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Ouonorusia Ba Kymad Oolka coxanapia Ky3arwiaad. Keunkuin camapacu Teckapu
aoKa MaBXyIJIMTHA, allHMKCa Y4YyBYM amnmapaTiiapHd Ba KaTra Macodanapaa
TEXHOJIOTMK TU3UMIIADHM aBTOMATUK OOIIKApMINA, AaHUK HaMOEH Oynaau.
BorkapyBun TH3UM >kaBOOMHUHT YKapaEHHUHT XOCHJI OYiraH Oy3uIHIIHIra KeUMKHUIIIH,
oaTaa, YTUII  JKApa€HW  JABOMUWJIMITMHUHI  YCHUINWra, €EmMK  TU3MMJIA
aBTOTEOPAHMIIUIAPHUHT Mai0 OYuIMra, Ky XoJulap/a 3ca, TA3UM TYPFYHJIUTHHUHT
UYKONMMIIMra, OXHp-OKHOarga Oy arperamiap YHYMAOPIWTMHUHT —[acaluINmra,
MaxcyJoT CU(paTUHUHT EMoHNauryBura onmu0 kenam. lllynmait kunmO, xedyukwin,
YMyMHIA XOJITIa, TOMMUH, Y3rapyBuaH €ku Tacoauduii MUKIOp OYmu0, OGormkapwi
TH3UMUHHMHT JUHAMUK KYpPCAaTKUWIAPUHH aHuYa MacalTHPyBUM acocuil (pakToprapaaH
oupu xucobmanaay. LIIlyHHHT ydyH KEUMKHIIUTA TU3UMIIAPHU YPraHUIIHUHT MabiyM
METO/UIApMHA  TAKOMIJUIAIITHPHIN Ba SHIH  MalllMHAra-HyHAITUPUITaHIApUHH
SIpaTUIlra 3apypusIT a0 0ymaau.

Xumust, HepTeXUMUsI, METAJLUTyprusi Ba OOIIKa KYT1ad TEXHOJIOTHK >KapaéHiap/ia
KYIHMHYA TPaHCIOPTIIM, €KM “cod” ned aranyBud KEUMKUII TypH ydpaiau. byHmai
KEUMKUIIIap TEXHOJIOTUK »apa€Haa MOJ|/1a, SHEPIus Ba OOIIKANAPHUHT 3 Xoccaaapy
Ba XapaKTEPUCTHKAJIAPUHY Y3rapTUpMacAaH TypuO, MabiyMm Oup Te3NHK OwiaH, Oup
HyKTa[aH Oomikacura yrranuaa xocwa Oyiaamu [4]. CyrokIMKIapHU apajialliTHPHIIT
Ownan OofyMK OYynraH >kapaCHJIapHU Co3Jallifa KaTTa TPAHCHOPTIM KEUMKHUIILIAp
Ky3aTwiagy. Apanamma Oakuaa XapoparHd OOLIKapWIl TH3UMHUIA XapopaT PEeKUMU
KAPYBYA WCCUK OKWMHHUHI HHCOMM Km0 TYIIMIIUHK Y3rapTUPYBUU PETYIISTOP
TOMOHHUJIaH KyBBaTJIaHaIW. TU3MMHHMHT KOHCTPYKUMSICH KyWHIAruda: CyFOKJIUKHHHT
MCCHK Ba COBYK OKMMJIAPUHUHT apayialllyBu Oak/1aH aHuya y30Kaa coaup Oynaau, Oy sca
»apaHra KaTTa TPaHCIIOPTIIM KEUMKHUIILIAPHU KUPpUTaAU. MeTaJuTHU COBYK MpOKaTKa
KWIALI CTaHW TPAHCHOPTIM KEUMKHILITa SIKKOJI Mucod Oynanu, Oy ephaa JMCT
KUIMHJIMTUIAT  TaTYUK, KOHCTPYKTHB MyJioxazaiap Oyiuua, OeBocMTa BasKaiap
OCTHJIa dMac, OAJIKM yJapJaH aH4a Y30KJIMKAa Kowmamrad. ByHMHT HaTmkacuma
OOBEKTHUHT YMKHUIII MUKIOPU — JIMCT KAIMHIIUTH METAJUTHUHT BajiKajap OwiaH ypad

KHCHUIII JapaKaCHMHHWHIT TabCUPHUTd HHUCOATaH CO3JIOBYH TPAHCIIOPTIIM KCUYMKUIIITA 2I'a



Oynagu. JlouMuii Ba ¥y3rapyBYaH TpAHCIOPTIIM KEUMKULUIAP EHMIL, KypPUTHIL
XKapa&Hapua, Iapiau TETUPMOHJIap Ba OOIIKa OObEKTIapHH OOIIKapHUILAa OYau.

BormkapuimHuHr peast oObeKTIapuIa KEUHMKUI Y3rapyBUMcH Oolka cababnap
OWIaH XaM acoCIaHWIIM MYMKHH. TE€XHOJIOTMK >Kapa€HJIapHU aBTOMATIAITHPHILAA
MHUKPOMPOLIECCOP TEXHUKACUHUHT KEHT KYJUTAHWIMIIK axO0pOoT MabIyMOTIAPUHUHT
KaTTa MAacCUBJIAPUHU KalTa WIUIAll 3apypusiTH, Y3IYKCU3 MUKIOPHUHT JUCKPET
MHKJIOpra y3rapuil BakTH, OWTTa JacTypaaru OaxapuiaguraH OyMpYyKIapHUHT Xap
XWJI COHJIAPH, TYPIIH OTIEPAUSIIAPHUHT OXKAPUIUIIIMHUHT OMp XUJIMAc BaKTJIapyu Kabu
daxTopmap OWjlaH acOCTAaHTaH Yy3rapyB4aH KEUMKHITHWHI TAWI0 OYiMImra oJwo
KEJIH.

Keunkuiiumi  TH3UMJIapHU Ha3zapuil  YpraHuiira Karra COHJArd HImiap
OaFuIILIaHTaH.

X. I'ypeukuit, A.A. Komupos, A.B. Conomo Ba 6olika oaumMiiap TOMOHUIAH Oy
coxara KHpUTWITaH >KUUIMN MIUIAPHU alTuO YTui kepak. Kym TaakukoTyrIapHUHT
MEXHaTiaapyu Ty(Qalaud XO3Uprd KyHAAa KEUMKHIUIA —Y3JIyKCH3 Ba JAHUCKPET
TU3UMJIAPHUHT aHAJIM3 Ba CUHTE3 MacajaliapuHu MyBad(dakusSTIN €4dIl MyMKHUH .
AMMO KEYMKHUIIUM Ky YI4aMJIM Y3JIyKCU3 TU3UMIIAPHUHL, PEJIEM TU3UMIIAPHUHT,
KEHT- Ba YacTOTa-UMIYJbCIM THU3UMJIAPHUHT MOJEJUIAIl Ba TAJKWK KHJIHIII
Macaajapy Xajad OXMpHrada CuuMUHHE TonMarad [4, 5, 7, 8, 15].

X03Upru KyHjia OOIIKAPUIIHUHT TY3WJIMAaIM — Mypakkad TH3UMJIapy aHajiu3 Ba
CHUHTE3WHUHT KyBBATJIM BOCUTAIAPUIAH OMPH TUHAMUK Tpadiii Mojesiap METOIUAND,
y, XoJamiap (a3ocu KOHLEMUMSICUHUHT ad3aUTMKIApPUHU Ba TpaduiapHUHT Ha3zapuii-
TYIJIaM XOccajapra sra JUHAMUK TU3UMJIAPUHU TAAKUK KWIMIIHUHT OOIIKA KJIACCHK
METONJIApPUHA Y3 WUYWra OWpIalITUpagd. Xap XWwI MacalalapHUHT Oup Xui
(OpMYIMPOBKACUHM, Y3rapyBUMJIADHUHI KaTTa COHJArd OOlIKapajuraH Ba
OoIIKapuIauran Y3rapyBUWIApUHU OONIKAPHIN MacajajlapuHU  OJIUN  CUMIII
UMKOHUSITHHY, ACHHXPOH KBAaHTJIAIl  MAaCaalapUHU  EUUIIHU, ITyHHHIJICK
HOCTALIMOHAP Ba YM3MKJIMMAC MacajlaJlapHU TAIKUK KWIAIIHA Ma3Kyp METOAHUHT

a(3aymKIapuaaH, 1e0 alTiO YTHII 3apyp.



bomkapum Ti3umu kymiad cuHGIApUHUHT aHAIM3 Ba CHUHTE3 Macaianapura
HucOaraH rpad MOJEIUIApUHU KyJUlaliaa KaTTa I0TYKIapra SpUIIII. AMMO, JOUMHNA
Ba y3rapyBu4aH KEYMKHIITA 3ra Y3IYKCH3 TU3UMIIAPHUHI, KEUMKWIUIM YW3HUKCH3
JMCKPET TU3UMJIAPHUHT aHAJIM3M Ba CUHTE3WHU pacMUil Oa€H ATUI yUyH, TOMOJIOTHK
METOJUIapHA HWIUIA0 YUKW OWiaH OOFIMK HYHaIMIN Y3WHWHT CYHITH CUYUMHHH
TONTAaHWYA UYK , Y Y3UHUHT KEWHMHTYA PUBOKJIAHTUPUITMIIIMHA KYTMOK/IA.

Hwoan maxcao. Ma3kyp TanKUKOTIaH Makcan Tpadum mojemiap Oaszacuma
MOJICTUPIIAITHUHT TOIMOJIOTUK METOJMHU MIIUIa0 YHMKHII Ba TY3WJIMAIU-MypakKkao
Y3IYyKCU3 YM3HKJIM, PENieNd Ba aHAIM3 XaMJa CHHTE3 Macajajapura yxmamn Oyiara
KEUMKUIIUTU YU3UKJIMMAC JUCKPET TU3UMJIIAPHU YPraHuIIL.

Kyiinran Makcaara spyIlvII y9yH KyHUAaru Macanaiap eqniIu:

v’ Taxyia (aHaan3) OaKapuiiId, TOMOJIOTHK METOM Ba, KCUMKYBUHM apryMEHTIIH
muddepeHIian TeHraManap Ha3apusaCUHU OUprajiKia WIUIATUI acOCH[a, JTOUMUI
Ba Y3rapyBuaH KCUMKHUILUIM YU3UKIUA Y3ITYKCU3 TU3UMIAPHUHT Tpadiiv MOJEIapUHUA
KypUII UYIIIapy acocsianub Oepuiiiy;

v’ Y3IIyKCH3 YM3MKIM, PENeJd Ba YM3HKCH3 JUCKPET KEUMKHIILIA WMITYJIbCIH
MOJYJSILUSHUHT Xap XMW1 KYpUHUIUIApUra sra rpaduiu MOJECIUIAPUHUHT MaKMyacu
(KOMITIEKCH) MIIIIA0 YUKW,

v Takiu() KWIMHTaH MoJE/Ulap Ba ajropuTMiiap 0a3acHia KEeUMKHIIUIA
TY3WIMAJIH - MypaKKaO YM3UKIIM Y3TyKJIH, PeNeiy, YU3UKIM Ba YM3UKJIMMAC JUCKPET
TU3UMJIQPHU Kampad OJyBUM aHAJIM3HU AaBTOMATIAIITUPUII TH3UMHU JACTypHid
TAbMUHOTHUHUHT aJITOPUTMH SPATUIIIH.

Taokukom memoonapu. KyWwiraH MacalajJapHd €YWLl Yy4YyH aBTOMAaTHK
OOIIKApHII HA3apUSICUIIAH, TU3UMITM TaxX IWjIiaH, rpadiap Ha3apusCHIaH, KEYMKYBYaH
apryMeHT/IM nuddepeHiman TeHraamManap Hazapuscuaan Goiananuim.

Hwinunz unmuil anzunueu tpadiad Moeiap acocuaa OOMIKApUII TU3UMUHU
VPraHUIIHUHT TY3WIMAId METOMJIApUHA PUBOKIIAHTHPHIN, OYHUHT HaTIXKacuja
KCUUKHUILUTM apryMeHTIM JuddepeHiman TeHriaMaiap OwiaH O0aéH STWIyBYH
TU3UMJIAPHU MOJICIUPJIAIIHUHT  MalllMHAra-uyHaITUPWITaH TOMOJOTUK METOJIMHU

SPATUIL Ba TH3UMHU YPraHUIl KaOu MyXUM MyaMMOHHU €4YHIITa UMKOH Oep/Iu.



Hwnune amanuii 6axocu. VIMHYAHT 3HT XKUIUA aMaIuid HATHOKaIapu:

v/ MOJIETMPJIANIHAHT CaMapaii MallliHAra-dyHAITHPUITaH TOMOJOTHK METOJIH
Ba JOMMHH XamJa ¥y3rapyBuaH KEUMKHUIUIM TY3WJIMAIU-MYpPaKkad TH3UMIIAPUHU
YpraHuIL;

v/ GHp Ba KYII YIT9aMITM YM3HKIIA Y3IYKCH3, PENIEIH, KEHT-4aCTOTAIIM UMITYJIbCITH
KEUMKUIIUIY TU3UMIIapAa TMHAMUK Kapa€HIIapHU XUCOOIalll alTOPUTMH;

v’ Takin} KWIMHTAH MOJE/UIAp Ba auropuTMiiap 0azacuja KEUMKHIDIA TH3UM

AHAJIM3WMHUHI aBTOMATIIAIITUPUIIT TU3UMHWHUHT ,HaCTypI/Iﬁ TabMHUHOTHU APATHIIOHN.



JIOUMUM BA V3IrAPYBUAH KEUMKHUIILIV YN3UKJIN Y3JIYKCHU3
TU3UMJIAP IMHAMUKACWUHHU YPTAHUIIIHUHT I'PA®JIN
MOJIEJIJIAPH BA AJITOPUTMJIAPH

1.1. Keunkuinra sra TH3UMJIAP XoTHPpAara sra TU3UMJIAPpHUHT Xycycnﬁ X011

cudaruaa
TU3MMHUHT BaKT 1aBOMHJIarY XapakaTu, YHUHT OUp XoJiaTaaH OoIKacura YTHIIN

TU3UMHHU YPTaHUIITHUHT MyXUM 00BheKTH OVIn0 xpicoOmanaam. JlnHaMruK TH3UMHUHT to
nakukamarn xonard, lo<{<t; yuyn Oepwiran kaHmaiaup Oup KupHIl (DYHKIHSICH
Ownan Oupramvkaa xap Kanmaii Ut >1p nga siroHa yukuIn (QYHKIWSCUHHA ajeKBat
AQHHMKJIOBYM ax0opoT OVmasu.

Tusum xomartuam N yiaosmu X BekTop Omnan GaéH stwin MymkuH, 1e6 (apas
KujiamMu3. by BEKTOPHHMHT N TalIKWII STYBYWIApU

X(®) = [xa(0), X2(?), ..., Xn(t)]
TH3MMHHHT y3rapyBuyaH Xonariapu oynamu [1]. baén stummn yayn N y3rapyBum Kepak
Oynamuran TH3MMHM N - TapTUOMM TH3KM, 10 ataiivus. Junamuk TusuM yayH X(to)
HUHT XaKUKuA xomatund Ba Keiarycn kupwin (¥(2), >fo) TabcupvHW OHIHIL
(Y(t), 2t0) Tv3MM uMKMII ~ XapakTEPMCTUKACHHMHI ~ XO3MPIM Ba  KEWMHIH
KAMMATJIAPUHUA TOMUII y4yH €Tapid. JleMak, TM3UM YMKHII XapaKTePUCTUKACUHUHT
KEJIT'YCH KUWMAaTJIApy, TU3UMHUHI Y3WHUHI XAKUKAA KUAMATWra 3pUIIUIITra UMKOH
Oepamuran ycyira OOFIMK 3Mac JKaH. Arap MasKyp TU3uM, Xxojariap ¢aszocu
EpaaMuIa HaMOMHIITa My Kyiica Ba ol nuddepeHiman TeHraamanap ounan 6aéH
ATUJICA, YHAA X0JaT TEHIVIAMACUHU KyMUAArd KypUHHILIAA KEATUPHUIL MyMKHH:

X(t) = F (X(¥), ¥11)), (1.1)

Y(t) = G (X(t), 'P(1)), (1.2)
Oy epaa N ymyoBiu F ¢yskuus Ba M Yomuosmn G GyHKIMA OMp KAWMATIHMIAD.
(1.1) Ba (1.2) Tenrnamasap XoJiaT TEHIJIAMAJIapUHUHT CTAaHAAPT IIAKIN KYPUHHIINIA

MabJTyM.



