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1. BBe,zreHHe 

B a,mraOaTH'lBCKOM IIJlB~CTaBJiemrn 3~a'llf Tpex TBJJ HCXO,!lHOB 
.YPaBHBirn:8 mpe~repa CBO,!U!TCSI K CHCTBMB ~MbHHX yPaBHBHID!:: 

2 . 
I½+ 2Q(r) g_ + ( k2- U(r)) ) ¢(r) = o, 

dr ctr 

A1 g_ + B1 ) ¢(r) lr=r = 0, 
dr min 

2 

3) 

r~e I - e~SI MaTp~a. k - ,zw.aroHMbHaSI MaTp~a HMTIYJJbCOB, 
Q(r) H U(r) - MaTpml,l:l sitxl)BKTHBHHX ITOTBHUHMOB 3~a'llf Tpex 

.KyJJOHOBCKHX qacT~ 117, 3~8HHHX Ha CBTKe YMOB ~; ¢(r) - BBKTOp 
BOmOBHX ~YJOOI,}11l;,zw.aroHMbHH8 MaTpml,l:l Ai(k2,0,r),Bi(k2,o,r),1=1,2 
OIIJlB~BJJSIRJTCSI ~OM aCHMTITOTHK oomoBHX ~YHKUKa, 0 - ~asa 
paccesiHHSI. B paOqTax 12• 31 OH~ IIJlB~JJomeHH aJJropHTMH pemeHHSI 
38M'llf pacceSIIrn:Sl ( 1 )-( 3 ) ~ IT03BOJJSIKJIJ;H8 HaXO,!U!Tb ¢( r) H O IIJlli 
3~aHHOM 3Haqemrn k. 0,!lHaKO B psi~e CJJyqaeB pa3HOCTHaSI 
aITIIJlOKCHMfilUffl nopsi~ O(h2) ( h - mar pa3HOCTHon CBTKH ~ ) 
.zw.~epemum.nbHHX onepaTOpoB 3~aqH ( 1 )-( 3) OKa3HBa8TCSI SIBHO 
HB~OCTaTo~on MR noJJyqSHMSI pemeHID!: C Heooxo~on TO~OCTbID ( 6-7 
3HaqalllHX lllill)p ). B HaCTOSI~en paOOTB p8MH30BaHa :8H'llfC~TBJJbHaSI 
cxeMa noBHllleHHoro nopsi~ TOqffOCTH - O(h6) KOHB~Ho-pasHOCTHofi 
annpoKCHMa!Uffl, ITOCTpoeHHaSI Ha OCHOBB HBIIJlBpHBHOro aH8JJora MBTO~a 
Hl,JOToHa C mumqeJrn:BMB03M~8Irn:Sl H IT03BOJJSIDll8Sl Ha K~on HTBPa!Uffl 

/ o0palll8Tb TpexToqe~ onepaTop npocTon CTPYKTYpH. IlpeMomeHHHn 
anropHTM HaHOOJJBS 8itxl)BKTHBSH B Iill3K08HBpreTH1!8CKOn 3~aqe 
pacceSIIrn:Sl, qTQ ~BMOHCTPHpYBTCR IIJlHMBpoM C aHMHTH'lBCKH 3~8HHHM 
IlOTSH1UffiJIOM~. IlpoBe~eHO 'llfCJJBHl!OB HCCJJB~OB8Hlfe CXO~OCTH Ha 
ITOCJJ8~0BaT8JJbHOCTHB.nB08 C~CR C8TOR, a T8IOE8 saBHCHMOCTH 

· Jl83YJlbTl!TOB· O'r ryamm . 0Tp03Ra ( f ~~• r lll/.lXJ, Ha ROTOJ?OM npoi:$:ao.zw.TcR 
pemeHMe. s~a'llf ( 1 ) .:.c 3 ) • · · 



2. HTeparnmHHaH llX.8Ma 

KpaeBa.H sa,n;aqa 

cp< 1> ~.< L+Jl-) ljl(r) =0, 

cp(2) 

cp< 3) 

