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BbIBO/IbI

[Tpn HaxoXIeHWH MaTpuIbl (QyHIAMEHTATBHBIX PEIIeHHH OBUIO MPUMEHEHO INpeoOpa3oBaHMe
@ypbe 0000mEeHHBIX (YHKIMA MEIJIEHHOT0 pocTa 1o o0erM mepeMeHHBIM. B mporecce
UCCIIEIOBAaHMsI BO3HUKJIA HEOOXOIUMOCTh pelleH s alredpanyecKoro ypaBHEHHUs ECTON CTENeHn
C JIeWcTBUTENBHBIMU Kod(dduimenTaMnu. DTO ypaBHEHHE MOXET MMETh TPU BapHaHTa KOpPHEH.
[Ipenmonarasi, 9To €ro pemeHWe HaiieHo, OBUI0 TONYyYeHO pEeIIeHWe WCXOJHOM 3agaud B
n3zobpaxkenusix Oypoe. [Ipu HaxoxaeHNH 00paTHOrO MpeodpazoBaHMs MO0 OJHON M3 NEePEMEHHBIX
IpPUMEHSUIOCh  00bIYHOE oOpaTtHoe mpeoOpasoBanue Dypre. Jlisg modydeHuss oOpaTHOroO
npeoOpa3oBaHUsl 1O JIpyrol TepeMeHHOH moTpeboBajgach peryaspu3anisi IMOIyYeHHBIX
0000meHHbIx ¢GyHKIME. [lodydeHO TOYHOE peIIeHUe ITOCTABICHHON 3aadd. DTO pelleHue
BBIPQ)KEHO B 3aMKHYTOM BHJE Yepe3 dJeMEHTapHble (DYHKIMH, YTO IMO3BOJISIET d(P(HEKTUBHO €ro
UCTIOJIb30BaTh.
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MMPOI'PAMMHOE YIIPABJEHUE ABUKEHUEM OT/JEJBHOI'O
KJACCA CJIOKHBIX JUHAMUYECKHUX CUCTEM.
HEIIPEPBIBHBIN CJIYYAM

JleontreBa B. B., k. ¢.-Mm. H., gouent, Konnparsea H. A., k. ¢.-M. H., T01IeHT

3anopooicckuil HayuoHanbLHLLL YHUSEPCUMEM,
vi. Kykoeckoeo, 66, 2. 3anopooicve, 69600, Ykpauna

vleonteval S@gmail.com, n-kondr@mail.ru

B paborte ocyuecTBiseTcst aHaIKU3 1 OTpeieieHre MPOrpaMMHBIX YIPaBJISHNUH IBMKEHUEM OTEIbHOTO
Kjlacca CJIOKHBIX JWHAMUYECKMX CHUCTEM, MOBEJEHHE KOTOPBIX OMKCBIBAETCS PA3OMKHYTBIMU
HeNpepbIBHBIMM MaTeMaTUYECKMMH MOJENSIMHU C OrpaHWYeHMsSMH, OOECMeuMBAIOLIMMU TOJy4YEeHHEe
HEOTPULIATEbHBIX PeIleHNUII Ha OECKOHEUHOM MHTepBaJie BpeMeHHU. [T HCClelyeMbIX CUCTEM pellieHa
oOpatHast 3ajada JAWHAMUKM W TIOJY4YEHbl TPOTPaMMHbIE YMNPaBJIEHUS OBWKEHHEM CHCTEM,
OMpelessIolye KelaeMble COCTOAHUA oO0bekTa. [lo pesynbTataM HCClEOBaHUs —[POBEICH
BBIYMCIIUTENbHBIN 3KCIEPUMEHT, Pe3ysibTaThl KOTOPOro COOTBETCTBYIOT pe3yJbTaTaM IMpPOBEIECHHBIX B
paboTe TeOpeTHYECKHUX UCCIIE0BaHUIA.

Kniouegvie cnosa: npozpammmnoe ynpasnenue, NO3UMUEHAS OUHAMUYECKAS CUCMEMA OalanHco8020 mMund,

no3UMUGHble NepemMeHHble, PA3OMKHYMAs HenpepoléHas OUHAMUYECKAs MOOelb, GEKMOPHO-MAMpPUIHOe

oupepenyuanvroe ypasnenue, npoOYKmMuSHOCHb MAMpPUuysl, ACUMAMOMUYECKAs. YCMOUYUBOCIb PeuleHU.

IMPOT'PAMHE KEPYBAHHSI PYXOM OKPEMOTI'O KJIACY CKJIATHUX
JANHAMIYHUX CUCTEM. HEITEPEPBHUU BUITA/IOK
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V po0oTi 31iiiCHIOETbCS aHai3 i BU3HAYEHHS MPOrPaMHUX KepyBaHb PyXOM OKPEMOTro KJacy CKJIaTHHX
JIMHAMIYHMX CHCTEM, MOBEIiHKa SKUX OMHCYETbCA PO3IMKHEHHMMH HETEpepBHUMM MaTeMaTHYHUMH
MOJIEIISIMU 3 OOMEKEHHSIMH, 110 3a0e3MeUyI0Th OTPUMaHHs HEeBiJl’€MHUX PO3B’SI3KiB HA HECKIHUEHHOMY
iHTepBani wacy. JIng JOCHijKyBaHMX CHCTEM pO3B’s3aHa 3BOPOTHA 3ajlada AWHAMIKK 1 OTpUMaHi
MporpaMHi KepyBaHHS PYXOM CHCTEM, IO BW3HAUYAIOTh OakaHi CTaHW 00’€KkTa. 3a pe3yibTaTaMu
JOCITI/KEHHSI  MPOBEJEHO OOYMCIIOBAILHUN  €KCMEPHMEHT, pe3ylibTaTh SKOTO  BilMOBIAAIOTH
pe3yibTaTaM MPOBEICHUX Y pOOOTi TEOPETUIHUX HOCIiHKEHb.

Kniouosi cnosa: npocpammne xepysanus, no3umueHa OUHAMINHA cucmema OANAHCOBO20 MUNY, NOZUMUGHI

3MINHI, PO3IMKHEHA HenepepeHa OUHAMINHA MOOelb, GeKMOPHO-MampuuHe OughepenyianvHe piGHsSIHHS,

NPOOYKMUBHICII MAMPUYi, ACUMIMOMUYHA CMIUKICMb PO38 "A3KIS.

PROGRAM CONTROL OF THE MOVEMENT OF A CERTAIN CLASS OF COMPLEX
DYNAMICAL SYSTEMS. CONTINUOUS CASE

Leontieva V. V., PhD in Physics and Mathematics, Associate Professor,
Kondratieva N. A., PhD in Physics and Mathematics, Associate Professor

Zaporizhzhya National University,
Zhukovsky str., 66, Zaporizhzhya, 69600, Ukraine
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This article is devoted to the disclosure of the essence and presentation of the main stages of the
construction the program controls by the movement of a complex dynamical system, the behavior of
which is described by opened continuous mathematical model with certain constraints that ensure the
obtaining of non-negative and asymptotically stable (by Lyapunov) solutions on an infinite intervals of
time. The research for this type of complex systems is aimed at solving the inverse problem of dynamics
in order to identify a range of possible program control actions on the investigated system which could
provide this system with achieving its desired state.
The problem is formulated as follows. Let the movement of a complex controlled dynamical system
obey a vector-matrix differential equation. In the state space, a certain (desired) trajectory of the
movement of the investigated system is given. It is necessary to find such program controls that allow
the movement of the system exactly or approximately took place along a given trajectory. The problem
of this type in the formulation and procedure of solving is the inverse problem of dynamics. In contrast
to the classical formulation of the inverse control problem, the particularity of the posed problem is the
necessity of preserving the positivity property of variables, the asymptotical stability of the obtained
solutions, and the complete controllability of the investigated control system.
In this formulation we propose the methodology of controlling the motion of the studied system that is
based on the concept of the inverse problem of dynamics and allows, firstly, to investigate unknown and
inaccessible (using direct mathematical modeling) properties of a control object, and secondly, to carry
out the construction of a program trajectory (that takes the control system from a given initial position to
a prescribed (desired) final position) and the construction of the program control that implements it, and,
thirdly, to synthesize a control algorithm that ensures the preservation of the desired properties and the
achievement of the required characteristics of a complex dynamic system under investigation. The
proposed methodology allows to systematize the main stages, methods and approaches for obtaining an
effective algorithm for the complex investigation and regulation of a complex positive dynamical
system in terms of its functioning along an open-loop contour with given desired states (trajectories) of
the system.
According to the proposed approach, the object was analyzed for the possibility of constructing program
controls of the movement of the complex dynamical system, that resulted in solving the problem of
implementing the assigned trajectory of movement and constructing program controls leading out the
system to the desired trajectory.
In order to carrying out a more detailed analysis of the conducted research and approbation of the
proposed methodology for solving inverse problems of the dynamics of positive systems, a
computational experiment determining program controls of the movement of the complex dynamical
system with three subsystems was performed. The results of the computational experiment correspond
to the results of the theoretical researches carried out in this work, and the proposed approach for
determining the vector-function of program controls can be used in the practice of modeling of complex
positive dynamical systems of various physical nature.

Key words: program control, positive dynamic system of balanced type, positive variables, opened continuous

dynamical model, vector-matrix differential equation, productivity of matrix, asymptotic stability of solutions.

