
OS'bELlHHEHHbU::t 
HHCTHTYT 
.RLlEPHblX 

HCCnELlOBAH H Yf 

i 
I 
I 
~ 

p, 

p - 2762 

K. B~•A , K.11.. I)>oMoB• M. AopreJiceH , 
B..B, Ky:!HenoB, M.H. K ysHenoBa, O .. B. H111IbCes 

0. Cnurt5paAT , 11.. Yp6allen, M.. «h:Hrep 

HCCJIEnoBAH~E H3nYliEHH11
152

Tb 

.. 

tt66 



4335/2 np. 
t bCK~B,K.~ .ItP• 
:Jie!OBaHHe 

I52TB • 
1966 

p - 2762 

x/ x/ 
K. 8111IhCJ<:IIll , K • .H. fpoMoe, M. l1oprel!ceH 'x/ 
B.B. Ky3Heuoe, Mxfl· Ky3Heuoea, O.E. HHnhcea , 

0. CKHn5paftT , .H. Yp5aeeu, M. <l>Hurep 

YICCnEJlOBAHHE H3nY'IEHH.H
152 

Tb 

HanpaeneHo a Yl3B. AH CCCP, 

Nucl.Phys. 

x/HHcTHTYT HM. Hllnbca Eopa. 

~~ jl )(""" - • I • • ' : 

!"" ·I I ot I J .. 

H ...... , .. ,. 

' ' I 



B HBCTOH!UeA pa6oTe H C CJI91lOB8nHCb ClleKTpb! e-f, jl+- r -cOBll8Jl9HHA R C ll 9 KTp K OH-

BepCHOHH b!X aneKTpOHOB ( fe < 1000 K3B) 
152T8 118 TOpOHJl8nhHOM lll9CTH3830 pHOM .f:' - cneK -

TpoMeTpe, HCCn91lOBBnCH Cn9KTp KOHB9pCHOHHb!X aneKTpOHOB ( fe > 1000 K 3 B) 118 M BrHHT-

HOM _fo -cneKTpOM9Tpe C JlByXKpBTHOli <jJoKyc npOBKOA HB y ron tj[ff; nayqanC H C ll9K Tp 

r -ny 'lell C IlOMOIIlbiO JlBYX repMBHH9Bb!X UOJiyllpOBOJl HRKOBb!X Jl9T9KTOpOB : niiOCKOilB p an

nenbHOrO 0e(J.i} -neTeKTopa c paaMepaMB 0, 7 cM
2 

x 0,35 eM n KoaKcnanbHoro Ge(f..;}-
3 2 

Jl9TeKTOpa C 'IYBCTBHTenbHbiM 06'b9MOM - 5 CM H BH 9lllHHMR p8 3 M9p8MH 3,14 C M X 1,8 CM. 

18212 _ 1Slrd . 
Ha OCHOB8HHH nony'I9HHb!X peaynbTBTOB npenno~eHa cxeMa pacnana I a t7 

CxeMa pacnana BKJIJO'!aeT H3BeCTHbte pauee ypoBRH c 3HeprHHMH no 1942,5 K3B, a TaK~e 

ypoaun c aaeprHHMH 2247,6 H 2667,7 K<>B. KpoMe Toro, aaeaea aononHHTenbHO p S! a HOBhiX 

ypOBli9A, B TOM 'IHCJI9 ypOBHR 0 + C 3HeprHHMH 1484,0 H 27'}[), 7 K3B, 

ISZ-rl? 
0THOCH'l;9nbHb !e aonH ll03HTpOHHOro pacnana I a HB y poBHH 

+ + + t52r 
( 0 ) , 344,4 ( 2 ) H B OCHOBH09 COCTOHHB9 ( 0 ) I:Jd OU9HHB810TCH 

OTBeTC TBeHHO. 

c aHeprne A 615,6 K <> B 

KBK 0,2: 0,3: 1,0, co -

0CHOBHOMy COCTOSIHRIO 
15~8 llpHllHCBHbl KB8.HT0Bbl9 XBp8KT9pHCTHKH Ypoan SJM c 

3HeprHSJMH 755,6; 1109,8; 1123,8; 1318,6; 1606,1; 1643,9; 1862,3 H 1942,5 K 3 B n p HilHC8Hbl 

KBBBTOBbl9 X8paKT9pBCTHKH 4+, 2+, 3-, 2+, 2+, 1-, 2+ B 2+ COOTB9TCTB9HHO. 

Il l ISZ T~ 
B 1959 r. ToT, <l>anep n PacMyceH arrepBbte JtaeHTH<jJuuupoaanH H3o Ton I 0 

Ty:z. • 18,5 qac), nony'!eHHbiA B peaKUHHX 

t51 ) 152 TP Gu (ol ,3n I D 1s2 [;d (p.nJ ,szTB, 

HB6nJOaasr r- nepexoa c 3Heprnetl 344, I K3B, B03HHKBIO!UHA TBK~e B '
52Gd npH pacna-

tS2.c 1s2,8 ae GU. B nanbHetl!IleM HCcneaoaaHne nany'leHHH 1 ' npoaoannocb aaTopaMH MH0 -

/2/ /3/ 
rnx pa6oT (eM . ) • B pa6oTe rrpH uay'!eHHH cneKTpOB KOHBepcHOHHbiX aneKTpOHOB, 

152-rl? 
(-nytteA, ~-~- H e- r -cOBll8llBHHA HCnOnh30B8nCSJ HCTQqHHK I 0 1 npHrOTOBn8HRbiA C 

/2/ 
rroMO!UbJO Macc-cerrapaTopa. B 6onblllHHCTBe rrocneayJO!liHX pa6oT (eM. ) a Ka'!eCTBe H3-

MepHeMoro npenapaTa npH HccnenoaaHHH H3nytteaug 
1~8 ucnonb3oaanach CMBCb uaoTonoa 

Tep6HH 1 nonyqBJOWHXCH B peaynhT8T9 peaK.UHfi: pacmenneHHH TBRTBna non neHCTBHBM Dh!CO-

3 



J<09H9prB'IHb!X npOTOHOB. npacyTCTBH9 II H3M9pK9MOM npenapaT9 H8pl<I1Y C 
152T8 li30TOnOB 

151 T8 11 
154 TB, HM&JOm.ux nepHon bl nonypacnana, 6nualtHe 1< nepuony nony pacnana 

152 T6, 
aua'tHTenbHO a aTpynaano aaansa peaynbTBTOB H3Me peaaa. 

YlccnenoBaHHH cneKTpa d -B311Y't9HHH '
52 T8 no CHX nop npollonHliHCb HB CI[HHTllll

llllllHOHHbtX r -cneJ<TpOM9TpaX, 'ITO TaJ<lK9 38Tp ynHKliO nposen&HH9 aaal1H3a 9KCn9pHM9H

T8nbRblX naHBhiX. 

Haa6onee nonable accnenosaa11K aanyqeasa 
1527'1! 121 

I 0 nposeneabl B pa6oTe , B xoTopoa 

B3y'tallHCb cn9J[Tpbt r -nyqaA II 1 _ r -cosnanea11A Ha CUHHTBllliHI[HOBHOM r-
C091tTpOM9Tpe, 8 TBKlK9 IICC119liOB8liHCb cneKTphl 003RTpOHOB H KOHB9pCHOHHb!X 91191CTpOHOB. 

OnaaJCo aJtcnepHMeaTanbHhtX naaabr X no aacTOstm.ero BpeMeHH aenocT&TO'tHO nna nonaoro 

1s2 -riZ 152 rd 
npenc Tasnealla o cxeMe pacnana 1 U ___.. ~ 

t52rd 
3 KCn9pHM9HT8llbHhl9 naHHbl9 06 y pOBHHX anpa Cl' npencT&BllHIOT IIHT9p9C C TO't-

KII 3p9HKH npoBepKH cymeCTBYJOIJJ.HX T90p9TH't9CKHX npencT8Bll9HIIA OTHOCHT911bHO npaponhl 

B036\ylK)l9D.Bb1X CO.CTOHHIIA 't9TH0-'19THbtX anep, 

B H&CToam.eA pa6oTe npoBon11noch scc nenosaHJJ:e cnet<Tpos {' -ny qell: c noMOIJJ.b JO rep-

M&JIB9BhiX nonynposonnaKOBhtX neTexTopos ( YIIICTHTyT HMeaw HHllbca Eopa H OHHH), JS..._F-
141 

II e-r= -coananeaall: C nOMOIJJ.bJO TOpoBilBllbBOrO lll9CTH3830pHOro fl -c!'9KTpOM9Tpa 

a cnsaTH1111Hnaoaaoro '(" -cnerrTpoMeTpa ( HacTHTYT BM9BII Hallbca Eopa) a cneKTpa Koa-

BepciiOBBhiX 9119KTpOBOB C nOMOIJJ.bJO TopoanallbHOrO m9CTH3a30pBOro j& -cneKTpOM9Tpa II 
r,:,r.;r/5/ 

MarBliTBoro J& -cneJCTPOM&Tpa c nsyxrrpaTHoll: ~oKycapoBKoll: na yron ~r'2 ( HacTH-

