TRACKING ELECTROMECHANICAL SYSTEM WITH MODAL CONTROL
Zh. Kalmaganbetova, M. Maksotkerey, D. Satybaldina, E. Ospanov

This article examines the modal control of an Electromechanical drive system for controlling an
aircraft onboard radar station. In on-Board radar stations of an aircraft, the Electromechanical drive system
must overcome the influence of load disturbances and changes in the operating point to improve the strength
characteristics of the control. Considering this problem and taking into account the large inertial and small
load stiffness of the Electromechanical drive system, the expediency of applying the modal control law is
investigated in this paper. Modal control suppresses the resulting elastic vibrations, as it allows you to
choose the type of desired characteristic polynomial of the system. Requirements for the ftransition
characteristic of the system are provided by using the Butterworth polynomial in the system. Modeling of the
synthesized control system with modal control is carried out. The simulation results show that modal
synthesis control can effectively cope with parameter perturbation and load perturbation.

Key words: tracking Electromechanical system, modal control, mechanical elasticity, Butterworth
polynomials, parametric perturbations.
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MAPAMETPIEPI MEH KYWI TYPANbI AKMAPAT TOJNbIK BONMFAH KE3[E ¥LUY
AMNMAPATbIH TMIMAOI BACKAPY

AHOGamna: byn makanala ywly annapambiHbiH napamempriepi MeH OHbiH Kyli mypanbl MmorbiK
aKnapammapbel 6ap Mbicanra call cmauuoHapnbiK eMec Cbi3blIKmbl 06bekm YuWwiH oHmalins! 6ackapy
3epmmenedi. Ywy annapammapbiHbiH aybimKy xarlallbiHOarbl Oyliprik Ko3farnbiCbl Kapacmbipbliadbl.
Kapacmbipbinbin  ombipraH  6ackapy O0OBLeKmiICiHIH  mamemamukanblK  modeni  6eciHwi  pemmi
Ouchheperyuandblk meHOeynep XylecimeH cunammanadsl. backapy peni pemiHOe anepoHdap xoHe
6uikmik pyniniH aybimkyb! kepceminedi. OHmalinbi 6ackapy »oHe cana hyHKUUACKIHbIH OHMalinbl MOHI YWiH
epHeKkmep anbiHFaH. Matlab nakeminiH 6eniei 6onbin mabbinamsiH Simulink-me 3epmmenezeH 6ackapy
XytlieciH modensdey Hamuxxenepi, ezep 06beKMIHIH napamempriepi MeH Kyti monbik 6enzini 6onca, yuyobl
mypakmaHObIpy Moceneci ywiH oHmalinbl 6ackapyObiH muimdiniziH pacmalidsl. Kyii 6eKkmopbiHbIH
KoMoHeHmmepi ywin emneni npouyecmepldiy epaghukmepi arnbiHObI.

TytiiH ce3dep: muiMOi backapy, ywy annapamsbl,cana yHKUUOHab!, Pukkamu meHdeyi, anepoHdap
MeH pendiH aybimKy 6ypbillbl.

3amaHayn ylwakrap MeH Tikyllaktapaa ap Typhi Kypbiifbinap MeH aBToMaTtTbl XXynenep
KenTen opHaTtbifFaH. ¥Wy annapatblH eHAIPY KesiHAEe aBUOHMKA LUbIFbIHAAPAbIH, ken ©6eniriH
Kypanabl.

¥wy annapaTbliHblH, KYPbIIFbIChl KE3 KenreH >Xafaanaa KovbinFaH MIHAETTEpAl opblHAayfFa
MYMKIHAIK OepeTiH Kypaeni TexHukanblk keweH Oonbin Tabbinagbl.¥WyablH KanbinTbl afbiMbl
OOPTTLIK KYPbINFbIHBIH CEHIMAI >XOHE AYPbIC KYMbIC iCTeyiHE BannaHbICTbl XOHE A€ KOWbINFaH
TancblpMaHblH OpblHAaNYbl Aa coFaH Tayenai 6onbin keneai.

BbackapbinaTblH yLy annapaTrtapbliHia eH aniblMeH 3KMNaXKablH eMipi MeH XyMbICbl YLUiH
KanbinTbl >Kargavnap xacanybl TUIC.Op Typni GOpTTblK Kypbinfbinapibl akMnaxaap yuy
annapatTapblH 6ackapy YLWIiH, XanblK LapyalbifblK XOHE fbifbIMU-3EPTTEY KYMbICTap Hemece
Oapnblk GOPTTbIK KypangapablH, >XYWenepaiH >XoHe arperattapgblH, TeXHUKanblK KaFganbiH
Bakbinay ywiH KongaHynapbl MyMKiH.

