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B pa6oTe /l/ /ccLmKH ua !IJopMynLI H3 3TOH pa6oTbi 

B )l.anbueiimeM conpoBmK)l.aiOTCJI u;u!IJpoii 1/ Mhi npucTynunu 
K uccne)l.oBaHHID cnyqaiiuwx 6ny~)l.aHHH 6e3 caMonepece
qeHHH ua nnocKoii KBa)l.paTuoii pemeTKe. MLI uaqanu c 
3a)l.aqH 1 0 6ny~)l.aHHJIX Ha pemeTKe C MOCTHKaMH, )l.O
nycKaiOIIJ;HMH )l.Ba B03MO~HbiX llpOXO)l.a B BepTHKallbHOM 
HanpaaneHHH, H HaiiinH TOqHyiO llpOH3BO)l.JIIIJ;YID !IJyHKIJ;HIO 
)l.nJI qucna acex JaMKHyTwx nyTeii 6e3 caMonepeceqeHHJI 
Ha TaKOH pemeTKe /14.1/. )J,nJI pemeHHJI HCXO)l.HOH 3a)l.aqu 
)l.llJI npoCTOH KBa)l.paTHOH pemeTKH He06XO)l.HMO ycTaHOBHTb 
CBJI3b Me~)l.y llpOH3BO)l.JIIIJ;HMH !IJyHKIJ;HJIMH cnyqaHHhlX 6ny~
)l.aHHH Ha pemeTKaX C MOCTHKaMH H 6e3 HHX. )J,JUI 3TOrO 
Tpe6yeTCJI npe~)l.e BCero 3HaTb )l.Be !IJYHKIJ;HH: < • > - cpe)l.HIDIO 
nnOTHOCTb y3nOB, ne~aiiJ;HX Ha cnyqaHHOM nyTH,H <f> 
KOnHqeCTBO "MOCTHKOB" Ha nyTH, TOqHee, Cpe)l.HIOIO llllOT
HOCTb Y3llOB, npOH)l.eHHhlX B BepTHKanbHOM uanpaBneHHH 
B Ja)l.aqe 1. 

Hu~e 6y)l.eT noKaJauo, qTo nepaaJI !IJyHKUHJI 3KBHBa
neHTHa cpe)l.HeH 3HeprHH CHCTeMhl npH 3a)l.aHHOH TeMnepa
Type. BTopaJI !IJYHKIJ;HJI auanoruqua qeTbipe XCllHHOBOMY KOp
penJITopy B Ja)l.aqe H3HHra. )J.eiicTBHTenhHO, )l.llJil nocTpoeHHJI 
rpa!IJoB, COOTBeTCTBYIOIUHX )l.aHHOH CllHHOBOH KOH!IJHrypaiJ;HH 
B Ja)l.aqe H3HHra, uy~uo npoaecTH nHHHID ua Ka~)l.OM pe6pe 
pemeTKH, cMe~uoM npoTHBonono~uo uanpaaneHHhiM cnu
HaM /2/ . HanpHMep: 

~ tffil ~ tffij + - + 4 

( 0..) (S) (~) (~) 
Puc. 1 
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113 pHCYHKa cne,D,yeT, 'ITO Bhi'IHcneHHe cpe,D,Hero 'IHcna y3-

JIOB, npOXO,D,HMhiX TOJibKO B BepTHKaJibHOM HanpaaneHHH 

/y3nbl THna /6/ H /r// CBO,D,HTCJI KBhi'IH~JieHHIOKOppemJ:To
pOB <a1a 3 (1-a2 )0-a4 )> H <(1--u 1)(l-a3 )a2a 4 ::0 B KOTOpbiX HyMe

