Tema Ne 2. OcHoBbl noctpoenust 3PC.
3aaarue Ne 5. Metoasl HaBenenusa 3YP.

VYy4eOHbIe BONPOCHI
1. [lonsatue o metomax HaBeaeHus 3Y P, ocHOBHBIE TpeOOBaHUs MPEIbIBISIEMBIC K
HUM.

2. MeTo1 nponoOpIHUOHAIBHOTO COMKEHHUS.

1. TIOHATHUE O METOJAX HABEJIEHUA 3VYP,
OCHOBHBIE TPEBOBAHUVA, ITPEABABIIAEMBIE K HUM

IIycTp B KaXAbli MOMEHT BPEMEHHM paJUOJOKAaIMOHHAS CTaHIUA
CONPOBOXKIEHUA LeJeld MW HaBeACHUsS pakeT ompenenseTr chepuyeckue
KOOpAUHATHI LUENH Fy, €y, fy W PAKETHI Fp, €p, fp. DTU KOOPAHMHATHI MOCTYNAIOT B
CUETHO-pemaromuii mpudop (YCTpOHCTBO BBIPAOOTKM KOMAaHI) M HMCHOJIB3YIOTCS
JUTSL BBIPAOOTKHU KOMaH 1 yIpaBieHUs.

Hns  omnpeneneHuss OMMOKKM B TOJOXEHUU pakeThl (mapaMmerpa
yHIpaBJeHHs) HEOOXOAUMO Ui KaKJI0T0 MOMEHTa BPEMEHM 3aJaTh TpeOyembie
KOOPAMHATHl 3€HUTHOW YIpaBiIIeMON pakeThl Kak (QYHKUUM KOOpIAMHAT U
napaMeTpoB ABWKEHHS LEeNH. DTH (QYHKIMU NPUHATO HA3BIBATb YPAGHEHUAMU
CBA3U.

N3BecTHO, 4TO ympaBiE€HUE PAKETOW, KaK IMPABUIIO, OCYHIECTBIISIETCS IO
HamnpaBJEHUIO, T. €. B JBYX B3aUMHO MEPHNEHAMUKYJISIPHBIX IJIOCKOCTSX.
[TonsaTue o TpeOyeMoil manbHOCTH A0 pakeThl He BBoaUTCA. CiemoBaTesbHO,
N7 HABEACHUS PAKEThl JOCTAaTOYHO 3a1aThb ypaBHEHUS CBA3M JMIIb JJIS
YTJIOBBIX KOOPAUHAT paKeThl (Hampumep, &p U fp). 3anuiiemM 3TU ypaBHEHUS B
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T7€ & U fix — TpebdyemMble yroi MecTa U a3UMYyT PaKeThl;
& U iy — yrosl MecTa u a3suMyT LEJIH.

Bun ypaBHenuit cBsizu, T. €. QyHkuuid F; u F2, onpenensier MeTOA
HAaBEJCHUs PAKETHI HA LEIIb.

CnenoBaTenbHO, MemoOOM HageoeHus Ha3bIBACTCA 3aJaHHBI 3aKOH
CONMMKEHHSI pPAaKeThl C IeJbl0, KOTOPHIH B 3aBUCHUMOCTH OT KOOpJIAMHAT U
napaMeTpoB JBWXKEHHS IeIu OIpeAesssieT Tpebdyemoe ABMKEHUE pPaKeThI,
oOecnieunBaroniee nonaaanue 3YP B nensb.

TeopeTnyeckyro TPAaeKTOPHUIO PpAKETBI, OIPEACISIEMYIO yPaBHEHUEM
METOZa HABEJICHMS, INPUHITO HA3BIBATh KUHEMAMUUECKOU WIW mpedyemoll
mpaexmopueti. XapakTep 3TOW TPACKTOPUU YCTAHABIMBACTCA HA OCHOBE
KUHEMATUYECKOI'0 MCCIEIOBAHUS HABEICHUs PAKETbl HA LEb, IBUKCHUE
KOTOpPON 3apaHee 3azaHo. IIpy KUHEMAaTHYECKOM MCCIENOBAHUM paKETa
IIPUHUMAETCSA 3@ TOUKY, ABUXKYIIYIOCS IO IECUCTBUEM ONPEAECICHHBIX CUIIL.

PeanvHass TpaekTopuss OyJeT OTIMYATHCS OT KUHEMAaTHYECKOW u3-3a
BO3JICHCTBUS HA CHUCTEMY YIPABIECHUSA pPaA3JIUYHBIX BHEIIHUX BO3JICHCTBUM,
VHEPLUOHHOCTU PAKEThl U JPYTUX DJIEMEHTOB CUCTEMBI YIIPABJICHUS, HAJTUYUS
MHCTPYMEHTAIbHBIX OIMOOK U T. A. OJHAKO 3TO OTIMYUE JOJKHO OBITH B
npezaenax 3alaHHOM TOYHOCTH HaBEJICHUS PAKEThl HA LIEIb.

