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BCTVYII

[Tig; MojiesiFOBaHHSIM IEBHOT'O TIPOIECY PO3YMIEMO Bijl0OparkeHHsi Oro Ha MO-
Bl BiJIIOBIIHOI HayKu. MaremarudyHe MOJe/IOBaHHs BijloOparkae Mpolec Ha MOBI
HeBHUX (PYHKINHHUX 3B'I3KIB 1 J0IIOMarae iHo/Ii BIIKPUTHA HOBI fioro acmekTu. 3a
BusHaderdsiMm B.M. Iuymkosa, "mMaremarudna MOje/b - 1€ MHOXKHAHA, CUMBOJIIY-
HUX MaTeMaTUIHuX 00’€KTiB 1 criBBigHOMEHL MK HUMK'. 3a M.M. Amocosuwm,
"MaTeMaTHIHA MOJIENIb — TI€ CHCTeMa, Mo Bimobpaxkae inmry cucremy'[1].

MaremaTmaHi MOIesTI MOXKHA JOCTIPKYBATHA PI3SHUMHA METOIAMU: GHAALMUYHU-
MU, SKUMHA OTPUMYIOTH Y 3araJibHOMY BHUIVISI/Il 3aJI€2KHOCTI MIXK JIOC/IIXKYBaHUMUI
XapaKTEPUCTUKAMHU UM 1X BJIACTUBOCTI, “UCEAbHUMU TOIIO.

[cayroTh pizHi Kaacudikalil MaTeMaTUIHIX Mojiesieil. 3o0KpeMma, CTaTUIHI MO-
JleJI XapakKTepu3yioTh KOHKPETHUIE crad 00’eKTa y 3a/jaHiil MOMEHT 4acy, y CTOXa-
CTUIHUX MOJIEJISIX BiJIOOParkeHo BILIMB BUITAIKOBUX (PAKTOPIB, IO CKJIALAIOTHCS
3 6araTbhOX OJJHOTHITHUX €JEMEHTIB, SKi MalOTh BIACHY MOBeMiHKY (muB. [1]).

JlunamMiuae MaTeMaTUdHE MOJIEJIOBAHHA — TI€ OMKMC 3MIHHUX Y Yacl ITPOIECiB
3a JIONOMOTO0I0 JinpepeHIlialbHIX, IHTEIPAJILHUX, IHTEIPO-JIndepeHIiaJbHUX, CTO-
XaCTHYHUX JudepeHIiajJbHuX PiBHAHD, 30KpeMa. [Hoji cami Taki pyHKIIOHAJIbHI
CIIIBBIJTHOIIICHHS B1JI0OParKaioTh 3aKOH, OJIepXKAHMI IIPHU JIOCJIIXKEHH] IIPOTIecy 3a-
cobaM¥ BIJIIIOBIJIHOT raJjiy3l y PUPOJIO3HABCTBI UM B CYCILJILHUX HayKax. XO4 4a-
CTIIIE OCTATATOUYHI MaTeMATUIH] MOJIE/I OTPUMYIOTH Y MTPOIIEC] 3aCTOCYBaHb CaMOl
MaTeMaTHKH, JIOIYHUX MIpKyBaHb, & TOMY € IoTpeba B X IepeBiplii Ha IPaKTHII
— TeCTyBaHHI.

Ak 3aznaveno B [26], y MojesrroBatHl BUALISIOTH TPU OCHOBHI YaCTHHU: EMNIPU-
yny (pakTudHi JaHl eKCIEPUMEHTY YH CIOCTEPEKEHH: ), meopemuuny (3B’a3KH,
KOHTIETITIT, sTKi MOSICHIOIOTh eMIIIPUTIHY YaCTHHY ), MAMEMAmu4Hy, 0 KOHCTPYIOE
MaTeMaTHIH] MOJIEJI JijIst IIOSICHEHHST 1 IEPEeBIPKK TEOPETUIHOI YacTUHU, OOPOOKH

EKCIIEPUMEHTAJIbHUX JaHNX 1 IMJIaHYBaHHA HaCTYITHUX ﬂOCﬂiﬂ}KeHb.



Ha mouaTkoBoMmy erarmi Mojiesii CIpoIeHi, o0 migibpary BiAIOBIIHANI MaTe-
MaTUYHUI arapat Jijist 1X JIOCJIJPKeHHs, JIaTh ITPOCTUI aJrOPUTM PO3B sI3aHHs 1
nporectyBaru. Jaji BijlOyBa€ThCsi YTOYHEHHsI MOJIEJl, BpaXyBaHHS JIOJAaTKOBUX
¢gakTOpiB, {AKi BIJIMBAIOTH Ha IIPOIIEC.

BusiBngerbest, KO 3aMIHUTHU JIedKl TMOXIIHI IIJINX TOPSIIKIB IEeBHUMH 1HTE-
IrpajbHUMHK 3B’ sI3KAMHU, 30KPEMa, HEJIOKAJbHUMHU MOXIJIHUMHU JIPOOOBUX HOPSIIKIB,
TO OyJie BpaxOBaHO IOCTYIIOBICTD Iporiecy. | 1e B baraTboxX BHIIAJIKAX IIPaBUJIbHI-
11e BijloOpazkae caM Iporec. B octanal poKu aKTUBHO BUBYAIOTH MOJIEJI, STK1 OIIH-
CYIOTHb 3a JIOIIOMOI'OI0 PiBHsIHb 13 JIpoOOBUMU 11OXiHUMKU. KOHKpeTHI 1puKJiajiu
TaKUX MOJIeJiell y PI3HUX raJjiy3siX IPUPOJI03HABCTBA HaBe/IeH], 30KpeMa, y [52,53].

Merta nocibHMKa — BHUKJIACTH OKpPEMi METOJM PO3B’sSI3aHHs 3aJa4 JIJid PiBHAHD
13 JpoOOBUME TOXITHUME 1 Ha IXHIX TPHUKJIAIAaX PO3BUHYTU BUBUEHI B IOIEpe-
JIHIX Kypcax MeTON AOCJIKEeHHS MOYaTKOBUX 1 KpalOBUX 3a1a4 JJIsd 3BUIaiHIX
JudepeHIiaJbHUX PIBHAHD, II0YaTKOBO-KPaoBUX 3a/a4 JIJid PiBHAHD 13 YaCTUH-
HUMHK TOXIJTHUMHU. 3HAUHA yBara npujijeHa Meroay pamiB Pyp’e, merony dyH-
JlaMeHTaJbHOl pyHKIIT Ta (GyHkuil ['pina, BaXKJIMBUMU Yy BUBYEHHI JIMHAMIYHUX
(30Kpema, CTOXaCTHIHUX) MpoIeciB i3 mam’sTTio [28,29)].

CrouaTKy CTYJIeHTH [IOBTOPIOIOTH MOTPIOHUI MaTepiaJi i3 Teopil y3araJbHEeHNX
G yHKIII#, BUBYAIOTH 3BUYAIHI PIBHAHHS 3 JJPOOOBUMHU IIOXITHUMH, a IIOTIM MOJIEI,
sIKl OIUCYIOThCS PIBHAHHSIMU 3 YACTUHHUMU MOXIJIHUMU JIpobOBUX 1OpsijKiB. 11o
HEePIIiil YacTUHI KypPCy HPOINOHYETHCS BUKOHAHHS KOHTPOJIbHOI poboru. OKpemi
TeMH, BUKJAJEH] y MMOCIOHUKY, Ta OKpeMi »KypHaJbHI CTATTi, 3alpOIOHOBAHO HA

caMOCTiiiHe OolpalfoBaHHs 3 JIONOBLJIsIMU 1 aHAJI30M Ha CEMIHAPCHKMX 3aHATTSIX.



Poz i 1

3rOPTKA I ITOXIJTHI JIPOBOBOTO
[TOPSJIKY

1.1 IIpocropu OoCHOBHEHX Ta y3araJibHeHUX (PYHKIIii

Maremaruuna Teopis ysarajbHeHux pyHKIii posnodara npansmu C.JI. Cobo-
aesa (1936-1938) it ocrarouno chopmosana y npaigx JI. Hsapra (1950-1951),
x04 Brepiie Tepmin "y3aragbaena ¢yukiiisa'BeiB Maremaruk i dizuk lipak (1926-
1930) y KBaHTOBO-MeXaHITHUX JOCIIKeHHs1X. L1 Teopist mpoHuKIIa B pi3Hi raaysi
MaTeMaTUuKK, KBaHTOBOI (pizuku. JlerajbHO BOHA BUKJIAJEHA Y PEKOMEH/IOBAHIN
gireparypi ([3-6]). Tomy gaemo riabku HeoOxigHy iHdopMario, 30kpema, 3 [7,15].

Hexait N — MHOXKHHA HaTypaJbHUX YuCes, Z — MHOXKUHA IIIUX dnuces, §)—
obaactb B R, sokpema, Q =R", o= (21,...,2,) € Q, |z =23+ - + 22,
Y=oy m) (v € Zyy, j =1,...,n) — mynbruingexe, 27 = z' ...z},
V=7 +m, DY = aﬁﬁ%m — onepaTop JudepeHIiroBaHHsI.

Oynukmist f(x) HasuBaerbes (iniTHOW, KO icHye KoMmmakT K C R", mosa

skuM f(x) =0, muoxkuna suppf = {x: f(z) # 0} HazuBaeTbest HOCIEM DYHKIIT

fz).
Hexait D({)) — mpocrip HeckindeHHo gudepeHIiioBuux (BhyHKIN 3 HOCISIMH

crporo B €2 (upocrip ochoBaux (pyukiii). Qyukiis

a2
C,e o2z z| < a
(p(x.? a) = “ ’ ‘ ‘ o )
0, x| > a

ne a > 0, C,— nogara crajia, HajexxuThb npocropy D(R™). ani BBaxkaTuMemo



crany C, takow, mo [ ¢(z,a)dr =1.
Rn

Jlrst oBiibHEX 0bMexkeroi obutacti 2 C R" rta komnakta B C () icHye Taka

i € DRY), mo 0 < (z) <1 1a p(z) = {(1) EE\Q

Kazxewmo, 1o nocuijgosticrs @ — 0 (npu k — 00) y npocropi D(2), sikio:

a) icaye kommakT K C € rakwii, mo pp(x) = 0 nosa K jus Beix k € N,
TobTO Suppypr C K nng Bcix k € N;

0) juist JloBlIbHOrO MysibTuingekcy v D7¢r — 0 pisromipho (na K ).

[le jy»ke cuibha Tonosoris. D(§2) e npukIa oM JOKAJILHO-OMYKJIOTO TOIOJJ0-
YHOIO IIPOCTOPY.

Buauennst dhyHKIioHATa [ Ha OCHOBHIN (DYHKIH ¢ mosHadaemo uepes (f, ).

Oyuknionas f ua D(C)) HaZUBAETHCs JIHIITHUM, SKILO JIJisl JOBUILHUX (01, Qg €

D(Q) i goslnbaux mificanx (abo kommiekcanx) ducen Cp, Co

(f7 01901 + CQ()O?) = Cl(f7 901) + CQ(f: 902)

Oyukmionas f wa D({)) HasUBa€ThCs HEmepepBHHM, SKINO 31 361KHOCTI 110
Hyast y npocropi D(§2) mocmioBHOCTI @) Tpu k — 00 BUIIHBaE 361KHICTH
ancsioBol nocuijgosrocri: (f, o) = 0, k — 00.

YzaranpHenoro ¢yHKiieo (pozmogiiom) B () Ha3UBAETHCS JIHIHUI HEIEpepB-
nnii Gynkmionan za D().

CykynHicTb y3arajbHeHUX (DYHKIIH yTBOPIOE BEKTOPHUI MPOCTIP, sIKUi I0-
sHadatorh D'(Q) 1 maginstiors fioro ciabkoto ronosorieo: fp — 0 (kK — o0) y
npocropi D'(2), akmo (fi,¢) = 0, k — oo maa goBlibaOl ¢ € D(N).

BukopucroByBaTUMEMO TaKOXK 1HII IPOCTOPH y3arajJbHeHUX (PYHKIIIH, BHOU-
pafdu 3a MpPOCTOPH OCHOBHUX (DyHKII, Hanpukiag, C({2) — npocrip HeCKiH-
yeHHo audepeniiiiopaux GyHkmii B {2,

S(R™) = {p € C®°(R") : sup |2’ DVp(z)| < +oo VB,7}.

reR”

1 wanexxnrs npocropy S(R") i ne nanexurs 10 D(R™) (ockisn-

Oyukilist €~
Ki He € BiHITHOIO).

[Tocaigosricts ¢, — 0 (k — 00) y mpocropi C*°(€)), Ko Jyist JOBUIEHOTO
myabruingekcy v DYVpp(z) — 0 piBHOMIpHO Ha jioBlIbHOMY KOMIakTl K C €.

[Tocainoshicts ¢ — 0 (k — oo) y npocropi & = S(R™), sikio:



a) JJIst JIOBUTBHUX MYJBTHIHJEKCIB (3, 7 ICHYE JIoflaTHa cTaja, Cs, Taka, MO JJIsd

Koxknoro k € N
sup |2° D7 pp(2)| < Cg.y;

reR™
6) Jyist J1oBlIbHOTO MysibTHiHJEKCY 7 piBHOMipHO D7@p() — 0 (K — 00).

[Toswaqaemo: E£'(Q2) = (C*(Q))" — mpocrip minifinux HenepepBHUX (GyHK-
nionasnis na C*(Q), S’ = S'(R") — npocrip JiHiiiHnxX HemepepBHUX (GyHK-
njonasis va S(R™).

Jlj1st BBEJICHUX MTPOCTOPIB OCHOBHUX Ta, y3araJibHeHUX (DYHKIN MpaBUIbHI Taki

BKJIIOUCHHS:
D(R") C S(R") C C*(R"), E'(R™) c S'(R") c D'(R™).
[IPUKJIA/IY y3araabHenux (DyHKIi:
1) 0 dyukmia dipaka: (J,¢) = ¢(0) Ve € D(R");
(0(z — o), p(x)) = p(x0) Ve € DR");
2) KoXKHa 3BHYaiiHa (JokaJbHO iHTerposra) B ) dyukuis f(zr) BusHauae ysa-

rajgbHeny (pyHKIo f

/f v)dz Vo € D(Q), (1.1)

/f v)dz Vo € D(Q), (1.2)

ne f(x)— xkommiekcHo crpsixkenuii Bupas 10 f(x), aimo dbyHKIil f, ¢ KOMIIeKc-

Ho-3HauHi. [laai Kiac SBanf/’IHHX cbyHKuiﬁ B (2 mosnadaTuMeMo qepe3 Li jo.(12);
3) (P1,¢(x)) =v.p. f‘” dﬂf—f“’ Udz VY € D(R);

4) gxmo S — HOBerHH B R", p E C(S)j TO piBHICTIO

(nds, p) = / ppdS Vo € D(R")
S

BH3HAYEHO y3arajbHeHy (DyHKI0 (dg — TPOCTHil map Ha MOBEpXHI S .

Yaaranmpaena GyHkiia f, s sxol icHye 3sudaitna dyukiisa f(z) Taka, 1o
BUKOHY€eTbCs piBHicTb (1.1) abo (1.2), HABUBAETHCA PEryJISPHOIO y3arajabHEHOIO
¢yHKIi€r0, a BCsKa 1HINA — CHHIYJISPHOK y3arajbHeHoo yHKIicn. DOyukiil

6(x), 6(x — z), P+, udg(x) € CHHIyASpHEMU y3araJbHeHUMH (DyHKILAM.

9



Bl ysarambreni &yl f1, fo HasuBatorbes piBauMmu ( fi = fo) y mpocropi
D'(Q), saxmo (f1,¢) = (f2, ) mias goslibaol @ € D(Q).

Mixk rnpocTopoM 3BUYAKHUX 1 PErysipHUX y3arajJbHeHUX (PYHKIIH € B3aeMO-
OJIHO3HAYHA BIJIIOBIIHICTE: KOXKHA 3BUUaiina dbyHKIis f(x) Bu3HAUaE y3arajbHe-
ny yukmio f (3a dopmymnoo (1.1) abo (1.2)) i a1 KOKHOT peryaspHOl y3araiib-
renol GyHkuil f icHye Tisbku ojHa 3BMuaitna Gyukiist f(x) Taka, 1m0 JOpiBHIOE
f y mpocropi D'(2). lle BurinBae 3 Takoi Jemu.

Jlema 1 (dwobya-Peiimona) [3].  Hrxwo f(x) — seunatna gynxyia ¢ Q, mo

f(x) =0 wmatiorce scrodu 6 2 modi i miavku modi, kosu
[ f@)p(x)de =0 Vo e D).
Q

Kaxxemo, 1o ysarannuena dynkmis f = 0 B obaacti €2, sKIo

(fip) =0 Vo eDQ).

Hociem yzaraspnenol ¢pyukiii f HazuBaeTbcsa Takuii kommnakT K := suppf,
mo f =0 noza K.

YzarajbHena (QpyHKIIS HAa3UBA€THC (DIHITHOI, SKIIO 11 HOCIH € 0OMEeXKeHOIO
MHO>KWHOIO.

Teopema 1 [3].  Koowcna ginimua yzazanrvrena dynkyia nasestcumo npoc-
mopy E'(R™) .

[TpasusibHa obephena reopema, Tak mo E'(R™) — npocrip dinitHux ysaraib-
HEHUX (DYHKIIIH,

Y3arajabHena GpyHKIIA [ HA3UBAETbCsSI HECKIHICHHO JIHDEepeHIIIHOBHOKO B TOUI
x € 0, gk B jiesikomy okoJii V() Bona 36iraerbes 3 dynkiieo f; € C(1).
HaiimenIra 3aMKHeHa MHOXKIHA, 11038 IKOIO [ HECKIHUYEHHO JndepeHIiiioBHa, Ha-

3UBAETHCSA HOCIEM ocobymBocTeiil PyHKINT f 1 mo3HAYaEThCst stngsuppf .

1.2 OcHoBHI il HaJ y3arajbHeHIMHN PYyHKITIAMEI

Ockinbku Kinac D' yzarajpbaenux (pyHKIIH € po3MIUPEHHAM KJacy 3BUIailHuX
dbyukiiit, To BuzHavanTh onepanii y D’ Tak, 1mob BOHM IIEpeXOAMJN Y BLIOMI

oriepallil Jiuis 3BUdaiHux QyHKIii.

10



1. JlonaBanmns ysarajgbHeHux (OyHKIIH 1 MHOYKeHHsI Ha ducja. Axmo fi, fo €
D', C1,Cy — kommiekci uncaa, ro Cy fi; + Cofo — raxa ysarajabHena (pyHKIis

iz D', mo
(le1+2f2990) :a(fh(p)_l_@(f%@) VQO e D.

2. MHoxkeHHSsT y3araJjbHeHOI (DYHKIII Ha HECKIHUCHHO JucbepeHIfiioBHy. fAKIno

feD, aeC®, 1o pisnicTio

(af,¢) = (f(x),a(x)p(z)) V€D
pusHaveno af € D' (ockinbku ap € D).
[IPUKJIAIN:
1) (x0(x), ) = (0(x),zp) = 0 = (0,9) Ve € D, tomy 3a 03HAUCHHSIM

piBHOCTI y3arajabrenux dyskiiin xd(z) =0 y npocropi D';

%) (2P, p(x)) = (P ap(x)) = [ 204z = [ p(z)dz = (1,¢) Ve D,

—0o0 —0o0

8

TOMY xP% =1;
3) s a € C*, ¢ € D maemo
(a(x)d(x), o(x)) = (6(x), a(z)e(x)) = a(0)p(0) = a(0)(0(z), p(x)) =
= (a(0)0(x),¢(x)), a orxke, a(x)d(x) = a(0)d(x).

3. [nupepenniopanns yzaraabuennx ¢gyukiii. Axmo f € D', To pisHicTio

(D f, ) = (=1)"(f(z), D7p(x)) V€D
pusznadeno D7 f € D', a orke, KoXKHa y3arajabHena (pyHKIIsS HeCKIHIeHHO jude-

peHIiiioBHa (y BU3HAYCHOMY BHUIIE CEHCI).

[TPUKJIA/IN:

1, >0 :
1) mexait 0(z) = 0 0 Ile 3Buuaitna hbyHKIsT (4 0TXKe, TOPOJIKYE pe-
. oz <

ryssiphy y3aradabheny dyskmio 3 D'(R)), siky Ha3suBAOTh OJHHHIHOK (DyHK-

miero XeBicajiga. 3a O3HAYEHHsM MOXITHOI JI/IsT JAOBULIBHOI ¢ € D marmmemo

(0" (x), () = —=(0(2),¢'(2)) = —jfo O(x)¢'(x)dr =
= — Zfogo’(x)dx = ¢(0) = (6, ), orxe, 8 =0;

2) (In|z])' = Py. Cupanai, ((Infz])',¢) = —(In|z]. ¢') =
= — lim [ [ In|z|¢'(x)dz + [In|z|¢'(x)dx| =

v—0
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= — lim | (tn]rlp(2))| 2% — I 245+ (infalp(x)];> - T@dﬂ -~

T
v—0 o V

+00
= lirr(l)[lnugo(u) — lnvo(—v)] +v.p. [ @dl’ =
v— %

= lim[inv (p(v) — o(—v))] + (P3, ¢(2)) = (P3, ¢(2));
3) akimo f(x) — KycKoBO abCOTIOTHO HemepepBHA (YHKIIiS 3 PO3SPUBAMU TEp-

LIOI'0 POJLY Y TOYKAX X1,...,T,m € R, TO
f@) =41 (2)} + 22 hed(z — ),
k=1

ne {f'(z)} — noxinna dyukuii f(x) y 3BudaiinoMmy posyminni (Bu3HavdeHa MaiixKe

Beiogm B R), hy = f(zr +0) — f(xp —0) — crpubok dbyukuii f(x) y Toumi xy.

Hanpuknan,
2
5 =, x>0 , 2¢, x>0
xr) =1x4 = => T) = =2z,

flz) =z, 0, x<0 /(@) {0, z <0 "
2?+1, >0 2¢, x>0

fla) = == f'(z) = +0(x) = 224 + 0(2);
0, x <0 0, <0

. 17 .CL’]_ > O, e ey ITL > 0
4) mexait 0(xq,...,x,) = . . e perynsipua ysarajbhe-
0, B IHIIUX BUNAJIKAX

. . n . om0 TL1yeeesLn
wa dynkmisg i3 D'(R") i W =0(1,...,2,) = 0(x).

Ilepgicroro ysaransuenoi ¢ynkmii f € D'(R) wasupaerbest taka y € D'(R),
mo y' = f y nupocropi D'(R). dng nosinbuoi f € D'(R) icuye nepsicua. Pizaurisa
JBOX 1epBicHux Jyist f — ysarasbhena craia C: (C,p) = ij;o o(z)dx pst
koxxuol ¢ € D(R).

[TPUMITKA. 3a jonomororo GpyHKIN XeBicaiiga MOKEMO I0JIaTH BKJIFOUCHHS
B eJeKTpUIHE KOJIo B MOMeHT t = ( crayoi mHanpyru Bequuunu Fy: E(t) =
E0(t), a 11 amina E'(t) = Eyd(t). 3a gonomororo jesbra-pynkiil md(zr — xg)

BU3HAYAIOTH I'YCTUHY MACHW BEJIUUWHU M, 30CEPEJXKEHOT B TOYIIl X .

4. Vszaraawpreni ¢yHkiil, 3amexxui B napamerpis. Hexait 0 = Q; X Qy C
R*"x R™, f=f(z,y) (€ CR" yeQy CR")1a feD(Q). Kaxkemo,
10 y3arajbHeHa (QpyHKIIA f 3aJeKUTh BiJl 3BMIHHUX Y SIK BiJl TapaMeTpiB, SKIIO
Juist KoHOT ¢ € D(§21) Busnaueno (f(x,y),o(z)) = g(y).

Yzaranbuena dyukiis f € D'(§)) HenmepepBHO 3aj€KUTh Bi 3MIHHHX Y €

Qy C R™ (gKk Bij mapamerpiB), Ko s KOKHOI ¢ € D({);) Bu3HAUEHO
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(f(z,y),p(x)) :=h(y) Ta h € C(Qy), Tobro icuye

lim (f(2,y), p(2)) = (f(z;40), ¢(2)) Yyo € Q.

Y—Yo
Y3aranbhena Gyukiis f € D'(§) HeckinueHHO JupepenIiiioBHa 3a 3MIHHAMA
y € Qy C R, gkmo st KoxkHOI ¢ € D(£21) Ta KOXKHOTO MYJIBTHIHIEKCY -y

susnadeno DV(f(x,-),o(x)) € C(£22). Y nupomy BunajKy

Dy(f(z,y),p(x)) = (D, f(z,y), p(x)) Ve € D(E).

5. AcomiaruBauii J0OYTOK He BU3HAYEHO JJIST JIOBLILHUX y3araJbHEeHIX (DyHK-
mif. CrupaB/il, 3 HaBeJeHUX BUIIE IIPUKJIAJIB OTPUMYEMO
1 1
(P=-z)-6(z) = (z-P=) -6(x) =1-d(z) = d(x),
x

T
optak P21 (z-0(z)) =PL-0=0.

6. [psimuii 00y ToK y3arajbaenux ¢yunkuii. dxmo f € D'(y), g € D'(Qs),

TO PIBHICTIO

(f(@)g(y), o(z,9)) = (f(2), (9(y), o(z,y)))
V(p - D(Q) = D( x QQ)

Bu3HavdeHo npsmuit 100yrok f(x)g(y), fg = f-g9g = f x g € D(Q). lpsamuii
JIOOYTOK y3araJbHeHUX (DYHKI Mae Takl BJIACTHBOCTI:

npsamuit 1o0yTok komyrarusauit: f(z)g(y) = g(y)f(x);

HpsiMuUil JIOOYyTOK HellepepBHO 3aJI€XKUTh BiJl CIIIBMHOXKHUKIB:
gkio fr, — f (k—o00)y D'(), 1o frg — fg (k—o00)y D'(Q);

paBuJibHa PopMyJIa JindepeHIiIOBAHHS

DI(f(z) - 9(y)) = DLf(z) - 9(y);
akmo f € D'(), g € L1o.(22) (g — mokanbHO inTerposna 3a Jleberom

y g, 100670 3BMUAitHA y ()9 ), TO 3 KOMYTATHBHOCTI NPSMOTO JOOYTKY BHUILINBAE

dopmyia
(f(2), [ 9)elz,y)dy) = [ (f(=),0(z,y))9(y)dy

QQ QQ
7t KOKHOT 0 € D(S2) , siky HazuBatoTh aHajgorom reopevu QyOiHi Jjist y3arab-

HeHHX (DyHKIIIH,
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7. SropTka y3arajgbHEHUX (DYHKIIIH.

Sroprkoro 3pudaiinnx ¢GyHkiii f, g HA3UBAETHC (DYHKILIs

(f*g)(x ff —§)d¢ .

Skmo f € Ly(R"), g € Ly(R")

, 1/p+1/g>1,10icuye f*g€ L.(R"), ne
1/r=1/p+1/q— 1, npuiomy

sokpema, ¥ = 1 upu p = ¢ = 1, 10610 fxg € L1(R") upu f,g € Li(R"),
r=oocnpu p=1,g=00 abo p=q=2.
Axmo f,9 € L1 jo.(R") 1 x01 ogua 3 nux binitna, o icuye f*g € Ly jo(R").

Axmo f,9 € L110c(R") 1 06uasi dbymnkiii Maiors Hocii na [0,400), To icuye

f*g € L11(R"), f*g mae nociit na [0, +00) 1 BusHadaeThest HGopmyJI0io

(f*9)(x ff )déE .

B ycix nux Buiiajikax 3ropTka KOMyTaTuBHA.
[TPUKJIA/IN:

1) mpu nogaraux a,b Maemo

e~ x b’ = f e~ e by gy — +fo<)e_<aH))[y2_3%’%(cilj?]dy ea+§ —ba? _
—00
400
=/ 6_(a+b)( ‘%’) dy e~ e = f e~ (D) gy omat?” = e e‘aaTbbf”?,
e e
2) [0(x)sin(z)] * [0(x fsm (x —y)dy =

= —0(x) cos(y) (z —y) yiO —6(x fCOS y)dy
0

=z, —sin(xy).

[ToznauaeMo 4epes * onepalliio 3ropTKH y3arajbHenol GpyHKIIT g Ta OCHOBHOI
pynrii ¢

(gxe)(z) = (9(§), w(x +£)).

Bouna mae Taki BJIaCTUBOCTI:

1) geD', pD => gxp € C™;
2) ge&, peD => gxp € D;
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3) supp(gxp) C suppp —suppg (apudMETHIHOIO CyMOI0 91 PI3HUTICIO
muoxkuH A, B ¢ muoxunn A+ B ={a+b:ac Ajbe B}, A—-B={a—10:
a€ Abe B},

4) D'(g%p) = gD = (=)D gxp;

5) skmo g € ', pr — 0 y npocropi D, to gxpr — 0y D;

ako g € D', o — 0 y upocropi D, o g*p, — 0y & =C™.
Sroprkoro y3arajpHeHux (hyHKIid f 1 g HAa3UBa€ThCs y3araJjbHeHa (DYHKITIsA
f * g, Bu3Hauena hopmMyIsIo0
(f*xg,0) = (f,g%p) nnsa kool ocHOBHOT ByHKILT .
Teopema 2. fdxwo f,g € D' i xou odua 3 nux dinimna, mo icnye f*xg € D' .
OcHo6Hi 6AGCTMUBOCTNE 320PTKU:

1) 3a yMOBU iCHYBaHHs 3ropTKa f * ¢ JiiHI{iHA 1 KOMyTATHBHA,;

2) supp(f *g) C suppf + suppg;

3) axmmo fr — f y mpocropi D’ Ta BUKOHYETHCs OJIHA 3 YMOB:

a) g €& abo
0) g € D' 1aichye komnakr K rakuii, mo suppfr C K pis koxuoro k € N
10 fr % g — f*g y npocropi D' (sroprka f * g HenmepeppHa);

4) 3a ymoBu icHyBaHHS f * ¢ TpaBmwibHa (dopmyiia audepeHioBaHHsT

3TOPTKH

D (fxg)=D'fxg=fxDVg=Dfx D Fg;

b)dxf=fxo=f, DWxf=Df;
6) feS,gel => fxgeS'.
SayBaxkKuMo, 1110 (PIHITHICTH OJIHIET 3 KOMIIOHEHT 3TOPTKHU HE € HEOOX1IHOIO Y MO-
BOIO ICHYBaHHSI 3TOPTKH.

[IPUKJIAIN:

1) f(z) = 0'(z) = f(z)*d(z) = f(2);
2) sinx * 6 (z) = sin®™ 2« §(2) = sin™ z;
sinz * 0 (z — a) = sin® z % §(x — a) = sin™(z — a);
CIipaB/ii, JIUIst JOBLIBHOT OCHOBHOI ()
(F(@) * 6z — @), 9(@)) = (5(z — a) * £(z), 9(x))
= (0(z —a), (f(y), p(z +v))) = (f(v), pla+y)) = (fly —a),pv)),
aromy f(x)*xd(x—a)= f(r—a).
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Y3arajabHeHi (pyHKIIT 111e Ha3UBaTh pO3MojIiiaMu. € MMeBHUi 3B 130K 13 pO3-
10JilJIaMU B Teopil WMOBIpHOCTI Ta craTucTuil. AK BijiloMo, (DYHKIIEI PO3IOJIIILY

BUITA/IKOBOT BEJIMUMHNM HA3WBAIOTh OOMEXKEHY HeCIajHy HelepepBHY 3J1iBa (PyHK-

nito F(z):

F(z1) < F(x9), x1 <9, lim F(z)=0, lim F(z)=1, lim F(z)= F(2).

T—>—00 r——400 z—z—0

Ie sBuuaiina dbynknig. Beauauny p(t) = F'(t) HasuBaiorsh 2ycmunoto Gmosip-
Hocmi. ZIKIO 2K BUIIA/IKOBA, BEJIMUYNUHA 3 JIOCTOBIPHICTIO HAOyBa€ 3HAYEHHS T( , TO

F(z) =0 upu x < xg 1 F(x) =1 nupu = > xp, robro F(r) = 0(x — 29), a

toni p(x) = §(x —xp) . dKio BUMaIKOBa BeUIHHA HAOYBAE 3HAUCHHS 1, . . ., Ty
n

BIIOBIIHO 13 #fiMOBIpHOCTSIMU Py, ..., Dy, TO p(x) = Y. ppd(z — 1) . Takox
k=1

XapaKTepUCTUIHOW (DYHKIE 1) s rycrudu dmosipHocti p(x) € i1 ueperso-
peansi Dyp’e n(z) = Flp|(z), ske just 3sudaiinux QyHKIiiin p(xr) saransom €
y3arajbHeHO (bYHKIHE. 3B’930K MiXK (yHKI€ po3nojainy F(x) 111 rycruHoro

p(z) = F'(x) me moxua mojaru 3a gonomorow sroptku F(x) = (0 * p)(x).

8. Komnosuisi yzarasbaennx ¢ynxniii. Hexait V (R"™) — nesikuit QyHKIiiiHuit
npocrip, 30kpema, e moxe 6yru D(R™), abo S(R"), abo E(R™), F € V'(R"),
f € D'(R" x R") i nanexurs npocropy V (R™) 3a mpyrowo dacTuHO0O 3MIHHUX,
a came, (f(z,-),p(x)) € V(R") mra koxuoi ¢ € D(R"), (f(z,:),pr(x)) -0y
V(R"™) npu ¢, — 0y DR") (k— 00).

Kowmmosnnieto yzarampuennx ¢ynkmiii F € V! ta f nasmsaerbes (|13]) yza-

rasgbaena dynkiig Fof € D' pusnayena 3a npaBujiom

(Fof,e) = (F(y), (f(x,y),¢(r)))  VpeD.
Axwo f(z,y) = filr —y), 1o (Fof)(z) = F(z) * fi(z), romy Fof wmae

OaraTo BJIACTUBOCTEHl 3rOPTKH.
Baysaxumo take: skimo f(z,y) =0 npu x < 0, T0OTO HAJIEKUTH MTPOCTOPY

D', ax dyukuis nepmoro aprymenry, o rakoxx Fof € VI (R) = V/(R)ND’ (R).
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1.3 VYz3arajabHeHHUiI pPo3B’d30K AnepeHniaJbHOTO PIBHIH-
Hsl, oro BjacTuBOCTI. PyHIaAMEHTAJIbHUN PO3B’I30K

Hexait

P(z,D) = Z a(x)D"

[y|<m
— ninifinuit gudepennianbanit Bupa3 nopsaky m, a, € C*°(R"), |y| <m.