paUHH H-'leeK TaKaH )l(e, KaK Ha puc. la. B 3a,D,a'le 1, a oTnH

'IHe OT 3a,D,a'IH lf3HHra, OTCYTCTBYIOT rpaclJbi, CO,D,ep)l(aiUHe 

BepWHHhl THlla /a/, a Ka)I(,D,aJI H3 BepWHH THlla /6/ H /r/ 

BCTpeqaeTCH ,D,Ba)I(,D,hl. TexHHKa Bhi'IHcneHHH 'leTblpexcnH

HOBoro KOppeJIHTOpa OCHOBaHa Ha npHMeHeHHH MeTO,D,a 

n<lla<}MliHaHa /2, 3/, Mhl BOCllOJih3yeMCJI 3TOH TeXHHKOH B 

HaWeH 3a,D,a'le, llpHBO,D,Jl TOJibKO OCHOBHble onpe,D,eneHHJI 

H OllYCKa.ll llO,D,p06HOCTH Bhi'IHCJieHHH, H3JIO)I(eHHhiX B /2, 3/ 

J. tiJyHKijUJI 

PaccMoTpHM 3a,D,a'ly 1, onpe,D,eneHHYJO s/l/ KaK Ja,D,a

qy o cnyqaiiHhlx 3aMKHYThiX nyT.IIx 6e3 caMonepece'leHHB 

Ha M x N - peweTKe, qepe 3 Ka)I(,D,hiH y 3en KoTopoil nepeKHHYT 

"MOCTHK" B aepTHKanhHOM HanpaaneHHH. BbinHweM, KaK 

H B I 11, , npoH3BO.D..IIIUYJO cilYHKUHJO unH cTaTCYMMY Ja,D,a'IH 

1 B BH,D,e 

N l N 2 z = I g(N l' N2) X y 
Nl ,N 2 

/1/ 

r,D,e g(N 1, N 2> - 'IHcno 3aMKHYThiX HecaMonepeceKaiOllJ(J!u

cH nyTe:ii, co,D,ep)l(alllHX N1 maroa no ropH30HTanH H N2 no 

aepTHKanH. HanoMHHM, 'lrTO HeCBH3aHLie nyTH :s 3aJiaqe l 

llpHHHMaJOT C H 
-.J /kT 

-1 /kT 
3a O.IJ.HH nyTh. IlonaraeM x = e x 

y = e Y , npHIIHChiBaJI ropH30HTaJihHOMY mary 

3HeprHIO J x, aepTHKanhHOMY - J Y • 3aMeTHM, 'ITO •ntcno 

y3noa, ne)l(aJUHX Ha nyTH, paBHo 'IHCJIY maroa B nyTH, TaK 

KaK llO yCJIOBHJO llYTb=He CO,D,~)I(HT TO'IeK B03BpaTaH CaMo

nepeCe'leHHJI. IlyCTh E x H E y - cpe,D,HHe 3HeprHH acex ro

pH30HTanhHhix H aepTHKanhHhiX yqacTKOB nyTH. Tor,D,a 

HCKOMaB 4JyHKUHJI < • > paBHa 

E E 
X y 

<·> = -- + -- /2/ 
Jx J y 

4 

Ha ocHpBaHHH /2/ HMeeM 

<·> 
kT a 1 kT a 1 -- - (--lnZ)- -- --(-lnZ). 
J aJ MN J aJ MN 

/3/ 
X X Y y 

Y'IHThiBa.ll HBHoe Bhlpa)l(eHHe /14.1/ ,D,nH Z, nony'IHM 

<·> = 

2 2 2 1 " x + 4y + x cos a+ 2y cos {3 + 4xy cosacosf3 {3 
-- ff dad . 
(2 rr) 2 

0 1 + x 2 + 4y 2+ 2x cos a+ 4y cosf3 + 4xy cosacosf3 

/4/ 

B ,D,anhHeilweM HaM noTpe6yeTcH clJyHKUHH <. >npH 3Ha'leHHHX 

X, Y, COOTBeTCTBYIOIIUIX JIHHHH pa3,D,ena 4Ja3 /16.1/: Y = 

- l.o- x). - 2 Bhi'IHCJIBH HHTerpan/4/ .D.JIH 3Toro cny'laB, 

nonyqaeM OKOH'IaTeJibHO 

1 2 1- X 
<·>= 1------0- -arctg ) -

2y'x(2-x) " y'x(2-x) 

