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t. RBEilEHl1E 

!1ccnenOB8HHe CBOJ:ICTB l:l036YJKlleHHbiX COCTOSIHHII 
160 

160 
Gd .B03HHK810lliHX 

105 

rrpH pacrrane Tb , rrpencTaBmieT 6onhlllolf HHTepec. 5'npo 64 Gd 91 pacrrono-

JKeHo B Ha'lane o6nacTH aToMHhiX Hnep c 150 ::::; A ::::; 80, y KOTOpblX 6bin8 

Ill 
06HapylKell8 CHnhH8SI ne<jlopM8UHSI B OCHOBHOM COCTCSIHHH • !1ccnenyH 

CBOJ:ICTB8 

141 
Ky'leil 

16G _ 12,31 
Gd, MOlKHO IIpOBepHTh IIpenCK838HHSI o6o~llJeHHOH H CBepxTe-

MonenH Hllpa. 

Oco6eHHO HHTepeCHhiM HBnHeTcH Ha6nJOnenHe f3 - H y -BH6pauHoHHhiX 
160 

COCTOSIHHJ:I B Hllpe Gd • Y -BH6paUHOHHbJe COCTOSIHHH, OCHOB8HHbie Ha HH3KOne-

lK8IUHX OllH0'18CTH'IHbiX ypOBHSIX 1 CHCTeM8TH'IeCKH IIpOH BnHJOTCSI B ne<jlopMHp0-

15 61 
B8HHblX 'I~THO-'IeTHblX H He'leTHbiX Hllp8X 

1 
• f3 -:~H6p8UHOHHbie COCT0-

'51 . 
SIHHSI 06HapyJKeHbl B OCHOBHOM B 'leTHO-'IeTHbiX Hllp8X 1 B He'leTHbiX Hllp8X 

167 17 I 
OHH H8llelKHO HlleHTH<jJHUHpOB8Hbl TOnhKO UnH llBYX Hnep - Tb H 

lOG Gd 181 .l1MeeTCSI T8KJKe YK838HHe H8 CyiUeCTBOB.tHHe COCTOSIHHSI T8KOH 
· 161 11al 

npHpOllbl B Hllpe Gd • 
IU I 1. 8-361 

CxeMa ypoBHeil Gd H3y'lanacb B pHne pa6oT ' • !1ccnenoBa-
IU 

nHCh ypoBHH, B036yJKnaiomHecH rrpH pacnane En (T 
112

=1,81 rona) H 
lOG 

Tb ( T 
112 

= 5, 6nHH). M HorHe naHHbie rrony'leHbi B OIIhiTax no KynoHoB-
150 

CKOMY B036YJKlleHHIO Gd H B OIIbiT8X ITO ( d, p) , ( < , d ~) H ( d , t) pe-

8KUHS!Mo 

100 
CxeMa pacrrana Tb ... 

liD 
Gd 6bma BrrepBbie rr :>ennoJKena T .l1.Bap-

xl 
noM , 6onee. rronHhie naHHbie 

too 18,10,16-191 
o pacrrane Tb rron:•'leHbi B pa6oTax 

IU 1221 
Mnoro HOBblX ll8HHbiX 0 CXeMe ypOBHeli Gd rrony'lefo B • ilnH CIIHHOB 

150 137 I IU 1381 
OCHOBHbiX COCTOSIHHJ:I Gd H Tb rronyqe IIO 3i18'1eHHe 312. 

xl I 11 
T .l1.Bapn, nHccepTaUHH, eM. cchmKy B 
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• 

·. 

I 1,9,391 10~ 
YcTanoaneno , qTo rrpH pacrrane Tb Bo3ey~naroTcg ypoBHH THrra 

16~ 
512-, 712- pOT8UHOHHOJ1: IIOnOCbl OCHOBHOrO COCTogaig Gd 152111'. YfMe-

rowHecH B nacTogwee apeMH aKcrrepHMeHTanbHbie na iHbie cornacyroTcg co 

181 
cnenaHHbiM paHee H8MH BbiBOAOM 0 TOM, qTo BO:I6y~A8IDIUHecg B gape 
16~ 1~~ 

Gd npH pacrrane Tb ypoBHH c 8HeprHgMH e92,6 K8B (312-) H 

. 647,8 K8B (512-) gBngroTcg ypOBHHMH Bp8IU8TenbHO i nonOCbl 6eT8-BH6paUH-

OHHOrO COCTogHHg I 521 It .a cag38HHOrO C OCHOBH o!M COCTogHHeM l6 
6
Gd • 8 

1HGd 
HHTeprrpeTaUHH OCTBnbHblX 

185 

ypOBHeJl:, B036y~Ll8IDIUHXC ~ B gape 

pacnane Tb, HMeroTcg pa3HornacHg, 

rrpH 

B 
117,401 

pa60T8X YK83biB8eTcg, qTO HeKOTOpb e CBOikTB8 ypoBHeJl: 

166
Gd MO~HO 06bgCHHTb H8nHqHeM CHnbHOrO KOpHOTHCOBOrO B38HMOA9li:CTBHg 

H HeKOTOpblX ApyrHX .a~¢eKTOB 1 KOTOpb!9 He yqHTbiB<>flHCb rrpH noCTpOeHHH 

cxeMbl HHnbccona 
1411 

B nacTOHIUe -JI pa6oTe rrpHaongTcg pe3ynhT8TbJ HccnenoBaHHH pacrrana 
15~ 

Tb • npenaapHTenbHbie pe3ynbT8Tbl 8THX Hccneno 38HHJ1: orry6nHKOB8Hbl B 

18,14,181 
pa6oTax • 

EbmH npoaeneHbi H3MepeHHSI crreKTpoa KOHBepcHOHHhiX aneKTpoHoB na 

14 21 
TOpOHUanbHOM weCTH3830pHOM 6eTa-cneKTpOMeTpe B YfHCTHTyTe HMeHH 

HHnbca Eopa H na .6eTa-crreKTpoMeTpe c nayKpaTHO 1 nBol1:nol1: 4;oKycHpOBKol1: 

1431 
Ha yron "V 2 B 06beAHH9HHOM HHCTHTyTe gJiepHbiX HccnenoBaHHti, 

CrreKTpbr raMMa-ny'iel1: H3yqanHcb c IIOMOIUbro Ge ( Li l -neTeKTOpoB B Y!n­

CTHTyTe HM. HHnbca Eopa H B Ol1Hl1. CrreKTpbi e ·• y -coB!1aAeHHJ1: H3yqanHCb 

HB TOpOHA8nbHOM IU9CTH3830pHOM 6eT8-CIT9KTpOMeT~e BM9CT9 CO CUHHTHnng­

UHOHHbiM raMMa-crreKTpoMeTpoM B Y!ncTHTyTe HM.Hl nbca Eopa. CrreKTpbi 

y - y -COBIT8Aef!HH H3yqanHCb C llOMOIUbiD ABYX K·)8KCH8nbHbiX Ge ( Li) -He­

T9KTOpOB H ABYXMepHoro 8H8flH38 B YfHCTHTyTe gnei'HhiX HCCne.QOB8HHH t.JCAH. 

6 

2. 3KC 

Yf 3 oTO!Ibl Tep6Hg no 

IIOA ne.li:CTBHeM IIpOTOHOB I 

rb HHCTHTyTa gnepHbiX HCC 

TBHTBnOBblX MHIUeHeli: COl 

XHMHqeCKHM nyTeM BbiAe 

nenenHe no aneMeHTBM r 

UHH Tep6Hg, AHCITp03HH, 

BHAe '!epe3 1,5 .. 8 '18CI 

npH HCCneAOB8HHH 

rrapaTOB Tep6HH, KOTOpbl 

H3 ~pBKUHli: AHCITp03H51 H 

qanHcb no cnenyroiUHM u 

149 149 
Dy ~ Tl 

1~0 1~0 

Dy 8MHH T 

161Ho ~ 
161{; 

1UHo ~ 
102 [ 

USHo 187 ceK 
ua[ 

164Ho 
104 

5 16 MHH, l 

106 
Ho 16 MHHi 4 7 MHJ 

167 18 MHH UT 
Ho I 

nQeii!U!8T ~p8KUH 

~HqeCKHM rryTeM qepe3 

ua 
Tb, nep~an 

n12enaQ8T II - ~paKU¥ 

qepea ..., 7 nnell: rrocne 

peAKOSeMellbHb!X aneME 



2. 3KCni!:PJ1MEHTAnbHA.H METO.ill1KA 

2.1. J1CTO'IHHKH 

J1aoTOITbi Tep6HH rronyqanHCh B peaynhTaTe pacmerrneHJ:SI Hllep TBHTana 

ITOll ue.ACTBHeM rrpOTOHOB C 3HeprHeA 660 MsB Ha CHHXpOUHKnO rpoHe 06'bellHHeHHO­

I'O HHCTHTyTa SlllepHbiX HCCnellOBBHHA B .fiy6He. npollOn.lKHTenbHOCTb o6ny'leHHSI 

T8HTBnOBbiX MHWeHeJ:! COCTBBmlila 2 -+ 17 'IBCOB, J1a o6ny'lei!HOJ:! MHWeHH 

xHMH'IeCKHM rryTeM BbillenHnach rpyrrrra peuKoaeMenhHbiX snoMeHToB. Paa-
/44/ 

AeneHHe ITO sneMeHTBM ITpOBOllHnOCb XpOMBTOrpa~H'IeCKHM ~eTOllOM , ~paK-

UHH Tep6HSI 0 llHCITp03HSI 0 I'OnhMHSI rronyqanHCb B pallHOXHMH'IeCKH 'IHCTOM 

BHlle qepea 1,5 -+ 8 qacoB nocne KoHua o6ny'leHHSI, 
160 

npH HCCnellOBBHHH H3ny'leHHSI Tb 6binO HCITOnb30B8t 0 fiSITb THITOB rrpe-

rrapaTOB Tep6HSI 0 KOTOpbie rronyqanHCb KBK H3 Tep6HeBOJ:! ~p<!KUHH, TBK H 

H3 ~pBKUHH llHCITp03HSI H I'OnhMHSio J13 3THX ~p8KUHJ:! H30TODhl Tep6HSI rrony-

qanHcb no cneuyiDIIlHM uerroqKaM pacrraua: 

149 
Dy~ 

150 
Dy 8MHH 

101
Ho 31 ceK 1 

102Ho ~ 
108

Ho 187 ceK 

IHHo 
5,6 MHH

1 

149 
Tb 

150 
Tb 

151Dy 

152 Dy 

U8Dy 

154 
Dy 

4,1 qac, 

3,1 qac, 

19MHH __, 

10 neT __, 

149 149 149 
160 AH Sm/cTa6) 

uo 
Gd 9,3 AH, Eu 

Gd ( CTa6) 

17,5 'IB<f 
15 Cd 120ua., 

101
Eu (cTa6) 

102 
17.5!JaC, Gc (cTa6) 

2,3 llH 1 

158 158 ) 
Gd 225 llH. Eu( cTa6 • 

164 154 
Gd Tb 21 qac;8,5 qap 

IH 
Ho 

105 100 IU 
16MHHj47MHH, Dy JOqac Tb 5.6ua, Gd 

( CTa5). 

(cTa6) 

167 
Ho 

nperrapaT 

18 MHH 16T 8,2 'IBC IH 160 neT 167 ( 
6

) 
Dy Tb Gd CTE , 

~p8KUHSI Tep6HSI 0 nepe'IHIIleHHBSI llOITOnHHTenbHO XpOMBTOrpa-

~HqecKHM rryTeM qepea 10 -+ 15 uaeil rrocne ee rrony'leHHSI, nperrapaT 1 co-
ID8 

uep.>Kan Tb , 
105 

Tb, 
168 

Tb H 

nperrapaT II - ~pBKUHSI Tep6HH, BbiAeneHHBSI H3 MaTepHHC~ OI'O AHCITp03HSI 

qepea ..., 7 AHeil rrocne xpoMaTorpa~H'!eCKoro BbiJleneHHH AH,:rrpo3HH H3 rpyrrrrhi 

168 "b H 160Tb • penKo3eMenhHbiX sneMeHTOB. 3ToT rrperrapaT couep.>Kan 
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npenapaT III - aT•> npenapaT II, xpoMaTorpa<jm'leCKH nepe'IHweHHbill: 'lepe3 

"' 30 naelf nocne BbiAeneHHH Tep6HH H3 AHcnpo3HH. npenapaT Ill conep*an 

lGtL 
TOnbKO OAHH H30Ton Tb. 

ua 
npenapaT IV - 'IIICTbill: H3oTon Tb , nony'leHHhill: H3 MaTepHHcKoro ronbMHH. 

<l>paKUHH Tep6HH B :,rnenHnacb H3 ronbMHH 'lepes 30 + 40 'IBCOB nocne BbiAene-

HHSI ronbMHSI H3 'pynnbi peAK03eMenbHbiX aneMeHTOB. • 
ua 

npenapaT V - H~:OTOn Tb, BbiAeneHHbill: H3 Tep6HeBoll: <flpaKUHH C :YOMOIIlbiO 

/15/ 
Macc-cenapaTopa B HacTHTyTe HMeHH HHnbca Bopa. PasneneHHe H30To-

noB Tep6HH aa Ma•:c-cenapaTope npoBOAHnocb B Konearareae 'lepes • 15 'IBCOB 

nocne xpoMaTorpa<m'lecKoro paaneneHHH penKoaeMenbHbiX aneMeHTOB B 06'he­

AHHeHHOM HHCTHTy"e HUepHbiX HCCneUOB8HHJI: B lly6He. 

2. 2. 3 KCnepHMeHTanbHbie YCT8HOBKH 

CneKTp KOHB! pCHOHHbiX aneKTpOHOB H3y'lanCH C nOMOIIlbiO TOpOHABnb­

/42/ 
aoro wecTH3aaopH< ro f3 -cneKTpoMeTpa H MarHHTHoro f3- cneKTpo-

/43/ 
MeTpa C ABYKpaTHCll: <fJoKycHpOBKOlf Ha yron rrV2 • PerHCTpaUHSI aneKT-

pOHOB H8 TOpOHA8nbHOM WeCTH3830pHOM f3 -cneKTpoMeTpe ocymecTBml-

naCb UBYMSI He38Bl CHMbiMH CUHHTHnnHUHOHHbiMH UeTeKTOpaMH 1 n03BOnSIIOIIIHMH 

OUHOBpeMeHHO H3Mt!pS1Tb UB8 cneKTpa KOHBepCHOHHbiX aneKTpOHOB. 8 HaWeM 

cny'lae OUHH H3 en ~KTpOB H3MepHnCSI C "Bb!COKHM" paapeweHHeM ( paapeweHRe 

0,5%, CBeTOCHnl '" 1%) 1 a Upyrolf - C Bb!COKOJI: CBeTOCHnoJI: ( paapeweHHe 

1%, cBeTocHna "' 9%). CneKTp, HaMepHeMbill: c paapeuBHHeM .. 1%, 6hm 

aeo6xoAHM npH noc raHoBKe onhiTOB no HccnenoBaHHHM e - y- coenaneHHll:. 

npH HCCneAOB8HHH ::neKTpOB Ha TOpOHUBnbHOM WeCTH3830pHOM {3 -cneKTpO-

MeTpe HCnOnb30Ban~Ch TOnbKO TpH 3830pa cneKTpOMeTpa. 

MarHHTHhilf 3 -cneKTpOMeTp C <)>oKyCHpOBKOJI: Ha yron rrV2 HCnOnb30-

BanCH KBK B pe)I{HNe ~AHOKpaTHOlf1 TBK H AByKpaTHOJI: <)>OKYCHpOBKH aneKTpO­

HOB. PerHCTpaUHSI : •neKTpOHOB npOBOAHnacb C noMOIIlbiO weneBbiX C'l~T'IHKOB 

felfrepa-MIOnnepa. 8 pe)I{HMe OLIHOKp8THOlf <fJoKycHpOBKH ABa C'l~T'IHKa pa3Me-

·s 



!I18nHCb 38 rrepBbiM «floKYCOM H BKniO'I8nHCb B CXeMy COBII8ll ~HHH. Paape-

meHHe ~ -CIIeKTpOMeTp8 COCT8BnHnO • 0,25%, CBeTOCHne .. 0,2%., ¢loa 

IIpH rrepeKpb!TOM IIy'IKe aneKTpOHOB COCT8BnHn 5+6 HMIIIMHE • B pelKHMe llBy­

Kp8THOA «floKYCHpOBKH OllHH C'leT'IHK IIOMe!II8nCH 38 rrepBbiM ifJoKyCOM H llB8 

38 BTOpbiM «floKyCOMo. Bee TpH C'leT'IHK8 BKniO'I8nHCb B cxe~ty COBIIBlleHHH. 

PerHCTpHpOBanHCb KBK llBOAHbie COBII8ll€1HHH ( MelKllY H ~ C'leT'IHK8MH) 1 

TBK H TpOAHbie COBII8lleHHH ( MelKllY BCeMH C'leT'IHK8MH). !i aTOM cnyqae pa3-

pemeHHe COCT8BnHnO. ,. 0,22%, CBeTOCHn8 "' 0,1%, ifJoHOBb X OTC'IeTOB B Teqe­

HHe 15 qacos He aa6n10nanocb. 

166 
f8MM8-HanyqeaHe Tb Hccnenos8nocb c noMo!IIbiO T•Jex repM8HHeBbiX 

nonyrrpoBOllHHKOBbiX neTeKTopos: nnocKon8pannenbHoro G ' ( Li ) -neTeK-

2 
TOp8 C p83Mep8MH 0, 7 CM X 0,35 CM H £1BYX K08KCH8nbHbiX Ge ( Li ) -ne-

3 3 
TeKTOpOB C 'IYBCTBHTenbHblMH 06'beM8MH • 5 CM H ., 12•:M • npH H3Me-

peHHHX HB IInOCKOII8pannenbHOM neTeKTOpe HCIIonb30B8nCH ]024-K8H8nbHhlH 

8MIInHTYllHblH 8H8nH38TOp 1 IIpH H3MepeHHHX Ha K08KCH8nhHbiX neTeKTOp8X 

HCIIOnb30B8nCSI 2048-K8H8nbHblH 8MIInHTY£1HbiH 8HanH38TOp. 1onyii!HpHH8 Y -nH-
156 

HHA Tb C 3HeprHeA 340,8 K3B COCT8Bnstn8 ,. 5 K3B H '" 3 K3B llnH IIno-

CKOII8p8nnenbHOrO H K08KCH8nbHblX neTeKTOpOB COOTBeTCTBEHHO. 

CrreKTpbt e - y - COBil8lleHHH H3yqanHCb H8 TOpOHll&lbHOM weCTH38-

aopHoM f3 -crreKTpoMeTpe ( paapemeHHe • 1%, cseTocHna 991.) H y -crreKTpo-

MeTpe c 512 - KaH8nbHbiM 8MIInHTYllHbiM aHanH38TopoM c cpHCT8nnoM N a I (TIl 
137 

(7,6 CM X 7,6 CM), HMeiO!IIHM paapeweHHe H8 nHtJHH Cs ( E =661KaB) y 

.. 8%. 

Bo3MOlKHOCTb perHcTp8UHH sneKTpoHoB, oTnH'I8IOIIIHXcs· no aaeprHH Ha 

1,8%, HB TOpOH£18nbHOM WeCTH3830pHOM ~ -crreKTpoMeTJe nsyMH aeaa-

BHCHMbiMH CUHHTHnnHUHOHHblMH C'leT'IHK8MH Il03BOnstn8 H3Ml•pHTb llB8 CIIeKT-

p8 e - y -coBII8UeHiiA onaospeMeHHo: crreKTp coBII8lleHHH :.oneKTpoaoB aa 

M8KCHMyMe KOHBepCHOHHOH nHHHH H CIIeKTp ifJOHOBblX COBil8J{eHHii aneKTp0-

166 
HOB 38 ll8HHOH KOHB.epCHOHHOii nHHHeii ( E e > E It) C Y -ny'I8MH Tb • 

0pH HCCnellOBaHHH e- y -COBIIalleHHH 512-KBH8nbHblH 8H8nH.l8TOp HCIIOnb30-

B8nCSI K8K llBe He38BHCHMbie IIOnOBHHbl IIO 256 K8H8nOB. 
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CrreKTpbi y- y -coBrra.oeHHfi H3MepsmHcb rrpH rroMOIUH .QByx KOaKCHanbHhiX 
x/ 3 3 

Ge ( Li) -.QeTeKTO JOB C qyBCTBHTenbHbiMH 05'beMaMH 6,1 CM II 7,3 CM • 

P'a3peweHHe 050HX lleTeKTOpOB COCTaBnSinO 
80 

5 K8B Ha nHHHH Co C 8HeprH-

efi 1331 KaB. CxeMt T!fqecKoe H3o5paJKeHHe reoMeTpHH orrhiTa rrpHBeneHo Ha 

pnc. I. lln>~ yMeHbll eHH>I qncna coBrraneHHfi, o5yc;:oBneHHhiX y -KBaHTaMH, 

pacce>IHHbiMH H3 onroro neTeKTopa B npyrofi, MeJKny HHMH pacrronaranacb 

CBHHllOB851 3aWJITa 1 OniUHHOH 10 MM, o5nHUOBaHHa51 MM C d + 0,35 MM Cu. 

3neKTpoHHaH 1 rrrrapaTypa rrpencTaBnHna co5ofi aHanorHIO 5biCTpoMenneH­

Hofi cxeMbi comrane Ill il. 6noK-cxeMa arrrrapaTyphi rrpnBOilHTCH Ha pH c. 2. CTa-

5nnbHOCTb arrrrapaTyphi He xyJKe 0,1% B TeqeHHe 100 qacoB. Pa3pewaiOmee 

-7 
BpeMH arrrrapaTypbl r 10 CeK. 3tfltfleKTHBHOCTb perHCTp8Uiflf COBII8JleHHH 

Jln51 y -nyqefi C 9HeprHefi Bb!We 50 K9B COCTaBnHna He MeHee 80%. B 

lf3MepeHH51X HCITOnb:IOBBnC51 4096-KaHanbHb!H 8M!InHTYilHb!H aHanH38TOp, pa-

50T8IOIUifl\ B peli<HM•~ llBYXMepHoro aHanH38 64x64 KaHana. 

3. :lKCnEPHMEHTAnbHb!E PE3YnbTATbl 

3.1. HccnE noBaHHH crreKTpoB KOHBeocHOHHbiX aneKTpoHoB 

CrreKTp KOHBe JCHOHHhiX aneKTpoHoB B ·aHepreTHqecKofi o5nacTH oT 30 

JlO 370 K9B HCcneJl(IB8nC51 C !IOMOIUbiO TOpOHJl8nbHOrO 

B H3MepeHHHX ncrrc nb30BancH rrperrapaT V. 

{3 -crreKTpoMeTpa. 

npoBeneHo He ::KonhKo cepHfi H3MepeHHfi; OllHH H3 rronyqeHHhiX crreKTpoB 

rrpellCTaBneH Ha pH<:. 3. CBeneHHH 06 9HeprHHX If OTHOCHTenbHb!X HHTeHCHBHO­

CTSIX KOHBepCHOHHbl X aneKTpOHOB !IpHBeneHbl B Ta5n. 1. 

x/ KoaKcHanbflbie Ge ( Li) ~ neTeKTOphr, Hcrronb3oBaHHhie B naHHofi pa5oTe, 

H3rOTOBneHbi B HHc:THTyTe HnepHhiX nccnenoBiiHHfi l.JCAH. 
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156 
CrreKTp KOHB8pCHOHHhlX 8li8KTpOHOB Tb B HCCli8AY8MO ;i 9HepreTH'!eC-

KOli o6naCTH S!BliSI8TCSI 0'!8Hb CliO)I{HbiM, p 83p8W8101U8SI CIIOCO JHOCTb !IpH60pa 

I 1,9; 
He II03BOliSili8 p83):18liS!Tb 60lJbWIIHCTB8 H3B8CTHbiX liHHHli , LlnH p83J]8li8HHSI 

HHT8HCHBHOCTeli CliO)I{HblX liHHHli IIO COCT8BliSIIOIUHM HCIIOllb.lOB8liHCb COOT-

BeTCTByJOIUHe ):18HHh18 06 OTHOCHT8llbHblX HHT8HCHBHOCTSIX KOI B8pCHOHHbiX 

I 101 
9li8KTj)OHOB H3 pa60Tbl , 0ony'£8HHbl8 T8KHM o6pa30M HH"8HCHBHOCTH 

I 101 
OTA8llbHbiX liHHHli H IJ8HHbl8 pa60Tbl IIpHB8!18Hbl B T80lJHI(e 2, 

'Ha f3 -CII8KTpOM8Tpe C <jloKyCHpOBKOli 9li8KTpOHOB Ha Yf'Oll 17y 2 HC-

Cl18AOB8lll!Cb OTA8llbHbl8 8HepreTH'£8CKH8 Y'!BCTKH CIIeKTpa K• lHB8pCHOHHhiX 

156 
9li8KTpoHoB Tb. B pe)I{HMe oaaoKpaTHoli tfloKycHpoBKH rrp<·BOAHliHCb H3Me-

peHHSI B o6lJ8CTH 8H8pl"'Hll 8lJ8KTpOHOB OT 50 ):10 570 K9B 1 B j)8)1{l!M8 ABY­

Kp8THOll cpoKycHpOBKH - B o6nacTH Ee OT 130 ao 670 K9B, B H3MepeHHSIX 

HCIIOllb30B8lll!Cb IIperrapaT~ H II. 

B 6eTa-crreKTpoMeTpe c <jloKycHpoBKoli 9neKTponoB Ha yron rr y 2 OKH8 

C'!eT'!HKOBbiX K8Mep 38Kpb!Tbl li8BC8HOBhiMH !Il18HK8MH TOliiUHHOll'" 4 fL, LlnH OII­

peaeneHHSI HHT8HCHBHOCTeli KOHB8pCHOHHbiX 8lJ8KTpOHOB B 06II8CTH HH3KHX 

9H8pl"'Hli H806XOAHMO BBOAHTb IIO!Ip8BKY H8 IIOI"'liOUl8HHe H p1CC8SIHH8 9li8KTpO-

HOB KBK B 9Tl!X !Il18HK8X1 T8K H B 1"'838 1 38IIOliHSIIOW8M C'IE T'IHKOBble Ka-

Mep~. 3Ta IIO!Ip8BK8 OIIp8A8liHli8Cb 9KCIIepHM8HT8llbH0 1 IIpR'!eM HCIIOllb-

30BaliHCb H3B8CTHbl8 JJ8HHhl8 06 HHT8HCHBHOCTSIX KOHBepCIIOI Hh!X 9li8KTp0-

155 1101 I eo 1461 
HOB Tb ( , JJ8HHhi8 H8CTOSIIUeli pa60Thi, T86lll!U8 1), Yb H 

132 1471 
Eu • KpHBhie s<jJ<jleKTHBHOCTH perHcTpauiiH 9li8KTpoHc B B cnyqae oaao-

KpaTHOli H AByKp8THOli <\'oKyCHpOBKl! rrpeACT8Bli8Hbl H8 piiC, 4, 0wii6Ka B 

orrpeaeneHHH IIO!Ip8BO'IHOI"'O K09tPtPHUH8HT8 B p8)1{l!Me AByKparHoli <jloKyCIIpOBKH 

B HCCli8AY8MOli 8H8j)f'8TH'I8CKOli 06li8CTH cocTaBnHeT "' 20%, B pe)l{l!Me 

OAHOKpaTHOll <jloKyCHpOBKH OWH6Ka B OIIpeaeneHHH IIO!Ij)8BO'!IIOI"'O K08tPtPIIUH­

eHT8 COCT8BliSI8T "' 20% B 8H8pl"'8Tli'18CK0ll o6naCTl! 150 ~ ~90 K8B II B03-

j)8CT88T c yMeHbWeHIIeM sHepriiH sneKTpoHoB, OpH sHeprHI sneKTpoHoB oKono 

100 K8B OWH6Ka B OrrpeaeneHl!l! 8TOr'O K08<jl<jll!Uli8HT8 AOCTII _:aeT 50%, 
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• 

OonyqeHHble ABHHbie 06 aHeprHSIX H OTHOCHTellbHbiX HHTeHCHBHOCTSIX KOH-
166 

aepcuoHHhiX anex1 poHoB Tb rrpeAcTaaneHbl B Ta6nuue 2. KoaaepcHOHHbie 

IIHHHH, COOT&eTCTBYIOI!lHe rrepexoAaM C aaeprHSIMH 216,0; 254,0; 380,3; 428,3; 

488,1; 513,0; 532,5; 542,5; 555,4; 610,4 H 648,] K3B, B KOHBepCHOHHbiX 

' CIIeKTp8X paa:ee H 3 H861IIOABIIHCb. faMMa-nyqH, COOTBeTCTBYIOIIl.He BCeM 3THM • 

rrepexoAaM, aa6moaanucb aaMH TaKJKe B raMMa-crrexTpax una crreKTpax 
166 /18/ 

y - y -coBIIBA9HI lA IIpH pacrraAe .Tb 

OpH orrpeAen3HHH aHeprHA yKa3aHHbiX rrepexoAOB B xaqecTae Kanu6po­
/ TO/ 

BO'lHbiX 3HeprHA H ~IIOIIb30BBIIHCb pe3ynbT8Tbl pa60Tbl • OorpalliHOCTb B 

orrpeAeneHHH aaep!'HH HOBbiX nHHHA OTHOCHTenbHO KanH6pOBO'lHbiX 3HeprHA He 

rrpeBbllliBeT 0,2%. 3Ha'!eHHSI aHeprHH ApyrHX IIepeXOAOB, KOTOpbie Ha6niOAB­
/JO/ 

lOTCSI HBMH B crre11 Tpe KOHBepCHOHHbiX aneKTpOHOB, B3S!Tbl H3 

156 
Tb 

Opu aHanH3e ABYXMepHbiX crreKTpOB 
I 181 

Y - Y -cOBIIaAeHHA IIpH paciiaAe 

o6HlpyJKeHbi raMMa-ny'lH c aaeprueA 162 xaa, COOTBeTCTByiO-
16D 

mHe rrepexoAy c a1epraeA 162,3 KaB B SlApe 

paaee rrpH pacrraAE· 
111

Tb ae aa6niOAanHcb. 

Gd • TaxHe raMMa-nyqu 

111 1 
B pa6oTe IIpH H3MepeHHSIX CIIeKTpOB KOHBepCHOHHbiX aneKTpOHOB 

156 
Tb HB MarHHTHOM CIIeKTporpacjle C Bb!COKHM pa3pemeHHeM B o6naCTH 

, /10/ 
K -KOHBepcHOHJ:biX nHHHA rpyrrrrbi H3BeCTHhiX rrepexoAOB c aaeprHHMH 

158,6; 160,5; 161,.3; 163,3 K3B Ha6niOA8naCb cna6asr KOHBepCHOHH8SI nHHHSI, 
IU 

KOTOpyiO aBTOpbi OTHeCnH K rrepeXOAY 162,62 K3B B Gd • CooTBeTCTBYIOIIl8SI 

o6naCTb KOHBepCH<•HHOrO CIIeKTpa, rronyqeHH8SI B H8lliHX H3MepeHHSIX Ha CIIeK-

TpoMeTpe C cjloxyc ipOBKOA aneKTpOHOB Ha yron rty 2 , pa6oTaiOmeM B pe-

JKHMe OAHOKpBTHO~ cjloKyCHpOBKH, IIpHBOAHTCSI HB pHC. 5. Pa3AeneaHe KOHBep­

CHOHHblX nHHHA I( •162,6 H I( - 163,3 H3-38 HeAOCT8TO'lHOA pa3pelliBIOllieA CIIO­

co6HOCTH cneKTpoHeTpa B aamax H3Mepeaasrx 3BTPYAHeao. Pa3noJKeaae aToro 

CnOJKHOrO yqaCTK8 CIIaKTpa H8 COCTBBnSIIOI!lHe KOMIIOHeHThi, OIIpeAeneHHe 

aHeprHA OTAenbHbl ( KOMIIOHeHT H HX OTHOCHTenbHbiX HHTeHCHBHOCTaA 6bJnO 

rrpoBeAaHO H8 snet TpOHHO-Bbl'lHCnHTenbHOA MBlliHHe IIO IIporpaMMe, HeAaBHO 
/48/ 

cocTasneaaoA 3Bol:bCKHM H OpuxoAbKO • AaanH3 pe3ynbTaTOB pa3noJKeHHSI 
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rrpHBOAHT K 38KniO'IeHHI00 'ITO B paCCM8TpHB8eMblii Y'18CTOK WHBepCHOHHOI'O 

CfleKTpa A8IOT BKn8A CeMb nHHHfl KOHBepCHOHHbiX aneKTpOHOI, C aHepi'HSIMH 

108,4; 108,9 + 109,5; 110,3; 111,1; 112,1 H 113,1 KaB.ICOOT3eTCTBYIOIItHX 

ID5 158 
rrepexoAaM K 158,6 ( Tb ) + M 109,6 ( Tb ) ; N 109, 7+0 109.7 
153 155 155 155 155 

( Tb~K Hl0,5 ( Tb); K 161,3( Tb) ; K 162,3 ( Tb) K 163,3 ( Tb). 

