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§ 1. BBelleH11e 

l13B9CTHO, 'ITO a<jJ<jieKTb! CilllHOBOH nonSip11aau1111, npOSIBnSirom11ecSI B 

paapemeHHhIX f3 - pacnaaax He'leTHhIX SI/lep I 1 ,2/, o6ycnoBneahl aapSI/lO

B006Meaaott '18CTbIO OCTaTO'IHOPO CilHH-CilHHOBOPO B3BHMO/l9HCTBHSI M9:lKllY 

HyKnOH8MH. KaK IlOK838nH Hanm 11ccne1lOBaH11SI121
1 3TH CHnhI PeHep11pyroT 

KOnneKTHBHbl8 1 + - COCTOSIHHSI B H8'10THO-H8'10THh!X su:ipax, a nonsipH38-

UHOHHhl8 acpcpeKThl B H8'10THh!X SI/lpax IlOSIBllSIIOTCSI B pesynbTaTe B38HMOA8llCT

BHSI H8'10THOll '18CTHUhl C STHMH B036y)KA8HHSIMH. TaKHM o6pa30M o6bSICHSill0Cb 

aa6nIO/l88MOe CHllbHOe 38M8All8HHe CKOpOCTH paspemeHHh!X P8MOB-TennepoB

CKHX f3 -pacnanoB. 

TipencTaBnSieT 6onblll0ll HHTepec HCCll8AOB8Tb CTPYKTypy STHX 1+-coc-

TOSIHHll B H8'10THO-H9'10THb!X SI/lpax, f3 -pacnallHbl8 CBOllCTBa H o6naCTH 

aHepPHH, PAe 6bmO 6hI B03MO)KH0 HX Ha6moaaTb. 

HaMH 6hmO npoBeneao T8KOe HCCneAOB8HH8 B paMKaX M8TOA8 cnyqafiHhIX 

cpas, H npenBapHTenbHbie pesynbTaThl epo 6binH ony6nHKOB8Hbi1
31• 

+ 
0TM8THM, '1TO paCCMOTpeHHe nono6Hh!X 1 -B036y)K/l8HHH B H8KOT0pb!X 

/4/ 
ccpepH'18CKHX SIApax 6hmO npoBeneHO B pa6oTe • 
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§2. PacCMOTpeHHe B paMKa·x MeTO/la cny"laHHhIX cpa3 

.Umt OllHCaHHSl 
+ 1 -B036y)KJleHHH B He"leTHO-He"leTHhlX Slllpax HCnonb-

ayeM MOJlenbHhIH raMHnbTOHHaH THila / 2 / 

H = H s.p. + H pair + H f3 • (1) 

rile H 
s.p. 

OllHChIBaeT O/lHO"laCTH"lHOe /lBH)K8HH8 B ne4>opMHpOBaHHOM cpenHeM 

none, ff pair - cnapHBaTenbHOe B38HMO/l8HCTBHe H ff f3 - OCTaTO"lHOe aapst-

/lOB006MeHHOe CllHH-CllHHOBOe B38HMO/leil:CTBHe. B npe/lCTaBneHHH BTOpmrnoro 

KB8HTOB8HHSl ff /3 aanHCbJBaeTCSl' B BH/le 

rne 

f3 <+> 
/L 

" f3 
2 K I f3 <+> (-) 

f3 /L /L {3/L ' 

I <npla -d-lt a lpp'>a+ a p'. 
n P • p ;p , /L - /L n p P 

(2) 

(3) 

3necb a+ ( a p ) - onepaTOpb! pO)K/leHHSl ( YHH'ITO)K8HHst) Heil:TpOHS ( npoToHa). 
n p p 

B cnyqae B3S!fMO/lelicTBHst THna faMOBa-Tennepa /L = 1 (nmt nepexonoB c ~l=l). 