/5/ 

1 y'1-x2 
--- arctg 

rry' 1 - x 2 
X 

2. KoppeARmop <f > 

)J;nH Bhi'IHCJieHH1J. <t > nepeH,D,eM K paCCMOTpeHHJO KOH

clJHrypaUHH .D.HMepoB Ha HeKOTOpOH peweTKe, onpe,D,eneHHOH 

B /l/ TaK, 'IT06hl nony'IHBWaHcH .D.HMepHaB 3a,D,a'la 61>1na 

3KBHBaneHTHa 3a,D,a'le 1. 3neMeHTapHaH H'leiiKa HJIH y3en 

peweTKH, Ha KOTOpOH pacnonaraiOTCB ,D,HMephl, H306pa)l(eHa 

Ha puc. 2. 
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X /w1~ X 
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Puc. 2 

3.neeL x , y - Beea .nuMepoB ua pe6pax, eoe.nuuJIIOII\HX y3nw, 
u> i (i = 1, ... , 7) - .nuMepHLie Beea ua oeTanLHhlX pe6pax pe
weTKH. Tpe6yeTeJI BhlqHenHTh OTHOWeHHe 

<~> 
N1 N2 • Nl \12 

~' g(N 
1
, N

2 
)x y ! ~ g(N 1 , N 2 )x y 

N1' N2 N 1'N 2 

161 

B KOTOpOM WTpHX y 3HaKa eyMMhl 03HaqaeT, qTO eyMMHpo
BaHHe llpOBO.l\HTeJI TOnhKO no TeM 3aMKHYThlM llYTJIM 
6e3 eaMonepeeeqeuuH., KOTopwe npoxo_nJIT Bw.neneuuwH. 
y3en B BepTHKanLHOM uanpaBneuuu. B TepMunax 3a_naqu 
o .nuMepax MLI .nomKHLI nepequenHTh Bee .nuMepuwe Kon4Ju
rypauuu, B KOTopwx HMeroTeJI .nuMepw, paenono*euuwe 
Ha BepTHKanhHhiX pe6pax, eoe.nHHJIIOII\HX Bhi.l\eneHHhlH y3en 
e .1\BYMJI eMe*HhlMH eBepxy H eHH3Y y3naMH. l1MeeTeJI .!\Be 
TaKHe KOH4JHrypaUHH B OKpeeTHOeTH Bhi.l\eneHHOrO y3na 

I puc. 3a,61. 

6 

;1 
l 

~ 

I I 

{a..) {b) ( i) ( 2.) 
Puc. 3 

)l;nJI HeKnJOqeHHJI H3 eyMMhl _npyrHX B03MO*HhlX KOH4JHry
paUHH B Bbl.l\eneHHOM y3ne nonO*HM ul l = w 0 = 0. JlerKO 
y6e_nHTbeJI B TOM, qTo Bee KOH4JHrypaUHH, OTnHqHhle OT 
.1\BYX yKa3aHHhiX, eo_nep*aT XOTJI 6bl 0.1\HH .1\HMep Ha pe6pax 
uJ 1HnH w 6 H ll03TOMY o6pall\aiOTeJI B HOnh luanpHMep, IBI 
H lrl ua puc. 31. TaKHM o6pa3oM, 3a_naqa BwqueneHHJI <+> 
eBO.l\HTeJI K peweHHIO .1\HMepHOH 3a_naqu Ha _neKOpHpOBaHHOH 
peweTKe, B KOTopoH. HMeeTeJI .nBa .ne4JeKTa B Bw.neneuuoM 
y3ne. Cornaeuo/3/ , HMeeM 

< + > 2 
= det <I + A - 1 o) , 171 

-1 
r.ne I - e.nuuuquaJI MaTpHua; A - MaTpuua, o6paTHaJI 
onpe.neneuuoH. B /1/ 6MNx 6MN ~aTpuue A, · B KoTopoH. 
w i = 1 (i=l, ... , 7);; 0 - MaTpHUa _ne4JeKTOB, yKa3biBaiOII\aJI 
H3MeHeHHe u> 1= w

6 
=1 Ha w 1 =w 6 =0 BBbl.l\eneHHOMy3ne. 

