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Dpa pacnane Er
160 

( T ~ • 28,7 '18C) B036yli(Jla8'r'CSI H30M8pH08 COCTOSIHR8 Ho IGOm 

T ~ ~ 5,1 'lac) c aaepraell 60 K3B, Pacnan aToro ypoBall npoacxonRT KaK nyTeM aneK­

TpoHHoro aaxaaTa, TaK a nyTeM H3oMepaoro E3 ·Y -nepexona a ocaoaaoe cocTOHHRe 
1 11

• Se­

Ta-pacnan Ho
180 

npoHCXOJlHT C nepHOJlOM nonypacnana 25,6 MHH
121

• feaeTR'I8CK8SI CBSI3b 

Meli(Jly ypoBHHMR Ho 
180 

6hma ycTaaoaneaa B pa6oTe
131

• faMMa-aany'leaHe B03HRKaeT noc-

ne f3 -pacnana o6oax cocToHHHll Ho
160 

a Bbi3btaaeTCH nepexonaMH M&li(Jly ypoaaHMH 

'leTHO-'IeTaoro ne<PopMHpoaaHHoro Hnpa Dy 
180 

• Ha116onee nonHall cxeMa pacnana 

llOCTp08H8 B pa6oTe
111 

H8 OCHOB8HHH H3Y'I9HHSI Cll8KTp8 3118KTpoHOB BHyTp8HH8ll KOHBepCHR 

paaaoaecaoll cMeca Er 
180 

+ Ho teom + Ho 
160

• faMMa-cneKTp, B03HHKHIOmRll npH pacnan e oc-

teo 141 
HOBHOro COCTOHHHSI Ho t npRBe.z:teH B pa60T9 , 8 Y - cneKTp H3Me-

15-11 
p!!IICR IIHlllb 0'18Hb rpy6o 1 npH'18M OTHOCHT81lbHbl8 HHT8HCRBHOCTR •y -ny'le ll 6bi iiH Oil· 

181 
penen8Hbl TOilbKO Jlll!l C8Mb!X CHilbHbiX IIHHHII flO <jJOT03118KTpoH8M , l1M88TCR Ollll8 pa6oTa, 

B KOTOpolt R3M8pR1ICR ·Y -cneKTP Ho 
1 

&Om+ Ho teo B 4 " -reoMeTpaH
191 

UenbiO JJacToRmell pa6oTbl 6blllO ycTaJJOBHTb, KaKae ·y -JIY'IR B03JJHK8IOT Henocpe ncn-

aeaao npH f3 -pacnane HaoMepaoro ypoBHH Ho HSOm • llnH sToro acnonb3oaancH Me'I'o.n, 
lSI 

npRM8H8HHbll! a pa6oTe • Opa aay'leHHH ·y -cneKTpa Er leO 
1 0'1Rlli8HJJOro OT llO'Iep-

Hero rOilbMRII 1 MO)KJIO H861lJOJl8Tb H8p8CT8HR8 HHT8HCHBHOCTH •y ....nRJJRlt, Cll81lYIOmHX 38 

{3 -pacnanoM K8K Ho 180m, TaK a Ho 180 
, npH'I&M xapaKTep ax aapacTaHHII paanR'IeR. 

3Ta paaaana a cmopocTR uapaCTBHRR acnonb3oBaRa a HallleA pa6oTe. XpoMaTorpa<jJR'I&CKHll 

M8TOil O'IRCTKH ap6HII ll03BOIIHII H8M H8'18Tb R3M8p8HRR 

ll0Cil8 BblXOil8 R3 KOIIOHKH ap6H8BOll <jlpaKURR. 