0nm6Ka B orrpe.QeneHHH OTHOCHTenbHbiX HHTeHCHBHOCTeii KOHI epCHOHHbiX aneK­

TpOHOB He rrpeBbllll8eT 15%, OlllH6Ka B orrpeAeneHHH aneprHH nHHHH K 162,3 

OTHOCHTenbHO nHHHii K 161,3 H K 163,3, He rrpeBbllll8eT 0,3%, nony'leHHbie 

HHTeHCHBHOCTH KOHBepCHOHHbiX nHHH:l: IC 160,5; K 161,3 H K 163,3 cornacy­

/17/ 
IOTCSI C HHTeHCHBHOCTSIMH aTHX nHHHH B • 0AH8KO rrony'leiHOe 3Ha'leHHe 

HHTeHCHBHOCTH nHHHH 

/17/ 
OTBeTCTBYIOIItee B 

K 162,3 rrpH6nH3HTenbHo B IlleCTb pa:: rrpeBbiillaeT co-

117/ 
B pa6oTe rrpH pacrraAe 

155 Tb 
o6Hapy)l(eHbl KOHBej: CHOHHbie aneKTpO-

Hbi, COOTBeTCTBYIOIItHe rrepeXOA8M C aHepi'HSIMH 59,63; 102,6 i 103,38; 193,28; 

206,55; 242,85; 246,36; 248,64; 261,34; 310,13 H 408,79 Kall. 06Hapy)l(eHo 

/10/ 
T8K)I(e 0 'ITO nHHHH KOHBepCHOHHbiX aneKTpOHOB paHee H3BeCTJ:biX rrepeXOAOB 

C aHeprHHMH 208,0 KaB H 367,6 K3B ABOiJ:Hhie, K8)1(£\8SI H3 HHX COOTBeTCTByeT 

rrepeXOA8M C aHeprHHMH 208,08 H 208,61 KaB H 367,33 H 367,70 K3B COOT-

BeTCTBeHHOo 

/10/ 
llHHHH KOHBepCHOHHbiX aneKTpOHOB, KOTOpb!e B pa6oTe HAeHTHqlH-

UHpyiOTC51 K8K L 1 H L 2 KOHBepCHOHHhie nHHHH rrepeXOA8 C aneprneii 60,3 KaB, 

B pa6oTe 117/ HAeHTHqlHUHpyiOTC51 KaK K -KOHBepCHOHHbie H IT pHITHCbiB8IOTC51 

nsyM rrepexonaM c aHeprHHMH 102,61 H 103,38 KaB. KoHBepcHoHHaH nHHHH, 

/10/ /17/ 
KOTOp8SI B pa6oTe HHTeprrpeTHpyeTC51 K8K lC 10 1,6, B p< t60Te· pac-

CM8TpHaaeTC51 KaK L I 59,63, 

155 
3.2. faM~a-H3ny'leHHe Tb 

npH H3MepeHH51X I'8MMa-crreKTpa Ha fiJIOCKOIT8panneJibHOI\I .QeTeKTOpe HCITOnb-

3osancH rrperrapaT V, H8 KOaKCH8J1bHbiX AeTeKTOpax - rrpenap8Tbl II H lii • 
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IU 
6bmo rrpoBeneHo neBHTb II3MepeHIIfi raMMa-cneKTpoB Tb, 113 HIIX UB8-H8 

nnocKonapannenh!IOM neTeKTope 11 ceMh - Ha KoaKcllanhHbiX neTeKTopax. ITony-

qeHHbie cneKTpbi xopowo cornacyiOTCH Me)Kny co6ofi. CneKTp y -nyqelt, CHH-

Thifi Ha nnocKona JannenhHOM neTeKTope, npiiBeneH Ha p11c, 6, raMMa-cneKTpbi, 

nonyqeHHbie c no \.10llihiO KOaKcllanhHbiX neTeKTopoB, npencTaBneHbi Ha p11c. 7 

II 8, 

Ha KoaKCIIa l!hHbiX neTeKTopax 113MepeHIIH raMMa-cneKTPOB rrpoBontfnllcb 

c llcrronh30B8HIIe -1 qmnbTpoB ( 2 II 4 MM A I II !Ipll p83Hb!X p8CCTOSIHIISIX 

Me)Kny neTeKTOpt •M II IICTO'IHIIKOM, C !IOMOUlhiO 8TIIX 113MepeHIIlt 6binO yCT8HOB­

neHO, 'ITO niiHIIII C 3HepriiHMII • 130 II "' 306 K8B COOTBeTCTBYIOT CYMMapHblM 

11IIK8M peHTreHOE CKOrO 113nyqeH.IU:I II IIHTeHCIIBHblX raMMa-nyqelt C 8HepriiSIMII 

86,5 II 262,45 K< B COOTBeTCTBeHHO, 

OrrpeneneHJie oTHOCIITenhHbiX IIHTeHCHBHocTefi raMMa-nyqelt rrpu 113Mepe­

IHHX H8 rrnoCK0113pannenhHOM neTeKTOpe 11p0113BOUIInOCb C ITOMOllibiO KpHBOfi 

a!jl!jleKTHBHOCTH p ~rHCTpaUIIII raMM8-113ny'leHHSI G e < Li ) neTeKTopoM c 

2 /49/ 
paa\.!epaMII 2,5 c M x 0,35 eM, B3SITolt 113 pa6oTbi • Y'laCTOK KpiiBolt a!jl-

!jleKTIIBHOCTII, no. Iy'leuuofi nnH uawero rrnocKorrapannenbHOro neTeKTopa rrp11 

:lOT /50a/ ll08 /50B/ 
113MepeHHII crreK1 poB Bi 11 Tl , aHeprllll 11 IIHTeHCHBHOCTH 

y -nyqefi KOTO pb!X 113BeCTHbi, XOpOWO nO)KIITCSI H8 IICI10nb3yeMyiO KpHBYIO 

a!jJ!jleKTHBHOCTH, 

KpiiBbie a!jlpeKTIIBHOCTefi periiCTpauiiH 

neTeKTOp8MII C 'IYBCTBIITenbHbiMII 06'beMaMII 

Y -113ny'leHHSI K08KCH8nbHNMH 

3 3 
"' 5 CM If • 12 CM rrony'leHbl 

8KC11epllt.·eHTanhf0 0 OAH8 113 HIIX 11p11BeneHa H8 pHC, 9. nnSI onpeneneHHSI ~K-

" ll08 189 180 
TIIBHOCTeii HCITOI b30B8n11Cb Hg, Yb, Tb, AnSI KOTOpb!X 113BeCTHbl 

/51,46,52/ 
aHeprHII II IIHTef CIIBHOCTH y -nyqefi , flp11 orrpeneneHIIII a!jJ!jleKTHB-

HOCTefi periiCTJ18UIIII y 113nyqeHIISI C 8Heprllefi < 80 K8B HCITOnb-

1111_ 
3oBanach H3Bec :TH8SI HHTeHCHBHOCTb y -ny'lelt Yb c E 

y 
=63,12KaB 

If paCC'IIIT8HHbi3 HHTeHCIIBHOCTII X II X - uany'leHHSI 

IGO a {3 
Tb • PncqeT rrpoBonHnCH Ha ocHoBe naHHbiX o cxeMax pacrrana 

2os Hg 

II 

ll08 160 u 

Hg II Tb II IIHTeHCIIBHOCTefi KOHBepCHOHHblX aneKTpOHOB II Y -ny'leH, 
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1D6 
ITeKTpOB Tb, H3 HHX aBa-fla 

K08KCH8J1bHb!X AeTeKTOpax. flony­

C05oit. CrreKTp 
}' -nyqeft, CHSI-

.eneH Ha pHc. 6, raMMa-crreKTpbi, 

ropos, rrpencTaBneHbi Ha pHc. 7 

Sl raMM8-CIIeKTpOB I1pOBOLlliJ1HCb 

H rrpH paaHbiX paccToSIHHsrx 

ro :3THX H3MepeHHti Dh!no ycTaHos­

K:3B COOTBeTCTBYIOT CYMMapHb!M 

IHb!X raMMa-nyqeif C :3HeprHSIMH 

OCTeti raM_Ma-nyqefi IIpH H3Mepe-

13BOAHnocb C IIOMOlUbiO KpHBOti 

i'l G e ( Li ) AeTeKTopoM c 

/49/ 
t50Tbi • Y'laCTOK KpHBoti :3¢-

rrapannenbHoro Ae 
'50s/ TeKTopa rrpH 

' :3HeprHH H HHTeHCHBHOCTH 

TCSI Ha HCIIOJ1b3yeMyJO KpHBYIO 

y -H3Jiy'leHHSI K08KCH8J1bHb!MH 

"' 5 CM3 H •}2 3 
CM rronyqeHbi 

a pHc. 

180 
9. nnsr OIIpeaeneHHSI a$fleK-

Tb' LIJ1SI KOTOpb!X H3BeCTHbl 
,52/ 

• flpH OIIpeAeneHHH a$fleKTHB-

:3HeprHeti < 80 K:3B 
HCIIOJ1b-

IOBe 

l$J_ 
Yb c E = 63, 12 K:3B 

y 
- H3J1Y'IeHHSI • 20 3 Hg 

A8HHbiX o cxeMax pacrraLta 

JCHOHHbiX :3J1eKTPOHOB H }' 
-nyqefi, 

npHBeaeHHbiX B pa6oTax
151 •531 B :3THX pa6oTax HHTeHCHBHOCTH KOHBepcHOHHbiX 

aneKTpoHoB H y -Hy'leti 'bnpeneneHbi c 'l'O'IHOCThiO He xy)Ke 10%. Bbixon 

/54/ 
cJ!moopecueHUHH nm1 K -o6ono'leK 6pancSI paBHbiM 0,955 H 0,926 nm1 

pTyTH H Tl;!pOHSl COOTlleTCTBeHHO. 3HeprHH H OTHOCHTenbHbie HHTeHCHBHOCTH 

K8nH6pOBO'IHbiX }' -J1HHHH H paCC'IHT8HHbie HHTeHCHBHOCTH peHTreHOBCKOrO 

H3J1y'leHHSl IlpHBOilSITCSI B Ta6nHUe 3. 

flony'leHHbie Ll8flHbie 00 :3HeprHSIX H HHTeHCHBHOCTSlX 

npeacTasneHbi B Ta6 mue 1; 44 rrepexona Ha6nroAanHCb B y -cneKTpe 

/8/ 
srrepBbie HaMH , rrpH'IeM 21 nepexoa paHee He Ha6nronancSI TaK)Ke 

I 181 
H B crreKTpe KOHBep;HOHHbiX aneKTpOHOB. B pa6oTe Ha6nronanocb 6nnb-

IIIHHCTBO :3THX rrepe' OLlOBo 0THOCHTenbHbie HHTeHCHBHOCTH raMMa-nyqeft XOpOillO 

cornacyro.fcsr c Haw tMH L18HHbiMH ( CM. Ta6n. 4). M hi He Ha6nronanu nepexo­

AOB C :3HeprHefi 23E, 1 H 326,0 K:3B 0 H8 cymecTBOB8HHe KOTOpbiX YK83biBileTcSI 

116/ . 
B pa6oTe • Ha5J roaaeMoMy H8MH rrepexony c aHeprueii: 488,1 K8B cooT-

/ 16/ 
BeTCTBYIOT 0 IIO-BHLll!MOMy, LlB8 nepexona C 8HeprHSIMH 487,5 H 488,9 K8B 

8 H8IIIHX HCcneLlOBl HHSIX H80J110Ll8J1HCb CJ180bie ITO HHTeHCHBHOCTH raMM8-J1Y'IH 

C :3HeprHSIMH 216,0; 233,6; 248,0; 254,2; 361,0; 380,3; 395,0; 447,0; 513,0; 
/16/ 

542,5; 555,4 H 610,5 K8B 0 KOTOpbie B pa6oTe He H80J110ll.8J1HCb. 

3.3 Hc•;neLioBaHHe cneKTpos e- y - COBII8/leHHH 

flpH HCCJ1eAOB8!IHH CIIeKTpOB e- }'-COBIIaLleH.Hfi HCIIOJ1b30B8J1CSI npenapaT V. 

J1aMepSIJ1HCb CIIeK"pbl COBII8.QeHHti raMMa-nyqei;i C KOHBepCH'?HHblMH JlHHHSlMH 

L60; K.86,5 + L4~·,3: K 105,3; Kl05,3 + MOO; K148,45+ Ll05,3; K .. 160; 

K•J63; Kl80,1 11 K262,65. 

AaanH3 crre!(TpoB e - y -cosrraneHHti nposonRncsr cnenyroiUHM o6pa3oM. 

CrreKTp COBII8L1eH{H y -ny'Iefi ~ 38.Q8HHOti nHHHeti KOHBepCHOHHhlX 8neKTpo-

HOB pa3naraJICSI H '\ COCT8BJ1SIIOiUHe '18CTH MeTOll.OM IIOCJ1eLIOB8TeJ1bHOrO Bbi'IHT8HHSI 

cneKTpos. DpH p13rio)KeHHH }' -ciieKTpOB HOflOJ1b30B8J1HCh ll.BHHbie 0 ¢opMe 

y -cneKTpoB pSina cTaHLiapTHbiX npenapa-
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TOB, HMeiOil!HX xapaKTepnhre OL!HHOqJibie Y -IHIKH, Oo nyqeHHbie HHTeHCHBHOCTH 

y -nyqeif 6brnH OTHecen hi K qHcny N 3aperHCTpHpOB8HHb!X 3J1eKTpOHOB 

H3MepeHH51 y cosrraneHHi!:, 0THollleHHe rrony-

-nyqei!: K qncn N 
rroasonS!no cnenaTb aaKniO y B 6onblliHHCTBe cnyqaes 

f3 -cneKTpOMeTpOM B rrpouecce 

qeHHbiX HH TeHCHBHOCTei!: 

qeHne o6 "' 
rrart810Il!HX c HTeHCHBHOCTHX y KOHBepCHOHHb!MH -rrepeXOLlOB, COB-

3J1eKTpOH8MH 38Ll8HHOH 
3KcnepHMeHTanhHbie c sHeprHH. HeKoTOpbre 

rreKTpbi e _ y 
II. 11, rne rtnSI cpasHeH"SI cosrraneHHi!: rrpHBerteHbl '" " OpHBBOBHM TB HB pHC, 10 
qeif Tb • p K)f(e OLlHHOqHbie 

crreKTpbi raMMa-ny­

rranenHi!: rrpencTasne-eaynhT8Thi ananHaa 

H 

crreKTpOB 

hi B Ta6nHue 5. 

e- Y- COB 

3•4 • I1ccnenosaHHe crreKTpoB y- y - cosrraneRHi!: 

OpH HccnenosaHHH err eKTpOB y- y-cosrranenH:li Herr onbaosanc 51 rrperrapaT IV 

LlBYXMepHbiX crreKTpOB y - . • EbrnH rrposeneHbi H3MepeHH51 

CxeMaTHqecKoe Hao6 pa)f(eHHe 

perHCT Y -cosnaneRHi!:, 

pauHH cosrraneHHi!: naeTcSI Ha pHc. 12_ 

rne Hcrronh~v~~~~ ~~--~ -- ,_, .................... n.a "ieHHH: 

a (E)' a (E) 
1 2 

I y< E) 

Nl (E) ' N (E) 
2 

- .TenecHbre yrnbr perHCTpaUHH y -H3nyqeHH51 1 H 2 -ne-

TeKTOpaMH t COOTBeTCTBeHHO' 

- 3~~eKTHBHOCTb perHCTpaUHH' y -HanyqeRHSI c 3HeprHei!: 

E 1- H 2 - neTeKTopaMH, COOTBeTCTBeHHOj 

3Heprnelt EpcrrycKaeMbiX - q!fCJlO Y -KB8HTOB C HCTOqHHKOM 

38 ertHHHUY BpeMeHH' ~ 

- qncno y -KBaHTOB c sHeprHei!: E ' 3aperHCTpHpOB8HHbiX 

neTeKTopat.m, c OOTBeTCTBeHHOj B ertHHHUY BpeMeHH 1 H 2 

16 

f ( E E ) 
U I k 

~eKTHBHOCTh perHcTpaUHH cosrraneHHH nsyx 
x/ 

y -KB8HTOB 

c slleprH~MH E 1 H E k 

- nonlloe qHcno y 1 - yk 

• COBI18AellHHo aaperHCTpHpOBBHHb!X 

B eAHIIHUY speMeHH X/. 

HaMep•n•cb cosnane••• y -nY••• aHepreTHqecKoA o6nacTH 80+230 xas 

c Y -nyqaMH ToA *" o6nacTH (1-A onMT) • c y- BY••"" aaepre·<»­

qecxoO o6nacTH 230.,380 K3B ( 2~· OOMT). nponon~HTeObHOCTh B3MepeHHA 

B o60HX cnyqaSIX COCT8BI1Sin8 OKOI10 2() qaCOBo 3qxpeKTHBHOCTb perHCTp8-

UBH y -nr••• neTeKTopaMB onpenen•nach axcnepHMBHTanbHO B xa~uoM 
onMTB no .,,..,.cKBHOCTH ••••• B ono•o•HMX cnexTpax. Paapewa~mee spe-

MSI annapaTypbi ouellHBanoch no cnyqai\llbiM cosrraueHHSIM 

p»e aaBBnoMO •• coenana~T eo epeMeru>; "'" on•••• Hcnonbaosanach npH 

y - y - cosnanellHH· y- Y - cosnaueHHH 
allanHae cneKTpOB 

o6pa6aTMBBOHCb Me~noM, xoTophl• nonpo6HO on•••• B pa6oTe

1181

• HHTBH-

y - y - cosnaueHHi!: onpeo.engnach, KaK 
HCT. 

CHBHOCTb Nu (E 1 Ek 

£ (E )• f (E) 
1 I 2 k 

HCTo rue N 

12 

( E I , E k ) npeucTaBnSieT qHCI10 HCTHHHblX cosnaJJ.ellHH Me)f(O.Y 

y - KB8HT8MH JJ.BYX I\K>TOI1HKOB
1 

COOTBeTCTByiOIDHX nepeXOJJ.8M C 3Hep-
• 

rHSIMH E 1 
61 2 ' all ( E 1< ) ' 

( 3.2) 

CornacHO 1\K>pMYITe (12) H3 pa6oTbi/lB/ JJ.I1SI HllTeHCHBHOCTH cosnaueHHH 

y -KB8HTOB
1 

COOTBeTCTBY!OillHX O.BYM nepeXOJJ.8M1 ouHH H3 KOTOpbiX 38-

cenSJeT yposeHh X , a o.pyroli pa3pSI)KaeT yposoiih .Y. HMeeM /),X 
y ( 3.3) 

x/B uallHblX o6o3HaqellHSIX npeunonaraeTCSI, 'ITO HMI1YJ1bCbl OT y -KB8H-

TOR c al!eprHefi F. 
1 

nocTynaroT 1111 cxeMY coBlmneHnH c 1-ro o.eTeKTopa/ 

a c anepr-Hei:! F. k - co 2-ro neTeKT•Ji>'l. 



y" -lllfKH. n 
onyqeHHbie lfHTeHc"aa 

" OCTH 
aaperucTpup 

OBBHHbiX 3JIElKTpOHOB 

HH coana~eHu~ 0 • THomeHue nony-

ny N a 6onbWHHcTae cnyqaea 

y -nepexo~oa, coa­
aa~aHHo~ 3 Hepruu. HexoTophie 

osrra~eHuif npuae~eHbi Ha 
puc. 10 

e O~HHoqHhie crrexTpbi 
raMMa-ny­

poa e 
- y- cosrra~eHuif rrpe~cTasne-

- cosrra~eHu~ 

a~eHuif ucnonb 
aosanca rrperrapaT IV. 

h!X ClleKTpoa y _ · 
Y -cosna~eHu~. 

oana~eHu~ ~aeTca Ha puc. 1 
2, 

ltlflf Y -uanyqeaua 1 " 2 ,. ·~e-

y -uanyqeHua c aaepruei{ 

OOTBeTcTaeaao; 

orue~ E~ 
. r·CllYCKaeMbiX ifCTOqlflfKOM 

!prue.ii E 
' aaperucTpuposaaHhiX 

~eTeKTopaMu, c 
OOTBeTCTBeHHOj 

- 31j4JeKTHBHOCTb perucTpauHH coarraneHHif nayx y -KB8HTOB 
x/ 

• c 3HeprHS!MH E I H E k 
rronaoe qucno y 1 - yk 

X/ 
COBIIaUeHHif, 3aperHCTpHpOBDHHbiX 

B E·LlHHHUY BpeMeHH • 

y -nyqe~ auepreTH'l:ecKoif o6nacTH 80+230 KaB 

C y. ;-nyqaMH 'I_'Oif )l{e 06JI8CTH ( 1-if OnbiT) H C y - nyqaM"'f auepreTH-

qecKOH o6naCTH 2~ 0+380 K3B ( 2-oif On hiT). nponomKHTenbHOCTb H3MepeHHH 

B 060HX cnyqaHX <:OCT8BflSin8 OKOflO 20 qaCOB. 34xf>eKTHBHOCTb perHCTpa-

UHH y -nyqeil: LlE!TeKTOpaMH onpenenSifl8Cb 3KCnepHMeHT8flbHO B K8:>KLlOM 

OnhiTe no HHTeHCII3HOCTH fliiHHif B OLlHHOqHbiX ClleKTpax. PaapeW8IOIUee Bpe-

MSI annapaTyphi or euuaanocb no cnyqaifHhiM coarraneHHSIM y -nyqeif, KOTO-

pble 38BeUOMO He COBn8Ll8IOT BO BpeMeHHj 3T8 OUeHK8 11Cll0flb30B8fl8Cb npH 

8H8JIH3e cneKTpOB y - y - coanaueHH~. 

PeaynbTaThi H3MepeHHil: nayxMepHhiX cneKTpoa y- y - coananeHHif 

o6pa6aTbiB8flHCb t.leTO~OM, KOTOpblif llOLlp06HO OnHC8H B pa6oTe/18/. J1HTeH-

CHBHOCTb y - y - coanaueHHif onpenenSinacb, KaK 

HCT. 

HCT. 
N Ill 

l ( E 
I 

) • l ( E 
II k 

rue N 111 ( E 1 • E k ) npe~cTaBnSieT qucno HCTHHHhiX coananeuHif Me:>Kny 

y - KB8HT8111H LlBYX <jloTOllHKOB, COOTBeTCTBYIOIUHX nepeXOL18M C 3Hep-

rHSIMH E I • 

cu ll • all ( E k ) • ( 3.2) 

) /18/ CornacHo <jlopMyne ( 12 H3 pa6oThi nnSI HHTeHCHBHO<::TH coanaueHHif 

y -KB8HTOB, CCOTBeTCTBYIOIUHX LlBYM nepexonaM, OLlHH H3 KOTOpblX 38-

cenReT ypoaeHb { , a npyroil: pa3pS1)1{8eT ypOBGIIb .Y , HMeeM 
~X 

I Ill ( E I F. k ) = I ) · ( E I ) Iy ( E k ) k ' l 12 ( F. I E k ) --=----y-=:-:----­
Iy (I y+ I ) I (I + I ) 

e X y e 
(3.3) 

x/B Llll.HHbll. 0603HaqeHHSIX npennO.'I!lf'lleTCSI, qTo IIMIIYJlbCbl OT y -KB8H-

TOB c aueprueif 0: 1 nocTynaiOT 11n cxeMy coR:mneunif c 1-ro neTeKTopa/ 

a c auep"Heii r. k - co 2-ro neTeKT•Ji•:l. 
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rae I e ( E ) - 'IHCnO KOHBepCHOHHbiX aneKTpOHOB nepexoaa C SHeprHeA E, 

HCUYCKaeMbiX npe 18p8TOM 38 e}:{HHHUy BpeMeHH; 

E ) 
k 

6bmH onpeaeneHbi BbiiiH~, I ( I y + I ) - cyMMa 
y _6.X e 

-r.----:---:-----:-"Y--,--- - Bepo-
~(Iy+I8) 

I10flHbiX HHTeHCHB} OCTei!: nepeXOAOB C ypOBHSI Y , 

SITHOCTb pa3pHAKH ypoBHSI X 'l:epe3 ypoBeHb Y , It' - KOa¢q,HUHeHT, CBSI3bl-

B8IOIUHA IIIK8flbl HE TeHCHBHOCTeA 

y( E 1 ) , I y ( Ek ) H I 12( E 1 • E k ) • 

Koa$1JHUHeHT It ' SIBUSieTCSI O}:{HH8KOBbiM AflSI BCeX K8CK8LlOB, }:{8101UHX BKU8}:{ 

B paccMaTptmaeMJ.Ii!: crreKTP coBrraaeHHi!:, BenH'IHHa a<jJ<jleKTHBHOCTH perHcTpa-

UHH COBI18AeHHi!: ' f
2 

B HCCneayeMOi!: o6naCTH SHeprHA He }:{On~Ha H3Me-

HSITbCH 6onbiiie,. '~'~M Ha 20%, cneaoBaTenbHo, B Tex ~e rrpeaenax Morno H3-

MeHHTbCSI rrpoH3Bea.eHHe It '•f 111 • BenH'IHHa It '·:. t 12 orrpeaenRnacb H3 aKcrrepH­

MeHTanbHbiX }:{8HHIIX no HeCKOflbKHM H8}:{e~HO H}:{eHTH$HUHpOB8HHblM K8CK8}:{8M, 

3Ha'l:eHHe rrony'leH.!OrO T8KHM o6pa30M npOH3BeAeHHSI It , • f 12 cny~Hno 

B Ll8flbHei!:IIIeM Kpt TepHeM npaBHflbHOCTH BBOAHMbiX B CXeMy ypOBHei!: K8CK8LlOB, 

Ha pHC, 13 H 14 llpHBeaeHbl CileKTpbl COBilaAeHHA, COOTBeTCTByiOIUHe Ce'l:eHHSIM 

BAOnb OCH E I ( E k I1pH Bbi6paHHbiX SHeprHSIX H8 OCH E (E ). 
k I 

CpaBHeHHSI IlpHBOAliTCSI T8K~e OAHHO'IHbie cneKTpbl B}:{Onb o6eHX OCei!:, 

nony'leHHbie HHTeHCHBHOCTH Y - Y - COBI18}:{eHHA IlpHBe}:{eHbl B Ta6nH-

ue 6. npH HOpMHp,>BKe HHTeHCHBHOCTei!: COBnaaeHHi!: HHTeHCHBHOCTb COBila}:{eHHi!: 

( y 105,3) ( y 262,d' + y 268,7 ) npHHHManaCb paBHOi!: 1000. norpeiiiHOCTb B 

OilpeaeneHHH ftHTetCHBHOCTei!: COBnaaeHHfi COCT8BnHeT OT 20 £10 50% B 38BHCH­

MOCTH OT HHTeHCH:lHOCTefi nepeXOAOB H <jloHOBbiX COBnaaeHHfi. 

B cneKTpax •:oBnaaeHHA c HaH6onee HHTeHCHBHbiMH nepexoaaMH Ha6nJ0-

-4 
}:{8nHCb y -ny'IH, HHTeHCHBHOCTb KOTOpbiX COCTaBnHna 5.10 y -KB8HTOB 

na pacrraa. 
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4. AHAfll-13 3KCnEPI1MEHTAflbHbiX PE3Y flbTA TQB. 

CXEMA PACnAilA 
155

Tb ... 
155

Gd 

4.1. MynbTHrronbHOCTH nepexonoB 

ilaHHblB 06 HHTBHCHBHOCTRX }' - nyqeJt ( Ta6n.4) H K JHBSpCHOHHbiX 

~:meKTpOHOB ( Ta6n. 1,2) H pe3ynbTaTbl pa6oT1 10• 17 I no3Bon mH HaM orrpe­

nenHTb 3KCIIepHMBHTanbHbiB 3H8'l:BHHR KOa¢~HUHBHTOB BHyTpEHHeit KOHBBpCHH 

( KBK) 6onbiiiHHCTBa rrepexonoB, corrpoBOlKllll.IOIIIHX pacrran 
155 IH 

Tb -+ Gd. 

npH orrpeneneHHH KBK rrpHHHManocb, G:To rrepexon c aaeprH 'if 262,45 KaB 

TH!IIl. M1
/10,17/ 

/55/ 
CpaBHBHHe aKcrrepHMeHTanbHbtX 3HaG:eHHit KBK c Teop(·TH'l:,CKHMH 

rrpHBeneao B Ta6nHue 7. 

Ha OCHOBe ll8HHblX 06 HHTeHCHBHOCTRX KOHBepCHOHHbiX aneKTpOHOB H 

}' -nyqeJt, 8 T8KlKe 38KnJO'l:eHHH 0 MynbTHIIOnbHOCTRX rrepe XOllOB, Hll.Mif 
!50 

orrpeneneHbi rronHbte HHTeHCHBHOCTH rrepexonoB rrpH pacrrane Tb • 3TH 3Ha-

'l:eHH51 IIpHBelleHbl B Ta6n, 8 If 6btnlf HCIIOnb30B8Hbl llnR COCT lBneHH51 6anaHC8 

t&aGd. HHTeHCHBHOCTeit H8 ypOBH51X 

4.2. AHanH3 e- y- COBIIIl.JleHHif 

Pe3ynhTil.Tbi aaanH3a crreKTpoB coBrraneauif oTpa)!<eHbi 3 cxeMe pacrra.Qa 
155 

Tb ... tHGd (puc, 15). B crreKTpax coBrraneauif c nHHH51MH L 60,0 

H ( K 105,3 + M 60,0) OT'IE\TnHBO !Ip051Bn5110TC51 COB!If!llei!HSl C }' -n.y'l:fiMH 

c aaeprHeif 370 K3B, B aToif o6nacTH xopolllo H3BecTHa HHT!HCHBHa51 nHHH51 

c aHeprueif 367,6 KaB, B pa6oTe/17/rroKa3fiHo, 'iTO aTfl nHH151 ABoifHa51 n 

COCTOHT H3 !IHHHH C aHeprH51MH 367,33 H 367,70 KaB, Pac'l:~Thl !IO ¢opMyne 

(3,3) !IpHBOJl51T K 38K!I~'l:eHHIO, 'iTO 50% !IO!IHOA HHTBHCH3HOCTH 

c aHeprHeif 367,6 Ka,B coBrra,'laeT c rrepexonoM 60.0 KaB, 3'!o !I03BO!I>IOT 

p83MBCTHTb rrepeXOJl C aHeprHeif 367,33 K3B MBlKJlY ypOBII511\ l! 427,4 ll CQ,Q KaB, 

'ITO rroATBep>KnaeT 31l.K!IJO'l:eHHe, cnenaHiwe B/ 17 I. PeaynhTil rbi nauii!x uccno-

. 6 117 I ~ f' 1 JlOBil.HHH H Jlll.HHbiB pa OTbl !IpHBOll51T K BbiBOlly, 'ITO Obfl nepeXO/lrt THill\ ~ , 

]1 



KonH'IecTBe.IHbiA aaanHa cneKTpoB e - y - coBfill.ll8HHll: npHBOllHT K aa­

KniO'IeHHIO 0 CyiU€CTBOB8HHH K8CK8l18 175,2 H 60,0 KSB1 'ITO ilOllTB€plKl18€T 

cymeCTBOB8HHe YJ'OBHSI C SHeprHel 285,2 KSB 1 BB€ll€HHOrO B pa6oTe/ 16/ Ha 

OCHOBe y - y - COBll8ll€HHI. 

CoanalleHHH KOHBepcHOHHhiX sneKTpOHOB L 60.0 H M 60,0 c y -ny'laMH 

226,8 KSB ll0l1TB€p*l18IOT cymeCTBOB8HHe ilpSIMOrO K8CK8~8 H3 3THX nepeXOllOB1 

H 1 T8KHM o6pa30~l1 cymeCTBOB8HHe ypOBHSI C 3HeprHell: 286,8 K3Bo 

A aanHa coBI raaeHH A c KOHBepcHoHHbiMH sneKTpoaaMH 1:: 86,5+ L 45,3 npH-

BOllHT K 38KniO'I{·HHIO 0 cymeCTBOB8HHH ilpSIMblX K8CK8llOB: 

148,6 K3B - 36,5 K3B 

180,1 K3B - 86,5 K3B 

200,3 K3B - 86,5 K3B 

239,5 K3B 

281,1 K3B 

340,8 K3B -
86,5 K3B 

86,5 K3B 

86,5 K3B 

KacKaa 148,6 K3B 

ypOBHSI C 3HeprH,~H 235,2 K3B. 

86,5 K3B T8KJK€ llOllTB€plKl18€T cymeCTBOB8HHe 

AaanHa coBraaeHHft c sneKTpoaaMH K105,3 noaaonHeT CllenaTb aaKniO'Ie-

HH€ 0 cymeCTBOB lHHtl cnellyiOIUHX ilpSIMb!X K8CK8llOB: 

161,3 K3B ---• 105,3 K3B 

163,3 K3B ---+ 105,3 K3B 

220,6 K3B ----+105,3 K3B 

262,45 K3B 

321,8 K3B 

AaanHa coB JalleHHll: c sneKTpoaaMH K 148,65 + 

cymeCTBOB8HH€ fl~SIMOf'O K8CK8l18 148,65 K3B 

105,3 K3B 

105,3 K3B 

L 105,3 llOllTB€pJKl18€T 

86,5 K3B. Ha6niOl18IOTCSI 

cna6bi€ no HHT€H~HBHOCTH COBll8ll€HHSI C y - ny'laMH c saeprHell: .. 105 KsB. 