Posp’sizkom JindepeHIiajinHoro piBHSIHHST
P(e,Du=f(z), feD(R) (13)

y npoctopi D'(R") (y3aeanvrernum po3e’askom pienanna) HA3HBAETHCA Y3arailb-

nera dyskiis u € D/(R™), 1m0 3a10BOJIbHSIE TOTOXKHICTD

(P(x,D)u,¢) = (f,¢) VYo DR"),

TOOTO
(U,P*(I,D)go) - (fa 90) Vp € D(Rn)u <14>

ne P*(x,D) — dbopmanbho cupsixkenuii Bupas 1o P(x, D)
(P(x,D)u, ) = (u, P*(xz, D)p) pus gosiabhoi ¢ € D(R™).

BukopucroBytouu o3HaueHHst OCHOBHUX orepalliii y npocropi D'(R™), 3naxo-

JIUMO

P*(z,D)p = > (=1)"D(a,p).

[v[<m
3a oznavennsiM (1.4) 3HAUEHHs y3araJbHEHOIO PO3B’S3KY U 3aJIAHO HA MHO-

YKUHI
{ €e DR") : ¢(x) = P*(x, D)p(x), ne ¢ € D(R")}.
[11o6 po3B’si3aTu piBHSAHHS, Tpeba MPOJIOBKUTH (DYHKITIOHAJ 13 111€1 MHOXKUHU
Ha Bech npocrip D(R™).
Knacuarnm (abo peryisipaim) poss’sskoM judepeniiaabHoro pisasHus (1.3)

HasuBaeThest ByHkiia u € C™(R"), sgKa 3a0BOJIbHSIE TOTOXKHICTD
P(z,D)u(x) = f(x), r € R"

3posymisio, Ji7tst 1poro HeoOxigHo, mob f € C'(R™).
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Koxumii knacuiaauii po3s’si30K jugepeniiaapHoro pipasiaus (1.3) € ioro ys3a-
rajpHernM poss’sskom. Skmo f € C(R"), uw € D'(R™) N C™(R") e yzaranbHe-
HUM pO3B’si3koM piBHsiaHs (1.3), 70 uw — Kaacuanmii po3B’si3ok piBasiHHs (1.3).

[lepiie TBepjixKeHHsT OUeBHIHE. fIKITO XK U € y3araJbHEHUM PO3B’SI3KOM PiB-
astams (1.3), To

(P(-,D)u— f,¢) =0 must nosinbroi ¢ € D(R™).
3a yMOB TeopeMu
P(-,D)u— f € C(R") C Ly j0c.(R").
Toui 3a semoro [drobya-Peiimona
P(z,D)u(x) — f(x) = 0 wmaiixke Bciomn B R" |
a nozasgk P(-,D)u— f € C(R"), ro P(x,D)u(z) — f(z) =0, x € R".

Bigowmo, 1110 JriHIiHI HOpMAaJIbHI 3BHYaiHl OJJHOPLIHI TG epeHIIaabH] DIBHIHHST
(3 HeckiHUeHHO JepeHIiiioBHnMI KoeilieHTaMu) y IIPOCTOPI y3arajbHEHHX
¢yHKIIIH HEe MalOTh IHIIHX PO3B S3KIB, KPIM KJIaCHIHHX.

Jliniiini oHOpiHI PIBHSAHHS 3 YaCTUHHUME MOXIJHUME (HABITH 13 HECKIHUIEH-
1o sindepeHniioBHnMu KoedilieHTaMm) MOXKYTh MaTH CUHIYJISAPHI PO3B’SI3KH Y
POCTOPi y3arajbHeHUX (PYHKITI.

DynmaMenTaabHO0 byHKIEW Mudepeniianbaoro oneparopa P(x, D) Hasu-

BAETHCsT PO3B’s130K w(x,y) y mpocropi D'(R™) piBusiHHS
P(z,D)w(x,y) = d(x —y), z,y € R" (1.5)

Woro e HazuBaloTh (yHjaMEeHTaJ bHUM PO3B SI3KOM 11HOT'0 PIBHSIHHSI.
BayBaxkumo, 110 QyHIAMEHTAIBLHAT PO3B’ 130K BU3HATAETHCST HEOIHO3ZHATHO.
Axmo w — H/TaMeHTaJbHUI pO3B’s30K piBHAHHA (1.5), wy — PO3B I30K
) 0
BIJITIOBIHOTO JIIHIAHOIO OJHOPITHOTO PIBHSIHHSI, TO W + Wy — TaKoXK (PyHIaMEH-

TasibHuil po3B’s30K piBHsiabs (1.5). Crpasi,
P(z, D)(w(z,y) +wo(z,y)) = Pz, D)w(z,y) + Pz, D)wo(z,y) = 6(x —y).
Ao koedinienTn piBHIHHS cTaJjl, TO JUudepeHIiaJbHuil ornepaTop Mo3Hava-

tumemo P(D). fkmo w(x) — po3s’sa30K piBHAHHS
P(D)w = §(x), (1.6)
10 w(T — Y) — PO3B’SI30K PIBHIHHS
P(D)w = d(z —y).
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Tomy dymnamentanbhoo Gynkiieo audepenmiaabaoro oneparopa P(D) 3i cra-
Jumu KoedilieHTaM1 HA3WBAIOTh y3arajbHeHuil po3s’s30k piBHsiHHs (1.6).

Teopema 3. /[1a nempusiarvhozo dupepeniianvhozo onepamopa 3t Cmaiumi
koedruienmamu Pyndamenmarvra GYHKULA 1CHYE.

Lle my»ke 3arajibHa Ta BaXKJIUBa TeOpeMa, OpUTiHAJIbHI JOBeeHHs XepMaHaepa
(takoxx MaJsbrpanka) ojiepxkani 3 BUKOpucTanHsaMm neperBopertsi Pyp’e. Bona
HOIIKMPEHa Ha OKPeMi KJIaCH PIBHSHDb 31 3MIHHUMU TJIaJIKUMH KOedilieHTaMM.

A.B. Jlonatuncskomy [11| HANEKUTH TOMUPEHHST TEOPEMY HA DIBHSHHS Ta CH-
cTeMU DIBHsIHD 31 3MIHHUME [JIQJIKUMU KoedilieHTaMU eJInTUIHOro THILy (J1uB.
rakoxk [2]), C.J. Eiinenpmany [34] — na piBHstHHS Ta crcTeMy PiBHSIHB 1apaboi-
YHOT'O THUILY.

Barkiupe 3Hauenns pyHIaMeHTaIbLHO! PYHKINI JndepeHIliaabHOro onepaTopa
BUILJIMBAE 3 TaAKOl TCOPEMHU.

Teopema 4. Hexat f € D'(R"), w — dyndamenmanrona dynkyia dudepen-

yianvrozo onepamopa P(D) ma icnye seopmra w x f. Todi dynryia
u=wsxf

€ PO36 A3KOM PIEHAHHA

P(D)u = f.

Posé’azor edunuti y waaci {u € D'(R™) : dicnye w*u} .
JloBeerns1. 3a NHIAHICTIO Ta IPaBUJIOM JIH(DEpPEHIIOBAHHS 3TOPTKH OJIePKY-

€MO

PD)wx[f)= 2 a;DVwxf)= > ay(Dwx f) =

Iv|<m Iy|<m

=() aDw)x f=(PD)w)x f=dxf=f.

Iy|<m
ZKIO € JBa PO3B’SI3KU Uy, U, U = Uy — Uz, T0 P(D)u = 0,1 Toxi

u=0*xu=(P(D)w)*u=PD)(w*u) =wx*(P(D)u)=w=*x0=0.

3roprku 3 ¢QpyHIaMeHTaJbHOI (DYHKINED HA3UBAIOTHCA IIOTCHIIIATAMH.

Teoepema, 4 TTONIUPIOETHCS HA JIHIAHI PIBHIHHS 3 JPOOOBUMHE MOXITHUMH, a 34,
JIOIIOMOI'OO OTIepaliil KOMIIO3uIlil y3arajbHeHUX (PYHKIIIN 3aMicTh onepaliii 3rop-
TKHM Ha PIBHAHHS 31 3MIHHUMHU KOeIIi€HTaMMU.

OyHIaMeHTAJIbHY (DYHKIO 3BUYA{HOTO JiHIKHOrO nudepeHIiajbHoro onepa-
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TOpa

d m dm—k
Pz, =) = — (R
(ZU, d:z:) kz%ak(x)dl‘mk, ap € C ( )7 CL()(JI) 7& 0

MOXKHa Oy/IyBaTu METOJ[0M Bapiallil crajux, TOOTO y BUIJIs I

u=3 Clau(a) (1.7)

ae u(x), ..., Up(x) — ainiitno He3aseKHI PO3B’I3KK BiJIIOBIIHOIO JIHIHHOIO OJ1-
HOPIJIHOTO PIBHSTHHSI
d
P(z, %)u =0, (1.8)
Ci(x),...,Cpl(zr) — mesimomi ysarasmbueni dynkiii. Ockimbku u; € C*(R),
to dyukuis (1.7) Busnavena. st snaxomkenns wesijomux Cf(z),...,C! (x)

OJICPKYEMO CUCTEMY

i”:lc;m)uj(x) —0

ﬁ; C! () = 0

-21 Cl(x)ul" () = 0
=

m
/ (m=1) \ _ [f(z)
2, Ci@)uy™ " (x) = 3055
j=1
13 BIZIMIHHEM BiJ| HYJIF BUBHATYHUKOM BpoHCHKOTO.
Y BUIaJIKy CTaJnX KOeMIilieHTiB aj JOULILHO HyKaTh PyHaMeHTaJ by (PyHK-

1[I0 oneparopa P(%) Y BUIJIsI
w(x) = 0(x)u(x), (1.9)
je u(xr) — poss’szok 3aa4i Ko
P(5)u(x) =0,

i
u(0) = 0,u'(0) =0,...,u™2(0) = 0,u™D(0) = ay .

Y oMy migposai mykaemo ''rososni" dymmamentannui GyHKIl, ToOTO 63
JIOJIAHKA, 110 € PO3B’SI3KOM BIJIIIOBIIHOIO JIIHITHOI'O OJIHOPIIHOI'O PIBHSIHHSI.
3’sicyemo, 1o dyukiist (1.9) € dyngamenranbHoo GyHKIE onepaTopa P (%) :

ObuncaeMo
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W(x) =0 (z)u(x)+0(x)u' () = 6(x)u(z)+0(x)u' (x) = §(z)u(0)+0(x)u' (z) =
O(x)u'(x),

W'(x) = B(z) () = 0'(2)u(z) + 0(x)u’ (z) = 6(x)u/(z) + O(x)u’ (x) =
§(z)u'(0) + O(2)u’ (z) = O(x)u” (2),

wh(x) =0(x)uW(z), I<m—1,

w™(z) = 6(2)u™V(0) + 0(z)u™ (x) = d(x)ag* + 0(z)u™ (z).

[TincraBasgroun oOYUCICH] TOXIHI Y PIBHSIHHS, OTPUMAEMO

P(Dyw(x) = 0(z) + 0(z) P(L)u(z) = ().

[IPUKJIAIN:

1) po3B’sizKeMO piBHSIHHS
W'+ a*w = §(x).

Voro poss’ssok (dbynmamentanbiy dbyHKiio) nykaemo y suriasi (1.9). Jaa u

onepxKann 3aady Kormri

u + a*u =0, u(0) = 1.

. _n2 .
Barannanit po3s’s3ok pismsans u(x) = Ce”** (C — nosigbna crasa). 3 movar-

koBoi ymoBu C' = 1. Orxke, w(x) = 9(1,)6_@295;
2) pO3BsI2KeMO DiBHAHHA w 4aPw =46 (z) . Voro poss’s30k (byHjaMenTaibiy

dbynkiio) mykaemo y surisii (1.9). dust u orpumaemo 3ajgady Ko
u + au =0, u(0) = 0,4'(0) = 1.

Barasbhuii poss’sizok pisusiais u(x) = C cos(ax) + Cysin(azx) (Cy,Cy — jo-

BlIbHI cTaui). 3 nodarkosux ymos Ch =0, Cy = % Orxe,

w(x) = 0(x) sciln(ax) ;

3) SIKINO PO3IJISTHYTH €JEKTPUIHE KOJIO 3 TOCJIIOBHO BBIMKHEHUM OmopoM R
1H/IlyKTUBHICTIO 1poBigHuka L 1 emuicrio C', TO 1ij| 9ac BBIMKHEHHSI B MOMEHT

t = 0 crasoi Hanpyru Beqwanan Fy cusa crpymy (t) 3a70BosIbHSIE PIBHSIHHS
" 1
LI + RI' + 51 = Fyd(t).

Poss’sa3aTy piBHSIHHSI.
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EdexkrupauMu i modynoBu pyHIaMeHTAIbHIX (DYHKINN omnepaTopis i3 dac-
TUHHUMU HOXIJIHMME € iHTerpasibhi nepersopents Pyp’e i Jlamaca [42]. 3’scyemo

e y posjia 3.

1.4 Anrebpa sroptku D’ i npobose mudepeHIitoBaHHS

Hexait D' (R)={f e D'(R): f=0uput <O0}.

Ile npocrip ysarasbHenux QyHkiii 3 Hocisimu Ha [0, 00).

Axmo f € D\ (R), 0o f' € D\ (R), af € D' (R) mus nosinsuoi a € C*.
Axmo fi, fo € D' .(R), o Cifi + Cofs € D' (R) naa posinbrux uucen Ci, Cs.

Teopema 5. Jua [ € D, icnye eduna nepsicna u € D .

Hosexents. dxmo uy,ug— a8l nepsicui 3 D, 10 up —ug = C € D', ane
C — craya. Otxke, C' = 0. €nuHicTh HEepBiCHOI 3’s1cOBaHO. Y3arajabHeHna (QpyHKIIisT

(u,0) = (f(2), - / o(€)d) Vg eD

e nepsicHoto ¢gyukmnii f. Cupasi,
x

(W, 0) = =(u,¢') = (f(2), (| (£)dE)) = (f, ).

Hosenemo, mo u € D'. HAkimo suppg; C (—00,0), T0 Takox suppyp C
(—00,0), ne Y(x) = [ @(&)dE. Toui (f,4) =0, sBinkn (u,¢) = 0.

—0
[lozasik 0 € D', To 3a TeopeMoOlO 5 Ma€MO €UHICTH (DYHIAMEHTAIBHOIO

PO3B’13KY 3BUYANHOIO JIHIHOIO JindepeHIiajbHOr0 PIBHSIHHS 31 CTAJUMKU KOE-
dbinienramn y npocropi D, .

Teopema 6. Axwo f,g € D, mo icuye fxg € D . Seopmra komymamuena
0 acoutamueHa.

I3 Bpaxysaumnsm niel reopemu npocrip D', (R) € koMmyTarusnoio ta aconiarns-
HOIO arebporo 3ropTku (onepailiero "MHoKerHs"esileMenTiB f, g € TXHsT 3ropTKa,

OJIMHUTHUM eJjieMeHToM € ¢ -yukiiis Jlipaka).
Buxopucrosyemo dyukiio f, € D (R)
A1 .
M) = % nmpu A>0 1 fat) = fi,(t) mpn A <0,

qe 0(t) — omuanana dyukiis Xesicaiiga, I'(A) — rama-dynkuis. Josegemo mpa-

BUJIBHICTD TaKuX criBBiaHomens 3] (c. 87):
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vk fu=bHau,  Hxfu= Fru.
) A>0, 1>0 => (fix fu)(t) = py (Pt =

™
1
f)() fTA 1 o ldr — F(f)(t)( )tA+M—1fZ/\—1 1—2)“_1(12 _
_ o 0 TG _ ot
= T >tw B 1) = mrget ™ Tow = towmt = s

e B(A, p) — 6era~-dyHkiis;
2) A>0, u<0, p+k>0 =>
k) k
(Pnx L) (@) = (Dox SE0 = (fax fue)®(0) = L2000 = P
1HIITIl BATIQIKA aHAJIOT1THI.

3ayBaxkKuMo, 110

) =0(t), folt) =06(t), f1(t) = folt) = '(2),
Fonl®) = £ @) = 6™ () upu n €N,

a ToJl

(fon *9)(t) = (6" % ¢)(t) = ¢™(t) nust nosinbEOT g € D .

BpaxoByrouu ocranHiit (pakT, MOXKEMO BU3HAUYATHU [10XIJIHY JIPOOOBOIO MTOPSIJIKY

f >0 (noxigny Pimana-Jliysinns) Gyukuil v € D). dbopmyiiomo

D(t) = f-s(t) * v(),

30kpema, 1ipu 3 € (n — 1,n) 1 pery/spuiil v, BpaxoByuu, 110

Foa(8) ¥ v(t) = F5(0) % 0(t) = (fuop(t) * 0(8) ",

MaTHUMEMO

dtn/fnﬁt_T m)dT

MOXKEMO BH3HAYATH nepsichy dpobosozo nopadky [ > 0 dyukuil v € D,

I5(t) = fs(t) *0(t),

a mpu miaJKiin v 3 HocieM Ha [0, 00) moxiany Beiinst fa(t)¥%v(t) nopsiky S

*u(t) = / fo(T —t)v(T)dr
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3ayBaXKnUMO, IO TAKOXK

Fop(t) xv(t) = f(8) x v(t) = fuop(t) x 0V(2),

a OTKe,
(t) = faplt) x 0™ (2),

Jie TIOX1JIHY PO3YMIEMO B y3arajbHEHOMY CEHCI.
[Toxiguy dxpbamsua-Hepcecsua-Kamnyro (perysmsipuzoBany gpoboBy moxiiHy)

nopsijiky 5 € (n— 1,n) Busnauaorb GOpMYJIOI0
CDu(t) = fap(t) * {0 ()} = Offn—ﬁ(t — ) {o" () }dr.

Tyt 1 nani gepes {v(”)} MO3HAYATUMEMO TOXI/IHY (DYHKIT v MOPAJIKY 1y
KJIACUYHOMY po3yMinmi. Sk 6adumo, B oznauenni ¢ DPv npu perynspuiit v HeMae
CUHI'YJIIDHUX JI0JIaHKIB 1orepeHbol popmysun. Hasi jierasibhimie oorpyHryemMo ii

Ha3BYy — peryssipu3oBaHa, ApoboBa, MoXiIHa.
[IPUKJIAIN:

1) 18 =00 (1) = f 5% fi(t) = f15(t), ane “D1 =0;

! 1
- v+8
2) 1}, = rhy [ (0= 7)o = [r = 12] = 5 (1= 2 17
. Y+8 . (+1)
o %(B)B(VJFL@ (v 11+5)t7+6 >0 v>—-1,1t>0.

31’5130k Mixk noxignumu Pimana-Jliysis i Tkpbamsina-Hepeeesina-Kanyro:
1) pe(0,1) =>
oD(t) = fs(t) ¥ v(t) = fi_g(t) x v(t) = (fi-s(t) ¥ 0(t)) =
= Jip(t) x V(1) = fip(t) * [{v'(1) } + 6(t)v(0)]
= Jip(t) * {0 (1) } + frp(t)0(0).
Brajaemo, 1o

CDRu(t) = fip(t) * {00} = iy j(t ) (r) dr

Orxe,
CDS(t) = v (t) — f1_p(t)v(0);
2) Be(1,2) =>
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= (fo-p(t) ()) = fop(t) x0"(t) =
= faplt *<{v’ ()} +v(0 (5t)/:

— frslt) + ({"(0)} + 0 (0)6(
= fa-p(t) * {0" (1)} + fa-p(t)v
= fa—p(t) * {0" ()} + f1-5(t)

3rajaemo, 1o

Oq
(‘F
_|_
4
/
(e}
~—
e
—~
~
SN—
N—
I

v(0) + fo-p(8)0'(0);

CD(t) = fooslt) * (1)} = - mj(t—ﬂl 5o (r)}dr

Orxe,

CDRu(t) = (1) — fis(t)o(0) — foos(t)v'(0):

3) 3p0O3yMiJI0, 1110

(Tsu(t)P = fos(t) = (fa(t) x v(t)) = (f-p * f3)(8) * v(t) = v(t),
Ii(0(t)) = fa(t) * (f-5(t) * v(t)) = (f5 * f-p)(t) x v(t) = v(t).

Horecrn, mo npu 5 € (0,1)
“DI(Isv(t)) = v(t), Is(“D(t)) = v(t) — v(0)

t t
(anaJsior %fv =o(t), [V (r)dr =v(t) —v(0)).
Anagior popmysn I'pina (popmysia IHTErpyBaHHs 4aCTHHAMH)

[Tpu 5 € (0,1) 3a ymosu v(t) =0 upu t > T maemo
T T
[ ¢Diuvdt = [[u® — f_5(t)u(0)] vdt =

= J(figxu) (Ho(t)dt - Offl—ﬁ(t)U(O)v(t)dt =

YO (®)]o — [ (fiog * u) () (t)dt — Ofﬁ—ﬂ(t

0

I
—~ o
=

|

*

<

o N e N
=
—
'ﬂ“%ﬂo%\l
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Ju(0)v(t)dt
(t— T)ﬂu(T)dT) V(1) dt — Of Fis(Ou(0)u(t)dt =
(t — 7)ot )dt>u P)dr — bf Fios(u(0)u(t)dt =

T 1_ bf 51} S + T)dS) dT — Offl_ﬁ(t)u(())v(t)dt =



u(T) (fl_ﬁ/ﬂ?v’)(T))dT — {fl_g(t)u(O)v(t)dt —

|

T T
= be(T) (f{—/f':v)(T))dT - Off15(t)u(0)v(t)dt =
T T
= Ofu(t)(f_ﬁ%)(t))dt—bffl_ﬁ(t)u(())v(t)dt,
a OT¥Ke,
T T T
[ “DPuwvdt = [u(f_grv)dt — [ fios(t)u(0)v(t)dt.
0 0 0
[TPUMITKA.
T T
WD vdt = [ u(f-gFv)dt,
[
TOOTO
T T
(fopxu)vdt = [ u(f_g*v)dt
Jirsra=]
TAaKO2K dn
ul®) = — ([n—ﬂu)
[IPUKJIAIN:

1) (x )(2/3) = f—2/3(33) * Ty = f—2/3(513) * folz) = fz—g(l“) = f4/3($);
2) gM () = fora(z) x g(x) = f§/4(95) xg(x) = f34(x) * ¢'(x) =
(f3/4 xg)'(r);
3) “DV2g(x) = g/ (x) — f,_ 1(2)g9(0) = (fo12 % 9) (@) — f1/2(2)g(0) =

(fl/z*g)( T) — f1/2( 7)g(0) , 30Kpema,
DY, = (fry2 % 24) (%) = (fij2 % f2) () = fé/z(x) = f32().

Jpoboge inTerpyBanHs 1 judepeHIiioBaHHs BiJl 3BUYAHUX (DYHKIIH MOXHA

HOIIUPHUTH 1 Ha OE3MEXKHUI ITPOMIXKOK, HAKJIAIa0Ul BUMOI'Y 3012KHOCT] HEBJIACHUX

IHTEerpaJiiB, a caMme,
x

(Isu)(2) = w57 | f(W)(@ —y)"'dy
abo

(Iyu)(@) = oy | F()(@ —y)*dy.

T
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i iHTerpaam i MoxXiJHI BUKOPUCTOBYIOTH Y TeOpil PO3IO/IiIIB BUIIAIKOBOI Be-
guannu. Harajgaemo, 1m0 (pyHKINE PO3IO/ILIY BUIIAIKOBOI BEJIMIMHA HA3UBAIOThH
oOMeXKeHy HecnaJ[Hy HerepepBHy 3JiBa (dhyHKIi0 F(r), Taky 1o

lim F(z)=0, lim F(z)=1, lim F(z)= F(2).

T——00 T——+00 x—2z—0

Vmosipricnomo miporo sunaaxosoi semmannn & € P(€ < x) = F(x). dxmo sona

abCOJTIOTHO HernepepBHa 3a Jleberom, To icHye cbyHKuiﬂ TyCTHHE p(T) Taka, Io

fp dy—l—fp )dy,

+0o0
(Bpaxosano, mo [ p(y)dy =1).
—0o0

Mozkra 7151 (bYHKIT TYCTHHU 3 HOCIEM Ha BiJIPI3KY [a, b] BusHaUmMTH (DYHKIIIO

PO3110/11J1y (POPMYJIOIO

0, r<a
F(a) = { (Ip)(@), a<a<b
1, x>b

i maBmaku, aximo Gynkuia posnoginy F(z) sinoma, o p(z) = FO)(z),
JIpoboBe mudepenrtiroBanug i Apobosi mpocTopu CobojieBa

Mu 3Haemo, 110 npocropu CoboJiesa, (1ipocropu becesieBux noreniiaain [25] (c.

79) npu p > 1) juist goBibHOrO § € R BU3HAYAIOTHCS TaK:
H»(R") = {v e S’(R") Nl e = |F 0+ EREF g < oo}

Morkna I_U IpoCTOPHU Ha lHTepBaﬂl BHU3Ha4YaTH 3a JOIIOMOI'OIO HOX]II;HI/IX rZLpO6OBOl"O

nopsiiky |33

KoHTpoJbHI 3anuTaHHSI

. Hdaru o3HaveHHs 3ropTKU 3BUYAHUX (DYHKILIH.

. ChopmymoBaTn JocTaTHl YMOBY ICHYBaHHST 3rOPTKH 3BUIANHUX (DYHKIIIH.

1

2

3. aru o3HaUEHHs 3rOPTKHU y3araJbHeHUX (DYHKILIIA.

4. {Ki mocraTHI YMOBH ICHYBaHHS 3rOPTKH y3araJbHEHUX (PYHKITIN?
5

. Homy npoctip D', (R) € anrebpoio?
6. 4ki € oneparopu JpoboBOTO JiMpepeHIifoBaHHS Ta, IHTErpyBaHHs, SKi 1XHI

OCHOBHI BJIACTHUBOCTI?
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7. Jlatu osnadenns mnoxijgnol Pimana-JliyBias japoboBoro mopsanky [ > 0.
Banucaru depes inrerpad Jyisi peryssipuol dbyukuii npu 4 € (0,1), 5 € (1,2).

8. Harm osnauenns noxignoi Jxpbamsna-Kamnyro gpobosoro nopsiaky 5 > 0.
Banucaru 1depes inTerpat s peryisprol dbyukmii mpu § € (0,1), 5 € (1,2).

9. dxwuit 38’ s130K MixXK noxiguuMmu Pimana-Jliysimng i [Jxpbarrsaaa-KamyTo apo-
oosoro nopsiiky € (0,1), g€ (1,2)7?

10. Busectu dopmy/y iHTErpyBaHHs YaCTHHAME JIJIA HOXIJIHUX JPOOOBOTO I10-

psaky 5 € (1,2)

T T
CDSy vdt = [ u(f_gxv)dt—
B
0 0

= fes(Ou0)u (0t = [ Jos( OOt

Bnpasu. [osectn, mio:
1) 2% % 2% =27 Bla+1,b+1) (2% = 0(x)2®);
2) e f(x) xeg(x) = e™(f x g)(z), f,9 € Liic(R) N D ;
3) §W(x —a) * 60 (2 — b) = §*+™)(z —a —b);
4

)
)
)

) sinx, % cosxy = ;m sinx ;
5) sinz, *sinw, = 21, cos T, ;
)

)
)

2
(a+b)m .
2+a2 x2+b2 - x2+(a+b)2 9

falz ) @ fo(@)e” = forp(2)e”;
(f ) xg(x,t) = f(z) * g(x,t) (f,g —y3aranbheni QyHKIil);
9) (f(x)-0'(1)) * g(x,t) = f(x) * Gg(a,t).
SuaiTn:
1) f(2) 'z — 20);
2) xyxd'(x);
f(x) % s(z) npn f € Ly jo0e(R");
f(x)x e q = const.

D

-

8
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Pozair 2

PIBHAHHY 31 3BUYANHUNIMU
IHOXLITHVMU JIPOBOBUX
ITOPAJIKIB

2.1 PiBHAHHA y 3ropTKax

e piBusinus BAMIALY
a*xu=f, (2.1)

ne a, f € D!, — 3ajani yzarasnbheni dynkiii. Mloro po3s’ssok irykaemo B aiaredpi
/
D+ .
Y Bursa (2.1) MoxHA 3amucaTd Bel 3BWUAiiHI JiHIHI qudepeniiaabHi pis-

HsiHHS 31 cTajnuMu KoedilieHTamMmu

zm:aku(m_k) = f(x)
k=0

mpu a(z) = > apd™F) (), (a*u)(z) = apu™*(x),
k=0 k=0
JIIHIfIHI PIBHSIHHS 3 JIPOOOBUMM 1IOX1JIHUMU
Z apul™ = f(z)
k=0
npu a(x) = 3, apf-q,, (axu)(x) = > ap(f-a, *u)(z),

JIHIAH] PIBHAHHS 3 3all3HEHHSIMUI

m

Z aru(r — xp) = f(z)

k=0
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m m
npu a(x) = > apd(r — xp), (axu)(z) = > apu(r — ),
k=0 k=0
JIiHIIH] IHTErpaJibHl piBHSHHS Bosibreppu:

[IEePIIOro POy

mpi a € Ligoe(Ry),  (axu)(z) = [a(z —y)uly)dy,
0
APpyroro pojy

x
mpu a(z) = 0(x) + 9(z), g € Lioc(Ry), (a*u)(z) = u(z) + [ 9(z — y)u(y)dy,
JIiHIMH] iHTErpo-audepeHIiaabil piIBHIHHSA Ta 1H. "
Posp’szox v € D', piBuanna (2.1) npu f = § HasuBaeTbCs PyHIAMEHTAID-
HOIO (byHKII€IO ollepaTopa a* i 1no3Hadaerbesd w = a . Lle obepHenuit esement
1

no a Banrebpi D (axat=atlxa=9).

Teopema 1. HAxwo a,f € D', mo icuye edunuti poss’asor u = alx f
pieuanns (2.1).
Jloeienns. 3a BAACTUBOCTSIME 3TrOPTOK
ax(atxfy=(axaHxf=06xf=Ff.
dkimo € Ba po3B’a3KU Uy, us piBHAHHS (2.1), TO u = Uy — Uy 3aJTOBOJIBHSIE
PIBHSAHHSA

axu=020.

Toi
u=0xu=(axa )xu=(a"*xa)xu=a'*(axu)=a'x0=0.

[Ipuknan dpynmaMenTaabHOl DYHKINI A1 PIBHAHHSA y 3TOPTKAX:

npu a(z) = fz(z) (bynkiis Busnadena y posaiii 1) i3 cniBsijgHoOIIEHD

fo(x) * f1(2) = foy(2), fo =0, aorxe, fy(z)* fp(z) =0,

sHaxojuMo a 't = f_g(x).
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Binome piBastams Abess

T

[ - @ = g € 0.0),

0

sKe € JIHIHHUM IHTerpaJbHIM PIBHAHHAM BoJbTeppH MePIIoro poiy 3 Pi3HATEBUM

MOJIAPHUM SIJIPOM, 3aITUCYEMO y BUTJISI PIBHAHHS Y 3rOPTKaxX

L1 =) fir (@) x u(z) = g(z).

DyHjaMenTa bHO0 QyHKIE € w(x) = J;’*(Ii(f:)) . 3a Teopemoro 1 3HAX0IUMO €11-

HUIl pO3B’s130K piBHAHHA Abesis

fvfl(x) _ 1 /
m xg(z) = mfy(x) * g(z),

axuii 32 ymos g € CHR,), ¢(0) =0 e knacuanum

u(zx) =

u(z) = ﬁ £(2) ¢/ (z) = / €)1 1g/(€)de.

st mobyioBu byHIaMeHTaIbHUX (DYHKINN 1 pO3B’sA3aHHs PIBHSIHDb Y 3rOPTKaX

JIONJIBHO BUKOPHUCTOBYBATHU NepeTBOpeHHs Jlammaca.

JliniftHe iHTerpaJsbhue piBHsiHHs BoJsibTeppu JIpyroro pojiy 3 Pi3HUIIEBUM MOJISIP-
HUM SIJIPOM

A -
M@—ﬁ%ﬁ%%)u®%mw >0, 22)

AKe TaKO2K MOXKHa 3alluCaThu 'y BI/IFJ’IH,D;i piBHHHHH Y 3IOpTKax

u(@) = Afy () * u(z) = g(),

MOXKHa PO3B’sI3aTH METO/OM IOCJIOBHUX HAOJIUYKEHD

UO(CU) - g(l’) 3
ur(z) = A fy(z) xup—1(x) +g(x), k=1,2,...
SHAX0JIMMO

ur(z) = Ay (x) x g(x) + g(x),
ug(x) = Ay (2) xug(x) + g(z) =
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=AMy (@) # [My(2) * g(2) + g(2)] + g(2) =
= N foy () + g(x) + Ay () * g(2) + ()

1 38 METOJIOM MaTeMaTHIHOl 1HAYKIIT OJepKYEMO

u(x) = lim u,(x) = i )\kfkv(x) x g(x) =

= z A’”’ﬁ;; % g(x) + g(x) =

Je

— dyukiis Mirrar-Jledpdiepa [8]

Orke, po3B’st30K piBHsiHHSA (2.2) HaOYB BUJISLY

u(r) = A" E, L (AxY) % g(z) + g(z).

