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OcHoBHBIE 0003HAYEHUS

KA — kocmmueckuii anmapar;

NC3 — uckyccTBeHHBIN CIyTHUK 3€MJIN;

I'CO — reocrammonaprast opoura;

PIBT — peakTuBHBIl ABATATE/H OOJIBIION TATH;

PIOT — peakTuBHBIil JBUTATE/H OTPAHUYEHHON TATH;

9PJ1 — 371eKTpo-peakTUBHBIN JBUTATE D,

g3 — TPaBUTAIMOHHOE YCKOPeHHe y nosepxuoctu 3emin, g3 = 9.81m/c?;
Pyn — yaeabubiit nvmyabe (yaempnas tara), [Pynlen = ¢

C' — CKOpPOCTH WCTeYeHHs] PEAKTHBHON cTpyn (MOCTOSIHHAS BeJIMYUHA, HE 3aBUCSIIASA
or Besu4uHbl TaTH), C' = 93Py ;

R3 — cpenuuit pajuyc 3emin, Rz = 6378.155km [1];

Rpco — paamyc reocranmonapnoit opouter UC3, Rpe =~ 42164km 34, c1p.425];

(. — rpaBuTalUMOHHLI napamerp 3emun, = 3.986013 - 105xm3/c? [1];

F — BemvuHa PeAKTUBHON TArM JBUraTebHON cuctembl (aBuraress) KA;

M (t) — abcomornas macca KA B MOMeHT BpeMeHn t;

m(t) = M(t)/M(0) — oraocutenpuas Macca KA B MOMeHT BpemeHH t

no = F/(M(0)g3) — nauaabHasi TATOBOOPYKeHHOCTH (meperpy3ka) KA;

P= g3no, ;

r, 0 — KoopamHaThl KA B 1mosgpHOil cucreme KOOpPAMHAT;

w,v — paJuaJbHas W TPaHCBEpCAJIbHAZA COCTABJIAIONE BeKTOpa cKopocTHn KA B 10-
JIAPHOI CHCTeMe KOOpIHHAT;

6 — yroa MexKjy BEKTOPOM TSI M PaJNyC-BEKTOPOM B MOJSPHOIl CHCTEMe KOODAMHAT,
OTCYUTBHIBAEMBII OT TIOJIOKUTEJIHHOTO HATIPABICHUS PAJANyC-BEKTOPA B Ty K€ CTOPOHY, 9TO
U yroa ¢;

r,©,1 — KoopauHaTthl KA B cdepruueckoil cucreme KOOpIHHAT;

u,v,w — COCTABIAIOIINE BeKTopa ckopoctn KA B cepudeckoil cucreme KOOPIMHAT.



BBenenne

B pabore paccmaTpuBaroTcs MareMaTHYecKue MpoOJeMbl ONTUMHU3ANUE MHOTOBHTKOBBIX
TpaekTOpuil nepeséroB Kocmmudeckoro ammapara (KA) ¢ peakTuBHBIM JBHTATEEM OTDa-
unvennoii aru (PIOT) B rpaBuranmonnom moje B Bakyyme. Pemarorcst 3agadu o MHO-
TOBUTKOBBIX Il€peeTax ¢ MUHUMAJIbHBIMU 3aTpaTaMi MAacChl IPA OTPAHUYEHHOM BpeMeHU
nepesera. VcenemoBanne MpoBOAUTCA HA OCHOBe puHIumna MakcumyMa [lorTparuna. Kpa-
eBble 33J1a9M IPUHIANA MAKCUMYMA PEIIAITC YHCIEHHO METOJOM CTPeIbObl (MpHCTpPei-
knn). [Ipeyiaratorcst BeIYUCINTEIbHBIE CXEMbI DEIeHns] KPAeBhIX 33/ad U CONJIACOBAHHBIE
¢ HAUMH CIOCOOBI BBIOOPa HavaJbHOTO HpuOan:KeHusi. OMpeaeasiioTcs yI0BAETBOPSONINe
HEOOXOMMBIM YCJIOBUSAM ONTHMATBHOCTH (TPUHITUIY MAKCUMYMa) MHOTOBHTKOBBIE TPAEK-
topun mepeseroB KA mexay opomramu MC3 B m10cKoii U TpOCTpaHCTBEHHON 3a1avax.
M3 monydeHHBIX dKCTpeMaJieil s 3aJaHHOTO BPEMEHH IiepesieTa OIpeaesseTcs JIydiast
110 (PYHKIHOHAJTY TPAEKTOPHSI.

3a nocaeanue 400 jier 3aKOHOMEPHOCTH JIBUKEHUsT 00bEKTOB 10 OpOUTaM MO/, JAeiCTBHI-
€M TOJIBKO CHJI TPUTSIZKeHWs OBLIN XOPOTIO w3y ueHbl. O HAKO, /ISl OTTMCAHUST YITPABJISIEMOTO
nerzkenns KA B KocMoce yMeHHUs OTpe/IeIaTh TPAeKTOPHH MACCHBHOTO (HEYIPABJISIEMOTO)
npmkenns KA memocrarouno. Bo3HEKIa HEOOXOIUMOCTL B PEIIeHHN 3a7a9, CBI3aHHBIX C
manespamn KA. Kak ormevasiocs, Hanpumep, B [40], B 3a1a9aX ONTHMH3AINE [IEPEJIETOB
C JBUTATESIMH OOJIBIION TSTH JIOMYCTHMO HCIOJIH30BATH MMILYJILCHOE MPUOIMKEHNE Pe-
menns. [I[pu 9T0M, 3318192 ONTUMHI3AINUN CBOJUTCS K MAHUMHU3AINH XaPaKTePUCTHIECKON
CKOPOCTH U TpeOyeT TOJIBKO IMOCTPOEHUsI ONTHMAJIbHBIX TPAGKTOPHil ¢ yKa3aHHeM Ha HUX
MOMEHTOB U HAIIpaBJIeHUs TPUIOKEHUS UMIYIbCOB TATH. [Ipy onTHMU3aIuu mepegeToB ¢
JIBUTAQTEISIMU MaJION 10 BeJIUYUHE TTH HeoOXo M Oosiee mIyOOKMii 1MO/IX0/T, OCHOBAHHBII
HA BBIOOpPE ONTHMAJIHLHOTO YIIPABJIEHUs] BEJIMINHON W HAPABJIEHUEM BEKTOPA TSTH.

HeobxomuMocTh B MeTO/IMKE PEIIeHnsT PACCMATPHBAEMBIX MATEMATHIECKUX 33at MPU
MaKCUMAaJIbHO MPUOINKEHHBIX K TPAKTUKE KOCMIIECKHUX TI0I€TOB IIPEIII0TOKEHUSIX BO3HH-
KaeT, B YaCTHOCTH, IIPU CUCTEMHOII OIleHKe IIPOEKTHBIX BAPHAHTOB B IIPOIECCe pa3pabOTKU
peaJibHOI TeXHHIeCKO# cucTeMbl yupapiaennsa KA. Bmecre ¢ Tem, 3Tm 3amaum mpeacTaB-
JISTEOT, MTOMHUMO MPAKTHYIECKOTO, 3HAYUTEIbHBIH TeopeTHvecKuii (HaydHbIii) WHTEpec. DTn
3a/[a9u TPEOYIOT JIjIsi CBOEr0 PENIeHUs CUHTEe3a MEeTOJ0B ONTHUMAJILHOIO YIIPABJIEHUS, Me-
XaHUKU KOCMUYIECKHUX IMOJIETOB, HeOeCHOI MeXaHUKU U BBIYUCJIUTETbHON MaTeMaTuku. Pas3-
BUTHE MaTeMaTHYECKONl TEOPHH ONTHMAJIBLHOIO YIPABIEHU, COBEPIIEHCTBOBAHUE BBITHC-
JIMTETbHOR TEXHUKH, BBIYUCIUTEIbHBIX METOJIOB U MPOIPAMMHOIO OOECIedYeHUs CO3IAI0T
OJ1aronpusiTHbIE BO3MOXKHOCTH JIjist D0J1ee IIyOOKOro IMPOHMKHOBEHUS B CYIIECTBO PACCMaT-
pUBaEeMbIX 37ieCh pob/IeM, JIe/Ial0T BO3MOYKHBIM pPellleHue 3aja4, 0e3yCreninbie MOMbITKI
peIlieHnst KOTOPBIX MPEANPUHUMAIICH PaHee.

BagauaM ONTHMHI3AININ TPAeKTOPHil MeXKOpOUTAIbLHBIX IHepeseroB KA, B ToMm umcire u
3a/1a9aM ONTUMHI3AINKA MHOTOBUTKOBBIX TPAEKTOPHI EPEIeTOB, IOCBSIIEHO 3HATHTETHHOE
KOJIMYECTBO PaOOT.

Psan aropos [83, 88, 90, 93| cBozsiT pernenue 3a1a91 ONTHMAILHOTO YIIPABICHHST K KO-
HEYHOMEPHON TapaMeTpuveckoil 3ajiade, KOTOPYIO PelranT MeToJaMi HeJTUHEHHOTrO Mpo-
rpaMMHUpOBaHug. Pasindaabie KOMOMHAIIUN CIIOCOOOB JUCKPETH3ANNA U METOJ0B PelleHnusd
33124 HapaMeTPUYIecKOl ONTHUMU3AINHE ITPUBOILT K yCIIeXy B PEIIeHUU OTASTbHBIX 3a7ad.
Pemtenust, mosiygaempie TakuMu CiocoOaMu, HE STBJISIIOTCS PEIEHUSIME 33,129 ONTHMAIBHOTO
yIPaBJIeHUsT B CTPOTOM CMBIC/IE, OJHAKO, MOTYT JaBaTh Pe3y/JbTaThl OJIU3KHE K ONTHMAJIb-
HbIM. K 110100HBIM paboTaM MOKHO OTHECTH PabOThI, B KOTOPHIX 33,1249l ITapaMeTpHIecKOi
ONTHMU3AIMA PEIIAIOTCA CTOXACTHIeCKIMU Merogamu [87]. TakoMy mojixo/y cmocobcTByeT
TaKzKe TOsIBIEHHE DOJIBIIOr0 KOJIUYecTBa mporpammuoro obecmeuenns (I10), mperenyro-



mero Ha "yHuBepCAJbHOCTR'" B PEIeHnn 3329 ONTHMHU3AINN WK Moj3aad (MHTerpupo-
BaHUe YDaBHEHU JBUKEHUS U T.71.). [OTOBBIE TIPOrpaMMbI He TPeGYIOT OT HCCIe0BaTe el
HABBIKOB IIPOIPAMMEUPOBAHUS U MOTLYT OBITH JIEFKO HCIOJIB30BaHB. CTOMT OTMETHTH, 9ITO
mo100HOe TTPOrpaMMHOe ODeCIiedeHne MOYKET PelraTh TOJTbKO OrPaHUYeHHBI KPyT 3a/1ad,
tounee, Kaxkaoe [1O crmocobHo pemarh OHY 3a/ady, HO C pa3HBIMU Hapamerpamu. B 1e-
JIOM TpoOJieMa perenns 3a7a9 ONTHMAJBHOTO YIPABICHUS HACTOJIBKO CJIOXKHA, YTO CO-
3/IaTh YHUBEPCATIBHBIN MeTO/ (KaK, HATIPHMED, METOJI PellleHus] KBAPATHBIX yPaBHEHHl),
a, caemoBarenbuo, u [10, peamusyiomiee ero, me ymaercs. J[asg Toro 4robbl B KaKOi-TO
Mepe 000CHOBATH ONTHMAJIBHOCTH PeIleHuil, MOoIydaeMbIX MEeTOAOM MapaMeTpPHIecKOi OIl-
TUMHU3AIUN, KEJATEIbHO CPABHUBATH UX MO (DYHKIMOHAJY C PENIeHUsIMU, ONTHMAJIBHOCTh
KOTOPBIX J0Ka3aHa. Hampumep, npu ONTHMHU3AIME 3aTPAT MACCHI JJIsl CPDABHEHUS] MOYKHO
PACCMOTPETh PEIeHns COOTBETCTBYIOIIEH 3aJadi B UMIYJILCHON mocTaHoBKe. OUYeBUIHO,
YTO eCJTH IPHU HOCTAHOBKE U PEIIeHNN 33340 MTapaMeTpUIecKOil ONTHMU3AINH OyIeT yure-
Ha CTPYKTYpa ONTUMAJILHBIX TPAEKTOPHil, TO MOMCK M OINEHKA ONTHMAJLHOCTH PeIleHni
3a/1a9¥ CYIIECTBEHHO YIIPOIIAITCS.

Em@é oaun moaxon [47, 66, 68, 94| k permeHunto 3a1a9 ONTHMA3AINHA TPAEKTOPHIT Tepe-
aérop KA ¢ gurarenavu "maioil Taru" cBS3aH ¢ OPeIIOI0OXKEHHEM, YTO HeOOIBIIAs 0
BeJINUMHE TATA 33 OJWH BUTOK H3MEHSET IMapaMeTphbl OpOUTHI ABMKeHns KA He3HaunTe h-
HO. DTO MO3BOJISIET MCIOJIL30BATH OCpenHeHne MuddepeHnualbHbIX YPABHEHNH IBHYKe-
uusi. TpaekTopuu, mMojrydaeMbie PU PENIeHUN OCPeTHEHHON KPaeBoil 3a/1a9u, OKa3bIBAIOT-
cs1 OJTM3KUMU K ONITHMAJIBHBIM PEIEeHUsIM. XOTsI OHU U He SIBJISTFOTCS] PEIeHUSIME HCXO/THOM
3a/1a9M ONTHMAJIBHOIO YIPaBIE€HUs, HO UX MOYKHO HCIIOJB30BATH B KAUeCTBE HAYAILHOIO
IpUOJIMKEHNsI, 1 OHU ITO3BOJIAIOT MOJIYYaTh KaueCTBEHHOE MpeICTaBjIeHne o0 yCcTpoiicTBe
MHOTOBHUTKOBBIX TpaeKTopuii. Vcmoib30Banne ocpeIHeHus MpearnoJaraer o4eHb CIadyIo
11y, 1 3(PPHEKTUBHOCTH TAKOrO MPUEMa MaJ1aeT ¢ POCTOM BEJIMYUHBI TSATH JBHUraTes. 11o-
9TOMY TaKas MeTOAWKa He MoaxoauT ajst 6osee "cuapHbix" npurareneit. Ho aas odenn
"crabbix" aBuUTaATENIEN pEleHrnsT OCPEIHEHHON 3a/Ia9H TaI0T XOPOoIlee Mpud/InKeHne OmTH-
MAaJIbHBIX PeIleHnil, 1, BO3MOXKHO, SBJISIOTCA Ha HACTOSINHUI MOMEHT eIMHCTBEHHBIM CIIO-
coboM onTuMHU3ANNKE TpaekTopuii meperéro KA ¢ ouenp "crnabwimu" apurarensgvu. Ilpu
pellleHnn OCPeTHEHHBIX KPAeBBIX 33/ad, ¢ (DUKCUPOBAHHBIM BPEMEHEM Mepejera, B Kade-
CTBe HAYAJIHLHOTO MPUOJIMKEHNUsI, KAK MPABUJIO, UCIIOIb3YIOTCS PEe3Y/IbTATHI PEITeHusT 3a,/1a-
qn OBICTPO/IEHCTBHIS.

