JEKIHUS-3

2. Kaumanamean Aaopoaap JHcaHe pe3onvb8eHma. ONETTe, IKYBIKTAay
dopmynaceina OacTamkbl >KybIKTay peTiHjae ©Ooc myme f(x) (QyHKIUICHIH

KaOpuiaiael, srHu @, = f(x). CoHma pekyppeHTTI (opmynagaH >KybIKTay
Ti30€riHiH MyIIenepi

o(x)= £+ K(x.9) £ (5)ds = (I + AK)F

(I+AK) f = f + AKf + PK2f, ...,

@, (x)

(I+K) f =3 A"K"f,

m=0

@,(x)

b
TeHAIKTepiMeH aHbIKTanaasl. Mynna, I —6ipaik oneparop, Kf =[K(x,s)f (s)ds,

a

an K" oneparopsl K -HbIH m nopexeci.

K omneparopsr nopexenepin K(x,s) sJpochl apKbUIbl KOPEHiK. AHBIKTama

Goiisimma K*f =K(Kf)= TK(x,z){f K(t,s) f(s)ds}dz = f{] K(x.0)K(, s)dt} £(s)ds,

a \a

Erep
K,(x,5) = | K(x,0)K(t,5)dr
nern Oenruiecek, OHaa
K2 f =K, (x, ) f(s)ds,

COJI CUSIKTbI

K'f =K(K>f)= TK(x,r){TKZ (t,5) f (s)d s\t = [{[ K (e, K, (2,5)dr} f (5)ds.

a a

Erep

K, (x,5)= | K(x,0K,(t,5)dt

b
nen Genrinecek, ouna K°f =[K,(x,s) f(s)ds.

JKanme! sxaraiia, MaTeMaTUKAIBIK MHAYKIUS 3aHBIMEH



b
K"f=[K, (x,5)f(s)ds.
K" ornepaTopblH TeHAINIMEH aHbIKTayFa 00Jaabl, MYH 1A,

K,(x,5) = [K(x,0K,. (t.5)dL. 1)

(21) dopmynaceimen anbikTanFaH K, (x,s) (YHKUHACH n— KalTalaHraH

PO HEMece  SJIPOHBbIH ~ n—HUHTerpauuscel gen  arananel.  Kenemexre
K (x.5)=K(x.5) Jiert KaObUIIaMBbI3. Onepatop yIuIiH oenrui

K™ =K"(K")=K"”(K") TeHAIriHeH KaliTalaHFaH Aaposap YIIiH OpbIHAAJaThIH

(x, 1)K (t,s)dt

m m

b b
K, (xs)=[K, (x,0)K,(,s)dt=[K

TEHIrH aayra 00naabl.

Eckepre keteiiik, erep D ={a <x,s <b} obnbicbinaa K(x,s) aIpocsl y3u1icci3
dbynkius Oosca, onma OapiublK KaWrananran sapojap ga D={a<x,s<b}
o0BICBIHAA Y31micci3 pyHKIuAIap O0NaThIHEI KOPIHIM TYD.

Kapacteipbuisin oTeiprad @pearonsM TeHAEYIHIH MeliMi

() =lim @, (x)

OonFaH/IbIKTaH
o0 o b
P(x) = f(x)+ Zlﬂ"’K"'f =f (X)+/1);1I K, (x,8) f(s)ds (22)
dbopmynacein  anambi3.  (22) TeHjAeyiHIH OH JKaFblHAAa TYpPFaH KaTap/blH
|)L|<m IIAPTHl OPLIHAANFaHAa OIPKANBINTHl JKUHAKTEL OOJIATBIHBIHA KO3

KETKIZy KHMbIH emec. ©Ojerre oHbl Heliman kartapsl gen ataiiasl. JKorapeina
aJIBIHFaH TY KBIPBIMIAPABIH KOPBITBIHABICH! KEIEC1 TYKBIPBIMIBI Oepei.

2 Teopema. Erep |/1|<m, f eCla,b], K(x,s)e C(D) 6onca, oHma Ke3
kenred 2-tekti @pepronbmuin Teneyinin Cla,bh] KEeHICTIrIH/IE KATAThIH JKAJIFbI3

menrimMi 6ap Oonanabl xoHe o memiM (22) dopMynackiMeH epHeKTenel. SrHu

‘/’L|£W nenrenerinin iminge (I —AK) omepatopsiHa mieHenreH Kepi
—a

omepatop (I —AK) ' =T+ AK+ ’K? +..+ A'K" +... hopmynacbiMeH aHBIKTATA/IbI.

IIIsIHBIH A,



(I = AK)(I = AK)" =1 = AK)T + AK + PK? +...)=
T+ AK+AK 4., —AK - AK?*—...=1I.

Enni
K (x,8)+AK,(x,8)+ VK, (x,8)+... 4+ 'K (x,8)+...

|
M (b—a)
oyn katap D={a<x,5s<b} o0abichIHIAa OIPKATBINTHI XUHAKTEL. OCBI KaTapabiH

(yHKIMOHANIBIK KaTapblH KapacTeipaiibik. Erep me [4]< Oonca, oHna

KOCBIHABICBIH

R(x,5;1) =3 27K (x,5) (23)

n=1

SIPOHBIH PE30JIbBEHTAChl HEMECe IICHIETIH SAPOChl Aen araiabl. Pe3onbBeHTa
R(x,s;A4) OIpKanbINThl >KMHAKTAIATHIH (PYHKUMSUIBIK KaTapblH KOCHIHJIBICHI

OosFaHIBIKTAH, X, S aprymeHTTepl OOMbIHIIA Y3UTiCCi3, an A aprymeHTi OOHbIHIIA

|4 < OOJIBIChIH/IA AHATUTUKAIBIK (DYyHKUMS ekeHl akbiH. Erep (23)

1
Mb—-a)
TEHIITIHIH €Kl karbiHga f(s) ¢yHKuMsIChbiHA KoOeWTim, s OoifbiHIIa a MeH b
apaJbIFbIH/IA UHTETPaJl alICakK, OH/1a

o

5 [K, (x,5)f (s)ds (24)

n=

fR(x, ;) f(s)ds =

TeHAIr1H anaMbi3. Enai (22) meH (24) TeHAIKTEPIH CaIbICTHIPCAK,
p(x)= f(x)+A[R(x,s;4) f (5)ds (25)

dopmynacel miragel. Erep 6oc myme f €Cla,b] Gonca, onga (25) dopmyna-
ChIMEH aHbIKTaNaThiH @ € Cla,b] ®@pearosibM TeHACYIHIH IIEHIIMIH aJaMbl3.

