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VI0CKOHANICHHST PaKEeTHO-KOCMIYHOI TeXHiKM 06araTo B 4YOMY BHM3HAYa€ThCS MOJAIBIIMM IIiIBUIICHHAM
edexTuBHOCTI pakeTHHX ABUrYHIB (P/l). Oco06mmBo BakiIMBe PO3MIHUPEHHS (QYHKIIOHANBHUX MOxumBocTeil PJT
[pY BUPIIICHH] 3aBAaHb YIPABIiHHS MOJbOTOM CTyHeHs! pakeTd. OCHOBHOIO IEPEBArol0 YIPAaBIiHHSI BEKTOPOM
TSCH TOBOPOTOM ABHI'YHA HA KapAAQHOBOMY LIAPHIPI € MOXIIMBICTH CTBOPEHHS JOCTATHBO BEJIMKHUX 3a BETHYMHOIO
KEPYIOUHX 3yCHJIb 3 MiHIMAJbHHMH BTpaTaMd IMITyJIbCy OBHIYHA Ha ynpapiiHHs. [lepeBaroro razoamHamMigyHoi
CHCTEMH YIPAaBIiHHA € il BUCOKI JUHaMiuHi skocTi. HoBa KOHIIENIisl CHCTEMHU YIPABIiHHS IOJSra€e B IIO€ THAHHI
PI3HUX CHCTEM YIpaBIiHHS (MEXaHIYHOI i ra30AMHAMIYHOI) B paMKax OHi€l Oi(yHKI[IOHAIBHOI CHCTEMU yIpaB-
ninasg BektopoM Tsru (BCYBT). BCYBT, Oyay4n cki1ajoBOO YaCTHHOIO CHCTEMH YIIPABIiHHS MIOIOTOM CTYIICHS
pakeTu, MOBUHHA 3a0e3MeuyBaTH Kepydi 3yCHlIsL, HEOOXIAHI [l peatizauii mporpaMu HoJbOTY i HapHUPyBaHHS
30ypeHb, MO AII0Th Ha CTYIiHb, 3 ONTUMAILHUM PO3HOALTOM (yHKIiH ckianoBux cucteMm: Mexanignoi (MCVYBT)
ta razoauuamiyaoi (CCYBT). [Ipu upomy HeoOXinHO 3abe3meynTH MiHIMAIbHI BTPAaTH €HEprii HA yIpaBIiHHS 1
HEOOXiHY SIKICTb yIPaBIiHHS.

Merta pobotu — anani3 nepeBar MoxJuBux cxeM BCYBT i MeTOqUKH PO3AINTBHOrO aHami3y CUTHANIIB, LIO
HaJXOMATh B CHCTeMy ynpasiiHHs BekTopoM Tsru (CYBT), ska ckianae ocHOBY cTpykTypHOi cxemu BCYBT.

IMoka3aHo, o st kocMmiuHoro crymens: paketd BCYBT m03Bosisie 3 MiHIMaIbHIME €HEPrOBHTPATAMH Ha
YIIPaBIiHHS BUPIMIUTH KOMIUIEKCHY 3a[a4y NapupyBaHHs JeTepPMiHOBaHHUX 30ypeHb (SKi BHHHKAIOTh, HAIPHKIIAL,
OpH BiIUIUTEHH]I YaCTHHH KOPHCHOTO HAaBaHTaXKEHHs) 1 crabimisamii pyxy B ymoBax Mii BUIAAKOBHX 30ypeHb 3
IIUPOKUM CIIEKTPOM YacTOT. 3allpOIIOHOBAHO HOBHMII MiJXiX O aHaJi3y CHTHANIB, IO HAaJIXOMATh, i pO3poOIeHO
anroput™ (HOpMyBaHHS CHTHAJIB, IO YIPAaBIsiOTh. Buainena i3 3aranpHoro curnany (mo mocrymae B CYBT)
CTaTHYHA CKJIa/I0Ba IapHPYEThCS MEXAHIYHOK CHCTEMOIO yrpasiinHs BekTopoM Tsird (MCYBT), sika B OCHOB-
HOMY BHUPIIIy€e 3aBIAHHs BEACHHsS KOCMIYHOTO CTYIEHS MO 3a1aHiil TpaekTtopil. [[uHaMiYHA CKJIaJ0Ba CHUTHATY,
0 BinoOpaxkae BHUIAIKOBI 30ypeHHs, [APUPYETHCS Ta30JMHAMIYHOK CHCTEMOIO YIIPABIiHHS BEKTOPOM TSTH
(CYBT) i Bupiuye, mepeBaxkHo, 3aBaaHHs cTabimizamii cryneHs. Meroauky Bepu(ikoBaHO Ha MPHUKIAMIL Tele-
METpUYHOI iH(popMaLil 3a KyTOM BiJIXWICHHS B IUIOIIMHI TAHTaXy MEPILIOi KAMEPH 3rOPSHHS PiIMHHOTO PaKETHO-
ro aBuryHa 11J1520.

CoBepILIEeHCTBOBAHUE PAKETHO-KOCMUYECKON TEXHHKH BO MHOTOM OIpesiesIAeTcsl JaJbHEHIIUM HOBbBIIICHH-
eM 3(()EKTHBHOCTH PAKETHBIX JABUTATeIbHBIX YCTaHOBOK (V). OCOGEHHO BaXKHO pacuInpeHne (pyHKIHOHATIBHBIX
Bo3MOXkHOCTell 1Y mpH pelleHMH 3aay yINpaBICHHS MONETOM CTyHeHHM pakeTbl. OCHOBHBIM IPEHMYIIECTBOM
YIIpaBJICHHUS BEKTOPOM TSATH ITIOBOPOTOM JBHUTaTels B KapJaHOBOM LIApPHHpE SBIISIETCS BO3MOXKHOCTH CO3IAaHHS
JOCTaTOYHO OOMBIINUX MO BEIUYUHE YIPABISIOMNX YCUIUH ¢ MUHUMAIbHBIMH IOTEPSIMU UMITYIIbCA IBUIATENs Ha
ympasierue. [IpenmyIiecTBOM ra30ANHAMUYECKON CHCTEMBI YIIPABICHHS SBISIOTCS €€ BBICOKHE JHHAMHIECKHE
KadecTBa. HoBasi KOHIIENIIUs CHCTEMBI YIPABICHUs 3aK/II0UaeTCsA B COUETAHUH PA3NIMYHBIX CHCTEM YIPaBICHUS
(MeXaHWYeCKOH M Tra30AMHAMUYECKOH) B PaMKaxX OFHOH OM(YHKIMOHAIFHOM CHCTEMBI YIpPaBICHHS BEKTOPOM
aru (BCYBT). BCYBT, siBnsisicb COCTaBHOM 4YacThO CUCTEMBI YIPABICHHS MOJIETOM CTYIEHU PaKeThl, TODKHA
o0ecrieunBaTh YIPABISIIONINE YCHINS, HEOOXOUMbIE JUIs pealli3allii IPOrPaMMEI 1I0JeTa W IapUpOBaHUs BO3-
MyIICHHI, efCTBYIOMNX Ha CTYIEHb, C ONTUMAJIbHBIM pacHpeieaeHHeM (QYHKIMIT COCTABIAIOMINX CHCTEM: Me-
XaHHYECKOH ¥ razopmHampdeckod. Ilpw 3ToM HeoOXoaMMO 00ecrednTh MHHHMANbHBIE MOTEPU JHEPTUH Ha
yIpaBiieHHe 0e3 IoTepy KayecTBa yIpaBICHHs.