TyT HMeaw HHllbca Eopa w OHHH), 

3t<cnepHM9BT811bHBH 'taCTb 

a) np11rOTOB119BH9 HCTO'tHRKOB 

HaoTonbt Tep6aa rronyqanHCb a peaynbTBTe pacrnenneaaa anep TaaTana non neacTBH9M 

npoTOHOB c aaeprsea 660 Mas sa canxponaKnoTpoae 061>enaaeaaoro nncTHTyTa anepHbiX 

accnenoaanall: s .Uy6ne. Mall!& !Ill TaBTana o6ny'tall.Hch a Teqease 2.;. 10 'tacos. Ha o6nyqea

BhtX MHilleael! XHMB'teCJ:llu rryTeM Bblllenanacb rpynna pellKoaeMenhHbtX aneMeBTOB. Tep6ae-
152.,.6 

B8SI ~p&I<IlHH 0 COil9plK81JJ.aSI B ce6e / CJ BblllOliSillaCb H3 CM9CH peni<039M911bHbtX 9119M9H-
/6/ 

TOB XpOM&TOrpa~H't9CXHM U9TOliOM • 

nps HCCnenOBBHHH H311Y'IOBHH '
52T6 B naaaoll pa60T9 6btl!O HCnOllb30BBHO TpH THna 

npenapaToa: 

npenap&T J - T9p6HeBaH ~paKI[HSI 0 T.e. CM9Cb BC9X H30TOnOB Tep6HH, Bhln91!9HHaH H3 

o6nyqeuaoa MameaH TaBTena. 

npenapaT II - npenapaT Tep6sst, Bbtlleneaabrll: xax llO'tepaull: nponyJ<T H3 nscnpoaue-

4 

BOA ~paKI[HH qepea 1 7 6 'laC 

rpynnhr penKoaeMenbHhtX ane~ 

H IS5 TG.3TII 1130'I'Onhl nerxo 

tS.' 
3HeprHH r -11311yq9HHH • 

HO ynpom.ano HCCnenOBBHHe Cl 

npenapaT III - H30Ton 
181 

cenapaTopa s HacTHTyTe 

cenapaTope nposonanocb qepe: 

39M9llbHb!X 9119M9HTOB B 06'bE 

6) YICC1191lOB8HH9 Cn9K1 

CneJCTp I<OaBepcaoaabrX 

CB C noMOIJJ.b!O TOpOHilallbHOrO 

npenapaTa rrr. CneKTp KOHBepo 

Cl191lOBaliCH aa MarBHTHOM J 

g; yz C HCnOllb30B8HR9M f 

PerwcTpanHa MeKTJ 

pe OCYIU9CTB11Hl18Cb llBYMH 

IUliMB II3M9pl1Tlo OliBOBp9M9£ 

OAHB H3 BHX H3M9pH11Cll C '111 

a 11JlyrOJl - C Bb!OOKOA CB9TOC 

't9BHhtl! npl! paapell!eaaa ""0, 

~~ -liHHHll: I<OHB9pCHOHHb!X ::; 

paapell!eaReM - 1% 6btll none~ 

HRl!, 

MaraHTRbtll: ,P -cnexT 

paapell!ORHe -0,2% H CB9TOCH 

IT03BOnRnO HC c neaOB8Tb nHHRE 

.Unst onpeneneaau aaeprs 

naM c aaepruel! 615,6; 974,3 , 

M9p9RHH Ha CM9CH npenapaTOI 

poaoe Th(B•[_..C'') H3B 

't9CTBO K811H6pOBO'tHh!X 3H8'19H 

O!TpeueneHbl C TO'tliOCTb!O 0,07 
152'7'/l 

aneJ<TpoaoB 1 (} ne xyJKe 0, 

3Heprua nepexonoa B ~~~ 

ne·rcTByJOmH:X xonaepcROHHbtX 



B30Tonoa 

1epaony nonypacnana ts2TS, 

lOp npOBOLIHITHCb 88 CLIHHTHIT-

eneane ananHaa aKcnepnMen-

/2/ 
aenw B paooTe , s KoTopoa 

l CUHHTHniTRLIHOHHOM r-
R KOHBepCHOHHbiX an&XTpOHOB. 

aenocT&TO'IHO nnn nonaoro 

IpeL!CT8BITRIOT RHTepeC C TO'I

:eanl! OTHOCHT9ITbHO npHpollbl 

lB ,. -nyqel! C ITOMOI.Uh !O rep-

Han&C8 Eopa H OH.HH), J' ... -J'! 
/41 

>pHOrQ j3 -c!f9KTpoMeTp8 

Han&ca Eopa) a c rreKTpa KOH-

~paoro .J5 -cneKTpoMeTpa n 

II Ha yron ~~151 
(HucTH-

nnep TanTana non nellcTsBeM 

ennoro ancTaTy Ta nnepHbiX 

He 2,;. 10 '18COB, J.1a oonyqen

M9IThHbiX aneMenTos. Tep6ne-

ec11 peliK03eMenbHhiX aneMen-

Obl iTO HCITOITb30B8HO TpH THUS 

roiiOB Tep6Hst, B bineneHH&H K3 

tepnnll rrponyKT na l1Hcnpo3He-

soli ¢paKuHH qepea 1 .;. 6 qacos nocne xpoMaTorpa¢aqecKoro swnenenaa aTOll ¢paKuaa aa 

rpynnhr penKoaeMen&HhrX aneMeHTOB. DpenapaT conepJKan s ocnosnoM I$2T6 a TSK JKe ' 53T6 
a '

55TG.3Ta aao"''onw nerKo anenTn¢xnnposaT& no nepnonaM nonypacnana ; KpoMe Taro, 
15JT; ISST"2 17 I 

aneprHH r -nanyqenHH I a H I Q He npeBhtWaeT 1000 K3B , 'ITO T8KJKe 3H8'1HTen&-

.f/" IS2TJ!• no ynpomano nccnenosanae cneKTpos 1 -ny qel! H KonsepcnonHhrx aneKTponos 1 U 

DpenapaT III 
/8/ 

-H30TOIT 
142-rg_. 

I 0 Bhrnenenahtll na Teponesoll '¢paKuHH c noMOUlhJO Mace-

cenapaTopa B HncTaTyTe aMen• Han&ca Eopa. Paaneneaae aaoTonos Tepo an na Mace-

cenapaTope nposonnnocb qepea - 15 qacoB nocne xpoMaTorpa¢aqecKor o paaneneana penKo

aeMen&BhiX aneMeHTOB B 0o'b9LIHHeBBOM RHCTHTyTe !IJlepHhfX HCCIT9LIOB8HHII, 

6) HccnelloBaane cneKTpa KonsepcBOHH bi X aneKTponos 

CneKTp KonsepcnoHRhtX aneKTponos s anepr eTH'IeCKOA oon;CTH HHJKe 1000 Kas aayqan
/ 4/ 

CH C ITOMOUlhiO TOpOHLI8ITb.liOro meCTH3830pHOrO .P -cneKTpOM9Tp8 C HCITOITb30B8BR9M 

npenapaTa Ill. CneKTP KonsepcnonHhtX ane~<Tpoaos B oonacTB aneprnll Bhrme 1000 ""B Hc
/ 5/ 

cnelloBancn na MaranTnoM .fJ -cneKTpoMeTpe c nsyXJ<paTnoa ¢QKycnposJ<oll aa yron 

fj; fZ c ncnonb3osanneM npenapaTo s J H Jl • 
PerHCTpauHn aneJ<TpoaoB aa TopOHllanbHOM mecTnaaaopnoM j5 -cneJ<TpoMeT-

pe ocymeCTBlUUI&Ch .IXBYMH R038BBCBMbiMB CLIBRTHITITRLIROHHblMII C'19T'Itu:8MB, IT03BOITHIO

mHMII 113M9pRTJoo OLIROBp9M9HHO liB8 cneKTp& KOBB9pCHOBBbiX 9IT9KTpOBOB; npH'l'9M 

OL!IIH na nnx BaMepnncsr c 'BhiCOI<HM' paapeweaneM (paapemenne- 0,5%, cseTocnna-1 %), 

8 .upyroll - C Bb!OOKOII CBeTOCHITOil ( paapemeaae - 1%, CBeTOCHIT8- 9%). C neKTp , nony-

'1'9HHbill npH paapemeiiBH .., 0,5%, npeLICT8BITeH H8 pHC, 1; OTHOCBTeiTbllhie HHTeHCHBHOCTH 

W -nnanll KonsepcnoaHhiX aneJ:Tponos npnseneabr B Taonnne 1. CneKTp, naMepneMbrll c 

paapeweuneM - 1% 6brn noneaen npn nocTa.aosKe onhtTOB no nccnenosannJO e -1- c osnane

ni<Il . 

MarHHTHhill J3 -cneJ<TpoMeTp c nsyxxpaTnoll ¢oKycnpos~toll na yron [i;(Z HMeeT 

paapemenne -0,2% B cseTocany - 0,1%. DpaKTR'IecKoe OTCYTCTBH; ¢ana aTor·o npH6opa 

Il03BOnstnO HCCnenOB8Tb nHHHH KOHBepCHOHHblX aneKTpOHOB OlJeHb ManoA HHT9HCHBHOCTH. 