3 Teopema. Erep anablHFBl TEOpEeMaHbIH LIApTTapbl OpblHAAnca, oHaa (20)
TeHAeyiHIH meniMi (25) popMmynackiMeH aHbIKTAIA TbI.

1 eckepry. (25) dpopmynacel A mapameTpiHiH oTe Killl (a3) MOHJEPIHAE FaHA
OpBIHJANATBIHBIH Jdnenaeaik, kenemekre (25) dopmynacsl A mnapamMeTpiHiH
YJKEH MOHJEpiHJAe OpbIHJANaThiHbl Kepceruiedl. (25) ¢opmynacel A -HBIH Ke3
KEJIF'eH MOHJIepiHe OPBIHANATHIHAAN A/1ponap aa oap.

MBeIcalsl, erep sapo e3iHe-031 OPTOTOHAIb, SSFHU

[ K (x,)K (s,2)ds =0



Oonca, onma K,(x,s)=0, oxamnel K, (x,5)=0, Vx,s. bynr xarnaiina
R(x,5;4)=K(x,s) A-raToyenui eMec.

2 eckepry. PesonsBenTta R(x,s;A) HHTErpaiblK TCHACYICPIl
b
R(x,5;4) = K(x,5)+ A[R(x,5; ) K (t,x)dt

KaHaratraHablpanel. byHbiH aypeicTeirbiH  (21) Men (23) dopmynanapbix
naiananbln, Aanenaeyre 0omaabl.

Mpeicangap.

1. ®penroabMmuiy 2-TEKTI HHTErpadablK TeHaeyl ymin K(x,s)=e'sins,
0< x,s <7 AOpOCHIHBIH KaHTalIaHFaH SapOJIapbiH Ta0y Kepek.

e” +1

Memyi. K (xs5)y=K(xs)=e*sms, K.(x5)= ]e"’*’ sinzsin sdt = e*sins,

0
O Cat §

2

v

K,(x,5)= fK(x,r)Kz {.s)dt= e‘sins, K (x,s e*sins,...
0

2. Pe3onbBeHTaHbI AWaIaHbIIl, MbIHA HHTETPAIABIK TCHACY/I ISy KEPEK:
1
P(x)=A[xe > p(s)ds +e".
0
Hlemyi. AnasIMeH aapochl K (x,s)=xe > pe30JIbBCHTAChIH Ta0aNbIK:

]
K, (x,8)=K(x,5)=xe™, K,(x,5)=[xe*te™dt = %(1 —3e?)xe ™,
0

! e =g \# _ -l
Ki(x,5)=[xe™ 1(1“‘36"2 Jte > dt = = xe ™, K,(x,5)= L xe ...

0 + 4 4

Oumnaii OoJca,
R W 1-3e™ ,(1=3e™ i _(1-36 7=
R(x,5:4)=xe™| 1+ A~—/ +}L( . ] +o+ A ( - J +J
= R 2 25

Enni |4 1-3e <luemece |4|< ‘}6’ oomca, onga R(x,s;4) :sz-

# g 113

4

Jlemek, GepiireH MHTETPAIIBIK TCHACYIIH HICTIiMI

Ax L
p(x)=e" —T?)e_zje ‘@(s)ds.
1-A A 0




3. Enmi (20) Tenmeyni L,[a,b] xeHicTirinae kapacteipaitblk. biz L, [a,b]
KEHICTITHIH METPUKACHIH

(S

P @00 fo-0.0f at

dbopmynacel MeH aHbIKTaJaThIHBIH Outemis. L,[a,b] xkenictiringme Cla,b]-ra
KaparaH/ia napamerp A -HbIH YJIKEH MOHJIEpIH/IE HIelIiMHIH 0ap eKeHiH KepceTyre
Ootaabl.

2 nemMma. Erep snpo K(x,s)e C(D) Gonca, onna K onepatopsl
V() e Lla,b]——w(x)=Kpe(la,b].

Haneapeyi. x, €[a,b] nykreci 6epuicin. K(x,s) SApochl y3uticcid QyHKINA
OOnFaH/IBIKTAH Ke3 KeNreH & >( caHbl YIIiH coiikec & >0 caHbl TaOBLIbIM:

- x,| <8 =|K(x,5)~ K(x,,5)| <<, Vsela,b).
c
Conpapikran, Komu-byHsKoBcKUi# TEHCI3AITH

() -y (x,)|=

Ij[K(x,s)— K(x,,5)]p(s)ds| < §T|go(s)|ds <

1
< %\/b - aﬁ‘(;f)(s)rdsj2 <8,

AFHU  W(x) (QYHKUMACHL X, HYKTECIHAE Y3UTCCI3. X, Ke3 KEIreH HYKTe
OonraHabikTaH W (x) (yukuwsicel [a,b] -ma y3uriccis. Ocwinan, erep f €Cla,b]
xoHe K(x,s)eCla,b] Gonca, (20) TenneyiHiH OH Karbl Ke3 KenreH @ e L,[a,b]
YIUiH, y3iaicci3 GpyHKUMs exeHi mbiFaasl. SrHu con xarbinaa typran: @ <€ Cla,b]
Hemek, L,[a,b] kenicTiringe artaTblH (yHKUMAJAP IMIIHEH TEK Y3LIICCI3

GyHkuusIap raHa niemniiM 00aibl 1€TeH KOPBITBIH B HIbIFaabl. Jlonenaeren nsemma
OoiibIHIIA

