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B nOCRe~HHe HeCKORbKO neT ~BywepHHe TOl.IHO pemaeYHe KO~eRH 88 
KOH9l.IHHX pemeTKaX HHT9HCHBHO HCCR8~0BaRHCb B CBH3H CO CBOHCTB8KH 
KOH¢OpMHOn HHB8pH8HTHOCTH [!,2]. B H8CTOH~ee Bp6KH H3B6CTHY rrorrpaB­
KH OT KOH8l.IHOrO pa3M8p8 ~~ BC9X OCHOBHYX KJI8CCOB pemaeMHX KO~eneK 
[J-7]. HaH6onee pacnpocrpaaeaaHM Mero.rt onpe,n;e.ne&HJI 3THx nonpasoK -
Bbll.IHC116HH6 ITJIOTHOCTH CBO CIO~HOR 3HeprHH fL. 88 deCKOHeqaoH ITOJIOCe 
c KoaeqaoA mHpHaon L H nepHo . .n;KqecKHli.H rpaaaqawm ycnosHHYH. B 
sTow. cnyqae fL Bbipa:araerca 1.1epea :wa.KCHJIB.JI&Hoe coelcrseaaoe saaqeaHe 
;\L rpaac¢ep-w.atp~y T, CBH3HB8D~eH COCTORRHR COCe.rtHHX CTpOK pe­

meTKH. ilpH srow oCIHqao paccuarpKBaerca ecrecrseaaaa opHeara~a·pe­
meTKH, KOf.rta ee CTOJidUH napaJIJI8JibHbl rpaHH~K ITOJIOCbi. B TO xe Bpew.a 
~a pa.rta Mo.rtenen OKa3HBaerca Y.rtOCiaoR .rtHaroaanbnaa rpaa~ep-warpuna 
aa pemeTKe, nosepHyToR Ha yron X /Lt [8]. nn• nDOHx rpaHI!'IHHX 
YCJIOBHR, Cly.J;t& TO nepHO,ItHl.l8CKHe HJIH CBOCIO,ItHb18 yCJIOBHH, CT8THCTH1.18CKH8 
CyYMbl 88 pemeTKaX p83JIHl.IHOR OpHeHTanHH OTJIH1.18DTCH .J;tpyr OT .rtpyra, T8K 
KaK BCer.rta MOXHO YKa38Tb COCTOHHHe M0~8JIH, B03KOXB09 ITpH O.rtBOK OpH9H­
T8UHH H H9B03MOXHOe npH ~pyroH. 

nna MO.rteneR, OCIJia.rtaD~HX CBOKCTBOK KOH~OpMHOA HHBapH8HTHOCTH, 
3TO OTRHl.IH6 He .ltOAZHO npHBO~HTb K H3K6H8HHD fL BITJIOTb ~0 BTOpOrO 
nopH.rtKa 1 It- pa3noxeaHa • .UeRCTBHten&ao, nonpaBKH K ft. nopa.rtKa 1/L2 

onpeAeJiaDtCa ueHTpan&H~K sapa.rtow c anreelp~ BHpacopo [1,2], H Ana 
AaBHO~ M0~9JIH He 3aBHCHT OT OpH6BT8UHH pemeTKH~ 

(I) 

(2) 

.rtns csoCio.rtHHX unn ~HKCHposaHHHX rpasaqeHx ycnosHD. Tpy.rteocTM BHl.IHcne­
RHH KOppeJIH~HOHHbiX ~YHKUHR ne fl03BORHDT yCieAHTbCH B pOT8UKOHHOR HH­
sapHaHTHOCTH KHOrHX MO~eneH npJIWHM paCl.l6TOK aCHMITTOTHK B ITpOH3BORb­
HOM pemeroqnow HanpasneHHH. 

B stoH saweTKe MH npecneAJeM ABe uenH. I. B cnyqae 6-sepmaHaoH 
»OAeJIH uenocpe.D;crsenuo HS anaana Eere .rtOKa3ar~o paseacrso 1 /Lz no­
npasoK B (I) JI>!R eCTeCTB8RH02 H )U!aroaan&HOB OpHOHTaUHR KBa)lpaTHOR 
pemeTKH. 2. B cnyqae O,D;HOR H3 KO,D;eJieH CBOCIO,ItBbiX ~epKHOBOB (R-KO,D;eJIH 
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[9]) Bl:iSICHHl':&, B K8.K014 llOpSI,IlK6 DO 1 /L npOJIBJIJI6TCR pa3JIJ1'qHe 
opHeHra!lHH, 

