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Meros, obpaTHoit 3aa4un paccesinus st Kia®d.
IIpsamas 3aga4da




Meto1 oOpaTHOit 3aj1a41 paccesTHust

9to mero pernenns 3amauan Kommu mis Kn® B kaacce OICTPOYOBIBAIOIITIX
norennuanos. /lano HadasnbHoe ycioBue u(x, (), Hy?KHO BBISICHUTB, KaK OHO

MeHsHeTCs 110 t.
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Meton ocHOBaH Ha y:Ke M3BeCTHOM HaM mpeactapiaennn Kad B Buzge yciaous
COBMECTHOCTH 1714 JINHEHHBIX ypaBHEHNH!

Voo = (U= N, = ugt) — 22X + u)th,.

IIpamas 3adava 3aKII0IAETCA B ONPENENCHAN TAHHBIX PACCETHUS JJIs
Ha4YaIbHOIO noreniuana u(z,0).

Jlanmwvle paccesamrus COCTOAT W3 TUCKPETHOTO CIEeKTPa M Habopa
JIONOJTHATEJIbHBIX MHOXKUTEJIEH (B mpuMepe ¢ noTennuagoMm Baprmanna 3to
ObLIn Hyau BpOHCKHAHA k; 1 K09 dUIUEHTE ¢;), a TakxKe K03bdHIIeHTa
orpazkenna — ¢ynkmm r(k), A = k2.

Jeoarouusi no t Jjid JAHHBIX PACCESHU TPpUBHAIbHA. JIMCKPETHBIH CIEKTD
He MeHsIeTCst, MHOKUTesn U 1 (k) yMHOXKAIOTCS HA SKCITOHEHTY OT t.

Obpamnas 3a0ana 3aKIT0YAETCS B BOCCTAHOBJIEHNH TTOTEHIMaNa, u(x, t) 1Mo
N3MEHEHHBIM JAaHHBIM DaCCeAHHA.
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Hackoabko 310 Bee 3hdekTuBHO?

ITo cymecTBy, 9TOOBI BEIYHCIATH JAHHBIE PACCESTHHS O TIOTEHIIUALY, HY?KHO
PEHIUTH COOTBeTCTBYIomee ypapHenne [Ipémunarepa. K coxkanenuro, B ABHOM
BHJIE€ OHO, BOOOIIE TOBOpsA, He pemaercda. K ToMy ke, Ha IPAKTHKE U MOMKET
3asaBaThcsd He (POPMYJION, 8 KAKUM-TO MaCCHBOM 4uces1. Ilosromy, ara 3a1a4a
pernaeTcs YUCIeHRO. MbI JIUITh HAMETHM OIWH M3 BO3MOKHBIX METOIOB
(uHTErpasibHbIe ypaBHEHU BOJIBTEPDHI).

Obparnasi 3a7a4a TOXKE CBOAUTCH K MHTErPAJIbHBIM ypaBHEHUsIM (€CThb JBe
Bepcuu — ypasaenue [enbdanga—Jlesurana-Mapuenko uwium cucrema
cunrysspabix 1Y), koropble He06X04UMO pelarTh YUCJIeHHO.

Wrak, HA cCaMOM fiejie MBI HE MOXKEM JIOBECTH 3TOT METOJ JO TAKOTO
COCTOSTHVISI, 9TOOBI TIOCIYUTATH YTO-TO «BPYUIHYIO», PA3BE UTO 33 UCKIIOYCHUEM
KAKUX-TO CIENUAJTbHBIX MPUMEPOB TUIA TOTeHIanoB baprmamna.
Peanuzarus 9uCI€HHBIX METOIOB TAKIKE JIOBOJBHO CJIOXKHA U MBI 9TUM HE
Oy/eM 3aHHMATDCH.

Opnako, Ha npuanUnuaabaoM ypoae, MO3P maér pemenue, Tak Kak
HEJIMHEHAS 33/1a9a CBOJAUTCS K TOCJIEI0BATEIbHOCTH JTMHEHHBIX
WHTErpagbHbIX ypaBHenuil. Hammell mesibio 6yeT mpocTo OmucaTh aaropuTM
9TOrO CBEJEHUS.



