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lNpenBapuTensHbie 3aMe4YaHus]

1. (DYHKHHH f(z), Heorpnua'renbnaa Ha Hm'epnane (a b) HaSBIBaCTCﬂ

4

CyMmupyemoii Ha 3TOM nHTepBane eciu j' b (:c) dm Koneqen ‘)
a
<Dynxuna f (m) npomnom:ﬂoro 3Haxa Gyner cyMMpreMOﬂ Ha MHTCpBaJIe

(a,b) Torna M TOJIBKO TOKOa, KOrJa CyMMHpyeMa Q)nyumx | f(a:)l T. e.- Koraa

HHTErpan f | f(z)| dz uMeeT KOHEUHOE 3HAYEHHE.

"B ,ﬂanbﬂeﬁmem MBI 6yneM HMeTh Aenb c OCHOBHHM um'epnanom I =,
(a,b) (. I = (0,a)) U OCHOBHBIM KBaleaTOM Q {a <z, g b} (mml‘
{0z, t<a}). : : . o D

2. Npocrpancreo Ly(a, b). fosopsrt, 416 f (z)€cTh qbynxuuﬂ c uumeepu-
PYeMbim xeaapamom ua |a, b] €C/TM MHTETpan '

/f (:z:) dx

CYILECTBYET (-xoueqen). Conoxynnocrp BCeX GYHKUMA C MHTETPHPYEMBIM
KBaapaToM Ha [a, b] o6osHauum L(a, b), wm kopotko Lj.

.
P

OcHosHbie caosictsa yHkumii u3 L,

1. TIpousBemeHue ABYX Q)yﬂxnuﬂ © HHTerpreMbIM KBaIpaToM €CTb HHTe-
- rpupyeMas byHKumS, ’ . .

2. CymMa 1Byx GyHKUMi u3 L, TaxoKe npunamxe)xn'r L;

3. Ecau f (x)€Lu A — POM3BO/BHOE NEHCTBUTENBHOE YHCIIO, TO

‘Af(z) € L.

4. Ecnn f (a:) €Lu g(x) € L;, TO MMEET MecTo HepaBCHCTBO ByHsIK0B-
cxoro—IIIBapua

( / (@) o(a) d;)z < fb F(z) dz/bg’(z)dz (1)

') leerpa.u NOHUMaeTCA B cMmbicne Jle6era,- oIHAKO YMTATEND, Heamxomun c mmrpahom"
Jle6era, MOXET BCIOXY MOHHMATL MHTETPARE! B CMBIcne PuMaHa.




4 npegaapurenbuue 3aMeyanmns

- ksl pHoLM npouaaeaenueju nByx ququuﬁ f(a:) €L, H g(z) € L, Hasbl-
BaCTQﬂ 1517063) (o “ : :

T e jf(z)g(z)dz

5. Ina f(z) u g(z) u3 L, HMeeT MECTO HEPaBEHCTBO TPEYTOJIBHUKA .

’ iIf +glt < |!f||+“9|| R &)
" 6. Cxodwwocmbe cpednem: TIycts q)ym(ulm R - '

1@, £i@), (o), - 1i(@),

CyMMMpyeMbI c KBanpa'rom Ha (a b) Ecnu

lim / [,(2) - f(z)l*dz =

TO TOBOPST, YTO hocnenoaarenbﬂocn cl)ym(unﬁ fi(@), fr(z), -
dumcsa 6_cpednem wm, TOYHee, & cpeaneM K8adpamu4HomM K (bymclmn

(=)

Ecmu nocnenosatensHocth {f,(z)} dyHxumit u3 L, cxoautcs pasHo-
MepHO K f(z), TO f(z) € L, u {fa(z)} cxomures x f(z) B CPeIHEM.

ToBopsr,, uTO nocnenona’renbﬂocn { f,.(a:)} oynxumit u3 L, cxonurcs
é cpeane)u é ce6e CCJIH IS moGoro qucna >0 cyLueCTByeT TaKoe, YUC/I0
N > 0,4r0 ~

b
/[fn(-’b') - .f,,.(:l:)]2 dz <¢

npu n > N u-m > N. Cxonsuuecs B ceGe NMOCHENOBATENILHOCTH Ha3bIBa-
101Cs pyndamenmansnoimu. Yto6bl nocnenoBatenbHocTh {fu(€)} cxommnach
B CpEeIHeM K HeKOTopoit (yHKUMH, HEOGXOAMMO M JOCTAaTOYHO, YTODHI 3ta
M0CJIe0BaTeIbHOCTD Obiia d)ymlamemanbﬂo'ﬁ MpoctpaHcTso L, MOJHO, T.€.
BCAKas ‘GyHAaMEHTaJIbHAS T0C/IeI0BATENBHOCTD tpym(ulm u3 L, cxomurcs
K d)ymcuun TakXe MpUHamnexatiei L.

lise dynxuuu f(z) u g(z) u3 Lo(a, b) Ha3BIBAIOTCS! IKEUGANEHMHBLMU
Ha (a b), ecnu f(z) # g() muuib Ha MHOXeECTBE Mepbl Hyb. B 9TOM Ciyyae
roBopsT, ut0 f(z) = g(=) nourn Bcpny Ha (a, b). :



- [P -

llpéisapiitenshsie samevanma 5

" “3. Npocrpancteo CP(a, b): BlieMeHTaMHU 3T0TO IPOCTPaHCTBa ABISIOT-
Csl BCEBO3MOXHBIE (GYHKLIMHM, ONpelesieHHbie Ha oTpeske [a, b] u uméoimie
Ha 3TOM OTPe3Ke HENPEPHIBHbIC NPOU3BOLHBIE N0 -t BKJTIOUHMTENBHO. Orne-
paLmu cnoxeHus GbyHKIMIA | yMbeeHm[ (bYHKUMM Ha 4HCIIO OMNpeAesIoTCs
00bIYHBIM 06pa3oM.

' Hopmy. anemenra. f (a:) € C(’)(a b). onpenensiem no ¢popmye,

llf”— Z max I_f(k)(-’b')l

k=0 ST

npnqu 10 )(a:) f(m) .
 Cxomnmocts B CO(a, B) o3HauheT’ paBHOMCpHYlO CXOOMMOCTh KaK IO-
CIeN0BaTeNbHOCTH CaMUX (QYHKLMH, TaK 1 TOCIIeN0BATENbHOCTEH HX NIPOH3-
BOAHBIX k-TO Mopsnka k=1,2,...,0..
IoHsATHE CYMMHpYEMOit q:yuxmhl nepeHocmc;r Ha cnyqau NpocTpaH-
crBa GoJbllero yucia usMepenuit. Tak, Hanpumep, GpyHKUHMIO F(z, t) Oymem
HasbIBaTh CyMMUpyemoil ¢ xeadpamom Ha Q{a < z, t < b} ecu

/ / Fi@, 1) da dt < +oo.

Hopma yskumu F(x, t) B 3TOM Cllydae ONPEAEISETCA PABEHCTBOM

IIII*_"II= / / Fz(g:,t)dmldt._ '-

4 (Dym(uml f(z) KOMI‘[J‘ICKCHOI‘O IICpCMCHHOl‘O 'z, nncbcbepeﬂuupyeMaﬂ
B Kaxnoﬁ TOUKE 06/MlacTH G TAOCKOCTH KOMIINEKCHOrO ° nepemeHHoro z,
Ha3bIBACTCS AHAAUMUYECK O (perymlpﬂoﬁ) ‘B 3TOM oﬁnacm :

®ynkums f(z) HaswiBaeTcs ueaod, ecim OHa aHAJIMTHYECKas BO BCeil
IJIOCKOCTH (HCKITIOYast 6ECKOHEUHO YIaneHHyIo TOUKY). '

®yHKuMs f(z) HasbiBaeTcsi mepomopgoii (MM IpOGHOI), ecau OHa .
MOXeT GBITh npencTaBJleHa B-BHIIE YaCTHQIO m;yx HeBIX ¢;ym(uuﬁ

h() , _ _
Mepomopdras byHkuns f(z) B mo6on orpannqem{ou oﬁnacm ‘Moxer ‘UMETh
ML KOHEYHOE YHCIIO TOJTIOCOB. :

Touka z = a Ha3biBaeTCs U304UPO6AKHOI Ocoboil mouKdil @ynxum« f(z)
€CJTH ‘CYILECTBYET OKPECTHOCTD 0 < {z°~ a| < 6 310# TOYKH, B KOTOPOH- f(2)
aHAJIMTHYHA, a B CAaMOM TOYKE 2 = a aHAJMTHYHOCTB (PYHKLMM HApYyLIAETCS.

¢



6 npe.asapwenbﬂb!e .3QM99~3.HM8. y

I/Iaonuponannaﬂ .ocobasi TOYKa -z =-a..Ha3bIBAETCH nomocwu GbyHKIMH f(z)
€CJIn e R I FORRY TR b
Cowe -ty oo lim f(z)-. R VT AT Y

z—m . . ! RS

(npezmonarae-xcﬂ, uro f(z) 011H03Ha‘{H& B oxpecmocm TOUKH: z=a; z ;é a).
- Jins Toro.uro6bl TOYKa 2z = a 6p1a nomocoM dyuxkuuu f(z), HCO6X011HMO _

M IOCTaTOYHO, qToﬁbl 3Ta TouKa 6w1a HyNleM A1 (bym(uvm <p(z)

4TOGHI (@) = Co v f( )
Hopﬂaxo.u ‘noJoca z = a GyHKiny ‘f(z) Ha3BIBAIOT NOPAIOK Hme z= a '

byHkumu

'f(z)
5. Bbmemo.u cbym(upm f(z) B monnponaHHoﬂ ocoﬁoﬁ Toqxe z =a
HasblBaeTcﬂ YUCTIO'

;gg;ff'(z) =3q / () dz,

- pl2) =

Tlie ¢, — OKPYXHOCTb |2 — a| = p NOCTATOYHO MaJIOro paauyca.
Ecnn TOUKA 2 = @ €CTh MOJIOC T-T0 nopamca (bynxunn f(z) TO

re /)= : = 131 ;izg_l {G-ari@}.
At npocroro nomoca (n = 1) |

res f(2) = lim{(z - a) ()}

Ecan f (z) 1/}2 ;, npuyeM @(a)# 0, all ¥(z) B TouKe z = a MMeeT Hylm,
TepBOTO MOPSAKA, T. e ¢(a) =0, ¢¥'(a) # 0, 10 '
()
fgi s (2) = W(a)

6 neMMa )Kopn.aua Ecau f(z) nenpepuena 6- 06/:acmu lz| > Ro,'
Im z2> a (a — duxcuposannoe 0eucm6ume/1bnoe yucao) u lim f(z)

Z00
mo 0aa ar06020 A > 0

lim [ € f(z)dz =0, "
[ 3 .

20e CR — ayea oK pyacHOCHU lzl - R, newcawas e paccmampueaemoii

obaacmu, : o



_Mpéasapwrenstivie savesar T

7. OyHxs f(a:) Ha3bIBAETCH JOKAALHO CYMMUPYEMOl, CIIA OHa' cymm--':
pyeMa Ha JI060M OrpaHHYEHHOM MHOXECTBE. _ T
IycTs KOMIUIEKCHO3HauHAs QyHKUWMS () OeHtcTBUTENBHOTO nepemeH-
HOTO ¢ JIOKaNbHO CyMMHpYeMa, paBHa Hymo npu t < 0 M yooBneTBOpsieT
yenoBuio [p(t)|-< Me® mnsscex t (M > 0, 8-> 0) ‘Taxue GyHKimu p(t) -
OyZeM Ha3bIBATE dyHKyuamu-opuzunanayu: IUCio s, Ha3wIBaeTCs nokazamenem
pocma byHxkuuu o(t)., . .
Ilpeobpasosanuem Jansaca (HaoﬁpaerMeM) d)ynxuuu <p(t) Haaoaqm._
dyHkimio $(p) KOMILIEKCHOTO NEpeMEHHOro P = 8+ io, onpenensiemyio

paBeHCTBOM
00

a(p) = f e Pyi(t) dt.
0

151 BCSIKOTO opnmﬂa.rra o(t) cbynxum <I>(p) onpeneneﬂa B rIOleHJIOCKO-___,
ctv Re p > 3¢ ¥ ABNIsIETCA B 3TOM NONMYMJIOCKOCTH aHAJMTHYECKOM QYHKLHMEH.
Tot dakr, uro dyHkuus P(p) ectb npeobpasosanue Jlamnaca dpynkuuu @(t),
OyneM 3almUChIBATD TaK:

olt) = 2(p). -

8. Teopema oﬁpaw.eunﬂ Ec/xu qbyuxuu;z <p(t) A6ARemcs opueuna/rom,
a ¢yukyus <I>(p) cxtyolcum ee u306pa.wceuue;u, mo

y+iod”

i / ,,, - -

t) = =— e ®p)dp, v>s5; - - < (5):

w(t) = 7= | (p) dp, 7> (5)
7-ic0 o :

20e urnmezpan bepemcs 6301b npamoil Re p=7, napa/me/zbnou MHUMOIi ocu,

U NOHUMAEMCS 6 CMbIC/IE 21A6HO20 SHAYEHUR:

y+ico : THiw ’
/ e”®(p) dp= hm e”'<1>(p) dp
7—-$00 . i 1—w

dopmyna (5) Ha3BIBAETCA dJopmy/zou o6pau4enmz npeoﬁpasoaamm JIarmaca
Ecim ) -
M (p)
o(p) =
Np)’
rae M(p) u N(p) — MHOTOUJIEHHI OT p, IIPHYEM CTeNeHb MHOrousieHa M (p)
MeHblLE CTeneHH MHorowieHa N (p), To opuruHanom wis &(p) Gyaer

tp(t)—z(k i (- e,



8 npe.aaapnrenbnue 3aMeyaHna

rae a; — .nomockt, &(p), Ty, 7 M X TIOPAIKH, u_;gguu! Gepercsi 110 . BeeM
nomocam byHKIHA <I>(p) o L M(p)
B cryyae, Kor/a Bce TIOMOCHI ak(k ,i) tbyuxmm <I>(p) o)
MpPOCThIE, UMEEM ' (»
' M(p) <~ M( o)
N(p) & N'(a) o S
R EREL RN R IR N

9. Teopema ymHoxeHus. [Tycmb dJymcuuu f(t) u (p(t) ﬂe/uuomc;z qbynx-
’ uuﬂmu-opueunaﬂamu, u ‘nycmpo

ﬂo-F@) () = 2(p)
Tozda - ' .
F@)@@)‘j}ku—ﬂdr e
. W T
HHTerpan B rpaBoit YacTH (6) HasbiBaeTcs ceepmxou q)yHKulm f)n (p(t)
M 0603HayaeTCst CMMBOJIOM f (2) * go(t)

TaxuM 00pa3oM, IPOM3BENEHHE naoGpaeruﬁ ABIISIETCS TAKKeE u306pa-
XEHHEM, a HIMEHHO, naoﬁpaxeﬂnem CBEPTKH OPHUTHHAJIOB: ’

F@)@@) FO ).

10, Ilyctp dyHkuus f(:c) a6comomo HHTCI‘pPleCMa Ha Bcel ocu
—00 < ¢ < 400. (Dnyuml :

Fo= / f(x) e’_"“'__{i.i_." (mmf(z\)=7o f(z) € dm) o

Ha3blBaeTcs npeoGpasoaauueM (Dypbe ‘pynxuuu f (:c)
’ <Dop1uy/m o6pau4enmz npeoﬁpa:*.onauna d)ypbe umeeT BPUI

| “f'(a&)='_2—,’r / f(,\) e d_x;_' . (wm f(z)— .I / f(,\) e""\”dlz\).

Yr06ht npUaaTh (popmynam npﬂMoro 1 06patHoOTO. fipeobpasosaHuit Pypue
GOIBLIYIO CHMMETPHYHOCTB, HX YacTO 3anncbmalor B BuIe

' / f.(i) -  f(@) = / f(;\) 92 4.



Mnrerpanbnue ypasnemm_ N
Bom,reppa

§1. Ocuoauue noun'rml
YpaBHe}me o

ole) = (@+A/kun¢ma | (1

rae f(z), K(z,t) — nssecmble @yHKu}m, (z) — uckomas (I)YHKIIHSI, A=
YHCJIOBOH MapaMeTp, HA3bIBACTCS: JuHelHbM  URIMeepanbibim ypasHenuem Boab-
meppa 2-20 poda. Dyukuus K(z, t). Haabmae'rcsl A0pom ypaeHenus BombTeppa..
ECJm f(:c) 0 0 ypaBHeHue (l) npummae'r BHUL,

w@ fxan¢wa j;ﬁ;- ;’m

M Ha3bIBaeTCs oauopoanum ypaBHeHueM Bonb'reppa 2-ro pona
YpaBHeHHE

fx@hﬂ6m=ﬁufff__”' )

rae ¢(z) — uckomas (byﬂxuns, Ha3bIBAIOT UHMeZPANbHYIM YpaeHeruem Boab-
meppa 1-20 poda. He Hapyasi OGLIHOCTH, MOXEM CUHTATh HHMHUMA ipenen a
PaBHBIM HYINIO, YTO Mbl M 6yZieM NpeANONaraTh B JafbHeHINEM.

Pewenuem HTETPaILHOTO YPaBHEHMS (1) (2) wn (3) Ha3biBaloT ¢)ny-
umio ¢(z), Kotopas, 6ynyqn nonc‘ranne}{a B 3TO, ypaBHeHHe, oGpamaeT €ro
B TOXIECTBO (no a:)

npuuep 1. Mokasare, 470 ¢’Vqu,m| () =
" HMem MHTerpansHoro. ypasiénns Bonsteppa

1
m:’—/i RBlmeTCR pewe-

z : N _ :
¢ :
= = = fr—p(t)dt. - .4
o)~ I+ﬁ_/l+2m)_l_:h_ @
Pewelme Honcramma BMeCTO gp(z) B npaBy&o 4acTs. (4) Q)yuxumo T
6yneM uMeTp . C e ] _ . _ ( + )

o / t R - )."’-_
1+ a2 1+22(1+82)2 7 7 1+22 1+ \ (1+8)72) |,
[ o '



; i? “aBa 1. UHTErpansHule ypashenn Bonbreppa - .

. -_ SRR B S T ERIEATR I b o _ -
s 1+32 (1 _,_32)3/2 l+32 —‘53?/‘1' -T(‘F)-

1 IR
—'—"—-"—(1 T :c?)ml B, Oﬁe '(acm ypaBHeHm (4) o6pa-

l.. . ',.l-

Shpagei:Tl! T L T ;_,_-..- -

L (1+:c2)3/2 {1+:c2)312

3'ro 03HAYaeT; COIJIACHO- OTPENENEHHIO, 410 . (&) =
TPaIbHOTO ypapHeHus (4).

) 'Taxlm oGpaaoM noncmﬂonxa go(z)
" ¥
._maer nocnezu{ee B Toxcuecmo no z:

¥
s
R

em ‘pelIeHHe HHTe-

2)3/2
[Erae >

3apaun Ans caMOCTONTENbHOrO pPelleHUs

_Hponepm, wm na}mue Q)ym(mm ;mm{m'ca pemenuumu coorne'rcnylomux HHTe-
‘[pasIbHBIX ypam{emm ) . . _
ARSPIN PN 3a+2z‘ ' 33-1-2:’
Ay . _
o= m')T/F o) = 3] TPy v(t)df

2. p(z) = e’(cose® — e”sine”);

¢(z) = (1 — ze**) cos 1 —€* sinzl'-F-/‘ [1"._-— (z - t)e]p(t) dt.
g

3. <p(a:5'= ze”; :¢(zj¥e‘ ;ihz'+2/qos(it-t) p(t) dtl.
' sy LT :
4. w(z)_:z—%; <p(:c)=z—/sh(a:-—t)¢p(t)dt.
o .

5. sa(z)-=,1_- = [ e".f%‘(,‘i'?f*z‘-' 6 ) =3 = [(z-t) p(t)dt.

-0

7. <p(m)——- / "::t)tdt= Iz. 8. tp(‘.\'.) -—J.: /!p(t) =1,

3amevanmne. HnTterpanbHbie ypaBHeHHs BonbTeppa BO3HMKAIOT B TeX 3anayax
U3MKH, B KOTOPHIX CYILECTBYET MPEAMOYTHTENBHOE HalpaBleHHe H3MEHEHHS
* HE3ABUCHMOTO TIEPEMEHHOTO (HanpHUMep; BpeMeH}_{, 3HepruN U T:4.).

. Mpumep 2. PacCMOTPUM NY4OK PEHTreHOBCKMUX nyqeu npoxop.numu yepe3
BEWeCTBO B HanpasnéHmm ocu OX . Bynem-cHuTaTh, 470 NpU paccesHnm



§2 Csnab c ,andaq)epe»uuanbubmu ypaeueuuamu 1

My4OK COXpaHSeT 3T0 Hanpaenewve. PaccmoTpumM -COBOKYNHOCTb Ny4eit

C 3a@HHOW A/MHOM BOJiHbl. MPOX0oAs Y€pes Coi BelwecTsa ToAWWHL di,

4aCTb 3TUX Nly4er NornowaeTcs, a 4aCtb U3MEHSET ANMHY BOSHBI W3-3a
paccemwm C Lpyroi cTGpORbI, 3Ta COBOKYMHOCTb: nononHsercs aa cqer Tex
ny4ei, KoTopbie, 061aAas NEPBOHAYANLHO GONbLLIENH auepruen (T e. Umes
MEHBbILLYIO LANHY BOSIHBI A }, TEPSAIOT 4aCTb CBOEM 3HEPrun U3-3a PaccenHus.
Takum 06pa3oM, ecm PyHkumua f(A, ) dA 3apaeT COBOKYNHOCTL Ny4en,
AAVHA BONH KOTOPBIX 3aK/I04eHa B HTepBane. ot A po ,\--r- dA TO. -

3)'(84\;33) ,uf(A m)+/P(/\ ‘r)f T, :c) dr,
‘rhe g — xoa¢¢uuuem nornou.;eum a P(A T)dT — aepomHocrb

10ro, 4To fiyd' C AAMHOM BOAHBI +, NPOXOGR CNOVA em«umuou Tonumuu
NPUOGPETET ANWHY BONHBI, 3aKNIOHEHHYIO MEXEY A U A + d. '
Mbl nony4mmm TaK HasbiBaemoe unmeepo-audupepenquaﬂbuoe YpasHe-
Hue, T.€. ypaauenue B xoropoe Hen3BecTHas ¢>ym<uun f(A ) “BXOAUT
NOA 3HaKaM1 NPOV3BOHOM M MHTErpana.
Monaras
00

fn2) = [ ep(Ap)dp, ..
Jemsn

rae ¥(), p) — Hosas HeuasecTHan dyHKMA, Haiiaem, uTo P(A, p) Gyner
YAOBAETBOPSTL MHTErpanbHOMY YpasHeHwio Bonkteppa 2-70 poaa

A
1
w(’\a P) = ',T:'; ! P(A’ T) "/}(T’ p) dr

§2. Ceasb mexay NMHeWHbIMK
Auq)cpepeuuuanbnblmu ypaaueuuamu
W MHTerpanbHbLIMKU YpaBHEHUSIMU
Bomn'eppa . o L e

Peme}me JmHeimoro nud)d)epeuuuanbﬂoro ypaBHe}ma

1() n-,+ +an(z)y F(z) s (1)

c HenpepblBHblMPl xoacbtbuuneﬂramn a,(:z:) (z =12,. n) TIpH HAYATBHBIX
YCIOBHAX . .

0=, YO =Cr, s 'u"'“‘(o')=c,.-;.'-"-'.ﬂ-'ff. )



1Y Drana N Mnrerpanbubce_ypaaﬂenus Bonbreppa
MOXET OBITh cneneuo K pemeumo umerpanbnoro ypaBHemm Bonb'reppa
2-ro poza.

IToxaxem 3TO Ha npnMepe .lIPl(I)(I)epeHIIPlaJIbHOI'O ypaBHe}mﬂ 2-ro no-
pﬂm(a ; . .

d2y ' [
'd 7 +a1(m)-- + ag(:c)y F(:c) o (1)
| y(O) .-,co-, y(O) ce(?)

5,- =p(@) PR ©)
Orcrona; npmmman BO BHPIMaHPIe Haqanmme ycnonnﬂ (2) noc.nenonarenbno
HaXoluM : . o

e v e B e e s
dZ - / (t)dt + C” y= / (z =t) p(tydt + Crz+Co. ~: (4)

IIpu 3TOM MBI MCMIONB3OBATH (bopmyny :

/dz/dz /f(:z:) d:c— 1)| /(z-—z)" ‘f(z) dz.

ﬂ

YuureiBas (3) n (4), auddepeHunanpHoe ypaBHeHwue ( 1') 3anuieM Tak:

olo)+ [ e pat+Goe) - [ aee-0 pas

0 Q
| 1 Cisa(x) + Comle) = Fiz),
WIH : IR

o(z) + / [a1<z) ra@@- e d= .
= F(z) C';a;(:l:) Cwag(z) Coaz(z). (5)

I'Ipnaraq ' i e L R R R S
K@t =@ +a@@-9].,. .. . . .6

f(z): lF(w) - Clal(:c)-—Cl:z:az(z)—C'odz(m), " ' (7)



_§2! Cengé 6)i'b’1¢4>epenuuanbuumn ypaBHeHmIMM .13

nipusetem (5) X Bidmy' |
'sa(:;-'>'="[ KehpWa+f@, @

T. €. MIPHIEM K MHTerpanbHOMY' ypaBHeHmo Bo.ubreppa 2-ro pona.
_ CyulecTBoBaHHe ETMHCTBEHHOTO PELEHHS ypaBHeHHs (8) crenyeT U3 cy-
IUECTBOBAHMS U €IMHCTBEHHOCTH peleHus 3anauu Kowm (1) ~(2') ansa nuneit-
"Horo nu¢depeHIMaIEHOTO YPaBHEHHs C HEMPEePHIBHBIMM K03 dULIHEHTaMu
B OKPECTHOCTH TOYKU 2 = 0. '
. U HaobopoT, pellas MHTErpajbHOE ypaBHEHHE (8)'c K u f, onpeneneH-
HbIMH 110 GopmynaM (6)-u (7), ¥ MoACTaBnsAs BHIPAXEHHUE, MOMYYEHHOE WIS
¢(z);. B mocnennee U3 ypasHeHuM.(4), MBI TQJIyYHM eTMHCTBEHHOE. DEIIEHHE
ypasHenus (1'), YHOBNETBOPsIIOlLiee HAYaNBHEIM YCTOBHSM (2).

Mpumep 1. Cocrasuts WHTerpansHoe ypaBHeHue, cooTBeTcreysomee ang-
depeHumancHOMY YpaBHEHUIO -

Y +f:i:y’ +y=0
M HaYaNbHbIM YCNOBMSM o .
y0)=1, ¥'(0)=0.
PeweHMé. Monaraem :

% veo) NG

Torna
. .%-: /go(t)dt +yf(0). =/%¢(;).dt’ y= f(x —t);o(t).dt+ L . (10)
0 0

0
[oacrarass (9) u (10) B JaHHOE nuddepeHUHanbHOE ypaBHeHMe; HailigeM

w(:':)+/zsa(t)dt+f(z-t)¢(t)at+1 =0,
0

0

p(z)=~1- /'(zz_;t)-¢(t)azi e Ty
g o _

3apaum ona CaMOCTONTENbHOrO peLueHns

CoCTaBUTb HHTErpAThHblE YDABHEHHH, COOTBETCTRYIOLINE ciienylomuM auddepeHLH-
aJIbHBIM YDAaBHEHHAM C 3a[JaHHBIMH HaYaJbHbIMH YCJIOBHSMH: '

9. y+y=0 y0)=0,4©0=1 10. y—y=0; y(0)=1.
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M. y"+y=cosz; A y(0)= y'(0) 2 T Y T TRRENNR I
12, y" -5y +6y=0; " y(d)=0, y(O)“'l ' T
13. y"+y=cosz;  y(0)=0, y() =1. w

14. y —y’smx+e y=2 y(0)=1,5(0)=-1

15." (1+z2)y=cosz ‘y(0)=0, y’(O} 2.

16. y’"+zy + (2 -x)y—ze +1 y(O) y(©0)=1,4"0)=0

17. y" =2ey=0; - y(O) > y(O) y'(©0)=1.

18. TMoxa3sars, yTo Jlm{em{oe ancpepeHIHATEHOE YPaBHEHHE C IIOCTOSIHHLIMH K03¢)-
UL MEHTaMHU TIPH TI06LIX HAYATBLHEIX YCIOBHSIX CBOAMTCS K MHTEFPAILHOMY YPaBHEHHIO
. BonbTeppa 2-10 pola ¢ AApPOM, 3aBUCAMIMM JIMIIb OT PasHOCTH .apryMeHToB (z —t)
(umerggx;pupg YPABHEHHe © AMKHYTRIM LHKIIOM UK YDABHCHHE cxgeg‘mn).

Hexo’ropue qacmue BH’,}IM ypaBHe}mﬁ Bonb'reppa I-ro n 2 -T0_pOfIoB
MOJMHO PELIaTh,’ 'CBOMA MX K nmb@epenunanbuum YPaBHEHUAM.”

Mpumep 2. PewiTs MHterpanbHoe ypaBHeHHe
T

o) =z + / ztp(t) dt. (11)
- |
Pewenve. Tiepemiuem ypasHerue (11) B crenyiomem puze:

. . L
o(z) = z(l +'f tgo_(i) dt), . __(12)
. 0 * ! : '
M TIONIOXHM . .
z -

y(@) = i+/t<p(t)dt. (1)
. 0 . r ) -, .
Anddepenumpyem nocienHee paBeHCTBO:

S () = zpla).

Ho Tak Kak coriacHo (12) u (13)
- p(z) = zy(e),

TO nanyqnm nnd:@epeuunanbuoe YpaBHEHHE OTHOCHTENLHO dynxmm y(z):
¥ (z) = 2y(=).

O61ee peleHHE FTON0 YPaBHEHHS
y(z) Ceﬂ 3

3ameruM, 4TO B cruty (13) HMeeM y(0) =1, CIIENOBATENLHO, € = 1. Taxum obpa3oM,
pelieHue p(z) = zy(z) yparHeHus (11) umeeT BUL - o

10(:!)=u . ' >



'.2.-§ 3. -Pesonvsenta ypasHenms Bonereppa: 15

3anaun AN CAMOCTOSTENbHOTO PeteHus - ... . . .o:
e n o - - 5 ,’u‘_ :

MeronoM anddeperuHpoBaHUA PEINUTD CEAYIOLIHE HHTETPARbHBIE YDABHEHHSE: . -

z

19. p(z) =z - / oty dt. 20, /'cf‘_“@(t) a=z 21 f‘gé"so.('t") dt=z,
[ _ o o .

22, (:»:)—2/(22;:f11)2 ) dt+ 1. 28, ya(a'c)=/gp(t)dt-§L e’

RIRY

§ 3. Pe3onbBeHTa UHTErpanbHoro YpasHeHus
Bonbreppa.. PeweHne uiTerpanbHoro
YPaBHEH!SI C NOMOLIbIO PE30NbLBEHTbI

Tlyets MMeeM MHTErpanbHoe ypaBHeHue BonbTeppa 2-ro poga .
. .
o) = 1)+ [ K@ e®dt, O
-y .

e K (z,t) ects HenpepbiBHaa dynkums ipu 0 < ¢ < @, 0< ¢ <z, a f(2)
HenpepsiBHa npu 0 < = < a.

Bynem ucKaTh pellieHHe HHTErpaabHOro ypaBHeHna (1) B Bume GeckoHey-
HOYO CTENIEHHOTO PAAa 1O CTEMEHAM: A:

() = po(@) + Api(z) + Npy(z) + ... + Aou@)+.... ()
Toncrasnsas GpopMansHo 310T pan B (1), NOTMy4uM
po(@) + Ap1(2) + ... + App(2) + ... = S
= f(z) + A / K(a:,t)[gao(t)+,\gol(t)+... +A"égn('t)+;..] dt.
CpaBHuBas xoadxpnunembl Npy OZNHAKOBHIX CTeneHsK A, Ham:eM :
w@=f@), e
o= / Kz, golt) dt = / K(e.t) 10)dt, »
)
m@=/xm0@wa=/xmﬂfk&mﬂm@mf”'
0 0o 0

L N R R N N N N N P AR LN R ]
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CooTHoOLLIEeHUs (3) Ja1oT, Crocod nocnenonaTenb;{oro orfnpeneneHus ¢)yHK1mﬁ
©n(z). MoXHO 1moKa3ars, YTO NpH CIeIaHHBIX MPEONOXKEHHSIX OTHOCHTEb-
Ho f(z) u K(z,t) monydenHsi#t TakuM o6pa3oM. obpa3oM psa (2) cxommrcs
PaBHOMEDHO 1O T M A npH mo6oM -A U T € (o, a] M €ro cyMMa ecTh
€MHCTBEHHOE peLleHHe ypaBHEHHUS (1) .

JNanee, u3 (3) cne.uye'r

i) = / K(z.1) f(t) dt,
S
- z . t- e
0a(2) = [ K(z,t)| [ K(t,t1) £(t,) dt | dt =
[seol[mucoroula=
- / f(t) dty / K(z,t) K(t,t)) dt = / iz, 1) £(t) dts,
0 o S 0 L ’
roe

Ky(z, t1) = / K(z, ) K(t,t)) dt.

4]

AHAaJIOTHYHO YCTaHaBJIMBA€TCA, YTO B0061He
z
on(z) = / Ku(z,t) f(O)dt (n=1,2,...). @)
0 . - .

®Oyukumn K, (z,t) Ha3bIBAIOTCA NOGMOPHOMU WITH UMEPUPOSAHHBIMU ROPaMU.
OHH, KaK HeTpyAHO NMOKa3aTh, OMPENEJIAIOTCS NMPH MOMOLIM PeKYPPEHTHBIX

tdbopmyn C : ‘
Ki(z,t) = I._I_{(a:_,' t), |

z . ) -
Kniy(z,8) = / K(z,2)Kn(z,)dz (n=12,..}), )
Ucnonsays (4) u (5), paBeHCTBO (2) MOXHO 3amucaTh Tak: -

o) = &)+ 3 ¥ [ Ket) 1) a
v=] 0



~§3. PésonbeenTa ypasenis Bossteppa . .. 1T

i~ PyHKUMA R(a:, t;.A), 'onpez(e;riaema";r 'npn nbmo'um ‘psita
' R(z,t;)) = Z,\ K,,H(z,:),. R (3
=0 . o L

Ha3bIBAETCS. pe30ab6enmoil (MK paspellaloLum ﬂJIpOM)- HHTErpaILHOrO ypas-
Henus (1): Psn (6) B cnysae HenpepbiBHoro siapa K (z, t) cxomutes aGeomoTHO
U PaBHOMEPHO.

ToBTOpHBIE siApa, a TAKKE peaonbnema He 3aBUCSAT OT HPDKHCI‘O Tpeiena
B MHTETPaJIbHOM YPaBHEHHH.

PesonbBenta R(z, t; A) ymoBaeTBopsieT CemyIoLeMy q)yHKuHonaanomy
YPaBHEHHMIO;

‘R(z,t; M) = K(z,t) + A / K(z, s) R(s,lt; A) ds. -

C NMOMOLBIO Pe30JIbBEHTH PElleHHe UHTErpatbHOro ypasHeHus (1) 3a-
MHILETCS B BUIE

p(2) = f(z) + A / R(z, t; )) £(t) dt. (7)
0 . ' )

Npumep 1. Haitth pe3onbBeHTY Murerpanbnoro ypaBHeHun ‘Boneteppa
C A4poM K(a: t)=1.

Pewenne. Umeem K ((z,t) = K(z, t) = 1. Janee, cornacHo ¢opmynam (5)

Kz, t)= | K@@ 2) Ki(z,t)dz= [ dz=2—1,
f @t
Ky(z,t)= [ 1- (z—t)d .
et
Ki(z, t) _/ (2 '2“2 i= ;!t)3 ,

t

' . _I z _ p\n-2 ) _ \n-|
Kﬂ(;,;J_):/l-K,,__](z,t) dz=/1- (?n __"')2), dz = (::n __t)l)g .
AR U /A P

TakuM 06pa3oM, COINaCHO OTpPENETEHHIO

R(z, t; ) = o A" oS NE- ey :
z, t; )—Z/\ K,.+_1(z,t)_2:__e . >
n=0

!
n=0 n



98 ypasHenus Bonsreppa
"'... - "- .',.' -:'-Fmi{ - .

1

1482 t

3apaum ana camocToATenkHOro ‘pemeu'uu»- Vo aaf
HallT! pe3oNbBeHTH WA HHTel'paJlebIX ypaBHel-mﬂ Bomrreppa CO CJIETYIOIMMH AApa-
MH! : Dol T

24. K(z,t)=z—t. - 2. K(z t)—e -t 23 K(z,t)-—e

27. K(zt)-1+z P 2heos | '29 K(z,t)— h

28. K(,t)= et

36. K(z,t) =a** (a > 0). ..

Hpezmonoxmu, yro sanpo K(z, t) €CTb MHOTOWIEH (n — 1)-i cTeneHu
- OTHOCHTEJIBHO ¢, TaK YTO €r0 MOXHO NIPE/ICTABHTE B BUOE - ...

~

aﬂ“l( )( _ t)n—l -
.= 1)
NpHYeM Koacbtbuuneﬂ'm ax (a:) Henpepunﬂu B [0 a] Eciun OMpeJIeNTHTh byHxk-
‘umio g(z, t;.A) Kak pememle nncbd)epeﬂuuanbﬂoro ypaBHEHHUSA

n-1 R "2

g";% - [00(1‘)2 "_g + a,(a:) _92 R N S (a:) g] =0, (9

K(z,t) = ay(z) +'a (-"»‘)(9«‘ - t) Fi ot —— (®)

YIORJIETBOPSAIOLLIEE YCJI0BHSIM

dn—Zg ' dn—lg .

dg
. e = = — = 0’ bl = N :
g|z=t dz z=t . -_d:_cn—_2 z=t - d.x"-l z=t : (10)
1O pésommema R(z, t; X) OyzeT onpenensTses PaBEHCTBOM
ld"g(m A .
t; T g .
R(z, .\) P (11)
AHJIOTHYHO B cnyqae, xorna : '
Ko = ) + b ) 4+ ("“"(3! o,
pelonbBeHTa | o .
S Cldhg(t,z X)
i; -7
R(a: A) -3 a7

roe g(a: t; )\) €cTb pememle YPaBHEHHS

AN

d g drl—]g B ) ) I_ .
an +/\[bo(t) t" - ”..+,b _1(_t)g ,.=_0,

YAORMETBOPSIIOLLIEE ycqlomsm (10).‘



w(m) f(z) ; / - t) «p(t) dt.

Pewel-me B maHHOM ciyyae K (z t) =z.-t, ,\ =1, cnenona'renbno corac-
Ho (8),.a;(z) =1, Bce OCTANBbHBlE a,‘(a:) A R e RS TR N
VpaBHeHMe (9) B 3TOM crydae HMeeT BUI o

d’g(z, t; 1) N SN 09

..... — .~.—g(:c, G1) =0, - v oo
OTKyda . | ‘
9t 1>-9(w H=Clfer+Ce

Yenosns (10) nalo'r t
- { Cit) e +Calt)eTt=0, .. .5 oy
C](t)e —Cg(t)e =1

Peinas cictemy (I2) Haxomm : B ‘
A o . <‘.; P .‘l‘r-. T Y]
_ C,(t) = -e ‘, Cz(t) =.'_':5-€i,
1, CNIeZIOBATeNbHO, * " T e
g(z,t) = 5(6"‘—»:‘("") =sh(z—t), ~ T T
Cornacro (11) o S ) B _ _
' ﬁ(z,t;_l) =[sh(z - )] =sh(z—t). - [

San,a-m ans camocromenworo pe’meuuu_' \)

HaitT pe30NbBEHTHl HHTETPaNbHBIX ypanuelmﬁ co cnenylomnmu Anpamu (A = l)
31. K(z,t)=2- (:c—t) 32 K(z,t) = —2+3(a:—t)

4x=2 . B(a'—t). ..

33. K(z,t)=2z. L 34, K(“)_ 23+1+2z+1.

[y
35. nyCTb HMEEM HHTErpajibHOE ypaBHe}me Bom,‘reppa, )'!JIpO KOTOpOro 3aBHCHT JIHH.H:
OT Pa3HOCTH CBOMX apryMEHTOB: . 4

o() = 1(a) + / K(z_t)wu)dt (A—l) R )

‘--": E

TMoxka3sats, 4TO Wi ypannemm (13) BCE MOBTOPHEE s1pa n peaonbnema Takoke 3aBHCAT
MMWB OT Pa3HOCTH T — t. e e '

PRegld L A
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e

&

" Mpumep 3. C 'noMOWsI0 peaoaneHTbl Hamu peuJeHMe MHTeI'paIIbHOI'O

13

ypaBHeHua -’ v
z

o(z) = € + / om0

0.

Pewel-me Pesonspenta spa K(z,t) = e~ npu A = 1 ects R(z,t; 1) =

e tem ! (cM. 3amauy 26). CornacHo opmyse (7) pelueﬂueM JaHHOTO MHTETPaibHOIO
YPaBHEHHMS! SBJIAETCH (byﬂxumi

(z)—e +fea—ta2-t’ l’dt_emz ' >

R

3apaum Ana CaMOCTONTENLHOTO peleHus

HCI‘IOJ'IBBY}I pe3yabTaThl NNpeAbUIYLINX 3a0a4, HaWTH C TIOMOLIbIO PE30JIbBEHT PELICHHUS
CJICOYIOLIHUX UHTErpaJibHbIX YpaBHEHM:

z z

36. ¢(z) =e'+/e"‘so(t) dat. 37. go(:c)=sin:c+2fe"‘qa(t) dt.
0 T ‘

r - f é+COS$
38. =3 - [ 3®'p(t) dt. = /...__.___
plo) = 37 - [ 37l ole) = e sinz+ [ ZE22 o a

0 . 0

40. p(z) =12z - / Pty dl A1: p(a) =R 42 / P 0(t) dt.

0 .0

z
_ 1+ z?
42, ¢o(z) = l+z2+/-1—_;_-'-t-i-so(t) dt.
J L
{

3amevanme. OnHo3HayHas pa3pelIMMOCTh umerpanbﬂﬁx yp-aBHeIHMﬁ Bonbtep-
pa 2-ro poaa

(@) = f(g) + A / K(z,t) p(t) dt (14)

HMeeT MeCTO TpHU 3HaYMTENBHO Go.nee 061HX npennonoxeﬂmx OTHOCHTEJILHO
¢dynkunu f(z) u anpa K(z,t), Hexenu UX. HEMPEPHIBHOCTb.

Teopema. Humezpanvnoe ypaeHenue Bossmeppa 2-20 poda (14); y Ko-
mopozo sdpa K (z,t) u ¢ynxuus f(x) npunadrexcam coomeemcmeenHo
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no@npocmpancmaam Lz(Qo) u L (O a),.uMeem 00HO U MObK0.00HO peue-
Hue u3 npocmpancmea Ly(0, a). .

310 pelieHHe AaeTCA (bopr_dynoﬁ
- o - B z ER
o(@) = £(a) + X [ Riz,t:) 10 o,
_ . . 0 .. :
rae pe3onbBeHTa R(z; t' -,\)'onpe,f[éimér'cﬂ npu inoMomn-'p;ma’ -
R(z ) = 2 MK, (z, t),

Co v=0 .
COCTaBJIeHHOFO M3 ATCPUPOBAHHBIX smep Hu CXO}.'[HU.ICFOCH IMOYTH BC]O).I)'

3anaqa wm camocroarenbuoro pemenua

43. l'loxaaa'rs, 9TO YpaBHEHHe
. ] - - e . N . z N . .. .
p(z) = / 7 ot)dt (0<z, t<1)
HMeeT, KDOME HeTpEephIBHOIO peweHus p(z) = 0, GecKoHEYHOE MHOXECTBO Pa3phiB-
HBIX peleHHit BiIa . .

o(x) =Ccz™",
rie C — MpOM3BO/IbHAS ITOCTOSHHASL,

§4. éﬁnépo'au WHTerpansi

Tamma-gynkyueii MM 3AIEPOBIM MHTETPAIOM 2 -ro0 pofia Ha3bIBaeTCs
(bym(um[ I'(z), onpenensiemas DaBEHCTBOM

I(z) = / e"‘t"‘ dt, (1)
- - 0 - - - . . - ] .

rae ¢ — s1060e KoMIUIeKCHoe yucno, Rez > 0. Ilpu ¢ = 1 nonyyaem
r(1)=/e‘*dt=1. R ()

WHTerpHpys No YacTaM, U3 preH_CT_Ba_(l_) HAXO[IUM

I-‘(:£)=_-%I / "t’dt E%"—Ll) e

.0



. l'haaal mmmwmmmamnppa

C 4(] paBechao BBIPAXaeT OCHOBHOE csoncmo ramma-tpymclmu Teegn e
' ' I‘(z +1)= mI‘(z) _ @)

: chom,ay;l (2), nonyyaem -
r(z) T+ 1) =1. I‘(l) =1,
@) =T2+1)=2-TQ) =2, . .
I@4)=T(3+1)=3-T(3) =3,
1 BOOGLLE MPH LENIOM nonoxu'renbuom maqeﬂun n
| ' Im=m-1. (5)

H3BecTHO, 4YTO .
o

- ‘/.e_"'2 dz = ﬁ.
0

ITonox#uB B 3TOM PaBEeHCTBE & = tl/ 2 HaitzeM

o
' / et gy — /7.

i o . g

V‘IHTHBaﬂ Bupaxeﬂue (1) ana raMma-q;nyunn nocnenﬂee PaBEHCTBO 3anu-

weM Tak:’ N . :
P(i) =/, .

O1ciofia ¢ NOMOLIBIO OCHOBHOTO. cnoncma raMMa-(yHKIIH, BbIPaXEHHOTO
paBeHCTBOM (4), HaxonuM

3\ 1. /1\ 1 o
5 3_/3\ 1.3
(5)-3() -5 wn

Bbbéme, KaK iiérpynno' yOeANThCS, CIIPaBELTHBO panencmb
1 1-3-5,..(2n -1
F(n+'2')=_fl "2( )\/-

(n — uesoe NONOXHTENBHOE).

3Has 3HaueHHe TaMMa-OYHKUHH NPH KaKOM-TO 3HAYEHHMM apryMeHTa,
MOJXHO M3 PaBeHCTBA (3) BBIYMCITUTb 3HaYeHHE 3TOM DYHKLIHUHU NIPH apryMeHTe,
. yMeHbIUEHHOM Ha exuHuuy. Hanpumep,

o(3)-1




HOSTOMY Tedid e .\ i ”. R s
1 I! =
F 5 = 4 i
(3) ‘
JleACTBYsl aHATIOTMYHO, HAlAEM
.r(
- 1 Py
rf--
J? ﬁ

HerpynHo nposeputs, uto I'0) = I'(-1) = ... = [(-n) = . Buie

Ml onpexenui I'(z) i Re z > 0. YxasaHHun £nocob. mncnemm I(z)

TpoNoMIXaeT 3Ty GYHKUMIO B JIEBYIO TIONYILIOCKOCTb, Tae I{&) orpeneneHa

BCIONY, KPOME TOYEK T = —7 (n — UeA0e TIOOXUTENbHOE H 0)
OTMETHM elle CleRyIOlINE COOTHOLIEHHS:

5 . XL PP R T

I'(z)r (:v +%> = 2'-"_"’:‘5.1%“{ 2_.1‘:(2“:1:)_, :

BOOO1LE,

')awkﬂ%@ﬂnm)

I(z)I (m + ‘1')1“(2 +_2_) F(z . n_ '1.

(meopema ymroocenus I'aycca u ./Ieax'anapa)
TamMa-¢dyHKkuua Ghuia onpeneneHa Beﬁepmrpaccom TNOCPEICTBOM YypaB-

HEHH e
. —_— — g1 ~¢in ST
e (@) ze H{(1+ ) _ }’ el §

n=1
R

rae

1 1. 1 '
= li |l e SR =
7 m ( +2+3+ +_m lnm) 0,‘57721
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e ——

. . -
— focTostHHas Dinepa. M3 pabercTra(6) Buawo, wioyikuus ['(z)-anam-
THYHA BCIOAY, 3a UCKIIOYeHHeM TodeK z =0, Zz = =1, 2 ="-2, ..., TIe OHa
MMEET MPOCTHIE MOJIOCH. ve . :
" TIpuBeneM euie bopmyy Ditiepa, KOTopas nonyqaeTcﬁ U3 (6)

ot ()

OHa UMeeT MECTO BCIOdy, KpOME TOueK z = 0,z2=-1,z=-2,....

