
COOBIUEHl1H 
OB'bE,LJ:l1HEHHOro 

l1HCTl1TYTA 
H,lJ;EPHblX 

l1CCJIE,LJ:OBAHl111 
Jly6ea 

P6 - 5200 

P. Ba68.QJCaHOB, B.A. Mopo3oB, T.M. MyMHHOB , 

B.M. P8308 , A.B. XaJIHKyJIOB 

BPEMEHA D13HM B03BY:l.l\EHHYX COCTOHHMA 

139 L 1 135 La 133L 
B C~EPM11ECKHX H.l\PAX a , , a 

1970 



P6 - 5200 

* P. Ba6a,1VKaaoe, B.A. Mopo3oe, T.M. MyMHHOB**, 

B.H. Pa3oe***, A.B. XaJIHKy.noe** 

BPEMEHA lffl3HH B03BY~AEHHMX COCTOHHHR 

B CIJ.>EPWIECKHX HAPAX 
139 La, 

135 
La, 133 

La 

I. 00···•11 
S½oJU10T lKA 

L .. 

* TaWK011TCKIIH rocynapCTBeHHbIH yHHBepCHT0T, 

** CaMapKaH/lCKHH rocynapCTB0HHblH YHIIBepcHT0T , 

*** .UanbH0BOCTO'IHblH rocynapCTB0HHbIH yHHBepcHT0T, 



_l13yqeaHe nepexO)lOB, .3anpemeHHbIX no TeM HnH HHbIM KBaHTOBbIM 'IHC

naM, xapaKTepH3YIOlllHM )laHHYIO Monenb, ll03BomieT BbISICHHTb <pH3H'l8CKHe 

tl>aKTOpblt KOTOpb!e OTB8TCTB8HHbl 38 HapyIIIeHHe 3anpeTOB~ TToaTOMY 3KcnepH

M8HTanbHOe onpeneneaHe BepoSITHocTeil 3anpemeHHhlX n~pexonoB cnylliHT aqi

cjieKTIIBHhIM cpe)lCTBOM IICcne)lOBaHIISI CTpyKTypbl smpa • I1pIIMepoM 3anpemeH

HbIX nepeXO)lOB B cqiepII'18CKIIX SI)lpax SIBmUOTCSI MarHIITHbie )lIIIlOnbHbie nepe-

. XO)lbl, 3anpemeHHbie no op6IITanbHOMY KBBHTOBOMY 'IIICny £ 

B HaCTOSIII18H pa6oTe II3MepeHbl BpeMeHa lliII3HII HIIlliHIIX B036ylli)l8HHbIX 

ypoBHeil B cqiepII'leCKIIX SI/lpax 
139 La ; 135 La _II 

138 La 

B 

CBe)leHIISI O BpeMeaax lliII3HII ypoBHeil 119,4. K3B B 185 La 
t33 La nony'leHbI BnepBbie B naHHOH pa6oTe. 

11 AnnapaTypa 

II 97 K3B 

lfaMepeHIISI BpeMeH lliII3HII ypoBHeil 119,4 K3B B 135 La ' 97 II 130, 7 K3B 

B 133La npOBO)lIInIICb Ha ycTaHOBKe e - y -coBnaneHIIH/ 1/. BpeMeHHOe pa3-

pemeHII8 ycTaHOBKH, H3MepeHHoe C noMOlllbIO IICTOlJHHKa 6° Co • 6bmo ae 

=1,2 HCeK. 8aepreTIIlJ8CK08 pa3pemeaIIe M8I'HIITHOI'O /3 -cneKT-

poMeTpa cocTaBnHno npIIMepao R =2% npII cBeTocnne T ., 3,5% • 

. BpeMSI lliII3HII ypoBHSI 165,8 K3B B SI/lpe 139 La 6hmo ycTaHOBneao npII 

noMOlllII BpeMeHHOH ycTBHOBKII, pa60Ta10meti B pelliIIMe y - y -coBnaneHHH/21. 

