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Merta wi€i cTaTTi — MOKAa3aTH JIETKY aJanTaniio OiyHKI[IOHAIPHUX CHCTEM yNPaBIiHHS BEKTOPOM TATH pa-
KETHOTO JBUTYHA JI0 CYYacHHX CHCTEM YIPAaBJIiHHS PYXOM KOCMIYHHX CTYHCHIB PakeT 3 MAaCOBOIO aCHMETPIEI0,
110 3MIHIOETHCS Y NMONBOTI. Po3risHyTa OidyHKIiOHaTBHA CHCTEMA yIPaBIiHHS BEKTOPOM TATH, SKa OCHOBaHA Ha
OKpEeMOMY IapuUpyBaHHI BHIIAJIKOBHX 1 JeTepMiHOBaHHX 30yprorounx (aktopiB. Ilokasano, mio ii amanramis 10
CyJacHHX CHCTEM YIPaBIIiHHS CTYIEHSMH PakeT J03BOJIE 1CTOTHO 30UIBIINTH Aiala30H KepyIUUX 3yCHIIb BUKO-
HaBYMX OpPraHiB MPU MaJHX CHEPrOBUTPATAX HA YHPABIiHHA 1 30epeKeHHI BUCOKUX AMHAMIYHUX SKOCTEH 1 TOY-
HOCTI CHCTEM YIpPAaBIiHHS, MNiABUIIUTH HaJIiHHICTh 1 eKCIUTyaTamiiiHi XapaKTEPHCTUKH BHKOHABYMX OpraHiB,
TOHU3UTU CHEPrOBUTPATH HA YIPABIIHHSA 10JILOTOM PAKETH KOCMIYHOTO MPH3HAYCHHS.

Lenb naHHOM CTaThM — MOKA3aTh JIETKYIO aJanTaluio OM(YHKIMOHAIBHBIX CUCTEM YIPABIICHUS BEKTOPOM
TSTH PaKEeTHOTO JIBUTraTels K COBPEMEHHBIM CHCTEMaM YIPaBIEHHS ABIKEHHEM KOCMHYECKHX CTYNEHEeH pakeT ¢
HM3MEHSEMOH B MOJIETE MAacCOBOM acuMMerpueil. Paccmorpena GuyHKIMOHATbHAS CHCTEMA YIPABICHHS BEKTO-
POM TSTH, OCHOBaHHAs Ha Pa3/e/IbHOM [TapHPOBAHHUY CITyJaifHBIX U JETePMHHHPOBAHHBIX BOMYLIAIOMNX (PaKTo-
pos. IlokaszaHo, 4TO ee ajanTanys K COBPEMEHHBIM CHCTEMaM YIPABJICHUS CTYIEHSMH PaKeT MO3BOJSACT Cylle-
CTBEHHO YBEIHWYUTH AHANa30H YNPABILSIIOIINX YCHINH HCIIOIHUTEIBHBIX OPIaHOB IIPH MaJBIX YHEPro3aTparax Ha
yIpaBICHUE ¥ COXPAHCHHM BBICOKHX JMHAMHUYCCKMX KAaueCTB W TOYHOCTH CHUCTEM YIPABJICHHS, IOBBICHTDH
HaJI©KHOCTh M JKCIUTyaTal[IOHHbIE XapaKTePUCTHKH HCIOJHUTENIBHBIX OPraHOB, CHHM3WUTH JHEPro3arparsl Ha
yIpaBJICHHE MOJIETOM PaKeThl KOCMHYECKOr0 Ha3HAYCHHUSL.

The aim of this paper is to demonstrate that bifunctional rocket trust vector control systems can easily be
adapted to modern flight control systems of space rocket stages with mass asymmetry that changes during the
flight. A bifunctional thrust vector control system based on separate counteraction to random and deterministic
disturbing factors is considered. It is shown that its adaptation to modern rocket stage control systems significant-
ly widens the range of actuator control efforts at low power consumption for control without affecting high dy-
namic qualities and the accuracy of control systems, increases the reliability and performance characteristics of
actuators, and reduces the power consumption for space rocket flight control.

Knrwouesvie cnosa: 2a300unamuieckas U MeEXaHU4ecKas CUCmemsl YNpasieHusl
BEKMOPOM MAU; CHUIICEHUE IHEP203ampam; NOGblULeHIUE HAOEIHCHOCIU, OUANA30H
Pecynuposanusl.