A1 ~ + B1 ) ljl(r) lr=r = o. 
dr min 

A2 ~ + B2) ljl(r) lr=r = o. 
dr max 

ct2 d r.ne L = ~ + 2Q(r) - - U(r). 
ctr dr 

.noonpe.neneHHa.H ABYM.H ycnoBIDIMH HOpMHJlOBiill 131
: 

cp<4> = ( ljJ • cp<1>ck,ljl) > = o. 

cp<5) = ( ljJ • cp<1)(k*,ljl) ) = 0, 

4 

5 

( 6 ) 

7 

8 

R*>O - ~HRCHpoBaHO, MOZ8T OHTh paCCMOTpeHa KaK He~eattoe 
~YHRUHOHanhHOe ypaBHeHHe 

ID(Z) = 0, ( 9 ) 

r.ne ID = { cp< 1 > • cp< 2 > • cp< 3 > • cp' 4 > • cp< 5 > } - IT.HTHROMIIoHeHTHa.H 
He~eatta.H ~YHRUH.H. a HeHsBecTHH8 sneMeHT z npe.ncTa~.HeT coooa 
TpoaRy Z = {k,ljl,O}. 

.urr.H OTHCRaHHfl pemeHH.H z* ypaBHeHH.H 
HenpepHBHHM attanoroM MeTo.na HhmoHa: 

{ 

ID;(z(t))datt) = -ID(z{t)) • 

z(O) = z
0

• 0 ~ t < m . 

9 ) BOCITOnh3Y8MC.H 

( 10) 

IlpH STOM MH BBQ~ B pacCMOTp8HH8 HenpapHBHH8 napaMeTp t E [O,m[, 
OT ROToporo 3aBliC.HT ROMilOH8HTH snaMeHTa z(t} = { k(t).ljl{r.t.k(t). 
O(t.k(t)) }. Zo - HaqMbHO8 npHO~aHHe R HCROMOMY pamamm z*. 

PacCMOTpHM MO~ ypaBHaHH.H ( 10) B npe~onozaHHH, qTO 
~YHRUH.H ID .HBHHM oOpa3OM saBliCHT OT t: 

{ 

IDi(t.z(t)) + ID;(t,z(t))Z'(t) = -<D(t,z(t)). 

Z(O) = Zo• 0 ~ t < m • 
11 ) 

Ilpe.ncTaBliM onepaTop IDB BRAS CYMMH AByx onapaTopoB ID1 H <!12 
nocpa.ncTBOM ~YHRUHH BRJIKlqeHH.H B03MYmeHH.H g(t). T.e.: 

2 

'fl 

.. 

b 

;~ 

ID(t.z(t)) = ID1(z(t)) + g(t)ID2(z(t)). ( 12 ) 

s.necb g(t) - HenpapHBHa.H ~YHRUIDI. y.no~eTBOP.H!Ollla.H ycnOBH.HM: 
g(O) = o. g(m) = 1. IlpH pemeHHH sa,n;aqn ( 4 )-( 8) B paOoTe 121 B 
RaqecTB8 ID1 BHO~acb RBa3~roHanbHa.H qaCTb "diag"L MaTpnqttoro 
onepaTopa L. a B RaqecTBe <!12 - He~aroHanhHa.H tiaCTb. 1-"diag"L, 
qTo IlO3BOn.Hno Ha RaJK,D;O8 HhIOTOHOBCRO8 HTSPSUHH oOpamaTb onepaTOpH 
npoCTO8 CTpYRTypH. 

nocne no.ncTaHOBRH npe.ncTaBJieHH.H ( 12) B ypaBHeHHe ( 11 ) 
HM88M cne.1W!OlllYID SBO.JII0UHOHHYIO 38,ll;S'IY : 

{ 

ID;z<z(t))Z'(t) = - [ ID1(z(t))+(g'(t)+g(t))ID2{Z(t))+ 

g(t)ID2z(z(t))Z'(t) ], ( 13) 

