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flonHMep C HCKlliO'IeHHhiM 06'beMOM - 3TO )J.llHHHaJI Ue

llO'IKa aTOMOB, He COllpHKaCaiOIUHXCJI Me)I()J.y C060H H3- 3a 

)J.eHCTBHJI CHn OTTanKHBaHHJI. PacnpOCTpaHeHHOH MO,IJ.enLIO 

nonHMepa HBnHeTCH qepe,IJ.yromaHcH nocne,IJ.oBaTenLHOCTL 

y3nos H pe6ep ueno'IHcneHHOH peweTKH /1,21
. CHcTeMa 

3aMKHYTLIX llOllHMepHLIX ueno'leK C llpOH3BOllLHhiM 'IHCllOM 

3BeHLeB onpe,IJ.enHeTCJI B 3TOH MO,IJ.enH .IJ.BYMJI ycnOBHJIMH: 

1/ Ka)I(,IJ.Oe pe6po pellieTKH 3aHJITO He 6onee 'leM O)J.HHM 

3BeHoM, 2/ Ka)I(.IJ.hiH y3en nH6o cso6o,IJ.eH, nH6o HBnHeTcH 

TO'IKOH coe,IJ.HHeHHH .IJ.BYX 3BeHLeB. B npHBe,IJ.eHHOM onpe

,IJ.eneHHH 06Hapy)I(HBaeTCJI aHanorHJI Me)I(,IJ.y MO,IJ.enLIO 3aMK

HYThiX llOllHMepOB H rpa!liH'IeCKHM npe,IJ.CTaBneHHeM MO,IJ.enH 

l13HHra, ll03TOMY ecTeCTBeHHO O>KH,IJ.aTL, 'ITO npH HeKOTOpOH 

TeMnepaType CHCTeMa llOllHMepOB o6na,IJ.aeT KpHTH'IeCKHM 
/3/ 

nose,IJ.eHHeM. B pa6oTe TeMnepnH 6Lmo BhiCKa3aHo 

npe,IJ.llOllO)I(eHHe 0 paBeHCTBe KpHTH'IeCKHX 3Ha'leHHH 6e3-

pa3MepHOH TeMnepaTyphi 0 B MO,IJ.enH llOllHMepOB C HC

KiliO'IeHHhiM 06'heMOM H B MO,IJ.enH l13HHra - B .IJ.BYXMepHOM 

cnyqae. BcKope 3TO npe,IJ.nono)l(eHHe 6hlno onposeprHyTo 

<f>HlliepOM H CaHKCOM /4/, KOTOpLie ,IJ.anH BepXHIOIO H HH)I(HIOIO 

oueHKH )J.llJI B03MO)I(HhJX 3Ha'leHHH ec. Bnocne,IJ.CTBHH 3Haqe

HHe KpHTH'IeCKOH TO'IKH )J.llJI pa3nH'IHLIX pa3MepHOCTeH 

d HeCKOllLKO pa3 yTO'IHJillOCL nyTeM llDJIMOrO llO)J.C'IeTa 
... ~ /5-10/" 

'IHCna pellieTO'IHhiX KOH'!'HrypaUHH H B HaCTOJIIUee 

BpeMJI H3BeCTHO )J.llJI d =2 C TO'IHOCTLIO )J.O 'leTBepTOrO 

,IJ.eCJITH'JHOrO 3HaKa. 

B ,IJ.aH~~ou pa6oTe npe,IJ.no)l(eH aHanHTH'IeCKHH no.IJ.XO.IJ. 

K BLI'IHCneHHIO CTaTCYMMhi CHCTeMhi 3aMKHYThiX llOllHMep

HhiX uenoqeK Ha KBa,IJ.paTHOH peweTKe. B 3TOM no,IJ.xo,IJ.e 

HCllOllL3yeTCJI MeTO)J. n!lla~H<Uia, llpHMeHJIBlliHHCJI paHee 
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.LJ.JUI peweHHSI Ja,LJ,a'IH o .LJ.HMepax'
11

·
12 1 

H MO,LJ,enn H3HHr~ 13 
•
14

: 

flony'leHHaSI B pa6ore era rcyMMa ,LJ,aer oco6eHHOCTH repMo

,LJ,HHaMH'IeCKHX BellH'IHH B KpHTH'IeCKOH TO'IKe, 3Ha'leHHe 

Koropoii c TO'IHOCTbiO nopH.LJ.Ka 0,10/o cornacyercg c peJynb

raraMH 'IHCneHHblX paC'IeTOB. 

