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CepAIOKoaa C.H. PS 80 431 

0 AOCTH*HMOCTH MHHHMaflbHOro nOPRAKB norpCWHOCTH 
HHTerpHpOBaHHR rHnep60flH4CCKHX ypaBHCHH~ MCTOAOM 
KOHC4H~X pa3HOCTC~ B paBHOMCpHO~ MCTPHKC 

Hsy4aiOTCR KoHe4Ho-pa3HOCTHYe MCTOAY peweHHR saAa4H KowH 
AnR ypaaHeHHR u t + u x = 0. PaccMaTpHBaJOTCR RBHble pa3HOCTH~e 
CXeM~ MaKCHManbHOro npH 3aAaHHOM Ha6ope T04CK nOPRAKa T04-
HOCTH 2k- 1. HaKnaAbiBaeTCR CCTCCTBCHHOe OrpaHH4CHHC Ha OT
HOWCHHe waroa CCTKH 0 < y< 1 • .llnR HB48flbHYX AaHHbiX H3 C~((f) 
H k=O(lnh-1

) yCT8HOBflCHa 04CHKB norpeWHOCTH peweHHR B 
paBHOMCPHO~ MCTPHKC nOPRAKB O(h N+alnln h -l ) . nony4CHbl 
acHMnTOTH4CCKHe 04CHKH pa3HOCTHO~ <!IYHK4HH rpHHa H 11 pa3HOCT
HO~ CTyneHbKH 11 . 4HC110 T04CK, Ha KOTOpble "pa3MbiBaCTCR11 pas
PbiB, nponop4HOHanbHO ln h - 1 

Pa60T8 BblnOnHCHa B fla6opaTOPHH Bbi4HCflHTCflbHO~ TCXHHKH 
H aBTOMaTH3ai.IHH OHHH. 

OpenpHHT 06~eAHHeHHoro HHCTHTyTa RAePHWX HccneAoBaHHH. AY6Ha 1980 

Serdyukova S.I. PS 80 431 

On Attainability of Mir.'mum Prder of Error of 
Int~g~a!io~ ~~- Hyp~r~o~ic Equat~ons by Difference 

B pa6oTe 1 1 1 H3y4a~TCR KOHc4Ho-pa3HOCTHble MeTOAbl peweHHR 

3aAa4H KowH AflR ypasHeHHR ut+ux = 0 npH Ha4anbHbiX ycnoBHRX 

u 0 (x) H3 p p((l') • p p((t) - KnaCC nepHOAH4CCKHX C nepHOAOM 

2rr $YHK4HH, YAOBflCTBOpR~~HX YCflOBH~ 
2rr 
f lu<g>(x) 12 dx S. (j 

2
• 

0 

YpaBHCHHC HHTerpHpyeTCR MeTOAOM KOHe4HbiX pa3HOCTeH no 

ceTKe c waraMH r, h • EcnH H3BeCTHb1 3Ha4eHHR peweHHR npH 

t = t 0 =ll • T , X= Xv = V• h , TO MOlKHO onpeAeflHTb peweHHe C T04-
HOCTb~ AO BCflH4HHbl nopRAKa O(hP) • no3TOMY HMeeTCR npHH-

4HnHaflbHaR B03MOlKHOCTb, HHTerpHpyR no TaKOH ceTKe, nony4HTb 

peweHHe c T04HOCTb~ O(h P) • noKa3aHO, 4TO B L 2 TaKaR 803-

MOlKHOCTb peanH3YCTCR, ecnH HCnOflb3Y~TCR pa3HOCTHble annpOKCH

Ma4HH nopRAKa T04HOCTH ln h - 1 • PaccMaTpHsa~TCR RBHble pa3-

HOCTHble CXeMbl MaKCHMaflbHOrO npH 3aAaHHOM Ha6ope T04eK nopRA

Ka T04HOCTH. HaKnaAbiBaeTCR CCTeCTBeHHOe orpaHH4eHHe Ha OTHO
WCHHe waros ceTKH (r/ h) S. 1. 

8 npeAflaraeMOH pa6oTe HCCflCAYCTCR CXOAHMOCTb B paBHOMep

HOH MeTpHKe, s C . PaccMaTpHsaeTCR nOAKnacc cxeM He4eTHoro 
nopRAKa T04HOCTH 2k - 1. 8 Cfly4ae KOHC4HOrO k 3TH CXCMbl 

ycTOH4HBbl B C 1 2
•
31 

• npH Ha4aflbHbiX AaHHbiX H3 C ~ ((j) AflR 

CXeM nopRAKa T04HOCTH lnh-1 ycTaHOBfleHa OUeHKa norpeWHOCTH 
N+a. -1 

peweHHR s C nopRAKa T04HOCTH O(h mlnh ) . B npouecce 

AOKa3aTeflbCTBa nony4eHbl aCHMnTOTH4eCKHe OUeHKH pa3HOCTHOH 
$YHKUHH rpHHa. 

