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1, B B e n e H H e 

MccnenonaaHe yponneil: 'I~THO-'I~THhiX. 'nonyMarnqecKHX' siJJ.ep, y KoTo

pbiX SanonHeHa npOTOHH8ll Hnll Heil:TpOHH8ll OOOnO'IK80 B '!8CTHOCTJ! l!JJ.ep C 

No;= 82, npencTaBnl!eT no paamt'IHhiM npH'IHHBM 5onhJJJOil: HHTepec, fnaaHal! 

J!3 HIIX 38Kni0'!8eTCll B TOM 0 'ITO. npH !jlopMl!pOB8HIII:I KB83J!'I8CTli'IHb!X ypOBHefi 

TaKl!X l!JJ.ep ,(annoTb no ::meprnn aoaoylKJJ.eHl!ll 3-3,5Msa); ocaoaayro ponb Hr

paroT npoTOHhi H nosToMy sKcnepnMenTanbHbie caeneHHll o5 sTHX ypoB!IliX 

noanonl!roT nony'II!Tb aan5onee nonaoe npencTaBnenHe o5 ocTaTo~HoM aaanMo

nellcTBl!H npoTOHOB B stnpax, He Menee l!HTepecHhl sKcnepnMeHTanbllbJe cae

neHl!ll 0 KOnneKTl!Bf!b!X ll OKTynonbHb!X Bl!Op8UJ!OHHb!X ypoBHSIX nonyMai'Il'!eC-

KIIX l!JJ.ep, 

llo CI!X nap Obinll 1!3BeCTHbl COCTOSIHJ!ll 142 Nd , Baa6ylKJJ.8JOJJJIIeCll npl! 

aeynpyroM paccel!HIII! npoTonoa 11 neil:Tpoaoa, a TBKJKe npH 5eTa-pacnane 

142pr : 1575,6 K3B (2+); 1970 K3Bj 2084,4 K3B (3-); 2210 K3B (0+); 

2390 KSB/1,2,3/, B peaKUI!liX Tnna ( y, n ) noa6ylKil.aeTcl! 

TaKJKe naoMepnoe cocTOl!Hile c saeprHell: 2200 KsB, npn pacnane KOToporo 

T t/
2 

= 16,5 MKCeK) ll3nyqaeTCll K8CK81J. I'8MMa-nepeXOIJ.OB C 3Hepi'I!l!MJ! 

108, 525 II. 1565 KSB/4/, npn f3 + -pacnane 
142 

Pm ... 
142 

Nd BcneJJ.CTBI!e 

3KCnepnMeHT8nbHb!X TpYJJ.HOCTell, CBll38lilib!X C H8nll'!l!eM BeCbM8 I!HTeHCI!BHOI'O 

aHHIII'Hnl!UIIOHHoro nany'!eHI!ll 0 no cnx nop ynananocb aa6nronaTb TOnbKO JJ.Ba 

raMMa-nepexona/5/, Ha ocaoaaann naMepeanl! {3+- y -connanennll B 6onee 

panael! paooTe aaMn 6bmo noKaaaao, 'ITO npn f3 + -pacnane u
2 

Pm B stnpe 

142 Nd aacensteTCll ypoBeHb c saeprnel! 1572 KSB/6/, 
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KaK cne.nyeT 113 TeopeTI!"IecKHX pac'!~TOB Ha ocHonmmu ABYXKB83H'!ac

TH'lHOil: MOAOilH/7,8/, B g,npe 142 N d, UOMHMO ypODIISl 171 = 1+ II pn,na COC

TOSIHHil: C 171 = 2+, AOnlKHbl cynteCTBOD8Tb AB8 ypODHSI C xapaKTOpiiCTliKBMII 

o+ npH anepr1111 HlllKe .. 3 Man. Mollmo OlKIIABTb1 . 'ITO aTn yponJm 6ynyT 

xopomo 3acenSITbCSI npn pacna.ne 142 
Pm , o6nanaromero B ocaonnoM cocToSIHIII! 

xapaKTO.piiCTIIKOil: I 71 = 1+ II .QOCT8TO'lll0 BbiCOKOii 3Heprneit pacnana Qf3+ 

pannoi!: (4820±_100) Kaa/9/, HacTOSintaSI pa6oTa 6bma nocnHmena noncKaM 

9TIIX ypOBHell. 

