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YACTHbIA ANFOPUTM YMPABNEHUSA
MYJIbTUArTEHTHON CUCTEMOM

Kazanun /1. K.
(OAO AHIIII « Temn-Asuay,
Apzamacckuti nonumexnuueckuti uncmumym (¢punuan HI'TY),
Ap3zamac)

Paccmampusaemcs epynnogoii noném sunomemudeckux i1emameib-
HuIX annapamos. llpeonoosicen ancopumm ynpaeieHus Mynvmua-
2EHMHOU CUCIEMOU, YHUMbBIBAIOWUTI 02PAHUYEHUS, HAKIA0bIGaeMble
Ha mpaexmoputo JIA u ezo yenogoe nonodcenue. Ilpoussedeno
Mamemamuieckoe Mooenuposanue noiéma epynnuvt JIA.

KitroueBsie ciioBa: JieTaTeNbHBIA anmapaTt, OOBEKT YIpaBIICHUS,
CHUCTeMa CTa0WIIM3allii, MPOJIOJIbHBI KaHall, OOKOBOW KaHal,
AITOPUTM YIPABIEHUS, TPYIIIOBOH MOJET.

1. BeedeHue

B HacTosIiIee BpeMsi CTAHOBHUTCS aKTyaJIbHOW 3ajlada yrpaBiie-
HUS TPYIIaMi MOOMIBHBIX 00BEKTOB (areHToB). B 3aBucuMocTh ot
TUTIA OOBEKTOB, a TaKXKe BUAa WH(OPMAIMOHHOTO B3aUMOJICHCTBUS
MEXTy HIMHU BO3MOXXHBI Pa3JIUYHbIC TTOJIX0/IbI K TIOCTPOSHHIO ajro-
PUTMOB YIpPAaBIEHUS MYJIbTHArEHTHOW cucTeMol. B OonbimmHCTBE
ClIyyaeB MaTeMaTHUECKash MOJIeNIb Takoil cuctemsl [2,3,4,5,6] umeeT
YIPOINEHHBIA JIMHEHHBIA BUJ], YTO TIO3BOJSIET HCIOJIB30BaTh MaTe-
MaTHYECKHH ammapar, pa3pabOTaHHBIA s CUCTEM Takoro pona. B
Clly4ae TOCTPOCHUS TONHON (HENMHEWHOW) MOoJend OOBEKTOB H
y4éTa WX B3aUMOJICHCTBUS C OKpPYKAIOIIEH CpeIold IPUXOIUTCS
CTPOUTH 0OJIee CIIOKHBINA aJaTUBHEIA aJTOPUTM YITPaBICHUSI.
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2. lMocmaHoeka 3ada4yu

B kadectBe oOBekTa wHcciemoBaHUS OyneM paccMaTpHBaTh
TPYNIy THUIOTETHYECKHX JeTaTelnbHBIX ammapatoB (JIA), cosep-
MIAFOIINX JIBIKEHHE T10 33IaHHOH TpaeKTopuu (pUCyHOK 1)

Puc. 1. 3a0annas mpaexmopus 08udicenus 2pynnol cunomemuye-
ckux JIA

JnHamuyeckass MOIENIb IIOBEACHUS Ka)KIOI0 areHTa MOXKET
OBITH IpEJACTaBICHA CIEAYIOUEH cUcTeMol auddepeHInaTbHBIX
ypaBHeHwuii (1):
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J+a,9+a,a +a,0, +a0, =0,

a,0 + 8,0, + 8,0, = 9,

9=0+«a,

W +by +b,,y +b,8+0;.6, + 03,6, + b330, =0,
b, B +bs,6, +bg,6, + 0536, = ¢,

y=9+p,

(1) (7 +Cy+Cy +C, 5 +C510, +C350, +C330; =0,

o4 =19+ p,9,
O-l// :iil//_l—pil/)’
o, :iy7+py7’

0, =k, 04+ klzaw + k130'7 ,

0, =K, 04+ kzzU.,, + k230y ,

0, =K0,5 + ksZO'W + kggo'y ,
rne &, f,7, 3 W, 0, — yribl aTaku, CKOJIKEHHs], KpeHa, TaH-

raxa, pbICKaHU U TPACKTOPHBIC YIJIbI;

Cg,0,,

aBToMaTudeckoro ynpasinenus (CAY);

0; — YTJIbl OTKJIOHEHHS pyJieit JIA;

ls5 s Pen» — NiEpenaTounbie yucna CAY 10 MO3HIMOHHBIM M JIEMII-
(GUPYOLM CUTHAIIAM;

Ki; — mepenaTouHble ynciIa OI10Ka KHHEMAaTHUECKOH pPa3BOIKHU PyJICH;
a;, aij, bi, b, Ci, Cj — a’spoanHamuyeckue ko3 duieHTs! [1].

