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B ~ e ii 'e H u e 

3aBUCUMOCTb K09lP4lHUUeHT.O.B BHyTpeHHeii KOHBepCIIII ( KB.K) .' OT CTpyK-
·.· .. 

Typbl ru:tpa ~pH: CUnbHO aa'ropMomeHHbiX y-nepeXOJl8X l\IOll\110 IJCIJ.?nh30B8Tb 
. . ., .·. ,· ..... 
itnst nony'ieiiUSt OIIpeJleneHHbiX cae.JleHnii. 0 JleTanstX. SlllCpi!Oii CTpyKTypb! 

(cTpyKTypllb;~ "acn~KT. B Teo~i~;:'ksK). 3~cnepuM~'~(an~Hoe non;~~pli<JleHne 
TaKoii aaB·n;~~6c;~ B HacTostmee npeMst uMeeTCst Jlnst KBK EJ ~ u'MJ -nepexo

JlOB. TeopHst cT~Y~TypHb;X ( n~u:;uHaf\.mqecKux) a¢<!J~~Tou 11 KB~· EJ~nepexo
~OB .. paapa6o~~~~.~. JlOCTaToqHo. ri~~p~6Ho/l-51 •. Il~yq~nnc . El- nuyT~UstJl.epnoii 

-~ KOHBepcuH: H~ :6~Ho8e paanuqHbiX TeopeTnqeCKIIX npenuo.'lllll,l'llllii ·u HH.Tep

npe;auust UM~.~III"X?st 9KCnepnMeHTanbHbiX Jl811Hb1X 110 allOl\I(JniJSIM B KBK 
.. · /4;_8/ . . 

6bWH CJlenallb~ 8 pstlle pa6oT • 

TeopeTuqe.cKoe paccMoTpeHueMJ -nHyTpusmcpiioii. 1\nlmcpcuu• 6l,mo 
' . . ' · :. . . .• 19;10/ .. · · .. .· /D/ 

BnepBbie BbinonH.E)HO B pa6o.Ta~, >. .· .• B qacTu~c:Tn, · ~l 6r,mu nonyqenLJ 

¢opMynhi Jlnst KBKMl -nepeXOJlOB 'c yqeTOl\1 cTpyinypn~>JX nonpaBOK n BbJSIC-

cny'iaii peanU3YEncst, HanpuMep:· B 'nepeXOJlllX a;-~~ : s 1 :'2 . 6 1!30~onax 'Tan.:. 

nuH. Teope:;uqecKnii a11anua KBK•f -aarrpemeHH~IX n~pe.XOJlOB Ha ocHollc 
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paanu'!HbiX smepHbiX .Moaeneii npoeommcSI B pa6oTax psma uc'cneaosaTe-
_!11-14/ . -

neu , • B 6onbiiiHHCTBe. cny'!aes nony'leHo xopoiiiee col"'nacue c aKcne-

pHMeHTOM. 

.ilpyi"'aSI o6naCTb aHOManlfii OTHOCHTC5I K MJ-nepexoaaM B lleiflopMHpo-
/9/ 

BaHHbiX su:tpax. ABTOpbl pa60Tbl o6paTHnH BHHMaHHe Ha aanpeiiieHHbie 

KonneKTHBHbre Ml-nepexoabr B 'leTHo-'leTHbiX smpax H Ha Ml-nepeXOllbi 

BHyTpH poTaUHOHHofi nonocbi ( 11 K ::0) B He'leTHbiX ae!flopMHposaHHbiX smpax. 

rr _ _ r /15/ _ _ 
epBblH Cny'laH aHanlf31fpOBancSI pe'lyXHHbiM 1 KOTOpbiH ITOKaaan, 'ITO 

anH 'IHCTO KonneKTHBHbiX Ml -nepexoaos nonpaBKif K KBK OT cTpyKTypHbiX - "'\ , . 

aiflif!eKTOB He npe~.biiiiaiOT OllHOI"'O npoueHTa, lf1 TaK~M o6paaoM, aH-oManuli 

B KBK T~~Hx n~p~xoaos lfCKnro'!aroTcSI. BTopofi cny'laii paccMaTpuaancH 
... · ·. . ·'• ,,,. /16/ • .... • . . . . : ... · . . . . . . ..... 

B pa6oTe P afiHepa , I"'lle anSI HeKoTopbrx M l -nei!eXOllOB c 11 K ~0 · 

6binH CllenaHbl Ha OCHOBe o6.06IIIeHHofi MoaenH npH6nH}K9HHbie OUeHKU .Benlf-

'IHHbi aHOI\fanHH B KBK. · ·aKaaanocb, 'ITO a· ·OTllenbHbiX cny'!asix cTpyKTyp

Hbie s'~eKTbi Moi"'yT. 6biTb cymecTseHHhr. Co speMeHH noHaneaHH ~Tofi pa-

6oTbi { 19~8- ~"'•) rro~s~nocb Mk~I"'a· ~KcnepH~eli-i-anbHbiX c~eaeH~fi· KaK ~ ~t-t"P.:.. 
. ~ . -

HHTHbix csofi~Tsax Hllep, TaK If no aHoManH5I~ KBK M l·:.:..nepexollOB. · B cs~-
au c 9T~M npellCTaBnSie; .lfHTepec lf3y'le'Iii-fe Ml ..:BHy:rpusmepHOH KOH~epciu{ 
B .He'leTHbiX ite!flopMHposaHHbiX Siapax c y'!eTOM lfM9IOIIIHXC5I aKcnepuMeHTanb-

. . . . . . . /16/ 
HbiX llaHHbiX If Ha 6onee. TO'IHOH Teoperlf'19CKOfi OCHOBe {ITO cpaBH9HUIO C ) • 

B llaHIIOfi pa6oTe_ .:raKoe. ~ay'leHiie npOBOlllfTC5I Ha O~HOBe noTeHUHan~ CaK

COHa-Bya~a linH l:tsa.nuaTH Ml -n~~exo.nos c IJ.K = 0, ±_1 s H.npax pellKo-

aeMenbHoii o6nacTu. 

I 

Bbrpa*eHHe . .nnSI KBK ML -MynbTHrronbHOCTH Ha. q -o6ono'!Ke 
• . > . . ••.• llil 

cnpaBellnHsoe B nro6ofi Mo.nenH,. If MeeT cne.nyromuii BH.n . : . 