TTpII 3TOM B K8'j'.8CTB8 CUIIHTHnnSITOpOB npIIM0HSinIICb KpIIcTannhI CTllnb6eaa 

( nmr perIIcTpauIIII KX -ny11eil) II nnacTII11ecKIIil cuIIHTIInnstTop ( nnsi perHcTpa

UIIII aneKTpoHoB). llnsi BhI/lene_HHhIX aaepreTII11ecKIIX .t1IIana3oaoB II3ny11eHIIil 

BpeMeaaoe pa3pemeaIIe ycTaHOBKII 6bmo paBHO 2 _r O =2,4 aceK. 
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2,. TTonyqeHHe panHQ~KTHBHhIX: ~U~TO'IHUKOB 

HccnellO_BaHIISI BpeMeH )KII3HII B036Y)Kll9H.HhIX COCTOSIHIIH B Sillpax naHTaHa 

. npOBOlllinlICh nplI pacnalle palllIOaKTIIBHhIX II30TOilOB ueplISI. 

I1cnonhsyeMb1e npenapaTbI 6bmH nonrrnHhI B pe3ynhTaTe peaKUHII rny6o~ 

Koro pacmenneHHSI rallOnHHIISI npu o6nyqeHHH ero npoToHaMu c aaeprueii 

EP =660 MaB Ha cu·HxpounKnoTpoHe 011.HH. BpeMSI o6nytiemiSI ra1lon1IH1Ie-

BbIX MII!ll9H9H B pa3Hb!X OilbITax COCTaBnSino 0,5 t-4 qaca. BbmeneHue uep!ISI 

II3 npOllYKTOB pacmenneHIISI rallOnHHHSI npOII3BOlllinocb MeTOllOM xpoMaTorpa$1I

qecKoro pa31leneHIISI/3/. 

BpeMSI )Kll3HII ypoBHSI 165,8 K9B B Sillpe 
139 La H3M9pSinOCh C IICITOnh30-

BaHrl9M MOHOII30TOna 
139

Ce ( 
139 

CJ.40 IIHi, 
13 9La ), 

3. l13MepeHII8 BpeMeHII )KII3HII ypoBHSI C 9Hepr1Iefi 

139 L 
165.8 K9B B 11µpe a 

TTplI pacnalle 139 Ce B036y)KllaeTCSI TOnhKO OlllIH ypoBeHh 
139 La co 

CillIHOM ITT = 5/2+ H 9Heprueii 165,8 K9B/4/. 3TOT ypoBeHb pa3pSI)K89T-

CSI nepeXOllOM MynhTIIITOnhHOCTII Ml + E2 Ha OCHOBHOe COCTOSIHIIe 139 La 

cnlIH KOToporo ITT = 7/2+. 

llaHHbie o BpeMeHII )KH3HII ypoBHSI c 9Heprueii 165,8 K9B B. Sillpe 139 La 

COll9p)K8T MHOI'II9 pa6oThI/5-1 l/. Ha!IIII pe3ynhTaTbI xopo!IIO COBna1:ia10T C HalI-

6onee ToqHb!MH llaHHhIMII pa6oT/9-111. 

BpeMll )KII3HH ypOBHSI 165,8 K9B B Sillpe 139 La 6bmO H3M9p9HO B COB-· 

naneHIISIX KX -nyqeii, B03HIIKaIOIIIIIX nplI pacnalle 13 9 Ce , c ( K + L + M + ... ) 

KOHBepCIIOHHhIMII aneKTpOHaMII nepex Olla C 9Heprneii 165,8 K9B B Sillpe 139 La • 

KplIBaSI pacnalla ypoBHSI c aHeprueii 165,8 K9B B Sillpe 139 La npellcTaBneHa 

Ha pile. 1. Ha OCHOBe llaHHbIX O CM9CH My nhTlIITOnhHOCTefi Ml - II E2 -· 

nepex Olla c aHeprueii 165,8 K9B B Sillpe 139 La/ 11/ 6bmo onpellen~Ho 3Haqe

HHe KBallpaTa MaTpliqHoro aneMeHTa rinSI Ml -nepexolla II sHaqeHIISI aKcnep1IMeH

Tanh HbIX nplIB91l9HHhlX BepoSITHOCTeii OTHOCHTenhHO OllHoqacTII)'IHhIX, OU9HOK llnSI 

Ml - u E2 -nepex OllOB. 3TII pe3ynhTaTbI nplIBelleHhI B Ta6n. 1. 
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4, l13M8p8HIISI BpeMeHII )KII3HII ypOBHSI C 9Hepr1Ie!\ 

