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NPUMEHEHUE METOJA CTYUYAHHOI'O IIOUCKA B 3AJIAYE MOJAJIBHOT'O
®OPMUPOBAHUA JUHAMUYECKHUX CBOUCTB CUCTEMBI «PAKETA —
HOCHUTEJIb —ABTOMAT CTABUJIN3ALIUN»
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Camapckuil ToCcy1apCTBEHHBIN a3pOKOCMUYECKUN YHUBEPCUTET

PaccmoTpen anroputM paboTsl MOJH(DHUIIMPOBAHHOTO METO/IA CITy4aifHOTO IToucKa. I IpuBeieH YnciieHHbIH npH-

Mep.

B 3apmauax momanpHOTO (popmMupOBaHUS
JUHAMHYECKUX CBOWCTB CHCTEMBI «paKeTa —
HOCHTEJIbh — aBToMar crabminsanun» («PH —
AC») Ha IepBOe MECTO BBIXOIHT Ipodiiema pe-
IIEHUs SKCTpeMaIbHbIX 3a7a4. [Ipu aToM cTpyk-
Typa ONTUMHU3UPYeMOH (DYHKIIMHM TaKOBa, YTO
JIONTyCKaeT HAJIMYKE JIOKAJIbHBIX SKCTPEMYMOB,
KOTOPBIE CYLIECTBEHHO YCIOKHSIIOT MPOLETypPY
MOKCKa IN00AIbHOTO AKCTPEMyMa. DTO CBA3AHO
C TeM, YTO 3aJaya HCCIEeI0BaHUS JUHAMHYEC-
koif coBmectumoctu AC ¢ PH paccmarpuBaet-
cs1 KaK 3aj1a4a BbIOOpa 00J1acTel B IPOCTPAHCTBE
MPOEKTHBIX MapaMeTPOB, COOTBETCTBYIOLIUX
YCTOMYHMBOCTH CUCTEMBI U 3a/laHHOMY KaueCTBY
MIEPEXO/IHBIX MPOIIECCOB B KaHAJIaX YIIPaBJIECHUS
[1].

Taxk mst cucrembl «PH - AC», ypaBHeHUs
KOTOpOM Jytsi (Pa30BBIX KOOPAMHAT 3alUCAHBI B
BEKTOpHO-MaTpu4HOi opme [1]:

X(t)= AX(t)+BU (t),
Y(t)=CX(t),
X(0)=X,,

(1)

B KaueCTBE [1apaMeTPOB, 00ECTIEUNBAIOIINX JIU-
HaMHUYECKYIO0 COBMECTUMOCTb CUCTEMBI, BBICTY-
naroT K03(hpUIMEHTHI YCHUIIEHHs aBTOMaTa CTa-

onmusammn &, , 1 = 0,4; reomerpuueckue (as-
POIMHAMUYECKHUE), HHEPLIHOHHO - MACCOBEIE,
’KECTKOCTHBIE U IUCCUTIATHBHBIE XapAKTEPUCTH-
KH CHCTEMBI.

MHOX€ECTBO JIOMYCTUMBIX TPOEKTHBIX Ma-
PaMETPOB 33/1a€TCsA COBOKYITHOCTHIO HEPABEHCTB
BHJIA

p]mn£pj £p]max’ (2)

I TIOCTOSIHHBIE P i s Pjmax» | =LK ompenerns-

10T 3a/IaHHBIE IIPEEIIbl U3MEHEHHU [1apaMETPOB.

ANTopuTM MOAAJIBHOTO (POPMHPOBAHUS
JTMHAMUYECKHX CBOMCTB cuctembl «<PH-AC» (1)
CBOJUTCS K CIIEAYIOLIEMY.