. alML), :'£ :I.Re'H(MLJ+iim't.f~LJ+i(IJ.(ML!_o(MLJ)[I2'. 
q K · · q K q K .. • q K · . q •K 

~:!TOMa, 

., {1) 
._-i 

4 

\j 

I 

I 

B iflopMyne { 1) K = Kf xapaKTepHayeT COCTOSIHHe aneKTpOH 

lf3 aT<:)M~, Hl ML I - KOHBepcH.OHHbie MaTp~'IHbie aneMeHTbl 
·:: ..• qK . . .· . . 

c y'leToM KOHe'!HhlX paaMepos Hapa B Moa~nu Cnusa nose 

nepexolla u c y'leTOM aKpaHHposaHHSI. T~6nu~bi · Re _N ~~L:J 
. /18/ } . 

ony6nHKOBaHbl B pa6oTe · • IJ. ( ML - BKna,n BHyTpHMepl 
qK . . 

e 'eeim<iuHy KBK: .. 

·-_.·.~ (M L} '<'· ( . d 0} ( d 0 I ( d 0} 
·';'qK =;- 'n'KI\,;= OKI\0-'\- .lKI\._·2+•••, 

. '· ". C .,(ML} '<' c· .-·. ( paBHblli'B Mo.nenu nuea uqK =-; nK ,·P.n_e · nK'- aneF 

pbl, a~BUCSIIIIIfe TOnbKO OT aneKTIJOHHbiX BOnHOBbiX iflyHKUifl > ... · . . . .. . . .. ·, . . -. 719/ ... 
Ta6nHUbl . C n K ony6nHKOBaHhl B pa6oTax , , >: ( n = 0,2) If 

-- ' • ' >·- • ' '•, ~ '. • '· 

A. l 01;;.;,: SI.nepHbJe napaMeTpbr, o6yc~oenusaroiiiHe aaelfCHMoc 
n ·, . 

HOfi MyJrbTifUOnbHOCTII OT CTpyKTypbl smpa: 
,· 

A (OJ = < m(~J,> f(clR); vl~'~(*) L+n+2 

• __. •-+ _.. ' 

J(clR) 'J y(OJ,;(: R ) L 
LM -

Ro . 

n 
<u (MLJ·> y .· 

_,,_.-

. ;_ . ,. - : . . ' . ~ . . 
.Un5I .Bbi5IBn9HifSI CTpyKTypbl MaTplf'IHbiX 
. ·-:....·-·:, .·: "'._. -·... ,· ' ·., 

TOK J (R) B o6o6IIIeHHOfi MO,nenu (1J. = m = c = _J ) 

aneMeHTOB B {3) 
~. ' 

,,,. 

... 
J (R) ge 2~ l'l'·; V'l'1 -(V'Pf)'P 

I ,.·, I 
+ 

... ... 
+g 

s 2~ rot 'l' ,* 'S. 'l' (-+ ~ p ( R )'I.< ( R ) 
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:ta uccne)loBaTe-., . 

! co~nacue c aKcne-

)Jl8M B J:te!f>opMnpo

Ha aanpeiueHHhie 

l MJ-nepeXOJlhi 

1HpOB8HHhiX SIJlpaX, 

lhiM noKaaan, 'ITO 

IK OT CTPYKTYPHhiX 

:paaoM, aH·oManmi 

pacCMaTpHBancst 

noB c fl.·K =0 
',·· 

HHhie oueHKH .:Benu~ 

~y~asi~ cTpyKTYP~ 
O~BJleHHSl aTOM pa-: 

:seJ:teHuM Kait o Mar

-n'epex~J:to~. B CB~-
. . ' 

rulepHOM · KOHBepculi · 
\~ ·: '" 

lCCH 3KCnepHMeHTanb;_ 

{no c.paBH~HI~IO c
1161 

). 

3 · iroTeHuuana CaK-

B HJlpaX peJlKO-

Ha.:.Bynca 

~o6onoqKe AroMa, 
:'/17 I. 

_." {l) 

I 
I 

J 
B lf>opMyne { 1) K = Kl. XapaKTepuayeT COCTOHHHe aneKTpOHI:i, BbineTeBIUe~O 

na aToMa, N ( ML J - KOHBepcnoHHhie Marpu'IHhie aneMeHThi 1 Bhi'lncneHHhie 
.: . ,' qK , . . . .. . ' . , ' . 

, C yqeTOM KOHe'IHbiX pa3MepOB HJlpa B MO)lenH CnnBa OOBepX!iOCTHbiX TO~OB 
nepexoJ:ta n c y'leToM aKpaanpoBaHnSI, 

T~6nH.Ubi Re N (ML.) w lm N ( ML J 
, · .· . . . qK . i·. . qK . 

, · /18/·c 
ony6n~KoBaHhi B pa6oTe , · ~(ML)_ BKnaa BHyTpHHJlepHOM KOHBepCHH 

qK 

{2) 

..,(ML_J__ ·· 
paBHblfi'·B MO)lenn CnnBa u qK I c nK ,rae c nK :- aneKTpOHHbie napaMeT-. 

·n ' ,··, ., , . . :· . , -" 

pbx; aaalicsrume TonhKO oT aneKTpOHHLIX .soiiHOBhiX if>yHKunit, Hau6onee nonHhie 
'.· •. · .. ·· ' .. , . ·.: . ' .. ./19/ ' ... /20/ ,· 

Ta6nuUhi .C n K ony6nMKOBaHhi B pa6oTax · ( n = 0,2) n . ( n = 0),. 
,, '. . . : . . / ' ... ~ .. . . 

'A ( 0 ).;.. . srnepHbi~ napaMeTphi, o6yc~osnnBaroume · aasncnMoCTb KBK Ma~HMT-, 
n:··· ,. __ , . . .-

HOM Myrii.rnnonhHOCTII oT cTpyKTYPhi smpa: , 

;.co 1 = {3) 
;n 

llnH .BbiHBneHHH CTpyKTyphl MaTpH'IHhlX aneMeHTO~. B (3) 380HllleM HJlepHbiM 
..... . -;' . ~ . . .. 

TOK. J . (R) B o6o6llleHHOM MO)lenH (1J = m =: c = J ) 
,~ ~ ' ' 

.... 
J ( R). + 

{4) 



·~ 

i 

·' 

i> 
-~····· .. : .. 
7-(,:' 
~~
j.''" 
;·!~ .. 
·:ar. 
',;,# 

:',} 

J 
-~· 
;;~ ·. 

