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1. BaelleHHe 
0CHOBHbl8 11CCJ18l!OB6HHA O'i8Hb CJJOl!<HOrO cmnrpa 3HBprerH'i8CKI1X ypoBHBA 11 nepex OliOS l18~0pMI1pOBaHHOrO Rllpa 

180
Hf BbiiTOJJHBHhl B pa6orax [ 1-9 J • 

- 180 8 pa6ore [1] HccnenoaaHa cxeMa {I -pacnana Lu(T
112:5 1 3 MHH } , onpeneneHbJ ypoBHH c 3HeprHeA ~ 2196,9 K38 (3HeprHA pacnana 180

Lu cocraaJJ.I;er Q(J- "=3100 nB). CxeMa pacnal!a 
180

Lu npHBelleHa a 0630pe 5pBYH8 [2], B KOTOpOM HMBJJTCA TaKl!l€ CCbJJJK11 HB 'i6CTHbl8 coo6rueHHR. 

YlccneaoBaHHR K -JanpemeHHOro 113.oMepa 1141 157 uB, a [ 3], a T8KJI(8 KYJJOHOBCKOrO B036Yll<ll8HI1R lBOHf C OOMOWbkl TRl!<8Jib!X 110HOB (4) 003BOJJI1Ji11 'iBTKO YCTaHOBHTb OBPBYJJ BPBlllBTBJJbHYD OOJJOCY lBOHf BOJJOTb llO ypoBHR 2272 1 6 K38, 12+. nopRl!Ka 30 YPOBHBA 11l!BHT11~11UI1POB8Hbl B peaKUHRX 
179

Hf(d,p) [5] .11 
178

Hf(t,p) [6]. 
DaHHbJe o6 ypoaHRX 

180
H£ c EYP< 2ooo K38 conepl!<atcR a pa6orax 'DO peaKUI111 

180
Hf(n,n'r) [7,8]. 

Ol!HBKO caMBA o6wHpHBR HH~opMaUHA nony'ieHa a pa6orax , CBR38HHbJX C pe8KU118A 
179

Hf(n,r)
180

Hf [9,10]. 
8 pa6ore 5awHenna 11 np. [9] HccnenoaanHcb nonHbJe r-cneK-rpb! r::aK B CJJY'-188 T80J!OBbiX HEATPOHOB, TBK 11 l!J!R HBATpOHOB C [n> 50 38-r-cneKrp, ycpel!HBHHb!A no peJoHaHcaM. 
DnA 3TOA pa6on1 xapaKrepHo rO'iHOe 113MepeHHe 3HeprHH r-nY'ieA, B 'i8CTHOCTI1 1 8 MRrKOA 06JJBCTI1 C OOMOWbtl KPI1CT8J!JJ-lii1~PBKUI10HHQfO C08KTPOM8Tpa. 

HcnonbJOaaHHe HeArpoHOB pa3HOA 3HeprHH noJaonAet aaropaM 
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.r:tenaTb o60CHOBaHHble cy:amemHI 0 KBCI.HTOBbiX XapaKTEPI1CTI1KCI.X YPOBHEA 
180Hf. 

XapaKrepHb~H HeaocrarKaMI1 METOllOB npHMOfO f1CCJl8llOBaH11H 

;r-COEKTPOB npH 38XB8TE HEATpOHOB HBJlH~TCH 

a/ TpynHoCTH 11llEHTI1iJ!f1KaUI111 ;r-nepexonos (Oco6eHHO cna6bJX) B cny'iae 

HEMOHOI130TODHbiX MMlllEHeA. B pa6ore [9] o6orameHHaH 

83 7 6 % 
179Hf. llnH 11CKJlKJ'iEH11H np!-1MBCHblX JJI1H!-1PI 

Ml11llBHb conep~ana 

5amaenn 11 np. 

npOBOlli1JJI1 3KC08p11M8HT erne 

1,1% 
179Hf. 

6; Tpynaocr11 BbineJJeHHA 

C llBYMA MI11UBHAMI-1, COl!EP~CI.!lii1MI1 13,78 

B cneKrpe nepBHt.IHb!X nepexonos 

KOMTICI.YHll-COCTOHHI1H Ha H811388CTHb\8 npOMElKYTOt.IHbiE YPOBHI1. 

H3 

B/ Tpynaocr11 pa3neneHI1H MYJJbTHnneros nepexonos 11 MynbTI-1nJJeros 

YPOBHetl. 

f1p11MEH8Hf18 OPAMb\X METOllOB KOJII1'18CTBEHHb!X, a 
KCI."''BCTBEHHbJX ;r;r-COBTICI.ll8HI-1A B CJJ;f"''CI.E CTOJ!b CJIOlKHbiX 

npi1HOCI1T MCI.JJYKJ OQJJb3Y llJIH pBIU8HI1A 3TI1X 3CI.lla"'!. 

oco6eaao 

CTIEKTPOB 

8 HaCTORlllEA pa6ore llJJH HCCJI8llOBCI.HI1A COEKrpa YPOBHEA 
180Hf, 

OpOHBJJAIOilli1XCA B peaKU1111 3CI.XBCI.Ta TEOJJOBb!X HEATpOHOB1 TIPI1M8H8H METOl! 

CYMMI1POBCI.HHH aMTIJJHTYa COBnaaaKJ\llHX 11MTIYJibCOB (CAC~), pC1.3BI1B88Mb!l1 B 
f!OCJICII!Il1C fOllbl B O~RM. 

3TOT MBTOll ~11KC11PYET cneKTPbi KCI.CKCI.llOB ;r-KBCI.HTOB 

onpeneneHHbTX 3HCI.'1EH11PI CYMMbl 3Heprl111 £ 1 +E
2

=£K TI8PBI1'-lHb!X 11 BTOPI1"'1Hb!X 

nepexonos. f1p11 3TOM [k=Bn-[f' fll8 Bn- 3H8Pfi1H CBH311 HBI1TPOHa, a 

Ef- 3Hepri1H onaoro 113 H113Konel!<a!llf1X (o6bi<.JHO y)!(e 113BECTHbTX) 

COCTOHH11PI Anpa. 

llnR KalKnoro 3Ha<.JeHI1H E1 + E2 11ccnenyercA lll1~~epeHU11aJJbHb~ 
CriEKTp COCTCI.BJJAKJW11X llBOPIHbiE KaCKHllbl y-KBCI.HTOB. KalKllb!Y! KOHKPETHbiA 

KCI.CKan onpenenHBT 3HeprH~ riPOM8lKYTO<.JHOfO YPOBHA EM =Bn -£ 1 . 

