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Bsettenne 

ITp• PaJUIOBJ:THBHOM p acnatte neliTponotte<jlHIOITHbt X nooTonos r a ttonHHHst B0.'30Y lKliBIO'r

cst yp OBHH >I.D.ep espORH S!, ITonO)KeHHe B I<BaHTOBhle X11p8 Js:T e pBCTHKR 9 THX COCTO S!HRII E\ K Q

Js:Oli-TO cTeneiD! o 6 'bstCH SilOTCII Teo pHei! >I.D.ep Hhl x o6ono'<ex , no oaa ne MOJKeT y'lOCTh s ee 

li9T8flll CTpOeB11st K p 8Cfi8ll8 9 TKX >I.D.ep, fi OSTOMy H8K Onne HK e SI<Cn e pHMe HT8flb HOrO M8TepR 8 -

na oqellb .BQ)KRO )lfl st !10HHM 8HII II CBOliCTB 'Kpyrflh!X 1 >I.D.ep, K OTOpbte HBXOn>ITCSl B HBllOC PBli

CTBeHBOll OnH30CTH K 0 0fl8CTR ae<jlOp MHpOB8BHhlX H I<OTOphle Mor yT HMe Tb BllOflHe 38MeT

HyiO, XOTR B n e oqeBh OOnhWYIO A e<jlopManBIO, 

ITpn6opbt B BCToqnBKH 

n nu K CCne nOBaHB H J<OHBe pCB OHHhlX OlleJ<Tp OB BCfiOnb30 B8nHCb IIB8 ~ - cneXTpOMeTp8 

c IIBOlin o lt <jlo ][ycBpo s xolt n a yron rr .,j 2 • Onnn n p:<6 op c paaayco M p aenosecnol! 

OpORT hl t
0 

=500 MM BMen pa3p e W 810DlYIO CITOCOOHOCT'b 0,2% npB CBeTOCHne 0,4%/1 / • Mar

HBTHOe none rtpBOOpA B3Mepstfl0Cb B CTliOHflB3 Hp OB8110Cb M P.T OnOM rtpOTOHHOrO p e 3 0H8HC8, 

CnexTpoMeTp c t 0 • 140 M M liMen paapeWBIOIUYIO CfiOC06HOCTb 0,1 % llpl! CBeTOCKne 

0, 1 %, fiaMepeHHB MBrBHTHOrO fiOJUI T8JClKe npOB3 BOIIBliBCb MOTOnOM IlpOTOI!H OrO p e30H8 RC8 , 

3 T OT MeTon noaaonxn R3 MepBTb saeprHH n e pexon os c norp ewHOCTb iO o T 0,02% .ao 0,07%. 
169 

rpanyHpOBJ:8 npa6opoB npoH3BOIIBfl8Cb no nBKKKM Yb • p anBOBI<THBHOro ocan KB 

TOpRSI H npyrBX B30TOfiOB, 9 Hepr11B JCOTOphlX B3BeCTH8 C XOp OWCll ToqliOC TbiO, HCTO'IBRI<8 W.H 

cnylKIInR B30Tonht rattonnllllesolt <jlpaJ:ItKB peliJCBX a eMe flh, I<OTopaB nonyqan acb B peayr.h

TaTe o6nyqeHBB TauTanosoll • sp6xesolt Mnweae lt npoTouaMH c a u e pruefi 660 .~ae n a 

cnuxp.on:xKnOTpone OH.HH. ITponon)KBTCflhHOCTb o6nyqoRB st K one6 anacb OT o n uoro no necstTB 

'118COB. 

ITocne XHMBqe CI<Ol' O BhliiCfleHIIH fi8HT8RBnhl paanenAARCb XpOM8TOrpa<jlR'f9 CJ:HM M e To-

/2/ u ' 
n OM l!O <jlp8 KllHHM , < OCTb BCTOqHRKOB O'IHIU8fl8Cb BTOpR'IRO OT B03MOJKIIblX llpRMece li , 

A KTBBROCTb Bb!C8JKRB8 n 8 Cb a neKTponRTB'IeCKH H8 fi030noqeuuyiO M e !UfYIO RpoB OfiOKY ,[IB 8MeT 

poM 0,1 MM HfiB H8 3 0flOTYJO BflR nnaTIIHOBYIO <jlonbry WHpHHOll OT 0, 2 no 2 M M H TOflntR 

HOII 1,8-5,9 Mr/cM
2

, 

3 



B cne~Tpe Jwaaepcaoasblx sneJ<Tposoa sa6nJOAa1IBCb nHJIBB cneAyJOmsx H30Tonoa: 
146 147 149 

Gd ( Ty, •46 ABell); Gd ( Ty,•38,5 'lac); Gd ( Ty,=9,3 IIBH); 
151 ) 153 

Gd ( T y, ~120 liB 11 Gd ( T y, =200 liB.), a TaxJKe IIO'IepBHX 
146 147 149 

1130TOilOl'l Eu ( T y, --4,5 IIH.) ; En . ( T ;.,r=24 liB.); Eu ( T Y, •90 liB,), 

Y'lnC.TKn sKcnepiiMeuTallbHoro KOHaepcaoaHoro eneKTpa rauollllaxeaoll ljlpa~IUIB npeA

e-raaneHhl Ha pliC, 1-8, npliHallJI9 lKHOCTb nepeXOilOB TOMY Bliii HHOMy H30TOllY Onpell91ISIJI8eb 

no nepaony uonypaenana, pa3HOCTII saeprxA K- B L -xoaaepeBOHHblX iiHHllll 11 aocnposa-

BOIIiiMOCTII OTHOCHTP..'IbHbiX IIIHT9HeJIBHOCTell B pa3Hb!X lleTO'lHHK8X, 

npa BCell&IIOBaHBII r8!101Il1HBeBOll <jlp8KUHB 6bi1IO H8fiii9HO T8~lK9 60llblllCo9 'lHCliO KOH

BepCHORHLIX liHfillll, pacnanaBlllBXe!l C nepKOAaMH nonypacnaAa, 61IH3l<HMB ~ nepHOAaM H3Q

TOUOB Tepi5HSI, 3aeprBH 91I9KTpOBOB 111111 9TJIX liHBllll: 

T y, - 4 - 10 'IBCOB 

202,2; 205,9; 235,3; 263,2; 612,6; 665,8; 691,1; 846,9; 1192,.2; 1320,6 X9B, 

T~~ 16 - 20 '18eOB 

5,51; 0 , 13; 6,24; 30,4; 201,6; 206,4; 207 ,0 ; 611,6; 662,1; 940,0; 1196,5 J[9B. 

T y, - 25-27 'laeoa 

28,5; 28,7; 29,5; 75,49; 103,76; 104,51; 116,11 ; 124,78; 186,0; 

264,5 ; 664,6; 994,3; 1322,9 1<98. 

Ty, = 4.5 - 65 'l8COB 

203,3; 205,5; 237,1. 

13,33; 14,01; 19,66; 26,96; 34,98 ; 58,06; 60,24; (64,55); 26,92;27,61; 27.95; 28,22; 

28,71; 50,91; 51,71 K9B . 

Ty,- 3,8 - 5,3 llHSI 

(11,52); (12,67); 17,0; 17,20; 35,92; 76,28; 77,5; 78 ,46 ; 81,40; 83,44; 102,96; 504,3; 

614,7; 678,1; 686 ,2 ; 899,2; 906,0 1<98. 

T y, ~ 20 ABell 

20,52; 25,86 ; 29,67; 29,93; 49,39; ( 

103,60; J23,QO KSB, 

(49,71); 61,21; 61 ,65; 71,28; 75,66; 89,62; 

n a T e p a T y p a 

1. E .n.fpKr .>p:bes, IO.C.Eropon, A.B. 3 onCTauaB, B.O.Cepreen, M.H.Coauoa. Has, AH CCC!-', 
(eep. cj>aa.), ~ 721 (1965}. 

2. A.4>. Honi'opo~;oa, B.n.Ko'leTKOB, H.A.ne6eriea, B.A.XallltBB. P&JlHOXIIMliB, ~ abln, 1, 
CTp, 73 (1984), 
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Pacn&Jl 
146 

146 
Gd llpOHCX< 

Eu c s aepr aell 385 xsa. ! 

(eM. psc. 9 • 10) . B llBBBOll P• 

115,57 :!:_ 0,10 B 154,70 :!:_ 0,10 I 

Tpa nepexo11a BM9JOT MYlibTBnon 

noBeKK B03MOlKBbiX np RMW 

I. 11 RTeaeaaaocTb 

MeBbme, '19M 5•10-5 OT 

K -1TH . 

K-1 5· 

2. 06aapy zea nepexo.ti e s 

K -xosaepeaoaaoll JTBHHB 2'10-4 

3. HaTeaeaaaocTb K -nHHHl 

M9BbWe 10-
4 

OT K-154,70, 

0-reJO.tia ene.tiyeT, 'lTO nepe: 

JKe ypoaae ... 

H aH6o1Ibmee 'IBCIIO JIHIOill B 
147 

Gd ( eM. pxe. 1- 8). 

nepHO.ti nonypaenans Gri 
14: 

/ 1,2/ 
paMH C norpeJUHOeTbJO H e Ml 

3HB'lHTellbHO 6onee CHIIbHblX HCTo· 

TeHeHBHOeTH K - Koas epcnoaahJX . 

a Te'leHB e ropaano 6onee .ti1IHTe~ 

KpoMe Toro, Hcno1Ib3oaaaae ac·ro• 

MOlKHwe npKMeca. B peaynbTa"l'o L 

'lRHa (38,5 :!:. 0,5) '<aca. 

