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B 1946 rolI:/ H.H.EoroJm6oB nORaSM. '1'1'0 .fIBJleHlle cBepneRY"'lecn B 

60seBCRBX CHC'I'eMaX co ~6YM BSaHMO~e!cTBHeM 06YCloaxeRO nORRXeHBeM B 

CHC'I'8M8 6ose-Ro~eHca'l'a. TIPH sTOM B~aHMO~eACTB.e Me~ 'Iac'l'IUaMX wo
lleT CTa6ItlIHSKpOBaTI> Roa,neHcaT, ROTOpHR 6y~eT ,ltBHI'aTbCJ{ 6es '1'peBllR 0'1'

HOC~e~I>HO SneMeBTapBHX Bos6~eRHt C rrpoHSBO~HOa, ~oc'I'a'l'O~O ~o'

CROPOCTI>D. B ~aHHO~ pa60Te pacCMoTpeaa Mo~e~ He~eanDaoro 60se-r33a 

• ~OKaSaHO c~eC'I'BOBaHRe B Hel Koa,neHcaTa rrpH ~OCTaTO'IHO HH3KKX Taw

nepaTypax. ~cnOnI>SOB8Ba TeXHKKa MaZOpauROHHHX oueSOK naAcoaa-KK6a

CaftNoHa H Me'l'O~ ~nHOHan:&Horo HHTerpHpoBaHHH B ro~OMOPPHOW npeXCTa

BJleBJIB. IIoJlY'leHo ypaBHeHHe .nmr RpXTItIeCROA 'I'eMIIepe.TYJlOi :Pa;30BOro nepe

xo~a B o~eHKa CBepxy .nmr 3HeprHH OAHO'IaCTH'lBHX B036~eHKA. 

I.	 MO.lle~ HeU9a.nDHorO 6ose-rasa H TeopeMa EorQ,!WoB8 06 oceoes
HOC'I'Jllj una t{:.t .f 
PaCCMOTpJ[M :B 'l-MepHOM RY6e V ~ R C ROOpzr;llHa'l'aMH 1 = 

f.l" .. ,1< " ), -xJ€(-t.;£.J~/~)d~('L,.·,'I.,l! 06'f>eMOM Y:l=(;l<, 'X "r CJ!:C

"ellY N O,ltJlHaROBYX oeccnaaoasx 'laCTIiUI. EyRBol V 6YJlew o6osHa'Ian 

EaR o6JIaCTJ> Y , TaR H ee 06t>eM. COCTOffilKJl TaKO~ CIJCTellOi zapasrepa-

SYJ)TCJI llOJIROBHMB ~ If?(X,) ?rol,,, " :K,v') ,r.zte Xn -COBORYJ:HOCTD 

npOC'1'paHC'1'B9HBHX XOOp,JUUiaT n-a 'IBCT.iII\li. 

B paCCMaTpHBaeMOM CJI]'lae BOJIHOBble q,ym;L(IHl !IBJLlmTCiI KBa.llpa'1'IftIHO-I!HTe

rpJlpyeMHMH II CJ!MI\leTpJ!'lHliMl1 OTHOCHTeJIl>HO JlD60~ rrepeCTaHOBKH fJ cpeza 

11/ apryMeHTOB ~fJ X.l, "', ')fA!: Q)<p= ~ , '1'0 ecn I41>l mAeeM CTaTHC'l'XKY 

60seBCRoro "HIIa. 

raMHJIl>'I'OHllaH CllCTeMl.l H COCTORT H3 I3,IUUI'l'IIBHoll CiIMMe'l'pH'lHoA CyY

am JIH.nHBllltYaJIl>HHX 3aepm 'IacTIDJ; R 6HHapaott CHMMeTpIftI1{O~ Cj'MMH aaep

rEA BSaHMO~enC'I'BHR pasnH'lBHX nap 'IacTIDJ; H HMeeT :BHA 
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N 
(1)H= - L ; 11 xn +-Z cP ( Xn - xm ) ) 

11=1 l~n<I'T1~" 

r,ne L1 Xn -orreparop JIaIIJIaCa 110 nepeMeHHo1t x; , a nO'1'e~8JIl>HaR snep
rIDI cP BSaBMo,nenCTBIDI xapexrepaayerca BelllecTBeHHolt cpYHRIJ;Ilelt, JlIHBa

pKaHTHOt1 110 OTHoweHHlD K oepaseaan c::P (xJ '" cP (-x) . 
YqJlITHBaR, 'ITO B CTaTKCTaqeCKO# MeXaHJlIKe 06menpJlI~T npe,ne~l>HHa 

nepexon N~ 00, V ~ 00 ,II//y x: n ::: con.s.f, HasWlaeMErlt Tep

M0J¥iaMJ!l'l8CKKM, y;n;o6HO BOCnO~l>SOBa'l.'l>C.lI KBasB,lI;J!CKpeTHHM rrpenceaaneaa
eM I . Ha BO~HOBHe tPYHRl(JlIJlI If' RaEJIa,n;UBamc..q yCJIOBIDI nep,Ho,naqHOCTM C 

J ('\
nepaonoe L no KaE.nOf\" JlI8 npoCTpaHCTBeHHl:lX KOOp,nRHaT ;;Xn : 'T'~j 'P'=" t{'

(') .... , 
rze T,/ - oneparop , 8aMeHmOlI(HfI" X~ aa xA + ~ 1'1 OCTaBJImOmHll ace 
OCTaJIl>HHe Koop.nJlIHaTU ~ BHpaMeHIDI ¥? HeZ8MeHHHMH. ~T06H o6ecne

q»Tl> BUnOJIHeHJlIe YCJIOBIDI nepMo,nRtIHOCTH ~ Bcex MOM8HTOB np8M8HH t , 
oepea .nJl.fl I10TeIIUHaJIl>Hot1: 3HepI'RR B3aJ!M0,nettcTBIDI nap '1aCTKH BM8CTO KH

Terpana ~ypl>e ,nRCKp8THYID CYMMY 

I LkJ(
cP(x)::o-Le 1J(k) , (2) 

k (k1kf kJ)VJ~ t:' . _~1',1? I'. 
r,ne z: I I •• , , ) k - J 7r tli' n) e ~ ) j >"~ ... } . 