,.:.,_. 
·, . 
._;:_ 

B ( 4) nepBbie .QBa <I"neaa npe.QCTaBn~~T cooofi TOK He'ieTHCH'O HyKnoaa 

(KoH~~KUII~HHbifi n cni:I~oabiil), a: 'nocnerimrfi. ~neH ~~IITbiBaeT ~aKna.Q ocToaa 
. . ., ".. .... ' ,. . " . ' . . . . .· . :: . . . . 
Smpa ·p,''J(RJ:rro.QcTaHoaKa· (4) a (3) npiiao.QnT K cnenyiomeMY BbiPa*eHIIIO 

.Qmr Sr.Qepaoro napaMeTpa· X (OJ 
n 

~ . ~ g ~ ~~ 
.<1:1 I _R_l+n [geL +-¥(L+n+:3)'S --f-(n;-2/n(Sn)] 

>..(OJ= Ro . 
n +"' 

<1:1 [ g L +-L. (L+lJ'S +9 R -8L··.: 
1
].'VI (~)L, y;* lili1> 

e 2 .. R ... • . Ro 

(6) 

;.. . • . . . v ~~ R 8L, l :l vI( ..E_) ~ ·y L: *''i':l_ ; '> 
+ . . .. Ro ., · ..... 

<ll[ g :l.''+-~29 (L +.lJ ·s~ + 9. ·'i -~ ,fvH.lt:J'::vz:~lri'> 
e . . · R • R 

,:.· . . . 0 .• : 

•',,. .... 

B Bbipa*eHII.IIX (3.:.5) R 0 _,.:3~ll~li;>-3 A 7l34i/mc·- pa.Qnyc_.II.Qpa, Yutn YcfL*
IIla~oBbie II llla~OBbie BeK;6pHb;e':_if)y~KU~H~ ·r. H ·f ;.;._ onepaTOpb! oponTallb-
. . . i "': ., .. . ~ ' ·i . ; (pJ . 

· .. HOI'O II CUIIHOBOI'O MOMaHTOB HyKnOHa; if =R/R; g.=tz +l/2 , tz =tl/2, 

t (nJ=-J/2 ; g(PJ= 6,686 II g(nJ= -3,825 - g - !flaKTOpb! ~n.II HaCB.II38HHb!X 
~~ t: , , . ~-· .• ,' .::} , ;'·.·:" '<o~S :· '~·::: ' , •' 5 : ,~'". :' • . ··. --~~,, ·: ;·, . ,. 

HyKnoao.a a e.QIIHHuax .II.Qepa?ro MaraeT?~a p. o= elf/2M c ·, .M - Macc::,~ HYK-

noHa. :!R - on epa Top KonneKTHBHoro yrn6~'o~o M.oMeHT~, .KoTop~Ifi · ·aao.Q~T~.II 
cneilyiOIIIRM oopasoM: 

~ ... : --~- :_ -·: · __ , ~ · ;~ _.. ··~ '~· : - -:..;,+-:_- --~- ~- L -:"~ ~ !. i 

f(JR')p (R')[R'xV(R')] VI( :/LYtMl=gR'!R VI(:/ YtJB,.,/.6), 

r.Qe 9R- rnpoMarHnTHoe\61-'aoiueHne .QnS!: ocToaa'.H.tipa·. Torda .Qn.H KOHaep

cnoHHbiX nepexo.Qoa nony'iaeM ( n= _.'() ): . 

6 

I, 

1 

l' .l 

: 

" ·' 

;. 

J( elf;.) p( R-~) [ R< V( R') ; ( R ) 2 VI ( _!LJ LYL*" 
. . . . , . . - Ro. Ro . ,. 

= v g -~ V{(-~JLY.* }8 
R_,, · Ro . . LM L,l 

·,, 

·· ..... 

BenH~JRHa V B (7) 38BIICRT OT MO.Qenii, npiiH.IITOH an .II 
/16/ pocTn KonneKTRBHoro .QBR)I{eHn.II. Paiiaep noKasan 

~ . . 2 . . 
V(RJ=,l/2~p.ci 2 p.V(R Y 2 ,~.J ·(a~ -napaMeTpbi 

¢opMaUHR . .II.Qpa B naoopaTOpHOH CIICTeMe KOOp.QuHaT). I 
_,. . -+ _,. ' ' 

V: ( R )=CU x R ( w - yr'noaa.H cKopoCTh apameHII.II ocTOBI 

.Qn.II <m (Ol;, 5yAyT BbinOnHeHbl .Qn.II 9TIIX .QBYX 3Ha'ieHIIH 
. . 

·Hs (2) cne.QyeT, 'iTO. 8. TeopiiiO,BXO.QiiT uenbiH Ha 
. . ' -, .· -. ' .. · ... ·. 

MeTpos·).(~J. 0.QH8K01 .BBH.Qy .TOI'O, 'iTO C nK 6hiCTpO 
. ' . 

n t B pasno)l{eHRH (2) .QOCTBTO'iHO orpaHII'iHTbC.II nepB 
' . - "• " . 

MII. Ha ocHoae ¢opMYn, .Qn.H .·en K ,· (my6n_uKoaaHHhix !3 p 

noKasaTh, 'iTO npii L = 1 C 
0

_ ?.> C
0
+ 

2 
.Qn.II K, L 

1 
-o6ono' 

.Qn.II L, - ooonO'iKII II 

Tf 
· c2_·, 
c 0-l 

·c2+l 
Co+J 

- ' . '.. :. 2 

:: - 0,072 [ l +3 (a z) 

TaKIIM. oopasoM,· .Qn.II MJ:.. KOHaepCIIII MO)I{HO aaeCTII .II.QE 

o6m1Ifi .Qn.II aTIIX o6ono'ieK, 

>..(OJ= A (:J + Tf·A ~J -, 

KOTOpblll II HBXO.QIITC.II 113 9KCnepiiMeHTOB no aHOManbHbl 

OUbiTOB .no ~-y - Koppen.IIUII.IIM. fiOCKOnbKY CTpyKTypHbl• ... .,_. 
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lK HeqeTHOro HyKnOHa 

yqHTbiBaeT BKnaA OCTOB8 

=nmyromeMy Bhipa:m:eHnro 

~' . g -, :·+ -+-+ 
-T(n+2}n (Sn)] 

