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XepCOHCKUI HAIMOHAJIbHBIM TEXHUUECKUH YHUBEPCUTET

JEKOMITIO3UIUA B 3AJAYE TUHAMHUYECKOTI'O IO3UITUMOHUPOBAHMU A

Hanas paboma nocesawena peweHuro 3a0a4u 0eKOMNOUYUU CUCEMbL YRPABLeHUs.
cmabunuzayuel KOOPOUHAM MOPCKO20 CYOHA.

B cmamve paccmompen 80npoc nocmpoeHust Mamemamu4eckol Mooeau cyOHd, Kak
OUHAMUYECKO20 00beKma 6 noje B03MYWArWux Ccul, HOIYYeHd 0000weHHas Mooelb
obvekma u e2o Oexomnozuyus. CoeépemenHble MEXHOIO2UU U 3A0ayU MOPEnia8anusl
8bIOBUHYIU 3A0aYy NO3UYUOHUPOBAHUSL cy008. Pacuwupenue obvema pabomul na wenvge,
obcyHCcUBaHUe NIAM@opm u onepamuervie pabomvl mpedyem moyHo20 NOUYUOHUPOBAHUSL
npu  3HAYUMENbHOM GOJHeHuU. Bo3nuxaem 6ce 0Oonabuie NPULONCEHUU OUHAMULECKO2O
noszuyuonuposanus ([I1), noseniaomcs Ho8vle KAACChl CYO08 05l IMUX NPUTLONHCEHUN, A Caml
cucmemvl I cmanosamces Oonee maccogulmu u Oewiesbimu. Takum obOpazom, akmyanvHa
paspabomka mMemooo8 u Cpeocme NOSbluleHUsT MOYHOCMU NO3UYUOHUPOBaHUs. B pabome
NOKA3aHO, YMO OAHHAS 3a0a4a OMHOCUMCS K 3A0a4am ¢ pACHPeOeleHHbIMU Napamempamu, a
MoO0enb  cyoHa umeem 6mopoi nopsadox. Ilocmaenena 3adaua ananiuza mMemooos
Pe2yIUpo8aHus UCHONb3YeMbIX O OUHAMUYECKO20 NOZUYUOHUPOBAHUSL.

He cmompsi na 3HauumenvHbvle ycunus paspabomuuxos u Oo1buioe KOIUYecmeo
Peanu308aHHbIX NPOEKMO8, O0OCMUYL ONUMENbHO20 YOEPHCAHUs CYOHA NpU GOJNHEHUU 6
3a0anHoll nozuyuu He yoaemcs. Ilpuuunotl 3moco seisemcsi He MOJIbKO HeOOCMmAamoK
IHEP2OBOOPYHCEHHOCTU UCNOAb3YEMbIX CY008. Mnocouucnenuvie ucciedosanus 6 obracmu
Pazeumusi CucmeMm pe2yiuposanus noKa He 0arom odxicudaemozo pesyavmamad. Mcxoos u3
CLONCUBULETICS] CUMYAYUU, 8 CIANbe NPEeONPUHAMA NONBIMKA AHAIU3A MEMOO08 NOCMPOEHUs
cucmem pe2yiuposanuus u paspabomKu aieopumma mod4Ho2o NO3UYUOHUPOBAHUSL CYOHA NpU
OHepeuu BONHeHUs,  He Npesvlulaloujeli IHepPeo8OOPYICeHHOCmU obvekma (cyoHa). B
pe3yibmame NpoeeOeHHO20 UCCIe008aHUS ObLIU COeNanbl Cledyruue 8vl800vl. 1) 3adaua
OUHAMUYECKO20 NOZUYUOHUPOBAHUS ABIAEMCA 3a0ayell ¢ pacnpedeieHHbIMU NAPAMempamu,
2) onucanue cyoHa, Kak o0veKkma pe2yiuposanus, npeocmasisem cooou ouggpepernyuanvbroe
VpasHeHue 6 HACMHBIX NPOUIBOOHBIX 6MOPO20 NOpAOKA, 3) O0eKoMno3uyus 3a0adu
pecyuposanus KOOPOUHaAm Nideaoue2o cpeocmea Hno3eo.sem 6bloelums OmOeNbHYIO
noocucmemy OUHAMUYECKO20 NOZUYUOHUPOBAHUA, 4) yuumvléas, 4mo UCHONb306AHUE
COBPDEMEHHbIX Memo008 pe2yIupo8aHusi He NO360Jsem CO030amb CUCMeEMbl CHOCOOHble
OIUMENbHO COXPAHAMb He0OX00UMYI0 MOYHOCMb NO3UYUOHUPOBAHUS, Mpebdyemcs aHalu3
UCNOTb3YEMbIX MEMOO08 PecyIUPOBAHUSL.