L,[a,b]l——la,b]c L,[a,b].
3 n1emma. Erep
b

B= ( [1K(x, s)dsdx]z =|K]|

" : 1 ;
nen Oenrinecek, onjga K oneparopsl mapamerpiin ‘)L|<§ MOHJIEPIHIE KbICY

omepaTtopsl Oomaasl. [IsmHbIHAA 114,



b
Ko, —Ko, = A[K(x,5)[p,(s)—@,(s)lds
OonrauapiKkTaH, Komn-bByHsIKOBCKHI TEHCI3IITH Mai1aJaHbIIT
o . b b
Ko, —Ko,|" <A[K*(x,5)ds[[@,(s)—@,(s)]'ds

TEHCI3AIrH ajambl3. EHIl OCbl COHFBl alIbIHFAH TEHCI3AIKTIH €Kl JKarblHaa X
OoMbIHIIA a2 MEH b apajbIFbIHAA HHTETPAIIACAK

Ydx < AﬂKz(x, S)dsdxjﬂgol ()=, (5)| ds

a da a

DK%—K%
Hemece
p., (Ko, Ko,) SVBp, (¢,
TeHcizAir meiraael. OcelnaH
p., (Ko ,Ko,)<|2-B-p, (9,0, (26)
(26) TeHcI3aIriHEH onepaTop ’/1\ -B <1 Gonranga FaHa KbICy onepaTopbl 00J1abl.

Kbicbin — Oeitneney npunimmines (20) TeHIeyiHIH JKaarbl3 FaHa IIEHIMI

i - |
OOIybI YIIIH TEHCI3IrI |&|<E opeIHAanybl kepek. Pacwinia B<M (b—a) 6on-

1 1 .
FAQHABIKTAH |A|<— OOJBICBIHBIH A <————— OOJBICBIHAH KEH E€KEHI MIbIFa/Ibl.
B M(b—-a)
i 1 5 3 y
bipax IARW OOJBICBIHAA JKYBIKTAHTBIH TI30€K HHTErPANABIK TEHACYAIH
—da

.y ; 1 ;
meniMine OIpKabIIThl KHUHAKTHI 1a, ajl <|4|< > o0nbIceIHAA Oy TI30€K

|
M(b-a)
opTallla KUHAKTAJATBIHBIH aiiTyFa 0oJ1aibl.

4. K(x,s)eL,(D) 6oncen. Conna Keneci TYKbIPIM OPBIHIbL.

b
4 nemma. Erep Ko = _[K (x, s)p(s)ds uHTErpansiHAarel @(x) € L, [a,b] oouca,

OH/la oN uHTerpan (a,b) UHTEPBAIBIHBIH OAapIBIK HYKTEIEPIHJE JAEPIiK Oap KoHe
Kpel,(a,b) OOnaipl.

Tonenneyi. |K(x,s)¢(s)|<0,5K*(x,s5)+0,5¢°(s) TeHCi3airi spKaman opbiH-

nbl. (26) TEHCI3AITiHIH OH JKAFbIHBIH OIPIHINI KOCBUIFBIIIBI § aHWHBIMAJIBICHI
OolibIHIIA OAPIBIK x €[a,b] YIIIH AEpIiK, all eKiHII KOCBUIFBIN [a,b] KeciHAICiHe

s OoiipiHIIa wHTErpanmananbl. Mine Oynan K(x,s)@(s) GYHKIUACH OapIbIK



xe[a,b] YWIH O€pHiK s aHHBIMAIBICHI OOMBIHIIA MHTETPAIJaHalbl, SFHU

b
_[K (x,5)p(s)ds wunTerpanmel OapiblK >KaFjaiiima Aepiik aHblKTanFaH. Komn—

a

byHnskoBckuii TeHCi13aIr1 OOMBIHIIA
b b b
|an|2 < _HK(A:,S)‘zafsﬂgp(s)l2 ds= ||@‘|2I|K(x,s)|2 ds

KAThIChI OPBIH/BI, a1 OyaaH

b b b
,HK@'- dx < ”‘P”-I J|K(X,S)|2 dsdx <o,

a [ a

arau Ke(x) € L,(a.b) exeHl mbiraabl. Jlemek, seMMa nonenaenai, srHu

||K¢’”L2 (a,b) < B”‘GMLZ (a,b)’ 27)

5 semma. ©OpearoabMIIK OnepaTopaapablH KOOCHTIHAIC] A PpeaAronbMaiK
oriepaTop OoJsazbl.

Janeapeyi. K(x,s),N(x,s)eL,(D) 6oncoia. bynapaan:
b b
NKg=[N(x, s)[_[K(s,t)go(r)dr]ds :

OpuHe, Oyl OpHEKTIH OH JKarblHAArbl  ¢(t)eL,[a,b] Ooica, oHza TEHIIKTEri

KaWTanaHraH MHTErpangap asnsiktanajael. Omait Oonca, ®yOunHM TeopeMachl
b

b b b
6oiibama NK@ = J'ga(r)dr j N(x,5)K (s,t)ds = j {[ N(x,DK(t, s)dr}v(s)ds.

a

b
Erep M (x,s) = I N(x,)K(t,s)dt nen Genrinecek, oHaa:

a

NKg = [ M (x,5)(s)ds. (28)

Enni M(x,s)e L,(D) exenin kepceteitik. Komn—ByHsIKoBCkuil TeHC13Airi OOMbIH-
ma

b b
|M (x,5)[ < j IN (x| dt“K(t, s dr



TEHCI3AIr1 OpBIHABL. By TEHCI3MIKTIH €Kl arblH ) TOPTOYPHIIBI OOHBIHIIA
WHTErpaaril,

ﬁw(x, 5)| dxds < ﬁw(x,r)f dtdxﬁmf, s)|deds < BB*, (29)

a a a a aa

nemexk, M(x,s)e L, (D). Onait 6onca, NK onepatopsl (hpearoyibmaik orneparop
0oagbl.

3 eckepry. Xannel xarmaiga (peAronbMIIK omepartopiapabl KeOeHTy
amaJiblH/a OPBIH aYBICTBIPY 3aHbl dpKallaH OpbIHbI O01a Oepmeiii.

Macenen, K(x,s)=1, N(x,s)=x—s, a=0, b=1 0onceia. CoHga
‘ 1 1

NKp=\|(x——)p(s)ds, KN@=|(——5)p(s)ds.