+ 

(5) 

paAHYC gApa, y LAI H Ycf~*
. ~, onepaiopbi op6nTallb-

, ' . . . . ( } 

~=fz +1/2 1 1: = tl/2 1 

p8KTOpbl AnSI HeCBSI38HHhiX 

iM·~ , :M.:. Mace~ Hy~~ 
~~ '• 

~eHTa1:_KOTOp~Ifi ,BBOAHTCSI 

ttpa. Torda AnSI KOHaep-

= 11 .~ v1 c'..B...JLY* 1a 
gR· · .. ·Ra .LM L,l 

(7) 

... 
BenH~HHa V B (7) 38BHCHT OT MOAenn1 llpHHSITOfi AnSI OllHCBHHSl.V(R)_ CKo

. . .. /16/ 
· pocTH KonneKTHBHoro ABJi:m:eHHSI. PafiHep noKaaan 1 qTo Y = 11 ecnn 

... . ~ 2 
V (R) =,1 /2 I. p. a 2 P.V ( R Y 2 P. ) · ( a it - napaMeTphi KBaApynonbHofi Ae-

<flopMaunn SIApa a na6opaTopHofi cncTeMe KoopAnHaT) 1 . n 11 -:,0 17 1 ecnn 
-+ . ,'-+ '-+ . ' .•. 

V ( R )=:< .. rx R ( w - yr'noaasr cKopocTb apameHnst ocToaa). H n:m:e BhiqncneHHSI 

AnSI <m (OI;, 6yayT BbinOnHeHhl AnSI 9THX ABYX 3HaqeHHfi II • 

·l13 (2) cneAyeT1 qTo B TeOpHIO,, BXOAHT uenhifi Ha6bp stAepHhiX f!apa-

MeTpOB A(~}. 0AHI:iK01 BBHAY .Toro1 qTo C n K · 6hiCTpO y6hiBSIOT. C pOCTOM 

n 1 /3. paano:m:eHHH (2) AOCTaToqHo orpaHnqnTbCSI nepBbiMH ABYMSI qneHa-
. /5/ 

MH. Ha OCHOBe <flopMyn AnSI. en K I ony6~nKOBaHHbiX )3 pa6oTe I MO:m:HO 

llOKaSaTb, qTo npn L = 1 c 0- f'> c0+2 AnSI Kl L,· ..:o6onoqeK, c 0~1 ;» Co-2 

AnSI L11 - o6onoqKn n 

. . . ... ·. '2 

= - 01 072 [ l + 3 (a z) ] 

TaKHM o6paaoM1 l!nst Ml~ KOHaepcnn MO:m:Ho aaec.Tn stAepHhifi napaMeTp, 

o6mnfi AnSI aTnx o6onoqeK, 

,\(0} = ,\ (0} + n ,\ (0} . 
0 ''I', 2 I 

KOTOphifi n HaXOAHTCSI na aKcnepnMeHTOB no aHOManbHhiM KBK nnn na 

(8) 

(9) 

Ollb!TOB. no ~:-:Y - KOppenstUHSIM. ITocKOnbKY CTpyKTypHbie s<fl<fleKThl. B' KBK. 
·~. / 
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M1 -rrepeXOJlOB B 6onblliHHCTBe cny'IaeB He3Ha'IHTenbHhi, TO. ll3-3a ManocTH 

1f rrpn 'I'eopeTH'IecKoM aHann3e M7 -BilyTpHsiJlepHoii KOHBep-cm; Mo~~? B rrep

BoM IIpH6nH.lK8HifH paCCMaTpllB8Tb 'TonbKO 0/lHH SIJlepHblll rrapal\teTp >,.(0/,_.>,.(g). 

EcnH B3SITb BHyTpeHHIOIO BOnHOBYIO cflyHKUHlO :HyKnOHOB B IIOTeH~lHalie 

CaKCOHa-ByJlca B BHJle I K > = :£ a"o. I nl'..j, k >, TO AnSI Ma~p~"'Hh;X 3~el\1eH
nL1 

TOB TeopllH B o6o6rueHHoii MOAenn rrony'IaeM cneAyiOllllle pac"'eTHbie ¢op-
~ . . 

Mynhi : 

. >.,lO):, < m (0),> / < uy ( ML}J > 

< u· (ML) •> = <lf.l u (ML) :11 y y . ·> = 

•>!; 

(10) .. • 
2 

·(Mw R 2 )L-I x [3(4L2 ..;.1)/4Tr]~ .• ~(J"J k) x 
0 0 I I 

x•:£ aKi0 .aKin .::(lf +1) 1
/

2 <1'.. L..;.JI'.. 100·> <·jL'·i:IK k 
"I L ; 1 I n I Ll /I I · I· I I 1 • .. · .. I 

~~ el,l 
n e·. 
I 11 I 

x<pL-,> [(g
0

-g .o )"T(I'..J+(g -:-g 8 )T(a)] 
L R L,l .. s ... R L,l 

"<m(O) •> < I_ II m (Od II ·> 

2 

=(Mw R2 )L+I [3(4e-l)/4rr]~ aU J.k) X 
0 0 I I 

_.;:... f·. 

·>x 

x/ •. . . ... ...,... .,._ ·'. 
<t>opMynbi. JlnSI <m(OJ> B rrpeJlCTaBneHHH 'N£A:£ IIpH n1060M n IlpH-

BeJleHhl B ·pa6oTe/7/. 

8 

" 

X ·:£ 
. n

1
f

1 
1

1
. 

. K . 
a- I Kl n,e, ;, anll'..l/1 (21'..1+1)~ X 

I 
i . n,f li I 

I 
.x<f 1 L-ll'.. 1 100> <i 1 Li 1 IK 1 k •>x 

.·i 
xI[ gr <p L+'·> -:-(M wo R~ J v gR oL,I 1 T UJ + 

' 

+l2gs <pL+I.> -(Md;o.R: )v g~OL,I T (ci) 

+ g <pL+I •> T (an) 
... s ... :)·~ 

" " J. -J :. ..•. ·; 

B .¢opMynax 00-11) a (J 1 J1k) =(-:-1) 
1 

)21;+1 <J11J1l_K,k>, ' 

M ~ ·• ·~. R··· . ·. "B s .. ~1/J . . t.: _. o •. I Ll . e· .. ·. P = · wo · ,_wo=" , ·A-: M3B,:<p '>=<niL II 1 P · n1 11 ,>_-· 
I ··/;-

llM8lOT BHJl: 

. L+il+f 1+1/2 
T0)=(-l) . - [1'..1(e 1 +l)(2f1 +l)(2j1 +1)] 

x w ( L 1 e 
1 

1'..1 1 L -11'.. > x . w, ( ; -
1 

; 
1 

e1 Y1 
1 L 112 J .; 

[ I 1 L-1 I, J 1/2 
. I ~2 I. 1:2 · ; T (a) = [ 3 ( 2i, + 1 ) I 2 ] 

II. L - II 
_. ~' ·., . : . '.: 

, .... · ... -
.,;_: 

,g 



10 TO 1!3-38 ManOCTli 

HBepCIIII MO)KH?· B nep

ll napaMeTp >JO"=.>..cgJ. 