I. nna ynpo~eaHa BHKJia,IlOK MH orpaHHqHMCR npocre~mHw cnyqaew 
6-BepmHBHOH MO,Il6AH - MO.Il6JIH JI:&,Ila. B 3TOM CJiy4ae MaKCHMaJI:&HOe C00CT­
B6HHOe 3HaqeaHe AHarOBaJlhHOH TpaHoPep-MaipHUl:i HMeei BH.Il [!OJ 

(J) 

( 4) 

3:saqeHHJI BOJIHOBHX B9KIOpOB k.., ~ ,., l k,., onpe,Il6JI.IIIll'CSI ypaBH9HHSINH 
aHaana Eere: 

"' n B(k· k.' J ) ~ ) • 
;,., I 

nna ,IlKarOHaJI:&HOH Tp8HC¢ep-M8TpHill:i 

11·p +l, ~ .z;.y 
1 + e + e 

B(P,'I-):-

B npe.n;ene L~.e noJioxeHHR k., ... , k"l 
.f(k) Ha HHrepsane - T/3 < k '< 7f/3 

2;k(.<) e0-e"' 
e = 

I' J..t+o( 
e'· -1 

CTp6MRTCSI K pacnpe.n;eJI6HHD 
llocne aaMeHH nepeMeHHHX 

(5) 

(6) 

(7) 

M•iJJYHKJlHH RI·O, onpe,>~en•euoR !>IBOHCrBOII R(.J.)o{d. ·~ 21T .J'(k).Ck 
ypaBHOHHR (5) ~DT 

R.(d.) = 
cJt (.j.;.) 

c-lt(-f.!.) (8) 

Bhlpa:m:eRHe .n;na w.oJieKyJIHpao» csooo.n;hl MO.Il6JIH n:o.na B npe,lleJie L -7oe CJJe,zyer 
H3 (J): 

1 = J JJ.. R(,i..) tn.(zcoskl~l). 
" -- (9) 
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ilo~CTaBJIHSI B ~TO BNp8Z8HH8 (8) H TipHHHM8R BO BHHMaHHe (7), TIOJiyqaeM 
H3BeCTHNR pesynhTaT nHOa [II]: 

.&,_ 'N = 

ilonpaBKa K CB060~HOn 3H9pfHH H3-38 KOHeqHQfO p83Mepa TIOJIOCY HM98T 
BK,l( 

!\ L = - t .fo. AL ;- .C,.., t {.,_,\L 
L->-

C~e~R pa6ote [7], BBe~ew ~yHKUHD 

rAe 

H cjlyHKUHD 

e (J:-.: J, 
J 

&{d.)~' e,_ (- 8(.J.)), 

(II) 

(I2) 

(I3) 

(I4) 

KotopaH B npe~eJie L ~ - nepexo,nHT B ~yHKUHD pa.cnpe.n;eJieHHH o( : 

R("-) 
(I5) 

Tor,na HCKO.M.aJ! nonpaBKa /t L M0:!:8T ObiT:& npe,IlCT8BJI9H8 B BH)te [7]: 

1\L =.- f "-" [(,;.) { f I Jl,;.-~)- Jl_ (J:)}. 
-- J . 

(I6) 

q;yHKUKH I (d..) )(aerc• swpaxeHMell 

(I7) 

--
a J ( J-) orrpe.neJist-ercst rca.K pemerme »HTerpar.::&Horo ypaBHeHI!H 
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(IR) 

B Cnyqae ~HaroHaRbHHX rpaHHqHHX YCROBHR H3 (J) H (7) cne~yer, qro 

)...(.;. = 2 (1+ cl,.cJ..) 
) 2_ <{,( - 1 ! 

a H3 (5)-(7) • (12)-(14) nonyqaew -
]{.I..)=J,(x 

2.:< 
• 

ccs::r-< j{(Jf-~)x 

j".J<" ""'- (:T"-J< ) " 

no~craBn•• ~Ba nocxe~ BHpaxe••• B (17), 

rz: 
r 

ilpe~CTaBR9H•e (16) fl03BOJIHet pa3RO~HTb AL ... I< 

11L = L. (-1) 
T,_ " ' IC=.-_. 

K ~ • 

r~e " ,· .... + 

BaXO,IUU4 

B pHJ( 1>ypb9 

T,. ~ 12~ "' I ( J. f+>J. 
• 

(19) 

(20) 

(21) 

(2?) 