ITpu BIGOpe oOmnacTeill B MPOCTPaHCTBE
IIPOEKTHBIX [1APAaMETPOB HA MHOXKECTBE BO3MOXK-
HBIX 3HAaYECHUH IIPOCKTHBIX I1ApaMETPOB CUCTE-
Mbl «PH - AC» TpeQyeTcst HalTH TaKyro 00J1acTb:

D, 1 P, wus kotopoid
Spec(A- BP)T D, " p,
S

j=1k, k>1,

D1 PP,
©)

e D - 061acTh pacmosnokenus Ha MIOCKOCTH
KOMIUIEKCHOH HEPEeMEHHONW S CIIeKTPOB COBO-
KYITHOCTH [TOICHCTEM, 00JIaJafOIIIX CBOMCTBOM
YCTOWYUBOCTH 110 JIAIyHOBY HEBO3MYILIEHHOTO
JBYDKEHHS M 3aJAHHBIM Ka9€CTBOM IIEPEXOIHBIX
TPOLECCOB 10 KaHAIaM YIPABICHHS, P, — ouie-
MEHTHI K - BEKTOpa IPOEKTHBIX ((POPMHUPYEMBIX )
apaMeTPOB CUCTEMBI; P, — MHOMECTBO mommyc-
THUMBIX TIPOCKTHBIX MapameTpos; P - MHOXeCT-
BO MPOCKTHBIX MapaMeTpoB cuctembl [1, 2]
(puc. 1).

B cuny cioxxHOCTH KOH(UTypanuy MHO-
KecTBa D, UTO BBI3BIBAET ONPEIENEHHbIE TPYII-
HOCTH IIPH MOJIy4YeHUH (PyHKIIMOHAJIA, OIIpe/e-
JISIFOIIETO NMPUHAJIEKHOCTh CIIEKTPa MOJIKCOB
JAHHOM 00JIaCTH, CTABUTCS 3ajia4ya npeodpazo-
BaHMsl MHOKECTBA D_KOMIUIEKCHOM IIEpeMEHHOM
S B HEKOTOPOE APYroe MHOXKECTBO D, komItek-
CHOM IIEPEMEHHOH (:
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Puc. 1. Obnacme 2apanmuposanno2o Kavecmea Ha NIOCKOCMIL NPOEKMHbLY napamempos D
u xomnaexcroti niockocmu D

rae B = L(A) - yHKIMOHAIBHO — MpeoOpaso-
BaHHAas MOCPEACTBOM omeparopa L marpuna.
[Mpouenypa mosnydeHus: PyHKIIMOHATIBHO — ITpe-
obpazoBannoi (PIT) MaTpuIibl MOAPOOHO U3ITO-
xeHa B [2].

B cooTBeTCTBHM C OTMEUYCHHBIM paHee
aJTOPUTMOM OIpEICICHUS JTUHAMUYECKHX
cBoiicTB cucteMbl «<PH — AC» B kauecTBe pyHK-
[[MOHAJIA, ONPEICIISIOIEero MPUHAIICIKHOCTD
Sec BT D

q

o » BBIOUPAETCS CIIEKTPANIbHBIH

panuyc MaTpuIibl B :

J=R

q

=R, =max|qi=1n,

(5)

rae O - coocrBenssle uncna PII-marpuisr .

Pacyer BHyrpenneil Touku obmactu D
JOMYCTUMBIX 3HAYCHUH IPOCKTHBIX TapaMeTPOB
B BBIODAHHOM CEUEHHH CBOAUTCS K PEIICHUIO
3a/laud HEJIMHEWHOTO MPOTPaMMHPOBAHUS IS
¢dynkuonana (5) ¢ yuerom orpanuveHuit (2).
HccnenoBanue 3aBucumoctH pyHkuoHana (5)
OT MPOEKTHBIX MapaMeTPOB, BBHIIOJIHEHHOE Ha
MOJIENIBHBIX 33/1a4ax Malloil pa3MepHOCTH, TO-
Ka3aJo, YTO 3Ta 3aBUCUMOCTb SIBJISIETCS CyIle-
CTBEHHO HEJIMHENHOM. [{J1s 3a1a4 BBICOKOM pas-
mepHOcTH (pu N > 4) Takoil aHanu3 BooOIIe
3arpyaHuTeneH. COOTBETCTBEHHO 3ajjaya Mo-
nanbHOTO (GOPMHUPOBAHMS AUHAMHYECKUX
cBoiicTB cucteMbl «PH — AC» oTHOCHTCS K KJ1ac-
CY MHOTOIIapaMeTPUIECKIX, MHOTOIKCTPEMAIIb-
HBIX 3a7a4. Hanu4uue 1oKambHBIX 9KCTPEMyMOB
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00yCIIOBJICHO HEOTHO3HAYHBIM BIUSTHUEM MHO-
’KECTBa JIOMYCTUMBIX MPOCKTHBIX ITapamMeTpPOB
Ha KaueCTBO TUHAMHYECKUX CBOHCTB CHCTEMBI
«PH — AC» (ObicTpoaeiicTBue, KoeOaTeb-
HOCTb, 3aTyxanue) [1].