[Tnan

Ha sToit mexmum:

o Cuekrp oneparopa IIpéaunrepa (¢ 6pcTPOYOLIBAIOLIMM [IOTEHIAIIOM )
o Ilpamas 3amaga

» Csegnenue ypasaenus [IIpénuarepa K MHTErpajbHOMY
» Oymxmwu Mocra

» Marpuia mepexoma

» CBoiicTBa MaTPUIIBI IEPEXO0JIA

> JIMCKDETHBII CIEKTD

> JlaHHBIE paccegHUd

Ha crenyromeit mexmym:
@ 3aBHCHUMOCTD JAHHBIX PACCETHUS OT t

e Ob6parHas 3a7a4a (METOIOM CHHTYJISPHBIX UHTEIPAJbHBIX YDPABHEHWIA)



Crextp oneparopa [IIpémunrepa

IIpo mepemennyo ¢ MBI BpeMEHHO 3a0yJeM — BILIOTH IO TOTO MOMEHTA, KOTIa
HYKHO Oy/JIeT CMOTPEeTh HA 3aBUCHMOCTH JAHHBIX paccesuus or t. Ceromus
cYnTaeM, 9YTO MOTEHIINAJ 3aBUCHT JIUITH OT X:

2
Voe = (u(z) =AY < L=, L=-0;+u.

Yenosue 6picrpoyGsisanus: [p ul(1 4 |z])dz < oc.
He 6yzmem maBarh obiree onpemenenne ciekrpa. B ciaydae omeparopa L
JIOCTaTOYHO OIPEIESIUTD

@ HEMPEpBHIBHBIN CMeKTP — 3HAUEHUsT A, JJIsT KOTOPBIX CYIIECTBYET peIleHne

1), OTpaHUYeHHOE TP T € R;
@ JIMCKPETHBIN CIIEKTP — 3HAYEHUS A, JIJisi KOTOPBIX CYIIECTBYET PEIIeHne

¥ € L*(R), 10 ecrn [, [¢]2de < oo.

Bynem nonmb3oBaThes 63 M0KA3aTEIHCTBA CAEIYIOIMIUNME CBONCTBAMU:

@ HEMpEPBHIBHBIN CIEKTP COCTOUT u3 BCex A > 0;

@ JUMCKPETHBIN CIHEKTP OTPHUIATEEH U KOHEIEH: A1 < Ag < - -+ < A, < 0
(cymecTBenHO, uTO MOTEHIMAN yObIBaeT ObicTpee 1/1?, Tak Kak wHauUe
COOCTBEHHbIE 3HAUEHUs MOTYT HAKAILIMBATHCA K 0).



Crenenne ypapuenus [Ipéannrepa Kk wHTErpaIbHOMY

O6o03maunm A = k? € C, 3anmumem ypasuerne IIpéauarepa B BUIE
u puMeHuM Metos, pyHKImi ['puHa, 9TOOBI CBECTH €r0 K MHTErPAJILHOMY.

(! Ha Jiexnuu 4 0 n-COMMTOHHOM DeNeHu# Obl1o A = —22.)

Oupegesienune 1. @yuknueii 'puna (byngamenranbubiv pemenuem) G(x,y)
st qudpepeHnranbLHOro oneparopa A, neficTByomero Ha (pyHKIUsIX
1 : R, — R,, Ha3bIBaeTCd pelleHmne ypaBHEHUS

AG(z,y) = 6(z —y).

Buag G, MOxkHO HaiiTu "acTHOE pemienue ypasuenus Ay = f(x) no dbopmyite

o = /R Gz, y)f(y) dy.

JeiicTBUTETBHO,

Aty — /R 5z — o) f(y) dy = [(z).



IMpumensia sty dopmyny k ypasaenuio (1) u mobassisa obinee pernienue
OTHOPOJHOTO ypaBHEHUS, TIOJIYIUM

B(z) = 16 + cre= e / Gz, y)u(y)b(y) dy. (2)
R

D10 MHTErpajibHOe ypaBHeHue Ha (DYHKIMIO 1), TPH KOHKPETHOM BBIOODE
cr,co m G.