3KGTIBPI1MEHTCI.JlbHO B KOHKPETHOM KCI.CKCI.llB TIOPHliOK CJl8llOBCI.HI1H liBYX 

KBCI.HTOB H8llb3H onpeneni1Tb, u, CJlEllOBaTEJlbHO, liJlR KCI.)!(llOfO KHCKana 

HMeiOTCH 2 anbrepaaTHBHb~ 3HH"''BHI1H EM. 
OcHOBHOA npHHUHn onpeneneHHA noPRllKa cnenosaHHH KBaHros s 

KacKane BbJcKa3aH s paOore [11]. nepBHYHbTPI nepexon onpenenAercH 

OliH03HH"''HO, BCJ111 OH 06HapylKEH 8 KCI.CKHllCI.X C liBYMR 11JJI1 6onee 

3HCI."''EHHRMI1 E1+E 2. B 3TOM cny"'!ae HcHo, "''TO 3TOT nepexon n11raer 

YPOB8Hb EM' KOTOpb!VI pa3pRlKCI.ETCH C 11CriYCKCI.H11BM ;r-KBHHTOB pa3JJI1"'1HOf1 

3HeprM\1. YKa3aHHb!A np11HU11n noJsonRer o6ht"''HO pa3MecrHrh s cxeMe 

pacnana 60JJBB 50% HHTBHCI1BHOCTH KCI.CKaliOB, Ha6JJIDllCI.8Mb~ B peaKUI-111 

(n,2;r). CYIU8CTBY~T H HBKOTOpbiE llPYfHB apryMEHTbl, CBFI3CI.HHb\B C 

KOHKDETHb~l1 KCI.CKCI.liCI.MH. 

~3 YKCI.3HHHb~ Tpex TPYllHOCTEA TipAMhlX METOliOB nepsaR B MBTOll8 
C.\Cii llcK:IIn'-!aeTCH nojfiiOCTbiO. BTopaH- fl 6onbiiiOfi '-!acr~-t. 
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flerKO TIOHRTb, ~TO~ Tp8TbR JaaaYa B 00nbWOA CTEITEH~ 10*8 

pemaeTCR. lleACTB~T8J1bHO, MYJ1bHlTIJ18Tbl y-rrepexODOB pa3ll8JJR!OTCR, 

TIOCKOJ1bKY OH~ " paCXODRTCR" ITO pa3Hb!M K6CK6ll6M· 8 M8TOl18 TipRMOfO 

113M8P8HHR y-cneKTPOB pa3l18J18HH8 MYJlbTHTIJlETOB rpe6yer CYill8CTB8HHOfO 

ysenHYeH~R paJpemeHHR r-cneKrpoMerpa. B Meroae CAC~ pa3H~ua 

3H6'18H~A 3H8PfHH MYJ1bTHIIJl8T6 IT8p8XOllOB MOlii8T Ob!Tb CKOJlb YfOllHO 
Mana. 

MynbTJ.1DJ18T YPOBHER MOlKET Ob!Tb pa3P8lli8H, eCJJ~ BX OllRW~E B H8f0 

YPOBHH 00J16ll8!0T OTJ111'-16!0illHMJ.1CH KB6HT0Bb!MJ.1 xapaKT8Pi1CTJ.1KaMH 

BTOpHYHbl8 rrepeXOllbl C HI1X 11llYT Ha pa3Jli1'1Hb!E COCTORHI1H. 

2. 3KcnepHM8HTaJlbHbl8 p83YJ1bT6Tbl 

CrreKTp DBYXKB6HTOBbTX KacKallOB ~3 peaKUI1~ 179
Hf(n,2r)

180
Hf Ohm 

~3YYEH H6MI1 Ha 11MITYJ1bCHOM peaKTOpe MEP-30 na6opaTOPI111 H8ATPOHHoA 

!))!1311K\1 OVIT!Vl. TerrnOBbiE HEATPOHbl Bblll8JiHJ111Cb no BP8MEH11 nponera. 

yy-cOBTI6ll8H~R perHCTP~POBaJl\1Cb llBYMH Ge (Li) ll8T8KTOpaMI1· 

AOconJOrHaR 3!))00eKTI1BHocTb per11crpau~11 KacKaaa y1173y1332 K3B 
60Ni 

CYMM6pHOM ITI1K8 2505 K38 COCT6BJlH8T 5.10-
5

• 

Bcero B cneKrpe CACVI [12] HMEETCR 6 BbrpaJReHHbiX ITI1KOB, 

COOT88TCTBY!Ol!li1X ll88RTI1 KOHEYHb!M COCTORi111RM (!1M8!0TCJ'! Hepa3p8DIEHHb!8 

MYJlbTI1DJl8Tbl KOH8'-!HblX YPOBHEA K6CK6ll6), 

ll.nR BCEX 3T~X TIHKOB ITOJJYYE:Hhl pacnpenenBHI1H 11HT8HCHBHOCT8A 
.liBYX KBaHTOBblX KBCK6llOB. lJ:IH npHMepa Ha PHCYHKe OpHB€,':\eH TaKQB. 

(lll1\ll!))8p8HUI1Bfl6Hb!A) CITEKTp llJJR KBCKBllOB nepE:XOllOB Ha ypOBEHb £ f= 
308 1 576 K38, 4+. CrreKTp CI1MM8Tp~'-!8H OTHOC~TEJlbHO UEHTPB • KalK.llb!E 

llBE J111HI111 OZIVIHBKOBOA 11HT8HC~BHOCTI1, paCTIOJ10l!<8HHb18 cnesa ~ cnpasa 

OT UEHTpa Ha Oll11H6KOBb!X paCCTORHI1HX 1 COCT6BJ1RJOT K6CKBll. 

B ra6n.1 rrpHBEllEHb! 3H6'-IEHHH 3HEprH11 £
1

, E
2

, OTHOC11TEJJbHOI'l 

11HTE:HCI1BHOCTI1 KaCK6llOB (CYMMB 3HB98HI1A 11HT8HC~BHOCTI1 BCEX KBCKaliOB 

llTIR Kamnoro 3HaYeH~R E
1

+E
2 

rrpi1HRTa 3a 100). 

A6comorHaR 11HTEHCI1BHOCTb KacKanos MollleT 6bJTb nonyYeHa 

COTIOCTaBJ18H118M OTHOCI1T8JlbHblX 3H6'18H~A i
77 

113 Ta6n.1 C 6H6J10fi1'-IHOA 

88J111'-!!1HO~, Bb\'111CJl8HHOA Ha 0CH088 J111T8parypHbiX llBHHb\X 06 a6COJ1JOTHb!X 

11HT8HCI18HOCTRX TI8PBI1'-!Hb\X nepex OliOS 

nepexonos HaMI1 HaAneHo, YTO 

TI8PB11'-!Hb!X nepeXOZIOB 113 [9] MOfYT 

YMHOlii8HI18M 11HT8HCI1BHOCT8A TIEPBb\X HB 

11 CXEM 88TBJ18H\1R BTOPH'-!Hb!X 

OTHOC~T8J1bHbl8 11HT8HCI18HOCTI1 

6b!Tb rrp~seneHbl K a6conJOTHhiM 

K03\Il0011UI18HT 2 .1 0 -
4 

OH 

paCC'-IHTaH HaMM C HCnOJib30BaHM€M ,UaHHblX( 13), 
B ra6n11ue 2 npHBElleHbT 3HBYEHI1.R a6conJOTHbiX HHTEHCHBHocreA acex 

Bbi.RBJ18HHblX HBMI1 K6CKBllOB. Hepa3M81Q8HHbl8 B CXEMB pacnana BKJ1IO'-IE:Hbl 

3l!8Cb B TIP8liTIOJJOlK8HI111, '-ITO 11X TI8PB11'1Hb~ ITEPEXOll- KBBHT C 60J1blli8A 
311eprweB.. 
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KOTOPbie MOf YT 6blTb 
BKJJIO'-I8Hbl B CXEMY pacnal!a Ha QCHOBE nJ.1TeparypHbiX llaHHb!X 0 CXEM8 
B036YJKllEHHbiX COCTOFIH11A 

180
Hf. 

3. KBaHTOBbre xapaKT8PI1CTI1KI1 KOMITaYHll-COCTORHI1R 
KsaarDBbiE x apaKrepi1CTHKH pe3oHaHcos, onpe nenRJO!I.[I1X cni1H 

KOMrtBYHll-COCTORHI1R
1 irr=S+ 11 4+[14]. 8 pa60T8 [12] Mbl TIOKa35Jll1, "'TO 

JHa'-IeHHe s+ npenrro"'rl1renbHeA. 