3TO yK83biB8€T 1 fiO-BHllHMOMY 1 H8 CnOlKHbill: XapaKTep nepeXOll8 148,65 K3B H 

ll03BOnHeT pa3Me ~Tl!Tb ero B llBYX M€CT8X1 npH'I~M npeo6nal18IOIU8SI llOnH 

HHTeHCHBHOCTH fl)HH8lln€JKHT rrepexolly, pacrronOlK8HHOMY M€lKllY ypOBHSIMH 

235,2 K3B H 86,E K3B 1 a MeHblU8SI '18CTb- MeJKllY ypOBHSIMH 266,6 H 118,0 K3B. 

Ha6niOll8IOTCSI Ta (JK€ COBnaaeHHSI KOHB€pCHOHHbiX sneKTpOHOB K 148,65 K3B C 

y -ny'I8MH C SHeprHefi "' 130 K3B 1 KOTOpbie COOTBeTCTBYIOT CYMM8pHOMy 

flliKY OT y -ny ~eti 86,5 K3B H peHTreHOBCKOf'O H3ny'leHHSI. 

• 
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AaanHa cneKTpa cosnaaeHHlt c aneKTP9HaMH K 180, I npHBc LIHT K aaKmo'leHIIJU 

0 cywecTBOBSHHH npS!MbiX KBCKBLIOB: 

180, I KSB 

160,5 KSB 

86,5 KSB 

180,1 KSB 

B aTHx cneKTpax TaKme npoHBnHIDTCH cosnaaeHHSI c 

o6nBCTH • 130 KSB. 

y -ny'IBMH B 

AaanH3 coBnaaeHHlt c aneKTpoaaMH IC262,45 + K 268,7 KSB yKa3biBa-

eT HB cymeCTBOBBHHe npHMbiX KBCKBLIOB: 

262,45 KSB 105,3 KSB 

220,0 KSB _.. 268,7 KSB. 

Ha OCHOBe BHBnH3B cneKTpOB e - y - COBIIaLieHHit fiOLI1 BepmnaeTCSI cy-
100 

wecTBOBaHHe B HLtpe Gd cnenyrowax ypoBaelt: 60,0; 86,5; 105,3; 118,0; 

235,2; 266,6; 268,6; 286,8; 326,0; 367,7; 427,4; 488,6 K9Bo 

4.3. Aaanaa y- y- coBnaLteHHlt 

DaHHLie o6 HHTeHCHBHOCTHX y - y - coBnaaeHHlt ( Ta61. 6) BMecTe c 

LIBHHblMH 06 HHTeHCHBHOCTSIX y - ny'leit (Ta6n.4) H HHTEHCHBHOCTSIX 

KOHBepCHOHHbiX aneKTpOHOB ( Ta6n. I ,2) fl03BOnflnH HBM npoi eCTH KOnH'IeCT-

BeHHbilt aaanHa cxeMLI pacnana. 

CpaBHeHHe cneKTpoB coBna.ueHHlt c y -ny'!aMH 86,5; : 05,3; H 148,65 K9B 

C OLIHHO'!HbiM y -cneKTpOM (pH C. 13) YK83b!BaeT, '!TO H8CfliDLI810TCSI HHTeH-

cHBHbie coBnaneHHH ( y 148,65) ( y 86,5). Pac'!eTLI, npcBeneHHbie no 

tjlopMyne ( 3.3), yK83b!B810T Ha CyWeCTBOBBHHe npSIMOrO KBCI:ana 148,65 K9B 

--+ 86,5 KaB. TaKoe pacnono)KeHHe nepexona 148,65 K9B y1 yqwaeT 6anaac 

HHTeHCHBHOCTeit Ha ypOBHe 118,0 KSB H CHHMBeT He06XOLIHMJCTb BBeLteHHSI 

ranoTeTH'!ecKoro nepexona c aaepraelt 12,7 Kas1 IO/, KOTOpbilt aKcnepHMeH­

TanhHO He Ha6monan~H· OnHaKo pacnono)KeHHe nepexona 14~.,65 KaB Me)Kny 

ypoBHSIMH 266,6 H 118,0 KSB Henb3SI HCKnJO'lHTb. HamH L18Hflbie, nony'!eHHbie 
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H3 CIIeKTpOB y ·• y - COBIIB.LieHHit, !IpHBOLigT K OUeHKe HHTeHCHBHOCTeit Y -ny­

qe li TaKoro rrepe xona I y < 30% oT rronaoil: HHTeacHBHOCTH y -nyqelt c aaep­

rHeli 148,65 K8B 'ITO H8XOLIHTCg B COrnaCHH C pe3ynbT8T8MH e - y -COBII8-

AeHHlt, 

Ha6mona10T::g TBK>Ke cosrraneaHg ( Y148,65) ( Y 216). Ha ocaose 

yKa3aHHbiX cosrrtneaHA: rrepexon 218 KaB pa3MemaeTcg ~e>Kny yposagMH 

451,3 K8B H 235,2 KSB, 'ITO AOK83biB8eT CyUieCTBOB8HHe ypOBHg 451,3 KSB_, 

- I 16/ 
~seneaaoro B paJoTe • 

B crreKTpe cosrraneaHA: c y -ny'IBMH 148,65 K8B (pHC, 13) 06Hapy>KeHa 

nHHHg c aaeprHei 
IU 

.. 192 KaB, KoTopag paaee rrpH pacrrane Tb ae aa6mona-

nacb, DepeXOLI C T8KOit 8HeprHeA: pacnonaraeTcg Me >KAy ypoBHgMH 427,4 H 

235,2 KSB, CrreK1 pbl COBIIB.LieHHA: y -ny'leA: c aaeprHeA: .. 162 KaB c y -ny-

'18MH 86,5; 105,3; -162 H 180 K8B T8K >Ke, KBK H pe3ynbTB.Tbl BHB.nH3B. CIIeK-

Tpos e - y - cosrraneaHA:, rronTsep>KLIBIOT pacrrono>KeHHe rrepexonos c 
Ia& 

aaeprlfgMH 158,5; 160,5; 161,3 H 163,3 KaB B cxeMe yposaelt Gd, npenno-

6 
/8,10,17/ 

>KeHHOli B IIpeLibiJlYUIHX pa OT8X' • 

Ha6niOLI8IOT< g TB.K>Ke COBIIB.LieHHSl y -ny'leA: C aHeprHeA: ,. 162 K8B C 

rrepexonaMH 208; 220,6 H 239,45 KaB ( Ta6n. 6), pa3pg>KatqlliHMH yposeHb 

3_26,0 K8Bo l.J T06b 06'bgCHHTb 8TH COBII8L{eHHSl 0 He06XOLIHMO IIpeLIIIOnO>KHTb 

cymecTsosaaHe aosoro rrepexona c aaeprHeA: .. 162 KaB, pacrrono>KeHHoro 

Me>KLIY ypoBHSlMH 488,8 H 326,0 K8B (pHC, 15), 

06paUIB.IOT fl8 ce6Sl BHHMB.HHe HeKOTOpbie pe3ynbT8Tbl BHBnH3B. C!IeKTpOB 

y - y - COB!IBLIE HHA: C IIepeXOL18MH 86,5 H 105,3 K8B (pH C. 14, Ta6n. 6) • 

KaK BHJJHO H3 pH<. 15, rrepexoAbi c aaeprlfgMH 262,45; 321,8 11 384,2 KaB 

HB.XQAgTCSl B IIpSl!I.'OM KBCKBL{e C rrepeXOLIOM 105,3 K8B0 B TO BpeMg KB.K C 

y -ny'IB.MH 86,5 K8B OHH COBII8LI8IOT 'lepe3 IIepeXOLI 18,7 KSB, DepeXOLibl 

281, I H 340,8 KaE cosrranaiOT aerrocpencTseaao c rrepexonoM 86,5 KaB. ·Be-

nlf'IHHbl k , ( 12 ( Ta6n. 9) Ling BCeX IISlTH yK838HHbiX rrpgMbiX K8CKB.LIOB 

oTnH'IaiOTCSl oT cr en aero 3Ha'leHHSl He 6onee, 'leM Ha 15%. OnaaKo senH'IHHbi 

Ling K8CC8LIOB 262,45 --o 18,75 _.. 86,5 K8B H 321,8 -. 
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__,. 18,7 .,.--..+ 86,5 KSB 11peBbllli8IOT COOTBeTCTBYIOUIHe BenH'IHHbl anSI 11pSI-

MhiX KacKaaoB 6onee, qeM B TPH paaa, 11pHqeM oT cBoero cpeaaero aaaqe­

HHSI OHH OTnHqaJOTCSI He 6onee, qeM Ha 15% • .0nSI 06'bSICHeHH~I TBKoro pac-

XOJKLieHHSI B BenHqHHBX Jr., £ 12 11pS!MbiX K8CKBLIOB H K8CKBLIOB, HLIYUIHX qepe3 

11epexoa 18,7 KaB, cneayeT 11pea11onoJKHTb1 qTo HHTeHcHBHOCTb 11epexoaa 18, 7KaB, 

CBSI3biB810111ero ypOBHH 105,3 H 86,5 K3B, 110 KpaltHeil Mepe, B LIBB paaa 11pe-

Bb!UIBeT HHTeHCHBHOCTb, 11pHBeLteHHYIO B pa6oTe/ 10/ • 

KpoMe yi10MSIHYTbiX KacKaaoB KonHqecTBeHHhiA aaanHa peaynbT8TOB 

y- y - COBI18}:1eHHlt 110LITBepJKDaeT CyUieCTBOB8HHe cne}:lyiOU HX 11pSIMbiX 

K8CK8LIOB: 

180,1 KSB - 86,5 KSB 262,45 KSB - 105,3 KSB 

182,1 KSB - 86,5 KSB 321,8 KSB - 105,3 KSB 

200,3· KSB - 86,5 KSB 348,2 KSB - 105,3 KSB 

239,45 KSB - 86,5 KSB 160,5 KSB - 180,1 KSB 

281,1 KSB - 86,5 KSB 380,3 K3B - 180,1 K3B 

340,8 KSB - 86,5 K3B 160,5 K3B - 161,3 KSB 

161,3 KSB - 105,3 K3B 158,6 K3B - 163,3 KSB 

163,3 KSB - 105,3 K3B 158,6 KSB - 182, 1 KSB 

220,6 KSB - 105,3 K3B 158,6 K3B - 268,6 KSB 

B peaynbTaTe 8H8nH38 LIBYXMepHbiX Cl1eKTpOB y - y -co maaeHHW yaanocb 

C yBepeHHOCTb!(l p83MeCTHTb Bee HHTeHCHBHbie 11epeXOLibl B ( xe·Me p8CI18}:18 
156 15D 

Tb -+ Gd 011peaeneHbi HHTeHCHBHOCTH raMMa-nyqelt nepexoaoB c aaep-

rHSIMH 162,3 H 192,2 KSB, KOTOpbie B OLIHHOqHb!X Cl1eKTp8X r.JMMa-nyqeJ1: 

ae aa6niOaanHcb. AaanH3 y - y H e - )'- COBI18LieHHlt "8KJKe YK83biBaeT 

H8 TO, qTo nHHHH C 3HeprHSIMH "' 208 H '"220 KSB CnOlKHbie, qTo H8XOLIHTCSI 

B COrnaCHH C pa60TOit 110 HayqeHHIO Cl1eKTpa KOHBepCHOHHblX aneKTpOHOB 

IDDTb /17/. 

Ha OCHOBe 8Hanft38 Cl1eKTpOB )' - )' - COBdaneHHH 110LITBeplKABeTCSI 
ID6 

cymecTBOB8HHe B SlApe Gd ypoBHeil c aaeprHSIMH: 86,5. 105,3; 118,0; 

235,2; 266,6; 268,6; 286,8; 326,0; 367, 7; 427,3; 451,3; 488,8 H 647,8 K3B. 
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4.4. <:xeMa pacnana 101 Tb -+ 101Gd • 

101 iu 
DpennaraeMas HaMH cxeMa pacnana Tb .. Gd npHBOLlHTCH Ha 

pHc. 15. B cxeMy 3Kmo'leHo 5onbll!HHCTBo nepexonoB, Ha5monaeMbiX npH 
160 

pacnai:{e Tb. CyMM8pH851 HHTeHCHBHOCTb nepeXOLlOB, He BKmo'leHHbiX B 

cxeMy pacnana, coc TaBnSieT < 0,5% Ha pacnan. 

B cxeMe yKa~.aHbi aHeprHH ypoBHeA, aKcnepHMeHTanbHbie 3HaqeHHH cnH-
11& 

HOB H q~THOCTel!:, I:poueHT aaceneHHOCTH ypOBHel!: Gd llpH aneKTpOHHOM 
!DO 

38XB8Te B Tb H 3H8'19HHSI fg f r , Bbl'IHCneHHbie npH 3H8'19HHH 3Hep-
156 155 

I'HH pacnana Tb -> Gd 1000 K3B. DepeXOLlbi 0 pacnonOlK9HHe KOTO-

pbiX B cxeMe pacn1.na nonTBeplKnaeTCSI H3 aHanHaa e - y HnH y - y-coana­

neHHli:, OTM9'19Hbl 3B8K8MH e H 0 COOTB9TCTB9HHO. 8 cny'lae, ecnH pacnonolKe-

HHe nepexona B ex eMe pacnana nonTBeplKnaeTCSI KaK B: e-y TaK H B y-y- coB-

naneHHSIX, nepexon oTMe'leH aHaKoM t> . B cny'lae, Korna aHepreTH'IeCKHA 

6anaHC H 8H8nH3 •:neKTpOB COBll8LleHHl!: He n03BOnSIIOT cnen8Tb 0LlH03H8'1HOe 
IU 

3aKniO'I9HHe o pacnonolKeHHH nepexona B cxeMe ypoBHeA Gd, ne-

· pexon pacnonaraeT·:SI B HecKonbKHX MecTax, npH'I~M pacnonolKeHHe, KOTopoe, 

no Hall!eMy MHeHHK, 6onee npenno'ITHTenbHo, o6o3Ha'leHo cnnornHoA nHHHeA, 

P.8CnonOlK9HHe T8KOI'O nepeXOLl8 B LlPYI'HX MeCT8X 0503H8'19HO nyHKTHpHOl!: 

nHHHei!. 

ID6 156 
4.4.1. 0CHOBHbi9 COCTOSIHHSI Tb H Gd. 

IU 
Hnpa Tb H 

155 
Gd H8X0Ll51TCSI B o6naCTH swep, y KOTOpb!X npo-

SIBnSIIOTCSI CBOHCTB8, CB5138HHbl9 C OTKnOHeHHeM OT ccpepH'19CKOl!: CHMM9TpHH 

gnepHoro noTeHuHa. 1a 14 1 5
[ 

CnHH OCHOBHOI'O COCTOSIHHSI 
166 

Gd 3KCITepHM9HTanbHO o·npeneneH B/38/, 

oH paBeH 3/2. Pe3 rnbT8Tbi OllbiTOB no KynoHOBCKOMY B036ylKneHHIO napa 
156 /20/ . 

Gd Haxong-rcg B cornacHH c 3THM 3HaqeHHeM. Pe3ynbT8Tbi aToll 

pa60Tbl Ll8IOT nng rapaMeTpa neljlopM8UHH lJ 51Llp8 lOG Gd B OCHOBHOM 
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I 

1&6 
COCTOSIHHII 3Ha'!eHHe 0,3, Oo CXeMe HHnbCCOHa OCHOBHOMY COCTOSIHHIO U Gd 91 

npHnHC8H8 KOHCj>HrypaUHS! 3/2 ~/ 521/ 1 npHnHCbiBaeMaSI TaKJKe OCHOBHbiM COCTOSI-

HHSIM He'!eTHbiX Sl)]ep ra)]onHHHSI C A= . 155 + 159/
4 1 

B/. OpllnHCaHHe KBBHTO-

Bb!X xapaKTepHCTHK 3,L2- /521/ OCHOBHOMY ·coCTOSIHHIO IU Gd no)]TBepJKJlaeTCSI 

B pa6oTe no H3y'leHHIO ( d , p ) H ( d , t) pc.aKUHH/22/, 

165 
KBaHTOBhle xapaKTepHCTHKH OCHOBHOrO COCTOSIHHSI S!Jlpa 66 Tb 90 onpe-

)]enSIIOTCSI cocTOSIHHeM 65-ro npoToHa, B cxeMe HHnbccoHa rpH napaMeTpe 

+ 
Jle¢opMaUHH 8 ~ 0,3 65-oMy npOTOHY COOTBeTCTByeT ?P6HTa/b 3/2 /411/ 1 KO-

TOp8S! npHllHCbiBaeTCSI OCHOBHbiM COCTOSIHHSIM He'leTHbiX S!Jlep Tep6HSI C 

I 41 Bl ~ 166 
A = 155 + 163 • XapaKTep cymecTBYIOIUeH B S!Jlpe fb poTaUHOHHoii 

nonocbi 1561 cornacyeTcSI co 3Ha'!e.'meM I 0 = 3/ 2. OpoBeJleHH bie B nocne)]Hee 

155 
BpeMSI HenocpeJlCTBeHHbie H3MepeHHSI CllHHa OCHOBIIOrO COCTOIIHHSI Tb MeTOJlOM 

MarHHTHOrO pe30H8HC8 /39/ )]eHCTBHTenbHO npHBOJlSIT K 3Ha'!e IHIO I O = 3/2, 'ITO 

noJlTBepJKJlaeT npeJlnonoJKeHHe, caenaHHoe paHee Ha ocHoBe < HcTeMaTHKH. 

166 
4.4.2. Boa6yJKaeHHbie ypoBHH Gd 

155 166 
YpoBeHb c 3HeprHeii 60,0 K3B Ha6niOaa/ICSI npH pacnaw' Tb 11 Eo, 

166 
a TaKJKe B OllbiTaX TIO KynoHOBCKOMY B036yJKaeHHIO Gd. IV\ynhTHnonbHOCTb 

nepexoaa 60,0 K3B BMeCTe C aaHHbiMH no KynOHOBCKOMY BO~ 6yJKaeHHIO ycTaHaB­

nHBaiOT OaH03H8'1HO CllHH H qeTHOCTb 3TOrO ypoBHSI 5/2-. 

155 156 
YpoBeHb c 3HeprHeH: 86,5 K3B Boa6yJKaaeTCH np11 pacn.we Tb 11 Eo 

11 paapSIJKaeTCSI aByMSI nepexoaaMH THna E 1 c 3HeprHSIMH 8(15 11 26,5 K3B, 

'ITO onpeaenSieT 'leTHOCTb oaHHOrO COCTOSIHHSI KaK nonOJKHTe. IbHyiO, oanaKo 

anSI cnHHa OCTaiOTCSI aBe B03MOJKHOCTH: 3/2, 5/ 2, 

YpoBeHb C 3HeprHeii 105,3 K3B 0 HHTeHCI1BHO 38C"nSIIOIUHHCSI K8K CO CTOp0-

165 105 
Hbl Tb, TaK H Eo, pa3pS!JK8eTCSI TpeMSI nepexoaaMH C ~HeprUS!Mil 105,3; 

155 
45,3 H 18,75 K3B Ha OCHOBHOe H nepBbie aBa B036yJKaeHHbiX COCTOSIHHil Gd. 

MynbTHnonbHOCTH 3THX nepexoaoB ycTaHaBnnBaiOT nonoJKHTe.JbHYIO 'leTHOCTb 

3TOrO ypOBHSI 1 a UnSI CllHHa OCTaiOTCSI aBe B03MOJKIIOCTH: 3/2, 5/2, 
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YpoBe~b c anepr!iell 118,0 K8B cna6o GacenReTcR KBK np!i pacnane 
155 

IOD 

TBK If E 1 If pa3pR)KaeTcR TpeMR nepexonaM!f c anepr!iRMif 118,0; 58,0 

If 31,43 K8B, MynhT!fnonbHOCTif nepexonoB, pa3pR)I{BIOIUifx paccMaTp!iBaeMbiH 

ypoaenh, no~ BonRJOT cnenaTb GaKnJOqeu!fe o nono)l{!fTenbHOH qeTHOCTif aToro 

ypOBHR np!i :lHaqeH!fRX cnlfHa: 3/2, 5/2, 7/2, 

YpoBeHo C auepr!ieH 146,0 K8B Ha6niOABnCR B OnWTBX no KynoHOBCKO 
155 

Gd, a TBK)I{e np!i pacnane Tb ' If F.u. flaHHbil\ 

ypoBeHb pa3[ RfKaeTcR nepexonaM!f c anepr!iRMif 146,0; 86,0 If 40,7 K8B, 

MynbTifnOnbH<>CTif KOTOpb!X BMeCTe C pe3ynhTBT8Mif OnbiTOB no KynOHOBCKOM 

1 17 = 7/2-. 
165 

YpoBeHE C 8Hepr!iell 235,2 K8B 0 KBK If Bee BbiWenefKBIU!fe ypOBHif Gd 

155 
GacenReTcR TDnhKO np!i pacnane Tb. PaccMaTp!iBaeMbiH ypoBeHb pa3pR-

}KaeTcR nepe}OJl8Mif C 8Hepr!iRMif 148,65 If 175,2 K8B, MynhTifiTOnbHOCTif KOT 
_ .... 

pb!X yCT8H8Bl: lfBBIOT JlnR ABHHOT'O COCTORHifR ITOnOfKlfTenbHYIO qeTHOCTb If B03 

MOfKHbie 3Haq(·tmR cnlfHOB 3/2, 5/2 If 7/2, B pa6oTe/16/ ua6n10nancR cna6biii 

nepexon c 8HJpr!ieii 235,1 KOTOpb!H pa3MeiUeH MefKAY ypoBHeM 235,2K8 

If OCHOBHWM COCTOHH!feM HaM!f B aToii o6nacT!f anepi'!iH B cneKTpe 

y -nyqeii ot)napyfKeH cna6biii nepexon c anepr!ieii .. 233,5 K~:lB. 

YpoBeHb c anepr!iell 266,6 K8B pa3pRfKaeTcR.IfHTeHclfBHbiMif nepexonaM!f 

c anep:'!iRMif 180,1 If 161,3 K8B, cna6biM nepexonoM ::: aneprlieii 206,6KaB, 

o6napyfKeHHbii'v B 1171 If, B03MO)I{HO, nepexonoM c anepr!ieit 148,65 K8B, Mynh 

TlfnonhHOCTif )K83BHHbiX nepeXonoB onpenenRJOT nonofK!fTenhHYJO qeTHOCTb ypo 

HR C 8Heprlle_J: 266,~ K8B np!i B03MOfKHbiX 3HaqeH!fRX CnlfH8 1/2, 3/2, 5/2, 

712. 

3uepren qecKifii 6ana'uc If ananlf3 cneKTpoB e - y If y - y -coanane-

Hifii YK83b!B810" Ha TO, qTo ypoBeHb C 8Hepr!ieii 268,6 K8B pa3pRfK8eTCR nepexo­

A8M11 c anepriJHMif 268, 7; 208,6; 182,05; 163,3 If 1(:50,6 KaB. MynhTifnonbHOCTE 

nepexonoB, pa:,pRfKBJOilllfX ypoBeHb 268,6 KaB, onpenemiJOT ero qeTHOCTb KaK 

nonOfKifTenbHYH• np!i B03MO)I{HbiX 3Haqefi!fRX cn!fHB 1/2, 3/2, 5/2, 
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YpoBBHb c aaeprHell: 286,8 KaB pa3pRIKaBTCH rrepexona1m c aHeprnRMll 

286,9; 226,8; 200,3 H 181,6 K8B, MYJibTHIIOJibHOCTH KOTOpbiX OIIpBJJB.IHIIOT 

OTpHU8TBJibHYJO qeTHOCTb paCCM8TpHB8BMOrO ypoBHH Ilpll B02MO/KIIb!X 3Ha4e-

HHRX CIIHHa 3/2 H 5/2~ 

YpoBBHb c aHeprHell: 326,0 KaB pa3pUIKABTCR rrepexona111l c aHepr!!RMll: 

239,45; 220,6; 208,0; 39,8 KelB 11 1 B03MOiKHO, rrepexOJJOM c. 31Bprnell: 326,0K3B, 

KOTODhill: Ha6nJO;~ancR rrpH li;3.yqeHnll crreKTpa y -nyqell: 
151

Th~ 161 MynhTll-

rronhHOCTll rrepexonoB, pa3DR/KBJOIIlllX ypoBBHb c aaeprHell: 323,0 KaB, orrpene-

JIRJOT ero 4eTHOCTb KllK ITOJIO/KllTBJibHYJO npll B.03MO/KHbiX 3HE 4BHlll1X CIIHHOB 

112, 3/2, 5/2 (7/2). 
165 

llaaawe o pacrrane Tb IIpHBOJJRT K 38KJli04BHll10 0 410 ypOBBHb C 

aHeprnell: 367,7 KaB pa3pmi<aeTCR rrepexonaMH c aHeprHRMil 367, 7; 281, I; 

262,45; 99,0 11 80,9 KaB. MynbTliiiOJibHOCTil nepexonoB, pa3prt/KB!OIHHX ypoBeHb 

C aHeprllBH 367,7 K3B, OIIpBJJBJIRJOT ero 4eTHOCTb KaK ITOJlOi! HTBJlbHyJO, HO 

nonycKaJOT nn11 cnHHa 3H84BJ!Hl1 J/2; 3/2; 5/2, 

CornacHo liMBJOIIlllMCR B aacToRmee BpeMR aKcrrepHMeHran&HhlM naH­

HhiM, ypoBBHb c aHeprnell: 127,4 KaB pa3pR1KaeTCR rrepexona .tll c aaeprHHMH 

427,4 K3B, 367,4 K3B 0 340,8 K3B, 321,8 KaB, 192,2 K3B, J6C,5 K3B, J0J,J5 K3B 

ll 59,63 K3B, 0JJH8KO 3HBpreTH4BCKllH 6aJIOHC JJOIIyCKilBT paCIIOJIO/KBHHB rrepe-

XOIJD 427,4 K3B ll B JJpyroM :v!BCTB B CXBMB ypOBHBH I 
6 5

Gt • My JI::O.Tllf!OJibl-lOCTH 

IIBpE'XOilOB, pa3pl1/KiliOIIlliX ypOBBHb C 3HBpl'HBfi 427,4 K3B, yc TllHilllJIHB8IOT ero 

4eTHOCTb KaK IT0/10JK~JTBJibHYIOo HO llOITYCKiliOT 3H84BHlll1 3/2 HJill 5/2 JJJIR 

cnnHa aToro ypoBHR, B cnyqae oTcyTCTBliR pa3pRJJKH paccMlTpHBaeMoro ypoBUR 

Hll OC'HOBHOB COCTORHHB 
155 

Gd JJJIR CITHHa 3TOI'O ypOBH.H Jl('f!YCKaBTC.H TllK/KB 

3Ha qe .me 7 I 2, 

155 166 
YpoBeHb c aueprnel1 451,3 KaB BBeneH B cxeMy pac11a ~a Tb -+ Gd 

B pa6oTe/J 5 / Ha OCHOBB COBIT8£1BHHl1 CyMMbl 3HeprHH rrepexo~OB 391,3 K3B H 

60,0 KaB 11 aHepr·nH rrepexona 451,3 K3B, Pe3ynbTllThi rrpoBe neauoro HllMll aaa­

JIH3a CITBKTpOB Y - Y - COBIIaJJBHI!ll: IIO}:ITBepiKI:WIOT CYIIlBCTJIOB!lHHB 8Toro 

ypoBHR H YK83b!BiliOT Ha TO, 4TO Oil pa3DSI/K8BTC.H TllK/KB IIB!JBXOJ:IOM C 3Hep-
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li'~ 

rueil 216 KaE. MynhTHrronhHOCTH rrepexoAoB, paapSilKBJOlllHX yposeub c auep­

rueil 451,3 K3B1 OllpeAenSIJOT ero 'I~THOCTb KBK OTpHU8TenbHYJ01 AnSI CIIHHOB 

AOIIYCK8JOT CJ!eAyJOlllHe B03MOJKHbie 3H8'1eHHS: 1/2, 3/2 H 5/2. 

Yposeu~o c aueprueA 488,8 KaB BBeAeH a cxeMy pacrra.Qa 
111

Tb .. 
111 

Gd 

B pa6oTaX /8 15/ • Ha OCHOBe HMeJOlllHXCSI 9KCIIepHMeHTanbHbiX ABHHbiX MOJKH 

rrpeArronoJK1 Th, 'ITO aToT yposeub paapHJKaeTcH rre.l?exoAaMH c aueprHSIMH 

488,1; 402,3; 384,3; 371,0; 254,0; 220,Cl; J 62,3 ~~:sa. 3aepreTH'IeCKHlt 6anau 

AorrycKaeT paapSIAKY Aanuoro ypoBHH TaKJKe rrepexoaaMH c sueprHHMH 428,3K 

H 120,5 K3B i noasonSieT pacrronoJKHTb rrepexoA c suepruell: 488, J K9B 
161 

a ApyroM Me·:Te cxeMbi yposnett Gd . MynhTHrronbHOCTH rrepexoAoB, paa-

pSIJKBJOlllHX pa::::cMaTpHBaeMbiH ypoBeHh, OllpeAenHJOT ero 'I~TBOCTb KBK llOno­

JKHTenbHYJO rr:JH aoaMOJKHbiX aHa'leHHHX crruua 1/2, 3/2, 5/2. Ecnu rrpoucxo­

AHT paapSI AKt aToro ypoBHSI TBKJKe rrepexoAOM c auepruell: 428,3 KsB, To 

3H8'19HH9 1/2 AnSI CIIHH8 He AOIIYCK89TCS. B cny'lae OTCYTCTBH~ paapS!AKH 

ypoBHSI C 9H9Jl'H9H 488,8 K9B H8 OCHOBHOe COCTOSIHHe 

ro ypoBHSI AorrycKaeTcSI TaKJKe aaaqeaue 712. 

111 
Gd AnSI CIIHHa 9T< 

YposeuE c aaeprHell: 592,6 KaB paapSIJKaeTcH nepexoaaMH c aueprH-

SIMH 592,8; 5:12,5; 505,9; 447,0 Kaa. 3uepreTH'IeCKHA 6anauc AOIIYCKaeT TaK;_ 

JKe soaMOJKHO :Tb paapSIAKH aToro ypoBHSI rrepexoAoM 488,1 K9B H nepexoAOM 

103,38 gaB, BaeHTHtflnuHpoBaHHhiM a 1171 • flpHMecb aany'leHHSI THna EO a 

rrepexoAe c aieprueii 592,8 KaB rrpHBOAHT K aaKnJO'IeHHJO, 'ITO ypoaeHb c 

aueprHelt 592 6 K9B HMeeT CIIHH H 'I~THOCTb 3/2-, 'ITO cornacyeTCSI C Mynh­

THIIOnbHOCTSIMK OCTBnbHbiX IIepeXOAOB, paapS!JK8JOIIIHX paCCMaTpHBaeMbli!: ypo-

B9Hb. 

Yposenb c aneprueii 647,8 K9B paapSIJKaeTCSI rrepexoAaMH c aneprHSIMH 

648,1; 588,2; 542,5; 501,8; 380,3; 361,0 H 220,0 K9B. flpHMeCb HanyqeHHSI 

THila EO B rrepexoAe c anepruett 588,2 K9B npHBOAHT K aaKnJO'IeHHJO, 'ITO 

yposenb c anoprueA 647,8 K9B HMeeT CIIHH H 'I~THOCTb 5/2-; 9TO corna-

cyeTCSI C Myn ~THIIOnbHOCTSIMH OCTanbHblX· rrepeXOAOB, paapSIJKBJOIIIHX ABHHbiH 

ypoBeHb. 

28 



Ha ocHoBe aaepreTHqecKoro 6anaaca, 6anaaca HHTeHCHEHOCTeH H Bbi-

156 166 
BO}:IOB 0 MynhTHITOnhHOCTSIX nepeXO}:IOB B CXeMy pacna}:la fb -> Gd 

H8MH B·BeAeHO }:IOITOnHHTenbHO t:IB8 HOBbiX ypOBHSI C 9HeprHSIMII 559,9 H 

615,5 K9B, 

YpoaeHh c aaeprHeH 559,9 K9B pa3pSI~aeTCSI rrepexot:~aMi c aaeprHSIMH 

559,9; 454,8 H, B03MO~Ho, 233,5 K9B. MynhTHrrOnhHOCTH nepeXOLIOB c 9Hep­

rHSIMH 559,9 H 454,8 K9B orrpet:~enSIIOT qeTHOCTb paCCM8TpHB8E MOrO ypoBHSI 

K8K OTpHUaTenhHYIO H }:lonycK8IOT cnet:~yiOI!lHe 3HaqeHHSI CITHH8: 1/2, 3/2, 5/2, 

YpoBeHh c aaep;~HeH 615,5 K9B Mo~eT pa3pSI~aTbCSI neJ:exot:~aMH c 

9HeprHSIMH 615,5; 555,4; 248,0 K9B H, B03MO~Ho, nepeXOLIOM < 9HeprHeH 

380,3 K9B, MynhTHrronhHOCTH .nepexoAoB, pa3pSI~aiOI!lHX paceM aTpHBaeMbiH 

ypoBeHb, onpenenSIIOT ero qeTHOCTb KaK OTpHUaTenhHYIO npH li03MO~Hb!X 

3HaqeHHSIX CITHHa 3/2 H 5/2, 
166 156 

B pa6oTe 
181 

B cxeMy pacnana Tb -. Gd H8MH 6binll BBe}:leHbl 

ypOBHH C 9HeprHSIMH 138,8; 706; 720,8; H 881 K9B, 0AH8K0 0 liH8nH3 BCeH 

COBOKYITHOCTH 9KCrrepHMeHT8nhHbiX pe3ynhTflTOB He naeT /lOCT 1TOq;{biX OC-

HOBaHHH /lnSI TOrO, qT06bi OCTaBHTb 9TH ypOBHH B CXeMe paCI:a}:la 

156 IU 
Tb-. Gd. 

4,4,3, E an a H C H H T e H C H B H 0 C T e H n e p eX 0 ll 0 B B C X e Me 

t66Tb-. t66Gd. 

pacnana 

ilaHHbie 06 HHTeHCHBHOCTSIX KOHBepCHOHHbiX aneKTpOHOB H y -H3nyqe­

HIHI ( Ta6nHUbl 1, 2 H 4) IT03BOnHnH HaM COCTaBHTb 6anaHC HH"eHCHBHOCTeH 

nepexonoB nng ypoBHeH 
165

Gd B npenno~eHHOH cxeMe pacn1na 
165

Tb ... 

