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/1-5/ B HBCT0Sill.l88 Bp8MSI JIOSIB<!110Cb MHOrO paooT /eM. /, B KOTOpb!X JlOLIBepraeT-

CSI KpHTHKe pel!leHee ypaaHeHHH WpeLIHHrepa c raMH11bTOHHBHOM 

H • I E 
•P • 

+ 
a a .a oU 

~I a+ 
V , •+ ... + 

a a , ·- '\'+ 
111 

MeTOLIOM U, V 
- npeo6pa30BBHHR 

161
. TaK, OLIHHM H3 aaTopoe LIBHHOl! paooTbl 

0 b1110 UOK83BHO 
paHee lcM/

51 
I, 'ITO KOppe11RUHOHHble acpcpeKTbl caepxnpoeoLIRll.lero THna 

B B030y>K.Q8HHbiX COCTOSIHHSIX CHCT8Mbl 0K83b!B810TCH 3H8'1HT811bHO 0011bll18, '18M C118LIY8T 

H3 M8TOLI8 u, V - npeoopa30B8HHSI. 3To Bb!T8K88T H3 Toro, 'ITO 3H8'18HHe KOppeJII'lUHOH

HOl! KOHCT8HTbl B .£lBYXKB83H'I8CTH'IHbiX COCTOSIHHSIX He CH11bHO 0T11H'IB8TCSI OT 3H8'18HHSI 

STOll B811H'IHHbl B OCHOBHOM COCTOSIHHH. 

0TM8THM npH 3TOM, 'ITO CU8KTp SHeprHH LIBYXKB83H'I8CTH'1Hb!X COCTOSIHHl! XOpOl!lO 

nepe.naeTcR MeTo.noM u, v 
- npeo6pa3oeaHHR. B STOlt paooTe npe.n11o>KeHa eec&Ma 

npocTaR cxeMa pellleHHR ypaaHeHHR LUpe.nnHrepa c raMH11bTOHHaHoM 111, e KOTopoll 

npHt511H>K8HHO Y'IT8Hbl Oll1Ht5KH, CBSI38HHb18 C H8COXp8H8HH8M 'IHC118 'ISCTHU B COCTOSIHHH, 

0JIHCblB88MOM oapLIHHOBCKOl! ,PyHKUHel! 

+ + 
II' c U(u

0 
+ v.a.+ a.- J!O>. /2/ 

B LISHHOli paooTe CX8Ma Bbi'IHC118HHli, BHB110rH'IHBSI OUHC8HHOl! Bblll18, pa3paooTaHa 

C TaM, 'ITOt5bl BK1110'1HTb B Hee paC'I8T MBTpH'IHbiX 3118M8HTOB M8>K.£ly pB311H'IHblMH COC'

/5/ TORHHSIMH Sl.£18p. HH>Ke UOKB3BHO T8K>Ke, 'ITO ypaBH8HHII, U011Y'I8HHb18 B pat50Te , co-

Llep>KaT ace nonpaeKH K MeTo.ny u, v - npeot5pa3oeaHHR nopRaKa 1 
7r • Ha~toHeu, 

B paOOT~ UpHB8ll8Hbl pe3y11bTBTbl paC'I8TOB, Bb!Jl011H8HHb!X C JIOMOll.lb!O pa3pat50TBHHOro 

MeToaa, .£11111 saep rpynnbl pe.nxo3eMenbHbiX S11eMeHToa. CxeMa pac'!eTa BblopaHa ano11-

/7/ 
He aHa110rH'IHO TOMy, KaK sTo Ob!JIO c.ne11aHo a paooTe • KoHcTaHTb! napHoro B3aHMo-

LiellcTBHH CB8pXnpOBO.!lSill.l8rO THUS Bblt5p8Hbl npH UOMOll.lH cpaBH8HHSI SKCn8pHM8HT811bHbiX 

H TeopeTH'I8CKHX 3HB'I8HHl! napHb!X SHeprHll .£11111 0011bll10ll rpynnbl Sl.£18p. no11y'I8Hbl aHep-

reTH'I8CKH8 CU8KTpbl llll8p H nonpaBKH, CBSI38HHble C napH&!MH KOpp811SIUHSIMH
1

K B811H'IHH8 

log (It) .£111R Pllll a npou eccoe {3 - pacna.na R.nep. 

/5/ 
0CHOBHbl8 pe3y11bT8Tbl, U011Y'I8HHbl8 B paooTe , MO>KHO ccpopMy11HpOB8Tb CJI8LIYIO"" 

lllHM ot5pa3oM. KaK noKa3aHo a Ill 
, COt5CTB8HHble cpyHKUHH onepaTopa raMHJlb-

TOHB ll I Ll11SI CHCT8Mbl N 'IBCTHU npH '!eTHOM N MOryT t5&!Tb np8LICT8B118Hbl B 

BHlle: 
+ !!_ ~ A+ 

('A ) 
2 

I 0 > = N I -
1

- ~ ~ z e I 0 > • 
21Ti Z N 1 131 

'~'. 

3 



rae + + + 
A =:¢.a.+a•_ 141 

onepaTop po>KaeHJH! KynepoBCKOll napbl, I 0> - COCTOHHHe B8KyyM8 no onepaTOp8M 

a 
oa 

Bo aTopofi qacTH paBeHCTBa 131 

" N 
+ 

I a.a 
•P 

a 

"" 
151 

npeacTaanHeT co6oll onepaTop 'iHcna qacTHU. !1aTerpan B cpopMyne 131 HBnHeTcH one

paTopoM npoeKTHpOBaHHH cpyHKUHH 

+ 
A 1 + n 

e \0>=!-(AJIO> 
n n! 

