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Hayuno-mexnuueckuil yenmp maznemuzma mexnuueckux oovexkmos HAH Ykpaunuot

MAPAMETPUYECKWUA CUHTE3 POGACTHOU CUCTEMbI YIIPABJIEHUS
MAIrHUTHBbIM NOJIEM TEXHUYECKUX OB BEKTOB

IMocTanoBKa Mpo0JaeMbl, CBSI3b ¢ HAYYHBIMH W MPAKTHYECKHMHU 3aJa4aMH. AKTYaIbHOW poOIeMOi s MHO-
T'MX TEXHHYECKHX OOBEKTOB SBISIETCS] CO3/JaHUE CHUCTEM YIPABJICHHS MX BHELIHUM WM BHYTPECHHHUM MarHUTHBIM I10-
aeM. [TapameTpsl BHyTPEHHEr0 MarHUTHOTO MO HEOOXOANMO MOAJEPKUBATh HA YPOBHE MATHUTHOTO TOJIS 3eMIIH [UIs
BBINOJIHEHUSI SKOJIOTHYECKMX HOPM BHYTPH PabodnX MOMELIEHHH 3HEPrOHACHIIIEHHBIX 00BEKTOB, a TAKXKE AT CO3/1a-
HUS KOM(OPTHBIX YCIOBUI )KHU3HU U paOOTHl. BHEITHMM MarHUTHBIM TI0JIEM HEOOXOMMO YIIPABJIATh, B YACTHOCTH, IPU
YIPaBJICHUM OPUEHTALMEeH KOCMHUUECKHX alllapaToB Ha OKOJIO3eMHOW OpOMTE Ul UX B3aMMOJEHCTBHS C MarHUTHBIM
noseM 3emin. AKTyalbHOH nmpoOieMoit Uit HaJJBOAHBIX KOpabjel M MOJBOAHBIX 0OBEKTOB OOOPOHHOTO Ha3HAYECHUS
SIBJISIETCS] yMEHBILICHNE YPOBHS MX BHEITHET'O MAarHUTHOTO TIOJISI.

AHaIU3 NOCJIEHAX JOCTHKEHUH U MyOankanuii. Bonpockl NOCTpoeHUs: MaTeMaTUYECKUX MOJENCH TEXHUYECKUX
00BEKTOB KaK HCTOYHHUKOB MAarHUTHOTO MOJIS pacCMOTpeHbI B padoTax [1-3]. B aTux paborax paccMOTpEHBI TakKe all-
TOPUTMBI Pa30MKHYTHIX, 3aMKHYTBIX 1 KOMOWHHPOBAHHBIX CUCTEM YIPaBJICHNS BHEIIHUM MAarHUTHBIM II0JIEM TEXHHYE-
CKHX OOBEKTOB, a TAK)KE€ MAaTEMaTHYECKHE MOJAEIH 3THX CHUCTEM ympasieHus [4-5]. Bonpockl cuHTE3a ANHAMHUYECKUX
CHCTEM YyTIPaBJICHU BHEITHNM MAaTHUTHBIM ITOJIEM TEXHHYECKUX OOBEKTOB pacCCMOTPEHHI B pabote [6], oMHAKO, CHHTE-
3MPOBaHHBIE TAKUM 00Pa30M PETYJISITOPB! U HAOIIOAATE! SBISIOTCS IOCTATOYHO CIOKHBIMH YCTPOICTBaMH, a X CHH-
TE3 U pean3aLys IPeICTaBIsIeT ONpeiesieHHbIe TeXHudeckue Tpyanocty. [Ipumenenne Tunoseix IINJ perynsaropos B
OOJIBIIMHCTBE NMPAKTUUECKHUX CIIy4aeB II03BOJISIET CHHTE3UPOBATh CHCTEMBI, YOBJIECTBOPSIONINE IPEBSIBICHHBIM K HUM
TpeboBaHusM. Kpome TOro, CHHTE3UpOBaHHbBIE TAKUM 00Pa30M CHUCTEMBI 00JIaIal0T pobacTHOCTBIO. PaccMoTpuM ouH
U3 TIOJIXOJIOB K CHHTE3Y TaKHX CHCTEM.