Z{O) = Zo• 0 ~ t < m, 

r.ne Zi = U..i,¢i,Oi} ""{µ"{t).V(t).T)(t)}. '}., = k2• 

YpaBHeHHe ( 13) pemaeM MSTOAOM 3:ltrrepa Ha H8paBHOM8pHO8 
C8TK8 tk+1 = tk + ~k. to=O. k=O,1.2 •••• , npwi:eM Ha KaJK.IJ;oa k- 8 
HT8~ pea~3Y8TC.H HhJOTOHOBCRH8 HT8paUHOHHID!: npouecc C 
sanasAHBaHHeM B npaooa qacTH 

{ 

(!)•(k)~z = -[<!l(k)+(g'+g )<ll(k)+g (!)•(k)~z ] 
1 k 1 k k 2 k 2 k-1 • 

z0 = 0, 

OTHOCHTSnbHO HT8paUHOHHO8 nonpaBRH ~Zk={~.vk.T)k}. IlpH STOM MH 
• "'(k)_"' ( ) "'(k)_"' ( HCITOnh3OBa~ HOBH8 oo,osHaqeHH.H. "'1 _..., 1 zk • "'2 _...,2 Zk) • gk =g( tk), 

~Zk=Z'(tk). a 3HaqeHHe nonpaBKli ~zk-1 OepeTC.H H3 np8,IUmYm88 
HTepSUHH. CneAY!Olllee npnOnnzeHHe R pememm z* onpe.nen.HeTc.H no 
~pMynaM: 

zk~1 zk + ~k~zk. ~ ¾+1 = '}.,k + ~k~ 

Ok+1 =Ok+ ~krJk 

lpk+1 = ljlk + ~kVk . 

3. lb,;CiqlBTHOB Iij)BilCTaBJiem,:e 

B AaHHO8 paOOT8 npe.ncTa~eHHe ( 12 ) HCilOnh3YBTC.H .nn.H 
ITOBHIDSHH.H nop.HAR8 TOqttOCTli pa3HOCTHO8 cxeMH. annpoKCHMHpYJOOl88 
sa,n;aqy ( 1 )-( 3 ). PaCCMOTpHM STY npoUBAYPY .nn.H O.nttoro H3 
ypaBHeHHa CHCT8MH ( 4 )-( 8 ). Ha 0Tp83R8 [rmin'rmax] BBe.neM 
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paBHOM8PHYID C8TKY °ii= { rm1n=r1; r 1+1h; 1=2,3, ••• ,N; rN=rmax} C 
maroM h=r1+ 1-r1=const. B OTJ!Hlille OT paOoT 12 , 31 , r~e 
HCITO.nh30BaJJaCb pa3HOCTHaH arrrrpoKcHMai.urn: orrepaTOpoB .ztH4qlep8HI.UfPO
BaHHH rropH~ O(h2), BOCITO.nh3Y8MCH arrrrpoKCHMffi.U18a rropH~a O(h6). 
BBe~eM c.ne,nyJOO\lie oOosHaqeHHH: 

C 6) d 2 d 6 • D (¢1) = ~ ¢1+ 2Q1- ¢1+ O(h ), 1=2,3, ••• ,N-1 
dr dr 

(2) d2 d 2 • D (¢1) = ~ ¢1+ 2Q1- ¢1+ O(h ), 1=2,3, ••• ,N-1 
dr dr 

dC 6>(¢1) = Q_ ¢1+ O(h6); 1=1,N 
dr 

dC 2>(¢1) = Q_ ¢1+ O(h2); 1=1,N, 
dr 

14 

15 

16 

17 ) 

r~e ¢1=¢(r1>• Q1=Q1(r) - 3HaqeHHH B TO~ax C8TKH °ii· ffBHHfi · ~ 
orrepaTopoB qHc.neHHoro .ztH4qlepeH1.UfPOBaHHH nopH~ O(h6) B 
3aBHCHMOCTH OT BHOopa ys.na C8TKH r1 rrpHBO~TCH B rrp~omettHH. 