Beenenne. Ilpu mpoekTHPOBaHUM BEPXHMX KOCMUYECKHUX CTYNEHEH pakKeT
OJTHOM M3 BaXXKHEHIINX 3afad 0OecreueHHs yIpaBisieMOCTH SIBIISIETCS BBIOOp THUIA
1 3} (HEeKTUBHOCTH MCHONHUTENbHBIX opraHoB (MO) ymnpaBiieHHsI BEKTOPOM TATH
(BT) pakernoro gsurarens (PI) [1].

HeoOxomumblii aist obecriedeHusl 1moyieTa ynpaBIsionuii MOMEHT My, , CO-
3naBaemblit MO, paccmarpuBaeTcst Kak apuMeTHIecKasi CyMMa TpeX CllaraeMbIX

MYHP = MHpOrp + MBOBM + Mcmﬁ )

e Muporp — IPOTPAMMHBINA YIPABIISIONINA MOMEHT, HEOOXOAMMBIN IJIsi BEIICHUS
pPakKeThl IO MPOTPaMMHON TPACKTOPHH;, Myosw — MOMEHT JIJIsl TTapupoBaHus (oTpa-
00TKM) BO3MYIIEHUH; Mcrus — MOMEHT, Pa3BUBAaEMbIii OpraHaMU yIPaBICHUS IS

oOecrnieveHuns CTaOWIM3aIiK TapaMeTPOB JABIKCHUSI.
NO ynpaeneHus M0HKHBI 00€cCIIeYrBaTh NapUPOBaHUE BCEX BO3MYINCHUH, a
CUCTEMa CTa0WIN3AlUY — YCTOHYHMBOCTH YTIIOBOTO JIBHXKEHUS PaKEeThl BOKPYT IICH-
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Tpa Macc M CTaOMIM3ALMIO ABWKEHHS IIEHTpa MacC OTHOCUTEIBHO 3alaHHON Tpa-
eKkTopun. B 10001 MOMEHT BpeMEHH IT0JIeTa PacIioiaraéMblii MaKCUMaTbHBIA MO-
MEHT, KOTOPBIA MOXET OBITh co3xaH cucteMoit ympasnenus (CY), momkeH OBITh
00JBIIIe TOTPEOHOTO MOMEHTA YIIPABICHHUS.

B nmanHo#i pabote pemaercs 3agada ynpaBlIeHHS KOCMHUYECKHUMHU CTYIECHIMHU
paket, IJIs1 KOTOPBIX BIMSIHME BeTpa M aTMOC(EpPHBIX YCIOBHM Majo U OCHOBHBIE
BO3MyIIatoIye (akTopbl, OOYyCIOBIMBAarOMmKE (POpMUpOBaHHE EHCTBYIONINX Ha
KOCMHMYECKYIO CTYIIEHb PAKEThl BO3MYIIAIOLIUX CHJI 1 MOMEHTOB PAKEThI, CIICIYIOLIHE:

1) TexHONOTHYECKHE MOTPEIIHOCTH U3TOTOBIECHUSI 1 MOHTa)Xa PAKEThl U IBU-
raTelbHON YCTAHOBKHU:

— CMEIIEHHE U [IEPEKOC OCHU COIUIa ABUraTes sl OTHOCUTEIBHO YCTAHOBOUHOM 0a3bl;

— CMELICHHE U NEPEKOC YCTAHOBOYHOM 0a3bl OTHOCUTEIHHO HOMHHAIBHOTO
MOJIOXKEHUS;

— ynpyras [eopMarsi paMmbl JBUTATeNs;

2) HECUMMETPUYHOCTH KOMIIOHOBKHM CTYIIEHH DPAKEThl OTHOCHUTEIBHO IIPO-
JOJIBHOU OCH.

Bo3mymatomiye cuiasl 1 MOMEHTBI OT TEXHOJIOTHYECKUX IOTPEIIHOCTENH U3ro-
TOBJICHUS ¥ MOHTAa)kKa PAKEThl M ABUIATEIbHOM YCTAHOBKM UMEIOT CIIyYaiHbIH Xa-
paktep. CHilbl 1 MOMEHTHI, OOYCJIOBIEHHBIE HECUMMETPUYHOCTHIO KOMIIOHOBKH
BOKPYT HPOJOJILHOM OCH PAKETHI, SBISIOTCS 1€TEPMUHUPOBAHHBIMU.