161 

H8 COCTOHHHH CHCT8Mbl N - 'iaCTHU IKOHTyp B KOMnil8ECHOli nilOCKOCTH Z 06JCOJJ.HT 

TO'iKY Z = 0 I. C apyroll CTOpOHb!, cpyHKUHIO 161 MOlKHO nepeni!CaTb B BHae: 

A+ + + 
e = ~(1 +¢.ao+a._)IO>, 

171 

cosnaaaiOmeM c TO'iHOCTbiO ao aopMHpoBKH c cpopMynoll 121. TaKHM o6paaoM, npoeKUHH 

6apanHoBcKoll cpyHKUIIH 121 np11 npaBHilbHOM BbJ6ope napaMeTpOB u. , v. I HilH ¢. I 

HBnHeTcH TO'iHOil sonHosoll cpyHKunell cucTeMbi. CpeaHee aHa'ieHne npoH3BOilbHoro onepa-

" 
TOpa 0 

rae 

a 

B COCTOHHHH 131 nepenuw eM B suae: 

f ft 0( z) e 1>(•) 

z 

<!J ( z) 

o, 
f ~ e <1>(•) 

z 

!1:-N 2 2 
In < '¥, z 'I'> = l In ( 1 + z ¢. ) - N In z , 

0( z) 

N' 
<'¥,6z 'I'> 

<'I' ,z~ 'I'> 

181 

191 

1101 

npll B8CbM8 06IUIIX npeanO/lO>K8HIIHX 0 xapaKTepe onepaTopa ~ H CTpyKType cpyaK-

Ullil '!' MOlK HO aoKa3aTb, 'iTO cpyHKUHH ¢ (z) , onpeaeneaaag cpopMynoll 191, HBnHeT-

CH 8H8m1TH'i8CKOli H8 ael!CTBHT8/lbHOli OCII Z II o6naaaeT ceanOBOli TO'iKOli lnpll'i8M 

TO/lbKO oaHOil I B HHT8pB8/l8 0 < Z < " .UellcTBI!TenbHO, nycTb N - H8KOTOpblil 

9pMIITOBCKHil onepaTOp, a 1/J n, a - H8KOT0pblil nO/lHbiil Ha6op cpyHKUHil, T8KHX, 'iTO 

N .P = n .P 
n,a n,a 

Ill/ 

nycTb p83/lO>K8HHe cpyHKUHH '¥ B cpopMyne 191 no cpyHKUHHM 1/J n,a 
HM88T BRa: 

'l'=lc t/;. 
a n,a n,a 

n, 
1121 

4 

Tor.oa 

<l>(z) = In I! I C 1
2 

z" I - N In z 
n,a nil 

1131 

npeJJ.nO/lOlKIIM, 'iTO B pa3/lO>K8HIIH 1101 IIM8!0TCH no Kpal!Heil Mepe asa OT/lH'iHbJX OT 

HynH K08cpcpHUH8HTa: C "t ,a
1 

BblpalKeHHe 

r.oe 

nerKO BHaeTb, 'iTO 

d<ll 

dz 

npH n
1 

< N H cn
2 

,a
2 

N. 

d<ll 

dz z 
I 'N. - N I , 

I I 2 
n,a cn,a I n z" 

!lc al2zn 
n,a "• 

npH 

_l_(n -N) 
z mfn 

npH z .. 0 + 

d<ll ... 1_ (n - N ) dz z mez 
npH z .. oo 

n
2 

> N • 11ccne.oyeM 

114/ 

1151 

1161 

r.ae n min 
mu 

- MIIHHMa/lbHOe IMaKCHMa/lbHOe/ 3Ha'i8HII8 n ', KOTOpOMy COOTB8TCTByeT 

c f, 0 • .Uanee, HMeeM 
na 

..!L ( z ~; = __!_ ( N- 'NJ > o. 
dz dz z • 

/17/ 

BbipalKeHHe B CK06Kax B cpopMyne /17/ onpe.oeneao no aaanorHH c /15/ KaK cpe.oaee 

2 2 n 2 
! I c I z (n- N ; 

n_a n,a • /18/ () - 2 
(N-N) = . . 

! I C 1
2 

n 
n,a n,a z 

, oTpHuaTenbHaH npH Ma/lb!X I z I H no/lO>K HT8/lbHaH 
Tenepb BHaHo, 'iTO cpyHKUIIH z d<ll 

dz 
npll 60/lbWHX Z , MOHOTOHHa, a cneaoBaT8/lbHO, 06pamaeTCH B Hy/lb B H8KOTOpOil TO'I-

Ke z
0

, 3TO HIJIIHeTCH JJ.OKa3aT811bCTBOM YTBeplKaeHHH 0 ceanoBoil TO'IK8 cpyHKUHH <IJ( z),!-13 

cpopMyilbi /18/ cneayeT, 'ITO aanpasneaHe 6blcTpeilwero cnaaa cpyHKUHH <tJ nepaeH.llHKY-

nHpHo ocH z • Eme oaao o6mee yTBep>KaeHHe o cpyHKUHH <li(z) MOlKHO caenaTb, pac-

CMOTpeB XapaKTep H3M8H8HHH ee B.llOilb OKpylKHOCTH C U8HTpOM B TO'IK8 

CKOilbKY see cnaraeMble, onpeaenHIOIUHe cpyHKUHIO 
<ll(o) 2 

e = _1_ ! I c I z n ' 
z" n,a 

nO/l0lKHT8lJbHbl npH nO/lOlKHT8/lbHbJX 3HS'I8HHHX Z , TO 

I /'r•>l 
~ < 1 • 

I e ~fl•IJ 1 

5 

z Eo • no-



T B.KHM ot5pa30M
0 

II pH BCIIKOM Bblt50p9 OKpy>K HOCTH B nnOCKOCTH Z MO>K HO yTBap>KaaTb, 

'ITO senH'IHHa I e <~~r•J I • npHHHMaeT csoe MaKcHMan&aoe 3Ha'!eHHe B TO'IKe nepece'!eHHII 

OKPY"' HOCTH c nono>KHTen&HOil nonyoc&JO z PaccMoTpHM Tenepb HHTepecyiOlllHfl Hac 

cnyqafi, KOraa Ff - onepaTop 'IHCila '!aCTHU, a cj:>yHKUHH 'I' onpeae.THIIOTCR cj:>opMyna

MH /4,5/ H OOHCbiBaiOT npOTR>K9HHblil CBepXITpOBOaHHK, 3TO 03Ha'la9T, 'ITO npH ysenH'Ie-

HHH q~cna 'laCTHU B CHCTeMe N 06'b9MJ 3aHHMaeMb!ll eiOr H ITilOTHOCTb OllHO'IB.CTH'IHb!X 

COCTORHHfi pacTyT ITpOITOpUHOHB.IlbHO N , a K03cPcPHUHeHTb! cp RBilRIOTCR nnaBHbiMH . . 
cj:>yHKUHRMH 3Hep'!"'HH OaHO'IB.CTH'IHb!X COCTORHHil. npa 3TOM CyMMB. B cj:>opMyne /7/ MO>K9T 

