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PaCCManI/IBaeTCH METOAMKAa CHHTEC3a pO6aCTHOF0 KOHTYpa yFJIOBOﬁ CTa6I/IJ'H/I3aHI/II/I JUIIsL 00BEKTa
yrpaBJicHUA € aCTaTU3MOM IICPBOro MoOpAaaKa. HOHy‘lCHBI CTPYKTYypa U HapaMCTphbI pO6aCTHOI‘O
peryiiaropa B KOHTYPC cmﬁnnmaunﬂ yriia TaHraxa OCCIIMIIOTHOI'O JIETATEILHOIO armapara.
HpeHCTaBJ'IeHLI PE3YIbTAThl MOACIUPOBAHUA JUHAMUYCCKUX XAPAKTCPUCTUK KOHTYpPA crabunmn3a-
WU P U3MCHCHUU I1apaMECTPOB 0o0BeKTa YpaBJICHUA.

Kniouesvie cnosa: 6ecinOTHBIN JIeTaTeNbHBIN ammapar, CHcTeMa YIIIoBOM crabwim3anmu, poda-
CTHBIH PETYJISITOP, TMHAMHYECKUE XapaKTePUCTUKH.

BBenenue

Cuctembl ynpaBleHUsI COBPEMEHHBIMH OECIIMIIOTHBIMU JieTaTeNnbHbIME annapataMi (BJIA) mo
CBOEH CIOKHOCTH M MPEObABISIEMbIM K HUM TpeOOBAaHUSAM HE yCTYNAIOT aHAJIOTMYHBIM CHCTEMaM B
MUIOTHpYeMO aBHanuy. BaxxHyto ponb B obecriedenuu ynpasinsiemoro nonera BJIA urpaer cucrema
YIJIOBOW cTaOMIM3alMH, IpeaHa3HAYeHHAs TSl OTPaOOTKH PEryISIPHBIX YIPABISIOMINX BO3ICHCTBUMA
Y IapUpOBAHUS CIy4alHBIX BO3MYILEHHUH 110 KaHaJaM TaHTa)ka, Kypca 1 KpeHa.

Knaccugukanyst u cTpyKTYpHBIE CXEMBI CHCTEM aBTOMAaTHYECKOH CTaOWIHM3alud YTIOBOTO
MIOJIO’KEHM S JIETATENBHBIX aIlllapaToB MpeAcTaBiIeHsb! B uTepatype [1-3]. Bce KoHTYphI yrioBoii cTa-
OMIM3alKH CTPOSTCS KaK 3aMKHYTBIE CIICASIINE CHCTEMBI C 0OPATHBIMHU CBSI3SIMH, ONPEACTIOIIIMHCS
napaMmeTrpaMy cOOCTBEHHOT'O BpalllaTeIbHOTO ABMKEHHUS JIeTaTebHOTO anmnapaTa. [1o Buay curHaioB
00paTHBIX CBSI3€H Pa3IMYalOT 3aKOHBI YIIPABICHUS:

- TI0 YIJIy ¥ IEpBOM MPOU3BOJHOM YIIIa;

- TI0 YIJTy, IEPBOM U BTOPOU MPOU3BOAHBIM YIJIa;

- 110 YIJTy, IEPBOM MPOU3BOAHON U MHTErpaly OT yria.

[Tapamerps! 1erneil 0OpaTHBIX CBSI3€H KOHTYPOB YIJIOBOM cTaOMIM3aUUH Al (PUKCUPOBAHHBIX
napamerpoB o0bekTa ynpasneHus (maanepa bJIA) BeiOuparoTcs ucxoas u3 TpedyeMoro KauecTBa Ie-
PEXOIHOTO M yCTaHOBUBIIErocs MporeccoB aBTonmiora. OCHOBHOW MpoOsieMOl, BO3HUKAIOIIEH MpH
WCTIONIb30BaHUH PETYISTOPOB C MOCTOSHHBIMU KOX(PHUIIMEHTaMH, SABJSETCS HECTAMOHAPHOCTh KOH-
Typa crabunusauuy, oOyclOBICHHAs U3MEHEHHEM ITapaMeTpoB JICTaTeNbHOro anmnapara. M3meHneHus
napaMeTpoB JIETAaTeIbHOTO anmnapara MOryT ObITh BBI3BaHBI KAK U3MCHEHHEM €ro a’pOAMHAMUYECKHX
XapaKTEPUCTHUK B CBSA3M CO CMEHOH peKuMa TolieTa (BbICOTa, CKOPOCTh, YHCIO M | T.1.), TaK U U3Me-
HEHHEM MAacChl, MOMEHTOB MHepuuu u LeHTpoBkH BJIA. HecranmonapHocTh 0OBbeKTa yrpaBieHUs
MOXET IPUBECTH K HEIOMYCTUMOMY CHIKEHHUIO Ka4eCTBa PEryIMpOBaHuUs B KOHTYpax CTaOMIN3aLuH,
a B HEKOTOPBIX CIyYasX U K IOTEpE UX yCTOWYUBOCTH.

