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C noMombJO {3 -cnexTpoMeTpa Tana "v 2 
Ill 

c paapeweaaeM 0, I5% a 

y -cneKTpOMeTpS C nonynpOBOJlHHKOBb!M JleTeKTOpOM aayqanCH p8CU8Jl H30TOUOB 

npoMeTHH. ~paxuaH aaoTonoa npoMeTH!I nonyqanacb a peaynbTaTe XHMaqecxoro H 

xpoMaTOrpa~aqecKoro paaJleneaaR npoJlyxToa o6nyqeaa11 TanTana npoToaaMH c 

aaepruelt 660 Mae aa caaxpouaKnoTpoae OMHM. 

McToqaaxa JlnH MarHHTHoro cnexTpoMeTpa aaroToBnHnHcb MeTOJlOM anexTpo

naqecxoro ocamJleHHH. B xaqecTae noJlnomxa acnonbaoaanacb aonoTaH ~onbra 

TOniUHHOI! 3 MKM H paaMepaMH 2 X 2Q MM. MCTO'IHHKH 6binH JlOCTSTOqHO TOHKHMH H 

ae na6nJOJlanocb ncxameaalt nanall aa cqeT ToniUHHhi npenapaTa a o6naCTH aaepralt 

cBhiiUe 50 xaa. Mcnonbaoaaaae MeTOJla npOTOHHoro peaoaaaca Jln!l naMepenn!l n 

cTa6nnaaauan MaraHTaoro non11 cnexTpoMeTpa noaaonano onpeJlenHTb aaeprna 

anexTpoaoa aayTpenaell xonaepcHH c norpewaocTbJO 0,06%. 

PaapewaJOmaH t:noco6aocTb y -cnexTpoMeTpa cocTnamma 4,5-6 xaa. Mc-
3 3 

nonb30BSnHCb Ge (Li) -JleTeKTOpbl C qyacTBHTenbHh!M 06'heMOM 5 CM H I2 CM , 

nonyqeHHbl8 H3 npamcxoro HHCTRTyTa ~H3HKR TBepJlOrO Tena. PerHCTpSUR!I }' 

cnexTpa nponaBOJlHnacb aa 2048-KaaanbHOM aaanRaaTOpe. 

14S Pm 

14S 143 
npa pacna)le Pm B036ymnae TC!I TOnbXO OJlRH ypOB8Hb JlOqepaero Nd 

/2/ c aaeprRell 742, I xaa ( pac. I). MynbTHnonbHOCTb y -nepexoJla 742, I xaa 
/3/ 

onpeJlSIJSinSCb B Ollb!TSX C OpHeHTHpOBSHHb!MH !!JlpaMH 1 8 TSKme no KOa<jl<jJHUH-
/4/ eaTy aayTpeanel! xoaaepcnn • 06e rpynnhi aaTopoa npnwnn K BhiBOJly, qTo Mynb-

TBnOnbaocTb nepexoJla 742,I xaa - M I, aoaMomno, c ae6onbwoA ( { 8%) npn

MeChJO E2. 
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YQoBeHQ 742,1 KSB soa6y~ancH TaKEe B ( d , p )-peaxnaa. B pa6oTe 
/5/ . -Yonna ypoBHJO npanucaHbl xapaxTepHCTHKH 9/2 ( f ,. -= 4), a s pa6oTe <l>on-

161 -( •. ) -Mepa - 3/2 r 
11 

• 1 , 0TMeTHM, 'ITO xapaKTepHCTHKH 3/2 DpOTHBope'IST IIpH-

IIHCaHHIO nepeXOAY 742, 1 KSB MYIIQTHDOIIQHOCTH M 1, TaK KSK CDHH OCHOBHOrO COC-
14! /2/ 

TOHHHH Nd H3MepeH H paBeH 7/2 , 

J1a AaHHOrO KpSTKOrO o6aopa BHAHO, 'ITO BbiBOAbl 0 KBSHTOBbiX XapaKTepHCTH

KaX ypOBIHI 742, 1 KSB, IIOily'leHHbie H3 ASHHbiX DO peaKnHH ( d 1 p ) , H 3HS'IeHHH 

KBK y -rrepexoAa 742, 1 xas 6binH npoTKBope'IHSbi H MYIIQTHIIOilbHOCTb rrepexoAa 

ay~anacb B nposepxe. 
14! 