BBEJIEHUE

Bonpocawm uccnenoBanus U pa3pabOTKA METOJIOB UCCIIEIOBAHUS CIIOKHBIX JUHAMUYECKUX CUCTEM
yIpaBlIeHUS, MMEIOIIUX B CBOEH CTPYKType 7 KOHEUHBIX B3aMMOCBS3aHHBIX MEXIY COOOM
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9JIEMEHTOB, B TOCJeqHEee BpeMms yjensiercs Bce Oonbinee BHUManue [1-10]. Ilpuuem ocobyro
aKTyaJIbHOCTh JlaHHasi 1podiiemMa mnpuolOperaer B TeX ClIydasX, KOrjJa XapaKTepUCTUKU
UCCIIEAYEMbBIX CUCTEM M3MEHSIOTCS BO BPEMEHU I10]] BIUSHUEM YIPABJICHUN U MIPU STOM HE BCETrJia
BO3MOXXHO OMpEAeNUTh BHUJ YIPABJICHUS, MOCTYHAIOIIEr0 Ha BXOJ HCCIEIyeMoro oOBeKTa,
o0ecreynBarONINi MOJTyYeHHE KeTaeMOro (B COOTBETCTBUHU C IOCTaBICHHOW IEJIbI0) COCTOSHHUS
BBIX0J1a 00bEKTa YIIpaBIeHUs U peryiupoBanus [1-7, 9].

Kpome Toro, HeoOXOAMMOCTh B YIPABICHWW U PETYIMPOBAHUM TAKUX CUCTEM BO3HHKAET IMPHU
OTCYTCTBHH BO3MOYKHOCTH KOPPEKTHPOBATH BXOJIHBIE MMapaMeTpbl MOJEJeH, OIMCHIBAIOIINX
MOBEJICHNE  CJIOKHBIX  CHCTEM, CTaOWIM3MpOBATh  HEYCTOHYMBEIE  CHUCTEMBI,  YIIydIlaTh
JUHAMUYECKHE CBOMCTBA CUCTEM U JIP., TO €CTh B CIy4asX, KOTJa HYKHO U3MEHUTh UCCIIeTyeMbIi
mporecc TakuM — o0pa3oM, dYTOOBI XapaKTepH3YIOLIMe ero IOoKa3aTeld  yJIOBIETBOPSUIU
oTIpeie]IeHHBIM TpeOoBaHUsM. [Ipn A7TOM YacTo BO3HUKAET 3a/1a4a, KOTja HEOOXOIMMO OTIPE/ICTHTh
TaKoe YIpaBlIeHHE, KOTOpoe OBl MO3BOJHIO OCYIIECTBUTH JBI)KEHHUE HCCIEAYEMBIX CHCTEM
yIpaBJIeHUs] MO 3apaHee 3aJaHHOMY 3aKOHY C COXpaHEHHEeM TpeOyeMbIX cBOWCTB. OIHMM H3
MIOJTXO/IOB, TTO3BOJISIONINX PEANN30BaTh MOJ00HOE YIIpaBIIeHHUE, SBISIETCS TIOJXO/ K ONPEIeTICHUIO
POTPAMMHOTO YIPaBJICHHs, OCHOBHASI HJiesi KOTOPOTO OCHOBaHA Ha KOHIENIIMHA OOpaTHBIX 3amad
JIUHAMUKY, UCTOPUIECKU BO3HUKINUX B paMKaX TEOPETUUECKOW MEXaHUKH W MTPUMEHSIFOIIUXCS TS
BBIYUCIICHHS CHJI, IEWCTBYIOMUX Ha OOBEKT, IO U3BECTHOHN TpaeKTOpuu ero aswxkenus [1, 4, 5, 7].

[Ipu sTOM B mporecce pelleHrs 3afaddl yIpaBlIeHHs s o0beKkTa X = f (x,u),xeR” ,ueR™
CTaHAApTHAs cXeMa KOHIENINH OOpaTHOH 3a1audl TUHAMHUKH peajn3yeTcs B CIeIyIONmeM BHUJE:
ocymecTBIsieTcss (DOPMHPOBAHHE STANOHHOH TpaeKTopuu x =x*(f) IBIKeHHS OObeKTa M
OIIPEIEIISIIOTCS YIIPABIICHUs, peallu3yIollee JaHHbIE TPACKTOPUH.

HNmeHHO B Takoil moctaHoBKe B paboTe mpeiaraercss copMyIMpoBaTh METOJIUKY YIpPaBICHUS
JIBUYKEHUEM HCCIIEyeMOH CUCTEMBI, 0a3UPYIONIYIOCS Ha KOHIIETIIUYA OOpaTHBIX 3a/1a4y JTUHAMHUKU U
[IO3BOJISIIONLYIO, BO-IIEPBBIX, MCCJIEN0BAaTh HEU3BECTHBIE M HEAOCTYIHBIE IPU HCIOJIb30BAHUU
IPSIMOTO MOJIEJIMPOBAHUSI CBOMCTBA OOBEKTa YNPABICHHS, BO-BTOPBIX, OCYLIECTBUTH MOCTPOCHUE
IIPOrPaMMHOM TPaeKTOPUH, INEPEBOJALIEH MCCIEAYEMYIO CHCTEMY YIPAaBIEHUS U3 3aJaHHOIO
HAYaJIbHOT'O TI0JIOJKEHUS B IIPEANIMCAHHOE (KEJIAEMOE) KOHEUYHOE IOJIOKEHUE U PEATM3YIOLIEro €€
[POrPaMMHOTO  YOpaBJIEHUS, M, B-TPETbUX, CHUHTE3UpPOBAThb  AJITOPUTM  YIpaBJICHUS,
oOecrneunBaroiuii  pabOTy CHCTEMbl YIOPABICHUS C COXPAaHEHUWEM 3aJaHHBIX CBOMCTB U
JIOCTHKEHUEM TPEOYEMBIX XapaKTEPUCTUK UCCIIETyEMOM CI0KHOM TUHAMUYECKON CUCTEMEI.

HEJIb U 3AJAYU NUCCJIIEAJOBAHUSA

Lenvio  Oannoil pabomwvl SBISETCS MOCTPOCHME U aHAIM3 MPOTPAMMHBIX YIPAaBIEHUH B
Pa30MKHYTOH HENpEephIBHOW MaTeMaTHYECKON MOJENU IMO3UTHUBHOM JAMHAMUYECKON CHUCTEMBbI
0aJlaHCOBOIO TUIIA, KOTOPHIE BHIBOAST CUCTEMY Ha XKEJIAeMYI0 TPAeKTOPHUIO JIBUKEHUSI.

3aoauer uccireoosanusi SABISETCS pelleHWe OOpaTHOM 3ajauM JMHAMHUKU C HMCHOJIb30BaHUEM
METOJIOB TEOPUU MPOTPAMMHOTO YIIPABIEHUS C IETBIO OMpe/IeIeHUs BeKTOP-QYHKIINH YIIpaBIeHUS,
3a[afoleil mporpamMmy JABWXKEHHUS OOBEKTa HCCIENOBAHMS, a TaKXke pa3padoTka METOIUKU
OTpeJieNieHUs] TPOrpaMMHBIX YIpaBJICHUN, MOCTyHNAIOIIMX HAa BXOJ OOBEKTa YIpaBlIECHUS U
00ecreynBaroIIuX OCYIIECTBICHUE [BUKEHUSI MCCIEyeMOro OOBEKTa IO 3apaHee 3aJaHHOMY
3aKOHY C I€JbI0 CHUCTEMAaTU3allid OCHOBHBIX 3TallOB, METOJIOB U TOJXO0JIOB K MOJIYYEHHUIO
9P HEKTUBHOTO aITOpPUTMa KOMIUIEKCHOTO HCCIIEOBAHUS W PETYIHPOBAHUS CIIOKHOW TTO3UTHBHOM
JTMTHAMAYECKON CUCTEMBI OATAHCOBOTO THIIA B YCJIOBHUSX €€ (PYHKIMOHUPOBAHHS TI0 PA30MKHYTOMY
KOHTYPY IIPH 33JJaHHBIX KEJIAeMbIX COCTOSHUSX (TPACKTOPUSIX) CUCTEMBI.

Jlnst noctikeHus chOopMyITHPOBAHHOM 1€l ObLTH IOCTABICHBI CIIeTYIOIUE 331a4H:

a) MPOBECTH aHaJHW3 HCCIeayeMoro oOBeKTa Ha NpPeIMET BO3MOKHOCTH OCYIIECTBICHUS
IPOrPAMMHOTO YIIPABJICHUS €0 JBUKCHUEM,

0) yCTAaHOBUTH 3aJIalOIIMe BO3JCHUCTBHS HCCIEAYEeMON CHUCTEMbl YIPABJICHHUS, OMpEICISIONre
JKeJlaeMble COCTOSTHUSI OOBEKTa UCCIIEOBAHUS;
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B) MOJIYUUTh OT'paHUYCHUA Ha 3aJaroluc BO3ACHUCTBHUS HCCJ'ICILyGMOfI CUCTCMbI YIIPpABJICHU,
06ecneqHBa}0mHe COXPaHCHUC ITOBUTUBHOCTHU U MOJIHOMK YIpaBIAEMOCTH 00BeKTa HUCCICIOBaHUs, a
TaKXE O6CCHC"II/IB8.IOIJ_[I/IG MOJIYUCHHUC AaCUMITOTUYCCKHA YCTOﬁqHBBIX pemeHHﬁ 110 MOZACIIH,
ONHKCHIBAIOIIEH €ro IIOBCJICHHC,

T') ONpeNIeNATh (PYHKITUH TPOTPAMMHOTO YIIPABJICHUS JIBUKEHUEM HCCIIEAYEMOT0 Kilacca CI0KHBIX
CHUCTEM,;

J1) IPOBECTH aHAJIW3 IOJYYEHHBIX MPOrpaMMHBIX YIpaBIeHUH U c(HOpMYIHPOBATH BHIBOJBI IO
pe3yibTaTtaM POBEJEHHOTO UCCIIE0OBAHUS;

e) pa3padoTaTh OOIIYI0 METOJHMKY OIpECICHHUS MPOrpaMMHBIX YIPABJICHHH, O0ECIeYNBAIOIINX
JIBIDKEHUE HCCIIeyeMoro o0bheKTa Mo 3apaHee 3aJaHHOMY 3aKOHY.