119,4 K9B B Sillpe 135 La 

Ha1I6onee nonHaSI cxeMa pacnalla 135
Ce npellnO)KeHa B pa6oTe A61lyn

ManeKa II HeiiMaHa/ 121• HH)KHHii B036y~eHHhiii ypoBeHh c aHepr1Ieii 119,4 

K9B H CO CillIHOM Irr 

COCTOSIH!Ie 135 La c I TT 

Tuna Ml + E2 

7/2 + B Sillpe 135 La pa3pSI)Ka9TCSI Ha OCHOBHOe 

= 5/2+ npSIMbIM nepeXOllOM MynhTHnonhHOCTH 

113MepeHIISI BpeMeHH )KII3HII ypOBHSI C 9H9J'.l_r1Ieii 119,4 K9B B Sillpe 135 La 

npoBOlllinlICh nocne 30-qacoBOH Bblll9p)KKII IICTOqHHKa pan1IoaKTIIBHbIX II30TOilOB 

uepHSI C TeM, qTo6bI K Haqany H3MepeHHH II30TOilbl 133 Ce { T ½ =97 MHH.) I 
133

mCe ( T½ =5,4 qaca) n 132 Ce { Ti-. =4,5 qaca), 06ycnoBn1IBa10mue 3Ha

q1ITenhHYIO qaCTh aKTHBHOCTH HCToqHHKa, pacrranHCh. 

BpeMSI )KII3HII ypoBH.II 119,4 K9B B Sillpe 
135 La 6binO II3MepeHO B COBnane-

HHSIX ( L - 119,4 K9B) ( Ey =350-t 900 K9B) • 

Bb16op KOHBepCHOHHbIX aneKTpOHOB L -199,4 K9B o6ycnoBneH TeM, qTo 

KOHBepCHOHHbI9 aneKTpOHbl K -119,4 K9B 
135

Ce Il!10XO pa3nHqaIOTCSI OT co

C91lHHX nHHHii KOHBepCHOHHhIX aneKTpOHOB L - 86,8 K9B H L . - 88,0 K9B 

135 Ce • KoHBepcHOHHhJe aneKTpOHbI L - 119,4 K9B { Ee = 113,2 K9B) 

l35Ce OTHOCHTenhHO xopomo OTllenSIIOTCH OT nHHHH KOHBepCHOHHhIX aneKTpOHOB 

L - 177,9 K9B ( E =111;7 K3B) t35Ce • BKnall 9THX KOHBepclIOHHhIX 
e 

aneKTpOHOB B paiioHe nHHHH L -119,4 K9B 135 Ce He npeBbI!llan 5%. 

l13MepeHHaSI Kp1IB8H pacrraaa COCTOHHHH 119,4 K3B B Slllpe 135 La npell-. 

cTaBneHa Ha puc. 2. 

ITo H3BeCTHOMY 3HaqeHHIO o 2 =(O, 136±..0,025) ansi nepexoaa I 19,4 K9B 

B Hllpe 135 La / 13/ onpelleneHbl 3KcnepHM9HTanhHbJe 3HaqeHHSI KBaapaTa MaT

pnqHoro aneMeHTa ,n 2 
aKcn. (Ml), napunanhHhie nepHOJlhI nonypacnana 

T' aKcn. 
(Ml) H T~ aKcn. · (E2) • B Ta6n. 1 npHBelleHhI 3HaqeHHH 

9THX BenHqHH. 

5 ~, 



5 •. JfaMepeHHSI BpeMeHH )KH3HH ypoBaeii: C aaeprtteii: 

97 H 130, 7 K9B B Rnpe 133 La 

Han6onee nonHaSI cxeMa· aos6y:>KJleHHbIX cocToSIHHil: 
138 

La npenno)KeHa 

B pa6oTe fepmenb114I; _YpoBHH c aHeprHeii: 97 H 130, 7 K9B 
133 

La Bos6y)K-

na10TcH npH pacnane H30MepHOI'O H OCHOBHOI'O COCTORHHSI 
133

+
133 m Ce ;oc-

5/2 + • HOBHOe COCT051HH0 133 La HMeeT KBaHTOBbie xapaKTepHCTHKH I TT 

Boa6y)KA0HHblM COCTORHHRM 133 La C 9Heprnefi 07 H 130, 7 K9B npHnHCaHbl 

KBaHTOBb!0 xapaKTepHCTHKH ITT = 7/2 +n I TT = 3/2+ COOTBeTCTBeHHO. Pac

CMaTpHBaeMbie ypoBHH pa3p51)KaIOTCR Ha OCHOBHoe COCTOHHHe 133 La npRMb!MH 

nepexonaMH MynbTHnonbHOCTH THna Ml+E2. 