-o 
155 Gd (pHC, 15) H orrpenenHTb HHTeHCHBHOCTH aneKTpOHiOrO 3aXBaTa 

106 156 
B Tb I npHBOLISII!lero K B036y~neHHbiM ypOBHSIM Gd • 

l1HTeHcHBHOCTh peHTreHoBcKoro K x -H3nyqeHHSI ( Ta6n 4) no3BonHna 

165 
onpet:~enHTb noniO sneKTpOHHOrO 3aXBaTa B Tb, rrpHBOUSIIllriO K OCHOBHOMY 

COCTOSIHHIO 
155

Gd. LlonSI paCIT8/lOB HB OCHOBHOe COCTOSIHHe 
116

Gd BblqHCnSI-
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naCb H3 HHTeHCHBHOC~'H Kx -nyqelt H HHTeHCHBHOCTelt K -liHHHH KOHBep-. 

CHOHHbiX aneKTpOHOB : Ta6n, 1 H 2) • I1pH 3TOM Y'IHTbiBaliCSI L -3aXBaT0 Bbi-

'IHCneHHbiH npn npeAn•JnO)KeHHH paaperneHHhiX f3 -nepexoAoB. BbiXOA <jlmoo-

pecueHUHH AnSI K -<>6ono'IKH cornacHo
1541

, npHHHMancs:~ paBHhiM IU k = 0,920. 

ilonSI aneKTpOHHOrO 3·lXBaTa B 
156

Tb, BeAyrnero Ha OCHOBHOe COCTOSIHHe 
166

Gd, 

OKaaanaCb paBHOH 32~;, 'ITO HaXOAHTCSI B XOpOIIIeM CornaCHH oC BenH'lHHOH 30%, 

nony'leHHoii B pa6oTe 
1 161 • 

I1onyqeHHbie a6C01IIOTHbie HHTeHCHBHOCTH raMMa-nyqelt, KOHBepCHOHHbiX 

aneKTpOHOB H nbnHbie HHTeHCHBHOCTH nepe.XOAOB0 conpOBO)KA810IIIHX pacna11.
166 

Tb, 

npnBeAeHbi B Ta6n 8. i1HTeHCHBHOCTH aaceneHHSI ypoBHeii 166 Gd npH aneK-
166 

TpOHHOM 3aXBaTe B Tb np~BOASITCSI B Ta6n. 10. 

4.4.4. 3aaqeHHSI fg fr 
ID6 

A n Sl p a c n a A a Tb 

I1ony'leHHbie 3H8 <JeHHSI fg f T 
U6 

AnSI pacnaAa Tb aneKTpoHHhiM aaxaa-
166 

TOM Ha ypOBHH Gd npHBeL:eHbl B Ta6nnue 10. Pa3HOCTh M8CC SIAep 
16 6 166 

Tb- Gd aKcnepnMe nanhHO ae onpeAens:~nacb. 3aaqeJIHSI <noli: pa3HOCTH
1 

no 

nonyaMnHpH'leCKHM llBHHbiM pa3HbiX aBTOpOB 11 •57•58•59• 601, AOBOllbHO CHllbHO 

paann'laiOTCSI. Me)KAY co6oli:. 

KaK npamwo, B TSI)KellbiX s:~npax paaHoCTh Mace Ha 200-300 KaB npeBbi-

waeT aHeprHIO caMor<· )KeCTKoro nepexoAa, ecnn ero H3MepeaHaSI HHTeHCHB-

HOCTh "' 0,01% Ha pa< nan. CaMbiH )KeCTKHH nepexoll, Ha6iiiOAaeMbiH HBMH, 

HMeeT 3Hep~Hl0 648,1 K3B H HHTeHCHBHOCTb "' 0,01% Ha pacnaA. Eonee )KeCT -

KHe nepexOAbl C 3Hep 'HSIMH 706,2 H 715,3 K3B, o6Hapy)KeHHbie B cneKTpe 

/10/ 156 KOHB8pCHOHHbiX aneKT lOHOB 0 B raMMa-cneKTpax Tb He Ha6niOJlaliHCb0 

H HX HHTeHCHBHOCTH 0 no-BHAHMOMY, He npeBbiiiialOT 0,005% Ha pacnan.· B 

cooTBeTcTBHH c aTHM paayMHO npennono)KHTh, 'ITO aaeprns:~ pacrraAa 
1 ~ 5 

Tb-
15 6 . 

Gd cocTABnHeT- 000 KaB. I1pnaeneHHhie e Ta6nnue 10 aenH'lHHhi fg fr 

Bh!'IHC118Hhl All>! 3Ha'l€HHH p83HOCTH Mace U
5 

Tb-> 
155 

Gd 800 II J000K3B. 
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166 155 
5. AHAmf3 CXEMbl PACnA.UA Tb .. Gd. 

5.1. BBeneHne 

~54td 91 
HBXOLlHTCSI B HB'IBne o6naCTlf 8TOMHbiX S!Llep peLlK03e-

MenbHbiX :;meMeHTOB, p8BHOBeCH8SI !jlopMa KOTOpbiX He S!BnSie1 CSI C!jlepH'IeCKH 

CHMMeTpH'IHOi!o J13BeCTH0 0 'ITO MHOrHe CBOHCTB8 B036ylK}:IeHH b!X COCTOSIHHH 

T8KHX S!Ltep C He'!i'!THbiM A MOlKHO 06'bSICHHTb B p8MK8X o6o,)meHHOH MOLtenH 

SILlp8 /2,3,41 ,6 1/ • 0LtH8KO LleTanbHOe CpaBHeHHe Ha6monaeMb!X CBOHCTB B03-

6y)K/leHHbiX COCTOSIHIIH 9THX Sl}:lep CO CBOHCTB8MH, rrpellCK838 iHbiMH Ha OCHOBe 

o6o6meHHOi! Monenn SIJ:Ipa, B HeKOTOpbiX cnyqaSix ( oco6eHHO lnSI SIJ:Iep, pac­

rrono)KeHHbiX Ha KpaSix o6nacTII ne!jlopMnpoBaHHbiX SIJ:Iep), He LtaeT yLtoBneT­

BopnTenbHoro CornaCHSI • .UnSI 06'bSICHeHHSI OTKnOHeHHH 9KCIIepH M8HT8nbHbiX ll8H­

Hb!X oT rrpencKa3aHHl!: Teopnn qacTo Y'lHTbiBBIOT ::Jc!J<jleKTbi, of ycnoBneHHbie 

CBSI3bl0 BpamaTenbHOrO H KOne6aTe/JbHOrO }:IBHlKeHHSI HnH CBS'3bl0 BpamaTenbHOrO 

H BHyTpeHHero J:IBHlKeHHSI /62,63/• 
U5 

PaCCMOTpiiM HeKOTOpbie OCHOBHb!e qepTbl CXeMbl ypoBH?H r.d, KOTOpbie 

MOlKHO OlKHJ:I8Tb H8 OCHOBe o6o6meHHOH H CBepXTeKy'leH lvDJ:I"neil: Sl}:lpa II H3 

cncTeMaTIIKII cocTOSIHHl!: B 9Tol!: o6nacTH SIJ:Iep. 

5.1.1. 0 Ll H 0 q aCT H 'I H LIe y p 0 B H II C X eM bl H I! nbC C' 0 H [l 

16 6 
OcHOBHoe cocTOSIHHe Gd nMeeT KBaHTOBbie xapaK"epHCTIIKII 3/2-/521 I 

II o6nanaeT CT8TH'leCKOi! ne!jlopMaunelf, paBHOH a ., 0,3. B :'TOM cnyqae, co-

rnacHo cxeMe ypoBHel!: HnnbccoHa /64 / (pnc. 16), B SlApe 
155 

r.d B o6nncTn 

MBnbiX 9HeprHH B036ylKJ:IeHHSI MOlKHO 6LinO 6bi OlKHJ:I8Tb BOCIC YN\JWI!IIC ypOBHeii, 

COOTBeTCTBYIOWHX O}:IHO'l8CTii'!HbiM COCTOS!HllSIM 5/2/523/; 1/2 /521/; J I/2 /505/; 

3/2 /532/; 1/2 /530/; 9/2 /514/ C OTpHIWT2iibiiOH 'leTHOC'T '"\ 0/li!O'!tlC'TII'I-

HbiM COCTOSIHHSIM 5/2 /6t12/; 7/2 /633/; 3/2 /[Q2/; J/2 i'f()(L'; :11~ /651! II 

+ 
/5Jtl/ ll 7/2 /6:"J3/ f\ ',1J'C' 

!;)5 15:i 
(:,j { ' f J It ~ ) ' ' \. . I ! ; ' ' \ \ 

Tb 



nplo>KTH'leCKH Henb351 0)KH/laTb H3-3a 6onblllOtl pa3HHUhl Me)Kay CITHHaMH 3THX 

16~ + 
COCTOHHHH H CllHHOM OCHOBHOro COCTOHHHH Tb (3/2 /4}}/ ), 

5, 1, 2, K 0. In e K T H B H hie B H 6 p aU H 0 H H hie C 0 C T 0 5I H H H 

B nocneanue rc llhi B TeopeTH'leCKHX H 3KcnepHMeHTanbJihiX uccneaoBaHH­

HX llOHBHnHCb YK83aHH51 Ha CyiiJeCTBOBBHHe B 51/lpax C He'!eTHhiM A COCTOHHHtl 

KOnneKTHBHoro BH6p8UHOHHOrO xapaKTepa, OCHOBaHHhlX HB HH3KOne)K8IIJHX Oll­

HO'IBCTH'!Hhl~ ypoBH51::, Bo36y)KI:{e!!H51 3TOrO THITa CB513aHhl C KonneKTHBHhiMH KO 

ne6aHH51MH ITOBepXHOC:TH OTHOCHTenbHO paBHOBeCHOH iflopMhl 51/lpa/ 2,3 1, 

B cny'!ae 51/lpa 
55 

Gd MO)KHO O)KH/laTb HH3Kopacrrono)KeHHhie BH6pauHoHHhie 

COCT05IHH51 0 KOTOphie COOTBeTCTByJOT KOne6aHH51M KBBilpynonbHOro 

c ,\ = 2. 

THna 

JlnH 51/lep C He·IeTHhiM A • y KOTOphiX rrpoeKUHH MOMeHTB KOnH'leCTBa llB.H-

)KeHHH HB OCb CHMM{TpHH BCeraa OTnH'!Ha OT HynH
1

CneayeT 0)KH/laTb CyiiJeCT­

BOBBHHH Tpex COCTOSH.Ht\ BH6paUHOHHOrO THna, a HMeHHO: ~ -BH6paUHOHHOrO 

C K = K
0 

H llBYX y -BH6paUHOHHhiX COCTOHHHtl C npoeKUHHMH CllHHOB HB OCb 

CHMMeTpHH 51/lpa,paBJihiMH K = K O ;!; 2 3aecb K0 = fl eCTb KBBHTOBOe 

'l.HCnO 0/lHO'laCT.H'IHOI '0 COCTOHHHH, C KOTOpb!M CB5138Hhl BH6paUHOHHhie COCT0-

5IHH51, Haao OTMeTHT ~, 'ITO 3<j><j>eKT CMeiiJHBaHHH OllHO'l8CTH'IHhiX H BH6paUHOHHhiX 

COCTOHHHH H g<l>if!eKT KOpHOnHCOBOrO B3aHMOI:{eHCTBH51 3aTpyaHHeT HlleHTHifJHKa­

UHIO COCTOHHHH H 'la~TO npHBOilHT K TOMy, 'ITO CTpyKTypa TaKHX COCTOHHHH 

HBnHeTCH 6onee cno:KHotl, B qacTHOCTH, O)KHI:{aeTcH, 'ITO 3HeprHH H apyrHe 

CBOHCTBB BH6paUHOHJihiX COCTOHHHtl cymecTBeHHhiM o6pa30M 3aBHC51T OT B3a­

HMHOro pacrronO)KeHIH llpyrHX COCTOHHHtl B llBHHOM 51/lpe/61/, 

0CT8HOBHMC5l 1:8 HeKOTOphiX XapaKTepHhiX CBOtiCTBBX, KOTOphie cneayeT 

0)KH/l8Tb /lnH BH6paUHOHHhiX ypOBHeH B 51/lpax• C He'leTHhiM ~ • 

CornacHo o6oEmeHHOtl MoaenH 51/lpa, raMMa-rrepexoa Me)Kay 'IHCThiM 

BH6paUHOHHhiM H OllJIO'IBCTH'IHhiM COCTOHHHHMH. HMeeT MeCTO B TOM cny'lae ecnH 

BH6paUHOHHOe COCTO IHHe OCHOBBHO HB llBHHOM OllHO'IBCTH'IHOM ypOBHe. • 
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XapaKTepHofi qepTofi paapH.QKR ypoBHeil: poTaUI!OHHoil: HonoCbi 6eTa-B!!6pa-

UROHHOT'O COCTOHJIRH Ha ypoBHR poTaUI!OHHOll ITOIIOCbl COCTO,IHIIH, C KOTOpbiM 

CBH3aHO 6eTa-BR6paUROHHOe COCTOHHRe, HBnHeTCH B03MO)KJI( >CTb cymecTBOB.':lHIIH 

MoHorronhHhiX EO-rrepexoaoa Me)Kay ypoBHHMR -c OA11HaKOBbll111 cniiHaMII. B cny­

qae paapHAKR raMMa-BR6pauRoHHoro ypoBHH rrepexo.Qbi Tllrra EO aarrpemeHbi 

no KBaHToBoMy qJicny K • TaKRM o6paaoM, Ha6niOaeHRe YL3n~ qeHRII TRrra EO 

np11poay • 

.llnH y -BR6paUROHHOrO COCTOIIHRII C K ~ Ko-2 ~ I/2, IIapaMeTp pa.'3BII3Kii 

a 6biTb paBHbiM HyniO. ITocKonhKY, cornacHo pac•IeTaM, anH O)KIIJW-

(] 
15~ 

~ 112 B Hape G d mpaMeTp paa-eMblX O.QHoqaCTRqHbiX COCTOIIHiill C 

BH3Kii a oTnRqeH OT HynH ( Ta6n. II), To paBeHcTBo Hymo rrapaMeTpa a 

.QITII COCTOIIHRfi C K = 112 yKa3biBaeT Ha RX y -BR6pau ROHHblll xapaKTep • 

5.I.3. K b n n e K T li B H bl e B p a ill a T e IT b H bl e C 0 C T 0 II H II II 

C Ka)I{.Qb!M R3 OAHQqaCTIIqHbiX, a TaK)Ke BR6paUIIOHHbiX COCTOIIHI!ll MO)KeT 

6biTb CBII3aHa poTaUROHHaii rronoca. Cor nacHo pa6oTe/65/, meprRR ypoBHeil: 

BpamaTenbHOfi IIOnOCbl IIpR6nR3RTenbHO OIIRCbiBaiOTCSI COOTHO WeHReM: 

0 
Ek (I l = E k + A II (I+ 1 l + a (-

I+ t/2 2 2 
) 0+1/2)8 Kt/2 I+ BI I+ 1) , ( 5.I) 

0 
rae KOHCTaHTbl E k , A , a, B orrpeaenHIOTCH li3 3KCIIepRMeH''anbHbiX .QaHHbiX • 

.llnii QJI{Ii.QaeMbiX B SIJlpe 
156 

Gd O.QJIQqaCTJiqHbiX COCTOSIHR~ C K =f!~ I/2 

pacqeT rrapaMe-Tpa a C RCIIOIIb30B8HReM BOnHOBbiX <jJyHKUHll HRIIbCCOHa, 

cornacHo /4Ia/ rrpR 3HaqeHRR rrapaMeTpa ae¢opMaURR 8 = 0,3 aaeT aenllqii-

Hhi, rrpRBeaeHHbie B Ta6nil:ue II. 
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/ 

5.1.4. KopwonwcoBo B3aHMoneiicTBHe H B3aHMOAeii-

CTBHe Me)!(AY COCTOSIHHSIMH, OTilH'la!OlllHMHCSI 

Ha ~N=2 

B pa6oTax 
1 17

•
401 

6binO o6pameHo BHHMaHHe aa To o6cTOSITenbCTBo, 

IH 
'!TO HeKOTOpbie CBOHC1 Ba HH3KOI1e)!(alllHX COCTOSIHHH Gd He ynaeTCSI 06'bHCHHTb 

Ha OCHOBe 11pOCTbiX fl[ encTaBneHHH 06 OAHO'!aCTH'-IHbiX ypOBHSIK HHilbCCOHa 

H CBH3aHHbiX C HHMH 3pamaTenbHbiX COCTOSIHHH, H 'ITO 3AeCb1 110-BHJlHMOMy, 

11MeeT MeCTO C1111bHOe KOpHOI111COBO B3a11MOAeiiCTB11el62,63 l • B COOTBeTCTB1111 

I 331 165 
C npaB1111aM11 OT6opa , B cnyqae S!Jlpa Gd MO)!(HO 0)!(11AaTb KOp1101111CO-

BO B3aHMOJleiiCTB11e M ~)!(Jly HHI1bCCOHOBCK11M11 COCTOSIH11SIM11, KaK yKa3aHO B 

Ta6n11ue 12. 

KaK yKa3aHo B p 16oTax
1 17 

• 
741

, B cnyqae HJlpa
155 

Gd MO)!(HO O)!(HJlaTb 

B3aHMOJleiiCTB11e Me)!(): y COCTOSIH11SIM11, OTI1H'la!Olll11MHCSI flO KBaHTOBOMY '!Hcny 

N Ha 2, KOTOpoe B ~XeMe HHnbCCOHa He yqTeHo, a 11MeHHO, Me)!(AY COCTO-

SIHHSIM11 l/2+ 14001 11 112+ 1660/ C 0 = 1/2 11 COCTOSIH11S!M11 3/2+ 16511 11 

+ 
312 /402/ C 0 = 3/ 2. llnH op611Taneii 9T11X nap COCTOSIHHH B cxeMe H11nbc-

COHa B o6naCT11 0 "' ( ·,3 Ha6nJOJlaeTCSI C61111)!(eH11e. 

QqeB11AHO, 'ITO ~ OpHOilHCOBO B3aHMO}leiiCTB11e 11 B3aHMO}leiiCTl3He Me)!(JlY 

COCTOSIH11SIM11, AilS!. K01'0pb!X tl N =2, MoryT 3Ha'l11TenbHO 38TpyJlHHTb HAeHT11-

¢11K8U1110 COCTOSIH11H B HApe 
156

Gd , 

155 
5. 1.5. C T p y K T { p a He p 0 TaU 11 0 H H bl X C 0 C T 0 Sl H 11 ii Gd 

B pa6oTei661Ha OCHOBe CBepxTeKyqeii MOJlenH S!Jlpa C yqeTOM B38HMO­

JleiiCTBH51 KBa3H!I8CTHII C <JloHOH8MH Bbli1011HeHbl paC'!eTbl 9HeprHii HepOT8UH-

OHHblX COCTOHHHH He'!eTHblX Jle<JlopMHpOB8HHblX S!Jlep B o6naCTH 155 'S;. A S 181, 

A8H8 HX CTpyKTypa 11 B OTJlenbHblX cnyqaSIX npHBe}leHbl napaMeTpbl pa3BSI3KH. 

Pe3ynbTaThi, rrony'leHHbie B 9Toii pa6oTe an5r 
156 

Gd B cpaBHeHHH C naWHMH 
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l18HHbiM.II 1 np.IIBOUSITCSI B Ta6n.13, B pa6oTe/66/ TBK )1{8, Kl K II B cxeMe 

H.IIJibCCOHa /B4/, He Y'IT8HO CM8lli.IIB11H.II8 OUHO'IBCTII'!Hb!X BllJlHOBbiX <jJyHKUIItl 

COCTOSIH.IItl /651/~ II /402/.J. , a T8K)I{8 /660/1' .II /400/,t. .II KOp.IIOJIIICOBO 

B38.11MOU8t!:CTB.IIe, 

IH 
5, 2. 0CHOBH08 COCTOSIH.IIe II B036y)I{Ll8HHbl8 ypoBH.II Gd 

C OTp.llll8T8JlbHOH 'leTHOCThiD 

5,2,1, BpawaTeJibHBSI nonoca OCHOBHoro COCTOSIH.IISI /521/1' 

B npeLlbiLlYUIIIX pa6oTax (eM,, aarrp.I!Mep,/1,9, 20/) no KynoHOBCKOMY 

.11 no .llccneuoBaH.IIID pacnaua 
100 TI .II 

10 \:u 6biJIO 

yCT8HOBJI8HO, 'ITO ypOBHII C 3Hepr.IISIMII 60,0 K3B (5/2-) II 146,0 K3B (7/2-) 

155 
Gd /521 /'"'. SIBJIS!IDTCS! ypoBHS!M.II Bp8UI8T8JlhHOtl nOJIOCbi OCHOBHOrO COCT,lSIHIISI r. 

Koa<P¢.11uHeHTbi B <jJopMyne ( 5,1) LlJISI aaeprHlt ypoBHelt aTolt nonocbt 

nony'lHJIHCh paBHbiMH A= 11,7 K3B .11 B = 23,8 aB ( Ta6n. 14). AaaJIH3 

xapaKTepa pa3p5!LlKH ypOBHelt Bp8Ul8T8JlhHOH nOJIOCbl OCHOBIOrO COCTOS!HIIS! 

nOK838Jl/34 ,35 f, 'ITO 3KCnep:IIM8HT8JlbHO nony'l8HHbi8 B8p05!T IOCTII parrHBUiiOH­

HbiX nepeXOLlOB BHyTpH 3TOH nonOCbi XOpOWO On11Cb!B8IDTC5! l p8MK8X 0606-

weaaotl MonenH S!Llpa. 

Pacnau 
106

Tb (3/2+ /411/) Ha nepBbte LlB8 ypOBHSI Bp8Ul8T811hHOlt 

150 
nOJIOCbi OCHOBHOrO COCTOSIHHS! Gd /521/1 KJI8CCH<jJIIUHpyeTC5! KBK lu. 

CpaBHeHHe oTHoweHIIlt np.I!BeueHHbiX BepoS!THOCTetl LlJISI BeTB~lt aneKTpoHHoro 

38XB8T8, BeLlywero H8 ypOBHH Bp8UI8T811hHOH nOJIOCbl OCHOBJ'OrO COCTOSIHHS! 

155 
Gd , npiiBeueao B Ta6n. 15. Y cnneHHe pacnaua 

105 
T • a a ocHoBHoe 

COCTOS!HIIe 
105 

Gd no OTHOW8HHID K pacnauy Ha ypOB8Hb C 3HeprHefi 60,0K3B 

~5/2-), no cpaBH8HHID C TeOp8TH'l8CKHMH npeLlCK838HIIS!Ml no npaBHJIBM 

Anara /67 < no-B.I!LlHMOMy, MO)I{HO o6'bl'ICHHTh, ecnH npeunono >KIITh, 'ITO B 

nepBOM cnyqae 38M8THYID ponh llrpaeT 3JI8KTpOHHbiH 38XB8T THna L =0, 
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5.2.2. BpaiUaTenhHaH rronoca fJ -BH6pauHOHHoro 

COCTOHHHH /52 1 ltp 

165 
CpeaH B036ylKaeHH o!X ypoBHeti c OTpHU8TenbHOH 'l:eTHOCThiO B Hape Gd, 

u~ 

3acemiJOL'lHXCH 11pH pacrr ~ae Tb • OC06oe BHHM8HHe 3aCJIYlKHBaJOT ypoBHH 

c aaeprHHMH 592,6 H 6L 7,8 KaB, BBeaeHHbie B pa6oTax/8,151. Ko8<j>cjlnuneHThi 

BHyTpeaaeti KOHBepcHH ( KBK) anH rrepexoaoB c aaeprHHMH 592.8 K8B H 

588,2 K8B (Ta6n. 7), HI YIUHX C ypOBHefi 592,6 H 647,8 K8B Ha OCHOBHOe 

COCTOHHHe H Ha ypoBeHJ, 60,0 K8B 1 COOTBeTCT~eHHO, HMeJOT 60JiblllHe BeJIH'l:HHbi. 

3To YK83biBaeT Ha ·TO, 1TO paCCM8TpHBaeMbie rrepexoahi HJIH HMeJOT Bb!COKYIO 

MYllhTHITOllhHOCTh ( ~ /V.3 ) , HnH lKe B HHX 11pOHBJIHeTCH 11pHMeCb H3lly'l:e-

HHH THrra EO. f1pearrono >l<eHHe o BbiCOKoti MYJihTHITOJihHOCTH 3TH X rrepexoaoB 

11pHBOaHT K BbiCOKifM .31 a'l:8HHHM CITHHOB COOTBeTCTByJOIUHX ypOBHefi. 0aHaKO 

aH8JIH3 OCTanhHbiX 3KCI1 8pHMeHTaJibHbiX aaHHbiX 110K83biB8eT, 'ITO B036ylKaeHHe 

ypOBHeH C T8KHMH CITHHBMH ( ~ 9/2) rrpaKTH'l:eCKH HCKJIJO'l:eHO. CneaoBaTenbH0 0 

Mbl HMeeM 3aecb aeno C rrepexoaaMH, B KOTOpbiX 11p05IBJIHeTCH 11pHMeCh H3Jiy­

qeHHH THna EO. 3To oecTOHTenhcTBo rro3Bonnno HaM caenaTb 3aKnJO'l:eHne181 , 

qTo ypoBeHh c gaeprne1 592,6 K3B (3/2-) rrpeacTaBnHeT fJ -BH6paUHOHHOe 

COCTOHHHe, CBH3aHHOe c OCHOBHbiM COCTOHHHeM 3/2 /521/, a ypoBeHh C 

'C>HeprHefi 647,8 K8B (5 .. 2-) rrpeaCT8BJIHeT rrepBOe poTaUHOHHOe COCTOHHHe 

Ha fJ-BH6paUHOHHOM Yl OBHe 592,6 K3B. ilnSI rrapaMeTpa A 3TOH ITOJIOCbl 

cornaca9. ( 5.1) npH B oQ rronyqaeM 3Ha'l:eane A = 11,0 K3B, KoTopoe aecKonh-

KO HHlKe COOTBeTCTBYIO uero napaMeTpa A= 12,0 K3B anH ITOJIOCbl OCHOBHOPO 

cocToHHHH ( Ta6n 14). faKoe rroBeaeane rrapaMeTpoB A anH BpawaTenhHhiX 

rronoc ocHOBHoro n fJ-BH6paUHOHHOPO COCTOHHliH HaxoaHTCSI B cornaCHH 

c rroBeaeaneM COOTB :'!TCTBYIO!UliX rrapaMeTpOB B 'l:eTHO-'l:eTHbiX Hapax. 

3aaqeHHe 3HeprH H" cneayJOIUero COCTOHHHH (I K 
11 

=7/2 3/2-)fJ -BH-

6paunoaaoti rronochi an 1 rrony'l:eHHoro 3Ha"'c,HHH rrap<:~MeTpa A= 11,0K3B, 

aOlllKHO 6b!Tb paBHbiM "' .725 K3B. f1o-BHaHMOMy, B036ylKaeHHe 8TOPO COC-

1 ·~ Tb 6 TOHHHSI lipH pacrraae HBnHeTCSI ManoBepOHTHbiM H3-38 OllhlllOH pa3-

155 
HHllbl CITHIIOB 3TOPO yp )BHH H OCIIOBHOPO COCTOHHHH Tb. 
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B rronh3Y HHTeprrpeTaUHH ypoBHH c 8HeprHeH 592,6 (8B,KaK ~-BH6pa-