BijzaauuMo jeski criBBijgHomeH s s GyHkiiin Mitrar-Jleddiepa:

E171 = e, Ea,ﬁ(z) = ZEa,a—i—ﬁ(Z) + ﬁ;
Eap(2) = BEapi1(z) + aztEqgi(2);
dzm[ PR 8(z%)] = zﬂ_m_lEaﬂ_m(za), B—m>0;

AP By g(—kz)] = 2P By g (—kz), B—m >0,
€(0,2), 2>0, k> 0;
Ea —1\Z)—(p— Ea z
%Ea,ﬂ(z) _ Bap1(2)=(B=1)Eaps(2) .

|Eap(2)| < 1
Eoa(=2) < way:

a€(1,2), z>0.
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T Q€ (0,2), 1 < larg(2)| < m, pe p € [5F, min{m, ma}];



2.2 Po3B’g3Kn JIIHIAHIX PIBHAHB i3 APOOOBUMHU IIOX1THIMUA

1. PiBHgHHS
w?(z) + M (z) = () (2.4)
MOKHA PO3B’SI3aTH METOJOM IOC/IIOBHUX HaOJMKeHb. AJie 3alrcaBIIu Horo y

BULJISI]
fop(z) xw(z) + Mw(z) = d(z) <=>
w(x) = =A(fs *w)(x) + fa(x), (2.5)

oJiepKy€eMO piBHsHHS BUIIIsiy (2.2). 3a dopmysiomw (2.3) 3HAX0AUMO HOT0 PO3B’I30K

w(x) = —Ae? 1 B s(—=a”) ¢ fa(x) + f(x) =
= S )+ Do) -

)P pPB+8—1

:—Agww*mwfﬂ(x):

I
M8

(=N fprnp(@) = fo(x) + fo(z) =

i
)

I
hE

(=P i) + folr) =

i
e}

= fs() + S (=" (m+1)5(T) =

m=1
. L 0 m mﬁ+[i 1 . _1 m mﬁ
=ttt mZ:l TmB+B) Z Teastey
a oTxKe,
w(x) = ()" Eg g(—a”) (2.6)

— po3B’st30K piBHsAHH:A (2.4) (dbyHIAMEHTAIBHIN PO3B’S30K ), & PO3B 130K DIBHSIH-

Hst
u? (x) + Mu(z) = g(z) (2.7)
MaTHMe BUIJISIT

u(r) = 0(x)x" ' Esg(— a”) % g(x). (2.8)

[TPUKJIA/I: po3B’sizKeMO PIBHsIHHS
+2f ) Bu(t)dt = f(x).
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3anuiremMo #oro y BUTJIs/I
u(z) + 20(4/3) (fays * u) () = f(x).
Hitoun Ha HHOTO ONepaToOpoM f_4/3% 1 BUKOPUCTOBYIOUH, MO f_y/3 % fa/3 = 0
10%qg= g, oIepKyeMO
(foapz xu)(z) +2I(4/3)u(z) = (f-a/3 * f)()
<=> a1 20 (4/3)u(x) = (fys * )(x).
e piBasmma surasay (2.7). Moro poss’asok snaxoaumo 3a hopmymnoo (2.8)
u(z) = [9(5’7)371/331/3,4/3(—QF(4/3)$4/3)] * [oaga(z) = f(z).
2. PiBaanns

“DPu(z) + Iu(x) = §(z) (2.9)
npu [ € (0,1) sanumemo sk
u?(x) + Mu(z) = 6(z) + fi—p(x)u(0).
Toxti, 3a OBEICHIM, HOTO PO3B’A30K
u(z) = 0(x)a” 1 Eg (= Aa”) * [0(2) + fi-p(z)u(0)],

0(x)2" ' Egg(—Ax") x fip(z) =

)™ mpB+L—1
( I‘)(mxﬂJrﬂ) * fl—ﬁ(l') —

Lt

(=N fonge () * (@) = 30 (<N i () =

m=0

—\)mgmB
=Y S5ty = 0@) Esa(—Ma).

1t 10

Orke, po3B’si30K piBHsiHHs (2.9)
u(x) = 0(x)x B g(— 2”) + 0(x) Eg 1 (—Az)u(0),
a Jiast 3aja9i Kol
“Diu(z) + Mu(z) = g(x), u(0)=1ug (2.10)
MaTHMEMO
u(x) = 0(2)x" 1 Es 5(—A2”) x g(z) + 0(x) Es1 (—A3”)uy.
3. Hosememo, mo npu [ € (1,2) muoscuna 6ciz po3e’askie pieHAHHA
“Du+Au=0 (2.11)
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ONUCYEMBCA HOPMYN010
u(t) = C1Ez1(—=AtP) + Cot Ego(— A7), ¢ >0, (2.12)

e Ch, Cy — joBlabHI cTadl.
BukopucToBy0Uun 3B’s130K MiXK HOXIIHEMU JApoboBOro mopsiaky JkpobarisHa-

Kamyro i Pimana-Jliysiss, samucyemo piBastans (2.11) y Burisii
fop*xu+Au= fi_zu(0)+ fozu'(0).

3acTOCOBYIOUH JI0 000X YaCTHH I1bOIO PIBHAHHSA OLEPATOp fz* , ONEPKYEMO €KBi-

BasieHTHE PiBHAHHIO (2.11) piBHSAHHSA
u+ Afgxu= fru(0) + fou'(0), ¢>0, (2.13)

a caMe
t

= [ Dy + w0 A0+ 050
T4+ u u :
r(p) 1 2

0
Onepxkane iHTerpasbhe piBHsAHHsS Bosbreppu jgpyroro pojay Mae Buris (2.2) i

3a dopmyJi010 (2.3) 3HAXOMMO HOro PO3B’s130K
u(t) = 0()t" " Eg s(= A7) x g (1),

ne g(t) = fi(t)u(0) + fo(t)u'(0) . Bamummaock 3HAHTH 3TOPTKY.

MorkHa He3aJeKHO 3HANTH PO3B SI30K METOA0M IOC/IJOBHUX HAOJIUKEHD:

u’(t) = u(0)0(t) + u'(0)t0(t) = u(0) f1(t) + u'(0) f2(t),

w () = u(t) — Nfs(t) xw/(t), j € Z,. 3Bnaxogumo

u(t) = u(0) g)(_/\>pfpﬂ+l(t) +u'(0) 2 (=N fypra(t) =

p=0

(_)\t)PtPBJrl o

_ S ()
=u(0) 2 7gmm + ' (0) L Somm =

o0

>

p=0 p=0
(0.¢]
>

= u(0) 3 XL 4 (o)t
p=0

T(pB+1)

Ouepxkana dynkiis mae suruisiy (2.12) npu C7 = u(0), Cy = 4'(0).
BayBaxkiMo, M0 MHOXKWHA BCIX posp’sizkiB pisHstaus (2.11) npu G € (0,1]

HaOyJ1a BUTJTISTY
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u(t) = CEg1(—=MP), t>0, ne C; — joBibHa craja.

4. Po3ryiganeMo HaUIIPOCTIIT 3aCTOCYBAHHSI.

PosryigryTe niniiiHe OMHOPIIHE PIBHAHHSI € OKPEMUM BUIIAIKOM PIBHSIHHS s1/1eP-
HOT'O PO3MaJLy

“Dfu + a(t)u =0,

1e pisHoBu L JipoboBKX Judepetiiaibuux piBusiib Pikkari. Tyt u(t) — kisbkicrsb
PaJIIOHYKJIIJIIB, HASIBHUX Y PaJIloaKTUBHOMY cepejioBullli. Po3s’sa3anus 1iel dop-
MU PIBHSHb HAJA3BUUANHO BaxKJIMBe dYepe3 HOTro 3aCTOCYBaHHS B Tasy3i sjepHOl
€HEPIETUKH.

Mopgens Xappoga-lomapa junamiku joxony Y (f) 3 ypaxyBaHHSIM iHBe-
cruniit U(t) y pasi cnoxkusanns C(t).

[Ipumymenns:
1) Y(t) = kU(t) (Y'(t) — remn noxouy, k — koedimienr Kamitaiosiaai);
2) IHBECTHIIIT MUTTEBO TIEPEXOJATH Y MPUPICT JOXOTY.

Bpaxosyioun, mo Y (t) = C(t) + U(t), onepKyioTs piBHSIHHS
Y'(t) = k(Y (t) — C(t)). (2.14)
Bes npunymienns 2 0yje piBHAHHSA
“DPY(t) — kY (t) = —kC(t). (2.15)

Mogenns EBaHca BcTaHOBIEHHS PIBHOBAXKHOI IIHU HA, PUHKY OJHOTO TOBAPY.
Hexaii q(t) — nonut na toBap, s(t) — mponosuriis, p(t) — miHa.

[Ipumymenns:
1) q(t) =a—"bp(t), s(t) =c+dp(t), ne a,b,c,d — crani, a > c;
2) p/(t) = k(q(t) — s(t)) ; sBizkn

p'=aip+bi, p(0) =po;
tlgglo p(t) — piBHOBaxkHa 1iHa, abo Koy q(p) = s(p).
10 MoJiesIh TaKOXK MOXKHA y3araJbHUTH, BUKOPUCTABIIN PIBHAHHS

CDOp(t) — kplt) = —ks(t). (2.16)

Y BUBYEHH] JIMHAMIYHUX IPOIECIB TaK 3BaHOI JIOBI'OT 11aM’siTi, KEPOBAHOI II1y-

MOM JIeBi, BUHUKAE PIBHSAHHS
uP + Bu + Cu = f(t), (2.17)
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ne B,C — cran, 8> «.

Horo dbyngamenraibunii poss’s30k [29)

o k
w(t) _ Z ( C) tﬁ(kJrl)flE(k)

k! ﬁ—a,ﬁ—kak(_Btﬂia)?
k=0 )

Je

(k) = (7 4 k)1F
EY (4) = ,
sl!) jgojll“(ozj+oak+ﬁ)

3okpeMa, ipu C' = 0
w(t) =" B 5(~Bt"),
anpu B=0,8=1 maemo w(t) =e .

2.3 IHTerpaJibHI MepeTBOPEHHS

st moby0BU PO3B’SI3KIB PIBHSHD 13 JPOOOBUMH TOXITHUMK JIOIIJIHHO BHKO-
PUCTOBYBaATHU IHTEI'PAJILHI IIEPETBOPEHHST: 1epeTBoperHs Jlarmiaca jijist piBHSHB 31
3BUYANHOIO JPOOOBOIO TMOXijIHOW0, neperBoperHs Dyp’e, abo it obujBa, s piB-

HSHD 13 YaACTUHHUMU TTOXITHUMHA.

2.3.1 IleperBopenns Pyp’e
Y migposmiai 1.1 BBenn MyHKIIHHMNE TPOCTip
S(R") = {p € C*(R") : sup [2"DVp(x)| < +00 V5,7}
zeR”

1 f10TO TOMOJIOTIIO.

[Ipocrip S" = S'(R™) — mpocrip jiHifiHux HemepepBHUX (DYHKIIOHATIB Ha
S(R™). Baxkaemo, mo gy — 0 y mpocropi S’ npu k — oo, gximo (gx, 1) — 0
JUIst JIOBLIBHOT ¢ € S .

[Ipukiagom peryiastpuol ysaraiabnenol Gynkiuii i3 S’ € dpynkiionas

g:(9,0) = / g(0)b(0)do V€ S,

Rn

ae g(o) pocre He mBuiie nosinoma (raki GyHKINT HA3UBAIOTHCS TOBLIBHO 3P0~

CTAIOYHMI HA OE3MEXKHOCTI).
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[Ipocrip S(R™) HA3UBAETHCS TMPOCTOPOM IIBHAKO CITAJAIOYHX HA OE3MEXKHOC-
11 riajkux gyukiuiit, a npocrip S'(R"™) — upocTopoM HOBLIBHO 3POCTAIOYHX HA
6E3MEXKHOCTI y3araJbHEHUX (PYHKIIIH.

Hexait i = —1, (x,8) = 2181 + -+ + T, 8, — CKaJApHuii J106yTOK BEKTOPIB

Ta s, ¢ € S(R"). Oynkia

o(s) = Flpl(s) := /go(x)ei(x“s)dx, s=o0+T1i€C" (2.18)
Rn
HA3UBAaEThCs nepeTBopeHHs M Dyp’e pyHKIil ¢ .

BractuBocti nepersopennst Qyp’e dynkiiii i3 S(R"):

1) FIDVo(x)|(s) = (—is)  Flg], se€C"

[
2) Fl(iz)'p(x)](s) = DTF[e](s), s€C
3) Fle(x — xo)] = Flo(x)] - e'7);
4) Flp(x) - &) = Flp(@)](s + so);
5) Flo=v] = Fle]- Fl¥l;
6) F'[el(0) = greFlel(—a).

Ilepersopennst @yp’'e F : S — S
Cupagai, inrerpas (2.18) icuye Ta BusHavae HerepepsHy dyHKIiio @(s). do-

BegeMo Take: axwo @ € S(R™), mo Flp] € S(R™). Maemo
0 DP(Flp]) = o Fl(ix)’¢] = i*IF[D*((ix) )] =
= il°l [ D*((iz)’p) e do .
Rn
[aTerpan y mpaBiii yacTuHi icHYE 1 € oOMexKeHow (PYHKINE g BCIX «, .
Orxe, Flp] € S(R").
Host joinbaux f, o € S

/f da—/ /f x"dx )Jo(o)do =

n n

/ flx / (2.0 da dr = / f(x)p(x)
Ha 6a3i 11i€l ToToykHOCTI BU3HaUa0Th ieperpopennst Qyp’e yzaraabHEHOT (DyHK-
it fe s,
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[Tepersopenusim Qyp’e bynkuii f € ' nasuBaernes Gynkuis g = F[f] € ',

BU3HAYEHA PIBHICTIO

(FLfl, ) =(f, Flel) Voes,

TaKOXK BHU3HauaeMo obepHene nepersopentsa Oyp’e dyukmnil g € S’

(Fghv) = (o, F'[W])  vwes.

Beejiene nepersopennst Oyp’e € JiiHiiHOWO I HemepepBHOIO omepariiero. s
HBOTO BUKOHYIOTHCS BCl BJIACTUBOCTI, 110 # jisg neperBopends Pyp’e 0CHOBHHX

dbyukuiit. Hanpukaia, joBegemo, 1mo npaBuibHa BJacTUBICTh 1
FIDVf(x)](s) = (=is)" FIf], Vfed.
Y pasi ¢ € S maemo

(FID (). 0(s)) = (D f, Flel) = (=1)P(f, DV Flg]) =
= (=DNI(f, Flis)l) = (=1)PUFIf], (is)70) = ((—is) Ff1(s), 9(5))

Tak caMmo

(FlG) f(@)](s),0(s)) = ((iz)” (ﬂf) Flel(x)) =
(=D"(f (@), () Flpl(x)) = (=1)N(f(2), DV Flel(x)) = (D'F[f], ).

a OT2Ke, IIpaBUJIbHA 1 BJACTUBICTD 2
Fllix)V f(x)] = DVF|f] Vfels.

Takox neperpopennuss Pyp’e 3ropTku € J0OyTKOM meperBopenb Pyp’e itoro

Flo(@)] =1, F[1] = (2m)" 8(x), F[P(})] = —misgn(o),
‘F[ 7+1x7] - (a—l—ii)vﬂ = efi('y+1)7r/2(8 - ia)iﬁyil: Y > _1
Flo(z)] = = mi(s) —iP(3), FlO(—2)] = 55 = md(s) +iP(5),

Flsgn(x)] = ﬂ@(m) —b(—x)] = ~2iP(}).
[IPUKJIAIN:

1) F[10x —2] = 10F[x] —2F[1] = —iFliz-1] —47nd(s) = —2mid'(s) — 4w (s);
2) ]:[9(11 — |z]) x e )] = Flo(1 - [z])] Fle~ )] =

— f 6z':rsdx . [f e—x—i—ixsdx + f em—i—ixsdx] —
-1

0 —00
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—1s

_ e [ + 1 ]: 2sin(s) L2 4sin(s)
is 1—is 1+is s 1+s2 s(14s2)
(ryr O(a — |z|) =1 npu |z| < a, 0(a—|z|) =0 noza [—a,al);
3) Flsin(5z) * §'(z)] = Flbcos(bx)] = 2F[ed 4 e~] =
= H{F[e”] + Fle ™} = $H{F (s + 5) + F[1](s — 5)} =
= 5m{d(s +5)+ (s —5)};
4) snaitiemo F[or(x)], ne dr(x) — diniTna y3arampaena dyHKIisS 3 HOCIEM Ha
chepi [z] = R 8 R® ((0r,0) = [ ¢(x)dS). Maemo

|z|=R
2 T
Flor(2)](€) = / el@8)ds = R? / da / elltliEleos B gin Bap =
jo|=R 00

s

= —27TR2/eiR|§|°°Sﬁd(cos p) =
0

1
. iRE| _ o—iRE
_ 27rR2/e’R|€|nd77 — QWRG _ ¢ :
J 15

Flon(a))(e) = S’E'(R‘g ),

5) Flollel)] = 255 [ oIt Ty (rlel)dr. n =123, ge Afa) -~y

st Beccesist iepiioro pojy nopsijiky v, 30Kpema,
o0

Flg(=)] = 2fg(7“) cos(r|f|)dr, n=1,
Flg(lzD] = 5

Fly(ja])] = 12

g(ryrdo(rigl)dr, n =2,

g(r)rsin(r|&])dr, n =3,

a2

a2 .
2 >v+1€ i

5 0%80%8

[ J(at)t" e Pt dt =

6) BUKOpHCTOByIOUN HaBejeHi (hopmynn meperBoperts Pyp’e cdhepuaHo-cu-

METPUYHUX (DYHKIIIH, 3HAXOMMO
FlePlel] — ong™5 7 (ntd p__
e (3 )<p2+|s|2>¥“
y BUTIQJIKY N = 1;

sokpema, Fle 1] = 1f£2
Fllx|?] — 2n+pﬂ.% |~

TE R

[\S]pS]
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2.3.2 IleperBopenns Jlamsaca

Hexait f € Lij.(R), f(t) =0 npu t <0, |f(t)] < Ae™, ¢ — oo.
QyHKIIidg, gKa Mae TaKi BJACTHBOCTI, HA3UBAETHCA OPHIIHAIOM.

[leperBopennsiv Jlamnaca byukiil f(t) abo 11 300pakeHHSIM HAa3WBAETHCs

dyHKIIigA
F(s) = /f(t)e_Stdt = /f(t)e_"te_w“dt = Flf(t)e "(~w), (2.19)

jge F — ouneparop nepersopennst Oyp’e 1 3arajom s = 0 + wi .

Mozasik |e ™| =1, |f(t)e " < Ae= (=9t — 00, 10 3 ymOB Ha yHKIIO
f(t) BummBae icuyBanms inrTerpasa (2.19) st Bcix o > a, iHTerpas piBHOMipHO
30Ira€ThCsl Ha 3aMKHEHiil MiBILIONMHI 0 > a+¢&, € > 0.

Bamuc f(t) — F(s) (abo F(s) = L[f](s)) osnauarume, mo F(s) e 306pa-
kenusam Gynkimit f(t) .

Axmo bynknigs F(s) = F(o 4+ wi) abcomorno inTerposna 3a w € R, 1o Ti

opurinaJ (obepuene neperBopents Jlamiaca) BusHadaeTbest HOpMyII00

o+i00
1
t) = — F(s)e"ds. 2.20
10 =g | Fops (2.20)
Iepesipumo, mo O(t)e " — Sj%h mpu s + h > 0. Maemo
[eMe=stdt = [ e~ Hsltar = —%ﬂe—<h+8>t|§zgo =5 0(t) = 1.
0 0

[Tepesipumo, mo 60(t) cos(ht) — =5z . Orpumaemo
s

J = [cos(ht)e™*'dt = —1 cos(ht)e *'dt|i=5° — L [ sin(ht)e *'dt =
0 0

=14 Bsin(ht)etdt|l=F — 5T,

S

2 2 2
(ERCIV IRy R N,
Orxke, 0(t) cos(ht) — =i
[onituo suaxomumo, mo O(t) sin(ht) = .

Tonoeni saacmusocmi nepemsopens Jlanasaca 36udatinur Gyrryid:

1) 0 (t) = s F(s) = s (0) — s 2f/(0) — - — fOr(0),

m =0,1,... — neperBopenns Jlamnaca moxigHoI; cIpaB/ii, y BUIAAKy m = 1
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oo

[ (et = —f(0) + s [ f(t)e="dt = sF(s) — F(0):
H&H%)I/IKJI&,ZL, 0

sin(ht) = —3(cos(ht)) — —3 (sL[cos(ht)] — 1) =

=1 (& — 1) = =i 2 omxe, sin(ht) = Sl
2) (=t)"f(t) — F™(s), m =0,1,... — nudepenniopanns nepeTBopens
o0

Jlamnaca, sokpema, [(—t)f(t)e *dt = F'(s);
0

3) f(t)e" — F(s—h) npn o > a + Reh — 3cys nepersopenns Jlamnaca;
4) f(t—7) = e F(s) (1 > 0) — neperBopents Jlammaca 3cyBys;
5) f(ct) = 1F(2) (¢ = const) — nepersopenns Jlamnaca nogiGrocri;

)

6) sikio f(t) = F(s), g(t) — G(s), 1o
( f * g)(t) — F(s)G(s) — neperBopenns Jlamnaca 3ropTku;

f f(ndr — ) — meperBopennd Jlamnaca mepBicHOI.

HaBe,zLeMo 1ie Jiesiki popMyJin:

tne® — a)”*l’ n e N;

S—

(
tch(at) — L‘LZ), tsh(at) — (2%;;2)2,
%

(s?~a?)
tcos(at) 82;“2)2, tsm(at) = 2as

(s7+a%)? 2+—a2)27 o
— ol

I'(k+1)
Eﬂﬁ( ) — Z sh+I1T ;k+fy

Dopmyary (2.19) MOXKHa BUKOPUCTATH 1 JIJI O3HAUYEHHS ITepeTBopeHHs Jlammaca,
y3araJibHeHOT (DYHKIIIT.
Bsenemo dyHKIIIHI IpocTOpU
S =D, ng,
D' (a)={feD,: f(t)e""e S Vo>a}.

[lepeTrBopennam Jlamgaca y3arajbHeHOT HKIT1 € D' (a) mazuBaeTbcd
+

JyHKIisa
LIf®)](s) = F(s) := F[f(t)e " (~w) Vo > a. (2.21)
Teopema 2. Ilepersopennsim Jlamiaca ysaransuenol yukuil f € D' (a) €
dyHKIist
F(s) = (f(t)e_"ot, n(t)e_(S_UO)t), s =0+ wi,o >0y >a}, (2.22)
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ne neD, n(t){l’ b= ,e>0.
0, t<—2¢
Josenenns. Tozagx f(t)e o nanesxurn S, , n(t)e” 790 — dbynxuis 3 S,
TO Bu3HaUEHA T1ieto hopmyiioro dbyukiis F(s) icaye. BukopucroByroun o3HadeHHs
nepersopentst Pyp’e Ta BiaactuBocti dynkuiii i3 npocropy S, D' (a), nosese-
Mo, mo dyukiis F(s) 3 osnauenns (2.21) nabysae norpibnoro suruisry. s

aosinbrnx f € D (a) Ta ¢ € S orpumaemo
(LI @), @) = (Ff(D)e " (—w), p(-w))
= (f{t)e™"", Fle(=w)](t))
= (1) f()e e, Flo(~w)(t))
= (fO)em!n()e =" [ p(—w)edw)

e.¢]

= (F(Be ! m(t)e ) [ plw)edw)
— (f(t)e_aot,_j? go(w)n(t)e_(a+iw_a())tdw)

= (f(t)e™", 70 p(wn(t)e"t=dw) Vo > gy > a.

Bukopucrosytoun anajor reopemu Dy6ini (e MOXKIUBO, OCKIIbKK n(t)e (500}
— dynkuig 3 S'), oepKUMO

oo

(LIfB], ) = [ (ft)e ™ n(t)e =) p(w)dw,

—0o0
3B1jIKM 3a Jjiemoro Jio0ya-Peiimona orpuMyemMo TBEp/PKEHHS TEOPEMHU.
Ak 1 pig sBuvaiinux bywkiiit, 3amuc f(t) — F(s) osmauae, mo F(s) € 30-
opaxkennsiM byukii f ().
BukopucroByouu o3nadentsi repersopeib Oyp’e ra Jlamsaca, BjiacTuBocti ie-
perBopentst Dyp’e 1 ocTaHHIO TEOPEMY, OJIEPYKYEMO OCHOBHI BJIACTUBOCTI 11€PETBO-
penns Jlannaca ysaraabnenux ¢ynkiiit i3 D’ (a).

Hosenemo, mo npu f € D/, (a)
fO(t) — smEF(s), m=0,1,....
Cupasai, ko f € D', (a), ro f' € D' (a),
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f'@t) = Flf (e (—w) = F[(f(H)e™") + o f(t)e " |(—w) =
= FIF O (=) + o FIf (e () =
= wiF[f(t)e | (—w) + o F[f(t)e " (—w) =
= (0 +wi) F[f(t)e "](—w) = sF(s),
JlaJll BUKOPUCTOBYEMO METOJ, MaTeMaTUIHOl 1H/ Ty KIII.
Hosenemo, mo npu f € D', (a)

(=)™ f(t) = F"(s), m=0,1,....

Ockinbkn ™ f(t) — dyukuis i3 D', (a), To 33 Teopemoo 2

(=)™ f(t) = (=)™ f(t)e ™, m(t)e” 7)) = (f(t)e= ™" n(t)(—t)"e =o0)).
3ayBaKuMo, 110
(=" (- = (e) e = (e ).
Tomy 3a npaBusiom JindepeHIliioBanHs y3araJbHeHUX (DYHKIIIH, 3aJ€KHUX Bl

mapaMerpiB (y HAIIOMY BUIAJKY MApaAMETPOM € S ), OJI€PKUMO

(f(t) —aot777( )( )me—(s—ao)t) — jg_mm(f(t) —ootﬂ?( ) (s—cro)t) — F(m)(S).
MoxkHa nepeBipuTH, 110
fg(t) — 57,

Toni y npocropi y3arajbHennx (pyHKILI
v () = fgxu(t) = sV (s),

ne V(s) = L[v(t)]. Bokpewma, mcas nepersopenns Jlammaca pisusmus (2.17) na-

OyBae BUTJISATY

Sf’JrBlsLUrC - F(S)
[Ipu B € (n—1,n) aus peryisipuoi v(t) Maemo
n—1
V() = (famp x0)(t) = """V (s)] = X 8" (famp x0)M(0) =
k=0

n—1 n—1
=57V (s) = 32 8" (fampor + 0)(0) = sV (s) = 30 5" RIHE(0),
k=0 k=0

—_

v () = PV (s) — smpF=m=1 (), (2.23)
0

3
I



Takox

“DO%(t) = sV (s) Z s77F 1y (2.24)
CupapJi, 3a GpopMyIIoio ;LH(:bepeHmIOBaHHH KYCKOBO I'JIaJIKOI (pyHKIIIT

(B} = o(1) — 5 ®(0)5F(r), a 1oz
k=0
CDA0(t) = fumslt) * (00} = fors(®)x 000) = 5 oD(0)50 (0] =
D) =S o0 fearalt) > 5V (s) — T 7 u0(0).
k=0 k=0

ITeperBopenns Jlamnaca edpekTuBHEe JJIsT PO3B’sI3yBaHHS PIBHIHB Y 3TOPTKAX
(30Kpema 3 JIpobOBUMHU MOXIJIHUMM ), JIHIFHUX jndepeHIiaJbHuX PIBHIHD 31 CTa-
JIMMU KoediIiEHTaMu, IHTErPaJibHUX Ta, IHTerPo-JAnudepeHIiaJbHUX PIBHIHD, SPa

SJKWX 3aJI€KaTh BJ] PI3HUIN apryMeHTIB, CUCTEM TaKUX PIBHAHD.

[IPUKJIAIN:
1) posB’sizaTu piBHSIHHSI
O(z)xcosx xu(z) =0(x)sinz.
Hexait u(z) — U(s), Toai
0(w)z cosw — —(Llcosz])(s) = —(757) = e

s2+1 s2+41)2 7
(O(z)z cosx) * u(x) — 32;11 U(s); 0(x)sine — =
(882+ 1) Ul(s 3211 ;
Us) =52 =1+ 25 =1+ 24 - L

2) po3B’si3aTH 33781y
W4u=0,t>0, ul0+)=1;
u(t) — U(s); romi
sU(s) —u(0+) +U(s) =0, U(s) = m, u(t) = u(0+)et,
3 mouatkoBol ymosu u(0+) =1, a orxke, u(t) =e™";
3) po3B’sa3aTH 3811y
fe D[/ (t) + u(t)]dt = e, u(0) =0, v'(0) = 4.

Hexaii u(m) — U(s), TOJIL

uw'(x) = sU(s) —u(0) = sU(s),
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) u () = s2U(s) — su(0) — u/'(0) = s2U(s) —
bfe_(x_t [/ (t) + u(t)]dt = e * [u/(x) + u(z)] — er_l[SU( s)+U(s)] =Ul(s)

1 micas mepeTBopeHHs Jlamiaca OTpuMyeMO PiBHSIHHSA

sPU(s) —4—=U(s) = =7 <=> (&> = 1U(s) = 47 +4 <=>
1 4
U(s) = e + 7 a
1 A

GHFGT = 541 T GrE T
seigkn A(s*> — 1)+ B(s—1) + C(s + 1) = 1, iupn s =1 orpumyemo C = 1,
npu s = —1 marumemo B = —%, anpu s =0 Oye

1. 4 2 2

—A-B+c=1=> A=-B+(0C-1=—3; 57=5 77"

Orox
1 2 2
U(s) = __[er_l + (s+1) 5] + 4(s—1) T T <72
25 | 225 0,5

U(s) = Tl T T e
3BIJIKH, TTOBEPTAIOYUCH JIO OpI/IFlHaJIiB, OTPUMYEMO

u(r) = —2,5e " + 2,25e" 4+ 0, bre ™ ;

4) posB’s3aTh 33789y
Diu4u=0,t>0, u0+)=1;
u(t) — U(s); Toxi
sPU(s) — s~ u(0+) —I—U(s) =0, U(s) = j—:l = gf-1. ﬁ,
u(t) = L7 [s71(t) * L7(s” + 1)7(t) = fiop(t) = [0()7 B p(—17)],

u(t) = Ega(—t).

2.4 Pos3B’a30k 3agadi Komnr ajg cucremu piBHSHD 13 JIPO-
OOBOIO ITOXI1/HOIO

Posp’s130k 3ajiaui Kot juist cucremu 3pudaiinux judepennaibHiuX PiBHIHb

du
- = Au+g(t), u(0)=ug

MOXKHA 110JIaTH B MATPUYHOMY BUIJIsI]
u(t) = ey + eAt g(t),

e




[TonibuumM OyJie 300parkeHHs po3B’sA3Ky 3aJadi Ko s cucreMu 3BUYaiiHIX

piBHsIHB 13 jpoboBuMu 1oxijHUMU. Popmysin 110/IOHI JIO 1UX, ajie TyT yxke Oy-

JayTh MarpudHi Gyukiil Mirrar-Jlebdiepa, sk y Bunajgky ckaJsipHux JIHITHUX

PiBHSAHD 13 ApoboBuMu noxijgHuMu. OmepKuMo iX 3a JIOIOMOIOI IIePEeTBOPEHHS

Jlammaca [27].

st o0y 10BM PO3B’A3KIB PiBHSAHD 13 JIPOOOBUMU MTOXIITHUMU MU BUKOPUCTOBY-
0.0}

Basin pyukuito Mirrar-Jlebdiepa Eg(z) = > F(ﬁpﬂ), a sakimo A— kBajapaTHa
p=0

MaTPUIL, TO BUSHAYEHO MATPUUHY (byHKui}o MiTTaF—ﬂe(bJIepa

3HaitiemMo 11 nmepeTBopeHHsi ﬂanﬂaca

_ (AtF) + e
LI By (AtP)] = L[t7! Z Mgﬂ = Ofe Zj k5+v thi+r=1qt =

O k
(t=17/s] = z T sﬁ,mfe TRt ldr = 1;054—+

a OT2Ke,

LI By (At%)] ZA’“ Bk,

Hosenemo, 1110
(0¢]
S AksTOR=Y = §F1(PT — A)T <=>

k=0
S Aks=RHDE — (P — A)7h <=> Z Abs=+DB(BT — A) =1
k=0 k=0
Maemo
Z Abg=(HDB(BT _ A) = $° AkgkB _ § ghLg=(+1)5 —

k=0 k=0

:ZAkS_kﬁ— ZAm _mﬂ—[—l—ZAk —kB _ ZAms_mﬁzl.

k=0 m=1 m=1
Orxe,

LI B (A)] = " (s" T — A)7!
30KpeMa, npu 3 =y
LIt By p(A)] = (57 — 4)!
Posrsiremo tipu 5 € (n — 1,n) 3amaay Komti miist cucremn
“Diu= Au+ g(t), u™(0)=u, k=0,1,n—1.
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BacrocoBytoun meperBopennsi Jlamiaca i Bpaxosyrouw, mo u(t) — U(s),

g(t) = G(s), opepxumo

sPU(s) — nil s 1uF(0) = AU(s) + G(s) <=>
k=0
(T — A)U(s) = nzl s F Ly + G(s) <=>
k=0
Us) = 5 o101 — A) g+ (7T — )7Gs)
k=0

SHaxouMo obepHere neperBopents Jlamaaca,

u(t) = :i;fkﬂﬁ(t) i (177 B (A7) Jug + [1771 B (A7) % g(t).
Mu nosenu, ;110
fiop(t) * [t77 B p(At7)] = Eg1(At).
Tak camo JI0BOJAMMO, 1110

frri-a(t) * [t Eg s(At7)] = t*Ep i1 (AL7),
a ToJl
n—1
u(t) = Z tkEg’k+1(At”8)uk + [ﬁﬂ71E575(Atﬁ)} * g(t).
k=0
Ile poss’s30k 3amadi (2.25).

[IPUKJIAJ. Po3B’s130K 3a1ati

“Dlu+u=0,1t>0, ul0+)=1
npu B € (0,1) 3HAXOAMMO 0OjIpa3y 3 3aCTOCYBAHHSIM OJIEP:KAHOI (HhOPMYJIH MPHU
A= —1.Orox
u(t) = Egy(—t°).

2.5 YwucaoBe HaOJAMXKEHHS JPOOOBUX IHTEIPAJIIB 1 MOXiTHIX

BukopucToByeEMO BiJIOM1 T€OpPEMU 1IPO CEPEJIHE JIJist THTErPaJIiB.
b

1. feCla,b] =>3ce (a,b): [ fdt = f(c)(b—a).
2. f,g € Cla,b|,g ne minge sHaK KA la,b] => 3c € (a,b) :
b b
/fgdt:f(c)/gdt.
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Hexait [a,b] = [0,T], ty = kr, k=0,1,...,n, 7 = T/n. 3a 3nauenus ce-
PE/IHIX TOYOK €; LIPU BEJMKOMY 7o MOxKHa Opatu JiiBl abo 1pasl KiHIl IHTepBaJiB.