Jns ycTpaHeHUs 3THX HEOCTaTKOB KOHTYPBI CTAaOWJIM3alMH YIJIOBOro monoxkenus JIA crpo-
ATCS KaK aAalTUBHBIC CUCTEMBI YIIPaBJICHHs. ATl THBHBIE CUCTEMBI CTAaOMIM3aLUN COEPKAT OCHOB-
HOW KOHTYp CTAaOMJIM3alMU U YIPABJICHUS IOJIETOM, a TAKXKe KOHTYp CAMOHACTPOWKH peryJisTopa, 3a-



Jadeil KOTOPOTO SIBIISCTCS HISHTH(DHUKAIMS XapaKTEPUCTHUK OOBEKTa YIpaBJICHUs, (OPMHPOBAHHE
TpeOyeMOoro KpuTepHsi KauecTBa peryJupoBaHus 1 OUCK €ro 3KcTpemymMa [2].

Takue cUCTEMBI TOCTATOYHO CIIOXHBI B peau3aluy, 00JIaaroT CISAYIOIUMH HelOCTaTKaMU
U TpeOyIoT:

- peleHus 3aauu UIeHTU(DUKAINKA TTapaMeTpOB JICTATEIBHOIO armmapaTa B peaJbHOM Mac-
mrabe BpeMeHH;

- MPUMEHEHUS CIICIUATBLHBIX TECTUPYIOIINX BHEIIHUX CUTHAIOB (MMITYJIbCHBIX WJIH TAPMOHHU-
YECKHUX);

- UCTIOIB30BaHUS JTIOCTATOUYHO CJIOXHBIX aJTOPUTMOB IOMCKAa SKCTPEMYMOB HEIUHEUHBIX
(hYyHKIIMI HECKOJIbKUX TIEPEMEHHBIX.

Jns GecnuIIOTHBIX JIETAaTENbHBIX alapaToB, OCOOCHHO KJIacCOB MHKPO M MHUHH, Ooiee pa-
IMOHAJILHBIM SIBJISICTCS. MCIIONb30BAaHUE POOACTHBIX CHCTEM aBTOMATUYECKOW craOmim3anuu. Takue
CHCTEMBI 00JIaJar0T C1ab0l YYBCTBUTEIBHOCTBIO MX JIMHAMUYECKUX XapaKTEPUCTHK K WU3MEHCHUIO
rapaMeTpoB JICTaTEIBHOr0 anmnapara B ONpeAeIeHHOM JUana3oHe U3MEHEHUS STUX NMapaMeTpOB.

B craTtbe paccmarpuBaroTcs pe3ysbTaThl CHHTE3a POOACTHOM CHCTEMBI YIJIOBOM CTAaOMIIHM3a-
uu BJIA u Meronmuka, OCHOBaHHAs Ha KOHIEMIIMA O0paTHBIX 3a1ad nuHamMuku [4]. [lomydeHHbIe pe-
3yJIBTaThl CYyLIECTBEHHO YTOYHSIOT OCHOBHBIC TOJIOKEHUS, U3JIOKEHHbIE B padoTe [4], U MO3BONSIOT
MOJTyYUTh CTPYKTYPY CHCTEMBI YriIOoBoW cralOmim3anuu BJIA, mOCTOMHCTBAMU KOTOPOH SIBISIOTCS
obecrieueHre BHICOKOIO KauecTBa MEPEXOIHBIX MPOIECCOB B KOHTYpPE, a TAKKEe COXpaHeHue Tpedye-
MBIX ITapaMeTPOB NEPEXOTHOrO MPOIECCa B IIMPOKOM AHAINa30He N3MEHEHUS XapakTepucTUK BJIA.

