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138 
npeonono*eHHe 0 CyWeCTBOBaHHH H30TOna 

Ill 
no a pa6oTe • 3KcnepuMenTanbnoe nooTaep*oenue 

121 
aa H up. B 3THX oayx pa6oTax npeononal'anocb, 

188 
; 5 qac) npOHCXOO~T B COCTOHHHe Pr 

+ 

Nd (c ; 5 qac) 6wno awcKaaa-

3TOMY 6btno nal!oeno a pauoTe fpoMo-
138 

qTo pacnau qeTHo-qeTHOI'O Hopa Nd 

c ManbiM cnHHOM ( aepoSITHO, I +II 
1

), 
188 

a c rrocnennero, B ceo~ oqepeah, »neT f3 -p8CII80 B OCHOBHOe COCTO~HHe Ce 
188 

Pr Man . ( KOMflOHeHT8 
121 

E max = 33 00 K3B) . n;:>H 3TOM cqHTanocb, qTo nepHOO nonypacna!Hl 
188 138 

Ce B pa6oTe , KpoMe Toro, 6bTno aoKa3aHo, '-ITO npH pacnane Pr a Hope B03-

+ 
6y*08eTCSI ypoaeHb CO CflHHOM 0 npH 3HeprJIH 1478 K3B. 

Yl3aeCTIIO/II' qTO cywecTByeT H30Mepnoe COCTOHHHe 
188 

Pr c nepHoOOM nonypacna-

ro COCTOHHHR He MO~eT B036y*08TbCH COCTO~HHe 

HnH 8 ). npH pacnane 3TOI'O H30MepH0-
138 + 188 

Pr co cnHHOM I . CocTOHHHe Pr 

oa (2,1 + 0,05) qaca, HMeiOwee BbiCOKHli cnHH (7 

CO CnHHOM 7 HnH 8- coaepwenno ne uon*HO ao36Y*OOTbCH npK pacnaae 
138 

Nd 1!3-

aa 6onbwol! pa3HHUbi a cnHnax. 

188 
CxeMa pacnaoa 2, I -qacOBOI'O COCTOHHHH Pr OOBOnbHO XOpOWO H3yqena ( CM.HA-

13-61 npHMep, ). fins. ee nocTpoeHHH 6btnu l!cnonbaoaaHbi peaynbTaTbi HccneooaaHHSI y-

CIIeKTp8
1 

CII9KTpOB KOHBepCHOHHbiX aneKTpOHOB, II03HTpOHHOrO p8CII8.0.H 1 Y - Y -cOBIIAOe-

HHl! H yl'nOBbiX y - y -KoppenSIUHH. 

B nacToHmel! pa6oTe pewanHCb cneoy;omHe aaoaql!: 

188 
I. YToqHS!ni!Cb anaqeHHSI nepHooa nonypacna"a H30Tona Nd H l'pBHI!qnaH 3Hepi'HH 

188 
no3HTpOHHOI'O cneKTpa Pr . 

138 

2. Onpenens.ncs. nepHoo nonypacnaou KopoTKO*I!ByiUel'o cocTOHH I!SI Pr (co cnu -

+ 
HOM I ). 

Pr 
188 

Ce. 
138 

3. YToqnHnacb cxeMa pacnaoa Nd 
188 

I. 
188 

nepHOO nonypac naoa Nd 
188 + 

no3HTp0Hbl Pr (! 

a ) n:JenapaT. 1130TOnbi HeOOllMa nonyqanHCb B pe3ynbT6Te peaKUHH J'ny6oKOI'O pac-

wcnneHHH npu o6nyqeHHH MHweneli H3 Ta Gd l!nH Er 6biCTpblMll npOTOHBMH C 

:;,nepi'Heil 660 M :;,a. <l>paKUIIH neoOHMa BbiOenHnacb xpoMaTOI'pacjlJlqecKH np1!6nH311TenbHO qe-

3 



po:-i 3 ~t ncn nue 10 KuHUil CJ6nyYe!IJtS1 , Pn3JII? .'lP HHe f:JPflh.U ilJI no I!.JOTona M He rqJO I1 3 A'JllliJIOCh , 

n o:::JT f'L\1) llCnO.'lh ~ iOH:tlllfl 1e lld\t!l llpenapnThl r-.. tOr/111 <OilC !JtKdTb c ;u-:--.J,YIOIUlte p.'Hl1108KT11BHJ.I9 

IIJOTOoll ( CM . / J ' ? /) • 

13 1 
Nd 

<.{3 

18 1 

'" \ d 

uo 
Nd 

T a'i n11u a 

2,·12 'I --..,. ~ 

<, {3 ( F:0 = 780 K ·-•B ) 

J,3 n 

!UmNd 5,53 q 

< , ({3 +) (F o ~ 1000 K3B ) 

~ y 
13 8 Nd~ 

( . ( f3 ) ? 