(23) 

,((f) HaxoJ(•rc• H3 (14) c yqeroM (8) • (15) • B eamew 

(24) 

Ac~nmrorHKY HHrerpana TL k npH it! o , L ~ - ;rerKo aaKrH 
M9TO~OM HHTerpHpOBaHHH no ~aCTHM: 
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BNqHCRHH rrpoH3BOAHHO B rrpaBOH qaCTH (25) C ITOMO~hD BNp6EOHHH (21) H (24), rronyqaeM rrpH •eruoM L 

Re T:k. • -2
- _,. 0 (..L ) L IL'k' l'l<' . 

(26) 

CyMMHpOBaHHe P•Aa (22) c HCrron>30BaHHOM (26) rrpHBOAHT K pesyn>Tary 

2.~(,) r 
=--· 

BcnOMHHaa, qto ~a AHaroHaR:Luoa tpauc~ep-KaTPHUH e~OB paawep 
flOJIOCli L CBSI3aH c tlHCJIOW. yaJIOB B ctpoKe L COOTBomenHeM. r 

(27) 

'[£" L , "" rrpHXOAHM K BNpaJ<eHHD (I), rronyqeuuoyy B [ 7] A•• A L npn nopMaJILaoa opneurannu pemetxn. CoanaAeaHe arHx pesyn:Ltaros os­
Haliaer potaUHOHHYIJ HHBaPH8.HTHOCTb llO,I1;8JIH BO BTOPOW. nop~Ite "1 /t.. 
pa3JIOI9HHH, H80dXO,II;HllyD ~H BliiTOJIH8HHH yCJIOBHH KOH~OpMHOft HHBdpHaHT­
HOCTWf. 

2. Odparnwca tenepL x vo.n;eJIH csodo.n;HliX $epKHOHOB H aaR.n;ew nopa­.n;ox ~I~ pasJio~esna, a xotopow opneatauna pemeTKH snnaer na csodo.n;­
HyD 3HeprHD. PaCCMOTpKM M.O,II;9JIL 1 npe.n;JIOX9BHyD KaCT9JIHRHOll [9] B CBH3H C rrepeqHCROHHOM AHMOPHNX KOH<j>HrypaUHH Ha ITROCKOA pemeTKe (K-MOAOn>). B I9pMHH8X npe.n;HAYmero ITYHKTa BHQHCR8HH8 CBOdO~HOD 3HeprHH R-MO,D;enx 
CBO~TCSJ K 38li8H8 CROlitHOTO pacnpe,D;8JI8HKH BOJIHOBHX B81tTOpOB k

1 
t •• • t ft., ITPOCTWI 3KBHAHCT6HTHWI Ha6opOI4 kj : 2r{j- </z.)/L • 

Hcrron>3YH (J) H (4), sarrHmew rrnoTHOCT> CB060AHOA aueprHH K-MoAenH A•• AH6rOH6RhHOA TpaHc~ep-MaTpH~~: 

(<> ~· " [2.··s u·~· /:)] (28) -Z .(., 2L " - t L- ""' ~ 

H ~SJ OdH~ROD OpH8HT8~H 

L. 
-!...t., i?l>)~ I L 

L ~ f_ 
"' :. I 

.... 

L :[1:.,.1] 
• ' 2. • 

(29) 

(30) 

Acaw.ntoTH~ecKHe pa3JIOJ:eHKH s pH.D; no ctene&RM .., /L .D:JIR nJioTHOCTH CB060AHOA sueprHH (28) H (29) MOXHO nony~T> H3 rrpeACT6BROHHH BHAa (22). TaK, aanpH»ep, B CAY~ae AHarosaJIDHHX rpaaH~HHX ycnoBHD HMeew 

5 



0 

• 

It=- -,o . ~· 

-r, (•} 
ACHKITIOTHqBCK08 fiOB8.D;9HH9 I" npH n;, t1 

nonyqaew HHterpHposauHew no qactaM. TionLayHCb 

TM 
Ln 

' L~-, 
B.Ypa:a:eueew. 

(31) 

(32) 

KB.K H Billme, 

(32), Haxo-

(33) 

qro nocne no.n;crauoBKH B (3!) npMBo.n;et K cne~nm;eyY pesynLtaty .n;ns 

B9.ey'lll;9~ nonpaBKH K fiJIOTHOCTH CB060,D;HO~ 3HeptMH: 

1\ (/) = - v. 11 . (34) 
t.. 6 L"-

llJIR npHB9,ll8HHH UOCJI8,li;H9f0 BHp6X9HHR K CI6H.It8.PTHOMY BH_zy 1rc. / 6 z z... 

