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AKHmH~ rr.r.,rry3~HHH H.B.,"·CMnpttoB 10:c: 
MeTO'A tIHCJJemioro pemeHHSI · -- · 
TpexMepHbIX ypaBHeHHH no;rnpoHa. .· 

·. '. Ilpe,ti:n~)KeH MeTO~ 'lHCJieHHOm HCCJie'AOBaHHSI MO'AeJIH ccpepH1£ecKH
HeCHMMeTpH'lHOro 'nOJISIJ)Olia B. npe;iene CHJibHOH C~.SI3H. L(JISI. annpOK<:HMaiiHH 
pemeHHSI · · HCIIOJIMyeTC.sI · pa3JIO)KeHHC .. •.· no .. . ccpe.pHtieCKH?,I •: · ra pMOHHKaM: 
Opiimn:aiihHOCTb MCTO'Aa 3aKJimqaeTCSI B nocrpoeHHH HTCpa~mlIIHOH HhIOTO::. 
HOBCKOH cx·eMbl C ,tionOJIHHTeJihHOH napaMeTpH3a~Heii: HCXO~HOI"O ypa1rneHHSI, 
6Jiaro'AaPSI.KOTOpoii: ocyIQeCTBJISieTCSI nepexO'A OT npriCTOH JlllHeHHOH 3a~alJ:H K 
HCXO'AHOH: • HMHHeii:Hoii:. · IlocTpoeHa KJiaccHqJHKa~nSI. peme11Hii: ·3Ma1fi.1 B cooT- • 
BCTCTBHH C HyMepa~neii: ccpepH'lecirnx· rapMOHHK.~ TecToBnie pactieTbl 'AJISI 
--·- -,- - - ·- . ~ .. - . - - . 
pa3JIH'lHhIX napaMeTpOB 3a'Aa'lH H cpaBHem1e noJiytieHHhIX pe3y JibTaTOB C H3Be-, 
CTHhIM:11: IlO'ATBep)K'AaeT scpcpeKTHBHO~Tb pa3pa6oTaIIIIhIX anropHT~OB. . . . 
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Akishin P.G:, Puzynin I.V;; Smirriov Yu~S. 
Method forNumericai Solving . ·-
of Three'.'.Dimensional Polaron Equations 

. _An .iterative inethod;fcir m1merical .inv~stigation.-of thespherically
nonsymmetric polaroh in the limit of strong coupling is proposed. An expansion 
in.spherical hannonics is used for· an approximation of the solution: Ari.· 
originality ·orthe method consists.in creating an iferative· Newtonian. scheme 
with an additional parametri~ation of the initial equation, such that a transition 

. from: a simple linear, problem to the initial nonlinear one is fulfilled. A 
classification for solutions of the problem 's constructed in accordance with a. 
numeration·of the ·spherical harmonics:- The· testing caiculations'forvarious • 
parameters of .the problem and a comparison of obtained results with fam01,1s .. 

. ones confirm the effici_ence of the elaborated algoritlil!l~· . • .. -

. .• T~ejnvestigation has bee~ perfo~ecfat the Laboratory of Computing 
Techniques and Automation; JINR._~ : : : · . • ; · . : 
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L · BBEAEHHE. 
~ ;~<' . 

.. 13 µ;aHHOH pa6oTe' .npeµ;rra~aeTCJI MeTOA, "IIICITeHH_oro P~IlleHII~ cq>epII-'· 
"!eCKII- HeCIIMMe;pII"IHOH Mo.µ;errII norrJipciHa [11 · B npeµ;erre CIIIT_bHOH 'cBJimr, 
OilIICbIBaIO~en: mmeµ;eHn:e HepemiTIIBIICTCKOH-"IaCTIIIJ;bl ( aireKTpoHa) B IIOrre, 

.' cooµ;aBaeMoM mianMogeHCTBIIeM co cpeµ;on:; · ·~ ... •·. . .·. ' · . · · 

" .·· ... Cqiop'MyrrnpyeM Ma'l:'eMaTii"IecKyIO .IlOCTaimBKY oaia"!H; Bom.:oB!ill q>yH-

' KD;lIJI ip, yµ;ciBrrernopieT crreµ;y10~eMy IIHTerp~µ;nqiqiepeHIJ;HaJlbHO~Y ypaBHe- ; ' 
HHIO 

- i~(x)+ip(~)/4;,~-2~x2idV~,+-'1fa(xf=\: . 
/ ./· rµ;e 'b. ~ onepaTop JI~rr,ac~J npo2T;aH~TBe R3 : b.;:ir:,f=~· £.r,. 
<x·= (x1,x2,x3f.·. '..'· , ·. ," · · . .. , · .. · .''.. 

PemeHIIe ypaBHeH~JI (1) pa3bICKIIBaeTCJI B Krracce <PYHKD;~H 7/J(a!), yµ;o.: 
BITeTBOpJIIO~IIX ycrroBIIIO 

.. (2). 

/'HerrIIHeHHaJI ;paemui: : mi'.µ;a"Ia Ha co 6cr~eHHhle irna"!eHIIJI · ( 1 )-( 2) µ;oIIy ~ · 
cKaeT aJibTepHaTIIBHYIO µ;nqiqiepeHn;xian:bHYIO nocTaHoBey •. BBeµ;eM no-reH- · 

J • - •• - ' • 

. ·c .) -1·. ·•· ip2(x')d~T 
U X - -----,- Vx•• 

·.···· ... ~. R3 lx-x'I ,•' 
T~rµ;a o~µ;a"Iy (1 )-(2) MO)l(Ho· o'~ncaT~ B 'm1µ;~: · 

~ . ' , .,-· .. 

·. b.tp(x)+u(x)ip(x)+.\ip(x) = 0, 

•A~(x)
1

-t-'4m)\x) = Q;·,· •. ·• / 

•·· (3). 

(4) 

'• :s cipe~n"recKU-CIIMMe;pII'I,HO?.i crry-q~~.~ KO!c~a y;_(x) o_~HC~T .·TOITbKO .oT · •. 

, r. :f: J xr + x~ + x§, :·~n~TeM~<(3)-(4) .• pe~yu;npy~TcJI K K!)aeBon: ~~~a"Ie .. irn . 
G06CTBeHHble .. , OHct"I.eHII5I .µ;rrJI o.6hlKHOBeHHbIX µ;nqiqiepeH~llaJlbHbIX ypaBHe-.. 
. ii:nn: Ha' nouyoc11, ::ha npo6rreMa µ;ocTaTO'lHO xopowo. iroyqeHa, BOnpocaM 
. '". . - . , _, - . ,' ·. \ ' ' " '. ' " 



"iIICJieHHoro Hccneµ;oBaHIIH Moµ;enu rro!iHpoHa B c<J>ep1i~ecxf1- cnMMeTpn"l-
HOM cny"lae noc:ilm~eHbI·pa6oTbI pHµ;a aBTopoB [2-4]. 3aµ;a"la xa~ecTBe}!~~ 
ycJIO)KIDieTCH rrpH rrepexoµ;e K Heoµ;HoMepHOMY cny"!aro. ·IIpo6neMe rroircxa 
cq>epII"IeCKII•HeCUMMeTpII~HI,IX p_eIUeHIIM IIOCBH~eHbI pa60TbI [5-7]: . ' . 

