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1 AxTyaabHOCTH TEMBI

PaspaboTka peaabHO#l TEXHUYIECKOI CUCTEMBI YIPABJIEHUS JIBUZXKEHUEM IEHTPA Macc KOC-
mudeckoro ammnapara (KA) npu mepesierax Mexk/y opOuTaMu HCKYCCTBEHHOTO CITYyTHHKA
Beman (MIC3), npeamnosaraer BO3MOKHOCTh CHCTEMHON ONEHKH €€ POEKTHBIX BAPHAHTOB.
Jlna Takoii oneHkn TpedyeTcs pemaThb COOTBETCTBYIONINE MaTeMaTHUeCKue 33aJa9d ONTH-
MaJIbHOTO YIIPaBAeHNs IBUZKEHHEeM 1meHTpa Mace KA mpu pa3imaHoro poga KpuTepusx Or-
TUMAJIBHOCTH ¥ MAKCUMAJBHO MPUOJTMKEHHBIX K PeaTbHOCTH Tpeanoioxkenusdx. {uccepra-
I1sI TOCBSATIEHA PENIeHNI0 3329 ONTHMAJIBHOTO YIPABJIEHNsI MHOTOBUTKOBBIMU TIepeJieTa-
vu KA mex iy opouravu IC3. Nccnenyrorcst onTuMaibHbIe TIOCKHE W TPOCTPAHCTBEHHBIE
TpaekTopuu mnepeéToB KA ¢ peakTHBHBIM JBUTATEEM OTPDAHUYEHHON TATH, YIIPABJIIEMO-
r0 TOCPEJCTBOM BEKTOpa TATU. PaccMaTpuBaroTCd TepesieThl ¢ MUHUMAJbHBIME 3aTpaTa-
MU MAacChl TIPU OTPAHUYEHHOM BpeMeHU mepeseTa. VcciaemoBanme MpoBOIUTCS YHCJIEHHO-
AHAJUTHYECKN HAa OCHOBe MPHWHINIA MakcnMmyMa [loHTparmHa m npejcTaBiseT He TOJIBKO
MIPAKTUYCCKUN, HO U CAMOCTOATEJILHBINA TEOPETUYCeCKU NHTEPEeC.

2 Ilean paboThbl

Ilesnbio Hacrosimeil paboThl SIBJISIETCS MCCJIEJ0BAHUE YKA3aHHBIX 3a/@d OITHMAJIBHOTO
ylIpaBjienusi, pa3paboTka MeTOJUKH YHC/IeHHO-aHAJMNTHYECKOIO DEIIeHHs] TAKOIro K/acca
3a/1a4 ONTUMATBHOTO YIIPABIECHAS U IOCTPOEHIE KOHKPETHBIX MHOTOBUTKOBBIX TPAEKTODHIi
MeKOPOUTATBHBIX TiepeseToB KA, yIoBIeTBopsonux HeoOX0ANMBIM YCIOBHSIM ONTUMATb-
HOCTH (IPUHIIAILY MAKCHMYMA).

3 Hayuynaga HOBM3HaA

[Tonygaemble KpaeBble 3aja9W MPUHITAIIA MaKCUMyMa WMEIOT MHOTO pemteHuii. Bo3zmoxk-
HOCTH MHOTOKPATHOTO BKJIIOUEHHS W BBIKJIIOUeHHs ABuUraresis KA BHOCHT 3HAYNUTETbHBIE
BBIYUCJINTEJIbHBIE TPYJIHOCTHA NPHA YHACJICHHOM TOCTPOEHWM PEINIeHUN KPaeBOW 3a/1a4u, TakK
KakK He0OXO0IMMO OYeHb TOYHO OIPE/IEJIATh TOUYKHU MePEKII0UYeHUs TIATH, YUCJA0 KOTOPHIX MO-
JKeT OBITh J0CTATOUHO BeJuKO. CTPYKTYpa TpaeKTopuu (T.e. KOJTHIECTBO AKTUBHBIX yUACT-
KOB) B TIPOIECCE PeIleHnsl KPAeBoii 3a/1a4u MOXKeT U3MEHIThCsI, OITOMY YaCTHBIE MTPOU3-
BOJIHBIE BEKTOP-(YHKIIUN HEBS30K MO HAYAJTHHBIM 3HAUYEHHUSM CONPAZKEHHBIX MEPEMEHHBIX
TepnyaT pas3pbiB. Bcé 310 gemaer pernieHne 3aa49u OY€Hb UYBCTBUTEIbHBIM K W3MEHEHUIO
KpaeBbix ycionwuii. [Ipemioxkennas B pabore MeToIMKa BKJIIOYAET YCTONIUBBINH UMCIEHHbBIN
MEeTO/I, TTO3BOJIAIONIHMI HOJTYUATH SKCTPEMAH ¢ OOJIBIINM YHCJIOM AKTHBHBIX YYACTKOB (J10
CTa BKJIIOYATETHHO) — PEIIUTh COOTBETCTBYIOINIME UM HeJTMHeHHble KpaeBble 3a1a9u BBICO-
KOTO TIOPSAIKA (JeCSITOr0 B IJIOCKOM M YeTHIPHAJIATOrO B MPOCTPAHCTBEHHOM) € PA3PbIB-
HBIMU B HEM3BECTHBIE 3apaHee MOMEHTHI BPEMEHH MPaBbIMU dacTaMu JuddepeHnnaabHbIX
ypaBHennii. OnpeaeaeHHble HA OCHOBE MPUHIMIIA MAKCHUMyMa TJIOCKHE W MPOCTPAHCTBEH-
HBIe MHOT'OBHUTKOBBIE TpaeKTOpunu nepeieroB KA ¢ peak TUBHBIM ABHTATEIEM OTPAHUIEHHON
Taru Mexkay opoutamu VIC3 uccieoBaHbl BIIepBHIE.