nnaH H3llO)I(eHHH cne,LJ,yiOll(HH. CHa'lana HCXO,LJ,HaH 3a

,LJ,a'la nyTeM BBe,LJ,eHHH ,LJ,e<iJeKTOB MO.LJ.HtPHUHpyeTCH TaK, 'ITO-

6bi oHa ,LJ,onycKana TO'IHoe peweHHe MeTO.LJ.OM n<iJa<iJ<tJnaHa 

/n. 1/. B n.2 oueHHBaercH 'IHcno BBe,LJ,eHHblX .LJ.e<iJeKTOB 

H B fl. 3 Y'IHTbiBaeTCH HX BKna,LJ, B CTaTCYMMY B npOCTeii

WeM npHfillH)I(eHHH, o6ecne'IHBaiOll(eM yKa3aHHYIO BbiWe T0'-1-

HOCTb. 

1. BCflOMOFATEJibHA.R MOAEJib 

flyCTb HMeeTCH KBa,LJ,paTHaH peWeTKa, CO.IJ,ep)l(all(aSI ~ 
y3noe no ropH30HTanH H M no eepTHKanH. PaccMoTpHM 

COBOKynHOCTb 3aMKHYTblX nonHMepHblX ueno'leK, pacno

llO)I(eHHblX Ha peweTKe H HMeiOll(HX 06IUee 'IHCllO ropH30H

TanbHbiX 3BeHbeB Nx H eepTHKanbHbiX N y . 4ncno ecex 

pacnono)l(eHHH ueno'leK o6o3Ha'IHM 'lepe3 G (N x. N y ). 

]a,LJ,a'la COCTOHT B onpe,LJ,eneHHH CTaTHCTH'IeCKOH CYMMbl 

HllH llpOH3BO,LJ,Hll(eH tPYHKUHH: 

Z(x,y)= 
Nx Nv 

~ G (Nx.Nv)x Y . 
Nx.Ny ' 

/l/ 

BMeCTO HCXO,LJ,HOH 3a.IJ,a'IH paCCMOTpHM CHa'lana ee MO.LJ.HtPH

KaUHIO. PacnonaraH ueno'IKY Ha peweTKe, 6y,LJ,eM C'IHTaTb, 

'ITO Ka)I(,LJ,aH napa nocne,LJ,oBaTenbHblX aepTHKanbHbtX 3BeHbeB 

pa3MemaeTCH Ha peweTKe .LJ.BYMH cnoco6aMH. Mo)I(HO C'IH

TaTb, HanpHMep, 'ITO 'lepe3 Ka)I(,LJ,blii y3en peweTKH nepe

KHHYT "MOCTHK" B BepTHKanbHOM HanpaBneHHH H 'ITO TO'IKa 

COe,LJ,HHeHHH .LJ.BYX BepTHKanbHblX 3BeHbeB ne)I(HT O,LJ,HH pa3 

Ha "MOCTHKe", a ,LJ,pyroii - no.LJ. HHM. TaKoii cnoco6 pac

nono)l(eHHH nonHMepoB Ha peweTKe Ha30BeM acnoMora

TenbHoii Mo,LJ,enbJO. 4ncno acex pacnono)l(eHHii coBoKyn

HOCTH ueno'leK c N x ropH30HTanbHblMH H Ny aepTHKanb

HbiMH 3BeHbHMH BO BCllOMOraTellbHOH MO,LJ,enH 0603Ha'IHM 

'lepe3 G * (Nx .NY ).Bbl'IHCnHM npoH3BO.LJ.HIUYIO lPYHKUHJO 
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Nx Ny 
Z* (x,y), ~ G*(Nx,Ny)x y /2/ 

Nx ,NY 

/15/ 
MeTO.Il. n4Ja4MlioaHa , KOTOpblM Mbl BOCllOllb3yeMCH ,LJ,llJI 

peweHHH 3TOH 3a,LJ,a'IH, 3aKnJO'IaeTCH B CBe.IJ,eHHH ee K He

KOTOpOH 3KBHBaneHTHOH 3a,LJ,a'le 0 ,LJ,HMepax. ,lJ,HMepoM Ha3bl

BaeTCJI noMe'leHHOe pe6po rpa<iJa BMecTe c npnneraJOIUHMB 

aepwnHaMB. Ka)I(,LJ,aJI aepwnHa rpa4Ja .LJ.Oll)I(Ha npHHa,LJ,ne

)l(aTb He 6onee qeM O.LJ.HOMY .LJ.BMepy. ,ll,nJI Hawax ueneii no

Tpe6yeTcJI rpa<iJ, H3o6pa)l(eHHblii Ha puc. la. Ha puc. 2 
npnae,LJ,eHhl ace B03MO)I(Hble pacnono)l(eHBH MaKCHManbHoro 