XaMMa TH3UMJIApPHU XaM XOJAaTHUHT YeK YITYOBIM TeHTIaManapu paamuia 0aéx

3TUO OYIMACTIUIMHU OCOHTMHA KYpHIII MyMKHUH. MacanaH, KaHaaiup Oup TH3UMHUHT
to makuKanaru xonaTu KMpMIIIArk Tabcup Ba TU3MMHUHT [to-7, fo] BakT opamurunaru
XOJaT peakiusicd OwnaH aHuKnaHcuH. Oxupra mapt, Tu3uMm xomatu lo-t<t<fy

OpaJIMKJa aHWKJIaHraH (YHKIMSIra OOFJIMK SKAHJIUTUHU OWITUpPAIH, sSTbHA OW3HUHT
TabpU(PUMU3HU KaHOATIAHTUPAIUTAH XU KaHIal 4ek yauamuard (Ga3oHd KypCaTuIl
MYMKHAH 3Mac. Keunkunum y3iykcu3 THU3MMIIap ailHaH XOJaTHUHI Y€K Yidamaaru

¢azocura sra 6ymMarad TusuMmIIapu cuH@ura Terunum 6ynanu. Keaukuira sra
t-0 <t <lo yuyn Gouwtanruu @(?) GyHKUMSIA TH3UM XOJATUHMHI TEHIJIAMACH
KyMHMIard KypUHUIITa 3ra:

X(®) = @ (X(1), ¥(1), X(1-0)), (1.3)

Y(1) = H (X(1),

(1.3)-TeHrmamMa KEYMKyBYM apryMEHTIM auddQepeHinran TeHriaMa JIeHuiaIu
[15]. Vuma X(t) ysxmwms, ymymuit xonma, Kanmaiimup { BakT makukacuma TH3uM
XonaTuHu 0aéH 3TyBud N YiuoBaM Xakukuii Bexktop. P(f) (yHKIMS - KUpyBUM
TabCUPJIAPHUAT M YITUOB/IN XaKUKKii BekTopH 6ynamd. @ = 7(1) GyHKIMA KEUNKUIIHI
TapcuIaliag, yMymuii xonaa X(?) BEKTOPHUHT Xap OMp TALIKWI STyBYHCH YYYH Xap
xwi1. Bonwtanrma (1) pynxims to-0 << tp kecmaga N YIUOBIM y3IIyKCH3 XaKUKHiA
BEKTOp KypHuHUIIHIA Oepunay (44).

X(t)=0(t), to-0<t<t
Xoccayapra sra Ba t>to yayn (1.3) Tenrnamanu kanoartantupysun X(t) Bextop-
(GYHKIMST KCUMKYBYM apryMEHTIM, €KW OJIUi KWIMO alTraHjaa, KCUMKWIITa dra
nuddepeHIman TeHrIaMaHuHT ednMu aeiinnanu. GyHKus Typura 60FIMK pasuiga 6
Qg depeHIan TeHriaMaaap KeUNKUIIITa Kypa Oup Heva Typiapra OyIuHaIu.

a) Jdoumuii Kewuxuwiiu ouggepenyuan menznamanap. Arap 6 mmxmop
€YMMHHMHI XaMMa MaBKyJ Oyiuin MHTepBanuaa ysrapmac 6yica, 0=t=const, (1.3)

TEHIJIaMa KyHuJ1ard KypuHAIIHA KaOyJl KUJIaIu:
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X(@®) =@ (P, X1), X(to-1), 2] (1.5)

6) Vseapyeuan keuuxuuinu oupepenyuan menznamanap. to-0=1 () BaxrHIHT
6 6ynaxm-ysnykens Gynkuscy 6yacun. Yuna (1.3) Ternama Kyiumara Ky pUHHIIHA
KaOyJT KWJTajIu:

X(1) = @ (Y(1), X(1), X(1-7(1))), 12t (1.6)

6) Husuxnmumac Keuuxkuwinu oudppepenyuan menznamanap. © Pysxiwys
naaxar Bakrra, 6anku msnanaétran X(t) ¢pysxumsra éxu yauar X'(t) xocunacura,
€KH yHUCHTa XaM, OyHUCHTa XaM OUp BakTa OOFIMK OYIIUIIN MyMKHH:

0= 1 (1, X(1)), 0=1 (t, X’(1)), 0= 1 (t, X(t), X(1)).

Yuzuknmmac KeYMKHUIIUIM MOC Tu(pepeHa TeHraManap Kynuiaru

KYPHUHUIIHU OJIA/IN:

X'(1) =@ (V1) X(1), X(t- 1t X{1)), (1.7)
X'(1) =@ (V1) X(1), X(t- 7t, X(1)), (1.8)
X'(1) =@ (V1) X(1), X(1- 7t, X(1), X (1)), (1.9)

2) Heiumpan mypoacu ougphepenyuan mencnamanap. by cund
terrnamanapura @ (.) (yHKOpscH wn3aHASTraH KEYMKYBUM apryMeHIra ora
(GyHKUMSTA, ITYHUHITIEK YHUHT XOCHJIacura OOFMK OyaguraH TeHraManap KUpaiu.
Heitrpan typnaru muddepennman tenrnamanap Hadakat Oonuianrud (yHKIASHUHT,
OaJK¥ YHUHI XOCHJIACMHUHI XaM OepWIIMIIMHM Tanad Kuiaau. byHaail TeHriamanap
OvaH O0aéH ATUITYBYM TU3UMJIAP, aMATTMETAA Ky/1a 03 yUpaiiu.

Arap JOMMHN KEUMKYBUM Y3rapyBuura sra THU3UM YM3WKJIM OVIiica, yHU
Kyiuaaru Kypunuiiiard gudepeHima TeHriaManap Ounan 6aéH STUI MyMKUH:

X'(t) = AX() + BX(+-0) + C¥(1), (1.10),
6y epaa A marpuia NXN yimyamra ara, B MaTpPULIAHKUHT YJIMaMH XaM LIyHra TeHr: NXN,
C marpwria yigamu sca — NXM.

byHpmaii TU3UMHUHT YHMKHMII MUKAOpJApH KyWuaarm MyHocabaT OwuiaH
aQHUKJTaHAIN:
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Y(T) = HX(t),

0y epma [ — PXN ygamm matpuiia.

1.2 Keunkumra ra TA3UMJIAPHU YPraHUII yCYJUIAPHHUHT HUCOUH TaXTUIH

Keunkuinra sra TH3UMIIapHUA YPraHUIIHUHT aCOCUN yCYIUIapy WYHJIAH OPAIIHK
(MHTEpBaN)IapJa KeTMa-KeT MHTEerpauiall (Kajamiap yCyJin), Xxap Xwi COHM (Aamc,
MutH, Diinep Ba 0.ycyiiap) yCyJulapHU alTHO YTUIIT Kepak.

Kaoamnap ycynunune moxusmunu TymyHtapamus. Keuwkwuinra sra
TU3UMHUHT YUKW JKapaéHW, MaTeMAaTUK HYKTad HaszaplaH, KUPHUII TabCUPIapUHU
TaBCcU(IOBYM MOC OOIUIAHFUY IapTiiapja Ba OepwiraH (yHKIMIApAa TH3UM
xXapakaTuHu 0aéH 3TyBud auddepeHian TEHIIaMaHd CUUIIHUA OWIIUpagu. YHHU
131a0 TOMHII YYyH XaMMa X0JiIap/ia acoCHi OOoNUIaHFid Macaianu [4] euu 3apyp.

KeunkyBun aprymentra sra auddepeniman tenriaama Oepusirad 0YIcuH:

dx
&= f[t, x(), X(t — 7)] (1.12)

Oy epaa X(?) — YMKHUILI KapaéHMHU aHMKJIOBYM M3JIaHAETTaH (DYHKIKS, T — KEYUKHUII

ﬂOHMHﬁCH, f — XOCHUJIAHHUHI" apryMCHTI'a TCrUIIN 6OFJ'[I/IKJ'[I/II"I/IHI/I S’/pHaTaI[I/I.

Et E‘[, Et
B a3 E i 3 E e 3 -
g
0 t-1 t t+1 t+2T1

1.2.1-pacm.

Acocwuii 6onuranruy Macaia, éku (1.12)-renrmama yayn Korm macamacu {o-
<t<to nma x(t)=@o(t) ne6 xucoomab (1.2.1-pacm), >ty na x(?) HuHr y3mykcus

Y3rapuiiMHM  aHuKnaniad u6opar. bBymma @o(t) ommuHru  kuiiMatd  MabiayMm,
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Gomtanrud GpyHKIus 1e6 atamysuy, y3aykeus Gpyakmus. @o(t) GpyHkms anukianran
kecMma o GonutanFid TYIuIam e aiTuiia .

Kerma-keT wmHTerpupnam ycayouétunan [tot+it, fo+(i+1)z/, i=0, 1, ...,
opamkyiapaa  GoimanannO, (1.12)-TeHrnamMaHW €M MyaMMOCHHH  OJUIAA
muddepeHIran TeHrIaMaHd €4rIll MyaMMmocura onu0 kemuin MyMmkuH. [y HykTan
HazapjaH, aTOXMia XOJlaTiap y4yH MCTHCHO Tap3ujia, KCUMKHIIra 3ra apryMEHTIIH
TEHIJIaMajap Y49yH €YMMHHHI MaBXy[UIMTH Ba SITOHAJIWTH TEOPEMACHHHM, OJaTIaru
g depeHIMal TeHITIaMallap yuyH YXIIai TeopeMara 0Ju0 KeJTUI MyMKHH.

(1.12)-tenrnama yuyH X('[):go(t), te [to-7, to], 6¥ncun, y xonna [to-7, to] Baxr
opamruza t-7 apryment Gomnanruy [to-7, to] Tymnampa mawiaym Gynranm yuym,

X(t-7) dynxuus Gonwtanrua (t-7) dyHkumsara TeHr 6yn1anu Ba OM3 Kylmaarura sra

oynamus:
dx,
e fIt, x, (), H(t—7)], to<t<tot,
oy epma x1(t) — mmddepenman Tenrnamamuar [to, to+r] kecmagarm edumm.

Has6arnaru te[to+7, to+27] xecmana Gommanrumu dynximsa pomaan X1(t) dynxims
yiHaiu. lyHra yxman tap3ia KyWHIaruHy XOCHIT KUJIaMU3:

d
% = £[t, %, (), % (t — )], to+r<r<to+2r,

0y epma to+r<t<to+27 Bakr opammruma Xo(t) eumm yuyn X (t—7) Gommamruu
(byHKIMS POJIMHU YIHAN/TH.

By xapa€HHu keTMa-KeT Oakapa 60puo0,

to+ ke <t<to+ (k+1) 7,

X [+ (k+1) ] = o [to+ (k-1) ], k=12, ...,
yUyH KyWduaarura sra Oyiamus:

%: F[t, %, (0, %, (t - )], ot T<t<ty+ 27,

13



Mynmait kUm0, TOMMHNA KeUMKUILTa 3ra qudQepeHiman TeHrIaMaH|HT €9uMH
aHUKJIaHAIUTaH KeCMa KEUMKHII YI4aMura TeHr OynraH kecMmanapra OynuHamu. By
KMCMIIAPHUHT Xap Oupuia keuukuira sra auddepeHiuman TeHrinaMa apryMeHTHUHT
dapkaaumTa dra 6yamaran Moc muddepeHIran TeHrIama OrIaH aMaIlITHPHIIAIH.

AMMO UWHTErpaJUTAIIHUHT Xap OWp KaJaMuaa XOCHJ OYiajauraH ojaTiarv
mipdepeHia  TEHIIaMayiap XamMma Xxojulapa Xam  Oepk Akl — M4ujia
eumiaBepmaiiin. by xomar keunkyBuu apryMeHTIM auddepeHiuan TeHriaMalapHi
WHTCTPAJUIAIIHAHT  TaKpuOWil ycy/ulapuHu  Kyiuiamma acoc  Oepamu.  (1.12) -
TEHIVIAMAaHU COHJIM yCyJl OWJIaH EUYHMIIHUHT XUCOOJalll CcXeMach Kajamuiap YCyJu
Ownan Oormanamu: ty=to+kr  (k=0, 1, ...,) Hykramap [tp, T] kecmanu Kpcmiapra
oynamau, Oy xucmiapaa (1.12)-TeHrnama apryMeHT QapkiIaHuIMra sra OyiaMaraH
mipdepeHnan  TeHraama OwiaH —anmMaluTupwiaad. Terunum  Kucmiapaa Oy
TEHIVIAMAJIAPHU HMHTErpayialll y4yH, apryMeHT QapkjiaHumura sra Oyiamara
mddepeHtan TeHr1IaMaiapHd COHJIM MHTErPALIAIIHUHT XaMMa MabiIyM YCYIUIapH
Oy ycymmap ydyH oOJaTHil YeKIAHWIUIApAA) Ky/UIAaHWIAIKM MyMKuH. COHIM
yCyIUIap/iaH HT ojauidnapu Dumep, Axamc-11Itepmep, Munn Ba 6omikanapaup. Uiran

dopmynanap Teitnop karopuruHr (75) kecManapu EpaaMuaa Kypuiiaiu:
X(te+h) =x () =hx () + ... + —xO) (*)

Conmu ycymnapau Kysutamaa Termop karopuHuHT ((*.) KecMacy OWilaH eYMMHU
anmpoKCcUManysia eduMHUHT N mapta auddepeHMauiaH|Ig  MyMKUHIUTHHA
Hazapja TyTraad. by mapmiap omatma OaxapuiMaiian, ammo U HuUHT YeuO Oopwuiiu
OunaH Keuukuira sra JuddepeHivan TeHITIaMaHuHT €YUMH TEKHCIaHuO Oopaiu.
[IyHuHr y4yH KyHuJarn cxeMa TaBCUsl OTWIaaM — XHUCOOJAIIHMHT OOIIH,
KaMalTupwiIrad Kaaam OwiaH Ditniep Metoau Oyimya onmuO Oopwiiaau, KeWWH dca,
€UUM eTapiil Japakaja TeKUclaHrad, AJaMCHHUHT (opMynaiapuiaH Oupura YTHIL
aMaJra OIIMPHIIaJIH.

XucobnamHuHEr N KagaMuHKM TaHTAIIHMAT XaM MabIyM Tanabnapu Gop. bup

TOMOHJIaH, O€pWITaH aHWKJIUKKA OSPUIIHII YIyH h xucobmam kamamu eTapii
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napakana KMYuK OYivimM Kepak, aMmo N kaMalTUpUIraHuia, MallMHA XOTHPACKIa
CaKJIaHUIIIM Kepak OYJraH OpaluK MabIyMOTJIQPHUHT XaXKMHU Ycaau. XaKUKaTIa Xam,
KEUHMKYBYM apryMEHTTa 5ra TeHITIaMaHH Kajamiap ycyiu ounan [nt, (n+1)t] (n =
1,2, ...) BakT opayMFMza e€4a TypuO, aHUKJIAHAIUraH (YHKIMSHMHT K KuiiMaTvHU
XMCOONall Ba MallMHA XOTUpacHaa cakimam 3apyp, Oy epma k= t/h. Kypumu6
Typubmky, macaman t=2, h=0,02 xuitmanapma k=2*10% cornapruu, h=0,001 xa
sca k=2*103 cornmaprn xocnn kunamms. Opanik axGopoTHHHT GyHIail XakMH, 3¢i1ab

KOMYBUM KypWJiMa CHUFUMHUHUHI 4YeTapajlaHTaHIurd Tyhailnd, KUMHHYMIIKIAp
TYFIUPUIIM MYMKUH. By XonaT WHTerpauiam KajaMy TaHJIaHaéTraHuga xucoOra
OJIMHUIIH KepaK.

AmMO Oy EHIOIMIN KMYUK KeUUKUIIUIAp OynraHuia Y3uHu okiaMaiiny. Kuauk
KEUMKYBYM apryMEHTIa 3ra TeHIrJiama xaJuHu Teisiop Kagamura Eiuiira acocaanran
ycynnaH (QoWpanaHuiga, ojarna, CWWIMAHMHT Oup HeuTa Xaajapu Ousiad
YeKJIaHWIa 1, Oy €4MMHU OJIMIIIa CU(aTIN XaTOIUKIapra 0JIu0 KeaIu.

