MHUHHUCTEPCTBO OBPA3OBAHUS U HAYKH PECIIYBJIMKH
TATKHUKHUCTAH
TAJDKUKCKHH T'OCYJAPCTBEHHBIN NEJATOT'MYECKHAA
YHUBEPCHUTET umenu CAJAPUJJINHA ANHU

YIAK-517.2(575.3)
bbK-22.1(2 no 7)
H-17
Ha npaBax pykonucu

HAIUPOBA MOXPYXCOP HHOATYJJIOEBHA

CHUHI'YJIAPHBIE KPAEBBIE 3ATAYU PUMAHA C
HEITPEPBIBHBIMU KO®PPUILIMEHTAMMU I CUCTEMBI
YPABHEHMU NEPBOTO MOPSJKA SJJIMITUYECKOI'O TUIIA

JUCCEPTAILUSA

Ha COMCKaHHE y4YeHOW cTemeHu goktopa ¢umocodpuu (PhD), moktop mo
cnenuanpHocT 60060100 — Martemaruka (6D060102 — Iuddepenunanpabie

YpaBHCHUA, IMHAMHUYCCKHUC CUCTCMbI U OIITUMAJILHOC ynpaBneHI/Ie)

HayuHbIll pyKOBOIHUTENB: JOKTOP
bU3UKO-MaTEMAaTHYECKUX HAYK,

npodeccop Ycemonon H.

JIVIIAHBE — 2025



OI'JIABJIEHUE
BBE I EHIE . ... e 6

[''TABA 1. AHAJIWU3 JIMTEPATYPEHI 110 CUHI'YJIAPHBIM KPAEBBIM
3AJAYAM PUMAHA JJI5 CUCTEMBbI YPABHEHUMU

SJUIUIITUYECKOI'O THUIIA, C HEITIPEPBIBHBIM
KO2ODOUITMEHTOM

1.1. O630op  moO KpaeBBIM  3ajJadyaM  TCOPUU  AHATUTHYECKHUX
1174 8.9 10707 18
1.2. AHanu3 BBIMOJHEHUS paOO0ThI MO OOIIed TpaHUYHOW 3a]a4e JIMHEHHO-
COTIPSIKEHHOTO BUILA. ...\t venreeenneeenennretenansneesanneeeaneanneaeaneeeeansneennas 23
1.3. Ananu3 paboT Mo KpaeBbIM 3ajadam JUHEHHOTO COTIPSIKEHUS
AHATUTUYECCKUX DYHKIIMH ©..nntttiit e ettt eeeeeeaaeeeeeeeeeeeeannnnnnns 25

I''TABA 2. TPAHUYHAA 3AJAYA PUMAHA C HEIIPEPBIBHBIMU
KOOODOUIMEHTAMU B CUHI'VYJISIPHOM CIIVHAE 1JI1 CUCTEMBI
JINODEPEHIIUAIIBHBIX YPABHEHUIN DSJUIMIITUYECKOIO TUIIA

oW

—=y(2)

0z

2.1. T'pammuynas 3amaya Pumana ans cuctemMsl gaud@epeHnruanbHbIX
YPaBHCHUU OJIUNITHYECKOTO THUMA C HEMPEPBIBHBIMU KOdPDUIIHEHTAMHU,

UMEIOIIUMHU OCOOCHHOCTHU IEITOTO TTOPSIIIKA . ..t tnirrennnneeernnneennnnaeeennnneeenens 28

2.2. I'pannunas 3amada PumaHa 11 CHCTEMBI ypaBHEHHWH JJIIUNTHYECKOTO
TUNa ¢ KOd()GUIIMEHTOM, HMEIUIUM HYJIH U TOJICAa COMNPSIKEHHO-

AHATATAYECKOTO BUIIA . -« e e e et et e e e e e e e e e e e e e e e e e e e et e e e e 39

2.3. ['pannunas 3amaya Pumana pgus cuctembl  auddepeHInaIbHBIX
YpaBHCHUU TEPBOTO TMOPSAKA JJUIUITHYECKOTO THUIMA ¢ KodhPUIIMESHTAMHU,

UMEIOIIUMHI OCOOCHHOCTU MOJYTBHOTO TIOPSIIKA . «.vvvtenereeenannaeeennnneeennns 47



TJIABA 3. KPAEBAS 3AJJAUA PUMAHA B CUHTYJISIPHOM CJIYUAE
. OW
JUIA YPABHEHMH — = A(z)-W (z)
/4

3.1. CunrynspHas  rpaHuuHas 3ajgadya Pumana i CHCTEMBI

nuddepeHUaNbHBIX YpPaBHEHUM SIMUNTUYECKOrO BHUIA B cllyyae, Korja

KO3 HHUIIUEeHT XapaKTepU3yeT 0COOEHHOCTH AHAITUTUYECKOTO
000 0 1§ 1 60
3.2. KpaeBas 3amaua Pumana nmus nuddepeHUanbHBIX ypaBHEHUM

JUIMITUYECKOTO THIA, Korjga Ko3(pUIIMEeHT XapaKTepu3yeT OCOOCHHOCTHU

HYJICH U MOJIIOCOB COMPSHKEHHO — AaHATUTUYECKOTO BUMA .. euveeennneeenannnnnnn. 69

3.3. KpaeBas 3amaua Pumana st cucTeMbl ypaBHEHUN SJUIMIITHYECKOTO THIIA
c KO3 PUITUECHTOM, 001a1ar0IIUM 0COOCHHOCTSAMU MOJYJbHOTO

XAPAKTEP@ .+ v v vvettttttte e et et eein et eetnseanseaneeaaaeaaeaansestenneea e enaeeaaeee e eansanaeennes 74

['JIABA 4. TPAHUYHAA 3AIAYA THUITIA 3AIAYUYU PMUMAHA C HE
[TIPEPBIBHBIMHU KOOSOOUIMEHTAMMU B CHUHI'VIIAPHOM CIIYUHAE

JUTSI CUCTEMBI: %—V;/ = A(z) ‘W (2) + B(z2)W (z) + ¢(2)

4.1. T'panuuynas 3agaya Pumana pans cucreMsl aud@pepeHunanTbHbIX
YPaBHEHUU AJIMNTUYECKOTO THUMA, KOrjaa Kod()PUIMEHT UMeeT 0COOEHHOCTH

AHATATHUCCKOTO XAPAKTCPA .. neutntteeteeeanannseeeeee e eanansneaneeeeeeeannns 81

4.2. T'panuunas 3angada Pumana c kosddunueHtamu, UMEIOUIUMUA HYIU U
MoJiroca COMPSIKEHHO-aHATTUTUYECKOTO BHUIA TSt CUCTEMBI

nudpepeHuanbHbIX YPABHEHUHN SITUNTAUECKOTO TUMA. . evneeeenenninnennnn, 91

4.3. T'panmunas 3amaya Pumana 1naga cuctembl JguddepeHuanbHbIX
ypaBHeHHH, korjga koddpduuumeHT obnamaeT 0OCOOECHHOCTSIMHU MOIYJIbHOTO

€101 ) 6 (<] o1 F 96



4.4. TpannyHas 3agadya PumaHa ¢ HenmpepbiBHBIMH KOX(PQPUIMEHTAMH B
CHUHTYJIIDHOM Cilyd4ae, Korjaa KOd(QQUIMEHT XapaKTepu3yeT OCOOCHHOCTH

AHATTATAYECKOTO B .« « v eneee e et e e e eteee e e e e e e e e e e e e e e e e e e 100

4.5. T'pannynas 3amaya Pumana c HempepblBHBIMH KO3(h(dUIIMEHTAMH B
CUHTYJIIDHOM cllyyae, Korjaa Ko3((UIHMEHT HMeeT OCOOEHHOCTH COMpPSKEHHO-

1S P2 0105 005 L (S0 X0 ) R O -1 01 : DU 109

4.6. 3amaua conpsbkeHus 0000IIEHHBIX aHATUTHYECKUX (PYHKIUI B CUHTYJISIPHOM

607 - T 117
SBAKITHOUEHMUE . ..o e 122
CIIMCOK JIUTEPATYPDBIL. ... e 124



BBEJAEHHUE

AKTYaJIbHOCTb TeMbI HccCHed0BaHMA. KpaeBbIM 3amayam TeEOpHUU
GYyHKIUN KOMIIEKCHOTO TMEPEMEHHOTO MOCBAMIEHO OOJbIIOE KOJUYECTBO
Hay4yHBbIX pabot. OcoOeHHO 3TO KacaeTca KpaeBbixX 3aaad Pumana. OgHako 1o
HACTOSIIETO BPEMEHUM KpaeBble 3ajaud PuMaHa ¢ HENpepbIBHBIMU
KO3pdHUIMEeHTaMH B CHHTYJIAPHOM cllydae, a TakXke IS DIUTUNTUYECKUX
YpPaBHEHUI NEPBOTO NOPSIAKaA, OCTAKOTCSA HENOCTATOYHO UCCIEAOBAHHBIMU.

Jlannast paboTa MOCBsIIEHAa MCCIEJOBAHUIO KpaeBbIX 3aaady Pumana c
HENPEPHIBHBIMU KO3 uUIlMEHTaMH B ciydae, Korjaa KodpPuiueHTs
00J1IafaloT HYJISIMU, TOJIOCAMU, HYJISIMA U MOJIOCAMU CONPSIKEHHOIO BHUJA, a
TaKkke B ciydae, Korjga KoO3(Q(QUUUEHTH XapaKTepU3ylOT OCOOEHHOCTH
MOJYJBHOI'O MOpsiAKa JJIsl cucTeM AU PepeHIualbHbIX ypaBHEHHUI MEpPBOTO
NOPAAKA AJUTMIITUYECKOTO THUIIA.

CreneHb HAYYHOU Pa3padOTAHHOCTH U3y4YaeMoOH npodJeMbl. B 3ToM
HampaBJICHUU OCHOBHBIMHU SIBJISIIOTCS HayuHble paboTel: W.H. Bekya, JL.T.
Muxaiinosa, H. YcmMoHOBa u Apyrux aBTOpPOB. DTH HCCIENOBAHUS ABIISIIOTCS
pelieHus MM 3ajadeil PuMaHa B CHHTYJSIpHOM Cjyd4ae MJisl CHUCTEMBI
nuddepeHInaNbHbIX YPAaBHEHUN 3JUIUNTUYECKOrO TUMA. 3aJa4d O PELICHUAX
IIUMNTUYECKUX YpaBHEHHH W 3aaay Pumana ¢ ko3(dduiumeHToM U3 Kiacca
['énpaepa u e€ CUHTYIspHBIE cllydyad OBbUIM MPEIMETOM HCCIEeAOBaHUN B
HayuHbIXx Tpynax U.H. Bekya, JI.I'. Muxaitnosa, H. YcMoHoOBa u psima npyrux
MaTE€MaTHUKOB.

N.H. Bekya [15] uccnenoBan 0000UIEHHbIE aHATUTHYECKUE (PYHKIIHU

JJIsL clieayronie cucteMbl quddepeHInanbHbIX YPaBHEHUN, BU/IA:

Z—U—@:au+bv+ f

X

U o (0.0.1)
—+—=Ccu+dv+g,

oy ox

HJIA B KOMIIJICKCHOM IIEPEMCHHOM.



o,W = AW + BW +F, (0.0.2)
Trac

W=u+iv, W =u-iv, Z=x-iy, z=X+iy

A=%(a+d+ic—ib), B:%(a—d ric+ib), F =%(f +ig).

B nannoit cucreme ypaBuenuit (0.0.1) M.H. Bexya paccmatpuBan
KpaeByio 3agauy tuna [unpbepra. M.H. Bexya He wucciemoBan 3amady
Pumana, 3amaua Pumana pgnas gaHHoO# cucTeMbl OblLia wmcciaemoBana JIT.
MuxainoBeiM. OTMEeTUM, 4TO Kod(pdunuent 3anaun Pumana B paborte JL.I.

MuxannoBa yJ10BJIETBOPsUII yciioBusa ['€npaepa.

Kpome Ttoro, JI.I'. MuxaimoBeiM ObljIa IOCTaBJIEHAa W HCCJeJI0BaHA

3agadya Pumana-I'azemana:
W™ () [ ()] = AW (1) +c(t),
OH KCCJEIOBaJl ISl CHCTEMbI YPaBHEHUM:
o,W = AW + BW.

JIng yka3aHHOM CHCTEMBI pPacCMaTPUBAETCA CIEAyIoLlas TpaHUuYHas

3ajaya.

W™ (t) =a(t)W ~(t) + b(t)W ~(t) +c(t);

aw (t) b(t)aw ()

W) =alt)——— + POW ™ (t) + qOW ~ (t) +c(t).

B panpueiimem H. YemonoseiM u C. IIlaBkaT301a ObLIM HMCCIIETOBAHBI

CUHT'YJIAPHBIC clIydau 9THUX  3aJay. Hacrosmas pa60Ta IIOCBJAIIICHA
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WCCJIEIOBAaHHUIO CUHTYJSIPHBIX cliydaeB 3a7ad Pumana, 0000MIEHHBIX CHCTEM

ypaBHeHuil Kommu-Pumana. Ho kospdunuent 3amaum Pumana  A(t)-

HenpepbIBHAST QYHKIHS.

CBsa3b padoThl ¢ HAYYHBIMHM NPOorpaMMaMu (NMPOeKTaMHu), TeMaMHu.
JluccepTallnOHHOE HCCIACIOBAaHWUE BBIMIOJHEHO B paMKax pealu3aruu
NEePCIEeKTUBHOTO IUJIaHA HAy4YHO-UCCIEJ0BATEIbCKUX paboT  kadeapsl
MaTEeMaTHIECKOTO aHaJmM3a, TamxukcKoTO rOCyJapCTBEHHOTO
nejgaroruyeckoro yuupepcurera umeHu C. Aitau Ha 2021-2025 roasl no teme
«UccnegoBanuss mo Teopun auddepeHIUATHBIX  YpaBHCHHHM ©  €e
MPHIOKCHUASIM.

OBIIASA XAPAKTEPUCTUKA UCCJIIEJOBAHUA

Heab wucciaepoBanmsi. llenpro auccepranquoHHOW pPabOTHl SABASIOTCA
pellieHue CHUHTYJISIpHOM KpaeBoil 3agauu PumaHa st 3JUIMIOTHYECKOTO
ypaBHEHUsI B ciydae, Korjga kod(pGuIMeHT 3aJauu ABISACTCS HENpEepbIBHOU
byHKLIMEH:

» Korga KOA(DQUIIMEHT 3aJadu XapaKTepHU3yeTCsl OCOOCHHOCTHIO
HYJICH U MOJIOCOB aHATMTHYECKOTO BHUA;
» xorma  kodddumueHT  3amaum  PuMaHa = XapakTepu3yeTcs
OCOOCHHOCTBIO HYJIEH U TIOJIOCOB CONMPSIKEHHO-AaHATTUTUYECKOTO BUIA;
» xorma kKod3pUUHMEHT 3amadu XapakTEepHU3yeTcs OCOOECHHOCTHIO
MOJIYyJBHOTO TIOPSIKA.
3agaum uccjaeaoBaHusi. B COOTBETCTBHMHM C IOCTaBJICHHOM IE/IbIO,

uccieayercs psaja 3aaad npu yciaoBUAX:

o B nepsom ciyudae, wu3yvarorca 3anauud  Pumana JInE:
y oW

DIJIMNTUYECKUX YPAaBHEHUH, BHIA: Fzy/(x, y), C HENpEepbIBHBIMHU
/A

kod(pdpunmeHTaMu B yCI0OBUAX, Korja Kod(puIMeHT 3a7auu XapakTepHu3yeT

co00M  HYJIM W MOJIFOCA IIEJOTO TMOpsiKa, HyJId W TOJICa COMPSHKEHHOTO



BHJA, TAKXKe, KOrJa KodQPUIIUEHT 3a1a4u 001aaeT OCOOCHHOCTIMU HYJIeH H
MOJIOCOB MOJIYJBHOTO MOPSIIKA.
o 3aTeM, UCCIEAYIOTCS CUHTYJApHBbIE ciaydyau 3anaun Pumana nms

oW

AITUNTHYECKUX  ypaBHEHHMH, BHJA: — = A(x, y)-W(x, y), KOoT1a

ko3 dunuenT 3amaun Pumana, HenpepbiBHAS (QYHKIUS U XapaKTepHU3yeT
cob0oif HYIM U TOJIIOCA AaHAJUTUYECKOH CTPYKTYpbl, HYJIH M IMOJIOCa
CONPSDKEHHO-aHATIUTUYECKOTO BHUJAa, a TakXke, Korjga Kod(QQUIIMEHT HMeeT
0COOEHHOCTH MOJAYJIBHOTO XapakTepa.

o Jlanee wuccieayloTcs CUHTYJSpHBbIE ciydau 3aaadyu Pumana ais

DIJINNTUYECKUX YPABHECHUM, BUAA:

W B(x, y)-W(x,y) c(x, )
T Al v) | W, ’
p (x y) (x y)+ A(x, y) + A(x, y)
Korga kKodhUIMEHT 3ajadyu  SABJISETCS HEMpPEephIBHOW (pyHKIHEH, U

XapakTepu3yercsi 0COOCHHOCTHIO, HYJIEH U TMOJIOCOB AHAIMTHYECKOrO BHJA,
CONPSDKEHHO-aHATMTUYECKOTO BHIa, & Tak)Xe ApOoOHOTO MopsaKa.

O0bekT uccaenoBanusa. OOGbEKTOM UCCIETOBAHUS SBISIOTCS U3yUYEeHUE
CUHTYJISIDHBIX KpaeBBIX 3ama4 PumaHa ¢ HENMpepbIBHBIMU KO3 PUIIMCHTAMU

JUISL CUCTEMBI YPABHEHUM NIEPBOTO NOPSAKA AJUIMIITUYECKOT O THUIIA:

oW oW
E =y(2), E = A(z)-W(z),

‘Z_VZY = AZ)-W(2) + B()W (2) + ¢(2),

IIpeamer wucciaexoBanusa. IlpeagmeTrom wucclieOBaHUS — SIBISETCA
JIOKA3aTEeJIbCTBO TEOPEM, OIPEACISAIOMIUX YHUCIO PEUEHUW OJHOPOIHOMN

3aJau | ¥ 9KCIIO0 yCIIOBUI pa3peiinMOCTH HEOJHOPOIHOM 3a1aun .



Hayuynass HOBHM3HAa wucciieqoBaHus. Pe3ynbTaTsel OucCePTAUMOHHOU
paboOTBl SBIAIOTCS HOBBIMH W 3aKJIIOYAIOTCS B CIEAYIOMHUX PEIISHUAX

KpPaCBbIX OJHOPOAHBIX U HCONHOPOAHBIX 3ada4 PHMaHa, T.C.:

3AJJAYA R;. [lorpeboBanoch HAWTH JIBE€ aHAIUTHYECKUE (YHKIIUH:

+
W ~(x, y) —koTopble YIOBIETBOPSIOT PEryIIpPHOE pPEIICHHE HACTOSIIEro

oW

_I_
YpaBHEHHUS: ?zw(x, y), mupunamiexamero K ob6mactam D7, mo
/4

CIEYIOIIEMY OJHOPOJHOMY I'PAHUYHOMY YCJIOBHIO:

W™ (t) = AL(OW (1) +c(b),

H 4 _q.
saeck A (t) = [1(t— §r)dr J1(t-7;) 9 20— senseres K03(pUuIuEeHTOM

r=1 j=1
3agaun Pumana u wHempepbiBHas (QyHKIHS, KOTOpas HMEET KOHEUHBIH

MOpsI0K Ha GecKOHeYHOCTH Ha rpanuue, rae C(t) —u3 kmacca H(I'), &,

77j —Pas3IU4YHBIC TOYKH KOHTYpA, IpUYEeM d,, q; ~ 0.

3AIAYA R,. Haxo Haiitn mapy anamurmueckux ¢ynxumit: W (2)

ABJIIATIOIITHUXCA PETYIIAPHBIM PCUHICHUCM QJIIIHUIITHYCCKOT' O YPaBHCHHA !

oW

+ o
—— =w(2), npunagnexamero obmactam D7, m B KOHeuHOM TOUKe

oz
KOHTYpa CTpeMsIIerocss Ha OCCKOHEUHOCTH MO CIEAYIOIIEMY TPaHUYHOMY

YCJIOBHIO, BUJIA:

W™ () = AL(OW ™ () +c(t),

B 3TOM ciydae, ko3 (phunmeHT 3a/1auu Pumana,

4 4V — g
A= ]_[1('[ -&) - _Hl(t—nj) . pesne HelnpepblBHAS  (DYHKIMSA, TIe
r= J:

ct)eH[) u &, #n;—nHaxonsmue Touku KOHTYpa, npu4ém, d,, q; > 0.



3AJJAYA Rj;. IloTpeOyeTcss HailTH OBE aHAIUTUUYECKUE (DYHKIINU:

+
W ~(2z), koropble SBIAIOTCA pPETYIAPHBIMH PEHNIEHUSIMH ODJUITHIITHYECKOTO

_I_
ypaBHEHHS, BHJIA: F:l//(x, V), Haxomsmue B obmactax D™, mo
yA

CIeyIoIeMy HEOJHOPOJHOMY TPAaHUYHOMY YCJIOBHUIO:

(e[
W (1) =~ AW (O +c(),
jl}l\t—m\ J

B JaHHOH 3amade, rae & (r=1 2,.,u), n;(j=1 2,.,y)—pasHsie TOYKH
w3 I', d, qj—ueasie dncna, A (t) —otimyHass oT Hyns, HpHYEM

HenpepsiBHas ¢yukius u C(t) € H(I). Tlockonbky maHHas 3amada HMeEET

MOJYJBHBIH XapakTep, U pelleHHe HaXoAuTcid B Kiacce QYHKIUM,
WHTETPUPYEMOU HA KOHTYpE.
3AJAYA R,;. HeoOxoamMo HaWTH ABE aHAIUTHYECKUE (YHKIIUH,

+
W= (x, y), KoTOpble SBISIOTCS pPETYIAPHBIM pEHIEHHEM HACTOAIIETO

oW
ypaBHEHMS: F:A(x, y)-W(x, y), npUHAIICKAIIHEe K 00JacTIM Di,
7/

MNOJUUHAIOIIUCA CICAYIOINHUM I'PAHUYHBIM YCIOBHAM, Ha KOHTYPC F:

(t-&)"

a) W' (1) ="+ - AW (1) +c(b),
[1(t=n))"
]=

dr

(t-<)

A (OW ™ (1) +c(),

.
q
(t-n;)"

10
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6) W™ (t) =" .
!

j=1



(S
B) W (1) = T ——— AW () +c(t)
(1t -]

j=1

rne & (r=1 2,.., u), 77j(j =1, 2,...,7)— pa3iIu4Hble TOYKH KOHTYpa,

d,q; >0 " K03 PUIIUEHT 3aJlauu PumaHna,

H Y —

A(t) = H‘t —fr‘dr : H‘t —771-‘ A 0, mpuueM, HempepsiBHAs (GYHKIHS,
r=1 =1

c(t) — u3 kmacca H(I).

ITockonbky, naHHas 3ajxada IMpeacTaBlIeHAa B o0mieM BuIe U €€
pelieHue, B ciaydyadax a) u 0) HalileHbl B Kjlacce PyHKU U, OTpaHUYEHHBIX HA
koutype I, a B 3amaue B) pernienne 3amayn Pumana HaOJIr0aeTcs B Kilacce

(GYHKLIUNA, UHTETPUPYEMBIX Ha KOHTYpE.

3AJJAYA Rs. I[lotpe6oBanock HailTh JBEe aHalUTH4YECKUE (DYHKIUHU:

* .
W = (x, ), peryaspHoOro peiieHus] ypaBHCHUs, BUA:

W _ A(Z).(W(z)+ BEW () | c(z)}

oz Az)

T
npuHaIexamuxcs Kk obmactam D™, xoropele ymoBneTBOpAIOT cremyromue

KpaeBbI€ YCIOBUSIM:
a) W™ (t) = A (W (1) +c(t),

37IECH

A(t) = ﬁl(t—ér)dr - ﬁl(t—n,-)‘qj ,
r= i=

11



6) W™ (t) = A (W ™ (t) +c(t),

3]1eCh
ﬁ@—fﬂtfa oﬁg—mf“,
j=
B) W (t) = AW ™ (1) + c(t),
31€Ch

AW = [Tt &[* n\t— i,

rne & (r=1 2., 4), n;(j=1 2,..,y) —T04KH, JHeKalMe HA KOHTYPE H
sneck  dp, q; >0, c(t)— wu3 xuacca H(I'). Pemenue 3amauu a) u 0)

HabmoaeTCs B Kitacce GyHKIMI, OrpaHMYEHHBIX Ha KOHType [, a, B ciydae

B) pelieHue HabmogaeTcs B kjacce QyHKIUM, MHTETPUPYEMBIX Ha TPaHUIIE.