AHaJn3 HaKOIJICHHOTO OTBITA MOKAa3bIBAET, YTO HA OTAEIBHBIX 3HAUNTEIbHBIX
[0 BPEMEHH y4YacTKax I0JETa COBPEMEHHBIX BTOPBIX M TPETHUX CTYNEHSIX PaKeT
JeTepMUHUPOBaHHBIE cocTaBisitomme 3arpy3ku MO, oO0ycrnoBieHHBIE MacCOBOM
aCUMMETpPHUEN CTYyNEHEl OTHOCHUTENIBHO MPOJOJBHOM OCH, CYHIECTBEHHO IPEBBI-
IaroT ciydaiaele [1].

Ocob6eHHO 6oplie AeTePMUHUPOBAHHBIE COCTABIIOIINE, B PAAC CIy4acB B
HECKOJIBKO Pa3 MPEBBILIAIONINE CIIyyaiiHble, peau3yloTcs B 00beKTax ¢ OOJBIION
MacCOBOW aCMMMETPHE OTHOCHUTENbHO MpoaoibHOM ocu. K TakuMm oOBbekTam OT-
HOCATCSI BEpXHHUE KOCMUYECKHUE CTYIIEHH PaKeT, KOTOPbIE TOCIEA0BATEIbHO BBIBO-
JSIT Ha OKOJIO3EMHBIE OPOUTHI HECKOJIBKO KOCMHYECKHX aIapaToB, KOCMUYECKHUE
OyKCHpBI, IOCIIE0BATENBHO 3alI0JIHIEMbIE COOPaHHBIMHU ¢ OPOUTHI (hparMeHTaMH
KOCMHYECKOT'0 Mycopa U IpyruMu o0beKTaMu [2].

IIpu ynpaBneHUH NMOJETOM CTyIIEHeH ¢ OonplIoi MaccoBoi acummeTpuein MO
JOJKHBI PEIIaTh CIeIyIONe OCHOBHbIE 3aJauu:

— obecrieunTh MPOrpaMMHOE BEACHUE CTYNIEHH MO 33JaHHON TPaeKTOPUH;

— obecnieuynTh HEOOJbIINE OBICTPOACHCTBYIOIINE YNPABISIONINE YCUIHS JUIS
CTa0MIN3alMH TI0JIETa;

— MapupoBaTh CPABHUTEIHHO OOJBIINE U MPOAOIDKUTEIbHBIE TI0 BPEMEHH Jie-
TEPMUHHPOBAHHBIEC BO3MYIICHHUSI.

BeimonHenne 3THX 3amad TpeOyeT paclIMpeHrsl JUana3oHa peryaupOBaHUs
BT nmBurarens npu coXpaHe€HHH BBICOKMX TUHAMHUYECKUX KA4eCTB CUCTEMBI pery-
nupoBaHus. B psge omyOnmkoBaHHBIX paboT (B yacTHocTH [3 — 8]) oTMewaercs,
YTO HM OJHA M3 M3BECTHBIX cHcTeM ynpasieHus BT aBurarens He MOXET B IOJI-
HOW Mepe BBIIOJHUTD 3TY 3a/1a4uy.