qocna .LJ.BMepoa Ha 3TOM rpa4Je I .LJ.BMep OTMe'laeTCH :>KBpHoii 

nHHHeii/. Ka:>K,LJ,OMY pacnono:>KeHHIO cooTBeTCTByeT B03-

MO:>KHaJI CHTYaUHJI B Y 3ne KBa,LJ,pa THOR peweTKH npH pa3-

Mell(eHBH Ha HeR llOllBMepHOH UellO'IKH, T .e. nH60 CB060,LJ,HblH 

y3en, nB60 y3en, JIBllJIIOIUHHCJI TO'IKOH COe,LJ,HHeHBJI .LJ.BYX 

3BeHbeB. OTMeTHM, 'ITO coe,LJ,HHeHBJO .LJ.BYX aepTHKanbHblX 

3BeHbeB B y3ne CTaBJITCJI B COOTBeTCTBHe ,LJ,Ba ,LJ,HMepHblX 

llOKpblTHJI, KaK B Tpe6yeTCJI BO BCllOMOraTellbHOH MO,LJ,enH. 

llycTb Tenepb Ka)I(,LJ,aH B3 MN gqeeK ,LJ,eKopnpoaaHHOii 

peweTKB npe,LJ,cTaBnJieT co6oii rpa<iJ, H3o6pa:>KeHHhlii Ha 

puc. Ja, KOTOpblH COe.IJ,BHeH CO CMe:>KHblMH gqeiiKaMH TaK, 

(a. ) ( 5) 

Puc. 1 a,6. 
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f + ++ 
+ + + + 
( 1) (2) ( 3) (4) 

++++ 
+ + + + 
(5) (6) (7) (8) 

Puc. 2 

KaK noKa3aHo Ha puc. 1~ B cuny ycTaHoBneHHoro coor
BeTCTBHH 3a)J.aqa 0 nepe'IHCJJeHHH B03MO)I(HbiX paCllOllO)I(e
HHH nonuMepHbiX ueno'leK Ha KBa.npaTHOH perneTKe c "Mo
CTHKaMu" 3KBHBaneHTHa 3a)J.a'le 0 nepe'IHCJJeHHH llOKpbiTHH 
.nuMepaMH acex y3noa nocrpoeuuoil .neKopupoaauuoil pe
rneTKH. ,l],pyruMH cnoaaMu, G*(Nx.Ny) B 4JopMyJJe /2/ 
ecTb 'IHCJJO acex .D.HMepHbiX KoH4Jurypauu8 c Nx .nuMepa
MH, CBH3b1Bal0lli,HMH COe)J.HHeHHe H'leHKH B ropH30HTallbHOM 
HanpaaneHHH u c N y - B oepTHKaJJbHOM. IlpunurneM ro
pH30HTaJJbHbiM CBH3HM Me)I()J.y H'leHKaMH Bee X, BepTHKanb
HbiM - sec y . OcraJJbHbiM pe6paM .neKopupooaHHOH perneT
KH npunurneM e.nHHH'IHbiH sec. 
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Ilpe)I()J.e 'leM BBO)J.HTb n4Ja4J4JHaH, Mbl )J.OJJ)I(Hbl y6e)J.HTbCH 
B TOM, 'ITO llOCTpOeHHaH pellieTKa Y.D.OBlleTBOpHeT YCJJOBHIO 
TeopeMbi KacTennHiiHa 'lG:, T .e. 'ITO MO)I(HO cHa6.nuTb Ka)l(
.noe pe6po CTpeJJKOH TaK, 'IT06bl Ka)I()J.biH 3JJeMeHTapHbiH 
MHoroyroJJbHHK npu ero noJJHOM o6xo.ne co.nep)l(aJJ He'leT
Hoe 'IHCJJO CTpeJJOK, HanpaoneHHbiX B CTOpOHY o6xo.na. 
Henocpe.ncTBeHHOH npooepKOH nerKo y6e.nuTbCH B TOM, 'ITO 
paCllOllO)I(eHHe CTpeJJOK Ha pUC. 16 Y.D.OBlleTBOpHeT 3TOMY 
ycnoou10. IIpoHyMepyeM Tenepb oce TO'IKH .neKopupoaaHHOH 
perneTKH 'IHCJJaMH P (p % 1.~ . . . 6 MN ) . Boe.neM aHTH
CHMMeTpuyecKyiO MaTpuuy A nopH.nKa 6 MN c 3JJeMeHTaMH, 
COOTBeTCTBYIOlli,HMH B03MO)I(HbiM )J.HMepHbiM CBH3HM. 3ne
MeHT 3TOH MaTpHII,bi a (p,p ') paBeH oecy pe6pa, o6mero 
TOYKaM p H p ', eCJJH TO'IKH p H p' CMe)I(Hbl, H paBeH 
HYlliO, eCJJH TOYKH p H p' He CMe)I(Hbl. 3neMeHT a (p, p ' ) 
noJJo)I(HTeJJeH, ecnu cTpenKa ua pe6pe uanpaoneHa oT p K 
p ·. u oTpuuaTeneH, ecnu cTpenKa HanpaoneHa oT p' K p . 
11pu TaKHX ycnoBHHX npoH3BO.D.Hlll,aH 4JyHKII,HH /2/ pasHa 