B nanbHeliweM ncnonb3y!OTCSl cne/ly!Onrne CBOHCTBa CHMM8TPHH onepa-

TopoB · f3 /L H MaTpH"lHhlX aneMeHTOB: 

/3<+) = ({3(-) )+' 
/L /L 

(4) 

a</L>= <n + la +(-1)/La IP+ >=-<n-la +(-1)/La Ip->. 
n P /L -/L /L -/L 

TTepeXO/lSl B npencTaBneHHe KB83H'l8CTHll C IlOMOlllb!O KaHOHH'leCKoro npeo6pa-

3OBSHHSl Boronro6oBa, 38IlHW8M onepaTOp /3 /L B BH/l8 

,.,. ' - I a,,..., [ D .,. 
{3/L - np unupDnp+vnvp np+ 

np 

+ 
+y2(unvpCnp -upvnCnp)], 

4 

\5} 

~ 

rne u ( v ) - Koa4>4>HuHeHThI npeo6paaoBaHHst Boronro6oBa, a onepaTOphI D 

H C onpeneneHh1, KaK B pa6oTe151: 

I pa+ a p n-p p-p , D 
n P 

+ 1 
Cnp=--I a+ a+ ..,/2 p n-p pp (B) 

C IlOMOlllb!O (5) H (2) raMHnbTOHHaH MO)KHO npencTaBHTb KaK cyMMY 

na Tpex qacTeil:x/: 

H H eqp + Hcoll + H Int • 

3necb IlpHHSlThl cnenyIOlllHe o6o3H8'18HHst: 

H sqp 
+ 

I£s(a!as+asaa )-

(7) 

(8) 

- raMHnbTOHHaH H8B38HMO/l8HCTBYIOlllHX KB83H'l8CTHU, B KOTOpOM £ o6oa-

Ha'laeT 3HeprHIO KBa3H'laCTHll: € s = y ( E 8 - A ) 2 + ~ 2 

H coll 4 K 8I ( u v P C : P - u v C n P ) a n P X 
, , n p n 

np,n p 

+ 
x(u ,v,C,,-u,v,C,, 

n p np p n np 
a , , 

n P 

s 

(9, 

- raMHnbTOHHaH KonneKTHBHhIX B036y)KJl8HHil:, rne onepaTop C n P OilHChIBaeT 
. + 

HeliTpOH-npoTOHHhie llBYXKB83H'l8CTH'IHhie B036y)KJl8HHSl C MOM8HTOM 1 • 

xi + )( + B (7) He y"lT0Hhl 'ineHbl Tl!lla anpan'p' (unupDnp +vnvpDnp _Un'UP, Dn'p'+ 
+ V n, v P, D n, P, ) 1 KOTOpb!0 llpl!BOJlHT K npoCTOMY CJlBllry Bcex 0JlHOKBa-

3111i8CTll'iHb!X ypOBHeli 11 HecymecTBeHHbl Ami nocne]ly10mero paCCMOTpeHl!SI. 
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H Int - I'SMHnbTOHHaH B3SHMO.aeiiCTBHH KB83HqacTHU C KOnneKTHBHblMH B03-

6y)l{.aeHHHMH- n ocne.aHee B3SHMO.CleiicTBHe He yqHTblBaeTC.lt B q~THblX .lt.Clpax 

( B KB83H6030HHOM npH6nH)l{8HHH). n 09TOMY B HaweM Mo.aenbHOM I'aMHnbTO-

HHaHe OCTSIOTC.lt TOnbKO H sqp H H coll • 

KonneKTHBHbie COCTOHHHH paCCMaTpHBSIOTCH KaK 0.CIHoit>oHOHHbJe B036yJK.ae

HH.lt, o6pa30BSHHbie nHHeiiHOii KOM6HHaUHeii HeiiTpoH-npOTOHHbIX KB83HqaCTHqHblX 

nap. BonHOBa.lt ¢YHKUH.lt 8TOI'O COCTO.ltHH.lt Hlll8TC.lt B BR.Cle 

+ 
!IP?= Q 1 !IP 0 >= I 

DP 

.,. I C + - A. I C I I IP > ' 
'f'np np 'f'np np 0 (10) 