6biTb aaMeHeHa HHTerpanoM 

<1> ( z) -+ N I_!__( f d< y( <)In [ 1 +I ¢ ( <) 12 
z 2 1) -In z I • 

p 
/19/ 

3a ecb p - ITilOTHOCTb 'IHCilB. 'IB.CTHU B CHCT9Me, a y(<) - llllOTHOCTb oaHO'IB.CTH'IHb!X 

COCTORHHfl HB. HHTepBB.Il 3HeprHH B CHCTeMe eaHHH'IHOf'O 06'beMa. ~OpMyna /J9/ CBHaeTenb

CTByeT, 'ITO OOK8.38.T81lb• 3KCOOHeHT bl B cj:>opMyne /8/ nponopUROHaneH 'IHCIIY 'IB.CTHU B CHC

/8/ 
TeMe. OTcJOaa cneayeT /eM. I, 'ITO npH sec&Ma o6mHX npeanono>KeHHRX o csollcTBaX 

cj:>yHKUHH 0( z) HHTerpan 
dz ¢(o) 

1 = ,_O(z)e 
z 

MO>KeT 6biTb npeacTaBneH B.CHMOTOTH'leCKHM pRaOM 

3aec& 

e ..JfJr•; 1 = Y:" I o + [~ + '3( 0 , ¢3 -O o<ll,J 
<1>2 0 -2¢2 ,4<1>22 

z
0

• - Ce.llllOBB.R TO'IKB. cPYHKUHH <fi( z) 1 

[ dn<l>(z) l ' on 
«<I = •=• 

n dz" 0 

[ dnO(z) 

dzn 

2 

1500<fi3]+ ••• 1. 
+ ---, 

-16¢2 

z•z 0 

/20/ 

/21/ 

/22/ 

~opMyna /21 I aaeT acHMnTOTH'!ecKoe paano>KeHHe HHTerpana /22/ c TO'IHOCTbiO ao 'Ina-

HoB nopllllKB. ·~ • npH Bb!'IHCneHHH OTHOll!9HHR asyx HHTerpanoB, cj:>HrypHpy!Olllero B 

N'' 2 
cj:>opMyne /8/, 'lneHbl B KBB.IlpB.THbiX CK06KaX, coaep>KB.lllHe 0 0 , MO>KHO He Y'IHTb!BB.Tb, 

0cTaiOlllHeCR 'lneHbl OK8.3hiBaeTCII yao6Hb!M nepenHCB.Tb B T9pMHHax MaTpH'IHb!X aneMeH

TOB, onpeaeneHHhiX cj:>opMynoll /10/, 'ITO aaeT 

1 I 6 1)2 A2 ,3AlP 
~ [ A IY• - O(z )AN ]- _.2.D. 
21'lN ° 0 

•o 2 •o 2A N. 0 

o, O( z
0

) -

rae /l,fln =(~- No)n • 

OnpeaenHM napaMeTphl u • v. npH noMOlllH cj:>opMyn 

6 

(()!'l k' J I 
•o 

/23/ 

/24/ 

!: 
I 

I 

l
.,, . 

' 

. 
' 

u . 
(1+ z:I<P.I2JI' 

v 
¢. zo 

/25/ 
(1 + z21¢ \2)\0 

0 • 

rae ¢. - napaMeTpb! TO'IHOil BOilHOBOfl cj:>yHKUHII CHCTeMbi, 3anHCB.HHOi! B cj:>OpMe /3/, 

/4{, llerKO Y.6eaHTbCR, 'ITO MaTpH'IHbie 31leMeHTbl 0( z
0

) B cPOpMynax /18/, /21/ npea-

CTB.Bilii!OT C060i! cpeaHHe 3H8.'19HHH COOTBeTCTBYIOlllRX onepaTOpOB, Bb!'IHCil9HHb19 ITO 

HOpMHpOBB.HHOil cj:>yHJtUHH /2/, C K03cj:>cPHUH9HT8.MH U 
0 v,0 , 3aaaHHh!MH cj:>OpMynaMR /25/, 

M hi BRaHM, 'ITO cymecTsyeT 6apaRHOBCKaR cj:>yHKURR, TaKaR, 'ITO cpeaHee aHa'leHae 

ITpOR3BOilbHOrO onepaTOpa, Bhi'IRCileHH09 B COOTB9TCTBHR C cj:>OpMynoA /23/ ITO 3TOil 

cj:>yHitUHH, COBrraaaeT C TO'IHOCTbiO .llO 'lll9HOB lr CO Cp91lHHM 3Ha'leHH9M 3TOrO OITepa

x/ 
TOpa IIO cj:>yHKUBH OCHOBHOrO COCTOHHRH CHCTeMbl , 3TOT peayn&TaT MO>KHO RCOOilb30-

BaTb anR onpeaeneHRII CaMHX napaMeTpOB U 0 V cj:>yHKUHH Ha OCHOBaHHR B8pR8UR-

/5/ 
OHHOrO IlpRHUHOa. K aK 6blll0 ITOK8.38.HO B pa6oTe 0 MHHHMB.IlbHOe 3HB.'IeHR9 Cp9aHero 

OT onepaTOpa tiHeprHH /J/ MO>KeT 6b!Tb npH61lR>K9HHO 3aiTHCB.HO B BRae, B.HanorS'IHOM 

TOMy, KOTOpb!il cneayeT H3 TeOpRR U , V - npeo6pa30BaHHR: 

rae 

a KOtl¢tPRUHeHTbl U 

E=2lEv
2 . . 2 _c_ 

2 G acj:>cj:> 

G _., • G ( 1 + ~) = G( 1 + 1 2 ) , 
a..,cj:> l'lN .4::£ u 2 v 

v 

. . 
C=G lu

0
v

0
, 

acj:>cj:>o 

onpeaenRIOTCH roopMynaMH 

u 2 
0

21 
v. 