B nmpeabiayimieM  3aHSATUM  YKa3bIBaJOCh, UYTO BBIpAOOTKA KOMAaHJ
yIpaBJICHUA, T. €. HABEACHUE 3CHUTHOM YIPABIAEMOM pPAKEThl Ha LEjb, Kak
[IPABUJIO, OCYLIECTBJISICTCS JIMIIL [0 HAIPAaBICHUIO B JBYX B3aUMHO
MEPIEHIANKYJIAPHBIX IIIOCKOCTSAX.

Mepy HapylleHHs CBs3M B KaXXJIOW IUIOCKOCTH HABEACHUS IPUHATO
Ha3bIBATb NApPaAmMempom ynpaeienus h WU CUCHAIOM pacco2naco8aHusl.

CyTp mapameTpa ynpaBieHHUs WUIOCTPUPYETCS HAa pUC. 1, HA KOTOPOM
toukaMu K u P moka3zaHbl COOTBETCTBEHHO TpeOyeMoe U JelCTBUTEIbHOE

IMOJIOKCHUS PAKCTHI.



Puc. 1. ITapameTp ynpasnenus h.

B kadecTBe mapamerpa ympaBJICHUS TPUHUMACTCS HE YIrJoBoe, a
JUHEHHOE OTKJIOHEHHE PaKEeThl OT KMHEMaTHYeCKOW TpackTopuu. dakTuuecku
OH TIOKa3bIBACT PACCTOSHHE MEXAY TOYKAMU pPEaTbHOM M KHHEMaTHYCCKOMN
TPaeKTOpUECH HaBEICHUS.

PaBeHCTBO HYyJIIO MapaMeTpa YIpaBJICHUS 03HAYaeT HaXOKJICHUE PAKCThI
Ha TpeOyeMoi TpaekTopuu. [IpM OTKIOHEHHWHM pPAKEThl OT KHUHEMAaTHYECKOU
TPACKTOPUHM YCTPOMCTBO BBHIPAOOTKM KOMAaH] ITYHKTa HaBeacHus win 3YP
JOJDKHO BBIpa0OTaTh KOMaHABI, COOTBETCTBYIONIHE BEJIMYUHE TapaMeTpa
paccornacoBanus h: u hg.

HeoOxoauMo Takke OTMETHTh, UYTO IapamMeTp YIPABICHUS MOXKET
OTNPENENAThCS HE TOJIBKO B pacCMaTpUBAEMbIX IIIOCKOCTAX (h: u hg), HO U B
M00BIX JIPYTUX, KakK MPaBUIIO, B3aUMHO TEPHCHAUKYISAPHBIX IIJIOCKOCTSIX
paKeTHI.

BeiOop MeTonma HaBeACHUS 3CHUTHOW YIpaBIISIEMOH pakKeThbl JOJDKCH
MIPOU3BOJUTHLCS C YIETOM psifa TpeOoBaHUA. PaccMOTpUM OCHOBHBIC M3 HUX.

1. Memoo Hasedenuss Oondcen o0becneuusamov HAUMEHLULYIO KDUBUSHY
KUHeMAmuyeckou mpaekmopuu Ha 6cex Y4acmkax nojemd, U O0COOEHHO 8

patiorne mouku ecmpeyu.
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3eHUTHasl yhpaBisieMass pakeTa UMEeT OrPaHMYEHHYI0 MAaHEBPEHHOCTH. B
3aJIaHHBIX YCJIOBHUSX MOJI€TAa U MPH 3aJaHHOW CKOPOCTH PAKEThl MUHUMAJIbHBII
paauyc KpHUBHU3HBI TPACKTOPUM, KOTOpPhIE CIOCOOHA OCYIIECTBUTH pakeTa,
ONPENIEIAIOT €€ PACIOIAraeMble MEPETPY3KH.

Xapaktep KUHEMAaTHYECKOW TPAaeKTOPUM OINPEACISIOT TaK Ha3bIBAEMbIC
nompebHble KUHeMamuiecKue nepezpy3ku pakeThbl Hx, T.€. MEPETrpy3Ku, KOTOPbIMU
JOJDKHa o0Jiaath pakeTa [Js MoJieTa 1o 3TOM TpaekTtopuu. Benanmunna
KHHEMATUUYECKHUX MEPETPy30K NPHU 3aJaHHBIX MMapaMeTpax IBUXKECHUS LEIU U
CKOPOCTH PaKETHI SABIsACTCA QYHKIIMEH METO1a HaBEACHMUS.

CpaBHuBasi MOTpeOHBIC MEPETPY3KH C pacroaraeMbIMHU, MOXHO OLICHUTh
BO3MOKHOCTb T0JIETA PAKETHI 110 TPEOYyEeMON TPAeKTOPHH, T.€. B KOHEUHOM CUETE
BO3MOYHOCTh BCTPEYU PAKETHI C IEJIbI0 B JAHHBIX YCJIOBHUSX CTpelbObl. Jljs
HaBEJICHUS PAKEThl Ha 1IEJb C JIOMYCTUMBIMU OIIMOKAMHM B KaXKJIOW TUIOCKOCTU

YHpaBJICHUA JOJI’)KHO BBIIMOJIHATHCA CICAYOIICC YCIOBHUC!