IlepBH8 TPH KOMITOH8HTH orrepaTopa ( 12) C yqeTOM BB8~8HHHX 
oOosHaqe~ ( 14 )-( 17) rrpHMYT c.ne~ ~= 

{ 

[ DC 2>+ g(t)(D< 6>-n< 2>) + (~-U) J ¢1, 1=2,3, ••• ,N-1 

[ A (D< 2>+ g(t)(DC 6>-n< 2>)) +BJ ,1, 
1 1 "'1 

[ A (D< 2>+ g(t)(D< 6>-n< 2>)) +BJ'" 
2 2 "'N 

TaKHM oOpasoM, pemeHHe s~a~ ( 4 )-( 8) cBO~TcH K pemeIDIJO 
c.ne~YJ(llUfX Tpex pa3HOCTHHX Kpa8BHX s~aq OTHOCHT8.nhHO HT8Pffi.U10HHHX 
norrpaBOK vt1>,vt2>,vt3> Ha k- a HT8Pffi.U1H HhlOTOHOBCKOro 
HT8Pffi.UiOHHoro.rrpouecca: 

cn< 2>+i -U(r ))v< 1>cr )=-(g'+g )(D< 6>-n< 2>),l1 (r )-
""k 1 k 1 k k Tk 1 

-gk(D< 6>-n< 2))Vk_1(r1); 1=2, ••• ,N-1; 

(A ct< 2>+B )v< 1>cr )=-(g'+g )A cn< 6>-n< 2>),h (r )-1 1 k 1 k k 1 Tk 1 
BA 

-g [A cn< 6>-nC 2>)v (r )~(D( 6>-n< 2>)t11 (r )lL + k 1 k-1 1 OA Tk 1 'k-1 
{)A ( 18 ) 

+d<D(6)_D(2))~(r1)~k-1J; 

(A ct< 2>+B )v< 1>cr )=-(g'+g )A cn< 6>-nc 2>),h (r )-
""2 2 k N k k ·"2 T}c N' 

-g [A cn< 6>-n< 2>)v (r) 1~~cn< 6>-n< 2>),h (r )1L + 
k 2 k-1 N Tk N 'K-1 

BA 
-tmfcn<6>_n<2>>~(rN>~k-11; 

4 

10 

I;,. 

·"' 

1 
cn' 2>+1'.c-U(r1>>v~2>cr1>=--<1'k(r1); 1=2, ••• ,N-1; 

BA BB 
(A ct' 2>+B )v< 2>cr )=[-----1nc 2>- 1],h (r )· 1 1 k 1 OA - GA Tk 1 ' 

BA BB 
(A ct' 2>+B )v' 2>cr )=[-~< 2> 2],h (r )· 

2 2 k N OA - cJ'Ji:" Tk N ' 

1 
cn' 2>+1'.c-U(r1))v~3>(r1)=0; 1=2, ••• N-1; 

BA BB 
(A ct< 2>+B )v' 3>(r )=[-__!ti< 2> 1],h (r )· 1 1k 1 00- 7RJTk1' 

BA BB 
(A ctC 2>+B )v< 3>(r )=c-_...bi< 2>- 2J," (r) 2 2k N 00- m,'l'kN" 

( 19 ) 

( 20 ) 

~ BKJIIOqeHIDj B03MYm8HHH Ha no.nyocH O~t<ro MomeT OHTh 
BH0patta.c.ne~YJ(ll1HM oOpa?OM: 

g(t) = 1 - exp(-t). 

KpaeBHe sa~a~ ( 18 )-( 20) B rrpouecce HTep~ pemaIOTcH 
M8TO~OM TpexTOqeqttoa rrporoHKH. IlpH STOM COOTB8TCTBYJ(Il1Jf8 CUCT8MH 
.nHHeaHHx Mreop~ecrui:x ypaBHe~ Ha ~oa HTepaunn oT~aIOTCH
~h rrpaBHMH qacTHMH, qTo rrosBO.nHeT SKOHOMHTh pecypcH 3BM. B 
pesy.nhTaTe pemeHHH Tpex KpaeBHx s~aq ( 18 )-( 20) Ha k- a 
HT8Pffi.U1H no.nyqHM 3HaqeHHfi HT8pauHOHHHX norrpaBOK v~1>,v~2>,v~3> • 
OcTa.nhHHe H8H3B8CTHH8 rrapaMeTpH Haxo~TCH, HCXO~H HS ~Byx YCJIO~ 
HOpMHpoBKH ( 7 )-( 8 ) , no qiopMy.naM: 