Iens paboTs! — 000CHOBaHHE IIPEUMYIECTB BO3MOXKHBIX cxeM BCYBT u MeToxnku pasnensHOro aHanm3a
CHUTHAJIOB, OCTYMAIOIKMX B cUcTeMy ynpasieHus: BektopoM Taru (CYBT), cocraBinstomnieid OCHOBY CTPYKTYypHOM
cxembl BCYBT.

TokazaHo, yTo 11 KocMuueckoii crynenu pakersl BCYBT mo3BonsieT ¢ MUHUMAaIbHBIMH 9HEPro3aTpaTaMu
Ha yIIpaBJICHHE PelINTh KOMIUIEKCHYIO 3a1ady apupOBaHUs IeTEPMIHUPOBAHHBIX BO3MYIEHHUH (BOSHHKAIONIHX,
HaIpuMep, IIPU OTICNCHUM YaCTH IMOJIE3HON HATPy3KH) M CTaOWIIM3AIMU JBIDKCHUS B YCIOBHSX ACHCTBHUS CIy-
YalHBIX BO3MYIICHUH C IMHPOKHM CIIEKTPOM 4acToT. IIpeasoskeH HOBBIH MOAXOJ K aHAJIM3y MOCTYHAIOMUX B
CVYBT curnanoB u pa3paboTaH anroputM (popMHUPOBaHUS YNPABISIOUIMX CUTHANOB. BbiieneHHas u3 oOuiero
curHana (nocrynatoniero B CYBT) crartudeckast cocTaBISIIOIIas TAPUPYETCss MEXaHUIECKONH CHCTEMOH yIpaBiie-
Hust BektopoM Tsarn (MCYBT), koTopast B OCHOBHOM pelaeT 33/avy BeICHUS] KOCMUUYECKOM CTYIEHH IO 3aJlaH-
HOl TpaekTopyy. /IMHaMHYecKas COCTAaBIAIONIas CHI'HAlla, OTpaXkaloliasi cilydailHble (Kak IPaBHIIO, BBICOKOYA-
CTOTHBIE) BO3MYUICHHS, TTAPUPYETCSI Ta30AMHaMIUYecKoi cructeMoil ynpasienus: BekropoM Tsaru (CYBT) u pe-
IIaeT, B OCHOBHOM, 3aJIa4M CTa0WIM3aMU CTYIIEHH. MeToanKka Bepu(pUIMpOBaHa Ha MpUMepe TeleMeTPHIEeCKOi
uHGOPMAIUU 10 YIIy OTKIOHEHHUS B INIOCKOCTH TAaHTa)Ka IEPBOM KaMephl CTOPAaHHS JKHIKOCTHOIO PaKETHOIO
neurarens 1171520.
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Space hardware improvement is largely determined by a further increase in the efficiency of rocket propul-
sion systems. Extending the functional capabilities of propulsion systems is of special importance to stage flight
control. The main advantage of thrust vector control by rotating the engine mounted on a cardan joint is the pos-
sibility of producing sufficiently large control forces with a minimum of specific impulse loss caused by the con-
trol process. The advantage of the gas-dynamic control system is its high dynamic performance. The new control
system concept considered in this paper consists in combining the two above-mentioned control systems (the
mechanical one and the gas-dynamic one) into a single bifunctional thrust vector control system (BTVCS). The
BTVCS, which is an integral part of the rocket stage flight control system, must produce control forces needed to
implement the flight program and counteract disturbances acting on the stage with an optimum distribution of
functions between its two constituents: the mechanical system and the gas-dynamic system. In doing so, it is
necessary to minimize the power consumption for control without affecting the control quality.

The aim of this work is to substantiate the advantages of possible BTVCS layouts and the proposed proce-
dure of separate analysis of the BTVCS input signals, which is the heart of the BTVCS structural schematic.

It is shown that for a space rocket stage the BTVCS allows one, with a minimum of power consumption for
control, to implement the combined task of counteracting deterministic disturbances (produced, for example,
when a part of the payload is detached) and stabilizing the motion in cases where random disturbances of wide
frequency spectrum act on the rocket stage. A new approach to BTVCS input signal analysis and a control signal
generation algorithm are proposed. The static component extracted from the total BTVCS input signal is counter-
acted by the mechanical thrust vector control system, which basically implements the task of guiding the space
stage along the desired trajectory. The dynamic component of the signal, which is due to random (as a rule, high-
frequency) disturbances, is counteracted by the gas-dynamic thrust vector control system and basically imple-
ments the stage stabilization task. The procedure was verified by the example of telemetry data on the pitch angle
of the first combustion chamber of an 11D520 liquid-propellant rocket engine.

Knroueesvie cnosa: paKemelﬁ ()eueameﬂb, cucmema ynpaejieHusl 6eKmopom
mscu, MexaHudeckas cucmemda, 2a300UHAMUYECKAs] cucmema, 6uqbyHK14u0HCl11bHaﬂ
cucmema.

Beenenue. [ToBrimenne 3¢)()eKTHBHOCTH PaKETHBIX IBHTATEIBHBIX YCTAHOBOK
(AY) wrpaer ompenensiomyl0 poJib TPH  COBEPIICHCTBOBAHWH  PaKETHO-
KOCMHYECKOH TEXHHWKU B IIEJOM. B HOBBIX YCIOBHSX NMPUMEHEHHS, B YaCTHOCTH
IUISL CTYNEHEeH pakeT KOCMHYECKOTO Ha3HA4YeHUs, COBPEMEHHBIC IBHTaTeNIbHBIC
YCTaHOBKH 3a4acCTyIO HE yJOBJIETBOPSIOT HOBBIM TpeOoBaHMAM. OCOOCHHO Ba)KHO
pacmmpenue ux (yHKIHOHAIBHBIX BO3MOXKHOCTEH IPH PEIICHHUH 3aj]ad yIpaBie-
HUsl mofieToM cryneHd. OOecrnedeHne ynpaBiIieMOCTH KOCMHYECKOH CTYIEHbBIO
paketbl (KCP) cBoaMTCS K BBIOOPY MCIIOJHUTENBHBIX OPTAHOB CHCTEMBI YIIPaBIIe-
st (MOCY), crocoOHbIX 3(DGEKTHBHO M ONTHMAIBHO C TOYKH 3PEHHUSI SHEPro-
MacCCOBBIX XapakTepucTHkK Y pemars KOHKPETHBIE MOJIETHBIC 3a4aHusl.