Jlna onpe.!leneHHB anepraa J.l -KOHBepCHOHHbiX aneKTpOHOB, COOTB9TCTBYIOJ.UHX nepexo-

J52Gd li8M c aneprnell 615,6; 974,3; 1047,9; 2589,0 a 2720,7 Kas B nnpe nposenen br 1!3 -

MepenHH na cMecn npenapaToB Teponn H Th { 8 +C ~C'}; anepr11n Konsepcnonnhrx aneKT

ponos Th ( B+[ ~C'') HasecTHbi c BbtcoKoll TO'IHOCTbJ0/
9

•
101 

11 ncnonh3osannc b s Ka-
t52-r. 

qecTse KannoposoqnbiX anaqeHHA. 3 HeprHH BbiDte yKaaannhtX KonsepcHoHnhrx aneK Tponos I& 
O!Ip9'19IT9Hbl C TO'IIIOCTbiO 0,07%, TO'IIIOCTb OnpelleneHHB aneprHit npyrHX KOHBepC.!fOHHbiX 

I 52 Til 
aneKTponos 10 ne xyJKe 

3nepran nepexonos B 

O,l 'lb . 

fS2r 
nnpe Ud II OTHO CH T9nbHbl9 RfiT9HCBBROCTR /1 -nHnRII cooT-

neTCTByJOmHX KO RsepcROH HhiX aneK 1'po non np•r seneabi B Taonane 1, B aTo ti TaonRne pe3ynhTa-



/2/ 
Tbl HACTOKITI&II pa60Tb1 cpa!IHBB810TCII C pe:aynhT8T4MK pa60Tb1 , J.13 T86liHilb1 BBJlHO, 'ITO 

1SZr1 
lUI WI o6Hapyli<&HO 6onee 20 HOBbiX nepeXOJlOB, COIIpoBOli<JlAIOITIHX pllCli8Jl / 0 H YTO'lH9Hbl 

3H8prHB H OTHOCIIT8llhHb18 BBT8HCHBHOCTB I< -liiiiiBli ltOHB9pCHOHHb1X 3ll8ltTpOHOB Jlllll pHJlB 

paaee HaaecTHbiX nepexonoa. 

J-la TOpORJl81lhHOM Ul8CTII38:JOpBOM 
1.52rl 

j8 -cneETpoMeTpe 6bin H3Mepea nepaon nonypac-

n4)la I 0 no cna.uy KBT88CBBBOCTK J< -I!BHBJI KOH88pCKOHHblX 31l81CTpOIIOB nepexona C Sllep-

rael! 3-t4 ,4 K SB. Oa paBea 17,15 ~ 0,1 qaca. 

B) J.1CCll9JlOB8HB9 r -cnaltTp8 . 

IS2TJ faMMil-113llY'l9HB8 IICCil91lOB&nOCh C BOMOITlhiO JlBYX repMBHH&BblX nonynpOBOilHB-

JCOl'lblX neTeKTopos: nnocJConapannem.aoro fDt!{/.1} -;-neT&KTopa c pa3MepaMB 0, 7 cM
2 

x0,35 eM 

ll 1024 -Jtaaan~ooaoro aaana3aTopa (xccnenoBaTenhCKHll ueaTp B Pnco npa KOMHCClfll no aToM

ami saepr•• 8 naaliK ) Jl lto8KCii8llhHOro Ge(L;) -nereKTopa c 'lyBCTBHT91lhHbiM o6'beMOM 

3 2 
,_ 5 CM C BH&IUHBMII p83M8Ji>8MB 3,14 CM X 1,8 CM Jl 2048-K8H81ThBOrO 8H8Im38TOp8 ( 06'b&-

JlHH8BHb!ll JIHCTliTYT ~epHhlX BCCll9JlOB8BBll) • 

flpx xaMepeBJIKX rawua-cnexTpa 

3osanc• <PalllooTP ( P6 - 4 MM, Cu - 1 

'
52T6 aa K08KCHanhHOM Ge(L.i) -neTeiCTope acnon~o-

MMo 1 MM) nnst nornomeiD!st 

p8UTr9HOtiCJCOrO ll3ny'l9HIIK H IIHT8HCHBHOrD 

Cd- 0,7 MM, 

I -B31lY'l9BHSI 

Ill
,szrG n o6nacTa sueprall no 

600 KSB, 

rJonymapaaa r -ni!JIJIJI C Sll&prael! 974,3 KSB I~G COCTliBil<lllH -7 KSB B - JQ K3B 

JlllSI llllOCKOll8p8nll&llhHOrO B K08KCH81lhHOrO ll&T&KTOpa COOTB9TCTB8BRO. nonyqeHHb!9 r-
Cll8KTpbl npBB81l9Hb! 88 pBC. 2 H 3. 3aepi'HH H OTIIOCHT9/lhHbl9 HIIT9HCHBIIOCTH r' -ny'-teti 

npeilCT3BllBIIbl n Ta6nane 2. YKB38HHbl9 B Ta6nane OUJB6KII onpeneneaag HIIT91ICHBI!OCTH r -
nyqel! 88 [IKil!O'lAJOT OUIB60K, o6ycllOBil911BblX B03MOJKHOI! BBTO'lBOCTh!O 38BHCJIMOCTH s<jl<jJeKTKB

BOCTH perKCTpBUJIB r -nyqell OT saeprBBo 

r) J1ccnenoB8HH8 cneiCTpOB e-r-H .1~;--·r-coananeaal! 
CnexTpht e-r - 11 p-<--0 - connaneaat! accnenosanBcb aa TopoBnaJihHOM wecTa-

3aaopaoM jl -cneJtTpoMeTpe (paapemeaae -1%, cneTocana _, 9%) B '(' -cneiCTpoMeTpe c 

512-KaaanhHbiM aM!ln>ITyllllbiM aaanaaaTopoM c KpacTannoM NaJ{Tl} (1,6 eM x 7,6 eM), 

BMe!OmBM pa3peweaRe aa n111mB neaa11 - 137 ( [r - 661 xs11) - 8%. 

Bo:JMOJKHOCTh perllcTpanl!H aneKTponos, OTilll'lAJOITIBXCR no sueprllll aa 1,8%, Ill! Topo-

JUlU11bHOM fl -cneKTpOMeTpe .llBYMSI Ue33BHCHMblMII cnHHTHnnRUHOHB biMH Cl.JeTl.JHKBMH ll03 -

r.on~na JI3MepBTh .aaa cnexTpa e-r - conaaneHHA OllHOB}H)Menno: cnexTp conrraneHBR 

9/l&JtTpOBOB na MBXCHMyMe KOHBepCHOllHOI! nnll!Ul C r - ny'lBMH tSZTG H cnex•rp <jJOROBblX 

col'lnanenJII! snexTpoHoa aa uaunol! xonaepcHoauon nl!BJ!elt ( Ee > £/l) c J-ny'laMB '
52T[j 

c 

J13M8pRilC!I T8KlK9 CH9KTp CQtiJ:u::t8HHI! 1103RTpOHOB B 3HepreTH'l8CKOI! 06llliCTH 1580 K9B 

t52TJI d -ny'laMII I 0 • 

G 

Hecxonhxo ocaoBahlx cneKT~ 

aaii npnaeneHbi aa pnc. 4 H 5, 

Peayn~oTaTbi, nonyqeaable 113 

non~oaoBanac~o npa nocTpoeaJix ex• 

Jlllll p8C'l9T8 KO~BUH9BTOB BHyTp 

n) CxeMa pac nana 

Aaanaa cneKTpos raMMa-nyqo 

3KCH9pHM9HT81lhHbl8 3H8'19BI!II KOs<j 

IIOllhBOCTH Jln!l 601lhU:IlHCT88 n ep ex 

HblX KOs<jJ<jJBUH9BTOB BHyTpeaaell KO. 

RBnReTcR nep9 XOJlOM Tana E2. Pac 

auyTpeaaell KOl!BepcaB II npennCVIa r 

ue 3. 

flpaMeaeaae repMAHH&BbiX no1 

pe 
152T8 uano ao.>MO>t<Boc·rh 6onee 

tS2Gd B S!Jlpe 1 B03HIIKBIOITIHX llpH 

Aaan11a c neiCTpoa e -4- 11 j3 

onpeneneaHe 9HeprRA a xoa<jJ<jJxnHea 

HHKa10max np11 pacnane '
52TB no3J 

Pllll IIOBbiX yposaei! 11 6onee aanelK! 

nee HaaecTHbtM ypoaastM. flpennara• 

YposaH, nepexOilbl c xoTopbiX. OTMeq 

e-r H ,j3----~ - COBII8Jl8HBt!, Cx< 

rnRMH no 1942 K9B, a TAKJKe y poaa. 