~CIIOJIMy.ei ,nJI.il OITHcallRH HameR MO;n;en npe,nCTallJIeHHe BTOpK'IHOrO 
2KBaJITOBaHH.II/ • raMMl>TOHHaH (1) npHMeT Bll,lJ; 

~ = JLV+(X)(- i t1 x ) LjJ(xJlx+ 
v (3) 

-] i I1'(Xr-;X~) '-P+(X1)If+(1..t) If(x~ )lJ{Xt) )t(j~ . 

Y 
Onepnropnue 't'YlIKII,1I11 qI 'Ix), ~)(xJ Y,1\OIVlllTIIOPlllYl' lIfiPl~C"1II101l0'I"JlM COOTIIO

lII(lllHJlM lin:,,'!: 

't '(x)'f "(.~') ~) '(x')\/l,J-) h()' 11"), 

'I flo;) 'I (,~ ') 'I '/\ I) 'I (_ 1 ( ), (4_) 

'1"{)'W'(~11 '1"(x')'1"/x) ' (J. 

f; (x) - ,!-MlIpItlIJl /':'II.YIIIII\1'I11 .IlllIIlIKI1_ 

B KB8.aB.nHcKpe'l'HOM npe.n;cTaBJIeHHK BBO.n;liTc..q KBaH'1'OBaHHHe aMIIJmT~ 

Bose a;)a~ -oneparops po~eHBB JlI YJ{IA'l'OZ9lDlll xacran C HMIIY.nl>CaMRp: 
1 <: I»X

o/(X)-"-R/;-e txr, 
(5)+ { ~;rx-+
 

'f (x) "-:;;:::;; Lea/' '
 
VY" 1'> 

OnepaTOpH pollr,ltelDlll 1Il ymIqTOZeHJIJI y;n;oBJIe'1'BOpRm' KOMMY'1'8.UlI!OHHliM cooor

HOmelDJJDl 

-+ r -+ +-J
[a~'C(T] '" bf')'l.' [ap,atI=o, Lap,!l ! =0, (46) 

b~Jq -cmmo.n KPOH9X9p6. 

~cno.nl>sYH (2),(3) H (5), BMeeM 

tf, Z +- { "5' (k + ofH= Z 7 a, at -+ -L..-...-.V )apat aftk af-k, (6) 
~ v J.V ~If'~
 

J(k)., v(-k) " ","(k) ,
 rae 
CBC'relll8, OIIHCWll6e1ol8Jl r8lmJlLTO~OIl (6), HOCHT aanaaaae lIo,neJIH 

He~eanLBoro 60ae-raa6 B cxyaHT OCHOBKYII K~a'1'OIi HB 06~CHeHBe 

HBJleHBH CB8pxorexyqeC'rB ~Koro re.naR-2. 

CB9px'rexyqeCTl> upe.n;c'raanae'r CO60ft cpa30BWft nepexo,n; B CHCTelle 60~e

qaCTBL\. conpoBo~811I1lBACfI BO::tBlIKHOB9IDlell ",n;llJll>HeI'O nopanxa" _ IlycTL 

f1'. ix, x.t.\ =: c lfJ+(Xf) 'f'(Y.z) > -o,n;HO'laC'1'I'IHIUI lIa'l'JlBUQ ruOTROCTB. < ... > 
03H8'1a8T paaBoBecRoe rB66coBCK09 ycpe,n;BeHHo C rBIIBAl>TOHRaHOM ~ _ 

B cuy npocTpaBo'rBeHHoft O,ll;BOpo,n;HOCTIrI CBCTe.... ~f (x" x.d oRo F', (fir', - )'J /). 

H8JlII'IIIe .n;UI>Bero nOpRAK6 oanasaee , 'ITO 

t/m 8/x(, X'.z) = no '> o. (?) 

Ix, -)',}---- (JO 

Ha "!lYRe ml.e-npeo6pa:lOBaHJUl' 

,1 'X 
'w(t) , (~ F; Ix) c Jxf/-14 . 

.11 ,YOJIOIIBJI ('I) l:JUlJI,YflT, liTO 

"!(L). n, XflJ' J(},ll), 
I',n;e '/AI, (k) xapIlXTep.:t.JBT IIBIIVBpYBNOft I'lUlllll4l,llIl.Jln".B 'IUOTIIII\ JIll IIftlf.J.Jle-


PUll 0I11.J.l100_. a II.. -ILlOTNOllTL 1l01f,/\nlll\MTIl. TO ellTf.
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n, ~~ <a:a. '>=:H.(',/,+(YrJ'i-(,l',,>.Jl,Jt, >0. (8) 

Y 
TaRHM 06pa30M, B03HlrKHOBeHUe cPa30Boro nepexona B MO,D;8JIB HeH,IleaJ1:bHoro 

6oqe-ra3a, CBa3aHHoe C nORBneHBeM B CHCTeMe ,D;aJ1:bHero rrO~Ra B CMHC

JIe COOTHomeHHII (7), 06YCJ10BneHO B03HHKHOBeHHeM OTJIH"lHOI OT HYJIR nJIO

THOCTH 603e-ROH.D;eHCaTa no . 3/WeTJIM, ~TO YCJ10BHe (8) OqeBH,IlHO CBa

3aHO co cTpaTermeA ~JIHXa B TeopHH cPa30BBX rrepexO,D;OB B CIcTeMax C 

HerrpepHBHoA rpyrnroA CHMMeTpHH (CM. CJIe~1 pa3,D;eJI) H ,D;O.DHO BH

nOJlHRT:bCR B TepuO.D;HH~eciOM rrpe,D;eJIe, ~TO OTBe~aeT 06mel ROHneITUftH 
/ 3 •TeopHH cPa30BBX rrepeXO,D;OB

06~CHeHBe poD ROH.D;eHCaTa B CHCTeMe CJIa60-He~eaJI:bHOrO ~03e-ra

sa ( v(k\ "MaJIO") sa OCHoBe nOHll:TlUI RBa31lcpe,ltHHX/4 6HJ10 anepase ,D;a
/ 5/ •HO Eor0JlKl60Bi1

B pa60Te 41 EoroJlKl6oB ,D;ORa3aJI BaEHYD T80peMY, no~BWYD H83B8

HHe TeOp6Mll 0 t -2 • 3T8 reopeaa naer oJJ;eHRy CHH3Y .D;JlR soppezana-
OHHOA Cpe,D;H8A <:'tl!at> :. , 

f I L7 no!!l- 1'1 :I: 0 (9)D'- Z)(7 ,'::«t tlt ;, ,;;. -;;: + 
n t 

-f 
r,D;e m -aacca qaCTIIlJJ;H, f3 '" f:} -o6paTHBR TeMIIepaTypa. IIpocYM

MJlpyeM 068 qaCTB (9) no BceM ~ ( f =F 0 ). IIPB STOM It I ~ pm<'ll" -

IIMJIYJlbC Jle6Wl. 

