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Biccio kKamepu. — KBamidikaiiitHa HayKoBa Mparis Ha IIpaBax PyKOIHUCY.

Huceprariis Ha 3700yTTs] HAYKOBOTO CTYIIEHS JOKTOpa (pitocodii 3a cremiaibHICTIO
173 «AsioHikay — HalloHanbHUI TEeXHIYHUM YHiBepcuTeT YKpaiHu «KuiBChbKui

noiTeXHIYHUM 1HCTUTYT iMeHi Iropst Cikopcekoroy, Kuis, 2025.

[TigroroBka 3xiiicHIOBaNacs Ha Kadeapi cucTeM KepyBaHHs JIITaIbHUMH arlaparaMu
HamionanpHoro TexHiyHOrO yHiBepcuteTy VYipainun «KuiBCchbkuii momiTexHiuHUR

iHCcTUTYT iMeH1 Iropst Cikopchkoro» MiHicTepcTBa OCBITH 1 HAyKHU YKpaiHHU.

Hucepraiiiiina poboTa npucBsiueHa po3poOIll 1HBapiaHTHOI 10 30ypeHb CHUCTEMH
KEpyBaHHS ONTUYHOIO BICCI0O Kamepu ISl aBlallifHUX 1 KOCMIYHUX 3aCTOCYBaHb, IO
JI03BOJIsIE€ CTaOUII3yBaTH 1 KOHTPOJIFOBATH 300pa)KeHHSI 3 ONTUYHUX MPUIAIIB 3 BUCOKOIO

TOYHICTIO B YMOBaxX HEBU3HAYEHUX 30BHIIIHIX 30ypEHb.

TemaTuka mOCHiKEHHS TOB’A3aHa 3 PO3POOKOI0 CHCTEM KEpyBaHHS, SIKI MalOTh
1HBapiaHTHICTh /0 30ypeHb 1 3a0e3meuyloTh CTabUIbHE KEpYBaHHS ONTHYHOIO BICCIO
KaMepH B yMOBax HEBU3HAUYCHMX 1 3MIHHUX 30BHIIIHIX BIUIMBIB. CucTemMu crabimizailii Ta
KEepYBaHHS, KI 3[aTHI MPAIIOBATH 3 BHCOKOIO TOYHICTIO B YMOBaxX HEBH3HAYCHOCTI,
MarTh 0COOJIMBE 3HAYEHHS /IS CY4acHOI aBlaliifHOT Ta KOCMi4HOi TexHiKU. OMHI€ 3
HaWBXJIMBIIIUX 33/1a4 € 3a0€3MeUeHHs CTa0IBHOCTI 1 TOYHOCTI aBTOMATUYHUX CUCTEM
KEepyBaHHS, $IKI KEpYyIOTh ONTHYHOIO BICCIO KaMmep TEIUIOBI3IMHUX MPUCTPOIB, IO
BHUKOPHCTOBYIOTHCS Ha JIITAJBbHUX araparax pizHoro npusHadeHHs. [Ipu oMy ocobmmBa
yBara npuIIs€ThCS 30aTHOCTI CUCTEM JI0 aJlanTallii B yMOBaX HeBU3HAYCHUX 30BHIIIHIX
30ypeHb, SIKi MOXKYTh CYTTEBO BILTUBATH Ha (POPMYBAHHS 300paKCHHsI JIJIsI KOPEKTHOTO
po3mi3HaBaHHs Ta HaBeldeHHsS. [[s1 BHpIIIEHHS HHUX 3a7a4 HEOOXiIHE 3aCTOCYBaHHS
HOBITHIX METOJ[IB MAaTEMaTUYHOTO MOJEIIOBAHHS, PO3POOKH aIrOpUTMIB KepyBaHHS Ta
00YHnCITIOBAIBHUX 3aCO0IB, SIK1 JI03BOJISIIOTh OTPUMATH CTAOUIbHY, BUCOKOTOUHY CUCTEMY
kepyBaHHs. JlocmimkeHH (OKYCyeTbcsi Ha CTBOPEHHI CHCTEM aBTOMAaTHYHOTO
KepyBaHHS, sIK1 0a3yI0ThCSl Ha MPHUHIMIIAX 00epHEHOI TUHAMIYHOI Mozeli cuctemu. Lle

3a0e31euye MOXIIMBICTD MiJBUIIUTH TOUHICTH 1 CTIMKICTh B YMOBaX 30BHIIIHIX 30ypeHb
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3aBJISKH KOMIIEHCAIlil HEKOHTPOJIhOBAHUX BIUIMBIB y peasibHOMY 4aci. OcoOmuBy poiib y
[IbOMY BIJIITPalOTh MaTeMaTU4HI MOJEII, SIKI ONMUCYIOTh JUHAMIKY CHCTEM KEepyBaHHS
ONTHYHUMH CHUCTEMaMH 1 JO3BOJISIIOTH TEPen0adyuTH ii TOBEMIHKY B PI3HHX yMOBax

eKCILTyararti.

Metoro aucepraniifHoi po0OTH € MIJBUILIEHHSI TOYHOCTI CUCTEM aBTOMAaTHUYHOTIO
kepyBanHsl (CAK) onTu4yHOIO BICCIO KaMep ILISXOM pO3POOKHM Ta BIPOBAIKCHHS
1HBapiaHTHOT 110 30ypeHb CHUCTEMH KEpyBaHHS 3 BHKOPHCTAHHSAM aJallTUBHOTO
Koe(DIIliEHTY Ha OCHOB1 OOEPHEHOT TMHAMIYHOT MOJIEIi CUCTEMH, 110 JO3BOJISE HOCITTH

rapaHTOBAaHO! TOYHOCTI B YMOBaxX HemnepeadadyBaHUX 30BHIIIHIX BIUIMBIB.

Y nepuomy po3aiji npoBeneHo BCEOIUHMI aHATI3 ICHYIOYMX METOIB 1 AITOPUTMIB
KEepyBaHHSI, SIKi BUKOPUCTOBYIOTHCS JUIsl CTaOLI13aIlli Ta KEpyBaHHS ONTUYHHUMH OCSMH
kamep. Po3misiHyTo OCHOBHI Cy4acHi MigXOAu, 30KpeMa 3BOPOTHY JTUHAMIYHY CHCTEMY,
allariTABHE KepyBaHHS, poOacTHE KEpyBaHHS Ta METOJ AKTUBHOTO KOMIICHCYBAaHHS
30ypeHb, 110 T03BOJISAIOThH 3a0e3Me4nuTH BUCOKY TOuHICTh poOoTu CAK. Ha ocHOBI 11bOT0O
aHanizy cQOpMYIbOBAaHO BHUMOTH JI0 PO3POOJEHHS HOBOI CHUCTEMH KEpyBaHHS, fKa

BIJIMOBIaTUME CyYaCHUM BHUKJIMKaM B aBlalliiHIN raimysi.

Apyruii po3ain npucBsiueHo po3poOiii maremaruaHoi moxaeni CAK mist kepyBaHHs
Ta cTabiIi3alii ONTUYHOI OC1 KaMepH, sika 3a0e3medye rapaHTOBaHy TOUHICTH 1 CTIMKICTh
NEePEXiAHUX MPOIIECiB IPHU 3MIHHUX 30BHIIIHIX yMOBaX. MaremMaTHuHa MOJIENIb BPaXOBY€E
JTUHAMIKy CHUCTeMHM cTabOimi3aiii Ta KepyBaHHS OINTHYHOI CHCTEMOIO Ta 3a0e3neuye

BHCOKY TOYHICTH cTa01113a1ii 300paKeHHS.

TpeTtiii po3ain micTuth po3poOKy aaroOpuTMy aBTOMATUYHOTO KEpyBaHHS, IO
3a0e3reuye 1HBap1aHTHICTh A0 30ypeHb. 3anpornOHOBAaHO HOBUHN aJITOpUTM (DOPMYBaHHSI
KOe(DIIIEHTIB 3BOPOTHOTO 3B’A3Ky HA OCHOBI MapameTpiB ONTUMAJIbHOI CHUCTEMHU 3
BUKOPUCTAHHSIM 00€pEHEHOT AMHAMIYHOT MOJIEJ1 CUCTEMH Ta I0IaTKOBOTO KOHTYPY SIKUI
0a3yeThCs Ha HAOMKEHHI 3MIHHO1 CTaHY JI0 JIOIyCTUMOI MEXI1 Ta JI03BOJIIE JOCITaTu
rapaHTOBaHOI TOYHOCTI  cralimizamii mpu  HemependadyBaHUX  BIAXUICHHSX.

[IpencraBieHo MeTO/l BU3HAUYECHHSI MapameTpiB JOJATKOBOIO KOHTYPY KEpyBaHHS IS



3a0e3neueHHss CTIMKOCTI Ta AaJalTHUBHOCTI CHUCTEMH, IO JO3BOJISIE CHCTEMI

I1TAIITOBYBATUCA IO 3MIHHUX YMOB B peajibHOMY 4aci.

YerBepTHii Ppo3aiJ1 MPUCBIYCHO MaTeMaTHYHOMY MOJCIIIOBAaHHIO po0OOTH
po3po0JeHOi  cUCTEMH  KepyBaHHS rapaHTtoBaHoi ToyHocTi. [lokazano, 110
3alPONIOHOBAHUN AJITOPUTM 3a0e3Meuye BUCOKY €(EeKTUBHICTh B yMOBaX HEBU3HAYCHUX
30ypeHb. [IpoBefeHO MOPIBHIHHS 3 TPAAUIIIHHUMU METOAAMH, IO IEMOHCTPYE CYTTEBE

MOKPAIICHHS SKOCTI MEePEX1HOTO MPOIIeCy KepyBaHHS Ta CTa0LIi3aIlli.

IpakTUYHe 3HAYEHHSI POOOTH IOJIATAE Y MOKIIMBOCTI BUKOPUCTAHHS PO3POOICHOT
CHUCTEMH B aBlalliMHUX Ta KOCMIYHMX CUCTEMaXx JIJIsl MiABUIIECHHS €(PEKTUBHOCTI pOOOTH
TEIUJIOBI3IMHUX Kamep 1 ceHcopiB. Lle mocaraeTscs muisixom 3a0e3mneueHHs rapaHTOBaHO1
TOYHOCTI B pOOOTI CUCTEMHU KEPYBaHHS 3a YMOB JIii HEBU3HAUYCHHUX 30ypEeHb, 3MEHIIICHHSI
MoXWOKM cTadumi3alli Ta MOKpaIIeHHsS SKOCTI (GopMyBaHHS 1 0OpOOKM 300paKeHb.
Po3pobnieni anropuTMu MiABHINYIOTh TOYHICTh IIJIEBKA31BKH, 3MEHIIYIOTH BIUIHB
30BHINIHIX ()aKTOPIB, TAKUX SK BIOpaIlii Ta cyxe TepTs, 1 3a0€31eUy0Th aJJallTUBHICTD 10

3MiH y 30BHIIIHBOMY CEPEIOBHIIIL.

Cucrema mMoxe OyTd IHTErpOBaHa y CKJIa[i Cy4yaCHHMX TEIUIOBI3IMHHUX MpHIIAIIB,
CUCTEM HaBEJICHHS Ta aBTOMATUYHOTO CYNMPOBOKEHHS IIiJIi, III0 BUKOPHUCTOBYIOTHCS Y
BHUCOKOTOUHIMl TexHini. i BIpOBa/KeHHS CIpHS€ 3POCTAHHIO e(EKTUBHOCTI Ta
KOHKYPEHTOCITPOMOXKHOCTI ~ BITYM3HSHHUX aBlalliIfHUX 1 KOCMIYHHMX TEXHOJIOTIH.
[IpakTuyHi pe3ynbratd poooTH peasizoBaHi y BupooHnunx ymonax JI1 «CIIb Apcenanm,

10 MiATBEPIKYETHCS BIIMOBITHAM akTOM BIipoBakeHHs ([lomarox 1).
HaykoBa HOBH3HA OTPUMAHMX Pe3yJIbTATIB

1. Bmepmie 3anpormoHOBaHO MeTo7 (OPMyBaHHS KOPUTYIOUOTO BIUIMBY JIJIS
KOMIIEHCAIlll 30ypeHb, SIKUM 0a3yeThCs Ha HAOMMIKEHHI 3MIHHOI CTaHy J0 JOIMYCTUMOL
mexi. [lokazano, mo anroputMm 3a0e3ledye TapaHTOBAHY KOMIICHCAI0 30ypeHb Ta

HEOOX1HY AKICTh MEPEXiTHOTO MPOLECY.

2. Bmepmie po3poOieHo anropuTM 3a0e3neueHHs 1HBapiaHTHOCTI 10 30ypeHb

JIEMOHCTPYE BHCOKY €(EKTUBHICTH 3a PI3HMX YMOB, 3MEHIIY€ MOXMUOKY cTadimizarii,



M1JIBUIIY€ TOYHICTh KEPYBaHHS Ta 30epirae cTabuIbHICTh CUCTEMH B YMOBaX BUMAKOBUX

30ypeHb, Ha K1 HE HAKJIaJIat0ThCsl OOMEKEHHSI.

3. Briepire 3anmpomnoHOBaHO 3aCTOCYBaHHS IMiIX0My OOCpHEHOI AMHAMIYHOT MOJei
CUCTEMH JI CHCTEM BHCOKOTO TOPSAKY JJsi 3a0e3meueHHs] CTaOLIbHOCTI Ta SKOCTI
MEPEXiTHOTO TPOIECYy CHCTEMHU AaBTOMATHYHOTO KEPYyBaHHS, IO HE 3aJIekKHUTh BiJ
xapakTepy 30ypeHb, 3ampOINOHOBAHWM TMIAXiJ HE HaKIagae OOMEXEHb Ha XapakTep
30ypeHb OCKUIBKM HE TOTpedye I1X BHUMIPIOBAHHS, IO J03BOJISIE BUKOPHUCTOBYBATH

CHUCTEMY B YMOBaxX 3MIHHHUX Ta Hemepen0auyBaHUX 30BHIIIHIX BIUIUBIB.

4. BcTaHOBNIEHU BIUIMB KOXHOT 3 anreOpaiuHoi, nudepeHIiiaibHol Ta IHTErpabHOL
CKJIQIOBUX PETYNSATOpa rapaHTyBaHHS TOYHOCTI Ha JAWHAMIKY CUCTEMH KEpyBaHHS, IO
JIO3BOJIMJIO ONTHUMIi3yBaTH TapaMeTpH PEeryisaTopa s MiABUIICHHS IBUIKOMII Ta
SKOCTI MEPEX1THOTO MPOIIECY 1 KOMIIEHCAI1F0 HAKOMUYEHOT MOXUOKH, 0COOIMBO il Yac

TPUBAJNX 30ypCHbD.

5. VYzaranpHeHa MareMaTH4Ha I[IOCTAHOBKA 3aja4yl TapaHTyBaHHS TOYHOCTI

KEepyBaHHS SIK PO3B’s13aHHS aareOpo—naudepeHIiaibHUX PIBHSIHD 3 0OMEKECHHSIMU.

Ily6aikanii. OCHOBHI HAyKOB1 pe3y/bTaT JUCEPTAItHOT poOOTH OIyOJI1KOBaH1 y 5
HAYKOBUX CTaTTSIX Yy (PaxoBUX BUIAHHSX, BKIIOYEHUX JO MEPEIiKy HAYKOBUX (HaxoBHX
BUJIaHb YKpaiHu kareropii «b», y 5 T€3 qonoBijeit Ha MiI>KHAPOIHUX HAYKOBO—TEXHIYHUX

KoH(epeHIisnx, 13 skux marepianu KoH(pepeHil IHACKCYIOThCS B Scopus.

Kniouosi cnosa: cucmema asmomamuuno2o Kepyeawus, 2apaHmosana moyHicmb,
iHeapianmHicmos, adanmueHe KepyeaHHs, pPOOACMHICMb, HEBUSHAYEHI 30YpeHHsl,
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ANNOTATION

Osokin V.S. Disturbance—invariant optimal control system for the optical axis of

the camera. — Qualification scientific work in the form of a manuscript.

Dissertation for the degree of Doctor of Philosophy in specialty 173 “Avionics” —
National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”,
Kyiv, 2025.

The preparation was carried out at the Department of Aircraft Control Systems of
the National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”
of the Ministry of Education and Science of Ukraine.

The dissertation 1s devoted to the development of a disturbance-invariant optical
axis control system for aviation and space applications, which allows stabilizing and
controlling images from optical instruments with high accuracy in conditions of uncertain

external disturbances.

The research topic is related to the development of control systems that are
invariant to disturbances and provide stable control of the optical axis of the camera in
conditions of uncertain and variable external influences. Stabilization and control systems
that are able to operate with high accuracy in conditions of uncertainty are of particular
importance for modern aviation and space technology. One of the most important tasks is
to ensure the stability and accuracy of automatic control systems that control the optical
axis of cameras of thermal imaging devices used on aircraft for various purposes. In this
case, special attention is paid to the ability of systems to adapt in conditions of uncertain
external disturbances, which can significantly affect the formation of an image for correct
recognition and guidance. To solve these problems, it is necessary to use the latest
methods of mathematical modeling, develop control algorithms and computing tools that
allow obtaining a stable, high-precision control system. The research focuses on the
creation of automatic control systems based on the principles of an inverse dynamic
system. This provides an opportunity to increase accuracy and stability in conditions of
external disturbances due to compensation of uncontrolled influences in real time. A

special role in this is played by mathematical models that describe the dynamics of optical
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system control systems and allow predicting their behavior in various operating
conditions. The purpose of the dissertation is to increase the accuracy of automatic control
systems of the optical axis of cameras by developing and implementing a disturbance-
invariant control system using an adaptive coefficient based on an inverse dynamic
system, which allows achieving guaranteed accuracy in conditions of unpredictable

external influences.

The first section provides a comprehensive analysis of existing control methods
and algorithms used to stabilize and control the optical axes of cameras. The main modern
approaches are considered, in particular the inverse dynamic model, adaptive control,
robust control and the method of active disturbance compensation, which allow to ensure
high accuracy of the ACS operation. Based on this analysis, requirements for the
development of a new control system that will meet modern challenges in the aviation

industry are formulated.

The second section is devoted to the development of a mathematical model of the
ACS for controlling and stabilizing the optical axis of the camera, which provides
guaranteed accuracy and stability of transient processes under variable external
conditions. The model takes into account the dynamics of the stabilization system and

control of the optical system and provides high accuracy of image stabilization.

The third section contains the development of an automatic control algorithm that
ensures invariance to disturbances. A new algorithm for forming feedback coefticients
based on the parameters of the optimal system using the inverse dynamic system and an
additional contour is proposed, which is based on the approximation of the state variable
to the permissible limit and allows to achieve guaranteed stabilization accuracy under
unpredictable deviations. A method for determining the parameters of an additional
control loop is presented to ensure the stability and adaptability of the system, which

allows the system to adapt to changing conditions in real time.

The fourth section is devoted to mathematical modeling of the operation of the
developed control system of guaranteed accuracy. It is shown that the proposed algorithm

provides high efficiency under conditions of uncertain disturbances. A comparison with
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traditional methods is made, which demonstrates a significant improvement in the quality

of the transient process and stabilization.

The practical significance of the work lies in the possibility of using the developed
system in aviation and space systems to increase the efficiency of thermal imaging
cameras and sensors. This is achieved by ensuring guaranteed accuracy in the operation
of the control system under conditions of uncertain disturbances, reducing the
stabilization error and improving the quality of image formation and processing. The
developed algorithms increase the accuracy of target designation, reduce the influence of

external factors, such as vibrations and dry friction, and provide adaptive
Scientific novelty of the obtained results.

1. For the first time, a method for forming a corrective effect for compensating for
disturbances 1s proposed, which is based on the approximation of the state variable to the
permissible limit. It is shown that the algorithm provides guaranteed compensation of

disturbances and the necessary quality of the transient process.

2. For the first time, an algorithm for ensuring invariance to disturbances is
developed, which demonstrates high efficiency under various conditions, reduces the
stabilization error, increases control accuracy and maintains system stability under

conditions of random disturbances, which are not subject to restrictions.

3. For the first time, the application of the inverse dynamic model approach for
high-order systems is proposed to ensure stability and quality of the transient process of
the automatic control system, which does not depend on the nature of the disturbances.
The proposed approach does not impose restrictions on the nature of the disturbances,
since it does not require their measurement, which allows the system to be used under

conditions of variable and unpredictable external influences.

4. The influence of each of the algebraic, differential and integral components of
the accuracy guarantee controller on the dynamics of the control system has been

established, which allowed optimizing the controller parameters to increase the speed and



quality of the transient process and compensate for the accumulated error, especially

during long-term disturbances.

5. The generalized mathematical formulation of the control accuracy guarantee

problem as a solution of algebraic-differential equations with constraints

Publications. The main scientific results of the dissertation work were published in
5 scientific articles in professional publications included in the list of scientific
professional publications of Ukraine of category "B", in 5 abstracts of reports at
international scientific and technical conferences, 1 of which conference materials are

indexed in Scopus.

Keywords: automatic control system, guaranteed accuracy, invariance, adaptive
control, robustness, uncertain disturbances, stability, optimization, inverse dynamic
system model, dynamic system, nonlinear systems, stabilization, predictive control,
transient process, disturbance compensation, control algorithms, sensor systems,
unmanned aerial vehicles, gyro stabilization, aerospace technologies, motion control,
autonomous systems, high-precision positioning, orientation and navigation systems,
control law, regulator, optimal control, stabilization system, modeling, random

disturbances, stabilization error, mathematical model.
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HEPEJIK YMOBHUX CKOPOYEHb

AYX — aMITITyTHO—4aCTOTHA XapaKTePUCTUKA;

BACY — 6opToBa aBTOMaTH30BaHa CUCTEMa yIPaBIIHHS;
I'CH — romoBka caMOHaBE/ICHHS;

Y — in¢ppauepBoHuUii;

IYB — indpadyepBoHE BUITPOMIHIOBAHHS,

KAP — xomManzaa apeTyBaHHS;

KI1Y — xomaHa miJeBKa3aHHS;

JIA — nmiTanpHUM amapar;

MIIB — marpuiis npuitMada BUIPOMIHIOBaHHS;

OEII — onTuko—eIeKTpOHHUMN MPUIIAT;

OB — ocHOBHHUI1 BUPIO;

ADRC — akTuBHE KepyBaHHsI KOMIIEHCAIli€l0 30ypeHb
[MIJ-perynsitop — nponopuitHO—IHTErpaIbHO— T (EePEHIIIAIBHUN PETYIATOD;
CC — cucrema crabumsanii;

CCII — cuctema crabimizaiii Ta MOBOPOTY;

TCC — TemnosiziiiHa crabuIi3aliiiHa CHCTEMA;

OED — enTuko—eneKTpOHHUI OJIOK;

OC — onTHyHa cuUCTEMA;

®IIII — dpoTronpuiiManbHUI TPUCTPIN;

BE — 6710k eJ1eKTpOHHUM;

BOI ®IIII — 6510k 06poOku iHpopMariii GoTOnpUItMaIEHOTO MPUCTPOIO;
ADI — MeTon HaOIMKEHOT AMHAMIYHOI 1HBEPCIT;

TD — tpekiar-gudepeHIiaTop.
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BCTYII

AxktyanpHicTh TeMU. CHUCTEMH aBTOMATHYHOTO KEpPyBaHHS 3 TapaHTOBAHOIO
TOYHICTIO TPU HEBU3HAUEHUX 30ypEHHAX HAOyBarOTh el OUTBIIOr0 3HAYSHHS Y PI3HUX
rajgy3six, 30KpeMa B aBIOHIIl Ta KOCMIYHUX JIOCIHIDKEHHSX. YMOBM €KCIUTyaTallii
cydacHux JIA BUMararoTh BHCOKOI TOYHOCTI Ta HAIIWHOCTI mpu poOOTI B yMoOBax
HernependadyBaHux 30ypeHb, 10 MOXKYTh CYTTEBO BIUIMBATH Ha €(EKTUBHICTH CHCTEM

KEepYBaHHS.

Cepen 3aBaaHb, 5Kl BUPIITYIOThCS 3a onoMororo Takux CAK, MoxkHa BUALIUTH:
— 3a0€3MeYeHHs CTIMKOCTI Ta AKOCT1 MEPEX1THOTO MPOIIECY;

— KOMIIeHcaIlisl 30ypeHb PU 3MIHaX HaBKOJIMIIIHIX YMOB;

— TIIBUINEHHS TOYHOCTI KEPyBaHHS CHCTEM CTaOLII3aIlii ONTUYHOI BiCl TEIJIOBI3IMHMX

KaMep Ta IHIINX CEHCOPIB.

Huceprariiiina po6ota BukoHyBanacs B HallioHaJIbHOMY TEXHIYHOMY YHIBEPCHUTETI
Vkpainn «KuiBchbkuil mosiTexHIYHUM 1HCTUTYT iMeHi Iropst Cikopchkoro» Ta Ha
KazenHomy minmpueMCTBI CHEIIalbHOTO MpUiIao0ynyBaHHS «ApceHan» 1 MOoB’A3aHa 3

HAyKOBO—IOCJI1THOK POOOTOIO.

Mertoro aucepraiiiiHoi poOOTH € MiABUIIEHHS TOYHOCTI Ta €()eKTUBHOCTI CUCTEM
aBTOMaTUYHOTO KEpyBaHHS, aBilalliiHUX Ta KOCMIYHMX TEIUIOBI3IMHUX CHUCTEM
cTabimizamii Ta MOBOPOTY IIISXOM CHHTE3Y CHCTEMH aBTOMATHYHOTO KEpyBaHHS
rapaHTOBaHOT TOYHOCTI MPH HEBU3HAUCHUX 30YPEHHAX 3 BHUKOPUCTAHHSIM ITiIXOMY
oOepHeHO1 nuHaMIYHOiI Mojemi cuctemu. lle mepenbauae po3poOKy MeTomiB, SKi
3a0e3Mevyr0Th TOUHICTh Ta AKICTh mepexianoro nporecy CAK, a Takok BUSBICHHS HOBUX
MaTeMaTUYHUX CTPYKTYpP, IO MTO3BOJIIIOTH JOCSTTH BHCOKOI TOYHOCTI KEpyBaHHS B

YMOBax HEBHU3HAYEHOCTI.

16



MeTta gocsiraeTbcsi BUPillIeHHSIM TAKMX 32/1a4:

1. OOTrpyHTYBHHSI BUMOT' JI0 CHCTEMH KEpyBaHHS ONTHYHOIO BICCIO KamepH

3asie’kHo Bij TUMY JIA, yMOB ekciuTyaraiiii Ta XapakTepUCTHK CEHCOPa 300pakeHHs.

2. YTO4HEHHSI MaTeMaTUYHOI MOJEIl CUCTEMM KEepyBaHHS Ta crabimi3arii

ONTUYHOIO BICCIO KAMEPH, SIKa BPaXOBY€ TUHAMIKY HEBU3HAUE€HUX 30BHILIHIX 30ypEeHb.

3. Po3pobnenns anroputmiB KepyBaHHs, AKi 3a0€3Me4y0Th 1HBAPIaHTHICTD 10
HEBU3HAYEHUX 30BHIIIHIX BIUIMBIB, 30Kpe€Ma 3MiH KyTOBOI IIBHIKOCTI Ta 30ypHOIOYMX

MOMEHTIB.

4. JlocnmiKeHHsST METOIB ONTHMI3allli MmapamMeTpiB CHCTEMU KEpYBaHHSA, K1

3a0€31euy0Th TOUHICTh KepyBaHHS Ta cTabimi3alii A1 MiHIMi3allii BIUTUBY 30ypEHb.

5. [lepeBipka Tmpane3naTHOCTI 3alMpONOHOBAHUX QJITOPUTMIB 1 MOJENIEH
NUIIXOM YHUCEIIbHOTO MOJICIIOBAHHS HA OCHOBI XapaKTEPHCTHK IMU(PPOBOI Kamepw Ta

napaMeTpiB CUCTEMH CTab1mi3alil 1 KepyBaHHS.

O0’eKTOM [JOCTiIKEHHsI € TPOILIeC KEepyBaHHSA Ta cTadumi3amii ONTHUYHOI BiCl

KaMepH, sIKi BUKOPUCTOBYIOThCS B aBlallifHUX Ta KocMIuHUX JIA.

IIpeameToM a0CTiTKEHHSI € METOAM MiABUIIEHHS TOYHOCTI KEPyBaHHS ILJISIXOM

3a0e3MeueHHs IHBapIaHTHOCTI JI0 30ypEeHb Ta ONTUMI3ZAIIEI0 aTOPUTMY CTad1Ti3alrii.

Metoau npocaigxenHs. J[ns po3B’s3aHHS TOCTaBICHUX 3a7ad  3aCTOCOBAHO
MaTeMaTUYHe MOJICJIIOBAHHS JUHAMIKHA TipoCcTabiai30BaHOl MaThOpMHu Jis ONTHYHUX
CUCTEM, YHCENbHE MOJICTIOBAHHS AJITOPUTMIB KEpYBaHHS, aHAJII3 METOAIB cTalLIi3alli Ta

MepeBIPKyY Mpare31aTHOCTI PO3pOOIECHUX MOJIETICH 1 aITOPUTMIB.
HaykoBa HOBH3HA OTPMMAHMX Pe3yJbTATiB MOJSATA€ B HACTYIIHOMY:

1.Bepiie 3ampomoHoBaHO MeToA (OpMyBaHHS KOPUTYIOUOTO BIUIMBY IS
KOMIIEHCaIlll 30ypeHb, SIKU 0a3yeThCs Ha HAOMMIKEHHI 3MIHHOI CTaHy J0 JOMYCTUMOL
mexi. [lokazano, mo anroputMm 3a0e3ledye TapaHTOBAHY KOMIIGHCAI0 30ypeHb Ta

HEOOXIJIHY SIKICTb MEPEX1THOTO MPOIIECY.
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2. Bmepiie po3po0ieHo aaropuTM 3a0e3MEeUeHHs 1HBapiaHTHOCTI J0 30ypeHb
JIEMOHCTPYE BHCOKY €(EKTUBHICTH 3a PI3HMX YMOB, 3MEHIIYE MOXHUOKY cTadimizarii,
HiBUIILY€ TOYHICTh KEpYBaHHS Ta 30epirae cTablIbHICTh CUCTEMU B YMOBaX BUIAKOBUX

30ypeHb, Ha K1 HE HAKJIaJIat0ThCsI OOMEKEHHSI.

3. Bnepiie 3anpornoHOBaHO 3aCTOCYBAaHHS MiJIXOAy OOCpHEHOI AMHAMIYHOI MOl
CUCTEMH Ui CHUCTEM BHCOKOTO TOPSAKY sl 3a0e3meyeHHs] CTaOLIbHOCTI Ta SKOCTI
NEPEXIAHOTO TPOLECYy CHUCTEMU AaBTOMAaTHYHOIO KEpPyBaHHS, IO HE 3aJeXKHUTh BiJ
xapakTepy 30ypeHb, 3alpONOHOBAaHMU MiAXiJ HE HakiIagae oOMEXEHb Ha Xapakrep
30ypeHb OCKUIBKM HE TOTpedye IiX BHUMIPIOBAaHHS, IO JO3BOJISIE BUKOPHUCTOBYBATH

CHUCTEMY B YMOBaX 3MIHHHUX Ta Hemepen0auyBaHUX 30BHIIIHIX BIUIUBIB.

4. BcTaHOBNIEHUM BIUIMB KOXHOT 3 anreOpaiuHoi, nudepeHIiiaibHol Ta IHTErpabHOL
CKJIQJIOBUX PETYJIATOpA TapaHTyBaHHS TOYHOCTI HA IMHAMIKY CHCTEMH KEPYBAaHHSI, 110
JI03BOJIJIO ONITUMI3YBaTH MapaMeTpy PErysITopa JUIsl MiABULICHHS MIBUIKOAIT Ta SIKOCTI
MepexiHOTO MpOoIeCy 1 KOMIICHCAIllF0 HAKOMUYEHOT MOXMOKHU, OCOOJMBO TIiJI Yac

TPUBAJNX 30ypCHbD.

5. VY3arampHeHa MareMaTH4YHa TIOCTAHOBKA 3a/Ja4l TapaHTyBaHHS TOYHOCTI
KepyBaHHS SIK PO3B’SI3aHHS alreOpo—audepeHIliaJbHuX pPIBHAHb 3 OOMEKEHHSIMHU

IIpakTH4YHA HiHHICTH OTPUMAHMX PE3YJIbTATIB MOJIATA€ B HACTYIIHOMY:

l. Po3pob6neno ananiTuuH1 BUpas3u 1jist 3a0€3MeUeHHs IHBApIaHTHOCTI CUCTEMHU
KEepyBaHHS 70 HEBM3HAYeHUX 30ypeHb, SKI MOXYTh OyTH BHKOPHCTAaHI MiJl dYac

MIPOEKTYBAHHSA Ta TECTYBaHHS CHUCTEM KepyBaHHSA Ta cTablmi3allii.

2. Po3pobiieni mMeToau onTuMizallli KOMIIOHEHTIB aJITOPUTMY CHCTEMH
KepYBaHHS, 10 3a0€3Mevyl0Th ePEeKTUBHICTh POOOTH CHCTEMH Ha €Talll MPOEKTYBaHHS,

JTIO3BOJISIFOUM BPaXOBYBAaTH 30BHIIIHI 30ypeHHS Ta 0COOIMBOCTI 0OpaHOi CUCTEMHU.

3. Otpumani (GopMyau cTaldd OCHOBOIO MJIsl alTOPUTMIB KEpyBaHHSA Ta
crabimizamii, ski 3a0e3Me4yyloTh MIABUIICHHA SKOCTI KEpyBaHHA Ta KOMIIEHcAIlil

HEBU3HAYCHUX 30ypEHb y MOPIBHSAHHI 3 TPAAULIHHUMHU METOIaMHU.

18



4. VYnockoHaneHO MareMaTWuyHy MOJENb KepyBaHHsS ONTHUYHOKO BICCIO, IO
OTHUCYE MPOIIEC KepYBaHHS Ta cTabii3allii B yMoBaxX 3MiHHUX 30ypeHb, a TAKOK CTBOPEHO
nporpamMHe 3a0e3MeyeHHs, SKE JI03BOJISE TPOBOAWTH UYUCEIHHE MOJCITIOBAHHS

cTaluTi3alli Iy pi3HUX ClIeHapiiB eKCIUTyaTallii.

Pesynprat pocnipkeHHS OyJlM 1HTErpOBaHI y MPOrpaMHUNM MPOAYKT IS
MOJIETIOBaHHs cTal1Ii3allli, 1110 BUKOPUCTOBYETHCSA B CUCTEMaX MPOEKTYBAHHS Cy4YaCHUX

aBlalIHNUX 1 KOCMIYHUX TEIUIOBI3IMHUX CUCTEM.
Oco0ucTuii BHECOK 3100yBaya

OcCHOBHA YaCTUHA TEOPETUYHUX Ta EKCTIEPUMEHTAIBHUX JA0CIIKEHb, BACHOBKIB Ta
peKoMeH/Ialllii BUKOHaHa aBTOPOM CaMOCTIHO. B 0oCHOBHUX poOoTax, onmyOIiKOBaHUX Y
CHIBaBTOPCTBI, aBTOPY HAJIEKUTh HAcTymHe: Po3po0iaeHO METONMKY 1 ajaropuTMm, SKi
3a0€3MeuyoTh 1HBApIaHTHICTh CHUCTEMH KEpyBaHHS 10 30ypeHb Ta J03BOJISIOTH
MBUIUTH TOYHICTH cTabimi3amii ontuyHoi Bici kamepu [139]. Po3pobieno ¢izuko—
MaTeMaTHYHY MOJAEIb 75 OLIHKHA €()eKTUBHOCTI aITOPUTMIB aBTOMATUYHOTO KePyBaHHS
3 ypaxXyBaHHSM BIUIMBY JIMHAMIKH 30BHIIIHIX 30ypeHs [140]. 3anpomnoHOBaHO airopuTm
allalITABHOTO KEpyBaHHS, KU BPaxOBY€ 3MIHHI YMOBM €KCIUTyaTallii Ta 3abe3meuye
Y3TOJDKEHHS MapaMeTpiB CUCTeMHM JJis MOKpaiieHHs i poootu [141-142]. IlpoeaeHo
aHaJi3 BIUIMBY MapameTpiB 30ypeHb Ha TOYHICTH cTadimizamii Ta oOrpyHTOBaHO BUOIp

ONTHMAaJIbHUX MApaAMETPIB aITOPUTMY.
Anpobaunis pe3yabrartiB AucepTaunii

OCHOBHI pe3y/lbTaTd AUCEPTAIIMHOTO JOCHIIKEHHS OOroBOpIOBaIMCA Ha 5

HAYKOBO—TEXHIYHUX KOH(PEPEHIIISIX:

- T'iporexHosnorii, HaBirailis 1 KepyBaHHs pyxoMuMHu 00'ektamu — 2022: Marepiaau
HAyKOBO—TIPAKTUYHOI KOH(EpeHIi CcTyAeHTiB Ta Mojoaux BueHux (15 uepBHs 2022
poky)/ KIII im. Irops Cikopcekoro, IAT, CKIJIA. - Kuis, 2022. -
https://ela.kpi.ua/handle/123456789/50643

- T'iporexHonorii, HaBiramis 1 KepyBaHHS pyxoMumu oO0'ekramu — 2022(2) :

MaTepiaju HayKOBO—TIPAKTUYHOT KOH(EPEHIli CTYyACHTIB Ta MOJIOAUX BUeHUX (9 rpyaHs
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2022 poxky) / KIII im. Iropss Cikopcwkoro, IAT, CKJIA. — Kwuis, 2022. — C. 13-14.
https://ela.kpi.ua/handle/123456789/55969

- TiporexHosnorii, HaBiramis 1 KepyBaHHs pyxomumu oO'ektamu — IV : marepianu
HAyKOBO—TEXHIYHOT KOH(PEPEHIlii CTyAeHTIB Ta MOJIoAUX BUeHUX (4—5 ciuns 2024 p.). —
Kwuis, 2024. — C. 3—6. https://ela.kpi.ua/handle/123456789/63830

- 2024 IEEE 7th International Conference on Actual Problems of Unmanned Aerial
Vehicles Development (APUAVD). Proceeding. October 22-24, 2024, Kyiv, Ukraine. Pp.
120-123. Catalog Number: CFP2429V-USB. ISBN: 979-8-3315-3413—4 (Scopus).
https://apuavd.ieee.org.ua/64488 cfp2429v—usb/

- 27 mixuHaponHa koHpepeHiiis «Apromatuka 2024».— JKosrenb 024. —[Himpo.

[TyGnikamii. [lo marepianam nucepraumii omyOnikoBano 10 mpais, B TOMy 4yucii 5

cTareii B (paxoBUX HAYKOBUX BHUJIAHHSAX, 5 T€3 IOMOBIAeH HA KOH(EPEHIIIsX.
CrpykTtypa Ta 00’°€M aucepramii

Jluceprartiisi CKIaAaeThCs 31 BCTYIY, 4 pO3/iTiB, BUCHOBKIB, CIIUCKY BUKOPUCTAHOI
JiTeparypu 1 Jokepen ta 6 nonarkis. [ToBHUI o6csr nuceprartii 194 ctopiHoK, 3 00csarom
noBHOTO TekeTy 163 cropinku. Juceprariist MictuTh 106 pUCyHKIB CHMCOK BUKOPUCTAHO1

miteparypu 142 HaiimeHnyBaHHS Ha 15 cTopiHKax, 1 6 10AaTKiB Ha 16 CTOpIHKaX.
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PO3JILT 1
AHAJII3 CYYACHUX AJITOPUTMIB CUCTEM KEPYBAHHS

MeToro maHOTO pO3MITy € BH3HAYEHHS METOJIB TIABUINCHHS TOYHOCTI Ta
3a0€3MeUeHHs 1HBapiaHTHOCTI CUCTEM KEepyBaHHS Ta CTal1I13a1lli ONTUYHOI BiCl KaMepH,
SIK1 3aCTOCOBYIOTHCS JUIsI KIITACUYHUX MOJIETIEH, Ta aHaJli3 Cy9aCHUX BUMOT JIJIsI PO3POOKHU
BJIOCKOHAJICHOI MOJIEN CHCTEMH, siKa O X BpaxoByBaJIa.

OCHOBHMMHU 3a/1a4aMH JaHOTO PO3ALIY €:

1. Ornsi cy4acHUX aJiTOPUTMIB CUCTEM KepyBaHHS.
2. [Ipu3HaueHHs Ta 00JaCTh 3aCTOCYBAaHHS CUCTEMHU KEpyBaHHS.
3. BuOip rosoBHHX BHUMOTI, SIKI CTaBUThCA JIO0 CHUCTEMH KEpyBaHHS, s

noajbioi Moaudikanii 1 MOKpameHHs KJIaCHYHOT CHCTEMHU.

4. AHaJi3 OCHOBHHUX IapaMeTPIB 1 XapaKTEPUCTUK 32 SIKUMU OI[IHIOIOTh SKICTh
CUCTEMH.
5. ®dopmyioBaHHA OCHOBHOI 3ajadi JucepTaliiHoi poOOTH Ha OCHOBI

MIPOBEICHOTO aHaJI3y.

1.1 Orsig cy4acHUX aJIrOpUTMIB KepyBaHHs Ta 3a0e3ne4YeHHs1 He00XiTHOI TOYHOCTI

CAK

Y 1mpoMy miApo3AUTl PO3MIAAAIOTBCS CyYacHI alrOpUTMU KEpyBaHHS, SKI
3a0e3MmeuyIoTh HEOOX1JHY TOUHICTh cucTeM aBToMatndHOoTo kKepyBanHs (CAK). OcobnmBa
yBara NpuaiIsETbC METOaM, 110 103BOJISIOTH KOMIIEHCYBAaTH HEBU3HAYCHI 30ypeHHs Ta
3a0e3MeunT aJanTUBHICTh cHcTeMU. [IpoaHani3oBaHi OCHOBHI MIJIXOMW, Takl fK
oOepHeHa AMHAMIYHA MOJIEJIb CHCTEMHU, aIalTUBHE KepyBaHHS, poOacTHE KepyBaHHS Ta
BUKOPHCTaHHS aKTMBHOT KOMIIeHcalii 30ypeHb. Omis BKIIOYA€E K TCOPETUYHI acleKTH,
TaK 1 MPaKTUYHI peaiizalli X adropuTMIB Yy aBlalliiHUX, KOCMIYHUX Ta I1HIIHUX

TEXHIYHHX CUCTEMaX.
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1.1.1 IndpoBe KepyBaHHS KJIACOM KOMYTOBAHMX HEJiHIHHUX CHCTEM

31 MBUIKUM PO3BUTKOM TE€XHOJIOT1H IUGPOBI CUCTEMHU KEpyBaHHs Ta cTabimi3arii
CTalOTh BCE OUIBLI MOTPIOHMM Ha MPAKTULI 4Yepe3 iX THYUYKICTh Ta e()EeKTHBHICTDH
yTPUMaHHS TOJIOKEHHS MTOCTIMHUM MPOTATOM IEpiory poOOTH, ajie BHOCHTH MMOXUOKU Y
CUCTEMH, 1110 YCKJIAIHIOE THHAMIYHY MOBEIIHKY CUCTEM 1 YCKIIQIHIOE aHATI3 1 CTBOPEHHS
CUCTEMH.

OnuH 3 cydyacHUX METOJIB — Iu(dpoBe KepyBaHHS puc. 1.1 oTpumye Bce OUIBIINY
yBary B 001acTi KepyBaHHS, HANpUKIAaa 1 cucTeM JiTaka [1], cucrem
0aratoPyHKIIOHAJIBHUX POOOTIB [2] 1 CHCTEM MiJBOJHOTO TPaHCIOPTY [3].

OctanHiMHU pokaMu 0yJ10 Ony0JIIKOBAHO ACSKI pe3yJIbTaTH IU(POBOTO KEPYBaAHHS
HenHIHHUX cucteM [4]. ['mobanbHa mpakTUdHa mpobiemMa mu@poBOro KepyBaHHS 13
3BOPOTHUM 3B’SI3KOM Oyia JociijkeHa B [S] I HeBU3HAUCHUX HEMHIMHHUX CHCTEM,

BUX1IHI PyHKLIT AKX HE OyJIM TOUYHO BIAOMI.

e(kT ((kT) u(t)

Digital y(t)
8 | Data hold | Plant
controller

—>O——=| Sampler

Pucynok 1.1 — Ctpykrypa cucremu udppoBOro KEpyBaHHs

PesynpTaTn cucremm crabumizanii cTBopeHi Ha 0a3i 1U(poBOro KepyBaHHS
BEPXHBOTPUKYTHUX HEMHIMHUX cHCTeM Oynau omucaHi B [6], me Aeski TOJaTKOBI
¢dakTopu, Taki AK 3aTpMMKa Nepeaadi Ta 3aTpUMKa BBEICHHS, OyJU pO3risHYTI B [7]
BIIMOBIAHO. ba3yrounch Ha TEXHIIl JOMIHYBaHHS BUXIAHOTO 3BOPOTHOTO 3B’SI3KY Ta
X011 emyJsiinii, y [8] OyB 3amporoHOBaHU KOHTPOJIEP BUX1THOTO 3BOPOTHOTO 3B’ SI3KY
UGpPOBOro KEepyBaHHS I KJIacy CTOXACTHYHUX HIKHBOTPUKYTHUX HENIHIMHUX
cucteM. Meton M(poBOro KepyBaHHs OyB MPENCTAaBICHUM SK JIHIMHUNA KOHTPOJIEP
3BOPOTHOTO 3B’s3Ky OyB moOymOBaHWM MJi1 HaIIBIJI00anbHOT cTalumizamii Kiacy
HEBU3HAUYCHMX CHCTEM SK 3 HEJIIHIWHICTIO BHIIOTO TMOPSJAKY, TaK 1 3 JIHIAHUM
3pocTaHHsAM. 3roA0M y [9] OyB cTBOpeHUil NiHINHMI KOHTpOJIep HU(PPOBOTO KepyBaHH:

JUIs TI00abHOT cTabumizanii Kiacy HeMiHIMHUX cucTteM. BiamoBimHO 10 TyI00aibHOT
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ymoBu Jlinmuiia, sika HaKJIaJae Ik Ha HYJbOBY JAMHAMIKY, TaK 1 Ha KEpyIOul CUCTEMH,
npobiema crabumizamii  Oyna JocCiikKeHa [JIs8  KJacy HeJNIHIMHUX CHCTEM 3
HEMIHIMAJIBHOIO (a30io.

HoBuit cnoctepirau mjs cucteM Ha 6a3i nU(PPOBOTO KEepyBaHHS, SKUH MaB
CrieliaibHy CTPYKTYpPy TPSIMOTO PO3MOBCIO/KEHHS, OyB crtBopenuid y [10] nmms
BUpIIIEHHS TpobsieMu cTalimi3alii Kjaacy HEeNlHIMHUX CHCTEM 3 HEKOHTPOJIbOBAHOIO Ta
HECIIOCTEePEKyBaHOK JiiHeapu3alicro. KoHCTpyKilisl croctepiraya Jjis CUCTeM Ha 0asi
(G pPOBOro KEPyBaHHA I HEMIHIMHUX CHCTEM 13 3aTPUMKOIO, 110 3MIHIOETHCS B 4aci.
[Ipobnema aganTUBHOTrO HUPPOBOrO KEPyBaHHS 0OroBoproBainacs B [11], ne koHTposep
BUOIPKOBUX JaHUX OYB OTpPUMAaHUH IUISIXOM JTUCKpETU3allli KOHTpojepa O0e3repepBHOro
yacy 3 npsimoro meroay Eiinepa. ¥V po6oti Oyno po3riasiHyTo HE4iTKe KepyBaHHS TS
HEJIIHIMHUX CHUCTEM Yy CTPOTIM CTPYKTypl 3BOPOTHOIO 3B’SI3KY 31 30ypeHHSIMHU Ta
BUITAIKOBUMHU BIJICYTHIMH BX1THUMH TaHUMH.

VYHipikoBaHa OCHOBa [UIsl MPOEKTYBAaHHS CTAaOLII3yl04Oro KOHTpoJiepa IS
mudepeHiaIbHuX BKIIOYEHb HU(POBOTO KEpPYBaHHS 4epe3 MOro HaOMMKEHY MOJEIb

JTUCKPETHOTO yacy Oyina mpenacrasieHa B [12].

KomyTtoBani cucremn

B ocraHH1 JECATUIITTS KOMYTOBAaHI CUCTEMH TaKOX LIMPOKO JOCIIKYBAIHCS,
OCKIJTBKM BEJIMKA KUIBKICTh TMPAKTUYHUX CUCTEM, TAKMX SIK CHCTEMH PE3EPBYapHOTO
peaktopa 3 mepeminryBaHHsAM [13] 1 OJHOJIAHKOBI CHCTEMH MAaHIMyJISATOpPA, MOXKHA
omnucaTH K KOMyToBaH1 cucteMu. KomyToBaHa cucrtema, sika CKIAJA€ThCs 3 KIHIEBOT
KUTBKOCTI MIJCUCTEM 1 JIOTIYHOTO TMpaBWia, SIKE Kepye MEPEeMHUKAHHSIM MDK IUMHU
M1JICUCTEMAMU, € BAXJIUBUM KJIACOM TMOPUIHUX CUCTEM Mpe/CcTaBieHa Ha puc. 1.2.

Mave Hlay Commutation
Pl Equ (18) :M(» A Logic PWM 45} -
) T ]
2! L..‘\."'_ - ;\_”_.' - Trigger A

« A+
! Carrier

PI

Generator

Reset

- Speed ZCD-based
@, Calculation Sensorless Method

Pucynok 1.2 — CTpyKkTypa CUCTEMU KEpyBaHHS KOMYTOBAaHOTO THITY
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OcTaHHIM YacoM BEJIMKHUI 1HTEPEC HAYKOBO1 CIIJIbHOTH BUKJIMKAIO JTOCHIIXKEHHS
NEePEMUKAHUX HENIHIMHUX CHUCTEM MpPHU JOBUIBHUX MEPEMHUKAHHSX HA OCHOBI METOIY
3aranbHO1 QyHKI1 JIamyHoBa [14].

AJlaniTUBHE TPEKIHIOBE KEPYyBaHHS /11 KOMyTOBAaHUX HEIIHIMHUX CUCTEM Y (popMi
HECTPOTOTO 3BOPOTHOTO 3B’S3KY pO3IIsimanocs: BianmoBigHo B [15]. MeTton kepyBaHHS
BIJICTe)KEHHSIM BHUIXIIHOTO 3BOPOTHOTO 3B’S3Ky 13 3aJaHOI0 MPOTYyKTUBHICTIO
KOMYTOBAaHHUX HEJIIHIMHUX CUCTEM 13 3BOPOTHUM 3B’SI3KOM OYyB 3alpornoHOBaHUU y [16],
nepeBara METOJy TOJSTaE B TOMY, IO HE MOTPIOHO 3HATH KOEQIIIEHTH MIICUICHHS
BIPTYyaJIbHOTO KEPYyBaHHSA JaHUX HEJIHIMHUX CUCTEM 13 HECTPOTUM 3BOPOTHUM 3B’ SA3KOM.

[Ipobnema crabumizamii s KjJacy KOMYTOBAaHMX HENIHIMHUX CHCTEM 13
3aTPUMKOI0 4Yacy 3 KBAHTOBAaHMM BXIJIHUM cHUrHaioM Oyna pocmimxeHa B [17], a
npobsiema rio0anbHOi cradumizamii Oyla po3mIsiHyTa i Kiacy KOMYTOBaHHMX
CTOXAaCTUYHUX HEMHINHUX CUCTEM. AJaNTHBHE TPEKIHTOBE KEPYBaHHSI OYJI0 TOCIIKEHO
JUIsT KOMyTOBaHMX CTOXACTUYHHMX HETIHIWHUX CHUCTEM 3 HEBIJOMOIO MEPTBOIO 30HOIO
PUBOJLY.

Hogi pesynbpTat moao crabimizaiii 3a KiHIEBU dac Oynu mipeactasieHi B [18]
JUISL KJacy MEepEeMUKaHUX HENHIMHUX CHCTEM, MIJICUCTEMH SIKHX MAaloTh JIAHIIOTOBI
IHTErpaToOpH 31 CTENEHSMHU MO3UTUBHUX HEMAapHUX pauioHaIbHUX uncesn. Crabimizaiis
po3rIIsIanacs Il CTOXaCTUYHUX HEJIHIHHUX CUCTEM 13 IEpEMUKAHHSIM 3a KIHI[EBHI Yac.