8 llOJJb3Y 3TOfO 3aKJJIO'-I8HI1R CBI1ll8T8JlbCTBY8T 11 TO 
o6CTORT8JlbCTBO, '-ITO B Cll8Ktpe 3aXBBTa T8ITJl0BbiX H811TPOHOB [9] He 
Ha6JJIOllBrJTC.R nepexOllbi Ha YPOBHI1 2+. B ra6n11ue 3 l!JlR conocrasneHI1R 
llPI1B8ll8Hhl 11HT8HCI1BHOCTI1 nepexOllOB pa3JJI1'-IHOI1 MYJlbTI100JlbHOCTI1 KaK B 
TEllJJOBOA TO"'KE, TaK 11 B ycpel!H8HHbiX P830HBHCBX. COOTH0lll8HI18 
llOCJl8llHI1X ll03BOJlR8T OU8HI1Tb B8pO.RTH08 3HB'-J8HI1e 11HT8HC11BHOCTI1 E2-
nepeXOll5 8 T8ITJJOBOA TOYKe. 0tCYTCTBI18 ITOCJl8llH11X llJlR YPOBH8A 2+ 
RBJlR8TCR llOITOJlH11T8JlbHh~ apryMEHTOM B ll0Jlb3Y roro o6croRre Jib crsa, 
'-ITO CIIHH pe3oHaHca En= -6,1 38 [14], 

+ paseH 5 . 35XBaTa TEllJJOBb!X HEATPOHOB, 

4. HoBbie ypoBHH 
180

Hf 

C llOJlHOA onpeneJJEHHOCTbiO no llBYM 

onpellen.RJO!I.[ero ce4eHI1R 

""" 6onee Mbl 
YCTaHOBI1Jll1 llOJlOlK8HI18 38 HOBhJX ypOBHeA. 3Hepr11R CBMOfO BhiCOKOfO 113 
HHX cocraBn.ReT 5057,6 K38, scero 
KOMITBYHll-COCTORHHR. PAll KBCKBllOB He MO*ET 
B cxeMe pacnana 

180
Hf 113-3a roro, '-ITO 11x 

Ha 2330,5 K38 Hl1lll8 

6b1Tb OllH03HaYHO pa3M8!1.[8H 

npOM8liiYT0'1H08 COCTaRH\18 
pacnallaercR ronbKO al!H11M HHTEHCI1BHh~ nepexanoM aa ypasHH Ef < 1,62 
M38. TaK\18 COCTORHJ.1R BKJII0'18Hhl B ra6JJI1UY - B paMKBX 06IU8!1pi1HRTOra 
nanalKEHHR - lK8CTKI1A KBBHT= 08PB11'1HhiA 118p8XOZ1· 

Han\14118 KaCK3llOB C aTHOCI1T8JlbHO MRfK11MI1 118PBI1'1Hh!MI1 ll8p8XOliBMH 
naKa3hJBaer (ra6n.2), YTO 3TO cnpaB8ll1111BO He scerna. Ho P.Rll 
KBCKBZ!OB TaKara THO a MOlKET 6h!Tb 3a\(IHKCHpaBaH B CX8M8 pacnana, 8CJll1 
3H8pfi1R OZlHOfO 113 KB3HTOB COB!Iallaer C pa3HaCTbJO 3HEPfl111 CBR311 
H8AtpaHa 11 3H8prl111 B036ylKll8HI1R ypaBHR, YCTaHaBJlEHHOfO H83aBHCI1MO 
OT H5llli1X llBHHhiX • 

B ra6n. 2 l!BYMR 3883ll0'-IK5MI1 naME'-IBHhl nepex Ollbl c 
KOMITBYHl!-CactaHHI1R, BCJ18Zl 33 KOTOPbiMH 11llYT 113B8CTHh!8 113 pa6aTh! [7) 
nepeXOllb! Ha paaee YCT3HOBJl8HHh!e YPOBHI1. 

DallHM KpatKYIO xapaKT8PI1CTI1KY HEKatophJX HOBh!X YpOBHeA. np11 
3TOM cnenyer cnenarb o6mee 3aMeYaHHe, qro nnR o6nacrH 3Hepri1H 
yposHeA MeHbiUe 2 M38, no-sHZIHMaMY, sepORTHOCTb lJJIR lKECTKoro 
nepeXOlla 6bJTb nepBbiM B K3CK5ll8 alJ8Hb B8Jli1KB. 

YpoBEHb 1412,2 K38. OnpeneneH KacKanoM r 1 5975,9 -r 2 llOS,s Ha 
ypoBeHb 308,6 K3B, 4+. 

4 



B cnE:!KTpe [9] ~MBBTCR HEPH3MBWEHHBR 8 CX EMB JH1H11R 
1106

1 00(15) K38, KOTOPBR, nO-Bl1i'J11MOMY, RBJlf!BTCF! nyiSJJeTOM, TBK KBK 
88 11HTBHCI18HOCTb O~BHb BEJ111KB (2,5 % pacnai'JOB) • 

YposEHb 1421,1 K38. On11H KacKan r
1

5957,0 -r
21248,7 Ha 

YPOBEHb 308,6 K38, 4+. 8 [9] 8CTb nepeXOll 1249 1 1 K38 (.::,3Z'o), 
KOTOpbll-1, DO-BI1lli1MOMY, TBKlKE f!BJIRETCR ay6JleTOM • 

YpoaBHb 1532,1 K38. 

KacKBll :r
1

5B56 1 0 -;r
2

891,3 Ha yposeHb 640,8 K38, 6+. B cneKrpe 
5aWHEJIJ1B [9] MMEETCR HBpH3MEWEHHb~ nepeXOll 890,5(5) K38. 

YpoaeHb 1659 1 0 K38. 
KBCKBll r

1
5729 1 1 -;r

2
1018 1 2 HB ypOBEHb 640 1 8 K38, 6+ 8 [9] 

11MB~TCR i'JBE HEpHJMEWBHHbE Jli1H11l1, 1017 1 1(1) 11 1019 1 3, B npEi'JBJlBX 
norpEWHOCTM COOTBeTCTBY~WME ;r

2
• KpoMe roro, nepEXOi'Jbl 367,4 

11 204,6 K38 [9] COOTBETCTBY~T PHJH11U8 3Heprl111 YPOBHR 1659 
COCTORHMYI COOTBBTCTBEHHO 1291

1 2 (4+), 1369 1 7, 4 ... 111374 1 4, 
YpOBEHb 1666,5 K38. 