!8 3 ~5 q 
Nd 

( . <{3 ) ( 1' 0 = 1000 K3B ) 

141 
Pr CT06. 

140 3,4 M 
Pr _ _..,.. 

t. 13+ (F
0

=2374os) 

u o 
Ce CTB6 . 

L3GPr 1,:)y 139 140 n l39 
;-~(-F-=-Iogo-- Ce _ , _ _ La CT86. 

· ~ 0- KJB) 

13 8 ? 183 
Pr Cc CT06. ,..---

( , ( f ' 0 = JJQO K J B) 

t J · ·· 2. I 'I _ _} 
"' .----

' ,fi • r.·l) :a: 1650 K 3 B) 

131 18 1 13T • 55 ... I ,3 'I 
Ce~ ub Pr La~ a c Ta6 . 

(E 0 -3000 K9B ) ( .{3 (1'0 = 1700 K:•sl <,({3 )? 

J.1 30T On Nd B H8WHX n penapa T aX npBKTH•IeCKH OTCyTCTBOBan , T8K KaK Me>Kt-lY Bbi -

XOUOM <jlp8K!.IH H ll Ha4anOM H3M"peHl!A llpOXOOHn OOn bWO H llHTepsa n BpeMeHH (5-6 4BCOB ) . 

npenap8Tbl llllQ H3 MepC1-!Hi% 6LJnJ! npHTOTOBneHLI BbllHl}JHBBHlfe ,\1 HeOlliiMOBOi.f <flpaKUifH . 

+ 
6) _An n a p aTyp a . l13MepelltHI f3 - cnexTpa nony4eHIIWx TBKHM o6pa3oM npenapaTos 

II[J0113BO.~If ni!C b npu llOMOIUI! MllrHI!TIIOf'O {3 - c neKTpOMeTpa C TpexKp8 THOA <jloKyCI!pOBK OA 

± 
nyl.fKB . npuMeJieuu e TaKoro HH3Ko¢ouosoro npu6opa no3BOnJ.leT Ha.ne>KHO n c c n eaosaTb fJ 
CnCKTphl 1130T OOOB. napH MCTpbl ~ rawer~o MarHHTHOrO 

po3peureHnc - I% H 2% , c seTocHna - 0 , 05% OT 4 " 

140 MM. 

f3 - cneKTpoMeTpa 6btnll cnenyJOWHe: 

, panHy c pasuosecHoA op6n T bl -

K poMe T ore , H3Mepemul {3+ - cneKTpa npenap:rroa Bb/II0/1HS1JlHCb Ha CU li HTHflflSlUHOH-

HOM {3 - cneKTpOMeTpe C llnBCT MOCCODbiM CUIIHTI!Jln51TOpOM II CO 100- K auanbHbiM 8MnnH -

TYilllbl "' aHanH3aTopoM . Pa3Mep cuHHTI!nilHTopa - 5 x 40 MM. 

a ) Peay JlbTaTbl . Yf 3 TafillHUbl 1 BHDHO, LITO HB H60JlbliiYJO rpaHHl.fHYK> 3HeprH JO HM€JOT 

4 



+ 188 
f3 -'JaCTHUbl Pr fpaHH'JHble 3HeprHH lT03HTpOHIIblX cneKTpOB apyrHX U30TOITOB 

3H8 1UfTenbHO M €HbWe Emax < 2400 K3B), vf3yqeH yqaCTOK 
+ f3 - cneKTpa OT 3Heprnn 

188 
1000 K3B 11 Bbrwe. B 3TOii o6nacnr 3Hepruil no3uTpOHbJ B03HHKaJOT np11 pacn aue Pr " 

140 138 uo + 138 
Pr , Haxoasrwlfxcsr a paaHoaecuu c Nd u Nd . fpa<jJHK K10pu f3 - c l!eKTpll Pr 

( nocne B b11-IHT8HHR SKnana f3 + -cneKTp8 UO Pr ) , CHSITLIIi 1-18 MBrHlfTHOM ~ - c neKT -

poMeTpe, npuaeaelf Ha puc. I • B o6nacTu paccMaTpuaaeMbiX 3Hepr uil OH n pe,ar.TaBnsreT co -