PaccMoTpHM 6onee nonpo6ao c 

OcnoBHoe coc TOHHHe qeTHO-qe' 

+ + 
0 • J.1a 8H81lH38 Cll9KTpOB j3 -~ 
OTHOCHTenbHb!e .o.onu IT03liTpoaaoro 

344,4 KSB (2+) R B OCHOBHOe COCTO: 

COOTB9TCTB9HHO. 

lla OCHOBe 8118 llH38 j3_..-r -cc 

llyeT llp811HC8Th KB8JITOBbl8 X8pSKTep 
+ 

rl!eH 75516 K3B - 4 , 'ITO IIOJlTB9plK! 

t52r ypOBHSJ B OCHOBHOe COCTOSIHHe C: 

YpoaHnM c saeprHRMH 1109,8; 



21 
Ha Ta6mm;hr BHAHO, '<TO 

15ZJi.:tt 
pacnaA o H YTO'<Hen~ 

DHHbiX 3Jl9KTp0HOB AJI!i p!!A8 

rn naMepea nepHOA nonypac-

~ 3Jl8KTpOHOB nepeXOA8 C 3Hep-

repMaHHOBbiX nonynpOBOAHH-

0.7 CM
2

x0,35 CM pa3MepaMn 

Prrco npR KOMHCCIHI no BTOM

C 'IyBcTSHT9JibBb!M o6'bOMDM 

IH81IbBOf'O 8118JIH38TOpa ( 06'be-

Ge(f.i) -AeTexTope xenon&-· 

7l - 1 MM) An5t nornomemur 
·z ' TG B o6nacTn anepn!ll AO 

TL\BJIHJI8 -7 K3B II - 10 K3B 

TBOHBOo nonyqeHHb!O r
HHTeHCHBHOCTH r -ny't.fefi: 

~.aeneHHSI HHT9HCHBHOCTH r -
DCTb!O 38BIICHMOCTH ~~OKTHB-

!Hli 

ICh Ha TOpOH.OBJibHOM rueCTH-

9%) H 4 -cneKTpOMOTpe C 

lJ(Jl) (7,6 CM x 7,6 eM), 

.) -8%. 

auepr>IH ua 1,8%, Ha Topo -

{iiOHHblMH Cl.feT1:JHK8MH fl03-

HHO: cnexTp con:-ra.aeHBH 

8 
152JG H cHeKTp ~ouonhrx 

r5ZTI! 
. > [~) C 1-ny'ISMH /0 

'9TH'IOCKOH o6nuCTH 1580 K8B 

HeCKOJibKO OCHOBH~X cneKTpOB e-r· 
iHIH npnBeAeHbi na pnc. 4 n 5. 

- C0Bfl8A9HH~ H Cfl9KTp ~·-~ - C0Bfl8A9-

Pe3ynbT8Tbi, nonyqeaa~e 113 8H8.1H3a cneKTpOB: e-r - H .1' .. -r - COBnanenn~. HC

fl0Jlb30B8JlHCb npn nocTpoeni!H cxeMbt pacnaAa 
152 T6 -'S2{;d H B HOKOTOpbiX cny'la!IX 

nnH pac'leTa Ko~nnnenTOB BByTpeaaeA Konsepcnn nepexonon. 

A) Cxe Ma p acnaAa 

A11ann3 cneKTpon raMMa-nyqeA n KonnepcRonHbtX aneKTponon noanonnn paCC'IHTaT& 

3KCnepHMOBT8JibHble 3HB'IOHHH KO~~HHHOBTOB BHYTpennefi KOHBOpCHR H onpeAOJIIITb MyJI&TII

HOJlbHOCTH AJIB 60Jibli1HHCTB8 nepeXOAOB S RApe 
152Gd. nplf onpOA9JIOJIHH 3KCHOpl!MOHT8Jib

HblX KO~~HHHOBTOB BByTpennefi KOI!BOpCHH npBHHM8JIOCb, 'ITO nepeXOA C 3BepraeA 344,4 K3S 

nBn!leTcn nepe xoAoM Tnna E2. Pacc'!HTannbJe n TeopeTnqecx.ne 3Ha'!eHH!i Ko~unnenToB 11 II 

BIIyTpeniiOH KORBOpCHH H I!pOAJI(\IlaraeMbl O MyJibTHJIOJibHOCTH nepeXOAOB I!pHBOl!OHbl B Ta6JIH-

ne 3. 

p a 

a Hnpe '
52 Gd , B03HHKaromHx npM pacnane 

npxMenenne repMaBHOBblX nonyrrpOBOAHIIKOBb!X A9TOKTOpOB JlJI!i H3MepeHH!i I -cnexT

'52T8 nano B03MO>KHoc T& 6onee HaLte)l(uo orrpeAennT& Myn&Tnnon&aocTn pHna nepexonon 

1:12 rg . 

Auann3 c neKTpon 

onpenenenne aneprnn a 

HHKaJOmHx npH pacnane 

e-r- X ~·-r- COBnaaeHH Jl, 6onee Toqaoe SKCnepJIMeHTanbROe 

xoa~~llnxenToB anyTpeaaen xonnepcnn nepexonoa n nnpe 152~ no
3

-

~~ ~~ ~ 
I U H03BOHHJIH Ji8M BBOCTH B CXeMy pacnana I U - (!7d 

p!!n HOBhiX ypOBHeil H 6onee HBIIP.)I(BO npHHHC8Tb KBBHTOBb!O X8p8KTepHCTHKH H9KOTOpbiM pa-

152Til •52r nee nanecTBhrM ypoBHHM. npennaraeMaR cxeMa pacnana 1 u _. e>dnoxaaaua aa pnc. 6. 

Y pOBHH, rrepeXOllbi C KOTOpbiX. OTMS'IeHbi TO'IK8MH, BBen.eHbi H8 OCH:OBe 8H8nH38 CJJeKTpOB 

e-r H ,j! .. -j - connaneunfi. CxeMa pacnaAa BKnJOqaeT 
H3BecTHbre pauee yponan c anep

/2/ rHHMH llO 1942 K3B, a TBK)I(O ypoBJiH C 3HeprHHMH 2247,6 H 2667,7 K~B 

PaccMoTpnM 6onee nonpo6no OTLten&nhre yponun ' 52Gd. 
IS2r 

0CHOBHOO COCTOHRHO 'IOTH0-'19Tl!OrO !!Apa l!)d IIMOOT KB8HT0Bb!O X8 p8KTOpHCTHKH 

+ ... /2/ 
0 • Y!a auann3a cnexTpon j3 -r -connanenHll a pe3yn&TaTon pa6oTbr cnenyeT, 'ITO 

J52re + 
OTHOCHTenbHbre AOnH ri03HTpOHJIOrO pacnana !U HB ypOBHH C 3HeprHHMH 615,6 K3B (0 ), 

+ + tS2r 
344,4 K 8 B (2 ) R B OCHOBHOO COCTO!IBRO (0 ) I.!Jd HBXO.QSITCSI B OTHOlJJOHHH 0,2: 0,3 : !,0 

COOTB9TCTBOHHO. 

H a DC !lOBe 8IJB JIH3a p•-r -cOBllBA9HHH ( J)HC. 5) OCHOBHOMy COCTOHHH!O ~52TIJ cne

nyeT HpHHHCBTb KB8HTOBbi9 X8p8KTOJ)HCTHKH 1-, B036y)l(l!OHHOMy COCTOSIHHIO 152Gd C 3H9p
+ 

rHeil 755,6 K 3B - 4 , 'ITO llOilTB9p)l(l!aeTCSI T8K)I(9 OTCYTCTBHOM npnMoro rrepexona C 3TOrO 

YPOBl!ll B OCHOBHOe COCTOHHHe 152Gd • 

YpOBIHI M c aueprlfHMH 1109,8; 1123,8; 1318,6; 1606, I; 16,43,9; 1862,3 u 1942,5 K8B 
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RA OCROEI8 ABAJIH38 CII81CTpo11 e -4 - COEIUR.ll8BIIA II 3JtCII8pHM8HT81IhBbiX 3HA"18BIIA Koa<j><!>JI-
+ - + 

llJI8BTOII EIHyTpeHBOll KOBII8pCHH nepeXOilOB UpHnBC8Bbl KBAHT0Bbl8 xapU:T8piiCTHKH 2 0 3 1 2 1 

+ - + + 
2 ,I , 2 , 2 COOTB8TCTB8.1lBO. 

Ha OCHOEI8 AH8JIII38 cnexTpOB 1 -nyqeA J1 ltOBB8pCIIO.IlBbiX 3JI8JCTpOBOB MOJKBO npenno-

nO)KITh 1 qTO nepeXOilbl C 9H8prHHMJI 1236,7 j )484 Jl 2720,7 JC3B HBIISIIOTCH MOHOIIOIIbBbiMJI 

nepexonaMII. 

+ 
YposeBb 2720,7 xas (0 ) ssenea aa ocaose cosnaneaall ~ -nyqell c aaepraell 

2376,2 K9EI c nepexonoM 344,4 xaB H aa6niOnaeMoro nepexona c aaapraell 2720,7 K3EI B 

cnexTpe KoasepcHOBBhiX aneKTpoaos. HenocpencTBeaaoa aa6niOneaHe B cneKTpe KOHBepcaoa

HbiX 3JI8KTpOBOB nepGXOilOB C aaepriiHMH 1236,7 H 1484,0 K3B II cyMM8 RX aaeprHll 

(J484,0 + 1236,7) K3B- 2720,7 X9B II03BOJIRIIII BII8CTII ypoMBb 1484,0 lt3EI (0+). 