Bagaun OBICTPOIEHCTBUSA — OIUH U3 BayKHBIX KJIACCOB 33/1a49, KOTOPbIE PEMIA0TCA MpH
OnTHMU3AIMA TpaekTopuil nepenéros KA ¢ apuraresisyu mManoro yckopenus [21, 39]. Dto
CBS3AHO C TeM, 9TO MeKOPOUTAIbHBIE IEPETETHI CO CIA0BIME JIBUTATEISIMA OCYIIECTBISIOT-
¢sl 3a JIATETIHHOE BPEMsT 1 JIazKe caMble ObICTPhIe MepesieThl (663 orpaHrndeH st HA KOHEUHY O
MAaccy) MOIYT 3aHUMATh HEIMPHEMJIEMO OOJIbIIOe BPEMs.

B 3amagax OpicTpomeiicTBusa Ge3 OrpaHHYeHHil Ha KOHEUHYIO MACCY TATa BCErIa BKJTIO-
JeHa M MaKCHMaJIbHa. [103TOMY Ipu pemreHnn TaKux 33,129 HeOOXOIMMO OIPeIe/IUTh TOTb-
KO Hampasienne Bekropa Taru [21]. IIpu sTrom cucrema nuddbepeHnnaIbHBIX YpaBHEHUIT
JIBUZKEHWS, KaK MPAaBUI0, UMeeT TJIaJKue MpaBble 4acTH. TPYJAHOCTHIO B PEIeHUH 33129
OBICTPOEICTBUS C JIBUTATEISIMU MAJIOT0 YCKOPEHUST SIBJISIETCS DOJIBITIOe BPEMs [epejieTa u,
CJIeI0BaTEIbHO, BpeMs HHTerPpHPOBaHns 3aa49u KoIm, 9T0 BRI3bIBAET HAKOILIEHIE 3HAUM-
TEJbHON TI06ATBLHO BRIMHCINTENHHON OMMOKN, KOTOpas YXYIIIAeT CXOIUMOCTb METOa
crpenbObl. CymecTBEHHBIMU BBIYHC/IUTETbHBIMA TPYIHOCTIMA TaKKe SBJISIOTCI BO3MOK-
HOCTH BETBJICHUSI DENIeHUIl ¥ BO3MOYKHOCTH BBIPOXKJEHHsI OPOUT (CTOTKHOBEHHE C MPUTSI-
PHBAIOIIMM EHTPOM). 3ajia4a ObICTPOIEHCTBHSI CYIIECTBEHHO YCJIOKHSIETCS, eCIH Y IUThI-
Baercs apuzkenne KA oraocurenbuo mentrpa macc. [Ipu masioit Tsire nBuraresst BIusHUIE
5TOro (hakTOpa MOKET OKA3aThCs 3HAYUTETBHBIM [71].



B pesysibrare npeaBapuTebHOTO aHaJM3a OBLIN MOJIYYEHbl PENIeHus 3a/1a49u ObICTPO-
neiicrBus mpu nepejere KA Mmexkjiy KpyroBbiMu KoMIiutaHapubiMu opOutamu MC3 (cw.
taba. 1). 13 tabaums 1 BUIHO, 9TO TEpeaéT ¢ Hu3Koil Kpyrosoit opoutel Ha I'CO ¢ uc-
noab3oBanneM apuraress Tuna CIT/I-100 n HauaabHON Maccoii OKOJIO TOHHBI 3aiiMeT MUHM-
MYM IOJITOPA Toja. 3aTpaThl MACCHl IPH 3TOM OyayT Ha 4% (0T 0bIeli HaYaIbHON MacChl
anmapara) GOJIbIIE 3aTPAT MACChl MPH HMILYJILCHOM TIepesieTe, KOTODBIi siBisercs abeo-
JIIOTHO ONITUMAJIBHBIM II0 3aTpaTaM MAacCChl, TO €CTh, ONTUMHU3UPYS 3aTPATHl MACChI IyTeM
BK/IIOUCHHUS U BBHIKJIIOUEHHs JIBUTATENId, MOXKHO 3KOHOMUTE 10 4% naganbHoil Maccel. [Iia
cpaBHeHus, Macca Beero tommmba B KA SMART-1 cocraprger 22.7% or naganbHOil Mac-
chbl anmapara. [Ipu nepesierax MexKy KPyroBbIMHA KOMILJIAHAPHBIMU OPOUTAMU OTJIMIHUE 3a-
TPaT MACChl B PEITeHUH 331291 ObICTPOAEHCTBHSI OT 3aTPaT MaCChl B UMITYJILCHOM PeIieHnn
( My —Mggy ) YMEHBIIACTCS C YMEHBIICHIeM BeTHYNHBI HAYATbHON TAT0BOOPY KeHHOCTH
npuratens KA, Tak Kak 4em OOJIbIe BUTKOB 3aHHMAeT IepeseT — TeM MTHOBEHHBIH IKC-
MEHTPUCUTET MEePEXOIHBIX OPOUT MEHbINe, a, CJAeJ0BATeIbHO, MEHbIe U I'PABUTAIIMOHHbBIE
IIOTePU HA TAKON TPACKTOPUH.

Ta6smma 1: Pemenne 3agaun ObICTpoIeiicTBUA 0e3 OrpaHmYeHuil Ha KOHEIHYI0 Maccy. lle-
PeséT MeXK Iy KoMILIaHapHbiMu opoutamu ( Ry = 6580 kM, Ry = Rroo, Pyn = 1500 c).

No 102 1073 10~ 107°

T, c 5.10-10* | 4.19-10° | 4.11-10% | 4.11-107

T, cyr 0.59 4.85 47.61 475.95
KOJI-BO BUTKOB 3.53 33.30 331.26 3312.19
m(T) 0.6601669 | 0.7208511 | 0.7257754 | 0.7258508
muMn — Megge (T) 0.1052 0.0445 0.0396 0.0395

Yucsiennoe ornpejiesieHne SKCTpeMasieil MHOTOBUTKOBBIX MEPeJIeTOB B 33/1a9€ MUHUMU-
3aIH 3aTPaT MAcCChl, IPU OTPAHUYEHHOM BPEMEHH Iepesiera, pacCMaTPUBAJIOCh B paboTax
[7, 18, 75, 84, 86|. Ciexyer oOpaTuTh BHUMAHUE, YTO TOCTPOEHHE MHOTOBUTKOBBIX IKC-
Tpemaieii (¢ BKIIOUEHUSIME U BBHIKJTIOUEHUSIME TSITH) HECKOJIBKO CJIOYKHEe U PaHee yIaioch
HOCTPOHUTD JIUITh SKCTPEMAJIH CO CPABHUTEIHHO HEOOJIBIINM YHCIOM BUTKOB (JI0 YeThIpex
|84, 86]), mpu sTOoM 0b6s13aTEsIbHO yuuTHIBaTACH CrerudruKa HpI0TOHOBCKOTO rpaBUTAIMOH-
HOT'O TI0JIgI, YTO MO3BOJISLIO YIIPOCTHTH 3aJa4y, HAIpUMep, aHAJTUTUIeCKA UHTerPUPOBATH
naccuBHbe ydacTKu. B paGore [86| mis mocrpoenust skcTpemasieil, Ipu peleHun Kpae-
BOI 3aJlaUM, B BEKTOP MapaMeTpPOB MPHUCTPEIKH BKJIIOYAJIUCH MPOJIOJIAKHUTETHLHOCTH BCEX
AKTUBHBIX M MACCUBHBIX YIACTKOB. [Ipw 3TOM, KOJIMIECTBO y9IacTKOB ObLIO (DUKCHPOBAHO,
a MaCCUBHBIE YYACTKN WHTEIPUPOBAJNCH B aHAJIUTHIECKOM Buje. [lo pesyabraram, mpej-
CTaBJIEHHBIM B paboTe, /I HMOCTPOEHHUSA IKCTPEMATH C TpeMs AaKTHBHBIMU yYaCTKAMH B
IIPOCTPAHCTBEHHO 3ajate, IIPU UCIOJIb30BAHUN TAKON CXeMbl, TpebyeTcs 62 uTepaiun Me-
Tona HproToHa.

B pabore [75] Gblia npuBejena ojHa MHOTOBHTKOBAs TPAEKTOPHUST TPOCTPAHCTBEHHOTO
nepesiera mexay opburamu NC3. [lonydennast Tpaekrtopusi coctosiia Oosiee dem u3 50
BUTKOB W SIBJISIIACHh dKCTpeMasibio [[oHTpsirmHa B 3a/a1e MUHUMHU3AIANA PACXOA MACChI
IIpU OI'PAaHUYEHHOM BpPEMEHH Iepesiera.

B paGore [7] pemena miockas 3ajaua ONTEMATHBHONO MHOTOBUTKOBOTO Tepesieta KA ¢
MaJIoit TATOo# ¢ BhicOKOALIUITHYeCKOH opouTel Ha ['CO. TTocTpoenbl SKCTpeMaibHBIE Tpa-
ekropun ¢ KojmdectBoM BUTKOB 70 1000. Pemrenue 3aja4uu B 3T0i pabore CTa/I0 BOZMOZK-
HBIM 0J1aroapst CJIeAYIONIEMY CIOCO0Y TMOCTPOEHNST HAYAILHOTO MPUOJIMZKEHUsI: CHAYaIa, C



HCHOJIb30BAHUEM IOCJIeI0BATeIbHON JinHeapu3anuu |73, 6blI0 TOCTPOEHO TPHOINKEHHO-
onTHMAaIbHOE perenue Z(t), 3arem Ha orpeske [t1;7T] pemanach 3a1ada (ONTUMATIBHOTO
yIpaBJIeHUs ) TOMAIAHNSI B MOMEHT BDEMEHH {; B COOTBETCTBYIOINLYIO TOUKY TPHOJINKEHHO-
ONTUMAJILHON TpaekTopuu ( Z(t1) ), MOIYUIEHHOE DelIeHne UCIOIb30BAIOCh B KAUECTBE Ha-
YaJbHOTO NMPUO/IMKEHNsT [Isl TIOJyUYeHus peleHusi Ha otpeske [to; 1], to < t;, m Tak
Jasiee JI0 TIOJIyYeHus PerieHrsi Ha BceM oTpeske [to; T .

Bo Bcex mpejicTaBieHHBIX pab0TaX OTMEYAETCs, YTO OCHOBHAS CJIOZKHOCTH TOCTPOEHUSI
ONTUMAJTBHBIX MHOTOBUTKOBBIX TPAEKTOPHUIl CBA3aHA HMEHHO ¢ BO3MOYKHOCTBIO BKJIIOUEHMU ST
U BBIKJTIOUEHUS JBUTATE s, V3-3a 9TOr0 perrenne 3a1a9n OKa3bIBACTCSA OUeHb IYBCTBUTE. -
HBIM K M3MEHEHWIO KPAEBhIX YCJIOBUil, & MMEHHO YaCTHBIE MPOU3BOAHBIE BEKTOP-DYHKINN
HEBSA30K 110 HAYAJIHHBIM 3HAYEHUSM CONPSKEHHBIX MEPEMEHHBIX TEPIST Pa3pPhIBbl IIPU T10-
SIBJIEHUU WJIM UCYE3HOBEHUH aKTHBHBIX YIACTKOB, U MOCTPOEHNE HAYATLHOTO TPUOINZKEHUS
CTAHOBUTCS OCHOBOM JIJIsI YCIENTHOTO DeIleHus] 33 Ia4n.

B nanmoit paboTe paccMaTpUBaeTCsl TIOIXO0/T CBA3AHHBIN ¢ YHCIEHHBIM DEIeHneM 3a1a49n
OITUMAJIBHOTO YIPABJIEHHs] HA OCHOBE HMPUHIMIIA MAKCUMYMA.

ITocranoBka 3amaum. /IBukenme menTpa macc ogHocrymendaroro KA mepemeHHO
MACCHI C pEAKTHBHBIM JBUTATEIEM OTPAHUIEHHON TATH B IMEHTPAJIbHOM HbIOTOHOBCKOM T'Da-
BUTAIMOHHOM I0JIE OJTHOTO MPUTATHBAIOIIETO EHTPA B BAKYYMe TP YIIPABJICHUH BEKTOPOM
TSTH ONMHUCHIBACTCS B MHEPIHUATLHON CHCTeMe KOODJIMHAT, CBA3AHHON ¢ MPHUTATHBAIOIIIM
neHTpoM, nuddepeniuaibHbIMI ypaBHeHusiMu [27]:

=l

- (1

S
YpasiieHune OCyIecTBIsIeTCs MOCPEJICTBOM BeKTopa Taru Peé’, rae P — BeJnvYnHA TATH,
€ — BekTOp 3ajaomuii Hanpasienue Tsaru (|e] =1).