Kniouesvie cnosa: OuHamu4eckoe NO3UYUOHUPOBAHUE, 0eKOMNO3UYUs,
9Hepeoobecneyenue CyoHda.
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XepCOHCHKHI HAIllOHAJILHUHM TEXHIYHUH YHIBEPCHUTET

JEKOMITIO3UIIA B 3AJJAYT JIUHAMIYHOTI'O ITIO3UIIIOHYBAHHA

Hana poboma npuceauena 6upiuieHHIo 3a0ayi O0eKOMNO3UYii cucmemu yYnpaeninHs
cmabinizayiero KOOpOUHaAm MoOpCcbKo2o CyOHd.
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Y cmammi pozensmymo numanus nobyooeu mamemamuynoi mooeni CYOHA, 5K
OUHAMIYHO20 00'ckma 6 noi cul, wo 30yproioms, OMPUMAHO Y3d2albHeHy MoOelb 00'ckma i
tioco Oexomnosuyito. CyuacuHi mexHono2ii i 3aui MOPENnIa8amHs GUCYHYIU 3a0ayy
nozuyionyeanus cyoeH. Poswupenns oocsaey pobomu na wenv@i, 06¢cy208y8anHs niam@opm
i onepamueni pobomu 6UMazaroms MOYHO20 NO3UYIOHYEAHHA NPU 3HAYHOMY XGUNIOBAHHI.
Bunukae ece 6inbue 0ooamkie ounamiunozo nozuyionysanns ([I1), 3'aeraiomscsa Ho8I K1acu
cyois 0ns yux dooamkie, a cami cucmemu J[I1 cmaromo Oinvw macosumu i oewesumu. Taxum
YUHOM, AKMYAlbHA pO3pOOKa Memodis i 3acobié niosuweHHs MOYHOCMI NO3uyitoganus. B
pobomi noxazamo, wo 0aHa 3a0ava 6IOHOCUMbCL 00 3a0ay 3 pO3NOOLIEHUMU NAPAMEeMmPami,
a mooenv cyoHa mae opyeutl nopsaook. Ilocmasneno 3a60ants ananizy Memoois pe2yno8aHHs
BUKOPUCMOBYBAHUX OJ151 OUHAMIYHO20 NO3UYIOHYBAHHS.