Teopernyeckass M HayYHO-NPAKTHYECKAas 3HAYUMOCTH PpPadOTHI.
PaboTta umeeT Teopernyeckuil xapaktep. MeToabl pa3BUTHSA U TOJYyYCHHBIE
pe3yabTaThl, JIHCCEPTALMOHHOW  paboOThl  MOXHO  MOPUMEHATh  MOpPHU
MCCIIEJOBAaHUU KpPAeBbIX 3aJay TEOPUU TapMOHUUYECKUX (YHKIUU, KpPaeBbIX
3a7lad  TEOpUM  aHAIUTUYECKUX GYHKIUA W Teopur  00O0OIMIEHHBIX

aHAJUTUYECKUX (QYHKIIUH.
IMoJi0:keHUsI, BBIHOCUMbIE HA 3aLMUTY:
1. HaxoxaeHue TeopeM o KpaeBoi 3ajaue Pumana mjis 3IUNTHUECKUX
oW

YpaBHEHUW, BHJIA: sz(x, y), Koraa Kod3(Q@QUIMEHT HenpepbIBHOU
/A

GYHKIIMU XapaKTepU3yeTcs 0COOCHHOCThIO aHAJIMTHUYECKOTO BHUA.

12



2. Teopema o kpaeBoW 3amade Pumana pans ypaBHEHUU, BHUA:

oW

—_=l//(x, y), C HENpepbIBHBIMH KO3p(PULIMEHTAMH, UMEIOUIUMU HYJIH H

0Z
MOJIFOCA COMNPSKEHHO-AHAIUTHYECKOTO BUIA.

3. Teopema o CHHIYyJSIpHOM TpaHUYHOM 3amadye Pumana, koraa
ko3 dunuenT 3agauyn Pumana mMeeT 0COOEHHOCTh IPOOHOrO MOpPsIKa, IS

oW

YPaBHEHHI NIEpBOTO MOPsAKa, CIECAYIOIEro BUAA: ra = w(x, y).
l

4. HaxoxJeHHe HOBOW TEOpEeMBbl, OIPEACNAIONeH YHCIO peleHun

OJHOPOJIHOW CUHTYJISIPHOW TPAaHWUYHOW 3ajauu PumaHa IS 3JJIUNTHYECKUX

oW
nuddepeHnHanbHbIX YPaBHEHHUH, CACAYIOIIErO BHU/IA: r3 = A(x, y)-W(x, y)
Z

C HEeNpepbIBHBIMU KO3 (dunueHTamu, Korga Kod3pPuUUeHT XapaKTepu3yeTcs
OCOOEHHOCTBIO AHAIUTUYECKOTO BUAA.
5. HaxoxnaeHue HOBOW TeOpEeMbl O HEOJHOPOJHOW CHHTYJISPHOU

FpaHH‘{HOﬁ 3aga4dc Pumana JJIA QIINIMIITHYCCKHUX ypaBHeHHﬁ,

oW
e = A(x, y)-W(x, y), Korja K03 PULHEHT, XapaKkTepH3yeTCs
yA
OCOOEHHOCTBIO HYJIEH U MOIIOCOB CONMPSIKEHHO-aHATUTUYECKOTO MOPSIKA.
6. Haxoxxnenue HOBOW TEOpeMbl O TPaHUYHON KpaeBou 3agaue Pumana
st cucteMmbl U depeHIUanbHbIX JJUTMNTHUYECKUX YpPaBHEHUM, BHUJA:

oW
—:A(x, y)-W(x, y), Korma KOX(QQOUIMEHT SBISETCS HENPEPHIBHOM

oz

byHKIIMEH 1 UMeeT 0COOEHHOCTh MOJYJIBHOTO MOPSAKA.

/. Teopema o CcuHTYJISIpHOW KpaeBOW 3amaye Pumana nis cuctemsl

ypaBHeHHﬁ, 3JIIANTUYECKOrO TUIla, B BUJC.

W _ e ) Wi ) BE D)W ) els )

oz Alx y) Al )
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C HEMpepbIBHBIMU KO3 PULUHEHTAMHU, KOTa KOA(DPUIHEHT XapaKTepU3yeTcs

0COOCHHOCTBIO OCJIOTro mopsjaKa.

8. Teopema o CHUHTYJSPHOW TpaHWUYHOW 3ajade PumaHa 1 CUCTEMBI

DJJINNTUYECKUX YPABHEHUM, BUAA:

oW

w Bx. ) W(x y)  c(x y)
o7

Alx, y) Alx, y))

Korjaa ko3 dunuenT 3agaun Pumana HenpepbsiBHas GyHKIUS, U OHA oOJiafgaeT

= Ax, )| W(x, )+

HYJIXIMH U ITOJIFOCAaMH COHp}I)KéHHO-aHaJ'II/ITI/IIIeCKOFO ImopsaKa.

9. Teopema o mOJTy4EHUHU PE3YyJILTATOB JUISl KpaeBoM 3ajaun Pumana nis

Yp aBHCHHU U BHJA:

oW B(zW(z) ¢(2)
E_A(z)- W (z)+ AD) +A(z) ,

Koraa KOB(b(bHHI/IGHT 3aJa4u Pumana wmMmeeT 0COOEHHOCTH MOIOYJIBHOTO

XapaKTepa.

CreneHb 10CTOBEPHOCTH pe3yJabTaToB. Bce TeopeMbl, yTBEpKICHUS U
dbopMysibl B JAUCCEPTAIMOHHOM UCCIEJOBAaHUM OOECIEUYEHBl CTPOTUMU
JI0KAa3aTelIbCTBAMU; Pl BBIBOJOB COTJIACYIOTCS C UCCIECAOBAHUSAMHU JIPYTUX

aBTOPOB.

CooTBeTcTBHE AHMCCEPTANMHM MACIHOPTY HAYYHOH CHENHMAJBbHOCTH
(bopmyse u o6gacta wuccaenoBanusi). Juccepranmonnas pabora
BBITIOJTHEHA [0 CICIUAaJbHOCTH YYEHOW CTelneHu AOoKTopa ¢uiocopuu
(PhD), noktop mo crnemnuansHoct 6D060100 — MaTtemaTtuka (6D060102-
Huddepennuanpapie ypaBHEHHS, NHHAMHUYECKHE CHUCTEMBl M ONTHUMAalIbHOE
yOpaBlieHUE), W SBIAeTCS pasjaenoM auddepeHunanbHbIM YpaBHEHUSAM
ykazaHHou B myHkre |ll maparpada 3, macmopra Hay4HOW CHEUMATbHOCTH.
JInuHblii BkJIAA coucKaTeJid Y4€HOUWl crTemeHH. [locTaHOBKa M BBIOOD

METOJa IMpPHUHALJIEKAT HAy4YHOMY pPYKOBOAMTEN0. Bce pesynbrarsl,
14



npuBen€HHbIE B pasnene «Hayunasa HOGU3HaA UCCA€008AHUA», TIOTYUYECHBI
JUYHO COUCKATEIIEM.

Anpodanus M peanu3anusi pe3yJbTaToB Auccepramuu. OCHOBHBIE
pe3yabTaThl JUCCEPTAUMU JTOKJIAJbIBAIUCh U OOCYXZAJWCh Ha CIEAYIOLIHUX
KOH(MEpEeHIUsIX U ceMUHapax:

® Ha  pecnyOJMKAHCKOW  HAy4YHO-NPAKTUYECKOW  KOH(]epeHIUuu
«IToaroroBka COBpEMEHHBIX CHEIUAINCTOB MO0 MaTEeMAaTHKE B OTPacid HAyKu
1 00pa3oBaHus BY30B U cpeAHUX yupexaeHuin». (2020 r.) r./Janrapa;

e Ha MexayHapoaHoii KoHpepeHIUH «AKTyaJdbHbIE MTPOOIEMBI
COBPEMEHHOM MaTeMaTUKH», MOCBIIIEHHOW 80-JeTHI0 CO JHS POXKICHUIO
JTOoKTOpa (pu3MKO-MaTeMaTHYecKuX Hayk, npodeccopa Temypa Cobupa. (25-
26 utons, 2021r.) r.lymanoe;

® Ha  pecnyOJMKaHCKOM  HAay4YHO-METOJMYECKON  KOH(pepeHIUU
«IIpumenenue anreOpbl U TEOPUU YKCEN B PEIICHUH COBPEMEHHBIX 3aJauy,
MOCBAIIECH «/|BalllaTUICTUIO U3YUCHUSI U PA3BUTHUSI €CTECTBEHHBIX, TOUHBIX U
MaTeMaTUYECKUX HayK B oOjacTu Hayku u oOpazoBanusi (2020-2040rr.)»,
npazaHoBaHuo 90-nmetus ocHoBaHus TagKHKCKOrO TOCYJapCTBEHHOTO
negarornyeckoro ysHupepcutera umeHu Caapuaauna AWHu u 30-1meTuro
rocynapctBeHHoit HeszaBucumoctu Pecnybnuku Tamxukucran. (2021r.)
r.Jlyuianoe;

e Ha MexaynaponHoid «koHpepeHunun «CoBpeMEHHbIE NPOOJIEMbI
TEOPUU YHCEJI U MATEMAaTHYECKOT0 aHaJIN3a», MOCBAIIEHHON 80-1eThIo co THSA
pOXAEHUS AOKTOpa (PU3MKO-MaTeMaTHYECKUX Hayk, npodeccopa Joaomxona
Ucemounnosa HAHT. Uuctutytr Mmatematuku um. A. Jxypaesa u THY. (29-30
ampessi, 2022r.) r.Jlyman6e;

® Ha MexayHapoaHou HAYYHO-TIPAKTUYECKOU KOoH(pepeHuu
«CoBpeMeHHbIE TPOOJIEMbl MAaTEMAaTUKU U €€ MPUIOXKEHHS», MOCBIIMIEHHON
«20-1eTuro pa3BUTHUS €CTECTBEHHBIX, TOUHBIX U MaTeMaTH4eckux Hayk 2020-
2040 roawsi». THY u JXeHCKHU KOMHTET BCEMHPHOTO COH3a MaTEMaTHUKOB.
(20-21 okTs6ps1, 2022r.) r.Jlymanoe;

® Ha  pecnyOJMKAaHCKOW  HayYHO-IPAKTUYECKOW  KOH(EpeHIUHU
«AKTyanabHble  MpoOJIEMBI  pa3BUTHS  €CTECTBEHHBIX,  TOYHBIX U
MaTE€MaTUUYECKUX HAYK B COBPEMEHHBIX YCIOBUIX», MOCBIIIEHHON «20-1eTuI0
pPa3BUTHS €CTECTBEHHBIX, TOYHBIX W MareMaThueckux Hayk 2020-2040». (29
HOs10ps1, 2022r.) 1.Jlymanoe;

e Ha MexayHapOJHOW Hay4YHO-TEOPETUUECKOW KOH(PEPECHIIUN HA TEMY:
«Bknan MaTeMaTUKH B Pa3BUTHE €CTECTBEHHBIX, TOUHBIX U MAaTE€MAaTUUYECKUX
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HayK», TOCBANMIEHHON ABAAIATUICTUIO U3YUYCHUS M PA3BUTHUS €CTECTBEHHBIX,
TOYHBIX U MaTeMaTuueckux Hayk. (2020-2040 roasi) r./lymanobe;

® Ha MexayHapoIHOM Hay4YHO-TIPAKTUYECKOU KOH(pEepeHIIuU
«DyHIaMEHTaJbHbIE W TMPUKJIAJHbIE Hay4HbIC HMCCIEIOBAHUS: AKTYaJIbHBIC
BONIPOCHl COBPEMEHHOW HAayKH, JOCTHXXEHUS W HWHHOBamuu». COOpHUK
Hay4HBIX cTaTel no marepuanam — 27 mas 2025r. —r.Ya;

e Ha  MexayHapoaHOU Hay4YHO-TIPAKTUYECKOM KOH(pEpeHIuH,
MOCBAIIEHHON «/IBalllaTHJIETUIO M3y4YEHHSI U Pa3BUTUA €CTECTBEHHBIX,
TOYHBIX W MaTeMaTHYECKUX HayKk B cdepe Hayku u oOpaszoBanus (2020-
2040roabr)».- 2025r. —r. [Jymanoe.

Hy0aukanuu 1o  TeMe  JUCCEPTAlMMH. [lo  marepuanam

JUCCEPTALIMOHHOI0 MCCIE0BaHUs ONMyOJUKOBAaHO 15 HayuyHBIX cTaTeil, B TOM
yucne, 4 crarpu B u3naHusax, peueHsupyemeix BAK npu Ilpesumente
PecnyOnuku Tamxukuctana u 11 crateil B Tpylnax pecnyOJIMKaHCKUX U
Mex1yHapOoIHBIX KOH(EPEHIIUN.

Crpykrypa um 00b€éM JHCCEepPTALMMH. Huccepranuonnas pabora
COCTOUT U3 BBEJCHUSA, YETBIPEX TIJaB, 3aKJIIOYEHHUSA U CIHUCKA JIUTEPATYpHI,
BKJIOYamniero 142 naummenoBanus. B nuccepranuy npuMeHseTcs TpOHHas
HyMmepauusi ¢popmyn u naparpadoB: MEepBbIA HOMEP COOTBETCTBYET HOMEpPY
rJ1aBbl, BTOPOM — HOMepy maparpada, TpeTuil — MOPSIKOBOMY HOMEPY
dbopmynbl. OOmuii 00BEM OuccepTalu  cocTaBiseT 142  cTpaHUIbBI

MaIIMHOIIMCHOTO TeKcTa u HaOpana Ha Microsoft word.
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I'/TABA 1. AHAJIN3 IMTEPATYPbI 10 CUHI'YJIAPHBIM
KPAEBBIM 3AJTAYAM PUMAHA JJI1 CACTEMbI YPABHEHUI
QIIUIITUYECKOI'O TUITA C HEIIPEPBIBHBIM
KO2®PPUIUEHTOM

1.1. O630p o KpaeBbIM 32]a49aM TEOPHUHU AHAJTUTUYECKUX PYHKIIMH

B nmannHO# TnaBe naéTcs aHaNM3 BBIMOJHEHHUS pabOTHI MO KpaeBOU
3agaue Pumana ¢ HenpepblBHBIMU KO3pduuueHtamMu, B TOM YHCIE,
MOJIYUEHHBIX U HETIOJYUYEHHBIX PE3yJbTATOB MO TEME NUCCEPTALIUU.

[lenpr0 HacTOSIIEW IUCCEpPTAIAM SIBISIETCS MCCICHOBAHUE KPACBbIX
3a7lad TEOpUHM AHAIUTUYECKUX (GYHKIUU U €€ NPUIOKEHUNW K PEHICHUIO
WHTETpaJbHbIX yYpaBHEeHUU ¢ sapom Kommu. 3neck paccmarpuBaercs 3ajgada ¢
OJTHOM HEU3BECTHOU (PYHKIIHEH.

N3naraemblie Teopuu 3apoxkaaiuch B XX CTOJETHU B TPyJaX BUIHBIX
YUYEHBIX, B TOM YHUCJIE:

P.H. AonynnaeBa [5-7]; B.A. bateipesa [8]; @./1. bepxosuu [10-12];
N.H. Bekya [13-21]; H.IL. Bekya [22]; ®./1. I'axoBa [24-37]; 2.U. 3BepoBuu
[40-45]; O.A. KpecemaBa [49-53]; M.B. Kenpnpim [54-55]; B.Jl. Kynpanze
[56-57]; TI'.C. JlutBunuyka [58-69]; I'.®. Manmxkasumze [70]; A.H.
Mapkymesuua [71]; JI.I'. Muxaunosa [72-77]; H.WU. MycxenemBunu [78];
N.N. Tlpusanosa [79]; U.X. CaburoBa [85-86]; C.I'. Camko [87-88]; W.b.
Cumonenko [89-91]; B.U. Cmupnona [3]; H. YcmonoBa, M.b. XoiukoBoi
[92-94]; H. Ycmonosa, C. IllaBkat3onga [95-98]; VYcmonosa H. [105-109];
H. Ycmonosa, M.V. IllagmanoBa [110-120]; b.B. XBememuaze [121-122];
FO.A. Yepckoro [123], u MHOTMX ApPYyruUX aBTOPOB.

AHanu3 5TUX U HEKOTOPBIX JAPYTrUX pabdOT JaH BO BTOPOM H B TPEThEM
naparpadax.

B 1936 rony pemenue 3agaun Pumana s oJTHOCBA3HON 00JacTH OBLIO

ncciaenoBano @.J[. ['axoBbIM.
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MOCTAHOBKA 3AJJAYMN. [lan rmaakuii 3aMKHYTBHIH KOHTYp L, B

+ —
KOTOPOM pasfeiseT BHyTpeHHIO obmacte D' m D™ - BHemHIOIO 001acTh,

npuuéMm, Ha Koutype rpanuns, A(t), c(t) e H.
3AJJAYA PUMAHA. Haiitu nse ¢yukumm W "(z), nexammue Ha

BHyTpeHHel obmactu u W ~(z) —aHaIUTUYECKYIO, MpPUHAIJIECKALYIO BHE

o0JracTy, MO CIEAYIOIUM KPAEBbIM YCIOBUAM:

W™ (t) = At)W ~(t) (oaHopoaHas 3agaua Pumana),

W™ (t) = AW ~(t) +c(t) (HeomHopoaHas 3agaua Pumamna),

snecy A(t)u c(t) e H.
TEOPEMA (®.A. I'axoBa [1]). Ilpu unoexce o >0, ooHopooHas

3adaua umeem @ + 1 pewenuii:
N _
pi(2)=2"e" O, gr(2)=2"%" ),

8 0aHHOM peweHuu umeemcs & + 1 -npouszsonvHvix nocmosiHHblXx yucen. Ecau
& < 0, 3a0aua Hepazpewuma.

TEOPEMA 2 (®.J. I'axoBa [1]). Obwee pewenue HeoOHOPOOHOL

3a0auu npu & = 0, ecec0a 6yoem paspewiuma u umeem ciedyiouull Uo:

)_2(2) ) dr

274 L}(+(T) r_7 + 2(2) Pe(2),

o(z

z30eco  y(2)- kanonuuecxas Qynkyus u Po(z) —mmnocounen cmenenu & c

NPOU3BONbHBIMU KOMNIEKCHBIMU KOdDhuyuenmamu.
Ilpu @ = —1, nHeooHnopooOuas 3adaua 6cez0a umeem eOUHCMBEHHOE

peuenue.
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Ecnu &< -1, 6 obwem 6ude 3adaua Hepazpewuma, m.e. O
paspewiumocmu  mpebyemcs —a&—1 OJononnumenvHvle  yclo8us
paspeuumocmu.

Taxxe ocoOble ciydau 3afgaunm Pumana miydensr @.J1. 'axoBeiMm [1] u
JILA. Yukunowm [124] pa3HbIMH METOJIaMH MOCTaHOBKHU. TpeboBanoch, 4TOOBI
kod(pdunmeHT 3agaun Pumana Obl1 HempepblBeH M He oOpamaics B HYJb. B
0COOBIX ciydasix TpeOyeTcs, 4ToObl KOA()GHUIIMEHT B OTIEIBHBIX TOYKAX
oOpamaincs k OeckoHeuHocTu. B 3amaye Pumana, korma kosddumueHt
obmazaeT HYJISIMH W TIOJIOCAMHU COTPSIKEHHO-aHATUTHYECKOTO BHUIA IS
MHOTO CBSI3HOCTH 00JIaCTH, JOKa3aHa Cleaylolas Teopema.

TEOPEMA (H. YcmonoBa, M.B. Xoaukosoii [93]). Jana enaokas
MHO20C6s3Has obnacmy, ocpanuyennas koumypom Lo, Ly,.., L, u nonyuen

credyowul pe3yibmanm.

Kozoa | (uucno oonopoonoii 3a0auu) = &@—d nuneiino nezasucumocmu
pewenuti u p (vucio yciosuil pazpemumocmu 3aoauu) =0.

Tozcoa:
Ilpu 2—d=-1,1=1 p=1.

B cnyuae ®—-d<-1, 1=0,p=a—-d-1 ycrosuii paspewumocmu

credyrnuezo 6uoa:

j%z‘r_ldf =0 (r=12..-=+d-1).
L

[Ipy HamucaHWUM WCTOPHUHM DTOTO BOMPOCA M aHAJIW3a CYHIECTBYIOIIHUX
paboT 10 TaHHOW TeMaTHKe, aBTOp Hcroib3oBal padoty d.J[. 'axosa [1].

3anaua Pumana o0oOmmanach U pa3BUBaJiach B Pa3HBIX HAaPaBJICHUSX.

1°, Jlanee oty 3amauy wucciuenoBan b.B. Xsememumze [121],
WCCJIEIOBAaHUE YYEHOTO HUMEET MeCTO sl KodpdunueHToB 3amaun Pumana

YIOBJETBOPSAOMNUX yclioBUs ['€nbliepa, a CBOOOAHBIN YIECH UHTETPUPYEM 10
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JlebGery, T.€. c(t) L,. B nannoii paboTe TOYHO OMPEACICHO YHUCIIO PeUICHUM

OJTHOPOJIHOM 3aJ1auM U YHCJIO PEIICHU HEOTHOPOTHOIM.

Meton .b. CUMOHEHKO B HMCCIE€IOBAaHUU JaHHOU 3aJadd 3aKJII0YacTCs
B npubmmkeHun GyHKIUS, YyAOBIETBOpstomed yciaoButo [Enpnepa Ha
HENPEPHIBHYIO (PYHKIWIO ©  BBIACHSETCS, YTO Malible OTKJIOHCHUS
K02 PUIIMEHTOM Ha XapaKTep pa3pelmMoCTy 3a1a4u Pumana He BIUSET.

B kauectBe ycnoBus Pumana:

o" (1) = Alt)p™ (1) +c(t)

3nech KOdpuuueHT 3a1aun HenpepbiBHAS (QyHKIUSA, a CBOOOJHBIN WieH U3

KJjiacca Lp.

v'B oroii paGore Bb.B. Xsemeauase HCIOOL3YeTCs CIENYIOLIAs

OlLlIEHKa uHTEerpana, tuna Kommu:

lo* ] - Sk

1 1
+—p(t)+=S
2(0() 5 S0

v’ Jlanee, WCHOJB3ys MPUHIUI CXKATBIX OTOOPaKEHUH, aBTOP
JIOKa3bIBAET, UTO 3ajadya PuMana, kak uzmepumas (QyHKIHUs, YIOBJIECTBOPSET
CJIENYIOIEe HEPABEHCTBO!

2
N p—
1+M,

v Korna mHpekc 3agauu paseH Hymo, To Oepérca A(t) € H, ne

oOpallaromuil B HyJIb U OJM30K K KOYQ(GULHEHTY 3anauu A(t):
AOA (1) -1 <=
1+M,
[Toctpoum kaHOHUUYECKHE (DYHKIINH, CIEAYIOITUM 00pa3oM:
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A = 1 OO0 )7

BBenEM HOBBIE hyHKIMK: @ (1) = @ (V)7 ).

B pesynbraTe, monyuuTcs 3ajada ¢ HEMPEPHIBHBIMH KO3 UIIUEHTaAMU,

suma: A(t)- AT(t).
v B caydae cBeJeHUs 3aJa4l K HYJIE€BOMY MHJIEKCY, IMOJyYHM TaKOM

’Ke pe3yibTar, Kak pe3yiapraT y b.B. XBemenunze [121].

2°. JLA. Yukun [124] n3ydyan B baHaxoBOoM ImpocTpaHCTBE, THAE
kodhPuIueHT 3amaun PuMana sSBIsSeTCS JTUHEHHBIM OMEPaTOPOM, a HCKOMBIE
GbyHKIIMY ¥ CBOOOJHBIN YiIEH MpUHAJJIEKAT MpocTpaHncTBy banaxa.

B sToM cnyyae, HHAEKC OnpeenseTcs yepe3 Onpeie€HHbII onepaTop.

3°. Pemenne 3agaun PuMana MpHOTIKEHHBIM METOJOM IIPHHAIICKHT
A.B. bateipéBy [8]. Tam ckazaHo, uTo KO3(IUIMEHT 3a7au TpUOIUKAETCS

CIIEAYIONIEMH PABEHCTBY:
0k
rn(t): zakt .
k=—n
TEOPEMA (H. YcmonoBa, M.B. Xoumkopoii [94]). Ilycmes T

+
02panutueaem MHO20C6A3HYI0  001aACMb, Iy, I, Ty, 30ece D7 —

0003Hauaem GHYmMpeHHIO obaacmo, a 6HewHsAs obaacms 0003HaAUAemcs
uepes D, ceoboonviii unen us knacca Ly ().

Kapmuna paspewumocmu umeem ciedyrowutl pe3yibmam:

a) eciu & —p =0, 3a0auad umeem eOuHcmeeHHoe pEUEHUE,;

0) 6 ciyuae & —p >0, ooHopoOoHas 3a0aud umeem & — P JAUHEUHO-
He3a8UCUMBIX peuleHUll, @ HeOOHOPOoOHas 3adaya, 6e3yCcl08HO, pa3pewuma.