[Tpu permennn 3372491 PACCMATPUBAETCA MATEMATHYECKAS MOJE/h ONUCAHUS yIIPABJIs-
eMoro JBuzkenus nenrpa mMace KA, B koropoii dazoseie nepemennsie m(t), 7(t), U(t) —
HEeIpPEPBIBHbIE KYCOUHO-TIaAKue (DYHKITUA, YAOBJETBOPSIOIINE HA YYACTKAX HEMPEPbIBHO-
cru ynpasisionux dyuxnumii (yopasiennii) P(t), é€(t) cucreme (1), a bynkuuu P(t), é(t)
— KYCOYHO-HENPEPbIBHbIE OIPAHUYEHHbIE:

0< P(t) < Ppaw <00, |et))=1 Vtel0,T]. (2)

B yeoBusgx (2) (u Jajee B aHAJOTHYIHBIX YCJIOBUAX, MPU MOCTAHOBKE 3a1aun) T — KOHEU-
HBIH MOMEHT BpeMeHU; P, = g3ng, N — 3HAYCHHE HAYAIBHON TATOBOOPYKEHHOCTH.
B nauanbusiit moment Bpemenun t = (0 KA naxomurcs nHa Hadaabaoit opoute NC3:

m(0) =1,  fo((0),7(0)) = 0. (3)

B komneunsrit 3apanee He ¢urcupoBanubiit MomenT Bpemenu t = T KA pomken jBu-
raThCst 10 Koneunoit opoure NMC3:

fr(F(T),5(T)) = 0. (4)
[Tpu 3TOM OO1IEE Bpems TepesieTa OrpaHUuYeHO:
T<T" (5)

Munumusupyiorcest 3arparsl Maccsl Ha nepester (1 — m(7')) nim SKBUBaJCHTHBIH UM
dyHKITMOHA:
I =—m(T)—inf. (6)
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VcaoBua mpuununma makcumyma. 3agada (1)-(6) npeacrasister coboii 3amatdy
ONTUMAJIBHOTO YIpaBJeHUd W peliaeTcsd Ha OCHOBe HpuWHIHUNA Makcumyma I[lonTparm-
Ha [3, 15, 69]. @yukius [TonTpsiruaa H u TePMUHAHT [ 33240 UMEIOT BHI:

H(mv f: 177 P7 g7pm7ﬁTJﬁv) = _pﬂ’LgT + (ﬁmﬁ) + (ﬁm (% - %))7
(7)
= —)\gm(T) + Amo(m(O) - 1) + ()\fO; fo) + ()\fTa fT) + )\T<T — T*),
rJie HelpepbiBHAS KyCOUHO-TJIaJKast (DYHKIUSA pp,(t), HempepbIBHBIE KYCOYHO-TJIAJIKHE
BekTOp-byuKIHN P, (1), Py (t) (compsizKeHIble IEpeMeHHbIe), UHCIa Ao, A7 U BEKTOPHI Afq,

Afr — MHOKHTen Jlarpamxa.
VeoBus TpUHITAIIA MAKCUMYMA /I pACCMATPUBAEMOi 33/ 1a4i UMEIOT CJIe YOIl BU/I.

e VpasHeHnus Jilepa-Jlarpanzka (CONpsAKEHHAS CUCTEMA):

c_ _OH . _ . 2

pz__al7 t=m,T,v. (8)
e VCI0BUS ONTUMAJIBLHOCTH 10 yIIPABICHUSM:

{P, &}t =argabsmaxH(---,Pé --); (9)
PE[0,Prmaz), |E1=1)

cJIeICTBHsI yesioBuil ontumasbrocTr (9):

L) By p#0 m  x=0,
eopt == p_‘
Ve, lel =1, p=0 mwm x <O0;
10
Pmax? X > 07 ( )
Popt = 07 X < 0,
VPG[Oa-PmazL X =0
X = p— mpm/C — dyHKuus nepexsrodenus yupasienus P, p = [p).
e VCJIOBHUSI TPAHCBEPCATBLHOCTH MO (ha30BBIM MEPEMEHHBIM:
(0 — 0l (0l C_ 2
r0) =giay #D =gy i=mnT (11)
e Vcsosue cramuonapuoctu o I (H(T) = %)
H(T) = Ar. (12)
e Ncjl0BHE JONOTHAONIEH HEKECTKOCTH:
Ap(T —T") =0. (13)
e VCJIOBUSI HEOTPHUIATETHHOCTH:



e Vcaosue HEPasencra OnoBpemento Hyoo Becex muoxkuTedieit Jlarpaunska (yciobue

HEPOH):

lpmllc + 11pelle + Dol + Aol 4+ [Az] + [ Asol + [Agr| # 0. (15)

e Ycj0oBHEe HOPMHUPOBKH MHOXKHTesei Jlarpam:ka. B mamHoit paboTe HCIOJIB30BAJIOCH
CJIeIyIOTIee:
15-(0)]* + [P, (0)* = 1. (16)

Kpaesas 3amaua. Coornomenus (1)-(5), (7)-(16) npeacrapisitor coboii KpaeByio 3a/1a-
9y JJIsI CHCTeMbl OOBIKHOBEHHBIX JinbbepeHnnaIbHbIX ypaBHeHnil (KpaeByto 3a1ady MpuH-
ya MakcuMyMa). HensBecTHBIMUI B Hell SIBJISIFOTCSI TOCTOSTHHBIE HHTEIPUPOBAHMUST €6 CHCTe-
Mol auddepennuanbabix ypasaeruit (1), (8), Bpems mepesiera T u MuoxkuTe u Jlarpanxka
Ao, Ar, ng, XfT. Jlns ux ompejiesieHusi UMEIOTCs KpaeBbie ycaosust: (3), (4); ycaoBus
tpancBepcagbHocTn (11); yeaosue crammonaproctu (12); ycioBue JOTOMHSIONEH HEXKeCT-
koctu (13) u ycaoBue Hopmuposku (16), cBsa3anHOe ¢ OMHOPOAHOCTHIO hyHKINK Jlarpanka
o MHOXKHTEIAM Jlarpanzka, mo3BOJIA0NIeH BHIOMpATh MHOKUTEN Jlarpanyka ¢ TOUHOCTHIO
J10 TIOJIOZKUTEIBHOTO COMHOKHTENs. Ecam MHOr006pasust fo, fr He UMET 0CoGbIX TOUeK
[69, ra.1 §6], TO MOXKHO TIOKA3aTh, YTO YHUCJIO HEM3BECTHBIX KPAEBON 3aaud COBIAJIAET C
YHCJIOM yeaoBmit [21].

U3 ycnosuit crammonapuoctu (12) u gonosmsiomnieit nexkecrkocru (13) MOXKHO HCKJIIO-
YUTh MHOXKHUTED Jlarpanxka Ap. OpHako, 91006 M30€KATh, BOSHUKAIOIINX MPU ITOM BbI-
YUCTUTETBHBIX TPOOJIEM, BMECTO 3TOTO PACCMATPUBAIOTCS JIBE BCIIOMOTATEIbHBIE KPAeBbIe
3agaan |20, crp. 56-61]:

1. Bagada ¢ HEAKTUBHBIM OIPAHWYEHHEM BPEMEHU IepesieTa — HCIOJIb3YeTCs KPaeBoe
yenopue H(T) =0, yenopue T < T sBjisiercsi IpOBEPOUHBIM;

2. 3ajaua ¢ aKTHBHBIM OTIDAHHYEHHEM BPEMEHHU IepejieTa — HCHOJIb3YeTCs KpPaeBoe
yeaosue T — T* =0, yenopue H(T) > 0 gBiasgieTcst IPOBEPOUHBIM.

TTonyuyennasi kpaeBasi 3a/iada MMeeT CEPUIO PA3INIHBIX cemMeicTB pernennit. B gajb-
HeHIIeM UCTIOJIb3yeTCs KJIacCupuKaIys CeMeiCTB PeIeHnil 10 YuC/y aKTHBHBIX YYaCTKOB,
COOTBETCTBYIONINX KayKJIOMY U3 HMIIYJIbCOB B UMIIYJIbCHOM pellieHuu 3ajaa4un. Hampumep,
KJIaccupuKaIus SKCTpeMasieil, COOTBEeTCTBYIOININX JBYXUMIIYIbCHON CXeMe MepesieTa, ompe-
JleJieTcs Tapoil ducesi a—b, rjie a — YHCJI0 aKTUBHBIX yYAaCTKOB, Peau3yIoNuX MepBbIil
umnysibe, b — Bropoit. [loapobHo Kaaccudukamms CTPYKTYp IKCTpeMaJsieit pacCMOTpPeHa, B
CJIEIYIONIUX TJIaBaX.

[TocTpoenne MHOTOBUTKOBBIX peIeHUil 3a/1a9i ITPOUCXOIUT TI0 CJIIYIONIel MeToIuKe:

1. Ha ocHoBe pemnienunii COOTBETCTBYIOIIMX 3aJa4d UMIYJIbCHON TOCTAHOBKU CTPOST-
Cd MHOTOBUTKOBBIE JIKCTPpEMaAJIN C OI'PAaHUYECHHBIM KOJIUYECTBOM AKTUBHLIX Yy4YaCT-
KOB (KayKJIblil UMITYJIbC Pean3yeTcs 3a KOHeUHOe (hUKCUPOBAHHOE YHCJIO AKTHBHBIX
yuacTkoB). IIpu 5TOM, OrpaHuYeHHe HA BPEMs HEAKTUBHO (DeIaeTcs MepBbId THII
BCIIOMOT'aT€JIbHBIX KPa€BbIX Sa;Laq). I/ICHO.HBSyeMaH B pa60Te BBIYUCJINTE/JIbHAA CXEMa
1 aJITOPUTM ITOCTPOEHU A Ha1aJIbHOT'O HpI/I6.HI/I)KeHI/I${ Ha OCHOBE UMITYJIbCHBIX peH_IeHI/Iﬁ
paccMOTpeHbl B IEPBO Ty1aBe.

2. B pesysibrarte, mocjie nepBoro sraiia pelenus 3a/a4u, oIy 9eHbl SKCTPeMaJ/Id Pa3/iny-
HOIT cTpyKTYpHI (puc.la). Ha Bropom srare ocytecTBiisiercsi IPOJI0JIZKEHHEe CeMefcTB



srcrpemadieil "BiupaBo" (puc.16). DTo mpoaoszKeHe COOTBETCTBYET T0OABIEHHUIO MAC-
CHUBHOTO yYacTKa B KOHIE TpaeKTopuu. Ha 3ToM 3Tame TakKe U3 pacCMOTPEHHUs HC-
KJIIOUAIOTCST TPAGKTOPHUH, OKA3ABINUeCs XyKe (B CMbIcIe (DYHKIMOHATA) JIPYTHUX Ce-
MeiCcTB, Ha pUCyHKe 1 3To cemeiicTBa 2-2 u 5—1.

3. Ha Tperbem 3rame, /i 3aBepIleHns UCCIeI0BAHNSA, MOJIyUYeHHbIe ceMeiicTBa IKCTpe-
MaJieit mpojoszkaored "Biaeo". Ilpu 5ToM pemaioTces BemoMorareabHbIe 3a/1a91 ¢ aK-
TUBHBIM OI'PaHUY€HUEM BpEMEHU (BCHOMOFaTeJIbHBIe KpaeBble 3a1a91 BTOPOTO TI/IHa).
[IpooszKeHe OCYMIECTBIASETCS ¢ MCIOJIB30BAHUEM MeTOJa MPOI0JIZKEHNUsT PEIeHnst
mo mapameTpy. B KadecTBe mapameTpa HMpOJOKEHUSA UCIOJIb3yeTcsd Beqwmdnna 1™ .
[Ipomo/zKeHne OCyIEeCTBISETC 10 IepecedeHns ¢ COCeIHUM CeMeHCTBOM IKCTpPeMa-
Jteii. B pesysibTaTe TpeThero srama OKa3bIBAETCs IOCTPOEHA KPUBAs JIYUIINX SKCTPe-
MaJIeil, OIpeJIeIsioIast Cpe/in MOy YeHHBIX SKCTpeMasIeil JIy iy 1m0 (PYHKIMOHATY
Jts1 JIE000TO 33IaHHOTO BpeMenn mnepesiera (puc. 1c¢). OrvernM, 910 B cjiydae J10Ka-
3aTeIbCTBA ONTUMAIBHOCTH IKCTPEMaJIeii, 91a KpuBas Olpe/IesisierT TPaHuIly 001acTh
JIOCTUKAMOCTH H sIBJIIeTCS MHOKecTBOM Ilapero.

a) 0)

3-2 3-2
= 4-1 » ke 4-1 P—
> e g Wy ¥
® L »
2.1 2-2 2.1 2-2
. —
T.¢. T.c.
€) | mm 3-2
4-1

3-1

2-1

T'cT

Puc. 1: CemeiicTBa MHOTOBHTKOBBIX 3KCTpeMaJei.

[Ipepioxkennpiit B paboTe 10JIX0/ TO3BOJIET CTPOUTH IKCTPEMAJIbHbIE MHOTOBUTKOBbBIE
TPAEKTOPAMN C JECATKAaMHU BKJIOYEHWI JBUTaTessd B IJIOCKUX W NMPOCTPAHCTBEHHBIX 3aJ1a-
yax. [Ipu pemrenun KpaeBoii 3aja4u MPUHIUIIA MaKCUMyMa BBIOOD XOPOIIEro HaYaJJbHOTO

10



NpUOJINZKEHUsT OCYIIECTBJISIETCS HA OCHOBE PEIIeHus KPaeBOi 3a/lauul UMITYJIbCHOM 1ocTa-
HOBKH, TIPeJIIaratoTcs hpopMyJIbl TIOCTPOEHNS HadaJIbHOTO Tpubankenus. [Ipu aTom B pa-
OoTe pelraercd Tak:zKe U IpodIeMa BeIO0pa 3h(heKTUBHON BHIYNCINTEIbHON CXeMbl METOIA
CTPEIbObI.

[Liockas 3amada nepeera Mexay kKpyroseimu opoutamn MC3 paccmorpena B riiase 2.
B rnaBe 3 mpejacraBiena mpoCTpaHCTBEHHAS 33ja9a Iepejiera MezK Iy KPYrOBbIMU OpOu-
tamu MC3, uccaeayorcs MHOTOBUTKOBBIE TEpeeThl COOTBETCTBYIONINE JIBYX- M TPEXHUM-
MyJIBCHOIN (GUALIHOTHYECKOl) cxeMaM mepesiera. [lis Bcex 3aa4 JaHbl: MaTeMaTHIeCKas]
IIOCTAHOBKA, 33/Ia9M, YCJOBUs MPUHINIIA MAaKCUMyMa, KpaeBble 3aJIa4d, BBIUYUCJIUTETbHAL
CXeMa n CbOpMy.HLI HOCTPOEHUA HaY1aJIbHOT'O HpI/I6.HI/I)KeHI/IH Ha OCHOBE€ penieHud 3aJa4 UM-
NYJIbCHOW MMOCTAHOBKMU.

Pesynbrarsl penrenns 3ajad IpuBeaeHbl B TiaBe 4.

B nmpunoxkenun paccMOTpeHBI 33JaUld UMITYJILCHOI TMOCTAHOBKH, PE3Y/JIbTAThl PEIIeHUs
KOTOPBIX OBLTH MCIIOJB30BaHBI B paboTe JJjisd MOCTPOEHUSA HAYAJIBHOTO TPHUOJIMKEHHUS U
OEHKU OIITUMAJIbHOCTH ITOJIYyYE€HHbBIX TpaeKTOpI/Iﬁ.
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1 BroluncantejlbHbIe OCHOBBI pelieHnd 3a1a4 ONTUMU3a-
mun TpaekTopmii mepejietoB KA ¢ peakTuUBHBIM OBU-
rarejieM OrPAHUYEHHON TATHU

CoBpeMeHHbBIE METOJIbI pPellleHns 339 ONTUMHU3ANNN MOYKHO YCJIOBHO DPa3/IeIuTh Ha JIBe
YaCTH — MpPsMbIe U HelmpsMble. [Ipsvble MeTOIbl HETOCPEICTBEHHO MUHIUMU3UPYIOT KPHUTe-
puit kadecrBa (bynkmuonas). OHE OCHOBBIBAIOTCS Ha aHAJIN3e TOBeJeHNsT (DYHKIMOHATA B
OKPECTHOCTH HEKOTOPOil TOYKHM U3 00JIACTH ero OIpPe/IeIeHUs], BbIIEJIEHUN IKCTPEMAIBHO-
ro HanpaB/eHus (HAIPUMep, HATPABIEHHs] aHTUTPAJMEHTa, BIOIh KOTOPOIO YMEHbIIeHHe
dbyHKIIIOHATIA MAKCUMAJIBHO), TIEPEXOJe BIOJb STON0 HAMPABJIEHUS B CJIEAYIONYI0 TOUYKY
obJTacTi ONpesie/ieHnsl U TOCIe0BATETbHOM MMOBTOPEHUH MPOIEIyPhl 0 BBIXOJA B TOYKY
sKcTpeMyMa (bYHKIHOHATA. B mocseHee BpeMsl TMOSBUINCH CTOXACTHIECKHE W MeHeTHIe-
CKHe MeTOJpl onTuMu3alyu [87], KoTopble MOKHO OTHECTH K HPSMBIM MeroJaMm. B oriu-
qre OT JeTePMUHUPOBAHHBIX (TPAJAMIIMOHHBIX) MPSIMbBIX METOJ0B PA3MEPHOCTH 3a/JIa4i [PU
HCIOJIb30BAHUM CTOXACTHIECKUX M TeHETHYECKUX METOJOB C YBEIUIeHHEeM CJIOKHOCTH BO3-
pacTaer MeJjIeHHee, YTO MO3BOJISIET PelaTh 0oJiee CIOKHbIEe 3a/1a4u.