2, 3KCI19pi!MOJIT8ilbH8H MOTO,QI!Kil II pe3yllhT8Tbl 

HenocpencTBeHHoe 1!3y'leHne pacna.ua u 2 Pm 3aTpy.uneHo 113-38 KopoT-

Koro nepl!o.ua nonypacna.ua, cocTaBnHIDmero ncero 40 ceK/.10/, noaToMy naMI! 

• · 142 142 142 I 2 . 
U3y'lancn pacna.u ueno'!KU Sm... Pm ... Nd ( 4 Sm T 1; 2 = 73 MIIH1 

'ITO .UOCT8TO'l!IO .UIIH llpOBO.UOlli!H liOOOXO.UIIMblX 113Mepe!ll!ft), npucyTCTDI!e 

142 Sm B npenapaTe, KaK noKa3~n OllhiT, ue o•Iellb .MelllaeT, n6o· n ero . 

.raMMa-cneKTpe neT naTeacunnhiX raMMa-rrepexo.uon, KpoMe Toro, ncne.u-

CTBI!O OTIIOCIITOilbllO ll113KOr'O 31l8'l011HSI 311epnm p8CI11lll8 a {3 + , paB!IOr'O 

2050Kan19/, cy~ecTnonanne raMMa-nepexonon c anepr11ell Ey> 2M an noo6ute 

I!CKiliO'lllOTCH, 
142 

Sm 6hm nony•Iell n .peaKUHII rny6oKoro pacmenneJII!H MI!III(!JUI 113 

M0T811nil'l9CKOr'O ranonl!lii!H 118 DllyTpelli!OM ny'!Ke IIpOTOIIOB CHIIXpOUI!KilOTpo

Ua OHHH c aHeprueii 680 Man/10/, BpeMH o6ny'leHIHl cocTaanHno 2-4 'Iaca, 

npeMH xpoMaTorpaljluqecKoro paanenel!I!H-1-2 qaca. l13Mepel!H!l llll'lHHamiCh 

nocne AOIIOiliiHTOilbllOil: O'lHCTKH ljlpaKUHH C8M8pi!H, AKTHDHOCTb !IpenapaTOB 

JlOCTIIr'ana ., 100 MK!OpH, 

l13MepenHe raMMa-cneKTpa npono.uHnocb lla Ge ( Li l-neTeKTope c 'IYD

CTBIITenhllhiM OO'hOMOM 6,3 CM3 ll SllepreTII'lOCKl!M pa3p91119l!IIOM 4,2 KSB 

.um1 raMMa-nepexona c aaeprn~ft 1333 KaB, BbiCoKoe aaepreTI!'lecKoe pa3pe

meane cneKTpoMeTpa coxpaasmoch ncnencTBl!e cneunanbHoro ljlopMnpoaaansi:. 

HMUYilbCOB B CIIOKTpOMOTpll'lOCKOM TpaKTe IIpll pa60TO C BbiCOKOli aarpy3KOft/12/, 

BepxllHft npenen nonyCTHMoii aarpyaKn onpenemmcH TonbKO MepTBI>IM npeMe

HeM 4096-Killlllilbl!Or'O 81!811H38TOpa ( 'l8CTOT8 KOAOBI>IX HMUYilbCOB COCTaBnSina 

