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I, HBenemre 

B COOTBSTCTBMJ'I C rill!OT830tl KOH81!HO:pa3~19:pHOro ITO.I(0611ff 

( CRSll.JlliHI'a llpli KOHS'!HOM pa3M8p9) ~lllllepa /I' 2/ B OKjlSCTHOCTll 

K:pHTHqecKo:tl TeNJIIe:paTypH T = T, ~soBoro rre:pexo.:na BTo:poro 

po;na aQ;4leKTH KOHB'rn:oro paar..m:pa L CHCTBMH orrpe,neJlfliOTCR des-

pa3M8p!ruM oTHOill8Hl!SM L. / 5.., , r.:ne 5 
00 

- o6'hBMHaR 

ROpp8Jl!llUIOHH9fl )IJU!Ha, KOTOjlaJI paCXO)ll!'CCR npll t=tr-"fc )/T, - 0 

""" I tl-v n=J.o 113B8CT:_o, qTQ !IpH I!pOC' . .'paHCTBBHHHX paSMBpHOC-

TJIX d.. BUlliS BBpXHBit KpllTHqSCIWil paSMBpHOCTH d. u BTB rHIIO-

T838 HB BLIIIOJlH.HBTCJ! / 3-6/ • I\aK llOK8.3IIBa8T 8.Ha.Jll!3 MBTO.I(OM 

p8HO:p~~13BUilOHHOli rpyniiH, HapyillBHllB STOll rHIIOT93H 1 TaR ~9 

KaR H Hapylli8HM8 COOTHOillBHRff rHIIBpCKB~~Hra, ~STeff C~B;IJ;CTBHBM 

IIOJIB~BH.I:IJI "oiTaCHO:l:l H9..,Jm8CTB8HHOii UBpBM8HHO:!:i11 B TBOpHH rrpli 

ilpll BHBO;IJ;8 SaKOHOB TIO;IJ;06liff ~ TBpMOnHH~BCKHX 

tjlyl!RI\l1l! H!!JKS d._ 1A HCTI0~3YBTCff rrpe,nrro~OE8HH8 06 aHallilTH-

~BCKOll 38BliCill~OCTH 3THX ~ OT H8CJm8CTB8HHHX II9pBMBHHHX, 

'!To npa d.> c{" 3e.BB.IIOMo Hecnpe.Be)J,Jll!Bo /?,B/. B aToM c.rry

'!ae, KB.R Y'rB8Pll\!199TCR B pa6oTax fg-IO/, ROH9'!HOpa3M8p!ill9 

3l[>1JeRTH onpe)\S.JlflilTCH HS OTHOill9Hl19M L I 5 ~ • a L I e~ 
r.ne B6.1ll1lfliHa .foo HashlBaBTC.H T8pMO.n;.t1HaJ.lli'I8CKO'll .n.JI.IDW:!:i. 

,l.J)JR CllCTBMH C KOH81!H0:1il: 6JI01!HOii rBOMSTpHBll, rrpH t-+ 0 

-(21" +f)/d. 
,(,~it[ \I) 

113 (I) BV,,lHO' '!TO ,SCJ!J! rlillepcReiiJ!J!HI' cnpe.B9,11ill!B, 2[3 + r :d v' 
TBpMO,IU'IHBl'lllfY:BCKBH ,Il)l.\1Ha COBllB..!l89T C KOppBJlffiU!OHHOia J{,Jllmott. 
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Hsyl.J:eB.l1e KOE:e--lliope.aJ;i8pHHX a:JyJleKToB B peMii·n:e cpe.Irn.ero 
IIOJIJI ( d_ > oLu ) I1}_)8)J;CTa.BJLH8T rr:paKTlll.J:8CK.B:tJ: ZHT8p8C ,llJlff CllC