Maskyp uIga pUBOKIAHTHPIITAH KEUMKHINTA 3ra TU3UMIIAPHHU YpraHHII
YCYJUIAPUHUHT Y3HTra X0C XyCYCUATH IITyHAaH HOOPATKH, yaap, KEUMKYBYH apryMeHTra
sra auddepeHiman TeHrIamanapHu, €4MIll *)apaéHu aHda OCOH OViraH anreOpauk
TCHIJIaMajlapra aWlaHTUpHUINra WMKOH OepyBud, Tpadum Moaewiapman [7]
dorinananuimra tasHaau. ['padmu Moaeap kymiad Oomika a3auMKiIapra Xam ora,
yIapHUHT WYuaH 0ab3u OMpIapyHH: KEUMKUINTA dTa Xap XWil CHH(] TH3UMIIapUHH
YpraHWITHUHT ~ SITOHA METOMOJIOTUK AaCOCHHHM  IIAKJUIAHTUPUIN  MMKOHHSTHHH,
MOJICJUTAPHUHT MallliHara WYHAITUPWITAHIMTUHE, OpPTHKYa axOopoT OuiaH Wil
KYPUIIHUHT OJIMO TallIAHTAHIUTHHY, OJIMI Ba KYpraMalid SKaHJIUTMHA alTHO YTUI
MYMKHH.

CoHny Ba TOIOJIOTHK YCYJIHUHT KaJamiyiap METOIM WMKOHHSTIAPUHA HUCOUN
Oaxomail ydyH, Oy epla, TOMOJIOrMK METOAHU Oaradcui Kypubd YyTpMmacnaH, ojyiui
TYUTYHTHPHIILIAP OWIaH YerapajiaHraH X011, MUCOJI KypaMu3.

TusumHUHT Kyhugaru quddepeHiyan TeHriaMa Ounad 0a€H STHITYBUM YHMKHUII

CUTHAJIMHU XamMMa [2f( BaKT MOMEHTJIapy YUYH aHUK/JIAI Tajiad dTHUIIAIN:
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t
dt

Oynna Tusum kupummra o Bakt gakukacuma U(t)=1(t) tancup yzartmnamm.

—ax(t) - bx(t - 7) +u(t),

Iapamerpnapaunr KuiiMatiapu: a=1, b=1.
Bapuanrt 1. Kaoamnap ycynuoan gpoitoananuod euuu.
Hactnad lo, lo+7 BakT opamuFuaa YMKWII MHUKIOPUHHMHT IIAKLIAHUITHHH

kypamu3. by kecmazia Teckapy ajgoka 3aHKHUPUHUHT HOJI OONUIAHFUY IIapTiapra sra

YUKUIIAAA CUTHAT OYIMaiay, YyHKH Yy KEUMKHII OYFUHU TOMOHHUJAH KEUHUKHUIII
MHKJIOPUTa TEHT BakKTra TyxTarunam. llynnaii kmmo, te [to, ot/ yayn X(t) unxum

CUTHAJIMHY, 1-TapTrOMM Oup >KMHCIMMAC:

dx
— =-—ax(t)+1
o ®)

T QepeHna TeHrIaMaHu €410 aHuKIaiMu3.

YHU eunin ydyH MabiyM YCYJUIApHUHT OupuaaH oiiaraHamMu3, MacajiaH

napamerpiaap Bapuanusc [5]. Bup sxuncimmac Tenrnamanudr eunvunm +1=0
XapaKTEPUCTHK TEHITIaMaIaH Tonamus, Oy epaan = -1, X, = cie’.

Xp = ue ne6 dapas Kumo:

d—ue‘t —uet=—uet+1
dt
t
d_u t_1 u=_fetdt:et
dt ’ 0
XYyCYyCHH:
X, = ue ' =1

CUMMHHU XOCWJI KUJIaMU3.

YMmymuii eurM KyHuari KypuHUILra sra oynaau:

X=X,+X,=Ce" +1
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By epma (1 — wnrerpupmam moummiicu, y t=0 Bakr makukacuma tusum

xonatiaA TaBcudianan. Homraan OonutanFud maptiapaa

Ci=-1sax=xi(t) =1y, te/0, 1/ *)
HH XocuT Kuiamus. (*) ndomaman t = 7 qa X CUTHAJIHMHT J1aX3IMK KHMMATHHA
TOIIAMH3;

x(t)=1-¢t

x(t) dyuxups te [0, 7/ BakT OpanuFuaa YMKHIL KAPAEHUHH TYIIMK AaHUKIANIN.
Keunkum 6yrunvnan yraérran x(2) = x1(t) curnan tmsum umkummra [z, 2t/

BaKT OpaIMFUIAEK TabCHp Kuja OONUIaiy, TU3UMHHUHI OONUIAHFUY TEHIJIAMACUHU

KyWHJIaru:
dx
—=—X—X({t—7)+1
- (=)
€KU:
X pe O
dt (**)

KYpUHUILAA €3NI MyMKUH Oyr1a u.
te /7, 27/ yayn X(t) curnan kuiimatnnm Tonammus.

dx

Bup sxmHcin —+x=0 TeHrmamMaHu KaHOATIAHTHPYBYM €YMM KyHuaard

dt
kypurnua; Xp = Cp 7
XyCycuil €4MMHH TapaMeTpiap BapUalMsICH  BOCHUTAacHIa  TOMAMH3.

X, =ue " )
P 1e6 (apas Ko, Kyiuaarura:

o~ () ~(t-7) | o~(t-7)

e &) —u =ue

ue_(t_f) = e_(t_z-)
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u:jdt:t—r
4 Ba

_ —(t—7) __ —(t—7)
X, =ue =({t—72)e

XyCycHl ednMmra sra 0ynammus.

YMymuii equM KyHuiard KypuHuIIra sra 0yaiu:
— — —(t—7) —(t—7)
X=X, +Xx, =C,e +(t—7)e

Oy epma Co - TH3MM XONATUHU [=T BAaKT JAKUKACUIA TaBCH()IOBYM HMHTETPUPIIALI
3rapmacy. OJJMHTH KecMajard eunMiaH ous x(7) = /- ra sra 6ymmmk, Gynnan
Co =1 - e xerm6 unkamm, nemax, te /7, 27/ BakT HaKMKacKIa TH3MM YMKHIINAA

x) =x, (M) =AQ—e e 7 +(t—2)e 7

Ba T—2T J1a YUKMII CUTHAIMHUHT KUAMATHHHY:
X(2r) =X,(27) =e " (1—e " +17)
XOCHIT KHJTAMHS3.
Bynnan keiivn te /27, 37] BakT opammruHu Kypamus. By kecmanma Teckapu

anoka 3amkKUpvHUHr unkummgard X2(t-7) curman Gomanruu (yHkims Gynagm.

byHnan kenu6 yMKuO, TU3UM TEHIJIAMACHHU:

% = —X—X,(t—7)+1

EKU
ax _ _— [A—e D)e " +(t—7)e “P]+1 (%)
dt

KYPUHMILIA €3UIIT MYMKHH.

dx ~(t-
bup xuHCcIM m +x =0 Tenrmamanunr X = C3 € (t9 €YMMMHU TOIIAMU3.

Xycyeuid eaumuua Xp = U e (-2t KYPUHUILINIA U3TANMU3.
(***) TeHrnamara Xp HUHI OOLUIAHFUY KUMMATUHU KyWWO, Kyluparura osra

oymamus:
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e 2 = _(1—e e "2 4 (t—27)e 2 +1
t

-

27

t t
(e —1)dt — j (t — 27)dt + j (€29 —1)dt =
27 27

(e —1)(t—27) — “‘—2272) ret 1

2
x, =[(e " —1)(t —27) — L=27) 5’ ) 2 _qle-t-20

YMymuii edquM KyHugara KypuHuIaa 6ynauu:

_ 9.2
X= Xh + X D = CBG_ (t - 22‘) +[(e™ =D(t-27) - w 4t ?r _1]e—(t—21)

Oy epma C3 - TH3MM XOJaTUHU [=2T BaKT JAKMKACHIAa TABCU(IOBYM UHTErPUPIIALLL
y3rapMacy. YHUHT KNAMATUHU OJIZIMHTY KECMa €4UMHUJIaH TOITaH dUK: C3=x ( 2 T).

BbyHnan [21, 31] BaKT opaiiFu/ia YMKUIT CHTHAIA KyHuaard QyHKIujs:

2
x=e " (1-e" +7)e” +[(e" -1 (t-27) - (t=2r) —227 ) +e — e
Omy1aH OaéH STWIINILM KEJINO YUKAIH.

Tomunran x1(t), x2(2), x3(t) dysxkumsmap t=0 pan =37 raua Gyiran Bakr
OpaJIMFHU/Ia TH3UMHUHT YMKHIII JKapaéHUHN TYIMK aHuK i, KOkopuma 6aéH sTriran
*apaCHHU KETMa-KeT JaBOM ITTHUpA TYpuO, OW3HU KU3MKTHPYBUYM Xap KaHIail BakT
OpAMFUIATH CYMMHH XOCHJT KHJIUIIT MyMKHH.

Bapuanrt 2. Tuzumnunz epagau mooenuoan ghoiioananuod euuu.

Tusum muddepeHnran TeHrnamacugaH KenuO 4YMKUO Ba 7 BaKTAa TecKapu
aloKa 3AHXUPUHUHT YHMKHUIIHMIA KCUMKUIN OYFUHM CHUTHAJIHU yIUIad TYPHUIIHHU
xucobra o6, tusumun te [0, T/ BakT opanuFugary XxapakaTMHH aHUKJIOBYH IpapHuU
1.2.2, a pacMaa ndoaanaHrad KYpUHHUIIIA TaCBUpIIAIl MyMKUH :[17]

D e u(0) oy(p) e x(0)

_ 1
1/p 1 b te[0,7]
1 p+a

u(p) x(p)
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1.2.2, a—pacm
['padan TABUMHUHT YUKW CUTHATMHU

1 1
X(p):‘5(5?33“(0’+;a+1

x(0)

o 1 et
O e M T x =%

KeCMa/[a aHUKJIAIl MyMKHH.

x1(t) ¢ynxums te[0, T] Bakr opammFuaa TUSMMHHHI YMKUII JKapaéHUHH
aEMKaiim. t =T Ja x(7) = I - €'ra ora 6ymamus.

x1(t) curnan keunkum 6YFUHMAH YTraHU ydyH, Y TECKApH aloKa 3aHKUPUHMHT
upkumaa Hasoatnary /7, 2t/ saxr opamaruza Y(t) = X1 (t-7) gpynxums xypusmnmna
HamoéH Oynamu. X1 (1-7) curnan Gonwanruy GpyHKIMS, yHUHT TaX3aIuK X(7) KuiiMaTy
sca OonwtanFuy [T, 27| kecMana Oonwtanruy Kuiimar 6ynaau. [y guxpnapaan keno
unkuO, te [7, 27/ yuyn tisum rpadunn Kypamus (1.2.2,6 — pacm):

0)

u(z) oy(p) 1><(r)

1/p B b t e[r,27]

1 p+a

u(p) x(p)

1.2.2 6 — pacm
['paduu xypub unkKmo,

1 1 1
u(r) +——x(r) —————  HH TOIaMH3.
p(p+1) (p+1) p(p+1)

Oxupru MyHOCa0aTAaH KyWHIaruHA TOMaMU3;

X(©) =% () = 1-e)e " +(t-r)e ™

x(p) =

{ = T 1a YMKHUII CUTHAJTMHAHT KUAMAaTH:
X(27) = X,(2r) =e " (1€ +7) ra renr.

x(t) = x2(t) pynxums te [T, 27| kecmana uMKKII KapASHUHY aHUKIIAKIH.
20



Oun te [21, 3T] BakT opaymrrHu Kypub Yyramms. Teckapy aqoka 3aHKUPUHAHT
yuunmga Y() = Y2(t) curman naiino 6ynamu, y GonutaHFud (QyHKIWMS, JAX3aIHK
X2(27) Kuiimar 5ca — Iy BaKT OpaIuFK yayH OONUIAHFY KUiMar OYiaiu.

te /27, 3t/ opanuru yuyH Kyiugarura sra 6yiamus:

X(p):X?,(p): Xz(p)

1 1
u(2z7) +

p(p+1) (p ) (p+1)

Oxupru MyHocabar yuyH JlamjmacHUHr Teckapy MIAKI aJIMAIITUPUIITMHU

Oaxapu0, KyHHJaruHU XOCUIT KHJIaMU3:

(t-27°)

x=e " (1-et +r)e " +[(e" -)(t-27)- e 41

FOxopuaa kypcaTiiiran sxapaHHU KeTMa-KeT Oaxkapa 00pu0, HaBOaTIaru BakT
OpaIMKJIapr/Ia XaM €UUMHH XOCHJT KHJIUII MyMKHH OYI1aIu.

Bapwuant 3. Connu (iinep) ycynoan gpoioananué euuw [4].
Ditnep ycymupan ¢oiinananu6, a=1, b=I, t=2, u(t)=1 xuiimatnapga [0, 2]
kecmana N=0.2 kanam 6unan X(to)=X(0)=0 Gouwnanruy mapriapau Ba
X(t-7)=¢o(t)=0 Gomnanruy GyHKIMAHN KAHOATIAHTUPYBYH:

o

o = X0 -bx(t=r)+u(®

muddepeHian  TeHriaMa WHTETPAIMHUHT TaKpuOuid KUWMaTiapu KaJBAIMHU
Ty3aMu3. XaMmMma XHUCOOJALUIAPHM y4yTa YHIMK XOHANAp AHUKIMIM OuiaH oJu0
oopamuz. Tomwmnran eynMmHHM OepwiraH OONIIaHFUY KUMMaTiapaa Kajgamiiap Ba

TOIOJIOTHK yCYJLIap OMJIaH OJIMHIaH eurMiIap OMIIaH TaKKOCIaiMu3.

X' = f(t,x) Tenrmama yayn Jitnep yeym, [17,(1+1)7] kecmana (i=0, 1, ..., )
Xk = X(tx) xuitmatnapru (6y epna tx = tot+kn, k=0, 1, ..., n; h=t/n) xucobnamman
nbopar. Xy+1 HUHT KMAMaTIapy Kyiuaard popMyiia OuIaH aHMK/IAHAIN:

X1 = % +hf (6, X ); k=0, 1, ..., n-1)

Xap 6up kagamaarn xucodnanr xatomirn R = 0.5h%x" () ra tenr 6ynamm, 6y

epralk <& <fk+1.
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Maskyp tenrnaman [0, 7/ kecmana eunm Kyitunaru gopmyiia Gunas:
X =X, +0.2(=X, +1); k=0, 1, ..., 10;
[, 21] xecmana: X, = X, +0,2(=X, —o ™ +1); k=01, ..., 10;

Oy epaa (”1”+1 = Xy (tk+1) ~17);

MpadwnapyoynuW, Kagaminap yoyau

o [/
/1 1/

Xpcobnaw yoynu

L 7
5 //f RN / /
W l\k /H
08 "5/ N /
N /
0.4 j .\. X ./‘H_
f;{f \“1-,.: yd f,/
0.2 —1
if
! -
D| 1 2 3 4 5 & i
1.2.2, 6 —pacm
[2%, 31] xeemana: X,y = X +0,2(=X, —@5y ™ +1); k=0, 1, ..., 10;

a+l
Oy epaa D O (tk+1) ~7) BaX.K. Tap3/1a Uil oJIMd OOpUIIAIH.
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1-kanBan

Aitsiep yeynmu | Kagamuap ycyiau | Tomosioruk ycys
R | t Yk Yk Yk
0 0 0 0 0
1 |02 0.2 0.182 0.181
2 |04 0.36 0.33 0.33
3 |06 0.488 0.451 0.451
4 108 0.59 0.551 0.551
I 5 1 0.672 0.632 0.632
6 |12 0.738 0.699 0.699
7 |14 0.79 0.753 0.753
8 |16 0.832 0.798 0.798
9 |18 0.886 0.835 0.835
10| 2 0.893 0.865 0.865
0 2 0.893 0.893 0.865
1 |22 0.874 0.873 0.873
2 |24 0.827 0.848 0.848
3 |26 0.764 0.804 0.804
4 |28 0.693 0.748 0.748
I I 5 3 0.62 0.686 0.686
6 |32 0.5484 0.6225 0.6225
7 |34 0.481 0.559 0.559
8 |36 0.418 0.538 0.538
9 |38 0.361 0.441 0.441
10| 4 0.310 0.388 0.388
0| 4 0.310 0.388 0.388
1 |42 0.273 0.341 0.341
2 |44 0.253 0.3045 0.3045
3 |46 0.25 0.280 0.280
4 |48 0.2615 0.272 0.272
I I I 5 5 0.2852 0.2725 0.2725
6 |52 0.3185 0.265 0.265
7 |54 0.359 0.309 0.309
8 |56 0.404 0.338 0.338
9 |58 0.451 0.375 0.375
10| 6 0.499 0414 0.414
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XKanmsan Tty3amu3, yHra 7 HHUHr OepwiraH OOUUIaHFMY LIAPTIApU Ba

KuiiMaTnapuna auddepeHian TeHrliaMa WHTErpaUIapUHUHT Diniep ycynu OuiaH
TOIWITAH TaKpUOW KUAMATIapUHH, KaJamjiap Ba TOIOJOIHWK yCyiulap OwiiaH
TONWITAH aHUK KUMMaTIapuHu KupuTamms (1-xaasan).
1.2.2, B —pacmma xocwi 6yiran GyHKIUSUTApHUHT Tpadukiapy OepriraH.
lynmaét kMO, MHCOJITAH TOMOJIOTHK YCYJHHUHT ad3autura  KypuHUO
Typubau. I'padmu ycynaan ¢olgaianum TH3UM OaéHH Ba TaXIMJIMHH MablyM
Japakaza CHIUIAITAPAIH, KEUUKYBYM apryMeHTra ra auddepeniman TeHrimaMaHm

OeBocHTa HWHTCT PUPJITAHUIITMHWHT OJIAWMHA OJIaIH.

