hle aaKnJOqeaHH o q~TBOCTH yposaeA 2133,0 K 

16/ /14/ 
2160,3 KeB. B paooTax XapMaTua a np. u fparopbesa a np. obm cnenaa 

BbiBOA, qTO 9TO ypoBHH CO CUHHOM 3 H OTpHUBT9JibBOA q~THOCTH, fpuropbeB H 

Ill/ /15/ 
AP• H flpeAoHW H Apo UpHUHChlBBJIH 9THM ypOBHHM TO JKe aa"aqeaue CUH-

aa, ao uonoJKaTenbHYIO q~THOCTb. PeaynbT8Tbi oupeneneaug MynbTHuon&aocTH 

raMMa-uepexoAOB C YPOBHH 2133,0 ae OCTBBJIHIOT COMH9HHH B TOM, qTo 9TO ypo

B9Hb THUS 3 +, DnH YPOBIIH 2160,3 K9B CUHII H qGTHOCTb 3+ HBJIHIOTCH H8HOOJiee 

BepOHTHblMH, XOTH H91Ib3H HCKJIJOqHTb OTpHil8T9JibHYIO q(!THOCTb ( CM. Taon, 5, UpH

Meqaaue), Ha OCHOB9 9KCU9pHM9HT8JibHblX ABHIIblX 0 MyJibTHUOJibHOCTH y -uepe

XOAOB MOJKIIO yTB9pJKA8Tb 1 qTo ypOB9Hb 1458,0 K9B THUS 2 HJIH 8-, ypOB8Hb 1918,0 

- + + + + 
K9B THUS 3 1 ypoB9Hb 1938,8 K9B - 2 HJIH 3 1 ypOB9Hb 1978,8 K9B - 2 1 3 li:JIH 

4+, ypOBHH 2002,0 K9B H 2020,8 K9B - 2-HnH 8-, YpOBeHb 2215,9 HM99T OTpHIIB

T9JibHYIO q(!TBOCTb H B03MOJKHbl9 3HaqeftHH CURBS 1,2 HnH 3, YpOB9HJ. 2290,9 THUS 

2+ HJIH 3+. 

Eana.11c KRTeacusaocTelt y -uepexo)lOB upu pacua)le 
166 Tu upellCTaB-

neB B TBOJIHil9 7, flpH COCTB.BJI9RHH TBOnHilbl 7 HCUOJib30B8ll.bl A8RRbl9 06 OTHOCH-

T9JibllblX HHT9HCHBHOCTHX y. -uepexolloB H3 TaonHIIbi 3. B Tex cnyqaax, xor11a 

HRT9HCHBHOCTH y -nyqelt ae H3Mepellbl C IIOMOWbiO Ge ( Li) -ll9T9KTOpa, ORB 

BblqHCJIHJIHCb H3 ll8RRhlX 00 HHT911CHB-IIOCTHX KOHBepcHOBRhlX JIHHHit, flpH 9TOM 

Mb1 HCIIOJib30B8JIH T90p9THq9CK09 

Tpe6yeT npennoJKeHHAH HBMH cxeMa, 

a k AnH MYJibTHUOJibiiOCTH uepexona, KOTOpyiO 

flpHIIHMSnOCb, 'ITO p8C11Bll
168 

Tu B OCHOBH09 COCTOHHHe 
16

6r.r .fila UpOHCXOllHT: 

HRT9HCHBHOCTb Y -rrepeXOAOB B OCHOBHOe COCTOHHH9 
166 

F.r UpRHHTB 38 100%. 

DaBHbl9 TBOJIHilbl U03BOnHIOT OUpellenRTb, C K8KOH RHT9HCHBHOCTbiO UpOHCXOllHT 

fi -pacrran BB yposau 
166 

F.r. B cxeMe pacua11a paaMeweao 84 raMMa-uepexolla 

R3 135 H3B9CTHhlX B B8CTOHWEie Bp9Mll, CyMM8pH8B HHT9HCHBHOCTb Hepa3MemeRHblX 

y -uepexollOB M9Bbme 10% pacuallOB 168 Tu. 

22 

• 

Ill! 

00+ 

20+ 

40"' 

60"' 

22"' 

32"' 

42"' 

52"' 
22-

32-

20 ... 

(44-) 

33-

... 

+ 

33+ 

33+ 

+ 
Ir 
n-

T A B JJ II U A 7 

BanaHC BHT6HCBBHOCT6" rauMa-nepeXOAOB H8 ypOBHHX 
166Er npa pacnaAe 166Tu 

9aeprxa 
ypOBHft 
K3B 

0 

80,6 

265,0 

545,3 

785,9 

859,4 

956,4 

1075,2 

1458,0 

1515,3 

I528 

1571,8 

I918,0 

1938,3 

I978,8 

2002 

2020,8 

2133,0 

2160,3 

2215,7 

2290,9 

1663 

1826 

C>fUY8pH8ft BHT6HCBBHOCTb 
rauua-nyqe" B % aa pacn~ 

%~ 
llpHXO;llHT YXO;llHT C pac~OB 
Ha ypOB6Bb YPOBHft Ra YPOB8Rb 

IOO 

95 99 -sa 
22,1 22,5 

0,35 0,4 

20,5 20,0} 0 

22,9 22,7 
2,0a 

10,2 9,8 

0,6 1,4 

9,0 7,4 <I 

I,5 - I,2 <0,3 

~ 0,3 3,3 -3 

,. 0,6 -0,6 <0,3 

6 6,9 ~I 

1,5 2,1 0,6 

0,15 0,5 0,3 

0,2 1,8 1,6 

3,0 2,0 

64 64 64 

I? I? 

