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© O61.e,ttJUIeHlIblll HHCTMTYT Jl,AepllhIll: HCcn~OBlUDI1t AYiSaa , J985 

1 

BBE.QEHI1E 

IIUCTORlUaJl pafiora conepxcrr xapaKTepHCTHKY naicera rmorpasoa 
CELL AJIR peiueaaa xpaeasrx aanau D,rqm xn e 11 HeHMllHa MeTo,nOM KOHelJ
HblX :meMeHTOB .IlJIR ypaBHeHHR ren bMron bua B aKCl1aJIbHO-CI1MMeT
Pl1lJHOM cnyuae 11 aa nnOCKOCTI1. Ea30H J~ R C03,nWfI1H CELL nocnyscan a 
aUaJIOrHlJHUfI nporparasra AXISYMM-SCALAR-HEL MHO L T Z- FIN T E L 4 / l~ 
B npo r pasoee CELL I1cnonb3YCTCR annpOKCI1M aUl1R ofinacra TpeyronbJlbl 
1'0111 3n eMCUTaMH, a HCKOMOH <PYHKUI1H - nOnHblMI1 1l0nHHOMaMH no 4 -r o 
nopanxa BKnIOlJHTenhUO . npHBO,/J,IITCR xparrcoe OnHCaHHe MeTo,na, a TaK
»ce pesyns'rarur lJHCnClfllLIX paClJeTOB C06cTllCHIILIX lJUCTOT nonor o rpyb
'1aTOrO peaouaropa H 3neKTpOCTUTHlJeCKHX noneti Il n aCTlUI xoppe rcr opa 
KYTI1 OI1HI1. 

1. D,I1CK PET I13 A U I1H 3 A,llA 4 11 

n YCTb ua lI eKOTo pOM OTKp blTOM CDR3HOM MHOiKeCTDe n C R3 C KY
couno-rn arucofi r pau auea anaanaiua cPyHKUHH p ( x ) e e l Ii ~ ( x ) c c ? . 

Tpefiyerca HaliTit f/J (x)c ?i : 

- - 2 ~ -. div ( p ( x ) ~ad c1J ( x )) = k c1J ( x ) - g ( x ) • (1. 1) 

... • .• -- 0 rJef., ( X) -. 
ct> ( x) = '" (x ) , x ~ ani ' .II( x) C C : ---- = O , x ~ an (1 .2 ) 

ali 
r ne an =ani U an2 . , a Ii - IfOPMaJIh 1< an. 

Peureuue JJ.w1Hoii 3a,/J,alJli 3KBHBaJIeHTIIO npofinerae MHHI1MH3aUHH 
<py HKUHOHaJIa 3iinepa 

F(eb) -r: - Iff [ clJ div (p ~rud r/» ) - k
2 

eb2 + 2ebg) d r • (1.3 ) 
n 

r ne dr - 3nCMeIIT o61.cMa. 
Orpanauaauacs nanee paccra orpeaae es TOJlhKO lJ.By McpHor o 11JI11 

aKCHaJIbIlO-CI1MMCTpl1lJJlOro cnY lJaCI3 (1.1 ) . 1I0JIOiKHM, lJTO n pa36HTO aa 
nonsra oacecraa e 6 2 •.. .• ell' IIU3hmaCMhlC 3nCMClrraMH: 

l, 
= O. i i j. _ Jl 

1) mes t e, f'1e)1 2 ) n =U e. 
I .I .L O , i = j, i = l I 

3 ) 'f/ ei • P ( x ) = Pi = const • i - h ·-... , p. 
. ~... . 
.~r: [ ' ; , ,:' . t: 1 



Torna ¢yHKUHOHaJI (1.3) nprurar-raer BI1}l
 
p
 

F(w) = L FiCO).
 
i = I
 

(1 .4 ) 
O</> ~ iJ ch 2 2 2 ach -+F. ( <;b) = rr I p . [( -----) + (-- - -) J + k 0 - 2 c,b g I + p . ( ch (--'-~) do.1 1 a a I e j X l X2 oe . an 