6oli npsrMyJO llUHHIO, nepeceKBIOWYIO a6cuuccy npH 3H8 'J9HUH E max = 3440 ~ 40 K3B. n o y6bJ 

B8HHIO lT03UTpOHHOl! BKTHBIIOCTH On peaeneHO 3 HB'J9HH9 rrepUOilB nonypacrraaa T l> =(5, 2~0 ,J) qa -

Ca (puc, 2), 3TOT rrepHOil , HeCOMHeHHO, !TpHHBilll9*HT H30TO!TY 
188 

Nd. 

YI3MepeH>rsr f3 + -crreKTpa ¢paKUHH Nd 1 B binOnH€HHbl€ H a C UHHTJ.Inn Sill H OHHOM f3 -
ClfeKTpOM9Tpe, T8K>K 9 lTOK83 81lK K811H'JH9 KOMlTOH9HTbl C Emax = 3300 + 200 K3B, HM9 10UJel\ 

nepuon rronypacrrana T X • 5 qacoa. 

Ha MarHu THOM {3 - ClT9KTpOM9Tpe 6blll0 U3MepeHO OTHOUI9HU9 HHTeHCHBHOCTU !T03H-

TPOHOB ( E max = 3440 + 40 K3B) K HHT9 HCIIBHOCTH llHHHU { IC + L + M ) 1478. 3To 

OTHOlli€HH € OKB3BnOCb pBBHbiM! 

-4 
/ 1 + a (3,5±0,5).10 

(K+L +M) 1H 8 f3 8HO 

135 + 
2. n epHOil lTOilypacrraaa KOpOTKO*HByUJero COCTO>IHHSI Pr (I 

a) npnr oTO Bil e Hne np errapa T O B. B pa6oTe CTe'HCTpoMa H 10Hra
181 

llBHB M9TO-

llHKB 6bJCTporo XUMH'J9CKoro Bbllle neHHH H30M9pHblX COCTOSIHHl! llBHTBHHilOB H llO'IepHHX H30-

TO!TOB H3 QJT8110llH8HHHOBblX KOM!TileKCOB. C H9KOTOpb!MH H3M9H9HHHMH 3T8 M9TOilHK8 6btn8 

Hcnonbaoaaaa nnst pemeHHst nocTaaneHHO~ BbiWe aanaqu. 

Dn11 ncccnenoaaHnl! ncno nb3oaanacb HeoanMoaasr ¢paKunsr, Bbtneneuaasr H3 o6nyqeHHbiX 

npoToHaMn c 3Heprnell 660 M 3B MnweaeA H3 .Ta nnu Er • qepe3 1-5 qacoa nocne Bbiaene

""" H90ilHM8 QJp8KllHSI H9lTOCpeaCTB9HHO nepen CHHT930M <jJTBilOUHBHHHOBOrO KOM!Til9KC8 O'IHUIB· 

llBCb xpoMBTOrpa<jlnqeCKH HB KOilOHK e ( 2 X 100 MM) C KBTHOHHTOM • Dowes - 50x8. 8 KB-

qecTae an~HTa Hcnonh3oBanc st a -QKCHH306yTHp8T BMMOHHSI, npn 3TOM HeOilHM Bblil9-

ll>lllCSI B 5-7 KB!TilSIX paCTBOpB (0,15-0,20 Mil), 

Qqnwe HHbi ii npenapaT n 0,5 Mr HeoanMa ( pacTaop xnopncroro HeonnMa), ncnonb3yeMo

ro a Ka qecTae HocnTenR, noMewanncb a npo6npKy c 50 Mr <jJTanonnHHTpnna. CHHTe3 npon3-

aonnncR npn TeMnepaType 295-300°C a Teqeane 5 MnHyT. 

nony'I9HHOe BeUJeCTBO !TpH Ha rpeBBHHH p BCTBOpS!IlH B 0,25 Mil XMHOilHHB H 3THM paCT

BOpOM npO!THTblBBilH 0,5 r 'IBCTH'IHO rnnpo<jJo6H3HpOB8HHOrO CHilHKBrensr, KOTOpblil !TOC/le 

TWaTe~oHoro nepeMeUJnaaHHSI a anne BOilHOl! cycneH3HB nepeHocnncR Hn KOilOHKy. Heca11-

5 



3aHHall B KOMITJ!eKC aKTIIBHOCTb BbiMb1Ba1TaCb 5%-HbiM paCTBOpOM UIITpaTa HaTpllll 111!11 0,01 M 

pacTaopoM EL!TA, HacbuueHHbiM XIIHOJ!IIHOM. 