KpoMe Toro, nony4eHbl acHMnTOTH4ecKHe 04eHKH peweHHR pa3-
HOCTHOH 3aAa4H B OKpeCTHOCTH H30flHPOBaHHOrO pa3pb1Ba. npH 

C4eTe pa3pbiBHbiX peweHHH BalKHO, 4T06bl 30Ha 11 pa3MbiBaHHR ;>a3pbi
Ba11 6blna KaK MOlKHO ylKe. noKa3aHO, 4TO 4HCfl0 T04eK, Ha ' 'OTOpble 

pa3Mb1BaeTCR pa3pb1B, nponOPUHOHaflbHO nopRAKY CXeMbl. 30H, pa3-
Mb1BaHHR pa3pb1Ba HMeeT WHPHHY nOPRAKa O(lnh - 1 ). ,lJ,nR CXCM KO

He4HOrO nOpRAKa T04HOCTH q WHPHHa 30Hbl pa3MbiBaHHR pa3pb1Ba 

--1- 14,5,6/ 
HMCeT nopRAOK h q+ 1 • npH AOKa3aTenbCTBe OCHOBHbiX 

04eHOK Hcnonb3yeTCR MeTOA nepesana. To4KH nepesana, onpeAenR~

~He aCHMnTOTHKy, nelKaT BfiflH3H OKPYlKHOCTH KOHe4HOrO paAHYCa. 

4Hcno To4eK nepeaana nponopuHoHanbHO nOPRAKY cxeMbi,H OHH c6nH
lKa~TCR npH h ... 0 • OcHOBHble oueHKH nony4a~TCR cyMMHposaHHeM 

aCHMnTOTH4eCKHX Bb14eTOB no MHOlKeCTBY onpeAeflR~~HX T04eK nepe

Bana. 8 Cfly4ae CXeM KOHe4HOrO nopRAKa T04HOCTH aCHMnTOTHKa 

onpeAenReTCR ABYMR H30flHpOBaHHbiMH T04KaMH nepesana. 
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HTaK, o6cym~aeTCH 4~cneHHOe peweH~e aa,qa4~ Kow~ ~R ypae
HeH~H Ut+Ux=O c Ha4anbHbiM~ ~aHHbiM~ Uo(x) ~a· caN(.d). Pac
CMaTp~BaiOTCH pa3HOCTHbte annpOKC~Mal..l~~ nopH,qKa 2k - 1 no M~
H~ManbHOMy Ha6opy T04eK: 

k-1 
·un+l =I ·a u 0 v:....o +t· + 

v e ==·-k, e ,I;'+ e , - . - . -2 ...• 

ae =a_k+r ==(-1) k+r 
(k -y) ... (i -y)y(l+y) ... (k-l+y) 

(2k-1)! 

r 
c 2k-1 
-'--

(-k+r+y) 

4epea y , o6oaHa4~Ho OTHoweH~e waroe ,ceTK~ 
4epe3 · f(¢) ~apaKTep~ CT~4eCKyiO. <!JYH KLI~IO 

r,/ h. 0603Ha4~M 

··k-1 ·e 
t(¢) = I a e . e. 1 ¢ 

f=-k 

.. 

llp~.Y <S1. ·aa,qa4a Kow'l-1 ycTOH4~e·a e L
2

: jf(¢)_f'5._1,0~¢'5,2rr'1 1,7l, 
B_ OKpecTHOCT~ ¢'= 0 xapaKTep~tT~4ec~aH <!JYHKLI~H A()nycKaeT 
npe,qcTaeneH~e · · 

e iy¢, -'f(¢) = 1 - sm yrr 
1T 

r(J~+1-y)r(k+,y) ¢2k,+0<¢·2k+"\ ·) =· 
ri2k+1) ,. 

=:1- sin yrr 
1T 

4<t) 2k,(1 + O(k -1)) + 0(¢ 2k;l). 

Y4~TbtBaH peaynbTaTbt pa6oTbt· 111 ·, nony4aeM, 4TO 

jf(¢)1 < exp 1- sin yrr V rr sin 2k:2_ l. 
- 4rr k 2 

!i ... 

' 
~apaKTep~cT~~ecKaH ¢YHK4~H ~onycKaeT npe,qcTae~eH~e ,.'" 

I• 

-iy¢ ¢. 2k-l u . 1 
f(¢)=e (1-A fsm 2 expi,(y-

2
)udu) 

0 '' f 

(k-y) ... (1-y)y d +y) ... (k -1 +y) 2k-l 
A= · • · . 2 ·= 

(2k- ,1)! 