Bee 3neMeHTLI MaTpuuw o , KpoMe qeTLipex, paBHhl uyn10, 
ll03TOMY peuenT _nnJI BhlqHeneHHJI _neTepMHHaHTa B npaBOH 
qaeTH 17 I .naeTeJI 4JopMynoH. /3/ 

-1 -1 
det<I + A o) = det<I + Qy) = det(y +Q) dety, IBI 

B KOTOpOH MaTpHUa y nonyqaeTeJI H3 0 BhlqepKHBaHHeM 
eTpOK H eTon6UOB, eo_nep*all\HX TOnhKO HyneBbie 3neMeHThl, 
a Q -MaTpuua, nonyqa_rofUaJleJI BwqepKHBaHHeM Tex )l(e 
eTpOK H eTon6UOB H3 A • 
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IlOllb3Y.IICb HHBapHaHTHOCTbiO perueTI<H OTHOCHTellbHO 
TpaHCll.IIIJ,HB, MO)KHO onpe,D.ellHTb / 3/ 3lleMeHTbl MaTpHU,bl 

A- 1 c noMOliJ,LIO l}>opMynhl 

-1-> 1 77 ikxa+i~f3-1 /9/ A (k) . . = -- ff e A (a , {3).. ood,B , 
1] (277.., -77 1] 

r.n.e A-1 (a, {3 )ij -6x6 -MaTpau,a, o6paTHa.a: MaTpHU,e 

A( a., {3), onpe.n.eneHHOB Bblpa)KeHHeM /11.1/. MaTpaua 

y, cornacHo onpe.n.eneHHIO, HMeeT BH.D. 
-

(0,0>11 (0,0)12 <0,0\5 (0,0)16 

(0,0)21 <0,0>22 (0,0)25 (0,0>26 

y= I 
<0,0)51 <0,0>52 <O,O>s5 (0,0>56 

I /10/ 

(0,0>61 (0,0>6 2 <0,0>65 (0,0)66 

B MaTpHU,e Q , COOTBeTCTBeHHO, OCTaiOTC.II cne,IJ.yiOliJ,He 

3neMeHThl MaTpHU.hl A-1: 

-1 -1 ~1 -1 
A <0,0) ll A (0,0>1 2 A <0,0> 15 A (0,0> 16 

Q= 

-1 
A <0,0>21 

-1 
A <0,0>51 

-1 
A (0,0> n1 

-1 I A <0,0>66. 

/11/ 

Y'IHTbiBa.a: .HBHhiB BHJJ. /11.1/ MaTpHU.hl A , HaB,IJ.eM 3neMeHTLI 
MaTpHU.hl A-I, Heo6xo,IJ.HMble ,IJ.n.a: Bhi'IHcneHH.H Q : 

8 

-1 -1 2xsina 
A (a,{3) 11 = -A (a,{3)22 = ----

detA(a, {3) 

2xy 2sina 
A-1(a,{3)22 = -A-1 (a,f3\5 = detA(a,{3) 

/12/ 

/13/ 

t 

t 

~ 

-1 -1 -1 -I ( ) 
A (a,{3)I2= -A (a,{3)2I =A (a,f3\6 =-A a,{3 65 = 

2 '{3 /14/ 1 + x - 2xcosa + 2ye' (1- xcosa) 

detA(a, {3) 

-1 -I -l -1 
A (a,{3)l5=-A (a,{3)5l=-A (a,{3)26 =A (a,{3)62 

2xy e i{3 sin a 

detA(a, (3) 

~ 1 '{3 
A (a,{3) =-A- (a'-<)=- 2<I-xcosa+2ye

1 

) 
In ,~ 61 

detA (a, (3) 