3apaum pnis qamocfou'renbuoro peweHus

44. Toka3ars, yto I'(1) = —7.
45. Tokasats, yto Rez > 0

46. TTokasaTb, 4TO .

47. Nokxa3aTb, YTO

X 1.2-(n—-l) -,.
1"(z) - ,}1_:10 z2(z+1)...(z+n-1)

BseneMm 3itnepos unTerpan l-ro poma B(p, g), Tak HasbiBaeMylo Gema-
Pyryuro:

B(p, q) = / 2 '(1-2)""'dz (Rep>0, Reg>0).
_ 0
CripaBeannBoO Cieaylollee paBeHCTBO, -ycra'iilannhaélomee CBSI3b MEXIY UHTE-
rpajiaMy Diinepa 1-ro ¥ 2-ro pona:

B(p. g) = P(p)l‘@)'

T+9) .
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3apauun ANR.CaMOCTONTENLHOIO PELIeHUs . . - ;.

e

48. Toxasats, uTo T :
R "B(p,4)=B(g,p). =~
49. Tloka3ats, 410 o L o
B(p,q) =B(p+1,9) +B(p, g +1).
50. [TokaszaTs, 4TO ) .
| B(p+1,q) = ’E’B(p,_q+ 1),
51. INokasars, yro
. .o .
Jasapia-ay sz =2""80.9.
bR . . .

52. BriyucauTs UHTErpan

x/2 .
I= /cos'""a:-sin””‘z dz- (Rem >0, Ren >°0).
0 ' : .

§ 5. MHTerpanbuoe ypaBHeHue A6ens|
u ero o6o6u4eHm|

HHTerpaibHeIM ypaBHeHneM AGens Ha3bIBaeTCS ypaBHEHHE BUIA

olt) SR
r__ e

rae o(z) — uckoMas GyHKums, a f(z) — 3amaHHas yHxkuus. D1o‘écth
MHTerpaibHOe ypaBHeHue Bonbsreppa 1-ro pona. .
YpaBHeHueM AGens Ha3pIBaIOT TaKXKe HeCKOJILKO 60osiee obliee ypaBHe-

HUe: .
/ e

rie @ — nocrosiHHad, 0 < a <1 (o6o6u¢enuoe ypaeHerue Abens). OyHKIHMIO
f(z) 6yneM cuuTaTh MMEIOLIEH HEMpPEPHLIBHYIO MPOU3BONHYIO HA HEKOTOPOM
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-

L L I T PO PR P S
25 PO ypaBHEHHH (2) ‘He MHTETpH-
DYEMO C. KBanpaToM, T: . He siBiseres: Ly-dyHxuueit. -OnHako ‘ypaBHex,{nq(Z_)J;

umeer ‘pellieHne ,;KOTOPOEMOXET:6biTh HAMACHO .CIIEAYIOLUUM 06pa3oM. -

= JIONyCTHM, '$ié pemerme ypaBHeHm{ (2) cyluecrsye'r 3aMCHHM B ypaB-
- .idg -

orpeske [0, a]. _3aMeTum, uto TIp)

HEHNH T Ha 8, YMHOXHUM obie gact IIOJIY'{eHHOI‘O paBeHCTBa Ha —
¥ TIPOUHTETPHPYEM 110:8:0T-0 .10 T2t " .. . - N A

[l - £(s)
/(at—S)l (8—t)° /(at—-'f)l - _°

MeHﬂﬂ cyieBa NOpAROK umerpnponamm, nonylnm

o [ s ‘ .
0/ p(t) d? / TRy T = F(z), - ()

roe CoTen o K

/ -f (3)
(z - s)“"

BO BHYTPEHHEM -MHTErpane (3) CIesiaeM TIONCTaHOBKY 8= t+y— 't_:)‘:‘

. N

(m-s)""(a-t)" <y (l-y)te sinan”

- Torza u3 ypaBHeHna'(3) HMeeM - -

z

Cr .o '/-"P(t)-dt_- e F(z)
wi S e

_sinar ,'I __sinow r f(s) ! B
o0 =0 =T ([ ghgme) . o

tT

UTaK, eqMHCTBEHHOE pellieHue ypaBHeHus (3) naetcsa dopmynoii (4), KoTopyo
C NMOMOILBI0 UHTErpUPOBaHUS MO YacTSM MOXHO MNepenncaTh eile B BUae -

ot [t s
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3a081M ANA CaMOCTORTENLHOFO petiienus

53. a) II6Kasats, 4To B cnyude- f(z)'E C.='const peweHueM ypasHeHma Abens (1)
SIBNISIETCS LHKIIOHa. (3a/aya 0: TAYTONpOHE: HailTH -KPHBEYIO, CKOIB3A BAOS KOTOPO#H
Ge3: TpeHMS, TAXeNad YaCTHHA JOCTHIZET CBOELO ¢aMOT0 HHIKOTO NIOJIOXEHHS 33 OAHO
H TO Xe spem Heaanucnmo oTee uaqa:suoro TONOXEHHS. )

Kok
6) I'onasa'rb, 4TO B CiIy4ae f(a:) = ? peme}meu YPaBHEHHA AGens Gym npmme

Pewuts cnepyiolue HH'rerpaJleue ypam{emm .

54. /(z(t)dt =z" (0<o:<l)‘ | 55. %:smz

e, [YOZ_. - /w(t)dt .

’ —
58. PewnTs AByMepHOE ypaBHEHHe A6em1 -
- ' (:t y) dzdy -
/ / = f (wﬂy yo)
Zo _. f

3nech obnacth D — paBHOGERPEeHHHIM npxmoyronbﬂuﬁ Tpeyrmmm € mrwreuyaoﬁ
Ha och OX M c BEpUIHHOM B To4Ke (z0, o

PacCMOTPHMM HHTETPATbHOE yPABHEHHE
z .
/(mft)ﬂw(t)dt--:';* e

A2 0 B> -1 — Bemccrneﬂﬂoe) ﬂnnmomeecﬂ B HEKOTOPOM CMBICITe
RanpHEHIINM 0600IIEeHHEM YPaBHEHHS AGens (2).
‘VMHOXHMM 06e uacty (6) Ha (2. — ) (u> —1) H IIPOMHTEIPHDYEM 10 T

or 0 5o 2: o . _
/ (z—z)" ( / (-'l»'-t)’3 <P(t) d‘) de = 0/ A(Z-z)“ dx. | (.7):

Hcmarau B nmerpanc B npaBoﬁ 4acTH (7) T = pz, NOIYIUM
z o . . : .
/ (2~ z) dz = / Pt - pldp = 2B+ 1, p+1) =
0 .0 :
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Ll I'(A+1) I‘(p + 1)
TA+a+2)

MeHss nopsmox uHTerpnponaHm B. nenoﬁ yactu (7), nonylmm

j ( / (z-2)"(z ~tYs(t) dt)'dz'- = / ( / '(;"— ) (z 1)’ ézx) ¢(t') dt. (9)
0 ' 0 't

0

(,\+p+1>,\>0) (8)

I'Ionb)lmM BO BHYTpEHHeM MHTerpase npasoi yactu (9) -
z=t+p(z-t). I
Torna
. o \ o
/ (z— ) (z — ) do = (2 - t)_ﬂ+ﬂ+' / Pl p)dp =
t
I'(ﬁ + )T+
"T(P+p+2)
Vuutnisas (8), (9), (10), u3 paBeHCTBa 7 HanneM :

P(p'*l"l) +0+ F( + 1) et
F’(ﬁﬂt_+2)/( t)“ ! (t)dt mz* A+ | (11)

=(z- )f‘+ﬂ+’B(ﬁ+1u+1) ( )ﬁﬂ*“ (10)

BriGepeM p TaK, uToGHl p+ S+ 1 =mn, e n — HempuuaTeanoe uenoe
yucno. Torna us (11) 6yz[eM UMeEThb .

rpB+1 F(A+l) e
I‘(n+l)/( - () dt = ey T

(z=9)" F(A+1) M0
f._—___n! go(t)dt_F.(ﬂH)F(Hn_ﬁH)z_* )

Huddepenunpys o6e 4actu (12) n+ 1 pa3s no z, nonyynm
o(2) = TA+D)A+n=-pA+n-p1).. A= B) i
' P@+1)I(A+n-p+1) ’
WM A=-B+k#0(k=0,1,...,n) .
' _ FTA+1)  apa
#C) = T nTO=H)°

9TO U ecThb pellieHHe HHTETPaNbHOTO ypaBHeHus (6).

(13)
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I'Ipuuep Pemmb MHTerpaanoe ypaaHeHMe )

(a:—t) (p(t) dt = 2.

Co - - . e .
- . PRI R S R

- Pewenwe. B nanHoM cayuae B = 1, A = 2. Tak KaK A B+k#0 (k=
0,1,2,...,n), To no ¢opmyne (13) '

?(2) = . I‘(3) 2~1-1

-1::(2)—1.\6;; =2. . . >

3anaus ANR CAMOCTONTENLHOrO pelweHus

PeluuTs MHTErpaIbHEE YPaBHEHHS:

59. (z_;t)'/3_q:(t) dtj—'m”?—_a:?. - 60 (z - t)"p(t) dt = .
61. (z-t)Ppt)dt =z 7% - = 62 (z—'t)’«p(t)_dt-'; z.
= =

B3, % of(z -t)’cp(t) dt =cosz — l+ ?.




F }'IABA

- UHTerpansHsie. ypaBHéum
dnmmnumma W_.”f

§6. Vpaanenml tbpep.ronbma.
OCHOBHbIe NOoHATUA e

ypaBHeHue Buna

TN
AL

\ A IR N
e f Kenass@ 0
rae ¢(x) — HeM3BeCTHas Q)ymcum{ K(z, t) " f(z) — usnecrﬂme dJyHKuuu :
zut— neﬁcrnmenbnme nepemeﬂﬂue MIMeHSIIoLLIHecs B uHTepBa.ne (a b),
A — YMCNOBOM MHOXMTENB, - o

®yukuus K (z, ) -HaasiBaeTcs 20pom UHMezpanbHozo ypasnenuﬂ (1); mpen="
nonaraetcs, 4to Aapo K (a: t) OTIpeNiesIeHO B KBajipaTe Q{a <z <bagig b}
Ha nnthKocm (:c t)n HelPePLIBHO B Q, M6O_€ro. pa3phiBhl TaKOBbI, 4TO

IBOHHOM MHTErpan
// IK(a: t)| dm dt
maee'r KOHC‘{HQC 3Haquue T
. Ec.rm f(m) #9, 10 ypaBHel-me (l) HaabmaeTcs{ neoanopoauwu, €CIIM Xe
#(z) = 0, To ypasHenue (1) TPHHAMAET BUI -

o)~ / Kz, t) so(t) =0 @)

- [ ,i‘ ' - PP R N T T |
H Haabmaercsl oanopoanwn Coamn g, en
HHTerpanpbHOe ypaBHEHHE BHAA

ety b Lr

e . :
/ (e ) a - 'f(z), - )

He cozlepxaHIee ucxomon q)ynxnpm ga(a:) BHE, mn'erpa.na, Ha3bIBaeTCs unme- -
2PanbHNM ypagHenuen. d)pedeo/zwua 1-20 poda;--. o -
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e i ———.]

Tpe enbi uyrerpupopasma a 1 b B Megmx (1) (2) " (3)»Mory'r 6rITE
XaK KOHCUHBIME, Tak H Beckone: At B

PelleHHEM MHTErpPaTbHbIX YPARHCHHH - (1) 2):m (3) Haammercx mo-
6ast dyHKUus (p(z) NpH NOACTAHOBET xo*ropoi& B ypasuex—mn nocnenﬂne
o6paluaioTcs B TOXIECTBA OTHOCHTENBHO T € (a, b).

MNpumep 1. 3anaqa o pacnpenenenuu npxocm caera

CornacHo 3axony reometpu-
YecKOoit ONTHKK H306paxeHne 06b- '
eKTa nofo6HO camomMy 06BEKTY, TaK .
YTO OTPE30K 0TOOPAXKAETCS B OTpE-
30K, TNpHYEM IUIMHEI 3THX OTpe3-
KOB, BOOGILE roBOPsi, PAVTHYHHI,

Ipu 3aaaHHOl CHCTEME JTHH3
B mpubope P BrGepem MacmTa-
651 Ha ocax Ot U O's Tak, 4yTOGHI
RAA JBYX B3AHMHO COOTBETCTBYIO- .
umx Touex T(t) u-S(s) umeno me- - s
CTO paBeHCTBO 8 = { (pHc. 1). - O

Caersuasics Touxa T'(t) 061,-
exta, AB .BIMSET Ha, OCBEUICHHE .
BGEro H306paxeHns A B’ npuqu.
Hauﬁonbmau APKOCTD ocnemeuuu npuxonmcu Hd 'roqu S(s) Tax}m oﬁpasou, xm- '
TEHCHBHOCTb OcBeuteHus K (1. e’ HpKOCTb ‘cBeTa) ABASIETCS Q)ymcxmeﬂ sut, T.e.'
K = K(s,t). -

O6o3HauuM yepe3 1(t) ruxomocrb sipKocTH o6bekTa, Toraa BenuyKuHa
: n(t)K (s, t)At

6yne1' [1aBaTh IPUGIOKEMHOE 3HAYEHHE APKOCTH moﬁpaxeuua B TOMKE S(a) nopoma’
eMoro 31eMeHTOM At cBeTAllerocs o6bexTa. 3xech BEIMYMHA X (s, t) onpene.rmercﬂ B
CBOACTBaMHM "ONTHYECKOTO INpK6Opa. SIPKOCTh 'M30BGpaxeHus B m\!xe. S(a) B cwly
NpHHLIMIA CYNePIO3HLHH, MPHOIMOKEHHO BhIPa3HTCs cynmon :

wawmm f (4)

0"

rie CyMMHPOBaHHE pacnpocrpaﬂue'rcﬂ O BCEMY o61;ex'ry otpe3ky AB. Ilycts tuHa
otpeska AB pasHa I. Ilepexoms B cymme (4) x npezneny npn maxAt,, - 0 nony'mM
pacrpefie/ieHHe SPKOCTH H306paXeHHs B BHOE LI

1 K o N : .
o= [Keowae (5)
PN 0"':"'. . . '_: .
B 3aBHCHMOCTH OT PaTHYHBIX fIOCTAHOBOK dméuqecxoﬁ 3anayu u3 (5) monydaem
Pa3NTMYHEIE BUIE MHTETPAXLHEIX YPaBHEHHI. Q)ynxmm K(s,t) saBnsercs H3BECTHOH

GbyHKumed, oripenesisteMol BHIGOPOM OMTHYECKOrO nipubopa. Eci TLIOTHOCTH ApKO--
cTH H3o6paxeHus g(s) 3amaHa, a MileTCs TaKoe pacrpefeneHue SpKoETH ofbekra,
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o

KOTOpOe M1aeT 3alaHHYIO SPKOCTb H306paxeHus, Torna g(s) 6yner naHHoM byHKUM~
eil, a n(s) — HckoMoil, H, ClleloBateNbHO, (5) GyneT MHTEIPAILHEIM YpaBHEHHUEM
Dpearonbma 1-ro pona.

Bonbiyoe GH3NIECKOE 3HAYEHHE UMEET Bonpoc xorna moﬁpaxe}me TaKoBo, YTO,
KPOMeE Te€OMETPHYECKOTo IIO}.IOﬁHH, APKOCTh M306paxeHHs TakoKe NOA0GHa SIPKOCTH
o6bexta? B aToM ciyvae y(s) u n(s) HpOI‘lOpIﬂ{OHaJ[beI, T.€.

g(s)-—n(s) 3 o

u (5) npenpamae'rcn (ecnu Hamucatb ¢(s) BMecTo _q(,s)) B

0= 90(3) Py f Ko, )0lt) dt

T. €. B OMHOPOXHOE HHTErpaJbHOE ypaBHEHHE (Dpe,uronbua 2~ro po,ua B KOTOpOM o(s) .
SBIAETCH] HCKOMOM (bymumeﬁ I1pu 3TOM B03HHK38T Bonpoc,= ! x(e'r AU K03¢¢pmmeu'r ’
MPONOPLHOHANTBHOCTH TipHHMMATh JIOOEIE 3HAYEHMS, MM Xe, eCliM 3TO He TakK, TO JUld
KaMX 3HayeHHl A du3nyeckas 3anaya HMeeT pemeuue‘?

Ecian u3aMeHnTh HU3HYECKYIO TOCTAHOBKY Bonpoea H nO’!pCGOBaTb, qmﬁm pas-
HH1{a APKOCTH MEXIY TOYKOH 06HEKTa M TOYKOM moﬁpaxemm ‘HMeJa BCiody 3apaHee
3alaHHYIO BEIMYHHY f(s) T. €. YTO0HI

()~ g(6) = (o) | - ®

10 (5), mocite 3aMeHH B HeM g(s) u3 (6), NepexoauT B

ECHCE / Ko, (0 at

— HEOIHOPOIHOE MHTErpalbHOE ypaBHeHuc d)pemwxbma 2-ro po;ia 3necx> ucxomoﬁ
dyHxied spngescs 7(s). >

T
Npumep 2. MokasaTs, 4To yHkumMa p(z) = sin -2— ABNAeTCH pemeHMeM
UHTErpanLHoro ypaeHeHun ¢penronwa

)= / Kaye®d=1,
. 0 . .

rfe appo umeet suA,
“ ' z(2-t)
2 b
t(2-2z)
2 *
M. HCBYIO 4acTb YpaBHEHHUA 3allMIUEM B BHIC

0gegt,
K(z,t) =

t<zg L.

1 . ) 2 z R ST
p{z)—.%B/K(z, t) ¢(t? dt =qo(a —-:—{ 6/K(:z:, t) (t) c_it+/K(x, t) o(t) dt} =
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=p(z) - = {/1(2 (t)dt+/f(22—_t)gb(t)qt}=

T

. . 1
=¢(,)--’;1{3-§:/w(t>at+§/<z~t->se<t>dt}-

L
TloacTaenss B Mony4eHHoOE Bupaxe}me BMECTO gp(:t) nyumo sin X GyneM UMeTh

L x? 2-2). tco «t+2s_n1rt =2
= Sln = = — -2 —— ] — S]
2 4" x 2 2 ) o
N 2-t =t 2.in1rt =1 z
——— 08 — — —; sin — ==
’ T 2 2], 2
Hrax, nonydaeM 3 = 7 a 3TO O3HAYaeT, COMIACHO OMpeaeNeH o, dTo p(z) =
nE
sin 7 €CTh pelieHHWe JaHHOTO UHTErpabHOIrO YPaBHEHMS. D

3apaumn /na CaMOCTOSTENLHOrO peLleHus

TIpoRepHTh, Kakde M3 JaHHEK OGYHKUMH SBISIOTCS PELIEHWAMM YKA3aHHEIX WHTE-
TpaJIbHBIX YPaBHEHH.

1
64. p(z)=1, o(z) +/z(e” - yg(t)dt=e" =&,
0

1

65. (z) = 2¢* (z- %) o(z) +2 / e*o(t) dt = 2z€”.
0

x
251na:

86 o(e) =1 - TF . Pl - / cos (& +1) (0t =

0
. l ’ ) - -
67. p(z) = vZ, w(z)- / K@) p(t)dt = V3 + (42 - 7),
z(2-t)

K(z,t) = @ 2 R




k3 Iiasa 2. #urerpanshele ypasHenus -Ppesronsma

88. (z) =€, ¢(z)+A / sinzt p(t) dt = 1.
i3 . -

69. <p(-z) =cosz, ¢(z)-— /(:n:2 +t) cost p(t) dt =sinz.
» 0 S '
. X '
70. ¢(z) = ze™*, p(z)- 4./ e ot) dt = (z — e~
» 0

71. ¢(z) = cos2z, <p(z_)-'--'3/K(a:, t)p(t)dt =cosz, .
h LY e . S

K(z;t)=’ {sinzcogt, 0§z<§, o -

sintcosz, t<z <.

4C -
72. p(z) = - sin z, rae C — NpOM3BONbHAst MOCTOSHHa,

. :'-- o
(@) .4 / - sin%¢
- — sSInx
<pl . ot

0

p(t)dt'=0.

§ 7. Meron onpenenmeneu ¢pep.ronb|v|a B

Pemel-me ypaBHeHmI @penronma 2-ro pona

pla) -~ A / K(z.t) w(ti at = f(z) (1)
naefies d)o‘pn.gyn'(_m _
o(z) = (z) +A / R(z, & Mf(2) dt, @)

roe tDyHKuml R(:z: t; X), HasmiBdeMast peaoz:wenmou Qpeaeonwa ypanHe-
HUSE (1) olipefeifeTcss paBeHCTBOM

D(z, t;A) -

R(%t}'\)=T-(A)—'. N € )
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NIPH yCIOBHH, 4To D(A) # 0. 3J1e05 D(z, t; A) u D(A) — CTETEHHBIE PAIbI
no A: . L

Dz, t;)) = K(z, t)+2( )" g, (Q t)x' (4)
oo o=l . T
,\)_1+2( )"c,.x' - )

n=l ' n

K03 dHULIHEHTBI KOTOPBIX onpene,umo'rcn dopmynamu

K@) K@b) ... K@t

2 K@) E@ut) . K@t)| - . &
Baleit)= / / "‘*2»‘) K(tz’*n) o Kitata) |dh.o dts (6)

MpHYEM

- Bo(z, t) = K(z, t);
K@#,t) K@Ent) ... K(t,tn)
b b K(ts,t)) K(tit)) ... K(tts) .
c,,:/.../ K(ts,t)) K(ts,t2) ... K(ts,tn) ‘”l‘ by, (7)

"_'-K(t,.,t.) K(tn,t3) L K(tn,ta) |

®yukuns. D(z, t; A) Ha3bIBaeT¢s Munopom Ppedeosma, a D) — onpe-
deaumenem ®pedeorsma. B cnyqae xorna smpo K (:c t) orpaHmIeHo mm xXe

HMHTErpan
' / f x’(.-z, 1) dzdt

MMeeT KOHeYHoe 3HaueHHe, psmel (4) u (5) cxonsrcs anst Beex 3HAYCHHH, A,

W, 3HAYHT, ARAIOTCA LE/TBIMH AHATUTHYECKUMH DYHKLIMAMH OT A.
Pe3onbBeHTa

D(z t ) .

D(})

€CTb aHa/IMTH4eCKas QYHKUMS OT A, KPOME TEX 3HAUEHHH A, xo-ropue ARIAIOT-
csi Hynamu dyHKumn D(A). I'Iocnemme CYTb MOJTIOCHI peaonbaeﬂ'm R(a: t; A)

R(z,t;2) =

Npumep 1. C oML onpepenuTenei chen.ronbma HaATM peaonbaemy
sppa K(z,t) =zel; a=0,b=1.
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e —T

1

s -
Pewenne. Vimeem By(z,t) = ze'. daree, ' S
LELgene. e , \

’ ot t)
B;(z,t):/ zet  ze
/.

t

t,e‘ t.e"
-‘_ L zet zelt zel
By(z,t) = f / tie! teh te?| dt dt, =0,
0 0 [tze' et teh

TaK KaK OIpeIeIMTEJIH Mo 3HaKOM m{'rerpana paBHH HYyJ10. O‘ICBPUIHO YTO H BCE
nocnenyxomne B,(z,t) = 0. Haxonum koacdduuments C,;
0

C = /K(t.,t.)dt. _/t,e" dt, =1,

0
- / /
OyeBHIHO, YTO H BCe nocnenyxomue C,=0.

CornacHo ¢opmynam (4) ¥ (5) B HaweM ciyuae, HmMeeM
D(z,t;)) = K(z,t) = ze%, D(A)=1-2A

“dt; =0,

ll -
t'e dt, dt, = 0.

tze

Takum o6pa3om,
' D(z,t;2) a:e'
. -~ D(A) DY .
npumemm MOy e HHHIH PE3YNILTAT K PELIEHHIO HHTETPATBHOTO YPaBHEHUS
1
o(a) - A / ze'p(t)dt = f(z) - (A # 1).

0

R( t2) =

CornacHo dopmyre (2)
ole) = 1(2)+2 / ——f(t) dt.
B 4aCTHOCTH, ANA f(:c) =e nonyqaeu I

-2

(@)= +

T

Sapaun ANs CaMOCTONTENLHOrQ peleHus
. T3. TloxasaTh, 4TO 11l ypaBHEHHS h

o) =2+ [atottyar



e M8 Merfoli'oribenenvencil ®pERronma’
onﬁenenu’renb ®penronsma Tl ui -
pw=1-3i
a muHop ®pearonsma . o
.. D(z,t; A) = zt.
" 74. Tokasars, u¥o a5 ybém'-le;mh N :.._" '
s I. . I=. . l . .. ‘ .
@ s e+ Ol df
0 o
HMeeM el :-_ . o
2. 1, o . Y1, 1., ‘1 1)
-ZA-= .4 Al =at?~ cat- <4<t}
DA)=1- A~ =N, D A)wzf-:- .-+:(2 3= 58+ 5
B i ‘ I".% 2“_
75. Iokasars, 4To-ecu BT e
’ "o ) b P L L ¢ B oo - B
KO =fi@nt v [ fE@neda;
TO ‘
D(/\)'— l - JKA D(:L', t;)) = ﬁ(z)f;(t)

H pCLICHHE COOTBCTCTB)’K)HICI‘O HCOB.HODO,EHO[’O HHTCI'D&JIBHOI‘O ypaBHeHHﬂ c npanoﬁ

yacteio f(Z) MMeeT BHA. . - - en, g

f(.’t) + afl(

()= j

76. TokasaTs, 9T0 €CIH -

(OFAQK!

K(Z,t) :'f.("z)'g.(t) + fo(2)gi(2),

T0 D(A) GyzmeT moaHHOMOM B'ropoﬁ CTerieHH OTHOCHTCJ'II:HO /\ 3006u1e eciu

K(z f-) = Z fm(z gm(t)

m=1 -

To D(A) Gyner noauHOMOM n-it CTETIeHH OTHOCHTEILHO A

) _,._--

Mons3yscs onpe}lenu‘remmu (Dpenmnbua Hamu peaofmnemu cnexylomm ﬂnep

77. K(z,t) =2z - t; 0<z<1, 0Kt
78. K(z,t)=2%-zt;, 0<z<]1, 0<t<i."’
79. K(z,t) =sinz cost; I.0<z<27r, <t 2.

80. K(z,t) =sinz —sint; 0<:c<21r, oKt 2.




% ~Drapa 2. mmmanbnue ypasuenns Dpearonsma

Buruncinenue no dopmynam’ (6). u (7). xoadduituentos- By(z, t) u: Cyi:
patoB (4) u (5) mpakTH4YeCHd BO3MOXHO JIMIIb ‘B OYEHb DENKUX cnyqaxx,'
HO M3 3THX GOPMYJI. NOTYYaIOTCs CIEAYIOUINE PEKYPPEHTHBIE COOTHOLIEHHS: -

Bu(e.t) = Cak(,0) -1 [ K@, 5)Buni(sst)ds, ()
Cn = / B, i(s,8)ds. ,_ ),

3Hag, yro koadpduument Co =1 u Bo(:z: t) = K(=, t) () q)opmynaM (9)
u (8) Haitnem nocnenonarenbno Ci, Bi(z,t), Ca, Bz(a: t), C; uT.L. :

Mpumep . 2. I'Io.m:ayncs dopmynammn (8) n (9), HalWTK Pe30NLBEHTY aapa.
K(z,t) =z ~2t, rre 0z, 0Kt

EeweHu HMeeMm Co =1, By(z, t) = z —2t. INonbayscs opmynok (9}, HatineM

| C’l /( a)da—

Mo ¢dopmyne (8) nonyanm

2t)ds=—z—t+2zt+-§—.

B](z,t _

" HDanee Gynem uMeTh
1

BN 1
Cz=/-(—2a+23 +3)d =»§

. B O T R T
2 .
B;(z,t)--—-—-———Z (z 28) { ~s—t+2st + - 3 ds=0, .

03—04—---=0, By(z,t) = By(z,t) = ... =0.
CrenosatenbHo, T e s T )

D(,’\).=1.+3+’Z; D(z,t;)) =z -2t + z+lt—2zlt-§ A
PeaaniBeHTa TaHHOIG sygpa Synet | ' ‘
2t t-=2xt—-3) A
Rz, & ,\) z-2+(z+t-2ut- %) 3

2 6
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Saaatm Ans camocromenbuoro pemeunu

T T =
P

I/Icnonbzyﬂ PeKyppeHTHble. COOTHOLIEHUS (8) u (9), Haitrat peaonmacﬂm cnenyloumx%
snep:

81. K(z,t)=z+t+1; -1z, -1t
82. K(z,t)=1+3zt; -0<z<1, 0<tgL
83. K(z,t)=4zt—2z’; -0<z<], 0<t< 1.
84. K(z,t) =€, -0<z <1, 0t
85. K(z,t)=sin(z+t); . -0<z<2r, 0KtL2m
86. K(z,t) =z —sht; -1<z< -1t
C NOMOIIEIO PE30TBBEHTE pewuTs Crenyiomiue nmErga{iy_ﬁglgfﬁSi@ﬁegm:

x

87. p(z) - A / sin (z + ) p(t) d_t =1 " ‘88. ¢_(il")i-'7 X / @z =t)p@t)dt= %

) : I N AT - “_‘a ' IR L
89. p(z) - / sin z cost p(t) dt = cos 2z. 90. ¢(z) + / e p(t) dt = €.
0 : -0

1
91.. p(z)-A /(4_zt -zY)p(t)dt = z.
0

§8.- UtepupoBaHHbie sapa.
NocTpoeHune pe3onbBeHTbl
C MOMOLLLIO UTEPUPOBAHHBIX SAep

At

TlycTh MMeeM MHTerpasHOe ypaBHeHHe dpearonsma

-

o)) [ K@oea=1@. L

Kak ¥ B ciyyae ypasHeHuit BombTeppa, MHTerpansHoe ypasHeHue (1)
MOXHO pellaTh METOXOM IOC/ICXOBATEIbHEX NpUOMIKeHu ). Ui aToro nosa-
raem

p(@) = 1(2) + D Yal)A", (2)

n=|



40 Taoad Virrerpaniio ypeswier @

L

tié Pa(z) OMpeniensiiones’ o' popuynam T pre Lt

b .
hi(z) = f:'ff'(‘t:%) fleyat,c oy

T e T e o R e o
Pi(z) = / K(z,t) 3 (t)dt =. / K@, 1) ft)dt,y.... .
ab . | a_b | . }r
%(m)=/K(z’-t)'~¢2(t)-dt_=/Ks(?_,__t) f(t)dt urtn
3necr, ’ ' ¢

Ky(=z, t)—/K(z z)Kl(z‘,t) dz, Kg(a: t)-—./ K(z z)K;(z t) dz,

U BooGLIe

- K (a; t)-—/[{(m Z)K,, 1(2 t)dz, :-\ T (3)

n =2, 3 .., TIpHYeM. K,(m t) = K(z, t). d)ymcuym K,,(a: t), onpenes-
CMbIe no (bopMynaM (3) Hasunalorcu umepupoaanub.wa napaxu Ibm an
cnpaBennuBo coo-momeuuc o .

AT

S (3 t) '—/Km(z 3) Kw—m(s t) ds ()

. :'. I
e m — moGoe Hawpanmpe lchlo, MeHbmep M e
PesoneBeHTa unmxpam:ﬂom ypaBHeHHUA l) onpenauﬂmn qepes mepu-

DOBaHHHIe S1pa d)opmynoﬁ ; -.j\'-_; PR wrowl o
Lot ' N
R(z t ,\) Z:K,.(a: t)A"" SR (5)
s\'-‘ EEN RPN n'--1 ».-QIE""I': I

Iae psm, cmm.uuﬁ B npaBoﬁ qacm, HaBHBaeTCH pm)ou Hezmana ﬂapa K(z,t).
OH cxomutcs nm : C

rae ) o
= '//K’(m,t)%dxdt.-'
a a. ) i
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" Pewrenue ypaBHeHuﬂ tbpem‘dﬁma.'z-rd pona (1). nupaxgagr_cg bopMyson

o(@) = £(z) + A / Rz, A)f(t)dt s (7)

Tpanuua (6) siB/sieTCA CyUIECTBEHHOM U151 CXOAMMOCTH pAiia (5) OpHako

1
pellleHHe ypaBHEHHS ( 1) moxer cymecmona'rb M A7 3HaYeHu#t |A| > B
PaccMotrpuM npuMep:

%o(:.c‘)ix\:}fgb(t)'dtai. ST 8)
0o . . - _

3necs K (z,t) = 1, U, CIen0BaTENBbHO, -
x

B/ / At dt=// sy

TaxuM o6pa3oM, ycroBue (6) ZaeT, 4TO P (5) cxonures npH |A| < 1
Pemaﬂ ypaBHeHYe (8) Kax ypaBHemle c nupomenﬂum aapom (cMm. §9),

NOJy4uM (1 -AN)C=1re C= f <p(t) dt. I'Ipu A =1 370 ypaBHEHME

Hepaapemumo, a 3Haqm, npu A = 1 umerpamﬂoe ypaBHeHue (8) peleius
He umeéer. Orciona’ ‘cleliyeT, 9T B kpyie pazmyca Gojibliiero €XMHHLIBI,
TIOCJIe10BATETbHbIE TIPHOIIMKEHUS ISt ypaBHeHHsi (8) ‘He MOTYT CXOZHTBCA.
Oﬂ.Haxo npu |A| > 1 ypaBHeHne (8) paapelmmo B caMoM xene, ecnu A # 1,

10 dynKums P(z) = =
JIETKO TIPOBEPUTH Henocpencmeﬂﬂoﬁ MOACTAHOBKOM. |
s HEKOTOPbIX ypaBHeHu# ‘®penrofitmMa pai HeﬁMaHa (5) mm peaom,-
BEHTBI CXOIUTCS MPH JTIOOBIX' 3HAdermsxX A TTokaxem 3r0.” e
IIycte umeem nBa simpa: K (:1: t) u L(z,t). ByileM Ha3pBaTh 3TH Aapa
0pm020Ha./Ibel.Mu, eciu BblIIOJIHSﬂOTCﬂ aBa ycnomm
R |

/ K@) L(, t)dz— / L(q;jz)K(;,t)e_iz'=l()l !

}TB)IHCTCH pemeHueM lIaHHOI'O ypaBHeHHﬂ Yo

e

TpH MoObIX JOMYCTUMBIX 3HAYEHUAX T U t.
Hanpuwmep, a8pa K(z,t) = ztn L(a: t) = z2t? oproronanpHerHa [—1, 1).
B camoMm nere, .

/(zz)(z2t2) dz = zt? j 22z =0 ](z2zJ2)(zt) dz = a:lzt /szz =



42 - “Diaga- 2. UHTErpanibHble ypaBHethldypéﬁrcj_/_ij;Ma :

CyLIecTBYIOT TaKXe sapa, OpTOl‘OHaJIbeIC cammM cebe. Ans Takux Anep
Ky(z,t) =0, tne Ky(z,t) — BTOpoe MTepHpOBaHHOE ALPO: ‘B-3TOM Cilydae,
OYEeBHIHO, BCE MNOCTENYIOLIME UTEPHPOBAHHBIE AAPA TAKKE PAaBHBI HYIIO,
- M Pe30JIbBEHTa COBManaeT ¢ AapoM K (z,t).

Npumiep. K (z,t) ='sin(z - 26);  0< z'< 27, 0 <t < 2.

Hmeem

2z pis oo

, 1 _ .
/sin(z—Zz)sin(z—Zt)dz =3 /[cos(z+2t— 3z) —cos(z — 2t — 2)]dz =
0 - ' .

=27

= % [—lsm(z+2t—3z)+sm(1’ 2t—2)]|

z=0
Taxum 06pa3oM, B 3TOM ciydae PE30JIbBEHTA SLIPA PABHA CAMOMY SIDY:
R(z,t; A) =sin (z 2t)
TaK yT0 psin HeitmMaHa (5) COCTOMT M3 ONHOTO WieHa ¥, OYEBMIHO, CXONATCA TPH
moﬁom A
. Urtepuposannmie aapa K, (z,t) MoxHo Henocpe.ucrneHHo BHPA3HTH '{epea JIaHHOe
;mpo K(z, t) no dpopmyne . y

K(z,t)—// /K(z,sl)K(al,sz) K(sur, ) dsyds . dss. (10)

Bce MTEpHPOBaHHBIE ;mpa K;(z,t), naumnHas c K;(z t) Gyny'r HeTpepbIBHBIMH
dyHxunamu B xsagpate Q {a £ £ < b,.a <t < b} €C/IM HadaJlbHOE . AIpO K (z,t)
cyManyeMo € KBanpaToM B 2.

" Ecnn maHHoe sapo K(z,t) chMe'rpmmo TO BCe MTepHpoBaHHBle snpa Ky (z,t)
TOXE CHMMETPHYHBL S - . ) >4

IpuBenem NpuUMepLI OTHICKAHHS. UTEPUPOBAHHBIX S1€P.

- Mpumep 1. HaiiTu uTepuposaHHbie aapa p.nq aapa K (a:, t) =z -1, ecm
a=0,b=1. ' .

PelueHMe I'lomayncn d)opmynami (3) HalizeM TI0C/IEI0BATE NBHO:
K 1($, ) =z - t

Lo

'z+t 1

K (=, t)—/(z—s)(a—t)ds; _zt—i’
SR ST P

"

- Ky(z;t) = ——/(z—s)(s—t)ds_.-—Kz(z,t) 12 (z-‘:t _zt'__.li) ..
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S P R L e ’ :
Ket) = - / (@-3) (~“—*—‘ —_.s.t—l) ds—--—— Kz(f t) Al
N ; = 0" L - . EE - sois .

1 2 3 22 ’ .J
1 R R S T PR
1 Kz(:c,t)_ (z+t o
Kz, t)_l—ﬁ/( o-tds =20 = o (X D)
0
Orciona CleayeT, 4TO UTEPUPOBAasHHbIE AApa HMEIOT BUL:
1) man=2k-1 _ : ,
i i . .
Ba-il®t) = 5 (a_=-t); -
2) mian=2k" " S
(-1)jE Vgt 1\ 7 e
K"'(”t)” 2 \72 % 73) ‘
*rnek—l23 " R oL rq;
Mpumep 2. Haith: .MTEPMPOBaHHLIE SApa: Kl(:c, t) n Ky(z,t), ecnu
K(z,t)=e™™), a=0,b=1. e L
~ Pewenue. Tlo onpenenenmio nMeeM o o

in{z, 1) {z ec 0<z <8,
min{z,t} =
et eemn t€ TS
MO3TOMY JdHHOE SAPO MOXHO 3afcaTh B BUAE - _
e, n 0zt S
K(z )= e 0sz<t, o
ecm t<e< 1. I
3T0 AApO, KAK JIETKO. IPOBEPUTE; ABAAETCA CUMMETPHYHBIM; T-€.
K(z t):K(t z) - oy !

- 18

Iflmeem K ,(z t) = K(z, t) Haxomm Bmpoe mepnponauuoe ;mpo:

Ky(=, t)—fK(z,s)K,(s,t)ds—/K(z s)K(a,t)ds

b A

K(zs)— e’, ecmu 0gz<s,
e, e sz,

3nech

€’, ecmu (')I st '
" K ,t =
(s.2) {e', ecn s 1.
Tax kak AaHHoe anpo K (z,f) cHMMeETpHYHO, TO JOCTATOYHO Hatitn K 2(z,t) Tombko
npu z > L.
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,‘_'-. I’IMecM«(pHCJ)';. B T L O * :

Kz, t) = / K(z, 5) K(s, ) ds + / K(z, 5 K(s t) as+ / K, s) K(s t) ds.

B unrepsane (0,t) umeem 8 < t < z, noa'romy

P P L
- L
n

t t t i . R
_ a o
/K(z,s)K(s,t)dﬂ=/e’e‘ds=/e2’ds=e 3 1_
0 I T - .0_.

B unrepsaie (t, ) umeem t < s < z, io3TOMY

z z
] K‘_:(:c-, 3)K(3,t) ds = /_e’e'_ ds = st e,
t t. .. HE .

B untepsare (z, l) UMeeM 8 > Z > £, o3TOMY’

\ 1 - o PR .
/K(w,s)K(s,t) ds = /e’e"d's =(1=z)e".

$ < s o s  CkuiafsiBas ‘Hall IeHHbIE UHTETPATH, MOy~
0 s t T 1 uum R
+t e -

¢ 4 = - ] Kz:c,t 2 z)é* z>t).

; — | Kde9=(-2) @>1)

. , \ , Bmpé)xemde s Ky(z,t) npu z < t

(') t' ;: ; i MBI HaitlleM, ecli TNIOMEHsIeM MECTaMH ap-
Puc. 2 TYMEHTH £ U ¢ B Bupa)l(e}mn Ky(z,t) ona

uc. 2. :

m>t

e2z

Kz(z,t)-(z f)e ’—*2— (@<t).

Hrak, BTOpOE wrepupdnannoe"mpo’ﬂmee'r'Bu.n o

P+e* .
' (2 — e - +2 , ecm 0<z<t, .
| Kz(t, t) e¥ "4 -
(2-z)e"“— 2 , €CIH t<a:<l >
‘Bameqanme. Ecin sapo K(z, t), 3anapaeMoe B Kaanpare a<zLhagt<h

Pa3HEIMH AHATMTHYECKHMH BHIDAXEHHMAMH, He SRIACTCS CHMMeTpH‘{HbIM TO
CJIelyeT OTAENLHO PacCMOTPeTh Cityyait €< t. Ilpu z < t.6yaeM. uMets (puc. 3)
b B t b
K;(:c,t)=/K(z,s)K(é,t)dq£/+f+/. -
: o, . .- z ¢

\ a
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npumepa Halitu urepupoaannue snpa K(z,t) u K;(:c t),ecm a'= 0,
b=1wm

. (24t écm 0Kt
t = i
K(=, ) { -—t, ecm t<z<l

Pewenve, Hveem K (2, 1) ='K(z,t),

Kq(z,t) = / K(z, s) K(s, t) ds,
0.

roe

- . as moc b
. z+8, ecan 0Kz < s,
K(z,s):{zts ecu 32241 i ; * : }
’ c"II -~ s i 8 t b
R (Sl b S SR —
s—t, eom t<s<1 T ; ;
Tak kax nanHoe inpo K(z,t) He cHMMETPHY- Puc. 3

HO, TO TIpH HaxoxueHHH K>(z,t) paccMOTpHM -
OTIeNbHO 1Ba ciydas: 1) z <t u2) > ¢t -

1) Nyers z < t. Torna (cm. pHc. k)

Koz, ) =5+ L+ 15,

rae’ .-'.
2 A e
Il f(ﬁ 8)(3 +t) ds = -3- -E-,
r :St’ ey 3, 3,
L= /(z+ s)(s+t)ds= — — =< 4 Tt = —2-32t

6. 6 2
/($+s)(a t)da £ ot tl z.. t 1

- ARG NP )
CknaasiBasi 3TH HHTErpaHl, TONy4UM

2 . 1
Kz(z,t).=-t3-§z3—_‘z2t_+..2=:‘,2 zt+f—2—-—+-3- (z <t).

2) Mycrs z > t. Torma {cM. puc. 2)

Kz t)=5L+1,+1,



- st

L= [(z—s)(:+t)ds= -ztz -

it X
t’_ 2t o .
| rz=-f(a-a)(a-t)do=~§*-G-«T.f-z—.
I,-f(a+s)(s t)dt-—%s +3z’t+ 2‘--zt+;-

CkianniBasi 3TH MHTErpaibl, MOJTYYHM

2 -t 1
Kz, f) = =32 = £ + 2%t + 22 — at *.%-.?L s (2>1).

w

HTaK, BTOpPO€ UTEPHMPOBAHHOEC AAPO HMEET BUI

2-t

2 - iy
—§z3+t3—zzt+22t27zt+ .2'_ +

, 0€z<Y,
K;(z,t)=

W= Wi

2 - . .
—333—t3+zzt+2zt2—zt+z , t<z<< 1

AHaJOrM4HO .Haxon's'rrk:al H OcTanbHble WTepupoBaHHEle sapa K,(z,t) (n =
3,4,...). - '

340341 AN CaMOCTONTENLHOTO peLleHUs

Hatitu uTepupoBaHHHIE AP yKa3aHHBIX HUXe siAep NPH 3a1aHHBIX a U b.
92. K(z,t)=z-1t; a=-1,b=1.

93, K(z,t)=sin(z—t); a=0, b_=12r- (n=273).

94. K(z,t) = (z—t)%; a=-1,b=1 (n=23).
95. K(z,t) =z +sint; a=-m,b=m.

96. K(z,t) = ze'; a=0,b=1.

97. K(z,t) = € cost; a=0,b=m.

B crenyloumux 3anavax Haittu K3(z,t):

98. K(z,t) = el*l; a=0,b=1.

99, K(z,t) = e”*; a=-1,b=1.

IMpuBeeM MpUMep IIOCTPOECHHUS peaonbnemu nmerpa.nbﬂoro ypaBHEHHS
¢ MOMOILBIO HTEPHPOBAHHBIX SAED. :
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e
PaccMOTPHM MHTErpalbHOE YpaBHEHHE : a0
p(z) = A / ot go(t) dt = (z). o (11)

0
3mecs K (z,t)==zt; a = 0, b = 1. MocenoBaTENBHO HAXOAUM:
K,(z,t) = «t,

Kofz,1) = f (22)(zt) dz = -‘;5 |
0 : Co

’ . 1
K@=y [Eeash

.................................

Cornacto ¢opmye (5)

n-1
:zt,\) an(z t)A"’—th( ) = 3”;, -

rae [A] < 3.
B cruty dopmyel (7) pemenue umerpanmoro ypaBHeHm! (ll) 3annmeTcﬂ
B BHI[C . . . . .

@) =1@ 42 [ s a

0
! ) s
B yacTHOCTH, ipH f(Z) = T MoMy4MM - A
o RPN - PR
. (P(m) = —-—3 - ,\’. y . . . 2o
roe A # 3. 3 S R
3anaum oNa CaMOCTOSTENbHOrO peWweHus . - - . . i oo

TocTpouTh pe30/bBEHTH ISt cnezrymmm'( suxép: '

100. K(z,t)=€**; ° a=0,b=1.
101. K(z,t) =sinz cost; a_O b_ 3
102. K(z,t) = z¢’; a=—l,b=-l.-. e S IO T



48 . Tasa 2. WHTerpanbHele ypasneum—d)bearbgm

103. K(z,t) = (1+z)(1-t);.a=-1;b=0.
104. K(z,t) = &’t}; a=-1,b=1.
105. K(z,t) = =t; ‘a=-1,b=1.

Ecnu M(z,t) u N(z,t) — 1Ba OPTOrOHaNBHBIX AAPA,“TO Pe30JbBEHTa ‘
R(z, t; M), coorBercTBylowmas saapy K(z,t) = M + N, paBHa‘CymMMe pe3Oib- -
BeHT R (z, t; \) u Ry(z, t; A) coome’rcmylou.mx Kaxc.uomy na 3'mx smep

_Npumep 4. Havitn peaoaneHTy ;ma nnpa

K(m,t):zt+z 2, a=-1, b=1.-

Pewenne. Kak 6bU10 mokasaHo Bhiue, ampa M(z,t) = zt u N(z,t) = z°t?

oproroHanbHel Ha [—1,1] (cM. c. 41). IToatoMy pesoneBeHTa sinpa K(z,t) paBHa
cyMMe pe3onbBeHT siaep M(z,t) u N(z, t). Hcnons3ys pesynsrats 3afay 104 u 105,
HaxouM

N SP

Rx(z,t A) Ru(ﬁ,t A)-I-Ry(w,t A) 3 2:\ Ty 2‘\

rﬂell\|<5. ) t R D

3apaum ANs CaMOCTOSTENLHOrO pelueHus

HaifTi pe3onbBEHTH s sazep: : )
106. K(z,t)=sinzcost +cos2zsin2t; a=0,b=2r.
107. K(z,t) =1+ Qz-1)(2t - 1); a=0,b=1.

YKa3aHHOe CBOHCTBO MOXHO PAacpOCTPaHMTh Ha JI06G0e KOHEYHOE YH-
cJIo saep. S ,

Ecu sinpa M"(z,t), M (z, t),..., M™(z,t) nonapHo oprorOHans-
HBI, TO Pe30JILBEHTA, COOTBETCTBYIOIIASA MX CYMME K '

K(z,) =) M™(a1), e

m=|
DaBHA CyMMe Pe30JBBEHT, COOTBETCTBYIOLIMX KaXAOMY W3 ClAFAeMBIX.
HasoseM n-M credom aapa K(z, t) Bennqm-ly

A7;=/Ié',.(:z:,z)dm (n=l,i...), o '('12).

rae Ky(z,t) — n-e wrepnponanhoe saapo mns sapa K(z,t).
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Hmeer MeCTo cnenylou(aa dopmyna st onpenem{‘rena Q)penronbma D()«)

D'()) n L "
b‘o&“z*‘n*‘ oy

Pamuyc cxonMMocTH CTENEHHOro .psaaa (13) paBeH Haumenmuemy U3 MO.D,}’JICH
xapamepncmqecmx quce. : . ;

Sana-m,p.nn camocmsrrenbuoro pewieHna

108. Tlokasars, YTo Uil ypPaBHEHUS BonbTeppa -
- . . 2 . . . .
" #@) -2 [ K@t e = 1(2)
B o - ' -

onpenemutens Gpearonsma D(A) = €41, u, cnefopaTenpHO, pe3obBEHTa LIS ypaB-

HEHUA BonLTeppa €CTh uenaﬂ aHaJMTHYeCKad (bymc.mx OT A,

109. I'chn, R(z,t; A) ecthb pesonwem"a HekoToporo Aapa K(z, t).
Toka3aTh, YTO PE30JIbBEHTA YPaBHEHHUS

o(a) = [ Bla,t: ) olt) &= f(o)

paBHa IR(z, LA+ nu).