CunTe3 po0acTHOr0 KOHTYpPa YIJIOBOH cTA0MIN3aNMHA

CuHTe3 pobdacTHOrO KOHTYpa YIJIOBOW CTaOMIM3alMK PACCMOTPHM Ha IpUMepe KaHaja CTa-
Onnmsaunu u ynpasneHust BJIA mo yrny tanraxa. JlaHHbIH npuMep siBisieTcsl HanOoee O0IUM | T10-
3BOJISIET YYECTh BCE OCOOCHHOCTH, XapaKTepHBIE sl APYTUX KaHAJIOB yIPaBICHUSI.

OOmuM Ui BceX KaHAJIOB YIPaBJICHHs SIBJISCTCS TO, YTO MepeaaToyHast QyHKIHUS o0beKTa
yIpaBJIeHHs] UMEET acTaTU3M IepBOro mopsiaka. PaccMorpenHas B pabore [4] MeToANKa TOCTPOCHHUS
PETYISTOPOB AJsl aCTATHUYECKHX OOBEKTOB YIPABIICHHS HE MO3BOJSIET MOMYYHTH paboTOCIOCOOHYIO
cXeMy KOHTYypa CTaOWIM3aIuH.

CymHocTh npeanaraeMoi B CTaTb€ METOJAUKH CHHTE3a 3aKirouaercd B ciaenyromeM. [lepena-
tounast pynkuusa BJIA mo kaHamy TaHTa)ka OMUCHIBACTCS BBIPAYKCHUEM:
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- KOBq)(l)I/ILII/IeHT nepeaau B KaHAJIC TaHTraXxa, TV — a3poAHaAMHYCCKas IMOCTOSAHHAA
V

Bpemenu BJIA; K T ,&, — xoadduiuenT nepenauy, NOCTOSHHAS BpeMEHH U KO3 (UIMEHT JeMIl-
(upoBaHuUs 1O YIIIy aTaKu.

[Ipu cuHTe3e 3aKOHA yMpaBleHUS B KaHaJle TaHTaka MPEANOJaraercs, 4To HauOoJbIINe U3-
MeHeHus MoryT nperepnesats napamerpst bJIA K, 7, ,& . [lockonbky pa3oMkHyTasl nepegaTodHas

dynxums W' (p) uMeer acTatusm nepBoro mopsiika, Iisi HOpMAILHON paboThI KOHTypa CTabuIn3a-

UM Tpedyercsl BBeneHne (GyHKIMOHAIBHO HEOOXOANMOW OTpULATEIBHOM 00paTHOM CBS3H IO MOJIO-
XKeHuI0. B pesynbTaTte BBeIEHHS 3TOH OOpaTHOH CBA3M MONy4YaeTcsi MCXOAHAs CTPYKTypHas cxema
KOHTYpa CTaOMJIM3aluH, IO KOTOPOH OCYIIECTBIISIETCS CHHTE3 po0acTHOro peryisropa (puc. 1).

B cootBerctBuu ¢ xonuenuueir O3/] cTpykTypa U mapameTpbl peryisaTopa BIOMpAIOTCs Ta-
KUM 00pa3oM, 4TOOBI Ha BBIXOAE MepeaaToyHol (QyHKIMH O0BEKTa YINpaBIeHUs MO yIrily aTaku Gop-
MHUpPOBAJICsl TaKOW K€ CUTHAJ, KaK M Ha BBIXOZE ITAJOHHOM MOJENH, B KaueCTBE KOTOPOH MpHHSTA
cucreMa 3 nmopsiaka

V+a,y+ay+ayy=a,AS ()
rae AY =kAS.
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Puc. 1. CprKTypHaH CXEMa KOHTYypa CTa6I/IJ'II/IBaIII/II/I 110 KaHaJly TaHI'a)Ka