OBBEKT U ITPEIMET NCCJIEJOBAHUA

Obvexmom uccie008anus BBICTYNAET CIOXHAs JMHAMHUYECKAs CUCTEMa, MPEICTABISIONas co00i
MHO’KE€CTBO B3aUMOCBSI3aHHBIX W B3aUMOJICHCTBYIOIUX MEXIY COOOW 3JIEMEHTOB U IMOJCHCTEM
pa3nuyHON (U3UUECKOW MPHUPOJIBI, COCTABISIONIMX HepaslelbHOe IIefloe M 00ecTeYrBaIOIINX
BBITIOJTHEHUE CHUCTEMOUW HEKOTOpPOW CIIOKHON (yHKIHH. OCOOSHHOCTH OOBEKTa HCCIICIOBAHHUS
COCTOHT B TOM, YTO OH XapaKTepHU3yeTcsl CBOMCTBOM MO3UTUBHOCTH [11]: moObie HeOTpUTIaTEeTHLHEIC
BXOJl ¥ HAaYaJIbHOE COCTOSTHUE CUCTEMBl T€HEPHUPYIOT HEOTpHUIaTeNlbHbIe (a30BYIO0 TPACKTOPUIO U
BBIXOJI B Te€UEHHUE Bcero BpeMeHn. Kirace Takux cucteM BhIziesieH B padoTax [11-14].

JluHamMuKa HcciienyeMoi YIpaBiasieMOd JAMHAMHYECKOHW CHCTEMBI OIHUCHIBAETCS JIMHEHHBIM
HEOJIHOPOJHBIM BEKTOPHO-MATPUYHBIM UG (EepeHIIHATFHBIM YPaBHEHHEM IEPBOTO TOPSAKA C
MaTpHIIAMH TOCTOSHHBIX KO3 PuImeHToB Buaa [12]

X(6)=(-B) (4= 1)X(0)+C(). (1)
WIn
X =4x(6)+BC(r), )
rae X (¢) — n-mepHbli BekTOp cocrosHus cuctembl; C(f) — 71-MepHBIH BEKTOp YIpPABICHHS
cuctems; A, B, A, B — nocrosHHbIe MAaTpULBbl Pa3MEPHOCTEH nXn; A :([ —B)_I(A—[ );
B= (I —B)_l ; I — eaMHUYHAsA MaTPULIA Pa3MEPHOCTU N X 7.

K uccnenyemoii cucteMe 1 ONMUCHIBAIOIICH €€ TIOBEICHHE HEPEPHIBHOW MaTeMaTHIECKONW MO
BBIIBUTACTCS ps10 mpebosanull, 0b6ecneuusaiowux 6binoIHeHue 3apanee 3a0aHHbIX C6OUCNG:

1. OGecrieueHre BHITIOJIHEHHS CBOMCTBA TIO3UTUBHOCTH UCCIIETYEMOM CHCTEMBI.

I[aHHBIe Tpe6OBaHI/I$I BBIIIOJIHAROTCA IIYTEM HAJIOKCHUA OIPCIACIICHHBIX O paHI/I‘-IeHI/Iﬁ Ha BXOJHBIC
XApaKTCPUCTUKU W MaTpUIIbI KOB(I)(I)I/ILII/ICHTOB MaTeMaTU4YeCKOM MOICIIH. TaK, Ha BXOJHBIC
XApaKTCPUCTHUKU MOJICIIA HAKIIAJAbIBAIOTCH CIICAYIOINNUE OI'PaHUYCHUA: 71— MepHBIﬁ BeKTop-CTOJIGeI.[

T
HAYANBHBIX  cocTosHmit  cucTemsr X (0)= X = (X(l),X 3,. X0 ) >0; n-MCpHBIA BEKTOP
yopasrerns C(t)=(Cy(¢),C,(¢).-..,C, (t))T >0. Ha matpunel 4 u B HakJIagbIBalOTCS YCIOBUS

HEOTPHIIATEIBHOCTH U TpoxaykTuBHOCTH [11, 13], a marpuia (I —B)_l(A—])SO [11, 12]. B
ClIy4yae HEeBBIIOJHEHUS OJHOTO U3 yKa3aHHBIX TpeOOBaHUI HEOOXOIUMO OCYIIECTBISITh MOJIATHbHOE
yIpaBJIeHUE MyTEM Iepexoaa OT Pa3OMKHYTOW MOJIEJIH, ONHCHIBAIOIIEH MOBEICHHUE HUCCIEIyeMOn
CHUCTeMBI, K 3aMKHYTOH, BBOAS B CTPYKTYpy MOJEIH OOpaTHYIO CBSI3b, OOECIEUHBAIOIIYIO
(GYHKIIMOHUPOBAHHUE CUCTEMBI IO MIPUHIIUITY 3aMKHYTOTO YIIPaBICHUSI.

2. O0ecrieueHne coxpaHEHHUS CBOWCTBa MOJHOW ympasiseMoctd (mo Kammany) wucciemyemoit
CHUCTEMBI C TeM, 4YTOOBl OOBEKT (CHCTEMY) YIpaBICHUS MOXHO OBUIO TIEPEBECTH M3 OJHOTO
COCTOSIHUS B IPYTO€ ¢ UCTOJIb30BaHUEM MH(POPMAITUU 000 BCEX €ro MEePEMEHHBIX COCTOSHUS.
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Cornacho [14], 00BeKT ynpaBieHuUs], JUIsl KOTOPOrO CIIPaBeIJINBbI OIPaHUUEHUS HAa MaTpuLbl A, B

—1 . o
u (I —B) ' (4—1) maremarmueckoii Mosienm oObekTa (cM. TpeGoBanue 1), obnanaeT cBoiicTRAMH,
YJOBIIETBOPSIONIMMH CIIEAYIOIEH TeopeMe.

Teopema 1. llycTh NHMHEHHBIH CcTAlMOHAPHBIA OOBEKT YIPABICHUS ONMCHIBAETCS BEKTOPHO-

MatpuaHbM ypasHenmem X = AX(1)+BC(), rie X e R™, C(t)e R™, A=(1-B) ! (4-1),
B=(I-B)"'. Torna rang [E (2]?)(225) S(Zn‘lﬁ)]nxm =n, ecnd Marpuna B sBisercs

POAYKTUBHOM.

HpI/I 9TOM B YKA3dHHOM PAHIOBOM YCJIOBHUHN OIIPCACIIAIONIINM SABJIACTCA CBOMCTBO JIMHEHMHOM

HE3aBUCHUMOCTH CTOJIOLIOB MATpUIBl B, KOTOpass ¢ YYeTOM MpPOAYKTUBHOCTH MAaTpullbl B
(cM. TpeOoBaHme 1) sBIsSETCS MaTpUIlelt TOIHOTO paHra, W, CIeJI0BaTeIbHO, paHr OJIOYHOU

MAaTPHIBI [§ : (ZE)S(ZZE)E E(Z"_IE)] COBIIAZIAET C PAHTOM MATPHUIIBI B.

Takum oOpazoM, TpeOOBaHWE COXpaHEHHUs CBOWCTBA TOJHON YIPABISIEMOCTH HCCIEAyeMOn
CHCTEMBI BBIIIOJHIETCS IIyTEM HAJOKEHUS YCJIOBUN HEOTPUIATENBHOCTH M IPOJYKTUBHOCTH Ha
MaTpuIly B mMareMaTudecKoi MOJAeTu O0heKTa.

3. OOecrieueHre BBIMOJIHEHHUS OJHOTO W3 BAXHEHIIMX MPUHIMUIOB TpoekTupoBanus [11, 13],
COIJIACHO KOTOPOMY CHCTEMa YIPABJICHUs JOJKHA OBITh ACHMITOTHYECKH YCTOHIHUBOI.

BakHOCTH NaHHOTO NPHUHIMIIA OIPENEISETCS TEM, UTO HENPEPBIBHBIE CHUCTEMBI YIIPaBJICHHUS
XapaKTepu3yloTcs TaKOH OCOOEHHOCTBIO, YTO HEYCTOHYMBBHIA OOBEKT YIpaBIECHUS MOXKET OBITh
cTaOUITM3UPOBAH C MOMOIIBIO 3aMKHYTOTO YIpPABJIEHUS U HE MOXET OBbITh CTaOWIM3UPOBAH MpU
Pa30MKHYTOM YIIPAaBJICHUHW, YTO B YCIOBHSAX (QYHKIIMOHUPOBAHUS WCCICITYEMOW CHUCTEMBI IO
Pa30MKHYTOMY KOHTYPY UMEET ONPEACIISIONIee 3HaUeHNE JJIs IPOBEICHUS UCCIEI0BAHNN.

B JaHHOM CJiydac JJId oOecreyeHHs] BBIITOJIHECHHS YKa3aHHOI'O IIpUHIUIIA HPOCKTUPOBAHUA
MaTpulilbl A m B mareMaTW4ecKoOu MOJCIIN 00BeKTa JOJIKHBI XapaKTCPU30BATHCA CBOMCTBaMH

HEOTPUIATCIIbBHOCTU U IMPOAYKTUBHOCTHU, a4 MaTpulia A JO0JIDKHA OBITh HEIOJI0KUTEILHOM (CM.

TpeGoBanue 1) mpu mobom Buxe Bextop-Gyukmmu D(r)= (1 —B)_IC(t)ZO. Kpome toro, ucxons
U3 TOTO, YTO MPOAYKTHBHBIE MaTpuilbl 4 u B Bxoadar B kiacc M-matpul [11], BbimogHeHue
TpeboBanms 1 sBIsIeTCST 00s13aTeNbHBIM JUIsE 00€CIeUeHUsT aCUMIITOTHYECKON yCcTOWUMBOCTH (110
JIsmyHOBY) MaTeMaTUUECKOW MOJIENH, OTUChIBaeMO# ypaBHeHueM (1) unu (2).

