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BaeJieHHe 

Ill 
6hln OTKphlT s ily6He cpenu nponyKTOB peaKUHH rny6oKoro 

pacwennennn TaHTana npoTo HaMH c anepruel! 660 M as, HneHTHqliiK8UHR aToro uao

Tona 6b!n8 CDen8H8 H8 OCHOBe H86niOUe H!HI B KOHBepCl!OHHOM CileKTpe H3 0TOilOB ap6H-

eaol! QJp8KUHH nHHHll DO'IepHero 
109 189 

Ho • K pac nany Er 6bm oTneceH rrepexon 

: 3 HeprHeil 205 ,9 K3B, no oueHK8M CKOpOCTH y6b!B8HIIR HHTe HCHBII OCTH KOHBepCHOH-
159 

Hail nHHHH K-205,9 KaB nm• nepHona nonypacnaaa Er 6bino yKaaaHo aaaqeane 
/ 2 / 

T 112=501:_15 MHH • no OTHOUJeHHIO HHTe HCHBHOCT<>l! nHHIIil BHyTpe HHel! KOHBepCHII 

Ha L - nono6ono'!Kax TaM ll<e 6bino ycTaHoaneHo, 'ITO nepexon 205,9 K3B THrra E3 

H, T8 KHM o6p830M, Il0K838 HO, 'ITO B 
I 59 

Ho 

B03MO>K IIb!MH KB8HTOB b!MH X8 p 8 KTep!!CTI!K8 Mil 

B036ylKDOeTCR H3 0MepHb!l! ypoBeHb C 

1/2+/41 1/ , 

f aM Ma - Han y'leHHe H KOHBe pC HO!l Hble aneKTpOHbl H3y4a nHCb T8KlKe B pa6o--
/3 -5 / / 3 / 

T8X , no l!3MepeHHRM fl erapaa H ap, 
159 

rrepHoa nonypacrraaa Er paaeH 

T 1/ 2=(38:t_l) MHH, 

119 
4To Ka c aeTCSI H30MepHOr'O COC TOSIHHSI 205,9 KaB B Ho , TO B pa6oTe Eopr-

/6/ 
rpHHa " D;:J. 6bm H3MepeH ero nepuoa nonypacnaaa T 

112
=6,9:!:_0,3 ceK u noaTaep-

lKDeH THn MynbTHnonbHOCTH n epexona 205,9 Ka s ( E3 ). 

YcnoBIIH OllbiTB, 3KcnepHMeHranbHble peaynb TBTbr 

B pa6oTe Hccnenoaanl!cb y - H3ny'leHne II aneKTpOHbl BHyTpeHHeil KOHBepc HH 
159 159 

F.r · H :lOTOil Er 

na Mn npH o6ny4eHI!H Ta 

113Y48nCR H8pliDY C llpyrHMH HellTpOHODeQJHUHTHb!MH H30TO

- Ml!I!IeHH 6biCTpbiMH npoToHaMH ( Ep = 660 Mas). BpeMR 

o6ny4eHHll coc TaBnHno • 2 4ac . Cpaay nocne KOHua o6nyqeHHR H84HHanac b XHMH'Iec-

KaR o6pa6oTKa MHilleHH. XpoMa Torpa'fm qecKH BbiDeneHHaR <jlpaKUllll Er HCilOnb30-

B8fl8C b Dnll IlpHr'OTOBneHl!ll UCT0 4HHK OB Dnll y - cneKTpoMeTpa, ~ -cneKTporpa<jloa 

H c neKTpo MeTpa . M e TODhi npnro TosneHHll II CT04HHK OB lln R aTIIX flp1160pOB 

17-91 
OflH C8Hl>! paHee 
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UQ 
faMMa-Hany'leHHe, conpoBO>K.llaJOmee pacnaa Er , H3yqanOCb npH nOMOIUH 

y -cneKTpOMeTpa C nonynpOBO.llHHKOBbiM Ge ( Li ) -.lleTeKTOpOM KOSKCHanbHOrO 

3 
THna c 'IYBCTBHTenbHbiM o6'beMOM 5 eM , PaapeweHHe cneKTpoMeTpa 6binO .. 5 KaB, 

AMnnHTY.llHbil! aHanHa npoHaBo.llHnC.II 2048- KaHanbHbiM aHanHaaTopoM, 

CneKTp aneKTpOHOB BHyTp8HH8JI KOHBepCHH H30TOnOB ap6H8BOJ! ~paKUHH HCcne-

!lOBanC.II C noMOlllbiO Tpex {3 -cneKTporpa~B C noCTOSIHHblM O!lHOPO!lHblM MarHHT-

HbiM noneM, PaapewaJO!lla.ll cnoco6HoCTb {3 -cneKTporpa~OB B H8WHX onbiTaX 6bJna 

0,05-0,01%, 3HepreTH'!eCK8.11 K8ITH6pOBK8 CneKTpOrpa~B npOH3BO.llHIT8Cb no KOHBep -

180 180 / 10-12/ 
CHOHHblM ITHHHSIM ' Er + Ho , aHeprHH KOTOpblX H3B8CTHbl C TO'lHOCTbiO 0 ,02% , 

'ITO noaBOIT.IInO onpeoen.I!Tb aHeprHH KOHBepCHOHHblX 3IT8KTpOHOB C TO'lHOCTbiO nyqwe 

0 , 05%, J.1HTeHCHBHOCTb KOHBepCHOHHblX_ nHHHJI onpeoensinaCb M8TO!lOM ~OTOMeTpHpOBa

/ 13/ 
HHSI, onHC8HHbl M B pa6oTe , 

4>paKUHSI ap6H.II cooepli(HT p.11o paoHoaKTHBHbiX HaoTonoa Er , a T8Kll(e noqepHI!e 

ronbMHeBbl8 H30TOnbi, 3To CHnbHO 38TPYAH.IInO HCCneAOBSHHe 1!3ny'leHH.II IU Er 

npHOHC8HHe Y -ny'iel! I! K·OHBepCI!OHHblX aneKTpOHOB pacnaoy IOQ Er 6hiiTO C!le -

ITSHO Ha OCHOB8HI!H: 

a) oueHKH nepllO!lOB nonypacnaoa nllHHll; 

6 ) orrpeoeneHI!SI 38p.ll!l8 S1!lp8 1 B KO T OpOM npOI!CXO!li!T y - nepexo~ ITO pa3HOCTH H 

aHe prHl! IC - H L -nHHHll; 