Koo puuumentsr Mogenu BHIOMparoTCss UCXOS U3 JKEMAaeMbIX CBOWCTB IIEPEXOAHOTO Mporiecca

o 3
npu 00paboTKe eIMHUYHOrO CTYIEeHYaToro BosaeicTausa. Koadduiuent a, = o, ompenenser cko-
POCTh IPOTEKaHMsI IEPEXOAHOr0 MpoLiecca B CUCTEME C XapaKTEPUCTHYECKUM YPaBHEHHEM, COOTBET-

cTByromuM Gopmyie (2). B nanHoM ciaydae o, :TL — cobcTBeHHas yactota cucteMsl (2). Koaddu-
0

LUEHTbl @, U @, MOrYT ObITb BbIOpaHBI Kak K03 dHLUUEeHTH moauHoMa barrepBopra 3 mopsiaka:
a, =2,410;,a, =2,41w, . Kooppurment k, BHIOUpaeTCS UCXOMIS U3 TPEOYEMOTO 3HAYEHHUS T0OPOTHO-
CTH KOHTYpa 110 CKOPOCTH.

YcnoBuem OHM30CTH (ha30BBIX TPACKTOPHIA |a(t)— y(t)| <g— 0 sBusercs ycioBUEe MUHUMY-
Ma (yHKIHH
G(u) = (¥ —6i(u))> = min . 3)

BriOupaercst Takoe ynpasieHue u(t), koropoe obecrieunBaeT MUHUMYM (QyHKIMU (3) B Kax-
IBIi TEKYIIMI MOMEHT BpeMeHHU (JIOKaJbHasi MUHUMH3auus). Y cloBre MUHUMyMa GyHKIuH (3) uMe-
er Bun [5]:

u:—xm=k@'—a), “4)
ou

rjae A — HOCTOSIHHBIN Ko3((uULMeHT, k = —Aa, BbIOMpaeTcs Takxke HOCTOSHHBIM (k =8-+10).

[IpounrerpupoBaB ypaBHEHHUE (4) IPU HYJIEBBIX HAYAIbHBIX YCIOBHSX, OJTYYUM BBIPasKEHUE
11t GYHKIIUH YIIPaBIICHUS:

u=k(§ =) =k(ay [ (kA8 - y)dt - a7~ ay ~ i) . )

C yuerom Onmsoctu Tpaektopuii o) U y(f) B ypaBHeHHU (5) MOXKHO MPOU3BECTH MPUOIH-
KEHHYIO 3aMeHy nepeMeHHBIX: (1) =ou(?); y(¢) = a(?) . Torma BelpaxkeHue Al PyHKIMH yIPaBICHUS
u(t) Oymer UMeTh BUL:

u(t) = kla, [ (kA9 - 0)dt - a0 — a,6. - ] (6)

CtpyKTypHas cxeMa po0acTHOr0 KOHTypa CTaOWIN3allH U YHPaBJICHH [0 KaHAITy TaHTaKa
MIpeACTaBIIEHA Ha pUC. 2.

CHIDKEHHE CTEIICHHU BIMSHHS TapaMeTpoB o0bekTa yrpasinenus K ,7 & Ha KayecTBO mepe-
XOJIHOTO M YCTaHOBUBILETOCS PEKMMOB 3aKJII0UAETCs B TOM, UTO TlepenaTounas pynkuus W, (p) ox-
BaYeHa TPEMs KOHTYPAaMHU OTPHLATENBHBIX OOPATHBIX CBS3€H: 0 YIUIy aTaku U JBYM €r0 MPOU3BOJI-
HBIM. C yLIeTOM ,Z[OHyH.[eHI/Iﬁ (0] 6e3BIHepLII/IOHHOCTI/I pyJ'IeBOFO HpI/IBOILa HOHyLH/IM Hepe,[[aTO‘lHyIO
(byHK]_[I/I}O pa30MKHyTOI?'I HYaCTHu CUCTEMBI, 06BeﬂeHHOﬁ Ha pI/IC. 2 HyHKTHpOM:

W (p)= kk,a,
P T ) P+ (26T, + kkay) p® + (Lt kka,)p + kk.aq -
Ha)Ke HpI/I CpaBHI/ITeJILHO HC6OJIBH_H/IX 3HAQUYCHUAX k BBITITOJIHAKOTCS yCHOBI/IH

kk, >>T?; kk a, >>2E_T.; kk,a, >>1. B 3Tom ciydae nepenatounas (yHKIHs Pa3sOMKHYTOM dac-
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TU KOHTYpa ONpCACIACTCSA BBIPAKCHUCM Wp (p) = » T.C. ICPCCTACT 3aBUCCTH OT

3 2
p ta,p +tapta,
napameTpoB oObeKTa YIIpaBJICHUSA U OPCACIACTCA TOJIBKO KOB(l)(l)I/IL[I/IeHTaMI/I STaJOHHOH MOACIIN.

K, W] Lp+l

T2 p*+25, T p+l : e

Puc. 2. CtpykTypHas cxema poOacTHOTO KOHTYpa CTaOMITH3AIH

Takum 00pa3oM, MONTyYEHHBIH B pe3ylibTaTe CHHTE3a 3aKOH YIpaBieHUs oOecriednBaeT HU3-
KYIO 9yBCTBUTEIBHOCTH (POOACTHOCTH) XapaKTEPUCTUK IMEPEXOAHOrO MpoIecca U ycTaHABIMBaBIIIC-
rocsi ABMKEHHUSI K M3MEHEHHI0 napamerpoB o0bekta ynpasieHus (BJIA). I1o cnoxuocTn peanuzanun
MpeularaéMasl CXema peryyisaropa HEe3HAYMTENbHO OTIMYaeTcsl OT Kiaccuueckoro PID-perymnsaropa.
Hcnonezyemble B Lemsax OOpaTHBIX CBSI3€H BEIWYMHBI OL M (L MOTYT OBITH 3aMEHEHBI 3HAYCHUSIMU

dud , KOTOPBIC BBIYUCIIAIOTCA B MMUJIOTAXKHO-HABUT'AITUOHHOM KOMIIJICKCC BJIA.

Pe3y.m>TaT1>1 MaTEeMaTH4Y€CKOIro MOACJIMPOBAHUA KOHTYpa CTA0OMJIH3AIUHA

[MpoBepka kauecTBa (YHKIIMOHUPOBAHUS POOACTHOTO KOHTYpa CTAOMIM3AllMU MO YTy TaH-
raxxa IpOBOAWJIACH IYyTEM KOMIBIOTEPHOIO MOJACTUPOBAHUS C HCIONb3oBaHUEM mnaketa MATLAB-
SIMULINK.

Marematndeckasi MOJIENTb KOHTYpa YTIIOBOW CTAOMIIM3allMU BKITIOYAET B CE0S CIICIYIOIIUE CO-
CTaBHBIC YaCTH:

- MaTeMaTHueckyio Mozaenb BJIA mo kanamy TaHraxa;

- MaTEeMaTUYECKYIO0 MOJIEb PYJEBOrO IPUBOJIA;

- MaTEMaTHYECKYI0 MOJIENb HCCISyEMOro poO0acTHOTO PEryisTopa;

- MaTEeMaTUUYECKYIO0 MOJIeNb Kilaccuueckoro PID-perynstopa;

- MaTEeMaTUYECKYIO0 MOJIETb BXOTHBIX CUTHAJIOB;

- CpeICTBa BU3YyaJIU3allUU PE3YIbTATOB MOJCIUPOBAHUS.

B xauectBe Matematuueckoit Mogenu BJIA mo kaHamy TaHTa)ka HCIONb30BaHA JTMHEHHAS MO-
neb, ONMMChIBaeMas nepeaaTouHoil ¢ynkumeil Buga (1). B matemaTtnueckoii monenu BJIA mpeny-
CMOTPEHA BO3MOKHOCTH OIEpaTUBHOrO m3menenust koddounuentos K ,7,,E . Maremaruueckast
MOJICNTb PYJIEBOTO MPUBO/IA MO3BOJSET YUECTh 3HAYeHUE N0OpoTHOCTH KoHTYpa PII, a Takxke orpanu-
YeHHs 110 YIIIy OTKJIOHEHHsS PYJsl BHICOTBI O, M CKOPOCTH €ro OTpabOTKH SR. MaremaTtuyeckas Mo-
JIeNTb TIPEIaraeMoro po0acTHOTO PEryysaTopa peaan3yeTr 3aKoH yrnpaBiieHus Buja (6).