·Y -cneKTpa 'lepea 2 MnnyTbl 

l1cTO'IHRKOM cny)KIIna ap6aeaa11 <jlpaKURH nponyKTOB o6ny'le nnsr T8HTana npoToaa MH c 

aHepraell 660 Mas Ha caHxponaKnoTpone OJ.i5IJ.i, BTopH'Iaoe paaneneuae npoaaaonanoc;, 'IC­

pea 2 CYTOK ll0Cil9 o6ny'I8HHH 1 Korna B 3p6R8BOll <jlp8KJ1HH OCT8B81IC!I n p8KTH'I9CKH 'IHCTbJlt 

Er teo 11 no'lepui!A aaoTon Ho 160 
• 

l13 M9p811HR llpOBOAHIIRCb H8 CllHH'l'HilllSIUHOHHOM y -cneKTpOM9Tpe C 3 118pr9 TH'I9CKIIM 

paapeweHaeM oKono 10%, li3MepeunbiM n o y - IIRHRH 662 K3B naoTona Cs 187 
• PaaMe-

phi KpHcTanna Tuna 

5 CM , 

Na l(TI) 8Q X 80 MM, PaCCTORHH9 RCT O'IHHK - KpRCT81lll COCTOBIISIIIO 

3 



Hau6on&rnRll auTepec npencTaensmo uayqeuue o6nacTH cneETpa Bbirne 1 Mae. OoaTOMy Mbl 

CMOr!IB HCIIO!Ib30B8Tb ljJH!IbTp ( 2 MM Pb H 1 MM Cu ) ll!ISI ocna6neHBSI HHTeHCHBHblX MSir-

xnx ·r -nyqel\. 

160m 160 
faMMa-cneKTp Ho + Ho uayqancsr eo ljlpaK[(BH ap6usr cpaay >Ke nocne oqHCTKH 

ee OT noqepuux naoTonoe. Eb!no uaMepeno 10 cepui! B Teqeuue 1,2 qaca. BpeMH uaMepeuuH 

O)lHOrO CIIOKTpa COCT3BIIHIIO 5 MHHyT. nanbH9illliHO H3M9peHHH !IpoH3BO)lH!IHCb !IpR 6dllbmOM 

' paCCTOSIHHH HCTQqHRK-Il9T9KTOp, T8K K8K aarpyaKH CIIOKTpOM9Tpa CT8HOBH!IHCb 60!IbiDHMH R3-

38 uapaCT8JOlll9i! SKTHBHOCTH, Ha pHCYHKe 1 IIOK838Hb1 nepB8H H ll9CSIT8H cepHH H3MepeRHil, 

~uTeucueuocT& uanyqenusr ucToquu~:a eoapocna npuMepao B 10 paa, ao ljlopMa cneETpa npu 

aueprRSIX CBb1lU9 1 Mae He h3MOHH!I8Cb. ~3 pHCYHEa 2 BHilH00 qTo B OCHOBHOM eoapacTaUHe 

HHTeRCHBBOCTH pa3nHqHblX yq:aCTKOB ·Y -cne~:Tpa cnenyeT aaKouy uaKonneuusr quena Hnep 

Ho l80 B B036y>K)l9HHOM COCTOHUHH: 

nan a Er teo T ~ ~ 28,7 qaca), 

->. t ).. 
N • ( e 1 -e-•' ) , rne 

>., -IIOCTOSIHHIIH p8CII8)l8 

AI -IIOCTOHBH8SI pac­

Houo,. (T ~ • 5,1 qaca). 

0TCIO!l4 C!Ie,nyeT Bli}I(Bb1ll eb!BO!l, qTO OCHOBHaH M8CC8 >K9CTKIIX •y -nyqel! Bb13B8-

Ha pacnanoM uaoMepaoro ypoeu11 Ho 
160 

• BKnan >KecTKux y -nyqell, eoa~~;uKaJOmux npu 

{3 -pacnane OCHOBHOrO COCTOHHH!I Ho 
160 

, He 1Ip9Bb1lli89T 20%, 

no-npyroMy npoiiCXOilHT uapacTauue HHTeHCHBHOCTH ·y -nyqei! c auepruell no 1 Mae. 