4 TIIpakTudeckas 1 TeopeTmieckasi IIEHHOCTH

Pabora mocut Teopermueckuii xapaxtep. Ilomydennag B pabore mudopmaius o0 ONTH-
MaJIbHBIX MHOTOBHTKOBBIX TPAEKTOPHUSAX ME:KOPOUTAIbHBIX IepeneroB KA MoxkeT OBITDH



HCII0JIb30BaHA IIPU CO3/IAHUU U OIIEHKAX peaJibHbIX CUCTEM yIPaBJIeHUs JBUKEHUEM IeHTPa
Macc KA ¢ peakTuBHBIM JBUTATEEM OOJIBINON OTPAHUYEHHON TIATH, a METOINKA THCICHHO-
AHAJIMTHYECKOTO PEIIeHHs TAKOrO POJAa 33Ja4 ONTUMAJBLHOTO yIpaBIeHus (HeTHHEHHbBIX,
0O0JIBIIIONH PAa3MEPHOCTH, ¢ OOJIBIITMM KOJTMYECTBOM TOYEK PAa3PbiBa MPABbIX YacTell CHCTEMbI
muddepeHmaibHbIX ypaBHEHHH) MOKeT ObITh MPUMEHEHA W NPU PelieHud JAPYIUX OITH-
MU3aIMOHHBIX 33J1a4.

5)

Amrpobanusa padboThI

OcHOBHBIE PE3y/IBTATHI JIUCCEPTANUN JTOKIAIBIBAIUCH U 00CYK/IAJUCh HA CJAEAYIOMNX Ha-
VUHBIX CEMUHApaX U KOH(MEpeHInIX:
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. XXVII AkajemMuueckne 4TeHus 110 KOCMOHABTHUKE, IOCBSIIEHHBIX TAMATH aKaleMUIKa

C.I1.KopoJsieBa u Apyrux BBIJAIONIUXCS OT€YECTBEHHBIX YUEHBIX — MHOHEPOB OCBOE-
HUsT KocMudeckoro npocrpancrsa (Mocksa, 2003r.).

. JTomonocoBckue urenns (mex-mat dax-t MIT'Y, 2003r., 2004r.).

XXXVIII Haygusie urenns namsaru K.9. Inoakosekoro (Kamyra, 2003r.).

Mezk Iy HapOAHBIN CHMIIO3MYM 110 KJIaccuveckoii u HebecHoii mexannke (Beaukue Jly-
ki, 2004r.).

MezxkxkadeapasbHblil HAY 9HO-UCCIIE0BATE/IBCKHN CEMUHAD 110 MEXAHUKE KOCMUIECKO-
ro nmostera uM. B.A.Eroposa mnox pykosogcrsom: B.B. Benernkoro, B.B. Casonoga,
M.II. Bamreruna (MI'Y, 2003-2007T.).

Cemunap "llpukiagabie 331291 ONTUMAIBLHOTO YIIPABICHUS] U YUCJEHHBIE METOIBI"
nox pykosogcteom: I1.C. T'puropresa, M.II. Bamrernna (mex-mar dax-r MI'Y, 2002-
2007r.).

Cemmnap oTaesa MPUKJIAIHON HEOECHON MexaHuku u mporeccoB ynpassenust VTTM
uM. M.B. Kesngpima, nox pykosoacrsom: B.B.MBamkuna, B.B. Cazonosa (TIM uwm.
M.B. Kesngsima PAH 2006r.).

Cemunap Jjraboparopun Mexanuku ynpasisgembix cucrem WUIIM PAH, mox pykoBos-
crBom ®.JI. Heproycwko (MIIM PAH 2006r.).

Ilybankamum

OcHOBHBIE pe3yJIbTATHI AUCCEPTAIME OMyOJMKOBAaHBI B paborax:

1. Peixos C.FHO. Ontummusanusg TpaeKTopuil mepesera KOCMHYECKOTO allapaTa MerK-

JIy opOuTAMH UCKYCCTBEHHOTO cruyTHuKa 3emin // COOPHUK Te3UCOB M JOKJIAJOB
XXVII akageMuuecKuX 4YTeHHIl IO KOCMOHABTHUKE, IIOCBSAIIEHHBIX IaMITH aKaJe-
vuka C.I1.KoposeBa u Apyrux BBIJAIONIMXCS OTEYECTBEHHBIX YUE€HBIX — MHOHEPOB
OCBOEHMSI KOCMUYECKOro mpocTtpanctsa, Mocksa, 29 susapsa — 4 despausg 2003r. -
M.:"Boitra u mup", 2003, c. 72-73.
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Prizkos C.}O. K nmpoGsieve MHOTOBUTKOBBIX epeIeTOB KOCMUYECKOTo ammapara //
Tesuce nokaa0B HaydHOU KOHMepentnun JlomonocoBckne urenns. CeKnus MeXaHU-
ku. 17-27 anpena 2003, Mocksa, MI'V num. M.B. Jlomonocosa - M.: N31-Bo MockoB-
ckoro yHmepcuteta, 2003, c. 117.

Porzxo C.FO. OnTnMusanusg MHOTOBUTKOBBIX TPAaeKTOPHil Mepesera KOCMUYECKOTO
anmapara Mex 1y opburamu uckyccrsennoro cruyrauka 3emiau // XXXVIII wayunbie
grennst namsaTn K.9. I[lnoakockoro: Tesucsl mokaanos - Kaayra: M "itgoc", 2003,
c. 80-81.