~k = ~1k + ~2kJ¾c' 21 ) 

mC5)('"' + mC5)(_," +vC1)) + mC5l(v(3))~ 
__ 'I' "'k 't' (jJ "'k k 'I'¢ k '1k 

J1ic - mC5l(v(3))~ + m<5l(v(2)) 
"'¢ k ' 12k "'¢ k 

22) 

__ ¢(4)(~) + ¢(¢)~--<!'k+V~1)) 
~1k - m<4l(v(3)) ' 

"'¢ k 

( 23) 

t4)(~) + ¢(4>cvr2)) 
~2k = - mC4)(V(3)) 

"'¢ k 

( 24 ) 

liTepauHoHHaH rrorrpaBKa Vk K pememno ¢k orrpe~e.nHeTcH c.ne,zzymt11M 
o0pa30M: 

V = v< 1> + v< 2 >LL + v< 3>n - ,h 
k k k 'k k 'lk Tk,' 

0TM8THM, qTo B ~YHKUHOHMaX ¢( 4) H ¢( 5) IIJlliM8HH8TCH 
pa3HOCTHaH arrrrpoKCUMa'-IIDI .ztH4qlepeHUHMhHHX onepaTOpoB no~ 
0(h6), T.8. B Blipam8HHHX ( 21 )-( 24) H8 HCITD.nh3Y8TCH 
rrpe~CTaB.n8HH8 ( 12 ). COOTB8TCTB8HHO ITPH BH~c.nettHH CKMHpHHX 
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I1pOH3Be,neHIBl: B YCJIOBID!X HOpMHpOBKH ( 7 )-( 8) Ji B Buprul[8HIDIX 
( 21 )-( 24) HCITOJib3Y8TCR TOT E8 rropa,n;OK IPOPMYJI 1IBCJI8HHOro 
HHTerpttpOBB.ID1R O(h6). 0,D;HOfi H3 HaH60JI88 y,no6HHX ~opMyJI aBJiaeTca 

K:sa.npaTypa Eo,ne 141 

CXO,D;HMOCTb HT8pau,HOHHOro rrpouecca KOHTpoJIHpY8TCR 3HaqeHID!MH 
H8BR3KH 

Dk= lll'lX { ~<!>ic1)llc!•l¢~2 >/,/<1{3 >l,l<!>ic4 >l,l<!>ic5)I} · 
HbIOTOHOBC~ HT8pau,HOHHHfi rrpouecc 3aKaH'IBBa8TCa rrpH B!IDOJIH8HHH 
YCJIOBHR Dk< E, r,ne E>O - Harrepe,n 3a,D;aHH08 ,D;OCTaTO~O MaJI08 
'IBCJIO. ( B pacqeTaX sa,naBaJIOCb E = 10-10 + 10-12 ). IlpOB8PKY 

Bl1JIOJIH8HIDI sToro ycJioBHR ,n;Jia 1¢~4) I H j¢~5 > I• KaK cJie,nyeT H3 
BapHau,HoHHoro rrpHHUHITa XloJibT8Ha, 06H~O 3aM8HRIOT YCJIOBURMH Ha 

2 
cooTBSTCTBYJOOJ,He HTSpau,HOHHHe rrorrpaBKH 131: l~I = I dk I < E H 

dt 
1~k 1 = I~ I < E. 

Jina BHOopa HTSpElUHOHHoro mara 'tk rrpttMeHHM crrocoo, 
rrp8,D;JIOE8~ B pa00T8 751• 

4. trnc~emrne pacqeTH 

31MleKTHBHOCTb ITOCTpoeHHofi BHme BH1IBCJIHT8JibHOfi CX8MH 
I1p0,D;8MOHCTpttpyeM Ha rrpHM8p8 O,D;HOKaHaJibHOfi sa,natIB pacceaHIDI 
C ITOT8HUJiaJIOM Mopse 161, 3a,D;aHHHM aHaJIHTJ{q8CKH: 

[ 
-2ctc r-r ) -ct< r-r ) ] 

U(r) = 2MD e a - 2e a . 