TaKall KonoHKll HBJ!SieTC!l caoeo5pa3HbiM r e n e p a TopoM KopoTKOlKIIBYIUIIX ITpouyKTOB l!uep-

H btX rrpeBp8iU811Hff H MO>KeT 6btTb MC fl 0 11h30B8H8 B T8'-I€HH8 HeCKOllbKHX llHefi. nepen K8>KLlbiM 

H 8 KOIT118HH8M KOpOTKO>KHByUleti 8 KTI-fBIIOCTH .UliR H3M8p8HHA K0110HK8 npOMbiB8118Cb BblllleyK8-

3 a HHbiM pacTaopoM ( HeCKOJ!bKO cao5ouHbiX o5'beMoB). HaKOITIIBIUIIeCll ITpouyKTbl Bb1Mb1Ba1!11Cb 

113 KOJ!OHKH paBHbiMH KOJ!II'IeCTBaMH 3 1!10eHTa ( • 2 CB050UHbiX 05'beMa) II qepe3 5-10 CeK 

H3 M e p111!HCb Ha CUIIHTIIJ!J!llUHOHHOM y - 111!11 {3 - CITeKTpOMeTpax. 

6onee ITOllp05HOe OITI!CaHI!e 3KCTpaKUI!OHHO - XpOMaTOrpa<jlM'!eCKOrO BapllaHTa BbiUeJ!eHI!S! 

ITpouy KTOB !lllepHbiX ITpe apameHHH H CHHTe 3 a <jlTaJ!OUI!aHHHOBbiX KOMITJ!eKCOB 5yueT OITy51!11KO-

B8HO OTJlBllbHO . 

5 ) A IT IT a paT y p a . CunHTII1!1!HUIIOHHblil 

p a3MepoM 30 x 30 MM ( paape:.ueHne Ha nnHHII 

y - c iTeKTpoMe1·p liMen KpiiCTann NaJ 

1ST 
Cs - 8,3%) II 128 -KaH81!bHblll aMITJ!H-

TyliHhli! 8H81!lf38TOp. npiiMeHeHIIe 3 TOrO CITeKTpOMeTpa IT03BOJ!ll1!0 HaM HCCJleuoBaTb y -

CIT8KTp ffOllyqeHHbiX npenapaTOB. 0.UHOBpeM8HHO C HCil011b30B8HH8M M HOrOK8H811bHOro 8H811H-

38TOp8 C IIOMOlliblO 0JlHOK8H811bHbiX .llHCKpHMHH8TOpOB li3M8pH110Cb H3M8H8HH8 BO Bp8M8HH 

o5mefi aKTifBHOCTII ITpeiTa paTOB (MHTerpanbHblH C'leT) H HHTeHCHBHOCTH y -nyqei! c 3Hep-

rneil 511 K 3 B ( 8HHHrH1!llUHOHHhlil ITHK) • no3HTpOHHhle C IT8KTph1 113Y'<81!l!Cb C ITOMOIUblO CUHH-

THllliSIUHOHHOrO {3 -ciTeKTpoMeTpa. 

a) 3Kcnepi!MeHTaJibHhle p e 3 y Jl b TaT bl. npenapaT, BbiLieJl8HHb!l! H3 KOMT!Jl8K-

CB H€0.UHM8, H3yqa11CH C ITOMOWblO CUHHTHllliHUHOHHblX y - H {3 - CITeKTpOM8TpOB. npH 

a Ha JlH3e Kpi!BOi! paCITaua CYMM8pHOl! aKTHBHOCTH (HHTerpaJlbHb!l! C'leT Ha y -ciTeKTpo-

M8Tpe) H y -ITHKa C 3H8prHei! 511 K3B Mbl 05HapylKHJll! H8H3BeCTHb!l! paHee ITepHOU 

ITonypaciTana Tl> = ( 1,5 ~ 0,15) MHH (pH c. 3). C TeM lKe ITepHOLIOM ITonypaciTaua H3Me-

HHnacb HHT8HCHB'IOCTb IT03HTpOHHOrO CITeKTpa B 05JlaCTH 3HeprHll Bb!IU8 2500 K3Bo 3TH H3-