'h [ 1 ± E.- A 1 • 
yC 2 +(E

0
-A) 2 

2 

/26/ 

/27/ 

/28/ 

/29/ 

K oacj:>«PauueHThl C 

06b1'1Hb!e ypasHeHHR T80pHR 

A f'lN MOryT 6b!Tb HailaeHbl R3 ypaBHeHRil, 3aMeHHIOlllRX 

u v - ITpeo6paaosaHRR: 

N l ( 1 - E.- A ) , /30/ 
yC 2+ (E

0
- A/ 

x/ Mbi He 6yaeM ocTaHasnasaT&CR Ha accneaosaHHR csoilcTB onepaTopoB 

Bb!OOITHeHRR KOTOpb!X cj:>opMyna /23/ OK8.3b!B8.9TCSI B.CHMOTOTH'leCKH TO'IHOil, 3Ta 

,.. 
0, npR 

¢op,t~yna 

H cnpaseanasa ,so BCHKOM cnyqae, anR onpeaeneHRH cpeaHero 3Ha'leHRH onepaTopa 

B '19M MO>KHO y6eaHTbCH HenocpellCTBeHHb!M p8CCMOTp9HReM, 

7 



_1_=%l: 
G • -

acpcpo vC 2 + (E.->.. )2 

/30/ 
2 

/).N ~ £ 2 

c;r- • (;f+(E.-A.J 

¢opMYIIb1 /26/-/30/ nerKO 0606lllHTb C T8M, 'IT06bl DO/Iy'IHTb 0DHC8HH8 KaK B036y>K.aeH• 

Hb!X COCTOHHHil '18THOil CHCT8Mbl C 'IHC/IOM C8HbOpHTH, paBHblM 2, TaK H .!1/IH ODHC8HHH 

cneKTpa COCTOHHHil C C8HbOpHTH 1 H8'18THbiX CHCT8M o KaK H B 06b!'IHOil TeOpHH a 0 V -

npeo6pa30B8HHH H3M8H8HHH B cpopMynax /26/-/28/ COCTOH'I" B 38M8H8 .asyx R/IH O,!lHOrO 

K03cj-lcpHUR8HTOB 
2 

v 
I 

H8 e.a HHHUY 0 np H aTOM H3 cyMM s cpopMynax /30/ Bbma.aaeT 

COOTB8TCTBY IO!ll88 'IHC/10 'I/18H0Bo 

npHB8,!18M pe3yllbT8Tbl p8C'I8TOB, BbiDO/IH9HRbiX C DOMO!llb!O ypasHeHHil /26/-/30/, 

no cxeMe, npHHRTOil s csepxTeKy'leil Mo.aenH H.apa. SbinH pacc'IHTaHbl csoilcTsa H.aep 

rpynn p8,!1K038M8/IbHbiX 3/18M8HTOB B Dp8,!1DO/IO>K8HHH, 'ITO raMHDbTOHH8H, ODHCbiBalO!llHil 

H.apa, pa3,!18/IH8TCH Ha ,!1B8 '18CTH, K8>K.!l8R H3 KOTOpbiX ODHCblB88T HeiiTpOHHYIO ~ opo

TOHHYIO KOMDOH8HTbl R.apa B OT,!l8/lbHOCTH H Bb!p8>Ka8TCH cpopMynoil /1/. KOHCTSHTbl nap· 

Horo B38HMO,!l8HCTBHII B :i>THX cpopMynax 6bi/IH ODpe.aeneHbl DpH DOMO!llH c.paBH8HHII sy-

q HC/18HHbiX H 3KCD9pHM8HT8/IbHbiX 3H8'19HHil nap ROil 3HeprHH 

p N = % I ,3. N-l + • N + l - o3< N - • N- 2 /31/ 

I <N (< • 1_ 
0

-aneprHH ocnosnoro cocTOHHHH CHCT8Mbl H3 N neiiTponos I z npoTonos//. Peaynbr 

T&Tbl paC'I8TOB, ,!18HHbl8 B Ta6/IHU8X 1,2, DpHB9/IH K C/18.!lY!OlllHM 3H8'18HHHM '38Tp8BO'!Hb1X' KOHC" 

Go Go - 0 020 h 0 
T&HT -p-: B <t>opMyne /1/: ,!1/ISI DpOTOHHOil CHCT8Mbl V - o ru0, .!1/ISI H8iiTpOHHOII CHC-

G0 o 
T8Mbl __ a 0,020 hru • npH Bbl'IHCIIeHHSlX 6bma HCDO/Ib30B8H8 T8 :>K8 CX8Ma 0,!1HO'I8CTH'I-

V 0 . /9/ 
Hb!X yposnelt, 'ITO H B pa6oTax H.Yf. nHTOBS H B.r. ConOBb8B8 • nony'leHHb18 HaMH 

191 
3H8'!8HHSI KOHCTSHT H8 10% M8HbW8 TeX, KOTOpble 6btnH DO/IY'I8Rbl B pa6oT8 DO T80pHH 

6ea y'I8T8 DODp8BOK Ha Dp08KTHpOB8HHe. 0TM8THM, 0.!1H8KO, 'ITO 3H8'18HH8 B8/IH'!HRbl 

G aq:,cp' 38M8HSIIO!ll81t B sapKSUHOHHblX ypasH8HHRX ODHC8HHoro Bb!W9 M8TO.!la B8/IH'IH"" 

ny G o6b!'IHOil TeopHK, OK83b!B88TCH .aa>Ke H8CKO/IbKO 6onbwe, qeM B TeOpHH a, v., 
16 7,9/ 

npeo6paaosaHHR /eM. ' I. C :i>THM cs11aano cymecTBeHnoe soapacTaHHe KOppenRuHon-

HOi! ¢YHKUHH C , DOIIY'I8HHOil H8MH, DO Cp8BH8HHIO CO 3H8'18HH8M, C/18.!1YIOWHM H3 

¢opMyn o6bt'IHOil T eopHH. B Ta6nHuax 1,2 npHse.aenbl TaK>Ke pac'leTHbi8 3Ha'leHHR anep-

rHH ypoBHH c KBa3H'I8CTHU8MH na K + 1 H K yposnllx o.anoqacTH'I 11011 cxeMbl I K 

yposeHb <l>epMHio B CK06Kax npHse.aeHbl pac'leTHbie 3HS'I8HHH, B3!1Tble H3 pa60T~o~ 191 I. 
Eonee nonHbie .aanHbie o6 anepreTH'IeCKOM cneKTpe 11.aep npe.acTasneRbl s Ta6nHuax 

3 • 4 B KOTOpbiX DpHB9,!18Hbl xapaKT8pHCTHKH p11,!18 .!lBYXKB83H'I8CTH'IHblX COCTOB-
112 U2 

HHil ,!lOS! B.aep Yb R W • Via np&se.aeHHblX .aanHhlX BH.ano, 'ITO pe3yllbT8Tbl Ra-

8 

,, 

'i 

.'I' 
:)' 