Hnst ynpasneHus moieToM Takux cryneHed paker B 2013 — 2014 romax B
VYkpanne pa3zpaboTaHbl cHocoObl M OM(YHKIHMOHAIBHBIE CHUCTEMBI YIPaBIICHUS
BekTopoM Tsaru (BOCYBT) xkunkocTHbIX paketHbix asurarenein (JKP/I), ocHoBaH-
HBIE Ha Pa3leIbHOW OTpabOTKE CIy4YalHBIX M AETEPMHUHHMPOBAHHBIX BO3MYILAIO-
mmx ¢axtopoB [3 — 8]. YnoMsaHyTeIe cOCOOBI U YCTPOMCTBAa OCHOBAaHBI Ha COB-
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MECTHOM HCIIOJIb30BAaHHH MEXaHHMYECKHX CHCTEM YIPABICHHUS BEKTOPOM TATH
(MCYBT) nBurarens TOBOPOTOM YCTaHOBJICHHOH B KapJaHHOM IIOJIBECEC KaMepbl
(wmm nmBWTaTeNs B IEJIOM), OOecIeYMBaromiell OOJBINE ¥ IMPOJOKUTEIHLHEBIC
VIIPABISIONINE MOJIETOM CTYICHH YCHIIHSI TIPU MAITbIX OTEPSX SHEPTETHKH JIBUTA-
TEJILHOW YCTaHOBKH, OJTHAKO OOJaIaromeil CpaBHUTEIHHO HU3KHMH TUHAMUYC-
CKUMH, SKCIUTyaTallMOHHBIMUA M rabapUTHO-MaCCOBBIMH XapaKTePUCTUKAMMU, U Ta-
30JMHAMHAYEeCKO cucTemMoi ympasieHus BexktopoM Tsaru (I'CYBT) ¢ mecummert-
PUYHON WHXXEKIHEeW B CBEPX3BYKOBYIO YacTh OCHOBHBIX KOMIIOHCHTOB TOILIHBA
WJIM TIPOJIYKTOB UX CrOPaHUsl, 00Naiaroiell BBICOKUMU JHHAMHUYECKUMH, KCILTya-
TaIMOHHBIMH ¥ Ta0apUTHO-MACCOBBIMU XapaKTEPUCTUKAMU, OJTHAKO B Y3KOM JIHa-
Ma30HE PETyIUPOBAHUS BEKTOPOM TATH. B psne omyOIMKOBaHHBIX paboOT, B 4acT-
HOCTH [ 7] ¥ HIKE B HAacTOSAIIECH paboTe, 3TH CUCTEMBI O0BEAMHEHBI OOIIMM Ha3Ba-
aueM — BOCYBT.

IMocTanoBka 3anauu. /{114 JanpHENIero pa3BUTUS U MPAKTUYECKOTO MpUMe-
Hennst bOCYBT ppuratens tpeGyercst MccleoBaHNE YCIOBHN U pa3paboTka pe-
koMmeHpauui no anantauuu MCYBT u I'CYBT k coBpemennbsiM CVY mosieTroM
KOCMHUYECKHX CTymneHeu pakerT. Lleap qaHHOM cTaThu — MOKA3aTh JIETKYHO ajanTta-
10 OM(YHKINOHANBHBIX CHCTEM YIPABICHUS BEKTOPOM TATH PAKETHOT'O [BUIa-
TeJIl K COBPEMEHHBIM CUCTEMaM YIpPaBJICHUs IBUKEHUEM KOCMUYECKUX CTyIEHEH
PaKeT ¢ U3MEHIEMOM B MOJIETE MACCOBOM aCUMMETPHUEH.

Pe3yabTaTsl uccnenopannii. MCYBT 6a3upyroTcs Ha U3BECTHBIX U MTPHMeE-
HsieMbIx B psane JKP/ (manpumep, PII 861K pazpabdotku I'Kb «tOxHOE») cructemax
yopasinenust BT. B coctae BOCYBT MCYBT mokeT cylnecTBEHHO YIPOIAThCs
M0 KOHCTPYKIMH ¥ (YHKIIMOHAIBHOUM cxeMme mpu anantanwu ee K CY cTyneHpro
paxetsl. [IoBOpOT BUTATEINIS B 3TOM ClIydae MOXKET BBIIOJIHITHCS CTYIEHYATO HIIH
TTaBHO (0€3 YaCTOTHBIX MEPEKIaI0K), TOCKOIbKY B 3ToM cirydae MCYBT He BBI-
nojHseT (QyHKUMIO crabuimzauuu nojiera. K Hell He MpenbsBIAIOTCS BBICOKHE
TpeOOBaHUS 10 CKOPOCTH U TOYHOCTH JUHAMHYECKHX XapaKTePUCTHK (oOecredn-
BAaEMbIX B 3TOM CIy4ae ra30JUHAMHYECKOW CUCTEMOM). DTO CyLIECTBEHHO YIpO-
maer MCYBT wu noseimraer ee HagexHoctb. Moaudukamun 'CYBT obnagarot
BBICOKUMH JTMHAMHUYECKHMH KayeCcTBaMHM, MOJOOHBI MO CBOEH KOHCTPYKTHUBHO-
KOMIIOHOBOYHOM CX€Me, OHM MPOCTHI, MAJIOrabapuTHBl 1 HEMAaCCOEMKH; OTJIMYa-
IOTCSl MEXIly COOOH HCIIONIb3yeMbIM pabodnuM TeNoM (BBIXJIOHOW Ta3 TYpOHWHBI,
KOMIIOHEHT TOIUIMBA, TBEPABIH IITHIPEBO MHTEpLENTOp), PyHKIHMOHATBHON CcXe-
MOH, aJITOPUTMOM YTIPaBJICHHS.