; 291, 0 

K38 11 

( J '4 -). 

KacKaa r
1

5721,6 - r
2 

Cooraercrsy~wero BTOPI1~Horo 
YpoBeHb 1681,o K38-

102 5 1 7 Ha ypOBEHb 640,8 K38' • 6 . 
nEpexoaa. B [9] Her. 

KacKaZI ;r
1
5707r1- ;r

2 198 1 4 HH YPOBEHb 1482 1 7 (3-,5). 8 [9] 
11MEBTCR nepEXOi'J 198,35 K38, 11MBDW11A apyroe pBJMBWEHHE-

YpoBEHb 1727 1 7 K38. 
KacKan r

1
5649 14 -r

2 
256,1 HB YPOBBHb 1482,7 K38, (3 ,5-). 8 [9] 11ME8TCH pa.3MEWEHHbJYI DEp8XOll 255 1 34 K38. nEpeXOll 254 K38 MMBETCR 8 [7], HE pa3MeUtBH. YpoBEHb 1728 1 4 K38 11M8ETCR 6 r 15J c 

XBPBKTEpi1CTI1KOYI 3 • 

YposEHb 1860 1 3 K3B-

• J.1MeETCR 2 KBCKalla, :r
1

5527 1 8 -;r
2 1554,9 Ha YPOBEHb 308 1 6, 4 11 

;r
1
5527,8 - r

2
485 1 3 HB YPOBEHb 1374,3 K38, (3 ,4-). 

YpoBEHb 1959,3 K3B-

2 KBCKBtia: ;r
1

5428,8-;r
2

485,3 HH ypose'Hb 1374 1 3 K38, (3-,4-) 11 
r

1
5428,B-;r

2
477,1 HB. ypOBEHb 1482

1 7 K38~ (3-,5-). B pa00TE 5aWHenna MMEIOTCR HEPB3MEill8HHbiE DEPEX Oi'Jbl, COOTBETCTBeHHO 487,3(1) (0,6%), 11 476 1 9(1) (0 1 6%) K38. 
HYlKHO CKa3BTb, '·ITO BTOPOYI l-13 YKB3BHHblX KacKatiOB- CHMbiA 11HTeHCI1BHbiY! 8 CDEKTp8 llBYXKBBHTOBblX K6CK6llOB. Era HHTEHCI18HOCTb 

COCTaBJJfiBT 0,2% pacnanOB KOMnaYHll-COCTORHHR. no3TOMY Mbl MOJI(EM 
CYI1TBTb, YTO nEpBI1~HhlA TIEpEXO~ HM88T MYJlbTMTIOnbHOCTb [1, ~ETHOCTb COCTOF!HHR OTPHUBTEnbHBR. 00a nepEXOi'JH C HEfO - HB YP0BHI1 (3-~5-), TI03TOMY DnR 3TOfO COCT0f!HI1f! BEpORTHO In~(4-,5-). 
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Cne~yer OTMer~tb, ~ro ~HteHc~aHocrb nepexo~a HB ypoaeHb 1374 
K38 HB nOpR~OK M8Hblli8 ~HT8HCHBHOCT~ nepeXODB HB YPOB8Hb 1482 K38. 

CoCTORHI-18 1959 1 7 K38, 5 npeZinOllleHO B (15] HB OCH08aHI1J.1 
pa3MeweHHbiX aaropaM~ sropH4HbiX nepexonoa s cxeMe pacnana :nora 
COCTORHHR. 

Yp088Hb 2017' 8 K38 • 

HMeeTCR 3 KBCKBDB, CBR3BHHb~ C 3THM YPOBH8M! 
r

1 537013- r
2 643 1 2 HB YPOB8Hb 1374 1 3 K38, (3-,4-), 

r
1 

5370,3- r
2 

535 1 2 Ha yposeHb 1482 17 K38, (3-,5-) H 
r

1 5370 13- r
2 408,5 Ha rpHnner 1609 1 4 K38. 

r1epabJM ~BYM a [9] cooraercrayKJT HepB3MerueHHbTe nepexOllbi 664,3 
K38 (0,3%) H 534 1 5 K38 (0 1 6%). TperbeMY KBCKany coorsercrayer 
pa3M8nt8HHbiA TBKlKe B llpyrOM MeCre HHT8HCH8Hblft Depe~Oll 407 1 9 K38 
(1,6%). 

f10CJ18llHI-1A, nO-BHllHMOMY , RBflR8TCR llY6netQM. 

J.1HT8HCJ.1BHOCTb CYMMbl HBIDHX KBCKBllOB COOTB8TCTBYet BepORTHOA 
MYJ1bTHnonbHocrl1 El nepaH~Horo rrepexona. 

06 

liHit!lt!epeHUHBJlbHbJA cneKrp r-ny'-!eA KacKanoa nepexonos c 
KOMDBYHll-COCTORHHR HB ypOB8Hb 308,576 K38, 4+. 
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YposeHb 2077,1 K3B. HMemrcH 4 KacKaaa: 
r 1 5311,0-r~1985, 7 HO ypoB8Hb 93,3 K38,2+; - + r-

1
5311,0-r-

2
1765, 7 Ha ypCB8Hb 308,6 K38,4 

r-
1
5311,0-r-

2704,0 Ha ypoaeHb 1374-,3 nB,lT,4-;l 
r 15311,0-r2466,6 HH YPOBEHb 1609,4 K38 (TpHDDETl. 
YpoBBHb 2742.0 K38. HMeDTc.fl 4 KHCKalla: 
r

1
4646,1-r2243Q,1 HH ypOB8Hb 308,8 K38,4+; 

r-14646,1-r-21367,7 HH YPOB8Hb 1374,3 K38,(3-,4-); 
r-

1
4646,1-r 21262,0 HH ypOBB!'!b 1432,7 D8,(3-,5-); 

r-
1

4646,1-r-
2
1131,0 Ha ypOBBHb 1609,4 K38, (TpHnneTJ. 

CYMMa HHTBHCHBHOCTBP! KaCI(H£108 npl-1BO.l1~1T K Bb!BOilY, YTO ITEPBHYHb!PI 
nepexo.a- THna El. 

YposeHb 3317, 3 K38. J.1MeJOrcr~ 4 KacKa.lla: 
r-

1
4070,8-r-23009,6 Ha ypOBEHb 308,6 K38,4+; 

714070,8-r-22672,9 HH YPOB8Hb 640,8 K38,6+; 
r-14070,8-r-21947,1 HH ypOBBHb 1374,3 K38, (3-,4-J; 
r-1t,Q70,8-r-21836,6 HH ypOB8Hb 1482,7 K38, (3-,5- J. 
Mb! OpHBBn!-1 xapaKT8pY1CTHKH nf-1illb HEKOTOpblX YPOBHBYI, CD8llY!Oll\HX' 1-13 

f13Y\.j8HHOYI peaKUHH (n,2r-J 

5. 0 H8KOTOPblX YPOBHRX ~13 llPYfHX pa60T 
8 HH!UV!X 3KCTI8PHMERTHX MOryy B036YJKl!HTbC.l1 TIBPBHYHbJMH (1- H MJ.

nepeXOl!aMK TOilbKO COCTORHHI'l iBQHf C ln=4-±,5:::,6±.. 
lleACTBHT8IlbHO. KHK H cnenosano 08HDBTb, B HHlliBM CTI8KTP8 H8 

npOHBntWHCb Bee nepBW-IHb!B nepeXOZibl HH f13BBCTHb18 YPOBHH C In= + + 
2 ,T. 