UHOHHoro1 T8K)Ke yKa3biB8JOT pe3ynhT8Tbi pa6oTbi TbeMa H 3n6eKa
1221

• B 

~~~ 

8TOH pa6oTe ll3Y'!8nHCb 8HepreTH'!eCKHe COCTOHHHH G d rrpH ITOMOIUH 

( d • p H ( d , t l ->~nepHbiX peaKUHH. AaanH3 crreKTpa T JHTOHOB rroKa3an, 

I~ 6 15 ~ 
'!TO B peaKUHH Gd(d,t) Gd Bo36y)K/l8JOTCH YfOBHH c 8HeprHHMH 

594, 721 ll 813 K 8B, KOTOpbie H8 OCHOBe 8H8nH38 Ce'!etmi B036y)K/leHHH 

MJryT 6biTh oTHeceHbi K BpamaTenhHOH rronoce ~ -BH6f8UHOHHOrO COCTO-

HHl!H 11 COOTBeTCTByJOT ypoBHHM 8TOH rronOCbl CO Clll!H8Mlf 3/2-, 7/2 ll 9/2-, 

cooTBeTCTBeHHO. Bo36y)Kneane ~ -BH6paunoHHOH rronocbi B 

llOCb T8K)Ke· B peaKUllfl 
150 

Gd ( d, d') 
1 ~ 0 Gd /68/. 

Bb!BOilY 0 ~ -BH6paUHOHHOM xapaKTepe ypOBHH C JHeprHeH 592,6 K8B 

He rrpOTHBopeqaT pe3ynhT8Tbl pa60Tb/2 1 / ITO KYilOHOBCKOJAy B036y)KJleHHIO 

10 0 
>~npa Gd. B 8TOH pa6oTe yKa3biBaeTCH aa cymecTBOBafme ypoBI!H KonneK-

Tl!BHoro xapaKTepa c 8HeprHeH "' 0,60 M8B c B03MO)KHbHIH KBaHTOBbiMH xa­

paKTepncTHKaMH )/2-, 3/2 , 5/2-, 7/2-. 

B pa6oTe ConoBbeBa H ¢oreng/66/ rrpu pacqeTax cTpyKTypbi ocHoB­

Horo H B036y)KJleHHbiX COCTOHHHH 
155

Gd ITOK838HO, '!TO Hl OCHOBHOM COCTO­

HHHH ITOCTpoeHO llB8 KOne6aTellbH~X ypOBHHo 0JlHH ll3 HH:. C K = 3/2-, HBilH-

eTCH llOBOJJbHO '!HCTbiM {3 - BH6paUHOHHbiM COCTOHHHeM H ero cnenyeT, ITO-

BH/lllMOMY, OTO)KJleCTBliTb C H86JJJOil8eMbiM H8MH COCTOHHI !eM C 8HeprHeH 

592,6 K8B. PaCC'!HT8HHOe 3H8'!eHHe 8HeprHH {3 -Bn6paUf!)HHOrO COCTOHHH~-

rrony'!eHO HeCKOilbKO 38BbiiUeHHbiM ITO Cp8BHeHHIO C 8KCITeJJ'!MeHT81lbHbiM 3H8-

qeHHeM (Ta6n 13). 

npH pa3p>~nKe ypoBHeH BpamaTenbHOH rronocbi ~ - Bn6paunoHHoro coc-

TOHHHH H8 ypOBHH BpamaTellbHOH rronOCbl OCHOBHOrO COCTJHHHH Mbl HMeeM 

6narorrpHHTHbiH cny'!aH nn>~ Ha6nJOneHHH MOHorronhHbiX rre JexonoB EO Me)Kny 

ypOBHHMH, JlnH KOTOpbiX ~J=O. Cornacao pa6oTe/69/ BepoHTHOCTh EO 

rrepexona 

( 5. 2) 
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rue n X - rrpHBeueHH8SI BepOSITHOCTb EO rrepexoua, He 38BHCSIII!8SI OT BHYT-

peHHHX cBolkTB Slllpa; ·>Ha 5hina paccqHTaHa liltS! pa3HhiX o5onoqeK ( x = K, L ,. l 

l:fepqeM H YHHcepoM /6 ~< napaMeTp p -rrpHseueHHbitl: SlllepHbitl: M8TpHqHbltl: 

aneMeHT aneKTpHqeCKOI'O MOHOITOnSI, 38Bii!CSIII!Hfi OT BHyTpeHHHX CBOil:CTB Slllp8, 

MO)KHO paccqHTaTb Ha )CHuBe pa3nHqHhiX rrpeurrono)KeHHH o MouenH S!llpa. 

ilnSI Cp8BHeHHSI TeopeTJ:qeCKHX H 3KCITepHMeHT8nbHblX ll8HHblX lolTHOCHTellbHO 

rrepexouoB THrra EO qacTo Hcrronb3YIOT 5e3p83MepHbiH rrapaMeTp, BBeueH .!hilt 

PacMycceHoM/70/ 

X ( EO • i ... f . ) 8 (EO, ... f ) 
( 5,3) . rue 

E2 . i .• f , 8 ( E 2, ... f , ) 

8 (EO, i ... f) ell R 4 p ll - T8K H83biB8eM8SI •SillepH8SI BepOSITHOCTbr 

MOHOITOnbHOrO EO rrepe wua H 8(E2 ,i ... £J - rrpHBelleHH8SI BepOSITHOCTb 

E 2-rrepexoua. 

OrrpeueneHHe HHTHHCHBHOCTH pa3pS!llKH ypOBHetl: C 3HeprHSIMH 592,6 K3B 

11 647,8 KaB rrocpellCTB)M EO rrepexoua B HameM cnyqae 3aTpyuHeHo 113-38 

KOHKypeHUHH Me)KllY rre :>exouaMH THrra EO, M 1 11 E 2, KOTOpbie B03MO)I{Hbi 

rrpH pa3pS!llKe Me)KllY y JOBHSIMH c 1:!.. I = 0. 

Ha pH c. 18 rroKa:: aHa pa3pSillK8 ypoBHetl: f3 -BH5paUHOHHoli: rronoChi 
166 

H8 ypOBHH Bp8II!8TenbHofi ITOnOCbl OCHOBHoro COCTOSIHHSI Gd .nonyqeHHhie 

HBMH 3HaqeHHSI KBK rro3BonSIIOT rrpHllHC8Tb rrepexouaM c aHeprHSIMH 523,5 KaB, 

648,1 K3B" 501,8 K3B MynbTHrronbHOCTH E2, M1 "M1 cooTBeTCTBeHHo, 

ouHaKo, rrpHMecb H3ny~ eHHfi upyr11x MynbTHIIOrrbHOCTetl: He HCKn!OqaeTCSI. KBK 

llnSI rrepexoua c aHepr•etl: 447 K3B aKcrrepHMeHTanbHO He orrpeuenSincH, ouHaKo 

. 166 Tb rro pa3MemeHHIO aToro rrepexoua B cxeMe pacrraua cneuyeT rrpHIIH-

caTb eMy MynbTHIIOnbH JCTb E 2. 

CpaBHeHHe 3KCrrer HMeHT8llbHbiX OTHOll!eHHH llpHBelleHHbiX BepOSITHOCTefi 

y-rrepeXOllOB, pa3pS1)1{8J<>II!HX ypOBHH C 3HeprHSIMH 592,6K3B H 647,8K3B1 C OTHOllle­

HHSIMH, IIOnyqeHHbiMH CCrnaCHO 0505ll!eHHOH MOllerrH, rrpHBelleHO B Ta5nHUe 16, 
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BepoSITHOCTh Wx(EO) KOHBepcHH EO-nepexona Ha < -o6ono'IKe ( x ., K ,L,.) 

B CMelllaHHOM EO + M 1 + E2 nepexone MOlKHO 3annca'Ih KaK 

W (EO) W (E2l! _l_[a -a (Ml)]+ [a -a (F:2]1 
Y 82 X X X 

(5.4) X 

! [ a 
X 

rae - B9pOS!THOCTH y -nepexoa• >B, a -3KCITepllM9H-

TaJJhHoe 3HaqeaHe KBK nepexona, a ( M 1 ) 11 a ( E 2 - TeopeTH'!eCKHe 

3Ha'IeHHSI KBK, 8 2 = W ( E 2) : W ( M I ) • l1crronh3YSI ~ opMyny ( 5.4), MOJKHO 
y y 

Cll9JJ8Th OU9HKil HHTeHCHBHOCTefi I ex (EO) B rrepexo, tax c 3HeprHSIMH 

592,8 K3B H 588,2 K3B. 

llnSI nepex~aa c aHeprHefi 592,8 K3B, npearronaraSI ~Mecb H3nyqeanl1 

THna EO+ E2 ( 8 2 
.. oo) HJIH EO + Ml ( 8 

2
-.0) B c6oHx KpatiHHX cny-

'!8SIX B npeaena~ 3KCIT9pHM9HT8JJhHhiX OlllH60K, ITOJJyqaeM Hp8KTH'I9CKH OllHH8-

KOBhle 3Ha'!eHHSI LIJJSI HHTeHCHBHocTefi EO-nepexoaa 

I K (EO, 592,8 K3B) = 0,5 ±_ 0,1 

IL (EO, 592,8 K3B ) = 0,06 ±_ 0,02. 

0THOllleHHe BepoSITHoCTell: EO-KoHBepcHH a a 1( H L ., o6on oqKax B aToM cnyqae 

paBHO W (EO) : W (E 0) 
K L 

C TeopeTH'!eCKHM 3H8'!eHHeM 

8,3 ±. 4,0 

5,9171~ 

'ITO B rrpenenax OlllH6oK cornacyeTcSI 

8 /69/ • 0THOI 19HHe HHT9HCHBHOCTH 

KOHBepcHOHHhiX aneKTpoaoB EO nepexoaa c aaeprnefi 592 8 K3B K HHTeHcHBHocTn 

y -nyqefi aToro rrepexoaa paBHO Ie(EO, 592,8 KaB) 

= 0, 14±_ 0,04. 

noao6Hb!M o6pa30M llJJSI ITepeXOil8 C 3HeprHefi 588,2 K3B Mbl HOJJyqaeM 

I)(( E0,588,2 K3B) 0,17 ±. 0,04 

IL (EO ,588,2 K3B) ::S 0,05 

0THOllleHne WK(EO): WL (EO)~ 3,5 ll OTHOllleHne 

Ie(EO, 588,2 K3B): Iy(Ml,E2, 588,2 K3B) 0,11 

npeJ..IHOJJara~ 'ITO o6a rrepeXOila C 3HeprHSIMH 592,8 K3B If 588,2 K3B Til­

ITa E 0 + E 2 n, HCITOJJh3YSI COOTHOllleHHe ( 5.3), ITOJJyqaeM 
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BepoSITHOCTb Wx(EO) KOHBepcnn EO-nepexona Ha c -o6ono<IKe ( x -= K,L,.l 

B cMelllaHHOM EO + M 1 + E 2 rrepexone MOlKHO 3am1caT, KaK 

W (EO) 
X 

W (E2) I _1_ [a -a (Mll] + [a 
Y 82 X X 

-a(E2l]l 
X (5.4) 

-a ( F: 2 l ] l , 
X 

rne - B8pOS!THOCTH y -rrepeXOLlC B, a -3KCI18pHM8fl-

TanbHoe 3Haqenne KBK rrepexona, a ( M 1 ) n a ( E 2) - TeopeTn<IecKne 

3Ha<IeHHSI KBK, 8 
2 

= W ( E 2 l : W ( M I l. 11crronb3YSI ¢)pMyny ( 5.4), MOlKHO 
y y 

cnenaTb oueHKH HHTeHCHBHOCTeif I ex (EO) B nepexor ax c 3HeprnSIMH 

592,8 K8B H 588,2 K8Bo 

llnSI nepex?na c aneprneif 592,8 KaB, rrpennonaraSI c:Mecb H3nyqennif 

THIIa EO+ E2 ( 8 2
-. oo) HnH EO + Ml ( 0 2

-.0) B o5onx KpaifHHX cny-

<!8SIX B npenenax 8KCII8pHM8HT8nbHhlX Oll!H60K 0 IIOnyqaeM lp8KTH<I8CKH OLlHH8-

KOBbi8 3Ha<IeHHSI nnSI HHTencnBHOCTeif EO-nepexona 

I K (EO, 592,8 KaB) = 0,5 :t_ 0,1 

IL (EO, 592,8 K8B ) = 0,06 :t_ 0,02. 

OTHoll!eHne BepoSITHOCTeli: EO-KoHBepcnn na K n L ., o6on )qKax B 3TOM cnyqae 

paBHO W (EO) : W (E 0 l 
K L 

8,3 :t. 4,0 

C T80p8TH<!8CKHM 3H8<!8HH8M 5,9/71~ 

<ITO B rrpenenax ollln6oK cornacyeTcSI 

8 /69/ • 0THOII 8HH8 HHT8HCHBHOCTH 

KOHBepcnoHHhiX aneKTpoHOB EO rrepexona c aneprneif 592,8 KaB K 11HTeHCHBHOCTI1 

y -nyqelf aToro rrepexona paBHO Ie(EO, 592,8 K3B) 

= 0,14±.. 0,04. 

ly(Ml, E2 ,592,8KaB) 

flono6HbiM o6pa3oM nnSI rrepexona c aneprHeif 588,2 KaB Mbi nonyqaeM 

IJ((E0,588,2 KaB) 0,17 :t_ 0,04 

IL (EO ,588,2 KaB) $ 0,05 

0THOlll8HHe WK(EO): WL (EO)~ 3,5 11 OTHOlll8Hl18 

le(EO, 588,2 KaB): Iy(Ml,E2, 588,2 KaB) 0,11 . 

flpennonaraSI, <ITO o6a nepexona c anepri1SIMH 592,8 K8B n 588,2 K3B TH­

rra E 0 + E 2 H 0 HCIIOnb3YSI COOTHOlll8HH8 ( 5.3) 0 rronyqae M 
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---~jE_S_~~~~~~-~~~--~-~~~=~- 0,78 ;!:_0,25 
n(E2, 592,8; 3/2-,a - 3/2-) 

__ _s_<_~~~-~~~~L ~~~A~-~~~=~- ., o. 54. 

n (E2; 588,2; 312{3 - 5/2-) 

CnenyeT o6paTJIT b BHHMBHHe Ha TOT <fJaKT, 'ITO nonyqeHHbie Bb!We OT-
8 (EO, i ... r ) 

HoweHJISI -~r·n::-~rr~-1 T---- 6nH3KJI K 3Ha'!eHHSIM OT-

+ + 
B (EO; 693,0; 2 P. __. 2 ) 

-----------------~------------+ + 
B(E2; 693,0 2 {3 -+2 ) 

0,40 

+ + 
----~jE_0J_~!~i-~P-=::::~-L-

+ + 
B{E2; 678; 4 ,B __. 4 ) 

= 0,40 

IH 172/ 
Gd B Hnpe Jl 

+ + 
B {EO; 1040,~; 2 P.---> 2 ) 

------------------~---------. + + 
B ( E 2; 1040,~; 2 ,8 __. 2 ) 

- 0,53 

186 173/ 
Gd 

1 
no.I.y'!eHHhiX nnH nepexonoB, pa3pH)!{BIOWHX ypoBHH ,B -BH-

6paUHOHHOA TIOnOChl Ha ypOBHJI BpawaTenbHOfi TIOTIOChl OCHOBHOrO COCTOSIHJISI 

9TH X Slllep (pH C. 18). 

CornacHo Bbtpa* ?HHSIM ( 5. 2) H ( 5.4) 1 3Ha'!eHHe p 2 nnH EO nepexona 

MO)!{HO 3BTIHCBTb1 KBK 

- 1-[a -a (Ml)] + [a 52 X X X 
-a ( E 2) ] l . 

X 
(5.5) 

npHHHMBSI, 'ITO I ony'!eHHOe B pa6oTe/21/ 3H8'!eHHe B (E2)f= 
-48 4 

(0,042 ;!:_ 0,010) • e 10 CM OTHOCJITCSI K B036y)!{lleHJIIO ypOBHSI C 
2 W (E2) 

:;meprHelf 592,6 K9B Jl nonaraH 8 = ~:TMTI -> 00 •Mbl OUeHJITIJI 3H8'!eHUe 
y 

!PI H BpeMSI )!{JI3HH 3Toro ypoBHSI. 3Ha'!eHHe IPI paBHo 
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I P I = I P I .. o,4 . 
X: L 

BpeMH ~H3HH ypoBHH c aHeprnell: 592,6 KaB 

( ) -12 
T 

112 
592,6 K3B '" 2,2.10 ceK. 

B aaiiieM cnyqae W ( E 0) 6yaeT npaKTHqecKH OlU!HaKOBIIM am1 EO-rrepexoaoa 

Me~liY ypoBHS!MH {3 -BH6paUHOHHOH ITOIIOCbl II nonOCbl O<:HOBHOrO COCTOHHHSI, 

TaK KaK H3MeHeHIIe Ox:<OL' .• ) B aToM cnyqae 6yaeT recymecTBeHHhiM. Ta-

KIIM o6pa3oM,rronaraeM, 'ITO 

w x:(EO, 592,8 K3B) = w K(EO, 588,2 K3B). 

3To IT03BOIIS!eT HaM oueHHTb Bp8MSI ~113HH ypOBHSI C 3Hi prHel! 647,8· K3B: 

( ) -13 
T 

112 
647,8 K3B .. 5.10 ceK. 

Cornacao KnaccnljJHKaUHH {3 -nepexoaoa 1541 , pac 1aa 
165 

Tb aa rrepBbie 
151 

aaa ypoBHSI {3 -BH6pauHoHHoA nonocbi Gd SIBnSieTCSI HepexoaoM rrepaoro 

rropSiilKa 3anpemeHHSI, He3aTpyaHeHHhiM .-1u.Pacnaa 
166

"b Ha {3 -BH6pa-

UHOHHb!H ypoBeHb 3aMeaneH no CpaBHeHHIO C pacrraliOM Jla OCHOBHOe COCT0-
165 

SIHHe Gd. Cornacgo rronyqeHHhiM 3Ha'leHHSI M fg f r ( Ta6n 10) 

( fg f r ) {3 6 •BH p. 
( fg f r ) = 1,6 

OCH.COCT. 

CpaBHeHHe OTHollleHHH npHBeaeHHbiX BepOS!THOCTel!, rronyqeHHbiX H3 3K­
IU 

crrepHMeHTa 11 paccqHTaHHhiX no rrpaannaM Anara, anSI 1 eTBeil: pacrraaa Tb 
155 

Ha ypOBHH BpamaTenbHOH nOIIOCbl {3 -BH6paUHOHHOro C08TOSIHHH Gd 

rrpeacTaaneao B Ta6nnue 15. H3 aToll: Ta6nHUhi cneayeT 'ITo· noaeaeHHe rrpH-
165 

BelleHHbiX aepOS!THOCTeH pacnaaa Ha ypOBHH {3 -BH6pau:!OHHOH ITOIIOCbl Gd 

MO~HO 06'bHCHHTb B npeanono~eHHH, 'ITO liOMIIHHpyiOlllll!<. II 3lleCb SIBIISIIOTCH 

nepexoahi c L =2. 

5. 2.3. B p a Ill a T e n h H a H rr o n o c a c o c T o SI f 11 SI /52 1 /~ 

/22/ 
B pa6oTe no H3y'leHHIO 3HepreTH'IeCKIIX COCTC SIHIIH B HeqeTHbiX 

S!llp8X raaonHHHSI npH noMOlllll ( d , p ) II ( d , t ) -pea~ UHH 6biiiO yKa3aHO 

Ha cymecTBOBaHIIe apamaTenbHoii rronoCbi cocToSIHIISI I 5 HI J BO acex 
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166 
>In pax C MaCCOBb!Mll 'MCnaMM 153 ~ A :S 161. Y CTBHOBneHO, 'ITO B Hnpe Gd 

COCT05IHll51MII 3TOH ITO. IOCbl 5IBn5IJOTC5I B036yJKDeHHbie ypOBHH C 3HeprllHMH 

556 K3B ( 1/2-), 614 K3B (3/2-), 658 K3B (5/27. 784 K3B (7/2-) H 866 K3B 

( 9/2-). 
155 

Gd BBeneHbl DBa ypOBHH OTpH-

uaTenbHoti 'leTHOCTM c 3HeprMHMM 559,9 K3B II 615,5 K3B. Bo3MOJKHbie 3Ha­

'!eHMH CITllHOB 3TllX YfOBJiej;j ( 1/2, 3/2, 5/2) ll (3/2, 5/2), COOTBeTCTBeHHO. 

YpoBeHb C 3Hepr'Heti ilJ5,5 K3B pa3p5IJK8eTC5I B OCHOBHOM H8 ypOBHll CO CITHH8-

Mil 3/2 ll 5/2 BpaWaT~nbHOH ITOnOChl OCHOBHOrO COCT051Hll51 C " K 

Ha6moneHMe pa3p>l!Kll ypOBHH C 3Heprrrej;j 559,9 K3B H8 OCHOBHOe COCTOHHlle 

+ 
(3/2-) ITepeXODOM TllJI& M 1 ll H8 COCTOHHHe C 3HeprHefi 86,5 K3B (3/2 ) 

ITepexoDOM THITa F: 1 ( .• M 2) H OTCYTCTBMe ITepexona Ha ypoBeHb 60,0 K3B 

( 5/2-), naJKe cna6orc ITo cpaBHeHMIO c MHTeHCMBHbiM ITpSIMbiM ITepexonoM 

559,9 K3B, naeT OCHOH8Hlle npHnllC8Tb ypOBHIO 559,9 K3B CnllH ll '!eTHOCTb 

1/2 

Ha OCHOB8Hllli BI!IITeCK838HHOrO ypoBHH C 3HeprMSIMll 559,9 K3B ll 

615,5 K3B cnenyeT MD ~HTH<fJHUllpOB8Tb KBK 'lneHbl BpawaTenbHOH nonOCbi, 

nocTpoeHHOH Ha ypOBHe 559,9 K3B THna 

TbeMa H 3n6eKa 
1221 • 

/521/J., 06Hapy)l(eHHOH B pa6oTe 

CpaBHeHMe OTHOI JeHllH npHBeneHHbiX BepoSITHOCTeti, nony'leHHbiX ll3 

3KCITeprrMeHTa II pacc':MTaHHbiX no npaBHnaM Anara nnH raMMa-nepexonoB, 

pa3p5I)I(810WllX ypoBeHb C 3HeprHeti 615,5 K3B ( " = 3/2 I K 

ypoBHll BpawaTenbHOH nonOCbl OCHOBHOrO COCT05IHHSI YK83b!B8eT, 'ITO B 

ITpenenax 3KcnepHMeH1anbHhlx owrr6oK npoTHBope'!HH He Ha6niOnaeTcSI (Ta6-

nrrua 16). 

EeTa-nepexonbi 1a ypoBHM ITonocbi cocTOHHMSI I E'21/J Knaccrr<tmuHpy-

IOTCSI KBK 1 u , CpaBHe me OTHOIIIeHHH npMBeneHHbiX BepOHTHOCTefi, nony'leH­

HbiX H3 3KCITepHMeHTa II pacc'!MTaHHhiX no npaBrrnaM Anara, nnSI BeTBeti 
156 165 

pacnana Tb Ha ypoBHM 3/2 1/2- /521/ H 1/2 1/2- /521/ Gd 

nprrBeneHo B Ta6nrrue 15. 
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IH 

He~6moneHHe npyrHX ypOBHei! ITOITOCb! /521/.J, B 5!Qpe 
155 

Gd rrpH pacrrane 
185 

Tb 3aTpynaeao. Cornacao npaBHnaM Anara
1 

npH pacnane Tb 

ypoBBHb 5/2 1/2- /521/ AOmKeH B036yJKJl8TbC5! C Bepc SlTHOCTb!O B IT5!Tb 

pa3 MBHblllei!, qeM ypOB9Hb 1/2 1/2 /521/, qTo rrpHB)JlHT K 3HaqeHHIO 

"' 0,035% a a pacrraA /liTH HHTeHcHBHOCTH 3aceneHH5! sT• wo ypoBH5!. C~oT-

£g f T "' 9,3 

npHHl'IB, cornacao 122l, 3HaqeaHe saeprHH 658 Ksg nnl'I ypoBHH 5/2 

1/2 /521/, rronyqaeM ITpH B = 0 3HaqeHH5! KOHCTBHT A= 13,5 K8B, 

a = 0,37 ( CM. !jJopMyny 5.1). 06palllaeT Ha ce65! BHHM 'lHHe, qTO 3HaqeHHe 

rrapaMeTpa pa3BH3KH a MBHbllle 3HaqeHH5! 0,9, OlKHABf·Moro .[WH qHCTOf'O 

HHITbCCOHOBCKOrO COCT05IHI15! /521/} (Ta6n. 14). Han&~ee BepoHTHoil rrpnqn-

HOi! TBKOf'O !lOHHlKBIIHH 3HaqeHHH rrapaMeTpa a HBJ15!91C5! CM9IIIHB8HH9 COC-

T05IHH5! /52!/.j, C raMM8-BH6paUHOHHb!M COCTOHHI!BM ( J< 
0

- 2) OCHOBHOf'O COC­

TOHHI!5! /521/1/6,61,66/. 3!jJ!jJeKT CMBIIIIIB8HI!H COCTOSJHHS /521/J C raMMa-

B!!6paUHOHHb!M COCTOSJHHBM /521 /t ( K = K 0 -2) 

r11x Hllpax/61{ Bo ncex sTnx cnyqaSJx Ha6n10aanocb rroHIJKBHI!e 3HaqeHHSJ 

napaMeTpa a ITO CpaBHBHHIO C TBOpeTnqeCKHM 3HaqeHH€: ~ lliTSl HHITbCCOHOB­

CKOf'O COCTOSlHI!Sl /521/_j, • 

/66/ 
Cornacao pacqeTaM ConoBbeBa 11 ¢orenSJ , cocTOSJHHe c K TT = 1/2 -

165 
C 8Heprl!ei\ 550 K8B B Gd, KOTOpoe, ITO-BIIDHMOMy, C OOTBBTCTBYBT ypOBHIO 

C 8HBprneli 558,9 K8B, HMBBT CITOlKHYKJ CTpyKTypy (Ta6.! 13). 6onb''YIO fJOJlb 

B DBHHOM cnyqae HrpaBT IIpHMBCb f'8MMH-BH6paUI!OHHOf'll COCTOHHHSJ, CBH3flH­

HOf'O C OCHOBHbiM COCTOHH!IBM /521/f. BenllqHHa rrapa;~eTpa pa3BH3KI! , 

rronyqenHaH CononbeBhlM n ¢or~neM a = 0,36, Hf1XODHTCH B XOpOIIIBM COf'Jl8-

Cllll C 8KCITBpHMBHT8ITbHblM 3Hrtqelll!BM a = 0,37. 

5.2.4. CocTOHHllH c '3HepriHIMH 286,8 l! 451,3 K3B 

YpoBHH c ~HeprHHMI! 286,8 K3B (3/2-, 5/2-) n 4E 1,3 K8B ( 1/2-, 

3/2-, 5/2-), B036yJKD8KJll1HBCH B HDpB 
155 Gd 166 

npn pacnaae Tb, Tpyaao 

nneaTH~I!UllpoBaTb 6e3 rrpnBneqeHHH aononHHTenbHhlX aaiHhlX. Han6onee 
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sepoRTHOH HHTeprrpeTauneit 3THX ypOBHeH RBflRIOTCR HHflbCCOHOBCKHe COCTO­

RHHR 112- 15301; 312- /5321; 512- 15231. 

CocTORHHR, CBR3aH.IbJe c op6HTanbiO 112- 15301, ObinH HAeHTHijlHUHpo­

BaHbi B HeqeTHbiX RApax raAonHHHR c 153 5: A ~- 159
1221

• B RApe 
161 

Gd 

8BTOpaMH 
1221 

H80fliOAeJibl CBR38HHbie C 3TOH OpOHT8flbiO COCTORHHR C 3HeprH­

RMH 423 K3B ( 112-), 451 K3B (312-), 489 K3B (512-), 556 K3B (712-) H 

617 K3B (912-)
1 

IIpHqeM COCTORHHe C I Tr = 312- B.3TOH rronoce HAeHTHqJH-

UHpOB.'lHO C OOflbiiiOH AOC TOBepHOCTbiO. Ha OCHOBe 3TOrO MO)I{HO CqHT8Tb1 qTo 
106 

Ha6niOAaeMbiH rrpH pacrra ~e Tb yposeHb c aHeprHelt 

451,3 K3B COOTBeT.CTBye r COCTORHHIO 312 112- 15301. Ha6niOAeHHe 

OCHOBHOrO COCTORHHR C K rr = 112 rronoCbi I 530/f; KOTOpoe MO)I{eT 

B030Y)I{A8TbCR IIpH paCIIItAe !5~ Tb C HHTeHCHBHOCTbl01 CpaBHHMOH C B03-
• 

6y)I{AeHHeM ypoBHR c K" 312 112-, B HaiiiHX H3MepeHHSIX 6hlno 38TPYA-

U& 
B pa6oTax rro pac1aAy Tb o6bJqHo rrpeArronaranocb, qTo yposeHb 

C 3HeprHeH 286,8 K3E COOTBeTCTByeT COCTORHHIO 512 512- 15231. 0A-

H8KO B pa6oTe 1221, rnf paccMaTpHBaeTcR cymecTBoBaHHe yposHelt, cBR3aHHbiX 

C HHnbCCOHOBCKHM COCT JRHHeM 512 15231 B HeqeTHbiX RApax ranonHHHH C 

155 .S A :5 161, aBTCpbl YK83b!B810T 1 qTO B 
156

Gd ypOBHH 512-, 712- H 

912 BpatUaTenbHOH IIOn :JCbl 3TOrO COCTORHHSI MO)I{HO OTO)I{AeCTBHTb C HaOniO-

naeMbiMH HMH ypOBHRM~ flHOO 287, 370 H 485 K3B, flHOO 321, 392 H 485K3B, 

rrpHqeM aBTopbt cqHTaiO' r aaH6onee sepoHLIOH BTopyiO B03MO)I{HOCTb. noaToMy 
1. U& 

ypoBeHb C 3HeprHeH 28 ),8 K3B (312-, 512-), Ha6niOAaeMbiH B RLlpe Gd 

166 
IIpH pacrrane Tb, Ha vi IIpeACTaBnReTCR B03MO)I{HbiM HLleHTHijJHUHpOB8Tb K8K 

HHnbCCOHOBCKOe COCTOSI1He 312, 312- 15321. 

16 6 
5.3. Bo36y)I{LleHHbie ypoBHH B RApe Gd c rrono)I{HTenbHolt qeTHOCTbiO 

155 
HHTeprrpeTaUHH YI·OBiielt Gd c rrono)I{HTenbHOH qeTHOCTh:o :J~<Tpyn-

HeHa. KaK rroKa3anH HccneAoBaHHH ypoBHeH RLlpa 
106

Gd 
117

•
22

•
40

•
741 

• 3necb, 
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IIO-BHilHMOMy, IIpOS!Bmi!OTCSI KOpHOllHCOBO B38HMOI18HCTB !e H c>cfxjleKTbi, CBSI-

38HHbl8 C rrepeCe'-!8HH8M HHllbCCOHOBCKHX COCTOSIHHH1 111 Sl KOTOpblX ~ N =2. 
/19/ 

Bamocb H 11p. rrpH H3y'-!eHHH yrnoBhiX y - y -t oppenSIUHH B SIIlpe 

165 Gd Cll8ll8llH 38Kllt0'-18HH8 0 3H8'-18HHSIX CIIl!HOB C TllellbHhiX ypoBH8H 

~~~ 
Gd ( Ta6nHua 17). 

Ta6nHua 17 

E (K3BT I 
yp 

86,5 5/2 
105,3 3/2 
235,2 3/2, ( 7/2) 
266,6 5/2 
367,7 1/2, 5/2 
427,4 3/2, 7/2 

CoBoKyrrHOCTb pe:JynhTaToB Haweii pa6oThi H pa6oT
119• ~ 21 

II03BOlliieT c11enaTb 

orrpe11eneHHhl8 38KlliD'leHHSI 0 CIIHH8X ypoBHeH C IIOllO~H~·enbHOH 'IATHOCTbiD. 

I~ 5 
Bo3MO~HaSI HHTepnpeTaUHSI ypoBHei1 Gd , H86llDil88MbiX IIpH pac-

a~ 
II8118 Tb, IIpHB81leHa Ha pHC. 17. 31leCb YK838Hbl HHIIbCCOHOBCKHe COC-

TOSIHHSI, KOT0pb!8 ll8IDT rrpeo6na.Q8IDIUHH BKll81l B BOllHOBc tO !jlyHKUHID COOTBeT­

H5 
CTBytOIUI1X COCTOSIHHH Gd. 

5.3.1. BpaiU8T8llbH8SI IIOllOCa COCTOSIHHil /400/f, 

15~ 
YpoBeHb c sHeprHei1 367 K3B B SIIlpe Gd 6b!ll HlleH.TH!jlHUHpoBaH · 

+ /2~/ 
KBK HHllbCCOHOBCK08 COCTOSIHHe 1/2 /400/ B pa6oTe • HCXOilSI :113 3TOro, 

10 0 
MO~HO IIp81liiOll8raTb, 'ITO I!HT8HCHBHO 38C8llSIIDIUHi1:CSI IIf H pacna11e Tb 

+ + 1~5 
ypoBeHb C 3HeprHeH 367,7 K3B ( 1/2 , 5/2 ) B Slllpe Gd COOTB8TCTByeT 

COCTOSIHHID 1/2, 1/2+ /400/. B IIOllb3Y TOro, 'ITO CIIHH :OCTOSIHHSI C 3Hep­

rH8H 367,7 K3B paBeH 1/2, yKa3b!B88T T8K~e OTCyTCTBI!e 38M8THOH pa3pSIIl­

KH 3TOrO ypOBHSI H8 ypOB8Hb C 3HeprHeH 60,0 K3B ( 5/2-) BpamaTellbHOH 

IIQllOChl OCHOBHOrO COCTOSIHHSI. 
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3aKmo'!eHHe o MYibTHnonbHOCTH nepexona c sHeprHeA 101,15 KSB 

Ml ( 
/10,17/ 

+ E 2) t npc•THBope'!HT ero pa3MeweHHIO Me>KllY COCTOSIHHSIMH 
+ + 

367,7 K3B ( 1/2 ) H 263,6 K3B (5/2 ). no-BHllHMOMy, 3TOT nepeXOll cne-
+ 

nyeT pacnonO>KHTb Me>KO:Y ypoBHS!MH C 3HeprHeA 427,4 K3B (3/2 ) H 326,0K3B 

+ + 
(3/2 • 5/2 ). 

+ + + 
YpoBHH c sHeprHI MH 427,4 K3B (3/2 ) H 488,8 KSB (3/~ , 5/2 ) SIB-

nSIIOTCSI, no-BHllHMOMY t Bp8lll8TenbHb!MH COCTOSIHHSIMH, CBSI38HHhiMH C yr·aBHeM 

367,7 KSB 1/2, 1/2+ /LOO!, KBK sTo npennonaranocb B pa6oTe1161 • B sTOM 

cny-qae, cornacHo Q'JopMyne ( 5.1 ), npH B =0 nony'!eHhi 3Ha'!eHHSI napaMeTpoB 

A= 16,1 K3B H a= •·0, 24. 

3Ha'!eHHe napaMe1 pa a = + 0,24 MeHbi.:JG, '!eM 3Ha'!eHHe a = 0,35 anSI 

+ 
'!HCTOT'O HHnbCCOHOBCKOro COCTOSIHHSI 1/2 /400/ H 6nH>Ke K 3H8'!eHHIO 

a = 0,30, nony'!eHHOMY B pacqeTax ConoBbeBa H ~orenSI 1661 anSI cooTBeT­

CTByiOwero COCTOSIHHSI, HMeiOwero cno>KHYIO CTpyKTypy ( Ta6n. 13). 

nonyqeHHb!e HBMH 3KCnepHMeHT8nbHb!e aaHHbie YK83h!B8IOT, qTO OTHO:Ue-

HHe npHBeaeHHhiX sepoSI raocTetl anSI raMMa-nepexoaoB, pa3pSI>KBIOlllHX ypo­

+ 
BeHb C 3HeprHeil 427,4 K3B I K 17 

= 3/2 1/2 ) Ha ypOBIIH BpawaTenb-

HOH nonoCbl OCHOBHOT'O COCTOSIHHSI 
150 

Gd1 B ( E l , 428,3) : B ( E l, 367,4) 2:_ 30, 

'ITO 3H8'1HTenbHO npeBbLUaeT BenHqHHY 1,43, nonyqeHHYIO anSI 3TOT'O OTHO-

weHHSI no npaBHnaM Aw:~ra. 

5.3.2. B pa maTe n b Ha SI non o ca co c TOSI H H SI /402/J.. 

npH pacnaae 
155

1 b B 11ape 
105

Gd Ha6niOA8IOTCSI aBa ypOBHSI nonO)!OI-

TenbHOH qeTHoCTH c 6n ~3KHMH sHeprHSIMH 266,6 K sB H 268,6 K ss. BaniOcb 

H ap. / 19/ npH HCCneaoE 8HHH yrnOBh!X y - y - KOppenSIUHH npH pacnaae 
155 

Tb yCT8HOBHnH, qTo C!IHH ypOBHSI C 3HeprHei\ 266,6 K3B paBeH 5/2. 

OTciOna cneayeT rrpeanunO?f<HTb, qTo Ha6mo.o:aeMoe s 1221 cocToSIHHe c sHep-
+ 155 

rHei\ 267, K3B 3/2 /402/ B Slape Gd COOTBeTCTByeT COCTOSIHHIO C 3H8p-

T'Hei\ 268,6 K3B. 
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. + +) 
Ec;m n~·enrrono>KHTb, 'ITO ypoBeHb c :meprrre:if 326,( I K3B (31 2 512 

51BJIHeTC51 rrepBbiM BpaiUaTeJibHhiM ypOBHeM, CB5138HHhiM C COCT051HHeM 268,6KcolB/ 

+ 
312, 312 14021, To1 cor nacHo <jlopMyne ( 5.1), rrp11 B ~o 1onyqaeM A= 11,5 x 3 B. 