Poizxos C.1O., I'puropses 1.C., I'puropses K.I'. MeTo1 mocTpoerust Ha9aabHOTO TTPH-
OJIMzKeHust /Tl PEIIeHnsT 33149 ONTUMU3AINNA MHOTOBUTKOBBIX TPAEKTOPHUIl mepesera
KA mexy kpyropeivu Komiuianapubsivmu opouravu VIC3 // Tesuchl 10K1a10B Hay -
Hoit kondepennun JlomonocoBckue urenus. Ceknusa Mexanuku. 19-28 ampena 2004,
Mocxksa, MI'Y um. M.B. Jlomonocosa - M.: 1I31-Bo MockoBckoro yauepcuteta, 2004,
c. 133.

Prrzxos C.1O., Meroa nocTpoenns onTHMaJIbHBIX MHOTOBHTKOBBIX MeZKOPOUTATBHBIX
nepeneroB KA // TIareiit MexK IyHAPOIHBINH CUMIIO3MYM IO KJIACCHYECKON 1 HEOECHO

vexanuke. Apryct 2004, Benukue Jlyku: Tesucer moxsmanos, Bemukue Jlykm, 23-28
asrycra 2004r - Mocksa-Benmukue Jlyku: BIl PAH, 2004, c. 173-174.

Poizxos C.1O., I'puropnes I1.C. Eropos B.A. Onrumusarus MHOTOBUTKOBBIX MeXKOP-
ouranbubix mepesetroB KA // Tpenpunt NUTIM um. M.B. Kenpima. Ne64, 20051

Poizko C.1O., I'puropreB 1.C. K npobyieme pemnienns 3a/1ad ONTHMU3AIIT MHOTO-

BUTKOBBIX TPAEKTOPHil MexkopOuTaabubix mnepeséro KA // Kocvmudeckne ucciieno-
Banwus, 2006, T.44, Ne3, c. 272-280.

CrpykTypa amccepTainun

Jluccepraliys COCTOUT W3 BBEJICHUS, YeThIPEX TJIaB U Npujioxkenus. B pabore 97 crpanwuil,
34 pucynka un 18 Tabsuir.
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Conepxkanne padoOThI

Bo BBenmenme mpejicraBiien 0630p OJM3KNUX K paccMaTpuBaeMbiM B pabore 3a1a4 u padoT
MOCBSIIIEHHBIX UX perrennio. Paccmorpena o01asi mOCTAaHOBKA 3319 U OTPEJIe/IEHA CXeMa,
[POBEJICHUsT NCCJIEIOBAHNS, COCTOAIIAS U3 TPeX ITanos (puc.l):

1. Ha ocHoBe pemnienunii cOOTBETCTBYIOIIMX 3aJa4d UMITYJIbCHON TOCTAHOBKU CTPOST-

¢ MHOTOBHTKOBBIE IKCTPEMAJIA C OTPAHUYEHHBIM KOJWYECTBOM AKTHBHBIX YdYaCT-
KOB (KayKJIblil UMITYJIbC Pean3yeTcs 3a KOHeUHOe (hUKCUPOBAHHOE YHCJIO AKTHBHBIX
yuacTkoB). IIpu 9TOM, OrpaHudYeHne Ha BpeMs Iepejera HeaKTHBHO. B pesyibrare,
MocJIe TIepBOTO JTalla PENeHns 3a/1a9u, MOJyYeHbl IKCTPEMAJIN PA3JIUIHON CTPYKTY-

pot (puc.la).

Ha BTopoMm sTame ocymiecTBsieTcs IPOIOIZKeHNe ceMeiicTB sKcTpeMaseil "Bupaso”
(puc.16). D1o mpomoIKEHIE COOTBETCTBYET J00ABICHNIO TACCHBHOTO Y9IaCTKA B KOHIE
TpaekTopuu. Ha 3TOoM 3Tale Tak»kKe M3 PaCCMOTPEHUs MCKJIOYAIOTCS TPAEKTOPHUH,



okaszaBImecsi Xyxke (B cMbicae GYHKIHOHAIA) APYTUX ceMeiicTB, Ha pucyHke 1 370
cemeiictBa 2-2 u b-1.

3. Ha rperbem 3tane, /s 3aBeplieHust UCCIeJI0BaHUs, IOy YeHHbIE CeMelcTBa IKCTPe-
MaJeil mpogoszKaorca "Baeso". IIpum 3ToM pemarTcda BCIoMoraTeabHBIE 3aa9H C
AKTHBHBIM OIpDaHUYeHHEM BpEMeHH mepeseTa. [IpomoszKeHne OCyIecTBIsSeTCsS ¢ UC-
[OJIL30BAHUEM MeTOJa MPOI0JIZKEHN PEIleHns 10 nmapameTrpy. B kauecTse mapamer-
pa MPOJIOJIZKEHNST UCITOJIb3yeTCs OrpaHnvdenne Ha BpemMs nepesera 1™ . IIpogoakenne
OCYIIECTBJISIETCS JI0 MEPeceYeHnsi ¢ COCEJHUM CEeMelCcTBOM 3KcTpemaJieii. B pesyib-
TaTe TPETLEro 3Talla OKa3bIBAeTCs MOCTPOEHA KpHUBas JIYUIIMX SKCTpeMaJeil, ompe-
JIEIAIONIAd CPeI HOJTyIeHHBIX SKCTpeMaJsieil JIydinyto mo (pyHKIHOHALY JJId JIF000ro
3aJIaHHOrO BpeMmeHu mepesera (puc. lc). OTMeTuM, 4T0 B clydae JOKa3aTeabCTBa
ONITUMAJIBHOCTHU SKCTpeMaﬂeﬁ, 9Ta KpHUBagd OlpeJeideT I'PpaHUuIly O6ﬂaCTI/I JOCTUZKH-
MOCTHU U ABJIAE€TCAd MHOZKECTBOM HapeTO.

a) 0) c)
m() 3;2 m(T) 3-2 m(T) 32
1%, L gt 41
®e —
21 %t 21 2:2 21
® ®
T.¢. T.c. T.¢c.