OtMeruM, 4TO MI0OATBHBIN SKCTPEMYM
OTpeeNsieT MUHUMAIIBHO BO3MOXKHBIH CITEKT-
paBHBIA paguyCc Ha MIOCKOCTA KOMIUIEKCHOM
nepemenHon  @II — mMaTpuibl A1 3aJaHHOTO
THIIEPIIPOCTPAHCTBA JTOMYCTUMBIX MPOEKTHBIX
napameTpoB K, T. €. 3a1aeT MUHMMAJIBHO BO3-
MOXHBIH JJI51 JAHHBIX JJOITyCTUMBIX IIPOSKTHBIX
napameTpoB ¢pyHKIMoHal. Clie10BaTenbHO, IJ10-
OaJbHBII SKCTPEMYM OIPEEISIET MAKCUMAIBLHO
BO3MOXKHBIH 3a11ac OTHOCHTEIBHO TPAHUIIBI 00-
JIaCTH Dq Ha KOMIUIEKCHOM IIJIOCKOCTH (] pacro-
JIOKEHUSI CIIEKTPa COOCTBEHHBIX 3HAUCHHUH MaT-
puibl 3aMKHYyTON cuctembl «PH — AC».

Jl1s oThICKaHUs I100aIbHOTO IKCTPEMY-
Ma (5) mpuMeHsIeTCsI METOJT CITy4aifHOTO MOUCKa
C HarmpapJsrOIUM KoHycoM [3]. Meton npume-
HUM KaK JIJIs CIyqasi MHOTOOKCTPEMAIIbHBIX 3a-
1adq, Tak ¥ Ui ciydas, korna gyakiuonain (5)
He Bcrony auddepeHnupyemM, 0COOCHHO B TOUKE
skcTpeMyma. OH MOXET OBITh TaK)Ke TPUMEHEH
I onpezencHus skcTpemyma (5) Ha rpaHmIie
obmactu D .

Hwoke mpuBeieH anroput™ MOIUPHUIIAPO-
BaHHOT'O METO/A CITy4ailHOTO [TOMCKa C HalpaB-
JISTFOIIAM KOHYCOM C YTOYHEHHEM 3HAYCHUS TI10-
0anpHOrO 3KCcTpeMyMa MeTtooM HeroToHa.

[TycTh B IpOCTpaHCTBE JOMYCTHMBIX ITPO-

€KTHBIX [TApaMETPOB pjT P, ] :ﬂ , Haxons-
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LIMXCS B MANa3oHax Pjpyin £ P; £ P; e » OIIPE-

nerneH runepkonyc ¢ napamerpamu | u g (l -
JUTMHA BEKTOPA MOUCKA, J - YTOJ IpU BEpIINHE
koHyca noucka) (puc. 2). Kpome Toro, 3amaHo
YHCJIO UTepALIUi IIOKCKA Z, KOJIMYECTBO MPod Ha
JAHHOW HMTepauuu M W HavyajlbHBIC 3HaYe-

HHUs OPOEKTHBIX HapameTpoB P u3 obmactu

Pimn £ P; £ P max - [loTpebyem, 4TOOBI OCh IpH
BEpILMHE JAaHHOTO KOHYCa COBIa iaja C Harlpas-
JICHUEM TaK Ha3bIBAEMOTO “BEKTOpa MaMSTH .
Hanpagnenue “BexkTopa mamstu” Ha HyJIeBOH
UTEpallUU 33/1aeTCs CenyrImuM obpazom. M3