B aameM npenapaTe xpoMe Pm coAep>Kanacb Apyrae aaoTODbi npoMeTHH, B 
144 /2/ 144 

'laCTHOCTH, 
144 

B Nd c 

Pm.:HasecTao , 'ITO npa pacnaAe Pm soaaaxaJOT E2-nepexoAbi 

+ + 
aaeprBSIMH 618,2 KSB (4 - 2 ) 

+ + 
a 696,7 xss (2 -o ). CpasaasaR 

HHTeHCBBHOCTH KOHBepCHOHHbiX aneKTpOHOB H y -nyqell 742,1; 618,2; H 696,7 K9B1 

MO>KHO onpeAellHTb KO~BnHeHT BHyTpeaaell KOHB9pCHH rrepeXOAa 742,1 KSB (Ta6n,1), 
. -3 

nonyqeaaoe aaaqeaae at (742,1) .. (3,5: 0,4)!10 oxaaanocb 6naaKBM x Teo-
. -3 

peTB'IeCKOMY 3H8'19HBIO AIIH E2 nepeXOAS ( Cl k "' 3,8,10 ) H 3aMeTHO OTIIH'Ia
-3 

eTC!! OT TeopeTH'IeCKOrO KoscjlcjlunaeaTa AilS! MynQTBDOilbHOCTB M 1 ( 5,9,10 ) 1 KOT0-
/3 4/ 

py!O paaee npHDIICbiBanu STOMY nepeXOAY 
1 

, 

113 TOro, 'ITO MyllbTRDOilbHOCTb nepeXOAa 742, 1 KSB - E2, cneAyeT, 'ITO H8H-

6onee sepoHTHbie xapaxTepacTHKII ypoBHSI 742, 1 KSB 3/2-. STo cornacyeTcH c 

16/ ( . ) 
ASHHblMH <l>onMepa , DOily'leHHbiMB npH H3y'leHHB peaKnHH d 1 p , 0TMeTHM1 

~To TaKHe >Ke xapax~epacTHKH (3/2-) aMeeT nepsoe soa6y>KAeasoe cocToHHHe c 

aaepraell 894,1 KSB B 
145 

Sm, y xoToporo Taxoe >Ke 'IHcno aeiiTpoHOB ( N • 83). 

KaK H y 143 Nd . EcnH CODOCTaBHTb aaeprHH nepBOrO B036y~eHHOrO COCTOHHHSI B 

H9'1eTHbiX HApax C N • 83, TO OKa3biBaeTCSI1 'ITO OHa DOBbimaeTCSI C ysenH'IeHHeM 

Z : 660 KSB ( Z • 58); 742,1 KSB ( Z • 60); 894,1 KSB Z '" 62), Mo>KBO 
147 

npe.anono>KHTb, 'ITO B !!Ape 
84 

Gdu nepBbiii soa6y~eaHbiii yposeBb neEHT aa 

BbiCoTe ·1000 xas H HMeeT xapaKTepHCTHKH 3/2-. Ysenaqeaae aaeprRH nepsoro 

B036y>KAeHHOrO COCTOSIHHll DpH npH6nH>K9HHH K Z • 64, DO-BHAHMOMY1 o6'bSICHll-

eTCll TeM, 'ITO npH Z • 64 aaxaH'IHBaeTcH aanonaeaae npoToHHbiX o6ono'leK 

g 7/2 H d 5/2 H 'IHCIIO Z "' 64 MOlKHO p8CCM8TpHB8Tb KSK 'nonyMarH'19CK09'. 

llaaHbie o6 c -pacnaAe aaoTonos caMapHll ( Z • 62), raAonHHHll ( Z • 64), 

AHC0p03HSI ( Z • 66) H 9p6Hll ( Z • 68) DOATBep~SIOT STY rHDOTe3y. llellcT

BHT91lbH01 npa nepexoAe oT Z - 64 K Z .. 66 eaeprHH cr -pacnaAa peaxo yse-
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JtHqHBSBTCB (Ta6n. 2), qTO CBHABTB!tbCTByBT o6 OTHOCHTB!tbHO 60JtblllOft BBJtHqHHB 

aaeprHH CBB3H BABp C Z "" 64. 

HaH6onee BepOBTHSB KOH~HrypSUHB yposaeft 742,1 K9B B 
141

Nd H 894,1 KSB 

B 
145 Sm 

qmrypaunn 

- p 3/2. 3TO C!tBAyeT H3 CXBMbl Maftep, KOTopaB npellCK83biBSBT KOII-

7/2, p 3/2 H p J/2 AltB OCHOBHbiX H HH3KO!tB>K8111HX. COCTOBHHR 

BAep, HMeromnx ae6onbmoe qgcno ayKnoaos csepx aanonaeaaoR o6onoqKH 

(B naHROM cnyqae OAHH aeftTpoa). 