B 3aBucumocTr oT BHAa TpaeKTopuu ABKeHHA JIA, a mpexae
BCETO OT BBICOTBHI M CKOPOCTH JBWKEHHSI, TPOUCXOAUT M3MEHEHHE
a’poaHaMUYecKux KoddduuuentoB. B cBsa3m ¢ atum sBusercs
aKTyaJbHOW 3a/laua CHHTE3a aAalTUBHOTO YIIPABICHUS AJISl KaXKIOTO
areHTa, a B JaJbHEHIIEM U JUII MYJIbTUAT€HTHON CUCTEMBI B LIEJIOM.

o y = MOKAHAJIBHBIC  YIIPABJIAOMINC CHUIHAJIBI CHUCTEMBbI
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3. Cmpykmypa cucmeMbl cmabunu3sayuu

Cucrema crabmimm3anuu paccMaTpuBaeMbix OY MOXKeT mpen-
CTaBIATH CO0OW MHU(PPO-aHATIOTOBYIO CHCTEMY. BHyTpeHHHE KOHTY-
pBI (KOHTYpHI JeMI(pUPOBAHNUSI) — aHAIOTOBEIE, BHEIIHNE KOHTYPHI
(KOHTYpBHI TIepeTpy3KH U yTia KpeHa) — U poBkIe.

3ampIkaHue BceX OOpaTHBIX CBA3€W KOHTYPOB CTaOWIIM3AIlNU
OCYIIECTBISIETCS TT0 WHGOPMAIH JAaTIUKOB MMEPBUYHON MH(pOpMa-
ITUH.

C yu€ToM mnpOW3BEAEHHOTO BHIOOpPA OCHOBHBIX IPHUHIIUIIOB
(dhopMupoBaHUS OOPATHBIX CBSA3EH CTPYKTYypHAas CXEeMa PEryisaTopa
u(pO-aHaJIOTOBOTO IMPOTOTHIIA MPOAOIHHOTO KaHala CcTaOwim3a-
[IUU HOPMAJTbHON 1 OOKOBOM Teperpy3Kd MOXKET UMETh BUJI, IIPUBE-
JEHHBII Ha pUCYHKE 2.

CTpyKTypHas cxema peryJsirtopa KaHajia KpeHa (PHCYHOK 3)
CTPOUTCS C 3aMbIKaHHEM OOpaTHBIX CBsi3ed 1Mo WHGpopManuu 00
YTIIOBOHM CKOPOCTH 0y W yIIIy KpeHa . s obecriedeHus actatuama
BBOJMTCS MHTETPAJ TI0 OTKIIOHEHHIO OT 33IaHHOTO YTTIA s40.

Cxema

oTparmreHI T,

D1

L=
+
=

pposaz uacts AnanoreBas wacth

Puc. 2. Cmpyxmypuas cxema pe2yisimopa npoooivHo2o u H0K08020
Kauana
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Puc. 3. Cmpyxmypnas cxema pecyismopa Kanaia Kpena