EeTa-pacrran Ha rrepBbie llBa ypoBHH rrpenrro::araeMofi Bp1 ruaTenbHOfi rronocLr 

cocT051HH51 312+ 14021 xnaccH<jJHuHpyeTC51 xax ah. YcHJI!HHe pacrranH 
155

Tb 
165 

Ha ypoBeHb 268,6 K3B Gd 110 OTHOll!eHHIO K paC~fl/l{ Ha ypoBPHb 326,0K8B, 

rrcxon11 lf3 cpaBHeHH51 c TeopeTH'IeCKHMH rrpencxa3aHHIIMI1 no rrpnBHJiilM Anm'fl 

( Ta6JI!fUa 15) 0 liO-BlflllfMOMy, MO>KHO 06bi!CHifTb TeM 1 'ITC B rrepBOM CJiyqaP 

3aMeTHYIO ponh rrrpaeT rrepexon Tlfna L ~o. 

5.3.3, Y p 0 B H Jil C 3HeprH51MH 266, 6; 235, 2; 118,0; 

105,3 If 86,5 K3B 

3xcnepHMeHT8JibHbie pe3yJibT8TLI 0 HMeJOIUHeCSJ: B Ha< TOSJ:IUee BpeMSJ:, 
I 55 

yKa3blB810T Ha TO, 'ITO HH3KOJie>KaiU!fe ypOBHH Gd C f OJIOlKHTeJibHOH 'IeT-

HOCTbiO He SJ:Bm!JOTC51 'IHCTh!MH HHJibCCOHOBCKHMJil COCTOSJ:H H"51MH. PaCCMOTpHM 

OTileJibHbie HH3KOJie>KaiUHe ypOBHH 165 Gd. 

266 6 3 I 55Th. • K3B. TOT ypoBeHb CHJibHO 3aCeJI51eTCSJ: IIpH pacnane 

I 1:11 
B orrhrTax no H3y'IeHHJO yrnoBhiX y- y - xoppen51UHH llJISJ: 3Toro ypoBH51 

ITOJiy'IeHO 3Ha'IeHHe CITHHa T ~ 512, 'ITO H8XO!IHTC51 B COf'JI8CHH C HaiiiHMH 

pe3yJibT8TaMH, · 

235.2 x 3B. BanJOCb H Ap. 1 191 nony'IHJIH An 51 cnHHa 3Toro ypoBHSJ: 

3Ha'IeHHe 312 (712). CornacHo Ha6niOAaeMofi pa3pSIAKe yJOBHSJ: c 3HeprHe:if 

451,3 K3B B HBIIIHX HCCJie):IOBBHHSJ:X H ITpHHSJ:TOfi HHTepnpe18UHH 3Toro ypoBH51 

312 112- 15301 (pHC. 17), rrpe):IITO'ITHTeJibHee IlpHITHCaTt. ypoBHIO C 3HeprH-

+ 
e:if 235,2 K3B CIIHH H 'IE!THOCTb 312 •, 

118,0 K3B. Bo3MOlKHhie 3Ha'IeHHSJ: crrHHOB 3Toro yp(•BHSJ: J ~ 3/2, 512, 

712. 3TOT ypoBeHJ,, ITO-BH!IHMOMy, OTJIH'IaeTCSJ: OT ypOBHII C 3HeprHefi 119K3B 

C npenrronaraeMbiM 3H8'IeHHeM f ~ 1112, KOTOpblH Ha6n10 l8JICR B ( d, t) Jil 

( a • n ) peaKUHRXI 361 • 
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B 1121 
105,3 K3B 11 86,5 ~~ pa6oTe IIO H3MepeHHto BpeMeH JKI13HH ypOBHelf 

I 
55 

Gd ypoBHH C 3HeprHHMH 105,3 K3B H 86,5 K3B HHTeprrpeTHpOB8IIHCb K8K 

H:IIIIbCCOHOBCKI1e COCTOH}HH 512 512+ 16421 H 312 312+ 16511 COOTBeTCTBeH-

ao. YpoBeHb c aaepr:11et 118,0 KC>B B aToA pa6oTe HHTeprrpeTHpoBancH 

+ 
K8K Bp81118TeiibHOe COCT>lHH:IIe 512 312 16511. TaKaS! HHTeprrpeTaUHH paCCM8T-

pHB8eMhlX ypoBHelf npHHHManacb B 6onbll!HHCTBe nocneaytoll!HX pa6oT. 

I I 31 
ABTOpb! pa6oTbl Ha OCHOBe aHarrH3a y - y -yrnOBb!X KOppemiU11H 

ITOIIY'IHIIH Ami CI111H8 yp(IBHH C 3HeprHeH 105,3 K3B 3Ha'leHHe 312. 

Op11HHToe H8MI1 3ta'!eHI1e crr11aa H '!eTHOCTH ypoBHH c aaepr11eA 367,7KaB 
+ 

1/2 11 MyiibTI1!10IIbHOCTb rrepexona C 3HeprHeH 262,45 K3B THI18 M 1, pa3pHJK8-

toii!ero 3TOT ypoBeHb H< ypoBeHb }05,3 ·KC>B, l103BOIIHIDT IIpHITHCaTb ypoBHto 

}05,3 K3B 3H8'!C'HI1H CIIJ:Ha 11 'leTROCTH 

/22 ~41 
ABTopbi pa6oT '' H3 aaanH3a 

+ 
3/2 • 

( d ' p) H ( d, I) peaKUHH T8KJKe rrpHlliiii1 

+ 
K 38KJlto'leHI1to, 'ITO CII¥ H 11 '!eTHOCTb ypoBHH C 3HeprHeH 105,3 K3B - 312 • 

Ha6ntonaeMoe 6orrbll!Oe ceqen11e Bo36yJKLieHHH C>Toro ypoBHH OHH o6'hHCHHtoT 

BKrraLIOM ( ~ 40%) OT COCTOHHI1H 312+ /4021, HaHLieHHOT'O IIpH 3HeprHH 

267 K3B, 

K 3aKnto'leHI1to o crmne ypoBHH ·105,3 KC>B- 312 rrp11BOLIHT TaKJKe aaan113 

yrnoBbiX y- y - Kopp•~nHU11H B s:rnpe 
155 

Gd rrpH pacrrane 
160

Tb 
1191• 

Op11 11ccnenoBaH11:r a¢¢eKTa Mecc6ayapa B HLipe 
166 

Gd llJrruaenb H np/321 

11 Cnmenc 11 np/311 r p11rr11canH ypoBHto c anepr11eA 86,5 KC>B ~IIHH 512 11 1/2 
1311 

COOTBeTCTBeHHOo 0nHaiO 3Ha'!eHI1e f = }/2, rrpeLIIIOJKeHHOe B , He COrna-

cyeTCH c naHHbiMH no MYIIbTHrronbHOCTI1 rrepexonoB, pa3pHJKatoll!HX C>TOT ypo-

BeHb, 

B pa6oTe 1 191 rrpn 11ccnenoBaH1111 yrnoBbiX y- y - KoppemiU11H rrpH pac-

rrane 
155 

Tb ypoBHto 
155 

Gd C 3HeprHeH 86,5 K3B I1pHIIHCbiBaeTCH CIIHH 512. 

/22' 
Pe3ynbTaTbrpa6oTbi aaxoLIHTCH B cornaCHH c TaKHM 3aKnto'leHHeM o 3Ha-

'!eHI1H Cl111Ha. 

TaKI1M o6pa3oM \.iOJKHo C'll!TaTb, 'ITO ciiHH 11 'leTHOCTb ypoBaeA c saep-
+ + 

f'11HMI1 }05,3 K3B 11 86,5 K3B ..: 3/2 11 5/2 , COOTBeTCTBeHHOo 
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B 3BKmoqeHHe aBTOpbi BbipaJKaJOT CBOIO 6naronapHOC"b K, H.fpoMoBy, 

J11,3BOJ1bCKOMy, )i(,)i(eneBy H 3. flnafiHepy 38 HHTepec K pi 6oTe, IIOMO!llb rrpH 

rrocTaHoBKe aKcrrepHMeHTa H IIeHHbie 3aMe'lbHHSI; C.EbepHJ onbMy, B.fHaT')Bii'ly, 

E.3n6eKy, 3.CTaxype, B.r.ConoBbeBy, Il.O.TbeMy H fl. <Poren10 38 rrone3Hbie 

llHCKYCCHH, 

ABTOpbl T8KJKe 6naronapHbl T.ranaHoBoii, T.Ila3M8HOBOH H n.YepHbl 38 
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0rHOCKTe~bHYe KHt8HCIBB0CfK EOBBepCKOBBYX 3~8ETpOBOB 15~ , 
DOHYqeHH~e B H3MepeaKax B8 tOpO~~~HOM CU8Ktp0Y8Tpe. 

3aeprllll !/ e a) \l.ll8Kr]:~HOB HJteuxci>U&txa 
It :J 

3~, 6 KLL 
36,3 442D!,450 K 86,S+L45,3 
41,2 K~l 

~0,8 104~260 L 60,0+ K 101 
~,5,1 235~350 K 105,3 
~i8,1 17~ 85 I+N 60,0 
'18,1 99~100 /...86,5 
35,1 33~160 II+N 86,5 
98,3 1410!,280 K 108,65+ LI05,3 

103,7 N228 I+ N 105,3 
JI2,2. 17~350 K I58,6t- K 160,5 + K I6I,:l 

+K 162,8 + K 163,3 
:29,9 1000 K 180,1+ K 181,6+ K 182,05 

. :40,5 96. :,34 L148, 65 
[46,7 21:,8 I+N148,65 
f54,6 258!,40 L162 
160,3 6~10 M+N 162 + K 208 
171,3 - 21~35 LI80,1+ K 220 . 
179,1 48:.13 JI.+N 180,1+ K 226,8 

' . !89,9 ""21 K 239,45 . 
196 .... 12,5 K2!18 
212,~ 274 :.28 K 262,45+ L220 
218,5 .... s K 268,7 
231,5 -10 K 281,1+ L2J9,45 
2'37,4 ..... IJ,4 K 286,9 
254,3 37,3:,3,8 L. 262,45 
260,6 ..-10 Jl.+N 262,45 
272,7 ---6 K 321,8 
280,2 "'2,1 l-286,9 
290,1 26!,2, 6 K 340,8 
317,3 12, 5!,1 ,3 K 367,4+ K 367,7+ K 37I,C 
333,3 ,.,4,67 L 340,3 

a) HHTeH;HBHOCTM KOHBepCHOHHIIX 3.1leKTp0HOB HOpMHpOBaHll Ta.K,WtO,IU 

~.>!.K~i•> =1000. 
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Ta6JIH~a 2 
3HeprHH H OTHOeHTenbHHe HHTeHeHBHOeTH KOHBepeHOHHHX 3netTpOHOB 

npH paen8.,l{e tssTh 
.. 

HamM ,11;8.HHH8 
)laHH!:le u 3Hepru HA6JIIl• Cfi8Up0Kerp':i/f2"" TOpOif,li;MbHbl~ pa60TJil nn uepexo.~ta ,JtU:Ma.R 3HeprHJ! cnexrpouetp /TC (K.ll) JJHHIUI 

3JJ eupo.. Iev L lCapMarua H ~P ·· 
HOB (KJB) 8 ' 

I 2 3 4 5 6 7 

I. 18,75 L• 90 
LL 297 
L, 405 
M 288 
N f7,5 

2. 21,0 L• 
63 La. 

La 90 
II '-'40,5 
N I4 4 

3. 26,55 L. 18 
L~ ,...,7,2 
M "'9 ,o 
N eJI. 

4. :31,43 Lt . 
Lz. 31,5 
L3 40,5 
u "-'18 
N ·5.4 
L1 4 5. 39,8 
.L~. en. 
L' en. 

6. 40.7 L• en. 

7. 45,3 L.,. I28aJ 51,3 
Ls. 19,8 
L, 26 
II • 22,5 
N 5,4 

8. 58,0 K en. 
4,1 L• 

Lz. 1,2 
L!> 

L.,.._ ____ 
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L ... CJI. 
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18. 105,3 K 55,0 1495 1005 900 
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6
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l .. 
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L, 332,5 2,0!o,s 2,0 
II 339 o, 43-!q~ 
N 340,6 O, I8!Q los 

K 
t.3I7,4 } J, 0.3~· 10 }3,081) 

K 
Lt ]359,2 o, 5:to, It-
L1 
M p65,5 0,07 
M to,az.S 

R 320,7 I,7.t~ I, 73/) 
L, 362,6 o, 25! ,o} 

1{ JJO,I O,I5t ~ 

59 

. -

-
-
-
-

7 

II7,0 
16,2 

.3,6 

< 3,15 

< 3,8 

5,3 
0,7 

I,62 
0,36 

!0,8 
1,5 
0,.36 

J 3,15 

0,39 

• I 7 
' 0,2 



ITpo~onxeHHe Ta6nKnN 2 

I 2 3 4 5 6 7 

60. 402,3 K 352,1 0,59 0,54 
Lt :t o1 1S .-v0,09 

6I. 428,3 K 378,1 0,054~ 40"1f . 
62. 447,0 --
63. 451_~_3 I( 400,8 0,2!0,06 "' O,IJ 

64. 454,8 K en. 

65. 488,1 K 437,9 "'0,016 

66· 501,8 K O,IJ 

67. 505,9 K 0 063 

68. 51~,0 K 462,7 0_~_ 06~0,11.1 

69. 532,5 K 482_~_ 2 0,084~ 021 

70. 542,5 K 492,3 0,04I!l 015" 

7I. 555,4 K 505,2 0, 1!o,o.z 

72. 559,9 K 509,7 0,39! 0,41 
L, :':0,"1 en. 

73. 588,2 K 538,0 0, 19fqo~ "' 0,18 
L1 580,2 "'0,072 
M 586,9 "-'0,034 -

N en. 

74. 592,8 K 542,6 o, 53!4 ~ 0,54 
Lt 584,1 0,064! ,ot 0,09 
M 592,1 "' 0,02 
N en. 

75. 610 5 K 560,7 0,023! o101s· 

76. 615,5 K 565 0_,05!11 0-(j o,o67 

77. 648,1 'K 597,8 0,036t D1o1o 

78. 706,2 K "' 0,063 

79. 7_15,3 K _"' 0,04~-
-- - --- -~----- - ---- --~-
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a) - KOHBepCHOHHafl flMHHH CflO~Haflj HHTeHCHBHOCTH TIOHyteH~ pa3flO~eHHeM 

Ha KOMTIOHeHTbl !13 3KCnepHMeHTaflbH~X ,!(aHHblX Ta6iJ. I, KOJ!OHKa '3, 

C HCTIOflh30BaHHeM )(UHHblX Ta6n. 2; KOflOHKa 7; 
6)- li!HTeHCHBHOCTH KOMTIOHeHT CflO~HOl1 fli1Hl1H K162. nonyteHbl !13 CYMMapHOl1 

HHTeHCHBHOCTH )(ra6n.I) npH HCTIOflb30BaHHH )(aHHNJ KOflOHKH 5 

)(aHHOl1 TaORHI~I,I. 

c) - BMecre c L 158,6 

d.) - pa3nol!l:eHHe cyMMapHol1 HHTeHCHBHOCTH L 162 npoBe)(ef. o c Hcnou3o­

BaHHeM )(aHHblX KOflOHKH 5 .n.aHHOH TaORHUil. 

e)- BMecre cLc613,7 

) - KOHBepCHOHHaH flHHHJI CflOXHaR; pacnpe,n:eneHHe CYMMepHoll HHTeHCHBHOC'l'H 

npOBe)(eHO no )(UHHblM KOROHKH 5 )(aHHOM Ta6nHUI:l • 

.n:) - BMecreM l1 IV RHHHH nepeXO)(OB I5d,6; 169,5; I6I,;; 1623 3 H l63,3K3B. 

Gl 



Tadui,ta 3 
3HeprHH H O!HOCHren»BHe HHT6HCHBHOC!H KaHHdpoBOqHHX 

a-nepexo~OB H peHTreHOBCKOrO HanyqeHHH 

bO!'Ofi 

203H
3 

a) 

"-··-- -----·· ------- ··-------- . -- -----------------
3Bepr•H r.n nepexo~ 
nepexo.-a I -... • KBK 

(18B) 'G 

lo< ~ nyqH 
Xp.. 
275,17 

15?,6±31 

1000 Ill + E2 
o(pQ,I64;t01 005 

c»HI)()p6C~6H'l'Hil 
BYXO,lt ,ltHH 
K-odonoqKH 

WK = 01 955 

160T' ») X« ~ nyqR 
Ip.. ' 

?1,?±14,4 - UJK=0,926 

169y1 c) 

86,5 
93,9 

215,6 
298.5 
879 .. 2 

63,::2 
93,1) 

109,' 18 
liS,.~ 

130,[3 
I??, ~4 
I97,n 
261 
30?' 7 

45,1±5,0 E2,~1,6;t0,3 
17,3±1,8 
13,8±1,5 
84,8,t9,0 

IOO 

121 
7,2 
50 

5,2 
31 
62 

100 
4,8 

28 

a) - Ha OCHOBe ~aHHNX K3 pa60TH (S1 ) 
») - Ha OCHOBe ~aHHYX H3 pa<iOTH ( SJJ) 
C) - Ha OCHOBe ~aHHHX K3 pa60Tbl ( 46), 

norpelliHOCiK O!HOCKT8H»HHX KHT8HCKBHOCTeW ~-nyqeH 

He npeBblmc!DT 5%. 
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H 
nn 

I 

I 

2 

3 

4 

5 

6 

7 

8 

9 

10 

n 
12 

13 

14 

15 

16 

l7 

18 

19 

20 

21 

22 

23 

T a 6 ~ • q a 4 
I 55 3Hepr•• H orHOCKTen~awe KHreHCHBHOCTH 1) -Jyllel Th. 

3HepriUI 
nepexo,~~;a 

(It3B) 

2 

X -JIYllH 

60,0 

66,5 

76,0 

86,5 

I05,3 

120,5 

IJO,O 

I38,2 

146,0 

148,65 

I 50,6 

158,6 

I60,5 

I6l,3 

162,8 

I63,3 

175,2 

I80,1 

181,6 

182,05 

192,2 

200,3 

OraocKren~awe ••;,RcKBHOCrK 
'P - ~yqel 

Ha•K ,ltaRRII8 JlaHHH8 pa6 ./ (6 I 
3 4 

28I50 29950 

2I8 .! 44 350 . .!I~O 

71'f00 !,I400 7040 !,I830 

5300 !,I060 5IOO .! 730 

10,6,!2,I 

12,0 .! 2,4 

Ia,aal s,a 

468a) .! 94 505 .! 88 
42a) .! 9 

.sob) .! I6 

nob) .! 2a 

559°) !,ll2 I658 !,313 

40c) .! 16 

747°) !,I50 

49 .! 10 

IJsob) .!270 l55I !,269 

I25°) .! 25 

. sob) .! 9 

roc) .! 4 

52 !. IO 36 !,II 

[;3 

r 

A 

A 

B 

5 

c 
c 
c 
c 
c 
c 
D 

c 

c 
c 
c 
D 



I I 2 3 4 5 - -

51 .! 17 c 
79 :! 16 

c 
24 208,0 

IJ 25 208,6 

26 216,0 26,2 ! 5,2 

37 .! 27 ]143 .! 55 c 
. c 

27 220,0 
JJ 

28 220,6 

29 226,8 9,7 .! 5,9 25,5 .! 10,5 

30 233,6 I J 4,7 .! 3,7 

2 ,!10 39 + 8 -31 239,45 

4,7 .! 1,9 

4,9 .! 2,0 
I 
I 

32 248,0 

33 254,0 

34 262,45 IC 00 1000 

35 268,7 I 27 ,!25 148 .! 37 

36 28I,I 59 ,!12 61 .! 18 

37 286,9 55 .!II 61 .! 18 

38 308 B 

39 321,8 32,9.! 6,6 33,7.! 7,D 

40 340,8 I 2 27 ,!45 224 .!48 
41 361 '8,4 

god).!56 
}464 

c 
god).!36 

,!97 c 
42 367,4 I ~ 43 367,7 

44 37I,O 36 .!7 <: 46 

45 380,3 I,9 .! 0,5 

46 384,2 5,6-.! 1,1 4,6_!1,7 

47 391,3 fl.,6.! 0,9 3,1,!1,6 

48 395,0 I,8 .! 0,5 

49 402,3 I I fi.,I ,!2,8 15,3_!3,7 

50 428,3 7,1.! 1,4 5,6!,1,7 
---· 
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I 2 3 4 

51. 447,0 ,..; 1,6 

52 451,3 7,0 !. 1,4 8,2 !. 3,3 

53 454,8 3,5 !. 0,7 4,1 !. 1,6 
54 488,1 8,2 !. 1,6 <.. 7' 6 
55 501,8 6,4 !. 1,6 5,6 !. 1,7 

56 505,9 8,5 !. 1,7 9,7 !. 2,5 

57 513 1,1 !. 0,4 

58 532,5 10,5 +_2,1 9,2 !. 2,4 

59 542,5 1,6 !. 0,5 

60 555,4 5,9 !. 1,2 

61 559,9 26,5 !. 5,3 27,0 !. 6,4 

62 588,2 1,9 !. 0,5 1,53 !. 0,55 

63 592,8 3,9 !. 0,8 3,6 !. 0,4 

64 610,5 3,4 !. 0,7 

65 615,5 4,0 !,0,8 4,6 !. 1,7 

66 648,1 2,6 !,0,65 2,6 !. I,I 

») • HsTeHCKBBOCTK ~ -nepexO~OB BOpMHpOBaBKBX TaK, qT06W 

I r 262,45 • rooo. 

5 

a) - H&T8RCKBBOCTK Onpe~e~eBW rp~KqeCKH pa3~0&8HK~M CyMMapBWX DKKOI 

b) -.H&TeRCKBBOCTK onpeleSeBH paanO&BHKBM CyMMapHHC DHEOB &a OCROBe 

KCDOS:&30Ba&KJI pe3yJibTaTOB ~- 'J' ll 'f- T' - ~OBDB.JlBHKae 

C) - HHT8BCBBHOCTK OnpeleneBH K3 KOJBqeCTBBHHOrO aaaRK3a 

r· .r' COBD8,11;8Hidl. 

d) - HHTe&cHBBO~TK onpe~eneaw K3 xonaqecrse&Horo aianHaa 

i:.- jl • COBna~eBH11lo 

A - HKHKH.COOTB8TCTBYDT KOMDTOHOBCKOMy pacnpe~ene~HD OT RHHKH C 

3HBprKaMH 86,5 H !05,3 XBBo 

B - P.XHHB COOTBBTCTBYDT CyYMapHHY nKKaM peHTreHOB~KOrO K3nyqeaKa 
H HHTBHCKBHHX raMUa-!yqBKo 

65 



C - faKMa-~• coorsercrBym•ax nepexo~oB B ra.xa-cnesrpe ae 
paspeaamrci, so BX JY•ecrBOBaBae oo~rBep .. aerca B ODKrax 
uo e.-p • r>-r -cosn~ea•o• 

]) - fax.&wx.yq• COOTB8TCTBYD..X nepexo~OB Bad!m~SA·C' B&MK 

ro.u•o B creitrpax -r-T -·cosn~ead B 1 5n. 
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TadnYJnarJ 

I HTeUCM'!BHOCTH COBITIJ,!I8HM~ I HOT. 
12 

~i Y0l 86,5 I05,J I48,65 I62 ISO I92 200 20S 2I6 220 239,45 

86,5 -28I -13 796 1008 2009 52,9 23,5 60,4 57 
'-?6) (-IJ) (89) (77) (87) (S4) (6I). (70) ('5) 

105,3 I28 -35 32,3 I258 -I6,2 0,72 21,7 12I 0,07 
(I4) (-5) (30) (S5) (-8) (9) (66) (86) (0,9) 

148,65 7SI I05,7 2, '77 59 -0,42 7,13 I, I I7,I 
(89) (58) (27) (73) (-2) 

,., 
(50) ") 

162 ID68 1617 47,6 156 93,6 7,4 .33,3 2,1 
(78.) (8S) (6£) ('10) (58) (69) (85) (49) 

'--v-' 
ISO 2051 36t4 4,77 IDS II,I 2,77 5,7 0,12 

(87) (14) (IS) (63) (-22) (47) (51) (49) 

192 9,54 
") 

200+208 54,4 33 12,7 23,2 0,6 
(72) (64) (87) (SI) (55) 

220 54,6 !76,5 48,5 26,3 -O,D 
(?I) (90) (96) (82) (-2) 

239,45 I, 5 I, 4 7,7 6,95 
(22) (34) (85) (S3) 

26~.'15+268, 7 693 IOOO 0,2 I2,6 -7,2 f¥ 3 5, 5 
(83) (90) (2) (29) (-35) (86) (64) (62) 

2BI,I+286,9 81 -2 6 1 
(85) (-25) (68) (26) 

'-r 

J2I,8 JI 114 2,6 12,8 5,2 I, I 
(88) (93) (90) (93) (86) (90) 

340,8 328 -1,2 3,2 0,33 
(~2) (-li) (15) (5) 

36I +:367 1 (i+ 4J - Tl, l -0,17 I, 5 -u,9 
J7I (4I) (-JI) (-4) (IO) (-7) 

J6C+J84, 2 7 o,JJ 0,96 s,s 
(91) (82) (81) (98) 

ITO,!!; Ka~UM 3Ha\feHHeM r!Hl'eHCK.BHOCTY. C.:OBna,nemftt l KCT 
12 ( E< E._ ) B CltOOM.X npKBe,Jlell!; 

seJm~HH ~£: h2~·-·-·---·-
.r;::~~.· 1 r·. ::~ \ • 1.1·~~-·-t· r, l~; ~~'"' i 

*) - JleRM~IUIY 
1,: ~--·· l r ... ~~.~J ~~.·-· 

r..;~· '(f ~ tk.~·.,. r1:~(~. ~ ... J ' H~ lipKhet~,eJ:U:I ft3-3U 

OTCYTCTBMH ,ll;fiHHhlX o6 riHTeHCmlHOCT.A'X rr B O)tHHOqN!iX p - cnenpe.x. 

()~ 



'i'A
Eh

llU
A

 
7 

KO
SQ

<l
)II

W
\E

HT
ol 

BH
.Y
TP
EH
HE
~ 

lW
H

BE
PC

H
il 

nE
PE

XU
,ll

OB
 

B
 I

55
G

cl
. 

;;
;}
;~
 

M
y l

lb
T

H
n

o
n

a
o

cT
e

 
ne

 p
e 

llp
•n

a
T

II
e

 

"' 
J(0

3\I
).J

J•l
lll

en~
 B

H
yT

p6
H

H
ea

 
K

O
H

B
6p

C
B

B
 a

.)
 

;
~
~
~
~
t
 B

l>
IT

6 
K

81
0l

lll!
6 

li
Y

JI
O

T
H

-
n

/n
 

"' 
D

O
JI

H
O

C
!'

H
. 

"' 
"' 

"
'
~
 

KB
K 

n
o

 A
B

IIH
W

I. 
"
'
~
 

"'"
" 

~
o
-

"' 
"' 

'"'"
'"' 

~ 
"' 

9K
C

O
ep

H
U

8H
T

8J
IL

H
b

18
 

3H
B

!.f
.6

H
H

R
 

T
eo

pe
T

H
Q

6C
K

H
e 

aa
aq

eH
H

H
 

::
:l

.o
e

 

~ 
~ 

:.
..

n
 .. :

:.= 
O
>
:
U
~
 

~3
 

~
"
 

I 
n 

Iii 
E

I 
E2

 
E

3 
II

I 
11

2 
I 

n 
II 

1 
2 

3 
4 

5 
6 

7 
8 

9 
IO

 
II

 
2 

n
 

14
 

15
 

16
 

I.
 

1
8

,7
 

II
I/

E
2'

"I
7°

) 

2
. 

2
I,

O
 

i 
E

lc
) 

3
. 

2
6

,5
 

l 
E

1°
) 

~.
 

3
!,

4
 

I 
E

2°
) 

I I 
5

. 
3

9
,8

 

6
. 

40
,7

 

7
. 

4
5

,3
 

i 
E

lc
) 

8
. 

5
8

,0
 

E
I0

) 

9
. 

6
0

,0
 

K
 

>
I,

6
 (

0
) 

8
,0

(-
1

) 
13

,5
(+

0)
 

1
,0

(+
1

) 
7 

,0
(+

0
) 

H
,I

(+
1

) 
>

1,
0(

+
2)

 
l,

 
~.

6 
;t

0
,8

 )
(+

0
) 

(S
,'

f 
±

2
,4

 
)(

-I
 8

,3
I(

-2
) 

'i
,7

5
(-

I)
 <

,5
1(

+
0)

 
9

,5
5

(-
i}

 2
,2

9
(+

I 
2

,8
8

(+
2

) 
il

l(
+

E
2)

 
l.t

l+
E

2 
M

l+
E2

 

L
. 

(2
J
 .

ti
,f

 
)(

-I
 

,9
5

(-
2

) 
5

,2
5

(+
0

) 
i,

H
2

(+
2

) 
ti

,9
1

(-
2

) 
2

,3
4

(+
0

 
5

,0
2

(+
I)

 
I.

II
/E

2.
.Z

6°
) 

L
, 

(2
,I

 ;
t0

,9
 
)(

-I
 }

,6
2

(-
2

}
 ,

6
,6

(+
0

) 
},

6
2

(+
2

) 
1

,6
6

(-
2

) 
'7 

,5
9

( +
0 

6
,6

(+
2

) 
lJ 

~'
>•

4 
±

!,
8

 )
H

l 
(2

,'
f 

±
1,

2 
)(

-I
 

I 
i.

UJ
E2

,.
Z9

~)
 

N
 

(9
.9

 :
!;

4,
4 

)(
-2

 

IO
.I 

6
0

,3
 

! 
E2

8
) 

-
-
-
-
-
-

--, 

1
2

. 

I 
I 

I 
I 

I 
I 

I 
:J

I+
E

zc
) 



~
-
-
-
-
-
-
~
-
-

-
-
-
-
-
-
-
-
-
-
~
-
-

-
-
-
-
-
-
-
-

-·
 

-
--

--
--

--
---

---
·-

-
--

-
-

' 

D
PO

JlO
W

H
llE

 T
AD

lii
iU

bl 
7 

I 
2 

3 
4 

5 
6 

7 
8 

1
4

. 
8

6
,5

 
K

 
(2

,5
 ;

!:0
,6

 
){

-I
) 

(1
,8

 ;
!:0

,8
 

){
-I

) 
}

,5
5

(-
I)

 
,7

8(
+

0)
 

tJ
'6

,0
 ±

1,
3 

){
-2

) 
(2

,9
: 

±
1

,2
 )

{
-2

) 
3

,6
2

(-
2

) 
!,

4
4

(-
I)

 
(~
,0
 ±

3
,1

 
){

-3
~ 

8
,3

0
(-

3
) 

,0
0(

+
0)

 
(8

,9
 ±

lf,
O

 
){

-3
) 

I,
I2

(-
2

) 
,0

0(
+

0)
 

II 
~
(
2
,
t
 
±

I,
I 

)(
-2

) 
(9

,5
 !

4
,2

 
){

-3
) 

N
 

• 
(2

,8
 ±
I
,
~
 

)(
-3

) 

1
5

. 
9

9
,0

 

1
6

. 
IO

I,
I5

 

1
7

. 
IO

I,
6

 

I8
. 

1
0

5
,3

 
K

 
(I

,B
 ;

!:0
,3

 
)(

-I
) 

2
,8

 (
-1

) 
(1

,7
 ;

!:0
,5

 
){

-I
) 

2
,0

9
(-

I)
 !

,0
2

(+
0

) 

L,
 1

 4,4 
(-

2
) 

r
2

·9
 ±

1.
2 

){
-2

) 
(2

,2
 ;

!:0
,'1

 
){

-2
) 

2
,2

4
(-

2
) 

9
,3

6
(-

2
) 

Lt
 

(4
,2

 :
!;1

,9
 

)(
-3

) 
4

,5
7

(-
3

) 
3

,8
0

(-
I)

 
La

 
(5

,4
 ±

2
,4

 )
(-

3
) 

5
,7

5
(-

3
) 
~,
89
(-
1)
 

II 
r·3 

(-
2

) 
(6

,4
 ±

2,
9 

)(
-3

) 
N

. 
(2

,+
 ;

ti
,O

 )
(-

3
) 

1
9

. 
l1

8
,0

 

2
0

. 
12

0,
5 

K
 

-I
,3

 (
-I

) 
1

,4
5

(-
I 
~
,
9
2
(
-
1
)
 

2
I.

 
13

8,
2 

K
 

-2
,6

 (
-I

) 
I,

0
0

(-
1

) 
,?

8
(-

1
) 

22
. 

14
6,

0 

23
. 

14
8,

65
 ' .

,,,
 (-

:~
 

(5
,0

 ;
t2

,0
 
)(

-I
) 

(5
,6

 ;
ti

,6
 )

{
-I

) 
8

,5
0

(-
2

) 
~
,
8
9
(
-
1
)
 

tJ
'8

,B
 ±

3
,5

 
(-

2
) 

(8
,6

 J
:3

,8
 

){
-2

) 
8

,9
0

(-
3

) 
,8

9
(-

2
) 

1
,4

5
(-

3
) 

,8
0

(-
2

) 
(2

,,
 :

:!:
1,

2 
)(

-3
) 

1
,?