N •82 

T a 6 n H n a 2 

PaaaocTH aaeprHll a -pacnaAa Bnep c qHcnoM aeRTpoaoB N"' 84 H N -=86 

141 Sm 
81 14 

148 Gd 
84 e4 

• 660 K9B 1\Ea 

150 Gd 
14 88 

141 SID ) 
12 II . 

• 550 KSB A E cr. ( 

AE a ( 
150 ueGd 
uDyu - 14 84 

• JOQO K9B 

A E ( ~~}l Dy - ISOGd 
p ... .. 14 II 

940 K9B 

--
151 150 

AE cr. ( Er - 88 Dy 14 .. 14 
• 580 KaB 

144 Pm 

/2/ 144 
Cornacao HMeromllMCB ASHHbiM , npn pacnane Pm (460 AH) Boa6y>Kna

+ 144 + 
IDTCB TpH ypOBHB AOqepaero Nd I 696,4 K9B ( 2 ) ; 1313,1 K9B (4 ); 1780 K$B 

+ (6 ) (pl!c. 2). y -nepexOAbi c aaeprllBMH 696,7 ~ 0,3 KaB, 618,2 ~ 0,3. R 

475,3 K9B, HAymRe MB>KAY STRMR ypOBHBMil 1 aa6niOAanHCb HaMil KaK B CUBKTpe 

y -nyqeft, TaK II B CUBKTpe aneKTpOHOB BHyTpeaaeft KOHBBpCRR. TaK KaK XOp~m~ 

H3BBCTHO, qTO MynbTHITOnbHOCTb nepBXOAOB 696,4 KSB H 618,2 KSB - E2, TO HX 

KOaQJ~HllHBIITbl KOIIBBpCHH HC!tOnb30BanHCb AnB OITpBABnBHRH C1. II MynbTRITOnb-
141 k 

HOCTR y -nepexona 742,1 KSB B pacnaAe Pm (eM. Bbime). 
144 

llaHHbiB 06 HHTBRCRBIIOCTHX )' -nyqeft Pm npencTaBnBIIbl B Ta6n11ue Si. 

6 

....a... 

l1HTBHCHBHOCTb y -nepeXOAa 475,3 K9B COCTaBnHeT (45 + 3)% OT RIITBHCHBHOCTK 

- 111 
y -nepexonos ,696,7 H 618,2 KsB, qTo cornacyeTcH c ASHRbiMR Ojlepa • 

B cneKTpe y -nyqeft npoMeTHeBoR ~paKURH o6aapy>KeHbi paaee seRaBecTHble 

y -nepeXOAbi c aaeprHHMH 776, 813, 845, 1120 H 1278 KaB (Ta6n. 4). 

Ta6nHna 3 
144 

3seprRH R HSTBIICHBHOCTH )' -nepexOAOB B pacnaAe Pm 

E )' , K9B I 1r 1121 y ( llSHHbiB pa60Tbl ) 

475,3 ~ 0,3 45 + s 45 + 6 - -
618,2 + 0,3 

696,7 + o,s 

E y • KSB 

776 + 1 

813 + 

845 + 2 

1120 + 3 

1278 + 3 

100 100 

100 + 5 100 

Ta6nnna 4 

HeHABHTH<jlllnHposasabie y -nepexoAbl 

I"' Tl 
llassble o6 aaepr11nx 

y AH, pa6011'bl/9/ 

141 Nd ( 11, )') 
144 

Nd 

10 + 1 ~100 AS 777,5 ~ o,s -
0,6 + 0,2 460 AH 813,3 + 0,3 

0,2 + 0,05 460 118 

0,8 + 0,2 450 AH 

0,4 + 0,1 - 1281 + 4 

Cpena H30TOITOB npOMBTHH H3B9CTHbi TOnbKO llBS H3QTOUS C TSKHM nepiiOllOM 
144 141 141 

nonypaenaAa- Pm ( T 1; 2- 450 na) n Pm ( T 1f2 "" 1500 n). Pm B sameM 

npenapaTe 6blno cpassnTenbHO Mano H Aa>Ke aan6onee cHnbsble y -nepexonbl, 
141 

oTsocnmaecg K ero pacnaAy, 6binH Mana aaMeT!Ibi B cne~tTpe, Pm noApo6ao 

x/ 
B Bbi6paHHOft WKane HHTBHCH'~~CTBR HBHABHTIJJPHUHpOB8HHbiX )' -nepeltOllOB 

HHTBHCHBIIOCTb )' -nyqel! 618,2 K9B . Pm.COCTaBnHBT 100 BAHHHU. HaMepBHHH, DpO
BBABHHbiB qepea 3 Mecnua H qepea 6 Mecnnes nocne paaAenealln; noKaaann, qTQ 

nepeXOilbl 776, 813, 845 II 1120 K9B OTHOCHTCH K p8CIT8Ay AOnrOlKHBymero R30TOD8 

c nepHOAOM nonypacnana T
1
;

2 
~ 450 AS, 

7 



/8/ 
u

3
yqancSI EaccoM H np. c noMOIIlbiO nonynpoaonaHKoBoro neTeKTopa. Eacc H np. 