·I 
~.~ 

wero MeTo.aa seCJ>Ma 6nH3KH K peaynbTaTaM MeTo.aa a, v -npeo6paaosaHI!H H pacxo>K

.aeRHH Ne>K.ay HHMH 3R8'1HT8/IbHO M8HbW9, '19M paCXOlK,!l8HHH CBOiiCTB COCTOHHHII HeiiTpOH

HOil CHCTeMbl s paanH'IHblX H3oToaax H npoTonnoil CHCT8Mbl s paanH'IHb!X H30Tonax. O.a-

H8KO CBOiiCTBa BO/IHOBblX ¢yHKUHil ~ B ¢opMe /21, COOTB8TCTBYIOWHX C06CTB9HHb!N 

<t>YRKUHIIM COCTOSIHHil CHCT9Mbl, OTDI!'I810TCSI LlOBODbRO CH/IbHO. 3TO Dp0HB/1118TCII y)Ke B 

soapacTaHHH napaMeTpa C .anH ocnosnoro cocToHHHH I .< 20% I. Oc o6enno senHKo 

paanH'IHe Me>K.ay peaynbTaTaMH nawero MeTo.aa H MeTo.aa u v - npeo6paaosa-

HHH B 3H8'18HH'IIX KOpp811HUHOHHOil ¢yHKUHH C .asyxKBa3H'IaCTH'IHoro cocTORHHH K, K +2. 

.QnH scex pacC'IHTaHablX cnyqaes OTHoweHHe 

DOXOlKQ Hll pe3yllbT8Tbl paC'I8TOB, DpHB9,!19HHb!X 

CK,K+l /C o;;;..0,8 , 'ITO coeepw8HHO He-
. /6/ 

B pa60T8 • Vfa Ta6/IHU 3 , 4 BH,!lHO, 

'ITO OTHOW8HHH KOppeiiiiUHOHHblX KOHCTSHT 60DbWOrO 'IHC/18 HH3K0/18lK8WRX ilBYXKB83H

'18CTH'IHblX COCTOSIHHil OK83biB810TCII B9CbM8 61!H3.KHMR M9>K,!ly Co6oil. 3TOT pe3yllbT8T 

RMeeT M8CTO BO BC8X pacC'IHTSHRblX CIIY'ISHX. 

nepeil.aeM K ODHC8HHIO p8C'I8TOB, Dp0B9.!18HHbiX .!1/IH onpe.aen8HRII B/IHHHHH Dp08KTH-

pOB8HH'II ¢yHKUHil R8 B9/IH'IHHY BepOHTHOCTH f3 - nepeXO,!lOB 'B H.apax. 

PaccMOTpHM .anH onpe.aenennoCTH {3 nepeXO.!lbl H3 OCHOBHOrO COCTOIIHHII ReqeT-

RO-R9'18THOro ll,!lpa. 0603R8'1HM Nn, Np 'IHC/10 ReiiTpOHOB H DpOTOHOB COOTB9TCTB9HHO B 

'leTHO..-'IeTHOM .ao'lepHeM Rape. Bonaosy10 cpyHKUHIO /nenopMHposannyiO/ MaTepKHCKoro 

Bapa 38DHW8M B BR,!le: 

d , + p 

'l'E 9~9~1u zq(u.+ 
zNP z" ·n 1 .,., 

+ 

+ + 
vPz

2
bo+b._) • 

n n 2 + + 
a p n ( u , + v , z' a '+ a , J I o > , 

J •=fl • • • •-

1321 

rae a 
+ 

b - OnepaTOpbl DOpO>K,!l8HHII HeiiTpOHS H DpOTOH8 COOTBeTeTseHHO. nyCTb, 

aanee, onepaTop nepexoaa HNeeT sa.a: 

+ 
l: r ,}> a , , 

••"ou" .o,ao· ·aU • u· + apM. conp. 

Bo/IHOBYIO cpyRKUHIO KOH8'1HOrO COCTOIIRHII 38DHW8M B BRae: 

dz " dz' '1'-9--;-:;-;--"--;w;:n 
z p z 

p p 2 + + 
ll( u' + v'0 z b o+ b.-) 
• 0 • 1331 

n (u'~ +v": z,2 a+ a+ )\0> 
•" . . ..... ·-

~8TpHqHblll 3118M9HT fi -nepexoaa HMeeT BHa: 

r R(n)R(p), ta1 ,Jo
1 

/341 

rae 

9 



R (n) 

[~ 

R (p) = 

[p 

' ' dz' tl(u"u: 
9~.11 • 

Z n 

u; ' 2 n + z v • v: ) 
dz n 2 2 n 2 dz' n '·:1 ,2 •' 2 'h 

___ II ((u) + z (v) >9--ll((u,)+z (v,))] 
zNn+l•IJ • • z"Nn+t.~. • 

dz 
ri=1 

z p 

p J:. dz p p' 2 , 
v, 'I'~ IJ (u. u. + z vP vP) 

Z p IFf/ 
8 

• 

p_2 2 2 dz' p'·2 ,2p'-2 'h 
II ((u ) + z (vP) H -rrrr!l((u ,) + z (v,) )] 

• ::/. I • • z' P ., ' • • 

1351 

1361 

nonpaBKH K B8riH'IHHaM R(n) , R(p) , CBll3aHHbi8 C HCnOrib30BaHHeM t5onee TO'IHbiX 

BOriHOBblX ~yHKUHil, nol!Brll!IOTCll KaK BCnenCTBHB H3M8H8HHll napaMeTpOB u . v • B 

pe3yri&TaTe peweHHll Gonee TO'IHOrO BapHaUHOHHOrO ypaBH8HHll 0 '18M TO, KOTOpoe HCnOnb-

3yeTCll B MeTone u v - npeot5pa30BaHHll, TaK H BCnencTBH8 llOliBnBHHll HHTerpa-

no a no z B ~opMynax 1351, 136/. BnHliHHe BToporo H3 paccMOTpeHHbiX ~aKTopoa 

1101 
oblno HccnenoaaHo B pat5oTe OnHaxo H3MeHeHee napaMeTpoB u • , v

0 
B 3Ha'IH-

Ten&Holl Mepe KOMllBHCHpyeT 3~~8KT 3aM8Hbl HHTerpanoB B ~OpMynax 136.1,/371 Ha Go

nee npoCTbiB Bbipa>KeHHH Teopeu u, v - npeot5pa3oaaHHll. BcnencTaHe aToro peayn&TaTOB 

pat50TblllOI HenocTaTO'IHO nmr Toro, 'IT06bl nenaT& KaKae-nHOO Bb!BOnbl 0 TO'IHOCTH pac-