110. Mycts
' b b _
f f x’(a.t)'aza=B’, / / KX(z,t) dedt = B'f:,

[ ] a

roe K.(z, t) — n-c UTEepUPOBaHHOE Anpo s anpa. K (=, t). I{onaaan, 4yTO eczm'
B, = B*, to ana mo6oro n Gyner B, =B".

o

§ 9. WHTerpanbHble ypaBHeHuUs
C BbIDOXKAEHHLIM APOM |
Stapo K(z, t) MHTerpaancSro ypaBHeHus Ppenronpma 2-r0’ pona ﬁaém-
BAETCSl 6biPONCOCHHUM, ECIIM OHO SIBISETCS CyMMOi KOHEYHOTO YMCJIa ITPOM3-

BeleHUu QYHKIMI TOJNBKO OT T Ha QYHKUHMH TOJILKO OoT {, T.€. €CIM OHO
UMEET BUA

K(m,t);za;(z)b;(t); N (')
R k=1 o : I -



Dmaa .,Mnrerpanbnue ypaauermn $paaro

Q)yﬂxum{ a,,(z) " b,‘(t) (k =1,2,...,n) GyaeM CUNTATh; HENIPEPHLIBHLIMH
B OCHOBHOM KBafpate a < z, t <bm nnﬂem{o HE3aBUCHMBIMHM MEXIY coGoﬁ

I/Im'erpanbﬂoe ypaBHeHne c BprO)I(JIeHHbIM ;mpou (l)

p(z) - > / [2 ak<z)bk(t)]¢(t) d=1c) @
; k=1 . :

pelaercs CaeayloLlnM oﬁpaaqﬁ. )
Iepenumem (2) B BuOe.

(z) f(z>+xz;a.,(z> / b(t) so(t) dt' - G)
" BBeﬂeM 0603Ha'{eﬂﬂﬂ i |
/ b,,(t)tp(t) a=Cy (k=12.05m).~ . .. (4

Toraa (3) TIpUMET BUL .
.w(z>=f_(w>“+xzc_kak(m), SRTE®

rae Cy — Hemnecmaﬂ TOCTOSHHAA (TaK KaK cbyHmm (). Henanecma)
TakuM 06pa3oM,” pellieH}e MHTETPATBHOTO YPaBHEHUS C BLIPOXIEHHBIM

SIPOM CBOIMTCH K HAXOXIEHMIO mnocTosHHmX Cp (k= 1,2,...,n). Tlon-
CTaBnAsA BHpaxeHue (5) B MHTErpaIbHOE ypaBHEHHe. (2), TIOCTE HECTOXHBIX
BBIKJIANOK TONYyYHM - ’

- | b n s

- Z{Cm - / b,-n-(t)'-[f(t) +A>° ckak(t)] dt}am(m) =0

m=1 e k=1 . C

- B cuty nuHeHOMN He3aBUCHMOCTH- (byHKunﬁ am(2) (m = 1,2,...,n)orciona
ClIe[yeT, 4T0 _ . PR TR .

A=l

G- [ () [:(tmz:c.a.a)]

Ca=23-Cr [ tmdat= [ 1@t (m=12,m.
k=1 e a PN -



§_9.;ii”klfir:érpéﬁi§ﬁ6ié*‘i'b5ahéﬁm ¢ Bopowaenriiv sapom 5l

it

Bso;m JJJUI xpaTKoom sarmcn 0603Haqc1-1m1

'b_

.a . .. . s = 'a:-_
' ot

ek .'.'i”.:_i\l'_ - i B

TOTY4HMM, YTO

—/\Zakka—fm (=T, 2 iy

k=1 i [
M B pa3BEpHYTOM BHIE: : .

(1= A!111)01 “AapCy—. o= AajiCr= fy,

=AayCi + (1 = Aan)Cy'~ ... — AayCh = fz,

.-..-..-..-.....-.....-..-............».’f-iai.iw--

—AanC, — Aanzcz .+ (1 - Aa,,,.)C,, = f,,

JUIS HaXOXNEHHs HeH3BeCTHHIX Cjp MMEEM JIHHEHHYIO cucnmy U3 n anre-
6paHyeCcKMX YypaBHEHHMI C n HEM3BECTHBIMM. OnNpeNeUTEND 3TOM CHCTEMBI
paBeH . L

©)

[T UV L gl e
AN =|, Then 1-dap . —dew 0

_—,\a,.1 " Mamp  1- Adnn _

Ecnu A(A) #0, T0 CHCTéMa (6) umeeT ennﬂcrneuﬂoe pemeﬂue Cl, Cz, ,' C,,
NoN14aeMOe 0. ¢>opmynaM Kpamepa o
1- kﬂ]] eae -)_\an,_lflra- /\aik.;.]' T e e
Ci = 1 [ =day ... _l\a2k 1f2 - /\a2k+1 . g [ 4
AD) | reecreeeneminiiiniiii e veagees (8)

-,.,)ga_m IRILE —Mua-l.fa M.m teve L= Afng

(k=12,...,n).

Pewennem, nmerpanbuoro ypaBHeHust (2).0yzer. dmfmlm sp(z) onpe-
ReNeHHas DaBEHCTBOM - R

p(@) = f(2)+ A Z Ckak(z)

k=1
rae koadpduumentsl Gy (k= 1, 2 -. ) onpenefxmoﬁ:a no dopmynam (8).

3amevanme. Cuctemy (6) MOXHO MONMY4YMTb, €CIM OGE YacTH paBeHcTBa (5)
TOCNENOBATENBHO YMHOXHTE Ha @(Z), 65(Z), ..., 8q(Z)" n npomrrerpnpoaarb ’
B Npejenax oT a 0o b, n1H6o xe noncranu‘rb ‘REIpAKEHIE (5) i, <p(r) B’ paBeH-
cTBO (4), 3aMeHHB * Ha .



-5 . Tiiba2 Wnrerpansuiie ypasierind Dpearonsiia

Npumep 1. Pewutb uHTerpansHoe ypasHexue . coet

i

. x .
o(z) = A / (zcos t + t2sin z + cos a::':sint)'go'(tl) dt = 2. (9)
- '

: TR L
Pewenne, 3anuiieM ypaBHEHHE B CJEAyiollleM BHAE: !

x . ) : x '7r .
o(z)= Iz /'y}(t) costdt + Asinz / t’p(t) dt + Acos & / p(t) sint dt + .
: -x K - . RS ST .

BBenem o6o3HayeHH:
x

L LA - .
Ci = / o(t) cost di: €y = / Pol)dt; Cy= / oysintdt,  (10)
- ~%
e C),C,, Cy — Hen3BecTHble NocTosHHbIe. Torza (9) npuMeT BMAL .
p(z) = CMz+C;Asm:c+C;Acosx+a: h N (ll)
MoxcTasnas Bupaxceﬂne (ll) B paBeHcTBa (10), RomyyHM - -

C. /(C,z\t + Gy Asint + C3A cost-+ t) costdt,

C = /(Cp\t +CaAsint + Cid cost + 1) £ dt,

- .
-

Cy= /(C,At + CyAsint 4 C3A cost 4 t) sint dt,

-

HIH
x : s
C, (1 A/tcostdt) CgA/smtcostdt ng\/cos tdt—/tcostdt
- - H :
x
—CM/t3dt+C2( z\/tzsmtdt) C3A/i2costd /t3 dt,
T x
-Cix /tsmtdt—C;A/sm’tdt+C;< /costsmtdt) /tsintdt.
- )

Boluncnsin BXoAsiiiNe B 3TH ypaBHe}mx WIHTerpanbl, MBI TIOJTY4HM cucremy anrebpau- -

YeCKMK ypaBHEHHIt 1as Haxoxzxeﬂuu Hen3BecTHbIX C), C, C;:
C,—AnCy=0,
C; +4ArC3 =0, . R . (]2) :
—2A7C, = MGy + C; = 2. | ‘



§9. Mmarbamwe YDaBHEHUS C BbIDOXAEHHBIM SA00M 53.
e e
Onpenennrens 3TOH CHCTEMBE .
1 0 —n\
0 . 1 4m
=2 =t 1

S AQ) = = 1+z.\’w‘;eo

CucTeMa (12) HMeeT eIHHCTBEHHOE pellieHue

2?2 gAm? w
—— )= i ———} Ciy= __2-_2.
14 2A%72° S 142272 14+ 2M°7

MMoncrasnsaa HaiiieHHble 3HayeHus C),C,,C3 B (ll) HOJIY‘{HM peilieHHe JaHHOTo
WHTErpaitbkHOro ypaBHEeHHS: ) St L

C;=

p(z) I:;:’ 2(4\13 4.\rdna+cosz)+z >

3apaun ANR CaMOCTONTENBHOIO PewleHinn

Pemrnts cJieaywuIine HHTeIpajibHbie YpaBHEHH S C BHIPOXACHHBIMH AApaMH:
xf2 1

111. qp(z)—4/sin-2ch(t)dt=2z—-7r. 112, so(z)-'f/é"““"‘<p(t) dg.:tgé.

0 3
x/4. o 1 )
113. ¢(z) - A / 8t y(t) dt=cigz. 114. o(z)—A / cos(gint) p(t)dt=1.
~x/4 0

. i L B
115, w(z)—A/amcostw(t-)dt;Fl_'?.
S - 2 'y o -. ,
116. ©(x) - A In-) e)dt=1 (p>-1).
SR T
117. p(z)—-z\/(a:lnt-—thllz)qp(t)'dt: g(lm4:t).'

/2 E r -

118. . go(z) -A f sin ¢ cost p(t) dt =sing, 119. <p(:r) - A/ lér —t.lsina:'p(_t) di=z.

] ' 0

*

i20.. p(z) - A /sin (z—-t)p(t)dt = cos z.
0



.Inasa 2. MinTerpaneHole ypasHesua Dpearonsma

B gl e e Do e

121. ¢l2)= A-/(Si_.na:t:os_t —sin 2z cos 2t +5in 3z cos 3t) p(t)dt = cos 2. -
g l ! . L e

1 1, ., 1, , .

122, o(z) - 5 T - 5(3! -1+ 5t(3z. - V)| -o(t) dt = 1200

Y-

LR

'§10. XapakrepyicTuueckme uucna
M cobeTeeHHble GYyHKUMM

: Om-lo'p;).unoe MHTerpansHoe ypaBHeHHe Ppearonbma 2-To poad
RS L - a!' o ' Lo S . Lo ._
o(z) - A / K(z,t) p(t)dt =0 )
LT ENN IS BN - .ok . [EEMEEE )

BCETZA MMEET OYEBHIHOE PelICHHE gp(m) =0, xo*ropoe Ha3bIBAIOT Hyneau.u
(mpusuasvHum) peleHnEM.

3HayeHHUs mapamMerpa A, IPH KOTOPBIX 3TO ypaBHEHHE HMeeT HEHyJIeBbie
pewenus () # 0, Ha3bIBAIOTCA XAPAKMeEPUCMUHECKUMU HUCAGMU D ypaBHe-
Hus (1) unu-sapa K(z, t), a KaXnoe HeHYJIEBOE pellieHHe 3TOT0 YpaBHEHHs
Has3blBaeTCA coficmeenHoii gbynxuueu, coorrne'rcmylomeﬂ XapaKTepPHCTHYECKOMY
wncay A,

Yncno A = 0 He ammercsl xapax'repncmqecmu YHCTIOM, TeK Kax npn
A = 0 u3 (1) cnenyer, ¥To <p(a_:) =0

l'lpuMep KpMTVNeCKaﬂ CKOpOCTb sana.’

Irlsnecmo, 910 HpH ﬂexm'opon BeJIMYMHE CKOPOCTH BpAlIeHMS . Bala; xoropan
Ha3biBaeTCs KPUTHYECKOM, BaJl HAYMHAET KGNe6aThCs OKOJIO CBOEH MPOAG/BHOM OCH.

JIna onpeneneHUs KPUTHYECKHX CKOPOCTelt Bala MCTIONh3yeTes CeAyIoumit dakT
M3 T€OpHH ynpyrHx 6anok: a1 mo6oit- ynpyroi 6alky IpH NPOUIBOILHBIX YCIOBHAX
Ha ee KOHI{aX BCeraa.cCyulecTByeT q;ymama BnusHuA G(x, £), onMchBaoas OTKIIO~
HeHHe 6arKu B JaHHOM HanpaBjJeHHM, HallpMMep, B HanpabieHu#t ocu Oy (puc.4),
B [Ipou3soiibHON Touke M(z) GankH, BHI3EAHHOE eIHHUYHON 'HATPY3KOM, NPHJIOXEH-
Holt B Ipyro#i Touke N (£) 6anxu U ecTByioOUIel B BLGPaHHOM HanpaBieHHH.

Benencteve mpuHiMna B3auMHocTH Bermi—Makcpenia B TeopHH ynpymcm
dynxuns:sanaxm G(z, ) ABRTIETCA CHMMETPHYHONR, T.e. ™ -

G(z,§) = G(é, z).

!B orAMuMe OT XapaKTEPHCTHHECKOTO WMCTA, 6Y1EM HAIHBATE COSCMEENHMM 3HQ4EHUEN
BENWIMHY 0 = §, [I¢ A — XapaKTCPHCTHYCCKOE HHCIIO,



Ilycrs p(z) ectb HempepuBHOE pacnipe- Sy
ZeNeHHe HarpyaM :BIONL Gk Torfa Ma- i Mis N . 15%
rpy3Ka Mexay Z M z + dz paBHa p(z)dz. O Ble@n 1§

M3 NpHHIIKNA CYNEPIOULMN B TEOPHH YIIpY- '
TOCTH chiedyeT, 4T0 OTKAOHEHHE ocH Ganus R
OT MOJIOXEHNS PABHOBECHS BHIPRIMTCA TAK:: ~ . f- 1. -0 .. .k - oo

1 . .
¥o) = / GeopO4 (O<z<y. M :
Puc.4
B cnyyae npamalomerocﬂ JBOKpYT oCH Oz c yrnopokt, cxopocmmw nana c mmeﬂ«
HOHt MJIOTHOCTHIO 1(z) pacnpen,enenue }{arpy.xm Gyne'r ’

p(e) = '(i(a). -
rae y(z) ectb OTKIOHEHHE uempa THXECTH ceqeﬂm, £OOTBETCTRYIOEr 0 :KOOPIM ~
HaTe T.

Honctaning BripaXxeHue 1nd p(z) B nenyqexxoe ypanHeHne, GylieM MMETh

: f.‘ i

y(@) = / G(w,e)a«)y(s)ds o<z <), |

u:m, oGoanaqaﬂ w? = A

(x) 2 j 'G(z 5714(6)31(6)46 (0 Q z'g ) I

0 -”'..‘ ELEI A A

Taxmw o6pa3soM; “3anaya’ 0 HaXOKAEHUH xpu'mqecxon cxopOcm Bpamalomerocs:

BaJjia ¢cBeJjiaCh K HaXOX{.ﬂCHMlO SﬂaquHﬂ A ﬂpM KOTOPHIX MOCIeaHes ypam-leme m&eﬁ

HeHyJieBoe penieHHe. - I .-,. P T R O D S

"' wa’-”l-'; vg e

Ecnu siapo K (a:, t) Hel‘lpeprBHO B ma.apare Q{a Lz, b} W

CYMMHpYEMO C KBAAPATOM B {2, MpHYeM: HUCNIA @, 1 b, KOHEUHHIL,, 'ro Kaxno-

MY XapaKTEpPUCTHYECKOMY YHCAY A COOTBCTCTByeT KOHEYHOE YHUCJIO mn-leﬁHo .

cs paueom xapax'repncmqecxoro quc.na Pa:mme xapampncwcxne 'mcna
Mory'r UMETDb pa3HBIe'paHry. ... L A AT

)1}13 ypaBHeHHx c BblpoxmeHbeM ;mpOM

erdgiMa gl

f [Zaa@_ék“)].“ aso"

I ST ,jn_ by

xapamepncmqecme qucna HB!IHIOTCH KOPHXMH anmﬁpanqecxom ypaBHCHHX

1‘*““ oM W —Aa

LR S R R Ty e e e o L R TR

e VY VI BUURIATIS B v



56 - ~InaBa2/ UkirerpansHble ypasHeHusi pearoiema

cieneHs KOToporo p < . 3aech A(A) — onpenénriten OMIOPORHOR JTHHEN-
HOM CHCTEMBI : : who AL g -

(1 = 2a11)Ct = 222Gy — ... — AaC, = 0,
—Aazi C’l 4 (1 - /\azz)Cg —_.— z\ag;;‘C,, = 0", (4)

............................................

-Aa,C; — 22, 2Cr — ... + (l - Aann)C¥ =: ’Q,

TA€ BEJMYUHBHI Qg U Cp (k,m = 1,2,...,n) UMEIOT TOT Xe€ CMBIC], YTO
M B NpeabIAyIEeM naparpade. v _

Ecau ypaBHenue (3) umeer p KopHeﬁ (1 ' h), TO MHTErpajbHoe
" ypaBHeHHMe (2) UMeET P XapaKTEPUCTHYECKUX lmcen, KaXIOMY XapaKTepUCTH-
4eCKOMY YHCHy Ay, (M =12..., P) COOTBETCTBYET HEHYNIEBOE peLlieHHe

" . C{”i'c’;l’n vrey C}ll) - '\_ls
‘ . C?)a Iéns R CE) -+ '\23

R T

cP . e

cucremnl (4). CoomeTcmyronme 3THUM DEILIEHHSIM HEHYJIEBbIE PELICHHUS MH- .
TerpanbHOro ypaBHeHHs (2), T.e. cOOCTBeHHbIE QYHKUMH, ByAyT HMETH BUA

n

oi(@) =3 CPu(a), | pr(2) =3 Pan(e), ...
k=1

k=1
n
)
o =3 P
k=1

HHTerpanpHoe ypaBHEHHE C BLIDOXIEHHHIM sIIPOM HMeeT He Gojiee 1 xapak-
TEPUCTHYECKHX YHUCENT U COOTBETCTBYIOUIMX MM COOCTBEHHBIX QYHKLMIA,

B ciyyae MpOM3BOJILHOTO (HEBLIPOXIEHHOTO) SAPa XapaKTePUCTHYECKHE
YHCNa ABASIOTCA HYJAMHM onpeaenutens Ppearonasma D()), 1.e. nomocamu
pe3onbBeHTH R(z, t; A). Orcmna B YaCTHOCTH, CJIEAYET, YTO MHTErpanbHOE

ypaBHeHHe BonbTeppa ¢(z) ~ A f K(z,t) p(t)dt =0, rae K (x, t) € Ly (),

Q{0 £ < a}, He uMeer xapamepncmqecxnx yhcen (s Hero D(A)
e em. 3a11aqy 108).

3amevanmne. CobcTBeHHblE HYHKIIMM ONPEAEIIAOTCA C TOYHOCTBIO 1O MOCTOAH~
HOTO MHOXMTEJ, T. €. ecli p(x) ~— cobcTBeHHas GyHKUMSA, COOTBETCTBYIOLIAs
HEKOTOpPOMY XapaKTepucTHdeckoMy uuciay A, To U C(z), rae C — nmpou3Bons-
Hasi MOCTOSIHHasd, ToXe spisercss cobcTBeHHOM ¢yHKLUHMeld, cOOTBETCTBYOINEH
TOMY Xe€ XapaKTepUCTHYECKOMY YHCIY A.



§ 10. XapakrepucTudeckue 4ucna u COBCTBEHHBIE PYHKLMU 57

;.. Npumep 1. HaiTn xapaktepucTMyeckme Wwcna u coOCTBEeHHbIe (yHKLMU
VHTErpansHoro ypasHeHus ' -

o) =X / (cos 2 cos 2t + cos 3z cos 3¢)gp(t) dt=0.
. 0 R - i O
Pewerme. UmecM
SR z ) ’ . x :
pfz) = Acos ?z /zp(t) cos 2t dt + A cos 3z / @(t) cos °t dt.
o e .

BBojg 0003HaYeHHsT = -

- * - L
C= / ) cos2t dt, C,= f <p(t_)_cos Stdt, ) (5
0 . ’ s g
6ynem UMeTh o .
p(x) = CyAcos *z + CoAcos 3z. - (6)

Moncrasass (6) B (), nonyynm MMHeRHYIO CHCTEMY OIHOPOLHEIX ypABHEHHH

I 4 [
CL<1‘~__A/cos2t cos 2¢ dt) -—C’;Afc'os 3tcos2tdt =0,
. 0 - 0

. o )
~C\A /cos Stdt + ¢ (1 - A /cos 3tcos 3t dt) =0.
0 ' 0 ‘ ’
X ' c r - .
féoé %t cos2tdt = -z-, / cos 3rt.,c,o‘s 2t dt = 0,
0 L ' ] ’ ' ' -
z o x o -
I PP ) 3 ; . 'R"_
cos tdt =0, cos ‘tcos3tdt = 3
% _ 0
To cHcTeMa (7) paMeT Bug
(l - T)CI - 0,‘
(8)

: AT .
(-¥)a=e



YpaBHeHMe /11 HAXOXAEHHUS XapaKTEPUCTUYECKIX UCET:

. A: .
o lma 0 .
=0.
0o 1-2
8
S 4 8

XapaKTepHCTHYECKHE YHCTIa; X = = A= g
4
Mpu A = — cucrema (8) TIPUHHUMAeT BUI
0 .C; =0,
5 * CI =0,

otkyma C; = 0, C; npoussonbHo. CoSeTBeHHas dyHKUMA Gyt ¢1(z) = C1Acos’z,
wmt, nonarast CyA = 1, nonyunm ¢, (z) = cos’z.
3 .
Npu A = — cucrema (8) npmer Bua
A € R .
’ OI' Cg = 0, B

-~

otkyna C; = = 0, C; npousnommo, M, 3Ha4uT, cch‘rneunaﬂ DyHKIWsE 6yne'r py(z) =
ChA cos 3z, win, nonarag CyA = 1, Hony4uM ¢, (z) = cos 3z.
UtaK, XapaKTepHUCTHYECKHE YHCITa:
o4
)‘l == x! =
4

coorsextrsyromne uM COGCTBCHHLXC q;ymcmm

N | oo

.
t

14 (a:) = cos’z, 932(-’6) = cos 3z

OnHOpoAHOE MHTErpalibHOE ypaBHEHHE Qpenromua MOXeT BOOGIle He MMeTb
XapaKTepUCTHYECHMX YMcesl M COOCTBEHHBIX QyHKUHMH, nu6o XKe MOXKEeT He HMeTb
ngﬁc'rnm'enmux xapamepucmqecmx yucen U coﬁmcl-mux GyHKuMiA. >

v

l'lpuuep 2. Onnopop.noe umerpanwoe ypasHeHve

;_;_; : ol e 2 /(3z - Dtp(t) di =0
0

'He UMeet XxaPaKTePUCTUUECKUX YUCEN M COBCTBEHHLIX GYHKLMIA.

‘B caMoM neite, uMeeM

pl@) = .".(3“‘.2) / to(tydt. -



- §1o. )&pampucrmecxne 4ucna n. coﬁcraeHHue ¢ynxunu 59

HOJ‘laI‘aﬁ . ) T ' : L T '-'."I'\"f..-. =t . L }'l'f
C= / te(t)dt, ' )
0
TIOTYYHM . :
() =CA(3z - 2). : (10)
TToncrapnas (10) B (_9), MOJIyYHM : : S et : R i
[1"'\/(3t2_2t)dt]-c=0. (11)
0 e .
Ho Tak xax
1
I /(3!2 - 2i_).dt =Q, A

TO ypaBHeHHe (11) naer C =0, u, CJleIoBaTeABHO, (z) = 0

WTaK, naHHoOe OJHOPOJHOE YPaBHEHHE MPH JIIOOKHIX A HMEET TONBKO ONHO HY-
nepoe pewieHHe @(z) = 0, a 3HAYUT, OHO He MM®ET XapaKTEPHUCTHUECKHX “HCel
1 cOGCTBEHHBIX DYHKUMM. . o B

Mpumep 3. Vp’aanegue '
; 1 ' L
plz) ~ .\/ (Vzt- \/fa:) <p(t)'d_t =

He' umeert p.eucramenwux xapaxtepucrmecmx -mcen " COGCTBGHHHX
yHKUMA, :

B‘ca-Mouxiene, HMCCM o o - R
. . g(z)-=fc'|.\1/§-—c,§:.n‘,'-"' _ (12)

rae

1 1 '
C = / tplt)dt, C,= / Vigp@t)dt. (13)

Tloacramnss (12) B (13), nocse HECNOXHBIX npeoﬁpaaoaannﬁ nomuu CHCTEMY anre-
GpanyecKux ypaBHeHHH

(-Beans
(14)

AL 2
e+ (142 amo
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= ey

OnpeaenuTenb 3TO CHCTEMBI paBeH

1 2’\ A
s 3 by
AN=| ), | iy
A T N L AP ey
7 5t

Tpu neicTBUTENBHBIX A OH He oGpamaeTcx B Hym,, -TaK- y10 M3 (14) moay-
qaeM C) = 0 u C, = 0, a 3HauuT, LA BCexX AEHCTBHTENbHMX A NaHHOE ypaBHe-
HHE MMEET TONBKO ONHO pellieHHe, a MMEHHO Hynesoel: @(x) = 0. HTak, naHHOe
YPaBHEHHE HE.HMMEET ACHCTBHMTENBHBIX XAPAKTEPHUCTHYECKMX, YMCEN M COOCTBEHHBIX
byHKUMIL, : gt e . -

. . . . tele .

S e

3anaun ANA CaMOCTOSITENLHOTO peleHns

“Haitn XapaKTepUCTHYECKHE tmcna H cchmeHHue cbyHKum{ mm cnenylomnx OfIHO-

POIHBIX MHTETPAaNBHBIX YPaBHEHMIE ¢ BupoxneHHuM mlpom e o
/4 : e nto ey
123. p(z) - A /sin zo(t)dt =0. 124, plz)—A /_sinz cost p(tydt =
0 : ¥ 0
2x %
125. p(z) ~ .\/ sinzsint p(t)dt =0. 126. p(z) - Afcos(a: +1t) p(t) dt = 0.
o .. ) 0 - -

, - )
127. p(z)= A /(45::2- int -9t Inz) p(t) dt =
. . 0 L. - N
|

128. 5;(2:)—-,\/(2{:t—4z2)<p(t.)dt=0'.
SEEE '

v

129, p(z) - X / (5at’ + 4z’t)p(t) dt = 0. R S
130. p(z) - A f(s'mt’+4z’t+3_zt) @(t)dt =

131. ¢(z) - /(zcht—tshz)gp(t)dt

-]
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. . = . . N
- - ‘ .
132. p(z) - A /(:ccht —t’shz) @(t) dt =

133. <p(z) A/(xcht—tchz)go(t)dt_o

Ecu n-e nosropHoe (uTepuposanHoe) aapo K, (z, t) supa K (z, t) ectb
CHMMETPHYHOE AAPO; TO MOXHO yTBEpXKAATh, uTo-K (, t) nMeeT no KpaiiHei
Mepe OJJHO XapaKTepPHCTHYECKOE YHCIIO (HEACTBUTENLHOE MM KOMILJIEKCHOE)
M YTO M-€ CTeITeHH BCEX XapaKTEPUCTHYECKUX YHCEJ. — YHCAA NeHCTBUTENb-
Hble. B wactHocTH, W1 KococumMmeTpuuHoro aapa K(z,t) = —K(t, ) Bce
XapaKTePUCTHYECKHE YHCIIA THCTO MHUMBIE: A ﬁz e . — lxeﬁcmmenbﬂoe
(cM. 3amady 148). .

Snpo K(z, t) umerpam.ﬂoro ypanuemm Haauaaerc;i cmempuuubm
€CI BHITIONHSETCH ycnosue K(z,t) = K(t, z) (a <z, t<h).

Ina umerpanbﬂoro ypaBHeHus ®penronsma

e / Kedpwa=0 - ()

C CUMMETPHYHBIM spoM K (z, t) MMEIOT MeCTO CleNyIOLIHE TEOPEMBI.

Teopema 1. Ypasnenue (1) umeem no paiineii Mepe 00HO deiicmeumenvHoe
XapaKmepucmuueckoe 4ucao. -

TeopeMa 2. Kaxcdomy xapaxmepucmueckonmy wucay A coomeemcmeyem
KOHEUHOe HUCAO § AUHEUHO HEe3aBUCUMBX COOCMBEHHbIX @ynKyuii ypagne-
Hus (1), npuuem

N n
1

g<A’B), e B'= //K(z t)d:cdt

Yucno q HA3LIBACTCHA paHeomM WIITH KpamHOCmMbi0 XapaKTEPHUCTHYECKOro
4YHucIa.

Teopema 3. Kaxcdas napa cobcmeennsix @ynxyuii 1(z), p2(z), coom-
6emCmeyIouUX PAIUMHBM XA PAKMEPUCMUMECKUM HYUCAAM /\1 # A2, opmo-
20HANbHA, M. e.

b
[ ei@ eta) az =0



Teopema 4. B xawcdom KOHe4HOM unmepeane ocu A Haxodumca KoweuHoe
uucAo0 Xapaxmepucmuyeckux qucen.  Jucaoam. xXapaxmepucmuveckux-qucen,
-pexcauiux 6 unmepgane —l < A < I, onpeOmEmcs HepaseHcmeom

: zzB’ i !

B ToM cnyqae xorna impo K (a: t) nmerpaiﬁuom ypaBHeHm (1) sBns-

erca ¢pyHkuueit Ipuna Hexompoﬁ onHoponHon 3anauy III'rypma—IIuwaum,.

HaxoXIeHHe XapaKTEpHCTHYECKHX dHCe U CO6CTBEHHBIX d)ynxmm CBOAMTCH
K pelIeHMIo yKka3aHHo# 3anayst: HItypma—JIuysrwts.

Mpumep 4. Hantn xapax‘repucmqecme “wicha U coﬁcraeﬂnue beHKu.MM

OJJ,HOPOJJ.HOI'O ypaBHeHus .\

o o (z) A/K(zt)fp(t)dt

4

rae
coszsint, Q{,z'g't,'

costsmz, i<:c<7r e

Koy~ {

PeweHue Ilam{oe ypaanenue npenc‘ramm B Bm(e

(z) = f K(z, t)¢(t) dt + 2 f K(e.t) o) 2,

DT T PP S

x

go(z)_,\sm:c/ga(t) costdt+/\coszfgo(t) sint d¢; .(15).

LR T T

Tudxdepermmpys obe sactu (15), HaXomuM

z
¢'(z) = Acosz: f w(t) cost dt + Asinzicosz p(z) ~ -
oo L, €’r.-:. - '= r.. o I. o
f - ,\'sin}c/qp(t) sintdt - Asinz cos z ¢(z),
’ z .

m. N L . x .
gp(z)-,\cosz/;o(t) cost dt ~ Asinz /go(t)smtdt G M.-(l6)

e, 2
Hos'ropuoe nucbtbepe!mupoaaﬂue naer
&
¢"(z) = -Asinz /gp(t) costdt + Acos’z p(z) = -
R Y . :

Sl o aam i b ae
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i ]

—

L . s R s - A R S S N
¥ =ACOST f'¢(t)' sint dt + Asin®zp(z) =" ¢ o T

. z ) x
= )wa(z) - [ksinz/gp(t) costdt+Acos:/¢(t) sintdt].
Bupa)xenne B xnanpan-mx cxoéxax paBHo (), Tax m : R
¢"(z) = Ap(z),- pl2)...
U3 pasencrs (15) u (16) HaxomuM, uto ) e
' p(m)=0, $'(0)=0.. . .
Hrak, naHHOe HHTErpaNbHOE YpaBHEHHE CBOIHTCSA K CleAylollelt kpaeBoit 3anaye:
@) ~(A-Dep(z)=0," - - (17)
p(r) =0, ¢'(0)=0. o (9
3neck BO3MOXHE TPH CAYYas. -
) A-1=0, wm A ='1. YpaBHeHue (17) npuumuae'r sux ¢"(z) = 0. Ero obmee

pewenne 6yner p(z) = Cjz + C,. Uchions3ys Kpaesne YCJIOBPISI (18), nonyqrm s
HaXOXIEHHS HEM3BECTHBIX Cy uCycucreMy ., ... .., . :
{ Cx+C =0,
C| = 0_,.

KOTopasl MMeeT elMHCTBeHHoe peltenne Cy = 0, C; = 0, a crenopaTeNLHO, MHTe-
rpajJbHOE YpaBHEHHE MMEET TOJAbKO TPHBHAILHOE pelIeHHE

#l2)=0.
2) A-1> 0 Wi A > 1. O6mee pemeﬂne ypanﬂemu (]7) lmeﬂ‘mm
p(z)=CichVA-12+CyshvVA-1g, ™ 7 77

OTKyla . . Co : o
P@=VA-1(CishVA-Tz+Cch VA= 2).
T HaxoXaeHus 3Haqeﬂuﬂ C) n.C, KpaeBHe ychomm JalOT CHCTEMY
' {c,chw’ T+CyshavA—1=0,
: C 2.=0.

CucteMa HMeeT eqMHCTREHHOE pelieHHe Cy = 0 C;=0. I/Imrpanbl-loe YPABHEHWE
HMeeT TPHBHAJLHOE PellleHHe ¢(z) = 0. HUraxk, nipu A > 1’ MHTerpanBHOE YPaBHEHHE
He HMOeT XapaKTEPHCTHYECKHX YHCE, a SHAYHT, U cOBCTREHHBIX dyHKLMH.

3) A-1<0, wm A < 1., O6mee pemenue ypannemm (17) 6y11e'r
q:(z) C, cos Az+C;sm\/ —Az. N

OTciona HaxooMM, YTO

¢(z) =Vi- AM-¢ sinl\/l —Az+‘é, t;os V1 ;,x'z).
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Kpaestte ycioBus (18) B 3ToM ciyyae matot it HaxoxaeHusa C u C; cucteMy

i CiecosmV1=A+CysiirvI=A=0, (19) :
VI=XC, =0. _
OnpeneuTeNh STOR CHCTEMBI el . -
JecosgVT =X sinavi-2A
A(A) = o :
*) 0 - VITa

INonaras ero paBHLIM HYJIIO, TIOJyYHM YpaBHEHHE JNsi HAXOXAEHHS XapakTepUCTHYeC-

KK YHCeN: _
cos m/ol —A sin 1rl\/1 ;— ’\. _ O: (20)

wm v1-AcostvI—A = 0. Io mnpemnonoxenmio vi—A # 0, nostomy
T

cos®Vv1l—A = 0. Orciona HaxomoHM, 410 7#VI1 - = 3 + #n, roe n — moboe

uesoe yucno. Bee KopHH ypaBHenus (20) maotcs dhopMyoi

1 2
/\”=1*(n+-2-).

INpu 3HaueHusx A = A, cucrema (19) npuHHMaeT BUA
C 1° 0= 0,
{ C2 =0.
OHa uMeeT 6eCKOHEYHOEe MHOKECTBO HEHYJIEBBIX PELIEHH i

{Cl =C3
C2 =I0:

rne C — TIPOU3BOJIbHAsA MOCTOSAHHAsA. 3HAYMT, MCXOOHOE HMHTErpaJibHOe ypaBHEHHE
uMeeT GecCKOHEYHOe MHOXECTBO peilieHHiH BHaa

¢(z) = C cos (n + %) z,

KOTOpbIe ABJAIOTCA COOCTBEHHBIMH QPYHKUIMAMM 3TOTO YPaBHEHHS.

HTak, xapaxTrepHCTHYECKHE YHUCJIa M COOCTBEHHbIE HYHKIMM JAHHOTO HHTEIPab-

HOr'o YypaBHCHHs

- 1\’ = co 1
n = n+2 y  @al(z)=cos n+z)e,

rie n — mo6oe 1enoe YUCIO. . D>

NMpumep 5. Mokazats, 4To UHTerpanbHoe YPasHEHNe C HECUMMETPU4HLIM
f[POM

K(z,t) =sintzcosmt, 0=z t<1, (21)

He nMeeT XxapakrepucTu4eckux 4ucen.
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PeweHne. TloxaxeM, 4TO ypaBHEHHE

1 .
o(z) = A / K(z, t)p(2) dt, (22)
0
roe ;Lgpo 3anaHo ¢opMmynoit (21), HMeeT TONbKO TpHBHaNbHOEe pemieHHe p(z) = 0
A .
0 B)CaMOM nene, nepenuiieM ypaBHeHue (22) B BUze
i
@(z) = Asin 1z / cos 7t () dt. (23)
0
0O603HaYNM l
C= / cos it p(t) dt;
0
TorZa

o(z) = CAsinwz.

IoxcTaBuB 310 BhIpaXxenue g @{z) B 06e yacTy (23), NonyunmM

I
CAsin 1z = CAlsin 1z / cos t sin «t dt.
0

1

/ coswisinwtdt = 0;
0

noatoMy CAsinwz = 0, otkyna C = 0, a 3Hauut, @(z) = 0. TakuM oGpasoM,
sapo (21) He MMeET XapaKTEPUCTHYECKHUX YUCEL. >

3anaum gna CaMOCTOATENbHOTO pelueHUs

Haiiti XapakTepHcTHYeCKHE YHCIAa U cOGCTBeHHBIE YHKITMH OTHOPOIHBIX HHTEIPaJib-
HBIX YPaBHEHHH C CHMMETPHYHBIMH SIIPAMH, €CJIH 3TH SApa MMEIOT CleayIoMi BUL:

134.
135.

137.

138.

K(z,t)=1+at+2, -1<2z, t<1.

z(t-1), 0z, {t(a:+}), 0Lz,
K(z,t) = 136. K(z,t)=
(2, ) {t(m-l), t<zgl 130 Klat) 2t+1), t<z<I.
Kz t)z{(z+1)(t—2), 0<z <,
’ (t+l)(z—2)a t<2$1
sinzcost, 0z,
K(z,t) = g
sint cos x, tszsi.



o
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sinz cost, Ogb:gt,- .

139. K(z,t) = { sintcosz, t<z <.

sinzsin(t—-1), -r<z<t,
sintsin(z-1), t<z<m.

. ™ ™ .
sin <z+ —) sin (t- —) L2
4 e
) T\ . s
sin H-Z Ism z—z , tgzgr

142, K(z,t) =, 0z, 0Kt

143. K(z t)_{—e"shz, 0<z<t,
’ ’ —e*sht, t<z< 1.

140. K(z,t) = {

H

141. K(z,t) =

Teopema Mepcepa. Ecau cummempuunoe Ly-2dpo K(z,t) Henpepbig-
HO u obnradaem AUWb NOAOHCUMENLHBIMU XapaKkmepucmu4ecKkumu 4Yuciamu
(ll./lu He 6onee weMm KOHEeUHbIM HUCAOM OmpuluamenbHbix xapaKkmepucmuyeckKux
wucen), mo pso

n

. pu(alealt
25

cxodumcs abcontomro u pagHomepHo k adpy K (z, t), max umo cnpasednusa
dopmyna

K(z,t) = i _______?,,(z;"%(t)_

3dect n(x) — opmonopmuposannvie cobemeennve Pynxyuu sdpa K(z,t).

B o61eM ciayyae cummerpuuHoro La-anpa K(z,t) 6unuHeAHBI! psan

> Son(z)‘Pn(t)
2=

n

cxonuTcs B cpenHeM K anpy K(z, t).

3apaum AN CaMOCTOATENBHOrrO peLleHns

Hcxons u3 paanoxeHus sapa K(z,t) MHTErpalbHOro ypaBHEHHs MO COGCTBEHHBIM
byHKuMAM, TOKa3aTh, YTO UMEIOT MECTO CJEAYIOLIME COOTHOILEHHUS:

144. iisinnrzsinnrt= z(l-t), 0<z<t,
2 n? tl-z), t<zg L

n=1
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' 1 Iy - ST
o sin(n+§)1rﬂin(n+42-)ﬂ 2, 0<z<t,
t’z ={

1N\ &, t<z<l
(ﬂ+i)

146. IlokasaTs, uTo ecnH Aj, A; (A; # A;) CYTb XapaKTepMCTHYECKHE YHMCIA ;'mpa
K(z,t), To cobcTBeHHBIE (GYHKLHM ypaBHEHHH

b b _
p(z) — M /K(-’F, t)p(t)dt =0, %(z)-Xx / K(z, t) (t) dt =

OPTOrOHAJIbHHI, T. €.

]

/ o(z) $(z) dz =

a
147. Tloka3aTs, yTo ecnu K(z, t) — CHMMETPHYHOE AP0, TO BTOPOE HTEPHPOBAHHOE
aapo K;(x,t) uMeeT TONBKO MOMOXHUTENBHEIE XapaKTEPUCTHYECKHE YHCIA,

148. TIlokasats, yto ecnu sapo K (z, t) kococuMMeTpHuHoe, T.e. K (¢, z) = —K(z, t),
TO BCE €r0 XapakTEPHCTUYECKHE YHCIa YHCTO MHHUMBIE.

149. Iloka3satp, yTo ecnu sapo K(z, t) cUMMETpUUIHOE, TO UMEET MECTO PaBEHCTBO
=1
E -X:':=Am- (m=23,...),
" op=1 P
roe A, — XapaKTepHCTHYECKHe YuCla, A, — m-e cneanl sapa K(z, t).

Hcnonb3ys pe3ynbraThl 3anay 135, 138, 142 u 149, HaitTH CyMMBI CieAyIOLLUX PSAIOB:

o
1
150. ‘:{ 151, ) T gag il
n= n=]
152. 2 n)2 , TOe p, — KODHM ypaBHEHHUS 2Ctgp = pb — ;‘l-

Pe3osibBEeHTa CHMMETPHUYHOrO AApa ecTb MepoMopdHasa byHKIMA OT A,
IUIA KOTOPO# XapaKTepHCTHYEeCKHe YMCJia MHTErpajJbHOrO YpaBHEHHS SBJIA-
I0TCS MPOCTHIMH ToOJI0caMH. Ee BBIYETBI OTHOCHMTEJIBHO IOJIIOCOB A; HAIOT
COOTBETCTBYIOILME 3THM 3HaueHUsM A; cobCcTBeHHbIe GYHKuMM (npH M060M
3Ha4YeHUH ).
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e

3anaum ANM CaMOCTORTENLHOTO peleHns

Haittu coGcTBeHHBle (DYHKLMM HHTErpaTbHBIX yDaBHEHHI, DE30JbBEHTHl KOTODHIX
OIpeeISIOTCA CeAyIOIHUMH bopMyaaMu:

153, Rz, t;3) = -2+ 3L = nEe -1

A2 —4)r+3
(15 = 64) 2t + (15 — 10) 28
. R(z,t;3) =
154. R(z.t; )) 422 =161 + 15
45-20)[3-22+(3-6A - =]t e
55, R(x’t;’\)_( ,\)[ A+ ( ):ct]+5(4A 8A+3)(3z - 1)(3t 1)

4= 20( - 20)(5 - 2A)

WHrerpansHble ypasHenns dpedronsma C sapamy,
3@BUCSLLUMN OT PasHOCTU apryMeHTOB

ITycTh MMEEM MHTETPajbHOE YPABHEHHE
x
o(z) = A / K(z - ) (t) dt, (24)
-x

rae sapo K(z) (-7 < z < ) ecTb YeTHas QYHKLMUS, HEPHOIUYECKU MPOIOJI-
XaeMmas Ha BCIO ocb OZ, TaK 4YTO

K(z-t)=K(t- z).
MoxHO nokasaTs, 4T0 COGCTBeHHbIe DyHKUMK ypaBHeHus (24) cyTb
o(z) =cosnz (n=1,2,...),

oP(z) =sinnz (n=1,2,. ),

a COOTBETCTBYIOLIHE XapaKTEPUCTHUYECKHE YHCIIa

An = n=1,2,...),

n

rae a, — xo3dduunents ®ypre dynkunu K(z):
1 n
= ;/K(a:)cosna:da: n=12,...).

TakuM 06pa3oM, KaXAOMY 3HAYEHHIO A, COOTBETCTBYIOT ABe JIMHEHO He3a-
BHUCHMBIE COGCTBeHHBIE QYHKLUMH COS R, Sinnz, TaKk YTO KAaXOOe A, €CTb
ABYKDaTHOE XapaKTepucTHyeckoe yucio. PyHkuus po(z) = 1 Takke aBnsercs
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COBCTBEHHOM @yﬂxquﬁ_yfﬁaﬁﬁé'ﬂﬁn (24), oTBEdatonie XxApakTepUCTHYECKOMY
umcIy |

s s

1
A—_._,
may

n
1
o = — / _K,(Im).da;.._

'TlokaxeM, HampuMep, q'ro cos nT ecTb cO6CTBEHHass GYHKUMA HHTe-
rpam,Horo ypaBHemm

roe

—fe)d, (25)

rae :
'1 n
0= ;/ K(z) cos nz dz.
-

Henas TIONCTAHOBKY T — t=2z, HaxomuM

/K(z—t)cosntdt——-/K(z)cosn(z—z)dz—

3+l
PP C 24w
= cos nx / K(z)cosnzdz +sinnz / K(z)sinnz dz = wa, cosnz,

=% . -

TaK KaK BTOPOi MHTErpajl PaBeH HyJIO B CHJY YETHOCTH K (z), a nepBblit
MHTErpaj eCTh YMHOXEHHBIN Ha 7 K03bduuueHT Dypbe a, B Pa3NIoOXEHHH
yeTHO# QyHkuuu K(z).

Hrak,

1
cos nT =
Tay,

a 3TO ¥ O3HAYAET, YTO COS NT ecTb cobcTBeHHas dyHKuMs ypaBHeHus (25).
AHaJIOTUYHO YCTAaHABIMBAEM, YTO Sin T €CTh COOCTBEHHAas (YHKLMS WH-
TerpaJbHOro ypasHeHus (25), oTBeyalolias TOMY X€ XapaKTEPHCTHYECKOMY

qUCITy .
may,
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3apaun ANA CaMOCTOSTENbHOrO PeLeHHs

156. Haittn co6cTBeHHbIE HYHKIIMH H coornercmyxomne XapaKTepHCTHYECKHE YHCIIA

ypaBHEHHHA
x

o(z) = A / cos (z — 1) p(t) dt.
-, '
157. IMoka3aTh, YTO CUMMETPHUYHOE STPO
1 1-h?

K(z,t) = —
(2,2) 27 1 = 2hcos (z — t) + k2

(-7<z, t<m)

uMmeeT nipu |h] < 1 cob6cTBeHHble GYHKUMH 1, sinnz, cosnx, COOTBETCTBYIOLLHE
1

XapaKTepUCTHYECKMM YHCIaM 1, et

158. HaitTu XapaKTepHCTHYECKHME YHCIAa M COBCTBEHHBIE (QYHKIMH HMHTErpajbHOIo
ypaBHEHHS

p(z) = A / K(z —t) p(t) dt,

rre K(z) = 2?2 (-7 < z < 7) — nepuoanyeckas GpyHKLMA C NEpHOIOM 27,

SKCTpEMasbHbIe CBOMCTBA XapaKTEPUCTNHECKUX YNCEN
W COOCTBEHHLIX QYHKUMIA

AGCOmoOTHas BeJMYMHA ABOHHOTrO MHTerpana (MHTerpana [ins6epra)

(K, )] = ] j j K1) plz) plt) dz ],

rae K(z,t) = K(t,z) — cHMMeTPHYHOE SAPO HEKOTOPOTO MHTErPajbHOrO
YPaBHEHHMS, Ha MHOXECTBE HOPMHPOBAHHBIX QYHKLHH ©(Z), T. €. TAKHMX, YTO

b
.0 = [ Parde=1,
a
MMeeT MaKCUMYM, PaBHBIH
1
NN
roe A — HauMeHblllee 10 aGCOMMOTHOM BEJIMYMHE XapaKTEPUCTHUECKOE YHUCIIO

anpa K(x,t). MakcumyM gocturaercs npu o(z) = ¢;(x) — cobcTBeHHOM
byHkuuu sapa, orsevaromeHt A, .

max|(Kp, ¢)| =
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Mpumep 6. Haritn makcumym

l(K¢,¢)l=(/1/,'K(z,-t) p(z) w(tﬁdmdt
00

npu ycnosum
x

(o) = [ Payas=1,
0
ecm
K(z,t) =cosz cos 2t + cost cos 2z + 1.

PeleHwue. Pewast 0oTHOPOAHOE HUHTErpajbHOE YypaBHEHHE

kg

p(x)=2A /(cos Z cos 2t 4+ cost cos 2z + 1) () dt
0

1
KaK YpaBHEHHe C BRIPOXIEHHBIM AAPOM, HAXOAHUM XapaKTEPUCTHYECKHE YHUCIA \| = —

™
H A3 = £~ H COOTBETCTBYIOLIMe HM cOGCTBeHHble dyHKUMH ¢1(z) = C), ¢y(z) =

g
Ci(cos z + c0s2z), p3(z) = Ci(cosz — cos2z), rae C;, C; 1 C; — NpPOU3IBOJBHEIE

TIOCTOSIHHBIC.