Ocraerca waiitu G 1Jist Hatero orneparopa. HerpyaHo Bugerh, 9ro eciaun A —
oreparop ¢ nocrosHubiMu KO3 dunuenramu, To G(x,y) = G(x — y), rae

AG(z) = 0(x).

Vreepxaenue 1. Oneparop A = 92 + k? obnamaer dynkmmavu ['puna

_ sinkx £ <0 0 <0
G_(z) = Ok . Gy(z) = ¢ sinkz 2> 0
iUZ 9 =

Tak kak A(G4+ — G_) = 0, TO TOCTATOYHO TMTPOBEPUTH STO JJIsT OTHOMN
dbyHKIMA.

Koneuno, §.I. cayxut n mobas mureiinag komburamus oGy + (1 — a)G_.



oxaszameavcmaeo.

/ | —coskr <0 —coskr x<0
G(x)_{ 0 >0 _9(””)+{ -1 x>0,

rae 0(z) = { (1) i ; 8 — bynkuua Xepucaiina. Tak xkak 6'(z) = §(x), To

G’_’(x)é(x)+{ kSigkx i;g = 6(z) — K2G_ (). m

Mycrs, nanpumep, G = G4. Tak kak G (x —y) = 0 upu x < y, TO
UHTErPUPOBAHHUE 110 Y HIAET OT —0O0 10 T

sink(x — y)

’ u(y)y(y) dy. (3)

xr
w(m) :Cleik:v_’_0267ikz +/

— 00

3amevanue. Meron dyukimit I'puna ncmons30BaTh HEe 0053aTEIBHO.
Dopwmyity (3) MOXKHO IPOBEPUTH HEIIOCPEACTBEHHO JINOO BHIBECTU METOIOM
BapHaIiy MOCTOSHHBIX, cM. JI3 17.



VYpasuenue (3) — 370 UHTErpaabHOE ypaBHEeHUE BOIbTEPPHI BTOPOrO pozja
xT
() = g(z) + / K (2, y)d(y) dy.
—o00
Takue ypaBHEHUsT MOXKHO PEIIATh YUCJICHHO METOIOM HUTEPAInii
7/)0 =0, wn+1( / K x ) ¢n( )

MozkHO nokazark, 9to ecan |K(x,y)| < M, To urepaun cxonsaTcs
9KCIIOHEHIIMATLHO OBICTPO, PENEHNE CYIIECTBYeT W €JIMHCTBEHHO.



Oynkrnn Nocra

B 3aBucumocTu ot BbiGopa g u G B MHTErpaJbHOM ypaBHEHUU (2), MOXKHO
OIPEIEJINTh YeThIPE PEIeHNs C Pa3HOM aCUMIITOTUKON Mpu & — +00.

G = G, jBa perienns ¢ (PUKCHPOBAHHON ACHMITOTHKOMN TIPU & — —00:
i T osink(x — »
pr=etes [CIHEE o g ay = e o)
—0o0

) T sink(x — ;
p2 ="+ / (ﬁy)u(y)wz(y) dy, @2 = e +0(1).
—o0

G = G_: nBa pemrenusi ¢ GUKCHUPOBAHHON aCUMITOTUKON IPU T — +00:

by = e~ ke _/ %Z_y)u(y)zpl(y) dy, Y1 = e 4 o(1),

o = eFT — / wu(y)%@) dy, Wy = €™ 4 0(1).



Pemenus stux ypasuenuit HasbiBaoTcsa Gyukmuamu Mocra. 1o
KOMIIJIEKCHO3HAYHBIE (DYHKIIUU OT IBYX MEPEMEHHbIX — & € R u mapameTpa
k € C. Pazbepemcsi, Kakue y HUX CBOHCTBA 10 k.