Tum ©He w™eHm, yci pesyapratd [19-20] cTocyBanmcs 3adadi  KepyBaHHS
KOMYTalliiHUMU HEJIHIHHUMU CUCTEMaMH NP TOBUIBHUX MEPEMUKAHHAX. Y pealbHUX
omepaliisax 6araTo KOMyTOBaHMX HETIHIMHUX CHCTEMaM HE BJA€ThCS 30€perTu CTIMKICTh
3a BUIAJIKOBUX CUTHAJIIB NMEPEMUKAHHS, ajleé BOHU MOXYTh OyTH CTIMKMMH 3a JESKHUX
BU3HAYCHUX CHUTHAJIAX IMEpEeMUKaHHSI. TOMYy TEOpEeTHYHE 1 MPAKTUYHE 3HAYCHHS Mae
JOCII/DKEHHSI CTIMKOCTI KOMYTOBaHUX HEMIHIMHMX CHCTEM 13 CEpeIHIM 4YacoMm
nepeOyBaHHS.

[IpobnemMu aganTUBHOTO HEYITKOTO BIACTEKEHHS Ta CTaOLIi3alii KOMyTOBaHHUX
HEeJIHIMHUX cucTeM Oyyiu BupimieHi B [21] Ta [22]. AZanTUBHMI peryysiTOp BUX1IHOTO

3BOPOTHOTO 3B 3Ky Ha OCHOBI HEUITKOTO 3BOPOTHOTO 3B’A3Ky OyB moOyaoBaHuii B [23]
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JUISL KJIaCy HEBU3HAYEHHX KOMYTOBAHMX HENIHIMHHUX CTOXACTMYHUX CUCTEM Y (opMmi
HUKHBOTO TPUKYTHHKA.

Hogsa cxema kepyBaHHs Ha 0a3i HEMPOHHOTO BIJCTEKEHHS OyJia 3alpoIOHOBAHA B
[24], nme w™eToauMKa ISl JOCIHIJPKYBaHOI MpoOsemMu Oylia BCTAHOBJICHA MIISAXOM
BUKOPHCTAHHS METOJy CEPEIHBOTO Yacy nepeOyBaHHs.

Bapro 3a3nauntn, mo pesynbrata B [25] mepenbadand, MO NMEPEMUKAHHS MIXK
KOHTPOJIEPOM 1 CHUCTEMOIO OyJio CHHXpOHHMM. OpHak Juisi 0araThOX peaJbHUX
MIPOMHCIIOBUX CHUCTEM TaKe MPHUITYIICHHS € JOCHTh HETPAKTUYHHUM, OCKUIBKH KOJHU
B1I0YBa€ThCSl MEPEMUKAHHS, 1ACHTU(DIKAIS aKTUBHOI MIJICUCTEMHU IS MEePEMUKAHHS
KOHTpOJIEpa 3 MOTOYHOTO HA BIJIMOBIIHUNA MOXE 3alHATH ACSKUN Yac, 0 O3HAYaE, 1110
aKTUBHA TiJcUCTeMa MOXe OyTH aCHHXPOHHOIO 3 ii y3ro/UKeHHM KOHTposepoMm. Jlis
bOT0 B JEAKIA ICHYIOUIA JITepaTrypl poO3MISAANOCS AaCHHXPOHHE IEePEeMUKAHHS
KOMYTOBaHUX HEJIHIHUX CUCTEM.

3amavyy aJanTUBHOTO HEUITKOTO TPEKIHTOBOTO KEpyBaHHS AOCTIIKEHO B [26] st
KJIaCy KOMYTOBaHMX HEJIIHIMHMX CUCTEM IPHU aCUHHXPOHHIN KomyTallli. BaxxivBi yMoBH
CTIAKOCTI IBOX KJIACIB KOMYTOBAHMX HEJIIHIMHUX CHCTEM 13 3MIHHUMH B 4acl 3aTPUMKaMU
Opy acUHXpPOHHIN komyTalii. He3Bakaroum Ha Te, 110 aCUHXPOHHOMY YIPaBIiHHIO
KOMYTOBaHUMU HEJIIHIMHUMH CUCTEMaMU MPUAUICHO 3HAYHY yBary, € Majio poOIT 1010
ctabumizamii Jj1si KOMyTOBaHMX HEJIHIMHUX CUCTEM MPU aCHHXPOHHIM KOMyTaIlii.

B aHnamizi criiikocTi 00’ €qHYIOUNN BIPTyalbHUN CUTHAJ TIEPEMUKAHHS BBOJIUTHCS
JUTSI ONTUCY aCHHXPOHHOTO MEPEMUKAHHS, 1 BUBOJIUTHCS YMOBA OOMEXEHHS CEPEIHBOTO
4yacy BUTPUMKH. 3a TaKOro 0OMEKEHHS JTIOBEJEHO, 110 MMOO0YI0BAaHUN KOHTPOJIEP MOXKE

1J100aJIbHO CTa01113yBaTH PO3TIISIHYTI CUCTEMU MPU ACUHXPOHHINA KOMYTaIlii.

1.1.2 PoGacTHMii BHUXIZHHH KOHTPOJIb BIICTeKEHHS HEBM3HAYCHUX HEJiHIMHMX

CHUCTEM i3 rApAHTOBAHUMM MeKaMM MOMMJIKM BiICTEKEHHS

[HIIIMM HanpsIMOM POOOTH € HEMHINHI CUCTEMH, SIK1 Ay’KE MOIIUPEH] B MPAKTUYHIH
IHKeHepli, Takli SK XIMIYHHH peakTop, CHUCTeMa MAarHiTHOI JieBitauii, poOOoT—
MaHIMyJIATOP, TIIEP3BYKOBUH JiTadbHUM anapaT. OCHOBHOI OCOOJIMBICTIO HEIHIMHUX

CHUCTEM € Te, 110 KePYyI0Ul BXO/IU MPEICTaBIICH] B HEMHIHHIN (HopMi.
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OcHOBHA CKJIAJHICTh MPOEKTYBAHHS KOHTPOJIEpa AJI HEJIHIMHUX CUCTEM IOJISTae
B 3HAaXO/DKEHHI SIBHOI 1HBEPCil HENMHINHUX (PYHKIIIM, HABITh SIKIIO MU MOXKEMO JIOBECTH
ICHYBaHHSI 1HBEpCIi 32 TEOPEMOIO HESIBHOI (DYHKIII].

Ha nanuii MOMEHT 1ICHY€ TpY OCHOBHI CX€MH KEPYBaHHS JJIsl pOOOTH 3 HEIHIHHUM
CUCTEMaMH:

1) Tpancdopmarisi: HeTmiHIAHY CHCTEMYy MOXXHA NEPETBOPUTH HA JIIHIWHY 3a
JIOTIOMOT'010 KIJTbKOX METOJIIB, TAKUX SIK po3KJagaHHs B psij Teisopa [27] , Teopema mpo
cepenHe 3HaueHHs [28] 1 TeopeMa mpo HesiBHY (yHKuUio [29]. [HmuKi Metox mossrae y
BBEJICHHI HOBOT'O BIpTYyaJbHOTO KEPYBAHHS Ta PO3IJISi/Il BUX1THOT'O KEPYIOUOTO BXOY SIK
posmpenoi 3MmiHHO1 ctany [30]. Takuii mMeToa NMepeTBOPEHHs 301bIIy€E BiAHOCHUMN
CTYMiHb CUCTEMH Ta MOXK€ BUKJIMKATU CUHTYJISIPHOCTI.

PoGacTtHuii perynsiTop Ha OCHOBI HEBH3HAUCHOCTI Ta OIIHKU 30ypeHb IS
HEJTIHIHHUX CHUCTEM, 3ampomoHoBaHuii y [31], mo cCyTi, HaJICKHUTh N0 METOMY
pO3KJIaaHHsA B psaa Tennopa 3 CWIBHUM NPUILYIIEHHSAM IIPO CTPYKTYPY CHCTEMH, UOTO

CTPYKTypa HaBelleHa Ha puc. 1.3.

Z(t)

M Uncertain p——»
Nonlinear

x(t

ZOHﬂ» System L»Sampler

u(kT) Robust Adaptive x(kT)
Digital Controller [

Pucynox 1.3 — CTpykTypa cucteMu KepyBaHHS 3 pOOACTHIM BUX1THAM

KOHTPOJIEM BIJICTE)KCHHSI HEBU3HAUYCHHUX HEJIIHIMHUX CUCTEM

[{i iHTYiTUBHI METOJM TOKJIAIAI0THCSI HA XOPOII MOTNEePe/IHI 3HAHHS HETHINHIX
CHUCTEM 1 MOXKYTb MPU3BECTH J0 HU3BKOI MPOTYKTUBHOCTI CHCTEMH HABITh 10 HECTIHKOCTI
3a HAsIBHOCTI BEJIMKMX HEBU3HAUCHOCTEH cuctemu. L{ei HelomiK IHTYiTUBHO BUSIBIISIETHCS
B KOHTPOJIi MO37I0BXKHBOTO MEPeBaHTAKEHHS BUHUITyBada F—16, ne 3aMKHyTa cuctema,
3aCHOBaHAa Ha METOJI TpaHcdopMallii, cTa€ HECTIHKOI uepe3 3MIHHE CEpPEIOBHIIEC

MOJbOTY.
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2) Anpoxkcumarlisi: HEMpOHHI Mepeki a00 METOJM Ha OCHOBI HEYITKOI CXEeMH
3aCTOCOBYIOTBCS SIK «OOCpHEHUU omepaTop» HEMHIMHMX (PYHKIIN 1711 HaOJMKEHHS
17IealIbHOTO Kepyrouoro Bxoay [32].

OcHOBHa ifies oJIsIiTae B TOMY, III0 CTBOPEHUI KOHTPOJIEP MPAIIOE K EMYJISATOP
1HBEPCHOI CHCTEMH, a OTIOPHUI CUTHAJ 10 KOHTposiepa OyJie TeHEpyBaTH KEPYIOUUI BX1]
JI0 CUCTEMH, SIKUH, Y CBOIO YePTy, KEPYE CUCTEMHUM BHXOJOM JI0 OTIOPHOTO CUTHAITY.

[li ™eromu ampokcWMaIii 3a3BHYaili TEOPETUYHO TAPAHTYIOTh XOPOIILY
IPOAYKTUBHICTh yci€i cuctemu. OmHAK BOHM MOXYTh CIOPUYUHUTH MPOOIEMY
CUHTYJSIDHOCTI ~ KOHTpoJiepa  Ta  3aBXKIU  CYIPOBO/KYBAaTHCS  BEIMKUMHU
00YHCITIOBAIBHUMY HaBAaHTAKCHHSMH, 1110 € HEIPUWUHITHUM y TIPAKTUYHIN peamizartii.

3) Merox HaOMWKEHOI IWHAMIYHOI 1HBEpCii BIEpIle 3ampONOHOBAHO IS
HeNMHIMHMX cucteM [33], y sAKoMy MIBHAKAa JIWHAMI4Ha CUCTEMa OyAYye€TbCs s
OTpUMAaHHS 1/1€a’bHOI JMHAMIYHOI 1HBEpCii HENMIHIMHOTO pIBHSAHHSA. A CTIMKICTh
3aMKHYTOI CHCTEMH TapaHTY€EThCS CUHTYJIIPHOIO TEOPI€I0 30yPEHb.

B octanHi poku mpoBOAATHCS aKTUBHI JOCIII)KEHHS MeTOAiB Ha ocHOB1 ADI [34].
Posmmpenntii cnocrepirad puc.1.4 3 Bucokum koedirieHToM nocwieHHs 1 anroputm ADI
MOETHYIOTHCS 111 AOCATHEHHS BiAHOBICHHS TPOAYKTUBHOCTI BUXIIHOTO 3BOPOTHOTO

3B’sI3Ky HEBU3HAYCHUX HEJIIHIMHUX CUCTEM 3a HABHOCTI HeBU3HAYEHOCTEH [35].

Perturbed plant

Robust Control Scheme

WA
/ Ho Fpc \ 1
17 1 l|f.“".l'c /-\\I|
_—O_H C(ey,0) ; Y — ¢a | P )]
+ ¥ I I L J| k J \,
|
_ | ! o——
| —— === O
gl | T_tq . sensor B
\ L _) e :/ ensor
Sensor A

Pucynox 1.4 — ®@yHKIliOHalIbHA CXEMa CUCTEMU KepyBaHHs 3 poOaCTHUM

o — — — —

BUX1JIHUM KOHTPOJIEM BIJICTC)KCHHSI HEBU3HAUCHHUX HEJIIHIMHUX CUCTEM
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HacuueHHsi BXOAy BUKOPUCTOBYETHCS ISl OOMEXKEHHS aMIUTITYAW PEeryisaropa,
1100 3pooutu meroa ADI Ginbi 3actocoBHuM [36]. MeTton ADI HeckitanHo peanizyBatu
Ha mpaktuni. OgHe, Mo Cif 3ayBakuTtu, e Te, mo meroa ADI 3a3Budyail cTBOpIOE
3aMKHYTY CHUCTEMY 3 0araro4acoBOIO CTPYKTYpOIO, 1 /uisi BUOOPY MapameTpiB METOAY
ADI 3a3Buuaii noTpibeH JOCBiA 1 eMIIIpUYHE HAJIAIITYBaHHS.

HemomaBHo 3ampomnoHoBaHO HOBUH MeToj HempsMoi auHamigHoi iHBepcii (IDI)
JUTSl IOCATHEHHS BIIHOBJICHHS MPOAYKTUBHOCTI HEBU3HAUEHUX HENMIHIMHUX cucteM [37],
y SKUX MOTPIOHO MEHIIE 3HAHb MPO MOYaTKOBY cuctemy. Tum He menmn, meton IDI
NOTpeOye MOYaTKOBUX CTAHIB CUCTEMHU, SIK1 MOXKYTh OYTU HEIOCTYITHUMH, 1 TUTBKH KOJIH
OTMOPHUM CUTHAJI MIPSMYE JI0 HYJIsI, MOKHA JOCSTTH TOYHOT'O BIJACTEKEHHS BUXOTY.

OcnoBui npunnunu MmetoniB ADI ta IDI onnakoBi, ToOTO MeTon rpaaieHTa
HproToHa, a BiIpi3HAIOTHCSI BOHM METOIaMH peaizaliii. Hemae cymHIBY, 1110 AesiKi CTiiKi
METOJM KOHTPOJIO, Takl siK [38-44], moBuHHI OyTH BKIJIIOYEHI, ajie¢ HE 4Yepe3 00JacTb
3aCTOCYBAHHS HEMIHIMHUX CHCTEM 1 0OMEXEHHS 4acy poOOTH.

Hes3Bakarouu Ha 3rajaHi Buile poO0OTH, esIKl Mpo0IeMu KepyBaHHS HeaiHHUMHU
CHUCTEMaMH BC€ I1I€ 3JIMIIAI0THCS BIAKPUTUMH. OIHI€I0 3 BAXKIUBHX 1 CKJIaJHUX MPOOJIeM
€: SIK pO3pOoOUTH HaAIMHI Ta TOYHI KOHTPOJEPHU BIACTEKEHHS BUXOAY JJISI HEJHIMHUX
CHCTEM 3a HasIBHOCTI HEY3TO/PKEHUX HEBU3HAUEHOCTEH.

Jist  JOCSTHEHHS — 3aJaHol  MPOAYKTHBHOCTI  TMOMUWJIKK  BIJACTE)KCHHS
NEPETBOPIOIOTECA HA HOBI 3a JIOMOMOIOK TakK 3BaHOI (YHKIT MPOTYKTUBHOCTI.
Octannimu pokamu Metos, RPPC [45-50] mmpoko BHKOPUCTOBYETHCS B PI3HUX
00J1acTsIX, TaKWX SIK KOHTPOJIb Opi€HTalii KocMmiuHuX JIA, poOOTH—MaHIyIsSTOPH,
NepiIoANYHUN KOHTPOJIb BIIMOBOCTIHKOCTI MPUBOTY, MABOAHI anapaTH, MaJIoOMacIITaOHi
0€3MUIOTHI BEPTOJIBOTH.

HoBuil HaniiiHUl KOHTpOJEpP BIACTEKEHHS BUXOAY JJIA KJAacy HEBHU3HAYCHUX
HENHIMHUX cucTeM y (OpMi >KOPCTKOTO 3BOPOTHOTO 3B’SI3KY 3 HEY3TOJKEHUMH
HEBU3HAYCHOCTSAMH, 1110 TapaHTyE MeEXl TMOXHOOK BIJCTEKEHHS TMEPEeXigHUX 1
CTalllOHApPHUX CTaHIB. 3a M AKUX MPUNYIICHb AuPeoMopdi3M BUKOPUCTOBYETHCS IJIS

NEPETBOPEHHA HENIHIMHOI CHUCTEMH 31 JKOPCTKUM 3BOPOTHUM 3B SI3KOM 13
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HEY3rOJKEHUMH HEBU3HAYEHOCTSMM B HENIHIMHY CHUCTEMY JliHeapu3allii 3BOPOTHOTO
3B A3KY .

[TotiM, mo0 mEpexkoHATHCS, IO TOMIJIKA BIJACTEXKCHHS 3alMIIAETHCS Ha
NonepeHbO BU3HAYEHOMY 3HaueHH1, i nepetBopeHoi FLNS, neperBopeHHsI nOMMIKU
Ta TEXHIKa TOBEPXHI KOB3aHHS MOEAHYIOTHCS, 00 MEPETBOPUTH MPOOIEMY 0OMEKEHOTO
BIJICTE)KEHHSI CHCTEMH BUCOKOTO MOPSIIKY B 3a/1a4y HEOOMEKeHO1 cTabini3alii nepioro
— CUCTEMAa 3aMOBJICHHS.

Hacnuena cxema ADI ta crioctepirau posmmupenoro ctany (ESO) moennyoTbes
JUIS TIOCSITHEHHST cTa0ii3allii mepeTBOPEHOT HEMHINHOT CUCTEMH IEPIIOTO MOPSAKY.
Teopiss CHHTYJIApHUX 30ypeHb BHUKOPUCTOBYETHCS JUIsI aHali3y CTIMKOCTI Ta
e(pEKTUBHOCTI BIICTEKEHHS 3aMKHYTOI CUCTEMH.

VY mnopiBHSHHI 3 JOCHII)KYBaHUMHM HEBU3HAYEHUMH CHUCTEMaMH B TOMNEPEAHIX
nocmimxeHHsx [51-57], po3po6iieHo HOBHIA HAIIWHUN KOHTPOJIEP BIACTEKEHHS BHXOMY
JUIS IIUPIIOTO KJIAcy HENIHIWHUX CHCTEM 13 TapaHTOBAHOIO MOMMJIKOIO BiICTEKEHHS
Mexi. Kpim toro, nmopiBHsHo 3 MetrogoMm IDI B [58], TouHe BiACTEKEHHS BHX1JHOTO
CUTHAITy BCE IT[€ MOXKE OYTH JOCSATHYTO 3a HASBHOCTI HEY3TO/DKEHUX HEBU3HAYCHOCTEH 1
3MIHHHX Y 4acl OTIOPHUX CUTHAJIB. 3aMiCTh 3arajJbHOBKHUBAHO1T (PYHKIIIT MPOAYKTUBHOCTI
[59] BukopucTaHO AUQEPEHLIATOp BIACTEXKEHHS i1 (QOPMYBaHHS TMEPEXiTHOTO
IPOILIECY, 110 POOUTH MPOIIEC MPOSKTYBaHHS MPOCTIIINM, & KOHTPOJIEP OUIBII TPUIATHUM
JUISL peai3aliii.

VY mopiBHSHHI 3 METOJAOM HACHYCHHS BXIIHOTO curHaimy B [60], Ge3mepepBHO
nudepeHIiiioBana (QyHKIIS BUKOPUCTOBYETHCS IS HACHMYEHHS BXIJHOIO CHUTHAIY
KEepyBaHHs, YHUKAIOUH MPOMIXKHOI KOHCTPYKIIIT IJCUCTEMHU Ta AOJATKOBUX MapaMeTpiB

HaJAIITyBaHHS, IO Mepeadadac Kpamry peami3allito 3 TOUKH 30py 1HXeHepii.
1.1.3 AKTHBHEe KepyYBaHHS KOMIIEHCALIi€I0 30ypeHb

ADRC 6ymno 3anpononoBano y 1998 pori [61] Ta cTano 1ocuTh npuBabIUBUM IS
NPUKIATHUX TOCIIIHHUKIB, HABITh HE3BAXKAIOUM HA TE€, II0 TEOPETHUYHE OOIPYHTYBaHHS
BIZICTaBaJIO MPOTATOM TPUBAJIOTrO yacy. Lle mosicHI0eThCS THM, 110 HOTO YHIKAIBHICTh Y

KOHIIEMIIISX, MPOCTOTa TEXHIYHOI peali3alii Ta 4yAoBa MPOIYKTHUBHICTH OYJIH JIETKO
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MepeTBOPEHI Ha II0CH I[IHHE B 1HKEHEPHIH MPAKTHUIIl: 3[aTHICTh MaTH CIPABY 3 IIUPOKUM
Jiarma30HOM HEBHU3HAUEHOCTEH, UyJOBY MEPEXiTHY XapaKTePUCTHKY, JIETKY peai3alliio

Ta €KOHOMIIO €HEprii.

Au

At y
»| Error-based | g, Kinemati.cs and
feedback Dynamics of
—»| controller Missile
——»
1
b,
‘Full-dimensional 6
(_
state observer

Pucynox 1.5 — CTpykTypa CUCTEMHU KepyBaHHS 3 AKTUBHUM KEPyBaHHSIM

KOMIIEHCAIII€I0 30ypeHb

[IIupokuit crieKTp 3aCTOCYyBaHb, OXOIUIIOE MalKe BC1 00J1aCTI TEXHIKU KEPYBaHHS,
Taki SK KEpyBaHHS pyXOM, PETyJIIOBaHHS HATATY TOJOTHA, TEPETBOPIOBAY
enexktpoeHeprii DC-DC, xiMmiuHi TIpoIlecH, MIKPOEICKTPOMEXaHIuHI CHCTEMH,
ripOCKOIY, KEPYBaHHS IIBUJIKICTIO ACHHXPOHHOTO JABUTYHA Ta CUHXPOHHOIO JIBUTYHA 3
NOCTIHHUMHU MarHiTamu , BIACTEKEHHS MOJIOXKEHHS >KOPCTKOr0 KOCMIYHOTO KOpalis,
poOOTH30BaHA CHUCTEMa KepyBaHHS MPOLECOM HEKPYTrJoro oOepTaHHs, KepyBaHHS
HaanpoBigHuMu BY—pe3onatopamu, crtabumizaiis KOMIPECOPIB OCbOBOTO MOTOKY,
KEepyBaHHS TOJLOTOM, KOMIICHCAIliSI HU3bKOI MIBUAKOCTI OE3IIITKOBOTO CEPBOMPUBOIY
MOCTIHHOTO CTPpyMy, €TaJoHHa 3ajada raszoreHepatopa ALSTOM, koten—typOiHa—
CHUCTEMH KepyBaHHS T€HepaTopamMH Ta CUCTEMH JpOOOBOro Mopsaky [62-65].

VY CIIIA ADRC 6yno BnpoBa/pkeHO Ha eKcTpy3iitHoMy 3aBoiil Parker Hannifin y
[TiBHIuHIN AMepurl, 1o 3a6e3nedrmio moHaa 50% exoHoMmil eHeprii Ha KOXKHY JIIHII0 Ha
JIECATH BUPOOHUYUX JIiHISIX [66].

Komnanis Texas Instruments minensyBana texHojorito ADRC, 1 anroputmu

ADRC 6yayTth BOy10BaH1 B HOBE MTOKOJIIHHS MIKpOCXEM KepyBaHHs [67].
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ADRC po3po6iieHO B OCHOBHOMY Ha 0a31 IBOX (PyHIaMEeHTaIbHUX MTPOPUBIB XaHa:

x=f(x)+g()u;

b= h(o). (1.1)
KaHOHIYHA (hopMa, siKa BUXOJAUTH 32 MEXI1 JIIHINHUX 1 HEJITHIMHUX CUCTEM;
h(x)
L ¢h(x)
z=0(x) = : , (1.2)
2,

KOHIIEMIIiSl PO3MIMPEHOT0 CTaHy abo MOBHOTO 30ypeHHs, sike 00’ €IHy€ BEIMUYE3HI BUIH
HEBU3HAYECHOCTEH 1 30ypeHb, BKIIIOYAOUX HEBU3HAUYCHOCTI B MOJIEJI CTaHy Ta 30BHIIIIHI
HEB1I0M1 30ypEHHSI.

B ocuoBi ADRC nexats ABI Haikpamii 11ei cydacHOi Teopii KepyBaHHS: imes

KaHOHIYHOT hopMHU Ta i7iesl CTaHy criocTepiraya.
Kanoniuna ¢opma JiHiliHOI T2 HeJIIHIHHOI cUcTeMH

VY cTatrTi Ipo CTPYKTYPy CUCTEMH 3BOPOTHOTO 3B’s13Ky B 1981 pori Xan Bka3aB Ha
BOKJIMBUHN (PaKT MPO CUCTEMHU 31 3BOPOTHHUM 3B’SI3KOM: JMHAMIYHI CUCTEMHU, JIIHIMHI UM
HEJIHIIMHI, 32 IEBHUX YMOB MOXYTbh OYTH NEpETBOPEHI B KaHOHIUYHY (HOpPMY KacKaJHHUX
IHTErpaToOpiB uepe3 3BOPOTHHM 3B's130K. Y mbomy Hampsimi y 1980-1990—x pokax
3po0JIeH1 JesKl BeJIMKI KPOKH BIIepe]] y KepyBaHHI HENIHIMHUMH CUCTEMaMMU:

1) Mexxy MiX JIIHIMHOIO Ta HEJIHIMHOIO CUCTEMaMH MOXKHA TIOPYIIUTH BBEACHHIM
kepyBaHHs. [Ipy kepyBaHHI JIiHIMHA cHCTeMa MOYKE CTaTH HEJIHIMHOO, 1 HaBmaku. [1o
CyTi, 3a JIONMOMOTOI KEpyBaHHS I1HBApiaHTHUMU €JIEMEHTAMU CHUCTEMHU € JIesKi
IHTErpaToOpH Ta 3B'A3y104l iX 1H(pOpMAaIIiiiHI KaHAJH.

OTxe, U1 BEJIMKOI KUIBKOCTI CHCTEM, HE3aJIE)KHO BIJI TOrO, € BOHM JIIHINHUMH,
HE3MIHHMMH B 4Yaci, HCIIHIMHMMH, IO 3MIHIOIOTECS B 4aci, a00 IIOB’SI3aHUMH, MH
MOKEMO TEPETBOPUTH IX Yy JIHIAHUN pPO3’€AHAHMN JIAHIIOXKOK IHTErpaTopiB 3a
JOTIOMOTO10 MPOEKTYBAHHSI KEPYIOUOTO BXOY.

2) Hagitp s niHIAHOI HE3MIHHOI B 4Yaci CHCTEMH MH MOXXEMO B3SITH Ha ceOe

HIIIaTUBY II10JI0 AKTUBHOT'O BIIPOBAHKEHHS JICSIKUX CIEHIAIbHUX BHUIIB HEJIIHIHHOTO
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KepYBaHHs, HANpPUKIAJ, HETrJIaJKOr0 3BOPOTHOTO 3B S3Ky, 100 MOKPAIIUTH
NPOAYKTHBHICTh 3aMKHYTO1 CUCTEMH.

Po3pobka cnemiasibHUX BHJIB HENIHIHHOTO KOHTPOJIEpa, TOJIOBHUM UYHWHOM
HEIUTABHOTO 3BOPOTHOTO 3B’SI3KY, JUIA JIOCSATHEHHS 4YYyJIOBOI TPOAYKTHBHOCTI,
oOroBoproBajacs B CTaTTAX XaHa [68], a Takox y 0aratbox IHIIMX JIITEpaTypax, TAKUX
sk [69-70].

SIKIIo 3aaHa MaTeMaTH4YHa MOJEJIb, TO ITOMIOHI 171€1 MOJKHA 3HAWTH 1 B JESIKUX
IHIIMX METOJAaxX JiiHeapu3allii, HalmpuKIIaJ, BIJOMOI TOYHOI JliHeapu3allii 3a JOMOMOIO0
nudepeHItiaapHoi TeoMeTpii [71], cyTh KO MmoJisirae B JliHeapu3allii HEMHIHHOT CHCTEMU
B KaHOHIYHY ¢opMy KacKaJHl 1HTErpaTOpu uyepe3 HeJiHiiHEe MEepPeTBOPEHHS CTaHy Ta
HEJTIHIWHUN 3BOPOTHHUIA 3B'S30K, MOOYIOBaHI HA OCHOBI TOYHOI MAaTeMAaTHYHOI MO
YCTaHOBKH.

[Ipouiec MokHA ONMUCATH HACTYMHUM MpHUKIanoM. OCKIIbKA HEIHIHHA cucTeMa
3a3BUYall HabaraTo CKJIajaHIIIA, HDK JIiHIIHA cuUcTeMa, METOAU JiiHeapu3allii, sKi
BUHAWIIUIM HAa OCHOBI TOYHOI 1HopMaIli Mojed, HE MOXYTh YHUKHYTH
o0YMCIIIOBAIbHOTO HaBaHTaxkeHHs. 11lo OiabIn cepilo3HO, OCKIIBKM HEBH3HAYEHOCTI
IIMPOKO ICHYIOTh y MPaKTUYHUX CHCTEMax, MPOEKT KEPyBaHHS Ha OCHOBI MoJeni
CTHKAIOTHCA 3 BEJIMKUMHU MPOOJIEMaMHU B 1HKEHEPHIN MPAaKTHUIIl, 0COOTIUBO 3 MPOOIEMOIO

HaIHHOCTI.

JAunamiuHa JiiHeapu3allisi 32 10NMOMOI0I0 CTaHy CIIOCTepiraya

XaH ToKa3aB, IO HAMOJSATaTH HAa HASBHOCTI MAaTeMaTHYHOI MOJEJI MpoIecy 3
METOI0 KEpPYBAaHHSA € HEMpakTUYHUM 1 HenoTpiOHuM. IlpomonyeThcsi posrisinatu
HEBIJIOMY MOJEib SIK OCOONMBHI cTaH (Ha3BaHW XaHOM PO3IIMPEHUM CTaHOM) 1
BUKOPHCTOBYBATH CIICIiaJbHUI CIIOCTEpirad CTaHy, CIIOCTEepirad po3MIUPEHOTO CTaHy
(ESO), mo6 orinuTH #0T0 B pealbHOMY Yaci.

Takum 4UHOM cHCTEMa, KA MOXKe OyTH HEBU3HAUYEHOIO, HEJIHINHOIO Ta 3MIHHOIO

B Yaci, 3BOJUTHCS 10 KAHOHIYHOT (POPMU JIIHIKHOTO JIAHIIO’KKA IHTErPaTOPIB.
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SIK1I0 TIeBHA HEBM3HAYEHICTh a00 TepeliKo/ia He BIUIMHYTh HAa KOHTPOJIbOBAHUH
BUX1Jl, HE MOTpIOHO Moro kommeHcyBaTd. | 30ypeHHs abo0 HEBU3HAYEHICTh, SKi

BITMBAIOTH Ha PE3yJIbTaT, 0€3MEPEUHO MOXKHA CIIOCTEPITaTh 3 pe3yabTaTy puc. 1.6.

3 T T T ¥
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=
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Pucynok 1.6 — IlopiBasiuus komnencaiii 30ypens ADRC 3 knacuunumu
MIX0daMU

[HmmMu croBaMu, po3miMpeHui cTaH abo «IMOBHE 30ypeHHs» 3aBXKIW MOXKHA
cnoctepiratu. lle dynmamentanpauit mexanism ADRC nmns omiHky Ta KOoMmeHcarlii
«3arainpHux 30ypeHb» uepe3 ESO.

3 maBeaeHoro Butie ocHoBHa iess ADRC nocuth mpocra:

1) HeoOxigHO 00paTH KaHOHIYHY (hOpMy MOJAEI CUCTEMH Yy BHUIJISAI KaCKaIHUX
IHTerpaTopiB;

2) pO3INISIHYTH YacTHHY, SKa BIJPI3HAETbCS BiA Ii€]l KaHOHIYHOI (GOpMHU, K
«3arajpHe 30ypeHHs», AK€ MOKE BKJIFOYATH 30BHIIIHI 30ypeHHs 3 00Ky HaBKOJHUIITHBOTO
CepesIoBUIIla Ta BHYTpIIIHI 30ypeHHs, TEpPMiH, BBEICHUN XaHOM, IO MPEICTaBIISIE
HEBU3HAYEHOCTI Ta Bapiallii B JUHAMIKaX CHUCTEMU;

3) 3BECTH CHCTEMY, sIKa MOXKE€ OyTH HEBH3HAYCHOIO, HEIIHIMHOIO, MOETHAHOIO 3

IHIIMMH 3MIHHUMH TpOIECY Ta 3MIHIOBaTHCh Yy 4aci, /10 KaHOHIYHOI ¢opMu 3a
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JIOTIOMOT'O10 OLIIHKHM Ta KOMIIEHCAIIl1 «3arajibHuX 30ypeHb» 3a JOMOMOTOIO CIIELIaIbHOTO
criocTepiraya, 3ayMaHoro XaHoMm, po3mmpeHoro cnoctepirada crany (ECO).

Hami mu BukopuctoByemo crparerito ADRC nmns obroBopeHHs (i3MUHHX
MEXaHi3MIB JBOX IHIIWX METOJIB, 3alPOMOHOBAHMUX I HEJHIMHUX HEBU3HAYCHHUX
cucteM. OIMH — 1€ KepyBaHHA Ha OCHOB1 PO3LIMPEHOTO CIOCTEepiraya 3 BUCOKHUM
nocwieHHsM (EHGO) y [72], a inmmuii 6a3yeTbest Ha CTICMiAIbHOMY CTIOCTEpIrayi.

Mertonosnorito ADRC MoxkHa THYYKO BUKOPUCTOBYBATH. {7151 AESKUX CUCTEM, UHUSI

HEBHU3HAYEHICTD € CKJIaJIHOKO, HAIIPpUKJIaAA CUCTCMA

Xl :E(taXlaXzaD(t));

X =F (t,X,,...X,,D({)); (1.3)
X =F(t,X,,...X,,D(),U(1));
Y =X,@0),

Ha6ip ESO moxe OyTu po3pobiieHut 1uisi MOCTYIOBOTO Ta MPUOIU3HOTO MEPETBOPEHHS
CHUCTEeMH B KaHOHIYHY (OpMY KaCKaJHUX 1HTEIPAaTOPIB HA OCHOBI BU3HAYEHHS (P13UUHUX
XapaKTePUCTHK CUCTEMH.

HaBeneni Buie mpukiagu AEMOHCTPYIOTh, IO cyTh BukopuctanHsi ADRC sk
IHCTPYMEHTY UIsl pOOOTH 3 3HAYHOIO MIPOI0 HEBHU3HAYEHUMH IPOIIECaAMU, SIKI MOXKYTh
OyTH HENHIHHUMU, 3MIHHUMH B 4acl Ta MOBHUMH B3a€MOIIOB 13aHO1 TUHAMIKH, MTOJIATAE
B TOMY, 11100 OXapaKTepU3yBaTH «3arajibHe 30ypeHHs», IKEe BIUIMBAE HA BUXIJ] MIPOIIECY.
[Mogo neranbHOI METOAMKU OIHKH «3arajbHUX 30ypeHb», MOKHA BUKOPHUCTOBYBATH
O0araTo METOAIB JUId MPOEKTYBaHHsS crHocrepiradiB abo ¢ineTpiB. HemopenboBaHa
JMHaMiKa, TTapaMeTpudHl Bapiallii, a TakoX 30BHIIIHI 30ypEeHHS IIUPOKO ICHYIOTH Y
OUTBIIOCTI pEeaNiCTUYHUX CHUCTEeM KepyBaHHsS. lle onHa 3 TONOBHUX NPUYUH, YOMY
BIIXUJIEHHSI 30ypeHb a00 KepyBaHHS CHUCTEMaMH 3 HEBH3HAUYCHICTIO € HaHOIbII
byHIaMEHTAIbHUM MUTAHHAM Y HayIlll TPO KEPyBaHHA.

Bbyno nokmaneHo 3HaUYHUX 3yCHIIb 1 JOCATHYTO 3HAYHOTO MPOTpeCy, HApUKIA,
aJlalTUBHOTO KepyBaHHs, HaaiiiHoro kepyBanHs, DOBC Ta kepyBaHHS B KOB3HOMY

PEXKUMI.
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ADRC Ta kepyBaHHSI HeBU3HAYEHUMHU CHCTEMaAMHU

B oCHOBHOMY HEBU3HAYE€HOCTI BHHHMKAIOTh 13 JBOX JIKEpEN: BHYTPIIIHBOL
(mapameTpu4yHOoi a00 HEMOJACIHOBAHOI JWHAMIKA) HEBHU3HAYEHOCTI Ta 30BHINIHBOI
(30ypeHHs) HEeBU3HAYECHOCTI.

AJlanTUBHE KepyBaHHs Ta HaJlliHE KEpyBaHHS € JBOMa OCHOBHUMHM 00JIaCTAMH, /€
BHYTPIIIHI MapamMeTpu4Hi Ta/abo0 oOOMEXeHI HEeCTPYKTypOBaHI HEBH3HAUYEHOCTI
YCTaHOBKH € OCHOBHOIO MPOOJIEMOI0 pO3pOOKH KOHTpoJiepa. ATaITUBHUN KOHTPOJIEp —
e, SK MpaBWUIO, KOHTPOJIEp 3 HACTPOIOBAHMMHU MapaMeTpaMyd Ta MEXaHI3MOM
peryioBaHHs mNapaMeTpiB. bBimpIIICTh NPOMOHOBAHUX AaJANTUBHUX KOHTPOJIEPIB
OpIEHTOBAHI Ha JIiHIKHI 200 HEeJIHIMHI CUCTEMU 3 JIIHINHUMU HEBIJOMUMU MapaMeTpaMH.

AJanTUBHUI KOHTPOJEp A HENIHIMHUX HEBU3HAUEHUX CHUCTEM, OCOOJIMBO
HENMHIMHUX CHCTEM 3 HeMapaMeTPUYHOI0 HEBU3HAUCHICTIO, BCE 1€ 3aJIMILIAETHCS
CKJIAIHOIO TIpoOJsieMor0. Y HaAiiHOMYy KepyBaHHI mepeadadaeTbcsi MOJEIb 30ypeHb
00’€KTa Ta PO3PAXOBYETHCS PETYIATOP, AKUN TapaHTye poOOTYy 3aMKHYTOI CUCTEMH Ta
CTIAKICTB JUTs1 BCiX 30ypeHb 00’ €KTa, SIK1 HE IEPEBUILYIOTh 3a3/1aJIeriab 3a1aHy Mexy [78,
79]. ¥V pamkax poOacTHOro KepyBaHHSI caM KOHTPOJIEp HE HACTPOIOETHCA B PEKHUMI
OHJIAMH BIAMOBITHO A0 HEBU3HAUYCHOCTI. OTXKe, pe3ynbTaTH 3a3BU4Yail KOHCEPBATHBHI, a
HEBU3HAYEHOCTI, 3 IKUMU MTOTPIOHO MpaItoBaTH, OOMEKEHI.

Boporhba 13 3O0BHINMIHIMU MEpENIKOAAMH BEIETHCA JaBHO, ajié HEBIUHHO
po3BUBaeThCs ceporo cucteM kepyBaHHS. Ha paHHbOMy erami pO3BHUTKY Teopil
KepyBaHHA 1HTerpoBanuii kKoutpoJiep 1 IIJI-perynstop cnouarky Oysu 3anporoHOBaH1
JUISl YCYHEHHS TIOMWJIKW, BHKJIMKAHOI TOCTIMHUMH 30BHINIHIME Tepemkogamu. Jlis
O1bII CKJIaAHUX 30ypeHb Oyiu 3anpornoHoBaHi Teopis iHBapianTtHocTi (IT), mpuHIUI
BHYTpimHbOi Mojeni (IMP) 1 kepyBanHs 30ypenHHsiM—akomopariero (DAC) mus
KOMIeHcalii 30ypeHb. 3a JOMOMOrOI JaTyuka JUIsi MOro BHUMIpPIOBaHHS a0o
MatemMaTudHoi mozem 30ypeHHs. [loumHaroum 3 1980—x poKiB MpPOMOHYBajoCs BCE
Outpiie 1 OuIbllle METOJIB YCYHEHHS 30ypeHb, TaKUX SK KEpyBaHHS Ha OCHOBI
crioctepiraya 3a 30ypennsamu (DOBC), orinka 13 3atpumkoro (TDE), Teopis HeaiHIHHOTO
perynstopa Ha BuxoJal IHTterpoBane mojenbHe kepyBaHHs (EMC) Ta HemiHiiiHe

KepyBaHHA 3a jgornomoroio croctepirada (NDOBC). barato mux MeToaiB MOAUIAIOTH
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CTPYKTYpPY JABOX CTYIEHIB CBOOOU: OAUMH AJI JTOCATHEHHS MOJAaBJICHHS 3aBajl, a IHIIUN
JUTSL pETYJIIOBAaHHS XapaKTEPUCTUK 3aMKHYTOTO LIUKITY.

OTxe, KOHTpOJEpH, pO3pOOJECHI TaKUM YWUHOM, 3a3BUYall MOXYTh HE TIJIbKU
JoCSATTH cradumizamii abo peryitoBaHHs, ane ¥ (GopMyBaTh HEOOXITHY TMepexiaHy
xapaktepucTuky. ADRC Takox npuitmae 1o crpykTypy. OnHaK HUISIXM YCYHEHHS
30ypenHs B 1iux Meroaax 1 ADRC nocuts pi3Hi. Y G11bIIOCTI METOIB YCYHEHHS 30yPEHb
MOJIEJI1 CUCTEMH, a 1HO1 1 MoJIesTl 30ypeHHsI, HeOoOX1Ha /ISl peKOHCTPYKIIIT 30ypeHHs Ta
rioro xomnencauii. ADRC Haznae aOCOIIOTHO HOBE 3HAUEHHS MOHSTTIO 30ypeHHs, sKe
00’eTHy€e 30BHIIIHI 30ypeHHS Ta HEBM3HAUYCHICTh Yy MOJEIb cucTeMu. [Ipopus y
koHienii poouts ADRC MeHI 3ai1exHUM Bif Mojeni. SKiio 30ypeHHs 3aJ10BOJIbHSE
yMOBY y3ropkeHHs, Croe Ta XyaH MpoIeMOHCTPYBAJIH, IO iICHY€E MEBHA TOIIOHICTh MIXK
niHiiHuM ADRC Tta niniiinum DOBC.

A CcTpyKTypa 3 JABOMa CTYNEHSMU CBOOOIM B 000X KOHCTPYKLISIX KOHTpojepa
3a0e3neumiia MOXKJIMBICTh JIOCSATTH SIK CTIHKOCTI, TaKk 1 3aJOBUIBHUX MEPEXiTHUX
xapakTepuctuk. KpiM TOro, 3 1poro mnopiBHSHHS TeopeTuuHi pe3ynbratu ADRC
cBimuath mpo te, mo DOBC moxHa 06e31meyHo y3aradbHUTH JIJIS TIEBHOTO THITY CHCTEM
K 3 HEBU3HAYCHICTIO MOJEi, Tak 1 3 mepemkogaMu. OpHak, SKIIO 30ypeHHS HE
3aJI0OBOJIBHAIOTBCA YMOB1 y3rojpkeHHs, ctparterii ADRC 1 DOBC € 30BciM 1HIIOO.
ADRC Hnarosoniye Ha «TOBHOMY 30ypeHH1», 110 BIUIMBAE HA MPOIEC BUXOAY, a HE Ha
30ypeHH1, BBEJICHOMY Ha MTOYaTKOBOMY MICIII.

Came Takum unHoM ADRC 30epirae xapaKTepUCTHKH MEHIIOI 3aJ€KHOCTI Bij
MOJIeIl Ta KOHCTPYKIIi KOHTpoJjepa 3 JIBOMa CTYyNEHSIMH CBOOOAM IS peai3allii sk
cralbiizani, Tak 1 opMyBaHHs EPEX1THOI peaKiiii.

VY pannix pocnimpkenHax DOBC 30ypeHHs, sike MOTpiOHO OIIHUTH, 3a3BUYail
BBAXKAETHCS OCTIMHUM 200 oOMexeHuM. B ocTaHH1 pOKHM TaKOk aKTUBHO MPOBOJSTHCS
nocrmimxenass DOBC, 1 30ypeHHs, IO CHOCTEPIraroThCs, OyJIo pPO3MHMPEHOo, 100
BKJIFOUUTH 30BHIIIHI 30ypeHHS, AK1 3aJ0BOJBHSIIOTH NMEBHUN THI MOJENI Ta YaCTUHY
HEBU3HAYCHOI HEiHIWHOI Mojen cuctemu. SKnio (i3uyHi YMOBH JIO3BOJISIOTHCS,
paifioHaJbHe BHKOPUCTaHHsS HaIiiHOI 1H(GOpMalii Tpo MOJENb Yy MPOEKTyBaHHI

KOHTpOJIEpa MOXKE JOMOMOI'TH MOKPAUIUTH MPOAYKTUBHICTh CUCTEMH KepyBaHHs. Toji,

36



Akl TANM 1HQOpMaIli Mojenl KOPUCHI Uil TPOEKTYBaHHS KEpPyBaHHA Ta SK 1X
BUKOPHCTOBYBATH, € LIIKABUMU MUTAHHSMH, SIKI HOTPEOYIOTh MOAAJIBIIOTO AOCIIPKEHHS.
[le onHUM BHIATHUM METOJIOM K€PYBAHHS HEBU3HAYECHOIO CHCTEMOIO € KEPYBaHHS
KOB3HMH PEXHUMOM, JI€¢ HEBU3HAYEHICTb OOpOOJSAETHCS 3a JOMOMOIOI0 3BOPOTHOTO
3B’A3KYy 3 BUCOKUM KO€(illIEHTOM MOCUJICHHS, 00 TapaHTyBaTH JOCTYMHICTh KOB3HOTO
pexumy. | cucrema Oyie HEUYTIIMBOIO SIK 10 HEBH3HAYEHOCTI MOJIET, TaK 1 10 30ypeHb,
KOJIM BOHA 30€piracTbcsi B KOB3HOMY peXHUMI. 3BOPOTHUH 3B'S30K 13 BHUCOKHUM
Koe(II€EHTOM MIJCHICHHS Ha MPAKTULI MOKE CIPUYMHUTH aBTOKOJIMBAHHS.

ADRC He BUKOpPUCTOBY€ 3BOPOTHHUM 3B'SI30K 3 BUCOKUM MOCHIICHHSM. CIpaBKHE
3HAUEHHS «3arajbHUX 30ypeHb» OLIHIOEThCS Ta KoMIieHcyerbcss ESO. Orxe, sxmio
«3arayibHe 30ypeHHs)» Belnuke abo #oro auHamMika mBHAKa, 3a3Buyaii ESO crmifg
OpOEKTyBaTH 3 WIBUAKOIK peakuieto. [lIBuaky peakuiro MOXHa peanizyBaTd 3a
JIOTIOMOTOI0 TEXHIKU CIIOCTEpiraya 3 BUCOKUM KOe(illiEHTOM MOCUIICHHS a00 HENMIHIMHOT
cTparerii. Pi3HUII B IPOAYKTUBHOCTI IIMX CTPATETii TaKOX € LIKaBOIO MPOOJIEMOIO.

3 HaBEIEHOI0 BUIIE MOXHA 3pOOMTH BHCHOBOK IIPO OCHOBHI BHUJATHI
xapakrepuctuku ADRC:

1) ADRC moxe matu cupaBy 3 LIMPOKUM A1alla30HOM HEBU3HAYEHOCTEH.

2) ADRC He nmysxe 3aj1eXHUThb BiJl MOJIEI.

[li xapakTepuCTHKH 3a0e3Me4yloTh MOXJIMBICTh MOAOJAHHS  TPYIHOIIIB
KEepYBaHHsI HEBU3HAUCHOIO cuctemor. OnmHak rpanfaio3Ha Ta amOiTHa cxema ADRC
TaKOX BUKJIMKaJa JIeKl CyMHIBH 3 MOMEHTY ii IPOIIOHYBAHHS: UM CIIPaB/i BOHA 3/1aTHA
BIIOPATHUCS 3 AYyXKE HEBU3HAUCHUMHU HENIHIMHMUMM cUCTEMaMM Ha npakTtuui? Yu e ioro
CIIOC10 BIIXUJICHHS «ITOBHOT'O 30ypEHHs» 3aHAATO IpyOuM, 1100 OTpUMATH BUCOKOTOUHE
KepyBaHHs? Uu € sikach TeopeTruHa 6a3a Juis i€l 11ei?

He3Bakatoun Ha Te, L0 TEOPETHMYHE OOIPYHTYBAHHS BIJICTABAJIO MPOTITOM
TPUBAJIOTO Yacy, 3BITH MPO YCHIXH HAIXOAATh 3 0araThbOX HANpPSMKIB 3aCTOCYBaHHS.
Xyan npoaemonctpyBaB ADRC y 3actocyBanHI 0 mpoOjieMu BUCOKOMPOAYKTUBHOTO
KEpYBaHHsI IOJbOTOM, JI€ IMHAMIKAa YCTAaHOBKHM OyJjla HENIHIMHOIO Ta po3risfanacs sk

31e0UIbIIOr0 HEBiOMa. byllo MEepeKOHIMBO IMOKa3aHO, 110 e(EeKTUBHE KepyBaHHS

37



CKJIQJIHOIO CHCTEMOK0 MOXE OYyTH JOCSATHYTE 3a BIJCYTHOCTI AETaJbHOI Ta TOYHOI
MaTeMaTUYHOI MOJEIIL.

Hocnimkenns moao teopernyHoro ananizy ADRC npocyanocs 3 nepemkogamMmu
gyepes3 BEIUKI TPYJIHOIII, SIK1 MOYKHA TPOCTEXUTH 110 Besukoi cxeMu ADRC. HeBuzHnaueHi
CUCTEMH, 1110 BUKIHKAIOTh 3aHEMIOKOEHHS, MOKYTh OyTH HETIHIMHUMH, 3MIHHUMU B 4aci,
JEKITbKOMa BXOJaMH Ta KIJIbKOMa BUXOJaMH; CUTHaJ 30ypeHHS a00 OMOpHUI CUTHAI
MOJKE€ HaBiThb He OyTH Oe3mepepBHUM; a 3BOPOTHUH 3B's130k 3a craHoM B ADRC e,
3arajoM, HEJIHIHHUM.

OcTaHHIMM pOKamMHM IOCTYIIOBO PO3MOYAINCA TEOPETHYHI JOCHIJKEHHS,
CIIpsSIMOBaH1 crioyatky Ha pi3Hi komnoHeHTH ADRC, Taki sik qudepeHiiaTop CTe:KeHHsI
(TD) 1 cmocrepirau posmmupeHoro crany (ESO) Bpemri—pemT mnpuimioBmy 10
BJIACTUBOCTI BCi€l 3aMKHYTO1 cucTeMu Ha ocHoBlI ADRC.

TD Bmepmie Oynio 3ampolOHOBAHO By 3arajibHid HENiHIAHIA (opmi ans
3a0e3neyeHHs BiA(1IbTPOBAaHOI BEpCii BX1IHOTO CUTHAITY Ta Horo AudepeHnuitoBants. Ha
’aJlb, TOBEIEHHS B OyJ10 HENOBHUM. B ocTaHHI poku 0yJ10 MPOBEAECHO NO1AJbIINI aHATI3
kouBepreuuii TD. Byno nqoBeneno 301kHicTb 115 iHiiHOTO T/l 1pyroro nopsiaky 3 Oyab-
AKUM AudepeHIIHOBaHUM BX1JJHUM CUTHAJIOM 1 BUINAJIKOBUM 30ypeHHsIM. [lopiBHSHHS
nokaszajo, mo TD no3Bossie O6ublI cIabKy YMOBY CTIHKOCTI CHCTEM, IO MOXE OyTH
BUKOPHUCTAaHO 1A nmoOyaoBu audepenuiatopi. Kpim toro, TD BcTaHoBmO€E crnadkinri
oOMexeHHs Ha BXITHUM curHai. Jlokasu mns aBox tumiB HemHidHuUX T/ Takox Oyio
HAJIAHO CTPOTHH JT0Ka3 301KHOCTI 1yist HenmiHiMauX TJ] sk 1711 ABOBUMIPHOTO, Tak 1 JJIs
BHCOKOBUMIPHOI'O BUIIAJKIB 32 JESKUX JIOAATKOBUX IPUITYIIEHb.

OCKUTBKM «3arajibHi 30ypeHHs», sIK1 IOBUHHI OyTH OIliHEeHi 3a gornomoroio ESO,
MOXYTh OyTH (YHKIIEIO SIK CTaHy 3aMKHYTOTO KOHTYpY, 30ypeHHS, TaK 1 peaJbHOTrO
BXOJy KepyBaHHsl, aHan3 ESO ckinasHo MOB’s3aHUM 3 aHAJI30M 3aMKHYTHX CHCTEM Ha
ocHoBl ADRC y sikuii BiH BUKOPHUCTOBYETHCS.