Ha OCROB8 6aJIBRC8 :BT8HCHBHOCT8ll H CII8KTp8 e-r -<:OBII81l8HHll C KOHB8pCHOHHbiMJI 

aneKTpoaaMH nepexona 432,5 K9B nepexon c aaepraetl 623,1 xaB cnenyeT paaMeCTJITb MeJK

IlY ypoBHHMH 1942,5 " 1318,6 xaB, npennonoJKHB npJI 3TOM cymecTBOEI8HB8 nepexona c aaep

rJiel! 270,7 K9B M&JKily ypoBHHMH 1318,6 H 1047,9 K3B. HaTeHCHBHOCTh nepexona 270,7 K3EI 

OU8HHB8eTCH -10 OTHOCilTOIIbHO Jr ( 344,4 lt3B) 3 1000. 

+) + + + 
YpoBRH 344,4 K3B (2 ), 615,6 K3B (0 ), 93 1,2 K3B (2 ) H 1047,9 K3B (0 ) H81l8lKHO 

11-3/ 
0 60CHOB8Hbl B pa60T8X H XOpOlliO IIOilTBeplKil810TCH pe3yJI&T8THMH H8CT0Hlll8ll pa60Tbi. 

Ha 6anaaca IIBTeHcHB!lOCTell npennoJKeaaoll cxeMbi pacnana 

Hbl 3R8"18HHH ts fC: , KOTOpb18 npHB81l8Hbl H8 pHCo 6. 

06Cy*aeHH8 pe3YIIbT8TOB 

t52 T8 - IS2{;d paCC"'HTa-

(5/!ld 
nnH "'eTH0-"18THOrO Hllp8 C7 aaxonHmerocH B nepexonaol! o6nacTa OT c<j>epaqe-

CKIIX K ne<j>opMBpOB8HHbi.M Hllp8M, JIRTepeCHO 6biiiO IIOJIY"'IITb CBeneHHH 0 CBOi!CTBQX B036yJK

Il8BHblX yposaell. 

nepBblll B036yJKil8HHbill ypoBeBb 344,4 K3B ( 2 +) p8CCM8TpHB88TCSI K8K OllRO<j>oBHOe KB8U

pynOJibH08 BH6p8UHOHR08 COCTOHHHB, 8 ypOBKH 615,6 K3B (0+), 775,6 K3B (4+) p8CCM8TpHB8-
.._ /3,12,13/ 

IOTCH KBK qn&Hbl TpRnJI8T8 llBYX~OHOHHOrO B1!6panHOHHOrO B036yJKAeHRH 

AaanH3 cneKTpOB e--r -cosnaneaHA c KOHBepCHOHHbiMH aneKTpOB8MH K-344 K3B H 

K-615,6 K3B noasonan BBOCTH yposea& c aaeprHell 1318,6 K3B ( 2+), KOTOpbill paapHJKaeTCH 

nepeXOII8MH 1317,4; 974,3; 703,9 K9B C COOTHOIIIBBHBM HHT8HCHBHOCTell K8K 1:3:2 COOTBBTCT-
152~ 1121 t52r , 

B8HH0o npH HCCII8UOB8BHH p8CII81l8 (..U BB8ABB ypOBBHb B Hllpe (!;7Q. C aaepraeil 

1315,0 K3B (1-), pa3pHJK810lliHllCH nepeXOil8MH THIIB E1 C aaepr11ell 1315,0; 970,3 H 700,2K3B 0 

HHTBHCHBHOCTH KOTOpblX OTHOCIITCH K8K 1:0,4:0,04 COOTBBTCTBBHHO. Ha 3HepreTH"'8CKIIX C006-

8 

p8lK8HHll H 38KIIIO"'8HHH 0 Mynl 

CHT81IbHbi X HBT8HCHBHOCT8ll CIT 
152-rll 

IOruH Aca npa pacnane /U 

,szeu SIBIISIIOTCR p83Bb!MH y 

Uenecoo6paaao cpaBBHTb 

aos ( IV - 88) H nono6aoe pa 

t52 rd t5flr 
Bell C1 H vffl npHB81l8B( 

COCTOHHHH 3THX Hll8p JIM810T 
+ t52r 

615,6 lt9B (0 ) B I!Jd COC 

+ •52rd , 
(4 ) B C1 - 773 K3B (4 

+ tSO( 
(2 ) B '-'M.Ha6niOil88TCH 'I 

(0+) j 11091 8 K3B (2+) j 128~ 
+ -

1256 K 3B (0 ); I 167 K3B (2 

CTB~RHO. 

Rnpe 

Ha conocTasneaaH cxeM 

'
52Gd no-BHAHMOMy, C 

B Ta6nme 4 np>!Beneab: 
IS2rd 1j 

rH"'HbiX ypoBBell B (!7C H 

A8HHbl8 B8pOHTHOCTH lliiH MOB 

rue e -aapHn aneKTpoaa, 

'canoaotl napaMeTp•
1171

• H a 
t5Zr.J 

aaanorH'!HbiX yposaell CXl 

Ml'lo OnHBKO o6pamaeT BB cee 

OCHOBHOM HIDK9 1 qeM COOTBe'I 

'ITO HllPO '
52Gd 

HnpoM '
50Sm. 

H8XO.nHTCJ 

B a aKniO"'BBHe onaa aa 

npo<!>eccopy Ore Bopy aa roc 

9KcnepaMeHTOB B HacTHTy Te 

KOIIJI8KTHBY p8AHOXHMH"'BCKOll 

npHrOTOBn&HHIO npenap8TOB T 

HHH H o6cyJKneaae peaynbTaT 

yqacTae B HaMepeHHHX H noM 



H!T8ITbHbiX 3H8'1811III XO:O<j><pll-

+ - + 
xaplliT&pi!CTHXH 2 0 3 0 2 0 

:OrrOXTpOROB MO>KBO npe.nno-

RBn5liOTCII MOHOn01lhHbiMJl 

r -ny'lell c aaepraell 

aaepraell 2720,7 x:on B 

RHO B CDOXTpe XOHB8pCHOH

CyMM8 11x :aaeprall 

1484,0 K:OB (0+). 

naaeHHA C XOHB8pCHOHHbiMft 

1 cneayeT p83M9CTI!Tb Me>K-

cTBOB8HRO rrepexoa8 c aaep-

3HOCTb nepexoaa 270,7 K9B 

H 1047,9 K3B (0+) H8J]8>KHO 

8T8MH B8CTO!IDlell p860Tblo 

t52TO IS2r 
I 0 - l!>d p8CC'IHT8-

>llHOH o6n8CTH OT ccpepH'Ie-

:s8eTcR K8K oaao¢oaaoe KB81l-

775,6 K:OB (4+) p8CCM8TpHB8-

/3, 12, 13/ 
K.OeHHSI 

anexTpoa8 MH K-344 KaB B 

( 2 +), KOTOpbtll p83pH>K8eTCH 

3HOCTell K8K 1 :3:2 COOTBeTCT

Hilpe '
52GcJ. c aaepraell 

ae~ 1315,0; 970 ,3 " 700,2xan, 

HO. 113 3HepreTH'IeCKHX C006-

CHTerrbHb!X HHT9RCHBHOCT911 CIT811YI!T c.nerr8Tb Bb!BO.<l, 'ITO ypOBOHb 1318, 6 K:OB ( 2+) 0 

-f52TIZ 
tomallcR npa p8cna.ne f U a yponeab 1315,0 x :oB ( 1 ) 0 B036y >K.<l8!0DlH ~CH npH p8Cn8.<18 

152£-u (., HBITIIIOTCH p83Hb!MH ypOBHHMllo 

152r t50c 
Uenecoo6p83HO cpaBRRTb HllP8 I!Jd H vm' HMetomae 0.<1HH8I<OBOe 'IHCITO HeliTpO -

BOB ( N • 88) a no.no6aoe pacnono>KOHI!e HH>KRRX Bo36y>t<.neHH biX yponaell. Cp8Bneuae ypon
t52rd 150(' 

Hell 1!1 H vm npane.neHO H8 pac. 7 . K8K BHJ]HO H3 PHCYHK8, nepBbl8 B036y>K.<l8HHbl8 
+ 

COCTOHHHH 3THX H.<18p l!MQ!OT 6rrii3KR9 3He prHR H KB8HTOBb!e X8p8KT9pHCTHKH 2 • YpOBH!O 

615,6 KaB (0+) B I$ZGd COOTB9TCTByeT ypoB&Hb 740 K aB (0+) B '
60Sm , ypOBHIO 755,6xaB 

(4+) B '
52Gd - 773 x:on (4+) B tSlJSm 8 ypoBHIO 931,1 xan (2+) n ' 32Gd- 1047 x an 

( 2+) t50C 
B vM.H86ITJOJl89TCH T8X>Ke noao6aoe COOTBeTCTBHe Me>K.ny ypOBRIIMH 1047,9 K aB 

+ + + - 'S2r 
(0 ); 1109,8 KaB (2 ); 1282,7 K3B (4 ) R 1123,8 K3B (3) B HJlpe I!Jd H ypOBHHMR 

1256 X3B (0+); 1167 XaB (2+); 1451 K3B (4+) 11 1071 K3B ( 3-) B RJlpe IS~~ COOTBeT-

CTB\HIHO. 

tSZr t50c 
113 CODOCT8BR8HHH CXOM ypOBHOII f!1d H vrn ypOBH !O C aaeprae~ 1282,7 K3B B 

' 52Gd RO -BH.<lHMOMy, CROJlyeT npHnHC8Tb XB8HTOB bi8 X8p8KTepi!CTHKH 4 +. 