He oOusnsuuce ma 3nauni 3ycunis po3poOHUKI6 1 6elUKY KiIbKiCMb pedani3o8aHux
npoeKmis, 00csAemu Mpueanlo2c0 YMpUMAHH CYOHA NPU XGUNIOBAHHI 8 3a0aHill nosuyii He
soacmucs. Ilpuuunoro ybo2o € He uule OPaK eHepeoo30POEHOCMI BUKOPUCMOBYBAHUX CYOIB.
Yucnenni Oocniodcenus 6 obaacmi po36UMKY CUCHmeM pe2YIo8anHs NOKU He O0aromb
ouiKyganozo pesynvmamy. Buxoosuu 3 cumyayii, wo cxkranacs, ¢ cmammi 3po01eHo cnpooy
amanizy memooié nob6yo0o8u cucmem pe2yio8aHHs I pO3POOKU aN2OpUMMY MOYHO20
NO3UYIOHYBAHHA CYOHA NPU eHepeii XBUNI08AHHS, WO He NepesUuyye eHepeoo30pPOEHOCmi
ob'ekma (cyouna). B pe3zyromami npoeedenoco 00ChiONCeHHs Oyau 3pobOieHi HACMYNnHi
sucHosku: 1) 3adaua OuHaMiuHO20 NO3UYIOHY6AHHA € 3a0auer0 3 pPO3N0OLNeHUMU
napamempamu, 2) onuc cyoHa, 5K 00'€ekma pe2ynosanus, A61i€ coOo Oupepenyianvhe
PDIBHAHHS 8 NPUBAMHUX NOXIOHUX OpY2020 NOpsaoKy, 3) O0eKomMnozuyis 3a0adi pe2yniro8aHHs
KOOpOUHAm N1asaioyo20 3acody 0038018€ BUOLIUMU OKpeMy RIOCUcmemy OUHAMIYHO20
NO3UYIOHY8aHHA, 4) 3 02150y HA Me, WO BUKOPUCIAHHA CYUACHUX MemOOi8 pe2ylio8aHHs He
00360151€  CMEOpUMU  cucmemu  30amui 00820  30epicamu  HeOOXIOH)Y  MOUHICMb
NO3UYIOHYBAHHSA, NOMPIOEH AHANI3 BUKOPUCIOBY8AHUX MEMOOI8 Pe2yII08AHH.

Knwouosi cnosa: ounamiume no3uyiony8awHs, O0eKOMNO3UYis, eHep2o3abe3neueHHs
CyOHa.
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DECOMPOSITION IN THE PROBLEM OF DYNAMIC POSITIONING

This paper is devoted to solving the problem of decomposition of the control system
for stabilization of the coordinates of a marine vessel.

The article discusses the issue of building a mathematical model of a ship as a
dynamic object in the field of perturbing forces, and a generalized model of the object and its
decomposition are obtained. Modern technologies and tasks of navigation put forward the
task of positioning ships. Expansion of work on the shelf, maintenance of platforms and
operational work requires precise positioning with considerable excitement. More and more
dynamic positioning (DP) applications are emerging, new classes of vessels for these
applications are emerging, and DP systems themselves are becoming more widespread and
cheaper. Thus, the development of methods and means of improving the accuracy of
positioning is relevant. The paper shows that this task is related to tasks with distributed
parameters, and the ship model is of the second order. The task is to analyze the regulation
methods used for dynamic positioning.
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In spite of the significant efforts of the developers and the large number of completed
projects, it is not possible to achieve a long vessel retention during a wave in a given position.
The reason for this is not only the lack of power supply of the ships used. Numerous studies in
the development of regulatory systems do not yet provide the expected result. Based on the
current situation, the article attempts to analyze the methods for constructing regulatory
systems and develop an algorithm for accurately positioning a vessel at a wave energy not
exceeding the electrical capacity of the object (vessel). As a result of the study, the following
conclusions were made: 1) the problem of dynamic positioning is a task with distributed
parameters; 2) the description of the vessel as an object of regulation is a second-order
partial differential equation; 3) decomposition of the task of controlling the coordinates of the
floating means allows you to select a separate dynamic positioning subsystem; 4) given that
the use of modern methods of regulation does not allow creating systems capable of
maintaining the necessary positioning accuracy for a long time, analysis of the methods of
regulation used is required.

Keywords: dynamic positioning, decomposition, power supply of the vessel.

ITocTanoBKa npoodJieMbl

CoBpeMEeHHBIE TEXHOJOTHMM W  33/Jadd  MOpPEIUIABAHWS  BBUIBHHYJIH  3aJady
MMO3UIIMOHUPOBaHUs CynoB. Pacmmpenue oOwbema paboThl Ha 1mienbde, oOCTyKUBaHUE
w1aTGopM U OTepaTUBHBIC paOdOTHI TPeOyeT TOYHOTO MO3UITMOHUPOBAHUS TIPU 3HAYUTEITHHOM
BOJTHEHUHU. Bo3HMKaeT Bce OOJbIe MPHIOKEHUH TUHaAMUYecKoro no3uimonupoBanus (/I1),
MOSIBJISIFOTCST HOBBIE KJIACCHI CY/IOB JUISL OTHX NPUJIOKEHUH, a camu cuctemsbl JII1 craHoBsITCS
0oJiee MacCOBBIMU U JIeNIeBBIMU. TakuM o0pa3oM, akTyajabHa pa3padoTKa METOI0B M CPEJICTB
MOBBIIIECHUS TOYHOCTHU TIO3UIIMOHUPOBAHUSI.