Cocrtosinue Bonpoca. Kocmuueckne CTylneHH pakeT UCHOJIb3YIOT MPEeHMYyILe-
CTBEHHO OJHOKaMEpHbIE MapleBble >KUAKOCTHblE pakeTHble asurarenun (OKPI).
st HuX HauOoJiee MWUPOKO NMPUMEHSIOTCS CISAYIOIINE THITBI CUCTEM YIIPaBICHHS
BekTopoM Tsiru (CYBT):

— IIAPHUPHO 3aKPEIJICHHBIA JBUTaTENb (WM Kamepa), KaualolMuncs B 10001
IUIOCKOCTH — TaK Ha3blBaeMasi MEXaHWUECKasi CHCTEMa YIPABICHUSI BEKTOPOM TATH
(MCYBT);

— YOpaBJSIONIME COIJIa, padoTaloIye Ha BBIXJIOIHOM Ta3e TypOOHAacOCHOIO
arperara;

— BO3MYLIEHHE CBEPX3BYKOBOT'O TIOTOKA B COILIE — Ta30JUHAMHYECKAs CHCTEMA
ynpasnenus BektopoM taru (CYBT).

CVYBT c ynpaBisolMMH BBIXJOIMHBIMH COIIJIAMH IMPHMEHSIOTCS BCIICICTBHE
MPOCTOTHI CXeMBI M BbIcOKOTro ObicTpoaericTBus. OgHako takue CYBT mpakrtuue-
CK{ HCYEpNaIM CBOM BO3MOKHOCTH IPH PEIICHNUN HOBBIX 33/1a4 yNPaBJICHUS BEpX-
HUMHU CTYIIEHSAMH PAKET KOCMUYECKOI0 Ha3HAUYEHHUS.

[Ipeumymiectreom MCYBT sBnsieTcss BO3MOKHOCTh O0ECIIEUUTH JAOCTATOYHO
OoJbLIME YNPaBISIOMINE YCHIINS C MUHUMAJIbHBIMU [TOTEPSIMHU YJETBHOTO UMITYJIb-
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ca JBHTATEIBHOW ycTaHOBKHA. OIHAKO OOECIEUYCHHE BBICOKOTO OBICTPOICHCTBHS
(ms mapupoBaHWS BBICOKOYACTOTHBIX BO3MYIICHHH) TpeOyeT CYIIECTBEHHOTO
YBEJIMYEHHSI MacChl M Ta0apuUTOB MPHUBOIOB KadaHUS M pa3paboTku mMep mo odec-
MEYeHNI0 yCTONUMBOI paboTel aBTomara ctabmmm3anuu CYBT. Ilpu 3Tom B KOH-
CTpyKTUBHO-KOMIIOHOBOUHOU cxeme JIY ¢ MCYBT HeoOxoamMo mpeaycMOTpeTh
COOTBETCTBYIOITHE 00BEMBI ISl Pa3MENICHUS Y3JI0B MAPHUPHON MTOABECKH JABUTa-
TeJIsl, pyJIEBbIX arperaToB M OOPTOBBIX HCTOYHUKOB MOITHOCTH, YTO YCIIOKHSET €€
YCTPOMCTBO.

YkazaHHbIX HemocTaTKoB mpaktudecku numena ['CYBT, mockonmeky cozmep-
JKUT arperaTsl CYIIECTBEHHO MEHBIINX TabapuTOB M MacChl (IO CPaBHEHHUIO C
MCYVYBT). IIpu stom crannonapusiii geurarens ¢ ['CYBT nve tpebyer momomnm-
TENBHBIX CBOOOJHBIX 00bEMOB B KOMIIOHOBOYHOI CXeMe JBUTaTelsl. BayKHBIM Tpe-
umymectBoM ['CYBT sBisroTcsi ee BBICOKHME NWHAMUYECKHAE XapaKTEPUCTHKH —
OBICTPOJIEIICTBIE W TOYHOCTH PerynrupoBanus Bektopa Taru. Hemocratkom ['CYBT
SBIISIETCS HEOIKOHOMHYHOCTH OOecTiedeHus] OONBIINX YHPABISIONINX YCHUIIHHA, CO-
cTaBiArOMUX Oornee 3 % OT BEMYWHBI TSATH JBUTATEIS.

Hogas xonuenuus cucremsl ynpasieHuss KCP 3akntogaercs B coueTaHuu pas-
JUYHBIX CHCTEM YIpaBIeHHS (MEXaHHYECKOH M ra3oIMHAMHUYECKOl) B paMKax OJI-
HOW OM(YHKIIMOHATBHON cucTeMbl yipaBieHus: BektopoM Tsru (bCYBT) ¢ nenbro
noBbIeHns 3 PexTuBHOCTH cucTeMbl yrpasienus KPC, cnocobHoit onTuManbHO
C TOYKHU 3pEHHs SHEPrOMACCOBBIX XapaKTEPUCTUK JIBUTATENS MapUPOBATh BCE TH-
el BO3MyIIeHUi. COBMECTHOE HCIIONIB30BAHNE MEXaHHYECKHX M Ta30JnHaAMHUYe-
CKHX HWCIIONHUTEIHHBIX OPTaHOB IO3BOJIIET HCIIONB30BAaTh WX MPEUMYIIECTBA U
NPaKTHYECKH UCKITIOYUTh HepocTaTky [ 1, 2].

B 3aBucHMOCTH OT XapaKTEPHUCTUK CTYIEHH PAKETHl M PEIIaeMbIX B IIPOIECCE
MoJIETa 3a/a4 BO3MOXHBI pa3nnuyHble Bapuantel bCYBT, koTOpble MOTYT OTJIH-
4yaThCsl (DM3MUECKUMHU OCHOBAMH IIPOIIECCOB, CIOcOOaMu (YHKIIMOHWPOBAHHUS M
KOHCTPYKTHBHBIMH cxeMamH. MHoroo6pasue Bo3MoxHbix cxem ['CYBT mpenmno-
Jaraet BO3MOXXHOCTh pa3paboTku anbTepHaTuBHBIX BapuaHtoB BCYBT (B 3aBu-
CHUMOCTH OT pelaeMbIX 3a/1a4).

