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PaccmarpuBarorcst kBagpaTypHbie (hOPMYJIBI JJTsl CHHTYJISIDHBIX HHTErpaJjioB ¢ siapom Kormmm ¢ oneHkaMu
norperrHocTeit. ONUCHIBAIOTCA OCHOBHBIE METOJBI AIITPOKCHMAIINN CUHTYJISPHBIX WHTETPAJIOB JOCTATOY-
HO OOIIMX KJIACCOB IUIOTHOCTEH. AHAJIM3UPYIOTCS OCHOBHBIE KBaJpaTypHble (DOPMYJIbI, IIOCTPOEHHBIE B
IIOCJIETHUE TOJIBI.

KirodeBsbie ciioBa: CHHIYJISIDHBIN HHTErpaJjl, KBaaApaTypHast (popMysia, HOrPemHOCTb POPMYIIbL, IJIOT-
HOCTb, CXOJIUMOCTb BBIYMCJIUTEIBHOI'O IIPOIeCcCa.

B nacrosiinee BpeMsi Teopusi CHHTYJISPHBIX MHTEI'PAJIOB U CHUHIYJISPHBIX HMHTEIPAJIbHBIX
ypaBHeHUil ¢ gapoMm KoImum HAXOIUT IUPOKOE TPUJIOKEHHE B MaTEMATHIECKUX U TEXHUYIe-
ckux uccieoBanugx. [IIupoko u3BecTHbIM HPUIOKEHUAM HHTerpasa Koium u cuurynsapabix
MHTErPAJIbHBIX ypaBHeHuil nocesinensbl Monorpacdun H. U. Mycxemumsuau |17, 18], 1. H.
Bekya [3], C. I. Muxuuna [15], @. 1. Taxosa [6], 3. IIpecaopda [20] u xp.

BaknocTb «J10BeJIeHUS 0 YUCIay PEIIEHUIl CHHIYISPHBIX UHTErPAJIbHBIX YPaBHEHUN He
pa3 MoaYepKUBAIN U3BECTHbIE MaTeMaTuku, Takue, kak H. M. Mycxemumsuim, M. A. Jlas-
perTbes, C. I Muxmun, X. Myasronn, V. H. Bekya. IlepBble BazkHbIE pe3yIbTaThbl B 9TOM
HarpasJieHun 6bLin nosydensl B pabore M. A. Jlaspenrtbena [11] B 1932 1.

B npeaucnosun akagemuka C. A. Harmruna K 9Toit padore 6bLJIO OTMEYEHO BaXKHOE 3Ha-
YeHne pe3yJIbTaToOB YKA3aHHOIO XapakTepa U ObLIO BHIPAXKEHO IOXKeJIaHne, YTOObI 9TH UCCTIe-
JIOBaHUS OBLITU ITPOJOJIKEHBI, B YACTHOCTHU, B HAIIPABJICHUH YIIPOIIEHUS [IPUEMA U YBEJIMICHUS
ero cxomumocTu. OTMeuast BayKHOCTh yKa3aHHON paboTsl, akagemuk H. 1. Mycxenumsuan Bo
BCex u3JlaHusix cBoeii Monorpadun [18] ormeuaer: «/lanbheiimast pazpaboTka 3TOr0 U aHAJIO-
TUYHBIX METO/O0B IPUOJINZKEHHOTO PEIIeHNsl CHHTY/ISIPHBIX HHTEIPAJIbHBIX YPABHEHUN ABJISIET-
cs1, KK MHE KarKeTCsi, OJTHOU M3 BaXKHEHIIUX OYEePE/IHBIX 3aJ[ad TEOPUU ITUX YPABHEHU».

Baxkapivmu mybsmmkanusivu cepejimibl XX Beka cragm paborsl I H. Ileixreesa [21],
B. B. Usanosa [9] u psga ux nocienosareseii. C ToUKM 3peHusi JaJbHENIEro pa3BuTHs U
BayKHOCTBIO IIPUJIOZKEHUN IUCICHHBIX METOJIOB PEIEeHUs] CHUHTYISPHBIX UHTEIPAJIbHBIX yPaB-
HeHUit 0cobo cieayer orMeruThb paborel C. M. Benornepkosckoro 1954 roja mo aspouHaMu-
Ke, [TOCJIy>KUBIIIee OCHOBOMN CO3J[aHUsI CYIIECTBEHHO HOBOT'O, XOPOIIIO U3BECTHOI'O B HACTOSIIEE
BpEeMs METOJIa YUCJICHHOTO PENIeHUs CUHTYJISIPHBIX HHTETPAJLHBIX yPABHEHUI — METOJIa, JIUC-
KpeTHbIX ocobernocreit. [Tozke sToT MeTos 6611 cyriecTBenHo pa3sut C. M. BesonepkoBckum
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u 1. K. Jludanossm [1], A. @. Marseesrim [13], FO. B. I'engenem [5], B. @. ITusnem [19] u
UX MHOTOYUCTICHHBIMU YICHIKAMI.

U3 paboT Apyrux aBTOPOB, MOCBSINIEHHBIX MPUOJIMKEHHOMY BBIMUCICHUIO CUHTY/ISPHBIX
HHTErPAJIOB W PEIIEHUIO WHTEIPATLHBIX YPABHEHUI, COMEPKAIINX TAKNE WHTEIPAJIDI, CIeIyeT
ormeruth paboret U. B. Boiikosa [2], B. I. T'abuynxaesa [4], . Diumora [35], B. A. 3onora-
pesckoro |7, 8], X. Mynbsromma [36], B. I. Mycaesa [16], 1. I. Canukuize [22-24], B. H. Ceii-
ayka |25, H. ¢. Tuxonenko [28|, M. A. Hlemxo [29], A. A. Kopueituyka [10] u ux y<IeHHKOB.
Hecomuenno, 3ToT mepeveHsb He SIBIASIETCS MOJHBIM M €r0 MOXKHO OBLIO OBbI MPOIOIKUTE. [1o-
JIpobHY0 OubOrpaduIo 1Mo STUM BOIIPOCAM MOXKHO HAHTH B CIEIMAIbHBIX 0030PHBIX PaboTax
B. B. Isanosa [9], B. I. I'a6aynxaesa [4], C. M. Besnonepkosckoro u U. K. Jludanosa [1],
U. K. Jludanosa [12].