8) 6 cayuae & —p <0, 6oobwe cosops, 3adaua Hepazpewumda, OHA

Oyoem paspewiuma, eciu evinonansemcs cieoyiouee ycaogue: S, g(t) =0.
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1.2. AHayiu3 BbINOJIHEHHsI pa00THI O 001Iel rPaHUYHOM 3a1a4e

JIMHEHHO-CONPAKEHHOTO BUA

Jlannas 3amava, T.e., oOmasi 3ajaya CONPSDKCHUSA, UMEET CIEAYIOUIUN

BHI:
W (t) = AW~ (t) + BOW ~(t) + C(t). (1.2.1)
B 1946 rony sta 3amada Obuta cocraBieHa A.M. MapkymeBudem [71],
B 1952 rony uccinenoBan €€, B yactHom cinyudae, M.H. Bekya [15]. On npuén
3aJlauyy K CUHTYJSIPHOMY YpaBHEHHIO W JoKa3an e€ B Kilaccax MepomMopdHOH
¢byukuuu. U.H. Bekya ucnonbp30Ban 3Ty 3ajauy B U3ruO0aHUsX MOBEPXHOCTEN.
[TonHyto Teopuio 3ajayd COMNpPSHKEHHUs OOIIero BUJa HUCCIEI0Bal B
ceoux padorax JIL.I'. Muxainos [4], rae TpeOoBasoch, 4YTOOBI MEPBBIU
ko3 PuUIIMEeHT Obl1 HenpepbiBHOW (yHKIMEH, a BTOpoi KodDPUIIUEHT

OTpaHHUYCH U U3MCPHUM; CBO6OIIHLIﬁ YICH IIPHUHAIJICKAII KIIaCCy Lp'

B pabGote Jleonmna I'puropreBuua MuxaiiioBa pasziauyaroTcs TpU
ciyvas:

1)  |a(t)| >|b(t)|— snnunTHYecKwHii,

2)  [a(t)|=|b(t)|— napabonuyeckui,

3) |a(t)| <|b(t)|— runepGonuueckuii.

TEOPEMA  (JI.I. MuxaiiaoBa [4]). Ecau  a(t) wenpepwvisnas
Gyukyus, u ona omauunas om Hyus, obosnauum eé uepes, Indra(t)=a u
b(t) mpebyem, umobevr ona 6wvina ocpanuuennas u uzmepumas QyHKYus,

npuuem C(t) npunaonescum xnaccy L, npu p>0.

Hwem pewenue euda ummezpara muna Kowwu, a @yuxyuio ¢@*(t)

L
NPUHAONeHCAUYI0, NPOCMPAHCMEY P U 011 He20 BblNOJHAIOMCA YCA0BUSL:

b(t)] 2
sup <
ter |a(t)] 1+

p
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2oe Sp —HOopma onepamopa u omciooa umeem Cﬂedyiou;ee paeeﬂcmeoi
1
S# E—J.IU(T) dT.
a r? —t

Ecau npu @2 >0, mo l=2x (| —uucro pewenus oonopoomnoi

3adayu), a p=0 (p—uucno ycroguil Heoonopoonoi 3adauu Pumana).

Ecau @& = 0, mo oonopoonas 3adaua umeem Hynesoe peuieHue.
Eciu 2 <0, mo |e| pewenue, a p = 2|®| sewecmeennvix uiu e

VCIOBUU paA3PeUUMOCMU, CLe0YIOUie20 8Uoa:

[t7"-Qe)dt=0, (r=0,1 .., |=| - 1),
T

30eco Q —enonne HenpepuvleHblll OnEPaAmop.

TEOPEMA (JI.I'. MuxaiiioBa [4]). Eciu 6 Oaunou 3adaue

6blNOJIHAEemCA napa60ﬂuqe01<oe ycrnosue, m.e. .

a(t)|=b(t)|>0 u a(t),b(t),c(t) e H.

Ilycmb:
A= Indra(t) + Indb(t), «=Indra(t)— Ind:b(t),
U UHOEKC:
Inda(t) ==
30ecv, uepez | —obosznauum, YUCNIO  JTUHEUHO-HEe3A8UCUMBLX  peuleHUll

00HOPOOHOU 3a0adu U  P-4UCIO YCLO8UL pPA3PEUUMOCNU HEOOHOPOOHOU

za0ayu.

31ech HCKIIOYAETCS MHOTOCBsA3Has 001acTh, T.e. M3ydaeTcs 3ajaya
Pumana TOJBKO, Ha OIHOIM CBA3HOW 00JIaCTH M Ui HAHHOW 3aJaydl UMEET
MECTO CJieayIollasi KapTHHA:

1. Mycts A<0wu <0, o 1=0, p=2|e|-2;
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2. Iyctb A<0wm >0, 10 l=u+l p:W—l;

3. IIycte 420 mw <0, Torma nmns  pa3pemInMOCTH 3aJadyH
ompenensercs |z —1 ypaBHeHume, KoTtopoe mmeeT A +1 HemsBecTHbIe

peuIeHus.
37eCh BBIICHSAOTCS PA3JIMYHbIE CIIyYau:

Mepsoiii. [Ipy &> -1, p=0 B 3TOM ciy4ae uMeeTCsS MEXIY
byuxuun a(t) u b(t)- ckanspHble 3aBUCHMOCTH YHCIO PEIIEHHMS OTHOPOIHOM

3agauu, | — Moxker ObITh HanOONBIIAA U3 HUX,
2e+2<I1<A+1;

Bropoii. Eciu & < —1, toraa, | =0, p=—2a — 2.

1.3. Anaau3 padoT nmo KpaeBbIM 3371a4aM JUHEHHOT0 CONMPSKEHUSI

B AHAJUTHYECKUX PYHKIHUAX

I'panuunas 3agauya Pumana ¢ pa3pbIBHBIMU K03¢ GULIMEHTAMU BO3HHUKIIA
OJHOBPEMEHHO C IIOCTaHOBKOW 3axaun Pumana ¢ HenpepbIBHBIMU
K03 PuIImEeHTAMU.

B 1946 rony 3amaua Pumana B pa3oMKHYTOM KOHType Oblia
noctaBiena JI.A. KsecenaBbim [49], mo3anee, B 1968 roay, eé€ pemieHue ObLIO
uccienoano H.U. MycxeaumBuiu [2].

H.N. MycxenumBunu, @.J[. 'axos u J[.A. KBecenapa pemianu 3aagady ¢
pa3pbIBHBIMM KO3 PuIlMeHTaMu, NpUUYEM, Y KaXI0ro H3 aBTOPOB OBLI
COOCTBEHHEBIN METOJ HUCCIIEIOBAHUS.

®. /1. TaxoBeim [1], Oblma pemena 3amada Pumana co MHOTUMH
HEU3BECTHBIMU (DYHKIUAMHU, U €My yIal0Ch YCTPAHUTh Pa3pbiB IJs OJHOU

HEU3BECTHOW (QYHKITUH.
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Jns  pewmenuss 3amaun  Pumana, B ciayyae CIOXKHOIO KOHTYpAQ,
npumensiercas meron H.M. Mycxenumsunu. J[.A. KsecenaBa, koTopas
NpeMJIoKUIa, YTO pelIeHHe 3aJayd yMECTHO B BHJE OTHOIICHUS ABYX
KaHOHWYECKUX (YHKIUHA, HO 3TOT METOJ OBLI CIOXHBIM JIJIT KaHOHHYECKUX
GbyHKIUH, a ee pellleHuEe B pa30MKHYTBIX KOHTYpax.

®.J1. 'axoB mpemanoxkuil Ajds TOJyYEeHUS KaHOHHUYECKOTO pEeIIeHHUS,
CBOW MPOCTOM METOJ M €ro METOJ HaMHOTO YNPOCTHJ PELICHUE 3aJa4u JJIs
CI0HOTO KOHTYpA.

TEOPEMA (®./. I'axosa [1]). /lycmb 2 — undexc 3adauu Pumana
noa0JCUmeNbHbll, moeda obwee peuieHue HeoOOHOPOOHOU 3adadu umeem

& + 1 - npouszsonvHvie nocmosinnble U onpeoensiemcs, Ccredyiouum oopasom:

¢ @ =111 25 Db @+ P@)

(7t \
0 (2)- H[ - j 7@ @+ 2,0,
r=1\ Z—Zg
30ech
w@)=e" D @=(z-7) %" @,
20e pyHKyuu:
|
(=2 = T1(r-2) 77 A)
I(z)=—] r=1 dr
2721 L T — ZO

-A18/151emCsl Henpepvl8HOU YyHKyueu u

ﬁl(r—tkr”c(r)
_ r= dr,
YO0l o
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-ecmbv aHajiumudecKas (i)yHKL;M}Z, moeda, Ko20a eciu umeronicH, ucuesarujue
Ha 6€CKOH€’{HOCmu, mo cmeneHsb nojaUHOMA yMeHbutaemcsa na €0MHUI4y

Ecimm & < 0, To | (4mcio pemennit 0 JHOPOIHOM 3a/1a4u PaBHO HYIIIO), a
P (uucino peuieHU HeOAHOpPOAHOW 3agaun Pumana) paBHO |— ae|,

CIENYIOIEMY BUIY:

ME-t) 7 ()
E— =0 (=12 .., —a)
L 1 (1)

Ecnu JaHHOC YCJIOBHC BBIIMOJHACTCA, TO 3aada4a MMCCT CAHMHCTBCHHOC

pelieHue.

26



I'TABA 2. TPAHUYHASA 3AJAYA PUMAHA C

HEITPEPBIBHBIMU KOD®PUIIUEHTAMU B CUHT'YJIAPHOM
CJYYAE JJisI CUCTEMBI JTU®PEPEHIIMATIBHBIX YPABHEHUM

oW
SIIMITHYECKOrO THIA —~ = w(2)
/A

2.1. 'pannynas 3agaya Pumana nust cucreMbl q1uddepeHunanbHbIX

YPABHEHHUM JJIMNTHYECKOT0 THUIIA ¢ HENPEePBIBHBIMUA KOI(PPULIUEHTAMH,

HMEeIOIIUMH 0CO0EHHOCTH meJaoro mopsiika

B »roM mnaparpade wucciaenyercs rpaHudHas 3agada Pumana, 1is

YPaBHCHHUA SIINIUIITHYCCKOT' O THIIA C

cucteMbl JHPPEepeHIHATBHOTO
HENPEPBIBHBIMU KO3(pPULIMEHTaMU, UMEIOIIUE OCOOCHHOCTH LI€JIOT0 MOPSAKA.

W(z) =u(x, y)+iv(x, Yy), rae byHKIIUHU

PaccmarpuBaercs:
ulx, y), v(x vy AHAIUTUYCCKUE u YIOBJICTBOPSIOT cUCTEME
nuddepeHnanbHbIX YpaBHCHUI, BUIA:

[ou  ov

UV hx, y)
) oX oy

WY y)
oy  Ox '

9Ty CHCTCMY VYpPaBHCHHA 3allMIICM BHIbI KOMIIIICKCHOIO IICPCMCHHOI'O

CIEYIOIIUM 00pa3oMm:

oW
?=l//(z), (2.1.1)
7

371eCh paccMaTpUBAETCs TpaHUYHAsA 3ajava Tuna Pumana.

ov
— HemnpepbIBHAsA

Cornacao meroay @.JI. Taxosa [l], ecim =
X

byHKIU, TO
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oW _1(8u .av]

oz 2lax oy
nu
i 1
lim — [W(z)dz,
D—02ID
oW
3JIECH 4YEpPE3 D OyneM Oo3HayaTh AaHHYI0 00sacTh. Eciu —— HempepbiBHAS

¢yukuus, 1 W (z) npunamiexur kiaaccy Z. N.B. CHMOHEHKO B auTepaType

[91] paccmaTpuBaer cienyromuii npumep, T.€.:
1
e@)=-- e
T D é’ -7

31ech D —006macTh MHOTOCBSI3HOTO KOHTYpa [

¢ =&+in, dg =d¢&-dn, w(D) =y (&, n),

U |/ —Ha3bIBaeTCs IUIOTHOCTHIO, a cama (hopmyJsia Ha3biBaeTcs (yHAaMEHTAIbHBIM

MHTErpaaom, npudem, pynkuus E(Z) obmamaer cneayromuMu cBoiicTBaMu:
1) E(z) eC,;
2) E(z) — na Bceii mIocKkoCTH HENpPEPBIBHAS (YHKIIHS;
3) E(z) — ananutnueckue BHyTpH obnactu D;
4) E(z) — na 6eckoneunoctu ucuezaer E(o0)=0;
5) |[E(zy) —E(z1)| < Az, — 74|+ Injz, — 74|, T.e. E(z) e H,
E(z) —sBasercs pemenuem ypasuenus (2.1.1), o570 ciaeayer u3 CBoicTBa

(1).
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[Tonaraem, yTo QyHKIUS:
W (z) = p(2) + E(2), (2.1.2)

oTCroaga, UMCCM:

TLE Ly, Lo
oZ 07 07 oI 0z

Cornacno ycnoButo Komu-Pumana:

ou ov ou ov
———=0, —+—=0,
OX oYy oy OoX
rae  @(Z) =U+IV-sBisgeTcs aHaINTHYECKON QYHKIUEN.
Homyctum, 4to @(Z) B paBerctBe (2.1.2) sABISETCS KYCOYHO—
roaomMopdHoi GyHKIUEH, 5TO 03HaYaeT, yTo GyHKIHS @(Z) aHAIMTHYECKAS B
o6mactu D' u B 06mactu D™. Toraa us pasencrsa (2.1.2) Bunuo, uto W (2)

pacupoctpansercss B D . DT (QyHKIHH yAOBIETBOPSIOT, CJCAYOIIEe

COOTHOIIICHHE!

bynem u3ydaTh ciaeayromyro 3agady:

BADAYA R, ;. Hano maiitu ¢yukuuo W ™ (z) —peryinspHoe pelieHue
ypaBHenus (2.1.1) B o6mactu D'u ¢ynkumio W ~(z) —aHAINTHYECKYIO B

obmactu D™, koTopele MMEIOT KOHEUHBIH NOPANOK Ha OECKOHEYHOCTH,

YAOBJIETBOPSIOUIEN CIIENYIOIIEE YCIOBUE!

f1(t-&)°

W (1) =+ - AW () +c(t), (2.1.3)
qq—mﬂl
]=
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3geck Ay(t) =0 Ha rpanune u A (t) —HenpepsiBHas ¢ynkuwms, c(t) e H,
&(r=12..,4), nj(I=12..,y)-T0ukn, nexamue Ha  KOHTYpE,

d, >0, q; > 0 —uenble yncia.

O003HauYuM:

MU Y
d = Zdl’l q= Z qj '
r=1 j=1
B cuny 3madenuit W T (t) m W (t), mepenuimeM KpaeBoe yCIOBHE

(2.1.3), B BHE:

(t - gr )dr
1 A®l© + FO]+c),
t—-ﬂj qj

=

o (M) +F()="

=

1

N &
I

OyneM mpeoOpa3oBbIBaTh TPAHUYHOE YCIOBHE, B BUJIE:

% d,

H(t o gr)
P )= A+ FOJ+ ) - FO),

t_77 qJ
i1 J

4

o' (t) =" - A®+or (1) +e(b), (2.1.4)

3J€Ch:

o D=0 (O+F(@), ct)=c(t)-F().
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Pemenne 3agaun umeM B Kiacce QyHKIMH, OTpaHUYEHHBIX HA TPaHMUIIE.
Tpebyem, utobbl ¢yHknus ¢ (t) B cuHrymsapHoil Ttouke t=¢&, Obuia

nuddepeHupyemMa CKOIbKO yrOIHO pas.

IToctpoum mosmHOM Q(t) Tak, 4TOOBl OHa MOJUYUHSANA, CIEAYIOLIEE

PaBEHCTBO:

¢, )=0"(e,), 1=0,1, 2., =1, r=1 2., 0) (2.1.5)

[Ipu mnomomu paBeHcrBa (2.1.5), mnpeoOpasyeM KpaeBO€ YCIOBHUE

(2.1.4), Takum obOpa3om:

o (0-QW) = [1(t-&)" - [1t-n,) " »

j=1

x A (e (1) +¢, (1) -Q(D),

1t -7

1

o ©-Q() = [1(t-& )

r=1 ]

.:j¥

« MO O+ [1E-& ) e, ),

r=1

30ech C,(t) € H ynosiaerBopser ycnosuto ['énpaepa:

" -QW)iTt-& )% = A®)- n( 7 ) e (0 + (),

r=1

rae

Y P
or (1) = A(t)- _Hl(t—ﬂj) %, () + Cy (1), (2.1.6)
J:
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uepes ¢ (t), 0003HAYMM CleyIOlIEee BHIPAXKEHHUE, T.€.

o () = (o™ (- QO)T-&) .

r=1

I/ICHOJII)?)y}I CJICAYIOIIYIO ITIOCTAHOBKY, HMCCM:

/4 .
Hl(z—ﬂj)q’
R 1)
o 0= 280 0+ 00 (2.0.7)

B pesynbrare, ™Mbl mnoayuwiu 3anady Pumana, kospdunueHtom

KOTOPOU SIBJISIETCS HENPEPBhIBHAS (PYHKIIUA.

I/ICHOHBSYGM MCTOJ HMCCIICOJOBAaHHNA N.b. CuMoHEHKO AJIs1 CYMMHUPYCMBIX

GyHKLIUN, TOTAa UMEEM:
o(t) =@ (1) — @5 (1) (2.1.8)

spech @ (t) u @, (1) —ABNAIOTCA MPENENbHBIMU 3HAUYEHUAMH aHATMTUYECKHUX

dyHKLmi B 061acTax DT,

IpeanonoxuM, urto ¢yHkuun @ (1) — IpHHAUIEKAT [POCTPAHCTBY
L,([) mpu p >0, nmeeT enuHCTBEHHOE MPOOTKEHHUE.

Hcnone3ys ¢opmyny Coxoukoro, oTcroja HMEEeM Cleaylolue

paBeHCTBA:

Lo L (o
o) =500+, [ dr

32



1
@ (t)———(p(t 2—! (2.1.9)
r?

o(7)

. 1
NuTerpanbHbIi omeparop, — [—=~dr —orpaHu4eHHas B
—t

npocrpanctse L, (I7), mpu p>1.

JIeNCTBUTEINBHO,

=

1

L 9@ ‘ ds SMP(H(o(t)\pdep,
T

FTt

=

r

B HAaCTOAIIEM M p — ABJIACTCA ITIOCTOAHHBIM YHUCJIIOM

1 M D B M p+1
< EHW)HLp +TH(P(t)HLp = H‘p(t)HL !

1

e o0, =M o) s |

B  pesynbrate, 3amaua compsokenus (2.1.7)  dopmynupyercs

CIENYIOIUM 00pa3oM:

3AJAYA Ry, Haiitn dysxuuro @(1), nmpumammexamyro  kmaccy
L, (), ynosnersopstomemy cootnomenue (2.1.7), rme o () u o (1) -

ABJISIOTCS ONepaTopaMu, 3aJlaHHBIMU B paBeHcTBeE (2.1.9).

B mnavane, wu3ydaem caydail 3amadum comnpsbkeHus, korza A (t)-

U3MCpUuMasd CI)YHKI_[I/IH " 3JICCH BBIMMOJHAKOTCA, CICAYIOINC YCIIOBUA:

A(t)-1<c< n
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31ech C;(t) —NpHHAMIEKUT Kilaccy Lp(F) npu P>1. Torma, B oToM ciydae

npeo6pasyem paBeHCTBO (2.1.7), cneayronum oOpa3oM:
o™ () =[AM) -1~ () + () (2.1.10)
rzie omepartop [A(t) —1lp~ (t) u3 kmacca Lo (L)

Ha camom nene:

1

(A0t =(1[\Al(t)—up\¢ (t)\pds]p <

1

o 1+M
<[t e == 2ot
r

Hcnonp3ys NMpUHIUIT CKATBIX OTOOpakeHU, yTBEpXkKJIaeM, 4TO 3ajada
(2.1.10) umeeT equHCTBEHHOE pemenue. Mupekc 3agaun o6o3Haunm uepes &

U JIOIIYCTUM, YTO &y =& =...= &, =0.

B naunowm cayuae In A (t) npubausum k yukuun f € H | tak, 4to0s

OHa YAOBJICTBOpPsJIa CICAYIOIIECMY COOTHOIICHUNIO!

(M40 _ <c <

1+MIO

_ 1
Koapdumuent 3amaum  Pumana AL(t):;(+(t)[;( (t)T MOYXHO
IPEICTABUTh, B BUAEC OTHOMICHHUS IBYX KAHOHHYECKUX (DyHKIMiA: »*(t). DTn
GyHKIIMU TpUHAJIEKAT 00JacTH D+ u s 3aMKHYTOW 00J1acTH, OHH HE

obpamaoTcss B Hyjdb. Mcmonb3yss HOBble (YHKIMU, TPAHUYHOE YCIOBUE

npeoOpasyeTcs CIenyriuuM 00pa3om:

s =0 - [o
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T.C.

= s Alt) ¢, (t)
o O)=t" ——Z¢ (t)+——. (2.1.11)
Ao (1) X ()
B ciydae, korga &y =& =...=&,, =0, paBenctBo (2.1.11) unmeer

CJAMHCTBCHHOE PEIICHHUE,
Tenepp ucciienyem ool cirydaid B kpaesom ycioun (2.1.11):
/
«» Ecinu unnekc 3agauu Pumana & — 6 =0,

BBOJA HOBOC o003HaueHue Q)YHKHHI/I, HMCCM CJICAYIOIICC COOTHOIICHHUC!
+ m & +
@, (2)=T1(z-2:) " 9" (2), (2.1.12)
k=1

rac
zeDy n ¢ (2)=9¢ (2)

30€Ch.

A1) = kﬁl(z—zk)aekAla) nooc(t) = kﬂl(z—zmkcl(t).

OTmeTum, 4ToO:

&y :% arg A (z-z,)® At(t)]rk =2=0, k=12..,m.

B ciyuae, unnekc 3amaun & =0 wu3 pasencrsa (2.1.12) u paBeHcTBa
(2.1.11), 3amaya uMeeT pelIeHUE.

% B cinyuae, korna &—-0 >0.

3ajaya NpUHUMAET CIEAYIOIIUN BUA:
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9" (2) Qe s54(1) _
(t—2)® (t—2p)

_A)e (1) N () Qe s1(D) |
(t-20)* (t—-z0)® (t—-2p)"

30€Cb Zn —BHYTPCHHSS TOYKa B 06HaCTI/I D T.C., HOI[6C eM ITIOJIMHOM
0 s

¢ (2) = Qe _54(2)

, TaK, YTOOBl OHH HWMEIHU
®
(t—2o)

Qe_s5.1(t), m dynkuumo
O0COOEHHOCTb B TOYKE Zj.

+
Yepes, R~ —o6o03maumMm omeparopa, peIIaOIIEr0 HAaHHOE, KPaeBOE

yciioBue ¢ Kod(pduimeHTom Al—(t)
(t—20)"

B pe3ynbTare, nony4um:

" (1)~ Qe sa®) _ ey {C 0 Qae_g_l(t)}
(t-120)" )0 (t-z)" |

o (t) = R‘(t){c(t) _Mﬁ)} (2.1.13)
(t—2o)

Ucnone3ys mepBoe paBeHcTBo (2.1.13), wmoxno Haiitu ¢ (t),

CIeNYIOIMUM 00pa3oMm:

0" () = Qa_s1(0+(t— 2, PR* Oy — 22221 (2.1.14)

(t-20)

W nonyyeHHoe BhIpakeHUE OyleT 0OIIMM pelIeHueM JaHHOW 3a1auH.

s Ecnmu ungexkc 3agaun & —0 <0, To KpaeByro 3ajgady, MOXKHO

npcacraBuTb, B BUAC!:
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NGO

t— —® o+ (1) = t ,
=20 0 O =AD" S

3J1E€Ch:

o) aHanuTH4YecKas QyHKIUs BHE obmactu, a |nd AWM 0
(t—1zo)® (t—20)®

Yepes, R™(t)—o0003HaunM omepaTopa, 3aaaddl  CONPSIKCHHS C

K03 (ppunmeHTom Al—(t)
(t—20)"

Paccyxnass aHaJOrM4yHO NpPEABIAYIIEMY Cliydalr, HaXoJguM gpi(z),

CICOAYIOIIHUM PAaBCHCTBOM:

0 (2) = (2-20)"RT(O[(t - 20)* 1 (1)],

9 (2) = (2-20)"R™ (Ot~ 20) “ e (V)]- (2.1.15)

Takum o6pa3oMm, B o0mieM ciydae, 3ajada HE UMEET pEIIeHUM, T.e. B

TOYKC ZO 3agada UMCCT IIOJIOC ITOpsAAKa ‘%‘ YToOmI 3ajgada UMcCjia pCIICHHUC

1711 Hero, Tpedyem \ae — 5‘ JNOTIOJIHUTEIIBHBIX YCIOBUM Pa3pelINMOCTH BUA:
[(t=2)®RT(O)[(t - zg) ®c,(t)]dt = 0. (2.1.16)
I

B »Tom cnyuae, 3amaua (2.1.16) umeer pemenue. B pesynbTate

UCCJIEJOBAHMS, UMEEM CIEAYIOIIYI0 TEOPEMY'
TEOPEMA 2.1.1.