Iycrs @1 = e~ *®p, Torma ypasaeHne m/is @) HEPEIICHBACTCH KAK

z o pik(z—y) _ o—ik(z—y)
p=tt / et i u(y)p(y) dy
—00 7

. T e?ik(m—y) -1 J
—1r [ ) dy

Tak Kak wHTErpupyeM npu = — y > 0, To dbynxuus e2*(@=Y) orpanmaena npn
y Yy > Y

Imk > 0. Bmecte ¢ Heit orpaHWYeHO U BCE AP0, METO, UTEPAIUil CXOAUTCA U

GbyHKIHS p OMHO3HAYHO onpejesieHa. VTak, MOXKHO rapaHTUPOBATDH, YTO Q1

ompeseneHa B BepxHeil nomymiockoctu Im k > 0.

YpaBHeHue Jjist (o MOIYYIAeTCs IPH 3aMeHe k — —k, TI09TOMY o OIpe/ieieHa
mpu Imk < 0.

Tnst 11 = e~ ***p noxpiHTErpabHOE BBIPAZKEHHE TO JKe CAMOE, HO Telepb
uaTerpupyem npn x — y < 0. Ioaromy 11 onpenenena mpm Im k < 0, a 19
mpu Im k > 0.



YrBepkaenue 2. /g ypasuenuda lllpeannarepa cymecTByIOT pereHus co
CIIEAYIOMUMY ACUMITOTUKAMA U AHAJIUTUIECKNE 0 Kk B YKA3AHHBIX
TOJTY TTOCKOCTSIX:

xr — —00 xr — +00 ‘

1 = e~ 4 o(1) e = e™*® 4 0o(1) Imk >0
e™ 4+ o(1) Py =e T £ o(1) | Imk <0

P2

DTy acHMOTOTHKY MOXKHO AudPepeHnupoBars 1o &, HapuMep
010 = —ike™* 1 o(1), = —o0.

O61acTh OLpejeeHns 1 aHatuTHaHocTd 10 K i byuknumii Mocra,
OTBEUYAIOIINX KOHKPETHBIM TOTEHIINAJIAM, BIIOJHE MOYXKET OBIThH IITUPE, IeM
ykazano. Hampumep, eciu moreHmas GpuHUTEH, TO WHTEPBAJ
HHTErPUPOBAHUS OTPAHUYEH €r0 HOCUTEJIEM U SJIPO BCETA OIPAHUYEHO,
nosromy dyukiuu Mocra onpenenenst npu Beex k € C. Yrseprkaenue 2 b
rapaHTUPYeT AHAJUTHYHOCTH B HMOJIYILJIOCKOCTSIX HPU CAMbIX CIabbIX
MIPEITOIOKEHUSTX OTHOCUTEIHLHO MOTEHITHAIIA.



Pemenns Mocra He 06s13aTeIbHO OMPEAEIATh UMEHHO Y€pe3 WHTETPATHHBIE
ypaBuenus. Ecion moxuo pemuth ypasuenue [IIpénmnrepa kak-To nHade,
MOXKHO CTPOUTH UX U JAPYTUMH CIOCOOAMU.

IIpumep 1. Bepruemca k morennuany baprmanna u3 nekmun 4. B cumy
CAMOT0 €ro OIPE/IEJIeHNUs], JIJIsi HEI'O UMEETCsl SBHOE DEIICHUe B BUJIE
KBA3UTIOJIMHOMA,

Y(x,z) = e** Pz, z) = e*¥(2" +pr2t + Dn)s

rae A = k? = —22 1 K03(pPUIIEATH peKyPPEHTHO ONPEIENIIOTCS O
MOTEHITHAITY, C UCIIOJIb30BAHUEM WHTErPUPOBaHUs 1o x. L onpeaeieHHOCTH,
nyctb z = —ik, TOorma

, itz [ P(F) +o0(1), z— —o0,
(z, —ik) = { P(k) +o(1), = — +o0,

re P u P — KOHEUHBIe Tpe/e/IbHble 3HaueHHs KOIDDUIMEHTOB (KaK MBI
3HaeM, OHM HaxonsTcs 1o dhopmysnam Kpamepa depes onpenennrenn
skcnonent). To ecrb, 3ra dyHKIM COBIAAAET € 1 U Y1, C TOYHOCTHIO JI0
MHOXKHUTEJs. AHAIOru4HO, 1(Z, ik) NPONOPIMOHATIBHA Yo U 3.