Ocobo ciemyer ormeruThb OoJbIol BKJa akagemuka Cobosesa C. JI. B Teopuio KBaj-
paTypHBIX U KybarypHbIX dopmys [26, 27|. Biarogapst eMy KBajapaTypHble U KyOarTypHBbIE
dOPMYITBT OBLTH UCCIIETOBAHBI METOAME (PYHKITMOHATHLHOTO AHAIN3a U OMTHMI3UPOBAHDI.

1. Hpe,Z[BapI/ITeJ'[I)HbIe cBeeHus-d. CI/IHI‘yJ'[ﬂpHI:Ie NHTEerpaJibl

IIpuBenem HEKOTOpPLIE ONpeAeIeH s, UCIONb3yeMbIe B JAJIbHENIIIEM.
Lnadkot pasomxrymot kpueot (dyzot, kormypom) L Ha3bIBAETCS TUHUST, KOTOPYIO MOYKHO
OIIMCATh MTapaMeTPUYECKU CJIEIYIONNM 00pa3oM:

r=ux(s), y=y(s), Sq<s<sp, (1.1)

rje S, U S, — HEKOTOpble MOCTOsiHHBIE, a x(s), y(s) — HenpepbiBHO muddepeHupyemMble
byuxumm Ha [s,, $p|, npuuem npoussoabie ' (s), ¥/ ($) OAHOBPEMEHHO B HyJIb He OODAIAIOTCS.
PaznmuaabiM 3HAYEHUSIM ApaMeTpa S € [Sq, Sp] COOTBETCTBYIOT PA3/IMIHbIE TOYKN KpUBOil L.

Tnadkum samxnymowm kowmypom L HasbiBaeTcs Tiiajkas KpuBasi, y KOTOpoii x(sp) =
x(8a), y(sp) = y(sq), mpuaem ' (s —0) = 2’ (s, +0) u y'(sp — 0) = ¢/ (84 +0). Takum o6pazom,
B 9TOM ciaydae dyukimu x(s), y(s), 2'(s), y'(s) MOKHO paccMaTpuBaTH KaK IIEPUOJAUIECKHE C
riepuogoMm 1’ = s — 3.

Thadkot aunued (npocmoti) Ha3BIBAETCsT COBOKYITHOCTh KOHEYHOTO YUC/Ia 3AMKHY ThIX WU
Pa3OMKHYTBIX [VIQJKUX KOHTYPOB, HE MMEIOIIUX OOIIUX TOUeK (B TOM YHCJIe KOHIIOB).

Kycouno-z2aadkoti Ha3bIBaeTCsl KPUBasl, COCTOSIIAsI U3 KOHEYHOIO YUCJIA TVIAJKHUX Pa30-
MKHYTBIX KPUBBIX, HE UMEIOIIUX OOIIUX TOUYEK, 38 UCKJIOYEHHEM, ObITh MOXKET, KOHIIOB, KOTO-
PpbI€ HE ABJIAIOTCA TOYKaMN BO3BpaTa.

DOynkuus p(t) nepementoit ¢ (BoobIe roBopsi, KOMILJIEKCHOI) YIOBJIETBOPSIET yCJIOBUIO
H(u) (yeaosuro I'éavdepa cmenenu (1) Ha JaHHOM MHOXKecTBe T’ 3HAUEHMIT 9TON MEepEeMEHHOI,
€CJIA JUIsl JIIOOBIX 3HAYeHUil ¢1 U 9 U3 9TOr0 MHOXKECTBa UMEeM

p(t1) — p(t2)| < Afts — t2], (1.2)

rae A u p — nonoxurensusle dncia (0 < 4 < 1), ne 3aBucsnme ot ¢ u to.
Dnagkast kpusas (t = x(s)+iy(s), s — ecTecTBEHHBII TapaMeTP) HA3BIBACTCS AANYHOBCKOTU,
ecy ipousBoabIe X' (8), 3/ (8) ynoBaeTBopsaIoT yeaosuio ['ébiepa ¢ HEKOTOPBIM TIOKA3ATEIEM.
Dynknus ¢(t), onpejieseHnast Ha KoHType L, npunajygiexut kinaccy H,(u), r — HaTypasib-
Hoe uncio, 0 < p < 1, ecsim () nMeer HenpepBIBHBIE MPOU3BOJIHBIE BIIOTH 10 (1 — 1)-r0
nopsijiKa, a mpom3BoaHas 7-ro nopsaka o) yrosmeTsopser ycmosmio Iénbaepa ¢ moxasare-
JeM fi.
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CUHZyJLﬂpH’bLM urmezpanom Ha3bIBaCTCA BbIPpazKEHUE

St ):i/ ?0) 4 (o e ), (1.3)

t—1o
L

rjae L — HeKOTOpbIil 3a/laHHblil KOHTYD, a ¢(t) — 3amannas Ha L dynkius. Ero 6ymzem pac-
CMaTpuUuBaTb B CMbICJIC IVIaBHOT'O 3HaY€HUA, T. €.

S(p;tp) = lim 1 / olt) dt,

e—0 71 t— 1o
L—1

rne l=t't" ¢, t" € Lu|t' —ty| =|t" —to| = .
Cunzyaaprvim onepamopom (¢ sapom Korm) HasbiBaeTcst onepaTop, onpeeteHnblii hpop-

MYyJIO#

K( to,

KQD A(t() r_ to

) at, (1.4)

rie t, to — Touku Ha KoHType L, a A(ty), K(to, t) — 3ajianable Ha L dyHkimm kiaacca H.
Cureyaapnoim urmezpasvhvim ypasuenuem (¢ sapom Kormm) HaspiBaercst ypaBHEHIE BH/IA

™ t—t
L

Atto)eto) + 22 [P gy [ to, o0yt = st
L

e tg € L, A(tg), B(to), k(to,t), f(to) — 3amannabie Ha L dyuknun kiacca H, npudem
A%(ty) — B2(t) # 0 ma L.

2. ITpubsn>keHHOe BBIYMCIIEHNE CUHTYJISPHBIX MHTETrPaJIOB

N3BecTHO, 9TO IPU PEIIEHUN CUHTYJISPHBIX UHTErPAJIbHBIX yPAaBHEHHIT 0cOD0OE MECTO 3a-
HUMAaeT allllPOKCUMAIUs CHHIYJIsIpHOrO nHTerpasia (1.3). CymiecTByoT pa3indHble METO/Ibl B
sTroMm HampasieHuu. OTMETHM HEKOTOPbBIE U3 HUX.