Hempsivbie MeTOJBI CBSI3aHBI ¢ MCIOJB30BAHHEM HEOOXOIUMBIX U /MU JOCTATOYHBIX
yeaosuit ontumaabnoctu. OJHUM M3 OCHOBHBIX HEIPSIMBIX METOIOB SIBISETCA TPUHIINAI
makcumyMma [lourpsiruna |3, 69|, npeacrapisiiommii coboii cucremy HEOGXOAUMBIX YCIIO-
BHUIl JIOKAJBHO ONTHUMAJBHOCTH B 3a/a9aX ONTUMAJILHOTO yIpaBieHus. [[puHIun Makcu-
MyMa CBOJHUT pEIIeHHe 3aa9ld ONTUMAIBLHOIO YIPABIEHHUs K PENIeHHI0 KPaeBoii 3a1adn
JIUIST CHCTeMBI OOBIKHOBEHHBIX Jiu(depeHIInaTbHBIX YPABHEHHI — KpaeBoill 3aade MpUH-
nuIa MakcuMyMa. B pesysbrare perenus 3aJ1a49u ONTUMAILHOTO YIIPABICHUS TOJLY YaeTCst
NPOrpaMMHOE yHpPaBIeHne — yIpaBjIeHne Kak (DYHKIHMSA BPEMEHH. DTO CJIELyeT OTHECTH
K HEI0CTAaTKaM NPHHIMUIIA MAKCUMyMa, MOCKOJIbKY JaKe He3HAYMTEJbHbIE H3MEHEHHs B
YCJIOBUSX 3aja4uu (HAIPUMED, W3MEHeHHsI B KPAaeBbIX YCJIOBHSIX) IPUBOAAT K HEOOXO/TH-
MOCTH DeIIeHUs 3aa9i 3aHOBO. /IpyruM HeI0CTATKOM TPUHIUIA MaKCHUMyMa SBJISETCS
HEeOOXOIMMOCTD TIPOBEPKH TIOJIyYeHHBIX Ha ero OCHOBe pernenuii (skcrpemaseii [TonTpsiru-
HA) HA OTHOCHTEJIbHYIO ¥ /WM abCOIOTHYIO ONTHMAJIbHOCTH. [IpoBEpKe ONTHMAILHOCTH
nocssiiesl padborsr [4, 30, 42, 50]. Onnako, Kak ormedasnock B |73, §14 c. 113], naubosee
TOYHBIE ¥ AKKYDATHbIE UYHCJIEHHbIE PelieHns 3a7a9 ONTUMAJIBHOTO YIPABIEHUS CBI3aHBI
UMEHHO C pellieHneM COOTBeTCTBYIOIINX KPAEBBIX 33/1a4 MPUHIMIA MAKCAMYMA.

Cy1ecTBYIOT TakyKe HelpsMble MeTOJIbI OCHOBAHHBIE HA JOCTATOYHBIX YCJIOBUSIX abCO-
JIFOTHOI ONTHMAIBHOCTH B 3a/a4axX ONTUMAJbHOrO yiupasienus |9, 10, 50].

M aeanom cpeay HENpPSMBIX METOIOB SABJISIOTCA METOJbI, MO3BOJISIONME TTOJIydaTh Pe-
IIeHNe 3a/1a90 B BUJe CHHTe3a ONTHMAJBLHOTO YIPABIEHUs — YIIPABICHUS, 3aBUCAIIETO He
TOJILKO OT BpeMeHH, HO U OT (ha30BOil mepeMeHHoil. Takue MeToapl OCHOBAHBI HA TTPUHITH-
e onTUMaIbHOCTH Bemvana [12]. DTi MeToibl CBOJIAT pelieHne 3aJaui ONTHMATIHHOTO
ylpaBjeHus K pemenunio 3agaun Komu mis ypasuenus Beivana — nesmueiiHOro ypaphe-
HUS B 9aCTHBIX MPOU3BOAHBIX. [IpH 3TOM pa3MepHOCTh (pa30BOr0 MPOCTPAHCTBA, PEITAEMOi
31491 ONITUMAJIBHOTO YIIPaBIEHUs, KaK MPABUJIO, ABISETCsS (DATATbHONR U OrpAaHUMYNBAET
BO3MOYKHOCTB DEIlleHHsT 33/1a4 Ha OCHOBE STUX METOJIOB.

[TpakTHKa YUCIEHHOTO PEIIeHUs CJOKHBIX 32729 ONTUMHU3AINN MOKA3BIBAET IETeCO00-
Pa3HOCTh MCIOJIH30BaHUS KOMOMHUPOBAHHBIX METOI0B, COYETAIOMMX IIPSIMBIE U HEIPAMBIC
MeTo/bl onruvusanun 2], [72].
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1.1 Kpaesble 3agaum TPUHINTA MaKCUMyMa

KpaeBag 3aava npuHIIIa MakKCEMyMa g 3371a49 PaKeTOANHAMUKN HeJuHeiiHa, eé cucre-
Ma JuddepennuaibHbIX ypaBHeHuil, 3amnucannas B ¢popme Korm, nmeer BBICOKYIO pas-
MEpPHOCTh ¥, KaK MPAaBUJIO, pa3PbIBHbIE B HEU3BECTHBIE 3apaHee MOMEHTHI BPEMEHU IPaBbie
YaCcTHU, & CTPYKTYpa KPaeBoil 3a/ia4u B IEJIOM MOXKET OKa3aThCs He MPOCTO, 4TO CBdA3a-
HO C OCOOEHHOCTSIMH CTPYKTYPbI UCXOMHON 3a/a4d ONTUMAJIbHOIO YIPABIEHUT — BUJIOM
yIpaBIgeMoil TUHAMUYECKOH CUCTeMbl, (DYHKIIMOHAIA, OTPAHUYEHNN HA YIPABICHU, Tep-
MHUHAJIBHBIX, POMEKYTOUYHBIX, CMEIIaHHBIX, (ba30BbIX U IMPOUNX orpaHuveHunii. B obmem
caydae KpaeBas 3a/a9a MOYKeT OBITh PeIlleHa JIWIb YUCAeHHO ¢ UCnojb3oBannem DBM.
Tpyauoctu perrennsi KpaeBbiX 3a/a4d MPUHIMIIA MaKCUMyMa HOCAT HE TOJHKO BBIUUC/IH-
TeJbHBIN XapaKTep, HO U OCTAIONIHIiCA OOBIYHO 3a paMKaMHU YHCJIEHHOTO pelIeHus oOIie-
TeOpeTHIeCKUil MPUHIUINAIbHBIN XapaKTep, CBI3aHHBIHN ¢ CYIIeCTBOBAHUEM U BETBJIEHHEM
peleHunit, nccaeoBaHNeM PeKUMOB OCOOBIX YIPAaBICHUH U OIEHKOH MX ONTUMAJHHOCTH,
HCCJIeIOBAHIEM BO3MOYKHOCTH aHOPMAJIBHOIO CIydas (Cydasi OOpAIeHns B HOJIb MHOMK -
tesist JIarpanzka pu GyHKIHOHAJE), HCCIeI0BAHIEM JOKAJILHO 1 aGCOTIOTHON ONTHMAITb-
HOCTH PEeNTeHu.

JI1000it YMCIeHHBIII MeTO/T pellleHnsd KPaeBbIX 3aJad COCTOUT M3 YUCJEHHOTO pelleHusd
noja3anad (penrerue 3a1aun Kommm, perenne cucreM ajirebpandecKux ypaBHEHUid U T.JI.).
Takum obOpa3oM MpU YUCJIEHHOM pPEIeHnr KpaeBoil 3a/[adi MOYKHO BhIOMPATh HE TOJHKO
MeTO/I PelieHns KPAaeBbIX 3a/a4d, HO U METO/Ibl PEeIIeHus 10/13a/1a4, BXO/IAINIUX B HErO.

Buiwucaumenvran crema pewenus kpaesot 360a4y — OPraHU3ANUS BBHIYUCIEHWH MTpU
pelleHnn KpaeBoil 3aa4uu, T.e. HAOOP METO/IOB pellleHus 03a1at, CBA3b peIleHnil mo/13a-
Jlad, CUCTeM KOOPJIMHAT, CIIOCOOOB XpaHEeHHs JTaHHbIX, IIOCTPOEHNEe HAYAJIBHOTO TPUOIHKe-
HUS.

Broraucauresnbhnas cxema J0/I2KHA O0bEIMHATH BCE YKA3aHHbIE KOMIIOHEHTHI TaK, 9TO0ObI
y/IAJI0Ch pemuTh 3a1aqy. O4UeBuIHO, 9TO KOMOWHAIMS PA3JIMIHBIX METO0B PENIeHusT Kpa-
eBBIX 33129 1 METOJIOB PeIllleHns 0/13a1a4 MPUBOJIUT K PA3HBIM BBIUUCIUTETHHBIM CXEMaM.

OTHIM U3 OCHOBHBIX METO/IOB PeIIeHHsI KPAeBBIX 3a/1ad IPHHITAIA MAKCAMYMa, ABJISI€TCS
MeTO/T cTpesibOb. KOpoTKO MeTo 1 cTpeibObl MOXKHO OIMCAThH TaK:

1) 3amarorcsi TPOU3BOJBLHBIM 00PA30M HEJIOCTAMOIINe HAavaJbHbE JaHHbIE, HEOOXOJAUMbIE
JUTsT periiernst 3aga9n Komm (BEKTOP mapamMeTpoB MPUCTPEIKH );

2) KakuM-M00 MeToIOM peraercs 3ajaa4a Ko u onpejessiercss BeKTOp-(hyHKIHsT HEBsI-
30K, ONMUCHIBAIONIAS OT/IMYKME YCJOBUN B KOHIE OT TpeOyeMbIX 3HAYEHUI;

3) BeKTOP-(DYHKIMSA HEBAZ0K COOTBETCTBYET BEKTODY MAPAMETPOB IMPUCTPETKA U JOTZKHA
IpU pelIeHun 33J1a9u 00paTUThC B HOJIb. T'peboBanue obOpalieHust BEKTOP-(PYHKIIMT
HEBSI30K B HOJIb IPUBOJUT K HEOOXOJMMOCTHU PEIIeHUs CHCTEMBbI aredOpanvyecKnx ypas-
HEHU;

4) cucrema ajqrebpanvdecKnX ypaBHEHHUIT PeIaeTcs, KaK IPABUIIO, MOIU(MUIIMPOBAHHBIM Me-
TogoM Heiorona.

Bpibop BBIYHCIUTETBHON CXEeMBI METOJa CTPeJbOBbl 3aBUCHT OT MHOTUX (hpaKTOpOB.
OCHOBHBIMU CpeIu HUX ABISIIOTCH:

1) rounocTh mpeacraBiaenus quces BM;

2) MeToj MHTErpupoBaHus 3aa4u KoM u ero TOYHOCTh;
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cucTeMa KOOPJMHAT, B KOTOPOH paccMaTpuBaeTcs 33/1a4a;

BBIOOP KOMIIOHEHT BEKTOPa MapaMeTpOB HMPUCTPETKH;

5) BBIGOP KOMITOHEHT BEKTOP-(DYHKINH HEBSI30K;
) METOJ HAXOKJIEHUsT KOPHEil BeKTOP-DYHKINH HEBAZ0K;

€1oco0 MOCTPOEHUs HAYAJILHOTO MPUOJIMKEHUS JIJIS BEKTOPa MapaMeTpPOB MPUCTPEJIKH.

BaMeTI/IM, 9TO CUCTEeMa KOOpAWHAT BXOAUT B ITOCTAHOBKY I/ICXO,ZLHOI'?'I 3a/Ja491 OIITUMHU3a-
KA ¥ TIPA ee 3aMeHe M3MEHSIOTCS U 33/a49a ONTHMU3AINN, U COOTBETCTBYIONMAs eif Kpae-
Bag 3a/ada. OTHAKO BHIOOD CHCTEMbBI KOOPJAMHAT BAUIET HA CXOAUMOCTH METOJA PelleHusd
KpaeBoil 3aJlaud U, MOTOMY, BKJIOUEHHE CHCTEMbI KOODJIUHAT B BBIYHCIUTEILHYIO CXEMY
1e/1ecoo0pas3Ho.

CXeMaTI/I‘{HO CB43b COCTABJJIAIONINX BBIYMCJIUTEIBHON CXeMBbI MEeTOJa CTpeﬂb6bI, NCITOJIb-
3yIoIieil /i perieHnss CUCTeMbl aaredbpandecKux ypaBHEHHI MOTUMUITTPOBAHHBIN MeTO/T
Hriorona, mokazaHna Ha puc. 2.

MTEpPAUMOHHBIN METO, PEIMEHMA ANrEDpaMYECHME YPABHEHHMIA

e

MeToq, EblYHMCREHHA
CHEWEHNA 104

CREAVIOWEN HTEPALIMH
Mezon penserma Merog, BulMMCNEHHE OCHOBHOH (YHHKLMH
CHCTEDI JOCHe HHBIX audepeHUMPOBaHMAA | | | (NOCTPOEHHE BEKTOP-{HYHKLIMH HEBAOK
amrefpairye cxx BEKTOP-(PYHKLMK no JaHHOMY BEKTOPY NapaMeTpos
ypaBHe it HEEBA 0K MNPUCTPENKM) “04MH NpOCcYET"”
JapaHue HayanbHbIX Merton peweHua BbIMHCAEHHE KOMMOHEHT
YCROBMHA NO sanaum Kown EEKTOD-(PYHKLIMH
napaMeTpar HEBADK N0 PEYNLTaTaM
NPUCTRENKK pEwWeHHA a1a44d RowH
BrIMMCNEHME NPaBLIX PYHKUMH KOHTpORA
YacTed cMCTEMbl 1Y (PpYyHELIMK NEpEKNHYEHHA,
NEPBLIE MHTETPank! MU 1.4.)

b t t

| ToyHocTs NpeacragneHda yucen JBM ("wawmHHana aprgreTira™) |

Puc. 2: Biok-cxema perrennst KpaeBoil 3a/1a9ll METOJIOM CTPETbOBI, MCIOIb3YIONIeN i
pelenusi cucTeMbl ajredpanvdeckux ypapHenuit mogudunupoBannbiii Mmetos; HpoTona.