¥LUY XKbINAaMAbIFbIHBIH ©CyiHe 6annaHbICTbl 3KUNaXK KypanaapablH kepceTkilwi OOMbIHLWA YLy
PEeXMMIH peTTen >xoHe op Typni OopTThIK annapatrapabl TUIMAI nanganaHbin  ynrepmengi.
CoHgbikTaH ywyabl ©Gackapy npouecctepi MeH arperattapiblH  KONTereH >KyMblCTapbl
asToMaTTaHablpbinaabl [6,7].

Backapy HblCcaHbl peTiHAe YLIaKTbIH XeHingeTinreH ynrici aneiHFad [1,3,4]. ¥LWaKTblH, KPeH,
CbipFaHay aHe CbipFy OOMbIHLWIA KO3FamnbiCbl ©3apa BannaHbICTbl xeHe Oynipnik KosfFanbIC gen
aTanatblH >KMbIHTbIKTbI Kypamabl. byn KosfanbiC TaHrax OypbllbIHbIH, ©3repiCTepiMEH >KaHe
YLLIAKTbIH, TiK KO3FanbICbIMEH, SiFHN OHbIH O0MNbIK KO3FanbiCbIMeH annaHbICTbl emMec.
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¥uly annapartbiHbIl, KucailraH Oynip/iik KO3rasibiCblH OpPHbIKKAH KengeHel yulyra KaTbICTbl
6eciHWi peTTi Teuaeynep xyrecimeH cunatrayra 6onagp! [6]:
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MyHgarbl jff - cblpraHay 6ypbiwwbl, - cbipry O6ypbibl (KYpCTbIW),y - KpeH 6y p bl Wbl , -
CbIpryAbil, OypbILTbLY, XblgamapirblLUa. - KpeHHiy, OypbIlWTbly Xblagamabirel. A* A - caiikeciHwe
anepoHaap MeH py/bail aybITKy OypbILbl.

NHepuma MOMEHTTepi X3He onapAbil, TyblHAbLIapbl, COHAAW-aK ylwak napamMeTpriepi keneci
Typae 6epinrex:
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¥wai™rbl 6ackapy anepoHzap MeH py/bdil (6ekaHe 5n GypbiwTapbl)aybITKybl apkacbiHAA
Xy3ere acafpl. Eu a3 cana goyHkUmoHanbl kenecige [5):
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KoathdouumeHTTEep MaHIH eckepe oTbipbIn, (1) Xyie Keneci TypAe YCbIHbITYbl MyMKIH:
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KaoanwveH enweyre Kyii BEKTOPbIHbIL, 6apsibLl, 31eMeHTTepi Ko XeTimai Aen kapacTbipaiibly;

Y = Ex,
MyHZarbrr = (p,ci)x,bly,y, @Y. Erep 6epinireH MaHAi kabblngaiTblH 60/1cak:
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n = 0.4672 0.0449 0.0191 B = 0.3819 -G.1151
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(3) XyieHi kaHOHAbLLL joopMaga KepceTyre 6onapl: x = J/1x + Bii.
Erep xylie Kyiii MeH napameTpnepi Typaabl Tonbl, annapar 6enrini 6onca, Thimagi 6ackapy
keneci popmynameH cinattanagpl [5): _
epn =-fi-isr(t)51()"(t), (4)
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MyHOATbISPUKKaTV TANTI Tei-|aeyaeH Tabbinagbi:
5j () + SIFFIAIL) + yir ©51() + 51(HB(L)i?_1BT®)-S"i0+ Q = 0,
\st(T) = 5, " " "
Byn ke3ne5 Pukkatu-Jlypbe THNTI Tei-igeyai kaHataTTaHabipaipl:
SA + ATS + SBR-'IBTS+ Q = O (6)
(5)-(6) 6ackapynapmeH (1) XyieHiy, KyihiiH Moaenbaey HaTikenepi 1-2 cypeTtTe KenTipinreH
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Cypert 1 — HbicaHcxemacsl

Integratar 1

X(t) Kyl BEKTOpbI WbITbIC 60MbIN Tabbliagpl. 2 CypeTTe CalKeciHWe cbipTaHay OypbIlbIHbILL,
CbIPTYAbIL, OYPbILUTBLL, XbIN4AMABITLIHbIL, KPEHHIL, OYPbILLTHLL XblAaMAbITbIHbIL, KPEH GYpPbILLbIHbIL,
X3HEe  CbipTy  OypbillblHbIL, ~ €Tneni  ypAicTepiHiy  rpadoiiktepi  6eliHeneHreH. XKyieHil,
dyHKUMOHangaHy nepuogbl petiHae 50 ¢ Tai-igantaH. [pacbiiktepaeH KepiHin  TypTaHgan,
perynaTop e3iHil, MiHAETIH aTKapbin Typ XX3He/? MeH y OypblliTapbl 60MbIHLIA HbICAHHbIL, 6EpINreH
b6actankbl MaHOepiHAe XyheHi anTauibl Kyire kentipegi. bacTtankbl wapTrapibl eTey YLiH Xyie
WYaHe LLlykoMNOHEHTTEPIH Kabbligamay Kepek