2.1. B |9] crpositcst kBagpaTypHble OPMYIIbI ¢ OMOIIBIO IIPEICTABIEHIs TIOTHOCTH (1)
oTpeskoM psiaa Jlopana:
n
= ) axth, (2.1)

k=—n

rIe
1 n K 2mi_j
%:2n+1§:¢@mj’ tj = ezt (2:2)

j=-n

Torna, eciiu I — OKPYy?KHOCTDb €IMHUTHOTO PAIUYCA C IIEHTPOM B HavaJjie KOOPANHAT, IOy TaeM

-1
QO, t() Z akto Z aktlé. (2.3)

k=—n

IMoncrasus B (2.3) BMeCTO aj, UX 3HaUeHUs U3 (2.2), IOCI€ HEKOTOPOI'O YIIPOIIEHHS, TOJLY-

UM
0—6;

- isin(2n + 1)
Z Pj 1+ = : ) (2'4)
2

2sin

0):2n+1

j==n

vie o = p(ty), tj = €, 0; = 57575, to =
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Teopema 1. CrpaseinBa OneHKAa

1S(pito) — Su(@ito)l < [24+ = + =T > (2n 4+ 1) pu(e), (2.5)

e BesauHa pp, () — HAUMEHbIIIee OTKJIOHEHHEe Ha MHOXKeCTBe MHOrO4JieHOB Buja (2.1).

2.2. B [10] B caygae npocroit 3aMKHYTO# Ty1aKoit kpuoil L, ecin miotHocTh ¢(t) onpe-
nesena na L, npudem |¢”| < C, crpourcs nojmron

let1 —t t—1

©Pk+1 , T € tgtiyr, g € L (2.6)

"o(t) = ¢

thr1 — th tr1 — th

U TIOJIY9aeTCs CAeIyIoNIasl OIeHKa,

‘5(¢;t0) - i,/lgp(t) dt) < o(ln—”). (2.7)

i t—to n2

2.3. B [|21] crpositest kKBapaTypHbIE (DOPMYJIBI ¢ TIOMOIIBIO TIPEJICTABICHUS

D, (it ty) = <t>+anZl rll) T rte) —plior)], (28)
n\P5t, o) = @llo 2L (t— ton)(tor)  To — tor v Psto) — Pllok)l, .
m—1 m—1
e t € ToTotl, To = to0, Wolt) = kl;[()(t — tok), Wilter) = jl;[o (tok — toj), TOUKH oy
(c=0,1,...,n—1; k=0,1,...,m — 1) mensar KOHTYD paBHOMeg;I}z) OTHOCUTEIbHO JJINHBI,

L, (¢;t0) — MHTEPHOIAIMOHHBINA MHOTOUIEH Jlarpanka Ha JIyre T,7,41, KOTOPOMY [PUHAJIE-
JKUT TOYKa tg.
[Moxpcrasnss (2.8) B (1.3), moydaeM cJeLyonyo KBaAPaTypPHYIO (hOPMYJTy

S Lu(wito) = elter)
Su(ito) = Lu(@ito) + > > Dok ; (2.9)
o=0 k=0 to = lok
KoTOpas B TouKax t,; (v =0,1,...,n—1;j=0,1,...,m — 1) upu m = 4 npuanMaer BuJ
n—1 2 p p
Sn(p;t 1+ ok —k 4 p p(ty;
( VJ ; kZO tu] —lok kz tu] —tuk J Z tu] - tuk V])
k;éj
n—1 2 p* 2 p* (2.10)
=Y (o) = > () + 1 Zduk vi) e (tuk),
=0 k=0 tl/_] —tok =0 tu] - tuk
oHv ki j oy
rie
1 e 7'4
Pok = 3 { a+14 : Ztaa
i [ (tor — ta‘j) ]#k
j=0
K (2.11)

k#3,j=0
Jj<djo

3
a+1
Z tcr]tago To-l—l —To H to]}
=0
J#k
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. Dok c=0,1,....n—1, k=1,2,
pakz{" (2.12)

p0—1,3+p007 0-20515"'3”_17 k:Oa
3 3
do(ty) = |] (tuj*tujo)/ 1T Gk —tujo). (3.13)

Teopema 2. Ecmn ¢ € Hp(«), L — riaakuii 3aMKHYTBI KOHTYD, TO JIJIsI TIOTDEHTHOCTH
KBaJpaTypHoii hopmyiibr (2.9) umeer MecTo HEPaBEHCTBO

1S (3 to) — Sn(ep;to)] <O( i ) (2.14)

nr+a

2.4. B [22| paccmaTpuBaroTCs CHHTY/ISIPHBIE HHTErPAJIbl BUJIA

_1 o(t)
S(p;x)=— | ————=dt (—-1<z<1), (2.15)
7T/1 (t—x)vV1—t?
1
S*(p; ) = / f_(tl dt (~1<z<1). (2.16)
21

Il cyiecTBOBaHUS UX B CMbIC/IE [VIABHOTO 3Ha4YeHust Koru 1octaTo9Ho TpeboBarh, YTo-
661 (t) yIoBIETBODsiIa HA 33JAHHOM OTpe3Ke ycioBuio ['énbiepa. M3yuatores cieyronue
KBaJpaTypHbIE TIPOIECCHI

n (=D 1 = 22U, () — 1
Sulgir) = =3 e o(k), (2.17)

1 r — Tk
k—1 2 11—z
15 (D1 =2 (Hyq(x) + To(x) In 355) — Agn
Silpi) ~ - eler), (218
n T — T
k=1
e
i 2k —1
T, (x) = cosnarccos z, Up_1(z) = W, T} = COS m (k=1,2,...,n),

V1—zx2 2n

2 LR r(2k — 1)
A :—[1—2§ }
kT ot 21 % n

{n —1, n — HeuerHoe, T (x)
m =

T — )

n
Hy 1(z) = Ag
n — 2, n — 4YeTHoe, —1
@opmyiet (2.17) 1 (2.18) ABJISIOTCS TOTHBIMHI, KOTJIA ( IPEICTABIISET IPOU3BOJILHBII MHO-
POYJIEH CTeleHU He Bbime n — 1.
Teopema 3. Ecuu ¢ € H.(a) (r > 0,0 < a < 1), yro npu n = 2,3,... clpaBeJIuBbI

HepaBEHCTBa

Ry(p:7)| < (C) + Cylnn)—— 2.19

L2 [Bn(pi2)| < (Cr 4 Colnm) =g (2.19)
1

max |R}(p;x)| < (CF + C31Inn + C31In?n) (2.20)

zE[—E,€] (n—1)rta’
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rae Cr, Cy, CF, C5, CF, — He 3aBucdinue oT n KOHCTaHTHI, U3BECTHBIM 00pa30M oIlpe/ie ise-
mble ocrostarol émsaepa ¢yukmmn o) ; Ry, (@; x) 1 R (p; ), COOTBETCTBEHHO, OCTATOTHBIE
ayrernl popmyrt (2.17) m (2.18), [—€;&] (0 < € < 1) — Ipou3BOIBHBIH OTPE30K CONEPIKAIIHICS
B (—1,1).

