


B 3TO~ pa6oTe paccMaTp~BaeTCR 3$$eKT r~66ca Ann napa6on~4e
CKO~ cnna~H-~HTepnonR~~~ ~ AnR 4~cneHHoro peweH~n ~HTerpanbHOro 

ypaBHeH~R $peArOnbMa BTOporo pOAa MeTOAOM napa6on~4eCKO~ ~ Ky-
6~4eCKO~ cnna~H-KonnoKa~~~. 

1. 3~~eKT r~66ca AnR Ky6~4eCKO~ cnna~H-~HTepnonR~~~ paccMOT
peH B /l/. HanOMH~M, B 4eM OH COCTO~T. nycTb a a - <)lyHK~~R, 3a
AaHHaR 4epe3 

{ 

0, 0 < x < a, 
a a (x) = 1' aS x :S l . 

PaCCMOTp~M Ky6~4eCK~e ~HTepnonH4~0HH~e cnna~H~ AnR aa. nycTb 
x 1 = ih , h = 1/n , i = 0, 1, ... , n ~ gn - Ky6i-1 1·WCK~~ cnna~t-1 c y3na
M~ Xj ,

2
i = 0,1, ... ,n, ~HTepnon~PYIOlll~~ a a B T04KaX X 1, TO eCTb 

gn~ C(O,l]; B Ka>XAOM ~HTepsane (x 1 ,Xi+l], i=O,l, ... ,n-l,gn 
RBnReTCR anre6pa~4eCK~M MHOro4neHOM TpeTbe~ CTeneH~, YAOBneT-
BOpRIOUI~M KpaeBbiM ycnOB~RM g'n (0) = g~ (1)- 0 ~n~ g;;(O)- g'~(1) = 0 
~ gn(Xt) =aaCxt), i = 0,1, ... , n. TorAa B oKpecTHOCT~ T04K~ a 
.~ ............................. ,.. ............ .......... ..nna.I'T r ... r:;;t=;.,.....,. Tr\IIUIP,P ................ ·--.- ..... .,....,..._ .. 

lim ( SU{? g n (x) - 1 ) = - lim 
n->oo xG;.LO,l] n-.oo 

inf gn(x) =0, 106984 .... 
x c;(o,a) 

111 
TeopeMa A. . 

!aa(x) -gn(x)l < 

AnR x ~ (0, 1] cyllleCTByeT HepaseHCTBo 

3 -la-xl·n 
---=--=--<2 - v3) . 
2(2- v 3) 

CneAcTB~e. AnR 1_5 P < oo ~MeeM II a a - gn II L ----+ 0. 
p n .. oo 

/1/ 

PacCMOTp~M Tenepb 3$$eKT 1~66ca AnR napa6on~4ecKo~ cnna~H
~HTepnonR~~~ c paSHOOTCTORlii~M~ Y3naM~. nycTb sn onpeAenReTCR 
4epe3: 

1 I S n (x 1) =a (x. ) , i = 0, 1 , ... , n, x 
1
. = i/n; 

2 a 1 

2/ Sn ~ C(O,l] ; - -
3/ B Ka>KAOM ~HTepsane (x 1 ,x 1+ 1], i=O,l, ... ,n, x 1 =(x 1_ 1 +x1)/2, 
1,2, ... ,n, xo=O, Xn+t=1, Sn RBnReTCR anre6pa~4ecK~M MHoro-

4neHoM BTOpO~ CTeneH~; 
4/ s;;<o) = s~' (1) = o. 
Xopowo ~3BecTHo, 4To TaKo~ napa6on~4eCK~~ ~HTepnonR~~oHH~~ 

Cnna~H CYl!leCTByeT ~ onpeAenReTCR eA~HCTBeHH~M o6pa30M ~3 yc
nos~~ 1/-4/ /eM., Hanp~Mep, /2//. 

AnR YA06cTsa B~4~cneH~~ s AanbHe~weM ~3MeH~M ~HAeKca~~IO To-
4eK Xi B 3aB~C~MOCT~ OT T04K~ a, nonaraR: 

'·'' 
I 



2 

O=x <x < ..• <x 0 <a~x 1 <x< ••• <Xn=l,k+f=n, 
-k - k+1 2 [ 

- Xt-1+X1 
xi+1-xi =h= 1/n. xi= 2 'x_k=O, Xt+1=1, -k+l ~i~ f. 