B Ta6nH!le 

CKOHHL:X 1IHHBtl 

npaae.tielihJ SHOJ 
147 

Gd • Peen 

.tina KOTop~x oneaKa nepao11a nony 

a onpe.tieneaua ~x HHTeneaaaocTell 

IIOH CTaTHeTl!KH li3MepeiJil!l H 61IH3 

HHR 0 KOHBepC!iOP.HbiX 91I9XTpOHBX 



1 ClleJ1yiOWBX H30TOliOB: 

=9,3 l.(Hst) j 

8 T8J<lKe J10'16pKHX 
149 

Eu Ty, •90 na.). 

1UOnBRH6BOA ¢p8J<URR npeJ1-

IHOMY H30Tony onpenenMaCb 

)CHORHblX llHBRll II BOCllpOB3-

ax. 

'8J<lK6 60IIbWOO 'IHCIIO J<OH-

611H3J<HMB It nepllOJ18M H3Q-

1192,2 ; 1320,6 1<311, 

940,0; 1196,5 1(91'1 . 

6,0; 203 ,3; 205,5; 237,1. 

6 ,92;27,61; 27.95; 28 ,22; 

81,40; 83 ,44; 102 ,96; 504,3 ; 

5; 7 1,28; 75,66; 89,62; 

en, M .H.Co8ll08. !138. AH CCCI-' , 

i . P BJlllOXllMIIII, !!.. 8biU. 1, 

Eu 

146 
Gd 

PaenBJl Gd 
146 

PacnBJl 
146 

c saeprzeA 385 Jts8. B sTOM >111pe aa6nJOJ18JOTCst Tpll J<acJtaJ1BhiX M 1-nepexona 

(eM. pxc. 9 x 10). B naaaoA pa60Te yTO'IHeHbl saeprws 9TKX nepexonoB: 114,75~0,10; 

115,57 ::!:_ 0,10 H 154,70 !_ 0,10 l<SB, no OTBOWeiiJIJOK:L
1 

: L
11

' : L
111 

yeTRBOBil&IIO, 'ITO see 

TPH nepexona HM&JOT MYilhTHrrollbaocTb MI. 

noaeJ<H 803MOlKBblX UpiiMWX nepeXOJ10B npHBeJIR It Cll9J1YlOWliM pe3yllhT8TRM: 

l. HaTeHCW8BOCTb K -nHBHll B03MOJKBoro nepexona 230 ,3 1(98 ( 114,75 ~ 115,57) 

MeBbme, '19M 5•10-5 OT K-154,7 X98. 

2. 06aapyzea nepexon e 9BeprHell 269,5 Jt9B (114,75+154,70) c HHTelJeH8BOCTbJO 

K -Jtoo<BepeaoaaoA lll!Hl!H 2"10-
4 

OT K-154,70. 

3. HaTeHCB8HOCTh K -nBHHH 80..~MOJKHoro nepexona 270,3 Jt3B (115,57 + 154,70) 

MeBhme 10-
4 

OT K-154,70. 

0TCIOJ18 Cll&J1y6T0 'ITO nepeXOJlbl 114,75 lt98 H 154,70 1<98 CBlJ31lBbl C O.UHBM H T9M 

JKe ypo8aeu. 

147 
Pacnan Gd 

Hau6ollbmee 'IBCilo IIBH11A 8 cneKTpe ranoHHHRe8oll ljlpaKnHK n03HBKueT np11 pacna.ue 
147 

Gd (eM. pxc. 1-8). 

ITepHO.U nonypacna.U3 
147 

Gci .uo aacTom.uero 8peMeBH Gbi:I B3Mepea pa3HbiMII asTo-
/1 2/ 

paMM ' c norpelUHOCTblO ae M&Hhwe oas:oro 'iaea. B .uas:aoll pa6oTe H3-3a npaMeRelllln 

3HB'IHT€'11hHO 6onee C'HJlbHblX HCTO'lHlUCOB OKB38nOCb B03MO>KHblM fiJ.JOCnenHTh C:JI8.UBHBe UH-

TeHCIIBHOCTB K -J<oasepcnoBHbiX nsaBll rrepexoaos c saeprHst.MH 229,21~ 370,0 H 396,0 Ks B 

B Te><e HBe ropa3.UO 6onee .UilHTe.llhnoro npoMe>KyTKa apeMena , 'leM, nanpllMep, s pa6oTe
111

• 

KpoMe TOro, HCnollh3osaaae Hc·ro'<ID(XOB OT pa3HbiX o6ny'leanll n03sonnno ncxnJO'IHTb B03-

MOlKHbie ;.pHMecll. B pe3y11bT8'l"O .un<~ rrepao.ua rronypacna.ua Gd 
147 

6btna nonyqeaa sena

'<HHa (38,5 :!:_ 0,5) '18C8, 

B Ta6nHtte npHBe)leHbl 9BOpl'HH rr epeXO.UOB H O'IBOCHTellbHU:e HI!TeHCHBllOCTH KOHBep-

CKOHHlUX JIHHBA 
147 147 147 

Gd • Pacnany Gd Eu npHnHCHBBnRCh TOilbKO Te nHHHH, 

.ung JtOTOphlx onenJ<a nepaona nonypacna.ua .uasana aeliH'IliBY (38 ::!:_ 5) '!acos. norpernaocTb 

B onpe)1elleHBH IIX HllT6llCliBHOCTeA COCTBBIIHeT OT 5 llO 30% B 38BHCHMOCTH OT OTHOCHT611b

llOli cTaTHCTHI<H naMepeHHSI H 6nH30CTH .upyr Kx nHnHA. B 9ToA JKe Ta611Hne co6paHbi cse.uo-

HUH o XOHaepcnoHHbtX sneKTpoaax Gd 
147

, H3secTHbie no llHTepaTypHbiM .uaHHbiM/1,
4

•
51

• 

5 



PacXOli<AeHHll B HHTeHCHBHOCT!lX ffiiHHli C AHHHb! Mll, llpRBOilRMbiUH B pa60Te/
4
/, MOryT 

06~RCH9TbCll TpYilHOCTbD rpaAyHpOB~H npH6opa B /
4/ no HHTeHCBBHOCTliM H3-38 HerrBHell

HOil 38BHCHMOCTH llO"'ep a e HHll lj>OTO!lll8CTHHKH OT HHTOHCHBHOCTH H 60rrb ll!Oil llorpell!HOCTH npH 

p831lOll<eHHH llHHHI! H3-38 HX lj>opMblo 

Bhlcolt•ll pa3pewa10mall cnoco6HOCTb cnexTpoMeTpoe n03eonana o6aapyli<HTb nee H 

60nbWe ffi!HliA 88 TBX MBCTBX, rne B ApyrRX pa60T8X OTMD"'BB8 TOilbKO onaa, HanpRMep, 

llHHHR C E y •549 H 703 XSB Olt838llHCb llBOliHbiMB, CyMM8 BHTBHCBBBOCTH K8l!<AOI! ny6-

lleTBOA napbl no IIBHHOA pa60Te B npeAerraX norpelliHOCTH COBnanae\" C BHTBHCRBROCTblO COOT

/ 1/ 
eeTCTBYIODlBA nRBliH no pa60Te • 

Orneltbuble Y'fBCTKH cnexTpa npencTaenexbr xa pac. 11-16. 

nnll onpeneneHR>I MyltbTHnOnbHOCTeA ·y -nepexonoe H3Mep!!llRCb RHTeHCHBUOCTll K -

L-, L- 11 L - IIIIHRA. B pSI.Ue cnyqaee ynanocb onpeABJil!Tb IIX OTaomea11e, s 
1 II III 

Be~OTOpbiX - ll8Tb TOitbKO on:emtR. 3TH llBHHble R Crre JtylODliiB R3 HHX BbiBOllbl 0 MyrrbTB-

norrbHOCTHX nepexonoe npneeneubl B Ta6nune 2. 

3B8HIIe HHTeHCHBHOCTBA } ' -ny'lell 118ll0 6bl B03MOli<BOCTb C.!I.Bll8Tb JlOnOIIBIITe/tbHble 

no cpaeaeHRIO c Ta6nRn:eA 2 BbiBO.!I.bl o MyltbTHnOitbBOCTHX nepexonoe. B nuTepaType RMBIOT-

147 /S 5/ 
C>l CBBllBBBll 06 HBTeBCRBBOCT!lX Y -nyqeA Gd TOitbKO B .!I.BYX pa60T8X ' , B KOTO-

pbiX B3MepeHRll npOB3BO.O.HllHCb C nOMODlbJO cnHBTRrrlll!llKOHHbiX y -cneXTpOMBTpOB, H no-

9TOMy 118Hbl HHTeBCBBBOCTB llBWh rpynn llllHilll, 3HA!! DO KORBepCROBROMy CllBKTpy, K K8KBN 

nepexo11a:.< oHB MoryT OTHOCRTbCH, Mbl oTuecn• ycpeAHBRHble no ABYM pa60TaM 3Btt"'eBBll 

1t B3eecTBbiM nepexoAAM (Ta6n. 3). ConocTaeneRHe HHTCHCHBHOCTH y -ny'leA B K -KOR

eepcxoBHbiX llHBBA n03BOilHilO nony"'liTb B8lKRbiB CBeACBRSl 0 MynbTHnOitbBOCTSIX pSI.Ua nepe

XOIIOB. SbrrrH acnoltb30B&Hbl lj>aJtTbl, "'TO MyrrbTBnOitbROCTb n epexo11a 229,2 KSB - Ml, 

396,0 ltSB - M2 11 625,2 K9B - E3
11 1• Oraoweunll I K I I Y aopMapoeanHCb TBXBM o6pa

soM, 'IT06bl .!l.llll nepeX0.!1.8 306,0 K9B 9TO 3B8"1eUBe COB!l8ll0 C TBOpeTB"'BCKHM K09~HD:BeH

TOM JtoueepcBH n= M2-nepexona. 