2.5. OganM U3 HanboJIee MPOCTBIX CII0COOOB MPUOINKEHHOTO BLIMACICHUS CUHTYJIAPHOTO
UHTErpaJia sABJISeTCsT METOJI JIMCKPETHbIX ocobernocreii [12]. CyTh 9TOro Merojma cocTouT B
cremyromeM. [l CHHTYJIIPHOTO MHTErpaJjia CTPOUTCS KBaJpaTypHas hopMyJia

o(te) Aty
Sulps toj) = Z , (2.21)
7TZk 1 k’_tOj
rae tp = ewk’ tor = eiGOk’ Hk, = 2%]{‘, eok = ak; + %, Atk = tk+1 — tk, k= 1,2,3,...,71, T. €.

IMeeM KaHOHHYeCKoe pasbuenne KoHTypa MHOxkecTBamu E = {t;}(k = 1,n) u Ey = {t;}
(j=1mn).

Teopema 4 [12|. Ilycrs ¢ yrnoiersopsier yciaosuto H(«) ma L. Torma BbliosHsiercs
HEPABEHCTBO

1S(¢;to;) — Snlwsto)] < O(toj), J=1,2,.

Inn (2.22)
0ltos) = O () + (i) O( - ).
B ciyqae pazomknyToro kourypa L = |a,b] nosydaercs rakas oreHKa
h*|Inh| + |¢(to;|h b—a
S(p;to) — Snlp;te)] <O , h= i 2.23
’ (SO 0]) (30 OJ)| ( (tOJ —a)(b—toj) n -+ 1 ( )

2.6. DddexTuBHBIE ONEHKN TPUOIMKEHHOIO 1IPOoIecca HocTpoeHHoro B [21], em. m. 2.3.

B omnenke (2.14) Huuero He OroBOPEHO Ha CUYET IOCTOSIHHBIX, IPUCYTCTBYIOMIUX B MOCTIET-
HeM BbIpakeHnn. Mbl mocraBuim 3agady ciaenatb 3G@EeKTUBHBIE OINEHKHU I YKA3aHHOTO
IIPOITECCA, T. €. OIEHUTH B HEM CYIIECTBYIOIINE IIOCTOSTHHBIE.

Teopema 5 (cwm. [34]). Ecim ¢(t) umeer na L ( L — 3aMKHyTast pocTast 1y1aJiKast JIMHUST)
HenpepbIBHbIE IPOH3BOJAHBIE (1 — 1)-ro mopsi/ika u MPOU3BOJHAS T'-I'0 MOPSIIKA Y/[OBIE€TBOPSIET
yesoBuro I'épepa, TO cupaBeInBO HEPABEHCTBO

[S(pito) = Sulpsto)] < (Crlun+ Ca) o, (2.24)
e
b—a TJrozH(”') om 2m—1 3Im 2m
o= 0= Ho by grvaymy  2mP A P _
m(r—1)! min(Tg1 — o)™ min(Tg41 — k)™
b—a r+aH(T) m m—1 6m(m —1 2m—12r+a
Cy = (b—a)"""Hy~ : P (7 + In2p?) + .( )p =
m(r—1)! mkm(a:kH —xE)™ mkln(ka — xp)%m
p= rila]:x || = f("‘ — xapakKTepucTuka KoHTypa L, H g) — nocrostaHass 1'énpaepa aist pyHKIMI
€
), {xp ) k:o — HeKoTopasl CHCTeMa ToYeK, 3ajaHHbix Ha orpeske [0,1], b — a — mmHa

KoHTypa L.
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3. KBazparypHbie (pOpMYyJIbI MHTEPHOJISIIUOHHOTO THUIIA

3.1. CuHryJIsIpHbIil UHTErpaJl Ha OKpYy>kKHOCTH. [lycTh dbyHKIws (1) npuHaIeRKuT
kiaccy H, (o) Ha OKpyzKHOCTH L eJIMHUYIHOrO pajuyca ¢ IeHTPOM B Hadaje KoopuHat. Pac-
CMOTPHUM JJIsl Hee CJIeYIONUiIT MHOIOYJIEH:

1 2n t2n+1 _ tin'i‘l
= — )k 3.1
rjie TOYKU t pasbuBaioT OKPYKHOCTH L Ha 2n + 1 paBHbIX vacteii. C HOMOIIBIO JIe/IeHUs
MHOI'OWJIEHa Ha MHOIOYJIEH HECJIOXKHO I0Ka3aTh, 4To ¢, (tp) = ¢(tx), k = 0,1,...,2n. Tak
Kak

1ot et (O mput=ty, k=0,1,...,2n,
2n+1 (t—tp)ttp | 0 mput=ty,, m#kk=0,1,...,2n.

PaccmoTrpum Teneps CUHTYISPHBIN HHTErpaJ

S(pito) = ~ / ot g (3.2)

t—to
L

rie p(t) € Hy(a) na okpyxuoctu L. O6o3naunm Sy, (p;tg) dyukuumio, noaygaemyio u3 (3.2),
ecsm BMecTe p(t) B Hee I0JICTaBUTh MHOIOWIEH y, (t). Torya MoKHO HanmucaTh NPUOIIMKEHHY O

dbopmyty

S (SO to) _ 2n (P(tk) 1 t2n+1 _|_tin+1 (3 3)
e — t, —to2n+1 tnen
Teopema 6. Ecin ¢ € Hy(«), To cupaBeinBa OlieHKa
Inn
15(0, tom) — S (0, tom)| < o(nr+a>, m=0,1,2,...,2n. (3.4)
3.2. CuHryIgpHBIA NHTErpaJl Ha orpeske. Tenepb paccCMOTPUM MHTErpal
[ el
1 ot
S = s 2% an, (35)
U t—x
1
rae p(t) = (1+8)P(1 = 1)1, =1 <p, ¢ <0, ¢(t) € Hr(a).
Ecmu p = % qg=— 1, To B |34] mocTpoena ciiejytonast KBaparypHast dhopmysia:

% Zn: T — x] (MTWU) + Aj(iv)) e(x), (3.6)
j=1

rae A\j(x) = 4/1 Z Bgf"(; (-1)’Bjn, B, = 2cos? 211 (0 = 1,2,...,n), 2; =

cos %W
Teopema 7. Ecm ¢ € Hp(a) (r > 1,0 < o < 1) my € (1/2,1], To cupasemgmBo

HEepaBeHCTBO
Inn
1S(¢; ) — Sn(‘P;ZU)HH(y—lm) < O(W)a (3.7)

rze || - || — réapaepoBckast HopMa.
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3.3. Cpeiit HHTEPIOJIAINOHHBIX KBAIpaTypHBIX hopmyt (em. [29]) ciaemyer ormeruts hop-
MyJIbI BHJIA

- (1)
Z 1 on” (1)
SOatO = - 7T_ / t—to dt>

trpetieaa

(1)

rae op () — auHeiinass annpokcuMarus GYHKIUN ¢ HA Ayrax trptgy1, k= 0,1,2,...,n — 1,
tr — TOYKHU TJIAJKOIO PA30MKHYTOro KOHTypa L = ab.

Teopema 8. Ecmm ¢ € H(a),0 < a < 1,ty € L, L = a — riiajkasi pa3oMKHyTast JIyra, TO
rociesoBaTesibHOCTE Sy (p; tg) paBHOMEepHO cxomurcst K S(p;to) npu ty € L u cupasegiuba
OITCHKA

Inn
’S(%tO) - Sn(SOQ tO)‘ < CF’ tyg € L, (38)

e C' — HeKoTopasl HOCTOsIHHAsI, He 3aBHUCSIINAst OT N.

4. KBagpartypHble (pOpMYyJIbl il CUHTYJISIPHBIX WHTErPaJIoB,
C Halepe/ 33JJaHHBIMU y3JIaMU

B npukiagabx 3agatuax 4acTo BOZHUKAET HEOOXOIMMOCTDb IIOCTPOCHUS TAKUX KBaJIpaTyp-
HBIX (DOPMYJI, YacTh Y3JI0B KOTOPBIX 3aj1aeTcs 3apanee. KajipaTypHbie hOPMYJIbl yKA3aHHOTO
BHJIa BIEPBBIE PACCMOTpEJI BBLIAONUi pycckuit yaenbii XIX crojerust A. A. Mapkos. Pe-
syabraTbl A. A. Mapkosa 0606t B. Y. Kpeuios. Ho oH orpanuduics JIMIIb peryasipHbLIMI
MHTErpaaMu.

Tenepsb paccMOTpuUM CUHTYIIIPHBIH nHTerpast Busa (3.5). s Hero moctpoena ciieyrorast
kBaJiparypHasi popmysa [30]:

1
1 (t) -
« B ' ~
»[a-oasn gt A1) + 3 Aol (4.1)
—1 =
rime
L ()
Alz)=- [ -t +)f—2
@ =7 [a-vrary =l —a
21
L (1)
t+1)w(t t
= — — o B —
Ag(x) 77/(1 t)*(1+1) F— )@t D@ o k=1,2,...,n,
21
2" . nll(a+B+n+1)
= plad)
( 8) =" _ ) —ﬁﬁ _ \otn B+n
(1) = 5o (1= 0) (1 +0) P (L= 2)™ " (1 + )"
— muorowiteH fkobu, I'(x) — dyukius Diinepa.
®opwmyna (4.1) umeer ouH Hanepe| 3aJaHHbI y3ea © = —1.

Crpoutcst u Takasi Gpopmysia

s — X

» [a-iras 0" 2 dx BE)e) + Y Aw)ela), (42)
-1 k=1
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rIe
1
B(z) = %/(1 —H)*(1+ t)ﬁﬁtﬂ_aj) dt,
21
1
Ap(z) = % /(1 —0t( ) (t— xk)(:ﬁi = 11))2%10(75 — ) o
X1
k=1,2,...,n.

Dopmyita (4.2) Toxke umeer ogus (ukcupoBanublil y3es. [locrpoena u Takasi popmysia

L n
L [a-0ra 0" 2Lt AW+ B@e1) + Y Awplon). (43
-1 k=1

tf
rie
1
et [1_pe g (E—Dw(?)
Az) = ”/1(1 01+ 0
1
_ a (t+ Dw(t)
B(a:)_;_/l(l—t) (1+t)ﬂ2w(1>(t_x)d,
1
et fi1_pe 8 (#* — Dw(t) _ .
Ap(z) = 7r/1(1 (1 + 1) = an) (2 = D (o) =) dt, k=1,2,... n.
OrMernM onwH 9acTHBIN ciaydait. [lycts o = —%, 0= —%, T. €. p(i) = \/1177 Torma mis

dbopmyier (4.3) umeem

_@-Vh) [~ A B A A
A@) ="y {Zx—xk+x—1+x+1}_a¢+1’

k=1

@+ D) [ o~ Ak B A | B

B(z) = 2 ;xxk—'_xl—’_xqtl x—1’
21T, DA B A A
e (a4 )
(11— g —ay) S om0 a1 ekl] amm

riae T, (x) — mHOrOwIeH YebnIIIeBa IIepBOro poa
pA >

0 0 0 0

1 nzl, T nzl,

, n>1

I= 3 =

, n=1.
Teopema 9. Ecim ¢ € H.(\), TO sl HOrPEITHOCTH CHPABEIIUBO IPEICTABICHUE

Inn
1S(¢0,2) — Sulp, 2)| < O(W). (4.4)
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5. KBasgpaTtypHbie (pOpPMYJIbI JIJIsi CUHTYJISPHBIX WHTErPAJIOB
C IpUMEHEHUEM BHEIHUX y3JI0B