OpHako, He CMOTPS HA 3HAUUTETIbHBIE YCUIIUS Pa3pabOTUNKOB U OOJIBIIOE KOJIUYECTBO
pEAIM30BaHHBIX TPOEKTOB, AOCTUYh JJIMTEIBHOTO YACpXKaHUS CyJHA TPU BOJHEHUH B
3aJaHHOM mno3unuu He ynaercs [6, 8, 11, 13]. IlpuuumHON 3TOro SBJISETCS HE TOJBKO
HEJ0CTAaTOK YHEPrOBOOPYKEHHOCTH HCIIOJIb3yEeMbIX CYI0B. MHOTOUMCIICHHBIE UCCIIeIOBAHUS
B 00JIaCTH pa3BUTHS CUCTEM PETYIMPOBaHUS MOKa HE Al0T 0>KUIaeMoro pesynbTara. Mcxoas
U3 CIOXKUBIICHCS CUTYallMH, B CTaThe MPEINPUHSTA MOMBITKA aHAIM3a METOJIOB TOCTPOCHUS
CUCTEM PEryJIMpPOBaHHS U Pa3pabOTKU aJrOpUTMa TOYHOTO MO3UIIMOHUPOBAHUS CYAHA MPHU
SHEPTUU BOJIHEHUS, HE TIPEBBIIIAIOIICH YHEPrOBOOPYKEHHOCTH 00BEKTa (CyIHA).

AHaJM3 NOCJIeTHUX UCCIAEAOBAHNN U MyOJTUKAUI

CoBpeMeHHBIE TEXHOJOTUU JOOBIUM TMOJE3HBIX HCKOMAEMBIX Ha MOPCKOM Imenbde,
3a/1aud  CTPOMTENIbCTBA W TPOBEACHHUS aBapUUHBIX paboT TpeOyroT obecnedeHus
HETIOJBMIKHOCTH CyaHa B reorpaduueckux koopamHatax [1, 2]. CoOGcTBeHHO, mpobiema
OmpeAeNieHUus] KOOPAWHAT  PEmIaeTcs JOCTAaTOYHO IIMPOKUM  CHEKTPOM  METOJIOB.
ABTOMaTHYECKHE CHUCTEMBI YIpaBICHUS TUApOIUIaTGOopMaMH TO3BOJSAIOT OOECIEeUUuTh
OTpesieNiecHue OTKJIOHEHUH B TpeJeNiax HECKOIbKUX CAHTHUMETPOB, CITYTHUKOBBIC CHCTEMBI
o0ecneunBaOT JUana3oH 0 AecSITKa CaHTUMETPOB, ONTHYECKHE CHUCTEMbI OO0ECIEUHUBAIOT
TOYHOCTh B Tpeleiax JECATKOB METPOB U PAJHMOHABUTAIIMOHHBIC CHCTEMBI O0ECIICUYMBAIOT
MpeABapPUTEIIbHYIO MPUBI3KY 00bekTa [3]. OmHAKO CYIIECTBYET BTOpas CTOpPOHA MEIaIH —
ylepXaThb CYJHO B JIaHHOW TOYKE C 3aJlaHHOU TOYHOCTH [4, 5]. DTa 3amaya noapa3zymeBaeT
peryJiMpoBaHue B MPOCTPAHCTBE KOOPAWHAT [6], U TpU 3TOM BO3HUKAET Ps BOIPOCOB O
MMOCTPOCHUHM MaTeMaTH4ecKol Mojaenu oOwekra ympaBiueHus (cyana) [7, 8]. T'oBops o
MaTEMaTHYECKUX MOJIESIX, OINHUCHIBAIOIIMX JUHAMUKY CYyJIHA, BBIICIHM MPEXKIE BCETO
(dyHIaMEHTaIbHBIE HCCIENIOBAaHUS, B KOTOPBIX pPACCMAaTPHBAIOT CYOHO KaK OOBEKT C
pacrnpeieIeHHbIMU TTapaMeTpami [9].
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eab uccaenoBanusi
Janast paboTa TOCBSIEHA PEMICHUIO 33aJa4d JEKOMIO3UIIMH CHCTEMBI
yIpaBieHUs CTa0MIN3aUeil KOOpAUHAT MOPCKOTO CY/HA.
H3n0xeHNe 0CHOBHOT0 MATEPHAJIa HCCIIEIOBAHNS
PaccMoTpuM OKpecTHOCTH CyAHA MOJ BO3JCHCTBUEM BHEIIHHUX BO3MYILICHHI:
BOJIHEHHUS, TEUEHUI U BETPOBBIX MOTOKOB. OIUIIEM Cpely B BUAE TPEX BEKTOPHBIX
nmoneit: F1(X) — BekropHoe moisie Bo3aymHON cpeabl, F2(X) — BekTOopHOE TIONIE
BOJIHOBOTO c10s1, F3(X) — BeKTOpHOE 1M0JIe TeUEeHUH, TJIe BEKTOpP X UMEET KOOPAMHATHI
X, Y, z. B aTOM ciiydae, onpenensisi BEKTOPHBIE MOJISI, KaK TOJISl CUJIbI B KaXKJOM TOUKE
MIPOCTPAHCTBA, MOKHO OMPEACIUTH BEKTOP BO3MYILEHHUS KaK