CroiicTBa cummerpun 1o k

Kak yxe ormeuasocs,

Spl(xa k) = 902(1'7 _k)7 7/11(%]“) = ’(/JQ((E, _k) (4)

Kpome Toro, Tak Kax MDOTEHIUAJ BEIIECTBEHHBIH, TO, €CI K HHTErPAJIbHBIM
yPABHEHHUSAM IPUMEHATH KOMILJIEKCHOE COIPSKEHHUE, 3aMEHUTCA TOJBKO 7 Ha,
—iu k na k*. Cnegosarenbao

p1(z, k)" = @o(w, k), Po(w, k)" = o(a, k7). ()

Kak cmencrBue, momydaeM CBA3b MEXKIY 3HAYEHUAMU OTHOU M TOH Ke
byHKIMY TPU OTPAYKEHUHM OTHOCUTEIFHO MHUMOI OCH:

QDZ(LU, k>* :@Z(xa_k*)a 7/%(95,]9')* :wl(xa_k*)7 1= 172 (6)
B wacTHOCTH, HA MHEMOI ITOJIYOCH HMEEM

(pl(x7iz)7 ¢2(xa7’z) € Ra z>0. (7)



MaTrpuia nepexosa

IIpu k € R (To ects, ipn A = k2 > 0) onpeesnenst Bee deThipe BYHKIAN
Mocta. O6e mapsr (¢1,2) 1 (11,12) obpasyior 6asucsr. Clie0BaTeIbHO, BCe
pemenns ypasaenusi llIpeaunrepa npu k € R uMeior TpUroHOMETPUYIECKYIO
ACHMIITOTUKY M OFPAHUYEHBbI IIpH BcexX x. To ecThb, 3T0 pyHKIIH
HEIIPEPBIBHOIO CIIEKTPA.

Paccvorpum maTpuiy mepexoa MexKIay yKa3aHHbIME Oaszucamu. 11o cBoicTBY
cummerpuu (5), JJisd BEIIECTBEHHBIX k BBINOJIHIAETCS

‘pl(ka)* = @2(55’]{)7 ¢1($,]€)* = %(%k)

IlosTomy, ecnu
1 = ayy + bipg = aypy + by,
TO
P2 = ] = a7 + b Yy = b Y1 + aio,

()= ). 7= )

CrenoBaresbHO,



Tepmurono2us
a(k) — amiuuTyna paccesnus
t(k) = 1/a(k) — xoapduimeHT IPOXOK IEHUS
r(k) = b(k)/a(k) — ko3 dunmeHT orparxkeHus

ITocusie nesienusa na b umeem

t(k)p1 = 1 + k)2,

ik

kaa T — —00, wl ~ e_lkra ¢2 ~ e

roe o1 ~ e , T — +00.

31ech 1)1 MHTEPIPETUPYETCS KAK BOJHA, «HAJAIOIIAS» HA TTOTEHIHAT
(cupaBa); g — «OTpazKeHHasi» BOJIHA, (1 — BOJHA «IIPOLIE/IIAd> Yepe3
HOTEHIHAL.

IIpumep 1'. B mpumepe 1 66110 0TMEYEHO, 9TO 00€ (DYHKINHU (01 U g
OPONOPIMOHAJIBHBI OJHOMY M TOMY ¥Ke KBazuMmuoroduneny ¢ (x, —ik), a pg u
19 mponopuuonanbhbl Y (z,ik). CremxoBarensuo, koadduiment b(k) B
JaHHOM ciaydae pased 0, morennuan Baprmanna — 6e30TpazkaTesIbHBbIIA.

3amevanue. Marpura mepexona 000OIIAETCS U HA, TOT CIIyYaii, KOTIA
IMOTEHIINAJI BBIXOJIUT Ha Pa3HbIE KOHCTAHTLI IIPU X — iOO, CM.
[Targay-JIndmumn, 3:25].



CoiicTBa

1) a(k)* =a(-k), b(k)* =b(-k), keR.
Pasuocusbuo, r(k)* = r(—k), t(k)* = t(—k).
DTO cpas3y CJIeyeT U3 CBOWCTB CUMMETDUH.
2) detT =la(k)]*—|b(k))?=1, keR.
Pasuocusso, |r(k)|? + [t(k)|? = 1.