I· 

I 

t 
r 

· , · B µ;aHHOM pafioTe µ;JIH arrnpoxcnM~IIII ypai3HeHIIM {1 )-(2) ncrroninyeTCH; -· 
IIOµ;Xoµ; II~ [5,6]. 0TJIII'lmi:JaKJI~"!aeTCH B0 TOM, ~TO,µ;JIH peIUeHII.lI HeJJ:IIHe:ii
HOM µ;ncxpeTiroo~aHHOM naµ;a'ln BBOµ;IITCH riapaI,reTpII:3~IIH 'ypaBHeH~H JI() . 

µ;o~JIHHT~m,HoMy HerrpepbIB~oMy'rrapaMeTpy t [8]. B Ha~aribHbIM ~oMeHT · · 
t, = 0 naµ;a"la peµ;yn;npyeTCH.K 6onee· tipoCTOH crreKTJ:)aJibHOM rrpo6neMe µ;nH 

. . •.. . . . . ' . .. . : .. . i 
OCIJ;IIJIJIHTopa,, Bee co6cTBeHHbie :JHa"!eHIIH n co6CTBeHHbie <PYHKIJ;HH KOTO- ~· 

i 

·. pon: MoryT 6bi:Th JieJ;'KO _. Han:µ;~HbI. B · ·µ;anb?en:uieM · rrpn µ;BII)KeHIIII rro · He~ 
. npepbIBHOMY napaMeTpy t MbI, IIOJiy"iaeM : peuiem1e. m;xoµ;Ho~ _Hemrnen:HOM , I 
, naµ;a"III {1 )-(2).·. Ilpn _BTOM BO:JHIIKaeT ecTeCTBeHHM xnaccn<J>nxan;HH pe- · 'f 
IUeHHM,. co. _rJI.aCOBaiIHaJI c. K. Jia._CCHq>HKan;_ He. M pemeHIIii IIO c_<J>epn'leCKIIM rap- ' 
MOHIIKaM µ;rui: OCIJ;HJIJIHTOpa. Ilp~µ;naraeMbIM MeTO~ IIO:JBOIT~eT onpeµ;eJIIITb .. I . 

·. cooTBeTcTBy10~ire pemeiinH 1tcx9µ;Hon: HeJinHen:Hon: naµ;a"ln (1)-(2), Bhl6II- / 
pall panmi:"!Hble J:)euieHIIH Ha"laJihHOn: ocn;IIJIJ:CHTOpHon: oaµ;a¼n. -

,.,,: i -

.2: ,IJ;HCKPETM3A.D;lUI 
- ' - .. . ----· ·, ' 

HycTb. q>yH~~IIOHcUI. f. e~Th 
~- j 

. !(~! y_) ~'l3<1:71PI2:t. 8~1vU12 ·~~1P2u)dVx': (5) 

Torµ;a CIICTeM~ {3)-( 4) HBJI~eTCH ypaBHeHIIeM 8n:ir~p~ µ;JIH <l>Y~KIJ;IIOHa;ia 
.. f IIpII AOII(?JIHHTeJibHOM ~rp~II"!emurHa BOJIHDByIO q>yHKIJ;IIIO I R3 12( X )dVx. ='.: ' ... 
. L Cneµ;yH [5], µ;mi 'µ;ncxpeTII3aIJ;IIII o'aia"!II {3h( 4) paorrO)KIIM <J>yiixn;IIII 1P( x) . 
n_u(x) ~~ c:<J>epII.'1eCKIIM rapMoH~K.aM :=, · · · ·. · ·-·· · 

( 

: oo _ k : • . . oo . k . . . . _ . _,,;_ 

' ip(xr~ BL 1Pki(r)Yio1(0,r.p),u(~) =EL Uk1(r)Yk1(B;r.p),.: . (6) 
- . -.. k=Ol=_;_k - . . -· .. ' . · k=Ol=-.k.. . .. . -

,··· . -· ,· , .1 - , ·. , • •. --

. rµ;e ykl ·_ TeccepanbHbie cipepII'l:eCKIIe rapMOHIIKll [9], 
'- - ·- .,·.. :..... . _-, _.. ' 

Yi(0 .. )•~-..!I {2k+l){k- lll)!j,.li1(. ~)·.;1_:."'· .· 
kl . , r.p_ - 2.~ :1r(k:+Jll)! __ k cos , \ .. ' 

.··k=0,1,2/ .. ;(=0,±1,±2, ... ,±k;: , .: · .. •·, . . . -
.Pf

1 
- npncoeµ;II~eHHhle <l>YHKIJ;II~ :JI~)K~µ;pa rrep~oro poµ;a [9]/r, (), r.p :.: 

rrepeMeHHbie ;mmHpHOM CIICTeMbI-Koopµ;IIHaT. . - ' ·. - ' :;~, . : 
. OrpaiiII~BalICb KOH~~H~M "iIIcrioM -~JieHOB K. i3 -P~JIO)K~HIII( ( 6), : HC~ -

·, i·., , .. "' .- .... ,,. ··' _, ••' ' ., . " '-:: ; : '- ·. ,. '· >'. ,. - ._ -•.. ' :·· 
.. - nOJibDYH •. CBOIICTBa. c<J>epII"ie·cKIIX . rapMOHIIK. II noµ;cTaBJIHH_ npiI6J!mlWHHbIC 

- . - . - - . .. . . - -

I I 

' ., 
, ,, • . . ,_-/. . . " .. <· '· . - --r~- ~ 

;-rna;eHiiH 1P n u- B Bhlpa)KeHIIe {5),.rr<>JI)':"IIIM rrpn6JIII)KeHii~ f __ µ;JIH q>yHKIJ;H-
OHana J:, · -- · - ' · - · 

_: .K k . 00 -.- . . . . · 
. - ~ ~ [. a _ 2 k(k + 1) 2 2 , -

f = L, L, Jo (( 81Pk1) + . 2 1Pki)r dr+ 
k=O l=-k O . . . _r -, , ·, r . , . , , . 

1L00 • a . • k(k + 1·)·· , .· , -
: · 2 2 2 , + 8,r O ((ar Uk/) + ' r2 Uk1)r dr- . 