- 3 
N3 

-3 ... 3 

<. 0,2 < 0,2 . 
<. O,I ( 0,04 

f.gft: 

7,8 

7,9 

> 7,8 

> 8,3 

7,9t_O,I 

') 8,3 

7,5 ±. 011 
7,7 

7,9 

7,2 

7,0 

5,50 ±. 0,0 

6,IO ±. 0,0 

6,8 ±. Q,3 

6,7 ±. 0,3 

~8,3 

~9,0 

a) KHT6HCHBHOCTD 6eTa-paCUBA8 88 8TH ~~BHH OnfefBJIBHB 88 OCHOBBBJ 
peaynDTBTOB zayqeama noaeTpoaoB I Tu/9,1 • 2,I7/. 
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BhiX xapaKTepacTHK ypoaael! 166 E r. O.naaxo TonbKO .nnsr 2 ana 3 ypoa

c.nenaTb O.QH03H8'1HC. nnsr pHQS ypoaael! BKCIIepUM8HTSnbRhle 

.QBYX ana Tpex B03MOJKah!X 3HB.'!eSHit CIIaaa. 

npo~aaope'!UBhle aaxn~qeausr o 'I~TaocTa ypoaaeA 2133,0 u 
161 1141 

pa6oTax XapMaTua a .np. a fpuropbeaa a ap. 6hrn caenaa 

ypOBHH CO CIIHHOM 3 H OTpHUSTenbHOl! 'I~THOCTU. fpuropbeB U 
/15/ • 

fi6aru H .Qp. npHIIHCh!Bann BTUM YPOBIHIM TO JKe 3Ha'!eaae CIIR-

hRy~ 'I~TaocTb. PeaynhTaThr orrpeaeneaasr MynhTnnonbaocTu 

C ypOBHH 2133,0 He OCTaBnH~T COMRGHaH B TOM
1 

'ITO STO ypo

+. nnsr ypoaasr 2160,3 KaB crrua n 'I~TaocT~:o 3+ srsmnoTca: aaut5onee 

XOTSJ HGnb3H HCKn~'IHTb OTpHUaTenbHY~ 'I~THOCTb ( CM. Tafin. 5, IIpU-

OCHOBG 3KCU8pHMGHTanbHhlX QaHHhlX 0 MYnbTUIIOnbHOCTU y -IIepe

YTBepJK.QaTb, 'ITO YPOBGHb 1458,0 KSB TUlia 2 una 3-, ypOB&Hb 1918,0 

+ + + + yposeab 1938,8 xaa - 2 nmr 3 , ypoaea~:o 1978,8 xas - 2 , 3 una 

xaa a 2020,8 xas - 2-una 3-. Yposeab 2215,9 aMeeT oTpuua

u aoaMOJKHhre aaaqeausr crraaa 1,2 anu 3. Yposeab 2290,9 TUlia 

rrpeacTaB

cocTa.aneanu Ta6nuuhr 7 UCIIOnhaosaa.br aaaahre o6 oTaoca-

y _ -rrepexoaos ua Ta6nunbi 3. B Tex CliY'Iaa:x, xoraa 

y -ny'Iel! ae H3Mepeabi c IIOMOIIlb~ Ge(Lil -aeTeKTopa, oau 

JlaHHbiX o6 naTeacuaaocTsrx xoasepcuoaahlx nuaull. TTpu aToM 

TeopeTnqecxoe 
a k ana: MYn~>TarronhaocTu IIepexoaa, KoTopy~ 

HaMn CXeMa. 

'ITO pacnaa 
166 

Tu B OCHOBHOe COCTOHHHe 16"F:r "le llpOaCXOllHT: 

Y -nepexoaoB B OCHOBHOe COCTOHHUe 166 F:r llpHHHTa 3a 100%. 

ll03BOnH~T orrpe.nenUTb, C KaKOH aaT8HCHBHOCTbiO rrpoaCXO.QaT 
166 

F:r. B cxeMe paciiaaa paaMemeao 84 raMMa-IIepexoaa 

a aacTosrmee apeMsr. CyMMapaaB: RHTeacasaocTb aepaaMemeaahlx 

Meabme 10% pacrraaos 186 Tu. 
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Banaac MHTBHCHBHOCTe~ rauua-nepexo~OB Ha ypOBHHX 
166Er npm pacna~e 166Tu 

aaeprBa 
ypOBHH 
K3B 

0 

80,6 

265,0 

545,3 

785,9 

859,4 

956,4 

1075,2 

1458,0 

1515,3 

1528 

Isn ,a 
19!8,0 

I938,3 

I978,8 

2002 

2020,8 

2133,0 

2160,3 

2215,7 

2290,9 

1663 

1826 

CyuuapH8R HHTBHCHBHOCT.b 
rauua-grqeH B % aa pac~ 

Y !I~ ~ llpHXO)lHT XO,llBT C pacrrii,IIOB Jf" 
H8 ypOBBHb YPOBHH B& :YPO'.!!B!!!IS,HbL--~------

IOO 

95 

22,1 

0,35 

20,5 

22,9 

10,2 

0,6 

9,0 

1,5 

~0,3 

.. 0,6 

6 

1,5 

0,15 

0,2 

64 

99 

22,5 

0,4 

-sa 

20,0l· 2,0a 
22,7] 

9,8 

1,4 

7,4 <I 

-1,2 <0,3 

3,3 -3 

-0,6 <0,3 

6,9 -r 
2,1 0,6 

0,5 0,3 

1,8 I ,6 

3,0 2,0 

64 64' 

17 17 

- 3 -3 

.... 3 -3 

< 0,2 < 0,2 . 
<. 0,1 < 0,04 

7,8 

7,9 

> 7,8 

> 8,3 

7,9 :t 0,1 

> 8,3 

7,5 :t 0,1 

7,7 

7,9 

7,2 

7,0 

5,50 :t 0 ,OS' 