IlpH STOM B ypaBHSHHH ( 1 ) ITOJiaraeM Q(r)=O. 

Af!aJIHTmecK08 pemeHHe ¢( r, R) TaKOfi sa,natIB, COOTB8TCTBYJ00188 
HerrpepHBHOMY CIT8KTPY k>O, HM88T BH,D; 

g12 
<)>(r,k) = ~ [ etw g-ts F(-d+1/2-ts,1-2ts,g) -

- e-tw gts F(-d+1/2+ts,1+2ts,g)] 

3,necb HCITOJib30BaHH CJI8,nyIOOU18 0003HaqeHIDI: 
-ct(r-r) 

g = 2d e 8 
; d = v'21llf"/ct; s = k/ct; 

w = arg r(1+2ts) + arg r(-d+1/2-ts) , 

r - raMMa-~YHKUllil, F - BHpO:,meHHaa rIDiepreoMeTpmecKaa ~YHKUUR

Ilpu STOM H83aBHCHMaa rrepeMeHHaa r H3M8HR8TCR Ha BC8fi 

6 

l 
I 

'1 
} 

,, 

OCH -oo < r < +w, rrpmeM ITOT8HUHaJI Mopse Ji BOJIHOBaa ~YHKUUR HM8IDT 
CJI8,D;YJ00188 aCHMITTOTmecKoe ITOB8,D;8HH8: 

U( r) I r-+-oo .... +oo 

U(r) lr-++oo .... 0, 

<)>(r,k) lr-oo .... 0, 

<)>(r,k)lr-+t-00 .... sin ( kr + o) • 

3,necb BeJimHHa 

0 = -kr
8 

- s ln(2d) + w 

COOTB8TCTBY8T ~38 pacceaHIDI. 
B pacCMaTPJl:Ba8MOM 1IBPJI8HHOM rrpHMepe HCITOJib30BaJIHCb CJI8,n;YJOOJ,H8 

3HaqeHIDI rrapaMeTpoB: 

M = 8,876; D = 0,104; ct= 0,67; r
8 

= 2,09. 

IlpH pa3HOCTHOfi arrrrpoKCHMfill.}ill ,naHHOfi sa,natIB H800XO,D;HMO 

rrepefiTH K KOH8~0MY 0Tp83KY [r i ,r ]. Kruc ITOKa3aHO B paOoTe13~ mn max · 
B KaqecTBe JISBOfi rpaHHUH ,D;OCTaTO~O BHOpaTb rmin=-5,0. 

B TaOJIHUe 1 rrpe,ncTaBJI~a saBHCHMOCTb B8JlmHHH O OT 3HaqeHID! 
rmax· ~3 TaOJIHUH CJI8,D;Y8T, qTo rrpH yKa3aHHOM mare C8TKH h TO~OCTb 
BH1IBCJI8Hilll: rropa,D;Ka 10-10 YCTaH8BJIHBa8TCR rrptt r ~ 45. max 

B Ta0JIHU8 2 ITpoBO,D;HTCR HCCJI8,D;OBaHI18 H3M8H8HHR B8JIH1IBHH ~3H 
0 Ha ITOCJI8,D;OBaT8JibHOCTH B,D;B08 cryma!Oll\HXCR pa3HOCTHHX C8TOK {\ rrptt 

~HKCHpOBaHHHX 3HaqeHIDix rmin=-5, rmax=45, a TaKJKe ,naeTca 
cpaBH8HH8 C aH8JIHTJ{q8CKHMH pesyJibTaTaMH oaH.· B STOfi ~8 TaOJIHUe 
rrpHBO,D;RTCR 3HaqeHIDI OTHOill8HHfi 