·.. ,- . . ' .. ·,-··· 

. ' 1c,o /1/2/3 - . . 2 ',, 
- L L L Jo wk1k2k31Pk1l1,1Pk2/2Uk3/3r dr,· 
_.k1,lik2hk3,/a_ _ . .· - ·' ' 

( 

'• (7) 

rµ;e xoa_q>q>nn;IieHThI Wk!~;%
3 

ecT~ ,IIHTerpan no e~IIHII"!Hoi cq>ep~ OT 'npo-
-II:J_Bel\eHHH' c<J>epu"!ecimx rapMOHHK: ; . ' • . . 

W.L!i;i; ~ fo2
1r [i1r·~k;11( 0~ r.p )Yk~/2(0, r.p )fk:1a~~, ~ )~in~de] dr.p.t ·' (8) 

• I_ -. ; . , . -

-YcnoBne HopMnpoBKII {2) npn aToM MO)!(HO :JarrIIcaTb B BIIµ;e 

C~eJiaB 
' ' 

. ·100 - .• -, \. 
L , . 1P_· t1~2d_r = l. 

0 •, k,l . · ; , -, . 
·,- \ ,..,, ' 

CTaHµ;ap-:r;HYIO OaMeHy. HeIIOBeCTHbIX: 
' ' 

.,/. ' _{Jkl : .· ... · fiic1 
'f'ki'= - Uk/=·-. . i; . , ., r · . 

\' 

(9) 

'{10):' 
II Bap~iipy:n.(7) Il])ll orpaHII:.ieHIIII (9), rrony"laeM cneµ;yro~IO CllCTeMy ypa-
BHeHHM µ;JIH <l>YHKIJ;IIM. ?fak1(r), u_k1(r): .· __ · , ~' . -· ·-' . , _, · 

f ' i "'' ,. ' 

\. 

J." - , k(k +-1).7. . {~ :~ w· u
1
11. - . ,._ .:, ·•. ·· ,.7. · 

'+'kl_ :C:-- . r2 'f'k/ +, ;:- L, ~- kk1k2 1/Jk1/1 Uk2l2. =•A'f'kl 
, ' • . ,- 1 k1.li k2h - · . . . . . · . \\ " 

_), ,k(k+fj_/, ·4· 1 ~ ~ ·w·•1;112 .7.·-· •.7. - 0. 
Uk/- · 2 ,Uk/,+. ,r- L, L__;, kk1k2'+'k1l1'f'k2l2 = ,', · r - · r. . , · · 

•· • 
1 

k1,l1 k2h . . 

{11) 

k ;,,, o; 1, 2, :.:; l= o, ±1, ±2, .:., ±k. _ . . 

(12),. 

, · O±MeTIIM, ::1'1'<>. rrpII6nII')KeHHy10 _cncTeMy YJ?aBHemrii (li H12) ,MO)KHO 
'rrony"iHTb Herrocpeµ;cTBeHHO HO {3)-( 4) IICilOJibOYH MeToµ; MOMeHToB: _ · . 

, Bi-:i6epeM IIHTep:eair IIOMeHeHIIH.r : r E [O,R( ,Byµ;eM npeµ;non~~Tb, 
. 'ITO R µ;ocTaTO"lHO BeJIIIKo, Tax 'IT_() q>yHx~:irn 1Pk1(r),uk1(r) rrpII,r ~ _R
. II~eIOT acH~~TOTII"ieCKOe ':noBeµ;eHIIe,. KOTopoe MO)KeT 6bITb OIIHCaHO. aHa- · 
JIIITII"ieCKII'. ,II;JIH µ;~cKpeTIIOa~IIII c~cTe~bI { 11 )-( 12) _no nepeAieHHOM r, BbI6,e

peM paBHOMCPHYIO CCTKY•Y:JJIOJ:I {r;; i ~ 1,N} (r; == (i -:-l)h, h = N~1)-_Mc-
. rroJih:JyeM r<oHe"!HopanHocTHYIO cxeMy BToporo rropHµ;Ka TO"IHOCTII no mary 

·' · '. -; .' _, ,. · f •' • ·.• · ' -, · -·,1 '\.-

3 

\ \" 
I, 

. \ 

., // 



\ j 

I 

I ,' 

·, 

-1·· ', ' ' . . . ' . ., . ' . -
'h )r,mr. am1pOKCIIMan;1m ypaBHe~nii:/ (11 F(12), ' IlycTb t/Ji, >= 1/Jk1(r;), uic, = 
_u,;,(r;). IlToronaiq:i;ncKpeTIIOOBaHHasI c_IICTeMa ypaBHeHIDI llMeeT 1311µ; 

I 

. ~1t1'~· 2Ji1+t/J1"1
1 

- k(k.+ 1).,.i +:.!:."' "'w11:12 .i,i ✓• i . = '>;.,/·'c113)' 
h2 ·. ·. · 2 'f'kl , · ,, -~ ~ · kk1k2 'f'k1l1 Uk2l2 . 'fkl 

, 'r; ,r;k1,lik2h" 0 

• • ,. 

·;+1·_ 2u; ··+ u __ •·..:
1

,_·· k(k +1) . '. 1· "'· ·"'w'· ·111_ 1;·.,_,;, .• ,:;·. ~ o (14) 
Uk/ - . kl· kl _ . uj;1 + 471"- L...J ~ ·. kk

1
k2 'f'k1l1 'f'k2l2 ·, . · ,· 

, h2. _'. . • . r • r?, : · r; k1,11 k2h • . 

k= 0, 1;2/u;l ~ o,'±1;±2, .. '.,±k;i =c 2,~-,-- L . 
'Hn.(10) II~eeM: t/Jl, ~-ojul,~ 0. 1Y"IHTbIBcl.ll\3KCIIOHeHJ:i;llaJihHOe y6bi

Ba!Ille q>YHKD;IIII 1/Jkl Ha 6ecKOHe:'fHOCTll,iIIOJIY"IIIM cneµ;y10w;ee rpaHII"IHOe. 
y<:JIOBIIe µ;m{t/Jl1: : · · · , . I . . . 

1/JfJ - ~r:;~2 : .(-Jx+! k ')t/Jfz~1: 
2h . . . ··, ·. . •. rN..,.1- , • 

. AmumrII"IHO µ;JI.II ui, IIMeeM: ' 
' , , ·' ' ~ > • '"', • 

. I I, 
' : N N-2 
. ,Uk/ -Uk/ 

2h 

. l 

·· .. · k'.• N-'-1 
- --·ukl, 
- rN-1 

(15) 
f,, 

(16) 

Hcn~Jib~Y.lI 'MeTOµ; cpe'µ;HIIX µ;~JI anrrpOKCIIMan;m1 (9); II3 (10) II~JiyqaeM 
. CJieµ;y10ni;ee ycJIOBIIe HOp~rnpOBKII: .. . . 

. . ,,: 1 

. ·:,·,'N ,· ·' '. ', :, .. ' . 

··. :. EI: a;(1Pl1)2 ;= 1, ·. · 
, k,l i=L· .·~ 1 

,·. 