Rpacn > nk+ndm+n6+n Wy (2)

1€ Mpacn — PACIIONIATaEMasl NIEPETPY3Ka PAKETHI;
n, — NOTpeOHas meperpy3Ka pakeThbl JUisl IBUKEHUS 110 KHHEMATUYECKOU
TpPaeKTOPUH;
Rg: — 3amMac HOPMAIbHBIX MEPErpy30K paKeThl g OTPadOTKH
Cly4aifHbIX ((DJIIOKTYallMOHHBIX) OTKJIIOHEHUW OT KHHEMATUYECKON TPAeKTOPUH;
ne — IEperpy3Ka Juisi KOMIIEHCAIIUU CUIIbI TSKECTH PaKEThI;

n, — Teperpyska s OTpaOOTKU M3MEHEHMs YIJIOBOM CKOPOCTHU JIMHUH
pakeTa — 1Iedb 3a cuYeT MNpoAoibHOro yckopenus 3YP (mpu wmeromax
CaMOHAaBEJICHHUS ).

Takum oOpa3zoMm, MeTOH HaBeAEHHUS OIpenensieT TpeOoBaHUS K
MaHEBpPEHHOCTH PAaKEeThl, a MPHU 3aJaHHOM MaHEBPEHHOCTU — JIMANa30H BBICOT U
napaMeTpoB JBMXKEHHS LE€IH, MPU KOTOPOM BO3MOXKHA BCTpeda PAKETHl C

O CIbIO.
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Ecnim mMeron  HaBeJeHHS  TPHUBOJUT K  BO3PACTAHUIO  KPUBHU3HBI
KMHEMAaTHYECKON TPACKTOPHH PAKETHI 10 Mepe e¢ MPUOIMKCHUS K IEIH, TO JIJIS
oOecrieueHusl 3aJaHHBIX OOEBBIX BO3MOYKHOCTEH 3CHHUTHOTO PaKETHOTO
KOMIIJIEKCA IO BBICOTE MOTPEOyeTCsl cO3/1aTh O0Jiee MaHEBPEHHYIO PAKETY.

OpHako, BCSKOE VYBEJIMYEHHWE MAHEBPEHHOCTH pAKEThl IPUBOIUT K
BO3pacTaHUIO €¢ Macchl W rabaputoB. Kpome TOro, KpuBH3HAa KHHEMATHYCCKOMN
TPAaCKTOPHH B paliOHE TOYKH BCTPEUYHW BJIUSACT Ha BEIMYHMHY OIIMOOK HaBEICHUS
pakeThl Ha LEIb.

CrnenoBaTellbHO, YMEHBIIICHUE KPUBU3HBI KHHEMATHYCCKOW TPACKTOPHUHU 10
Mepe MPUOIMIKCHUS PAKeThl K IEJIM — OJHO M3 CYIICCTBEHHBIX TPEOOBAHHH K
METO/Ty HaBEJICHUSI.

CrnpsimiieHue KHHEMAaTHYECKOW TpPaeKTOPUM TaKXKe MPHUBOIUT K
YMCHBIIICHUIO ITyTH W IIOJICTHOTO BPEMEHHM paKeThl JO I, YTO II03BOJISACT
YIYUIIATh XapaKTePUCTUKH PAKEThl U MOBBICUTH OTHEBYIO MPOHM3BOAUTEIBHOCTD
KOMILIEKCA.

2. Memoo Hmasedenus Ooaxcen obecneuusamo 6cmpedy pakemvl C
B030YWIHOU Yelbl0 60 6CeM 3A0AHHOM OUANA30He CKOpOCcmel, 6biCOm U
KYPCOBbIX NAPAMEMPO8 ee OBUNCEHUS.

CKOpOCTh BO3IYIIHOW IIETH MOXKET OBITh OT JACCATKOB JO THICSYH METPOB B
CEKYHJIY, BBICOTA — OT JIECATKOB METPOB J0 IBYX-TPEX JCCATKOB KUJIOMETPOB.

YHUYTOXKEHUE BO3MYIIHBIX IEJCH 3CHUTHBIMU YIPaBISIEMBIMH paKeTaMU
IpeaycMaTpPUBaAET B MEPBYIO OYepeb CTPEIb0y Ha BCTpEUHBIX Kypcax. OJTHAKO B
X0/Ie OTPaXCHUs BO3AYIIHOTO HaleTa HE WCKIIOYEHBI Ciydyan oOCTpena Ienu
BJIOTOH (MaHEBp IEJIH KypcoM, 3aHITOCTh 3PK).

[ToaToMy BBEIOOp MeTOMa HaBEACHUS TOJDKCH YUUTHIBATH B COOTBETCTBHHM C
OCHOBHBIM TpenHa3HaueHrneM 3PK BO3MOXHBIN [Uana3oH U3MEHECHUS KOOPJAUHAT
W IMapaMeTPOB JABMKCHHUS IIEJIH, a TAK)KE CIIydan CTPEJIbOBI BIOTOH.

3. Memoo nasedenus Oondxcern obecneuusams mpeodyemyo MOYHOCMb
cONUdICeHUs paKembl C Yevlo 8 PA3IUYHBIX YCI08UAX CIMPeNbObl.