B T86rrHDe 4 n pRneaeabt OTHOllleBHH npaneaeaabtX nepoHTHOCTell nepcxo.non c 8H8no-
tS2rd tSOC 13,14-16/ 

rH'IRhiX yponaell B l!>c a .Jrn no n8BRbiM H8CToHmell p860Tbt H p860T • Opane-

aeaabte BepOHTHOCTH JlRH MOBOOORbHb!X rrepeXO.<lOB C'IHT8RHCb no cpopMyne B{EOJ=ezR~c:l 
13 h ~ ' 

rae e -a8pH.n anexTpoa8, 
117/ 

/l -p8.nHyc R.<lp8 ( R • 1,2.10- 'fi'J ) 
1
f -H.nepabtll 

1 CHROBOII n8p8MeTp' • 113 COnOCT8BReHHH OTHOllleRHll npaBeJ]eHHb!X BepoHTHOCTell .<liTH 

152/'_j H t60C 
81f8ROI'H'IHblX ypOBHell C1U .Jtr\BHJlHO, 'ITO aTH ypOBHH 06R8Jl8IOT nOXOlKHMH CBO~CTB8-

MRo 0nH8KO o6p8Dl8eT 88 ce6H BHHM8HHe TO, 'ITO HHlKHI!e ypOBHH 
152Gd p8CnOROlK9Hbl B 

t$'0C 
OCHOBHOM BRlKO, '!eM COOTBeTCTByiOD!He ypOBHH .Jm • 3TO MOl!<eT 6b!Tb CBH38HO C TeM, 

'ITO RllpO 
152Gd 

H.npoM '
50Snt. 

" H8XOJ]HTCH 6RRl!<e K 06R8CTH aecpopMHp088HHb!X Haep no Cp8BHeHH!O C 

B 38KRto'!eaHe oaea H3 8BTOpon,B.B. Ky3eenon,npHHOCHT acKpeaatoro 6 naro.napaocTb 

npo¢eccopy Ore Sopy 38 rocTenpHHMCTBo H npeaocT8BneaayiO B03MOlKHOCTb nponeaenHH 

aKcnepaMeHTOB B 11acTBTy Te HMeHH Hallbca Sop8. ABTOpbt Bbtp8li<8IOT T8K>Ke 6naro.napHOCTb 

KonneKTHBy p8nHOXHMH'IOCKoll rpynnbt Jia6op8TOpHH HaepHbiX npo6neM 011HI1 38 pa601'bt no 

nparoTonnenaro npen8p8ToB Tep6aH; )!(. T. )i(encny 11 B.r. K 8nHHHHKOBy 38 neHHbte 38Me'I8-

HHH R o6cyl!<neHRe pe3yrrbT8TOBi n. f8R8Hy, 11. Aa8My, B. B btCTPHOKOMY R A. JianT8X 38 

Y'I8CTHe B R3MepeHHHX R nOMODlb npR o6p860TKe pe3yRbT8TOB. 
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!.A. 

3Bepr.. nepeX( 

D 
nn 

.fo - cnenpo»eTp 1a) 

_li__xH 
J~~. 615,6 

I 2 

!. II7,3 

2 . 271,2 

3. 315 

4. 344,4 

5. 351,5 

6. 368 

7. 4Il,2 

8. 432,5 

9. 496,7 

10. 527,1 

II. 543,5 

12. 557 

13. 586,7 

14 . 615 , 6 

15 . 623 ,1 

16. 1675, 6 

17. 1679, 2 

I8. 1'703,9 
I 

19.1752,9 

20 , I 765 , 6 

3 

36,6.±10,0 

600 .± 60 

"'45,0 

2040.±80 

7,0 

4,0 

67,2,!4,3 

438.±4 

10,3,!0, 5 

19,8.±1 ,o 
6 , 1.±1, 0 

"'1 , 2 

168.±8 

1000 

3,3 

12 ' 5,!0,2 

12 , 6,!1,0 
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(8T8flhCKHII OTJlen 

T a 6 ~ K B a 1 

3Repr•• nepeXO,II;OB K O!BOCX!8~hHW8 KHTBKCKBROC!K K·~•Hal 
XOHBBpCIOHHWX UB!tTpOHOB l52T~ 

~ -cnextpoaetp Ia) 

u 
n n 

I 

I. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

IO. 

II. 

12. 

13. 

~ nepe-
xo,na, 

lt3B 

2 

II7,3 

271,2 

315 

344,4 

351,5 

368 

4II,2 

432,5 

496,7 

527,1 

543,5 

557 

586,7 
I 

14. 1615,6 

15. 623,1 

16. 1675, 6 
I 

17. 1679,2 

I8. 1'703,9 
i 

19. 1752,9 

20 , I 765,6 

::lx x 103 

J,. 615,6 

3 

36,6,tlO,O 

600 .t 60 

"'45,0 

2040,t80 

7,0 

4,0 

67,2,t4,3 

438.!;4 

I0,3,t0, 5 

19,8.±1 ,0 

6,1,!1 ,0 

-1 ,2 

168.t8 

IOOO 

-
3,3 

-
I2,5,t0,2 

-
I 12,6,t1,0 

I 
! 

I 

.fo -cnenpoKetp 26) K.~.rpoaos x Ap./2/ 

E nepe- ~Xl03 B) E nepe- ':fx X 103 
XO,II;a, xo,na, 

:;1< 615,6 K3B ,4615,6 K3B 

4 5 6 7 

- -
271,2 480,t50 

- -
344,4 I860,tl00 

351,5 7, 5,tl, 5 

- -
4II,2 84,tL 

I 432,5 380.!;40 

496,7 I2,0,t2,6 

527,1 17,0,!1,6 

- -
- w 

586,7 175!;15 

61 5,6 1000 

623,1 9,0,!0,9 

675,6 2,9,t0,6 

679,2 1,5,t0,5 

703,9 10,5,t0,9 

752 , 9 2,3,t0,7 

765,6 18, O.t2, 5 

11 



-I 2 3 4 5 6 7 

21. 779,4 7,9,±1,0 779,4 9,0.±1,0 

22. 928,9 - 928,9 1,2,±0, 5 

23. 931,2 - 931,2 5,3,±0,8 

24. 974,6 14,4,±2,0 974,3 12,90,tl,30 974,6 13,0,tl,2 

25. 991,2 -1,3 990,7 1,26.±0,13 991,2 2,5.;t0,6 

.I _I I 2 I 3 

118. 

I 49. 

26 . 1047,9~- 1048,2 I8,0,;t1,8 50. 

27. II09,8 5,90,±0,60 III0, 3 5,3,t0,6 51. 

28. II38,0 2,80 ,±0,30 II38,3 3,4,±0,5 
52 . 

53. 
29. . II86,3 0,23.±0,04 II87,0 :" 0,3 54. 
30. - - 1206 ,., 0,4 55. 

31. 1236,7 0,35,±0,10 ... - 56 • 

32. 1261,7 1,31.±0,13 1263 I 2,2,±0, 3 57. 

33 1299,5 1,16,±0,10 1300 1,2,t0,3 58. 

34. .. - 1303 0,9,t0,3 
59. 

95. 1317,4-x) - 1319 I,6,t0,3 

36. 1326,1 1,08,±0,06 1328 1,3,±0,3 

37. 1348,1') - 1348 o, 8.;t0,2 

58. 1352,7') - 1352 0,6,±0,2 

60. 

' 
61. 

62. 

l 63. 

64. 

39. 136!'«) .. 1361 0,3.;t0,15 65. 

40. 1411,7 0,52.;!:0,09 1412 o, 7.;t0,2 
66. 

67. 
4I. 1447,2 0,21,±0,06 - - 68. 
42. 1484,1 o, 76,t0,04 - - 69. 

43. 1496,0 0,50,±0,01 - - 70. 