n¢acll4JuaHy Ma TpHII,bi A 15 · : 

II~ 
z I (X. y )= Pf l A ( ~ I A I /3/ 

AnropHTM BbiYHCJJeHHH n4Ja¢4JuaHa, H3JJO)I(eHHbiH B 063o

pe 15 , npHBO)J.HT K 4JopMyJJe 

2 277 
--ln Pf lA (~ _!_;- 1 (ln del A (a ./3) da df1 /4/ 
MN (277)2 o 

,l],JJH .neKopupooaHHOH perneTKH Ha puc. 16 MaTpuua A(a.H) 

HMeeT ou.n: 

{1 

0 -1 0 0 0 ye J 

1 0 -1 -1 0 0 

0 1 
-ia 

A (a .rn~ 1 
0 (1-xe ) 1 0 

ia 
0 1 (-l+xe ) 0 --1 0 

0 0 -1 1 0 --1 

·i{1 
0 0 0 1 0 -ye 

/5/ 

7 



Ilonb3YXCb COOTHOWeHHeM 131 H 141, nony'IHM peWeHHe 

BCllOMOraTenbHOH JaAa'IH: 

27T 
Z *(x,y)=exp l MN_ { { ln(l +X 2+ 4y2 +2xcosa + 

8 7T 
2 0 

+ 4 y cos (1 (1 +X cos a )) da d {i !. 

161 

sepHoe B npeAene M,N •0(). )J.nx HaxmKAeHHX KPHTH'IeCKHX 

JHa'leHHH xc. H Yc , cor nacHo o6~eMy peuenTy Hccne-
' '7' 

AOBaHHX CTa TCYMM BHAa 161 , , HY}I(HO nonO}I(HTb COS a = 
= COS {1 - -1 . IlpH 3TOM apryMeHT norapHI!JMa llOA 3HaKOM 

HHTerpana o6pa~aeTcx B HOnh, ecnH B~nonHxeTcx paseH

CTBO 

2 2 
1tX t4y -2X-4y t4Xy~ 0. 171 

113 nocneAHero paBeHCTBa cneAyeT, 'ITO x r· H y c YAOB-
neTBOpXJOT ycnOBHIO 

y = ..1. (1 -X ). '(' 2 (' 181 

OcTaeTcx e~e HeKoTopax cso6oAa B onpeAeneHHH x c H 

Y e . BocnonhJyeMcx e10 Anx npHBeAeHHX peweHHX 161 K 

CHMMeTpH'IHoMy BHAY- HMeHHO, noTpe6yeM, 'IT06~ cpeAHHe 

3Ha'leHHX qecna BepTHKanbH~X H ropH30HTanbH~X 3BeHheB 

< N ' = J!_jj_ ln Z * (x , y ) . 
X r!X 

191 
<N "=ya_lnZ*(x,y) 

v ay 

6binH paBHbl Me}I(AY C060H. HenocpeACTBeHHO H3 BHAa CTaT

cyMMbl 161 HaXOAHM, 'ITO 3TO Tpe6oBaHHe B~llOnHXeTCX npH 

ycnoBHH x 20 2y . IlocneAHee ycnoBHe BMecTe c ycnoBHeM 

181 AaeT KpHTH'IeCKHe 3Ha'leHHX napaMeTpOB BCllOMOra

TenhHOH 3aAa'IH B CHMMeTpH'IHOM cnyqae: X "'l/2 , y '71/4 
BBOAX HOBYIO nepeMeHHYIO t, MO}I(HO 3allHCaTb X"" t \/f" 
Y=tly'2 H t ~\/2/4 . c 
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2. IIJIOTHOCTh /l,Eti>EKTOB 