' ' 
rµ;e a; ~ KOaq>q>HD;IieriThl KBaµ;paTypHOH <J>opMyJihl µ;IDI Bhl"IIICJ:iem~.ll IIH-

' .. ·, . ' ' . ' ' : ,, -

. T_erpal'IOB. ' ' '' '\: . \, ,' . . "'·' ' : ' ' ·. . . . . . 
TaKIIM, o6panm.i; µ;JllI Haxo)I{p;CHll.lI rrpII6JIM)KCHHbIX pemeHIIH ncxoµ;Hon: · 

.nap;a"III (1)-(2) Mb! IIOJIY~IIJill ~em~~eif~yro CIICTeMy aJIJ:e6pan'<Jecimx 
1

ypa~ 
''.BHCHllH (13Hl 7) OTHOCHTeJibHp HCII3BeCTHhIX t/Jf1;ut1ii = 1, N 11' cneK~ 

Tp~bHOm rrapaMeTpa ,\ .. · . , , , . >, . 
. , ' ••, ,' \ . / . ' 

. i 3. METO,IJ;PiEillEHH.H.IIEJIHHEHHhIX ..... . 
. ,Il;HCKPETH30BAHHhIX CHCTEM YP ABHEHHH. 

' ; - :_ - . ,' .. '. ' ' •.• ', '> ' ' .· ' ', . :. ' .·. ', '·, ' '' : : - . : ' ·, 

IlycTb W; CCTb BCKTop, COCT8.BJICHHhIH II3,HCll3BCCTHbIX 1/Jk/, U; - BCKTOp 
1i~ °KOMIIOHe~T u£/. AHaJIOrlI~llO :06onHa~ii11 F; .=· ·F;(ii, U;),Cf ~ G;(U;)' 
BeK~~p~. i COOT~eTCTBYIO~II~ .. HCllIIHeHH~M "IJI~HaM, . (µ;:soiiHhIM '~yiu.iaM) 'B: 
ypaBH(!HII.lIX (13) 11 (14). Torµ;a ciicTeMy,(13)-(14} 
MaTpII:.rno,BeKTO~HC)M BIIµ;e:. . . ' . . ' ' 

I j• 

l1 
'j 

i 

! 
'1: 

'!' ~ ·.· 'i._ + 
,' i 

,. 

... ,.' 

i;+l- 2i; + ii-1 +~iii+ F;(i;, U;) ·= ,\i;·, . . h2 /• . (18) 

u:-+·'1 - 20; + oi-1 ·+· n-u-- + o'.ctI ii)= o, 
I ----~ I 1- ~ t 1, , ,, h2 .. -C: '' ' '. . ' (19) 

rµ;e i = 2,N -- l;D; - µ;uaroH~hHble MaTpllD;bI c K~aq>q>IID;llCHTaMH H~ · 
rJiaBH~fi µ;uaroHanu; naBIIC.lllll;HMII OT. H~Mepa i 'COOTBC'.1'CTI!YIOW:eii. rapMO- ' 
~UKH. HopMIIpOBO"IHOC YCJIOBIIC (17) B HOBhIX_ o6~nna:.ieHirnx IIpllMCT 

0

BIIµ; 

,......_, 

N . 

I:a;·l~;i2- l =;=0, -, (20)•: · 
i=l 

•. rpaHII"IHbI~ JCJIOBII~ Ha Jie~OM KO~D;~ MO:lKHO na~ucaTb. B BI·;µ;e 
'.,' .:-- • •f ., . , ,, ' ' . 

~I= O,' 

', U1 = Oi . r 
( 
(21) 

(22) 

· · AHanorH"IHO, nepenmueM rpaHII"IHi:1e ycn~Birn Ha rrpaBoM ~oiI~e: · 

,UJ,;-UN-; ·n·u-. ___ = 1 N-1, 
2h ··• . · . .(23) 

\ •o, • 

~ •\ 

. . , ··- : - , :•,. . . ;..·.. -~ N-1 > 
, \JIN :-- \JIN-:~ = (-J:x-E + lJ2)W . ' ' 

2h ·· . . ., 
. ··. ·. '(24)• 
.- , I ·, 

. ~µ;e E - 'eµ;IIHII~Hall ~a.Tp
0

IID;a., Bi II E2. ~ µ;ua;OHaJihHbIC MaTpUD;hI.' . 
· PaccMoTpIIM BcnoMoraTeJihHYIO 'n~µ;a~y. 3annmeM rpaHH"!Hoe ycnoBI1e 

n:'anpaBOM KOHIJ;e )];JI.II BOJIHOBhIX_q>yHK,D;II~.B BIIµ;e ·'. . . - ' ' . . . ,·' 
,, : ' .,, 

·i~~·o. (24'): 
'. • . , , ·~ · . ', I ' ," '., 

1 
,· •, ·,' '; , , , - • 

Torµ;a CIICTeMa ypaBHCHIII
0

I (18)-(23),(24') TaK)KC annpoKCIIMnpyeT Henpe-
p~IBHYIO oa'µ;a'..iy (7)-(12); HO C :r..ieHI,IIIIIM rrop.llp;KOM .TO"IHOCTII no h:, J(mi. 
peIIIeHII~ .He:nnHeHHOH,. CllCT~Mhl (18H23),(24') 6yµ;e:M. HCIIOJib30BaTh

0 

MeToµ;. 
rr'poµ;OJI)KCHII.ll no rrapa.MeTpy [10]> B ypaBHCH.II.lIX {18)-(19) BBeAeM :rrapa
M.~TpII"IeCKJIO naBIICIIMOCTh ~eK'.1'0P~B F;; G; OT t (t E [0, 1]) ~~eµ;yrow;uM 
<?6panoM: ' . . 

F;(t) ;= tF;(i;, U;) 
'/ ,· 

' . . ; 

; G;(t) = tG;(U;). 
, ': \ ' , _ , ~ , ' : •,,_ •, • . \' •I' ' ''s. •,, ': • ; . , • :• 

Ilpu TaK°:n: naMeHe cncTeMa (18H19). TpaHcq>opMupyeTC.lI K cneµ;yrow;uM 
ypaBHCHH.lIM: ·. 4 

t .. 