44. 1518,4 0,82,±0,09 1519 1,0,±0,2 -
~) OnpeAeReHW TO~hKO Sl 

45. 1532,4 0,19,±0,04 - .. a) Topoii.J.aR&Hwll 

46. 1560,2 O, 74,±0,II .. - o) llarHMTHwl 1 
Ha yro~ !ij; 

47. 1585,8 1,24,±0,12 1588 0,5.±0,2 B) HHteHCIIBHoct 

12 



6 7 

779,4 9,0.;ti,O 

928,9 I ,2.;t0, 5 

931,2 5, 3.;t0, 8 

'J 974,6 I3,0.;ti,2 

991,2 2, 5.;t0,6 I 
1048,2 I8,0.;ti,8 

III0, 3 5, 3.;tO, 6 

II38,3 3, 4.;t0, 5 

II87,0 :" o, 3 

1206 ,.., 0,4 

1263 2,2.;t0, 3 

1300 I,2.;t0,3 

I303 o, 9.;t0, 3 

[319 1,6.;t0,3 

[328 I,3.;t0,3 

[348 0,8.;t0,2 I 
[352 o, 6.;t0, 2 

:361 0,3.;tO,I5 

:412 o, 7.;t0,2 

519 1,0.;t0,2 

-
588 0,5.;t0,2 

I 2 _3 4 5 _6 ..2_ 

118. !596,8 I,40,tO,I4 !598 0, 6,±0,3 
49. !670,3 0,56,±0, 0 7 ! 667 ..... r,o 
50. ! 757,3 0, 4!,±0, 05 - -
5!. !790,3 0,24,±0,03 !79! 0,6,±0,3 
52 . !862,3 0,53,±0, 06 - -
53. !903,2.:) - !905 2,2 
54. !92!,6.:) - - -
55. !942,5.0:) - !941 !,2 
56. 2253,3.:) .. - ... 

' 57. 2258,2.:.1 - - -
58. 2265,4.:) - - -
59. 2366,3 0,47,±0,05 237! I,I 
60. 2376,2 o, 72,±0,07 
6!. 2406,2 0,52,±0,05 2403 -o,8 
62. 252!, 7 o, I2,t0,'02 2526 < 0,3 
63. 2536,7 0,2!,±0,02 .. -
64. 2589,0 0,20,±0,0! 2i82 < 0,3 . 65. 2620,! 0,!4,±0,02 - -
66. 2667,7 0,09,±0,02 2667 < 0,2 
67. 2698,8 O,IO,±O,OI 2707 < 0 ,4 
68. 27!0, 7 O,IO,tO,OI 
69. 2720,7 0,!3,±0,0! ... -
70. 2796,7 o, 030,±0, 003 2803 < o,r 

.:) OnpeAeReHW TO~hRO 3HaqeHHS aHeprHi ROHB8pCHOHHWX a~eRtpOHOB. 
a) TopoK~aHhHwl •ecrxaaaopuwa J8 .. cneKrpowerp. 
6) Maruxruwl JS -cneKrpowerp c ABYXXparuol ~xycxpoBKOI 

sa yro.1 r, ri' . 
1 

/_
7 9 

.s 'J 
':1}( )( I< 

10"' • ·10 - ~ " /8 . B) IHTeHCKBBOCTK onpeAelleHW KaR ~ /01,
1
,g :J... ,/(6 - :f~t.IO~~ 

13 



T a 0 n H u a 2 I 2 

0TBOCHTeAl>HWe HHTeBCHBHOCTH ~-~yqel I52lf~ 
30. I3I9 

n Ge (L;)_ ,llerenop KoaxcHaJil>Hwl nn 
(0,7 cw2 x 0,35 cu) G~(.Li)-.lleteKrop 

E_r 9 K8B 'c. E~ ,KaB :;. .. > 

I 2 s 4 5 

31. I328 
32. 1350 
33. 1361 
34. IU2 I ] 

35. I447 

I. Il7 I, O .± 0,5 
2. 27I I68, 5.t6,5 
3. 3I5 I8,3.t3,6 
4. 344 - 1000 
5. 432 <2 
6. 4II 54,5.±3, 0 
7. 497 6, 7 .±I , 4 
8. 5II 203,8.ti8,5 
9. 527 8,5+5,7 

IO. 543 5,2.±2,7 
II. 587 I32,5.:ti4,6 
12. 615 <3 
13. 623 20,6.±0,6 
14. 675 I0,2.;t2,0 676 6,8.;ti,5 
15. 704 42,I.:t89 2 704 20,2.:t6,0 
16. 753 6,6.;t1,4 
17. 766 56,0.t10,0 766 28,7.:ti2 
18. 779 67,2.:t7,4 780 58, 7.:ti2,0 
19. 930 27 ,4.;t5,2 930 14,8.±3,0 
20. 975 60, 7.±7,2 975 60,7 
21. 991 8,9.±1,7 991 35 ,5.tiO,O 
22. 1048 <8 I048 < 4 
23. IIIO 34,2.;t8,0 1IIO 36,6.;t7,0 
24. Il38 8,2.±1,9 II38 9,0.±1,8 
25. II88 7' 4.:t2' 5 II88 3,6.;t0,7 
26. 1206 3,4.±1,7 1206 2, 7.:ti ,o 
27. I236,7 <1,0 

36. 
37. 
38. 1519 

I 
I 

39. I565 I 
40. 1588 
41. I598 I I 
42. 

43. I I668 I I 
44. I76I 
45 . 

46. I I865 I I 
47. I905 I 2~ 
48. 
49. I 1945 
50. 
51. 
52. 
53. 
54. 
55. 
56. 
57. 
58. 
59. 
60. 
61. 
62. 
~ 

28. 1263 99 l.:tl 93 

I 
1263 I II,4.:t2,3 

29. 1300 I 25,1.;t3,7 1300 25,0.±2,5 
~) lureKCXBHocrx o 

14 



JtCIIaJll>Hwl 
KTOp 

3B 

5 

6,8_±1,5 
20,2;t6,0 

28, 7_±12 
58, 7.,:ti2,0 
14, 8,t3, 0 

60,7 
35,5,t10,0 

<4 
36,6_±7,0 
9,0_±1,8 
3,6,t0,7 
2, 7_±1 ,o 
<1,0 

I 
II,4,t2,3 
25,0.±2,5 

I 2 ·3 

30. 1319 I8,9,t2,3 
31. 1328 II ,O,t2,2 
32. 1350 I7,2,ti,7 
33. 1361 7, 7,ti,5 
34. IU2 I0,5,t3,0 
35. 14~7 ~,O;ti,O 
36. 
37. 
38. 1519 I9,3,t2, 7 
39. 1565 18,lJ,t3, 7 
40. 1588 9,1,t0,9 
41. 1598 18,3,t2,5 
42. 
43. 1668 16,0,t2,5 
~4 . 1761 5,2,ti,5 
45. 
46. 1865 I 7, 7,t5,0 
47. 1905 25,0.t5,o 
48. 
49. 1945 5,9,t1,8 
50. 
51. 
52. 
53. 
54. 
55. 
56. . 
57. 
58. 
59. 
60. 
61. 
62. 

~) IHreacxBHocrx onpe~e~eHw xax 

15 

4 5 

1319 I6,2,t3,2 
1327 I5,I,t3,0 
1350 22,2;t~,5 
1361 4,5,t0,9 
H12 9,2;ti,8 
H47 5,0,t1,5 
1484 < 2,0 
!496 5,5;ti,I 
1519 16, 7;t2,0 
1567 12,8;t2,5 
1586 16,4,t3,2 
1598 17 ,9,t2,0 
16lJlJ 6,I,t3,0 
1668 16, 7,t3,4 
1758 6,3,t1, 3 
1791 6,6,t2,0 
1862 12,6;t2,0 
1903 30,8,t3,5 
1921 9,4,t2,0 
1943 9, S.ti, 0 
2257 3,0,t1,0 
2366 3,7,t1,0 
2376 13,6.,:t2,5 
2407 • 19,2,t2,0 
2521 I,5,tO, 7 
2537 5,3,±2,0 
2570 4,0.±1,6 
2589 5,7,tl,2 
2620 - 3,6_±0,8 
2662 6,4_±0,7 
2699 5, 8,tO, 9 
27II 6,6;t2,0 
2720 <1,5 



TaO~Kita j 

Ko~K~esrw BByrpeasel EOBBepC8X nepexo~oB a I 52 Ga 

}J £ nepexoJta, a<xKI04, axcnepKMeBr o( ,!' 104 , reop&UQ8CitKe 3Ha'leHIUI/Il7 ll;ynu-X3B nn KBK 83 KBK 83 KBK xs El E2 E3 lU 112 DOJrbROC. 
t- cneu- (- cnexr- cnexrpoa f8 

pa Ia) pa 20) e-(-
COBDa,J;eRXI • 

I 2 s 4 5 b 7 s 9 IO II 

I. II7,3 5560,t3200 - - 1750 7600 28000 II500 90000 E2 
2. 27!,2 540,t8I - 524,tl20 175 620 2000 1070 4600 E2 
3. 315,0 "'374 - - II5 410 1350 690 3000 E2 
4. 344,4 3!08 ) 97 310 970 550 2100 E2 
5. 351,5~) - - 57,t2I 91 295 900 520 2000 EI 
6. 368,0 - - 53 85 260 800 460 1650 EI 

- 7. 4II,2 I87,tl9 - 148.±40 63 185 570 355 II 50 E2 
Cl> a. 432,5 > 33000 - - EO 