Hay

HayanbHOU Touku P, j =1k B ciywalino

BbIOpPAHHBIX HAMIPABICHUX MPOBOIATCS M CKa-
HUPYIOIIUX CedYeHHil pagumycoM | ¢ mocie-
OYIOLUM pacueTom byHKIIMOHAaTa

J,(pl, Poyesy pk),l =1,_m. W3 nmaHHBIX ceueHUU

BBIOMpAETCS TO, KOTOPOMY COOTBETCTBYET MHU-
HUMaJIbHOE  3HadeHHe  (QyHKUIHUOHANa

m|i nJ, (pl, Py, pk)_ JlaHHO€E CeUeHHE Ompe/Ie-

JISIeT HampaBlIeHue “ BeKTOpa MaMaTu” .

Jlasiee BOKpPYT BEpIIMHBI KOHYCa IPOBO-
autcs runepchepa pamuyca | . Konyc orceuer
OT ATOH cephl YacTh TMIIEPIIOBEPXHOCTH, HA KO-
TOpOH ciaydallHbIM 00pa3oM BbIOMpaeTcs M
poOHBIX Touek. [1o 3HaueHusIM QyHKIUM Kade-

CTBa B 3THX TOYKaX J,( P, Pyys-es Pe )il =1,m

OIPEIENSIETCS TOUKA, COOTBETCTBYIOIIAst MHHH-
MaJIbHOMY 3HaueHHIO GyHKIMoHana (5) Ha 1aH-
HOU MTEPAIMH 10 AIITOPUTMY

Jrin PLr Py P) =
=mind, (P, Pz Pe)-

JlaHHas TOYKa 3aJaeT HalpaBlieHUE “ BEK-
Topa maMaTH” s cienyrolield urepanuu. B
3TOM HalpaBJIeHUU U MPOU3BOIUTCS pabounit
mar. HampaBieHue moucka, TakuM o0pa3om,
LIEJIMKOM M IMOJTHOCTBIO OIpEeNseTcsl yKa3aH-
HBIM KOHYCOM, T. €. ClIy4aiiHble IpoObI BBIOUpa-
I0TCSl BHYTpH Hero. IlosTomMy ecTtecTBeHHO Ha-
3BaTh 3TOT KOHYC HampasistomuM. Hampasie-
HUE “BeKTopa MaMsATH IpPH ITOM cielyeT OI-
penensaTh Haumydied npoooi mpeablayIiero
stamna (6).

ITo mepe HakoruieHUs: MH(GOPMAIMHU O TO-
BesieHnu ¢Qynkuuonana (5) “Bekrop mamstu”

(6)

CTPEMHTCS Pa3BEPHYTHCS B HAIpaBIICHUH, 00-
parHoM rpaaueHty (puc. 2). [IpaBubHbIH BbI-
0op coueranusi | U QNO3BOJISET CPABHUTEIBLHO
JIETKO TIEPEXOIUTH OT OJJTHOTO SKCTPEMyMa K JAPY-
romy, o0xonuth “oBparu” . [locie onpeneneHus
JIOKaJIbHOM 00J1acTH M100ajJIbHOTO AKCTpEMyMa
(byHKIIMOHATA TIPY 33JaHHOM YHWCIIe UTEepanuid
Z TpOM3BOAMTCS €r0 YTOYHEHHE 10 3aJaHHOU
TOYHOCTH € C HCIIOIb30BaHneM MeToa Hproto-
Ha [4].

OnHUM U3 HIDAHCOB B 33/1a4€ TIOWCKA IJ10-
0abHOTO HKCTpPEMyMa SIBISIETCS MPABHIIBHOE
3aganue | u g. OnTUMabHBIA BAPUAHT, MOJTY-
YEHHBII B pe3yJIbTaTe MHOTOKPATHBIX PACYETOB,
COOTBETCTBYET