-d._-aT8!\1 C )J;&'IbHO)J;B}lcTBYIO!llK:v! ITOT81-:u;.:iiaJ10lvl BSa.A! . .rQ,IJ;8ifCTB.IDi, J (f)""' r 
I!pH 1- oo (F >0 

l'<IeHnme CQi:rslrtrecKM pea;r.nsyel·GX pasMepnocTeit d. = I ,2,3 rrpu 
~OCTRTO'IHO i'l·:aJIOi.ct CJ 

UeJL.bKJ H&.CTOJIJ.le¥1 paOoTu HBJL'IeTCJ'! (popl·-,zy-~'llipoBKa riDioTe3u 

ocJo6ut8HTWrO ROfi8'tJ:HOpas:~.mpH:JI'O IIO~OcJliH .ICM CHCT8l>I C .n;a.:rr:oHO

.n;e~iCTBY.!OllU:U:l IIOT8£..::::.J;II2JlO:·.,J B3aHh!O.D;8i1:CTBfifi llpll pasr,18pHOCTZ 

d > oL = '2 cY • =·:n;erz, IIpG,JJ,JIOJ .. WHtill8 B jgj )];Jill CHCT8~/I ],( 

C 6JUI3Kp.n;e~lCTBYICJIIUl.vl 33aJii:IO.I!;8ilCTB.il8r-ll ( (T = 2) li 6JIOtJ:HOit 

reoMerpn:e~t ( cL' = 0), pasB;maiOTCJ1 .Jt]JJI CJIY'!aH reoMerp.I:nr o6mero J-J' J' 
3M,Ua L x oo c nep.ao.Il,rl'l8CKYU&-I rpaiD:I"t!H"niMLl: ycJlOB.U .. IThiK 
B.!J;OJ1D d- cf li31Iepemrii., ITO IW~O.Pl:Dil CHCT8Ma I<:0~8":Ha. C 
M8TO,IV!'i8CKOit TO'tJ:JGI 3J)8lliiH Y.IJ;06HO .I:ICITOJTh30BaT.D TO'iHO pe!lla8MYEJ 
cpe.n;mmo cl)epH'lSCIGID 11-Io.n;e.'ln c ,!J;M!,Ho.n;eiicTByiOI!J.liM B3lli:U·,JO
.llBi1cTBli8M B Ka'l8CTB8 OCHOBli ,Il.llH ,Ila.JThH8flillfiX 0600l!l8P.Jri1. 

2. I\oH.e:rnopa?uepHoe no.noOue li.7ll"i cpe.rrHeiil: c,j:J8mr:IecRoi--i 

B pa6oTe/II/ 6u~a rrpe~oMeHa aHan.I:ITH~ecKaR TeXEJL~ 
,UJllJ. BH"'illCJI8H.aff TIJIOTHOC'l'.i-I CB060,llHOfi 3H8prru:r .II;.JIJI C\fepHti8CKO}i 

MC.ll8Jlli Ha ROHe'lHOli pellleTKe /\ = L 1 x · · · x L d. 

rpa.F..J!tiHH!vlli Y']JIOB.Ymr..UI. PaccMaTpm>aJIOCI> na:pHoe 

:J ( ("), CIT3,11'!.l!JQ88 Ha dOJU,:nJ!X paCCTO!IHl!RX y-

B38.HM0ll:8i:l:CTB.I:I8 

-d-oRim r 
rj\e a-> 0 -rrapa;'118T1J. B 3TO!vi CJIY'la8 c!Jypb'3-06pa3 ITOT8H-
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A ..._. -i.i'lf, 
]lq,J ~ 2: J,lf) e -- , 

f•A (2) 

q, = \ 21Tn, /L, , ... , 2orn,:IL,d , 'l'lk E {- (L,-1)/2 , .. , ( LK -I )/2 J , , 

r.Il8 J ( £) J"lliTb!Ba8T B3ruiMOJl8l\CTBM8 C ITOBTOpJ'IJOII!l!MIICJ! 