3H811 C XOpoweil TO"'BOCTblO SHeprBII y -nepeXOAOB B MyltbTHnOitbBOCTB PHAB 113 HKX, 
147 

MOli<HO !lOCTpOHTb eepOKTBYIO CXBMy B036yll<ueHHbiX ypOBBeA Eu B onpeAerrRTb 

HX ~B8HT0Bble X8p8KTep11CTHXH. llp11 9TOM HCHOllb30B8nHCb pe3ynbT8Tbl npellbiAymBX 

Ill 
pal:loT. HexOTopble ypoeHB 6blnu npeAnOll<eBbl AnToHbeaoA x 11p. , aexOTopble - Copoxa-

/51 
BbiM u MuTpocjlaHOBbiM • B nocnenaeA pa60Te B3MepanBcb B y - y -coenaneHliH, "'TO 

O"'eHb Bllli<HO llllSI I!OCTpOOKIISI CX&Ub! pacnana. 

YpOBHH. BBe)leHBble n 0 COBnaneBHSIM H 3BepreTH'Ie CKOMY 6arrBBCYX/ 

0CHOBHOMY COCTOSIHH~ Eu
147 

B COOTBeTCTBHH CO CXeMOJ! Mallep H no 8H81lOrHM C cocen

BRMH nnpaMn npanncanbt xapaKTepncTHKH 5/2 + (d 5/~) • CoaoxynaocTb sxcnepiiMBIITanb

HbiX Jl8HHbiX flOllTBep)I(J:laeT TBKOC npRffHC81Hfe. 

x/ CM. neeyro qaCTb puc. 1 7. 
6 

llep:sb!JI B036yl!<AeBI!:blJ! 

TepHCTBKB 7/2 + ( g ) • 
7/2 

nepexon H OCHOBHOO CO 

'leJC, BO llpHM&Cb MyltbTRI!Ollb 

B cooTBeTc-ran c pe3: 

ypoeeBb 625,2 xae HBnsreTCa 

7,1·10-
7 

Celt, no IIBRHbiM pae 

Ero saepr•sr onpeAerr!!eTCn C< 

11x MyllbTunon~oaocn E3 

Ypoaell:b 776,6 xse eson: 

saepran onpeAenneTcn •armn~ 

8 COOTBBTCTBHB C El-MJ 

COCTOliHliD MOlKBO llpKDHC8Tb 

6onee BepOl!T!IO, T81t K81[ 9TOT 
147 

Gd , a ero xapaltTepncTHJ< 

YpoeeBb c anepraeA 994, 

( y 229 ) ( •)' 766 ) • 38J1 

nenBeTcn TpeMg nepexoAaNH HI 

MynbTllllOitbHocTb Ml nepexona 

B paooTe CopoltRBa 11 .up.· 

'ITO ·y -nepexon 1086,6 xse He 

llOllbBOCTb nepeXOAa, IC81t 9TO C. 

PBCTBJCB - 512- BllH 712-. 

BBeAeHHb!A B pa60Te ABTO 

I I COBllllLieBBIIMH (·y229){.y893) 

Roe COCTOlume: 



/4/ 
oABMbiUll B pa6oTe o MOf'yT 

iCBBHOCTHM H3-31l HOHBHOJ!-

H 6onbmoli norpemHoCTH npH 

~onuna o6uapy*BTb nne H 

Hll TOHbKO onua, HanpxMep, 

!HTOHCBBHOCTH KB*AOll ny6-

tanlle~· C BHTOHCBBHOCTblO COOT-

16. 

:epunacb aHTeHCHBllOCTB K - • 

tpenenHTb BX OTHOWOHBe, B 

B3 RHX BbiBOAbl 0 MyHbTB-

l'b c nenaTb nononHBTOnbHb!e 

pexonos. B nuTepaType BMOIOT
/3,5/ 

B ABYX pa60TilX ' B KOTO-

X y -cneKTpONOTpOB, H ncr 

30pCBORHOMY cneKTpy, X X8KHM 

' no ABYM pa6oTaM 3Ra'leRBil 

BHOCTH y -nyqell B K -JtOR

MYnbTBT!OnbHOCTilX pllA8 nepe

tepexona 229,2 K98 - M1, 

HOpMHpOBilnHCb TllKHM o6pa

C TeOpeTB'IOCKHM Jt09~HABOH-

MyT!bTHnOJihROCTB pllAil B3 HHX, 
147 

Eu u orrpenenRTb 

pe3yT!bTilThl npenhlnymux 

np.11 1, aeKOTOpble - CopoJtB

• B y _ y -co8UilllORilH, 'ITO 

X/ 
~preTH'19CitOMY 6anaHCY 

1R Mallep u no aHanorHM c cocen-

Co8oxynaocTb 9KcnepllM911Tilnb-

ITep8btl! 8036ylKJleBBblll ypo8el!h aMeeT 9Reprero 229,2 J<9B , u OMY npunecaKbi xeptnt-

TepBCTBKB 7/2 + ( g I ) . 
7 2 

ITepeXOA B OCH08li09 COCTOHHBO S!ST!HOTCH -3anpemeHH~M 8 pBM~IlX MOIIOT!Y. o6ono-

'IOK0 so npxMecb MyT!bTBT!OlibBOCTB E2 K M1 Mana 1%). 

B COOTBOTCT8II C pe3yT!bT8T8MH B3MepeHBA 38AepmBHRbiX y - y - COBT!8::\P.HIIA 

yposeBb 625,2 K98 HBnHOTCH B30MepllbiM, pacnanaiOmHMCH c nepaonoM uoaypaciTeJ:<a T ~ 

7,1·10-
7 

ceK, no ABRHbiM pa60TNI
6

/ , B T ~a (8,0::!:,0,6) •10-f CeK, no ::\BillfbiM p116 0Th/
51

• 

Ero 9ReprBR onpenenReTCR l!epeXOJUtMB 

625,2 + 0 ~ 625,2 • 

396,0 + 229,2 - 625,2. 

J.ix MyT!bTHnonhHOCTB E3 H M2 onpenenHIOT xapa'<TepBCTBl<H ypo8Rll 1\ /2 - ( h ) 
J 1/2 . 

YposeHb 776,6 K98 ssonu:TCH HB. OCH088HBR •caMocosnaneuull• '51 
nep<Jxoa a 770 K9B. • Ero 

9BeprB!I onpe.11enueTCR BAYWHM c aero nepexonaMK: 

776,6 + 0 - 776,3, 

547,5 + 229,2 - 116,1. 

B coOT8eTCT8BB c E1-MYT!bTBUOT!bHOCTbiO uepexona 547,5 xss (Ta6nRna 3) 9TOM~ 

COCTORRillO MOJKRO nplmHCilTb X8pllKT9pBCTBIOI 512- llffil 1 12-, npU'lOM 8TOpOe 3HB.'IeHJie 
t 

6onee aepoBTso, TaK KAK STOT yposeBb AonlKeH aacenBTbCll npHMO upu p -pacnane 
147 

Gd , a ero xapaxTep!ICTHttH, no-8DAHMOMYr 912- (eM. auJKe). 

Ypo8eRb c aHepruell 994,8 K9B 6bln sse.lleB H8 TOM ocao8aHHII, 'ITO nposmH1IIICb GhtCTpble 

( Y 229 ( ·y 766 ) B 38A9P*IlRRble ( y 229 ) (' y 370 ) CO&!ISAeTIB/
5 1

• On onpe-

nensreTCSI TpeM!I nepexo.11aMB aa BBlKeneJKBmBe ypo8alf: 

994,8 + 0 - 994,8, 

765,7 + 229,2 

370,0 + 625,2 

994,9. 

995,2. 

MynbTBnonbHOCTb M1 nepexo.11a 370 tte8 onpe.11enlleT cnna • 'leTaOCTb 012- sTore yposag, 

B pa6oTe Copoxasa B up/
51 

6bln 88e.lleR ypo8em. 1068.6 K9B ea TOM OCH088!GIB, 

'ITO ·Y -nepexou 1086,6 xss Re aaXOAHTCH B xacKaAe c y -nepexonoM 229 xsa. MyT!hTH-

nonbaOCTb nepeXOAa, xaJt 9TO cne.11yeT aa T86nilllbl 3, E I. Hae6onee 8<!pOliT·abte xapllKTc-

pacTBKB- 5/2- BT!B 712-. 

88eneHablll 8 pa60Te AaTOHbesoA H .11p.
11 1 

yposeHb 1122,4 11:98 6hln nonTsep"'Aen 

COBllllll9HBBMH (.y229)(.y893) 
151

• 8 AllRBOJ! pa60Te o6aapy*eR npstMOll nepeXOil 88 OCROD-

BOO COCTOl!RBe: 

1 



1122,1 + 0 = 1122,1 , 

893,5 + 229,2 = 1122,7. 

BepoHTHWe xapaxTepKCTHKH sToro ypoBH>t (3/2 - 9/2)+, Tal< K&K MynhTHDOnbHOCTb nepe

xoaa 883,5 KSB - E2, a nepexo.aa 1122,1 - El HJill E2. 

/5/ 
YpoaeHb 1359,8 KSB aaeaeu Copoiuswu u ap. no coanaaeiiH>tM ( y 229) ( y 1130). 

Ero suepru>t onpe.aenSieTC>t nepexoaaMa: 

11 30,0 + 229 ,2 - 1359,2 

734,7 + 625,2 1359,2 

Mynh'MIDCnhBOCTb n epexoaa 1130,0 KSB - E1 HJill Ml, HOSTOMY B03MO>K!Ibie xapaxTe

pucTuxu ypOBRR 7 /2:!:_ HllB 9/2:!:_ • TaK K8K nepeXOil 734,7 K9D BaeT H8 ypoaeRb 11/2-, TO 

XSpAKTepHCTHKII 7 / 2+ MllHee BllpO>tTUbi. 