[Tycrs L — 3aMKHYTBI JISITyHOBCKUIT KOHTYD Ha 1iockoctu u ¢(t) — 3anannas va L (z10-
crarouno riajkas) dyuknus. ox t = t(s) = z(s) +iy(s) (0 < s < 1) Gyaem nojpasymeBarhb
ypaBHeHre L OTHOCHTEIBHO JIyroBoii aberuccnt S. Begem na L cucteMy paBHOOTCTOSIIHX (110
nyune L) yzinos {T; }?’:Ll (17 = t(sj),8; = j1). Honobno KiaccHIecKoMy MeTOLY AHCKDPETHBIX
ocobennocteit (cMm. [1, 12]), HuKe Mbl IPUMEHUM IPUOJIMKEHHYIO CXeMy JIJIsi MHTerPaJia BUJIA

(1.3) Ha ocHOBe JIBOSIKOrO pa30ueHusi KOHTypa L.

p(t)=p(to)

BaMeHNM Ha KaxJoil jnyre To,_1T2s+1 (0 = 0,1,2,...,n — 1) BeIpaxkenue o

HEeTHBIM NMHTEPIOJIAHTOM IIO CXEME

JIN-

e(t) —pto) ~ t—Twr1  @(T20-1 = ¥(to)

t—to Tog—1 — T20+1 Too—1 — to (5.1)
t— Too—1 ©(T2041 — @(to) .
+ 7 . i , € Tog_1T20+1, o € {TQP}Z:I'
Too4+1 — T20—1 Too+1 — o

Torma noJstygaeTcs ciemyroriasi KBaaparypHaas gpopMysia

L[ ) P(T201) — plto)
- dt =~ S, (pit) = ot _ 2041 OV e n_
i / t—t n(p;t) = @(to) + ;)(ma 1+ P2o+1) P 0 € {Toptp=1
v —
(5.2)
AHaJIorMuHO, 3aMeHsIsl Ha JIyTrax To,Tos+2 (0 = 0,1,...,mn — 1) %fo(m H& COOTBETCTBY-
oMU JIUHEHHBIA UHTEPIIOJIAHT, 1101y YaeM
L0 oy ) = o) + 3+ ) 222D (o
i | t—tg e a ot Toor2 —to '
L 7=
tO S {Tprl}’]r;L:h rae p; = ﬁ(Tj+2 - Tj)v ] = ]-727 .. .727’L.

st onenku morpentaocTy cupaseiusa (cM. [32])

Teopema 10. FEcin cyliecTByeT IIPOHU3BO, HOH " Ha L KOHTY L JISAITYHOBCKH C IIOKa-
’
3aTejieM (5, TOr/ta CrupaBe/IJINBO HEpPpaBEHCTBO

1S(.10) — Sl 10)] < O ame). (54)

[Mocrpoennsie dopmyrbr (5.2) u (5.3) npunajekar kiaaccy OPMyJ THUIIA JUCKDPET-
HBIX ocobennocteil (cMm. [12]), Tak Kak ty UpUHMMAaeT 3HAYEHHsI B CEPEJUHHBIX TOYKAX JIyTH
Tog—1T2o+1 WIHA TogTog42, U y3IbL {T; ?Zl OCYHIECTBJIAIOT KOHOHMYIECKOe pasbuenne KOHTYpa
L na muoxecrBax E = {71,73,...,Ton—1} u Eg = {72, 74, ..., Ton}, KOTOpBIE, KAK PACUETHBIE
U KOHTPOJIbHBIE, CMEHAIOT ApyT spyra. B dopmymnax (5.2) rouku Eg — KOHTPOJbHBIE, TOIKI
npunajiexkamue F — pacuerHble, a B dopmysnax (5.3) — Ha060POT.

OueBujiHO, IpUMeHeHneM 6o0Jlee TOUHBIX KBaIPaTyPHBIX POPMYJI MOXKeT ObITh BCerya yBe-
JIMYeHa TOYHOCTH pubsmzKenus camoro unrerpasia (1.3). OHAKO, 4TO KACAETCs YUCIIEHHOTO
pellleHsl CUHTY/ISPHBIX MHTerpajbHbIX ypaBHEHHil, To 060CHOBaHME IIOCTPOEHHBIX HA TAKUX
KBaJPATYPHBIX (POPMyJIax CXeM He BCErja YKJaJblBAeTCs B OOIIMe IPUHIUIIBI CXEM METO/Ia
JMCKPETHBIX BUXpel (Tak 910 umeer MecTo Jyist dhopmyst Tuia CUMICOHA M AHAJOTMYHBIX) 1
OKa3bIBAETCS B 3HAYUTENLHON CTENEHN 3aTPYIHUTETHLHBIM.
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Tem He MeHee, eC/IM BMECTO KJIACCa 3aMKHYTBIX KBaJIpaTypPHBIX (DOPMYJI PACCMAaTPUBATD
dOpPMYIIbI, COoMlepKAIINe Y3JIbl BHE MHOYKECTBA NMHTEIPUPOBAHNUS, MOYXKHO YKa3aTh KOHKPETHYIO
KBaJpaTypHYI0 (POPMYJTy JTOBOJBHO BBICOKOI CTEIIEHN TOYHOCTH, JIIsT KOTOPOIi MOy YeHne nH-
TEPECYIONMX HAC YTBEPIKICHUH OKA3bIBACTCS BO3MOMKHBIM.

B magasie MbI IpUBEJIEM COOTBETCTBYIONLYIO KBaJIpaTypHYIO (GOPMYyJy B CYIIECTBYIOIIEM
ee BUJE JJISA CIIydast IPOMEXKYTKOB [S, S o] JeHCTBATEIBHOlN OCH:

Sj+2

[ wtords m B (sy0)  13(0055) 4 U510 — Wi} (59)

Sj

OcraTouHblil wWieH (B M3BECTHBIX IIPEIIOIOKEHNUIX OTHOCUTEIBHO 1)) uMeer Bu [14]:

Teneps, 3acdukcuposas ty = 7, B OQHOI u3 cucreM y3j0B E = {Tgp,l}gzl, Ey = {Tgp}gzl,

e(t)—p(to)
K UHTErpajy oT (PyHKIUU B A

roii cucreme KOHIAMH, MPUMEHHM (DOPMysy KOMIUIEKCHOro aHasora (5.5) (mpu usmeHeHuu
YETHOCTH YKa3aHHBIE J[BE CUCTEMBbI Y3JI0B B3AMMO3AMEHSIIOTCS ), OJIYIUM