2 3 
MepeHH!l ITpoaeneHbi c lKifliKHM IICTO'IHHKOM ( o5'beM I 5 x 10 MM ) , 'ITO, ecTeCTBeHHo, ITpH-

+ 
BOUl!J!O K IICKalK8HIIIO {3 - CIT8KTpa H YB8Jlii'IIIBaJlO ITOrpeiUHOCTb B OITpeueneHIIH rpaHH'I-

HOH 3 HeprHH IT03HTpOHHoro ciTeKTpa. B 3TIIX H3MepeHI!llX o5HapylKeHa IT0311TPOHHa!l aKTHB-

HOCTb C E = (3200 + 200) K3B (pHCo 4) II T l> = ( 1,35 + 0,3) MHH. 
rp 

ua 
EcnH 5bl HOBb!l! ITepHOLI ITonypaCITa ua ITpHHal!JielKa J! OCHOBHOMy COCTOSIHH!O Nd , TO 

'! e pea HeCKOJ!bKO nHel! ITocne paciTaaa 1130TOITOB 

189 
J!IO/laTb xapa KTepHbil! y -ciTeKTp Ce 

Nd 11 

T l> 

Pr Mbl UOJllKHbl 5b!Jlll 5b! Ha5-

140 l!H. , bv = 165 K3B). 

CnycTH 20 nHei! a ITpeiTapaTe, Bbl/l8 1!eHHOM 113 HeouwMoaoro KOMITneKca , Mbi He Ha5niOl!anH 

189 
3 aMe'fHoro ITpllcyTCTBII!l Ce. 

3TH <jlaKThl IT03BOJ!ll!OT C'IHTaTb yCT8HOBJl8HHbiM, 'ITO ITepHOLI IT01!ypacrral!a COCTO!Ull!ll 

1>8 
CO CITHHOM I+ paBeH ( 1,5 + 0,15) MHH. Pr 

6 



hO 
nocne TOro, KBK see H30T0flbl Nd , 38 HCKfl10'19HH9M H30TOna Nd ( T~ =3,3aH), 

pacnanHch, H3 KOMnnett:ca BbtllensrnHCh HOBbie rrpenapaTbt nnH H3Mepeuusr. 

nony'leHHbre aaHHbre: nepuoa nonypacnaaa aHHHrllnlllliiOHHoro nHxa H HHTerpanbHoll ax -

THBHOCTH T ~ =(3,2 + 0,2) MJIH ; rpaHH'IHasr 3HeprHsr noar<TpOHHoro cneKTpa 

E max • ( 22)0 + XJO) K3B u nepuoa nonypacnaaa noar<TpoHOB T~ = (3,7+0,3) MHH no-

K83blB810T1 1{70 E 3TOM cnyqae BblllenHnCst 

3. 0 cxeMe pacnaaa 
U8 

Nd 
188 

Ce 
188 

Pr 

npeanaraeMaH HBMH CX9M8 pacnaaa 3TOll U9fl0'1KH H306palKeHa HB pHCo 5. npH ee noc 
/3/ 

TpoeHHH 6brnu ucnonbaosaHbr peaynbTBTbl npeaureCTBYJOUIHX pa6oT. B pa6oTe 6brn soa -

6yJK1!9H a peaxuHH ( p , 2 ny ) uaoMepHbrl! ypoaeHb 
188 

Ce c 3Hepruel! 2140 K3B 

T ~ = 9,2 X 10-
3 

CSK), KOTOpbri! paapHlK89TCH K8CK81!0M y -nyqel! : 300-1040-800 K3B. 
188 /4-6/ 

113 pacnaaa 2,1 -'IBCOBOrO CO<OTOHHHH Pr 8 pa60T8X 6blnH YCTBHOBnSHbl KB8HTO-

Bbl9 xapaxTepHCTHKH yposHell 188 Ce 0(0+); 789(2+); 1823(4+); 212 1(7-). YpoBHH c 3Hep

rHHMH 2220, 2353 H 3415 K3B HOCHT npeanonOJKHTSnbHbiH xap8KT9p. 