He o6HapylKHIIH B cne~Tpe )' -ny'lel! TSKHX nepeXOl!OB, XOT!I ORR !!CIIOIIb30BaiiH 

148 

3
aaquTenhHO 6onee cunbHbie npenapaTbi Pm • ~OlKHO npennonolKHTb, qTO aTH 

144 144 
y -nepeXO):Ibl OTHOCSITCli K pacnany Pm -> Nd. CnenyeT OTMeTHTb, qTO B 

143 144 /9/ 
cneKTpe y -nyqel!, eoaaHKSIOIIlHX B peaKUHH Nd (n, y) Nd , o6aapyJKeao 

aecKonbKO y -nepexonoB c aaeprH!IMH, 6nH3KHMH K aaeprHSIM o6HapylKeHHbiX ne-

pexoaoB (Ta6n. 4). OnaaKo npHHHCaaue nepexonoe776, 813, 845, 1120 H 1278 KaB 

pacnanY ·144 Pm HylKJ:IaeTC!I B nononaHTenbaol! npoaepxe. 

141 
Pm 

l13aecTabi llB8 H3oMepRbiX cocToSIRH!I 
148 

Pm : ocaoaaol! ypoaeab 1 • 

T l/2 = 5,4 J:IR H B036ylKJ:Ie&aoe COCTOSIRHe E • 137,1 K9B, T 112 • 46 llR • 

BoatlylKJ:IeRHOe COCTOSIB!Ie B 6% cny'laeB pa3p!llK8eTC!I H30MepRbiM )' -nepeXOJ:IOM 
141 

61,30 xaa H y -nepexonoM 75,8 K9B MeJKny ypoBRSIMH Pm (puc. 3). Il'aepllTcjle-

/10/ rep H np. npunucanu nepeXOJlY 61,30 KSB Myn&TRnon&BOCTb E3 • a nepexony 
/11/ 

75,8 KSB - ~ 1 !In!! E 1. Ea6a !I liP• , HCIIOIIb3Y!I CUHRTHIIII!IUHORBbii! !I M8rRHT-

Hbii! cneKTpoMeTpbi, orrpenenBnH at JliiSI rrepexona 75,8 KSB B npHIIRcanB eMy 

Myn&THIIon&aocTb ~ 1. Hcxon!l !13 oTaomeRHSI K/L :::;. 0,1 nnSI nepexona 61,30 KSB 

H !13 epeMesH JKH3RH H3oMepa, Ea6a H np. C'IHTSIOT, 'ITO MyiibTHIIOIIbHOCTb nepexona 

61,30 K9B E4. 

.lloc:raTO'IHO BbiCOKoe pa3pemeHHe aamero cneKTpOMeTpa rro3BOIIHIIO pa3aenHTb 

L -IIHRHH rrepexoaoa 75,8 KSB H 61,30 KSB. !13 oTHOIIlesH!I L I L > 10 I I1 -

ans rrepexona 75,8 KSB cnenyeT, 'ITO aTo rrepexoa Tuna ~ 1 c B03MOlKHOI! npaMeCbiO 

E2 ae 6onee 5% ( 8 2 
::. 0,05). To'IHbiM R3MepeHH!IM RHTeHCBBHOCTel! L -nH-

RHI! rrepexona 61,30 KSB IIOMelllaiiO IlpHCyTCTBHe B nperrapaTe se60IIblllOrO KOIIH'IeCTB8 

( ) 
14~ 

.. 0,1% Sm, rrpH pacrraae KoToporo ao3RHKaeT nepexoa 61,26 KaB 

148 145 
OnaaKo 6naronap11 pa3nH'IIIIO nepHonoa nonypacnana Pm ( 45 na .• ) B Sm 

)/12/ 
(~1 + 0,4% E2 

(340 na) aaM ynanoc& orrpeaenHTb, KaKa!l qaCTh oT cyMMapaoll 

CHTC!I K rrepexoay 61,30 K9B B 141 Pm , ITony'leHHOe OTBOIIleRB9 

L -IIHBHB OTRO"" 

L 1 :L11 : 11n •(<0,05) 

E3 HIIH E4. COrnacyeTC!I C IIpHIIJICSRHeM rrepeXOJ:IY 61,30 K9B MynhTHIIOIIbHOCTH 

8 

~yiibTHIIOIIbHOCTb E3 MOlKRO HCKIIIO'I!!Tb, TSK KaK B STOM cny'lae nepe-

XOll 
8 

61,30 K9B OKa3biBaeTC!I 38TOpMOlKeHHbiM B 10 pa3, 

Cn!!H OCHOBBOrO COCTO!IHHSI I • 1 148 
u Pm 87 

'ITO ManoaepoHTao. 