Tomi

lry1

Igv(tps1) = b[ v(s) fa(tis1 — s)ds =

. (m+1)T

= >, f v(s) fa(trs1 — s)ds,

m=0 mr
a BHKOpI/ICTOBYIOLH/I ,[prf‘y TeOpeMy IIpoO cepejiue,
k (m~+1)T
Igv(tir1) = ri 2o v(mT) [ (e — 8)7 s = [ty — s = 1]

m=0
1 micjid 3aMiHn K — m = ] OJIepKyEMO
k
]5U(tk+1) ZU tk j ] + 1)6 J ]
(ﬁ +1)
IIpn 5 € (0,1):

tet1

“Div(tyr) = [ v'(s)fip(tysr — 8)ds =
0

ko (m+1)r

=> [ V(s)fi-p(ters — s)ds,

m=0 mr

a BUKOPUCTOBYIOUM HaOJIMXKEHUI BUpa3 Juid mOXigHol v,

k (m+1)7
vl (m+1)7 ) —v(m7) _
= g Z_O ( T) [ (ther —s)Pds =
(ter — 5 =)
k vl (m+1) v(mr) (k+1—m)7 _
5 2 ( ) [ nPdn=
m:O (k—m)T
k v( m+1) ) v(mT) —
. B (k+1-m)T
— (1-p)r(1-p) mZ:O ‘(k—m)T



k v m mT
oy 30 D gy et (k= ),
m—O
1 micyg 3aMinn k —m = J OJIepXKYyeEMO

“DO(tpy) = (2.26)

7P d
RCED)) Z [o(trsi-5) —v(tey)] [G+ D7 =577,

[Ipu B € (1,2):
tet1

“DPv(tysr) = [ v'(s)fop(trsr — s)ds =
0

E (m+1)7

= > | V"(s)fop(tis1 — s)ds,

m=0 mrt

a BUKOPUCTOBYIOUYM HaOJIMXKEeHUil BUpa3 g noxiguol v,

k v\ (m+1)7 ) —2v(m7)+v|(m—-1)7 (m+1)
“DPv(ty1) = 1“(2;—@ 2 (1) (T2 io{lm 1) [ (tre =) ds =
m=0 mT
thi1 — s =1
k (k+1—m)T
vl (m+1)7 ) —2v(m7)+v|(m—-1)7 _
= mzzo ( ) = ( ) (k_{n § n'Pdn =

_ zk: v( m+1) ) 2U(m7’)+1}((m—1)7’) nQ_ﬁ‘(k—H_m)T _

p) k—
sz T (k—m)T

i o)t L)y (=)

)
m:0

1 micist 3amMinn kK — m = ] O[EpPKYEMO

k
CDPy(trr) = 3 5 ij v(tipiog) — 20(ti—y) +otiay)],  (2.27)
se by = (j + 179 = 20,
[TPUKJIAI. [Ipu 5 € (0,1) posrisinemo piBHsiHHSsI
“DP =02 + g(t).
Bukopucraemo dopmyay (2.26). 3a et npu k= j =0 maemo
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“DPu(ty) = F(g;—ﬂﬁ) [0(t2) —v(to)]

v(t1) 3HAXOMUMO SIK PO3B’SI30K PIBHSIHHSI

s [o(t) —v(t)] = v3(t) + g(th):

npu k=1 marumemo

CDy(ty) = F(g;fm [v(t2) —v(t1) + [v(t1) — v(ty)] (2277 — 1)}
v(t2) 3HAXOMUMO SIK PO3B’S30K PIBHSHHS
i [vl) —o(t) + o) = olto)] (220 = 11] = v2(t) + g2,
i T,

Mozkna 3anucaTn 3ajaHe piBHAHHS Y BULJIAI
(f-5 *v)(t) = fiop(t)v(0) = v*(t) + g(1).,
TOOTO
v(t) = v(0) + fa(t) x [v*(t) + g(t)].

a TOJl 3aCTOCYBATU METOJI IIOC/I1IOBHUX HaOJIMXKEHb

wolt) = v(0), vara(t) = v(0) + f5(t) * [b2(6) + g(t)], n = 1,2, ...
Jle YMCeJIbHO paxyBaTUMeMO Ha, KOXKHOMY KPOIli JipoboBuit inTerpaJ. Brke Ha KO-
HOMY KpOIll He Oyjie HeJIIHIKHOrO aJreOpuIHOro piBHSHHSI.

OmpamioBatu [56] mpo po3s’si3amust 3agadi Korri juist HesisiiiHOT cucremMu pis-

HsiHb 13 JIPOOOBUMU MOXIJTHUMH, 1110 MAE 3aCTOCYBAHHSI B KIHETHII].

2.6 IliBaiHiiiHi piBHIHHS

[Ipuknaam MOBHUX METPUYIHHUX IPOCTOPIB:

C[aa b]: ||U|‘C[a7b] = Inax ‘U(l’)‘,
x€la,b]

C1fa,b]. [lollergun = masc{ max [o(e)] ma [v(2)]},

M — mpocrip obmexkenux byHKIiN Ha JiiicHiit oci, ||v]|y = sup |v(z)],

TER
[ b
L2(a7b)7 HUHLz(a,b) = f‘U(l’)PdQ?

st po3B’sizyBaHHs OllEPATOPHUX PIBHSAHb BUIJISLY

u= Au (2.28)

ol



HaligacTiie BUKOPUCTOBYIOTh METOJI MOCJIIOBHUX HaOJUXKeHb, TeopeMu Banaxa
ra [laynepa.

Teopema Banaxa (npuHiun crucHux Bijobpaxkens). Sxwo y nognomy mem-
pusromy npocmopt H onepamop A mepesodumv esemenmu npocmopy H 6 cebe

I € CMUCHUM, MobMo
AL € (0,1) : Yuy,us € H o(Auq, Aus) < Lo(uy, us),

mo onepamop A mae €duny HEPYTOMY MOUKY, mobmo ichye edunull po3e’ a3ox

onepamopnozo pieHanna (2.28).
Jlosegenns. dns nosinbHoro ug € H subupaemo u, = Au,_1, n € N. Jlose-

JIEMO, 1110 15 110CJIi1oBHICTb byHiaMenTasbia B H . Maemo
o(uy,us) = o(Aug, Auy) < Lo(ug,u1) = Lo(ug, Aug),
o(ug, u3) = o(Auy, Aus) < Lo(uy, us) < L*0(ug, uy) = L*0(ug, Aug),
o(us, ug) = o(Aus, Auz) < Lo(us,u3) < L3o(ug, Aug) , i.1.1.
o(tm

um+P) < Q(quw Um—i—l) Tt Q(um+p—1a um—i—]?) <

< (L™ 4 -+ L) o(ug, Aug) = Lml—ngg(uo, Auy) < L o(ug, Auyg)

(6o 0 < L < 1), aromy o(Um,Unip) — 0, m — oo — nocaijosricts dyH-

JlaMeHTaJibHa. 3a TTOBHOTOIO TTpocTopy H BOHa 30Irae€Thest 10 JIEsIKOTO e/IeMEHTa

weEH.

Hogejiemo, 1110 4 — po3B’si30K piBHsHHs. Maemo
o(u, Au) < o(u, um) + 0(um, Au) = o(u, up) + 0(Aty-1, Au) <

< o(u, up) + Lo(ty—1,u) = 0, m — oo,

a orxke, o(u, Au) =0.

€MHICTDL PO3B’SI3KY JIOBOJIMMO METOJIOM BiJl CyIIPOTUBHOrO: Hexail u = Au, v =
Av, Togi
o(u,v) = o(Au, Av) < Lo(u,v).
Axmo o(u,v) # 0, 10 1 < L. Onepxanu cynepedHicTb.
[3 nonepeHBOro TaKOXK BUILIMBAE OLIHKA TOXMOKM
m
1—L

0(Up, u) < o(u, Au).

52



[IPUKJIAIN:

1) posriisiHeMo JiiHiiiHe iHTerpajibHe piBHSAHHS

b

u(@) = A / K(z,y)u(y)dy + f(z), =€ [a,b] (2.29)

a

34 yMOBU
b b
[ | |K(z,y)|?dzdy = Q* < 400, f € La(a,b).

b
Ha Ls(a,b) BBegemo oneparop (Ku)(z) =\ [ K(x,y)u(y)dy, = € (a,b).

a
Maemo

AUy — Kual| 13,0 = A S [(Kun) () = (Kug) () Pda]* =

a

=1 KCln) - )l <

b b
<P S [ K y)lPdy f!ul ) — uz(y)[*dy] dz <
b

J

b
<\PLS Wﬁy2m@Lﬂm ) — us(y)Pdy <
|

< (M@ [ur = uall7, ) -

Omrxe, npu |A|Q < 1 3a reopemoro Banaxa B Lo(a, b) icHye ejunuii po3s’siok
piBasnns (2.29);

2) po3rJIsiHEMO iHTerpabHe PIBHSHHS Y PUCOHA

= )\/K z,y,u(y))dy, x € la,bl, (2.30)

ne dyukiigs K(x,y,u) wenepepsaa Ha ) := [a,b] X [a,b] X [=h,h] (h > 0) i
3a/10BOJIbHsAE yMOBY JIIMIIUI 34 apryMeHToM U :
Ly > 0:V(x,y,v1), (x,y,v9) € Q
|K (2, y,v1) — K(z,y,v2)| < Lilvr — vyl
Hesan 5, = (u € Cla. s uli= Il < 1}

(Au)(x —Afoy,@Ww-
Tomi
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b
[ Aul| = max (A K(2,y,u(y))dy| < ‘”\‘fyne?fb] K (,y, u(y))|(b—a),

Tak 10, no3nadaroun M = max  |K(x,y,u(y))|, ogepxyemo
,y€[a,bl,[[ul|<h

|Au|| < h mpu |A|M(b—a) < h —oneparop A nepeBoanThL TOBHUIT METPHY-
auii (TyT Oanaxis) mpoctip Sj B cebe.

Hutst joBiibHUX u, v € S,

b
[ Au — Av]| = max | JIE (2, y,u(y) — K(z,y,v(y))]dy| <

b b
<ALy |u(y) — v(y)|dy| < |A[L fxnel[gf] lu(y) —v(y)|dyl,

TOOTO
|Au — Av|| < |A[L1(b— a)||lu —v|] - HpI/I |IA|L1(b—a) < 1 oneparop A €

crucaum. Orox upu |\ < min{M( a)’

y — 2 } yMOBH Teopemu Banaxa BuKoHy-
IOThCst — iHTerpaJsibie piBHsiHHs (2.30) Mae €auHuii Po3B’sI30K B S}, ;
3) PO3IJISTHEMO DiBHSIHHS

u? = u? + g(t) (2.31)
npu g € C[0,7T], |g(t)] <G npu t € [0,T].
IlepeTBOpUMO piBHAHHS
f-(t) * ult) = v + g(t);
u(t) = fa(t) = u?(t) + fa(t) * g(t):
Oft t — )W (T)dT + (f5 % g)(t)] := Au(t).

Hexait Fyy = {u e Cl0,T] : ||ul| = th)l%( lu(t)] < M}. Toui npu t € [0,

(A0(0)] < 5 [0~ 17 M+ [0~ 1) g(r)ir] <

B
< 7@ [M2tﬂ+tﬂTx£[g>Tc 9(M] = mamyt’[M? + G < g [M? + G-

\_/

Hosenemo, mo || Aul|cjor) < M npu nesmnx poparoux M, T .

Hexait a = F(g—jl) i Bubepemo M? > G. Toui G < M?, a(M?* + G) < 2aM?

it ymosa ||Aul|cior) < M Bukonyerncs 1pu

2aM?* < M <= >a<i< > I < 1
oM T(B+1) ~ 2M’

IO € 3a JOCTaTHLO MaJux 1 .
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IIepeBipuMmo, Ui € orepaTop CTUCHUM Ha BUOpaHiil 3aMKHEH1 T IMHOKIHI [y

oBHoro merpudnoro npocropy C[0, 7). Maemo

i
| Auy — AquC[O,T] = tgﬁ%{] ﬁ bf(t — r)5f1|u%(7) — u3(7)[2dr =

t
1 _

= X 75 g(t — 7)) Mua (1) + ua(7)] Jur (1) — ua(7)|dr <

t

2M [y Al _

< I i Of (t = 7)"7 Jur(7) — ua(7)|dr <

t

_ B
< max 5 {(t =) dr = wsllopr < Fpllu — wellop -
Orxe, oneparop A crucHuit npu
2T <l<=> r < !
L(B+1) T T(B+1) 2M°

Tomy y Bubpanux M, T piBusuus (2.31) Mae equnuii po3s’si30k u € Fyy .

Teopema Ilaynepa (nmpunrun [laynepa). dxwo yinkom nenepeperutd one-
pamop A eidobpasicae samrneny onykay muoocuny S banarosozo npocmopy H
Ha CBON0 YACTMUMNY, TO 1CHYE HEPYTOMA MOYKG Ub020 61000PAACEHNA: ICHYE MAKA
weS, wo Au=u.

3acrocyBanus Teopemu [layaepa o HiBAIHIRHUX PIBHSHBL 31 3BHYAUHOI I10-
XiJIHOO JIPOOOBOIO MOPsIJIKY HAaBEJEHO, 30KpeMa, y [54], a y Bunajxy piBHsiHb i3
YACTUHHUMU TTOXITHUMHU JIPOOOBOIO MOPSAJIKY — Yy HACTYITHOMY PO3JILJIi.

OmnpalfoBaTu JOCHIPKEeHHS po3B sI3HOCT] 3a1a4l Kol s miBIiHIHHOTO PiB-
HsiHHS1 31 3BUYAHOIO HOXIJIHOO Jpo6oBOro nopsijiky [54] 1 3acrocysanHst MeTojy

10CJIiIoBHUX HabJKeHb y [51].

KoHTpoJibHI 3anuTaHHS

HaBecru npuk/iajiu piBHsIHb Y 3rOPTKaX.

[Ilo BUKOpUCTOBYIOTH JIjis PO3B si3aHHs PiBHAHHS Abessi?
Axa dpopmyna ducioBoro HabJiMKeHHs JpoOOBOIo iHTEerpaJa’
Axa dpopmyna ancgaoBoro HabJMXKEHHS JIPOOOBOI TOX1THOI?
Busecru dopmyay poss’ssky pismsuns ul® + a?u = g(t).

Hagectn cxemy amucioBoro poss’szanns pismsams w4 4+ 4u = 0(t).

N o Ok L=

Busectu dbopmyny poss’sasky pisaanns DAy 4+ a’u = g(t).
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8. HaBecTn cxemy 4YMCJIOBOrO PO3B’sI3aHHS 331441
CDYV2u+4du=0(t), u(0+)=1.
9. HaBectn oznavenns neperBopenns Jlammaca.

10. Buectu dhopmysy neperpopenns Jlariaca moxiJiHOI JpoOOBOTO IOPSIJIKY.

BnpaBu. BukopucroByioun nepersopenns Jlamnaca, BIaCTUBOCTI OllepaTopiB

JpoboBoro udepenIioBants (1HTerpyBaHHsi), PO3B’sI3aTU PIBHIHHS 91 3aJ1ady:

1) CDV?2 —4u=t,t>0, u(0+) =1;

)
3) C DYy —u =2t u(0+) = 1;
4) D32y — 2DV =0, u(0+) =2, u'(0+) = 2;
5) DV —C¢ DV + 4u =0, u(0+) = 1;
6) (36+)*1/4 *u(z) =2y ;
7) u(x) +f )Y 4u(t)dt = x;

8) u(x) —2fx x — )" VBu(t)dt = 0(x).

3pa30K KOHTPOJBHOTO 3aBIAHHS

L. f(x)*0(z) =", f € LipND.
2. (22)6/2 =2

3. Poss’sizaru pisnsnns (4 ) /4 x u(aj) = f(z) y D.

4. Posp’sizatn pisusunas u(z) + 2f OY3ut)dt = f(x).
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Poz i 3

TIPSIMI 11 OBEPHEHI 3A TAYI J1JT5I
PIBHSIHHSI IPOBOBOT JIN®Y3Ii

Egintrani #f mapaboJiaHi KpaifoBl 3ajadi 3 peryasipHuMM il y3araJibHe-
HUMK (DYHKISIME Y [PaBUX YacTHHAX AaKTUBHO BUBYAIOTH. ¥ MOBHU KJACHIHOI

PO3B’SI3HOCT] KpafioBUX 3aJa4 JIJis PIBHSIHHSL JPYTOTO HOPSAIKY
Dlu(z,t) — a*Au(z, t) = F(z,t), a= const

3 PeryJisipus0BaHOIO HOX1IHOW JipoboBoro nopsiiky B € (0,1) oxepxKani, 30kpema,
B [47].

OyHIaMeHTaJ bHI PO3B’A3KKM PIBHAHDL BIII'PalOTh Ba)KJUBY POJIb Y BUBUYEHHI
zajgadl Ko Tta KpaifoBux 3ajad y Kjacax IVIQJKAX 1 y3arajJbHEHUX (DYHKIII.
Hesiki 300parkeHHst, OIIHKKM Ta, 1HII BJACTUBOCTI (PyH/IAMEHTAJILHUX PO3B S3KIB
PIBHSAHB 13 JAPOOOBUMHU IOXIJIHUMHU 3a 4dacoM 1 ¢ynkmiil ['pina 3amaa Ko s
TaKuX piBHAHB ojiepKani B [28,31,32,34,49,50,53| ra inmux mpargx. Tyt posriis-
HeMo 3aj1aqy Ko, nepiiny kpaitoBy 3ajiady 1 jiesiki obepHeHi 3a/a4i Jijisi PIBHSIHD
13 YACTUHHUMU TOXIJITHUMHU JIPOOOBUX MOPSJIKIB, BUKOPUCTOBYIOUM METOJ, PsiJIiB

®@yp’e Ta Biactupocri dyHkiii ['pina.

3.1 OcHoBHI 3a7a4i JJ49 PiBHIHD 13 YaCTUHHUMHA I1OXiTHU-
MH JTPOOOBUX MOPAIKIB

B [12] snaiiieno dbyumamenTanbiy (QyHKIN0O i BHBIEHO OCHOBHI KpailoBi 3a/1aui

JUTST PIBHSTHHSI
0“u n 0%u
ox{ = 0x§

= f(z1,22), a€(1,2).
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Tyt OGynemo BUBUATH 3a/a4l JJisl PIBHAHDL BULJISILY

OPu  0*u

5 @‘Ff(flfat)a B €(0,2).
o
otB

ze omeparop (—A)*/? pusmadenuit 3a jornoMoroio mepersopents Oyp’e

Fl(=A)g(x)] = |N*Flg(x)].

+ (=AY 20 = f(x,1), B,ae(0,2),

[Ipu a = 2 ocranne piBHsSHHS HAOYBa€ BUIJISLY

0%u

Y Kypcl piBHsiHb 13 YHACTUHHUMU HOX1JIHUMU BUBYAIOTH PIBHSHHS TEILJIONPOBIJI-

HOCTI
3

Uy = Z(kjuxj)xj + f(x7t)7

j=1
sIKe TaKOXK € PIBHsTHHSIM JTuy3il, HAPUKIIAJ], KOHIleHTpallist u(x,t) rasy B nepe-
pi3i & TpyOKHU, 3aIIOBHEHOI MOPUCTUM CEPEJIOBUIIEM, B MOMEHT Yacy t ONMUCYETHCS

PIBHSIHHSIM

U = @ Uy, = f(x,1),
ne a’> = k/C, f(zx,t) = g(x,t)/C, k — xoedinient nudysii, g(zr,t) — rycruna
BHYTPiIIHIX JpKepeds ragy, C' — koedinient nopucrocri cepejiopuiiia (BiHOMIEHHs
ob’emy 1op J10 oBHOro 00’emy Tpy6ku). Pisusinus [peinrepa

h2
iy = ——Atp + Vi)
2m0

ommcye XBUILOBY (DYHKINIO 1) HaCTHHKHM Macoro myg, a |[¢(z,t)|[*dr e iMosip-
HICTIO TOI'O, 110 YaCTUHKA B MOMEHT 4dacy t 1nepedyBa€ B OKOJII TOUKU T 00'eMoM
dx, V(x) — noreniiana 30BHIIIHLOrO cUJIOBOTO 10Jst, h — crana [lianka.
ITepexij j10 JipoOOBOI OX1IHOI 38 YacOM JIA€ 3MOI'y BpaxyBaTu e(DeKTH IIaM STl
CUCTeMH, IJIUOIIe OCMUCIUTH BiJIOMI Pe3yJIbTaTH, OJIep:KATH HOBI aJeKBaTHI KiJib-

KiCHI MoJjieJii JIoC/IipKyBaHux siuill. Hanpukiia i, piBHsIHHSIM

3
Z(k;jumj)mj —c(z, t)u = a2u§a)

J=1
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MOYKHA OITHCATH PO3MOJLT TUCKY u(x, 1) ra3y B MIACTI HOPUCTOTO HEOJHOPITHOTO
cepejiopriia (B Mojei nporecy dbiabrpanil rady B HiJ3eMHUX I'a30CXOBHIIAX).
EnekTpomaruiTHi XBUJI B JI€JEKTPUKAX OMUCYIOTH TAKUMU PIBHSIHHSIMEI 1pu [ €
(1,2) 1 B €(2,3).

7K BUHHMKAIOTH PIBHSHHS ApoboBOi Jaudy3ii? 3rajacMo BUBEJICHHS PIBHSHHSI
HOIIUPEHHS Teria B crepxKHi. KibKicTh Teria, 110 MPoXouTh Yepe3 MOBEPXHIO

S 3a 4ac Bij t] 10 to

to
3a 3akoHoM Dyp'e Q1 = —S [ ku,dt,
4
to
3a 3akoHOM Hbiorona Qo = S [ ky(u — ug)dt,
t
Jie uo — TeMIlepaTypa 30BHIIIHLOIO cepeloBuina, k, ki — KoediIlieHTH, BiIOBIIHO,

BHYTPIIIHBOT Ta 30BHIIIHLOI Temionposijgnocri. Hexait fi(x,t) — inrencuBHicTh

JpKepest Teria (KUTbKICTh Teria, siKy Jlae Horo JpKepesao B OfuHUI 06’eMy 3a

OJINHUINIO Yacy), @ — TYCTHHA MaTepiajy CTep:KHs, ¢ — MUTOMA TEIIOEMHICTD

crepxKHst, S — IJI0Ma HOro MnmonepedTHoro nepepisy, P — nepumerp mnepepisy.
PiBusiHHs TerjioBoro 6ajancy B CTep:KHI HabDyBae BUTJIsILY

to to to
ka;um|x+mdt — kaux\mdt — fklPAx(u — wp)dt+
t1 ty

tq

ta z+Ax z+Azx
+ [ [ Al t)dedt = [ ceplulims, — uli=s, )dx;
t1 «x x
to z+Ax to z+Ax
ST | (kug)pdxdt —P [ [ ki(u— up)dxdt+
tq €T t1 x
to z+Ax to z+Ax

+ [ [ fAlet)dedt= [ [ cpudadt,

tvn, = tvn
3BIJIKN

S(kuy)e — Pki(u — up) + fi(z,t) = cpuy
1 3a cranux k, ki ojepKyeMmo
Uy = a*Uy, — bPu = f(z,1).
PiBHsiHHS BUBYAIOTH 3a IMOYATKOBOI
u(x,0) = ug(x)
1 KpailoBUX yMOBaxX BUIJISILY
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u(0,t) = p(t), u(l,t) = pao(t), t > 0 — gKIIO 3a7aHO 3AKOH 3MIHU TeMIepa-
TYPU Ha KiHIHX CTEPXKHS;

uz(0,t) = pa(t), uzp(l,t) = po(t), t > 0 — gKIO 10 KiHIIB MOJAETHCST TEILIO-
BUII MOTIK;

ur(0,t) — hu(0,t) = pi(t), u(l,t) + hu(0,t) = po(t), t > 0 — gxmo Ha
KIHISX BiJIOYBA€THCsI TEIJIOOOMIH 13 30BHIIIHIM CEPEJIOBUINEM, a TaKOXK PI3HUX
KOMOIHAITISIX TMX YMOB Ha JIIBOMY 1 IPABOMY KiHISIX CTEpPIKHS.

Sakon Dyp’e, gKMil 1M MOXKHA 3alUCATH Y BUTJISAJI

q(z,t) = —k grad u,

3aMIHIOIOTH HA 3aKOH

/ (t — T)uy(x, 7)dr
0

abo
q(z,t) _kﬁt /fa T)uy(x, 7)dT

(BpaxoBytoUM mam’siTh), 1 TOJi 3aMicThb PIBHsIHHS

OTPUMYIOTH
t

uy = a / K(t — T)ug(x, 7)dT
0
abo

t
5 0
up = a’ pn / fa(t = T uge(z, 7)drT.
0

3 0CTaHHBOTO, iHTeryIOqH OTPUMYEMO

u(z,t) —u(x,0) =a /fa gy (2, 7)dT (= @ fot) * gy (2, 1)),

a Jiiroun orneparopom f_ (¢ )>|<7 OJIEPKUMO

foa®) *u(z,t) — fia(B)u(z,0) = a®um, (v, 1),
TOOTO PIBHSIHHS

D% = a*uy,.
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3.1.1 KimacuuHnuii po3B’d30K KpaiioBoi 3aja4i MeTogoM paaiB Pyp’e
Hnst o € (0,1) posrisinemo [16] kpaitoBy 3a1ady
“Dou — uyy = h(z,t), (z,t) € (0,1) x (0,t0] == Q, (3.1)

uw(0,t) =wu(l,t) =0, tel0,to, 3.2)
u(z,0) = Fi(x), x€]0,1]. 3.3)

(
(
Hexait O(Q), C(Q), C[0,t)] — kmacu nenepepsnux, ignosigno, 5 @, Q Ta

wa [0, ty] dynkmiii,
CQ,@(Q) - {U < C(Q) : Ux:z:ac D?U S C(Q)}v CQ,Q(Q) = CQ,Q(Q) N C(Q) .

Knacnanum poss’sizkom saaqi (3.1)—(3.3) nasusaernes dynknis u € Cy (Q),

110 3a/10B0JIbHsAE piBHsAHHS (3.1) B () Ta ymosu (3.2), (3.3).

[IykaTnMeMo po3B’s30K 3aj1a4i y BULJIsA I psany Pyp'e

k
u(z,t) = Y Ti(t)sin %“’ (z,1) € Q (3.4)
k=1
3a BJacHUMHU (DYHKIIAMHA sin 7L k” (k=1,2,...) zanaqi rypma-Jliysimis
X"+ AX =0, ze(0,0), X(0)=X()=0. (3.5)
Maemo
CD7 (3 Thi(t) sin 57%) — (32 Th(t) sin ) = h(z, ),
k=1 k=1

[C DTy () + (52))2 T (1)] sin 522 = h(x, 1),

NIE

e
I
—

T3,(0) sin 272 = F ().

M2

k=1
st snaxoypkents Hepiomux dyukiiin Ti(t) omepxkyemo 3amaqi Ko

CDaTk + N1y = hk(t), t e (0, to), (36)

T.(0) = Fy., k=1,2,..., (3.7)

2 . . . .
e A\, = (kT”) . Fir, hie(t) — koedinientu possuHeHHs, BIILOBIIHO, (DyHKII

Fi(z), h(x,t) 3a Bnacaumu dynkmisvu 3agaqi [lrypma-Jliysias
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(0.@] o0
h(z,t) =3 hy(t)sin 22 Fy(z) = 3 Fyysin 22
k=1 k=1
BuKopucToBy0UHN 3B’ 30K MIXK HMOXIJIHUMHI JIpOOOBOro Mopsiaky JKkpbarisHa-

Kamyro ra Pimana-Jliysijuist, 3sogumo koxkuy 3 3aja4 (3.6), (3.7) jio piBHsiHHsI
T\ + My = hi(8) + fia(t)Fup, € (0, 1)
1 38 BUBEJICHOIO Y PO3/Iiji 2 (hOPMYJIOI0 OJIEP>KYEMO HOTO PO3B’SI30K
Ti(t) = t* T By 0 (= Mt®) * hi(t) 4+ FipFEa1(—Aet®).

[IPUMITKA. Moxna mgoBecTu, 1110

t

/To‘_lEa,a(—AkTa)dT = (=M ),
Ak
0

d
EEM(—AW) = — Mt By a(—Ait?),
d
E(tEa,Q(_Akta)) = Eo1(=Ast"), t>0.
Brejiemo dbyHKIIIHI TpocTOpH
CY0,1) ={F € C[0,]nC"(0,1): F(0)= F(l) =0},

CHQ) = {v € C(Q) : v(-t) € CH0,1) ¥t e (0,t]}.

Teopema 1. Hexaii o € (0,1], h € CHQ), F, € CY(0,1). Todi icuye edunudi

pose asox u € Cy(Qo) sadawi (3.1) — (3.8). Bin mac uennd (3.4), de Ti(t)
susnayaromvea gopmyaoto (3.8). Hpasuavni oyinku

ulle@@) < aollbllew) + ail|Filleo.

wasllcw@) + 1€ Diull gy < dollhl|erg) + @il Filler o,

de ag,ay,a,ag, a; — dodammi cmani.

Tyt |Jolleq) = sup |v(@,t)], [[vlleroy = max sup [v™)(z)],
(z,t)eQ m=0,r z€(0,])
]

_ omv(w,t) _
cr(@) = Max max sup |— |, r=0,1,
m=0,r t€[0,to] (2 +)eQ
Josenennst. Y sunajky o € (0,1) dynxnis E,1(—2) He Mae mificnux gona1-
nux vytiB, 0 < E,1(—2) <1, Eqa(—2) >0, 2>0.
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Tinbku 3a Henmepepsrocti Ta oomexkenocti h(x,t) wa (0,1) (maa xoxkuoOrO t)

nepiiuii J1ogaHok y dbopmydi (3.8) marume oOniHKy

t
t N By o (= A6t®) % b (8)] < My [ 707 By o (= Xe7®)dT
0

_ 1—Ean(=M1)] ~ M.
= M " < /\—; :

Tyrigam M; (i =0,1,...) — nogarai crami. Tomi psin

- kmx
Z ta 1Eaa )\kta) S hk(t)] sin T
k=1
piBHOMIpHO it abcooTHO 36iraeThest Ha Q.
[Ipu Fy € C|0,1] marumemo

C
FinBo 1 (—Mt®)| < — 2L
| FiiEoa (= )|_1+)\th

ne C — noparHa crasa. Toml psi

- k
Z FlkEa’l(—/\kta) sin %Z’
k=1

piBHOMIpHO it abcomoTHo 36iraeThest na Qg . Axmo Fy € 6’1(0, l), To

l
2 [ Fl(z)cos(\*z)dz -
0 A
IAL/2 Ve

Fi. =

(3.10)

ne Fyp — xoedimientn possunennsi B psag Oyp’e dyukiii FI(x) 3a cucremoio

{1, cos(A, A2 x)}72 ;. Toni npomudepenmifiopanuit asidi 3a x psn (3.10) mazkopye-

THCsI 3012KHUM UUCJIOBUM pPAa0OM

Mgz'F

e BYCT ISR BV
PO RPN

k=1 k=1
Hpo;LH(bepeHuiHOBaHMH ABivl 3a x psj (3.9) HaOyBae BUDIsiLY

[to‘*lEa’a(—)\kto‘) * hk(t)] AL sin IWTZE

WK

e
I

1

[Toxibro 0 BUmEeHaBeeHOTO Jutst ByHKINT Fi(x), 3a ymoBu h € C’l(Q) (sK y

dbopmyJoBaHHl Teopemu) BiH 30ira€ThCsi PIBHOMIPHO.
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I3 piBHsnHs 33141 0JleprKyeMO icHyBanns HenepepsHol noxijuoi € D¢ byukuii
(3.9) Ta cymu psajy (3.4). OniHky B TeopeMi BUIIMBAIOTH 13 300paskeHHsT DO3B A3KY
1 OJIep2KaHuX OINIHOK PsJIiB.

€uHiCcTh PO3B’SI3KY 3a/adi BUMIMBAE 3 PUHIHIY Makcumymy [46]. Hemepeps-
Ha 3aJIe>KHICTH PO3B’sI3KY BiJ| JAHUX BUILIMBAE 3 OJI€PYKAHUX OIIHOK.

OmnpaloBaT MPUHIMIT MaKCUMYMY Ta 3acTocyBaHHsi MeToay psijiiB Oyp’e npu
poO3B’sI3aHHI KpaiioBol 3ajia4ui JiJIsi 3araJbHIIIONO PIBHSHHS JIPYTOro IOPSJIKY 3
PeryJisipu30BaHOI0 1OXIJIHOIO JIPOOOBOTO 10psiJIKy [46], a Takox JjloBejeH sl iCHY-

BaHHsI CUJIBHOIO y3arajibHEHOrO PO3B’si3Ky Takol 3ajaui [47,35].

3.1.2 O6epHeHna 3amada

Hnsg o € (0,1) posrustmemo [44] 3amaqay

“Deu — uyy = g(t)Fo(x), (z,t) € (0,1) x (0,t9] := Q, (3.11)
w(0,t) = u(l,t) =0, te[0,t, (3.12)

u(z,0) = Fi(z), z¢€l0,1], (3.13)

u(z,to) = Fy(z), x€0,]] (3.14)

1po 3uaxopKents napu Gynkiii (u, Fy) € M = Cy(Q) X C'(0,1) . Tomarkosy
yMOBY (3.14) Ha3uBAIOTH YMOBOIO [EPEBU3HAUCHHSI.
3a Teopemoro 1 mpun g € C[0,ty] i sinomiit Fy € CY(0,1) icuye enmumii
pose’sizok u € Cy o (Q) npswmoi sajaui (3.11) — (3.13), wo nabys surusiy (3.4),
a T} (t) Busnagaorhest dhopmyiown (3.8) 3 saminowo hy(t) na Fyg(t).
Iligcrasnsioun poss’s3ok (3.4) mpamoi 3aqadi (3.11) — (3.13) B ymoBy nepesu-

snadenss (3.14), ogepxkyemo

Tk(t()) = FQk, k = 1, 2, e <=>
to
FOk/Ta_lEa’a(—/\kTa)g(to — T)dT + FlkEa,l(_)\ktg) = FQk,

0
3BIJIKU 3a YMOBU

to
Gy o= /TalEW(—A,Ja)g(to S £0, k=1.2,... (3.15)
0
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3HAXOIMMO BUPA3u Jijisi HeBltoMux KoedirienTis Fy, pospunents by Fj(z)

B psijt Dyp'e
Fop = [For, — FipEa1 (= Mit§) ]G k=1,2,... (3.16)

3auIraeThcst OOIPYHTYBATH PIBHOMIPHY 301>KHICTH PO3BUHEHHS

k
Fy(z) = > Fy, sin$, z € (0,1), (3.17)

i masmexxmicTs cymu psty g0 kaacy C1(0,1) (3a taxoi Fy(x) 3a Teopemoro 1 mMoxe
OyTH KJIacuuHUM po3B’si30K (3.4) npsivoi 3ajaui).