IlpH'IHHOH Aei!JeKTa yKnaAKH nonHMepHOH uenoqKH Ha 

peWeTKe BO BCllOMOraTenhHOH MOAenH XBnXeTCX "MOCTHK", 

nepe6poweHHhiH qepe3 Ka}I(AhiH yJen B sepTHKanhHOM Ha

npasneHHH. Bhi'IHCnHM nnoTHOCTh yJnos, B KOTopbiX ueno'IKa 

pa3Me~aeTCX B Aei!JeKTHOH CHTyal.{HH, T .e. yJnOB, XBnXJO

~XCX TO'IKOH COeAHHeHHX ABYX BepTHKanbHbiX 3BeHbeB. 

B TepMHHax 3KBHBaneHTHOH JaAaqH 0 AHMepax AnX 3TOH 

uenH HeofiXOAHMO HaRTH OTHOCHTenhHOe qHcno BCeX AHMep

HbiX llOKpbiTHH AeKOpHpOBaHHOH peweTKH, B KOTOpbiX AaHHaX 

xqeoKa llOKpbiBaeTCX AHMepaMH TaK, KaK 3TO llOKa3aHO 

Ha puc. 2 17 I, 181. B xqeuKe c AOCTosepHOCThJO HMeeTcx 

OAHa H3 ABYX yKa3aHHbiX CHTyal.{HH, ecnH pe6pa 12 H 56 
He llOKp~Tbl AHMepaMH. 0603HaqHM qepe3 g *(Nx ,N y) 'IHC

no AHMepH~X llOKpbiTHH, B KOTOpbiX AaHHaX xqeUKa IHMeJO

LUaX Anx onpeAeneHHOCTH KOOPAHHaTbi (0.0) I He coAep-

}I(HT AHMepos Ha pe6pax 12 H 56. IlepeMeHHhie N x H N v , 

KaK H paHee, o6o3Ha'laJOT qecna ropH30HTanhHhiX H sep

THKanbH~x CBX3eH Me}I(AY xqenKaMH, 3aHXTbiX AHMepaMH. 

HcKoMax nnoTHOCTb Aei!JeKTOB n 0 (x. Y) onpeAenxeTcx 

OTHOWeHHeM: 

Nx N Nx Ny 
n

0
(x,y)= L g*(N ,N )x y Y I l G'(N ,N )x y · 

N N X y N .N X y 
X' y X y 

1101 

)J.nx TOf'O qTofi~ HCKnJOqHTb nonaAaHHe AHMepoB Ha pefipa 

12 H 56 xqeuKH (0,0), npHllHWeM HM HyneBOH BeC. 3ne

MeHT~ a(p,p ') MaTpHU~ A, COOTBeTCTBYIO~He 3THM pe6-

paM, AO~H~ fi~Tb H3MeHeHbl Ha HOnb. IlpeACTaBHM 3TO 

H3MeHeHHe C llOMO~blO MaTpHI.{bl 0 TaK, qTo HOBaJI MaT

pHI.{a pasHa A to . B~pa}l(eHHe I 101 c y'leToM I!JopMyn 

121 H 131 npHHHMaeT BHA 

-1 -1 1;2 
n 0 =PfiA+oi/Pf!AJ.,pfli+A ol= !I+A o!. 1111 

-1 
IlyCTb A-la_;(}) - MaTpHI.{a, o6paTHaX MaTpHI.{e A(a. {3) 
151, H A (r, r' )jk - 3neMeHT MaTpHu~. o6paTHOH A 
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B KOTOpOM HH,neKCbl t, t' o603Ha'iaJOT KOOp,nHHa Tbl H'ICHKH 