6,10 :t 0,05 

6,8 :t 0,3 

6;7 :t 0,3 

~ 8.,3 

.)9,0 

a) HHTBHCHBHOCT.b 6eta-pacn8)la BB BTU ~~BHR ODPBfeneHa HB OCHOBBHRR 
peayn.~>taTOB Bayqeaua noaBTpoaoB I Tu/9,11, 2,17/. 
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B nocnenueit xonouxe Ta6nHilbl npeacTasneabl auaqenBH log ft anH 

p -pacnaaa ua yposuu 
166 

Fr. B xonue Ta6nanbl npuseneabl oueuxu HBTencusuocTa 

aaceneHHSI B036y)!{aeHHbiX ypOBHeJ! 1663(1-) H 1826 KSB {1-), H3BeCTHbiX H3 pac-

naaa 
166 

llo ( 27 qac,) H npeaena log ft anst {3 -pacnaaa 166 
Tu aa STB ypoBHB, 

HHTepnJ::eTBUBSI BhiCOKHX ( > 1,3 Mas) YPOBHeH B036y)!{aeHHS1166 l':r ua ocuo-

se BMeiOmeitcst uuljlopMauBH o pacnaae 
166 

Tu H BaoMepoB 
166 

Ho npeacTaBnsteT 

3H8'1BTenbBblft HBTepec, Ha pBC, 3 npeacTaBneBbl BMeiOI!IHecst B HBCTOHI!Iee BpeM!I 

axcnepBMeHTBnbBbl9 aaHBbl9 0 Bb!COKHX B036y)!{.QeBBhiX ypOBHSIX 166 l':r,. nonyqeHHhiX 

npu uayqeauu pacnaaa 
166 

Tu u uaoMepoB 
16~o.Yposea& c aaeprueA 1480 KaB Tll-

0 166 . ( 0-) /34,35,36/ na + aa6n10aancst npu pacnaae uaoMepa Ho , 3ToT yposea& 
/31,37 I 

l!HTepnpeTHpOBBB KBK KonneKTBBBOe COCTOHHHe, npu pacnaae 166Tu 

oa He soa6y)!{aaeTcst. Ha6niOnaeMblfi npu pacnaae 16 ~u yposea& 1528 xas, nepo-

HTHO, SIBnBeTCSI nepBbiM pOTBUHOHHhiM COCTOBHHeM ypOBBSI 1460 KaB, nepexoa C 

a&eprHefi 1447 KSB C ypOBHH 1528 KSB (2+0) pOTBilHOHBOfi llOnOCbl OCHOBHOrO COC-

TOHHHB HMeeT aHOMBnhHO BbiCOKOe anaqeaHe a k ( Ta6n, 5), BoaMO)!{HO, 3'1'0 

cnstaaHo c aaMeTHol! npHMeCbiO MynLTHnonbHOCTH THna EO K aToMy nepexouy. I3oa-

6y)!{U8JOTTIHl!cH npH pacnaue H30Mepa 16 ~lo (0/ ypoBeHb 1660 KSB THlla 1-, BepOBTHO, 

MOJKBO HHTepnpeTHpOB8Tb KBK OKTynonhBOe COCTO!IHHe C K • Q, npu pacnaae 166 
Tu 

aTOT yposeHb He soa6yJKnaeTc.!l: sepxaul! npenen aaaqeaust log ft nnB {3 -pacna-

na aa aTOT yposeab 8,3. 
/38/ -

Paq H KnHitH npu Bccnenoaaauu pacnana uaoMepa 166 Ho ( 7 ) aa6mo-

nanu ypoBeBb THll8 6- C aBcprueA 1784 KaB (pBC, 3), 0THOWeHHSI HHTeHCHBHO-

cTeit raMMa-nepexouon c aToro ypoBHR aa ypoaau y -au6panuoaaoa nonocbl 

xopowo cornacyiOTC!I c npennonoJKeaueM, 'ITO aToT ypoaeab HMeeT K = 2. Paq 

H KnstAB npeanonaraiOT, 'ITO STOT ypoBeHb MOJKeT Ub!Tb pOT81lHOHHbiM 

/28/ THll8 K I rr=26- OKTYITOnbHOrO Kone6aTen&Horo COCTOHIIH.!I C K - 2, )f(unaq H ap. 

C'IHT810T0 'ITO ypoBeHb 1458 KaB, B036y)!{.Q810I!IBACSI npB pacnaae 166 Tu
0 

!!Bn!leTC.!I 

OCBOBBbiM COCTO!IBBeM 9TOJ! Bp8I!18TenbHOJ! llOnOCb10 BKni0'1810III9A B ce6.11 ypOBBB 

1515 JI[SB ( 2,3-), 1590 JI[SB ( 2,4-) B 1784 JI[SB ( 2,6-), CanbBhiM apryMeRToM a 

nonb3y TaxoA KBTepnpeTauHa sanseTcSI To, 'ITO B~pK a PH't (qacTaoe coo6meaae 

/28~ B pa6oTe t H3y't8R Cll9JI[Tp TpRTOHOB B peeKilRR 181F.r (d,t) 168F, .,, lia6niOaa-

liB ypoBIIJI 91'01 pOTAilHOHBOfl nonochl; 1460, 1515, R 1590 JI[SB, 

Cornacso pacq~T8M nsrTOB8 • ConOBbeBa 
/39/ 

, C8Mb18 HH3JI[H9 llByUB83HBaA-

TpOBRhle ypoBBH THUS u
1 

633f ± u2 523f ( THll8 ~ + "2 : 6- H D I - D 2 ~ 1- ) 
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I 