3a dhopmyuioo (3.8) maemo

Ti(t) = Fopt®  Epa(—Mt®) % g(t) + FipBoi(—Mt®) = (3.18)
t

_ P, / B (M) gt — )T+ FupEar(—Mt®),
0
ne Fy susnaveni dopmysomo (3.16).
JaJi BpaxoByeMO, 110 GLk MOXKe DOCTH fAK A, Ipu k — +00. 1 IPU BEJUKUX
e Gyukuil By, (—Apt®) (g = 1,2, ) Maorh 0HAKOBHII XapaKTep IOBEIHKHY.

Toni 3 joBejiertst Teopemu 1 BuiLinBae, mo npu Fy € ! (0,1) ps

t
~ fTO‘_lEaa( AT g(t — T)dT
0

. kmx
ZF% ar sin l

piBHOMIpHO Ta abCcoOTHO 36iraeThes na @ 1 mo npu Fy € C~'3(0,l) et psis
MOYKHA JIBiUl mowienHo jgudepeniiosarn 3a x. st mporo 3a dhopmymnono (3.16)
nocrarnro, mo6 Fy € CH0,1), Fy € C3(0,1). Mu BUKOPUCTOBYEMO IIO3HAMCHHS!
Ci(0,1) = {F € C7710,]n C7(0,1) : F(0)=F()=0}, j=1,2,
C3(0,1) = {F € C?*[0,]]nC30,1) : F(0)=F(1)=0, F'(0)=F"(l) =0}.

OjiepaKaju TaKuit pe3ysibTar.

Teopewma 2. Hezali o € (0,1), g € C[0,t)] Fy € CY(0,1), F, € C3(0,1),

]ksm , g =12

TMg
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i suxonyemuvea ymosa (3.15). Todi icnye edunui pose’asox (u, Fy) € M =
Ca.a(Q) x CY(0,1) sadawi (3.11)-(3.14). Oynkuia u eusnauaemvca Gopmyaomo
(3.4), de Ty(t) eusnaueni s2idno 3 (5.18), For — 32idno 3 (3.16),

[IPUMITKA. I3 BpaxyBanHsiMm hopmyJin

t
1 — Ey1(—At®)

/To‘lEa,a(—)\kTa)dT = ’ :
Ak

0
npu g(t) = const, t € [0,ty] ymona (3.15) pisrnosnauna ymosi E, 1 (—Aitf) # 1.
[Ipn « € (0,1] dyuxmis E,1(—z) #e Mae IfiCHUX TOJATHAX HYJiB, MOHOTOHHO
cuajna, F,1(0) =1, romy npu ¢(t) = const, t € [0,ty] ymosa (3.15) BukomHy-

eTbest JIst BCix tg > 0.

Teopema 3. 3a npunywenns (3.15) pose’asox (u,Fy) € M = C9,(Q) X
CY(0,1) sadawi (3.11) — (3.14) edunui.

Josenenns. Tpunyckatoun icnysannst jsox poss’sskis (ul, FY) | (u?, F}) kia-
cy M obepuenoi zajaui, qiaa u = ut —u?, Fy = F} — F$ MarumeMo 3ajady
CDfu — vy, = g(t) Fy(z), (2,t) € Q,
u(0,t) = u(l,t) =0, te]l0,tg,
u(z,0) =0, wu(z,ty) =0, z€][0,]].

3a Teopemoto 1 mpu Bimomiit Fy € C'(0,1) icnye exmmmii po3s’sisok u €

C9,o(Q) mpsiMol 3a/1a4i, 1110 HAOYB BUIVIsIILY

kmx

t
o0
u(z,t) = Z Fok/Ta_lEa@(—)\kTa)g(t — 7)dT sin -
k=1
(x,t) € Qp. Tincrasasioun #oro B yMOBY MepeBU3HAYEHHST, OJIEPIKYEMO
> kmx
ZFOkaSiHT = 0, (x,t) € Q
k=1

3a MOBHOTOIO CUCTEMHU BJIACHUX (DYHKITIi

FuGr=0, k=12,...
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3Bijicu, BpaxoBytoun mpumnyiienns (3.15), ogepxkyemo Fyr = 0 st Beix k =
1,2,...,aorxe, Fy(x)=0, z€][0,]].

Teopema 4. 3a ymos meopemu 2 poss’asox (u, Fy) € M sadawi (3.11) -

(3.14) nenepepeno saaesicumos 6id danuc.

Kitacuunuii po3B’si30K oOepHEeHOI 3aja4i Jijisi pIBHSIHHS Jpo0oBol judy3il mpu
IHTerpaJjbHiil 38 YacoM yMOBI IepeBU3HAUYEHHsI MeTo/IoM psijiie Pyp’e omep:KaHO

B [17].

3.1.3 VY3arajabHeH] po3B’a3ku MeTogoM paaiB Pyp’e

Hexait Xi(z) = sinkx, k € N. Ilosnaunmo sepes D) (R) npocrip nepiojuy-

Hux posnoaiie v € D'(R) rakux, 1mo
v(r+2m) =v(r) = —v(—x) Vr € R.

QopmanabHUil psT
(0.9]

kaXk(x), reR (3.19)

k=1
— pag @yp’e posnominis v € D) (R),
2 2
— (0, X )or = ~ (v, hX
Uk W(U, k)2 7T(fU k)
— iioro koedirientu, ne h(x) — nenapua dyukiis 3 D(R),
17 € (— y I
W) = re(—m+e,m 5), 0<h(z) <1,
07 x E R\ (—m,m)
=2 [ o( z)dr npn v € Dy (R) N Ly(R),
i Toxi psijy (3.19) e Kiaacuunum psiiom Oyp’e v 3a cucremoro X, k € N.
Bimomo, mo D5 (R) C S'(R), pan (3.19) g dbyuknii v € Dy (R) 36iractbes

B S'(R) 10 v, KoedimieHTH MaOTh OIMIHKH
lvg| < Co(m)C(v,m)(1 + k)™ VkeN

3a jiesikoro m € Z,, Cyo(m), C’(U m) — craui, mo we zanexkars Big k € N,

1/2
sokpema, C'(v,m) = (IR m/2lv(a:)|da:> . Hucsio m HasuBaeThesi 1m0-
PSJIKOM PO3Tofiay v (Jist peryasipaux dyukuiii m < 0).

Hexait v € R,
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H'(R) = {v € Dy (R) : [[vlls+z) = sup |ol (1 + k)7 < +oo},
keN
C’([O,T];HV(R)) — mpocrip Henepepaux 3a t € [0,7T] dynkuiit v(z,t) 3i
snauennsimu v(-,t) € H'(R),

HUHC([O,T],HV(R)) - n}(?% H/U( )||H7(R)

Coa (0, T); 7 (R)) = {v € C([0,T]; H*(R)) : D € C((0,T); H(R)) |
— fioro MJNPOCTIP 3 HOPMOIO
_ C Na
1lle,,. (o.11. ) _max{H””c([o,T];HM(R))’” b ”"C([O,T];me)}'
Baysaxumo, mo HY(R) € H'(R) musa Beix € >0, v € R.

Posruisinemo 3ajaay [42]

YDy — uyy = Fy(x), (z,t) € Q=R x (0,77, (3.20)
u(z,0) = Fi(x), w(z,0)= F(z), zeR, (3.21)
/u(x,t)dt =d(z), ze€R, tye (0,77, (3.22)

0
e a € (0,2), Fy, Fy, ® —3anani dysxii, T > 0, u, Fy — HeBigomi GyHKIIil.
Hpyroi ymosu B (3.21) nemae npu o € (0,1].

IMpunymenna (A): v e€R,

0 (0,1), F; € H7"(R), j=1,2, & € HH(R), t, € (0,T] taxe,
o Euo(—k*t§) #1 past seix k € N (akuo « € (1,2)),

Fre HPR), F, =0, ® € H™(R) i ty € (0,T] nosinbue npu o € (0,1).

[TPUMITKA. 0 < E, ,(—k*) <1 upu Bcix t >0, p > a, axkmo « € (0,1].
Y Bunagky « € (1,2) dbynkiia 1 — E,9(—2) Mae cKindeHny KiIbKICTD JIiHCHAX
JI0JIlaTHUX KopeHis, Tomy ichye ty € (0,7] rake, mo

Eqo(—Ktg) # 1 Vk € N.

Posknagemo Fj(x), j € {0,1,2}, ®(x) y dopmanbui psaan Pyp’e 3a cucre-

moto Xi(x), k €N

v) =Y FyXp(z), z€R, j=012 (3.23)

=Y & Xp(z), zER



[Tapa dynxiiit
(u, Fo) € Moy = 02704([0,71]; HV(R)) x HYT2(R)
((u,Fo) e My, =My npu a € (0, 1)),
3a/1aHa PAJIAMU

=D _u()Xi(), (v.1) €Q (3.24)

1 (3.23) mpu j = 0, gka 3agoBospisie y S'(R) piuanna (3.20) i ymosu (3.21),
(3.22), nasuBaeThest po3s’s3koMm 3agadi (3.20)-(3.22) 3a ymos (A).
[Tincrassoun dyuknio (3.24) B (3.20) 1 (3.21), (3.22), ogepKyemo 3a/1adi
D%y, 4+ k*uy, = Fyp., t € (0,7, (3.25)
up(0) = Fir,  wy(0) = Fop, |

to

/ we(t)dt = By, k€N (3.26)
0
Juist Hesijomux u(t), t € [0,T7] i For, k € N.

Maemo
u,ia) + K2y = For(t) + fica®) Fip + foa(®) For, t€(0,T), keN, (3.27)

3BLJIKNA

t

ug(t) = F()k/Ta_lEa,a(—k%'a)dT
0
+ P11 By 1 (=) 4+ FytEyo(—k*Y), t€10,T], k€N,

Hexait uyo(t) — neprmit goganok y it ¢popmysti. 3uaiieMo #oro omiHKy

o] < Fuel [ 7971 Ena(-R27) i

ro=ldr
1+ k2re

= Do 55 okl (1 + K71°)

TM‘|F 9k 2 Vs > 0,
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1, v =0,

- 0 Toni k7 < ¢()(1+k)?, i3 nonepeHbOT OMIHKH
B Y ’y < Y

Hexait ¢(v) = {

upu s =0

(14 k) |uro(t)] < Ko up [For(I(1+ k), te[0,T], keN.
te(0,T

3a obmexenictio F, j(—k*%), j=1,2,
7 Ejp By (—k2%) (1 4+ k)72 < KLl (1+ k),

€[0,7], je{1,2}, ke N.

Orzxe, Gynkuis (3.24) nanexunrs go npocropy C([0,77]; H(R)) i3 popmy.r
(3.24) 1 (3.29) ojiepKy€eMO OIIHKY

2
H H OT 7+ R)) S aOHFO‘|H’Y+29(R) + Z/a\jHFjHHV-S-Z(R), (328)
=1

ne aj, j € {0,1,2} — nomarni crasi, mo He 3a1€XKaTh Bl JaHIX 3a/adi.
3 pisnanb y (3.25) Bumimsae icnysanng Henepepsaux noxignux € D%y (t),

€ (0, 7] i oniuku
|“D%ur(t)| < Kug(t)| + | For(1)], k €N,

C na C
D m g 14 k)
PPl o 1y10y) = (T35 sup "D (D)1 4 )

< max | sup k|up(t)|(1 4+ k)7 + sup | Foe(8)|(1 4+ E)720(1 + k)2
te[0,7] L keN keN

<0l gy 10

Orxe, u € Ca,([0,T]; HY(0,1)) . 3 ocrannboi nepisrocri i (3.28) Bunmsac (3.30).
Y Bunagky a € (0,1) maemo E, (=) >0 npu o >0, p >« i

t t

/ aflE k2 a / kaTpa+a 1d7’
T =
J OZCY / - p&—'—a)

> kaptpa+a

R R

p=0 p
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Tomi  |ugo(t)] < Ko sup |For(t)| i
t(0,T)

(1+ k) |ug ()| < Ko szlp] |For()|(1+ k)2, t€[0,T], keN.
te(0,T

Haui, ax mpn « € (1,2), onepxyemo, mo u € C,([0,T]; HV(R)) .

Hepisricrs (3.30) jae HenepepBHY 3a/1€KHICTH PO3B’sI3KY BiJ| JlaHuX. Pesyiib-
TATOM € TEOPEMa.

Teopema 5. Hexatli v € R,

0€(0,1), Fpe HYR), F; € H"*4(R), j=1,2, avwo o € (1,2),

Foe H(R), F; € H(R), I, =0, axwo « € (0,1].

Ienye edunuii pose’azox u € Coo([0,T); H(R)) sadaui (5.20), (3.21). Bin
sadanuti opmynoto (3.24), de

up(t) = Fork ™ *[1 — Eu1(—k*tY)] (3.20)

+ Fip By (k%Y + FoptEqao(—ktY), te€[0,T], keN. '

Poss’asox nenepepeno sanreocums 6id danux (Fy, Fy, Fy ), npasusvna oyinka

2
e, o) S llFillavony + 2l Ellare. (330

de aj, j € {0,1,2} — dodammi cmani, axi me 3anresncamo 6id danuzr 3adai,
Fo=04i0=0 y (3.30), axwo « € (0,1].

Teopema 6. 3a npunywenna (A) icnye edunut pose’asor (u, Fy) € Mo
((u, Fy) € Ma, npu a € (0,1]) obeprenoi sadawi (3.20) — (3.22). Bin mae
euenand (3.24) i (3.23) npu j =0, de ug(t) eusnaueni gopmyaoto (3.29),

Fo = [cpk—Flkto Eoo(—K*t]) — Fopti By s(— k%o)}k?(; keN (3.31)

is G =1o[1 — E.o(—kt5)] .
Poses’asox nenepepsno zareorcums 610 danux Fy, Fo, ® 1 npasusvni ouinku

||l ) + [|Fol| rrvioo )

Coo ([0,7);H7 (R)
2
< bo| [ @] proeoraw) + ijHFjHHW%(R), a € (1,2),

a([ | HY (R ) +HF0HH7 <b0H(I)||Hv+4 +b1HF1HH7+2(]R)7 o < (0, ].],
(3.32)
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de bj, j€{0,1,2} — dodamni cmani, wo ne 3aresncams 6id danur 3adai.

Josenenns. 3a Teopemoro 5 icHye enuHUii po3B’st30k mpsimol 3amadi (3.20),

(3.21). Ha mizcrasi (3.29) samumemo ymosu (3.26) y Burusi

to
Fok™ / [1 —Ea,l(—k%a)]dt
0

to
+ / [FlkEa,l(—k%a) + ngtEa,Q(—k%a)}dt — d;, keN.
0
3ayBaxKuMo, 110
to
/ E,1(—Kt)dt = toE,o(—k°t"), k€N,
0

to E2to

1 2
/tEaQ(_tha)dt = ko / Ea,Q(—Z)ZE_ldz
0 0
1 (_1>p(k2t0a)p+§ ) -
ke 2 C(pa+3) thEas(—k"t"), keN.
p=0

3ijcn, 3rigHo 3 (A), 3Haxoaumo Bupaszu (3.31) juist HeBijoMux KoedirieHTin
For, k € N. [JoBenemo, mo 3nailjienuil po3s a30K HaJIeKUTb 10 Mg 9.
Tomy mo E, ,(—k*") (p € {a,1,2,3}) MalOTh OHAKOBI OIIHKH IPA BEJTUKAX

k , BpaxoByioun dhopmyin (3.31), ojepxkyemo
(14 k)| Ey| < o [|q>k|(1 + k)Y
B4R 4 Fl (4 )72 (14 kY
= co |14 (L4 k)72 4 [ Fygl (14 R)7 22 4 By (14 R) 74242, o€ (1,2),
(1+ k)| Fop| < co[|q>k|(1 FE 4 sup [Ful(1 + k)ﬂ, ae(0,1), keN,

t€(0,T)
ne co > 0, a Tomi

2
|| Fol| 2o ) < CO[”(I)HHV““@(R) +) HFJ’”HWH%(R)}» a € (1,2),
=1

1Bl ) < co 1@ 1lrvsscey + 1Filliroomy |, o€ (0,1]
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Orxe, Fy € HPY(R) (Fy € HY(R) mpu o € (0,1]). Toxi 3 (3.30) Bumiusae
(3.32).

3.2 3acrtocyBanHsa QyHKIIl ['pina

Oyuxkiio ['piHa HIMPOKO 3aCTOCOBYIOTH JiJisd PO3B sI3aHHs 3a1a4i Kori, Kpaiio-
BUX 1 TOYATKOBO-KPAMOBUX 3144 1 JIOC/IIIXKEHHsT BJIACTUBOCTEH TXHIX pO3B SI3KIB.
Buunmo ¢yukiii I'pina Ha 11ijicTaBl OCHOBHUX IHTEI'PaJIbHUX TOTOXKHOCTEH 1 Te-

opii ysaragbuennx yHKIii (sk y [57]).

3.2.1 Ilonarra dysKmii I'pina

1. Busnaunmo dyuxiiio ['pina KpaitoBol 3a/a4i JJisi PiBHIHHS
L(z, Dyu(x) = f(z), x €9

i3 L(z,D) = > a,(x)D", a,€C™.
[y[<m
Hutst obmeskenol obsacri @ C R™ 3 niajkoo Mexkero S (3aMKHEHOIO TTOBEpX-

nero kiacy C™) i posinbux u,v € D(Q) = C*(Q) npasumbia ¢opmyna I'pina
m
/[vLu —ulL™v|dy = /Z L;(y,u,v)v;(y)d,sS,
Q s J=1
ne L* — dbopmanbo cripsikennii Bupas jio audepennianbioro supasy L, Li(y, u, v)
— JiHiiiHi qudepeHiiaibhi BUpasu 3 TIaJKuMi (HECKIHIeHHO audepeHIiioBHIMY
na S) koedinienramu nopsiyikis < m — 1 moo dbyHkuii u, v.
Hexait w*(y, x) — dbynpamenraibia ¢ynkiis oneparopa L*(y, D), Tob6To
L*(y, D)w*(y,x) = 0(y —x), y,x € Q.

Ak 1 koxkHy y3aranbheny (yHKI0, DYHKIIO W (y, ) MOXHA MOJATH Y BU-
TJIsiI]
k—00

3 HECKIHUYEHHO JiudepeHIiiiouumu fi. . 3anucyrodn ¢popmynay I'pina 3 GyHKIIsIME

fr samicts v(y), u € C™()) i uepexossiuu J1o rpanuili upu k — 00, 0JEPKYEMO

(w*(y, ), L(y, D)u(y)) — (L*(y, D)w™(y, z), u(y)) =
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m

:/ZLJ(y,u,U)Vj(y)dyS'
s J=1

Ty 3s11Ba Jly2KKaMu 1103HAYEHO 3HAYEHHS y3araJjbHeHol (DyHKIIIT Ha OCHOBHY. Bpa-

XOBYIOUH, 1110

(L*(y, D)w"(y, ), uly)) = (0(y — ), u(y)) = u(z),

w*(y,T) € peryisipHOIO y3araJbHEHOW (DYHKINEI, OTPHMAEMO

ulw) = [ (.0)Lly. D)uly)dy-

Q
|3 L) e wi,s, veo (333
s J=1

Ile inrerpambie so6paxenns dbynxmii u € C™(Q) B Q uyepes snauenns Lu B
) ra sHadgenns yHKIIT © Ta 11 9aCTUHHUX TOXIIHUX JIO HOPSAKY m — 1 Ha
mexi S obsacri. Bumaratoun Bif dyukmil w*(y,x) Oiabine, 3BiICH 0JepKYEMO
300parkeHHs pO3B sI3KIB KPalioBUX 3a/1ad.

Hanpukiiau, jyist oneparopa Jlaaca (L = A) nouepejusi popmysia nabysae

BUTJIAJLY

/Au w(zx,y)dy+

/ [u(y) angy,y) . agij)w(x,y)]dy& v € Q, (3.34)
S

_ *
e Cd(l', y) =w (y7$) :
3 (3.34), BpaxoBytoun, 10 byHIaMeHTaIbHA (YHKIIS BU3HAYEHA 3 TOTHICTIO
JI0 QJIUTHBHOTO PO3B’3KY wo (', y) BIAMOBIIHOTO JIHIHOTO OJHOPITHOTO PIBHSIH-

g (ryr Azwo =0, = € Q), oepxkyemo 300paxkentst po3s’si3ky 3ajadi ipixie
Au(z) = f(x), x €, u(x) = fi(zr), €S

Y BUTJISAI

ua) = [ Gprwie+ [ s cen



ne G(z,y) = w(z,y) + wolz,y) — dyuknis I'pina sagaqi Jipixie — po3B’sa30K
3a 1441
AG(r,y) =60z —y), z€Q Gy =0, yeS

I3 hopmynn (3.34) Takox ojepKyemMo 300paxkeHHst po3B’sa3Ky 3ajaui Helimana

Au(z) = f(z), =€Q, ag(f) = fi(z), z€S

y BUTJISAJ]

u(z) = / F(9)Ca(z, y)dy — / A (z.9)d,S, x Q.
9] S

ne Gi(x,y) — yukuis I'pina 3aja4i Heiimana — po3s’si30K 3aj1a4i

aC;fl ((Ea y)
ov,

HopwmaJgibaoro ¢yrmamenTaibHo0 (DyHKINEHO JudepeHIiajbHoro oneparopa L

AGi(z,y) =0(r—y), €9, =0, z€&s.

Ha3WBalOTh Taky dyHgaMeHTanbHy byHKIio w(z,y) omeparopa L(x, D), ska
(sik dyHKIist 3MIHHOT Y ) € dyHIaMeHTaIbHOI0 (DYHKIE (HOPMATBLHO CHPSIKEHOTO
oneparopa L*(y, D), Tobro
L(z, D)w(z,y) = 0(x —y) ra L*(y, D)w(z,y) = d(z —y).

Beigen w(zx,y) = w(y,x).

Baunwmo, mo ¢yrkiis 'pina G(x,y) 3ama4i € HOpMAJIBHOIO (DYHIAMEHTAIHLHORO
dyHukiieto oneparopa L(z, D), 1o 3a0BOJIBHSIE BIIMOBIIHY KPaiilOBY YMOBY.

[TPUMITKA. Moxna jioBectu, 1110 3 300parkeHHsi JIOBLJILHOI'O KJIACUYHOI'O PO3-
B’S13Ky 3aJ1a4l BUILJIMBAIOTH BUKOpUCTaHl Hamu BiaactuBocti dyuknii G(x,y). To-
My pynruicro I'pina 3adavi markooc nasusaroms maxy dynkyito G(x,y), wo das
d06IALHO20 KAGCUNHO20 PO36 A3KY 30044l NPasusbHe 610N06I0HE IHMEZPANLHE 30-
Opastcerm.i.

[cnyBannus ¢yukmil ['pina 3arajbHOT KpaitoBoi 3aja4i JJjisi CaMOCHPs>KEHOTO
eIITUIHOTO U EepPeHIiaJbHOTO omepaTopa JoBeeHo B [2]. IcnyBanHs HOpMaJib-
HOT pyHIaMeHTaJIbHOT (DYHKIIT 3araJibHOIO eJIITUIHOIO JiudepeHiiajlbHOro ole-

paropa josis Jlonaruucskuii .5, [11].

2. Buznaunmo dyuknito ['pina mepimnol KpaitoBol 3aiadi Jijisi OIepaTopa, TeILIo-

MIPOBITHOCTI

L(z,t,D) = —% + a’A,
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ne Au = Uy 4 + -+ Uy, ., TOOTO 3371841
L(xz,t,D)yu= f(x,t), (x,t) € Qr=Qx (0,77, (3.35)

u(z,t) = fi(x,t), (x,t) €lp=9x(0,T], uli=o= fo(x), =€

@opwmyiia 'pina nHabyBae BUTJIsLY

T T
/dT/[vLu —ulLv]dy = aQ/dT
0 0

Q

[V— —u—

e
ST
NS
V|
SNk
S
N
_|_

—I-/’U(y, 0)“(3/7 O)dy - /U(y7 T)U(y, T)dy7 u,v & COO(QT)a
Q Q
ne L'v = % + a’Av.

Hexait v = G*(y, 7;x,t) — po3s’si30K 3aja4i

G*(y,m;2,t) =0, (y,7) €elr=5x10,T], (x,t) € Qr,
G*(y,m;x,t) =0, z,ye, 7<t.

4K y monepeiHixX BUIIaIKax, i3 (popmysin ['pina 3HaX0MMO 300parkeHHsI PO3B I3KY
sajiadl (3.35) y Buruisi
t
u(z, t) = /dT / Gz, t;y, 1) f(y, 7)dy+
0 Q

t

0G (x, t:

vt [ar [FETED g rya,54 (3.37)
Yy

0 S

+/G(x,t;y,0)fz(y)dy, (z,t) € Qr,
Q

ne Gz, ty,7) = G*(y, 1;x,t), rakoxk G(x,t;y,7) =0 upu 7 > t, 1 Gyukuis
G(z,t;y,T) € po3B’a3KOM 3aj1adi

L(z,t,D)G(x,t;y,7) =0(x —y,t — 1), (z,t),(y,7) € Qr,

Gz, t;y,7) =0, (y,7) €I'r,

Gz, t;y,7) =0, z,yeQ, T>t.
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Bona nasuBaetnhes ¢ynkiicro I'pina 3amai (3.35).

Isacumen C.JI. [9] joBis icnyBanust Gyukiii 'pina 3arasibHol napabosivHol 3a
[TerpoBchkuM KpaitoBol 3a/1a4i.

Oynkiieo ['pina 3amaai (3.35) Takok HazupaioTh Taky dyukuio G(x,t;y,T),
MO KJIACHYHWN PO3B’si30K 3aja4i HabyBae Burysiay (3.37). 3 HaBeJIEHOTO BHIIE

BUILJIMBAE €KBIBAJECHTHICTH 000X O3HAYEHbD.

3. Harajiaemo, 1o pery/asipusoBaHoio moxigHow nopsiiky [ € (m — 1;m),

m=1,2,... QyHKII] v Ha3UBaIOTh (PYHKIIIIO

CDPu(t) = Of Fm—g(t — 7)u™ (7)dr

t
= F(rrLl—ﬁ) bf(t - T)m_ﬁ_lu(m)(T)dT, tel0,T].

Y mpargx Eiigensmana C.[1. i Kouybes O.H. (mampuximan, [10], [34]) Gymo
JIOBEJICHO TEOpPEeMHU ICHYBaHHsI Ta €JMHOCTI, 4 TAKOXK OJIePKAHO 300paKeHHsl 3a

Jioromororo (pyskiil ['pina kjaacuunux po3s’si3KiB 3aja4 Ko jijist piBHsSIHHS
“DPu(z,t) = Az, D)u(z, t), (z,t) € R" x (0,T]

3 peryssipu3oBaHo0 MoxiiHOI0 (yHKIIT u nopsiaky [ € (0,1) 3a sminnow0 t, je
A(z, D) — enintuannii gudepenmiaibHuil 0mepaTop JPyroro MOpsijiKy 3 NI KUME
KoediIeHTaMu, 3aJe;KHIMHI TLJIBKU BiJl IPOCTOPOBUX 3MiHHUX T € R™.

Bijomi norennianu Pica (qus., nanpukiag, [55])

n—o

Jou = Jyxu, ne Jo(x) = conlz|*™, can = %F(%), akio 0 < a < n,

sIK1 BOJIOJIIIOTH BJIACTUBOCTSIMU
Jo * Jg = Jorp, —Adyrou = Jyu,
1 BOHM MOXYTh OyTH HPOJOBXKEHUMHU Ha BUIIAJIOK BIJI'€MHUX (@ TaxK, 1110
(—A)u=J gsu, seR,
a TaKOXK MOXKYThb OyTH BU3HAUCHHMHU 33 JOIOMOI'OI0 IeperBopeHHs Pyp’e
Fl(=A)*2g(x)] = [¢|*Flg(z)].

[I[o6 y 11bOMYy IEPEeKOHATUCH, JOCTATHLO CKOPHCTATUCH (POPMYJIOI0 EePETBO-

pernsi Dyp’e chepuaHO-CUMETPUYIHOT (PYHKIILIT.
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3ayBaxkKuMo, 110 noreHmiaan becces

oo

y—n

I _ —n|z|?/s o3 fld
@) = myrgy ] ¢ s
0

TAKO2K BOJIOJILIOTH BJIACTUBICTIO
InxI, =1y, a>0,v2>0

1 BU3HAYEHO OTepaToOpH
Tf=1Lx%f=(1-A)"2io6epueni T .f = (1—A)"%

JJIAd AKX TaKO2K

FIT o fl= 1+ )"

4. PosryistHeMo piBHSHHS

W 4 a2(— A2y = F(a,t), (z,t) € Qr = R" x (0,7 (3.38)

3 poboBoto noxijHow Pimana-JIiyBijis ugﬁ ) mopsnky 5 € (1,2).

Hexaii D(QT) — TIPOCTIP HECKIHYeHHO JudepeHIiioBHUX (PYHKIIH 3 KOM-
HaKTHUMH HOCisMU B Q7 , Ca3(Qr) — kiac HerepepBHEX 0OOMeXKeHUX (DyHKITI
v(z,t), (x,t) € Qr, axi gopiBmooTs mymo mpu t > T Ta 3 HemepepBHAMHU
dynkuisvn (—A)*2v, CDlv B Q7.

BsejieMo oneparopu

L: (Lo)(w,t) = f-p(t)Fo(z, 1) + (=A)*2v(z, 1),

L: (Lv)(w,t) = [5(t) x v(x, 1) + (=A)0(,t), v € D(Qr),

Lred - (L9)(z,t) =€ Dlv(x,t) + (=A)*2v(z,t),v € Cas(Qr), (2,t) € Qp

i dbyHKIifHTHA TPOCTIp
X(Qr) ={p € D(Qr) : Ly € D(Qr)}.
Moxkna osectn, mo X (Q7) HemopoxHumii.
e (1,

Hns v e Cop(Qr), B 2), ¥ € D(Qr) npasusvna gopmyaa I'pina

/ o(, ) (D), ) et = / (L9 (2, ) (2, ) dwdt+ (3.39)
Qr Qr
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T
+ [ v(z,0)dz [ fig(t)(z, t)dt + [ v(x,0) da:ffg a(t)(x, t)dt.

R 0 Rn
OcTanHbOro JI0JIJaHKa HeMae 1pu 3 € (O, 1] :

[Tpu B € (0,1) y posaiai 1 mMu BuBesn hbopMmysty iHTErpyBaHHsT YaCTHHAME

/ “DPu vdt = /T u(fogwv)dt — f fios(®)u(0)v(t)dt.

0

3sigcn i 3 camocnpsikenocti oneparopa (—A)*? punimsae Gpopmysna ['pina.

T T
ITPuMITKA. [ oW ¢dt = [o(f_g%¥)dt, Tobro
0 0
T T

[ (75 =) it = [ o(f-%0) e

0
Bekrop-¢yukuiero I'pina 3asa4i Kol

L™= go(x,t), (z,1) € Qr, Be(L,2), (3.40)

u(x,0) = g1(x), w(x,0) = go(x), =€ R" (3.41)
Has3MBaeThCst Taka Tpiiika Gyukmiin (Go(z,t), Gi(x,t), Go(x,t)), mo npu gocrar-
HBO TVIAJIKUX 1 PIHITHUX go, g1, g2 DYHKINA
t

u(z,t) = /dT/Go(SC —y,t—7)g0(y, T)dy+ (3.42)

0 R"

+Z/ gy, (1) € Qr

J=lRn
e knacnaunm (kaacy Cq 3(Qr) ) po3s’askoM i€l 3aadil.
Y BUIAJKY CTaJX KOeMINIEHTIB PIBHAHHSA KOMIIOHEHTH BeKTOP-QYHKINT ['piHa
3aJiexKaTh BiJ| pisHUIb apryMenTis: (x,t, y, T) MoxkHa 3aminuru Ha (x—1y,t—T).
3 o3nauenHst BeKTOp-QyHKIT ['pina BumIMBaE, 1Mo
LGy(z,t) =0(x,t), (z,1) € Qr,
LregG-(x,t) =0, (z,t)eQp, 7=1,2,
Go(z,0) =0, (Go)e(z,0)=0,
Gi(2,0) = 6(x), (G1)e(x,0) =0,
Go(z,0) =0, (Gy)i(z,0) =0(x), ze€R"
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3.2.2 IlobynoBa dynmameHTaabHOI (PYHKINT i BeKTop-dyHKIIl I'piHa
3aga4i Kormi

BukoprcToByoTh Taki OCHOBHI MeToju 1oOyn0oBM BekTOp-pyHKIi#H ['pina 1mo-
YaTKOBO-KpaiioBux 3ajad: MeTos (yHKil JIeBi, juisd mIocKux obJacTeil MeTo
KOH(OPMHUX BiJTIOOpaXKeHb, JJIs 00JIacTell CIeNiaJbHOTO BUIISIY METOJ I3ep-
KaJIbHUX BiJloOparkeHb, MeToj| psjiiB Pyp’e, MeToJi IHTErpaJibHUX TePETBOPEHb.

Meroz psagis @yp’e Bukopucrano, Hampukaas, y [20] misa nodymosu dbyHKIil

['pina mepimol KpaitoBol 3aa4i /1 PiBHIHHS
ugﬂ) + a(t)uy, = F(x,1).