.5 



I-· 

./ '\ ·,~' 

'li;+1 - 2'1i;+llii-l +-D-lli-+ t.F;(lli;,[J;) :::::,xii 
. . . . , h2 :· . \ .. • • • \ . , . . 

u;:+-1 .-: 2-0; + oi~l +' n;u; ·+ tG;(u;, o.r~ o, 
.· . . . h2 , . .. . . : .. . : , 

(25) 

(26) 

.·• ,c rpa~II'IHbIMll ycJIOBIUIMU (21)-(23),(24'). IlpiI :3T,OMilpII Ka:iKp;OMOHa

<Jeimn napaMeTpa t E [O, 1] peweHIIJI lli,, U;,Xoaµ;a~u (25H26);(20)-(23),(24') 
6yµ;yT <l>YHKQIIJIMII t. 'O<JeBIIµ;Ho, 'ITO npu t = ·1 MbI HMeeM ncxoµ;HyIO cu~ 

I CTeMy ypa~Hem~ii (18)-(23),(24'), a rrpn t ;,, 0 Mb! Il;JIY"IUM 66nee npocTyIO 

He CBJI3a:HHYIO JIIIHeii:Hyk> cneKTpru!bHYIO naµ;a'Iy µ;rr.lI Ka)Kµ;oii rapMOHHKII 1 1 

'oTµ;~JihHO. . · · . . .. · ·•.... · · · 

: ,ll;JIJI Ha~o)Kµ;e~IIJI 3Ha<ieimii <pyHKQ~III U(t)i~(t), ,\(t) ripiI t. = 0 xnpu 

cpirKCIIporiaH~OM op6IITaJibHOM MOMeII'I'e ko pelllaeTCJI cneKT!)a.JlbHa.1i'3aµ;~'Ia 
. •,, • • .- 1 . ,· . '~,, . . ' ,_ ' 

µ;nJI oµ;Horo ypaBHeHnJI:: . 
~- I ! 

'Yi~l --'. 2y; + Yi-1 - ko(ko+l) . .:_ .,\ .. - 2 N - l ,• 
h 2 · 2 · , Y, - Yo i :-- . , . . > 

-. . r;. . . . : :•."! 

! C rpa.Hii'iHbI¥H. YCJIOBIIJIMII:. 
·• \ · Y1 =;0, 

• 1n °c yc~oBii'eM H~p~npoBKM: 

\. YN=O •· 

N 

~-. 
: \ 

~··. 2 .. ·. 
,: ~O,Y; ;= 1. 

'('." . 

. (27): 

I 
(28). 

'(29). 

, (30) · 

S· ' j '"'' l ,' . ' ,' • ., •,' 

IlycTb {y7}, >.recTb pe~eHII~ 3a~aq~r .(27)-(30)'. ·,Jl;~JI <pIIKC~~OBa.HHoro'.. 
•• ,, I,, ,·· •; ', ·••• 

· i10Mepa 10 :.~k..o ~ 10 ~ ko rrono:iKIIM. · · 
' . '. ' :. \ . .· ' . 

·, '/ - ' ' '' : ' ' .r ' ' . . . . ' '' .. '{,Yi!~, . l;=: lo, k = kol 
·'·' (. t·)1····.· .·.:.... .. · Y. :-J· . ./2, 

1 
·1·.· .. =·. ~l.·o·.· ·.k·.•.~ .ko. '+'kl· t=O - • . · • · ' 

_, ·. ... · , , . 0, .. ·· , . . l.=/= 10 ; 

,, · ·· ·. O, · k f ko, 

I 

.·.--

•·! 
. (31), 

chbT cny'Ia.ii COOTBeT~TByeT µ;eiicTBHTeJibHbIM 'IeTHbIMIIO yrny cp mi.'Ilinb-
'. ': HbIM rrpu6nH;KeHII~M. Crry:'laii,, :ior.µ;a H1l;'laJlb~~e· npu6m1:iKe1me: o:iip~µ;e~.i~ .. 

eTCH no <popMyne · · · 
' ! \ 

'' { 
,i,[,( t) I,=, ;_ .. 

Yi /-J'j,; 
.:._yf/. /§ • • y~, 

: o, 
"' 'o: 

··,:, 

l = lo;\= ko, 
Z-=-10 ,k =ko · ' ; . . . , . 

z.:tzo ·,;,'• ·. . ·r . , 
··· k .:t·k ; -,~ r q/ 

,! 

-l 

., 
-I 

I 

1:1 

J•:: ':i 
,J\ 

' ( 
I 

'.j 
1. 

'-, 

-\' 

' 

•-.,·, 

, COOT,BCTCTByeT He'!e:rH~M no cp Hll.'laJlbHbIM npu6L\I~~eHI~M. Coo-r.BeTCTBe~-·- . 

Ho-\(t)=,\*rrpnt=O. · . . . . . .. · 
TaK~n-1 o6paooM µ;m1 xa:iKµ;or~ t E [O, 1] M~ irony"innu ~emmeiiHy10 Kp,a:..'-' 

'eByIO 3aµ;a'Iy C Ha'Ia.JihHbIMII ycJIOBIIJIMII npu t = 0. ,BBeµ;eM µ;ucKpe'Tu-

38,QlU() no t :. { t;; j :::::· 0, M}( t0 • = 0, tM = l ). 3HaJI peiueHIIe oa~a"rn. 

1Pk1(tj); Ukz(tj); ,\(tj) µ;rnr onpep;eJieHIIJI pellleHIIJI 3ap;i:mi (27)c(30) B ymi_e lj+l 
·HCIT0Jlb3YIOT ' . MeToµ; HbIO'.J'OHa. llpu_BTOM npegrronaraeTcH;. 'ITO paoHOCTb

0

' 

. Jt;;1-t;I µ;ocTaTO'IHO MaJia, H MbIIIMe~Mxopowe~ Ha'IaJibHOe npu6JIII)K~Jme .· 
µ;nJI MeToµ;a· HbIOTOHa; ': · . , '. · ·· . · - · · ' · · . · • . . ' ;' · . · 

IlycTh.·ir ·ecTb Be~Top C KOMIIOHeHTaMH'lpiz Ha m~OM ware.H~IOTOHO" . 

BCKOI'O u'iepaQIIO~oro IlP?Qecca; 'co~,:-BeTC!Be1,1~0 ur '.- B~KTOP IIO KOM- / ' 
1' • '\ ' • • • • ' ' ' • • j ( - ' ' • - +1 ' - ' . -

IIOHCHT ukl· :Torµ;a' µ;rnI 1 BeKTopoB nonpaBOK owr, = wr ..:.. Wf'' our, = 

vr+l 1 -.Or ~Mee~ cneµ;yiol.[(yIO KpaeByio 3a~tt'IY; . , , , , / 

sii+1•- 20ir<+0ir:1+: n~i~'!'+A(il'!')si~+· · A ·ci_.'!')86; _) oi'!'.+· 
h2 , ; : , . , .. 11. , . .• . 22 .• . _ _. ..... m ... _, _ . 