B 1-1HTep8aJle [xi, xi+1] sn I-1MeeT 81-1A /cM/21 , CTp.35/: 

2 - 2 
Sn(x) =aa(x 1) + m1(x-x 1 )+c 1(x-x 1) + di(x-xi+ 1)+ , /2/ 

2 0, a<O 
rAe a+ = I 

a 2, a> 0 

113 Sn (xi+1) = aa(xi+~ = ai+1' S~(x 1+1) = mi+1 
/CM. l2l, CTp.3]/: 

/3/ 

B Aai1bHei1weM 6yAeM C4~TaTb, 4TO n CTOilb 8e111-1KO, 4To 1/n <a< 1-1/n, 
T.e. k 2: l, f ;::2. 

113 /3/ CileAyeT, 4TO 

i = 0, 1, ... , k , 

rAe a 1 =- 3 + 2y 2 1-1 a 2 = -3- 2y 2 R811RIOTCR HYilRMI-1 ypa8HeHI-1R 
a 2 +6a+l=0. 

113 ycno81-1R S"(O) = S"(l) =0 nony4aeM /cM/21 cTp.38/: 
n n • 

3m + m = 0, 
-k -k+l 

113 3TI-1X pa8eHCT8 1-1 1-13 /4/ I-1MeeM: 

A 1 + 3a 1 2f-4A 
2 = - a1 1 ' 

1 + 3a2 

1 + 3al 
B2 =- --~ a2k-2a 

1+3a2 1 1 

Pa8eHCT8a /4/ H /5/ AaiOT: 

1-1( 2f-2i-2 m 
1 

= A 1 a 
1 

1 +Ca 
1 

) , i = 1,2, ... ,f, 

B l(l 2k-2i-2) 
m_ i = 1 a 1 + ca 1 ' i = 0, 1, ... ,k, 

rAe c =- (1 + 3a 1)/(1 + 3a2 ). 
OnpeAeilHM Tenepb A 1 H 8 1 • 113 /3/ nony4aeM: 

m0 + 6m 1+m2 =4/h, m_1 +6m 0 + m 1 = 4/h. 

/4/ 

/51 

/6/ 

171 

.) 

B8HAY /4/, /5/ cHcTeMa /7/ 3K8H8aneHTHa cHcTeMe 

A 1 (6 + a 1 +6caif- 4 + ca 2/- 8)+B 1(1+ ca 2f-2>= 4/h, 

A (1 + ca 2 f- 4) + B (6 +a + ca2k-8+ 6ca 2k-2) = 4/h 1 1 1 11 1 , 

H3 KoTopoi1 nony4aeM: 

rAe t = 8s + a 1 s + 6r + a 1 r + rs - p - q - pq, t 1 = 4s - 4p, t 
2 

= 4r - 4q, 

r -eca2f-4 c 2f-s P ca2k-2q-c 2f-4 8 _ 0 2k-S+"'ca2k-2 
- 1 + a1 • = 1 •- a1 •- a1 u 1 

!8! 

/9/ 

/10/ 

CllyHKLIHR S'n o6pa~aeTcR_ 8 HYilb TOilbKO 8 OAHOH T04Ke x 1 ~[x1,x1+~' 
-i=1, ... , t-1. nycTb S~(xl) =0. EcTb A8a Cily4aR: 

a/ €1 ~ [!_1 , il+1 ], i 1+1"' (xi+ x 1+ 1)/2, 
6/ XI~ (XI+1 'Xf+1]. 

113 /2/ 8 cny4ae a/ nony4aeM: 

s~ (xI) = m I + 2c I (X I - X I) = 0 ' I 11 I 

"' 8 cny4ae 6/ /o6o3Ha4aR TOrAa cooTBeTcTBY~HH HYilb 4epe3 x 1 I 
. - -

s~ (xI ) = m I + 2c I (X I -X I) + 2d I (xI - X I + 1) "' 0. I 12/ 

H3/2/, CTp.35,36 CileAyeT, 4TO AI1R cJ)yHKLIHH Ua HMeiOT MeCTO 
paseHcTsa: 

H3 /11/ H /13/ nony4aeM 

- ml 
X I =X I + b 1 

3m 1 + ml+ 1 

a H3 /12/ H /13/: 

ml+1+ m 1 h 
XI=XI+1- '2' 

3ml+ 1-m 1+2 

H3 npeACTasneHHR m1 a /6/ HMeeM: 