¢ !( W) P !(2 )p(s)d

4 eckepry. Erep K(x,s), N(x,s)eL,(D) Oonca, ouga (28) epHeriuzeri
M(x,s) e L,(D) 6onansl. Paceinza, erep
b b

B; = [ [|K,(x, )] dxds

aa

nen denruiecek (MyHaarbl, K, (x,s) - N - KalfTalauFaH sapo), oHaa
b
K,(x,5)=[K, (x,0K(t,s5)dt.

Yorapsiaars: (29) TeHci3mirin N(x,s) =K, (x,s) yuiH maiinanascak: B’ < B°B’

n-=1-»

2 4 n2 2 . b e
an 6ynan B, <B'B, , <..<B™ nemece B, <B". Counapixran (27) TeHci3airin
ecKepiil,

|&"¢|, <B.lel, <B"|el, (30)

IIAPTHIH aJaMBbI3,

Erep  K(x,s)eL,(D) wmaptbl OpblHAAJICA, OHAA 4 eckepry OOHBIHIIA OJ
SIPOHBIH KaWTaJaHFaH sSAPOCHL Ja COJI IIAPTThl KAHAFATTAHAbIPAJIbL.

Erep
b
A = sup“Kn (x, s)|2 ds

nen oexruiecek, oHj1a



b b (b 2
[1K, (x5 ds < j{ [k, (0K, s)} ds<B’.

a (o]

(x, s)|2 ds< A _, OONFaHIBIKTaH COHFBI TEHCI3IIKTCH

n—1

An Ij|1<

b
A SBA <..<AB™ wome [|K,(x,5) ds < AB™ 31)

TEHCI3AIr] MIBIFA/bI.

4 Teopema. Erep

o(x) = A K (x, s)p(s)ds + f (x)

; ) 1
®penronsm teraeyingeri K(x,s) € L, (D) xone |/1|<E Oosica, oHIA O] TEHALY

yunH Tty3uired HelimMan kartapbl TeHOEyHIH ULIeWIIMIHE ¢(x)e L,(a,b) oprawa
KUHAKTBHI.
n+p

Mosenpeyi. > A"K"f karap yuwid ywOypslurap TeHCI3AIri MeH

m=n+l

xorappiaarsl (30) epHEriH naiaaiaHblIl, MbIHAHbI aJJaMbl3:
(‘A|B)n+1

|85 g Sl 8 (dey <lol 3 () -l on

m=n+l m=n+l m=n+1 m=n+l

m m

Erep n caubl )KeTKUIIKTI IOpexee yJIKeH 00ica, OHJ1a TEHCI3AIKTIH OH Karbl

li+;?
oTe a3 mama 6onajel. Jlemek KamaslK Mymeci Z A"K" f ©OnFaH KaTap )XKUHAKTHI,

m=n+l

oslail Ooica, korapblaarel OpearoneM TeHACY1 YIUIIH anblHFaH Heliman KaTapsl
MHTEerpajgaHaTeid ¢(x) (yHKUusChHA XKUHAKTHL. COHBIMEH [, —¢|—>0, n— .

Enpi wektik ¢ynkums  @(x) OpearoiabM TEHICYIH KaHAFaTTaHIbIPATHIHBIH
kepcercitik. On ymin K@, | = K@, n—> o0 exeHiH, sFHH OpTallla )XHHAKTHI CKCHIH

KOPCETCEK SKEeTKUIIKTI. byn oHait ponengenent, cebedl n-—oo karjaija
|Ke, .~ Kol <|K(p,,~9)| < Blo,,~¢] —0.

5 Teopema. Erep K(x,s)e L,(D) mapTblHa KOCBIMILA |K (x, s)| <M 1aptel ja
opeiHjanca, onna Heiiman KaTaps! [a.b] Kecinaine OipKanbINThl >KUHAKTBI GOIAIbL.

Jonenneyi. Heitman KaTapbeIHBIH JKaJmbl MyIIeCiH OaranalbIK:



|

b E
f||{]|z<,,,<x,s>r ds} |

4K g| =2

b
j| K, (x,5)f (s)ds |<|4]"|

Erep (31) TeHci3airia naiijianascax,

JA

A m
kol < X2 1(148)

TEHCI3/IIr1 MIBIFaIbl, OHBIH OH JKaFbIHJA €CEJIri |/1|B <1 GonaThlH reOMETPHUSIIBIK

IIPOrPECCUSHBIH KalMbl Mylneci. Bedepmrpacc Teopemachl OOMBIHINA: IKAJIIBI
MYIIECI OCBIHIAM KAacHeTKEe HMe KaTap, OIpKaJbIIThI JKHHAKTBL. TeopemMa
IJIENEH/].

5. Enoi kenenuemoi unmezpaiovlk meyoeyiepze Hoeapvloagel KeamipiieeH
meopusiiapost  Koadaunausik. Kenenmemai @®pearonbm TEHJICYIHE € KbICHII
OecitHeney oiCi OPBIH/IBI.

o(x) = A[ K(x, E)p(E)dE* f (%) (32)

tenaeyinge D umieHenren Hemece R’ -jmeri mieHenMereH 06JBIC, X =(x,,X,,...,X,),
&=(6.6,,...¢,) an oHbIH Agpockl K(x,s) DxD oOnbichlHAa Y3ULTiCCI3 HeEMece
K(x,&) e L,(Dx D), arau

[ [|Kx.&) dédx=B* = const <o
DD

OosichiH. JKoFapblaarsl LEHEIMeHAIK [APThl KONMapryMeHTTl QYHKUUS YILIiH

I|K(x, §)|2d§ < A= const

TYpPIHAE JKa3blianbl. (32) TEHAEYAIH SAPOCHl COHFBI €K1 LIapTTaplbl KaHAFATTaH-

JbIpCa, TEHJEY YUIIH KOFAPbIJArbl TYXKbIPbIM/IAP OPBIH/bLI €KEHIH AdJENICY KMbIH
eMec.