1
HaMMEeHbBUIMM N0 MOAYIO XapaKTEPHCTHYECKHM YHCIIOM SBNSETCA A = = MY

oTBeyaeT cobcTBeHHass GyHkuus ¢,(z) = C). U3 ycnoBus HOpMHPOBKH (p, ) = 1

HaxoauM C| = :1:7==. CrenoBaTtenbHo,
ir

T %
max ‘ / / (cos z cos 2t + cost cos 2z + 1) p(z) p(t) dz dt| = 2,
0o 0

1
M IOCTHTAeTCs OH Ha QYHKUMAX P(T) = £ —=u=.

v2r

3apava AN CaMOCTOSTENbHOrO peweHnsa

159. HaiTt MakcuMyM

j jK(:c, t) p(z) p(t) dz dt

MPH YCJIOBHH, YTO

j :p’(a-)da.; = Il,,
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. %

eclIu: : o - .
a)-K(z,t) = at, 0<zJ 6)K@ty+ﬂ+wﬁ 1<z, t g "

(z+1)¢,:0 \zst,. o
K(z,t) = :
B) K(z.t) {U+D% t<z<l.

§ 11. PewweHne OAHOPOAHBIX UHTErpanbHbIX
ypaBHEHUM C BbIPOXAECHHbIM:AAPOM

OIHOPOAHOE HHTErpaJibHOEe YypaBHEHHE C BHIPOXIEHHBIM S.IPOM

pla) =2 ] [Za.(z) u(e)] v(t)a 0, (1

KOrJa napamerp A He ABASAETCA €ro XapaKTepUCTHYECKUM YHCIoM (T. e.
A(A) # 0), uMeeT eAMHCTEeHHOE ‘HyJieBoe pelueHue: -¢(z) = 0. Ecan' xe A
ecTh xapalc'repucmqecxoe upcio {r.e. A(N) = 0) TO- KpOMe HYJIEBOTO pe-
WeHHs ypaBHeHue (1) MMeeT U HeHyJeBbie peLleHusl, KOTOPbIMU SBISIOTCS
cob6cTBeHHbIe DYHKLMH, COOTBETCTBYIOIUME -3TOMY -XapaKTEPUCTHYECKOMY YH-
ciy. O6lLuee pelreHHe OTHOPOAHOrO ypaBHeHH (1) momyyaercs Kak JMHeHHas
KOMOHMHALIUA 3TUX COOCTBEHHBIX GyHKUMA.

nbumep. PewwuTb ypaBHeHue
- x ’
o(z) - A /(cos 2z cos 2t + cos 3t cos 3z) p(t)dt =

Pewenne. XapakrepucTHYeckue 4HCNa JAaHHOTO YDaBHEHHA Cyrb A; =

s

8
Ay = —, a COOTBETCTBYIOLIHE UM COOCTBEHHbIE PYHKLIMH UMEIOT BHI
™

o1(z) =cos’z, ¢y(z) = cos 3.

O6wHM pelleHHEM YpaBHeHHS Gyner

P(S) = Ccps’s, ‘ecIM A= %;
¢(.’L‘) = C.COS 3z, eciIi = %
w(z) =0, ecm A ;ﬁ :, As o

roe C — mpousBoibHas moctosHHas. IlocnenHee, HylieBoe, peLeHHeE MOJy4YaeTcs
U3 obwux pewernd ripu C = 0. >
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3apaun gna cCaMOCTOSITENbHONO peleHus

Pewunts crieAyiolne oHOPOIHEE MHTEIPAILHbIE ypaBHEHHUS:
. -1

160. ¢(z) -;\/cos('z +tpt)dt=0. 161. {c(x)—,\/aréco“sxga(t) dt =
0 0
“w/A I:t' - .'1.. :
182, p(a)—zf%ﬁaao.- - 163, '¢(z) - ;fl'mlso(t)dt=0‘
. ¢ ) o}

1
164. ¢(z) + 6/(:1:2 = 2zt) p(t) dt =0.
J - -

§ 12. HeOAHOPOAHbIe cummerpuqnue
ypaaueﬂml :

HeOJ.IHOpOlIHOC umerpam,Hoe ypaBHeHHe Q)penronbma 2-10 pona

o(@) - A / _K(ac, t so(t) dt=1) o)

HA3BIBAETCS CUMMEMPURHbIM, €CTH €T0 SIpo K (a: t) CHMMETPHHHO: K(z,t) =
K, z). - .
" Ecam f() HenmpephiBHa H mapaMerp A He coBmazaer ¢ xapamepn-_
CTHYECKMMM yuCJaMH A, (7 = 1,2,...) COOTBETCTBYIOILETO OJHOPOIHOTO
MHTErpatbHOIO YPaBHEHHS

b_ ) .
'-w(ab)fmfx(x,t)qa(t)dt-—-o, S

To ypaBHeHue (1) MMeeT eIMHCTBEHHOE HEeNpepLIBHOE PEleHHe, KOTopoe
naercs d)opmynoﬁ

o(2) = 1) A 3 72 0u(a), o)
et n

rae oq(z) — coBCTBeHHBle (hYHKLMM YpaBHeHUs (2),

b
= [ 1@ outo) t=. @)
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MpUYEM psif, CTOSIIUMA B MpaBoi yacTH HopMyJbl (3), cxonurcs abcomoTHO
M paBHOMEpPHO B KBajapaTe a £ ¢, 1 < b,

' Ecim X e napaMeTp A cOBMagaeT ¢ OMHUM M3 XapaKTePUCTUYECKUX YHCE,
HanpuMep A = g, paHra g (KpaTHOCTb YHcna Ax), To ypaBHeHue (1), Boo61ue
roBopsi, He MMeeT pelueHU. PeleHus CylecTBYIOT Toraa M TOJIBKO TOrAa,
KOrJa BBIMOJIHAIOTCS ¢ YCJIIOBHHA

b
[ 1@ on@dz=0 m=1,2....q), 5)

T.e. Koraa pyHkuus f(z) opTroroHanbHa Ko BCeM COGCTBEHHBIM (DYHKLIUSM,
MPHUHAIEXAIIHUM XapaKTepUCTHYECKOMY YHCITY Ax. B 3TOM ciyyae ypaBHe-
Hue (1) umeeT GECKOHEYHOE MHOXECTBO DELICHHMi, KOTODHIE CONEPXAT ¢
MPOU3BOJILHBIX IIOCTOSHHBIX U IaI0TCA HOPMYJIOit

pla) = 1(z) =2 3 3o-en(e) +

n=g¢+l1
+ C1p1(z) + C2pp2(T) + - . . + Cppy(2), (6)

rae Cy, Gy, ...,Cy — NpOM3BOJILHBIE OCTOSTHHBIE.
B ciyuae BBIPOXIEHHOTO AApa
m
K(z,t)= ax(z) bi(2),
k=1
¢dopMmysl (3) 1 (6) 6yayT conepXathb B MPaBBIX YACTSIX BMECTO PSIOB KOHEYHBIE
CYMMBI.
Korna npapas 4acTs ypaBHeHus (1), T.e. dyskuus f(z), 6yzer oproro-
HaJIbHa KO BCEM COBCTBEHHBIM QYHKLUAM i, () ypaBHeHus (2), TO peleHneM
ypaBHeHnus (1) 6yner aBnaTbea cama 3ta yHKuus: ¢(z) = f(z).

Mpumep 1. PewwnTtt ypaBsHeHue

1
o) - [ KGz,0) olt) dt =2, %)
0
roe .
- <z <
K(z,t) = z(t-1), ecm 0<z <,
tz-1), ecm t<e<l.

Pelenne. XapakTepucTHYECKHE YHCIA U COOTBETCTBYIOLUIME MM COGCTBEHHBIE
byHKUNH UMEIOT BHI

A= -m'n?  @.(z) =sinwne, n=12,....
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Ecau A # A, T0 pesieHHeM ypaBHeHus (7) Gyuer

Mz)wz AEA_'_ o zsinmrz

oo (8)
Ha:(omm Koa(b(bnunemu (Dypbe Q,;: MpaBoif llac‘m ypaBHemm

1 1

/ . / ( cosnm:) (~ l)"“
a, = [ rsinnrzde= | zd| —

0 S

nr nt
. 0 . :
TMoncTasnss B (8), noayHM
A- ad ( 1)a+l.
ga(:c) =z- Zm Sm mra:
Mpu A = —n’x? ypasuenue (7) x-_le UMeeT pelleHs|, TaK KaK
1 n+l
An = ( ) — D - , . o]
Mpumep 2. PelwnTs ypasHeHe ' .
o)~ [ K@,0)ptt) dt =cosrz,
;0 I I
roe
T+ i, 0<z <t
K@= {E+ DL eom 0<ag
t+1Y)z, ecm t<ae<L.
Pewenve. Xapakrepuctuyecuste uucna
=1, A=-n'n' (n=12...)
CooTtBercraylonine HM cob6¢cTBEHHEIE DYHKIINH:
(po(z) - e »

<p,;(:c) =sinn7z + nr cosnxz (n= 1 2,.
EcimdA#l u A # —-n

).

TO pellieHHe AaHHOTO ypaBHeHHﬂ Oyner uMeTH BPIIH.

p(z) =cosmz — A +E.\+ ppal sjnun+mrcosmrz)]
H TaK KakK '

. 14e
ag—.‘[e”cosrzdz-n-l_'_

-0, n#l,
¢,=fons1rz(sinﬂrx+nrmm)dz= { x
6 ’ 2

n=1
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TO I ‘ - kb
p(z) = cos7ra:+A Ite & U in®z + 7 cosw -

. = 1+1rz)‘—-1 2(A+ 2)sn Z + % COSTT .

IIpH A=1lui= —1; (n = l) ypaBHeHne pememm He umee'r, T4K KaK ero npaaahl

4acTh, T.€. q>ym<um coSTT, He OpTOTOHaJIbHa K coome'rcmymmum COGCTBEHHDBIM
q>y1~1xumm |

: @(,(z)ge iz )—Sm7l’:!:+7rcos7rz ]
Ec.rm xe A = —nir? ,rme n =2, 3 .. TO NIAaHHOE YpaBHEHHE MMeeT GecCKOHEYHOoe
MHOXECTBO pelleHMii, KoTopsle naorcs dopmynoii (6): -

N ' I+e e r
q"("")‘C"S""”“\[1+1r=)\-1 W0+ 72

y (sin w2 + 7 cos 7ra:)] +
+ C(sin nre + nw cos nwz),

roe C — NpoM3BOJIbHast NOCTOSIHHA. i >g

B HeKOTOpBIX CAy¥asix HEOOHOPOJHOE CHMMETPUYHOE HWHTErpaJibHOe
ypaBHEHHE MOMHO CBECTHM K HEOJHOPOIHOM KpaeBoil 3amaye. DTO MOXHO
choenaTe Toria, Korza sapo K(z,!) MHTerpambHOrO ypaBHEHMsl SIBJIIETCS
¢yHKiuei IpuHa HekoToporo JuHeiHoro avuddepeHLnanbHOrO OnepaTopa.
ITokaxeM Ha npuUMepe, KaK 3TO IeJaeTcs.

Mpumep 3. Pewuth ypasreHne

1
cp(a:)-AfK(a:,t)go(t)dt:e", )
0
roe
t—1
L“.}.;.](l_-.u?., osggt.
K(z,t)={ - °
- shtsh(z-1) t<rel
NS

- Pewwexye. JaHHOe ypaBHEHHE MeEpenuileM B BHUIE

o(z) = & + "s—hh.r_‘l/shwt)dw—-/sh t-De@)dt.  (10)

I.Imp(pepe}mnpyu JBaXbl, Haﬁnem : .

p(z)=e'+“—°-‘-‘-('—')/ htzpt)dt-l-JA——/sh t»l)gp(t)dt
(p”(z)=e*+---§1—l—2/ httpt)dt+—/sh t—1)<p(t)dt+
iﬂﬁ;ﬂm p@) - 222 1 2 -1) p(a).

sh1
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‘WiIH

¢'(@) = 9(z) + Ap(a).
Moxaras B (10) £ = 0 1 = = 1, nonyyum™, vro ¢(0) = 1, ga(l) e. I/lcxomaﬁ
(pynxuun ¢(z) amnsercs pemex-meM HEOHOPOIHO} KpaeBojt 3a%aun

¢"(2) = (A+ D(z) = 0, (11)
P0) =1, p(l)=e (12)
PaccMOTpHM ClieyioLMe CAyYaH.

1) A+1=0, T.e. A =—1. YpasHenue (11) umeer sua ¢"(z) = 0. Ero obuee
pelleHHe

p(z) = Ciz + C,.
YuurniBass KpaeBbie ycnosus (12), momyyum mis HaXOXIEHHs NMOCTOAHHBIX Cy
u C, cucremy
CZ = ls
{ Ci+Ci=e,

pelas Kotopyio Haxoaum C; = e — 1, C; = 1, U, ciiefopaTensHo,
@)=~z +1.
2) A+1>0,T1.e. A> =1 (A #0). O6uee peweHne ypasHeHus (11)
p(x) =CichvV/A+12+Cish VA + 1z

Kpaesbie ycnosus (12) paor mis Haxoxaenus Cy u C; cucreMy

Ci=1,
Cichy/A+1+C;sh

e—chvi+1
Cl = 1, Cz = + Y
sh 7)& +1
Hckomas dyHkims ¢(x) mocie HeCIOXHBIX Ipeobpa3oBaHUH MPUBEAETCA K BUIY
shvA+1(l—z)+eshvAi+lz
shvA+1 !

3) A+1<0, T.e. A< ~1. O6o3Hauum A + 1 = —pu?, O6muM pemeHnem
ypasHenug (11) 6yner ¢(z) = C, cospux + C;sin pz. Kpaesne yenosus (12) pator

cHcTeMy
C =1
{ 1 » ) (l 3)
Cycosp+ Cysinp=ce.
3nech, B CBOIO O4Yepeib, BO3MOXHBI 1IBa Clydas.

oTKyna

wlz) =

a) p He SABAAETCS KOPHEM ypaBHeHHs sin u = 0. Toraa
e—Ccos
sin p

C|=I, Cz=
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e ——r————

M, CJIe0BaTeJbHO,

' _ e —cosp
p(z) = cospz + oy

sin pz,
rme p=v=-A-1.

6) p ABISETCS KODHEM ypaBHeHHs sing = 0, T.e. y = nw (n = 1,2,...).
Cucrema (13) HecoBMecTHa, a CllefOBAaTeJbHO, NaHHOe ypaBHeHHe (9) He MMeeT
peureHu#. B 3TOM cllyyae COOTBETCTBYIOLee ONHOPOAHOE HHTErpaNbHOE ypaBHEHHE

o(z) + (1 +n*n?) / K(z, 1) p(t) dt = 0 (14)

MMeeT HeTPUBHATbHbIE PELeHHs, T. €. uucaa A, = —(1 + n’x?) aBnsTIOTCA XapaxTepH-
CTHYECKHMH YHCIaMH, a GYHKUHH ©,(Z) = sin nmz — co6CTBEeHHBIMM QYHKUHAMU
ypaBHeHus (14). >

3apaum gna CaMOCTONTENbHOTO peweHns

PCU.IP_ITB cienyloluHe HEOOTHOPOAHbIE HHTErpaJibHble CHMMETPHUYHbIC YpaBHEHHUS:

-t
7‘,2 ! T z(22 )9 Oszgtr
165. p(2) - T / K@opW =3, Kan={ .
0 o i—%ﬂ,tszglj
. t -
. sh:csl:l.(l l), o<egt,
166. ¢(z) + / K(z,8) plt) dt = ze*,  K(z,t) = shl
: shtsh(z—1)
0 . , tLz< L
sh 1

z-t 0<z<t,

1
167. ¢(z)-A/K(z,t)w(t)dt=z—1s K@0=1_2 t<z<l
0

/2 sinzcost, 0<z<t,

168. gp(z)—2/K(z,t)go(t)dt;cos2z, K(z,t)=( . ®
e ’ sintcosz, t<z< =
0 2

x

inzcost, 0zt

169. z—A/KzJ tydt=1, K(z,t)={" " P USESE
v(z) v (.1) ¢(t) (@:1) sintcosz, t<z<nm

(z+1)(t-3), 0Kz <L,
t+1)(z-3), t<z<L

—_ A A A —t—

170. o(z) - A / Kz, t)p(t)dt=2, K(z,t)
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171. o(z) - / K(z.t) p(t) &t =sinz,
0 o .

w(erg) (-

n

p)

x w

sn 1+ 3) on (=~ ).

) Oswst
172, p(z) - /K(z t)qo(t)dt—s T, K(z, { z fshz, 0<z<¢t,

S Kz, =

sht, t<z< L.

chzch(t
T sh1
chtch(z-l)

173 qa(z) /\/K(z’.t)qo(t)dt-chz K(z,t)—- : S
————, 2L

174, go(x)-,\/lz-tw(tl)“d:.—fn. e Coa
0

§ 13. AnbrepHaTtusa ®pearonnma
Jns uHTerpanbHuIX ypapHeHuK DpearcisMa UMEIOT MECTO TEOPEMBL:

Teopema 1 (anb'repuaruaa dpearonsma). Hiu HeoOHOPpOOHOE AuHeilHOe
ypasHeHue 2—20 poda

b .
o) - [K@oea=f@) )

umeem eduncmeenHoe peutenue npu moGoii gynxuuu f(z) (us nexomopo-
20 00CMAmMOYHO WUPOKOZO KAACCa), UAU coomeemcmgyioujee O0OHOPOOHOE
ypasHeHue

b B
¢(z)—A/K(z;t)w(t)dt‘=o @

umMeem no kpaiiHeil mepe 0OHO HempueuasbHoe, m.e. He PABHOE MONCOe-,
CMBEHHO HYAI0, peuteHue.
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Thapa 2. UHTerpanbHeie ypasHeHns dpearonsma

.
Teopema 2. Ecau 08 ypaenenus (1) umeem-mecmo nepewiii cayuaii ane:
mepHamugwl, mo oH uMeem mMecmo u 0/1;1 CONDANCEHHO20 YPAGHEHUA

¥(@) - A / Ko vy dga. 0
A B ' \l
O0HopodHoe unmezpavhoe ypasherue (2) u conpadcenHoe K Hemy ypaauem;e

b ‘. .
v(e) -2 [ K(t,2) po) at =0 )

uMeom 00HO U MO Xce KOHEYHOe YUCAO AUHEHO He3a8UCUMbIX pewenuﬁ.

3ameyanmne. Ecin oyHkumu @, (z), 92(z), ..., ¢n(Z) ABAAIOTCA pelIeHHAMH
OJHOPOJHOrO YPaBHEHHMS (2), TO UX TMHEHHAs KOMOGHHALIUS

. n
¢(2) = Cipi(2) + Crpa(@) + ... + Copn(@) = Y Crpu(a),
k=1
roe C, (k=1,2,...,n) — NPOHU3BONbHBIE IOCTOSHHBIE, TAKXKE SRISETCA elle-
HHEM 3TOro YpaBHCHHA.

Teopema 3. HeoOxo0umbim u 00CMamouHbM YCA08UEM CYUECME08aHUA Pe-
wenus p(T) HeoOHo podHozo ypasHerus (1) 6o emopom cayuae arbmepramues.
A612eMCA YCA0BUE OPMO2OHAALHOCMU NPABOIl acmu 3Mo20 YPAGHEeHUR, m. e.
dynxuuu f(T), k aobomy pewenuio Y(T) conpsxcennozo k ypasxeruro (2)
00HopodHoeo ypaenenus (4):

b
/ f(z) ¥() dz = 0. 5)

Bameyapme. Tpu puinonvennn ycaoBus (5) ypaBHenue (1) 6yzer umers Gec-
KOHEYHOE MHOXECTBO PELIEHHii, TaK KaK 3TOMY YPaBHEHHIO GyIeT YIOBIETBO-
pATh mioGas GpyHkuus Bupma ¢(z) + @(z), rae p(z) — Kakoe-HUOYAb pelIeHHE
ypaBHeHus (1), a $(z) — mo6oe pelIeHHE COOTBETCTBYIOIIETO OXHOPOIHOTO
ypaBHeHHs1 (2). Kpome Toro, ecnu ypaBHeHHMIO (1) yaOBneTBOPSIOT (yHKLMM
@1(z) ¥ @3(T), TO B CHY JTMHEHHOCTH YpaBHEHMS MX PasHOCTb ¢)(x) — ¢a(x)
€CTb PellIeHHe COOTBETCTBYIOLIETO OQHOPOJHOIO YPaBHEHHUS (2).

Ha NPaKTHKE 0c06eHHO BaXHOe 3Ha4Y€HHE HUMEET aJIbTEpHAaTHBA (Dpel:l-

rosibMa. BMecTo TOro yto6sl J0Ka3bIBaTh, YTO AAHHOE MHTErpajJbHOE ypaBHe-
Hue (1) UMeeT pelieHKe, 4acTo 6HIBAET MPOLLE A0KA3ATh, YTO COOTBETCTBYIOLIEE
OIXHOPOAHOE YpaBHeHHMe (2) UJIM COMPSIKEHHOE K HeEMY ypaBHeHue (4) uMeioT
TOJIBKO TPHBHAJIbHBIE pelleHHsi. OTCIoNa B CHJIY albTEPHATUBHI CJEAYET, YTO
ypaBHeHHe (1) IeHCTBUTENBHO UMEET PELIEHHE.

=

Co—
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- 3amevanus. 1) Ecim spo K (z, ) nuterpansHoro ypasHeHus ( 1) cumMeTpHy-
HO, T.€.. . BRI '
K(z,t) = K(t, z),

TO OJIHOPOJHOE COTPSXEHHOEe ypaBHeHHe (4) COBMAZaeT C OMHOPOMHBIM YpaBHe-
HueM (2), cooTBeTCTBYIOWMM YpaBHeHHIO (1).

2) B ciyyae HEOAHOPOIHOTO WHTEIPANLHOIC YPABHEHMS C BHIPOXIEHHBIM
A0pOM

p(z) = A ] [gae(a:) bk(t)] e(t) dt = f(z)

ycJoBHE (5) OpPTOrOHAJILHOCTH INpaBOK YaCTH 3TOTO YpaBHEHHUs AaeT n paBEHCTB
]
ff(t)b,,(t)dt:O (k=1,2,...,n).
A
Mpuwmep 1.
1
p(z)— A / (527 - 3) o(t) dt = €°.
0

PeweHne. Umeem

¢(x) = CA(52% - 3) + €7, (6)
. B
1 i
C= fzﬁ(‘) dt. (7
/

MNonerapnss (6) B (7), nonyyum

1 1
C=CA f (5t* — 3t} dt + / t’’ dt,
0 0

OTKyJa
C=e-2
}la}moe YPaBHCHHE NIPpH JMOOBIX A HL&GCT €IUHCTBCHHOC PCLICHHE
o() = Me = 2)(5> = 3) + €7,

a COOTBETCTBYIOLIEE OOHOPOXHOEC YpPAaBHCHHE
1
P(z) = A / (527 = 3)t2p(t)dt =0
0

HMeeT eIMHCTBEHHOE HYNeBoe peleHue: p(z) = 0. -
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Mpumep 2. - _ -
o(z) — A / sin Inz p(t) dt = 2z.
0 .
Pewenuve. Umeem

¢(z) =CAsin Inz+ 2z, *

1
rae C = [ o(t) dt. TloncTarnas BripaxeHue p(t) B MHTerpan, HaiaeMm
0

1
C=CA/sin Intdt+1,
0

A
C(1+5> =1

Ecnu A # —~2, To naHHOe ypaBHEHHME HMeEET eIMHCTBEHHOE pelleHHe

OTKyna

2 inlnz 42
sin In x;
24+ A
COOTBETCTBYIOLIee OQHOPOJHOE YpaBHEHHE

p(z) =

I .
¢(z)—A/sin Inzp(t)dt=0
0

HMeeT TOJIbKO HyJsieBoe pemreHue: ¢(z) = 0.

Ecnu xe A = —2, To faHHOe ypaBHEHHE He MMeeT pelleHHH, TaK KaK Mpasas
yacte f(x) = 2z He oproroHanbHa K (yHKUMHM sin Inz; oZHOpOZHOe ypaBHEHHe
UMeeT 6eCKOHEUHOE MHOXECTBO PeleHHH, TaK KaK U3 ypaBHEHHs I1s onpeneeHus C
(0-C =0) cneayer, yro C — MpOM3BOJIBHAs MOCTOSHHAS, BCE 3TH PelIeHHs JAIOTC

dopmyJtoit N N
() =Csin Inz (C = -2C). >
" Mpumep 3
. p(z)— A / cos (z + t) p(t) dt = cos 3z.
.0 ..

Pewenne. TlepenuineM ypaBHEHHE B BUAE

x
p(z) — A /(cos z cost — sin zsint) p(t) dt = cos 3z.
0

OTclona uMeeM
¢(z) = CiAcos £ — CyAsinz + cos 3z, (8)
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rae
B 4 x .
G=fMMWaJQ=/mea 9)
0 s . 0 ' :
TNoxcrannss (8) B (9), nosyuum

x -
G =/(Cv\cost'-'sz\sint+'cos3t) cost dt,
0

T
C, = f(Cp\ cost — CrAsint + cos3t) sint dt,
0

HAR
x x x
C‘(lwz\/cosztdt> +sz\/sintc_ostdt=/cosStcostdt,
0 0o - _ .
x - . . T . x ;
—Clz\/costsintdt+'C2(l+/\/sin2t di) =chs3tsintdt,
0 0 0
WK

o1

Cl(l-:\

Cz(l+A

OnpenenxTesib 3TOM CHCTEMH paBeH

)=o

(10)
1)=o.

[ S)

1-A2 0
AQ) = 2 -1l
0 1+ A=

2
1) Ecrm A # :l:; (A(X) # 0), To cuctema (10) UMeeT. eNMHCTBEHHOE peLIEHHE

C, =0, C, = 0, cnenopaTeNbHO, JaHHOE ypaBHEHHe HMeET eAHHCTBEHHOE pelleHHe
o(x) = cos 3z, a cOOTBETCTBYIOMIEE EMY OJHOPOAHOE YPaBHEHHE

x

ga(z)—/\/cos(z+t) p(t)dt=0 (11)
0

HMeeT TONEKO HyleBoe pewenue: ¢(z) = 0.

2
2) Ecnu A = 7+ To cucTeMa (10) npueinmaer BuA

C|'0=0,
C)'2=0.
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Orcrona cnepyer, yto C; = 0, a C; = C, rne C — NpoM3BOJIbHAsA TMOCTOSHHas.
HaHHOe ypaBHeHHe GyaeT UMeTh 66CKOHEYHOE MHOXECTBO PEeLIeHHi, KOTOpBIE Jal0TCs
dopmynoi

2
o(z) = - C - cosz + cos 3z,
1781

¢(z) = C - cosz +cos 3z ("' = g),

COOTBETCTBYIOLEE ONHOPOAHOe ypaBHeHue (11) mMeer 6ecxoueqnoe MHOXECTBO pe-
WIEHHI:

¢(z) = C -cosz.

2
3) Ecin A = - - TO cucreMa (10) NPUHUMAET BUK
2. C] = 0,
0- Cz = 0,

otkyma C, = 0, C, = C, rae C — npou3BoJibHas IOCTOSHHAS.
O61uee pelieHHe JaHHOTO YpaBHEHHUS MMEET BUJ

p(z) = —C sin ¢ + cos 3z,
WM
~ . ~ X
¢(z) = C -sinz + cos 3z ( =—1-_-) .
B 3tom npumepe anpo K(z,t) = cos(z + t) 3amaHHOTO ypaBHEHHMS] CHMMETPHYHO;

K(z,t) = K(t, z); npaBas YacTb ypaBHeHHS, T.e. GyHkuus f(z) = cos3z, oproro-
HanbHa K QYHKIMAM Ccos £ U sinz Ha otpeske 0, 7). >

3apaum AR CaMOCTOSTENbLHOro peweHus

Hccnenosats Ha Pa3p€lIMMOCTDh ITPH Pa3IMYHBIX 3HAYCHHUSAX ITapaMeTpa A cieayoumue
HHTErpajibHble ypaBHECHHUS:

x

1
175. p(z)-A/coszz pt)dt=1. 176. go(z)—/\/ze‘go(t) dt =

0 -1

177. o(z) - /\/'2 m|le(t)dt=z. 178. ¢(z /(Zzt —-42%) p(t) dt = 1-2z.

’ J
179. o(z) = A /(:1:2 —2zt)p(t) dt =2’ — 2.

-1
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2x

180. q:(z)—,\/ (; coszcost+;sin2:csin2t) p(t)dt =sinz.
0

chz-sht, 0z,

1
181.sp(z)—«\/K(z,t)ﬁP(t)d‘=1’ rae K(z’t)={cht-shz tgagl
0

Mpumep 4. Mpu kaknx 3Ha4eHNAX NapaMeTpoB a U [ pa3pelumnmo uHTe-
rpanbHoe ypasHeHue

1
o) = A / zt’p(t) dt + az + 7 (12)
0

Pewenne. Eciu A He ABIsAETCS XapaKTEPUCTHYECKUM YuciIoM siapa K(z, t) =
zt?, 10 ypaBHeHHue (12) pa3pelurMo MpH JI0GOH paBoit YacTH, T. €. MpH JTO6LIX a 1 .
PaccMOTpHM OIHOpPOAHOE MHTEIPaIbHOE YpaBHEHHE

o(x) = A / zt’p(t) dt, (13)

COOTBETCTBYIOLIEe NaHHOMY ypaBHeHuio (12). Pewas (13), kak ypaBHeHHE C Bbi-
POXIEHHBIM SpPOM, HaitmeM, YTO A = 4 ecTh XapaKTepUCTHYECKOE YHMCIO 3ITOrO
saapa. CobcTBeHHast ¢yHKLMS, OTBEYalOLIas XapaKTepUCTHYECKOMY YHCIy A = 4, ecTh
@(z) = (c TOYHOCTBHIO IO MOCTOSTHHOTO MHOXMTEJS).
PaccMOTpUM OZHOPONHOE HWHTErpalbHOE ypaBHEHHWE, COIpPSXEHHOE YpaBHe-
Hupo (13):
I

we) = p [tz . (14)

XapaKTepMCTHYECKMM YMCJIOM 3TOro ypaBHeHMs siBisieTcsi 4 = 4. Co6cTBEHHOI
¢dyHkUmeR ypaBHeHHs (14), oTBeyaloLlel 3TOMY XapaKTEPHUCTHYECKOMY 4Mciy, Gy-
et ¢(z) = z°. MoaTomy HeonHOpomHOe ypaHeHue (12) mpu A = 4 6yneT pa3pelnMo
TOrJa ¥ TOJIBKO TOrAa, Koraa

1
/(az+,3)z2dz=0, wm 3a+48=0. (15)
0

PaccMoTpuM, HanipuMep, YpaBHEHHE

1
p(z) =4 / ztp(t) dt +z + 1. (16)
0
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3neck @ =.1, B = 1, 1ak uT0.ycnosue (15) .He ynomneTgopsiercs: ypaHenue (16)
Hepa3pewuMo. ITycTs Teneps uMeeM ypaBHEHHE .
i R ' e T 1

S

o) =4 [atip)dt+z- 2, )
0
riea=1,0= -.42. Ipu aTHX érl}:iaq-ei-inm'i nabahiérpéb'a_'gx ﬁ j}cnonne (15), oqennni{b;

BHITOJIHAETCA M, 3Ha4MT, ypaBHeHue (17) paspemmMo. Ero pelueHne uMeeT BHI

3 3

p(x) =4Cz+z--=Cjz— -,

4 4
rie C; — Npou3BOJbHas MOCTOSIHHAsl, OTKYyJa, B COOTBETCTBUM C OOLUEil Teopueit,
BMIHO, YTO pelueHue ypaBHeHus (17) He eIMHCTBEHHO. >

3anaun AN CaMOCTOSNTENbHOrO peLeHns

IIpy Kakux 3Ha4eHMAX MapaMeTPOB pa3pelllMMBI ClIEAYIOLIe WHTEerpaibHble ypaBHe-
HuaA? o :

1 _
182. (z) = A / ztp(t) dt +az’ + Bz + 7.
-1

. : )
183. p(z) = A /(z + t)p(t) dt + ae® + Pz.
) .

w2
184. p(z) = A / ztp(t) dt + az'+ B sin_z.
0

HegpearonoMoBbl UHTErpanbHbie ypasHeHns
Ecmv B MHTErpajbHOM ypaBHEHUM

b .
p(z) = .f(z)+)\/K(z,t)(p(t)-.dt- : _CD -~ (18)
aapo K(z,t) ynoBneTBOpSET YCIOBHIO
b b
//Kz(:c,t)dzdt<+oo (19) i

(a, b MoryT 6biTh M GeCKOHEYHBIMH), TO A ypaBHeHus (18) cripaBefsMBEHI
TeopeMbl Mpearonapma.



* Ecnu yciiosue. (19) He BHINOMHEHO, TO Y HHTErpajibHOTO YpasHeHHUs (18)
XapaKTePUCTHYECKHE YHC.Ta MOT'YT 3aMOMHATD LIE/Ibie HHTEPBAJIbl H MOTYT GbITh
XaPaKTePHCTHYECKHE yucaa GeCKOHEYHO KpaTHOCTH. [ToaTOMy Takue ypas-
HEHHS HA3bIBAIOT YACTO HegpedzoarMoEbMU MHTErPATbHEIMH YDABHEHUSMH.

3apaun ans CaMOCTONTENLHOTO pelueHHs

185. Iloka3aTh, YTO HHTErpaJbHOE ypaBHEHHE

+00

o)~ [ o0 dt=1a)

0
ABIAETCA He('bpeJII'OJ'leOBblM.

186. ITokasars, 4YTO HHTEFPAJIbHOE YPaBHEHHE
>
p(z) = A/ ¢(t) sin zt dt
0

7
HMEET XapaKTepUCTHYeCKHE YHclia A = %4f = GECKOHEYyHOM KpaTHOCTH, M HaHTH
CcoOTBeTCTBYIOIME cobeTBeHHble dynkumu, ¥ ¥

187. Iloka3ats, YTO HHTErpaJbHOE ypaBHEHHE ¢ AAPOM [aHkes
o0
o(z) = A / J,(2Vat)p(t) dt
o

(roe J,(z) — 6eccenena dhyHKuMs 1-T0 pona nopsmKa ) UMEET XapaKTEPUCTHYECKHE
yuciaa A = *+1 GecKOHeYHOM KpaTHOCTH, H HailTH COOTBETCTBYIOMHE COGCTBEHHbIE
byHKUMH.

188. Iloka3aTk, YTO LIS UHTErPANbHOTO YPaBHEHHS
-3 t -
ola) =2 f (—-’%p@) at

]
mo6oe YMCIO A, JI KOTOPOTO ONHO M3 3HaYeHHH " 'VA HMEET NONOXHTENBHYIO
NeHCTBUTENBHYIO YacTh, AB/IAETCHA XapaKTEPHCTHYECKHM YHCJIIOM.

189. INokasaTh, YTO HHTErpaabHOE ypaBHeHHE BosbTeppa

p(z) = A / (3-1)v0a
(1}

HMeeT GeCKOHEYHOe MHOXECTBO XapaKTEDHCTHYECKHX yHcea A = £ + 7, rIe TouKa
(¢, n) Haxomurcs BHe mapa6onn £ + 52 =0,
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~ § 14. NocTpoeHne PyHKuUN I'pm-na Ans
06bikHOBeHHbIX AnddepeHnanbHbIX
ypaBHEHuM

Iycts naHo auddepeHunasHOE ypaBHeﬁue 7-ro nmopsaka
Llyl = po(@) y™ + pi(2) ¥™ " + ... + palz) y = 0, (1)

roe oyHxkuus po(z), pi(x), ..., pa(x) HenpepuiBHbl Ha [a,b], Po(z) # 0
Ha [a, b], u xpaeBble yc0BHS

Vi(v) = axy(a) + a(l)y'(a) + o4+ a5 (@) + Bryld)+
+80y'(b) + . +ﬁ(" Dy=D@p) (k=1,2,...,m), (2)
rae nuHeiHbie dopmel Vi, ..., V, oT

¥a),y'(a),....y" ), y®),y'®),...,y" ")

SIBJISIIOTCS IMNHENHO HE3aBUCUMBIMH.
HpennonaraeM, 4To ogHOpoaHasi Kpaesas 3agaya (1)—(2) umeeT TOBKO
TpuBHanbHOe peuieHue y(z) = 0.

Onpepenenve. Oyuxkuueit TpuHa (byHKuMeit BIMAHMA) KpaeBol 3a-
nauu (1)~(2) Haswiaetcs Gynkuus G(z,€), noctpoeHHas Wi moBoit
ToukH £, a < £ < b, M uMeloLlas caeayoune 4 cBoiCTBa:

. G(z, £) HerpepbiBHA M HMeET Henpepmsﬂme MPOU3BOAHbIE IO T
10 (n — 2)-ro nopsiaKa BKIIOYMTEIBHO NpH @ < T < b.

2°. Ee (n — 1)~ npousBoaHas Mo & B TOYKe T = £ UMeEET Pa3pbiB 1-ro

ponaa, TpUYeM CKa4oK paBeH ———, T.¢€
Po(ﬁ)
8" 'G(z, €) " 'G(, £) 17
— — ——— = — 3)

™! |aeho az" ! o "~ polé)

3°. B xaxzoM u3 uHTepBaIos [a, £) u (£, b] dyHkumns G(z, §), paccMa-
TpUBaeMas Kak GyHKLUMA OT T, ABJSETCA peLieHueM ypaBHeHus (1):

L[G] =0.
4°. G(z, £) ynosneTBopsieT TPaHUYHBIM YCIOBHSM (2):
Vi(G) =0 (k=1,2,...,n). (4)

Teopema 1. Fcou xpaesas 3adaua (1)—(2) umeem auww mpusuasvhoe
pewenue y(z) = 0, mo onepamop L umeem 00Hy u moavko 00Hy QyHKuuUI0

Ipuna G(z, ).



§ 14. Moctpoenme pywkum fpura 89
— n M .

=

Hoxaaarenscteo.. TIyctb y(z), y2(z), ..., yu(x) — nuHeitHO He3aBuCH-
Mble pelnetins ypaBHenuss L{y] = 0. Torma B cuiy cBoiictBa 3° uCKoMast
bynkuus G(z,€) Ha wnreéppanax [a, €) u (£, b] N0mKHA NMETH CileayOllee
’ [IpeACTaRIEHHE: :

G(z,£) = ap(=) + a9a(2) +... + agnl®) wPH L2 <E

G, €) =b1y(2) + byy2(z) +... + byya(@) mpM £ <z <D,

3nech a1, ay, ..., ay, by, by,...,b, — HekoTOpble GyHKUMH OT £. Henpepsis-
HocTb GYHKUMM G(z, £) U ee NepBbIX T — 2 IPOM3BOAHBIX OT T B TOUKE T =
JaeT HaM COOTHOLIEHHS

[B191(€) + -- - + bnyn(©)] = [@W1(8) + ... +anya(§)] =0,
[bly’l(E) +...+ bny;z(f)] - [alyi«) +...+ a,,y;.(ﬁ)] =0,

-~ - {n— =) X o
s + .. + bt (@) - [org (€ + 0+ F i (€) =0,

a ycsioBue (3) MPUHMMAET By

i

[blygn—l)(g) +b, y(n-l)(e)] [aly" 1)(£) +. +a“y£:l‘-1)(£)] o= m

TMonoxuM ¢ (§) = bx(§) — ax(§) (k= 1, 2,...,n), Toraa noayynum cuctemy
JMHEAHBIX YPaBHEHHI OTHOCHUTENBHO ck (£ ): : -

(e (&) +c2yf) +... + cnyn(g) = Q, .
ayi(€) +ewa€) + ... +cuyn(é) =0,

................................................. -

4 n-— n—
ayl” ()+02y{ D) + ... + (8 =0,

")+ e O+ + el TE) =

(&)

Onpenenutensb cucTeMbl (S5) paBeH 3HaueHHIo BpoHCKMaHa W (1, Y2, ..., Yn)
BTOUYKe T = {, a TOTOMY OTIHYeH OT HyJus. [Toatomy cucteMa (5) oaHO3HauHO
onpenenster bynkunn cx(¢) (k = 1,2,. ., n). Ana onpenenenus: GyHKumit
ar(§) u bi(€) Bocmonwb3yemcs KpaeBbmu ycnosuamu (2). 3anumem Vi(y)
B BHIE : :
Vi) = 4:(¥) + Baly), (6)

rae
A1) = ay(e) + ol (@) +... + o h "‘-"(a),

Bi(y) = Ay (®) + A"y ) + .. + BTy,



Torma B cuity ycaoBmit (4) NoNy4nM
Vi(G) = a1 Ax(¥1) + 024k(¥2) + .. + @nAr(yn) +
+01Br(y1) + 02Bi(y2) + ... + buBi(yn) =0 (k=1,2,...,%
YuutriBadg, 4yto ap = b — cx, OyaeM UMeTh
(b1 — c1)Ax(y1) + (b2 — c2)Ae(y2) + ... + (b — €a) Ar(yn) + b1 Br(y1) + 7
+b02Bx(¥2) + ... + baBi(yn) =0 (k=1,2,...,n).

Ortciona B cuiny (6)
biVe(y1) + b2Vie(v2) + ... + baVi(yn) =
= ciAx(y) + 24k(¥2) + ... + enda(yn) (k=1,2,...,0). (7)

3ameTuM, urto cucteMa (7) ApisieTcs NMHEAHON OTHOCHTENbHO BEIMYMH
by, ..., b,. Onpenenurenb 3TON CHCTEMBI OTIHYEH OT HYJIS:

Vitw) Wiy ... Vi(yn)
Vz(yl) Vay) ... V2(yn) #0,
Va(y1) Va(yd) ... V(yn)

B CHMJy HalIero npennonoxeﬂun O JHHEHHON He3aBHCHMOCTH ¢opM Vi,
V..., Va.
CrenoBareibHO, CHCTEMa YpaBHEHHI! (7) HMeeT eAMHCTBEHHOE PelleHHe

orHocutemBHO by (£), B2(), ..., ba(€), a Tak kak ax() = bi(£) — (), To
U BequuuHbl ax(¢) (k = 1, 2, ..., M) OMpEeNeNsoTCs OOHO3HayHO. TeM ca-
MBIM CYILHECTBOBaHHME M €AHHCTBEHHOCTh GOyHMuMM IpHHa G(z, £) moKa3aHBI,
M OOHOBPEMEHHO JaH METO €€ MOCTPOEHH . ]

3amevanme 1. Ecau kpaesas 3amaua (1)—(2) camoconpsokeHHast, TO byHKums
TbHHa ABAETCA CMMMETPHYHOR, T. €.

G(z,§) =G ).
CrnpaBe ISIMBO M 06paTHOE YTBEPXAEHHE.

3amevanmne 2. Ecnu Ha oIHOM M3 KOHLOB OTpe3Ka [a,b] KoadpHuLMeHT npH
cTaplIeit MPOU3BOIHON ofpalliaeTcs B HYNb, Hampumep, py(a) = 0, To craBut-
Csl eCTECTBEHHOE [PaHMYHOE YCJIOBME OTPaHMYEHHOCTH PELIEHHs NpH T = a,
a Ha JIPYroM KOHIIe 3aaeTcsl OGBIYHOE IPAHHYHOE YCAOBHe (CM. HHXe IpUMED 2).

BaxHbii 4acTHbifi Cnyyai
PaccMoTpuM mocTpoenne ¢yHxunu IpuHa ais auddepeHUHanbHOro
ypaBHEHHA 2-TO MopsaKa BUAA
1
(p(@)y') +9(z)y =0,

p(z) #0 Ha [a,b], p(z)€ CVa,b), (8)

i
F
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C 'PaHUYHBIMH YCIIOBUSIMH

y@)=y®)=0.1 ;.. i .(9)

MpeanonoxuMm, uro ¥;(z) .ects peweHue ypaBHeHus (8), onpenensemoe
HayalbHBIMM YCJIOBUSIMU

ot

m(a)a,-»o. yi(a)=a_aeo. :

310 peleHue, BoobLIe ropops, He 0053aHO yAOBIETBOPATh BTOPOMY IpaHUY-
HOMY YCJIOBMIO, TO3TOMY MbI OyZeM npeanosiararb, YTO y,(b) ;é 0. Ho byHk-
uum suga Ciy(z), roe C| — npou3BoJIbHas NMOCTOSHHAS, "0Y€BUAHO, ABNIS-
I0TCS PELIEHUSIMU YPaBHEHHUS (8) M yIOBJIETBOPSIOT TPAHUYHOMY YCJIOBHIO .

y(a)=0

AHaJIOTHYHO HAaXOIWMM HeHyJeBoe pelueHue ¥(z) ypabuenus '(8), npHuem
TaKoe, 4YTOOBI OHO YAOBJIETBOPSJIO BTOPOMY IDaHHYHOMY YC/IOBHIO, T. €.

) =

BTomy Xe YCIIOBHIO 6yAyT leOBJleTBOpﬂTb BCE pel.ue}mg ‘ceMeitcTBa Czyz(a:)
rae C; — NpOM3BOJIbHAs MOCTOSHHAS.
~ Teneps d)ym(umo Tpuna 15t 331129K (8)- ) HILICM B BUIE

Clyx(z) mpu a<z< 6, :
G(x 0= { Catn(z) HDH £z,

NpHUYEM IOCTOSHHEIE 01 u G Bb16epeM Tax, qroﬁm BLIIIOJIHHJ’IHCL cnon—
crea 1° u 2°, T.e. 4TOGH bynmima G(z, ) GbUia HeMpepHBHA N0 T NDH
GUKCHPOBaHHOM £, B YaCTHOCTH, HEMPEPHIBHA B TOYKE T = £:. .

Cin() = Cryi§);

(10)

. 1

U 4To6Hl Go(Z, £) B TOUKe T = £ MMesa CKayOK, PABHIN -p(—g—)—: :

Czyé(e) - Cyi(€) = .
e

Tlepenuuiem 1Ba noc1eaHuX PaBEHCTBA Tak: '

~Ciy(€) + C‘m(&) . 0

Onpenenvrens cucteMsl (11) ectb onpeaenurens BpoHckoro

Wiyi(2), y2(2)] = W(z);
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=

BBIYMCJIEHHDIH B TOYKe T = {, IS JIMHEHHO HE3aBUCUMBIX pelieHu# y;(z)
U y(z) ypaBHeHus (8), a 3HAYUT, OH OTJIMYEH OT HYJIS:

W(¢) #0,

TaK 4TO BenuuuHbl C) ¥ C; U3 cucteMsl (11) HeMeIEHHO ONpeENeNsIOTCS:

) o)
“=owe: T oW

TMoncTasnss BeipaxeHus i C; u C, B (10), OKOHYATENBLHO MOJTYYHM

v1(2) y(§)
pO)W(E)’

y1(§) y2()
p() W(e)’

3amevanmne 1. BuGpannoie Hamu pewends y(z) ¥ Yy,(z) ypaBHeHus (8)
ABNAIOTCA NMHEHHO He3aBUCHMBIMM B CHJTY NpeamnonoxeHus, uto y; (b) # 0.

B caMoM mene, Bce JMHEHHO 3aBHCHMBIE OT Y(Z) pelleHMs MMEIOT BH.
C1yi(z), 4, cnenopatenbHo, npu Ci # 0 He oGpallaloTCs B HYJIb B TOUKE & = b,
B KOTOPOIA, COIIaCHO HalleMy BEIGOPY, 06palaeTcs B HyJIb peLIeHHe Y,(z).

agz<é,
G(z,8) = : (12)

£€E<h

3amevanme 2. Kpaesas 3ajaya mns ypaBHEHMs 2-TO NOpsiAKa BUAA
Y'(z) +pi(2) y'(2) + pa(2) y(2) = 0 (13)
M KpaeBhIX YCIOBHI
y@) =4, yb)=B (14)
CBOJMTCSA K PacCCMOTpPEHHOI 3anade (8)—(9) Tak:

1) JluHeitHoe ypasHenue (13) mpuBoautcs k Buay (8) nyrem ymHoxenus (13)
Ha p(z) = eJ 71(®)4= (g kauecTne g(z) HamO B3sATH P(Z)py(T)).

2) Kpaesble ycnopus (14) cBoasTcs K HyneBbiM yc/10BHsAM (9) NTHHEHHON 3aMeHO
HCKOMOM (pyHKLUHH

B-A
b—a

2(z) = y(z) - (z-a)- A

Tpu 3Toit 3aMeHe TMHEHHOCTh ypaBHeHHs (13) He HapylIaeTCA, HO B OTJIMYME
OT ypaBHeHHs (8), Tenephb MonyyaeM ypaBHeHHe c npaBoit yacTeio L[z] = f(z),
rae

22 p@pi(a).

@-9)] a(e) -

OxHako GpyHKUMIO [prHa MBI-CTPOHM A1 0JHOPOAHO# KpaeBoit 3agaun L[z] =0,
z(a) = 2(b) = 0, KoTopas NOJHOCTLIO coBNajaeT ¢ 3anayeit (8)—(9).