12 Mru). 

4 



l13M9p9Hl!Sl raMMa-cneKTpa B KB)KLlOM OnbiT9 npOBOLIIIniiCb B LIBYX 3KCno-

311UIIHX no 6-10 qacoa no nonHero pacnana l42Sm • PaccToHHIIe npenapa-

TB OT L19T9KTOpa noCTOHHHO COKpamanOCb 0 qTo6hl o6ecneq11Tb noCTOHHHyiD 

3Brpy3KY aneKTpOHHOrO TpBKTB. llnH 113M9p9HIIH BhlCOK03H9pr9TIIqeCKOfi qaCTII 

raMMa-cneKTpB np11M9HHnCH. !jlnnhTp 0 COCTOHmllfi 113 .3 cnoeB: CBIIHUOBOrO 

( 13 MM), KBLlMII9BOrO ( 1 MM) II M9LlHOrO ( 1 MM) • nepeLI !jlnnbTpOM 11mi npll 

113M9p9HIIII MHrKOfi qaCTII raMMa-cneKTpB nepeLI L19T9KTOpOM npiiKpennHnCH 

nneKcnrnacoBbtfi nornoTnTenh Tonm11nofi 15 MM. PaLIIIOBKTIIBHbtli npenapaT Sm 

HBXOLIIInCH HB TOHKOfi naBCBHOBOi!: !jlonbi"9 (2 Mr/cM2). TaKIIM o6p830M 

ynanOCb cymecTB9HHO yMeHhmiiTb q11cno OTCq~TOB OT BHHIIrllnHUIIOHHOrO 113-

nyqeHIIH, 

npn o6pa6oTKe K uenoqKe pacnana c A = 142 6htnll oTneceHbi ace 

raMMa-nepeXOLlblo KOTOpbl9 BO BTOpoi!: 3KCn0311UIIII 119 na6nronan11Cb. 8TO 6btn0 

cnenai!O liB TOM OCI!OBBI!IIII 0 qTQ 
142 Sm nonyqancH a peaKUIIII Tllna Cd (p,xp,ynl 

C 6onhmiiM BblXOLlOM no Cp8BI!9HIIID C LipyriiMII 1130TOnBMII CBMBpiiH 11 0 KpOM9 

Tore, nepHOLibi nonypacnana nnH 113oTonoa c MaccoBbiMII ·q11cnaM11· 145, 143 

II 140 COCTBBnHIDT 340 LIH9fi 0 8,9 Mill!, 21 Mill! II 14 MIIH1 COOTB9TCTB911.

no/10,6,131. nocne nononHIITenhnoi!: xpoMaTorpa!jlllqecKoi!: oqncTKII. caMapll

eaoi!: !jlpaKUII.II a npenapaTe ne conep)Kanocb npiiMecei!: dpyr11x !jlpaKUIIli. 

llnH rpaLiyllpOBKII cneKTpOM9Tpa KBK no 3Hepr11HM 0 T8K II no III!T91!CIIB-

I!OCTII, npiiM9HHnCH npenapaT C 1130TO!IOM 
226 

Ra c MaKCIIMBnhnoi!: anepr11ei!: 

raMMa-nepexonoa 2448 K3B. np11 onpeneneHIIII 3Heprllll B o6naCTII Bhlme 

2,4 MsB np11aneKancH niiK naoi!:noro BbtneTa annllrllnHUIIOI!Horo 113nyqeHIIH 

raMMa-nepexonoa." Pe3ynbTBTbl 113MepeHIIH raMMa-cneKTpa np11aenenbt B Ta6n.1. 

noMIIMO raMMa-cneKTp8 0 H8MII HB MarHIITHOM 6eTa-cneKTpOM9Tpe C 

TpeXKp8THOJ!: !jloKyCIIpOBKOfi HB yron " Vl! ·113MepHnCH cneKTp KOHB9pCIIOH

HbiX sneKTponoa." Ebtnll o6napy)KeHbi K -11 L -KonaepCIIOHHbte n11111111 EO -nepexo-

na c anepr11ei!: ( 2219:!:,.2) KSB c K I L .. 7,5:!:_1,0. 

• 
CxeMa ypoanefi 

142 
Nd 

Ha OCHOB8llllll L18HHbiX 0 raMMa-c!IeKTpe 
142 

Pm Mbl BBOLliiM pS!Ll 

HOBb!X ypoanei!: 142 
Nd C I < 2+ 0 KOTOpbl9 MoryT 3acenHTbCH 
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npH {3 + -pacnaae 142 Pm , HMeiOI!lei"'O B OCHOBHOM COCTOI!HHH xa-

paKTe~HCTHKH I
17 

= i+ ( CM, pHC, ·1), BceM ypOBHHM 0 KOTOpb!e CBI!38Hbl 

1"'8MMa-nepeXOil8MH HenocpeJlCTBeHHO C OCHOBHb!M COCTOl!HHeM, ITpHI!HCBHbl 

311'8';1eHHll CITHHa 1 HnH 2, YpoBeHb I!pll SHeprHH •2218 K.SB CBII38H C OCHOB

Hb!M COCTOIIHHeM TOnbKO KOIIBepCHOHHb!M nepeXOJlOM THna EO ( 1"'8MMa-. 