HCO6XOI[I/IMO MNOAYCPKHYTh, 4YTO IIHJIOTHPYEMaAsA BO3AYyYIIHAA I1CJIb,
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OOHApyXHB CTapT PaKeThl M CTPEMSICh YHTH OT MOpPaKEHHs, OyAET IHPOKO
HCII0Jb30BaTh NPOTHBOPAKETHBIM MaHEBp, T.€. PE3KO H3MCHATH IMMapaMeTphI
CBOCTO JBMKCHHS, TO3TOMY TPH BBIOOpE METOJa HaBEJICHHS 0CO00C BHHMAHHE
HEoOXoauMO  oOpamiaTh Ha €ro MNPUTOJAHOCTh  JJIg  CTPEJIBOBI IO
MaHEBpHUpYIOIIeH 1enu. MaHeBp IeId He JOJKEH MPHUBOJIUTH K CYIIECTBEHHOMY
CHIDKCHHIO TOYHOCTH HABEJICHUS PAKEThI HA 11EIb.

Jlust yueta ycioBUH CTpenbObl (CcTpenabba MO HUBKONETAMICH IelnH,
BBICOTHOW M CKOPOCTHOM, BJOTOH W T. J.) METOJ HaBEACHHs JTOJDKEH 00JaaaTh
HEKOTOPOH CTENECHBIO THOKOCTH, T. €. JOIYCKaTh ONTHUMH3AIINI0 KHHEMAaTHUSCKON
TPAaCKTOPUM 3a CYET HM3MCHEHHS HEKOTOPOTO YIpaBIIEMOro IapaMeTpa B
YPaBHCHUAX CBSI3H.

4. Memoo nasederus 0ondcer Oblmb 0OCMAMOYHO NPOCMBIM 8 CMbICIE
eco mexuuueckou peanusayuu. OIHAKO 3TO TpeOOBaHHME BCerga MOAYHMHEHO
TpeOOBaHUSAM TaKTUYECKOM 3a1auH.

B 3aBucuMMOCTH OT YCIOBUH, NMPH KOTOPBIX OMNPEICIAETCS ITOJIO0KCHUE
pakeThl B MPOCTPAHCTBE, METOABI HABEJCHHS 3CHUTHBIX YIPABISIEMBIX paKeT
MO>KHO pa3JIeJINTh Ha JBE OCHOBHBIC TPYIIIIHI:

— TPEXTOYCUHBIC METObI, IPUMCHIEMBIC B CHCTEMaX TEJICYIIPABICHUS;

— JIBYXTOUYEYHBIC METOJIbI, IPHUMCHIEMBIC B CUCTEMaX CaMOHABE ICHUSI.

Tpexmoueunvimu memooamu HagedeHus HA3BIBAIOT TaKUE METOMBI, MPH
peann3anuy KOTOPBIX, OMPEIEeNIeTCs B3aMMHOE TOJOXKEHHE TPEeX TOYEK: IEeJH,
paKeThl M ITyHKTa HAaBECHUS.

B 3€HUTHBIX paKETHBIX KOMIUIEKCAX ITyHKT HABEJCHHUS PACIIOJIOKECH Ha
3eMJie, TOITOMY IIOJIO)KCHHE IIeTM W PaKeThl B MPOCTPAHCTBE OIpeaesieTcs
OTHOCHUTEJIPHO ITyHKTa HaBeACHUS (MM OTHOCHUTEIBHO JIMHUHM BU3MPOBAHUS IICIH
«ITYHKT HaBEJCHUS-TIEIbY), KaK MPaBUIIO, B CHEPUIECKONU CHUCTEME KOOPAUHAT.

JUtst peanu3anuy BCTPEUYU PAKETHI C MEJIbI0 HEOOXOAUMO M JOCTATOYHO,
9TOOBI B MOMEHT paBEHCTBAa JAJIBHOCTEH 10 IEIM W PaKEThl TpeOyemble

YIJIOBBIC KOOPAWHATBHI PAKCTHI ObLIN PaBHBI YIIJIOBBIM KOOpAWHATaAM LICJIU, T. €.

PH Fp = Fyy & = &y U fic = P
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YPaBHCHI/Ie (1) MCTOAOB HABCACHUA TCIICYIIPABIACMBIX PAKCT MOXKHO

3alIucaTb B BHJC:

e, =¢,tA4.dr;
ﬂk=ﬂu+AﬂAr) (3)

rne A: m Ap — mapamMeTphl METOJia HaBEJCHHS B COOTBETCTBYIOIIEH
IJIOCKOCTHU yIpaBiieHUs; mapaMeTp A MOKeT ObITh KaK MOCTOSHHBIM B TCUYECHHUE
BCEr0 BPEMEHHU II0JeTa PaKEeThl A0 TOYKM BCTPEYU, TaK U TEPEMEHHBIM,
3aBUCAIIMM B KaXJbli MOMEHT BpPEMEHH OT KOOpPAUHAT M TapamMeTpoB
JIBUKCHUS 1EJIH;

Ar — pa3HOCTh HAKJIOHHBIX JAJBbHOCTEH J10 EIU U PAKETHI (AFr= ry- rp).

