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C nOMOWbiD CllHHTHnnaaHOHHOrO cneKTpOM9Tp8 H ~ -cneKTpOM9Tp8 C Tp9XKp8THOA 
147 

cj>oKycaposKoA ny'IK8 accneuos8nocb n03HTpOHHOe aany'leaae aaoTon8 Gd ( T~38,5 '18cos), 

npen8p8TOM cny~Hn8 cj>p8KilHH ranonHHHH, XpOM8TOrp8cj>H'IeCKH OTUeneHH8H OT npyrHX 

p9UK039M9nbHbiX 3n9M9HTOB - npouyKTOB p 98KUHH rnyt50KOrO OTWenneHHH H8 T8HT8ne 

( E P -660 Mas). T8HTanosaB MHWeHb o6nyqanacb 2 qaca, XHMH'IeCKoe p8aneneHl!e nnH-
147 

nocb 3,5 'lac a, noMHMO Gd , cj>p8KilHH couep~T H30TOnbl r8nonHHiiH c A •153 (200 nH), 

151 \120 UH), 141) "(IJ,3 UH), 146 (46 UH) H 145 (25 MHH). KpoMe TOrO, B npen8p8T9 

H8K8nnHB8IDTCH uo'lepHHe H30TOUbl Eu • 0UH8KO nepHOUbl nonyp8cnan8 nepeqacneHHbiX 

aaOTonos Gd H uoqepHHX aaoTonos Eu 3H8'1HTenbHO oTnH'I8IDTCH OT nepHOil8 nony-
147 

p8cnan8 Gd • 'ITO noasonano H8M uosonbHO nerKo p83nH'IHTb aanyqeHae Gd 147 

OT H3ny'I9HHA upyrHX H30TOnOB, 

147 
11ay'leHHID p8cnana aaoTon8 Gd noCBBWeH PM p86oT. Hau6onee nonao ·y 

cneKTp aay'leH B pat5oT8x
11

-
31

• KoHsepCHOHHble aneKTpOHbi, conposolKil8IDmae p8cnan Gd
147 , 

aayqanHCb B p860T8x
1 1

•
3

-
71

• 11MeiDTCB T8K~e pa60Tbi, rue H3Y'I8nHCb cneKTpb! y- y

cosn8neHua
12

•
31

. 

147 147 
CxeMa p8cnan8 Gd - Eu snepsbie 6bma npeu.'lolKeH8 B p86oTe AHTOHbesoA 
/ 5/ /3 / 

H up. H8 OCHOBe 3HepreTH'I9CKoro 6anaHC8, noauHee CopOKHH H MnTpocj>aHOB non-

TBepuHnH H HQCKOnbKO UOnOnHHnH npennolKeHHYID CX9MY H8 OCHOBe nony'IBHHbiX peaynbT8-
/7/ 

TOB no H3Y'I9HHID y - ·y -COBn8U9HHA. ABOTHH8 H np, H8 OCHOB9 3HepreTK'19CKOrO 

68n8HCa 3H8'1HT9nbHO nononaana cxeMy p8cn8U8 
Gd 147 _ Eu 147 

147 147 /8/ 
0 noaHTpOHHOM H3f4

7
'1eHHH Gd - Eu coo6w8nocb B pa6oTe • 6bino ot5H8py~eHo, 

'ITO npH p8CU81l9 "Gd B03HHK8IDT n03HTpOHbl C rp8HH'IHOA 3HeprueA 1020 K9B, 

B 118WHX onb!Tax 6bln8 nocTasneH8 381!8'18 H3Y'IHTb {3 + -cneKTp 
147 

Gd H BbiHC-
147 

HHTb, K8KHe ua yposaea Eu a8cenHIDTCH noaaTpoHHbiM pacn8LIOM Gd 147 

llnH 3TOA nena H3Y'I8nHCb TpOAHb19 COBnaQQHHH MBlKUY y -KB8HT8MH 511-511 K3B 

H seeM y -cneKTpOM, 6nOK-CX9M8 HCnOnb30B8HHOA yCT8HOBKH H306palK9H8 H8 pHC, 1, 

lleTeKTOpbl H II COCTOSIT H3 cj>oTOyMHO~TeneA THna 4>3Y 1C C KpHCTannaMH NaJ(T.!) 

paaMepoM 4 ,0 x 4,0 eM, a neTeKTop Ill - ua cj>oToyMHO~HTenB M12 FS 100x) c KpHCT8n

x) 
npoaasoucTso aasona VEB Carl Zeiss - J ena. 



noM Na J ( Tl ) p a aMepoM 7 ,0 x 5 , 0 CM. 3uepreTB'I&CKoe paapemeuae, B3Mepeuuoe no ·Y-
137 