,neKOpHpOBaHHOH perneTKH, a j , k - HOMepa y3nOB B 

3THX H'iCHKaX. llonb3YHCb HHBapHaHTHOCTblO perneTKH OT

HOCHTCllbHO TpaHCllHU.HH, MO)l(HO onpe,nenHTb 3llCMCHTbl MaT

PHU.bl A-1 I 161 

- 1 _.. -+' 1 
77 

' . . 
A (r,r )jk=--- r fexp[a(r1-r1)1+{1(r2-r2)l] X 

2 77 -rr 

.. 1 
x A ( u .f-l) dad {1 I 121 

jk 

Bbi'iHcneuue ,neTepMHHaHTa B ¢opMyne I 111 uecno)l(HO 

noToMy, 'ITO Bee 3neMeHTbi Ma TPHU.bi A-t. KpoMe 'ieTbipex, 

paBHbl HynJO. 0603Ha'IHM qepe3 Y MaTpHU.Y, nony'ieHHYJO H3 

0 nyTeM Bbl'iCpKHBaHHH CTpOK H CTOll6U.OB, CO,nep)l(aii.J.HX 

TOllbKO HYllCBbiC 3llCMCHTbl, a 'iepe3 Q- 4 >- 4 - MaTpH

U.Y, nony'ieHHYJO Bbi'iepKHBaHHCM TCX )l(C CTpOK H CTOn6U.OB 
-1 

H3 A Tor.na ¢opMyna I 111 npuBo,nuTCH K BH,ny 

lh -1 lh 1h 
n D = I I+ Q Y I = I Y + Q I I Y I - . I 131 

-1 
Haxo,nH 3neMeHTbi MaTpHI.J.bi A (a./-l) H nonb3YHCb cooT-

uorneuueM I 121, nony'IHM cne.nyromue Bbipa)l(eHHH .nm1 3ne

MCHTOB MaTpHI.J.bl Q: 

Q i i = 0 . i = 1.2 ,3 .4 ; 

277 2 
Q = Q = - 1-- ( ( da d {1 _!~-+2 X C_?~_5:_~ 2 y _Q~_!:_L~~~l_3 __ _ 

12 34 2 2 2 (2rr) 0 1 tX +4Y +2X cosa t 4y (1 +X cosa )cos {1 

Q13=Q24 = 0 ; 

1 277 1+XCOSa+!YCOSf3 
Q = =-- rr dad {1 -------- ; 

14 2 2 2 
2 77 0 1 + x + 4y + 2 x cos a+ 4Y (1 + x cos a)cos f-l 

10 

277 2 
0 "' -Y_ r r da df3 (l+X + 2x COS a)COS (1 + 2y (1 tX COS a ) 
i23 f 2 2 (277 0 1 +X t4y +2X COS a+ 4Y (1 "X COS a ) COS fl 

Q .. = Q ... i > j . i. j = 1.2 .3 .4. 
!J J I 

B KPHTH'ICCKOH TO 'iKe X "'112 , y = 114 
HHTerpanoB 1141 .naroT: 

1 a Q z-+-, 
12 2 3 Q14 

'3 .-a= y_ arctgy3 . 
77 

~a 
3 

Y'iHTbiBaH HBHbiH BH,n MaTpHU.bl y 

y 

0 1 

-1 0 

0 0 

0 0 

0 

0 

0 

-1 

0 

0 

1 

0 

Q 
23 

1 

2 

a 
2 

1141 

Bbl'iHCllCHHH 

1151 

1161 

H no,ncTaBllHH 3Ha'ICHHH 1151 B ¢opMyny 1131, nony'IHM 

ll~=0.042307 ... 
)l,nH .nanhHeH:rnero HaM noTpe6yeTcH eme cpe.nuee 3Ha

'icHHe llllOTHOCTH y3llOB, 3aHHTbiX U.CllO'iKOH BO BCllOMO

raTCllbHOH MO,nenu 

-1 
n(x,y)=(MN) (/N >v·N >). 

X y 1171 

)l,nH CTaTcyMMbi 161 no onpe.neneuuro 191 nony'IHM 

1 277 2 2 
n (X ,y) = --- rr da df3 ~~~OS a -:~Y COS {3 + 4Xy COS a COS (3 

2 2 2 , 
(2 77) 0 1 +X +4Y +2XCOSa + 4y(1 +X COS a )cosf3 

TaK 'ITO B KpHTH'iCCKOH TO'IKC 

c _1;2_1 -
n =1-4·3 rr Arctgv13=0.23020 ... 

11 



3. YCJE T BJIH.HHH.H ,l(Ef/>EKTOB 

fipHCTyna.ll K peweHHIO HCXO.D.HOH 3a.IJ.a'IH, 3aMeTHM, 

'ITO paC'IeTLI npe.IJ.Ll.IJ.YI.Qero nyHKTa yKa3LIBalOT Ha HaJ1H'IHe 

B Heil Manoro napaMeTpa. TaKHM napaMeTpOM .IIBn.lleTC.II 

nnoTHOCTL .neliJeKTOB n t. ManocTL n t no3aon.lleT B Ka
qecTBe nepaoro mara npeHe6pe'IL Koppen.III.J,Heil Me)I(.IJ.Y 