2 

"\ 

sin yrr 
1T 

~ 

yktt(l'+O(k'J1
)). 

.-

' r) 
1 I\ 

! II 

\r1 

PaaHOCTHaH <!JYHKLI~R rp~Ha r:: ~ "paaHOCTHaH CTyneHbKa" G e 
- peweH~R aa,qa4~ Kow~ co cne~YIOli\~M~ Ha4anbHbtM~ ~aHHbtM~: 

0 ~ 1, ll = 0. 0 ( 0, ll < 0. r = a = ~ 
v 0, vf,O, 11 (1. v=::O. 

nonom~M k = [ lnr/4ln sin:], j == v- ynt J0 == IY!ax(1, nAk), 

<l>~-=Gr-(1+sgnj)/2, t=n•r::;l. nocTO.AHHbte B ~ C He 3aB~CHT H~ OT 
li , H~ OT k , HH OT y, 

IleMMa 
11IlOKaJ1~3al..l~~~~·: Hai1,qeTc.A nocTOHHHaH B TaKaH, 4TO np~ 

0 < y < 1 ~Ilfl ecex n 2 1 

n ~ -1 
I 1rj I<B(kexp(-nAr /4k) +Jo). 

IJI > J0 

AHanor~4HaH Ol..leHKa sepHa ~H <I>n 
j 

.JA -
3aMeT~M, 4TO np~ n>> r 2 ·yk Jo OrpaH~4~BaeT 30Hy, B KOTO-

POH 
11

pa3HOCTHafl CTyneHbKa 11 OTJ1~4aeTCH OT 11 CTyneHbK11111. Ha ee
I1~4~Hy nopH~Ka 1 • B TaKoM CMbtcne ynoTpe6n.AeTc.A TepMHH noKan~-
aaLIHH • .QnR OCTanbHbiX n 3Ta Ol..leHKa HBnHeTCH OCHOBHOH. JleMMa 
noKai11113al..l~~ ,qoKasbteaeTCH ~HTerpHpoeaH~eM no 4aCTHM. Hcnonb-

3YIOTCH ~3BeCTHbte lll~lTerpaJlbHble npe~CTaB.I)eHHH: 

r ~ =2 _1 lrn(¢)eiv¢ d¢, 
1T -17 

n 1 iv¢ 
G v == - f f n( ¢ ) e d P 

217 ·,/.. 
· L (1- e - 1'f') 

BHe Manoi1 oKpecTHOCT~ HYllH L cosna,qaeT c OTpeaKOM. [-17,17]. 
non10c o6xo~~TCH no npo~3BOJ1bHOMy nyT~·B HlllmHeH nonynllOCKOCTIII. 

H~mecne,qyiOli\He neMMa 111 TeopeMa ,qaKJT T04HYIO no nopH,qKy Ol..leH
~ -Ky aoHbt pa3Mb1BaHHH ~aon~posaHHOro paapbtBa np~ n »r- z yk. 

TeopeMa . np~ 3k < j .,;._ J 0> 0 < y <1 ' n.::;; r -1 aotMnTOT~I<a 

<!JYHKI..IIIIi1 r j' G j -1 onpe~enHeTCH CYMMOH acHMnTOT~4eCK~X Bbt-
4eTOB OTHOCIIITeilbHO T04eK nepeeane. tr <!JYHK'-1~111 

.f•
0 

(2arcsin t)' exp,(2i v arcs'in t) , 

pacnonomeHHbtX e sepxHei1 nonynnocKOCTH. Cnpase~~so cooTHowe-

HHe ~ 2 -~. 
k-1 e 2te(1-tr-> ·k · 

rn= I t-1). (1+pe<-lf.))exp!arcsinte-
J f=O (2k-1)rrij l · 
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tf 
--(1 + O(k - 1 ) )} + R ~, 

2k J 
\R~I <; exp(-nAr 114 /4k), 

~ 

l 2k-1 TT/2 + 2TTf te ~ (-) expi , tt =t 0 (1 +O(k-2 )), 
nA <>1.1 t t 

sin 2~(1+0(k-1 )) <It~ I< sin~(1+0(k- 1 )) 
4 L 4 

ACMMnTOTHKa G j-1 OTJlH4aeTCfl OT aCHMnTOTHKH rJ MHOliU1TeJleM 
(1+ 2it£) - 1 nOA 3HaKOM CYMMbl. npH -J0 ~j < -3k aCI-!MnTOTHKa onpeAe
I1fleTCfl T04KaMM nepeeana, pacnonomeHHbiMM B Hiii>KHei1 nonynnocKOCTH. 