Kozoa wunoexc zadauu Pumana @& —06 =0, mo epanuunas 3adaua

CONpsdiCeHUs  umeem  eOUHCMBEHHOEe  peuleHue. Ecnu ®&—-0>0,
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paccmampusaemas epaHuyYHAas 3a0aua CONPSNCeHUs, Makice umeem & —oO
pewenuii. Kocoa &—06<0, paccmampusaemas 3aoaua conpsidcenus 6

obwem 6uode Hepaszpewuma. [na pazpewumocmu mpedyem O0ONOJHUMEIbHOE

ycaogue paspeuumocmu \ae = 5‘. (2.1.16):

2.2. I'panuyHas 3agaya Pumana nis cucreMbl ypaBHeHUil
IJIMNTHYECKOr0 THIIA ¢ KOO(PPUUMEHTOM, HMEIIIUM HYJH H I0JI0CA

COHpﬂ)KéHHO-aHa.]II/ITI/I‘IeCKOI‘O BHUIaA

Uccnenyercsa rpanuuyHas 3angada Pumana pans CHUCTEMBI ypaBHEHHM
AIIUNTUYECKOTO THUMA, KOoraa KodppuuueHT o0aamaeT HyJIsIMH U MOJIOCAMHU

COHp}I)KéHHO-aHaJ'II/ITI/IIIGCKOI‘O BuJa, T.€. IJd CJIGI[YI-OIHGﬁ CUCTCMBI:

[ou  ov

&_@_h(x y)

<a—u+@—g(x y)' oo
Oy Ox ’

3AJJAYA R,,. Heobxomumo HallTH mapy aHaJIUTHUYECKUX (GYHKIIUI

Wi(x, V), peryispHoro pemicHus ypaBHeHus (2.2.1), mpuHajexamue K

+
oOyacTsaMm D , KOTOPBIM YIOBJICTBOPACT CICAYIOMICEC KPAaCBOC YCIIOBHC.

W) = [TE=& " [16=7;) TAOW ©+c0,  (222)

r=1 j=1

4
saeck: A (t) = 1(t — §r) H(t — 77]) 1 A(t) #0, B aToM ciydae (QyHKITHS
r= :

HenpepbiBHas u C(t) w3 knacca ['€nbaepa, &, 77j — TOUKH, Jexalue Ha
xoutype I, d; >0, q; >0— nensie uncna.

HmeroT MECTO, CIICAYIOIMEC paBCHCTBA:
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uo__ o g Ased
Hl(t_gr) r= Hl(t_gr) r-e =t | Hr :arg(t_gr)
r= r=

(2.2.3)

—2|§9(2)qj
=) = Tty )die i 0 _ arq(t
_Hl(t 1) —_Hl(t nj)"’ e , 0,7 =arg(t-7n;).
i= i=

M e
-2isofd, 25 0%,

e = , € - SIBJISIIOTCS HEMPEPHIBHBIMU (YHKIUSIMU U HUMEIOT

uaaekchl -0 u - (. OGo3HaYMM, CYMMBI 4epe3:

B cuny nocinenHero paBeHcTBa, NEPENUIIEM €TI0 B CIAEIYIOLEM BUIE:

W (1) = ﬁl(t—ir)dr -ﬁl(t—n,-fq" AOW M) +cl),  (224)
r= j=

3]1ECh:
2{ $ 0{Pq;- fa,(l)dr}
A@-e T a),
Tax, KaK 3HAYCHUE byHKITUN W () =" (t)+ F(1),

W (t)=¢ (t)+ F(t) B kpaesom ycinoBuu (2.2.4), IpUHUMAET CleayIOLIEE

COOTHOILIICHHC.

o )+ FO)=T{t-& )" - _ﬁl(t —; VY A e 0+ F )]+ c(t)

r=1 ]j=

rae

4= 115 11-n,) 9 A 0)

j=1
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Tpebyem, uto6s! pyHnkmus Ci(t), cymecTBoBaiga U HMeNa IMPOU3BOIHBIH

IIPOU3BOJIbHBIN MOPSAIOK.

[Toctpoum momunom Q(t) Tak, 4TOOBI OH YHOBIETBOPSAI CIEAYIOIIEE

PaBEHCTBO.

V(&) =Q(&) (r=12,..,4 i=01..,d,4), (2.2.5)

B cully paBeHcTBa (2.2.5), KpaeBoe YCIOBHE 3aJlayd MEpEeNuIlIeM B

CIeNyIOIIeM BUJIE:

o (1) -Q(t) = rl%ll(t ~& ) ﬁ(t —; ) A O (0) + 61 () - Q).

1=1

0 0-Q) = [1t-&)" - 117, A0 )+

1=1

=& ) ey (t). (2.2.6)

r=1

O6e croponbl paBeHcTBa (2.2.6), HeEoOXOJAUMO pa3aeIuTh Ha

e

('[ - &, )dr U, B pe3yiibTare, O0yJ1eM UMETh:

r=1

o =20 [1t-n,) o O+c(0) (2.2.7)
J:
30€Ch.

o 0=lp" 0 -Qf16-&)"

B paBenctse (2.2.7), npousBeaéM 3aMeHY:
_ /4 g -
@) =11z=n; 2% (2), (2.2.8)
J:

Torpa, nomy4yum:
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o (1) =t 1Ay (1) (1) +Ca (1) . (2.2.9)

CrnenyeT OTMETHUTB, YTO:

Ind |t~ A (t) |= Indt™™ + IndAy (t) = Indt ¥ + IndA (t) +

4
2i -%‘952)‘* J— 21 $00d,
Ind| e = +Indje =—(Q+®&+0-0=&-90.

N3BecTHO, YTO CYMMHPYEMYIO (YHKIUIO MOXKHO IPEACTABUTH,

bopmyoii:

pt) =" () -0 (1) (2.2.10)

+ . +
rae @ (t) —ecTh npenenbHbIe 3HAUECHUS AHATUTHYECKON QYHKIIMH (0 (Z)

Ecan
¢ (t)eLy(), mpn p>0 u ¢ () =0,

+
Torga, coriacHo ¢opmysne CoOXOUKOTo Ui NpeAelbHbIX 3Hauenuit P (t)

HMEECT MECTO.

¢+(t)=§(p(t)+2iml[¢(f)df,

R | 1 o)
o (t) = 2¢(t)+2mlir_tdr, (2.2.11)

rae

i_jco(r)df’
b4 FT—t

CUHTYJISIDHBI ONEpaTop B MPOCTPAHCTBE Lp o koutypy I mpu p >1.
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1
p

100, 5| <m ﬂgo(t)\pdsjp
7Z'irT—t B pr .

J

r

Torz[a HUMCCT MCCTO, CJICAYIOIICC HCPABCHCTBO!

+ 1 M p _ M p+1
o O] =5le0l, +Z el =5 lel,,
31ech

1

o0, =M ol es "

B pesynbraTte, MOKHO cPOpMyIUpPOBATH 3a/1a4y, B CIEIYIOLIEM BUIE:

BAJAYA R;,;1. TpebOyercs wnaiitn dyuknuo @(t) € Lp, KOTOpas
JOJDKHA yIOBIETBOPSATH ycioBuio (2.2.9), 31eck ¢ (t) u ¢, (t) 0603HaUCHBI
ormeparopamu, 3amaHHeiMH paBeHcTBamu (2.2.11), ecmm  A(t) =1, Torma
3ajlada MOJIy4aeTcs OT CKavyka, B KOTOPOM OHA BCErja pasperninma.

Ecnu Al(t) —u3Mepumas (QyHKIus, TO I HeE CHpaBeIsINBO,

cleayonee HepaBeHCTBO:

AO-T=a <0

3aech C;(t) mpUHANIEKUT KIaccy Lp(F) npu p>1.

I'pannyHOE yCI10BHE MOYKHO 3alIUCAaTh, B CIAEAYIOIIEM BUE:
o (1) =|AM) - (1) +cy (1), (2.2.12)

‘A&(t) —].‘(p_ (t) - ecTb onepaTop B IPOCTPAHCTBE Lp(F).
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Ha camowm nene:

[AO-t o] = @ AD-1"p @) ds)p <
1

< 01@ \co(t)\pds]p o

M
p
5 ng(t)HLp :

Hcnonp3ys NpUHOMO CXKATBIX OTOOpa)X€HUW, YTBEPKIAEM, UTO
paBeHCTBO (2.2.12) pa3pemiuMo U UMEET €ITMHCTBEHHOE PEUICHUE.

Tenepp u3yuum ciryyan By =& = =&y = 0.

B namnom ciydae, InAj(t)- HenpepsiBHas ¢yHknusa. Ilpubanzum

In A (t) x byskuuu f € H:

00 e 2 40=7 0 0]"

+
3mech y*(t) - aHanuTHYeckas GyHKIMA B 06macTax D7,

C ydeToM BBOJa HOBBIX (YHKIHH, gpli t)=¢" (t)[;(i (t)Tl, KpaeBoe
yCIOBUE peoOpasyercs, B CICAYIONIEM BHIC:
o=t A0 o, al)
A, (t) 2 ()
Ecnmn &y =& =...=®, =0, 3a1aua umeer eJUHCTBEHHOE PEIICHHUE.
o Jlna -0 =0.

BBO,Z[S[ HOBBIC HCHU3BCCTHBIC q)YHKI_II/II/I, IMOJIYUHM:

¢:(z)=£11(z—zk)mkco+(z>, 2.eDp, (D)= (2),
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o M) =4O O+cr (1), 4 (1) = ill(z — 2™ 4, (1),

&) =T1(z-2 P ey (t),

k=1

&) =%[arg Af(t)]l.k =2=0, k=12,..,m

B cnyuae unaexc & =0, 3agaua, 6€3yclI0BHO, pa3peninMa, i OHa HMEeT
CAUHCTBEHHOE peIlICHUE.
% Ecom & -0 > 0.

Torz[a KpacBOC YCIIOBHUC MOJKHO HAIINCAaTh, B CJIACAYIOIICM BHC:

1 +
— t)— t)]=
Cop? O Qe st
= TAWDP 0+ 60~ Qs sy (1]
(t-2)
rae z, NPUHALICKUT 00IaCTH D" u Q._s5_1(t) —monuHOM  He BBILIE

cTeneHn & -0 -1, npuuém, momoOpaHHas QYHKIUS HE HMEET MOJIoCa B

TOYKE Zg.

+
Oneparop R™, ecTh pemnieHue 3aja4u CONPSDKCHHUS CO CICAYHONIMMU

KO3 PUIIMECHTAMMU:
A g AW
(t-20)" (t=2)"
@' (1) —Qe_s1 (t)} _R* (t)[c ) - M} (2.2.13)
{ (t—z0)* ' (t-20)°

B cuny paBenctsa (1.2.13), MOXHO HAUTH (YHKIIUIO 0¥
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9" (1) =Qa_sa(t) +(t—2)" R+a>{qa>—%+1§?} (2.2.14)
(t-20)
Uraxk, paBenctBamu (2.2.13) wu (2.2.14)-ompenensiorcs oOImme

pellIeHHUs TaHHOW 3aauH.
o Jlna -0 <0.

Torna, 3amauy npeoOpa3yeM B CIEAYIONIEM BU/JIE:

P A O, oW
(t-20)% (t-2)" (t—2)°

3]1€Ch, IndAl—(t)zo, byHKIUSA L(t) - aHajuTHyeckas B oOjactu
(t—12z9)% (t—2)®

- +
D™. Omneparopsi R~ — 0003HaunM Kak oOpalamounue 3a1auy CONPSIKEHHS C

4 (1) _
(t—2z0)"

B sTom cnyuae, OyaeM UMETH ClIeNyIOlEee PaBEHCTBO:

K03 PuLmeHTOM

0" (2) =(2-20)"RT(O)[(t - 20)* e (V)],
_ - ¢ (t (2.2.15)
0 (@) =(2- 2R ()2
(t-2zo)
PaBencTBo (2.2.15) B TOUKE Z MMEET MOJIOC NOPAAKA \ae\ [ToaTOomMy B

obmieM BHUJIEe, 3ajadya Hepaspeluma, JJsg €ro aHHyJIUpOBaHUs, Tpeldyercs

\ae - 5‘ JOTIOJIHUTENIBHOE YCIOBUE PA3pEIIMMOCTH, CAEIYIOLUIEro BUaA:

[(t- Zo)-aeR+(t)(tcl¢aedt:0- (2.2.16)

r —2p)

3amaya (2.2.9) Oynmer paspemuMma, €CJId BBIMOJHICTCS YCIOBHE

pa3pemumoctu (2.2.16). B pe3ynbTaTe, UMeeM CIEAYIONIYI0 TEOPEMY:
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TEOPEMA 2.2.1.

Honycmum, umo Ay (t)—aersemca kosgppuyuenmom 3adauu Pumana u
ona nenpepuvienas ¢ynxyusa, c(t)—yoosnemsopsem ycnosuio I'énvoepa,
Ind4, (t) = & - ecmb unoexc 3a0auu Pumana,

Toeoa, oannas 3adava paspewiuma u umeem eOUHCMEEHHOE peuieHue,
npu &—-0=0. Koecoa &—-06 >0, moecoa paccmampusaemas 00HOpoOOHaAs
3a0aua conpscenuss umeem & —0O pewenui. B ciyuae, umdexc ®—0 <0,

3a0aua O6ydem paspeuwiuma mo20a U MoJabKO moz20d, K020d BblNOJHAEemCs

‘% - 5‘ ycanosue paspeumumocmu, 6uod.:

S yept ¢y (t) _
i(t Z5) "R (t)(t—zo)aedt 0.

2.3. I'panuuHas 3axaya Pumana qiist cucremMsl
aupPepeHINANBHBIX YPABHEHUH MEPBOIr0 MOPAAKA JJIJIMITHYECKOT 0
THNA ¢ KO3 PUuuueHTAMU, HMEKIIUMHA 0COOEHHOCTH MOAYJbHOIO
MopsaAKa

[IpoBenem wuccienoBanue 3amaduu ¢ KodGPUIIMEHTAMHU, HWMEIOIUMU
OCOOEHHOCTH  MOAYJBHOTO  TOpsAKa, ISl CIHEAYIOmEeH  CUCTEMBI

nuddepeHuaIbHbIX YPaBHEHUM:

(ou 0
X oy Y
(2.3.1)
MY gixy)
oy  ox o

3anuumeM CHUCTEMYy B BHAC OJHOI0O KOMIIIICKCHOI'O YPAaBHCHHSA, TaKUM

oOpa3om:

oW

EI‘//(Z)-
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3AJIAYA R,;. Tpebyerca HaiiTu aHanuTuueckyto ¢pynkunumio: W ' (z)-
oW

pPEryJsSIpHOTO pelIeHUs [Js1 ypaBHEHUS, ?:w(x, y) B obmactu DT wu

W™ (z)- amanuTHYeckyi0 BHe 00JacTH, 10 CJACAYIOUEMY TPaHUIHOMY

YCIIOBHIO!:

W () = Hﬁ & Hﬁ 7 U AGOW @) Fe),  (23.2)

saeck & (r=12..4), n;(j=12,..y)-Touku, nexamme Ha I,
d, q; -0, A(t)= H‘t §r ‘t ‘qul(t);tO u c(t)—u3 xmacca

H(I).
Pemrenus HalijieHbl B Kj1acce PYHKIUM, HHTETPUPYEMBIX Ha KOHTYPE.

Tak kax,
- SioM,

h g =f1-&) e oW =arg(t-¢,)
=t (2.3.3)

.ﬁl‘t‘ﬂj‘qj :ﬁl(t—’?j)Qj e oY) = arglt—n;)
i= j=

[Toacrasnssg paeHctBo (2.3.3) B (2.3.2), umeeM:

(z ol -—f@ﬁl)dr}
W) = [1-&)% - [1f-n; el =

r=1 j=1

x A (OW (1) +c(t)

niin
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W) = 1E-&) 11—, 9 AW +c),  (23.4)

r= j=1

3€Ch

$ 60, § o0, ]

Ay (t) = A(t)- e( = i

BBoas o603HaueHus, BUaA:

f0,-500 ) Say-£ 60 o)

r=1 r=1 j=1 j=1

B ITOCJICTHEM PABCHCTBE!

y /4
zlp(l) -21 pg -ABJISIETCS E€IBbIM YHUCIOM U Zlq(l) Z q(z),
r 1= ' J=1

npu 0< q(l) <1, O< qu) <1.
[Moxcrasnss, 3HAYEHHE GyHKIHH W*(t)=p"(t)+F(t) u

W _(t) =@ (t)+ F(t) B paBeHCTBO (2.3.4), moiay4YuM CIEIYIOUIYIO 3aJady.
[puuem, F(t) B mocneanem paBeHCcTBE 06/1a1aeT CBOWCTBAMM:
1) ®yskums F(t)— mnpunagnexur kmnaccy G,(D+T), npuuém

oF
pe @(2)

2) ®yukuus F (1) — ma Bcell mockocTr HenpepbiBHAS (YHKIUS;

3) ®yukuus F(t) — ananuruueckas Bue obmactu D7

4) @yuknus F(t)—na Oeckonmeynoctu oOpamaercs B Hyjdb, T.€.,

F(0)=0

5) |F(t,)—F@t)| <At —t-lgt, —t,|, e F(t)—ynosnersopsior
ycaosuro ['énpaepa.
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Torpa:
o O+ FO=T10-2)" 167, 200 0+ FO] e

j=1

HJIA KOPpOYEC, UMCCT BUJI.

q)l*(t):rf_il(t I Te—; )% Ao (1) - g (0) + (1),

j=1

3J1ECh:

o =" O+FO), o O)=¢ O)+F()

OTCIOI[a, HCIIOJb3Ys BEPXHIO IMOCTAHOBKY 3aJa4d, UMCCM.

u o
H(t_gl’)pr 1 2
(- 71( o (1t-20" - A0-6 0 e
t—ﬂj = -
j=1

HJIN

o O= 11060 (167, A0 -0t 0 +c, 235

1=1

rae B paBeHctse (2.3.5),

a®= {166 f1-n 4,0

j=1

[Mycts ¢pynkuus C(t) mmeer mpoM3BOAHBIN NMPOU3BOIBHEIN MOPSIOK B

TOYKe KOHTYpa &, .
[Tonunom Q(t) BeIOMpaeM Tak, 4TOOBI OH YJOBJIETBOPSI, CIEAYIOIIUM

YCIOBUSIM:

D) =Q0 &) (2.3.6)
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B cmiy Toro, uro paBencTBo (2.3.6), BMecTe ¢ Hel, paBeHCTBO (2.3.5),

InepenumeM B CICAYOICM BHUJC:

m-Qm . Al c(t)-Q(t)
0= (t)+
(t-& )" H(t—’?j)pj

r=1 j=1 r=1

P
7
I1

HJIN

@, (t) = a1l > o () + (1), (2.3.6)

31€Ch.

o () -Q(t)
£ p

H(t_gr)

r=1

5 (t) =

c(t)-Q(t)
ﬁ(t - gr )pﬁl)

r=1

a(t) =

[Tonaras B paBenctse (2.3.6):

z-n " -5

wl (Z) - p(z) ) (237)
7 ]

TOTJIa, UMCEM:
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t

P
B pasenctee (2.3.8), kosdpduument 3amaun Ag(t) —MHOrosHadHas

5 (t) =

HenpepbiBHAs (yHKIug. YToObl M30aBUTHCS U3 MHOTO3HAYHOCTH, MPUBEAEM
paspes, B pe3yabTaTe, MOJy4uM 33734y ¢ pa3pbIBHBIMU K03 PULHEHTAMMU.

Jlanee, MOCTpOUM HOBBIE PYHKIIMH, CIAETYIOUIUM 00pa3oM:

(1 @
oi (@)= 11-&)" z—n, "0 @)

=1
PR A
07 (z)=ﬁ[ﬁj ﬁ[ "‘J 0. (239
r=1 Z_ZO J:]_ Z_ZO

[locne BBeneHUS HOBBIX (PYHKLUHMH, TpaHUYHBIE YCIOBHUS B JIaHHOU
3aja4ye, IPUHUMAIOT, CIEAYIOIUN BU:

Hrak,

Tt-& )0 T1l-n, 0 03 =

r=1 ]j=1
()] (2)
t—& " t-n;\ " _
Az (t)- 11 I1 @3 (t)
r=\ =7 j=\t—1Z




B pesynbTaTe, Mbl moay4duau 3anady, Korga KoddQuuueHT 3anadu

Pumana — HenpepsiBHAsT QYHKIIHS.

@3 (1) = 44 (D)3 (1) + o (1), (2.3.10)
rae
Ag(t
A,(t) = RO 3((1)) - @ — HempepbIBHAS () yHKIIHS
t I —2zo)" - TT(t—20) "
r=1 j=1
u

t
cy(t) = a() ) —MHTerpupyemas QyHKIHsL.

f1-) 11t-n;)"
r=1 j=1

Ucnonwp3ysa pesynbratr padorel WU.b. Cumonenko [91], cymmupyemyro

(GYHKIIUIO IPEICTaBUM, B CIIEAYIONIEM BHUJIE:
P3(t) = @3 (1) — @3 (1),

+ y +
rae @3 (t)— npemenbHble 3HAYEHHWsS AHATUTHYECKONW GyHKUMU @3 (Z) B
obmactax D*. Ecmm mpemmomoxuts @3 (t) € L,(I) npu P> 0 u

@3 (©) =0, TO pemeHne NpeACTaBICHHOMN 3a1aun OyAeT eAMHCTBEHHOM.

Ucnonws3ys hopmynbsl COXOIKOTO, UMEEM:

1 1 p3(7)
Tt)== t —3—d,
@3 (1) 2¢3()+27zi1£r—t T

i_j%’—(r)dz'.

_ 1
t)=——p3(t)+
(03() 2(P3() 27t 7t

B mpocrpancree  Ly(I') mpm P>1  wunrerpambHel  omepaTop

lj‘q)3(f)
7Z'i1" 7—t

dz orpannuen:
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p e _
qu)\?—(r)dr ds | SMp(IUCDg(t)‘pdep, (2.3.11)

7Z'i1" 7—1

J

r

3neck M —mocTosuHas, He 3apucsmas ot Dg(t).

Ucnone3ys paBeHCTBO (2.3.11) moayuum, ciaenyroiiee BoIpaKeHUE:

M p+1
2

1 M
75 O =35lesOl, + 2 el =5 es O,

1
p
e H(Ds(t)HLp =M p(”(ﬂs(t)‘pdSJ :
r
VuuThIBas cKazaHHOe, chopMyIUupyeM 3aaauy.

3AJAYA R, 3;. TpeOyercs HalTH (PyHKUIHIO (03('[), NPUHAAIEKAIYIO

NPOCTPAHCTBY LIO o KOHTYpY 1, yIOBIETBOPSIONIYIO TPAHUYHOMY YCIOBHUIO

(2.3.9), 3mech GyHKIHH (0; (t) u @, (t) osHawarT omepaTropsl, 3aJaHHBIE
HepaBeHcTBamu (2.3.10).
ITycts A4(t) =1, B 5TOM cCily4ae, IOJy4YHM 3anady O CKadke, KOTOpas B

knacce pynkunn L, ('), Oyner, 6e3ycnoBHO, paspemnma.

s wsmepumoit  ¢ynkuun, ¢yskunio A, (t), nHammmem B Bz

CJIEIYIOIIEro HEPaBEHCTBA!

4,() -1 < (1) <1+?v| - ) el (D) (p>Y).

[Ipu nomoiu ¢3¢ (t), momy4yuMm ciexnyromiee paBeHCTBO:

@s (t) =]A44(t) =3 (t) + c, (1), (2.3.12)

371€Ch | A, (t) —1 g5 (t) ~SBIAETCS OMEPATOPOM U3 Kiacca pyHKIUH Lo (D)
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JIeiCTBUTEIBHO,

1

[4.0-10; 0] - ( j4:)-1"); of ds]" )

1

< (t)[f\cos o dsj "=t
r

1+ M
5 . H(PB(t)HLp :

Hcmonb3ys MeToa MpHHIMIA CKAThIX OTOoOpaxkeHwil, 3amada (2.3.9),

0e3yCIIOBHO, pa3pelinMa u UMEEeT €IMHCTBEHHOE pelieHue, Buaa (2.3.11).
Tenepp paccMoTpuM clly4yal, Korjga &g =& =... =&y, = 0 (<'je -MHICKC
3agaun (2.3.8)).
B nmamnom ciywae, InA,(t)—saBasercda omeparopoM, HENPEPBIBHOU

¢yukun. [pubnuszum eé x pyukuun f € H . Torpa:

(I A4 (t)—f) 2
‘e 4 ].‘Scz(t)<1+Mp,
31C€Ch.
N Al
Xiaere

rae y~ (t)-aHanuTuyeckas QyHKIHS, HEIPEPHIBHAS B 00IaCTH D +T.

Hcnonp3ys HOBBIE DYHKITUH:
1
0=t o]

KpacBOC yCJIOBHC MOXHO 3alnucaTrb, B CJACAYIOIICM BHU/IC!

1 cy(t
03 (1) =——p3 )+ 20 (2.3.13)
x (1) x(®)
B orom ciyuae, kxorma &5=®;=..=&,=0 3amaua (2.3.13),

6G3YCJ'IOBHO, paspcminMa 1 UMCCT CAUHCTBCHHOC PCHICHHUC.
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¢ Ecau unnekc 3amauu Pumana & =0.

BBoas HOBBIE PYyHKIIMU, UMEEM:

*+ *+ =

m

03(2)= kljl(z—zk)aek 03(2), 7 Dy, 04 (2) = 95 (2),

MOJIY4YUM HEOJHOPOJHYIO 3a/auy Pumana:

030 =4, ()0, (O +c,(0), (2.3.14)
Trac
ﬁp—aﬁhﬁm=iam

[1(z-2)%cy(t) = ¢ ().
k=1

OTMmeTuMm, 4To

aekzi_ arg A4(t)| =e&=0, k=1,2,..,m
27 I

*

&k =i{argA4(t)} =2 =0.
21

o
Heonnoponnas 3amaua (2.3.14), korga eé€ wunaekc & =0, Torma
KpaeBoe¢ YCIIOBUE HMEET CIAUHCTBEHHOE PCIICHHUE.
+» Ecinu unaekc 3agauu Pumana & > 0.