ESO Takox MOXHa BHUKOPHUCTOBYBaTH OKpEMO BiJl OyAb—IKHX KOHTYpIB
KEpYBaHHsI, y IbOMY BUIIaJIKy CUTHAJIH, SIK1 BIH OLIIHIOE, MO’KHA BBA)KaTH OOMEKEHUMU.
VY upomy Bumanky ESO ¢ynkuionye sk ¢imptp abo audepenmiatop, 1 Horo ciifg

aHaJi3yBaTH BIAMOBIAHO. J{ocimkeHHs Bce 1m1e nepedyBae Ha paHHIN cTaii.
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[Ilo6 3pobuTH 1A€H0 3pO3yMIJIOK, a KOHTPOJEp MPOCTUM Yy peaizaili Ta
HaJalTyBaHHI, OyJo 3ampornoHoBaHo napameTpu3oBanuii JiHiitHUNE ADRC (LADRC),
7€ HeMHIWHI TACWICHHS 3aMiHEHO IHIMHUMH, a HaJallTyBaHHS 3BEJICHO JO
HaJAIITyBaHHS OJHI€T 3MIHHOI, CMYTH IMPOMYCKaHHS, 1€ 3arajJibHa TEPMIHOJIOTIS, SKY
BUKOPHUCTOBYIOTh 1HxkeHepu. LADRC Bxke moka3aB BeluKiI MEPCHEKTUBU B OaraTbox
chepax TexHiku KepyBaHHs. byio npoananizoBano moxkianuBocti LADRC.

[IpoananizoBana 3matHicth LADRC nans niHIMHUX 1HBapiaHTHUX Yy dYaci
MiHIMaTbHO—(a3zoBux cucteM SISO 3 HeBimoMuUMH, aie OOMEKEHUMH BiTHOCHUMH
CTYNEHSIMHU Ta HEBIJOMUMH BXIIHUMH 30ypeHHSIMU. Pe3ysbTaT MOsICHIOE, YOMY OJUH
ADRC 3 ¢pikcoBaHMMU NTapaMeTpaMu MOXe OyTH 3aCTOCOBAHUMI J10 TPYIIH CUCTEM PI3HUX
NOPSAJKIB, BIAHOCHUX CTYINEHIB 1 mapaMeTpiB. byno mpoaHanizoBaHO YacTOTHY
XapaKTePUCTUKY MIJICWICHHS KOHTYPY JJIsl JIHIMHOI 1HBapiaHTHOI y Yacl YCTaHOBKH
JPYTOro NOpsKY.

PesynbpTatu mokazanu, mo cuctema kepyBaHHs Ha ocHOBI LADRC mMae Bucokwmii
piBeHb HaAJIAHOCTI. 30KpeMa, MPOIyCKHA 37aTHICTh 1 3amacu CTIMKOCTI Maike He
3MIHIOIOTBCS, OCKUIBKM MapaMeTPH YCTAHOBKH 3HAYHO BIJIPI3HAIOTHCS; K 1 Uy TJIMBICTD
70 BXIAHMX 3aBaJl. Taki XapaKTepuCTUKHU MOsICHIOITH, YoMy LADRC € npuBabianBum
PIIICHHSAM JIJIsl BUPIIIEHHS peaIbHUX MpoOiieM KepyBaHHs e 0arato HeBU3HAYEHOCTEH,
nam gocmimxkyBamu 9actoTHi BaacTuBocTi LADRC 3 LESO 3HMXKEHOT0 MOPSIKY s
TUIIOBOT'O KJIacCy JIIHIMHOT HEBU3HAYEHOI CUCTEMH N—T0 MOPSAIKY, HE3MIHHOI B yaci. byso
NoKa3aHo, 110 (a30BHil 3amac 1 4acToTa MPOMYCKAHHS MPAKTUYHO HE 3MIHIOIOTHCS 3a
HAssBHOCTI JIEIKUX HEBHM3HAUCHMUX IMapaMmeTpiB. KpiM Toro, pi3Hi BUIUM HEBU3HAUYCHHUX
napaMeTpiB MalOTh PI3HUM BIUIMB HAa HAIIMHICTh CUCTEMU KepyBaHHs Ha ocHOBI ADRC.

MacmtabHi ycmimHi AOCTIKEHHSI 3aCTOCYBaHHSI TaKOXK BUSBHIM MOXJIMBOCTI
LADRC nys HenmiHIMHUX HEBH3HaueHUX cucTeM. [Ipore TeopeTrnuHe OOIpyHTYBaHHS
BiJICTABAJIO Ha JIeAKui ac. JlocmimKyBamm CTIAKICTh 3aMKHYTOI cuctemu ipu LADRC 3
NPUITYIIEHHAM, 110 «3arajbHe 30ypeHHs», SKe HEOOX1HO OI[IHUTH Ta KOMIICHCYBAaTH, €
oomexennM. OCKITTBKH «3arajibHi 30ypeHHs», K1 oiiHioe ESO, MoxyTh OyTH (QyHKITIE€IO
SK CTaHy 3aMKHYTOi CUCTEMH, 30ypeHb, TaK 1 pealbHOr0 BXITHOTO CUTHAIYy KE€PYBaHHS,

MEXY «3arajlbHuX 30ypeHb» BaXXKO OIIHUTH 3a3fajerigb. Yepe3 moaioHicTs Mixk LESO
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Ta crHocTepirayaMu Hajald Jesiki pesyiaptatd aiua  aHanizy ADRC, 3okpema,
NOM’SIKIIMBIIY MPUIYIIEHHS MPO MEXY «IOBHOTO 30ypeHHS » Ta aHalli3 BiTHOBJICHHS
MPOTYKTUBHOCTI 3aMKHYTO1 CHCTEMH.

[TepexiaHi XapaKTEPUCTUKH Ta CTaOUIbHICTh KOHCTPYKINT LADRC njist HenmiHIMHMX
HEBU3HAaYEHUX CUCTEM Yy Bumajakax cucreMm SISO, nepepuByactux 30ypeHb Ta OJI0KOBUX
HIDKHBOTPUKYTHUX cucteM MIMO BinmoBigHO.

Kpim Ttoro, imes LADRC Oyna BukopucTaHa i cra0umizamii JesKux KiaciB
HECKIHYEHHO PO3MIPHUX CHCTEM 13 30BHIIIHIMU 30ypeHHsmu. [lapamerpu LADRC,
pearnizoBaHi B HUGPOBOMY BHUIJISAI, OOMEXKEHI YacTOTOW AUCKpeTu3allli. BuBuamm
HajamTyBaHHsS mnapamerpiB 1 MoxiauBocti LADRC mnpu ¢ikcoBaHiii 4acToTi
muckperusarii. bymno Hagano kinbKicHUH 3B’ s130K MK napametpamu LADRC, gactororo
BUOIPKHU Ta HEBU3HAUCHICTIO, 3 SIKOIO HEOOX1/THO MaTH CIIPaBY.

Teopernunuit anam3 nemiHiiiHoro ADRC (NADRC) Ham3BuuaitHO BaKKuH, a
teopernunnii anami3 HemiHiHHUX ESO (NESO) 1 ADRC (NADRC) nns HemiHIMHHX
HEBU3HAYCHHUX CHCTEM, 110 3MIHIOIOTHCS B yaci. 301kHIcTh NADRC Oyna noBenena ajis
Kiacy HemiHiIHHUX cucteM MIMO 3 Bennkoi0 HEBHU3HAYCHICTIO, KA MOXOJIUThH SK Bi
JTUHAMIYHOTO MOJICTFOBAHHS, TaK 1 B1J] 30BHIIIHIX 30ypEHb.

Bucokuii piBeHb HaAIMHOCTI Ta UyAOBI TEpPEXifiHI XapaKTEPUCTUKH €
HaliHHIMMH Xapaktepuctukamu ADRC, siki po6iaTh HOro npuBabIMBUM PILLICHHSIM
JUIsl BUPILIEHHSI peajbHUX MpoOsiemM KepyBaHHs. OCHOBHI pe3yjbTaTH, SKI MOXYTb
NOSICHUTU 11 XapaKTEPUCTUKH 3 TOYKU 30py YacCTOTHOI 001acTi Ta 4acoBOi 00JacTi

B1IMOBIAHO. AHai3 BuKoHaHo i jiHiiHOro LADRC 3amxenoro nopsaky ESO.

1.1.4 Ontumanbuunii agantuBHuid IIIJl-peryasTop i3 3acTOCYBAHHSIM HEUYITKHX

NPaBHJI i KOB3HUX PeKMMIB

Cepen ycix miaxoaiB 10 KEpyBaHHS, 3alpOIOHOBAHUX Y Tally3l TEOpii KepyBaHH,
[TIJ] peryastopu € HalOLIBII 3aCTOCOBHUMHU PETYIASTOPAMHU B IPOMHCIIOBOCTI 3 OUIBII
HDK JIeB’SIHOCTO BIJCOTKIB pealdbHUX 3acTocyBaHb. /JlilicHO, 3aBAsku OaraTbom
eKCKJIIO3UBHUM IIepeBaraM, TaKUM SK MPOCTOTa BIPOBADKCHHS, HAIIAHICTD 1

ctabiunpHicTh, [1I/[-perymoBanHs Oyn0o 3aCTOCOBAaHO B PI3HUX Taly3sX JOCIIIKEHb,
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TaKUX SK CHCTEMH KHUBJICHHS TYpOIH/KOTIIB, €JICKTpOHIKa, pobOoToTexHika [73] Ta

aBTOTpaHcnopT [74].

[Io6 posmmputu MmoxksuBocTi [TIJI-perymtoBanns, Oyau 3po0ieHi cepiio3Hi cripolOu
IUISIXOM BIPOBAKEHHS HACTYIMHUX METOIB: MEPETISHYTUN 3aKOH KepyBaHHS THUIIOM
[T[JI-perynroBaHHS BUKOPHUCTOBYBABCS 3arajbHOI0 (PYHKIII€IO TIepeaadi MOEIi MpoIecy
B YaCTOTHIHM 001acTi, 110 BKJIIOYA€E aHATITHYHI BUPA3U BCIX 3MOJEIHOBAHUX MMapaMeTPiB
IpoIecy B TMOPSIAKY ISl MOCATHEHHS CTIMKOCTI Ta yCyHeHHs 3aBana [75]. Heitponna
Mepeka Oyna BuKopucTana BiamoBigHo a0 [1IJl-perymtoBaHHS SIK KOHTpOJIEp, IO Mae
NOTY>KHI MOXIJIMBOCTI O€3MepepBHOrO OHJIAWH—HAaBYaHHS, afanTtauii Ta GopoThOu 3
HEJIHIMHICTIO JIJI1 KepyBaHHS TUIIOM YCTAHOBKHU 3 HEJIIHINHICTIO, HEBU3HAYCHICTIO Ta

30ypeHHsiMH [76].

o6 mokpamuty npoayktuBHicTh [1I[I-perynsTopis, OyB 3arpornoHOBaHUN M1IX1]
HAJA1IHOTO HANAIITYBaHH JJIsl PETYIbOBAHUX MPOILIECIB 13 3BOPOTHOIO XapaKTEPHUCTUKOIO
[77]. Y MeTomi BHKOPHUCTOBYBajacsi MOJAEIbHO—ETAJOHHA TMpOLEAypa ONTHMizalii 3
00’€IHAHHSAM CIIJKYIOUUX 1 PEryASTOPHHUX MepelaTHUX (PYyHKIIH 3aMKHYTOTO LHKITY
[178]. IlpaBuia HEYITKOTO BHMBEACHHS, IO JO3BOJIAIOTH aJalTHBHE HAaJAIITyBaHHS
napametpiB I1I]I, Oyiau BcTaHOBIIEHI HA OCHOBI MOMUJIKM Ta 3MIHM TOMIIKH [79]. Takum
YUHOM, 1€ MPHU3BEJIO 0 MIABHUILEHHS 3laTHOCTI CTPUMYBATH 30BHIIIHI MEPEIIKOIU Ta
30UIBIICHHS 3aTHOCT1 BIJICTEKYBATU TOJOKEHHS €JIEKTPOTiAPABIIYHUX CEPBOCHUCTEM

KepyBaHHS TYYHICTIO.

Hna miaBumenHs sikocti [IlJI-perymioBanHs depe3 TEOpPETHYHI acleKTH Ta
CKCTICpUMEHTAIbHI ~ pe3yabTaTH  HajmamrtyBaHHS  cuctemu  [II/]-perymioBanHs
3aMpOIIOHOBAHO 1TepaIliiHUiA MiaXiag KopuryBanHs mnapamerpi IIIJl-perymtoBanHs Ha
OCHOBI aHalli3y MOKa3HWKIB SKOCTI B 4acoBii Ta yacToTHIA obnactsax [80]. [IpocTwmii 1
e(eKTUBHUH MiX11, 3aCHOBAHUM Ha CUCTEMAaTUYHOMY METO/I1, OyB 3aIIpONIOHOBAHUM 1JIs
HanamTyBaHHs niacuienHs [11]], 3actocoBHOTo 10 HENMHIKHUX YCTAaHOBOK 3 HETOUHUMU
MOJENSMH, IO BKIIOYAIOTh HaOIp HE3aJeKHUX MapaMeTpiB HalalITyBaHHS, SAKHUM

HabaraTo MEHIIMM, HiXK Y 3BUYaiiHUX MeTofax BuOopy miacunenus [TIJ [81].
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3 METOI0 BHKOPHUCTAaHHS BHIATHHUX SIKOCTEH KOHTPOJEPiB, ICHYE TEHICHINS 0
BUKOPUCTAHHS KOHTPOJICPIB BIAMOBIIHO OIWH IO OMHOTO Ta IiJBHIIEHHS 3arajbHOI
npoayKTUBHOCTI cuctemu [82-95]. Cepen BiIOMHX 3aCTOCYBaHb TOPUAHOTO KEPyBaHHS,
HaBEIEMO JIMIIE JIesIKI 3 HUX, TiOpuJ KepyBaHHS KOB3HHUM PEXKHMOM 1 KEepyBaHHS
OPOrHo3HUM pexkuMoM [96—101], komOiHalis HeuiTkoro kepyBaHHs puc 1.7 ta IIIJ]-
perymoBanus [102-110], a Takox riOpua KepyBaHHS KOB3HHUM pPEKHUMOM 1 HEUITKE
kepyBaHHs [111-116] Oynu edexkTHUBHO BUKOPHUCTaHI JJII KEpPyBaHHS HEIIHIMHUMHU

CKJIaJHHUMH CUCTCMaMU.

» Fuzzy Inference for
d Parameter Optimization
dt ; 3
KP I\'_ I(d
A A 4 v
DG&I[&d Erl‘or PID C‘Onn'[)l 2 BLDC Meﬂilll‘ed
Speed ’ Controller | Command Motor Speed

Sensor

(Speed Gauge)

Pucynok 1.7 — CtpykTypa cucTeEMH K€pyBaHHA 3 ONTUMaIbHUM agantuBHUM [11]]—

PETYJATOP 13 3aCTOCYBaHHSIM HEUITKUX MPABUI 1 KOB3HUX PEKHUMIB

TouHite, y 1bOMy JOCII)KEHHI BUKOPUCTOBY€ETHCS KOB3HE KEPYBaHHS K HaAIMHUN
JUCIIETYEPCHKUN KOHTPOJIEP, 1100 3a0e3MeUnTH JOCTaTHI KOHTPOJIBHI BX1HI JIaHl y pasi

HEOOX1THUX CUTYaIlii.

KepyBaHHSI KOB3HHM PEKHMOM, 11O BKJIIOUA€E YYAOBI €KCKIIO3MBHI SKOCTI, TOOTO
HaJIIAHICTD Y pa3i 30ypensb [117] 1 HU3bKy OMUIKY BifcTexeHHs [118], € miaxomom 10
KEpyBaHHS 3MIHHOIO CTPYKTYpPOIO, SIKUHM 3MIHIOE JUHAMIKY HEJIHIHHOI CUCTEMU HUIIXOM
3aCTOCYBaHHS MEPEPUBYACTOTO KEPYIOUOrO CHUTHANY, SIKUH 3MYIIy€ CHCTEMY KOB3aTH
B3JIOBX TOMEPEYHOTO Mepepizy HOPMAIBbHOT MOBEAIHKH CUCTEMH. Y 1bOMY BiJIHOIICHHI
BiH BUKOPHCTOBYBaBCs BifanoBigHo a0 [II/[-perymoBanns, o0 oTpumMaru BUTOAY Bif
nepeBar 000x koHTposiepiB. Yoit 1 Ueon JIi [119] 3anmpononyBanu I11/]-perymtoBanHs,

3aCHOBAaHE Ha KOB3alOUOMY YIPaBJIiHHI 3a JOMOMOTOIO CrocTepiraya, o0 3amooirtu
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OlYHOMY TIEpEeMIIIEHHI0O CMyT y Tiporeci rapsdoi mnpokarku. Ykan ta iH. [120]
BUKOpUCTaNH TiOpunx omHo HeiponHoro IIIJI-perymioBaHHsS Ta KepyBaHHS KOB3HUM

PEXHUMOM, 100 TapaHTyBaTH CTaTUYHY Ta JUHAMIYHY HMPOTYKTUBHICTH CUCTEMHU.

[Ilo6 mnpencraBuTH HaAWKpally MOXJIMBY MPOAYKTUBHICTH KOHTPOJNEPIB, iX
napaMeTpu MOBHHHI OyTH OOpaHi Ha OCHOBI BIJAMOBIIHMX HAYKOBHX IMIIXOAIB OO
KpUTEpiiB mpoekTyBaHHA. Hacmpapal mpoeKkTyBaHHS Ta HalalTyBaHHS KOHTPOJIEPIB
MOJKE 3/1aTUCS KOHIIETITyaJIbHO 1HTYITUBHHUM, aJIe MOXe OyTH BUMOTJIMBAM Ha MIPAKTHIIL,
SKIIO TOTPIOHO JTOCITTH KUIBKOX 1 YaCTO CYNEPEUIUBHUX HUTHOBUX (DYHKIIIH, TaKUX SIK

KOPOTKHUH TIEPEXiTHUIN MPOIIEC 1 BUCOKA CTAOUIBHICTD.

OTxe, aNropuT™, SIKUI MpeICTaBiIsI€ BEIUKY KIJIbKICTh alIbTEpHATUBHUX PO3B’SI3KIB,
mo Jexarh Ha Qpouti [lapeTo—onTMymy abo moONM3y HHOTO, Ma€ BETUKE MPAKTUYHE
3HaueHHsa [121]. 3 1mi€ro MeTor0 B psAll AOCHIKEHb Oylo MPOBEACHO OCHIIKEHHS
eBOJIIOLIMHUX aJTOPUTMIB 0araToligboBOi ONTHMI3alli Ta POHOBHX aJTrOPUTMIB
OararoIijaL0BOi ONTUMI3ALI, IT00 3HAWTH HaMKpaIll MOXKIIUBI KOe(DIIIEHTH KOHTPOJIEPIB
3 ypaxyBaHHSIM KpuTepiiB mpoekTyBaHHs [122-124]. ¥V upomy AOCHiIKEeHHI, II00
HaJIAIITyBaTH 3alPONIOHOBAHUI KOHTPOJIEP, ONTUMI3allisl 6ararouiibOBOro reHeTUYHOTO

JITOPUTMY BUKOPUCTOBYETHCS JIJIs1 BU3HAYEHHS TapaMeTpiB KOHTPOJIepa.

g po3risiny e(heKTHBHUX 3aCTOCYBaHb ONTHUMI3allli TEHETUYHOTO aTOPUTMY JJIs
[MI[l-perymtoBanHs Ta/abo KepyBaHHS KOB3HHUM pPEXUMOM Yy JiTeparypi, bencaana ta
bynren CramOymi [126] 3acTocyBajM ONTHMI3allil0 TEHETHYHOIO aJIfOPUTMY JI0
pPO3pOOKH KepyBaHHS KOB3HUM PEXUMOM y moeaHanHi 3 [IIIM—4acToToro miakiroueHHs
710 TIOHMXXYBAJILHOTO TIEPETBOPIOBaYa MOCTIHHOTO cTpyMmy. ONTUMI3aIiI0 TeHETUIHOTO
AITOPUTMY B peaNbHOMY KOIi aiisi po3poOku mapametpiB [II/[-perymioBanHs 11070
MIIIHUX eJIeKTporiapasaiyHux cucteM. [langa Ta iH. [127] 3ampomoHyBanu ridopuf
ONTUMI3allli MOIIYKY 1 MOPIBHSJIA MOXJIMBOCTI 3allpONOHOBAHOTO ajiroputMy 3 PSO,
BFOA Tta GA, a noTim 3acTocyBajy HOro A0 IpOonopLiiHO—IHTErpajJbHOrO KepyBaHHS

B32€MOIIOB’ I3aHOIO CHCProCucTcMoOI10.

Awmep Ta iH. [ 128] npeacTaBuiii CTpaTerito KEPyBaHHS pOOOTaMU—MAaHIMYJISITOPAMH,

3aCHOBAHY Ha MO€JHAHHI HEUITKO1 JIOT1KM KEPYBAHHS 3 KEPYBAaHHSAM y KOB3HOMY PEKUMI,
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Ta IPOUTIOCTPYBaJIN €()EKTUBHICTD 3aIIPOIIOHOBAHOTO KOHTPOJIEpPA Y BUNA/IKY KEPYBaHHS
JTUHAMIYHOKO MOJCIUII0 TUIOCKOTO J>KOPCTKOro pobota—maninmynasropa 3 3 DOF i3
HeBu3HaueHicTio. [10pua IIl[l-perymioBanHs Ta HewiTkoro kepyBaHHs[ 128]
3allpONOHYBAJIM Ta YCHIIIHO 3acTOCYyBaJd HOTO JJisl PEryliOBaHHS EHEPreTUYHHUX
pecypciB y OymiBisx. Xcy Ta iH. [129] 3anpononysanu cuctemy I1l/I-perymtoBanns 3
CaMOHaBYaHH:M, 10 ckianaerses 3 [III-perynastopa Ta HEUITKOrO KOMIIEHCATOpa st
KEpPYBaHHS XAOTUYHOK TIOBEJIHKOIO JBOX HENIHIMHMX 1J€HTUYHHUX XAOTUYHUX

TIPOCKOIB 03 SIBUIIA CTYKY B KEPYIOUOMY 3yCHILII.

VY crarti [130-131] 3a nonomoroto Bukopuctanus [1I/[-perynstopa B moegnanHi 3
KEepyBaHHSM KOB3alOUUM PEXHUMOM 1 pPO3pPOOKH BIAMOBITHUX 3aKOHIB aJjanTallii Ha OCHOBI
IPaJi€EHTHOTO METOMY T1AHOCTI Ta HEUITKUX MPaBWII, 1100 3aMpONOHYBAaTH ONTHUMAJbHY
alaniTUBHY CTIMKICTh KOHTpOJEpa JUIsl HEBU3HAYCHHUX XaoTMuHuX cucreM MIMO y
MOPIBHSIHHI 3 pe3ylbraramMu JBoxX jociipkeHb [132-1338]. Tounimie, ocHOBHa
apxiTeKTypa MiAXOAy A0 KepyBaHHA B I[iil CTarTi 0a3yeTbcs Ha METO/ KepyBaHHs [ 134];
1HHOBAIIIITH1 METO/TH, TaK1 SIK HEUITKI MpaBujIa Ta 0araroiijb0BUM TCHETUYHUN AJITOPUTM,

BUKOPUCTOBYIOTHCS JIJIs MIABUIIIEHHS €()EKTUBHOCTI MiAXOMY A0 KOHTPOJIIO.

1.2 IlpusHayeHHs Ta 00J1aCTh 3aCTOCYBAHHSI CHCTEMHM KepPYBAHHS ONTH4YHOI BicCi

KaMmepu

Cucremu ctabinizaii 1 TOBOPOTY ONTHYHOI OC1 KaMepH JAJIs aBiallii Ta 030pOEHHS
€ KPUTUYHUMH KOMIIOHEHTaMH y Cy4acHHUX BIMCHKOBHUX 1 IMBUIbHUX cucTeMax. OCHOBHI
iX mpu3HaYeHHS 1 00JIaCTh 3aCTOCYBaHHS BKIIIOUAIOTh:

1. 3abe3neuenHsi cTabiIbHOTO 300pakKeHHS HABITH MiA 4Yac pyxy IarGopmu
(HampuKkJaa, JTaka, TBUHTOKpwia a0o TaHka). lle mo3Bossie 36epiratv YiTKICTh 1
TOYHICTb ONTUYHOIO 00JIaJIHAHHS I11]1 Yac pyxy sl GopMyBaHHS 300paKeHb.

2. BuxkopucToByeThCS AJIs1 HaBIraiii, po3BIAKA 1 MOHITOPUHTY O0'€KTIB Ha 3eMIi
a00 B MoBiTpi. 3a0e3reuye MOKIUBICTh Bi3yaJbHOI'O CIIOCTEPEKEHHS B peabHOMY Yacl

3 BUCOKOIO PO3/1IIBHOIO 3/1aTHICTIO.
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3. BiiicbkoBe 3acTocyBaHHS B 030pO€HHI JJIsI PO3BIAKH, I[IJICHABEICHHS Ta
MIITPUMKHU TIPUNHATTS PIIICHb.

4. BUKOPHUCTOBY€EThCS B LIMBUIbHUX aBlallIlHUX amapartax AJii MOHITOPUHTY PyXy
Ta 6€3MeKH, B KOCMIYHUX JOCIIPKEHHSX, a TAKOXK B CHCTEMaX BiJIEOCTIOCTEPEIKEHHS /ISt
3aXUCTy 00'€KTIB IHPPACTPYKTYPH.

YMOBH iX poOOTH MOXXYTh BapilOBATUCA Bl €KCTPEMAIbHUX MOTOJAHUX YMOB JIO
BHUCOKHUX BIOpalliii 1 mepenaaiB TeMneparyp, ToMy HaJIHHICTh 1 cTabUIBHICTL pOOOTH B
PI3HUX YMOBaX € KPUTUYHUMH MapaMeTpaMu P po3poOIll TAKUX CUCTEM.

[Tig cucTemoro 3 MacMBHUM CaMOHABEACHHSM PO3YMIIOTh TaKy, B sIKid mpuitmad,
BCTAaHOBJICHWUH Ha PaKeTi, BUKOPUCTOBYE €HEPTil0, 110 BUIMPOMIHIOETHCS CaMOIO IIIJLITIO.
BigMiHHICTIO BlJ aKTUBHOTO 1 HAMIBAKTUBHOI'O THIIB CAaMOHABEIECHHSA € Te€, IO B
CUCTEeMaXx 3 MACHBHUM CaMOHaBEACHHSM IH(ppoBa iHdopMallis It KEpYBaHHS PAKETOO
dopmyetsest B 'CH 3a pesynbraramu aHaii3y TEIJIOBOTO BHIPOMIHIOBAHHS camoi 1L,
ToMy (hOpMyBaHHS JOJATKOBHUX JXKEPEN BUIIPOMIHIOBAHHS HE MOTPiOHO.

OcnoHi nepeBaru ['CH, o npairrorots B [Y—nianazoni

— BUKOPHUCTOBYETHCS MACUBHUMN MPUHITUAIT POOOTH, 110 HE JO3BOJISIE iX BUSBISATH
IPOTUBHUKY;

— MEHIIIA 3aJIeXKHICTh B1Jl aTMOC(EPHUX YMOB;

— Maja YyTIHMBICTh J0 3BHYAWHHUX JUMOBHUX 3aBIC (3MaTHICTH 1H(PAYEPBOHOTO
BUITPOMIHIOBaHHS MPOHHUKATH Yepe3 3BUYAHHIA TUM);

— poboTa TermIoBi3opa HE 3aJCKUTH BiJ TOr0, B SKIA MICIIEBOCTI BEIETHCS
criocTepexeHHs (pIBHUHA, JIIC, YarapHUK TOIIIO);

— BEJIMKA JaJbHICTh POOOTH (ISl CIOCTEPEKEHHS 3a MoJieM 000 Ta BUSIBJICHHS

IiIeH).
Bumoru 10 o0J1axHaHHA

Jns ycnimHoT poOOTH ONTUYHOI CUCTEMHU TapaMeTpu pyxy B Mpolieci poboTH
MaloTh BIATNOBIAATH TMEBHUM BUMOTaM, IO (GOPMYIOThCS Oe3mocepeaHbo poOOTOIO

aJTOPUTMIB PO3Mi3HABAaHHSI, PO3BIJIKH TOIIIO.
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B mnpoueci pochimpkenHs poOOTH anroputMmy Oyiu cPOpMyIbOBaHI TPU THUIIH
KPUTEPIiB 1151 300paKeHb 3 KaMEpH:

— PO3MUTTSL 300paXK€HHsSI CIPUYMHEHUN HEHYJIHOBUM 3MIMICHHIM (QOpMYyBaHHS
CUTHAJIy Ha IMiKcesl He Mae nepeBuntyBatu 20 mikcesiB (200 poO3MUTTS OB’ sI3aHE 3 PyXOM
JITATBHOTO amapary);

— PO3MHUTTS MOB’s3aHE 3 MOCTYNAJILHIUM PYyXOM JIITaIbHOTO anapary;

— MIBHJKICTb MOCTYMAJILHOTO pyXy kamepu v = 300 m/c;

— JIHIAHUW PO3MIp IUISHKK 3€MJIl, IO BIJAMOBIAA€ OAHOMY IIKCEII0 Mae He
MIePEBUIIYBATH PO3MIpPY IMIKCENs HAa CYITyTHUKOBIHM KapTi, B BUMAAKY KapT Sentinel
0.3 M

— d4ac Habopy eHeprii kamMepu Mae He nepeBuiryBatu 20 mc;

— PO3MUTTS MOB’sI3aHE 3 MAHEBPAMHU JIITAJILHOTO anapary.

Haii6inpma kyToBa WIBHAKICTH JITAJIBHOTO amapaTy Ha Mapuil JOCSTaeThCsl B
nporeci o0epTaHHS HABKOJIO CBO€I OCl Ta CTAHOBHUTHh OJUHHIII—JECATKU TpayciB Ha
cekyHay. Tooto Ha BucoTi h = 100 metpiB 3a t = 20 Mc JiTaabHUNA amapaT 3 KyTOBOIO
MBUAKICTIO @ = 10°/c obepHeThcs Ha ¢ = wt = (.2° a BIANOBIAHUN PO3MUTTS
ctaHoBUTUME /1, = 0.34 M, TOOTO TPOXU OLIBIIE OAHOIO MIKCEIIIO.

Jl1st 3a0e3nedeHHst BUCOKOI TOYHOCTI BUSHAYCHHSI TapaMeTpiB 00’ €kTa Oy10 oOpaHo
TEIJIOBI3IHY Kamepy pwuc. 1.8, ska BiAMOBIAa€ BUMOTaM 10 PO3IIIBHOI 34aTHOCTI,
criekTpanbHoro aianazony GSTiR MINI212 ta wytnuocTi. J{Jis peanizaliii mocTaBIeHUX
3aBlaHb HEOOXIJHO BHKOPHUCTOBYBATH TEIUIOBI3IHHY KaMepy 3 ONTUMAaJbHUM

CITIBBIIHOIIEHHSM I[IHU Ta SKOCTI, [0 CTAJIO OJTHUM 13 KITFOUOBUX KPUTEPIiB BUOODY.

Pucynok 1.8 — Kamepa MINI212 Uncooled Miniature 256x192 VOx Thermal Module
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Kamepa GSTiR MINI212 mae HacTymH1 ACOPTHI XapaKTEPUCTUKU:

— po3mip mikcens d = 12 Mkm
— dokyc f=2.1 mm
— PosminpHa 3matHicTh 256X%192 mikceniB
— YacTtora 3iioMKu 25 KaapiB HA CEKYHIy, TOOTO Yac 3a00py €Heprii He MepeBUIIye
40 mc.
Ha nanwmit yac Ha 030pO€HHI Pi3HUX KpaiH ICHY€ LM psJ paKeT KJIacy «IOBITPS—

3eMJIs», 30KpeMa  MPOTUPATIONOKAIIMHMX, SKI TpU3HAYeHI I YpaKeHHs
paioNoOKalIMHUX CTaHIH Ta eJEeMEHTIB CHUCTeMH MPOTHIOBITPSIHOI 00OpPOHU
npoTuBHUKa. Bucoka edekTHBHICTH TakuxX 3aco0iB 0OyMOBIIEHA iXHBOIO 3IATHICTIO
ABTOHOMHO BHSBJISITH, 3aXOIUIIOBATH Ta YypaxxaTu JpKepeia pajiloioKaliiHOTO
BUIIPOMIHIOBaHHSI, [0 3HAYHO 3HWXKY€E 00HOBY edekTuBHICTh 3ac00iB 1110 nmpoTtruBHMKA
Ta 3a0e3mneuye nepeBary B MOBITPSHUX OTEpaIlisix.

3 orJIsiy Ha PO3BUTOK CYyYaCHUX CHUCTEM MPOTUIOBITPSHOT OOOPOHHM, MIJBUILEHHS
piBHSL paAloeNeKTPOHHOI OOpOTHOM Ta HEOOXIAHICTH 3a0e3MeuUeHHs] TEXHOJIOTTYHOT
nepeBaru 'y 30poMHMX KOH(IIKTaX, akTyaJlbHUM 3aBJIaHHAM € pPO3poOKa HOBOTO
MOKOJIIHHS IPOTUPATIONOKAIIHIX paKkeT. Taki pakeT! MOBUHHI MaTH:

- IOKpalIeHy CUCTeMy HaBEACHHA, IO 3a0e3Medy€e BUCOKY TOYHICTh YPa)KeHHS
HaBITh y CKJIQJHUX YMOBaX PaJiioeIEKTPOHHOI 00pOTHOH;

- 301TBITIICHY ANBHICTh [Iii, 0 JO3BOJISE 3MIMCHIOBATH aTaKu 11033 MEXKaMU 30HH
ypaxenns [1110 npotuBHUKa;

- BUCOKY IIBUAKICTbh Ta MAHEBPEHICTb, L0 YCKIIAHIOE iIXHE MEPEXOTICHHS;

- IHTENIEKTyalIbHI aJrOPUTMU OOPOOKM CHUTHATIB, L0 JO3BOJISIOTH aBTOMATUYHO
aJanTyBaTUCS 10 3MiH y XapaKTEPUCTHUKAX BUIIPOMIHIOBAHHS IILT.

TakuMm 9MHOM, AOCTIIKEHHS Ta po3po0Ka BAOCKOHAIEHUX MPOTHPATIONOKAIIITHIX
pakeT € CTPATETiYHO BAKIMBUM HAMPSIMKOM, 1110 CIIPHUSE 3MIITHEHHIO 000POHO3AaTHOCTI
Ta 3a0€3MeYEHHIO TEXHOJIOTIYHOI epeBaru y cepi BUCOKOTOYHOTO 030poeHHs. OCHOBHI
XapaKTePUCTHKHU 3apyODKHUX MPOTUPATIONOKALINHUX PAKET KIACy «IOBITPSI—3EMIISD»
HaBesieH1 B Ta0m. 1.1. AHai3 iICHYrOUYUX 3pa3KiB 030pPOEHHS IEMOHCTPY€E TCHACHINIO 10
HiABUIICHHS JAIbHOCTI YpaKeHHS, MOKPAILIEHHS! CUCTEM HAaBEIEHHS, 3MEHIICHHS Yacy

peaxiii Ta miABUIIEHHS 3aXUILIEHOCTI BiJ 32C001B paAi0eIeKTPOHHOT MPOTUIII.
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Tabnuusg 1.1 — IlopiBHSIHHS XapaKTepUCTUK pakeT kiacy «I1oBiTps—moBepxHs»

No Kpaina Cucrema JanpHICTh ["abaputu, Mm [IBuaKICTH ..
Ha3zsa [1m
n/m BUPOOHUK HaBEJICHHSI yCKY, KM Maca, kr MOJILOTY, M/C
IlineBka3iBka — 10 « CraptoBa maca — 640
3amycKy, BiJl JanpHICTh —  |KT
O0pTOBOTO 70..120 km (B |o JloBxuHa — 4,8 M [IpoTupaniosiokariiiina
naTyuka abo 3asiekHOCTI Bif | JliameTp — 380 mm aBialliiiHa KepoBaHa
X-58 («BupiO MiBICHOI CTaHIlii. |[BUCOTH Ta « Pozmax kpuna — 117(1IBuakicts — |[pakeTa "mOBITPSI—
1 |112», «Bupib JI- [Pocis I'CH paketu MOXe |MIBHAKOCTI MM 1195 m/c 3emiisl” cepeHbOL
T», AS—11 Kilter) HaBOJIUTHUCH HA MyCKY; MoaudiKaris (3,6 M) JATbHOCTI,
PJIC, sxi moaudikamis | X-58YIIIKD po3pobieHa s
MPAIOIOTh B X-58YIIKD — |» Po3max kpuina — 800 3aMiHU pakeTn X—28.
IMITY TbCHOMY 10 250 xkm) MM
peXUMI o JloBxkuna —4,19m
JoBxuHa — 4294 mwMm.;
. Bucokortouna
Jliametp —275 MM.; aBialiiina pakera
X-25MII ITacuBna : Po3max kpuna — 755 |Cepenns 1 b3
. : . JlambHICTh . . MaJIOro paalycy Aii,
) ( Mmonudikaris X— Pocist pamionokauiina [0 0 MM.; IBUJIKICTh HDH3HAYCHA. LS
25, AS- ITPT'C-1BIl/ 3y_ 43 M Po3max onepenHs noasoty— 400 B}I;H CHIL A
10 Karen) TIPTC-2BIT 493 MM — 450 wm/c; m "
paaioIOKalIfHUX
CrapToBa Maca o
CTaHIIH

— 315+ 8 kr.;
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[Tponosxenns Tabmuii 1.1

Ne Hassa Kpaina Cucrema JlampHICTB ["abaputu, Mmm [IBuakicTs Iini
n/m BUPOOHUK HaBEJICHHS MyCKY, KM Maca, kr MOJIBOTY, M/C
[Ipu3nauena qos
oBxkuHa — 4410 mm.; AXKCHHS
AGM- MaxkcumainbHa I[. ’ yp& :
CIIIA . . HMiametp — 34,3 mM.; MakcumanbHa [paJlOTEXHIYHUX
78 Standard— Metoa macuBHOI  |JAJILHICTH ) .
4 (General ) . Po3max kpuna — 1080 [mBUIKICTH 3ac00i1B, 1 TIEpIII 3a BCE
ARM . pamionokaii. CTpLIbOU . o
Dynamics) 75 K MM.; 820 m/c paz10IOKaIMHUX
Bara BY — 150 xr. craumii 3PK ta
3€HITHOI apTUJIepIi.
MaKCHMATILHA PakeTu 3 macuBHOM0O
CIIA ATBHICTE Hosxuna — 3050 mm.; pasioIoKaIiiHO
AGM—45 Shrike |(Texas ITacuBHa el . HMiametp — 203 MM.; |MakcumanabHa [TOJIOBKOIO
) . CTpiILOU BiJl ; )
5 |AGM-88 Instruments, |pamiosiokaiiiiina Po3max kpuna — 914 |mBUIKICTH CaMOHABEJEHHS, K1
X oT 18 10 52 kMm
HARM, ALARM.|Sperry MOHOIMITYJIbCHA . |MM.; 1000 m/c HABOJIATHCS Ha
: B 3JIEKHOCTI .
Rand/Univac) : . ./Bara — 177 xr. BurnpomintoBauus PJIC
Bi1 Mo dikari] . )
3CHITHIX KOMILJIEKCIB.
Ob6nagnana
HIMPOROTIOTOCHOT POTUPAAI0JIOKAITIHA
nacuBHol 'CH, |[Makcumanbeha |JloBxkuHa — 2710 MMm.; pOTHD
sIKa OXOILTIOE aJIbHICTD Hiametrp — 330 Mm.; paxera STAR-1
6 |STAR [3painb A P ¢ CTBOpeHa Ha 6a3i

Jlara3oH Ta

CYyIyTHUKOBOIO
HaBITAI[lOHHOKO
cuctemoro GPS

cTpinsou 100
KM

CraptoBa Bara — 190
KT.

imitaropa it Delilah
bipmu TAAS
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[Tponosxenns Tabmuii 1.1

No Hassa Kpaina Cucrema JlanpHICTh ["abaputu, Mmm [IBuaKicTH ini
n/m BUPOOHHK HaBEJICHHS MyCKY, KM Maca, kr MOJIBOTY, M/C
ARMIG.ER Hopxuna — 4000 mm.;
(Antiradiation MakcumasnbpHa Tiamerp — 200 My MakcivanbHa
Missile with . nacusHa PJI + JAJIBHICTb P > . s 3aminn HARM
8 ) Himeyunna . u : Po3max kpuna — 720 |MIBUIKICTH
Intelligent TEIJIOBI31iHA cTpiisbu 45 VM- 1150 kat/ AGM-88
Guidance & KM Bar.;l 995 k¢
Extended Range) '
AS-37 Martel ITacuBHa HoBxuHa AJ.168
. : : . Makcumainbna
(Missile Anti— BoarLis Ta pajiiosiokaiiiitna ATEHICTE 3870 MMm.;
Radar BSHHII:O SouTa I'CH na i[T I HoBxuna AS-37 [TpusHauena s
Television)/ His P (hikcoBaHUX AJp 168 36-60 4120 mm.; MakcumanbHa |ypasKeHHs
9 ARMAT(3 (Hawker— 9aCcTOTax KUTbKOX KM' Hiametp —400 mm.; |[mBuakicts 0,9 |[pamioTexHIYHUX
IIAaCHBHOIO : Jiara3oHiB Ta e Po3max xpuma — 1200 M 3aco0iB, 1 TIEPIII 32 BCE
paIioIOKaIIHHOIO (S:;?J(]i:i}; 4 pO3paxoBaHa B iIS{I\?I’;Tal)ZKOM MM.; paIioNoKaIlIHHIX
TOJIOBKOIO OCHOBHOMY Ha CraproBa Bara — 535 CTaHIIN
Matra) KM
CaMOHaBEJICHHS BpaKEHHS KT.
— AS-37 imnynbcHux PJIC
Pocist JoBxuHa — 4355 mMm.;
(CocMKB MakcumanbHa |[diametp — 276 MM.;
10 [ X-27IIC "Pamyra" um. |[lacuBna PJI AATBHICTH POSI.%X kpuna — 810
A g cTpinsou 8—10 |MM.;
N " KM CraproBa Bara — 300
bepesnsika

310 kr.
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1.3 AHaJ1i3 OCHOBHMX IMapaMeTpiB i XapaKTepPUCTHUK CUCTEeMH KepyBaHHs. Bubip

TrOJIOBHUX BUMOT VISl NOAAJBINOI Moaupikalil i moKpameHHs KJIACHYHOI CHCTEMU

Cucrema cralumizalii Ta TOBOPOTY ONTHYHOI OCI Ma€ KIHEMAaTUYHY CXEMY
puc.1.9 ta npusHadena aist po3B’s3ku ['CH 1 11 onTHYHOT cUCTEMH BiJi KOJHMBAaHb
OCHOBHOTO BHpPOOYy, a TakoX MAJIs BIANPAIIOBAaHHA KyTiB LijeBKa3iBKU. OCHOBHI
TEeXHIYHI BUMOTH JI0 TAKOT CUCTEMH HaBEJCHI HUXKYE.

1.1 Buxigaumu curnamamu CCII OEIT moBuHHI OyTH CHUTHAJIM, TIPOIOPIIIAHI
CKJIaJIOBUM KYTOBHUX IIBHUIKOCTEH JiHII Bi3yBaHHS, KyTIB MO TaHTaxy Ta PUCKAHHIO
BIIXUJIEHHSI HABKOJIO OCEH TIPOCUCTEMU Ta KyTiB HEY3rOJKEHOCTI JIIHIT Bi3yBaHHS
1010 ONITUYHOI OCI.

KyTu mineBka3iBKd MO TaHTaXy Ta HUIINOPEHHIO BH3HAYAIOTHCS B CHCTEMI
KOOPAMHAT KOPIyCYy OCHOBHOTO BUpP0OY OpXyYyZ).

KyToBi1 mBHIKOCTI JTiHIT BI3yBaHHS, a TAKOX KyTH B13yBaHHS Ha LI1JIb [10 TAHTAXY
(B uromuHi X;0,Y?3) 1 puckanHio (B mwioniuHi X,0,7Z,) Ha Buxoai OEIl Bu3HavaroThCs

B T1aTopMeHHii cuctemi koopauHaT O,X,Y,Z,, a MOJAPHICTh — 32 3aKOHOM TIPaBOi

PYKH.

Ik

Pucynok 1.9 — Kinematuuna cxema CCII I'CH
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1.2 Maca o6'extuBa 3 (HOTONPUIIMAIBHUM MPUCTPOEM, 110 BCTAHOBIIIOIOTHCS B
He OubIIe 2KT.

1.3 B sKxocTi BHMKOHAaBUMX OpraHiB TpU po3poOLl MojAeTl MOBHUHHI
BUKOPUCTOBYBAaTHCSI MOMEHTHI O€3peAyKTOpPHI JBUTYHH TOCTIHHOTO CTPYMY.
MomeHTH onopy Ta IMHAMIYHI BIUIMBH YTOYHIOIOTHCS y MPOILIECI.

1.4 Cuctema moBuHHA 3a0€3MeYyBaTH TOBOPOT ONTHUYHOI OCI MO0 OCl KOHyCa
Ha KyT He MeHlIe 45° y Oyab—saKkoMy HanpsMKy. [1oi0xeHHs ocl KOHyca po3BOPOTY
ONITUYHOI OCI 1110/10 TI03/I0BXKHBOI OC1 OCHOBHOT'O BUPOOY CTAHOBUTH KyT 210 15° BHU3,
IIpU LIbOMY CHCTEMa MOBUHHA BINPAllbOBYBATH 11JIEBKa31BKH 11010 MO3/I0BXKHBOI OCI
KOHyca Ha KyT He MeHIIe 40° y Oyap—sKOMY HampsIMKY.

1.5 KyTu wnineBka3iBKM BHAAIOTHCS MO0 CUCTEMHU KOOPAUHAT KOPITyCY
ocHOBHOTO BHPOOY OoXoY¢Zo y Burisai kyTiB Eitnepa GesnepepBHO 10 3aXOIUICHHS
Il CHUCTEMOI0, MPU LBOMY MEPLIMl MOBOPOT MPOBOAUTHCA HaBkoJo oci OgYo.
IToxuOka BiAmpairoBaHHs KyTa I[iJieBKa3iBKU He Oinbine 40' B pexumi poOOTH, 110
BCTAHOBUBCHI.

1.6 Yac BigmpairoBaHHs 1iieBKa3iBKu Ha KyT 40° He OinbIne Hixk 1,2 c.

1.6.1 HeoOxiaHO ompalfoBaTl MOXJIMBICTh 3MEHILIEHHS Yacy BiANpaIfOBaHHS
1ieBKka3iBku j10 0,5 c.

1.7 CCII mae mpairoBaTH B peKHMMi aBTOCYIPOBOAY 1iJ1i. MakcumalibHa KyTOBa

MIBUJKICTh aBTOCyIpoBoay 20 °/c.

1.7.1 HeoOx11HO OnpaiioBaTy MOXKIUBICTh 301IbIIIEHHS MAKCUMAJIBHOT Ky TOBO1

IIIBUIKOCTI aBTOCYTpoBoay 10 30°/c.

1.8 ITloxmbOka BU3HAYEHHsS KYTOBOI IIBHJKOCTI JiHIi Bi3yBaHHS B PEXUMI

aBTOCYNPOBOJY:

— IIpY KYTOBIM MIBUAKOCTI B AianasoHi 1°/c+20°/c ve 6ubire 10%;

— IIpY KyTOBI1M mBUAKOCTI MeHIe 1°/c ne 6inbiie 0,1 °/c.

1.8.1 HeoOximHO ompaifoBaTé MOXKJIUBICTh 3MEHIIICHHS MOXUOKW BU3HAYCHHS

KyTOBOI IBUAKOCTI B J1amna3oHi 1°/c+20°/c 1o 5%.
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1.9 KoedirieHT mepexpecHOro 3B's3Ky Mk KaHAJIaMH TaHTaXXy Ta PUCKAaHHS B

CHUCTEMI1 KOOPJIMHAT KOPIYCY OCHOBHOTO BUPoOy OoXyYoZy

KP4 AQ. /9, £10%;

K, 5 AQ, /Q [<10%;

P Y . .
ne : Ky Kp — koedinienTt mepexpecHoro 3B'sa3Ky 10 TaHTaXy Ta HUIIIIOPEHHIO,
AQy, AQ)z — no1aTKOBa MOMUJIKA, COPUUYUHEHA IEPEXPECHUM 3B'SI3KOM.

1.9.1 HeoOxigHO ompaimroBaTH MOXIMBICTh 3MEHIIEHHA KoedilieHTa

MIEPEXPECHOTO 3B'A3KY 110 5%.

1.10 ITocTiiiHa yacy KOHTYpY aBTOCYnpoBoy He Oiibiie 0.15c¢.
1.11 B cucremi mae O6ytu 3abe3medeHa po3B'si3Ka BiJl KOJHMBAHHS KOPIYCY

OCHOBHOTO BHPOOY IO TAaHTaXXy Ta PUCKaHHS 3 TOYHICTIO:

NPy KOJMBaHHAX 13 yacTtoToro 11 Tta ammuitygoro < 10° — 3 koedimieHTOM

po3B's13ku He Oinbiie 1%;

NPy KOJIMBAHHAX 13 4yactororo S Ta amrmiityaoro < 2° — 3 koedIlieHTOM

po3B's13ku He Oinbiie 3%.

1.12 OEII mae 6yTu CTIMKUM 10 BIUIMBY BUIAJAKOBOI IIUPOKOCMYTOBOI BiOparii

31 CIEKTpOM, HaBeAieHUM Ha puc. 1.10.

W(g*/Hz)

A

Wy o

3dBYQct

|
|
|-
|
|
|
|
L .
|
|
|
|

20 500 1500 2000

Pucynok 1.10 — CnekTp BUINAIKOBOI MIMPOKOCMYTOBOI BiOparii
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CrnexTpanbHa MITBHICTh JJISI PEKUMY:

- cmineHOro nonsoty Wi=0.005g*/Hz, W,=0.012g*/Hz;

- aBToHOMHOTO nonsoty W;=0.01g*/Hz, W,=0.1g*/Hz.

1.13 MexaHiuHMM y1ap OJUHOYHOI Aii (CTapTOBUM y1ap) BIAMOBIAHO A0 BUMOT

JCTY y BignosinHiii cdepi HaBeaeHo B Tadm. 1.2.

Tabmums 1.2 XapakTepucTUKU MEXaHIYHUX yAapiB

[Ipuckopen | TpuBaiicTp, o

Kinekicte | ®opma Hanpsmox
g m/c*(g) | Mc
500(50g) 11 1 HamiBcunycoinanpHa | +X
100(10g) 20 + 40 1 HamiBcunycoinanena | —X
400(40g) 20+ 30 1 HamiBcunycoinanpHa | —Y

1.14 Po36ixkHicTh nieHTpy Mac OEII 3 neHTpoM KapAaHHOTO MiABICY HE OljbIle

0,1 mm.

1.4 @opmyjoBaHHS OCHOBHOI 3aja4yi aucepramiiiHoi po0OTM HA OCHOBI

MPOBEICHOI0 AHAJI3Y

Mertoro qucepraniitHoi poOOTH € MiABUIIEHHS TOYHOCTI Ta €(PEKTUBHOCTI CUCTEM
ABTOMAaTUYHOTO KEPyBaHHS, aBlalliiHUX Ta KOCMIYHUX TEIUIOBI3IMHUX CHCTEM
cTabumi3ali Ta MOBOPOTY IIJISIXOM CHUHTE3Y 1HBApiaHTHOI J0 30ypeHb ONTUMAaIbHOT
CUCTEMH aBTOMATUYHOTO KEPYBaHHS OINTUYHOIO CHUCTEMOIO [IJIsi 3a0e3NeUCHHS
rapaHTOBAaHOI TOYHOCTI B YMOBax HeBU3HaYeHUX 30ypeHb. lle mepenbadae po3poOKy
METO/IIB, sIK1 3a0€3Ieuy0Th TOYHICTh Ta AKICTh nepexigHoro npouecy CAK, a Takox
BUSIBJICHHSI HOBHX MAaT€MAaTUYHUX CTPYKTYp, IO JO3BOJSIOTH JOCSTTH BHCOKOI

TOYHOCTI KEpyBaHHA B YMOBax HEBH3HAYCHOCT] 3a AOIIOMOT OO0 CYyYaCHHUX MCTOI[iB

KOMIIEHcaIli1 30ypeHb 1 aIaTUBHOTO KOPUT'YBaHHS BIUIMBIB Ha CUCTEMY.
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BucHoBku 10 po3ainy 1

1. Ha ocHOBI omisify cy4acHOro CTaHy CHUCTEM aBTOMAaTHUYHOTO KEpYyBaHHS
(CAK) 3 rapaHToBaHOIO TOYHICTIO BH3HAYEHO iX KIIIOYOBY POJb y PI3HHUX Taly3siX,
TaKuX SIK aBiallisi, KOCMOC, EHepreTHKa TO0. AHai3 eKCIUTyaTal[liHUX YMOB I10Ka3aB,
[0 BUMOTH JI0 TAKUX CHUCTEM OXOILUTIOIOTH CTaOUIBHICTh, TOYHICTH, aIaITUBHICTh Ta
CTIWKICTh 70 30ypeHb. Bu3HaueHO, 10 HA OCHOBI IIUX BUMOT OyayTh BHUOUpPATHCS
BIJIMOBIJTHI METOAMKH PO3PAXyHKYy Ta KOHCTPYKTHMBHI €JIEMEHTH ISl CTBOPEHHS
ontumanbaux CAK.