Oco6sr1it unrepec npencrasisitor BOCYBT anst ctyneneil paket, CHUMaeMBbIX
¢ 6oeBoro AexypcTBa, B cocrase 3Tux cryneneii umeercas MCYBT, kotopas panee
pelana TpaAWLIUOHHBIE 3a1a4i AJ1s1 00beKTOB 0oeBoro HazHaueHus. [Ipu monep-
HHU3aLMU TaKUX CTyNeHel i ycsoBuid kocMuueckoro nojera MO CYBT tpeOyror
CYLIECTBEHHOTO YCOBEPILICHCTBOBAHUS JUIsl BBIIONHEHHUs Oojiee LIMPOKHUX (PyHK-
LOUOHAJBHBIX 33a7a4 (C PacIIMPEeHUEM MX BO3MOXKHOCTEH M yNIy4IIEHHEM XapaKTe-
pucTHK), KoTopble MoxkeT pemath BOCYBT. [lns noocHamieHus cTyrneHei, CHuMa-
eMbIX ¢ 00eBbIX pakeT, nononHurensHas 'CYBT (reobxoaumast aist GopMUPOBaHUS
BDCYBT) He TpeOyeT CyIecTBEeHHBIX J0Pa0OTOK JBUTATEILHONW YCTAHOBKH M XBO-
cToBOro orceka crymneHu. ManorabaputHas ['CYBT moxxer pasmematscst B He-
OosibInX cBOOOIHBIX 0OBEMaxX BOKPYI COIUIa KaMmepbl ABUTATENs, a Jo0aBisieMast
(m1a popmupoBanuss BOCYBT) nononuutenshHas macca (koHcTpykuun ['CYBT)
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CYIIECTBEHHO KOMIICHCHPYETCSl CHM)KEHHEM Macchl (YmpomiaeMod TIpH 3TOM)
MCVYBT.

JInist KOCMHYECKHX CTYTIEHEH pakeT BayKHBIM SIBISIETCS HEOOXOJMMOCTh PEIICHUSI
3amad o amantarpm bOCYBT k coBpemennsiM CY monerom. CoBpemennsie CY 1o-
JIETOM CTYIICHU PAKEThI TIO3BOJLSIIOT YYUTHIBATH MPAKTHYESCKH BCE BO3MOMHBIC CHTYa-
IMY, BOHHUKAFOIIHE TPU YIIPABICHUH 11oaeToM [1, 9], U, B YaCTHOCTH, TTO3BOJISIIOT «00-

HYIISITH JIETEPMUHMPOBAHHYIO COCTABIIAIONILYHO Mapupytomiero Momenta | myrem

COBMEIICHUS JTMHUU AericTBus BT nBUratens ¢ LEeHTpOM Macc CTYIIEHH.

CryuaitHple BO3MYIIEHHS (KaK MPaBHUIIO, HE3HAYUTENBHBIE 110 BETUYHUHE) TTPU
atoM mapupytorcs CY ¢ UCmob30BaHUEM YIPABISIONIMX OPTaHOB Majoi (dek-
tuBHOCTH, TO ecThb [[CYBT [9]. Takum odpaszom, BOCYBT, ocHoBaHHas Ha pa3-
JeIbHOM IapUpPOBAHUU CIIyYalHBIX U A€TCPMHUHHMPOBAHHBIX BO3MYILAIOLIMX (ak-
TOPOB, BIIOJIHE afanTUPyeTcsi K coBpeMeHHbIM CVY CTyNeHSIMHU pakeT U MO3BOJISET
[1-38]:

— CYIIECTBEHHO YBEJIMYUThH Hara3oH ynpasisitomux ycunuil MO npu mansix
SHEpro3aTparax Ha yIpaBJICHHE M COXPAHEHWU BBICOKMX ITUHAMHYECKUX KAaueCTB U
Toynoctu CVY;

— MOBBICUTH HAJEKHOCTh U 3KCIUTyaTalloHHbIe XapakTepuctuku NO.