Er 

a) I!CKniO'l8Hil.ll H3 pSCCMOTpeHI!.II nHHHJ!, npi!HaAne>KalUHX JlpyrHM H30T OnaM 

/3,3-9 , 14/ 
H A0'18pHHM H30TOn8M Ho no OaHHb!M pa6oT , 

nonyqeHHbl8 CBeAeHH.II 0 y -ny'IBX H KOHBepCHOHHblX aneKTPOHaX U 9, Er rrpll-

BeAeHbl B Ta6ni!Ue I· TaM ll(e ITpi!B8!l8Hbl HHTeHCHBHOCTH B npoueHTSX 

Ha pacnao orrR Kall(ooro nepexona. 

lln.11 onpeneneHHSI HHT8HCHBHOCTel! B npOU8HTaX Ha pacnan nn.11 Ka>Kaoro 

nepexooa Mbi npoaHanH3HpoaanH cneKTpbi 

ap6Heaoll ~paKUHH, rne 
109 

Er H 
109

Ho 

y -nyqeJ! H KOHBepCHOHHblX aneKTpOHOB 

HaxonHncb B paBHoBeCHH , TaKoll aHanHa 

IT03BOITHIT Bb!p83HTb norrHyiO HHTeHCHBHOCTb nepexooa 

wero npH pacnaoe 
U 9 Ho B enHHHuax Ta6rrHUbi I 

hll = 253,0 K3B 1 B03HHK810-

/9/ 
Ha oaHHhlX pa6oThl H3BecT-

Ho, 'ITO nepexoo hv = 253,0 KaB cocTaBn.HeT 15% OT nonHero 'IHcna pacna-
u; 

!lOB S!Apa Ho I Hcnorrb3Y.II aTy aerrH'IHHY , Mbl onpenenHrrH HHTeHCHBHOCTH B npoueH -

Tax Ita pacnao on.11 K8ll(!lOro y - nepexooa B .110pe 169 Ho. 

llaHHble 0 cneKTpe KOHBepCHOHHblX aneKTpOHOB H y - nyqeJI noaaon.IIJOT on-

peoenHTb MynbTHnOITbHOCTH H8KOTOpblX y - nepexonoa. 

4 

nepeXOil 205.8 KaS. BbJBO.ll 0 MynbTHnonbHOCTH .llaHHOro 11 

C!lenaTb1 cpaBHHB 3KCnepHMeHT8nbHbJe OTHOWeHHSI HHTeHCHBHOCTeJI l 

I 
H Llll - nHHHl! c TeopeTH'IeCKHMH !lnSJ pa3Hb!X MynbTHnonbHOCTel! 

2 BH!lH0 1 'ITO nepeXO!l 205,8 K3B HMeeT MynbTHnonbHOCTb E3, 'ITO 

/2,6/ 
rnacyeTC.II C OaHHblMH pa60T • 

nepexoll 624,4 KaB, lln.11 aToro nepexoaa ~aMH onpeoeneHo 

T8HCHBHOCTell ]( • L H L 
I II 

- nHHHll, TaKoe onpeaeneHHe He 

H03Ha'!Ji0 C!leiT8Tb Bb!BO!l 0 MynbTI!ITOITbHOCTH nepexooa hll = 624,4 

Ubi 2 cneoyeT, 'ITO BoaMoll(){a.ll MynbTHnonbliOCTb nepexooa E 1, M 1 

TOMY B HaCTO.II!Uel! pa6oTe Mbl onpenenl!nH ero MynbTHnOITbHOCTI 

HHT8liCHB!iOCTH K - KOHBepCI!OHHOJI nHHHH K HHTeHCHB!iOCTH y -

He06XOAI!Mbie AIT.II BblBOAa MYITbTHnOnbHOCTH nepexona· hv = 624,4 

neHbl TSK>Ke B Ta6nHue 2, B HAHO , 'ITO nepexoll HMeeT MYnbTHII 

nep exoll 649,5 KaB, 3ToT nepexon anepBbie aa6niOAaeTc.ll a 

CI!BHOCTH OH He ycTynaeT H8H6onee HHT8HCHBHOMY nepexooy 624,4 

XO!l no'!TH TO'IHO COBnanaeT no aHeprllll c nepexonoM 649,5 Ka 

aToMy HaM He yoanocb 1!3Mepi!Tb HHTeHCI!BHOCTb K - KOHBepcl!oH! 

nepexooa, Ha ocaoae oueHKH aepxaero npeoena HHTeHCI!BHocTH K 

649,5 KaB 1 MO>KHO 38KITIO'IHTb 1 'ITO BepOSITH8.11 MyiTbTI!ITOITbHOCTb 3TC 

nepexoA 505.5 K3Bo HaMH aKcnepHMeHTanbHO 1!3MepeHa HHTe 

Hill! aToro nepexosa. OnpeserrHTb HHTeHCHBHOCTb y - nyqell He y 

OH H8XOAHITC.II Ha "XBOCTe" aHHHrHn.IIUI!OHHOrO nHKa , MbJ CMOrrrH • 

npeoen HliTeHCI!BHOCTH Y -nyqeJ!, B Ta6nHue 2 npHBOAHTC.II ou 

aa alt Moli<HO TonbKO OTMeTHTb, 'ITO nn.11 aToro nepexoaa HCK. 