[Ipu pemennn 3aaa9u MOBBIIICHUS Y3PPEKTUBHOCTA CUCTEMBI YIPABICHHS T10-
netoM KCP BaXHBIM KpHUTEpHEM SBISETCS BO3MOXHOCTh BHEAPEHHS HOBOU CH-
CTEMBI yIPaBJICHHS Ha CYMIECTBYIONIMX 00pa3lax pakeTHOW TEXHUKU C HAMMEHb-
mUMHA JTopaboTKaMu. borbiioe 3HaYeHne UMeeT TakKe BO3MOXKHOCTh UCTIBITAHHS
HOBOMW CHCTEMBI yIIPABJICHHUS B HA3eMHBIX YCIOBUAX. Jlanee paccMOTpeHHbIe BapH-
autel BCYBT mno3BonsiloT ¢ HauMeHbUIMMHU J10pabOTKaMu MOJEPHU3UPOBAThH
IITaTHBIE WCTIOTHHUTEIbHBIE OpTraHbl CHCTEMBI YIIPABIICHUS ITOJIETOM CTYIIEHH pa-
ketel (B yactHocTH, MCVYBT) «moOaBieHHEM» ONHOM W3 HM3BECTHBIX CXEM
I'CYBT.

Lesas padoTsl 3aKiI04aeTcs B 000CHOBaHUH MTPEUMYIIECTB BO3MOXKHBIX CXEM
BCYBT u MeToaMKH pa3feabHOrO aHAIN3a CUTHAJIOB, MOCTYNAIOIIUX B CUCTEMY
YIPaBIEHHSI BEKTOPOM TSTH, COCTABIIAIOIIEH OCHOBY CTPyKTypHOH cxeMbl BCYBT.

[TpoBenenHslit ananu3 [3 — 6] mo3BossieT caenaTh BHIBOJ, YTO MCIOIB30BAHUE
BCYBT kak MCHONHUTENBHOTO OpraHa cucteMsl ynpasienus nojgerom KCP obec-
MEYUT HAJEKHOE BBINOJHEHHE 3a7ad II0JE€Ta PAKETHI-HOCUTENS B HEIUTAaTHBIX
YCIIOBHUSX, B YACTHOCTH IIPH BO3HUKILIEH B MoJeTe OOJBIION MaccOBOM acMMMeET-
pHUHM CTYNIEHH, IpU 0TKa3ze oxHoi u3 nojacucreM CYBT (ucxons u3 npuHuuna xyo-
JIMPOBAHUS CUCTEM), YTO B IIEJIOM CYIIECTBEHHO YBEJIUYUT HAZCKHOCTH CUCTEMBI
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yrpasienus (CY) KCP. B paccmarpuBaemom citydae TCYBT wucnonb3yercs Kak
pesepeHast st MCYBT (moBopoTOM ABHTATENS B KapIaHOBOM IIAPHHPE).

B [1 — 6] o6ocHoBanbl paznuunbie komOuHanuu MOCY B coctase BCYBT ¢
Y4eTOM Ha3HA4YeHHs paKeThl, KOHEYHOH CKOPOCTH, YCIOBHUH IMOJETa M IPYTHX Ta-
pametrpoB. PaccmorpuM xapaktepHble cxeMbl bBCYBT, Ha 6a3e KOTOPBIX BO3MOXK-
HO TIOCTPOEHHE CXEM B COOTBETCTBHU C KOHKPETHBIMH yCIOBHAMH TPUMEHEHUSI.

Ha pucynke 1 npusenen XXPJl ¢ BCYBT ¢ moBopoTom aBuratens B MIapHHUP-
HOM TIOJIBECE U WHXKEKIIHEH B COIIO OKHCIUTEIFHOTO KOMIIOHEHTA TOIUIMBA Yepe3
WHTEPLENTOp, YCTaHABIMBAEMbIH Ha CTEHKE CBEPX3BYKOBOW YaCTH COILIA.

o) B) r)

I' — roprouee; Ok — okucnutens; I'T" — razoreneparop;

1 — xamepa cropanusi; 2 — coruio; 3 — TypOOHACOCHBIIT arperat; 4 — IApHUPHBII y3eI;
5 — uHTepIIeNTOP; 6 — MPUBOJ Y3714 KauaHHs; 7 — UCTIOJIHUTEIbHBIC OPraHbl CHCTEMbI CTA0MIH3AIINY;
8 — mHeBMOOJIOK yrpaBieHus; 9 — 6amnon ¢ renmem; 10 — 610k oT6opa oxucautens; 11 — KoJIeKTop
BIIYBA;

a) cucTeMa YIpaBJIeHHs] MHTEPLENTOPAMH;

0) MHTEPIENTOP B paboYeM MOJIOKECHUH;

B) HHTEPIIENTOP B UCXOJHOM COCTOSIHHUH;

r) cxema asuratens ¢ BCYBT

Puc. 1 — Cxema XKP/] ¢ BCYBT ¢ nmoBopoTom aBuratesisi B MIapHUPHOM MOJBECE U
HWHXEKIEeH B COTUIO OKUCIUTEIHLHOTO KOMITIOHEHTA TOIUIMBA Yepe3 MHTEPIIETITOP

MCYBT B npuBeieHHOI1 cxeMe OCHOBaHa Ha MOBOPOTE KaMephl cropanus 1 B
Kap/laHOBOM IIapHupe 4. YIpaBjeHUE [IOBOPOTOM OCYILECTBISIETCS C IIOMOIIBIO
MIpHUBOJIA y371a KadyaHus 0.