Jlist cpaBHHUTEIIEHO aHAIN3a XapaKTEPUCTUK IMPOIECCOB YIPAaBICHHS B KOHYP CTaOMIM3aINN
BBEJIEHA MOJIENb KJIACCHUYECKOro PID-perymstopa mapaiellbHOTO TUMA, KO3()(HUIMEHTH KOTOPOro
OIIPENENSIOTCS, UCXO/ U3 TPEOYEMBIX XapaKTEPUCTUK MPOIECCOB MTPH HOMUHAIBHBIX 3HAUCHHX I1a-
pamerpoB Mozaenu BJIA.

HaunGonee monHyro XapaKTepUCTUKY NTWHAMUYECKAX CBOHCTB CHCTEMBI KaK B IEPEXOJHOM,
TaK U B YCTAaHOBUBIIEMCS PSKUMAaX JACT PEaKIUs CUCTEMbl HA SAMHUYHOE CTYIIEHYaTOE BO3ACUCTBHE.
[ToaToMy 3TOT BUA BXOIHOTO CUTHAjA SBJISIETCS OCHOBHBIM. KpoMe 3TOro, npu TeCTUPOBAHUU MOTYT
KCIIONIb30BATHCSl TAPMOHUYECKUN U TUHEHHO U3MEHSIONIUICS cUrHaibel. B kadecTBe cliydailHBIX BO3-
MYIIEHUH MOXET UCTIONB30BAThCS JINOO OEIbIil IIryM, (POPMHUPYEMBI CTaHIAPTHBIM TEHEPaTOPOM Iia-
kera SIMULINK, mu60 oKpalieHHBIH 1yM, GOpMHUPYEMBIH C TOMOLIBIO CIENHAIbHBIX (BHIBTPOB.

Meronuka nmpoBeneHUs IKCIIEPUMEHTOB 3aKIII0UAETCS B ONPEICICHUM 3aBUCUMOCTH XapaKTe-
PUCTHK TIEPEXOAHOTO Tporiecca (AMUTENbHOCTh 1" M mepeperyupoBanue O ) B 3aBUCUMOCTH OT U3Me-
HEHUS MapaMeTpoB 0O0BEKTa yrpaBieHus. VI3MeHeHne mapaMeTpoB 00bEKTa YIpaBIeHHs TPUBOIUTCS
B OTHOCUTEIBHBIX EAMHUIAX — IPOLIEHTAaX OT UX HOMUHAJIbHBIX 3HAUCHUH.
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ITomydeHne nepexonHbIX MPOLECCOB MPH CKAYKOOOPa3HOM M3MEHEHHH 3, = 5° u 3amaHHBIX
3HaueHui napamerpoB Moaenu BJIA moBTopsiercd A ABYyX HCCIETYEMBIX CXEM: IPEIaraéMoro po-
OacTHOTO perynsiTopa u knaccudeckoro PID-perynsropa. Koaddunuents: PID-perynsTopa HacTpau-
BaIOTCA JUIsI HOMUHAJIBHBIX 3HaueHuil nmapamerpoB BJIA. Ha puc. 3 u 4 npuBeneH BuJ NepexoaHbIX
MPOLIECCOB NPU OTPAOOTKE CTYNEHYATOr0 BO3ACHCTBHS ABYMS TUIIAMH PETYJISITOPOB IJIS1 HOMHHAJIb-
HbIX (puC. 3) 3HAYCHUI TAPAMETPOB U TP yBeIUYeHUU napamerpa 1, B 2 pasa (puc. 4).