Ecnu Bce mepeuncrieHHbIE YCIOBUS B MOJENU BBIMOJHSIOTCS, TO CHUCTEMa, OMHUCHIBaeMas
ypaBHenueM (1) wm (2), sIBASETCS aCUMITOTHYECKHA YCTOMYMBOM, a ONpEACNIeMbId Ha BBIXOJIEC
MOJIENIH BEKTOp cocTosnus X(f) mccmenyeMoro o6beKTa CXOMMTCS TIPH £ —> o0 K PABHOBECHOMY

* —1 o
(cramoHapHOMYy) 3HaueHMIO X =(I —A) c? >0, KOTOphIi OTOOpa)kaeT MaKCHUMaJbHbIE
(pea’bHO TOCTHIKMMBIE) BO3MOYKHOCTH OOBEKTA IPH MMEIONIUXCSI WCXOMHBIX JAHHBIX MOACTH U

SBIIIETCS PELICHUEM CTaTUYECKOW MOJENM, ONMCBhIBAEMOH ypaBHeHHEM X = AX +CO, rie

T
CO = (C(l),Cg ,...,Cg ) >0. Ilpuuem, ecnu B Hamumuuu X (0)= X( MEHBIIE, TO IOIyYaeMBbIe
peleHust CXOMATCsl CHU3Y, a eclii OoJiblle — cBepxy. OTpUIIaTeNbHBIX pelieHuil He OyJIeT B CHITY
BBHITIOJTHEHUS YCIIOBUH TpeOoBanus 1.

Uccnenyemass cuctema, cornacHo (1), (2), QyHKIMOHUpYET IO NPUHIMIYY Pa30MKHYTOI'O
yIPaBJIEHUS U, TAKUM 00pa3oM, SIBJISIETCS PA30MKHYTOH CHCTEMOMN yIpaBJeHHUs, TO €CTh CUCTEMON,
KOTOpasi HEMOCPEJICTBEHHO HE HCIIOJIb3YeT KOHEUHBbIE pe3yJbTaThbl yIpaBieHUs oO0beKTOoM. Ilpu
9TOM €€ OCOOEHHOCTBIO SIBJISIETCS TO, YTO AJTOPUTM YIIpaBJICHUS BbIpAOATHIBACTCS TOJBKO Ha
OCHOBE 3a/JIaHHOTO aIropuT™Ma (QYHKIMOHHPOBAHHWS ¥ B Iporecce pabOThl HHUKaK HE
KOPPEKTHPYETCS IPH U3MEHEHHSIX XapaKTepUCTUK UK ITapaMeTPOB OOBEKTa YIIPaBJICHHUS.
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Cxema (YHKIIMOHUPOBAHUS HCCIENyeMON IMHAMHYECKON CHCTEMBI IJIsl Pa3OMKHYTOW MOJENH,
OTIMCBHIBAEMOM BEKTOPHO-MAaTpUUHBIM ypaBHeHHeM (1) mmum (2), mpemoctaBisieTcss Ha puc. 1, rae

C(t) — BXOJHasl XapaKTepUCTUKa (BXOJ) CUCTEMBbI, X (t) — BBIXOJIHAs XapaKTEPUCTHKA (BBIXOJI)

cucteMel, e’ — »SKcIOHeHNMadbHAs (QYHKIMS MATPUYHOTO apryMeHTa, 7 — HapaMmeTp
MHTErPUPOBAHMS, HUMEIONIMI Pa3MEPHOCTH BPEMEHH.
Clt
() > Obvexkm X(t) >
a)
Cl(r) ¢ . X(t
> e X0+J‘e_ATBC(r)dz' ) >
0
0)

Puc. 1. Cxema QyHKIIMOHMPOBaHUS 00BbEKTa MCCICIOBAHUS TI0 PA30OMKHYTOMY KOHTYPY:
a) KuOepHeTIIecKast MOJIENb «UePHBIN MUKy ; 0) KHOEepHETHUECKAS MOIEIh «OeNbIil AITHK

B ucxonnoit Monienu (pu paccMOTpPEHUH NPSMON 3a/lauu JUHAMUKH), OTIUCHIBAEMON ypaBHEHUEM
(1) wim (2), BXoAHAsT XapaKTEPUCTUKA C(t) SIBJISIETCS MO0 3aaHHOM BeKTOp-(pyHKIMEH, Trd0

(YHKIMOHABHO YCTAHOBICHHON B pe3ysIbTaTe MCHOIb30BAHMS METOIOB PErPECCHOHHOTO aHAIIH3a
JTAHHBIX.

B namnoit pabote OyaeT TmpHMEHEH MOAXOJ], B COOTBETCTBUU C KOTOPHIM YKa3aHHas BEKTOP-
GyHKIMS OyJeT ompeneieHa B pe3yibTare pelleHdus OoOpaTHOW 3aJaddl JIMHAMHKH (110
SMIIMPUYECKAM JIaHHBIM) C HCIIOJIF30BAHMEM METOJI0B TEOPUH IPOTPaMMHOTO YIPABICHHUS WU
3aJlaBaTh, TAKUM 00pa30M, IpOrpamMmy JABUKEHUSI 00ObEKTa UCCIIEeIOBAHUSI.

Taxkum obpazom, npeomemom ucciedosanus B paboTe BBICTYNIAET #— MEPHBIM BEKTOp yIpaBICHUS
UCCIIelyeMON JMHAMHMYECKOW CHCTEMBbl YIpaBJICHUS, IOBEJCHHE KOTOPOl  OmMChIBaeTCs
HEMPEPBHIBHOW MaTeMaTH4YeCKor Mojenbio (1) wm (2), a Takke jKellaeMble COCTOSIHHSI 00BEeKTa
UCCIICIOBAHMsSI, OIpeNessIIoIUe HEMOCPEJICTBEHHBIM 00pa3oM  MpOrpaMMHbIE — yIpaBJIEHUS
JIBYKCHUEM HCCIIElyeMOT0 KJIacca CIIOKHBIX CHCTEM.

ITIOCTAHOBKA 3A/IAYUA

B cooTBeTcTBMM ¢ TOCTaBIeHHOH B paboTe IENBI0 HCCIeAOBaHUS chopMyTupyeMm 3anady
UCCJIEOBAHUSl CJIOKHOM NO3UTUBHOM JMHAMUYECKON CHUCTEMBbI YIpaBj€HUs, B cllydyae, Korja
JKeJlaeMble COCTOSIHUS (TPaeKTOPUU) U3yUYaeMOU CUCTEMBI SBIISIIOTCS 3a/laHHbIMH.

C npakThueckoil TOUKM 3pEHHs TaKOM cilydail COOTBETCTBYET CUTYallUM, KOIJa HCCIE0BaTelb
3HAeT, KaKue Pe3yJbTaThl OH XOYeT MOJIYYUTh, HO IIPH 3TOM HE 3HAET, KaK 3TOro AOOMThCs. 3agada
COCTOUT B TOM, YTO HEOOXOJAUMO HAUTH TAKyIO0 BEKTOP-(DYHKIIMIO YIPaBICHUS C(t), KoTopasi Obl
pean30BbIBAIA JBUKEHUE UCCIIENYEMON CUCTEMBI 110 HA3HAYEHHON TPAEKTOPHH.

3amaga 3TOro THIA MO (OPMYJIUPOBKE W IPOIEIype PEIICHHS IPEeJCTaBIsieT co00W OOpaTHYIO
3aady JOWHAMUKH M B Hambonee mnonHoi ¢opme chopmynupoBana E. A. bapGammuubiM B
MoHorpaduwm [15].

Chopmynupyem oOpaTHYIO 3a1a4y TUHAMUKHA MO3UTUBHOW JMHAMUYECKOHN yMPaBIsEeMON CUCTEMBbI
0aJlaHCOBOTO TUTIA C HETIPEPHLIBHBIM BPEMEHEM.

ITycts JIBH)KEHUE yIpaBisieMon CUCTEMBI IO TYMHSAETCS BEKTOPHO-MaTPUUHOMY
JuddepeHnaIbHOMY ypaBHEHHUIO (¢ TpeAroiaraeTcsi HempepbIBHBIM) Bra [12]
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X(@)=(-B)(4-1)x()+(-B) ' ), 3)
rie X (¢)=(X, (1), X, (t))T — 7 -MEpHBIi BEKTOP COCTOSHHSI CHCTEMBI C HEIPEPHIBHBIM
BpemeneM ¢; C (z‘):(C1 (¢)...C, (t))T — 7 -MepHBIi BEKTOp YIPABIEHHS C HENPEPHIBHBIM

BpeMeHeM [ ; A, B —3am1aHHble MaTPHUIIBI pa3MEPHOCTEH 1 X 7.

B mpoctpancTBe cocTosHUMI 3amaHa HekoTopas (Kelaemas) TPAeKTOPHsS JBMIKEHHS] CUCTEMBI C
HETPEPBIBHBIM BpEMEHEM BU/IA

X" ()=o), 0<t<T, 0<T<o. 4)

Heobxommo Haifti Takwe yrpapienus C(t), Ipu KOTOPBIX JBHKEHHE CHCTEMEI (3) TOYHO WM
TIPUGIMKEHHO TIPOXOUT 1o TpaekTopun ¢(t).