9. 496,7 234,t52 - - 40 II5 300 205 680 1U 
IO. 527,1 354,t24I - - 36 100 250 !90 580 E2, MI 

(E3, 1f2) 

II. 543,5 178,t98 - - 33 93 235 175 530 E2,JU(E3) 
12. 586,7 I92,t35 - I84,t39 28 79 200 155 430 EO+E2(11I) 
13. 615,6) > 50000 - - EO 
14. 6231~ 66,4,tll,9 - 50, 7,tl6,2 25 67 170 125 370 E2 
15. 675,~) 65,5,t28,8} 98,0,t44,1 49,0,t18,I 21 56 135 103 280 E2 
!6. 679,2~) E2,MI 

I 7. 703, 9 45,2,t9,I 94,0,t28,2 70,4,t21,4 19,5 51 125 94 260 E2, (KI) 

I ;;: 3 !i :2 fi '1 a 2 IQ II 

18. 752, 9« 53, O,ti9,6 - - 16,7 43 100 78 215 E2,MI 

19. 765,6 34 ,2,t6, 9 66, 7,t28, 7 16,5 42 95 75 205 E2,(1I) 

20. 779,4 17' 9,t3,2 20,4.±4 ,9 - 15,8 39,5 90 72 190 EI 

21 . 928,9) 
36 ,0,tl7,6J 

86,8J;45 , I 66, 8,t32, 7 II,O 26,5 60 47 II5 KI,(E3) ,(112 ) 

22. 931,2 
E2,1I 

23. 974,3 32, 3,t5,2 - 28, 4,t9, I 9,9 24 53 42 103 II,E2 

24. 990, 7 21 , 4.;t4,8 5,40,ti,64 9,I2,t2,92 9,5 23,3 51 40 99 E2(EI) 



llo :;>qJ,::> l'l8.;t98 - - 33 93 235 175 530 E2,1ll(E3) 12. 586,7 I92.:ta5 - 184.;t39 28 79 200 155 430 EO+E2(1ll) 13. 615,6) > 50000 - - EO 14. 6231~ 66,4.;tll,9 - 50, 7.;tl6,2 25 67 170 125 370 E2 15. 675,~) 65,5.;t28,8) 98, 0.;!:44, I 49,0.;tl8,1 21 56 135 103 280 E2 16. 679,2*) 
E2,111 

I 7. 703,9 45,2.;t9,I 94,0;t28,2 70,4.;t21,4 19,5 51 125 94 260 E2,(JU) 

<· 

I ' 3 !i ~ fi 1 a 2 IQ II 

18. 752,9. ?3,0.;tl9,6 - - 16,7 43 100 78 215 E2,MI 

19. 765,6 34 , 2.;t6,9 66» 7.;t28, 7 16,5 42 95 75 205 E2,(.1I) 

20. 779,4 17,9.;t3,2 20,4,;!:4, 9 - 15,8 39,5 90 72 190 EI 

21. 928,9) 
36,0.;ti7,6J 

86,8,;!:45,1 JU, (E3) , (112) 66,8.;t32, 7 II,O 26,5 60 47 II5 

22. 931,2 E2,1I 

23. 974,3 32,3.;t5, 2 - 28,4.;t9,1 9,9 24 53 42 103 II,E2 

24. 990,7 21, 4.;!:4, 8 5,40.;tl,64 9,12.;t2,92 9,5 23,3 51 40 99 E2(EI) 

25. 1047,9~ > 340 680 - EO 
26. II09,8 26,2.;t6, 8 24,5.;t5,4 - 7,9 19 40 30,5 75 E2,(1fi) 

27. II38,0 51,9.;t13,5 47,3.;t10,9 84,0.;t25, 0 7,5 18,5 38 29 71 E3,JI2 - 28 • II86,3 4,73.;ti, 84 9,72.;t2,58 7,0 16,5 35 26,5 63 EI .... -
29. 1206* -17, 9 22,5 - 6,9 16,3 34 25,2 61 E2,JU 

30. 1236,7 - 53 - >112,EO 

31. 1261,7 21 , 9.;!:4, 0 17,5,;!:4,0 - 6,3 15 30,5 22 ,7 53 E2, Ill 

32. 1299,5 7,04.;tl ,23 7,05.;t1,00 - 6,0 14 28,5 21 ,2 50 EI 

33. 1317,4~ 12,9.;t3,0 15 t 0.;!:4 t 2 - 5,9 13,7 27,5 20, 6 48 E2,(1U) 

34. 1326,1 14,9.;t3,2 10, 9.;t2,4 - 5,8 13,5 27,2 20 47,5 E2,(1I) 

35. 134s,r J 12,4.;t5,3 J 9,60,;tll,42 - 5,6 13 26,3 19,5 46 J E1 I.lll E2 
36. 1352,..,.. 
37. 1361,0 5,92.;t3,20 10,I.;tj,5 - 5,6 13 25,7 19 44,2 E2, (E1) 

38. 14II,7 7,52.;t2,52 8,60.;t2,28 - 5,2 12 23,5 17,5 40,5 EI,(E2) 

39. 1447,2 7,98.;t3,03 6,29.;t2,68 - 5,0 II,2 22 16,5 38 E1(E2) 

40. 1484,0 - >58 - 4, 8 IO, 7 20,5 15,5 35, 2 > K3,EO 



;;; 

I 2 3 4 5 6 7 8 9 10 II 

41. 1496,0 - 13,8.±2, 8 - 4,7 10,5 20 15,0 34 , 2 E2,KI 
42. 1518,4 6,46.±1,20 7,4 7.±1,27 - 4, 6 10,2 19,4 14,7 33 E2,(E1) 
43. 1560,2 6,II.±1,54 8, 78.±2,19 - 4,4 9,7 18,2 13,7 31 E2 (E1) 
44. 1585,8 20, 7.±3,1 II,5_±2,6 - 4, 3 9,4 17,8 13,2 30 111,E2 
45. 1596,8 II ,6.±2 10 II , 9.±1, 9 - 4,25 9,2 17,5 !3,0 29,5 III ,E2 
46. 1670,3 5, 32.±1 ,09 5,09.±1,23 - 3,95 (l,5 16,0 12,0 26,5 E1 
47. 1757,3 12' 0.±3, 8 9,92.±2,43 - 3-60 7,7 :t4,6 10,7 23,2 E2,MI,(E3) 
48. 1790,3 - 5,53.;t1,83 - 3,50 7,4 14,0 10,2 22,1 E2,(EI) 
49. 1863,3 4,55.±1,41 6,40.±1,28 - 3,25 6,9 12,8 9,5 20,0 E2 
50. 1903,2~ -vl3,4 10,9 - 3,15 6,6 12,3 9,0 19,4 E3 
51. 2366,3 - 19,3.±5, 7 - 2,21 4,5 7,9 5,5 II, 7 112 
52. 2376,2 8,05.±1, 72 - 2,20 4,5 7,8 5,4 II,5 Ill, (E3) 
53. 2406,2 4,12.±0,62 - 2,18 4,4 7,7 5,3 II,2 E2 
54. 2521,7 12,2,±6,1 - 2,05 4,0 6,9 4,8 10,0 112 
55. 2536,7 6,03.±2,40 - 2,00 3,9 6,8 4,7 9,8 E2, .Ill, (E3) 
56. 2589,0 5, 33.±1 ,20 - 1,95 3,8 6,6 4,6 9,6 II u• E3 
57. 2620,1 5,92.±1,60 - 1,92 3,75 6,5 4,5 9,1 III HU E3 
58. 2698,8 2' 62.±<>, 51 - 1,86 3,65 6,35 4,2 8,5 EI 
59. 2667,7 2' 14.±0, 55 - 1,88 3,70 6,4 4,35 8,8 E1 
60. 2710,7 2,30.±0, 74 - 1,84 3,60 6,3 4,2 8,4 E1 
6!. 2720,7 13 - 1,84 3,60 6,3 4,15 8,4 > K3,EO 

«) HH reHCHBHOCTH K-~KHBI KOHBepCHOHHWX 3~eXTpOHOB B3HTW IS paOOTW , 
a) ~- cnexrp I noKyqea c noxo~hm repxaaHeBoro no~ynpoBo~HHKOBoro ~erexropa pasxepox 0,7cx2X0,35 eN. 
O) r - Cn eKtp 2 flO~yqea C UOXO~hm KOaKCHaAhHOrO repxaHKeBOrO no~ynpOBO~HIKOBOrO ~eteRtOpa, 

B) 3xcnepaweHta~hawe xos~a~earw KOHBepcaa onpe~e~HAHCh B npe~no~ozeHxx, qro ~eXOA 344,4 K3B 
HBAHeTCH nepeXOAO¥ THUa E2, 

N N 0 I N 0 '<>-t>-11< ::>: 

+ + + 
+ + 'g=~.g~!!l 

:: ::: ::: 
- - "'IS:O:I»<Dtc 

;;! ~:: ~ 
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w H 0 
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1.0 0'1 

CXl \0 .;-'1 
w H H 

-
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1\) 0'1 'dill 
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c.> txld 
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-.:r 0\ 
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