8 HaCTOHUISll pa6oTe noKa3aHO, 'ITO nepHOII nonypacnaaa OCHOBHOrO COCTOHHHH 
188

Pr 

(co cnHHOM I+) paseH T~ = (1,5 ~ 0,15) MHH. npH pacnaae 3TOro COCTOHHHH, flOMHMO 

+ ·~ {3 - nepeXOIIB Ha OCHOBHOe COCTOHHH9 Ce ( E max = 3440 ~ 40 K3B) , npOHCXOIIHT 803 -
+ /2/ 

6yJK1!9HH9 ypoBHSI 0 npH 3HeprHH 1478 K3B (BB9Jl9HHOrO 8 pa6oTe ). npu 3TOM , KpOMe 

nepexoaa 14 78 K3B (EO), 3TOT yposeHb aonJKeH paapsrlKaTbCH xacxaaoM 

689-789 K3B, MynbTHnonbHOCTb KOTOpbiX aonJKHa 6biTb Tuna E2. 

y -nyqel! 

ile i!CTBHTSnbHO , 8 pa6oTe/
9

/ npH pacnaae HSOI!HMOBOl! <jlpaKUHH Mbl Ha6mGI!BnH KOH-

BepCHOHHbl9 3neKTpOHbl H y -ny'IH nepexoaos c E y = 690 H 788 K3B. CseaeHHsr o6 

3THX nepexoaax H o nepexoae I 478 K3B npuseneHbi B Ta6nr<ue 2. 

Ta6nr<ua 2 

ilaHHbie o sraepHbiX nepexoaax a 
188 U8 + 

Ce , soaHHKBIOUIHX npH pacnaae Pr(l ) 

b!l ly OTHOCHT. K38 

690!, I 0,27.:!, 0,03 

788!, I 0,33!, 0,05 

1478!, 2 ... 

It OTHOCHT 

MynbTH 

nonhHOCTh 

8,5!, 2,0 (4,5!, I,5).IO""z E2 

IO,Cl!_ 2, 5 (4,3!. I, 7).ro·J E2 

25 + - s!V - EO 

nona~ 

OTHOCHT 

1820!, 430 

3345!, 835 

29 + 6 -
x/ B pa6oTe 

I "LI 
ansr uuTeHCHBHOCTH nHHHH K 1478 npHBOJlHTcsr HecxonbKO 6onbmee 

- 36 + 5. aHa'leHHe I 

7 



npnnncaHHe nepexonoa 690 H 788 K3a K pacnany tal Pr 

HHH abtnOJTHeHHSI 3HepreTH'IeCKOrO OaJTaHCa C TO'IHOCThiO 

HaMH cnenaHO Ha OCHOaa-

+ 2 K3a { (788 + I) + (690 + I) = (1478 + 2) K3a - -

0 + (1478 + 2) = (1478 + 2) K3a 

H ahraonoa o MYJThTHnOJThHOCTH 3THX nepexonoa (E2). 

I /I + 
DaHHhre H3 TaonHUhi 2 H OTHOUieHHe CK+L+M)UTS fJ u•o noaaonRJOT HaM cnenaTh 

oanaHC HHTeHCHaHOCTeli UpH pacnane lSI Pr (!+) (CM. TaOJTHUy 3). npH 3TOM C'IHTB

JTOCh, 'ITO OTHOUieHHe fJ + /< AJTSI fJ - nepexona a OCHOaHoe COCTOSIHHe IU Ce paa-

HO 3,38
1 10

• 
1 11

, KaK 3TO nonJKHO DhiTh nnR paapeUieHHhiX nepexonoa. EanaHc HHTeHcHaHoc

Teli ( Taon. 3) noaaonHeT yTaepJKnaTh, 'ITO KopoTKOlKIIBY!llee cocTOSIHHe 
131 

Pr ( T ~ = 1,5MHH) 
+ . 

HMeeT cnHH I . 

YpoaeHh 

(K3a) 

0 

789 

1478 

Taonnua 3 
131 

EanaHc HHTeHcHaHocTeli a cxeMe pacnana 
1!8 + 

Pr(l ) Ce 

i1HTeHCHaHOCTh 

y- nepexonoa 

npHXOUSIIllHX yXOAHillHX 

3374,!840 -
1820,!430 3345,!835 

0 1850,!436 

YfHTeHCHBHOCTb 

+ fJ +.-
nepexonoa 
(a oT.en.) 