CypeT 2 - HbicaHHbIL, eTneni ypaicTepiHil, rpadoiri
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ONTUMANBLHOE YNPABNEHWUE NETATESNIbHbIM AMNAPATOM MPU MOAHON MHOOPMALIMU
O NAPAMETPAX N COCTOAHNA
3.6. AmupxkaHosa, E.K. Yawos, [.K. CateibanguHa, E.A. OcnaHoB

B OanHoli cmambe uccnedyemcsa onmumarbHoe yrnpasneHue 0ns HecmauyuoHapHOo20 JIUHelHoz20
06BEKMa Ha rnpumepe nemamesibHo20 annapama rpu nonHol uHgopMmayuu 0 napamempax u COCMosHUU.
PaccmompeHo  60kogoe  0sueHue  jfiemamernbHO20  annapama 6  YCrosusax — e03MyuweHull.
Mamemamudyeckas mModenb paccmampueaemozo o00bekma ynpaseneHus onucblieaemecs cucmemoll
OuchheperyuanbHbiXx ypasHeHull namozo nopsidka. B ponu ynpasneHus ebicmynaem 371epoHbl U
OMKIIOHEHUS Pyra ebicomebl. [1oyqyeHbl ebipaxeHusa Ons OnMmuMarnbHO020 yrpassieHus u onmuMansHO20
3HaYeHuUs yHKyUoHana kadecmsa. Pe3ynbmambl modenuposaHus uccnedyemoll cucmemb! yrpasieHus 8
Simulink, exodsaweli 6 cocmase nakema Matlab, nodmeepx0aom 3hheKmueHOCMb ONMUMalibHO20
ynpaeneHua 0na 3adadu cmabunu3ayuu nemamenbHoe0 anfnapama, ecrnu napamempsi U COCMOsHUE
obbekma u3eecmHbl NoHOCMe0. losydeHs! epachuku nepexoOHbIX npoueccos 01151 KOMIOHEHM eekmopa
COCMOSHUS.

Knroyeeble cnoea: onmumarnsHoe yrpaerneHue, nemamersbHbll annapam, hyHKUUOHan Kadyecmea,
ypasHeHusa Pukkamu, yerbl OMKIIOHEHUS 371ePOHO8 U Pyrisl.

OPTIMAL AIRCRAFT CONTROL WITH FULL PARAMETER AND STATUS INFORMATION
Z. Amirzhanova, E. Uashov, D. Satybaldina, E. Ospanov

This article examines the optimal control for a non-stationary linear object using the example of an
aircraft with complete information about the parameters and state. The lateral movement of the aircraft under
the conditions of disturbances is considered. The mathematical model of the considered control object is
described by a system of fifth-order differential equations. Ailerons and elevator deflections act as controls.
Expressions are obtained for optimal control and optimal value of the quality functional. The simulation
results of the investigated control system in Simulink, which is part of the Matlab package, confirm the
effectiveness of optimal control for the problem of aircraft stabilization if the parameters and state of the
object are fully known. The graphs of transient processes for the components of the state vector are
obtained.

Key words: optimal control, aircraft, performance functional, Riccati equations, aileron and rudder
deflection angles.
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TECHNOLOGY OF PATE PRODUCTION USING MEAT AND BONE PASTE AND ITS FOOD
SAFETY

Annotation: One of the directions for expanding the range and improving the quality of meat
products is the integrated use of raw materials of animal and vegetable origin. Ensuring food safety is a
basic requirement of food production. Meat and bone paste is a homogeneous homogeneous mass obtained
by processing the rib and vertebral bones of cattle. Adding meat and bone paste to the pate recipe provides
a balanced content of minerals. The recipe and technology of liver pate with the addition of meat and bone
paste, the mineral composition of which is Ca:P is close to the recommended standard (1:1.1). Food safety is
determined by the content of chemicals, physical pollutants, microbes and toxins. Microbiological, physical
and chemical indicators of food safety are regulated by normative indicators in accordance with state
standard. Research and development of meat pates is an urgent topic in the current state and demand of the
food market.

Key words: food safety, meat and bone paste, meat paste.

Food safety of food production is an urgent task of the processing industry. Compliance
with food safety requirements is regulated by GOST standards, production standards, quality
management systems, and technical regulations.

Food safety is determined by the content of chemicals, physical pollutants, microbes and
toxins.
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