ﬂﬁ:—[A+

b-a
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Mpumep 1. Moctpouts dyukuma Cpuna AN5 ORHOPOAHOW KPAEBOKA 3apaUn
| - V@=0, (19)
{ y(0) =4'(0) =0,

y(1) =y'(1) =0.

PeweHue. CHauana nokaxewm, uto Kpaesas 3agaya (15)—(16) uMeeT nuwb TpH-
BHaJIbHOE pelreHue. B caMoM fiene, GpyHaaMeHTaIbHas CHCTEMa PELIEHHIA [UIsl YpaBHe-
Hus (15) ecT

(16)

yl(m) = l) yl(m) =z, y3(x) = zzy y4(2) = $3: (17)
TaK YToO ero obluee pelieHHe UMeeT BUI
y(z) = A+ Bz + Cz* + D2°,
rae A, B,C,D — npou3BoibHble nocTosHHble. Kpaesele yciosus (16) naioT Ham
YyeThIpe COOTHOLIEHHUS Wi onpenenenus A, B,C, D:
y(0)=4=0,
y'(0)=B=0,
yl)=A+B+C+D=0,
; y¥(1)=B+2C+3D=0.
OrcionaumeeM A =B =C =D =0.
Hrak, 3anava (15)—(16) uMeeT Tonbko HyneBoe peureHue y(z) = 0, a 3HayMT,
Ui Hee MOXHO NMOCTPOUTD (M NPUTOM eMHCTBEHHYI0) dyHKUMIO TpuHa G(z, £).

Tenepb noctpouM dyHkuuio IpuHa. HUcnonb3ys yHIaMEHTAIBHYIO CHCTEMY
pewennit (17), npeacraBuM uckoMyio pyHkumio Ipuna G(z, £) B Bune

G(z,6)=0a -14+a,-z+a3-2" +a4-2° nmpn 0<z<§, (18)
. G(z,§)=bi-1+by-z+by-z’+b,-2° mpu €<z, (19
roe aj,ay,as a4, by, by, b3, b, — moka HeusBecTHble PyHKuMH OT €. Ilomoxum

cr(€) = bi(€) — ar(€) (k =1, 2, 3,4) ¥ BEIMMILIEM CHCTEMY JIMHEHHBIX ypaBHEHHH s
HaxoxueHus: GyHkumit cp(€) (cM. cucremy (5)):

e+l et +eg’=0,
e 2 +ce 32 =0,
C3-24¢4-66=0,

¢ 6=1.

Pewas 3Ty cMcTeMy, NOJAYYHUM

1, - 1, ._ I 1
cl(g) = 6€ ] cZ(i) = 2£ ¥ c3(‘) = —2€9 Q(f) - E' (20)
Hanee BOCITOJIb3yEMCSL CBO]‘/‘IC.TBOM 4° (I)YHK]JPIPI I‘pm{a, a HMMEHHO TE€M, YTO OHa JOJIXHa

YAOBNETBOPATH KPAERBIM YCHOBUAM (2), T.€.

G(0,¢) =0, G(0,£)=0,
G(1,§) =0, Gi(1,§)=0.
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B HameM ciyyae 3TH COOTHOIIEHHS PUHHUMAIOT BHJ - &

a = 01

=0, :
. 21
by + by + b3+ by =0, ( )

by +2by + 3b, =0, -

chomﬁyx TO, 9TO € = bi — Gk (k =12,3,4),n3 (20) H (21) HaxOZHM:
4

“l-os - ' b|=--£,
. “2”03 b1=-;-f_2,
4 t ] ) l (22)
%’§§-€’+§f’, by =5¢ -€,
1 1, 1 1
bﬂ—“z-l-ita“;{’. by = -E --E |
MoncTaBuB 3HaYeHHs KOIDDUUHUEHTOB @y, @y, ... , bs 13 (22) B (18) 1 (19), nonydanm
HckoMyio byHkumio IpuHa: :
| P l:)z'_(l__lz-ls)s ' .
(3¢-€+3¢)2 - (5-7¢+3¢) 052 <6
Gl 6) = 1, 1 1 1, 1
. P NPT TR (5 DX N A U 1a_1as\ s
€362+ (36-€)7+ (36 -3¢)7  esest

IMocnefHee BhIpaXxeHHe JErKo Npeobpa3yeTcs K BULY
13\, 1 1, 1 3
G(z,¢) = z—z + 37 & - 5 3% +3z & mpu €<z,

" taK 9t0 G(2,¢) = G(, 2), T.e. Qpynxuis TpMHa CHMMETpUYHA, BTO MO0 6:UIO
cKa3aTb M 3apaHee, TaK KaK KpaeBas 3afaya (15)—(16) camoconpsixeHHas.

YHTaTeMO PEKOMERIYEM YCTAHOBHTB 3TO CAMOCTOATENbHO, KpoMe Toro, coBeTyeM
MPOBEPHTB, YTO HaltleHHas HaMH GYHKUMs [pHHa YIOBJETBODSET BCeM TPeGOBaHHAM
1°~4°, chopMynHpOBaHHEIM TIPH €€ OMpeaeNIeHHH. >

Mpumep 2. Moctponts PyHkUMo TpuHa ans auddepeHLmanbHoro ypas-
HeHus

2y +y =0 (23)
NPy CReayiowmx yCoBmaX:
" y(z)-orpatmuero npn z — 0, y(1) = ay'(l), a 0. (24)

Pewenue. Hainnem cHayana obuiee peweHHe ypaBHeHHs (23) u y6eaumces, 4To
yCJIOBHA (24) BHINMOMHAWOTCS JHIUb TOrAa, KOra

y(z) =0,
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B caMOM'ﬁene, o6osHayas ¥'(z) = z(z), nonyuum -zz' +z-= 0, orkyma' Inz =
C.
In¢,—Inz, z= ;‘, a 3HauuT,
y(z): (] Inz + Cz.'_ ~ (25)

AcHo, uTto y(z), onpenensemoe dopmysoit (25), yaoBaeTBoOpsET ycaoBHsAM (24) TOIBKO
npH ¢, = ¢; = 0, a 3HauuT, dyHxumo IpuHa s 3agaum (23) (24) MOXHO I'IOC’l'pOl‘lTb
3anuuem dopmaibho G(z, £) ‘B Buae . .

: @, +alnz  npu 0< S(,;
G(z,€) = : (26)
bi+bInz npu << 1.
M3 HenpepriBHocTH G(Z, €) npu =-'£ noJy4yaeM
b +bIn§—a; —aln§ =0,
. | .
a ckauyok G(z, £) B Touke T = £ paBeH E, TaK 4TO J
1 1
by-=—ay = =-. :
€ € ¢ , e
TMonoxus . .
=h-6, a=b-6 - - (27)
6yneM uMeTh ' :
‘e +c In§ =0,
= 15
OTKyZa o . e
a=-In§, =1 ' (28)

I/IcnonbayeM Tenepb ycaoBus (24). OrpaHUYEHHOCTh G(z €) npu z.— 0 naer Ham
=0, a u3 yciosus G(1,€) = aG,(1, £) nonyyaem b, = ab,. Yuursisas (27) u (28),

nonyqaeM 3Ha4YeHUs Bcex KoaGGUUHEHTOB B ( 26): o L.

a = __ ‘a+In¢, a;= 0', bi=a, b=l

Hrak,-

‘a+Ing,’ 0<Z<E

_ G(z,€) = a+In§ <z |

. let+inz, gzl ¢, .. b

Npumep 3. Haiitn dynkumio MpuHa Kpaesoil 3anawm

v'(2) + K'y=0, y0)=y(1)=0

Petuenue. Jlerko y6eauTscs B TOM, 4TO pelieHue ¥,(z) = sinkz ynopierBopsieT
Kpaesomy yciosuio ¥,(0) = 0, a pewenne y,(z) = sin k(z — 1). — yenosuio y2(1) =0,
TpHYEM OHM SABNAIOTCA JHHEAHO HesapucHMbIMH. Halinem 3nauenne onpenenmem'
BpoHckoro ang sin kZ M sin k(z - I) B TOYKE T = f -

sinkfé  sink((-1)

W) = | & cos ke kcosk(E-1) = k[sin k¢ cos k(¢ —1)—sin k({ l) cos kf] =ksink.
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3aMeTHB ellle, YTO B HamieM nipuMepe p(z) = 1, cornaguo (12) monyuum

sin k(¢ — 1) sin kz

Glze) = ksnk 0 0S2€6
) sinkeg - sink(z = 1) |
ke . §€¥slL : >

Npumep 4. Haintn ¢yHkumio SR
smsHua G(z,y) ana 6anky, - Ryj R,
nexauieit Ha onopax Ha 060-
mx koHuax ¢ = 0 u = = 1.
(3nec G(z,y) ectb cmelwe-
Hue napannenbHo ocu Oz no-
nepeyHoro ceyeHus B TouKe
T = Yy, Bbi3BaHHOE AENCTBU-
eM eAUHWYHOW Harpysku, CO-
CPefoTO4EeHHOW B TOUKE T = ¥ _ 1
n aencTayiower napannensHo
ocu 0z.)

Pewenue. Tycte Ry v Ry — \
Heu3BeCTHBIE peaKUMM B TOYKax OIo-
pbl, BbI3BaHHble OeHCTBHEM €IUHMY- Puc.5
HOW Harpy3sku B Touke z = y (puc.5).
Toraa uarubaiommit MOMeHT M B TOY-
Ke z Oanku OyneT paBeH

M= ~Ryz,  ecm 0<z<y,
" 1-R(1-2z), eemn y<£zgl.

s paBHOBECHS CHCTEMBI TpeX cuil Ry, R U Q = 1 DOJXHBI UMETD
I_Ro—Rlzo, R|'1=1‘y.
Orciona R; =y, Ry = 1 — y. Toraa usruGarouritit MOMEHT GyeT paBeH

—:c(l—y), \CCJ_IH OS-@‘Q!]:

M= = :
M(z,y) {—y(l—z), eem. y<z<g L

CrnenosaTenbHo, hyHKUMSA BAUAHUA G(Z, y) HOMKHA yIOBNETBOPATh AMddepeHLMaNb-
HOMY YpaBHEHMIO H3rubalolero MOMeHTa

86 -

.ngg-é—w—z =M ' (29)
WU rpPaHHUYHBIM YCJIOBHSIM
GO0,y)=0, G(l,y)=0. (30)

3mecy E. — moayns KOHra, I, — MOMEHT MHEPLMH IOINEPEYHOTO CEYEHHS Ganku
OTHOCHTEJIbHO HEUTPaJIbHOK OCH, NEPHEHINKYIIAPHOM K MIIOCKOCTH £O2 B TOYKE Z.
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Anst pemenns TpanmiHo# 3anaun (29)—(30) Bocrionb3yeMcs ClEAyIOWMM HHTE-
rpasioM: : . o S oo

. MEw = [ MeIMeFE

roe
1.

E.I,
B caMoM nene, M* ynoBneTBopsieT rpaHUYHBIM YcioBusAM (30), Tak Kak
M'(0,y)=M'(1,y)=0

M'(z,y) ynosnersopsieT muddepeHLnaTbHOMY ypaBHeHHIO (29), TaK KaK 3T0 CHMMe-
TpuyHast GYHKUMA T U Y, MMelollas NPY T < Y CleAYIolee SBHOE BEIPaXEHHE:

F(z) =

MY (z,y) ==y /(1 - z)zF(z) dz—z /(l -y)y-2)F(2)dz -

—(1-) f (e - 2)F(2) dz,
13

H3 KOTOpOro ciueayetr, 4To

x

1 v
/(1 - 2)?F(z)dz - /(1 -y)y-2)F(z)dz — (1-y) / 2F(z) dz,

0

s M,
o = —(1- y)eF() = 20

ToaToMy [t ciyyasi 6aiKkH, onepToit Ha KOHIIAX, MOJIyyaeM

, eem 0<zgy.
1
Gay) = [ Mz )M (. y)F )z
0

3anaum gna CaMOCTOSTENbHOro PeLeHnus

B cnenylomux npumepax ycTaHOBHTb, cyuiecTByeT M ¢yHkums IpuHa ans nanHHoM
KpaeBoit 331a4H, ¥ €CJIH CYLIECTBYET, TO IIOCTPOMTS €e.

190. y" =0; y(0)=y'(1), ¥'(0) = y(1).

191, y" =0; y(0)=y(1), ¥'(0) =¥'(1).

192. y"+y=0; y(0)=y(r)=0.

193. y"V =0; ¥(0) =y'(0) =¢"(1) =y"(1) = 0.
194, y" =0; y(0) = y'(1) =0, y'(0) = y(1).

195. " =0; y(0)= y(1) =0, y'(0) = y'(1).
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196.. y"=0; . y(0)=0,y(1)=y'(1).

197. 4" +y'=0; y(0) =y(1), y'(0) =y'(1).

198. y" - K’y = 0; (k#0) y(0)=y(1)=0. o
199. y" +y=0; y(0)=y(1),y(0)=y(1). "

200. " =0; ¥(0) =y(1) =0, y'(0) +y'(1) =0.
201. y" =0; ¥'(0) = hy(0), y'(1) = —Hy(1). -
202. zy" +2zy' =0; y(z) orpanuyeHo npu z — 0, y(1) = ay'(1).
203. y‘V +62%y" + 6zy" = 0; ' y(z) orpannyeno.npu z — 0,:y(1) =y'(1) = 0.
204. 2y +zy —y=0; y(z) orpanmyeno npu z — 0, y(1) = 0.
1 : .
205. zy"+y - SY= 0; y(0) xoneuno, y(1) = 0.
206. z*y" +zy' =n’y=0;  y(0) KoHeuHo, y(1) = 0.

207. z*(Inz—1)y"—zy' +y=0; y(0) xoneuro, y(1) =0.-
208. % [(l - z?) ﬂ] =0;"  y(0)=0, y(I) xoneuo.

200. oy +y =0 y(0) orpaunqeﬂo, y() =0
210. " -y=0; y(0)=4(0), y() + Ay’(l) =
(PaCCMOTpCTb cryyan: A=1,A= —1 Al #1. )

211 Haittu q)nyumo IpuHa )JJm ypaBHeHm(

%[_(1 +aa)“§§] =0, a >: 0,

- 9(0) = y() =0.

§15. NpumeHenne ¢yHkuuu MpuHa
ANS PelWeHns Kpaesbix 3aaa4

l'IyCTb IaHo au¢depeHuaIbHoe ypaBHeHne c npanon 4acTbIO

L[y =po(e) Y He) + pile) 4" V(@) + -__+-Ph'(~"") y(_.:c) f(z) ( )
M KpaeBble YCJIOBHS ) . _
ne) =0, B@)=0, .., VH@=0. . ()

npuyeM, Kak uB § 14, Mbl cuMTaeM, 4TO JHHeHHbIe dopMbl Vi, Vs, ..., V;
or y(a), ' (a), . y(""')(a) y(b) y( ), ...,y D(b) aBasiores NHHelHO He-
3aBUCHMBIMH.
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e e e

ITeopeMa. Ecru G(z, €) ecmy d)yuxul{k Tpuna 00HopoOHoii Kpaegoii 3adaiit
- Ly =0, Vi@®)=0 (k=12..,n), '
mo pewenrue kpaesoii 3adauu (1)—(2) daemcs dopmyoii
b

ve) = [ 62,0 1) 5. o)

Mpumep 1..;Mcnonbayn $yHKuMio I'puHa., pewuTbL Kpaesylo 3apavy - B
V'@ -ye)= (4)

y(0)=y(1)=0. . : «(5)

Pewenue. a) BrsACHMM CHayala, CyLIECTBYET JH d)yHKHHﬂ Ipuna s coorseT-
CTBYIOLLEH OOHOPOIHON Kpaenoﬁ 3a1a4yu

W@ - =0, G
y(0) =y(1) =0. IR ()|

OueBHIHO, uTo ¥)(z) = €°, ¥5(z) = e ects (bym(ameﬂ'ranmaa cHcTeMa pememm
ypaBHeHus (6). 3HauMT, oGu.mM peme}meM 3TOro ypanHeHnﬂ 6yne'r

y(z) = Ae* +Be".

Kpaessie ycnoBus (5) yIOBIETBOPAIOTCS TOT4a H TOJBKO Torna xorna A= B 0, 'l‘ e.
y(z) = 0. Utak, dynxuus Ipuna cymecrnyer.

6) Jlerko MpoBepUTH, YTO o
shzsh(§é-1)

, 0gegé,
Gw=4 o (®)
v Egegl,
sBnsieTcs GyHxkumed Ipuna pis kpaesoit 3anaun (6)—(7).
B) Pemenue KpaeBoi 3afaqu (4)—(5) NHIeM B BAlle
| y(z) / Glz, ) € dt, o (9)

rge G(z, §) onpeneneﬂa (bopuynoﬁ (8)
Pa36uBasi NPOMeXYTOK MHTETPHPOBAHHA Ha 1B2 U TOACTABISS B (9) BHIpaxenue
ans cbyuxulm Tpusa u3 (8), momyaum

Eshfsh (z-1)" fsh_:t sh-(¢ - 1)
sh1 % “sh1 d =

0 z

. _sh(l' 1)/5 h£d€+_/£sh(€ l)df

y(z) =
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Ho . - -
z - R T ' R
/fshfd£=zchz—shz, /f'sh({—l)d(=.l-’=-.éz‘ch(z-—1)+sh(z—1),'

MO3TOMY _
shz

y(z) = L sh(z—1)[::chz—shz]+shz[l—zch(z—l)+sh(a:—l)]} ==7"

sh 1’
31ech MBI BOCIIOJIb30BAIHCH HOPMYJIOH ) )
sh(axB8) =shachf+chashp,

a TaKke HeYeTHOCThIo GyHKUMH sh z.
HenocpencTBeHHOI npoBepKoit yﬁemaeucﬂ, 41O QYHKLMSA

5

(:c) Sh—z—z

YIOBJIETBOPAET YPaBHEHHIO _(4) M KpaeBhIM ycnoméa“m 5). - : >

Mpumep 2. CeecTu k UHTErpanbHOMY YypasHeHlio Kpaesylo 3afady Ans
HeMMHeIHOTO auq)q)epenuuanbuoro ypasHenus:

V= 1@y, (o)

y(0) = y(l)=l." ()

Pewenne. Crpos byukuuio Ipuna ans 3agayu ' _ '
y' =0, (12)
y(0) =y(1) =0, (13)

HaxoIuM
Gz, 6) {(E-l)z, Oszéf,
297\ -1 e<o

PaccMaTpuBas NpaByIo 4acTb ypaBHeHHs (10) KaK M3BECTHYIO Q)ynxumo, ‘TIosTy4aeM

viw)= [ Gla.6) f6.vie) de

Takum obpa3oM, peuieHue xbaenon sanaun (10)—(11) ceoamres K bemeﬂulo HEJH-
HelHOTO HHTErpaJbHOro ypabHeHUs THna fammepiuteitna, A1poM KoToporo ABseTcs
d)nyum IpuHa 3anaun (12) —(13). >

T A oy L L

3apaum ans CaMOCTORTENLHOrO pewenus . .

Hcnonsays byukuuio IpuHa, pewnTs ciieayioluye KpaeBble 3aJauH:

212, y" +y==z; y(0)= ()_o
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213. yV=1;. y0)=y'(0) =y"()= "'(l)—
214. zy" +y' =z;.. . - y(1)=y(e)=0.

215. y" +xly=cosmz; y(0) =y(1), y'(0) =y'(1).
216. y"—y 2sh1; y(0) =y(1) =0.

217. y "—y=-2¢%  y(0)=y'(0), y() +y'() =0.

218, +y=2 y(0)=y<-;-) —o.

§ 16. KpaeBble 3agaum,
coaepxaime napameTp,
U cBeaeHue Ux- e
K. uu'rerpanbubm YPaBHeHMﬂM

BO MHOTI'UX Bonpocax ﬂpHXOLlHTCﬂ paccma’rpnBaTb Kpaenym 3anaqy BHUIa
Ly =)y + h(m) | (Y
V@)=0 k=127,
e | s o | -
Ly = po(2) y™(2) + p1(2) 4" (2) + . .. + Pul2) ¥ (@),
Vi(y) = axy(a) + as}y'(a) + ot a("—') ("")(a)
OB SO "‘“"(b) (k=12...,n)

(nuueitHbie dopMmbl V7, V;, . V,, SABISIOTCS TMHENHO Heaaaucnmumu)
h(z) — 3amanHas HenpepuBHaa (byHKumI or T; A — HCKOToprPl YUCIIOBOM
napamerp. : :

l'Ipu h(:z:) 0 nonyqaeTCﬂ onHoponHaa Kpaenaa 3a11aqa

Uyl =)y (@) =0 (k=12.. WO

Te 3HaueHust A, s KOTOprX KpaeBas 3afaua (3) uMeeT HeTpMBMaanbIe
peweHus: Y(z), Ha3bIBAIOTCA Xapaxmepucmudeckumu 4uCIaMu Kkpaesoii 3a0a-
wu (3), a 3tn He"rpnsuanbuue pemelmﬂ — COOTBETCTBYIOMUMH coécmeermbmu
Qynkyusmu.

Teopema. Ecau kpaesas 3adaa

Lyl =0, Vi@ =0 (k=12...,n)
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* umeem @ynkyuro Ipuna G(z, £), mo xpaeeaﬂeaaaua (1)—(2) sxeusarenmna
... UHMEZpanLHoMy YPaGHEHUI0 (Dpeaewrwa » .

o) = / C@ OO U LI, @

2de
b

1@ = [ 6o ne &

a

B yacTHOCTH, OIlHOpOILHaﬂ Kpaepasi 3a11atxa (3) axBHBajeHTHa OQHOPOX-
HOMY HHTEIpanbHOMY ypPaBHEHMIO

y(a) =) / Gz, ©) y(¢) d. )

3ameyanme. Tak kak G(z,§) — HenpephHBHOE AAPO, TO K MHTETPAILHOMY
YPaBHEHHI0 NIPUMEHHMa TeopHs DpelronbMa. Hoaromy OIHOPOJHOE MHTErpaib-
.. Hoe ypaBHeHHe (5) MOXET HMETb He 6oree CYETHOrO YHCIa XapaKTEPUCTHYECKUX
qHCeT A1, A2y . ev s Any.n., HE HMEIOIIMX xoue!moﬁ upcnenbnoﬁ ToukH. Jlnst Beex
3HaYeHMH A, OTIMYHBIX OT XapaKTEPHCTHYECKHX, HEONHOPOIHOE ypaBHeHHe (4)
HMMEET peIlieHHE MpH Jodoi Henpepum{oﬁ npaBoit yacti f(z). Dro peireHue
3amaercsa ¢opMyoi -
b
vw) =2 [ R 5(6) & + £(2),

. a .
rre R(z,€;A) — pésonbBenTa siapa G(z,£). Tlpu atom mns mo6eIX dhuUKcHpo-
BaHHHIX 3HaYeHHit z ¥ § u3 [a, b] dyHxumus R(z, £; A) aBngerca MepomopdHoi
¢dyHKuuet oT A, MOMIOCaMH KOTOpOH MOryr OBITH JIMILbL XapaKTepHCTHYECKHE
YHC/a OJHOPOJIHOrO HHTETPANBHOrO YpaBHEHHA (5).

Mpumep 1. Ceectu kpaesyio 3asa4y

Y+ =z, _ (6)
g
y<o>=y(5) ~0 0
K MHTErpanbHOMY YpaBHeHMio::+  « " " v = 7F T mm B T T T

Pewenne. CHavana HailneM byHKUMIO l'bm{a G(z £) g coornercmylomeﬂ.
ONHOPOINHOW 3aJa4H
y'(z) =0,

y(0)=y (%) =0.
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Tak Kak JMHetHO. 'He3aBUCHMBLIMHM DeEllleHMAMH ypabHeHus y"(z) =:0, ynomnerso-
psatomumy ycaosusaM y(0) = 0 u y(;) = 0, COOTBETCTEEHHO SIBIAIOTCA GYHKLUH

T
yi(z) =z u y, =z — =, To dynxumio Ipuna ullleM B BHzE

2 .
n(2) 0l)

» 0z <§,
W
Gla.€) = ©)
] 208@ (o1
wE) 2’
rae
T
W(c)="e €3 =Z,
1 22
Hrak, ’

S -
(';5 - 1)3, igzg E’

G=3 .. B
- (—'sdl)e,'zsees_—. e
Hanée, monpaysch GyHKUHe! Ibm{a (8) xax ApoM nmerpa.nbnoro ypaBHEHHSA, IONY-

‘!HM Jih) 4 y(:c) cnenylomee Hm‘erpanbnoe ypaBHe}me.

K7

o(@) = £(2) - A [ e OvOd

‘Toe

o= fawosu= [ (2-1) eas [ (3-1) = fo -5
0

Hrak, Kpaesas 3anaya (6)—(7) cBenach K MHTErpaTbHOMY YPaBHEHHIO

%x/2 SPEE

y(z)+f\/G(z’E)y(E)df=_ézs_%z’ ”
0

3apaun gnsa CaMOCTONTENbHOro PeweHns - .

CBecTH K MHTErpaJbHBIM YPaBHEHHAM ClieayIolle KpaeBEle 3aJauH;

219, o' = Ay + 2% y(O):y(%) —0.

220. y" =y +e®; y(0)=y(1)=0.
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InaBa 2. MHrerpaanue ypasHeHus dpearonsma

221. 'y

222,
223,

R L

y”J‘r-/\ly— w+1 y(O) "'y(l) y(O) y(l)
vV =2+ T 0 g(0).="y'(0) =0, y' (1) —'y”i(i)“*o

224. " + 2y = 22, y(0) = y(1) =0, y'(0) =y'(1).
225. g/’+z\y—e » 0 =40, y(l)-y(l)
226. HpeoﬁpasonaTL nmbd)epemmanbﬂoe ypannerme (nényqaloureecn W3 BOJTHOBOTO
ypaBHeHus1' LLIpéanurepa ¢ Me30HHBIM n0TeHuuan0M) N B
éy S
.F - kzy(') + Vo

R TR

(Vo nk?— noc-rosmnbxe) pelleHHe KOTOpOro yAoBIETBOpsiet rpa}mqnhm YCIOBHSIM

B MHTErpajibHOe ypaBHEH#e '

roe

" y(0)= _ y(-fOO)

+00 -
v =% [ CroTyede -
P T St A TS P T




TNABA || _ﬂpnmenel-me uHrerpaanblx
3 npea6pasoBaHnu K PELUEHMIO. .
unrerpanbnux ypaBHeHun

§17. I'Ipumeueuvie npeoﬁpésoaéuun CDypbe'
K peweHuI0 HeKOTOPbIX mnerpanbublx
paaueuuu

IMycTs naHo HHTCl‘paJleOC ypaBHeHne (Dpenmnbma 2-ro pona C SIpOM,
3aBHMCALIMM OT Pa3HOCTH. aprymemoa e Co e L

o(@)=1(2) + f Ka-te® .. - ()

rae f(z) € Ly(—o0, +oo)u K(z) €.Ly(~00,+00).
Ipumensis mpeoGpa3oBaHue Pypbe M UCNOJNb3Ysh TEODEMY O CBEPTKE,
MOJIyYUM

B(u) = F(u) + Var (@)K(w), @

rae ®(w), F(w), K (w) — npeoGpaaoBaHmi ®ypre ynkumit ga(a:) f(z), K(z)

COOTBeTCTBEHHO. M3 papericTBa (2) npy ycnoBuu 1~ \/— K (w) # 0 Haxomvim
F(w) : -
-V2rK(w)’

HpHMeHﬂH dopmyny obparueHus npeoﬁpaaosauuﬂ (Dypbe MOJIyYUM pe-
1IeHHe ypaBHeHus (1):

LT P
_ ‘p(z)—\/Z_W_ZI—\/Z_WI?(w)e

Ecm 1 - V21 K (w) = 0 Npy HEKOTOPHIX BELLECTBEHHBIX 3HAYEHHUSX W,
TO ypasHeHHe (1), BooGlIe rosopsi, He MMeeT abCONIOTHO WHTEIPUPYEMOTO
Ha Bceil ocu O pelleHus.

AHaJIOTUYHO pellaeTcsi HHTerpalbHoe ypaBHeHne ®pearonabma 1-ro pona
C SLIPOM, 3aBUCSIUUM OT Pa3HOCTH apryMEHTOB:

[ k@ -eat = 10).
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Ero peleHne uMeeT BHI _ S

F{w)
ola) = 2,f§()‘”w

Mpumep 1. PewuTs MHTerpanbHoe ypasHeHne

so(a:) = f(z)+ /\_/ e *o(t) dt (A < -21-)

" Pewenue. Tlycts F(w) — npeoﬁpaaonarme Dypre (byHKmm f(a:) K (w) —
npeoﬁpaaonauue <Dypbe anpa K(z) =e -1l 3pecy - .

K= g [ = | /ew-w,.,, f,-«wd,]

S U OO S 1.)_-\/'2' 1
TV \l-iw  l+iw) ¥ wl4w?

MpuMenss npeo6pasoparine Dypse K 06eUM YacTIM JaHHOTO ypaBHEHM, OMYYHM

g . _Q(w)=.!f(w)-|_—_xl¢:—r. oo dw)Vir,
OTKyAa
’ 14 w? '
®W) = To5rar @
Cnenonarenbﬂo pelieHHEM HCXOOHOTO YPaBHEHHA mmue‘rcu d)ymcum{
1+ w? izw .
o) = 727/ e 2F(w)e w. Q)

3amemM, '{TO B JaHHOM cnyqae
A 1-2+w?
1+w? ™ l + w?

1_~/z_71?<w)x=1-

1 S
mpu A < 3 He o6palaeTcs B HyJb HH IIPH KaKOM BEINECTBEHHOM 3HAYCHHH Ww.

Tonaras, Hanpumep, f(z) = e/l Gynem umers

F(w) J— 14w? -

+00

1 eizw
= - [RC—, |
#(=) 71'/\1—2A+w2 w

-00

Tax yro dopMyna (3) maer
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K BH‘[HCJICHH]O MMOCJICAHETO HHTErpajla MIpUMEHUM MCTOJ] KOHT, ypﬂoro HHTErpupoBa-

HHUA. DTO naeT
aVT=h-

e o
)= = s 20
©(z) isn >
2V 2
(= emmmmee g -2 <0,, - .0 ¢ - s
. “’(z). ‘/-1.—2,\ g LEN R P
Kopovye, )
R
@)= >
4 T2 _

Mpumep 2. Mnockoe 9neKTpoCTaTM4ECKOE none Mexay ABYMs 3a3emneH-
"HbIMW napannenbHuiMM nnockocTammn (0 < ¥< h) cosnaetes nMHeMHbIMM
WUCTO4HUKAMM, COBCTBEHHOE None KOTOPbIX B HeorpanuquHOM 'npocTpaH-
cTee ectb E.

HaiTu nnoTHoCTL pacnpe,u.enenuq uﬂnyuupoaanuux 3apapoe Ha no-
BEPXHOCTM K0l U3 NnacTun ao(z) u ox(z).

Peuwenne. U3secTHo, ‘_rro €CJIM LM/IMHIPHYECKHI IIPOBOJHHK C CEYEHHEM, Orpa-

HHUYCHHBIM Hp’OPleOJ'li:HHM KOHTYPOM - -L, BHeceH B 3aJaHHOE IUIOCKOE IoJie E TO
I'lJlOTHOCTb pacnpen¢neHu;l MHIyLHMPOBaHHBIX 3ap;mon ynoanernopxer HHTCI'paJ'IbHOMy

ypaBHEHHlO i
o) = ,,(;v ), 1 f l;;Nf, cos (BN, Ay i, (4)

AT oL

rae fi — BHEIIHAA HOpPMab K KOH-
Typy L B Touke N, E, — npoekuus ¥
BHELLHETO TOJIS Ha HOPMaJlb. '
Monb3ysacs popMysoit (4), co-
CTaBMM HHTErpaJbHOE ypaBHEHHE WIS
MCKOMBIX TUIOTHOCTEN 3apanoB. Bhi-
GepeM GHUKCHPOBaHHYIO TOYKY M (z)
Ha muockoctH ¥y = 0. Torma, ecau
nepeMeHHast Touka N(€) Takke Ha-
XOIOMTCA Ha MIockoctH ¥ = 0, To

—
cos (ﬁ, i) = 0; ecnmu xeé ToY-
Ka N() nNpUHAIEXHT IJIOCKOCTH
y = h, 1o (puc.6) .

IMN| = \/(i-z)’+h’,
cos(—ﬁ fi) = IMNI

TakuMm o6pa30M, HHTerpaibHOe ypaBHeHue (1) mpuHMMaeT BUA

oufe) = Ems 2 f 2w o
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TR Bt

AHanoru4Ho, Bbi6GMpas Touxy-,M (z) H\'tl__HJIOC_K_OCTH,#;-F'«II__,::IIQ{IY‘{.HM_P[HTelfpa.JIbl-_lOe“

ypaBHEHHE

zy +h2

a(ﬁ)___ﬂlﬂ hf“ co(s) de

Y

Cucremy uHTerpaanux ypaBHeHun (5) 'y OTHocmeano dyHKIHiA - oo(m)_
u o,(z) GyneM pewats ¢ moMolusio npeobpazoBaHuss Pypee. Jns 3TOr0 YMHOXHM

KaXJOe U3 ypaBHeHMIl Ha €'*®

O6o03Ha4as
+00

. f;=/f($)ei,\z ‘Ij.z

-0

¥ nonarasi Iyl cokpalllenus 3anucu (E,) -0 = fo(z) . (E,)y-=;. = fu(z), Gynem umets

on(g) dt
°”—“f m""‘f(e ‘z)*+h='

i b P T v(c)de
o ___h__ 1Az ____0______
7= %, e d’.’f« —a)} +h?’

MeHss OPSIOK MHTETPHPOBAHUA H BOCIIO/Ib30BABLINCE HOPMYIION

+i
OOCOS At dt . T e—l‘\lh )
ts +h2 T 2h o T

0

MOJIYYUM CHCTEMY JIMHEMHBIX anreﬁpanl[ecxnx ypaBHEHH OTHOCHUTENIBHO G U Oj:

a0+ae - - fo’

peuiasi KOTOPYIO, ITOJIyYHM

- _ Lh+he™ 1 fe™ i
%= I 1—e PR LINE T 1 —e 2k~

Tipumenss ¢dopMyny obpaueHus Oypre’
1 ‘
@)= — [ FA)e™dy, .
te) =57 [ e ar
oo .
nonqu(

: fu+fh¢ -'m- - _ | fn+fo¢ b ey
o ;;p Tieemn . 4h o= 4,= | T .

M TIPOMHTETPUPYEM IO IEPEMEHHON € OT —CO JI0 +00.

>



8§17, npnMeHeHue npeodpaaosauun @ypbe - 1;

3apnaum n,m.l caudcfowenbuord pelueins - -

PewrnTs cneayiomye HHTErPATbHAE YPABHEHHS

+30

- | o o | |
Y N () R e
228. ¢(a) = f(2) + % /e_lz-q#’(t) at; e f(z) = {2' 1:: :Zg’ '

229. o(z) = f(z) - V3 / = () b,

CunHyc- n kocuHyc-npeobpa3osaHnn Pypoe

e Ve ﬁ@ n o

HA3bIBACTCS CUHYC-Npeofpasosanuem (Dypbe d)ymcuuu o(z).
Qyﬂmm
2”‘“"’_-..- .
20)= /7 [ plt)cosatat
J . i

Ha3piBaeTca xocuuyc-npeo6paaoea;mem Dypve pynruuu cp(:c) '
HMeloT MecTo cieayooume ¢>opMy.an obpallueHHs anyc- H KOCHHYC-
npeo6pazopaHuit Pypoe: .

so(t) = \/‘ 7°<I>, (z} su-x tzde;,

; " - -
() = \[é/ ®.(£) costz dz.
\ -0 '

3amevanmne, Ecimn p(t) — yetHas dyvkums, To ¥(z) = P.(2); ecnu xe go(t) —
HeuetHas Pyukunus, o &(z) = i®,(z), rae P(z) ects npeoﬁpaaonaﬂne ®ypse
dyukuny @(t); a ®,(x) u ®.(z) ARIAOTCA COOTBETCTBEHHO CHHYC~ H xoc;myc-
npeoGpaaoaa}mnMu fbypbe dbyuxumn o(t).

(%31 91178:
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npmwep 3. Peuwrrb uHTerpaanoe ypaaHeHue R R TS
—— :
/ p(t)sinztdt =€ * (z >0)
0 T

7 o .
Pewenne. Pyuxuus ;e Z  OYEBHIHO, SIBNISIETCS. CHHYC-TIPe06pa3oBaHyeM

dypre HCKOMOI ¢yHKuMH p(t). Hpumcﬂm copmyny (6) obpaleHus cuHyc-Ipeo6pa-
3osanus Pypre, 6yaeM UMETh ~

400
Zf 2 2P,
= < Pt == . : 7
o(2) ~ / S¢ " sin zt dz ~ / e~* sinzt dz (7)
0 0

Hurerpan B npasoit yacTH (7) BHYHCISIEM C IOMOLIBIO ABYKPATHOTO MHTEIPHPOBAHHUSA

no yactaMm. IMonyuum
+00

/C sin tz d:l: =
1 ' tzﬂ -

TaK 4YTo
kAT ; . o
- e—_— D>
i) = 1r l +t
-Mipumep 4. Baagavaxo KOREGaHMAX TOHKOIA ynpyrou ANACTUHBI NPUXOAUM
K cne,uynmemy MHTErpanbHoMY ypasHeHuIo: - C
+00 S

zf(z) sin = d:c_, ' _ (8)

) = o

2&.

roe f(z) — nckomas ¢yHKUmS, ¢(t) — u3BecTHasn GyHKUMS.
PeweHne. YpasHenue (8) — 310 HHTerpanbHOe ypaBHeHue 1-ro pona. [Tonaras
1 2

t=m, T =0,

nipeo6pa3yeM ypasHeHHe (8) K BHAY

T ' '-—ﬁf( ) /f(f)smavdv

-, Hcnone3ys ¢opmysy obpallieHus s CHHYyC-TIpeo6pa3oBaHHst ®Dypoe, moayunm

S ) ____/' (4ba)smaav ,

HIIN

Cen e 2+cc y 2
: f(2)=;f@sm4ibzdt. >
0
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3agaun AN CaMOCTOSTE/IbHOrO. pelenmus. =~ 1« =)

PeumnTs cnexyioume HHTErpaabHbie yp«aBHEHH_ﬂ_Z

+00
1
230. _ '
30 ‘o/w(t)cos.:.z:tdt- 1+?: (z_> 0)
+20 i . el - Wir o e
—sinz, 0gzLx, - .
o(t)sinstdt = f(z), me flz)=4 2 ogzsr,
L 0,'_ ’ ,.’c_>1r,

231,

o\

+

00

go(t_) cos zt dt = f(_:;‘); e f(_z;) = {

cosz, 0Lz,

232. 0, - &>m -

o

+oc

233. / p(t) cosztdt = e cosz (z>0).

o

_§ 18. MNpumeneHue 'nbeoﬁpaéoaauuu Nannaca
K PeweHuI0 HeKOTOPbIX mrrerpanbnux
~ YpaBHeHuiA

1°. WHTerpanbHblie ypaBHeHus BosibTeppa Tuna CBEpTKH.
PaccMoTpHM HHTerpajibHOe YpaBHeHHe BonbTeppa 2-ro pola _

o) = 1)+ [ K@-to®at, ).
0

SIPO KOTOPOTO 3aBHCHT JIMILUBL OT Pa3sHOCTH T — t. ByleM Ha3biBaTb YpaBHE~
HHe (1) unmezpassuim ypasnenuem muna ceepmiu.

MNycts f(z) U K(z). — mOCTaTOYHO rgmue GYHKUMH, PacTyLUMe NpH
T — 00 He ObicTpee nmokasaTenbHON HYHKIIMH, TAK YTO

N Mt K@ <M ()

MOXHO NOKa3aTh, YTO B 3TOM cnytlae u q)ynm}m tp(:c) OyzeT yAOBJIETBOPSATH
oleHKe THma (2):

()l < Mye™*. -

CnenoBaTeNIbHO, MOXET 6BITH HaiieHo u3obpaxenue no Jlamiacy GyHKuuH
f(z), K(z) n qp(a:) (oHO Gyner onpeneneHo B moaymiockocTH Rep = s >
maX{B], 82, 33})
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.

Iyctb _
1@ 2Fp), p@)=20), K@)=E@).

IIpumMeHsis K 00eMM 4acTsIM YpaBHEHUS (1) npeobpa3oBaHye Jlanjiaca U uc-
MO0JIb3Ysl TEOPEMY YMHOXEHHS, HaitlieM

&(p) = F(p) + K (p)2(p)-
Orcioma

F(p) ~
o(p) =—=— (K 1).
(») - (K(p) # 1)
Opwurunan ¢(z) ats @(p) Gyner pelieHHeM HHTEIPATLHOTO ypaBHeHus (1). -

Mpumep 1. PewnTtb UHTErpansHoe ypasHeHue
z
p(x) =sinz +2 / cos (z — t) p(t) dt.
0

PeuweHve. HU3BecTHO, yTO

1 P
P+l P+l

Mycts ¢p(2) = &(p). [pumenss npeobpa3osanue Jannaca K 06eMM YaCTIM ypaBHEHHS
M YYMTHIBAsi IPH 3TOM TeOpeMY YMHOXEHHs (H306paXeHue CBEPTKH), TIOTYYHM

sing = s Cosz =

1 I
Q(P)—p,_+l+p,+l@(?)-
Orciona ’
2p 1
() [l_pz-f-l TP+r
WIH
1 N
(I’(p)=(p—_1-?,=':te .

CJICI(OB&TCJIBHO, peuIeHHe JaHHOrO MHTErpaJbHOro ypaBHeHHs eCTh

p(z) = ze”. >

3apaun oNa CaMOCTONTENbLHOrO pelleHUs

PemnTs crenyroline HHTErpaibpHbie YPaBHEHHS:

2z z

234. p(z) = & — / e o(t) dt. 235. p(z) =z~ / e*o(t) dt.

0 0



. §18.:Mpumenenme npeobpaaosanus-Nlannaca = 113

—-

26. po) ="+ [epa. 297 @) =2 - [e-D)ult)a
. TR =

0

238. ‘p(z) = cosz / (z — ) cos (z — t) @(t) dt.

239. p(z) = 1+2+ / X0t dt. 240. p(z) =z +

0

sin (z — t) p(t) dt

s,

241. ¢(z)=sin'z+f(z—'t)¢(t) dt. . 242, zp(z)=,_'_/sh(,,_t)¢(t)-dt:_.. .

243. p(z) =1-22 42" + / [3+6(z- t) -4z -1t) g_é(t) dt.
0 o

z

244. p(z) =shz - f ch(z—t)p(f)dt. 245. plz) = 1+2 / cos (z — 1) ¢(2) dt.

0
246. p(a)=c+2 f cos (z — ) p(t) dt. -247; p(z)= cosz + / p(t) dt

0

Teopema 0 CBepTKe MOXET OLITb HMCIOJIb30BAHA TaKke I pelleHUus
HeJIMHEHHBIX MHTErpaJbHbIX ypaBHeHU BosnbTeppa Buma

o(@)= 1@)+ [ w1 dt. (3)
0 .
ITyctb o . :
p(z) = &(p), f(z)=Flp).

Torna B cuny ypaBHeHus (3)

o(p) = F(p) +22%(p), -

T .4_/\177;).
o(p) = 2

Opurusnan ans $(p), ecomm OH cymecmyer 6yneT peme}meM MHTErpaib-
HOro ypaBHeHHs (3). :

OTKyZa
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Mpumep 2. PewuTh wHTerpantHoe ypasHenve., ‘... .
3

f p(t)plz - 1) dt?-%‘.: 3 @)
) v

Poiugnme. Tycts <p(z) <I>( p). IpumeHsis k obeuM YacTsam (4) npeobpa3oBaHie
Jlamlaca MONyYUM i

o '='—,.
(P)="rs
OTKyZla
1
Y . " oo N ] @(p) = i?.
QyHkunHu @ (z2) = 2, @,(z) = —2 OyAYT pewleHusamu ypaBHeHus (4) (peleHue

ypaBHeHm! (4) ne enuucnqu_uo’). : o . _ S

3apaum ansa camocromenbnoro pemenuu

Pemmb nmerpa.nbnue ypaBHeHHH

248. 2¢(z) - / p(t)p(z —t)dt =sinz.’
. [

249. ¢(z) = -;-/ga(t)ga(z =t)ydt'- E-Sh z.
0 . o

2°. Cucrembl MHTerpanbHbix ypasHenuii Bonbteppa TH-
na csepTKu. I'Ipeoﬁpasona}me Jlannaca Moxer OBITP MCMOJIb30BAHO NPH
pememm cHCTeM HHTel‘paanHX ypaBHeHnﬁ Bomﬂeppa BUAA

@)= 12 + 3 / Koo -Dp0 @ G=120.9, )
Jj=l :
roe Kij(x), fi (z) — W3BECTHHE, HETIPEPbIRHbIE. GyHKUMH, HMeIOLIHE. u306pa-
XeHHe no Jlarmracy,
IIpumMeHuUB K 06eUM qacmM (5) npeoﬁpaaonanne JIannaca, nonyun .

 2i(p) = Fi(p) :FZI?,-j(p) 30 (i=12...,9).

310 cHcTemMa JTUHERHBIX anreépauqecxnx ypaBHeHuﬂ oTHocuTenbHO & (p).
Pemag ee, HaitneM ®;(p), OPUTHHAIBI 111, KOTOPBIX M GyIyT PeLICHHAMH
MCXOIHON CHCTEeMbl HHTETDAIBHBIX ypaBHeHHUH (5):
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Npumep 3. Pewnts CHCTEMY MHTErPafibHUIX YPaBHOHMAR' ~ * ¢
. - z ) o z
pi(z)=1-2 / o, (t) dt + / v (t) dt,
. Lt o 0 . N ' - . 0 . . 1 ’
‘ . : ©
oi(@) =4z~ [ (Bt +4 / (z - 1) palt) at.
h 0 ’ : PR

Pewenye. Tlepexoas x mo6pax(elmxm H ucnom,ayn Teopemy 06 uso6paxemm
CBEPTKH, nony!nm

Ol(?)ﬂ;-p———-_zftfp)-i-;h(p)’
. 4 l’ ST _:4:‘-’_,.:_ G TE AR
l’z(?)?’;-i.‘;’;(p)-}-;j,@)‘,_ :

Peimag NOAYYSHHYIO CHCTEMY OTHOCETeHO &4(p) _i Q,(p). mll.neu
| . ;

®(p) = (1o+1)2 p+l_(p+l)'2'

Ip+2 8 1 1- 1 8. 1
) = _- - -
P = G ) 5 -2t G 9 AT

Opuruxann w1 3, (p) u Q;(p)_ PaBHBI COOTBETCTBEHHO .

pi(z) =€ —ze",

. S TR IR S PR
: ¢z(z).=_.;ef‘+§age‘?_—§q"

d)ymzulm go,(é:), pa(z) ZaloT penie}me HCXOIHO! cHCTeMB MHTETpaTbHEX ypame-'
Hu# (6). . ) >

3ajiaum ANa’' CaMOCTONTENbHOrO PeLIEeHUR |

PemnTh SM6AVIONIHE CHCTEMBI HHTETPANBHEX ypaBHEHIE:
z .o 2
pi(z) =sinz + / pit)dt, {o@) ==+ / pa(t) dt,

250. ° . 251, ‘

z i . S gt I
pa(z) = 1—cosz— /?{(t) dt s . 1 (=) = .l - /ez('-t)‘é_l(_?).qltl:llll
0 , ' B U ; o

0
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@@= fowa- [enoa,
252. " o
@ =-2- [e-p@a+ [
L 0 ' o

pi(z) = e - / pi() dt +4 / e'pa(t) dt
: 0

253. ¢ °

T T
pr(e) = 1 - f o+ [ o0
h 0 ' - 0

0

e =c+ [0 ar
254. { py(z)=1- -<p1(t)dt
S|

p3(x) =sinz + % /(z _.t) ei(t) dt
. 0 )

.

r z r z

w@=1- [ w0 pr(@)=z+1+ [os(0 a

0 : , 0
255. { () =cosa:—l+/<p3(t) dt, 256. 1 «,o;(a:):—a:+/(:c—-t)<pl(t)dt
. 0 0

z : z

pae) =cosz+ [pat ps(a)=cose—1- [ pi(t)at

\ 0 ’ \ 0

3°. MHTerpo-.quq:cbepeHuuaanue ypasHeHus. l'IyCTb ume-
€M JIMHEHOoe MHTCI‘pO—,lIHd)d)epCHHPIaJIbHOC ypaBHEHHUE BHAA

™ (@) +a,9" () +.. +anso<z)+2 f Kn(z—t)™(t)dt=f(z), (7)

m=07)

rae ai,ay,..., 0, — NOCTOAHHLE, f(z), Kn(z) (m=0,1,...,8) — u3-
BecTHbIe yHKUMH, p(T) — HUcKoMas QYHKUHS.
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st uckoMoi GYHKUMH <p(o:) CTaBATCSA HaYaJibHBIE ycnonuﬂ ‘BUJA :

o0 =g, GO =gh . )=l '-'(8).