Puc. 1: Drans ucciaegoBanns 3a1a4m.

B raaBe 1 paccMoTpeHbl METO/IBI PellieHns] KpaeBbiX 3a/a49 NPUHIINITA MAKCUMYyMa, /I
3aJ1a4 paKeTOIMHAMUKHI U UCIOJIb3yeMble 371eCh CIIOCOOBI IIOCTPOEHUsT HAYATHLHOTO TPUO.IH-
JKEeHHd Ha OCHOBE peIlleHMil 3a7a4 UMIIYJIbCHON moctanoBKH. [Ipeamoxkena moauduiupo-
BaHHAs BBIUYUCJIUTEJIbHAA CXeMa [JId pellleHnd pacCMaTpUBAeMbIX 3a/a4, BKJIIOYAKONIAd B
cebs1 aJITOPUTM TOCTPOEHUST HAYAJIHLHOIO NPHUOJIMKEHUsI Ha OCHOBE PelieHus 3a/1a49u NM-
MYJIbCHOW TTOCTAHOBKU:

1. Bcs TpaekTopus pas3buBaercs HAa (PUKCUPOBAHHYIO MOCJIEI0BATEIbHOCTH AKTUBHBIX U
MMACCUBHBIX YYaCTKOB;

2. B BEKTOP HapaMeTpoB MPUCTPEJIKH BKJIIOYAIOTCH BCe (DA30BbIe U COMPSI?KEHHbIE TIepe-
MeHHBbIE B HavaJjle BCeX aKTUBHBIX W MACCHUBHBIX yUaCTKOB, a TaKxKe WX TPOIOIKH-
TeJILHOCTH (UCIOIB3YeTCs aHAJIOT METOIa MHOTOTOYEYHON MPUCTPEJIKH), & B BEKTOP-
GYHKINIO HEBA30K — KpaeBble YCJIOBHA UCXOJIHON KpaeBoil 3a/1a4d MPUHITAIA MaK-
CAMYyMa, YCJOBHS CTHIKOBKH II0 HETPEPHIBHOCTH YYACTKOB TPAEKTOPHUHM W yCJIOBUS
MepeKII0YeHns TATH;

3. Ipu HMHTEIpUpPOBaHUN 3aJa9U Komm CUUTaCTCAd, 9YTO Ha aKTHBHLIX y4YaCTKaX TdTIa
BCIOZLY BKJIIOY€Ha U MaKCHMaJIbHa, a Ha IMTaCCUBHBIX — BBIKJIIOY€Ha, TO €CTh YIIpaBJIe-
HUE 110 BECJIMYNHE TATU 3aJa€TCd, a HEe BbI6I/IpaeTCH n3 yCJ'IOBI/Iﬁ ontuMaJjbnocTn. Ha
BCeX IOJYIa€MbIX TPACKTOPHUAX IIPOBEPAECTCA yCJIOBHUE OIITHUMAJILHOCTH IIO BEJIUMYHUHE
TATH.



4. Tlpm nocrpoeHnyn Ha4YaIHLHOTO TPUOJINZKEHUST COTPSAZKEHHbIE TIePEMEHHbIE TTOJIaraloTCs
PABHBIMH CONPAZKEHHBIM MEePEMEeHHBIM B COOTBETCTBYIOIIEM HMITYJIbCHOM DPeIIeHUN,
¢daz0oBBIe TIepeMeHHbIe BBIYUCIAIOTCI U3 UMITYJIBCHOTO PElleHus B MPeIN0JI0XKEeHUN,
9TO KayKJIBIH UMITYJILC PEAJIn3yeTCs PABHOMEPHO 3a 33JaHHOe KOJINYECTBO aKTUBHBIX
y4acTKOB. [Ipo0/I2KUTE/IbHOCTH aKTUBHBIX YYACTKOB BBIYUC/ISIOTCA U3 PACXOIHOTO
YPaBHEHHS JIJIsi MACChl, TTACCUBHBIX — IOJIATAI0TCS PABHBIMU TIEPUOJIAM OOpAIeHUst
IO COOTBETCTBYIONUM KeILTIEPOBCKUM OPOUTAM.

B raase 2 paccvmorpena mjiockasi, a B TJlaBe 3 — INPOCTPpAHCTBEHHAs 3ajada Iie-
pesera Mexxay Kpyroseimu opourtamu MC3. TlpeacraBiensl MaTeMaTrndecKue MOCTAHOBKA
3a/1a49. 3anucanbl HEOOXOMMBbIE YCIOBHsI ONTHMAILHOCTH MEPBOrO MOPsijika (IPUHIIATT MaK-
cumyma). B cooTBeTCTBUY ¢ PEIJIOKEHHON MOANMDUITMPOBAHHON BHIYUCIUTENLHON CXeMoit
MeTO/Ia CTPEeIbObI MPUBEIEHBI KOMIIOHEHTHI BEKTOPOB MapaMeTpPOB IIPUCTPEJKH U BEKTOP-
GYHKIII HEBSA30K, a Tak:Ke (OPMYJIbI MOCTPOEHHST HAYAIbHOTO MPUOJIUKEHUsT Ha OCHOBE
pelieHus COOTBETCTBYIONMIUX 33a/a4 B UMILYJIbCHON ITOCTAHOBKE JIJIsI TOCTPOEHUS] PelleHni
COOTBETCTBYIOIIUX KAK JIBYX-, TAK U TPEXUMIYJbCHONU CXeMaM I[epeJieTa.