Ob6parum BHEUMaHWE, YTO B 9TOi OJ0K-cxeme MopudunupoBananomy merony Herorona

COOTBETCTBYIOT TPU COCTABJISIONINX: "'METO BHIUYNCICHAS CMEIEHUsI sl CJIeAYIoIel nre-
panuu" (oTBeUaer 3a ucnoJb3yemyto moaudukanuo Merona Heorona), "meron nnddepen-
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UpoBaHus BeKTOP-PYHKINY HeBsi30K'" u ""MeTos perennst cucrem JIMHEHHBIX ajredpande-
CKUX ypaBHeHHil" — gBISIOTCA HEOTHEMJIEMBIMHA COCTABHBIME YacTaMu MeTona HbioToHa
smo60i Momudukanuu. [Ipu necnorp30BaHuN IPYTUX METOJ/IOB PEIIEHNS CUCTeM aaredpande-
CKUX yPaBHEHUI BBIYUC/IEHHUE CMEIeHUs Jijisd CJAeyIoNeil nrepanun MOXKeT He TpeOoBaTh
nucdeperimpoBanus BeKTOp-OYHKIIUN HEBS30K U PEIIeHs CUCTEM JIMHEWHBIX ajreOpau-
qeckux ypasHenuil. Takxke 3amernm, aro "meron auddepennupoBanus BeKTOP-(pYHKINN
HeBsI30K" MOXKeT 00paImarhest K 610Ky "BuruncieHne ocHOBHON (byHKIuu" (npu npubimKe-
HUU TIPOU3BOJIHBIX KOHEYHBIMU PA3HOCTSAMIE) WM He 00pAIAThesi (MPH BBIYUCIEHUH MPO-
MU3BOJIHBIX HA OCHOBE DeIIeHns MATPUYHON cucTeMbl AuddepeHnuaTbHbIX YpaBHEHUH B
BapHAIUIX).

TounocTh 1 cKOPOCTH PAbOTHI COCTABJISIONIUX HUYKHUX YPOBHEH CXeMbl OKa3bIBAIOT BJIH-
SHIEe Ha TOYHOCTH U 3(DDEKTUBHOCTH PADOTHI BCEX 3JTEMEHTOB CTOSAIIUX BhITTe. B pesyibraTe
CXOJIMMOCTDb UTEPAIMOHHOTO METO/Ia 3aBUCUT OT I(DMEKTUBHOCTH KaXKI0i COCTABISIONIEH
BBIYHUCIUTETHHONU CXEMBI.

Tounocts npeacrapiaenus ancen YBM Biusier Ha paboTy BCeil BHIYUCIUTETLHON CXEMBI,
TaK KaK BbIYUCIUTE/IHHBIE ONEPAINU TPOU3BOAATCS KAarKIbIM 3JIEMEHTOM BbIYUC/IATETHHON
cxeMbl. TOUHOCTD TIpe/icTaBIeHUs YUCeT HAKIAIbIBAET TAKYKe OIPAHUIEHUS HA BHIOOD TOU-
HOCTH MeTOJOB, BXOJAIINX B cxeMmy. Hampumep, mpu TOYHOCTH NpecTaBiIeHus ducea 16
3HAYAIUX UMD HEe MMeeT CMBICTA UCIOJb30BaTh METOM MHTerpupoBanusd 3a1a4dn Kormm
¢ OrpaHUYeHHeM TOYHOCTH Ha Trare 6osee 13-14 3HakoB. CpaBHUTEIbHBIN aHaan3 3hdex-
THUBHOCTU MCHOJIb30BAHUS PA3/JIUIHBIX METOJOB pellienns 3aa4u Kol MOKHO HaiiTh, Ha-
npumep, B [78]. BeIGop cucreMbl KOODJAUHAT TPOSBISETCS HA STAlle BHIYUCIEHUS MPABBIX
vacreli cucreMbl /IY U BJIUSET HA CKOPOCTH (KOJHYECTBO IIATOB) METOJA WHTErPUPOBAHMUSI
cucteMbl [V, 9T0 oTparkaeTcsd HAa TOYHOCTH pellleHus 3aadn Kormrm.

[Ipu perrtenun KpaeBoii 33/ 1a41 MOKHO UCIIOJIb30BAThH PA3JIMYHBIE BHIYUC/IUTEIbHBIE CXe-
Mbl. [Ipu pazinaroM BbIOOpE MapaMeTpoB IMPUCTPEIKH, BEKTOP-(DYHKIIUN HEBA30K, UX YUC-
JIa ¥ CIIoco0a BBIYUCIEHUST CKOPOCTD CXOAUMOCTHU U JIazKe caMa CXOJUMOCThH UTEPAIMOHHOTO
MeTOla MOXKeT H3MeHdThcd. Kpome TOro, mpm BBIOOPE KOMIIOHEHT BEKTOpa MapaMeTpOB
MPUCTPEIKA CJIeyeT YIUTBIBATH BO3MOYKHOCTH MOCTPOEHUS JIJIsT HUX JIOCTATOYHO XOPO-
ero HadaJbHOro npubumzxkenus. Bpems T, B 3ajadax ¢ HeDUKCUPOBAHHBIM BpeMeHEM,
MOKHO BKJIIOYATh B BEKTOP MapaMeTPOB MPUCTPEJIKHU, & MOYKHO OINPEJIJIATh U3 CIIeNHATHHO
chOPMUPOBAHHOTO YCJIOBHS OCTAHOBKU cueTa. Vcmo/ib30Banue BTOPOTo Crocoda mo3Boisier
PEIUTh HEKOTOPBIE 33]a4Ui, B KOTOPBIX MEPBbIii CI0CcO0 K yCIexXy He ITPUBO/IUT, HO TTPU ITOM
TpedyeT JOTMOTHUTETbHBIX HCCAeTOBAHUN, TAK KAK YCIOBUE OCTAHOBKH MOZKET BBITIOJHATH-
¢S HA SKCTPEMAaJI HECKOJTbKO Pas.

HazoseM BBIUHC/IUTEIBHYIO CXEMY peIleHus] KPaeBoil 3a/a4u cob6cmeerHol, ecii MHO-
JKECTBO PENIEeHU TTOJIYUYEeHHBIX € €€ TIOMOIIBIO IPUHA/IJIEZKUT MHOYKECTBY pelleHuil KpaeBoii
3amaun. Ha mpakTuke oKa3pIBaeTCs, YTO PEMIUTH KPAEBYIO 3319y COOCTBEHHBIMU BBITUC M-
TeJIbHBIMU CXeMaMHU He BCeT/Ia yaaeTcsd. Toraa pelnenne 3a/1a9u UIETCS B KAKOM-TH00 (hUK-
CUPOBAHHOM KJIACCE PEIeHuil WJIN MPU JOMOJTHUTETLHBIX OIPAHUYEHUSIX HA PElleHus. JTO
MO3BOJIET MOJIUMPUIIMPOBATH BHIYUCUTE/IHHYIO CXEMY C YY€TOM HAKJIA/IbIBAEMbIX OI'DaHM-
YeHuil, 9TO ynporaer mocrpoerue pemteruii. CTporo roBopst MOAMMpUIINPOBAHHAST BBITUC-
JINTeJIbHAS CXeMa pelnaeT APYIYIo KPaeBYIo 33/1a9y, U MHOXKECTBO PelleHuil, Oy IeHHbIX
C HCHOJIb30BaHUEM MOAMMDUIUPOBAHHON BBIYUCIUTETHHON CXEMbI, JUIIb MEePeceKaeTcs C
MHOXKECTBOM peIlleHUl MCXOMHOW KpaeBOW 3a7auyu, & He NMPUHALJIEKAT €My IOJIHOCTBIO.
[Tosromy s Toro, 4robbl MOAMMUIUPOBAHHAS CXeMa CTaJjia COOCTBEHHOI, B HEE HeoOX0-
JIIMO BKJIIOYUTH MPOBEPKY TOTO, YTO TOJIYUYEHHOE PEIeHUe SIBJISETCS PEIeHueM UCXO/HON
KpaeBoil 3aj1a4u.

HeobxomuMo oTMeTUTDh, YTO MpeoIoeHns 3HAYUTEIbHBIX TPYIHOCTEH TPpeOYIoT U JIpy-
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rue, OTJIMYHBIE OT MeTOJIa CTPEeJIhObI, MeTO/bl, MPUMEHSIeMbIe JJIsi 9UCJAEHHOTO PEeIeHusT
KPaeBbIX 33JIa¥ NpUHIUNA MakcuMyMa [82]. Be3 mpeyBesinvenust MOXKHO CKa3aTh, 4TO aji-
TOPUTMOB YHCJIEHHOTO PeIleHus KPAaeBbIX 3aa49 MPUHITAIA MAKCUMYyMa, OJHO3HAYHO MPH-
BOJIAINMX K YCIIEXY, B HACTOSIIEe BpPeMsi He CYIIECTBYeT, W YyCIeX YHUCJIEHHOTO PeIleHus
KPaeBbIX 3a/1a9 OIPE/Ie/ISIeTCs] B 3HAUUTE/IHLHON CTeleHN WHINBUIYAJIbHBIM UCKYCCTBOM HC-
CJIeI0OBATE ST U ONMBITOM PEIIeHns 3a/1a9 TaKoro poga. OT4acTi 9TO CBA3aHO ¢ "WHIUBHILY-
aJBHOCTHIO" KaxKIoil KpaeBoil 3a1a9l MPUHINIIA MAKCAMYMa, O YeM YIIOMHHAJIOCH BBIIIE.
HakormieHHBIIT OIBIT YUCIEHHOTO PEIleHrsT MEeTOI0M CTPEeJbObl KPAeBhIX 3a/1a9 IMPUHIIHAIIA
MaKCHMyMa, 1 3a1a4d ontuMusanun Tpaekropuit KA ¢ PIIOT 3naunrenen, HO BMecTe ¢
TeM HeJO0CTATOYEH JIJIS PENIeHUs IeJ0T0 PsIAa WHTEPECYIOINX MPAKTHKY ONTUMHU3AINOH-
HBIX 33/1a4.

1.2 IlocTpoeHme HAYAJBHOTO NPUOJMKEHNH IJId KPaeBbIX 3a1a4
OPUHIIUIA MaKCUMyMa B 33aJladaX PaKeTOIAMHAMUKNI

Bribop xopoiirero Haua ibHOTO TPUOIHKEHHS, HAPSALY ¢ BRIOOPOM 3h(HeKTUBHOI BHIYUCIU-
TEJILHOI CXEMBbI peIleHus], sIBJISEeTCS OXHOW W3 OCHOBHBIX TPYIHOCTEH pENeHnsl KPaeBhIX
3aga4. [Tosromy npobiieme BhIOOpa XOPOIIEro HAYaAIbHOTO TPUOJINKEHUs y/IeJIs1eTcsi 00J1b-
oe BHUMAaHWEe. AJITOPUTMUYECKUX METO/0B, KOTOPBIE jJaBaju OBl JIOCTATOYHO XOPOIIee
JIJIST HAXOXKJIEHUs PeIleHus TPUOIKeHne, B HACTOSIee BpeMsd He CYIIeCTBYET, U BBIOOD
HAYAJIbHOTO MPUOINKEHUs, TaK:Ke, KaK U BBIOOp 3P (PeKTUBHON BBITUCIUTEILHON CXEeMBbI
MeTO/a CTPeIbObI, He (hopMaIn30BaH, a, B 3HAYUTEILHON Mepe, OCHOBBIBAETCS HA WHTYW-
AW ¥ HAKOILJIEHHOM OIIBITe PEIIeHusT MOJ00HBIX 3a,1a4.

B mporecce pemenust MeTogoM CTpesibObl HEJTMHEWHBIX KPAEBBIX 3a1a4 JJIs CHCTEM
OOBIKHOBEHHBIX Jup hepeHuaabHbIX YpaBHEHUH, B TOM YHCJIe KPAaeBbIX 3aJad MPUHITH-
a MaKCHMyMa, IpH BBIOOpE HAYAJBHOTO HMPUOIMMKEHUs JIJIT BEKTOpa HMapaMeTpOB IPH-
CTPEJIKH, KaK IPABUIO, UCIOIb3YETCS METOJ, IIPOIOIKEHHSI PEIIeHns 0 MapaMeTpy. DTOT
MeTO/I, IPUMEHSIETCS B CJIyUasX, KOT/JA PeleHne KpaeBoil 3a/1a9u W3BECTHO TPH HEKOTOPOM
3HAYEHUN BXOJAIIEro B 33/ady (MM crennasbHo ¢DOPMUPOBAHHOTO /Il 9TOrO) MapaMer-
pa. B 3amagax ontuvmsamun Tpaekropuii KA ¢ PJIOT mpu uncieHHOM pelreHnn KpaepBoi
3a/Ia4Y0 MPUHITIIA MAKCUMyMa, /IS IPOIOJIZKEHUs PeIeHus 0 MapaMeTpy B KadecTBe Ia-
paMeTpa HCIOJIb3YIOTCS, HAIPUMep, BeJIMIUHbI, CBSI3aHHBIE C BETUUYMHON TATH JBUTATE A
(MakcHMaIbHAsT TATOBOOPYKEHHOCTh, MaKCHMAJIbHOE PEAKTHBHOE YCKOPEHHEe, MaKCHMA/h-
Has TATA), & B KA9eCTBe HAYAJIBHOIO MPHUOJIMZKEHHsT MOYKET OBITh MCIOJIb30BAHO DerlleHne
3a/Ia4Y1 B UMITY/JIbCHON ITOCTAHOBKE, COOTBETCTBYIOIIEe IIpeaeTbHOMY, OECKOHETHO OOJIbIIO-
MY 3HAYEHHUIO BETUUUHBI MAKCUMAJIbHON TSTH.