IO,HO~ B llOTeHUIIane 

M8Tpii'IIIblX aneMeH-

19 pac'leTHhJe ~rip-

:.·; 

(10) 

) X 

; .. ,· .. ~ ; '.' ,. '·· 
c 

o~ ~;; r .... 
1pH: mo6oM n np!I-

( 

i' 
I 

X I 
n/ 111 

~,r li I 

X 

x < e 1 . L- 1 e 1 1 o o > < ; 1.L. ; 1 1 K 1 k '> x 

··,. 

{11) 

B .lf!opMyn~x.(l0-11) a(J 1 J1 k)=(-:-l/1 -:-~2~1+l<J1iJ 1 1.K,k>• k~~K = K1 -K 1 

p .;.M!2·,~~ R · •. ~0 ==48,5.A.~ 1/3 MaB,'<p'r;.=<n,e 1;ill:ln 1 Cii;>· MHO)KifTenu' :r 
.; 

IIM9IOT BIItl: 

';•, 

l/2 
T (a ) . = [ 3 ( 2; 1 + l J I 2 1 · 

: ~ .,,. . ·' 

I 
e ,' L-l 

1/2 l . 

. il L 

··;", 

·9 



'·-. 

· . L+l · · · ' · · ·. 2 • . l/l 
T (an r = (-) . [ 3 L ( 2 i I + 1 )/ 2 ( 4L - 1) ] . X . ·.; 

x ~ (2L +2a + l)l/2 
a=+l 

< £ 
1
L ~ia e,:f 00 ·,; 

<£~ L .:.1 e,l.OO·> 
I..~ 

· e 1 L +a e, ~ 
x<LlL+aiOO.•>x,~l~2· J! :7~2~·; 

II L 1,• 

\1 

X 

,_; 

~ ; } 

OripegeneHIHI Koa4J<fmuueHTOB Kne6rna-fopitaHa, Paia ··u 9,- j - ClfMBonoa 
. . ·. /21 22/ 

(12) 

npuaegeHhi, · HanpuMep, B pa6oTax . ' • 
' ' • • • • ., - •• '- - : • • '. ' - ' ~ ' ,. • •·]< o '· • • : :: ' ' I : - . . . ~ ,{ . • . . ' • 

. ' .. nn.H pacqeTa MllTpri.JH'hiX aneMeHTOB ;< ~ ( M 1 }r;;· H <in (OA> .. no 4JopM:ynaM . . . ~ y 

( 10-12). 6hmu ucnonbsoaaHhi OJ:tHoqacTuqHhie .• ac>nHOBbie 4JyHKUuu; · nonyqeH- · 
- . . " ) ' . ~ . . . ... .. . . - . ' 

Hhie B noTeHuuane CaKcoHa..;Bygca gng MaccoBbiX :;mcen A = 155, 165, 173 
. . ,· .. /23/- ,,,,. 

n 181. CBegeHn.H o6 aTux 4JyHKUifSIX MO)KHO Hail:Tu B pa6oTaX 

~ . ,- ... ·.\. ; ; ) 

§2. MJ-nepexoghi BHYTPif poTauuoHHoil: nonocbi 

nn.H Ml -nepeXOJ:tOB c 11 K =0 <uy( M 1)·>-( g K- gR), rge rupoMarHifTHOe 

OTHornemre gn.H qacTHUhi oiq)egen.HeTCSI rrsBe.CTHoil:: 4JopMynoil: • Huni>ccoHa: 
. • - - ·; ' I -

a¢4J 
KgK=.gs <'Sz•> + 9e_:L,z •>· .. (13) 

.. 

tPOpMyllhl Jlll.H M8TpuqHbiX aneMeHT6B B0 
( 13) HenocpeJlCTBeHHO ClleJlyiOT . ' . J . ' 

H3 (10) • J1s CIJBBHeHn.H 9KCnepH¥~HT8llbHb!X If Teopey_uqeCKifX SHaqeHnil: g lc 

I 

l 
1 

11 I 

.) 
l 
I 

;{ 

• a4J4J. T aKcn. 
MO)KHO H8HTH g s . : _,•, ... or,fla 1 nc,:nollb3YSI . g_ R H. ) 

. qlfCJflfTb. M8TplfqHhlll ,aneMeHT BHyTplf.HJlepHO~ KOHBepcu 
".• ; '• • > '• "A, ,·< '•' :;. "_,', 

TaTbi pacqeToa npuBelleHbi. B Ta6nuuax .1 ~ 2. 
_. '< • '- '. • • ·-. - ..;:-

naiOTCSI Teope:TuqeCKHEO) SHaqeHn~,A J?~s. 1 TaK I 

KaK cneJlyeT us Bhi~ecKasanHoro, paBeH CBOeil: aKcnep 

He.· B Ta6nuuax T8K)Ke llBIOTCSI napaMeTpbi KBaJlpynonb 
' ! '. - ; • ·_ • - •' • ·' 

~eKanOllbHOH ( t3 40 ) Jle4JopMEtUifH ~pa, . np~ , KOTOpb!X 6h11 . ,. . .. • '.. . . . . 

BbJe 4JyHKUiflf J:tll.H p83Hb!X M8CCOBbiX queen •. 3HaqeHIISI 
· ·· ·· 124-26; · . · · .·· ·· '·c· ·. a4J4J~ .