TllnonbHOCTb E 1. 

llrrSJ onpeoeneHHSI nepHooa nonypacnaoa IU Er HaMH Ha 

C !lBOl!Holl AByKpaTHOl! ~KyCHpOBKOJ! ny'IKS HS yron If y-2- 6blnl 

pocTb y6biBSHH.II HHTeHCHBHOCTH K-rrHHHH rrepexona 6 24,4 KaB, lJ 

ceMb paa a Te'leHHe 3 qacoa. HaMepeHHbil! nepHO!l nonypacnana 

T 
112

=37±.2 MHH, 'ITO HaxoOHTCSI a xopoweM cornacHH c oaHHbiMH x: 

Borrbwa.ll HeooHo3Ha'IHOCTb B onpeoeneHHH nepHooa nonypacnG 

/1 2/ 
Tax ' , no - BHAHMoMy, CB.II3aHa c Hano>KeHHeM Ha rrHHHIO K-20~ 

nHHHH H30Mepaoro nepexooa 211,2 KaB 
181 

Apyroro H30TOIT8 Er 
1 

0'18Hb cyweCTB8H8H H npHBOAHT K 6onbWOJ! OWH6Ke, 
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tea 
H311y'ieHHe, corrpoBO>t<lla!Omee pacrran Er , H3Y'i8110Cb IIpH IIOMOWH 

Ge (LI) -ll9T9KTOpOM K08KCH811bHOrO M9Tpa C rronyrrpOBOllHHKOBb!M 

3 
BHT911bHb!M o6'be MOM 5 CM , PaapemeHH9 CII9KTpOM9Tpa 6b!l10"' 5 K3B, 

8H811H3 IIpOH3BOllH11CH 2048- K8H811bHbiM 8H811H38TOpOM, 

3119KTpOHOB BHyTp9HHeA KOHBepCHH H30TOIIOB 3p6H9BOA ¢paKUHH HCCne 

MOTUbiO Tpex {3 -CII9KTporpa¢QB C IIOCTOHHHb!M OllHOpOUHb!M MBrHHT-

Paapewa10maSI cnoco6HoCTb {3 - CII9KTporpa¢oB B H8lliHX OIIb!T8X 6b!l18 

3HepreTH'i9CK 8SI K811H6pOBK8 CII9KTporpa¢oB IIpOH3BOAHI18Cb IIO KOHBep-

UO 180 I 10-12/ 
HM ' Er + Ho , 3HeprHH KOTOpb!X H3BeCTHbl C TO'IHOCTbJO 0,02% , 

0 orrpell911HTb 3HeprHH KOHBepCHOHHb!X 3119KTpOHOB C TO'IHOCTbJO 11Y'IW9 

HBHOCTb KOHBepCHOHHb!X_ IlHHHA onpeae/IHI18Cb M9TOUOM ¢oTOM9TpHpOB8-

/13/ 
hiM B pa6oTe 

!! 3p6H!! COUep>KHT p!!U p8AH08KTHBHb!X H30TOIIOB Er , a TaK>K9 AO'IepHHe 

1 H30TOIIb!, 3TO CHilbHO 3aTpyllHH110 HCCI19llOBaHH9 H311Y'i9HHSI IOD Er 

aHHe Y -lly'ieA H K'()HBepCIIOHHblX 3/19KTpOHOB pacnaay tea Er 6b!n0 cue-

)BaHIIII: 

~KII nep11onos nonypacnana IIHHHA; 

~AeneHH!I aapSIAa !!Apa , B KOTOpOM IIpOIICXOUIIT y - nepeXOIJ, ITO pa3HOCTII " 
II L -IIHHIIA; 

t/110'19HIISI H3 paCCMOTp9HIISI /IIIHIII-\ 0 IIpHH8lli19>KaWIIX ApyriiM H30TOIT8M 

/3,3-9,14/ 
I9pHIIM 1130TonaM Ho no naHHblM pa6oT • 

HHb!9 CBeAeHII!I 0 Y -lly'!aX II KOHBepCIIOHHb!X 3/leKTPOHBX 159, Er IIPII-

t6nHue I o TaM >Ke IIpHBeAeHbl IIHTeHCHBHOCTH B npoueaTax 

nSI Ka>t<noro nepexona. 

npeneneHIISI HHT9HCHBHOCT9H B npoueHTaX Ha pacnan lliiH Ka>t<noro 

~ npoaH81111311pOB8/IH CII9KTphl y -lly'lel-\ II KOHBepCIIOHHb!X 3/leKTpOHOB 

t8KUIIII, rne IG9 Er 11 
189

Ho HBXOllllllCb B paBHosecHII , TaKoA aHa/1113 

Ip8311Tb IIOIIHYJO HHTeHCIIB HOCTb nepexona hll = 253,0 K3B 0 B03HHKa10-

/9/ 
terrane 

no Ho 
B eniiHHuax Ta6nnubr I Ha oaHHwx pa6oTw HaeecT-

9XOA hll = 253,0 K3B COCT8BII!I9T 15% OT IIO/IHOro 'IIIC/18 pacna

l HoI Hcnonh3YSI 3 TY senH'IHHy, Mbi onpe.'le/IH/111 IIHTeHCIIBHOCTII B npouea-

an anSI Ka>Kooro y 
I G9 

Ho 0 -nepexooa B !!Ape 

e 0 cneKTpe KOHB9pCHOHHb!X 3119KTpOHOB II y - lly'iel-\ II03BOII!IIOT on-

f/lbTIIIIO/lbHOCTII HeKOTOpb!X y -nepexonos, 

4 

flepexon 205.8 K3S. B brson o MYIIhTIInonhHOCTH naHHoro nepexona MO>t<Ho 

coenaTb, cpaBHIIB 3Kcnep11MeHTallbHbre oTaomeHHH IIHTeHCIIBHOCTeA K , - L , - L 
/15/ I II • 

H L 111 - nHHIIA c TeopeTII'ieCKIIMH onH pa3Hhrx MYIIbTHIIOIIhHOCTeA , Yla Ta6nllubr 

2 BHAH0 0 'ITO nepeXOA 205,8 K3B HM99T MYIIbTIInOilbHOCTb E3, 'ITO nonHOCTbiO C0-

/2,6/ 
rnacyeTCSI c naHHbrMH pa6oT • 

flepexon 624,4 K3B, lln11 3Toro nepexona oHaMII onpeneneao OTHomea11e IIH-

T9HCHBHOCTeA K , L H L 
I II 

- lliiHIIA, TaKoe onpenenea11e He noasonHeT on-

H03H8'1HO cnenaTb BblBOil 0 MYilbTIIIIOilbHOCTII nepexona hll = 624 ,4 K3B, YJa Ta6nii

Ubl 2 cnenyeT, 'ITO B03MO>KHBH MYilhTHIIOIIhHOCTb nepexona E I, M I llllH M2 • flo3-

TOMy B H8CTOHW9A pa6oTe Mbl onpeA9111111H ero MYilbTiiiTOilbHOCTb no OTHOUJeHHIO 

HHT9HCHBHOCTH K - KOHBepCHOHHOA llHHHH K HHT9HCHBHOCTH y -nyqel!, llaHHb!9
0 

He06XOAHMb!9 llllH Bb!BOil8 MYilbTHITOilbHOCTH nepexonao h11 = 624,4 K3Bo npenCTBB