B orauume oT KiaccHYeckod IMOCTAHOBKM 3aJa4d  OOpaTHOTrO YIpPAaBJIEHHs, OCOOEHHOCTBH
IIOCTABIIEHHON 3aJaudl 3aKirouyaeTcs B ciemytomeM. [IockoabKy 00BEKTOM yIpaBlIeHHs SBISETCS
NO3UTHBHAS JUHAMUYECKAs cHcTeMa OajJaHCOBOrO THIA, TO JUIL COXPAHEHUs CBONCTBEHHOW el
MO3UTHBHOCTU BXOJHBIX U BBIXOJHBIX XapaKTEPUCTUK, KPOME HEOTPULATEIbHONU BEKTOP-(QyHKIUH
X (t), Ha4yaJbHBIX YyCIOBUH X (t0)= Xo, tae Xp= (X(l),...,Xg )T, M CHEIUaIbHOTO BHUIA
(HEOTPHULATEIBHOTO U MPOAYKTUBHOIO) MAaTpull A, B, JOIKHBI HEOTPULATEILHBIMU 33aBaThesl U

ES

JKEIIaeMbI€ TPAECKTOPUH ¢>(t) IBIDKEHUsI cucTeMbl. Takum obOpaszom, npu X (t)= go(t)ZO HCKOMast

BekTop-Qynkmmsa C(¢) GymeT Takke HEOTpHIATENBHOM, a, CJe/IOBATENBHO, W BCS HCCeTyeMas

CHUCTEMa, OIMChIBacMasl BEKTOPHO-MATPUYIHBIM U depeHIMaTbHEIM ypaBHeHHeM (3), Oyxer
ITO3UTUBHOM.

W3JJOKEHUE OCHOBHBIX 3TANIOB PEHIEHUS IIOCTABJIEHHOM 3ATAYN

Jis pemeHust MOCTaBICHHOM 3amaun cHOpMYTHUPYEeM METOJHMKY OIpeeNIeHHs] MPOrpaMMHBIX
ylpaBiieHu#, 00ecreunBaloIMX JABUKEHHE HCCIIelyeMOro 0ObeKTa 110 3apaHee 3aJJaHHOMY 3aKOHY.

WcxoHbIMU JTaHHBIMH TIPU UCIIOJIB30BAHUY IIPE/yIaraeMoii METOIUKH SIBJIIETCS (pOpMaTTU30BaHHAS
Pa30OMKHYTasi MOJIe)Ib 00bEKTa MCCIICIOBAHUS C HEMIPEPHIBHBIM BPEMEHEM, OITUChIBAEMasi BEKTOPHO-
MaTpUIHbIM U pepeHITaTbHBIM YpaBHeHHEM BHA (3).

CoriacHo mpemnaraeMoil METOJHMKE pEIIeHHE MOCTAaBICHHOW 3a/ladd COCTOWT B pealn3alui
CJICJTYIOIIHNX ITAIOB.

I yran: Ananusz komnonenmog ghopmanuzosannoii mooenu 06beKma uccie008aHus.

JlaHHBII STam BKIIOYAET B ceOs:

a) uccne006anue Ha HeOMpUYamelbHOCMb 6X0OHbIX XAPAKMEPUCMUK MOOe U, 2 AMEHHO BEKTOPOB
X(0)= X = (xb.x2....x2)" 1 CO)=(C0.Ce)..CL0) -

0) uccrnedosanue Ha  HEOMPUYAMEIbHOCMb U NPOOYKMUSBHOCMb — 6XOOHBIX — NApPAMEmpos
Gopmanuzosannoti moleiu, a WMEHHO MaTpuil kKodddummeHToB Momenun A, B, a Takxke

uccieoosanue  Ha  HeNoOJONCUMEIbHOCMb  MaTPHUIIbI A= ([ - B)_l (A -1/ ) [IpoBepka

MPOJYKTUBHOCTU MATPHIl OCYIECTBISETCS IMyTEeM HCIOJIb30BaHMUSI HEOOXOAMMBIX U JJOCTATOUHBIX
YCIIOBHI TPOyKTHBHOCTH, c(hopMyrpoBaHHbIX B. B. JICOHThEBBIM U TIpe/ICTaBICHHBIX B paboTax
[11, 13].

BoimonHenne  BceX — yKa3aHHBIX  OTpaHUUYEHUM  OO€cleuYMBaeT IMO3UTHUBHOCTb  CUCTEMBI,
ACUMIITOTUYECKYIO YCTOMYMBOCTH IOJYyYAaE€MbIX pEIIEHUN, a TakkKe IMOJIHYIO YIPaBIsIeMOCTb
uccieayeMoi cuctemsl [14].

I1 stan: Buibop suoa siceniaemozo cocmosnus 00vbekma uccied08anus U e20 anaius.
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Ha JAHHOM 3TallC IMMPOU3BOJUTCIA BBI60p U3 MHOXKECTBA BO3MOXKHBIX OJHOI'O HMJIM HECKOJIBKHUX

*
JKeJIaeMBIX COCTOSHUM X (t ) 00BEKTa HCCICIOBAHUS B 3aBHCUMOCTHU OT IICJIH YHpaBJICHUS. bonee

JIETAJIbHO BUJBI )KEJIAEMBIX COCTOSIHUM 00BEKTa, a TaKKe CTENEHb X BIUSHUS Ha BhIpaOaThIBaeMble
YIPaBISIONIUE BO3ACHCTBUS B cUCTEME OyIyT paCCMOTPEHBI B CJIEIYIOIIEM pa3zielie paboThI.

*
KpOMe TOro0, Ha JaHHOM 3Talle MpOU3BOJAUTCA ITPOBEPKa BBI6paHHOFO JKelraeMoro coctossaust X (t )

o0beKTa Ha HEOTPUIATEIbHOCTh, W, B JajbHEHIIeM, B cllydae €ro HEOTPHUIATEeIbHOCTH,
ocymiecTisgercs nepexo K Il atamy MeTouku.

III »Tan: Onpeoenenue npoepammusix ynpagieruti C (t) Komopbvie 0bl peanu308bl8aiy OBUNCCHUEC
uccneoyemou cucmemvl no nasnavennot na Il smane mpaexmopuu.

Ha nanHoMm oTame myreM NOpHUMEHEHHUs mpejjiaraemMoro B paboTe MOaXoda pelaercss 3ajada
OIpeIeNICHUs] IPOrPAMMHBIX YIPABJICHUI C(t), BBIBOJSIIIIUX CUCTEMY Ha JKEIAEMYIO TPACKTOPHIO
JIBUOKEHUSI, TI0CIIE YEr0 OCYUIECTBIISIETCS Tepexo K IV aramry.

OcTaHOBHMCS Ha JJAHHOM JTalle JieTaJlbHee.

S
[Ipu ycioBum, 4TO MOCTaBJIEHHAs 3ajlada MMeEeT TOYHOe pemieHue u X (t):go(t)ZO, HCKOMBIH
BEKTOD yIpaBJIeHUI C(t) OIpeeINsaeTcsl U3 ypaBHEHNUS

(1 =B) Cle)= ()~ (1~ B) ™ (4~ I)pl0). )

KOTOpOE MOTYdaeTCs MyTeM MOJICTAHOBKH BHIpAKeHHs 1T (¢) B BEKTOPHO-MATPHYHOE YpaBHEHHE
JBMKeHHs cucTeMbl (3) BMecTo X (7).

TaxuM 06pazoM, HCKOMBIH BeKTop ynpapienuii C(r) mmeeT Bu

C(e)= (1~ B)ple)~ (4~ plr) = 0. (6)
Haiinennsle Takum obOpasom ympasisitomme GyHKmun C) (t),...,Cn (t) SIBISIFOTCS TTPOTPAMMHBIMU,

MTOCKOJIKY OHU U3MEHSIIOTCSI B COOTBETCTBUU C 33J]aHHON BEeKTOP-pyHKIIHEH (4).

Cucrema ynpaBjeHHUs] B TAKOM CIIydae SIBJSIETCS. Pa30MKHYTOM, €€ CTPYKTYpHasi CXeMa COCTOUT U3
[IOCJIEZIOBATEILHOTO COEIUHEHHUS] PEryysiTopa, BBOJSIIEIOCS B CUCTEMY il OOecrnedyeHus
3aJIaHHOT'0 KauecTBa YIPaBJICHUSI, U YIIpaB/IsieMOro oObeKTa U MpeCTaBIIsIeTCsl Ha puc. 2.

ﬂ) Peeynamop g (l ) > Obvexm X(t )
a)
) (7= B)pl1) - (4= Dolt) v, oAt XO+}9—Zf§c(f)dr EUN
0
0)

Puc. 2. CtpykTypHas cxeMa pa3oMKHYTONH CUCTEMbI IPOTPAMMHOIO YIPaBJICHUS:
a) kubepHeTHYecKast MOJIeNb «YEPHbIH AMMK»; 0) KuOepHeTHYecKast Moaesb «Oemblil AIUK»

B nanHOM ciyuae 0COOEHHOCTBIO pPEryJMpPOBaHUSI UCCIETYyEeMON CHUCTEMBI SIBIISICTCS TO, YTO C
MOMOIIBIO ~ peryJyiitopa BbIpaOaThIBaeTCsl Takas mOporpaMMa JeHCTBHN, KOTOpas CBOJIMT

paccoriacoBanue (OMUOKY PEryIMpOBaHMS) g(t):X *(t)—X (t) MEXIy TpeOyemMbIM 3HAYCHHEM
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ES
peryjimpyeMoun BCIIMYUHBI X (t ) (3aI[aHHBIM COCTOSIHHEM O0BEeKTa praBJ'IeHI/IH) U TCKYIIHUM eé

3Ha4YeHHEeM X (t) (paxTHueckM cocTossHUEM O0BEKTa yIpaBieHus) K Hymo. M, Takum oOpazoM,

1eJIb OCYIIECTBIIAEMOTO PETYINPOBAHKS 3aKIIOYaeTCs B IIOJUIEPKAHNM Ha 33JaHHOM ypoBHE X *(t)
BBIXOJ]a O00BeKTa ymnpapieHus. IlockoinbKy mHcciemyemas cucrteMa yIOpaBleHHs —SBISETCS
pa3oMKHYTOH (MHGpOpMalUsS O COCTOSHUU OOBEKTa IEPEAaeTcss MO PAa3OMKHYTOMY KOHTYDY),
peryTupoBaHWe OCYIIECTBISETCS TyTeM BHIPAaGOTKM  ympapisiomero Bosaeiicteus  C(r)
(IIporpaMMHOI0 yIpaBieHHUs), HOCTYNAIOLUIEro Ha BXOJ, OOBEKTa yIpaBlIEeHUs, HE IOJydas IIpH
5TOM HH(OPMANHUIO O pealbHOM COCTOSIHUM O0BEKTa HAa OCHOBAHMH KaKHX-TMOO IPHU3HAKOB, HO B
TO JK€ BpeMs HuMes IOJHYI0 HH(OpMaInuio O €ro IMoBeJAeHHMH. B 3TOM clydae HOCTpOEHUE
IpPOrpaMMBbl YIpaBJIeHHs, IOJAOIIENHCS HA BXOJ PETyJSTOpa, NPOU3BOJMUTCS B COOTBETCTBHHU C
TpeGoBammeM, 4To6b1 £(t)=0.