4. YnpaeneHue

st paccmatpuBaeMoro 0o0bEKTa YIpaBieHHS ObUIM CHHTE3H-
poBaHbI KO3(DPUIIMEHTHI YCUIICHHSI, & TAKXKe pa3padOTaHbl aJITOPHUT-
MBI YIIPaBJIEHUS TPOJIOTBHBIM U OOKOBBIM JBIKECHHEM.
[IpononabHOE JBMKEHHUE PEATU3YETCsS COTJIACHO CIICAYIOIUM
3akoHaM ympasienus (2), (3):
(2) Nyea =k, -Ah+ky, -v, +cosO,
Ah=h- hgaa :
rae Ny, — 3a7aHHas neperpysKa Ijs IpoAoJIbHOIO KaHaa,
h — rekymas BeicoTa MONETa, M;
h,.0 — 3a1aHHAas BLICOTA MTOJIETA, M;
Vy — TIPOEKIIHS CKOPOCTH, M/C;
6 — TpaeKkTOpHBIIA yro, pas;
Kn, Kah — K03 purmmentsr IT]{-perymsaropa;
2
v©-(1-cos®)
as =
Yy G g . Ah
rae V — MOIyJlb CKOPOCTH MmoJiéra, M/C;
0=9,81 — yckopeHHe CBOGOIHOTO TaneHus, M/C2.

(3) n +cosé ,
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3akon ympaeneHus (3) HeoOxoauMm it Oosiee MIIABHOTO Iepe-
XO0J1a Ha 3aJJaHHYI0 BBICOTY N,y U PYHKIIMOHUPYET MPU BBHIIOIHCHUN
creyromiero yciuosusi (4):

| v? - (1—cosé) |
‘g-(0.4-nogr+cose)"

TZie Nogr — KPyroBas AEHCTBYIOIIAs IIEPETPY3Ka.
Huxe MMPEACTABJICH 3aKOH YIIPABJICHUA OOKOBBIM JABUKCHHUECM
(B) N,us=kK,-AZ+Kkg, -V

AZT=72-1

(4) 5<|Ah[<

zcaa z

caa
rae N, ..o — 3aJaHHas neperpys3ka it 00KOBOTO KaHAJIa;
Z — Tekyinee OOKOBOE OTKJIOHCHHE, M;
Z.a0 — 3aJJaHHAS BBICOTA MOJETA, M;
V, — IIPOEKIINA CKOPOCTH, M/C;
K, Kg; — ko punuments [1/1-perynsiropa.
B xanan xpeHa 3agaHHbINA CUTHAI TTOAAETCS paBHBIM 0:

(6) 7/(;2‘:1'61:0'

B cBsi3M ¢ CyllecTBEHHBIM M3MEHEHHEM KO3(DPHUIIMEHTOB yCH-
JICHUSI B 3aBHCHMOCTU OT pexxuma mnojéra JIA Oblia paspabortaHa
CHUCTEMa aJallTaluu, IMOCTPOCHHAsA 110 MNPpUHOUITY KYCOYHO-
MOJIMHOMHUAJILHOMN arrnpoKCUMalu.

5. ModenupoeaHue

Ananuz CHUHTC3UPOBAHHBIX aAdallTUBHBIX III/I(i)pO-aHaJ'IOFOBBIX
PETYISTOPOB BHYTPEHHHX KOHTYPOB CTAaOWMIM3aIlUN IPOBOIUIICS
METOJOM MATEMATHUYCCKOI'O MOACIMPOBAHUA TEPEXOIHBIX ITPOILICC-
COB OTpabOTKHM CKauyKOOOpPa3HBIX 3aJaHHBIX yMpaBieHWd. Mopaenu-
pOBaHKE MPOU3BOANTCSA B PaMKax MPOCTPAHCTBEHHOTO 000OIIEHHO-
ro ooObekra ynpasiaeaus (OOVY), npeacTaBiIgoOmEro coboi
o0beAMHEeHNE TIOJTHON MPOCTPAHCTBEHHON MOJAENN 0O0bEeKTa yrpas-
JICHUSI C CUHTE3UPOBAHHBIM TPEXKaHAJIbHBIM PErYJIATOPOM BHYTPEH-
HHUX KOHTYPOB CTaOMJIN3aI[Md KOPOTKOIIEPUOJUUECKOIO ABMKECHHUS, a
TaKXKe C alrOpUTMaMH YIIPaBIEHUS MPOAOJIBHBIM U OOKOBBIM JBH-
’KeHueM. B mpouecce MozenupoBaHus ObUIM YYTEHBI BCE OCHOBHBIE
(bakTophl, ICHCTBYIOIINE Ha MYJIbTHATCHTHYIO CUCTEMY (PUCYHOK 4).
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AJNTOPUTMBI peryyisiTopa OBUIM peann3oBaHbl B IHM(PPOBOM BUJE.
UYacrora peaju3anyy alTOPUTMOB OCHOBHBIX KOHTYPOB COCTABIISET
100 I'm, anropurma amanramu — 10 I'm. Bxogamu OOV sBusroTcst
3aJaHHbIe KOOPIUHATHI N,yy, Z,00.
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Puc. 4. @axmopewi, Oelicmgyroujue Ha MYTLMUASEHMHYIO CUCTNEMY