if 2w 2222, > F=F(X)
if 2,2227, > F=F(X) (1)
if 2,222, >F=F(X)

YuuteiBas TOT (pakT, 4TO TpaHW MEIy CJOSIMH CPEIbl JTOBOJBHO YCIOBHBI,
BO3MOXHO PAa3JelIUTh BO3ACHUCTBUSA, €CIA NPEANOJIONKUTh PABEHCTBO BEKTOPOB
Kax11oro ciosi. COOCTBEHHO, TaKMM 00pa30M MOXKHO pa3JIeIuTh BETPOBOE U BOJTHOBOE
BO3JECHCTBUS W BO3JCHCTBHE TEUCHHS. B TakoMm cilyyae KaKIblid CJIOM CBA3aH C
BO3JEHCTBUEM HA KOPMYC CY/HA.

PaccmoTpuM 3aMKHYTBIM HHJIMHIIP C KOHTYpOM L B BEKTOpPHOM IPOCTpPaHCTBE

F(X) (puc. 1).

Puc. 1. Ilose Bo3MyuieHui

Tak xak B mpeaenax obmactu L B mosne HeT nctounnkoB u divF(x)=0, To moTox
BekTopa F(x) uepe3 koHTyp L nomxkeH ObITh paBeH HYJIIO:

@:gF(X)aSZO. (2)

[Ipeanonoxum, 4TO MOJIe BO3MYIIICHUH B3aMMOJICHCTBYET C TPaHMIICH 00JacTH
L. Eciu Bo3aelicTBME BO3MYILEHHUS MPUBOIUT K CMELICHHIO TPAHUI[ OOJACTH, TO
YCIIOBHE COXPAaHEHHUs 00JaCTh CBOAUTCS K OTCYTCTBUIO BO3MYIIICHHI Ha TpaHUIIE:

@ = {JF(x)s=0—> F(x),. =0. 3)

St
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Taxkum o0pazoM, B KaKJ0W TOUKE X, MpUHAJIeKamel L 1o/mkHa neicTBoBaTh CUIa,
KOMIICHCUPYIOILAs [10JI€ BO3MYILICHUIA:

F(X)xeL_U(X)XELZO' (4)

B mpeanonoxxkennu (1) mpm  ycnmoBum  (2) w  (3) TpeOoBaHWE HAIMUUA
KOMIIEHCUpYIOLIETo Iosie Bo3MylleHud F, mons ynpasnenus U BwlpakeHue (4) sBisercs
IIPOCTBIM PELENTOM JUHAMUYECKOTO MMO3UIIMOHUPOBAHUS.