VYpaBHenust (3) ya0OBJIETBOPSIOT YCJIOBHUIO BCTPEYU PAKETHI C IEJIBIO,
Tak Kak npu Ar = () KOOpAUHATHI & = & U fix = Pu.

VYrioBoe OTKIOHEHHUE PAKEThl OT TPeOyeMOW TPAeKTOpPUH, T. €. YIIoBas
OIMOKa B MOJIO)KECHUHU PAKEThI, paBHA:

A =¢ - &

s %k P
Aﬂ ﬂx' ﬂp’ )

[ToncraBnss B Gopmysl (4) ypaBHeHHUs CBs3U (3), MOIYUYUM:

A, =Ae+ A Ar;
A, =AB+ A Ar, ()

rine Ae=¢ey-ep 1 AP=Ly-fip.

Kak Obuto ykasaHo paHee, B KadecTBE DapaMmeTpa ymnpaBieHus h
NMpUHUMAETCd HE yIJIOoBOE, a JIMHEHHOE OTKJIOHEHHUE paKeThl  OT
KUHEMaTUUE€CKON TPACKTOPHUH.

Taxum 06p330M, npn MaJlbIX VTJIOBBIX OTKIIOHCHHAX, IIdPaAMCTPbI
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yYIipaBJICHHUA, B ABYX B3dHMHOICPIICHAUKYIIAPHBIX IINIOCKOCTAX  MOIKHO

npeaCTaBUTb BBUIAC:

h,=A4,r,=r,(de+ A Ar);
hy,=A,r, =r, (AB+ A,Ar ). (6)

Jlns ompeneneHus IapaMeTPOB YIPABIEHUS OalIbHOCTh [O PAaKEThI
MOKET NPUOIMKEHHO 3a1aBaThCsi BPEMEHHOM (QYHKUUEH, BBOAUMON B
YCTPOWCTBO BHIPAOOTKM KOMAaHA C IIOMOINLI HPOTPaAMMHOTO MEXaHU3Ma,
BKJIOYAEMOTO B MOMEHT IIyCKa PAKETBIL.

PaBeHCTBO HYJI0 COCTaBJIAIOIIMX MapaMeTpa yrnpasieHus R o3nadaer
HAaXO0XKIEHHE DPAaKEThl Ha KHHEMATHYECKOM TpaekTopuu. IIpu OTKIOHEHUH
PakeThl OT KMHEMATUYECKOW TPAEKTOPHU YCTPOMCTBO BHIPAOOTKM KOMaH]
IYHKTa HaBEIEHUS JOJDKHO BHIpAbOTAaTh KOMAaHIBI, COOTBETCTBYIOLIME
BEJIMYMHE TIapamMeTpa paccoriacosanus M u hg.

13 ypaBHenuii (6) BMOHO, YTO IPH HEKOTOPHIX METOAAX HAaBEICHHMS
(A=0, A=const) 115 BEIPaOOTKM IapaMeTpa YIPaBICHUs HA IIyHKTE HABEICHUS
JIOCTATOYHO UMETh JAHHBIE JIUIIL 00 OTHOCHTEJILHOM IIOJNIOKEHHU PAKEThl U
1IEJIU, T.€. PA3HOCTh UX KOOP/UHAT.

HanGomnee M3BECTHBIMU TPEXTOUEYHBIMU METOAAMH SBIISFOTCS:

— METOJ TPEX TOYEK;

— METOABI YIpeXaeHus (¢ MOCTOSHHBIM KO3()(HUIUEHTOM YIPEKICHHMS,
CIIPSAMIIEHHS TPAEKTOPHUH, ITOCIIEN0BATENBHBIX YIIPEKICHUIA).

Memooom mpex mouex HA3BIBAETCA TAKOW METOJA HABEACHHS, IIPH
KOTOPOM pakeTa B 000 MOMEHT BPEMEHH HAXOAMTHCS HA JTMHUM BU3HMPOBAHUS
€M (TO €CTh HA JMHHUU «IIYHKT HAaBEICHUA-LIEND ).

B stoM ciyuae ko3pUuuenTs A; 1 Ag paBHBI HYJIIO ¥ YPABHEHHMS CBSA3H

(3) npuHUMAIOT BUA:



Ec=&,5

= (7)
ﬂl(' ﬂu *
HapaMeTpLI YIpaBJCHHA B IBYX B3aUMHOIICPIICHANKYIIAPHBIX IJIOCKOCTAX

(OH_II/I6KI/I YIUIOBBIX KOOPpAWHAT TOYKH HAXOXKICHUSA paKCTBI) COOTBCTCTBCHHO

PaBHBbI:

hs =rp(81< -8p)=l’p(8u -81,);

h=r,(B-B,)=1,(B,-B,) ®)

Ha PHUCYHKC 2 NpeaACTABJIICHBI KHHCMATHYCCKHUC TPACKTOPHUH HdAHHOIO
MCTOAa B BepTHKaHBHOﬁ IIJIOCKOCTU IJId PAa3JINYHbIX COOTHOIIICHUM CKOpOCTeﬁ

Vi Vi
paKeThl U HeIH ( Ifl e &

).