Heanr pa6otel. Llenpio naHHOM paboTh sBiIsSeTCS pa3paboTka MeToza MapaMeTpHyYEecKoro CHHTE3a poOacTHOTO
YIpaBJICHUS] MarHUTHBIM TIOJIEM TEXHHYECKMX OOBEKTOB, IO3BOJIIOLIETO YIPOCTHTh TEXHHYECKYIO peau3aluio U
obecrieunTh paboTOCIIOCOOHOCTh CUCTEMBI IPH U3MEHEHHUH MOJIeIIC 00BEKTOB YIIPABIECHHS ¥ BHEITHUX BO3/ICHCTBUM.

H3noxxenne MaTepuana uccaeJ0BaHMs, MOJYYeHHBIX HAYYHBIX pPe3yabTaTOB. byneM cuurtarh, 4T0 KOJINYECTBO
pETyIMpYEeMbIX MEPEMEHHBIX PaBHO KOJMYECTBY YNPABIAIONIMX BXOJOB MAarHWTHBIX HCIOJHHUTENBHBIX 3JIEMEHTOB.
[IpumeM cTpyKTypy CHCTEMBI YIpaBJIECHHUS B CICAYIOMMM Bue: Ha Bxox [IM]] perynsaropa Kaxaoro kaHajaa MOAAIuM
OIMOKY MEXKIY 3aJaHHBIM U (PAKTHIECKUM 3HAUEHHEM DPEryJIUPYEMOM KOOPAMHATHI 1-TO KaHaia. B yacTHOCTH, B pa-
6ote [6] mpeasararoTcsi B KauecTBE PEryJHpPYEMbIX KOOPAMHAT MCIIOJIB30BaTh BEJIMYMHBI MarHUTHBIX MOTCHIHAIOB B
CepeIrHe NCTOYHHKA YIIPABILIIOIIETO OIS TOBEPXHOCTHO PACIPEACICHHOrO TUIIA. BBeIeM MCKOMBIN BEKTOp 7§ , KOM-

MTOHEHTaMH KOTOPOTO ABJISIOTCS HCKOMBIE Koaddurments! ycunenus [11]] perynsTopoB KaHaIOB.
Pa3o6beM paccmarprBaeMoe IPOCTPAHCTBO HA N AUCKPETHBIX ToYeK p; [3]. B wacTHOCTH, AJIsi TPEXMEPHOrO Mpo-

CTPAHCTBA K&XKHasl TOUKA P; XapaKTEPH3yeTCsl TPEMs KOOPAMHATAMH X,Y,Z TaK, 4TO MH(GOPMALHsS O HAMPSIKECHHOCTH
MAarHUTHOTO TI0JISL B TOYKE P; B MOMEHT BPEMEHH t SABISIECTCS QPYHKIHEH 3THX TPEX KOOPAMHAT U MOXKET XPAHUTHCS B

BHUJE TPEXMEPHOro Maccupa. Toraa, 0003HAYNB HAIPSHKEHHOCTH MAarHUTHOTO IOJIS1 B TOYKE P; B MOMEHT BPEeMEHH t
TexHuueckoro oosexkra H,(x,y,z,qq,t) , KOMIEHCAIIMOHHBIX 0OMOTOK Hy(x,y,z,qz,y,t) U JKEJTaeMOro 3Ha4eHus Ha-

TPSHKEHHOCTU TIOJIA 3aZlava MapaMETPUICCKOro CHHTE3a p06aCTHOFO YIIpaBJICHUS MAarHUTHBIM IIOJIEM TEXHHUYECKUX
00BEKTOB MOXKET OBITh CBEACHA K PEIICHUI0 MUHUMAKCHOH 3a/1a4i HETMHEWHOTO MTPOTPaMMHUAPOBAHUS
T n n n

* . — — —
7Z =min max z Z Z z [Ho(x, Y,Z,qp,t) + Hy(x, y,z,qz,'y,t)— H,(x,y,z, t)]T'y(x, Y,Z,t)X .
Y 41592 t=0x=ly=lIz=I )
x| (%,v,2, 1,0+ Fiy (%, ¥, 2,05, 7 )~ Hi (%, 1,2, 1)
3mech BBEIEHBI BEKTOPHI (;, (, HEONpPEICIEHHOCTH MOJENeH HANPsHKEHHOCTH MAarHHTHOTO IIOJIS B TOYKE P; B
MOMEHT BPEMEHH t TEXHHYECKOTO 0OBeKTa ﬁo (X,¥,2,9;,t) 1 KOMIEHCALIMOHHBIX OOMOTOK Hy(x,y, z,qz,y,t).