C npyroR CTOPOHbl, Mhl HBIDDH nepEXOi'!bl npBKH148CKH Ha see YPOBHI-1 
C llOCTOBEPHO YCTHHOBI18HHblMH 1rr=4±,5±. f103TOMY OTCYTCTBJ.18 KBCKHDOB + + C ITpOM8lKYTOYHbiMI1 YPOBH>IMH (4--,5-J, BB8i'lBHHblMH B ZIPYr11X pa6oTHX, 
l'lBilf!BTCR OCHOBBHI18M l!J1R 6onee llBTHDbHOrO HHBni13H BOTipOCB 06 HX 
llEYIC"IBI·iTBJ'lbHOM CYlUECTBOBBH111'1 HIT!-1 CTIHHOBDA 11llEHTI1iXJI1KBUH11. 0co6EHHO 
3TO KHCBBTCR YPOBHBYI C OTpHUHTEilbHOA 4BTHOCTb~. 

C 3TOYI T04KH 3PBHMR HHTBpeCHO cpaBHHTb HBlliH P83YilbTBThl GO 
CX8MOA YPDBHBA B KHHre 58JI8HbKoro B.M. 11 rpY1fOpb8BB E.f1. [15]. 

+ + -'-Mbl ITO.llTB8plKi'l58M CnBi'lYJOWI-18 YPOBHI1 (CO CTIHHBMH 4--, 5-, 5-) 
13691 14091 15391 1607,81 16091 1701 I 1738,41 17871 18141 
1935,71 19591 20171 21541 2185,91 2263,1 I 2291; 2294,9. 

1291, 

1852; 

0CTHBIDH8CR ypOBHH, npei'lCTHBneHHb18 B [15], B peBKU11H (n,2rl HB 
TBnnOBbJX H811Tp0HHX ( npl-1 ycnOBI-11'1 J.1X CYW8CTBOBHHJ.1!1) MOrYT 
B036YlKi'lHTbCR KHCKBllHM11, HHTBHCHBHOCTb KOTOpblX H8 TIP8BbllUBBT ~ 
3.10- 4 Ha pacnaA. 
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6. 3aKnJ04EHI18 

KapTHHB FlllBPHbiX COCTOFIHI1f1 lBQHf PE3KO OTJ1114B8TCFI OT llpyrHX 
FillED. npe*ne scero 6pocaetcFI s rna3a 048Hb ManaA HHTBHCHBHOCTb 
KBCKBllOB, 11llYWJ.1X HB H11JI(HI1E YPOBHH lllJpB ( llO 1613 K3B J. 

CYMMB Ha6J!~llBEMb~ KBCKBllOB COCTBBJlAET 9,5(9)% paCTIBllOB-
HB11M8HbiDBFI llJlFI 113Y98HHb!X AllBP 113 06J!BCTI1 144~ A '5 187. 

B Ta6n. 4 TIPEllCTBBJlEHbl HEKOTOpb!E CPBBHI1TEJlbHbl8 llBHHbiE llJU1 
6n113K11X no A FillED Olli1HBKOBOrO THTIB- iSOHf 11 lS8Er [16]. 

BHnHo, "'TO pacXOJI(llEHHe Ha6n~naeMb~ s 3KcnepHMEHTe napaMerpos 
llJ!R 3TI1X Rll8p Jl8*11T 38 TIP8l18J!BMI1 B03MQ)!(HbiX TIDrp8!ilHOCT8171 
3KCTI8p11MEHTB 11 HY)I(l188TCR 8 T80p8TI198CKOM 060CHOBBHI111. 

00J!b3YRCb K03\Ii\t\r1lli18HTOM TI8p880llB OTHOCI1T8J!bHblX 8lli1H11U 
11HTEHCI1BHOCTI1 nE~PBH9HblX nepeXOllOB B [9] B a6cOJWTHbl8 TIPOB8ll8HHbl8 
8 [2], Mbl TIOJ!Y411J!I1 llJ!A TIOJ1HOf1 11X 11HTeHC11BH0CTI1 3HB48HI18 2,1% 
pBCTIBllOB KOMTIBYHll-COCTOAHHA, C03llBBB8Mb~ TIPI1 3BXBBT8 T8TIJ10Bb~ 
HEATpOHOB. 

' 3HB911T8JlbHO 60J1bWBFI CYMMBpHBA 11HT8HCI1BHOCTb B HBWEA pa60T8 
CBR3BHB np8)1(ll8 Bcero C 11HTEPBBJlOM B036y)l(ll88MUX COCTOAHHA- OT 93 liD 
5058 K38 B HBlliEA pa60T8, 11 OT 308 llO 2680 K38 B [9]. 

MeronHKa npAMoro HccnenoaaHHA r-cneKrpa a Cn,rl-peaKUH11 He 
n03BOJUIET 113MEPATb cnenp [9] B 11HTepsane 3Hepri1A 2300 < E <4700 
K3B. 

Ham11 113Mep8HI1A TIOKpb!Ba~T 3TOT yY:aCTOK. J.1, HECMOTpA Ha TO, 'HO 
KaK H n~6aH METO~MKa cosnaneHMA, Ham METOll o6nanaeT ManoR 
CB8TOCI1110A ( 11 Tp86Y8T llJ111T8flbHOR KpOTIOTJ111BOR pa60TbJl, HB!lll1 
p83YnbTaTbl BO MHOrHX cnyYaRX OTB89a~T Ha BOTipOCbl, TPYliHO 
pa3pellll1Mb\C llpYrHMI1 METOllaM\1. 
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3. 5 J~ ,. u a 

illiTGHCIIBHOCTb I ± 6I 

N 

1 

1 

2 

3 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

2 

5782,1 

5308,1 

4363,7 

3715,8 

363615 

3541,2 

3430,2 

2965,2 

2535,5 

234110 

707715 

598014 

421314 

4134,8 

3734,4 

5848,2 

5779,4 

5687,3 

5524,8 

5314,0 

5233,4 

5217, 0 

5203,2 

5126,1 

50671 6 

4916,3 

:rr :rr 

3 

1512,7 

1986,7 

2931,1 

3579,0 

3658,3 

3753,6 

3864,6 

4329,6 

4759,3 

4953,8 

217,4 

1314,4 

3081,0 

3159,7 

3560,4 

12 31, 5 

1300,3 

139214 

1554,9 

1765,7 

1846,4 

186217 

1876,5 

1953,6 

2012,1 

2163,4 

lnpoueHT;,t 

I 

1, 0 ( 6) 

31 0 ( J.Q) 

2' 9 ( 13) 

4 I 7 ( 14} 

41 0 ( 14) 

217 ( 13) 