*
B paccMaTpuBaCMOM CJIydac 3aJ[aro1iec Bo3neiicTBue X (f ): @(f ) OIIPEACIACTCA TCM 3aKOHOM, I10

KOTOPOMY HOJI’KHA U3MCHATHCA YIIpaBJIsiICMass CUCTEMA U ABJIACTCA IMOCTOSHHBIM, YCTAHABJIIMBACTCSA
3aar0uM YCTpOI‘/'ICTBOM.

C yueTroM HalJEHHOIO YIpPaBICHUS C(t) MPOIIECC B paccMaTpUBaeMOil cHcTeMe OIHCHIBACTCS
BEKTOPHO-MATPUYHBIM ] PepeHInaTIbHBIM YpaBHEHHEM BUIA

X(0)=(1-B (A-DX(0)+ 1(0). (7

rae f (t) OTIpEeIeISIeTCS B 3aBUCUMOCTH OT 33JaHHBIX TPACKTOPUIA gp(t) B BHUJIE

£0)=pl0)~(1 =B (4=Dolo).

Peimenne YpaBHCHUA (7) [IpH 3aJlaHHBIX HAYAJIbHBIX YCJIOBUAX X (0)= X o B TOYHOCTH COBIIaacT €

3aJJaHHBIMU TPACKTOPUSIMU JIBUKEHUSI CUCTEMBbI go(t) >0.

Takum 00pa3oM, OCHOBHas 3ajada OCYLIECTBISIEMOIO PEryJUpOBaHMs, COCTOSIIAs B TOM, YTOOBI
CBECTH K HYJIIO paccorjlacoBaHUE 5(1) MeXKAy TpeOyeMbIM U TEKYIUM 3HAYEHUSIMU PETYINPYEMOil
BEJIMYMHBI, SIBJISETCS BBINIOJHEHHOM B monHOM oObeme. [Ipy 3TOM BaKHO OTMETHTH, YTO
IIPEUIOKEHHBIA T0AX0J o0eclneunBaeT Takke M IO3UTHBHOCTH IIOJy4aeMbIX IPOrpaMMHBIX
yIpaBJIeHUH NPH YCIOBUU BBIOJHEHHs BCEX OTpaHUYEeHUN U TpeOOBAaHUM K UCXOIHON cucTeMe U
MaTeMaTU4eCKON MOJIEIH, ONMCHIBAIOIIEH €€ [T0OBEICHHUE.

IV aran: [lonyuenue u epagpuueckoe npeocmagieHue YUCILeHHbIX Pe3yIbmamos.

Takum oOGpazom, 1o pesyapTaraM IPOBEAEHHOIO UCCIEI0BAaHUS B pabOTe IpeICTaBIeHAa METOAUKA
OlpesieIeHus BEKTOP-QYHKIUU MPOrpaMMHBIX YIpPaBICHWM, MOCTyHaroleld Ha BXOJ 0ObeKTa
yIpaBJIE€HUs. U 00eCIeYUBAIOIIEH OCYIIECTBIEHUE IBUKEHUSI UCCIEAYEMOro 00ObEKTa IO 3apaHee
3aJIaHHOMY 3aKOHY (KaK IIOCTOSIHHOMY, Tak M nepeMeHHoMy). HeoOxoaumocTs B mpejiaraeMoi
METOJMKE O00yClIOBIeHa HEOOXOAMMOCTBIO CHCTEMAaTH3allud OCHOBHBIX 3TalloB, METOJI0B U
HOJXOM0B K HOIy4eHHIO H(PQeKTHBHOro anropmuT™Ma KOMIUIEKCHOTO HCCIIEAOBAaHUS U
PEryJIMpPOBaHUSI CJIOKHOM MO3UTUBHOM JUHAMMYECKON CHUCTEMBI OAlaHCOBOIO THUIIA B YCJIOBHSX €€
(GYHKIIMOHMPOBAHHUS 10 Pa30MKHYTOMY KOHTYPY TIpH 3aJaHHBIX JKEJIAeMbIX COCTOSHHSX
(TpaeKTOpuUsIX) CUCTEMBI.

OTAEJBHBIE CJIYYAU 3AJTAIOINX BO3JEMCTBUI U X BJIUSIHUE HA
YIPABJIAIOIIY IO IIPOTPAMMHYIO BEKTOP-®YHKIIUIO

*
Kak YK€ OTMCYAJIOCH BBILIC, 3aJar0IIce BO3ACUCTBUC X (t )= (p(t ) OIIPECACIACTCA TEM 3aKOHOM, I10
KOTOpOMY JOJDKHA H3MCHATBHCA HCCIICAyeMad YyIIpaBJIiCMasa CUCTEMaA. Takoe Bo3meiicTBHE
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YCTaHABJIMBACTCS 3a/IAIONIM YCTPOWCTBOM M SIBIISIETCS MMOCTOSTHHBIM. [IpH 3TOM, Kak IMoKa3bIBaeT
MpaKTHKa TPOSKTUPOBAHUS CHUCTEM aBTOMATHUYECKOTO YIPABICHHS pa3IMYHBIX 110 CBOEMY
Ha3HAYCHUIO W ()YHKIIMOHAIHLHBIM BO3MOXKHOCTSIM, YacTO SIBJSIETCS JTOBOJIBHO 3aTpPyTHHUTEIHHOM
BEIpabOoTKa OOMIMX pEKOMEHJANUi 10 3aJaHUI0  JKEIAeMOro IMPOTPaMMHOTO  JTBH)KCHUS
uccieayeMbIx cucteM [3-5, 7]. B To ke Bpems, yUHMTBIBas CHECIU(PUKY padOTHI IMPOSKTHPYEMOM

%k
CUCTEMBI, MOXKHO 3a/1aBaTh Takue BO3JEHCTBUS X (t): (p(t), XapakTep KOTOPBIX HauOoJjee MOJIHO
COOTBETCTBYET N3y4aeMOMY IIpoLecCy WM SBJIEHHUIO [1, 7].

B nannoit pabote 3amaromue BO31eHCTBUS (p(t) BBIOMPAIIACH B CIICTYIOTUX BHIAX:

0 2 2 .
p()=pot", e =@ot, e)=@pt", e1)=py+dyt”, @t)=@py+dysnaot,
rue ¢g,dgy,® — A3BECTHBIE IAPAMETPBL; d(y << @) .

Bun Bektop-QyHKINN q)(t) CYIIECTBEHHBIM 00pa3oM BIIUSET HA MOJYyYaeMYIO B COOTBETCTBHUH C

TIPEITOKEHHBIM TOIX0/IOM BEKTOP-(YHKIIMIO TIpOrpaMMHoro yrpasienns C(¢), mocTymarontyio Ha
BXOJ 00BEKTa yIpaBJIECHUS, U, CIEIOBATEIHFHO, 00ECIEUNBAIONIYIO YCTPAHEHHE PacCOTIaCOBAHMS
(omuOKM peryiupoBaHus): g(t) =0.

PaccmoTpum, xak m3aMeHsieTcss BEKTOP-(OYHKIIHS TPOTPAMMHOTO YITPABICHHS C(t) B 3aBUCUMOCTHU

OT PA3JIMYHBIX BUIOB 33/1aHUS BEKTOP-QyHKITHH (p(t):

a) ecin

p(t)=gt" =X,t° 20, (8)

. ,
e @, = ((pé Sy ees gog) — BEKTOP-CTONGEI! TOCTOSHHBIX Koo urmenTon; X, = (X 0s Xy X, (’)’)

— BEKTOP-CTOJIOCI] HAYaJbHBIX YCJIOBHI CHUCTeMBI (3), TO yHpaBjsfoInas IporpaMMHasl BEKTOP-
(GYHKITUS IMEET BH/I:

C(t)=(I-A)pt" =(I-A) X,t"; 9)
6) mpu
p(t)=gt=X>0 (10)
YIIPaBIISIOIIas IpOrpaMMHasi BEKTOP-(QYHKIIHS OIpeiessieTCs B BUAE:
C(t)=(I-B)p,+(I—A) gt =(I-B) X, +(I - A) X ; (11)
B) IpH
p(t)=p’ =X* 20, (12)
dynxims C(f) npunmmaer Bu:
C(1)=2({-B)gt+(I—A)pt* =2(1 -B) Xt +(I - A) X1 ; (13)
r) eciu
p(t) =, +dt* =X, +d1* >0, (14)
rne d,= (dé, d:,....d] )T — BEKTOP-CTOJIOEI] MOCTOSIHHBIX KO3((HUIIMEHTOB, MpHYEM d(i) << gp(i)
(i = I,_n), TO
C(t)=2(1-B)dyt+(I-A)(p,+dyt)=2(1=B) Xt +(I - A)(X, +d,t*); (15)
) eciu
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p(t)=g¢,+d,sinwt =X, +d,sinwr >0, (16)
r1e @ — yacTora KojeGanuit, To
C(t)=(/-B)dywcoswt+(I—A4)(p,+d,sinot)=