131 {3 160 B pa6oTe IIOK838HO, qTO npH -pacnane OCHOBHOro COCTOHHHH Ho HHT9HCHBHO 

eoa6y>K!laOTCH ypoeeu& Dy 160 c auepruell 1694 Kae. Cun&uble ·Y -ny'IH, HllY111H8 C 

aTOro ypoeHSI, HM910T aueprHH 538;647;728 K3B, 8 B K8CK8)l9 C HHMH HllYT 

880 u 966 KaB. Ha pucyuEa 3 eunao, qTo eoapacTaHHe HHTeHCHBHOCTH aTHX 

·y -nepexonbl 

·r -nyqel! 

npoHcxonuT no xpueoll, 6nua~:oi! K pacqeTuoll llnH uaKonneuusr qucna Hnep Ho
160 

B ocuoe-

HOM COCTOHHHH, KOTOpaH OIIp91lO!IHeTCH cnenyJOW911 ljlopMynol\: 

N • { • e ->.It + 
()..I->.,)(>. ~->.a) 

-,---------e -A •' + 
(>.,->.I X>. 2 ->.a) 

->.at l 
e • 

(A a -A 1 X>. a-).. 2) 

rne 
160 

A a -IIOCTOSIHH8H pacnana Ho T 7\ a 25,6 MHHyT), 0TCTynneuue OT pacqeT-

HOI! Kpi<BOil TOqoK, OTHOC!IWHXCH K nepeXO)l8M 880 H 966 K3B, CB!I::S8HO C TeM, qTO 3TH ·y-
160m 13/ 

nyqB qacTuquo eoaauKaJOT nocne pacnana uaoMepuoro Ho • 'ho KacaeTcsr nepexona 

728 K3B, TO 3)l9Cb B03HHK89T TpyllHOCTb B O!Ip91l91I9HHH ljloua IIO)l ljJOTOIIHKOM BBHilY CIIO>KHOC-

TH y -cneKTpa. nocnenuee aaMeqauue oTHOCRTCH u K nepexonaM 880 u 966 KaB. Ha 

pucynKe 3 npueenena ll!IH uarnstllHOCTR KpRBaH uapacTannH qucna Hnep Ho160m , Bunno, qTo 

3KCflepHM9HTBnbHbie TO'I:fKH ne)KBT .naneKO OT 9TOfi KpHBO:Jl. 

160 
HaMepeuae ·y -cnexTpa c HCToquRKOM Er B paeuoeecun c noqepnnMu uaoTona-

160 
Mn noaeonnno onpenenHTb uuTeHCRBHOCTR ·y -nepexonoe B Dy • B Ta6nnne npueenenbl 

ll8HHb19 3TRX H3M9p9HHR. B 60!Ib!UllHCTBe cnyqaeB 3TO rpy1I!Ib1 nHHRil, KOTOpb19 OTHOCHTCSI K 

necKO!IbKHM nepexonaM. CooTeeTCTBYJOWHe RHTencueuocTH K -KoueepcnoaubiX nuunl! eaHTbi 

Ill na paOOTbl • nepeXO)lb1 B rpynne 880 R 966 K3B HM910T MY!IbTHIIOHbHOCTb E2. HopMHpySI 
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l 
I 

I 
l 

oTuomeuue I k I l,y no Teope· 

H 966 11::380 Mbl O!Ip9)l0!IHIIB 

OCTOpo>KHOCTbJO OTHOCHTbCH 1< 

K8>K)lOII rpynne MoryT HMOTb ! 

KoaljlljJR[(HOHTaX KOHeepCHH BHYC 

TeopeTBqec~:oe auaqeuue a k 

rpynne 2,6 Mae HMeJOT B ocu< 
Ill cxeMb1 pacnana u ua peayr. 

eeTa napuoll ~:oueepcuu. Teop• 

e H8CTOH1110ll pa6oTe, 

CymecTeeuub1M a~:cnepu111 

KHX nepexonoe HMeeT MYIIbTHr 
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·pa Sb1lDe I Mas, IloaTOMy Mb! 