0 < 

/13/ 

/14/ 

/15/ 
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a /14/,/15/ ,qaiOT HaM i'tce[x 1,x 1+ 1], i' 1§[i"1+ 1,x 1t1.]. Cne
,qoaaTe11bHo, 6/ He MO>KeT HMeTb MeCTa, H Xt =Xt+(mt t3mt+mt+l))h. 
H3 /13/, /6/ H /9/ RBCTByeT Sl8JlCt=-signmi""(-d, i=1,2, ••• ,f, 
BsH,qy signS;;"(i1) = signc 1 = (-1) nony4aeM, 4TO 8 0 HMeeT no
cne,qosaTe11bH~e 110Ka11bH~e MHHHMYM~ H MaKCHMYM~ B HHTepBaJlaX 
[x 1 ,xi+ 1 ], i= 1,2, ••• , f-l.B HHTepsane [x 1,xi+ 1 ] H3 /6/, /9/ 
H /14/ HaXO,C\HM: 

- m1 3mt+m 1+ 1 h 2m, 3m,h 
sn (xi) = 1 + mi h- . = 1 + _:...._:...._ __ 

3m 1 + m1+ 1 2h (3m 1 +m I+ 1 ) 2 2(3m 1+ m1+ 1) 

(20+4a +t )(1 +aaet-21-2)2 /16/ 
1-1 1 1: 1 1-1 

= 1 + a 1 = 1 + C (i) a 1 . 
2(34 + 6a1 + t)(3 +a 1 + 3aa2f -21-2 +a a1t- 21-8) 

B HHTepsane [x 1,x 2 ] npH n _. oo /T.e. npH k-+ oo, f-+ ""• i c 1 I 
HMeeM: 

H3 npHse,qeHH~x a~we paccy>K,qeHHH cne,qyeT, 4TO B HHTepsane 
[x 0,x 1) $YHK4HR S~ He o6pa~aeTCR B HY11b, T.e. 

"3 /lb/ cne,qyeT, 4TO ,q11R x c;; Lx 1 ,xi+V• i =1,2, ••• ,t-1 HMeeM: 

/17/ 

1-1 1-1 
IS0 (x)-ua(x)l~la 1 1 C(i)~cla 1 1 , /19/ 

r,qe c - a6coniOTHaR nocToRHHaR. Mo>KeM C4HTaTb, 4TO c ~ 1 . 
TaK KaK ,C\11R X c;; [xi' xi+~· i c1,2, ••• ,f-1 B~nonHeHO a+ i/n-s_x 

H, cne,qoaaTe11bHO, i -1< (x-a)n- 1, H3 /19/ no11y4aeM 

c lx-aln 
\S0 (X) -ua(x)l ~ --la 1 1 /20/ 

Ia 1l 

AHa110rH4HO,HepaseHCTBO /20/ HMeeT MeCTO H AJ1R X te [XI' X i+1), 
i .. -k, -k + 1, ••• ,-1. H3 /18/ H /20/ cne,qyeT 

TeopeMa 1. napa6o11H4ecKHH HHTepno11R4HOHH~H cnnaHH 8 0 ,qnR 

$YHK4HH ua, y,qosneTBOPR~HH YC110BHRM /1-4/, y,qosneTBOpReT __ 
IS 0 (x) -ua(x)l :S cqlx-aln, x c;; [0, 1], r,qe q=3-2-./2, 

a c - a6c01110THaR nocToRHHaR. PaBeHCTBO /17/ ,qaeT HaM 

TeopeMy 2. AnR~apa6o11H4eCKoro HHTepno11R4HOHHoro cnnaHHa 
$YHK4HH U a HMeeT MeCTO 3$$eKT rH66ca Be11H4HHOH 100(-./2-1) /4% 
OT Be11H4HH~ CKa4Ka. 

~13 TeopeM~ 1 cpa3y nony4aeM 
Cne,qCTBHe. IIS0 -ua11L ___. 0, 1~p<..,. 

p n-> oo 

0603Ha4HM 4epe3 Q KJlaCC $YHK4HH (, KYC04HO-Henpep~BH~X Ha 
OTpe3Ke [ 0,1 ), KOTOp~e HMeiOT Ha OTpe3Ke [ 0,1) TOilbKO KOHe4HOe 
4HC110 pa3p~aos nepsoro po,qa C(x + 0) = f(x). AilR 11106oH $YHK4HH 

n 
r ~ Q cy~ecTsyeT npe,qcTasneHHe r = g + ~ a 1 uai' n< oo, gee C[o t], 

I 
0, x < a 1 = 1 , 

r,qe u a (x) = 1, x > a 

TaK KaK HHTepn011R4HOHH~H onepaTop RB11ReTCR 11HHeHH~M, TO 1-13 
CXO,C\HMOCTH HHTepn011R4HOHH~X napa6011H4eCKHX H Ky6H4eCKHX Cn11aH
HOB npH paBHOMepHOH ceTKe ,C\11R 11000H Henpep~BHOH $yHK4HH /eM., 
HanpHMep, 121 /, TeopeM A,1,2 H cne,qcTBHR nony4aeM 