1 
· 

_BSSITbl lf3 pa60T .. ·· • ·Pe~yllbT8TbiJ:tll.H. ,g s ·:·· . . g 

BeJleHHhie B Ta6nnuax, BbiqucneHhi no ~()p~yliaM· ( 10,1: 
... ·-··· . .:. ,- . . ... ··-:-

. XO}lOB. 9T8 BenuquHa. MeHbllle ·egnHHUbi1 B OTlllfque OT. J: 

~7--n~~~X~J:tOB B ·~~~GJ .. u- 1 
163Dy. o~a nonyq~na~~6~li1 

; . ·-:· . ;, ., 'i --;·"··•. '/27/ 
BlfJ:{HMOMY, 9TO CBSI38HO C TeMj · qTo B pa6oTe · . Jlll.H 

) ' _., > _; ·r._· ,·_: . " 

SeMellbHOH. o6naCTif 6bma lfCnOllb3.QB8H8 . TOllbKO OJ:tHa C 
~- ', ; '-

. Hero nonSI B noTeiluuane CaKCOHa-ByJlca •. Tenepb o6cy 

.. :.;~c~e·H~ii' llll~ A i~~·1:. ~a ;a6n~~ t"~:2 -~~~lw, .··~To ~~ 
A (o 1 = 1-t 0,4 B ·i{ -;He~eTHhiX . .HJlpax. u :1 ~(o'r= 1 ~. 0,1 

:pax. B. 153Eu~K·. -~R ~0,18, -~ :1Af0 ~ ~ 1:3·-t 2~ Han.6om: 
• •C ,·> :J ' ' - _. ' •, , < , - •' • • ~- • ' • < _. --' • • {; ' ' • <,, • 

.JlOll)KHhi nonyqaTbCSI JlliSIMJ-nepexoJla a_l63Dy,, llll.H KO 

. ., ,: : ~ '· - ~ . . . ' . : . . '-: . . . ' -" . - ~, . : . ' -;~ 

, K g R • 113-38 HeonpegeneHHOCTif . 9KCnepu~~HT8llbHbiX JllJ 

. 6 · ( 0) , · a4J4J. 1• CB06. O t pexoJla .B Ta nuue .gaso X . npu g . : · g = , 
a# ••. CB06 · ·. .'' · s . ) 

5i77o 
II npu g s = g s • ( g K-g R"" Q,09) ~ nn.H H.f 9KCn 

.. Jihie TBK)Ke He onpeJleneHhi ••. E~lln as~~-f'g ~ ~ g ~:1 = 0 

.. npu .;·;,;;·o,9 "o6pmuri~;;CSI ~· Hy'iri:.;. ~ npu''l g K~ g ,il = 'o,O~ 
: 3aMeTuM, q;o qe·M• ·6nir~e· · g K :. K . g R , TeM:. _C:unl-.H:ee. Bem 

OT 3Haqe~nff J. lJTo6~~· no~aaah. STy 38BifCifMOCTb
1 

Jlll.H 

tlO~. B T~6nuue ga~;c::g A (CO) ;B. Jlri.H \J ·;,;, ) ; 0, 7 ~: ~ ,;, . .- . . 

• qail: COOTBeTCTByeT. paCC~OTpeHHJ{; . ·J.u ":' KOHBepCifOHHbiX 

OllHOqacTuqHoil:. MOJlellu, KOrJla Blllf.HHife. KOpa He yqnTbU 

· H~Ix Bhirne pesyllb~a.'ToB MO)I{Ho saKniOqnTh; qTo J:tliH MJ-1 



( 12) 

., _'":.-

1:11 9, -i- CIIMBOnOB 

,:;·· ~·<mcoA> ·no 4J6pMynaM 

~.hi_e · $yHKUim,. nony'IeH-: 

cucen A = 155, 185, 173 
/23/ 

pa6oTaX 

IHOH rronOCbl 

IR), f'Jle f'llpO~af'HIITHOe 

oopMynoii; H 11ni,ccoHa: 

(13) 

>eJlCTBeHHO cne}ly!OT 
. . 

•eTII'leCKIIX 3H8'IeHIIH g ic 

·· . a$$. aKcn. a$$ 
·. MO>KHO HaiiTH g .• .. TOf'Jla, . 11Cnonh3Y.II g R II. g s ; • 1 MO>KHO Bhl~ 
~,; , '.·. '· · _ S :. . .: r · : ·: ~·- ·. • .· - · • .. • . . - , . • : ·.," · : • • ·.~ ,· c 

BHyTpiiSIJlepHoii KOHBepCHH .<m (OJ·,> • p~·3ynh-, 'IIICJ:IIITb MaTpll'lHbiH .aneMeHT 
• • ·, • - • .-· -· <' : ,. ' ' ' .. : .~ ! ' ,, ' '!!< \ ~- • -- • '. 1 \ • •• • • • • • • • • ' • \ • ' • 

· TaThi pac'IeToB npaBeAeHhi, B Ta6nuuax 1 11 2. 
~'.·-·-~~--~-.-~.; .• ~·- .• ·.>,,)' ·;- ~~-:·· 

,Ua!OTCSI,Teope_T~'le~KIIe 3Ha'IeHHSI.~~?~B.I TaK~K?K,.<,~yJMl, ),•> 11 

KaK cne}lyeT 113 BbiWeCK838HHOf'01 . ·paBeH. CBOeii: .. aKcrrepiiMeHTanhHOH Benii'III-
. . . : <1 .. : ·. ; __ ' _,'_,'. '!. _,- •• · :: ·'- ••• '. • • ' '. . • • . • • ' •. ' ': • 

·~e.·, B I 7~6.n11uax TaK>Ke JlaiOTCsr napa~eTphi KBaJlpynonhHoii:_ ( {3 20 ) 11 reKca-~ 

~~Kanonb~oii:' ( f3 40 )' Jle4Jop~au11u ~Jlpa, npu , ~oTop~Ix 6hm~ B~I'IIIcneHbi .BonH,o-:-
,, .. · .. · : . '.,: ···.' •:·.· ··~' .. ··· ,· aKCn~· aKcn: 
J3bie. 4JyHKUIIU ll1IH pa3Hbl~ M8CCOBbiX. 'IIICen~ , 3Ha'leHHSI g K . , .. H g R .. 