Jloxaszamenavcmeo. IlpoauddepennupyeM onpeaeneHne MaTPHUITHI
epexoja mo &, 3T JIacT

! !
PP g <¢1 ¢1>
(@2 %0/2) (k) Py Wy
Bponckuanbl p1ph — @pe u Y110 — 11 He 3aBucar or x. [lepsbiii u3 HUX
MOKHO BBIYHCJIHUTH IIPH & — —00, BTOPOH pu T — +00, 00a PaBHBI

efikz 7,L'kefik::c )
det ( eikz ik@ikm ) = QZ]C



3) Bupaskernus mns a(k), b(k) wepes Bporcknansr ot dynxmumii Mocra:

_ Wle1,v2) _Wler. 1)

a(k) = —-— bk) = ik

keR, k#O0. (8)
Hoxaszameavcmeo. Nmveem

pr=aPr+bpa = W(p1,¥2) =aW(¢1,92) = 2ika

u, anasoruano Wy, 11) = —bW (1, 19) = —2ikb. |

4) ®opmyna (8) onpejenser aHAIMTAYECKOe HPoJoKenue a(k) B BEPXHIO
MOJIYJIOCKOCTh, TAK KaK TaM OTpeeseHbl 00e GyHKInu @1, V9. Ilpu 3ToM,
Giarogaps csoiicrBam cummerpun (6),

a(k)* =a(-k*), Imk>0.

Ho, BooGuie rosopsi, b(k) ne npodoasicaemesn B C.



Bripaxenws mist a(k), b(k) gepe3 maTerpasins

®opwmyinl (8) He 09eHb yIOOHBI, TaK Kak comep:kar ase dbyukimu Mocra u
nuddepennupoBanue (10Xast ONEPaIysd, ¢ BLIYUCIUTEHLHON TOYKN 3PEHNs ).
BcnovuauM nHTErpasbHbIE YPABHEHUS W HEMHOTO MOMpPeobpasyem:

ik Y sink(z—vy
o1 =e " +/ 7(/% >U(y)s01(y) dy,
—o0

k

va = et [T ) 0y

w=et [ T SEE )y (y) dy,

(3mech k B apryMenTax ) OmyIIEeHO), TOTIA

aw1+b1/)2:<p1:67“”+/7/
R T

—etegr— [ SRE = 9D ) s + ) iy

_ e—ikm —|—I—|—Cl(w1 _ e—ikz) =+ b(% _ eikm).



Orcioma cienyer

. y i k —
e~ (g — 1) 4 betkT = [ = /R Wu(ym((y) dy
cik(z—y) _ o—ik(z—y)
— /R ok u(y)e1(y) dy
eikw e_“”

_ —iky _ iky
5k /Re u(y)er(y) dy 577 /]Re u(y)e1(y) dy.

CpaBauBas Ko3(QPUIUEHTDI IPH SKCIIOHEHTAaX ¥ MEHsisl Y Ha X, IOJIy4aeM
caenymoliee CBOMCTBO.

5) Nurerpanpuble Bhipaxkenust s a(k), b(k):

o) = 1= 55z | M ul)e(e k. ©
b(k) = ﬁ /Re*ikwu(x)gol(:v,k) dz. (10)



Dopwmyrna (9), kak u (8), ompezensier mpogokenne a(k) B BEPXHIO0
TIOJTYTIIOCKOCTD: TIPH & — —00 MHTErpaJl CXOAUTCsA, TaK Kak e *% oy (x, k) ~ 1,
a ToTeHnuas OBICTPOYOBIBAIOIIMI; IPH & — OO WHTErPaJl CXOANTCS, TaK KaK
e*** — y6prBaromas 3xcoonexTa mpu Imk > 0.

Boobuie rosopst, b(k) ne npomoikaercs ¢ Bewecrsennoii ocu. Vnoria 1o
BO3MOyKHO. HampumMep, eciin moTeHIMa (PUHATHBIHA, TO BUIHO, YTO WHTErpaJ
(10) Toxe cxomurca. Ho, npomoikenue b Ham He OyIeT HY¥XKHO.