1.3. XosaT y3rapyBUMJIapUHMHT KEYMKHUIITa 3ra YU3HK/IM CTAIMOHAP TH3UMHHHI
6aéH YTHII. YTKHHYHA X01aTIap rpadu.

Teckapu anoka 3amXHpUIAa KEUMKHUIITa 3ra N-TapTHOIM YM3HMKJIM CTallMOHAp

ti3umHd  (1.3.1-pacm) Ky#lumaru  N-taptaOnu - auddepeHiuan  TeHriIaManap

Kypunummaa [9] 6aéH 3TUII MyMKHH:

n n-1
a0, , 4O
dt dt

+otagy(t) + y(t—17) = u(t) (1.14)

oy epma a0, ax (k=0, 1, ..., n), b — y3rapyBunmap.

u(t) N Bowkapunysum y(t)
(SN
PN > KapaeH >
et
1.3.1-pacm

BaktHuHr Xamma t>ty 1akukagapu ydyH TU3UMHUHT YMKHUII CUTHAJIMHU U371a0
TOIWII MacajaCuHU KysMHU3. tp BaKT JaKUKAacuJa TU3MM Kupummra u(t) Tabcup
y3aTuiIaau.

Arap Oy Ttenrmamama b=0 OVynca, yHma ommuii auddepeHIan TeHrIaMaHu

XOCHWJI KWJIaMU3:
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d"y(t) d"y(t) _
S0 +a, e +..+a,y(t) = u(t) (1.15)

Masbnymku, (1.15) — Tenrmama Ounman 0aéH ATUIYBYM TU3MM YUyH OepuiITaH

KUpUIl (QYHKIMACH YYyH YMKUII (YHKIMSCHHMA SITOHA Tap3[a aHWKIOBYM N Ta
GOFIMKMAC OONIIAHFMY IIAPTIAPHM OEPHMII MyMKHH. Y3rapyBUWJIADHHHT Oy
tymwiamuan  {p  nmakukamarm  xomar, ne0 Oaxomamr MyMkuH. byHman  xomar

V3rapyBUWIAPUHUHT  YUKUIN  (QYHKIUACHIAH  KyWdJard omauid  OOFIMKIIUTH

YUKApUJIaau:
X1=Y,;
X=y =X1
X =y =%

Xn= y(n_l) = Xy

— a 1
Xn= y™ = —ﬁxl —ix2 —— x4+ U
an an an an

FOxkopuna 0a€H STWiITaHWIaH, XOJaT TEHIVIAMACMHM CTaHAapT IIAKIAa

E3UITHUHTOCOHIMTH Kemr0 unkaau [10]:

X (t) = AX(t) + Bu(t); (1.16)
Y(t) = CX(t) + Du(t). (1.17)
by epna

A — ko3¢ dureHTIap MaTpULIACH;

B — 6omikapui Matpunacu;

C — kupuIll MaTpULaCH;

B — Tv3uMHM yeTnal YTHUIll MaTpULIACH.

Ar ap TH3HMM XOJATUHHHI' KaTTaJallTUPHUIITaH SJ’J'I‘—IaMI[aFI/I BCKTOpHU XOCHII

KWIMHCA.

V() = {‘;((2)} | (1.18)

VYHI1a YM3MKIM CTAllMOHAP TU3UM KyHHIaru TeHI1aMa OusiaH Oa€H STHIMIIN MyMKHUH:
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VO _ av(y (1.19),
dt

Oy epma A — koahuIMeHTIIap MaTPHUIIACH.
V(t) — xupum y3rapyBuncum Ba Xk TH3MMHUHI KOOPJMHATATIAPUHY ¥3 HUUra

OJIFaH BEKTOP-YCTYH.
Jlanmacauar TyFpu  makn - anmamrupunmed - (1.19)-Tenrnamara  kyimad

KYWUJArviHA XOCUJ KIJIAMU3:

V(p) =[pl (i) - A"V (0"), (1.20),
oy epaa I (i) — Gupmx matpua.
#) = L ([p! () - AT, (1.21)

ne6 O6enrunad, Kyiuaarura sra 0yaamus:
V(t) =4(t)v(0"),

Oy epna P(t) MaTpHiia TH3UMHUHI KEHTAUTUPWIITaH MaTpuLiacu cudaruia MabiayM. .

Teckapu anoka 3amwxupuaa N-TapTUOIM KEUMKHINTa 3ra YM3UKIM CTallMOHAp
TU3UM XapakatuHu 0aéH 3TyBud (1.14)-TeHrnamara katiO keinamus. by TeHrnmamanu
KylHJaruya: BEKTOp-MaTpula MIAKIuaa €31 MyMKHH:

? _ AX (1) + B(U) + Co(t — 7). (1.23)
Arap OonuiaHfuy IapTiap Ba [to ‘T,to] OolUIaHFUY TYTUTaMJIa aHUKJIAaHTaH
oommanrua @, (t) =X (t-7) Qynxkums Gepwiran 6ynca, yuma [0, 7] xecmanma

JlarmmacHuHar TVFpU makn anMvarntupuimiu (1.23)-tenrnamara Kysuiabd, Kyduaarura
ara Oymamus:

pX(p)—X(0") = AX(p) + Bu(p) +Ce,(p)

X(p)=[pl (i)~ AT"Bu(p) +[pl (i) - AI"Ce,(p) +[p! (i) — AI' X (0)

(1.24)-Tenrnamanan XoCHI1 KM MyMKuH Oyiaran X, (t) ¢yukuus [T, 27/ Bakr

(1.24)

opauFu yuayH Oonutanrud GyHkius Oynaau (aHukporu Jlarmac Oyiinda OolnIaHFu4

dyHkimssHUHT ndonacu 6ynanaun). LyHUHT yuyH Kyinaari Oe/IruaiiHi KUPUTAMHE3:
1(P)=X(P)-
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JlammacHuHT Teckapu mmaky anMamtupumuHu  (1.24)-Tenrnamara  Kyiiao,
KyHMUJArvHy XOCWJ KIJIAMU3:

X(p) =L ([pl ()~ AT"Bu(p)) + L ([pl () — Al'Ce,(p)) + L7 ([P () — A1) X (0") (1.25)

(1.25)-tenrmama TusumuuHr Xapakatuau [0, 7] xecmama 6aénm sramu. By

eurMIaH [1', 21’] KecMaia doiiananno, ryHra yxiran uogaHu XOCHIT KUIaMU3:

X(p) =[p! (i)~ AI"Bu(p) +[p! (i) - AT"C(p) +[pI () - AT) X ()
VYunan:
X(t) = L ([p! (i) — AT "Bu(p)) + L ([p! (i) — AT "Cen(p)) + L ([p! (i) — AT ) X (2)
(1.26)
By xapaéHnu ketma-keT O0axapa 60pr0, OM3HN KU3UKTUPYBUYH Xap KaHJail BaKT

OpaJIUFH yUyH €UYHMMHH TOIUIII MyMKUH OYI1a I
X(p) =[p!l (i)~ AI"Bu(p) +[pl (i) - AI"Ca (p) +[pI (i) - AI) X (k) (1.27)
OyH1aH

X(t) = L ([pl (i) — AT""Bu(p)) + L™ ([pl (i) — Al "Cq (p)) + L ([p! (i) — AT") X (k7)
(1.28)

oy epna: kKe<t<(k+1)r, k=1, 2, ...

[lynnait KwinO, AOUMHUN KEUUKHUINTa S5ra YM3UKJIA CTAalMOHAp XOJaTiu
TU3UMHUHT ~ TEHIJIAaMacH  BEKTOp  Imakija &3wmmy  Ba  Jlammac — maki
AIMaIITUPWIMIIKUIAH  oiganann0d, edunuimyd MyMKuH. ByHman, Ouz xap xwui
Mypakka® Ty3WIMaid TH3UMIAPHUHT TYpiu CHUH(IAPUHHU YPraHUIIHUHT KyBBATIN
BocuTacu Oynran rpadmap Hazapusicu anmapatunaH GoiganaHu0, €YUMHH XOCHIT
KWIAINAMA3 MYMKAHJIATH KemmO uukaan. Kypuimaérran TusuMm cuH(Iapu ydyH
YTKUHYM XOJIaTIapHUHT rpadiiapuaan Goinananuin Makcaara MyBopukup (18).

Tavpug. Y1xunuu xonat rpadu ne6 yTkuHM Xonatnapaaru Vi)=/u(), X()]
XOJaTiap BEKTOPUHUHT TAIlIKWJ ATYyBUWJIAPHTa TEHT yWiapra Ba KCHTraUTHUpPWJITaH
yum marpurack D(A) kosduumentiapura TeHr & ysarmanapura sra GOLUIaHFUY
xomar V(0") = [u(0%), X(0") mexropura sra TusuM cxemacu O¥yifMua Xocuil

KWIMHIaH HYHAITHPHITaH yrdamin rpadra airamus [7].
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a,(4)  a,(4) .. a,(4)
81(4)  8,(4) - ()
an(4) ap(4) - au(4)

#(A) = (1.29)

V3lyKeu3 TM3MMIap Tax il Kuianaranuaa O (A) naru A t ra, quckper Tusumiap
oynran xonga 0< A<t yuyn A=¢-NT ra tenr. Arap Gouuranrud mapriap Oepuirad Ba
®(A) maTpuria MabIyM Oyica, yHIa, [Ty Y3rapyB4d XOJaTIapuHy OaH ATYBUM BaKT
QYHKIMACHHM TONMII OCOH Oynamu. YTHII MaTpUIAcH KyHHMIarH MyHocabaTiaH

AQHUKJIAHUII MyMKHH (58):
D) = e™ (1.30)
@) = L*([pI()]™) (1.31)
Ammo D(A) matpriia sreMeHTIapHMHN OEBOCHTA YTKUHYM XOJarmiap rpadiapu
6yitmua (YXI) OGaxapmm MmyMmkuH. I'pad Oyiimua Moc OyFuHIAp ypracuuaru
y3aTuiHy JIAIIacCHUHr TECKapH MIAKI aIMAIITUPUIIMHA KY/U1ab Xucobam OmiaH,
(1.30) éxku (1.31) - ra xypa 6uz DP(4) marpuranusr ajj(4) sneMeHTIAPUHK
aHUKJIANMU3.

bynu Hamoiuml >TMII ydyH Kyduzard aud@epeHuuan TeHramanap OwuiiaH

0aéH STUITYBYM TU3UMHHU KYPaMU3:
li(t) +5(t) + 6y(t) = u(t): u(t) = 1(t).
VTKkuHUM Xonmatiaap rpaduHU KypHIl Ba ®(t) i MaTpUIACHHM aHMKIALI

Tanad KWINHAIN.

1. 1-TapTrOin TeHrnaManap CUCTeMacura yTamms:
u=0

X =%

X, =—6X —5X, +U

Oy epaa X1=Y.
Xocun OynraH TEeHramajiap THU3UMHHH KyHHIaruda MaTpulla KYpHHHUIIHAIA

€311 MyMKHH:
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ul o 0 0 Ju()
x[=|0 0 1 |x©0)
% | |0 =6 —5| x(0)

2. VTKuH4H XonaTiap cxemacH Ba rpadu Moc pasumia 1.3.2 a, 6 pacMiapa

OepuIraH.

3. V(t) BekTOpHHU aHUKJIAMH3:

u a,(t) a,(t) as) | u
Xi =|ay ®) azz(t) azs(t) X
X, ) ag,(t) as,t) || x,

Usnanaérran @(t) yrum marpunacunmnr () smementmapn Kyiiwmarn
Tap3aa aHuKIaHag. YXI Gyiinda, Me3oH konnacunal ¢oiinananu6, | Ba j GyFuriap

Ypracunaru ysatum cudaruna aij(P) e D(t) uu anmknaiivus, seaum i j(P) = XifX;..

a)  X,(0)  X,(0)

b)

1.3.2.- pacm
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Arap xap Oup ai,j(p) AJIEMEHTTa JIaTUTACHUHT TECKApH IAKJ aJIMaIlTUPULINHA
Kywiacak, (1) MaTpuLany XOCHIT KHJIAMHM3,

['paduu xypub unkno, Kylinaarnra ra 0yIamms:

1 0+5 1
)+—" O,
= 20+ ) e 29 e
1 -6 p

a\F) = 0 0 (0
D= 0 2-9 ) 51269 0 penpen

JlanmacHUHT TeCKapH INAKi aJIMAIITUPUIINHE OaxapuO, KyWHIaruHU XOCHII

KWjIaMn3:
X, (0)=(~5~ % +0.3 73 +0.16)u(0)+(3e % ~2e7)x, (0)+(e 7 ~e ), (0)
X, ()= (e~ 2 _ =3y (0) + (662t + 6e—3t)x1(0) +(—20—2 4 3e—3t)x2 0);

OyHzIaH:
1 0 0
o(t)= [~ +3 " +16 3 -2 e _p
~5e 213 "+16 —6e 6 -2 +3e ¥ +16

-3t

1.4 Toumuii KeUMKHUIITA 37a YU3UKJIU CTAIMOHAP TU3UM TMHAMUKACUHU
VPraHUIIHUHT rpaduiv MOAe/UIAapH Ba aJIrOPUTMIIAPH

Keunkumira sra Tvsumiap dakat yiaapra xoc 0yirad Oup Katop xoccajapra ora.
JluHaMuK TH3UMIIapAa  coaMp OynmaauraH okapaCHiap TYFPUCHAArM  OJIaT/aard
TaccaBypyapra HucOaraH Oy Xxoccajap ojaTmarviek smac. MacanaH, XxoTupara ara
TU3UM XOJIATUHUHT (KEUUKUINTa 5ra TU3UMIIAp M1y CcuHGra TETUIUIM) YTUII
GYHKUMSCUHUHT  KYpUHUIIKM ~ Hadakar OONUIaHFWY IHapTiapra, Oajku —Xojar
OOITAHFUY PEAKLMACUHUHT KaHAauaup Oup dyHKuumsicura xaMm O00fuK. by dbyHkuums
YHKHII JKapaCHUHUHT OONUTAaHUINMAAH OJIIMH KeJraH BaKT KecMacuia Oepwiagu. by
mapmiap, Oomkaiapu OunaH Oup Katopnaa, 0y THU3UMIIAPHUHT Tpadiiv MoJeriapura

XaM Y31ra XoC XyCyCHUsITIIapHi KupuTaau [4].
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JlommMuii  KeUMKHMIITa 53ra YM3MKJIM  CTalMOHAp TU3MMHHUHT  aJoXyja
SNIEMEHTIAPUHU Tpadau MoeIal MOXUSITHHH TYyLTYHTUPaMU3 Ba, OMp BakKTa, 0Jub
OoprITaéTrad TaAKUKOTIAPHUHT MaKCaJAUMHU aHUKPOK TYIIYHUII YUYH, TU3UMAA COJTUP
Oya€TraH >KUCMOHUI Kapa€Haapra pTHOOPHH KapaTaMus3.

Kylingaru TeHrnmamaHu Kypamus:

n n-1
dut)  d™ug)
n T n-1
dt dt

Arap b=0 ne6 ¢apas xuncak, xeunmkuimu OyIMaraH YM3MKIM CTalOHAp

+..+a,y(t) +hyt-7(t) = u(t)). (1.33)

oommkapurn (>kapa¢H) o0beKTUHUHT MG DepeHIaT TeHTIaMallapUHA XOCHIT KHJIaMU3:

du)  d™u()
i +an_1W+---+%Y(t) =u(t)). (1.34)

YHU Mojenmupiam KUMMHYWIMK TyFaupMaiind. Tenrnamanap OwiaH OacH

ATUJIAJIUTAH KapacH VXTI (YTxkuHUM XonaTiap rpady) CHHE XOCH KWJIMIITHUHT HKKATA
TEHT KYWIH yCyJIUHU dcnatamus (1.34).