r-.ae tp I H rp I - .CIBYXKB83HqaCTHqHbl8 aMnnHTY.Clbl 
op D p · 

i -TOI'O B036ylK-

.aeHH.111 a I IP O > - ¢oHoHHbiii BaKyyM, T.e. QI I IP 0> = 0 

Hs ycnOBH.lt HOpMHpOBKH BOnHOBOii ¢yHKUHH (10) nonyqHM: 

I 
D p 

2 2 
[tpl -cpl 1= 1. 

np np (11) 

AMnnHTY.ClbI tp I H 
DP 

ef, I H aHepI'HH 
np 

1 + -B036y:JK.Cl8HHii H8XO.CIHTC.lt C 

ITOMOlllblO BapH8UHOHHOii npouenypb1: 

B{<IP IQ HQ7IIP 0 >-w 1 [I 
0 I np 

2 2 
(tp I _ cp I 

n p n p 
)- 111= 0, ( 12) 

r-.ae w I - MHOlKHTenb nar-paHlKS, nocne H8KOTOpblX BbJqHcneHHii no-

nyqaeM cne.ay10mee ceKyn.11pHoe ypaaHeHHe .an.11 onpe.aeneHH.11 aHepI'Hii aos6y*

.aeHHH WI 

[I/K,a+ 4 I ( 
np 

2 2 2 
(1npunvp 

£ np- WI 

6 

u2u2 v2 
+ np p n )lx 

fnp+w1 

il1_l. 

J 
i: 

~ 
I 
! 

2 2 2 <7 2 2 2 

x [1/K,B+ 4 I 
( unpu P vn np Un VP ) 1 -+ 

np ( np WI 
( np+ WI 

(13) 

-14 I <1
2 

U V U V ( 
1 1 

) I 2= o, + 
np np n p p n 

fnp-wl ( np+ WI 

I'.Cle ( n p = ( n + ( p 

KaK H3BeCTHO, OT6paCblBSH MHO:JKHTenH, co.aeplKalllHe -----, nony-
1 

£ np+ WI 

qHM ceKyn.1tpHoe ypaBHeHHe B MeTo.ae TaMMa-.LlaHKOBa (coOTB8CTBeHHO Heo6-

XO.CIHMO nocTaBHTb ¢ ~ p = 0 ) • 

AHanH3 9TOI'O ypaBHeHH.lt ITOKS3bIBaeT, qTQ npH nonoJK11TenbHOM 3HS'l8HHH 

K ,8 nepaoe peweHHe HaXO.CIHTCH Bbllll8 nopor-a HeiiTpoH-npOTOHHOI'O B03-

/4/ 
6y:JKneHH.lt, KaK H B cnyqae c¢epH'i8CKHX Sl,Clep _ 1 B03MQ)l{HO, 'iTO M8)KlJ.Y 

I I+ 1 
H8KOTOpb!MH non10caMH £ H f He no.11Bn.1teTC.lt peweHHe WI 1 

np np 

HO 3STO Me)l{ny .apyI'HMH non10caMH 6y.aeT .aaa pasnnqHbIX peweHHH, 

rne 

.Lln.11 8Mil11HTY.CI 

I 
Ip = -

2 

I 
tp np 

np 

V Y(ru 1 ) 

2 I 
ef, n p= 

H 
I 

ef, np nonyqeHbl cne.dylOlllH8 Bblp8)1{8HH.1t: 

u (u 
np 

v + u v L(ru
1

)) 
n p p n 

( 
np OJ I 

/(14) 

u ( u v + u v L (ru 1 ) ) 
np p n n p 

fnp+OJI 
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1 
--- +4 I 

u2u2v2 
np n p + 

2 2 2 
U U V 

n p p n ) 