-+ a,p .. I 

rne do - 3JIeMeHT rpaaausr, a J eP ( - :-=r ) do = 0 npa I1MelOmHXCH rpa-

HH'IHbIX YCJIOBJ.iHX . J ej an 
TIyCTh e j , i = I ..... P I1MClOT BI1}l TpcyrOJIbHHKOB B ( x I' x )

2 
(pHC. 1). P a B e Hc T B o (1.4 ) fi yn er asmomorn.cn IlpI16JIH:lKeHHO }lJIH npo

H3BOJlhHOH }lOCTaTO'IHO rnamcoi i an, HO 

p 
/ 2 lim L F ( c,b) =F ( ch ) ( di arn e i -+ 0 ) . 

p -+oo i =1 1 

~ 

l 
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o I I x ( 
PHc. 1. PI1C . 2 . 

K Ka)K,[J, OMy rpeyronsnaxy e i C B epWHlIaMH (rJ ,zi ), j = 1 ,2 ,3 , j

1,... . p n p H M eH HM JII1HeHHOe npe0 6 p U3 0 B aHU e nuna :
 

( . i . i ) ~ i i ) iXI = <, + ( 1 3 - 1 1/ + 1 ,12-[1 2 1 

(1.5 )iii i i 
X2 = (z2- Zl)~ ! (7. 3 - 7. 2 ) 1/ + Z I ' 

o rofipaacarouree np0l13 B OJIbHblH e , B rpeyr orn.u a rc e n a 11Jf0C}(OCTH
I 

((:' ,1/) (pac, 2) . TIo cJIe 3 UMeHbi KOOp }lI1HaT npafimraceaasre CeT0 4 Hb i e 

3Ha'lCHHH <;b «( •T/) a a e MO)I(HO HaHTH H1-lTepnOJIHQHeH opTOrOHaJIbHhlMI1 

1l0JfHHOMaMI1 a~i« ( . 1/ ) nopaznca m . ( rn > I ) 
J 1 

n · - ' 1 _ . m . 
c,b ( ( •1/ ) -+ r}; 1 (t .1/ ) = L c!J .1a I ( ( • 1/) • II . = --

1 
( m. + I )( rn +2) • (1.6)


j = l J J 1 2 1 1
 

m· 
aj l «, ·1Jk ) = Oj k 

2 

rn e «(k . 1/ k ) ~ e ,k = 1 ..... T/ 
i :X;j :x;

ofipas nercor opor o nsrnenennor o m =1 

M H O)/(e CTBa TOtIeK Be l (MH m =~5 
mj = 1,2 ,3 Ii 4 CM . , p u c. 3). TIo 

Teop CM e o~ . HHTCp n OJIflU I111, ~ ji 1~21<\
3

,
3 11a tICIII1H rD 1 «(:' •1/) B r o u x ax ( ' t . , . . J 

1/I ). Xl 
B bmOJfH H H n O}lCTaHOB K y ::(' 31 J 

m-3
(1.5) u (1. 6 ) B (1 .4), norryuar-r 

j "'T .• 9 7 

f
#§:

6

3Xl 
X, 

Fj ( cb ) '" eb i rSi 1eb i 1 

2 -' or .. -.or ... (1.7) 
+ k c/> . [ T . 1c/J - 2g. IT. 1c/> • 

I 1 1 I 1 I 

~ - j 
X f 

r ne rD i - B e K TO p -CT OJf 6 e l/ eb i ' 
j =: 1 ••••• n j , iiI - HCKTOp' CT()Jf  1'11(:. :1 . 

fieu gl. auaueunii epYIII<UI-lI-l g ( (:' • 1/ ) 

n TOllka x ( f j " ' j ) ; r-tar pn u r» !S i J It I T j I p a 3 M Cp lI OCTl1 (lli ) IIM e HIT 

UI1}l 

:l . 3 m. 
[S , I = 1 r ~ 1 e tg y . [ Qe j l l p i a i 

1 e = I j .~ 1 . J .
 