4
(-

3
) 

&
,9

2
(-

2
) 

: t·
9 ;!

:0
, 

){
-2

) 
(2

,3
 :

!;1
,0

 
){

-2
) 

(6
,?

 ±
3

,0
 )

{
-3

) 

24
. 

15
0,

6 
K

 
I 

-
2

,2
 (

-I
) 

-4
,2

 (
-2

) 
8

,3
1

(-
2

) 
~.

?I
(-

1)
 

25
. 

15
8,

6 
K

 
5

,6
 (

-2
) 

(5
 ,D

 :
t2

 ,+
 )

(-
2

) 
-4

,5
 (

-2
) 

7 
,2

5
(-

2
) 

,,
I6

(-
I)

 

9 
IO

 
II

 
I2

 
I3

 

6,
03

(+
0)

 2
,5

I(
+

O
) 

<
!,

40
(+

1)
 

I,
3

2
(+

2
) 

E
I 

6
,6

0
(-

I)
 3

,I
6

(-
I)

 4
,6

7(
+

0)
 

5
,5

0
(+

I)
 

,,
2

3
(+

1
) 

,,
0

2
(-

2
) 

6
,0

2
(-

I)
 9

,1
0(

+
0)

 
j,

3
I(

+
I)

 ~
.
O
I
(
-
3
)
 

!.
IB

(+
O

) 
&

.0
3(

+
1)

 

3,
80

(+
0)

 1
,5

1(
+

0)
 I

,I
8

(+
1

) 
6,

46
(+

1)
 

E
I 

3
,8

0
(-

1
) 

I,
9

0
(-

I)
 2

,3
4

(+
0

) 
2

,2
4

(+
I)

 
I,

I5
(+

I)
 1

,7
0

(-
2

) 
2

,8
8

(-
I)

 ,
,8

0(
-t

{l
) 

1
,0

5
(+

I)
 2

,8
8

(-
3

) 
4

,3
6

(-
I)

. 
2,

00
(+

1)
 

2
,6

3
(+

0
) 

I,O
O

(+
O

) 
7 

,2
4(

+
0)

 3
,8

0
(+

I)
 

I,
8

2
(+

0
) 

6
,9

1
(-

I)
 4

,4
6

(+
0

) 
2

,I
9

(+
1

) 

1,
45

(+
0)

 5
,?

5
(-

I)
 3

,4
?(

+
0

) 
1,

66
(+

1)
 

Il
l 

I,
4

I(
-I

) 
? 

,4
I(

-2
) 

6
,I

6
(-

I)
 4

,0
7(

+
0)

 
. 

I,
5

5
(+

0
) 

5
,9

0
(-

3
) 

? 
,8

0
(-

2
) 

8
,0

0
(-

1
) 

I,
2

3
(+

0
) 

9,
54

(-
'1

) 
? 

,5
9

(-
2

) 
2,

29
(+

0)
 

1,
4I

(+
O

) 
5

,6
2

(-
I)

 3
,3

1(
+

0)
 1

,5
7(

+
1)

 

1,
18

(+
0)

 4
, 7

8
(-

1
) 

,,
8

2
(+

0
) 

!,
3

2
(+

1
) j

 
(I

I!
) 

14
 

I5
 

E
I 

E
l 

E
I 

lll
+E

2 
II

I+
E

2 

(I
II

) 

II
! 

(I
II

) 

16
 

E
I 

ll
l+

E
2o

) 

II
I0

) 

E
I 

E
2c

) 

II
I+

E2
 

ll
!f

E
2-

60
° ) d.

) 
ll

l/
E

Z
::

30
 

(I
II

) 

(I
I!

) 



IIP
O

JI
O

U
EH

IIE
 T

AB
JII

IU
bl 

7 

1 
2 

3 
4 

5 
• 

6 
7 

.8
 

9 
IO

 
II

 
I2

 
I3

 
I4

 
IS

 
I6

 

26
. 

I6
0

,5
 

K
 

4
,6

 (
-I

) 
(4

,1
 ;

ti
,3

 
)(

-I
) 

('1
,2

 ;
ti

,8
 )

l-
I)

 
7 

,0
8

(-
2

) 
,,

0
2

(-
I)

 1
,1

2(
+

0)
 4

,6
8

(-
I)

 ~
,
6
9
(
+
0
)
 

1
,2

3
(+

I)
 

II
I 

I
l
l
(
+
~
)
 

II
I(

+
E

2)
 I

II
(+

E
2)

 

~ 
r
·
l
 (

-I
) 

1}
<5

,9
 :

!:2
,0

 
)(

-2
) 

(5
,3

 ;
!:2

,3
 

)(
-2

) 
7 

,2
4

(-
3

) 
3

,1
6

(-
2

) 
I,

IO
(-

I)
 6

,0
2

(-
2

) 
4

,5
6

(-
I)

 2
,9

5(
+

0)
 

I 
,I

0
(-

3
) 

5
,4

0
(-

2
) 

9
,2

0
(-

I)
 4

,6
0

(-
3

) 
5

,5
0

(-
2

) 
5

,5
0

(-
I)

 
I,

3
2

(-
3

) 
4

, 7
8

(-
2

) 
? 

,9
4

(-
I)

 ?
 ,9

4
(-

4
) 

5
,6

2
(-

2
) 

I,
5

7
(+

0
) 

2
?.

 
I6

I,
3

 
K

 
4

,4
 f

-I
) 

(3
,9

 ;
ti

,6
 
)(

-I
) 

(3
,?

 ;
ti

,O
 
)(

-I
) 

? 
,0

8
(-

2
) 

3
,0

2
(-

I)
 I

,I
2

(+
0

) 
4

,6
8

(-
I)

 2
,7

0
(+

0
) 

I,
2

3
(+

I)
 

II
I+

E
2 

II
I+

E2
 

II
I+

E
2 

II
I+

E2
 

t r
"~
 -

2
) 

r·· :t
2.

D
 

)(
-2

) 
(5

,5
 ;

!:2
,4

 
)(

-2
) 

? 
,2

4
(-

3
) 

3
,I

6
(-

2
) 

I,
IO

(-
I)

 6
,0

2
(-

2
) 

4
,5

?
(-

I)
 2

,9
2(

+
0)

 
II

I/
E

2=
8d

.) 
l,

I0
(-

3
) 

5
,4

0
(-

2
) 

9
,2

0
(-

I)
 4

,6
0

(-
3

) 
5

,5
0

(-
2

) 
5

,5
0

(-
I)

 

L!
 

1
,3

2
(-

3
) 

4
,?

8
(-

2
) 

? 
,9

4
(-

1
) 

? 
,9

4
(-

4
) 

5
,6

2
(-

2
) 

I,
S

?(
+

O
) 

II 
(1

,5
 ;

!:0
,'{

. 
)(

-2
) 

28
. 

I6
2

,8
 

K
 

6
,3

 (
-I

) 
(5

,6
 ;

t3
,I

 
)(

-I
) 

? 
,0

0
(-

2
) 

3
,0

0
(-

I)
 1

,0
3(

+
0)

 4
,4

0
(-

I)
 <

!, 7
0(

+
0)

 I
,I

5
(+

I)
 

(I
II

) 
II

I 
II

I 

~
9
.
 

I6
3

,3
 

K
 

5
,3

 
(-

I)
 

(4
,8

 ;
ti

,9
 )

(-
I)

 
(4

,7
 ;

ti
,3

 
)(

-I
) 

6
,6

0
(-

2
) 

2
,8

2
(-

I)
 I

,O
S

(+
O

) 
4

,4
?
(-

I)
 ~

.
5
2
(
+
0
)
 

I,
IS

(+
I)

 
II

I 
IH

 
Y

I 
II

I 

~ 
r
·
2

 
(-

2
) 

r
·
9

 ;
!:1

,9
 

)(
-2

) 
(6

,6
 ;

t3
,0

 
)(

-2
) 

o
,9

I(
-3

) 
3

,0
2

(-
2

) 
I,

O
?(

-I
) 

5
,6

3
(-

2
) 

4
,3

6
(-

I)
 ~

,
6
9
(
+
0
)
 

MI
/E

2Z
I5

0~
 

I,
0

3
(-

3
) 

5
,0

0
(-

2
) 

I,O
O

(+
O

) 
4

,4
0

(-
3

) 
5

,4
0

(-
2

) 
5

,2
0

(-
I)

 
Ml
/E
2~
8Q
'9
 

L•
 

(I
,3

 ;
!:0

,6
 

)(
-3

) 
1
,
~
6
(
-
3
)
 

4
,3

6
(-

2
) 

? 
,0

?(
-1

) 
7,

:>
8(

-4
) 

5
,2

5
(-

2
) 

I,
4

5
(+

0
) 

II 
2

,i
 

(-
2

) 
(I

.,
? 

;!
:0

,8
 

)(
-2

) 

:: 
30

. 
I7

5
,2

 
K

 
(5

,4
 ;

t2
,4

 
)(

-2
) 

5
,5

0
(-

2
) 

2
,2

9
(-

I)
 8

,3
I(

-I
) 

3
,7

1
(-

I)
 2

,0
0

(+
0

) 
8,

90
(+

0)
 

E
I 

E
I 

L., 
6

,0
0

(-
3

) 
2

,3
5

(-
2

) 
8

,3
0

(-
2

) 
4

,6
0

(-
2

) 
3

,3
0

(-
I)

 2
,0

5(
+

0)
 

31
. 

I8
0

,I
 

K
 

(3
,2

 ;
tO

,?
 

)(
-I

 
(3

, .
. 

;!:
0,

9 
)(

-I
) 

(3
,3

 ;
!:0

,9
 

)(
-I

) 
5

,!
3

(-
2

) 
2

,0
9

(-
I)

 ?
 ,5

8
(-

I)
 3

,4
6

(-
I)

 1
,8

2
(+

0
) 

? 
,9

4(
+

0)
 

I.U
+E

2 
9
~
+
 

M
I+

E2
 

9
~
I
+
 

5 
2 

+
 

2 

~t 
r·3 

(-

2

) 

(5
,0

 :
!:I

 ,4
 
)(

-2
) 

5
,6

2
(-

3
) 

2
,2

9
(-

2
) 

8
,I

2
(-

2
) 

4
,4

?(
-2

) 
4

,9
0

(-
I)

 
I,

8
2

(+
0

) 
' 

II
I/

E
2=

30
°)

 
7 

,8
0

(-
4

) 
3

,!
0

(-
2

) 
5

,4
0

(-
I)

 3
,3

0
(-

3
) 

3
,8

0
(-

2
) 

3
,4

0
(-

I)
 

(I
,9

 ;
!:

0,
9 

)(
-3

) 
9

,1
0

(-
4

) 
2

,8
2

(-
2

) 
4

,I
6

(-
I)

 5
,6

2
(-

4
) 

3
,3

I(
-2

) 
8

,3
I(

-I
) 

M
I/

E
;::

35
.I.

) 
II 

I,
I 

(-
2

) 
(I

,3
 ;

!:
0,

6 
)(

-2
) 

32
. 

I8
1

,6
 

K
 

~
5
,
o
 

(-
2

) 
5

,0
2

(-
2

) 
2

,0
9

(-
1

) 
? 

,4
0

(-
I)

 3
,3

I(
-1

) 
1

,?
8

(+
0

) 
? 

,?
6(

+
0)

 

L
 

L,
 

>,
::>

U
l-}

) 
<

!,
lU

l-
l)

 
'I,

>
U

l-
<

!)
 

'1
0
1U

l-<
!)

 i
<

0
1j

lj
l-

1)
[1

1
'1

ol
+U

) 

33
.1

 
18

2,
05

 
K

 
~
z
,
I
 
(-

I)
 

5
,0

2
(-

2
) 

2
,0

9
(-

I)
 ?

 ,4
0

(-
1

) 
,,

3
1

(-
1

) 
1,

78
(+

0)
 7

 ,7
6(

+
0)

 

I 
L,

 
' 

5
,5

0
(-

3
) 

2
,I

0
(-

2
) 

7 
,5

0
(-

2
) 

4
,!

0
(-

2
) 

<
!,

80
(-

1)
 
l,

 ?5
(+

0)
 

34
. 

19
2,

2 

35
. 

20
0,

3 
K

 
9,

4 
(-

2
) 

(?
 ,7

 ;
t2

,'{
 

)(
-2

) 
3

,9
8

(-
2

) 
1

,5
1

(-
1

) 
5

,2
5

(-
1

) 
2

,5
7

(-
1

) 
1,

26
(+

0)
 5

,3
?(

+
0

) 
EI

+M
2 

EI
+M

2 
~1

+1
2 



U
PO

JI
O

W
H

IIE
 T

AE
lii

iU
bl

 
7 

1 
2 

3 
4 

5 
• 

6 
7 

. 
8 

9 
10

 
II

 
I2

 
B

 
I4

 
IS

 
I6

 

26
. 

I6
0

,5
 

K
 

4
,6

 (
-I

) 
(4

,1
 ±

I,
3

 }
(-

I)
 

(I
J,

2
 ±

I,
8

 H
-I

) 
7 

,0
8

(-
2

) 
~
,
0
2
(
-
I
)
 

!,
12

(T
O

} 
4

,6
8

(-
I)

 2
,6

9(
T

O
} 

1
,2

3
(+

I)
 

II
I 

II
!(

+E
L

) 
II

I(
+

E
2)

 
II

I(
+

E
2)

 

I~
 r

·
!
 (

-I
) 

11
(5

,9
 ±

2
,0

 )
(-

2
) 

(5
,3

 ±
2,

3 
)(

-2
) 

7 
,2

4
(-

3
) 

3
,I

6
(-

2
) 

I,
lO

(-
I)

 6
,0

2
(-

2
} 

4
,5

6
(-

I)
 

2,
95

(+
0)

 
I,

I0
(-

3
}

 5
,4

0
(-

2
) 

9
,2

0
(-

I)
 4

,6
0

(-
3

) 
5

,5
0

(-
2

} 
5

,5
0

(-
I}

 
I,

3
2

(-
3

) 
4

,7
8

(-
2

) 
7 

,9
4

(-
I)

 7
 ,9

4(
-4

} 
5

,6
2

(-
2

) 
I,

57
(T

O
) 

27
. 

I6
I,

3
 

K
 

4
,4

 '
-I

) 
(3

,9
 ±

I,
6

 )
(-

I)
 

(3
,7

 ±
I,

O
 }

(-
I)

 
7 

,0
8

(-
2

) 
3

,0
2

(-
I)

 I
,I

2
('

tO
) 

4
,6

8
(-

I)
 2

, 7
0(

 TO
} 

I,
2

3
(+

I)
 

II
I+

E
2 

II
I+

E2
 

II
I+

E
2 

lii
+E

2 

t r·*
 (-2) 

r·· ±
2,

0 
)(

-2
) 

(5
,5

 ±
2,

4 
)(

-2
) 

7 
,2

4
(-

3
) 

3
,I

6
(-

2
}

 I
,I

O
(-

I)
 6

,0
2

(-
2

} 
4

,5
7

(-
I}

 2
 ,9

2
( T

O}
 

II
I/E

2=
8<

l.)
 

1
,I

0
(-

3
}

 5
,4

0
(-

2
) 

9
,2

0
(-

I)
 4

,6
0

(-
3

) 
5

,5
0

(-
2

) 
5

,5
0

(-
I)

 

L~
 

1
,3

2
(-

3
) 

4
,7

8
(-

2
} 

7 
,9

4
(-

I}
 7

 ,9
4

(-
4

} 
5

,6
2

(-
2

) 
I,

57
(T

O
} 

II 
(I

,5
 ±

Q
,!J

 
)(

-2
}

 

28
. 

I6
2

,8
 

K
 

6
,3

 (
-I

) 
(5

,6
 ±

3
,I

 
)(

-I
) 

7 
,0

0
(-

2
} 

3
,0

0
(-

I)
 1

,0
3(

+
0)

 4
,4

0
(-

I)
 ~

,
7
0
(
+
0
)
 

I,
IS

(+
I)

 
(I

ii
} 

II
I 

Il
l 

29
. 

I6
3

,3
 

K
 

5
,3

 
(-

I)
 

(4
,8

 ±
I,

9
 
)(

-I
) 

(4
,7

 ±
I,

3
 
H

-I
) 

6
,6

0
(-

2
) 

2
,8

2
(-

I)
 I

,0
5(

T
O

) 
4

,4
7

(-
I}

 2
,5

2
(+

0
) 

I,
I5

('
1

'I
) 

II
I 

IH
 

II
I 

Il
l 

~ 
r
·
2

 
(-

2
) 

r5
·9

 ±
1,

9 
)(

-2
) 

(6
,6

 ±
3,

0 
)(

-2
) 

6
,9

I(
-3

) 
3

,0
2

(-
2

) 
I,

0
7

(-
I)

 5
,6

3
(-

2
) 

4
,3

6
(-

I)
 ~

.6
9(

TO
) 

MI
/E

2Z
I5

0~
 

I,
0

3
(-

3
) 

5
,0

0
(-

2
} 

I,O
O

(T
O

} 
4

,4
0

(-
3

) 
5

,4
0

(-
2

) 
5

,2
0

(-
I)

 
II
I/
E2
~8
(f
9 

L,
 

(I
,3

 ±
Q

,6
 

}
(-

3
) 

!,
2

6
(-

3
}

 4
,3

6
(-

2
) 

7 
,0

7
(-

I)
 7

 ,:
:>

8(
-4

) 
5

,2
5

(-
2

} 
I 

,4
5

( T
O

) 
II 

2,
'1

 
(-

2
) 

(I
.,

7 
±Q

,8
 

)(
-2

) 

:: 
30

. 
I7

5
,2

 
K

 
(5

,4
 ;

!:
2,

4 
)(

-2
) 

5
,5

0
(-

2
} 

2
,2

9
(-

I)
 8

,3
I(

-I
) 

3
,7

1
(-

I}
 2

,0
0(

'1
'0

) 
8,

90
(T

O
} 

E
I 

E
I 

L,
 

6
,0

0
(-

3
) 

2
,3

5
(-

2
} 

8
,3

0
(-

2
) 

4
,6

0
(-

2
) 

3
,3

0
(-

I}
 2

,0
5(

T
O

} 

31
. 

I8
0

,I
 

K
 

(3
,2

 ±
Q

,7
 

)(
-I

 
(3

,4
 ±

Q
,9

 
)(

-I
) 

(3
,3

 ±
Q

,9
 

)(
-I

) 
5

,I
3

(-
2

) 
2

,0
9

(-
I)

 7
 ,5

8
(-

I)
 3

,4
6

(-
I)

 I
,8

2(
'1

'0
) 

7 
,9

4(
T

O
} 

I.U
+E

2 
9
~
+
 

lll
+E

2 
9
~
I
+
 

5 
2 

+
 

2 

t
r
·
3

 (
-2

) 
(5

,0
 ±

I ,
4 

}
(-

2
) 

5
,6

2
(-

3
) 

2
,2

9
(-

2
} 

8
,1

2
(-

2
) 

4
,4

?(
-2

) 
4

,9
0

(-
I}

 
I,

82
(T

O
} 

li
i/

E
2=

30
°)

 
7 

,8
0

(-
4

) 
3

,1
0

(-
2

} 
5

,4
0

(-
I)

 3
,3

0
(-

3
) 

3
,8

0
(-

2
) 

3
,4

0
(-

I)
 

(I
,9

 ±
Q

,9
 )

(-
3

) 
9

,1
0

(-
4

} 
2

,8
2

(-
2

) 
4

,1
6

(-
I}

 5
,6

2
(-

4
} 

3
,3

1
(-

2
) 

8
,3

1
(-

I)
 

II
I~
35
d.
) 

II 
I,

I 
(-

2
) 

(I
,3

 ±
Q

,6
 }

(-
2

) 

32
. 

I8
I,

6
 

K
 

N
 
5

,0
 (

-2
) 

5
,0

2
(-

2
} 

2
,0

9
(-

I)
 7

,4
0

(-
I)

 3
,3

I(
-I

) 
I,

?8
(+

0
) 

?,
?6

(T
O

} 

I 
L,

 
5

,5
0

(-
3

) 
~,

I0
(-

2)
 ?

,5
0

(-
2

} 
4

,1
0

(-
2

) 
2

,8
0

(-
I)

il
,7

5
(T

O
) 

3
3

.1
1

8
2

,0
5

 
K

 
N

2
,I

 
(-

I)
 

5
,0

2
(-

2
} 

2
,0

9
(-

I)
 ?

 ,4
0

(-
I)

 
~
,
3
!
(
-
I
}
 

!,
78

(T
O

) 
7 

,7
6(

T
O

) 

I 
L,

 
' 

5
,5

0
(-

3
) 

2
,I

0
(-

2
) 

? 
,5

0
(-

2
) 

4
,1

0
(-

2
) 

c
,8

0
(-

I)
 !

,7
5(

'1
'0

) 

34
. 

I9
2

,2
 

3
5

.J
2

o
o

,3
 

K
 

9
,4

 (
-2

) 
(7

 ,7
 

±
2,

'{
 

)(
-2

) 
3

,9
8

(-
2

} 
I,

5
I(

-I
) 

5
,2

5
(-

I)
 2

,5
7

(-
I)

 1
,2

6(
...

0)
 5

,3
7(

...
0)

 
EI

+M
2 

EI
TI

IZ
 

i-
I+

IZ
 



~; 

~
 
~
 

I 36
. 

37
. 

5
8

. 

39
. 

40
. 

41
. 

42
. 

43
. 

44
. 

45
. 

46
. 

47
. 

48
. 

IIP
O

JlO
lli

EH
IIE

 T
A!

i.I
I!U

bl
 

7 

2 
3 

4 
5 

20
8,

0 
l(

 
1

,8
 (

-I
) 

L,
 

!I 

20
8,

6 
. 

2
!6

,0
 

K
 

(3
,1

 ;
ti

,I
 

)(
-2

) 

22
0,

0 
K

 1
 

22
0,

6 
K

 
h,

s 
(-

I)
 

L, !l
 

N
 

22
6,

8 
K

 
I,

 7 
(-

I)
 

L,
 

23
3,

5 
K

 
(2

,9
 t

i,
l 

)(
-2

) 

23
9,

45
 K

 -
I,

7
 (

-1
) 

(1
,2

 t
fJ

,.
 )

(-
I)

 

L,
 J

 4,6
 (

-2
) 

L,
 

l
4
~
,
0
 

25
4,

0 
I 
K

 
(2

,1
 t

l,
l 

)(
-I

) 

26
2,

45
1 

K
 

I,
I7

(-
I)

 
1

,1
?
(-

I)
 

t· r·
5

9
(-

2
) 

L,
 

II 
-

4
,3

?(
-3

) 

26
8,

7 
K

 -
2

,9
 (

-2
) 

(2
,8

 t
fJ

,8
 )

(-
2

) 

28
1,

1 
K

 
3

,3
 (

-2
) 

(6
,2

 ±
I,

? 
)(

-2
) 

-
_
:
·
.
~
:
:
:
-
~
.
:
~
,
 

6 
7 

(9
,1

 ±
4,

3 
)(

-2
) 

3
,4

 (
-2

) 
(I

,5
 t!

J,
1 

)(
-2

) 
5

,9
3

(-
3

 
(3

,4
 ±

I,
5

 )
(-

3
) 

3
,3

9
(-

2
 

-I
,O

 (
-2

) 
3

,0
2

(-
2

 

(I
,r

 tf
J,

? 
H

-1
) 

3
,0

2
(-

2
 

3
,3

5
(-

3
 

~
2
,
8
 (

-2
) 

(2
,4

 ;
ti

,I
 

)(
-3

) 

(I
,9

 t
fJ

,8
 )

(-
I)

 
2

,8
2

(-
2

 
<

I,
t 

(-
I)

 
3

,I
6

(-
3

 

2
,6

3
(-

2
 

(1
,6

 t
fJ

,6
 

)(
-1

) 
2

,4
0

(-
2

 
(?

 ,3
 :

!;5
,3

 
)(

-2
) 

2
,?

5
(-

3
 

5
,1

0
(-

4
 

5
,4

0
(-

4
 

2
,I

0
(-

2
 

I,
l?

(-
I)

 
1

,9
1

(-
2

 
I,

6
2

(-
2

) 
2

,I
9

(-
3

 
2

,3
5

(-
4

 
2

,5
5

(-
4

 
3

,6
0

(-
3

) 

<
.2

,5
 (

-2
) 

1
,7

8
(-

2
 

<.
6!

4 
(-

2
) 

I,
5

?(
-2

 

8 
9 

IO
 

II
 

I2
 

I3
 

I4
 

I5
 

I6
 

,!
2

(-
I)

 
4

,5
7

(-
I)

 2
,2

9
(-

I)
 I

,I
2

(+
0

) 
4,

57
(+

0)
 

lll
+E

Z
 

II
I+

(E
Z

) 
I,

5
3

(-
2

) 
5

,5
0

(-
2

) 
2

,8
8

(-
2

) 
I,

8
2

(-
I)

 I
,O

O
(+

O
) 

1
,3

2
(-

I)
 4

,4
?
(-

I)
 <

!,
04

(-
I)

 9
,7

6
(-

I)
 5

,9
8(

+
0)

 
E

I 
E

I 

l,
I2

(-
I)

 3
,8

0
(-

I)
 I

,9
5

(-
I)

 9
,1

0
(-

1
) 

3,
63

(+
0)

 
(E

I)
 

(E
I)

 

I,
l2

(-
I)

 3
,8

0
(-

I)
 I

,9
5

(-
I)

 9
,1

0
(-

I)
 3

,6
3(

+
0)

 
(I

II
) 

(I
II

) 
(!

II
) 

I,
2

0
(-

2
) 

4
,3

0
(-

2
) 

2
,9

0
(-

2
) 

I,
4

0
(-

I)
 ?

 ,5
0

(-
I)

 

I,
0

3
(-

I)
 3

,5
4

(-
I)

 I
,?

8
(-

l)
 8

,3
I(

-I
) 

3,
39

(+
0)

 
II

I 
Il

l 
Il

l 
I,

I2
(-

2
) 

3
,9

8
(-

2
) 

2
,2

9
(-

2
) 

1
,2

8
(-

I)
 6

,6
0

(-
I)

 
II

I 

9
,5

5
(-

2
) 

3
,I

6
(-

I)
 3

,6
2

(-
I)

 ?
 ,
5

8
(-

I)
 2

,9
5(

+
0)

 
E

l 
81

 

11
,?

0(
-2

) 
l,

8
8

(-
I)

 1
,5

2
(-

1
) 

6
,9

2
(-

1
) 

2,
63

(+
0)

 
Il

l 
ll

l+
E

l 
Il

l 
II

I(
+E

Z
) 

9
, 7

5
(-

3
) 

3
,4

6
(-

2
) 

2
,0

0
(-

2
) 

1
,1

2
(-

I)
 5

,3
6

(-
I)

 
9

,0
0

('
-3

) 
I,

2
2

(-
I)

 1
,5

0
(-

3
) 

1
,3

5
(-

2
) 

9
,3

0
(-

2
) 

6
,?

0
(-

3
) 

8
,4

0
(-

2
) 

0!
,4

0(
-3

) 
11

,1
0(

-3
) 

1
,5

8
(-

I)
 

7 
,5

0
(-

2
) 

2
,5

0
(-

1
) 

I,
3

0
(-

I)
 5

,5
0

(-
I)

 2
,3

0(
+

0)
 

II
I 

Il
l 

6
,?

5
(-

2
) 

2
,1

4
(-

I)
 1

,I
7

(-
I)

 5
,0

2
(-

1
) 

1,
9I

(+
O

) 
. 

II
I 

7 
,4

l(
-3

) 
2

,5
?(

-2
) 

I,
5

1
(-

2
) 

7 
,7

5
(-

2
) 

3
,4

7
(-

I)
 

6
,2

0
(-

3
) 

7
,?

1
(-

2
) 

1
,1

8
(-

3
) 

9
,8

0
(-

3
) 

6
,4

0
(-

2
) 

4
,4

0
(-

3
) 

4
,8

0
(-

2
) 

1
,8

5
(-

4
) 

5
,3

0
(-

3
) 

9
,5

0
(-

2
) 

6
,3

0
(-

2
) 

2
,0

4
(-

1
) 

l,
I2

(-
l)

 4
,8

0
(-

I)
 1

,?
4

(+
0

) 
(E

l)
 

E
I 

E
l 

1!
1 

5
,5

0
(-

2
) 

I,
 ?7

(-
1

) 
9

,?
5

(-
2

) 
4

,0
?
(-

I)
 1

,4
4(

+
0)

 
(E

Z
) 

E2
 

E2
 

E2
 



_, ;,
: 

- ---
·-

··
 

l '>
9.

 

)J
, 

S
I.

 

52
. 

53
. 

54
. 

55
. 

56
. 

57
, 

,
~
.
 

59
. 

60
. 

61
. 

62
. 

nr
o.
no
P~
t'
ll
''
; 

: 
,,,,

..1
: 

7 

~
 

3 
4 

2
b

6
,9

 
!( 

-I
,D

 (
-I

) 
L,

 -
I,

6
 (

-2
) 

3
2

I,
8

 
K

 ~
7
 ,8

 (
-2

) 

L.
 r

·6
 (

-2
) 

L
, 

• 
l 

34
0,

8 
K

 
(4

,9
 t

,I
,I

 
)(

.:.
2)

 
L,

 N
8,

8 
(-

3
) 

II N
 

56
I,

O
 

36
7 

,'+
 
~ 
rs (

-3
) 

36
7,

7 
36

7,
4 

L,
 

36
7,

7 
l..,

 
36

7,
4 

II 
36

7 
,?

 
M

 

3
7

!,
0

 
K

 ~
4
,
7
 

(-
2

) 
L,

· 

38
0,

3 
K

 

38
4,

2 

'
~
!
,
}
 

39
5,

0 

40
2,

3 
K

 
L,

 

42
8,

3 
K

 

44
7 

,o
 

5 
6 

7 
8 

(t
,7

 t
,2

,7
 

)(
-2

) 
(9

,7
 t

,4
,3

 
)(

-2
) 

I,
5

I(
-2

) 
5

,2
5

(-
2

) 
(1

,3
 t

,0
,6

 
)(

-2
) 

I,
7

4
(-

3
) 

3
,6

3
(-

3
) 

(4
,9

 t
,2

,2
 

)(
-2

) 
I,

I5
(-

2
) 

3
,6

2
(-

2
) 

r
·
6

 t
,0

.5
 

)(
-2

) 
(1

,t
. 

t,O
,S

 
)(

-2
) 

I,
2

9
(-

3
) 

4
,I

7
(-

3
) 

I,
2

5
(-

4
) 

2
,6

8
(-

3
) 

1
,3

2
(-

4
) 

1
,7

2
(-

3
) 

(4
,9

 t
,I

,S
 )

(-
2

) 
(4

,1
 t

,2
,I

 
)(

-2
) 

1
,0

0
(-

2
) 

3
,1

6
(-

2
) 

(8
,t

 t
,2

,8
 

)(
-3

) 
(6

, 7
 j

:3
,0

 
)(

-3
) 

l,
IS

(-
3

) 
3

,6
3

(-
3

) 
(I

.e
 t

,0
,6

 
)(

-3
) 

(I
,6

 t
,O

,?
 

)(
-3

) 
(?

 ,8
 t

,2
,6

 
)(

-4
) 

. 
I 

r6
,4

 t
,c

,O
 

)(
-3

) 
Jl

6
,1

 t
,3

,0
 

H
-3

) 
~.

30
(-

3)
 

.:
,5

7
(-

2
) 

~(
I,

l 
t,

0,
3 

)(
-3

) 
~8

,2
 t

,3
,7

 
)(

-4
) 

9
,5

5
(-

4
) 

3
,0

2
(-

3
) 

i}
C

I,5
 t

,0
,6

 )
H

)
 

(4
,'1

 ,
1:

1,
2 

)(
-2

) 
(4

,7
 t

,2
,I

 )
(-

2
) 

B
,I

3
(-

3
) 

2
,5

1
(-

2
) 

(6
,9

 j
:2

,3
 

)(
-3

) 
(5

,4
 t

,2
,4

 
)(

-3
) 

9
,3

5
(-

4
) 

2
,9

5
(-

3
) 

(8
,0

 ±
3,

9'
 )

(-
2

) 
7 

,5
8

(-
3

) 
2

,3
4

(-
2

) 

(4
,2

 t
,I

,3
 

)(
-2

) 
(3

,8
 ,

ti
, 7

 
)(

-2
) 

6
,6

0
(-

3
) 

2
,0

4
(-

2
) 

(6
,.¥

 :
!;2

,8
 

)(
-3

) 
7 

,9
4(

-4
) 

2
,4

0
(-

3
) 

(7
 ,6

 :
!;5

,2
 

)(
-3

) 
5

,7
5

(-
3

) 
I,

7
7

(-
2

) 

-

9 
IO

 
II

 
I2

 
I3

 
I4

 
I5

 
I6

 

I,
6

2
(-

I)
 9

,3
2

(-
2

) 
3

,8
0

(-
I)

 I
,3

5
(t

0
) 

II
I 

II
I 

II
I 

II
I 

2
,0

0
(-

2
) 

1
,2

3
(-

2
) 

5
,9

0
(-

2
) 

2
,5

I(
-I

) 

I,
I2

(-
I)

 6
,7

6
(-

2
) 

2
,6

3
(-

I)
 

8
,7

0
(-

I)
 

M
I 

II
I 

II
I 

II
I 

I,
4

I(
-2

) 
8

,9
0

(-
3

) 
3

,9
8

(-
2

) 1
 I

,5
5

(-
I)

 
2

,8
5

(-
2

) 
6,

50
('

-4
) 

4
,6

5
(-

3
)1 

2
,5

5
(-

2
) 

I,
4

?(
-2

) 
I,

0
?(

-4
) 

2
,I

I(
-3

) 
3

,I
0

(-
2

) 

9
,5

5
(-

l)
 5

,7
5

(-
2

) 
2

,I
9

(-
I)

 6
,9

I(
-I

) 
II

I 
II

I 
II

I 
Il

l 
I,

2
0

(-
2

) 
?,

7
5

(-
3

) 
3

,3
I(

-2
) 

!,
2

6
(-

I)
 

7 
,5

1j
(-

2)
 4

, 7
~
(
-
2
)
 
I,

 7
4

(-
I)

 5
,2

5
(-

I)
 

E
I 

E
I 

E
I 

E
I 

E
I 

9
,5

5
(-

3
) 

6
,3

0
(-

3
) 

2
,5

I(
-2

) 
9

,I
0

(-
2

) 
E

I 
E

I 

7 
,2

4
(-

2
) 

4
,6

8
(-

2
) 

I,
6

6
(-

I)
 5

,I
2

(-
I)

 
II

I 
M

I 
II

I 
IU

 
9

,3
5

(-
3

) 
6

,3
0

(-
3

) 
2

,5
I(

-2
) 

9
,I

0
(-

2
) 

6
, 7

5
(-

2
) 

4
,3

6
(-

2
) 

I,
5

5
(-

I)
 4

,6
7

(-
I)

 
l!:

IT
II2

 
EI

+I
I2

 -
. 