)=- K/3 np 
Enp- Cut (np+Cu1 

L( Cu I 

1 1 
4I u nvpupvn (-----+-----

np Enp-rui E np+ru 1 

Y (eu 1 )= 4 I u
2 I np 

2 
(unvp+up vn L(eu 1 )) 

(fnp- Cu I) 
2 np 

(upv n+ unvPL(eu 1 )) 
2 

(,np+ Cul) 2 

( 15) 

XapaKTepHOll Beml''IHHOll raMoB-TennepoBCKHX 1 -B036y:lKJleHHll SIBnfl!OTC.II 

(3 
(±) . 

BepO.IITHOCTH -pacna)la HX Ha OCHOBHbJe COCTO.IIHH.II coce)lHHX .IIJlep, TaK 

KaK onepaTop 

HHSI (cM. (2) 

(+) (3 - -pacnaJla .11Bn.11eTc.11 onepaTopoM KonneKTHBHOI'O Boa6y:lKJle-

H ( 3)). IloaTOMY MO:lKHO O:lKH)laTb, 'ITO B3aHMO)lefiCTBH.II (2) 

6yJlyT reHepHpOBaTb KOnneKTHBHbie COCTOSIHH.II, xapaKTepnayronrnec.11 6onbWOfi 

(±) 
CKOpOCTblO (3 -pacna)la. 

(+) 
nn.11 MaTpH"IHbIX aneMeHTOB /3 - -nepeXOJla THila 

o+ ➔ l+ nony-

qaeM c noMOIUblO ypaBHeHHfi J 5) n (10): 

(+) (+) 
Ml =<'Pol[Ql,/3 ]!'Po>= 

1 

K[3 .../2Y (eu 1 ) 

(18) 

<->Jl'P >-
M <1-> = <'Pol [ Q 1 ' (3 ° - K (3 .../ 2 Y ( eu 1 ) 

L (eu 1 ) 

8 

Xopowo H3BeC THO, 'ITO nccne)lOBaHHe BbICOKOB036y:lKJleHHbIX COCTOSIHH 

YJl06Ho npoBOJlHTb B TepMHHaX CHnOBbIX cpyHKUHfi. no onpe)leneHHIO, CHnOBblM 

:f 
<pyHKUH.IIM (3 -pacna)la Ha3bIBaIOTC.II Bblpa:lKeHHSI 

1 (+) 2 
S l±) = -- I, I < 'P o I f3 - I 'I' I > I 

A E cA E, 1 > 
(lj 

(+) 
MaTpH'IHbl8 aneMeHTbl (3 - -nepeXOJlOB onpeJlen.1110TC.II H3 (18)' a ycpe)l 

HeHHe npOBOAHTCSI Ha HeKOTOpOM HHTepaane aaepI'HH B036y:lK)l8HHfi AE 

§ 3. Pe3yn&TaTbl pac'l~TOB H o6cy.>KA0HHSI 

nn.11 uccne)loaaHHSI CTPYKTypHbIX H pacnaJlHbIX CBOfiCTB I'aMOB-TennepoB 
+ . 

CKHX I -Boa6y:lKJl8HHfi HaMH npoBe)leHbl paC"l~Tbl )ln.lI HeKOTOpb!X .II)lep pell 

K038M8nbHO:l!: o6nacTH. Ilpu Bbl'IHCneHHSIX HCfi0nb30Banacb KOHCTaHTa K /3 

= 0,021i <u O , nony'leHHasi H3 uccneAoaaHH:l!: paapeweHHhIX f3 -nepexoAo 

M8)KJly H8'l~THbIMH .IIJlpaMH
121 • · 1IHcneHHbl8 paC'l~Tbl npOB8A8Hbl C ncnonb30 