MopnenupoBanue peanu3yercss OZHOBPEMEHHO HA HECKOJBKUX
OV (areHtax) ¢ pa3MUYHBIMU HaYaJlbHBIMU YCIIOBHSMH IONETA W
3aJJaHHBIMH KOOPIUHATAMH.

HavanbHble ycnoBusi monéra JUisi KaXJIOTO areHTa CBeJIeHbl B
Tabmuiy 1.

Tabnuya 1. Hauanvnule ycrosus nonréma

NoNe CkopocTh Bricora Bokosoe
areHra V, mc?t h, m OTKJIOHEHHE Z M
1 450,0 9000 0
2 450,0 15000 0
3 450,0 10000 0

B Tabmurie 2 npuBeneHBI 3a1aHHBIC KOOPIUHATHI.
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NoNe BricoTa BoxkoBoe
areHTa N,u0, M OTKJIOHEHHE Z,,9, M
1 12500 -100
2 13000 0
3 13500 100

PesynbTathl MOJIeTMpOBaHHS NPEACTABICHBI HA PUCYHKAX 5-6.
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Puc. 5. IIpooonvuwiii kanan

XI BCEPOCCUICKA S [IIKOJIA-KOH®EPEHIM MOJIOJIBIX YUEHBIX
“VITIPABJIEHME BOJIBIIMMU CUCTEMAMIN”



L S e B 2]
s s 2|

: : smmEm 73 :

100 --------------Ih--------a-.---lhnu-nu-nu---I--..-.. -------- ‘:

fof o — — e

] poommeeees A Rt :

-100 e e~ ——————— !
100 1a0 200 250

t,c

Puc. 6. bokosoti xauan

6. BbigeoObI

1. Ins paccmarpuBaemoro OV pa3paboTaHbl CHUCTEMbI CTaOH-
JM3alKy POJOIBHOrO KaHana, 00KOBOro KaHalla M KaHala KpeHa.

2. PeanmzoBaHbl aNropuTMbl YHpaBJIEHHUs! MPOAOIBHBIM U 00-
KOBBIM JIBUKECHHEM.

3. OcymecTBIICHO MOJICIUPOBaHKE TpymmoBoro nonéra (s 3
areHToB), 10 pe3yJbTaTaM KOTOPOrO MOXXHO CyIHUTh 00 3(h(heKTHB-
HOW pPaboTe MONYyYEHHBIX CHUCTEM CTaOWIM3alMM WU AITOPHUTMOB
yIpaBlICHUS.

[lepcnekTHBBI AanbHEHIINX pa3pabOTOK 3aKIIOYAOTCS B Clie-
OyIOLIEM:

— peanu3oBaTb HHPOPMAMOHHBII 0OMEH MEX]y areHTaMu,

— pa3paboTaTh aNrOpUTMBI YOpaBIeHUS Ui (HOPMHUPOBAHUS
Pa3IMYHBIX BAPUAHTOB CTPOS B MYJIbTUAr€HTHOH CHUCTEME;
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— paccMOTpPETh CIOCOOBI TOAIepKaHUs CTPOsI TIPH HeOIaro-
NPUATHBIX YCIOBUSX MONETA, TIPU MOTEPE CBI3H MEXY HEKOTOPBIMU
areHTaMd W TpPH TONYYCHHH HEJOCTOBEPHBIX <«3allyMIIEHHBIX)
HaBUTAIIMOHHBIX TaHHBIX.
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Abstract: Group flight of the hypothetical flying machines is
considered. Control algorithm of the multiagent system is proposed.
It takes into account the limitations imposed on the trajectory of the
flying machine and its angular position. Mathematical modeling of
the flying machine group flight is made.

Keywords: flying machine, control object, stabilization system,
longitudinal channel, side channel, control algorithm, group
flight.
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