Tyepudan-myepu  dacmypnaw. Y3rapyBud XolaTiapiaH —(oinataHuo,
maddepeHIan  TeHrmaManap Oyitmua THsEM Y XI(YTKMHYM  XONATIApHHHHT
rpadu)Hu XocHI Kt MyMKkuH (1.4.1.a pacm):

by ycyn TyrpupaH-Ty¥pu gacTypiiamn Aedwiaad. XoJar y3rapyBUMIapu
cudaTH/Ia HHTErPATOPIAPHUHT YMKHMIIUIAPY TaHIaHamd. YXIT Maskyp auddepeniman
TEHIVIAMAaHU  KAHOATIAHTUPHIN  IMApPTUAaH  KenuOd  4YuKuO,  Kypuiialu.
WHTerpatopaapHUHr  YMKMIIUIApUTa MOC KelyBuM OyfuHiap Outra OYFuH[A,
y3aTUILIapy TEHITIAMAHUHT MOC KoddduIMeHTIapyura TeHr OyniraH, &inmap Owiad
yIaHaIu.

Kemma-kem oacmypnaw. beocuta, muddepenuuan Ttenrnamanan (1.34)
KEUMKUIIICU3, OOIUIAHFUY DSHEPrHscd OyIMaraH 4YW3UKIM THU3UMHUHT —Yy3aTHII

(GYHKUMSCHHU €3U1L MyMKHUH:

1 1
p"+a, ,p" .. +ap+a D(p)

H(p) =
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Arap D(P) xyn xagaunr wipusnapuam xap xui, 1e6 dapas kuicak, yuaa D(P)
HU KyWHIary KYpUHHIIA E3UIT MyMKHH OY1a u:

D(p) = (p-M1) (P2) - (P-n) (1.35)
By epna Aj — KypuiaéTran TU3UMHHMHI XapaKTEPUCTUK TEHIIAMACH. YHJA Y3aTHII

GYHKIMSICH KyHHIard KYpPUHUIIIA E3UITaIH

H(p) = L 1.36
(p) P-4 (P—4).. (P—4,) (1.36)

Hatmxana 1.4.1.6 pacmaa tacBupianran YXIT  xocmn 6ymamu. Maskyp yeyr

KETMa-KeT JacTypJiall ycyau cudaruaa MabiyM.
[ynnait kb, 6us VXI' Hu KYPHUIIIHUHT UKKUTA YCYJIUHU KYpauk. Tabumit

X0J1, OOIIIKA TEHT Ky4WIN TaKIUMOTIIap XaM OYJIUIIN MyMKHH.

a)

X (0) X (o) X, o) xl(o)

x.(P) X.(P)
1.4.1.- pacm
Kypununb typubdauku, rpagHUHT Xap Oup €in TapMOK y3aTKUUH J1ed atamyB4u
tik con (ymukims) Ouaan 6ormanras, xap oup yu (0yruH) sca, y OmsaaH 60FaHK OYraH

OVFUH cUTHAIM Ae0 aTaTyB4YM Xj MUKIOPra dra. Y THIIl MAaTPUIIACHHUHT MOC DJIEMEHTH

6ynran TpadHUHT &jj y3aTKU4M | GOFIMK OYFUHIA Maino GYaauran CHTHAIHUHT i-
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Manba curHamu HucOatura Tenr Oymamu (@i=Xj/X;) Ba VXI'  6yitmua M330H

dopmynacu acocuna anukianaam (31):

0 Pt Pyt p)A-L)A-L)..(A- L)1
’ [A-L)A-L)..A-L)I

(1.37)

by epna

P - rpad HyIUHUHT y3aTHIIL;

L — xonTypHM y3aTULI;

* - “koHTypnIap Ba Wyiuap KymaiitmMacura sra OYarad Xa[UIapHH TYIIMPHO
KOJIZIMPHUHT, JIeTaH MabHOHU OWJITUPATH.

I'papman Y(t) mwmr wwxmmm  (Xi(t)) smer Ba U() xupwmm  Tancupw
KOOPJIMHATAIAPUHUHT YN3UKIM KOMOUHALIMSICH KYPUHUIIINIA OCOH TOTHJIIA TN,

Keuuxysuu cuznannu mooenupnaw. Kannaiinup oup {o makukaman 6omuiab

KCUMKYBYM TU3UMHHHT XapaKaTHHH aHWKJIAIl y9yH, KAPHII TAbCUPH Ba OOIUIAHFUY
HIapTiaapHu  OEpHIlIaH Tallkapu, SHa OONUIaHFMY (QYHKIUSHU XaMm  Oepull

KepakJUuruHu ranmupu® yrran sauk. (1.33)-renrnama OwnaH Oa€H ATWIYBUM THU3UM
yuyH Oonutamrumd Qyskums to  makukana keuwkum Oyrunmpa “sumnran” Xi(t)
yrxumsaunr kecmacumup. By Xi(t) dynxims xecmacu [to-7,to] Baxr opamuruna,
SbHM AHUKJIAHWIAETIaH YMKHII KapaGHH PUBOYKIAHUIIHHUHT OOMUIAHMIINTA Kajap
anvKnanTan. bonkaua k6 aittranga, [to-7,lp] Bakr opamaruma keunkum 6yrunu to
JIaKMKAIaH OIIUH maiino 6yyran X1(t) MUKIOpHMHT XaMMa KuiiMatTiapura sra 6YraH
curHasHu Oepaum [17].

H30x. Arap TM3uMra KUpPUII TabCUPHHH WIIOBA KHJIMII JAKHKACHTada SHEPIHsI
3axMpaiaHrad Oysca, yHIa, KyWuaard TCHIJIMKJIAPHA KaHOATIAHTUPYBYM OOIUIAHFUY

(YHKIMAHMHT aHMK KYpPUHMIIMHHM, HONMHYM Oomulamrwd mapriap xomuga @) =
X1(t), t €[t, —7.t,] Gepumr 3apyp:
o(t) = xa(t), telt,—7%]
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¢(to) = Xa(to),

Amaymit mMacanmanmapga OonnianFud (yHKIMS Oab3aH Taxpuba Wymu OwiiaH
Tormaau. bouuanruyd GyHkIms OolIKa TEHINIaMagaH apryMEHT (apKJIaHUAIIHUCH3 (Y
aBTOMATUK OOILIKApUITHUHT Oab3u OUp Macajajapuja TecKapu ajoka XapakaTu
OolUIaHAIMTaH JaKWKarada xapa¢HHU Oa€H ATajau) aHUKJIAHWIIKA MYMKUH. AMMO
KYIMHYA OJIAMHIAH, KYy3FaJMaraH TH3UM XapakaTh KYpuO UYMKWIaAW Ba YUKHIII
KapaCHUHUHT KYPUHUIIM aHUKJIaHAAM, KEHMH 3ca YHHUHT ajloXyja KUCMIIapH
OonutaHFuy GyHKIUSIIAP Tap3u1a UILIaTAIA N,

Kypunaérran tusumaa coaup OYiaéTraH XOAWCAIAPHUHT(H3UK KYPUHUIIN
XpcoOra OJIMHraHja, KeYMKyBUM €Kkd Oouutanfud (yHKUMSHUHT Jlamuac Oyiinya
TacBUpH OWJIaH YIYaHTaH OYFMHM KEUMKYBYM CUTHAIHUHT Mojies Oynaau. by OVFuH,
TH3UM TY3WIMAacura Moc Tap3za, -1 ra AeHr OyiraH y3aruil €M, TH3UM KUPUIIMHU
MOJIESTUPIIOBYM yuM (UYKKWCH) OWiaH ynaHagu. Keunkuin OYFMHUHMHI XOCCacHuIaH
KeJm0 YMKuO, CUTHAJ JapaXkacuaa KyHuard TEHICU3IMK YPUHIIM Oy Iaau:

Z(1) #xa(V),
oy epaa Z() keunku OYFUHMHIHT YUKHUII CUTHATIN.

Bynzan nrynpjaii xynoca kemu6 unkamd, Z(t) Ba X1(t) curnanaprau taBcugmopun
rpad ywiapu xap Xuil, SbHU TU3UMAA COIUpP OYIa€TraH curHaira HucOaTaH, TeCKapu
AJIOKAHMHT K€YMKYBUM OYFUH OpKaIM KOHTYpH Oynmaiau. /lemak TU3UM yHIA coup
Oynaérran curHanapra HucOataH ouuk Oynamu. by Myxum Xyroca, YyHKH MypakkaO
KoHburypanusui rpadiap ydyH HUyiIapHU Ba KOHTYpJapHHA XMCOOJAIll Ba a)XpaTHUIII
TOJMKTUPAIUTaH Uil Oynuim mMyMmMkuH. ['padmm MonenapHu Kypuiiaa, Xxamma BakT,
MYMKHUH OYJTyHYa, SHI' KUYMK COHJIM KOHTypJjiapra sra OynraH rpadHH OJHIITa
WMHTWIALI KepaK.

Teckapu anoka 3aHKHUpHIA KEUMKHINTA 3Ta YM3UKIA CTALMOHAP TH3UMHHUHT
TOIOJIOTMK MOJENH THU3UM DJJIEMEHTIIapu Trpaduid MOJCIAPUHUHT  OUpIIAIIMacH
cudarya aHuKJIaHaH:

GC=G U G U G
Oy epna:
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@(P) = L{x, ¢t - 7))

6)

te[0,7]
5, (0) x(0) %, (0)

w(p) 1 |rhep x{(p)=@alp)
Py |

-1 telr.27]
7, (27) x(27)
Lo ]1 (2) (r)
= =
M.{p} 1 > 1 o MMC D —il—p:r- “

(P)

(Re) x(RT) te[Rr.(R+1)7]

[---1T

1 (P} = G (2)

S MC D |—es—>e

(P)

1.4.2 - pacm



G' — kupum curHamMHEMHEr Mojenu (KEUMKMIUTA Sra OY/IMAraH UM3HKIM
’KapaéHUHT MOJIENIMIa YXIIAIl Tap3/1a Kypuiiaan);

G - keunkurira 3ra GYIMAraH YU3HKIA OOBEKTHHHT (KAPASHHHT) MOJICIIN;

G3C.- KEYMKYBUM CUTHAI MOJIEIIH.

Tusum xapaxkaruan kt < ¢t < (kt+1)t xecMaza MOIENMPIIOBYM TOIOJIOIUK
mogen 1.4.2, a pacMaa ndomananraH.

by epna TVrpunan-TyFpu gactypIiail yCyau OuiaH XOCHl KUJIMHTaH VXI' nan
doinananunran. I'pagmu mopenmnunr kt < t < (kt+1)t xecmamaru Ty3uiamacu
y3rapmaiimy, paxar @(P) 6YruH BasHM Ba GOIUIAHFUY INApPTIAp y3rapamu, Oy Hapca
[to, T] opamuk yuyn (T = (k+1)7) sxapaéunap anmkiaHagmran yMyMuii TOIOJIOTUK
MojienIaH xam KypuHuo typudau (1.4.2,6-pacm).

I'pap monennu kypud unxud, t e [0, 7] xecmana ysrapysun xonatnap yuyn

TCHIJIaMa XOCUJI KUJIaMU3.

X(P) = < (p)X(0) + R(p)u(0) + S(p)po(p), (1.38)

By epna xo3puimentiap marpuuanapu Q(p) — n * n, R(p) — n*m, S(p)
— n*M Yuamiapra sra.

¢p1(p) = Xi(p) Genrmmammm kmputamms. JIAINACHMHT TecKapy INAKIT

anvarntaupuiay (1.38)-renriama yayH Kyna, Kyduaarura sra 0yiamMmus:

X(®) = Q(DX(0) + R(t)u(0) + Do(V), (1.39)
By epra Do(t) = L™ /S(@)po(p)]-

(1.39)-tenrmama tusumaa [0, 7] BakT opamurunaru sxapaéunapau 6aéH >Tau.
Opamuk  oxupuaa, (1.39)-tenrnamaman kenu® 4YMKMO, XOJaT —Y3rapyBUWIapu
KUHUMaTIapy Kyiujgarura TeHr Oyiaau:

X(z) = Q (2)X(0) + R(z)u(0) + Dy(zt), (1.40)

Hag6arnaru [7, 27] kecMama Tusumuaaru kapaénnap 3 Ta (akTop TabcUpHia
puBOyIIaHa Oonwtaiiny, 6y daxropmap: U(t) — xkupum tascupy, X1(7), X2(7), . Xn(7)

KOpJIMHATAJIADHUHT OOIUIAHFUY KUAMATIapyd Ba T JAKUKA[a KEYMKUIN OYFUHUIA
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“Csunran” X1(t) QyHKuMs kecMacuHMHr (akTopnapd. By, ONIMHIM KecMmana Ou3

Tomornmusiad Tormwras, 01(t) Gynkumsa 6ynany. AilHan yHUHT GepHIIMIN 3apypUSTH
KEUMKUIIra 3ra TU3UMHHUHT OJaT[ard JWHAMHUK TU3UMIAH OYiaguraH MPUHIUAIHAAT
bapkyianummbay anukiaiad. ['pad mMopenmHu KypuO YMKMIIAH KyWHJArdHU XOCHIT

KHJTAMI3:

X(p) = Q(P)X(z) + R(p)u(z) + S(p)pa(p), (1.41)
@2(p) = X1(p), ncO OearuIaIr KUPUTAMU3.

JlaracHuHT Teckapyu maka anMamrupuidad  (1.41)-tenrnamara
KYJ1a0, XOCUIT KUJIaMU3;

X(t) = Q (t-0)X(z) + R(t-7)u(z) + D(t-7) (1.42),

Oy epna D(t-z) = L [S(p)ea()]-

Kopmunaranapauer  te/r, 27] KECMaHMHI OXUPHAArH JIaX3aJIUK
KUUMAaTIapUHU KyHugaru MyHoca0aT/iaH XOCHI KUJIaMu3;

X(27) = @ (1)X(z) + R(2)u(z) + D(z) (1.43)

Xocwn kumuaran X(27) Gomanruy maptiap Ba 6omanruyd @2(t) gyHxims
BakTHUHT Keiimaru e /7, 27] BakT opanmruia »kapaCHIapHU aHUKJIAII yUyH
3apyp. FOxopunma 0aén stmiran sxapaéuuu te/kr, (k+1)r] xecma yuyH

KeTMa-KeT, KaJamOa-Kaaam Oaxxapa 60pud, Kyiuaarura sra oyaamMus:

X(P) = Q(pP)X(ke) + R(p)u(kt) + S(p)o @), (1.44),
OyHI1aH:

X(t) = o (t-k)X(ke) + R(t-ke)u(ke) + Di(t-kr) (1.45)
Oy epna: D(t-k7) = L [S(p)ox(p)]-

X[(k+1)] = @ ()X (kz) + R(2)u(ke) + Di(2) (1.46)

Amaimérna Ky yupaidurat ssHa OUTTa XO0JIHU KYpUO YHMKaAMU3.
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bowkapuw oyiiuua Kewukuwiea 32a wuzuKnu cmayuonap muzum. Kyiinnaru

KypuHUIIIaru audepeHiman TeHriiaManap TH3UMHI Oepuiran OYIcuH:

d"y(t) d"y(t) N
e +a, por= +..+ay(t)+y(t—7) =u(t).

TU3MMHUHT ~ WUMFUINTUPWITAH — Ty3wiMaid — cxemacu  1.4.3,a-pacmaa
TACBUPJIaHTaH.

by TuW3uMaa XaTomMK CHTHAIM KEUYMKYyBUM OViaaW, YHUHT TEHIJIAMacu
KyWhuiarnya:

&(t) = u(t) — xa(t) (1.48)

Keunkuin OYFHHUHUHT YUKUIIT CUTHAIIM YUyH KyWHarura SraMus3:

e1(t) = e(t-1) = u(t-r) — x1(t-1).

By Tu3uMHMHT rpaduii MoOJenM OJNMHTUCHAAH Iy OunaH (apk KUJaJuKu,
OyHIla KEYMKYBYM CUTHaT TaBcuduiaiiuran rpad yud UKKUTA (YyHKIUSHUHT
(papKIaHMIIN, THHU XaTOJMMK cHrHaIu Owiad Ydanaau. Tusumeuar xonatuau [0, 7]
KecMaJia MoJIeUpIioBYM Th3uM rpadu 1.4.3, 6 pacMa TacBUpJIaHraH:

YKapaéunapnu [to, T], T = to + (k+1)7 opamikna anuknam Mymkus 6yaran
TU3UMHUHT YMyMHIA TONOJIOTUK Mojienu 1.4.3,B-pacmia udoaananras.