BaHHeM CXtlMbl O)lH0'18CTH'IHbIX ypOBHefi MO)lenH HHnbCCOHa H napaMeTpOB nap 

HbIX B3aHMOAefiCTBHfi, npnBeAeHHbIX B pa6oTe
181• t.Incno paCC'IHTaHHb!X 1 + 

COCTOSIHH:l!: B HHTepaane aaeprn:l!: B036y:>KA8HHSI OT 2 )lO 20 MsB oxaaanoc 

npHMepHO 180, Tax KaK npu HCcne)loBaHHH TaKHX B036y:lKJleHHfi ppe)lCTaBnSie 

HHTepec ycTaHOBHTb o6naCTb aHepI'HH, B KOTOpofi MOI'YT no.1IBnHTbC.II CHnbH 

KonneKTHBH3HpOBaHHbie COCTO.IIHHSI, HM8lOIUHe 6onbWHe 3Ha'leHH.II Bepo.lITHOCT 

(3 -pacna)la, 6blno nccneJlOBaHO noBe)leHHe CHnOBbIX <pyHKUHfi ( 17) B aaBH 

CHMOCTH OT aaepI'HH B036y:lKJl8HH.II, 

Pac"l~Tbl ITOKaaann, 'ITO OCHOBHa.lI cuna 
(-) 

(3 -nepeXO)la CKOHUeHTpnpoaaa 

a aaepreTH'leCKH aanpemeHHofi o6nacTH B6nH3H aaanoroaa peaoaaaca (cM. pH 

cyHoK). B 3TOfi o6naCTH cpopMHpyeTCSI I'aMOB-TennepoBCKHfi peaoHaHc, KOTO 
(-) 

pblfi B6HpaeT B ce6st OCHOBHYIO CHny (3 -nepeXO)la ( "' 95%). PacnaA 3TO 

I'O COCTOSIHHSI o6ycnoaneH B OCHOBHOM 0JlHOKBa3H'laCTH'IHbIMH f3 -nepeXOAa• 

MH M0:>KAY COCTOSIHHSIMH C OAHHaKOBbIMH aCHMfiTOTH'l8CKHMH KBaHTOBbIM: 

'IHCnaMH [N n ZA ] , Ha6n10Aa8Mbl8 HH3K03H0pI'0TH'l8CKH8 nepeXO)lbl o6yc, 

{3(-) 
noBneHhI, TaKHM o6pa30M, XBOCTOM cnnoaofi cpyHKUHH. IlonaaSI CHna -nepe• 

XO/la (cyMMa KBaJlpaTOB MaTpH'IHbIX aneMeHTOB) npHMepHO B 40 paa 6onhwe 
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Xopowo H3B8C THO, 'iTO HCcne.ctOBBHHe BblCOKOB036y)KJ:l8HHbIX COCTOSIHHA 

Y.ct06Ho npOBO)lHTb B TepMHHBX CHnOBb!X cl>YHKUHA. no onpe)leneamo, CHnOBbIMH 

WHKUHSIM /3 :£ -pacna.cta H83bIB8IOTCSI Bblp8)K8HHSI 

S l± > ., - 1- I j < 'I' 
0 

j /3 (± > j 'I' 
1 

> j 2 

£\E (£\E,1) 
(17) 

(+) 
MaTpH'iHb18 aneMeHTbl f3 - -nepeXOJlOB onpe.ctenSIIOTCSI H3 ( 16). a ycpe.ct-

H8HHe npOBO,llHTCSI Ha HeKOTOpOM HHTepsane 8H8PI'HH B036y)K)l8HHA £\ E 

§ s. PeaynbTSTbl paC'l~TOB H 06cy>1<.cteHH.si: 

llnSI HccneJlOBaHHSI cTpyKTypa1,1x H pacna.ctHbIX csoitcTB raMOB-Tennepos

CKHX l + -B036y)KJl8HHA HBMH npOB8,ll8Hbl paC'i~Tbl .ctnSI HeKOTOpbIX 51ll8P pell