CneACTBMe. CytlleCTByeT nocTOfiHHafl B TaKafl, U.TO 

sk <I Jl < J I r ~ I < n. 
- 0 

~ I<IJ ~I< B. 
sk< I i 190 J 

CyMM:Apyfl acHMnTOTH4eCK~Ie Bbll.leTbl no MeTOAY A6enfl, nonyl.laeM 
1 

1 ( . 2k/ A ) 2k -1 exp-- J n 
5k 

c 

lr tl < lvJk I 

AHanorMl.IHal'l otteHKa oepHa ,qnfl ¢ f . 
JleMMa. npH 0 < y < 1, T -'h (Ak)-1 s. n s. T -

1 

~ lr n I ':::: ln k, 
li I -:;_ sk 

}; \<IJ n I i I ~ sk Y I ~ In k . 

J.1HTerpaJlbr no 1 t I > t 0 = y s1n} , t = sin{- , 3KcnoHeHI.l11a1lbHO 

MCl.hbl. Ecml it I s t 0 • 

fl(¢) .~iyn¢ = expl- nA 
k 

1Jon0W.HM t 
2

=t
1 
(1+ bk-1) , 

/J.nfl ltl <t 1 \ntl(y,t)l< ~-; 

... 2k ¢ 
om 2 A. 1 
--r--(1+(){~)) exp i (y- -)¢ l=expnO{y, t). 
coal. k 2 

2 

4>1 
t =sin-

2 
, 

1 . 

np11 !tl ~t 2 

nAk-lt 2k /v1 -t2 = _!_ 
1 1 4 • 

\fn I< cxp _ . .?b+1_ 
8 

11H:re1-J:;!V.pyfi 110 t.JaCTfll~, nbJlyQiH~M 

4 

" 

n 
,, 
~ 

q 

'1 
f . .. 

n 

r n_ 
j -

sinj<pl Rn·+O(k-1), ---+ j I 
n 3 · R J I < -- exp _ 2b+ 1 

b I s . 

<IJj HMeeT aHanorH4Hoe npeACTasneHHe. OtteHKH norpel!IHOCTI1 
peweHHfl npH Ha4aJlbHbiX AaHHbiX wa C~(fi) flBJlfiiOTC.A npocTbiM cne,q
CTDI1eM nony4eHHbiX Ol.leHOK r j , G j . 

npHHOWY rny6oKyiO 6naro,qapHOCTb npo¢eccopy H.C.oaxsanosy, 
KOTOpbiH npHBJ1eK MOe BHI1MaHHe K 3TOi1 3aAa4e. 
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TEMATH~CKHE KATErOPHH IIYBn~AUHR 

OB»E~EHHOrO HHCTHTYTA ~PHNX 
HCCJIE~OBAirnA 

HH.lleKc TeMaTJIKa 

1. 3KcnepHMeHTafibHa~ $H3HKa BW~OKHX 3HeprHH 

2. TeopeTH4eCKa~ ~H3HKa BWCOKHX 3HeprHH 

3. 3KcnepHMeHTafibHa~ HeHTpOHHa~ ~H3HKa 

4. TeopeTH4ecKa~ $H3HKa HH3KHx 3~eprHH 

5. MaTeMaTHKa 

6. ~AepHa~ cneKTPOCKOnH~ H paAHOXHMH~ 

]. $H3HKa T~*enwx HOHOB 

8. KpHoreHHKa 

9. YcKOPHTenH 

10. ABTOMaTH3a~H~ o6pa6oTKH 3KcnepHMeHTanbHWX 
AaHHWX 

11. Bw4HCfiHTenbHa~ MaTeMaTHKa H TeXHHKa 

12. XHM!o1~ 

13. TexHHKa ~H3H4ecKoro 3KcnepHMeHTa 

14. HccneAOBaHH~ TBePAWX Ten H mHAKOCTeH 
~AePHWMH MeTOAaMH 

15. 3KcnepHMeHTanbHa~ $H3HKa ~AePHWX peaK~HH 
npH HH3KHX 3HeprHRX 

16. ~03HMeTpH~ H $H3HKa 3a~HTW 

17. TeopH~ KOHAeHCHPOBaHHOrO COCTO~HH~ 

18. HcnonbsoaaHHe peaynbTaToB H MeTOAOB 
$YHAaMeHTanbHWX $H3H4e.P<HX HCCfieAOBaHHH 
B CMemHWX 06nacT~X HayKH H TeXHHKH 

., 

• I 

\ 
I 

\' 

l 

j 

J 

'" 
~ r n• 

·' 

Het JIM npo6eJioB B Barne:ti' '6H6JmoTeKe? 
Bbl MoliCeTe noJJy'li1Tb no l\O'lTe-nepe'li1CJJeHHbie. HIIJKe KH11rl!, 

ecJJI! OHI1 He 6biJJI! 3aKa3aHbi paHee. · 
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