2' 8 ( 13) 

418 ( lJ) 

218 ( 13) 

3, 0 ( 10) 

5, 3 ( 15) 

1, 2 ( 7) 

219 ( 13) 

3 1 6 ( 14) 

316 ( 13) 

7079,5 K85 

114 ( 3) 

017 ( 3) 

0, 2 ( 2) 

012 { 2) 

118 ( 3) 

0, 2 ( 3) 

013 ( 3) 

0' 7 ( 3} 

0, 4 ( • 3) 

0, 7 ( 2) 

017 ( 2) 

9 

10?: 2THOCi~T8JTbHaq 

5 

1608,8(17) 

207711(23) 

302116(21) 

3672,1( 9) 

3751,3 (10) 

3848,4 (10) 

3957,4(12) 

4423,0( 9) 

4853,6(13) 

5047,9(11) 

f'HT8HCM1?-HOC7ff 

1540,6( 8) 

1608,8(17) 

1701,3 (12) 

1860,3{21) 

2077,1(23) 

2152,1(19) 

2173,9(20) 

218519(24) 

2261,5 (13) 

2320,7( 8) 

2473,3 (14} 



npogO.!llieHT!e Ti:l6"'1HUbl 
1 2 3 4 5 

12 4649,6 2430,1 0, 8 ( 3 I 2742,0(24) 
13 4590,3 2489,4 0, 8 ( 41 2797,7(25) 
14 4536,5 2543,2 1' 2 ( 5 I 2849, l (16) 
15 4529,5 2550,2 0, 7 ( 51 2858,6(12) 
16 4368,2 2711,5 1,1 ( 3 I 3021,6(21) 
17 4337,6 2742,1 1, 7 ( 41 3049,0(17) 
18 4298,5 2781,2 0, 8 ( 41 3089,6(11) 
19 4255,9 2823,8 1,1 ( 31 3131,6(10) 
20 4070,1 3009,6 0,9 ( 41 3317,3 (30) 
21 4058,8 3021,0 0,5( 4 I 3330,6(13) 
22 3972,5 3107,2 1, 5 ( 41 3416,1(20) 
23 3779,6 3300,1 0,8( 31 3.608,1(11) 
24 3716,3 3363,4 1,1 ( 41 3672,1( 91 
25 3637,3 3442,4 0,9 ( 41 3751,3(10) 
26 3539,7 3539,7 1, 2 ( 51 3848,4(10) 
27 3462,5 3617' 2 1,2 ( 51 3926,4 (10) 
28 3431,1 3648,6 o, 9 ( 41 3957,4 (12) 
29 3411,8 3667,9 1, 0 ( 41 3974,5 (21) 
30 3384,3 3695,4 0, 8 ( 41 4003,0(12) 
31 2580,2 4499,5 1, 0 ( 4 I 4809,3(13) 
32 2473,2 4606,5 1, 7 ( 51 4915,9(24) 
33 2420,7 4659,0 o, 7 ( 3 I 4964,0(23) 
34 2331,0 4748,7 0,6( 3 I 5057,6(13) 
35 6748,5 332,3 1, 0 ( 31 
36 6096,3 983' 3 0, 3 ( 21 
37 6017,4 1062,0 0,9( 21 
38 5967,0 1099,6 o, 3 ( 21 
39 5975,9 1105,8 0, 6 ( 31 
40 5559,9 1519,8 o, 3 ( 21 
41 5365,6 1714,0 0,5( 21 
42 5241,2 1838,5 11 3 { 3 I 

43 5142,2 1937,5 0, 5 ( 31 
44 5095,3 1984,4 0,4 ( 2 I 
45 5046,9 2032,8 0,5( 21 
46 4974,8 2104,9 0,5( 21 
47 4883,8 2196,2 0,4 ( 21 
48 4681,7 2397,6 0, 6 ( 31 
49 4514,9 2564,8 o, 9 ( 41 
50 4388,3 2691,5 o, 6 ( 3 I 
51 4330,1 2750,0 0, 7 ( 31 
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npo,[LOJilKCJHI:e Ta6JII1Uhl 
1 2 3 4 5 

52 4287,4 2792,2 n, 9 ( 3) 
53 4264,0 2 815 I 5 1,1 ( 3) 
54 4224,6 2854,6 0,6( 3) 
55 4187,6 2891,8 0' 5 ( 3) 
56 4172,4 2906,7 0,4 ( 3) 
57 3945,3 3134,3 1,0( 4) 
58 3899,0 3180,6 0, 6 ( 4) 
59 3888,4 3191,3 1,2 ( 4) 
60 3872,5 3207,1 1,4( 4) 
61 3861,5 3218,1 o, 7 ( 3) 
62 3762,9 3316,8 0' 7 ( 3) 
63 3747,6 3332,1 o, 7 ( 4) 
64 3707,1 3372,6 1, 8 ( 4) 

E1 + E2 = 6747,2 K:.B 

1 5846,9 900,5 1, 9 ( 4) 1540,6( 8) 2 5686,6 1060,7 0,9 ( 4) 1701,3(12) 
3 5126,8 1620,5 1,2 ( 5) 2261,5(13) 
4 4340,4 2406,9 1,5 ( 7) 3049,0(17) 
5 4204,5 2542,9 212 ( 7) 3183,9{ 9) 6 4074,4 2672,9 2,2 ( B) 3317,3 (30) 
7 3971,4 2775,9 2, 6 ( B) 3416,1 (20) 
8 353817 3208,6 210 ( 9) 3848,4(10) 
9 3520,4 3226,9 1, 9 ( 9) 3869,6(15) 

10 2474,6 4272,8 1,8 ( 7) 4915,9{24) 
11 5856,0 891,3 0,9 ( 3) 
12 5729,1 1018,2 1,8 { 5) 
13 5721,6 1025,7 1,4 ( 5) 
14 5172,4 1575,0 1, 5 ( 5) 
15 4474,6 2272,7 1,2 ( 6) 
16 4304,8 2442,7 3,6{ 8) 
17 4129,0 2616,8 1,6 ( 8) 
18 3919,3 2827,7 1,6( B) 
19 3507,7 3239,4 1,9 ( 9) 
20 3479,7 3267,6 2, 2 ( 8) 

E1 + E2 = 6013,8 nB 

1 5778,5 235,2 8,9( 15) 1608,8(17) 
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nponomKeHHC Trt6.TJHUb! I 

1 2 3 4 5 
2 552814 485,3 1,5( 71 1860,3(21) 
3 5477,6 53 6' 2 41 5 ( a I 1909,2(14) 
4 5430,3 583,5 019 ( 61 195913(11) 
5 537016 643,2 1,7{ 61 2017,8( 6) 
6 530917 70410 212 ( 71 207711 (23) 
7 523 614 777,3 1, 2 I 91 215211(19) 
8 521316 800,2 117 ( 131 2173,9(20) 
9 5067,2 94616 3, 1( 101 232017( 81 