)lng ypOBH>t C auepruel! = 1480 KSB /
1

•
51 

HllCOBll8JlllHHe SHepreTH'IIlCKHX CYMM JlllR 

CB!I38HHbJX C HHM nepeXOJlOB 3H8'1RTenbRO npllBbllll88T norpe111HOCTH, npHBOJlHMblll B )l8HHOi! 

pa50Te. KpOMA TOro, ypOBilHb 1480 KSB He npO>tBilSieTCR HH B KBKBX CODD8118HHRX, B nepe

XO)lbl MO>KBO p83M8CTHTb HB8'18. Bee 9TO He )l&eT OCBOB8HBJ! BBeCTB TBKOH ypoBeKh. 

Ypoaeah 1554,0 ·Jtsa 5bin aaeaeu no pRay y -
/ 5/ 

y -COBTIBJlllHHH H CDilXTpy CjMM 

Ero cymecTnoaaase noaTaep>Ka aeTCR saepreTK'<IlCXHM 5anaacoM: 

1325,4 + 229,2 = 1554,6 

928,4 + 625,2 1553,6 

777,9 + 778,6 ~ 1554,5 

559,2 + 994,8 = 1554,0 

484,9 + 1088,6cl553,5. 

BroMO>KHbie xapaKTepHCTBKB 7 / 2- onpe.aeneaw no MynhTHTIOnhHOCT!L"' nepexoaoa 

132 4,5 (E1);. 928,4 {E2); 484,9 {MI). Baeaelixe COCTO>IHBR 1235,4 XSB (eM. RB>Ke) II03-

aonSieT nanpasBTb c paccMaTpus aeMoro ypoan~< eme nepexoa 318,6 K<>B. 

Ypoaem. 181 4,8 xsa 5hin aaeaen no Y -nep exoay 1810 xsa 11 no c onnaaeHH SIM 
/5/ 

( y 229)(yl585) • Hec MOTp >t ua To, 'ITO a aaHaol! pa5oTe ue aa5moa anc >t np RUoA 

nepeXOil B OCHOBRoe COCTOKHHe BBBilY M8110H BBTSHCBBHOCTB er o KOHBepCBOKBOA 11JlHBH, 

eCTh aocTaTO'<HO apyrax nepexoaoa n n H onpeaeneHBB saeprBa y poauSI: 

1585,3 + 229,2 - 1814,5 

1037 ,1 + 778,6 - 1813,7 

260,8 + 1553,8 - 1814,6 • 

n o MYnbTHnOnhROCTB M1 nepeXOAA 1585,3 )[98 ypOBHlO npBDUC WB81CYJ'C>t xapaxTepBCTHKH 

5/2+ • 7/2 + 1111B 9/2+. 

8 

Ypoaaa, BBelleBabiE 

113 saepreTB'lecaax cool 

npasag '<BCTb), ae npoTaaope 

/ 5,8,10,1 e - y -COBll8AilBBSIM 

Ha p11cyne yia3aaw YP• 

XOAOR, 'ITO npaaeno K pB3Mem 

x oTopwe nepexoahl no saepru1 

Hecxon&xo enos o6 sTax 

YposeRb 881,7 xsa onpeaense~ 

YpoaeHb 1039,5 xaa aaeaeR aa 

113 sxcnep&MeuTaJibuwx Ill 

y.aaeTcg. 

Ypoaellb 1235,4 KSB onpex 

JlnH STOl'O COCTOHRB>t CDHH pane 

Ypoaem. 1258,1 l<SB BBa.C: 

Ecnu Myr.bTHR011biiOCTb nepexoaa 

9/2 ; 11/2 np11 nono~Tellbuoa '<e 



ax MyllbTH!lOllbHOCTb rrepe-

arranenHRM ( y 229) ( y lt30). 

·9TOMY B03MOJK!Ibl0 X8]l8ltTO

HIIOT Ha ypOBOHb 11/2-, TO 

IHOpreTH•<eCXHX CyMM /IllS! 

:OCTH, npKBO!l.HMble B .ll8HHOA 

xaKBX conrraneBBorx, a rrepe-

3aecTB T8JtO~ ypoaeKb. 

/5/ 
8IIOHBl\ II C!leltTpy CYMM 

~!lOllbHOCT~~ nepeXOIIOB 

1235,4 E.aB (eM. HHJKe ) n oa-

318,6 x an. 

0 !tSB H JlO COD!l8 110BB!lM 

e He Ha6moAanc !l rrpsu.wa 

e r o XOHBOpCBOHBOl! ~HHH, 

Bll y pOBH!I: 

.6 • 

OC b!BBIOTC II xapaXTepBC'I'HXB 

Ypona11, BBelleBilbie aa aaepreTH'IeCitHX coo6paJKeaxl1 

J1a 9HOpreTH'l9C&HX C006paJKeHBI! MOJKHO BBOCTH ewe P!lll ypOBHel! (cw. pBC. 17, 

npaBaSI '18CT1>) 1 He llpOTHBOp9'1AlllBX HMSIOWHMCSJ B HBCTOSIIllea Bp9MB IIBHHb!M DO y - y- B 

e - y -COI>D4119HBSIM /
5

•
6

•
10

•
111 

II 6anaHCy BBTeBCBBHOCTall. 

Ha pacyne yxaaaab! ypoaHB, CBSI34BHb!e Tom.xo c TpeMsr 11n.a 60JTJ.IIlliM 'IIICJIOM rrepe

xonoa, 'ITO npaaeno K paaMemallllJO npBMepao nonoallBb1 ncex naC5nJ01145lllllXCsr nepexonoa. He

xoTopb!e nepexo.rthl no saeprau MoryT 6b!Tb paaMemeab! a paaab!x MOCTax. 

HecJton&Jto cnoa o6 9TBx HOBb!X COCTOHHIIHX. 

YponeHb 861,7 X9B onpeJtenHeTC li cnenyJOwBMH cyMMBMII : 

861,5 + 0 = 861,5 ; 

632,8 i 229,2 = 862,0; 

1122,3 260,8 861,5 • 

YponeHb 1039,5 xaa aaeJtea Ha ocaone SHepreTB'IeCKIX CYMM: 

1039,7 + 0 - 1039,7 i 

810,1 + 229,2 

1256,1 217,0 

1039,2; 

1039,1 • 

Ha a~tcnepBMOHTan&Hb!X naHHb!X onpenenBT& CliMB B 'IOTBOCTb aToro ypoBHB He 

YllBOTCg. 

Ypoael!h 1235,4 ltSB orrpeJtenSieTcs; 6oiLbWHM 'l:acnoM nepoxonoa: 

1235,2 + 0 ~ 123..'l,2; 

1005,6 + 229,2 1234,8; 

610,8 + 625,2 1235,0 ; 

240,6 + 994,8 1235,6; 

166,4 + 1068,6 -123.'l,O ; 

1554,0 - 3 18,6 = 1235,4 • 

.Qns STqro COCT OBRliSI CIIHH p asea 9/2+. 

Ypo n e llb 1256, 1 x an a nen e a x a x p e a yn&T a T c neeyJOmHx cyMM: 

630,9 + 625,2 

260,8 + 994,8 

1256,1 

1255,6 

2 17,0 + 1039,5 •1256,5 

EcnH Myn&THD011bBOCTI> n e pexo11a 260,8 J<aB El , To y poaellb M OJKeT n MeTb CDHBb! 7 /2; 

9/2 ; I 1/ 2 DpB U01!0JKHT0 11bBOA 'IO'rHOCTB. 

9 



CocTO!<HJle 1325,5 Ks8 onpenen<reTC<I TP8MH nepexonaMB: 

1325,4 + 0 K 1825,4; 

549,0 + 776,6 ~ 1325,6 

1542 ,5 

1492,3 

217,0 

166,4 

1325,5; 

1325,9 • 

XapaKTGpKCTHKH 9TOrO COCTOHHHR 3/2-; 5/2- ; 7/2- onpeneii~TCH nO H389CTHOA 

MYilbTHnollbHOCTH nepexona 1325,4 xs8 (E1 ). 

.Uns ypo8H<I 1401,5 X98 woJKHO aanwcan. cnenyJODIHe cyMMbl: 

776,6 + 625,2 - 1401,8; 

166,4 + 1235,4c 1401 ,6 ; 

1688,2 - 287,4 ~ 1400,8 • 

BoaMOli<JJble CnHJJbl onpenenmoTCg .!(HnOilbHbiM nepexonow c aaepr•eA 166,4 1<98. 

.Qng yp08HII 1492,3 1<911 RM99M: 

867,8 + 625,2 - 1493,0; 

630,9 + 861,1 - 1492,0. 

166,4 + 1325,5- 1491,9. 