I'CYBT B npusenennoii cxeme bBCYBT ocHOBaHa Ha BO3MYIIIEHHH CBEPX3BY-
KOBOT'O TIOTOKAa HWHTEPIEITOPOM (TBEP/BIM IMIHMHIPUIECKON (DOpMBI CTEpiKHEM,
BBICTYIAIOIIMM HaJ| IIOBEPXHOCTHIO BHYTPEHHEH YacTH COIUIa TOJ YIJIOM K Habe-
raroIIeMy MOTOKY) C BIIPHICKOM 4Ye€pe3 HEr0 OKHCIUTENBHOTO KOMITIOHEHTA TOIUIH-
Ba. IHTEpLIENTOp C BHYTPEHHUMHM KaHajlaMU JUIsl IOIa4d OKUCIUTENBHOTO KOMIIO-
HEHTa TOIUIMBA B «paboueM» U «HepaboyeM» COCTOSHMSX MOKa3aH Ha puc. 1, 6) u
puc. 1, B), COOTBETCTBEHHO. Y3JIbl MHKCKIIMH 5 YCTAHOBIICHBI B CBEPX3BYKOBOM
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gactu comna 2 (cMm. puc.l, r)). OkucnuTens oTOMpaeTcss W3 IOABOMAAIIECH Maru-
cTpayin okuciaurens 10 u qoxuraercs B IMOTOKE BOCCTAHOBUTEIBHOI'O I'€HEPATOP-
HOTO Ta3a, OTOMpaeMoro 3a TypOMHON TypOOHACOCHOTO arperara 3, MoJaroIerocs
B KOJIBLIEBOH KOJIEKTOP 11, yCTaHOBIEHHBIN 3a CEYEHHEM BIIPBICKA.

IIpuMmeHeHre WHTEPIENTOPHONH CHUCTEMBI MO3BOJISIET CymlecTBeHHO (B 1,5 —
2 pa3a) moBbICHTh S(G(EKTUBHOCTh BO3MYIICHHS CBEPX3BYKOBOTO TOTOKA IIO
CPaBHEHMIO C «OE3BIHTEpPLENTOPHBIM» BIPHICKOM OKHCIUTEIBHOIO KOMIIOHEHTA.
[Ipu co3zmanum OOKOBOI CHIIBI MHTEPLEITOPOM CYLIECTBEHHO CHHMXKAETCS PACXOX
OKHCIIMTENS Ha CO3JaHHUE YIPABIAIOLUINX YCUINH, KOTOPBI MOXET HCIIOIb30BATh-
Cs1 TOJIBKO JUTS OXJIAXKI€HHUSI MHTEPLIENITOPA B IIOTOKE COIUIOBOIO Ia3a.

VYnpaBieHue HHTEPUENTOPAMH OCYILECTBISAETCA NPH IIOMOLIM 3JIEKTPOII-
HEBMOKJIANIAaHOB §, WCHOJB3YIOUIMX TeIMid U3 INTATHOM CHUCTeMbl IBurarens 9
(puc. 1, 1))

bonpmye ynpasismonme ycuius 00eCIeYHBAIOTCS MOBOPOTOM KaMepbl B
KapAaHOBOM IIApHHUpPE ¢ 4acToToi He Oonee 5 I'm. [lapupoBanne ManbIx Bo3MyIie-
HUH (HampuMmep, B peXKUMe CTAOMITU3aIlMU CTYIICHH) 00eCTIeYNBACTCS BBIIBIU)KCHH-
€M MHTEpLENTOPa C BIPHICKOM OKHUCIUTEIBHOIO KOMIIOHEHTA TOILIMBA B TUCKPET-
HOM WJIH aHaJOTOBOM PEXUME € 4acToToi 1o ~ 30 I'm.

B mponecce nonera MCYBT (B coctabe bBCYBT) mapupyet 6onpmiue gerep-
MuHHpoBaHHbIe Bo3MmylleHUs, [ CYBT — BbICOKOYAaCTOTHBIE BO3MYLICHUSI Manou
AMILTUTY JIBL.

JanHas cxemMa ¢ MUHMMaJbHBIMH JOPaOOTKaMU MOKET OBITh HCIOJIb30BaHA
IUTsE o0ecTiedeHus pa3fensHoro (Mexay nmoacucremamu B pamkax bCYBT) ympag-
JICHHSI BEKTOPOM TATM KOCMHYECKHX CTYIEHEH pakeT-HOCUTENeH, B YACTHOCTH LIS
PKH "Huknon-4M".

Hapsny co cxemoit BCYBT, npuBeaeHHoil Ha puc. 1, MOXKHO HCIONb30BaTh
cxemy ¢ MCYBT, aHanoruyHoil TO#, KoTopas HmpumeHsiercss B asurarene PJI-
861K. Cxema XPJl ¢ BCYBT u runponpuBojaMi HHTEPLENTOPOB MPEACTABICHA
Ha PUCYHKE 2.

1 — BIeKTPOTUIPOKIANIaHbI (TI0 IIOCKOCTSIM CTaOHITH3AIIIH)
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Puc. 2 — Cxema JXKP/] ¢ BCYBT u ruaporpuBosaMi HHTEPIIETITOPOB

B oriamume ot cxemsr BCYBT, mpuBenenHoir Ha puc. 1, B Takoil cxeme
YIpaBJIeHUE WHTEPLENTOPAMU OCYILIECTBISIETCS MPHU MOMOIIHM 3JIEKTPOrHIPOKIIa-
[IaHOB 1, MCHOJB3YIOLUIMX TOprOYee U3 OCHOBHOM Maructpanu. Takas cxema He
[IPEeNyCMaTpUBAET MCIIOIb30BAHUE TeNUs, U €€ NMPUMEHEHHE MOXET CYIIECTBEHHO
MTOBBICUTH 0011Iee OBICTPOICHCTBIE CHCTEMBI CTAOMITU3AIINH.

Ha pucynke 3 mpusenena cxema XXPJl ¢ BCYBT, Bxuirouatoreil moBOpOTHYIO
KaMepy U BBIXJIONIHBIE YIIPABJIIOIIEE COILIA.

1 — kamepa cropanus; 2 — comno; 3 — THA; — ra3oBosl; 5 — MapHUPHEIA y3el; 6 — MPUBOL
razopacrpesenuTeneii; 7 — BBIXJIOIHBIE COILIa; 8§ — ra30pacipeaesuTeNH.

a) cucTeMa CTaOuIM3allvy;

0) yIpaBISIOIINE COTLIA;

B) JABHTATEb

Puc. 3 — Cxema XKP/] ¢ BCYBT, Bkitouaronieil HOBOPOTHYIO KaMepy U
BBIXJIOIHBIE YIIPABIAIOIINE COILIA

B otnuuwme ot npuBeneHHBIX BbIMIe (puc. 1, 2) Takas cxema BBITOJHO OTJIHYa-
€Tcs MPOCTOTOM BO3MOXKHOM AOPa0OTKM CYLIECTBYIOIMX OTKPBITHIX cxeM JKPJI ¢
BeixsonHbMU cortamu. MCYBT obecneunBaer opuenrauuio KCP u nmapuposa-
HHUE IeTEPMUHUPOBAHHBIX Bo3MylIeHul. [lepepacnpeaenenue oTpaboTaHHOTO ra3a
TypOMHBI MEX]y BBIXJIONHBIMH COIIaMH OOeCleunBaeT cTaOMIM3aluio MojeTa U
MapUpPOBAHHUE BBICOKOYACTOTHBIX CIIY4alHBIX BO3MYIICHHH.