KO38MenhHOil o6naCTH. TipH Bbl'iHCneHHSIX HCilOnb3OBanacb KOHCTaHTa K /3"' 

= 0,02 t ().) 0 • nony'ieHHBSI H3 HCCnellOBBHHA paapeweHHbIX /3 -nepexo.ctOB 

M8)i{JlY H8'i~THbIMH 51llp8MH
121• '4HcneHHbl8 pac'i~Tbl npose.cteHbl C HCilOnb30-

B8HH8M CX~Mbl O)lHO'iSCTH'iHbIX ypOBHeit MO)lenu HHnbcCOHa H napaMeTpOB nap

HbIX B38HMOJleilcTBHit, IlpHB8Jl8HHbIX B pa6oTe
161• '4Hcno paCC'iHTaHHbIX I+_ 

COCTOSIHHA B HHTepsane aHeprHA B036y)K,ll8HH51 OT 2 JlO 20 Mas OKaaanocb 

npHMepHO 160. TaK KaK npH HCcne)lOBBHHH TBKHX B036y)K)l8HHit npe.ctcTaBnSleT 
I 

HHTepec yCTBHOBHTb o6naCTb 8H8PI'HH, B KOTopoit MOI'YT IlOSIBnSITbCSI CHnbHO 

KOnneKTHBH3HpOB8HHbl8 COCTOSIHHSI, HM8I0111H8 6onbWH8 3H8'18HHSI B8pOSITHOCTH 

f3 -pacnaJla, 61,mo uccne.ctoBaHo noBelleHHe CHnos1,1x ci>YHKUHA ( 17) B aasH

CHMOCTH OT 8H8pl'HH B036y)KJ:l8HHSI, 
(-) 

Pac'i~Tbl noKaaanH, 'iTO OCHOBHBSI CHna f3 -nepexo)la CKOHU8HTPHPOB8Ha 

a aaepreTH'leCKH aanpe111eaHoit o6nacTH s6nH3H aHanorosa peaoaaHca (cM. pH

cyHoK). B STOA o6nacTH cl>opMHpyeTCSI I'8MOB-TennepOBCKHil pe3OH8HC, KOTO-
(-) 

p1,1it s6upaeT B ce6S1 OCHOBHYIO cHny /3 -nepexo.cta ( = 95%). Pacna.ct aTo-

ro COCTOSIHHSI o6ycnosneH B OCHOBHOM O,llHOKB83H'i8CTH'iHblMH /3 -nepexo.cta

MH M8)K,lly COCTOSIHH51MH C 0.llHHBKOBblMH 8CHMilTOTH'l8CKHMH KBSHTOBblMH 

'iHCnaMH [N n z A ] • Ha6n10.ctaeMb1e HH3KO8HepreTH'i8CKHe nepexo.ct1,1 06yc

noaneH1,1, TaKHM o6pa30M, XBOCTOM CHllOBOH cl>YHKUHH. TionHaSI CHna 13<-> -nepe

XOJla (cyMMa KBaJlpaTOB MaTpH'iHblX aneMeHTOB) npHM8pHo B 40 pa3 6onbwe, 
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'ISM nonHaSI cnna f3 <+> -nepexolla. 0/lHaKo f3 <+ > -nepexo/lbI cocpe/lOTO'ISHbI 

B o6naCTlI cneKTpOCKOlllI'ISCKlIX aaeprntt (JlO aaepI'HH CBSl3H HyKnoaa). ITpH 
~) -

STOM f3 -pacnan B 9To'fi o6naCTH llOMHHHpyeT H8Jl f3 -pacnanoM. 