IleHb! TBK>t<e B T8611HUe 2, BHAHO , 'ITO rrepexo.n HMeeT MYilbTIIIIOilbHOCTb M 1 

flepexog 649,5 K3Bo 3TOT rrepexon BIIepBb!9 H861110A8eTCSI HaMH, flo HHTeH

CHBHOCTH OH He ycTyrraeT Hall6onee IIHTeHCIIBHOMY nepexo.ny 624,4 K3B, 3TOT nepe

XO.Q IIO'ITII TO'IHO COBIT8)l8eT ITO 3HeprHH C rrepexo.QOM 649,5 K3B ISlEr , flo-

3TOMY HaM He y.nanOCb 113Mep11Tb HHTeHCHBHOCTb K - KOHBepCIIOHHO!! lliiHHH 3TOrO 

nepexona. Ha ocHose oueHKII sepxaero npenena IIHTeHCHBHOCTII K-niiHHII nepexona 

649,5 K3B, MO>KHO aaKnJO'IIITh, 'ITO sepoHTHaSI MYIIbTIInonhHOCTb :noro nepexona E I. 

flepexog 505,5 K3B, HaMil 3KcnepuMeHTanhHO H3MepeHa IIHTeHCHBHOCTb K-nii

HHA 3TOrO rrepexo.na. OnpeneniiTb IIHTeHCIIBHOCTb y -nyqeA He y,nanocb 0 TBK KBK 

OH H8XOUII11CH HB *xBOCTe* 8HHIIrH11HUIIOHHOrO ITHKa , Mb! CMOrllll OU9HIITb BepXHH!! 

npene11 HHTeHCHBHOCTII Y -nyqef,\, B Ta6n11ue 2 npiiBOAIITCH oueHO'IHaH senll'lll~ 

Ha ak Mo>t<Ho TOilhKO oTMeTHTh, 'ITO anSI GToro nepexona IICKiliO'iaeTcSI Mynh-

TIIIIO/lbHOCTh E 1. 

llnH onpeneneHIISI nep11ona nonypacnana 189 Er H8MII Ha {3 -cneKTpoMeTpe 

c nsoAaoA ABYKpaTHOA ¢oKycllpOBKol! ny'IKa aa yron rr ..;-2- 6biiiB 113MepeHa cKo

poCTh y6b!B8HIISI IIHTeHCIIBHOCTII K-nHHHII nepexona 624,4 K3B, flHHHSI CHHM8118Cb 

ceMb paa B Te'ieHIIe 3 qacos. 1-laMepeHHbiA nep11on nonypacnana oKaaancSI pasHhiM 

/3/ 
T 

1 
=37+2 MHH, 'ITO aaxonHTCSI B xopoUJeM cornac1111 c naHHbiMH pa6oTbi • 

/ 2 - 188 

EonhlliBH aeonaoaHB'IHOCTh B onpenenea1111 nepHona nonypacnana Er B pa6o-

/l 2/ 
Tax • , no-BIIIliiMoMy, CBH3aHa c aano>KeHIIeM aa IIHHIIIO K-205 , 8 K3B •xsocTa• 

niiHIIII H30Mepaoro nepexona 211,2 K3B 
181 

npyroro 1130Tona Er, BK/18ll KOTOpOro 

O'ieHb cymecTBeHeH II IIpiiBO)lHT K 60/lblliOA Olliii6Ke, 

5 



Ill Ill 

CxeMB pBcnB/18 Er ... Ho 

nony'I9HHbl9 SKC!I9pHMBHT8!IbHblB peaynbT8Tbl !I03BO!ISIIOT AO!IO !IHHTb CXeMy 

109 100 
pacrrana Er n p ennaraeMaSI HBMH c xe M a aoa6y lK.QeHHbiX ypoaHel!: Ho H3o6pall<e-

Ha Ha p H c . I. 

HaH6onee HHTB HCHBH bl M SIB!ISI B T CSI rr e peXOA C hv = 205 ,8 K SB, !IOSTOMY B p a 

/2/ 
6oTe 6bino c n enaHo rrpe n rro no ll<eHH e , 'ITO paccM aTpHaaeMbii!: rrep exon Herroc pencTae H-

Ho HABT B OCHOBHOB CO CTO SI HHe UO Ho , npH!IHCBHHe KBBHTOBbiX X8p8KTepHCTHK ypo B HIO 

205,8 KSB 38BHC HT OT My!IbTH!IO!IbHOCTH STore rrepexona H OT C!IHH8 H 'I ~THOCTH 

OCHOBHOrO COCTOSIHHSI 
150 Ho • 

/9/ 150 
B pa6oTe 6brno rroKa3aHo, 'ITO ocaoBHoe cocTOSIHHe Ho xapaKTepHayeTCSI 

HH!IbCCOHOBCKHl~ COCTOSIHHBM 7/2-/523/, nosTOMY H3 MYIIbTH!IO!IbHOCTH rrepeXOA8 

205,8 KSB -E3 ypoBHIO 205,8 KSB MOli<HO !IpH!IHC8Tb X8p8KTepHCTHKH 1/2T H HHTep-

+ + 
rrpeTHpOB8Tb ero KBK HH!IbCCOHOBCKOe COCTOSIHHe 1/2 /411/, nep e X OAOM 1/2 /411/ 

188 
7/2-/523/ ocywecTBnSieTcSI E3 - H3oMepHH a Hnpe Ho , T a KaS! H30M9PHSI 

IIIHo 
- ypoaeHb 2 1 1, 2 K SB (T l /

2
= H86IIIOA8BTCSI H B npyrHX S!ApaX rO!IbMHSI 

188 
6,1;!:.0,3 ceK)j Ho - ypoaeHb 309,6 KSB (TI/

2
=1,1;!:.0,3 C e K), 

+ 
Boa6yli<AeHHe H30Mepaoro ypoaHH 1/2 / 411/ rroaaonSieT rrpea rronoli<HTb, 'ITO o c -

Ut 181 
HOBHOB COCTOSIHHe Er HMeeT CTpyKTypy 1 8HanorH'IHYIO HAPY Er • A!ISI KOTOporo 

/14/ -
a pa6oTe rrpHIIHCBHbi xapaKTepHCTHKH 3/2 /521/, no cxeMe HHn&ccoaa AIISI 91-ro 