[lepenumiemM 3aiauy, B CJAEAYIONIEM BUJE:

a— o P00l

55



( ) [A4 (s (t) +c (1) — Qg (t)l 31€Ch TOUKA 7z, IPHHAICIKHUT B

+
o6mactu D™ u nonbepém kosdpuumenT MHOroUIeHA Qx (t) bynxuun

(D;(Z) —Qx(2) _

(z—129)"

Torma, uMeeM claeayromyo 3aaaqy:

() —-Qult
250 Q:( ) _ R*(t){ (1) - = (t)ae}, (2.3.15)
(t-20) (t-20)
rae WHAEKC |nd Lt)ae =0 u o0o3HauuM e€ uepes R* omeparopa,
(t—2p)
pelIapnero 3ajaady conpsokeHus ¢ KodhGUuIueHToM: Lt)ae
(t—2zo)

Otcrona, u3 paserctsa (2.3.15), Hainém dyukumo @3 (t),

P (0 = Qu®+(t -7 FR* (t){c 020, }
0

3 (t):R(t){Cz(t) Qe (! } (2.3.16)
(t-2)

N3 nHamux paccyxkaeHUN BBISCHSIETCS, 4TO pemienue 3anad (2.3.15) u

(2.3.16), 1OMKHBI UMETh BU:

¢ IlycTh unaekc 3agaun Pumana & < 0.

3anuinem 3ajavy, B CIE€AYIOIIEM BUJIE:

PO _ AW GO

(t-2F (-2fF (-zf
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Wtak, m3BectHo, urto Ind A =0, u _p3(2) — aHaNIUTHYECKas
(t—z0)* (t—z0)*

(QYHKLHS, IPH 5TOM OHA HAXOJIUTCS BO BHEIIHEH obnacty, T.e., D .

+
Yepes R, cHoBa 0003HauMM omeparopa, oOOpallaloLIEro 3anauy

Ay (1)

CONPSDKEHUA C KOdPHUIIMEHTOM ( )ae .
t—27,

AHaJIOTUYHO NPEABIAYIIEMY, ITOJIYYUM:

03 (2) = (2-20) "R (D[t — 29) ", (B)],
(2.3.17)
Co (1)

03 (2) =(2-29)"R™ () —
(t-2zo)

B pasencree (2.3.17), ompenensgemoii QyHKIMHM B TOYKE Zy, HMEET
MOJIFOC MOPSIKA \EE\. Jl1s1 perieHus 3ajjauu COMpPsKEHUs, TpedyeM \EE\ yCIIOBUU

Pa3peIIMMOCTH, CICAYIOIEr0 BUIA:

J(t—zo) R ()|t — 20) ® c, (1) it = 0. (2.3.18)
r

x T * *

TEOPEMA 23.1. Ilycms 6 3adaue @4(t)=A4,(1) ?, (t) + ¢, (1),

Ay(t) #0 u sersiemes nenpepvienas gynkyus, C,(t) us knacca I'énvoepa:

(@ = IndA, (1)) unoexc 3adauu Pumana.
Toeoa:

Kozoa UHOeKc &=0, 3a0aua CONpANCEeHUs euoa:

+ * —

p3(t)=4,(1) 0, (1) +co(t) (2.3.14), umeem eouncmeennoe pewenue, a 6

caywae & >0 dannas 3adaua conpsiocenus umeem ® pewenuti. Kocoa & <0
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, 3a0aua conpscenus Pumana nepaspewuma. /[ns pewenus zaoauu (2.3.14)

mpebyemcs 00NOJHUMENbHOE YCI08UEe PA3PEeUUMOCmu \ae\ :

1£(t — 20) R ()|t - 20) ®c, () it = 0.
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TJIABA 3. KPAEBASI 3AJJTAYUA PUMAHA B CUHT'YJISIPHOM
. oW
CVYAE JUISl YPABHEHUH —~ = A(z)-W (z)
/4

3.1. Cunrynsipuas rpanu4yHas 3ajgaya Pumana nisi CucreMbl
nupdepeHIMANBHBIX YPABHEHUH 3JJIMNITUHYECKOT0 BUAA B cJy4yae, KOrja
K03pPuIMEHT XapaKTepUu3yeT 0COOEHHOCTbh AHAJUTHYECKOTO0 MOPSAIKA

B stom maparpade auccepraniuoHHONW pabOTHl M3ydaeTcs CUHTYJsIpHAs
rpaHu4yHas  3amada Pumana s cuctemsl  auddepeHInaTbHBIX
ITUNITUYECKUX  YpaBHEHUM B ciaydae, Korma Kod(DPUIIMEHT WMEET

0COOEHHOCTh AaHAJIUTHYECKOTO Xapakrepa, T.€. 1.

[ ou ov b
———=a-UuU+--v)
OX oY a
ou ov ’
—+—=a-(u+v)
oy OX

HAaCTOAIMYIO CHCTCMY HallMIICM B BHIAC KOMIIJICKCHBIX IICPCMCHHBIX TAdKHM

obpazom:

W _ A2) W(2). (3.1.1)
OZ

Pemrenue sToii 3agaun, kak nokasan M.H. Bexya cwm. [15], B Buze:
W (z) = p(2) -1, (3.1.2)

rne, w(z)= —lﬂﬁdg -ecTh aHanuTUueckas Gynkuus B oonactu D, 3mecs
Tpsg—1

®(z) umeet Takue xe cBoiicTBa 1-5, pynkuuu E(Z) u3 mepsoro maparpada,

IJ1aBbI 2.
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3AJIAYA R3;. Tpebyerca HalTH aHATUTUUYECKUE QDYHKIIMU: Wi(x, y),

ow
SBIISIONIME  PETYJISPHBIM  PCIICHHEM  YPaBHCHUS! 8—=A(Z)-W(Z)
4
+
IPUHAICKANUIMA K 00JaCcTAM D™, ynosnerBopser crenyoiemy

YCIOBHUIO:
+ < dr . ~; -
w (t)=H1(t—§r) "_Hl(t—nj) F AW () +e),
r= j=

3geck A (t) —HenpepbiBHas ¢yHkius, C(t) —cBOOOAHBIH 4iIeH 3amga4yu U3
kiacca  [énpaepa, &, 77 —pasiauuHble  ToukM  KoHtypa, Oy, (-

ITOJIOKHUTCIIBHBIC YK CJIA.

Hcnons3ys 3HAYCHUS (GYHKIMH: WH ) =p"(t)- e®®)

W (t)=¢ (1) e®M), KpaeBO€ YCIOBHUE MEPEIUIIEM, B CACAYIOIMEM BUJIE:

f1e-&)"

MORERESS AN e’V relt),  (3.1.4)
1(t-n;)"
J:

0] 041

a P ~q; _ c(t
o 0= -8 - Ne-n) A0 O+ S 619
r= ]j=
dyuxmus c(t)e Y eH, mo wmssectHoit Teopeme ®.J].Iaxosa,
IPEJCTABUM B BHJIE:

c(t) _

o) v O -y (1), (3.1.6)

3J€Ch:
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—a(t)
w(2) = 1 jc(t)e

. dz,
2ipr t-1

Torna, moactapnsas paBeHcTBo (3.1.6) B (3.1.5), 3amaya mpeobpasyeTtcs

B BUJIE.
+ + a d 4 —qj - -
o () -y (t)=H1(t—§r) f-_Hl(t—m) "A e () -y ().
r= j=

[Monbepém ko3P punuent noamunoma Q(t) Tak, 4ToOGLI OH YIOBIETBOPSII

CJICAYIOIIEMY YCIIOBHIO.
v (&) =Q" (&), (r=12..p (1=0L..d4) (317

HUcnonb3ysa naHHBIM MOJIUMHOM, TpeoOpa3yeM TIpaHUYHbIE YCIOBUS, B

TAKOM BUIC:

fe-&)*
P M-y (M- =2 -A e (O -y (H-Q(),
[1(t-7;)"
=1
- d
H(t_‘fr) ' U d
PTO -y -QM) == ABe" O~ TTE=&) "y (),

Y B qj
[1(t-7;)
j=1

7
Pasnenus, 06e CTOPOHBI, MOJNy4EHHON KpaeBoi 3amaun Ha [ (t —fr)dr :
r=1
UMEEM:
) —w () -Q(t t _ _
POV 00 AD -

H d Y qi
[Tt-&)r [1t—n;)"
r=1 =1
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niin

AD -y ) (3.1.8)
H(t DR

@ (t) =

[Tonaraem B paBeHnctBe (3.1.8):
()= M(t—n Vi7" _ 1
o (2)= Hl(t ni) 'z e (2), q=11q;. (3.1.9)
j=

[Toncrasnss, paBenctBo (3.1.9) B kpaeBoe ycnoue (3.1.8), umeem:

o () =t"TA e () -y (1). (3.1.10)

B pesynerarte, mbl monyuunu, 3anady uzydeHHyro M.b.Cumonenko, c

HCIIPCPBIBHBIMHA KOB(b(bI/II_[I/IeHTaMI/I .

Tak kak, Hama QyHKIUS CyMMHUpyeMa, B JJaHHOW 00JacTH, MOITOMY €&

MOJKHO IIPpCACTABUTL B CICAYIOIICM BHIC!
Dy (1) = D, (1) -y (1) (3.1.11)
TAaKOC IIPpCACTABJICHUC 6y1[eT CANHCTBCHHBIM, CCJIM YYCCTb, UYTO

(Dli(t)ELp(r)’ p>0 41 (01_(00)20.

+
[Tpenenpubie 3HaueHus QyHkuuu @, (t), ompexpenstorcs mo ¢gopmyie

Coxo1xkoro:
o' O=500+5- 12 ar,
? (t)———col(t)+ j%(r)d (3.1.12)
2 r 7—t
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B paBeHctBa (3.1.12), ij&?dr— SABJIIETCS MHTErpajbHbIM OINEpaTOp B
aAr T—
HOpME npocrtpanctea L, mo koHTypy I'), B cimyuae p>1 ecTh

OTpaHUYEHHBIN omeparTop, T.e.

2 1

1a@ gl 4| P s |°
7zi1[r—t dr‘ ds sMp@(p(t)\ dsj ,

]

r

rone M p - IOCTOAHHOE YHCIIO.

Otcrona, UMeeM:

Mp+1
2

1 M
o 0] =35laol, + a0l =5 lnol,

3JCCh:
1

a0l =M [’ .

B pesynbrate, MoOXHO chopMynIupoBaTh TpaHUUYHYIO 3ajaudy,

CIeNYIOIMUM 00pa3oMm:

B3AJAYA  Rzin. Ompemenuts  dymxkumio:  @p(t) el (I)  m
YIOBJCTBOPAOIIYIO TpaHuuyHoMy ycioBuio (3.1.10), ecau dyHKIHU

o (1), @ (t) narorca pasenctBamu (3.1.12).

B cayuae, korma A((t)=1 cumTaeTcs 3amaya O CKadyke M OHa,

6e3yci0BHO, pa3pewnma B npocrpancrse L, Ha kontype I'.

B cayuae, xorna A (t)-usmepumast GyHKuus U A He€ BBIIOJIHACTCS

CIIeAYyIOIee HEPABEHCTBO!
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MO O< e nOeLO. (2D

Torma, rpaHu4HBIE YCIOBUS MOXHO NpeoOpa3oBaTh, B CIEAYIOUIEM

BHU/IE:
o (O =[A0-1Lp O -y, (3.1.13)
TJe orepaTop [Al (t) —1](p1_ (t) mexxuT B mpocTpaHCTBE Lo (D).

Ha camowm nene:

1

[J\Al(t)—up\co(t)\pdsjp <
r

HAl(t)—JJ\Af(t)HLp

1+

M
. H%(t)HLp :

1
s:,ul(t)u\qo(t)\pdsjpwl >

I/ICHOHBSYH MCTOH, IPHHIUIIA CXKATBIX OTO6pa)I(€HHI>'I, 3agadya HMCCT

€IMHCTBEHHOE PEIIECHHUE.
ITycTh uHAEKC 3a1auu &y =& =...= &, =0.

B cnyuae, xorma In A (t)-sBasercs HenpepbiBHOW ¢(yHKImeid. Tenepsb
MOXKeM Npubnu3uTh ¢é x pynknuu f € A, tak, 4To6bl OHA yJOBIETBOPAIA,
YCIOBHIO:

JA0)
()

2 _
M, A(t) =

e('” A (t)-T) _1‘ <y, (1)< n

+ —
rne ¥ (1) u y (t) - coorBercTBeHHO, aHANUTHYECKUE DYHKIMH B 00IACTAX
D" u D"

BBeném HoBoe 0003HaUEHUS PYHKITUNA:
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* :(Dli(t)
9o (1) Zi(t)

Torna, paBenctBo (3.1.10), mpuHUMaeT BU:

t79A (t (t
700 =" 1O (.1.14)
x (1) x (1)
B cayuyae, xorna mHiaekc 3agaun Pumana &) =&, =...= &, =0, Toraa
paBeHCcTBO (3.1.14), 6e3yc0BHO, pa3pemumo.
% Ilycte, Temeps uugexc: &—d —1=0.
BBoaum HOBBIEe Hen3BecTHbIE QyHKIIMK B paBeHCcTBO (3.1.10):
* m B * ~ * ~
(02+(Z)=k1_[(2—2k)aek ¢ (2), 7 eD, 0, (2)=0, (2),
TOTAa, MEPEUIEM K 3a7a4e:
o (=A 0@ O+ys (1) (3.1.15)

rac
A () = kﬁl(z ~2 A, v = kﬂl(z —2 )%y (1),
OTmeTum, 4To

&, :Zim[arg A*(t)],k =2=0, k=1,2,..,m,

* 1 *
& = o arg Ay (t)]r0 =& =0.

B cnyuae, xorma wmHaekc, &=0, Torma paeenctBo (3.1.15), umeer

€IUHCTBEHHOE pPEIICHUE.
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< Ecom &—-d-1>0,

Torjaa npeodpaszyem 3anauy (3.1.10), B cinenyomem BUe:

(1) Qega(t) _
(t—29)® (t—175)%

LA ® v ®  Qeaa®)
t—2)%  (t—2)® (t—25)%

3meck Zp € DT, Qg 4 4(t)-monunoMm B crenenu He Bhime & —d —1.

o' (2) ~Qp_g1(2)

B srom cnyuae, pyHkuus - HE HMMEET II0JICa B
(z—-10)
Z, At) y
Touke “0. 3amerum, uyto pyukmus Ind = 0 umeeT HYyJIeBO# UHICKC.
(t-2zo)
OtmeruM, uTo R?™, pemeHHe 3amaunm CONpPSKEHUS 3aIMMCHIBACTCS CO
A1)
ciaenyromumMu kodhpuiueHTamMu, BUaa: W.
t—2z,

B stom cnyuae, umeeM clieAyOnMe paBeHCTBA!

(p1+ (t) - Qae—d—l(t) - R" ('[)|:l//1_ ('[) . Qaedl(t):| ’

(t—2z9)% (t-20)"
AR R(t){wl () —Q%L-lﬁ?} (3.1.16)
(t-2o)

OTtcrona, MOKHO HAUTH:

@' (t) = Qg1 (1) +(t—29)" R+(t){m_ () —M] (3.1.17)
(t—2o)

HNrak, MBI NOJTyYHIIN PEIICHUE 3a1a4M, B BUJIE:
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% ITycTh Teneps nngekc 3agayn Pumana & —d —1<0.

3anuiieM 3ajady B BUE:

o () _AQe M) v ()
(t-20)" (t-2)% (t-2)°

AD _y , 2 ®

Ouesuano, yro Ind——"—=0, a -aHaJUTHYEeCKass (PYHKIUsS
® @
(t—2zp) (t—2p)

B obmactu D™ . O003HaunM cHOBa omeparopa, OoOpallaroierocs K 3amade

+
COIIPAXKCHUA UCPC3 R™.

Torna, nosy4um:

ot (2) = (2— 20)* RY (|t - 20)%v1 (1)

o (2) =(z—zo)&R(t){%}. (3.1.18)
— 40

B ob6mem Bunme, ¢ynkius, ompexaenstomas paBeHcTBoM (3.1.18) B

TOYKC ZO’ HMCCT IIOJIIOC IIOpAdKa ‘%‘ I[J'ISI Cro aHHYJIMPpOBaHUA, OOJIKHO

BBIITOJIHATH \ae —d —Zu YCJIOBUE PA3PEUIMMOCTH, BUA:

J R+(t)aj V’l(t)ae}dtzo. (3.1.19)
F(t-20)%| (t-20)

Urak, muist 3TOr0 ciiydasi, MMEET MECTO CIEAYyIas Teopema.
TEOPEMA 3.1.1.

Kozoa unoexc 3a0auu Pumana ®—d —1=0, mozoa, kpaesas 3adaua:

o (t)= A_:('[) o, (O)+ l//l*('[) 6 K1acce PyHKyuil, 02paHUdeHHbIX HA KOHMYpe

E umeem eOUHCMEEHHOe peuenue.
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Koeoa: @®-d-1>0, mocoa uckomas 3adaua umeem &—d—1
pewenue. Toz0a, npu unoexce: & —d —1<0, 3a0aua Pumana nepazpewuma.

lna eé paspewumocmu mpebyemcs ‘a’-:—d—:u 00ONONIHUmMeIbHoe YClo8ue,

suoa: | R™®) va (O dt=0.
r(t—2o)*| (t—20)"

3.2. KpaeBas 3agaua Pumana nus nuddepeHuuajbHbIX ypaBHeHUi
FIUNTHYECKOT0 THIA, KOIAa KO3(PPUIHEHT XapaKTepu3yer

0CO0EHHOCTH Hyﬂﬁﬁ M IOJIIOCOB CONPAKEHHO—AHAJIUTHYECKOIro BUaa

B nmamHOM ciywyae, wu3ydaeM KpaeByro 3amady Pumana g
nuddepeHnuanbHbIX YPABHEHUM 3JUIMITUYECKOTO THIA, KOrjaa Ko3QUuueHT
XapaKTEepU3yeT HYJH U IOJIIOCA CONPSKEHHO-aHAIMTUYECKOrO BUAA, T.€. IS

0000ménnon cucreMsl Komm-Pumana:

ou ov
———=a-u+b-v
<ax oy

ou ov '
—+4+—=a-u+a-v
oy OX

DTy cucTeMy B KOMIUIEKCHOU (OopMe, HAMUIIEM B BUJIE:

8—VY = A(z)-W(z2). (3.2.1)
0z

Cnenys merony uccnenosanus WU.H. Bekya [9]], o6mee npeacraBiaenue

BCEX peryssipHsix B oonactu D pemrenuii (3.2.1), 3anuiiem B BUIE:

W (2) = p(2) -2,

rae ¢(z)—ananutudeckas GyHkous B oomactu D u w(z) = ——ﬂ Ale) dg
Tps—1Z

ABJISETCS HENPEPbIBHON QYHKIIMEN U A1 HEE€ CYNIECTBYIOT TaKKMe CBOMCTBA!
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1) @(z) —un3 knacca C,;
2) ®(z)— BO Bcell MIOCKOCTH HENPEPHIBHOM (QYHKIUH;
3) w(z) — amanutmueckue BHyTpHu obnactu D

4) w(z)— na 6eckoneunoctu ucuesaer (o) =0;
5) ‘a)(zz) —a)(Zl)‘ < NZZ — 21‘ : |n‘22 - 21‘1 T.€. pynkuus o(z) e H,

w(2) —sBusercs perienrneM ypaHeHus (3.2.1), 910 cieayeT M3 CBOMCTBa
(1).
3AJAYA R;,. HeoOxonumo HaAWTH mapy aHaJIUTHYECKUX (PYHKIHIA:

W= (x, V), peryispHoro perieHus nuddepeHInanbHOro ypaBHEHUS, BHU/A,

W _ = Alx, y)-W(x, y), nmexamero B  obmacTsx D*,  koropsie

15/4

YAOBJIETBOPSIOT CIEAYIOMIEMY I'PAHUYHOMY YCJIOBHUIO:

W (t)= H(t ) - H(t—nJ ) %AW () +c(t), (3.2.2)

spece A(t) = H(t—fr) r H(t nj) 20 HeTnpepbiBHAass (PYHKIHS,
r=1

ct)ye H, &, nj—rtouku, nexawme wna konrype [, d,, gj —uense

MOJOKHUTEIBbHBIE UHCIIA.

y7, Y
Zdl":di qu:

r=1 j=1

[Ipeobpazyem:




B CJIEAYIOIIEM BUJIE!

—2i50Wd,

=&  =f1t-&) e = " oP=arglt-¢&)

r=1 r=1 (3-2.3)
, , —2.29()

AT = fifnoe "5 o)

j= j=

[ToxacraBass paBeHncTBo (3.2.3) B paBeHCTBO (3.2.2), 0TCIOAa, HMEEM:

H d
[t-& ) 21[20(2) _5eMq, J
W ()= At)-e LW (t) + (), (3.2.4)
T1(t—7; )"
j=1
(1t -& )

W= AW ()l @29
H( 771)q

j=1

rae B paBeHcTBe (3.2.5)

| Z
$ 0q;- $o0d,

@:a®e4“ i)

— HemnpepbIBHAS PYHKILIUA.

[Toncrapnsist 3HaUeHUST PYHKIINU:

W+(t):¢)+(t)°€a)(t), W_(t): (0_(t)-ea)(t),

B paBeHCTBE (3.2.5), noJy4dum:

a d
. H(t_gr) ' ¢
P (1) = 71( " Ao (0)e” D™ (1) + (),
— 7. ")

~
o



niin

ﬁ( _gr)d C(t)
(D+ (t): r;l A (t)(o_ (t) o)’
JHl( _Wj)qj ‘
f1-& )"
o (0= At O+l
JHl(t_”J)qJ

~ot)

rae ¢ (t)=c(t)-e
[Mycts  ¢ynkmus () B okpectHoctn  Toukm  t=&,
nubdepenunpyemas d,_; —pas.

IToctpouM  momuHOM  Q(t), YAOBJIETBOPAIIIHUN  CIECAYIOLIEMY

PAaBEHCTBY:

cMeE)=0M&) (r=12,.,4 1=01..d,4). (3.2.7)

HCHOHBSYH, HOCTpOGHHBIﬁ IMOJIMHOM, I'PaHUYHBIC YCIIOBUA IICPCIINIICM,

B CJICAYIOIICM BHC!:

f(t-& )
o' (t)-Q(t) =" Ay (1)~ (t) +cy(t) —Q(t),

t_77] ]
j=1

4

—

nJIn
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- )"

0" (1)-Q(t) =" A0 () + [Tt~ & ), (0),
H( ) r=1
j=1
Uu
+ A _
o =—"2Y o)1 cp00. (329
_H(t"71 K
j=1
e o (=2 D=0
1;[( ’71)q
[Tonaras B (3.2.8):
/4
0 (2) = ( —,Ji 2% (2), a=20;. (3.2.9)
j=1 j=
[Toacrtasnss (3.2.9) B (3.2.8), nony4um:
P (1) =t A (O (1) +Co(t). (3.2.10)
PaBenctBo (3.2.10) sBnsgercs 3amayedt PuMaHa ¢ HenpepbIBHBIMHU
K03 puIIMEeHTaMU.

IlogCcuntaemM ee MHOEKC:

{Zi $ 0,%q;-2i fﬁr“)de
Indt™9 A, (t) = Indt™ + IndA (t) + Inde* '™ r=1 -

=—Q+&+g-d=&e—-d.

[Ipu stom, nns 3agauu (3.2.10) npumenuma teopema U.b. CumoHeHko.
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TEOPEMA 3.2.1. Ilycmo 6 3a0aue: ¢ (t) =t 9A, (D)@, (1) +C, (1), @
oW

6MeCmo paseHcmea. F:/—\(Z)-W(Z), 20e A, (t) —omauunas om wyna u
L

Henpepvienas ynkyus, C,(t) —uz xnacca I'énvoepa, oma ougppepenyupyema

8 n110boMm nopsoke.
Tozoa, umeem mecmo ciedyowuil pe3yrbmam:

B cnyuae, unoexca ®—d =0, paccmampueaemas cpanuunas zadaua
conpsidcenuss Pumana umeem eduncmeennoe peutenue. B ciyuae, & —d >0,
3a0aua  conpsocenus Pumana umeem @®—-d  pewenuit 6 kunacce,

O0ZcPpAHUYEHHOM HA KOHNnype.

3.3. KpaeBas 3agauya Pumana a5 cucreMbl ypaBHeHU
IJINNTHYECKOT0 THIA ¢ KOA(PPUUHEeHTOM, 00,1a1aI0IIIUM 0COOEHHOCTAMU

MOJYJBHOTO XapaKTepa

PaccmatpuBaercs kpaeBasd 3amada PumaHa 1 CHCTEMBl YpaBHEHHU
AIIUNTUYECKOTO THUIA, KOTAAa KO3(P(PUUHEHT XapakTepu3yeTrcs OCOOEHHOCTH

MOAYJBHOTO IIOPsJKa, T.€. IJIsI CUCTEMBI.