I'pad mogennu kypuO umkuO, Th3uMaa sxapaéuimapuu [e[0,7] kecmana
XUCOOJIaI yUyH KyHuIaru MyHOcabaTHH XOCHII KHUJIaMH3:

X(p) = Q(P)X(0) + S(p)po(p). (1.49)

@o(p) = O oskammruam >vTHOOpra omid, (1.49) MyHocabaTHU Kyliumard

KYPUHMILIA €3UI MyMKHH:

X(p) = 2 (p)X(0). (1.50)
XaToNMMK CUTHAIM TEHIJIAMACHHH E3aMU3:
é(p) = u(p) —xu(p) (151)

@1(p) = &(p) Genrmwnambm KadyI1 KWIamMus.
(1.49) mynocabarra JlarutacHHHT TecKapu IIaKJ aJIMAIITUPUIIHHN KYITao,

Kyiuarura sra 0yiamus:
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X(t) = Q()X(0) + Do(t), (152)
(1.52)-myHocabatnan BakTHHHI (=7 pmakukacd y4yH XOJaT TEHIJIAMacH

KUMMAaTJIapUHU AaHUKJIANnMU3:

X(@)= Q(7)X(0) + Do(2), (1.53)

Hag6arnaru t € [7, 27] xecmana Tusumnary xapaéaap KoopIHHATATAPHIHT
OoluTaHFMY KuiMaTiaapu Ba =T gakuwKajga KeUMKWIN OVFuHHMra “‘€3uiaran” gol(t-r)
(yHKImMs KecMacu Tabcupuaa puBoiiana oomvtaiimm. @1(t-7) QYHKIHS MOXUSITH
Oyiinya, OM3 OJJIMHTM KecMaja aHWKJaraH, XaTOJMKHUHT KEUMKaETraH
curHauaup. MyHOcabaTHH, xapaéHiiapHu xucoonam yuyH, t e[z, 27]
KecMa/1a €3UIll OCOH:

X(p) = Q)X(@) + S(p)p1(p), (1.54)

¢2(p) = u(p)-X1(p) nebd Gemrunaiimmus.

(1.54)- mynocabatnan X(t) = Q (t-1)X(z) + D(t- 1) >xanmiru kenu6 umKaam,
oy epna D(t- 7) = L*/S(p) p1(p)

t=27 naxkuxa y4ayn Kyimgarura sra 6ynamms:

X(27) = Q(»)X(r) + D(v) (1.56)

FOxopuna ©OaéH H>TwiraH »Xapa€HHM KeTMa-KeT Oaxkapa OopuoO,
ke<t<(k+1) 1,k=0,1, ... yayn Kyiimzgarura sra 6ynamus:

X(t) = Q(t-kt)X(rt) + Dy (t-kt) (1.57)

6y epa Di(t-kz) = L[S(p) ¢u(p).
Aitunrannapau xucoOra o0, TOMMHN KEUMKHILTa 3ra YU3UKIM CTaloHap

TU3UM/IA JKapaEHJIApHU XUCOOTATHUHT KyHHIary alTOPUTMUAHU SPATUIIT MyMKUH.

Anzopumm 1.4.

JlonMuii KEUHMKHIITA 3Ta YM3UKIM CTAllMOHAp TH3UM/IA KapaSHIIapHH XUCOOIaI

QIITOPUTMU:
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1) Twusum onemeHTIapuHUHT Tpad Mojaewiapu Oupnammack —cudaruaa

c o 3C
TU3UMHUHT Tpad MOJCIN KypHIaau Gk = Gk (Y Gk .

2) Xocun 6yaran rpad 6yimua t = [kKz, (kK +1Dz], k =1,2,. .. BAKT

OpaJIMFU YUyH TH3UM/IA XKapaCHIapHU XUcoOaIl yuyH MyHocabaT Ty3uiia/iu:
X (p) =Q(p) X (kz) +[R(p) w R Ju(kz) +cS(p)p(P) (158)

By epna R, (p) - Homuaum matpya, C =1 V —1.

3) b1 (P) byukimsauHT Jlarac Oyitnda TacBUpH 3¢1a0 KOJTMHAIH:

Der = X (P) wu(p) —x (pP)].

4) Kyiinmars MyHoca0aT yuayH JlarmiacHUHT TeCKapH IIAKIT aIMAIITHPHITAIIN
Oaxkapuyiaau:

X (t) = Q(t —kz) X (kz) +[R(t — kz) U R, (t —kz)Ju(kz) +cD, (t —kz)
(1.59)

5) Kyiinaaru nakukaa XoyaT y3rapyBUHIapHHUHT KHAMATIApy aHUKJTAaHAH:
X[k +1D) 7] =Q(z) X (k7)) +[R(7z) w R () Ju(kz) +cD,(7)
(1.60)
6) AnropUTMHUHT 2-0yIMMHTa YTHIAIH.
[Myngaii kumb, onu® OopuiraH Ky3aTHIUIAD IIYHH KYpCaTIUKH, THU3UM
Ty3WJIMACHIa KEYHMKHIL OVFUHUHUHT MaB>Ky/JUTUTU

NPHUHIUIHAAT Tap3/la YHUHT XOCCAIAPUHM Y3rapTHpaau - TH3UMHHUHT o makukamad

Oomuiab XapakaTWHM aHMKIAml yuyH, conmap kypunmmmgarn X(to) Gorwmamruu
XOJIATHU OWJIMINAAH TaIlKapy, OIaTIard TMHaMHUK TU3UMIIapa YpuHim Oynranu kaou,
Oonutanruy QYHKIMAHU XaM Oepuin 3apyp. By y3ura xoc xycycusatHu xucodra oymo,
OU3 KEUMKHUIIra 3ra TU3UMHHUHT Tpadid MOJCTUHU KypAUK. Y3IYKCHU3 KEUYHMKYBYU
CUTHAJIHA MOJICJIMpPJIall MOJICIHM Kypulll OOCKMUWAa Taijo OynaguraH acocuid
Myammo Oymamu. By wacama, y3iaykcu3 cUrHaIHM TaBcU(IOBYM Tpad yUUHH,
KeunKyBuM (yHkimsHu Jlammac Oyiuya TacBUpHHM Yidaml OWIaH Xajl KWJIMHIM.

bynnan Ttamkapu 1.4.3, B pacMIa KEITHPWITaH TOMNOJOTMK MOJENJIAH Wy Hapca
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KYpUHUO TypUOAWKH, TOWMHM KEUYMKYBUM UHM3HKJIM CTAllMOHAD TH3UM JTUHAMUK
TY3WJIMAJIM TH3UM CH(aThaa KYprO YMKWIMIINA MyMKUH. KeunkyBUM CHUTHAI TH3UM
TY3WIMACHHUHT BakT JaBOMHIA Y3rapuIIMHUHT cabadm Oymamu. bomumanfud Enmk
TH3UM YpHHTAa OW3 Ty3wMai XojammapHuar Sy = {Si, Sy, ..., Sp}uekmu Tyoiamu
Oounan udopamaHraH TH3UM OWJIaH HII Kypamu3, Oy TYIUIaMJIapHUHT Xap Oupuaa

TU3UM YM3UKJIM OUMK OYIau.

Xap Oup TysunMamu xonmatga Oyiamm Baktd  [tk, tke1] opamax Gunanm
aHUKJIaHAIW. bUp BaKTHUHT y3UIa AJOKAJIAPHUHT AJOXMIA Ty3WIMalap ypracuaa
oJlaTaruya SMaciurd KYpuHuUO TypuOmu, ynap, OM3 XOTHpa THU3UMH OWJIaH WIII
KYpaCTraHMMU3HU KypcaTasOaud, YyHKH Xap OWp WYKH TH3UMIA XOJaT OJIMHTH
OpaJlMKJa >KapaCHHUHI KaHIal coaup OYyiuiimra OOFJIMK SKAHJIUTK TOIOJIOTHK
MOJIEIIIaH SIXIIUA KYPUHUO TypHOIH.

['padmu Mozmennman ¢oiinanaHuIn KEUUKYBYM aprymeHTtra sra auddepeniman
TEHIJIaMaHU OE€BOCUTA MHTETPUPIIAITHY YUKAPUO Talliaira UMKOH Oepu, Oy Takimud
KWIMHAECTTaH YCYJIHM, KaJamiiap YCyJura KaparaHja, aH4ya camapaid Kuilaju.
Tonmran anroput™, KOMIBIOTEpJA AACTypiall HyKTaW Ha3apuIaH, WAeal Ak
oymamu.

1.5. Y3rapyBun Ke4HKHIITa 3ra YM3HK/IH CTAIMOHAD TH3HM
JMHAMUKACUHM YPraHUITHUHT TPaduid MOJeId Ba aJITOPUTMH

V3rapyBuy KeUMKMIITa 5ra TH3UMIAPHH YPraHHUIIAA Y3rapyBUd KEUMKHITHIHT
OyruHM TyiryHuacu kuputiwianu [4,5,15]. By OVFuH noumuii KeunKui OYFUHUIAH OUp
Katop xoccanapu Oownad (apk kuaaad. Joumuit keunkuin oyruauHMHT (1.5.1-pacm)
kupuin X(t) curHamm Ba umkumn Y(f) cHrHamM YpracHaark MaTeMaTuK OOFJIMKIIHK
MabIIyM:

Xt-7) 720 t>t,+7

Y{t)=< 0 t>t, +7
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Xit) it

-pT

1.5. 1-pacm
Yukum curHamy Ly +7 BakT Tyramm OMIaH KUMpUII CHTHATMHM TyJa Kaifta

niniad ynkapau (1.5.2- pacm):

 x(B

P S

tO
T ’/_\
t

L v
1.5.2- pacm

tO

Keunku karramuru 3pkus t ysrapysunsamsar pynxiumscu 6ymcun: 7 = 7(t)
{ MUKTOpHUHT Y3rapyBuaryiury TyGailiii y3rapyBuan keuukuinm oyruaauar (1.5.3-
pacM) YMKUII CUTHAJIM BAKT YKHUIa nedopMmauusuiaHaay. BYFUHHUHT YMKHILI CUTHATIHA
oymran Y(t) ¢ysxums X(f) xupwmm  Qyskuwsicura HucbGaraH, BakT YKua EKu

“xucunanu’, €xu “ayzunaan’ (1.5.4- pacm):

Xt
— ]

Y it
p1{t} P
e

1.5.3- pacm
AMMO 7(?) KeUUKII MUKIOpU KaHjaii Tapsaa ysrapmacu, X(t) gpyHkimsHuHr
OoNUIaHFUY Ba CYHITH KuiMariapu Vy3rapa onmaiau. KomaBepca, y3rapyBuaH

keunkunu  OyruH  BakT  ykuga  X(1)  QyHKIMAHMHr  KMpMID  CUTHAIMHH

nepopmanmsnaca xam, Y(t) gpysxuusausr unkum curnam X(t) GyHximsHIHEr XamMa
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JaKuKanap KUUMaTIapuHy “KUCWIMII BaKTUIA Xam, “4y3uiMil’ BaKTHAA XaM KanTa

niniad unkapam (1.5.4-pacm).

y(t) 2k :
v/r_\ "CraTe"

"pacTmKeHre"

1.5.4 —pacm
V3rapyBuaH KeUMKHIUIM GYFMHHM (UM3MK pealn3alys KM IIApTIAPHHH
kentupamu3 [15]. Vimapman Outrack Kyhumaruda, KSUHKHIN TE3JTUTHHUHT YCHIH
BaKTHHUHI TaOMHIA paBUIla OOPHUII TE3MUTHIAaH OIIMACIUTY KEePaK, aKC XO0J/1a KUPHIII
CUTHAIM OVFWH YMKUIIMJA Xe4 KA4OH KailTa Uiuiad yuKwiManiau. YyHKU BaKTHUHT
Tabunii Gopum Tezmury 6upra Tedr (At/dt 1) 6ymrammry ydayn y3rapyByan keunkumn

ora (bYHKI_[I/Iﬂ KYﬁHHaFH MYHOC216aTHI/I KaHOATJIAaHTHPUIIIN KCPaK:

dz(t)
dt

<1.

t > Oyuyn

Kupum curHaaura HucOAaTaH YMKULI CHUTHAIMAAH Y3U0 KETHIN >KMCMOHAH
amaira omMaiy, y3rapyBuaH KEUMKHUIUIA OVFUHHM >KMCMOHAH amalira OLIMPHIIUILL
IapTy Kyiuaarnua 6yiamm: 7(2) > 0

By maptnapnan tamkapu dt/dt  xocumammer mandwmit xuiitmariapura
ueknanunuiap Kyhmnamu: Ot/dt manguii xuiimatnapuswar nasomuitmaru  (1.5.4-
pacmpa [t1, to] xecma) mynpaii 6ymamm kepakku 7(t) xkuiimar t=t naxuxana mandmuit
OyMacuH.

Maremartuk HyKTau HazapJaH Oy Kyiugarnya €3usaiu:

dz(t)
dt

dt>0

7(t,) + t_f
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VY3rapyBuaH KSUMKHITHUHT OYFUHNTA KAThUI TabpH] Oepamus:
Tavpugh: YsrapyByaH KEUMKWIMHWHT OYFfuHHM 1e0 Xoccajgapu KyHumard

mapTiiap OWiaH aHUKJIAaHYBYHM TH3UM DJIEMEHTHUTa alTHIIaIun:

1. Vsrapypuan keunmkum ¢yHKimsacH e atamysun  Kaumaimmp  7(t)
dynxms, X(t) Ba Y(t) snementnapra sra kymiad kupum X Ba wikum Y QyHKIMsIIApT
Oepuiiras;

2. T BakrHuHT Kyhugard KuiiMatiap Ouiad Kymiab nakukanapu oepuiran: to
- Y(t) uukum ¢QyskupscurM KysaTvinHan Oomwam gakukacw; tp - Y(f) umkmm
(QyHKIMACMHM Ba KecManapHH KysaTHInHMHT oxupru nakukacy; T(to) - X(t) xupum
(ynxmscy Gonutanruy Kuiimatuauar 6epunran [to —7(to), to] xecmana keunknmm;

T(th) - X(t) xupumr pynkumscn cynrru kuitmaruaunar 6eputran [to —(to), to]
KecMa/a KeUNKHIIIH.

3. VsrapyBuan keumkumm ~ (yHKOMACH — KylMzard — MyHOcaOaTiapHH

KaHOAT/IAHTHPA/IN:
a) xamma te T yuyn 7(¢) >0 (1.61)
b) t >to yuyn — dr(t) (1.62)
dz(t) :
B) 1<I<t2 yuyH r(t,) + [ —5 4=0, (1.63)
dr(t) _
Oy epna [t1, t2] BakT KecmacH, yHIa ——~ "
4. Kupurin Ba yuKHI GyHKIUSIIAPHU:
y(t) = x[t-z(0)] (1.64)
TEHICU3JIMKHHU Kanoarnantupaam Ba 1=t ma xam: X(t) = y(t),
th —7(t) = o (1.65)

1-tappudHUHT XamMMma TanabIapruHA KaHOATIAHTUPYBYM KEUUKHII (DyHKIIUSICH

BaKTHUHT XaM YM3UKJIM, XaM YM3UKIMMac (YHKIMACH OYIuIM MyMKHH. bup katop
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amanuii Macanaiap 7(¢) QyHKUMAHM BaKT JaBOMMA YM3HKIM Y3rapyBud (DYHKIUACH
cudaruma:
7(t) = 7 +kt (1.66)

n(omanamra uMKoH 6epamu, Oy epaa 7o > 0, const.

(1.66) maptHu wudomamam y4dyH Y3rapyBUMIM KEUUKHIITAa dra OYFUHHU
’KUCMOHAH amaJira OIMPUINIIKMHN K</ KypHHUIIIA E3KII MyMKHH.

k=0 na ‘L'( l) =70= CONSt. bu3 nonMuii KeUUKHI OYFUHH YIyH HBOJAHN XOCHIT
KWJITUK.

k<O na 7(?) pyrxums unsukm kamaropau Gpyskmmsaup. by xomna ¢ < 7o/K Bakt
KUAMaTH y49yH KeuuKulHy Houra (1.5.5, a— pacMm), €Ku BaKTHUHT XaMMa KUAMaT/Iapu
t> (10- z'min)/k yUyH, KaHAaWIUp JOUMHUHN Tmin MuKIopra TeHr (1.5.5,06 — pacm), ned

OJIMII MYMKHWH.

a) 0) B)

1.5.5 -pacm
k>0 na xeunxum ymsukmm-ycypun QyHKipmsa 6Ynamd. TU3UM YM3MKIA YCyBUM
KEUMKUII OMJIaH XaMMa BaKT, KEUMKHUIITHUHT Y3IyKcU3 Ycuiim cabadiu, 6exapop. Arap
KSUUKUIITHUHT KAHJAUaup OUp MakcuMmall KUHMaTh Tmax MaBXKyHd Oyica, yHjaa
TU3UMHUHT OapKapOPJIMTHA MaHa 11y MAaKCUMYMHHHT MUKJIOpHUTa OOFIUK OYr1ain
(1.5.1,8 —pacm).
BYFUHHUHT YM3MKIMMAC XO0JU/Ia Keunkui GyHKiusicH Hadakar { Bakrra, 6anku

KUPHII €KU YUKW (PYHKIMsICUTA, €K1 MKKAJIacUra Xam Oup BaKTIa OOFIIHK
= 1/t, n(t)] (1.66)

46



oy epaa 77(t) GpyHKkums Kyiiunarn KuiiMaTiaapHu KabyJl KHJIMIIHA MyMKHH:

7(t) = (1), 7(t) = y(b), n(0) = 7[x(©, y(©)].