I I 

fJ++<
nepexvnoa 
(a % )x / 

(IO, 7±1, 8)104 97 

1525,!1265 1,38!,1 1 14 

1850,!436 1 , 67,!0 ,39 

tal 

lg ft 

4,63,!0,07 

5,65+0,80 -o,Jo 
5,40,!0,15 

TaKHM oopaaoM, He'leTHo-He'leTHoe <~npo OO Pr TO HMeeT naa COCTOHHHH CO cneny--· !OlllHMH KaBHTOabiMH XapaKTepHCTHKBMH : ( 7 6 HJTH 8-) H 1+. CaolicTaa 3THX cocToR-

HHII onpeneJTSIIOTCSI, KaK 3TO cnenyeT H3 MOAeJTH OOOJlO'IeK, 59-M npOTOHOM II 79-M HeliTpO

HOM. DnR 59-ro npoToHa no MonenH ooono'leK MoryT ocymecTaJTHThCSI cocTOSIHHSI de/a 

HJTH 
131 

Pr 

s,_h , a UJTSI 79- ro Hei!TpOHa-COCTOSIHHSI SK • da/a HJTH h 11/a CocTOHHHe 
+ 

co cnHHOM I MOJKHO a paMKax MonenH ooonoqeK HHTepnpeTHpoaaTh, npHMeHSIH 
/12/ 

CHJThHoe npaaHno Hopnrei!Ma , KaK KoHrjlnrypaunJO I p 1 (de/ a ) • n 1 ( d a/a l I 
1,0 + 

TaKaS! JKe KOHrPHrypaUHSI HMeeT MeCTO a SlApe Pr ( COCTOHHHe CO CUHHOM I ( T K 
136 

3,4 MHH) H, no-aHAHMOMy, AOJllKHB ocymecTaJTHTbCH a ><npe Pr · 

x/ nonC'IHTBHO H3 OTHOUieHHH ~K+L+M)IHI /lfJ \uo H TeopeTH'IeCKOrO OTHOUieHHSI 

I fl.+/ 1 < Denanocb npennonoJKeHHe, 'ITO Ha yKaaaHHhie TpH ypoaH>< npoHcxonHT 

I 00% pacnanoa. 

8 

f 
l 
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r 

' 

DnH H30MepHoro cocToHHHH 
181 

Pr CO CfiHHOM ( 7-, 6 HnH 8-) no Mo.uenH o6ono'leK 

MOJKHO npe.unonoJKHTb KoH<I>HrypauHJO THna IP1 (d 8; 2 l,n 1 (h 11fill. B 9TOM cnyqae H3 o6o

noqeqaoA MoaenH nenb3R OllH03H8qHQ npell CK838Tb CllHH ABHHOro COCTOHHHH. 

181 
Pr onpe.uene-Pa3HOCTb Mace aTOMOB 

/6/ 
H8 B pa6oTe , 0Ha p8BH8 Q 1 ~ 4790 + 2() K9B, yf3 H8WHX ABHH.biX p83HOCTb MBCC 8TO-

MOB 
118

Pr (HApO CO CfiHHOM i+) H taaC: paBHB! Q 2 ~ 4460 + 40 K9B, TaKHM 06-

IU 
p830M, cne.uyeT C'IHT8Tb, 'ITO COCTOHHHe Pr CO CfiHHOM 

MepHbiM, neJKBU{HM HB 330 + 60 K3B BbiWe OCHOBHOrO COCTOSIHHH 
- ua 

3HepreTH'IeCKHl! HHTepsan MelKAY COCTOHHHHMH Pr 

HnH 

Pr 

8-) HBnHeTCH H30· 

co cnHHOM I+. 

H HHTepeCHO Cp8BHHTb C p83HOCTb!O 9HeprHl! ypoBHel! 

IU 
dE Eh

11
,..2- Ed 8 ; 2 .unH coceAHHX c Pr 'leTHO-HeqeTHbiX HAep c N ~ 79. 

8H.[IHO H3 cpasHeHHH, ( Ta6nHU8 4), 'ITO BfiHSIHHe B Slllpe l8l Pr npoTOHB B COCTOSIHHH de/a 

HB 9HepreTH'IeCKOe pacmenneHHe COCTOHHHA Hel!TpOHB h 11; 2 SIBnSieTCH He CfiHW-

KOM CHnbHbiM, qTQ HBXOllHTCSI B COrnaCHH C HCXOllHbiMH npennOCbinKBMH o6onoqeqaoA MOllenH. 