.llll>I OCna6neHRR HRTeHCRSHb1X MRr-

ap6a11 cpaay JKe nocne O'IHCTKH 

~eaae 1,2 'l&ca. BpeMH H3Mepeaall 

Ill UpoH3BOAHllHCb npH 6dm.meM 

19Tp8 CT8HOSHllHCb 6o'nblDHMH H3-

!lll R A9CliT8ll cepaa H3Mepeaall, 

10 paa, ao ~opMa cnexTpa npa 

10, 'ITO B OCHOBHOM B03p8CT8HH9 

38KOHY aaxonneaall 'IHtna naep 

1 r.ne 

1!1118 

A1 - UOCTOIIRH8ll pac­

Ho160'" (T li • 5,1 qaca), 

~8 )f{9CTKHX •y -Jiy'lell Sb!3S8-

Y -ny'fel!, B03HIIK8101UHX UpH 

~T 20%, 

·y -nyqei\ c aaepraell 110 I Maa. 

COCTOSIHH.H Ho 160 HHTeacRsao 

1b!9 ·y - ny'IH, HIIYIUR8 C 

I C HRMH RIIYT 

JCHBHOCTR 3THX 

y -nepexo11w 

·y -nyqeil 

•HBll 'IBCll8 llll9p Ho I80 S OCHOS-

-A t .e 2 

,> 

, cag.::.aao c TeM 1 11To 3TH ·y -

Om 
131 

o lfTo K8C89TCR nep9XOII8 

3 UOII ~OTOUHKOM BSRIIY CllOlKHOC­

peXOIIBM 880 n 966 x as. Ha 

tcna st.nep Ho 160
m • BH.rtHO, 'IJTO 

~HOBBCHU C Jl.O'l9pHHMH H30Tona­

Dy 
16 0

• B Ta6nnne npnseAeHb! 

•I n.BHB:A 1 KOTOpbl9 OTHOCSlTCH X 

K -xoasepCHOHHblX llHHHl! B3l1Tbl 

·nbTHnonhHOCTb E2, HopMHpyll 

I 
""' 

I 
I , 

OTROlD9HH9 I k I l .y no TeopeTH'I9CKHM xoa<I><PanaeaTaM xoaaepcan AIDI E2 -nepexoAoB 880 

a 966 xaa, Mb! onpeAenana ak Ami Apyrax naauA, Tax xax IIHKH cnoJKHb!e, cneAyeT c 

OCTOpolKHOCTbiO OTHOCRTbCSI X nony'I9HHbiM BbiBOJl8M, TonbKO H8H607199 CHllbllb!9 nepoXOilb! S 

K8JKAOll rpynne MOryT HM9Tb yxa38HIIYIO B Ta6nane MyllbTHllOllbHOCTb, Ilony'I9Rllb19 Jl8Hllbl9 0 

KO~~HUH9HT8X KOHB9pCHH BHyTpeaae H9UpOTHBOp9'IHBb1, IlepeXOil 197 K3S - 'IHCTb!l! E2, H 

T90p9TH'I9CJ:09 3H8'19HH9 a k • 165,10-3 6nH3XO K YX838HHOMY B T86mme. Ilep9XOllbl B 

rpynne 2,6 Maa BM910T a ocaoaaoM MynbTHnonbHOCTb E I, 3To cneAyeT H3 paccMoTpeHBll 
Ill 1101 

cxeMbi pacnaaa a aa peaynbTBTOB pa6oTbi fpoMoBa a ap. no onpeaeneaa10 xoa4><jlaua -

eaTa napaoll xoaaepcaa. TeopeTR'Iecxoe 3H8'19HHe a k ( E I) - 0,21 coananaeT c nony'IBHHbiM 