1 e 5 L 5

Erep |1|< T bouca, onaa (32) teHaey OIPTIHIEH KYBIKTaYy 9ICIMEH LICHILUIE 1

’KOHE OHBIH HIeliMi anrbl3 Oonaabl. byn oxmicreri kalTamaHyIibl fapojap
K, (x,5)=K(x,s), K,(x,s)=[K,(x.n)K(n,s)dn.,....K,(x,s)=[K,_ (x.n7)K(n,s)dn

OPHEKTEPMEH aHBIKTANAbl Ja TEHACYIIH IIenIiMi

Pl)= £ (x)+ 2[Rl £2)F (g

TypiHae TaObUIagbl, MYHJAFbI, R(x,«f,/l) K (x, §) SIAPOCHIHBIH  PE30JIbBEHTACHI:
R(x,&4)= K, (x,&)+ AK, (x,&)+..+ A7 K, (x,E)+...Erep K (x,&)e C(DxD), D—



1 .
mexTenred obisic Goiuca, 6y Katap |4 <m Oonrana OIPKAIBINTHL KUHAKTHI,

an R(x,&,A) ysimiccis GyHKIMAIBIK KaTap/IbIH LIET] PETiHAE Y3UTicci3 QyHKIus.
6. Unmeepanovix menoeyiep sxcyieci. OpearoabMHiH 2-TEKTI MHTErPaIIbIK
TeHJIeyJIepi xKyHeci
m b

@, (x)=AY[K,(x.s)p,(s)ds+ f,(x), i=12,...m (33)

i=la

Typinze Gomaxel. Byn kyiienin sapomapel K, (x,s)e L,(D), an Goc myuienepi
fel, (a,b) 0omceiH. Ockl XKyiieHiH memimi 6onateiH @, (x) GyHKIusIapsr L, (a,b)
KEeHICTITIHeH 13aeneni. by tenaeynep Kyi#ecl YIIIH JKOFapblIaFbl TYI)KbIPbIMIAP
TOJIBIK TYPJAC OPBIHABI. AJl |,1|(% TeHci3airinaeri B yurin:

m bb

B> = Zf”Kij(x,s]ldxds

ii=laa

KoHe K, (x,s) sapomapsl ymin
b
HKU (x,sfds <A, =const

mwapTrap opsiHaainca, oHpa (33) okyile OIpTiHAEN KYBIKTAy OIICI aPKbLUIBI
wemiieai. On xysIKTan ey yaepici O1pKaablnThl )KUHAKThl. byfan 013 TOJBIK
TOKTanMalimMbI3, cebebl kyheni @penronbMuiy 2-TekTi 0ip TeHIEYiHE KENITipyre
Oonaasl. bipak on TeHaey Tek Oip MHTErpas yUIiH €éMec, OJJaH m ece KeH 00JIbICTa
KapacThIPbUIAIBL.

a<x<a+m(b—a) apaneirbiiga PD(x) mnen F(x) QyHKUMIIAPbIH
a+(i—-1)(b—a)<t<a+i(b—a) bonranna

PX) =@ (x-({i-Db-a)), F(x)=f,(x—-(i-Db-a)), i=12,....n

TypiHae aHbIKTam, an K (x,s) AnpockiH O = {a <x,s<a+mb- a)} 0O0JIBICKIHA
a+(i-)b—a)<xZa+i(b—a); a+(j-1)(b—a)<s<a+ j(b—a); Oonranga

K(x,5)=K (x—(—-D(b—a),s—(j—Db-a)), i,j=12,...m

apKbLUIBI ©pHEKTeM, (33) TeHaeynep Kyhecin

a+b(b—a)

D(x)=4 [K(x,$)D(s)ds+ F(x)

kascak, onja 6i3 kypran K(x,s) supocst Q,,
F(x)e L, (a,a+m(b—a)) 6onanel. llIsiHbIHaA 112,

— Jie UHTETpanaHaaspl, an



a+i(b-a

zdxzif I

a+mib—a)

| |Fofdx =z

a+i(b—a

J J\F(X) )\ﬁ(x—(i—l)(b_a)rdx:

=71/, (0] dr<oo.

i=l 4

a+ma a+m(b+a) m at+i(b-a) a+i(b—a)

K (x,s)‘zdsdx= 3

a a i,j=1 a

Jlon ochlnaii, KH(,\,’,S)F dsdx=B?<w0,

§3.3. Kbichin Oerinesiey ajicin BoibTeppa Tenaeyine :xaHe ChI3bIKTBIK eMec
HHTErPAJABbIK TeHIey/iepre KoJ1IaHy

1. BonbTeppaHbiH
P(x) = A K (x,5)p(s)ds + f (x) (34)

TeHJAEYIH KapacTelpailblK. bi3 korapeina Boabsreppa Tenaeylr @pearosibm
TeHaeyinin gepbec Typit Oonranabikran K(x,s) sAIpoChIH §>x OojraHia
K(x,5)=0 nen aubikran, ®peAronabm TeHACYiIHE KeJATIpyre OONMATBIHBIH aWTKAH-
Ob13. bipax BosnbTeppa TeHaeyi YIIIH KbICHINl OeiiHesney ofici mapaMeTrp A -HbIH
Oapnbik MonHzAepi yumriH opbiHAbl. ConabikTan BonbTeppa TeHjeyiHe apHaiibl
TOKTaJIaMBbl3.

6 Teopema. K omneatopsl TobIK MeTpUKaIBIK X KEHICTITIH ©3iHE y3imiccis
OeiiHeneciH xxoHe H = H" onepaTtopsl n-HIH KeiOIp MOHAEPIHIE KbICY OIEPATOpPbI
Ooncei. byn xxarmaiina Kx=x TeHACYIHIH anFbl3 FaHa memiMi 6ap 6onaabl.