Jnist cranmoHapHBIX CHCTEM 33/1a4a IapaMeTpHUYEecKOro CHHTe3a POOACTHOTO YIPABIEHHUS MarHUTHBIM IOJEM TeX-
HUYECKHX OOBEKTOB MOXET OBITh CBEIEHA K PEIICHHIO CIIEAYIOIeH MUHUMAKCHOW 33/1a4d HEINWHEWHOTO IPOTPaMMHU-
poBaHUA

n n n

Z =minmax ) >’ Z[ﬁo(x, y,2,q) + Hy(x,y,2,q2,7) — Hy (x, Y»Z)]TY(Xs Y, 2)%
Y 41,92 x=ly=lz=1 (2)

X [Ho (X’ Y, 2, ql) + Hy(xa Y.2,q3, Y) - H)K (X’ Y, Z)] .
B pamkax Takoil MOCTaHOBKH MOXET OBITh PElICHA TEXHUYCSCKU Ba)KHAs 3a/1a4a OMpPEACICHUs] TOUKU MPOCTPAaHCTBA
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* %k % - o
(x ,y ,z ) mpu 3alaHHOM BEKTOpE IapaMeTPOB PETYISITOPOB Y , B KOTOPOH HAMPSKEHHOCTD MOJISI UMEET MUHUMAIb-

HOE 3Ha4YCHHUE
x*,y*,z* = arg min maxH,(x,y,2,q;)+ Hy(X,y,2,q2,7)| - 3)
X,¥,2q1,92
Takas 3agaya, B 4aCTHOCTH, PEIIACTCS MPU BBIOOPE MecTa YCTAHOBKH MAarHUTOMETPOB JUIS N3MEPEHHSI MarHUTHOTO
107151 3eMJIM Ha MCKYCCTBEHHOM CITyTHHKE, YIPaBJICHNE M CTaOMIN3anys KOTOPOTO OCYIIECTBISETCS C TIOMOIIBIO 3JIEK-
TpoMarHuToB. Ecin B cucteMe HeT ynpaBisomux 0OMOTOK, TO 3Ta 3aJa4a MOXKET ObITh CBE/IeHa K CIeoyIomel 3a1ade
HEJMHEHHOT0 MPOrpaMMUpPOBAHUS.
x*,y*,z* = arg min max|H, (X, y,2,q;)| - 4
X,y,Zz qp

Ecnu B cucTeMe OTCYTCTBYIOT IPSIMBIE OTPAHMYCHUS Ha BEKTOP YIIPABJICHHS 1 NIEPEMEHHBIE COCTOSHHS U OHHU YUH-
TBIBAIOTCSL HAAJICKAIIUM BHIOOPOM BEKTOPA LEJIM POOACTHOTO YIPABICHHUS, TO Ul PELICHUS] CHOPMYITHMPOBAHHBIX MH-
HUMAaKCHBIX 3aJay HEIMHEHHOTo MpOrpaMMHpOBaHHs 03 MPSMBIX OTPAaHHUUYCHUI UCIIOIb3YeTCs KBa3MHBIOTOHOBCKHN

METOJ] ¢ annpoKcuMaIe Mmatpuusl ['ecce o anroputmy JleBenbepra-Makpapara.
Jnst ynydnieHus 00yCIOBICHHOCTH IIeIeBOM (DYHKLMH LeJIeco00pa3sHO YUUTHIBAaTh OIPAaHUYEHHS Ha YIPaBJICHHS,
MIEPEMEHHBIE COCTOSIHUSA, a, BO3MOXHO, U napameTpsl [TN]] perynsaropoB B BuAE MpsIMbIX OIpaHUYECHUN G(i)s 0. Ta-