{~ + !!.E.~N .L:- <at at > 1- n (IO) 
f-to 

~ ,1 no (L J. JIt 
)} ({- :2/ r I f) r,'- m(b-{<N- I f~ 

IfIIt"..~ 

1I11110MII 111M , 'ITO ,1-IIPOCTpI1l1l~T'IIII/UI pa:IMllpHOCTb 116CHCT6MU. 

IIHII '1/lC'rh (Ill) OI'I~IHI"I"11/l IIpll Il(\nl ,It HIITl'll'pnJl n 1I1lflooA 'I/lCTH 

III IC 1O,n.1I1OCII IIPII I· f,.,t ,TO "liTI, Il :lTOM OJlY'Hlll 1180010)l,HIIO, 'ITOI1Y 

rio. () . 11THII', IIfl\lllIJI:lIWTIJ() (\1) O'lHfI'lIUIT, 'ITO II u)\..O- H ,/\IIYIIl'lpllbll 

CHCTCMtlX II pH 0.,. () '/lllJIl,IIHIl 110\111,/\011' nTI1,yTl1TlIY"T..{
TIlIIHM ol1rlll:IOM, T"OrK1MII IJ '/ 1II11U1ll)1,llIIflll'r :.ltll\lIlT II/I 1l0:,IIMII· 

Honemw II~I:IOIIUI. 11111"'111,1\011 III'M f).f () II MO)\".I\M IInll,/I."",1I1.1I0I'O 110'1fl 1'/1"/1 

IIpJIl "c 1,.J. • 3aMeTIlM, ~TO STOT pesyJI:bTaT He orpaaasea MaJlOCTldl 

B381lM0,D;elCTBBJi II CTporo mmOJlHll:8TCR B TIpe,I(IIOJIozemm rp8,D;lIeHTHoA 1lH

aapllaBTROCTB B3a1lMO,D;eftcTBIlR. -,z
C rrOMOlI\l>lO TeopeMH 0 f MODO HCCJIe,D;OBaT:b TaKJte cnexep 8JIe

M8H'l'apHHX B036~eHBI CIICTeYH B ~HHOBOJIHOBOM npe,D;e~e f~ D 
IIPH aTOM nOJIy'raeTCR "aRYCTneCR8Jl:" 6ecmeJIeBalJ 38BHCRMOCTl> SHepI'Kl! 

8JI8MeHTapma: B036~eHd OT BMIIYJI1>ca g co isC£. • 
Hue MIl noJIY'lllM oJJ;eHRY' csepxy .D;JlR -c a/at:> ( f if:: D ) H sa ee 

OCHOBe ,D;OKaJteM, ~TO TIpH ;t~3 B CHCTeMe He~eaJIl>HOrO ooae-rasa B03

HIIIRaeT qa30BIDl nepezon C no> 0 . MH TaRJte noJIY'mM ypaBHeHHe .D;J1Jl 

TeMnepaTyps 8TOro nepeXO,D;a I 0JJ;8HKY CBepxy .D;J1Jl aHeprKH 3JIeMeHTapHHX 

B036~eHBI, HMeDmyD "CBepxTe~A" XapaRTep. 

2, MeTOl!: wma-eaftMoHa-eneHcepa B Teopp dJa,30BHX neWXQlIOB 

IIpo6~eMa nocTpoeHHR MaTeMaT~ecROa T80PHH ~30BHX nepexO,D;OB RB
JIReTCR O,D;HoA IS OCHOBHHX rrpo6JIeM CTaTBCTneCKol MeXBHHRH, Tpa.nHUHOH

Hall To~a ;:1p6HlU1 na ifla30BH6 rrepexozs "COCTOIIT B TOM, 'ITO CMeHa lPas 
npomuaerca B HapymeHHH: perYJIJIPHOCTH TepuO.D;HHaMlftleCKBX lfIYHKllJlR, RB

~CR BHe TO~B ~30BOro rrepexona B8meCTB8HHO aHaKHTWqeCKHMH. C 
3TOA TOqRIIl 3peHllR TeOpHR ~30BHX nepeXO,D;OB ,D;onIHa COCTORTl> B nOKa

3aTe~bCTBe KYCOqHOR aHaJIBTH'lHOCTM TepMO~M~~eCKBX mYHKI~A H Hcc~e

,D;OBaHHB npllpo,D;H KX B03MOlIOOiX OOOOOHHOOTaR"1 I. H8H6o~ee npllMnra

JIH38L\1lf1 SToR nporp8MMll :lI11UIJlIaJIaCb B HCC~e~O~aHHflX JIll B HHra 6 , 
npe~O"BmBX TeopBD IPa~OBUX nepexo,/\OB, OCHOBaHHYD Ha ~ee ,D;OK8S8T8Al>

CTBa Toro, 'ITO Bce HY~H ~o~bmoR CTSTMCTH'leCKoR CYMMH B ROMllA6XC

HoA nJIOCICOCTB 3HIl'leIDlA IlKTilDHOCTIII 6 npa y--. ~ ( V -oO'b8M 

cMcTew) ~eeT HIl ORpyltHOCTH Ie I "'. 1 . JIM M HHr paC('MOTp8J1i1 c.ny'laA 

pemeT'lSTHX CRCTe" B JlMblieAweM, BcnO~b:IYll TaR Ha:l/~BlleMhlA KOHTYPIWIft 

M6TO,D; naAePJIca/'7 , YJlaJIOCb ,/\OKa3fiTb pan TOHKI1X T60peM 0 %lIleCTflOlIft 

H111f l!?iQHHf/.H"lpeXO)\OH II 1)/)lIIfl'rqR.TBX CilCTftMB.X KJlR.CClfqe()~oA ,\llll KIlUH
12 /•TO110A 0, r MftX/UlIfKlI, a TIlKlItO KlllUlTOllOA T60Pllif lIoJU/ IloJlpol1HuA 

olbop If IIHMB:t COBp,eMi"lIlbiX I'lCCJlfl)l,onllllMn /I )\IlIlIIOM HIlJl\)flMl'lHJIH OO.Hnp

llIfTC}\ H 1010HOrpt1/fJHIfi'I:3 . B ~OJlb/llIlHCTRl'l CJlY'IIUII1 IWIlOJlb:IOlllllfllH IlpryMI.lII 