(ou  ov
———=a-u+b-v,

4 OX
ou ov
—+—=a-u+a-v,
oy OX

HUJIM B KOMIUJIGKCHOU (hopme:
aa—"f’: A(z)-W (z). (3.3.1)
Z

Crnenys meromam wuccienosanus WM.H. Bekya, [91], pemenue stoii

CUCTCMBbI MOJKHO 3alliuCaThb, B CJACAYOIICM BHUJC:
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W(Z):gp(z)-ea’(z), 3nech @(Z)—ecTh ananuTHYecKas (QYHKIMS B

obmactu D, a)(z):—iﬂﬁdg, rae ®(z) —obaamaer CBOMCTBOM, Kak B
D

npeaslaymieM, naparpade:
3AJJAYA R;3;. Heobxonumo HalWTH mapy aHaJUTHUUYECKUX (YHKIIHMI

W
W *(x, ), peryIspHOro pelieHHs ypaBHEHWUs, BU/A: aa—_z A(x, y)-W(x, y)
yA

IpUHAMIEKAMeH BHYTpH o6nacTH W BHe obmactd D, ymosmeTBopsromyro

IrpaHHM4YHOMY YCIIOBHUIO, BHJA:
+ ad d L —q;j -
W™ () = Hl\t—fr\ : _Hl\t—nj\ AW ™ (1) +c(t), (3.3.2)
r= j=

3nech: &, njel’, d,, (j —IPOM3BOJILHBIC YHCIIA. Kospdbuuuent 3agauu

H d Y —q;
At) = Hl‘t—cfr‘ r -Hl‘t—nj‘ 20 wu menpepeiBHas ¢ynxunua, C(t)— w3
r= i=
kinacca H(I'). B wuckomoit 3amaue Pumana, pemieHusi HaiifieHbl B KJacce
GyHKLIUNA, UHTErpUpyeMbIX Ha KOHTYpe .
[Ipu momomwu pasenctBa (3.3.2), mpeaslayliee KpaeBOe YCIOBHE,

npeoOpasyeTcs B BUJE:

WD) =" () e? u W (t) =9 (1)-e”,

—Ix

*

t-¢
o (t)-e?® = fl—q A 1)-e?Oict), (3.3.3)

=

——
|

=

N
Il
[ty

O‘—IGBI/IILHO, 94TO UMCIOT MECTO, CICAYIOIMMNUEC paBCHCTBA.
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7]
—2%ioMd,

=& = fl-g)re =77 o —ag-&),
(3.3.4)
2_% ia(z)qj
{1 = f1ft-nJo-e 70 o <arg(tony)

Teneps moacraBisieM paBeHcTBO (3.3.4) B paBenctBo (3.3.3) oTcrona,

HOJIyLII/IM:
f1t-& ) [ze(z)q fer(l)d] -
o) =" O L CASTOR
[1(t—7;
j=1
NN
(1(t-2 )
o (t) =" Ay ()@ (t) + (1), (3.3.5)
[1ft—n,
N
rac
2{29(2) ze(l)dJ
A(t)=A(t)-e V7 T qt)y=eNe).

Beenéwm cnenyromiee o603HaueHuE:!

ﬂ /4 4
Sd =5(p®-q®)  Saq;-= Z‘M” qf?)

r=1 r=1 j=1 i
/4
Z p(l) > p§2) -HaTypalbHbIE YUCIIa,
a IpoOHYIO 4acTh 0003HAYMM, CJIEAYIOIUM 00pa3oMm:

$q®, zq@, 0<q® <1 0<qg{® <L.
r=1
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[IpeoGpasyem paBenctso (3.3.5), B Buge:

U @)
H(t _Ggr)pr
()= A() - O+ (D). (3.3.6)
t—ﬂj pj
j=1

rze

Metoaom pemienus 3aaauu (3.3.6) sBiusercs 3ajadya ¢ HENPEPHIBHBIMU
kod(ppunmentamu. Tak kak kodpPuIMEHT ATON 3a7auu - MHOTO3HAYHAS
byHKIUA, TpoBeAEM pas3pes; B pe3ylbTare, MOJIyYUuM 3aJady C pa3pbIBHBIMU
K02 pUIIHECHTaMU.

Utak, B pe3ynbTaTe, Mbl MOJYUYUIU OJHO3HAUYHYIO (QyHKIUIO. BBeaém
HOBBIC (PYHKIIMH, CIEAYIOMIETO BUIA:

o (2) = ff[(z L ﬁ(z -7 )‘*EZ) -1 (2),

1

ar
0 (2)- ﬁ[—z“ffj

[

['paHWYHBIC YCIOBHS MOXHO MPeoOpa3oBaTh, B BUJIE:
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! M 7 (2) _
-6 )" [Tt 7 ol @)=
r=1 J=1 Hl(t_nj pj

J:

Qr — . \Y]
xAs(t)ﬁ[ﬁ] ﬁ[t ’“J o O+ (),

r=1 t_ZO j:]_ t_ZO
nin
A0 - - )

o (t) = r= +
(1) (16200 - [1(t-2,)
j=1 r=1 j=1

N Cy (1)
U o 7 2’
H(_§J% @_m}h
r=1 j=1
nin
fi(t_'gr)pg)
o= A B+ 6 (), (33.7)
_Hl(t—ﬂj ")
]=

3aech B paBeHcTBe (3.3.7), koadduiueHT 3aaauu u e€ cBOOO HBIN YJICH,

_ As(t)
Au() = J @ 7 2’

[T —20)" [T(t—2p)"

r=1 j=1
¢y (t)
)=~ ® 7 @’
=& ) 'H(t—ﬂj)qj
r=1 j=1
rre Ay(t) = . ﬁ)s(jt/) ;) ~HempepbIBHas bynkmus u  C,(t) —

fi(- 2 11620
r=1 j=1

uHTerpupyemas GyHKIus, e€ TakkKe MOKHO 3aucaTh B CICAYIONIEM BUIE:
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BO=v" O-y O yO=5[2Ddr
=

VYuuteiBas (3.3.7), npeobpazyem AaHHOE KpaeBOE€ yCIOBHE, B BUJIEC:

Me-&)*
o ()-p M) =" S A O -y ().
El(t —1j)

[Toctpoum nonuHOM Q(t), YIOBIETBOPSAIOIMIMNN YCIOBHUIO:

vD(E)=Q"&),  (r=12..,4 1=01..d") (3.3.8)

Ucnonp3ys wmHorouseH Q(t), KpaeBoe YyclIoBUE IpeoOpasyeMm, B

CIICIYIOIIUN BU:

&)™

o -y (H)-QM)="= S A O -y (0 -Q(),
_Hl(t -nj)’
J:

-

o (- (O-QM) =+ o A ()~
Hl(t—ﬂj) J
]=

- 1020y,

@ (tZ—I—l// (t) —(1)Q(t) = A (t) e o (t)+yq (1),
=& (=)
r= 1=

P () =— A 0@ @ () +yq (1), (3.3.9)
_Hl(t—ﬂj) :
J:

rie B paBeHcTse (3.3.9):
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+ o (1) +y " (1) -Q(t)
@, (1) = J o
Ul(t —&)Pr

[Tonaraem, B paBeHcTBe (3.3.8):

(2)

1(z-n)"
o Q)= — 0 (), (3.3.10)
z")
OTCr0JJa, UMECCM.
5 (1) = %wg (t). (3.3.11)
t J

WNrak, mONy4uaud 3amady C HENPEPBIBHBIMH KO3 GHIMCHTAMH,
paccyxaas W aHanusupys, kak npodeccop M.B. Cumonenko cm. [91],
MOJIYYUM CJICTYIONIYIO TEOPEMY.

TEOPEMA 3.3.1.

B cnyuae unoexca zaoauu ® =0, mozoa paccmampusaemas 3adaua
CONPANCEHUSI 8 UCKOMOM Kaacce yukyuu, 6ydem pazpewuma. Toeda, koeoa
UHOeKCc Kanna Oonbwie HYIsL, 3a0aya umeem Kanna JUHEUHO-He3A8UCUMbIX
pewenuti. Eciu undexc xanna MmeHvule HYas, moz2oa 3a0a4a CONps’CeHus 8
obwem 6ude Hepazpewuma. J[Jna eé  pazpewumocmu  mpebyemcs

,(3.3.11).

O0OnoOJHUMeENlbHOEe YCLo8Ue PA3PeuuMocmu \zﬁ
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I'/TABA 4. TPAHUYHAA 3AJAYA TUITA 3AJAYU PUMAHA C
HENPEPBIBHBIMU KOO®PUILIMEHTAMU B CUHTI'YJIAPHOM

CJYYAE 1JIs1 CACTEMBI: Z—V;/ =A(z)-W(z)+B(2)W(z)+c(2)

4.1. I'panunyHnasn 3anaya Pumana naa cucremsol 1uddepeHnuaibHbIX
YPABHEHHH 3JIJIMNTHYECKOI0 THIIA, KOIAa KO3 PuuueHT numeer

0COOEGHHOCTH AHAJUTHYECKOI0 XapakKrTepa

PaccmatpuBaercss rpanumuHas 3amaya Pumana s CHCTEMBI
nuddepeHUaNbHBIX YpaBHEHUN DJIJIUNTUYECKOrO THUIA B cliydae, Korjaa

K03 PUIIMEHT, UMEIOUMI 0COOCHHOCTH aHAJUTUYECKOTO XapakTepa, T.€. JJIs

CUCTCMBI.
a—u—@:a-u+b.v+f
<(’3x
ou ov !
—+—=a-u-b-v+g
L0y  OX

HJIN B KOMIIJICKCHOM BHJC:

%_V;’ = A(z)-W(2) + B@)W (2) + c(2) (4.1.1)

Cnenys wmerony wuccienoBanuto W.H. Bekya, pemenue ypaBHEeHUs

(4.1.1) naércs popmynoii:
W (2) = [F (2) + p(2)]- ¢ (4.1.2)

rae B paBeHcTBe (4.1.2), pyHkius:

d¢ - ananuTuueckoit QyHKIMEH

\A/ (> c -w(2)
F(2)= _% ] [B(g)W(Z;t Z(Z)]e
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1A
() =—— Iﬁdg-HBHHeTCH HETPEPBIBHOM PyHKIIHEH.
Tps—1L

Oynkuus w(z) obiagaet BCeMH CBONWCTBAMH MpeabIAYIIEro naparpada.
Teneps chopmynupyem 3agauy.

3AJAYA R,;. Tpebyercs HalWTH aHAIMTUYECKYI0  (QYHKIUIO

W " ( :
X,y) — peryJsipHOTO peieHus YpPaBHEHUS, BUJA:

oW

E:A(Z)‘N(Z)+ B(z)/anc(Z) B o6mactt D u dyuxmmio W (x, y) -

AHAIUTUYECKYI0O BO BHEIIHEW o00jacTu, 1O CHEAYIOLIEMY TI'PaHUYHOMY

YCIIOBHIO:

w+ar=ﬁp—§n“-ﬁp—np*“aawvxo+do, (4.1.3)
r= j=

4 y g,
3gecs  A(t) = ]_[1(t—§r)OIr : _Hl(t—nj) %20 wu wmenpepeiBHas QyHKuMS,
r= j=

ctyeH, &, 77j —HECOBNA/IAIONINE TOYKH KOHTYA, d,, gj —uenble yucna,

Hcmonb3yeM MOCTaHOBKY

WHR) =[F)+ o' @] e“D uW (1) =[F@)+p (1)]-e“Y,

Tenephb NOJCTABJAEM JaHHbIE 3HAUCHUS B paBeHCTBO (4.1.3), oTcrona umeem:

(1t-&)*
[FO)+o" ()] ™V =1 -AMIFO+¢ 01O +c),
[1(t-n;)"

j=1

81



w(t)
HEOOXOAMMO pasfenuTh o00e CTOPOHBI paBeHCTBa Ha € 7| momyuum

CJICOYIOIICE PaBECHCTBO.

(1(t-&)° 0
F)+o" (0)="4 AOIFO+¢ O]+ -

_Hl(t—nj)qj ¢

]=

Beonum o6o3nauenus: F(t)+¢@ (1) =¢; (t), rae nanHas 3aaaua,

INpUHUMACT BHUA:

¢ 0= -2 L) ™ A0 O+ S ~F O,
r= j=

ot (1) = ﬁl(t—mdr -_ﬁl(t—n DYAMe O+, (@14
r= ]=

uepes ¢ (t) n 0603HauNM ¢ (t) = <M _ F(t).
ea)(t)

[Tycts ¢1(t) uMeeT mPOU3BOIHYIO POU3BOJIBHOTO TOpsiaKa. [locTponm

noJuHoM Q(t), Tak, YTOOBI YJIOBIETBOPSI HUXKHEMY YCIOBHIO:

&) =Q"&),  (r=12..4 1=01..d,4) (415)

B cuny paBencts: (4.1.4) u (4.1.5), npeobpa3yem rpaHU4HOE YCJIOBHE,

BHJaa.
(1-g)
o' ()-Q(t) ="+ - Ate O +at)-Q),
[1(t-7 i)Y
]=
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1t-£)"

o (1) -Q(t) =2 MD'%GM(@)+§F—§0“%G)
jl;[l(t—ﬂj)
o 0)=—"0 o 40,0, (4.L6)
Ep—mﬁ'

e 092000,
(=)™

[Tonmaraem, 4To B kpaeBoM yciaoBuu (4.1.6):

1z-n)" 05 (2)
o (2) =12 . , (4.1.7)
YA

TOTrJ1a, UMEEM:
o () =%+cz(t) : (4.1.8)

Nrak, MBI NONy4yunad 3a7ady CONPSKEHUS C HENPEepbIBHBIMU

K02 pUIIHECHTaMU.

Hcnonp3ys 0603HaUYCHUS:

AO-p0. AP -0
OTCHOJa UMECEM:
o1 () = Ao 1)z (1) + ¢ 1), (4.0.9)
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Janee, paccyxJIeHus MPOU3BOASATCS, AaHAJOTMYHO uccienoBanuo M.b.

Cumonenko [91].

Tax kak QyHKIUIO @) (t), MOXHO TIpeACTaBUTH B BUJE:

P (1) = @5 (1) — 3 (1), (4.1.10)

rie ¢, (t) ABIAIOTCS TNpPEAeTbHBIMH 3HAYEHUSAMH (QYHKIHH: 05 (z), Ha

xoHType I, M OHa ABIAETCA aHANMMTHYECKHM B 00macTax D™,
+ —
Urak, ¢ymxums ¢; (t)el,(I), p>0 n ¢ (x)=0, nosromy
MpEICTABICHUE PEIICHHS 3a1a4H SMHCTBEHHO.

I[To ¢opmyne HO.B. Coxonkoro, HaWIeHbl TMpejelibHbIE 3HAYCHUS

byskuun @5 (t), Torna nmeem:

1 T
@ (1) ——(02('[ —J%( )d
2t 7
1 T
@, (1) ———coz(t)+—j(p2( Vdr. (4.1.11)
27 r 7—t
HNuter @ (7)
panbHas ¢popmya: j dz —sBnsercs 0ocoObIM OTIEpaToOpoOM

7Z|1"T t

B nipocTpanctee, L, (), npuuém oHa orpaHnyCHHa, T.C.

|~

1

fg”z(f)d ‘ ds | SMP(H(p(t)‘pdep,
T

7Z'|1" 7—1

JI~

sneck M, -ne 3aBumcut or Qynkumm @,(t), Tak kak omHa sBIAETCA

IIOCTOAHHBIM YHCJIOM.
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B pesynprare, noay4uM CIeayrOUMe HEPABEHCTBA:

M p+1
2

1 M
H(pf(t)HLp <l Ol + = e Ol ="l 0,

30€CH
1
2
(020l =M oot

Urak, 3agaqy conpsokeHus CHOPMUPYEM CIESTYIONUM 00pa3oMm:

Haiitu  dynkmuio ¢, (t) —u3 wmacca L,(I), ynosnersopsromyio

rpaHuYHOMY yciIoBHIo (4.1.9), rie @, (t), 3anaroTcs pasenctsom (4.1.11).

ITycts, Tenepp A, (t) =1, rpannynoe yciosue (4.1.9) mpespaturca B

3a7ady O CKadke, KOTOpas paspemuma u oanosHauna B kiacce Ly ().

Eciu A, (t)- dyHKIMS ¥ U1 HETO BBHIMOJHSAET CIEAYIONIEE YCIOBHUE:

‘Az(t)—ﬂgcz(t)<l+?vlp, M) ely(), (p>1).

uim u3 obenx yactet paBeHncrna (4.1.9), To umeeM cieaymoiiee:
9" (1) = [Ap (1) ~ L, (1) — c2 (1), (4.1.12)
rae onepatop [A,(t) —1fp, (t) e L, ().

Ha camowm pnene:

1

|20 ~dp> 0] {IUAZ (t)—up\goz—(t)\pdsjp <
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1

o 1+ M
=C (t)(f‘(ﬂz(t)‘ i dsj = C,(t) M
r

2

|2 (t)HLp :

Hcnonb3ys ONpUHIUI CKATBIX OTOOpaX€HUM, yTBEpKJaeM, 4TO 3ajaya

(4.1.12), umeeT eAMHCTBEHHOE PEIIEHUE.
Ecin ¢y =@ =... =2, =0.

Tak xak, InA,(t) Oymer HempepbiBHOW —(yHKIHEH, TO3TOMY,

npubau3uM e€ Kk pyHkuuu f e H .

(In Ay () 1) 2

e =1I<c,(f) <

‘ # 2V 1+ M,
x ()

Ipencrasum, urto dynxmusa: Ay (t) = ") rie y (t) mu y (t) ecth
X

AHAJIUTHUYCCKAasid, 1 OHAa HC 06pamaeTc;I B HYIJIb.

BBeném HOBBIE PyHKIUM:

t) _ C,(t
@, (1) = A ¢, (t) +¥ (4.1.13).
Ao (1) 77 (@)
ITosryuennoe pemenne eIMHCTBEHHO, €CIIA &y =& =... =&, =0.

Teneps uccnenyem 3agady B ciyuae, koraa IndA, (t) =0.

s Honycrtum, uto & =0.

* *

02 @=11G-2)"0,' (@), 2D ¢; ()=, (@)

TOTaa MOJYYUM CICAYIOIICC KpacBOC yCIIOBUEC, BHJIA.

0,  (©)= A0 @, (1) +C, (1), (4.1.14)
86



rac
AWM =11(z=-2,)"" A1), (O =T1(z—-2)""c,(1).
[lycTh, MHACKC 3a7a4d pABEH HYIIIO, T.€.

®, :i arg Az*(t)]rr =2=0, r=1,2,.,u,

* 1 *
&, =5 arg A, (t)]ro =& =0.

Torna 3amauva (4.1.14) pa3pemuma 1 UMEET €JUHCTBEHHOE PEIICHHUE.

% Ilycts Teneps: INdAy(t) =& >0, Toraa xkpaesoe ycinosue (4.1.13),

INpUHUMACT BHUA:

[IpeoOpazyeMm 3anady, ciaeayrOmuUM 00pa3oMm:

1 ey _
-z 2 O e
1 _
= m (A2 Do, (1) +9,(t) - Qae—l(t))’

J’_
3eCh TOUKa 7z, HpHHAMISKUT K obmacty D™ u Qp_q(t) momuurom cremenu

"(2) - Qzu(2)
®—1, nmoxGepém ero KodpduIMEHTH Tak, uTOOBI mms 2 &1
(z-20)%

BBIITOJIHAJIOCH CICAYIOIICC PABCHCTBO.

A
B cnyuae, korna Ind 10 =0 u uepes R* 0603Haunm omneparopa,
(t—20)®
pelaroiero 3ajady CONPSKEHUsS CO CHEeAYIIHUMUA KO3(pPuUreHTaMMU:
Az—(t), TOraa:.
(t—20)"

87



02" (1) = Qq (1) _ RW{CZ 1) - Qe (® }

(t—2p)" (t—2zp)%
0y (©) = R(t){c2 0 —Ll‘t;] (4.1.15)
(t—2p)

Haiiném ¢ (t),

03 (1) = Qa1 () + (- zo)aew(t){cz (t)—%;l(t)} (4.1.16)

(t—2z0)%

Hammu pacCyKaACHUA NIIPUBOAAT K MBICIHW, O TOM, 4YTO PCHICHUC 3aJadu

(4.1.9) nomxHO MMeTh Kak pa3 B Buie paBeHcTBa (4.1.16), 3mech Qg _4(t) —

aBasgeTcss MHorowieHoM U ¢opmynsl (4.1.15) u (4.1.16) - ectp oOwmwue

PCHICHUA ,Z[aHHOﬁ 3aJa4u.

% Ecin @ <0, r.e. IndA,(t) =2.

JlanHyto 3agauy npeoopasyem, CIeyOIMuM 00pa3oMm:

P () _ A1) 0, (t) ——<2 t
(t—20)* (t—29)" (t—20)®
3aecs Ind AZ—(t) =0, a 310 QyHKIUS AZ—(t)- aHAJIUTUYECKasi B
(t—ZO)ae (t_ZO)Exa

o6nactu D . B srom ciaydae, Toke 0003Ha4YuMM oIepaTopa, oOpamarmIero

t
3a71a4y COMpPsDKEHUs ¢ KodppunueHTom %, yepes R™.
t—2,

Torna nomyuum:

@2 (2) =(2—20)®RT()[(t — 29)Fc,r ()],
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02 (2) = (2-20)"R- ()20 (4.1.17)
(t—2p)

Oynkius, onpenenseMas paseHcTsoMm (4.1.17), BooOie roBops, 3agaya

HC UMEET PCUICHHSA, TaK KaK B TOYKE Zy, UMEET MOJKC IMOpsAKa ‘&E‘ Hns

TOro, dToOBl 3amada OblIa paszpemuma, TpeOyrTcs ‘66‘ yCIIOBUA,

pa3penmMoCTH BUAA:

J(t—20) "R (Ot~ 25) ®c,()]dt =0 (4.1.18)
I

IIpu BeImONHeHUM KpaeBoro ycioBusa (4.1.18), 3amaua wumeer

CAUHCTBCHHOE peICHUE.
B pesynbTate, chopmynupyemM Teopemy.

TEOPEMA 4.1.1.

Ecau Ay (t) = ﬁ(t—fr)dr -]Z[('[—nj)_qj #0 u A, (t) —nenpepwisnas
r=1 j=1

@yuryus, Co(t), yodoeremeopsem ycaosuro H, mozoa umeem mecmo

creodyrwuyee:

Kozoa unoexc zaoauu @& =0, moecoa paccmampusaemas Kpaesas
3a0ava conpsicenuss umeem eourHcmeennoe peuienue. Koeoa unoexc xanna
Oonvule Hyns, mo2da 3a0a4a CONPANCEHUs pa3peuuma u umeem Kannd

peuwtenue. B cnywae, unoexc zadauu, xanna meuvuie Hyls, 8 dMOM Clydae,
3adaua Oydem paspewuma moz20a U MoJibKO mo20a, Ko20a mpedyiomcs ‘&‘

OONOJIHUMEIbHbLE ycuaosusd paspemumocmu.

(t) [(t —20) 2, (M)t =0
r (t
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4.2. I'pannuyHas 3ag1a4a Pumana ¢ kodppuuneHTamu, nMe0 UM
HYJIM U IOJII0CA CONPAKEHHO-AHAIUTUYECKOI0 BUAA AJIsl CUCTEMBI

auddepeHIMATBHBIX YPABHEHU M 3JIJTHNITHY €CKOT0 THNA

B »stoM maparpade wusyuaercs KkpaeBas 3ajada Tumna Pumana c
ko3 PuIIMEeHTaMu,  HMEIOIMUMU  HYJIM U TOJI0Ca  CONPSHKEHHO-

AHAIMTUYECKOTO BUJA ISl CHCTeMBI Tud PepeHInaibHbIX YPaBHEHUN:

a—u—@:a-u+b-v+f
OX

ou ov
—+—=a-u-b-v+g
oy OX

HiIin B BHIAC OJHOIO KOMIINICKCHOTO IICPCMCHHOI'O MOJKHO HAIIMCATh TAaKHUM

obpazom:

%_V;/ = A(2)-W(2) + B()W (2) + <(2) (4.2.1)

N.H. Bekya [15] moxka3zai, 4To pelIeHUE TaHHOTO YpaBHEHU S, UMEET BU:
W (2) =e”? - [F(2) +9(2)]

3JC€Ch:

\\ { >\ c -w(2)
F0--1 [B(g)vv<z; : Z(z)]e »
w(d) = -2 2 g
Tpg—1L

31eCh w(z) —ABIAETCS aHAIUTHYECKON (yHKIMel, ob6nanatoneil cBocTBaMHU

1-5 mpeasiayuiero naparpada.
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3AJTIAYA R.,. Tpebyem Haiitn aHamutuueckyro dynkmuo: W (x, »),
peryisipHOTO pereHus nuddepeHuanbHbIX ypaBHEHU,

M _ pz) | wiz)+ BONG) @)
0Z A(2) A(2)

o6macru DT, u W (x, y)—

AHAIMTUYECKYIO0 BO BHENTHEH 00J1acTH, TO TPAaHUYHOMY YCJIOBHIO:

(1a=¢)°

W™ () = AW O +c(), (4.2.2)
nﬁ—mﬂl
i

/R
3J1ECH A_L(t)zl_[(t—gr)dr [1(t—7n;) W20 u HenpepeiBHass (GYHKIMS Ha
r=1 j=1

xontype I', c(t) e H(I'), & u nj —Touku, nexamue Ha koutype, dy, qj —

17 y
HaTypaibHble yncia, rae > d. =d, > d; =d.
r=1 j=1

Teneps, uCMoNb3ys MOACTAHOBKY 3HAUYCHUM QDYHKITUA:
W) =e"CFM+o M), W O=e"CFN+o O] (423

Torma rpanuunoe ycinoBue (4.2.2), mpu nomomu paBeHcTBa (4.2.3),

peoOpPa30BBIBACTCS B CICAYIONIEM:

Hrak,
(1E-2)°

e?VIF () + 9" (O] = “L——— AMe”OIF ) + ¢~ O] +c()
Q@—mﬂi
]=
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E-&)" o0

FO)+o" () ="2 ADIFO+o O+ (424
T\ e
[1(t—7;)
j=1
3neck @ (1) =@ (1) + F(t).
O‘-ICBI/II[HO, 4TO UMCHOT MCCTO, CJICAYIOIIUC paBeHCTBa:
. -2 $o0d, 0
H(t gr) f = H(t &) e = 1 o7 =arg(t—¢&;),
L4 _ L aj 2'219(2) : (2)
IE“‘W)JZIEG_”QJ e F ,  0;7 =arg(t—n;) (4.2.5)
i= i=

Hcnons3yst  paBeHctBo  (4.2.5), rpanuuHoe ycioBue (4.2.4)

HpeOGpa3yeTc;1, B CIICAYIOICM BHC:

ﬁ(t gr)dr 2'[2 9(2) Ze(l)d J
o) ="4 Alle V7T e (M) +a(),
f1e-n)"
3J€Ch.
c(t)
C’_I.(t) = e“’(t) - F(t)’
nJin

f1(t-&)%

o () =" - Ayt (1) +ci(t) (4.2.6)
[1(t-7 i)Y
]=
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Tpeoyetcs, utoOsl Gpynknus C;(t) nmena mpon3BOJHYIO POU3BOIBHOTO

nopsiKa.