Tiepnon nonypacnana 

A6y-neii:na H np/ 15/: T½ 

133 L ypoBHSI 130, 7 K9B B a onpeneneH B pa6oTe 

= (0 ,8:!:..0,3) •·10-9 ceK. Hamn naMepeHHSI noaBontt-

nH yToqHHTb aHaqeHHe nepHona nonypacnana 9TOI'O COCTORHHR. 

Orrpeneneane BpeMeHH )KH3HH ypoBHeii: o aHeprtteil 07 H 130,7 KaB B Rnpe 
133 La npoBonttnoch cpasy ,Ke nocne XHMHqecKoro BhrneneHHR nperrapaTa uepHR 

(npHMepHo qepea 1,5 qaca rrocne KoHua o6nyqeHHR). 

AKTHBHOCTb HCTOqHHKa B OCHOBHOM 6bma o6ycnoBneHa pacnanoM II30TO

noB uepnR c A = 182, 133 H 135. 

BpeMR )KH3HH ypOBHR C 9Heprnefi 97 K9B B. 133 La H3Mepgnocb B coBnane-

HHRX ( K -97 KaB) ( E =300~ 900 KaB) 133 La • PeaynbTaTbI aTnx H3Mepe-
v . 

HHii:, npencTaBneHHbre Ha pnc. 3, noaBonHnH oueHHTb Be~xHnii: npenen nepnona 
u 97 . 133 L 

nonypacnana ypoBHH c aHeprneH KaB B a 

BpeMR ,imaHH ypOBHR 130, 7 K9B B g npe 133 La 6bmO orrpeneneao B COBira

neHHHX KOHBepcxioiIHhIX aneKTpoHOB K -130, 7 KSB ( E p =91,8 KaB) + L 

+ L -97 KaB ( E =91,8 Kaa) 13a Ce c y-nyqaMn, BbrnenH eMbIMII B nna-
e 

naaoHe OT 300 /lO 800 K9Bo KpHB851 aanep)KaHHblX COBIIaneHHH ( K - 130, 7 K9B + 

+ L . -97 Ka:al:.Cr. ) 133 La npencTaBneHa Ha pnc. 4. Ha Toro, qTo 3Haqe

mre nepnona no~p-acnana ypOBHH 97 KaB Mano ( T½ ~ 10-lOceK), cnenyeT, 

qTQ. 9KCnoHeHmrnnhH8SI qaCTb KplIBOH aanep)KaHHbIX COBnaneHIIH o6ycnoBneHa 
· 133 L 

BpeMeHeM )KHSHH ·ypOBlISI 130, 7 KSB B a 

KaK OTMetJanoch Bhlllle, ypoBHIO c aHeprnefi 97 KaB B cxeMe pacnana 

133 + 133 m Ce•/ 14/ ·npnnxrcaHo aHaqeHHe cnHHa I TT = 7 / 2 + • Torna B cooT

BeTCTB11H1 c o6oi;toqeqHoil Monenb10 cnenoBano 6b1 O)KHAaTb, qTo Ml -nepexon 
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C 9TOI'O COCT051HH51 Ha OCHOBHOe COCTOSIHHe 133 La 6yneT sanpemeH no op-

6HTanbHOMY KBaHTOBOMY qHcny f ( g 7/2 ➔ d 5/2 ) •. OnHaKo 3HaqeHHe cpaK-

TOpa aaMenneHHH F ( Ml ) < 30 nns aToro nepexona npoTHBopeqnT aaM. -
TaKoMy npennono)KeHHro. 

CnenoBa'I'.enbHO, ypoBeHb C aHeprHeii: 97 K9B B 133 La He MO)KeT HM0Tb 

KBaHTOBbIX xapaKTepHCTIIK I TT = 7 /2 t • flo-BHAIIMOMY. cnnH 9TOI'O COCT051-

.Hil51 paBeH I TT = 3 / 2 + 11 nepexon c aToro cocToRHIIR - Tnrra P ( d 3/2 ➔ d 5/2). 