IIHHHH 662 xaa Cs , COC'I'BBIIB&T 8
1 

9 a 11% B AeTexTopax I , II , Ill , cooT-

aeTCTBeuuo. B ee Tpa A&TexT opa 3 8liiHlii9Bbl Apyr OT Apyra CBHHUOBbiM noriiOTHTelleM, 

PeCCTOaHHe OT A&TeKTOp OB A O npe nap8 T8 C OCTSBIIBeT 4 CM, 

npHHUHn AeliCTBBB yCT8 HOBKB H M 9TOABK8 B3MepeHHB B 0 0p800 TKH peayn&TSTOB ODH-

191 
caHbi a paooTe • 

CnexTpbi TpoliBbiX coanaA&HBll 
147 x) xx ) 

Gd aaoopalK& Hbi ua puc. 2a • BHAHO, 'ITO 

B cneKTpe H861IIOA89TCB IIKllib cjloTOnHK c E y •230 K9B, noaTOMY Dp9 ACT8BIISI&TCSI paayM-

HbiM npeAnonolKHTb, 'ITO KaKaSI-TO AOIISI n03HT pOHOB aac en11eT ypoa eHb 2 2 9 KaB, Auan~a 

HHTeHCIIBIIOCTH COBfl8A9HKll 8HHHI'KIIIISIDH OHHbiX •y - KB8HTOB C ·y - lty'I8MH C 9H9pi'Hell 

230 K3B flOK83biB&eT, 'ITO (90;t_20)% 'IHCII8 fl03HTpOHOB 1 B03HHK810IIIHX npH paCn8Ae 
147 

Gd 

38CeiiBIOT y poB&Hb 229 K9B, !1CXOASI H3 CXeMbl pacnaAa 
147 147 1101 

Gd - Eu , M&TOAOM Tpoll-

Hb!X COBn8A9HHll TPYAHO 6blll0 peWHTb 1 xyua HanpaBKTb OCT8BWYIOCK AOlliO 1103HTpOHHOI'O 

paCn8A&; H8 OCHOBH09 COCTOSIHI19 HIIH HS K30M&pHbJJI ypoBeHb C 9HepraeJI 626 K3B, 

+ 147 
abmonueuo nonpo6uoe aay'leHH e ll -cnexTpa Gd c no-noaTOMY H8MH Ob!IIO 

MOII!biO {3 -cneKTpOM&Tpa c ·rpexxpaTuoll ¢ oxycapoaxoll ny'lxa
111 1

• CneKTp n03HTposoa 

OK8381ICSI CIIOlKHblM, Qu COCTOHT Ha ABYX KOMflOH9HT C rpaHH'IHbiMH aaeprHSIMH (970;t_15) H 

(1250;t_50) K3B H OTHOCHT911bHbiMH HHTeHCHBHOCTSIMH 7,1:1,0 (puc, 3 H 4), KOMflOH&HT8 

c rpaHK'IHOll a u epruell 1250 ;t.50 K3B Ob!II8 oouapy}f(eHa BnepBbJe . Cpaaueuae 3TH X pe3y11h

T8TOB C Jl8liHbiMII no TpOl!HbiM COBn8A&HHSIM flOK83biB89T 1 'ITO OCT8BIIIH&CSI 10% n03HTpOH-

147 
HOI'O paCn8A8 ( Erp a 1250 K3B) npOHCXOASIT H8 OCHOBHOe COCTOSIHHe Eu (puc, 5), 

147 147 
TorAa cnenyeT, 'ITO paauocTb Mace BAep Gd a Eu paaaa(2220;t.15) K3B . 

Pac'leT no nony3MnHpK'IeCKHM ¢opMynaM B pa60Tax
1 12

•
13

•
141 

naeT nnst paauocTu Mace 

3 THX nnep, COOTB9TCTB9HH0,3H8'19HHe 2148, 2329 H 1906 K3B, 

11HTeHCIIBHOCTb n03HTpOHOB l5blll8 Cp8BH9H8 C HHTeHCHBHOCTbiO K -KOHB9pCHOHHOll 

IIHHHH nepeXOJl8 C h V • 932 K 9 B (pHC, 4), 0 THOmeHHSI HHTe HCHBHOCT9ll p8BHbJ: 

I tJ + (970) 
( 2, 75 + 0,40) 

I f3 + (1250) 
= ( 0,40 + 0,06 ) . ( 1) 

I K 9 a~ I x 9 a~ 

nocKOllbKY COCT8B CMeCH ( Ml + E2) JliiSI MY11hTHnOIIbHOCTH nepexona 932 K 3 B TO'IHO 