3KCD8pKM9HT4llbHb19 .(l8BBbl9 ne D0380111110T Cll8118Tb 1<8J(K8-11l160 8bl80llbl 0 ero xapaK-

TepKCTR1<8X, 

Ypo8eJDo 1542,5 1<98 880ili[TCII no qeTblpeM nepexonaM, o6paay10mHM CyMMbl: 

765,7 + 776,6 1542,3 ; 

547,5 + 994,8 = 1542,3; 

286,2 + 1256,1 - 1542,3 

217,0 + 1325,5 - 1548,5 

TaJ( 1<81< MYllbTitnoru.aocTb aepexoJJ08 547,5 u 765,7 xa8 - E1 RJTM M1, To ypo8eHb 

MOll<eT HM8Tb X8paJ(T8pHCTKI<H 7/2 HltH 9 /2 np• JJ!OtlOA qeTHOCTH, 

CocTo>Jin'le 1627,4 X98 paapSIJKaeTCII TpeM" y -1<88HTaM11: 

765,7 + 861,1 - 1626,8; 

632 ,8 + 994,8 - 1627,8; 

559,2 + 1068,6- 1627,8 

.UKnonbBhtA xapallTep nepexono8 559,2 1<98/1/ x 765,7 1<:>8, a TBKJKe aanwq•e nepe

xona ll8 COCTOSlHlol8 994,8 K38 (9/2-) n038onHeT npennoliOlKHTb llliH yp08HH xapaKTepHCTHI<J[ 

5/2 j 7/2 j 9/2 np• 111060A qeTHOCTll , 

10 

COCTOS!HII8 1688,2 lt98 ( 

Ha npH8enennoro aaepr 

uoe OTKnonenHe OT cpennero 

Ha cxeMe pacnaJJa (eM, 

X nepeXOJl08, nepeXOllbl 0 H3BE 

c EY ~ 1810 Ka8), s cxe~ 

CTb!O, 

Ha OCB08e npHnwcaanhtX 

xonon H naanblx Ta6nan 2 • ~ 

CTSIM K - KOHB8pCHOHHbiX I[ 

HHT9HCH8HOCTK nepeXO.(l08 (Ta• 

B Tat5nane 5 npxsenea f 

yposneA cxeMbt, 

Jlo p83HOCTKM HHT9HCB8E 

non" anexTponnoro aax8aTa a 

COOTB8TCT8Yl0Dl9A 88TBJI 91191<, 

cxeMe pacnana (puc, 2), 

Ha Ta6mux 1 a 5 MOlKHf
4 

xona na 100 pacnano8 Gd 

cnoco6 onpeneneaag 9ToA 8enJ 
147 

a noqepaero Eu , nng xo~ 

H3BQCTH0 0 HAnpHMep, no pa6o'! 

(7,9:t_1,0) % co8nanaeT co aaa 

.Uong noaHTpoaaoro pacn. 

B3BTa Ha pa60Tbi/S/ c Y'JeTOM 
147 

pacnana Gd pa8Ha 2300 

a np~nnonoJKeHJIK, qTo aTH ne~ 

nepexona Ha OCHOBHOe COCTOSIE 

yaaxanbHhJA nepexon nep8oro 

PHCTKK OCllOBROrO COCTORHKH 

147 
Gd 

XopownA 6anaac aaeprni! 

, ro8opRT o nosom 

KBK 9TO ROK838HO H8 pnc. \7 , 

IIHHI<stX, KOTOpbt8 MO>KHO Rpl!Hl 



m: 

6 ; 

. 5 ; 

,9 • 

crpenenlUOTCSI DO 113&ecTHOA 

CyMMbl: 

,8; 

,e; 

,8 • 

aHepr11eA 166,4 X9&. 

0 ; 

0 ; 

,9. 

xuHe-111160 &bl&Oilbl o ero xapalt-

• M, o6paay10IU1<M cyMMbl: 

,3 ; 

,3; 

2,3 

,3,6 • 

7 1<98 

tTHOCTH. 

~.8; 

1,8; 

7,8 

E1 11n11 M1, TO yposelll> 

5, 7 ~38 
1 

a 1'8K.)KQ K8HK'i•e nepe

!O lKHTb AASI ypOBHSI xap&I<TepBCTIIXB 

CocTO<UIKe 1688,2 X9B onpenenBeTCst cyMMBMII: 

693;6 + 994,8 - 1688,4; 

618,6 + 1068,6 o }687,2; 

287,4 + 1401,5 •1688,9 • 

H a npHsenennoro 9HepreTa q ecxoro 6anaHca nnB scex yposHeA sunHo, qTo MaKCHManb

aoe OTKnoHeaHe oT cpeu11ero He npesblmaeT anSI HHX 0,07%. 

Ha cxeMe pacnana (eM. puc. 17) nouaauo soaMoJKHoe pacnonoJKeHBe yposaen 
147 

Eu 

II nepeXOilOS 0 nepeXOilblo K3S9CTRbl9 T01lblt0 no nHTe paTypHbiM llBHHbiM (aanpHMep, y -KSBHT 

c E 
y = 1810 lt9&), S CXeMy He SII9C9Hbl 0 TaX Xai< KX 9HeprBII K3B9CTHa C Manoli TOqR<r 

CTbJO. 

Ha ocaose npunHcaHHbiX ypoBHIIM xapaxTepHCTBX ana paaMemeHIIbiX n cxeMe n ape-

XOAOD B ASHHbiX T86nllll 2 I 3 6bt.IIH onpeneneHbl HHT9HCHBHOCTH Y -nyqe!! no HHT9HCHBHQ-

CTIIM K - KOHB9pCHOHHblX nKHHII II 'l'eOpeTHqecKHM IW9<jlcjJHll HeHTBM XOHBepCUJI II llOAHbi9 

HHT9HCHBHOCTH nepeXOilOB {Ta6n. 4). 

B Ta6naue 5 npaneneH 6anasc asTeHCHBHOCTeA nepexonos, csll3aHHbiX c xalKAbiM 113 

y posn eA cxeMbi . 

no pa3SOCTSIM HHT9HCHBHOCTell npHXOilSIIDHX H }'XOilSIIDHX y -nep eXOAOil OIIpeneneHa 

non" anexTponsoro aaxsaTa sa K.BlKilbiA aa ypoauel! H Bbtqacneoa aenaqnaa lgft AnSI 

COOTB9TCTBYJOID9J! BeTBll 9091TpOHIIOrO 3aXBBT8. 3TH llBHHbl9 nOM9ID9Hbl B TBOAHU9 5 II H8 

cxeMe pacnana ( p11c . 2) • 

Ha Ta6m<n I B 5 MOlK"f
47

onpeneliHTb qucno KousepcBOHHbiX 9nex·rpoHOB xaJKnoro nepe

xona HB 100 pacnaAOB Gd , nnSI IDiffilH K 229,2 11:98 OR O paBHO (7,8±_0,5) %. npyroli 

cnoco6 onpeneneHllll STOll senH'lliHbl aaxmoqaeTCSI s cpasneHHII HHTeHCHBHOCTeli nHmill Gd
147 

147 
II noqepHero Eu , AAII XOTOporo qRCnO ICOHBepCHORHbiX 9 AeiCTpOHOD 118 100 paCilBAOB 

H3BeCTHO, HAilpHMep, no pa6oTe )!(eneaa
17 

I. nonyqeHnoe AASI liHHHH K 229,2 '<HCAO 

(7 ,9 ±_1,0)% cosnanaeT co aHaqenKeM, aai!neHRbiM 113 6ananca HRTencHBHOCTell Eu 
147 

nonS! ll03HTp01IROrO pacnana HB OCROBROe COC TO!IJIHO ll nep&b!A B036yJKneRHbl11 yponeHb 

B311Ta• H3 pa60Tb/
81 

C yqeTOM IIBWero 5anaHC8 HHT9HCRBHOCTeli nepeXOAOB. nonnaSt SHeprHll 
147 /8/ /9/ 

pacnana Gd pasHa 2300 KSB • nonS! K- H L - aaxsaTa Bblqncnena no llliHHbiM 

s np~nnonoJKellllH, qTo sTB nepexonbl paapeweHHbie . Ha uenuqnllhl lgft 9,3 Ail <I 

nepeXOil8 HB OCROBROe COCTOIIRH9 Eu 147 MOlKJIO CAenaTb npellllOJIOlKOHHe , 'ITO 9TO 

yHHXanb iihtA nepexon nepsoro aanpeweHHII. Torna Ha116onee sepORTHoe anaqeHHe x apaxTe-
147 

pHCTHIC OCIIOBHOrO COCTOIIHHSl Gd - 9/2-, Oll!IaKO II91lb3H HCKAIO'Il<Tb 7 /2 -. 

Gd 

XopowHA 6anaHC sneprHil B HRTencusnocTeil nepexono a , B03HliKaJOntux npn p acnaAe 
147 

, rOBOpllT 0 ll0B01lbll0 6 0ilbWOJ! sepOSITIIOCTH paaMemeRHSI nepeXOAOB HM911HO TaK, 

Kax aTo noKaaaao na pRe. 17 , B Ta6nHne 6 co6panbl naH!Ibie o neHneJITHJ!>HUHpos annbiX 

1IHHliRX, XOTOpbte MOlKHO npHnliCaTb pacnany Gd 147 

11 
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3aepn.a nepexo.a.os A 

- -------------,-
_2w""a~paOoraF-~ 
3ncprJcJI JiaOJtv- liHrencHr,Ju>-::Tb 13H 
!!~pexo.Ita .D:8CI.Ilie , ,e 

_:.;__ ~.. _L_rr· 
!06,52 X? ?,7 ,±0, 3 
I II,IO I I( II , &..!: 1, 2 I 

1~ . ~1 ~-r3· 5 ! 0, 3 

r 1 22• 014 t.., ' - O, I 

Lu I ~ 0 , 12 

_L.III 'o, :; 

120, 9" I ~- I 3,9 ..!:~ 0 ,6 I 
152 , J' k-t-~~;t 0 , 09~ -
1G6 , 4I K I] 3 70 +0 4 

... 125,9 1.., I I - • 

166 , '11 L, I 0, 69 :!: 0, 21' 

L.. 1 ' o,ru 
___ L.h..J..._L ~ o.o_7 _ _ --~---
l76 , 7' I . i( I 0, 39 j; O, Ob 

I - I I 
209 , 2 I I( : 1, 20 .:t 0 , ~4 
~4 il 

215, 0 II 

L. , 
L, 
L,. 
)( 

-+--o_, >_3_.± O.-E!-

216 , 9 
217,) 
2!'/ , 0+ 
217, 5 

229, 21 

240,61 I 

249, 2 

1\ 

L 
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PacnaA 
149 

Gd 

149 
HecMOTPII na TO, 'ITO nepBOA nonypacnaAa y Gd 

llii'I8CTBO nepeXOAOB MHOl"O M81Ihlile, B CXeMe pacnaAa 

6ollbrne, '18M y Gd 
147 

, a xo

Gd 
149

-. Eu 
149 

AO HaCTO!IlilOI'O Bpe-

M81f11 eme OCTaBaliOCh MHOI'O HOSJCHOCTel!. B AliHHOI\ pa60T8 CA8li81Ul IIOUbiTKli yaellii'IHTb 