Ha KaxKJIOH M3 Jyr T;Tjy2, C NpUHAJJIEXNKAIIEH K Jpy-

n—1
i / (p(t) dt ~ ‘;0('7'1/) + Z CU(V) QP(TI/+20+1) — ()0(7—1/)’ (56)
o=0

™ t—T1, Tot20+1 — Ty
L

rie Co(v) = lyy2o—3 + 201+ lut20+1 + lu+20+3, l; oboznataloT KoaduUIuenTE GOPMYJIbI
komitekcHoro anasora (5.5). Ilorpemntaocts dopmysst (5.6) Ipu COOTBETCTBYIONIMX MIPE/IIIO-

JIOXKEHHSIX OTHOCUTEJbHO (DYHKIMU U KOHTYpa (cM. [32]) nmeer Buy O nlfllfé )

CraBuTcst BOIPOC: MOYKHO JIM ITOCTPOUTH KBaJIpaTypHbie (JOPMYJIbI ¢ IIPUMEHEHUEM BHEII-
HUX y3JI0B 60J1ee BBICOKON TOYHOCTH, KOTOPBIE MOYKHO UCIIOJIB30BATH B BBHIUUCIEHUSIX CHHIY-
JISPHBIX WHTErPAJIOB HA 3aMKHYTBIX KOHTypax L. ITo kpaiineit Mepe ¢ TOUKHU 3peHUs] TPAKTH-
9ECKOI0 MCIIOJL30BAHNUS [IPEJICTABIsIeT MHTEPEC PACCMOTPEHNE TaKUX (POPMYJI TECTHIO y3J1a-
MU, T. €. €CJIM BBECTH JIOIOJIHUTE/ILHO ellle JiBa BHEINHUX y3Ja. J[jis 9Toro crepsa mocTponM
KBaJPaTypPHYI0 GOPMYJIy ¢ BHEITHIMHE IIECTHIO y3JIaMHI B CIydae IIPOMEXKYTKOB [S;, Sj42] Aeii-
crBUTeIbHOI ocu. Ona umeer Bug [34]

Sj+2
[ 0 s {55(5(55-1) 4 05740) 4655 (55-2) + ¥(5142)+ A0L0((55) + 6 (55:2)) .
8j
(5.7)
OcTaTouHBII WIeH IPH COOTBeTCTBYyIomel raaakocti dynkmmn 1 ectb O(h7).
[Ipumensist ocaeIHION HOPMYITY, Oy IaeM
1 o) . — P(Tv+20+1) — @(T0)
= | oAt en)+ ;)cc,(y) P — (5.8)

L

rmae
CO‘(V) = lu+2crf5 + lu+2073 + ll/+20'71 + lu+20+1 + ll/+2cr+3 + lu+20+57

l; obosnauaer Toxke camoe 4To u B (5.6).
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Teopema 11. Ecuawm ¢ nMmeeT orpaHmvIeHHYIO IIPOU3BOIHYIO CEIBMOTO MOPsAKa, L — KoH-
Typ JIsmyHoBa ¢ mokazarejieMm 0, To Jjis norpemHocTd opMysbl (5.8) cupaBeinBa OLEeHKa

S(t10) — Sl 10)] < O ot (59)

6. IIpubiaumrkeHHOe BhIYUCIIeEHNE MHTerpasoB tuna Komm

p(t)dt

1
st marerpanos tuna Komm 5 - f ;

, '€ 7Y — €JUHUYIHad OKPY?KHOCTb C HEHTPOM B

5
Hauase KoopauHat, B 9] mocrpoena kBajparypHas Gopmyia

7
O (2) ~ 3 ap2t, |2] < 1,
TSt e (e - Y wdh o2
k=—n

rje ay paorces GopMmynoit (2.2).
Teopema 12. CupapeijiuBa oreHKa

n

—1
4 4 2
+ k - k
g@)lc O (z) — kgo agz" | + fﬁi}f O (2) — _En apz"| < [2 + = + - In ;(Qn + 1)] pnlp). (6.2)

YuciieHHas peann3aliis TeX WM WHBIX 3a7lad ¢ IPUMEHEHHEM MeTOjia TPAHUIHBIX UHTE-
rPaJbHBIX YPABHEHHUH Ha 3aBePIIAONIEM dTAlle OOBITHO TPeOyeT MPUOIHKEHHOTO BhITHCICHUST
nHTEerpaJioB Tuna Ko Bujga

I 2) = —— / o) g (6.3)
2 ) t—=z
L

U UX IIPOUBBOJIHBIX PA3JIMYHBIX HOPSIKOB JIJIsi 3HAYEHUN 2 U3 HEKOTOPOU KOHEYHOI mii OecKo-
HeuHoit obsiactu D KOMILIEKCHOH TIJIOCKOCTH, orpanndeHuoit Kourypom L. Takume wHTErpasb
MOT'YT OBITH IPUOJIMKEHHO BBIYUCIEHBI B (PUKCUPOBAHHBIX TOYKaX 2 € [ 0ObIYHBIMU KBa/Ipa-
TypabIME (hopmysiamu. OJHAKO TOYHOCTb TAKUX (DOPMYJI MOXKET CYIIECTBEHHO MOHUKATHCS
[PU CKOJIb YTOJIHOM IPUOJIMKEHUH 2 K rpanutie obiaactu. B pabore [23| npearaercs: npubim-
JKEHHAsl BBIYUC/IUTEIbHAS CXeMa JIJIsi HHTerpaJioB Tuma Koim, ocHOBaHHAS Ha OLpPEeIeIeHHOM
[IpoIlecce AIMPOKCUMAIINN UX IUIOTHOCTeH. Takue cxeMmbl IPUBOJAT K JOBOJBHO YJI00HO pea-
JIM3YeMbBIM IPOIECCAM U ITO3BOJIAIOT MOJIYYUTh PABHOMEPHBIE OIEHKU IIOIPEITHOCTU 10 BCei
00JIaCTH BILIOTH JIO €e TPAHUIIbL.