2. [Tapamerpu xommnoHeHTiB CAK, 30kpema koedillieHTH 3BOPOTHOIO
3B’SI3Ky Ta iX CTPYKTYpH, MarOTh CYTTEBUM BIUIMB Ha CTAOUIBHICTH 1 SKICTh
MEPEXiTHOTO TMPOIECy CHUCTeMU. BH3HAY€HO OCHOBHI XapaKTEPUCTUKH, SIKi
T03BOJISIIOTH OIIHUTH epexTuBHICTh CAK, Taki K MBUAKOIISA, TOYHICTh CTa01Ii3aIlli,
CTIWKICTB 70 30ypeHb 1 3MaTHICTH J0 KOMIEHCcaIi 3MiH. PO3mIssHYyTO Cy4yacH1 miaxoau
70 KoMrieHcallii 30ypeHb, 30KpeMa METOAM 3BOPOTHOI JMHAMIKH, POOACTHOCTI Ta
aganTuBHOrO KepyBaHHA. L{i MeTtonu 3a0e3neuyroThb BUCOKY TOUHICTh KEPYyBaHHS B
YMOBax HEBU3HAUEHOCTI, 10 € KPUTUYHO BaXJIMBHUM JUIs cTab11pHOT podotn CAK.

3. Omisg cyyacHUX METOAIB KoMIeHcalli 30ypeHb, 30KpeMa 3aCTOCYBaHHS
METO/IB 3BOPOTHOI AWHAMIKH, POOACTHMX Ta aJalTUBHUX CTpaTerii KepyBaHHS,
MOKa3aB iX 3/IaTHICTh 3a0€3MEUNTH BUCOKY TOUHICTh KEPYBaHHS 32 YMOB HEBU3HAYEHUX
30ypensb. lle nmo3Bossie 30epiratu cTaOiIbHICTH 1 TOUHICTH pobot CAK HaBiTh B
yMOBax Jiii 30BHIIIHIX 30ypeHb, TAKUX SIK BiOpaIlii, 3MiHM TeMIlepaTrypH, TOIIO.

4. Onucani Meromu UMQPPOBOI OOpOOKHM CHUTHANIB, SKI CIPHUSIOTh
MOJIIMIIEHHI0O TOYHOCTI 1 HamiiHocTi kepyBaHHs B CAK. BuxopuctanHs Takux
TEXHOJIOT1H JJa€ MOXKJIMBICTh MOKPAIIUTH 1HBAPIaHTHICTh A0 30yPEHb, 10 € BaXKIUBUM
JU1s 3a0e3nedeHHs CTablIbHOT pOOOTH CUCTEMH B pealIbHUX YMOBax eKCILTyaraifi.

5. [IpoananizoBano TexHiyHi Metonu npoektyBanHs CAK, ski BKIIOUaIOTh
3MiHy KOe(]III€HTIB KEpyBaHHS Il ONTUMAJIBHOTO (DYHKI[IOHYBaHHS cuctemu. Lle
JI03BOJISIE  JIOCSATTH IMIJBUIIECHHS SKOCTI KEpyBaHHs, ajamntaimii a0 30ypeHb 1

TIIBUIIEHHS CTIMKOCTI JI0 PI3HUX 30BHINIHIX (DAKTOPIB.
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6. CdopmynboBaHO OCHOBHY 3ajjauy TUCEpTallii, sKa MOJIATa€ B CTBOPEHHI
iHBapiaHTHOT 10 30ypeHb ONTHUMAJIBHOI CHCTEMH aBTOMATUYHOTO KEpYBaHHS
ONTUYHOIO CUCTEMOIO TP HEBU3HAUYCHUX 30ypeHHsX. Lle focsraeThes 3acToCyBaHHAM
miaxoay oOepHEHO1 AMHAMIYHOI Mojeni cuctemu 1 dopmyBaHHsAM cTpyktypu CAK
rapaHToBaHOI TOYHOCTi. Po3poOka BKIIIOWa€ CTBOPEHHS KOPUTYIOUOTO BIUIUBY IS
KoMIleHcalli 30ypeHb muisixoM HaOmmwkeHHs 3MiHHOT crany CAK po wmexi

AOITyCTUMOT'O 3HaAYCHHA.
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PO3JILT 2
PO3POBJIEHHSI MATEMATHYHOI MOJEJI CHCTEMHY KEPYBAHHS

2.1 CTpyKTYypHO—(]YHKIIIOHAJIbHA CXeMAa CHCTEMH KEPYBAHHS TA ONMKC il B3aeMOil

3 0OPTOBOIO ANAPATYPOIO

CtpykTypHO—(YyHKITIOHATBHA CXE€Ma TMpeACTaBlieHa Ha puc. 2.1., BIAMOBIAHO A0 SKOi
I'CH ckitaja€eThes 3 HACTYITHUX OCHOBHHX YACTHH:

1) OEBD 10 ckiiany sIKOro BXOASTh:

- OC;

- OIIIT;

- CCII;

2)  BE, 5no ckiany sSIKOro BXOJASTh:

- 0J10k 00poOKH 1HPopMarlii GoTomPUHMATIBEHOTO IPUCTPOIO;
- OJIOK yIpaBTiHHS CUCTEMOIO CTabUIi3aIlii 1 HaBEJCHHS;

- iHTepdecHUN MO JIb 3B’ 3Ky 3 CUCTEMOIO YIIPABIIIHHS;
3) Cucrema oxonomkenas OIIIT;

4) AeponrHAMIYHHIA OOTIYHHK, 110 CKUIAE€THCS

OynkuionyBanHsa ['CH 1 11 B3aemo1isi 3 OCHOBHUM BUPOOOM IMOYMHAETHCS MICIISA
nomaui B ['CH GoptoBoro xunenus 27+9 B 1 orpumanus 3 BACY xomanam
«ApetyBanus» (Kap ). IIpu bomy B 'CH BHUKOHy€TbCS aBTOMaTHYHE CyMIIICHHS
BI3UPHOT OCI MpuJialy 300paKeHHs 3 IM03JI0BXKHBOI BICCKO OCHOBHOT'O BHUpOOY. lle
MOETHAHHS 3a0€3MedyeThcsl 3a PaxyHOK BIJMPAIIOBAaHHS IMPUBOJOM CHCTEMH

craOumizauii I'CH noyatkoBux (HacmopTHUX) KYTIB @y o1 (0 IO KypCy 1 TAHTaXy.

[ToyaTkoBi (macmopTHI) KyTH TMOJOXKEHHs Bi3upHOi oci [I3  BiHOCHO
1103710BXHb01 0c1 OB ¢y 01 @, ¢ 10 Kypcy 1 TaHTraXXy BU3HAYAIOTHCS 1 HACIIOPTU3YIOThCS
Ha etamni ckiagaHHs OB (ycranoBku ['CH B OB) 1 3aHOCSATBCS B mam'siTh OJIOKY

ob6uucmoBauda (bO) I'CH.
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OpnnouacHo 3 moaauyeto 0oproBoro kuBiieHHd B 'CH npoBoauThCst apeTyBaHHs
ontuuHoi cuctemu ['CH 3a gomomoror JBHUTYHIB 3a CUTHaJIaMH JaT4YMKIB
TEMIEpaTypyu 1 KOMaHJ MPUCTPOIO YIpaBiiHHA (DOKYCyBaHHSM, a TaKOX BHUXIJ Ha
pexuMm cuctemu oxojomkeHHss DI Ilicns Buxoxy Ha pexkum CO DI 1
MPOBEJECHHS TECTOBOi MepeBIpKM (PyHKUIOHYBaHHS ocHOBHUX By31iB ['CH 3
no3utuBHUM pesyabTatoM B OB 3 I'CH Hagxomuthk curHan—noHeceHHs «OK». YV
ckJazi iHpopmariiiinoro ciosa crany OB micis orpumanss qonecenns «OK» Buiae B
I'CH no nudpoBiii niHii 3B'43Ky MOIHOTHE 3aBIaHHS (THII 11111, TUT (DOHY, onirppoBaHe

300pakeHHS 111711 Ha MICIIEBOCTI, JAJIBHICTH JI0 I[iJT1, BUCOTY 1 IBUJKICTH OJIHOTY OB).

[Ipu pocsraenHi OB moxumoi mambHOCTI 10 1imi ~11 KM MpoBOAUTHCS
BinminenHs Bim OB aepomuHamigHOro OOTIWHMKA, IO cKuaaeThes, a 3 BACY OB B
I'CH nagxomuth komanaa Ha 3HATTS Kap, a motiM komanaa «llineBkazanus» (Kiy).

Paszom 3 xomannoro Kiy B 'CH nHagxoauts iHdopmariis mpo KyTH I[iJIEBKa3aHHS IO

KYPCY Quy 1 IO TAHTAXKY Q.

3a 10nOMOror MOMEHTHuX nABUryHiB [IMy 1 JIM, mpotsirom uwacy ~1 cek
MPOBOIUTHCS TOBOPOT onTuuHOi cuctemu ['CH Ha 3amani KyTu MiIeBKa3aHHS IO
Kypcy 1 TaHraxy 3 TouHicTio He ripiie 40'. [Ipu npomy [Uisi BUKITIOYEHHS CKIJIAJOBOL
MMOMUJIKA BUKOHAHHS IIUJICBKA3aHHs, BUKIWKAaHOI mepemimeHHsM OB momo 1im
npoTsAroM yacy BiampaitoBanus IieBkazanHsi B ['CH 3 BACY 06e3nepepBHO (3
iHTepBasioM ~ 0,1 cek) HaIXOAATh YTOUHEHI1 JaH1 PO MOTOYHI KYTH IIJIEBKA3aHHS Oy,

1 Py, @ TAKOXK JaH1 PO KYTOB1 IIBUAKOCTI OCHOBHOTO BUPOOY Qyo , 2701 Qxo.
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[Ticns Bukonanus komauau Ky B 'CH moumHaeThcst pesxkxum cenekiii . B
IbOMY peXumi crabumzaiis BizupHoi oci I3 mo kyrax Kypcy 1 TaHTaxy

3a0e3neuyeThes 3 moxuokoro He ripime 0,2 °/cek.

B Takomy cralinizoBaHOMY TIOJIOKEHHI BI3UPHOiI Oci B OJoil 0OpoOKu
iHpopmartii @I mpoBoauThCS 3UNTYBaHHA 1 00pOOKa BigeoiHpopMaIlii, OTpUMaHOT

3 @OIIII no 4* cnekTpanbHUX KaHadax.

3a pesynbTaTaMu 0OpoOKH OTpUMaHOi 1H(opMaIlii, ii MONIyKy 1 MOPIBHIHHA 3
naHuMU 1oakoTHOTO 3aBnaHHs B BO DIl Bupintyerbest 3aBmaHHs CeNeKIii mum 1
npuiMaeThCs pilieHHs mpo BuOip mim. Ilicns BUKOHAHHS 3aBHaHHS CEJICKINT il
IIPOBOJIMTHCS HaBeJeHHs B13upHOi oci [13 Ha 1111k 3a curHajzamMu o i 3, Kl HAIXOATh
3 BO I®II i HecyTh iH(MOpMALIIO MPO MOJOXKEHHSA 300pa)XeHHs LI II0AO0 IEHTPY
matpuili OIII. I'CH Buaae B BACY xomanay — noneceHHs «3axorieHHs i (Ksyy)

1 IEPEXOUTh B PEKUM «ABTOCYTIPOBIIY.

B pexumi «ABTOCYNpOBiI» TPOBOAUTHECA Oe3MepepBHE BU3HAYEHHS 1
yTPUMaHHS TIOJIOKEHHS JIHIT Bi3yBaHHS 1111, TOOTO MOJIOXKEHHS LIEHTPY 300pakeHHSs
LTl 010 HeHTpy Matpuii. [laHi mpo cTaH miHii Bi3yBaHHS Il Y BUIJISAII 3HAYCHb

JIBOX KYTIB Oy 1 By 1 1X IMIBUIKOCTEH 0'(14 1 'BLI nepenatotbes B bO CCH I'CH, B sikomy,

nicnd cniabHOT 00poOKH 3 JaHuMU npo KyToBi mBuakocTi (K, AKILy,, JKI,,»)
cTabi1130BaHO1 MIIaTGOpMH, OTPUMAHUX BiJl BUMIPIOBAIHLHOTO MOJYJIsS, IPOBOIUTHCS
(dopMyBaHHS Kepyrounx cUrHaiiB Cumyi 1 Comzl , SIKI U€pe3 MIACHIIIOBAYl MOTYKHOCTI
Haaxoaath B CC I'CH, nHa MomenTHi aBuryHu M, 1 JIM, mo 3abe3nedyroTsh

cyMmileHHs no3a0BxkHb01 oci ['CH 3 miHi€ro Bi3yBaHHS 1I1JII.

[Ticns cymimensst mo3moBxkHBOT oci ['CH 3 miHi€ro Bi3yBaHHS 1111l MPOBOAUTHCS
aBTOMAaTUYHE YTPUMaHHS LbOro nonoxeHHs 3a ponomororo CC I'CH, mpu npomy B
BACY OB Bia I'CH 6e3mnepepBHO HaaxoauTh 1HGOPMAIisS TPO KyTOBY IMIBUJIKICTD JIIHIT

BI3yBaHHS LLJI1 MO Kypcy 1 TaHTaxy Qyz1 Qz.
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BACY OB, BukopucroByroun iHpopmariito otpumany Bijg I'CH, Bugae komanau

ynpasiiHHsg pyxom OB 1 THM caMuM BUKOHY€ CyMIIIEHHS MO370BXkHBOI oci OB 3

niniero BizyBanHsa ['CH nns 3a0Ge3nedyeHHs nmonajanHs B ULb.

[Ipu mocsirHEeHHI MOXUJINA JaTbHOCTI JI0 111 ~1,5 KM po3mip 300paskeHHSs LTI

Ha Matpuii OIIII 36inburyerses 1 gocsarae ~6x6 mikcenis. [Ipu ipomy B BO 1OIT I'CH

IpOBOAUTHCS 00poOKa BimeoiH(opmallii, OTpUMaHOi MO 4* CIEKTPaJbHUX KaHaIax

OIIII, mopiBHsHHS 1HGOpMAILIIi 3 TaHUMU TTOJILOTHOTO 3aBAaHHS 1 BUPIIIEHHS 3aj1a4l

po3Mi3HaBaHHs Ta 1eHTU(IKAIT IT1Ti.

PesynbpTaTi BUpillieHHs 3a7a4l po3Mi3HaBaHHs Ta 1IeHTU(IKAIT 11711 pa3oM 3

BiJIcOKaZpaMu 300pakeHHs 00'€KTiB, IO 3HaxoAsAThess B moyi 3opy ['CH,

nepenarothess B OB mo mudpoBomy kanamy 3B'si3Ky 3 dactotoro ~25 I'm. B OB

IMPOBOAUTHCA OHiHKa HpaBI/IJII)HOCTi BUKOHAHHA ITIOJBOTHOI'O 3aBA4dHHA, BHUIAaHOIO

I'CH, 1 npuiiMaeThcsi PIIEHHS NMPO 3aBEpIIECHHS MOJIbOTY abo BiaBeaeHHs OB B

CTOpPOHY.

[lepenik BeNWYMH, 10 BUKOPUCTOBYIOTHCA [JIsi (DOPMYBaHHS CHUTHAIIIB

cuctemu kepyBanusa ['CH, naBeneno B Tabmuiti 2.1.

Tabmuis 2.1 — Iepenik BenuunH 1 curdamns ['CH

Ne ITo3HayeHHs BeJIHYUHHI
Ipu3HavyenHst
n/n (curnaupy)
1 Quy, Puz Iadopmartist npo KyTH LiJIeBKa3aHHS
2 Qvo, Qz0 1 Qxo Iadopmartis npo KyTOBI HIBUAKOCTI OCHOBHOTO BUPOOY
3 Q> Q Hy2 Q. KyToBi mBHUIKOCTI HaBEICHHS
0 0 KyTtoBi mBuakocri o ocsm miardopmu (AKILx,, AKILy,
4 x2> 27, 822
AKIL2)
5 Kap Komanpna apetyBanns
6 Kuy Komanna mineBka3zanas
7 a, [TonoxxeHHs miHiT Bi3yBaHHS L1
8 du .u 3HaYEHHS KyTOBUX IIBUIAKOCTEH
9 Kin Komanna 3axoruieHHs miii
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[Tponorxenus Tabdmuii 2.1

Cursanu axceylepoMeTpiB, BCTAHOBJIEHHX IO OCSIX

10 AKx2, AKy2, AK»
0X>Y2Z, nnatdopmu

Cursanu JaT4uKiB KyTOBOI MIBUIKOCTI, BCTAHOBJICHUX T10
11 JKIxo, JKIIy,, AKI,»
ocsix OXoY2Z, mnathopmu

12 Crmy1,Camzi Curnanu, 10 HaaXosATh Ha ABUTYHH MOMEHTIB
13 Ko, AK o, CurHanu 3 JaTYUKIB KyTiB TipOCHUCTEMHU

14 AMy1, M1 Cursanu, o HaAXOIATh Ha IBUTYHU MOMEHTIB
15 CC CnoBo crany

16 CIO CHuHXpOIMITYJIBCH OOMIHY

2.2 Po3paxyHOK OCHOBHHX XapaKTePUCTHK CHCTeMH cTaditizanii 10caitHOro
Audepenuianbui piBassausa poooru CCII I'CH

Ha puc.2.2 npencrasnena kinematuuHa cxema kapaanosoro miasicy CCIIT'CH,
ne no3HaueHi B/lzp, B/lgpp — BUKOHABYI OBUTYHU Ha OCSX OOEpTaHHS 30BHIIIHBOI 1
BHYTPIIIHBOI paMOK KapJilaHoBoro miaBicy. Ha BHyTpimHii pamii BctanoBiaeHa ['CH.

BHyTpimHs paMka € ripocTaliiizoBaHO0 MI1aTGOPMOIO.

30BHIIIHA
/ paMka
. Bllzp
BHyTpimHA
pamka (I'CH)——|
X2 (JIB)

Bllwp

Pucynok 2.2. — Kinematnuyna cxema kapaanoBoro minasicy I'CH

Beegemo nHactynHi cucremu KoopauHaT: OX,YoZ, — MOB'I3aHa 3 KOPIyCOM
ocHOBHOro BuUpPOOy; OX;y1z; — MOB'i3aHa 3 30BHIIIHBOIO PAMKOIO KapAaHOBOIO

niasicy; Oxp,y,z; — moB's3aHa 3 BHyTpimHbOIO pamkoro (I'CH). BimnocHi kytu
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MIOBOPOTY PaMOK ¢, ¢, OKa3aHi Ha puc.2.3. Tam xe nokasati mpoeKii abCoMOTHO]

KyTOBOI LIBUAKOCTI KOPIyCy BUpOOY Ha 3B'13aH1 3 HUM 0C1 (2yo , Qyo , Qyo.

V2, 9z Yo Y1

2, 22 Xo

Pucynok 2.3. — Kinematuka KyTiB IOBOPOTY PaMOK KapJaHOBOT'O MiABICY

[Toznauumo Oxyz cucTeMy KOOpJAMHAT, B sIKiii MOBHMHHA OyTH CTa0ljgi30BaHa
BHYTpILIHS pamKa (K muatdopma ripocradinizatopa) — auB. puc.2.4, ne JIL — miHisa
uui. Kytu Aa, Af3anaroTe AiicHU cTaH mi1aTGopMu o040 CUCTEMHU KOOPIMHAT, SKa

CTaOLTI3Y€ETHCS 1 € MOMUIIKAMU CTa01Ti3aIrii.

V2, A8 Y

X2 (JIB)

Z X (m-I)

Pucynok 2.4 — [TonoxeHHs! BHYTPIIIHBOT paMKH (T1aT(GOPMH) 00 CUCTEMH

KOOpJIMHAT IKa CTa01Ii3y€eThCs
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3anexHo Big pexxumy poootu CCII I'CH:
e B pexumi crabimzamii 'CH cucrema koopaunaT sika ctabumizyeTbest Oxyz
MPUIMAETHCST HEPYXOMOIO B IHEPITIATBHOMY TIPOCTOPI;
® B PEXKMI aBTOCYIIPOBOJY LIl CHCTeMa KOOpPJMHAT sKa cTabimi3zyerbesa Oxyz
MOBEPTAETHCS BIJMIOBIIHO JI0 3MIHM HANIPSIMKY Ha IiJ1b;
® B pPCEXKHMI EINEKTPUYHOTO apeTyBaHHS OCI CHCTEMH KOOpDAHWHAT sKa
ctabim3yerbest Oxyz 30iratotbes 3 ocsiMu OX,YoZo, MOB'I3aHUMHU 3 KOPITYCOM
OCHOBHOTO BUPOOY.
BinnosinHo no puc.2.3 npoekiii abcoM0THOT KyTOBOI MIBUJIKOCTI ), MOBOPOTY
30BHIIIHBOI paMKu Ha i1 oci OX,yZ;:
0 =Q,, 0080, —Q_ sing,;
o, =Q, +¢,; (2.1)

w,_, =€ sin @, + Q_ cos @,

npoeKmii abCOMOTHOT KyTOBOI IIBUIKOCTI @), BHYTPIIIHBOI paMKH Ha 1i oci OX,y»7»:

W, =0, COSP, + @, SMQ,
@,,, =—0 SN, + @, COSP, (2.2)

Wy.r = O, + @,

[Tosnauumo uepes Jix, Jiy, Ji, MOMEHTH 1HEpLil 30BHILIHBOIO PaMKHU HaBKOJIO
noB'si3aHuX 3 Hew ocedl OXiyizi, yepe3 Jox, Joy, Jo, MOMEHTH 1HEpIi BHYTPILIHBOI
paMKu (HaBaHTaKEHHS) HABKOJIO MOB'I3aHUX 3 HEKO oceil OXay27s.

Hanani BBaxkaemo, 110 3a3Ha4€Hl OCi € TOJOBHUMHU OCSIMH 1HEpIIii BiIIMOBITHO

30BHINIHBOI 1 BHYTPIIIHBOT KapJlaHOBUX paMoK. Toji MmpoekIlii BeKTopa KIHETUYHOTO
MOMEHTY K, BHYTpIIIHBOI paMKH Ha ii oci:

K,,=J,0,, K

2x2°

J

2y

@5 K,.,=J,.0,, (2.3)

2y2 —

—

[Tpoekuii cymMapHOro BEKTOpPAa KIHETMYHOIO MOMEHTYy K, BHYTPIIIHBOI 1

30BHINIHBOI PAMOK Ha OC1 30BHIIIHBOI PAMKHU:
K,=J,0,+K,,cos¢ -K, sng;
K1y1 = lea)lyl +K, ,sing,_ + sz2 COSQ_; (2.4)

K. =J.0,,+K,,.
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BianoBigHo 10 TeopeMu Mpo 3MiHY KIHETHYHOTO MOMEHTY audepeHIialbHi

PIBHSIHHS pyXY PO3IJIIHYTOI CUCTEMH IIOA0 OCEH MiABICIB MATUMYTh BUTJISI:

dK

=+ oK, —0,K,, = Mlyl;
dl‘? (2.5)
f + a)2x2K2y2 - w2y2K2x2 =M,.,,

ne M M, , — cymapHi MOMEHTHU 30BHILIHIX CHWJI, NPUKIAJEH] 10 30BHIIIHBOI 1

1yl>

BHYTPILIHBOI paMOK HAaBKOJIO 1X oceil 00epTaHHsI, K1 MatOTh TaKi CKJIaI0BI:

Mlyl :Mr)el +Mmp.el +Mmp.cl +M()661 +M803Ml; (2 6)
M2z2 = M()82 + Mmp.e2 + Mmp.c2 + M{)@62 + M803M2 >
ytM, ..M, .M, sM,5-M,,,,; — BIIMOBIIHO MOMCHTH BHKOHABYMX [BUIYHIB,

MOMEHTH CHJI B'I3KOTO 1 CyXOro TepTs, AeOaimaHCy 1 BiJ IHIIMX HEBPaXxOBaHUX
(haxTopiB, 110 00YPIOIOTh, HABKOJIO OCEH 30BHINIHKLOI (1 = 1) 1 BHYTpiIHKOI (1 = 2)
pamoK.
MOMEHTH CHJI B'SI3KOTO 1 CYXOTO TEPTS MOXKYTh OYTH MPECTABIICH] Y BUTJISII
M,,.==hos M, =-m,, signe,; 2.7
Mmp.82 =—f20.; Mmp.cz =-m,,» signg_, '

zie f; — KoediuieHTH B'I3KOro TepTsl, m,, . — MOIYJIi MOMCHTIB CHJI CyXOT'0 TEpTs LIOJO

OC1 TJIBICY 30BHINIHBOT 1 BHYTPIIIHBOT pAMOK Kap/IaHOBOTO MiBICY.
[To3naunmMo yepe3 m; Macy BHYTPIIIHbOT paMKH 3 yCiMa BCTAHOBJICHUMH Ha Hil

IPUCTPOSIMU, M2 — MACy BCIET pyXOMO1 CUCTeMH (30BHIIIHBOI 1 BHYTPIIIHBOI PAMOK);

—

p‘{ o pyi,pzi} — paalyc—BeKTOp, IO XapaKTepus3ye CTaTUYHHM AebamaHC pyXoMmoi

1

/4

yo,WZO} — BEKTOp YSIBHOI'O JIHIMHOTO

CHUCTEeMH II0JI0 OCI MiJBICY 1—M paMKW; W{W

xo0?

MPUCKOPEHHSI OCHOBHOTO BUPOOY B MPOEKIiAX Ha ioro oci. Toal MoMeHTH nebanancy

JOPIBHIOIOTH
M, =—my, (P W = paW.)); M, =—m, (onZWyZ - py2VKC2): (2.8)

w — MPOEKIIIi MPUCKOPEHHSI HA BIATOBITHI OC1 KapIaHOBUX PaMOK. 3T11HO

yi>'lzi

ne W

Xi°

puc.2.3:
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W, =W, cosp, ~W, sing,;

W, =W, sing, + W, cosp,;
1 ’ ! (2.9)
W.,=W_ cosg, + Wyo sing_;

W,=-W,sing +W, cosg,,

3 ypaxyBaHHsM criBBigHOMIEHD (2.1) — (2.4), (2.7) nudepenmianbHi piBHIHHS

pyxy CCII (2.5) npuiiMyTh HACTYITHUNA BUTJISI:

()

2y2 ﬁw2y2

+ =
COSQ. COSQ.

=M,, _(le +J2x)tg¢zd)lxl _(‘]lx _']lz)a)lxla)lzl -

(le +J, sin @+ Jy, cos’ gz)z)

_(JZxa)2x2 cos, +J,,@,,sing,_ + J2za)1x1)a)2z2 - (2.10)

_ﬁ (a)lxl tg q)z - Qyo ) + Mmp.cl + Mz)e6l + M

(;ole;
Sy 0,5+ [,0,, =M, , + (sz - ']2y)a)2x2w2y2 +

+fo,,+M +M, ., +M

mp.c2 603M2
JlaHi piBHSIHHS — OCHOBHI, BOHU OMHUCYIOTh KYTOBUH PyX BHYTPIIIHBOI PaMKU 3

a0COJIOTHUMH KyTOBUMH IIBUAKOCTAMHU @, ,, @, , .

y2>
3anumemMo Takox piBHSHHS pyxy CCII (2.5) y BITHOCHUX KyTOBUX IIBUIKOCTSX

@, ¢. NOBOPOTY PaMOK:

(le +.J,,sin’ @_+J, cos’ ¢2)¢y + fip, =

+%(‘]2y - ‘]2x )[a)lxl Sin 2(02 + wlxl(bz Cos 2¢z + a)lyl (a)lzl + 2(02 )Sin2¢z:| +

+J,. 0,0, = (Jlx =J,.=J,. +J,,cos’ @ + Iy, sin’ g, )a)lxla)lzl + (2.11)
+Mmp.cl + M()eﬁl + M
S .+ 9. =M, —J,.0,, +

603m1

1 :
+E<J2x _J2y)|:(a)12yl - 12x1)5m2¢z T 0,0

1yl

CoS2¢. ] +

+M +M. +M

mp.c2 0e62 603M2

@®opMyBaHHS MOMEHTIB BUKOHABYHUX JABUIYHIB

MowmeHT M ,,, NIBUIyHA IOCTIIHOTO CTPYMY BU3HAUYAETHCS BUPA30M:
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_ CMi(in - CEij}i)
" Ru(Tup+1)

ne Uy — Hampyra KepyBaHHs; y; — HIBHIKICTH 0OEPTaHHS pOTOpa JBUIYHA MO0
cTaTopa (B JaHOMY BUMAJKY — BiTHOCHA MIBUJKICTh IIOBOPOTY i—1 KapJJaHOBOT pAMKH);
T i — €eKTpoMarHiTHa nocTiHa dacy ¢a3u; Rei — omip oomotku ctatopa; Cysi, Cgi —
Koe(iIieHTH MPOMOPLIMHOCTI MK CTPYMOM CTaTOpa 1 MOMEHTOM, MK IIBUAKICTIO
oOeptanHs 1 3BopotHOr0 EPC; p — oneparop audepeHiiroBaHHs.

BBiBIIM HOBI TO3HAYCHHS: Kky,— KOS(DIIIEHT Tepenayl ABUTYHA IO Kepyrouid
Hanpy3i; dgjci — KOe(IlieHT MIBUIKICHOTO TePTs B IBUTYH1 yepe3 3B80poTHiid EPC,

kooi =Cmi / R

(2.12)
di 1ci = CmiCEi / Rois
OTPUMAEMO:
_ kaslUyl - d3ﬂC1 ¢)y
06l —
Tz')elp +1 (2 13)
_ kaeryz - d3ﬂC2 ¢z
o 7:362]? +1

Hanpyru kepyBanHst Uy; (OpMYyIOTbCS SIK HETaTUBHUI 3BOPOTHUH 3B'A30K IO

curHajgax ripockomnis U U

VG o 1 mo kepytouuM Hamnpyram Urg, Uspn

VCz

BepTukaiabHoro (BH) i ropusonransaoro (I'H) HaBenenus:
U, = kS/MlWKyl(p)(_UﬂYCy +Upy );
U,= kypi Wiy (p)(_Uaycz +Upy ) )

ne Wyyi (p) — nepenaBaiibH1 PyHKIIIT KOPUTYBAJIBLHUX MPUCTPOIB; Kymi — KoedirienTr

(2.14)

nepeaadi MmiICUII0BaYiB MOTYKHOCTI.

MoaeJib BUXiTHMX CUTHAJIIB IipoCKoOMna

PosrisiHeMo BUKOPUCTaHHS B IKOCTI TipocKoTigHOTO 9y TimBoro enemenTa CCII
I'CH tpuBicauii gatumk kyTtoBoi mBuakocti (JKII). Bin po3ramoByerbcs Ha

BHYTPIIIHIA pamIll KapaaHoBoro mijaBicy (auB. PucyHok2.l1) 1 B imeam BUMIpIOE
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MPOEKIIii a0COMIOTHOI KyTOBUM IIBUIKOCTI 00EpTaHHS Ili€l paMKu Ha i1 0c1OX,y)zs,

TOOTO @

2x2’a)

2y2’a)

2z2°
Bpaxyemo mani Kyt HeBUCTaBkU «,,[.,y.oceit KU OXuyauymwumZuan IOAO

oceil BHYTpimHBOI pamku OX,y»Z,, moka3aHi Ha puc.l.4. Tomi mpoexiiii KyTOBOi

mBuAKocTi, BuMiptoBani JIKIII, MokHa mpeaCcTaBUTH y BUTIISAL:

a)ﬂVCx W) 1 ﬂr —a, || B,
DOryey |~ C. W, | = -p, 1 Ve || @ay2 (2.15)
a)ach 2 a, =7, 1 @, .,

[Tpu upomy BBaxkaemo, 110 BumiproBasibHi oci JIKIII oproronansHi Mixk co0010.

B inmomy Bunaaky matpuiis nepetBopeHHs Cr Mae OUIbII CKIaAHUN BUJ.

r Y2

Pucynok 2.5. — Ilonoxenns oceii JIKII mog0 ocel BHYTPIIIHBOT paMKH

[IpencraBumo miiicH1 Buxiani curdanu JKII y Burmsmi:
Unver = K gyee Waonye (D) (a)gyc)c +Aw, + nx);
U,ZZYCy = k,ZZYCy Wonve (p) (a)ﬂYCy + Aa)y +n, ); (2.16)
Unve: = kv Waye (P) (a)gch +A®, +n, ) )
ne A@— 3MIIIEHHS HYJIS; Nn; — IIyM BUMIproBaHHA; Wonyc (p) — nepenaTHa (QyHKIIis

BHYTPIIIHBOTO (inbTpa Hu3bkux JKIL & ), — KoedilieHT nepenayi.

Jlis mepeBipKH Mpaie3fgaTHOCTI CHUCTEMH pO3IJIIHYTO OJWH 13 BapiaHTIB

KOHCTPYKIII1 MaCO—1HEPIiiHI XapaKTEPUCTUKH SIKOT HABEJIEHO B TaOJIUIIl Ta IPOBEICHO
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PO3pPaXyHOK MAKCHMAJIbHHUX MOMEHTIB BHUKOHABYHX I[BI/II‘YHiB Ta 3a pPE3yJibTaTaMH

00paHO JBUTYHH.

2.2.1 Po3paxyHOK MAaKCHUMAaJbHUX MOMEHTIiB. IlogaHHsi BHUMOr 10 JABHUIYHIB

craoimizamii

Bubip BukonaBuux asuryHiB (B/]) mpoBoauTrMeMo Ha miJCTaBl pPO3PAXYHKY
MaKCUMaJIbHUX MOMEHTIB, sSIKi MMOBHHHI MPUKIAaIaTH Il ABUryHU. [Ipu 11boMy BOHHU
MOBHUHHI JI0JIaTH SIK 30BHIIIHI MOMEHTH, 10 OOYpIOIOTh, TaK 1 MOMEHTH CHJI 1HEpLii

paMoK.

PosrasHeMo okpeMo BUMOTH 10 MOMEHTIB B/[ y HacTymHHMX pexuMax poOOoTH
CCIIIT'CH:
a) ctabimi3allii, aBTOCyIpPOBOTY, BIIMIPALIFOBAHHS I[1JIEBKA31BKH;

0) eNEeKTPUYHOTO apeTyBaHHS.

2.2.2 Bumorm 10 MOMEHTIB BHKOHABYMX [BHUIYHIB Yy pexuMax cradumizamii,

aBTOCYNIPOBO/Y Ta BiANPAIOBAHHA LJIeBKa3iBKH

MakcumainbHi He00X11H1 MomeHTH B/I piBHi:

Jimax (P2)@2y2 max + fie®2y2
M g1 max = ( s e max) +M;61max;
COS @7 max (2.17)

: %
M 152 max =J2z @2z2max + 2622 max + M6 max

7ie, MaKCUMaJlbH1 CyMapHi 30ypIoioul MOMEHTH,

* .
Mgl max = (J12a)1x1max + fe®1x] max)tg¢zmax +

+ Jlx _le‘wlxlmaxwlzlmax + flSQyom +

(2.18)
+MTp.Cl + Mz[e61 +M 6

*
M55 max = f25@1z1max + Mmpv2 + Mneby + Mg
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[Tpu 3anwmci BUIle HABEACHUX BUPA3IB PO3MIIHYTO HAWUTIPIINN BUMAIOK, KOJIU
3HaKM BCiX 30ypeHb 301raroThCsl, a TAaKOXX BUKOPUCTAHI BUpPA3U IS €KBIBAJEHTHUX
Koe(ILI€HTIB MIBUIKICHOTO TEPTS Ha OCSIX MIJBICY 3 ypaXyBaHHSM IIBUIKICHOTO TEPTS

B B/l uepes 3BopoTHy enexkTpopyiiiiny cuiny (EPC).

JInst  OIIHKM MAaKCUMaJbHUX MOMEHTIB MPUWMEMO TMOMEpeaHl 3HaYeHHS

napaMmeTpiB KapJaHOBa MiABICY Ta MOMEHTIB OTOPY, HaBeAeHI B Ta0u. 2.2.

[Tpu upomy:
o MaKCHUMaJIbHI MOMEHTH Jie0aaHCy OliHEH1 3a (opMyJIaMH Y PO3PaXyHKY
Ha MaKCUMaJIbHe yCyHeHHs 1eHTpy Mac ['CH momo 1ieHTpy KapaaHoBOTo MiABICY 2,

=0.1 mMm.

Mde61max = m12pmaxW ax; MdeﬁZmax = mzpmaxW

m max %
e 711 HOPMAJIBHOTO PEXKUMY MOJIBOTY MPUMMEMO MaKCUMallbHE MPUCKOPEeHHS Wmax
= g = 9.8 M/c2, a 11 pexXuMy apeTyBaHHs IIpH cTapToBoMy yaapi Wmax = 500 m/c2
(0e3 ypaxyBaHHsI TOM'SIKILIEHHS yJIapy CUCTEMOIO BiOpO3axucTy);
o OCKIUJTbKY Ha JIAaHOMY €Talli MPOSKTYBaHHS KOe(ili€eHTH B'SI3KOTO TEPTH f;
Ha OCsIX MI/IBICY HE BiOMI, BBAXAEMO [, ~ d ., 110 3a3BUYail Mae Micie. OpieHTOBHI

3HaueHHs dgjci MOpaxoBaHi 3a (POpPMYJIOI0 Ha MIJACTaBl XaPAKTEPUCTUK TOMEPETHBO

BUOpanux Bapiantis B/I.

Tabmuis 2.2. [TapameTpu kapAaaHoBa I1JIBICY Ta MOMEHTIB OIOPY

ITapamertp IHo3navennsi| 3Ha4YeHHs

MomenTH iHepuii 30BHiIHLOI pamku, H-M-c? Jix 13.5-107
Jiy 10.6-1073

Jiz 13.1-1073

MomenTH iHepLii BHyTpilHboi pamMku, H-m-c? Jax 4.89-107°
Joy 7.63-107

J2z 6.44-107
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[TponorxxenHs Tabmui 2.2.

MakcuMalIbHU# KyT TOBOPOTY BHYTPIIIHBOT paMKHU O, o 60

1010 30BHIIIHBOT, Tpagycu

CymapHuii MOMEHT 1HEepIIii 30BHIIIHbOT PAMKH

H-m-c?

. MaKcUMalbHe 3HaueHHs (pu @, =0) Jyz(¢:) max 10.6:10°7

o MiHIMAQJIbHE 3HAYCHHS (IPU P, =@, ) Jys(¢:) min 8.51-107

CymapHuii MoMeHT inepuii , H-m-c? Jn=J,, +J,, 7.82:107

CyMapHHil MOMEHT iHepIii M-c? Jiy=Jly + 10.6-107

2y

Maca 30BHIIIIHBOT pAMKH, KT m 1.548

Maca BHYTpIIIHBOT paMKH, KT m 2.479

3wmimrenns nenTpy mac I'CH mmomo nieHTpy P 1-10*

KapJIaHOBOT'O MiABICY, M

MoMeHT nebanaHcy HaBKOJIO OCl 00epTaHHs M, .

30BHIIIHBOI pamku, H-Mm

o HOpMaJIbHHA TOJIIT 0.04

o cTapToBUil yaap (y peXuMi eIeKTPHYHOTO

apeTyBaHHS ) 0.205

MowmeHT nebanaHcy HaBKOJIO Ocl 00epTaHHs M, 0

BHYTPIIIHBOI pamku, H-Mm

o HOpMaJIbHHIA TOJIIT 0.025

o CTapTOBUH yaap 0.127

[Hmi MOMeHTH, O 00ypPIOIOTh, HA OCAX oOepTanns | M, . +M,, . 0.02

30BHIIIHBOI 1 BHYTPIIIHBOI pamMoK, H-M M, o+ M,,, 0.01

KoedirmienTn ekBiBaI€HTHOTO B'SI3KOTO TEPTS 110 S, ®d oy 0.0177

oCsiX 00epTaHHs 30BHINIHBOI Ta BHYTPIIITHBOT £ ~d, 0.0058
5 Yi(op)

pamok, H-m-
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Jns po3risiHyTUX PEXHUMIB CTa01Ii3allli, aBTOCYNPOBOAY Ta BiAMpAIFOBaHHS

. . . . M M .
I[1JIEBKa31BKU NMPUUMEMO 3HAYCHHS MOMEHTIB Jie0asilaHCy — dedlmax ~oe62max = BKa3aHI B

Tabn. 2.2 s HOpPMalbHOTO MoOabOTy. [lincTaBisioun 3HAYEHHS MapaMeTpiB
Kap/1aHOBOT'0 MiABICY Ta MAaKCUMaJIbHI 3HAYEHHsI KyTOBHUX IBUAKOCTEN Ta IPUCKOPEHD

OTPUMAEMO MaKCHUMajbHI MOMEHTH, SIKi MOBHMHHI JojaTH BukoHaBYi nBuryHu CCII
I'CH:

M =0.294 H-m;

061 max

M =0.033 H-m.

062 max

[Ipy 1pOMy HAHOUTBIINK BHECOK y MOMEHT M BHOCUTh MOMEHT BiJl

061 max

* .

Yelmax *

1HEPLIMHOTO HaBaHTAKEHHS KapAaHOBUX PaMOK, 1110 BXOJAUTh y BUpa3 1t M

J,0, tgo. .= 0.233 Hm

xlmax

y TOMY YHCIl Yepe3 BEJIMKUH KyT MOBOPOTY BHYTPIUIHBOI PaMKH II0/A0

30BHIIIHBOI @, = 60°.

max

2.2.3 BuMoru 10 MOMEHTIiB BHKOHABYMX JBHUIYHIB y PeKHMMi €JEeKTPUYHOIO

apeTyBaHHs

BinmoBigHO 10 pIBHSAHB pPyXy AN PEKUMY E€IEKTPUUYHOTO AapeTyBaHHS

MaKCHUMaJlbH1 HeoOXi1H1 MoMeHTH B/l piBHi:

Mz)elmax = JIZyQyom +‘J1x - ']lz _JZZ + J2x

onmgzom +M + M()e&l + M

mp.cl so3ml ?

1

M = J2zonm + E‘J2x - J2y‘onmQyom +M + M + M

062 max mp.c2 0e62 603m2 *

[Tpu 3amuci nux BUpa3iB PO3IIISIHYTO HAWTIPUIMI BHIAJO0K, KOJH 3HAKU BCIX
30ypeHb 30iraloThcs, 1 3pO0JICHO HEXTYBaHHS JOJaHKAMH 3 MaJMMH KYTOBHUMU

IBUIKOCTSMH @, , ), TA IPUCKOPCHHSIMH @, , (), IOPIBHAHO 3 KYTOBMMH IIBUIKOCTSIMH
Ta MPUCKOPEHHSIMU KOJIMBaHb BUPOOY.

Bpaxyemo xonmBaHHS BUpOOY TUTBKH MO TAHTAXy Ta PUCKAHHIO 3 KyTOBUMU
mBUAKOCTAMU Q0 1 {2y, BIANOBIIHO. BBaxkaroun y Bupazax Quem= 0, oTpuMaemo

OCTAaTOYHO:
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M =J. QO +M +M

0glmax 12y==yom mp.cl 0dedl

+M

.
6o3ml 2

M =L, Q +M_+M, +M

02 max mp.c2 603m2 *

JI71s1 OLIIHKY MaKCUMAaJIbHUX MOMEHTIB, SIK1 IOBUHHI J0JIATU BUKOHABYI JIBUTYHU
CCII I'CH B pexumi elIeKTpUYHOTO apeTyBaHHA, MPUIUMEMO MOMEpeaHl 3HAUCHHS
napaMeTpiB KapJaHOBOTO MiJBICY Ta MOMEHTIB OMOpPY, HaBeJeHI B Tabm. 2.2 , Ta
MaKCHMaJbHI 3HAYE€HHSI KyTOBUX IPUCKOPEHb. B pe3ynbrati oTpuMaemo:

M =0.589 H-m;

0dslmax

M =0.306 H-m.

062 max

[Ipu boMy BpaxoBaHO, IO B PEKUMI €IEKTPUYHOTO apEeTyBaHHS € CTAPTOBUMN
yaap, ToMy IIpu O0YUCICHHI MAKCUMAJIbHUX MOMEHTIB MPUMHSATI BIJTIOB1IHI 3HAYEHHS

MOMEHTIB febanancy M =0.102 Hm,M =0.063 H-m.

deb 1 max 0deb2 max

2.2.4 Y3arajibHeHHs1 BUMOT 111010 MOMEHTIiB BUKOHABYMX /IBUTYHIB

[TopiBHtoroun BuMoOrM 10 MOMeHTIB BJl B pexmmax crabimzarii,
aBTOCYNPOBOAY, BIJNPAIIOBAHHS ILIJIEBKA3IBKM Ta EJIEKTPUYHOIO apeTyBaHHS,
0a4yrMo, 110 OCTaHHI € HAHOLIBIIUMM 4Yepe3 HEOOXIIHICTh MapupyBaTH CTapTOBHUI
yaap. Ockineku B/l B CCII I'CH mpaiforoTs Ha Manux MIBUIKOCTSIX, TO BuOip B/l
3I1HCHIOIOTH 32 HEOOX1JHUM ITyCKOBUM MOMEHTOM MII, KHii TOBUHEH MEPEBUIITYBATH
MaKCUMaJbHHUI 30yprorounii MOMEHT, 3 KoedilieHToM 3anacy ki, = 1,3...1,5 abo
HaBITh OLIBIINM: Ksyn = 3...4. B pe3ynbrati oTpMaeMo HaCTYITHI BUMOTH JI0 ITyCKOBUX

MoMeHTIB B/l Ha ocsix 00epTaHHs 30BHIIHBOI My 1norpes 1 BHYTPIIIHBOT Mi2normpes PAMOK:
Mnl r[oTpe6: (0.78 e 1,2) HM,
M]‘[Z noTpeGZ (0.45 cee 0.8) H'M.

3aranpHa CTPYKTYpHA CXeMa MaTeMaTUYHOT MOJIeJIl KOHTYPIB cTad1Ii3aIli,

aBTocynpoBoxy Ta 1ineBka3iBku CCII I'CH noka3zana na puc. 2.6.
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Pucynok 2.6 — 3aranpHa CTpyKTypHA CXeMa MareMaTH4HOI MOZIeJi KOHTYpIB cTadimi3allii, aBTOCYIIpOBOIY

ta uuieskasisku CCIT I'CH
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2.2.6 Bumoru 10 MatreMaTHYHOI MOJIeJIi:

1. MaremaruuHa MoOjENIb TOBHHHA TOYHO BiJIOOpakaTh JUHAMIYHI
xapaktepuctukn CAK 1y1s1 ONTHYHOI CHCTEMH, BKIIIOUAIOYM PYXH ONTHYHOI OCi,
peakIiifo Ha 3MIHM B 30BHIIIHBOMY CEPEAOBHINI (Hampukiana, BiOparlii, 3MiHU
TEMIIepaTypy) Ta BIUIMB HEBU3HAYCHWX 30ypeHb. BakimBo 3a0€3MeYuTH TOYHE
MOJICTIOBAaHHS ~ MEPEeXOAIB MDK pexumMamMu  crabimizaiii, MIJIeBKa3BKU Ta

aBTOCYIIPOBO/LY.

2. Moenb MOBMHHA BpaXOBYBAaTH HEBU3HAYEHI 30BHIIITHI 30ypeHHS, TaKl K
BITPOBI HABAaHTAXEHHs, 3MIHM B KOHCTPYKTHBHHUX XapaKTePUCTHKAaX (HAIpPUKIA,
gyepes TepTs KOMIIOHEHTIB), a TAKOXK Pi3HI Bapiallii B yMOBaxX eKCIuTyaTallii, ski MOXKYTh

BILJIMBATU Ha CTAOLIBHICTh 1 TOUYHICTH POOOTH CUCTEMHU.

3. MaremarnuHa MOZENb TOBWHHA IHTETPYyBaTH B3a€EMOII0 3 OOPTOBOIO
aBToMatu3oBaHoo cuctemoro ympasimiaHs (BACY). Ile Bximowae mnpaBuIbHE
B1JIOOpakKeHHSI CUTHAIIB KepyBaHHSHHS, sKi HauxoAsaTh Bil BACY, Ta kopuryBaHHs
napaMeTpiB CUCTEMH B PeaJlbHOMY Yaci B 3aJIEKHOCTI BiJl 30BHILIHIX 3MiH, 3 METOIO

3abe3rneuenHs ctabinbHOi podotr CAK 11711 ONTHYHOT CUCTEMH.

4. BpaxoByroun pizHi  pexumu  poOOTH  cucTeMu  (cTabimizaris,
aBTOCYTIPOBiZ, BIANpPAIfOBAaHHS  I[IJICBKA31BKH), MOJEIbh TOBUHHA KOPEKTHO
B1IOOpakKaTH BUMOTH JO MOMEHTIB BHUKOHABYMX JIBUTYHIB, SKI HEOOXITHI JUIsI
3a0€e3IeueHHs TOYHOCTI Ta €(PEeKTUBHOCTI po0OTH cucTtemu. Lle BKIIOUae nUHAMIYHI

XapaKTEePUCTUKH JBUTYHIB Ta iX B3a€MOJIIIO 3 IHIIMMH KOMIIOHEHTaMHU CHCTEMHU.

5. Mopens moBuHHa OyTH JOCTAaTHHO THYYKOIO, IIOO aJamTyBaTHCS [0
3MIHHMX YMOB €KCIUTyaTailii, BpaxyBaHHS IuX (AaKTOPIB JO3BOJIIE MOEIIOBATH

peanbHi yMOBH Ta 3a0€3MeuyBaTH TOYHICTh CTa0Ii3aIli.

6. MarematuuHa MoJiesIb IOBUHHA rapaHTyBaTu TOUHICTH cTadumizamii CAK

ONTUYHOI BICl KAMEPU B YMOBaxX HEBH3HaueHUX 30ypeHb. [ 1pbOT0 MOBHHHI OyTH
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peasi3oBaHl aJrOpUTMU KOPUTYBaHHsS BIUIMBIB 30ypeHb Ta ajanTtailii g0 3MiH Y

[IOBEIIHI] CUCTEMMU.

7. Mogens MOBMHHA 3/1aTHa BiJoOpa)kaTH MEpexiaHl MPOIECcH i dYac
Mepexoqy MK PI3HUMH peXUMaMu pPoOOTH, 3a0e3Mmeuyroun 30€peKEeHHS SKOCTI
nepexiIHOro MPOoIEeCy MpH 3MiHI 30BHIIIHIX YMOB a00 MpPH BBEACHHI KOPUTYHOUUX

BILJIUBIB.

8. Monenp mMOBMHHA BPaXOBYBaTH BUMOTH JI0 €HEPTETUYHOI €(PEeKTUBHOCTI
CUCTEeMH, 110 3a0e3nedye MiHIMaJdbHI EHEPreTUYHI BUTPATU JJIi BUKOHAHHS

cTabumi3ali Ta KoMIleHcallli 30ypeHp mpu 30epeKeHH1 TOUHOCTI.

i BuMoru 3a0e3neuyroTh €(peKTUBHE 1 TOUHE MOJICITFOBAHHS CUCTEMH, 1110 B CBOIO
4epry J03BOJIIE CTBOPUTH ONTHUMAJbHY CHUCTEMY aBTOMATUYHOTO KEPYBAHHS IS

cTabumi3aIi ONTUYHOI OC1 KaMepH B yMOBaX HEBU3HAYEHUX 30ypEHb.