Hel!:TpOH8 
110 

Er ea tl 
T8Kli<B B03MOli<HO COCTOSIHH9 3/2-/521/, 0AH8KO B H8CTOSIIIlBB 

apeMSI HeT O!IblTHblX A8HHbiX1 KOTOpbi9 !IOATB9pAH!IH 6bi !Ip8BH!IbHOCTb !IpH!IHCBHHSI 

Ut 
STHX KB8HTOBbiX xapaKTepHCTHK Er • 

uo 
EcnH OCHOBHOe COCTOSIHH9 Er 9CTb 3/2-/521/, TO B S1Ape

118 
Ho AO!Ill<eH 

B035yAHTbCSI CH!IbHO 38CB!ISIIOIIlHI!:CSI OAHO'I8CTH'IHhll!: ypoaeHb 5/2-/532/, npH pacrrane 

Ul Er ypoaeHb T8KOrO TH!I8 38Ce!ISI9TCSI B 75% cny'Iaea H HMeeT SHeprHJO 826,4 K3B, 

lia Ta5nHUbl 1 cneayeT, 'ITO H8H5onee HHTBHCHBHbiM rrepeXOAOM SIB!ISIBTCSI 

h11 = 624,4 KSB, KpoMe TOro, H3 T85IIHUbl 2 BHAH0 1 'ITO MYIIbTH!IO!IbHOCTb rrepe

XOA8 624,4 KSB - M 1 1 TO eCTb rrepeXOA ocyweCTB!ISI9TCSI 5ea H3M9H9HHSI 'I~THOCTH, 

KaaHTOBbie xapaKTepHCTHKH ypoaHSI MoryT 5biTb 5/2-, 7/2- H!IH 9/2-. EcnH CIIHH 

H q~THOCTb COCTOSIHHSI 624,4 K3B 7/2- H!IH 9/2-, TO AIISI B035yli<A9HHSI STore ypOBHSI 
lit 

Er xapSKTBpHCTHKH OCHOBHOrO COCTOSIHHSI AO!Ili<Hbl 5b!Tb 5/2-, 7/2- H!IH 9/2-, 

HO CXeMa HH!IbCCOH8 AIISI 91-ro HBI!:TpOH8 HCK!IIO'ISBT COCTOSIHHSI 7/2- H 9/2-, TSK 

KSK STH ypOBHH C!IHIIlKOM YA8!I9Hhl AIISI 91-ro HBI!:TpoHS, 

6 

,l \ 

C ocT OSIHHe 5/ 2 /5 23 / nnSI 9 1-ro He~TpoHa He HCKII IO'IaeTCSI , 01 

109 -
THTb 1 'ITO OC HOBHOB COC T OHHHe Er - 5/2/523/, T O pacnan AO!I)f(9 

r n aaHhlM o6paaoM , {3 - p8C!I8AOM B OCHOBHOe CO CTOSIHH9 1 BBHAy T OJ 

XOA Tl,l!I8 p 5/ 2-/523 / ---+ n 7 /2-/5 2 3/ OTH OCHTCSI K T H!Iy p83p 

lKBHHbiX !IO 8 C H M !ITOTH 'I9CKIIM K B8 HTOB bi X 'I IIC!I8M , 'ITO H85II JOA89TC 
163 160 

sp6HSI ( Er 11 Er ). T a K oil paapeweHHbl l!: f3 -rre p e x on a 

HHe 
109 

Ho 11 3 8 H8 !IH38 IIH T9 HC H B HOC T II y -ny'Iel!: He H86IIIOAaeT Cf 

T aKHM o6p aaoM
1 OCTBBT CSI OAH8 B03M0 )f(H0CTb 1 'ITO OC I 

109 
Er - 3 / 2- /52 1 / II ypOB 9 Hb 6 24,4 K S B SIB!ISI !OTCSI HH!IbCCOHOE 

5 / 2-/ 532 / . 

lln SI ypOBHSI 6 24,4 K3B 5 / 2-/532/ Mbl IIOA C 'IIITB!IH lg ft B r 

B C9 38C9!I9 HII9 ypoBHSI o 6 y Cn OB!I9 HO sne KTpOHHblM 3 8 XB8TOM HB 3 T 01 

n p H !IOAC'IeT e BepOSITHOCTH 3 !I9 KTpO H HO rO 3 8 XB8T8 Mbl !IpHHSI!IH 

109 109 116/ 
Er ~ Ho - 3 150 K 3 B , nony'IeHH8SI B9!IH'IHH8 c orn 

BCT pB 'I8101IlHMH B9!IH'IHH8MII B npyriiX S1 A p8X 1 H8 !Ip11Mep, !I pll p aCII8 

HOC Tb 38 XB8T 8 Ha ypoBeHb 5/ 2-/ 532 / p aBHB lg ft = 5,3't_0,3 , 

CpB BHIITe !IbHO 6 onbW 8SI IIHTB HCIIBHOCTb ( ,. 26%) rrepexona 64 

159 
ero T 8 K)f(B CBSI38Tb C OC HOBH bi M COCTOSIHIIBM Ho II BBOAIITb Yl 

649,5 K 3 B 
159 Ho 113 T 8 5!IHUbl 2 cnenyeT, 'ITO B03MO)f(H8SI Myn 

El. 3To II03 BOIISieT rrpHIIIIC S Tb ypoaHIO 649,5 K3B xapaKTepHCTIIKH 

109 
COKII9 C !IIIHbl !Ipll X8p8KTB p11 C TIIKe OC HOBHOrO C OC TOSIHIISI Er 3/ 

IOTCSI) , 3 T OT y pOB9 Hb M OJKHO IIHT9 p!Ip9 T11pOB8Tb K8 K OAHO'IBCTil'IH biH 

Bo36 y lKneHHe 3 T oro ypoBHSI rrpH pac rra n e 
100 

F.r (3/2- / 521/) eec 

KB K {3 - rre pe xon H8 3 T O T ypoBe Hb OTH OCIITC SI K rrepBOMY !lOp 

I !41 161 
B pa6oTe B c xe M e e oa6y lKneHHhiX y p oBHeli Ho rrpenrr 

6 p 8 UHOHHOe COC T OS!HII e 3 / 2-. 0 HO paC IIO!IO JK9HO H9 CK O!IbKO Hll)f(e CO 