/18/ 
onpenenea sa onb!Te • 

ITo-BHllHMOMy, 'leTROCTb ypOBRSI OTp!!USTenhRa, TSK KSK R8H6onee Bepo!ITRa!l KOR-

cjlurypaUB!I ypoaas p ( d 5/2) a ( f 712) . ITepsoe Bo36ylKJ:Ieaaoe cocTO!IBBe 
148 Pm 

!!MeeT aaeprHIO 75,8 K9B !I xapaKTepHCTBKH 2-, TSK KaK nepeXOll 75,8 K9B TBII8 Ml, 
141 

~elKJ:Iy 9TBM ypoBaeM B B30MepsbiM COCTO!IBB9M Pm ( 45,4 llR) IIpOBC• 

XOllBT nepexon 61,30 KSB ( E 4). 0TCIOlla cnellyeT, 'ITO xapaxTepBcTI!xB 14'Pm -6-. 
141 

3TH JKe XapaKTep!!CTHKH IIpHIIBC8Hbl B30MepaoMy COCTO!IRHIO Pm B pa6oTe 
Ill/ 

Ea6a H np. ; aamH naRRbie o MynhTBnonhBOCTH y -nepeXOllOB, onpellenellsbiX 

Ra OCBOBaRHH HBTeRCHBHOCTel! L -nuaull, IIOllTBepllBnB BbiBOllbi Ea6a · B llp. 

CneKTp 
141 

y -ny'lel! Pm ( 45 llR.) paaee H3Y'I8IIC!I TOIIhKO C IIOMOIIlbiO 

CUHBTHIIII!IUHOHRbiX CIIeKTpOMeTpOB, 11CIIOIIb30B8BBe nonynpOBOllHHKOBOrO lleTeKTOpa 

II03BOIIHIIO yTO'IRBTb HaTeRCHBROCTH H aaeprBH y -nepexolloB, ITony'leRRbie .nau-
141 

Hbie IIpHBelleBbl B Ta6n, 5, C IIeKTp )' -IIy'lel! Pm IIOKa3aB aa pHC, 4, 113MepeBB!I 

R8'1HB8IIHCb CIIyCTSI 2 M9C!!Ua IIOCIIe o6ny'I9BH!I, T8K 'ITO 
148 

Pm ( 5,4 llHo) B IIperia

paTe cjl8KTB'IeCKH OTCyTCTBOBSn, KaK BBJ:IHO !13 T86nHUbi, J:ISHHble 06 aaeprB!IX B 

HHTeHCHBROCT!IX y -nyqel!, KaK 1Ip8BHIIO, cornacyiOTC!I· C pe3yiibTaTaMH p860TI>l 
Ill/ . 

Ea6a H np. , onaaKo, 6naronapSI 6onee BbiCOKOMY pa3pemeHHIO yaanoc& pa3-

.nenHTb )' -IIHHHH, OTBOCSIIIlHeC!I K rrepexoAaM C 6nH3KOI! aaeprHelt, 
141 

HaH6onee HBT9RCHBBbi9 IIHHHH KOHBepCHOHHbiX aneKTpOHOB B pacna.ne Pm 

(45 aa) 6biiiH H3Mep~Rbi aa MaraaTBOM cneKTpoMeTpe, ITony'lea&bie A8BIIble o6 

9HeprHSIX )' -rrepeXO.!tOB H HHT9HCHBROCT!IX KOBBepCHOHHbiX 81I9KTpOHOB IIpHB9A9-

Hbl B Ta6naue 6, 0TM9TBM, 'ITO CyMMa aaeprHI! ( 98,6 ~ 0,1) + ( 189,7 ~ 0,2) • 

• 288,1 + 0,3 Kaa cjlaKTH'IeCKH coana.naeT c aaepraell y -nepexo.na 288,2 + 0,2xaa, 
- 141 - ") 

'ITo c:ornacyeTc!l c pa3MemeaHeM aTBX nepe·xoaoa B cxeMe pacnaaa Pm (puc... • 

OTHomeaus K I L an!! nepexoaoa 98,6 KaB H 288.,2 xaa paBHbl 7-8, 'ITO cooT-

aeTCTByeT Myn&TRnon&HocTH M 1 HnH E 1 • OaHaKo Myn&TBnon&aocTb E 1 

MOlKHO HCKIIIO'IHTb, TaK K8K 3&a'leHH!I KBK anSI o6oux nepexoaoa 6nH3KB K Teopel-

TH'IeCKRM ans M 1 Myn&THnon&aocTH ( Ta6n. 6). HaTeacHBHOCTB )' -IIy'lelli B KOJr-

aepcBOHHbiX aneKTpoaoa B aToll Ta6n11ue aopMI!poaa&bi TaK, 'IT06bl KBK nns E2-
+ + • 

rrepexona ( 4 - .. 2 ) 630,0 K9B 6biii paaea TeopeTR'IecKoMy 3Ba'leHI!IO, HaTeacua-

ROCTII KOBBepCKORHbiX 9II9ltTpOBOB 6onee Cn86biX rrepeXOJ:IOB, KOT0pbl9 ae B3M9pSI+ 
/11/ ' 

nHch aaMK, B3HTbi H3 pa6oTbi Ea6a 11 ap. • BbiBOJ:Ibl o MYIIhTIIIIOnhaocTH, c.aenaa-

&ble Ha ocHOBSRRH ~&a-'le&Rll KBK ( nocneAHSI!I I"palj!a TaOIIRilbt6),cornaeytOTe1! eoexeMOA 
148 I 11/ 

ypoaHell Sm, npeanoJKe&aoll Ea6a H np. • 

9 



~' T a 6 n H u a 5 
••• 

3HeprHH H OTHOCHTenbHbi9 HHT9HCHBHOCTH y -nepeXO.IlOB B pacnane Pm 
}• 

------------- ----------- ..------------------------- ---------------------
K3B nuunst I I 

~ y 

Ey 
H8111H ll8H- Ea6a H Hawn naH- Ea6a H 

Hbl9 np/ I I/ Bbi9 np.' I I/ 

T a 6 n H u a 6 

MynbTHnonbHOCTH Y -nepexo.a.os s pacna.ae 
141 

Pm ( 45 nn.) 