Anbarra, (1.66) kypunuiara GyHkuus 1-TabpuHUHT XaMMa MapTIapuHA
KAaHOATJIAHTHPHUIIIN KEePaK.

DHIIM TeCKapH aJloKa 3aHKUPHIA Y3rapyBUl KSUUKHUINTa 9Ta YU3UKIU TH3UMHU
kypurira yramms (1.5.6 — pacwm).

TwsuMHUHT U depeHan TeHriaMacu Kyiuaari KYpyuHHILTa 3ra:

n n-1
05 () 4780
dt dt

.+ (t)+ %t -7 (1) = u(t) (1.67)

BomEKapHIYBYIH
4®_ sKapasH

| |
bebr®

1.5.6- pacm
By epna »apa€HnapHuUHr (UMK KYPUHUIIN, TOUMHUNA KEUMKHUIITa 3ra TU3UMIa

HucOarad, OupmyH4a Oorikada. Keuumkuin MUKIOpUHUHT Y3rapyBUYaHIMTU cabaliu
X1(f) uMkMm curHanu, KeyukuIn OYFMHMIAH = yTa TypuO, BakT = YyKuaa
nedopmarvsuiaHa v (CUTHATHUHT “KUCWIUIIN KU UY3WIUIIH COnup Oymaan).
VarapyBuan keumkummra sra 6yru umkum Y(f) cursammHMET raBoMuIHTE
“€sunran” X1(t-7(2)) curnan masommiimiruman gapk kutagu. by masomuitmk X1(to)
MUKIOPHUHT y3rapyB4yaH KEUMKHIITA dTa OYFUH YMKHIIKAA MAi10 OVIUII TaKuKacu

OWJIaH aHUKJIaHAAW. ¥Y3rapyBuaH KeUMKHUIIUIM OYFUH Tabpudura kypa:

Xa(to) = y(ta) (1.68)

t1—7(t1) =1to (1.69)

Keunkum 6yrunm unkunmzaa (1.69) terrnamanan X1(lo) curmamsunr naxzamix
KMAMATUHKHET Maiino Oymmm nakukacunu amukinab, [to, t1] Bakr opamrmma

TU3UMHUHT YHKHII >kapaéHuHu Toruin MyMmkuH.Juddepeniman Tenrnmamanu (1.67)
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1-tapTubmun  Moc guddepeHiman TeHIamanap TU3UMH OWIaH aJIMallTHpaMu3.
Tenrnamanapaunr 6y tsumu to-7(ty) < ¢ < to yuyn Gomwamrma @o(t) = Xi(t)
GbyHKIWMs OMaH BEKTOPIH IAKIIa E3UTHIITN MyMKHH:

G

T AX(t) +Bu(t) +Cx,(t —z(t)), (1.70)

(1.70)-rerriamann  eummi  yuyH Jlamlac makin  aMaIlTHPHINHIAH
doiinananamMus:

pX(p) = AX(p) +Bu(p) +C e (p)+ X (0"), (L.71)

6y epna @o(p) = L(@o(t)), po(t) — Geprran Gomanruy GpyHKIms, y Gonuansmg
[to-0, to] Tymnamna anuxnanran.

JIeMEHTAp MAK/T ATMANITHPHITITADHE GaKapHO, KyIHHIATMHH TOTAMH3:

X(p) = G(p)B u(p) — G(p)C(p)¢o(p) — G(p)X(0™) (1.72)
By epa G(p) = (pI(i) - A)*

(1.72)-udomara JlarmracHMHT TecKapu INAKT —AJIMAIITHPHINMHA — KYJLUI1ao,

KyHUJaruHy XOCUIJ KIJIAMU3:

X(®) = L(G(p)B u(p) + L(G(P)C po(p) + LYG(p)X(0) (1.73)

By epna G(p) = L™ (pl(i) — A)*

(1.71)-upona [to, t1] Bakr xecmacuma Tusumparu sxapaéHnapHu O0aéH >Taiu.
(1.71)-renrnamanunr YHr kucvunard @o(P) GyHKIMS MabIyM OYIIraHd yayH, Y OUIHI
anreOpank TEHTJIaMara ailaHagu Ba y, Oy TeHIJamaiap y4yH MabiiyM OYJras,

uxXTUEpuUil ycysapaan oupu Onnan eursaan. Yekka {1 HyKTaHUHT KUHMaTHHH TOTHII

yuyn t1 - 7(t1) = to mynocabatnan doiinananamus. by QpyHkuronan Tenrnamany  ra
HucOaTaH e4n0, U3JIaHTaH HYKTaHU TOTIaMU3.

DHaM sHTU OonutaHFud Jakuka cudaruma li Hykranm omamus. By (1.70)-
TEHIVIAMAHH EYULIHUHI KEHHMHTHM KaJamura yTvinra MMKoH Oepamd. [t1, to] Baxr

OpaIVFY YdyH OJIMHIY e4MM OonutanFud (yHKms poman yinaimm. ¢1(p) = X1(p)

udomanu (1.71)-Tenrnamara Kyino0, KyHuIariHu XOCHIT KIJTAMH3:
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X(p) = G(p)B u(p) + G(p)C p1(p) + G(p)X(t1)

Vanar: X(t) = L {G(p)B u(p)} + LY{G(p)C p1(p)} + GOX(Y) (1.74)

(1.74)-upona (1.70)-renrnamanunr [t1, to] xecmanaru eunmu 6ynamm, Oy epna
yekka 2 HykTa (QyHKIIMOHAT TeHTIaMajiaH aHUK TaHATH:

To—1(t) =t (1.75)

Mynmait xkummb, OW3HM KWU3UKTUPYBUYM UXTHUEPUNA BakT OpAJMFH  YYyH
YKapaSHJIapHU aHUKIam MyMKUH [17].

V3rapyBuaH KeyMKMINra 5ra YM3HKIN TH3MMHH MATPHIABHI TCHITIAMAap Ba
Jlammac miakn anMaluTHpUIM EpAaMuAa YpraHuil MyMKHH 9KadH. Ammo (1.72)-
MYHOCA0aTHH, KYI MEXHaT Tajad KWIyBYM XHcOONaluiapaH dYemiad YrTuiira,
MaTpULAJIApHUHT HO3WWIMTH OWiaH OOFJIMK ONepalfsuIapHU XUCOOAaH YMKApUINTa
MMKOH OepyBYM YTKUHYM X0JaTiaap rpadu €pramMmuia XaM XOCHI KHITUIL MyMKHUH.

V3rapyBuaH Ke4uKHIITa 5ra TH3MMHHUHT rpadIi MOJETH JOMMHIl KEUMKHIITA
sra TU3UMHUHT Ipadu Mojenu kabu Kypuiaau (1.5.7-pacm).

[to, T] (T=tk+1) xecuM ydyH TM3MMHHMHI TOMOJOTMK Mojemu 1.5.8-

pacMIa KCITUPUIITaH.

PP =L{x(-7)}
w(0) x%,(0)

x,(0)

1.5.7-pacm

AWTunTaHnapHu XpcoOra oiud Ba IOMMHUN XaMza y3rapyB4aH KEUUKUIITa 3ra

6I/Ip S'/J'I‘IOBJ'II/I TU3UMJIAPHUHT MOACIUIapUHA ITaKJUTaHTUPUIITHHAHT MabJIyM
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OOCKUYWIAPUHUHT YMYMHUMJIMTHIa TasHUO, Y3rapyBuM KEUMKHILNTA 3T YH3UKIN
Y3IyKCHU3 Kapa€HIapHU XUCOOJAIl aJrOPUTMHHU HIAKIUIAHTUPUII MyMKHH. Maskyp

ATOPUTMHU TYFPU 3KUpAA Y3rapyBuaH KEUMKHINTA 3ra TU3UMAA >KapaHIapHU

XPCOOIaI yuyH KYJUTaIl MyMKHH.

®lp) te[0,7]
%, (0) % (0} x,(0)
u(p) 1 [ 1 D x(p)=q@lp)
Py |
-1 telr.27]
x, (27) x(27)
[.--11
u(p) meD xl(p}f @& ()
(P)

(Re) x(RT) te[Rr, (R+1)7]

[---11

wi{p) (2) = e (2)

MCD [—e—>e

(P}

1.5.8 —pacm
Ancopumm 1.2.
1. TusuM »>neMeHTIapu MOJEIUIAPUHUHT OuprammMack cudaruaa yHUHD

rpad MOJIeH Kypyyiaan

G =G UG

2. [tk, te1], k=0, I, ... N Baxr kecmacummur tyke1 — T(t+1) = fk
TCHTJIaMa/IaH CYHITH HYKTacH aHUKJIaHAIH

3. te[ty, twe1/, k=0, 1, ... N Bakr KecMacu ydyH XOCHJI KUIUHIaH Tpad
OVilrua TU3UMJIaTy JKapaEHlIapHU XUCOOalll y9IyH MyHOca0aT Ty3UIau:
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X (P) = Q(PX (1) +[R(PVR, (MI(t) + o, (PIV (U(P) ~ 2 (PNIS(P) (1 76)
oy epna Ri1(p) - nomuuum marpuna, C=1, V=-1.
4. ¢(p) dysxuusaunr Jlamac 6yiinya TacBupy anuKIasann: Qk+1 = X1(P)

5 (1.76)-myHocabar yuyH JlamiacHMHI TecKapu IHaKJI aJIMaIlTHPHIHIIH

OaXxkapuau:

X()=Q(t —t, )X (t,) +[R( —t, VR, (t —t,)]u(t,) +cD, (t-t,),

6y epma Dx (t-t) = L™ (pk(p) S(E))V L™ {[u(p)-¢k(p)] S(p)}-

6. (L.77)-myHocabatman {=lk+1 J1akukama Xomar Y3rapyBUMJIAPUHHHT

(1.77)

KUMMATIapY aHHUKJIAHAIN:
X (1) =Q(t,,, —t ) X(t,) +[R(t,.; —t VR, (., —t)u(t,) +cD, (t,,; —t,)
(1.78)

7. AMTOpUTMHUHT 3-0yIMMura YTUIAIHN.

1.6. Keunkmmra jra Kyn yiadyamid YH3HKIN Y3IYKCH3 TH3UMJIAPHHU
MO/IeJTHPJIALLL
VY3rapyBuaH KEUMKHINTa 3ra Kyl YI4aMId YM3UKIH Y3ITyKCHU3 TU3UMIIAPHUHT

XOJIaT TEHIIAaMaCH KyMUAaru KypyuHUIITa Jra:

O('j_)t( = AX (t) + BU (t) + CX (t — 7(t)) (1.79)
Y(t) = HX(0), (1.80)

By epna X(t) — Tuzum xonatununr sekropy, U(t) - kupysuu tancupnap Bexropn,

Y (t) — unkum MuKkTOpNApU BEKTOPH.

(1.79)-TeHrnamManu, yMyMIALITHPHIIHHM, Xap XHJI KEYUKUIITa ra K BekTopiap MaBxy.
OyiranuIa Kyduaard Tapaaa K MyMKuH. Kyiunaru BeKTOpHU KUPUTAMU3:
_&G—ﬂﬁ»_

X(t—z(t) = X, (t —7;(t))

_Xn (t — T (t))_
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6y epna 7i(t) — xap Gup BekTOp Ba MaTpHIA yUYH Xap XM KCUMKHIIIa 3Ta Y3rapyBun
Ci Cp - G
C|Ch Ch o Chl

Cu Cp - Cy
Oy epma xapd yctumarm HWHACKC Oy SIIEMEHTHHHI Ma3Kyp MaTpullara TETHIILIA
SKaHJIMTMHUA Kypcatamu. by xomma (1.79)-TeHrnamany Kydumaruda €3uI MyMKHH
oymamu:

‘2—): = AX(t) +BU (t) + _Zklcix (t—7,(1) (1.82)

(1.79)-tenrnama eunMuad Tormum yuyH N ta @i(t) Gonuanruy QyHKIMAIApHA
OepuLl Kepak, Oy QyHKIMsUTapHU MaTpULa-yCTYHIAp KYPUHUILUAA E3UIL KyJTau:
oi(t)

D) = @,(t)

2. ()
Bonumanruy GyHKIMsS Xoccanapy acocuaa KyHuaard TeHIIIMKIIap ¥3 YpHUra sra
oymam:  D(ty) = X(to),

(p:{@(t), ye EO.
0, txt,

Kyn ymyammu tizum §1.4 Ba §1.5 ga kypub yTusran oquii Ty3WIIManapHUHT
XaMMa acCoCHH TOMOHJIAPWHM Y3HMJa CaKJana, LIyHWHI Y4YyH YyJapaa COIup
Oynamuran sxapaéHiap mry naparpaduiapaa YpraHuirad xapaéHiapaad Tyonaan (apk
KWIaad. AMMO KyO VYI4amid TU3MMJIAPHU YPraHWIl MacallaCh, KEUUKHIIHWHT
TabCUPUTa KUPULI Ba YUKHUILI OVitya y3apo OOFNMMKIMKIAPHUHT KYIIWIMIIA OWIaH
MypakkaOnamaad. by MyHocabaTia OOMIKAPUIITHUHT KYTI COHJIM KaHaulapu Oyhuda
XaMMma ¥y3apo OOFIMKIMKIApHM H(ONANAIIHUHT SHT Kyilad ycynu Oynran rpadiu
MozesuiapaaH (olaaaanuin Makcaara MyBoduk [18,19].

Kyprazmanunuk yuyH KapauiHy, XouaT Oyiinya KeUMKHILTa 3ra UKKH YI4yamITu

TU3UMZAH, OONUIaiMK3, KEWUH 3ca YHU N — YIyamiau XOJ Y4yH yMyMJIaIITUPAMU3.

Keunkuinra sra TH3MMIIAPHUHT XOccanapura Moc Tap3aa {o BakT makukacuma TH3MM
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KHPUIIM/IA, MKKUTA curnan — kupyBun taseup: w(t) = [ui(t), uz(t)] sa Gonmanruy

pyrxmms: (1) = [p1(t), p2(t)] ¥3 xapaxatiau Gomnaiim. Xap 6up cenapar KaHan

1 2
yuyH OoluTaHfud (YHKIMSIHUHT TabCUPU KaHJAWIup Oup tb Ba tb BaKT

JaKUKaJlapuaa Tyraﬁzm: lﬂ(t) KHUPUII CUTHAJIMHHUHT XapaKaTh XdaMMad BAKT Opajlurnujia:

to man wxtuépuii 1 raya maBom stamu. ['padmu Mozen Oy QUMK XyCyCHUSTIapHH

Xpcobra onrad xojga Kypwiaad. Mkku yimuamim OOmKapuill 0ObEKTUHHUHT MOJICIH

HKKHTa CCIlapaT Ba HMWKKWUTA KCCHUIONYBYM Y3aTHII KaHAUIapyu MOACIIIAPUHUHT

OUpaIMIIMIaH XOCHIT OYIaau:
G, =G UGk
r=1,2, k=1,2; r#k
Oy epaa:
G ={X"(t,), X" (p)V")
CUTHAJUTAPHU Y3aTUIIHUHT CeTapaT KaHaJUIapy MOJICIUIApH.
X™(t) = (%" (t));
X" (p) = (5" (P);

V=06 (t), Xn(Po)an (P)),

Oy epma: r=1,2; m=12,...,n.

i=12,...n; 1=12,...,n.

KecuiyBun KaHATApHUHT rpadid MOJICIIApH
G = (X™(t), X" (PV™)

Oy epna:
X" (to) = [X{“(t)1;
X" () = [X{“(P)];

V= (X0, X" (p).a" (p)),

Oy epma: r=1,2; k=1,2; r#k m=1.2, ...