OOpasaMli Cl!CT8M!l fl 2f , 

HM88T ,!l.JlliHHOBOJIHOBYlJ aCHMIITOTHhJ BaiJ;a ( 0 < U ~ 2._) 

J/-11/ BLrtrn:C.JISHa H HCCJI8.D;OBa.Ha IL1IOTHOCT:O CBOdO,n;Hon 9Heprilli 

f.c l t , h) !!pl! Ha.Jlli'!ll.l! BHell!Hero MarHl!THoro noJ!fl H E IR • 

h_ = H 1 k8 T , B CJ!y'!ae rl!llepeyOH'!ecKoli reoMeTPID! L 1 = · · · 
= L 1 = L . CJ18,IJ,yff rrpe,IJ;J10JK8HHDMY TaM MeTo,u.,:y ,;::v:n cJiytJaq c!1c-

a d' ' 
reMbi c oOmeli reoMerpMen LJ..- x ood , .TI)l.fi CllRrYJIJipHoM 'tlacrn 

ITJIOTHDCTH CBOdO,n;HDll 9H9pi'RH B Oh~9CTHOCTH I~llT~SCKOli TO~ 

IIDJIY'l:aSM 

(k.Tf1(';lt,f,)"' 4P~(I<,-KJ¢-tp:\w;,~(oJ\f-

3.ll8Cb CllMBOJI { ( d -ci') 03Ha'tla9T, CJ:TO cyr.ilvUip0Ba.HH9 npOBO.n;llTCJI 

d-d.' 
ITO ( E l , IIITpiDC H8Jl 8HaKOM cy:r·,·'ID.'ill 03Ha-qaeT, '1TO OIIJJ.!l8H 

' 
'LJ!SH c 1{1 =D , K = 'J(o)/k.T , K, = 1 . B (4) 
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B38,Il;8Ha (QyEI\IJ,Ii.S: 

co - (d+~)/2. 

u«,.,(<) ~]ax (1+X
2

) E". 1 (-x"z"J, 
0 

- lf!YHKLI,ll.5l TMITa Ml1TTara - Jleq:q,JJiepa (ITO,IJ,p06HOC'i'M CM. B 

(5) 

(6) 

Ill! l. 

flapaMeTp ?J = ¢/p<T ¢ = Zs/1< -1 , a (4) saa;rc;rT JlliHefiao oT 

c'flepHCJ:8CKOrO IlOJm 5 fi y,nOBJl8TBOp.K8T Cp8,II;H8~JIY cg_Jepi:I'I8CKO!iiJT 

ycJio:aY.JO, Koropoe B Ol(pecrnocTYI KplrTYI-s:ecKo:tl TOtiKll K :::: 1., 

f,_ ~ 0 K !!pia d > 2<T , cJ..' < CT !!pl1HA!>Ja8T Bii,ll /13/ 

(7) 

3TO YJla.BH8Hli8 CIIpa.B8,1J)UIBO Wlf! BC8X pa3M8PHOCT8fi d_ T2.KI1X, 

'ITO crl <.cJ..<- IT (1+1) rrp.a H8KOTOpOM U8JIOM I ~ 2 

w~,.,(o) - rrpOK3BO~HaR B TO~e ¢ :::: 0 liHT8rpaJia THTia 

BaTcoHa 

( 8) 

-' >lrr yrs;. (·) 
IWTOpaR OIQ8l!;8Jl8Ha I1 KOH8'Uia IIpM BC8X CA. 