Vy

Puc. 2. Kunematnueckue TpaeKTOPUU MO METOAY TPEX TOUEK
JuHnaMmuka npouecca cOMMKEHUS PaKkeThl C LEJbI0 M0 METOJY TPEX TOYEK
TaKOBa, YTO, YEM MEHBIIE OTHOUIEHUE CKOPOCTU PAKETHI K CKOPOCTH LEIH, TEM
OoJibllie KpUBHU3HA TpeOyeMOM TpaeKTOpUH (B JAHHOM Cllydae TpaeKTopuu 2).
Takoe ycnoBue XapakTepHO NpPHU CTpeiabOe MO MaJOCKOPOCTHBIM U

MAKUPYIONIUM Ha 3PK OCJIAM. KpOMe TOTO0, IPUMCHCHHUC MCTOHA TPCX TOYCK
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1eJiecooOpa3Ho MpPH CPhIBE COMPOBOXKIACHHS IMEJIH 10 JaJbHOCTH U TPHU
TEJICHABEJACHUM 10 Jydy, TO €CTh B YCJOBHSX, KOTJa pealu3aius APYyrux
METO/IOB HaBEJICHUS 3aTPYAHUTEIbHA WJIM HEBO3MOXKHA.

Memooom ynpesxcOoeHuss Ha3bIBAETCSI METO, IPU KOTOPOM TEKyIasi TOYKa
KuHeMaThuuecko Tpaektopun K omnepexaer (Ynpexmaaer) JUHUIO «IYHKT
HaBEJICHUSI-11€JIb» Ha HEKOTOPBIN yToi 9.

DTOT METOJl peaTu3yeTCsl MPH MOCTOSHHBIX 3HAYECHUIX KOIPDUITUEHTOB A
U Ap, OTIUYHBIX OT HYJA (A=const).

YPaBHCHI/IH CBA3U MCTOHA YIIPCKIACHUA UMCIOT BU:

g, =&, tC Adr;
=p,+tC,4dr. )

3HadYeHUSA MmapaMeTpoB VIIPpABJIICHUA ITIpH 3TOM 6YI[YT OIIPCACIATHCA

CIEAYIOIIUM 00pa3oM:

h = rp(ek -gp) = rp(Ae+ C.A4r);
h,=1,(B.-B,)=r,(4B+C,dr), (10)

rine Ae=¢ey-ep 1 AP=Ly-fp.

N3 ananuza ypasuenuit (9,10) cuemyer (puc. 3), uto mnpu oOcCTpene
CKOPOCTHOW IIeJIM KPUBH3HA KHHEMATHUYECKOW TPACKTOPHH JAaHHOTO METoja
(crutomHas KpWBas) MEHBIIE KPUBHU3HBI TPAeKTOPUM METOAa TPEX TOUCK

(myHKTHpHAs KpUBas).
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0

Puc. 3. KunemaTnueckasi TpaeKTOPUSL.

DTO 00BsICHIETCS TEM, YTO B IICPBOM CJIy4dac YIJIOBOC IICPCMCUICHHUC
PaKCThbl MCHBIIC YTJIOBOT'O IICPEMCHICHUA LCIIU Agu, a BO BTOpPOM CJy4dac OHO

MCHBIIIC Agu Ha BCJIMYMHY HAYAJbHOTO YIPCKIACHUA ¢0. HpI/I 9TOM BCTpPCUYa C

O CJIbIO HpOHSOﬁI{CT paHbIIC, TAK KAaK IMOJICTHOC BPEMA PAKCTHI TAKKES MCHBIIC.

2. METO/I ITPOITOPLUMMOHAJIBHOT'O CBJIMXKEHU S

[Ipy 3HAYUTEILHOM YBEJIWYCHHH JAIBHOCTH CTPEIBOBI  METOJIBI
KOMAaHTHOT'O TEJICYIPABICHUSI CTAHOBITCS Mano3(d(PEKTUBHBIMU. ITO CBA3aHO C
TEM, 4YTO C YBEJIWYCHUEM JaJTbHOCTH CTPEIbOBl 110 BO3AYIIHBIM ICJISAM
BO3PACTaOT KaK OIIMOKW HaBEJCHHUS, TaK W CiydalHble ((IIOKTyalliOHHBIC)
omubku 3YP, B OCHOBHOM, 3a CYET YyBEJIWYCHHUS BHYTPCHHHUX IIyMOB
npueMHbIX ycrpoiictB CHP, a 3TO0 mpuBOAMT B HWTOre K YMCHBIICHUIO
BEPOSTHOCTH IMOPAKCHUS IICITH.