He H3B9CT9H 1 Mbl B OTHOW&HHSIX ( 1) nepemiiH OT HHTeHCHBHOCTH K932 K HHTeHCHBHOCTH 

K229, acnollbayst JlBHHhie paooTbt AaOTauoll a np/
7 1

• Koa <P<PauHeHT a Jl llst nepexoll a 
K 

x ) o 
J13M9p9HH09 B reOM&TpHH 180 II 90 , 

xx ) 
CneKTP pa3HOCTH CM, ua puc. 2 6 , 

4 

229 K 3 B B 3BeCT9H C XOP~ 

B cxeMe pacn 8Aa Gd 

XOABT B8 ypOB&Hb 1555 xa: 

uol HBTeucuauocn.IO nepex 

BOCTb nepeXOA8 229 K 9 B C 

D03BTpOBOB, BCDOIIb3YK Dei 

I tJ -+(970) • ( 0,2 

3TO D03BOIIHIIO H8M o npeJ 

B OCHOBBoe COCTOKHHe 

0TcJOA8 NOli<BO 3 8KIIIO'IBTb, 

111>11, a fJ + -nepeXOA B oc 

KpaTBO 38UpeiJleHBNN, 

nOBy'leiiJILle BIUIJI CB 

pBKT9pBCTKK8ll OCHOBBOro 

DaH0'18CTB'IBOA NOAeiiB, MC 

BOA a llP•/
5

/ a Cop0J[JIB8 

7 12. B aTax lKe paoOT 

XApSKTepMCTBJJ: ( d 5/2 ) 

firur o61.RCB910Ul flOIIJ 

· np&llDOIIO .. Tb, 'ITO OCBOBB 

npa 9TON np&lliiOM&BHK 3 8 ' 

aa yposeBb 626 xsa, Bellll 

83 08118BC8 RBT&BCKpBOCTE 

3aupemeB~~I>~I, Ha CAenau a 
147 

BBK Gd ~ -nepexoa E 

TpyABee 6LUlo o«n.acuan. 

BHM, 'ITO OCBOBBoe COCTOB 

ABBllrllH 38Dpelll&IIJILlM ( KJ 

BOII.MT JJ: TONy, 'ITO lo& ft 

finK OKOB'I8T&IIbBOI'C 
147 

Gd 

ypoaael 

B&OOXOilKM 6onee 
147 

Ew 



meaae, H3Mepeaaoe n o ·y -

ropax I , II Ill 1 COOT-

CBHHnOBbiM nornOTHTeneM. 

ipa60TKH peaynbTBTOB OIIH-

xx ) 
aa puc. 2a • Banao, no 

>My np&.!lCTBBIISI8TCSI paayM

pOB&Hb 229 xsa. Aaanaa 

·y -ny'laMH c aaepraell 
147 

KBIOli!HX npa pacnane Gd 
147 / 10 / 

- Eu , M&TO.!lOM Tpoll-

IYIOC SI .!lOIIIO n03HTpOHHOI'O 

saepraell 626 xsa. 

+ 147 
-cneKTpa Gd c no-

I ll 1 
CneKTp noaaTpoaoa 

!>IMH SHapi'HSIMH (970!_15) H 

ac. 3 e 4), KoMnoaeaTa 

• Cpaaaeaae sTHX peayn&

CTaamaecH 10% n03HTpOH-

:TOSIHH9 Eu 
147 

( pac. 5), 

147 
:u paaaa(222Q!_l5) KSB, 

IB&T llJl!l p83HOCTB MBCC 

TblO K -xoaaepcaoaaol! 

!HBHOCT&II p8BHbl: 

: 0,40 + 0,06 ) • (1) 

'H nepexona 932 KSB TO'IHO 

I K932 K HHT&HCHBHOCTH 

&HT a K nnH nepexona 

/3-5/ 
c xopj)Jil_ell TO'IBOCTbJO • Ha 6anaaca HBT&HCKBHOCTell n epexo)lOB 

147 /3 9/ 147 
229 XSB B3BaCT&B 

B cxeue pacn8Aa Gd aaaecTao ' , 'ITO - 50% < -nepeXO.!lOB Gd npoac-

XO.!lSIT B8 ypOBaBb 1555 XSB, CpaBBHB IIOJlBYJO BBTaBCHBBOCTb nepexona 229 XSB C cyMMap

BOII HBTaBCHBBOCTbJO nepeXO.!lOB pa3piVK810JllHX ypOB&Bb 1555 X3B, nony'I88N1 'ITO HBTeBCHB

