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Ilenb naHHOTO MpHUMEpPa — MOKa3aTh OCHOBHBIE OCOOEHHOCTH MOJIEIUPOBa-
HUSI CTapTa PAKEThl ¢ YIETOM adPOIMHAMUYECKUX CHII, IOMEXH OT OOPTOBOTO
pazseMHoro coeauaenus (bPC), konebanus TommBa B 6akax u pabOTHI CHCTEMBI
ynpaBjicHUs. YIpaBjieHue (CTaOMIN3aIis) paKeThl OCYIICCTBISIETCS ¢ ITOMOIIBIO
IIOBOPOTA MapIeBoil [BUTaTeIbHOM ycTaHoBkH (M1Y). IlpencrasineHHas B q1aH-
HOM IIpUMEpe MojIeib HaxoauTcs B daiine «Rocket start.elr» B popmate TIK
EULER. PaccmoTpum oCHOBHBIE 3Tamnbl CO3AaHUs MOJIEIH.

Koncmpykuusa paxkemut

[Tpex e Bcero, CTPOMM reOMETPUIECKYIO MOJIENIb B COOTBETCTBUH C YePTe-
’KOM, TIpeicTaBIeHHBIM Ha pucyHke 1. ITocie aToro popmupyem 3BeHbs: CTAPTO-
BoIii cTos1 (CC) (base), pakera (rocket), MIY (MDU) — npukperisisi K HUM COOT-
BETCTBYIOIIIHE TEIIA.
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Puc.1. Dcku3 pakeTsl
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Hanee co31aéM MeXaHUYECKUE CBSA3U (ILIAPHUPBHI).

[Tapuup cBsizu «CC — pakeTa» IOMYyCKAET BCE MEPEMEIIECHHS U TOBOPOTHI,
HO HAXOJMTCS B «3aMOPOKEHHOM» COCTOSIHUM. DTO HEOOXOAUMO ISl pean3aliu
M3MEHEHHS] MEXaHMU3Ma B MOMEHT OTPbIBA OT CTOJIA.

[Tapuup cBs3u «pakera — MIY» nomyckaer nosopotr MY otHOCHTENBHO
PAaKETHI MO yIJIaM PbICKaHUS U TaHraxa.

OTtpsiB oT cTona peanmusyercs B EULER ¢ moMomipio o6bekTa Trma «coObl-
Ttre». I3MEeHeHneM MexXaHn3Ma SIBJISIETCS pa3Mopo3ka mapHupa cBa3u «CC — pake-
Ta». OTPBIB IPOUCXOIUT B MOMEHT BPEMEHH, KOT/Ia TAra CTAHOBUTCS OOJIbIIE BECa
pakeTsl Ha 5 %.

Taca MJ[Y
I'paduk Tarm M/1Y oT BpemMeHu mpecTaBiIeH Ha PUCYHKE 2.
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Puc.2. I'papux taru MY

Aapoounamuueckan cuna

JI1st co3anust adpoIMHAMUYECKON CHUITbI HEOOXOAMMO 33/1aTh MapaMeTpPhbl
Cpellbl, XapaKTEpHYIO IUIoLIalb U adpoanHaMuyeckue kodgdumuentsr: C, ,C, .

[TapameTpsl cpeabl 3aAaAUM CTaHJaPTHBIE.

3a XapakTepHYIO IJIONIAAb MPUMEM IJIOIIAAb CEUCHUS MUJICIIS .

_7z-D2

S ~7.07m?,

rae D — nuamerp pakeTsl.
[Tpumem cremyromue GyHKIINT a3pOIMHAMUYECKUX KOIPPHUITUESHTOB:
C, =0.2-cos(x);
C, =2.4-sin(a),

A€ ¢ — OPOCTPAHCTBEHHBIW YIOJ aTaKH.
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bopmoesoe pazvémnoe coedounenue

[Tocne oTpbIBa OT CTOJIA HA PAKETY, B TEUEHUE ONPEAEIEHHOTIO OTPE3KA Bpe-
MeHH, AeictByet cuiia or bPC. Uem nonbliie oHa AEMCTBYET, TEM CUIIbHEE OTKIIO-
HUTCS paKeTa, 3TO MOXHO IIPOBEPUTH NPHU IPOBEAECHUH PACUETOB.