J,d,a- II2/ 
- CITllH-BOJIHOBaH ~~ ITO,IJ,06Mh,BB8,1J,8HHaH ~HIDepOM M TipMBMaHOM 

' D (I) 
npM d =f. KoHcTaHT~ J B (7) HM8IDT Cll8~mll~ 

~.a-



(II 1 d/2 (d) . (J-crl)rc ]-1 
D ~27f(-1J [(4irl r2a-»n rr 

d,.- ( 9) 

HccJie,n;oBaHne /Itl/ napHoH cmnr-cmG_o:aoi:l: rwp:pe.n.>IIJ.l10HEoi: 
ci-cl' ci' 

~'YH?~ni GL (,!3 j t, h) B c.v:cTGJ\.IG c reor.:eT)Jie~t L: x 00 

rroi<a38JID, '!To rrpn ¢ - o u I~ I >> 1 e8 Be)(JOQM 

I',IJ,8 ¢ y;IJ;OBJ18TBDpH8T Y})8BE8lli!I0 (7). 3TOT pesymTaT 

!I03B0Jill8T BB8CTll 3{\_xfe:rtTMBHJ.iO KO_pp8Jl9:I~}l0Hllj10 ,I(JUIHy 

( 10) 

ITQU JllQ_Q):i{ IIpOCTp3.HCTB8HHOfJ: pa3L1:8pHOCTTI d. . IlpM d > 2 (J 

cqJepH'IBCKoe yc.JIOBHe ( 7) IJJ-.18BT pewemre 

~Lo--o 
(f}(fL"), 

• Tor.IJ;a, rrpeHe6peraq B (?) '1.11eHaMM IIOps!.JJ.Ka 

c y'IBTOM orrpe.ueJiemm (II) rro;ry-qz;·,T cJie,I(ylOI.Uee 

yp8BHBH.ff8 ,IVlH 5L = ;;1...-Vo--

' ! (]"' cl_-za- (0) -o-+cl 
Jwd,cr(oJJ(LtU L: -j),i',o-(L/5L) 

(12) 

r.n.e rrepeMeHHaB 

(13) 
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Cl..l8B:1)..',HO, 4TO ~ypa3H8UM .. S: (I2) l:IOEEO 3amwaT:D B 
BH,I(8 

(14) 

r):le rrpn cl > c!,. = zo-

( I3) 

C .n;pyroii CTO_p0!-II1, BBO,IVf HOB:U8 IT8j_)8M8:!H019 

rge 

'}3 = 'f, '(H ( 17) 

_peJ.:eiDre TOF) Ete ca.;oro y-pa.B:temvr ( I2) ?.IO.:'h1-IO n_pe,n;c:'a.BHT:S B 
3KBHBaJI8HTHJ];l ~::op!·.:e 

( I8) 

ilO,I('IG:::KH8M, 'ITO 3,I(OC.b '}
1 
~lA > 0 , B .8J3HOI,J rrpO':'liBO-_pe'!IDl c np:~MOJ10:Ke:rrreu .Padorr/S/. OdMCHeiD:Ie 3TOro :pa.K'i'a 3aJ<:..rJ.io

-qaeTCR: B T'Jl.'i, 'ITO He_paB8FiCTBO jgj q,
1 
~u ~ 0 cnpase;~JlliBO TOJI:O

I\0 TOI',I(a, KOI'.II;a l\.O];)p8JlfUJ;,I:WHUflJ ,llJ'li:I:..J MO.EHO Ollp8,ll8JIHT.b t.r8_p83 
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BTOpo~f ;·,IO!.~BHT rraprto~t ~wppeJLCII.U:WHHO~: (~yr-I:~I • .J CJIY':8.8 ~8 
.n;a.J1:DHO.JJ;ei1cTBilq ( 0 .::: o- < 2 ) po.'TI. s(Q)8KTHBCIO~i :,zoppeJLqu;r::o:·IHOit 
.TI:lliHill, :L·.-IaCJITa6YipJi10lll8tl: 60JlbWJi8 paCCTOJiilliq B n:apHO:id: IWpp8JL'I-

) ¢-- il<r II-;/ lUIOHHOit (6JrdRJ.UUI 1 Ci.l. ( I.O , HrpaeT BBJlli'I?IHa 
}\a~ .l13B8CTHO, B I\pHTM'!8CKOft TO'IJC8 8Ta 397Jl'illH8. !.JO:teT paCTti 
61lcTpee JlliHeihmti crerreilli L TipH L. ~ 00 , ecJ"lii d > d"-t /3,5,6,:16/ 