TeopeMy 3. nycTb rc;; Q. Tor,qa AJ1R napa6011H4eCKOH H KY6H4eCKOH 
Cn11aHH-HHTepno11R4HH npH paBHOMepHOH CeTKe H npH Hy11eB~X Kpae
B~X YC110BHRX ,C\11R BTOP~X npOH3BO,qH~X Cn11aHHa B KOH4aX HHTepBa11a 
HMeeM CXO,C\HMOCTb HHTepn011R4HOHH~X CnJlaHHOB K $yHK4HH f B Lp , 
1 :S p < oo, npH n -+ oo In - 4HC110 y3110B HHTepn011R4HH/. B :o4Kax 
pa3p~BOB $YHK4HH f cy~eCTByeT 3$$eKT r1o166ca Be11H4HHOH 
100 (-./2-1)/ 4 % "'10% OT CKa4Ka ,C\11R napa6011H4eCKOH Cn11aHH-HHTep
n011R4HH H "'10,698% - ,C\11R Ky6H4eCKOH. 

2. PacCMOTPHM Tenepb HHTerpa11bHOe ypaaHeHHe $pe,qr011bMa BTO

poro po,qa: 

··' _, " r ,.,.,_ •' .. ,., ~· *'•' /21/ 
., \ _, - -~ J & .. ,4, .. , f1 \.·J -· - - ,., -

0 
B ,qaJlbHeHWeM 6y,qeM C4HTaTb' 4TO r c;; Q' K ~ Q /no o6eHM nepe-

MeHH~M/. KaK cne,qcTaHe, y To>Ke npHHa,qne>KHT Knaccy Q • 
121 

6y,qeM pewaTb ypaaHeHHe /21/ MeTO,qOM Cn11aHH-K011110Ka4HH/CM. , 
cTp. 213/. To4Hee, nycTb n - HaTypa11bHoe 4HC110, h = 1/n , , x 1 • ih, 
i = _ 1, o, ... , n + 1. AnR napa6o11H4eCKHX cnnaHHOB nonaraeM S 2 (x) = 

n + 1 h -2 8 k 3 3h 2 
=~dB (x),r,qe B 0(x)=- ~ (-1) (k)(x+-

2 
-kh)+,Bk(x)=B0(x-kh), 

k=-1 k k 2 k=O 
n+l 

a ,qnR Ky6H4eCKHx: 88 (x) = ~ .ckDk(x) , r,qe 
k,_l 

h-8 4 k 4 8 
0 0 (x) =- ~ (-1) (k)(I+2h-kh)+, Dk(x)=0 0(x- kh) • 

8 k=O 

Ko3$$H4HeHT~ dk , ck onpe,qe11RIOTCR H3 Kpaeaoro yc110BHR 
= 8'~(1) = 0, (S3(0)"' S3'(l) "" 0) H ycnoBHR K011110Ka4HH B 

x 1 , i = 0, 1, ... , n 
1 

Sk(x 1) = f(x 1)+A ( K(x 1,t)Sk(t)dt, k = 2,3. 

0 

T04Kax 

122/ 

nycTb s k k = 2,3 - HHTepno11R4HOHH~H napa6o11H4eCKHH I cooT a. n, , . 
Ky6H4eCKHH/ cnnaHH, HHTepn011HPY~HH Y B T04KaX X1= 1h, 

1, - 0 n h~ - 1/n Y"0B11eTBOPR~HH COOTBeTCTBY~HM Kpaea~M yc-
- ' ... , ' - t M /2/ 4 

110BHRM S" (O),. S" (l) = 0, k = 2,3. Tor,qa /cp. , cTp.21 I 
n, k n,k 
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1 
Sn,k (xi) =!(xi) + .\ ~ K(xi, t) Sn,k (t) dt + /23/ 

1 
+ .\ f K(xi, t) (y(t) - S k(t) )dt. o n, 

nonaraeM c/Jn (x) = Sn,k(x) - Sk (x) 
1\c/Jnll 

0
= max lc/Jn(x)\. Bb14HTa.R 

1:~ [0,1] 

I sk YAOBJleTBOp.ReT /22/ I' 
H3 /23/ paeeHcTeo /22/, nony-

4aeM, npH ycnoBHH 
1 . 

max f I K '(:r., t) I dt = p < 1/5, 
/24/ 

0~1:~ 1 0 

4TO /TaK KaK 1/6 II¢ II < n c = 
max \c/Jn(xi)\*/ 

0 <i<n 

\\rb. I\ < X\\K\\cl\ Y -Sn,k \\L1"' = 
n c- 1/Q _ ' 

rAe \\K\\
0

-= supi\K(i,t)!; x ~ [0,1], t ~ [0, 1] I, I \\K\\ 0 <oo TaK 
KaK K c;;.Q I. EcnH y ~ Q, To B CHllY TeopeMbl 3 HMeeM \IY- Sn,k II L t 0, 

n -+ oo, H, CJleAOBaTeJlbHO, 
/25/ 

1\c/Jn \\ 0 ... o, n -+oo. 