BucHoBKkH 10 po3ainy 2

VY apyromy po3aini po3poOiieHa Ta AOCTIIKEHa MaTeMaTU4yHa MOJIEIb CHCTEMH
aBTOMaTHYHOTO KEPYBaHHS ONTHYHOIO BICCIO KaMepH, CIPSIMOBAHOT Ha 3a0e3MeYeHHs
rapaHTOBaHOT TOYHOCTI cTabumi3amii B yMOBax 3MIHHHMX 3OBHIIIHIX 30ypeHb Ta

OTpUMaH1 HACTYITHI BACHOBKHU
OCHOBHI BUCHOBKH:

1. Po3pobneHo cTpyKTypHO—(pYHKIIIOHATBHY CXEMYy CHUCTEMH KepyBaHHSI,
sKa 3a0e3nedye IHTerpaimito 3 0OPTOBOIO aBTOMATH30BAHOK CHCTEMOIO YITPaBIIHHS
(BACY) Ta ontumanbHy oOpraHizaiito B3aeMoAli (YHKIIOHAJIBHUX KOMITIOHEHTIB

CHUCTCMMU.

2. IIpoBeneHo po3paxyHOK OCHOBHUX XapaKTEPUCTUK CUCTEMH CTal1I13aIlli,
JOCI1PKEHO BUMOTH 10 MOMEHTIB BUKOHABYUX ABUTYHIB JUJIsl PI3HUX PEKUMIB pOOOTH,
TaKWX K CTaOLII3allisg, aBTOCYNPOBIJ, BIAMpAI[fOBAaHHS I[1JICBKa31BKU Ta €JIECKTPUYHE

apeTyBaHHSI.
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3. BcraHoBneHi BHUMOTHM /O MOMEHTIB BHKOHABYMX, IO JO3BOJISIE
320€31MeYnuTH HeOOX1IHY TOUHICTh Ta €(DEKTUBHICTh POOOTH CUCTEMHU B YMOBAX Pi3HUX

PEXKHUMIB €KCILTyaTallli Ta afanTailii 10 3MIHHUX 30BHILIHIX (aKTOPiB.

4. Bnepiie po3pobieHo Ta aganToBaHO MaTeMaTHYHY MOJETh CHCTEMH
aBTomarnyHoro kepyBaHHs (CAK), sika BpaxoBye IWHAMIKy CHUCTEMH Ta BILUIWB
HEBHM3HAUCHUX 30BHIMIHIX 30ypeHb. Mojenb ma€ 3MOTY OIIHIOBAaTH TOYHICTH

cTabumizali 3a71eXHO BiJ] 3MIHHUX YMOB €KCILTyaTarlii.

5. ChopmynboBaHO BUMOTH 10 MaTeMaTHYHOI MOZENI 3 ypaxXyBaHHSIM
cnenudiku podotn CAK nns onrtuunHoi Bici kamepu Ta iHterpanii 3 BACY. lle

J03BOJIsIE 320€3MEYUTH TOYHICTh CHCTEMHU B PEAIbHUX YMOBAX €KCILTyaTalli.

Pesynbrat 115b0TO O3y CTBOPIOIOTH OCHOBY [IJISi TOJANBIIIOTO CHHTE3Y
aJITOPUTMIB KEpyBaHHS Ta iX peadizaimii y BUIIAAI NPOTPAMHHX MOJEJICH, SKi
3a0e3meuyIoTh TapaHTOBaHy TOYHICTh ctabimizarii CAK mams onTudHO1 Bici KaMepH B

YMOBaX HEBU3HAUYEHUX 30ypEHb.
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PO3/ILI 3
PO3POBJEHHHS TA JIOCTIKEHHS AJTOPUTMIB 3ABE3NEYEHHSA
TAPAHTOBAHOi TOYHOCTI

3.1 MaremaruyHa MojdeJb CHCTEeMH ABTOMATHYHOIO KePYBaHHA B 3aaadvi

rapaHTOBAHOI TOYHOCTI

PosrnsineMo MOXKIMBICTh y3araJbHEHHS Ta MaTEMaTU4HY (popMaizaliio 3aaadi
CHUHTE3y CHCTEMH AaBTOMATUYHOTO KEpyBaHHS  TapaHTOBAaHOI TOYHOCTI TIpH
HEBU3HAUEHUX 30ypeHHsIX. Bu3HaumMo maTeMaTuyHy CTPYKTYpy 3ajadi CHUHTE3Y
CUCTEMH aBTOMATUYHOTO KEpPYBaHHs TapaHTOBAaHOI TOYHOCTI Ta MaTeMaTU4YHY
CTPYKTYpY 3aaaui (opMyBaHHS KOPUTYIOUOTO BIUIMBY JJIsl KOMIIEHCalli 111 30ypeHb

JUTSI BAKOHAHHS YMOBH HE TICPEBUIIICHHSI IIEBHOTO 33J]JaHOTO 3HAYCHHS.
‘y‘gyad’ (31)
J€ y — 3MIHHA CTaHy O0’€KTa KepyBaHHS (BUXIAHMH CUTHAN) , y,, — AOIYCTUME

3HA4YEHHS 3MIHHOI CTaHy 00’ €KTa Mpu il 30ypeHHs.
Posrnsinemo (opmyBaHHSI KOpUTyro4oi 11ii Ha 00’€KT KepyBaHHA K (YHKIIIO
HAOJIMKEHHsI 3MIHHOI CTaHy J0 IPaHUIl JOMYCTUMOTO 3HAYCHHS.

[ToGynyeMo cucteMy KepyBaHHS, sika O BiJIMOBIAaia PIBHSIHHIO

__ W)
O(y) = 1 K() g (3.2)

ne ®(y) —nepenatHa QyHKIlIS CUCTEMH KepyBaHHS 110 30ypeHHto, W (y) — nepenaTHa
¢byHKIiA 00’ekTa KepyBaHHS, K () — KOE(IIEHT KOPUTYIOUOTO BIUIMBY, 3QJICKHUM

B1Jl BUX1THO1 BEJIMYMHU, g — 30ypEHHS.
3.1.1 AnroputMm GopMyBaHHS CTPYKTYPH CHCTEMH KepyBaHHS

3a0e3neueHHs IKOCTI CHCTEMH KepyBaHHs 4u cTallni3alli B 6ararbox BUNaaKax

BUMAarae JOCITHEHHS IIEBHOT MIBUAKOIT Ta HEOOX1THOT TOYHOCTI.
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PosrnsiHeMo 3aMKHEHy cHCTeMY KepyBaHHS 3 00’€KTOM KepyBaHHa W, Ta
2 b b
KOHTYpOM 3BOpPOTHBbOrO 3B’si3ky W, puc. 3.1, ne y(t) — 3miHHa cTaHy 00 €KTa

(perynpoBaHa BeU4MHA), g(t) — 30ypeHHs, Y — KepyBaHHS.
g(t)

Ye e(t) v(t)

Pucynok 3.1 — IlouaTtkoBa onTuMaabHa CUCTEMA KEPYBaHHS

Ha 00’ekT kepyBaHHs HE HAKJIaalOThCS HISKA BUMOTH. Lle Moxe Oyt 00’ €KT
OyIb—IKOi CTPYKTYpH, B TOMY YHUCIII IMOMIEPETHHO CUHTE30BaHa ONTUMAaJIbHA CUCTEMA.

[lepenatHy yHKIIIO 00’€KTa KEpyBiaHHS BI3MEMO Y BUTJISAI

Wo=a—"—: (3.3)

ne, Ky— xoedimient nepenayi 06’exra KepyBaHHs, Xd;s' — HOTO XapaKTePUCTUYHUHI
HIOJIIHOM.

OnTtuManeHy nepeaaTHy (pYHKIIO peryasTopa 3HaxoauMo y BUrisiai(3.4).

W (5)=5" Y bs' =5 H,(5) =5 H, . (5), (3.4)

i=0
ne, bs' =H (s)=H,, (s) — xapakTepuCTHYHHIA OTIHOM PEryJIsTOPa, ONTHMAIBHHIT

3a MBUIKOIIEIO Ta TOYHICTIO.

[lepenatHa QyHKIIis O KEPYBAHHIO IPUIIMaE 3HAUEHHS

3
Ks'S bs'

-2 3
L+ Zaisi +K0s_12bisi
i=0 i=0

W (s) = (3.5)

3a ymMOBH, 1110

K()bi > ai—l s
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_ . . Ye () ~
i i = [...3, nepenaTHa (QpyHKIisI 10 KEPYBaHHIO MpUIIMae 3HAYEHHS Wy (s)=1.

[Tepenataa QyHKITiS 10 30ypEHHIO MATUME BUTJIST
W,

 — 3.6
T (3.6)

We(s)=

Bianosinno (3.4), 3aMkHeHa cuctema 3 nepegaTHumu ¢yukimismu (3.5) ta (3.6)
OyJie ONTHMI30BaHa 3a IMIBUJKOIEI0 Ta TOYHICTIO.

B ontuManeHuX cEcTeMax TapaHTOBAHOI TOYHOCTI B YMOBax JOBUIBHHX
30ypeHb HeoOXiJgHa Hamepes 3ajaHa TOYHICTh MOXKe OyTH 3a0e3rnedyeHa BBEICHHSIM

JOJATKOBOI JIaHKM 3 IepenatHoro ¢ynkuicro Wa, saxa € odepuenoro no We. Jlerko

0aunTH, 0 IS TOCATHEHHS CTPYKTYpH (3.2) 1Mo 30ypeHHI0 HEOO0X1THO 3a0e3neunTh
-1

W, =KW, (3.7)

TakuM 4MHOM, PEryJITOp 3BOPOTHHOTO 3B’SI3KY (3aKOH KEepPYBaHHS) MOBHHEH

Oyt K—kpaTtHOI0 00EpHEHO0 TMHAMIYHOIO MOJIEIUTIO 00’ €KTa KepyBanHsa Wy . Takum

YUHOM,

-1

W, (s)=[WE(s)]
BignoBimro (3.7) ta puc. 3.1 OTpUMAaEMO CTPYKTypHY CXEMy CHUCTEMHU

KepyBaHHs 10 30ypeHHI0 JIs1 3a0e3MeUeHHs 3a/1aH0i rapaHTOBaHOI TOYHOCTI puc.3.2,

ne y(t) — KOHTpoIbOBaHa BeNM4MHA, g(t) — 30ypeHHs, W¥— onTuMi3oBaHa IepenaTHa

(dbyHKIIA 00’ €KTa KepyBaHHA 110 30ypeHHI0, K — koedillieHT peryatoBaHHs.
alt)

y(t)
g | 0
W ,

=

o
|

o

Pucynox 3.2 — Cucrema kepyBaHHS JyTsl 3a0€3MeUEHHS TApPaHTOBAHOT TOYHOCTI

Jlns 1€l cucteMu OTpUMaeMoO TepeAaTHy (PYHKIIO CUCTeMM cTalumizallii 1o

30ypEHHIO BUTIISLY
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ng(S)=li—K, (3.3)
)= Wy t 3.9
y()—1+Kg() (3.9)

3 BupasiB (3.8) Ta (3.9) cmigye, mo0 MOXKHA 3MEHIIYBATH BUXITHUA CUTHAI
cucteMu Bia aii 30ypeHHss B 1+K pasziB, He 3MIHIOIOYHU MPU I[LOMY BJIACTUBOCTI
MOMEpPEHHO CHHTE30BAHOI CHCTEMHU KepyBaHHA. TakuM YMHOM, SIKIIO CHOPMYyBaTH
koediuieHT K sk neBHy (yHKIII}0 3MIHHOI CTaHY CUCTEMH MpH ii CIIOCTEPEKYBaHOCTI
(BUX1THOTO CUTHAJTy), MOKHA PETYJIFOBAaTH 3HAYEHHSI 3MIHHO1 CTaHy MpH JIii 30ypeHHS

Ta 3a0e3MeUYnTH He TIePEBUIIIEHHS HOTO Hanepea 3aaanii BemmuunHi (3.1).
3.1.2 MaremaruuHa popMmatizamisi 3a1a4i CHHTe3y

Buxonsuu 3 (3.9), mareMaTHuHy MOJEIb CUCTEMU KEPyBaHHS JIsI CHUHTE3Y

CUCTEMH 3 TapaHTOBAHOIO TOYHICTIO MOXHA MPEACTaBUTH B (hopMi
d
YO+ K (s =—)=g(0) (3.10)

He Baxko Oauutu, 1mo 3a cTpykTyporo piBHSHHS (3.10) € HOBUM Kiacom
pPIBHSIHb, SKMM MOXXHA Ha3BaTH  alnreOpo-audepeHIiaIbHIMU  HEJTIHIMHUMUA
piIBHSHHSMU. MoO)XKHa CTBEp/KyBaTH, LI0 CUCTEMA KEpPyBaHHS, IO BIJANOBiJIA€
ctpyktypi (3.10), Oyzae cTiiikoro Ta peaii30BaHO0, SKIIO:

1. CriitkuM € 00’ eKT KepyBaHHS W, .

2. Anrebpaiunuii mosminoM K(y) € nogataum mist BCix y(t).

Konkpernuii Burisan noiiHomy K(y) Moxke BpaxoByBaTH MOXKJIUBICTH HOTO
BigcytHocTi (K(y)=0) Ha yacoBuX iHTepBaiax, /¢ 30BHIIIHINA BIUIMB BiJICYTHIH, a00
TaKWUi, IpU AKOMY He MopyIryeThest yMoBa (1) [y|< yaa.

Otpumana ctpykrypa (3.10) cucTteMu KepyBaHHS T03BOJIAE TOCIIIKYBaTH
TOYHICTh KEPYBAHHSA MPH 11 TOBUILHUX 30ypeHb Ta BUOPAHO1 CTPYKTYPH KOEPILIEHTY

pEryJIFOBaHHS.
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3.2 ®opmyBaHHs KoOe(imi€eHTY 3BOPOTHOI0 3B’SI3KY B 3aJa4i rapaHTOBAHOI

TOYHOCTI

VY cydacHUX aBTOMATHYHHX CHCTEMaxX KEpyBaHHs OJHIEIO 3 KIIOUOBUX 3ajay €
3a0e3MeyeHHs TapaHTOBAaHOI TOYHOCTI Oa)KaHMX XapaKTEPUCTHK CHUCTEMHU TNpHU ii
30ypeHb 1 HeBU3HaueHocTel. L5 3amaya HaOyBae 0cOOIMBOI aKTyallbHOCTI B yMOBax
CKJIaIHUX 1 HENMHIMHUX TUHAMIYHUX MPOIIECIB, /1€ BIAXUJICHHS 3MIHHUX CTaHy MOXYTb

IMPU3BCCTH 0 3HAYHUX ITOMHIIOK.

OnHuM i3 e(peKTUBHUX METOJIIB IOCSATHEHHS rapaHTOBAHOI TOUHOCTI KEPYyBaHHS €
BUKOPUCTAHHS 101aTKOBOTO 3BOPOTHOTO 3B’ SI3KY, 1110 I03BOJISIE CUCTEMI aJalTyBaTHCS
70 3MiH CepeJOBHIIA Ta KOMIIEHCYBAaTH BIUIMB 30ypeHb. [Ipu 11bOMY KIIIOYOBY pOJIb
BiZlirpae (popmyBaHHS KOE(ILI€HTY J0AaTKOBOTO 3BOPOTHOTO 3B’SI3KY, KUl BU3HAYAE

Yy TJIMBICTh CUCTEMH JI0 BIAXWUJICHD Ta 3a0e3meuye cTablIbHICTh 1 TOUHICTb.

Posrnssmemo migxim 10 ¢dopMyBaHHS KOe(IIiEHTY 3BOPOTHOTO 3B SI3KY 3
ypaxyBaHHSIM BHUMOT TapaHTOBaHOi TOYHOCTI. OcobiuBa yBara NpuaiJIIEThCS aHATI3Y
METOIB PO3paxyHKy IIbOTO Koe(ilieHTa Ui pi3HUX YMOB (YHKIIIOHYBaHHS, a TAaKOX
iX BIUIMBY Ha JWUHAMIYHI XapaKTEPUCTHKU CUCTeMH. KpiM TOro, MOCIIIKYHOTHCS
MOJKJIMBI MIAXOAM J0 ajanTailii KoeilieHTy 3BOPOTHOTO 3B’ SI3KY y pPEIbHOMY daci
Uit 3a0e3nedeHHsT  CcTallIpHOI Ta HaAiHOT poOOTH CHUCTEeMH B YMOBax

HEBU3HAUYEHOCTEMN.
3.2.1 3aranbHuii Bujg KoedinieHra

100 po3B’si3aTH 3aa4y PETYNIOBAHHS 3MiHHOI CTaHy CHCTEMHU IpH JIii 30ypeHb
1 3a0e3neynTH HE MEPEBUIICHHS Hamepen 3aJaHOro 3HAuYeHHs, MOXKHA PO3IISIHYTH
KUTbKa BapiaHTiB BHOOpPY koedimienta K sk ¢yHKuii 3MIHHOI CTaHy Ta I1HIIKX

napamMmeTpiB cucteMu. OCh ACKIUJIbKA MIIXOIIB:
1. IIpomnopuiitauii perynsrop (P—perynsrop):

K(x)=K,,
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ne Kp —nocTiiHuN Koe]ilieHT TPOnopIiHHOCTI. BUKOPUCTOBY€ETHCS 17151 KOPUTYBaHHS

3MIHHO1 CTaHy Ha OCHOBI 11 TOTOYHOTO 3HAYCHHS.
2. IlponopuiitHo—iHTerpanbuuii perynasarop (PI-perymnsrop):

K
— 1
K(x)=K,+—,
S
ne Kp — npornopiiiiauii koediiieHt, K;: iHTerpaibHUN KoediieHT. BUKOpHUCTOBY€EThCS

JUTSI 3BMEHIIICHHS] CTATHYHOT TOXUOKY Ta BIUTUBY MOCTIHHUX 30ypEHb.

3. IpomnopuiiiHo—iHTerpambHO—Au(epenuiinuil perymnsrop (PID—perynstop):
K
K(x)=K,+—+K s
s

ne Kp — muponopuiiinuii koedimient, K; — iHTerpaibHuil koedimient, Ky _
audepenuiaabHuil koedimieHT. el miaxin 103Bos€ BpaxoByBaTH HE JIMIIE TOTOYHE
3HAYEHHS 3MIHHOI CTaHy, ajie ¥ 11 MBUAKICTh 3MIHH, III0 MOXKE JOMOMOTTH YHUKHYTH

IMCPCBUIICHHA HAIICPC/ 3aJaHOI'0 3HAYCHHA.

4. 3miaanit koedimienTt K(x):
Kx) =K, f(x),

ae f(x) — pyHKIisA cTaHy CHCTEMH, sika MOXe OyTH JHIHHOIO, KBaJpaTUYHOIO abo
1HIIoro BUIIAMY. Llei miaxia 103Bosisie HAMamTOBYBaTH KOS(MIIIEHT 3aI€KHO Bijl CTaHy
CUCTEMH, 1[0 MOXE JTOMOMOTITH Kpallle yIpaBiIsITH 30ypeHHAMU Ta 0OMEXXyBaTH 3MiHHY

CTaHy.

5. AnanTuBHE pETryIIOBaHHSA:
K(x,t)=K,+-K (x,t),

ne Ky — mouyatkoBui koediuieHt, K, (X, ) — aganTUBHA YaCTHHA, 10 3MIHIOETHCS
3aJIEKHO BijJl 4acy Ta CTaHy CHCTeMH. BHKOPHUCTOBYETHCS I AMHAMIYHOI 3MIHU
Koe(IiIli€eHTa 3aJIEKHO B 3MIHUA YMOB, IO 3a0€31euye THYYKICTb 1 Kpally peakiiiio Ha
30ypeHHS.
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6. HeniniliHe peryatoBaHHS:
K(x) =K, -(1-exp(-ax)),

e a — TmapaMerp, 110 BH3HAYa€ MIBUAKICTh HAaCHYEHHA. Takuil MmiaXia J03BOJISE

BpPaxOBYBaTH HEIHIIHI XapaKTEPUCTHUKU CUCTEMH.

Bubip xonkpetHoro Buay ¢QyHKIT K(X) 3a1eXuTh BiJ 0COOTMBOCTEH CUCTEMH,
TUMy 30ypeHb Ta OaKaHUX XapaKTePUCTHK KepyBaHHS. BakmuBO MpoOBECTH aHAII3
CUCTeMH TICJs BBEACHHA Takoro KoedillieHTa Ta HaJAIITyBaHHS IlapaMeTpiB
perymstopa s 3a0e3nedeHHsT €(DEKTUBHOTO KEPYyBaHHS Ta JOCSTHEHHS Oa’kKaHHMX

pe3yNbTaTiB.

Jlyis 3a0e3nedeHHs TapaHTOBaHOI TOYHOCTI KepyBaHHS, OCOOJIMBO B yMOBax
HerependadyBaHux 30ypeHb 1 HEBU3HAYCHOCTEH, JMOIITILHO 3aCTOCOBYBATH ITiIXOMIH,
0 JO03BOJISIIOTH JUHAMIYHY 3MiHY Koe(illieHTa 3BOPOTHOTO 3B'A3KY. 3MIHHHUI
KOe(DIIIEHT MIJACWICHHS, aJanTUBHE pPErylIlOBaHHS, 1 HEJIHIAHE pPEryJIOBaHHSI —
HAJAI0Th MOXKJIUBICTh PETYIATOPY aBTOMATHYHO HAJIAIITOBYBATHUCS BiIIMOBITHO [0
MOTOYHOTO CTaHy CHCTEeMH a00 3MIHHHUX YMOB, IO JO3BOJISIE JOCSTTH OUTBIION

TOYHOCTI HaBITh 32 HASIBHOCTI 3HAYHUX 30yPEHb.

3MiHHMIA KOE(ILIEHT T03BOJISIE BPAaXOBYBAaTH OCOOIMBOCTI JUHAMIKUA CHUCTEMH,
aJlaliTUBHE PETYJIOBaHHS 3abe3leuye THYYKICTb 1 MOXIMBICTb KOPUTYBAaHHS
napaMeTpiB y peajbHOMY 4Yaci, a HENiHIHE PEeryiioBaHHs I03BOJISE BPaxOBYBaTH
CKJIAJH1 3aJIKHOCTI MK 3MIHHUMU CTaHy 1 CUTHAJIaMH 3BOPOTHOTO 3B's13Ky. CyKyTHe
3aCTOCYBaHHS 1MX METOAIB CIpHUS€ MIABUIICHHIO CTa0UIBHOCTI CHCTEMHU Ta

JOCSITHEHHIO BUCOKOi TOYHOCTI YIPABIIHHS B CKJIaIHUX YMOBAX.

B sxocti koediumienta miacuneHHs (Kp — MOpONOPIINHHUI KOEQIIIEHT)
J0AATKOBOTO KOHTYPY KEpYBaHHS POMOHYETHCSI BUKOPUCTOBYBAaTH HACTYIIHI BapiaHTH

HaOJIMKEHHS A0 KPpUTHYHOI'O CTaHY:

K=—tr (3.11)

Yo =¥

abo
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K=t

o eyad_‘y‘ >

(3.12)

Ie y — INOTOYHAa 3MIHHA CTaHy OO0’€KTa KepyBaHHs (BUXIJHHUI CUTHAN), J,,

JOMyCTUME 3HAa4YeHHs 3MIHHOI cTaHy 00’ekTa mpu aii 30ypenHs, K — amantuBHui

KOe(IIIEHT MiACHICHHS.

AnanTuBHUNA KOe(DIIIEHT Mae CyTTEBI TepeBard B 3ajadyax 3a0e3nedyeHHs
CTIMKOCTI Ta BUCOKOi TOYHOCTI CHCTEM KEPYBaHHS 3a HAsIBHOCTI HEBU3HAYEHOCTEH 1
30BHIIIHIX 30ypeHb. Floro 0CHOBHA TepeBara IoJsTae B MOXIMBOCTI aBTOMATHYHOTO
HaJalTyBaHHS BIAMOBIAHO JO TMOTOYHOTO CTaHy CHCTEMH, IO JIO3BOJISIE
KOMIIEHCYBAaTH BIUIMB 30ypeHb 0€3 HeOOX1THOCTI X MpsMoro BuMmiproBaHHs. Lle 3HauHO
CIIPOIIY€E peati3allilfo CUICTEMH KEepyBaHHS, OCKUIbKH JOCTaTHRO BUMIPIOBATH JIUIIIC
3MIHHI CTaHy O0’€KTa, Taki SIK HIBUAKICTH a00 MOJIOXKEHHS, 100 PEryasTop Mir

e(heKTHUBHO a/IaliTyBaTH CBOIO MOBE/IIHKY.

Takuii miaxia 3abe3neuye 1HBAPIaHTHICTh J0 XapakTepy 30ypeHb Ta MiJIBUIILYE
CTIMKICTh CUCTEMH, OCKUIbKU KepyBaHHs B1I0yBa€ThCsl HA OCHOBI peakiii 00’€kTa, a
He camux 30ypeHb. TakuM YHHOM, aJalNTHBHUN KOe(ILI€HT Aa€ 3MOTy 3HAYHO
3MEHIIIUTH BIUIMB HEBU3HAUYCHOCTEH, TMIJABUIIUTH €(PEKTUBHICTh KEpPyBaHHS 1

MOJIETIUTH HOTO MPAKTUYHY peai3alliio B CKIaJHUX YMOBAX €KCIUTyaTallii.
3.2.2 3aje:xkHiCTh pO0O0OTH AJITOPUTMY BiJl YHCJIOBOr0 KoedimieHTa

VY mporeci po3poOku Ta onTUMI3alii alrOpuTMy HEOOXITHO MPHUAUTUTH yBary
BHOOPY YHCIIOBUX KOC(DIIIEHTIB, K1 BIUTMBAIOThH Ha IXHIO €()eKTUBHICTh, CTAOUTBHICTH

Ta TOYHICTh POOOTH.

UucnoBuii koeillieHT MOXKe BU3HAUATH IIBUJIKICTh 301)KHOCTI aIrOpUTMY, HOTO
YyTIUBICTh A0 3MIH BXIIHUX JaHUX a0o 3[aTHICTh N0 ajanTailii B yMOBax
HEBU3HA4YCHOCTEH. Bi mpaBUIBbHOTO HAAIITYBAaHHS [IUX IMapaMeTPiB 3HAYHOIO MipOIO
3QJIEKUTh MPOTYKTUBHICTh aJITOPUTMY Ta MOTO 37aTHICTh 3a0e3meuyBaTh HEOOX1HUN

PIBEHB SIKOCTI PE3y/bTaTIB.
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PosmiistHeMo BIIMB 4MCIOBOTO KoeilieHTa Ha poOOTYy ajaropuTMy, HOro BUOIp
Ta KOPUTYBaHHS MJIs JOCSITHEHHS ONTHMAaJbHUX TMOKa3HUKIB. OcoOmuBy yBary
NOTPIOHO  MPHUALTUTH  B3a€EMO3B'A3KY MDK KOeQilI€eHTAaMH Ta  KJIIOYOBHUMH
XapaKTepUCTUKAMHU AITOPUTMY, TAKUMH K CTAOUIbHICTb, TOYHICTh Ta HIBUIKOIIS.
Taxox HanamTyBaHHS IUX KOE(DILI€HTIB B PI3HUX YMOBAX 1 3a/1a4ax, J03BOJISE 3HANTH

0asiaHC MK MPOAYKTHUBHICTIO aJITOPUTMY Ta HOTO HATIHHICTIO.

PosmiistneMo HaOMM>KeHHST BUMIPIOBAHOT BEJTMYMHU (3MIHHOT CTaHy) CUCTEMH JI0
KPUTHYHOTO CcTaHy puc. 3.3. B sKOCTi IMITOBAaHOTO CHTHATy BHUKOPHUCTOBYETHCS

cCUHYycoina 3 amrutitygoro 0.5, mpu 11bOMy KpUTHYHE 3HaYeHHs 00upaemo piBHUM 0.51.
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Pucynok 3.3 — HaOm>xeHHS CTaHy CUCTEMU 0 KPUTUYHOTO CTaHY
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Pucynok 3.4 — BriiuB 4unciioBOro 3HaueHHsI KoedilieHTa K Ha mpornopiiiHuiz

xoediuient miacunenns K=k/y,, —M

3 pe3ynbTariB MOJACTIOBaHHA Ha puc. 3.4 Oaummo, 1o 3i 30umbmieHHAM k,
nponopuiiHuil koedimieHT miacuieHHs K, 3pocrae, 1110 NOKpally€e peakiilo CUICTEMU
Ha BIIXWICHHS 3MIHHOI CTaHy Bij OaxaHoro 3HaueHHs. lle mo3Bossie mBummie i

TOYHIIIIE KOMIIEHCYBATH 30ypeHHs Ta CTaOUI13yBaTH CUCTEMY.

BaxnuBo 3ayBakuTH, IO Ha BEJIUKIA BIJICTaHI BIJ KPUTUYHOTO 3HAYCHHS
3MIHHO1 CTaHy KO€(DIIIE€HT MiCUICHHS MOYMHAE 3MEHIIYBATUC 1 TpsIMye 110 Hy . Lle
Ma€ BEJIMKE TPAKTUYHE 3HAYCHHS [JIs aBlalliiHUX CHUCTEM, 30KpemMa Ha O0opTy
JITAJIbHUX arapariB, OCKUIbKM 3MEHIICHHS IJACWICHHS Ha BEJIUKHUX BIJCTaHSIX
703BOJIsiE 30epiraT €HEeprio 1 MIHIMI3yBaTH BUTPATH IMOTY)KHOCTEH Ha KOPEKII1O

HE3HaA4YHUX BiI[XI/IJ'IeHB.

Takum 4YMHOM, HajamTyBaHHA KoedimieHTa k copuse JOCATHEHHIO
ONTUMAJILHOTO OajaHCy MK €(EeKTHBHICTIO YNPABIIHHS Ta €HEPTOOIIAHICTIO, IO €
KPUTUYHO BXKJIMBHUM JJIs1 3a0€3ME€UeHHs JOBTOTPUBAJIOI aBTOHOMHOI pobotu JIA B

CKIIaIHUX YMOBax.
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Pucynok 3.5 — BriiuB unciioBoro 3HaueHHsI KoedilieHTa kK Ha mpornopiiiHuiz

xoediuient migcunenns K = k / eVl

AHami3yrouu pe3ynbTaT MOJETIOBAaHHS MPEACTaBICHUN Ha pHC. 3.5 6aunmo, 110
31 30UIbIIeHHAM K, mponopuiiiHuil koediuieHT miacuneHHs K, Takox 3poctae. [Ipu
BUKOPUCTAHHI EKCIOHEHIIAJIbHOT 3aJIe)KHOCTI i1 (opMyBaHHS KoedilieHTa
M1JCUIICHHS, K Y IPYyTOMY BapiaHTi, Alana3oH 30UIbIIeHHS Koe(]illieHTa € 0OMEKEHUM,
OCKIJIbKM EKCIIOHEHTa IIBUAKO Jocsirac HacwueHHs. lle Moxe mnpusBecTH [0
3MEHIIEHHS] YYTJIMBOCTI CHCTEMH, OCOOJMBO MPHU BEIUKUX BIIXUICHHSIX 3MIHHOI
ctany. Taka XxapakTepucTHKa poOUTh CUCTEMY MEHII aJalTHUBHOIO O CYTTEBUX 3MiH
9y BENUKHUX 30ypeHb, 110 MOXKE HETaTUBHO TO3HAYUTHUCS HA i1 3AaTHOCTI IIBHIKO

pearyBaTi Ha KpUTHYHI 3MIHU.

KpiMm TOro, ekcrnoHeHmiaibHa (QYHKIIS 3aBKId Ma€ HEHYJIbOBE IOYATKOBE
3HAUEHHs, HaBITh MPH MAJIMUX 3HAYEHHSAX 3MIHHOI CTaHy, IO O3HaYae, IO CHCTEMa
3aBk/u Oyne reHepyBaTu kepyrounii curnai. Lle 3a0e3neuye mocTiiiHy 4yTauBIiCTh 110
HaBITh HAMMEHIUX 30ypeHb, 1110 MOXKe OyTH SIK IIEpEBarolo, Tak 1 HEJOIIKOM. 3 OTHOTO
00Ky, cucTema HikoJid He "irHopyBaTtuMe' 30ypeHHs, ajie 3 1HIIOro 00Ky, BOHa MOXKe

pearyBaTH HaBiTh Ha HE3HAYHI 3MIHU, BUTPAYalOYl €HEPTiI0 Ha KOPEKI[1}0 HE3HAUHUX
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BiIXWJeHb. TakMM YHMHOM, aITOPUTM 3aBXKIW Oyle aKTUBHUM 1 HAaMaraTuMeThCs
KOMIIEHCYBaTH OyJab—sKl BIUIUBH, 110 MOXe OyTH HeOakKaHUM 3 TOUYKH 30Dy

€(eKTUBHOCTI 1 EHEProOIIaHOCTI, OCOOIMBO AJIsi CUCTEM 3 OOMEKEHUMHU pecypcami,

SK y BUIIAJIKY JIITAJIbHUX araparib.

UucnoBe 3HaAUYCHHS JIOMYCTUMOI MeEXi 3MIHHOI CTaHy CHCTEMH Ma€ 3HAYHUU
BIUIUB Ha MPOMOPUIMHUNA Koe]imieHT miacwieHHs. Komu usg mexa 30UTbIIyETHCS,
CHUCTEeMa JIONyCKae OlIbI BIIXWJEHHS 3MIHHOI CTaHy BijJ Oa)kKaHOTro 3HaYeHHs 0e3

HEOOX1THOCTI TeHEPYBaTH CUJIBHUI Kepyrouuil curdai. Lle mpu3BoauTh 10 TOTO, 110

OPOMOPUINHUN KOE(IMIEHT MIACHICHHS 3MEHIIYEThCS, 3HIDKYIOUM YYTIUBICTDH

CUCTeMH J10 BixuieHb. OHaK 11e#l mpoliec BiI0yBaEThCS HETIHIMHO: Ha TOYaTKOBOMY

etam 30UTbIIEHHS MeX1 3MiHa KoedilieHTa Moxke OyTHM HE3HAuHOI0, ajie MiclA

JOCSTHEHHS TIEBHOT TOYKHM 3MiHA Yy TJIMBOCTI CHCTEMH CTA€ BiTUYyTHIIIOKO.

[{s HEmHIMHICTh TOSCHIOETHCS THUM, IO HA MajuX BIIXWJICHHSX Bl HOPMHU
cUCTeMa BCe I1Ie MATPUMYE BITHOCHO BUCOKY Uy TJIIMBICTb, aJie MiCJIsl 301IbIIICHHS MEXI1

710 3HAUYHOI BEJTMYMHU CHCTEMa MOYMHAE "ITHOPYBAaTH" OUIBII BIIXWICHHS, OCKUIBKH

BOHH 3aJIMIIAIOTBCA B MEKaX JOIIYCTHUMOIO zxiana30Hy.
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Pucynok 3.6 — BrjiuB 4nciIOBOTO 3HAUYEHHS IOIYCTUMOI MEX1 3MIHHOI CTaHy

CHUCTEMH Ha TIPOTOPIIHHUKN KoedirieHT miacwieHas K =1/ ( Vs = ‘ y‘)
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[le Moxxe OyTM KOpPUCHHUM Yy BHUIIQJIKaX, KOJU HEOOX1HO 3MEHILIUTH BUTPATU
€HEprii Ha KOPEKIII0 He3HAYHUX BIIXUJIEHB, aJle BOJHOYAC MOXE HEraTUBHO BILUTUHYTH
HAa 3arajibHy TOYHICTb KEPYBaHHS, OCKUIBKH BTPATH Yy TIAMBOCTI MOXKYTh IPU3BECTH JI0

HEJI0CTaTHBO IIBUJIKOT a00 TOYHOI peakiiii Ha 3MIHU CTaHy CUCTEMH.

Takum YWHOM, 30UIBIIEHHS MAOMYCTHUMOI MEXI 3MIHHOI CTaHy IMOTpedye
PETENBHOTO aHami3y OalaHCy MDK YYyTIMBICTIO CHCTEMH Ta 1i e€()EeKTHUBHICTIO B

3aJIE)KHOCTI BiJl BAMOT JI0 TOYHOCTI KEpyBaHHSI.

Y BuUmagKy 3acTOCYBaHHS €KCIIOHEHIIaJbHOTO 3aKOHY (OpMyBaHHS
KoedilieHTa macuieHHs, HOro 3HaUeHHS 3MIHIOETHCS MPOIOPIIIHHO B MEKaxX 001acTi
BapilOBaHHA 3MiHHO1 cTany. L{e mokpalirye siKicTh KepyBaHHS B MIEPEX1THUX MPOIIEecax,
0CcOOJIMBO MPHU HEBENMKHUX 30ypeHHsX. [lonpu 1e, eKCrIoOHeHIaTbHUN 3aKOH 3aBXKIH
Ma€ HeHYJIbOBE MOYAaTKOBE 3HAUEHHS Koe(illieHTa MiACUICHHS, HaBITh IPU HYJIbOBUX
Yl MaJIMX BIAXWICHHSX 3MIHHOI cTaHy. lle 3a0e3medye OesmepepBHY aKTHUBHICTH

pEryssTopa, KUl 3aBXKI1 pearyBaTUME Ha 3MI1HM, HE3aJIEKHO BIJ IX MaciiTay.
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Pucynok 3.7 — BriiuB 4iCI0BOTO 3Ha4€HHS JOITYCTUMOI MEXI1 3MIHHOI CTaHy

CHCTEMH Ha MPONOPLiiHKEI KoeditieHT miacuaeHus K =1/ ¢e” w1
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Taka BJIACTUBICTH MOXKE€ OYTH KOPHUCHOI B CHCTEMax, ¢ HeoOXiJIHO
HiATPUMYBAaTH  TIOCTiHHE yNpaBIiHHS, aje BOJHOYAC MOXE CIPUYHHSITH
HEpalliOHAIbHE BUKOPUCTAHHS EHEPropecypciB depe3 Oe3mepepBHY poOOTy

perynsaTopa, HaBiTh y BUIIQJIKaX HE3HAUYHUX BIIXWUJIEHb a00 MIHIMAJIbHUX 30ypPEHb.

Bub6ip mixx nBoMa BapianTamu ¢GOpMYyBaHHS MPOMOPLINHOTO KoedilieHTa
M1JCUJICHHS — JIHIMHUM 1 €KCIIOHEHLIMHUM — 3aJIe)KUTh B1JI MPIOPUTETIB Y KEpyBaHHI
cucteMoro. ExcrioHeHTa 3a0e3nedye IIBUJIIY PEAKIil0 CUCTEeMH Ha Majl 3MIHH
3MIHHOI CTaHy, IO MiABUIIYE YYTIUBICTb 1 TOYHICTh y TIepexigHux mpoiecax. OmHak,
el MiaXia MOKe MPU3BOJUTU J0 HAIMIPHOTO BUKOPUCTAHHS €HEPropecypcCiB depes

BHCOKY YYTJUBICTb PETYJISTOPA HABITh 10 HE3HAYHUX BIJIXUJICHb.

JliHiifHUI BapiaHT, X04a 1 Ma€ Jemo "BUTATHYTY" MOBEAIHKY, IO 3HUKYE
Yy TIUBICTh Ha MAJMX BIAXUJICHHSIX, 3a0€3Meuye MIaBHINIE HAPOCTAHHS KoedilieHTa
nifgcuieHHs. Le 3MeHIye pusuk nepeHaBaHTaXKEHHS CUCTEMHU MPU HE3HAUYHUX 3MIHAX,
J03BOJIsIE OUTBII PALliOHAJIbHO BUKOPUCTOBYBATH EHEPTOPECYpPCH, Ta, IO BAXKIUBO,
rapaHTy€ HasiBHICTh MOYATKOBOTO 3HAYEHHS Koe(illieHTa MiICUIICHHS, sIKe 3a0e3mneuye

MOCTIHHY aKTHUBHICTh PETyJISATOPA.

3 ypaxyBaHHSIM BIUIMBY YHCJIOBOTO KOe(DIIi€eHTa, BUCHOBOK 1010 BUOOPY MIXK
JIHIAHUM 1 €KCTIIOHEHIIMHUM 3aKoHaMu (POpPMYBaHHS MPOMOPLIMHOTO KoedilieHTta
MICUIICHHS CTa€ O1IbIT 30aJlaHCOBaHUM. 3MiHA YHUCIOBOTO KOedilli€HTa BITUBAE HA
IIBUJIKICTh 301JIbIIEHHS KOe(illieHTa MiJCUJICHHS, 1[0 BaXXJIMBO ISl HAJIAIITyBaHHS

Yy TIUBOCTI CUCTEMH.

VY eKCNOHEHLIMHOMY BaplaHTl 3MiHAa YHCIOBOTO KO€(]illieHTa BILIMBAE HA
MOBUIbHIIIE 301IbIICHHS KOe]illleHTa MiICUIICHHs, alle 3a0e3neuye Olabln cTablibHe
KEepyBaHHs, YHUKarouM pi3kux 3MiH. [Ipm mpomy cucrema 30epira€ mo4aTKOBe
3HaYeHHs Koe(ili€HTa, 110 TApaHTY€ MOCTIMHY YyTIUBICTH 10 3MiH, aje 6e3 HaAMIpHO1
peakiii Ha Mami BiaxuieHHs. lle 0co0JMBO BaXJIMBO JJII CUCTEM 3 OOMEXEHUMU
pecypcamu, TakuMu sK JitanbHi amapatu (JIA), OCKUIBKM [03BOJIsiE 30epiraTu

MOTYKHOCTI MPU IOCTATHIN YyTIUBOCTI /10 BEJTUKUX 3MiH.
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3 ommsiy Ha TMepeBard KOKHOTO MiAXOAy, JIHIMHMM 3aKoH (OpMYyBaHHS
kKoedimieHTa € OUIbII MiAXOMSIIMM Y BHUITQJKaX, KOJU HEOOXiTHO 30allaHCyBaTH
Yy TIUBICTh CUCTEMHU Ta €HEProePEeKTUBHICTh, OCOOIMBO AJISI CUCTEM 3 OOMEXEHUMHU
pecypcamu, TaKUMH SIK JIiTalbHi arapatu (JIA). Bid 103BoJis€ miATpUMyBaTu NOCTIHHE
KEepyBaHHsI, OJJHOYACHO 30epirarouu MOTYXKHOCTI Ta YHMKATH HAJAMIPHOI peakiii Ha

HE3HAYHI BIIXUJICHHS.
3.2.3 Po3paxyHok o0epHeHOI mepeaaTHol (pyHKIii

Posrsinemo Metox po3paxyHKy oOOepHEHOI mepenarHoi (YHKII, SKUH €
OCHOBOIO JIJISI TOOYI0OBHM OOEPHEHOT TUHAMIYHOI MOJIENII CUCTEMHU JJis 3a0e3MeUeHHS

1HBap1aHTHOCTI B 3ajJ[auax rapaHTOBaHOT TOYHOCTI.

OO6epHeHa niepenatHa QyHKIIST — 11€ QYHKIIIs, KA T03BOJISIE BUSHAYUTH BX1THI
BIUIMBU cucTeMH aBromatuyHoro kepyBaHHs (CAK) Ha ocHOBI i1 BuUXITHHX
XapaKTePUCTUK. Y KOHTEKCTI CUCTEM KepyBaHHsS oOepHeHa mepenarHa (QyHKILs
BUKOPUCTOBYETHCS IJIs1 TOTO, 100 3BOPOTHO OTPUMATH BXiJ, BUXOASYU 3 BIAOMOTO

BUXOJTY.

. -1
OO6epHeHa niepenartHa QyHKITIS [W(s)] OOYHCITIOETHCS SIK 3BOPOTHA BEJIMYMHA

Bix mepenatHoi GyHKIT W (s):

b

[W(s)] = )

3acTocyBaHHsI 00epHEHOI mepeaaTHol PyHKIIIT

ObepHena mnepenatHa (yHKIIE MOXKE BUKOPHUCTOBYBATHCS JJIsi 3BOPOTHOTO
KOHTPOJIIO, JI€ BXIJHUW CHUTHAJl CHUCTEMH PO3PAXOBYETHCS Ha OCHOBI Oa)KaHOTO
BUXITHOTO CUTHaIly. B deskux BuIlagkax Jis MOJCTIOBaHHS abo aHamizy CHCTEM
BUKOPUCTOBYIOTh OOEpHEHY MepeaaTHy (QYHKIIIO JUIsl OLIHKK BXIJHUX CHUTHAMIB.
OpHak Ha MpakTUIl ICHYIOTb OOMEXEeHHs: He BcCl mepeaaTHi (YHKIIT MOXHA
1HBepTYyBaTH (0COOJIMBO /JII CUCTEM 3 HYJLOBUMH TOJIOCAMHU), 1 B ACSIKUX BUIAIKAX

oOepHeHa (yHKIIIS MOxke OyTH HECTaOUTBbHOIO.
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Jns cucteM BHCOKUX TMOPSAIKIB oOepHeHa mepenartHa (yHKIIS Moxe OyTu
3HAYHO CKJIQJHIIIOKO 1, B 6ararbox BUMAaKax, HABITh HE BU3HAYATHCS Y TPOCTIi popmi
yepe3 MOXKIMBI moiocu abo Hyni y mepeaatHid ¢yskiii. Taki cucremu 3a3Budaii
MaroTh nepenaTHi QyHKIi, SKi MICTATh 0arato IMOJOCIB 1 HYJIB, IO YCKIATHIOE iX

1HBEPCIIO 1 MOXKE MPU3BECTHU 0 HECTAOUTbHUX a00 HEPETYASIPHUX PIlLICHb.
[lepenarna (yHKIIiS CHCTEMH BUCOKOTO TOPSAKY:

3aranpHU BUMISA mepeAaTtHoi (YHKIIT CHCTEMH BHCOKOTO TMOPSAKY MOXKHA

3aIlIuCarTnu y BI/IFJ'IHI[i .

b,s" +b s"" +---+bs+b,

Wis)= "+a, s+ tas+a,’
as"+a,_s as+a,

7ie: m — NOPSAA0K YMCEIbHHKA, N — NOPSIOK 3HAMEHHHUKA, b , b, — xoediiieHTn

m—19°"°"9

4HCENbHUKA, 4, ,d, ,...,d, — KOe(MIIEHTH 3HAMEHHHUKA.

OOepHeHna mepenarHa (QYyHKIIIS Il CUCTEM BHCOKHX TOPSIAKIB MOXe OyTu

00UYHCIeHA TAKUM YHHOM:

n n-1

as +a, s  +---t+as+a,
m m—1

bs"+b s"" +---+bs+b,

W(s)=

[Ipobnemu 3 iHBEpCi€ErO

Ski1o cuctema Mae MoJIOCH B MpaBii YaCTUHI KOMIUIEKCHOT rtommuHu (Re[s] >
0), me o3Hauae, M0 BOHA HecTaOlIbHA. Y TaKuX BHUIIAJKaX OOepHEHa IepeaaTHa
byHKIIS Takok Oyae HecTaOLIbHOO, IO YCKJIAAHIOE 1i BUKOPUCTAHHS B peallbHUX
cucTeMax KepyBaHHS. Skiio B mepenaTHid (yHKIID € HyJl, [0 3HaXOASAThCS Ha
HYJHOBIA YacToTi ab0 B TpaBii MIBIUIONIMHI (HE3aTyxaiodi Hyli), TO oOepHeHa

nepenarHa QyHKIIIS MOXKE MaTU PO3PUBH a00 CUHTYJISIPHOCTI.

B cuctemax BUCOKUX MOPSAIKIB iHBEpCIS NepeaarHoi GyHKIIT Moxe OyTH JTyke
CKJIQ/THOIO 3 TOUKH 30py OOUHCIIEHb, 1 4aCTO TOBOIUTHCS BAKOPUCTOBYBATH CIEIlialbHi
METOAM YUCIIOBOTO aHajizy a0o0 CIPOIIEHHS CUCTeMHU (HAmpuKIaa, METOAN PeayKIii

NOPSAJIKY CUCTEMU).
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OGepHena mnepenarHa (QyHKIST Moke OyTH BHKOpHMCTaHa B 3ajadax

3a0e31eueHHs 1HBAPIaHTHOCTI IIJIIXOM KOMIICHCAIllT 30BHIIIHIX 30ypEHb.

[Io6 3a06e3neunTy IHBapiaHTHICTh CUCTEMH JI0 30BHIIIHIX BILIUBIB a00 30ypeHb,
9aCTO BHKOPHUCTOBYIOTh TMPHUHITUIT KOMIICHCAIlll, KM TPYHTYETHCS Ha TOMY, II00
chopMyBaTH KepyIOUHii CUTHAJI TAKAM YHHOM, 1100 BIUTHB 30ypeHHs OyJI0 3BEIEHO JI0
MiHIMyMYy a00 MOBHICTIO KoMrieHCOBaHO (9). O0epHeHa nepenaTHa GYHKITIS T03BOJISE
CTBOPUTH CHCTEMY, sIKa HA OCHOBI HEBIJIOMHUX 30ypeHb KOPUTYE BXiJ TaKUM YHHOM,

100 111 30ypeHHs HE BIUTMBAJIN Ha Oa)kaHy MOBEAIHKY CUCTEMHU.

OOGepHeni mnepenaTHi (yHKIIT MOXYTh BHUKOPHUCTOBYBATHCS B HHUGPOBUX
CHUCTeMax KepyBaHHS 1 AJis 3a0e3MedYeHHs 1HBap1aHTHOCTI, ajie X 3aCTOCYBAaHHS Mae

BpPaxoOBYBaTH MUTAHHS CTIMKOCTI, YUCIOBUX OOMEXKEHB 1 MPAKTUYHUX peati3allii.

3.3 Po3poOka Ta peajizanis nmporpamMHoi Mojesi 3a0e3ne4eHHs] TAPAHTOBAHOI

TOYHOCTI.

Y 1mpoMy po3aiil OnmMcaHO peaizaliio po3poOSieHOT MaTeMaTUYHOI MOJENi B
cepenoumax Simulink Ta MATLAB. IlpencraBieHo cTpykTypy MOjeii, OCHOBHI
OokM cucteMu Ta iX (yHKIIOHANbHI MOXUIMBOCTI. [lokazaHo mporec iHTerparii
1HBap1aHTHOTO aJTOPUTMY KEPYBaHHS B MOZEJIb Ta MiJKIIOYCHHS A0 MOAYIIB 00pOOKH

JaHMX, 1110 3a0€3MeUyI0Th 3BOPOTHUH 3B'SI30K.
3.3.1 Ctpykrypa moneJi kepyBaHHA

Pozrnssaemo momens ctabimizalili Ta KepyBaHHS ABOBICHOIO TIAT(OPMOIO pHC.
3.8. 3a 0CHOBY OepeMO CTPYKTYpHI CXeMH PoOOTH CUCTEMHM cTabii3allii 1 KepyBaHHS B
pI3HUX peKUMax poOOTH, MPHUHHATI JJIs PO3paxyHKy 1 mpesacrasiieHi B [134]. Mixk
pexxuMaMu  cTabinmizamii, MiJeBKA31BKK, aBTOCYNPOBOAY ITi, 3 OJHOrO OOKYy, 1

PEKUMOM EJIEKTPUYHOTO apeTyBaHHs, 3 1HIIIOTO OOKY, € OJTHA 1CTOTHA BIJIMIHHICTh:

-y IEepHIMX TPhOX PEeKHUMaxX IpaIfo€ CUCTeMa T1POCKOMIYHOI cTaduIi3alli, mpu

AK1i BUKOHABY1 IBUTYHHU KEPYIOTHCS 32 CUTHAJIAMH T1POCKOIIB );
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- B pexuMi enekrpuuHoro aperyBanHs JIKII BukiroueHi 3 poOOTH, a BUKOHABYI
JIBUTYHU KEPYIOTHCS 32 CHUTHAJaMH JAaTYHMKiB KyTa Ha OCSAX KapJaHHUX PaMoOK, 100

3BOJUTH I1i KyTH JI0 HYJISI.

[Io6 HE yCKIaTHUTH MOJENb, PO3POOIIIEMO JBA BapiaHTH CXEMH 1 J[Ba TaKeTa
porpaM MOJAETIOBAaHHS — BIAMOBITHO JUIsl OCHOBHUX pexuMiB podoTtu CCII. 3aranpHa
CTPYKTypHa CXeMa MaTeMaTWU4yHOi MOiesi KOHTYpiB cTaliii3alii, aBTOCYNpPOBOAY Ta

mineBkasiBku CCII I'CH B cepenoBuii Matnad CumysiHK HaBeleHa Ha puc.3.9.
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Pucynox 3.8. — CrpykTypHa cxema MareMaTH49HOI Moeli KoHTypiB ctadimizaii (I'CII)
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Pucynox 3.9 — 3aranpHa CTpyKTypHaA cXeMa MaTeMaTHYHOT MOJIEeTIi KOHTYPiB

crabumizariii, aprocynpoBonay Ta 1iiaeBkasiBku CCII I'CH B cepenopuii Martna6

CumymiHk

3.3.2 Po3po0ka aaropurmy Simulink nJis peanizanii iHBapiaHTHOro KepyBaHHA

[leit miapo3aiT AETadbHO OMHUCYE peajizallilo aJfOpUTMy 1HBApPiaHTHOIO

kepyBaHHs B Simulink. OcoOnuBy yBary OpHUIUISETbCS METOAAM KOMIICHCALI]

30BHIIIHIX 30ypeHb Ta BUOOPY MapaMeTPiB CUCTEMHU, sIKi 3a0€3MeUy0Th rapaHTOBaHy

TOYHICTh KEPYyBaHHS ONTHYHOIO BICCIO KaMmMepu 31 30€epeKeHHs ONTUMaJIbHUX

napameTpis.