Byznem cunrars KOHTYp L TiajgkuM, a TakxKe 3aMKHYTBIM. BBomurcs cucrema Touek (y3-
no8) {7;}_;, pasbupaonux L Ha paBHble YaCTH, IPHYEM BO3PACTAHNE HHJIEKCOB COOTBET-
CTBYET MOJIOXKUTEJILHOMY HaIPaBJIeHUIO 00X0/a ¢ ydeToM nepuoandnoctu. [lycrs

Ly(p;t) = Lo(t)p(m) + L (t)e(T+1)

— JlarpaHXKeB JIMHENHbIH MHTepHosiHT, tg € T,Ty+1 (1 < v < n). Bynem npubimxkars o(t),
rae t € ToTo+1(1 < 0 < n) caeayomum 06pazom:

1 .
(t) ~ Ly (3 to) + (t — to) kZ:O Lok (t) SO(T”Q; f”fo(so’ to) (6.4)
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e to # Totk, Lok(pito) = @(to) mpn o +k # v, v+ 1w Lop(pito) = Lu(pito) npn
oc+k=v, v+ 1,0 =1,n. Ha ocuose 3amensr ¢(t) B I(y;t) Boipazkernem (6.4) nmeem

n 1
Ty — L it
I(ps2) = 10 A Luleito) + 30 3 ponlto, 2y ATtk — Lukleito) g 5)
o—1 k=0 To+k — 10
riae

1 z—to low(t) dt

t = — lo(t) dt _

pO’kJ( O’Z) 27TZ / O'k‘( ) + 27TZ / t—Z
ToTo+1 ToTo+1

Eciu o(t) naxubt quddepennupyemast QyHKIWs, TO JJisi OCTATOUYHOIO WIEHA CIPABE]l-
JINBa paBHOMEPHAsI OIEHKAa BHUJIA O(lz—?), KOTOpas o4eBMIHA Npu z BHyTpHu obsactu D. Ho
ecin z OJIN3KO K KOHTYPY MHTErPUPOBaHUsA, TO 1O, tg Oy/eM mojpa3yMeBaTh OJIMKANIITYIO K
Z TOYKY KOHTypa L M CHOBa I0JIyYaeM PABHOMEDPHYIO OTHOCUTEJIFHO 2 aHAJOTUIHYIO OIEHKY
o).

Kpowme unrerpasos tuna Kommu Buja (6.3) B 3aa1ax MaTeMaTHIeCKOil TEOPUH yIIPYTOCTH
JIJIsT BBITUCJICHUST KOMIIOHEHTOB HAIIPSIPKCHUS U CMEIEHUSI MUPOKO UCIOIB3YIOTCA MHTETPAJIbI
turta Kot ciemyionero Buja:

u(z)_i/ o) gy ul(z)_%/ o) 4

N 211 t— 2z t— 2
L 9
L 7 (6.6)
1 1
L L

B pab6ore [23| mocrpoena BblUmC/IMTEIbHASI CXeMa OCHOBAHHAsI HA METOJIe CBOOOJHBIX I1a-
paMeTpoB, MPUTOJHAs TOJBKO Jjisi iepBoro unrerpaia u3 (6.6). B pabore [31| obobiaercst
YKa3aHHBI METOJ, JO0 TAKOH CTEIeHH, YTOOBI MOXKHO OBLJIO BBIYMC/IUTH BCE MHTErPAJIbI, IIPU-
Bojumble B (6.6). lasiee MeTo IpUMEHSIETCsI JIJisl BBIYUCJIEHNs] KOMIIOHEHTOB HAIIPSI?KEHUST U
CMeEIIeHNs B 3aJa49aX IJIOCKOM TEOPHH YIIPYTOCTH.

[Mosarasi, uro to, t1, ta (cBOGOIHBIE TApAMETPBI) — HPOU3BOJILHBIE TOYKHM KOHTYpa L, a
v (1 < v < n) — HOMEp, it KOTOPOrO to, t1, to € T,T,41, UpeacrasuM GyHkImo O(t),
t € 75741 (1 < 0 < n), caenyomum 06pazoMm:

@(t) = w(to) + (t —to)p(to, t1) + (t — to)(t — t1)w(to, t1,t2)

(6.7)
+(t — to)(t — tl)(t — tg)go(t, t(), tl, tg),

T. e. 1o hopmysie Hororona, rie ¢(to, t1), ©(to, t1,t2), ¢(t,to, t1,t2) — coorBeTcTBYIOMUE pas3-
Jesiennble paznocru. Torya npubmmkennyio hopmyity () MOXKHO 3alUCATH CJIELYIOIUM 00-

pasoMm:
@(t) = w(to) + (t —to)p(to, t1) + (t — to)(t — t1)w(to, t1,t2)
2
H(t = t0)(t— t1)(t = t2) > Lok () (Tosr, to, t1, 12) (6.8)

k=0
IS TIOIPENIHOCTH

2
rn(@it to,tr, ta) = @(t to, b1, ta) = Y Lok (8)p(Topns o, t, t2).
k=0
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B npennosozkennn cymecTBOBaHHsA OrPpaHIYeHHOII 6-0if mponsBoaHOIl Ha L dyHKINN ¢ cupa-
BEJJINBO IIPEJICTaBICHIE
1
Irn(p,t, t0, t, t2)| < O(ﬁ) (6.9)
[Mogcrasiss (6.8) B mepsoM unTerpase u3 (6.6) 1 BBINIOJHUB COOTBETCTBYIOIIUE BBIKJIAIKH,
HOJIy JaeM

1 o(1)

2—7rz' t—=z
L

dt = ¢(to) + (2 — to)(to, t1) + (2 — to) (= — t1)p(to, t1, t2)
" (6.10)
+ Z(AU(Z)SO(TOW tO? t17 t2) + AO’-‘,-I(Z)QO(TU-&-la t07 tl) t2) + AU—&-Q(Z)SO(TO'-FQ; t07 tlv t2>)7

o=1

rie kKoddunmentor Ay (z), Ayt1(2), Ast2(2) BBIUACIAIOTCS TOTHO.
Jlst morpentaocTy 10J1yeHa paBHOMEPHAS OICHKA

Fulei2) < O(o5).

AHaIOrMYHO CTPOSATCS KBaJIpaTypHbIE (DOPMYJIBI U JIJisl OCTAJIbHBIX nHTerpasios B (6.6). Bia-
romapsi BoIOOpPY mapameTpoB to, t1, to, JJIsl MOTPEITHOCTH TaKXKe IMOJIydYaeTcsd paBHOMEpHas
oreHka mopsaka O nl—3

B zakirodenue ciejlyeT OTMETUTh, 9TO TEOPUsS U MPUJIOXKEHUsT CUHTYJISIPHBIX UHTErPaJIOB

pasuBaercst 6ypHO. COOTBETCTBEHHO Pa3BUBAIOTCS METOJbI alllIPOKCUMAIMY TAKUX HHTErpa-
J10B. [loaTOoMy BBIIIEH3/I02KEHHBII 0030 HE SBJISETCH MOJHBIM.
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