:|pjmax' Pj min @)
20,50
J1st npoBeeHus MOMCKa SKCTPEMyMa Mpo-
M3BOJUTCA MacIITaOMpPOBAaHUE 33JaHHOTO JTa-

g =(40, 60)°, |

na3oHa Pjuin £ Pj £ Pjex TaKMM 00pa3oM, 4TO-

=1, J:ﬁ

OBl |pjmax - pjmin

DTO CBI3aHO C TEM, YTO UICTUHHBIC 3HAYC-
HUA JOIMYCTUMBIX HPOCKTHBIX MapaMETpOB OT-
JIMYAKOTCA Apyr OT Apyra B pacCMAaTpUBaACMOM
AUAara3oHe Ha HCECKOJBKO IMOPAIKOB. HaHpH-
Mep, 3HadeHus Kodpduuuento AC mexar

B Juana3oHax:. a,=0, 50, a =(0, 50)c,

2
a,=(-0.01, 0.01) c , @ IMaIIa3oH Jramerpa ro-
M

nosHoro onoka (I'B) cocrasmsier A&, =(1, 10) m.

A
CootBeTcTBEHHO OTHOIMEeHHE —LL =107 | 10°.

a4
[Toatomy oOmwmii panuyc | (miar moucka) B ru-
MEPIPOCTPAHCTBE JAHHBIX MMAPAMETPOB 3a]1aTh
HE MPECTABIISCTCS BOBMOXKHBIM. J[J1s1 Tranaso-
HOB HEKOTOPBIX MPOCKTHBIX MapaMeTpoB (Ha-

npumep, @,) BbIOpaHHBIN paguyc | Oyxer
COM3MEpHM C JMana3oHOM ITHX MapaMeTpOB

(| >>|[Z)J-max - pjmax|), YTO BBI3OBET HEUYBCTBHU-

TEJIBHOCTh METOJ[a K JaHHBIM MPOCKTHBIM Ia-
pamerpam (IIar MoMcka KCTpeMyMma B JFOOOM
HarpaBJIeHUH OyIeT COOTBETCTBOBATH BHIXOTY U3
3aJJaHHOTO JTuara3oHa). B To xe Bpems 11 1py-
TUX MPOCKTHBIX MapaMeTpPOB JaHHBINH pa-
auyc | (mar mowucka) OyleT CIHMIIKOM Mall

33
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‘?M 3 103% YTO IPUBEJIET K “ 3aLMK-
& | 0

JIMBAHUIO  METOJIa CIIy4alHOTO IMOMCKa JIN0O0 Ha
MIEPBOM K€ JIOKAJIBHOM JKCTpEMyMe, JIH0O Ha
“oBpare” (0e3 BO3MOXXHOCTH BBIXOJ[a U3 HETO).

[TosToMy Ha BpeMsi MTOMCKa II00AIEHOTO
IKCTPEMyMa BCE JMANa30Hbl JOMYCTUMBIX ITPO-
CKTHBIX MapaMETPOB MPUBOIATCS K CIUHOMY
3HaYeHMIO (HAIpUMeEp K eAUHHIE) st obecrie-
yeHus ycnoBus (7) i Bcex K MPOEKTHBIX ma-
pametpos. [Tocite onpenenenus mo (6) rmodas-
HOTO 3KcTpeMyMa ((PyHKI[HOHAIA) BCE IPOCKT-
HBIC TApaMeTphl (M COOTBETCTBYIOIIHE UM JIHa-
[a30HbI) IPUBOIATCSA K CBOMM UCTHHHBIM 3Ha-
YEHUSM.

Hampasiienne pabovero BeKTOpa MOXKHO
OMPEIEITUTH JTKOO C TIOMOIIBIO HAMIPABIISIOIIHX
KOCHHYCOB OTHOCHTEJIBHO BBIOPAHHBIX OCEH,
100 C MOMOIIBIO JIFOOBIX YUCEN, IPONOPLHUO-
HaJbHBIX JTAHHBIM KOCHHYCAM:

Hampasnsrorue kocunycol COSj j ,Cos bj
SIBIISIFOTCS KOOPAMHATAMH €TUHUYHBIX BEKTOPOB,
COBIIAJIAIOLIUX 110 HAIIPABJIEHUSM C “ BEKTOPOM
namsiTd” U paboyrM BEKTOPOM, COOTBETCTBEH-
Ho. Yucna | |, ,,...,| , sBisioTCS mpoekumsimu