'18TOB Ha OCHOBaHHH M8TOna U v - npeoGpaaoaaHHll, 

.•• nerxo aHneT&, 'ITO MaTpH'IHbie aneMeHTbi nepexona, Tax >Ke xax H cpenHee aHa'le

HHll onepaTopoa, MO>KHO Bbi'IHcnRTb npH noMOLUH M eTona nepeaana. npa aToM uenecooG-
1 

pa3HO orpaHH'IHTbCll, KaK H paHblllB, nHH81\HbiM npat5nH>K8HH8M no B8riH'IHHaM -- , 
!'J.N.2 

CnenyeT HMeTb B suny, 'ITO cennoaal! TO'!Ka z
0 

nonhiHTerpan&HbiX BbipalKBHHI\ 

0'18Hb Mano OTriH'Ia8TCll OT enHHHUbl, H 3TO OTriH'IHe TaK>K8 MO>KHO Y'IBCTb npaonH>K8HHO 

/coxpaHliH Bbipa>KeHHll, nuHellHbiB no z 0 - 1 I, 

Peayn&TaTbl Bhi'IHcneHall aenH'IHH R(n) , R(p) H 3H8q9HHR. BenHqHHhl 
2 2 

.R= R(n) ~p) ~ 

onpenenliiOLUell aepoHTHOCTb nepexona, npuaeneHhi a Tat5naue. TaM >Ke npHBeneHbi pe-

3yn&TaTbl pac'leToB, BbinonHeHHhiX c y'leToM t5noKKposxa, HO t5e3 npoeKTKpoaaHKll ~yHxuall. 

!-13 Tat5nKUbl BHnHO, 'ITO pa3riH'IK8 M8>KllY pe3yribTaTaMH paC'!8TOB llBYMll pa3HbiMH MeTo

n aM It B OCHOBHOM H8 0'18Hb BBr!HKO, 3TO non TBep>KnaeT npennono>K BHHe, ri8:>KaLUee B 

OCHOBB pac'!eTa 0 TOM, 'ITO 3~~8KT npoeKTHpoBaHHll Man H MO>KBT t5biTb y'ITBH npHt5nH

>K8HHO IHeot5xonaMo noMHHTb, 'ITO R conep>KHT '!eTaepTyiO cTeneH& MaTpa'IHblX ane-

MeHTOB THna 1361,/36/ I. OTcJOna cnenyeT, '<TO xnaccH~HKauiUI f3 - nepexonoa, 

npellnO>KBHHall B.r. ConOBbBBbiM H c. rannaxepoM 
111 

I Ha OCHOBaHHH pac'IBTOB c Y'I8TOM 

10 

15nOKHpOBKH, HO 15&3 TO'!Horo y'I&Ta COXpaH8HHll 'IHCI!a 'laCTHU, OCTa&TCR B CHn&, 0nHaKO 

IIOCKOIIbKY CX8M8 ypOBHell, HCllOIIb3YIOLUaSICll B naHHOll pat50T8, H8CKOribKO OTriH'IaeTCll 

oT TOll, xoTopall t5blna npHHRTa paHee, neTan&Hoe cpaBHeHHe pe3yn&TaToB Heuenecoot5-

xl 
pa3HO 

B Tat5nHue npHBeneHbl TaK>Ke 3Ha'leHHll log (ft) H log (ft R'l) , rne 'I - cTaTac-

TH'I8CK!tll M HO:lKHTBIIb, a R paCC'IHTaH M8TOllOM, OnHCaHHbiM B pat50T8. nocKOr!bKy 

BBIIH'IHHa MaTp!t'IHbiX 91!8M8HTOB r H3B8CTHa HBTO'IHO, CpaBH8Hit8 TeOpHH C 9KCll8pH-

M9HTOM 3aTpynHBHO, LlaHHb!9 B Tat5nHU8 pa3neneHbl Ha rpynnhr, BHyTp!t Ka>KnOll H3 xo

TOpbiX MaTpH'IHbiA aneMeHT onHH H TOT >Ke, CpaaHeHHe 3Ha'leHHll log( ft R'l) a npene

nax xa>KnoA rpynnhl noxaablaaeT, 'ITO xoTR Hcnon&30BaHKe MeTana, onHcaHHoro BbiLUe, 

npHBOnHT K H8KOTOpOMy yny'llllBHHIO TeOpHH, pa3riH'IHSI MQ>KllY 3Ha'l8HHSIMH aTOll B9nH

'IHHbl ocTaiOTCll Gon&LUHMH, 3TH pa3nH'IHll Bbi3BaHhr ~axT-:>paMH, He y'!TeHHb!MH npH ~op-

MynHpOBK8 MonenH, 

0rpaHK'l8HHOCTb TO'IHOCTH OnHCaHHOrO nonxona SICHO BKnHa H3 Toro, 'ITO H8 BO 

acex paccMOTpeHHbiX cnyqaRx npH onHcaHHH cnexTpoa Rnep coxpaHReTcR onHa nocneno-

aaTen&HOCTb yposHell. BenH'IHHa MHO>KHTenR R CyLUeCTBBHHO 3aBKCHT OT nono>K9HHSI 

ypoaHell, y'laCTByJOLUHX B nepexone. noaToMy B Tex cny'laRx, xorna cnenyeT npennono

>KH'r& paaHyiO nocnenoaaTen&HOCTb ypoaHell nnR MaTepHHcxoro H no'lepHero Rnep, ec-

non&30BaHHe ~axTopos R npencTaanReTcll aaTopaM B ot5LUeM cny'lae HeonpaanaHHbiM, 

Mo>KeT t5b!Tb, ao3pa>KeHHll raxoro copTa MO>KHO CHliTb, ecnH H3MeHeHHe cxeMbl ypoa

Hell HM98T M8CTO B H8'18THOll CHCT8Me, npHnHCaB ero, HanpHMep, BriHliHHIO BpaLUBHHll 

Rnpa, !-13M8H8HH8M BOriHOBOI! ~yHKUHH B TaKOM cny'lae B HyneBOM npHt5nH>K8HHH MO>KHO 

npeHet5pe'l&, a aTo naeT ocHOBaHPe acnon&30aaT& nnll onpeneneHHll nonpaaox x ~pORT

Ill I 
HOCTH {3 - nepexonoB T90pH10, pa3BHTyiO B , 8 3THX cny'laliX BBriH'IHHa MHO:lKHTenel! 