5,
75

(-
2)

' 
3

,8
0

(-
2

) 
I,

2
9

(-
I)

 3
,8

0
(-

I)
 

II
I 

II
I 

II
I 

7 
,4

0
(-

3
) 

5
,0

2
(-

3
) 

I,
9

I(
-2

) 
6

,4
5

(-
2

) 

4
,6

7
(-

2
) 

3
,I

6
(-

2
) 

I,
O

S
(-

I)
 

3
,0

2
(-

I)
 

E
I 

E
I 



llP
O,

llO
l!X

EH
IIE

 T
AE

Jll
ll.U

» 
7 

I 
2 

3 
4 

5 
6 

7 
8 

9 
IO

 
II

 
I2

 
I3

 
I4

 
I5

 
I6

 

6
3

. 
4

5
I,

3
 

K
 

(<
,9

 :
t<

J,
9 

)(
-2

) 
N

I,
9 

(-
2

) 
5

,0
2

(-
3

) 
I,

5
3

(-
2

) 
3

,9
8

(-
2

) 
2

,7
5

(-
2

) 
9

,1
0

(-
2

) 
2

,5
I(

-I
) 

II
I 

Il
l 

II
I 

64
. 

4
5

4
,8

 

o
:>

, 
't

o
o

,.
i 

"' 
...

. 
,...

, 
, 

'7
\ 

•
.
T
~
(
-
'
)
 

o 
.>

h
i-

?
\ 

~
,
T
h
f
-
?
)
 
~
.
2
4
{
-
~
)
 

'1
.0

8
(-

2
) 

!.
9

5
(-

I)
 

lS
I 

E
i 

·-
... ,

 ... 
\,

 
... ,

 
6

6
. 

5
0

I,
8

 
K

 
(2

,I
 ±

I,
O

 
)(

-2
) 

3
,9

8
(-

3
) 

I,
I8

(-
2

) 
2

,8
8

(-
2

) 
2

,0
9

(-
2

) 
6

,6
0

(-
2

)·
 I

,7
8

(-
I)

 
II

I 
fH

 

6
7

. 
5

0
5

,9
 

K
 

(?
 ,4

 ±
3

,3
 

)(
-3

) 
3

,9
0

(-
3

) 
I,

I5
(-

2
) 

2
,8

2
(-

2
) 

2
,0

9
(-

2
) 

6
,4

5
(-

2
) 

1
,7

8
(-

I)
 

E
I+

II
2 

E
I+

II
2 

6
8

. 
5

1
3

.0
 

K
 

(5
,4

 ±
2

,8
 )

(-
2

) 
3

,8
0

(-
3

) 
I,

I2
(-

2
) 

2
,?

5
(-

2
) 

2
,0

0
(-

2
) 

6
,3

0
(-

2
) 

I 
,6

6
(-

I)
 

II
I ,

11
2 

,E
3 

6
9

. 
5

3
2

,5
 

K
 

(8
,0

 ±
2

,6
 
)(

-3
) 

3
,4

6
(-

3
) 

I 
,0

2
( -

2
) 

2
,4

6
(-

2
) 

I,
8

2
(-

2
) 

5
,5

0
(-

2
) 

1
,4

5
(-

I)
 

E2
 

E2
 

7
0

. 
5

4
2

,5
 

K
 

(2
,5

±
I,

i 
)(

-2
) 

3
,3

I(
-3

) 
9

,7
6

(-
3

) 
2

,2
9

(-
2

) 
I,

7
4

(-
2

) 
5

,2
5

(-
2

) 
I,

3
5

(-
I)

 
U

I ,
E

I+
II

2 
E

I+
II

2 

7
1

. 
5

5
5

,4
 

K
 

(I
,7

 ±
0,

5 
)(

-2
) 

5
,I

6
(-

3
) 

y 
,3

I(
-3

) 
2

,1
4

(-
2

) 
1

,6
6

(-
2

) 
4

,9
0

(-
2

) 
I,

2
6

(-
I)

 
M

I 
II

I 

72
. 

5
5

9
,9

 
K

 
(1

,5
 t

u.
4 

){
-2

) 
(I

,6
9

:t
1

J,
7

5
)(

-2
) 

3
,0

9
(-

3
) 

9
,I

2
(-

3
) 

2
,0

9
(-

2
) 

1
,5

7
(-

2
) 

4
,?

8
(-

2
) 

I,
2

0
(-

I)
 

Il
l 

II
I 

L
, 

3
,7

1
(-

4
) 

I,
0

7
(-

3
) 

2
,8

8
(-

3
) 

2
,I

4
(-

3
) 

6
,9

3
(-

3
) 

I,
8

2
(-

2
) 

7
3

. 
5

8
8

,2
 

K
 

(I
,O

 :
t<

J,
3 

)(
-I

) 
N

9
,5

 (
-2

) 
2

,8
2

(-
3

) 
7 

,9
2

(-
3

) 
I,

8
2

(-
2

) 
I,

4
I(

-2
) 

4
,I

7
(-

2
) 

!,
0

5
(-

I)
 

'1>
11

3 
~D

+I
II

+E
2 

l 
(3

,8
 ±

I,
4

 
)(

-2
) 

3
,3

5
(-

4
) 

9
,6

0
(-

4
) 

2
,4

6
(-

3
) 

1
,9

0
(-

3
) 

6
,0

0
(-

3
) 

2
,5

5
(-

2
) 

~+
II

I+
E2

 
II 

(I
,8

 :
t<

J,7
 

)(
-2

) 
N

 

7
4

. 
5

9
2

,8
 

K
 

(le
,3

4:
t<

J 
,3

8
)(

 -I
) 

(
I
J
 ±

Q
,6

 
)(

-I
) 

2
,7

5
(-

3
) 

7
,7

6
(-

3
) 

1
,?

8
(-

2
) 

1
,3

8
(-

2
) 

4
,6

'/
(-

2
) 

I,
O

O
(-

I)
 

~1
13
 

~O
+I
II
'I
"E
2 

l 
(I

,6
 ±

Q
,5

 
)(

-2
) 

(2
,3

 ±
I,

O
 

)(
-2

) 
3

,3
I(

-4
) 

9
,3

2
(-

4
) 

2
,4

0
(-

3
) 

1
,8

2
(-

3
) 

5
,5

8
(-

3
) 

I 
,5

I(
-2

) 
IE

o'
~-

II
I+

E2
 

II 
(5

,0
 ±

2
,9

 
)(

-3
) 

N
 

?5
. 

6
1

0
,5

 
• 

(6
.8

 ±
4.

J 
)(

-3
) 

2-
,5

'1
(-

3)
 7

 ,2
5

(-
3

) 
1

,6
6

(-
2

) 
I,

2
9

(-
2

) 
3

,7
1

(-
2

) 
Y

,l
2

(-
2

) 
~I
,E
2,
11
I 

7
6

. 
6

!5
,5

 
K

 
(1

,2
 ±

Q
,4

 
)(

-2
) 

(
I
,
~
 
±

Q
,7

 
)(

-2
) 

~
.
5
!
(
-
3
)
 

7 
,0

8
(-

3
) 

1
,5

9
(-

2
) 

1
,2

6
(-

2
) 

3
,6

3
(-

2
) 

tl
,9

l(
-2

) 
II

I 
Il

l 
II

I 

?
?
. 

6
4

6
,1

 
K

 
(1

,4
 ±

0,
5 

)(
-2

) 
~.

2\
1(

-3
) 

6
,1

6
(-

3
) 

I,
4

I(
-2

) 
l,

I2
(-

2
) 

3
,1

6
(-

2
) 

? 
,5

8
(-

2
) 

II
I 

II
! 

?8
. 

7
0

6
,2

 

7
9

. 
7

!5
,3

 



llp
o,

J.
O

.U
88

11
8 

T
aO

lU
I!l

H
 

7 

a
) 

IIC
'fi

iH
H

H
8 

B
H

81
l6

H
IIR

 
KB

K 
p8

B
IIH

 
yK

83
88

H
W

I 
B

 '
fB

O
u

n
e

 U
C

.1
4

K
, 

Y
IIH

O
II8

8H
W

I 
H

8 
I0

 l
l 

C
!8

D
6H

B
 

!O
I 

ll
JI

~p
ll

, 
K

O
TO

pa
a 

B
8

K
lll

lq
e

a
a

 B
 C

K
O

O
K

II.
 

i)
 B

 
cJ

IY
ill

lii
X

, 
Ko

r;
~~

a 
a

K
cn

e
p

&
lle

8
!8

J!
L

!ll
ill

 K
BK

 8
81

18
 

88
 
on
l>
e;
~~
eu
nc
a,
 

8&
<

S
lll

lll
ae

w
e 

K
oH

B
ep

C
IIO

H
H

ile
 
u

a
u

 a
e 

yK
B

a
W

ia
m

ca
. 

c
) 

C
B

e]
le

B
B

H
 

o 
II

Y
lll

>
T

R
n

o
JI

L
a

o
cn

 
n

e
p

e
xo

]l
a

 l
ls

R
T

!I
 a

s 
p

a
<

S
O

!ii
/T

O
/ 

<i
) 

C
B

e]
le

H
IIR

 
o 

li
Y

ll
l>

T
H

n
o

n
a

o
c
u

 n
e

p
e

xo
]l

a
 

B
s
a

!l
l 

aa
 

p
a

<
S

O
T

il/
l7 / 

l.
 

Il
p

a
 

p
a

cq
e

'fe
 

KB
K 

IIC
D

0l
ll>

S
O

B
8l

ll!
C

L 
B

H
!8

H
C

H
B

H
O

C
!H

 
K

O
H

B
ep

cH
O

IIH
!IX

 
a

n
e

n
p

O
H

O
B

, 
n

o
n

yq
8

H
I!

il8
 

O
pB

 
1S

ll8
p8

H
B

IIX
 8

8
 T

O
pc

B
,ll

B
lll>

H
O

ll 
m

eC
TB

88
30

pB
O

II 
(! 

-c
n

e
n

p
o

ll
n

p
a

 
(e

ll
. 

!&
O

n
.2

).
 

II
. 

llp
a

 p
a

c'
le

'f
e

 K
BK

 a
c
n

o
n

a
o

a
a

n
a

c
L

 
B

H
T

ea
ca

aa
oc

T
B

 
ao

aa
ep

ca
oa

aH
X

 
an

ea
T

po
H

aB
, 

n
o

n
y
u

a
ll
il
e

 
11

8 
fo 

-c
n

e
K

T
p

o
lle

T
p

e
 

c 
q>

on
yc

ap
O

B
K

ol
 

an
eK

Tp
cH

O
B

 

a
a

 
y
ro

a
 2

 'i
f. 

IT
 (

e
ll
. 

T
a<

S
n.

2)
. 

ID
. 

Il
p

a
 p

8C
'1

8!
8 

KB
K 

B
C

D
0l

ll>
80

B
8D

C
I>

 
B

IIT
8H

C
B

B
B

O
C

!I 
K

O
H

B
8p

C
B

O
H

H
iiX

 
S

Jl
8K

Tp
O

H
O

B
, 

D
O

JI
Y

'l6
H

H
!I8

 
B

 p
a<

SO
Te

 
(C

ll
. 

!8
<

S
n

.2
).

 

B
o

 
B

C
8X

 
T

p
e

x 
C

ny
'IB

R
X

 
(1

, 
IT

, 
Ill

) 
np

B
 p

8C
'I8

T
e 

KB
K 
B
C
~
l
l
l
>
S
O
B
a
D
C
L
 

IIH
T8

H
C

B
B

IIO
C

TH
 

(r
 -

n
y
'l
e

ll
, 

nO
ny

'I8
H

H
il8

 
B

 ,
ll3

B
B

O
II 

pa
<S

oT
e 

(C
ll
. 

T
a<

S
n.

4)
. 

llp
B

lle
'la

B
R

e
: 

Il
p

a
 
on
pe
;~
~e
ne
an
 I

IY
n

L
T

R
n

o
n

ia
o

cT
H

 
3' 

-n
e

p
e

xo
,l

la
 n

o
 

a<
S

co
l!l

lT
B

ill
l 
aa

a'
!e

HB
II

II
HO

~H
il

JI
8H

Ta
 B

J<
YT

pe
~H

el
l 

K
O

aa
ep

ca
a 

88
 

K
( 

L,
, .

.. 
)-

o
o

o
-

n
o

'la
e

 
O

JI
H

O
BH

B'
IH

O
 

yc
T

aa
aa

lll
!a

ae
T

C
R

 
TO

XD
KO

 
lly

lll>
TH

D
O

JI
LH

O
C

TL
 

TH
na

 
E

I.
 
Jln

a 
s
a

n
e

a
a

ll
 

o(
._

 (
 <>

<.,.
. .

. 
), 

O
lll

!a
K

B
x 

K
 T

e
o

p
e

•n
q

e
cK

II
II

, 
lll

lR
 I

IY
lll>

!B
D

O
nL

H
O

C
TB

 
W

I 
a 

E
2 

•n
a

 
a

x 
c
ll
e

c
a

, 
a

ce
r]

lB
 

liO
J:

H
o 

n
o

,l
lo

6
p

a
n

 T
B

K
Y

II 
C

lle
c»

 
(E

l+
1

1
2

),
 

'IT
o

 
sH

a'
le

H
B

e 
o/

.«
. (

 o<
.~

,,
 ..

. 
) 

Jl
nR

 
a

ro
ll
 

C
lle

c•
 
Oy
;~
~e
T 

C
O

liD
8J

l8
TI

> 
c 

T
S

O
pe

T
w

qe
cK

B
n 

Jl
JI

R
 
Il

l 
B

D
 E

2 
R

D
 

C
lle

ca
 

(l
i!

+
E

2
).

 K
po

11
e 

T
or

o,
oi

i>
!O

K
II

 
B

 o
np

e,
lle

ne
H

B
H

 
aa

cn
ep

H
li8

H
T

8J
li>

8!
1X

 
KB

K 
'!a

C
TO

 
B

liB
C

TO
 
ll
y
n

n
n

o
n

a
o

c
n

 T
ID

&
 I

II
 

lt
lll

! 
C

11
ec

• 
(l

ll
+

E
2

) 

]lO
D

YC
K8

11
T 

!8
1

0
l8

 l
lii

O
O

p 
IIY

lll>
TB

D
O

XI
>B

O
C

TR
 

T
IID

8 
E

}.
 l

lO
S

T
O

liY
 

Y
K

83
88

H
ill

l 
Bb

10
0p

 
IIY

lli
>T

ill
C

nL
B

O
C

T
B

 
R

B
D

B
T

C
ll 

B
81

60
ne

e 
B

e
p

O
U

8
""

' 
HO

 
H

8 
8]

lB
H

C
TB

8B
H

O
 

B
08

11
0a

H
bl

ll.
 



T&CLtaqa 8 
.lOco.tDtalle aueacaaaocn uepexo.-oa npa pacnue I55orb • 

-
~,. ... lnp•••" JJ 3Jiepraa H&~aa•llll Ko••••lll I~+L+I 

~~ DD u8ex~.-a JPCae•• JPOaen Jt:ta (1:94) (1<'1C) J~ 
IDle 

I 2 3 4 5 6 "7 8 -
I. 18,75 105,3 86,5 2!lJBa) 1,56 2(90 A,E 

2. 21,0 75,6 O,a! 75,62 

3. 26,55 86,5 60,0 16,25 10,9 27,15 B 

4. 31,43 na,o· 86,5 34,7 0,(9 ~.79 ' 5. 39,8 .326,0 286,8 1,47 1,47 

6. 40,7 1116,0 105,3 e.t. e.t. ' 7. .5,3 105,,3 60,0 60 137 197 B 

a. 58,0 na~.o 60,0 19,2 15,. ~.6 

9. 60,0 60!0 0 701 79 780 B 

10. 60,J 1127!4 367,7 4,57 O,J •;87 B 

II. 11,2 1,J 2,75 4,(5 

12. 80,9 367,7 286,-8 1,CJ7 2,43 J,5 

n. 86,0 146,0 60,0 J,75 1,17 4,92 

14. 86,5 86,5 0 836 257J ~(9 !,B 

15. 99,0 367,7 268.6 1J,1 7,25 20,J5 

16. 101,15 
367,7 266,6 26,1 IJ,J 39,4 
427,4 326,0 

17. 101,6 1127,, .326,0 e.t. e.t. c•. 
i 

18. 105,J 1(5,3 0 5.32,5 1922 2.55 I !,B 

19. na,o liB, J 0 0,29 I,B 2,(9 

20. 120,5 1188,U 367,7 0,52 J,85 4,J7 
266,1) 146,0 

21. D8,2 1,14 4,34 5,118 

22. 146,0 146,11 0 5,05 6,8 II,85 

2J. 148,65 235,~! 86,5 120,1 ;;.07,1 >234 A B 
266,6 II8,0 <.J2,6 <..55,67 CASB 

-----
__ .__ ___ 

---
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TaG.IIIl& 8 

!GcoaDtiMe ••re•c• .. ocra oepexo~o• np• pac~e I55.rb • 

-
~~ ..... 1.,.. ... JJ Jaepr .. Hall&61111 Ko••••lll I~+L+M 

~~ DD o8ex~» ypo.en 'f.o•••• J:U (1<9~) 1<.9C) J~ 
ID!e 

I 2 3 4 5 6 • 7 8 -
I. 18,75 10),.3 86,5 2~a) 1,56 2!BO A,B 

2. 21,0 75,6 o,~ 75,62 

.3. 26,55 8>,5 60,0 I6,25 I0,9 27,I5 B 

4. .31,'l.3 lld,O 86,5 Jll,7 O,CB 34,79 A 

5. 39,8 .321),0 286,8 1,47 1,'l7 

6. 110,7 1At4i1 0 105,.3 C.l. C.l. A 

7. -5,.3 1a.;,J 60,0 60 1.37 197 B 

a. 58,0 nu,o 60,0 19,2 15,4 34,6 

9. 60,0 60,0 0 701 79 780 B 

10. 60,.3 42?,4 .367, 7 4,57 0,.3 -;87 B 

II. '11,2 1,.3 2,75 4,<5 

12. 80,9 .36~', 7 286f8. I,CJ7 2,4.3 .3,5 

1.3. 86,0 I4ti,O 60,0 .3,75 1,17 4,92 

14. 86,5 8f:,,5 0 8.36 257.3 34!B A,B 

15. 99,0 .36~·. 7 268,6 1.3,1 7,25 20,.35 

16. 101,15 
36'', 7 266,6 26,1 0,.3 39,4 
42'.',4 326,0 

17. 101,6 42'7,- .326,0 C.le c.t. C.l. 
I 

18. 105,.3 1Cll,.3 0 5.32,5 1922 2455 I A,B 

19. II8,0 II8,0 0 0,29 1,8 2,W 

20. 120,5 ~~Se,8 .367,7 0,52 .3,85 4,.37 
266,6 146,0 

21. 08,2 1,14 4,.31J 5,48 

22. 146,0 146,0 0 5,05 6,8 II,85 

2.3. 148,65 2.35,2 86,5 120,1 ;::>1.37,1 >2.34 A B 
266,6 us,o <..32,6 <55,67 (A~B 
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Dp•~• .. •••• rad•~ 8 

I 2 .3 4 5 6 7 8 -
24. 150,6 268,6 II8,0 .3,44 15,.3 18,'74 

25. 158,6 427,4 268,6 9,76 29 .38, ''6 !,B 

26. 160,5 427,4 266,6 27,4 50,77 78,::7 A,B 

27. 161,.3 266,6 105,.3 96,2 2<l?, 6 ~8,8 !,D 

28. 162,8 488,8 .326,0 8,40 14,5 22,~' A 

29. 16.3,.3 268,i 105,.3 163 270,7 4.3.3,7 A,B 

.30. 175,2 2.35,2 60,0 1,1.3 17,9 19,W B 

31. 160,1 266,6 86,5 200,5 490 690,5 !,B 

.32. 181,6 286,8 105,3 2,77 45,3 48,1 

33. 182,05 268,6 86,5 2,28 10,9 1.3,16 A 

34. 192,2 427,4 2.35,2 o,r8 3,81 .3,99 A 

35. 200,3 286,8 86,5 1,46 18,9 20,36 A,B 

36. 200,0 326,0 II6,0 5,62 22,0 27,62 A 

37. 200,6 268,6 60,0 0,23 6,6 6,83 B 

:38. 216,0 451,3 235,2 0,297 9,49 9,7f1 A 

)9. 220,0 647,8 427,4 1,44 18,1 19,5~ (A) 
488,8 266,6 A,B 

40. 220,6 .326,0 105,3 8,76 32,6 41,)1) A,B 

u. 226,8 286,8 60,0 2,29 10,76 13, O:'i B 

42. 233,6 559,9 326,0 0,156 5,32 5,48 235,2 0 
43. 2.39,45 )26,0 66,5 4,:38 16,7 23, ()I A,B 

44. 248,0 615,5 )67,7 1,69 1,69 

45. 254,0 488,8 235,2 O,'J77 1,77 2,15 

46. 262,45 :367,7 105,3 50, II 362,6 412,~ A,B 

47. 268,7 266,6 0 1,3 46,1 47,4 A,B 

48. 281,1 367,7. 86,5 1,61 21,2 22,8] A,B 

49. 286,9 286,6 0 2,2 19,6 22,0 

50. .321,8 427,4 105,3 0,74 II,95 I2,6S A,B 

51. 340,6 427,4 86,5 4,97 82,15 87,n A,B 
-
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fiptJttut••• racs.a~ 8 

I 2 3 4 5 6 7 8 

52. 361,0 647,,8 286,8 3,05 3,05 
• 

53. 361,4 427,4 co,o 0,8 I02,I5 !02,95 B 

54. 361,7 '361,7 0 0,5 64,22 64,72 (B) 

55. 37I,O 488,8 na,o 0,71 !3,2 I'J,9l A 

56. 380,3 647,6 266,6 0,055 0,70 0,755 A 
6!5,5 235,2 

57. 384,2 488,8 !05,3 0,044 2,02 2,06 A 

58. :39!,3 45I,'J· oo,o 0,04 I,66 1,7 

59. :395,0 0,015 0,66 0,675 

60. 402,3 488,8 86,5 0,254 5,I'J 5,38 

6I. 428,'3 427,4 0 0,0196 2,59 2,6I 
468,8 oo,o 

62. 447,0 594:,6 !46,0 0,58 0,58 

63. 451,3 451,3 0 0,074 2,5'J 2,61 

64. 454,8 55!•,9 105,3 C.l• 1,265 I,27 

65. 488,! ~.,a 0 0,006 2,96 2,97 
59?,6 I05,'J 

66. 50!,8 64'',8 !46,0 0,049 2,32 2~37 

61. 505,9 59:!,6 86,5 0,023 3,08 3,10 

68.- 5!.3,0 0,02! 0,:395 0,4!6 

69. 5.:32,5 59:~,6 oo,o 0,!3 3,81 3,94 

70. 542,5 647,8 105,3 0,015 0,595 0,61 

71. 555,4 615,5 oo,o O,O'J6 2,I'J 2,17 

72. 559,9 559,9 0 0,14 9,62 9,76 

73. 588,2 647,8 60,0 o,u 0,682 0,792 

74. 592,8 592,~ 0 0,22 1,425 1,645 

75. 610,5 0,008 1,226 1,2'J 

76. 6!5,5 615,6 0 0,018 r,45 1,47 

77. 648,1 61-7,8 0 O,OI'J 0,94J 0,956 

78. 706,2 0,02J 0,02J 
79. 715,J 0,016 0,016 
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llpO,ll.ll•tJIBI !ad.IJillli 8 

a) - AdCORDTHaH HHTeHCHBHOCTb KOHBepCHOHHHX 3ReKTpOHOB nonyqeHa 

H3 aHaRH3a CDeKTpOB '(- r - COBIIa,D;eHHtt. 

A • p&CDOJIO•tll•t DtptxO,l& IIO,ItTBep:QaeTC.R B OIUI!&X D8 ~ - ~ Cl:ill&,li8KJIXe 

B • p&CDUI.tHJII DtptxO,l& IIO,ItTBepQaeTCSII OIUI!&X DO e - ~ COBII&,ltBKJIXe 
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rAEJIHUA 9 

KaCEA,l K • £12 

180,1 _.,·86,5 1,8 

2811! _.,. 86,5 1,7 

340,8 --~ 86,5 1,6 

. 
262,5 ---J>" 105,3 r,5 

321,8 --~ 105,3 2,0 

384,2 --~ I05,3 I,9 

262,5 --~ 18,7 _,_, 86,5 6 

321,8 --? 18,7 --. 86,5 8,1 

80 
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TaOJIHna II 

COCTOliUHe T/2-/521/ 1/2-/530/ 1/2./400/ ./2./660/ 

BeJIH'iHHa napa-

:yerpa pa3Bli3KH 0, 9 -0,3 I 0,35 6,1 
(reop). 

TaOJIHna 12 

-
.............. ........ 3- ....... ........ ........ ........ 

........ ........ ....... ....... ~ H 0 ""' ~ ....... l!"' ~ 0~ 0 0 l!"' 1.0 ""' ~ 
H ""' H OC'"'I C'"'l H ~ ~ 1.0 1.0 \C ~ ~ (\) ~ l!"' l!"' l!"' l!"' ....... ....... ....... ....... ....... 
l!"' l!"' l!"' .............. ............... + + + + + + 

" ........ ....... ....... I I I ·I 
K" [ Nn A] 

C\J (\) "J (\) (\) (\) K · [Nn A] I I I (\) (\J (\J (\) ........ ....... ....... ........ ........ ....... 
(\) rv (\) .............. .............. . ""' H ""' H c- l!"' ....... ....... ........ h""' HO'\ 

""' lC\ rl H 

3/2-/521/ 3/2./402/ 
5/2-/523/ ac I/2+ /400/ ac 

l/r/521/ .na 0 3/2./551/ 0 ac 

n;r;5o5; 0 0 0 I/2+/660/ ac ac ,!):a 

3/2-/5'32/ 0 ,1411 )(a 0 7/2./633/ 0 0 0 0 

ur /530/ ,14a 0 ,na o ac 5/2+/642/ ac 0 ,na 0 ,l(U 

9/2-/514/ 0 0 0 .JJ;a o o 

0 - MaTpHilHbfH 3Jie\!eHT KOpHOJIHCOBOrO B3aHMO,D;ei1CTE Hll paneH HYJID; 

,D;a - KOpHOJIHCOBO B3~iMO,D;e~CTBHe pa3pemeHO; 

ac - KOpHOJIHCOBO B3aV.HO.]\e~CT ;,He 3anpemeHO !10 aClU. llTOTHileCY.l1M KBal!-

TOIJHM llHCJ1aM. 

~ 
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. TAEJIHUA I3 

9Hepl'Hli ypo:BHR 
(Ka:B) CTpyKTypa COCTORHHR 

K'if SKCII. Teop. . 
3/2- 0 0 5211- 91%; 52!} ... Q.1(22) 6% 

1/2+ -50 660+ 63%; 660f +Q.,(20) 30'-fo 

5/2+ 85 642-f- 81%; 642-t ... Q.1(20) 15% 

3/2+ 135 . 651-t 91%; 65H + Q.1(20) 3%; 660f ... Q1 (22) 

II/2- 190 505t 90%; 505+ +Q1(20) 7% 
5/2- 300 523.} 88%; 52!~ +~(22) 7%; 523~ + Q,1(20) 2% 

3/2- 286,8 400 532~ ?I%; 532-t +Q~20) 12%; 530-t ... Q..1 (22) 10% 

1/2- 400 530t 60%; 530~ -tll1(20) 15%; 532t + a1 (22) n% 

1/2- 559,9 550 52!~ 42%; 52It +Q.f(22) 3'7%; 523¥ + a., (22) 16% 

3/2 ... 268,6 590 402* 59%; 400f ... Q~22) 24%; 404~ + Q1(22) 8% 

1;2+ 367,7 740 4004 64%; 402. + Q~22) 22%; 400f··+ Q.1(20) IO% 
3/-zi' 850 65If 3%; 65H +Q.1(20) 95%; 

3/2- 592,6 980 52It0,7%; 52H -tG.1(20) 99% 

3/2- 990 532__. II%; 532¥ + Q1(20) 88% 
~----- ----------- ------

84 



T A E ~ H U A 14 

napaue'fpy BP&Jil8'feJI:&HHX nonoo B H.Z.pe 155GcL. 

COO'f0fiHII8 
9&epl'llfl OCHOB- llapEnle'fp 
HOrO COO'fOfiBilfl 

fiOJIOCii A B. Q/ 

Kw[N...,,AJ (KSB) (K8B) ( SB) 

I 2 3 4 5 

3/2- [521] 0 11,7 ~~,a -
12,0 0 

3/2-·[521]~ 592,6 II,6 ....!.8,6 -
II,O 0 

1/2- [521] 559,9 13,5 0 +0,37 

1/2+ [400] 367,7 16,1 0 +0,24 

3/2+ [402] 268,6 11,5 0 -· 

85 
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Puc. 13. CneKTpbl y -nyqel! l&&Tb, nony'leHHble na aaanHaa llBY<Mepnoro cneKTpa r"'""'ll'''"'" 
y -nyqeli B o6naeTH E 1 = (80+230) K;,B c y -nyqa~4H B o6nacTH r, -- ( c-'1 ~23P) "c,B, 
C -coBflaneHH!I ( y 86,5) ( Y E I ) • 

D-(yl05,3)(yE
1
); E-.(yl48,6)(yF.

1
); 

F - ( y 162) ( y E 1 ) ; G - ( y 180) (y E I ) ; 

K - ( y 200 + y 205) ( y E 1 ) ; L - ( y - 220) ( y E I ) . 

11aneKcaMII A H B o6oana'leHbl onHHO'IHble y -cneKTpbl Bno;lb oceli Ni " n "k 'cgoTBeT­
CTaenao. flOK838HHSI WKBnhl OTHOCHTenbHOrO C'IE!Ta, YMHOX<eH 'lble Ha 10;-"3 10,- 10 -I 
10° , 10 ° , to-2, .10 -I, ta- 1 , 10° , naiOT c'IE!T B HMnynbcax nnR cneKTpoB, o6oa­
HaqenHbiX HHneKcaMH A, B, C, D, E, F , G , K H L, cooTBerCTBenao. 
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Tb, nony'leHHble a a aaanaaa .a.ayxMepaoro 
cneKTpa coenaJ eHHA y -ny-~:eA B o6n.acTa E1 =(230-t380) KSB c 
)" -n)"'lllMH B 0 inllCTH E~r; =(80.f230) ICSB. o·-caBDilD.SRHSI 

( y 239,4) ( y E k > ; C - ( y 262,45 + y 268,7 )( y E k ) ; 

D- ( y 281 + y :86,9) (yE•); E- (y 321,8)( y Ekl ; 

F- ( y 340) ( yJ:•); G - ( y 367,6 + y 371,0) ( y t: • );L- (y86,5 )( yE, );M-(y105,3) (yE,); 

N - ( y 162 )( y ·:1 ) , 0 - ( y 180) ( y E 1 ). 

HH!I.CKCilMH A I! K 0603H8'18Hbl. OAHH01.fHble y -cneKTpbl BAOnb 

OCH "'k" H ni ", COOTBeTCTBfHHO. noKa:!JHHSI lU}(An.bl QTHOCK1enbHOrO 

C~IC>T8, YMHO>Ket Hble Hll JQ- , JQ - 7, JQ , )Q-'1, JQ -;$, )Q -, JQ0 
1 

J(j[i 1 10-4, JQ-l, 10-3 , .ltllJOT Cli~T B HMnynhCAX OIUI CDSKTPOB, ' 

o003HB'I9HHhiX tHlleKC8MH A, n , C, D , F: , F' , C. , X , L , M , 

H 0 COOTBeTr' 'BeHitOo 
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