B H8CTOlllD9ll pa6oTe, 

CymecTaeHHb1M axcnepaMeaTanbHbiM ~aXTOM IIBnHeTcB BblBOII, '<TO 6onblDHHCTBO JK9CT­

xax nepexo110B aMeeT MynhTRnanhHOCTb El. 3To roaopaT o 6onblDOM xona'lecTse Bh!Coxopac­

nonoJKeaabtX ypoaaell c OTpanaTenbHOll '19TROCTbiO a Dy 
180 
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Ta6nHna 

HuTeHCHBHOCTH R xoa<!xi>HilH&HTbi KOHBepcRH ·y -DepeXO.llOB B Dy 
leO 

--
Ey lk 

3 BbiBO.ll 0 MYIIbTRDOIIh-
I ak3KCD, X (Q HOCTR ·y 

200 32 100 210 E2 

300 II 3 18 E1,E2 

540 45 2,8 4,2 

750 80 8,0 6,7 E2 

880 7I 3,6 3,3xJ E2 

970 100 4,3 2,~) E2 

II 50 16 0,12 0,5 E1 

1300 43 0,4 0,6 E1 

1600 22 0,09 0,3 E1 

2100 18 0,03 0,1 E1? 

2600 I? 0,05 0,2 E1 

x / 
3aaqeaae ak .llnR 3TRX rrepeXO.llOB 1IpHH>ITO HaH6onee 6nH3KHM K T90p9TR'I9CKRM 

aaaqeuHRM nmr E2 -rrepexonos. 

6 

N 
!;;II 

to'~ 101 

10~~ /Ol. 

~ 
10 

0,5 

p H c. 1. faMN8-<DeltTp 

KpeCTRI:H - H3 

BaSI Wlt.ana no c 
peHRII 11epe3 1E 



•IIepeXO.IIOB B D/ 80 

c) 

c) 

Bwoo.11 o Myn&Tanom.­

HOCTH 

E2 
EI,E2 

E2 
E2 
E2 
EI 
EI 
EI 
EI? 
EI 

•nee 6nH3XHM k TeOp9TB'I9CkHM 

10~ /Ol. 

p H c. I. raMwa-cneX.Tp Er teo 

KpecTBX.B - H3Mep&HH.Il ~epe3 8 MHHyT DOCne B~9118HHH ~RCTOro ap6K• (npa­

BB..Il wx:ana no ocR opnwaaT); cnnowaasr xpaBB.K, nposeneasa11 no TO'U[&W:,- •3Mtt -

peHR.Iil "'epea 75 MHfiYT nocne BbZneneHIUI Er {neBB.R m1lana). 
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P H c. 2. HapacTa~me JK&CTKoA qacTa cnexTpa Er • l.f:ucna yxaablBB.JOT aseprHK> B Mas. 
PacqeTR~e xpuBble aapacTaHHH npoae~es~ cnnows~MH nBRHHME. Bee HHTeBCHBN 
HOCTR DpKB9A9Bbl X M8CWTa6y pa.cqeTBblX IpRBblX. 
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uo 
HapacTaHHe lKecTxoA 1:f:8CTH cneiTpa Er • l.facna y~taabiBaDT sueprHJO a Mas. 
Pac~eTa~e xpBBble aapacT&RHH npoaeaesbl cnnowa~MB nBHHHMB. Bee HHTeBCKBM 

BOCTK npHB8lt88bl K M8CWTa6y pacqeTBbiX ltpHBblX.. 
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P H c. S. HapacTaaue nn~toa (880 + B60) I9B (Toqxa) H 727 I&B (rpeCTfe~H). HHTeacKBHOCTH upaaetteabl I Mac-
wTa6y p.BC'19THOA 1tpHBOA llnSil pacna.na OCHOBHOrO COCT09Hil51 Ho (cunotuH8SI HHHlUl) . PaC'I9TH8SI X.pH-

BaSil nnR pacnaaa H30Mepuoro ypoaaH noxaaaua nyuxTHpoM. 