( 'j;. • fL L ) C UOHTpaUHil14 :JapR~Oli C=l/2 ~OCT8T04HO BOCCT8HOBMTh 

potaQHOBHYD HHB8pHaHTHOCib.K-KO,li;9JIH B "YJibtpapenRIHBHCTCKON" npe.n;ene 

f.. ( k) : k • B Ham eM c ny•ae "ou eprHR" E (/c.) paBua .e., .2. Ceo k , 

a HH3KOJI8SB.II\H9 B03dyx.n;8BHJI COOTB9TCTBYIIT ypOBHD .:Pep».H k-1 .: T(3 • 

ilocKonuy ,u ( k,) /.lit. = Y3 tpeOye11~R peoynhTaT C=l/2 nonyqaetcs 
"' , 

nocne peuop~~a .. saUMM /\._ : { -1/ fi) 1\,. . 
,I[JUI BbUICHeHHH, B KaKOM nopH.n;xe ., 1 '- paano:r:euRa CKB.3b1Ba.9ICH 

BJIHHHH8 OpH9HTaD;HH pemeTKH, paCClo!.OipMM p83HOCTb 

zrL., 
"" ;:-

-ft.. zLr·~ z.{ e.. zL'')= I r-l';. fe~" C#l( ... L<P).t... [<A1<f(<-C4l'{')1c35) 
/11: I o 

ACHMOTOTHKY BWpaxeHHS (J5) Y~OdHO HCKaTD, 00~3yHCb TO~~eCTBOM 

(36) 
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H npe~CT8BRRH HHT9rpan B npaBoij qaCTH (35) B BH~e 
wf.· 

< ;-. j ol'f <kl {"' L'(') t.,_ { uo '{' (<- GD-J 'f J] ~ 
' 

11!:...• 
~ 

" 2 .1 
11" 

J tlfU1{"'Lf) rA.. [x{f-~'fl]. 
• 

Tenepb, HHTerpHpyR 00 qaCTRM, nOny4HM 
ur b 

c 

Cne){o sarenhH o, HCKOM8R pa3HOCTh 9CTh B9JIHt{HH8 
pasHa 

,113 ~ 

(-1).., -;z Yj .7i l I" lf l.. --.... 
12.0 L 4 .. "' 

nopa~Ka 1 /L' 

(37) 

(Jf) 

" 

(39) 

YHHB9pCaHhHQCTh nonpaBOK K ITROTHOCTH CBOdO~HOh 3H9pfHH nopR~Ka 
-1 / t. 2. CBR3aHa c npe)(nonoxeHHeM o toM., qro 1 /L aenaerca cxeHRHH­

roBNM noneM, He rpedyD~HM BBe){eHHR MetpH4BCKoro ~aKiopa [I,~]. Pe-3JRLtar (39) ITOKa3HBa9T, t{TO B 1 /L p83R0::!9HHH H9T JfOf8pH!fJY..Ht{9CKHX 
nonpaBOK K t{JISHJ 1 /L 2 OpH pa3JIHQHYX 
B 38BHCHM.OCTH CBOdO,ll;HOR 3HeprHH OT L 
CKehJIHHry. 

OpH9HT8~HHX H, CJI9,ll;OB8T9JihHO, 
ae rpedy»rca nonpaBKH K 

nod8BJI9HH9. 3ta padora dYJI8 3aBepmeaa, K0f){8 B fi9ti8TH llORBHJI8Cb 
CTaTDR QsqapeKa H BaKCTepa(l2]. B Heh llOJIYt19HY nonpaBKH K CBOdO,ll;HOA 
3H9prHH ){JIR ){H8rOH8JILHOh tpaHC~ep-MaipH~Y npH ~HKCHPOB8HHYX rpaHHQ­HNX ycnosaax. TeM caM&M. ,ll;OKaaaaa HHBapHaHTHOCTL nonpasot~Horo qneaa B B&p8X9HH~ (2) OTHOCHT9JILHO llOBOpOT8 H8 45°. llepBaR Q6CTh HameR pa­
dOT~ ,ll;OITOJIRRet 3TOT pe3yJIDtar ){JIH nepHO){qeCKHX rpaHHQHNX ycnosHR. 
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