XOIIII'18CT110 RMOJOUIBXCSI 06 9TOM smpe CBOAOHBl! B YTO'IHHTb CXOMY pacnaAa.
1
!;1fii60pbl II 

BCTO'I.HBXI!! HCIIOJlb30l!&JlllCb TaJCBe JKe, KliK B np11 IICCllOAOBliHBB paCDBAli Gd 

149 
0TAeln.Hhie y'laCTJ<B cnexTpa Gd nOI<838Hbl HB pac. 18-20, a B Ta61IlUle 1 np11-

BeAOHbl 9H8pi'BH nepeXOAOB B OTHOCRTellbllbl9 IIHT8HCHBHOCTR KOHBOpCHOHBbiX nRHRi! no AliH

BOA pa6oTe 11 pe6oTaM Apyrux aaTopoa. 3aa'l.eBB!I saeprxA Allll nepexoAOB 645,2; 666,5 • 

938,8 X9D yTO'I.HOHbl 110 CpanHOHBJO CO 3Ha'IOHIIBMB, npRB8AOBBbiMII B 
1101

• OJ<ono 9TIIX 

nepexonoa a KOHI"apCHOHHOM cnexTpe aaxoA!ITC!I nHHBH Apyrax 113 0Tonoa, q·ro aaTpyAH!!OT 

HX >I3Y'IOHRO. 

nml onpeAOIIOHBII MYJibTBnOIIbBOCTell nepeXOAOB 6blnH HCIIOIIb30BaHbl OTH01119HB!I K 

L : 
I 

L
11

: L
111

(cM. Ta6n. 2) 11 IK/ 1 Y (eM. Ta6n. 3). B nocneAHeM cny'lae 6panacb 

KHTeHCHDIIOCTH Y -nepeXOAOB, ycp9AH8HIIbl8 no Tp8M pa6oTaM. 

YTO'IBeHHble B AaHnoA pa6oTe s aepraa nepexoAOB 11 peaynbT8Tbl e - y- 11 

/4-8/ 
COBnaA8HHA, CA9H8llllhiX B pa60TaX 1103BOffilnH IIOCTpOBTb CX8MY pBCIIBAli 

y - ·y 
Gd 149 

npBB8AfHIHYIO Ha puc. 21. 

149 
OcnoanoA ypoeellh Eu , xaJC sTo cneAyeT H3 MOAenu o6onoqex a 113 cpaaHeHBR 

C COC8AHBMB SlAp8MB, IIM89T XapaKT9pBCTHKH d ) • 5/ 2+ ( 5/2 

Xapai(TepHCTHKB nepaoro aro6ylKA8BHoro ypoa1111 c snepr11eA 149,8 xaa - 7/ 2+( g 
712

). 

/2/ 
CyllleCTBOBBHRe ypoBHII 298,8 xsa, npeAnoJKeHHoro AHTOHbeaoii B AP· , npoTBBope-

'IHT AaHHbiM paOOTb/
6

/, B XOTOpol! 6blll0 AOXa3aHO, 'ITO nepeXOA C Taxoll 9HeprHei! BA8T JIB 

H30M9pHoe COCTOSliiX8 496,6 XSB. 

e -

BTopol! aoa6yJKAeBDhlll ypoaellh c saeprBell 496,6 xsa 6bm BBeAea no ·Y - ·y- • 

Y -COBUaA8HBHM nepeXOAOB 346,8 K9B H 149,8 KSB/
6-9/ H CnOAYIOlllHM CyMMI!M: 

496,6 + 0 490,6. 

346,8 + 149,8 = 496,6 

Tax xax MYllbTHDOl\bHOCTb nepexona 496;6 xsa E3, a nepexoAa 346,8 xsa - M2 

(Ta6nuua 2), TO ADII ypOBHH 496,6 K9B OAH03Ha'IHO nony'II!8TCII CIIHH H qeTHOCTb 11/2-. 
/9/ -6 

Ero apeMH JKH3HH1 no pa6oTe , paa&o (2,48 !. 0,05) •10 em<. 

TpeTaA B036yJKneHHbli! ypoaellb c s&eprReil 534,7 xss l5blll npeADOJIO)I(HTe11bHO aaeneH 
/4/ 

npaCXOM II Ap. H4 OCHOBe OTCyTCTBRSI coanaAeHHA (y 150X y 535) •• XapaxTepJJCTHKB 9TOI'O 

ypOBHII 7/2+ HUB 9/2+ OnD9D8DIIIOTCH no R3B8CTllbiM MYJlbTHIIOllbHOCTRM CBH3aHHbiX 

c HBM nepexonoa 534,7 K&B (M1, E2, M1 + E2) H 260,8 xsa (EI). 
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Ypoaellh 666,5 xsa aac 

naneHHA ( y 1SO)(.y 517) (·y 272) 

3TOT ypoBeUb TI!ICJK9 CBSL31!H 

H3MepeaHoe B pa6oTe I 

( y 150) (y 660)/ (y 273) ( 

+ y 660)/ (y 273) (y 645 .. 

pacnana (p•c. 21) B HBTesc 

nony'leaa aenR'ItlliS 3, 2, xo· 

'IHCny 2,5. 

Tu xax npeAnonaraeM 

( CM. Ta6n. 3), TO paCCMaTp 

7/2+. 

BaaAy cnoJKBOCTH y -c 

AeneHbl c 6om.111oA norpe111nc 

HBII nepeXOAY 666,5 1<9B MYD 

cny'lae ypoaeHb 666,5 f~B • 

HBi! y -cnexTpa Gd 

BOAHHXOBOM y -CneltTpOM8T 

666,5 K9B - E2 •• Cli9AOB8T 

PeaynhTaTw coanaAeBB 

BB8AB ypOB8Bb 422 K9B (150 
/4/ 

npaCKli H Ap. (pac. 22). 

1. BroHBxaeT aaTpyAHe 

AODOliH11T9llbHOI'O ypOBHB) • 

2. PacC'lRTaaaoe no sT 

COBUaA9HRil ( •Y 150) ( oy 666) 
(y 273) 

OT 3Ha'leHRII 2,5, IUli!O:eH.HOI'C 

npaCitOM B Ap./
4

/ BBet 

JKe ssepr••· B AaJfaoa· pa6c 
147 

K 754,9 Gd (pRe. 23), 

npyrse nepeXOAbl, XOTOpble J 

o6aapyJKellbl. 
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t 8 XQoo 

IY 149 
-. Eu .no uacToawero ape-

c.nenaHB nonbrTxa yaeJtH'IHTb 

cxeMY pacna.na. 1~fu6opbt R 

!HH pacnana Gd 

;c. 18-20, a B Ta6Jllllle 1 npu-

KOHBBpCHOHHbiX nHHHll llO JlaH

lllSI nepexo.noa 645,2; 666,5 J! 

iHbiMH B /lQ/• 0Jt0110 3THX 

ax H30TOilOB, 'ITO 38TpyJlHReT 

!Cll01lb30BaRbl OTHOlllBHliR K 

B nocne.nneM cny'lae 6panacb 

aynbTaTw e - y- u 

lTb c xeMY pacna.na 

y - ·y
Gd 149 

ena o6onoqex B ua cpaaueuua 

) . 
·pruell 149,8 xaa - 7/ 2+( g 

712
). 

/2/ 
'OHbeBOH R .np. , npOTBBOpe-

oeXOA c Taxoll auepraell B.lleT ua 

6btn aae.neu no ·Y - ·y - B 
-9 / 

R Cll8.liYIOUlHM CyMM8M! 

' nepexo.na 346,8 xsa - M2 

TCSI CllUH R 'I8THOCTb JJ/2-. 

CC.K. 

6bi i1 npe.anOT!OlKHTellbHO BBeneH 

y 535) .• XapaxTepJJCTHKB sToro 

rllbTHUOJibHOCTSIM CBSI38HHbiX 

3B (E1 ). 

., 

YpoBeHb 666,5 Jt3B BBOAHTCR ua ocuoBaHHH ua6mo.naBweroca Tpolluoro xaCJtSAa cos-

na.neHilll ( y 150}(·y 517) (.y 272) H coana.neua,; cyMM nepexo.noa: 

666,5 + 0 666,5 

516,8 + 149,8- 666,6 

3TOT ypoBellb T8JtJKe CBll3aR C COCTOS!RHeM 938,9 lt3B nepeXOAOM 272,6 Jt3Bo 

/4/ -
HaMepeuuoe B pa6oTe fipacJta • .np. OTnonleRRe HHTeHCRBROCTell coana.neRJ!II 

( Y 150) (y 660)/ ( y 273) ( Y 660) = 2,5 MOlKHO nepenucaTb B BRAe ( Y 150 ) (y645 + 

+ y 660)/ (y 273) (y 645 + y 660) a ( y 150) (y 645) I ( y 273) ( y 660). Ha cxeMbl 

pacna.na (pHC. 21) H HHTeHCHBHOCTH y -11y'lell no T86nBUe 4 AI1R 3Toro OTHOWeHHR 6wna 

nony'leua BenH'Illlla 3, 2, ltOTopasr .noa01lbHO 6rraaxa x uaAneunoMY a pa60Te fipacJta a .np/
41 

'IHCI1Y 2,5. 

T8I &ax npenno.naraeMble MYnbTHUOJibHOCTD nepexonoB 516,8 B 666,5 Jt3B - E2 

( CM. Ta6n. 3), TO paCCM8TpHB8BMb!A ypOB6Hb MOlKeT BM8Tb X8paKTepHCTHKH 5/2+ BnH 

712+. 