N eqa ncnoib30BaHus B KAUeCTBE HAYATHHOTO MPUOJIMKEHIS UMITYIbCHOTO PeIlleHusT He
HOBa, (MPUMEpPHI UCIOJIb30BAHUsI 9TOI U B ONTHMHU3AIMOHHBIX 33/a9aX PAKeTOTHHAMHUKH
cM., Harpumep, B [60, 64, 79]), onHako, CyIecTBYOIIe METOANKH HCTIOIH30BAHUS UMITYIHC-
HOT'O pPEIeHus B KA4eCTBe HAYaIbHOIO MPUOJINKEHNST MOTYT OKa3aThCsl HEMPUTOIHBIMU JIJTsT
peIleHns MeJI0To paa 3a1a4d ontuMu3anun Tpaekropuit KA ¢ PJIOT u3-3a HemoctaToqHOM
TOYHOCTH TIOJTYYAEMOTO ¢ UX MOMOIIBIO0 HAYAJIHLHOTO MTPUOINKEHNS U HECOBEPITEHCTBA ITUX
MeTouK B 1ejioM. [lonpobHoe onucanue 331849 ONTUMHU3AIUN B UMITYJILCHON TTOCTAHOBKE 1
COOTBETCTBYIOIINX KPaeBhIX 3a1ad cM. B [Ipurokenun A.

Ecnu penrenne 3amaum B UMITy/IbCHOI TOCTAHOBKE TOJIYYEHO, TO BO3ZHUKAET MPOOJIeMa,
CBA3aHHAS C HEOOXOJMMOCTBIO Iepexojia B IPOIecce MeTo/a IMPOJOJIKEeHUd pPeleHud I10
mapaMeTpy OT pellleHusl KpaeBoil 3a1adu Ipu OECKOHEIHO OOJIBITOM 3HAUEeHUU ITapaMeTpa
P,..; K pellleHnio KpaeBoil 3a/Ja4u IpH 33JaHHOM KOHEYHOM 3HAYEHUU ITOTO HMapameTpa.
HeobxomumocTs Takoro mepexojia u MOpoK/1aeT OCHOBHBIE TPYIHOCTH, BOSHUKAIOIINE TPU
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peNIeHrn KPaeBbIX 3a/1a4 IMPUHIUIIA MAKCUMYMa, ¢ HCIIOJIb30BAHUEeM UMITYIbCHOTO PEIIeHHUsT
B KauecTBe HAYAJBLHOIO MPHUOJINKEHNs B METOJe IPOJIOJIKEHUS 110 apaMeTpy.

THUOUYHBIA TpUEM HCIOIb30BAHMS WUMIIYILCHOIO pelleHus JJid IOJyUeHHs PelIeHusd
B HEMMIIYJIbCHOM CJIydae NPU NOCTpoeHnu dKcrpemasneir [lonrpsaruna B [79] onuchiBaer-
ca Tak: "... cHauasa 3adaemcs 60ALUWOE, HO KOHEUHOE 3HAUEHUE YCKOPEHUA CUADL MA2U
F/M(0), u nawunaemes umepayuonmolll npouece eunucienutd (pewenus kpaesot 3a0a4u
- aBT.) 04A HEUMNYALCHO20 cayyuad. dmobv, obecnewumb crodumocms (Umepayuonmo2o
NPOYECca - aBT.), 3HAMEHUA Njg (HAYAALHOLE 3HAMEHUS CONPAHCEHHOLT NEPEMEHHUT N;
ueparowur 6 [79] poav cocmasasrowur 6eKmMOPa NAPAMEMPOS NPUCMPENKY - ABT.) BHIOH-
PAIOTCH CJIETKA OTJIUYHBIMHU 01, 3HAUEHUT, COOMBEMCMEYIOULUT UMNYALCHOMY CAYUAIO.
3amem eesununa F/M(0) ymenvwaemes cmynenuwamo 0o mpebyemozo KOHEUH020 3HAYe-
nus. JTas kascdozo snavenus F/M(0) umepayuornnwm cnocobom onpedeasemcs onmu-
manvrad mpaexmopus, snauerus A;(0) Komopot ucnoavb3yomes 6 Kauecmee HauaibHOLT
npubsuscenuti Oas pacuemna 1oeot mpaexmopuu, coomeemcmeytoueli ciedyroueti cenu-
wune F'/M(0)". Takum obpasom, B |79 mist mosrydeHns: HAYAIbHBIX 3HAYEHUTT COMPSIZKEH-
HBIX TIEPEMEHHBIX B HEUMITYJIbCHOM CJIydae MpeIaraeTcs HeCKOIbKO H3MEHUTh HadaIbHbIe
3HAYEHUS CONPIKEHHBIX MePEMEeHHBIX, HOJIYYeHHBIX B Pe3yJbTaTe PEIleHHs 3aJa4l B WM-
HyJIbCHOI mocTanoBke. B [79| npuBeens Tabiuip, MO3BOJISIONINE OIEHUTH TOYHOCTH TI0-
JIY4EHHOTO HAYAIbHOIO NpHUOIMKeHus. AHajin3 Tab/aul IMOKA3BIBAET, YTO JJis perraeMoi
3a/la9M B HAYAJIHHOM HPUOIMZKEHNH, KaK NPaBUJIO, BePeH OJWH IepBblil 3Hak. [lis perre-
HUSI PACCMATPUBAeMbIX B [79] 3a/1a4 TaKoif TOYHOCTH HAYAIBHOTO IIPUOJIMIKEHUS JOCTATOY-
Ho. OHAKO CymecTBYIOT 3adaun (cM., Hampumep, [17, 18, 21, 22, 25, 38|), mia penterust
SHAYUTELHOI YACTH KOTOPBIX TOYHOCTH HAYAJIBLHOTO MPUOJUKEHUs (MPH UCHOJIb30BAHUN
COOCTBEHHOI BBIYUCIUTEBHON CXeMbl METO/IA CTPETbOBI) MOIKHA OBITH 3HAYUTEIHHO YBe-
JINYEHA.

B [60] mpu mosyvyeHnn Ha9AIBLHOTO MPHOJIMZKEHHsT [Jisl HadaabHbIX 3uHadenuit p;(0) co-
IPSAYKEHHBIX TIePEMEHHBIX p;(t) MCIOJIB3YeTCsl CBsI3b ITUX HAYAJIBHBIX 3HAUEHUH C NPOU3-
BOJIHBIMH 9KCTPEMAJbHBIX 3HAYeHUH (DYHKIMOHAIA 0 HAYAIbHBIM 3HaueHuaM z;(0) da-
30BbIX mepeMeHHBIX T;(t) :  p;i(0) = —dJeys/dx;(0) [64]. IIpu 3TOM HEsIBHO Tpe/moJiara-
eTcst, YTO MHOXKHUTEh Jlarpanzxka npu dpyaknuonase J oramden ot Hyas: \g 7# 0. Uabivu
CJIOBAMHU, PEJINOJIAraeTcs, 9T0 aHOPMAaJIbHBINA ciydail: Ao = 0, HEBO3MOXKEH, 110CKOJIb-
Ky npu Ao = 0 31or merox menpumenum (npum \g = 0 perienue 3aja4um ONTHMU3AIAN
"we 3aBucut" or dyukumonana J u modromy "He 3aBucAT" 0T GYHKIMOHATA 3HAUCHUS
pi(0)). B cBa3m ¢ sruM npearaemsiii B [60] cmocob ompeesienusi HaYAIbHBIX 3HAYEHUIT
pi(0) , cTporo roBopsi, He KOPPEKTEH, TAK KaK UCIOIb3YeT B KA4eCTBE YCIOBHs HOPMHPOBKH
MHOKUTE el Jlarpanika yciaosue A\g = 1 ¥ TeM caMbiM HCKJII0YAET BO3MOKHOCTD CJIydast
Ao = 0. Ilpoussognbie dJey,/dx;(0) HaXOASITCS YHMCIEHHO B pe3yJbTaTe DEIeHus, Kak
MUHHMYM, JBYX ONTHMHU3AIMOHHLIX 32724 UMIIY/TLCHON MOCTaHOBKH. IIpeamoaaraercs, 9o
9KCTPEMAJIbHbIE 3HAYCHUS (DYHKITUOHATIOB Jeyy W MPOU3BOJAHBIE dJeyyy /d2;(0) B UMITyIIBC-
HOM ¥ HEUMIIYJTbLCHOM Caydagx OJm3ku. UTo BoOOIIE TOBOPs HEBEPHO, TaK KAK PEIICHUSI
3a/1a9M B MMITYJILCHOI MOCTAHOBKE M C JBUTATEIeM OIPAHUYCHHON TATH MOTYT KA9eCTBEHHO
pasamyaThes, cM. npumep [26].

Amnanmus pemenns 3aga4m, paccMoTpentoil B [60] B kauecTBe mpuMepa (HEOJHOKPATHO
paccMaTpHBaBIIelics paHee pgI0M aBTOPOB 3aJa4l MUHUMHU3ANUH XapaKTePUCTUICCKOI
cKopocTH TIpu Tepesere KA MexKy KOMILTAHAPHBIMA KPYTOBBIME OpPOMTAMHU C 3aIaHHOI
YIJIOBOH JAJILHOCTBIO M He 33/IaHHBIM 3apaHee BpeMEHeM TiepeJieTa), MoKa3aJj Xopoliee COB-
naJenne MmoJyIeHHoil TpaekTopun ¢ panee uspectHbiMu. Crieayer, OJHAKO, OTMETUTh, 9TO
JAHHBIX I JIeTAJIBHON ONEHKHM MOJIYYeHHBIX HPHOJUKeHUI mapaMeTpoB HPHUCTPEIKH B
|60] HEmOCTATOUHO.
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[Tepexo/ oT perreHusi KpaeBoii 3a1aqu UMIYJIbCHONH MOCTAHOBKU (¢ P = 00) K pe-
[IEHUIO KPAEBOH 3a/[aui HEMMITYIbCHOI MOCTAHOBKE (IPU OTPAHUIEHHOM P, ) COCTOUT,
KaK MPaBUJIO, U3 JIBYX ITATOB — JTAIA MePeXo/a OT pelleHns KpaeBoil 3a1aun ¢ Py, = 0o
K PeIeHunio KPaeBoil 33/1a4u PH KaKOM-/ 1100 KOHEIHOM P, ¥ TOCJIEIYIONero Tana me-
pexojia K peIeHnio KpaeBoil 3a/adn JJisi 33 JaHHOTO 3HaYeHus1 Pp., (¢ ncrnoab3oBanuem
MeTo/ia MPOJIOJIZKeH sl 10 napamerpy). Omimdne pasJndHbIX METOAUK JAPYT OT JAPyra H, B
YACTHOCTH, OTJIUYNE PACCMATPUBAEMONl B JIAHHONH paboTe METOIUKU OT MPEIIeCTBYIOIIIX
MEeTOJMK COCTOUT B CHOCO0OAX OPTaHU3AIMM TAKWX MepexoyoB. [Ipw opranmzanuu 3Tux me-
PEeX0JI0B UCIOJIb3YeTC s XapaKTepHast 0COOEHHOCTH ONMTUMU3AIMOHHBIX 33124 TepestéToB KA
¢ PIIOT — majast mo cpaBHEHUIO ¢ OOIIei MPOI0IKATETHLHOCTHIO TOJIETa, MTPOIOIKUTETb-
HOCTH yYaCTKOB BKJIFOUEHUsT TATU. Y UET ITOM OCOOEHHOCTH SIBJISIETCSI BayKHBIM, €CJIN He
OTIPEIETIONINM, 00CTOATETHCTBOM MPU BBIOOPE BBIYUCTUTETBHON CXeMBI METO/Ia CTPEeTb-
Obl. 3aMeTuM, YTO JJId 33Ja4, B KOTOPBIX 3Ta OCOOEHHOCTH OTCYTCTBYeT, IpejjaraeMas
METOJIMKA TOJIYUYeHHs] HAYATbHOrO MPUOJINZKEeHHs HeIpUMeHuMa (HampuMep, Jiis 3a7a4 O
HAUCKOPEHINX 1epeJjierax Ipyu HeorpaHuveHHO! 3apaHee KOHeYHOI Macce, Ha TPACKTOPUAX
KOTODBIX TsTa BCer/a BKJIOYEHA W MakCcuMasabHa). OTMernM, 9410 yuér crenudukn 3a1adn
BayKeH ITPY PellleHnN KPaeBbIX 3324 MPUHITNIA MAKCAMYyMa U B JIDYTHX KJIaccax 3a/1a4 OT-
TUMU3AIUN TPAeKTOpHii mepesiéroB KA, Hanpumep, B 3a/1a19aX ONTUMUABAINN TPACKTOPHIi
nepenéroB B Bakyyme KA ¢ peakruBubiM asurarenem "masoit”! taru [67], ¢ connednsim
napycom [35], a Takzke B 3a/auax oNTHMHU3AIMU TpaekTopuii mepesétroB KA B armocdepe
[76].

Ananu3 pe3yabTaToB perreHus 33729 ONTUMU3ANNN TpaeKTopuii mepeétoB KA B mM-
MyJbCHON W HEMMIYIbCHOI TOCTAHOBKAX IMOKA3BIBAET, UYTO, KAK MPABUJIO, SKCTPEMATN B
3a/1a9aX ONMTUMU3AIHNY 1epeéToB KA B MY/ IbCHOI TOCTAHOBKE SIBJSIIOTCA JOCTATOYHO XO-
poruM npubIMKEHreM SKCTpeMaJsieil B COOTBETCTBYIONINX 33/a9aX ONTHMAJIBHOTO yIPaB-
stenns nepejeravu KA ¢ PJIOT. B to ke BpeMst MONBITKA MCIIOIb30BAHNUS PENTEHUST 33,141
omruMmu3anuu mnepesseros KA B uMITy/IbCHON TTOCTAHOBKE JJIsT ONIPE/IEIeHIST KCTPeMaJieil B
3amadax onrumasbHoro yupasiaenns KA ¢ PJIOT 3agacryio K ycmexy He MPHUBOJISIT, 9TO, B
MEPBYIO 0Yepe/ib, CBA3AHO C HCIOTH30BAHAEM MPU PEleHN KPAaeBoil 3a/1a9u JINIIH KJIACCH-
YeCKOI BBIYUCINTEIHHON CXeMBI METO/Ia CTPEIhOBI, KOTOPasi He YINTHIBALT CIENUu(UKY 3a-
Jiagn. JlydireMy MOHUMaHWIO BOBHUKAIOIIMX TPOOJIEM Iepexo/ia OT pellieHus KpaeBoil 3a/1a-
YU UMITYJIbCHOI MOCTAHOBKHU K PEIIEHUI0 KPAEBOI 3a/1a9d HEMMITYJIbCHOM MOCTAHOBKHU CITO-
coOCTBYeT aHaIN3 MOBeeHus (DYHKIMN Hepekaoderust Y (f) yIpaBieHns BeJIHIUHO TTH
B 3a7a4ax onrtumu3anuu tpaektopuii mepesera KA ¢ PIIOT: x(t) = p(t) — m(t)pm(t)/C .
(Bxomsamasg B x(t) dbynkmus p(t) — MOmynb BeKTOpa P, (t), CONPSIKEHHOTO BEKTOPY CKO-
poct KA @ p(t) = |py(t)]; m(t) u pm(t) — ornocurensnas macca KA u coorBercrByiomnas
eii conpsizkeHHasi epeMerHast; C'— CKOPOCTh MCTeYeHHUs] PeAKTHBHOI cTpyn (MOCTOsSTHHASI
BEJINUNHA) ).