Sarajiom Jijisi 100y10Bu pyHaMeHTabHol PyHKIHT un BekTOop-pyHKIT ['pina
JUIst TTapabosIiaHUX UM TiepOboIiuHUX PIBHSIHb MOXKHA BUKOPUCTOBYBATH TI€PETBO-
perns Jlammaca 3a 3mMiHHOIO © (TOJI OJIEPXKUMO 3a/1ady Ha 3HAXOJKEHHs (DYHKII
['pina cramionapuol 3ajadi), neperpopenns Pyp’e 3a aminaumu  (Toji Tpeba
Oyue mykaru dyukiio 'pina 3ajgaai Komi), abo it 0bujsa rneperBopeHHsi.

Bekrop-dyukiiio ['pina 3agadi Kori 3nalijieMo METOJ0M MPOJIOBXKEHHS PO3-
B's13Ky HyseM mpu ¢t < 0 (Tak 3BaHMM OIEpAIiiHUM METOJIOM B y3araJbHEHUX
byukuisx). dous s3agaa Kol Bin 3anpononosaunuit y [3] 1 Mmoxe Oyru Bukopu-
craHuii Jist 3arajibHUX KpailoBux 3ajad (1uB., 30kpema, [12]). A uis nobyoBu

dyH1aMenTaIbHOI PYHKIIT 3aCTOCYEMO METOI, IleperBopeHHst Pyp'e.

1. Posragnemo 3amaay Ko i piBHAHHS TEIJIONPOBIIHOCTI

% - a2AU — f(ZL',t), VS Rnut € (07 +OO)7 ’LL(ZC, O) - UO(ZL') (343>

criouaTky 3a HerepepsHux ganux (f, up ).

Hexait u(x,t) — peryaspuuii po3s’si30k 3ajgadi (3.43),

t t>0 t t>0
U(:L',t) — U(x7 )7 , F(x,t) — f(x7 )7 .
0, t<0 0, t<0

Toji, BuKoprucToByt04un pOpMyJIy JudepeHIioBaHHs KYCKOBO-TJIa KO (DYHKIII
(muB. migposmin 1.3), 3HaxoauMo
dulzd) ¢ 5 Au(zx,t), t>0
%—({ = ot —|—’LLO($)(5(7§), AU(.T,t) = ( 7 ), )
0, t<0 0, t<0
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1 3amicTh 3amadi (3.43) omepxkumo, o U(z,t) 3a10BOIbHSAE PIBHIAHHS

%_(tf — ?AU = F(z,t) + up()6(t), (z,1) € R (3.44)

B pocTopi y3araabaenux dynxmii D'(R™1).

Bsejiemo nosnadenns RO =R™ x (0, 00) i dbynxniinuii npocrip
D' (R ={FeDR"): F=0 npu t <0}.

Oywnkuii 1poro mpocTopy MaioTh Biaactusocti npocropy D' (R) .
Pipusnus (3.44) Mae ceHc TakoxK Jijist JOBUIbHUX y3arajbHeHux (DyHKIH F €
D' (R"™), uy € D'(R™) (ne TiibKu peryisipiux), a 3ajauy 11po 3HAXOIKEHHS!

iioro posp’sizky U € D/ (R"™) nasupators ysaranbhenoro sagadeo Kori.

Osnagenns 3.1. [Ipu f € DR, uy € D'(R") pose’aswom 3adani Kowsi

(3.48) nasusaemo maxy ysazasvueny dynxyio U € D:L(R”H) , WO 3a0060AbHAE
pienanna (3.44).

3a reopemamu 4-6 i3 poziny 1 dyHKIisa
Ulz,t) = w(z, t) * (F(z,t) + ug(x)d(t)),

ne w(x,t) — dynmamentanabaa HYHKIA OEepaTopa TEIIONpPOBITHOCTI, € PO3B 13-
KoM pipusnHs (3.44), enmanm y mpocropi D (R™) | 60 w € D/ (R™), npasa
JACTUHA PIBHAHHS HAJIEXKHUTH I[bOMY HPOCTOPY # iCHY€ TXHS 3rOopTKa, IO TaKOXK
HAJIC2KUTDH [ILOMY IIPOCTOPY.

[Tobynyemo dynpamenTaabHy (YHKINO OIepaTopa TeIIONPOBIIHOCTI, TOOTO

y3arajbHeHui po3s’s30k w(r,t) piBHsHHS

9,
& Aw = d(z,t), zeR"teR.
ot
Hexait W(sy ..., 8, t) = Foslw(xy, ..., xpy, )] —uepersopennst Oyp’e 3a 3min-
HUME T7, ..., T, Gyl w(z,t). Tomi
FooslAw(x,t)] = —|s]?@(s, ).
Hosejiemo, 1o Fx%s[aa_ﬂ = %]:x—»s W] = aw{g?t) .

Crpasi, aia josiabHoi ¢ € D(R™)

(Fx%S[%_OZ]aSO) = (%_o;afx%S[QO]) = —(w, %‘Fx—w[‘ﬁ]) =
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Oy Oy OF 35w
—(w, Fx—w[at]) —(Famsw], 815) ( 5 )
Mu BUKOpHCTAIN MOXKJUBICTL JudepeHIiioBaHHS 3a IIapaMeTpoM t IHTerpa-
JiB Bij raajkux yskiii. Takoxk 3a BiaactupicTio nepersopents Oyp’e npsimoro

JIOOYTKY
Faoss0(@, )] = Forss[d(2) - 6(1)] = Forss[d(@)] - 0(8) = 1(s) - 6(2) -

Tomy dyuKIis 0 3a70BOJbHSIE PIBHSIHHS

0w -
X P = 1(s) - (),

a BBarYKaio4unl S IMapaMeTpoM, OJEPKMUMO 3BuUaitne jgudepeniiajibie PIBHsIHHS

Cfl—j + a?|s|?@ = 6(t),

T00TO W € pyHIAMEHTAILHOIO (DYHKINEI 3BUYARHOr0 JudepeHniajibHoro onepa-

TOpA, % + a?|s|? i, K y nonepesHbOMy pPO3ILIl, OTPUMAEMO

D(s,t) = 0(t)e 1L,
Tenep w(z,t) = F L [0(t)e @] = (21)0(t) Foop [ 15°1] |

S—T

SHaXOINMO

—b252 —b252 m:cr / z?
Fle" = [e dr =""¢ " upu 0,2 € R, b= const,
R

a npuiiMaroun b = at'/? | maTumemo

—a?|s|?t —a?s%t —a?s2t
Fo e s | = Foplem@ st e~ sl
2.2 2.2
—a“sit F‘ —a“sit
f— 51 T [e 1 ] ..... S =T, [e n ]
2 2 2
1/2\n __*1 _*n 1/2\n _ l=|
_(x _ (T
= (Gm) e e el ) R

Y miJICyMKY 0JIepKyEMO

Ockibkn

(@, t) x (0(2)5()) = wla, t) * uo(w)
Jle CIIpaBa 3ropTKa JIUIIe 3a 3MiHHUMK x, (pyHJIaMeHTaJ bHa (DYHKIA w 100Y-

JIoBaHa, Ta JOPiBHIOE HYJIO 1pu t < 0, TO OJep:KYEMO 0jipa3y PO3B’sI30K 3ajiadl
(3.43)

0(t)e O(t)e b
u(z,t) = 20) (2 1) x F(x,t) + Ra) () * ug (),
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reR" t e (0,400).

Y Bunajiky kiaacudaroi 3aja4i Ko (st HenepepBaux Ta oomexenux f(x,t),

up(z)) 1z dbopmyna nabysae Burisay dopmynn Ilyaccona st piBHSHHS Ter-

JIOITPOBIJTHOCTI
t d
T __le—y?
b= 4a%(t-7) d
u(w,t) /(2a)n7r”/2(t_7-)n/2/6 fly, 7)dy+
0 i
1 _Je—yl? .
+(2a)nﬂ.n/2tn/2 e 4 ug(y)dy, =€ R" te (0,+00).

RTL
Tyr Go(x —y,t —7) =w(x —y,t —7), Gi(x —y,t) = w(x —y,t) = Go|r=0-

2. Posryisinemo 3ajiauy Kot Jijisi XBUJIBOBOT'O PiBHSIHHS

O*u n
W—CLQAU:f(I',t% (I’,t) ER++17
(i, 0) = u(z), W = wi(z), z€R" (3.45)

Axmo u(z,t) — peryasapuuii po3s’s3ok 3amadi (3.43), U(z,t), F(x,t) BBe-
JIeHL sIK y TIONepeIHbOMY TYHKTI, TO 3ajady (3.45), BukopucroByoun Gopmyiy
JinpbepeHITiIoBaHHS KYCKOBO-TJIaIKOT (DYHKIIIT, 3BOJMMO JIO PIBHSAHHS

oUu
a5 a?AU = F(x,t) + ug(z)'(t) +ui(2)0(t), (x,t) € R™. (3.46)
Osznadenns 3.2. [Ipu f € D'(R) | up,uy € D'(R") pose askom sadavi Kowi
(3.45) nasusaemo maxy ysaearvreny dynruio U € D (R™) | wo sadosonvnae

pienanna (3.46).
3a Teopemamu 4-6 i3 pozjiny 1 ¢yHkiisa
Uz, t) = w(z, t) * (F(z,t) + up(x)d'(t) + ui(z)d(t)),

ne w(x,t) — dyngamentaabaa QyHKIsE XBUIBOBOIO OMEPATOPA, € PO3B’SI3KOM
pisnstnnst (3.46), enqunnm y npocropi D/ (R"™) (npasa wacTumna pisnsimis nase-
KUTh 1IbOMY [POCTOPY i ICHY€ 3ropTKa, 110 TaKOXK HAJEXKHUTH [LOMY IIPOCTODY ).

[Tobyayemo ¢dynmamenTaabHy (DYyHKIO XBUJIBOBOIO OllepaTopa, TOOTO y3a-

raJbHEHU# PO3B'sA30K w(x,t) piBHAHHS

2
%—;} —a*Aw =6(z,t), z€R", teckR
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Hexait W(s1,...,8n,t) = Fooyslw(xy, ..., 2y, t)]. Brigao 3 MipKyBaHHAME TO-
epeIHbOr0 BUNAJIKY, PYHKIIA 0 3a/0BOJILHAE PIBHAHHSA

0%

o2

a BBaXKalouu S [apamMeTrpoM, MaTUMeMO 3Bu4vaiiHe jiudepeHiiiajibie pPiBHAHHS

dQA 21 .12
E‘f—a’ \w:(S(t),

T00TO W € PyHIAMEHTAILHOIO (DYHKINEI 3BUYARHOrO JU(EepeHiajlbLHoro onepa-

TOpa j—; + a?|s|?

+a’|s|’D = 1(s) - (1),

1, 9K Y PO3JILIL 2, OTPUMAEMO

sin(a|s|t)
als|

5(s,t) = O(t)

Ternep |
wlz,t) = FoL (o)l

S—T a|5|

BukopucroByemo Bijjomi neperBopenns @yp’e

FIO(R — [a])] = 222 n =1,

g

f[ RR2 |z]?) ] __ 2msin(R|o])

2z [2)1/2 o] ) n=2,

J‘I:[(gR]:4”1[381;(1%\)7 n=3,

o]
Je Op — npocTuii tap "a cepi S pajiyca R 13 HIEHTPOM y MOYaTKy KOOPIMHAT.

3Bijicu npu R = at 3HaAX0UMO

w(z,t) = 0(at — |z|), n=1,
0(a’t>—|z|)
2ra(R?—|x|?)1/2 >

w(x,t) = w(ry, 9, 3, 1) = #azt(%t, n=3.

w(x,t) = w(wy, xa,1) =

n=2,

BpaxoByioun, 1110
w(a,t) * (ug(z)d' () = 2L ()
w(x,t) * (ul(x)é(t)) = w(x,t) *uy(r),

Jie CripaBa 3rOPTKH JIWIIe 338 3MIHHUMHU T, OJIEPXKYEMO PO3B’si30K 3aiaul (3.45)

u(z,t) = w(x,t) * F(x,t) + 9

atw(x,t) *ug(z) +w(z, t) xw(x), (x,t)eR],

30KpeMa,
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u(z,t) = [0(at — |z]) * F(z,t)+
+20(at — [o]) * uo(a) + B(at — |al) s w(@)], 0 =1

2,2 1,2 2,2 1,2
(@, t) = it # F(,1) + gt + uo(@)+

Ta(R2—|z[?)1/?

0(a’t>—|z|) _
+27ra(R2—|x|2)1/2 * ul(x)a n = 27

u(z,t) = 47T1a25at7(x) x F(x,t)+

o [2 (%) g () + 2 sy (1)), m=3.

3ayBaykKuMo, 10 y BUMAJKY JOKAJbHO IHTErPOBHUX f,Ug, U1 Ta JTOCTATHHO
DIaJIKUX OJIEPXKYEMO KJIACHIHI PO3B’3KU Ta Bijiomi (opmysnn po3s’s3kiB (Gop-
mysu Janambepa, [yaccona, Kipxroda). Cupasi,

r+at
s-0(at — |z|) xui(z) = 5= [wi(y)b(at — |z —y|)dy = 5= [ w(y)dy, n=1,
R

r—at

0(a2t2—|x|2 0(a2t? —|z—uyl?
it (7) = gk [ () e dy =

R
y:ly—z|<at
47&1%6“(1‘) * ul(w) - ﬁ((sat(.%' - y)? Uy (y)) -

— ﬁ [ w(y)d,S, n=3.

y:lly—z|=at
[ j1ojlaHKu O0UKUCIIIOITD 110J110HO.

3. Posryisinemo 3ayiaay Ko
CDlu+a®(—A)*u = F(x,t), (x,t)€Qr=R"x (0,T
t - sy V) ) T — y ], (347)

u(z,0) = Fi(x), w(x,0) = Fy(z), v €R"

3 noxinoro Ixp6amsna-Kamyro nopsaaxy 3 € (1,2) Ta oneparopom (—A)%/2

BU3HAUYEHUM BHIIE 34, JOIIOMOI'OIO 1eperBoperHst Pyp’e.

9

. . . . a .
Voro opHoBuMipHUil BUNAI0K (TodHime, Tpu —ngfj + c(u — Fy) 3samictb

a?(—A)*?u) — ne gpobosa Mozens Hioremna [lenneca [30], fKa MEPOKO BEUKOPH-

CTOBYETDLCS JIJIT BUBUEHHS TeTJIoNepeiadi B TKaHWHAX IMKiphu. TyT BUKOPUCTAHO
npunyenns [lenneca (y 1948 por), 1o mBujKicTh Teronepeadi Mizk KpoB'to
1 TKQHWUHOIO TPOMOPIliiHA, 30KpeMa, PIZHUII MK TeMIepaTypoio apTeplajbHol

KpOBI Ta MICIIEBOIO TeMIIepaTypoi0 TKAHUHH.
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Axmo u(x,t) — peryaspuuii poss’s3ok 3ajgadi (3.47), U(z,t) BBegeHO, K y

IOIEPE/IHIX MyHKTaX, TO 3ajada (3.47) 3BOJAUTHCs JIO PIBHSIHHSI

U + a2 (=8)"2U = 0(t)F (1) + fi_s(t) Fi(2) + fos(t) Fa(x), z€R™
(3.48)
[lpu F € D'(R™MY), Fy, Fy € D'(R") dbynxuia

Ule,t) = w(z 1)+ (0(0)F(@,0) + fi s Fi(2) + fo (D) Fa(w) ).

ne w(z,t) — dbyunamentanbia QyHKINSA, € PO3B’I3KOM piBHSAHHS (3.48), € uHIM
i D Rn—i—l : e
y mpocropi D, ( ) (npaBa yacTuHA PIBHSHHSI HAJEXKUTH [[LOMY IIPOCTOPY i
iCHy€ 3ropTKa, IO TAKOXK HAJEKHUTDH 1boMY pocTopy ). Leit po3s’s30k st pery-
JIIPHUX JIAHUX MOXKEMO IIOJIaTh Y BUIJISAI
t

u(z,t) = /dT/Go(x —y, t —7)F(y, 7)dy+ (3.49)

0

+Z/Gj(x—yat)Fj(y)dy, (z,t) € Qr,

ne Go(z,t) =w(z,t), Gj(z,t) =w(z,t)* fj_p(t), j=1,2.
st 3HaxoKenHs (byHIAMEHTAJILHOTO Po3B’si3Ky w(x,t) = Go(x,t) Tpebda

pPO3B’d3aTU PIBHAHHS

G 4 a2(—A)2Gy = b(x, 1) (3.50)
y mpocTopi y3arajbHeHux (ynkiii. [losnaaumo

Go(&,1) = Farre[Go(x,1)].
[licnst nepersopennst @yp’e piBusnus (3.50) mepeiige y piBHAHH
Giy + a?[g[*Go = o(t), (3.51)

sIKe BYKe BMIEMO PO3B’SI3yBaTH, a OT¥Ke, MAEMO PO3B 30K

Go(&,t) = """ By y(=a’[¢]*1").

3rijiHo 3 pe3ysbTaToM 13 2.3.2
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Eg(—a[€]*t”) = fi-p(t) * (t7 " Bp 5(—a’[€]t7))
tEgo(—a’[€]t7) = fo-p(t) * (7 Epp(—a?[€|*t7))

1 st pose’sa3ky 3aaqi Ko (3.47) marumemo
Foselu(w, )] = t77 By s(—a®[¢]*t") (¢, 1)+

+E51(—a’ €] Fy(€) + tEga(—a?[€]*17) F(6).
Banumunoch 3uaiiTn obeprene nepersopennst Oyp’e. e 3podseno [10,38,31].

Oyniamenraibuuii po3s’szok Go(xz,t) pisastaus (3.50) nabyBae BurJIs Ly

m/2¢f=1 21 [ |x|” (1,1)(5,5)
T <W <1,1><n/2,a/2><1,a/2>> B

e g (5 1y ) ) — s o o

H)W(2) = /H(s)z‘sds,
C
7, T(b; + Bis) I T (1 — a; — ais)
[T npal (@ + a;s )Hi mial (1 —bj — Bjs)’

Go(x, t) =

[

H(s) =

2% = exp|—s(log|z| + iargz)], z2#0, *=—1,

C — Gesmexknnit KOHTYD, MO BiJIOKpeMJIIoe noocu by = ﬂ—j-_’ 1 <5< m,
[ =0,1,... dbynkuii I'(b; + 8;s) naniso i nomocu a;;, = %, 1 <i<n,
k=0,1,... dysxmii I'(1 — a; — a;s) HampaBo (IPUITYCKAETHCS, MO BOHU HE

301rat0Thest ).

BayBaxumo, 1110 IpaBusibHe 300paxents [36]

0,1)
E —CL2 Oét,@ — H171 (CI,2 OZt/B‘ ( ) )
ﬁa’)’( ‘f‘ ) 1,2 |€| (O, 1)(1 o 775)
aepes H-yukiii Qokca, a obepuene nepersopentst Oyp’e [30]

2 ayf 1 2,1 |33‘ (Lé) (77 oz) (17%)
FlolEpy(—a?lg]*t7)] = a\x|H ((a2 ML) (1,) (17%)>
3.

1o 3a Baacrusocrsimu H -byukuii npu v = § wabysae Buriisiny (3.52). Takox

Bz = Hiy (‘Z)(z(?i)l) (1-Bm -7, ﬁ))) |
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Hns piBasgnas 3 gpobosoro noxignoio Gi(z,t) # Go(x,t — 7)|,—0 gK g

1apabOJIYHOrO PIBHSIHHSI. 3arajioM JiJisl PIBHAHHS 3 JPOOOBOIO OX1HOTO

Gj(x —y,t) = fi_p(t) * Go(x —y,t), (2,t) €Qp, j=1,2. (3.53)

[Ipu a =2, p € (0,1) Bimowmi [38] ominku KoMmmoHeHT BekTOp-DyHKIHT ['pina

n+|a _é %
ID2Go(x, t)] < Ct P +iteellel )P (afe7),

5 o (3.54)
D3G (w,1)] < O P55 e g o((aft5)
1, m < 0
e U, (z) = 1+|inlz||, m=0 mpu|z| <1, U,(z)=",(1) opu |z| > 1,
|z|7™, m >0

1, manpukia), ¢ < (2 — (55)ﬁ aximo A(D) =A.

Tyr ¢,C i pani ¢, Cy (k € Z, ) — noparni cradi. Takox, perasbHirre,

npn |z >t
th-1 1455 22 75
Goe )] < € ln(‘j;‘ ) 5 o)
x
tj_l 9 n+2_—2] o] ﬁ
\Gj(x,t)|§0‘ \”(Ef_ﬁ‘ 22 5)676(#) , j=1,m;
x
npn |z| <t
o2
181 |x‘2 min{1,2} 1t ’ o n>2
Go(a, )] < O (t—ﬂ) — O+ m]), n=2,
tg_l, n=1
2-npj-1-8
i1 \:UP min{1,%} o>t 2] n>2
T Al [ S
t- 1**, n=1
] =1,m.

[Ipn « # 2 orninku kKommoHeHT BekTop-yHKIT ['pina 3uaiigeni B [14].

Posrasinemo Bunajgok « = 2. Beejgemo nosnadenns
(G f G Je(y, t)dy.
(G fG Jo(x,t)dx, 7=0,1,2.
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Jlema 1. Ilpu 5 € (m—1,m), m = 1,2, daa eciz k € Z, , mysvmuindexcis
K, |k| =k, ¢ € D(R") npasuavni oyinku
DE(Gop)(y, 1)| < et lgllpr, (u:t) €Q,
D;(Ce)(w,1)] < ext/Mlgllo, (v.) € Qr. j=Tom,
de ||o]|pr = max max sup |D"p(x,t)|.

tG[O T] |k|<k zeRr
JloBeerHs. 3 OIIHOK KOMIIOHEHT BeKTOp-(pyHKIIT ['pida npu n > 2 Ajs BCiX

a, la| =k, ¢ € D(Q)

)/Go(x —y,t)D%(z, t)dx

< /’ Golz — y, )| D (x, 1)) dx

{zeR™:|z—y|?<tP}

T /‘ Gola — y,1)| Do, )] da <

{z€R™:|z—y|2>t8}

S B B R AT
{xeR”¢|ﬂf—y|<tg}
8.2
. / e—cle=slt 2177 | pa oy t)\dw} )
{xeR”i\x—y|>tg}

a TepexoITdn JI0 chepuIHOl CHCTEMH KOOPAUHAT, MATUMEMO

| [ Gote 007t ] <
J

+00
<ol / A 0e e[l <
1
< Cot' Yollpr, yeR™, 0<t<T.
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[Toni6HO 3HAXOIUMO OIIHKHU

[ Gita — put)D (o t)da] <

Rn

+00
<Oyttt / z2 e dz] l|olpr <
_ 1

<Ot Yollpr, (y,1) €Q, j=T,m.

Turerpytoun wacrunamu, Dy [ Gi(x —y,t)p(x, t)dr Bupaxaemo uepes BulH-
Rn
caHl BHINE IHTerpaJid. 3 IXHIX OIIHOK OJIEp:KYEMO IOTPIOHUI pe3yJibTar.

IIPUMITKA. Jlema 1 3aiumaeTbcs MpaBUJIBHOIO NPH 3aMiHi onepaTopis G

oneparopamu G, j=0,1,2.

3.2.3 BekTop-dyukiig I'pina nmepimmoi kpaiioBoi 3aaavi Ta BJIACTUBOCTI
cnpsi>keHuX oneparopis 'pina

Hexait ) — obmexxena obsactb B R", n € N, S = 0Q — mexa obsacri €2
(knacy C%), Qr =Q x (0,T], Qir =S x (0,T],

D(2) = C>*(Q),

D(Qr) = {p € C(Qr) : (1) € D(Q) vt €[0,T]},

D(Qir) = {y € C(Qir) : ¢(-,t) € D(S) vt € [0,T]},

X(Qr) = {p € DQr) : ¢lier =0, Ly € D(Qr), ¢|Qir = 0},
D'(Q), D'(Qr), D'(Q1r), X'(Q7) — mpocropu miniiinux nenepepsuux (GpyHKIioHa-
niB (ysaranbhenux dbynkniit) signosigno na D(Q), D(Qr), D(Q17), X (Q1),

(f,¢)o — snadenns f € D'(Qr) na ocnoswiit dynxuii ¢ € D(Q7),

(f,¢)1 —suadenus f € D'(Qyr) na ocuosuiit dbyukiii ¢ € D(Q1r),

(f,©)2 — snadenns f € D'(Q) na ocnoswiit dbynxmii ¢ € D(Q),

Ca5(Qr) = {v € C(Qr) : “Div. Av € C(Qr)}

PosrisineMo mepiy KpaifoBy 3ajiady
fos(t) xu(x,t) — a*Au(z, t) = F(z,t), (x,t) € Qr, (3.55)
u(z,t) = Fi(z,t), (x,t) € Qir, u(z,0) = Fy(x), € (3.56)

mpr € (0,1) i Fe D(Qr), i € D'(Ow), Fye D'(Q).
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Bekrop-dbyukris (Go(z,t), Gi(z,t), Gy(z,t)) Taka, mo mpu J0CTATHHO PEry-

JAPHUX Gy, G1, g2 DyHKIis
t

u(z,t) = /dT/GO(:c —y,t —7)go(y, 7)dy+ (3.57)
0 Q

t

+ / ir S/ Gz — y,t — T)g1(y, 7)dS + Q/ Golz — y,)a(w)dy,  (2,1) € Qr

e knacuunuM (kaacy Co z(Qr)) po3B’a3KoM 3a1aui
“Dlu(z,t) — a?Au(z, t) = go(z, 1), (z,t) € Qr, (3.58)

u(z,t) = gi(x,t), (x,t) € Qir, u(z,0) = go(x), x €8, (3.59)
Ha3uBaEThCst BekTOp-yHKIeo ['pina 3aa4i (3.55), (3.56) (a rakox 3ajaui (3.58),

(3.59)).

3 0o3HaUYEHHsI BUILIMBAE, 110
(LGy)(z,t) =6(z,t), (z,t) € Qr, Go(z,t) =0, (z,t) € Q1ir,
Go(x,0) =0, x€Q,ne 0 — geapra-gynkiis dipaka,
(L™9GH)(z,t) =0, (x,t) € Qr, Gi(x,t) =d(z,1), (x,t) € Q1r,
Gi(z,0)=0, z€Q,
(L"9Gy)(xz,t) =0, (z,t) € Qr, Go(x,t) =0, (z,t) € Q1r,
Go(z,0) =6(x), x €

Omneparopu

t
(g0¢ €T, t defGO L — y7t _ T)¢(y77)dy;
0 Q

(Gy OfthSIGl r—y,t—71)Y(y,7)dS,
(QW z,1) sz(x y, 1) (y, t)dy

HA3WBAIOTH OllePaATOPAMU Flea 3a/1a4l.

Cupsixkeni onieparopu ['pina,
T T

(g“ &t [(G¥)ede = [ | W(Gip)dydr, j=0,1,2)

MalOTb BUTJIA]

Gop).7) = [ [ Golis = .t =)ol s,
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(9190) YT fdth1 r—y,t—1)p(x, t)dr,

0 Q

Jema 2. Jas sciz ¥ € X(Qr)

(Go(L))(y, 7) = ¥(y.1), (y.t) € Qr, (3.60)
G (T 7) = &{g% ) wneqn (3.1
(Go(Lep)) /fl s(t t, ye (3.62)

Jlosesenns. Sk y sunajxy sagaui Komi, npu v € Cop(Qr), ¥ € X(Q7)

npaBuibHa dpopmyna ['pina

/u(x,t)(iw)(x,t)dq:dt = /(Lregu)(x,t)w(x,t)dxdt+

or v (3.63)
+/dt/u(:c,t)a¢é dS+/ u(z,0) da:/fl a(t
0 S

Ao mijicraBuTy po3e’si30K KiaacnaHol 3aja4i (3.58), (3.59) B dbopmyay ['pina

(3.63), To ms Beix 1 € X (Qr) onep:xumo

f(defGOx_yat_Tgo y, T dy) xtdl’dt+
Qr

f(defGlx—y,t—Tghy, dS) )(z, t)dzdt+
Qr

f(szl‘—yﬂf)gz() >( V)

Qr ~Q

= [ go(z,t)(x,t)dadt + [ gi(x t) W) g5t 4
Qr Q1

+ [ go(x) fip(t )w(x,t)dxdt,
Qr

TOOTO | fdt [Golx —y,t — L) (z, t)dx) go(y, 7)dydT+
Qr T Q

V) (x, t)dzdt =

~

' S{ Gi(x — y, t — 1) (L) (, t)d:p) g1y, 7)dSdr+

_|_
~—
N\
\]\H
ISl
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(] Gala = ><Zw><x,t>d:cdt)gz<y>dy -

= f 90 fc,t)w(af tdedt + [ gy (x, t) 22880 S+
QT Q1ir

+ [ ga(w) frpl(t )w(x,t)dxdt.
Qr

[IpaBuibHICTH JiIeMu Terep OJIeP:KYEMO 3 JIOBLILHOCTI g, g1, g2 -

Jema 3. /aa dosinvnoi ¢ € D(Qr) icnye maka ¢ € X(Qr), wo

~

(L@/))(QZ,t) = Qp(xat% (ZL‘,t) € QT-

Hosegennst. 3 dopmyin (3.60) BUmIMBAE, 0 TMTYKAHOW € (DYHKILisT

T

V(y,7) = /dt/Go(l‘—y,t—T)go(x,t)dx.

T Q

JIema 4. goi D(QT) — D(QT)
openenns1. Jlema TOBOIUTHLCS 3a CXEMOIO JIOBEJICHHS JieMHd 1 Ha IiJIcTaBl OIli-

HOK KOMIIOHEHT BekTop-pyHKIiil ['pina.
Jlema 5. Gy(z —y,t) = W, (x,t) € Qr, (y,t) € Q1ir,
GZ(mat) :fl—ﬁ( )*GO(xat)) (.I,t) EQT-

Jlosegenns. I3 (3.60) i (3.61) suruusae, mo s josimbinx ¢ € X (Qr),
(y,7) € Qir

T ~
[ [ QG vt D) (L) (e, t) dardt =
T Q !

T ~
— fS{Gl(w —y,t — 7) (L) (z, t)dxdt = 81%(35)’

a OT2Ke,

ff [M Gi(x —y,t —7)] (L) (z, t)dzdt = 0.

Ba nemoro 3 gt kKoxknoi @ € D(Qr) icnye dynxmia ¢ € X(Qr) Taxa, mo
E¢ =@ in Qp. Tomi

// [8G0(x (;Vy’t —7) _ Gi(z —y,t — 7)]p(z, t)dzdt =0 Ve € D(Qr).

3 nemnu Jliobya-Peiimona BuminBae nepiia popMmysia B Jiemi .
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Hpyra dopmyita 10BOIUTHCs MOAi6HO 3 BuKOpucTanusim (hopmyt (3.60) 1 (3.62).

Cupasui, 3rijiro 3 (3.60) i anasorom reopemu Dy6ini

(fis(r), 0y, 7)) = (fiop(7), (Go(L¥))(y, 7)) =

T

(f1 s(7 //Go z—y,t—7)(Ly)(x, t)da:dt) -

//T[/tflﬁ(T)GO(a:—y,t—T)dT](Ew)(x,t)dxdt
Q 0 0

_ / (Fiop(t) * Go(x — y. 1)) (L) (x, t)dudt.

Qr
3rigHo 3 (3.62)

(Fp(), 6y, 7)) = (Ga(Tv))( / Gl — y. ) (D) (o, £) v,

Qr
Toni mnsa koxxnoi ¥ € X (Qr)

/ (GQ(:L' —y,t) — fi_g(t) *x Go(z — v, t)) (Ew)(:l;,t)dxdt =0, y €.

Qr

3a JjieMoro 3 JiIst JIOBLIBLHOT 0 € D(Q_T)

/ (Gg(:r: —y,t) — fi_p(t) x Go(z — v, t))gp(a:, t)dxdt =0, y € Q,

Qr

1 apyra dopmysia B jemi BuminBae 3 jgemu /lrobya-Peiimona.

J/I\eMa, 6. QAO : D(Q7) — X(Qr), 51 : D(Qr) — D(Q17),
D(Qr) — D(Q).

Jloeennst 6a3yeThesd Ha jeMax 1-5.
3.2.4 Y3arajgpHEHUI po3B’d30K IepInol KpaiioBoi 3aaadi
PozryistneMo niepiiy KpaiioBy 3aj1auy
fos(t) xu(x,t) — a*Au(z, t) = F(z,t), (x,t) € Qr,
u(z,t) = Fi(x,t), (z,t) € Qir, u(z,0) = Fy(z), z €
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38 TMPUITYTICHHS

(L): FeX'(Qr), Fi € D'(Qir), F» € D'(Q).

[Toswataemo wepes v(x) = (v1(x),...,vy(x)) opr BHYTPINTHLOI HOpMAJ 110
noBepxHi S y Tourni x € 5.

['pynrytouncs Ha dopmysr ['pina (3.63), Tobro

/u(x,t)(fzp)(x,t)da:dt = /(Lregu)(x,t)w(x,t)d:cdt+

Qr @r
+/Tdt/u(a:,t)8wéy )dS—l—/ u(z,0) dx/fl s(t
0 S

BBOJIMO (cs1a0Kmit) y3araabHEHUH PO3B’S30K 3a1adi.

Oyukiist u € D'(Qr), sika 33/10BOJIbHSE TOTOXKHICTh

T
. P _
(e Z)o = (P + (B o+ (BaC), [ Aoalthil. s o € X(@r),
0
(3.66)
HA3MBAETHCs y3araJbHEHUM PO3B’sa3koM 3aj1adi (3.64), (3.65).
Mozkemo posruisgaTn 3agady (3.64), (3.65) gk y3arasbHeHHS 3a/ax1

(L™u)(@,t) = go(x,1), (x,1) € Qr (3.67)
u(z,t) = g1(x,t), (z,t) € Qir, u(z,0) = go(z), © € Q (3.68)

3 PeryJsapHUMU JAHUMU o, §1, (2. 3 TEOPEMH 7 MOXKHA OJEPKATH, 110 1IPU
noctaribo peryispuux F = go, [y = g1, Fy = go poss’sisku 3agaq (3.55),
(3.56) i (3.67), (3.68) 36iratoThCs.