TOil KOIITypIIOI'O Ml"lTOJ\f1 MJ~ ilMfll~M )\l"lJlO 0 IInpyml"llllfl"lM )\IfOKIlnTHO£\ rpYllllhi 

CIIMMl"lTpllll MOJleAlf, 

fI I1l'lf; I'OJlY I»pflA IIX , Ctl.£lMOII 1'1 CIIlllle6p n llul1oTe/141 ){O/lf\:lIlAH oy

III"CTl1OllfllIHf1 !fla:10110I'O 1Il'l\lfllO)l,1l II lUlllCOH'llWKOA MO)l,IlJlH 1'8 11:16 116"IH'11 ~1 11 

IIl'lIlOTO\lllX lX1J\C1TIII'l,,"h11 MON'lJUlX, II "TOM OAY'lIltl MU IlM"'lt 'I'lrtPI'll!IHIIIYIl 
rpYIIIIY OIlMMt1Tp.... , /I/t'1"IIl'lAIII!\M 11 J1(\, )[nll(loll II (:nIlMOII II> (,/\wu,e )IJlC) 
1l/lltnl\Jlll lI.nftll \lltl1oTU 4 lin IlflllllTOI1I~n oJlY'IItA " IlIIflpl1l1f1 ,I\OIlIl:lIlJ11'1 IIIlJlII

'rllll 1Ift'IOIUll'O ""1'1110)\11 II 1If1IWTOpUJ( TIIIIII.I Kll/lIlTOlIIlX 1lllll1l0llllX 1'01111"1"1/1··

"
 



THX CBCTeM C HerrpepHBHOH CHMMeTpHeft, B ~aCTHOCTH, B Mo~enB reftseH6ep

ra - CIIHHOB 1/2 C B3aHMO~eaCTBHeM ~~ coce~ei Ha npocToft KY6H

~eCKo! pemeTKe npH pa3MepHocTH rrpocTpaHCTBa 3 Ii 6o~ee (c~aA ~30

BOro rrepexo~a rrpH pa3MepHocTH I H 2 SarrpemeH ~eopeYoft MepMHHa-BarHe

pa/16/ ) . H3JIOllUW KPaTKo OCHOBHHe 1II,IJ;eH MC, OCTaHOBH:EIIIJIICL aa aaaoozee 

B8EHOM ~JIH npHJIOZe~ crryqae H30TponHoft ~eppoMarHBTHoA MO~eJlB reft 

3eH6epra.	 ~ 

PaCCMOTpHM Ha llroCTOft af-MepHOft KY6~ecKoft pemeTRe ~ napaJI

,ll6J1enHne~ A" f~ I o~ rJ..f «t, - { , ... ) 0 e c<.t! ~ l,f- f J. C Ra3,D;YM y3

JIOM et. e A aCCO:u;HHpoBaHO (.2. S +.f) -aepnoe rul>6epToBo npoCTpaHCTBO 

l.Sff 
(Jfti. '=:! C (S =1/2, I, 3/2, ••• -$I1<cHpOBaHHOe uezoe HJIH 

noxyuezoe ~CJIO -"cIDm") H TpH CaMOCOnpHJleHIlliX oneparopa S:P
( J =1,2,3), ~OBJIeTBOpHDmHX o6~HHM ROMMYTaIJ;HOHHHM COOTHOmeHHHM: 

[s rn S (ll J =- • r ~,~ S (tl (II) 
tJ..' ~ lOol,P Jk< 0I..) 

r~e So/If. -CHMBOJI Kpoaexepa , 6;'kf -rrOJIHOCTl>llJ aHTHCHMMeTp~-
HHft TeH30p paara 3, a no rrOBTopHJ'llllHYClJ JIaTHHCKKM HH,IJ;eXCaM npoaa
BO,IUiTCH cyPdMHpoBaHHa. l1MeeM TaKJte YCJlOBHe 

2 3 (j).2..S = L (;:;d. ) =: S(S~ i), (I2) 
.,(. .

J s: I 

(II) H (I2) onpeJ\0J1RlOT aenpanonaaoe YHHTapHoe rrpencraazeaae rpynnu 

£.l.( {.n B Of(0( If 3Mam' Sol e;n:llHcTBeHHhIM 06pa30M. OCHoBHoe rl4,ll~
A ~fl ~ ro:u ,... ,.-("5~11 ~, 

6epTOBO npoCTpaHCTBO B	 06'beMe .11 eCTI> (J"rA "el'i:-t O'l,,( = ll..- • 

S.,( 031lfi'Ul.eT onepaeop B ;1(A • ROTopHft eCTL TeH30pHoe rrpoaaaeneuae 
I B KIa,!{OM ~, AJlH J.. I- f3 na S.... B Cff", • raMHJll>TOHHaH Mo..u.eJl. 

relil:leHOtl\lI'fi C B:iBlfMo;n:eAcTBHeM 6J1HJlaf!mHx cocenejl, paccMaTpHBaeMhllil JUlC, 
ecrs 

'-'"J 1 
,~	 

( n)
H	 (~ r 

r 'eI. r'O<'(')j ) 
,J,) ., 

l'.n:e .i t. ( t,», .." ,IJ, j. (;1 :1.I\I'lCL h.1 -l'IJlIIHilttlIuliI n6KTOp, tJ-JI 

KOMIlOllflllTIl KOTOJIO['O pllllllll I. Il'L/lOIlMM IInpIIO,l\lIttecIlMe "PHHII'IHlIl'I YCJlOIIMJI: 

eCJIB J.), I,; (. TO f'" ,S, J i "" O. HI1ll0JlI,:,yn (l~'.). I'ltMHJlI,TOIIIIIlH 

MOj{O.lM (I :1) MO_Utl IIl'1Plllllll1l1'1'h " III1JVI 

I . 1 ~4	 :J. ( .	 ( 14) II ((m"/Otl! ,;I	 • . f .\ ,f. <:«» A',. ) . 
,.l J ) 

C'l'a'1'JlCT~eCRM CyYMa H 'l'eMIIepaTypHHe cpe~HXe sa,v;8mClJ CTaH,IJ;apTHHMH 

BHplmeHBJDOl : 