17
=(I-B)dywcoswi+(I—-A)(X,+d,sinwt). (1n

[Ipu 5TOM B JaHHOM KOHKPETHOM CiIy4ae BUJBI 3aJaHWsI BEKTOP-(YHKITIH go(t) BBIOMpAJIUCH Ha
OCHOBE aHaln3a CIOXKHBIX CHCTEM pazNu4yHod (usmdeckoit mpupoasl. B obmem ciydae, B
3aBUCUMOCTH OT BBIOMpaeMOro oOBEKTa HCCIeAOBaHUS (NP COXPAHEHUU €ro MO3UTUBHOU
«TIPHPOJIBI» ) BEKTOP-PYHKIIUS (p(t), OIIpeIeIISIONIas JKellaeMble COCTOSTHUSL OOBEKTa HCCIIeI0BaHuUs,

MOeT OBITh BEIOpaHa B COOTBETCTBHUHU C IIOCTABICHHOU IENBIO YIIPABICHUSI.
BBIYNCJUTEJBHBINA YKCIIEPUMEHT. YUCJIOBBIE PE3YJIbTATHI

st ocymectBieHus: 6ojee JeTalbHOIO aHalU3a IOJIYYEHHBIX B pe3yJbTaTe MHPOBEJACHHOIO B
paboTe HccleoBaHUsl PACUETOB IMPOBEEM BBIUMCIUTENBHBIM SKCIEPUMEHT IS ciiydas, Korja
TO3UTHBHAS JMHAMUYECKAs CHCTEMa COCTOMT H3 TpeX mHojcHcTeM (n :3) IIPH  CJIETYIOIUX
HCXOJIHBIX TTapaMeTpax 1 HaYaIbHBIX YCIOBUSX:

0,4 01 0,2 o1 o1 03 20 0,2
A=102 03 0l15|,B=(014 02 01 |, Xo=|30], dy=|0,28|, ®=30, ¢t<[0,1].(18)
0,15 0,2 0,1 0,1 0,25 0,15 15 0,19

Ha I srtame wuccnenoBanuii, cienyst W3JI0)KEHHOH METOAMKE, IPOBEPSEM BBIIOJIHUMOCTH BCEX
OTpaHUYECHUH Ha BXOJHBIE XapaKTEPUCTUKU M MATPUITHI KO3 PHUIIHEHTOB MaTeMaTHUeCKONH MOIENH,
OTIHMCHIBAIOIIEH MMOBEIEHNE UCCIIEAYEMOT0 00BEKTa, 1, Jajiee, B BUAY UX BBITOTHEHUS, TIEPEXOIUM K
MaTeMaTU4eCKOH MOJEIH, ONMChIBAEMOW BEKTOPHO-MAaTPUYHBIM YpaBHEHHEM BHJA (3), KOTOpoe ¢
yueroMm (18) npuHumaer Bua:

~-0,6 006 -0,3 1,208 0,295 0,461
X(t)=]0,165 —0,88 0,032 |X(r)+] 0,238 1356 0,243 |C(t), (19)
0,155 -0,02 —-1,06 0,212 0,433 1302

pte £(0)= (X, (0.4, (0.5, (0)) s X(0)=(X, ()., (0. %, ()) : C()=(C.(0). (). (1)

OrpaHuyenys Ha MaTpHIBI MOCTOSHHBIX Kod(puuuento A4, B, (I-B)'(A—1) ma moxenn,

onuckiBaeMoil ypaBHeHHeM (19), BBIIOIHSIOTCS, 4YTO OOECIEeYMBAaET BBITOJTHEHUE CBOWCTBA
MIO3UTUBHOCTA BCEX IEPEMEHHBIX MaTeMaTHUYeCKOM MOJeIM U MOJIyueHUE aCUMITOTUYECKU
YCTOMYMBBIX PEIICHU Ha OECKOHEYHOM HHTEPBaJIC BPEMEHH.

Kpome Ttoro, cormacuo [l1,14], npoayktuBHOCT, Marpuubl B  oOecnedynMBaeT IOJIHYIO
yopaBiasemocTh (o Kanamany) wucciemyemMoil CHUCTEMBI, YTO O3HA4YaeT CYIIEeCTBOBaHHE
MPUHIMITUATFHON BO3MOXHOCTH €€ TepeBojJa U3 JT000r0 HA4YaabHOTO COCTOSHUS X (0)=X 0 B

1r000€ KOHEYHOE cocTostHue X (T )=X ; 3@ KoHeuHoe BpeMsa 1 mpH COONIONEHUM 3aJaHHBIX

orpanuyeHuil. JlaHHoe CBOWCTBO OOBEKTa MOJTBEPXKIACTCS BBHINOJIHEHHEM PAHIOBOIO YCJIOBHUS,
KOTOpO€ JUIsl MOJIENIU, ONUChIBaeMOl ypaBHeHueM (19), npuHumaeT Bua:

1,208 0,295 0,461 -0,747 -0,223 -0,442 0,451 0,184 0,433
rang | 0,238 1,356 0,243 -0,003 -1,126 -0,096 -0,122 0,936 -0,031|=rang B=3.
0,212 0,433 1,302 -0,044 -0,445 -1,32 -0,069 0,464 1,34

I[anee OCYHICCTBJISACTCA IMEPEXoa KO 1I JTamy MCTOAUKU IMPOBEACHUA HCCIICIOBAHUS, HA KOTOPOM
IMPOU3BOJAUTCA BBI60p U3 MHOJKECTBA BO3MOKHBIX OJHOTO MJIM HECKOJIBKHX JKEJIAaeMBIX COCTOSHHUM

*
X (t) 0o0BEKTa HCCIIeIOBAaHUS B 3aBUCHMOCTH OT II€JIM YIPAaBIEHUS, a TaKKe MPOU3BOAUTCS
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%
IIPOBEpPKa BHIOPAHHOTO KEJIAEMOIo COCTOSHUSL X (t) 0o0BeKTa Ha HEOTpHUIATeNbHOCTh. B nanHOM
ciIydae jKellaeMble COCTOSIHUS 00bekTa BeiOupatores B Bunax (8), (10), (12), (14), (16) u ¢ yuetom

(18) mpuHUMAIOT COOTBETCTBEHHO BHI:

20 20 20
p(t)=X,t" =30 |-1"20; @(t)=Xt=|301>0; @(t)=X,=[30[1>0;
15 15 15
20 0,2 20 0,2
p(t)=X,+d,t* =30 |+] 0,28 |- >0; ¢(t)=X,+d,sinwr=|30 |+| 0,28 |-sin30>0.
15 0,19 15 0,19

['papmueckoe w300pakeHWE YKa3aHHBIX 3aJalOIIUX BO3JCHCTBUI (p(t)z 0, ompenensonmx
JIBUJKEHHE YTIPABIIIEMONW CHCTEMBI IO 33JJAHHOMY 3aKOHY, MPEJCTaBIEHO HA pUC. 3, /i€ BBEJICHBI

cleaytomue 0003HAYCHUS: — Qymxmas gy (¢); = — Gynkmus @, (¢); T -
byHKIUSA ¢3(t).
35 1 (1) 35 19,(0)
30 30 -
r/"’
25 - 25 -
20 20 - o
I - 15 - ra o
10 - 10 4 s o
5 i 5 N ,—"“’.-",’
A
= t
0 T T T T T T T T T 1 0 T T T T T T T T T 1
0 0,102030405060,70809 1 0 010203040506070809 1
a) 0)
35 1 0,0) 32 7 ¢,(0)
30 | 30
A28 1
25 1 Ve 26
20 _ 24 1
22 -
].5 T 20
10 | 18 1
5 16 ~ e _
i y 14 -
0 1 T T T T T T T T 1 12 T T T T T T

0 0,102030,4050,60,70809 1

B)
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35 1 (/’i(f)
£ 11 J SRS S SRS SR
25 4
20 —
15 f—=——m -
t
10 T T T T T T T T T 1
0 010203040,5060,70809 1
)
Puc. 3. 'paduueckoe n3obpaxeHne 3aJarlNX BO3IEHCTBUN ¢, (t), i= 1,_3 :

a) p(1)=X,"; 0) o(r)=Xt; B) p(t)=X,t*; T) @(t)=X,+d,t*; 1) ¢(t)=X,+d,sinwt

B Buay HEOTpHUIIATENBHOCTH NPEACTABICHHBIX BBIIIE KEJIAEMBIX COCTOSHHA X *(t)z go(t) o0BeKTa
ocymiectBisieTcs: nepexoa K Il atamy MeTonuku, Ha KOTOPOM MTPOU3BOIUTCS OTpeeNIEHUE BEKTOP-
GbyHKITIHI C(t) MPOTPAMMHBIX YIIPABJICHUH, BBIBOISIINX CHUCTEMY Ha KEIAeMYI0 TPACKTOPHUIO
JIBH)KECHHSI.

Crnenyst IIl »Tamy mpeacTaBieHHOW B padOTe METOIUKH, OIPEIETsieM COOTBETCTBYIOIINE
YKa3aHHBIM 33JIa0IUM BO3JIEUCTBUSIM (p(t) MPOrpaMMHBIE  YIIPABISIONINE BEKTOP-(PYHKITHH
COOTBETCTBEHHO B BUJIE:

6 10,5 6 21 6
C(t)=]14,75|-1°; C(t)=|19,7 |+| 14,75 |-t; C(1)=|39,4 |-t+|14,75 |-1*;
4.5 3,25 4,5 6,5 4.5
6 0,095 0,054 6 0,095 0,05
C(1)=|14,75 [+| 0,177 |-1+| 0,128 |-*; C(r)=|14,75 |+| 0,177 |-30-cos30¢+| 0,13 |-sin30¢.
4,5 0,072 0,085 4,5 0,072 0,09

['paduaeckoe m300paKeHHE IMOYUYEHHBIX IPOTPAMMHBIX YIIPABISIONIMNX BEKTOP-(DYHKITHIA C(t),
OCYULIECTBIISIIOIIUX JIBUKEHHE YIPaBISEMOW CHUCTEMBbl IO 3aJaHHOH TpPaeKTOpUU (o(t)ZO,

IpeJICTAaBIeHO Ha pHcC. 4, TJe BBEJEHBI cieayomue obo3HaueHus:: — — — — (ynkuus C, (t);
"""""" — dynxums Cy(2); ——=—— — dynxums C5(7).