3 j III j
 

ITjl = L fe lR e l ai , 
e = 1 

B c n y s ae a xca nrn.n o n CIiM MeT p l1 11 U ;H 
:l mj lIIi 

[ S i 1- I CIg }' , I Q 'l ' I p . a • [Tjl IR;,I a jj I J • J I 1 

(j ( r • Z ) - I a ,J ~J IH I1J101' K OCTlIoro c n y uax , r n e I 
(j ( ~ . 1,) 

IIIj Ill j 

n n c 113 neusrr n I QP,j 1 MUT p l1l/ II o n a a 113 T p CX I R" I MaTpl1U 

JIl l11cil110 IIC3aIll1CIIM h l, IIpl14 eM 3 Ha 4 eHlUl :JJfeMCIITOIJ 3 THX Cl1M M eTpH 4 H h l X 

M UT pl1U HIlJllllHTCIi lil yll J<l/HH M ll r orrs xo n o p a znca l1HTepnOJfHUHOIIHbIX n o 

Jf I1HOMOIJ. I I II(' :JaUl IC HT OT JIllHeilHh l X paaxrepoa H K O O p }lI1I1RT ncpWHII 

T pey rOJlhlllll'OIl. 3TO n 0 3BOJfHeT n p o u a n o mrr s Bbl 4 11cn e llHC 3 n CM CH T OU 

l Si I 11 1'1"1 I M,rr p ll U npocr i. na cyMMllpo nalll l cM , IlClIOJl b 3 Y H y sc e l13BeCT

II b W 311U4 ellli1l 'JJIPMCIITOU I Q ' ] :II j l1 [ R I rni M aTpHU AIm COOT BeT c TB y lO 
eJ e

uiax llli • 

Cxnaru. mau Il COO llH:TCTU llII C (1 A) nee Bhl p a)/(CII I1H uruia (1 .7 ), 
n o n y ' III M 

-> ->T • 2 - " n
F (eb ) = ¢ I S ] J,! k eJ) [ I <1; - ~ ~ T[ T ] .• 

r Eoc._s= ( eb l : ; .. . eb N ) , It= (g I . .. . . gNl - u eKTOp-CTOJf6ubI 3 11a 4C IIH H 

rD ( x i ) 11 .¥ ( X j) B pa3Jl H 4 H b I X T04Kax Xj,.i = 1 ..... N • .i ~ I J I no BceH 

06JfaCTl1 n, a 3Jfe M CHThI ofiofiureuusrx [S I H [T J MaTpl1U pa3MCpHOCTl1 
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(N) HMelOT B H,u.: 

J k C ke[S] KL= ~ [S _ • KL ... [ T - ] •] = ..:.. 1 e , 1 e j1 

C Y M M li p OB aHHe Be,u.eTSR no -'IeM e i, i = 1 ..... P ,KOTOp hIM npaaannexcar 
o.u.HOBpeM eHHO TOlJKli XK H x L (UX 1I0M e p a B CHCT eMe llyMepaW:IH 3JIe M eH Ta 

ej : k II e ) . ~ 

M HHHM H3 aJ..{liR F( ¢ ) n o uafiopy napasr erpoa eb • .i = 1 •• •• • N npaaoj 
.u.HT I( JIlm eHHOH CHCTeMe 

l S l i + k 2 [ T] i = [ T l g . (1.8) 

B hInOJIW IH 0 6111Y lO HyMepaLllilO TOlIeK B 0: I .1 1 , .i = 1 . .... N , sexrop 
¢ npellCTaBJIH lOT B a ane ¢ = Iell. ch'2 I . rne ch' l conepxorr I1CKOMhle 

npH6 Jl1DKeUHLw 3Ha'leUHH <b(x ) B TOlJKaX j = 1 ..... N 1 • a Ih' 2 - U3Be CTIlhIe 