TaK KaK IIY-StllL ~ \IY-Sn,k 1\L +llc/Jn\1 0 , l~Pll oo, TO 
no11y4aeM P P 

TeopeMy 4. An.R 4HCJ1eHHoro peweHH.R HHTerpallbHoro ypaeHeHH.R 
~peArOJlbMa BTOporo poAa /21/ MeTOAOM napa6oJ1H4eCKOH HJlH Ky6H4e
CKOH cnJlaHH-KOMOKal.IHH /22/ npH npeAnono!KeHHH, 4TO ! ~ Q, K ~ Q 

I - I 1""1.1 --··· II• n II n. '-
/IIU liUt:ru-. IIC:::f.n;:,..c:::nnDIM/ " 1 ,.,, , nrn .• ~,.. • 111.- ~ II L p --.... u, a- ...,., u , 

1 ~ p < 
00 

• n-+oo 
B T04Kax pa3pb1BOB peweHH.R y nony4aeM 3~eKT fH66ca eeJ1H4H

HOH ·1 0,6984% oT aeJ1H4HHbl cKa4Ka All.R Ky6H4eCKHX cnnaHHOB H .. 1 0% 
All.R napa6onH4ecKHX. BTopa.R 4aCTb TeopeMbl cneAyeT H3 /25/ H Teo-

peMbl 3. 
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7 p. 40 K, 

8 p. QQ K, 

3 p. 50 K, 

3 p. 00 K. 

5 p. 00 K, 

2 p. 50 K. 

2 p. 50 K. 

3 p. 60 K. 

5 p. 40 K, 

) p. LU K. 

3 p. 80 K. 

p. 75 K, 

3 p. 30 K, 

5 p. 00 K, 

4 p, 80 K, 

11 p. 40 K. 

2 p. 50 K, 

6 p. 55 K • 

2 p. 00 K, 

3aKa3bl Ha ynoMRHYTble KHHrH MoryT 6b1Tb HaPvasneHbl no anpecy: 
101000 MOCKBa, rnaBnO'IT8MT, 11/fl 79 

~3A8TenbCKHH OTnen 06benHHeHHOrO HHCTHTYT8 RnePHbiX HCCnenoB8HHA 



TEMATWIECKHE KATErOPHH nYBJIHKAUHR 

OBnE~HHOrO HHCTHTYTA ~PHYX 
HCCJIE,AOBA~ 

TeMBTIIKB 

1. 3KcnepHMeHTanbHa~ ~3HKa BWCOKHX 3HeprHH 

2. TeopeTH~eCKa~ ~3HKa BWCOKMX 3HeprHH 

3. 3KcnepHMeHTanbHa~ HeHTpoHHa~ ~3HKa 

4. TeopeTH~ecKa~ ~3HKa HH3KHX 3HeprHH 

5. MaTeMaTHKa 

6. RAepHa~ cneKTPOCKOnH~ H paAHOXHMH~ 

7. ~3HKa T~*enwx HOHOB 

8. KpHoreHHKa 

9. YcKOPHTenH 

10. AaTOMaTH3a~H~ o6pa6oTKH 3KcnepHMeHTanbHWX 
AaHHWX 

11. Bw~HcnHTenbHa~ MaTeMaTHKa H TeXHHKa 

12. XHMH~ 

13. TexHHKa ~H3H~ecKoro 3KcnepHMeHTa 

14. HccneAoaaHH~ TaepAWx Ten H *HAKOcTeH 
~AepHWMH MeTOAaMH 

15. 3KcnepHMeHTanbHa~ ~3HKa ~AePHWX peaK~HH 
npH HH3KHX 3HeprH~X 

16. ao3HMeTPH~ H ~3HKa 3a~TW 

17. TeopH~ KOHAeHCHpOBaHHOrO COCTO~HH~ 

18. HcnonbsoaaHHe pesynbTaToa H MeTOAOB 
~YHAaMeHTanbHWX ¢M3H~eCKHX HCCneAOBaHHH 
8 CMe*HWX o6nacT~X H8YKH H TeXHHKH 

19. 6H~H3HKa 