, • r _..,~, ,·_,.:.:..;~:- --m .:... ·,•. . . ,:_·: , ', ,:·.1 .1, 

·. ·· \· m:· "' ('11;_1 - 2'11; + W;+t · · -in.. -- -m. -m . ·. -"')·, .+8~m1, ·=;- . • .• h2 ;·.+D,w, ~f;(w; ,Vi<)~-'m.'11_; , 
, ·. ~., . : . . . , ·- ,._ ·, , ,. .. .. -~ . l .. , _. , ":-. , "· ' ... \ .. \ ·.· 

;1 

- , i - . ,--, ·-~ •,I• ;· ,/::• :,•,•, •~• •,,,•;:~ ,,•.', ; "<:' ••-• :>, 
oUr+-1--:- 2°ur·+ oUi-1 + D,ou,m+A2i(Ut)fUI"_+A~2(Ut)o.U[\= 

h2 · · · · · - , -

'• ··,. -· ._m 1
• -rn, -m:: _--'~ .. _ <·· .'• . r:-, :,\ .: '·. 'v, ,. :· 

-~· (U;_1 -2U; +.U,+i. · .-m - -(-m' -"'))·· -
:-c:- - > , .. h2 , +D,~; +,G;.,'!, ,Uf '.. . . . 

. I rµ;e A11, A~"2,'A21', A22 ~~Tb ~H~<p,epeH~II~bHbie:onep~TOphI
0 

~1IJI <pyir-

f~uii:, F u f, rrpe~c;~JIJiro~nx ,HennH~HHhI~ · ( ~Baµ;paTH'l~m/rro ~erlBe~ 
CTHbIM) '!a.C:TII' B ypa.BHemrnx, (18H19)'. Ipa.HII'IHI,Ie ,yCJTOBIIJI npn BTOM · 
frpuo6pe;yT cneµ;yrol.[(uii: Bu~: ,, · ' · ' '. · ' · . - - ' 

'1 oi;;',~ o; :. 
1

8U!J' ~- 0, 

oiN =0; 
so; ~'o. 

\:. ' : ••• • ' ·,. 'J • ' ' 

-· ,ll;nH onpeµ;eneHIIJI 8 A:n IIMeeM ypaBHeHIIe , 
\.,•' 

I . - ( o'!im' l!im) J (j. 
1 ', • , I ,/,' •• ' ' :,,u . ,~',' ,· u • ,'·•:·•~, '.-'- -'.'-,•,'·,: " ,,•·' 

1 
: , ,,\ .,: ,.' : ' ,'u 

,ll;JTJI pelll~HIIJI BTOII KpaeBOII oaga'III IICIIOJTbOOBaJic.JI 'MeToµ; MaTp~'IHOII -.· 

II~~r~HKII [n]. Haiiµ;~HHbie peweHHJI {'li;(tM );Ut(tM )}, A *(t;,.) IICilOJib007 .. 
, 'BaJIIICb B Ka'IeCTBe Ha~aJibHOI'O 'npu6nn:iKeHIIH µ;JIJI HbIOTOHOBCKOro IITep!i- -

'QiioH~oro npo~ecca;'nplIMeHeHHoro ~JIJI pewemrn oaµ;~'III (18)-(23) c ~eHy~ · 
, · JTeBbIMii. xpaeBbIMII JCJTOBIIJIMII (24) .. Ha'IMbHble, npu6m~2KeHllJI · {Yi}; ,\ * Im . 
'.(27)-(30) Haxoµ;MJTIICb·\ rioMOI.r(bIO M~Toga Hi10±0Ha ~ .. n·~~n:IO'IeHneM Hill!~•.' 
. . •· . • u [ l . . . , . :- J• ,. ·, :· • • •. ••• • .• -· • , " , ..... 

,: . µ;eHHbIX KO!)Heu. 12 .,,: , , . , . 
7

. · ·· . ' · ·.· · :,. •: .,' .. · · ,., _, · · .· 
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, ,, 
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4.· PE3YJihTAThI qlfcJIEHHoro MOAEJIMPOBAHH.H 
,: , ' ', ' ·. , . ' . ' / ' 

. , Ha OCHOBe II:JJIO)KeHHOll B naparpaq>ax 2,3 MeToµ;HKII conµ;aH KOMnJieKC / 
, . , I , i • \ . ~ , , • - • , , • , ,' I . 

q>opTpaHOBCKIIX nporpaMM µ;mi: pac'!eTa TpexMepHblX co6CTBeHHblX q>yH-
K~nii: II co6cTBeHHbIX :JHa'!eHIIll B Moµ;eirn non~poHa . .[(aHHblll KOMnJieKC no
':JBOJIJ'IeT Haxoµ;IITb :KaK cqiepII'IeCKII-CIIMMeTpu.'.i:Hble peIIIen1rn -~ peIIIemrn; 

<iIMeIO~IIe ocenyro CIIMMeTpIIIO, TaK. II cy~eCTBe~HO TpexMepiible COCTOJI-. 
HIIJI. 

Pac'!eTbl npoBoµ;n;incb Ha 8BM SUN II CONVEX-220. qucno HeII:JBe
CTHhlX BapbiipoBaJIOCb B :JaBIICIIMOCTII OT KOJIII'<!eCTBa y'<i:IITblBaeMblX 'IJie
IIOB B pamIO)KeHIIII (6) B. µ;~.mnMoHe bT, 1800 µ;o 168000., BpeM.iI n;eHTpanb
HOro npon;eccopa Ha 8BM ;CONVEX~220, He~6xoµ;IIMOe µ;ITH peIUeHirn He-

u · u 1 
' u',. , .' ', ~• " • ·,' . ' l. ,\· '' ; 

/ JIIIHeIIHOII µ;ncKpeTII:JOBaHHOII :Jaµ;a'III, MeHJIJIOCb B' IIHTepB~e OT HeCKOJib-

KIIX '. p;eC.lITKOB ceKyHp; p;o 15. '!acoB B :JaBIICIIMOC'.J'M ~Tion:II'leCTBa HeII:JBe-
CTHhix:· · ·" · \ ' · · · · · · · 

; Ilpeµ;rroiKeHHbIII ~eTO)J; peIIIeHirn HeJIIIHellHOll npo6neMbi c BBeµ;eHIIeM . 

rrapaMeTpII:3ctll;IIII rio□BOJIJieT, BeCTII Krraccmf>nKan;mo Haii:geHHblX peIUeHIIll '. 
:c~rrraCHO µ;uarpaMMe, 'n:Jo6pa)KeHHOll. Ila pncyHKe 1. IlepBblll Krracc pe'
IUeHIIll norrr1aeT~; Korµ;a' Mbl B. Ka'leCTBe Ha'laJibHOro np~6JIII)KeHIIJI )J;JIJI 

rrapaMeTpII'IeCKOll :Jaµ;a'III B (31)6epeM BepIIIHHY mip~MIIp;bI, T.e, npII op~ . 
' . 6IITaJibHOM MOMe~Te ko' = 0 M lo= 0 .. B :JaBIICHMOCT~ OT.~OlIH'lecTBa Hyrrei'i: ' 
. B Ha'laJibHOM npu6ii"n)KeHHH y* MbI riorry'laeM n;enhlii: cneKTp peIIIeHIIU. 8ToT 

crry'lan ~OOTBeTCTByeT cqiepII'IeCKII•CH~Me;~PII:'IHI,1M peIUeHIIJIM :Jap;a'III no-
'. ;iJip~Ha. 06cmmt'IIIM ~TOT Krrac'c peIUeHHIIll noo- .[(anee, B :JaBIICIIMOCTII. OT 

.· ', ., ', '. ··, ' ' \ •'. . 
· BbI6opa...,k0, 10 n::i nnpaMII)J;hl H~ pnc.1 u np:II6JIII)KeH!1ll im (31) nrrn (32),· 

MbI noiry'JaeM, ·KnaccbI' peIUeHIIll nk~lo' n;to lo. Crry'la~ lo.= .0 COOTBeTCTBY,eT 
oceBOll CllMMeTpHII :Jaµ;a'III. ' ' ' 

. 0TMeTHM, 'ITO BbI60p Ha'laJibHOro npII6hH)KeHIIJI )J;JI.lI napaMeTpII'IeCKOll. 