6) Acumnroruka 1o k:
a(k)=1+0(™"Y), |k =00, Imk>0,
b(k) =O(k™), |k| =00, keR.
Taxxke u3 (9) caenyer, uro a(k), BooOIle roBopsi, UMeeT HPOCTOM IMOJIIOC IPU

k =0 (1151 HEKOTOPBIX HOTEHIMAJIOB €0 MOXKET U He ObITb, €CJIU UHTErPajl
upu k = 0 ciyuaiino obpataercs B 0).



JVCKpeTHbIi CEeKTP

_ _A2
VYrBepxkgenune 3. Toukn LLI/IngeTHOFO crexTpa omeparopa L = —02 +u
COBTAIAIOT ¢ YncaaMu \; = k7, rae k; — mysnm dynknun a(k) B Bepxmeit
MTOJTY ILTOCKOCTH.

Joxasamenvcmeo. Ilycrs a(k;) = 0, Torma u3 (8) BeITEKaeT, 9TO

wl(kaj) :Cij(kaj)a (11)
HpU4YéM Ha 00enx OECKOHEYHOCTSIX MMeeM YObIBAIOIIe SKCIIOHEHTHI:

o1(x, kj) ~ e T p 0, o(x, kj) ~ et x s to0.
Haobopor, nycTs y — cobcTBeHHaA DYHKINA, OTBEYaIomas HEKOTopoMy k.
Torpa ona nMeer acMMNTOTUKY Kak 1 (2, k;) npu & — —oo u Kak Yo (z, kj)
npu & — 400 (¢ TOYHOCTBIO /10 MHOKHUTEEH). Tak Kak BPOHCKUAHBI
MOCTOSIHHBI, ©X MOXKHO BBIYUCJIUTDL HA OECKOHEYHOCTSIX W MOJYy9HTh, 9YTO OHH
pasub! 0. 910 o3Havaer, urto y = Cr¢1(z, kj) = Catha(x, k;), HO TOTHA U
W(cpl(x,kj),z/)g(x,kj)) ZQija(kj) =0. |



Tak xkak cnexkTp L BeIecTBEeHHBIH, TTOTyYaeM OTCIO/Ia CIETYIOIee CBOWCTRO.
7) Hymn a(k) nexar na mEnmoii ocu. OHE IPOCTBIE U UX KOHEYHOE YHCJIO:
kj:il'ij, /ij>0, j=1...,n.
CobcrBenHbre qrCIa HyMepPYOTCs [0 BO3PACTAHUIO:
—/-{f <—/£§ < --- <—:‘ii < 0.
CooTBeTCTBEHHO, Kj HyMepyIoTCd 110 yOBIBAHUIO, K1 > Ko > -+ > Ky > 0.
KosddummenTs! mponopnuoHAIbHOCTA ¢; B HyIgX kj OTHOCATCH K JAHHBIM

JuCKpeTHoro cuekrpa. OHu He COBCEM MPOU3BOJIbHbL:

8) KoaddurmenTs! ¢; BeleCTBEHHEL U YIO0BIETBOPSIOT IPABIITY €PEIOBAHMLS
3HAKOB:
c1 >0, <0, ..., signe, = (—1)"+1.

Jloxaszameasvcmeo. BemecrsennocTs ciemyer u3 toro, 4ro dpyukiun ocra
Ha MHUMO ocu BewecrBennbl, cM. (7). Hepenosanue cienyer u3 Toro, 4ro
j-s1 cobcTBenHast GyHKIMSA nMeeT poBHO j — 1 Hysh npm x € R, a y Hac 3HaKH
bynuxmmit Mocra GUKCHPYIOTCS aCHMITOTHKAME HA PA3HBIX OECKOHETHOCTSIX:

1z, ikj) ~ ™% mpu x — —oo, Yo(x,ikj) ~ e "% mpumx — +oo. W



Ha ceromnsa xsarut!