II HMeeT 3 HeprHIO 5 9 2,0 K3B, T aK K BK Hnpa 
109 

Er 
16 1 

ll Er OliHCbll 

MH KBBHTOBb JMH X 8 p8KTBpHCTHK8MH, T O, IIO-BHAIIMOM y, ypoBeHb 

1.19 
lKB H H86IIIOll8 TbCSI H rrpH p a crra ae Er • n osTOMy rrpenrronolKH 

H8 MII y p oBBHb C 3 He prHe H 505 ,5 K 3 B Mbl paCCM 8 TpHB89M KSK y 

ypoaeHb 3 / 2-

KpoMe BbJIIl9YIIOMSIHYTb!X ypOBHeli HBMH !IO 6anaHcy 3Hepr 

Jet 
B036y lKA 9 HHbiX ypOBH9H Ho rrpeniiO!IOlKHT9!IbHO BBOllSITCSI ypc 

837 H 1232 K3B, 

7 



l/JIJ l/JI 

CxeMs psciiBilB Er -. Bo 

nyqeHHbiS SKCll8pHM8HTarrhHbl8 peayrrhTaTbl ll03BOllSIIOT JlOllOllHHTh CXSMY 

58 
Er · npeJlnaraeMaSI uaMH cxeMa eoa6y)!(JlSHHbi X ypoeueR 

168 
Ho uao6pa)!(e-

I. 

6onee HHTSHCHBHbiM SIBllSISTCSI rrepSXOJl C bv = 205,8 KSB, ll0 3 TOMY B pa-

6blll0 CAenaHO Ilp8AilOilOlK8HH8 0 'iTO paCCMaTpHBaeMbl lt rrepe XOA HSllOCpSACTBeH

B OCHOBHOS COCTOSIHHe UV Ho , npHilHCaHHS KBaHTOBbiX xapaKTepHCTHK ypoBHIO 

B 3aBHCHT OT MyrrhTHilOllhHOCTH STOrO nepexoJla H OT CllHHa H 'i~THOCTH 

0 COCTOSIHHSI 
IU Ho • 

191 IU 
a60T8 6b!Il0 IlOKa3aH0 0 'iTO OCHOBHOS COCTOSIHHS Ho xapaK TepuayeTcSI 

OBCKHM COCTOSIHHSM 7 I 2-15231 • nosTOMY H3 MYllhTHllOllhHOCTH n epeXO)la 

1e -E3 ypoBHIO 205,8 KSB MOlKHO IlpHllHCaTb xapaKTSpHCTHKH 112.,. H HHTep-

+ + 
~Th ero KaK HHllbCCOHOBCKOS COCTOSIHHS 112 14111, nepeXOJlOM 112 14111 

IU 
.-15231 ocywecTBllSieTcH E3 - uaoMepHSI e SIJlpe Ho • T aKa S! uaoMePHSI 

181 
Ho - ypoeeHb 2 1 1,2 KSB (T

112
= !TCSI H B JlpyrHX S!Apax rOllhMHSI 

188 
Ho - ypoBSHh 309,6 KSB (T 

112
=1,1:!:_0,3 CeK) . 

+ 
16ylKJl8HH8 H30M8pHOro ypOBHSI 112 1 4111 ll03BOllSI8T rrp eAITOllOlKHTb 0 

I ceK); 

'iTO oc -

lOt 18 I 
OCTOSIHHS Er HMSST CTpyKTypy 0 auanorH'iHYIO SIAPY Er , AllSI KOTOporo 

1 14 1 -
rrpurrucaHbl xapaKTepHCTHKH 312 1521 I. no cxeMe HHnbccoua JliTSI 91-ro 

119 
Er 

88 81 
TaK)!(S B03MOlKHO COCTOSIHHS 312-15211, 0JlHaKO B HaCTOSIWee 

~T OllblTHblX JlaHHblX 0 KOTOpb!S 

108 
1HTOBbiX xapaKTepHCTHK Er 

IU 
lH OCHOBHOe COCTOSIHHB Er 

llOJlTBSpJlHllH 6b! npaBHllbHOCTh llpHllHCaHHSI 

- 118 
BCTh 312 15211, TO B S!Jlpe Ho JlOlllK8H 

~CSI CHllbHO 3aCellSIIOWHitCSI OAHO'iaCTH'iHbllt ypOBSHb 512-15321, npu pacrrane 

JoBeHb TaKo ro Tuna aacenSieTcH e 75% cnyqaee H HMeeT sueprHIO 826,4 K3B. 

Ta6rrHUbl 1 Cll8Jly8T 0 'iTO HaH6onee HHT8HCHBHbi M IlepeXOJlOM SIBllSISTCSI 

324,4 KSBo KpoMe Toro, H3 Ta6rrHUbl 2 BHJlH0 0 'iTO MYllhTHllOllbHOCTb nepe-

4 KSB - M 1 0 TO SCTh nepeXOJl OCYWSCTBllSISTCSI 6ea H3M8H8HHSI 'i~THOCTH, 

1e xapaKTepucTHKH ypoBHSI MoryT 6biTh 512-, 712- unu 912-. Ecnu cnuu 

' h COCTOSIHHSI 624,4 KSB 712- HllH 912-, TO JlllSI B036y>KA8HHSI STOrO ypoBHSI 

IU - - -
iCTHKH OCHOBHOrO COCTOSIHHSI Er JlOlllKHbl 6b!Th 512 0 7 I 2 HllH 912 t 

HHllhCCOHa JlllSI 91-ro HSitTpOHa HCKlliO'iaeT COCTOSIHHSI 712- H 912-, TaK 

rpoBHH cnHWKOM yJlaneu~ JlrrSI 91-ro ueATpoHa. 