Ha pHCYHKe noKa3aHbI, KaK npHMep, cnnOBbie qiyHKUHH pa3pelll9HHblX 
+ + 184 

raMOB-TennepoBCKlIX nepeXOAOB THna O ➔ 1 AnSI Ir , paCC"llITaHHbie 

B npH6nH)K0HlIH TaMMa-naHKOBa. y cpe/lHSHHe npOBOAHnOCb B lIHTepBane ti E= 

=1,5 Mas. B Ta6nnue )laHbl xapaKTSpHCTHKlI HSKOTOpbIX I+ -COCTOSIHHfi B 9TOM 

S!llpe, HMSJOIUlie OTHOCHTenbHO Manbie 3H8'10HlISI f t 

B 3aKnJO_'leHHe XOTHM OTMSTHTb, 'ITO B nocneAHee BpeMS! npOBOJlSITCSI 

HHTeHCHBHbie HCCnenoBaHHSI CBOfiCTB Slllep, HaXOJlSIIUHXCS! BJlBnH OT nHHHH 

CTa6n:nbHOCTH/°( ,ts/. B T8KHX S!Jlpax MO:lKHO Ha6moll8Tb 6eTa-nepeXOllbl Ha 

BblCOKOB036y:lKA0HHbi0 COCTOS!HlIS!o nnSI HSKOTOpbIX C<pepH'ISCKHX S!Aep aHano-
. ~/ 

I'H'1Hbl0 HCCne)lOB8HHSI y)Ke npOBOASITCSI. B 9KCnepHM0HTax rpynnbI Xaaceaa 

AOXOASIT AO H30TOllOB Ir I KOTOpbI0 HaXOllS!TCSI Ha Bepxaett rpaHHUe Ae

<p0pMHpOB8HHbIX S!llep. IToaTOMy B K8'leCTB0 npnMepa np0Be1::teHbl pac'leTbl 1::tnS1 

184 Ir • MO)KHO HaASS!TbCSI, 'ITO llOAOUHbIS 9KCll0plIM0HTbl B HeAaneKOM 6y-

AY·llleM 6y/lyT CAenaHbl H AnSI Ae<pOpMHpOBaHHbIX S!Aep. 

ITpHS!THblfi AOnr aBTOpOB - no6naI'OA8PHTb H .11. IT SITOBa, KOTOpblfi npeA

nO)KHn HaCTOSIIUYIO TeMy H OK83bIBan HaM llOCTOSIHHO llOMOIUb. BnaI'OABPHM 

TaK:lKe npoqieccopa BS. ConOBbeBa 3a none3Hbie 06cy:lK1leHnsr. 
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XapaKTepHCTHKa p1111a l + -COCTOllHHII B 
18

' Jr 

3Hepr)JI "'• log ft± CTpyKTypa COCTOHHHi aMIJJIH-
(M3B Ty)I.a r/11 

, .. 
(+)3.88 I ~~l 514t - 514, -0.962 

512, - 532, 0.130 0.7 
(-)5.97 514, - 503, O.IIl 

512, - 530t -0. 107 

1.2 ( +) 4,58 ( po) 514, - 503, -0.990 
(-)7.97 ( po) 514t - 514, -0.IIO 

1.8 
(+)4.42 
(-)5.48 

( po ) 505, - 505, -0.998 

(+)5.76 

rn l 
530t + 530, -0.624 
530t + 530, -0.624 

4.4 532, - 530' -0.228 
(-)4.97 532,- 530, 0.210 

533,_ 642' -0.181 
523t - 523, -0.143 

t ii I 52lt - 530, -0.797 

f +56.92 
402t - 402, -0.425 
532, - 532, 0.202 

9.2 - 4.36 400' + 400, -O.II8 
po 40Qt + 40Qt -O.II8 
op 541' - 541, a.no 
op, 505, - 505, 0.106 

r· 
505, - 505, -0.354 

( +)5_ 39 np 514, - 514, -0.351 
np 523t - 523, -0.328 

21.0 (-)2.02 
np 402t - 402, -0.269 
op 400' + 400' -0.245 
po 400t + 400t -0.245 
op 532, - 532, -0.229 
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