OTMe4YeHHBIC HEIOCTAaTKH B MEHBIIICH CTEIICHU MPOSBISIOTCS B CHCTEMAaX
CaMOHABECJICHUSA, TaK KaK IO Mepe COJNMKEHUS PaKeThl C IEJbI0 TOYHOCTH
paboThl CUCTEMBI HABEJICHHUS 10 HM3BECTHOTO Ipejeiia IOBBIMIACTCA. TaKUM
obpazom, s obecrnedeHuss OOJIBIIUX JaJbHOCTEH CTpPeNbObl W BBICOKOM

touyHocTu HaBejgenuss 3YP nHa 1nenp, B 3PK HeoOXxoaumo mnpuMeHATH
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camMOHaBeJeHUE (AKTUBHOE, TACCUBHOE WJIM MOJIYaKTUBHOE).
N3 paccMoTpeHHOM rpyniibl IBYX TOYEUHBIX METOI0B HaBeaeHus: 3YP
Memooom  nponopyuonanvHoco  cOMUdNCeHUss — HA3BIBAETCS  METO[
HaBEJICHUS, NIPU KOTOPOM B TEUYEHUE BCEr0 BPEMEHM IMOJIETA PAKEThl K LEIU
yIJOBasi  CKOPOCTh  MOBOPOTAa  BEKTOpAa CKOPOCTH  PAKETBl  OCTACTCA

MPOTIOPIIMOHAIBHOMN YTJIOBOM CKOPOCTH JIMHUU pakeTa — 1elb (puc. 4).

B %

Puc. 4. MeToa nponopiroHaIBLHOT'O COMMKEHUS

YpaBHEHUE MeTOA:

[ ] [ ]
O=ko (7)
rne 0 — yriaoBble CKOPOCTH IIOBOPOTAa BEKTOPA CKOPOCTH DaKeTHl B

COOTBCTCTBYIOH_[eﬁ IIJIOCKOCTH YIIPABJIICHUS,

0— YTJIOBBIC CKOPOCTHU ITOBOPOTA JIMHUH PAKCTA-LCIIb B COOTBCTCTBYIOHICﬁ
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IJIOCKOCTH YIIPABIICHUS;
k — ko3dPUIIEHTHI TPOMOPLIMOHATIEHOCTH.

Jlist peanuzanuu METOJa MPOIMOPLMOHATBLHOTO CONMXKEHUS HEOOXOIUMO B
KQKJbII MOMEHT BPEMEHU U3MEPATH YIIIOBYIO CKOPOCTh JUHUU pakeTa — Leib U
CpPaBHMBATh €€ C YIJOBOM CKOPOCTBIO BpAIllEHUS BEKTOpa CKOPOCTU PAKETHI.
CuctemMa ympaBieHUs COOTBETCTBEHHO JOJDKHA COJIepKaTh JBa THIIA
U3MEpUTEIICH: CHeasIui yrioMep Ield W HM3MEpPUTeNlb YIJIOBOM CKOPOCTH
BpallleHUs] BEKTOpa CKOPOCTU pakeThl. B kauecTBe mociegHero MoOXeT ObITh
UCMOJIb30BaH JaTYUK HOPMAJBHBIX YCKOPEHMH, pacHoJIOKEHHBIM Ha

apTomnuiiote 3YP.

Omubka HaBeJCHUS ONPEACTUTCS KaK pa3HOCTh (8):

A,=kp-0 (8)

Bo3MoxHBI W Jpyrue crmocoObl TPHUOIMIKEHHOW peanu3alii MeTojaa
MIPOMOPITMOHATFHOTO CONMMKEHUS. ABTOIMIIOT PAKETHl B YCTAHOBHUBIIIEMCS PEKIME
nojieTa OOBIYHO 0OecreYnBaeT TMPONOPIHOHAIBHOCT KOMAaHJ YIIPaBICHUS
HOPMAJBHBIM  YCKOPEHHUSM pakeTbl (YIJIOBOM CKOpPOCTH KacaTelbHOH K
Tpaektopuu, T.e. @). Ecium  kxomaHny — ympaeieHuss — chpopMHUpOBaTH
MPOTMOPIIMOHATBHONM YTJIOBOM CKOPOCTH JIMHUW pakeTa-lieNb, T.€. 3a IMapameTp
yIpaBlICHUS TMPHUHATH @, TO, B KOHEYHOM cueTe, OyAeT JAOCTUTHYTa
MPOMOPIIMOHATIFHOCTD YTIIOBBIX CKOPOCTEH BEKTOpa CKOPOCTH PAKEThl W JIMHUHU
pakera-1enb.

[Tpu peacTaBiIeHUN CUTHAIA PACCOTIIACOBAHMS, KOraa sl HOPMUPOBAHUS
KOMaHJl YIpaBlIeHUS JOCTATOYHO B KaXIBIH MOMEHT BpEMEHH HMETh
WHGOPMAILIMIO JIMIIb OO0 YIJIIOBOH CKOPOCTH JIMHHH pPaKeTa-1elb, MPUMEHECHHE
METOJIa TPOTIOPIIMOHATBHOTO CONMKEHHUS B MPHUHIIMIIE CTAHOBHUTCS BO3MOKHBIM
HE TOJIBKO B CUCTEMaX caMOHaBeJACHUs (TelleynpaBlIeHHs] BTOPOTO BUA), HO U B
KOMaH/JHBIX CHUCTeMaxX TeJIeylpaBlieHusl TmepBoro Buaa. [lpm camoHaBeneHUH
(ucrionp3oBaHMM ~ OOPTOBOIO  pagUONENIEHraTopa) yriioBas CKOPOCTbH @