Teopema 7. 3a npunywenns (L) icnye edunuti pose’asox u € D'(Qr) 3adawi
(5.64), (3.65). Bin sadanuis dopmynroto

(w, ©)gr = (F,Gop)o + (F1, Giph + (F2, Gag)o Vo € D(Qr). (3.69)
Jlosenennsi. 3a nemoro 6
Gop € X(Qr), Gip € D(Qir), Gap € D(Q) Yo € D(Qr).

Orxke, npasa vactuna dhopmyn (3.69) mae cenc i dopmysoro (3.69) BusHaueHa
bynkuia v € D'(Qr).
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[Tincrasnsoun dyukiio (3.69) B ToroxkmuicTsh (3.66) 1 BUKOPUCTOBYIOUN JIeMy

2, soBojiumMo, 110 dyHkis (3.69) € poss’askom 3aaqi (3.64), (3.65). Cupasui,
(u, L)) = (F.Go(Le)o + <F G (L) + (Fy, Ga(Lap))s =
= (F,¢)o + (F1, ay)l + (Fy(x ff1 s(O)(z, t)dt)y Vi € X(Qr).

Ao uy, us — nBa po3s’a3ku 3aaadi (3.64), (3.65), To u = u; — uy 3aJ10BOJH-

HA€ YMOBY

(u, L), =0 V€ X(Qr).

3a snemoro 3 gt Koxknoi @ € D(Qr) icnye dynxuia ¢ € X(Qr) Taxa, mo
Ew = ¢ B Qr. Toxi, srizuo 3 nounepejuboo ToroxuicTio, (u,p)g, = 0 st
KoxkHOi p € D(Q7), To6T0 u =0 B D'(Qr). Teopema joBesiena.

Posp’s3nicTb 0J1iHi€l 06epHeHOl KpaifloBol 3a/1a4i 3 JJAaHUMU 3 [TPOCTOPY y3araJib-
Herux (yHKIIH MojaH0, 30kpema, B [21].

OmnparoBaTu 3acTocyBaHHsl BeKTOp-yHKIII ['piHa 10 JOBeJeHHS €JUHOCTI
po3B’d3Ky 00epHeHOT KpaioBol 3a/jiaul Jijist HiBJIHIHHOIO PIBHSAHHS 3 JIPOOOBOIO

110Xi/1HOI0 3a yacom [45].

3.2.5 Po3p’a30k 3ama4i Kormri y mpocTopax 6ecejieBUX MOTEHITAJIB

BukopucroByemo reperBopernst Pyp’e 3a 4aCTHHOO 3MIHHUX 1 J1ajii cumBond JF
Ta F 1, AKITO He 3a3HAYEHO HiUOTO JIOATKOBO, ITO3HAYAIOTH, BiTIOBIIHO, onepa-
topu nepersopentst Oyp’e ra obepuenoro nepersopenns Pyp’e F|f(x)] = ]?(5);
F1. f(f) — f(x), (=A)*/? Buznaueno 3a sonomorowo nepersopents Oyp'e

FlU=A)Py(x)] = [N Flip()],

Ly®") = { £ 1, = (foo | F@)P ) < 00}, 1< p < o0,

Loc(®") = {f ¢ |l = vrai max,egn |f(2)] < oo},

HoP(R") = {U € S'(R™) : |[v]lsrsqery = || F A+ [ER)EFV] gy < oo} -
npoctip GecesieBux norenrniaiis [25] (c. 79),

C([0,T); H**(R")) = { Holleqorsase @) = max [o(, D) gepre) < OO}
— npocrip nenepepsuux Gyukuiit v: [0,7] 3t — v(-,t) € H*P(R™),

Co([0,T); Ho# (")) = {v € C(10,T); H**(R™))
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CDfv, (~A)% € C((0. T H#(E)} -

1JIIPOCTIP 3 HOPMOIO HUHCQ”Q([O)T};Hs,p(]}gn))

20| 6y 01750 |€ DYl ey 0.1 HSP(]R”))};

= INnax { ”U||C([07T];H8+a,p(Rn))7 H (—A)
e Cp((0,T); H*P(R™)) — mpoctip menepepsaux obmexenux na (0,7 dbynkiii
3i snauenusamu B H*P(R™).

[TPUMITKA. [Ijist HaTypasbHOrO Yucia m po3risiHeMo MuOKuHY W3 () Tux
byukmniit f € Lo(Q2), ana akux takoxk DVf € Lyo()) mra seix |y] < m (mo-
ximai D7 f posywmiiors B y3aragbaeromy cenci). Wi'(2) — moBumii HopMoBaHwMii
MPOCTIP 13 HOPMOIO

1A = D IDAE 1l = 11 llzae)
ly|<m

riJb0epTiB 31 CKAJISIPHUM JIOOYTKOM

<f,9 >:/ Z D7 fDgdz.

Q hlsm
Leit nmpocrip HasuBaTh mnpocropom CobosieBa, a y3arajbHeHi noxinui D7 f €
Ly(€2) — nmoximauvu Cobosea dyukiii f € Lyo(R™). Bigomo, 1o
npocmip Wi (R™) ckaadaemocs 3 ysazasvnenur Gynkyit f nosiavhozo 3poc-
manna (f € S") i maxuz, wo pynxuia (1 + \0\2)”‘/2]?(0) naneocums Lo(R™) .

Y npomy pasi mopma || f||, exsiBasenTHa HOpMI

11l = 1+ o)™ F ()0 = 11+ o)™ (o) | yqen.

Buaitjiemo [19] gocrari ymMoBU icHyBaHHS PO3B sI3KY
u e Cyop([0,T]; HP(R™))

3a 14l Kol
L% =€ DJu+ a?(—A)*%u = Fy(x,t), (x,t) € Qpr = R" x (0,77,

u(z,0) = ug(x), z € R", (3.70)

sl DIBHSIHHSL 3 PeryJisipu3oBaHoo 1noxijuoo nopsyiky 3 € (0,1) 3a uacosoro
3MIHHOIO, a caMme, JOCTATHI YMOBH ICHYBaHHS KJIACUIHOTO 3a JaCOBOIO 3MIHHOIO 31

3HAUCHHAMH B IIPOCTOpaxX OecesieBUX IMOTEHINATIB PO3B 3Ky 3a,/1aui.
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IMpunymenna (L,3): € (0,1), min{n,2,a} >n—-1)/2, a#p5.
Haraaemo, mo icuyBanust Bekrop-dyukiil I'pina 3a npumnymennst (Lo g) Bu-
sHaueno B [28], [31].

3a NpunyIeHHs iICHyBaHHS 3rOPTOK Ta MPU BUKOHAHHI YMOBH

(Fo * Go)(x,0) =0 (3.71)
dbynkia
u(z,t) = Fo(z,t) * Go(x,t) + up(x) * Gi(x,t), (x,t) € Qr (3.72)
3a/I0BOJILHSE PIBHIHHS
L™ = F (3.73)

Ta € €JMHIM PO3B’sI3KoM 3aadi (3.70).
3a fmogaTkoBuX yMOB [34] na mani dynkiia (3.72) nanexuts kiaacy C,3(Q71).
[3 BpaxyBanusim Gopmynu (3.72) ojgepxkyeMmo po3s’sisnicTh 3a4a4i Ko (3.70)

y BCiit mkasi npocropis H*P(R™) 3a mpocTOpOBUMY 3MiHHUM.

Jlema 7. Qynruii
gi(€.t.0) = L+ [EPPFIGII(E 1), 5 =01

npu 0 < «, koorcnomy t € (0,T] nenepepeni ma obmesceni 3a sminnumu & €

R™ . Ienyromo maxi dodammni cmani ¢; = cj(p), wo das eciz p > 1, ¢ € L,(R"),

|7 g6t O F TNl oy < st @[l gy £ € O] j=0,1,
(3.74)
de wo(t, 0) = tﬁ_lmax{l,t_%}J wi(t, 0) = max{l,t_%} ons Kootcnozo t €
(0,77

Hopenenns. [loBenieno, 1o

FIGi](&,t) = Eg1 (—a®|€1°t”),  FlGol(&,t) =t Eg 5 (—a?|¢|*t"),

ne Eg,(2) = Z T B+u — dyukuist Mirrar-Jledpdaepa [8].

Dynxiist EB u( z) (z > 0) Heckinvyenno JdepeHiifioHa Ta KOMIAKTHO MO-
noronna npu 3 € (0,1), p > B: (—1)F (dz) Es,(—2) >0, k € Zy . IIpasuibua
OITIHKA,

C

Egu(—a 2’5’%&) < W, C' = const > 0.
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Obwmexenicts dynkimiit ¢;(€,t, 0), j = 0,1 3a3minanvn £ € R" npu Besmknx

suadenusx |£]” suniusae 3 obmeskenocti dyHKil

14 e
(L+2%)"  22(1+5%) _ Myt=%vs
1+ a229t% 14+ a220t8 — 1+ a2

(z =[], v =27, M, = const > 0).

Brigno 3 [23] (Teopema 1.5 Ha c. 276), st JOBEJIEHHST TPABUIBHOCTI OMIHOK
(3.74), Tobro, mo dyuxuil ¢;(&,t,0), j = 0,1 e myasrumikaropamu 8 L, (R")
3a sMingumu € € R, 10cTaTHBO JOBECTH, 110 JIJIS KOXKHOIO MYJbTHIHJeKCa | =
(l1,...,1,), kommonenTu [; sikoro HabyBatTh 3HadeHb 0 abo 1, as Beix € € R”,

t € (0,7] upaBuibHi OiHKH

€'DLg;(&.t, 0)| < cijwj(t,0), =01, (3.75)

I 1 :

te € = €l D= P =l o) e
o

(o Big & me 3asexars), ¢ — goparui crami, j =0,1.

Bijiome 306paxents [36]

By, (—alé|*t") = B (anf ") Egj 3(1 — 1.B) )

yepe3 H-pyuxiil @okca. Bukopucrosyoun BiractuBocTi H-dyukiii Pokca, MOXK-

Ha [EPEKOHATHCD, 1m0 yHKIii gj, j = 0,1 3amoBosbsiors (3.75).

[TPUMITKA. Oyukmitl go(€,t,0) misa o < a, g1(&,t, ) musg o < a TIpu KOXK-
womy & € R™ inrerposni na (0,7).

Hami ¢; (i =2,3,...)— noxarsi crai.
Jlema 8. Hexat euxonane npunywenns (Lag), 1 <p < =, re R, p €

H"P(R™) . Todi icnye 3zopmra

=

(Gy xp)(x,t) = /0 Gi(z,t — 1) xp(x)dr, =z €R",

AKG HAAEHCUMD NPOCTNODPY C([O,T]; H”O"p(R”)) ma 3a0080AbHAE OUIHKY

HG1 * S0HC’([O’T];]t[r—&-oc,p(Rn)) S 62H(‘0| HW’(]R")' (376)
Losenennss. Orinnmo st koxuoro t € [0, 7] nopmy
61 % 2l ranaoy = 9% Crllgrsnaieny = | F O+ EP) F Flo= il -
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BukopucroByBaTnmMeMo HepiBHICTH ['enpepa

1 11 1
/]uv\d:z:< /|u\pdx )7 ( /\v\qd:l: ) —+—:1.

Posrisgaemo

7 [(1 T E | [ o5 Gutt =]

Ly(R™)
p dx}l/p .
{ }Ll [(1 +[EP)F Flp() % G-yt — T)]] ‘p dT}l/p _

1/p
{/dT \ha;m\pda:} ,
Rn

htir) = FH [+ 1ERFFlp() « Galt = 7] =
= F (6P PEIGE - ) (1 + IEP) TRl )] =
= F gt - m ) FIF (1 + ) Sl

3a ymosoro jemu  F ! [(1 + \5\2)%}"[@] (5)} € L,(R"), a 3a gemoro 7 dbyHkis

g1(&,t — 7, ) — mynprumikarop B L,(R") 3a sminnumu €. Tomy

UL

) FFlp) + Gt = 7)) dr

ﬁ\»—'

||
'UM—‘

e

RG], ey < crwn(t = 7,0) [FHA +1ER)FRO] ], o) -

[3 momepeHiX IEPEeTBOPEHD

IA

F [(1 e Eaa [/Otgp(-) x Gi(t—7) dT”

) 1/p
p{/ dr ‘hxtr‘pd:c} <
RTL

. t ) 1/p
< ot { [ttt =m0 |7+ RN dT} ,

Ly(R™)
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i mpu p < 1/6 (ymoBi icoyBanms inTerpasa fot wi(t — 1,a)dr) g Beix t €

[0,T], r € R omepxyemo iCHYBaHHS 3rOPTKH f(f ¢©(-) * G1(-,t — 7) dT B mpocTopi

H™*P(R™) Ta oninky
1-2 t g
<t [/ wi(t — 7, ) dT] |
0

Orox ¢ * Gy € C([0,T]; H™*P(R™)) ra npasuibha ouinka (3.76).

Hrp(Rn)*
(3.77)

[ otreantt-mar

HT+O(7])(RTL)

Teopema 8. Hexai suronane npunywenns (Log), 1 < p < %, s € R,
up € HSP*P(R™), Fy(w,t) = fiop(t) = f(z,t), feC([0,T]); H*(R")).

Todi icnye edunuti po3s’a3ox

u(xz,t) = f(x,t) * Gi(x,t) + ug(x) * Gi(z, 1), (z,t) € Qr (3.78)

sadawi (3.70), npuwomy u € Cop([0,T); H¥P(R™)) ma nasena nepisnicmo xo-

ePUUMUBHOCN

(T H o (10,7 o (R)) = <ol /] ¢ ([o.7);Ho0 (")) + by |uo| (3.79)

de by, by — dodammni cmani.

Hera,p(Rn) 9

Losenenns. Criouarky JOBEJEMO iCHYBaHHS 3rOPTOK 13 hopmysu (3.72) y mpo-
cropi C([0,T]; H*TP(R")) .
3a yMOBOIO Teopemu
(Fy = Go)(, 1) = (fis(t) * f(x,)) * Gola, t) =
= J(2, 1) * (frp(t) * Golz, 1)) = (f + G1)(x,1),
AKITO 1151 3rOPTKa icHye. [i iCHYBAaHHS BUILIMBAE 3 JIeMH 8 IPH T = § Ta 3aMiHi
@ € H*P(R™) dyukuieo f(x,7), (r,7) € Qr kiuacy C([O,T];Hs’p(]R”)).

Y 1bOMYy BUIAJKY 3aMiCTh HepiBHOCTEH (3.77) 0/epKyeMO HEPIBHOCTI

(,t—T)dr <

Hera,p(Rn)

< eyt UO Wt =7 0) - [ £, )]

t
< eyt r [/ wi(t — 7,a) - max || f(-,7)]
0

7€[0,T]

1

P
Hs p Rn) dT] S

D=

b
Hs:p (Rn) dT:| S
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¢ 1
<cgt' [/0 wy(t —, ] |1 £]] ¢ ([o.7): B0 (®"))”

sBiKu i Beix s € R, pB < 1 sunimsae, mo [+ Gy € C([0,T]; H***#(R"))

Ta OIIIHKA
Hf Gl” (OT -Hsta.p R") C4HfH (OT Hsp(Rn))' (380)

Ak npu goBesenHi jgemu 8, MaEMO

FH 1+ 1) Fluo() « Ga(,1)]] =
| FGaE (1 + g T Flud(©)] =

— F! [gl(g,t,O)}"[]-"l[(l + \5\2)336!?[%](5)]]} :

Fluol(€)] € Ly(R"), a 3a aemow 7
bynkiia ¢1(€,t,0) — myasrunikarop B L,(R"™) 3a sminanvn €. Tomy

3a ymopowo teopemn  F1[(1 + |§|2)Sga

40+ Gr gy = |7 [0 1) F Flan) w a0
s+(x
< exn(1,0) | [0+ D) T Fl(©)] |, = e ol
Mu Bpaxysasu, mo wi(t,0) = 1. I3 ogepxkanux Buile HEPiBHOCTEH it BCIX
seR, p>1,tel0,T] orpumyemo HepiBHiCTH
HU’O * Gl‘ Hera,p(Rn) S C]- HU’O| HS+O‘(Rn) ?

a orke, icayBanns sropru ug * Gy € C([0, T]; H¥ *P(R")) Ta ouinky

HUO * GlH (OT Hs+ap(R")) = 01Hu0| Herer(RY)” (3:81)

3 dopmysu (3.72), pisaocti Fy * Gy = f * Gy, 3 ypaxyBauusmM ominok (3.80),
(3.81), ouepxkyemo icHyBatusi €uHOro poss’sisky (3.79) zajaui (3.70) B kiac

C([0, T); HT*P(R™)) ra ouinky

H H OT [Hs+ap Rn)) = ClH“‘)’ Horow(Rn) T C4HfHC([O,T];Hs,p(Rn))- (3.82)

Tomy 1110

FA+ 6P RFI=2)"2u| = F7 |(1+ [¢P) P lel Flu)| =
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1 €1 2\ 5 ]
=F ——— (1 + [¢] Flull ,
[( |€!2)2( ) .

sa gosegennm F1[(1 + (¢ 25t F Flul]] € Ly(R") naz xoxnoro t € [0,7], a
dbynkmisa % e mysprumtikaropoM B Ly(R™), To ma seix ¢ € (0,7] maemo

|71 10+ 1Py EFI(=a) 2]

<o || PO Py E Flu]

Ly(R") Ly(R")

Mu onepxamu, mo mia pose’asky u (kmacy C([0,T]; HSTP(R"))) sanaui
(3.70) Taxox sukonana ymosa (—A)**u € Cy((0,T]; H*P(R")) Ta upasuibia
OIIIHKA,

H( a/Q H (OT H“’(R”)> = 06HUHO([O,T];HHW(R"))' (3.:83)

Towmy o dyukiis Fo*x Gy = f* Gy 3amoBosbhsie ymoBy (3.71), 3a dopmysioro
(3.73) omepxyemo
Dju = —a*(—=A)**u+ Fy € Cy((0, T); H*P(R™))

Ta OLIHKY

g
H D UH OT Hsp(R”)) S

S HCLQ(—A a/2uH (OT]'HSJ’(R”) + H OH (OT HéP(R”)) S

2 a/2
S Ha’ ( H (OT Hsp(Rn) +C7Hf” (OT Hsp(Rn))'
3Bijcu Ta 3 oninok (3.82), (3.83) sumsmBae orinka (3.79). Tax mu jmoBesn, 1o

po3B’s130K (3.78) samadi (3.70) nanexuts knacy Cq ([0, T]; H*?(R")).

Jlema 9. Hexatd suronane npunywenns (Lyg), 0 <8 <1, 1 <p<
rcR, ¢ € H+YWP(R") . Todi icnye s2opmuxa

1607

(Go*gp)(a:,t):/o Go(x,t—T)*gp(x)dT:/O Go(z,t —71)dr*p(x), x€R"

AKG HAAEHCUMD NPOCTNOPY C’([O,T]; HHO"p(R”)) i 3040060ADHAE OUIHKY

HGO * 90“ (OT Hr+ap(Rn)> S CSHSO‘ Hr+of.p(Rn)* (3.84)
Josejennst. Ouinumo st koxuoro t € [0, 7] nopmy
r4a
[Go * @l reanaoy = 1% Collgrsnnieny = | F O+ 1EP) F Flow ol -
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3 1i€0 MeTOo0, sIK IPHU JIOBEJEHH] HOIepeHbOI JIEMH 8, PO3IJISIIAEMO

HJ—“‘l [(1 + ¢ F Uot@(.) & Gol-t —7) dT]]

<

<
Lp(R™)

dx

n

016 A ot - [ e} =

X 1/p
=17 {/ dr }ho(x,t,T)‘pdSU} ,
0 Rn

ho(-,t,7) = F~! [(1 1€ T Flp()  Gol-t = 7] =
= F [ 4+16) At - (1 + 1) F R =

= F ! golet =m0 — af)F[F 1+ ) Fl©)]]
3rijuo 3 gemoro 7 dyukuis go(§,t — 7, — af) — myasrunsikarop B L,(R") 3a
FIPl©)] € Ly(®"). Touy

Jie

r+af
sminnumu €. 3a yMmoBoio jqemu  F 1 [(1 + [€7) 2

[0, 8.7 ey < comolt = 7,00 —af) | F (116 T FLQ] ||, =
= cowo(t — 7, — ab) ||o|] frreo(rn)-
3 momepegHiX mepeTBOpeHb
t
|7 jariepr | [ e et -nar || <
0 LP(RH)

X t 1/p
<t {/ dr }ho(x,t,T)‘pda:} <
0 Rn

t 1/p
< ot v {/ wy(t — 7,0 — ab) dT} || o] frro00 (mn),
0

i mpu p(1 — ) < 1 (ymosi icHyBanHs iHTerpasa fot wy(t — 1,0 — af)dr) s
Beix t € [0, 7], r € R ozep:kyemo icHYBaHHS 3rOPTKHU fot o)« Go(-,t —7)dr B

npocropi H™t*P(R"™) Ta ouinky

/Ot o(-) * Go(-,t —7)dr

<
HT+a,p(Rn)
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: ;
< cott T {/0 wy(t — a0 —ab)dr| - H‘PHHHM@(R“)'
Orox ¢ * Gy € C([0,T]; Ht*P(R")) ra npasuibha ouinka (3.84).

Teopema 9. Hexai sukonane npunywennsa (Log), 0<8 <1 seR, p>1
ma p(1 — o) <1, uy € H* *?(R"), Fy € C([0,T]; H*T%(R"™)) . Todi icuye

edunuti po3s’aA3oxk
U(,I, t) - Fo(CC,t) * GO(x7 t) + uO(x) * Gl(‘ra t)7 (xa t) S QT
sadawi (3.70), npunomy u € Co5([0,T]; H*T*P(R™)) ma

< bl Bl o —

HUHC’a,g([O,T];HS=P(R”)) 0.7);Hs+a00(Rn) )

de ko, ki — dodammi cmauni.

JloBeneHHsa TeopeMH MPOBOJAUTLCA 3a CXEMOIO JIOBEJICHHsSI TeopeMU 8 3 Ti€ro
pi3HUIEIO, 0 JJIsI JIOBEJIeHHS icHyBaHHs 3ropTKu Fj * Gy BUKOPUCTOBYETHCH
jeMa 9.

BayBaxknmo, 1o reopema 9 npasuibha i s =1 < a. B npomy Bunajky
FIGo)(&,t) = FIG1](€, 1) = Ey1(—a?|€]t) = e,

3.2.6 BwusnHaveHHsd npaBol YacTUHU piBHAHHA audy3il 3 ApodboBUMH
HOX1THUMIN

BukopucroByouu BjacTUBOCTI GyHKIIH ['piHa, y nonepegHboMy Imijipo3/iiii
orpumasu |19] icayBanns i equnicTh po3s 3Ky 3aja4i Kori B mpocTopax becese-
BUX HoTeHIiaJaiB. Buunmo reriep obepueny 3ajiaqy Kot jiist piBHsinbs Jiudysii 3
JIpOOOBUMU TTOX1JIHUMU — 331849y [P0 BU3HAUEHHsI 3aJI€XKHOT BiJl Yacy HerepepBHOI
KOMIIOHEHTH IIPaBOl YaCTUHM PIBHSAHHSA 1 po3B’si3Ky 3aJiadi Koiil, KJIacuiHOro 3a
TaCOM 31 3HAUCHHSIMHI B MPOCTOpPAX OeCceseBux MOTeHTiamiB [22].

Busuaemo 3aj1a1y

CDPu+ a?(—A)u = Fy(z)g(t), (z,t) € Q, (3.85)
u(z,0) = up(x), z € R", (3.86)
< ul- 1), po(-) >=®(t), telo,T], (3.87)
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dKa TOJIsiTae y 3HaXO/RKeHHI mapu (yHKIH (u, g): y3araJbHEHOTO DPO3B’SI3KY
u (KJIaCMYHOIO 3a 9acOM 13 3HAYEHHSIMU B IIPOCTOpax OecesieBUX MOTEHIAIB)

sagaqi (3.85), (3.86) Ta g € C[0,7] 3a 70aTKOBOI YMOBH — YMOBH ME€DEBH-

snavenns (3.87). Ilpu v € H*P(R"), ¢y € Ly(R") (1% +2l) = 1) maemo
fgjx (1+ \g\z)ifﬁgv} e L,(R") i
<ugoo= [F [0+ 6ot
Rn
IIpunymenns:
(A) B€(0,1, a>p, 0€(0,1), 1<p<1_1m, seR,
Fy € HYo00(R"), uy € H*o0(R");
(B) 2CDecC.T], goeLy®) (2+1=1)
< F07 %0 >§é 0.
Yumona (3.87) nabysae BurisLy
[ R0 1) Fdate 0] utodie = 0(0), £ € 0,7). (359
Rn

[Tapa
(u, 9) € Cop([0,T]; H*P(R™)) x C[0,T],
110 3a/10BOJIbHsIe piBHsiHHs (3.85) 1 ymonwu (3.86), (3.87), HazMBaeThCsi PO3B’SI3KOM
zaaqi (3.85)(3.87).

I3 (3.86) i (3.87) BumimBae HEOOXiHA yMOBA MOTOKEHHS TAHUX 331l
< up, po >= P(0). (3.89)
3 pisusiaus (3.85) ta ymosn (3.87) ozjepxkyemo
CDB(I)(t) + CL2 < (_A)Q/QU('at)a 300() >= g(t) < FOa po >, t€ [O7T]
Hexait
ru(t) = a® < (=A)*u(-, 1), 0o() >
Toni, BpaxoByioun npumnyinents (B), 3 momepenrboi TOTOKHOCTI 3HAXOIMO (DY HK-
1110
_ ODPB(t) — ry(t)

#) = g, (t
g(t) = gu(t) o>

L telo,T). (3.90)
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Jlema 10. 3a npunywenna (B) daa eciz
seR, p>1, ueC([0,T]; H***P(R"))
susnauena gopmyaoto (3.90) dynkuia g, nenepepena na [0,T] i
Cilllleg
| < Fo, 0 > |
de Cy = Ci(pg) = const >0, Co = ||D |1
Josexenns. Qus seix ¢ € [0,T], u e C([0,T]; H*T*P(R™)) maemo
a?| < (=A)uf-, t) po(-) > | <
< Cyl| FHlel (1 + €]”)2 F ]HLP(Rn)HS"OHLp,(Rn) <
< Cy||F (1 + [ HEF Flul(€, 1)) HLP(R") =

- ClHu '7 ’ Hs+a,p(Rn)7

0.T];Hs+r(R")) +C2

lgu(t)] <

, tel0,7],

3Bijku jist Beix ¢ € [0, T

ru(t) = @] < (=2)Pul, 1), 00() > | < Cillull

0,T);H >+ (Rn))

Teopema 10. 3a npunywens (A), (B) i (3.89) icnye edunui poss’aszor

(1, g) € Cas ([0, T H™(®™)) x C[0,T]

sadavi (3.86)-(3.87): uw eusnaueno gopmy.aon

u(z,t) = (Fo(z)g(t)) * Go(z,t) + up(z) * Gi(z, 1), (x,t) € Q,
o(t) = “DF®(t) —r(t)

< Fo, @0 >
de r(t) — poss’a3or pieHANHA

, te€0,T],

+ /K(t,T)T(T)dT = R(t), tel0,T]

3 1HME2POSHUM AIPOM

a’ < (—A)O‘/Q(Fo(°) * Go(-,t — 7’))7%00(‘) >

K(t =
(t7) < Fp, po >

Y

R(t) = a < (=A) (-, 1), 0o-) > + / K(t,7)° DP®(r)dr,
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vo(z,t) = up(x) * Gy(x,t), (z,t) € Q.

Josesennst. 3a reopemoro 9 ictye eaunnit poss’ssok u € Cy ([0, T]; H*P(R™))
saaqi Ko (3.85), (3.86), usnauenwuii hopmydiowo (3.91). Tipcrasasioan g,(t),
pusHadeny Gopmymnoio (3.90) ta memepepsry 3a gemoro 10, y (3.91) 3amicts g(t),
OJICPIKYEMO

1

u(x,t) = vo(z,t) — ~ Ty o0 >

(ru()Eo()) * Goly, 1)+
+ﬁ(01}%(t)mx)) fGolx,t), (m.1) € 0.

Tomi

ro(t) = a® < (=A)Y2u(z,t), po(x) >=a® < (—A)a/2vo(x,t), wo(r) > +

“DAD(7) — ry(7)]
< Fo, o >

+a2/ < (—A)O‘/Q(FO(-) * Go(-,t — T)),(po(x) > [ dr,

TOOTO

ru(t) = —/K(t,T)Tu(T)dT + R(t), t € [0,T].
0

O iepkaJiu Jiiniitae inTerpasbhe piBHsgHHs Bosabreppu apyroro posy (3.93) cro-
coBHO HesijioMoi 7(t) = ry(t) . Bpaxosytouu teopemy 9 1 jiemy 9, 0j1epKyemo, 110
3a npuiyiiens 1€l reopemu dyukiis R € C[0,T] i siupo K(t,7) inrerposhe.
Towmy icuye enuuuit HenepepBHUil po3s’s30K r(t) piBusgnus (3.93). Marouun r(t),
snaxogumo g € C[0,T] 3a popmymnow (3.92) ra u € Copg([0,T]; H*P(R")) 3a
dbopmyJiomo (3.91).

Axmo (u1,91), (u2,g2) — aBa poss’si3ku 3ajadi (3.85)—(3.87), To nmpu u =

Uy — Uz, § = g1 — go MAEMO 3aJ1a4y

(Lu)(z,t) = g(t)Fo(z), (x,t) € Q,
u(r,0) =0, z€eR,
< U(',t), 300() >=0, te [OvT]

Ak BuIle, 3HaX0IMMO
t
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t

! / Fol) % Gol-.t — T)r(r)dr, (3.95)

. —
wz,t) < Fo, po >
0

ne 7(t) — po3B’sa30K JIHIHHOTO OJJHOPIIHOTO IHTErPAJBLHOTO PIBHSIHHST

r(t) = —/K(t,T)r(T)dT, te[0,T7.
0

3a enunicTIO PO3B’A3KYy 1HOTO piBHsAHHA 7(t) = 0, t € [0,7]. Tomi g(t) =0,
t €[0,T] (3a dbopmynoio (3.94)) ta u =0 B Q (3rigno 3 (3.95)).

3.3 1Ipo obepHeHi KoedillieHTHI KpaiioBl 3aaadi

Hapogumo dpopMyroBaHHs 3a/1a1 1 CXeMYy JI0BeJIeHHs IXHBOI po3B’si3HocTi. Obep-
HeHl 3aJia4l 3 HeBijoMuMu KoedilleHTaMu 3a3BUYail € HeJIiHIMHUMK 33/la9aMi B
TOMY CEHCI, 1110 1X PO3B’si3aHHsI [TOB’sI3aHe 3 JIOCJIIXKEHHSIM 91 PO3B SI3aHHSIM T1€B-
HUX HeJIHIMHUX OIepaTOpHUX PIBHAHB. 1YT BUKOPHCTOBYBATMMEMO OCHOBHI Me-

TOJIN JTOCJIJI2KEHHs OlepaTOPHUX PIBHSAHD, HaBeJieHl Y MiApo3/iil 2.6.

3.3.1 KpaiioBa 3ama4a 3 HEBILJOMUM MOJIOAIINM KoedilllEHTOM

Y [43] pocaijkeno obepreny 3ajiady Jijisi JIHIAHOIO HEOHOPIJIHOIO PiBHSIHHSE
Judysil 3 peryssipu30BaHO0 TOXiIHOIO poboBoro nopsiiky [ € (0,2) 3a gacom
B obMmexkenomy mmmingapi o X (0,7] — 3amady npo Bu3HAUYCHHS mapw (QyHKII:
KJACUIHOIO PO3B’SI3KY U IIEePIIOl KPaioBOl 3a/a4l Jijisi TAKOIO PIBHSIHHSI Ta He-
BIJIOMOI'0, 3aJIE2KHOT'O BiJI 4acy, HemepepBHOTro KoedillleHTa B MOJIOIIIIOMY YJIeH]
PIBHSAHHS IPH 1HTErpaJbHIM 38 IPOCTOPOBUMHU 3MIHHUMM YMOBI II€pEeBU3HAYECHHSI.

Hexait Q; = Q; x (0,T], i=0,1, Q2 = Qo, C(Qy), C(Q,), C[0,T] — mpoc-
Topu Henepepsuux ynkuii signosigno na Qp, Qq i [0,7], C7(Qy) — npocrip
nenepepsrux GyHKiii na )y, gxi 3a70B0BHAIOTL YMOBY Lembiepa, C7(Qq) —
npocTip HemepepBHUX GYHKIII HA Qg , AKi JJIg KOXKHOrO t € (0, T] 3amoBosbHS-
10Th YMOBY ['ejibjiepa 3a HpOCTOPOBUMK 3MiHHUMH,

C2,5(Qo) = {v € C(Qo) : Av Djv € C(Q)}
C2.5(Qo) = Ca.5(Q0) N C(Qo) y Bunanky S € (0,1],
Co.5(Q0) = {v € Ca5(Qo) : v,v € C(Qo)} mpu B € (1,2).
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Mapa (u,b) € Mg(Qo) = Mg := Cs5(Qo) x C[0, T| nasupaerhcst po3s’a3KOM

3a 141

“DPu— Au—bt)u = Fy(z,t), (z,t) € Qy x (0,7], (3.96)
w(z,t) =0, (x,t) € x[0,T], (3.97)
w(z,0) = Fi(z), w(z,0) =), z¢c, (3.98)
/M%WM@M:F@,tEMﬂ, (3.99)

Qo
SKITO BOHA 3a710BOJIbHsIE piBHsAHH:A (3.96) B obmacti (Qy Ta ymosu (3.97)-(3.99).

HeobOxijHuMu € yMOBM 1IOINOJPKEHHsI JIAHUX 33124l

/Fl(x)goo(x)da: = F(0), /Fg(x)goo(a:)dx = F'(0), Fjlo, =0, j=1,2.
" " (3.100)

Teopema 11. rwo gy € C7(Qo), gj € C'(Q2), gjlo, =0, j=1,2, mo
icHye edunuti po3s’azor u € CQ’B(QO) nPAMOL 300041
CDlu— Au= go(z,t), (z,t) € Qo x (0,7,
u(z,t) =0, (x,t) € Qyx[0,T],
u(z,0) = gi(z), w(r,0)=g(z), xcQ.