[locTtpoenne rpaduueckux 3aBucuMocTedt Ha puc. 3,4 onpenenser BblmogHeHue IV srtama
npejuiaraeMoii B paboTe METOJIUKH ONpeeieHHus BEKTOP-(QYHKIIMH TpPOTrpaMMHBIX YIIpaBIICHHH,
HOCTyMarouie Ha BX0J OOBEKTa YHpaBiIeHHS M OOECIEeUYMBAIOLICH OCYIECTBICHUE JIBUKECHUS
UCCIIElyeMOro O0beKTa MO 3apaHee 3aJaHHOMY 3akoHy. W3 puc. 3,4 BuUIHO, UTO XapakTep
MCKOMOI'O YIPaBJICHMs CYIIECTBEHHbIM 00pa3oM 3aBHCUT OT BHJA 3aJalOLIero BO3JecTBuS,
MIOCTYNAIOIIEro Ha BX0J 00beKTa ynpanjieHus. TakuM oOpazoMm, U3MEHSsIs 3aJiatollee BO3/IeHCTBUE

go(t), U3MEHSIETCSl W [porpamMHas ympasistormast (yrkmus  C (t ), COXpaHsisi INpU 3TOM

MIO3UTUBHOCTh HcciieyemMoil cuctembl. Kpome Toro, mo pwuc. 3,4 MOXKHO OTMETUTb, YTO
COOTBETCTBYIOIIKE 3aBUCUMOCTH 3aJIalOLINX BO3JACHCTBUN M MPOTrPAMMHBIX YIIPABICHUN SBIISIOTCS
CXOXKHUMH.
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20 7°¢(0) 40 9.¢(0)
3s4
15 - 4 gt
25 1 T
10 - 20 4"
15 //
b A 10 -
s e
t t
0 T T T T T T T T T 1 0 T T T T T T T T T 1
0 0,102030405060,708109 1 0 0,102030405060,70809 1
a) 0)
60 (1) 16 7.¢,(1) -
55 - ) 14
g 12 4
40 7 10 -
4‘/
30 I 8 -
20 - g - ~
/’/’- 4 -
10 ’/‘,1"‘ _____..-—"'—”-—-’ 2
s N L t t
0 e T T T T T T T | 0 T T T T T T T T T ]
0 0,10203040506070809 1 0 0,102030405060,70809 1
B) r)

20 3.¢i(e) 4

0 T T T T T T T T T 1
0 0,10203040,50,60,70809 1

n)
Puc. 4. I'paduueckoe u300paxkeHUe IPOrpaMMHbIX YIPABJIAOWIUX BeKTOp-pyHkuuid C, (t) e 1,_3 :
a) C(1)=(1—-A)X,t°;6) C(t)=(1-B) X, +(I-A) Xt ;8) C(t)=2(I-B) Xt +(I - A) X,t*;
r) C(t)=2(1-B) Xt +(1 - A)(X, +d,t*); n) C(1)=(I-B)dywcoswt+(I - A)(X,+d,sinor)
Taxum O6p&30M, PE3YJIbTAaThl MPOBECACHHOTO BbIYUCIIUTCIBHOI'O 3KCIICPUMCHTA COOTBECTCTBYIOT
pe3yibTaTaM MPOBEJCHHBIX B pad0Te TEOPETHUECKUX HCCIICOBAHUM, a MpeJIOKEHHAsS METOINKA

orpesieNieHus] BEKTOP-(QYHKIIUU TPOrPaMMHBIX YIIPABICHUH MOXKET OBITh UCTIOIB30BaHA B MIPAKTHKE
MOJICJTMPOBAHUS CIIOKHBIX MIO3UTHBHBIX JUHAMUYECKUX CUCTEM PA3ITUIHON (PU3MUECKON TPUPOJIBIL.
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BbIBO/IbI
ITonBoas UTOT MPOBENEHHOMY HCCIIEJOBAHUIO, MOXKHO BBIIEIUTH CIEAYIONIUE PE3yIIbTATHIL.

B pabote paccmoTpeHa pa3oMKHYTasi HENpepbiBHAs MaTeMaTH4yecKas MOJIeb IO3UTUBHOU
JTUHAMUYECKOH CHCTEMBI, OINHCHIBaeMasi JIMHEHHBIM HEOJHOPOJHBIM BEKTOPHO-MaTPUUHBIM
muddepeHaTbHBIM YpaBHEHHEM TIEPBOTO TOPSAIKA ¢ MAaTPUIIAMH MOCTOSIHHBIX K03()(PUIIMEeHTOB.
Jnst maHHOW MOJENW MpOBENEH aHAIW3 Ha MPeIMET BO3MOXKHOCTHU IMOCTPOEHHUS MPOTrPAMMHBIX
yOpaBlICHUH JBUIKEHUEM HCCIEAYEeMOU CIOKHOW JIMHAMHUYECKOW CHCTEMBbI, IO pe3yJbTaraMm
KOTOpPOro ¢ HCHoib3oBaHueM moaxona E. A. bapbammnaa perneHa 3amada  OCYIIECTBICHHS
Ha3HAYEHHOW TPaeKTOPUM JIBM)KEHHMSI M IOCTPOEHBl HPOrpaMMHBIE YIpaBJICHUS, BBIBOJSIINE
CHUCTEMY Ha JKeJIaeMYIO TPaeKTOPHIO.

Ha ocHoBe mpeioKeHHOTO TOJX0Ja K OINPEJCTICHHIO MPOTPAMMHBIX YIPaBICHUN ABM)KEHUEM
UCCIIeTyeMOH CII0KHON CUCTEMBI pa3paboTaHa U MpeJICTaBIeHa B padoTe METO/IMKA UCIIOJIb30BaHUS
YKa3aHHOTO TOJXOJa JUIS PelIeHUs OOpaTHBIX 3a7ad JUHAMUKH MO3UTHBHBIX CHCTEM, KOTOpas
MO3BOJISIET  CHCTEMAaTU3UPOBATh OCHOBHBIE OTalbl, METOJAbl W IMOAXOABl K MOIYyYEHHUIO
3¢ (HEeKTHBHOTO aIrOpUTMa KOMILIEKCHOTO MCCIIEOBAHUS U PETYIUPOBAHUS CIOXKHOUW MO3UTUBHOM
JTIMHAMAYECKON CUCTEMBI OATAHCOBOTO THIIA B YCJIOBUSAX €€ (PYHKIIMOHUPOBAHHS TI0 PA30MKHYTOMY
KOHTYPY MPH 33TaHHBIX KETAeMbIX COCTOSHUSX (TPACKTOPUSIX) CUCTEMBI.

C nenbio ocymiecTBieHus 6ojee NeTaIbHOTO aHaIN3a MOJMYyYeHHBIX B pe3ylbTaTe MPOBEJICHHOTO B
paloTe Hccie0BaHUS pacyeToB U anpoOaIuy npeaiaraeéMoil MEeTOIMKH pelieHns 0OpaTHBIX 3a1a4
JTMHAMUKY TIO3UTUBHBIX CUCTEM B pabOTe MPOBEJEH BBIYMCIUTEIBHBINA SKCIIEPUMEHT OIPEIEIICHUS
MPOrPaMMHBIX ~ VIPaBIEHUH JBM)KEHHEM TIO3UTHBHOW JUHAMHYECKON CHCTEMBI C TpeMms
nojacuctemMamu. Pe3ynbTaThl MPOBENEHHOTO BBIYMCIUTENHHOTO HKCHEPUMEHTa COOTBETCTBYIOT
pe3ylbTaTtaM MPOBEIEHHBIX B pad0Te TEOPETUUECKUX HCCIICOBAHMM, a TPEIOKEHHAsT METOIUKA
oTIpeieIeHUs] BEKTOP-(QYHKIIUHU MPOTPaMMHBIX YIIPaBICHUI MOXKET OBITh HCTIOJIh30BaHA B IPAKTHKE
MOJICJTMPOBAHUS CIIOKHBIX IMO3UTHBHBIX THHAMHYECKUX CHCTEM Pa3IMUHON (U3UIECKON TPUPOJIBL.
Kpome Toro, mepeueHp 3aaay, pemiaeMbIx C MOMOINBIO MPEIJIOKEHHOT0 B padoTe Moaxoja, He
OTpaHUYMBAETCSI HPUBEIEHHBIM IPUMEPOM, a PACIIPOCTPAHSIETCS Ha IOCTATOYHO HIMPOKYIO 00J1acTh
3a/1a4 aBTOMATHYeCKOTrO PETyJIUPOBAHUS MO3UTUBHBIX JUHAMUYECKUX CHCTEM.

JIocTOBEpHOCTh ~ MPENJIOKEHHOIO0  MOJAXOAa HOJATBEPKIACTCSI TOYHOCTBIO  HMCIOJIb3YyEMOI'O
AHATUTUYECKOTO METOoJla pelieHuss oOpaTHBIX 3amauy auHamuku E. A. bapOammna, a Takxke
CBEJICHHEM K HYJIIO PaccorylacoOBaHUs MEKIy TpeOyeMbIM M TEKYLIMM 3HAUEHUSIMU PEryJIupyeMoi
BEJIMYUHBI UCCIIETyEMOT0 OOBEKTA.
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