Paceinga, x,Hykteci H omepaTOpbIHBIH KO3FAJIMAHTBIH HYKTECi, SFHU
x=Hx TCHJCYIH KaHaraTTaHbIpCa, OHJIa
Kx=K(H'x)=H*Kx=H"x, —> x, k > 06onansl, ce6bedi H onepaTopbiHbIH
KO3FaJIMalTBIH X HYKTeclHe >KMHaKThl. Jlemek Kx=x KO3FaaMalTBIH HYKTE O]
xanrbis. Cebedi K omepaTopblHBIH KO3FalI-MaWTBIH HYKTeci K"  Kpicy
ONEPAaTOPBIHBIH, Ja KOo3faaMaiTelH HyKTecl. Erep K(x,s) men f(x) y3uicci3

¢yuxumsiap 6omnca, onja:
Ko=A[K(x,5)p(s)ds+ f(x)

oneparopsl Cla,b| xenicririn kaiitanan Cla,b]-ra y3iniccis Geiineneiirinin xep-
CeTy OHaMu.

Kix.9), asxZh afssx

M =max



nen oenruvienik. Conna:

Ko, ~Ko,|= ‘A’im, ()=, () s

<|AM (b—a) p(@,,0,),

Ko, —Kip,|= =

A K (x,5)[Ko, Ko, 1ds

<4

=73 Mz(x—a)zp(goz,qo])

YKOHE JKAJIIIBI )Karaaiaa

Keg,Kogig M0 (g, ).

A" M (b—a)"
|

ConsiMen p(K'p, K"p) < o(@,.0).

Mine, O6yman K omnepatopel MeH OHBIH K" jgopexkeci omneparopiapsl
DIIEMEHTTEPAl C[a,b]—naﬂ C[a,b]—ra COHMKECTEeHIIpYIIi Y3UIicCi3 omepaTopiap
€KeHIH KepeMi3. OHBIH YCTIHE COHFBl TEHCI3IIKTErli A celikec n CaHbIH
|JA'’M"(b—a)" <1 TeHCI3Airin  KaHaraTTaHABIPATBIHAAHM €Tim TaHmanm ajyra

Oonaabl. [emek, K" omepaTtopbl YUIIH METKUIIKTI AQPEXEAeri n YIIH KbICY
oriepaTopbl 00Ia kI,

Ocwl ponenpenren teopemagaH K onepartopblHbIH SKaldfbl3 FaHa KO3Fail-
MalTeIH HYKTeci Oap OonateiHbiH Oimemis. [lemek, (34) BosbTeppanblH uHTET-
paJIAbIK TEHJICYIHIH Ke3 KeJIreH A CaHbl YIIIH XKalfbl3 meniMi 6ap 6onaast. On

@,q.(x)= /lfK(x, )@, (s)ds+ f(x), n=0,12,...

Ti30erineH OIpTIHJEH KYBIKTAY diciMeH TaOblIasl. by oicTert HOMIK KYBIKTAY
YIIiH C[a,b] KaTaTblH Ke3 KelreH (pyHKuusAHbI anyra Oonaasl. Erep ¢,(x)= f(x)

nen ajicak, OHJa aJlIbIHFbI TEeHIIKTEH
o, (x)= f(x)+ﬂjK(x,s)f(s)ds =(I+AK)f, 0,(x)=(I+AK)* f =T+ AKf + K f,...
@, (x)= +/1K)(:‘f =1+ AKf+K>*f +....

K OmnepaTopbIHBIH JOPEKECIH KalTalaHaThIH SAPOJIap apKbUlbl aHBIKTaUbIK:

K2f =K(Kf)= [ K(x,)(K(t,9)f (s)ds)dt =

- ]Yf(‘s) {j K(x,5)K(t,s)dt)ds = sz (x,5) f (s)ds,



X b
mynnarbl, K,(x,s)=[K(x,t)K(t,s)dt. XKanner xarnaiiga, K" f =‘[Kn(x,s)f(s)ds,

myHaarel, K, (x,s)= jK (x,H)K,  (t,s)dt.

n—

Enmi K, (x,s)=K(x,s) gen anbir,
K, (x,5)+ AK,(x,5)+...+ 'K _(x,5)+...

TY3UIT'eH KaTap/bl KapacThipanblK. M = max|K (x,s)] €KEHIH €CKepTIIl,
Xx,5

K, (x,5)| < [|K(x,0)K, (2,8)ds < M*(x—s),

M’ (x—s)?
T,...,

M n (x_s)n—l

K, (x,9) < DT

K, (x,) <

TEHCI3AIKTepIH ajnamMbl3. by anbiHFaH TEeHCI3AIKTEpAEH KaTap A CaHbIHBIH Ke3
KeJIreH MOHIHAE OIpKaJbINThl JKMHAKTBI, OHBIH KOCBIHIBICHI X,§ apryMeHTTEepi

OoMbIHIIA y3UTicCi3 QYHKUMSA eKeHiH kopeMi3. KartapabiH KOChIHIBICHI R(x,s;A)
men Oenrinecex, R(x,s;4)=K, (x,s)+AK,(x,8)+...+ 'K (x,5)+... ©OpHerin
Bonbreppa TeHaeyi SApOChIHBIH PE30JIbBEHTACH] ACI aTaliMbI3.

Korappinarel K" yIIIH aJblHFAaH OPHEKTEpAl MaijganaHell, @, (x)
byHKIMATapBIH

0. ()= f(x)+ AKS + PK> f +... 4+ VK" f =
= F(0)+A[[K (x.8) + 2K, (x,5) +..+ 27K, (x,5)|f (s)ds, n=12,...

TYPIHAE >ka3aMbl3. byn epHekTen 1 —> oo OoFaH/ia IEKKe KoL,
plx)= f(x)+ A[R(x.5:2)f (s )ds (35)

VHTErpas/iblK TeH/IEY/11H [EeNIIMIH alambl3.

Mpeican. Biprinzgen xkysikTay oficiMmeH MbiHa BoneTeppaHbIH 2-TeKTi
X

@(x)=3[(x—s)p(s)ds + x—x°

0
HHTErpaIbIK TeHACYIHIH MIeniMiH Ta0albIK.

Ilemyi. Bactanke! skybIK memiMin ¢,(x)=x—x* gen ancak, onja

3' - n 3! err+3

! s R ey
@l(x):x—3-§x,g02(x)—x 3 R s @, (x)=x-3 Bara)®



SFHU LIELIM TYpI

im 3"n! w
o(x)= H_I)I}hqon(x) . (2n+3) "

Oomnansl.