R MO>KQT 3Ha'IHT8rlbHO OTriH'IaTbCll OT HX cpenHHX 3Ha'I8HHll, KOT0pbl8 OKa3bJBaiOTCll 

t5nH3KKMK K 114 nnll nepexonOB M8>Kll)"· OCHOBHbiMH COCTOliHHliMH Rnep /9TO 3Ha'I8HHe 

cnenyeT H3 npocToll TeopHH t5ea t5noxHpOBKH H npoexTapoBaHHll nn11 nepexonoa Ha ypoa

HH, BBC&Ma t5nH3KH8 K ypOBHIO cl>epMHI. Llpyrall xapaKT8pHall '18pTa Bbl'IHCneHHll - OTHo-

CHTen&HO t5onee peaxoe ao3pacTaHHe ~aKTopoa R 

neHRll, '!eM B TeopHH t5e3 npoeKTHpoaaHHll, 

npH yBeriH'IBHHH 9HeprHH B03t5y>K-

B 3aKnJO'IeHHe aBTOpbl Bblpa>KaiOT caoiO HcxpeHHIOIO GnaronapHOCTb coTpynHHKaM 

rpynnbl TeopHH 11npa OI-1SII-1 3a HHTepec K pat5oTe. B ocot5eHHOCTH HaM XO'I9TCll not5na

ronapRTb H.I-1. nRToBa H B.r. ConOBbBBa. Pac'I8Tbl, npencTaBn8HHb!8 B pat5oTe, npoae

neHbl coTpynHHKaMH Bbi'IHCnHTen&Horo ueHTpa 01-1111-1, xoTopbiX M hr Tax>Ke GnaronapRM, 

npet5b!BaHK8 B r. LlY6He onHoro H3 aBTOpOB /E. 6aHral GbinO B03MO>KHbiM GnaronapR 

xl 
no TOll >K8 nd'H'IHHB 3aTpy nHeHO CpaBH8HH8 pe3y ribTaTOB naHHOI\ pat50Tbl C pe-

3yn&TaTaMH pai50Tb!/1 I. 

11 
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cpRuaucoaoll IIOMOWR co cTopDHhi KorreurareHCKoro YHHBepcRTeTa H <l>ouaa PacKa 3pcT _e
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64 

66 

68 

70 

7.2 

74 

TadJnl.!m_l 

Hsoton 8 ~Cit 
E ~<,,., E k~l(·' zco c ~·.., 

G.Jf''P Ut>p 7'"q.o> •ICCI'f c.:-
152 

Gd 154 
156 1,57 1,46 1,511(4+) 2,27 o,8o 0,0243 
158 (1,64) 1,35 (1,94) (0) 

Dy 160 1,55 1,44 1,260(2-) 2,24 0,78 0,0243 
162 (1,55) 1,56 (1,35) (1,91) (0) 

Er 166 1,49 2,18 0,0244 
168 (1,55) 1,70 (1,3o) 1,543(3-) (1,83) (0) 

Yb 170 1,46 1,50 2,16 o,8o 

172 (1,48) 1,66 (1,37) 1,664(3+) (1,79) (0) 

Hf 176 1,46 1,60 1,30 2,28 0,79 

178 (1,57) 1,80 (1,19) 1;148(8-) (1,81) (o) 

180 1,142(8-) 

w 182 1,45 1,)7 1,290(2-) 2,08 0,79 

184 (1,45) 1,76 (1,27) 1,150(2-) (1,75) (0) 

r· 
XapaxTepacTRKH npoToHKOR CHCT8Mbl. 3HepreTH"'BCKHe senH'-IHHbl .aaHbi e Mae" 

B&I'IHcneHHR no ¢opMynaM /26-31/ npoeeaeHbl np11 G0 ""0,021 hlLl! • B cKo6-
Kax DpRBB.ll.BHbl COOTBBTCTBylOWHB Ll8HHb18 H3 pa60Tbl /9/ , nony\J:eHHhlB no 06bl'IHbiM 

cPopMynaM MeTe.aa u , v- npeo6pa3oeaHHH nplt C. = 0,023htu0 
3KcnepaMeH

T811bHblB 3H8'18HHR B3RTbl H3 p860Tbl/9/ • f - &HeprHil eoa()y)KJ~,"eHHs:l COCTORHRH, 

C
0 

C k.k+ z - KOpp9nfiUHOHHb19 Q:lyHKUHH OCHOBHOI"'O H Boat5y>K.aeHROI"'O COCTOSIHHA COOT

B9TCTB9HHO. 

IJ 

o,o244 

o,o244 

o,o244 



1,1 ••..u.. 

Ta<lJtHua 2 - Tacl.lll!IUl ;L 
--

-
p ~I<.CI1 c."·"·' t"·"·' ,6,1f,.l I 

CoCTORHHe c~IC<!n CU<>p 6-~,... c/co 
111 3JieMeHT .?C. d-,'Pt' TUp r~op 'llc.n c. HeRTpOHII6R CHCTelola 

92 Sm 154 1,89 2,03 1,65 2,40 0,78 o,o225 I 0+ 0 0 0,0232 1 

Gd 156 (2,12)' 2,18 1,240( 1~ (2 132)(o1 43) 3+ 1,174 1,3J o,8o 

2,042(4-) K1 K+1 2+ 1,468 (1,22) 0,0261 (0) 

94 Gd158 1,82 1,59 1,60 2,34 0,78 o,o227 
Dy160 (2,06) 1,96 (1,82) (2,23) (0,47) I 1- 1,57 o,8o 

96 Gd160 
K-1 1K+1 6- (1,52) o,o261 (0) 

Dy162 
1,76 0,81 1,55 2,26 0,79 o,o229 

(1,94) 1,82 (1,58) 1,485(5-) (2,07) (o) 

I 1,85 o,8o 4-

98 Dy164 1,67 1,79 1,70 2,18 0,82 0,0232 K-1,K 3- (1,88) o,o254 (0,51) 

Er166 (1,78) (1,65) 1,785(6-) (1,85) (o) 

100 Er168 1,48 1,55 1,31 1,095(3-) 2,16 I 
J+ 1,702 1,99 o,8o 

0,81 0,0230 
(1,54) (1,19) (1, r8) (o) 