6 

!l 

COCTOflHHe 512- /5 23 / Allfl 9 1-ro He ~TpOHB He HCKiliO'lBeTCfl , OAHBKO, ecnH AOllyc-

1~9 -
THTb 0 'iTO OCHOBHOe COCTO I' HHe Er - 5/2/5231, TO paCllBA AOnlKeH o cyweCTBllflTbC SI 1 

rnaBHbi M o6paaoM , {3 - paCllaAOM B OCHOBHOe COCTOHHHe, BBHAY TOrO, 'ITO {3 -nepe-

XOA THila p 51 2-1 523 1 ----o n 7/2-/5 23 / OTHOCH TCfl K THlly paapeWeHHblX H83anep-

lKBHHblX ITO aCHMllTOTH'leCKHM KBaHTOBbiX 'iH CllaM, 'iTO Ha6lliOAaSTCSI B llpyrHX HJlpax 
168 IU 

sp6Hfl ( Er H Er ), TaKOt! paapeuieHHbl tl {3 -nepexon B OCHOBHOe COCTOSI-

169 
ilHe Ho H3 BH8llH38 HHTeHCHBHOCTI! y -nyqef% He HB6n iOAaeTCfl , 

TaKHM o6paaoM
1 OCTaeTCfl OllHB B03M0)!(HOC'rb , 'iTO OCHOBHOe COCTOSIHHe 

109 
Er - 312 152 11 ll ypOBSHb 624 , 4 K SB flBllfliOTCSI HHllbCCOHOBCKHM COCTOSIHI!SM 

5/2 /5321 . 

ilnfl ypOBHfl 624 ,4 KSB 5/2- /53 2 / Mbl IlOJlC'lHTanH lg It B npennonolKeHHH, 'lTO 

ace aacen eHHe ypoBHH o6ycnoan eHo aneKTPO HHbiM aaxeaToM ua s T OT ypoeeHb lg lt=5,6. 

npu IlOJlC'ieTe BepOHTHOC TH 
109 I 69 

Er .. Ho - 3 150 

SllSKTpOHHOrO aaxBaTa Mbl llpHHflllH 3a pa3HOC Tb MaCC 

1161 
K SB • nony'lSHHaSI B SllH'iHHB CornacyeTCSI C 06bl'iHO 

BCTpe q aiOll!HMI! BellH'IHHaMH B ApyrHX Hllpax, HBllpHMep , llpH pacrrane 

HOCTb 3 aXBBTa H8 ypoBeH b 5/2- /5321 paBHa lg It = 5,3t_0,3 , 

181 
Er BepOHT-

CpaBHHTenbHO 60llblll8 Sl HHT e HCI!BHOCTb ( .. 26%) rrepexona 649,5 K SB Il03BOllSI8T 

1&9 
e r o T 8K)!(8 CBH3a Tb C OC HOBHbiM COCTOflHHSM Ho H BBOJlHTb ypoBeHb C SHeprueA 

649,5 K3B IU Ho Vfa T B6lli!Ubl 2 c nenyeT, 'iTO B03MOlKHaSI MYllbTI!llOllhHOCTh ero 

E 1. 3To noaeonSieT npunHcaTb ypOBHIO 649,5 K SB xapaK Tepu cTHKH 512 + ( 6on ee B b1-

1U -
COKI!e C ilHHbl rr pH xapaKTepi!CTI!Ke OCHOBHOro COCTOflHI! SI Er 312 152 1/ I!CKlliO'ia-

IOTCSI ) . 3TOT ypOBSH b MOJKHO HRTepnpeTHpOBBTb KBK OAHO'lBCTH'lHblH ypoBeHb 5/ 2 + 14131. 

B oa6yJKneHue sToro ypoaHH rrpu pacna ne 
169 

F.r (312- /521/) eecbMa eepoSITHO, TaK 

KaK {3 - nepeXOJl Ha STOT ypoBeH b OTHOCI!TCfl K nepBOMy llOpS!JlKy aanpemeHHSI. 

I 141 161 
B pa6oTe e c xe Me aoa6yJKneHHbiX ypo BHeli Ho npenrronaraeTcSI y -eu-

6paUHOH Hoe COC T OflHHe 3/2-. 0Ho p8Cll0/IOJK8HO HeCKO/IbKO HHlKe COCTOflHI! fl 5/2-/532/ 

16 l 
H HMeeT s HepniiO 592, 0 K a s. T aK KaK Hap a 

169 
Er H Er OllHCbi BBIOTCfl OllHHaKOBbl -

MH KBBHTOBbiMH XapaKT8pHCTI!KaMH 0 TO, llO-BHJlHMOMy, ypoBeHb 3 / 2- T8K>Ke AOll -

U!9 
JKeH ua6rriOJl8TbCSI H llpH pacnane Er • n osTOMy npenrrorrOlKHTerrbHO BBeaeHHbiA 

HBMH ypoBe Hb C SHeprHeil 505 , 5 K S B Mhl paCCMaTpHBaeM KaK y 

ypo BeHb 3 / 2 

- BH6paUHOHHbiA 

K p oMe BbiWeynoMHHYTbiX ypoeueA HaMH no 6anaucy s HeprHH H no a HanorHu 

181 
aoa6y>KaeHHbiX ypoeHeA Ho npeJlnono>KHTenbHO BBOilSITCSI ypo BHH c s HeprHHMH 

837 H 1232 K SB. 
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TaKHM o6paaoM, B peaynhTaTe paapSI.QKH Tpex y po sHel! ( 205,8; 624,4H 649 ,5 Kas) 

OC HOBHOe COCTOSIHHe 
109 

Bo 38CenSieTCSI B "' 75% cnyqaes, ECTIH yqeCTb pa3p S!.QKY ypoB

Hel! 505,5; 837 I! 1232 K3B 1 TO OCHOBHOe COCTOSIHI!e aacenSieTCSI • 90%, 3TO .Q8eT 
169 

ocHOBBHHe rrpearronaraTb , 'ITO npH pacnaae Er aon lKHbi soa6ylK.QaThCSI 6one e 
/3 / 

BbiCOKHe ypOBHII, no.QTBeplK.QeHHeM 3TOMY CTIYlKHT Ha6mo.QeHHe nerap.QOM H .Qp, 
188 

88 CUHHTHTITI>Il!IIOHHOM )' -cneKTpOMeTpe lKeCTKHX )' -nyqel! Er c aHeprHSIMH 

}200, 1400, 1800 H 2600 K3B, K COlKaneHH101 B 3TOJ! pa 6oTe He llPH BO.Q SITCSI HHTeH-

CHBHOCTH 3THX )' -nyqeJ!, B HaweM y -ClleKTpe 3TH nepeXO.Qbl He npOSIBI!TIHCb 1 

IU 
IIO-BH.QI!MOMY1 OHH Cna6b! ll H8 ipoHe CHTibHbiX lKeCTKHX )' -nyqeJ! 