Mycts byukunu f(z) u Km(z) ABJSAIOTCA (pyHKunﬂMM-opmnHanaMM u

1@)=F(@), En(@)=Ealp) (m=0,1...,3).

Torma dyHkuus @(z) GymeT MMeTh U306paxXeHHe MO Jannacy o(z) = ®(p).
Ipumensist k o6enm yactsaM (7) mpeoGpa3sosanue Jlaruiaca U MCMONB3Ys TeO-
pemy 06 M306paXeHUH IPOM3BOIHOM ¥ TEOPEMY YMHOXEHHS, TIDHAEM K ypaB:
HEHUIO S

2"+ e b0+ D Ral)"] a0 O

m=0

rae A(p) — HekoTopas.u3BecTHass GyHKUMSA oT p. U3 (9) Haxonum &(p) —
onepatoptoe petuenue 3anauu (7)—(8). ®yukums p(z) = &(p) Gymer pe-
weHHeM HHTerpo-aubdepeHuuansHoro ypasHeHust (7), yIORIETBOPSIOIMM
HayaJbHbIM YCIOBUSIM (8). .
Mpumep 4. PelmTtb HTErpo-auddepeHumnancHoe ypasHenue
z
" 2z~t) _
7 (:z:)+/ ©'(t) dt = = (10)
0 .
p(0)=¢'(0) =0. - (11)
Pewenve. TMycts ¢(z) = @(p). B cuy (11)

¢'(z) = p2(p), ¢"(z) =p’®(p).
ToaToMy nocJie IpUMeHeHHs nipeofipazopanus Jlannaca ypasHenue (10) npumer Bun

1.
p-2

po(p) + pf 5 2(p) =

20)074

—_1\2
s - 5 (12
U3 (12) Haxoznm _ ' _ v g

‘I)(p) =m#xe’—é’+l.

CrepoBatenbHo, pelieHne ¢ () unTerpo-audibepeHunaibHoro ypasHenus (10), yno-
BJIETBOpSIIOILIEe HAayaJIbHEIM YCIIOBUsAM (11), onpenensieTcsi paBeHCTBOM

p(x) =ze® — " + 1. [
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3anaun /NS CaMOCTONTENIbHOTO PelIeHHs

Pexiuts cnenyxomue-nmei‘po—nmbdlepexunanmue ypagae}inm-
. . .

257.-¢"(z) + [ F0G () dt =5 (D) =0, 9'0) S

0
258. ¢'(z) — (=) + / (z-i) ;:'(t) dt — / ga(i) dt=z; p(0)=-1.
259. so"(z)~250'(z)+-'p(z)+2/cos(z—t) ¢"(t) dt+2/sin (z-t) ¢'(t)dt =cosz;

<P(0) ¢(0) =

260. gp”(z) + 2¢ (z) -2 / sin (z - t) ¢ (t) dt =cosz; ¢(0) p’(O)

i

. 'I‘.!' s :
z ' R

281. ¢"(z) + p(z) + / sh (£=1) b(t) dt + / ch (':'Q t) ¢'(t)dt = chz;
B 0 g .0 T, S R
9(0) = ¢'(0)=0
I2-62. ¢"(z)+<p(:c)+/sh(z—t) so(t)-dt+/ch (zl—t) ¢'(t)dt =chz; ¢(0)= -1,

0 0
¢'(0) =1 S

4°. WnterpansHbie ypasHeHus BonbTeppa ¢ npeaenamm
{x, +00). WnTerpanbHbie ypaBHEHUs BUIA

o) = @)+ [ K@-Dewa (1)

BO3HHMKAIOIIME B DsNe 3a1ay (M3MKH; MOXHO TAaKKE PElIaTh C MOMOIIBIO
npeobpazoBanus Jlannaca.
CnpasennuBa crieayiowasi GopMyJa:

- [Repea=Tere, 09
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roe - N I R R LIPS I A l R
olt) = ¥(p), F(-p)= / K(-z)e” da.

IIpumenas npeobpa3oBaHue JIanJlaca K 06eHM - 4acTsaM (13) H ucnom»ayx '
dopmyny (14), monyyum

<I>(p) F(p)+X (—p)‘I’(p)

s
‘I’(P)"—%)*—) (-%’(-P)#l)
_(DYHKHH;{
7+i00 . .
F(p) " A
so( ) Imi / 1~9?( p)e” dp (15)
. -0

SIBSIETCH YaCTHEIM pemeHneM MH'rerpaanoro ypanue}mﬁ (13) Ilomlepmem
4TO 1A TOro, yroGbl pemeHue (15) MMeno cMbicy, HeOGXOTMMO, YTOGHI

061aCTH aHaTUTHYHOCTH X(~p) n F(p) TMePEKPLIBATHCH,
Npumep 5. PewnTs uHTerpansHoe ypasHenue ; _
o o o
olz) =z + / ez(*“hp(t) at. D)

Pewetnte. B naunom caysae f(z) =z, K(z) = e* . Moatomy

F(P) = ?(—p)=/e-ke’“dz=.2:p, Rep<2

]

Takum o6pa3oM, monyyaeM cieaymolee 'onepaw'p'nbe Qp'asi-leﬁué:

P 2-p
Tax yT0 2
=P
= o O
Orciona -
T+ico - e L - .
<,o( )_21" / ;;G-Tz-l—)-e”’dp- (0<y<2) ' (17)
y=ico

Wnurerpan (17) MoxHo auq'ucmn"b no umrpanmompopﬁyne Komm. IMogrixrerpans-
Has GyHKuBa MMeeT XBYKpaTHEIt nomoc p = 0 M mpocro#t momioc p = 1, KOTOpHIK
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. - . .
NOSBRASIETCH MPU ¥ > 1, YTO CBA3AHO C BKJIIOYEHHEM H/M HEBKIIIOYEHHEM B PEILEHHE
ypaBHeHHs (16) pelIeHHs: COOTBETCTBYIONIETO ONHOPOAHOI® YPABHEHHUS |

oe

ola) = [ eptyat.

z

HaitaeM BBIYETHI TIOMBIHTErPaIbHON (BYHKUHH B €€ TIOMOCaX: -
p-2 ,,z) ( ‘p-2" ) .
res [ ———weemue =2r+1, res| —w———ef | = —€".
p=0 (P’(P -1) =t \pip~1)

CrenoBaTe/lbHO, pelIeHHE UHTEIPaIbHOTO ypaBHeHud (16) ectb p(z) = 2z + 1 + Ce®
(C — npou3BoJbHas MOCTOSIHHASN). >

3anaum Ans CamMOCTONTENbHOTO pemerimu

PelunTh MHTEIPAIbHBIE YPaBHEHHS:
Y ) o .
263. p(z) =e " +/<p(t) dt. 264. p(z)=¢" +/e’,?:f<p(t),dt.

x . B

265. ¢(r) =cosz + /e'“'cp(t) dt. 266. p(z) =1+ /e"("")cp(t) dt (a>0).

5°. OGo6uieHHan Teopema YMHOXEHUNA U HEKOTOpble ee
npuMmeHeHua. Ilycts

o(z) = ®(p), u(z,7)=U(p)e ™P,

rze U(p) u q(p) — aHaMTHYecKue GynKimm, Torma

(o ¢]

B(g(p))U(p) = / o(ryu(z, 7) dr.

0

B10 UM ecth obobuwennan meopema ymHoxcenus (meopema Bepoca). Ecnu
u(z,7) = w(z — 1), T0 q(p) = p, ¥ MBI noay4aeM OGLIYHYIO TEOpeEMY
YMHOXEHHS: :

0o

*0) U = [ plrju(z—7)ar.

0
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T z —

Ecnu U(p) = .%’ a(p) = VP, 10
u(z,T) = o7 0m)

IoatoMmy, ecny u3BecTHo, 4To ®(p) = ¢(x), To o Teopeme Ddpoca

HaXOIWUM OPUTHHAI sl —(ﬁ
VP
(I)(\/') ~7 /(4::) BERPRAY
T)e dr : 18
‘/? m «’( ) (18)
Npumep 6. Pewuts vmrerpan{,noe ypaskenve
=[N a =1 . (19)
0

Pewwetue. I'chrb tp(z) 2 ®(p). MpuMenss npeoﬁpaaona}me TMamnaca k o6em
yactam (19), momyuum, cornacHo dopmysne (18),

VP _}
Vb p
OTKyZa .
d(p) 1 1
—— ==, WM P(p)=-=1L
p P _ v) P
CnenosatenbHo, ¢(z) = 1 ecTb peleHHe ypaBHeHHs (19). : >

3ana4m ans CaMOCTONTENbHOrO peweHna

Pewuntp caenyiomme MHTerpajibHble ypaBHEHHS:

o0
1 /—:’/(4:)
e t)di = 22 —shz.
= p(t) z
S0

267

%I-
|

/ - m”w(t)dt'—e = 268.
.

N
<]
©
H_

o0 -
f e Mgty dt =2 + &
J by dt =

H3BecTHo, 4TO

21,2V = ——e 7. (n—O L2..),
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rae J,.(z) — GecceneBa ¢yHkums 1-ro poza nopssxa n. B vactHOCTH,
' 1 _ B -
Jo(2\/t-) = —e l}p.
. : 4
B crny TeopeMbl nogobus
' 1.
JQ(Z\/R = ;e ﬂp,
OTKYIa BUZHO, %TO W1 TeopeMbl Ddpoca cieayer BéﬂTb-}B TaKOM CJiyyae
) CE
op) = .

npuuep 7 PeLI.IMTb MH'rerpaanoe ypaanenue
“pla)=ae £ / niVapt)dt :(wl) (20

" Pewenne. Mycrs p(z) = (p). Npumeras k- obeum dacTsm (20) npeoﬁpasosa«
me Jlannaca u yauTBas TeopeMy S(bpoca, HalimeM

1 1. /1 '
)= - )? H};Q(E)' - @)
3auemm p Ha ;, nonquu ) ’ '
*(;)= E e @)
p) (+iF P e

U3 (21) n (22) Haxommm

0= (1o+1)2+ [(p+1)’+m’(p)]

LT PR 2t : o - : e

WIH : : A
o(p) = ,\2 + [(p+ 1)2 + (p+p1)’]'
Orciona o AN
ple) = (1+A A‘) : S

3apnaun ans ‘¢amoc'7o§ienbuoro peweHus

Peuints cne}xqumge MHTerpanbHee ypaBHenus (A # +1):

2410:' @(z) =€+ A / \/g J.(iJE)¢(t) dt.
[}
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2. o(z) = cosz+ A / TaVE)t) dt.

0

272. p(z) = cosz + A / %Jz(Zw/:E)cp(t) dt.
0 . .

273. ¢(z) =sinz + A f \/§J1(2\/5:?)<p(t) dt.’
0

§19. Mpumenenite npeo6pazosanui Mesnsinma
' K’ peLenmio HeKOToprX un'rerpanbublx
ypaBHEHWA

HYCTB dbyskums f (t). orrpeneneﬂa npu no:xoxmenbﬂmx t u ynoxme'mo-
PSIET YCJIOBHSM . B I

/lf(t){t"' ldt'< +00, /Lf(t)lt"’" dt< +oo (1)

A I

NpH HalUtexXaileM nblﬁope uucesl 0 U 0. IIpeo6pasoeanueu Ma/muna q)ymc-
unn f(t) HasbiBaeTCs DYHKLMS . .

F(s) = /j’(t)t’“l dt . (s=o0+ir, .01 <0< 03). ()
S ERORa
®opwmyna obpalueHns NpeoGpa3oBaHus Me/LTHHA HMeeT BHI
o+iog .. . '
ﬂu=~—-/'F@'*a a>o n<o<a), Q)
0‘—3@

re UHTerpa GepeTcs BAOJb NPSMOK l B Re 8 =o, napamlenmoﬁ MHHMMOM oCH
TJIOCKOCTH 8, M TIOHMMAETCS B CMbICJIE TJIABHOrO 3HayeHHs. B ciyyae, xorna
ToBeAcHHE Q)ymcupm 1(t) npu t —+0ut— oo _M3BECTHO, HANDHMED, U3 Qm-
3MYECKHX COOOpaXeHHH, rPaHMLIbI nonocu (al, 02) MOTyT 6HTE yc‘raHOBne}iu
M3 YCNIOBH aGCOMOTHOM CXOMMMOCTH MHTerpana (2) Ecim xe mosenenue
() M3BeCTHO MHIIbL Ha OHOM KOHLE MHTepBAMA (0, +00), HampHMep, NpH
t — 0, To onpenenseTcs TOMLKO ¢y, IpsiMast MHTerpupoBadus ! B (3) DomkHa
ObITh BHIOpaHa NpaBee NMpsSIMOI O = 0) U JieBee 6J1mxaﬁmeﬁ 0co060it. TOYKs .
byHmn F(s).
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Hpeo6pa305aﬂue Mennm-la TECHO CBA3aHO T’ ‘Tipeobpa3oBaHUSIMH ‘Dypbe
'n Jlannaca, ¥ MHOTHE TEOPEMBI, OTHOCSILMECS K -fipeobpa3oBaHuio MesUTHHa,
MOryT OBITb MOJYYEHBl M3 COOTBETCTBYIOLUMX TEOPEM IUIA npeoGpasoBaHuﬁ
®ypbe u Jlannaca nyteM 3aMeHbI TepEMEHHBIX.

Teopema o cBepTKe Mns- npeobpa3oBaHUst MeJUTMHA UMeeT CIeayIoLui

BHO:
{/faw( )5} - Flo)- #(0). @

‘OTcioia MOXHO 3a1cmo‘m'rb, 4yTo Tpeobpa3oBaHue MeMHa yroOGHO NpuMe-
HSATb NP PELIEHUU UHTErpaJibHbIX YPaBHEHUH BUAA

':"‘P'(m)='f(m)+]°K(:—:-)¢(t)‘.?‘.,- : . (5).
0 oL A .

B camom nene, mycts ¢yHKUNK ¢(z), f(z) n K(z) momyckaor npeoGpa-
3opanue Mewmna u nycts p(z) — ¥(s), f(:c) — F(s), K(z) — K(s)
npudeM oGNacTH aHaiMTMYHOCTH F(s) u K(s) uMenT obuyio mosocy
01 < Res = ¢ < 0;. TIpuMeHsis K 0BEMM YacTsM YpaBHEHHs (5) npe-
obpa3oBaHie MeJIMHA M MCTIONB3Ys TEOpEMY O CBEPTKe (4); monyuum

<I>(s) F(s)+K(s Q(s?','-

OTKyIa

F(s)
o(s) = (K (s) #1).

BT0 — OMEPATOPHOE PELIEHHE HHTErPATHHOTO YpaBHEHHsI (5) Mo dopmyne
obpaienus (3) HaxoouM peuleHHe @(T) 3TOro ypaBHEHHUSL:,

. g+ic0
1 F(s)
p(z) = P / _'-I—K(s)m ds.

- g~100
4 . .

PaccmorpnM uHTerpaanoe ypaBHCHPIC BHOA

ww=ﬂ@f/xa¢wma e

(ypaBHeHue ®oxca). YMHOXas obe yactu (6) Ha =°~' u uHTerpupys no
B npegnenax or. 0 1o oo, Moy 4uM -

o0 o0

/ p(z)z" ' dz = / f(z)z’”"d”’*/ p(t) dt 0/ K(m-t)f"'dz.

0 0 0
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— = =

O6o3Havas mpeobpasosanne. Memmna dynkumit ¢(z), f(z), K (:z:) COOT-
BETCTBEHHO uepes ®(s), F(s), K(s), mocne HecnoXHeIX Tpeo6pasoBaHM it
NOSY4HUM _

B(s) = F(s) + K(s) f o)t 7
0
Jlerko BUAETD, YTO _cfgo(t)t" dt = ®(1 — s), TaK yro (7) 3anuiLeTCa B BHIE
0
&(s) = F(s) + (1 — s)K(s). (8)
3ameHsist B paBeHcTBe (8) s Ha | — 8, nonyuyum
®(1-3)=F(1-3)+ &(s)K(l - 3). 9)

W3 pasencrsa (8) u (9) Haxonum
®(s) = F(s) + F(1 — 8)K(s) + ®(s)K(s) K (1 - 3),
oTKyna SRR T
F F(l- -
5(s) = PO LF0= ()
1-K(s) K(1'- s)
BTO — omepaTopHOe peleHHe ypaBHeHus (6).
Tlo dopmyne obpaiieHnss MejuiMHa HaiiaeM

(10)

F(s) + F(1-35)K(s) e
pla) = 2:1/ 1-K(s)-K(1-9)

. e—~ioo

— peleHHe HHTETPabHOTO YpaBHEHH (6).

Mpumep. PewnTb MHTErpansHoe ypasHeHue

¢(z) = f(z) + ,\\/g / ©(t) cos =t dt. (11)
0

Peiuenne. imeem

K(s) = A\/%/:z"" cos z dz. (12)
0

Jina souncrexns unTerpana (12) socnonesyemcs TeM, 4To

20

/ 2" dz = I'(2). (13)

0
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IoBopaunsas B dopmye (13) yy uﬂ-rerpuposaum_ JQ MHHMOIt OCH, YTO B CIUTY
JeMMBl XKopaaHa Bo3Moxeio npH 0 < z < 1, IPHXOIHM K dopmyne

R % .
f e 2" dz = e ™1 (2). -
Otnenss NeHCTBUTENBHYIO H MHHMYIO YaCTH, TTONYYHM

oo 3 . o

f 2"~ coszdz = cos ? . I'(z), / " Vsinz dz = sin "—;- -T'(2). (14)

0 . 0

Takum o6pasom, B cuiy (12) 1 (14)

~ - ’2' ns
K(s)=x : I'(s) cos 3
Hanee,

R K=o =afFroen . Afr(l-a)sm";'-:_ o

= —2 cos- -2—~ sin —I‘(a)I‘(l - a)

Tak XKaKk I'(8) -T'(1-s) = --_—1'.-«-. MW, ecnu'M{f(x)} = F(s), To B cuny
dopmynu (10) (npu |A| % 1)

3(s) = F(s) +f'(—l;a)K(i),

H TIOTOMY

‘IP(-")‘= "'—“1“:_";;}' ?&[F(a) +F(1- J)A\/g I'(s) cos 52{] ztds =

27i(1
-0

i e+ioo

= — —_— F 4

T-X Ix / (8)z"" ds +
=100
A 7 1 o+ic0
© W8 -
l—/\"’ 5m / I(s) cos —-F(1 - 8)z™* ds. (15)

o~ioo -

) o .
3aMeHHM BO BTOpOM HHTerpane nipasoit yacTn (15) F(1—s) wa [ f(t)t™* dt u sameTum, .
0

yro
o+ico
i—};‘: / F(a)z"' ds = f(z).

a~ico
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Toraa Q)GPMYJIa (15) nepenume‘rcx ‘Takt - o 1T B LT e
" otic’
f(aB ‘/_ LI
po(z) = v / I‘(a) cos (:ct) ds / f(t) dt.

CornacHo dopMyne obpalueHus MesiMHa
0+ic0 R

1
T(s) cos %‘-(zt)" ds = cos zt,

:2

‘-
a—lOO -

TaK YTO OKOHYATe/bHO pellleHneM ypaBHeHus (11) 6yner

10, 2 TR
o(z) = A2+1—:—)‘2;J; / f(t_)cosztdt. >
A b

3apaum AN CaMOCTONTENLHOrO pelieHnus

Pewure MHTErpaNbHBIE YpaBHEHHS:

' 1 . 1 -
274. ¢o(z) = ~—r + — f ¢(t) cos zt dt.
1 2
_ +a? \/7?0 L
. 2 a ! ’
275. 90(3'):f(g:)+M/;f__cp(:t)sin:a§t dt. :
g - -

.2 7 )
276. ¢o(z) = —e " + — / ¢(t) cos zt dt.
v g




FIABA ' Unrerpanshbie ypasHenus
| 4 1-ropoga

§ 20. MHTerpanbuue ypaaueuuu Bom.reppa
1-ro poaa

IMycTh UMeeM HHTErpaibHOe YpaBHeHHe BosnbTeppa 1-ro pona
z
/ K(z,t) plt)dt = f(z), f(0)=0, (1)
0 l

rie ¢(x) — uckoMas GYHKUMS.

0K (z,t)

Mpeanonoxum, yro K(z,t), . , f(z) u f'(x) HenpepsIBHBI NPy

0<z<a,0<t< z IupdepeHunpys obe yactu (1) mo z, nonydum

(m)

K(z, 2)p(z) + / E2D ot it = 1'@). @

0

Bcsikoe HenpepbiBHOE NpH 0 < ¢ < a peweHue @(z) ypasHenus (1) ynosne-
TBOpSET, OY4EBUIHO, U YpaBHEHHIO (2). U Ha060pOT, BCAKOE HEMpPEPLIBHOE NPU
0 € z < a peweHne ypaBHeHUS (2) yIORAETBOPSIET TaMKe ypaBHEHHIO (1).

Ecnu K(z,z) He obpaluaeTcss B HYJb HU B OIHOH TOYKE OCHOBHOIO
untepBana [0, a], To ypaBHeHHe (2) MOXHO MepenucaTh TakK:

_f,(z)' f K;(zst), (

‘P(m) = K(z, z) - J K(a:, :E) ‘F\t) dt: (3)

T. €. OHO CBOOMTCS K HHTErpaJbHOMY ypaBHeHMIO BonbTeppa 2-ro pona,
PacCMOTPEHHOMY BBIILIE. ' :

Eciu K(z, ) = 0, To MHOIAA GBIBAET MOJIE3HO €le pa3 npoauddepeH-
MPOBAaTh YPaBHEHHE (2) NozT UTH

3amevanue. Eciv K (z, z) o6pamae1cn B HYJIb B Hexoropoﬁ Touke 2 € [0,a],

HanmpuMep B TouKe & = 0, To ypaBHeHHe (3) nmpuobperaeT ocobble CBOMCTBa,
COBEpPLUEHHO OTJIIMYHBIE OT CBOHCTB ypaBHeHMA 2-ro poga. (Takue ypaBHeHMs
TuKap Ha3Bas ypaBHEHMAMM 3-To pofia.) 34ech BO3HUKAIOT OCNOXHEHHS, M0106-
Hble TeéM, KOTOpble ObIBaIOT CBSI3aHbI ¢ OOpallleHHeM B HyJib Koa¢dbHULMeHTa pH
cTaplueif Mpou3BOJHOI B IMHEHHOM AHdbepeHLHATbHOM YpaBHEHHH.
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Mpumep. PelwnTs UHTErpanLHoe ypaBHeHUe

i

/.cos (z-t)ot)dt=z. @
. 0 - '
[
Pewuenwe. (Dym(uml f(z) = z K (z,t) = cos (z — t) ynornersopsioT copmy-
JIMPOBAHHBIM BBILLIE YCIIOBHSM Henpepmmoc'm " nmbtbepeﬂuupyemocm
Tuddeperunpys obe uacTh (4) ) no T, NONYy4NM

z

¢(z) cos 0 — /sin (z-t)p(t)dt=1,

.0

zr -

ole) =1+ / sin(z —t)p(t)dt. . - )
R -0 . i - - )
VpaBHeHHe (5) eCTh HHTEIDAbHOE YPAaBHEHHE 2-T0 POJia THNA CBEPTKH.
IMpuMenss npeoﬁpasonanne Jannaca, HaMeM ero peme}me

o

-‘,._-. .-1

CI’ =

?)=+ 57
oTKyla . :

v +1 1 1 . 2
¢(p)=£z———=~+—.———°1+-—.
: P p P2
d>ym<mm so(z) =1+ —2— 6yzer peuxe}meM ypaBHeHua (8),a c:tenona‘renbuo, " ucxon-
HOTO ypaBHEHHS (4) B YeM HeTpyaHO yb6eAuThes Henocpencmem{on npoaepxoﬁ

3apaun Ansi CaMOCTOSITENBHORO PeLUeHNs

Penmts cremyiouue HHTeTpaJbHble YpaBHEHHs 1-To polla, MpeaBapHTENEHO cBels MX
K MHTETPaJbHBIM YPaBHEHUSAM 2-T0 poJa:

277, / e o(t) dt = sinz. . 278. / 3*to(t) dt = z.
0 ' T
2 ) . ' H . . 2
279. / alot)dt = f(z), f(0)=0. 280 f (-2 +f) o) at = 5.
0 ) 0
281, /(2 +2l ) pt)dt = 2. 282. /sin (z- tj o(t) dt = e 1,
0

0
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——

283 CBecm K ypaBHeHmo Bonbreppa 2:ro ponalypaBHeHue '

f?ﬁ%w)a-ﬂ@

B TpennosioxeHuy, uto H(z, s) u_f(z) Hel‘lpepblBHQ nndxbepeﬂuupyeuu f(a) =0,
H(a, a);’:OuO(a(l

-

§ 21. MH'rerpaanble ypaBHeHus Bonb'reppa
1-ro poaa Tuna CBepTKH

HUnTerpanbHoe ypaBHeHue 1-ro pona
z .- o .
[ K@=ttt =) (1)
0 - _

y xoTtoporo sapo K (z,t) 3aBUCUT LB OT PA3HOCTH apryMeHTOB  —t, GyaeM
Ha3bIBaTbh UHMe2pPaAbHLM YpasHeHUeM 1-20 pooa muna ceepmxu.

K 3TOMY Ki1accy ypaBHEHHMiA OTHOCHTCH, Hanpumep, oGoneHHoe ypaB- '
HeHue AGens.

PaccMOTpHM OOHY 3apavy, NPHUBOASILYIO K HHTErPAIBHOMY YPaBHEHUIO
BonbTeppa THIMa CBEPTKH.

Maraaux nokynaeT v npofaeT pa3nuuHsie Toeapsl. Mpeanonaraercs, yTo:

1) nokynka ¥ npoaaxa CyTb HenpepbiBHbie NPOLECCH, U KYNNeHHbie
- TOBapbl HEMEANEHHO NOCTYNAIOT B NPOAAXY;

2) maraauH npuobpeTaeT Kaxaylo HOBYIO NapTHio Nlo60oro ToBapa B TAKOM
KOnM4ecTBe, Kakoe OH MOXET NpoaaTb B NPOMexyTok Bpemenu T,
OOMH W TOT Xe AN BCeX NOKYMOK;

3) kaxpaas HoBas MapTva TOBapa pPacnpogaeTcs PaBHOMEPHO B Te4eHue
spemenun T'.

MarasuH HauMHaeT Npoaaxy HOBO NapTuM ToBapa, o6Lwas CTOMMOCTb
KOTOpOro pasHa eauHuue. TpebyeTca HaWTu 3akoH ¢(t), No KOTOPOMY OH
L[ONXeH NPOW3BOAWTL MOKYNKW, AN TOr0 4TOGLI CTOMMOCTb HAMUYHOrO
ToBapa 0cTaBanacb NOCTOSAHHOM.

Peuwenune. TIyctb cTOMMOCTD IepBOHayYajIbHOTO TOBapa, OCTABLIETOCH K MOMEH-
Ty ¢, paBHa K (t), rme
t
1- =)
K@) = T

0, t>T.

t<T,
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Ipeanonoxum, 4TO B MPOMEXKYTOK BpPEMEHH OT T 10 T +d7. MOKYNaeTCs TOBapoB:;
Ha cyMMy @(7) d7. STOT 3anac yMeHbLIAETCA BCJIEACTBHE NIPOJAXH TaKiM 06pa3oM, 4To
CTOMMOCTB OCTaTKa K MOMeHTy ¢ > 7 paBHa K(t-— 7) ¢(7) dr. Ilo3TOMy CTOMMOCTD
HEMPOJAHHOM! YacTH TOBAapOB, NMPUOGPETEHHBIX NyTEM MOKYMOK, GyleT K moGoMmy
MOMEHTY t paBHa '

¢
f K(t-17)¢(r)dr.
. 0
Taxum 06pa3oM, ¢(t) Z0KHa YIOBAETBOPATh HHTErPaJIbHOMY yPaBHEHHIO
et oL ‘
1-K(#t) = / K(t 1) p(r) dr
0

- MBI NONYYsIM MHTErpajibHOE ypaBHeHHe BosbTeppa 1:ro pona THma cBepTKH.
Nycte f(z) u K(z) — byHKUHH-OPUrHHANH, H TTYCTD

1(z) = F(p), .
K(z) = K(p),
() = B(p). !

INpuMensgs K o6eMM YacTAM ypanHemm (1) npeoﬁpaaonanue Jlarmaca " ucnonbayx
TeopeMy O cBepTKe, GyaeM HMEThb . o e

| E(p)-2() = F(p),
OTKYaa : o
| @(;»)e% (B (p) #9). .0

Opurmlan <p(:t) s byHKimn ®(p), onpexensieMoi paBeHCTBOM (2), 6ynetT pelleHHeM
HHTErpaIbHOro ypasHeHus (1). _ >

" flpumep. PewnTs UHTerpantHoe ypasHeHve
z . L o I L
/ e to(t) dt = z. I (3)
0 .

PeweHne. I'Ippmemm npeoﬁpaaonamie Jlarmaca X o6enM qamM (3) noxytum

—‘I’(P)
oTKyza
. Cop=1 1 1
d(p)=e = = = =]~
¢) = pPop P

DyHkums ¢(z) = 1 — T ecTb pellleHHe YPaBHEHHS (35. >
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3ap.atm Ans. cauocromenbuoro peweuun .

AL

PCI.HHTL HHTCI‘paJILHbIe ypaBHCHHHJ

284. / cos(z—t) go(t) dt = sih .z;l ‘ 285.- / clz"go(t_)‘.d‘..g"-i% shz. |

0 C e T T iy

286. / (z —t)"%p(t) dt = 2°2. - 287 f e2(“')¢(t) dt ='sinz.

o ' o :
288. fe”‘qp(t) di = 2% 289. /cos (z—t)p(t) dt = zsinz.
0 : e ' 0 ' )

290. / sh(z —t) p(t) dt =2, 2'91: . / Jo(z —t) p(t) at =sin£.
0 ’ . -0 .

292, / ch(z —t) p(t) di = z. 293 ‘/.cl:os (z—t)p(t) dt =z +2°.
o s 0 - * I-

w8,

204, f(:*-:=)p(:)aé= 299 j(z’ 4zt+3t’)¢(t)dt-—..
0 .

296. % / (zi — 4zt + 3t%) p(ti dt'= zi.}‘; (2\/5) .
o ; . .

z3

297 /(z -2t) <p(t)l' dt = -

38M¢qarmé. Ecmn K (:c, z) K (0) % Q, 'ro ypaBHe}me (l) menouo HMeeT
pemem{e B 3anaue 290 sapo K (:c ) o6paulae"rcu 'roxneCTBeHHo B HyJIb IIpH
t =z, Ho TeM He MeHee pemeﬂne 3TOro ypaBHEHUSA cymecmye‘r
oo . . Vo
Kax yxce OTMC‘IaJIOCL BRILLE, HeoﬁxonuMoe ycnonue CYIHCCTBOBaHPlH
HCI]pCprBHOI‘O peleHus HHTel'paJ'leOI‘O ypaBHeHmI BHIla

; (z _ t)",_-l

m?(ti dt=f(m) | f4j
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COCTOMT B TOM 4ro Q)ymamx‘ f(z) HMCCT Henpepbmuue npc'uaﬁom&bze i (4} ‘n-m
TOPSIKA BKAIOUMTENLHO, U BCe ee n—1 nepnmx nponsnonnmx oﬁpama}orca
B HyJb pu. & = 0. i :
3TO0 «MOJEAbHOE» ypaBHeHue (4) yKa3miBaeT Ha Heoﬁxonnmocm corjaco-
- BaHWs NOPAIKOB o6pallielvis B HYb. supa Npu't = 2 ¥ npasoit yactn f{z)
npu =0 (npeBbuueHue JIOIDKHO 6blTb 3a npaBoi l1ac*r1>1o no KpaitHé# Mepe
Ha l). ’

PaCCMOTp“M HHTerpaanoe ypaBHe}me 4o
Py

/ (z - t) o(t) dt = z. (5)

.. oL

311ec1; f (:z:) =z, n=2 Oqum{Ho f(:z:) nMeeT npouanonnme BCEX nop;mxon

HO ee mepBas npousBofHas f (:z:) 1 # 0, T.e. Heo6xozmM0e yCIOBHE
He BBIMOJIHSETCA., |

Hpumemm cbopmanmo K oﬁcum yacTaM ypaBHeHm (5) npeoﬁpaaoBaHue

Jlannaca, nojayyum
it 1
Rt At

B(p) = 1.

910 ecTh H3obpaxeHue - II)YHKI.IPIH 6(z).
Hanomuum, yto

OTKyHa

6(3)#1 5"")(3) p .

— leJyioe > 0. : " :
Hrak, pemenne um‘erpanmoro ypaBHeHHﬂ (S) ecThb 6 ~¢>ym<uml

p(a) = 6(z). .

B 3TOM MOXHO yGeMMThCS HEMOCPEACTBEHHOM ITPOBEPKOM, €CIIH YUeCTh, YTO
cBepTKa 6 -QyHKIUMH CO BCAKON rmun('oﬁ ¢dyukuueir g(z) onpenensercs Tak:.

| y(rc)*&(z) 9(2), e
B9 rgle)=g¥e) (e=12,)

B camoM nene, B HalleM cnyqae b(z) (:c) =zu

/K(a: —t) J(t) dt= K(.'z:) =z

Takum oGpa3oM, pelﬁe}me ypaBHeHuﬂ (5) cymeCTByeT HO yXe B KJlacce
06061eHHBIX QYHKLHUA.
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3anaum ang camocrom'enbuoro pemeum N3

Peunn'b HHTeI‘paJIbeIe ypaBHeHua I
. . z . .
298. /(a: -t)pt)dt =2* + 2 - l 299. /(z —t) p(t) dt =sinz.
0 0

300. /(a: — )ty dt =2 + 2. 301. /sin (@—t)p(t)dt =2+ 1.
° 3 .

0

302. /sin (z—t)p(t)dt =1—cosz.

0

HHTerpanbHble ypaBHEHHS 1-10 poJa ¢ jorapupMHYECKHM SAPOM

[em@-va=1@), 10=0 ©)
0 N

TaKK€ MOXHO pellaTh ¢ IIOMOLIBIO Tipeo6pa3oBaHud Jlamnaca.
H3BecTHO, YTO

. T(w+1) :
= —W (Rev > -1). 7)
MpoanddepeHLHpYyeM COOTHOLIEHHE (7) mno v:
1_dr@+1) 1.
v -
T ln:z:_puﬂ o p”+ ln;-F(v+l),
WK
dT'(v + 1)
T(v+1) d 1
z’Inz = L4 In-|. 8
ne= =g T+ 1) M ®)

Mpu v = 0 umeem (3anaya 44)

F'(l) N .
™

H dopmyna (8) mpuHHMaeT B

— nocTosiHHas Ditnepa, -

lnp+'y L

lnz:-( 'y “Inp)==— 9
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= T R e T i,

Mycte ¢(z) = &(p), f(z) = F(p). TIpuMeHss: K -06enm: qacTﬂM (6)
npeobpa3obanue Jlanaca u ncnonbaya dopmy.y (9) nony'mm

-@@) = F(p),

Mp+7

OTKyHa
pF(p)
B(p) = — il _
(p) hp 7 | -
3anuem $(p) B BuzE '

P’F) - £'0) _ £(0)

®(p) = - g (10
(?) p(lnp+v)  plnp+7) - S e
Tak xak f(0) =0, T0 _ _ '
PF() - 1'0) = f"(2). (1)
Bossparumcs k dopmyse (7), 3anicas ée B Bune P
2’ 1
—_— (12
I'(v + l) "+‘ ( _ )
IIpouHTerpupyeM obe yacTu (1_2)_ l'I_O v B npezenax or 0 ziq 0. Monyunm
() B 00 o . o I
/‘ ¥ . /‘ dv 1
———dy = | — = —.
T'v+1) . “pvtt plnp
0 0
ITo Teopeme nonobus
[o.¢] - .
zva™" dy = 11
T(v+1) 7 pln(ap). p(lnp+Ind)’
Ecau nonoxuts a = €7, To
- 1 . )
/ ol dv = —_— (13)
- Tw+1) p(lnp+7) }

Bocnosibyemcs paBéHCTBOM (10). B cuay (13)
| £0)
plnp+7)’ =10 )/ T + 1)

YyuTeiBasg (11) u (13), nepnoe CniaraemMoe NpaBoi YacTH (10) MOXHO paccMa-
TPUBaTh KaK MpPOM3BENCHNE m3o6paxenuit. JU1s HaXOXIEHHs €r0 QPUTMHAIA
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- e ——

LA

BOCHO)IbSyeMCﬂ Teopemoﬁ o cnepTxe

2F 0 _ t v —1w ' v
() - 1'0) / ro ( / G-y ) i
(lnp+'r) STt 1)- 1) 3
Tang ob6pazoM, peu.le}me <p(z) m—lTerpaanoro ypaBHe}mﬂ (6) 6y11e'r HMETb
BuUI Al

¢(.%-)="— / "f”('t)( ﬁf'r{—);-l)i )‘“‘f “’)/ r(y ::)

-,(7 — NOCTOsSIHHas St.nepa)
B YaCTHOCTH, TMPH f(z) =z nonyun

‘st’(ﬂ=)=-"'I ﬁ;‘_;-i-)'df' o
§ 22 MHTerpaanble ypaaueuun ¢penronbMa
1-ro pon,a '

I/IHTCI‘paJIbeIM YpdBHEHHEM. <I>penromma l-ro pona HaBHBaeTCSI 'ypas-
HEHME BHIA

|

' / K@,t‘)‘q,(t)-azs:f(z), | o

HE coz(epxamee HCKOMOM cbnym—m o(z) BHE mnerpana
Bompoc o Pa3pELIMMOCTH TAKUX YPaBHEHHH £O CKOJIb YTOIHO «XOPOLIMM>
anpom K (z,t) u npaBoit 4acThlO' f(T) COCTABIAET 3HAYUTENLHBIE TPYIHOCTH.
PaccMOTpUM, HANpHMED, YPABHEHHE . '

| / (e’ + ot* +t3)go(t') di ¥siﬁz. a )

JIerKo BUJETD, qTo Hpﬂ .moﬁoﬂ Henpepblm{oﬁ (pyﬂkmm go(t) JieBasi 4acTh (2)
: (nocne BbIl'IOJlHeHPm mrrerpnponanml) npenCTawmeT coﬁon MHOTOYJIEH BHAA

P(:c) Ag? +B:c+C

KOTOpBHIiA HH npn KaKHX 3Haqeﬂmx xosd)dmunemon A B C He paBeH ToXae-
cTBeHHO Ha [0, 1] dyHkuuu.sin z, — npasoit, uacty (2). CrenosatesnbHo, 310
ypaBHEHHE B K/IacCe MHTErPUPYEMBIX Ha [0 1] (byHKnnﬂ DeLUEHHA He HMeeT.
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Teopema l'lmtapa Humeapa.abnoe ypaanenue ¢peaewzma l-eo paaa umeem -
peweHue, u npumau e&uutmaenuoe, 6 kaacce Lg(a b) €cau eiNoAHAIOMCA
yeaosus: . e U

'-.'a-
\ R

b ..
1°. }I()po K (z, t) — wmecmeeunoe cmempuunoe o
2 Pﬂa

ZAJk L ' (3)

ﬂalmemcﬂ cxaaﬂugumcn 3f3ec5 Ak~ xapalcmepucmuuecxue uycra Adpa
K(z,t) - :

Ji= / @@ @)

2de pr(z) — co6cmeenﬂue d)ymcuuu A0pa K (:c t), coomeemcmeyrousue
xapaxmepucmuuecxm wucaam . -

¥, Cucmema cobicmgennux d)ymmuu {tpk(m)} nOHAA Ha {a b}.
Pewenuie ypaenenus (l) 8 smoMm cayuae npeacmaeumo ) auae

K ble) = S nshiiter - )

Npumep 1. Pewwurb umerpanbnoe ypaaneﬁne.tbpenro,nwa 1-ro pona

| f K(2,2)p(t) dt =sin’rz, 6)
roe : N e
(1 a:)t t<'a:,l"_ L
K(xt) { 2(1-t); a:<t<l L
Pewenme. Xapa‘xrepthﬂqux;{e wicmasagpa (7). - '
' ,\1 ._1r . (2ar)2 ces Ae=(mEP,

a coormmyronme HM coﬁcmeuuue dJYHKIHH
pife) = fsmfra:, oaz) = \/—sm2rz§ . w,.(:c) fsmmm, (8)

Ins Buxcnenmx BOTpoca o paapemuMocm ypasne&mn (6) 11pH unaunou ¢>0p-
myniott (7) sanpe K(:c, t) socnonbayemcﬁ TeopeMoi Tuxapa. VYcnoeHe 1° TeopeMsl
Mukapa, oueBuAHO, BRINONHsiETCS: AP (7) BelileCTBEHHOE ¥ CHMMeETpPHYHOE.

. TIpasas HacTh, ypanHeHuﬂ (6) MOXeT Gm npencTanneHa B Bz

e § g _3 . ] . . : -- :
© 8in __11’;;_= Zsm Tz — --jm 3zt

TR PR
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HJIH, YTO TO XK€, LIVTRIAS LA ST R {¥5¢$ A

;.“

Hom
sin*rz = T(ﬁsmm:) 7(\/ism 31r:|:) Wyl(a) —75:%(2)’ oy

rae sol(:c) H p3(z) — coﬁc‘rBeHHue GyHKuMH 13 CHCTCMH (8). 3Ha‘m'r,
H -. ._l- ' e

f(z) = sin 31r:z

HMeEET Clleaylolue xoatbdmuuemu pasNioXeHHs 110 GYHKUMAM CHCTeMBI (8):

f 4—\7—5 .0, f3-=—-‘/—i =0 (k 4).

Psn (3) B NaHHOM cnyqae CBOAHUTCH K KOHEYHOM CyMMe

E,\kn ( ) (n)? +( 4\/_)2(3’1#)2 ‘:—:w‘..

3HauMT; BHIIOJIHAETCA U ycioBue 2°. :
. HakoHel1, CHCTEMa COGCTBEHHBIX yHKLIMHA (8) ABNSAETCS nomloﬁ OPTOHOPMHPO-
" ‘BaHHOIt cHcTeMoit Ha [0, 1], Tak YTO BEIMONHEHO M ycnosHe 3°.

CornacHo Teopeme ITnkapa ypaBHeHHe (6) MMeeT eXMHCTBEHHOE pelleHHe, npex-
cTaBuMoe B Buze (5):

, plz) = .(\1f1$0|(3') + Aafyps(z),
YTO B HalleM crydae Jaet - '
» ._
p(z) = —(sm 7z — 3sin37z). D -(9)

HenocpeacteeHHo noncmuonxoﬂ ybexnaemcs, 4To peweHue (9) Hait-
ZIEHO BEPHO.

Tpe6GoBaHue noHOTH cUCTEMBI cobeTBeHHBIX DyHKUMit {@y ()} B Teope-

. M€ Huxapa ABIAETCH cymecmem{bm HoxaxeM 3TO Ha CJIeYIOIIEM NPHMEDE.

npuMep 2.
1 S
1 - )
/ to(t) dt = 3 (10)
. 0'. I. ! I
Pewetue. TIpuMeHsss UINOXeHHDIt B § 10 METOX OTHICKAHMS XapaKTEPHCTH-
, 9ECKHX YHMCEN H COGCTBEHHBIX QYHKUMH, HaXOAHUM, YTO XapaKTEPHCTHYECKOE YHCIIO
' DaHHOTO sapa ectb A =2, a COOTBETCTBYIOLIAs, EMY coﬁcrneﬂﬂaﬂ dynkums P(z) =1,
SIcHo, uTO «cncreMa» COBCTBEHHBIX q)y}mmﬁ cocTosiliass M3 OOHOM TOJIBKO
oyHkuuu ¢(z) = 1, He sBasercsa monHo# Ha [0, 1]. ITostoMy Teopema ITnkapa
"‘He rapaHTHpyeT, YTo peleHHe ypaBHeHUs (10) GyaeT eAMHCTBEHHEIM.

HenocpeacTBeHHOH MOACTAHOBKOH y6exaaeMcs, 4To pelueHussMH ypaBHeHus (10)
. 6ynyT, HanpuMep, JMO6ble TpEXWICHb BUIa

cp(:c)—x+aa: + Bz?,

eci KoaHUMEHTH a 1 B CBA3FHBI ycnosueM Sa + 408 =0,
OyeBHaHO, Bce TakHe pellieHHs: npuHaiexat L, (0, 1). >
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3anaun anNa CamMOCTONTENbHOrO pelwenus L b

BuIACHUTB, KaKHe #3 naumd'nﬁréx‘panmux ypaBHeﬁﬁﬂ baiibemp;uw SR
2z

303. / (32 -2)t¢(z) dt=24 -1 304. f cos (z + t)p(¢).dt = 7 cosz.
0

P . N Y

. t(w-—z)
. r . 27 ogigze,
305. /K(:c,_t)w('t) dt =3sinz —sin3z, rme K(z,t)={ . T .
: “- o f(l.'-—), st
r
MeTog nponasoaaumx ¢yhkquﬂ
CDnyuuﬂ G(m t) Ha3LIBAETCA npouaeoazuqeu AISL CHCTEMBI (byHKmm "
yo(t) 91 (t) -z,yn(t) S €1
; G(m, t) = Ecngn(t)z"’, (12)
n=0 o e
rae ¢, — IOCTOSAHHELIC.
HYCTB HMEEM HHTerpaJleoe ypaBHeHHe
f KetpOpdi=s@

B xompom sanpo -K(z,t) ssnsercs npouanonmuen q;yuxuuen G(:z: t) s
HEKOTOPOH JeHCTBUTENLHON M OPTOrOHATLHOM € BecoM p(t) > 0 Ha  MHTepBae
(a, b) cucreMbr dyHkuui {gx(f)}, ¥ nycrs f(2) aHaTMUTHYHA B OKPECTHOCTH
Touku z = 0. BymeM wckaTs peleHue ypaBHeHnus (13) B Buge

=S aae (9

e a; — HEKOTOpbie HEM3BECTHBIE noc*rosmm,le l'IoncraHonxa (12) ] (14)
B (13) HaeT B cmy oprorouanbuocm {gk(t)} )

§ )c,,a,.ngn(t)n-z = f(rc) L as)
e n=0 .- ' P T
rae

) . b : ’
s = [ giopn e



140 - .- InaBa 4. VinTerpancHoie ypasrenus 1-ro.po8a . ., ;

H_:! (15) Haxomum : ) A L
. (".)..0,_ : |
= —f—-g-)-z- n'= 0 1L 2.
inlcallgall?”

ToncTapnss 3TH 3HaueHHS ay,, B (14) nonyqaeM MCKOMOE DEILIEHHE, KOTopoe
B Cilyyae MOJNHOTHI cucreMm (11) ‘6yner- €IMHCTBEHHBIM.

_MNpumep 3. PewnTb UHTErpanbHoe ypaBHEHME -

t df
VL Y (16)
1+22—- 2:z:t
Pewenne. Oyukums .
G(z,t) = —=
Gi + 2 — 2xt
ABJIAETCA TPOM3BOASALIEN U1 ToMMHOMOB Jlexanapa P,(t): oo o
G(z,t) = EP (t)z , (17)
n=0
WUmewm pewense ypasHennus (16) B une
 plz) = Za.P(z) . (18)
=0
Toxctarnsas (17) u (18) B (16) u y‘m‘rbmaﬂ, 4TO . o
||P,.|| =mIi .
6yneM UMETh
Z ‘"=z 4+ 1.
et 2n+l s L Tl e
13 S -
O'rc1011a G0=3 0 =3,0:= 0 (r”;;, 2). IH\T_aK,_pelll_IeHP[@_IlaIH_HvO,I‘?_ YpaBHEHHs
3
Be) = 3R@) 3P = 5 4 n B

Npumep 4. Pewmts MHTerpaanoe ypaBHeHue

—-zt/(l —-z) -_ B
L ety dt=1-z, fel< i C(19):
/ ——e o) el < 1. (19)
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~ Pewenne,  Oymams K o R
—zt/(l-z) '
G(:c t) = ———-—z—-\
SAIBJIAETCA NIPOU3BOASALLEH d)ym(uueﬁ nJm TONMHOMOR tIe61>une13a—.rlarcppa L,,(t)

6= 2 L,,.(t_)z". o '(295
Pemenue ypaBHeHHs (19).nmém B BHIE
sp(t) = ): akLk(t) ' (21)
£=0

Moncrasnas (20) u (21) B (19), NORYYHM

[~ J : . o - . I n
/ Z e L(t)z" - Z aL,L,,(t) dt=1-gz.
0

B cury OpTOI‘OHaJlLHOCTH nomu-louon ‘Ieﬁumena—nareppa c BecoM p(t) =e H_a' HH-
epsatie (0, co), Gysem umeTh <. R

m. ) v ’ . ' .
E(nl)zz"izﬂ =1l-z : (22)
n=0 ' ) ' .
3nech MCTIONBL30BAHO TO, YTO
.- & - . )
WL = / e LA (t) dt = ()
' . * a . ' .
TpupaBHUBas x(_)atbdmukei{mt TipH OIMHAKOBHX CTENEHAX T B JicBOM-i- ipaBOH
uactax (22), HafieM @ = 1, @ = —1, @, =0 (k = 2,3, ...), CnenosareiibHo,
_ p(t) = Ly(t) — Li(t) =1 — (1 - t) =¢.
Hrak, :p(t) =t. : ) . L >

3apaun AN CaMOCTORTESILHOrO Peilienn

MeTO00M NPOH3BO S d)ymumﬁ 'pemn'ljb MHTETpaibHbIE YDaBHEHHH:

] oo L .