K1K+2 4+ 2,287 (2,02) o,o254 (0,50) 

102 Er170 1,44 1,58 1,34 2,1J o,8o o,o2JJ K-1 1K+2 7.- 2,14 0,0251 o,8o 

Yb172 (1,28) 1,46 (1,22) 1,174(3+) (1 1 54) (o 1 01) o- (2,18) (0,58) 

1,468(2+) ilpOTOHHaR CHCTeUa 

104 Yb174 1,45 1,25 1,50 2,14 01 81 0,023) 
(1,17) (1,19) (1,46) (0,~1) 0+ 0 0 0,0245 1 

106 Yb176 1,47 1,14 1,43 2,16 01 79 o,o230 3+ 1,664 1,49 o,79 

Hf178 (1,26) 1,51 (1,2) 1,480(8-) (1,88) (0,23) K1 K+1 4+ 2,075 (1,37) 0,0277 to) 
w180 1,531(8-) 

5- 1,68 0,79 

108 Hf180 1,60 1,32 1,58 
K1 K+2 4- (1,59) o,o273 (0) 

2,20 01 78 o,o227 
w182 (1,54) 1,42 1,554(4-) (11 8o) (0,24) 7- 1,94 0,79 

1,810(5-) 
K-1 1K+1 

0- (1,92) 
o,o268 (0,4J) 

110 Hf182 1,76 1,02 1,66 2,26 01 78 o,o224 K+1 1 K+2 8- 2,07 0,81 
y184 (1,76) 1,45 (1,6) (1,95) (01 5o) 1- (2,10) 0,0262 (o,6J) 

08186 1,76 1+ 2,09 0,80 
K-11 K+2 

8+ (2,08) o,o266 (0,5)) 

"' '" 
XapaxTepHCTHKH B036y>K.08HHbiX COCTOSIHHA R.aep Yb • w COOTB9TCTB9HHO. 

nocTp09HH9 T&t5nHUbl H o603H8-'19HHSI T8JtH9 >K9 1K&K H B T86RKU9 } • 

• XapaKTap•c..- ..... aeATpoaaoft cMcTeMbl. Bbi'IHcneHHR no ¢1opMyna.M .aaaaoA cT&TbK 
npoee.aeHbl npa G0 =- 0,020hw0 • Ll.&HHhre o6bi~HoA TeopBH u , v- npeo6pa3o-

BBHHH /s cxo6xax/ ~onyqeHbT npa G ""'0,022 hw 0 , xorn.e N ::: 104, H npa 
G 0,023 h uJ

0 
, rtor.aa N > 104. 

I 15 
14 
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TaonHua II I TMJII!Ila 5 
--

- ---------------------------------------·-------------------------------------------------CoCTOIIHHe CHen c1et:Jf' e-.,. %0 'rlln YpoBHH 1 yqacrBynmHe llepexo,l( CocroiiHHe R. R.. t'J(ft) f,/(ff.)_ ~-tl nepexo,l(a B nepexo,l(e 
.l(oqepHero ll.l(pa -------~---------~~------~--llellrponHall CHcreiiB. --------------------------------------------------------

a.. u. 52Jtp-;::. 52J+n 67Ho164_. Er164 0,19 0,21 5,4 4,J I 68 0+ 0 0 0,022'1 I 
110166 Er166 K,K+1(n) 0,50 o,J5 5,2 4,9 67 -+ 68 

K,K+I 4- I,554 I,57 0,78 
5- 1,810 (1,44) 0,0250 (O,I8) ~ 166 166 7,7 l.U. 52Jtp...- 6JJ~n 67Ho -+ 68Rr o,J5 o,J7 8,1 

166 166 0,28 O,lJ 7,1 6,6 
K,1{+2 6- I 830 (1,80) 0,0247 0 79 66Dy -+ 67Ho 

3- 2:024 1,69 co:38) D 165 Ho165 0,21 0,22 6,2 5,5 66 y ..... 67 
4+ I,8I o,8o 

41lfp ~ 52Hn 69Tm16~ E 168 K-I,K+I 3+ (I,78) 0,0245 (0,58) l.U. 68 r K1 K+1(n) 0,24 0,24 7,7 7,0 
L 172 n,172 K1K+1(p) 0,47 0,27 6,1 5,4 71 u - 70 8- I,85 0,8I Tm172 Yb172 K1K+1(n) 0,44 0,12 6,8 6,5 K-I,K I- (I ,84) 0,0240 (0,71) 69 - 70 

i.U. ~ t 181 181 0,14 o,J7 6,8 6,0 
K-I,K+2 5+ 2 00 0,0242 0 80 514tp- 624 1'1 7A- W -+ 73Ta 

2+ (2:02) (O,~I ) R 182 w182 K1 K+1(p) o,J5 0,18 6,J 5,8 75 e -+ 74 

I- 2,I2 o,8o 
K,K+3 

(2,03) 
0,0245 

(0,45) 

I 
----------------·--------------------------------------------------------------------8-

B 111u 1Hue napH&IX KoppemtuuA aa eepoHTHOCTH {1 - nepexo.aoe. 06o3Ha'leHHH o6-
2- 2,I84 2,63 menpHHSITble /eM., HanpHMep/6/ ann 1111/. CaM eon K, K + 1 B cTon!Sue 4 03H&'iaeT 

K-2,1{ 7- (2,60) 
0,0236 (0,77) nepexo.a s eo36YM<A9HHoe cocTOSIHHe. BenH'IHHa R.. e .. Pmcneaa no ¢opMynaM pa6o-

Tbl /6/ • ~ - CT8THCTH'I 9CKHA ci:J&KTOp. 

llpOIOHHall CHCTeMa 
0+ 0 0 0,0244 I 

I f' 

K,K+I 2- I,290 I 37 0,0278 ~o59 7- (1:27) 

!{-I ,K+ I 6+ I,757 1,54 0,79 
I+ (!,48) 0,0274 (0,09) 

K-I,K 8- I,84 0,79 
I- (I ,86) 0,0258 (0,56) 

11' lU 
XapaKT9pHCTHKH B036ymJ:J;9HHblX COCTOSIHidl: HJ:J;ep Yb H W COOTB9TCTB9HHO. 

nocTpoeaHe Ta6nHUbl H o603Ha<feHHH TaKHe me,KaK H e Taeinaue 1. 
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