B mpornecce Bo3MyIieHHOTO Mmojieta oTpaboTaHHBIN T'€HepaTOPHBIA ra3 oTOu-
paetcs 3a TypOHMHOM 3 W 0 Ta30BOJaM 5 yepes3 razopacipenesuTend 9 nocrynaer
K BBIXJIOITHBIM COIUIaM 8.

CrnenyeT OTMETHUTB, YTO Takas CXeMa MOXET MPOWUIPHIBATh NEPBBIM JIBYM B
JUHAMHYECKUX XapaKTePUCTUKaX Ha PEKUMAax CTaOMIM3aLuy [I0JIeTa.
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budyHKIMOHANBHAS cHicTEMa YIPaBJICHUS BEKTOPOM TATH JBUTATENsl, COBME-
IIaroIIas MEXaHNIECKYI0 U ra30IWHAMHUYECKYIO0 CHCTEMBI YIIPABICHHUS, TTO3BOJISET
pearm3oBaTh HOBbIE MOAXOBI K ()YHKIIMOHHUPOBAHHUIO CHCTEM YIIPaBIEHHS BEKTO-
pom Tsaru. OmgHako B cBs3u ¢ coderanneM B pamkax bCYBT nByx aBronoMuBIX CY
C Pa3MMYHBIMU KOHCTPYKTUBHBIMU U JUHAMHYECKUMH XapaKTEPUCTUKAMHU TOSIBIISA-
eTcs Ipo0JieMa corjiacoBaHms UX nelicTBuil. HeoOxommMo pa3paboTaTh MEXaHU3M
paIOHANBHOTO pacIpe/leieHns MeXAy HUMH (DYHKIIMOHAIBHBIX 3a/ad I0JIeTa
KCP, npunnuna B3anmoneiicteust MCYBT u 'CYBT mexmy coboit u ¢ cucremoit
YIpaBJICHHS MTOJIETOM B YCIOBHSX IITATHBIX W HEMITATHBIX CUTYaIIHAH.

[IpoBeneHHBIN aHATN3 AAHHBIX TEJIEMETPHYECKOW WHGOPMAIMH MO YTy OT-
KIIOHEHUS B TDIOCKOCTH TaHTaXka mepBoii kamepsl cropanus JY 111520 (asurare-
ast 1-i crynenn paketbl «3eHuT-2S») [7] mokasan ciemyromiee (cMm. puc. 4). B
KpaTKOBPEMEHHOM JHaIta3oHe paboTsl mpurarens (¢ 12 ¢ mo 16 ¢ Ha puc. 4) u3
00IIIero pacrpe/ielieHrds BXOJHOTO CHUTHaJa (yrila TOBOpOTa KaMephl) MOKHO BBI-
JIETATh HU3KOYACTOTHBIA CPEIHECTATHCTUYECKUH TPEHA (OCHOBHYIO TEHIICHITHIO
W3MEHEHUS 3HAYCHNU CUTHAJA) OONBINON aMIDTUTYABI U BBICOKOYACTOTHBIE OCITHII-
TSI MaJION aMIUTATY B (OTKIIOHEHUS OT TpeHAa). Ha puc. 4 xpuBast TpeHAa mo-
Ka3aHa IMITPUXOBOU JTUHHUEH.

@, rpan.

1.2

0.8

0.6

0.4

0.2

0.2 !

Puc. 4 — Tenemerpudeckasi ”HQOPMALKS 110 YIIIy OTKIIOHEHHUS! IEPBOH KaMepbl CropaHus
AY 111520 ¢ BeIIENEHHBIM TPEHIOM

i mapupoBaHHs OTKJIIOHEHUS] BEKTOPA TSATH, COOTBETCTBYIOMIETO TPEHIOBBIM
3HAYCHUSIM BXOJHOTO CUTHAJIA, HEOOXOJWMBI 3HAYUTEIBHBIC YIPABIISIOIINE YCHU-
nust. C qpyroil CTOPOHBI, TIPH MAPUPOBAHUH OTKIOHEHHS BEKTOpA TATH, COOTBET-
CTBYIONIETO OCIHJUISAIMSIM BXOJHOTO CHT'HAJA, TIEPBOCTEIIEHHOE 3HAYCHUE UMEET
OBICTpPOJICHICTBUE CHCTEMBI YIIPABJICHHUS, a Majas aMIUIMTy1a OCHWUISIMNA (OTHO-
CUTENIbHO TPEeH/1a) He TpeOyeT OONBIINX YIPABISAIONINX YCHUITHHN.

[IpenBapuTenbHble HCCIIEOBaHUS OCOOCHHOCTEH yIpaBlICHHsI BEKTOPOM TSTH
nBuratens ¢ ucnoib3oBanreM bCYBT mokazaim BO3MOXKHOCTE pa3fieiicHHus 00-
niel 3a/1a4u ONpeIeTIeHNs] €€ XapaKTePUCTUK Ha pacueT HU3KOYACTOTHBIX (YCIIOB-
HO «CTaTUYECKUX») U BBICOKOUACTOTHBIX (YCJIOBHO «JIHMHAMHUYECKUX)») XapaKTepu-
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cTuk. IIpu onpenesneHny XapakTepUCTHK YNPaBJICHUS CTYNEHbIO TAKXKe IpeACTaB-
JsieTCsl BO3BMOXKHBIM [8] peruaThb 3a1auu, CBSI3aHHBIC C ONPE/ICIICHUEM CTaTHUECKUX
U IUHAMUYECKUX XaPaKTEPHCTUK HCIIOJHUTENBHBIX OPraHOB YNPABJICHHUS BEKTO-
POM TArM IBUTATelNs, OTAEIBHO OT 3alad MCCJICHOBAaHMS YCTOMUMBOCTH IIOJIETa
CTYIICHHU.