Bin susnavenuti opmyrorn

u(z,t) = (Qggo) (x,t) + (ngl)(x,t) + (gggg)(az,t), (z,t) € Q, (3.101)

de  (Gogo)(z,1t) defGo z,t,y,7)g0(y, 7)dy ,
0 QO

(Gig;)(z,t) fG z,t,y,0)g;(y)dy, j=1,2.

Jloseernsi. Bepyql/l JIO yBaru OIIHKU KOMIIOHEHT BeKTOp-pyHKIT ['piHa, sk

pu ,ZI;OBe,II;eHHi JjieMu 1, oTpuMy€eMo

J ol .oy )y < kot anllciany 1) € Qo

0

’ f Gi(z,t,9)9;(y) dy’ < kit" Mgllo@y, (,t) €Qo, j=1,2,
Qo

ne ko, ki, ko — poparni crau, |[gol|o(gy) == max |go(z,t)|, j =0,1, |[g;]lc(a,) =

(z,t)EQo
i g, (1) = 1.2.

xrelly
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Haui, moBropioourn MipkyBauHsi [24], Moxkna gosectu, 1mo dyskiisa (3.101)
HaJIEXKUTD JI0 02,6(Q0) 1 € po3B’s13KOM 3a,/1a4i. Y 1IbOMY BUIIA/IKy BUKOPUCTOBYEMO

reJibJlepoBicTh KomoneHT Bekrop-gyHkuil ['pina, josejgeny B [34], a came, 1o
G+ Ayt Aty 7) — Gy, 7)| < A, £, 7) | A+ [AP2] (3,102

V(ﬂ?,t),(fL‘—f—AZB,t—l—At) EQ(),(:U,T) EQi7 i2071727

Je Hesi emui GyHKIEl A;(x,t,y,T) MATh TAKOTO XK BHUIJISILY OIIHKH, SK
Gi(z,t,y,7), i =0,1,2, Bignosigno, i gami G;(x,t,y,7) = Gi(z,t,y),
Ai(z,t,y,7) = Ai(z,t,y) npu i = 1,2, v € (0,1). Takoro » Buriisijly OliHKu
MpPaBUJIbHI 1 JIJIST TOX1JTHUX KOMIIOHEHT BeKTOp-pyHKIIT ['piHa.

3ayBayKuUMo, 10 y BHUIAJIKY KpaloBUX 3ajad JJId KJIACUIHUX TapaOOivqHUX
PIBHSIHB JIPYTOTO MOPSJKY TIeJIbJIePOBICTH KOMIOHEHT BeKTOp-pbyHKII ['pina Ta
IXHIX HMOXijHUX ojiepKaHa y [24], a jyist 3araibhux napabosiunux 3ajgad — y [9].

€MHICTh PO3B’I3KY 3a/1adi BUILIUBAE 3 IPUHIMIY MakcuMymy |46, 34].

Hexait BUKOHYIOTbCS TaKi NPUITYICHHS:
(FO)  Fo e C7(Qo), v €(0,1);
(F1) FeC'(Q), Filg, =0;
(F2) FeC'(Q), Flg, =0;
(F) FCDPFeC0,T], F(t)#0, t € [0,T];
(@)  woeC* Q). wolo, =0.

3 Teopemn 11 Bumsmsae, mo 3a npunymiens (FO), (F1), (F2) npu Bigowmiii
b e C[0,T] poss’sizok u € Cy5(Qg) uepioi kpaiiosoi zajaui (3.96)—(3.98) za,10-
BOJILHSIE THTETPAJIbHE PIBHIHHS

t

u(z,t) = /dT/Go(a:,t,y,T)b(T)u(y,T)dy—i—h(x,t), (z,t) € Qo, (3.103)

Je

/dT/GO oty T oy, T dy+Z/ (2,4, 9) Fy(y)dy,  (3.104)



Kpim Toro, popinbuuit poss’aszox u € C(Q) inrerpanbuoro pisuanusg (3.103) (3
Bijlomnm koedinientom b € C[0,T]) nanexurn Cy5(Qo) i € poss’szKoM 3a1a4i
(3.96)(3.98).

3 pisugnng (3.96) i ymos (3.97), (3.98) Bumusae, 1o

%ﬁ/u@ﬂw@ﬂmz/ﬁ@ﬁAw@Mm+W{/ﬂ&ﬂm@Mﬂ—

Qo Qo Qo

+ | Folz,t)po(x)dz, t€0,T].
/

3a ymoomwo (3.99) orpumaemo

CDIF@E) = [ u(z, t)Apo(x)ds + bE)F(t) + | Fy(z, t)po(z)ds
/ /

i, BpaxoBytoun npunyiienns (F), snaxogumo

b(t) = [CDtBF(t)—/Fo(a:,t)gpo(:ﬁ)dfv—/u(a},t)Agoo(x)dx] [F)]t, telo,T].
" " (3.105)

BayBakuMo, 1o, Bignosigno 10 (3.105), b € C[0,T] npu u € C(Qy) . Ilincra-
BUBITHK TpaBy dacTuiy pisasaHg (3.105) B (3.103) 3amicts b, orpumyemo Hesi-

HifiHe iHTErpasbie piBHsHHS cTOCOBHO HeBioMOl u € C(Q))

t

u@ﬂ=/wmﬁm/bmm&ﬂﬁwHﬂ—/m@ﬂ%@@—
O " " (3.106)

— /u(z,T)Agpo(z)dz}u(y,T)dy + h(z,t), (x,t) € Qp.
Qo
Mu joBesiu, 110 po3s’si30k 3aa4i (3.96)—(3.99) 3a0BosibHsie cucremy (3.105),
(3.106).
Hapnaku, sximo ¢yunknia u € C (QO) 1 € PO3B’SI3KOM 1HTErpabHOIO PIBHIHHSI
(3.106), b(t) BusHadena 3rijHo 3 (3.105), To 3 HONEPEHIX MIPKYBaHb OJIEPXKYEMO,
1o (yHKIisE © € Po3B’A3KOM HpsiMol 3ajadi npu Bijomiit b(t) 1 3a10BOsIBHSIE

YMOBH TIOTO/IKeHHS janux. JloBeeMo, 1mo BoHA 33710BOJIbHSE yMOBY (3.99).
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Axmo e we rax i [ u(x, t)po(x)de = F*(t), t € [0,T], To
Qo

/Fl(x)gpo(x)dw = F*(0), /F2(x)g00(x)dx = F*(0). (3.107)

Qo Qo

K BHINE, JTOBOJUMO, IO

/ ular, t) Ago(a)dz =C DIF*(t) — b(t)F*(t) — / Fo(e, t)po(2)d,
Qo

Qo

a tojii, BpaxoBytoun (3.105), orpumyemo
CDIIF*(t) — F(t)] = b(t)[F*(t) — F(1)] =0, te[0,T],

T00TO, BpaxoByoun ymosu (3.100) i (3.107), Maemo JiHiliHe OJHOPIHE PIBHSIHHS

BoJjibreppu 3 IHTEI'POBHUM $iJIpOM

FH(t) = F(t) = fs(t)  [b(@) (F7 (1) = F(1))].

Voro posp’sizok F*(t) — F(t) = 0, t € [0,T], a orxe, u 3aJ0BOJLHSE YMOBY
(3.99). Ozeprkaiiu Takuii pesysIbTar.

Jlema 11. 3a npunywenv (F0), (F1), (F2), (F), (®) i (5.100) napa ¢ynx-
uit (u,b) € pos’askom 3adaui (3.96)-(3.99) modi i auwe modi, Koau Pynryis
u € C(Qo) € pose’askom inmeezparvnozo picnanma (3.106), gynwuia b € C[0,T)
suanavena 32idno 3 (3.105).

Teopema 12 (1po JoKaJibHy 32 4acoM po3B’si3HicTb 3aja4i). 3a ymos (F0),
(F1), (F2), (F), (®), (3.100) icnye T > 0 ma poss’azor (u,b) € Mps(Qo)
sadavi (3.96)-(3.99): dynxuia u e poss’askom inmezpanvrozo pisnannua (3.106)
y C(Qo), dynwuia b eusnavena zeiono s (3.105).

Josesennsi. 3a gemoro 11 jocrarhbo JoBecTr po3s’si3nicTh piBHstHHs (3.106) B

C(Qo) . Hexait f = H[loll% |F'(t)], R=const >0,

Mg = Mp(Qo) = {v € C(Qo) : |lvllca,) < R}

Bacrocyemo mpunnun Hlaymepa (qus. migposain 2.6). Beememo omeparop
t

(Pv)(z,t) = bf[F(T)]_ldTQf Go(x,t,y,T)[ DPF(r fFO 2, T)po(2)dz

f Z, T A‘PO )dZ]’U(y,T)dy + h(ﬂf,t), (Sl?,t) S QO) v E MR)
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ne Gyukiia h(z,t) susnadena sk (3.104).

Cnouarky jioBegemo icaysanna R > 0, T* > 0 rakux, mo P : My — Mp,
ne Mk = Mp(Q x [0,T7).

Bukopucrosyoun ojep:kani npu gosejennl reopemu 11 orninku (ngj)(x,t),

3 =20,1,2, orpumyemo

|(Pv)(x,t)] < %tﬁ(clR + o R?) + |h(x, 1),

Az, )] < kot” | Foll o) + kill Eill o) + katll Falle@) = Bo(t),
(z,t) € Qo,v € MR,
e ¢ = HCDﬁF— fFQ(z,- wo(2)dz|clon, c2= f |Apo(2)|dz.

Y HiCcy MKy MaTI/Il\g/Izz)MO h

|(Po)(z,1)| < %t°(cR + caR?) + Bo(t) Vi €[0,T], v € Mg.

[[106 crupaB/KyBajIach HEPIBHICDH

dot’ R? + By(t) < RVt € [0,T"] (3.108)
juig jgeskux 1% > 0, R > 1 i3 dy = kky 1 k = %, Bubepemo R* =
max{2 n%éx%c] By(t),1}. Tlosasixk By(t) < R*/2, t € [0,T], To neobxijna nepis-

telo,

ricrs (3.108) BunmBae 3 HepiBHOCTI
dot’ R < R*/2 ¥Vt € [0,t].

Bomna >k BUKOHYeThCs, KO t° = [QdOR*]*l/ﬁ. Mu nosenu icnyBanHs unces R* >
1, T" =min{t", T} > 0 rakux, mo P : Mj. — Mj..

Oneparop P nenepepsuuit Ha Mp. . Cupasji, g v, vs € Mp.

|| Pv1 — Pual|e(ge) =

t

= max. Jw@rtar [ ot n)] [t nan@dln.n) - o)
0 Qo Qo
— /[vl(z, T) — vz, T)]Apo(z)dz - vl(y,T)}dy’ <

Qo
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t
¢ sup / / Gola,t,y, 7)dy - [ lloan + llvallcion] X
0

(x,t)eQf 3
0

2k062(T*)6R*
x|[|v1 — vall o) < = vlleqy:

Anajioriuno orpumyemo, mo oneparop P xkomnaxkrtauit Ha M. @ 3'dcoBano,
mo |[Pvllegs < R, na J101aToK, i3 reJibj|epoBOCTi KOMIIOHEHT BEKTOP-yHK-
nii ['pina BumsmBae, mo st Beix € > 0 icaye 0 = 0(¢) rmake, mo Jyist BCix
(z,t) € Qf, |Az| <0, |At| < § i aust Beix v € M,

(m)ax |(Pv)(x + Az, t + At) — (Pv)(x,t)]
z,t)eQ

< CIRJ}CQR max def Go(z + Az, t + At 2,7) — Go(w,t,2,7)|dz
(It)GQOO Qo

+(m)a>é |h(x + Az, t + At) — h(z,t)|
x,t)EQq
< [(C1R+02}§c) 3(T7)" —I—Bl(T*)} . UA$| + ‘At|5/2}7

ne  Bi(t) = est?||Folloggy) + callFillo@y) + el Fellog) -

t
C3 = Sup t_ﬁdefAO(xytayaT)dya ¢4 = Sup fA1<£E,t,y)dy,

(xat)eQO 0 Q0 (xvt)eQOQO
cs = sup t [ As(z,t,y)dy, Ao, A1, Ay Busnaueni B Gopmyai (3.102).
(I,t)EQQ Qo

3a snemoro Aprena oneparop P 1inkom Henepepsunit na Mp. . 3rifgHo 3 mpuH-

nunoM [laynepa icaye poss’szok u € M. piBasaus (3.106).

Teopema 13. Axwo F(t) # 0, t € [0,T], mo pose’asox (u,b) € Mgz(Qo)
sadavi (3.96)-(3.99) edunudi.
oenennst. Bisbmemo jiBa poss’ssku (uq, by), (uz, by) € Mp(Qo) 3amadi i mij-

craBuMo 1x y piBusuns (3.96). Hnst u = u; — ug, b = by — by oTpumyemo

DJu = Au+ byu + buy, (1) € Qo,
u(z,t) =0, ze, tel0,T]
U(ﬁC,O> =0, ut(x70) =0, we QO'
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Toni 3a Topemoro 11 dyukiis u(x,t) 3a710BOJbHIE PIBHIHHS

u(z,t) = /dT/Gg(x,t,y,T)[bg(T)u(y,T)+b(7’)u1(y,7')]dx, (x,t) € Qo
0

i nanexxuts 10 Co (Q) .

3 ymoBu nepesusnatenns (3.99) i 3 (3.105) Bumiusae, 1o

/u(x,t)Aapo(sc)d:c = —b(t)F(t), tel0,T]. (3.109)
Qo
Toni u(x,t) 3aj0B0JbHsIE IHTErPAJIbHE DIBHSIHHST
t ur(y, 7) [ u(z, 7)Apo(2)dz
uat) = [ dr [ Gt ()t r) - —— s ).
Qo

0

TOOTO JIiHIHE OJ{HOPi/IHE iIHTerpaJbHe PiBHsIHHS Bosbreppu Jpyroro pojy

u(z,t) /th/ (Go(z,t, 2, 7)bo(T)—
Qo

0

1 _
([ Gl b)) Ay u(z. Tz, (w.0) € Qo
Qo
3 IHTEIrPOBHUM SIPOM. 3a €JIMHICTIO HOro posB’s3ky orpumyemo u(x,t) = 0,

(z,t) € Qp. Tomi 3 (3.109)
b(t)F(t) =0, t € [0,T].
Ilozask F(t) # 0 na [0,7] (3a npumymnieHnsM T€OPEMH), TO
b(t) =0, t €[0,T7].

[IPUMITKA. OrpuManuii pe3ysbrar € npasuibauM y sunagky [ € (0,1] (6e3
JpyToi mouaTkoBoi ymosH u(x,0) = Fy(x), x € Qp), aximo y Beix Gopmynax Mu

pRackaTuMeMo Fy(z) =0, 2 € .

Y 41| onepxKaHo TEOPEMHU TIPO ICHYBAHHY Ta €JIUHICTH KJACHYHOIO PO3B’I3K
JIED p p Yy 0 p y

(u, ) € Cy.0(Qo) x C[0,T] obeprenoi kpaitosoi zaaui
CDYu+ ) Diu — Au = Fy(z, t,u,C Dlu), (x,t) € Qo, (3.110)
u(x,t) =0, (x,t) € Qy, (3.111)
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u(z,0) = Fi(x), x €y, (3.112)
u(2,0) = Fy(x), x € Qy, (3.113)

/u(x,t)cpo(x)dx =F(t), tel0,T] (3.114)
Qo
JUIs TBJIHIHOIO TesierpadHOro piBHAHHS 3 PEryJisipu30BaHUMU JIPOOOBUMU 110~
xigaumu ipu o € (1,2), 5 € (0,1).

3.3.2 KpaiioBa 3aga4a 3 HEBIJIOMUM CTAPHIUM KoedilliEeHTOM

Y |18 mpu B € (0,1], ay [20] mpu S € (1,2) goBegeHO TeopeMu PO iCHYBaHHS

Ta €IUHICTH PO3B's3KY (U, a) obepHeHO KpailoBol 3a/1adi
Dy — a(t)uge = Fylz,t), (x,t) € Qo := (0,1) x (0,77, (3.115)

a(t) >0, tel0,T],

w(0,8) =0, u(,t)=0, tel0,T], (3.116)
w(z,0) = Fi(z), z€l0,] (3.117)
w(z,0) = Fy(x), €0,l], (3.118)

a(t)u (0,1) = Fy(t), telo,T], (3.119)

ne Fy- F3 — 3amani dywkii, ymosn (3.118) nemae y sunagky S € (0, 1].

Hexait C(Qo), C(Q,), C[0,T] — xnacu menepepBHuX, BiAmosiaHo, B Qo, Q)
ra na [0,7] dyukuiit, C,[0,T] — kuac nenepepsuux na [0,7] ra obmexenux
3HM3Y JIOJATHUM YUCJIOM (DYHKIIII,

Co(0.T) = {v € C(0,T]: v eC,T),  int £u()] >0},
e,

Cy,5(Qo) = {v € C(Qu) : vaw, “Djv € C(Qu)}-

Posp’sizkom 3aj1a4i (3.115)—(3.119) nasuBaerbest napa dyHKIiit
(u,a) € Mg = Cy5(Q0) x C4[0,T],
110 3a/10B0JIbHsAE piBHAHHS (3.115) B Qg Ta ymosn (3.116)—(3.119).
Hnst nosenennst poss’szuocti 3amadi (3.115)-(3.119) BUKOPHUCTOBYEMO METO/T
dyukuii I'pina.
Bresiemo oneparopun
L:  (Lo)(z,t) = v (2,t) — at)vge(z, 1), (2,t) € Qo,
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Lo : (L") (x,t) =€ Div(x,t) — a(t)vea(x, 1), (2,1) € Qo,
L:  (Lo)(z,t) = f_g(z,t) — a(t)ve(z,t), (x,t) € Qo, v € Cas(Qo)
1 pyHKIIHHUET 11POCTIP
X(Qy) ={ve 02’5(620) : v(0,t) =v(l,t)=0, te[0,T]}.
Hnsa v € Cop(Qo), ¥ € X(Qo) npasuabua dopmyna ['pina

Qf v(y, ) (L) (y, 7)dydr = Qf (Lre90) (y, 7)oy, 7)dydT+

+Oflv(970)dyOfo1B(T)w(y,T)dT + b;w(y,())dyoffgg(T)w(y,T)dT.

Bexrop-bynkuis (Go(x,t,y,7), Gi(z,t,y,7), Go(x,t,y,7)) Taxa, mo npu jo-
CTATHBO PETryIAPHUX (o, §1, Go PYHKIA

t l

U(x7t) :/dT/GO(x7t7yaT>g()(y7T)dy+

0 0

o (3.120)
+3° [ Gt 00y (@1) €T,
J=1 0
e knacuanuM (kaacy Ch3(Qo)) po3B’s3KoM meprol KpaifoBoi 3a/iati
Dy — a(t)ugy = go(x,t), () € Qo x (0,77, (3.121)
u(0,t) =0, wu(l,t)=0, ze€]0,l],tel0,T], (3.122)
uw(z,0) = g1(x), uz,0)=go(x), x€]l0,l], (3.123)

(3 Bimomoto dyukiieo a(t) ), HasuBaeTbest BekTop-dyHKiieo ['pina miel 3amaqi.

3 o3HavYEHHs BUILIUBAE, 110

(LGO)($7t7y7T) :5($_y7t_7_)7 (x7t)7(y77_) EQOa

G,(0,t,y,7) =G, t,y,7) =0, ye (0,1), t,7 € (0,T], j=0,1,2,

Gi(2,0,y,0) =d0(z —y), £Ga(x,0,y,0) =6z —y), x,y€(0,1),

G]($7t7y70) :f]—ﬂ(t)*GO(x7t7y70)7 (x7t) eQOu yE (Oal)a ]: 172
[3 npuHIMIY MaKCUMyMy BUILIMBAE JOJATHICTL (DYHKILI

GO(x7t7y7T)7 Gl(l',t,y,()), GQ(SE’,t,y,O), (ZC,t),(y,T) € QO;

a 3BLJICH JIOJIATHICTD aGO(g’xt’y’T) , aGl(g;f’y’o) , an(g;f’y’O) ,yel0,]],0<T<t<T.
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Jlema 12 [20]. IIpu a € C[0,T] sexmop-gpynruia I'pina nepwoi kpatiosoi
sadawi (3.115)—(3.118) icuye.

Bukopucrosyemo takox nosmadennsi Gj(x,t,y,7,a) 3amicrs Gj(z,t,y,7),
=012,

Hexait [a(t)]™' < R nna seix ¢ € [0,7T]. Bukopucrosytoun siactusocri H-
dyukiiit Dokca, 3HAXOJUMO OIIHKN

0
)(8:1:
0

‘(%)kGo(;c,t,y,T, a)‘ <

) Gl ty.m0)| < GER'T (1 =) L ey < (- 1)/,

Ck;<t — T)ﬁ_l

o —gpr 0 ool A=) YR kE Ly

0
‘ (%)kG](aj7 t? y) 07 CI,)’ < O*kRk;rlt]_l_(k‘Fl)g’ |LU — y|2 < 4t6/R’

1
(R\x _ y’2 1— a+k+7 e—c(m:@y‘g)%ﬂ -
- |:c — 4P -
< Cu o —
z—y|*>4°/R, j=12 c=(2-p8)p"*"

Ck,C’Z,Cjk,C’jk,ajk, Ta JAJ Ch, Cf, C, Cjksy Clp (j =1,2, k € Zy) — nonarni
CTaJIl.

Hexaii BUKOHYIOTBCSI YMOBH

(F0): Fy € C(Qy) Ta mnsa xoxuoro t € (0,T] JOKambHO TembaepoBa 3a

sminnoo x, F; € C[0,1], ¢=1,2, F(0)=F(l)=0.

[3 HaBeJIeHOrO BUIIE Ta NPUHIUIY MAKCUMyMYy, K y [24], BUILIMBaE npaBu/ib-

HICTH Takol Teopemn (amajor teopemn 11).
Teopema 14. 3a ymos (F0), npu eidomii a € CL[0,T] icnye edunud
pose’asok u € Cy3(Qo) 3adawi (3.115)-(3.118), sin susnavwenuts gopmyron

u(z,t) = (GoFy) (z,t) + (GiF1)(z,t) + (GoFo)(a,t), (x,t) € Qy,  (3.124)

de

l
(QOFO) = deGO x tayaTn a)FO(y7T)dy;
0

Gi(z,t,y,0,a)Fi(y)dy, j=1,2.

o o

(GiFj)(x,t) =
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Teopemu 1po icHyBaHHsI Ta €JIHHICTH PO3B’I3Ky OOEpHEHOI KpaiioBoi 3ajadl.

Hexaii Bukonytorbest ymosu (FO) ta ymosu
n

inf t72|F5(t)| = by (>0
Jnf EPIE@0] =t (>0)
Fy(z,t) >0, (z,1) € Qy, Fi(x) >0, x€[0,1], i=1,2, t’?F3(t) > 0,t € [0,7],

abo
Fy(z,t) <0, (x,t) € Qo, Fi(x) <0, x€0,1], i =1,2, t'?F3(t) < 0,t € [0,7].

(F): F3 € Cg2(0,T] ra nosnazaemo

[Tigcrasumo dyukiio (3.120) B ymosy (3.119). Ouepxkyemo

a(t)% {(goF()) (O, t) -+ (QlFl)(O, t) -+ (ggFg) (0, t)] = Fg(t), t e [0, T]

abo, Bpaxoyioun npuiyiietus (F),
9
ox
t €[0,T], ne h(t)=[a(t)]".

BayBaxkiuMo, 1110 IpaBa dactuna (3.125) e nHesiniiinoro Gynkieo Big h(t).

. - 0Gy(0,t,y,7,a)  0G1(0,t,y,0,a)
PesysibraTrom Teopemu 14, ponarHocTi pyHKITIMR - , —a2 :

W, y€[0,]], 0 <71 <t<T raHaBeJeHNX MIDKyBaHb € TaKa TEOPEMA.

h(t) = 152 [(goFO) (0,) + (G1F1) (0,8) + (GaF2) (0, t)} (PR R, (3.125)

Teopema 15. 3a npunywenv (F0), (F) napa dynxuit (u,a) € Mg e
po36’°azkom 3adawi (3.115)—(3.119) modi i miavku modi, xoau dodammna nenepeps-
na gynryia h(t) = 1/a(t), t € [0,T] e pose’aszxom pienanna (3.125), dynruyis
u(z,t) susnayvena gopmyaoio (3.124).

Teopema 16. 3a npunywens (F0), (F) pose’asor (u,a) € Mg sadawi
(3.115)-(3.119) icnye: dynruia u(z,t) susnavena dopmyaoo (3.124), a(t) =
[h(t)]7Y, de h(t) — pose’asor onepamopnozo picusanmna (5.125).

Jlosesrenns1. BpaxoBytoun TeopeMy 15, 3aJIMIIAETHCs JIOBECTH PO3B I3HICTD PiB-
astaas (3.125) y kiraci qomarnux Henepepsuux ¢yukiii va [0, 7] . HoBogumo cro-

qaTKy po3B’ssHicTb piBHsHHs (3.125) y Kuac

Mr={h e C[0,T]: ||hllcjom = max |h(t)] < R}

3a Jesakoro R > 0. lusa nporo Bukopucraemo npunnun Illaynepa. Ha Mg pos-

TJITHEMO OIIEPaTOP
(PR)(t) =19/ £ (GoFb) (0, 1)+
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FE(GR)(0,6) + £(GF) (0,0)] - 12Fm) 7 ¢ € [0,T),
Hosegemo criouatky, mo P : Mpr — Mp.
Ha mijcraBi 3naiijieHux OIIHOK omepaTopis I'piHa Ta IXHIX HOXITHUX, Ipu h €

Mp, t € [0,T] marumemo

t

0Gy(0,t,y,7,1/h
(PR)(0) < b7 /d/ OLIT L)y )+

0

l l
8G4(0.£,.0,1/h 8G5(0.t,.0,1/h

ox ox
0 0

| Faly)ldy) <

<by! [\/ﬁcétﬁHFOHC(Q) + CT(\/EﬂL t5/2)||F1|\0[0,1] + C§t\/EHF2HC[o,z} <

< cl\/ﬁ + 9,

ne |[Follog) = max_ |Fo(z,t)], ¢j(i =0,1,2),c1,c — ponarui uncna.
Q

x,t)e

3a BiactusicTio GyHKINT ¢V R + ¢y 1npu JOBUIBHUX JIOJATHUX YNUCIAX C1, Co
icaye Take Ry = Ry(c1,c2) > 0, 1o juist Beix R > Ry BUKOHYETHCsI

Cl\/ﬁ +c < R.
Toui npu h € Mg jpns seix R > Ry marumemo ||[Phl|cjor < R, a orxe,

P MR—>MR.

Ouneparop P nenepepsuuit na Mp. Cupasui, upu hy, hy € Mg, t € [0,T]

(Phy)(t) = (Ph)(t) =
t l
tﬁ/2[tﬁ/2F 1/d’7‘/ aGo 0,t y,T l/hl)

_8GO(O7 t Y, T, 1/h2)
Ox

| Foty, )y +

l
R ()] 1/75/3/2[3(;1(0 t,y,0,1/h)  9G1(0,t,y,0,1/hs)
Ox ox

| A )+
0
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l
2Ry ()] / 2[00 000, /) _ 0Ca(0.1:9.0. 1/ke)

ox ox Fy(y)dy.

0
[lizinTerpasbhi Bupasu iHTErpOBHI Ta JOPIBHIOWOTL Hysto pu hi(t) = ha(t).
Towmy suadenns |(Phy)(t) — (Phe)(t)| mani nua seix ¢ € [0, 7] 3a Maaux 3Ha9eHb
hi(t) — ho(t), t €10,T].
[Toxibmo oieprkyemo, 1o oreparop P kommnakTHuii Ha, Mp : BAIlle MU BUSHAUN-
Ju piBHOMIpHY obMmexkenicTs muoxuuu {(Ph)(t), t € [0,T]} upu h € Mg, kpim
Toro, 13 BJjactuBocreit oneparopis ['pina BuiimBae, 110 Jyist joBijibHoro £ > 0

icaye & = 0(e) make, mo npu |At| < § jist gosinbaux h € Mg, t € [0,T)
|(Ph)(t + At) — (Ph)(t)| < ¢,

a orxke, maoxkuna {(Ph)(t), t € [0,T]} upu h € Mp oaHocraiiHo HerepepBHA.
Brigno 3 npunnunom Ilaynepa, icuye poss’sizok h € Mp piBaauns (3.125).
Byusio noBeneno ckinvenicts mpasoi uactunn B (3.125) ma seix t € [0, 7. Toxi

3a YMOB Ha 3a/iaHi (pyHKIT MaEMo
P (GIF)(0,1) >0, 2L (GF;)(0,t) >0, i=0,2, t€[0,T]
abo 7L (G F)(0,t) <0, tP2L(GF)(0,t)<0,i=0,2, tel0,7].

3BijicH, BpaXOBYIOUH TAKOXK YMOBH 111010 (byHKIIT F3, ogepxyemo (Ph)(t) > 0
auist Beix t € [0,T], h € Mp. Orxke, BpaxoBytoun piBasians (3.125), nogaTHicTs
poss’ssky h(t) na [0,7] 3abesnedyerncs ymosamu (FO) 1 (F).

[TPUMITKA. 3 joBesennst Teopemu 16 BUILIMBaE iICHYBaHHST PO3B’sI3KY 3a/1a4i
(3.115)—(3.119) i Toni, xonu memepepsuicTs dynxmii Fy(r,t) Ha Q, 3aminuTm
c1ab1oio yMoBoio — Herepepsuictio bynxiil /2 Fy(x,t) na Q.

Teopema 17. 3a ymos (F) wodo pynwuii Fs posze’asor (u,a) € Mg sadawi
(3.115)-(3.119) edunuii.

Hosegenns. dxmo (ui,ar), (uz,a2) € Mpg — aBa po3p’sa3ku 3agadi, v =

Uy — U2, @ =a; — as, TO
Dy — a1(t) vy = a(t)us, , (z,t) € Q, (3.126)
v(0,t) =v(l,t) =0, w4 =0, (3.127)
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(0.1) _ alt)
A )

1 jij1st PyHKIT v 1paBujibHe 300parKeHHs

Fy(t), te(0,T] (3.128)

l

v(x,t) = /dT/Go(a:,t,y,T, ar) - a(T)ug, dy, (z,t) € Qo. (3.129)
0

0

[Tigcrasisioun dyuknio (3.129) B ymosy (3.128), maTumemo

z
dT/ 0 t YT 0) ~a(T)uy,, dy = — ) F3(t),
0

o\c*

TOOTO

¢
t)+/d7'
0

OnepxkaJiu, 10 3a TPUITYTIeHHsT TeopeMu (DYHKIs a(t) 3a10BOJIbHsIE JTiHIiHe

al(t)CL?(t) . aGO(OvtayaTa al) )
F3(t ox

a(T)uy,, dy =0, te[0,T].

O\N

OJIHOPiJIHE iHTerpaJibHe piBHsAHHS Bosibreppu Jipyroro pojy 3 iHTErpOBHUM $1JIPOM,
a orxke, a(t) =0 na [0,T]. Toxi 3 (3.129) ogepxyemo v(z,t) =0, (z,t) € Qp.

KoHTpoJbHI 3anuTaHHS

1. CdopmymoBaru KpailoBy 3ajady jijisi PIBHsAHHsS 3 JIPOOOBOIO MOXIJIHOMO 1
OTMCaTH 1JICf0 3aCTOCYBaHHS JI0 Hel MeToiy psijgiB Pyp’e.

2. laTu o3nadenns BekTop-yuknii ['pina 3agaqi Kol jijis piBHAHHS JIpoOOBOI
Jnudys3ii.

3. dAkwuit 38’5130k Mixk KOMIIOHeHTaMu BekTOP-pyHKIT ['pina 3aaq1i Komi? Ak
oJlep>KaTh Horo?

4. Jaru o3nadeHHsi BeKTOp-pyHKIil ['pina mepiiol KpaitoBol 3ajadi Jijis piB-
HsiHHs JIPpOoOOBOT jinpy3ii.

5. dAxwuit 3B’530K MiXK KOMIIOHEHTaMU BeKTOP-yHKIT ['piHa nepiiol KpaiioBol
3aJ1a4l JIj1s0 piBHsAHHA JIpoboBol mudpy3ii? fAK oxep:xkarTu itoro?

6. Ak mobyayBaTu byHIAMEHTATBLHY (DYHKIIO PIBHAHHS JpoboBOT mudys3ii 3a
JIOTIOMOT 010 TieperBopentst Pyp’e?

7. HaBectu npukJjiajgun obepHeHux 3aja4 JJisi PIBHAHHS JPoOOBOI Jindy3ii 1 3a-

3HAYUTH METOJIM 1X PO3B SI3aHHsI.
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8. ZIka ijiess TOBeJIeHHsT TeopeMu iCHYBaHHsSI pO3B’s3Ky 3ajadi Kol s pis-

HstHHs JIpoboBoT audysii y npocropax Cobosiea (OecesieBux norenniagiis)?

9. HaBectn dpopmysry po3B’si3Ky nepiroil KpaitoBol 3a,/1ati 3a JI01MOMOI00 BEKTOP-

dynkmii I'pina.

10. fdxa ines qoBeieHHs TeOpeMH iICHYBaHHSI pO3B 3Ky HepIol KpaifoBol 3a1adi

JUTsT PiBHsTHHST Ip0o00BOT npy3ii y nmpocTopax y3arajJbHeHUX (DyHKII?

11.
12.
13.
14.
15.
16.

Oznavenng noxianol Pimana-JIiyBiiis mopsaaky o .

Oznauenns noxigaol xpbarnisaa-Hepcecsna-Kanyro mopsanky o.
AKuit 3B'130K MIXK I[UMU TOX1JTHUMA?

Bammcarn dopmyay ['pina mis oneparopa apoboBol nudysii.
OsnaduenHs Ta oCHOBHI BjacTuBocTi GyHKIIT MiTTar-Jleddepa.

Sanucatu BUpasu Jjsl neperBopeHHss Pyp’e KOMIIOHEHT BEKTOP-PYHKIIT

['pina 3ajaui Ko juist onieparopa japoboBoi jindysii.

17.

SanucaTu neperpopenHs Jlamnaca Jisd HOXIJIHUX JPpOOOBOIO IOPJIKY.
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