.neliJeKTaMH H paCCMaTpHBaTL HX KaK He3aBHCHMLle Cny

'laHHLle aenH'IHHLI. TaK, 6y.neM C'IHTaTL, 'ITO Ka)I(.IJ.LIH y3en 

KBa.npaTHOH peweTKH, 3aH.IITLIH llOJ1HMepHOH I.J,ellO'IKOH, C 

BepO.IITHOCTbiO a (x • Y ) .IIBJ1.11eTC.II TO'IKOH COe.IJ.HHeHH.II .D.BYX 

aepTHKanLHLIX 3BeHLeB. Ha peweTKe c "MOCTHKaMH" TaKa.ll 

TO'IKa cooTBeTcTayeT .neliJeKTY. Cpe.nHee 'IHcno .neliJeK

TOB B KOHiiJHrypai.J,HH c Nx ropH30HTanLHLIMH H Ny aep

THKanLHLIMH 3BeHL.IIMH paBHO (Nx +Ny)a (x, y ) . HanH'IHe 

Ka)I(.IJ.OrO .neliJeKTa Y.D.BaHBaeT 'IHCJ10 B03MO)I(HLIX KOHiiJHry

pal.I,HH, no3TOMY .nn.11 6onLwHx N x , NY HMeeM npu6nH)I(eH

uoe paBeHCTBO 

G(Nx,Ny) ::::G*(Nx ,NY )2 -(Nx +~y)a(x,y) /19/ 

CTaTCYMMa /1/ Tenepb MO)I(eT 6LITb npe.IJ.CTaBneHa B BH.D.e 

N N 
X X y y - -

Z(x,y) = 2. G* (N x ,NY)(--) (-) ,.. Z * (x , y ), 
Nx,Ny 2 a 2a 

/20/ 

r.ne a (x,y) 
i,., x/2 Y""-Y/2a(x,y) 

,ll.n.11 onpe.neneHH.II aepo.IITHOCTH a (x. Y) uaH..neM g(Nx.N~:}
'IHcno KOHiiJHrypal.I,HH I.J,ellO'IKH Ha KBa.npaTHOH peWeTKe, 

HMeJOI.QHX N x ropH30HTanLHLIX , Ny aepTHKanLHLIX 3BeHL

ea H Y.D.OBJ1eTBOp.IIIOI.QHX YCJ10BHIO, 'IT06Ll y3e1l B Ha'lane 

KOOP.D.HHaT .IIBJ1.11J1C.II TO'IKOH COe.IJ.HHeHH.II .D.BYX BepTHKanL

HLIX 3BeHLeB. Ha peweTKe C "MOCTHKaMH" Ka)I(.IJ.LIH H3 

Nx +N y -1 yJnoa TaKoil Kou4Jurypal.I,HH c aepo.IITHOCTLIO 

a c:o.nep)I(HT .nelbeKT, a y3en B Ha'lane KOOP.D.HHaT .IIBn.lleT

C.II .neliJeKTHLIM C .IJ.OCTOBepHOCTbiO. Ha 3TOM OCHOBaHHH, 

llO.IJ.06HO paBeHCTBy /19/, HMeeM: 

12 

11 

g * (N X' N y) 
1 --------·--g (N , N ) "' -2- -- ( N f"N-y -1 ) a ( x. Y ) 

X y 
2 

X . 

/21/ 

2
a(x,y) * (N N g X• y) 

-2- ;tN;':N~)~~Y)--

Bae.neM a paccMoTpeuue liJyHKUHto f'n(x. Y)- nnoruocTb 

y3noa Kaa.npa THOH peweTKH, .IIBJlJlJOlUHX c H TOI.fKOH coe.nu

HeHHJl .IJ.BYX aepTHKa1lbHbiX 3BeHbeB: 

Nx Ny 
p

0
(x,y)= 2. g(Nx.Ny)x y ·;z(x,y). 