H3 r p 3.lIHlJH Or O yCJIOBHfl J! H p H XJI e B TO'IKax j = N 1 + 1 . .... N. B COOTBeT

cr na a C 3TI1M [ S] H [T ] MaTpHUhl pa36HBaIOTCR 113 6 JIOK I1 [ S 1111 n Ii l T ]mn 

( ~l ) = 1,2 , a (1.8) np eo fipaayerca : 

a) g 'F 0 . Peureuae onnoponaoro ypaaueunn F'ensr-rrorn.ua CBOnllTCH 

K 0606lLleHlloH sanaue na coficrneamae 311UlJemlR 

-' I 2 -I I 
[S ] l l eP + k [T l ll ¢ =0; (1.9 ) 

6) k : 0 . Peurenae ypaBHeHHR Il yaccoua CBOllHTCR K CIiCTeM e JIl1 H eHHb l X 

ypaBHeHH H 
- -11 -' 
IS1 

11 
¢ = f . (1.10 ) 

, -I -12 " 1 -I ~ ne f -~ - IS 112 eP + ( T ]11 g • [ T] 12 g • Marpmua [S ] 11 U [ T ]1 1 

pa3MepIIOCTII ( N1 ) - CHMMeTpHllHhle Ii 1I0nO)f({ITeJIhHO onpeneneuaue. 

Hex or ops re OLle H K H T OlJHOCTIi MeTO! (a / 3 / : 

a) I>': j - A j I '" C hzrn AlI~d II0- - eP II < C [ hm+ 1 h2m ] XII + 1
I • I 1 - + j ' 

rne Ai = k~ - coficrneruuaeYllalJeJ~R. i = 1,2.... . P , eP j - coficrnen
a sre BeKTOphI (1.1) - (1.2). a 1\ H dJ j - coornercrayrouiae HM, nonyuen
nsre B xozte lJHCneflHoro 3KCnep11MeHTa; h = lI~ax [ diam ej] , j = 1 . .... p ; 

.1 

111- 110p H,u.O K nOJIl1HOMa; 

6 ) lI et>s - cbs ll :s ChJ1
+ 1- 8 Il dJll 

2. K PAT K O E OnI1CA H I1E nAKETA npOfPAMM C E L L 

B n UK eT npor paraxr C E LL BXO.u.RT cnen ytoume MO.u.yJIU : 

1) PIEC E , 0 6 p a 6 a T b m a lO lllMH axozun-re nannsre H penyuapyrcutmi (1.1) 
(1.2 ) K uany (1.9 ) IlJI1I (1. 10) .
 
2) I1por p a M Mbl 1IHile lIHOH an r efipst A 1IH peureana (1.9 ) HJIl1 (1.10) .
 
3 ) Cepancasre npo rpasrsna .
 

KOHe'lHbIM peayns'raroxi p a60TbI PIE CE R BJIReTCR q lOp MHpOB aHHe 

[ S ] 11 It ( T ] 11 M UTp HLl B crryuae a ) . HJIl1 B eKTOp a f 11 [ S111 M aTp H Ul>1 

B cnyuae 6 ) . )lnH sror-o npu Ka)f(,[lOM Q:J I1KCItpOBaHHOM K : K '= 1 . .. . .N10 p 

l'aHII3yeTc H npocvrorp a cex 311e M CHTO D c j , i = 1 . .... P 1-1 p a ClJCT 3Ha'l eHHi"i 

311CMellT08 [ S 1~/- 1I [ T ]~:- , L = K .... . N l ' rcor opsre n OCTpOlJH O sarra ct.r
saIoTCH B yCTpOHCTBO SHeWH eH naMHT H 3BM. 