B riaBe 4 npuBe/ieHBI YNCTEHHBIE PE3YIHBTATH PACCMOTPEHHBIX 3a/1a4.

[IpennokeHHAsT BBIYUCIUTEIbHAS CXeMa U CIOCOO MOCTPOEHUsI HAYaIbHOTO MPHOIHZKe-
HHAS TIO3BOJIET TMOCTPOUTH IKCTPEMAJM B paccMaTpUBaeMbIX 3ajadax. lIpm 3Tom meTon
Hriorona cxoaurest mocrarodno ObicTpo. B Tabimie 1 npuBeaeHbl pa3MepHOCTH BEKTO-
POB HapamMeTpoB MPUCTPEJIKH U BEKTOP-(PYHKINIA HEBS30K JJId TPACKTOPUN PA3IUIHBIX
CTPYKTYP, a TaKzKe KOJMIeCTBO uTepanunii Mmetona HpioToHa, HEOOX0aruMOoe J1JIsT TTOJTy YeHUST
3KCTpeMasieil 3TUX CTPYKTYP B MPOCTPAHCTBEHHOM CJIydae.

Ta6bmuna 1: KonumwecrBo wurepanuii meroma Heiorona (R, = 6.58 ThIC. KM,
Ry =7.0 mhic. kM, i =0.1)

pa3MepHOCTb BEKTOPA
CTPYKTYypa | mapamMeTpoB npuctpeaku | ng = 0.1 | ng = 0.05

9—95 285 3 3
10—10 585 4 3
25—25 1485 4 4

Ha pucynke 2 nokasana xapakTepHash MHOTOBHTKOBasi TpaekTopus mepesiera KA Ha
I'CO crpykrypst 10-5 (10 aKTHBHBIX Y9aCTKOB B OKPECTHOCTH MEPUIIEHTPA, 5 — ANOIEHTPA )
U COOTBETCTBYIONIAs (DYHKINS MEePEKTIOUeHUs B IIOCKOM CJIydae.

PeszynbraThl pemrenns 3a7a4uu B IJIOCKOM CJIydae Mpe/ICTaBJeHbl Ha pUCYHKax 3, 4. Ilo-
JIYYEHHBIE TPAEKTOPUU XOPOIIO MPHOJINKAIOT UMITYJIbCHOE pPelIeHue 10 3aTparaM MacChl.
JIs HU3KHUX KOHEYHBIX OPOUT OTJIMYMEe KOHEYHOW MACChl HAa IKCTPEMasIsiX OT KOHEUHOMN
Macchl B UMITYJILCHOM pemmennu Menee 1072, m1a BeICOKHX — Menee 1072

Ormuame 3KcTpeMasieil TP HEAKTHBHOM OTDAHWMYEHHH HAa BpeMs TepeseTa OT IKCTpe-
MaJseil ¢ aKTUBHBIM OT'DAHIYeHNeM MpeJICTaBJIeHO Ha PUCYHKE D.

Ananu3 cBOICTB MHOTOBUTKOBBIX 9KCTpeMaJiell ¢ HeAKTUBHBIM OIDAHUIEHHEM BPEMeH!
nepejieTa MO3BOJINI TPEI0XKUTh "MPocTyo cxXemy MmOCTpOeHusl TPaeKTOpuii OJU3KUX K
KCTPEMAJILHBIM.

[IycTe 3amana cTpykTypa Tpaektopun a—b. PaceMoTpuM ciieayonmyio cxemMy mnepeseTa:

® B HAYaJbHBIII MOMEHT BpeMeHH allllapaT HaXOJUTCA Ha MHOI‘OO6paBI/H/Ii

T(O) = Ry, 90(0) =0, U(O) =0, U(O) = Vo;



-1,00

-1,20

Puc. 2: Tpaexropua crpykrypsr 105 (Ry = 6.58 thic. XM, Ry = Rpo). Tonxme
JIMHUU COOTBETCTBYIOT JBHKEHNIO KA ¢ BBIKJIIOUEHHBIM JBUTATEIEM ([IACCUBHbBIE YIACTKH),
TOJICThIe — C BKJIIOYEHHBIM (aKTHBHbBIE YYIACTKH).

06398 4 0.6298 -

m(T) . m(T)
32 12 %5 sees0eeece
3-1 * .}.3
L 4
®g 41 51
0.6397 21 2.2 0.6397 A
®
0.6396 Dran I 0.6396
*®
T,¢
0.6395 T T T v 0.6395 T ¥
0 15000 30000 45000 60000 0 15000 30000
Puc. 3: BaBucuMocTh KOHEUHON Macchl Or Bpemenn mepesiera ( Ry = 6.58 Tbic. Kw,

Rr =10.0 Toic. kM, ng = 0.08, C' = 3.255 KM/c)

e 3ajaiorcd 3 yrma: o, (3, .

e CHavaJla UJIYT @ AKTUBHBIX YYACTKOB B OKPECTHOCTH MEPUIEHTPA, TPOTAKEHHOCTHIO
110 YIJIOBOM JAJbHOCTH «v. Tsra MakcuMaJjbHa M HAllpaBJieHa M0 KacaTeabHO K BeK-
TOPY CKOPOCTH.

e 3aTeM UIAYT b AKTUBHBIX yYIACTKOB B OKPECTHOCTH AIONEHTPA, TPOTIKEHHOCThIO [3.
Tsra MakcuMaabHA U HATPABJIEHA MO/ TIOCTOSHHBIM YIVIOM Y K PAJIHYC-BEKTOPY IMO-
soxkennst KA;

e [Ipu 3TOM Cepe/iMHbI BCEX AKTUBHBIX YYACTKOB HAXO/IATCS HA OJIHON NMPIMON — JIMHUU
arcuJl mepexo/IHbIX OpouT;

e YCJIOBU4 B KOHIIe TpaekTtopuu: r = Rp, u=0, v=Vp.