. :Jap;a'!H µ;orrycKaeT HeKOTOpblll npoIIm3~JI. Ily~Tb {/3;, / = 0, kq; 1'i, i 7 1, ko} 
' ·, <,, ,·. ' • ' - ' '·\ 

. ; eCTb Ha6op HeKOTOpbIX: KOHCTaHT, yp;oBJI~'l'BOpHIO~H~ crrep;yro~IIM ycrro~ . 

BUJIM: . ko 

'1'J+ EbJ:+-P;) = 1, 
;, i=l'.' . , 

Torp;a B Ka'!eCTBe Ha'laJibHbIX ~pn6rru~eHllll JJ;JIH napaMeTpliqecKOll :Jaµ;a'IH 
· MO)KHO.B:JJJ'Tb°CJiep;y~~IIll Ha69p: . . . 

• 1.i '(t)•,, '..::.. { (1'1·~1)y;, ~ :, ~::.::.!:: 
'I' kl t=O - ( a ) * z o k k . 1'I - ,-,1 Yi, < , = o, 

. . • 0,' k -=f ko. 

'\ 
{33}· 

' ~µ;HaK~ lICIIOITb:JO~~Hiie ~a~aJibHbIX. npn6;nkemm µ;1rn napaM~TpII~~
~KOll nap;a~II ,II:3 (33) B npaKTM'l~C~HX p~c'leT~ IIJ>IIB~giirro K p

0

elll~HIIJIM 
oµ;Horo II:3 Krracco:s n.i,i, onpeµ;erreHHhlX paifoe. ' . ' ' . 

' . . . . . 8 

' i,c.j \ 

,-1 

, : , BB~rµ;y Toro, :.iTo HenpepbIBHaJI :Jap;a'!a onpe~eiiemi Ha' no/Iyocn: r E 
· . [O, +oo), peIIIeHne p;ucKpeTII:JOBaHH.oii: :Jap;a'In :JaimcHT OT µmm1:>1 OTpe:JKa ✓ • 
' lIHTerpnpoBaHirn R. 1 B. Ta6rrim:e 1 npmiep;eHa . :JaBUCUMOCTb Hanp;eHHbI;_ : 
co6CTB~HHb!X :JHa'!eHiui >. OT, BeJIU'IUHbl R gmi i"rO peIUeHIIH B KJiaccax 

n10, Q~l; noo: KaK BUp;H~ U:J Ta6mntbl; grri OCHOI3Horo COCTOHl:IHJI ,npouc
XOAHT 6bICTpaJI cxop;IIMOCTb cneKrr-panbHoro' napaM~Tpa >. no ~emI'IIIHe R. · 
C p;pyroi'1 CTOpOHbl,' .~JIJI. crrep;yro~nx co6cT~CHH~X :JHa'IeHmi He~6:xop;UMO 
npc:rnoµ;i~T~ pac'!eTbI. Ha: 6~JibllieM, IIHTepnane, ·. 'IT~6bl norr'y'IHTb. )J;OCTOBep-
Hbie mia'IeHirn lIC~OMbIX BemI'IHH. . . ' . ' ' ' . . ' '' " 

. . B Ta6rrnn;e 2. npUBO)J;IITCJI cpaBHIITeJibHM xapaKTepnCTIIKa HangeHHbIX 

w6~TBeHHbIX ;JH,a'leHIIfI ~ B (JaBIICIIMOCTII. ~T iuara )J;UCKpeTimar:imI • h · npn 
. . 'u " ., ' ' • ' ' ,, 

q>HKcnpoBaHHOM :JHa'Iemrn R. B :3TOII )Ke Ta6rrnn;e np1rneµ;eHbI pMHOCTHbie 
. ' . . '. . . . .. ·, .• . - . ' . . . '{,. . ~ . ' . . 

: ... OTHOIIIeHIIJI . ··· · . · · · , · · · '· · · ' 
. ' , , Ai, -'-- Ah/2 

.. \ a:= .>.h/2 .__ >.h/4 '· 
' \ . ',• : ' 1, 

BbI'IIICJieHHbie, no. npaBnrry PyHre. AHan1m pe:JyrrhTaToB
1 

npxrneµ;eHHbIX B, 
, , ,• .• , , • . . . . . , I . ~ , 

. Ta6rrun;e, IIOKa:JbIBaeT; 'ITO npn ncrronb:JOBaHHUi U;JJIO)KeHHOU BbIIUe MeTo- , 

p;nKn/ :MbI. IIMeeM KBa~pa.Ti'i"rny~ cx~p;nMoci'b peu'reHnJI no ni~ry h pa1-: · 
HOCTHOH ~e;~u. · ' . ' ' · ' · · · · · 

. , B .Ta6rru~e 3 npegCTBJieHbI petl)'JibTaTbI pac'!eTOB B :JaBIICIIMOCTH OT • 
'IM~Jia "I;j:eH@,B paaJIO)KeHIIII (6) µ;nH "!e;~blX no yrn~ rp peIUeHIIll. Kai Bil~ 

I llHO nnTa6rrnn;hI, )J;JIH 6mI3KIIXKOCHOBHOMY COCTOJIHIUO co6cTBeirnbIX MO)J; 
, j\• .' •• ,, ,"•... ' ' '-~ : • • :, : ' ' ' • • ,, > : > ; ' ·\ ' ' ' 

'. l~Me,eT 1cteCTO 6bICTpoe HaCbI~eunc. no 'IIICJIY rapMOHUK, a )J;JIJI HII3K0:3Hepre~. ; 
,Tlf'IeCKII~:cocT:oJIHIIII lIMeeT :MeCTO ~Irna~.rnKa pmyrrbTaTOB ri'naBm::m..ioT~I ' 

, ' . ' , .. I, ' , ' -, ,, i. , ', ,, ' ••• ' .' 