10 4827,8 1185,9 214 ( 111 256111(12) 
11 464611 13 6 7 1 7 215 ( 101 2742,0(24) 
12 4594,4 141914 /.1 l ( 91 2797' 7 (25) 
13 454715 146613 1,8( 91 284012(10) 
14 429814 171514 1, 9 ( 91 3089,6(11) 
15 4203,9 180919 218 { 12) 318319( 91 
16 4066,6 194711 2' 3 { 111 3317,3(30) 
17 405712 195616 2 19 ( 12) 3330,6(13) 
18 338518 2627,9 317 ( 161 4003,0(12) 
19 2471,9 3541,9 3, 0 ( 131 491519(24) 
20 2423,3 3 59 0 1 4 3 12 ( 131 496410(23) 
21 5187,2 82616 119 ( 91 
22 514 51 6 86812 212 ( 91 
23 483818 1175,0 212 ( 111 
24 461612 1397,5 214 ( 91 
25 4 58 2' 1 143116 2,1 ( 91 
26 3 9 04 '8 210910 3 18 ( 161 
27 379116 2222,1 4 '2 ( 161 
28 3250,4 2763,3 4' 3 ( 16) 

E1 + E2 = 590514 K33 

1 557413 33111 218 ( 12 I 181416(14) 
2 542813 477,1 16,4 ( 22) 195913(11} 
3 537012 53512 5,2 ( 11) 201718( 61 
4 519910 70614 1,2 ( 101 2185,9(24) 
5 4826,0 107914 312 ( 191 2561,1(12) 
6 470611 119914 816 ( 241 268213( a I 
7 464314 126210 5, 7 ( 151 2742,0(24) 
8 4588,5 131619 513 { 14) 2797,7(25) 
9 4549,0 1356,4 2, 7 ( 12) 284012(10) 

10 4540,0 136514 519 ( 16) 284911(16) 
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npo,[(OJllKeHHe T<l6nllllbl 1 
1 2 4 5 

11 4364,9 1540,5 2, 3 ( 11) 3021,6(21) 
12 4068,8 1836,6 2, 9 ( 13) 3317,3(30) 
13 3969,1 1936,3 2, 9 ( 13) 3416,1 (20) 
14 3517,4 2388,0 4, 3 { 1B) 3869,6(15) 
15 3416,0 2489,5 3, 7 ( 18) 3974,5{21) 
16 2468,1 3437,3 4,2 ( 20) 4915,9(24) 
17 2426,1 3479,3 5' 0 ( 1B) 4964,0(23) 
1B 2338,8 3566,6 3, 7 { 17) 5047,9(11) 
19 2329,4 3576,0 2, 6 ( 16) 5057,6{13) 
20 5707,1 198, 4 2, 7 ( 11) 
21 5660,4 245,0 2, 4 ( 11) 
22 5649,4 256,1 2, 6 ( 12) 
23 5602,1 30312 2' 7 ( 11) 
24 5329,7 57613 2,5( 10) 
25 4604' 1 1301,3 417 ( 14) 
26 4235,0 1670,4 312 ( 13) 
27 3959,4 194610 3' 0 ( 13) 
2B 3400,5 250419 3, 6 ( 19) 

E1 + E2 ~ 5778,7 ;;.:-B 

1 5571,8 207,0 2,1 ( B) 1814,6(14) 
2 5480,3 298,5 2,2 ( 7) 1909,2 (14) 
3 5370,3 40815 3' 7 ( 10) 2017,8( 6) 
4 5312,1 466,6 219 ( 9) 2077,1(23) 
5 4913,5 865,2 3' 2 ( 6) 2473' 3 (14) 
6 4705,5 107313 3, 2 ( 9) 268213( B) 
7 4 64 7 1 7 1131,0 2, 0( 9) 2742,0(24) 
B 4547,1 1231' 6 1, 7 ( 9) 2840,2(10) 
9 4539,1 1239,7 1' 9 ( 9) 2849,1(16) 

10 452915 1249,3 2,0( 9) 285816(12) 
11 4341,4 1437,4 1, 5 ( B) 3049,0(17) 
12 4257,1 1521,7 1,9 ( B) 3131,6(10) 
13 3974,6 1804,2 2,2 ( 9) 3416,1(20) 
14 3780,4 1998,4 2 14 ( 10) 3608,1(11) 
15 3461,0 2317,7 2, 8 ( 9) 3926,4 (10) 
16 2964,9 2813,9 - 2, 3 ( 10) 4423,0( 9) 
17 2577,6 320112 2' 4 ( 10) 4809,3(13) 
1B 2533,5 3245,2 1, 9 ( 10) 4853,6(13) 
19 5454,9 322,5 1, 6 ( 7) 
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np OLl OJI~\C Hll e T.?,6'H1!\.f:J 

1 2 3 4 5 
20 5450,9 329,5 1,0( 6) 
21 5135,6 643' 5 1, 2 ( 4) 
22 5111,8 667,0 Q 18 ( 4) 
23 5053,8 725,0 112 ( 5) 

24 5019,1 759,6 11 1 ( 5) 

25 4922,6 856,3 1, 4 ( 5) 

26 4084,4 1694,3 2, 2 ( 8) 

27 4049,5 1729,3 1, 8 ( 9) 
28 3532,6 2246,2 2, 3 ( 10) 
29 3395,7 2382,9 2,1 ( 9) 
30 3056,0 2722,5 2, 6 ( 10) 

31 3032,1 2746,6 2, 0 ( 10) 
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Ta6nHua 2. CpenHee 3Ha~eHHe 3HeprHH nepBHYHoro nepexoaa <E
1
>, 

~HeprH~ TIPOMBZYTC~Horo YPOBH~ EH H HHTBHCHBHOCTb 

38Q8HHOii CYMM8PH0!1 3H9Pr\<lQH E
1

+E
2 

(Ha 
I KacKaaos c 

1'~0 6 pacnaaos 
KOMnayHa-cocToqHHq) 

------------------------------------------------------------------
7295 7079 6747 6014 5905 5779 

------------------------------------------------------------------
I 

B n 
CHa 10 pacnaaos) 

------------------------------------------------------------------
_____ 1 _______ ? ________ ~-----~-----?-----~-----? _____ § __________ ~--

• 7077,5* 
6748,5* 
6096,3* 
6017,4 
5980,4** 
5975,9** 
5967,0** 
5856,0 
5847,5 
5779,3 
5729,1 
5721,6 
5707,1* 
5686,8 
5660,4 
5649,4* 
5602,1* 
5573,5 
5559,9 
5527,8 
5478,9 
5454,9 
5450,9 
5428,8 
5370,3* 
5365,6 
5329,7 
5311,0 
5241,2 
5236,0 
5214,2 
5202,2 
5187,2 
5172,4 
5145,6 
5142,2 
5135,6 
5126,6 
5111,8 
5095,3 
5067,4 
5053,8 
5046,9 
5019,1 
4974,8 
4922·, 6 
4914,8 

310,6 
639,6 

1291,8 
1370,7 
1407,7 
1412,2 
1421,1 
1532,1 
1540,6 
1608,8 
1659,0 
1666,5 
1681,0 
1701,3 
1727,7 
1738,7 
1786,0 
1814,6 
1828,2 
1860,3 
1909,2 
1933,2 
1937,2 
1959,3 
201718 
2022,5 
2058,4 
2077,1 
2146,9 
2152,1 
2173,9 
2185,9 
2200,9 
2215,7 
2242,5 
2245,9 
2252,5 
2261,5 
2276,3 
2292,8 
2320,7 
2334,3 
2341,2 
2369,0 
2413,3 
2465,5 
2473,3 