nepeXOil He Ha6niOJlaeTCH), nosTOMY Mbl CMOI"'nH I!pHIIHCBTb STOMY ypOBHIO 

XapaKTepHCTIIKH I" = o+, 

raMMa-nepeXO)l C SHepriiefi 1345 KSB MOl!WT 6b!Tb 118I!paBnen TOnbKO 

H8 ypOBHII 
142

Nd C Sl!epi"'IIHMII 0 KSB (0+), 1576,0 KSB (2+) II 2218 KSB 

(0+), IIOCKOnbKY Oil llOBOnbHO Hl!TeHCIIBel!, Ha OCl!OBHOe COCTOl!HIIe STOT 

nepexoa, oanaKo, UllTII ne Moll<eT, 1I6o uaeecTno, 'iTO snepreTII'ieCKaR zuenb 

B nonyMaruqecKnx 'ieTHO-'ieTHbiX l!Jlpax a o6nacTn oKono 142 Nd 6onbzue 

1,5 Mse, HanpaaneHIIe ll<e yKaaannoro nepexoaa Ha· ypoaenb c sneprHefi 

2218 KSB (0+) HCKniO'iaeTCll TeM, 'iTO He 06Hapyll<eH COOTBeTCTBYIDlUHfi 

napannenbllblfi 1"'8MMa-nepeXOJl B OCIIOBUOe COCTOHHHe C I 17 = 0+, no I!pH'iH

UaM aHanorH'iHoro THna nenbaR narrpaBHTb raMMa-nepexoa c sHeprHefi 

1345 KSB H8 ypoBeHb I! pH 2385 KSB ( I
17 = 2+), 8TH C006pall<eHI!H II03BO

nRIOT BBeCTH ypoeenb rrpu snepriiii 2921 KSB, TaK KaK on CBHaan raMMa

rrepexoaoM 1345 KSB TOnbKO C rrepBbiM B036Yll<lleUHh!M ypOBUeM C xapaKTe

p1ICTHK8MU 2+ ( 1576,0 KSB), HO He CBH381l C OCIIOBilbiM COCTOl!HHeM C 

I rr = 0+, TO eMy MOli<HO I1p1IITIIC8Tb CIIIIII II 'ieTUOCTb I 17 = o+, 

llpyrofl B8p1!8HT KB8HTOBbiX xapaKTepiiCTIIK ypOBilll I!pii 2921 KaB: 

I 
17 = 2+, npn STOM Hyli<HO npearronaraTb, 'iTO cyzuecTByeT He o6napyll<eH-

Hbifi H8MH Cl!nbHO 3aaepli<8Hllblfi 1"'8MMa-nepeXOil B OCHOBI!Oe COCTOlllllle, no 

paC'ieTaM/7/ Oll<l!)laeTcl! BTOpOl1 ypoBeHb 1
17 = 2+' C CllnbHO 3a)lepll<81lllb!M 

1"'8MM8-I!epexoJlOM B OCIIOBHOe COCTOI!I!He IlpH anepi"'HII "' 2300 K3B 0 TO eCTb 

na 0,5 Mae HHll<e o6cyll<aaeMoro ypoBHH, BTopofi ypoeeHb c I
17 = 2+' Mbi 

na6niO)lanH I!pH aneprHII 2385 KSB, 'KOTOpbiti, Ollli8K0 0 pa3pHll<aeTCll II UTe I!-

CIIBHbiM 1"'8MM8-I!epeXOJlOM B OCHOBUOe COCTOIIIII!e 
1 
1"'8MMa-nepeXOJl8 na ypo

BeHb c I" = 4+ rrp11 aHeprnn 2101 KaB ne o6napyll<eHo • 

• 

6 
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B cxeMe ypoaaen 142 Nd H8Mil 6binll 0 ITOMilMO pS!Il8 6onee Bb!COKO- . 