[Ipu ucnosp30BaHUM TaKOW CXeMBl MOCTPOEHUS TPACKTOPUU B KAUeCTBE HE3ABUCHMOI
IepeMeHHO! BMeCTO { MOXKHO pacCMaTpUBaTh YIOad .

Takum obpazom ompejesiena KpaeBas 3ajiada — HAWTH HEU3BECTHBIE MapaMeTpbl «,
[, 7 Takme dUTO, TPAEKTOPHUs MOCTPOEHHAsI 10 YKA3aHHOI BhImme cxeme nepereger KA c
UCXOJIHOM KPYTroBOil OpOUTHI HA KOHEYHYIO KPYTOBYIO OpOUTY.
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Puc. 4: 3aBucuMoCcTh KOHEUHON Macchl Or Bpemenn mepesiera ( Ry = 6.58 Tbic. Kw,

RT :FCO, Nog = 008, C =3.255 KM/C)

T<T*

25

Puc. 5: Xapakrepubie TpaeKTOPUU NPU HEAKTUBHOM M AKTHBHOM OTDAHUYEHUU BPEMEHU
nepeJseTa.

Tpaekropun, nojiydeHHble TAKUM CIIOCOOOM, OKa3bIBAIOTCA OJIM3KUMU TI0 3aTpaTaM Mac-
Chl ¥ BPEMEHH K IKCTPEMAJIbHBIM TPAEKTOPHUIM € OJIMHAKOBOM cTPYKTYypoii. IIpu permenun
KpaeBoil 3aJla4d TPUHIUNA MaKCHUMyMa TMOCTpoeHue 3KcTpeMaseit [lonrparnna ¢ 60b-
ITIM KOJTMYeCTBOM BHUTKOB TpeOyeT 3HAUUTETbHBIX BBIUYUCIUTEIbHBIX 3aTpat. lIpeamoken-
Hag CXeMa TMO3BOJISeT CTPOUTh TPAEKTOPHUH ¢ OOJIBIIAM KOJINIECTBOM BUTKOB 3HAYUTETHHO
obicTpee. /[yt mpumMepa ObLIM TOCTPOEHBI TpaeKkTopuu coctosiue u3 200 BUTKOB Jiist pas3-
JMYHBIX 3HAYeHnii Rp, cpe/i KOTOPBIX BBIJAEJIEHBI Jiydrine 110 byHKIuoHaTy (Tabi. 2).

OtmeTuM, 9TO € TOMOIIHI0 PACCMOTPEHHO CXEMBI CTPOSITCSI TPAEKTOPUHU 0013 1aI0III1e
OCHOBHBIMHU CBOICTBaMU, KOTOPBIMU 00J1a/1a10T IKcTpemayn [lonTparuna aag pacemarpu-
BaeMBbIX 3aJ1a4, U KaKOH-TMO0 onTuMu3anuu He Tpou3BoguTcsd. [lomydaembie TpaekTopun
O0Ka3bIBAIOTCs OJIM3KUMU 110 (DYHKITUOHAJTY K IKCTPEMaJILHBIM U TTO3BOJISIOT OIEHUTD JIHalia-
30H CTPYKTYP MHOTOBUTKOBBIX TPAEKTOPUId, JIJIsl IIPOBEICHIS TIEPBOT0 ITAIA MCCJIE/I0BAHUS
3a/1a49H.

PeszynbraThl pemenns 3a7a4un B IJIOCKOM CJIydae TpeacTaBIeHbl HA puUCcyHKax 7 - 11.

JIs HU3KUX KOHEYHBIX OpOUT (puC. 7) U HEGOIBINNX 3HAYEHUI HAYAJIHLHOTO HAKIOHE-
HUS ONTUMAJIbHBIMU OKA3bIBAIOTCS IKCTPEMAJIN COOTBETCTBYIONINE JIBYXUMITYJILCHOM cXeMe
nepesiera. C yBeJlmdeHreM yrjia HEKOMILJIAHAPHOCTH ONMTUMAJIbHEE CTAHOBSTCS IKCTPEMa-
JIM COOTBETCTBYIOIIUE TPEXUMITYIbCHON cxeme. [Ipm aTom, Takme cemeiicTBa 3KCTpeMaJieii
OBICTPO CTAHOBATCS ONTHMAJTbHEE CAaMOTO JBYXUMITYJILCHOTO TIepeseTa, a 3HAYUT U JII000i
9KCTPEMAJId COOTBETCTBYIONIEH MBYXUMITYIHCHON CXEMe.

JIis1 BBICOKHX KOHEYHBIX opouT (puc. 8) mpm HEOOIBIMX yIiaX HEKOMILIAHAPHOCTH
TaKzKe ONTHMaJIbHEe IKCTPEeMaJid C JBYXUMILYJIbCHOU cxemoii nepesiera. Ho B orimuue or
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Puc. 6: "IIpocras" cxema.