7 teopema. Erep K(x,s)e C(D) xone f(x)eCla,b] 6onca, onna Bonsreppa
TeHJIEYiHIH Ke3 KenreH A yuiH (35) Typidzeri O0ip raHa memriMi 6ap 6onaabl.

R(x,s;4) pesonsBentacsr MbiHAa  R(x,s5:4)= K(x,5)+ /lj K(x,t)R(t,s;A)dt
VHTETPaIIbIK TEHAEYIH KaHAFATTaHBIPaIbl. Packin/a,

R(x,5;4)= K (x,5)+ AK,(x,8)+... 4+ 'K, (x,5)+...=

= K(x,5)+ A[ K(x,0\K, (t,5)+ AK, (£, 5)+.. Jdr = K x, r)+/1jK x,t)R(t,s; A )dt.

Bis K(x,s) men f(x) dyuxkumsiapsl 3 aprymeHtrepi GoiblHIIA y3imiceis
dbyHKkuManap aen yirapein, (34) uHTErpanablK TCHACYIHIH KaJafbl3 FaHA LICLIIMI
Oap exeniH Kkopcereiik. Opune K wmen f yHKUMsIapblHa KOHBUIATBHIH
IIapTTapasl JKeHiaeTyre 0omaasl.

8 Teopema. Snpo K(x,s)eL,(D) xone f(x)eL,|a,b] Goncpn. Ouma (34)
MHTErpaIblK TeHIEYiHIH Ke3 KenreH A ymid 6ip rana ¢@(x)e L,[a,b] wemimi 6ap
Oosagpl. O wewiM (35) epHeriMeH aHbIKTa1a/ibl.

Byn TYKBIpBIM aIIOBIHFBI TEOpPEMa CEKUIAl JAdNeNieHenl. Al MyHAarbl
R(x,s;A) pesonbeentachl A GoitbiHima GyTin GpyHKIHA peTinge

R(x, s;A)=3 2 K, (x, ).
n=0
L= {a ooy b} OOJIBICBIHBIH  OapiiblK HYKTEJIEpIHJAE ACpJIK >KUHAKTAJAThIH
KaTap/AbIH KOCBIHABICHI 00Ia/Ibl.

. ; ; 1+cos2x
| Meican. BonbTeppaHblH 2-TE€KTI TEHJEYl YIIIH K(x’t):coT APO-
s

CBIHBIH PE30JIbBEHTACHIH TaOaUbIK.

Pe3onbBeHTanbl Taly YIIIH QJIIBIMEH KalTaTaHFaH SAPOJIapAbl €CeNnTeHiK:

14+ cos2x - ( s) 1+c032x
K (s, x)=K(s,x)=————, K,(x,5)=[K(x,t)K,(t,s)dt = ,
(5,02 Kls0= L0820 )= FR (o) 1 s)i =25 7) 10082



X

» (x—5) 1+cos2x
K, (0,)= [ Ko t)K, (b, syt =22 2=m = o

s e

o (x—8)"" 1+cos2x
K (x,5)=2"". .
n (x s‘) (n—l)! C082 A

Jlemexk, pe3onbBeHTa (hopMyIacel OOHBIHIIA

1+C082x{1+/1_ 2()(—5)_“13.22(x—s)2 g 2 (x—s)

ROnsiA)== 3, I ol n—1)!

+. =

_1+cos2x PRETEED
cos’s )

2 MrpIcai. Pe3onbpBeHTAHBI A Ja1aHbIII
¢(x) — eS.r e 3]\'82(.\‘—r)¢(x)dr
0

MHTErpaJIbIK TEHJICYIH HIeIeHiK.

[Memyi. AnasiMeH Oy TEHIEY YIIiH KalTalaHFaH saponap/abl TabaMbl3:

Kl (X,S): K(_x, S): 82(.\'—.\-), K2 (x_S)-_—jell.\-—r]el{r—‘v)dt = 82(,\-—.\-: (xES) :

= e (x_s)e — x—5 (x—S)"_]
K, (x,5)=¢e" )T,...,K,,(x,s)_ea ;W

Jlemexk,

c 2\ o 2xs) (X—8) . ax{x—8) L il T
R(x,s,ﬂ)—e 1+3 T +3 2 +...+3 e =Y

Enni (35) dopmynacein naitganancax, OepuireH TeHACYAIH MICHIiMi
px)=e" + 3_;[:65“_”6’“d3 =(1+3x)e™.
Eckepry. 7 TeopeManan OIpTEKT1 MHTErPaJIAbIK
o(x)= /lj K(x,s)p(x)ds

TeHACYiHIH 0apiablk A ymriH Tek KaHa ¢(x)=0 memimi 6ap 6oaabl.

1. BonbTeppa TUMmiHAETi HHTETPANABIK TCHACYICPAIH

0,(x)= )+ A3 [K, (x.5)p,(s)ds, i=12,...m

i=la



KyieciHe KbICBIN OeifHeney oJiciH KoiaaHyra Oonanbl. by xyiieHiH OipTiHmemn
JKYBIKTay apKbUIbl albIHFAH WIElIMi ke3 keired A MeH xela,b] monuepinze
skuHakTel. Erep K, (x,s)eC(D) sxome f(x)eCla,b] Gonca, ouma syiienin
memimaepi ¢,(x)e Cla,b| 6onampi.