aaepreTnqeCKilX ypOBHeti, BBelleHbl llB8 ypoBHSI npll. aaep!'llll 2209 ll 2101 KaB 

c xapaKTepncTnKaMu 6 + n 4 + cooTaeTcTBeaao, Mbi cqnTaeM, qTo paa

pSIIlKB naoMepa c nepnoaoM nonypacnaaa 16,5 MKceK/4/ npon.cxollliT ae qepea 

K8CK81l 5- 3- -> 2+ 0+ 0 KBK p8HbW6 npeanonaranocb/10/, a 

qepe3 K8CK81l 6+-> 4+ -> 2+ -> Q+,.3TO npeanonmKeHne MOlKHO CllenaTb Ha 

ocaoaaann 6onee Toqaoro onpeaeneanSI aaeprnn y -nepexoaoa, faMMa-nepe

xoa ,c aaeprneti ( 525:!:.10) Kan, Hai11leHHbiH a pa6oTe/4/, aepoSITHee acero, 

ae naeHTnqea c nepexoaoM 3-.. 2+, aaeprnSI KOToporo paaaa ( 508,8:!:_0,5) Kaa/3/. 

noaTOMy ll30MepHbiH K8CK81l ITpOilCXOilllT MelKilY ypOBHS!Mil C xapaKT6pllCTilK8Mil 

(2209:!:_15) Kaa
1
a+; (2101:!:_11) KaB, 4+; (1576:!:_0,5) KaB) 2+ ll 0 KaB, o+, 

AaanornqHbiH naoMepHbili KacKall cywecTayeT B coceaaeM Hllpe ... 

06cylKaeane cxeMbi ypoaaeli 
142 

Nd 

140Ce /14/ 

nonyMBI'Il'IeCKOe HllpO 
142 

Nd llM66T 38ITOnH6HHYIO H6HTpOHHYIO o6onoqKy 

C N = 82, 8 TBKilX Sill pax ( C N = 82) 0 KBK 6binO ITOK838HO B pHile pa-

6oT/7,8/, HlllKHil6 B036YlKil6HHb16 COCTOS!HilSI llOnlKHbl llM6Tb B OCHOBHOM llBYX

KB831lqaCTilqHbiH npoTOHHbili xapaKTep. Ha pnc, 2 cpaaanaaioTcSI aKcnepnMeH

TanhHbie 3flaqeanSI aaeprnen aoa6ylKil6HHbiX cocToSIHilli c peaynhTaTaMn BbJqnc'

neHnll, ca·enaHHbiX aa ocaoae llBYXKBaanqacTnqfloli Moaenn/8/, Bnaao, qTo 

BbJqncneHHbl6 KB831lq8CTilqHbl6 CIT6KTpb! B OCHOBHOM XOpOWO OTp8lK8IOT ll6li

CTBilT6nhH06 pacnonolKeHne ypoaaen: a o6nacTn aaeprnl! 1,5 - 3,3 Mae npe.n-

CKa3biBaeTCSI .5 ypoaaeil c I 17 = 2+ 1:1 OllllH yponeHh c I 17 1+, B aKcne-

pnMeHTe 06HapylKeHO 6binO 7 ypOBHefi C j < 2, qaCTb 113 KOTOpbiX·0 OAHBK0 0 

MOlKeT llM6Tb OTpllU8TenhHYIO q~THOCTb, 8 o6naCTll aaeprnfi B036YlKA6HilSI 

M6HbW6 '" 3 MaB ITp61lCK83biB86TCSI cywecTBOB8Hile ABYX COCTOS!Hilll Tllna 
• 

o+, TaKne ypOBHil 6binll HafiaeHbl npn aaeprnn 2~18 ll 2921 KaB, HaKOHeu, 

pacnonolKeane Hll3KOaHepreTnqecKnx ypoBHell Tnna ~ n 4+ xopowo cornacy

eTcSI c npe.ncKaaaHHbiMil aaaqefllll!Mil aaeprnll. 
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npeacTaBmleT l!HTepec 6onee lleTanbllall 0 XOTH II 11p116n11311TenbH8!1 Knac

CIIlpi!K8Ull!l KBLKHI'!8CTli'IHblX ypoaneil 142 Nd , ·n~ pac'!eTaM pa60Tbll71 oc

HOBHOil DKn81l D DOnHODb!e cjlyHKUUU _11113K03HepreTI!'!eCKI!X COCTOHHUH ll810T 

cneayiOIUI!e KOHqlllrypaurm: ( g7j2· )~:117 =0,+ 2, + 4,+ a+ )•
1
(d 

5
;