0 = < 0h - 0h12 > 1 < 0h12 - 0ht4 >. 
IlpH STCM B rrepBOM CTpoKe rrpHBO,naTca p83YJibTaTH pacqeTOB, 
rrpoB8,D;8HHHX no CX8M8 rropa,D;Ka O(h4), a BO BTOpofi - rropa,D;Ka O(h6). 
0 rropa,D;Ke CXO,D;HMOCTH CBH,D;8T8JibCTBYIOT COOTB8TCTBYJO[lJ.H8 3HaqeHID! o: 
15,93~04~15,98, qTo COOTB8TCTBY8T rropa,D;Ky O(h4) H 63,41~06~63,64, 
qTo COOTB8TCTBY8T rropa,D;Ky O(h6). AHaJIHS pesyJibTaTOB 
ITOKa3HBa8T,qTo ~e Ha mare h=0,1 ,D;OCTHra8TCR TO~OCTb BHqHcJI8Hml, 
rapattTHpYJ(X118R C8Mb BepHHX 3HaqalJIID( ~p B pemeHHH oh rrptt 
3HaqeHHRX 0,0001 ~ R ~ 0,2. 

B TaOmme 3 rrpHBO,D;RTCR 3HaqeHID! BOJIHOBHX ~YHKUHfi <)>h, 
BH'lllCJI8HHH8 Ha ITOCJI8,D;OBaT8JibHOCTH B,D;B08 crymruoomxca C8TOK nh rrpH 
~JIRCHpoBaHHOM 3HaqeHJiH HMITYJibCa k=0,1. CXO,D;HMOCTb pa3HOCTHOro 
pemeHHH <)>h, KaK CJI8,D;Y8T Jl:3 Ta0JIHUH, TaroK9 HM88T rropa,noK O(h6), 
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qTo COOTB8TCTBY8T T80p8TWl8CKOtt H cor~acyeTCH C pesy~bTaTaMH 
pacqeTa ~as oh, rrpHBe~eHHHx B Ta0Jll1l.l;e 2. 

Ilpe~cTa~e~ a~ropHTM pea~30BaH Ha H31:IB8 FORTRAN-77. 
PacqeTU rrpoBO~Cb Ha nepcoHa~bHUX KOMilbIDTepax THna IBM PC (XT, 
AT H 386). 

k 

1.E-4 

0,08 

0, 10 

0, 14 

0,20 

k 

1.E-4 

0,08 

0,10 

0, 14 

0,20 

Ta0Jll1l.l;a 1. ~asu pacceHHHH -0 B 3aBHCHMOCTH OT 
3HaqeHHH r= (rm

5
n=-5,00;h=0,025) ~~ 

CX8MU nopH~ O(h ). (IlpH .k=1.E-4 
3HaqeHHH O ~OMHOmaIOTCH Ha 10-4) 

r==30,0 r==35,0 r==40,0 r==45,0 r==50,0 

6,55937178 6,55934705 6,55934582 6,55934578 6,55934578 

,520990399 ,520989995 ,520989987 ,520989987 ,520989987 

,648671085 ,648671093 ,648670938 ,648670938 ,648670938 

,898909123 ,898909086 ,898909079 ,898909078 ,898909078 

1,25832539 1,25832522 1,25832522 1,25832522 1,25832522 

Ta0Jll1l.l;a 2. ~a3U pacceHHHH -0 MH nOT8HI.U1Ma Mopae 
rrpH r E [-5,0;45,0], Bll~C~eHHHe no CX8MaM 
·nopH~a O(h4) (nepBaH cTpoKa KaJE,D;ott rpa~u) 
H 0(h6

) (BTOpaH CTpoKa) 

h=0,1 h/2 h/4 0 0 . 
8H. 

6,55930092E-4 6,55934297E-4 6,55934561E-4 15,93 6,559345777E-4 
6,55934549E-4 6,55934578E-4 6,55934578E-4 63,64 

0,5209865362 0,5209897709 0,5209899737 15,96 0,520989987219 
0,52098996479 0,52098998687 Q,52098998721 63,60 

0,6486667124 0,6486706740 0,6486709222 15,96 0,648670938803 
0,64867091136 0,64867093838 0,64867093880 63,64 

0,898903462 0,898908727 0,898909057 15,96 0,898909078980 
0,89890904249 0,89890907841 0,89890907897 63,57 