168 

pb!l! npHCYTCTBOBBTI B HaUieM npenapaTe KBK .QO"iepHSISI 8KTHBHOCTb Er 

Ho .( KOTO-

He 

o6sapylKHBBJOTCSI, Ypoasn, onpeaenSIJOWIIeC SI nepexonaMI! 1200, 1400, 1800 n 2600 Kaa, 

MoryT pa3pS!lK8TbCSI KBK B OCHOBHOe COCTOSIHHe 
158Ho , TBK II H8 ypOBHH 1/ 2+ /411/j 

5/2-/532/ H 5/2+/413/, 
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6p830M 1 B peaynbT8Te pa3pS!nKH Tpex ypOBHel! ( 205,8; 624,4 H 649, 5 K3B) 

TOHHHe 
108 

llo aacenHeTcH a .. 75% cnyqaea, EcnH yqecTb paapHnKy ypos-

37 H 1232 K3B 1 TO OCHOBHOe COCTOSIHHe 38C81TSI8TCSI • 90%, 3TO naeT 

I" npennonaraTb , 'ITO npu pacrrane Er nomKHbi aoa6ylK!lBTbCH 6onee 
/3 / BHH, DonTBep>Kn8HH8M 3TOMY CliY>KHT Ha6moneHHe flerapnOM H np, 

188 
UHOHHOM y - Cfl8KTpOM8Tpe >K8CTKHX y -nyqe l! Er c 3HeprHHMH 

800 H 2600 K3B, K CO>K81I8HH10 1 B 3TOI! pa6oTe He ITPHBOnHTCSI HHT8H -

X y -ny'lel! , B HaWeM y -Cll8KTpe 3TH rrepexonbi He UpOSIBH1IHCb
1 

1 OHH Cna6b! H H8 ~OHe CHJTbHb!X >KeCTKHX y 
IU 

-ny qel! 
108 

BOB81I B H8UieM rrperrapaTe KBK no'lepHSISI BKTHBHOCTb Er 

Ho .( KOTO-

He 

CH, YpoBHn, orrpenenHIOWHecH rrepexonaMn 1200, 1400, 1800 u 2600 Kaa, 

us + >K8TbCSI KBK B OCHOBHOe COCTOSIHHe Ho , T BK H H8 ypOBHH 1/2 /411 / j 

5/2+/413/. 
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I II Ill y flOJIH. 

I 

roo 8,4 82 55 35 16 200 496 
I,I C.llaO :roo : IOI 

- 170.:. 40 170 

- 130.!. 30 lJO 
13 2,0 ,< 0,4 - 0,5 - 970.!.150 985 

<4(CJ10:&:) CJIOJ: 820.!.DO 820 

- 90.!. 30 90 

- !75.!. 50 175 
- 175.!. 50 l75 

-
\ 

I 150.!. 60 !50 

60 4,8 I 0,'1 - I 1,2 0,4 1 390.!.100 460 
' I I 

Er 

% Ha pacna,ll 

16,2 
3,3 
5,5 
4,2 

32,1 
26,7 
2,9 
5,7 
5,7 
4,9 

I 15 

llpHYeqaHKe: !. ~JIH CBH3K e,l{KHKU KHT8HCHBHOCTeR raYua-JiyqeU K KOHBepCKOHH4X 3JI8KTp0HOB a• 
· .l\JIH nepexo,lla 205,8 K3B npHHRro paBHHN reoperHqecKOMJ .l\JIR MYJILTHnOJILHOCTH E3. 
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"' JHeprHH H HHT8HCHBHOCTH raKMa-nepexO~OB 1 B03HHK6.D~HX npH pacna~e Er 

K I L L L I.M N I I 
E y K3B I II III y OOJIH. % Ha pacna.n 

I 

205,8 100 8,4 . 82 55 35 16 200 496 16,2 
505,5 I,I CJ!a6 :100 ~ 101 3,3 
582 - 170;:, 40 170 5,5 

\ 
608 - 130,!. 30 130 4,2 
624,4 13 2,0 ·< 0,4 - 0,5 - 9';0,!.150 985 32, 1 
649,5 <4(CJ10X) CJIOX 820,!.130 820 26,7 

(768) - 90,!. 30 90 2,9 
837 - 175,!. 50 175 5,7 

(865) - 175.:!:, 50 175 5,7 
(1232) - I 

150,!. 60 150 4,9 

253,0 60 ' 4,8 I 0,14 I - ! 1,2 I 0,4 1 390.:!:,100 460 I 15 ' I ' ' 

llpHYeqaHHe: l • . ~JIH CBH3K e~HHHU HHTeHCHBHOCTeH raywa-JiyqeU H KOHBepCKOHH~X 3JieKTp0HOB a, 
~JIH nepexo~a 205,8 K3B npHHHTO pasH~M reoperwqecKOMJ ~JIH KYJihTHnOJibHOCTH E3. 

2. CJiael.-nepexo~ cnaeluU; CJIO~H.-nepexo~ CJIOXHHR; ( ) -nepexo~ orHeceH K pacna
"' ~y Er npe,nnOJIOXHT8JihHO. 

3. raKKa-nepexo~ 253 1 0 K3B B03HHK6.8T npH pacna~e "' Ho 1• 



Onpe~e~eHxe xy~&TMnon&HOCTM r -nepexo~oB npM pacna.D;e '" Er 

- lieTO.lt onpe- TeopeTxqecKHe sHaqeHHH B!iBO.lt 0 
E .JteneHJUI 31tcnepiUleHT wy.n&TH-y 

I lt3B JoiYn&TJJno.n&- E1 E2 :m M1 ll2 nO.n&HOCTI4 
HOCTM 

JI:: L 
I Il,9! 4 II,6 ! 13,1 12,1 10,20 9,1 

205,8 t. : L II 0,1~ 0,004 7,1 0,65 0,14 12,05 8,05 :m 
.... 1: Llll 1,5.!. 0,5 0,91 1,35 1,60 6, 10 1,27 

505,5 a • ~II 4,4 12 31 26 80 He EI 
624,4 II: ! L 

I 7.!. 2 8,2 7,35 6,6 6,75 6,5 E1,M1 ,M2 
~ : L II >5 I3 3, 6 1,47 IJ,3 10 

624,4 a, 13,4.:, 3 2,9 7,2 17,5 14,5 46 IH 

649,0 a , L.5 2,6 6,5 16 13,5 43 EI 
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