2 
) 2:1 17 = 0+ 

2:1- , 4+ n (g
7

/
2 

,d
5

;
2 

·): 117 = a+, 

EanHCTDeHHbiil yponenb c 117 

aneprnil OKono 2SOO K3B I 151, 

5+,. 4+ 3+,2+,1+, 

= 1+ (g7/2'd5/2 O*llll8eTCH B 06naCTU 

Ha p11c, 3 cneKTp yponneil 142 Nd conoc~annen C YPODIIHMU llPYf'IIX 

'!eTHO-'IeTHbrX nooTonon c N = 82. 3neprnH nepnoro noo6ymaennoro yponnH 

c I" = 2+ noopacTaeT no Mepe oanonnennH npoTonnoti o6ono'IKH n aocTnraeT 
140 

OTIIOCI!TenbHOI'O M8KCHMyMa B Hllpe· 58 Ce 82 C 38110nnennoil 1 g T/
2 

IIOA-

o6onO'IKOH, HnTepecno, 'ITO aToT MaKCIIMYM noonnKaeT TonbKO y nooTO.IjpB 

C N = 82 U OTCyTCTByeT y li30TOHOB C N = 80, U 84,KaK BllllHO 113 puc, 4, 

HonecTHbre naM lllliiHbie o pacnonomennn yponneil c 1" = 2+ , 4 + n 3-

B li30TOII8X Nd 
rrpencTanneHbi Ha pnc, 5 B BHile KpHBbiX, 06pmuaeT na ce6SI 

Blll!M8Hl!e TOT <jlaKT0 'ITO MaKCHMyM llnH KOnneKTUBHblX. ypODIIOil C I IT = 3 

Menee peoKnil, '!eM anH rrepBbiX noo6ymnennhlX yponneil c '" 2+, 

KaK 6blnO IIOK838HO Bb!IUe, Tpynno 06'bHCHl!Tb BTOpoil ypoBeHb C [ 17= ~· 

llpll 2385 K3B B paMKaX MOAenn, Bbi6pal!HOll B pa6oTel7 I, L{pyrag BOOMom-

nocTh - nuTeprrpeTauuH 3Toro ypoBnH KaK ananora raMMa-nn6pauuonuoro 

ypOBHSI, 

B pa6oTe I 1a1 rrpearronaraeTcH, 'ITO TBKHM yponneM n Hllpe 14°Ce HBnH-

eTcll yponenb rrpn 2548 KaB c I 11 = 2+. B 142 Nd ero cnenyeT oml!ll8Tb 

rrpn E = 2300-2400 K3B 0 T8K KaK 3KCTpanonHUIIII aenll'lllllbl R = E 2 f'8MMa-+' ( . 

Bl!6paUJIOHHblH yponenb} /E~( 1-bJii ooo6ymnennhtii yponenb}· naeT ol!a'!elll!H 1,5 

( R =2,0 ; 1, 7n 1,aanH 
136

Xe 1 
138 

Ba 1 II 
14° Ce 0 COOTBeTCTBeHHO} • noaT0-

54 82 56 82 u 8 2 

My Mhi oTomnecTBnHeM yponenb rrp11 sneprnn </;j85 K3B c ollmnaeMblM B 141-id 

'raMMa-nn6paunonHhiM' yponHeM. 

B 38KniO'IeHne 8BTOpbl C•IUT8IOT CDOl!M llpllliTHblM AOlli'OM no6naroaapl!Tb 

H.ne6eaena oa xnMn'!ecKoe Bbiilenenne <jlpaKunn caMapllll, )K,)Kenena oa 

rrpeaocTannenne nooMomnocTn noMepelllfll na 6eTa-cneKTpoMeTpe, B.Kannn

Hl!KoBa n H.Henona oa noMoiUb B pa6oTe 11 o6cymne11nn peoynhTaTon, Bonb

WyJO 6naronapnocTb aBTOpbi BbiHOCHT npo<jleccopy K.<P.AneKcanaepy oa KpnTn-

'!eCKl!e oaMe'!alll!II llpll 'ITelll!ll p.yKOIII!Cl!, 
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