r --- -

nonJKHhl ocymecTBnHTbC!I npa aaeprua oxono 1,7 Mas, Ypoaeab SToA np1 

na 1- aa6niOaaeTCR npa pacnaae BaoMepa 
166

Ho (0-l npu aaeprau 182 
35 36/ /38/ -

• • Paq a KnBIDI npeanonaraiOT, 'ITo ypoaea& Tuna 6 aacenaeT 

pacnane aonroJKanymero uaoMepa 166 Ho (I l a TBKJKe BMeeT auepra10 

1825 xaa. BeTa-pacnan 
166 

To sa 9TH ypoBBB canbBO aanpemea: Ha ypo 

6- Ji:a-38 60nbWOit paaHOCTB CllBHOB; HB ypoBeHb THll8 1" H3-38 F -38D 

Hawu oueaxu log ft nnH 6eTa-pacnaaa 166 Tu 
HB Yl 

1825 xaB THUS 1- noxaaanu (Ta6nuna 7), 'ITO F -aanpeT CHnbBO aaa• 

aToT nepexon: 6eTa-nepexon nepaoro nop.11nxa aanpemenus ( 2+ ~1-) 

aaaqenue I a g f t 6on&we nenBTH, 

YpoBeHb c aueprael! 1571,8 KaB, no-suaaMoMy, cneayeT BHTepnpeT 

K8K aByXJI[BS3HllpOTOBBbiJ! TBna P 1 523~ + 1!! 411 t • 3xcnepBM9HTBnbHbiE 

He llpOTHBopeqaT llpBllHCBHHIO TOMy ypOBHIO 0)!{Bll8eMbiX npH aTOft BHTepr 

TT -
KBBHTOBbiX xapaKTepBCTHK I K = 44 , MolKHO npHBeCTH cneayiOIIIH& 

/39/ 
B nonbay TBKOit HHTepnpeTallRB, no pacq~TaM aTOT ypoBeHb OlKBaae· 

aeeprBB, HeCKOnbKO 6on&weit 1,3 Man. npyrux llBYXKB83B'I8CTH'IHhlX ypo 

aaeprua oxono 1,6 Man ae OJKHaaeTC!I, B cocennux Hapax 166 
l'r H 163 

JKe 'IHCnOM npOTOROB z •· = 68) HaeRTHijlBUHpOBBHbl RH)KBHe COCTOBHHR 1 

qSCTH'IBOTO Myn&.TBnneTa, BKniO'IBIOWero B ce6R p8CCM8TpRBBeMoe ABYXK 
165 /40/ 16! 

TB'IHOe COCTO.!IRHe, Mx aeeprRB 1430 KaB B F.r H 1540 KSB B 

MaMepe&Hhlll aaMB npenen aeaqeausr I o g l nnst 6eTa-pacnana aa 

1571,8 xaB ( > 8,3 , Ta6n. 7) cornacyeTcB c O)KRaaaMhiM .A -aanpe 
/28/ 

xapaxTepoM aToro .[lapexona. )Kunaq a np. npennonaraiOT, 'ITO na6m 

Pa'laM H KnHJ!HoM npa pacna.ne 
166 

Ho ( 7-) ypOBBB C SRaprRHMH 1688 

BBnSIIOTCH pOT8UHOHHhlMH ypOBH.!IMH, OCHOBBHHblMH HB COOTOBHHH 1571,8 ! 

CURH8MH 5 H 6, COOTB9TCTJ!!I!!BHO. 

MaTepnpeTallHSI 6onee BhlCOKRX yposael! c oTpauaTen&HoA q~THOCT~ 

6yJKa8IOIIIHXCB npH pacnane 166 Tu aaTpynaaTen&ea H aeoneoaaa'I'Ha. Ha~ 

CTBBnHaTCB 6onee BepOSITHOJ! cneayiOI!IBH HHTepnpeTBUR.!I: 

YponeRb !918,0 KaB I K TT = 33- p 1 523t - p 2 4llf 

YponeHb 2002,0 xaa I K" =33- o 1 642f + D.! 521t 

Ypoeeab 2020,8 xaB IK"m22- p
1 

4llf- p
2 

523f 

Ypoee&b 2215,9 !taB I K" = 22· D fi42f - ~ 52Jt, 
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KOHOHKe T86HHUbl npe,!leTBBHeHbl 3Ha<reJIHH log ft llHH 

ypoBHH 166 
Pr. B KOHne Ta6nHUhi npHaeaeHbl oneHKH HHTeHeHBHOCTH 

Hb!X ypOBHeii 1663(1-) H 1826 K:3B (1-), 113BeCTHbiX H3 pae-
166 Tu 

pee, Ha pHe, 3 npe,!leT8Bn9Hbl HMeiOII!II9eH B HBCTO!III!ee BpeM!I 

aaHHbre o BbreoKBX aoa6yJK,!l9HHhiX ypoBHHX 
166 

Er,. nony<reHHhiX 

166 Tu B B30MepOB 
16~o,YpOB9Rh C aaeprHelt 1460 K:3B TH-

166 fl ( 0-) /34,35,36/ "' o , QTOT ypoBeHb 

ITpa pacna.oe rssTu 

cTeH. Ha6mo.oaCMhiA npa pacna.oe 16 i!.ru ypoaeah 1528 KaB, aepo

poTaUHOHHbiM eoeTOHHIIeM ypOBHSI 1460 KSB, ITepeXOLl C 

poTBUHOHHOii ITOHOebl oeHOBHOrO eoe-

BbleOKOe ana'IeHHe a k ( Ta6n. 5). BoaMOJKHo, STO 

npHMeebro MYHhTHHOHhHoeTH THna EO K aToMy rrepexo.oy. Boa

paenaae H30Mepa 
16

fit!o (0) ypoBeHh 1660 KSB THIT8 1-, BepOSITHO, 

KBK OKTyrronhHoe coeTo!IHHe c K • 0. ITp11 pacrrane 166 Tu 

aepxHHi!" npeaen aaaqeaHSI log ft .QHSI {3 -paena-

npH HecneaoBaHBB paena.oa aaoMepa 166Ho (7-) aa6nro

e 9H0praelt 1784 KSB (pRe, 3), 0THOW9HHH HHT9HCHBHO-

e STOro ypOBH!I H8 ypOBHH y -BII6p8UHOHHOit ITOHOCbl 

c npe.orronoJKeHHeM, 'ITO aToT ypoaeHh IIMeeT K = 2. P11'1 

aToT ypoaeah MOJKeT UbiTh poTaUHOHHhiM 

KOHe6aTeHhHOrO COCTO!!HBSI C K • 2, )f\HHH'I H ap. 