Tabauna 2: Jlyumme moctpoennsie mo "mpoctoii cxeme' Tpaekropun cocrogmue n3 200
BuTkoB ( Ry = 6.58 ThiC. KM; ng = 5-107%; C = 14.715 xm/c )

Ry, JIydIIast

TBIC. KM | CTPYKTYpa m(T) a, pax | (3, pax | v, pax a® 3° ~°
10 125-75 0.905684319 | 1.4872 | 1.0444 | 1.5707 | 85.21 | 59.84 | 89.99
15 147-53 0.840479849 | 2.2317 | 1.1765 | 1.5714 | 127.87 | 67.41 | 90.03
20 159-41 0.806323077 | 2.5318 | 1.0598 | 1.5726 | 145.06 | 60.72 | 90.10
25 168-32 0.785530852 | 2.6623 | 0.9842 | 1.5740 | 152.54 | 56.39 | 90.18
30 173-27 0.771739573 | 2.7561 | 0.8672 | 1.5756 | 157.91 | 49.69 | 90.27
35 177-23 0.762060727 | 2.8122 | 0.7864 | 1.5773 | 161.12 | 45.06 | 90.37
40 180-20 0.754991736 | 2.8518 | 0.7182 | 1.5791 | 163.40 | 41.15 | 90.47

Rrco 181-19 0.752408938 | 2.8677 | 0.6858 | 1.5799 | 164.31 | 39.29 | 90.52

HU3KHUX KOHEUHBIX OPOUT, J/Is OOIBINNX 3HAUYEHHUI HAYaJIbHOTO HAK/JIOHEHUs 00/1aCTh OITH-
MaJIbHOCTH IKCTPeMaJiell COOTBETCTBYIOIIUE JIBYXUMITYIbCHON CXeMe OKA3bIBAETCsI TIHPE.

TaK)Ke KaK 1 B IIJIOCKOM CJiy4dae, JAJisd BBICOKUX KOHEYHbIX Op6I/IT n3 PaCCMOTPEHHBIX 9KC-
TpemaJieil, COOTBEeTCTBYIONIUX JABYXUMIIYILCHON cxeme, OnTUMaIbHee 0Ka3bIBAIOTCS TPaeK-
TOpHUH CTPYKTYPHI Buja n—1. B To Bpems, Kak Jiji HU3KUX — ONTHMAJTbHBIME MOTYT OBITH
U TPAEeKTOPUH JIPYroro Buja (n—2, n—3, u T.J.). DTO 0ODbICHAETCS TeM, 4TO ueM OOJIbIIe
pajuyc KOHEYHOW OPOUTHI, TEM MEHBIIE 3aTPAThl MACChl 3aBHCIT OT HAYAJIbHOIO HAKJIO-
HeHUs OPOUT U Jijist OOJIBIKMX PAINYyCOB KOHEYHOI OpOUTHI BHIOOP HAMJIYUINEH CTPYKTYPbI
TPAEKTOPHHU BO MHOTOM aHAJOTMYEH BBHIOOPY CTPYKTYPBHI B JIBYXMEPHOM CJIydae.

Pesynbrarsl TpeThero stama mpejcTaBaeHsl Ha pucyHkax 9-10.

Takum oOpa3zoM, B TPOCTPAHCTBEHHON 3a/1ade UCCaeI0BaHbl SKcTpeMaan [lonTparuna
COOTBETCTBYIOIINE KaK JIBYX-, TAK W TPEXUMITYJIbCHON cxemam repesera. s jaw0boro 3a-
JIAHHOTO BPEMeHU TiepeJieTa CPeJjiu MOy YeHHBIX SKCTPeMaJsieil moCTpoeHa JIydiias 1Mo 3Ha-
YEeHUI0 KOHEYHONW MacCChl TPAEKTOPHUA.

Kak gacTublil ciiy4ait mpocTpaHCTBEHHOTO TIepesieTa pacCMOTPEHa 3a1a9a ONTUMUA3AIUN
HoBOpoTa MIoCKocTH opbuthl ( Ry = Ry ). Pe3ynbrarsl mpejcraBjienbl Ha pucynke 11.
OTMeTI/IM, 9TO B I/IMHy.HbCHOIU/I IMOCTAHOBKE OINITHUMAJIBHBIM IIO 3aTpaTaM MaCChbl pelieHueM
JUIst JIIOOOTO yTJla TIOBOPOTA Oy/IeT TPEeXUMITYJILCHBIN HepeJieT.

B mpuiaokeHum paccMOTPeHBl COOTBETCTBYIONINE 339 WMITYJIbCHOI TOCTAHOBKH.
Pesynbrarsl ux pereHns ObLTH UCIOJB30BAHBI /I IIOCTPOEHUs HAYAJIHHOTO MPHOINKEHAA
1 OIIEHKH ONTHUMAJTbHOCTH TOTYYEHHBIX PeIleHwHii.
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Puc. 7: 9tan . 3aBucUMOCTD KOHEYHOI MACCHl M BPEMEHH IIepPEJIeTa OT CTPYKTYPBl TPaeK-
topuu ( Ry = 6.58 toic. kM, Ry = 10.0 Tbic. KM, ng = 0.08, C = 3.255 ®M/C)

0275, M(T)
AByXuMnyribCHOe pelLueHune
0.270
Le*® o .
0.265 . o % P i=0.5
1=U. aa.
0.260 i L & Paj
0.255 "-,‘
. oo,
0.250 12 "u......zuﬂuﬂ
0.245 T Rs e
0.240 * .
0.235 .°'-.:ﬂ:ﬁ|=ﬂ
0.230 ""-..,...
*teenn, 'I"'c
i= 0.225
i=1.0 pan. 0 50000 100000 150000 200000 250000 300000 i=1.5 pan
0.235 we
m(T) 0.190 é*f
0.230 ‘p@e ks m(T) &
o ' ‘\&
S 4 24
0.225 ‘dsp\ 0.180 Adb
0475
0.220
PO ABYXUMMYFbCHO®
— ABYXUMNYSIbCHO® pelueHue 73 y . * -y
. e /‘ = " 0.165 94°* 34 .
0.210 . . . 0.160
YR i
0.205 144 se 94* i X
0.150 i i3
0200 1 i
0145
L4 *i2 e 43 Tc Tc
0.195 0140
0 50000 100000 150000 200000 250000 300000 0 25000 50000 75000 100000 125000 150000