£"= r- e-~#-I 
ElC'A ) 

II (15) 
-of A -fn 

-: A>A, ~ = Z TT e . 
BBO~TCH ~ypbe-npe;n:CTaBneHHe CnHHOBHX onepaTopoB 

Sf' = IA/-'/Z e-;pJ ~J, (I6) 

~	 (l('e- A _, J., , L. 
r;n:e peA -,IIJ'MLHM pemeTR8., TO ecn ~jC",hrL nj) nj"'-5!-+f, ...,] 
( Lj -~eTHoe) JWI njao-frf.;,-{), ... } frtJ- iJ (&} He~eTHO). 
B 9TH)[ nepe..eHHHX r8YJlJIl>TOHHaH H llpBHKMaeT BJII,Il 

A A 

~ = cot'lstanf + Z E~ s, s., . (I4a) 

~ 
~e . r J 

I ~ I '~bl J. .E e - L_-, 1- e =d -Z c05 h ~ () , (I?) 
~ J. Ibid J=1 

~3 (II) HMeeM KOUMYT~oHHoe COOTHomeHIe ) 

A(j) "(1:1 -'1.J.. 1\ (e 
(IIa)[S" ) $ f 1 fAI i bj kf S p~fE 

R nO,JU:o,lte JJ.lIC cfJYlf,IllUlleHT8JlI>ROe 3RB'IeHlIe DeeT CTpa"eI'lVl ~JlBx/I?~ 
OCHOB8.IIHIlJJ JIll MHOZeC1'II8HHOC". 4Ja:l nJlll ,ltOCTaTO'lJlO llWCOltllX .f. B 

c.Q"IM pacml8"pBllae..oll MO..u.e.lB .JI.8HHOe YCJIoue DleeT B1I.JI. 

3 
( IA) t· ..>.-1 ( IA I.f >' ~ (j 1)1. '?J: () .m '" £ __ , L-...... ,j, • A a 

.;1."" J<:1 oltoft -r 
" .... ljl, ). 1-l:J 

: .....eT ... , 'ITO 1'1 ouy O.MMeTp•• ~ .) "" "'.I1.f. ~ ( ,) s: • ,.). ()6oy~l'I

101", CIIIHI. (18) 0 ..u.PYPIlIlO 1lOl*Y.... po"K~. l'IO'tHMKHORftHIUI 'flll:<ORIU 1I11llflxn

.1\011, OoHOlaH/lOO 11M nope..", ['plI<M1BTCa A/, oo..u.epa:llTOJI II pft60Tt'l JUlC. 
Hn TlIOptlllN fLIA1D1f1llll'lJlH ."fIlA" O.IlI'l)lYJIIIMI IIjl/lItIUO OyYM: 
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,. /Ir;lle 

g~ « Sp ,S_~ >.A}co 

YCJIOBHe (18) npHHHMaeT BH,1I; 

(20)-a« IA i' a. *0 
A-H>O 00 

(20) 03Ha~aeT MaKpOcRon~ecKoe sanOXHeHHe HY~eBOI MO~. TO eCTh B 

~aHHOM no~o~e ~30BHft nepexo~ npe~CTaBnHeT c0601 cBOe06pa3HYD KOH

~eHC~ CnHHOBHX BO~. 

)LlIC .ItM ;IlORa3aTeJlLC'l'Ba (20) nOJIYllam oueRRy cBepxY .ItM g,. (~ ¢ D ). 
TIPH STOM HcnoJlh3yeTCR TaR Ha3HBaeMaR ;IlBYXTO~eqHaH ~URH nm&Me~. 

orrpe~eJleHHe H CBolCTBa ROTOpol MY paCCMOTpHM B CJle~meM pa3~e~e. 

KJmqeBoe 3HaqeHHe HMeST CBoAo'rBO rayccoBOA ~OMllH8.B'1'HOCTH. ~OKaSaB

HOe )LlIC C nOMOll\l>1l Me'l'O~a KBaHTOBOA TPl)!.I~p-MaTPHUH. 060611l8lllllero IUIao

CH"'l:SCW MeTO~ ~ORa3aTenbCTBa pa60TH" 14 .HMeR oueHRy cBepxy .IWI gP 
( P* 0 ) JI HcnoJIL3yR npa13HJ1o cyYM (19). JIerRO yCTaHOBHTh YCJIOBHe no

JIllJ[eHHR: B CHCTeMe q,a30Boro nepexo~a B CMHCJIe (20). TIPH 8'1'014 ROHCTpy

RTHBHHM 06pa~OM BO~RHKaeT ypaBHeHHe .ItM onpe~eJleHRJI 06paTHoI Teunepa

TypH lfJa30BOro nepexona pc : 

(21)
S ($4 () = sVT ~3 (~c ;;(f) 

r~e 

(22)I·l,(-~) •(.I~J } eMr E~) 1P. 
IP.i1f?r 

nO~'1epKHeM. 'ITO KJIIJ'IeBOe 3HaqeHlle B nonxone )LlIC IIMlleT Teopee 0 

ra,yccoBOR ~O"'HwrrHOCTH. KOTOpM ~oKa~alla HMH B c.nyqae pemeT'IaTOIl 

CICTeMN onllUllfUlbHoro BH,na. 06J111,JJ;8llIIIell oTpaxaTeJILHOIl CIIMMeTJlII81l. MH 

B PU~~8J18 4 o606maM T80p6MY 0 raycconoA AOMXKaHTHOCTH, 'ITO ~aCT 

BO~MO:allOCTL B pa;tllllJl8 5 HCCJle,nOBI'I'l'b IfJIl:IOIlUIl nepexon fI MO,D;eJDI K81Ule

fUlbHOro d03e-r83ft. 

a. llDwO'lO'lJWO lhyHlulIII 1lIl8NOM 
DUllP8Ull;¥QrrrlO ,nnyxTolffltflloll ~HKllIII JlIloMe.lJt (.It.tIl.) nOllauooJ, II 

pa(\OTfl Ky60 9 • H ~1UI1>ltl'lllmeM MKOr'llll IlDTUIII.I nKTln,O odo~wnr paUllQ
HbiO cDollcTDR I 1I1l1lMIlMIllUut JI.III. (011., 1I1lIlp.MflP(2tl ). 

f1yCT b Ktlll.HTOt1IU1 C"OT~MII C rftMlUlloTolIlI/1Il0M H Hft.XOA.TM II OCl",8I1tl 