Nx.Ny · 
/22/ 

flo.ncraBJlHH cto.na Bbipa}l(eHHe /21/, c yl.feToM onpe.nene

HHH I 10/ H cooruoweHHJl /20/ nonyl.faeM 

a (X , V )-1 - -
(J D (X , y ) ~2 . n 

0
( X , y) . /23/ 

Onpe.nenHM eme nnoTHOCTh yJnoB KBa.nparuoii peweTKH, 

JaHHThiX l~ellOlfKOH 

-1 -1 Nx Ny 
p(X,Y)=Z(x,y) (MN) L CNxtNY)G(Nx.Ny)x Y 

Nx.Ny · · 

- - -1 -1 
Nx Ny 

) y --G*(Nx.Ny x --=n(x,y). 
Z * (x , y ) (MN) L (N x t N y) 

Nx.Ny (N x +NY )~; • y ) /24/ 
2 

,ll.nJl HCKOMOH aepo.IITHOCTH a (x. Y ) nonyqaeM ypaaueuue 

( 
p 0 (x,y) a(x,y)-1 

a X,Y)=-----oc2 
P (x, Y) 

n o<x 'y) 
n (x, y) 

/25/ 

13 



3aMeTHM rerrepb, 'ITO orrpe.D;eJUJeMbie $opMynaMH /14/, 
/18/ ci>YHKUHH n0 (x,y) , n(x,y), a cne.IJ;oaarenbHO, H a(x,y) 
He uMeiDT oco6eHHocre~ so ace~ o6nacru orrpe,IJ;eneHHB 3a 

HCKniO'IeHHeM, 6b1Tb MO)I(eT, KpHTH'IeCKO~ TO'IKH. ll03TOMY 

COOTHOIIIeHHe /20/ ,IJ;aeT CBJI3b Me)I(,IJ;y KpHTH'IeCKHMH TOti

KaMH CTaTCYMMbl Z H Z *, a HMeHHO: 

- ac - ac - ac 
X c ,. X c /2 ' y c "' y c /2 ' t c = t c /2 /26/ 

r,IJ;e a c :a (X c• Y c). llO,IJ;CTaBHM B ypaBHeHHe /25/ Bbi'IHCneH

Hble KpHTH'IeCKHe 3HatieHHJI rrapaMeTpOB BCIIOMOraTenbHO~ 

MO,IJ;enH. llonytiHM TpaHCUeH,IJ;eHTHOe ypaBHeHHe 
c 

a c -1 n0 a c-1 
ac=2 ·-•2 ·0.18378 ... , 

nc 
/27/ 

HMeiDIUee peiiieHHe a c = 0,09837 .. · . BenH'IHHo~. y.IJ;o6Ho~ 

.IJ;nB cpaBHeHHJI C pe3ynbTaTaMH 'IHCneHHbiX pactieTOB, JIB

nJieTCJI t~ 1 . B pa6ore <I>HIIIepa H Ca~Kca 14
! ,IJ;aHa cne

.IJ;YIOIUaB OUeHKa 3TO~ BenH'IHHbl: 2.5767::; t -;;
1 

::; 2.712 
Hau6onee TO'IHbiM pe3ynbTaToM BbiCOKOTeMrreparypHbiX pa3-

nOA<.tlHH~ / 10 / JIBnJieTCJI 3HatieHHe t-;:; l =2 ,6385 ± 0,0001 
<l>opMynbl /26/ c yqeroM /27 I rrpHBO.IJ;BT K 3HatieHHID 

-1 ./- 0,09837 ... 
t c = 2 v 2 /2 ""2 .6419 ... /28/ 

l-13no)l(eHHaJI reopH.H MO)I(eT paccMarpuaaTbCB KaK rrpu6nu

)l(eHHe rrepaoro rropB.D;Ka no rrnoTHOCTH .IJ;e$eKTOB n D 

llpo6neMa yqcra Koppen.HUH~ Me)I(.IJ;Y .IJ;e$eKTaMH aHano

rHtiHa rrpo6neMe Bbi'IHCneHHJI CilHHOBbiX KOp~enJIUH~ B MO

,IJ;enH H3HHra a paMKax MeTo,IJ;a rrcl>a4>cl>uaHa 
1 16 : CnO)I(HOCTb 

aHanHTH'IeCKHX Bblpa)l(eHH~ ,!l;RJI KOppenJITOpOB 6HCTpO pac

reT c B03pacraHHeM ux rropB,IJ;Ka. TeM He MeHee, Ha,IJ;e)I(,IJ;a 

rrony'IHTb aHanHTH'IeCKOe Bblpa)l(eHHe .IJ;n.H CTaTCYMMbl C 

TO'IHOCTbiD, ,!l;OCTYIIHO~ ,!l;~ CHX IIOp TOnbKO MeTO,IJ;y BbiCOKO

TeMrrepaTypHbiX pa3nO)I(eHH~, .IJ;enaer 3TY rrpo6neMy rrpuane

KarenbHO~. 

llpuHomy rny6oKyro rrpH3HarenbHOCTb R.KoaanbCKOMY 

3a o6cy)I(,IJ;eHHe pa6oTbl Ha acex ee 3Tarrax. 
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