-l -1( P.) _ A (a {3) = - A a,~ 52 -'· 25 

/15/ 

; /16/ 

'{3 2 2 
ye 1 (l + x - 2xcosa) + 2y (1- xcosa) 

detA (a , f3) /17/ 

llo,IJ.cTaJBEua :aMpa:>KeHJEin ll -/l7/ B IPopMynhi /9/, /11/, 
KIOllY'iHM lBilbl!pa:>KeHHe ,ll\Jl.!ll MaTpHUlhl Q B BH.D.e 

[ OA 0 Bj 
-A 0 c 0 I 

~ 0 C 0 A] 
-B 0 -A 0 

/18/ 

r,IJ.e /19/ 

1 277 1_+x 2-2xcosa+2y<l-xcosa)cosf3 
A = -=-- JJ dad{:! , 

(277) 2 0 1+ x2+4y 2- 2xcosa + 4ycos{3-4xycosacos{3 

-2 277 l-xcosa+2ycosf3 /2.0/ 
B=--lioo~ , 

(2rrf 0 l + '!
2+ 4y 2 -2xcosa +4ycos{3-4xycosacos{3 
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2 2 2 -1 77 y(l + x - 2xcosa) cosf3+ 2y <1-xco~) 
C = --ffdadf:l 

(2rr) 0 1+x 2 +4y 2-2xcosa+4ycos{3-4xyco~cos{3 

/21/ 

1-:13 Bhlpa)l(eHHH I 10/ .nnH MaTpHUhl y cne.nyeT, qTo 
..... 

0 -1 0 0 

1 0 0 o I /22/ -I I 
y = 0 0 0 -1 

(} (} 1 0 

H dety '""1. Tor.na <lJopMynbi /7/, /8/, /18/, /22/ npuao.nn 
K cne,nyiOll(eMy Bbipa)l(eHHIO ,nng HCKOMOro KOppemiTOpa: 

') 

< t > ~ < 1 - A)- -+ HC. /23/ 

HapH,ny c <lJyHKuueu < · >, HaM noTpe6yiOTCH 3HaqeHHH Kop
penHTopa < + > npu 3HaqeHHHX x , y Ha nHHHH pa3,nena <1Ja3: 

1 y = - (1 - x). 
2 

BbiqucneHHH HHTerpanoB /19/, /20/, 

/21/ .nnH :noro cnyqag ,naiOT: 

1 1_ -- - -1 --=--- + -- -
A=2 2 '/x(2-x) 

1 1 1- X 
-~-- arc tg ---=--==, 
\ 1 x(2-x) \lx(2-x) TT 

/24/ 

B 
2 1 ,/1-x2 

___ + Ti ----- arc tg 
yx(2-x) \ 1 1 _ x2 x 

1 

/25/ 
2 1 1- X 
-- ------ at'C tg ------
TT --- -----

y X (2 - x) \/ X (2 - X) 

10 

2 c - 1 --- y1-x2 

4 
(~+2x-x t . .!. 1 

2 2 2 yx(2- x) 

1 
/26/ 

1 1- X 
-arctg-=] + 

TT yx(2-x) yx(2-x) 

2 
+ _!_-=2._. [.!... 1 1 y1-x2 

-====arc tg ---) . 
1 

2 2 
y1-x2 TT y1-x2 X 

B cne,ny10meu pa6oTe Hau.neHHhle <lJyHKUHH <. > u < t , 6y
,nyT HCllOnb30BaHhl ,nng ycTaHOBneHHH CBH3H Me)l(,ny npo
H3BO,I:(HJUHMH <lJyHKUHHMH cnyqaHHbiX 6ny)l(,naHHH 6e3 CaMo
nepeceqeHHH B 3a,naqe 1 H HCXO,I:(HOH 3a,naqe Ha llpOCTOH 
KBa,npaTHOH peweTKe. 

B 3aKniOqeHHe g xoTen 6bi Bbipa3HTb npH3Ha TenbHOCTb 
B.K.<l>e,nHHHHY 3a none3Hoe o6cy)l(,neHHe. 
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