-V' 1'1 HMfl!lT OTIIT.C1TIt'IIlOKYkl OyNMy 

~ == 7'7: e -ftH 
.n:.<!J. npo1l3BOJIbIWX oneparopos ~ 1I d3 Ha3HBaeTCR 6HJmHeHHaH <Ix:>PMa 

-f S" -~fH _((-KJftH)
(:16) f3) = Z f7. (e ID e 83 Ix. (23) 

o 
MO~HO nOKa3aT~, 'ITO (23) 9KBHBaJleHTHO CJle~eMY COOTHOrneHMID, Bnep

Bue ~ORa3aHHOMY ~e~eM: 

7'z e _pW+;uA+:J..B 
(24)(f6 83):: Z -1 E)l 

j 

~b STU OIlpe;lleJleHHI cpasy BJI,ItHO, 'ITO 

( ~) fB) e- ( fB, yb) , (25) 

(26)(v'b~~)~O) 
(27)J(~,~)l ~/(--(fi--:~--)(--8--:S--J. 

B OTJIH"Dle 0'1' 06IAROft TeMlIepaTypHol .IUlyXTO~e'lHOa cpe~Hell ..: ~ 13> 
KOTOpan HIlClIMMe7pI'IHa, .ItM ~.<!J. Burro~HeHO yenoBR8 ClIMM8TpRH (25). C 
TOqxw ~peHKR npRMeHeHHII ~.~. nOJlll3HO TO 06CTOBTe~bCTBO, ~O OHM HR

1160nee "6J1I1RH" R CBoeMY ~aCCHqeCROMY aH8Jlory B TOM CMYCJlll. 'ITO 

( ~ +).,t) He ~IlBHCHT OT TlOCTOBHHOIl H~IlRKa B c.nyqae rllpMOHHtteCKoro 

oCltJl,llJlSlTOpa • 

~1UlJ1 ~ .if>. ,D;JIfl acex nap .;;6 , d3, JlerKO DbI"Il'ICJ\IIITL 06b1 '1ll00 T8MTl8

paTypKoe Cpe,nHllll <''" '> ~ (.A" () • 
IofMeeT MeCTO M8J\y.JIIIIH, TloJlll:lHoe II'"pnBeHCTRo!20!: 

( .fb 1, flJ) - J .: J4,A> -t~ ~+~ '> . (2H) 

Toro. Y'lHTUBllll, "TO c L,(, e. 1> = ( t » ft III (f)) MOil110 

J1lH'kO 1CT8HOllHTI> RepllfleHCTIlO IloroJlk)(\ollu!21!: " 

KpOMe 

.t. + . (... +D.
fi,S1/ '<[.JI>, £pH,Jtf I" .;l ,,(HtJ.\ -# ~ rl.)'). (~J)Ir 

~lIuI'TI4M. "TO D 6'OICOIl8'IHON 06...... OIlLIQ.n.UlIIUlO Mil A.t». (:.!:I) t10KUPV8KT

110 • ""oC'lxO.n.1IMO .cn~~rtlItT. 60Jllllf, TonK.'" 1If11')'M'Ul'I'lI, l1lUl:UI.H1tW'" (1 I'pIl

"I'IIOIM KMIU-10J10n."N • 
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Pem8lllllee 3BatreHlle B CTp8.Tero ~pe~a-CaIMoHa-CneHCep8..:KaR MIi 

13.e OTMe'lfaJIJI. BeeT OD;eHKa CBepxy ~ TeMIlepaTYllHO! ,D;BYXTOtretrHol!: cpe,n;

Bel. 3Ta OD;eHKa nOJlY'laeTC~ 113 OD;eHKII CBepxy COOTBeTCTBYJllleA ,n;.cI>. ]I 

CJIe~ero Y'l'BeJm,ltelWI/I5/ : 
TeopeMa ICIOIC). UIcn~",~ f Ka [O,DO) ~ [0,1) , 

~eJI~~~BOIII~eII 

(30)X f(1: t~ X) - ~4;x'. 

JIlc'Ut 3MaJW. H~e...-~, 

~(Jf»" f-<AA++.>6~'>1 

6{~) (.>f, ~:4),c 

c (~) ... « [~;t, [P ~1,.:A>]] '> . 

Tapa ~ Jm6Q~~ A lUIIIC1Qm~Q.C~eHHOrQ QIJ~T~~ J...I 

~eiUlla !IOD~W (fA) 
(31)erA,) ~ gfA) f ( 4'81")). 

~ Teop8Ma n03BOJIHeT nOnyqHTl> Heoelxo~ II MeTo,n;e oD;eHKy 

CBepIY,l{.lIJI ~ • 8HaJl OU8HK1l CBepxy ~ B ]I C • B CaMOM ,n;eJle. llMe

~d~ (~ 
'l"PPAMA 2(.n.nC). ~.1QDI. ng e> af Itf}) • ~ f
~:yu~,~ -C,g,C>D . ~o.llQQM, ~ c~~o, 
c ~ Co· I~ 3- ~ 80 ' ~ 

a "L-r;:---;i" Ih X ~ =19'. (32)
00 ,1.. 7CO~D vii 0) 0 fil; 

38M8T.u, q-ro B ~88 r8pMOHHQeCKOrO oc~opa,B TO~LKO B aTOM 

~ae,HepaaeHOT!O (31) rrpeB~eTon II paBeHCTEo. QTO YXI13NB8eT .8 

Oft.uu••oon eJlYJIXl\1lJ!l f B can. 
Teopeu 2, TUB 06pa:lOM, ODO,D;IIT n0Jl1'leJllle Ol\elllUt Ollepxy AJI.Il 

TeunepaTJPllol ope,nuel It olleJme JL,llJI ,n;.lll. II ope,nHel OT ,n;lIOlHoro ICOMMY

Ta"op&. Ouena OMpxy ,II,lIII .l.(~. CJIe,nyeT K3 T. H. rayoooBol ,nOlftHIlH'l'HO

0"•. 

4. OUOUA QIIDIY 1M nmQ'wwQI !l!YWSllll DIlftMOM 

HUll llUIo/OO'fO.'f D nll.Q"llllH" Ol.\8I1U CMpIY ,JJ;JIJI .11.11'. " CJlY'lIiIl 

Mo,nlUel1 II F , "-"IlBMIOII C nOMOIQhI> ooae-oneparopos II onloWlllWlIlItl 

nOJ\A.o:AllIll OKOT'" TUB nllK,Jl'ULIiOro 60M-ra:ltl. 