320 

73 

62 

181 

233 
84 

223 

146 
84 

346 
168 

60 

.74 
55 

122 

432 
312 

58 
67 

166 

125 

103 
180 

118 

125 

170 

103 
232 

221 
169 

113 

175 

143 

15 

885 

154 
452 

319 

289 
313 
326 
337 

95 1969 
168 622 

219 

123 
169 

188 

220 

306 

304 

148 

518 

550 
393 
263 

913 

715 

300 

205 

293 

278 

350 
803 



ffPO,i\OJlfliCHHe Ta6JIMUbl 

2 3 3 6 7 3 

4883,8 2504,3 98 
4838,8 254913 218 
4827,0 256111 243 379 
4705,8 2682,3 103 6 808 
4681,7 2706,4 139 
4646,1 2742,0 187 245 680 488 
4616,2 2771,9 244 
4604,1 2784,0 565 
459014 2797,7 197 209 641 
458211 2806,0 206 
454719 2840,2 177 322 418 
4539,0 2849,1 288 709 478 
4529,5 2858,6 163 510 4 514 1 9 287312 218 
4474,6 2913,5 148 
4388,3 2999,8 132 
4366,5 3021,6 176 264 271 
4339,1 3049,0 408 184 3 68 4330,1 3058,0 166 
4304,8 3083,3 433 
4298,5 3089,6 197 188 
428714 3100,7 209 
426410 3124,1 254 
425615 3131' 6 264 465 
423510 31531 1 389 
422416 3163,5 134 
421314 3174,7 173 
4 2 04 1 2 3183,9 269 277 
4187,6 320015 115 
4172,4 321517 86 
4134,8 3253,3 218 
4129,0 325911 194 
4 08 4 1 4 3303,7 538 4070,8 3317,3 218 264 232 353 
4057,5 3330,6 127 291 
4049,5 3338,6 437 3972,0 3416,1 370 310 349 538 3959,4 3428,7 360 
3945,3 3442,8 247 
3919,3 3468,8 191 
3904,8 3483,3 379 
3899,0 3489,1 134 
3888,4 3499,7 300 
3872,5 3515,6 324 
3861,5 352616 158 
3791,6 359615 424 
3780,0 3608,1 199 610 3762,9 3625,2 173 
3747,6 3640,5 175 
3734,4 3653,7 215 
3716,0 3672,1 280 269 
3707,1 3 681' 0 420 
3636,8 3751,3 240 228 
3539,7 3848,4 160 278 242 
3532,6 385515 573 
3518,5 3869,6 226 515 
3507,7 3880,4 232 
3479,7 3908,4 264 
3461,7 3926,4 281 703 
3430,7 3957,4 169 226 
3413,6 3974,5 242 
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3400,5 
3395,7 
3385,1 
3250,4 
3056,0 
3032,1 
2965,1 
2578,8 
2534,5 
2472,2 
2424,1 
2340,2 
2330,5 

2 
3987,6 
3992,4 
4003,0 
4137,7 
4332,1 
4356,0 
4423,0 
4809,3 
4853,6 
4915,9 
4964,0 
5047,9 
5057,6 

3 

289 

165 

178 

' 
194 

233 

410 
158 

154 

5 

211 

5 

375 
425 

300 
318 

npHMI?~aHHe: *-nepexoaU Ha H338CTH~e YPOBHH. 

7 

509 
604 
439 
307 

8 

530 

650 
503 
573 
610 
483 

**-YPOBHH H3BeCTHU H3 R~epHUx peakUHH Hn~ 3Hi?PrHR 
BTOPH~HUX nepexoaoB COOTBeTCTBYI?T 3HeprHH :1epexoaos 113 C n. y)- peat UHH. 

Ta6n~ua 3 
CpaBH8HH8 HHT8HCHBHOCTH 3aceneHHR HEKOTOPL~ YPOBHeR B 

peaKUHH (n,r) Ha T8ITJIOBh~ H p830H6HCHb~ H8ATPOHaX [9] ---------- !-----------l--------------l------------1--------------l 
Eyp., K38 I In:-fp. I r

7
, OTH. en. I r

7
, OTH. en. I MYJJbTHn. nepex. I I renn. n I pe3oH. n I P830H. n I ----------1----------- 1-------------- 1------------1--------------1 

93,3 
1199,8 
1260,8 
1291,2 
1369, 7 
1374,4 
1482, 7 
1539,3 

I 2• I I 42 I E2 I I 2• I I 17 I E2 I I 2• I I 20 I E2 I I 4 •c 3• J I 46 I 83 I M1 I I 4 • I 1 oo I 1 oo I M1 I I C3-,4-J I 78 I 521 I E1 1 I C3-,5-J I 57 I 496 I E1 I I C4-,5-J I 714 I 369 I El I 
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Ta6n11ua 4 

CorrocrasneH\1e napaMerpos KacKa~Horo pacna~a s H~pax 

168[ r " 180H f 

--------------------------------------- 1------------- I--------------
168Er I 180Hf 

--------------------------------------- 1------------- 1--------------
1. CIT\1H KOMITBYH~-COCTORHI1R 

2. 3H8Pfi1R CBR311, K38 
3. Cpe~Hee paccroRH\18 Me~ny peJOHBHca

M\1, 38 

4. CYMMB 11HT8HC\1BHOCT8~ BCEX KBCKBnDB 

HB YPDBH\1 2+, 4+ 11 6+ POTBU110HHO~ ITO

IJOCbl OCHOB. COCTORHJ.1R, paCTIBZlOB 

5. 411CJ10 Bbl~8Jl8HHblX HB\160!188 11HT8HC\1BH. 

KBCKBnOB HB YPOBH\1 TIO!lOCW OCHOBHOfO 
COCTORHJ.1R 2+, 4 + 11 6+ 

6. ~X Cp8ZlHHH 11HT8HCI1BHOCTb, paCTIBllOB 

7.CTPYKTYPB OCHOBHOfO COCTORH\1H 

Ri'lpB- MJ.1Ili8HJ.1 

8. 3HB4.8HH8 2gf nO p830HBHC08, OTIP8ll8JlR

KlU1J.1X 38XBBT TEfl!lOBbiX HEf'ITpOHOB 

9. He~TPOHHBH CI1JlOBBH ~YHKUI1H 

:33% 3'j.+67% 4+ (5+) 

7771,141391 7388,111391 

4, 012 I 

15,41101% 

71 
9,8. 10' 4 

N 1633 I-

10,3" 0,46M38I 
1, 8121 1 

4, 41 21 

4,6151% 

99 
1,3.10' 4 

N [624] t 

10,45 M38 

1, 7121 

Tipi1M84.8H\18: ITOfp8IliHOCTb OITp8Zl8Jl8H\1R 11HT8HC\1BHOCT\1 KB~ZlOfO 113 

HB6JlKJZl88MhlX 11HT8HC\1BHb~ KBCKBZlOB HE TIP8BhliiiB8T 50%. 
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