[IpononyeThCs CTPYKTYpa:

————————— ——
: 36ypeHHsA I
I 3miHHa
KepyBaHHA I I
cTaHy
BuKoHaBuMi O6’eKkT Y
I ABUTYH KepyBaHHSA I -
A
I Perynsarop |« I
e o
Anroputm 3abeaneuyeHHs

iHBapiaHTHoOCTI

Pucynok 3.10 — 3aranpHa CTPYKTypHa cXeMa KepyBaHHsI J1J1s1 3a0€3MeUeHHsI

1HBap1aHTHOCTI

36ypeHHA

KepyBaHHs 3miHHa

g I/V\g (S ) crauy=

Anroputm sabeanevyeHHA
iHBapiaHTHOCTI

Pucynok 3.11 — CropomieHa cTpyKTypHa cxema CUCTEMU KEPYBaHHS ISl

3a0e3MevYeHHs 1HBapiaHTHOCTI

Jlyist iepeBipKH anropuTMy 3a0€3MEUYCHHS 1HBAp1aHTHOCTI 10 30ypeHb BBEIEMO
JOMAATKOBUIM KOHTYp 3 aJTOPUTMOM IO KepyrouoMmy curHairy. OCKUTBKH CHUCTeMa

KepyBaHHS MOOyJOBaHA 3a KyTOBOIO IIBHJIKICTIO, TO 1 aJTOPUTM 3a0e3NeUeHHS

98
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Pucynok 3.12 — Cxema KOHTYpiB cTabuIi3a11ii, aBTOCYIIPOBOY Ta ILJIEBKA31BKH
CCII I'CH B cepenouii Matinad CuMyiiiHK 3 BOyJOBaHUM aJITOPUTMOM

3a0e3MeUeHHs TapaHTOBAHOI TOYHOCTI

Ha nepmromy erari po3poOku anroputMmy 3a0e3meueHHs TapaHTOBAHOT TOYHOCTI
Oy710 MoOyI0BaHO JOJATKOBUI KOHTYD 32 KYTOBOIO MIBUAKICTIO. Lle pimieHHs 103BosIE

SMCHIIUTHU PHU3UK POSMUTTA KaJIpy, BUKIIMKAHOI'O HCKOHTPOJIbOBAHUMHU KOJIMBAHHSAMU

ONTUYHOI BIC1 KAMEPH T11]1 BIUIMBOM 30BHIIIHIX 30ypeHb.

JleTanpHa CTpPYKTypa IIOTO KOHTYpPY MpeAcTaBieHa Ha pucyHKy 3.13. Bona

BKJIIOYA€ MEXaH13MH aHalli3y 3MiH KyTOBOI IIBUJIKOCTI, iX KOMIIEHcallli Ta cTablmi3aliii.
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ObGepeHeHa cuctema .
3MiHHa cTaHy

Kepyloqvm curHan < 1 1l

&
Coe— * ¢

PID

K 3MiHHa cTaHy [«

Pucynok 3.13 — Cxema Simulink anroputmy iHBapiaHTHOTO KEpyBaHHS

[Ticnst BU3HaYEHHS HEOOX1THOCTI I0IaTKOBOT'O KOHTYPY 32 KyTOBOIO IIBUAKICTIO
Oy710 peaizoBaHO 00epHEHY MepeaaTHy (PyHKIIII0 BUCOKOTO TOPSIKY, SKa € KITFOUOBUM

CJIICMCHTOM aJIr'OPUTMY 3a0e3IeUeHHS FapaHTOBaHO.l. TOYHOCTI.

Ha pucynky 3.14 npenctaBieHO CTPYKTypy peajizaiiii o0epHeHO1 nepeaaTHol
¢dbynkii. Bucokuit mopsaok ¢GyHKIT J03BOJISIE BpaxOBYBaTH CKJIAIHI JWHAMIYHI
XapaKTepUCTUKN CHUCTEMH, BKIIOYAIOYM BIUIMB HEBU3HAYeHUX 30ypeHb Ta

HEeJHIMHOCTEN Y poOOTI BUKOHABYUX €JIEMEHTIB.

Oco06nuBy yBary MNpuaiIeHO CTidkocTi mi€i ¢yHkuii. Mopaenb aeMOHCTpye
IUTaBHY TMHAMIYHY [TOBEIIHKY HaBITh Y MPUCYTHOCTI 3HaYHUX 30ypeHb. Lle 3abe3neuye
TOYHE BIJAIMPAIIOBAHHS KEPYIOUUX BIUIMBIB Ta CTaOIIBHICTh CUCTEMH Y pealbHUX

YMOBaX €KCIUTyaTalii.

> 1 &>
7>{ PID(s) iﬂ»{ PID(s) >{ PID(s) i» PID(s) }»%{ PID(s) ’Q’Q O o N W21z-s+ W20z

Pucynok 3.14 — Cxema Simulink peani3atii o6epHeHO1T iepenaTHoi (PyHKIIIT BUCOKOTO

HOPAJIKY
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Omuc nanamryBanHsa Ogoxky PID y MATLAB Simulink aas peadsizamii

audepeHuioYol JAHKH

brok PID Controller y MATLAB Simulink Hagae MOXIMBICTh HaNaIITyBaTH
napamMeTpd  IPONOPLIHHO—IHTErpadbHO—IU(EpPEHIANbHOTO  PETyIsTopa IS
MOJICJIFOBAHHSI CUCTEeM KepyBaHHs. [[71s1 peanizanii qudepeHiiirordoi JJaHKU He0OX1THO

BUKOHATH HACTYITHI Jii:

1. Bubip 6noky PID Controller - y 6i6mioreni Simulink y po3nini Continuous

sHanaiTek 0510k PID Controller 1 momaiite iioro 1o cxeMu MOJEIFOBaHHS.
2. HanamryBaHHS mapaMeTpiB:

- BIKHO mapameTpiB OJIO0KY, B4l KJIAI[HYBIIX Ha HbOTO;

- y nomi Controller Type BuGepite PD a6o PID, sxmo nmorpiOHa koMOiHaIis
T epeHITIIOI0YO01 JIAHKH 3 IHIMTUMUA KOMIIOHCHTAMH PETyIsTOpPa,;

- g jaudepeHIiiodoi dyacTMHU 3amaite koedimieHT Kd, skuili BuzHauae
MIBUKICTh peaKilii Ha 3MiHM MOXMOKU. [HII mapaMeTpu, Taki SK 1HTerpajibHa
YaCTHUHA, 3aJIUIITE PIBHUMH HYIIIO;

- akTUBYBaHHS (UIBTpa A1 AU EPEHITIF0I0Y0T YaCTHHU;

- omuisg Use filter for derivative action;

- 3HadeHHsa koedimienta ¢insrpa NN, skuil 3mIaaKye BIUIMB IIYMIB Ha
audepenuioyy Jactuny. Lle 0co0auBO BakJIMBO, OCKIIBKM HEOOMEKEHUMH

1JICUITIOBAY MMOXUOKH MOXKE CIIPUUMHSATH KOJIMBAHHS Ta HECTAOIIbHICTb.

[Ipobnemaruka nudepeHiirordoi JaHKH B MOJIETIOBaHHI

Hudepeniitoroua anka B PID—perynsaTtopi BUKOHYy€e OOYMCIEHHS IIBUIKOCTI
3MIHU CUTHAJTy TIOXUOKH, 1110 103BOJIA€ NIepeadadyary ii AMHaMIKY 1 IIBUAKO pearyBaTH

Ha 3MiHU. OHaK, M1 Yac MOJIEIIOBaHHS BUHUKAIOTh KUJIbKa TPoOIeM:

UyTnuBicTh A0 1IyMmiB: qudepeHiiioroda 4yacTUHA PEryIsaTopa 3HAUHO M1JCHUITIOE
BHCOKOYACTOTHI KOMITOHEHTH CHUTHAJTy, BKIIOYAIOUH IITYMU. Y PEAbHUX CUCTeMax IIe
MOXX€ CIPUUYMHITH HECTAOUIBHICTh 1 HEKOPEKTHE KepyBaHHSA. Y MOJCIIOBaHHI IIe

IMPOABJIAECTBCA Y BI/IFJ'IHIIi 3HAaYHHUX KOJIMBAHb BI/IXi,IIHOFO CUTHAJy.
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[Ipobnema oOMeEXEHHS 4YacTOTH: Yy 1eanbHIA audepeHIlitodiil JIaHii HeMae
oOMe)XeHb Ha 4YacTOTy CHUTHAIIy, III0 BHMarae JI0JaTKOBOTO (UIBTPYBaHHS, 100
YHUKHYTH HepeanicTuyHux 3HaueHb. Y MATLAB Simulink 1ie koMmneHcyeTtbscs uepes

napameTp NN, sikuif 3r71a1Ky€ BUCOKOAMILUTITY/IHI KOJTUBAHHS.

OOMerxeHHsI IBUIKO/II: Y pealbHUX CHUCTEMax OOMeE)XeHa IIBUAKICTh POOOTH
BUKOHABYMX MexaHi3miB. [lim 9ac MomemioBaHHS HEOOXITHO BpaxoByBaTH IIi

oOMeXXeHHS, 100 YHUKHYTH HaJAMIPHHUX 3alUTIB IO CUCTEMHU.

JluckpeTuzailisi CUTHAIIB: Yy IMMPOBUX CHUCTEMax KEpyBaHHS IMOXHOKa
OOUHCITIOETHCS TUCKPETHO. Lle MoXke CIpUUMHATH JOAATKOBI MOMUIIKH, SKIIO 9acTOTa

JTUCKPETU3aIlil HETOCTaTHRO BUCOKA.
Pexomennamii 1151 po00oTH 3 1u(epeHUiI0IY010 JTAHKOI0

1. BuxopucroByiite ¢GUIBTp s 3DIaJKyBaHHS BHCOKOYACTOTHUX IIyMiB. B

Simulink mapamerp NN 103BoJIsi€ HamamTyBaTH el QUIBTP.

2. Buxonyiite cumynsanii 3 peajbHUMU CHUTHAjJaMH, BKJIIOYAIOYM [IYMOBI

KOMTIOHEHTH, 100 OIIHUTH CTablIbHICTh POOOTH.

3.  OOmexyiTe BHXIJ IU(MEPEHIIIOY0i JIaHKHU, 1100 YHUKHYTH HaJMIpHOTO

KEPYIOUYOTro BIUIUBY Ha CUCTEMY.

4.  BukopucTOBYHTEe KOMOIHOBAHMUM IMiAX1]1, KOJIU JU(EepeHIlioroda YyacTUHA MPAIIO€e

y B3a€EMOZI1 3 TPOTIOPIIITHOO IS 3TIA[KyBaHHS CUTHATIB.

5. Tectyiite Momenb 3a PI3HUX PEKUMIB POOOTH, MO0 BHUSIBUTH MOTEHLINHHI

KOJIMBaHHA a00 HECTAOLIbHICTb.
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[i] Block Parameters: PID Controller1
PID 1dof (mask) (link)

This block implements continuous- and discrete-time PID control algorithms and includes advanced features such as anti-windup,
external reset, and signal tracking. You can tune the PID gains automatically using the 'Tune...' button (requires Simulink Control

Design).
Controller: PID ~  Form: Parallel
Time domain: Discrete-time settings

© Continuous-time

. Sample time (-1 for inherited): -1
() Discrete-time

¥ Compensator formula

i1 )
8 1+ N
s

Main  Initialization ~ Saturation  Data Types  State Attributes
Controller parameters
Source: internal v
Proportional (P): 0
Integral (I): 0 i [ Use I*Ts (optimal for codegen)
Derivative (D): 1
Filter coefficient (N): 100 £ Use filtered derivative

Automated tuning

Select tuning method: Transfer Function Based (PID Tuner App)

Enable zero-crossing detection

[T] Cancel Help Apply
Pucynok 3.15 — I[NapameTrpu 6:10ka PID Simulink, mo peanizytots audepeHItiroodmn

JaHKy

3.3.3 Peasizauisi 30BHilIHiIX 30ypeHb

Leit po3ain onucye MOJENIOBaHHS 30BHIIIHIX BILUTUBIB HA CUCTEMY (HAMPUKIA],
BiTep, BiOparii, MexaHiyHi BmmBH) y Simulink, 1mo0 nepeBIpUTH CTIMKICTh Ta
aIalITUBHICTh CUCTEMH KepyBaHHs. 30BHILIHI 30ypeHHs pealli3oBaHi y BUINISA1 Pi3HUX

CUTHAJIIB, 110 MOJIEITIOIOTh PealbHI YMOBH €KCIUTyarTarii.
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MoskJrB1 30BHIIIHI 30ypeHHS B CHCTeMaX KepyBaHHs ONITHYHOIO BICCIO

30BHIIIHI 30ypeHHS € OJHHUM 13 KJIHOYOBHX (PaKTOpPiB, IO BIUIMBAIOTH Ha
TOYHICTh 1 CTA0LIbHICTh POOOTH CUCTEM aBTOMATUYHOTO KEPYBAHHS ONTHYHOIO BiCCIO.
BpaxyBaHHs iXHBOTO BIUIMBY € B@KJIMBUM €TallOM Yy pPO3poOLll aJrOPUTMIB, SIKi
3a0€3Ieuy0Th TrapaHTOBaHy TOYHICTh 1 aJanTUBHICTh. Peaiizalisi B cepenoBuIl

Simulink 30BHIIIHIX 30ypeHb HaBeneHa Ha puc. 3.16.

Mv1 } »( 1 )
Bunaakosa sibpaLis W1 M_3Bypenra1 M_sGypeniat
num(s) num(s) num(s) _| num(s)
. den(s) ™ den(s) [ den(s) den(s) s w

MomenT
nebanancy1

KonusaHHs Kopryca E
MO PUCKAHHIO
MPUCKOPEHHS TKIHHA
OmegaYo)

KyT.wsuakicte
—>
KONMBaHL Mo
puckaHHio d2r '@
MNepepaxyHox Omy
e Moxu6ku AKLL

. 8 pag/c2

KyT.wsuakicte
KONMBaHb No o
PUCKaHHI02 dwy
MNepepaxyHok
B pag/c1

dwy | 3m_nyns OKLWy

M

dwz
MepepaxyHok
B pag/c3

dwy | 3m_nyns KWz

Pucynoxk 3.16 — Peanizanis B cepenosuii Simulink 30BHIIIHIX 30ypeHb
30BHIIIHI 30ypeHHS MOJKHA KJIACH(IKyBaTH 3a KIIbKOMa KPUTEPISIMHU:
IIprpona BUHUKHEHHS:

- MexaHiyHl 30ypeHHs, IO BHUKJIHMKaHI BiOpamisiMu, yaapamu abo 3MiHAMU

TpaeKTOpli pyXy JiTaibHOTO anapara (JIA);

- aepoauHaMivHi 30ypeHHs, IKi BUHUKAIOTh Yepe3 HEPIBHOMIPHICTh MOBITPSHOTO

MOTOKY a00 TypOyJIeHTHICTb;
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- TepMmiuHi 30ypeHHs, SK HaNpuKiIaJ 3MIHM TeMIIEpaTypu BIUIMBAIOTh Ha

XapaKTCPUCTUKH €JICMCHTIB CHCTEMH,

- CJIGKTPOMAarHiTHi 30ypeHHs, 30KpeMa IIIyMH, SIKI BIUIMBAIOTb Ha CHUTHAJHU

npuiiMavya BUIIPOMIHIOBAHHS.
Xapaxrep BIUIUBY:

- cuctemMaruyHi 30ypeHHs, SIKI MaloTh MependadyyBaHU 1 MOBTOPIOBAHUMN

XapakTep (Hampukjaj, MoCcTiiHa TypOyJeHTHICTh Ha TIEBHIN BUCOTI);
- BUIIAJIKOB1 30ypeHHs, 1[0 MAlOTh XaOTUYHUHN XapaKTep 1 3MIHIOIOThCS B Yaci.

[Tocriiini 30ypeHHs MalOTh TPUBAJIMI BILTUB, HATIPUKJIIA, 3MIIIEHHS LIEHTPY Mac.
[lepexiani 30ypeHHs - KOPOTKOUACH] BIUIMBU, HAIPUKJIA/, YIApPH YU TOLITOBXH 1] Yac

MaHEeBPYBaHHS.
Buainumo ocHOBHI THUITH 30ypEHb:

-MOMEHTH 30BHIIIHIX CHJI - BHUHHUKAIOTh YHACHIJOK aepoJUHAMIYHOTO
HABaHTa)XCHHS, TPaBITallliHUX BIUIMBIB a00 1HEPUIMHUX CHUJI MiJ YaC MaHEBPYBAHHS

JIA. i MOMEHTH BIUIMBAIOTh HAa HAMPSAMOK ONTHUYHOI 0C1, BUKJIUKAOYH i1 BIAXWICHHS;

- BUIAJIKOBI 30ypeHHs- MalOTh CTATUCTUYHY NPUPOLY Ta 3a3BUYAN MOJIEITIOIOTHCS
Ak 01711 a00 KOpeIbOBaHi raycoBi IryMu. Bunaakosi 30ypeHHsI MOKYTh OyTH OB’ si3aHi
3 BiOpamismu JIA, mrymamu ceHcopiB a00 HECTAOUTBHICTIO €IEKTPOHHUX KOMIIOHEHTIB

CHUCTCMMU,

- IMHaMI4H1 30ypeHHs - BHUHHMKAIOTh Yepe3 IIBUJKI 3MIHHU TOJOXKEHHS a0o
mBuakocTi JIA, Hampukmam, mig 4Yac aKTUBHOTO MAaHEBPYBaHHA. BOHM MOXYTh

BKJIFOUATH CKJIaJH1 HEJIIHIMHI BIUIMBH, SIK1 BOXXKO MEpeI0auuTH 3a3/1aJIeT1/b;

-30ypeHHs 4epe3 naedopmarlii - 3MIHU TeMIlepaTypy, TUCKY a00 MeXaHI4HOTO
HABaHTA)XCHHSA MOXYTbh BUKJIMKATH AepopMarliii ONTHYHUX KOMIIOHEHTIB 1 CTPYKTYpH

KaMepH, 110 BITUBAIOTh HA TOYHICTh (POPMYBAHHS 300paKeHHS;
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- aepOJMHAMIYHI IIyMHU - TypOYyJEHTHICTh IMOBITPSIHOTO TMOTOKY HaBKojo JIA
CTBOPIOE HEPIBHOMIPHI BIUTUBH HAa KaMePY, K1 BUKIUKAIOTh 11 KOJMBAHHS Ta 3MIIICHHS

OIITHYHOI OCI;

Jns monemoBaHHs 30ypeHb Y CHCTEMax KEepyBaHHS BHUKOPUCTOBYIOTHCS TaKi

T JIXO/IH:

- IETepMIHOBaHI MOJEIi: ONUCYIOTh 30ypeHHs 3a JIONIOMOIOK TOYHHX

(GYHKIIIOHATBHUX 3aJIeKHOCTEN, HAPUKJIIA:

M(t)=M, -sin(wt),

1e My— amrmiiTyaa MOMEHTY, (& — 4acToTa;

- CTOXaCTUYHI MOJIETI: ONUCYIOTh 30ypeHHS SIK BUIIAKOBI MPOLIECH, HAIIPUKIIAI:
W(t)=A-e* +N(1),

ae N(t) — 6inuit mym, 4 — mapaMeTp 3aracaHHs;

- CHEKTpaJIbHI ~ MOJENll:  BUKOPUCTOBYIOTbCSI ~ JUIsl ~ aHaji3y  YacTOTHHUX
XapakTepUCTUK  30ypeHb.  3a3BHuYail  PO3MISAAETHCS  aMIUTITYHO—4aCTOTHA

XapaKTepUCTUKA 30ypeHb.
Brnus 30ypens Ha cTabini3alito ONTUYHOI OCi:

- BIOXWJICHHS ONTHUYHOI OCi: MPU3BOAUTH J0 3HMKCHHS TOYHOCTI HABEJCHHS Ta

SIKOCT1 300pakeHHS;

- PO3MUTTS 300paKCHHS: BHHUKAE dYepe3 JWHAMIYHI KOJUBaHHS, SIKI HE

KOMIICHCYIOTBCA CUCTCMOIO KCPYBAHHA,

- 3MIIEHHS KOOPIMHAT 300paXCHHS: BIUIMBAE HAa MOXJIHUBICTb TOYHOTO

BU3HAYEHHS [OJIOKEHHS 00’ €KTa.
Mertonu KoMIIeHcallli 30BHIMIHIX 30ypeHb:

- (UIBTpYBaHHS CHUTHaJiB: BHKOpucTaHHsA KamMaHIBCbKUX (PUIBTPIB IS

3ITIAJPKYBAHHA BUIIAJJKOBHX IIIYMIB,
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- 1HBapiaHTHI aJTOPUTMHU, IO 3a0€3MEUYIOTh TOUHICTh KEPYyBaHHS HE3aJICKHO BiJl

XapakTepy 30ypeHb;

- aJanTUBHI MIAXOAM, SKI HAJAIITOBYIOTh MapaMeTpy KEPYBAHHS B PEaIbHOMY

Yaci 3aJIe’KHO BiJl OIIIHEHUX XapaKTePUCTUK 30ypEeHb.

- MeXaHivyHa KOMIIEHCAIlis y BUIIISAII 3aCTOCYBaHHS CTa0UTI3y0unX mardopm abo

neMiidepiB 11 3HIHKCHHS MEXaHIYHUX BIUIMBIB.
BucHoBku 10 po3ainy 3

Y poznum 3 npuceprarii MpoOBENEHO PO3POOJICHHS aITOpPUTMY 3a0e3MeueHHsI
rapaHTOBaHOT TOYHOCTI CHUCTEMH aBTOMAaTHYHOTO KEPyBaHHS ONTHYHOIO BiCCIO, IO
BKJIFOUYA€ YTOYHECHHS MAaTEMaTUYHOI MOJEJi, CHHTE3 aJTOPUTMIB KEepyBaHHS Ta iX
nporpaMHy peamizaiito. [Tiaxia, skuii Oysi0 3anponoHOBaHO, 0a3y€eThCS HAa BpaxyBaHHI
BILTUBY 30BHIIIHIX 30ypeHb, 110 Ja€ 3MOTY JOCSTTHA BUCOKOT CTab1IbHOCTI T TOYHOCTI
CUCTEMH TIPH PI3HUX YMOBAX €KCIUTyarailii. ¥ TOUHEHO MaTeMaTUdHy MOJIEJIb CHCTEMH
KEepyBaHHS, sIka BPaXOBY€ BIUIMB 30BHIIIHIX 30ypeHb Ta 03BOJIsi€ (opmatizyBaTh
3ajjayy CHHTE3y aJropuTMy 3a0e3MedeHHs TapaHTOBAaHOI TOYHOCTI. BukoHaHo
CTPYKTYPHHUH aHaji3 CUCTEMH Ta 3alpOINOHOBAHO 3arajbHHUNA MiAXid 10 (GOpMYBaHHS

1HBapiaHTHOT 10 30ypeHb CTPYKTYpU CUCTEMH KEPYBaHHS.

1. Brnepmie copmoBano anroputM opMyBaHHsS KOe(]illi€eHTIB 3BOPOTHOTO
3B’SI3Ky Ui 3a0e3ledeHHs] 1HBapiaHTHOCTI KepyBaHHS. [IpomeMoHCTpoOBaHO, IO
Koe(IIIEHTH 3ajie)KaTh BiJl YMOB €KCIUTyaTallli Ta xapakTepy 30ypeHb, a iX BHOIp €

KITFOYOBUM (DaKTOPOM JOCSTHEHHS FapaHTOBAHOT TOUHOCTI.

2. JlocnmipkeHO BIUIMB YHUCJIOBUX 3Ha4YeHb Koe(illieHTIB Ha poOoTy
anroputMy KkepyBaHHs. [lokazaHo, 110 TmpaBWIbHO TiAIOpaHi Koe(IiEHTH

3a0e3MeuyIoTh BUCOKY aJaTUBHICTh CUCTEMH J0 3MIHHUX 30BHIIIHIX BIUIMBIB.

3. Po3pobneHo MeToquKy Ta MpOrpaMHHMA KOA Ui  aBTOMATHYHOTO

PO3paxyHKy 0OCpHEHOI nepenaTHol QyHKITIi.
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4. Po3pobneHo mporpamay Mozenb 3a0€3MeUeHHs TapaHTOBAHOI TOUHOCTI B
cepenoBuni  Simulink. PeanizoBaHO CTpPyKTypy 1HBapiaHTHOTO KepyBaHHsI, SKa
0a3yeTbcsl HA MPUHIUIAX OOCPHEHOI MMHAMIYHOI MOJEN CUCTEMHU Ta HAOIMKEHHIO

CTaHy CUCTCMHU 10 MEXI1 AO0IIYyCTUMOI'O 3HAYCHHS.

VY miicyMKy, pe3yabTaTd IIbOTO PO3LTY JTO3BOJISIOTH MEPEBIPUTH €(HEKTUBHICTh
3allpOMIOHOBAHOTO MIAXOMy JUIsl 3a0e3medeHHs 1HBapilaHTHOCTI 10 30ypeHb Ta
rapaHTOBaHOI TOYHOCTI B CHUCTEMaX aBTOMATHYHOTO KEPYBaHHS ONTHYHOKO BICCIO.
Po3pobineni aiaropuTMu Ta TpOrpaMHa MONETh MOXYTh OyTH BHKOPHCTaHI IS
MONANbIIOl  omTuMi3amii cucTeM cTabumizamii B aBlamiiHUX 1 KOCMIYHHUX

34CTOCYBAHHX.
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PO3ILI 4
MOJIEJTIOBAHHSI POBOTH AJITOPUTMA 3ABE3NEYEHHS
TAPAHTOBAHOI TOYHOCTI CUCTEM KEPYBAHHS OIITUYHOI BICI
KAMEPH

Y upoMy po3aUIl  TPOBOIUTHCSA TMEpEBIpKa PO3pPOOJIIEHOTO  AJITOPUTMY

3a0e3MeYeHHs rapaHTOBAHOT TOYHOCTI KEPyBaHHS ONTUYHOIO BICCIO KaMepH.

[lepeBipka mpale3naTHOCTI aJITOPUTMY 3IIMCHIOETHCS 3a JOIMOMOIOK cepii
monemoBanb y cepenopuini Simulink Ta MATLAB. OcHoBHI eTanu METOIUKH

BKJIKOYAKOTh.

- BCTaHOBJIIOIOTHCSl MapaMeTpH, 3a SKUMH Oyne OI[IHIOBAaTHCS €(EeKTHUBHICTh
aJTOPUTMY, TaKl SIK TOUHICTh cTab1II3al1ii, yac cTabuIi3allli, CTIHKICTh 10 PI3HUX

TUIIB 30ypEeHb;

- CTBOPIOIOTBCS PI3HI CIEHapii, MO IMITYIOTh pealibHl yMOBU €KCIUTyaTarii,

BKJIFOYAIOYH Pi3HI1 TUIH KOJUBAJIbHUX 30yPEHB;

- BHKOHYIOTHCA MOACIHOBAHHA KOKHOTI'O cueHapi}o 3 BHUKOPUCTAHHAM

PO3pOOJIEHOTO aNTOPUTMY;

- OTpUMAaHi JaHl aHaMI3YIOThCA s BU3HAYCHHS BIJNOBIAHOCTI aQJITOPUTMY

BCTAHOBJICHUM KPUTEPISM;

- e(heKTUBHICTb PO3POOIEHOTO aNrOpPUTMYy MOPIBHIOETHCS 3 TPAAULIAHUMU

MCTOAaMH KCPYBAHHA OIITUYHOIO BICCIO.

4.1 IlepeBipka npane3aTHOCTI AJITOPUTMY 3a0€3MeYeHHS TAPAHTOBAHOI TOYHOCTI

HA KOJIMBAJILHIN JaHIi

et migpo3ain MicTUTh omuc (PI3MYHOI MOJENl KOJMMBAJbHOI JIAHKH, SKa

XapaKTepU3y€eTHCS NEPIOAUNIHUMH KOJMBAHHSIMU 3 TIEBHOIO YAaCTOTOIO Ta aMILTITY/I00.

MeToro mepeBipKH € MIATBEPAKEHHS €(PEKTUBHOCTI aJrOpUTMy B YMOBAax

IUHAMIYHUX 30ypeHb, 1[0 BUHUKAIOTh y PeabHUX EKCIUTyaTalliHUX CepeOBUILAX.
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PosrnsimaroTeest pi3Hi crieHapii MOJIEIOBAHHS, IO JO3BOJSIOTH OILIIHUTH CTIHKICTh
CHUCTEMH Ta i1 37aTHICTh MIATPUMYBATH HEOOX1HY TOUHICTh CTa0lIi3allli HaBITh MIPH

HAsBHOCTI KOJIMBAJIbHUX BILIMBIB.

~C>—> : out.simout
'H— S+s+1 g ’
A
out.simout3 C]
>(+_ —> : out.simout1
\E S+s+2 ut t
1 Anroputm (u)
out.simout4 &— Kepytounit curHan  3MiHHa cTaHy [q—
: out.simout2
AN\E S+s+2 g ’
AnropuTm exp(u)

out.simout5 — Kepytoumii curHan  3MiHHa CTaHy [€—

(]

Pucynox 4.1 — Cxema mepeBipKu Mpare31aTHOCTI aIrOpuTMy 3a0e3IedeHHS

rapaHTOBaHOT TOYHOCTI Ha KOJIMBAJIbHIN JIAHII

[Tporpamuauii Ko 711 MOJIENIIOBAHHS HaBEJEHO B q0/aTKy I

4.1.1 Cuenapii MoaeJIOBAHHA [UIsl MepPeBIPKH MNPale3TaTHOCTI aJropuTMy

3a0e3ne4eHHs] TAPAHTOBAHOI TOYHOCTI HA MPUKJIAAi KOJTHBAJIBHOI TAHKHU

Jlns mepeBipkM Tpane3aaTHOCTI aJrOpUTMy pPO3pOOJIEHO JIEKIJIbKa CLIEHApiiB

MOJICITIOBaHHS, 10 BiJJOOpaXaroTh Pi3HI TUIIK 30ypeHb 3a XapaKTEePOM:

Cuenapiii 1. I'apmoniunai komuBaHHA. ONHMC: MONETIOIOTHCS TMOCTIWHI TapMOHIYHI
KOJIMBAHHS 3 BHU3HAYCHOKO YacTOTOI Ta aMIUITYyaor0. MeTa: OIiHUTH 3[IaTHICTh

ANTOPUTMY TATPUMYBATH TOYHICTH CTA01T13a11ii MPU MOCTIHHUX KOJTMBAHHSX.
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Cuenapit 2. CroxactuyHi 30ypeHHs. Onuc: BOPOBAKYIOTHCS BHIAJIKOBI
30ypeHHs 3 PI3HUMH XapaKTEPUCTHKAMHU YacTOT Ta aMIUIiTyd. MeTa: mepeBipuTH
aIalITUBHICTD AITOPUTMY J0 HenepeadoadyBaHuX 3MiH.

Cuenapit 3. KomOinoBaHi 30ypeHHs. OmNWC: MO€IHAHHS TapMOHIYHUX Ta
CTOXaCTUYHUX 30ypEHb ISl MOACIIOBAHHS CKIAQJHUX pealbHUX YMOB. MeTa: OliHUTH

e(eKTUBHICTh AITOPUTMY B YyMOBax CKIAJHUX Ta 3MIHHUX HemepeadadyBaHUX

30ypeHb.

Cuenapiit 4. PanToBi 3miHu 30ypeHb. Omuc: IMITYIOTBCS panToBi 3MIHH Y
XapaKkTepucTUKax 30ypeHb, Takl K pi3ke 30UIbIICHHS aMIUTITYyau. MeTta: nmepeBipuTu
3JIaTHICTh CHCTEMH JI0 IIIBUJIKOT a/IalTallii Ta BIJIHOBJICHHSI TOUHOCTI Y BUITAJIKY PI3KOTO

301IbIIEHHS 30BHIITHHOTO 30ypPEeHHS.

4.1.2 IIpoBeneHHsi cepii MOAEJIOBAHb 3 PI3HUMH XapakTepaMu 30ypeHHs /I

KOJIUBAJILHOI JIAHKH

PesynbpraT peakinii KOJUBAJIBHOI JIJAHKK Ha CTAOUIbHI TApMOHIYHI 30ypEHHS
npeacTaBieHl Ha puc. 4.2.

04r ||

AMIUTITY1a, Tpajl/c
=

0 2 4 6 8 10
Yac (cexyHaH)

Pucynok 4.2 — Peakiiist KonMBanbHOI TaHKW Ha CTaOl7IbHI TapMOHIYHI
KOJIMBAHHS 3 BU3HAYEHOIO YaCTOTOIO Ta aMILTITY/I0I0 O€3 airOpUTMa Ta 3

BUKOPUCTAHHAM PI3HUX KOE(IIIEHTIB
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VY mepmioMy crieHapii CIOCTEpIraeThCs CTaOLIbHE yTPUMaHHS KOJIMBAJIbHOI
JIAHKHU 3 BUCOKOIO TOYHICTIO, HE3BAYKAIOUM Ha TMOCTIMHI rapMoHidyH1 30ypeHHs. [padik
cTabimi3alii mokasye MiHIMalbHI BIIXWUJICHHS BiJ] IIIbOBOTO 3HAYEHHS, 1110 CBITYHUTH

po €(pEeKTUBHICTh AITOPUTMY Y CTAOIBHUX YMOBAX.

OCKI1JIbKH aJTOPUTM MOKa3aB BUCOKY €(PEKTUBHICTH IIPH CTAOUTHBHUX 30yPEHHSIX,
HACTYMTHUM €TaloM € TIepeBipKa MWOro 3AaTHOCTI A0 ajanTarii y BHUMAIKY

HernependadyyBanux 30ypeHb. OTpuMaHi JaH1 HaBelIeHo Ha puc. 4.3.

1.5

0.5 \ / o
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Pucynok 4.3 — Peaki1ist KoMMBaibHOI TJAHKKA HA TAPMOHIYHI KOJMBAHHSA 3
BUIAIKOBUMHU YaCTOTOIO Ta aMILTITYJ00 0€3 aNropuTMa Ta 3 BUKOPUCTAHHIM

PI3HUX KOe(DIllI€HTIB

Y ngpyromy cireHapii aaroputM JE€MOHCTPYE BHCOKY aJanTHBHICTh [0
BUIMAQJAKOBUX 30ypeHb pi3HOI 4YacToTh Ta amiunTyau. Cralumizalii 3ajIMIIaeTbes
TOYHUM, 3 HEBEIMKUMHU KOJIMBAHHSIMU, SKI IIBUAKO KOPHUTYIOTHCS aJITOPUTMOM.
VYemimHe TOpPOXOMKEHHS CTOXaCTHYHUX 30ypeHb J03BOJSIE MEPEUTH A0 OUIbII
CKJIaJIHOTO CIICHapito 3 KOMOIHOBAaHUMH 30yPEHHSIMU JIJIs OLIHKHY 3arajibHO1 CTIMKOCTI

CUCTEMH, 1110 1TFOCTpyE Tpadik Ha puc. 4.4.
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Pucynox 4.4 — Peaxiiist KonMMBaIbHOI JJAHKA Ha KOMOIHAIIIIO CTa01TbHUX
TapMOHIYHUX KOJIMBaHb 3 BU3HAYCHOIO Ta BUTIAJKOBOIO YaCTOTOO Ta

aMILTITYA010 03 aNropuTMa Ta 3 BUKOPUCTAHHSAM PI3HUX KOE(IIIEHTIB

KomOinoBaHi 30ypeHHs, IO BKJIIOYAIOTh SK TApPMOHIYHI, TaK 1 CTOXaCTHYHI
KOMITOHEHTH, CTBOPIOIOTH CKJIATHI YMOBH ISl CHCTEMHU. AJITOPUTM MTPOJIEMOHCTPYBaB
3IaTHICTh €(QEKTUBHO MIATPUMYBATH TOYHICTh CTaOUTI3alii, HE3Ba)Kaluu Ha
pizHOMaHITHICTb 30ypeHb. Ipadikum moOka3yoTh crTabinbHe cralumizamii 3

MIHIMAJIbHUMH KOJUBAHHIMU Ta IIBUIKUAM B1JHOBJICHHSM ITICJIS 3MiH 30ypEHb.

Jlns 3aBepiiaibHOI TEpPEeBIPKH HEOOX1HO OIIHUTH 3[aTHICTb CUCTEMHU JI0
IIBUIKOI ajamTamii y BUIMAIKYy panToBHX 3MiH 30ypeHb, IO MOIETIOETHCS B
YeTBEPTOMY CIIeHapii. iB3yasizaiiisi mpoleciB y cucTeMi KepyBaHHS JIEMOHCTPYE PHC.
4.5. V derBepToMy CIieHapii aNrOpuTM MPOAEMOHCTPYBAB BUCOKY C€(PEKTHUBHICThH Y
IIIBUIKOMY BIJTHOBJIEHHI TOYHOCTI MICIIS PanNTOBHX 3MIH XapaKTEPUCTUK 30ypEeHb.
padiuHe TpeACcTaBlIeHHs] PE3yJIbTaTiB CUTHAJIB KepyBaHHS pHUC. 4.6. CBIIUUTH IPO

BHUKOHAHHS YMOB KCPYBAHHA.
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Pucynok 4.5 — Peaki1ist KonMBaibHOI TJAaHKK Ha PanTOBHUX 3MiH 30ypeHb 0e3

aJroOpuTMa Ta 3 BUKOPUCTAHHSAM Pi13HUX KOCDIIIEHTIB
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PucyHok 4.6 — Peakiiisi KonMBaabHOI JJaHKK Ha KOMOIHAI[II0 CTa0O1IbHUX

l"apMOHi‘-IHI/IX KOJIMBAaHb 3 BU3BHAYCHOIO Ta BUIIAJKOBOIO 4aCTOTOIO Ta

aMILTITYA010 03 anropuTMa Ta 3 BUKOPUCTAHHSAM Pi3HUX KOE(IIIEHTIB

Jyst TOBHOI OIIHKH €(PEKTUBHOCTI PO3POOIICHOTO alroOpuTMy OYyJI0 MPOBEIACHO

MOPIBHSHHS 3 TPAAUIIHHUMU METOJIJaMU KEPYBAHHS ONITUYHOIO BICCIO.
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Ha ocHOBI npoBeeHOro aHaizy OTPUMaHO MOPIBHSIHHS, SIK TOKa3aHO Ha puC.

4.7, MOXHa 3pOoOUTH

BHUCHOBKH, IO 3alpONOHOBAaHWI 1HBaplaHTHUN aJIrOpUT™M

3a0e3reuye BUILy TOYHICTh CTa01II3a1li] Ta Kpally CTIHKICTb A0 PI3HUX THUIIIB 30ypEHb.
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Pucynok 4.7 — Peakiiist KonMBajabHOI JaHKW B IOPIBHHSAHI 3 Kinacuaaum [11/1-
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Pucynok 4.8 — Peakiiisi KonMBaabHO1 JJaHKK Ha KOMOIHAIlII0 CTa0O1IbHUX

OcCo0JIMBO TTOMITHOXO

TapMOHIYHUX KOJHBAaHb

Oyna mepeBara y CIEHapisiX 31 CKJIAJHAMH Ta

KOMOIHOBAaHUMH 30ypEeHHSIMH, JI€ TPAAMIIIAHI METOAW JEMOHCTPYBAJIM OLIbBIII
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BIIXWJICHHS Ta TPUBATIIIMK Yac cradimizamii. JlmHaMika 3MiH MapamMeTpiB CUCTEMHU

HaBezieHa Ha puc. 4.8.

OtpuMani pe3yiabTaTd MATBEPIKYIOTh BUCOKY €(EKTUBHICTH PO3POOJIEHOTO
NITOPUTMY 1HBAapIaHTHOTO KEpyBaHHS Yy 3a0€3Me4YeHHI TapaHTOBaHOi TOYHOCTI
ONTUYHOI OCi KaMepu Ha KOJMBAJBHINA JaHIi. AJITOPUTM JE€MOHCTPYE BHCOKY
aIalITUBHICTh Ta CTIHKICTh 10 PI3HOMAHITHUX 30ypeHb, 0 POOUTH HOTO MPUIATHUM
I BAKOPUCTAHHS B pEalbHUX yMOBaX €KCILTyaTallii, e MOXKJIMBI sIK epeadadyBaHi,
Tak 1 HenepenabadyBaHi BIUTMBHU. [lepeBaru aaropuTMy MpOSIBISIOTHCS Y CKOpOUYEHHI
yacy cTabumizailii, 3MEHIIICHH] BIAXWJIEHb BiA IITLOBUX IMO3WINNA Ta ITABUIICHHI

3arajibHOI HAJIMHOCTI CUCTEMHU.
4.1.3 BucHOBKH

[lepeBipka mpare3naTHOCTI po3po0ICHOTO aNrOpUTMY Ha KOJWUBAILHINA JaHIT
nmokaszajga MOro BHCOKY e(eKTHBHICTh y 3a0e3leyeHH] TapaHTOBaHOI TOYHOCTI
KEepYBaHHS ONTHYHOIO BICCIO KaMmepu. AJTOPUTM MPOAEMOHCTPYBAB 3MATHICTH [0
ajanTanii Ta mATPUMKH TOYHOCTI CTaOUII3aIlli HaBITh MIPH HASBHOCTI PI3HOMAaHITHUX
Ta CKJIaJHUX 30ypeHb. [IOpiBHAHHS 3 TpaaWIIHHUMU METOAAMHU MiATBEPINIIO HOTO
nepeBaru 'y cdepi cTifikocTi Ta TOYHOCTI. OTpUMaHi pe3ynbTaTH CBIAYaTh MPO
NEPCIIEKTUBHICTh BIPOBAKCHHS 3alPOTIOHOBAHOTO AJITOPUTMY B pealibHI CUCTEMHU

ynpaBHiHHH ONITUYHHUMU OCIAMHU KaMCp.

4.2 TlopiBHsiHHS Koe(dimieHTIB B ajaropurMi 3al0e3lmeyeHHs] TapaHTOBAHOI

TOYHOCTI, BUOIP ONITUMAJILHOIO KOe(ilieHTA JJIM NMOAAJIbIIOI POO0TH

Le#t mimpo3naia 30CepeKy€eThCsl Ha TOPIBHSAHHI PI3HUX 3HAYEHb KOE(ILIE€HTIB B
aJITOPUTMIi 3a0€3NeUeHHS rapaHTOBAHOI TOYHOCTI JJISi CUCTEMHU KEPYBaHHS ONTHUYHOIO
BicCl0 Kamepu. Mertoro € oOpatu onTuMaibHUM KOe(DillieHT, KU 3a0e3MeYuTh
HAWBUIILY TOYHICTH 1 CTAOUIBHICT cTa0LII3allil B yMOBax pealbHUX EKCILTyaTallliHuX
HaBaHTaXeHb. PO3MIs1at0ThCs pi3HI 3HaUEHHSI KOS(MIIIEHTIB 1 IXH1M BIUIUB Ha CTIHKICTh

Ta TOYHICTh CUCTEMMU.
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4.2.1 BuOip kpurepiiB 11 NOpiBHAHHSA KoedinieHTIB

Ha mepmioMy eTami BCTaHOBIIOIOTHCS KPUTEPIi, 32 SIKUMU OI[IHIOBATUMETHCS

€(eKTUBHICTh KOXHOTO KoedirieHTa. OCHOBHUMU KPUTEPISIMHU €:

- TOYHICTH cTalUTi3arii, sIKa OIIHIOE, HACKUIBKM TOYHO CHUCTEMA MiATPUMYE

3a/1aHy MO3UIIIIO;

- CTIHKICTB, SIKa TEPEBIPAETHCS, UM 3/aTHA CHCTEMa BIJIHOBIIIOBATH YyCTaJCHE

MOJIOKEHHSI MICIIsl BIUTMBY 30BHIIIHIX 30ypEHb;

- yac crabumizarllii, HeoOXiTHUM NJIs1 BUXOAY CHCTEMHU B YCTaJCHHH CTaH MiCIs

BIUTUBY 30ypEHB;

- BIUIMB Ha CTIHKICTh 10 30ypeHb, aHANI3Y€ThCS 1HBAPIAHTHICTh CHUCTEMU

MNPOTUAISITH PI3HUM THIaM 30ypeHb IIPU PI3HUX 3HAYEHHSIX KOS(IIi€HTIB.
4.2.2 IlpoBeneHHs cepii MoeTIOBaHb 3 PI3HUMH 3HAYeHHAMM KoeinieHTIB

Ha npoMy erami BHUKOHYIOTBCS cepii MojaentoBaHb y Simulink s kokHOTO 3
BUOPAaHUX 3HAYCHb KOCPIIIEHTIB ISl OJHIET OC1 CUCTEMU KEPYBaHHS 3 BUKOPUCTAHHSIM
NTOPUTMY 3a0€3MeUYeHHs TapaHTOBaHOI To4HOCTI. lle 103Boisie mpoanamizyBaTu

BIUIMB 3MiHM Ko€(illi€HTa Ha MOBEIHKY BUCOKOTOUHOI CUCTEMH BHUCOKOTO MOPSIIKY.

Koedimient 1: 6a30Be 3HaYeHHS. BUKOpHUCTOBY€ETHCS ITOYaTKOBE 0a30BE 3HAYCHHS
KoeilieHTa, PEKOMEHIOBaHE [UIsl 1HBAapilaHTHOro KepyBaHHS. /[[ns HaouHOCTI
MOBEIHKU CUCTEMH KEPYyBaHHS Ha PI3HUX €Tarax MoJe0BaHHS 100y10BaHO rpadiku

Ha puc. 4.9.

Cucrema IeMOHCTpPY€E NPUUHATHUHN PIBEHb TOYHOCTI CTa01II3a1i1, HIATPUMYIOUN
3a/1aHy TIO3UIIII0 3 MIHIMAJIbHUMM BIIXWUJIEHHSIMH B YMOBax IMOMIpHHMX 30ypeHb, a
TakoXk 30epirae CTIMKICTh Yy CTaHJAAPTHUX yMOBAaxX €KCIUIyararlii, IMIBHUIKO
BIJTHOBJIIOIOYM TOJOXKEHHS MICHs BILUTUBY 30ypeHb. Uac BUxomy B cTaOlIbHUI CTaH €
ONTUMAJILHUM JIJIs1 OUTBIIOCTI YMOB, IIPOTE 3a 3HAYHUX 30ypeHb cHUCTeMa IMOTpedye

OinbIe yacy Jyist crabim3arti.
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Pucynok 4.9 — Peakiiis cucremu KepyBaHHSI HA OJUHUYHE 30ypEeHHS Ta 3

BUKOPUCTAHHSIM IMOYATKOBOTO 3HAUEHHS KoeilieHTa

Cucrema e(heKTUBHO MPOTUAIE 30ypEHHAM CepeHbOI IHTEHCUBHOCTI, OJTHAK 32

CKJIaJIHUX YMOB MOXKJIUB1 TIOT1PIIICHHS TOYHOCTI Ta CTIMKOCTI.

Koedimient 2: migBuilieHe 3HA4YeHHs. 301IbIICHHS KoeilieHTa s
M1BUIICHHS YyTAUBOCTI aJITOPUTMY 0 3MIHU CTaHy cucteMu. OTprMaHi 3aJ1€KHOCTI

npencTasieHi Ha puc. 4.10, o0 703BOJISIE OIIHUTH SKICTh TEPEXi1AHOTO MPOIIECY.
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Pucynok 4.10 —Peakuis cucreMu kepyBaHHS Ha OJMHUYHE 30ypPEHHS 3

BUKOPUCTAHHSM 301IbILIEHOTO 3HAYCHHSI KOe(illi€HTa
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3HauyHe TIJABMINCHHS KoedilieHTa 3a0e3nedye Kpally TOYHICTh
crabumizaii, MIHIMI3YIOUM BIIXWJICHHsS HaBITh 3a 3HAYHWUX 30BHIIIHIX BIUIMBIB Ta
3HAYHO TMOKPAIIYIOTh 3aTHICTh CUCTEMHU IIBUIKO BiTTHOBIIOBATH TIOJOXKEHHS TTICIS
30ypeHb, MPOTE MOXYTh IMPHU3BOAUTH J0 HAJAMIPHOI YYTIUBOCTI, IO BHUKJIHKAE
KOJIMBaHHS NpU He3HAYHHX 30ypeHHsX. Yac crabimizallii CKOpOUyeThCsl B OLIBIIOCTI
BUITAJIKIB, IO TIOKpAIly€ IWHAMIYHI XapaKTePUCTUKU CHUCTEMU. EQEKTUBHICTH
CUCTEMHU B MPOTHJIi CHILHUM 30ypPEHHSM 3HAYHO IOKPAIIYETHCS, OMHAK € PH3UK

MOTIPIIEHHS pOOOTH B yMOBaX MaliuxX 30ypeHb Uepe3 BUCOKHI KOE(IIi€HT Uy TIIMBOCTI.

Koedimient 3: 3menmene 3HaueHHA. Koe]illieHT 3MEHIIEHO IJi1 MOKpAaleHHs
€Hepro3aTpaTHOCTI CHCTEMHU Ta 3HIDKEHHS KOJIMBAJIBHOCTI Ta MEperyIoBaHHs. 3MiHa

KIIIOYOBUX IMapaMeTpiB CUCTEMH B IIpoIeci poOOTH noaana Ha puc. 4.11.
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Pucynok 4.11 — Peakiiisi cuctemMu kepyBaHHSI HA OTMHUYHE 30ypEHHS 3

BUKOPUCTAHHAM 301JIBIIIEHOTO 3HAYEHHS KoeilieHTa

[Ipu 3HMKEHHI KoedilleHTa TOYHICTH CcTabUII3allli 3HAYHO MOTIPIIYETHCS, 110
MPU3BOJUTD /10 OUTBIIMX BIXWJICHB B1J 3aJ]aHO1 MO3MUIII1, @ TAKOXK HETaTHBHO BILJIUBAE
Ha CTIAKICTb CHCTEMH, YHOBUIBHIOIOUM IMPOLIEC BIJHOBICHHS TMOJIOKEHHS TMiCHs
30ypeHb. Yac crabimizaliii 3Ha4HO 301IbIITYETHCS, OCOOIMBO B YMOBaX 1HTCHCUBHUX

30ypeHb, 0 3HIKYE e(heKTUBHICTh cucTeMu. CrcTemMa BTpavae 3/1aTHICTh €(DEKTUBHO
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MPOTUJIISITH HABITh MOMIPHUM 30yPEHHSM, 110 0OMEXYE 11 BUKOPUCTAHHS B PeabHUX

yMOBaXx.

4.2.3 AHaJi3 pe3yabTartiB NOPiBHAHHA KOe(ilicHTIB

ITicnst mpoBeneHHs cepii MOjAENIOBaHb OyJ0 BCTAHOBJICHO, IO OINTHMAJIbHE

3HAYeHHA KoeilieHTa 3abe3neuye Halkpallll MOKa3HUKU 3 TOYKHU 30py OOMEKEHHs

JOIyCTUMOTO 3HAUEHHS, IEPEPETYIIOBAaHHS, Yacy MEPEXiAHOTO MPOIIeCy, Yy TIAUBOCTI

ajanTarii Ta CTIHKOCTI 10 30ypeHb.

I'padiku, orpumaHi B Mpoleci MOJEIIOBAaHHS, CBIIYaTh MNpO Te, IO IeH

KOE(IIIEHT T03BOJISIE TOCATTH OaJaHCy MiXK IIBUIKOIO PEAKII€l0 CUCTEMU Ha 30ypeHHs

Ta MIHIMAJIbHUMH BIIXWJIEHHSIMH Bl I[1JIbOBOT'O MOJIOKEHHS.

4.2.4 TIlopiBHSAAHHSA 3 0230BUMH AJITOPUTMAMM TA MiATBEPAKEHHS ONTUMAJIBLHOIO

KkoedimieHTa

JIns  miATBEpIDKEHHsI TepeBar ONTHUMalIbHOTO Koe(illieHTa TPOBOIUTHCS

MOPIBHSIHHA 3 TPAIUIIHHUME aJropuTMaMu kepyBaHHs, Takumu sk [11[I-perynstopu.

BB pizHux pakropiB Ha GyHKIIIOHYBAaHHS CUCTEMHU MOXKHA MMOOAYUTH Ha puc. 4.12.
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Pucynok 4.12 — Peaxiis cucteMu KepyBaHHS FapaHTOBAHOT TOYHOCTI HA OUHUYHE

30ypeHHs y nopiBHsAHHI 3 KiiacuuHuM [ I-perynstopom
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Ha pucynky 4.13 nmoka3aHo BiJIIOBIAHICTh OTPUMAHUX PE3YJIbTaTIB O41KyBaHUM

SHA4YCHHAM.