--;---- --,;-------: --------·ro,--------,,..~----·. -- --------------------
Y' C- ~a 10 

a~ • - TeopeTH'I.3Haq. BbiBO.Ilbl 0 Myn&-

K8B I y k EI E2 KI 112 THROUbHOCTR 

'C • 5,2 ------- ------------ -------- ------- ------- ----- ----------------------
------------ ----------- ------------ -·-----;;=t--- --------- ---------- 6!,30 Ef; CM. T9KCT 

6I,30J>,05 tft ~ I5 880 .:t IIO - -
300 .:t 20 75,S 2300 .:t soo 480 2300 3!00 ~.ro• Jli + .. ::r<ll' E2 (no l.,fLtlj 

Lm 300 .:t 20 

75,8 .:t O,I K - 790 .:t roo - !,7 .:t 0,5 

Lr roo .:t ro 
Ln • t.. m .c IO 

90 .:t I8 

98,5 .:t O,I K noo .:t roo rroo .:t go - 3,f .:t 0,8 

9S,5 I650 .:t too 250 !200 I500 2500 lli +<:I~ E2 
(no IVt. ) 

I89,7 I 50 38 !80 240 I300 

288,I 65 .:t 20 I4 50 76 420 Iii + LI~ E2 
(uo KIL l 

L !50 .:t 30 !30 .:t 30 
3I2 )7 I2 39 6I 370 -

!89,7 .:t 0,2 K 30 .:t IO 45 .:t 5 .---I I,5 

288,! .:t 0,2 K !20 .:t 20 ISO .:t 20 IO .:t 2 

1I6 .:t 3 L !5 .:t 3 20 .:t 5 

3!2 K 6,6 .:t !,5 ,(5 

. 'fl 

l 
4!4 7 .:t 2 5,8 I8 36 TOO EI + < 2~ Jii2 

f33 IO .:t 5 5,2 I5 27 S6 lE2) 

502 3,5 .:t I,8 3,7 IO IS 56 EI + <f~ .k2 

550,3 7,5 .:t I ,5 • 2,9 S,25 I4 42 (E2) 

f'[4 .:ti K 2! .:t 2 I6 .:t 2 

433 .:ti K !8 .:t 3 9 .:t 3 
24 .:t 4 

502 .:t2 K 4,2 .:t I,O 6 .:t 3 }!05 .:t 5 

550,3 .:t 0,3 K !40 .:t IO !50 .:t IO roo .:t 20 I) 
602 .:t2 K 5 .:t 2 s .:t 2 

froo 6II .:t3 K 3 .:t I 5 .:1: 2 

630,3 .:1: 0,3 K roo roo S7 

I' 
( 

602 3 .:t I ., 2,5 6,7 I2 33 EI +<~ Ai2 

6II 3,0 .:t I,5 2,4. 6,4 II 32 EI + <. ~ ll2 

630,3 /6,0/ 2,3 6,0 IO 29 /E2/ 

726 4,3 .:1: I,O !,6 4,3 7,2 !9 E2 +< ·~ lii 

2,7 .i 0,4 I,O 2,5 f,2 I0,6 E2 +<I~ lli 

2,2 .:t O,f 0,87 2,! 3,3 8,0 E2 +<I~ lli I 

726 .:t2 K 21,0 .:1: 2,5 3! .:t 5 3S .:t 7 I &a- -·------------ ------------------------ ----------------------------
9I6 .:t2 K IO .:ti I9 .:t 2 22 .:1:. 

IOI5 .:t2 K 7,8,:~:0,9 IS .:t 2 2! .:t 4 

!465 .:t3 K f,O .:t 0,5 2,5 .:1: I,O 

-------------------------------------- --------------------------------
II 
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T a 6 n H n a 7 

0THOCHTenbHbie llbiXOllbl H30TOUOil npoMeTHH B peaKUHH rny60KOrO OT!IlenneHHH 

---------------------------------------------------------------------------------------------
Jii30TOU 

3aeprHH t{acno y -nepeXOllOB llepHOll nonypacnaaa 0THOCHTenbHble llbiXOllbi 

y -nepexolla, aa 100 pacnallOB H30TOUOil npoMeTHH 

KSil 

---------------------------------------------------------------------------------------------
I14pVh 475 45 450 AH· 9,5 J: !,5 