Ha ocHoBe 3Toro mpu mapupoBaHUH Bo3MyIleHHd, neiictByrommx Ha KCP,
IpeIJIaraeTcsl pa3aeiTh YIPaBISIOIIUI CUTHA HA «CTaTHYECKYIO» (MM HU3KO-
YaCTOTHYIO) U «IMHAMHYECKYI0» (MM BBICOKOYACTOTHYIO) COCTABIIAIOIINE YIIPaB-
nsrorero BozaeiicTeust Ha KCP. Brigenennas u3 o0miero curHana Ha yrpaBlieHHe
CPEOHECTaTUCTUYECKAs COCTABIIOIIAS («CTAaTHYECKas») YIPABILIOIIEIO YCHUIINS
napupyercss MCYBT, koTopast B OCHOBHOM pelIaeT 3afady BeIeHUsI KOCMHUIECKOMH
CTYICHHU IO 3aJaHHOH TpaeKTopuu. «nHamMu4eckas» COCTABIIIOILAS YIIPABIISLIO-
mero ycuus mapupyercs ' CYBT, koTopas oTpakaer ciyJaifHble BO3MYIICHHUS U,
B OCHOBHOM, pEIIAET 3a1a4yd CTaOMJIM3alMK CTYIECHH, a TaKKe MOXET HCIIOJIb30-
BaThCSI 7151 aKTUBHOTO ITO/IABJICHUS IONIEPEYHBIX KOJICOaHUI KOHCTPYKIIMU 00BEK-
Tta. Mexanmueckas CYBT obOecreunBaeT peryaupoBaHHE BEKTOpa TSITHU B IIHPO-
KOM JAMamna3oHe B Ipefesiax BO3MOXXHOCTU HPUBOJOB IOBOPOTA, HO C BBICOKOM
crenenpt0 wHepunu. ["azomuHammueckas CYBT obecrieunBaeT perynupoBaHHe
BEKTOpa TATH B Y3KOM JHAaIla30HE, HO C BBICOKUM ObIcTponeiicTBueM. Takoe pac-
npeneneane Gpynakuuit momcucteM bCYBT mo3BomuT 3a c4eT MCKITIOYEHUS JTHHA-
MHYECKOH COCTABISIOMIEH YHPABIAIOLIET0 YCUIINS YMEHBLINTh MOIIHOCTh IIPHBO-
noB MCYBT. O6e cuctems! ynpasnenus B coctabe bCYBT moryt ¢yHKImonnpo-
BaThb aBTOHOMHO M MOTYT OBITh COCIUHEHBl MEXaHHMUYECKH WM 3JEKTPUUECKHU VIS
coBMmecTtHOro ¢yHKroHupoBaHus. [Ipu stom BCYBT sBnsercs «3amyOmmpoBan-
HOI», T. €. OoJiee Halle)KHOM, ITOCKOIBKY B CITydae BBIXOZA M3 CTPOSI OJJHOM W3 IOJ-
CHCTEM YINPAaBJICHHUS BEKTOPOM TATH 3aJa4ya yIpaBieHUs] 00beKTOM OyIeT BBIITOIHE-
Ha (BO3MOXXHO, C OOJIBIIIMMU TTOTEPSMHU Ha YIIpaBJIeHUE, HO 0e3 aBapuitHOTO MCXOoJa
paboThl 00BEKTA).

[Tockoneky B BCYBT motepu Ha ynpaBieHHe B OCHOBHOM ONPEIEINSIOTCS pa-
6otoit 'CYBT, ontumansHOCTh pa3/ieeHus] yNpaBIsIOIIEro CUIHAjla ONpenens-
eTcsd MUHUMH3ALKEH T0Teph UMITYJIbCa IBUTATENIS Ha YIIPABICHUE BEKTOPOM TSATH.

Y uxdt) »  Wunever
Yax(t) Y max(t)

\ 4

» 10
Yidt) - “"l'('Y"T

\ 4

Puc. 5 — brok-cxema BCYBT
Ha pucynke 5 npuBenena obmas 6mox-cxema BCYBT.

[IporpamMMHBIA OJOK CHCTEMBI YNPABICHHUA MPOU3BOIUT IPEIBAPUTEIHHYIO
00paboOTKy yNpaBISIONIEr0 CUTHAIA YBX('[), B pe3yJbTaTe KOTOPOM yHpaBisio-
LI CUTHAJ ONTHMAJBHO pa3leNiieTCsl Ha «CTAaTUYECKYIO» U «IHMHAMUYECKYIO»
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cocrapmstontue. Janee CY reHepupyeT HampspDKEHHE, MPOTIOPIUOHATEHOE «CTaTH-
YECKOW» COCTABIIAIOIICH YINPaBISAIOLIErO CUTHAJA Ygx(t), Ha JJIEKTPOIPUBOABI

MCYBT, kotopas 1mo menoyke mepeaaTodHbx (QYHKIUH UCTIOTHUTEIBHBIX Opra-
HOB MCVYBT W, cypr co3aaeT ycunue (yroy OTKJIOHEHMs COILIa ¢ ), HapUpyo-

Iee HU3KOYAcTOTHBIE KOJIEOaHUSI BO3MYILAIOIIEro curHana. Ha smekTponpuBoabl
I'CYBT nopaercs HampsikeHHE, TPONOPLHMOHAIBHOE TUHAMHUYECKON COCTaBIIAIO-

meit ynpapnsomero curnana Y4y (t), u o uenouke nepeatounsix dpynkimii MO
I'CYBT Wrcygr renepupyiores ynpasistomue yeunus (6okosast cuna P), na-

pHpYIOIIHe BBICOKOYACTOTHBIC KOJeOaHHs BO3MYIIAIONIET0 CUTHaNa. B Omoke 2,
COCTABJISIONINE YIPABISAIONIETO YCHIUSA CyMMUpYIOTCS. [laTunku oOpaTHOU CBS3U
(10C) o cocTaBisrONMM KOPPEKTUPYIOT YIPABISIONMIEe YCHIHS Yy (t)

[Ipu aBToHOMHOM ¢yHKIHOHUpOBaHMH TonacucTteM bCYBT, B 3aBucumoctn
OT aMIUIUTYZABI M YacTOTHl BXOAHOI'O CHUIHAJA, €ro OTpadaThlBaeT COOTBETCTBYIO-
mast CYBT. MCYBT mnapupyeT HU3KOYaCTOTHBIE CHTHAIIBI OOJBIION aMIUIATYIbI,
I'CYBT — BBICOKOYACTOTHBIE CUTHAJbl MOl aMmuuTyAbl. COOTBETCTBUE MEXKIY
NPEACTABICHUEM YIIPABIIOIIEr0 CUTHAlIa BO BPEMEHHOH 00JacTH M ero mpen-
CTaBJICHHEM B 00JaCTH 4acTOT, B IPOCTEHILIEM Cllyyae, ONpeAesIeTCs] HHTErpalib-
HBIMH COOTHOLICHUSIMH, COCTaBIIOMIMMH MpeoOpa3oBanust Dypre. Llensto ananu-
3a sIBJIsieTCs omnpeneneHue KoapduurueHToB psga Pypbe 1 NOCTPOCHUE AlIPOKCH-
MUpYOLEeH QyHKIMU AT EPHOANYECKOTO CUTHANA, 00pa30BaHHOTO U3 MUMITYJIb-
coB 3amanHoi Gopmsi [9].