. p(tydt - o(t) dt 1
. 307. T L
306 /71+§-—2z -2 . 307 1 Vi+gi-22t l-=z _

308. [ ﬁ—e*wa) =2~ =




3
e

WnrerpansHoe ypasHexme ane"Munbxa I e I

-, Hnmezpassnom ypasnenuem Lrémumwxa HasbiBaeTCs ypanuei-me BHIa
' 5 /2
flx) = - / o(x sin:6) do, (23)
0

rae dyHkuus f(z) MMeeT HenpepHIBHYIO MpoH3BoaHyIo f'(z) npyu —7 <z <,
a p(z) — HeusBecTHass QYHKLHMSA. .

" - TIoKaXéM, 4TO ypaBHeHue (23) MMeeT eqUHCTBEHHOE Henpepbmﬂo nmp-
depeHumpyemoe Ha oTpeske ~1 < T K T peme}me a MMEHHO:; :

/2

'tp(a::) = f(O) + z/ f'(zsin 6) do.
' 0

H3 ypaBHel-mn (23) Haxomum
_ -2 . o
0= e w=p0), w90 = 10)
0
Auddepenunpys no z obe yactu ypaBHeHHs (23), MOTyIUM

/2
fl(x) = ; / ¢'(x sin @) sin @ dé. (24)
0
3ameHum B (24) = Ha Tsiny: -
- . 1r/2
f(zsiny) = - / ¢'(zsin ¢ sin 0) sin 4 dé. (25)
: 0 -
VYMHOXUM 06e yacTH (25) Ha T M TMPOMHTErpUpyeM IO 3 B Mpenenax or 0
i3 g' '

x[2 : 7 1/2 s ' o
/f(zsnn¢)d¢——/{/ .(zsim,/;sino)sihbdé} dy.

Mensis TOPSIOK MHTeI‘pHpOBaHPIH B NpaBoi 4acTH nocnem{ero PaBeHCTBa,
GyneM UMeTh

x/2 /2 x/2

/ f(asing) dy = 2 f { / ¢/ (z sin  sin 0) @émp} d6.  (26)
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oy e T e

BneneM HOBY!O TIePEMEHHYIO 110 d)opMyﬂe A R

.siny =sinésiny, - - - - o (27)

OTKYyza :
cosxydx = sin§cosy dy,

TaK YTO cos X
,—----dx—smﬂdwp : B
cos ¥ x
Tpn ¥ = 0 umeem siny =0, T.e. x =0, anpn«(l—--— nonyun x—0
TakuM oGpa3zoM, paBeHcmo (26) MPUMET BUA, .

/2

/ f(zsiny) dy = / { f “"(“i“")"“" dx}dv (28)

B cuny coorHomenus (27) nmeeM

i 1 oy — 2
Si“"’=§sli_;%’ oo \/sma smlx \/Eosx %

1"4

Puc.7 - ’ o
MMoacrasnss (29) B mpasyio YacTh (28) u MeHsas mopszox HHTC!‘pHpOBaHHﬂ
(puc.7), nony'mM

(2 si 0 iné .
¢'(z sin x) cos x sin dx}dﬁ;

\/cos 2y — cos 26

x/2,
=2£/- { /‘ (p'(&??il‘lX) COISXS.inIa_dg}d'x,_; (30)
L ;;cosix—cos o

8
\
"’:.
—
B
=@, .
=]
A
~~— -
>y .
<
|
) N
18
—~
o~ .
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HmeeM . o RN .---,‘.:-n-?: ,—:~,m, N CRNCTIEE 3.0 -3
/2

/ sih @ dé . cosé
= — arcsin
;;oos ix ~- COS iﬂ COS X |g=y

X - , : T

a_ .

1/2 . ! o

= arcsml = —
2°

TakuM 06paszoM, cooTHOWeHHMe (30) TPHHUMAET B

© %2 /2 S ' _
T / ['(zsiny) dy = :c/ Q'(zsiny)cosydy . (1)
_ 0 _ _ 0 L .
Ho
xf2
T / ¢'(zsin x) cos x dx =
5
x/2
. . x=%/2
= / dy(z sin x) = p(z sin X)|x=o = p(z) - ¢(0). (32)
0

3ameuas, uto ¢(0) = f(0), u3 (31) 1 (32) OKOHYATENBHO HAXOAUM

/2
ola) = 10)+2 [ f(asiny) ay. ()
_ 0
Mpumep 5. PewnTb ypaBHeHue
x/2
= % / o(z sin 6) dé. (34)
0

PeuieHne. Ypasuenwue (34) snnsercs ypaBHeHHeM Linémunbxa, tae f(z) = 2,
a 3HauuT, f(0) = 0. Haxoaum npoussoanyio: f (z) = 2z. pumenss (bopuyny (33),
Ha#iaeM
xj2

p(z) ==z / 2z siny) d

0

0:22’

OtseT: o(z) = 22°. :
HenocpencTBeHHOH NOACTaHOBKOW GyHKUMH- p(x) = 2%* B ypasHenue (34)
y6eXnaeMcsi, YTO OHa SBIAETCS €r0 PELICHHEM. >
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3apaum Ana caMOCTOSTENbHOrO PeLeHns

PeluuTh CllenylOmMe HHTErPaNbHble yDABHEHHS:
: Y . x/2

I, 2 o ; 2
309. 1+z= ;/ga(zsine)de. 310. 322+223=;/¢(zc059)d0,
0 Coa Lo -0 '
x[6

311, 1+22= %/,ga(.:c_sin 36) do. .
! / # _




r.nABA Y

Mpu6nuxeHHsie "&erd,dbi“""
5 - peweHns1 ypaBHeHmi

§23. 3ameHa 8Apa UHTErpaSILHOFO yPaBHEHUA
Bblpoxmeﬂubm ﬂApOM '

Iycts HMeeM HHTerpaanoe ypaBHeHHe '

pl@) = £(z) + A / K(z.t) plt) dt (1)

C NPOM3BOJIBHEIM siipoM K (z, t). IIpocToTa HAXOXAEHHS PELICHUS YPABHEHHS
C BHIPOXICHHBIM AIPOM (CM." § 9) €CTECTBEHHO NMPHBOMMT K MBICJIH O 3aMe-
He J8HHOTO NMpOM3BOJABHOTO Anpa K(z,t) npu6IMXEeHHO Ha. BHIDOXIEHHOE
L(z, t). B 3ToM ciiyyae pelueHHe $(T) HOBOrO ypaBHEHHSL.

b
#(e) = 1)+ [ La ) o)t

NPMHUMAETCS KaK MPUGMDKEHHE K PEIIEHHIO ¢(Z) ucxomHoro ypapHeHus (1).
B kayecTBe BoipoxaenHoro supa L(z, t), 6:mskoro k nanHomy K(z, t), MOXHO
GpaTk oTpe3ok psna Ternopa wist oynkunn K (z t), orpesok pama Pypee wsa
K (z, t) no mo6o# nonHok oproHopMupoBanHo# B L»(a, b) cucteMe dyHKLMit
{un(z)} ¥ T. 1. YKaxeM HEKOTOpBIE OLIEHKH MOTPELIHOCTEN' B pememm (1),
BO3HHMKAIOIMX OT 3aMEHBI JaHHOTO SApa Ha BHIPOXIEHHOE.,

Mycts nausl a8a snpa L(z,t) u K(z,t) u usBectHo, yto

5
/}K(z,t)—L(z,t)|dt<h

U uTO peaonsseﬁ'ra Ry(z,t; )) ypaiakemm c ampom Lz, i) yIOB/IETBOPSIET
HEPaBEHCTBY

b - .
/ |Ri(z,t; A)| dt < R,

a Taxoke uto | f(z) — f1i(z)] < n.'-Torna, €CJIM BHITIOJIHEHO YCJIOBHE

1= DB+ N R) >0,
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TO YPABHEER . ypvras opgey o B ?3 |
o @(a:)‘a&%f R(z 8 plydts j'(:z:) e
MIMeeT eNUHCTBEHHOe pellieHne () M Pa3HOCTh MEXIY STHM pellleHHeM
i pemeuueM gp(a:) ypaBHemm T .
U RaE o e PSR
Blz) = mxm f Lzt Ft)at
R
) a -

_He TIPEBOCXOUT
F v

! . o ;.2_..
Iw(-’v) @( )l NIA[(1+|AIR)h

mh(l + l,\m) ’7’ __

roe N — Bepxmsist rpal-mua ]f(a:)I s T T
Ans BHIPOXAEHHOTO aupa L(a: t) pesonwem'a Rz(z /\)‘HaXQMf_I‘?ﬂ
MPOCTO, @ UMEHHO, €CIIHN " e ! S Lo

I, t) = i Xi(z) Te(t),
=1
‘TO,‘HOJI-aITaﬂ B Lo B ‘j'll o L
/ X#“?),Ts(-@):_;i-’zbb——? fz'._kQ
In'onlyqae'M CorL o T
. R;,(:v t A) D; :)A)

rae . ,'
' o X4lw) s Xal@)
D(e 4 .\) i) 1-Aey ... =Aawm

IR N R N N N I Y

To(t) L 1= A |

l‘.e\‘!u\..- c=Aap —Aay,

. L Y F T EI R AES
B T P T S Y .
=Atg) =Afgz’ ... 1= AGpn

KopHu D()) cyTs xapame"ﬁﬁcmﬁeéxne gHena ;’m’ba L(z,t).
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" IlpuBeneM ewe omHy oueHky (A =1). Myers -~ - - oeied
K(z, t) = L(z,t) + A(z, t),

rie L(z, t) — BBIPOXIEHHOE ;mpo a A(z,t) umeeT Manylo HOpMY B HeKO-
Topoit MeTpuke. Ilycts, nanee, Rk(z,t), Ry(z, t) CYThb Pe30MbBEHTH smep'

K(z,t) u L(z,t) cootserctsenno. {All, {[Rkll, HRLH -~ HOprI oneparopos
c COOTBCTCTBYIOIHHMH sapamu. ‘Torma :

e — @11 < Al (1 + IRl (1 + ||RL||) 171, Q)

npuyeM HopMma B opmyne (2) MOXET GBITh B3ATA B IOGOM BYHKUHOHANBHOM
npoctpaHcTie. 11 HopMbl pe30bBeHTH R mg6oro sinpa K (z, t) cnpasewinsa
OLIEHKA .

v K
IR|| € ——=-
- WiIsTeRTETr |
Tpu 3tom B npocTpanctse C(0, 1) HempepbiHbIX GyHKLMI Ha oTpeske (0, 1]

]

) 1
Il = max [ 1K@, o)1 at
0<z<1 2 :

71l = max If @)

B mpoctpaHcTBe (YHKIMHA, CYMMHPYEMBIX C KBa,hpaTOM no 2 {a <z

t < b},
b b
1K} < (//;{2(:5, t) dz dt)m,

11l = ( j ) dw)m.

Mpumep. Pewutb ypaBHeHue

p(z) =sinz + /(I — z cos zt) p(t) dt,

3aMeHUuB ero RAPO Ha BbiPOXaeHHoe.

Pewetrue. Painaras s paa sapo X (a:, t)=1= & cos zt, no}ryquu

z3t2 z5t4 - .
f)=1- —_———
K(a.' ) = 1 o+ = TR 3)
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Bo3pMeM B KauecTBe BHIPOXIEHHOrO sfpa L(Z;t) neppbie TPY YjieHa PARIOXEHHS (3):
‘ - 352 ; -
S z
Lz;t)=1-z+ -

u Gy/ieM pewaTh HOBOE y'paBHégmq

S SINEPNEPENEE . L
¢p(z) =sinz+ z+ —= ) §(t) dt: o )
. =i [ (1o )
Hs (4) nonyyaeM _ . . ,
' . @) =snz+C(1-2)+C’, L 6)

rae

a=[#0a =3 [iswa. GE

0 o .

Tonacrarnss (5) B (6), mosyunM c;uéremy Jilsb onpénené}gnﬂ C, u C;. Umeem

C = /[smt+Cl(l—t)+Czt3]dt——CI+ -Gy +1-"osl,

. .

. ] 1 1 :
/ [Esint + C (£ - ') + C;t°) dt = -2-£C|+-1—2C1+sinl =1+ cosl,
0

Nl'—"

HIIH
! C ! C;=1 1
2 1 4.2— -(‘:OS.,-
11 1
- —Cy;=sinl + = I-1.
24C|+1202 sin +2cos 1
Pelnas 31y cucTeMy, Haitnem
C) =1,0031, C,=0,1674,

a Torna : T
P(z) =1,0031(1 - ) + 0,1674z° + sin .
TouHoe peweHne ypaBHeHnus ecth p(z) =1. .~ - >

OuenuM Teneps ||¢ — @] mo dopmysie (2). B merpuxe n'poc*rpch*ri';a L,

MOJIYYUM .
. i . .

§ ' 7o

Al € =1 "“t‘da:cu} = ——

I Ilsﬂ{e/of*_ _ 72\/_
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H

1Kl < {ff(l—mszt)’dw}

1 1 5\'?
{Zcosl——cos2+—sm2—g} <

wiw

3

8 16

. | 1 : Sy 2 \/—5’ 3
“’*“4//("““) "”‘} 6y
0 0. o :

! 112 .
\/,- 2 3
||f||={/_si_n2zd_z} = 2 = <3

2
S0 .
HopMmur Pe30NIbBEHT Ry u Ry, ouenum o (bopmy.naM .
K| L
IRxll € — = . lIRLll < YA
Fll< =TT A TV 7]
3

- T |A| = 1. 3nauwur, ||Rx|l <€ -2-, iRzl € E,a TOTHA .

1 3 3\ 3
lle - f.?ll <= 238 (1+ ) (1 +5) 3 <_0,016.

3anaum AnS CaMOCTORTENLHOrO PelLeHns

HafiTi pelleHHs HHTETPANBHERK YPABHEHHH c TIOMOWIBIO 3aMEHH spa Bupoxne;}mbm
M 3aTh OLEHKY MOIPEIIHOCTH PEUICHH.
312. p(z)=¢ —z ~ / 2(e™ - 1) p(t) dt.
; S
313, p(z) =z +cosz+ / z(sin £t - 1) p(t) dt.
0 .
314, gp(z) = %(::"ZZ +3z-1)+ /(e’th -1) z:pkt) dt.
0

1
315. ¢(z) =§- + % sin& + /(1 ~ cos t?) z¢p(t) dt.
S
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§ 24. 3amena mrrerpana xouewnou cymmou

I'chrb HMeeM HH’!‘CI‘paJIbHOC ypaBHel-me (bpenronbma 2-ro pona

R j Ko, 0p0) dt= 1(2), )
roe K(z, t) uf (:c) HMCIOT Henpepunﬂme npousBonHHe nyl-loro nopsinka,
A — 3anaHHOE qncno S N A

BoapmeM xaxyxo-:mﬁo xnanpaTypHyio (bopmyny
L '
’ / :c) dz =~ ~ Z Ak@ 3/,) (2)
k=1

a

roe Ti,T2,...,Tn — a6cmicé"l;l'roqe'k' o*r'pe"aka a, 'b];-;a-i:'xoé'(b(bﬁiiﬁe'mfu
Ay, Ay, ..., Ay, He 3aBHCAT OT BHAa byHMmy <I>(a:) e
Honarax B YPaBHEHUH (1) T =Ty (k =12 ..., n) Tioayunm

e

p(z) - A f K(wk,t)«:(t)dt- (zo n )

HHterpan B nenoﬁ yacTH (3) 3ame}mM cymmoﬁ v nomouxblo xaanparypﬂoﬁ
dopmynsi (2):

P} =AY AnK (ks Sm)p(@m) = f(er)s k=152, civn (4
. oo -m=t St I T R oo .

CucreMa (4) ecTb UHeMHAs CHCTEMA N, ayireGPanIeCKNX YDaBHeHHUM C 7 He-
M3BECTHBIMH P(Z1), P(Z3), ..., P(n), Korropue SABJISAIOTCS NMPUOTIKEHHBIMU
3HAYECHMSIMM DEIEHUS P(T) B Y3MAX Ty, T3, .5 . , Ty 34 npubAMKeHHOE peilie-
Hue ypaBHeHus (1) Ha oTpeske [a b) MOXHO NMPUHSATS, (bymcumo

B(z) = <z>+AZA K(e, gm)e(@n),. o
KoTopasi IPUHUMAET B TOYKAX T, ZT3,..., Ty 3Haqemm <p(a:1) o(z2),- . ., p(z5).

3HaueHus Koammmemon A;, " a6cuncc Tk KnanpaTypHoﬁ tbopmynu (2)
Gynyt: :

1) nns dopMyJibl MPAMOYTOABHMKOB: -
#=a, Ty=a+h. ..., Zp=at(m-1h. .

. b= :
Ay=Ay=...=A,=h, te h=: In__“;_
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1]

2) mns bopMynbl Tpafteuuit: : .
2 =a, 32=d—_+4h, ey :c,._:a+(n—})h=b;

h b-a
A_l_An'_E, Ag—f43.—....—An_|-_-—h, roe h-—-‘.n-l,.
3) ans popmyst CumiicoHa (n = 2m + 1):
zi=a, T;=a+h, ..., Tmg=a+2mh=b
S o - an
_A1=A2m+l=*’3’: A2=A4=--.=A2m=-?’
' 2h : "b-a
A_3=A5=_...=A_2m..|=-§-, rne h= Zml'

Npumep. Haiitn npUGAMXEHHoEe peleHne MHTErpansHoro YpasHeHus

1
o(z) + / z(e™ - 1)p(t) dt = €* — z.
0

()

Pewenue. Bo3bmeM Ha otpeske [0, 1] tpu Toukm: z; =0, z, = 0,5, z; =1
H NONOXHM B ypaBHeHuH (5) z =0, £ = 0,5, £ = 1. Toraa Nony4nuM COOTBETCTBEHHO

f (0) =1,

1
©(0,5) + 0,5 / (™ = 1)p(t) dt = €** — 0,5,
(1]

1

.'¢(1)+ (e-t—'l)so(t)dt=e-—l. .
o0+ [

0

(6)

3aMeHMM KaXIblit U3 HHTETpaloB KOHEYHON CyMMOit, BOCNO/1b30BaBILMCH MBAAPaTYp-

HOMt ¢opmysoit CuMincoHa

/',q,(t) 1t 204209 + 8(1)
. 6 )

0

J1st BTOpOro ypaBHEHHs CHCTEMBI (6) NoABIHTEerpanxbHas q)yi-ly(um

e 1
o(t) = —5—¢l),
T28K YTO ' Ton s
' 0,

#03), . 20) = S—L{0).

60,25 -1
8(0)=0, (0,5)=

3HauuT,
. i

025 _ 1. 051 .

05 [ (% = Doty dt = == p(0,5+ (D).

0

()
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TMonwHTerpanpHas qumcm;'l TPETher0 ypaBHEHHA CUCTEMSI (6)-:
B(t) = (e — 1)¢(2),

TaK 4To S S o

2(0) =0, 2(0.,5) = (™ - )p(0.5), &(1) = (e~ 1)p(1),

H, CJIeN0BaTeNBHO,

S 05 _ 5 1 : .
o .
TMoncrasnas (7) u (8) Ix'a (6), noAyIMM JMHEHHYIO CHCTEMY
p(0) = 1; '
' 025+2¢(os)+ Ly =05
. : 2(60;— ])y\o 5 6 w(l) =e-
HIN
W(O)—l . .
1,0947 (0,5).+ 0,0541 p(1) == 1, 1487 : (9)

0,4325 (0;5) + 1,2864 (1) = 1,7183.
Pewas cucremy (9), monyuum C
p(0) =1, #(0,5) =0,9999, (1) =0,999.

3a npubIMXeHHOe pelueHue ypaBHeHUd (5) hpmmuaem byHmumo

Px)=€ -z~ Z Amz(ezl’"‘ = Dp(zn),
’ m=1 -
' 1 2
e 2, =0, 2: =05, 2= 1, ‘.1,-'3, A;—- A= 6

#(z) = e* — 2(0,6666 > + 0,166 €*) — 0,1668 z.

y MK

ToyHOe pellleHHe NAHHOTO HHTErpanbHOro ypaBHeHus ‘p(z) = 1.0 B>

3apaun ans camocrourenbuoro pelwenus

Pemurrs cremyiomune umerpanbnue yPaBHEHHA C HOMOlIbI0 3aMeHbl MHTerpala Ko-
HeYHOH cyMMoﬁ

i -
316. ¢(z) + / xe“@(t) dt =e%. .
0 )
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ST

' LY gz T
317. qo(z)—jm (t)dt—ln——-; : .

0

318. p(z)+ / 2 cosxat - ¢(t) dt = 1rz(1 +sin 1rx) 25in 1r2:!:
0 -

§ 25. Metop nocnenonarenbnux npuﬁnuxenuu

1°. WUnTerpanbHbie ypaanenmu Bonb-reppa 2-ro poaa.
ITycTs MMeEM MHTEIpaibHOE ypaBHeHHe BonbTeppa 2-ro pona

o) = )+ [ Ko, ttt) . (1)
| 0_ Y dt. ’

Byznem mpennonaraTs, 4To f(z) HenpepbiHa B [0, a], a simpo K (z, t) Hempe-

peiBHOMPpU 0 <K 2 € a, 0 St K . _
Bo3bMeM Kakylo-1u60 HenpepbiBHYIO B [0, a] dyHkumio @o(z). IMoxcra-

BJIsis1 B IPABYIO 4acTh ypaBHeHus (1) BMecTo ¢(Z) GyHKuMIO po(Z), Monyyaem

_;-‘I.V_"l'(z)';-f (z) -IP/\ / K(z,t)po(t) dt.
N o0 . .

OripesenieHHas TakuM 06pa3oM GyHKUHUA ¢ (Z) Takke HEMpPEPHIBHA Ha OTpe3-
Ke [0, a]. Iponosokas 3TOT MpoLecc, MOJYYUM MOCJIEN0BATENLHOCTD QYHKIMIA

eo(x), 91 (@), ..., Pula), ...,

e _ -
@)= 1)+ / K (2, t)pa-1(t) dt.

Ipu cnenaHHbIX npennonoxeﬂuax OTHOCHTEJBHO f(:c) U K (:c t) nocienosa-
TeAbHOCTh {@n(z)} cxomurcs npn N — 00 K PELIEHMIO - tp(a:) MHTErpajJbHOro
ypaBHeHus (1). _

Ecau, B YacTHOCTH, B KadyecTBe o(Z) B3STH f(:c) ‘10 on(z) Gymyr”
KaK pa3 YaCTHUYHBIMM CyMMaMHM psna (2) u3 § 3, ompenensiolIero pelleHue
MHTErpajbHOro ypaBHeHus (1). YiauHbii BRIGOD «HYJNEBOro» NMPHGIMXEHHS
©o(T) MOXeT MoBecTH K GBICTPO CXOMMMOCTH MOC/Ien0BaTeNbHOCTH {¢n(Z)}-
K PELIEHUIO MHTErPaJIbHOrO ypaBHEHHUS.
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Mpumep 1. Metoaom nocnep.oaarenbnux npuﬁnuxeﬁuu pewmb MHTe-
rpanbHoe ypasHeHue - I

oa) =1+ [ olt)dt,.
o - 0 EE

sae po(e) = 0
Pewenme. Tak kax po(z) = 0, To ¢y (z) = 1. Manee, |
_¢2($) = l+/l' dt: l+z’
0] ' ' .
i -z i o -22.
pi(z) =1+ (1+t)dt=.1+,+?
0 ) - b. -
[ ] .
. £ 2 2

OuesuHo, . T
' - 2 P
=1
Pal@) = +“+ +.. +(»-_l)l |
ﬂ
Takum 06pa3oM, @,(T) eCThb. n-1.dacTHYHas CyMMa psa E — = €. Orciona
n=0 T
cnenyeT, 4to @,(z) — €. HerpyaHo nposeputb, uto GyHxumus ¢(z) = e® ectb
n—00

PCLICHHEe NAHHOI0 MHTErpaJlbHOro ypaBHEHHH. o e S >

3apaum Ans CaMOCTONTENBHOrO pPeLIeHNs!

MeTonOM NOC/EI0BATEABHEIX npuﬁjmxeﬂuﬁ pelInTh cne.uylomue MHTeIpaTbHHe ypaB-
HEHHS:

319. ¢(z) =z —/(I— t)p(t) dt,_ wo() E 0
. Sl o

320. p(z) =1- /(z .—:-t)_y:(t) at, po(z) Ig_o_ L
0 .. .. o

321. o) =1+ / (=060 &, pole)=1. -
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—=

SR T

322. plz) =z +1- / Wt o @) =1, O pla =zl

323 <-P(:c)=_ %—+z—‘/so(tidt,ll_ a) tpo(z) =1, 6) %'('ml)':;?,,_ 5) polz) = f,2_+z_
324. ¢(z) = i+z+ / (:c'—t):tp(_t) dt '%(z); 1.
325 ‘P(-’t) =2z +2- / o(t) (;t, a)- ‘Ptl)i“) = '1’ 6) vo(z) = 2 .

0

z

326. p(z) =227 +2— / zp(t)dt, a) po(®) =2, 6) polc) = 22.

0
z’ f
327. ¢(z) = T 2z - / p(t)dt, po(z) = .
0

328. Iycte K(z,t) ynosneTsBopseT YCIOBUIO

z N .
//Kz(w, t)dtdz < +oo.
0

0

JloKa3aThb, YTo ypaBHEHHE
z
o(z) - A / K(z, () dt =0
0

uMeeT npu mo6oM A enuHCTBeHHOe pelteHue ¢(z) = 0 B xiacce Ly(0, a).

. Meton nocjienoBaTeIbHbIX MPHOIMXEHHI MOXET OBITh IPUMEHEH M K pe-
LIEHUIO HEJIMHEWHBIX MHTErpajibHbIX YpaBHEeHUH BoJsisTeppa BUaa
z

o) <w+ [Flesine 0
0 ' : .

win 6ojiee 06X o _ .
o0)=1@)+ [ Flatpile O

0
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NpH BECbMA WIMPOKUX MPEANONOXEHNAX OTHOCHTENbHO GyHkumit F(z, t, z)
u. f(z). K ypapHenio puaa (2) NPUBOMTCA 3a1aua pELEHUS nucpdepeHi-
aJIbHOTO YPaBHEHHUS

dy
-—"F(z.v). yl,_o %o.

Kak u B ‘cnyuae nuﬂeﬂﬂmx HHTC]"paJ'[be!X ypaBHemm 6ynem HCKaTb
pelleHMe ypaBHEHHs (3) KaK Npenen MoCIenoBaTeNbHOCTH {p,()}, rae,
HanpuMep, ¢o(Z) = f(z); a cremyiowme smemMenTs () BLIYHCIIAIOTCS
TIOCJIEIOBATENILHO 110 (GopMyJe i : .

x R
(@) = flz) + f Fz,toea(t)dt (k=12,...). @)
) | Fo0 B . - U
Ecmn f(z) u F(z, t, z) cyMMMpyeMbl C KBaIpaTOM U YIOBJIETBOPSIOT YCAOBHAM

iF(:b, t Zz) - F((C t- z;)l <-a(:b t){é; - 21{,‘

I / Flz,t, /() dt| < n(:z:)

rze GyHKuMH a(T, t) ¥ n(T) TAKOBBI, 4TO B OCHOBHOM 061aCTH (O t<zc<a)
. @ . P T ,--'. U3l

/nz(z) dz < N?, /dm/az(z, t) dt '{'Az, .

J _ :

TO HeJMHEHOe umerpam.ﬂoe ypaBHeHue BonkTeppa 2 o pona (3) xmeer
M TNIPUTOM €IMHCTBeHHOe, peluenue @(z) € Ly(0, a) KOTOpOe onpeeiiseTes
KaK npelien ¢, () npu n — oo: : .

gp(:b) = lim (p‘,,(z) .
re GYHKUMK (p,,(:c) HAXomATCA 1O pexyppeHTHuM (bopmynaM 4).B Kaqecme
©o(Z) MOXHO B3ATH MOGYI0 (I)YHKLIH}O u3 L(0, a) (B yacTHOCTH, HenpepbmHYIO
(GYHKUMIO), U151 KOTOPOH BBITIONHAETCS ycaoBHe (5). 3aMeTHM, YTO ynauHblit

Bblﬁop “HYJIeBOTO- npﬂﬁnnxe}mﬂ MoxeT oGneranb pememle HHTerpaanoro
ypaBHeHuﬂ : s

I‘IpuMep 2 Merop.om nocnep.oaarenbuux npu6nuxeuuu pemmb WHTe-

rpankHoe ypasHeHue : _
F 14 g2(0)
, 2 e
=  —— dt,
o() [ 1+ t2

B3RB B Kaqecme Hyneaoro npucnmxeum 1) wo(z) = 0; 2) <p0(a:) =z.
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=" e

- Potgtiue." 1) Thyors soo(z)—ﬂ Torma et

T ' et

(z)= / dt =arctgz
‘¢| 1+‘2_ 8T,
0

z
1 +arctg %t 1
go;(-z) = /thg dt_-¢=_-_.§§_c._t§z + Earcthz,: S

[ P

hguot

A B (arctgt-+'-3‘-"arct'g3t) ' ' e
dt

o) = [ -

0

1 2 |
= Yy — — arct
arctg:c+3arctg z+3 5arctg z+7 9arcg z

S 1 T 2 ;
ps(z) = b/ —E?-;g—z-dt = arctgz + 3 arctg z 4 ﬁ arctg z4

——_arctg’z + 134 tg !
J 5127 25 8 T

PR UNGSTOT-
5.7.9 8’z 5792

4 1
t35T, 13"“’“‘ 4 5 5715

NN T LT R R R T Y T TR T TS W -

arctg z,

O603Hayas arctg z = U M CPaBHMBAs! BHIDAXEHHS LA ¢.(Z) c patoxennem

tgu = 2( l)’-l 2”((2;")‘ BZV ZU—I’ l“l < %!

rae B, — wacna Bepuymm‘) 3ameqaeM, 4TO

so,.(z) e (arctz z) =z.

R 4,

Herpyzmo NpoBEPUTH, YTO q)ynxxmn qp(a:) =.Z eCTh peleHue. JaHHOTO HHTeI‘paJIbHOI'D
ypaBHEHHA.

_.2) Tycts po(z) = 0. - Tora

PR t+t2 .
—— dl = 2,

¢l()/+ z

L A L -0 o . ' Lo

AHQIOTHYHO HaXouM @, (z) =z (n=2,3,...).

"D Ypcma Bepnynan By ¢HedeTHHM VIZICKCOM BCE PpaBHR HyTI0, Kpome B) = _l_ Ynero
By =1, uncna By, ONpEACAAIOTCA PEKYPPEHTHHIMH HOPMYIaMH 2

1 S we - (- %+2)
5%

By - '
The o wElT & "
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TakuM 06pasoM, IOCHeNOBATENLHOCTD: {P,()} -ecTh cTauMoHapHas' mocjieno-
BatenbHOCTh {z}, mpenen kotopoit ¢(z) = z. PeleHue NaHHOTO MHTErPAILHOIO
YPaBHEHHs TIONy1aeTcs Cpasy: :

3apaun Ans CaMOCTONTENbHOro pewerns .

329. Mertonom nocienoBaTenbHbLIX MPUGIHXEHHH pelliMTh HHTErpaabHOe YpaBHEHHE

Footet) -

330. MeronoM nocnenoBaTenbHbIX MPUOIHXEHUH HallTH BTOpOE npnﬁnuxeune pa(z)
pellleHHs HHTEIPaJbHOTO YPaBHEHHS.

'go(z? =1+ f [ () +te(t) +t’] dt.

331.. Meronom nocnenoaaré:;bﬂux NpHGIMXEHMH HaltTH TpeThe IpHGANXeHHUe P;(T)
pelileHHs] MHTErpanbHOrO ypaBHEHHUS | :

3

o@) = [ et~ 1) .
0 .

2°. UHTerpanbHbie ypasHenus dpearonsma 2-ro poaa.
TycTs MMeeM MHTerpabHOE ypaBHeHue PpearonbMa 2-1o pona

b
#() = f(z) + A / Kzt p(t)dt. C®

CrpouM nocJie0BaTeIbHOCTD q)ynxmm {<p,,(a; } ¢ MoMoLIBIO PEKYPPEHTHOM
¢opMyJIBl .

oa(a) = £(2) + 2 / K@)eal)dt.  0)

OyHKUMK Pp(x) (n = 1,2,...) PacCMATPHMBAIOTCS KaK MPUOBMKEHHUA K MC-
KOMOMY DELIEHHIO YPaBHEHHsI,; TIPHYEM Hynenoe npnﬁnuxeuue o(z) MoxeT
6BITh BEIOPaHO nponanonb}{o - . o
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EcaM BBIMOJIHEHO YCJIOBHE. L .

' b b : '
1 o
Al < B roe B = //Kz(z, t)dzdt, -

TO MOC/€A0BaTENBHOCTH (7) exomures  péwenmio ypasHenus (6) B MeTprke
Ly(a,b). BeanuuHa norpemﬂocm (m + 1)-ro npnﬁnmxeﬂm onpenenﬂercz
HEpaBEeHCTBOM . .

o) - g <A Er (o4 ) @

'/bf;('z)d:c', Q:\J-/bgpg(z):da:, A=

a

roe

/Kz(z t) dt.

a<z<b

Mpumep 3. MeToaOM NOCNEAOBATENbHBIX nthth'eHuﬁ peu.MTb ypasie-

HUe
i .
2, 10\ ;
ola) = [ otplt)dt + ©)
0 .
W OLLEHUTb NOrPELLHOCTb NPUBAMKEHHOrO PelleHus. -
PeweHMe B KauyecTBe HyJEBOro npuﬁmajxeuua BO3EMEM %(z) =1. Tor,ua
i . E .

?1(z)=/zt2-i.di+l=1+§,‘

1

pa(x) = /zt2(1+ )dt+l—l+3(l+%),

0
l

- frete 5oL d)

HertpyaHo BHAETH, YTO
af. 1 1° Y
%1(2)—1+§(1+2+ﬁ+'"+4ﬁ)'
Ortciona

" 4
lim opy(z) =1+ §z.

m—00
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e m—— —

HenocpeacTseHHO# poBepKo# y6exnaeMcsi, 4To
4
plz) =1+ 5%

ecTb pelieHue ypaBHenust (9).
Ilns outeHKM MOTpelHOCTH (1 + 1)-T0 NpUGIHXEHHs BOCTIONB3YeMCsl HepaBeH-
ctBoM (8). B Hauem cnyyae
1 ' 1
A=1, ®=1, F=1, A=—, B=

V5 Vs’
TaK 4To '
294+ /15
le(z) = omsi )l £ m >

3apgaum AN CaMOCTONTENIbHOrO peLleHUs

MeTomOM MocieN0BaTeIbHBIX MPUOIMXEHU PEIINTh yPaBHEHHA:

1 1
332. p(z) =z +4 / 4t o(t) dt. 333. ¢(z) = %z +‘l / zt () dt.

0 0

N

334. Haitt Tpethe npubIMXeHHE P3(T) K pelIeHHIO MHTErpaibHOro ypaBHEHHUS

t, 2t

1 -
p(z) =1+ [ K(z,t) p(t) dt, tae K(z,t)= ol
0/ _ {z, Tt

M OLICHHUTH NMOI'PEILITHOCTD.

OTMeTHM, YTO OCHOBHas TPYAHOCTb IPUMEHEHHA METOA MOCJIE0BATE b~
HBIX. NIPUGJIMKEHHIT COCTOUT B BBIYMCIIEHHM MHTerpanoB B (opmynax (7). Kak
MIPaBUJIO, TIPUXOOUTCSA MPUMEHATDH (HOPMYJIBI NMPHGIHKEHHOrO HHTETPHPOBa-
Hus. [ToaToMy U 31ech 11esiecoo6pa3HO 3aMEHUTD JAHHOE SIPO BHIPOXIEHHBIM
C TIOMOILBIO TEATOPOBCKOr0 Pa3fioXEHH, a 3aTEM YKe BBECTH METOX MTEPALIHiA.

3°. UnTerpanbHbie ypasHewus dpearonbma 1-ro poaa.
Ilycte uMeeM uHTerpasbHOE ypaBHeHHe PpearossMa 1-ro posa

b
/ K(z, )plt) dt = f(z), (10) -

rae snpo K (z, ) CHMMETPUYHOE, CYMMHUPYEMOE C KBAIPATOM H TOJIOXHTEIbHO
onpenenenHoe, a f(z) € Ly(a,b).
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ITycTh H3BECTHO, YTO ypaBHeHMe (10) OMHO3HAYHO. Pa3PEIIMMO. -
Toraa nocnenoBaTeNbHOCTh {ipn ()}, onipenesnsemas COOTHOLIEHHEM

. b ’
ounle) = u@) +A|160) - [ K@D,
' . a
re Po(x) € Ly(a,d) m 0 < A < 2A;, A\; — HAMMEHBILEE XaPAKTEPUCTHYECKOE

uucio sapa K(z,t), cxonutcs B cpenHeM K peuieHuio ypaBHeHus (10).

Mpumep 4. PaccMOTpUM UHTErpansHoe ypasHeHue

1
/ K(z,t)p(t) dt = sinrz,
0

roe

(12)

HerpynHo npoBepHTh, YTO 3TO ypaBHEHHE ONHO3HAYHO pa3pelIMMO M €0 pelle-
HHUeM cIyxuT dyHKuma p(z) = 7?sinrz.

HanMeHBIlIee XapaKTepHCTHYECKOE YHCIO sapa (12) ecTs A = 72,

ByneM CTpoMTh IOC/eNOBaTesIbHble MpHOIMXeHHs mo c¢opmynam (11), B3sB
B KayecTBe HyJeporo mpubamxkeHust @o(z) = 0 u A = 1 < 2A,. IocnenoparensHo
HaxoOMM

¢1(z) =sin re,

. ( l) .
pa(z) =sinrz + (1 — = ] sinrz,

A

. 1y . . 2
ga;(:cl)—sn_11|.':t+. ._;.5 sin Tz + —;2- sinwz,

L R N R A R X R T

1 -1y} 1
lp,_..,.;(a!)=8ifll8-° [l'i-(lf-;)-l-(lm&—’) +...+(l—?)‘].
Jlerko BHIETH, YTO __ h
lim pa(z) = r’sinrz
B0

JaeT TOYHOE pCIICHHE NAaHHOIO YpaBHCHHS. - >3
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3apauu ana CaMOCTOSTENbHOrO peLweHuns

MerTonoM nocnexoBaTeNbHbIX MPHGIHXEHHIt PEIIUTh YpaBHEHHUS:

o o -2 ggega,
335. -/K(z, t)p(t) dt = -2-sin 2z, Kz t)= o * . |
0 Y L<ign
. t .
2 2 - ' 2
1 . | #.}.%_z, 0<t<z, - .
336. / K@ Ol dt = geosdz, K@mo=q 2 >
0 ’ -z ;t'-!-s—'t, z<t<l.

§ 26. MeTton By6HoBa—IlanépkuHa

IMpubnauXxeHHOe pellieHHe MHTErPAIbHOrO YpaBHEHHUA

b
oa) = 1)+ [ Kia,t) pl0) at )

no Merony byOHoBa—IanépkuHa HuleTca Tak. BoiOupaeM cucreMy QyHKuui
{u.(z)}, nonnyio B L;(a,b) ¥ Takylo, uto npu moboM n GyHkuuu u;(z),
uy(z), ..., Us(Z) AMHEHHO HE3ABUCHUMEI, M HILUEM NPHUOIMXEHHOE PELIEHHE
¥n(z) B BHIZE

pa(@) = 3 asur(o). 2

k=1

Koadduuuenrst a; (k= 1, 2,...,n) onpenensiorcs u3 ciegymoie JuHeH-
HOW CHCTEMBI:

b
(tp,.(z), uk(m)) = (f(a:), u,,(a:)) + )\(/ K(z,t) pn(t) dt, uk(z)> 3)

k=12 .,)

rne (f,9) o3Hauaer f f(z)g(z) dz u BMecTO @,(ZT) Hamo MOACTABUTH

2 azux(z). Ecim aHaueHue A B (1) He spnseTCA XapaKTEPUCTHYECKUM,
k=1

TO MPH AOCTATOYHO GOJNBLIMX n CHCTEMA (3) OMHO3HAYHO pa3peliMMa W TpH
n — 00 NpubaMXeHHOe pewieHHe @n(z) (2) crpemurcsa B merpuke L)(a,b)
K TOYHOMY peLIeHHIO ¢(z) ypaBHeHus (1).
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npume;a. Mt_amp.pm By6HoBa—I"anépkuHa pewmTb ypasHeHue
. . - . : .
plz) =z + / zt p(t) dt. - 4)
-1 . .
Pewenne. B xayecTsé nonHoH cucTeMbi GyHKUMIA Ha [—1, 1]-'-zau6MpaeM CHCTEMY

nonuHoMoB Jlexanmpa P,(z) (n = 0,1,2,...). IpubnuxeHHoe pelueHHe ©,(z)
ypaBHeHus (4) GyneM HCKATh B BUIE :
- I - 3z2 -1
o3(z) =a; -1+ arx + az—= 7

TMoxcrasnss p3(z) BMecTo @(z) B ypaBHeHue (4), Gynem UMeTh

1
3z? - 1 32 -1
ay+az + @y =z+ [zt a +al+as 2 dt,

2 _
WM
322 -1 2
a + a,x + as =z+za. (5
322 -1

YMHoXas o6e yactu (5) mocnenosarensHo Ha |, z, M UHTETPUpYA MO

B nipeaenax ot —1 mo 1, Haitnem

2¢!I=0’

2, 2.4
3a2—3 9a2a
2

'5'(13=0

Orciona a; =0, a, = 3, a3 = 0, u, 3Ha4uT, p3(z) = 3z. HerpyaHo npoBepuTh, 4TO
9TO — TOYHOE pelleHue ypaBHeHus (4). >

3apaun Ana caMOCTOATENbHOrO peweHna

Metonom By6HoBa—IlanépxuHa peuInTh clieAylollHe HHTEIPajibHble YPaBHEHUS:
1 1
4
337. p(z) =1+ / (et +2) plt)dt. 338, p(e) = 1+ 32+ / (2t —2) p(t) dt.
-1 -1

1
330. p(z) = 1 —2(e* — ™) + / 2e*(t) dt.
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3amevanme. Jins BEIPOXIEHHEIX afep MéTon By6HoBa-~TatépkuHa maer ToY-
HOe peuleHHe, a A1s oblIero ciyyas OH 3KBUBAIEHTEH 3aMeHe ampa K(z,t)
Ha BeIpoxaeHHoe L(z,t).

.- §27. NpubnnxeHHble METOAbI OTLICKAHUSA
XapaKTepucTU4eCKUX YUCen
n cob6cTBEeHHbIX PYHKLMIA
CUMMETpPUUHBIX Saep

1°. Metog Putua. Ilycte HMeeM HHTerpaibHOE YpaBHEHHE

b
ola) =2 [ Kzt pt0) ot

¢ cummeTpHuHBIM sinpoM K (z, t) = K (¢, z).
BriGepem nocnenoBatensHOCTs GyHKUMH {¥,(z)}, ¥n(z) € La(a,bd),
TaKylo, uyto cucrema {¥,(z)} nonna B L,(a,b) u wia mo6oro n (yHKLMH

Whi(z), ¥2(z), . .. , Yo (x) NuHENHO He3aBUCHMBI Ha [a, b]. [Tonaraem
i O n LR
on(@) = D at(z), (1)
k=1
npuuyeM K03 ULUEHTB @ MONUMHUM YCIOBHIO [lpg|| = 1, ¥ npu 3toM
YCJIOBHH HIIEM CTaLIMOHAPHBIE 3HAYEHHUs KBaAPaTUYHOM (GOPMBI
(K@, n).-

TTpuxonuM K OXHOPOIHOM CHCTEME OTHOCUTENbHO KO3IULIMEHTOB ay (0 —
MHOXHUTeb JlarpaHxa):

Z{(Kw,,wpk) a(w,,«pk }ar =0 (9—12 ,n). )

k=1

Jns1 cyiecTBOBaHUS HeHyneBoro peme}mu onpenenwrem, CHCTCMLI (2) lIOJ'[)KCH
OBITH paBeH HYJIO: .

(K1, 1) — (1, %) e (K'/)l,_l_"/)n)_—tf(fl’l,tbn) _
(K2, = 0@, ¥) o (K92 =0(n%a) =0 (3)

L N N N R N RN ]

(K%, 91) = 0@as $1) o (K, Pu) = 0(Pas ¥o)

KopHH ypaBHeHHs (3) Dal0T MPUGIMXEHHbIE 3HAYEHHS COGCTBEHHBIX YU~
censinpa K(z,t). HanGonblumit 3 KopHe# ypaBHeHHUs (3) HaeT MpUGIMXeH-
HOe 3HayeHHEe HaWOOBbLIEro COBCTBEHHOrO YMCAa C HeaocTaTkoM. Haxons o
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S

3 (3) u moacrasnss B (2), uinem HeHyJIeBoe pemeﬂue o (k=1,2,..., n).
cucreMsl (2). MoncTassisi HaWIEHHBIE 3HAYEHHs a; 8 (1), monyyaem npn-'
GaMXeHHOe BbIpaXeHHe COGCTBEHHOH (GYHKUMH, OTBEYalOIIeH HaitIeHHOMY
CcO6GCTBEHHOMY 3HAYEHHIO.

Mpumep 1. Haittn no metoay Putua npuﬁnuerHoe 3Ha4yeHue HauMeHb-
wero xapanepucmqecxoro yicna sgpa - T '

K(=, t)_zt a=0, b—l

BQU.LQH_Q B xadecTBe KOOpPAHHAaTHOM CHUCTEMBI cbymcunﬁ w,,(x) nuﬁupaem
CHCTeMy moluHOoMoB Jlexauapa: ¢,(z) = P, (2:: - l) B ¢opmyne (1) orpannunMcs
IByMs CllaraeMbIMH, TaK 4TO L. o

pr(x)=a)-Po22 - 1) 0, - Pz~ 1).
3aMmeuas, 4YTO .
hi=PhQ2z-1)=1;, $,=PQz-1)=22-1,

HaXoauM
1

('ph'/’l)=/d$=l, (%1, %) = (v, ¢'1)=/(2z—1)dz=0,

0

1
(95, 9)) = 0/(2:1: -1)lde = ;

Hanee,

(K¢1,¢1)=j(/lx(z, t)wl(t)dt)w.(z>dx=jjztdzdt=i,
0 0 0 0

1 1
(K¢, 92) = //zt(h ~1)dzdt= _112.,.
0 o0

(K2, %) = zt(2t — 1)(2z - 1) de dt = —
/]

CucreMa (3) B 3TOM Cllyyae NPUHHMAET BUI
i . 1 1

s 7 10

1
- . —==—=C

2 36

—

HIH
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Orcioma 0y = 0, 0, = 3 HauGonslliee coOCTBEHHOE 3HaYeHue 03 = ‘=, 3HAYMT,

HanMeHblllee XapaKTepUCTHMECKOe YHCI0 A = — '= 3. B o B
[: 5} - .

3apaum ANA CaMOCTONATENIbHOrO peLueHus

ITo MeToxy PuTua Haiith HaMMeHblllMe XapakTepucTHdYecKHe uucia sazep (a = 0,
b=1): c :

340. K(é-*)wﬁ‘. 341. K(z,t) = {‘z :::
l z(2 - t)’ z <,

342, K(z.t) = o

5 t(z - z)x z 2 t.

2°. Metoa cnenoB. Hasosem m-M cienom ampa K(z, t) uncio

b
Am=/Km(t,t) dt,
a

rae Km(z,t) o3HayaeT m-e HTEPUPOBAHHOE AAPO.
JUts HaMMeHBIUEro XapakTeépMCTHYECKOro 4YMCNna A; MpU JOCTaTOYHO
60JIBLLIOM M CcrnpaBediMBa ClieAyolas npuomokeHHas dopmyna;

~ ‘/ Asm
PR ey 4)

®opMmyna (4) naer 3Hauenue |A;| ¢ H3GHITKOM.
Crieibl YETHOTO MOPSAAKA WIS CHMMETPHYHOIO Spa BBIYMCISIOTCS IO

¢opmye
b b b =z
Ay = Kl(z,t)dedt =2 Kl(z, t) dtdz. (5)
] Jrscniacs] ]

Mpumep 2. Haiitn ro MeToay Cnenos NepBoe xapakTepucTUYecKoe Yucno
fApa .
t, T2>t,

K(z,t):{x <t a=0, b=1.
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" Pewenue: Tak Kax ﬁapo K (z t) cummeTpano T0' nbc’rarotmo HalTH K;(z t)
TonbKO MpU t <-¢. - . Sl T otesinnop - o
Hmeem -~ - . . . e

ioad

K,(z, t)—/K(z,z)K(z t)ydz =

2t t3
=/z dz+/ztdz+/ztdz—zt—7—g-.