6!8,2 roo /!/ 
696,7 roo 

I46p~ 453,2 35 /8/ !500 AH· r,o 

I48p. 630,0 87 /II/ 45,1 AH· o,5 J: o,r IJ, '{I 

I4~m 742,! roo /2/ 265Jr,H. !30 J: IO:; 

I45Pm 73 !2 /2/ !7,7 .1. !5 J: 31 

---------------------------------------------------------------------------------------------

p 

x/ 
KoMMynHTHBHble BbiXOilbl 

a 

Haron 

• FE 

Ta6nHua 8 

CpaaaeRBe BhlXO~oa H30Tonoa npoMeTB2 B eaponag c a~qacne&BBMB no ¢opMyne 
PyncTaMa 

----------------------------------
p¥ • O,I3':1; Q • r8,04; R • r,o 

S. O,fr8;S. 0,426;.S; • O,f30 
-----------------------------------

roo 
53 

8,3 

roo 
33 

3,5 

roo 
!2,5 

r,o 

--------------------------
roo 

r500 

roo 
250 

roo 
IIO 

---------------------------------
P • o,r39; Q • r8,04; It= r,2 

s- 0,4!8 .s • 0,426 
--------------------------------

roo 
fO 

5 

IOO 

2200 

roo 
22 
II 

roo 
fOO 

------·-'---- ·------------------
x/P, Q , R H S -napaMeTpbl B EjlopMyne u (A, Z )= exp/pA-Q-R (Z-SA)

2
/ 

xx/ BbiXO.D.bi 144 Pm B 141 Ea npaa.s:Tbl aa 100 e,aBHHU. 

xxx/non&bdt BblXO.D. 
141 Pm c yqeToM Bblxo.aa HaoMepa 

141 
Pm (5,4 .as:.). CM. TeB:cT. 

a 7 

roo 
ro,5 .:ti,5 

5,5 .:t r,O 
/!3/"+" 

roo 
30 .:t 5 

2 I 



Bb!XOAhl HaoTorroB rrpoMeTHH B peaKrrHH rny6oKoro onnenneHHH 

us U4 B npenapaTe npoMeTHeBolt ljlpaKrrHH npHcyTCTBoBarrH H30TOnhr Pm , P m, 
145 

Pm, 
148 

Pm H I4S Pm, H3ITY'I8HHH KOTOpbiX Ha6moaarrHCb KaK B cneKTpe )' -ny

qeJt, TaK H B crreKTpe KOHB9pCHOHHbiX 9IT9KTpOHOB. Mcnorrb3yll HM810U!H9Cll CBeae

HHll 0 CXeMaX pacnaaa 9THX H30TOnOB H HaU!H ):laHHbi8 06 OTHOCHT9ITbHbiX HHT8HCHB

HOCT!IX y -nyqeit (KITH 9IT8KTpOHOB KOHBepCHH), Mbi onpeaerrHrrH OTHOU!8HH!I Bb!XO

AOB Bb!WeyKa3aHHbiX H30TOnOB npOM9TH!I B peaKrrHH rny6oKoro OTU!enrreHH!I npH 

6oM6apaHpOBKe TaHTarroBolt MHweaH npoToHaMH c SHeprHelt 660 MsB. CneayeT oT-
U4 148 141 

M8THTb, 'ITO !IJ:tpa Pm, Pm H Pm IIBITRIOTCII "aKpaHHpOBaHHbiMH", T.e. OHH 

ae norry'laiOTC!I npH f3 -pacnaae apyrHx H30TonoB. B STOM crryqae onpeaerrSIIOT-

CR aeaaBHCHMhre BbiXOAbi H30TonoB 
144 

Pm, l4& Pm H 141 Pm .llrrH 143 Pm H 145 Pm MOlKHO 

onpeaerrHTb ITHU!b KOMMyrrHTHBHbie BbiXO]:lbi, TaK KaK OHH !IBITli!OTC!I npOAYKTaMH pac

naaa apyrHX !IJ:tep. MolKHO npeanorrOlKHTb, 'ITO OTHOU!9HHll H838BHCHMbiX BbiXOAOB 
144 148 14i I 141 

Pm, Pm H Pm 6yayT xopomo orrHcbrBaTbCH «PopMyrraMH PyacTaMa ( B 

pa6oTe PyacTaMa peaKrrHH rny6oKoro oTmenrreHHH paccMaTpHBaeTcSI co cTaTHCTH

qec~~:olt TO'IKH 3p9HHH) • 

.UaHHb18 06 OTHOCHT8rrbHbiX BbiXO):laX H30TOnOB npoMeTH!I npHB9):l9Hbl B Ta6rrH

ue 7. B STolt lKe Ta6rrHrre yKaaaao, KaKHe y -nepexoahl HcnorrbaoBarrHcb anH on

peaeneaHH BhrxoaoB, npHBeaeabl 'IRena 
y -nepexoaoB Ha 100 pacnaaoB H npHHR~ 

Tbre aaa'!eHHR nep11oaoB nonypacnaaa. 