·-~~~T~I · 113 ,pafio/
24

- 28,1 • .P~·3;11b!aThi,AnSI ;,( ,g sa$$:/_g .~B06") c.:-B. 1 ·ripii-

BeJleHHhie B Ta6~nuax1 . Bbi'III_Cne~lhl no 4JopMynaM (10,13). ,Unsr BCeX rrepe-
• . ' ... ' . '• • • ' I ' . . /27 I 

• 
1 
XO.JlOB aTa BenH'IHHa . MeHbWe ·eJliiHIIUb11 B OTnll'llle OT. pa60Tbl 1 f'Jle AnSI 

: ·.~l -n~~~X~Il~B B ·,~5Gc(.11 ; 163Dy o~a ~~nyq11nac? 6~1JhW~ eAuHHUhi. no~, 
·.. ,;: ,.· .•. · ..... ,,, ~ ~ .•·., /27/. ·.. ,I. . : .... :. ,• 
BlllliiMOMY, 8TO CBSI38HO C TeM, 'ITO B pa6oTe . }lnSI BCeX SIJlep 'peJlKQ-

·;.~t-:·::..': :.·.:: .,- .. ___ ;_:.-·'~- <--i~ .. -.. =~ ' .:,_ _-. · .• _t ~-::--,· ,· 1 :~ .. · ..• • 1' q.',_ . -' :~--.:· . 

3eMenhHOii:.,o6nacTII 6hma. llcnonh3.0BaHa .TonhKO OllHa cxeMa ypoBIICii:. cpe/l~ 
.. . ~ ·.) <.. . I . . ' . , . , . ' - , '" • . ' ; . . l , ; 

aero nonsr B noTeiiuuane. CaKCOHa-ByJlca • .Terre ph o6cyJliiM peaynhTaTbl Bbl-
~ ~;. ;.-.. '. •• , ' ' '< • •• • - ' - • ', _, : ,' 1 •• '' . ' .' • ".; ' ~ -: '. ,- :, -· . • • ' ,._ s . . ,. -;' j •" • 

~IICn~H~ti ll~.~ ~~~~B., l13 Ta6nuu 1 II 2 Bllllli01 • 'ITO £l~SI 1,~ K ,;- .g R\•> 0,4 . 

~(OJ= 1 -t 0,4 B N .-He'IeTHhiX Mpax11 :1~co~ =l -t 0 1 1 ~ Z - He'IeTUhiX Sill-·-,. . . ' . lS 3 ' . .. . . . . • '· ·. ' .• .. . . . •' ". . . I • ; ' ' • . " . 

• , pax. B E~ , g K , - gR =,0, 181 , u I :1 ~co~ = 113. -i 2. Ha116onh11111e ,3Ua'leHIISI . ~(OJ· 
' . "' ' ' - . ' -" . ~ ~- . . . . '' 

~()n>K~hi nonyqaTbcsr, JlnsrMl ~nepexo}la B. 16~Dy,. Jlnsr KOToporo, gK6~m3~o 

K g R, l13-3a HeOI.IpeJleneHHOCTII aKcnepiiMeHTanbHbiX )l811HbiX }lnSI aTOf'O ne-
·. 

6 
. · ( 0) a$$. 

1
. ·. CB06 0 ( ) 

pexo}la B Ta nuu_e Jlaao. X . npu g s . g s .= 0, 78 g K-g R = 0 102 
a~. · CB06e · · · . in,H 

H npH g s = g s ...• ··... ( g K:- g R= <;J,09) • . .Un.11 ... J 8KCnep11MeHTanhHble }laH-
. • '.····· c ·.·•····' .; • /24/ . (0) 

Hhie TaK:>Ke He onpeJleneHhi. Ecnu B3SITh·l gK - gR·i= 0 108. 1 TO ~ 
·."'"·'''' , ....... '· ,i::u'..... ''(.,' ... :·'. . .. , .. ·. /25/ coJ ·.' > 

npR. :v =' 0 19, o6pamaeTCSIB. Hynh, II np'11 :1 g K-g R:1 = '0,03 ~ -::_ 2 ~ 9. 

3aMeTIIMI q'To q~'M' 6.iul~e' g K K g R; T~;,( 611nh~~:~· ~~nll'liiH'a I,\ (OJ sakiiCHT Il 
..... -" ' 

()T 3H~'leHH~1 
V. l.JTo6~I ::;:;~~aa~~h aTy 38BIICIIMOCTb 1 AnSI ~T,HX Jl~yx''riepexo

'itos··B T~6n11ue. aafuTCSI ·~ ~.J- B •. AnSI ·r·~ .·}; 0,7 ~ .v = 0. OocrieJlHHii: ,c:ny-

, ~~fi cooiaeTcTByeT :paccMo;peal'lro Ml-: KOHBepciiOHHhiX iiepexoAcm B · qncTo 

0/lHO'laCTH'IHOH MOJlenll, KOf'Jla BniiSIHIIe~ KOpa. He Y'liiThiBaE:lTCR. l (3 'npiii\l~'il<~ji

HhiX 'Bhime pe3ynhTaTOB MO>KHO 3aKniO'li!Th; 'ITO JlnH MJ-nepexonon, i\Jl\1 1\<lT•'-



'l 
. I 

! I 
. I 

t·· 

I 
i 
! 

J .. 

pbiX i g ~ .: . .'g RJ~ 0,2, ';norrpaB~Il: "a 'KBK OT BHyTpll:.HJlepHoii KOHBepcn~ aon>KHbl 

6biTi:' fieaHa•mTenbH:b'f ( < 10%) /Sl-oT 'Eihiaori 'iacTil:-.iHo cornacyeTc.H c ·.· pe.::: 
/28/ .;· t ..... :".' '"· ... ,, .;:·.· •· .. 

aynbTaTaMil: pa6oTbi , B KOT~poii nn£ p5IJla Ml-rrepexonoa· aHan~ra~rpoaa-

n~rcb -a~cJ~p,HMeHTalihH6re" KbHse~c~roHHhie · oTHomeHli£ Ha· · L -rrono6oho'iKax. 

·A~l-opi,r ;;sl-oii' pa6oThr ''rrp'uxon.HT ~ aaKniD'ieHHID, 'iTo i:lnsi Ml-rrep~xonoa· 
. c'ii'K ';, o;·a;l·5~u:::; 159 Tb''' 187Re ·aHOMBnll:ii B KBK HeT, 'a·B' 17-i.u ll: 177HI 

. ,.. . . ; ;. . ;:· .• '.': .. ' ·'··. . . . :• ....... . . ·. ' '/28/.· 
CTpyKTypHhie s¢¢eKThi MoryT 6hiTb. K · co>KaneHmo, a pa6oTe · aenll:'ill:Ha 

STHX s«J)¢eKT~B He 'yKa3aHa~ Dn£ 
165

Ho KOHBepCil:.H uay.Jana'cb B 'pa6o:. ... 

ie'291
'. rne' nn~ ~epli~r~ rr~p~MeTpa H:aillim>. (OJ = ~.5 t. i ;s; ~T·o. H~CKOnb;_ 