BaHAy cnoJKHOCTH ·y -cne&Tpa HHTeucuauocTR y -ny'lell 666,5 R 516,8 K3B onpe-

neneubl c 6om.woll norpemHOCTb!O, u ua Ta61lUUbl 3 cne.ayeT T8KJKe B03MO>KROCTb npunuca

HHR nepexo.ny 666,5 J<SB MYnbTBUOI1bHOCTB E1, a nepexo.ny 516,8 Jt3B - E1 + M2. B aTOM 

cny'lae ypoaeRb 666,5 f.fgB RMen 6br oTpauaTenbuy!O 'leTHOCTb. O.auaxo peaynbTaTbi H3Mepe-

HHII y -cnexTpa Gd , BblnonueuHh!e 0. HBnbCCOHOM B B.KyaueuOBb!M ua nonynpo-

BOAHRKOBOM Y -CileltTpOMeTpe, ll03B01lSIJOT C'IHTaTb, 'ITO MYJibTHil01lbHOCTb nepeXOA8 

666,5 K3B - E2 a, cne.noBaTenbuo, 'leTHOCTb ypoaua nono>KuTellbua. 

PeaynbTaTbl coana.neuxll ( y 150) ( y 517) (y 273) MOlKHO 6blno 6bi uuTepnpeTupoaaTb, 

BB8ASI ypOBBHb 422 K3B ( 150 + 272) , K8K C.llenaHO B pa60T8X AHTOHh8BOA U .ap./
2 / B 

/4/ 
fipacKa H .ap. (puc. 22). fipOTBB aToro RMeeTCH .aaa apryMeHTa. 

1. BoaHHxaeT aaTpy.nueRRe c paaMemeHBeM nepexo.aa 666,5 xaB ( Tpe6yeTCR BBe.neHRe 

.nononHHTeJibuoro ypoausr). 

2. PaCC'IBT8BHoe DO 9TOMY B8pH8HTy CXCMbl p8Cil8Aa OTHOW6HBe HHTeBCRBHOCTell 

COBil8ABHilA ( ·Y 150) ( 'Y 666) + ( Y 150) ( Y 645) p8BHO 1,4 , 'ITO 38M8THO OTI1B'I8BTCll 

(y 273) ( ·y660) /4/ 
OT aaa'leKBll 2,6, HBllneuporo a pa60Te • 

fipacJtoM R .np.
141 

aae.neu ypoaeRb 750 xaa no ua6nD.naall!eMYCR nepexo.ny Taxoll 

B 
. 146 

JKe sueprxx. nBHuoll pa6oTe ua6n10.nanaCb cna6a11 ll1UI1la MeJKAY K 747,2 Eu u 

K 754,9 Gd 
147 

(puc. 23), OAH81t0 B.lleHTBtPUIXRPOB8Tb ee Jt81t K 750 Gd 
149 / 4 / He y.nanOCb. 
/4/ 

npyrue nepeXOAbl 0 ltOTOpble MO>KHO 6bll10 6bt CBH38Tb C ypOBHeM 750 lt3B , He 6bl1lR 

o6uapyJKeBbl. 
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# 

nSITbll! B030Y)I(IleHBblli ypooeHb e 3Heprael! 795,3 1<38 Oblll npellllonOlKJ!TBllbHO 
/2/ 

n pa60Te A'ITOHbenol! n np. a nonTneplKJleH eoananeaaSfMB (.y 299) { y 150); 

{ y 346) 
14

-6
1

• Ero 3nepr1H1 onpenenlleTeSI eneAyJOUIHMH eyMMaMB: 

645,2 + 140,8 

298,8 + 496,6 

280,8 + 534,7 

795,0; 

795,4 

795,5 

8Beli9H 

( )' 299) 

Mym .. TnnonbROCTII nepexonoa 298,8 l<3B (M1) a 645,2 1<98 {E1) ll0380HSIJOT npxiTBeaTb 

ypOBHIO 795,3 K3B X8p8KT9plleTHKH 9/2-, 

npaeKOM H np/41 
Oblll BBeJleH ypoBeHb 870 1<38, TaK 1<81< OH ne npO>IBliSI9TCSI 

B eneKTpe KBl<HX-nHOO eoenaneHRH, a B H8llJ9M I<ORBepeROHHOM eneiTpC Be OOHapylKBHbl 

nepeXOAbl, !<pOMe 875,6 1<38, KOTOpbiB MOlKHO ObinO Obi eBSI38Tb e 3TRM ypOBRBM, TO RBlll>-

3!1 y aepen11o roeopH'l'b o ero eymeeTaoeanan. 

C eAbMOll a036ylKJleHHbril ypoaeHb t: 3Reprsell 938,9 K3B 6hln 8Benea CopoKKHbJM a 
17/ 

,v\nTpolj>EAKOBbJM no eoonaAeHH~<M ( y 150) { y 790). B aToll llle pa6oTe 6blno aaAt~eao, 

q~o nepexon 940 K3B 'le naeT KHxaxnx eoanat~eaali e nepexonoM 150 xs8, TaiBM o6paaou, 

cywee'I'Eoaal!ae ypoaag 938,9 K3B noc ·ro8epao. Ero saeprag onpenengeTe!I eyMM&MB 

938,8 + 0 = 933,8 ; 

789,0 + 149,8 

272,6 + 666,5 

938,8; 

939,0; 

& Xllp8KTepKeTHKR ero, OC>-8H>!HMO!I.ry, 5/2+ 0 7/2 + HHH 9/2 +, 

Yponenb c aneprnei! 956(1 x3B Oblll 88enea no aat~eplKBHHbJM eo8naneH11SIM { ·y 347) 

{y 460/
41

• TaJ< r:ax MYRhTanonbHOCTb nepexo!la 460,1 1<38 E2 {eM, Ta6n. 3), TO 803-

MOlKHbi MH X8p8KTepHeTHK8MR COeTO!ItfHSI SIBll!IlOTCSI enBH 7/2 B OTpHll8T6llbH8H '18'1'HOCTb, 

TaxuM o6paaoM, o exeMe {pae. 2) ae pa3Memeabl nepexonhl e EY •110,3 xa8 

E Y = 252 ,4 1<98 H nepe:o.oabl aa Ta6JtRUbl 4. B Ta6naue 4 npHncneHbl naanble c 11BH11SIX, 

!<H'rCKCH!\HOC'Tb J<OTOpbllt CU81l89T C nepHO!IOM I!Op!!AI<B llBBSITH llHBll, 

149 
Xapai<TepHcTBI<ll, npHnncaaabie ypoaHSIM a cxeMe pacnana Gd 1 lt81IH B03MO>K-

HOCTb !IOI!e'IHT8Tb HOJlHbi El RKTeHeHB!tOCTH nepeXOilOB {eM, TBt5R. 5) R, CHBI!OB8T8lll>HO, 

np08 € CTH 6 Antl!IC HHT9HCRBl!OC TCfi, OileKRTh 0.0n10 sneK.TpOHHOrO 38XB8T8 H Bbll:IHCnHTh 

149 
BCJlii~IIHh! I g ft llJlSI eOOTBCTCTI"YIC!JlCll BBTBH paenaAa Gd • 3TH ll8HHbl9 eoop&Hbl 

B raomuw 6 n ua c x e Me pacna.ua (pH e. 2). 

nplil !IOJlt:".CTC 6hlll0 !lpR!tS!·ro, 'l'ro !WBII.TpOIIUbiA 38XB8T HB OeH08Boe eoeTOSIHHe 

O'I'C)'TCTHyeT um: eOCT8B1lliBT O'lellb M8Jryl0 .[Ulll!O DO HHTCBCHBBOCTII 8eex nepeXOIIOB, HllYDlHX 
149 149 

aa aTo eocTOAJtae . Jlm• oneHr:B ae i!H'IHH lg ft 3Heprall paenana Gd -+ Eu 

15bma np><R<r.a oanuoY. 1220 r. 3a no oaooTe )lpaBHUhiHoll 1 I I I. 
nounong HTOr, MO>KRO CK:83llTb 1 qT~ ~ pe3ynhT8Te 3TOA p860Tbl OI838HOCb B03MOlK.HbiM 

Y'I'O'IHI<Tb cxeMy pacnaua Gd 149 -• Eu 4 
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1 npeiUIOIJOJKBTellbao nsenea 

( y 299) ( y 150); ( }' 299) 

!lMH: 

) IT03BOnmoT npBITBC8Tb 

BI OH Be UpOllBllllaTCll 

CUOKTpC 80 ot5aapyl!<OH~ 

C 3THM ypOBBOM, TO B011b-

•hln asenea CopoJtBKhTM 11 

l! lKO pat50Te t5b1RO BBA.lleao, 

,OM 150 K3B, Ta&HM ot5pa30M, 

:peuenSIOTCSI CyMMBMB 

HHblM C0Bll8l19HBSIM ( •Y 347) 

~2 ( CM, Tat5n, 3), TO 803-

OTpHU8TenhR8H ~eTHOCTb. 

OJlbl C E y -110,3 K9B 

.0.9Hbl ll88Rbl9 0 nBHHSIX, 

149 
Gd , Jl&nK B03MO.>K-

on. 5) H, cnetiOB8TC11bHO, 

) 38XB8T8 B a~qucnBTb 
149 

I . 3TH naRHble cot5pallbl 

· aa ocHQBRoe coc·rosniJfe 

lOCTil BCeX nepeXOIIOB, lli1YU\IIX 

149 149 
T811 8 Gd -+ Eu 

pa60Thl oxaaanocb B03MOlKHhiM 
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'-" N 

T a 0 I B q a I 

3BeprBI nepeXO~OB K OTHOCHTe~HW8 KBTeHCKBHOCTB KOHBepCBOHHYX JKHBI 
14il 

Gd 

----------------------------------------------------------------------------------------------·--,;.aHHM pa6oTa lilepJm ~ JI.PII/ flliT OHbeBa ~ JJ:P/2/ ~KenenoB ~ ~p/3/ rrpacK ~ ,n;p . I 4/ 

3r-wp- ll~- ~HTBHCMBHOCTb 3Hep- nn- 3Hep- lin- 3Hep- JI~- 3Hep- mr-
fM:Jl Hl1f! Ie rv..f! Hli.f! I 8 

rnR H~.f! Ie rHR H~RI I 8 r~.f! HHH I e 
nepe- nepe- nepe- nepe- nepe-
xo~a, xo~a, xo~a XOJ!,a, XO)la , 
K33 K3B ~~~ K3B K3B 

J 2 3 4 s 6 '7 8 9 TO II I2 I3 I4 !5 
Imx K Oli.CJ. 