“BekTopa mamstu’ (puc. 2) Ha COOTBETCTBYIO-
I[Me OCU MPOEKTHBIX MapaMeTPOB CHCTEMBI

«PH-AC», a unucna h, ,h,,....h, - opoexuusmu
pabodero BEKTOpa Ha Te ke OCH. B 1aHHOM Me-

tone COY ; “BekTOpa MamATH” COOTBETCTBYET

Cosb; paGodero BekTOpa, ONPEIEIIEMOT0 HaH-
Jaydiei mpo0oit npeapaymero mara mo (6).
CBsi3b MEXIy NPOCKTHBIMHU TapaMeTpamu

Py Py, -y Py ¥ KOOpAUHATAMH PAaOOYETO BEKTO-

pa h,h,,....,h ocymecTBisercs 4yepes BeIpaxe-

HHUC

Py =P +hy, J=1k. ©)

VYron f mexmy nBymst Bekropamu (He 101
’KEH MPEBBIIIATH IIOJIOBUHBI yIIa HaNPaBJIsIOLIe-
ro KOHYyCa MPH BEPIIMHE B THIIEPIPOCTPAHCTBE
MPOCKTHBIX TTAPAMETPOB) OMPEICISACTCS U3 yC-
JIOBUSL:

Cog . = . ,
N
L h ®
Co j_\/hf+h§+...+hk2'
L
B

]
/

P.
J | P'_|_1
4 o
Pi+1 min Pj+1max

Puc. 2. Memoo cnyuaiinoeo noucka ¢ HanpaiAOWUM KOHYCOM
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Cosf =Cog ,Cosb, +...+Cog ,Cosb, ;
l.h+...+1.h
J2+ 412124 412

Cosf =

(10)

Ecnu ydectsb, 4TO BbICOTA HalpaBIIsoLIE-
ro KoHyca (JJIMHa 11ara rmoMcKa) paBHa

JI2+ 412 = h2+ +h2;

Kk
o

anh
Cosf =12,
| 12)
Cosf ECOTSQ. (

3aja4a 3aKIro4aeTcs B BBIOOpe M pasiny-
HBIX COYCTAHHI MMPOCKTHBIX MapaMeTPOB, YI0B-
JeTBopsironux ycnosusm (11), (12).

JIaHHBIN AJITOPUTM pEaTU30BaH B IOA-
nporpamme Model.exe, kotopast mo3BosisieT Ha-
XOIMTH II00aTbHBINA SKCTPEMYM B TUIIEPIPOCT-
PaHCTBE MPOCKTHBIX MMApaMeTPOB cucTeMbl. Ha

& $ (11) HcyHKe 3 mokaszaHa pabora pa3paboTaHHON
= Jali=./ah, pucy p pasp
j=1 j=1 MIPOrpamMMmBbl C PYHKIUEH, UMEIOIIEeH MHOKECTBO
TO B PE3y/IBTATE MOMYHHM OBparoB” ¥ JIOKAJTBHBIX 3KCTPEMYMOB.
UiCItDI‘H.P-EI.S = BOOMOHHOCTE P-ELGDTI:-I CcC rMNepnpocTpaHCTEOM
Ay :
e.78@ | N\ g,q"# ___________
i Y .
: % ih'i“ r
8.350 | A N, .
H g i L E
: 'lf;' H"' - o]
@.808 '
H _"'"—' —-"" ""1.\,
l’* 4\"
-@.35@ |
-@.700 |

Puc. 3. Onpeoenenue 2nobanvroco skcmpemyma Memooom CIy4auHo20 HOUCKA C HANPAGISIOUWUM KOHYCOM
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USING RANDOM SEARCH METHOD FOR THE TASK OF MODAL
FORMATION OF DYNAMIC PROPERTIES OF THE «CARRIER ROCKET —
STABILIZATION AUTOMATON» SYSTEM

a 2007 1. Ye. Davydov

Samara State Aerospace University

The paper presents an algorithm of the random search modified method functioning. A numerical example is
provided.
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