B aTOM cnyqae yqeT cTaTHCTHqecKoro cpaKTopa naeT cnenyromee 

aHaqemrn cpaKTopa aaMenneHHSI: F saM. (Ml)<2L 

C npyroii: CTOpOHbI, B pa6oTe/ 14/ YPOBHIO c SHeprHeil: 130, 7 KaB B RApe 
133 

La np11nHCaHbl KBBHTOBbie xapaKTepHCTHKH I TT = 3/2"':' Torna B COOT

B0TCTBHII C o6onoqeqHoil Monenb!O Ml -nepexon C YPOBH51 130, 7 K9B Ha OCHOB-

Hoe COCTOHHHe 
133 

La non)KeH 6bITb paspeureHHbIM nepexonoM TIIIla 

P ( d 3/2 ➔ d 5/ 2 ) • 

3ToMy npenrrono,KeH1110·npoT11BopeqnT 5onbIIIaSI BennqnHa cpaKTopa saMenne

HIIR F saM. (M 1 ) = 160 AnH M 1 -nepexona c aHeprneil: 130, 7 KaB. TaKne 

3HaqeHHH cpaKTopoB aaMeAn8HIIH nnH naHHOH o6naCTH Sinep xapaKTepHhl nnSI 

rrepexonoa, aanpemeHHhIX no KBaHToBoMy qncny e Tnna P ( g 7 /2 ➔ d 5/2 ) • 

B COOTBeTCTBHH c MonenbJO o6onoqeK cn!IH paccMaTpHBaeMoro ypoBHH 

non)KeH HM0Tb 3HaqeHne I TT = 7/2 + • fl pH T8KOM cn11He 3HaqeHHH cpaKTO.;_ 

pa saMenneHIIH F saM ( M 1 ) =225 n MaTpnqHoro aneMeHTa ,U ( ~j 1 ) = 
• 8KCn. 

=0,32 nnR Ml -nepexona xopomo yKnanhrna10TcH B cncTeMaTnKy e -sanpe-
2 ' 

meHHhIX nepexonoa THna P(g7/2~d5/2). (BennqHHa o = E2 /Ml =0,0262 6bma 

onpeneneHa no naHHhlM o cTpyKType L -nHHHil nepexoaa 130,7 KaB/16I). 

3_KcnepnMeHTanbHhie pesynbT8Tbl np11BeneHbl B Ta6n. 1. 

06cy)KneHne 9KCIIep!IM0HTanbHb!X pesynbTaTOB 

B peaynbTaTe npoBeneHHhIX BbIIIIe nccnenoBaH11il ycTaHoBneao, qTo nepe-
139 L 135 L 

XOAbl C aHeprHeil: 165,8 K9B B a I 119,4 KSB B a H 130, 7 K9B B 
133 

La BBnH IOTCH sanpemeHHblMH no op6HTanbHOMY KB8HTOBOMY qncny e 
M8I'HHTHb!MII nnnonbHb!MH nepexonaMII Tllna p ( g7/2 ➔ d 5/2 ) • TeM C8MbIM 6br

nH nonTB0p)KA0Hbl 3Haq0Hil51 KB8HTOBbIX xapaKTepHCTHK OCHOBHbIX H Hil)KHHX 

Bos6y,KneHHhIX cocToHHHfi B Hnpax 139 La H 135 La • llnR ypoBHH l30,7KaB 

B Rnpe 133 La ycTaHoBneHo 3Haqeane cnnaa ITT = 7 / 2 + 

7 
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B ·Ta6n. 1 epaBHHB8JOTeSI 8KerrepnMeHTanbHbl0 ll OllHOqaeTnqHbie 3HaqeHHSI 

BepoSITHOeTeii Ml - n E2 -rrepexonoB Tnrra P ( g 7/2 ➔ d 5/2) a smpax 

naHTaHa, a T8K)K0 8KenepnMeHTanbHbl0 3HaqeHHSI KBanpaTa MaTpnqHbIX ane

M0HTOB Ml -nepexonoB B 8THX sinpax. 