Ta6nHua 4 

.H II p 0 CocTOHHHe 3HeprHH Pa3HOCTb aHeprHA 

(K9B) (K9B) 

lSI 
t<l Nd n h II/I 232 232 

da/2 0 

taT h 11/2 254,5 254,5 
aa Ceu 

da/a 0 

ua h 11/2 265 
aa Ban 265 

d a/2 0 

h 11/2 233 
Ill 
u Xou 

da/2 
233 

h 11/2 182 
Ill 182 

n 
Ton 

d a/2 0 

0CT8HOBHMCH Tenepb HB HHTepnpeT8UHH B036ylK.lleHHbiX ypOBHel! Hllpa ·:: Ceao• 3TO Hll

po 'leTHO-'IeTHOe, H fi09TOMY ero HHlKHHe B036ylK.lleHHbie ypOBHH CnenyeT p8CCM8TpHB8Tb C 

TO'IKH 3peHHH npocToll BH6pauHOHHoll MonenH 0, Bopa nnH c<!>epH'IecKHX Hnep. f1epBbiM B03-
III 

6ylK.lleHHbiM ypOBHeM B Sl.[lpe Ce HBfiSieTCSI ypoBeHb C 9HeprHel! 789 K9B H CO CfiHHOM 

+ 
2 , H HeT COMHeHHH B TOM, 'ITO ero HYlKHO C'IHT8Tb OliHO<j>OHOHHbiM ypOBHeM KB8llpynonb-

HOrO B036yJKlleHHH ( E • llc.l l . Ta JKe Monenb 0. Bop a npencS:83biBaeT, 'ITO npH 9HeprHH 

9 



E • 2 hcu nOnJKHbi H8XOnHTbCSI nByX<jJoHOHHb!e KO/le68Te/lbllble ypOBHJI KB8npyllO/lbllOI'O BOa -

6yJKneHJIS! (Hx X8p8KTepHCTHKH 0+, 2+, 4+). H86mon8eMbre B 
188 

Ce ypoBnH 1478 K3B (OJ 
H 1823 K3B (4+) MOI'/lH 6bi 6b!Tb T8KOBbiMH , HO '!eTKOI'O nOK8a8Te/lbCTB8 nilS! 3TOii BOaMOlK· 

HOCTJf Mbi He HMeeM . 

EcnH npHHS!Tb, 'ITO ypoBenb 1478 K3B (0+) RBnReTcSI nByx<jJoHOHHbiM Kone68TenbHbiM, To 
Y -nepexonbl C nero - 690 K3B (E2) I! 1478 K3B (EO)- 6y!lyT HOCI!Tb COOTBeTCTBeHHO 

OnHOtPOHOHHblil I! nBYXtPOHOHHblii X8p8KTep. no BH6p8Ul!OHHOil Monenl! 0. Bop8 nmr rrpHBeneH-

HbiX BepoS!THOCTell nepexonoB T8Koro Tl!TI8 OlKHn8eTcSI OTnowenne B{ E2) / B { F.:O) • 0,8. 

Ha HBUJHX aKcnepHMeHTanhHbiX .aaHHbiX .ans:r yKa3aHHoro OTHOUJeHHH nonytraeTcSJ senHt.JHHa 

(0,1 I :': 0,05). 

I!llSI COCTOSIHHSI 1823 K3B (4+) Mbl He MOJKeM HCK/liO'!HTb BOaMOJKHOCTb, '!TO OliO HOCHT 

nByX'18CTH'!Hbili X8paKTep. H8npl!Mep, ono MOJKeT 6biTb o6Sia8HO p8apb!By npoTonnoll napbi H8 

op61!Te d 8h H nepexony OnHOI'O 11pOTOH8 B COCTOSIHHe d o/
2 , T.e. Ot..~'I.U9CTBnneTCSI KOH-

tPHryp8UHS! I p 1 { d 8; 2 ) , p 
2 

{ d •h) I · 

T 8KJKe nByX'I8CTH'!Hbil! x8p8KTep HOCHT cocTOSIHHe 2121 K3B (7-). B 3TOM cny'!8e p8a

pbiB8eTc51 CB51ab MeJKny n8poll neilTponoB 11 HMeeT MecTo KOHtP!o!rypaul!51 I n 
1 

{ d a/2) , n
2
{ hu;.. >I . 

/3/ - 3 
Y 3TOI'O cocTo51HH51 B p86oTe HaMepen nep~o~on nonypacnana. On p8Ben 9,2.10 ceK . Ero 

BenH'!HH8 ynoBneTBopHTenbHO corn8cyeTCSI co aH8'!enHeM, nonc'!HT8HHbiM no <jJopMyne B alle -
-3 

Kon<jJ8 ( T I> ~ 4,8. 10 ceK ). 
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