[Ipu omHOBpeMeHHO# coBMecTHON paboTe obenx moacucteM B coctaBe bCYBT
MeXaHU4YecKasl MOACUCTEMa OTPabaThIBAET CPEIHECTATHCTUIECKYIO COCTABIISIOIIYIO
YIPaBISAIOLIEr0 CUrHaNA (TPEeHX), a Ta30JMHAMHUYECKasl MapupyeT IUHAMHYECKYIO
COCTABIISIONIYIO YIIPABIIAIONIETO CUTHAA (OTKJIOHEHHS OT TPEH/IA).

Anroput™M omHOBpeMeHHoro ¢yHKmuoHHpoBaHus obenx CYBT B pamxax
BCYBT Buaurcs Hanbonee ONTUMAIBHBIM C TOUYKH 3peHus 3 (HEKTUBHOCTH U Ka-
YyecTBa YNpaBJICHUS W IpelycMaTpuBaeT oOpaOOTKy yNpaBISIOIIErO CHUTHAla C
LEJIBIO BBIICIECHUS AETEPMUHUPOBAHHOM (CTaTHYECKON) COCTaBIISIOIIEH (TpeHaa)
Y BBICOKOYACTOTHBIX OCUWJUISIIMKA (OTKIOHEHHUS OT TpeHaa). nst oOpaborku cur-
HaJla IPUMEHSIOTCS CTiIaKUBaroIue npoueaypsl [9], 6asupyromuecs: Ha mpeano-
JIOKEHUH, YTO BPEMEHHOM PSAI MPEICTaBIsET COOOH CyMMY IJIaJKOTO TpeHAa M
CITy4ailHbIX, QIIYKTYHUPYIOLIUX COCTABIAIOMHNX. ONTHMAIbHBIMU CTIIaKUBAIOILIUMH
IpoLeaypaMu C TOYKH 3PEHUS] COOTHOLIEHUSI 3(PPEKTUBHOCTH U MPOCTOTHI SIBIISI-
IOTCSl METOIBI CKoOJb3smero cpeanero [10], koTopble MaTeMaTHUECKH SIBIISIOTCS
OJIHUM M3 BUAOB CBEPTKH, YTO MO3BOJIAET MpU 0OpabOTKEe CHIHAJIOB paccMaTpu-
BaTh UX KaK aHAJIOT (UIbTPa HUKHUX YaCTOT.

Ha pucynke 6 npuBezaeH pe3yapTaT 00pabOTKH BXOIHOTO CUTHAJIA Ha IpUMepe
TeJIeMETPHUUECKOW MHPOPMALMH 10 YIIIy OTKJIOHEHHUS B IUIOCKOCTH TaHTaXka mep-
Boii kamepbl cropanus Y 1171520 Bo BpemenHOM npomexyTke ¢ 12 ¢ mo 13 ¢ [7].
Ha puc. 6, a) nmpuBeieH BXOAHOW CHUTHAII 11O YIIIy OTKJIOHEHHS PETyJIHPYeMOH Be-
JUYHMHBI, Ha puc. 6,0) U 6, B) — CTaTHYecKas M TUHAMHYECKash COCTABIIIOIINE
BXOJIHOT'O CUTHaJIa COOTBETCTBEHHO.
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@, rpan

12 12,2 124 12.6 12.8 Lc

a)

. rpan

0,8
0,6
0.4
0.2

12 12.2 12.4 12.6 12.8 I3 Lc

. Tpaj
0.3

0.2
0,1

-0,1

-0,2

B)

Puc. 6 — 3amuck BXoqHOTO CHTHANA (), €r0 cTaTHieckol (0) u
JTUHAMUYECKOMH (B) COCTaBIIFOLIIX

BeiBoasl. [lokazaHo, 4TO JUIS KOCMHUYECKOW CTYIEHH PakeThl OU(YHKIIHO-
HaJbHAS CUCTEMa YIPABJIEHUS BEKTOPOM TATH JABUTATENS MO3BOISIET C MUHUMAIb-
HBIMU SHEPro3arpaTaMiy Ha yNpaBlIeHUE PEUIUTh KOMILIEKCHYIO 3aJa4y MapupoBa-
HUS JETEPMUHUPOBAHHBIX BO3MYIICHUN (BO3HUKAIOIIUX, HANIPUMEp, IPU OTIEIIe-
HUU YaCTU TOJIC3HON HArpy3KW) U CTAOUIM3AIUK JBIDKESHUS B YCIOBUSX TEHCTBUS
CIIy4ailHBIX BO3MYIIEHUH C IIUPOKHUM CIIEKTPOM 4acToT. [IpennoxkeH HOBBIA MOA-
XOJl K aHaJIM3y MOCTYMAIIIUX B CUCTEMY YIPABIEHUS BEKTOPOM TATH CUTHAJIOB, U
pa3zpaboTan anroput™M (GOPMHUPOBAHHS YHPABISIONINX CHUTHAJIOB, YTO SIBIISETCS
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0azoit I pa3paboTKH CTPYKTYPHOH CXeMbI OM(YHKITHOHAEHOM CHCTEMBI. Bhime-
neHHas u3 obmero curHana (mocrymaromero B CYBT) cratudeckas cocTaBiisio-
11ast mapupyeTcss MEXaHHUECKOW CUCTEMOM YIPaBIICHUSI BEKTOPOM TSTH, KOTOpast B
OCHOBHOM peIllaeT 3a/1a4y BEeJICHHS KOCMUYECKOW CTYICHH IO 3aJaHHOW TPACKTO-
pun. JlnHaMudecKkas COCTaBIISIONIAs CHTHAJA, OTpa)karomas cliydaiHble (Kak mpa-
BWJIO, BBICOKOYACTOTHBIC) BO3MYIICHUS, MapUPYeTCs ra3oJUHAMHUYECKON cHcTe-
MO YTpaBJICHUS] BEKTOPOM TATH M pelIacT, B OCHOBHOM, 33aJ]aud CTaOWIN3aIiu
CTyNeHd. MeToIuuecKue MoaX0bl K MOCTPOCHUIO CTPYKTYPHOU CXEMBbI OM(YHK-
[MUOHAIILHOW CUCTEMBI YIIPABJICHHUSI BEKTOPOM TATH BEpUGHUIIMPOBAHBI C UCIIOIH30-
BaHHEM TEJIEMETPUIECKON MH(OpMAIMK MO YIIIy OTKJIOHEHHS B TUIOCKOCTH TaH-
raka IepBoii KaMepsl cropanms paketHoro asurarens 1171520 [7].
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