Puc. 8: ran 1. 3aBucUMOCTb KOHEUHOI MACCHI M BPEMEHH IepeseTa 0T CTPYKTYPhI TPaeK-
topun ( Ry = 6.58 toic. kM, Ry =I'CO, ny = 0.08, C = 3.255 xm/c)
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Puc. 9: Dran I11. 3aBucuMocTh KOHETHOH MaCChl U BpEMEHH IiepeJsieTa OT CTPYKTYPBI Tpa-
ekropun ( Ry = 6.58 toic. kM, Ry = 10.0 Tbic. KM, ng = 0.08, C = 3.255 ®M/c)
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Puc. 10: Dran III. 3aBucumocth KOHEUHOIT MacChl W BPEMEHU Tepejiera OT CTPYKTYPbI

tpaekropun ( Ry = 6.58 teic. km, Ry =I'CO, ny = 0.08, C' = 3.255 km/c)
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Puc. 11: Dran III. 3aBucuMocTh KOHEYHO# MacChl W BpeMeHHU IiepejieTa OT CTPYKTYPbI
tpaekropun ( Ry = Ry = 10.0 toic. kM, ng = 0.08, C' = 3.255 kwm/c)
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OcHoBHBIE IIOJIO2KE€HU A, BbIHOCUMbIEC HA 3alllUTYy

Ha ocnope npunnuna makcumyma JI. C. [lonTpsaruna mpeiokeH aaropuTM HCCIEI0-
BaHuA 3a/Ja4 OITUMaJIbHOTO YIIpaBJI€EHUA MHOT'OBUTKOBBIMU Me)KOp6I/ITa.HbeIMI/I Tie-
peneravu KA ¢ peakTuBHBIM JgBUTATE/IEM OTDAHUIEHHON TATH.

Paszpaborana coorBeTcTByOMAsT paccMaTpUBaeMbIM 3a/[a9aM METOINKA IMCIEHHOTO
pelennst KpaeBhbiX 33129 (KpaeBbIX 33124 MPUHIHIA MAKCHMYMAa) JJisi CHCTEeM HeJIH-
HeHBIX OOBIKHOBEHHBIX T depeHnagbHbIX ypaBHeHHH OOIbIIOro mopsijka (mecs-
TOTO TOPSJIKA B IIOCKOM CJIydae W YeTHIPHA/IIATOT0 — B MPOCTPAHCTBEHHOM) ¢ pa3-
PBIBAMHE TIPABBIX YacTeii (MEePeKTIUeHnsIMA TATH) B HEM3BECTHBIE 3apaHee MOMEHTHI
BpPEMEeHH, C HeN3BECTHBIME 3apaHee KOHEUYHBIMU U /Ui HAYaIbHBIMH MOMEHTAMU Bpe-
MEHH W KPaeBbIMU ycaoBusiMu. MeTo/inKa BKJIIOYaeT B ceOsi:

e MOIMMPUIIMPOBAHHYIO /I JAHHOTO TUIA 33249 BHIYHCIATEILHYIO CXeMY METOJIa,
CTPEIbObI;

® AJITOPUTM IOCTPOCHUS HAYAILHOTO MPUOJIUKEHUS MapaMeTpOB NMPHUCTPEJIKUA B
MeTO/Ie CTPETbOBI Ha OCHOBE UMITYJILCHBIX PEIeHuil paccMaTpUBaeMbIX 3a/1a4.

[TocTpoenbl KOHKpeTHbIE MHOMOBUTKOBBIE TpaeKTopun mnepeseroB KA, ymoBrerBops-
[O1Ie HeOOXOAMMBIM YCJIOBUSIM ONTUMAJBHOCTH (IIPUHIIAITY MAKCHMyMa), B 3a/a9ax
ONTUMUBAINHU TIE€PEJIETOB:

® MeK/Iy KPYTOBBIME KOMILIAHAPHBIMU OPOUTAMU;

® MeXK/ly KPYTOBBIME HEKOMIUIAHADHBIMU OPOUTAMU (JIBYXUMITYIbCHAST CXeMa T1e-
pesera);

® MeXK/ly KDyTOBBIMU HEKOMIIAHAPHBIMU OpOuTamMu (OUI/IMITHIeCKasT cXeMa, T1e-
pesera);

® II0BOPOTA ILJIOCKOCTU OPOUTHI.

Hpe,ZLCTaB,HeHHI)IG pe3yJabTaThbl ObBLIN IIOJIY49€HbI BII€PBLIE.

B miockoMm ciydae mpejjiozkeHa MpocTas cXema IMOCTPOeHUsl MHOTOBUTKOBBIX Tpa-
eKTOpuii 0/TU3KUX 1Mo (PYHKIIUOHAJIY K SKCTpeMaabHbIM. [locTpoenne Takux TpaekTo-
puii, ¢ JTIOOBIM HaIlepe/1 33 ITAaHHBIM YHCJIOM aKTUBHBIX YIaCTKOB, CBOJUTCS K PEIICHUIO
KpaeBoil 3a)1a9¥ ¢ TPeMs HEU3BECTHBIMH.
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