Ko>pduumenter Muorounena Q(t) mombepéM Tak, 4ToOBI IS HETO

BBIITOJIHAJIOCH, CHCI[YIOH.[GG paBeHCTBO:
(&) =00, (4.2.7)
npu (1=0,1...,d,_4, r=1, 2,..., u).

Hcnonb3yst, pasedHctBo (4.2.7), rpanuuHoe ycioBue (4.2.6)

npeoOpasyeTcs, B CISAYIONEeM BHUE:

f1-&)"
o' () -QM) ="+ — A O O+ () -Q(),
[(t-7;)"
j=1
t-&)" )
"0 -QM) =T Al O+ [1E-5)"¢0. “28)
t=n;)" =

Urak, paznenum o0e yactu paBeHcTBa (4.2.8) Ha rpaHUYHOE YCIOBHE,

7
[1-¢ )OIr C, (1), orcrona umeem:
r=1

e M)-Q) _ A
H d /4 qi
[e-&)"  [1e-np)"
r=1 j=1

o (1) + ¢ (D),

WY B COKPAILIEHHOM BUJIE:
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(D]_+ (t) _ . AZ (t) -
_Hl(t—nj)q’
]=

@ () +c,y(1), (4.2.9)

[Tonarast B paBenctBe (4.2.9):

y T
[1(z=n;)" -9, (2)

o (2)=27 (4.2.10)

74

IMOJIY4YHUM:
or (1) :MHZ@' (4.2.11)

B pesynbrate, moayuuMM KpaeBykw 3a7ady C HENPEPbIBHBIMU

KOB(b(l)I/IIII/IGHTaMI/I, 11 HEE€ UMEET MECTO cicayriiasa Tcopcma.

TEOPEMA 4.2.1.

H Y o — g4
Ecnu  At)= H(’[—ffr)dIr [1(t—7n;) 9 %0 HenpepuleHas (QYyHKYuUS,
r=1 j=1

30eco C(t) € H unoexc 3a0auu Pumana & = IndA (t) — Indt YA, (1) =& —d.

Tozoa, kozoa 8—02>0, 3a0aua paspewuma u umeem eOUuHCmMeeHHoe

peuieHue, paccmampugaemas 3a0aia CONPsNCeHust, umeem & —O peuleHus.

Kozoa, ®-0<0, s3a0aua 6 obwem suoe Hepaspewuma. Jns

cyuecmeoeaHuA eé pPeueHus, Heobxo00uUMo 6blNOJIHEHUE yC]ZOBLH:{/

paspewiumocmu, 6uoda ‘%—d‘ (4.2.11).

4.3. 'panuuyHnas 3axaya Pumana nis cucremsl q1uddepeHunaabHbIX
ypPaBHeHMUil, koraa ko3gpuuueHT 001agaeT 0COOEHHOCTAMHU MOAYJIbHOTO

XapakTepa
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N3zyuaercs rpaHuYHas 3ajayda Pumana JULA CUCTEMBI
nuddepeHnuanbHbIX YpaBHEHHH, Koraa Kodp(HUIUEeHT uMeeT O0COOEHHOCTH

MOAYJBHOTO XapakTepa, T.€.,

6_u_@_a u+b-v+ f

OX

lou ov (43.1)
—+—=a-u-b-v+g

[0y OX

N.H. Bekya [15] noka3zan, uto pemeHus cucteMsl (4.3.1), UMEIOT BU.:

W (z) =e”? . [F(2) + p(2)],

3JCCh:

1 H B(o)W (2) +c(z) @
g— z

1. A

de n w(z) = - ) 4o
Tpg— Z

rae QyHKIUSA o(z) —aHaJUTHYCCKass U o0jajaeT BCeMU cBoWcTBamMu 1-5 u3

nepBoro mnaparpada, Kak HempepbiBHbIE (QyHKUIHHU. Temnepb, chopmynupyem

CIEAYIONYIO 3a1a9y:

BAJAYA R,;3. Tpebyercs, HalTH mapy aHaJIUTUYECKUX (QYHKIHH

W " (x, y) —peryisipHoe pemieHHEe DJUIMIITHYECKOrO0 ypaBHEHHUsS, BHJA:

8W
62

Ko Bcelt oomactu D, koTopasi ynoBieTBopsieT CleIyIOmue yCIOBUS:

=Alx, y)-W(x, y)+B(x, y)- W (x, y)+c(x, ¥), NpHHaLIEKAIIEro

W*(t) = H\t—gr \t—nj\ VAW (1) +c(t), (4.3.2)
J=
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rae Al(t)—HerepBIBHaSI byHKIMs, W OHa HE paBHA HYIIO, 3]ECh
7

ct)e H{I). Sonjel, >d, =d, Yq;=q, dy, q; —mo0bie

IEUCTBUTEIBbHEIE YN CIIA.

HCI‘[OJIIB}UI 3HAYCHU.
WD) =[F)+o'@®)]-e“Y, W (1) =[F{)+e (t)] eV,

B (4.3.2), monyuum:

fIt-& "
[FO) +o" 0] eV = “L——— A OIF (1) + o~ ()] ¢ +c(t)
H‘t nr‘Qr
j=1
‘u‘t_gr‘dr (t)
FO+e ) =2 —ADIFO+e O]+ S
H‘t ’71‘
fIt-& "
® (t)—”—Al(t)cof(t)wl(t), (4.3.3)
‘t ’71‘
rac

pr()=F®)+p ), c)=cltle D -F().

Tak kax:

i § oM
yZ d, H -2i 2 6r7d,
=& =Te-g) e = g7 =age?,
r=1 r=1
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=2i 2 9(2)qJ

/4 qi /4 .
-l = fia-m® e 5 o -agop.
J= 1=

N3 (4.3.4) u (4.3.3), umeem:

(1t-g) 2{29(%, zd%}
o' (M)="" “Ae VT T e )+ o).

[(t-7;)"
j=1

O06o3HaYNM:

Y

$d, =5(p® —q®) $aq,=35(p?-q?)
r=1 r=1 j=1 j=1

/4
Z p(l) )3 pgz) —HaTypaJbHbIE YHCIA,
$q0, v q? no< Sq® <1 0<¥ q? <1,
r=1 j=1 r=1 j=1
[IpeoGpazyem kpaeBoe ycnoBue (4.3.5), B BUjE:
H o H _q®
=)™ TIt-&)™

(t) p(_z) 'rj,l q(2) X
na o e-n)"
]j=

2{ $0(Pq;-560d,
Xe

= r=1 }Al(t)(pl (t) +cy(b),

nJIn
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o' () =" o Pe®)-er () +cu(t), (4.3.6)
1(t-n; )
I
rac
m[%%a%—%ﬁmhj
i= r= .
Az(t): ?/ q(_2) u A'L(tl))

[HE=n;)" -T1E-&)*
j=1 r=1

O6osnaunm @ (t)- caenyromum o6pasom,

)

(2
%ﬁa%=f¥vﬂuf‘-fﬂ“250x
i=

B pE€3yJbTATC, UMCEM CJICAYIOIIECC I'PAHUYHOC YCIOBHUC.

(2)

oy B a] q® _
% (t)—lill(t—nj) U (1) ¢ (1), (4.3.7)

Orcrona tpebdyercs, uToObl C;(t) MMeno mpou3BogHBIE MPOU3BOIBHOTO

nopsiaKa.

c(&)=QW&), (r=12,..,4 1=01..,pP-1), (4.38)

[MonGepéM  KO>GPUIMEHTHI MHOTOYIEHA Q(t) Tak, uTOOHI

YAOBJIETBOPSIIO CIEAYIONINE YCIOBUS:

B cuny (4.3.8), rpannunoe ycinoBue (4.3.7), npUHUMAET BU/L:

)

H p§ _
[Tt-S) A, (1)

p"(t) == @ +cy(t).
t
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N3 o0eux cTopoH paBeHCTBa, MUHYCYEM Q(t) .

1)

1e-2)" AWe, ©
p" (1) -Q(t) =" e +c1(t) - Q(t),
Z pi”
[It-2&) AWM o
o (t) =" ® H-4) " 60, (439
FI[e
ot (1) =9" (1) -Q(),
+ A -
. %1 (t) - — 2(0((05 (t)+C2(t),
t-&)" t°
r=1
Nnin
o3 =200 ), (43.10)
t
31C€Ch.
N . (1)
@, (t) = . :

1)
p
H(t_gr) '
r=1
B pesynpratre, Mbl NOJYyYHUIH TPAHUYHYKO 3a0a4yy COIPSIKEHUS C

HENpPEePbIBHBIMU KOAPDULIHEHTAMH, HJIT KOTOPOHW HMMEET MECTO CIeayromas

Teopema.
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TEOPEMA 4.3.1.

H Y -
Iyemos  A(t) = Hl‘t —cfr‘dr : Hl‘t —771-‘ A 0, u nenpepuvisnas Qpynxyus
r= j=

na xonmype I'u IndA (t) = &, 30ecov C(t) uz knacca I'énvoepa.

Tocoa, kozoa  uHOexkcom 3adayqu EE—C](2)=0 68 amom cayuae,

00HOpOOHas  3adada  Aeusemcs  paspewumou.  Ilpu & — q(z) >0

paccmampusaemas HeoOOHOPOOHAsl Kpaesas 3a0ayd CONpAMCeHUs, 0e3)Cl08HO

paspewuma. Koeoa umoexc 3adauu  Pumana ae—q(2)<0, mozoa

paccmampusaemas He0OHOPOOHAs 3a0ayad Hepaspeuuma, 0 paspeuumocmu

HeOOHOPOOHOU 3a0adu mpebyem ‘% — q(z)‘ yenosus paspewumocmu (4.3.10).

4.4. I'panuynas 3axa4ya Pumana ¢ HenpepbIBHBIMH KOG GULIMEHTAMU B
CHHIYJISIPHOM cJIy4ae, Koraa ko3¢ duuueHT xapakrepusyer 0COOEHHOCTH

AHAJINTHYECCKOI'O BU1a

B nmanmHom maparpade wuccrmemyercs rpaHudHas 3amada  Pumana B
CUHTYJISIPHOM CJIy4yae C HENpepbIBHBIMU KO3 (dULIMEeHTaMH, Korga Ko3(pQUUUEHT
XapakTEpU3yeT HyJEHd M IOJIOCOB AHAIMTHYECKOTO BHJA. YCTAaHOBJIEHO, YTO
YHCTIO pelIeHMH 3a1aun B Kimacce (yHKIMH, OrpaHMYEeHHEIX Ha KOHType | | He
MEHSIETCs OT HaJM4us HyJIeld aHaJIUTUYECKOTo Xapakrepa y Ko uiueHTa 3a1auu

N YMCHBIIAIOTCA HAa CYMMBI IIOPAJKOB BCCX ITOJIOCOB dHAJITUTHYICCKOI'O BH/IA.

[Tycts nan xoutyp -I', cocrosimuii u3 M +1 MpOCTHIX 3aMKHYTBHIX KOHTYpPOB

Janynosa Iy, Iy,...,I},, orpannumBarommx OZHOCBA3HYIO 00JaCTbH D+,
JOTIOJTHUTEIBHYIO K HEeH YacTh IJIOCKOCTH, COCTOSIIYIO U3 CYMMBI M KOHEYHBIX
OJHOCBs3HBIX obOsacte Dy (kK =1, 2,..,m) n OeckoHeuHOW obOsactu D, ,
OyzeM B JalbHEHIEM JIJIsi KPaTKOCTH Ha3bIBaTh TaKKe 00JacThiO M 0003HAYMM
yepe3 D .
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3AIJAYA R;4. Heobxomumo HaliTu QyHKIHUH Wi(Z), AHAIUTUYECKHE B

*
obmactax D™, uMeromue mouTn BCIOAy Ha KOHType I, IpelebHBIE YITIOBBIE

+
snaveHuss, W~ (t) YAOBJIETBOPSIOIINE TPAHUYHBIE YCIIOBHSL:

=
—_
|
KA
N——
_10_

+
—
N—"
I
-
Il
[HEN

A(tW (1) +c(t), (4.4.1)

L
=N
|
=
N—
o)

31€Ch Gy, 7] j —HEKOTOpbIC TOYKH KOHTYpa I' n &, — SBIACTCS HYIAMH (YHKIMU

Al(t), 17j —ABISIOTCS TIOJNFOCAMH byHKIHN Ai(t), d,, q j-HaTypajbHEIC YHCIa,

A (t)—serpepsisras dysxuus, c(t)e H(T).

O603HaUUM WHJEKCOM 3aaun Pumana & = IndA(t),
v 7

p=2 pj, mMm=Xm. Pemenne Oyiem wuckate B Kimacce GyHKIUM
j=1 k=1

OTpaHUYECHHBIX Ha KOHTYypE [

N3 xpaeBoro ycioBus (4.4.1) BugHO, 4TO B Kiacce (QYHKITUN, OrpaHUICHHBIX

Ha koHType I', a ¢ynkuus W ™ (z), npeacrapiieHa B BUJIE:
Y
W(t)= 11—, )% - W)+ (). (4. 4.2)
j=1

Or ¢ynkuun C(t) tpebyem, urobsl oHa B TOouke t=¢&, Obuia
muppepennupyema ( —1 pas. IToctpoum mHTEpHONAMOHHBIN MHOrowIeH Q(t),

TaK 4TOOBI JIJ1s1 HE€ BBIIIOIHSIIOCH cJIeayromiec paBCHCTBO:

Q&) =cW(&), (r=12,p, 1=0,1...d,_,). (4.4.3)

ITIpu momonu paBenctBa (4.4.3), kpaeBoe ycioBue (4.4.2) npeobpasyercs

CJIETYIOITUM 00pazoM:
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W () - Q1) = [T(t - & )% t Iy~ (t)+ cft) - Q(t), (4.4.4)

r=1

500041

W () -Q(t)= [Tt - &) W () + [T-& ) re(t),

r=1 r=1

y7,
PaznenuB o0e YacTM KpaeBOro YCJIOBHS Ha H(t—fr )dr , TIOJIy4YuM
r=1

CIIEyIOIIIee PAaBEHCTBO:

Tornma:

A
r=1
W ()=t W (1) + cy(t), (4.4.5)

rie W1+ (t) — W+(t)_ Q(t)
(t o gr )dr

1

=

r

Nrak, Mbl nostyuniiu 3aaady PuMana B peryisipHoM cirydae. 3agaya Pumana
JUISL CiTydast, YAOBICTBOPSONIEro yciaoBusM [ émbaepa, korma dyakmus A(t) u
C(t) m3 xmacca H(I') mannoi 3amaun B 3aMKHYTOM (opme Obuta pemiena @.J1.

[NaxoBemM.  [lanee, B.B. XBenmenuaze o0000mIMI ASTH pelIeHUsS HaA CiIy4ai

MHOTOCBs3HOH o0actu u c(t) —cymmupyemast GyHKIHs co creneHpo > 1.

B nmanHOM ciyyae Mbl nokazaim, 4rto pesyaprarel D.J[. ['axosa,

OTHOCHTEILHO KpaeBOW 3amaun Pumana, BepHsl W Torma, korma A(t) mwmmb

HerpepbIBHAS (PYHKITHS.
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H3BecTHO, YTO KaXKIYI0 CYMMHUPYEMYIO (PYHKIIHIO, MOXHO HpPEICTaBUTH B

p(t)="(t)- o (1), (4.4.6)

+ N

rne ¢ (t) TIOYTH BCIONLY SIBIISIIOTCS TIPEICIbHBIMHU 3HAYCHUSAMHU (QYHKIUNH @ (Z)
+

aHanuTHYeCKuX B obOmactsax D™. Tlpeacrasienue (4.4.6) eIMHCTBEHHO, €CIIH

[P ATOJIOKHATD, UTO ¢ (t)e Lp(I) u ¢ (0)=0.

OyHKIUU goi (t) natores npu nomoiu popmya Coxoukoro:

0" 0=300)+ o5 1A ar,
(p—(t)=_%(p(t)+2im I[fL_Tt)df. (4.4.7)

O6ocHoBanue Qgopmyn (4.4.7), Ha ciydail cymmupyemoin GyHKIIMU (o(t)

nano U.B. IlpuBanoBeim.

HNanee, b.B. XBenenuaze mokaszaji, 4yTO MPUHAICKHOCTh (YHKIIUU (o(t)

knaccy L,(I), (p>1), Breder npuHa iIeRHOCTD ot(t) u @ (t) K TOMY K€

knaccy u Ly (I') —ABnseTcst orpaHneHHBIM ONIEPaTOPOM B IPOCTPAHCTBE, T.€.:

1

p 1

) 1
%I[f(—jzdr‘ ds| <M p(l[‘w(t)‘pdsjp,

]

r

rae M p — MOCTOSIHHASI, HE 3aBUCSIIAS OT (p(t). OTtcrona clenyer, 4To:

M
p+1
Lol

+

»

1 M, _
<L, ol -
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1
rae H(DHLp =M p(lﬂgp(t)‘ IOdS) P

CkazanHoe moO3BOJIUT chOpPMYIUpoBaTh 3anady Pumana, criemyromum

obpazom:
Haiitu  dynkouro  @(t), npuHamiexamyro  Kiaaccy Lp(F) u

YIOBICTBOPSIOLIYI0 KpacBoMy yciouio (4.4.6), rae (GyHKIuH @ (t) 0o (t)

0003HAYCHBI ONIEpaTOpaMH, 3aJaHHBIMU paBeHCTBamH (4.4.7).

B ocHoBe HCCIICAOBAHUA JICKUT CICAYIOIOAA IIpOCTas HACH. B clIydac

A (t) =1, xpaeBas 3agaua Pumana oOpamaercs B 3ajady O CKaudke, KOTOPBIM

0€3yCIIOBHO, pa3pelinMo ¥ OJJHO3HAYEH B Kjiacce Lp. Oka3sbIBaeTcsi, 4TO MaJble

OTKJIOHEHUs Kod(dduurenta Gpynkuuii A (t) OT eIuMHMI, HE MMEIOT XapakKTepa

PCIICHHUA 3aa4H. Hepexoml K 061H€My ClIy4aro, IIPOU3BOAUTCA IIPH ITOMOIIH

npudmokenns QyHkumd In A (t)  dyHKOMAMH, yIOBIETBOPAIONIMMHU YCIOBUS

['énppepa:

Cinyvaii &p=&; =..=&,=0. B srom cuyuae InA(t)—saBagerca
HenpepelBHON  Qynkuuei. Ilpubnmsum  ¢Qyskmuro f T1ak, uyro6el  oHa
yIOBIIETBOPsiIa ycioBus [ €npaepa:

‘e('” A1) —q <c< 2 (4.4.8)
1+Mp

Hanee, ucnonb3ys meton @.J1. I'axosa, dynkiuio A (t) = efl, peCTaBUM

+
ﬁ)—”z ﬁ) "
B Buae otHomenus A(t)= ~——, (yHKUIUAMH HEMPEepHIBHOW B 3aMKHYTHIX
7 (t)
obmactsx DT +T HUT/IE HE 00paIlaroIuXCcsl B HYJIb, T )(i(t)— AHATTUTUYECKUE

dynkumn B oGmactsix D7
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BBeném HOBbIE (yHKINH goli ('[) =p* ('[)[)(i (I)Tl, OTHOCHUTEJEHO KOTOPBIX

3aJada Pumana MepenuucTCA CICAYHOIUM O6p3.30MZ

N Alt) _ c(t)
o (t)=—"5o )+~ (4.4.9)
At) 2" (t)
3anaua (4.4.9) B ciydae &y =&, =... = &,, = 0 0e3yCcI0BHO, pa3pelmnma 1

HMCCT CIMHCTBCHHOC PCUHICHUC.

% Ilepeiiném k wmccinenoBaHHIO camoro obmiero ciydas: &—0=0,

BBOJ HOBBIC HCHM3BCCTHBIC (1)YHKI_[I/II/I, IMOJIY4YHUM:

ol (2)= gﬁl(z—zr)%rw(z), p:()=p (2), (2 €Dp).

[Ipuném K 3amaue

OTMCTHUM, 4YTO

&) =%[arg Al*(t)]l.r —2=0, r=12..m,

&y = % [arg A (t)]l.0 =0.

Otcroma, B cinydae & =0, 3amgaga, Oe3yClOBHO, paspemiiMa W HMeEeT

CANHCTBCHHOC PCIICHUC.

¢ 3amauy nepenuiieM B cienyomemM Buae, mpu & — d > 0.
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(0+ (t) . Pae—q—l(t) _
(t—20)® (t—2,)"

_Ae (1), ct) Pe_g-1, (1) |
(t—2z0* (t-2)° (t—2)"

rne Zoe D™, Pz_y-1(t) —mHOrounen crenenn e menswe &-1 momobpaw, Tax,

+ P z
z _q-
9TOOBI QYHKITUS 14 ( ) — = 1( ) HE MMe€Ja IONI0C B TOUKE Z(. 3aMETUM,

(z-20)f" (z-20)"

Alt
gyro Ind Lae =0 u 0003Ha4YMM, ormeparop, pemarolmi 3amady Pumana c
(t-20)
A(t) +
koadureHTOM —— - uepes R™. Torma, Oymem uMeTh, CIEayIOIICEe
t—2,
PaBEHCTBO:

|:(P (t) - Paegl(t)jl _R* (t)|:C(t) _ Paeq—l(;)} (4.4.10)
(t-zp) (t-2)

t-z)f°  (t-z)°

/(0= R(t)K O Pae‘q‘l“)J(t— Zo)ae}-

13 nepBoro paBeHcTBa, Hailaém @ (t):

N B it t Pe_g-1(t)
@ (t) =Pp g1 () +(t—2,)"R (t)K(tf(zj)"f— (t_qzol)ae H (4.4.11)

« 3anuuemM 3aJlady MHa4e, KOrJa MHACKC 3a1ayn: & —( < 0.

" (O)(t—20)"" = Alt)(t—29) o (1) +c(t)(t—20) ",
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oueBuHO, uto INd(t —25) ®A(t) =0, a (t —2z5) ® —ananuTuyeckas GyHKIHS B

+ +
obmactu D™. O60o3naunm cHoBa yepe3 R~ omeparopa, oOpamiaromierocs K 3agaue

Pumana ¢ koadunnertom
(t-20)°

Torma, nosyyum:

0" (2) =(2-29)"R" (Ot - 29)"c(®)],
o @=R 1) c(t) (4.4.12)
(t—z)”

OyHkIius, onpenenseMasl BoipakenueMm (4.4.12), B obmiem Bujie, B TOUKE

Zo, HMCCT IIOJIIOC IIOpsAdKa ‘%-q‘ HOBTOMy, I TOTO, YTOOBI CymcCTBOBAJIO

pelieHne MOCTaBICHHOM 3aJjauM, JOJHKHO BBIMOJIHATHCA, YCIOBHE Pa3pelIMMOCTH
ee—al:
c(t
j(t—zo) R*(t) —2— 1) ~dt=0 (4.4.13)
(t-20)"
[Ipu BBIIOJIHEHUU paBerctBa (4.4.13) peleHne HWCKOMOH 3a1ayu

CYILIECTBYET U OHO €IMHCTBEHHO.
TEOPEMA 4.4.1.