1=12,...,n; 1=12

9iag o0 0y

(1.83)

(1.84)

(1.85)
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by 6enrunanuiapan xucoora omo:
Gt = (X(to), X(p), V)
X(t) = X" () U X " (t.);

X(p) = X" ()W X™(py);
V=VTuv®
KeunkyBun curHa/utapHuHr Tpadiad MOJCIUIAPUHM KyWHUZard KYpUHHIIIA

aHUK/IaNMU3:

G”=(p'(p).".V"), (1/86)
oy epna @'(P) - 6yruH (y4, YyKKHM), MOJEIUPIOBYM KEUMKYBYM CHMTHAN, y Jlammac
TacBUpH OYinM4a KEYMKYBYM CHUTHAI OWJIAH VIT4aHTaH, Y3JMyKcH3 (DyHKIHMS KecMacu
ounan udomanaHraH.

e" - ysarviuHuHr I KaHaIma XaToMMK CUrHAIMHUAT Jlaruac 6Yiinya TacBupy;

V?=(¢'(p)."-D),

Kupuinn curHamiapuHUHT  MOJEIUTapH  OOIIKAPHIITHUHT Y3IIYKCH3 MOJIEINTA

YX111ab Kypusiau.
Arap Tu3umja OOILIKApyBUM CUTHAJUIap Oyica, yHAa Oy XoJija, KEUHMKYBUU

CUTHAJUTAPHUHT Tpadiu MoIeIuIapy KyHuaaru KYpUHHUIIIA aHUKJIAHA I

G, = (0" (p).7"(P).Y,");
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Alttunrannapau xucobra onu0, rpadid MOIETHH KypPHUIIHUHT Ba KEUMKHILTA
ara Kyl ya4aMiM kapa€Hinap JUHAMUAKACHHU YPraHWIIHWHT KyMHJIArd ajarOpUTMUHH
U110 YMKUII MyMKHH:

Anzopumm 1.6

1) Keunkum MHKIOpIapy yjaap KUMMATIAPUHUHT YCHUIIM Tap3uja TapTuOra

*

*_ Lk ok
commama: ¢ =T 10T oy n Ty,

2) TU3UMHUHT alloXpAa SJIEMEHTIApU: KHUPHII CUTHAJUIAPHHUHT, KCUHKYBUYH
CUTHAUTAPHUHT MOJCIUIApH, Y3IYKCH3 OOIIKApUII OOBEKTH MOJCTHHUHT Tpad

MoJIeIIapy KypHITaIu.

. *
3) Xocun Oyuran rpadmap, T VK112 TA3UMHH Ky3aTUIl OPATUFUHU XHcoOra

OJIra”d Xxo0Jiaa, TH3UMHWHT YMYMI/Iﬁ TOITOJIOTHMK MOJACIIMI'a 6I/IpJ'IaIHTI/IpI/IJIaIII/Il

c S 3c
a) G =G G VG - XosaTy OVitnua KeUMKKaH/1a;
9

5 Gf =G UGF UG,

- OomIKapHILM Oylin4a KEUMKKaHU/IA.

* *

y ™ T, ET
4) Xocun Oynran rpad Oyitnua, BakT JlaKMKajlapura MocC Tap3/a,
THU3UM Y3rapyBud XOJAaTJIAPUHN Ba TU3UM YHKUIIMHUHT KOOPIWHATAIAPUHN aHUKJIAIIT

YUyH MyHOca0aTiap Ty3UIau:

X"T(P)=Q"(P)X"(z) +[R"(P) W RL"(P)Ju"(z) +ce"(P)S™ (P)
(1.87)

X" (p) =Q™(P)X ™ (z) +[R™(p) w R1™“(p)]™
Mucon 1.7.1:

Arap t=0 BakT JaKuMKacWia TH3UM Kupummra U (t) =1(t) TabCHP
y3atunaérran 6ynca, 6yrunnapaunr napamerpnapy K=1, a=0, b=2, t=0.5¢C 6yca,

TH3UMHUHT (1.6.1-pacM) YMKHII CUTHAIMHA aHUKJIAI Taja0 KUITHHCHH.
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r X
= 1 +aE+b)

v

1.6.1-pacm

bouutanruy maptiap — Ho, OOLUIaHFWY TYIUlaMia OepuiraH OolUIaHFUY

byHKIMA %o (t) =0 ra TeHr. TU3UMHUHT Ty3WJIMaId cxemacunad (oiigamanud Ba

KEUMKUIIl OYFWHHM XaTOJNMK CUTHAIM T BakIra yHuUiad KOJMHHUIIMHH XpcoOra oo,

tusumuaunr rpadunu [0, 7] Bakr opamuru yuyn xypamus (1.6.2- pacwm).

ez =u6(p)
1(0) 7, (0) % (0)

1.6.2-pacm

['paduu xkypuO ynKnO, KyHUAArMHNA TOMAMU3:

X (P) =%(P)=0 &(p)=u(p)—x(p)=1/p

A (P)=&(P) =1/p. x (1) =%, (1) =0 x(7) =%X,(7) =0

[z, 27] Baxr opammru yuyn rpad Tysuimacu aBBarHmaii Oynamu, daxkar &(p)

CUTHAHUHT KuiiMaTh Yy3rapamy (1.6.3- pacMaar TH3MMHHUHT TOTIOJIOTHK MOJICITUHH

KYypu0 unKUHT) . Y maittaa rpadHu KYpuo YMKUO, KyWHUIaruHU OCOHTMHA €310 YMKHIII

MYMKHH OY1ajiu:
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% (P) = ————p(P) = —5

p(p +2) p*(p+2)
1 1
X, (P) = p+2¢1(p)— p(p+2)
e(p) == —— =

P P’ (P+2) . 4 (P)=2(p)

1.6.3 -pacm

Acn kypunHira yTub, Kyiugaruiapra sra 0yaaMus:
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X, () = 0.25e 2% _0.25+ 0.5(t —0.5) .
X, (t) =0.51—e>"%)

[z, 27] xecmanunr oxwpuma xonmar TeHrnamanapu KuiMaTiapu Kyiumarura
TEHT Oy7au:
X (27) =x (1) =0.092; x,(27) =X%,(1) =0.316.
Hag6atmarn [27,37] Baxr OpalufuJa XOJaT TEHITIaMAJIApUHU KyWWJard

MyHOca0aT/Iap/iaH aHUKJIaiMK3:

x(27) | X,(27)  4,(p) _ 0092 0316 1

X (p) = = - :
' P p(p+2) p(p+2) p  p(p+2) p(p+2)°
x,(py = X222 | #:(P) _0.316 1 .
p+2 p+2 p+2 p(p+2) p(p+2)
0.908  0.316 1 1
#(P) =¢s(P) =, p(p+2) p°(p+2) p3(p+2)°

Acn xonatnapra yTu0, Kyiunaru MmyHocabatiapra sra 0ymamus:
X, (t) = 0.092e 2" —0.125(t —1)e > +0.125(t —1)* + 0.625(t —1).

X, (t) =—0.309e " —0.25(t —1) +0.25(t —1)e > +-0.625
[27,37]

Xoyar y3rapyBUYMWIAPUHHUHT KUWMATJIAPUHU KECMaHUHI OXHUpU/a,

t =37 ne6 onub, Xxocus OyiraH MyHoca0aT/Iap/iaH aHUKJIaiMu3:
X, (B7) = X, (A.5) = 0.292;
X, (3B7) = %X, (A.5) = 0.432.

Xy wyHaad Tapsna [32' AT ] BAKT OpPAIMFUJIA XOJIAT TEHITIAMAJIAPUHU

Kyluaru MyHoca0atiapaaH aHuKIaiMus3:
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x(3r)  %(7)  #(p) 0292 0432 0.316 1 1
X (p) = + + = + Y 7T 3 73 3
p o p(p+2) p(p+2) p  p(p+2) p(p+2)° p(p+2)° p(p+2)
x,(37)  ¢(p) _0432 0908 0316 1 ~ 1

p+2 p+2 p+2 p(p+2) p(p+2)° pi(p+2)? pi(p+2)°

X,(p) =

XaToMmMK CUTHAMM Y4yH U(OJa, OJIMHIH KecMara HucOaTaH, aH4a Mypakkal

KYpHHUIITA 3ra:

1 _0.708 043 0.908 0.316 1 1

A =)= X = ) P+ W+ P+ P+

JlaracHUHT TeCKapy Ak AIMAIITUPUIIIMHYU OaXkapu0, Kylnaarira sra Oyiamms:

x, (t) = 0.477 —0.185¢ 2 1.0.3125(t —1.5) — 0.171(t —1.5)e > —0.125(t —1.5)* —

—0.021(t1.5)® + 0.094(t —1.5)* + 0.3125(t1.5)%e >

X, (t) =0.3125+0.1195e > + 0.5955(t —1.5)e > —0.0625(t —1.5) —
—0.0625(t —1.5)% + 0.15625(t —1.5)%e 2

Xocwi 0yiran MyHocabatapaas, [4t, 5t] BakT opanmuruaa xapaéHHU aHMKJIAII
yUyH 3apyp OymraH, xXojiar Y3rapyBUWJIAPUHUHT KUHMATIApUHUA t=4r HYKTaJa

TOIIaMM3:

X, (47) =0.534 | x,(47) =0.4335..

[4T T ] BaKT KecMacHJia Kyhujaarura sra 0ynamus:

0.534 0.4335 __ #,(P)

> (P) = b p(p+2)  p(p+2)

_ 0.4335 _ #,(p)
X, (P) = b+ 2 + D+

_ _0.466 0.4335  #,(p)
(pP) =os(P) o o(p + 2) o(p+2)
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Bynnan, rokopuia KenTuprwIraHuaek kaou xucoomanuiap Oaxapuinb, Xxomar
y3rapyBUWIApU TOMUIIAIH.

1.7.2 — mucon.

Ty3unmanu cxemacu 1.6.4- pacMaa KENTUPWITaH TU3UMHUHI OPAJIMK Ba YMKHIII

KOOpAWHATalapyuHu aHWKIaHr. Cemnapar KaHauiapAa kKeuukunl: 71 = T2 = 0,4 C.
GOLUIAHFUY [IApTIap — HoM, OomutapFmd QyHKmmsuiap xam @g (t), @F () 1e6
OJIMHA/IH.

Edaumn: Xap 6up Kagamaan KeMUHTH Kajamra YTUIIa TU3UMJIa OUp XU YMYMHIA

TY3UJIMAJIN XOJATIAPHUHT QJIMAlIMHYBU COUp Oyiranu YUyH,

[zz,(z+D7],2=0.1 .\ yuyH rpad MojenHu Kypuil MymkuH (1.7.2. 6-

pacm).
[O, 7] kecma kyitmmaru xomar y3rapyBuiIapy Ba UMKHII KOOPAMHATAIAPHIA
ara Oyamus:

X (P) =% (P) = X% (P) =X,(P) =0 y,(p)=Yy,(p)=0.

OyHza:
Xl(t) — Xz(t) - Xs(t) — X4(t) — O’ y1(t) — Xz(t) — O’

X (7) = X, (7) = X3(7) = X,(7) = 0. Y.(z) = y,(z) =0
o (p) = &(p) =1/ P. (plz(p):gz(p):l/p’ 166
OeNrmIanMms:

1 2
[0, 7] xecvana ysyxens ¢ (1), o2p (1) CHTrHaJU1ap TU3UMHUHI TETUIIUTA

KaHAJUIADUHUHT YWKHUIIKMTA TabCUp KWIMIIHU Oonuiaiimu. ['padman kypuHuO

TypUOAVKHY,
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b i i} s 1
e’ P+1
J 1
1T P
1
1 P41
b o 1
? € P+2
1.6.4 —pacm
1 . B 1
X (P) =——= 2 (P) =577y,
1 1
Xz(p)=3¢f(p)= o2
1 - B 1
X;(p) = p+1¢1(p)— P(p+1).
_ 1 5 _ 1
X, (p) = pqol(p) P(p+1).

2
P(p+21) .

Y. (P) = X (P) +X;(p) =



Yo (P) =X (P) + X, (p) =

2
p(p+1)

1
_I_
P  p(p+2):
£(P)=J,(pP)— y,(p) = ;—

2
P (P) = s.(P) @3 (P) =&,(P)
[z, 27] kecma y4yH BaKTUHYAJIMK coxara yTa TypuO, KyhWumarura osra

OynaMus:

X (1) =1—e %% X (1) =(t—0.4)

X, (1) =1—e 2% %, () =-0.51— e 2(t09) |
y,(t) =2(1—e )

y,(t) =t—0.4+0.50—e ")

TU3MMHUHT OpaJIMK Ba YMKUII KOOpAMHaTanapuuu t = 21 ga Xxocui 0yiran

MYHOCEl6aTJIapI[aH TOIIaMM3:

X, (27) =0.33 x,(27) =0.4 y,(27) =0.66
X;(27) =0.33 x,(27) =0.375 Y,(27) =0.675
[27.37] par opaUFHIa KapadHaapHu Xucobnamra yramus. By opamukia

1 2
TU3UMHUHT TETUIIIA YUKUIIIapUaa ZAORZNO CUTHAUIAp MaBxkyZd. Jlemak,

OpaJIMK y3rapyBumiiap Ba TU3UM YMKHUIILIApU Kyiinaard udoaanap Ounan Oepuiaau:

()0  Pi(p) 033 1 2
* p+1 p+1 P+1 p(p+1d p(p+D’

X (p):X2(27)+§0§(p):0-4+£_ 1 .

2 p p P p p(p+D’

) (p):X3(27)+(022(p): 033 1 2 1 _
’ p+1  p+l P+1 p(p+D) p(p+D) p(p+(p+2)

62



066 2 2 1 1
P+1 p(p+1) p(p+D)® p(p+l) p(p+L)(p+2)

Y, (P) = X.(p) +%5(p) =

P3(P)e (P) =1.(P) — vi(P),

@i (P) = &,(P)=1,(P)— ¥,(P).

Bakr coxacuna Kyhingarura ara 0yiamMus.

X, (1) =1.33e “°® + 2(t —0.8)e " %® 1
X, (1) =—(t—-0.8) —2“%® 4 214
X; (1) = —0.67e " °® —0.5e2%® 4 (t—-0.8)+1.5

X, (t) = —0.225e*°*® _0.5(t —0.8) + (t —0.8)e " °® 1. 0.5,
y, (t) =0.66e *® —0.5e 2% 4 (2(t —0.8)e "> + 0.5,
y, (1) = 2915t —0.8) + (t —0.8)e**¥ 4 2.9 -0.225¢ %09

by epna t =37 OynraHga Kyiingarura sra oynamus:
X, (37) =0.427 X,(37) =0.66 vy,(37)=1.654

X5 (37) =1.227, X,(37) = 0.329’ Y, (37) =0.989

KelimHrn KajamyIapHHHT XaMMacula TH3UMHHHI OpaJMK Ba  YHKHMII
y3rapyBUWiapu Xy[aM IOyHzaad tapsga tomwiaam. 1.7.3 — pacmma Yi(t) Ba Yo(t)

y3IyKeu3 (QyHKIMSTTApHUHT TpadUKIapy KUCMaH KeITUPWIITaH:
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Xyanoca

Nnvuii v 4M3HMKINA y3IIyKCU3 y3rapyB4aH KEYMKMINTa 3ra TH3WMIIAPHUHD
UIILTAI TUHAMUAKACUHU YPraHUITHUHT Tpaduid MOAEIUIapy Ba aITOPUTMIIAPUHU UIILTA0
YUKWII Macajajapura OaFululaHrad. TagkUKOTAa KEUYMKYBYM apryMEHTra ora
yBUKIM - AuddepeHiman  TeHramManapHd  MoJeNupiainia  rpadiaapHd - KyJUlalil
MMKOHUSITH acociaHraH. bomkapumuiim, xonatu Oyiinya KeUMKHILTA 3ra TU3UMIIAp
KYpUO YHMKWITaH. Y3JIyKCU3 KEUMKYBUM CHUTHATHHMHI, KEYMKHUIITa 3ra OOIIKApHII
OObEeKTUHHMHT Tpadui Mojaenu KypwiraH. MHTepBaUiapia KaJamild HMHTETpasulalll
METOJIMHUHT, TOTOJIOTUK METOIHHHI, KEYMKYBUM apryMeHTra sra auddepeHmman
TEHIVIAMAHW €YMILI COHJIM YCYJUIADUHUHT HUCOMU Taxymau Oepwirad. Takmmud
KWIMHTaH rpadu MoJeiap acocuia JOMMUN Ba y3rapyBuaH KEUMKHINTA 3ra Oup
VITHOBJIA Ba KYI YIIHOBIIMA YM3HUKIH Y3JIYKCHU3 TU3UMJIAPHUHT UIUIAI JUHAMUKACUHU

YPraHUIIHUHT AJITOPUTMIIAPH UITUTA0 YMKUJITaH.
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