1 , 258317893 1,258324763 1 , 258325193 15,98 1,258325222009 
1,25832517454 1,25832522126 1,25832522200 63,41 

8 

r 

-5,0 

0,0 

5,0 

10,0 

15,0 

20,0 

25,0 

30,0 

35,0 

40,0 

45,0 

Ta0Jll1l.l;a 3. Bo~OBU8 ~ymaurn: ¢h(r,k) rrpH rE[-5,0;45,0], 
BU~C~8Hlill8 no CX8M8 nop~a O(h6

) Ha 
rroc~e~OBaT8~bHOCTH B~BOe crymaJOIUID(CH 

C8TOK ~ rrpH .k=0,1. 

h=0,1 h/2 h/4 0 

0,439395E-21 0,222568E-83 0,916682E-62 -

-,0055795971 -,0055795929 -,0055795928 62,34 

0,2301104660 0,2301104655 0,2301104656 63,52 

-,3208931104 -,3208930859 -,3208930855 63,68 

-,7509020232 -,7509020054 -,7509020052 63,52 

-,9759652545 -,9759652487 -,9759652486 63,33 

-,9609066398 -,9609066473 -,9609066474 63,71 

-,7105387280 -,7105387471 -,7105387470 63,64 

-,2862047746 -,2862048005 -,2862048009 63,63 

0,2082021179 0,2082020914 0,2082020910 63,34 

0,6516338707 0,6516338502 0,6516338499 63,71 

5. 3aK.mOy:ew,;e 

PaCCMOTpeHHaH CX8Ma 083 cymeCTB8HHUX saTpy,zm:eHHa ~orrycKaeT 
rrpHM08 oOoOmeHHe MH MHOrOKaHMbHOtt HH3KOSHepr8TWl8CKOtt 3~a~ 
paCC8HHHH. IlpH MMUX 3HaqeHHHx HMITY~bCOB MOll!HO ITpHM8HHTb 
arrrrpoKCHM8Ulfil Oo~ee BllCOKOro nopH~ TOllHOCTH, qeM paCCMOTp8HHU8 
B ~8HHOtt pa00T8. · 

IIprumxew,;e 

WpMY~ ~C~8HHOrO ~8p8HI.U1pDBaHHH B ~ax C8TKH ~ ~~H 

arrrrpo&cHMauim mecToro rrop~a: 

¢; = oim(-147¢1+360¢2-450¢3+400¢4-225¢5+72q,6-10¢.r) 

9 



¢'~ = ~(126¢1-70¢2-486¢3+855¢4-670¢5+324¢6-90¢7+11¢8) 
180h 

¢2 = ofui(-10¢1-77¢2+150¢3-100¢4+50¢5-15¢5+2¢7) 

¢'~ = ~(-11¢1+214%-378¢3+130¢4+85¢5-54¢6+16¢7-2¢8) t 
180h · 

¢3 = ofui(2¢1-24¢2-35¢3+80¢4-30¢5+8¢5-¢7) 

¢'1 = 18~h2(2¢1_3-27¢1-2+270¢1-1+490¢1+270¢1+1-27¢1+2+2¢1+3l 

¢~ = ofui(-¢1_3+9¢1-2-45¢1-1+45¢1+1-9¢1+2+¢1+3), 1=4, 5, ••• ,N-3 

(jJ'N-2 = 18~h2 ( - 2¢N-7 +16¢N-6 +54¢N-5 +85¢N-4 +}_30¢N-3 - 378¢N-2 + 
+214¢N_ 1-11¢N) 

%-2 = 5bn(¢N-6-9¢N-5+30¢N-4-BO¢N-3+35N-2+24~-1-2¢N) 

(jJ'N-1 = 18~h2(11¢N-7-90¢N-6+32~-5-670¢N-4+855¢N-3-486¢N-2-

-70¢N-1+126¢N) 

¢N-1 = ofui(-2¢N-6+15¢N-5-50¢N-4+100¢N-3-150N-2+77¢N-1+10~) 

¢N = ofui(10¢N-6-72¢N-5+225¢N-4-400¢N-3+450N-2-360¢N-1+147¢N)• 
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