II9,3 K 2,2 .! 0,6 
I26 ,I*f{ Oti.CH. 

I49, 8 j{ 550 § 26 I49 '9 l{ 430 I49, 8 K 530 I 50 K 525 
L, 67,5 .± 3,4 L, 46 L, --73 
L., 6,3 .± 0,7 L. 7,3 
L,,, 2,0 .± I ,0 L.1 0,7 
~ 26 + 5 

,. 
Ill r0 

N 5 + I 5 - ' N 6 

252,4 l{ 0 ,30 .:!: 0,05 253 j{ 2!5~ K ..,. 
260 ,8 K 0' 24 .± (J '03 
272,6 K 7,4 .± 0' 7 272, 8 K 8272 K 7,7 273 K 7,9 

L, 0, 94 .± 0,20 L. !,3 
L, o,os .± 0,02 
l,n ' 0,04 

T a o .1 • a a I 
(npo~oJJ:eue, a) 

I 2 3 4 5 6 7 8 9 ro II I2 !3 I4 !5 

298..L8 K 43,0 .± 4,3 298 ,8 K 44 298 Ii 45 298 K 46 299 K 49 

L. 6,I .± 0,9 L, 8 L 7, 5 L "'-• 7 , 6 



J,J. ~b ,:!:0 lU I u 
N 5 .± T ,5 N 6 

252,4 K 0,~0 .± 0,05 253 I\ 2!5~ K ..,. 
260, 8 K 0' 24 .± (J '03 
272,6 K 7,4 .± 0' 7 272,8 K 8272 K 7,7 273 K 7,9 L, 0, 94 .± 0,20 L. I,3 

L, o,os .± 0,02 

L," ' 0,04 

T a Cl .t • a a I 
(upo,~to.tzean, a) 

I 2 3 4 s 6 7 8 9 IO II !2 I3 I4 IS 

298..1.8 K 43,0 .± 4,3 298,8 K 44 298 H 45 298 K 46 299 K 49 
L. 6,I .:t 0,9 L, 8 L 7,5 L "''7 , 6 
~ .. 0,4 .± O,I 

Lm ( 0,08 

346,9 ., roo 346,7 K TOO 346 I{ roo 346 I\ roo 347 l\ roo i \ 

L, I7,3 .±I, 7 L, 20 L T7,3 L I7 
V) L, I,TS .:!: 0,20 V) 

L,,, 0,09 .± 0,04 

460,I K 0 ')" , _,0 .± 0,07 46I - - 1i6I K 0,3'7 46I K 0,38 4CI K 0,47 
496,G i\ I,O .:t O,IO 496 - - 49'1 K I,O 497 K r,r 497 ., !,2 r• 

L, O,I3 .± (J ,02 L (: , 23 
L, 0, ! 3 .± 0 ,03 
L"' 0,020 .± o,OT4 

5:!:6,8 I~ 0,0 .± 0, I 2 .5I7 - - sn !( 0,8 5!7 I\ I,C 5I7 K 0,9 
L O,II .:t 0,02 L O,I::: 

534, 5 K I,I .± 0, TO 531 - - 535 l{ I,O 53;) K T T 535 K I,2 _._ , ..... 

L O,II .± 0,02 L O,Ei L O,I7 



\.o) 
~ 

T a d .11 H g a I 
(npo.-oue&lle, d) 

I 2 3 4 5 6 7 8 9 ro I! I2 I3 I4 I5 

645,2 K o,ro _ 0~o,o3 J ~ 650 ) 646J K O,I9 666,5 K 660 
750 7:JO I{ 0,3 

789,0 K 0,45 ± 0,09 790 787 K 0,50 790 R 0, 57 
L O,I9 ± 0,09 

875,6 K 0,02 ± O,OI 
938,8 I{ O,I7 ± 0,03 937 ~940 I\ 0,23 939 K 0, IS 933} K O,I9 

9:18 
938,8 ~ 0,025 ± 0,003 

M O,OIO ± 0,005 
----------------------------------------------------------------------------
I) TIHHV.H I07 H I26,I K3B CM. B Ta0RHU8 6. llx HHT8HC~BHOCTb He COOTB8ICTByeT OU8HK8, .. aB88KOI 

B padotef.II 

TaCS.1•na 2 
0upe,J;e.I8BKfi llf.IUKDO.Il>HOCTel y -nepeXO,J;OB ... 

r.l DO OTBO.eH•II K·: L ; 4 :Lu ;L, :1-m 

---------------------------------------------------------------------------
3neprrur 
nepexo;.r;a, 

lt()D 

I 

C:paBrrnaa.e-
MHe BeJii!-

'llilill 

2 

3rtcnep~!YeHT. :reoperwH~CKiH:l 

3Ha'lerma 
EI E2 

3 4: 5 

3Hat!efll!a IBHBO,ll; o uyJr.b-
IlinOJI.bHOCIM 

!J.T l.i2 

6 7 8 



\.,o) 
\J'I 

M O,OIO ~ 0,005 
---------------------------------------------------------------------------------

I) TIHHHK I07 H I26,I K3B CM. B Ta6nHue 6. Hx HHTeHCHBHOCTb He COOTBeTCTByeT oueHKe, ~aBaeKOI 

B paooref.II 

TaCS.txsa 2 
Oope~e.tea•e MY~r•no.tbaocrel r -nepexo.-os ... no orao•ea•m K·: L ; ~ :L0 ;~: ~ Gd 

---------------------------------------------------·--------------------------- -
3neprrur C:paBilllB&e- 3rtcrrepHYem:. :eopeTH'H~CKHe 3Ha'!eillla IBHBO,ll; 0 MYJTb-
rrepexo.u;a, 111:<e Be.nH- 3Ha'ieruur nmOJihHOCTl1 

l';::lB 'ill Fill: EI E2 liT Ai2 

I 2 3 4 5 6 7 8 

J49 ,5 I\/L 6,9 .:!: 0,5 7,0 2,3 6,9 4,8 
MI + ~r.s+2 • 5 )~ E2 L./L. ro .± 2 6,4 0,54 I2,0 8,4 -I,4 

- L.IL ... 34 + I5 5.5 0,60 70 ' §.2 
272,6 I\/L 7,I .± 0,5 '7,2 3,9 7,0 5,5 liT +- (< ~)E2 

L./L~ IO + 3 9,9 I,4 !3,8 9,! 

L.LL .. 20 8,T !,9 0!,5 !5,0 

298, 8 K/L 6,6 .:!: !,3 7,2 4,2 7,0 5,6 ll.I + ( <. 9';t)E2 

l,JLu IS .±4 I0,5 I,6 I3,9 I0,7 

L.LL .. 50 9,4 2,2 82,6 I7,5 
----------

346,9 I\IL 5,4 .:!: 0,2 7,2 4,6 7,0 5,9 Y2 + C< o.r~)Es 

L./L. 8,8 .± I,7 !I,O I, 8 I6, S 9,5 

L,JL~ I9 .:t7 II,O 4,5 84,6 23,.2 



w 
0\ 

T a o .1 • g a 2 
(upo,Jtouea•e) 

I 2 3 4 5 6 7 8 

IV~ 3,4 .:!: 0,3 7,3 5,6 7,0 6,2 
L.jL,. 

E3 1 496,6 

I,O .:!: 0,3 !3,6 3,3 !4,8 !4,7 
L.fLu, 4,7 .:t 2,a !3,5 5,5 8,8 33,0 

~) Teope:rHt~ecK~te 3Haqel-lliR ~.q E8-nepexo,14a c 3Heprlie2 497 xaB : 

K/L =3 ,4 ; L,/,L -I,2 ; L.~L•2 ,9 I I ,, /I ,, 

T a c5 .1 11 s a 3 

Onpe~e~eHKe EO~Ks-eRTOB XORBepCKH II KY%aTXOOnaHOCTel 
... 

y -nepeXO,J;OB Gel UO OTHOlii8!UID I, f l y 

--------------------------------------------------- ------~------------------------------·---~-- ·----·---· 

! y ilpHSI! Thle Aru-me.R pao OT3. a ,.. xiCi TeopeT!;'<€CKae 3Ha<JeHHa a xrc/) :::lb!DO,il; 0 
E:y , ~""1. • =-e fl;;-- JJ="i!,.-..,E'"'e"'p:-SJI o- macK I r 1 •• · K 11y JJ I> :r «-

KO.B v. ,zy . BH'l H li ;ijl. I v a y= 1-: / '1./ I 1/ :2! !10J!bn0-
/T/ J!.P/5/ /4./ •' . TY :s:; ;.[ ~~2 CTH 

ISO T240 
zsz L __ 

938 EOO 

l' . -

xiO~ 

550 :)00 ;)30 
0, 0 ]_ _ 

53(i 80 
21 . 

JGO soo 32CO iJI 



w 
-J 

~~ 'l'eope:rHqeCiu te 3HaqeHl-HI JVi.f! E3-nepexo~a c 3Heprlie! 497 K3B : 

K/ L = 3 ,4 ; L, ~L - I,2 ; L, ~L • 2,9 / 1 II /1 111 

T a o .t 11 q a ;3 

Onpe~e~eHKe ~o~·~eHTOB XORBepCKH B KY%aTXnO~bBOCTel y -nepeXO,lOB Gd 
... 
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