Uccnenyemas (mns amanraiuun bOCYBT) kocmuueckas crynesp (I'PH — ru-
noTeTHuecKas pakera-nocurens [2, 10]) oTnuyaercst oT Tpetheid crynenu «lluk-
JIOH-4» B OCHOBHOM HaJM4YHEM KOHTEWHEpa C OTAEISIEMBIMHU IO TPACKTOPUH IIO-
ne3HbIMH Tpy3amu (puc. 1). biok monesnoro rpysa 1 pacmonaraercs Ha muatdop-
M€ C MOCJEI0BaTEIbHO OTAEISIEMBIMU IPy3aMu pa3Hoil Maccel. Ha BepxHel yactu
pHUCYHKa HM300pa’keHa CTYNEHb A0 OTAEIEHHUS IOJIE3HOrO IPy3a, HAa HIKHEH da-
CTH — IIOCJIE€ OTAEJICHUS YacTU IMOJIE3HOTrO Ipy3a: 1 — KoHTelHep ¢ GJI0KOM IoJe3-
HOTO Tpy3a; 2 — MPUOOPHEI 0TCEK; 3, 4 — TOIUIMBHEIE 0aKW TOPIOYETO M OKUCIIH-
tens; 5 — XKPJl; 6 — TypOoHAcOCHEIH arperaT; 7 — KapJJaHOBBIH TOJBEC; 8 — CBEpX-
3BYKOBOE COIUIO; 9 — KOJIBLEBON KOJIEKTOP.

OcHoBHBIE XapakTepucTuku ctynenu [10]:

— 1sira jBurarens B nycrore B, =7858l ;

— ynenbHbiil ummynbe Taru | =32371 /;

— Bpewmst paborsr aBurarens 7, =4701;
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Puc. 1

— PacCTOsIHKE OT IUIOCKOCTH cpesa coma a0 nentpa macc Oy =311

— CMEILECHUE FEOMETPUYECKON OCH KaMEpbl JBUIATENs] OTHOCUTEIBHO YCTAHO-
BouHoO# 6assr Ag <2-107°1 ;

— CMeIIeHHe YCTAHOBOYHOM 0a3bl JIBUTATENS OTHOCHTEIEHO HOMHHAIBHOTO TI0-
noxerns A; <2-10°10 ;

— OTKJIOHEHHE OT TEePHEeHIUKYISIPHOCTH (TIEPEeKOC) OCH KaMmephl JBUTATENS K
TUTOCKOCTH CTBIKOBKH JIBUTATEIIS ¢ KOPITYCOM CTyleHd ¢ <15 ;

— MaccoBasi aCUMMETPHsI CTYNEHH I0Ciie OTAENIeHHS YacTH IOJIE3HOTO Ipy3a
A; £5-10710 .

Pe3ynpTaThl MpOEKTHO-TIOMCKOBBIX MCCIIEIOBAaHUMN IMOKa3ajH, YTO JUIS JAOOCHA-
HICHWs CTyNeHeH, CHUMaeMBbIX ¢ 00eBbIX paker, nonoiauTenbHbiM [CYBT He Tpe-
Oyrotcsi Ooipliie JTOPaOOTKM KOHCTPYKTHBHO-KOMITIOHOBOYHBIX DEIICHHH JBUTa-
TEJIbHBIX YCTAHOBOK M XBOCTOBBIX OTCEKOB CTyNeHeH pakeT. ManorabapuTHbie
I'CYBT pa3mermmatorcsi B CBOOOJHBIX M OPraHW30BAHHBIX MPOCTPAHCTBAX BOKPYT
COIlIa KaMephl JBUTATENSA, a Macca KOHCTPYKIMHM CHCTEMbI BTOPHUYHON WH)KEKLIUH
CYIIIECTBEHHO KOMIIEHCHUPYETCSI CHIDKEHMEM MAacChl YIPOIIEHHOW KOHCTPYKLIHH
MCYBT.

Ha xomniencanuio OONbIINX W MPOJOIKUTEIBHBIX AETEPMUHUPOBAHHBIX BO3-
mymarommx ¢aktopoB MOCY moneroMm TpaTUTCS MHOTO DHEPIHH, B YaCTHOCTH
00JIbIIIOE KOJIMYECTBO TOILIMBA. B 3asBke Ha u3o0perenue [10] mpemioxkeH crnocod
yIpaBiIeHUsT KOCMUYECKOH CTYNEHBIO PaKeThl, TO3BOJISIONIUI IPU UCIIOJIb30BaHUHU
BOCYBT cHM3uTH 3aTpaThl HA KOMIICHCAITUIO IETEPMUHUPOBAHHOTO BO3MYIIAIO-
IIer0 MOMEHTa OT BO3HHUKAIOIIEH B MpoIlecce MOoJeTa CTYNeHH MacCOBOM acuM-
METpUH.