KO .· 6onbuie. H~~~ii 'oueH~·H. nn'~ KBK Ml -nepeX.ono~ B H ;_~e~eTHb~X .stripa.X:, 

K~K HaM ~r~aec'r~o/ He.T · Kak~rx-n'~r6o orrpeaeileHa·w~ aKcrrepn,MeHTari~Hhrx nak-

Hhrx.: KaK :y.~e' oiMe<ianocb, :nepexolibla163oy H rnH{,nn~ Koiopbrx 9K ' ,, 
H g k' GnHaKu npyf.' Ii Apyry, Mory·; 6hr'Tl: aHoMani>!:ll:rMu, onHaKo aaKnro'ieHH£ 

o 6enH<iHH~ aHo~linHk cJienaTb TpynHo~ B ca.HaH' c ·aTHM hpeitcl-asnsnoT ua-
.. Tepec ll:aMepeHHSI KBI( ~T~X 'rrepexoJ:ioa~/ KOTOpb!~ MOI'nH 6l.(~H~CTH orrp~aeneH
HOC:~~: Jl~.H BeliH'ilm' g ~¢anopb~~-; nony'ia~M-biX. IIpH. H3Y'i9Hil:H .· MarHHTH~!X . 

.Cl!ofic;~· ;.HJlep. TaKil:e ·~aMepe~H·R, ecnn; OHH BhmonfieHbl '(: JlOCTaTO'iHOil: 

TO'IHOCTblO, ~HHTepeCHbl 'iaK>Ke H c 'To'IKH apeHil:.H OUeHKH BeiiH'IHHbl v , Ko

TopaSJ:, . IIO ·. orrpenen.eHHIO, . .HBn.HeTC.H Mepoii "MsWK~C-TH" .HAepiwro 'seruecTBa~. 
~' , i ,.-' ; :. 

',•'· "-f' . .,·· 
§3. AK 

Dn£ Tpex Ml -rrepexonoa Me>Kny ypoBH.HMH pa3HhiX aparuaTenbHhiX 
.. . ;_,., . . .. .. . ' ·,: ,, , ..... ; ....... '. ··/· I 

rronoc peaynbTaThi Bhi'IncneH~rii naHhi B Ta6nHue 3. llpn pac'ieTax 6hmH 
' · , ··• · sKcn · ._. a¢¢ '·' •· ., · ' · ·' ·: · ,· '·, . ·' . 

HCIT()~~OBaHbi 3Ha'ieHH,5I g R , • ,H .. g s • H3_ Ta6miiihi )! ~Cl!O~b3!_£ 
' - • -, ' .• -~ ' • - •• " " ! • ~ • ~ • 

~KCI!9I>If~eHTa_nb,Hbl~ JlaH~hie 0 ~apUHaJ1bHhiX BpeMeHaX. >KH3HH Ty . H~ pa6o-
. /30/ ·' '' .. '··. . . ' ·;;, ... ~.......... . 

Tbl ·' ,' Mbl f!aiiin~ :1 uY,(~l)? SKCrf ;~.OT?~~~~ .~B~;3~H~I ~"~Y; ~ C,~~~:~:; , ~-l 
IIIHM o6pa30M: 

~ j- -

''-·· ;,·.·: '> ~ ... ~- .. . . :~~' ';: 

•12 

wr _l I Ty = 1;76.10 13 ( Eyl Msa 13-l< uy!(Ml )·>:1
2 

•· 

2J I+ l 
(~ 

ceK 

.. . . .. .... 2 
Pac'l:eT Fc.-s.=l <uy'>c.-s.f<uy •> SKcrr.l c aonHOBhiMH 

naeT nn£ Ml-nepexona 103 Kaa a 153 Eu ycKopeHne a 50 pa 
• • • • - ~ • < • • '. -_. • -. ' •• -

noa 343 KaB B · 1 75 Lu 1r 482 KSB a 181Ta rrony~aeM COOTE .. - . . 

nep>KKy B 6 II 10
4 

paa. llocne)lHHH peaynbTaT, KOTOpblH. 61: .• . .· ' 3' . . ' . . : . ,· 
(482) = 8·10 , IIeOilHOKpaTHO o6cy>Knanc.H a"mnepaType,, 11 

apeMH MexaHH3M TaKor:o _cnnbHoro ~arrpeTa nn£ sToro rrep 

o6'b.HCIH~HH£. Dn£ cpaaHeHH£ c aKcrrepll:MeHTanbHhiMil: naHHhi 
(0) .. · . (0) . (0) . . . . . . . . . 

A ~I Ac 8 I =l<m •>c 8· /<uy·>. I.Ha Ta6nu. rronyTeop. .- ·· . . ·- '· . · aKcrr. 
I ,\ (OJ I . 

sKcrr.' xopowo corriacyeTc.H 'c :1 >.c.- s I. T.e. MaTpH• 

Ml-BHYTPH.HJle!'Hwii KOHBepCil:ll: <m (OJ,; ,c y'leToM caena .. HHhD 

>K9Hilii OTHOCil:TenbHO g ."ll: g : XOpOlllO 0111lChiBaeTC5I OJlHO; 
, R s . 

pneii. Ha··ocHose rroTeHunana CaKCOHa-Bynca.··HaTepecHo 01 

· B cnyqae : aireKrpn'lecKoi:i BHyTpn.HnepHoii · KOHBepCil:ll: nnH El· 
175 . 181 - + . )· . . B Lu n .. Ta (9/2 [ 514] .... 7/2 .. [404] · pac'l:eTbi c 3 

Bb!Mil:' ljlyHKllli.HMH !Ipl!BOJl.HT 'K XOpOIIIeMy C~rnaCHIO : ·.< ·m (2 J 

ll:.' < m (
2 J(E l )·> · rrpn 3Ha'leHH.HX · g a¢¢. ( El) B rrpenena: 
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paBHhiX 3Ha'leHH£M' g s .:(Ml) ll:3 Ta6nHUhi• 1. · '· ~- Ha• pe: 

'ill:cneanil: .<m (OJ;, TaK)Ke clieny!OT aaKniD'IeHH£ o aaaKe· nn£ • 
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( 482) =. 8-10 , )JeOAHOKpaTHO o6cy>KAanCSI B n11reparype, . 11 B H8CTOS1llle_e 
:. ' ' •.• · ::.. . / c .. ·' ·. • ·.' 
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