Kaa, aoa6YJKLtlliOII!BitC!I npa pacnane 166 Tu 0 ganHeTCll 

apamaTenbROit nonocbl, BKniO'IaromeA a ce6g ypoaaa 

/28/ 

(2,4-) 11 1784 ItaB (2,6-). CanbHhiM apryMeBToM a 

liBnHeTc!l To, 'ITO EApx a Px'l (qacTaoe coo6meHxe 

pea~tnxa 161F.r ( d, t l 186 F. ., , lia6niO.Qa-

nonocbl; 1460, 1515, x 1590 !taB. 
/39/ 

IT!!TOBa x ConoBbeBa , caMbia llll3X.He .QayxxaaaxaeA-

633f ± n 2 523~ (Txna "t + ~ ~6- H n
1

- n 2 ~ I-) 
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aonlKHbl ocymecTBnl!ThCll npa aaepraa oxono J, 7 M aa, YpoaeHh SToll: npHpOilbl TII-

I 166 ( -, 1826 /34, na - Ha6niOaaeTCSI npa pacnaae aaoMepa flo o npa aaeprHH KSB 
36 36/ /38/ -

' Paq a KnSIAH npeanonaraiOT, 'ITO ypoaeah THna 6 aacenSJeTCSI npH 

pacnaae aonroJKBBymero aaoMepa 166 flo (I) H TaKJKe aMeeT aaeprBIO oKono 

J826 KSB~ SeTa-pacna.Q
166 

Tu aa 9TH ypOBHB CBnhHO aanpemeH: Ha ypoBeRh THH8 
/31/ 

6- H3-38 60nhWOII: p83HOCTH CDHHOB; Hll ypOB9Rh TBD8 J. H3-38 F -aanpeTa 

HawH oueHKH I o g ft anSJ 6eTa-pacna.Qa t66 Tu aa ypoaeah 

J825 KSB THH8 J- DOK838nH (Ta6nHU8 7), 'ITO F -38Hp9T CHnhHO 381lepJKHB8eT 

aTOT rrepexo.Q: 6eTa-nepexon nepaoro nopHaxa aanpemeaal! ( 2+ ~~-) HMeeT 

3H8'1eHH9 log ft 6onbwe neBSITH. 

YpoBellh C aaepraell: J57J,8 KSB, HO-BHnHMOMy, cneayeT IIHTepnpeTHpOB8Tb 

K8K .QByXXBii3HHjl(>TOHHblll: TDH8 P 1 523# + 1!! 4ll t • OKCHepHMeHTaHh.llble ll8HHble 

ae npoTDBope'laT npDHHC8HHIO TOMY ypOBHIO OJKHnBeMhiX HpH STOll: BHTepnpeTaUBH 

" -KBBHTOBbiX xapa~tTepuCTHK I K = 44 • MoJKao npuaecTH cneayromae apryMeHThl 
/39/ 

a nonbay TaKoll: aaTepnpeTanaD, ITo pac'I~TaM aToT ypoaeHh OJKDnaeTCSI npH 

aaepraa, aeCKOnhKO 6ofibmell: 1,3 Maa. llpyrax nBYXKB83H'IaCTH'IHhiX ypoaHelt npa 

aaeprua oKono 1,6 Maa ae OlKRil89TCSI. B cocenHDx lll!pax 
165 

Er a 
163 

F.r c TeM 

JKe 'IReHOM npOTOHOB z •· • 68) DlleHTRtjlHUHpOB8Hbl HH1KHHe COCTOSIHHSI Tp9XKB83H-

'18CTH'IHOro MynhTBDHeTa, BXni0'1810II!9rO B ce6H p8CCM8TpHB89M09 llBYXKB83R'18C-
166 1401 1ea /4 II 

TR'IB09 COCTOSIHBe. J1x saeprRH 1430 XSB B Er II J540 KSB B Fr , 

HaMepeaahiA aaMR npeaen aa:aqeaiiH I o g t AnH 6eTa-pacnana aa ypoaeab 

1671,8 ~taa ( > 8,3 , Ta6n. 7) cornacyeTCH c oJKanaeMbiM A -3anpemeaHbiM 
/28/ 

xapaKTepoM aToro .nepexona. >KanR'I H np. rrpeanonararoT, 'ITO aa6nronaamHecg 

P11'1eM H KnHi!"aoM npa pacnaae 
166

Ho(7-) ypoBII:B C SHeprRHMII J688 R J825 KSB 

HBnHIOTCSI pOT8UHOHII:blMH ypOBHl!MB, OCHOB8HHbiMH H8 COOTOHIJRR J57J,8 KSB CO 

CHRH8MH 6 H 6, COOTBeTCTB9Hil:O, 

HaTepnpeTaUHH 6onee BhiCOXHX ypoaaei!" c oTpHUBTenhHOII: 'I~THOCThiO, aoa-

6yJKnaromaxcH npa pacnane 166 Tu aaTpy.QHDTenhaa a aeonaoaaa'l"aa. HaM npen

CTaBnHeTcll 6onee aepoHTaoA cneayromaH HHTepnpeTarrHH: 