JUIs TOCTYDKEHUST 3TOW ILEJIM B COOTBETCTBHHM C HPEIOKEHHBIM CIIOCOOOM
YIPaBJICHHS MTOJIETOM CTYIIEHBIO PAKETHI:

— TPOTPaAMMHBIN TTOBOPOT JABUTATENS] CTYIIEHW PAKETHI BBIMOJIHAIOT JO TPO-
X0XkJeHusa TuHuu JerctBusg BT nBuratenst yepe3 LEHTpP Macc CTyNEHU MyTEM IO-
BOpPOTa JBUTATENS B IIAPHHUPE;

49



— OJHOBpPEMEHHO ¢ MmoBopoToM BT nBuraTens BBITONHSIOT MEPEXo] OT HC-
MOJIb30BAHUS MPOAOJIEHOW OCH CTYNEHH Kak «0a30BOW» NPH peau3aldd Mpo-
IPaMMHOTO BBIBEJICHHUS CTYIICHBIO TIOJIE3HOTO TPy3a B 33/IaHHYIO TOUYKY IPOCTPaH-
CTBa, 10 MCHOJb30BAHMS HOBOTO TEKYIIErO HaIpaBieHUs JuHUU aAeiictBus BT
JIBUTATENS CTYNEHH KaK «0a30BOT0» BMECTO HANpPaBICHHS POIOILHON OCH.

Jlis ynpolneHus 3a7a4yul yIpaBleHHs HccieayeMasl CTYNeHb PacCMOTpeHa B
BapHaHTE C JIByMs CITyTHUKAMH PaBHOW MAaccChl: TIEPBBIA OTIENSACTCS OT CTYICHH
npu 7, =100, Bropoit — mpu 7, =400 1. MaccoBast acCHMMETpHS CTYIICHH OT
BBIPa0OTKH TOIUIMBA U3 0AaKOB (BCJIEICTBHE MAJOCTH) He yuuThiBaeTcs. [Ipu otme-
JICHUHW TEPBOTO Ipy3a IEHTP MacC CTYIIEHU U3MEHSET MOJIOKEHHE (B TOMEPEYHOM
Hanpasiennn) Ha Benmunny A; <0,051

[Nepemernenre MeHTpa Macc CTYNEHH WLTFOCTPUPYETCS HA PUCYHKE 2: TOYKA
O coBMellleHa C TOJIOKEHHEM [IEHTPAa Macc CTYNEeHH B MoMeHT Bpemenu 7 =0,
touka O1 — ¢ monoxeHueM ueHrpa macc B MomeHt 7; =100, P — Bextop Tsirn

JBUTATCIIA.

v ok

ErrllpilHJ]HH!IIr[}]H COCTARTARMIAR CHITRI THI'H

Puc. 2

MakcumanbHblid BO3MYIIAIOIUHA MOMEHT, NEUCTBYIOLIIUMI HA CTYIIEHb 3a CUET
CIIy4alHBIX (TEXHOJOTHMYECKHX) OTKIOHeHNH BT 0T HOMHHAIBHOTO TOJIOKEHUS,
COCTABJISIET BEJINYUHY

‘I AT(;i l:‘DOO'\/AZE +A2A+(~)éi S|n2¢:1,08é|, \l

[locne OTHeneHHS MEPBOrO IMOJNE3HOro TIpy3a (Ha yd4acTke Ioyera
A7, =7, —7, =300 ) neiictByeT BO3MYIAONMIII MOMEHT
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[ :E)w(A-,- +\/A2E + A5 + 0, -sin Zgo): 50181 -i

Hocne oraenerust BToporo rpysa (A7, =7y —7, =70 ¢) ACCTBYeT MOMEHT
I 4o 3 =108l -1 , mockombKy HEHTP Macc CTYIEHHM CHOBA COBMEIIACTCS C e

T€OMETPUUYECKOHU OCBIO.
HeoOxonmumelii 11 mapupoBaHusl BO3MYIIAIOIIETO MOMEHTa (CIy4allHBIX W
JIeTePMUHUPOBAHHBIX BO3MYIICHHI ) UMITYJILC CHIIBI (32 BpeMs Ty )

|A=©1 (I ag AT+ 4 o AT, +1 4y A7) =554581 -A.