14S MaTepecao OTMeTHTb, 'ITO B peaKnHH rny6oxoro OTU!ennea11a Pm nonyqaeTc!I 

C ropaaao 6orrbwelt B8pO!ITHOCTbiO, '19M OCTarrbHbie 1130TOnbi npOM9TH!I, 3TO MOlKHO 

o6aRCHHTb TeM, 'ITO Hapo us 
II Pm U IIMeeT aanorrH9HHyiO HeltTpOHHyiO 060IT0'1Ky, 

141 145 
MaBecTao, aanpHMep, 'ITO 1130TOilbi Gd 11 Eu

12 
HM9IOT Ha1160rrbWHlt Bhrxoa no 

12 
I 151 cpaBH8HHIO C apyrHMH 1130TOn8MII ra]:lOITIIHH!I H 9BpOnHR 

B Ta6n11ue npiiBeaeao aaaqeaHe Bhlxoaa TOrrbKO anH oaaoro HaoMepa 148 Pm 

( 45 AH, I - 6). B pac'!eTax He Y'IT8H H30Mep 141 Pm ( 5,4 AH. I - n. Tax xax 

HaMepeHH!I aaqanllcb cnycTSI 2 MecHrra nocne o6rry'leHHH. Kax rrpaBHrro, Bhrxoa Hao

Mepa c MeHbWHM crrHHOM B peaxrrHH rny6oxoro oTmenneHHR npHMepao aa 50% 6orrb

we BbiXOAa H30Mepa C 6orrbU!HM cnHHOM, nOSTOMy 06U!Hit Bb!XOA 060HX H30M9pOB 

npHMepao B 2,5 paaa 6orrbJUe, '18M BbiXOA H30Mepa 141 Pm ( 45 AH, I • 6). 

06pamaeT Ha ce6g BHHMaHHe TOT cjlaKT, 'ITO BbiXO]:l~ 48 Pm H ld Pm llOITY'IHITHCb 

144 141 141 llpHMepao paBHbiMH, a Bhrxoa Pm npHMepao aa nopHaox 6orrbme, 'leM Pm HIIH Pm. 

14 

3To rrpoTHBope'IHT ljlopMyne PyacTaMa, cornacao KOTopolt Bhrxoa 148 Pm aorrlKeH 

aa nopSiaox rrpeBbiWaTb Bhrxoa 
141 

Pm npH aaa'!eHHRX napaMeTpoB 

s "' 0,418-0,430; 

( CM. Ta6rr. 8) • 

R • 1,0-1,2; p "' 0, 139; Q = 18,04 

1161 
3TH aaaqeHHH napaMeTpOB npH3HBHhi onTHManbHbiMH B pa6oTe BapaaoBcxoro 

amr aaaaolt o6nacTH A. 

HaH6onee cymecTBeaahre rrapaMeTphr S H R BapbHpoBarrHcb B6rrHaH on-
144 141 

THMBITbHbiX 3Ha'I8HHit. 0THOU!9HH8 Bb!XOAOB Pm H Pm llOITY'IHITOCb 6rrH3KHM K 

pacc'IRTaHROMY no ljlopMyne PyacTaMa. 
141 148 

TaKRM o6paaoM, rr116o: I) no KaKHM-TO npH'IHRaM anSI Pm H Pm ljlopMiY-

na PyacTaMa lie BhmorraReTcH, rrH6o 2) ljlopMyna PyacTaMa BhlllOnHHeTCR, ao npll 

pac'leTaX BbiXOAa 
148 

Pm He y'IT9HO H9KOTOpoe H30Mepaoe COCTOHHHe 9Toro H.Qpa. 
141m 14/ 

YKaaaHHR aa cymecTBOBaaHe Pm ( 16 aa) HM9IOTCH B pa6oTe noara H ap. • 

Mcnorrb3YH HCTO'IRHK eBpOnHeBoit ljlpaKUHH, Mbl onpenerrHITH HHAHBHAYf.IITbHbie BbiXQ

Abi H30TOnOB l4l Eu H 
141 Eu (no Y -nepexoaaM 747,4 K9B H 894,3 K9B, COOT

B9TCTB9HRO) • 0THOill9HHe BbiXOAOB 9THX H30TOnOB paBHO TpeM II TaK lK9 KaK R OT

ROW8HH8 BhrxoaoB
141 Pm a 

148 
Pm ae cornacyeTcH c ljlopMynoll PyacTaMa anH napa

MeTpoB, YK838HRhlX B Ta6rrHrr9 8, 

ABTOpbi BbipalKaiOT 6naro)lapHOCTb K • .H. rpoMOBY H )!(,T. )!(eneBy aa npeaocTaB

neHHe npenapaTOB npoMe'TRH, 
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Pac. 1. CxeMa pacna.aa Pm. 
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