Ypoaeab !918,0 Kaa IK" =33- p 523f - p 4111 
I 2 

Ypoaeab 2002,0 xaa I K" =33- n1 642f + 'l! 52 It 

Ypoael!h 2020,8 KaB IK"=22- p
1 
4Ilf- p2 523f 

Ypoaeab 2215,9 XaB I K
17 

= 22" n li42f - ~ 521 t, 
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Ho H npOTHB aTOll HHTepnpeT81lHII MoryT 15b1Tb Bbl.llBBHYTbl B61tOTOpbl6 B03p8-

>KeHHH. HanpHMep, 06T8-p8Cll8Jl 113 OCHOBHOro COCTOHHHH 
166 

Tu - P 411f - n 642f 

5 cocTOBHHe 166 F.r Tima n1 642f- 11;a 52lt JlOnlKeB HM6Th xapaKTep paapemea-

aoro, aaaeplKaaaoro. AaanorH'IHbtl! 15eTa-nepexoa ( p 411+- n 52th B coceaaHx 

Bllpax166 Tu B 163 Tu HM66T 3H8'16HH6 I og ft z 6,3. TipH 15eTa-pacnaae 166 Tn sa 

ypOBHH OTpHU8T61lbHOl! 'I~THOCTH Mbl He H815ntOLI81lH TSitBX HH3KHX 3H8'16JIHJ! I o g ft. 

3TO MOlK6T CBHLI6T61lbCTBOB8Tb 0 TOM, 'ITO npH TSKHX BbiCOitHX aaeprHHX B0315YlK

L16HHSI ypoBIIH CHilbHO CM6li18Hbl 1 'ITO H npHBOJlHT K 38Bblli18JIJIIO 3H8'16HHll log ft. 

0 HSnH'IHH npHMecell It paCCM8TpHB86MbiM JlBYXKB83H'ISCTH'IJiblM COCTOHJIHBM MOryT 

T8KlK6 CBHLI6T6nbCTBOB8Tb H80il!OLI8Bli1H6CSl aitcnepHM6RT8nhlfO y -nepexo.nhl 

M6lKLIY aTHMH COCTOBHHBMHo B MOLI61lH H638BHCHMblX 'ISCTHLI STH nep6XOLibl aanpe-

1116Hb1. 

CpenH BbiCOKHX B030YlKLI6HHbiX COCTOSIHKA C nonOlKHT61lbHOit 'I~THOCTbiO Bbi

LI61lB6TCH ypOB6Hb C aaeprHel! 2133,0 KaB. Ha aTOT ypOB6Hb npOHCXOLIHT 64% BC6X 

pacnanoa 166Tu. 3aaqeaBe log ft nnSI 5eTa-pacna.na aa aToT ypoaeBb paaao 

5,50 ±. 0,05. 0'16BHLIHO, H6T BROil B03MOlKBOCTH OO'b.IICHHTb CTOilb HB3Koe 3B8'16HH8 

/43/ 
HHaqe, '16M STO ObtnO CLI61l8HO Tipeit5HmeM H )I(HilH'I6M 1 a BM6HRO, 'ITO B 

aTOM ypOBHe 3JI8'IHT61l&Ryl0 'ISCTb (5onee 10%) COCTABliJI6T '16Tblp6XB:Ba311'18CTH'I

H06 COCTOSIBH6 THna "t 642f 1l,j 523. II 411i p2 523f C KBaBTOBblMH xap8ltT6pBCTBitaMB 

I K 17 
• 33+. C npyrolt cTopoRbi, aKcnepiiMeRTan&able aaaabte onpeaeneaao caHne-

Ten&cTBYIOT 0 TOM, 'ITO aTO COCTOSIBBe ae 'IHCTOe '16Tblp6XKB83R'IaCTH'IBOe, 3aaqe-

HB6 logft CY1116CTB6HHO OTnH'I86TCSI OT 3Ha'I6HBSI 4,8,xapaKT6pHOrO JlllSI pa3pemea-

HOrO aeaaneplKaaaoro 5eTa-nepexona p 523f .. n 523f , KOTOpbtl! ol5'bBCRSieT 

3H8'16HB6 log ft npH pacnane 
166

Tu aa ypoaea& 2133,0 Kaa 166 F.r. 0 a8nH'IBH 

3Ha'IHTen&HblX npHMecell rOBOpSIT TaKlK6 H HHT6HCHBHbl6 r8MMa-nep6XOLibl llO'ITB 

aa BCe HHlK61l6lKalllH6 ypOBIIB. 

0THOCHT61lbiiO HH3K06 3H8'l6HHe I o g f I >= 6,10 ±. 0,05 IIS5ntonaeTCSI !IllS! ypoB

HSI 2160,3 KSB, HMOIOWerOCH CllHH 3 H 1 B6pOHTHO, llOil0lKHT61lbHyiO 'l~THOCTb. Cor-

/31 39/ 
naCHO 

1 
1 O>KHLia6TCSI TOilbKO OLIHH ABYXKB83H'laCTH'IHblit. ypOB6Hb B 166 Er CO 

CllHHOM 3+. Oa o5paayeTCH 113 LIBYX npOTOHHbiX COCTOHHHfl pI 411 ~ p2 404 t . 
EeTa-pacrran aa aToT ypoaeab nonlKea ObiTb paapemeRHbiM, aanepJKaHHbiM < 1 o • rt = 

6,0 -+ 7,5). 