Hanee, mo dpopmyrte (5) nam=1u m = 2 COOTBCTCTBCHHO HaxXoIMM

Ay=2 /dz/K’(z t)dt = 2/dz/t2dt 2/%’@:%

0

t att 2%
£z’ Pzt 7 PP ot 2\ |
= /(T+T2'+7-36_—3'."Ts"+3?) reo
0
1

2/‘(:1:5 2z g z6+z7 do= 17
+12+736 3 1573)" 6%

dr=

0

CornacHo dopmye (4)

1 S
~ |8 = - -
A | =248 >

&%

3apaum ANs CaMOCTONTENbHOTO PeLIeHUs

Me'ronom CJ/Ie0B HalTH MepBoe xapampncchcxoc yucno creayrouwx siaep (a =0,
b=1):

343. K(z, z')='zt. 344 Kiz,t) = 228,

. %z(2—t), s<t,
345. K(z,t) = 346. K(z,t) = {

-Vzt Int, z<t,
ste-2) =3t 2t

~vzt In x,
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L t -_v_“.-r|. e il

.. 8% -Mertoa Kennora. Hycts K(x;t). cuMMETpHYHOE A1PO, KO-
TOpOE IUIsl ONpEIeNEeHHOCTH GydeM CYUMTaTh TOJIOXHTEIbHO OMpeENeTIeHHBIM,
1 nyctb w(z) — mpoussonbHas ¢yHkuMs u3 L(a, b). CTpoum mocnenosa-
TEJIbHOCTh (PYHKLHIL

L

r b )
wi(z) ¥/K(z,t) w(t) dt,

' b - :
wr(@) = [ K(z,ne)a,

R R R R R T L R R L R T R .

: b
un(e) = / K(o,t) w_i(t) dt,

R T TR TR R R RN

H pacCMaTpHUBaEM YHUCJIOBYIO INMOCJIEA0BATCIBHOCTD

AC -3

Mycts ¢y (x), p2(T),... — OPTOHOPMHpPOBaHHblE COGCTBEHHBIE (YHKIHH
agpa K(z,t) U A € M\ € ... — COOTBETCTBYIOIIHE XapaKTEPHUCTHYEC-
ke uncina. Iycts, nanee, GyHkuMs w(T) opTOroHanbHa K HYHKUHMH ¢ (Z),
©2(), ..., pr-1(z), HO He OpTOroHasbHa K co6CTBEHHOIM DyHKUMH @i(z). To-
rZia MOCJIeA0BaTeIbHOCTD (6) UMEET CBOUM MPENENoM k-& XapaKTepUCTHYEeCKOe

YHUCJIO Ak.
ITocnenoBaTenbHOCTD QYHKLMIA { TI E ;”
YI

K HEKOTOPOI QYHKIIHH, aanmomeuca JIMHERHOIA KOMOHHa1Meil coOCTBEHHBIX
dYHKLUMIA, OTBEYAIOLIEH XapaKTepHCTHYECKOMY YHcay A . K ToMy Xe npezenny,
YTO M TOCJIEN0BATENbHOCTD (6), CXOAMTCS .MIOCIEN0BATEILHOCTD

i
Vlwsll

Ecnu (w, ;) # 0, monyyaem ase npu6IMxeHHbIe GOPMYJIb [T HAMMEHBILEro
XapaKTepHUCTUYECKOTO YUCIIa:

} cxo0umca B 3TOM Cllyyae

ol
A R s 7
N ?
1
Al N e (8)

Vlwall
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—

npuyeM ¢opmyia (7) naer 3HaueHue A; ¢ u3bbitkoM. Ecim saapo K(z,t)
ARIAETCA MOJIOXMUTEBHO onpeneieHHbiM, To Gopmyast (7), (8) HaloT npu-
GIMXEHHOE 3HAYEHHE HaWMEHbIUEH ab6COMOTHON BENHYMHBI XapaKTEPUCTH-
YecKOro YMcsia JaHHoro sapa. Ilpu ymauHom BbiGope w(z) Mmeron Kesutora
CPaBHHUTEJIBHO MPOCT JUIS1 BHIYUCIIEHUH.

HenmocraTok mMeToma B TOM, 4TO 3apaHee HEU3BECTHO, KAKOE M3 XapaKTe-

PHUCTHYECKHMX YHCEJI YIaJIOCh ONpPEACIIUTh.

Mpumep 3. Mo MeToay Kennora BuIMMCAMTL HaUMeHbLLEe XapaKTepucTu-
yeckoe wicno sapa K(z,t) = 2?#,0< 7, t < 1.

Pewetrne. BoabMeM w(x) = . Torna

1
2
wi(z) = /z’t’tdt: f‘-
0

1
t¢ 1 1
w2(3)=/22—4'dt=322'-5-,

0
1
w,(x)af—l-z’t‘d't=—£—s’
h 4 4‘5 4.52 *

1
wn(z)_= 4. Sn-l, zz

Hanee,
1
lon@)ll = g5y of o do = ;ﬂ_l o
Takum o6pa3soM, cornacto (7) -
i1
Al .’;_.5'.1—_'/- >
i1

3anaum Ana caMOCTOSTENbHOrO pelweHus )

Mo mMetony Kennora HaitTH HaHMeHB1LIME XapaKTEPHCTHYECKHE YHCJIA CIIEOYIOLIMX SIep:

347. K(=z,t) = zt; 0z, t<1.

348. K(z,t) =sinzsint; -r<z, t
t, z2t;

349. K(z,t)-{x, <t 0z, t<1.
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— == L S R

Fe=0; agt

1
B 2

350, K(z,t)'= o<t T

.t.(.zl.-" “’) 23t

YCTOPMMBOCTb CXATOrO CTEPXHS (MPOAONBHbIA M3rnG CTEPXHS)-
YpaBHEHHE H30THYTOM YIIPYTof IMHHHM CTEPXHA HMEeT BUL -

S d dy\ _ o
ﬁ(EIa;)—.AM? C - 9

roe M — n3ru6aowmit MOMEHT, I — MOMEHT HHEPLIUH NONEPEYHOTO CEUEHH S
crepxHs ¢ abcuuccodt z, E — monyns FOHra.

PaccMOTpHMM ¢iiyuali, KOrJa CTepXeHb CXHMAeTCs CHJIaMM, NMPHJIOXEH-
HBIMH K €ro KOHIAM. BeJHMuMHY KaXIOH M3 3THX cHa 0603HauMM yepe3 P.
Torna M = —P - y u ypaBHeHHe (9) NIpUMET BUI

dy

d
EE(EIE)-{*P'!/—O. (10)

K OHILBI CTEPXHS HE CMENIAIOTCA B HAMIPABJIEHHH, NMEPIIEHINKY/ISIPHOM CTEPX-
HIO, TTO3TOMY

y(0)=y(@) =0, (11)
rne | — AnMHa ctepxHsa. Jlens obe yactu ypaBHeHus (10) Ha E' u nonaras

5 = A, MONYYHM
d { _dy _
h—([a)-ﬁ-lvﬂ& (12

Iycts G(z, t) — dynkuns Ipuxa nuddepeHunansHOro ypasHeHus (12)
NIpH rPaHMYHBIX yenoBusix (11). Torna samaya (12)—(11) oka3sbiBaeTcs 3KBH-

BaJIEHTHOM 3afiaye pelleHHs OXHOPOAHOIO MHTErpajbHOTO ypaBHEHHMs Ppen-
TOJIbMa 2-ro poza

i
y(z) = A [ G(z, tyy(t) dt. (13)
0

siapo G(z, t) ypaHenus (13) cuMMeTpyHO Kak GpyHxuns IpuHa camMoconps-
XEeHHON rpaHMyHoH 3anaun. Takum o6pa3oM, nporué y(_z) CXaTOro CTepXHA
YAOBJNIETBOPSAET MHTErPaJbHOMY YpaBHEHHIO (13). Tipu NpOM3BONMBLHO B3ATOH

P
cune P uncno A = — He 6ydeT XxapakTepUCTHYECKHM H PCLICHHEM ypaBHE-

Husa (13) Gyner pyukumsa y(z) = 0. UHBIMM COBaMH, MPOH3BOJILHO B3ATas
CXHMMalolLasl CHJIa OCTaBlIIeT CTEpXEHb NPSAMOJMHEHHBIM. B ciyyae, xorna
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P = A\, E, tie A\, — XapaKkTepuCTHYECKOe YUCIO siapa G(z,t), ypaBHeHue (13)
OyseT UMeTb HEHYJIEBOE PELIEHHE, YTO OTBEYAET MCKPHUBIEHHIO CTEPXKHS, T. €.
MOTEpPe ero yCTOMYUBOCTH.

HauMeHbluass cwna P, NpuU:KOTOpOH CTepxeHb TepﬂeT YCTOMYUBOCTD;
Ha3bIBACTCS KPUTHYECKOH choit. OHa, 04YeBUAHO, paBHa Py == MEB,roel —
HaMMeHbILEE XapaKTEPHCTUYECKOE YUCIIO ypaBHeHus (13). )_'{Jm MPaKTHYECKUX
LeJiel JOCTaTOYHO XOpolllei siBaseTcs npubauxeHHas GopMyna

1 (14)

T
. _//Gz(z, t) dz dt

Jamouas A; ¢ HeAOCTaTKOM.

Mpumep 4. Haiityn xpumqécwb cvuny ana CTepXxHs, umeiouiero ¢popmy
yCe4eHHOro KOHyca C paavycamu OCHOBaHwii 7o u 7 = 19(1+¢), ¢ > 0
(puc. 8).

:

] PeweHme. Paaunyc ceuenus ¢ a6-
cuuccoit ¢ Oymer

r(z)=rg (1 + g-;—:) .

MOMEHT HHEPLIMH 3TOrO cedeHHs GyaeT
T  paBeH

I = '—(1 + az) s
rie ¥ — IUTOTHOCTb CTEPXHS, a = %
Puc. 8 .YpasHenue (12) B 3TOM cnyqae TIPUHH-
MaeT BHI
d N 2)
— {1 — =1, = e,
T [( + ax) 4| T 0, u» po (15)

1 HaxoXaeHUs KPUTHUYECKON CHUJIIBI ONpEAEIUM HaUMEHbIIEE XapaKTepHCTHYE-
CKO€ 4YHCJIO MHTErpajJbHOI0O YpaBHCHHUA

H
y(z) —p / G(z, t)y(t)dt =0, (16)

rze G(z,t) — dynkuus Ipuna 3anaun (15), (11). OHa umeet BUA

1 1 1 1

- 1_ A - \<\ S.ta
c[ (1+aa:)3] [(1+at)3 (l+al)’]’ 0<e

1 1

T el v
c (1+at)’][(1+az)? (1+al)?

]1 tgzgl’
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e

CornacHo ¢opmy.te (14), HauMMeHE1Lee xapamepncmqecxoe YHCJIO {4| YPaBHEHHA (16)

npuﬁnuxeﬂﬂo paBHO

o . ( 1'7')"

1
ojje’(x,t')dzdt \zjld;zai(x,t)dt

Buiuncienne p; no dopmyne (17) BeceMa rpoMosako. CuHTasi BEIHYHHY ¢ Malioi
M oTGpachiBas YJeHBl, coJepXallie CTeNeHH ¢ BhIlle IepBOH, yIIPOCTUM BHIYHC/IEHHUS

N NOAYYHUM
3v10
»/T-4¢

m=
QTclona Haxo 1M xpmqecxylo CHIY:
yr§ 3V o Brrd-4.743
2] 2, /l - 4q 12

s cTepXHs nocTosHHOro ceyeHus ¢ = 0 u popMyna (18) maer

PomE- (1+29). (18)

Evr
P 4,743 7“.

TouHoe 3HaYeHHe KPHUTHYECKON CHJIBI B TOM Cilyyae paBHO

©’Eyr} Eqyrd
= 4948—2. | >




OTBeTshI

z

9. p(z) = -z + /(t —z)p(t) dt. 10. ¢(z) =1 +/5p(t) dt.

0

"11. p(z) =cosz - /(z - t)p(t) dt. 12, p(z) = 5-6z+/[5—6(z—t)]<p(t) dt.
13. p(x) =cosz -z — [ (z — t)p(t) dt.
/
14. p(z) =z —sinz + e*(z - 1) + /[sinz —e*(z —t)]p(t) dt.
15. ¢(z) = cosz —2z(1 + %) - /(1 + z2)(z - t)p(t) dt.
0

16. p(z) =ze* +1-z(z? - 1) -/ [.r + %(a:2 —z)(z - t)’] o(t) dt.

z

17. () = oz + 1 + / 2(z - t)p(t) dt.

0
2

19. p(z) ==z - % 20. p(z)=(1-z)e . 21. p(z)=1-=z.
22, pe) =2+ 28, p@)=(l42)e®. 24, ——snvA(z-t) (A>0).
2z +1 VA

) 2

25, (+NE-1 28, M0 ¢ 27 _1__*'_"’_2 M=t
L] . L] * - l + t -

2+ cosz A(z-t) chz A(z-t) - =t A1)

28. T oost® . 29. e . 30. a%7¢ .
1 .
. He~t+2). 82 - 42e"(="’. 33. 2z¢” "
4t + 1

34. -2-Z2t—:1-)-2- [74-{2-?-;—1 - 4e'2("')] ; OJHO M3 pelleHuit cooTBeTcTBYOLIEro audde-

PeHUMANTbHOTO ypaBHeHHs ¥,(z) = e~ =,

)
38. p(z) =3%(1-€e7%). 39. p(z) =e*sinz + (2 + cosz)e” In

1 1
36. ¢(z) = e*. 37. ¢(z) = ge“ - =cosz + % sinz.

2+cosz’
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40. y(z) =" =20, M. pla)= ”*"(uzc) 42, plo)=e"(1+4).

LIATY
L

z
85. ple) = - %az. se. p{s)zf;(a"!‘u" f e"t'_mdt).
? R R T '

87, ¢(z) =‘1

2 ' t
u. p(z,y)a: ::g gﬂz),meg(g, )w‘[[ f'(-ﬂ.v)fu:ﬂu nD, —

Wmmuﬁnpmymnmﬁwmxcmoﬂnm(s,y)nm
mmmmmm

2 . 2
89. go(z)=-- 2P, 60. p(z) = —=.
r 4 T s) 7z

- "‘"“ro[ omEod)

62. p(z)=3. 63. w(z)=sinz. B
64. la. 65. la. 66. Ja. 67. Ma. 68. Her. 69. Her. 70. Ja. 71. Ha.
72. Oa.

2z -t + (w+t—2zt—§)/\
77. R(z,t; ) = .

R
276

t t
zzt'—zt2+zt<ﬁ——x———l-)/\ - "
78. R(z,t;))="- ., 79. R(z,t; A) =sinz cost.

l+m

sinz —sint — x(1 + 2 sinz sin¢)A
1+ 27222 )

- . 1
z+t+l+2(zt+§)z\

80. R(z, kN =

81. R(z,t;)) = 3
' 1—2A—'3A2

1+3zt+(3f-'2'-'-5-3mt—1>a '

82. R(z,t;A\) = i
1-22+ Zﬁ
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z-t

2 oy 4 . 4
4zt —z° — | 2zt 3:c+:c 3ztA

83. R(z, t;)) = - = . 84. R(z,i;)) = l-e-_—;
) A4 = . ) i
RESEES .
) sin (z +t) + 7 cos (z — t)
85. R(z,t;2) = T .
z—sht—2(e' +zsht)x
. , G A) = . R =1.
86. R(z,t;)) TN 87. ¢(x) 1_
_1 (6z —2)A - Nz B
88. ¢(x) = g[z R Vi 89. <p(:_c)_— cos 2z.
1 _ 322\ — 3Az + 6)
90. = =¢’. . = —l
0. ¢() = 3e N o) == "Torr s
4 n—-1 N 4 n~l| 1
92. Ky i(z,t)=( — 3 (z—t), Ku(z,t)=2-1) (3 zt + 3
(n=1,2,3,...). -
. t _ 2
93. K,(z,t) = _s'm(%i-_z - %cos(z —t), Ks(=,t)= 4 161r sin (z — t).
2 SR 2 56 8 8
94. )=z LI, Y i ind o 20228 22 S
4. K,(z,t) 3(:::+t) +2z°t + 5 a:t+5, Ky(z, t) 45(2 +t )+3:c t'—dzt+ T

95. Kjuoi(z,t)=(21) " Xz +sint), Kn(z,t)=(27)" '(I1+zsint) (n=1,2,...).

T n-1
96. K,(z,t)=ze'. 97. K,(z,t) = (—e :1) e® cost.

2-z—t

€
e t-z-1e, 0zt .

ez+t
2
98. K,(z,t) = I

ez+t eZ—z-t "
A +(@-t-1)" t<z I

L 2
241
e—2+—e“*, 1<z <0,
99. K,(z,t)=

2
1
Lf—;—-e'", 0<z< 1.

2ez+t
2—(e2 - l)z\’
2sin t t+1
-—812-—1.;&; Al < 2. 102. R(z,t; ) = ze
- e —

2
3(1+2)(1—t) 3
—_—————— A
3-2) Al <

5z2t? 5 " 3t 3
104. R(z,t:0) = s===; <3 105. R(z,t;A) = 3_””2A; <.

106. R(z, t; )) = sinx cost + cos 2z sin 2¢.

100. R(z,t; )) =
101. R(z,t; ) = ;< %

103. R(z, t;A) =

Al < 1.
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2

111, <p( )= T 1sinz:t:+2:::'—'1r.. 112, o(z) =tg=.
--1+q2
113 p(z) = —/\+ctg:c 114, go(z):rqz—:—I\.
-7\ 1 U 1
¢ A#FL . = —
115. ¢(z) = 8(/\ ) ‘/7, # 116”90(:::) S YY)
22z + (’\TH) Inz : X
117. ¢(z)= 5 +-5-(l—4:c). 118.__30(:(:)_—‘:2'_—)‘sin:c; A#2.
1+5
2cos + wAsinz
1 s = 3 . . . = ) rer———
19. p(x) = Ax’sine + 2 120. ¢(z) =2 yyRsy
121. ¢(z) = Awsinz + cos x. 122. p(z) = (:c+l) TR
123. A = %, o(z) = sin’z. 124, Her.

1 2 2
125. A\ = p pi(z) =sinz. 126. /\|=—;, A;:_;, ¢1(z) =sinz, p,(z) =cosz.

127. JleiicTBUTENBHBIX XapaKTEPUCTHYECKMX YMCE coﬁéTBeHme byHkuMit HeT.

: - 1 S 10
128. A =X\=-3, p(z)=z-2z". 129. A, = 7 go.(:c) :c+ ?12
1 .
130, A = e ei(z) = %z+z’. 131. A = —5, ¢i(z) =shz. 132. Her.
133. [leficTBHTEIbHBIX XAPAKTEPHCTHYECKUX YHCEN U COBCTBEHHBIX DYHKUMH HeT.
3 127 3\/— 6 — V61
134. ) =5,90|(9:)=Cz, A = +8 2( ) = ( 2 _........5\/....___)0’
27 - 3v61 6+ VAl
/\3=T,¢P3(-’B)= (172+ 3 )C

135. A\, = —n’7?, pu(z) =sinnrz (n=1,2,...).

136. A =1, py(z) = €%, Ay = —n’7?, pu(z) =sinnxz+nrcosnrz (n=1,2,.. 2.
1
137. X\ = —gpﬁ, @n(z) = sinp,x + p, COS oz, THE B, — KODHM YPaBHEHHS
1
pn- u =2ctgp. 138. A, =4n’ — 1, p,(z) =sin2nz (n=12,...).

N2
139. A, = (YH-%) -1, pa(z) =sin (n+%>:c

1- 2 .
140. ), = ?’:n, @a(z) =sinpp(r+z) (n =1,2,...), rlie b, — KOPHH ypaBHEHHS
tg2wp=—ptgl.
141, A, = 1 — g2, @a(x) = sin g, + pn COS po, Ie B, — KODHM YPaBHEHHMS
1

2ctgTp=p— —.
]
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: 14 4l <
142. A, = 2"“, Palg) = sm;l,,z + Hn cosy,.a: rlie py’.— KOPHH YPaBHEHHS
1
2ctlgp=p——.
: | I . :
143. k,;:—l_—p,‘, .(x)—smp i, TIE pin — KOPHH ypaBHeHm —tgy B (p S 0)
4 2. -2
T 7 1 1+¢€
150. %" 151. T 152. .

153. ¢P|(Z) =1, ¢2($) =2z - l 154. ‘Pl(z) =z, ‘Pz(x) = 22_
155. (Pl(z) =1, ¢2(¢) =z, ¢3(2)-_ 322 ~1. .

l
156. )\ = -y po(z) =1, A, = —, (pll)(:t) =cos 2z, ¢, )(a:) = sm 2z.

3
158. X = —5, po(z) =1, A, = ( 1)“ , o(2) = cos ne, ¢(z) = sinnz

2T
(n—l 2,...). _
159, 2) 3, ¥(o) =V3z; 6) 3 P(=)==k\/§z' op ép(s); s/ et
3’ 3’ 2 ' . ’_ . ez_i
C sinz, A=_..2., '
160. ¢(z) = § C-cosz, A:E, 161 tp(z) {C arccos z, ;\—L
* 9 ' 9& 1.
0, ..\;ed:i . o

162. o(z)=C. 163. tp(:r:) cm 164.--¢(x)=c(z”-m2).
165. cp(a)msin:;. 166. p(z) = 2¢° =2+ (2 €)z.

sin;u:—pt:ospx+sinp{z-—‘l)l A>0, p=VA

B B B M
2pcos2<c0s2+zsm2>

SR e ] . K
sh pz — pch pz + sh pu(z )’ A<0, p= VoI
2uch = (ch —Esh.ﬁ) oo

2sm\/-<z— Z)

‘/.:r

. 4 I

f ,\cosm_l(x—z)+cossfm7r

A+ DcosmvA+1

169. o(z) = 4 Ach\/T—l(t—.z)+ch\/-T—l1r’ A% =l
(\+ chay—A=1 _

1

2
L-z--—ﬂ:+l, - A=-1

167. ¢(z) =

168. ¢(z) = 3cos2z +

. A>-l,
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f 3hpz+pchpz)+shp(z=1) —2uchp(z - l)

(1+2p?)shps+3pchp

A>0, p=2VA,
1?0. tp(z)=4

3(sin 4z + ji cos i) +sings(z — 1) ~ 2 cos p(z — 1)

(1 = 2p?) sin ps.+ 3p cos
LA<0, p=2vV-A

171, p(@) =-1. 172, ()=

eshv2z

1
[ _h1cossz sy, w=vATT,
psing

sh1ch ' '
m! *(l, [‘=V1-A;
\ pshp

€CJIM A = 1, TO pelIeHHH HeT.

173, ¢{z) = ¢

T T T
Ll L il

ch S|
178, py={ % 2?2 2
cosp(z—-z-) ,
—gr e <0 p=V-2A
(Cos T+ sn
2\ 2 2 .
175. p(z) =1+ 2 :ﬂ_ coszz; A# - Ipu A = - pemeﬂvm HET.
176. ¢(z) = 2'\:: A;é l'Ippu\:— pemenuﬁ Her.
T2\ 1 .
177. tp(z)—z+l Iz w|; A;é— INpu A= — = pememm HET.
' 2 2-50-6)+(A+3)? o
178. o(z) = 3z(2Aa: 2A A- )+( +3)
(A+13)?
HeT.' :
340+5 3 -3
I Aty M
179. ¢(z) = 5
3 _ el ==
z 159:+Ca:,. ecli A 3
. 3 .
Ipu A = -7 PELIEHHUH HeT.
sinz, ecau A#]

180. ¢(z) = {

2 3
181. ¢(z) =-7+§—thl, ecimn A = —1;

shv2 +v2Zchv2’

r T ’
| chp(z—i) ) :
A0, pu=Va,

Cicosz + C,sin2z+sinz, ecnuA=1."

/\. #=3.IIpu A= -3 pememm



180 , : . Orserwi

(W= 1)chuz 1 -

il b i — —1 A+1,
[chp ushuthl+1 u?’ A> p=vat
p(z) =

+ I) cos uzx .
(@ + Deospz ] A<—1, p=vVoRod, S
cosp+psmpthl
3. .3
182 Mpu A # 3 napameTpbl a, 3,7 — moOble Yyucaa, MpPU A = 5 ypaBHEHHE
pa3pewnMo nipu 3 = 0 u M06bIX @ U 7.

183. Mpu A # —6 + 43 napaMerpsl a, B — J06ble uKCaa; TPH A = —6 +4V3

1 3
ypaBHEHME Pa3peliuMo TpH YCIOBHH (e + V3 - 1)a + (5 + —?)ﬁ =0; npu A =
1 V3
—6 — 4V/3 ypaBHeHue pa3spewnMo npu ycaosuu (e — V3 - 1)a + 373 B =0.

24
184, Ipn A # 77 YPaBHEHHE Pa3peLMO NpH mo6bIX 3HaUYEHHsIX apaMeTpoB a U 3;

24
MpH A = P ypaBHEHHeE pa3pelinMo MPH YCIIOBUH o+ 243 =0.
E-1+(€~2)z, 0<z<E,

(-Dz-1, £<z<L.

191. OuesunHo, uTo ypasHenue y"(z) = 0 npu ycrosusx ¥(0) = y(1), ¥'(0) = (1)
uMeeT GecunciaeHHoe MHOXecTBO peweHui y(x) = C. Moatomy byHkuun IpuHa
IUisl 3TON KpaeBOH 3a1auM HE CYLIECTBYET.

192. ®yukumu [prHa He CylIECTBYET.

190. G(x,ﬁ) = {

Q:2

- -2), 0<z<E,
193. G(z,0)={

=(Bz-¢, £<z<I

z(—1)

— (e -26+2), 0<z<E,

194. G(z,8) =
2o -2)(€-2)+€) £<a<lL

2 - )(E- )
2 3
- 2)z-1)
2 3
196. Dynxuuu I'PUHa He CylIECTBYET.
197. ®yukuuu [pHHa He cylIecTByeT.
shk(f — 1yshkz
kshk '
shkéshk(z —1)
kshk

0z <§,
195. G(=,¢) =

<zl

0z <é,
198. G(z,¢) =
» €<z,
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4 1
cos z-£+5_ . .
, 0L s,
2sin§
199. G(z,§) =4 .
cos (E—z+§)
-———-—FT——“‘—, {szél.
L : 251[15
200. @yuxunu [pHUHa HE CYLECTBYET.
(hz+1)[HE-1) - 1] o< <t
h+H+hH s N IS
201. G(z,€) = .
e+ DEE-D=1
h+H+hH ' 7T
a+1—%, 0z <,
202. G(z,¢) = '
a+1-7, £€2<1
E-lng-1- (Ez_&l) 0<z<E,
203. G(z,¢) = \
z—mz—l—é(’—z;—l_l-, <<l
£(1- ;,) o<t
204. G(z,£) =
%(m—-:;), E<e<l.
%(s—é), 0<z<E,
205. G(z,¢) =
£ 1
5(23";), {SLCSI
ﬁ-[(z&)“—(%)], 0<z<E
206. G .
L " £ <1
m[“" ()] es=se
:cln{
52(1n§-12’ 0z <¢,
207. G(z,§) =

(<t
lnf—l)2 =

181
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%hi—-‘“. 0<a<t
208. Giz,£) = 1 1 f ’ SR
1n§, PP
200 Ge.)={ |
m3 ¢<eglL
et

2(""11}) e ;-e“] e, 0agE (MR,

1-2 (-JH-:I -n
TIPS —~-e‘ Ege gl

Tipn A =1 G{z,§ )a-%e “""Hesmmorl.ﬂpn A= —1 by Iprae &

210, Ga,£) =

1 . .l. ]

211. Glz,£) = ;[l- (1+M)’] [(l+a§)3 B (1+¢;):]' 0gs 5§,
. )= X = ‘

; [l- (l+a€)3] [(1+0£)3 - (l+al)’] ) e%@-ﬁ!,

roe ¢ = 3o [-——-—-»-(1 L l] . '
LI S g2 .

212. y=z-—-2-smz. 213. y= iz(m -4z +6).
214, yz%[(l—ez)mz+$z_1]_ . 215, !I='L(2:c—l)sin1ra:

216. y = 2[shz —sh(z -~ 1) —sh1]. 217. y--shz+(l—::)c

218 y= 2cosz+(2——)sma:+:c —2

£

3
219. y(z) = A f 0(3’93(9“"‘ 12 %%

0

(Z-1)e0ge<s

(—-"‘1—1). (<ec

220. y(z)=4\jG(z,£)y(§)d£+e —ext+2-1,

rae G(z,§) =

¢-1a, 0&”%& :

ma(z’i):{ —1¢ E€2KE
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1. . .
221. y2) =2 [ 6= OuO e+ Zoin T + e T,
o -—.l e ' .

isin:{(f-.z), -1<z<¢,

2
rae G(z,€) =
. T '
;smi(z—(), €<z<l

1 .
222, y(z):-A/G(z,E) y(f)d£+%(2:_c3+32:2—17z—5),
9 .

€-2)z+¢-1, 0<z<§,

rneG(z,€)={(§_l)z_1,. £<z<L

- 1 " .
223, y(z) = /\/ G(=,§) y(€) d¢ + %4-(22 -4z +6),
o :

%(35%), 0<z<E, |
rae G(z,§) = :

¢ o
g(h.‘f), f§<z< L
224, y(z) = -2 0/ 6,6 9(€)de + pala = e +a-1),

lee-9€-1, 0<z<t
rae G(z,§) =

—36€-a)@-1), ¢<z<L

(1+2)¢ o0<=z<¢,

1
225. y(z)=e’-f\/G(z,€) y(§) d§, rae G(z,6)={
/ (1+6)z, <<l

(1 4 VIZT)

' 1
, @>0, et 23>0,
2WVI=2x. 2 3¢ 2
227. p(z) = _ 228- plz)=1<
P (Y o) 1.3 0.
wish o *<° 3¢ 2<h
1 mF(w)e‘” '
229. go(z):—; —-—---Lwa, rae F(w) — npeoGpaszoBanue Pypse dyHxumnu f(z).
S 1HeTd
sinwt
} - t#1,
230. ¢(z) =e°. 231. ¢(t) =
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e i =]
2t sinxt ‘
t#1, 2 842
v 1-8 . =5
282 so(t)w{r( ) 288. plf) = g
1, t=1.
2 T Co
234. p(z)=1. 235. p(z)=z - % 236. p(z) = 5(362’ -1).
237. ¢(z) =sinz. 238. ¢(z) = -;(2 cos V3z + 1).
3 : 1
239. p(z) =1+2z. 240. p(z)=z+ %. 241. o(z) = 3 sinz + -21- shz.
3 .
242. p(z)==z - % 243, p(z) =¢". 244, y(z) = -}ge_i sh »?:c.
1
245. o(z)=1+2z€". 246. o(z)=€(1+z)’. 247. ¢(z) = E(e +sin z+cos x).
248. ¢(z) = Iy(z). 249. ¢(z) = -Ii(z).
(3necs I;(x) — moauduuupoBaHHas 6eccenesa GyHKUMsA 1-ro poaa.)
250. ¢,(z) =sinz; po(z) = 0. 251. @;(x) = 3e® - 2; p,(x) = 3e* — 26,
252. (z) e”; pa(z) = -1~(1 —e*).
=(r+2)sinz 4+ (2z 4+ 1) cos z;
253. 142z
pa(z) = cosz — ——sinz.
254. ¢ :c)—2sm:c ¢i(z) =2cosz — 1; p3(x) = z.
255. :p,( ) = cosz; py(z) =sinz; pi(z) =sinz + cosz.
ei(z) = (] + £) cosz + 1sinz'
2 2 ’
| T .
256. pa(z) =1 —:t+§sm:c— (1+ —2-) cosT;
z .
p3(z) =cosz—1— (l + —2-) sinz.
1
257. p(z)=¢€" - 1. 258. ¢(z) = —¢€". 259. o(z) = 7% sinz.
260. p(z)=1—-€" —ze™". 261. ¢p(z) =1—cosz.
262. o(z)=1-z + 2(sinz — cosx).
263. p(z)=eF —ze®. 264. p(z) =c+2e*. 265. p(z) =cosz —sinz.
a e(a—«l)a:
266. ¢(z) = — T 267. o(z) =cosz.
5
1 r(3)
268. ¢(z)=z" - E(Ch z—cosz). 269. p(z)= m z* 4 ch 2z.
| !
270. o(z) = [e*=A(e"=1)]. 271. p(z) = — e (cosz + Asinz).
272. p(z) = T _} ~ fcos  + A(z —sin z)].
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sinz
"

275. ()— ’(”) R A \/_[f(t) smatdt (3% 1)

273. ¢(z) = ' 274, (z) = —-3— VT

- 2 l _ .
276. o(z) =" + Bilre 277. ¢(x) =cosz —sinz.
278. p(z) =1-=zIn3. 279. ¢(z) = f'(z) - f(z) Ina.

. _ 2
280. ¢(z) = ze” | 281. p(z)==ze 7. 282 p(z)=eT (a: + 2) -1
284. o(z)=1. 285. p(z) =e7". 286. ¢(z) = —
287. ¢(x) =cosz —2sinz. 288. ¢(z) = 2z — o*.
289. ¢(z) = 2sinz. 290. ¢(z) = 3N(ze® — z’e7%).
2 2 .3

291, o(z) = Jo(z). 202. o(z) = 1- ”‘7 293. o(z) = l+2z+%+%.

294. Hueem 2’ —t? = 2 — 2zt + t* + 22t — 28> = (z — t)* + 2t(z — t). TToaToMy
7= /(m—t) p(t) dt+2/ t(z —t) p(t) dt. Tlepexoas K U306pakeHUSIM U IPUMEHSSA

Teopemy YMHOXEHHS U TeopeMy nuddepeHUApOBaHUA H300paXeHHs, B CUITy KOTODPOIt
to(t) = —2'(p), nomyunm
2 2 2,
=< ==5%p) -5 %),
¥ P p’
HIHA
¥(p) = = B(p) - =
p)==-9(p) - =.
p P
Pemas 310 nuddepeHLHaNTbHOE YpaBHEHHE, HAXOAUM

1
d(p)=C- —.
(p) Pt
B cuny Toro, yto ®(p) ectb dyHkuHMs-u306paxeHue, P(p) noaxHa cTpeMuTheA K 0

npu p — 00, TaK yro C = 0 u, 3HauuT, B(p) = -2;, oTKyzna ¢(z) = 7
295. p(z)=C - =. 296. ¢(z) =C + Jy(2vz). 297. ¢(z)=C +=.
298. p(z)=2+6(z)—06'(z). 299. ¢(z) = &(z) —sinz. 300. ©(z)=46(x)+3.
301. p(z) =14z +6(z) +6(x). 802. p(z)=1. ‘
303. Hepaspemmnmo. 304. PaspemmnMo. 305. Paspemmumo.

- 27t =
306. ()_15__2 (0<z<1). 307. w(t)=22_n2+l

n=0

Pt (0<z<1).

t2
308. p(t)=1+2t- 5 (o] <1). 300, olz) =1+ =

2
310. ¢(z) = 6(3: + %3—) 311. (z) = 3(1 +222).
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M

312, §(z) ="~z —05010:1: -0, 167lz -0,04222%; |p - gb'l < 0,008; TouHoe
peienue p(z) = 1.-

313. §(z) =cosz + 8—[78 7881!1 1 —24cosl+ z(84sin1+ 108cos 1 — 84)];
|¢ — @] < 0,040; ToyHoe peieHue @(z) =

1
@) ==3x—-14¢e 7)—-0,2522° 40,084z ; | — | < 0,016; TouHOE pemieHHe
314. §(a)= S(3z—1+e™ 0,25227 ops4’| 71 < 0,016

p(z) = =. .
i 58 1 5
315. 3(z) = z_+_23m_z (—9— - —3§ nl— -i-z-cos l) z*; ¢ - §) < 0,005; TouHoe

pelienne p(z) = z.
316. TouHoe pemenne w(z) =1.  317. Tounoe pewmenue p(z) = 1.
316. TouHoe peweHne () = rz.
319, p(z) =sinz. 320. p(z) =cosz. 321. p(z) =chz. 322. p(z)=1.
323. y(z) = =. 324. o(z) =€". 325. ¢(z) =2. 326. ¢(z) =2.
327. p(z)=z"-2z. 328. p(z) =0. .
3, 4, 13, 1 1 1
330. g(z) =142+ 2’ + -2+ —z* + :c + —=2b + =2’ (po(z) =1).

2 3 24 18 63
4 7 10

2 2 =z
3. p(@) =2+ T -+ 75 ol(2) =0).

332. ¢(z) = z+ 522, polz) = 2. 333, p(z) =2, po(z) =0
22 1 2 1 1
4. = Pradn O 2 _ 3 4 _ 5 —
334, pa(@) =1t qpe- 32 ~ 5T+ 2T~ 6" " T
pemieHne p(z) =cosz +1(g1-sinz.

335. SAnpo ypaBHeHHs MMeeT XapaKTEPUCTHYECKHE YHC/IA A, = n

z%; po(z) = 1; TouHoe

% u cobcrBeHHbIE

2
{opToHOpMHUpOBaHHKE) DYHKIMH P, (z) = - sinnz, TaK ro supo K(z,t) nomyc-
XaeT paznoXeHHe
K(z,t) = 2 2”": sin nz sin nt
’ B 1l' a=l n2 '
sin 2z
B naHHOM ciydae A} = 1. BepeM py(z) = —5 a A = 1, u npuMensieM dopMyry
Hrepaluit
b
pasi2) = pu(o)+ 3 1) - [ Kz, o) ]
E3
Hmeem
1 2 =
@1 = —sin2z + [2 sin 2z — / p 2 mm’h = sm2tdt]

!
2 =1
—7sn2:z:—3 +] in2z
—81 —4% 2sm s



Orserol .18

VLt ) P k4 ) -
T L 2 sinnt 7 '
pr=gsinde+ [-2-s'm2z—/;2 sin nz sin : 'n2tdt]
=7 2z 3. 1 sin2z urT TP
=5 sin —4901+2 % :
' SR O n :
Boobute, ¢ (z) = “‘Pn(z) + = sin 2z. Orciona
sm2z

hm <p,,+,(:c) = - hm <p,.(z) +

e

"3 1
wi p(z) = ch(z) + 3 sin 2z; Tak 410 go(z) = 2sin 2z! Henocpencrnem{oﬁ nozm-a-

HOBKOM (p(T) = 2sin2z B ypaBHenHe yﬁexnaemn, qro 3to ?CTb peme}me L

336. BuﬁnpaeM vo(z) = cos 3rz. A =1 (A > 0) (I)opmyna H'repamm nae'r
p(e) = 7? cos 3Irz — pemenne llaHHOrO ypanuemm -
337. ¢3(z) = 6z + | — TouHOE peienHe. 338 gaj(:l:) = 1 — TOYHOE pemeuue '
339. ¢i(z) =1 — TouHOE peme}me seo el s

340. )\ = 5— (TouHOe 3HaueHHe A, = 5) 341 A =2 '486; A = 3.2,181.

342. A, =459, 343 =3, 344, =S 345, A =415,
346. A] = 5,78 347. Al =3, 348. Al = 4- o 349- Al = 2,475
350. A, =4,998. . el S



fpunoxexnne

CneuunanbHble PpyHKUUN

1. Iosunomamu Jlewcandpa HasbiBalOTCA MHOTOUYJIEHH P,(z), onpenens-
eMbie HopmMynoit

Pule) = (e~ 1)),
Tak kak Py(z) = 1, P/(z) = =, TO, nonb3ysach peKyppeHTHON ¢opMy.ioit
(n + 1)Pati(z) = z(2n + 1)Pa(z) — nPa_(T), MOXHO HAlTH NOJIMHOMbI

JlexaHapa mo6oit creneHn n = 2,3....
IIpousBoasias GYHKUMS A1 MOJIMHOMOB JlexaHapa

1 = '
—_——— =) Pu(z)-t", 0<t<1, |z|<]1
Vit =2tz ,,ng ") )

KBazpaT HOpMBI IIOJIMHOMOB JIeXaHpa paBeH

1
2 2
|1 Pa ()l =/1-P,f(a:)d:c= L

2. Moaunomamu Yebwméea—laceppa Ha3piBalOTCA MHOrO4NeHbl Ly(z),
onpenensieMbie GopMyJIoi

n

d
— T
Ly(z)=e T

(z"e™).
PexyppeHTHas dopmyna
Loty = 20+ 1 = 2)Lo(2) = n’Lacy(z) (1)

MO3BOJIAET TOJIY4HUTH TOJMHOMBI JII0GON cTemeHM m, 3Hasa Ly(z) = 1 u
L|(z) = 1 — z. Npoussoasas GYHKLUMA UMEET BUL

e—t/(1-1) ad

= Z La(z) - t".

=0

Ksaapat HopMsi paseH || La(z)|? = (n!)%.
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" Ay6posun B. A., Hosurkoe C. 1., <Domemco ‘A. T. CoBpeMennasi reoueTpml T I 3

I/I3IlaTeJIbCTBO YPCC

CTEUMAM3NPYETCA Ha BBIMYCKE y4eGHOM M HAayYHOM NMTEPaTyphl, B TOM
YHCIe MOHOTpadmit, XypHANOB,- TPYIOB ydeHbx PoccuifcKoil AKazemuu :
HayK, Hay4HO-HCC/IeNl0BATENLCKUX HHCTHTYTOB M Y4eGHBIX 3aBECHHH. =

VBaxaembie auTaTeNn! YBamaembie. astopel!
OCHOBBIBAACH HA LUIHPOKOM H TUIOZOTBOPHOM COTPYIHUYECTBE C Poccuﬁcxlm

" donnoM dyHIaMeEHTaNBHBIX MCCIENOBaHMI M POCCHHCKMM' TYMaHHTapHEIM

Hay4HbIM (POHIOM, MBI IpeANara¢M-aBTopaM CBOH YCIIYI'H Ha BHITOXHBIX '3KOHOMHYECKHX [
ycnosusix. Ilpu 3tom Mbl GepeMm Ha cebs BCio paboTy Mo MOATOTOBKE M3NaHMA — "
or Habopa, peJaKTMPOBaHUs U BEPCTKH 10 THPaXHMPOBAHUS M PACTIPOCTPAHEHMS. : —

.H
Cpe}m BbILUCOLINX U TOTOBﬂI.I.[PD(Cﬂ ]( mnanmo KHPll' Mbl npewlaraeM BaM CJ'lC}llel.l.lHC

Kpacnoe M .JI. u dp. Besi Bhicuian Ma'rema'ruxa. T 1-6.

Kpacnae M. 1., Kucenes A. H., Maxdpenxo I H. C6opHiiku 3anaq c nonpoGHbmu
peleHnsaMu;

BexTopHbiit aHanu3.

BapHauHoHHOe HCUHC/IEHHe. L
O6mixHoBenHble Tuddepenuuansibie ypamenml SRR T
DYHKUHH KOMILIEKCHOTO NlepeMEHHOTO. - c ey, i
Onepaunonnoe ncuncienne, Teopus yc-roil-mnocm i ‘ ol

Bospuyx A. K. u dp. Cnpasounoe nocobmue no BhICIIeH ma'remmxe (Alrruneumlonu-l)

Paweéckuii IT. K. PuMaHOBA T€OMETPHA H TEH30DHbHA aHA/H3;'

Paweeckuii IT. K. TeoMeTpHyecKas. TeOPHS ypaBHeHHH C YACTHbIMH npouanonnumn.
Paweackuii I1. K. Kypc nmbd:epenuuanbnoﬁ FEOMETPHH. e o .
Tpuxomu D. Inddepenupansusie ypaBHeHus. ’ e '
Hemposckuii Y. I, Jlexunn 1o T€opHH 0GHLIKHOBEHHAX nudnpepenuua.umux ypnnemm :
IMemposckuii . I. JIexunn N0 TEOPHH HHTETPAILHBIX YPABHEHHI. ' -
Sasceonsy . 3. Inddepenunanbibie ypaBHEHHA H BADHALUHOHHOE | ucqueneuue. Ea
[anunos FO. A. Muorounens YeGpimena.

Hosnsk 3.T., Uuxun E. B. )Iu(bq)epenuua.ubnnu reouerpun nepnoe 3naxomcm
Thedenro b. B. Kypc Teopnn BepoaTHOCTel.: -

. Inedenxo B. B. OuepK N0 HCTOPHH TEOPHH BeposTHocTel. ~ | . - -~ : s

TInedenko B. B., Xunwun A. 1. DnementapHoe BBeJeHHe B TeopHIo neponmocTen
Kay M. BepoATHOCTD H CMeXHbIe BONIPOCH B (H3HKe.

H

.. llonmpseun JI. C. O6oGuieHHs yHce.. i . .
" - Betias I. CHMMeTpHA. e
" Beiin I. AnreGpanyeckas Teopns uncel. . ) - :

Ope O. Tlpuriaiiente B TEOPHIO YHCE. : .
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TIpencraBaser Bam cBOM ayuinMe KHuru:

H3aareascrso YPCC

bpaiian Tpun
BJEFAHTHAA BCEJIEHHAA
CynepcTpyRH, CKpbIThiE Pa3MEPHOCTH H IOHCKH OKOHYATEbHOH Teopuu

B i'cqe}mc NOCJIEAHEro noJjyBeka (DM3HKH NpoaoJXainu, OCHOBBIBAsCb H3 OTKPbITMﬂX

.CBOHX MNpEeALICCTBEHHHUKOB, nobusaTtbes Bce 6oJsiee NOJHOro NMOHUMaHUSA NPHHUHIIOB

ycTpoiicTBa MMpo3daHus. M BOT Teneps, CIrycTss MHOIO JIET I1OCJIE TOr0, Kak DHHIITEHH
00BABMII O CBOEM MOXOJE€ Ha NMOMCKH €OUHOH TeopHH, DHU3MKH CYMTAIOT, YTO OHH
CMOIJIH, HaKOHell, BbIpaGoTaTh TEOPHIO, CBS3bIBAIOLIYIO BCE 3TH MPO3DEHUs B €AHHOE
LeJoe ~— €IMHYI0O TEOPHIO, KOTopasi B MPHHUHINE croco6Ha O6BACHUTL BCE SIBVICHHUS.
3Ta TEOpHUsl, Mespus Cynepcmpyr, U SBISETCS NPEIMETOM JaHHOM KHUTH.

Teopus cynepcTpyd 3abpachiBaeT O4eHb IIMPOKHIt HEBOA B MYYHMHbl MHUPO3OaHHA. 10
o6uMpHas M ray6okast TEOpHsi, OXBaTbIBalOLliass MHOTE BaXHEHLIME KOHLENUHH, Urpa-
JOLME LEHTPAJIBHYIO POJib B COBPEMEHHOH GH3MKe. OHa 06be ANHAECT 3aKOHBI MAKPOMHPaA
M MMKPOMMpA, 3aKOHBI, IE€ACTBHE KOTOPbIX PACIIPOCTPAHACTCSA B CaMble JalibHUE AajiH
KOCMHYECKOFO NPOCTPAHCTBA U Ha MeJIbYai1line YaCTHLIBI MAaTEPHH; NOITOMY paccKa3aTh
06 3TOit TEOPMHM MOXHO MO-pa3HOMY. ABTOp BbIGpaJ NOAX0, KOTOpPhIit 6a3upyeTcs. Ha
3BOJIIOLMM HALIKX NPEACTABIEHHH O NPOCTPAHCTBE M BDEMEHH.

Podxcep Ilenpoys. ..
HOBBI{1 YM KOPOJISL. _
O KoMnpiotepax, MLIILIEHHH H 3aKOHAX cpusmm.l

Monorpadus uspecTHoro ¢Gpu3nMka M MatematHka Pomxepa
TleHpoy3a nocssileHa U3y4eHHI0 NPOGiEMBI HCKYCCTBEHHOTO
MHTEJJIEKTa Ha OCHOBE BCECTOPOHHETO aHaJIu3a JOCTHXEHUH

" COBpEMEHHBIX HayK. Bo3MOXHO JIM MoJe/MpoBaHue pasyma?
YT06bl HAHTH OTBET Ha 3TOT Bonpoc, IeHpoys obcyxaaer
UIMPOYAHIINI KPYT SBACHUIA: AATOPUTMH3ALMIO MaTEMaTHYe~
CKOTO MBILLJIEHHS, MalIMHbI ThIOPHUHIA, TEOPHIO CJIOXHOCTH,
TeopeMy [enens, Tenenopraumio MaTepuH, NapazoKchl KBaH-
TOBOM (DHU3MKH, IHTPONHIO, POXHEHHE BCEJIEHHOM, YepHbIe
IbIpbI, CTPOEHHE MO3ra U MHOTO€ ApYroe.

KHHra BbI30BET HECOMHEHHBIH HHTEPEC KaK y CMEUHAINCTOB, TaK U Y LIMPOKOFO Kpyra

yuTaTeneH.
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