MeTOAL1 , n p H M eHRCM b i e nna peureaan (1.9 ) 111111 (1.10 ) , .u.OJI)I(Hbl 

Y lJHTh lBaTI> cHMMeTpl1lJIIOCTb , n 0 1l 0 )KHT e1l 1>HYIO onpenenea uoc r s, a '!aCTO 

paapeaceunocrs 0606u(eHllhIX MUTpl1Ll. B cyutecrayiouie ra B HUCT OHlLlee 

Upell.1R aapaairre CELL perueuue CItCTCMhl JIllHciiIlblX ypanueaai! (1.10) 
ocyurecranaerca MeTOnOM TOlle'III0H aepxueti penuIccuLlHH / 4 / . K pHTepl1H 

TO'IHOCHI ar oro anropnrraa, C YlJel0M nor pennrocra ca raoro r-ierona KO 

IIClJllblX 311eMeHTOD, M O)l(eT 6blTI> He C1I1IWKOM B LI COKHM. Il pouecc peuie
HHH o 6 06111eHH0l1 sanaua Ha. C06cTBCHH LIC 3IfU'leUHH OCIIOB aH ua nparasrx 
MeToAax nHHeHHoH aJlr e 6 p bI / 5 / . 

Pa CKJI a,nb IBaR (T 1= [ LT ] ( L 1 MCTO.u.OM XOJle CCK Oro, a 3aTe M BbI 

' IHCJIRR [ A ] = [LT I- l[S ][ L ] - l . penyua pyera (1.9) KBH.u.y [A ] V = - k 2 V. 
n p C0 6 p u 3 0 B aJUie M Xaycxonn epa CI1MMeTpHlJH Y lO M aTplfLlY [A] MO)l(I I 

npasecr n K Tpex .u.Ha r OHaJIbH OH rpop eae , II nporoa x oa MHOrOlJJIeHa Ilrrypraa 
HaiiTH coficrneuusre 311alJeHltR It c06cTB eHHh I c aercrops i MaTpltLlLI [A ] . 
Y 'IJtTbm~ nanee, lJTO V '= [ L J; I ' 1IerKO B b l'lIlC1II1TI> Ii coficrneansre B e K j 

TO phI 4J j I1CXOllIlOH CI1CTeM h l. H e06 x o n H MO OTM eTHTb , 'ITO B CB H3H C no

rpe W H OCTl>lO caMOI'O r-ter ona K OH e'lH b IX 3JI CM eHTOB , cPH3HlJeCKIl l1 csn.rcrr 
MClOT T onbKO nepa s re IJeCK 01l l>K O BOJIHO B blX BeKTopOB . O m 1CaHH LIH 

anr opsrrra Tpc6yCT p e3ep B Up OBaH HR ~- N 1(N 1 + 1) C1I0 8 B onepar nna oa 
naMHTl1 3 81VI. 2 

B 'JI1C1I0 cepnacustx nporpa M M naxera B KJIlOlJeU b l n p orp a M M h I : 

asrsacneuae K03cP(IHlltHeHTo B n 0 1lI1HOM OB , mrr epnonapyiouta x CeTOlJH Y lO 

cPY!} I( W tlO _<b( X) B Ka)K,lJ.OM rpeyrom.a ora 311CMeIlT e ; Bhl lJl1C1IeUu e i (x ), 
i}ch a¢ u u 

- -- -- It . _- D TO'/J\:ax n p0l13B 01lbHO 3 a,n aHH OH p c r y 1lR p H o H ceTKII .
 
aX 1 tJx2
 

1 
3. OPI1MEPhl 1Il1CflEHHhlX PAC4ETOB 

Ae S - 110 p Rn OK np0I13BO,lUwii, S = O. .. . . m • 1. PaClJeT COGcTA HIII.IX 'IaeTOT nonoro Tp y 6 ' IaTOrO P C3Ol IaTOp a . 

Pe3 0HuTop ItMeeT lIIin n n m m n p a nmmon L = 10 1I pa.u. IiYCOM R = 1 .Il pna en ennaa OLleHKa He YlJHTbIBaeT norpeumocra annpOKCI1