HCIIOCPCACTBCHHO  H3MCPACTCA  HA 60pTy PaKEeThl, a IMIpUu KOMAHIHOM
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TeJeyNpaBICHUN TEPBOTO BHJIa BBIUUCIAETCS B CUCTEME BBIPAOOTKH KOMAaH]
(OBM) mo naHHBIM CTAaHIMU COMPOBOXKJACHUSA IeJNed W HaBeAEHUs pakeT (1o
Pa3HOCTU MX AalIbHOCTENH M cKopocTeil). OueBUIHO, YHUBEpCATU3alus METOoa
HaBeneHus 3YP Ha 1enp A4 CUCTEM TEJeyNpPaBIEHU U CAMOHABEACHUS cama
no cebe pemiaer 3ajady CONPSHKEHUS TPEOyeMbIX TPACKTOPUM PaKEThl MPHU UX

MMOCJIEA0BATEIbHON KOMOUHAIIAH.

B Teopun nponopuuoHalbHOW HAaBUTallMU JOKA3bIBAETCS, YTO MapaMeTphl
TpaekTopuu nosieta 3YP u ee morpeOHble HOpMaJbHbIE YCKOPEHHsS B pailoHe
TOYKH BCTPEUYM 3aBHUCAT OT HayaJdbHBIX YCJIOBUH CTapTa pakeTsl (o U @y) U
BEJIMYMHBI KOA(PPUIMEHTA TPOTOPIIUOHATIBHOCTH K.

[Ipenensl u3MepeHust yria ¢, a ciae0BaTeNIbHO, U KPUBHU3HA TPACKTOPUHU TEM
MEHbIIIE, YeM OoJiblle KO3(PPUIUEHT MPONOPLHOHATEHOCTH.

Hanpumep, npu k>4 HopManbHble MOTpEeOHbIEC MEPErpy3Kd pakeThl MpHU
HaBEJECHUM MO METOAY HPOMOPIUOHATBHOTO COJNMKEHUS] CTPEMATCS K HYIIO
HE3aBUCUMO OT HayaJbHbBIX YCIOBUH ee cTapTa. Eciu npenamnonaokuTh, 4To yrou
MOBOPOTA PyJisi d B 3aBUCUMOCTU OT MAapaMeTPOB YIJIa MOBOPOTA JIMHUM paKeTa-
LeJIb OIpeiensieTcs: paBeHCTBOM (9):

0=A19p+A20+A30, 9)

rne A1, Az, A3 — xK03POULKEHTHI, 3aBUCSIIINE OT a’POAMHAMUYECKUX U
KOHCTPYKTHUBHBIX OCOOCHHOCTEN PAKETHI.

Mo>kHO ToKa3aTth, YTO NpH k>§ yros mMoBOpoTa pyJid & CTPEMUTCS K HYIIIO.
B »TOM cnydae umeer MecTo Kunmemamuuecku mouHas ecmpeua. llpu
koapunriente k=4 yros moBopoTta pyisi B pailoHe TOYKH BCTPEUYH CTPEMUTCS K
HYJIIO NIPU MOJXOJE€ PAaKeThl K LENH C 3aJHel moaycdepbl U HEOTPAHUYECHHO
BO3pacTaeT Mnpu mnoaxone ¢ mnepeaHed mnoaychepel. C  yBenuueHHEM
Koa(puIrieHTa NPONOPIUOHAIIBHOCTY A AUana3oH YIJIOB MOJIX0/a PAKEThl K LeIH
c mepenHen noiycdepsl, IPU KOTOPHIX Yrojl OTKJIOHEHUS PYJis HEOTpaHUYEHHO
pacTeT, cy>Kaercs U pu k = § CTAHOBUTCS PAaBHBIM HYIIIO.

Takum 006pa3zom, IpU CKOPOCTH PaKEThI, MPEBBIIIAIONIEH CKOPOCTh LIENH, U

peanuzanuu 60JIbIUX KO3 HUIIMEHTOB MPOMOPIIMOHATLHOCTH Kk YTOJI ¢ B MPOIEcce
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HABEJICHUS M3MEHAETCS HE3HAUYUTEIbHO, a TNOTPEeOHbIE KHUHEMATUYECKHe
MEPETPY3KH paKeTbl B palOHE TOYKM BCTPEYM CTPEMATCA K Hymwo. Meron
IPONOPIMOHAIBHOTO CONMXKEHHUSI 00ecrieunBaeT BO3MOKHOCTh 00CTpena Lelu
HaBCTpeuy M BAOroH. llpuuemM ¢ TOYKH 3peHUS KPUBHM3HBI TPACKTOPUU U
MOJIyYeHUs! KUHEMAaTU4YeCKH TOYHOM BCTPEUM YCIOBUSL CTPENbObl BIIOTOH Ooliee

6HaFOHpI/I$[THBI, 9CM HABCTpPCUY.

3AJAHUE HA CAMOCTOSATEJIBHVYIO ITOAT OTOBKY
Ha camocrosTenbHOll moaroroBke Ooisiee MOAPOOHO M3YyYHUTh MaTepHall
JAHHOT'O 3aHATHUS, U JONOJHATH CBOM KOHCHEKTHI. I10ArOTOBUTHCSA K KOHTPOJIBHOU

pabore.