B Ta6n. 1 rrpnBeneHbl T8K)K0 pesynbTaTbl paeqeTOB KBanpaTOB MaTpnqHb!X 

aneMeHTOB no ex eMe A pnMa n np/ 17 I, yqnTb1Ba10meii npnMeen pasnnqHhIX 

KOHqmrypaunii K paeeMaTpHBaeMb!M eoeTOS!HllSIM. 

11eenenoBaHHb!0 nepeXO/lbl MOI'yT paeeMaTpHBaTbeSI KaK O)lHoqaeTnqHbie 

TOnbKO B nepBOM npn6nll)K0Hllll.. KaK BHAHO ll3 Ta6n. I, 3HaqeHHSI qiaKTOpOB 

sanpeTa nnsi npoTOHHhIX Ml -nepexonoB Tnna P ( g 7 /2 i! d5/2) B sinpax La 

M0HSIIOTeSI B npenenax OT
0 200 no 650, nprrqeM xapaKTep 8TOI'O ll3M0H0HHSI 

6onee nnn MeHee perynsipeH : qiaKTOpbI 'saMenneHHSI Ml -nepexonoB yMeHb111a-

10TeS1 no Mepe ynaneHHSI sinep OT sarronHeHHoii HeiiTpoHHoii o6onoqKif e N =82. 

ilnsi l?aerrpeneneHnsi MaTpnqHhIX aneMeHTOB paeeMaTpnBaMbIX rrepexonoB xapaK -

139 
TepeH MHHHMYM nnsi .. MarnqeeKoro" no qneny HeiiTpOHOB sinpa 57 La 82 • 

AHanornqHaSI T0H/l0HUHSI Ha6n10naeTeS1 npn paeeMOTpeHHll qJaKTOpOB 

yeKopeHHSI npnMeerr E2 -nepexonoB B neenenyeMb1x· sinpax La • HarrMeHb

mee s1:aqeHne qiaKTopa yeKopeHnsi Ha6monaeTesi y sinpa' 13 ~La • cf>aKTOpbI ye-
. . 57 82 

KopeHnsi yBenrrqnBa10Tesi no Mepe ynaneHnsi sinep oT sinpa 139 La e sarronHeH·-

Hoii HeiiTpOHHOH o6onoqKqii e N =82. 

TaKasi· )1{0 38KOHoMepHoeTb Ha6n10nanaeb ll B HeqeTHblX ll HeqeTHO-Heqe'f

HbIX sinpax Pr / 181• 

Ha6n10naeMb!H xapaKTep ll3M0H9HHSI qiaKTOp013 saMenneHHSI ll KBanpaToB 

MaTpifqHbIX aneMeHTOB paeeMaTpHBaeMb!X £ -sanpemeHHbIX Ml -nepexonoB 

MO)KHO o6'hSieHHTb, llCXO/lSI ll3 C8MOI'O o6mero rrpennonO)K0HllSI O TOM, qTo 

nocKOnbKY )lBif)K0Hll8 HyKnOHOB B Sl)lpe B neiiCTBHTenbHOCTll He SIBnSieTCSI 

He3aBHellMbIM, TO op6nTanbHbIH MOM8HT SIBnSI eTeSI llHTerpanoM )lBll)K0HllSI nlllllb 

B rpy6oM npn6nn)KeHrrn, If qeM 6nH)Ke qneno HyKnoHoB B sinpe K .. MarnqeeKo-

My'. TeM nyqmHM KBaHTOBb!M qncnoM SIBnSieTCSI BenrrqrrHa r • C 8TOH 

ToqKn speHHSI sHaqeHHSI MaTpnqHbIX aneMeHTOB nonJKHbl .6bmll 6b! yBennqHB8Tbest, 

a sHaqeHHSI qiaKTopoB saMenneHirn Ml -nepex onoB yM_eHblllaTbesi no Mepe yna -

neHHSI qnena HyKnoHoB OT MarnqeeKnx queen. 
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B paeeMaTpHBaeMb!X nepexonax eHnbHbIM qiaKTOpOM B eHSITllll £ -sarrpeTa 

no-BH)lllMOMY, SIBnSieTeSI KOpOTKOJleiieTBy10mee JlByxqaeTnqHoe B38llMO)leHeTBHe, 

IIpHBO)lSI mee K eMellIHBaHHIO KOHqJnrypaunii. 
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