MaIlHH r pamsus r 0 611aC11t O . xoropaa B611113 H iJ0 yxynuraer ee no paHUlJllble YCJIOBlIR: IIU unnuunpuvecxon nonepxaocr n _a...~ IR -0 '= o. 
- 3/2 an 11c1>-eP ll,,-, O( h ) . 
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H <P IZ = ± 5 = 0 aa r opuax . IlaHHaJI aanasa norrycxaer aHaJlHTH4eCKo e pe
uieaae, xoropoe MO)l(eT 6bITb HaHJJ,eHO MeTOJJ,OM pasneneaan rtep er-temn.ix 
B OJJ,HOpOJJ,HOM ypaBHeHHH I' ensr-n-om.na: 

k = J[;a (2n + 1 )]2 + 11 , <t> n m= J0 ( Ilmr ) Co s [1~ (2n + 1) z ] , n ) = 0, 1, .•. n m	 m m 

r-a e ILm - Hy JIH epyHKUHH Beccana J 1 ( 11) = 0 . CpaBHeHHe paC4eTHbIX Jli H TeopeTH4eCKHX kn rn JJ,JHI m '" 0	 u peJJ,CTaBJIeHO B Ta6JIl1ue: 

1 2 3 

k TeOpeTl14eCKOe 0 ,3 14 1593 0,9 4 2478 1,570797 

k pacuer noe	 0 ,3 ] 404G 0 ,942443 1,571 73 

8 %	 ,036 ,00 37 0 ,06 

TpIIaJlry JIHl(l1H RblllUJ1IIRn aCb 4 :,m eMCIITaMIt 4-1'0 no pnn xa . 
2 . Pacuer 3JleKTpOCTan I4ec 

KlI X n OJICH nnac r un xoppercr opa 
G KYTH ( 0 1'171 11) . 

J 
Flnacrum.r pacnorroaceu st na y

TpH an rcaar opa KYTl1 II CJIy :iKaT 
,ll,JIH x o ppe rcunn TpaCKTOp l1H 4aCTI1U, 
IIH)I(eK Tl1pycM blX B x ar-tepy. PacueI 

I 

Thl np 0 I1311oJU1JlHCb llJlH IlCCKOnb KHX 
napa an r on r eo werpna IlJIaCTHH / 6/ ,I B llaHHOi'1 pa fior c rrpencr aa nen O)l~fH 

H3 HII X (PI1C. i1). A HaJIl1T114eCK He 
ouemca n OKa3aJIl1, 4TO none 6blCTpO

R1800 

J
cnanae r no aocomo rnon BeJll14II He 

I C pOCTOM paccr oaunn OT I( Op peKTO
'""': -

I 
pa (c.t> k = 1 ) , n 03ToMY B narn.neii 
llleM nc nonsao a an acs TOJIbKO HeKO· 

C> TOpaJI Bbl )len eHHan 4aeTb KaMepbJ, 
0\ '" Or paHH4eHHaJI no a epxa ocr s ro HE 
'Q a0 Ian = 0 (puc. 4 ). B IUl OCKO· 

CTJI cHMMeTpHI1 rJ 0 / iJ it'= 0 • na no 
! I I j 

.	 DII '- I	 nepxHocTH EG : ¢ = 0 . n OJJ,06Hoe i	 l 
C> ynpouienae HCXO)lHOH 3aJla4H HCKa· 
"" A.	 ~I Q. anno peayrn.r ar He fionee 4eM aa 

0,2%. Ha OCHOBaHl1H aaan uaa r pa /70 
epHKOB epyHKIum noreuuaana na 
nnOCKOCTII Z = 0 )lJIH pa3JIU4Hhl X 

PHc.4 nopR)lKOB n onHH OMOB H BHJJ,OB 

6 

if 1 
2 

0.6 3 

04 
If 

OJ 

Q2 

01 

30 35 ~o 

R ( cM 

00 10 30 
Pl1c. 5 z ( e M) PHc.6 

annpOKCHMauHII ofinacru (puc.5) MO)l(HO yraepxcnart., 4TO ouiafirca MeTOJJ,a 
He npeasrcana 0,1%. Ha pnc.G H306pa)l(eHO pacnpenenenae epyHKUHu no. 
TeHUHan a B ofinacrn nanfiorree aeponrnor-o HaXO:iKlleHHR HH)I(eK TupyeMhIx 
4aCTUU· 
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