Nrak, MBI TTOCTABIIIN B COOTBETCTBHE TTOTEHIMAIY u(x):
— dyukuuu a(k), b(k), k € R (nannbie HelPepbIBHOIO CIIEKTPA);
— 9gHCTA Ky > Kg > > Ky >0 W e, ..., Cp, signe; = (—1)7T! (nannbre

JIUCKPETHOI'O CIIEKTPA).

10T HAGOP JAHHBIX HEMHOTO M30BITOUEH, TAK KAK JUCKPETHDIN CIEKTD
COBIIAJIAET C HyJIAMH aHaIuTHIecKoro npogomkenus a(k). K Tomy ke on
HecBOOO/IeH, TaK Kak a u b cesazanbl coornomenuem |a|? — [b|? = 1.

Ha crienyromeii neKnum Mbl TOKazKeM, 9TO BMECTO @ M b IOCTATOYHO 3a/1aTh
onuy dyukuuio r(k) = b(k)/a(k), npu k € R.

Tak>Xe BKJIIOUNM t U BBISICHUM, KaK TIPU 3TOM MEHSIOTCS CIEeKTpabHbIe
JaHHBIE.

Hakoner, BbiBeieM MHTErpasbHble YPaBHEHUs Jjisi BOCCTAHOBJeHUs u(x, t).



Jomarraee 3a1aHne

3anaua 17. (BeimomasaTh, TOJBKO €CIM 3TO HE MPOXOIUIN B JAPYTUX KYPCax.)
IIposepbTe mpsimbiv A GEPEHITAPOBAHAEM, YTO PEIIeHNe MHTErPATHHOTO
ypasuenus (3) ynossersopsier ypasuenuto IIpénunrepa, nmubo BbiBeauUTE
ypaBHenue (3) METoI0M BapUalluy IPOU3BOJIbHBIX [OCTOAHHBIX (B (opmyIie
JIJIsl PeLIeHns OJHOPOAHOro ypasuenus () = c1e™® 4 coe™ ™ cunraem cq,
Co GYHKIMAMY OT T W OTIpEAeIsieM WX Tak, 9TOOBI TIOIy9aIoch perenne

HEOTHOPOHOTO yPABHEHHUS ).

Bcee cremyromue 3amaun cBsa3anbl ¢ ypapHenunem IIIpémumrepa c
JlesibTa~-00pa3ubiM oreHnuanom u(x) = cd(x):

V" = (cd(x) = k). (12)

Bamadga 18. ITocrpoiire Bce derbipe (yHxuu VocTa /st 9T0r0 ypaBHEHU.
Paccmorpure oba caydas ¢ < 0 u ¢ > 0.



3amenwanue. Ecth o Kpaitreit Mepe npa crocoba perriennsi. Bo-TmiepBbIx,
MOKHO MCTOJIb30BaTh MHTErPAJbHbIE YPABHEHUA, OHM JIETKO PEIIaloTCH.
Bo-BTOpBIX, MOXKHO PENIATH YPABHEHUE HA TMOJIYOCHX, BEIOPATH PEIICHUS C
HY2KHOH acuMnTorukoil u ciuuth B 0. VnTerpupys ypashenue no [—e, €],

roJjrygaem
€

'dr — ep(0), e —0,

—€

TO €CTb, peIleHue JOJIZKHO IIOAINHATHCA YCJIOBUIO U3JI0Ma

¥ (+0) = ¥'(=0) = c(0).
Banaua 19. Haiiaure B sroM Bune koaddumuentsr a(k), b(k) nusa (12).

Bamadga 20. [Togp3ysch MOMyIeHHBIMU BHIPAXKEHUSIMU, TIPOBEPHTE, UTO
cBoiicTBa 1-6 mist @ u b JEHCTBUTEILHO BBIMOJIHSIOTCH, KAK MPEICKA3HIBAET
Teopus.

Banaua 21. Haituure auckpernbiii cuexrp juis (12), ecsiu on ecrb (Kak 310
CBSAI3AHO CO 3HAKOM ¢?) M COOTBETCTBYIONME COOCTBEHHHBIE (DYHKIUN.
Cpasnmure ¢ uyasmu a(k).