3xcrrepHM6HT81lbHbl6 ll8HIIb16 H6 LISIOT B03MOJKHOCTH BblCK838TbCH onpenene!IHO 

0 llpHpone npyrHX ypOB!Iel! IIOllOlKHTellb!IOJ! 'I~T!IOCTH: 1938,8 KSB (2 HllH 3+), 
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• 

1978,8 !taB (2,3 HllH 4+) H 2215,9 ltSB (1,2 HllH a+). Oau MoryT Ob!Tb 

ltB83H'I8CTH'IHblMB1 T81t H KOnneKTHBHbiMHo 

no p8C'I~TSM ConOBb6Ba H TIHTOBa B 166 Er npH atleprHH 1. 7 M SB 

cymecTBOBaT& ypoaea& THna I+., p14llt p2 411f. EeT8-p8cnan .11a aTOT 

paapemeaabtlt aaneplK8HHbtlt, AaanorH'l.llbll! 5eT8-nepexoa p 4ll~ .. n 642f 

nane tstTb __ ts1ny HM66T I o g ft z 7,8. Oa MOlK6T p83pHJKaT&C~ To 

ypOBeHb THna 0 + H 2+ poTallHO.IIHOit nonOCbl OCHOBHOrO COCTOSIHHH H no 

yK838HHSI Ha ere cymeCTBOB8HH6 Kalt B Ollb!TSX no COBna.Q6HHHM TaB: H 

TH'I6CitHM CyMMaM TpyJlHO, HM66TCSI TpH cnyqag, KOr,lla p83HOCTb aaepr 

nepexonoa a npe11enax TO'IROCTH paaaa 80,6 Kaa-aaeprHH nepaoro ypoaa 

cnenoaaTen&ao, HMeeTcSI B03MOlKROCT& npennonolKHT& cymecTaoaaaHe yp 

aaeprHBMH 1704,8; 1784,3 B 1895,7 KaB. HaTeacHaaocT& a8ceneaHII aTH: 

ae 5onee 0,5% pacnanoa 
166 

Tn. TaKuM' o5paaoM, ae HCKniOqeao, 'ITo ypoE 

1 + npH aaeprHH oKono 1, 7 Mas 38CenseTcs npH pacn8.lle 
166 

Tu. I o g ft .l1 

na R8 aTOT ypoaea& ae Meaee ooc&MH. 

B 38KniO'I6RHe Mo~o oTMeTBT&, 'ITO nocTpoeaa8SI cxeM8 p8cna.lla
1 

BKniO'l86T a ce6SI 5onee 90% cny'laea p8cna.lla 166 Tu. B cxeMe pacnana 

85 H3 185 113B6CTRhiX raMM8-nepexo.lloB. nony'leaahle .llSRHble o raMM8-

H Cll6KTp6 KOHB6pCHOliBblX aneKTpOROB llOK83biB8IOT, 'ITO B aTOM p8Cll8.l1E 

cH Macro eme aeuaaecTRbiX yposael!, npH STOM npeuMymecTaeaao B o15n 

2,0 Maa. 0.l1R8KO HRT6BCBBHOCTh 38CeneiiBH. lt8lKLIOrO BX STBX ypOBReA ~ 

1% pacna.na). AsanB3 nonY'feHRhiX .llSJIJibiX noK83hiB8eT, 'ITO caoAcTaa Yl 

YLIOBneTBOpRTenbRO 06'bBCBSIIOTCR o6o6meaaoA R CBepxTeKyqeJ! MO.l16llHMR 

AaTopbl rny5oKo 6n8ro.llapRbi nepcosany CHHxpon~~~tnoTpoa8 OHHH 1 

XHMBit8M B,A,XanKHBY H H:A,ne6e.lleBy 38 B3rOTOBneHHe npeltp8CBbiX RC 

186 To .. B.r.ConoBJ.eay R H.H.TisToay 38 MaoroKp8TRble H nnoaoTaopBble ' 

nony'I&IIHhiX peayn&TaToa, E.C • .OlKenenoay H B.TI • .OlKenenoay 38 HBTepec 

CTBR8 B pa6oTe. 
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aTOll I!:HTepnpeTBilHH MoryT 5blTb Bbi.IlBHRyTbl R8ItOTOpbi8 B03pa-

5eTa-paCil81l H3 OCROBHOro COCTOSIRIUI 
166 

Tu - P 4llf - n 642t 

Tuna n
1 

642#- ~ 52It .llO.lllKeR IIM&Tb xapaKTep pa3pemea-

AaanorH'IHbii! 5eTa-nepexoa ( p 411+- n 52 If) B COC9.11RIIX 

HM69T 3HB'leHHe log It • 6,3, npa 5eTa-pBCilB.ll8 16 6 Tn RB 

q~THOCTH Mbl He aa6mOilB.lll!: TBitiiX RH3ltHX 3R8'18HHI! I 0 g ft. 

.. nhCTBOBBTb 0 TOM 0 'ITO npH TBitHX BbiCOitRX 3R8prHHX B036YlK

npHBOilHT It 38Bb!lll8RRIO 3RB'f9RRil log ft. 