PaCCMOTpwII OUfell1 6.000..0AUI 'I&\O...u, )Ull!I.I1l!1lflf.YJ> II PU:1)\lIJ1l!1 J. F:.. 

r8MBJ.l1>TOHll8.H BOSLMeM B H9MHOrO ooaee oelmeM BlI,Ite: 

~ ~ H 4 I-l~ ,o 
+ (33)~6=L4JKaKaK) 

k 

~ i ::: 1- L.... J{k} a; a'l+ a~.k af-k. 
c,nr~'11 k 

Teone. 3. iM~~tQ~li (33), ~g~!:~~~~ ~~~ 

lU~ ~ 0, (34) 

1W~e.%. e~1l IlImHlm - -( -1----- --- ----- (a;,a~) p 0" ' P* 0 .~ 
(35) 

CJle.J]yH Jl,JJ;ee. snepsse npe,JJ;JIOlleHHoft B/14/ . MIl ely,n;eM ,D;OKa:lIlEaTb STy 

TeopeMY Ra OCROBe cne.nymmero YTEe~eHHR. 

TegJ>eMa 4. (I'ayccona ,D;OMHHaH'l'HOCTl». ~~~~ hI( ~ C -~~J~Q~~
B1i.fLK~~~~HH~~~~. ij~~=~=~~~=~~~~g~~=;;~~~Q~~ 

f..((h\~ l-fo (I, ) + J..I -( } (6) 

~()(~l;Z4Jk (a:4h:)(ak~ hk ) . (:J'n 
l<)/< 

QW!~~::~MlQJ!~ - f II ( It ) 
Y( fLn 7\ e&0 

1~~ 

(:1I \) Y'(fh .?) ~ t([oO.l 

)l.OI(/lJItllM, 'ITO 11:' T()O~MII 4 C..IIo.nyeT T00p'Mll 3. 
\13 (38) 1I11TAltlHlT. 'I'ro n ToqKe rI,,, ~ • Ioi , JlIUUIlJIIlllllcJl CTIIII)IOHltp'" 

11011 Toqxoll,D)lil ':f ( [hI< 0 I jlnCIIOJlOJll"H JlOKllJIhlfull MllllOlIMyM aTom ~)YIIII
I\MOIlIUIII, 'fTO 031111'11\61' HenOJlOUTAJ[!>HYD ()1I1H'.I(I·.lII"IIII(lI~'r b II111\Il,JI' I'J'II'1110t\ 

'11OPMU lITOIIUl'O JUfl!llitl jllllli UlIUlH tl ~ ,';( II 'ro'lJ<e (/ • UU'lilCJlMM aTy 1111 . 

,nv·....Y. '1'nHM'"H11t1'l y,n0(1111Hl jlllOCMOTPlITh C;{ ttII. ()" e. :.t ( I II~ <) II 

fllIllOTM .nIlAoTIIM'rnJlIoltIlIl IIl'lPI'lMI'lIIltUe 'Xk' R e h ~ M "j.' 1,.. h ~ . 
'1'01',/\11 rly,nI'lM IIMtlTI. ".1 ., J 

((,2 (X'}1 \ < f -,.: I 11 ),( (x" J.r" ) /- r:...' ( ~, /1 \ . 
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1(9 ~ + f)r~e 12. ('X13) == ~ rr'-r expf-~~ 0,,[XI((a:+alC)+I}Jt1:--trIC)l-fif.((D)~ ~ "" -..t.fl~ .. Spl1 - ~ ltJ~tJt (tlt-at, at -tlt r + 
~Q eR aQ ~ ~~r O~%' I 

J.. -4- -f 
1axp == -rt~tJp ~r + ax/" "ach == -.t~t4Jfg.~ of a8r +P t<Jrt.J~ <a~-a.~)r<~-af>r) 

a2& ~lR. c/O d 
Z 

R. 
- == -.t.R.(.J b of -, - ~ - ) 
dip()tt r r- ~I' ClX,.ClKr a;<,.~~t a>t,.fJ!Jt ]

I a1 R 
d Q _ J,.R.c.:J S -+ -; 
~~r-.,~ - - r r fl'~ a»r tJ~f f - fl rlKIJI 

1'. [rap -fa,,) e J . 
~ R ~ of _ a." , 
~ z: - r lJr « ~r+a~'>r .=: -rlAJp Cf! e -fJ r(;t(',! J 

r -I -fir/K,y'I
aR.. + . V',[(t1p-l(t} e
 
~dP ~-I~/")r<ap-a.t>r==-'fwp Cf'z e-/r lrtj)
 

B BBe~eHO 0603HaQeHBe 

r{J(r~) =:' Z ~l< [x~ (a:la,~.) -+ ''JkJa:-a~J] + 'H(D).
I<: 

YpaBHeHKR ~ orrpe~e~eHBR CT~OHapHHX TOqeR ~ (COBrr~ammRX co CTa

I{IIOHapHYMJl TO'IR8M.II ::t. ) HMem' Bl'l,It • 

x~ '" - 1- <a;-fa,,>r; 
(19)

i -t 
~~= -:I <ap-ap)r' 

!l r;t,~y IIp'lBK./l OT00!la .Jl.llH raMBJIbTOHlHl.Ha (33) llMeeM. '{TO (39) BC6r~1l 

KM~ur TPIIIIlII:U1 suoe peW6HHe X" z- 8,. "D . Iloxaxea , 'ITO B sToR TO'{J<e 

IITOpOn .n;mM'epelllOM..11 IIeno.nonTe.nbIlO o~.n;eAflll: £~ (!) ~ t», HMfleM 

a I 0 r ' (a; -+).; ;?")~ -i« -j f l<),. " )! ar lap, at lat r 
;) Krih't 

~ ~ f-- f t.7~U)f ':(1r H{p >f' '((fltl! »; 
«(II) 

(").1,-,'
 
, • I 4 f
 1It>t\)f'~·)t (dpill/"U, ~t),: 

~XI) ~,~ i 
,,1 '/ t '> )-f A ' J 

I r (,J,. (. t ,(,1' Idr -r' (It 'Ht '>,. 

r~e BBe~eHO 0603Ha~eHBe ~ ~.~.:

-{ r KRr -(f-KJpr )/ -ffT
(J6,{8)r=Z Jrr-z(e-rAJe S x,R.c='f-ce . 