Ha puc. 2 u puc. 3 noka3aHel BO3AECHCTBHS BO3MYLIAIOIIMX IOJIEW Ha CYAHO U
B3aMMOJCHCTBUE BO3MYIICHHS W YIPABICHUSA IIOCIE COBMEIIEHHA NoOBepxHocTH L ¢
MIOBEPXHOCTBIO CY/IHA.

F F

Puc. 2. Bo3aelicTBue BO3MYIIAIOIIUX MoJIeii HA Puc. 3. B3aumoaeiicTBue Bo3MyIlleHUsI M YIIPABJIEeHUsI
CYAHO

OuyeBUHO, YTO BO BHYTPEHHEW 00JIaCTH, OTpaHWYCHHOW IOBEPXHOCThIO L,
BO3MYILAIOIIME IO HE JeHCTBYIOT. Clle0BAaTEIbHO, B I0JIE BO3MYILUEHUS IOBEPXHOCTH
CyIHa OTpaHMYMBAIOT 00JACTh, I/I€ BHEIIHEE IoJie OTCYTCTBYeT. [Ipu 3TOM Ipeanosnoxum,
41O 3Ta 001acTh HE eOPMHUPYETCs, a MOoJIe YIPaBICHUs POPMHUPYETCS 32 CUET HECKOIbKUX
MCTOYHUKOB, CO3/IAI0IIUX COJICHOMAAJIbHBIE MOJIS B JIAKYHE U Ha ee TpaHule (puc. 3).

OpHako MBI HWMEEeM JeJ0 C JAWHAMHYECKUM OOBEKTOM, HAXOJSAIIMMCS TIOJ
BO3JICHCTBUEM MO BO3MYIIaOMUX cuil. Onucarh JMHAMHUKY 00BEKTa JOCTATOYHO CIIOXKHO,
HO B JAaHHOM CJIy4a€ BO3MOXKHO BOCIIOJb30BaTbCs MPUHUUIIOM ['eiMrosnbua, KOTOPBINA
YTBEPKAAET, UTO JIF0O0€ BEKTOPHOE MOJIE MOKHO IMPEICTaBUTh CYMMOW MOTEHUUATbHOIO U
COJICHOMIAIBHOTO moJiel. Takum 00pa3oM, IBUKEHHUE CUCTEMBI COJIEPIKUT allepPUOANIECKYIO
U KonebarenpHylo cocrapisomue. Onupasch Ha NpuHIUN ['aMHIIBTOHA MOKHO YTBEPKAATh,
yro auddepeHIanbHble  YpaBHEHHS, OINUCHIBAIOIIME JIBIDKEHHE JOJDKHBI  HUMETh
MHUHUMAJIbHBIA OPAIOK [ 14].

Taxum o6pazom, nose F(X) cBs3aHHOEe ¢ 00BEKTOM OMpEAETsIeTCs CyMOR ABYX TOJCH,
noteHaabHoro O(X) u conenonnanbHoro W(X), mpu TOM BBIOJTHSAIOTCS YCIOBHS:

F(X)=®(x)+¥(x);
rotd( x)=0; Q)
grad?(x)=0.

JIst moTeHIManbHOM COCTaBIIAIONIEH MO cripaBeyinBo [10]:

j‘.;[:}divlrdv = g Fds. ©)

Jliis 00BbeKTa ¢ HEM3MEHHOW TeOMETPHE, B KaKI0M TOYKE B TpaHUIaX 00BEKTa, yciaoBue (6)
BBITIOJTHSIETCS] CHJIHHO U KaK CJICICTBUE PAaBHBI MOABIHTETPAIBHBIC BRIPAKCHHUS:

DOI 10.32782/2618-0340-2018-2-72-80
76



HPUKIIAJIHI ITNTAHHA MATEMATHYHOI' O MOAEJIFOBAHHA No2, 2018 p.

divFdv = Fds. (7

CoBMECTHB HaIpaBJISIOMIMNA BEKTOP IIOMIAJIKH ¢ BEKTOpHOW nuHHEH, u3 (7)
MOJTy4aeM:

. OX
divF — |ds = Fds.
( p ) (8)

CnenoBaTenbHO, JIE NOTEHIMAIbHOW KOMIOHEHTHI B (5) JIOJKHO
BBITIOJTHATHCS ypaBHEHUE:

dive X _F, (9)
ot

C apyroii CTOPOHBI, 11 COJICHOUTAIBHON KOMIIOHEHTHI BBITIOIHSAETCS YCIOBUE
[10]:

jSFdI :ﬁrotFas. (10)

Su

Jns Hemedopmupyemoro Tena mnpu coBMmerieHun Bekropa dl ¢ BekTopHO#M
muauer monst u3 (10), momydaem:

Fdl = rotFos. (11)

Wnu, 3a cyer cBs3M HampaBieHUS HOPMajdd M BEKTOPHOW JIMHUU, MOKEM
3anucath (11) B Buze:

Fdl = (rotFdx )dl. (12)

Wnu, yuuteiBasg, 4YTO INPOMU3BEACHHE pPOTOpa IO HA BEKTOP CMELICHUs
OnpenensieT MOMEHT UHEPLIMM, MOXKEM 3alMCaTh:

2
mgt—;( = (rotFdx) = —-mVx. (13)

Jiis coneHonnanbHOM KOMIOHEHTHI oIt u3 (12, 13) BBIMONHSACTCS yCIOBHE:

0°X
W+VX:O’ (14)

rae marpuna Vo COCTOUT M3 JIETEPMHMHAHTOB, OMPENENAIONINX HW3MEHEHHE MOMEHTa IpHU
CMeIICHUU Ha OX.
Tak kaKk ITOJKEH BBITIOJHATHCS MpuHIMN ['eirroHca, COBMECTHM 00a YCJIOBHS:
(9) u (14), — B oz1HO:
2
IX | dive X vx=F . (15)
ot’ ot

[Ipu yuere Bozmymaromux cui u3 (15) nomyyaem:
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0*X . _0OX
—+divF —+Vx=F +0Q. 16
pre p Q (16)

[Tomydyennoe  ypaBHeHue  (16)  omuchiBaeT  JBW)KCHHE  JTMHAMHYECKOTO,
HenehopMupyeMoro oobvekTa B mosie Bo3Mmylnaroumx cuid. CoOCTBEHHO, 3TO ypaBHEHHE
MOKa3bIBAET, YTO CYAHO HE TOJBKO CMEIIAETCSl B CUCTEME KOOPAMHAT, HO U COBEPLIAET
Kosie0aTenbHbIe JBMKEHUS! OTHOCUTEIBHO 3TUX KOOPAMHATHBIX OCEH.

ITpr 3TOM BO3MOXKHO CTaBUTh 3aJadyy CTaOMJIM3alUM OOBEKTa MPH MOMOIIU IOJIS
ynpasiaeHuil U(x). CyliecTBEHHO TO, YTO B JAHHOM Cily4ae JUHEapu3alus JaeT HE CUCTEMY
Komm nepBoro nopsiaka, a CHCTeMY BTOPOTO IOPSIIKA:

d’x
dt’

D(:I—)t(+Ax+Bu=Qq. (17)

Bropoii nopsigok muddepennuansuoro ypapaenus (17) sBisiercss MUHUMATbHO BO3MOXHBIM
JUISL OJTHOBPEMEHHOTO OMNMHUCAaHUs KOJIeOAaTeTbHOTO W TOCTYMAaTeNbHOTO JBM)KCHHH, YTO
COOTBETCTBYET CTPYKType 3amaud. l[Ipu 5TOM Bcerma MOXHO pa3OuTh JBIIKCHHS Ha
CMEILICHHS 1 BPAIllEHUs OTHOCUTENIBHO Oceil KoopAauHaT [11], 4To MPUBOAUT K JTEKOMITO3HUIIUU
(pazmeneHuio) 3a1a4M Ha CTAOMIIM3AINIO KyPCOBOTO yIila U KPEHOB CY/IHA.