. ''o,T ,'IlICJia llCIIOJib:JJeMbIX B pa:JJIO)KeHirn rapMOHIIK . .[(rrH Toro, 'IT06bI norry-'< 
,. , .I . ,., \' :•,," • .. , .. , . :1 ,. \ •. : ' " ' . "' 

.'IIIT.b ·µ;ocToBepHbie pe:JyrrhTaTbI B nocrregmiM cny'!ae; Heo6xoµ;nMo yBerru~ 
•. :•,· • . ' • ,; ,., ,' ·_ .J' • ' ·i 

'IIIT~ 'lncrro y''IIITbIBaeMi,rx B pMrro:iKeHIIII ( 6) .'IJieHOB. Op;HaKO' :3To npnBo{ 
. :.p;IIT _K pe:JKOMY yBemI'lemuo 'CJIO)KHOCTII aaga'III, n9BhillleH,HbIM aanpocaM 

K orrepaTHBHOII, )J;IICKOBOII IIaMHTH II npona~ogw:reJibHOCTII ncnorri.ayeMOII 

. p;rr~ pac~CTOB 8BM: EciI~i'orrepaTIIBHaJI (µ;IICKOBaJI) naMJITb .pacTeT KBa
' µ;paTU'IHO B naB1ICIIMO~TII OT. 'IIICJia IICnOJib:JJeMbIX rapMOHHK, TO' 'Iuciio . 
onep~n;nn, Heo6xoµ;nM~rx:g~JI n:po~eµ;eHHJI p~~<i~TO~,. pacTeT-.Ky6n'IecKu .. 

·.·• Op;HIIM n:3' BO:JMO)KHbIX cnoco6oB yMeHb~eHirn Tpe60Bam1f1 K pecypt;aM u\ ·, 

i:ipo1mBOp;lITeJibHOCTII. 8BM. MO)KeT 6blTb. pa:3pa6oTKll, naparrneJibHbIX ~- ' 

'ropIITMOB peIIIeinui nap;a'!U II l!CilOJib:JOBaHne 8B,M ·c BeKTOpH01hmi1 pa~
npeµ;erreHm'ni ap~mTeKTypoii:. B Ta6rrun;e. 3 ~ TaK)Ke npIIBO)J;UTCJI cpa~HeHIIe 

pe:JyrrhTaTOB c· pa~'leTa:MII, .IIp@ep;'eHHblMH ,B p'a6oTe [5]:. KaK 'imp;Ho U3' 
Ta6m1n;hI;.nMeeT MecTo xopoIIIee·corrraci1:e norry'IeHHhlX penyrrhTaToB •µ;mi 

. BhICOKO~H~preTII'IHbIX cocTo~Hntt.· ·• · · · . , · · •, · 

Ilpep;rrar.aeMbIII i1Tepan;~OHHbiii Me;oµ; peIUeHirn Hemrnexfami µ;ncKpeT~I-
\ u . \ ' , u ~ ' ' 

:JOBaHHOII npo6rreMbI ? BBep;eHIIeM lICKYCCTBeHHOU napaMeTpxman;un :Jaµ;a•n~ 



/ 

, Ta6.riHQa 1. Cxoµ;IIMOC.Th co6CTBCHHhIX :JHa'IeHIIII x~ no npaBOII rpaHII~e . ~~j . . . ' 

Coo.OH. KJiacc R,,\ , R,,\ . '_R,,\ , -R,,\ 
\ R=30 R=60 R=lO0 · R=200 

,\o . n10 0.0324495 ! 0.0274252 ··0.0270540
1 

0.0270540 
R=lOO R=200 R=300 R=400-

,\1 
--· 

n10 0.0101424 0.0087~965 0.00879906 0.00879906 
\R=200 . ; ·R=320 . R=480 _ R=600 

/ 

f!10· 0.0050100i ,0:00431568 ,\2 . 0.00432531 0.00431568 , ~~·-· - R==480 R=640 R=8oo· ; 

' . : ,\3• n10 \ - 0.00297998 0.00255441 0.00255440 
, • 

1 ,R=30 ' : -R=90 R=200, 'R=400 
. Xo· n21 0.0179359. . 0.015135,0 0.0148978. 0.0148973 

,, 

:,i. R=320 R~480 R=600 R=800-· -
0.00355768 1 0.00337391 

·' 
., _,\3 . noo · 0.00337386 0.00337386 

I 

'· 
·,t; 

_;;,...· 

TaoJIHQa 2 •. Cx~µ;IIMOCTh _co6cTBeHHhIX t3Ha'ICHIIII ,\i,_ no wary 
· p~nocTHoii · ceTKII · h , · 

Co6cT.oHa"I. Knacc , h, h/2 <h/4 · (J' 

'Aoh,- floo · 0.0814261702 0.0813949843 0.0813871983 4.0054" 
'. >-1ii·:..:·' ' f21ci ,.· · 0:0879965121 0.0879908039 0;0879893772. 

•>.oh . f221· 1 0.0148977932 0.0148970803 0.0148969020 

·' TaoJIHQa 3. Co6c~BeHHble bna~eHmI ,\ B naBHCIIMOCTIIOT. 'I~CJia 

rapMOHIIKJ{ .'T,k~ ullx cpaB~e1rne'c penyJihTaTa~u pa6cFhl [5] 
'< \ ' .' .\ • I ' • ' 

. CoocT.OHa"I. Knacc K = l. K = 3 K =:' 5 : [5) ' 
·- ,\0 ' noo. 0.08139 0.08139 0.08139 0.0814 

,\1 noo i 
,\2 noo ' 

0.01540. 0.01540 . 0.01540 · 1 o_.0154 
0.00626 0.00626 0.00626, 0.0062 

x;. noo' · 0.00337 0.00337' ,0.00337 
,\o' n10 0.02705 0.03392 0.03443 0.0343 

· · ,\i n10 
.. ,\2 .n10 · 

0.00880' ,,0.00833 O.Oi327 0.0126 
0.00432 0.00407 0:00415 - I 

,\3: .:'._ nio 0.00255 0.00263 .0.00276 · .. ,-
', 

, -,\o n21 

,\1 n:21 

0.01490 0.01642 0.0159 
0.00618 0.00573· 

- X2 · n2i 0.00342 -• 
_,. 

I 

10 

\, 

4.0009· 
4.0075 

·<B 
·e),_.8 

1-~ 

:--~-
, .-- <. 

<§) -·e> 

·•' 

-ex·:_®';:·e-· ® 
''. '' ' ; / . . , ' . -+" 

'i' 0 '·"Q·· .. ·• .·-t;;\1·\',t;;\ 
<-. .-\:Jo:: ~ :.\.{)·-· ·v··: ' :'(J·, 

I 

, ' 

• 1 ., ' 

®·: -<EJ .®·." ® ® · E) 
........ -:-~ ... i 

I 

,PHc.LPacn-~no2Keu~·e pelllenuii B·cooTBeTCTBmI ~-·. 

-~Yl.i;pa~ueii ccf>epII'!CCKIIX rapMO~HI( µ;JI.II ko'= 5: 
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