QyHKINS TMepeKTI0UeHns B 33/1a9e UMITYIbCHON TOCTAHOBKU JOCTUTAET CBOETO MAKCH-
MyMma X(t) = 0 B TOUKAX MPUIOKEHNUS UMITYILCHBIX BO3JICHCTBHI, B TO BpeMs, KaK B 33,1a-
e HeMMITYJIbCHOM TTOCTAHOBKHU (DYHKIUS IEPEKTIOUEHNST MOYXKET ObITh KaK MOJI0YKUTEIHHO,
TaK U OTPUIATETHHOM HA TMPOTSIKEHHBIX WHTEPBAJIAX JIBUKEHUsI, 9TO SBJISIETCS TTPWHITATIH-
aJbHBIM oTanuneM. Eciim B 3a/1aue UMITYTHCHON MOCTAHOBKYU TACCUBHOE JIBUYKEHUE MOXKET
MHTErPUPOBATHCS AHAJIUTHYECKH (HAIPUMED, IBUYKEHHE B IEHTPATHLHOM HBIOTOHOBCKOM
HoJie B BAKyyMe), TO 3ajia4a ONTHMHU3AIMA MOYXKeT ObITh CBeJIeHa K KOHEYHOMEPHOI 3a/1aue
HA YCJIOBHBIN SKCTPEMYM U PACCMOTPEHUE COIMPSIKEHHBIX MePEeMEeHHBIX, &, CJIeI0BATE/IbHO,
n (PYHKIUW TEPEKJTI0YeHnsT COBCEM He 00s13aTeIbHO, B TO BpPeMsl, KaK MPU HEUMITYIHCHON
MMOCTAHOBKE AHAJOTUYIHON 33/1a9d TMOCTPOeHre (DYHKINN MEPEeKJFOUeHns SIBJIsIeTCs 00s13a-
TeabHBIM. [losTOMY anaan3 ocobeHHOCTel perreHns KpaeBoii 3aa4u, KOTOPbIe IPUHOCHT C
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c000#1 (byHKIUS MEPEKTIOUYEHN ST, BO MHOTOM MOXKeT O0O'bsICHUTH BO3HUKAIOIINE TPY/IHOCTH.

B 3agaue ontuvmusanuu TpaekTopuit mepesiera KA uMmyIbCHOl TOCTAHOBKH CJIeICTBHEM
YCJIOBUI TPAHCBEPCAJBHOCTH B HAYATBHBI MOMEHT BPEeMeHHU, IPHU HAJIUYIUU UMIYJIHCHOTO
BozeiicTust, 6yaer yeaosue x(04) = 0 (Ipw HATHYIMK B 5TOT MOMEHT UMITYJIHCHOTO BO3-
neitcreust) [23]. B 3amade onrumusarun tpaekropuii epesiera KA ¢ PIOT dbyukmus y(t)
BXOJ/IUT B yCJIOBHE ONTUMAJbHOCTH JI/Isi BEJIUYUHBI TATH U ONpPeJesseT e€ MOoBeJeHue: Mpu
X(t) > 0 mara makcumasbha, npun X(t) < 0 — mysneBag (caydail x(t) = 0 npm HAXOXKTE-
HUU BeJTUYUHBI TATH TOPOKJIAET HEOTIPEIeeHHOCTh U TPeOyeT OTIebHOTO PACCMOTPEHNS ).
O6pamienue B HOTb (DYHKIUU MEPEKTIOYEHNs] B M30JUPOBAHHBIX TOYKAX (IPH CMEHEe eé
3HAKA) OIpeJIesIsieT TOUYKH MePEeKJIIYeHNs] TSTH W OJHOBPEMEHHO TOYKH Pa3phiBa MPABBIX
qacreit cucrembl guddepennuanbubix ypaBuenuit npukenus KA. [lpu perrenun 3amaqn
B UMITYJIbCHON MOCTAHOBKE 33 HAYATBLHBIM UMIYJIBCHBIM BO3/IEHCTBHEM CJIeyeT YYacTOK
MOJIETa ¢ BBIKJTIOYEHHON TATON, HA KOTOPOM HPHU PeleHuH 33a9i B UMITYJIbCHONW MOCTa-
HOBKe (DYHKIINS MepeK/iouenns orpunarenbna: x(t) < 0. B cBa3u ¢ stum HEOOyManHOE
UCIIOJIb30BAHNE HAYAJIBHBIX 3HAYEHUN CONPSKEHHBIX MePEeMEHHBIX UMITYJIbCHON MOCTAHOB-
KJ B Ka4ecTBe HAYAJJIbHBIX 3HAUYEHUI CONPSKEHHBIX MEePEMEHHBIX B 33/la4€ HEeUMITYIbCHOM
MMOCTAHOBKYM MOYKeT MPUBECTH K TOMY, UTO (DYHKINSA NEPEKJTIOUeHNs B HAYATbHBIII MOMEHT
BpeMeHH OOpATHTCS B HOJIb U 3aTeM Ha ydacTKe TpaeKTopuu moséra KA ¢ BBIKTIOUeHHOM
TATOit ocramercsa orpunaresnphoit: x(t) < 0. Beaencrsue sToro B moment crapra KA c
PJIOT mgra He BK/IIOYAETCS, 1 TOTOMY BHIOpAHHOE HAYAIbHOE MPUOJIMKEHNE OKA3BIBAETCS
HEIPUTOHBIM JIjIsl PEIleHus] KpaeBoil 3a/1a4u MPUHIUIIA MAKCUMYMa B 3a/la9€e ONTUMAJIHLHO-
ro yupasieansa KA ¢ PJIOT. /Inga yrydmenns HauaJ bHOTO TPUOINKEHIS TapaMeTPhl IIPH-
CTpeJIKH (CONPSZKEeHHbIE TepeMeHHbIe) [T HeUMITYJIbCHOTO CJIydasi HeoOXOJIUMO BHIGPATH
TakK, YTOOBI BKJIIOUEeHHEe TATU NMpou3onuio. [logobuas mpobiemMa BO3HUKAET W HA TPAEKTO-
pUSAX C UMILYJIbCHBIMU BO3JEHCTBUSIMH B IPOMEXKYTOUYHbIE MOMEHTHI BpeMeHu: (DyHKIUs
X() Ha TAaKMX TPAEKTOPHIX JOCTUTAET CBOEr0 MaKCHMaJbHOro 3navenust x(t) = 0 B or-
JeJBHBIX TOYKAX (TOYKAX MPUJIOKEHUsT MMITYJIbCHBIX BO3JEHCTBH), U IPU [epexojie K pe-
MeHUI0 33a49n onTuMu3anun Tpaekropuii mepenera KA ¢ PIOT npu Tex ke 3HaYeHHAX
a30BBIX U CONMPSIKEHHBIX MEPEMEHHBIX MPOMEYKYTOUYHBIX BKJIIOUEHUN TATU HE TPOUCXO-
JIAT, BCJICJICTBUE Yero MPUOJIMKEHNe OKa3bIBaeTCs IIOXUM. [ljist yaydinenus HavaabHOTO
IPUOJIHKEHNST TAPAMETDBI IPUCTPEIKH (CONPsiZKeHHbIe TIePeMeHHbIe) He0OX0 MO BHIOPATH
TakK, YTOOBI BKJIIOYEHUE TATH ITPOUZOILIO U ITPOMEXKYTOUHBIH y4aCcTOK TPACKTOPUHU TOJIETA,
KA ¢ PIOT ¢ BKIOYEHHON TArOid COOTBETCTBOBAJ IO MPOJOKAUTETBHOCTH BKJIIOUEHUS
TATU U €€ OPUEHTAIIMH MPOMEXKYTOYHOMY HUMITYJTLCHOMY Bo3/eiicTBui0. Takum oOpazoMm,
OYEBHUHO, YTO peIlleHre 3aa9l UMITYILCHON TOCTAHOBKH SIBJISETCS XOPOIIUM HAYATbHBIM
NpUOINZKEHUEeM TOJIBKO JIJII HACCUBHBIX YYaCTKOB U Oyjzier 0oJiee MPaBUIbHBIM HCIOJIb-
30BaTh UMIIYJIbCHOE PElleHre B KadecTBe HAYAJIbLHOIO NMPHUOJIUKEHHUS JJIs CONPSAZKEHHBIX
HepeMeHHbIX B MOMEHTBI Havyasa u(Mai) OKOHIAHUS TACCUBHBIX YYACTKOB. DTO MPUBOIUT
K HJIee UCIOJIB30BATH METOJ MHOTOTOYEYHOW TPUCTPETKH, YTO MO3BOJUT TOJHEE UCTOJIb-
30BaTh UMIYJIbCHOE DeleHne JJis MOCTPOEeHUs HAYAIHLHOTO MPUOTHKEHUs PelleHus HenM-
IyJILCHOM 3a/1a41, T.K. BMECTO JIAHHBIX B OJHON TOYKe (TOYKe crapTa — MOMEHTA MepBOro
MMITYJIbCA) TIPH 9TOM HCIOJIB3YIOTCs 3HAYEHUST IEPEMEHHBIX B TOUKAX HAYAJIA U OKOHYAHHWSI
MACCUBHBIX YYACTKOB. DTO MO3BOJUT TaKyKe HCKIIOUUTH HEJOCTATOK JIBYXTOUEUHON CXe-
MBI, CBSI3AHHBII C T€M, UTO JIJIS HAYaa aKTHBHOIO YYACTKA (MEePBOr0 aKTUBHOTO yYUACTKA)
UCIOJIB3YETCS HAYAJIbHOE MPUOIMKEeHNe MOCTPOEHHOe HA OCHOBE 3HAYEHUN COMPIZKEHHBIX
MEPEMEHHBIX COOTBETCTBYIOIIMX HAYAJIy HACCUBHOTO YyYaCTKa.

HeobxoaumocTh Bbruuc/ienust (pyHKIIMU TEePEKJII0UEeHNAsT U HAXO0XK/IeHUs e€ HyJeil B 1po-
necce perienus 3aja4u Kot co3naér 3nadnTesibubie TpyaHocTr. Ha npusejgentoii 010K-
cxeme (CM. puc. 2) BeIYHC/IeHHE (DYHKIUU MEPEKTIOYeHHsT HAXOAUTCS HA CAMOM HUZKHEM

19



VDOBHE U BJIHSIET Ha CXOAUMOCTBH BCEIO MeToja B IestoM. Jlejo B ToM, uTo myau yHKInH
nepexTodenns (TOUKN HePeKTIOUeH sl TATH U TOUYKH Pa3pblBa IEPBOTO POJA JIsl IIPABLIX
qacreii cucrembl 1Y) BBIUHCISIOTCS YUCTIEHHO € HEKOTOPOil BBIYHCIATETBHON IOIPEIIHO-
CTBIO.

[lycth 7 — TOYHOE 3HAYCHIE TOUKH TIePEKTIOUeHMs, & T — e YNCACHHOe IPHO/ K e
(cMm. puc. 3).

YHCAEHHOE NPHBAHXEHHE hYHKLHH

TOYHOE ZHAYEHHE (phYHEKLHH

Puc. 3: Tounoe 3navyeHne u 4ucjaeHHoe NpubInzKeHne Hyad MYHKIUNA TePEKTI0UeHHS.

3-3a BLIYMCAUTEILHON TOTPEITHOCTH ONpe/Ie/IeHHs TOUeK MePeKJII0YeHnsd Ha HHTepBa-
!
ae (7 ;7) ynpasienue P(t) u, cienoBaresibHO, paBbie dacti auddepeHnnanibHbIX ypaB-
HeHWil, comepKamux yrupasienue P(t), Boranciasgorca zerouno. CrupaseinBo

Vreepxkaenne 1.1 [78, cmp.66] ITycmo dan 3adavwu Kowu
v = flz,y), y(zo) =vyo, u €€ wucaennozo pewenus v(r) cnpacediuss, OUEHK:

u<f§§<x, W) <U(@), v e lylx),o(a))

10 (2) = f(z, v(@)]| < 6(x),  [[o(zo) = y(wo)ll < p,

[|[E+hA|-1
h

2de pu(A) = limp_op>0 - pozapudmuneckas Hopma mampuuyv, A = , (nau-

S
~

Goavwee cobemeennoe snavenue mampuuyw (AT 4+ A)/2 ).
moeda npu T > Ty UMEEM MECMO OUEHKA:

ly(z) = o(@)]| < Do+ [ e HO5(5)ds),
ede L(x) =[5 I(s)ds.

Taknum o6pa3oM, MpH YUCJIEHHOM OIPEJEJeHNH TOYKH TepeK/IoYeHns ynpasienus P(t)
u3 yeiaoBuit ontumasnbHocTd (10) oneHka rao6aabHON BHIYHCIUTEIHHON OIMMOKN pPereHust
sagaun Komm ysemmumpaercss ma eX(®) [2 e7L(9)§(s)d(s), m 9Ta onenka 3arem SKCHOHEH-
MUAJTHHO BO3pacTaeT. B paccMaTpuBaeMbIX 3ajadax 3Ta OIEHKA JocTuraercd. Hammawme
OOJIHIION0 KOJMYECTBA TOYEK MEPEKJIIUYeHns: W O0JIbInast MPOJIOIKATEIHHOCTL Mepesera
MOTYT HMPUBECTH (M TPUBOJAT) K MPAKTUYECKOH HEBO3MOXKHOCTH perrarh 3agady Kormm ¢
TpebyeMoil JiJisi periennsi KpaeBoil 3a/1a49M TOYHOCTHIO.
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Yucennoe uarerpuposanue 3ajga4un Kommm Ha Bceil MpOTSIzKEHHOCTH aKTHUBHBIX U MAC-
CUBHBIX YYACTKOB HAKAILJIABAET 3HAYATETHHYIO BEIYUCTUTETBHYIO OMMHOKY, YTO TAKYKe BITU-
deT HA CXOJUMOCTDb BCETO METO/a CTPETHOBI.

1.3 BruruancanreabHasg cxeMa YNCJIEHHOI'O pemeHmnd 3a1a49m

YKazaHHBIE CJIOKHOCTH PEIIeHUs 33/1a9 ONTHMHU3ANUNA MHOTOBHUTKOBBLIX mepeseToB KA c
PJIOT moka3swiBatoT, 9TO J1/Isi PEMIEHUs ITUX 331849 HAJI0 MOAUMDUIHPOBATH HE TOJHKO CIO-
€00 TOCTPOEHUST HAYAJIHLHOTO TPUOJIUKEHUSI, HO U BBIYUCJIUTEIHHYIO CXEMY.