paCCMBTpHBaeMbiM llBYXItB83H'fBCTH'fRblM COCTOHRRHM MOrYT 

HB6.1IIOil8BlllH9CH 31tCil9pRM8RT8.1IbRO y -nepexo.abl 

MR. B Monena ae3aBHCHMbiX 'faCTHil aTR nepexo.ahl aanpe-

B036ylKneHHbiX COCTOSIHHII C llO.liOlKHTe.llbHOl! 'f~THOCTbiO Bbi

aaeprHel! 2133,0 KaB. Ha aTOT ypoaea& npoacxo.IIRT 64% acex 

log It ll.llll 6eTa-pacnana aa aTOT ypoaeR& paaao 

ReT HROl! B03MOlKROCTH 05~HCRHTb CTO.llb RB31t08 3R8'18HB8 

/43/ 
caenaao npei!5BllleM H )i(unu'feM , a uMeaao, 'ITO a 

'fBCTb ( 6onee 10%) COCTAB.lllleT 'f9Tblp9XItBB3H'IBCTH'f-

~ 642f I1,a 523. !j 4111 p2 523f C ltBBHTOBbiMH xapaitTepRCTH!tBMR 

cTopoRbi, aKcnepuMeRTan&Rble naRHbie onpeneneauo cau.ae-

aTo COCTOSIRIIe He 'IRCT08 'f8Tblp8XItB83R'fBCTR'fROe, 3Ra'fe

OT.liH'fBeTCll OT 3Ra'feHRll 4,8,xapaitTepaoro .ll.llll paapemea-

P 523f ... n 523f , ltOTOpbill o5~SICHSI8T 
166 

Tu aa ypoaea& 2133,0 ItaB 166 F:r •. 0 RB.liH'fRR 

roBOpliT TBKlKe H HRTeHCHBRbie raMMa-nepeXO.llbl llO'ITR 

3HB'lCHHe I o g f t = 6, 10 :t_ 0,05 HB6.1IIOJl89TCll ll.llll ypoB-

CIIHH 3 11 ,aepoliTHO, nonolKHTen&RyiO 'l~THOCTb. Cor-

nByXKBB3H'lBCTH'IRbrl!. ypoaea& B 166 Er co 

llBYX rrpoTOHHb!X COCTOSIHHH p 1 411~ p2 404~. 

nomKcn 6bJTb paapemeHHbiM, aanepJKBHHblM ( 1 o g rt = 

llBHllbie He llBIOT B03MOlKHOCTH BbiCK838TbCll onpeneneHRO 

'l~THOCTB: 1938,8 K3B ( 2 H.liR 3 +), 
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.. 

1978,8 KaB ( 2,3 R.liH 4+) II 2215,9 It3B ( 1,2 H.liH 3+), 0HII MOryT 6b!Tb KBK llBYX

KB83H'fBCTH'IRb!MB, TBK R KO.ll.ll8KTHBRbiMB, 

no paC'f~TaM ConOBb&Ba H nliTOBB B 166 Er npu aHeprHH 1, 7 MaB llO.lllK8R 

cymecTBOBBTb. ypoBea& THna I\ p14llt p
2 

411f. BeTa-pacnaa aa aTOT ypoB&Hb 

paapellleRBbii! 3&.lleplKaHBbil!, AaanorR'IHbill 6eTa-nepexo.ll p 4111 ... n 642f npa pac-

naae 161 Tb --161 Oy BMeeT log ft = 7,8, 0H MOlKeT pa3pSilKBTbCli TO.llbKO Ha 

ypoBeRb THila 0 + H 2+ pOTBilHORHOll llO.liOCbl OCROBRoro COCTOSIRHll H nony'fHTb 

YKB38RHSI HB ero cymeCTBOBBRB9 KBK B OllbiTBX llO COBilB.lleRHSIM TBK H no aaepre

TH'f9CKHM cyMMaM Tpyaao, HMeeTcll TpR cny'fall, xoraa pa3aocT& aaepraA raMMa

nepexoaoa a npeaenax TO'IHOCTR paaaa 80,6 KaB-aaepruR nepaoro ypoBRlll66 F:r u, 

C.ll8.llOB8Te.llbRO, RMeeTCH B03MOlKHOCTb np&.llllO.liOlKHTb cymecTBOBBHRe ypoaaelt c 

aaeprRHMH 1704,3; 1784,3 H 1895,7 KaB, liKTeHCHBKOCTb 3aceneBRR aTRX ypOBHell 

ae 6onee 0,5% pacnaaoa 
166

Tu. TaKBM o6pa30M1 ae BCK.liiO'feao, 'ITO ypoaea& TRna 

1 + npR aaepruu oKono 1,7 Mas 3acenseTcs npu pacnaae 
166 

Tu. log ft .llnH pacna

.lla Ra aTOT ypOB9Rb R8 M&Ree BOCbMR, 

B aaKniO'feaue MOlKRO oTMeTBT&, 'ITO nocTpoeRRaH cxeMa pacnaaa 166 Tu- t61i£,. 

BK.liiO'faeT B ce6H 5onee 90% cny'fa&B pacnaaa 166 Tu. B cxeMe pacnaaa paaMemeao 

85 ua 135 R3BeCTRbiX raMMa-nepexo.aoB. nony'faRHbie .llaHKble o raMMa-cneKTpe 

H Cll&KTpe KOBB8pCROHHbiX 8.118KTpOROB llOK83biB8IOT, 'ITO B aTOM pacnane B036Yll<ll89T

Cll MHOrO eme H8H3B9CTHblX ypOBH&lt, llpR aTOM llp8RMYill9CTB8HHO B 06.1IBCTH Bblllle 

2,0 Maa. 0.11RBKO RRT8RCIIBROCTb 38C8.118RHll KBlK.llOrO RX STIIX ypOBRell M8.118 (Meaee 

1% pacnaaa). Aaanua nony'feRRblX .llBRRblX noK&3blBaeT, 'ITO caoAcTBa ypoaaeA 166Er 

Y.llOB.lleTBOpBTe.ll&RO 05~SICRHIOTCSI o6o6meRBOll II CBepxTeKy'fell MO.ll9.1ISIMR ll.llpa, 

ABTopbl rny6oKo 5naroaapabi nepcoaany cuaxponHKnoTpoa8 OHHH 11 paauo

XHMHKBM B,A,XanKBRy R H.A,ne6e.aeBy 38 B3rOTOB.lleHBe ~peKpBCRblX RCTO'IRBKOB 

166 
Tu • B.r.ConoBJoeay u H.H.naToay 38 MaoroxpaTable a nnoaoTaopable o6cyJKneHBs 

nony'leBRblX peayn&TaToB, B.C • .lllKenenoay R B.n • .llll<enenoay 38 BRTepec " co.aell

cTBRe B pa6oTe, 
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