Mooenupoeanue Konedanuii »cuokocmu 6 dGaxe

B mpouiecce nonéra B pakere BO3HUKAIOT KosieOaHus ToruBa B 6akax. Co-
ri1iacHo Teopuu (cM. [1]) MeXxaHWYECKUM aHaJIOTOM CBOOOHBIX KOJIeOaHU BepX-
HETO CJI0SI )KUJKOCTH B 0aKe MOXKET CIIY)KUTh OCCKOHEUHAss COBOKYITHOCTh MaTeMa-
TUYECKUX MasTHUKOB. [IpuMep Takol cucTeMbl PEACTaBICH Ha pUCYHKE 3.
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Puc.3. MastaukoBas MOACIIb KoJIcOaHUI BCPXHCTO CJI0A JKUAKOCTH

Hwxe B Tabnuiie npeacTaBICHBI TapaMeTPhI IS MASITHUKOB TIEPBBIX IBYX
TOHOB KOJICOAHUIM BEPXHETO CJI0S )KHIKOCTH B IIMUIMHAPHUYECKOM Oake (cM. [1],

cTp. 34). B Tabnuiie UCTIOIB30BAHBI ClEAyIOIME 0003HAYEHUS: O — IJIOTHOCTh

TOIINBA; I, — paguyc 6aka, § — MECTHOE YCKOpEeHHE CBOOOIHOIO Na/IeHus ¢ yye-
TOM MEPErPY3KH.

Buenrnuii sBug

m (Macca MasiTHUKA), KT 0.03- Yo, r03
I, (JuIMHa MasTHHKA), M 0.189 I
@ (yrioBasi 4acTOTa CBOOOTHBIX 1.36 g 23 g
KOJIe0aHui MasTHHKA), 1/C ' I ' I

3 Ta6J'II/II_IBI BUIHO, YTO BJIMSHUC O6epTOHOB HC3HAYUTCIIbHO, I10 CpaBHC-
HHIO C OCHOBHBIM TOHOM. B cooTBeTCTBUU C 9THM, B 3a1a4€ 6y,ueM YUUTHIBATH
TOJIBKO OCHOBHOM TOH.
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Ilycts:

p =1000[kg / m°];

r, =1.5[m];

g =13[m/s?],

TOT]1a TTapaMeTPhl MasiTHUKA OYyAyT paBHBI:

m ~ 4800[kg];

r.~0.814[m];

w~4[1/s].

AHaIoroM CHJI BSI3KOCTH TOIUTHBA B MasSTHUKOBOW MOJEIIN CITY>KaT CHJIBI
neMiipupoBaHus B IIApHUPE Mo IBECKH MasTHUKA. JleiicTBue 3Tux cuin B EULER
peanu3yeTrcs C HOMOIIBIO BpallaTeIbHOTo JeMI(pUPYOLIEro 3eMeHTa, kKodhdu-
IUCHT TUCCHUIAIMA KOTOPOTO MOXKHO OMPEICIUTh CICTYIOMIUM 00pa3oM:

c=2-¢(-J-w,
rae & — KodPPUIMEHT 3aTyXaHus,

J=m-r’ — MOMEHT MHEPIIMU MasTHUKA OTHOCUTENLHO OCH BPALIEHHS.

ITpu &£ =0.1:

c=3840[N -m-s/rad].

ITo momy4eHHBIM JJaHHBIM HYKHO CO3/1aTh 3B€HO — MasTHHK, CBSI3aTh €T0 C

pPaKeTol COOTBETCTBYIOIINUM IIAPHUPOM U HAJOKUTh CUJIbI JeMII(UPOBAHUS.

Cucmema ynpaenenus (cmadbunuzayuu) pakemaol

VYmpaBieHue paccMaTpuBaeMoOn PaKeThI IO TAHTAXKY U PHICKAHUIO OCYIIECT-
BJISIETCS] TOBOPOTOM MapIlIeBOTO ABUTATENs. PaccMoTpuM yripaBiieHUE IO TaHTa-
Ky, YIPABJICHHE 1O PHICKAHUIO OCYIIECTBISETCS aHaJIoru4yHo. i yrpaBieHus
Oy/ieM HCITOJIB30BaTh KJIACCUYECKHi perynsarop [2] ciemyromiero Bua:

y=K-o+k -9, (1)
rJie ¥ — Yroj MOBOPOTa JABUraTelNs B IJIOCKOCTH TaHTaXa,
@, — OTKJIOHEHUE U CKOPOCTh OTKJIOHEHUS yTriia TaHTa)ka OT 3aJaHHbIX 3HAYEHUH;
K,, K, — ko3 durmentsr perynsatopa.