KyToBa MIBILIKIiCTE, Tpaji/c
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Pucynok 4.13 — Peakiiisi cucTeMu KepyBaHHs TapaHTOBAHOI TOYHOCTI HA OJJMHUYHE

30ypeHHs y nopiBHsAHHI 3 KiiacuuHuM [ I-perynstopom

3MiHa CUTHAJIIB KEPYBAaHHS rapaHTOBAHOI TOYHOCTI HA OAMHUYHE 30ypEeHHS Yy

nopiBHsIHHI 3 knacuyHuM 11 /I-perynsatopom npeacrasnenuna Ha puc. 4.14.
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Pucynok 4.14 — 3miHa CUTHAJIIB KEPYBAaHHS rapaHTOBAHO1 TOYHOCTI HA OIMHUYHE

30ypeHHsl y nopiBHsAHHI 3 kiacuuauM [11/[-perynstopom
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AHaJti3 XapakTepUCTUK KepyBaHHS HaBeJIeHO Ha puc. 4.15.
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Pucynok 4.15 — Peaxkiiisi cucteMu KepyBaHHs TrapaHTOBAHOI TOYHOCTI Ha OJMHUYHE

30ypeHHs y opiBHAHHI 3 kiacudHuM 11 /I-perynstopom

Pesynpratu monemoBanHs puc. 4.16 miaATBEpAXKYIOTh NPAaBUIBHICTh BUOPaAHUX

napaMmeTpis.
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Pucynok 4.16 — Peakiiisi cucteMu KepyBaHHsI TapaHTOBAHOI TOYHOCTI Ha OJMHUYHE

30ypeHHs y opiBHAHHI 3 kiacuyauMm 11 /I-perynstopom
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Pesynpratm aHamizy JaHHMX TOKa3ylOTh, III0 3alpONOHOBAHWMA  TiAXiJT
dbopmyBaHHS Koe(illleHTa 3HAYHO TEPEBUILYE SIKICTh KEPYBaHHS TPAJAMIIIHHUX

M1IXO/TIB, 0COOJIMBO y CIICHAPISX 31 3SMIHHUMU 30ypEHHSIMH.

[TopiBHSIHHS Pi3HUX 3HAYEHb KOCQIIIEHTIB JO3BOJIWIM BU3HAUYUTH ONTHMAJIbHE
3HAYCHHS, AKe 3a0e3Meuye HaOUIbIll €(DeKTUBHE KePyBaHHS ONTUYHOIO BICCIO KAMEPH.
[lopiBHSHHS MIATBEPAWUIIO, IO ONTHMAaJbHE 3HAa4YeHHs KoedilieHTa 3abe3rnedye
MaKCHUMaJbHy TOYHICTh CTa01Ii3a1lii Ta CTab1IbHICTh CUCTEMHU B JUHAMIYHUX YMOBaX,
10 poOUTH HOro HalKpamuM BUOOPOM JJIsl TTOJANBIIOTO0 BUKOPHUCTAHHS B peallbHUX

YMOBAaX.

4.3 Buxopucranus migxony III/I-peryasropa ansi ¢gopmyBaHHs KoedilieHTa

3BOPOTHOIO 3B’SI3KY B 33/1a4i FAPAHTOBAHOI TOYHOCTI

[IJ-perynstop (mponopuiiHO—IHTErpaIbHO—AU(EPEHIIIHHII PEryniaTop) €
OJTHUM 13 HAWIMOMIUPEHIMUX 1 €(EKTUBHUX METOAIB yNpPaBIIHHA B aBTOMaTHYHUX

CHUCTCMaX.

r(t) 5 et)

Plant / y(t)
Process >

Pucynok 4.17 — Knacuunwuii [1I[I-perynsarop

Voro ymiBepcanbHicTh Ta 31aTHiCTH 3a0e3IeuyBaTH BHCOKY TOUHICTH
yOpaBIiHHA POOJIATH MOro HE3aMIHHUM IHCTPYMEHTOM Yy 0araThboX rany3sx, Bijl
IIPOMHMCIIOBOT aBTOMaTu3allli 10 podotorexHiku. Bukopucranus [11/]-perymstopa ais
dbopmyBanHS Koe(illiEHTa 3BOPOTHOTO 3B’A3KY JIO3BOJISE CHUCTEMI JUHAMIYHO
pearyBaTu Ha 3MiHU BX1IHUX CUTHAJIB 1 30ypeHb, 30€pirarouu mpu 1boMy CTablIbHICTh

Ta TOYHICTb.
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VY upomy po3aini po3misgaloThCsl OCHOBHI MPUHIIMIIM 3aCTOCYBAHHS MIAXOILY
I ]-perynsaropa B 3ajadax TapaHTOBaHOI TOYHOCTI, aHATI3YEThCS BIUIMB HOTO
napaMeTpiB Ha AUHAMIYHI XapaKTEPUCTHUKU CUCTEMH, a TAKOXK MPOMOHYIOTHCS METOIH

HaJAIITyBaHHS PETYIATOPA JUIsl JOCATHEHHS ONTUMAJIbHUX PE3YJIbTaTIB.
4.3.1 Bukopucranus II-koediunicura

I1- peryasTop (aaredpaiuna pyHKUisi 3MiHHOI cTaHy) cHOPMYEMO Y BUIIISI

Ko 1 4.1)
Yad ~|¥

1

oVl

K = (4.2)

Pe3ynbTaT MozeIOBaHHS peaKilii CUCTEMHU KEPyBaHHS MPH JIii BUMAIKOBOTO

30BHINIHBOTO 30ypeHHS Wi V.0 = 0,4 mokasaHi Ha puc.4.18.
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Pucynok 4.18 — BumnankoBe 30ypenHs (a); peakiiis cuctemu (0): 0e3 perynstopa
(6, minis 1), 3 [T — perynsaropom (4) (6, minis 2), 3 I1 — perynstopom (5) (0, miHisS
3); curnaun crabinizamii 0e3 perynsropa (B, miHis 1), curHamm perymstopa (4), (5)

(B, miHii 2,3)

AmHani3 pe3yabTaTiB MonemtoBaHHs (puc. 4.18, 6) nokasye, mo I[I-perynstop
3abe3rneuye BUKOHAHHS YMOBH rapaHTOBAHOI (3a7aH01) TOYHOCTI (2), a copMoBaHU

curnai [1- perynstopa (puc. 2, ) 3Ha4HO 301JIbIITY€ MIBUAKOAIIO CUCTEMHU.
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4.3.2 Buxopucranns II/I-koedimienra

OckiIbKH 111 pO3B’sI3aHHS 3a/1a41 3a0€3MeUeHHS IHBAP1aHTHOCT1 IPOTOPLITMHUI
koedimieHT Mu GopmyeMo y BUDIsAL (3.1) MPONOHYETHCS PO3MIAHYTH JTOJATKOBO
BBe/ICHHS audepeHIialbHoro koedimienta 3a npuHnunoM nodynosu [11/] perynsaropa,
10 BIIHOCUTHCS O YACTUHHU KOHTPOJEpa, BIAMOBIAAIBHOI 32 pearyBaHHs Ha 3MIHH
NOMUIIKKA 3 4YacoMm. Ll momarkoBa ckiagoBa jJomoMarae nepeadaunTd ManOyTHIO
MOBEIHKY MOMUJIOK 1 Jofae edekT neMrdyBaHHS peakilii CUCTeMHU, JOIOMaramdu

3MEHIIUTU TIEPEBUIIIEHHS JOITYCTUMOI MEXI1 Ta MiABUIIUTH CTIHKICTb.

Judepenmniansauii wieH, npeacTtaBieHuit B (4.3), 3a0e3nedye Kepyrody mdifo,
HpPONOPLiHY MIBUIKOCTI 3MiHM KOHTPOJIbOBAHOI 3MiHHOI cTany. Lle o3Havae, 110 koiam
BUXIHUIA CHUTHaJl CHUCTEMH 3MIHIOETHCS, AU(EpeHIliaJbHIi dWIeH pearye Ha

CITIOBIJIbHEHHS BIJMOBIJI, SIKIIO CTaH IIBUIKO 3MIHIOETHCH.

Il — peryasitop (ajaredpaiuno — gudepeHuiaJbHuil) Mae CTPYKTypy

L.FK’ZI M
yad_‘y(t)‘ dt

PesynbTatn MopemioBaHHA peakuii cuctemu KepyBaHHS (1) mpu mii

K(y)= ; (4.3)

BUITQIKOBOT'0 30BHIIIHBOTO 30ypeHHS 1S Vg = 0,4 mokasaHi Ha puc.4.19.
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Pucynok 4.19 — Bunagkose 30ypenHs (a), peakuis cuctemu 3 I1 — perynsaropom (4)
(6, minis 1) ta I111 — perynstopom (6) (0, minis 2) (6), currain I1 — perynsaropa (4)(s,
ninis 1) ta [1/] — perynsitopa (6) (B, JiHis 2)
Pesynbratu MmomemtoBaHHs peakilii cuctemu Ha 30ypeHHs (puc.4.19 a) 3 T1/1-

perynsatopoM (6) mokasye 3MeHmieHHs1 (puc. 4.19 0, miHig 2) aMIUTITyaM peakii

(ammiTyiM MOXUOKM) BBEACHHSM B pPEryisiTop audepeHuianbHoi ckianoBoi. [lpu
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oMy gocsarayTi I1 — perynaropom (4) mBuakosais (puc. 4.19 6, mixig 1) Ta cursan
perynsropa (puc. 4.19 B, minia 1) B IIJI — perynsTopi 3MIHIOIOThCS HE3HAYHO
(BimmoBimHi JiHiT 2 Ha puc. 4.19 6,B).

Jlis mepeBipKH npane3aaTHoCTi Ta e(heKTUBHOCTI 3aPOIIOHOBAHOTO alITOPUTMY
(bopMyBaHHS 101aTKOBOTO KOHTYPY CUCTEMHU aBTOMAaTUYHOTO KEPYBaHHS Ta AITOPUTMY
3a0e3MeyeHHs TrapaHTOBAaHOI TOYHOCTI MPOBEAEMO MOJETIOBAHHA 31 30ypeHHSIM Y
BUIVISIAL IMITYJIBCIB MIPSIMOKYTHOT (popMH uepe3 piBHI MPOMDKKHU dacy (puc.4.20 a)
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Pucynok 4.20 — Bunagkose 30ypeHHs Ta peakuisi cuctemu 3 [1/] —
PETyIATOPOM: BUMAAKOBE 30ypeHHs (a), peakuis cuctemu 3 I1 — perynsitopom (6),
noxuOka ctabdimizaiii (B), MOPIBHSIHHS MOXUOOK (T), CHTHATU KepPyBaHHS (1),
abcosibTHA TTOXHOKa (€)

[TepeBaru nudepeHIiagbHOTO YjeHa:

- Jlndepenmianpauil wieH qonae eekT neMrndyBaHHs, POOITIH CUCTEMY
MEHII YyTIAUBOIO 0 IMBHAKHUX 3MiH. Lle 3MeHIIye KoMMBaHHS Ta 3IVIa/Ky€ PEaKiio
CUCTEMH.

- Pearytoun Ha WBUAKICTh 3MIHM TOMWJIKH, IW(epeHIlianbHUNA YIIeH
J0TIOMarae YHUKHYTH TIEPEBHUINEHHS BCTAHOBIEHOTO 3HaueHHs. be3 1mporo cucrema
MOXKE HAJATO AarpecMBHO pearyBaTd Ha BeNWKI 30ypeHHs, IO TpU3BEne [0
NepeperyatoBaHHs Ta J0AATKOBUX KOJIHBAHb.

- JludepeHiiaapHU YWICH J03BOJISE KOHTPOJIEPY «IepeadauynuTn MaiOyTH1
30ypeHHS Ha OCHOBI MOTOYHOI MIBHUIKOCTI iX 3MIHH, IO JIO3BOJSE 3IHCHIOBATH

NoTepeIKyBalbHI KOPUTYBAHHS 3aKOHIB KEPYBaHHS.

Xoua nudepeHiiaJbHUM YIeH MOKpaIly€e TUHAMIYHYy TTOBEIIHKY CUCTEMHU, HOTO
posib y 3a0e3nedyeHHl TrapaHTOBaHOi TOYHOCTI oOmexeHa. Cam 1o co0i BiH
0e3mocepeIHbO HE CTOCY€ETHCS 3AMHUIIKOBUX a00 yCTaNeHUX MOMUIIOK, 1110 € OCHOBHOIO

poOOTOIO IHTETPAJILHOTO YiieHa. Jlesiki 0OMEKEeHHS BKJIFOYAIOTh:
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- JudepeHiianpHuii 4ieH He BUIPABIISE MOXUOKY B YCTAJICHOMY PEXHUMI.
Bin nume BriMBae Ha WIBUAKICTH 3MIHM CUTHAIIB Ta JOTIOMAara€ KepyBaTH
THUMYaCOBUMH TIEPEXITHUMU TporiecaMu. TaKuM YMHOM, CHCTEMa BCE I1I€ MOXKE MaTu
yCTajieHy TOXUOKYy SKimo AudepeHlialbHuil YIeH BHUKOPUCTOBYEThCA 0€3
1HTETpaIbHOTO.

- JudepeHiiaabHuil 4ieH YyTIUBUNA 10 IIyMY, OCKUIBKH BIH MiJCHIIIOE
BHCOKOYACTOTHI 3MiHU B curHai. [{le Moxke CipuuMHATH HENOTPiOHI KOJMBaHHS a00
HEMOCTIMHI Jii KepyBaHHSI, [0 3HUXKY€E TOUYHICTh CUCTEMHU. Y CUCTEMaXx 13 IIyMHUMH
JaTYMKaMu a00 KOJMBAHHAMU BXIJIHUX CUTHATIB JIU(EpEeHIIaIbHUN YIeH MOXe
MOTIPIIUTH CUTYAIlil0, BIUTUBAIOYM HA TOYHICTD 1 CTIMKICTh CUCTEMH.

- HenpaBunbHe HanmamryBaHHS KOE(IIEHTIB AU(EPEHLIATLHOTO YJIeHA
MOYKE TIPU3BECTH 10 HAJMIPHO KOHCEPBAaTHBHOTO KEpyBaHHS, KOJM CHUCTEMa pearye
HAATO MOBUIHHO, 200 HAIMIPHO arpeCUBHOTO KEpyBaHHsS, /1€ HEBEJIMKI KOJMBAHHS
HaJIMIpHO TacsIThcsl. B 000X BUMaaKax cUCTEMi MOXe OyTH Ba)KKO JOCATTH 3aJIaHOTO

3HAYEHHS MIBUAKO M TOYHO.
4.3.2 BucHoBok moa0 Bukopuctanus I1/-koedimienra

VY moeaHaHH1 3 J00pe HAJNAIITOBAHUMH MPOIMOPIIHHUMHU Ta 1HTErPATbHUMU
yiieHaMu JudepeHIlialbHuN 4iieH MATPUMY€E TOYHE Ta IJIaBHE KEepyBaHHS, IO €
KPUTUYHUM y CHUCTEMax, A€ MOTPIOHI SIK TOUHICTb, TaK 1 CTIMKICTh. OgHAK peTesbHe
HaJIAIITYBAHHS Ta IOM SKIICHHS IIYMY € BayKJIMBUMU JJIS TOCSITHEHHSI MAKCUMAJIbHOT

e(deKTUBHOCTI 0€3 BBEICHH HEHABMUCHOI HECTA0IBbHOCTI UM MMOCUJICHHS LITYMY.

[lepeBaru: audepeHUianbHUN ujeH Jgonae  aeMidyBaHHS, 3MEHILIYE
HepeperyioBaHHs, MOKPAILy€e CTaOIbHICTh CHCTEMH Ta 3a0e3leuye MPOTrHO30BaHY

J110 KepyBaHHSI.

Henoniku: BiH 4yTauBUM 10 IyMy, CKJIAQAHUNA AJI1 HAJTAIUTYBaHHS Ta MOXE HE
MIIXOMUTA IS BCiX cucTteM. HanMmipHe BUKOpUCTaHHS a00 HENpPaBUIbHE

HaJIAITYBaHHS MOXE MPU3BECTH JI0 HECTAOUIBHOCTI @00 HU3bKO1 MPOTYKTUBHOCTI.
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4.3.3 Bukopucranus IarerpajbHoro koedinieHra

[aTerpanpHuit KoeilieHT y J0aTKOBOMY KOHTYP1 3a0e3nedeHHs] rapaHTOBaHO1
TOYHOCTI 3 BUKOopucTaHHSIM minxony [IIJ[-perynsrtopa po3risnae KyMyJIaTUBHY CyMy
CUTHally 3a dac, mo0 YCyHYTH YCTaJeHy IOXHOKY, sKa 3aJUIIA€ThCSA TiCIHA
BCTAHOBJICHHSI cHUCTeMH. [HTerpampHa fisi OE3MEepepBHO PETYIIOE BUXIM, 1100

3MEHIIUTH L0 MOXHUOKY B YCTAJICHOMY CTaHi.

[HTEeTpaNbHUN YIIEeH HAKOMUYy€ CHUTHAl 3 YacoM 1 BIANOBIIHO PETYIOE
KOHTPOJIOBAaHUM BUXIJA. SIKIIO ICHYy€ HEBEJIMKa IOXUOKa I1HTerpajbHUN 4YJIeH

MOCTYIMOBO 301IbIIIY€E 3yCHUIIS KEPYBaHHS JJIsl yCYHEHHS 11€1 MOMUIIKH.

Hampuknazn, skmo cuctema MOCTIHHO 3aJHINAETHCS HUKYE BCTAHOBJICHOTO
3HQUCHHS, IHTETPAJbHUM UIEH 3pOCTaTUME 3 4YacoM, 30UIbIIYIOYM BHUXIJ, JTOKH
MOMIWIKY He Oyme BumpamieHo. lle rapaHTye, 0 B JOBrOCTPOKOBIi TMEPCHEKTHBI
CHUCTEMa JIOCSTHE 3aJaHOTO 3HAYCHHS Ta 3aJUIINTHCS HAa HHOMY, 3a0€3Medyrodu

rapaHTOBaHy TOYHICTb.

I - peryasTop (anreopo -—inrerpajbHo—IudepeHniaIbHU) Mae
CTPYKTYypy. Pe3ynapTaT MOJCTIOBaHHA pEakilli CHUCTEMU KEPyBaHHS TpPH i

BUITQIKOBOT'O 30BHIIIHBOTO 30ypEeHHS ISl Yaoq = 0,4 mokaszaHuit Ha puc. 4.21.
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Pucynok 4.21 — BunankoBe 30ypeHHs (a); peakiiisi cuctremu Ha 30ypeHHs: 3 [1]] —
perynstopoM (6) (6, minis 1) ta 3 ITI[1 — perynsropom (3) ( 6, miHis 2); cUrHa

kepyBanHus [Il-perynstopa (B, minis 1) Ta [/ — perynstopa (B, diHis 2)

Pe3ynbTaT MomenroBaHHS TMOKa3ylOTh, MIO 1HTerpajgbHuil gomaHok IIIJ[ —

perynsitopa (4.21), mo BBOAUTH acTaTU3M Yy CHCTEeMY, 3a0e3medye KOMITCHCAIII0
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Hakonm4eHoi nmoxuoku (Pucynok 4.21 0, minis 2). Curnan perymstopa (3) (puc. 4.21
B, JIIHIS 2) 3MIHIOETHCSI HECYTTEBO B MOPIBHSAHHI 3 CUTHAJIaMU peryiaropis (4), (5) Ta
(6) (puc. 4.218, minis 1).

[IpoBeneMo 101aTKOBE MOJICTIOBAHHS 3 TIEPIOAMYHUMU 30yPEHHSIMHU.
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Pucynok 4.22 — BunankoBe 30ypeHHs Ta peakilis cuctemu 3 [T1J] —
PETYJIATOPOM: BUMAAKOBE 30ypeHHs (a), peakuia cuctemu 3 I1 — perynsitopom (6),

noxuOka cTabdinizaii (B), MOPIBHSIHHS MOXUOOK (T), CUTHAJIM KepyBaHHS (1)

IlepeBaru iHTErpajbHOIO YeHy

- [nTerpanpHMii WiIEH CHelianbHO PO3POOJIICHUH Ml YCYHEHHS 3aJIMITKOBHX
MOMMUJIOK, SIKI MOXKYTh 30€piraTics micis TOro, SIK MPOTMOPIIiHI Ta MOX1IHI BUKOHAJH
CBOIO po0OTy. be3 iHTerpasbHOTO WieHa MOXKE 3QIHUITUTHCS HEBEJIMKa MOXUOKa,
0COOJIMBO B CHCTEMax 3 MOCTIMHUMHU 30ypeHHSIMU a0o0 TepTsaM. [HTerpanpHuil 4wieH
3a0e3Ieuye TOUHE BIJCTEKEHHS 3aJaHOTO 3HAUYEHHS 3 YaCOM.

-Cuctemu, sSKi MAJAIOTBCA TOCTIMHUM  30ypeHHSM (HampuKian, 3MIHH
HABaHTa)XCHHS, TePTs, (PaKTOPH HABKOJIMUIITHHOTO CEPEIOBHILA), OTPUMYIOTh IIEpEBaru
BiJl KOMIUIEKCHOI [ii, OCKUIBKM BOHAa IOCTIHHO KOPUTY€ KEpPYIOUW CHUTHAN IJis
KOMIIE€HCAaIll] [[UX MOCTIHHNUX BIUIABIB.

-Y 3aBAaHHsX, € JOBIOCTPOKOBA TOUYHICTh € BHUPIMIATBHOIO, 1HTETpaJbHUMN
TEpMIH TapaHTy€, IO HaBITh MICISA CTaOLTI3aIll CUCTEMH BOHA IPOJOBXKYE TOHKO

HAJIAIITOBYBaTH KOHTPOJIbHUMN BUXIJ AJIS MIATPUMKH TOYHOCTI.
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- [HTerpanbHmii KoePiIieHT JA0MOMarae CUCTEM1 CIPABIISATUCS 3 HEBU3HAYCHICTIO
ab0 HEeMONIeThbOBAHOIO JWHAMIKOIO, PETYIIOIOYM KEpYyIOUYHi CUTHal Ha OCHOBI
HAKOMUYEHOI MOMUJIKH, 3a0e3Meuytoun OlIbIll HaIIHHYy peakiliio Ha HerependadyBaHi

(dhaxTopu.
Hemosiky iHTErpajbHOro 4ieHa

-Opniero 3 HaAWOUIBII BaXXJIMBUX NPoOJIeM, IOB’SI3aHMX 13 1HTETrpajJbHUM
TEPMIHOM, € IHTErpanbHe 3ropTaHHsA. Koium KOHTpONbOBaHUI CHUTHAN JOCSTA€E CBOIX
MaKCHUMaJbHUX 200 MIHIMAJbHUX MEX (HACHUYEHHS), IHTeTpaIbHUN YWICH MPOJOBKYE
HaKOMMYIyBaTH TOMUJIKY. lle MoXke mpu3BeCTH A0 TOTro, MO0 CHCTEMa IMEePEBUIIUTH
3aJlaHe 3HAYEHHS TMICJIA BHUXOAY 3 HACHUYEHHS, OCKUIBKM IHTETPAJbHUN YJieH

CKOPUTY€ETHCS Yepe3 HaIMIPHE HAKOTTMYEHHS.

Pimennsi: y Gararbox cucTeMax BHUKOPHUCTOBYIOTHCS MeEXaHI3MH 3amoOiraHHs
3TOPTaHHIO, K (DiKcallis IHTETPAIBHOTO WieHa a00 MOTo CKUIAaHHS, KOJIH CHCTeMa

J0CATAE CBOIX MEX, 1100 3amo0IrTd HaMIPHOMY HAKOIMMYECHHIO 1IHTETPaIbHOTO YJIeHa.

- [nTerpanpHa fis 32 CBOEKO CYTTIO € MOBUIHHOI, OCKIIBKH BHMAara€e 4acy JJis
HAKOITMYCHHSI TIOMUJIKH Ta KOPUTYBaHHS BUXOAY KEpyBaHHS. Y CHCTEMax i3 MIBUIKAM
pearyBaHHSIM 3aHA/ITO BEJIHMKA IHTETpasibHA [ MOXKE IPU3BECTH J0 MOBUILHOT POOOTH.

- k1o iHTETpaNbHEe MOCUICHHS BCTAHOBJICHO 3aHA/ITO BUCOKHM, CHCTEMa MOXKE
CTaTy HECTINKOIO, III0 MPU3BE/IE 0 KOJIMBAaHb a00 MEPEeBUIIICHHS 331aHOTO 3HAUYEHHSI.

- Xoua IHTeTrpajJbHUM YJIE€H KOPUCHMM 11 KOMIIEHCAllli MOCTIHHUX 30ypeHb, BiH
TaKOXK MOXKE 3pOOMTH CHCTEMY OUIbII YYTIMBOIO JO HECHOAIBAaHUX a00 TMMYAaCOBHX
30ypeHb, OCKLIIbKM BOHA MPOJIOBXKYE HAKOIMYYBATH TOMUJIKU HABITh MICIIsI 3SHUKHEHHS

30ypeHb, 1110 MMPU3BOJIUTH /10 TTOBUIBHOI KOPEKIIii.

[IpaBunbHE HaNAMITYBaHHS MAa€ BAXKJIUBE 3HAYEHHS UIsl €(EeKTUBHOI poOOTH

CHUCTCMMU. I[GHKi HOIHI/IpeHi MCTOAN HAJIAIITYBAHHSA iHTeraJIBHOFO YJICHA BKIIIOYAIOTh:

1. Meron Llurnepa—Hikonca: nel momyiasipHUN €BPUCTUYHHM MeTOZ mepeadadae
BCTAHOBJICHHSl 1HTErpaJIbHUX 1 AU(EpeHIialIbHUX YJIEHIB HAa HYJb 1 301JIbIICHHS

IPOMOPIINHOTO TOCUJICHHS, IOKH CHCTEMa He JIOCSITHE MEeX1 CTIMKOCTI (KOJIMBaHBb). 3

136



IIbOTO MOMEHTY BH MOXKET€ PEryioBaTH 1HTErpAJIbHUN KOS(MIIEHT MiJICHJICHHS Ha
OCHOBI EMITIPUYHMX TIPaBUJI HAJAIITYBaHHS, 11100 3a0€3MEUUTH YCYHEHHS TOXUOKH B

CTaIlloHapHOMY CTaHi 0€3 HaITO CHIIBHOTO KOJTMBAHHS.

2. Meton nanamryBanus Koena—KyHna: 1ieit MeToz € 111e OHUM T111X0/I0M, 3aCHOBAaHUM
Ha TpaBuUjax sKUP 3a0e3ledye IMOYATKOBl MPUIYIIEHHS ULIOAO MPOINOPLINHUX,
1HTerpanbHuX 1 qudepeHianbHuX koedinieHTiB. Bin npononye O1ibll aHATI THYHAN

M1X17, BPaXOBYIOUH SIK TMHAMIYHY, TaK 1 CTalllOHAPHY MOBEIIHKY CUCTEMHU.

3. AsronamamrtyBaHHs: cydacHi [IIJ[-perymsitopm dwacto MaiTh alTOPUTMHU
aBTOHAJAINTYBaHHS, SIKI PEryIOTh 3HAYCHHS KOE(IIIEHTIB HAa OCHOBI peakIlii
CUCTEMHU B PEaJIbHOMY Yaci. ABTOHAIAMITYBaHHS OCOOJIMBO KOPUCHE B CHCTEMaX, JIe

pYy4HE HaJallITyBaHHS CKJIaJHE a00 JUHAMIKA CUCTEMH CKJIa/IHA.
4.3.4 TaTerpaJibHUI YieH y 3a7a4i NP0 rapaHTOBAHY TOYHICTH

["apanToBaHa TOYHICTH O3HAYAE 3AATHICTH CUCTEMH JOCSTAaTH Ta MIATPUMYBATU
OakaHe 3ajaHe 3HaYeHHs (I[IJTbOBE 3HAYEHHS) 3 YacOM, HaBITh 3a HAsSBHOCTI
HEBU3HAYEHUX 30ypeHb a00 3MIH y JAWHAMILl CHUCTEMH. |[HTerpanbHUIl 4jieH Mae
Ba)XJIMBE 3HAUEHHS Ui TapaHTOBAHOI TOYHOCTI B CHCTEMaX, OCKIJIbKM BiH
0e3mepepBHO PEryltoe KOHTPOJIBHUN BUXIA JUIsl YCYHEHHS OyIpb—sIKOi MOMMIIKHA B

YCTaJICHOMY CTaHi.

[lepeBaru: iHTErpaJbHUN 4YJIEH YCyBa€ NOXHMOKYy B YCTaJI€HOMY CTaHi,
CTPABIISIETHCS 31 MOCTIHHUMH TEpEIIKOAaMU Ta 3a0e3redyye TpUBaly TOYHICTh. Lle
BQXJIMBO JJIi JOCSTHEHHS TapaHTOBAHOI TOYHOCTI B CHUCTEMax 3 MOCTIHHUMH

HEBU3HAYECHUMHU 30ypEeHHAMH a00 MOBUILHUMHU JperdamMu 1aTUUKIB.

Henoniku: 1e MoOXe CHPUYMHUTH I1HTETpajbHE 3rOpTaHHS, MPHU3BECTH O
MOBUIHHOTO Yacy BIATYKY Ta BHUKJIMKATH KOJIMBAHHS a00 BTPATy CTIHKOCTI, SIKILO

KOe(IIEHT HE HATAIIITOBAHO HAJIC)KHUM YHHOM.
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4.4 Mopge0BaHHSI KOHTYpPY cTadinizanii CHHTe30BaHOI ONTHMAJIbHOI CHCTEMH

KEPYBaHHSI ONTHYHOK BICCI0 KaMepu 3 BHKOPHCTAHHIM AaJIOPUTMY

3a0e3ne4eHHs TAPAHTOBAHOI TOYHOCTI

VY upomMy mOipo3aili PO3MIAIAETHCS MOJIETIOBAHHS KOHTYpPY CTaOumizarii s
pPO3pOOJICHOT CHCTEeMH KEPyBaHHS OINTUYHOI BICCIO Kamepu. BukopucToByrodm
anropuT™M  3a0€3MEUCHHS]  rapaHTOBAHOI  TOYHOCTI,  TPOBOIUTHCS  OIlIHKA
(yHKIIIOHYBaHHS KOHTYpPY cTabuIi3allii B yMoBax pi3HUX BHIB 30ypeHb. OCHOBHOIO

METOI0 € TIepPEeBIpKa 3aTHOCTI CHCTEMH JO IIBUAKOI cTabimizarii Ta MiATpUMAaHHS

BHCOKOi TOUHOCTI B JUHAMIYHUX YMOBaX.
HanamryBanns moaedti B cepegoBuii Simulink

Monens KoHTYypy cTabOumizamii cTtBopeHa B cepenoBuini Simulink. s
MPOBENICHHS MOJICTIOBAHHS BCTAHOBIIOIOTHCS TIOYATKOBI TapamMeTpH CHUCTEMH,

30KpeMa 3HaueHHs Koe(ilieHTiB, mapaMeTpu 30ypeHb 1 TOUHICTh cTablmi3ali.

300paxenuid Ha puc. 4.23 rpadik JeMOHCTpye Tpadik KyTOBOi HIBHJIKOCTI

cucTeMu cradim3ari.
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Pucynox 4.23 — I'padik KyToBOi MIBUIKOCTI CUCTEMU CTa01TI3a1lii ONTUYHOT OC1 TIPU
Ai1 OAMHUYHOTO 30ypeHHs B KJIACHYHOMY BUKOHAHHI Ta MPHU 3aCTOCYBaHHS
ITOPUTMY 3a0€3I1eUEeHHS TapaHTOBAHOT TOYHOCTI
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Pe3ynbraTii MOMEHTY IBUTYHA CUCTEMU HaBelIeH1 Ha puc. 4.24.
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Pucynok 4.24 — I'pacdik MOMEHTY ABUTyHa CUCTEMH CTabuI13a1lii ONTHYHOI OC1 MTPH
Ai1 OAMHUYHOTO 30ypeHHS B KJIACHYHOMY BUKOHAHHI Ta MPHU 3aCTOCYBaHHS
ITOPUTMY 3a0e3IeUeHHs TapaHTOBAHOT TOUHOCTI

Ha pucynky 4.25 nokazaHo e(heKTHUBHICTb 3alpONOHOBAHOTO METOY Y BUIIISII
CUTHAJIIB KEpPyBaHHS MpPH 3aCTOCYBaHHS aJrOpUTMy 3a0e3MedeHHs TapaHTOBAHOI

TOYHOCTI.
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Pucynok 4.25 —I'padix curHasiB kepyBaHHsI CHCTEMU CTa01I13a1lii ONTHYHO1 OC1 TIPU
Ai1 OAMHUYHOTO 30ypeHHs B KJIACHYHOMY BUKOHAHHI Ta MPHU 3aCTOCYBaHHS
JITOPUTMY 3a0€3IeUeHHs TapaHTOBAHOT TOUHOCTI
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KyToBa IIBILIKICTb, Ipajl/c
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Pucynok 4.26 — I'padik moxubku cuctemMu cradiiizalii OnTUYHOI OCl IpH Ail
OJMHUYHOTO 30ypeHHS B KJJAaCUUHOMY BUKOHAHHI Ta MPU 3aCTOCYBAaHHS aITOPUTMY

3a0e3MeueHHs TapaHTOBaHO1 TOYHOCTI

Posnonin moxubok B cucTeMi mnpeacraBieHo Ha puc. 4.26. JlocaikeHHs
TUHAMIYHUX XapaKTePUCTUK puc. 4.27.MATBEPIKY€E €(PEKTUBHICTh 3aIIPOIIOHOBAHOTO

aNrOpUTMy
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Pucynox 4.27 — I'padik curnamy JIKIII cuctemu crabimizaiiii onTHIHOL OCI TIpH il

OJUHHNYHOTIO 36ypeHH;1 B KIIACUYHOMY BUKOHAHHI Ta IIpHu 3aCTOCYBAHHA AJITOPUTMY

3a0e3MeueHHs TapaHTOBaHO1 TOYHOCTI
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MogaenroBaHHA Ta aHAJI3 Pe3yJIbTATIB PH PI3HUX CLHEHAPisAX 30ypeHb

MoentoBaHHsST TPOBOIUTHCS B JEKiIbKa €TamiB 13 3aCTOCYBaHHSAM PI3HHUX
cueHapiiB 30ypeHb ISl OIIIHKM 37aTHOCTI KOHTYpYy CTalumizarii 10 IIBHIKOTO

pearyBaHHS Ta MATPUMAHHS BUCOKOI TOYHOCTI.

Cuenapiit 1: cunycoiganphi 30ypeHHsa. ONuC: BIUTUB FApMOHIYHUX CHHYCOINATbHUX
30ypeHb 3 Pi3HOI0 aMILTITYJ0I0 Ta 4acTOTOI. Ha 0CHOBI MPOBENEHOTO MOIETIOBAHHS

OTPUMAaHO PE3y/IbTaTH, HaBe/eHI Ha puc. 4.28.

0 ¢
0.25 [\
02t
0.15 |
01—\

0.05 |

KyToBa NIBILIKICTb, TPajl/c

-0.05 | e

-0.1 : : ‘ '
0 0.1 0.2 03 0.4
Hac (cexyHman)

Pucynok 4.28 — I'padix KyToBOT IIBUIKOCTI CUCTEMH CTAa0LII3aIlli ONITUYHOI OCI MPH
Ii1 mepioMnIHOTO 30ypPEeHHS B KIIACHYHOMY BHKOHAHHI Ta MPH 3aCTOCYBaHHS

aNTOpUTMY 3a0€3MEeYEHHS TapaHTOBAHOT TOYHOCTI

3MiHM MapaMeTpiB KepyBaHHS B Yaci MpeACTaBiieHl Ha puc. 4.29.
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Pucynok 4.29 — I'padix MOMEHTY JBUTyHA CUCTEMH CTaOLTi3allii ONTUHYHOT OC1 TIPU
i1 mepioanYHOTO 30ypPEeHHS B KIIACHYHOMY BHKOHAHHI Ta MPH 3aCTOCYBaHHS
AITOPUTMY 3a0€31eUYCeHHS TapaHTOBAHOT TOYHOCTI

I'padiuHa iHTEpHOpETAallis CUTHAIIB CUCTEMHU KepyBaHHS CTaOiii3allii ONTHYHOT
oci mipu J1ii mepioguIHOro 30ypeHHs OTPUMAHHKX 32 PE3yJITaTOM MOICITIOBAHHS TIOJaHa

Ha puc. 4.30.
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Pucynok 4.30 — I'padik curnamiB cucteMu KepyBaHHS cTaOUIi3a1lii ONTHYHOI OC1 MIPH
A1 meploAMYHOro 30ypEeHHS B KIIACHYHOMY BUKOHAHHI Ta MPH 3aCTOCYBaHHS
ITOPUTMY 3a0€3IeUYeHHs TapaHTOBAHOT TOUHOCTI
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Ha pucynky 4.3
MOJIETTFOBAHHS.
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Pucynok 4.31 I'padik moxubku ctabinizamii ONTHYHOI OC1 MPH Jii NEPIOAUYHOTO

30ypeHHsI B KJIACHYHOMY BUKOHAHH1 Ta MPHU 3aCTOCYBAHHS aJIrOPUTMY 3a0€31eUeHHS

rapaHTOBAaHO1 TOYHOCTI

Pucynok 4.32 imoctpye peakiito cuctemu, a came JIKII na 30BHimIH1 30ypeHHs.
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curdam JIKII cucremu crabinizamii onTHIHOT Oci mpu Ail

A B KJIACHYHOMY BUKOHAHHI Ta MPH 3aCTOCYBAHHS allTOPUTMY
3a0e3Me4YeHHs rapaHTOBAHOI TOYHOCTI
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Cucrema MpoAeMOHCTpYBaia 37aTHICTh allTOPUTMY 3a0€3MeYeHHs TapaHTOBaHO1
TOYHOCTI €(PEKTUBHO pearyBaTy Ha 3MiHHI 30BHIIIHI KOJIUBAHHS, MATPUMYIOYH BUCOKY
TOYHICTH CTabUIM3aIi ONTUYHOI OCl. AJITOPUTM MIBHUAKO aANTYETHCS JO XapakTepy

30ypeHb, 3a0e3Medyyrour MIHIMI3aIlilo0 aMIUNTYAX BIAXWICHb Ta IIBUAKE 3TracaHHs

KOJIMBAHb.

KitrouoBrM pe3ynsraTtoM € 30epeskeHHS CTIHKOCTI Ta IKOCTI MEPEXiTHOTO MPOIIECY
HaBITh 32 YMOB PI13KUX 3MiH BIUIUBY 30ypeHb, 10 CBITYUTH PO BUCOKY aJalTUBHICTh
anroputMy. Kpim Toro, 3abe3neuyeTbCs ONTHUMaIbHE CHIBBIIHOIICHHS MIXK
IIBUAKOMIEI0 Ta TOYHICTIO KEPyBaHHS, LI0 € BAXIMBUM s CTaOUIBHOI pOOOTH

CUCTEMH B peaJIbHUX YMOBAaX €KCIUTyaTallii, BKJII0YatouM BIUIMB BUMAIKOBUX B1OpaIliil.

Hactynuuii cuenapiii nependavae HemepenOadyBaH1 BUIAIKOBI 30ypeHHS IS

MEPEBIPKH aTaITUBHOCTI aJITOPUTMY.
Cuenapiii 2: BunaaKkoBi 30ypeHHsI.

CucremMa MiJAa€ThCA BUMAIKOBUM 30ypPEHHSIM, SIKI IMITYIOTh TUHAMIYHI YMOBHU
eKCIuTyaTallli, Ha OCHOBI OTpPUMaHUX pe3yybTariB Oyso modymaoBaHo rpadiku puc. 4.33.
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Pucynok 4.33 — ['padix KyToBOT IIBUIKOCTI CUCTEMH CTa0LI13aIlli ONITUYHOI OCI MPH
Ai1 BUNaAKOBOTO 30ypeHHsI 301JIbLICHOT aMILTITYIU B KJJAaCHYHOMY BUKOHAHHI Ta MpU

34CTOCYBAHHA aJITOPUTMY 3a0e3IeueHHS FapaHTOBaHOT TOYHOCTI
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O1iHKa TOYHOCTI poOOTU CUCTEMU HaBelleHa Ha puc. 4.34.

11 f
105} |

10 =

KyToBa MIBILIKICTE, Tpajl/c

I\
\\

8’ 1 1 \“L“ 1 L 1

0.01 0.02 0.03 0.04 0.05
Yac (cexynmm)

0.06 0.07 0.08

Pucynox 4.34 — I'padik KyToBOi MIBUIKOCTI CUCTEMU CTaO1TI3a1lii ONTUYHOT OCI TIPU
Ai1 BUNIaJAKOBOTO 30ypeHHsI 301JIbLICHOT aMILTITYIU B KJIACHYHOMY BUKOHAHHI Ta MpU
3aCTOCYBaHHS aJroOpuTMy 3a0€3MeUeHHs TapaHTOBAHOT TOYHOCTI

Ha puc. 4.35-4.36 noka3aHo BILJIMB 3MIHM BX1JHUX JJaHUX HA KIHIIEBUU PE3YJIbTAT.
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Pucynok 4.35 — I'padik MOMEHTY ABUTyHa CUCTEMH CTabuI13a1lii ONTHYHOI OCi MTPH

11 BUNIQJKOBOTO 30ypeHHsI 301IbIIIEHOT aMIUTITY/IM B KJIJACHYHOMY BUKOHAHHI Ta MPU

3aCTOCYBaHHS aITOPUTMY 3a0€3TeUeHHS TapaHTOBAHO1 TOYHOCTI
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Pucynok 4.36 — I'padik MOMEHTY ABUTyHa CUCTEMH CTabuLI13a1lii ONTHYHOI OCi MTPH
Ai1 BUNaJAKOBOTO 30ypeHHsI 301/IbLICHOT aMILTITYIU B KJJAaCHYHOMY BUKOHAHHI Ta MpU
3aCTOCYBaHHS aJroOpuTMy 3a0€3MeUeHHs TapaHTOBAHOT TOYHOCTI

I'padix Ha puc. 4.37 BimoOpakae e(eKTUBHICTh CUCTEMH.
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Pucynok 4.37 — I'padik curnaiiB kepyBaHHsS CUCTEMH CTaOLIi3a1ii ONTHYHOI OC1 IPH

11 BUIIQJIKOBOTO 30ypEeHHsI 301IbIIIEHOT aMIUTITY/IM B KJJACHYHOMY BUKOHAHHI Ta MPH

34CTOCYBAHHA AJITOPUTMY 3a0e3IeueHHS FapaHTOBaHOT TOYHOCTI
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JuHamika 3MiHHM TlapaMeTpIB CHUTHAIIB KEpyBaHHS CHUCTEMH cTallmizarii

ONTUYHOI OC1 TIpH i1 30ypeHHs 301IbIISHOT aMIUTITY/IU HaBeAeHa Ha puc. 4.38.
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Pucynok 4.38 — I'padik curnasip KepyBaHHS CUCTEMH CTa01Ii3a1lii ONTUYHOT OC1 TIPH
11 BUNIQKOBOTO 30ypeHHsI 301IbIIIEHOT aMIUTITY/IM B KJJACHYHOMY BUKOHAHHI Ta MPH
3aCTOCYBaHHs aJrOpuUTMYy 3a0e3MeUeHHs TapaHTOBAHOT TOYHOCTI

3aJIe’)KHOCTI, OTpUMAaH1 B pe3yJIbTaTi MOACIIIOBAHHS, HaBeneH1 Ha puc. 4.39-4.40.
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Pucynok 4.39 — I'padix moxuOku cTabiaizalii ONTHYHO1 OC1 MPH i1 BUMAJKOBOTO
30ypeHHsI 301JIbLICHOT aMILTITYIU B KJIACHYHOMY BUKOHAHHI Ta MPHU 3aCTOCYBaHHS

NTOpUTMY 3a0€3MEeYEHHS TapaHTOBAHOI TOUHOCTI
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Pucynok 4.40 —I'padix moxubku cTadinizali OnTUYHOI OCI NMPH J1i BUMAIKOBOTO
30ypeHHs 301IbIIEHOT aMILTITY/IM B KJIACHYHOMY BUKOHAHHI Ta IIPH 3aCTOCYBaHHS
AITOPUTMY 3a0€3I1eUYCeHHS TapaHTOBAHOT TOYHOCTI

Ha puc. 4.41 naBeneHo rpadiuHe Bi1oOpakeHHSI 3MiH OCHOBHHUX IapaMeTpiB
cucrteMu, a came JIKIII.
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Pucynox 4.41 I'padix curaanis JIKII cucremu crabimizaiii onTUIHOT oci mpu Ail
BUIMAKOBOTO 30ypeHHS 301IbIIIEHOT aMIUTITYId B KJIACHYHOMY BUKOHAHH1 Ta MpHU

3aCTOCYBaHHS aJTOPUTMY 3a0€3TEUCHHS TapaHTOBAHO1 TOYHOCTI
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Hes3Baxkaroun Ha 3MiHYy aMIUTITyaud 30ypeHHs, KOHTYp cTalutizaiii yTpumye

BUCOKY TOYHICTh CTaOUII3aIlli, 3aBIsSKA adanTUBHOCTI anroputMy. I[lopiBHSHO 3

MOTIEPEIHIM CIICHapieEM, Yac peakilii TpoxXu 3pic, aje TOYHICTh cTadimizamii

3QJIMIIAETBCA HAa BHCOKOMY piBHI. CucTeMa NpPOAEMOHCTpYBaia €(PEKTUBHICTb

aNTOpUTMY 3a0e3MeUeHHs] TapaHTOBAaHOI TOYHOCTI MpPHU Ail BHUIIAJKOBOTO 30ypeHHs

30UTBIIIEHOT AMIUTITY/TH.

3acToCyBaHHS aJTOPUTMY JI03BOJIUIIO 30€perTy CTa0lIbHICTh CUCTEMHU HABITh 3a

YMOB 3HaYHHUX 30BHIIIHIX BIUIMBIB, 3a0€3MeUy0Yr MiHIMaJIbHI BIAXUJICHHS ONTUYHOI

oci. lle cBiA4NTH PO BUCOKY pOOACTHICTh AJITOPUTMY JI0 HeTepen0auyBaHUX 30ypeHb

Ta MOTO0 3/1aTHICTh MIATPUMYBATH BUCOKY AKICTh NIEPEXiAHOTO mpoiiecy. Takui miaxis

rapanTye HAJIMHICTE POOOTHM CHUCTEMH B CKIQAHUX EKCIUTyaTalliiHUX yMOBaXx,

3a0e3Meuyroyr TOYHy CTa0lIi3a1lii0 Py BIUIMBI CHIIBHUX BUMAJAKOBUX (DAKTOPIB.

Cuenapiii 3: kom0OiHOBaHI 30ypeHHs. BuUnpoOoByeThcsi cucTeMa i BIUTUBOM

OJHOYAaCHHUX FapMOHi‘IHI/IX Ta BHIIAIKOBUX 36yp€HI>. PC?)YJ'IBT&TI/I TCCTyBaHHA

aNrOpuUTMY KE€pPYyBaHHS MOAAHO Ha puc. 4.42.
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Pucynok 4.42 — I'padik KyToBOi MIBUIKOCTI CUCTEMU CTaO1TI3a1lii ONTUYHOT OC1 TIPU

A11 BUNIAJIKOBOTO KOMOIHOBAHOTO 30ypEHHS B KJJACHYHOMY BUKOHAHHI Ta MPH

34CTOCYBAHHA aJITOPUTMY 3a0e3IIeueHHS FapaHTOBaHOT TOYHOCTI
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Cucrema MpoIeMOHCTPYBaIa BUCOKY €()EKTHBHICTh aJITOPUTMY 3a0C3IeUCHHS
rapaHTOBAaHOI TOYHOCTI B yMOBaX KOMOIHOBAaHUX 30ypEHb, 110 BKJIFOYAN OJHOYACHY
TiI0 TapMOHIYHMX Ta BWITAJIKOBUX KOJMBaHb. J[MHAMiKa MepexigHUX TMPOIECIB

npeacTaBieHa Ha puc. 4.43-4.44.,
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Pucynok 4.43 — I'padpik MOMEHTY JBUTyHA CUCTEMH CTaOLTi3a1lii ONTHYHOT OC1 TIPU
A11 BUNIAJIKOBOTO KOMOIHOBAHOTO 30yPEHHS B KJIJACHYHOMY BUKOHAHHI Ta MPH
3aCTOCYBaHHS aJroOpuTMy 3a0€3MeUeHHs TapaHTOBAHOT TOYHOCTI
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Pucynok 4.44 — I'padik curHasiB KepyBaHHS CUCTEMH CTa01I13a1lii ONTUYHOT OC1 TIPH
A11 BUNIAJIKOBOTO KOMOIHOBAHOTO 30yPEHHS B KJIJACHYHOMY BUKOHAHHI Ta MPH

34CTOCYBAHHA aJITOPUTMY 3a0e3IIeueHHS FapaHTOBaHOT TOYHOCTI
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I'padik Ha puc. 4.45 neMOHCTpY€ MOBEAIHKY CUCTEMH B YMOBax BHUMAJKOBUX

30ypeHb, Ta rpadgidHo BioOpakae MoxXuoKy cTadimizarlii.
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Pucynok 4.45 — I'padik moxubku cuctemu cTaduTizarii onTUIHOI OC1 mpu il
BUTIAJKOBOTO KOMOIHOBAHOTO 30ypeHHsI B KJIACHYHOMY BUKOHAHHI Ta MPU

34CTOCYBAHHA aJITOPUTMY 3a0e3IeueHHS FapaHTOBaHOT TOYHOCTI

Cucrema 3 aJIrOpuTMOM TapaHTOBAHOI TOYHOCTI TOKa3aja 3[aTHICTh
aJanTyBaTUCS [0 CKIAQTHOTO Xapaktepy 30ypeHb, 3abe3meuyioun 30epeKeHHS
CTaOLILHOCTI Ta BHMCOKOi TOYHOCTI cTalimizamii onTuyHoi oci. Pesynpratn
BUIIPOOYBaHb MiATBEPKYIOTh, IO aJITOPUTM €(EKTUBHO MIHIMI3y€E HETATHBHHIM
BIUIUB OJIHOYACHO PI3HUX THUITIB 30ypeHb, 30epirarodu sKIiCTh MEPEXiTHOTO MPOIECY
HaBITh Y CKJIQIHUX yMOBax ekcruryararlii. Lle poouts ioro ontuMaabHUM PillICHHIM
TSt pOOOTH B peajibHUX CEPEIOBHINAX 13 KOMOIHAITIEI0 TIepen0adyBaHUX 1 BUITAIKOBUX

BILIVBIB.