Kpaesas 3a0aua Pumana ¢ cnywae & —0 =0, bezycrosno, paspewuma u
umeem eOouHcmeenHoe peuienue. 3adaua, makdce 6 cayuae, ®—0>0),

be3ycno6no, pazpewuma u umeem & —(Q JuUHelHO—He3asucumMoe peuerue. 3aoaqa
paspewuma auwb 6 cayyae, £—0<0, npu evinoanenuu ‘&E — q\ yenosuu

paspewtumocmu, peuternue cywiecmeyem u OHO eOUHCMBEHHO.
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4.5. I'pannvHas 3aga4a Pumana ¢ HenmpepbIBHbIMH KO3 (p(puumeHTammn B
CHHTYJIIPHOM cJIy4ae, Korjaa ko3¢ @uuueHT uMmeeT 0COOEHHOCTH CONPAKEHHO-

AHAJIUTHICCKOIoO BuJaa

B nanHom maparpade wucciemyercss rpaHuyHas 3adada PumaHa B
CUHTYJISIPHOM CJIy4yae C HEeNpepbIBHBIMU KO3 (dUIIMEHTaMH, Koraa KodDPUIIMEHT
3amauyn  PumaHa xapakTepu3yeT CcOOOW HyJIed W TIOJIOCOB  COMPSHKEHHO-

AHAJINTHYCCKOI'O BHA.

MNOCTAHOBKA 3AJIAYM. Ilycte [ -xoHTYp, coctosmmii w3 M+1

IPOCTBIX 3aMKHYThIX KOHTypoB JlsmynoBa Iy, I7,...,I},,, orpanuumusaromux

+ o
OIHOCBA3HYIO 00J1aCTh D ) JOITOJIHUTCJIbHAsA K HCHU 9aCTb IINIOCKOCTH,

COoCTOAIIaA nu3 CYMMBI m KOHCYHBIX OAHOCBA3HBIX obmacTen

Dy (k=1 2,..,m) u Oeckoneunou obnactu D, , OyaeMm B JanbHeHmeMm ais

KPaTKOCTH Ha3bIBaTh TaKXkKe 00JIaCThIO0 M 0003HaUUM depe3 D .

3AJIAYA R,s. Haiitu pynkmun W i(Z), aHANMTHYECKHE B o0acTsax DT

+
MMEIOIIME II0YTM BCIOAY Ha KOHType [,  mpenenbHble 3HA4YECHUS, W‘(t)

YAOBJIETBOPSIONINE TPAHUYHOMY YCIIOBHUIO:

H d
Hﬁ_é)r

W (t)="* - AW () +lt) (4.5.1)
= )"

=1

N

31€Ch &, 77j — HEKOTOpbIE TOUKH KOHTypa I' u & — sBisercs Hylsamu QyHKIMM
Al(t), 17j —ABIAIOTCA NOTIOCAMU DYHKIMH A(t), d,, q j - HaTypalbHbIE YHCIIa,

A (t)—renpepsBras dysxmus, c(t) e H(T).
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Obosnaunm @& = IndA(t), P= 2 Pj, M= 2Mg. Peumenue Oynem
j=1

UCKaTh B KJacce (PyHKIUH, OrpaHUYECHHBIX Ha KOHTYpe [

O‘-ICBI/II[HI)I CJICOAYIOOINEC PaBCHCTBA:

—2i f‘//p)d r

(t_gr)dr e J

=

ﬁ(t_gr)dr =

(4.5.2)

e
—2i§yla, -2z v,

rre e u e — HenpepbiBHAs (yHKIMS Ha KoHType I U ux

HHACKCBI, COOTBCTCTBCHHO PABHbBI — du-— q .

[Toxcramss, Beipaxkenus (4.5.2) B paBerctBa (4.5.1), momyuum:

WO=110-& T a0 Ot 659
r= ]=
—2{_
rie Ay (t) = At)-e M

Orcrona, cnenyer, uro IndA,; (t) = IndA (t) +e&+g—d, &= IndA(t). U3
KpaeBoro ycioBusi (4.5.3) BUAHO, 4TO B Kjacce (DYHKIMI, OrpaHUYEHHBIX Ha

koutype I', m ¢ynxims W~ (t) npencrasiena B Buje:

W (t)= ﬁl(t — & T IW () + (). (4.5.4)
|=
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Or ¢ynkmm  c(t) TpeOyem, droObl oHa B Touke t=¢&, Oblia
muppepenmupyema P —1 pas. IToctpoum unHTepromsuonnsii Maorowien Q(t)

TaK, 4TOOBI 111 HE€ BBIMOJHSIIUCH CJIEIYIOIINE YCIOBHUS:

QV(g)=c(&) (r=12,..,4 i=01..,d,).  (455)

ITpu momomm paBeHcTBa (4.5.5), kpaeBoe ycnoBue (4.5.4), npeobpasyercs

CJIEAYIOIIMM 00pa3oMm:

W (£)-Q(t) = [Tt - &)t W, () +c(t)-Q(t), (45.6)

WHO-Q) = [1-&)" "W ()+ [1-&) 1),
W0 _ )+ ).
ga—aff
W (£) =t W (1) + ¢ t) (45.7)

W W 0-Q)
(t _ér )dr

1

-

r

Uraxk, Ml nostyunnu 3agady Pumana B peryiisipHom cityyae. 3agaya Pumana
AL Cydast, yaoBiIeTBopsiromiero yciosus I'énuepa, korna dyukmmu A(t) u c(t)
u3 kiacca ['énaepa, 3amada B 3amkHyTOM opme Obuia pemeHa O.J[. 'axoBbim.
HNanueitmem, b.B. XBenenumze 0000mua 31 penieHns: Ha Ciiy4ail MHOTOCBSI3HOU

obnactu. B Hactosiem maparpade, Mbl  TokaxkeM, uto pe3ynbTaThl @./]. I'axona,
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OTHOCHTEJIBHO KpaeBOW 3amaun Pumana, BepHbl u Tornma, korma A(t) aumb

HenpepbIBHAS (PYHKIIUA.

N3BecTHO, YTO KAXKIYI0 CYMMHPYEMYIO (YHKIMIO MOXHO IMPEJCTaBUTh B

pt) =" (t)-o (), (4.5.8)

+

rae @ (t) mouTH BCIOMy SBISIOTCS INpEIETGHBIMH YITIOBBIMH 3HAYCHHSIMHU
.4 +

byHKIIM @ (Z) aHanutuueckux B obmactax D~. TlpencraBnenue (4.5.8)

€IMHCTBEHHO, €CJIM MPEATNONI0XKUTD, YTO goi ('[) € Lp () u go_(oo) =0.

DOyHKIUU goi (t) JaroTCs TIpu oMoty hopmynamu CoXOIKOro

¢+(t)=%¢(t)+2i7dl[gdr,
o ()= _%gp(mziﬂi igdf (4.5.9)

B cBoeit pabGore b.B. XBemenumze, T1oKazaja, 4YTO IPHUHAIJICIKHOCTH
GyHKIMHT go(t) knaccy Ly(I), (p>1), Bneder npunamieRHoCTs " (t)u o (1)

K ToMy ke Knaccy u L (I') —ABnseTcst orpanndeHHbIM OnepaTopowm, T.¢.,

1

p 1

i.IMdr IOdS <M p(ﬂgo(t)‘pdep,

7Z'|FT—t

]

r

rae M, mocrosHHas, He 3aBHCSLIAs OT (o(t). Orcroga cnenyer, 4To

+

1 M 0 B M o1
_ =5llol, e, =5 el

%
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1

rae H(DHLp =M p(lﬂgp(t)‘ IOdS) P

CkazanHoe m1o3BOJISIET (opMynupoBaTh 3agady Pumana, criemyromum

obpazom:
Haiitu GYHKIIIO qo(t) , MPUHAJIEKAITY IO KJ1accy Lo (0,

Y/I0BIETBOPSIONIYIO KpaeBoMy ycloBuio (4.5.7), rae ¢ (t) u go_(t), 03HaYyaroTcs

OIIepPaToOpOM, 3aJlaHHbIM pPaBeHCTBOM (4.5.8).

B ocHoBe wuccienoBaHus JIEKUT cienyromas mpocrtas uaes. B ciyuae

A (t) =1, xpaeBas 3amada Pumana oOpamiaercsd K 3amade O CKadke, KOTOPBIH

663YCJ'IOBHO, pa3pciiM MW OJHO3HAYCH B KJIACCC Lp. OKaBBIBaeTCSI, qTO MaJIbIC

OTKJIOHEHUs Kod(pduuuenta QyHkuuid A (t) oT enmHuI, HEe MMEET XapakTepa

PCIICHHUA 3aa4H. Hepexoml K 061H€My ClIy4aro, IIPOU3BOAUTCA IIPH ITOMOIIH

npuompkenns Qyskuun  In A (t) QyHKOMAMU, YIOBIETBOPSIOIIMMH YCIOBHS

['énpnepa.

Cinyvaii &y =&, =..=&®,=0. B srom cuyuae, InA(t)—aBngerca
HenpepbiBHON  (pyHkuueit. I[lpubmusum e€ ¢ynknuro f  Tak, 4yT0OBI OHA
yAOBIETBOPsIA yelmoBusM I €npaepa:

‘e('” A1) —q <c<—2 (4.5.10)
1+Mp

Hanee, ucnonb3yst meroq @.J1. T'axosa, ¢ynkimio A (t) = ef peCTaBUM

2 (t)
2 ()

+
D~ +I" u wurge He OOpaIIalOmUXCA B HYIlb, TIE ;(i (t)—aHanHTI/IquKHe

B BHJI€ OTHOLICHHS = HENPEPLIBHBI (DYHKIMH B 3aMKHYTBIX 00JIaCTAX
€ OTHOIIIE t)= , HETIpE y 3aMKHYTBIX 00J1aC

dynkumn B oGmactsix D7
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BBeném HOBBIC (hyHKIIMHA:

o) =00

OTHOCI/ITCHBHO, KOTOPBIX 3a1a4a Pumana BBITVIAANUT, CJIICOAYIOIIUM 06p330M:

cof(t):ﬂw{(t)+ clt) (4.5.11)

sagada (4.5.11) B cimydae &y =&, =...=&,; =0, 0e3ycnoBHO, paspemmMa u

HMCCT CIMHCTBCHHOC PCHICHUC.

¢ IlepeiinéM K wHCCIIEAOBAaHHIO caMoro oomero ciaydas & — p =0,

BBOJ HOBBIC HCHM3BCCTHBLIC (1)YHKI_[I/II/I, IMOJIY4YHUM:

p:(2)= ;ﬁl(z—zr)%rw(z), p:()=p (2), (2 €Dp).

ITepenném k 3anaye:

ot ()= A" (O)+c (), c ()= [T(-2 ) ct)

r=1

AT()= T1(t-2, )% A),

r=1

OTMCTHUM, 4YTO

&, =%[arg A["(t)]l.r =®=0, r=12..m,

&y = % [arg A (t)]].o =0.

Otcroma, B cinydae & =0, 3amgaga, Oe3yClIOBHO, paspelmiiMa W HMEET

CANHCTBCHHOC PCIICHUC.
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+¢ 3agady nepenuiieM B CIAeayIOIeM BHJE, pU HHaekce & — P > 0.
¢+ (t) . Pae— p—1 (t) _
(t-2)° (t-2)

_ Al (1) N ct) Pepa(®
(t—z0)® (t-2z)® (t—-2z)"

rne zoeD", P, p—1(t) —MHOrOwIeH crenenn He menble -1, monobpamubie

¢+ (Z) Py p—l(z)

TaK, 4YTOObI QyHKIIUS =~ -~ HE MMeJIa Tojmoca B TOUKe Zg .
(z-2) (z-2)

Indﬂ
(t-20)*

3aMeTuM, 4TO =0 wu 0003HaUMM oreparopa, PEHIaroIEero

A(t)

+
( uepes R™. Torma 6ymem nmerts,
t—2,

3amaun Pumana ¢ xodddunrenTom

ciacayromee paBCHCTBO:

{(m (t) - Paeagl(t)} _ R+(t){c(t) _ Paep—l(;):|’ (4.5.12)
(t-1zp) (t-2o)

P
qo(t)=R(t)H( O__ ae“"1(t)](t—zo)ae}-

t—2o)" (t—zp)"

13 nepBoro paBeHcTBa HaiinéM ¢ (t):

P, 4t
P () =Pp_ () +(t—2) R+(t)u(tf(ztz)ae . (t _pzol)(ae)ﬂ- (4.5.13)

¢ Zanumem 3aJlady MHa4Ye, KOoraa MHACKC 3aaayu: & — P < 0.
@ (O —20)" = AM)(t—29) T () +c(t)(t—20)"
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Ouepuzmno, uro Ind(t—z5) *A(t)=0, a (t—2zy) % —ananuruueckas
byHkIHus B obmactu  D*. O6osmaumm cmosa uepes R  omeparopa,

oOpammatorniero 3anayy Pumana ¢ koadduimenrom ( )ae .
t—2,

Torma, mosryyum:

9" (2) = (2-20)"RT Ot — 20)* c(V)],
(4.5.14)
c(t)

(2)=R°(1) :
y (t—z5)"

OyHKIMs, onpeernsemMas BeipakenueM (4.5.14), B o0mieM cirydae, UMEET B
TOYKE Zy MOJIOC MOpsIKA \ae— p‘. [ToaTOoMy, asis TOrO, YTOOBI CYIIECTBOBAJIO

pemcHuc MMOCTaBJICHHOMN 3aa4M, HYXHO, BBIIIOJIHUTBb, YCJIIOBHC Pa3pCIIMMOCTH

- pl:

[(t—2z9)% R*(t)cl—(t)dt =0. (4.5.15)
r (t—20)"

IIpu BeIMONHeHMHM  paBeHcTBa (4.5.15), pemenue wuCKOMOUl 3amgauu

CYILIECTBYET U OHO €IMHCTBEHHO.
TEOPEMA 4.5.1.

Kpaesas 3a0aua Pumana ¢ ciywae & — P =0, bezyciosno, paspewuma u
umeem eouHcmeennoe peutenue. 3adaua marxdce, 6 caywae, &—pP>0,
Oe3ycnoeHo, paspewuma u umeem & — P JIUHEUHO — HE3ABUCUMbLE DEULeHUS.
3aoaua paspewuma s, 6 ciyyae, & — P <0, npu evinornenuu ‘% — p‘ yenosu
paspewumocmu S, g =0. Ilpu ebinonrnenuu yciosutl paspeuumocmu, peuieHue

cjrujecmeyent U OHO eOUHCMBEHHO.
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4.6. 3agaya conpsizkeHusi 0000IEHHBIX AHATUTHYECKUX (PYHKIIUIA
B CHHTIYJISPHOM cJIy4yae
B »srom maparpade nuccepranMoHHONM pabOTBl HCCIEAyeTCs 3ajayda
COMPSKEHUST OOOOIIEHHBIX AHATUTHUYECKHX (YHKIUH B CHHTYJISIPHOM CIlydae.
VY cTaHOBIIEHO, UTO YKMCIIO PEIIEHUH 3a/1auM B Kiacce QyHKIUI, OTpaHUYEHHBIX Ha
KOHTYpE, HE W3MEHSEeTCsl OT Hauuuusd HyJedl y ko3pduuueHta 3agadyu U
YMEHBIIAETCS HA CYMMAapHBIN NOPSAI0K BCEX MOJIFOCOB.

Paccmotpum 00061mennyto cucremy Komm-Pumana

oW = A(z)W + B(z)W (z) + C(2), (4.6.1)
rie W=u+iv, W =u-—iv, le a—u+i@j, A(z), B(z) —3anaunsrii
0z 2\0Xx OX

Ha Beeit miockoct E m A(z), B(z)el,, nmpu p>2 10 ecth, ecnmu E kpyr

0
/<1, 10 A2), B(2) u \z\‘ZA(lj, \z\_ZB(lje L (E), p>2.
Z Z P

DT ycnoBus BeIONHsIOTCs, Harpumep, ecmu A(z), B(z) wusmepumbr u

OTpaHUYEHHbl, U B OKPECTHOCTHM OECKOHEYHO YJaJE€HHOW TOYKHM MAOIMYCKaeTCs

OLICHKA

A(z)], |B(z)| < M, e >0.

M
l+e’
2

®dynxuus W (Z) HaspiBaeTcs peryispHbIM pelneHueM ypaBHenus (4.6.1),
eClIi OHA HenpepbiBHA, nMeeT 0600meHHyo npousoanyto Cobonesa 0,W (Z) u
TIOYTH BCIOTY ynoBieTBopsieT (4.6.1).

Tpebyercst naiitn perenne W ™ (z), W (z) perymspusie 8 D u D™ u

HEIIPCPBIBHBIC BILUIOTH 0 KOHTYpPA, TAC OHU COIIPS2KCHBI YCIIOBUEM.
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IB[(t _77r)dr
W (t) == a(t)w ~(t) +

[T(t— &)
m=1

IB[(t _77r)dr -
Ty b(OW ™ (t) +c(t), W™ () =0. (4.6.2)
1__[1(t B gm)Qm

Kak mnokazan W.H. Bekya [21], Bcsikoe perienue ypaBHenus (4.6.1),

JIOITyCKaeT MPEACTaBICHUE:
W (2) = p(2) exp o(z), (4.6.3)

rae @(2) - ronomophHas GyHKIUS 1

w(z)___;;B(;)W(? ). ds

464
W) coa (464

¢=¢+in, ds=d&-dn

Benem cienyromme 0603HauYSHUS:
R M
>d, = Z
r:l :
[TepexoauM, HEMOCPEICTBEHHO K MCCIIeA0BaHUI0 3a1a4n (4.6.2).

[penmnonoxum, uro ¢yukuus C(t) B OkpecTHOCTH TOUeK t =77, HMeeT
npou3BoAHbIE Nopaaka d, —1, ynosnersopstolee ycnosuro I'énpaepa.
IMocTpouM uHTEpnoNAnuonHbIi MHorouneH 1 (t) cremenn d —1 tak, 4ToOBI

OHa YAOBJICTBOpsIa CICAYIOIINUM YCIIOBUSAM:
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@) =T @), (r=12...,d, -1). (4.6.5)

Taxoit MHOTOUJICH OIIpeAeTsAeTCS SAMHCTBEHHBIM 00pa3oM U B JalIbHEHIIIEM
noHamoouTcst mis npencrasieHus (4.6.2) x 3amade, K03POUIUESHTH KOTOPO HE
oOpaIaTcs B HYJIb.

Brruuraem u3 o6enx yacteii (4.6.2) nomanom T (), umeem:

[t -n)°
W* () -T(t) = =2 a(t)w () +
1__[1(t - gm)Qm
M-
+ 1= b(t)W ~(t) +c(t) - T (1),
H (t - gm)Qm
m=1
IB[(t - 77r)dr
W*(t) =T () =34 a(t)w ~(t) +
H (t - Szm)qm
m=1 (4.6.6)
R d
H(t_ﬂr) ' - R
+r .l b(tW ™ (t) + TT(t—77,) " ¢y (0).
[Tt =&n)™ i
Pasnenus kpaeBoe ycinopue (4.6.6) Ha ]B[ (t-— nr)df , TTOJTyYHM
r=1
WO-TO_ 20 yw-g+ 20 wg)+e0.
-7 T1(t=&)™ 1(t=&n)°
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W= 2O w20 Wi @s)
[Tt =)™ H(t—cfm)qf"
rac
WV O-TO).
(t_nr) '

r=1

[Tonaras B paBeHctse (4.6.7):

—=2i Zemqm

M
W@ = 11 @& -2 ™W (@)= M=) -2 e *

rae 6, =arg(t — &, ), npeodpasyem kpaeBoe yciosue (4.6.7), B Buze:
— M
W (t) = a(t) -t~ ™W, (t) +b(t) -t exp(=2i 3 6,qm) + Cy(1).
m=1

Bcesikoe perienne ypaBHenwus (4.6.1), nomyckaer npeacTaBicHHE:

W (2) = p(z) exp o(2), (4.6.8)

rae @(2) - ronomophuas GyHKIUS 1

1 VT() ds
R e TR

(4.6.9)

e § =& +in, ds=d<&-drn. Oyuxiua @(Z) —HenpepbiBHas Ha BCeil IIIOCKOCTH
uw (©0)=0.
B ¢dopmyne (4.6.8) @(z) sopaxaerca wepes W (z). HMmeer mecto u

oopatnoe yreepxkaenue: W (2) Berpaxaercs uepes @(2) gopmymny:
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W (2) = gp(z)R{(og ;} (4.6.10)

rae R - omeparop oOpallieHus HHTETPaIbHOTO YPaBHCHUS:

| AN+ 2 V)
V() =1-=]] ds.
T E g— JA

Yepes | - 0603HauMM 4KCI0 pelieHnii 0JHOPOAHOM 3amaun Pumana. Yepes

P - 0003HAYUMM YKCIO YCIOBHUM pa3pelIMMOCTH HEOJHOPOJHOM 3amauu. Torma

CYIIECTBYET CJICAYIOMIas TeopeMa.

TEOPEMA 4.6.1. Ilycmo a(t) HenpepuleHasL @dyHKyu,

Inda(t)-t™" =@-m, a=Indra(t), b(t) - oepanuvena u uzmepuma,
ct)yelL,, p>1.

U nycmy:

uplP®)

el a(t)\ 1+s

2oe S p - HOpMa 6 Lp CUH2YTAPHO20 onepamopa

zij’u(f)dr.
Trt—14

Sp

Tocoa:
npu @—m=>0, | =2(@-m), p=0;

npu @—m<0,1=0, p=2(&-m).
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JAKJTIOYEHUE
OcHOBHBIE HAYYHbIE Pe3YJbTaThl PA0OTHI 3aAKJII0YAIOTCS B
cJeayIIeM:

oW

- HalineHsl peuieHust ypaBHeHUs BUA: s = (x, y) B ciyuae, xorjaa
/A

KO3(pUIIMEeHT 3axaud HempepbiBHas (QYHKIUSI, HO B KOHEYHOW TOUKE
KOHTYpa, XapakTepu3yeT 0COOCHHOCTh aHAIUTUYECKOTO mopsiaka [1-Al;

oW

- Haiinensl pemeHus IIMNTUYSCKUX YpaBHEHUM BUA: 8_ =y(x, y),
7

K03 PUIMEHTHI KOTOPBIX SBJISIOTCS HENPEPBIBHON PyHKUHUENH, OTMETHM, UYTO
HENPEPBIBHOCTD GyHKIUH B KOHEYHOU TOYKE CTPEMUTCS Ha
OECKOHEYHOCTh, JIUOO HapyIIaeTCs YCIOBUM HOPMAJbHON  pa3pemmrMoCTH
[14-A];

- HaiigeHsl penieHus 3JUIMINTHYECKOTO YpPaBHEHMS MEPBOTO NOPANIKA,

oW

BHJIA: F:W(X’ y), kxorma Ko>ppHUUIUEHT 3amauu Pumana wumMmeer
/4

0COOCHHOCTH APOoOHOTO Mopsiaka [7-A];

oW

- Haiinensl pemenue ypaBuenus: — = A(Z)-W(z) B ciyuae, korga
yA

kod(pdunmeHnT 3amaun Pumana wuMeeT O0COOCHHOCTh AaHAITUTHYECKOTO
xapakrepa [11-A];
oW

- Haiinensl pemenus ypaBuenus: — = A(Z)-W(z) B cnyuae, xoraa

Kod(punMeHT 3amauyd UMEeT OCOOCHHOCTh CONPSHKEHHO-AaHATUTHYCCKOTO
xapakrepa [12-A];
oW

- Haiigensl pemiecHust ypaBHEHHUS: F: A(z)-W(z) B cnyuae, korma
yA

K02 PUIIMEHT 3a7auyd XapaKTepUu3lyeT OCOOEHHOCTh MOJIYJBHOTO XapakTepa

[2-A];
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- HalifieHbl pelieHus ypaBHEHHUS: %—VY = A(z)-W(z) + B(z)W(z) + c(z),
yA

B ciyyae, Korga KodpduuueHT o6iamaeT HYJISIMH M I[OJIOCaMU

aHAJIMTUYECKOro Xxapakrepa [15-A];

- HaiieHsl pelienns ypaBHEHHUS: aa—vy = A(z)-W(z) + B(z)W(z) +c(2),
yA

korma kodddunmeHt 3amaun Pumana wMeeT OCOOCHHOCTH COMNPSHKEHHO-

aHajguTuudeckoro Bujaa [13-A];
oW —

- Haiinensl pemienus ypaBHEHHUS: e = A(z)-W(z) + B(z)W(z) +¢c(2)
, korja Ko3QPUIHEHTHI KUMEIOT 0COOCHHOCTH MOJYJIBHOTO XapakTepa [3-Al.

PexoMeHIaUM 1O NMPAKTHYECKOMY HCHOJIb30BAHHMIO Pe3yJabTATOB.
Pe3ynbTarhl, MoiydeHHbIE B AUCCEPTAIMOHHONW paboOTe MOXHO MPUMEHSTH B
TEOPUHM KpaeBbIX 3ajady, TEOPUU aHAIUTUUECKUX (YHKUHH, 0000MEHHO -
AHATMTUYCCKUX U TAPMOHHYECKUX (PYyHKIIHH, a TaKXKe-B TCOPUU YIPYTOCTH U

QJIICKTPOANHAMHUKH.
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