3nauenus koddduipentos perymsitopa K,,K, JomKHB 00ecnieynBaTh yCTOM-

YUBOCTh U MPUEMIIEMOE KaueCTBO peryiupoBanus. i onpeaeneHus ux panuo-
HaJIbHBIX 3HAYCHUM pacCMOTPUM YpaBHEHHUE YTJIOBOTO JIBUKEHHUS PAKEThI B TLJIOC-
KOCTH TaHraxka. Cxema CUJ U MOMEHTOB, JEUCTBYIOIINX Ha PAKETY, MPE/ICTaBICHA
Ha pUCYHKE 4.
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Puc.4. Cuiibl ¥ MOMEHTBI, IEHCTBYIOIINE HA PAKETY

HpeHe6pera51 MOMCHTOM a3pOAMHAMHUYCCKUX CHJI, 3aBUCHUMOCTBIO YCKOPC-
HHJA yTJla TaHTaXa OT BpEMCHHU U YJICHAMU, YYUTBIBAIOIIMMU BIUSAHUC IICPCKPECT-
HBIX BpaHleHHﬁ PaKeThl, 3TO YPAaBHCHHUE MOXKHO 3aIlicaTh B CJIICAYIOMICM BHJIC.

J-9p=P-pyc-sin(y)=P-pyc 7, 2)
rae J — MOMEHT MHEPUUU PAKEThl OTHOCUTENIBHO LIEHTPAa Macc BOKPYT MoIepey-
HOH OCH;

( — YCKOpEHUE yria TaHraxa;
P — Tsra mapiieBoro ABurarens;

Puc — PACCTOSIHHME OT LIEHTPA MACC PAKETHI JI0 LIAPHUPA IOBOPOTA JIBUraTEIs.

[Ipumewm:
M - L
J=—p 3
L
Pnc = 57 (4)

rae M — macca pakeTs;
L — myiMHa pakeTsl.

[Moacrasinss (1), (3), (4) B (2) mocie npeodpa3oBaHHA TOTYIHM:

6-P 6-P
»—k ——P-¢0—k,——P-p=0. 5
o-koPo-kygPo ()
VYpaBuenue (5) MOXKHO IPEACTABUTH B CIAEIYIOIIEM BHIE:
gb+2-§-a)-gb+a)z-(p20, (6)
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I7ie @ — yriIoBas 4acToTa MpoIiecca CTa0UIN3aliui PaKeThl;
& — koadunmeHT 3aTyxaHus mporecca CTaOMIN3aluN PaKETHI.

C uH)XEHEepHOM TOYKHU 3peHHUs yJ0OHO BRIOMpPATh UIMEHHO 3HaYeHus m,< . U3
cpaBHenus (6) u (5) nmomyyaem:

M-L-&
K = M-L-w-¢& .
3-P

Jiist paccMaTpuBaeMo# pakeThl PAIlMOHAIIBHO TPUHSTH!

w=2[1/5s];

=05 .

I/IMGI-OIHI/IMI/ICSI B Ka)K,HBIﬁ MOMCHT BPEMCHHU PACXOKACHUIAMU @, ¢ " I10J1y-

YEHHBIMH 3HaYCHUSAMH K03 hurmeHToB K,,K,, B COOTBETCTBIH C 3aKOHOM YIIPaB-
nenus (1), bopMupyercst ¥ — CUTHAJI CUCTEMBI YIPaBJIEHUS Ha TpeOyeMblid yro
noBopoTa asurarens. [IpeamnonaraeTcs, 4To MOBOPOT ABUTATENS OCYIIECTBIISETCS
CJIEIAIIMM MPUBOIOM, paboTa koToporo moaenupyercsa B EULER nuddepenmu-
TBPHBIM KaHAJIOM yTPABIICHUS. DTOT MIPUBOJ UMEET CBOIO YaCTOTY PETYIUPOBAHUS

)51 KOB(b(i)I/IHI/IGHT 3aTyXaHUsA KOJICOaHHHA. HJIH I[IpUBOAA ITOBOPOTA ABHUIaTCIIA pallio-
HaJIBHO IIPUHATH.

w,, =10[1/s];

& =08 .

B EULER pa6oty nuddepeHunaibHOro KaHajia yrnpaBieHUs] IPUHSITO OIH-
ChIBaTh AU(depeHITHaATbHBIM YPAaBHEHUEM CJIEIYIOIErO BU/IA:

T X+T,-X+x=0,
rae X,X,X — perynupyemasi XapaKTepUuCTHUKa U €€ MPOU3BOJHBIC 10 BPEMEHU;

T,,T, — nocTossHHbIE KO3(PPULIUEHTHI.

ITo npuHATBHIM 3HaYEHUSAM @), ,<,, TOIy4aeM 3Ha4€HUs KOA((OULUEHTOB IS

MIpUBOJA.
oL,
2
T1 =2 §M 'Tz :
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