PaCCMaTpHBaH (40) B °To'me f X't:, iJd == [01. KCUOJID3YJI 6lUJllHeftHocTIJ H 

CllIMMeTplI'tHOCTl> ,I(.~. H rrpasaaa oroopa, nOJrYlla8M 

A1.1 )' .t. J.. -t 1r e <t (4I)C{"&. "" L-. [-JplJr+;.p kJr(ap,ar) l(/~rJ if'!rJ )~ D. 

o ~ 

H3 (41) cpasy a:e CJIe,Q'eT Tpe6yeMoe TflOpeMOR 3 HepaBeHC'l'BO. 

38MflqaHBe I. HepaseHCTBO (38) Ha3B8H0 rayccoBOA ,I(OMBHaHTHOCTbm B 

cany Toro, qTO OHO 06pamaeTCJI B paBflHCTBO Ha rayccOBYX Mflpax, TO 

eCTb B CJIY'Ia8 KB~paT}fqHIIX r8MIIJILTOHBaHOB. 

38MeqaHBe 2. HcnO~L~OB8HIe Roo~HaTHoro npe~CTaBneHHJI n03BOAR

eT H8 OCHOEfl rayccoBOA ,I(OMBHaHTHOCTH no~yqBTb HeMHoro 60~flfl ,I(eTaBL

RJIl oueRRY J1JIS[ ~.~.B qaCTHOCTlI, B o~HoMepHoM CJIyqae (tJ - f p.t )r 
lDoleflll f J. S/H b l)

( arIaf') ~ JtJ ((- --;,-F I? ~ () , 
rae L -AURa CICT6MY. 

JlOKUfllll Teopellly 4. 
HCnOJlb:lylt 1116TO,I( $ylfJ(lUJOHaJlhHoro IIHT~7I1POIl8HHJl 11 ro~OMOpcllIlOM 

npeJlCTIUlJlIHOIH, plt:lpl.l(1oTllHtWR JleJl!':lwtWII!2 • BDO,I(eli oneparop 

A I ,-r'f~/..,(~) iH'tHl i7-~t>(~) 
U(t,'l)" C C C 

W OIlOllllTOPW ,,'Ho(~lt nl"/nf 
L,{p(lJ c aI' <' , 

_, . ,'I(n(~'f _I .' Jlo(~)1 
al' OJ . c a,) {' 

1111110JlI.:'YI1 'nmuR nl1,1\ H.JA),IIO."O lIoJly'n'T". 'ITO Il()OTI\P.l1'flTftYIll(l1~ /1111'

11I1TOllt\M a,.(1) II (',.f {( \ IWMnJlf!Kl\1I0~IH1·IItU'l 'f'yllKllIIll IWTb 

I ~ LI 
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'{0 / I 
a~ (-f)~ e' f (tA,,41'1f) - "1' ' 

(42)
I- _ -,'10" JI I Ii\ I JI 

??r (-IJ - e (af f h, J - 11, . 

Tor,D;a !JlYHRu;aOHaJI U (I,T Ia 'I, a) , OTBe'I8Il1lllll~ HOPMa.n:1>HO~ IJloPMe 

oneparopa CU.f,TI, eCT!> 311aqeHHe rrpHa,,(f), apll(M. nanaesax (42). 
!JlYIOOU'IOHaJla ud 1/c:1Ct. ~}V\) OT rrpo:H3BOJll>HHX !JlYHKIJ;H2 at> {fJ • tip.(fJ, 
r,ne 

~ ~ 
Ll~{-l,'tli/l.~a.J~ exr[ ~baPl(lf) L1(p(,t{jJ>~,i.t.) ~ ,.lC , 

(43))r'"p, ){f i{. JeXf [ 1'1
t 

V( sIa ~ a) 1sJ' 
y(~/o. ~ a) co Z' vfk) a; (+) fA ; If} "r: (f) af-k III. 

P'1,I< ~ -f f..!o(h) 
HOPMan1>H8JI cIx>JNa ¢YHKl.(HOHana orreparopa e llIMeeT BB.n 

,'tJio(h) (a filA 'I) (e/LJ~{)(a-lhJ (44) 

e e=c 

r,l{fl MIJ HcnoJlb:lyeM conpnmetnroe 060:1HaQeHlle, ortyctcan Cj'MMHpoBfllIHU 110 

,nlllYJlLNIM H HIITorpHpoBRHllfl 110 t TlIna 

a'f .~1, ~ Ji a/ltJ tt'I-I) • T.n. 

)/)111 U~ IIMflllM ('..n~nYDlllee IIpenCTlIIUW IIHl'l : f , N f 0 

r [T ,,- j! r )# ,{ (k' I,~) a 
U~ (',TI{~ ,fA\ < ,J))()l' C (' 

\')Il' 1<..,00 IIII !,"TO P r: fl)l, pOM 

I< (~tl LIpAIL) - 1<1 (P" r).l ;1,) c\ (I" I.d, 

R,( t)1
1 

J'.J; /) - V,(r, pJ)r(~r '''.t,I)~ \!l(P,I,J"Jrf,'.J pt. /) 

I I 

E(p,-f\ •~i'(l',-O -ROMJLl[eKCHOSHa'iHHe lPYHKII,D. a V~ (r). Y2. (~) -npoas
BQ.lll,HHe ~. y,I{OMeTBOplmIlIIe yc.nOBU! 

Vf (p) Vol (~)= .z~ v(p). 

A -oneparop c H,ltpoM -I (~.r~t}Wr1
 

Ll (~1,it IPot, L.)'" B(J,-I.I.)S'php~ e )
 
f 1) t'>o,
 

e(+)", L0, 1:.60.
 

HcrroJl1,sys SBm BJUt ( 42). DeeM II

" S~ .. - .2.; r I ~ (0) I
U({,'lla,~\= Jid2- e mpl-h tp h > 

(45) 

_(a~~r) "(tt4-~) (t{ -of k")1'(-1 h+ hit rM(a+h) J, -4

r.-e t " 
1*' SJ ,'1:t..£,Jrz - flUff " T(c,t),. If, Jf:i.. e S(~{,i f ~ Pol, JA( C ,~),
 

'rt l
 
1+) t' J.. t.Jr.l. .. r (~~t-)" JJ,lt{~HJ..e S (~f,-lt~ !,.{JL,t~ ,t-); 

-r 
t -,'tf t..Jfl -l / ,.?)
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