[Ilo6 mepeBipUTH 3AaTHICTH CHCTEMH 10 IIBUIKOTO pearyBaHHS, OI[IHUMO

CIIeHapii 13 PI3KUM BHUITaIKOBUM 301JIbIIEHHIM aMILTITYAU 30ypEeHb.
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Cuenapiit 4: pi3ke 3pOCTaHHs aMILTITYIU 30ypeHb. BIUIUB pi3KOro 3pocTaHHS
aMILTITYyId 30ypeHb, 110 IMITy€E aBapiiiHi YMOBH, na pUCYHKY 4.46 1MoJaHO TOPIBHSIHHS

OTPUMAaHMX PE3YJIbTATIB 13 TEOPETUUHUMHU PO3PaXyHKAMH. .
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Pucynok 4.46 — ['padix KyToBOT IIBUIKOCTI CUCTEMH CTAa0LII3aIlli ONITUYHOI OCI MPH
Aii 30ypeHHs 3 P13KUM BUMAIKOBUM 30UIBIICHHSIM aMIUTITYAU B KIIACHYHOMY
BUKOHAHHI Ta IIPU 3aCTOCYBAHHS aJrOpUTMY 3a0€3MeUeHHs rapaHTOBaHOI TOYHOCTI

Ha puc. 4.47 naBeneHO 4acoBi 3aJI€KHOCTI KEPYIOUUX CUTHAIIB.
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Pucynok 4.47 — I'padix KyToBOT IIBUIKOCTI CUCTEMH CTa0LII3aIlli ONITUYHOI OCI MPpH
A1 30ypeHHs 3 P13KUM BUMAIKOBUM 30UIBIICHHSIM aMIUTITYAH B KIIACHYHOMY
BUKOHAHHI Ta IIPU 3aCTOCYBAHHS aJrOpUTMY 3a0€3MeUeHHs rapaHTOBaHOI TOYHOCTI
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Pe3ynbraTi 4rcebHOTO aHajIizy MOMEHTIB IBUTYHA CUCTEMH TTOKa3aHO Ha PHC.
4.48-4.49, Ta neMOHCTYI0Th €(DEKTUBHICTH aJITOPUTMY.
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Pucynok 4.48 — I'pacdik MOMEHTY ABUTyHa CUCTEMH CTabuUI13a1lii ONTHYHOI OCi MTPH

1T 30ypeHHs 3 PI3KUM BUITAJIKOBUM 30UIBIICHHIM aMIUTITY/Id B KIIAaCUYHOMY
BUKOHAHHI Ta MIPU 3aCTOCYB2UTa anmrnnuminy nafanmemauua ranaHTOBAHOT TOYHOCTI
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Pucynok 4.49 — I'padik MOMEHTY ABUTyHa CUCTEMH CTabuI13a1ii ONTHYHOI OC1 MTPH
111 30ypeHHs 3 P13KUM BUMAIKOBUM 30UIBIICHHSIM aMILTITYAH B KIIACHYHOMY
BUKOHAHHI Ta IIPU 3aCTOCYBAHHS aJrOpUTMY 3a0€3MeUeHHs rapaHTOBAaHOI TOYHOCTI
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Pucynok 4.50 inrocTpye BIUTUB KOE(]IIIEHTIB PETYIIOBAHHS HA JUHAMIKY
npoLecy KepyBaHHS.
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Pucynok 4.50 — I'padik curnaiiB kepyBaHHs CUCTEMU CTaOUIi3a1ii ONTHYHOI OC1 IPH

111 30ypeHHs 3 P13KUM BUITAJAKOBUM 30UIBIICHHSIM aMILTITYIA

I'padiune mpeAcTaBiICHHS TOXHMOKHM MOJICIIOBAHHSI CHUCTEMHU CTa0imizarii

HaBesieHo Ha puc. 4.51 —4.52.
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Pucynok 4.51 — I'padik moxubku cuctemu cTadiTizarii onTuIHOT OC1 mpu il
30ypeHHS 3 PI3KUM BUMAJIKOBUM 301THIIICHHSIM aMILTITYI!
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Pucynok 4.52 — I'padik ¢ moxubku cuctemMu cTadiizaiii onTUHYHOI OCi IpH il
30ypeHHS 3 PI3KUM BHUMAJAKOBUM 30UIBIIEHHSM aMIUTITyH B KJIACHYHOMY BUKOHAHHI1
Ta MPU 3aCTOCYBAHHS AITOPUTMY 3a0€3MEeUEHHS TapaHTOBAHOT TOYHOCTI

I'padiku Ha puc. 4.53 BimoOpakarOTh €(PEKTUBHICTHP BUKOPHCTAHUX METOIIB

onTumiszari.
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Pucynok 4.53 — I'padix curnani JIKIL cuctemu cradimizaliii ONTUYHOI OCI PHU J1i
30ypeHHs 3 PI3KUM BUITQJIKOBUM 30UIBIIIEHHSIM aMIUTITY/IA B KJJACHYHOMY BUKOHAHHI
Ta MIPH 3aCTOCYBAHHSA aJrOpUTMY 3a0€3MeUeHHs rapaHTOBaHOI TOYHOCTI
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BunpoOyBaHHsI clieHapil0 3 Pi3KMM BHUIAJIKOBHUM 301JIBIIEHHAM aMIUTITYId
30ypeHb, 110 IMITY€ aBapiitHi yMOBH, MPOAEMOHCTPYBAJIO BUCOKY 3/1aTHICTh aJITOPUTMY

3a0e3MeYeHHs rapaHTOBAHOT TOYHOCTI 10 IIBHJIKOTO pearyBaHHSI.

Cucrema 3 anropuTMOM rapaHTOBAaHOI TOUHOCTI €(DeKTHBHO KOMITEHCYBaJIa pi3Ke
3pocTaHHsl 30ypeHb, 3a0e3IMeuyrour MiHIMalbHE BIIXWUJICHHS ONTHYHOI OCl Bij
CTaOUTI3alIMHOTO TOJOXKEHHSA. Y TMOPIBHSAHHI 3 KJIACHYHOIO CHCTEMOIO, aJlTOPUTM
rapaHTyBaB CTaOUIBHICTh 1 TOYHICTh HABITh 32 YMOB aBapiMHOTO HaBaHTAXEHHS,

ITOKa3aBIIN BUCOKY aI[aHTI/IBHiCTB 0 H€H€p€ﬂ6a‘lYBaHI/IX 3MIH.

Pesynbratu BUnpoOyBaHb MiATBEPIKYIOTh, 1[0 PO3POOICHUIN aITOPUTM 31aTHUN
3a0e3mneuyBaT SKICHUN TIEPEeXiTHUHN mporiec 0e3 3HaYHOTO 301IBIICHHS Yacy peakinii
Ta 0e3 BTpaTH TOUHOCTI, 1110 € KPUTHYHO BAXKIMBUM Y peaIbHUX YMOBAX €KCILTyarTarlii.
Ile poOuTh cucTeMy HaIIIHOIO AJIi BUKOPUCTAHHS B €KCTPEMaJbHUX CHUTYallsX, A€

NOTpiOHE ONepaTUBHE KOPUTYBAHHS CTa01Ii3aIlli.

[TopiBHSHHS 3aIPOIIOHOBAHOTO MiAX0AY 3 KiacuuHuM I1I[I—perynsropom y

BUIAJIKY MPOIOPIIIHHOTO 301IBIIICHHS aMILTITYIU 30ypEHHS

J5is o1iHKM e(heKTUBHOCTI 3alIPOIIOHOBAHOTO MiIXOAY MPOBEACHO MOPIBHSAIbHE
MojenoBanHs 3 knacuuHuM [11/[-perynsaropom y BUMagKy MOCTYNOBOTO 301IbIICHHS
aMmIutiTyau 30ypeHHs.OCKUTbKM aMIUTITyAa 30ypeHHs Oe3mocepenHbo BIIMBAE Ha
CTaOUTBHICTh 1 TOYHICTD PETYIIOBaHHS, IPOBEACHO aHAJI3 PeaKIii CUCTEMU JUISI PI3HUX

P1BHIB 30ypeHHS.

3 METOI0 MePEeBIpKHU aJanTUBHOCTI pO3POOICHOTO0 METOy BUKOHAHO TE€CTYBaHHS
Ha 3MiHYy BXiJIHOTO BIUIMBY, IO JO3BOJISIE OLIHUTH WOTO IepeBard MOPIBHIHO 3
knacuuuM  [II/I-perynstopoM. [lopiBHAHHA JOUHAMIYHMX XapaKTEPUCTUK 000X
MiXOMIB JTO3BOJIMTHh BHU3HAYMTH, HACKIIBKH €(EKTHBHO 3allpONOHOBAHUNA METOX

KOMITIEHCY€ 30ypeHHsI IPH IXHbOMY MPONOPIIHHOMY 301JIbIICHHI.

VY upoMy po3Aiiii MPeACTaBICHO Pe3ybTaTh MOAETIOBAHHS JIJISl PI3HUX aMILTITY]

30ypeHHs, 110 03BOJISIE OLIIHUTH TMEpeBaru po3poOSIEHOT CUCTEMHM KEpyBaHHS Hal
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tpanuuiiauM I1II-perynaropom. Ha puc. 4.54 HaBenaeHo peakiiiro cucteMu 0e€3

peryssTopa 3a pi3HUX PiBHIB 30ypeHHS.

357

— b2
[ [§8] n

—_

KyToBa MIBILIKICTb, Tpaji/c

0.5

Yac (cexyuman)

Pucynok 4.54 — I'padik peakuii cuctemu ctabiiizaiii ONTHYHOI OC1 TIpH 11T 30ypeHHs

31 30UIBIICHHSIM aMILTITYIA

Ha puc. 4.55 HaBeneHo peakiiiro CUCTeMH NMpU BUKOpUCTaHH1 Kitacuadoro TT1J1-

peryisTopa 3a pi3HUX piBHIB 30ypeHHS.
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Pucynok 4.55 — I'padik peakiiii cuctemu cTadigizallii onTHYHOT OCi IpH Aii 30ypeHHs

31 301IBIIIEHHSIM aMILTITYIU 3 BUKOpUCTaHHSAM KitacuuHoro [11]] — perymstopa
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Ha puc. 4.56

NpEACTAaBICHO PE3YJILTAaTH 3aCTOCYBAHHA 3allpOIIOHOBAHOIO

M1JIXO/Y, 110 IEMOHCTPYIOTh IMOKPAIIEHY CTIMKICTb J0 3MIH aMIUTITYJId Ta BUKOHAHHS

YMOB rapaHTOBaHO1 KoMIeHcaii Aii 30ypenHs. [Ipu oMy 3MiHa CUTHAJIIB KepyBaHHS

nokasaHa Ha puc.4.57.

0.6

e
in

e
I

e
o

KyToBa MBILIKICTb, Tpajl/c
(=]
(¥'S)

0 2 4 6 8 10

Yac (cexyuman)

Pucynok 4.56 I'padik peaxiii cuctemu ctadiii3alii ONTUYHOI OC1 Mpu Aii 30ypeHHs 31

301IBIICHHSM aMILTITYIU 3 BUKOPUCTAHHIM aJITOPUTMY TapaHTOBAHOI TOYHOCTI
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Pucynok 4.57 — I'padik curHasniB KepyBaHHs TIpH A1l 30ypeHHS 31 301IbIIICHHAM

aMIUTITYI4 3 BAKOPUCTAHHAM AJITOPUTMY rapaHTOBAaHOI TOYHOCTI
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[TopiBHSIHHA 3ampomnoHOBaHOTO miaxomy 3 kimacuuaum [1IJI-perymsitopom 3a
YMOBH ITPOTIOPIIMHOTO 301IBIIICHHS aMILIITYIU 30ypeHHSI MPOJAEMOHCTPYBAJIO CYTTERY

nepeBary ajlroputMy 3abe3rneyeHHs rapaHTOBaHOI TOYHOCTI.

Knacuunuii [1I/I-peryastop BUSBHB CXWJIBHICTH JI0 3POCTAHHA AaMIUTITYAU
KOJIUBaHb Ta TMOTIPIIEHHS CTIHKOCTI mpHW 30UIblIeHH] 30ypeHb. HartomicThb
3allpOMOHOBAHUMN MiAX1J 3a0e3MeYuB CTaOUIbHICTh CUCTEMU 33 PaXyHOK aJalTHBHOI

KOPEKIIii, [110 3MEHIIINJIAa BIUTMB 30UIBIIICHHS aMILTITyIu 30ypEHb.

VY Toit wac sax IIIJI-perymarop momyckaB 3Ha4HI BIIXWUJIEHHS OINTHUYHOI OCI,
aJTOPUTM TapaHTOBAHOI TOYHOCTI 30€piraB BUCOKY TOYHICTh CTaO1Ii3aIlli HaBITh 3a

YMOB MPOTOPLIHHOTO 301/IbIIEHHS 30y PEHb.

3anmponoHOBAHMMA TiX1/1 3a0€3MeUnB TUTABHUH 1 IBUAKAN TIEPEX1THUN MPOIIEC
0e3 3HAYHOTO 301JIbIIEHHA dYacy peakii, Tomi sk xiacuunuii [1I/-perymstop

J€MOHCTPYBaB MOMITHI MIKOMOA10H1 BIAXUJICHHS MiJ Yac Mepexomy.

AnroputM 3a0e3MedeHHs] TapaHTOBAHOI TOYHOCTI MPOJEMOHCTPYBAB 31aTHICTh
JUHAMIYHO IT/IJIAIITOBYBAaTUCS 10 3MIH aMIUTITyAu 30ypeHb, 110 3HAYHO I1JBUIIYE

e(EeKTUBHICTh pOOOTH CUCTEMHU B YMOBaX HECTAOUIHLHOTO CEPEIOBHIIIA.
BucHoBku 10 po3niny 4

Pesynpratn MonenroBaHHS MIATBEPDKYIOTh, IO KOHTYp cTalumizamii 3
BHUKOPUCTAHHSM aJITOPUTMY 3a0€3MeUeHHS TapaHTOBAHOT TOYHOCTI 3a0€31euye BUCOKY
TOYHICTh 1 CTaOUIBHICTh Yy JAMHAMIYHMX yMOBax ekcruryararii. Cucrema mnokasalia
3[IaTHICTH IIBUJKO pearyBaTH Ha pi3Hi TUIIH 30ypeHb, alanTyBaTHCS A0 CKJIaJHIUX YMOB
1 30epiratu ctabunpHICTH cTaOimizamii. [lopiBHSHHS 3 TpaJAUIIHHUMH METOAAMHU
cTabuti3alli CBIAYUTh MPO CyTTEBI MepeBaru po3poOJIeHOTO MiIX0Y, IO MATBEPIXKYE

Horo e(peKTUBHICTD JIsl BAKOPUCTAHHS B PEAIbHUX CHCTEMaX.

Ha ocHOBI nmpoBeneHux T0CHIIKEHb 1 pe3yJbTaTiB MOAEIIOBAHHS CHHTE30BaHOT
ONTUMAJIbHOI CHCTEMH KEpyBaHHS OINTHYHOIO BICCI0O KaMepH 3 BHUKOPUCTAHHSIM

aNrOpuTMY 3a0€3MeUeHHS TAPaHTOBAHOT TOYHOCTI 3pOOJICHO TaKi y3arajabHEHHS:
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Pesynbratu MonentoBaHHsS TOKa3aiu, IO aJanTHUBHI CHUCTEMM KEpyBaHHS
3a0€3Meuy0Th 3HAUYHO Kpallll MOKa3HUKHW TOYHOCTI, CTAaOUIBHOCTI Ta IIBUJKOMAII B
YMOBax 3MIHHHMX 1 KOMOIHOBaHUX 30ypeHb y MOPIBHAHHI 3 TPATUIIHHUMHU METOJaMHU
(manpuknan, IIIJI-perymstopamu). Lle 3ymMOBIEHO 3HaTHICTIO TaKHX CHUCTEM [0
AMHAMIYHOTO HAJAIITYBaHHA ApaMEeTPiB AITOPUTMY Y BIAMOBIIb HAa 3MIHY 30BHIIIHIX

YMOB, IO 3HU)XYE€ BILJINB HEBU3HAYCHOCTEH Ha HOBGI[iHKy CUCTCMU.

B ymoBax rapMoHIYHUX, BUITQJIKOBUX Ta KOMOIHOBaHUX 30ypeHb CHCTEMa
JEMOHCTpyBaja CTalOiMbHICTh Ta BHUCOKY IIBUAKOAIIO. AJNANTUBHUN alrOpUTM
3a0e3MeueHHs TapaHTOBAHOT TOYHOCTI JIO3BOJIMB MIBUIKO KOMIICHCYBATH BIUIMB P13KUX
3MIiH aMIUTITy4 Ta 4aCTOTHU 30ypeHb, 30epiraroun cTadiIbHICTh HABITh Y KPUTHUUHHUX

CIICHApISX.

BuxopuctanHs ananTHBHUX MEXaHI3MIB Y KOHTYpl KEpyBaHHS [ajio 3MOTY
CYTTEBO CKOpPOTUTH yac cralumizamii micis Aii 30BHIIIHIX 30ypeHb. Lle ocobmuBo
BaXKJIMBO JJIS1 TUHAMIYHUX CHCTEM, fKi MPALIOIOTh Y peajJbHOMY 4aci, e MIBUAKICTb

peaxiii € KpUTUHYHUM MapaMeTpoM.

3aBmsIKM  MOXJIMBOCTI  amamTaiii 10 3MiH 30BHINIHBOTO CEPEAOBHINA,
CMHTE30BaHA CHUCTeMa TIOKa3aja TOYHICTh TMO3UI[IOHYBaHHS, IO TEPEBHIILYE
MOKA3HUKW TPAAMIIIHHNX MiaxomiB. Lle mo3Bossie 3acTOCOBYBaTH TaKi CHCTEMHU IS
BHCOKOTOYHHMX TEXHIYHUX 3aC00iB, HANMPHUKIAA, y CHCTeMax aepodoTo3iioMKu abo

CIIOCTCPCIKCHHA.

AJnanThBHA TpUpPoOAA alroputMmy 3abesnedymna epekTruBHE (YHKIIIOHYBaHHS
HaBITh MpU 3HAYHUX Bapialifix MmapameTpiB cuctemu. Lle CBITUUTH MPO CTIAKICTDH
CUCTEMH JI0 BIUIMBY MTapaMETPUIHUX HEBU3HAYCHOCTEH, K1 € TUTIOBUMHU IS peaTbHUX

TEXHIYHUX YMOB.

BukopuctanHs amanTUBHUX CHUCTEM KEPYBaHHS € TMEPCIEKTUBHUM IS
CKJIQIHUX IWHAMIYHUX OO'€KTIB, SIKI TMPAIIOIOTh B yMOBaX HEBH3HAUYCHOCTEH abo
3MIHHUX BIUIMBIB CEpENOBHINA. Pe3ynbrarh MOJACTIOBAaHHS MiATBEPKYIOTh, IO

BIIPOBA/KCHHS TaKUX CHUCTEM JI03BOJI€ MIABUINUTH €(EKTUBHICTh 1 HAAIMHICTD
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pO6OTI/I OIITHYHUX CHUCTEM, IO Bi,Z[KpI/IBaC MOJKJIHBOCTI JIIs1 1XHBOT'O 34CTOCYBAHHA B

000pOHHIM, KOCMIYHIM, HAYKOBIN Ta 1HIIMX BUCOKOTEXHOJIOTIYHUX TATy35X.

Ha ocHOBI OTpUMaHHX JaHUX PEKOMEHIOBAHO BIPOBAKYBAaTH aJalTHUBHI
CUCTEMH KEpyBaHHS y BHUIMAJKaX, KOJU BUMOTH JI0 TOYHOCTI Ta CTAb1IHOCTI poOoTH
CHCTEMH € KPUTHUYHUMH, a 30BHIIIHE CEPETOBUIIE XaPAKTEPU3YETHCSI BUCOKHM PiBHEM
AMHaMIYHUX 30ypeHb. KpiMm Toro, ans 3a0e3nedeHHs MaKCUMajibHOI €(EeKTUBHOCTI
CHCTEMH HEOOX1/IHO BpaXOBYBaTH CreU(iKy KO)KHOTO KOHKPETHOTO 3aCTOCYBaHHS Ta

POBOJIMTH JIOJIATKOBY ONTHUMI3allII0 AJITOPUTMY KEPYBaHHS.

3anmponoOHOBAHUM aJTOPUTM HE JiMIle nepesepirye kiacuunui [11/]-perymastop
y TOYHOCTI Ta CTIHKOCTI, ajie i Ma€ KpaIly aJlanTUBHICTh 10 3MIHHUX YMOB. Lle poOuTh
HOT0 ONTHUMaIbHUM BUOOPOM JIJIS 3aCTOCYBaHb, /i€ CTA0UIBHICTh Ta TOUHICTh POOOTH €

KPUTUYHHUMH, 30KpeMa B aBlallifHUX 1 KOCMIYHUX CUCTEMaX.

TakuM dYMHOM, aJaNTHBHI CHCTEMH KEPYBaHHS JEMOHCTPYIOTH CBOIO
e(DEeKTUBHICTD SIK Cy4aCHUU MIIX1 10 BUPIIIIEHHS 3aBAaHb TOYHOTO IMO3UIIOHYBaHHS B
yMOBax CKJIaJIHUX 30BHIIIHIX BIUTMBIB. Pe3ynbratu MOCHIKEHHS MIATBEPIKYIOTh
JOLUIBHICT MOJANBIIOT0 PO3BUTKY Ta BIPOBAKEHHS TAKUX CUCTEM Y TEXHOJOTIUHI

MPOIIECH, JI€ BaXKJIMBI BUCOKA HAJIIMHICTD 1 aJJallTUBHICTb.
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BUCHOBKU

B nuceprartiiiniii po60Ti BUPIIIIEHO aKTyaJIbHY HAyKOBO—TEXHIUHY 3a/1ady, a came
MIBUIIEHHS TOYHOCTI CHCTEM aBTOMATUYHOTO KEPYBaHHS ONTHYHOKO BICCIO Kamep
IIIIXOM PO3pPOOKH Ta BIPOBAHKCHHSI iHBapiaHTHOT 0 30ypeHb CUCTEMHU KepyBaHHS 3
BUKOPHUCTAHHSIM aIallTUBHOTO KOE(IIIEHTY HA OCHOBI OOCPHEHOI TMHAMIYHOI MOJEII
CUCTEMH, 1110 JO3BOJISIE JOCITTH TapaHTOBAHOT TOYHOCTI B YMOBaxX HemepenoadyBaHUX

30BHIIIHIX BIUIMBIB.

OTpuMaHi HayKOBI pe3yJIbTaTH € PO3BHUTKOM TEOpii CHCTEM aBTOMATHYHOTO
KepyBaHHS, IO TMPAIIOI0Th y CKIATHUX yMOBaxX HemependadyBaHUX 30BHINTHIX
BIUIMBIB, Ta PO3MIMPIOIOTh MOXJIMBOCTI CTBOPEHHSI BUCOKOTOYHHUX CUCTEM KEpPYyBaHHS

Ta cTadinizarii.
OTpuMaHi HOBI HAYKOBI1 pe3yJIbTaTH:

1.Bnepmie 3ampornoHoBaHO MeToA (OpPMyBaHHS KOPHUTYIOYOTO BIUIUBY IS
KOMIIeHcaIlii 30ypeHb, SKUi 0a3yeThbcsl Ha HAOMMXKEHH] 3MIHHOT CTaHy JI0 JOMYCTUMO1
mexi. TlokazaHo, mo anroput™m 3abe3mnedye rapaHToBaHy KOMIIEHCAIlilo0 30ypeHb Ta

HEOOXI1IHY SKICTh MEPEXiTHOTO MPOLIECY.

2. Brepiie po3po06iieHo aaropuT™ 3a0e3ledyeHHsl 1HBaplaHTHOCTI 10 30ypeHb
JIEMOHCTPY€E BUCOKY €(PEKTUBHICTh 3a PI3HMX YMOB, 3MEHIIIY€E MOXUOKY CTaliIi3alii,
MiBUILYE TOYHICTh KEpyBaHHS Ta 30epira€ CTaOUIBHICTh CHUCTEMH B YMOBax

BUITIAAKOBHUX 36prHB, Ha SIK1 HE HaKJIaaaroTbCA 0OMEKEHHS.

3. Bmepimie 3amponoHOBAaHO 3aCTOCYBaHHS MiAXOMy OOEpHEHOI AMHAMIYHOI
MOJIEJIl CUCTEMH JIJII CUCTEM BHCOKOTO MOPSJIKY JJis 3a0€3MeUeHHs] CTaOlIbHOCTI Ta
SKOCTI MEPEX1THOTO MPOIIECY CUCTEMH aBTOMATHUYHOTO KEPYBaHHS, IO HE 3aJICKUTh
B1Jl XapakTepy 30ypeHb, 3alpONnOHOBAHUM MM1IX1]T HEe HAaKJIaJa€ 0OMEXEHb Ha XapaKTep
30ypeHb OCKIUIBKH HE MOTpedye iX BUMIPIOBAHHSA, IO JTO3BOJISIE BHKOPUCTOBYBATH

CUCTEMY B yMOBaX 3MIHHUX Ta Hemepen0adyyBaHUX 30BHIIIHIX BIUIUBIB.
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4. BcraHOBJIIEHMH BIUIMB  KOKHOI 3 anreOpaiuHoi, audepeHiiaabHol Ta
IHTerpajabHOI CKJIaJIOBUX PEry/siTOpa rapaHTyBaHHsS TOYHOCTI HAa JIMHAMIKY CHUCTEMH
KEepYBaHHS, 0 JI03BOJIMIIO ONTUMI3YBaTH MMapaMeTPH PETYIATOPA JJIS  ITiABUIIICHHS
IIBUJIKO/IIT Ta SIKOCTI MEPEXITHOTO IMPOIIECy 1 KOMIIEHCAIliI0 HAKOIIUYEHOI MOXUOKH,

0COOJIMBO MiJ1 Yac TPUBAIUX 30yPEHb.

5. VY3arasbHeHa MareMaTWyHa TIOCTAHOBKA 3a7adl TrapaHTyBaHHS TOYHOCTI
KEepyBaHHS SK PO3B’si3aHHS anreOpo—audepeHIiiagbHuX PIiBHAHL 3 OOMEKEHHSIMHU
[IpoBeneHe YWCIIOBE MOJCIIOBAHHS MiATBEPANIIO €(PEKTUBHICTH 3aIPOMOHOBAHUX
QITOPUTMIB KEPyBaHHsI, 3a0€3MEeUeHHS TOYHOCTI CTaOum3aiii Ta TOKpAaIleHHS
XapaKTePUCTHK TEePexiTHOTO Tpolecy. Po3poliieHI METoAu 1 alropuTMHU MaroTh

3HAYHUM HOTCHHiaII IJI1 3aCTOCYBAHHA B pCaJIbHUX CUCTCMAX.

PesynpTatn nocmigkeHHs MOXYTh OyTH BIPOBaJKEHI B PO3poOLl cHCTEM
KepyBaHHS Ta cTa0umi3amii s TETUIOBI3IMHUX CHCTEM Ta JIO3BOJISATH MOKPAIIUTH

TOYHICTh HaBCACHHS OIITHYHUX HpI/IJIaI[iB Y CKIIaIHUX YMOBax GKCHHyaTaHﬁ.

Po3pobneni metomu 1 Mojeni 3a0e3MedyroTh JIOCATHEHHS HOBHMX SIKICHHUX
XapaKTEPUCTUK AaBTOMATHYHUX CHCTEM KEPYBaHHS, BIMOBIIAIOTh CYy4aCHUM BUMOTaM
aBIOHIKHM Ta BiIKPHUBAIOTh MEPCIIEKTUBU CTBOPEHHS HOBUX BUCOKOTEXHOJIOTIYHHUX CaK
IUIA PI3HUX Tally3edl TEXHIKHM. Y Cy4YaCHHMX YMOBaX pO3BUTKY TEXHOJOTIM Ta
YCKJIaJHEHHS OOMOBMX 1 TPOMHUCIOBUX OMNEpaliil MiABUILEHHS TOYHOCTI
ABTOMATUYHUX CHUCTEM KEpyBaHHS ONTUYHUMH TMPWIAJAMU € KPUTHYHO BaXKJIMBUM
3aBnaHHsAM. OcCOOJIMBO 1I€ CTOCYETHCS 3aCTOCYBAHHS TaKuUX CHUCTEM B OOOpPOHHIH,
aBlaIlifHIM Ta KOCMIYHIM Tally3siX, /e BUCOKOTOYHE HABEJICHHS KaMep Ta CEHCOPIB
BU3HAYa€ €(EKTUBHICTh BUKOHAHHS OOWOBHMX 1 pO3BIAYyBaJbHUX 3aBJaHb.
3anponoHoBaHi B AUCEpTAalliiiHiil poOOTI METOIU Ta AIITOPUTMH CIPUSIIOTH CTBOPEHHIO
O1IbII HAMIMHUX 1 TOYHUX CUCTEM CTab1113al1ii, 110 T03BOJISIOTh KOMIIEHCYBATH BILIUB
30BHIIIHIX 30ypeHb Ta rapaHTyBaTH HEOOX1JHI XapaKTePUCTUKU KepyBaHHS HaBITh Y

CKJIaJIHUX YMOBax €KCIUTyaTarlii.
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3HauYyIIiCTh OTPUMAHUX PE3YJIbTATIB 3pOCTa€ B KOHTEKCTI Cy4YaCHUX BHKJIMKIB,
30KpeMa B yMOBax HEOOXIJHOCTI 3MIIIHEHHS OOOPOHO3AaTHOCTI YKpaiHHU.
ABTOMATH30BaH1 CUCTEMH KE€PYBaHHS ONTUYHUMU MPUCTPOSIMH BiIITPAIOTH KIIFOUOBY
pOJIb Yy HaBEJIEHHI Ta CTaOlmi3allii po3BLAYBAJIBHUX 1 CIIOCTEPEIKHUX CHUCTEM, IO
JI03BOJISIE CYTTEBO TMOKPAIIUTH MOXJIMBOCTI KOHTPOJIO 32 TaKTHUHOIO CUTYAIII€lo,
MIIBUIIUTHA TOYHICTh ypaKEHHS IIJIEH Ta ONTUMI3YBAaTH BUKOPHUCTAHHS PECypCiB.
BropoBamkeHHs: po3po0JIEHHX aJTOPUTMIB Yy BITUM3HSAHI TEXHOJIOTIYHI KOMILUICKCH
COPUATAME 3HIKEHHIO 3aJIe)KHOCTI BiJl IMIOPTHUX CHCTEM Ta PO3BHUTKY BIIACHOI

HayKOBO-TE€XHIYHOI Oa3H.

KpiMm Toro, pe3ynbTaTi AOCTIIKEHHSI MOXKYTh OyTH KOPUCHUMH JIJIsl IIUBLTBHOTO
CEKTOPY, 30KpeMa B rajay3sixX JUCTAHIIIIHOTO 30HIYBaHHS 3e€MJli, aBTOMAaTU30BAHOTO
KOHTPOJIIFO TPOMUCIIOBUX TMPOIIECiB, MEAUIIMHU Ta POOOTOTEXHIKH. Y TOCKOHAJICHI
QITOPUTMHU KEPyBaHHS O3BOJIAIOTh MOKPAIIUTH TOYHICTh HaBiraiii aBTOHOMHHUX
maTdopmM, cTadLTI3aIliio KaMep y Oe3MUIOTHUX JTalbHUX amapartax Ta TOYHICTh

BHUMIPIOBaHb Y HAYKOBHUX JIOCJIIJIKEHHSIX.

Takum 4yuMHOM, OTpHMMaHI HayKOBI PE3yJIbTaTH HE JHIIE pOOJSATh BHECOK Yy
PO3BUTOK TEOpii aBTOMATUYHOTO KEpyBaHHS, aje W MaroTh 3HAUYHUN MNPAKTUYHUIM
MOTEHLIIaN ISl BIPOBAXKEHHS B 0OOpOHHI, aBialliiiHI Ta MPOMHUCIOBI cucTemu. Lle
BIJIKpUBA€ HOBI MOXJIMBOCTI JUISI PO3POOKHM BUCOKOTEXHOJOTIYHUX CHUCTEM, MIO
3a0e3neyaTh CTpATEriuHl MepeBard BITUM3HSHHUX PO3POOOK Ta MiJBUINATH PIBEHb

TEXHOJIOTIYHOT'O CYBEPEHITETY YKpaiHH.
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JIOAATOK A

Po3paxyHok oOepHEHO1T JUHAMIYHOT MOJIEl CUCTEMHU

Wildus=tf(k dus,[Tdus 1]);

W lof=tf(cos_fiz,[Jys fle]);

Wildv=tf(k dvl,[Tdvl 1]);

Wikp=tf([T11 1],[T12 1 0]);

Wilk=k uml*k kul;
W1=(W1dus*W1of*Wlkp*W1k*Wldv);
Wlinv=W1"-1;

Numerator =W 1linv.Numerator{1,1};
W10=Numeratorl(1,6);
Wl1=Numeratorl(1,5);
W12=Numeratorl(1,4);
W13=Numeratorl(1,3);
W14=Numeratorl(1,2);
W15=Numeratorl(1,1);
Denominator1=W1linv.Denominator{1,1};
W10z=Denominatorl(1,6);
W11z=Denominatorl(1,5);

W2dus=tf(k dus,[Tdus 1]);
W2of=tf(1,[J2z f2¢]);

W2dv=tf(k dv2,[Tdv2 1]);
W2kp=tf([T21 1],[T22 1 0]);

W2k=k um2*k ku2;
W2=(W2dus*W2of*W2kp*W2k*W2dv);
W2inv=W2"-1;
Numerator2=W2inv.Numerator{1,1};
W20=Numerator2(1,6);
W21=Numerator2(1,5);
W22=Numerator2(1,4);
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W23=Numerator2(1,3);
W24=Numerator2(1,2);
W25=Numerator2(1,1);
Denominator2=W2inv.Denominator{1,1};
W20z=Denominator2(1,6);
W21z=Denominator2(1,5);
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TIOJIATOK B

Bwmict daitny Parameters.m

o
°

o\°

[

% IHapameTpu CCII I'CH %

o
°

o\°

formatshort g; formatcompact;
r2d=180/pi; d2r=pi/180;% IlepepaxyHOK paliaH y I'padyCy Ta HaBIAKM

g=9.8;% IPUCKOPEHHS CUJM TOKIHHA, M/C2

o
°

[o)

% 1.[lapameTpy KapnaHoBa nimicy I'CH
% Maca BHYTPplmHBLOI Ta 30BHIMHBOI paMoOK, KT
m2=2.479;

ml2 = 4.027;

ml=ml2-m2;

[o)

% 3MmimeHHs HeHTPY Mac I'CH monmo LeHTPY KaplaHHOBa MNimBicy, M

ro = le—-4;
% BamaHuM KyT NOBOPOTY 30BHIimMHBOI pamky, Ipanycu (—45...+45)
fiy zad = -45;

cos_fiy = cosd (fiy zad);
sin fiy = sind(fiy zad);

% BamaHuM KyT IIOBOPOTY BHYTpimHbOI pamku, Ipanycu (—-60...+30)

fiz zad = 0;

cos_fiz = cosd(fiz_zad);
sin fiz = sind(fiz_zad);
tan fiz = tand(fiz_zad);

% MoMeHTM iHepuil BHYTPimHBOIL Ta 30BHI1MHBOI paMmok, HMC2

J2x = 4891241.16 * le-9;

J2y = 7626753.39 * le-9;

J2z = 6439066.96 * le-9;

Jlx = 13478818.62 * le-9 - J2x;

Jly = 10560380.82 * 1le-9 - J2y;

Jlz = 13136279.57 * 1le-9 - J2z;

% CymapHi MoMeHTM iHepuii, HMC2

Jys = Jly + J2x * sind (fiz zad). ~ 2 + J2y * cosd (fiz zad).
J1l2 = Jly + J2x;

Jl2y = Jly + J2y;

o©

o\

2 .llapamMeTpy BUKOHABUMX OBUTYHIB

o\

Pos3paxyHOK koedilieHTa mMBUAOKICHOTO TepTd y IOBUI'YH1 uepes 3BOPOTHY EPC

o\

Ha ocl oBepTaHHA 30BHIimMHBLOI paMky HMC

Cml = 0.227; Cel = 0.185; Rfl = 2.366;
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dedsl=Cml*Cel/Rf1l;

o)

% Koed@iuieHT ekBiBaJIEHTHOTO B'A3KOTO TepTs O ocl obepTaHHS 30BHIMHBOI paMKu,
HMmc

fle = dedsl;

[o)

% EjexTpoMarHiTHa nocTirHa udacy BI Ha ocli obepTaHHS 30BHIMHBOI pPaMKu,

Tdvl = 64e-6;
% KoediuienT nepemaui BI no kepywouiir Hamnpys3i, Hm/B
k dvl = Cml/Rf1;

[o)

% PospaxyHOK koebilieHTa WBUIKICHOTO TepTd y IOBUI'YH1 uepes 3BOpOoTHY EPC

[o)

% Ha ocil obepTaHHS BHYTPimHBOI paMky, HMmC
Cm2 = 0.200; Ce2 = 0.163; Rf2 = 5.667;
deds2=Cm2*Ce2/Rf2;

o)

% Koed@iuieHT ekxBiBaJIeHTHOTO B'A3KOTO TepTs O ocl obepTaHHSA BHYTPilHBOIL paMKu,
Hmc

f2e = deds2;

o)

% EjexTpoMarHiTHa nocrTilHa yacy BI Ha oci ofepTaHHS BHYTPiWHBOIL paMKu,
Tdv2 = 147e-6;

% KoediuienT nepemaui BI no kepywouii Hamnpys3i, Hm/B
k dv2 = Cm2/Rf2;

% MexaHluHa cTajla yacy SBOBHIiNHBOI paMKu, 3

Tnr = Jys/fle;

Tnrl = J12/fle;

% MexaHluHa nocCTilMHa Yacy BHYTPiWHBOIL paMku, 3

Tvr = J2z/f2e;

o
o

% 3.llapamMeTpu Tipockomna/ maTumka KyTOBOI1 mBMIaxkocTi (IKII)
% CMmyra nponyckaHHg ¢imepTpa IOKII, T'u
fdus = 200;%25 Hz 75 100 10 150 200Hz
% TocTimHa uvacy obimsTpy IOKI, c

Tdus = 1/ (2*pi*fdus);

% KoediuienT nepemaui IOKI, B/ (rpamn/c)

k dus = 0.7;

% Hoxmbkwu IKII

dwy = 0;% 3BmimenHa Hyns JIKI, rpan/c XY 0.33(rpam/rom) %z 0.22 (rpan/rom)
Ny = 0;% Bumankoewit mperd, rpan/c/sqrt (I'u)

Ny2 = Ny*2;% IdTeHcuBHicTb wywmy, (rpan/c)”2/Tyh

% Typical XY 0.00203% Maximum XY 0.00224

% Typical Z 0.00140% Maximum Z 0.00159

% Kyrtu HeBucTaBku K, paniaHm

ar=0%*d2r; b r =0 * d2r; g r = 0 * d2r;

% 4.llapamMeTpr Q1KCOBAHMX €JIEMEHT1B KOHTypiB crab®imsmizanii,

Q

s aBTocCylipoBOnLy, ijeBkasiBku Ta SJIEKTPUMUYHOT'O appeTyBaHHA
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o)

% KoebdiuienTu nepemaul nimcuioBauiB notTyxHocTi Bl

k uml = 100; k um2 = 100;

% BaranbHui koediinienT mepemaul onTMUHOTO KaHaJly, B/pan

k OK = 0.04;

% KoebdiuieHT nepemaul maTumMka KyTa Ha Ocl obepraHHs pamky, B/pamn

k DU = 27;

% 5.llapaMeTpy KOPUI'YBaJIbHMUX IIPUCTPOIB

[o)

% Kopurywoumi NPpUCTPiM y KOHTYpPl crabimizauii 30BHImMHBOI paMku
k kul = 150; T11 = 0.014; T12 = 3.7e-4;

% Kopurymoumii OpUCTpPilt y KOHTypl cTabimiszsauniil BHYTPimHBOIL paMKu
k ku2 = 12.6; T21 = 0.022; T22 = 7.2e-4;

% Kopuryoumii DPpUCTPil y KOHTYpPl aBTOCYyNpOBOLY

k ku AS = 8750; T AS1 = 24; T AS2 = 1.0;

% KopuTyBallbHMM NPUCTP1M y KOHTYPl BimmnpauowBaHHS LiJIeBKaA31BKU
k ku C = 0.26;

o)

% KopuryeajibH1 NpuCTPOi B KOHTYpPax EJIEKTPUUHOI'O appeTyBaHHS

k ku Al = 0.31; k ku A2 = 0.08; TAL = 0.035; TA2 = 0.0024; TA3 = 0.0005;

o
o

% 6.llapameTpu 30YPEHb

o)

3 IlapameTpu koJMBaHb O0'ekTa

tetalm = 0;% AMniuiTyna koJiMBaHb (BapiauT 1), Tpan/c

wkl =1 * 2 * pi;% UacrToTa kOJMBaHbL (BapiauT 1), pan/c

teta2m = 0;% AMOiiTyma KoOJMBaHbL (BapiadHT 2), Tpan/c

wk2 = 5 * 2 * pi;% UYacToTa KOJMBAHL (BapiauT 2), pan/c

omegalm = tetalm * wkl;$%$ AMmnjaiTynma KyTOBOIL WBMAOKOCTI koJMBaHbL (BapiaHT 1),
rpan/c

omegalZm = tetaZm * wk2;% AMnjaiTynma KyTOBOIL WBMAOKOCTL kKOJMBaHL (BapiaHT 2),
rpan/c

domegalm = omegalm * wkl;% AMIIiTyZma KyTOBOT'O INPMCKOPEHHS KOJMBAHL (BapianT 1),
Tpan/c?2

domegaZ2m = omegalZm * wk2;% AMILIITyHa KYyTOBOI'O INPMCKOPEHHsS KOJMBaHbL (BapiaHT 2),
Tpan/c?2

o\

MomyJsii MOMEHT1iB CUMJI CYXOTO TepTd

Ha OCHX NinBicy B0BHImMHBOI Ta BHYTPIWMHBOI pamky, HwM

o\

o

m trl = 0.032; m tr2 = 0.021;
m trl = 0; m tr2 = 0;

o

THmi nocTirHil MOMeHTM, WO OOYPHRITH

o\

Ha OCfX NinBicy B0BHImMHBOI Ta BHYTPIWMHBOI pamky, HwM
0;%0.02;
Mvz2 = 0;%0.01;

Mv1l

o)

% MomeHTU znebajilaHCy

% Mdebl = ml2 * ro * g;
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% Mdeb2 = m2 * ro * g;
% BaplaHTy OOMHOUYHOTO yIapy (OPpMUCKOpPEeHHS M/C2, TPMBAaJiCcThb)
Wudl = 500; tudl=lle-3;

Wud2 = 100; tud2 = 20e-3;

Wud3 = 100; tud3 = 40e-3;

Wud4 = 400; tud4=20e-3;

Wud5 400; tud5 = 30e-3;

% Bubip BapiaHTa ynapy
Wud = Wudb5; tud = tud5;

[o)

% IapameTrpu obopmynuoTo binmpTpa IJiS LMPOKOCMYTOBOI BMMIAOKOBOI1 Bibparii

% CoiJsibHMI [OJIiT

kvl = 4.5e-6; Tvll = 0.008; Tvl2 = 0.0007; Tv1l3 = 0.0004; Tvl4 = 5e-5; Tvld =
4e-5;

% ABTOHOMHMM IIOJI1T

kv2 = 6.4e-6; Tv2l = 0.008; Tv22 = 0.0018; Tv23 = 0.00055; Tv24 = 5e-5; Tv25 =
4e-5;

% 7.PexyMm podorum CCII

SSP mode = 1;% 0 - crabimizsania; 1 - uijmeBkasieka; 2 — aBTOCYNPOBin

o
°

o)

% 8. Kepywoul BOIMBU

o)

% KyToBa mWBMOKICTH aBTOCYNpPOBONY, I'pamn/c
w AS = 30;% w AS = 30;

% KyT uijeBkasiBku, Tpan

fi C = 40;
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JTOJIATOK T

clc

k=0; Yz=0.4;

StepVal=1;

SinAmp=0; SinFreq=0;

RandMax=0;

SwitchRand=0;

Switch2=0;

Kd=0; Ki=0;

out = sim ("Chapter2");

k=1; Kd=0; Ki=0;

out2 = sim ("Chapter2");

Kd=1; Ki=0;

out3 = sim ("Chapter2");

Kd=1; Ki=1;

out4 = sim ("Chapter2");

figure

% Create axes

axesl = axes('Parent',figure);

hold(axesl, 'on');set(axesl, 'FontName', 'Times New Roman', 'FontSize',14);
plot(out.simout)

hold on

plot(out2.simoutl)

hold on

plot(out3.simoutl)

hold on

plot(out4.simoutl)

grid on

% Create ylabel
ylabel('AvnniTtypa', 'FontSize', 14, 'FontName', 'Times New Roman');
% Create xlabel

xlabel('Yac (cekyHau)', 'FontSize',14, 'FontName', 'Times New Roman');
% Create title

title('Peakuia konuMBanbHOl naHku', 'FontSize',14, 'FontName', 'Times New Roman');

hold off

figure
k=1;Yz=1;
out2 = sim ("Chapter2");
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axesl = axes('Parent',figure);

hold(axesl, 'on');set(axesl, 'FontName', 'Times New Roman', 'FontSize',14);
% plot(out2.simout)

% hold on

plot(out2.simoutl)

hold on

plot(out2.simout2)

grid on

% Create ylabel

ylabel('AmnniTtypa', 'FontSize', 14, 'FontName', 'Times New Roman');

% Create xlabel

xlabel('Yac (cekyHgmn)', 'FontSize',14, 'FontName', 'Times New Roman');
% Create title

title('lMpagpik', 'FontSize',14, 'FontName', 'Times New Roman');

hold off

figure

% Create axes

axesl = axes('Parent',figure);

hold(axesl, 'on");set(axesl, 'FontName', 'Times New Roman', 'FontSize',14);
k=1;Yz=1;

out3 = sim ("Chapter2");

plot(out3.simoutl)

hold on

k=2;Yz=1;

out3 = sim ("Chapter2");

plot(out3.simoutl)

k=3;Yz=1;

out3 = sim ("Chapter2");

plot(out3.simoutl)

grid on

% Create ylabel

ylabel('AmnniTtypa', 'FontSize', 14, 'FontName', 'Times New Roman');

% Create xlabel

xlabel('Yac (cekyHau)', 'FontSize',14, 'FontName', 'Times New Roman');
% Create title

title('Peakuia konuMBanbHOl naHku', 'FontSize',14, 'FontName', 'Times New Roman');
figure

% Create axes

axesl = axes('Parent',figure);
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hold(axesl, 'on');set(axesl, 'FontName','Times New Roman', 'FontSize',14);
k=1;Yz=1;

out3 = sim ("Chapter2");

plot(out3.simout4)

hold on

k=2;Yz=1;

out3 = sim ("Chapter2");

plot(out3.simout4)

k=3;Yz=1;

out3 = sim ("Chapter2");

plot(out3.simout4)

grid on

% Create ylabel
ylabel('AmnniTtypa', 'FontSize', 14, 'FontName', 'Times New Roman');
% Create xlabel

xlabel('Yac (cekyHau)', 'FontSize',14, 'FontName', 'Times New Roman');
% Create title

title('lpadik’, 'FontSize',14, 'FontName', 'Times New Roman');
hold off

x1im([0.0000 ©.0766])

ylim([0.00 1.14])

figure

% Create axes

axesl = axes('Parent',figure);

hold(axesl, 'on");set(axesl, 'FontName', 'Times New Roman', 'FontSize',14);
k=1;Yz=1;

out3 = sim ("Chapter2");

plot(out3.simout2)

hold on

k=2;Yz=1;

out3 = sim ("Chapter2");

plot(out3.simout2)

k=5;Yz=1;

out3 = sim ("Chapter2");

plot(out3.simout2)

grid on

% Create ylabel
ylabel('AvnniTtypa', 'FontSize', 14, 'FontName', 'Times New Roman');

% Create xlabel
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xlabel('Yac (cekyHau)', 'FontSize',14,

% Create title

title('lMpagpik', 'FontSize',14, 'FontName', 'Times New Roman');

hold off
figure
% Create axes

axesl = axes('Parent',figure);

hold(axesl, 'on');set(axesl, 'FontName', 'Times New Roman', 'FontSize',14);

k=1;Yz=1;

out3 = sim ("Chapter2");
plot(out3.simout5)

hold on

k=2;Yz=1;

out3 = sim ("Chapter2");
plot(out3.simout5)
k=5;Yz=1;

out3 = sim ("Chapter2");
plot(out3.simout5)

grid on

% Create ylabel

ylabel('AmnniTypa', 'FontSize', 14, 'FontName', 'Times New Roman');

% Create xlabel

xlabel('Yac (cexkyHgmn)', 'FontSize',14,

% Create title

title('lrpadik’, 'FontSize',14, 'FontName', 'Times New Roman');

hold off
x1im([0.000 0.149])
ylim([©.515 0.863])

"FontName', 'Times New Roman');

"FontName', 'Times New Roman');
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TIOJIATOK T
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JIOJIATOK ]I

IOpiit IOP’E€B
2025 poxy

AKT

ITpo BUKOPHUCTAHHS pe3yJbTaTiB IOCIiIKeHb JUcepTaliifHol poboTy acnipaHTa
kadenpu cucteM KepyBaHHs JitanbHuMHU anaparamu (CKJIA) HaBagbHO-HAyKOBOIO
IHCTUTYTYy aepOKOCMIYHMX cucTeM HallloHaJbHOrO TEXHIYHOTO YHIBEpCHUTETY
Vkpainu “KuiBcbkuil monitexHiyHui iHCTUTYT iMeHi Iropst Cikopcskoro” Ocokina
Bnanucnasa CepriifioBuuya Ha TeMy “IHBapiaHTHa 10 30ypeHb ONTHMalbHA CHCTEMa
KepyBaHHs ONTHUYHOIO BICCIO KaMepH~ Ha 3700yTTs OCBITHBO-HAyKOBOT'O CTYIEHs
noxropa dimocodil.

Komicis  Ka3zeHHOro miampuemMcTBa CHELiaJIbHOTO — MPHIAfo0yxyBaHHS
“Apcenan” y ckiai: rojoBH KoMmicii — 3actynHuka HadanbHuka HBTK, ronosHoro
KOHCTPYKTOpPY HampsIMKY, A.T.H. Tsarypa Bonogumupa MuxaiinoBuya i 4ieHiB KoMicii
— mpoBigHoro imxkeHepa, K.p-M.H. Kimouka Onekcanzapa IBaHoBHua 1 3acTymHHKa
nayanpauka HBTK - HavaneHuka BigminenHs, Opmaka Onera Map’sHoBrua
po3rnsHyna MaTepianu auceprauiiinoi poboru Ocokxina B.C. “IsBapiantHa 10
30ypeHb ONTUMAallbHA CHCTEMa KepyBaHHS ONTUYHOIO BicClo KamepH™ 1 3poOuia Taki

BHCHOBKH:

1. Orpumani B puceprauiiiHi po6oTi pe3yabTaTH 3HANIIUIA CBOE BIPOBAKEHHSI
B €CKI3HOMY IIpPOEKTI 31 CTBOpPEHHS OINTHYHOI TOJNIOBKM CAMOHABEJIEHHS 3
GopmyBaHHSIM 300paxkeHHs Ha 6a3i GoToMeTpHYIHOI MaTpHulli, Ae Oyl BUKOpHCTaHi

HACTYIHI pe3yJIbTaTH:

1.1. MaremariyHa MoOJelb CHCTEMH aBTOMATHYHOTO KEPyBaHHS [
ripoctabinizaropa ONTHYHOI OCi Kamepw, sika 3a0e3ledye rapaHTOBaHy TOYHICTD i
CTiHKiCTh MepexiJqHUX MPOLeciB MPH 3MIHHUX 30BHIIIHIX yMOBaX, a TAKOX BPaxoBy€e

JMHaMiKy 00’€KTa KepyBaHHS.
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1.2. AnropuT™ aBTOMaTHYHOTO KepyBaHHS, L0 3a0e3nedyye iHBapiaHTHICThH [0
30ypens. HoBuit anroput™ ¢hopmyBaHHS KoedillieHTiB 3BOPOTHOTO 3B’ 3Ky Ha OCHOBI
MapaMeTpiB CUCTEMH, SIKUH J03BOJISIE IOCSATaTH BHCOKOI TOYHOCTI cTabiiizauii mpu

IiT HeBU3HAUEHHUX 30ypEHb.

1.3. IpakTryHi peKoMeHAaLIl 110 3aCTOCYBaHHIO ITiIXOAY 00epHEeHOT THHAMIYHOT
CHCTeMH JUIsS CUCTEM BHCOKOIO IOPSIAKY sl 3a0e3nedeHHs cTabiIbHOCTI Ta SKOCTI
NepexiJHOro Npolecy CHUCTEMU aBTOMATHYHOIO KEpyBaHHS, IO HE 3aleXHUTh BiJ

XapakTepy 30ypeHb.

2. IlpoBemeHe AUCEPTAaHTOM YHCENIbHE MOJENIOBaHHS poOOOTH pPo3pobieHO]
CHUCTEMH KepyBaHHs. 3allpOIIOHOBaHA CHCTeMa 3abe3nedye BUCOKY e(eKTHBHICTH B
yMOBax HeBHU3HaueHHX 30ypeHb. [IOpiBHAHHA 3 TpagMUifHUMH MeTOIAMH

JIEMOHCTPYE CYTTEBE IMMOKPAILIEHHSI IKOCTI IepeXiTHOro mporecy cradimizarii.

3. TlpakTuyHuii DOpPOOOK AMCEpTaHTa, a came: pe3yJbTaTd MOJENIIOBaHHS Ta
mporpaMHa peainizaris (isuko-mMaremMaTHyHOI Mozeni B cepepoBuili «Matlab
Simulink» € akTyanbHUMH, IEpCHEKTUBHUMH Ta MOXYTbh 3HAHTHU 3aCTOCYBaHHS IIpH
CTBOPEHHI Ta OLIHII SKOCTI CUCTeM aBTOMATHYHOIO KepyBaHHS ripocTalbisizoBaHMX
marGopM IJIsl ONTHYHHUX TOJIOBOK CAMOHABENEHHS Ta 1HIIMX NMpeIHu3iiHuX NpHuiaiiB

ta cucteM KIT CITb «Apcenam.

-

["osioBa KOMICIT: //ér/uv*-;/ ~— Taryp B.M.
o 0 yZ,

YneHu KoMicii: ‘ &fw " Kuouko O.I

/Q / Opmrax O.M.
g

A
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