JKorapeigarel OIpTIHAEN JKYBIKTAy 9JICi KON apryMeHTTI ()YHKIMSIApIbIH
MHTErpaAbIK TEHAECYJIEepl YIIIH 1€ KOJJaHbUIagbl. MOoceneH, €Ki apryMeHTTI
(GyHKUMS YIITH

o(x, y)=f(x,y)+ ﬂujj K (x, y;s,0)p(s;t )dsdt

ac

HHTErpaJabIK TCHACYIHE alTbUIFaH SIICTI KonaaHyra Oonangel. An A mapaMmerpi
OOMBIHIIA JKIKTEIIN, OJ A-HbIH K€3 KEJIN€H MOHIHIE KMHAKThl OOJaThIH
KOFapbIJIaFbl JKaFail TeK OChl MHTErPANABIK TEHJACY/l IIelyae eMec, OaH
KYpAenl, MOCENeH, TEHACYIIH OH JKaFblHIA TEK €Kl ecell ekl oxaH Oacka
OipesniiemMai HHTErpaap aa 6ap UHTErpajablK TEHACYre, MbICAIIbI,

plx, y)= fx,y)+ ﬂ»f K, (x,y:s)p(y,s)s +

- /II K,(x,y;8)p(x,s)ds + /12”K3(x, v;8,0)@(s,t)dsdt

TUIITEC TCHACYI'C KOJLJaHYyTa 60.]']&).'[]:»1

Jlon ocbLnai, xorapblia AUThIIFaH d11CIIEH
olx)= £ ()2 K)ol

KOHC

v

o(x,y)=fx,y)+ 1 f [ K (x, v;8,t)p(s,1)dsdt

@ [.r)(u2 (v)

UHTErpaIBIK TEHACYJIEPIHIH IICIIUIETIHIH JKOHE OJapIblH JKAJIFbI3 LIeliMi Oap
exeHin ponenneyre 6onansl. Mynna, a <@,(x)< x xone c<a,(y)<y.

2. Coizbikmol emec unmezpanowi menoeyiep. MbIHA Typleri ChI3BIKTBIK
emec (ppearonsbMaiK

@(x)=AEK(x,~v;<0(S))dS+f(X) (36)

TEHJICYIH KapacThIpaliblK, MyHaarsl K(x,s;z) QyHKmMsACH a <Xx,s<b, —0<z <
o6ubIchiHAa y3imiccis xone f(x)eCla,b]. Byn maprrapra kocsimma K(x,s;z)



byHKUIHACH YIIiHII apryMeHTI OolibIHIIA Jlunmun LIAPTHIH:
|K(x,5:2,)— K(x,5:2,) < N|z, — z,| KanararTauasIpchi ( N TYpaKThl caH).

Kp= /IE K(x, S;qp(s))ds + f(x)

nen Oenritedik. K omneparop TOJNBIK METPUKAIBIK KEHICTIK C[a,b]—HbI KaiiTagaH
o3ine Oeitneneiini. @ (x) Men ¢,(x) Gpynkumsnap Cla,b] xenictirinen GonCHH.
Onaii 607ca,

Ko, -Ko|= lsz(x,s;goz)—K(x,s;ga] )ds S|)L|N\b—a|rr<1%§

?, (S)—(0| (5)1

nemece  p(Ko, K@) <|ANb—a|p(@,,¢) Tencisairi opemaer. Jlemek, erep

1A < Oonca, ouma K kpicy onepatopsr Gonaasl. Ounaii 60iica, sKOFapblIarsl

_1
N|b—al|
Banax Teopemace! Goitbamia (36) TypiHaeri HHTErpanIbIK TEHACYAIH |A| < m

—-a
MoHAepiHAe Olp FaHa y3uricci3 miemriMi Oonaael. O LICHIIM >KOFapblaarblIan
OlpTiHAEN KYBIKTAYy 9JIICIMEH

Q)u-v-l (x) = ﬂ";’f K(x’ S;¢)ﬂ (S))ds £ f(x) ) n= 0,1,2,. e

aHBIKTaIabl, MyHIarsl @,(x) wemwiv ¢ynkuusacen C [a,b] KEeHICTIIIHEH KajaraH
TypAe aimyra 0onajsl.

BosbTeppaHbiH 2-TEKTi ChI3LIKTBIK €MEC HHTEIPANIbIK TEHACYiH
@(x)=A[ K (x,5;0(s))ds + f(x) (37)

KapacTeipanbik. @,(x) peringe [a,b] kecinmine anbikTamFan ke3 KedreH ysimiccis
GyHKIHAHB! anaiibiK. @,(x) Gynkuuscen (37) TeHAEYAiH OH KarblHA KOMBII KIHE

0/)= F5)+ AT K 5, (5)es
nen oenruier, ogaH KeHin

@, (x)= f(x)+ /lafK (x, 5500, ())ls
OPHETIH Ty3eMI3; 1N OCBIIAM, YKaNIMbI Typae

O, .(X=f (x)+/1fK (X,5:0,,(5))ds, ..., (n=0,1,2,....).



Hemex, 6i3 ¢, (x),¢,(x),@,(x),....0,(x),... Typinmeri y3imiccis ¢yHKUMAIAPIBIH
aKbIpChI3 Ti30erin amablk. EHgi ocel Ti30ek [a,b] kecimige (37) TewaeyiHIH
Y3UTICCI3 IIeNIMIHE dKUHAKTHI 00JIaThIHBIH KOpceTyre 00Jiaibl.

Paceinga, @, (x) QyHKUUSACHIH

®,(x) =@, (x) +[@,(x) =@, () ]+ [0, (X) — @, (X)].. +[@, —p,,(x)] Typinme xKa3zalbIK.
Mine Oyman 613  TI30eKTIH  KWHAKTBUIBIFBIH  JIQNICNICJICY/IIH ~ OpPHBIHA
@, + (@ —o,)+ (@, —@)+...+(@, —@, ) +...KaTapblHbIH OIPKaJNBINThl >KHHAKTHLILI-

FBIH JQNIENACY JKETKUIIKTI eKeHiH kepceTtemis. O yiH @, ., (x)—@,(x) albIpbIMBIH
OarananbIK:

2, (x) =, (0| < |AUJ[K (x, 530l <|AIN |, (5)— @, (sl

OenrineyiH eHrizin, COHFbl TEHCI3AIKTI

x—d
1!

®, _¢|| A |/1|M0N

TYpIHAE Ka3aMbl3. [lon ocbLiaii,

*N*M, (s —a)ds <A N*M, %

@,(s)— ¢, (S)'ds < |/1

|(03 ¢, = ‘l’N.[
oJia# ©oJca, Kalmbl Typ/e:

ol N, ETD 10
D — P, T

bynan karapablH OIpKajnblOThl JKMHAKTBUIBIFBIH, SFHM KYbIKTay TI30€r1HIH
HIENIIMIe JKMHAKTBI EKEHIH KepeMis.