S.rpan.

r PID - perynstop 1

2 . A P -
| /\ pobacTHEIif perymsTop

i L 1 i 1

0 0,4 0.8 12 16 tc
Puc. 3. HepeXO,HHLIP'I nponecc nNpru HOMHUHAJIbHBIX 3HAYCHUAX TapaMCTPOB 06L€KTa YIIpaBJICHUSA
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Puc. 4. IlepexoqHelii npouecc Ipu yBenudeHun 1, B 2 pasa

C ucnonb30BaHHEM HpHBCI[GHHOfI BBIINIC MOACIIN UCCIICO0BAIOCHh TAKKC BIIMAHUC cnyqaﬁHoro
BXOAHOI'O BOBﬂGﬁCTBHﬂ Ha POLCCChI, TPOTCKAIOIIUE B KOHTYPC. B SKCIICPUMCHTAX HAa BXOA KOHTYpa
CTa6I/IJ'H/I3aI_[I/II/I MoAaBaJIOCh CAMHUYHOC CTYIICHYATOC BO3)1€I>’ICTBI/IG, JOMMOJHUTCIIBHO K KOTOPOMY Ha
BXOOQ 00BeKTa YIpaBJICHUSA TMOAABaJIOCh cnyqaﬁﬂoe BO3MYIICHUC pa3anHoﬁ MHTCHCUBHOCTH M IIH-
PHUHEBI CIICKTpPA. Ha puc. 5 moka3aHbl MEPEXOAHBIC MPOLCCCHI, a TAKKC YHYACTOK YCTAHOBUBUICTOCH CO-
CTOsIHUA TIpU 06pa60TKe CANHUYHOI'0 CTYICHYATOIO BXOAHOI'O CUIHaJla C YUYCTOM cnyqaﬁHor O BO3-

MYLIICHUS.
8. rpun

0 04 08 12 1.6 Le
Peanusanus ciyyaitHOro BO3MyLIEHHUS

U, rpaxn.
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Ilepexoanslit mpouecc (poGacTHBIN perynsTop) Ilepexoansbiit mpouecc ( PID - perynsrop)
Puc. 5. [lepexomHbie mporiecchl Ipu 00pabOTKE CIMHUIHOTO CTYIICHYATOr0
BXOAHOI'O CMI'HaJIa ¢ Y4E€TOM CJ'Iy‘IafIHOI‘O BO3MYLICHUA



BrIBOaBI

1. ITocTosiHHOE BXOJHOE BO3/EHCTBUE OTpadaThIBaeTCsl KOHTYPOM CTaOMIIM3AIMU [0 TAHTaXy
C TpeJIaraeMoil CTpyKTYpOH U mapaMeTpaMu peryiiaropa 06e3 CTaTHUecKOi OIHOKH.

2. KagecTBO mepexoJHOro mpoiecca B KOHType CTaOWIN3aluu C MpeajiaraeéMoil CXeMoi pery-
JISITOpa OCTaeTcs BEICOKUM (nepeperynuposanne < 10%, Bpems nepexoanoro mnporecca 7=0,2 — 0,4 c)
IpU BapualUsaX apaMeTpoB oObekTa ympasieHus B auanasone: I, oT 30% mo 300% or HOMHUHAIb-

Horo 3HaueHus; K — or 30% no 500% ot Homunana; &, — or 10% mo 500% or HomuHana. s

Kjlaccuueckoro PID-perynaropa KauecTBO INEPEXOJHOrO Ipollecca CYHIECTBEHHO YXYALIAETCsS MpHU
OTKJIOHEHUU NapaMeTpoB Ha BennuuHy * 30+50% oT HOMHHAIBHBIX 3HAYEHHH.

3. YpoBeHb (pryKTyallMOHHON COCTaBIISIIOLICH CHTHAJIA Ha BBIXOAE KOHTYpa CTaOMIIM3alUH C
MpeanaraeMoil cxemMoil po0acTHOrO peryiiaropa MPUMEPHO Ha MOPAJOK HUYKE, YeM JJIsl CUCTEMBI C
KJaccuueckuM PID-peryiastopom.

THE SYNTHESIS OF ROBUST ANGLE STABILIZATION COUNTOUR OF THE
UNMANNED AERIAL VEHICLE

V.A. MALKIN

Abstract

The methodic of synthesis of robust angle stabilization countour for the control object with as-
tatisme of the 1% order is considered. The structure and parameters of the robust controller in the pitch
stabilization countour of the unmanned aerial vehicle are received. The results of the stabilization
countour dynamic research of under the control object parameters modification are presented.
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