Kas MCXOJHAas 3a/a4a HEJMHEHHOTO MPOrpaMMHPOBAHUS C OTPAHMUYCHUSMH PEIIAeTCs] METOIOM IIOCIEI0BATEIbHOTO
KBaJPaTHIHOTO POTpaMMHUPOBaHUA. JI perreHns 3a1a4n mapaMeTpudeckoi poOacTHON ONTHMH3AaIUH HEOOXOANMO
MHOT'OKPaTHO BBIYUCIIATH 3HAYCHUS IeneBod (QyHKIMHU u orpaHndeHuii. [Ipu sTom npenmonaraercs, 9YTo Ha TeXHHYE-
CKOM 00BEKTE pa3MeIleHbI YIpaBiseMble HCTOYHUKH MarHUTHOTO IOJIS ONpeielIeHHBIM 00pa3oM OpUEHTUPOBAHHbBIE B
MIPOCTPAHCTBE OTHOCUTEIBHO TEXHUYECKOIO O0BEKTa B 3aBUCHMOCTH OT THUIIa MICTOYHUKOB MAarHUTHOTO MOJISI UCIIOJb-
3YIOT pPa3IUYHble MaTeMaTHUECKUE MOIEIH: sl HCTOUHMUKOB MYJIBTUIIONBHOTO THIIA HCIIONB3YIOT MOTEHIHUAIBHBIN PsIl
I'aycca, U HCTOYHMKOB IIOBEPXHOCTHO-PACIPENIEIEHHOTO TUIIA UCTIONB3YIOT HHTErpaIbHOE ynpasieHue dpearoiasma
BTOPOTO poJia BHEIIHEW 3amauu JIupuxiie, st MCTOYHHKOB 00BEMHO-paCIpEAEIeHHOTO THIIA HCTIONB3YIOT YpaBHEHUE
ITyaccona. C momoIbto 3THX MOAEIEH penraeTcs npsimast 3aja4a MarHUTOCTaTHKY.

PesysbTaTnel MogenunpoBanusi. IIpuMeHeHne Takoro MmojaxoAa MO3BOMSET MO HU3MEPSAEMOMY BEKTOPY BBIXOIHBIX
KOOPJIMHAT C TIOMOIIBIO THIIOBBIX PETYIATOPOB (DOPMHUPOBATH BEKTOP YHPABJIECHHS — BEKTOP TOKOB B OOMOTKax JyIst
yTIpaBJIEeHUS TapaMEeTPaMH MarHUTHOTO ITOJISI TEXHMYECKUX OOBEKTOB.

BbIBOBI U3 MPOBEAEHHOI0 HCCIEJ0BAHMS, EPCIEKTHBBI ITOr0 HanpasJeHus. Paspaboran MeTox mapameTpu-
YEeCKOro CHHTE3a POOACTHOTO YIPaBJICHUS MAarHUTHBIM ITOJIEM TEXHUYECKHX OOBEKTOB C IIOMOIIBIO YIPABISIEMBIX HC-
TOYHMKOB MarHUTHOTO MOJIA. 3aa4a MapaMeTpUUeCcKOro CHHTE3a poOacTHOTO YIIPaBJIEHH MarHUTHBIM TI0JIEM CBOJIUT-
Csl K PEIIEHHIO 33j1ada HETMHEHHOTo NMpOrpaMMHpPOBAHUS C OIPAaHUYEHHUSMH PEIIAeTCsl METOAOM IOCIEA0BATEIbHOIO
KBaJpaTUYHOTO IIPOrPaMMHPOBAHHUSI.

[TpuBeneHb! TpUMEpPHI TAPaMETPHYECKOT0 CHHTE3a POOACTHOTO YIPABICHUSI MArHUTHBIM I10JIEM TEXHUYECKHX 00b-
€KTOB C TIOMOIIBIO YIPaBIISIEMbIX HCTOYHUKOB MarHUTHOTo noJs. [loka3aHa BbIcoKast 3())eKTUBHOCTh CHHTE3UPOBAH-
HOHM CHCTeMbI pOOACTHOTO YNpPAaBJICHUSI IPU MaJloOd YyBCTBUTEIHHOCTH K M3MEHEHHUIO MTapaMeTPOB M CTPYKTYPHI MOJe-
Jelt OOBEKTOB YIPaBJICHUS M MOAENIEH 3aJafOlINX ¥ BOSMYIIAIOINX BO3/ICHCTBHA.
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