Paccu.rorpKrvi 

Holi aHeprrm. Ta.."\ 

M I~HKCHpOBB.H:illX 

rrpn O< d' <CT 

o6pa3mtc: 

T8IT8pb Bh~aR8HE8 (3) .IJ;J1R ITAOTHOC~ll CB060.IJ:-
KaK BBI1,lly (IS) L ic' 1

""- 0 llpil L - = 
t • ' I' 11. , To cyr .. 'J:ry B rrpa.BoH -qacra ( 3) 
H ci. > 2rr MORHO 8.Illlp04CUI.llipCBaT:b CJIB.lCYKlliDJi.~ 

L_' If(" 1Ad,a-(LI{Isl'
1
'") 

{ ra-d'J 

o-- d';cr -(L ¢) 
2 

Jr(d-d')!z 

r(d/J 

> -d. =U,; .. IO)L_ f~f 
' f (ct-d') 

~ 

jJr r -d'-1 [ 1-t,;,a-(O)- Hot,a-lr) J 
0 

7r(d+1)/2 (o) cr - c(/o-
(d I D ,, I ( L ¢ ) d' r ~1) ~ ,cr 

( 19) 

Terrepb, yuJITIJBM cooTHOlliellil!I ( I4) .;;r ( I0), .r:c.wr. IIJLOTHOcTu cBo6o.JJ;
Hoii ::meprMH ( 3) rroJiy'lae£11 Ma 31ill.KBaJJ.8HTIIble npe.ucTa.BJiem:m: 

(20) 
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cl' 
' 

' d' d = d + 'j,t 'Ju , 
(22) 

CBH3aH c ar-wr-..mJlbHD1i pasLIBPHOCTI:.KJ ~ID:lepa ( I7) . 

J. 06UIM rlill0T83a 

fiO.Jiy'tl8HHbi8 TO't!Hhl8 p83YJThTaTH ,IOI.l1 CCf!8piP.J:eCKOfi MO.JJ;SJlii 

LIOEHO liHT8prrp8TflPOBaT:O B T8pl'lla"Hax 38.BHC.HMOCTll ¢)YRKI..U1iJ: 

KOHe'IH.or!!epHoro rro,nod:m or orracHoM rreper..mHHD~ /I? I u c noKa-

38TSJie:1..I 

fc=LdfltL~T,hL'J" uL'J") 

~ L = L ~ ( tL ~T, "L '}H u L ~~ ) 

r,l\e d' -f ( x' ll' "J = r q,, f ( xz'h, ph) , 

~ (X, ~' l) = "4, T ( X lh, 'f z 'h). 
~i'[OB.HO IIp8,IUIOJIOJKIITJ:,, 'ITO B 06~8M CJiyciae 

!Ipl< d > c( u. ITOKa3aT8Jlli 11 , h 
HHMB.lOT sHa'!eimH (17), r.ne ~T = ~/Y = o-

( 23) 

(24) 

MO.I(eJlSfi 

'h !Ipll-

• }H =i!./V = 3<T /2 . 

Bo-rrepBHX, CJle,n;:yer rro,n-qepKeyr:o, trTO nepeMeHHaJI 1..1 

5IBJIJI8 T CJI 

d_' >O 

OIIaCHOti ~ ITJIOTHOCTH CB060,1lHOli 8HSprliH TOJU,KO rrpH 

• B 8TQI..·1 CJIY'laS 

TH CBOciO;IJ;HOti 8H8prM,CM. 

:o;ROHHOrO 06'1eMa 

HOpr.mpOBO'ffiblli K08~9HT ,:nJLCI IIJIOTHOC

(21) ll (22), liM88T CMHC.l\ KOppe.l\H-

8 



( 25) 

ooro, crro d • = d • 3~:1 apryM8HTbl , O)l;HaiW, DCEOBHBaJJTCH 

:;:a ITfJ8.II;IlOJIOJK8FiJlli 0 IIOJIHOCT:biO KOH81.i.'lOi1 I'80LI8TlJ1lti CI1CT8I::ll, T. 8. 