PaznenuB BEKTOp COCTOSHUS HA TTOABEKTOPHI, TTOJTYIHM:

N .3 P 2 U - R
x_y’ y_z’ z_X’ O_yo' (18)

Torz[a JIMHCApPU30BaHHAA MOACIIb MOXKECT OBITE pasaciicHa Ha IMMOoACUCTCMBIL:

d?x dx

dt2X =D, tx +A X, +B,u, =Q,q,;
dzxy dx,

dt? = Dy dt +Ayxy + Byuy :quy; (19)
d?x dx

dtzz =D, tZ+AzXz+Bzuz=quz;

d?x dx

dt20 = Do d_t0+ ono + Bouo :Qoqo .

[lepeie  Tpu  moxacuctembl  (19)  cTaOMIM3HPYIOTCS  JAOCTaTOYHO  TOYHO
COOTBETCTBYIOIIMMHU PETYIATOpPaMH Kypca, KujeBol u OoproBoil kauku [11, 12]. Bomee

CIIO’KHBIM OKa3aJoch OOECTEUHTh TOYHOE MO3HIMOHMPOBAHME MO KOOpAMHATaM Ko, Yo,
HecmoTpst Ha gocTaToyHo O0NbIIOE KOJIWYECTBO PAadOT MO JAaHHOW Mpobieme, peaan3oBaTh
crcTeMy, 00eCTIeUNBAIONIYI0 TOYHOE ITO3UITHOHUPOBAHKE TPHU CYNICCTBEHHBIX BO3MYIICHUSX,
He ynaercs [13].

3amaua gaHHOW paboOTHI OMNpeneeHa Kak pelleHHue MpoOIeMbl TUHAMUYECKOTO
MO3UIIMOHUPOBAHHSI, IO3TOMY CYMTAEM BIUSHUE KAaYKU CyJHA YCTPAHCHHBIMHU.

Ommbka, CBs3aHHAsI C ONMHCAHHEM OOBEKTa CUCTEMOW MEPBOTO IMOPSIKA, YXYIIIAeT
pe3yNbTaThl, OJHAKO B COBPEMEHHYIO CHCTEMY YIOpPABICHUS BXOJHUT alTOPHUTM
UJIeHTU(DHUKAIIAN 1 OIHMOKA IMOPSIKA CHCTEMBI MOYKET ObITh CHHUKEHA.
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Taxum o0pa3om, CTaBUTCS 3a/1a4a ONPEICICHUS IPUINHBI 3aTPYAHECHUHN B pean3aliuu
COBPEMEHHBIX AJITOPUTMOB PEryJMPOBAHUSA B 3a/Jau€ JUHAMUYECKOTO IMO3ULMUOHUPOBAHUS
CyJHa.

BriBoabI

3agavya TUHAMUYECKOTO MO3UIIMOHUPOBAHUS SBJISETCA 3a7adyeil ¢ pacrpeeeHHbIMU
rapaMeTpamu.

Onucanne CcyaHa, Kak  OOBEKTa  PETyJIMpPOBaHMs, TPEIACTaBIsACT  COOOM
g depeHIaTbHOEe YPaBHEHHE B YACTHBIX MTPOU3BOIHBIX BTOPOTO MOPSIIKA.

JlekomMno3uIms 3a/1a4yu peryJaIupoBaHus KOOPJIUHAT IJIaBAIOIIETO CPEICTBA MO3BOJISET
BBIJICTIUTH OTJEIBHYIO MOJACUCTEMY JUHAMUYECKOTO MO3ULIMOHUPOBAHUS.

VYuutsiBasi, 4TO UCIOIB30BAaHUE COBPEMEHHBIX METO/IOB PETYJIUPOBAHUS HE MO3BOJISIET
CO3/aTh  CHUCTEMBl  CIOCOOHBIE JUTUTEIBHO COXPAaHATH  HEOOXOOUMYH  TOYHOCTH
MMO3UIIMOHUPOBAHUS, TPEOYETCS aHAIM3 UCIIOIB3YEMBIX METOOB PEryJIUPOBAHUSI.
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