¢ ¢
ol

[Ipu coBmerennu uann nerictBus BT ¢ meHTpoM Macc (ITOBOPOTOM ABHUTA-
TeJIs) Napupyromuil (TOJNBKO CilydailHble BO3MYILEHHS OT TEXHOJIOTHYECKOIo OT-
knoHeHus BT) nummyinbe cuibl (Ha ydacTke nonaera A7, ) COCTaBUT BEIUYHHY

|, )
o= 1" 163780 -A.
O

I
Dr1o cocraBnseT —<=295% OT BeaMUMHBI MMITyJbca |, YYUTBHIBAIOLIETO
A

JETEPMUHUPOBAHHOE BO3MYIICHHE (ACHMMETPHIO LIEHTpa MacC CTYNEHH), WM

e _ 0,44 % or obmero ummysca msuratens (1, = P, -7, =36,9-10° I -fi).
z
[Ipu coBmemennn nmuHUN aerictBus BT ¢ meHTpoM macc crynenu (Ipu 3TOM
muHus aevictBus BT mpuHuMaeTcst 3a TeOMETpHUYECKYIO0 OCh CTYIIEHH) M3 BO3MY-
IAONIEr0 MOMEHTA, JEHCTBYIONIETO HA CTYIEHb, UCKIIFOYAETCS €r0 JIeTEPMUHUPO-
BaHHAsl COCTABISIONIAS. ITO MO3BOJSET YMEHBIIHUTH KOJIMYECTBO TOILIMBA JUIA T1a-
pupoBanus (¢ yaenbHbIM umiyiabecom Tsru |y =32371 /fi) «BHyTpennnx» Bo3-

MYILIEHUI Ha BENTHUYUHY
N S Ax
Am, = T =120,7 éa.
)

C y4eTroM MacCOBBIX DKBHBAJICHTOB IS PAKET-HOCHUTENICH CPEIHEro Kiacca
YMEHBIIIEHHE MacChl TPEThEi CTyNeH! (Ipy 00IIeM KOJIUYECTBE TOILUIMBA, PABHOM ~
9000 kr) Ha 120,7 Kr NMO3BOJMT YMEHBIIUTh Maccy nepBoi crynenn Ha ~ 1000 kr
[10].

Bo3MoXHOCTD penieHus 3ajlauu coBMelleHus: JuHumn aeiictus BT ¢ nenrpom
Macc CTYNEHHU MOATBEP)KIAeTCs MOJOOHBIMHU PELICHUSMH, MPUHATHIMU MPU CO3/1a-
uun paker-Hocuteneit [’ Kb «tOxnoe» (Takux kak 15A16, 11K68, 15)K44 u np.).

[Ipu xoMneHcay BO3MyIIAONMIEro GaKkTopa OT BOSHUKAIOIIEH B MPOIIECCE TT0-
JleTa MacCOBOW aCHMMETPHHU CTYIIeHH OCHOBHOM 3arpyskoit MOCY monerom nera-
TEJBHOTO armapara OCTAIOTCS PEKUMBI CTaOMITM3aIlNH, 00ECTIEUMBAIOIINE YCTONIH-
BOCTH YTJIOBOTO JIBW)KEHHS CTYIIEHH BOKPYT IIEHTPa MacC W CTaOMIM3AIHIO JIBUKE-
HUSI IEHTPa Macc OTHOCUTEIHHO 33 JaHHOU TPACKTOPHH.
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BoiBoabl. BOCYBT, ocHOBaHHasI HA pa3neIbHOM HMapHUPOBAHUH CIyYaHWHBIX U
JICTEPMUHUPOBAHHBIX BO3MYIIAIOIINX (PAKTOPOB, aIaNTUPyeTCs K coBpeMeHHbIM CY
CTYNEHSMH PaKeT W MO3BOJSET CYIIECTBEHHO YBEIMYWTH JWANA30H YIPABISIOMIAX
yewnmii MO mpu ManbIx 3HEproszarparax Ha YIpPaBICHHE W COXPAHEHUH BBICOKHX
JUHAMHYECKUX KadecTB U TOYHOCTH CY, TOBBICHTH HAJEKHOCTh M SKCILTyaTaI[HOH-
HbIe XapakTepucTuku MO, CHI3UT 3HEpro3arpaTsl Ha YIPABICHHE MTOJIETOM PaKEThI
KOCMHYECKOTO Ha3HAYEHHUSI.
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