'ITO d._'-::::.0 

30-BTOpHX, 8aMSTIDI1, t.ITO H3 (23) ll (24) CJl8,Izy8T 

(26) 

r,11e 

( 27) 

Cy"meCTBOBaHIIe T8pMO,IUl:HaMH'tl8CKOI'O Ilp8,IJ;8Jia ~Oo ,Il;Jl!I 5 L ITfJH-

BO;ruiT K ycnOBllJll, 'ITO IT:pl< GJ<KCHJlOBaH!illX t > 0 I! h t -A 
I 

(28) 

(29) 

I! X (.) - H9KOTOpall YJ!I!B8PC!lJil>HaJI c[JyH>a:(M. c )T'ISTOM (29) 

COOTHOID8HH8 (26) MOXHO nepSITHCaTb B Bane 

e = 5 1/V~~ 
L L , ( 30) 

9 



rne BB8l!;8Ha HOBB.fi xaprunepHa.H n.mrna .f L ,Il;.l'lff KOH8'lli011 
- 1/}'~ 

Ci<CT81'lll 4 ~JY1!KI1'lli ~(X,~)=[~(x,~J} , )ja.nee, i13 yCJIOBJ:H CY-

!ll8CTBOBaHY.JI re:pr.,ro;rumar.iJI'IecKoro rrpeneJia loo l!;JLII ll.. IIOJIY

-qaeM, 'ITO 

(3I) 

JLn(:_'XQepeHIUIPYH COOTHOlli8IDI8 ~OH8tiHOpaar.r,epHOI'O IIO,IJ;Odll.II .n;JI.fi ITJIOT-

HOCTM CBOdO.I\HDI.i 8HEJ:pi'1lli ITO MaT'HMTHmzy IIOJIIO, MOJKHO IIOKa3a~:r,, 

'ITO 

( 32) 

l~0:3TOl.TY 1 BB8,Il;8HHQ'1 tlaiVili xapa.KT8pHa.FI ,U.JlliHa fao 1 CM. 

( 31), rrp.t.r d' = o , Kor.n;a d.."= d. , coBnflJ];aeT c TepMOl\H

H&\DPrecKort .rvr.u;-:o£1 EHH.II;epa n ,IQ. jg,!O/ m.I. (1). B odme:r..I 
el-d' d' ) 

c.ny<iae rem,i.eTpH.tr C x oo paaMepHOcT:o d "" c y-qe-

' TOM (17), (27) il (32) MOEHO !Ip8;!lCT8Bl!TJ, B Billl8 

01.19BtmHO' d.= d.. RaR IIpH d I-= 0 

( 33) 

.il JUOdOM d 1 Ta.K ll 

IIpll c{_ < d 'k , lWr,rr;a CIIp8.B8,n;Jlli!BO COOTHOill8HJI8 I'illi8pCK8iimHU'a 

clv = ( + 'Zf3 • TOJlbKO B ITOCJle,rr;HeM c.rryt~ae ,rr;miHa _(_L COBIT8,Il;a8T 

C KOPP8JJ.fiiUlOHHOfi ,llJ1miO:t1. B mo60M CJiyt!8.9 1 K8.K HRE8, TaK H BEIDie 

d., ,rrpu d'=o l! !Ipl! d. ' .,. 0 

xapaKT8pHM MUHa ,e l. yno~eTBopaeT YHHBepcan:oHoMy ypaBHe-

HHIO KOH8't!HOpa3M8pHOI'O IIO,IJ;OdM (30) 1 B KOTOpOr.~ IIOKa3aT8Jlli 

1! O!Ip8;!l8Jl8lill Bl!PBlK8~ ( 32) H ( 33). 
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