BOCTb nepaXO.!l8 229 XSB COCT8Bnli&T 80% B8 p8CII8Ao ll.nB aiSCOIIlOTBOII HBTeBCBBBOCTB 

n03aTpoaoa, acnon&ayB nepeqacnaBHbla <jlaxTbl, nonyqaeu: 

I tJ-+(970) • (0,20!_0,04)% H I tl+(l250) • (0,028!_0,006)%, 

+ 
3TO II03BOnHJlO HBM Onp&.!l&JlHTb 3HB'I&HHSI log ft f3 -napeXO.!lOB B8 ypOB&Bb 229 ISB H 

147 
B OCHOBHO& COCTOSIBH& Eu 1 IOTOpb18 paBHhl (7,9!_0,2) H (9,8!_0,2), COOTB8TCTB&BHO, 

0rcJO.!lB MOlKHO 38J[JlJO'IBTb, 'ITO tl + -nepexo.!l aa ypoaeHb 229 IaB - O.!lHOipaTao aanpemea-
+ 147 

Bhlll, a {J -nep&XO.!l B OCBOBBO& COCTOIIHB& Eu cneny&T OTB&CTH )[ YBBIBnbHhiM OllBQ-

![pBTBO 3Bnp&lll&BHhiM, 

nonyqeBBhl& RBNB CB&llaHBB 0 II03BTpOR8X II03BOJlBJOT BhiCI838TbCB 0 B03MOlKHhiX xa-
147 147 

pBIT&pBCTBiax ocaoaaoro cocTO.SIIIIlB Gd • Ocaoaaoe COCTOIIBII& Gd , cornacao 

DaRO'IBCTB'IROII MO.!l&JlB, MOllt&T iShiTb COCTOBHH&M j 7/2 B1III b 9/2, 8 paiSOTe ARTOBb&-
/5/ /3/ 

aoA • np. a Copo)[Baa c MaTpo<jlaBOBLIM OTnaeTCB npeJlUO'IT&BHe xapaiTepacTBJte 
117 

7 /2, 8 STBX lK& pa60TBX Ol>ocBOBLIBB&TCB npllDBCBBH& OCBOBBONY COCTOBBJIJO Eu 

xapBITepBCTIII ( d 5/2) ypOBBIIW 229 B 626 K8B g 7/2 B h 11 /2) 1 COOTB&TCTB&BBO, 

ll.rur o6r.BCB&DB nonyqeHBhiX BBNB B&JlB"YfT 
+ 

log ft nns {3 -nepexonoa aylKHo 

· DpellDOJlOlllK"n>, 'ITO OCBOBBO& COCTOBHB& Gd BMeeT X8p8KTapBCTBKB h 9/2, npaB.!l81 

npB 9TOM np&ll110lK&DB 34TpYllRBTenbHO 061.BCBHTb B&nB'IBBy log ft 111111 < -nepexona 

HB ypoB&Bb 626 K9B, 8&JlB'IBB8 log ft < -nepexoaa aa STOT ypoBeHb, nonc'laTaaaaR 

aa 6anaaca BHTeacapaOCTell •Y -nepexonos ( 7,5), xapaiTepaayeT ero Iax aeO.!lHOipaTao 

3Bnp&lll&HBhiA, Ha C.!l&JlBBBOI'O BANK UpB)lliOJlOlK&BilSI 0 xapaKT&pBCTBIBX OCBOBBOI'O COCTOSI

BHSI Gd 
147 

< -nepexon aa ypoB&Hb 626 xaa cnenosano ISH npaaSITb aa paapeweBHhlll, Eme 

TpynBee 6hiJlO o61.BCBHTb BenB'IBftY log ft E -nepeXO.!l8 HB 9TOT ypOBQHb B npa.!lliOJlOlK&-
147 

BHB, 'ITO OCHOBBO& COCTOBHBQ Gd TBD8 f 7/2, 8 9TOM cnyqae E -nepeXO.!l SIBJlR&TC!I 

.!lBBllll!LI aanpemeHHLIM ( KpOMe Toro, aanaraeTCR eme aanp&T no qacny t ) . Bee aTo npa

BOJlllT I TONY, 'ITO log ft • -nepexona aa ypoaeHb 626 li:SB AOJllK&B 6h1Tb paaea IS. 

ll.nR OIOH'I8TanbBOI'O peW&HBSI BOIIpoca 0 X8p8IT&pBCTIIXBX OCHOBBOI'O COCTOSIHBB 
147 

Gd aeo6XOJ1BM 6onee nonBhlll ISanaac aaTeaCIIBHOCTell y -nepexonoB B cxeMe 
147 

ypcmaeA Ea 

5 
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