B nannoit pabore npe/yiaraercs BHIYUCTUTETbHAS CXeMa PEIeHN s KPAeBbIX 3314 TTPIH-
AT MAKCUMyMa TIPU ONTUMHU3AIIE MHOTOBUTKOBBIX TepeneTroB KA. XapakTepHbie 0co-
OEHHOCTH 3TOU BBIYUCIUTETBHON CXEMBI CJIeTyIOTIHe:

1) Beg TpaekTopusi pasbuBaeTcs Ha (DUKCHPOBAHHYIO MOCJEI0BATENbHOCTh AKTUBHBIX U
MMACCUBHBIX YIACTKOB;

2) B BEKTOD MapaMeTpOB MPUCTPETKH BKJIIOYAIOTCH Bee (DA30Bble W CONPSIKEHHBIE Iepe-
MEHHBbIE B TOYKAX IEPEKJIIOYEHAs TATH, & TaKzKe TPOJOJZKUTEJTbHOCTH AKTHBHBIX WU
MACCUBHBIX YUYACTKOB (MCIOJIB3YeTCsS AHAJOT METOJA MHOIOTOUEUHON MPUCTPEJKH), a
B BEKTOP-(DYHKIUIO HEBA30K — COOTBETCTBYIOININE ITUM HOBBIM MapaMeTpaM IIPHUCTPeJI-
KM YCJIOBUS CTHIKOBKHM yYaCTKOB TPAEKTOPHUHU U YCJIOBUS MEPEKJIIOYEHUS TSITU;

3) Tpu UHTErpUpPOBAHNN 3aa4u KO CUATAETCs, YTO HA AKTUBHBIX YUACTKAX TATA BCIOLY
BKJIIOUEHA, a Ha MMACCUBHBIX — BBIKJAIOYEHA, TO €CTh YIpaBJeHWe 10 BeJWYUHE TATU
3a/1a€TCs, & He BBIOMPAETCA U3 YCJIOBHIl ONTHMATBHOCTH.

Takas cxema mo3BOJIgeT W30€KATH PA3PHIBOB YACTHBIX MTPOU3BOTHBIX BEKTOP-(DYHKIIUN
HEBSI30K 110 HAYAJbHBIM 3HAYEHUSIM CONPS?KEHHBIX MEPEMEHHBIX U U30aBJigeT OT HEe0OXO-
JIMMOCTHU YHCJIEHHOT'O OIIPejiesieHus TOYeK TepeK/iouenus Taru. [Ipu 3rom BhIamuc/MTE 1H-
Has OImuMOKa ormpejeseHus HyJeil (DYHKIUU MEePeK/JII0YeHUs ePEHOCUTCS B MOIPENTHOCTD
OTIpe ie/IeHus HyJeil BeKTOP-(DYHKIINN HEBI30K U He HAKAILTUBAETCS MPHU PENeHud 3aa9n
Kommu. 3anaua Kommn penmaercsd Ha yaacTKax Me¥KIy TOYKAMU MEPEKTIOUEHIS TATH OT/IeTb-
HO, & He Ha Bceil mpoTazKeHHOCTH Tepesera cpaly. [Ipu aTom rimobaibHas BEIYUCIATETHHA
omurbKa MeToja perrenus 3a/4a4u Ko HakanimBaeMas Ha KaxKJI0M y4acTKe TaKzKe Tepe-
HOCHUTCSI B TIOTPEITHOCTD ONpejieieHus HyJ/ieil BeKTOp-(PYHKIUU HEBA30K, a He MPOI0JIZKAET
HAKATLTUBATHCS TP WHTETPUPOBAHUH TTOCTIETYIONNX YIACTKOB. Beé 9310 MO3BOIIeT 3aMETHO
YMEHBIIATH BBIYUCIUTENbHYIO OMHUOKY (OJHY BBIYHCIUTENBHYIO TOTPEITHOCTD PA3/IEIUTh
HA HECKOJBKO MEHbBIITHNX ) U MOJYIUTh JOCTATOTHYIO JIJIS CXOAUMOCTH MeTo1a HbioToHA TOU-
HOCTDb BBIYUC/ICHUST KOMIOHEHT BEKTOP-(DYHKIIUU HEBS30K.

Hemocrarkom Takoro mojxojia siBjaseTcs To, 9T0 HeoOX0 MO (PUKCUPOBATH CTPYKTYPY
TPaeKTOPUH U UCKATH IKcTpeMasn [loHTparnna ToJbKO B K1acce pelnennii (hpnKCHpOBaHHON
cTpyKTyphl. [l03TOMY Ha MOCTPOEHHBIX PENIeHUIX HEeOOXOINMO MPOBEPATH YCIOBUE TOTO,
YTO OHO SBJIETCS PeIIeHneM WCXOTHON KpaeBoil 3aj1a4un. B mameMm ciydae T0CTATOTHO
[POBEPUTH YCJIOBHE ONTUMAJBHOCTH MO YIIPABJIECHUIO BEJIUYMHONW TATH, T.K. NPEJIJIOKEH-
Has MoJudUKaIUs He MPOBepsieT TOJBKO 3TO ycjoBue. KojimiecTBO BO3MOXKHBIX CTPYKTYP
OrpaHu4eHo (B MEPBYIO OYepeib N3-3a OrPAHMYEHNsT BDEMEHH MepesieTa), u JJ0CTaTOYHO T10-
CTPOUTH TOJBLKO HEKOTOpBIe W3 HUX. B mTOre, ¢ MCHOJb30BaHUEM CETEKITUU PelreHuii 1o
dbyHKIIMOHATY, BLIOHpaEeTCd SKCTpeMasIb Hanboee BHITOIHON CTPYKTY PHI.

Pasmepnocth BekTOpa mnapamMeTrpoB HPUCTPEJIKH U BEKTOP-(PYHKIIMU HEBA30K IPHU HC-
MOJTH30BAHUHT TOI CXeMbI BO3pacTaeT BO MHOTO pa3. Cremayer, 0JHAKO, OTMETHTb, YTO MaT-
pHUIla TPOU3BOIHBIX UMeeT O/i0unbli BUA. [Ipu eé nmocrpoennn HEOOXOAUMO perraTh 3339y
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Ko Bcero Heckobko pa3 Ha KarxKJa0M ydacTke. Kogn4aecTBo mepeMeHHbIX, /11T KOTOPBIX
TpedyeTcs HaiiTH HaYa IbHOE TPUOIUKEHNEe YBETHINIOChH, UTO JT0JIZKHO ObLITO OB YCJIOXKHUATH
3a/1a1y, Tak Kak Tpedyercs "yragars" Gosbinee KommaecTBo BetndnH. OIHAKO B IIpe/1iara-
eMOif BBIYUCIUTEIBHON CXeMe TO OKa3bIBAETCS IMPEUMYIIECTBOM. Tak Kak OJIHOBPEMEHHO
MpeJIaraeTcsi aJrOPUTM MOCTPOEHUsT HAYAIBHOTO TPUO/INKEHUsT HA OCHOBAHWH DEIIeHUS
33129 B UMITYJIbCHON MOCTAHOBKe. B cujIy TOro, 4To HavYabHOE TPUOJINZKEHUEe CTPOUTCS
He TOJIBKO /Tl TOYKH CTapTa, HO U JJII BCeX TOUEK MePeKJIOUeHHusd TATH, PellleHne 3a/1a9n
B MUMIYJIbCHOI TOCTAHOBKE UCHOJIb3yeTcd Oosiee mosHO. [Ipm 3TOM 3HAYEHHS COMpsIZKeH-
HBIX MTePEMEHHBIX TPU MOCTPOCHUU HAYAJIHHOTO MPUOJINZKEHUs OepyTcs PaAaBHBIMEH COOTBET-
CTBYIOIIAM 3HAYEHUSIM COTPSI)KEHHBIX TIEPEMEHHBIX B 33/1a9€ UMITYIbCHOI MOCTAHOBKH 0€3
Kakux-an60 m3MeHeHwuit (cM. Hanpumep, OpPMyYJIbI MOCTPOEHUST HAYAIBLHOTO MPHOJIH-
Kenug B riaBax 2 u 3). Takum o0pa3oM yaaercst PEIIuTh CaMYI0 CJIOXKHYIO MpobemMy —
npo0IeMy MOCTPOeHUs HAdYaJIbHOrO Mpubankenusd. B memom ke B paboTe 0THOBpEMEHHO
peIIalTcs B3ANMOCBSI3aHHBIE IPOOJIeMbI BEIOOPA 3 (DEKTUBHOI BHIYUCIUTEIbHON CXeMBI
BBIOOPA XOPOIIEro HAYAJILHOTO MPUOJINZKeHHs! (BBIYUCIUTeIbHAS cXeMa canTaeTcs: 3hdek-
TUBHOMW, & HAYAJIHHOE TMPUO/INKEHe — XOPOIIHUM, €CJT OHU MO3BOJIAIOT PEIUTH 33/1a9y 3a
IpUeMIeMoe BPeMs).

PaccmoTpum npuitoxKenne MpeamozKeHHONl CXeMbI K PeleHio 3a/1a9 ONTHMI3AIIT MHO-
TOBUTKOBBIX HepeéroB KA mexny kpyrosoivmu opboutamu MC3.

Bepxwusist rpatb My, KoHEeUHOH Macchl KA, cOOTBETCTBYIOIIAs PEIIEHHUIO 331291 B M-
HyJIbCHOM TocTanoBke, st epesiera KA ¢ PIOT spasiercst TO9HON: Mg, = supm(T), u
Jocturaercsd Ha MunuMusupyorieit yuakmunonan (1—m(7T)) nocienosareabHOCTH — "THK-
JITIECKOM CKOJIB3SIIeM pekuMe' | mpeiCcTaBagoneM coboit 6eCKOHETHYIO MOC/Ie0BaTe Th-
HOCTB TIEPEXOJIHBIX KBAZUALIUITHYECKUX OPOUT (IUKJIOB) ¢ BKJIIOUEHUSIMU OTPAHUICHHOI
TATH HA MAJIOe BPEMs B OKPECTHOCTSIX TOYEK MpUIozKeHust My abcos [50, 28, 29|. Tak kak
TSITA, OTPAHUYEHA, & BPEMEHA €€ BKJIIOUEHWIT MaJjIbl — BPeMs mepesiera OyJIeT CKOJIb YTOTHO
BEJINKO.

Beckoneuno moirume mepeséTsl He MPEJICTABISIOT OOTBIIOTO WHTEpPeca s MPAKTUKH.
Henbro 7annoit paboThl ABISIETCSI MOCTPOECHUE MPUOTUKAIONINX UMITYTbCHOE PereHne MHO-
FOBUTKOBBIX TpaekTopuii nepeaéro KA, Bpems mepesera 1Mo KOTOPbIM (& MOTOMY 9YHCJIO
BUTKOB BOKDYT 3€MJI M YHCJI0O aKTUBHBIX Y9acTKOB) orpanndeno. s sToro npu perre-
uun 3a1a49n ontumusanun nepesera KA ¢ PIIOT ummysibcabie BO31eiCTBUS, Oy YI€HHBIE
B pe3yJbTaTe pelreHus 337a49i ONTHMU3ANUN B UMITYJIbCHOI TIOCTAHOBKE, PeaTU3yIOTCs 3a
OTpAaHWYEHHOE KOJTMYECTBO BKJIIOUEHUI JIBUTATEIS B OKPECTHOCTH TOYEK MPUJIOKEHUS M-
MYJIbCOB.

Omnpenenenune. CTpyKTypoit TpaekTopun OyAeM Ha3bIBATH MOCIE0BATETHHOCTE TUCET
(ay,as,..,a,), TAe N — KOJHYECTBO UMITYJIbCOB B ONTHMAJIBLHOM HMITYJIbCHOM DeIeHuH, d;
— KOJIMYeCTBO BKJIIOUEHUI JIBUTATENS, 38 KOTOpOe peanmusyercsd i-it ummyabe. [Ipu stom
AKTUBHBIE YYACTKHU, COOTBETCTBYIONINE ¢+ | MMITYIbCY, HAUNHAIOTCS TOJTBKO MOCJIe TMOCIe/I-
HETO aKTHUBHOTO YYACTKA, COOTBETCTBYIONIETO ¢-MY UMITYIbCY.

[TocTtpouB n-uMmy/IbCHOE pellieHne 331a9u UMITYJIBCHON MOCTAHOBKHM, MOXKHO Pa30uTh
KayKJIbIil -1 UMIIYJIbC HA @; YHCI0 UMIY/IbcoB. [Ipn srom nosyuurcss Y 7 | a; - UMILYJIbC-
HOe pellieHne, KOTOpoe OepéTcd 3a HavaabHOe TPUOJIMKEHWe BEKTOpa MapaMeTpoB ITPH-
CTPEeJIKU B HOBOIl BBIYUCIUTENBHON cxeMe. [IpomomKuTe IbHOCTH TACCUBHBIX YIACTKOB BbI-
YUCTIOTCS KaK MePUO/Ib OOPAIEHUs 0 COOTBETCTBYIONUM KeriepoBcKuM opoutam. [Ipo-
JIOJIKUTEIBHOCTH AKTUBHBIX YIACTKOB BBIUUCJISIOTCS U3 PACXOIHOTO udepeHIna bHoro
ypaBHeHust it Macchl m = —P/C'. HauanbHoe npubinzKkenue /i 3HAYEHUI CONPSIZKeH-
HBIX TIEPEMEHHBIX TI0JIATaeTCsl PABHBIM COOTBETCTBYIONINM 3HAYEHUSIM COMPSIKEHHBIX TIe-
PEMEHHBIX B N -UMIYJBCHOM pelnennn. B paccmarpuBaemblx B JaHHON paboTe 3aavax
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TaKOW TOYHOCTH HAYAJILHOTO MPUOJIMKEHUS OKA3bIBAETCs JIOCTATOYHO W PelaTh KPaeBYIO

3a/1a1y B MMITYJIbCHOI IOCTAHOBKE (JIJIT TIOCTPOEHUST Y+ 1 4; - UMIIYJIBCHOTO DEIleHus1) He

Tpebyercs. OTMeTHM, UTO B JPYTUX, BO3MOXKHO 60JIee CJI0:KHBIX, 33a9aX MOYKHO BOCIIO b~

30BaThCs ITUM "pe3epBoM' W JIsT IOCTPOEHUST HAYAJIHLHOTO TMPUOJIMZKEHUsS COTMPSIKEHHBIX

HepeMeHHBIX PelINTh KPAeBYIO 33/1a49y I IOCTPOEHHU ). | @; - UMIIYJIbCHOTO PelleHusl.
CxemMaTnIHO MOCTPOEHNE HAYAIBHOTO TMPUOJINKEHUsT TTIOKA3aHO HA pUC. 4:

ARTHRHEA  ACCHRHRR
FURCTE YRR

ﬁ. “.h”-'lﬁ cmsamm P ==euﬁ=‘2 ;--..-_-u : i u-.rﬁ

HOMRA Ty e 0l C LS

N, h,
i - | |

JE AR NOPSEHHLDL MEEEBHICATTA
CTEHENIEEA

i Ty il

HETY TSSO P LR

Puc. 4: Cxema nmocTpoennsi Ha9aIbHOTO TPUOJIMZKEHUSI.

1.4 Ocobvble ynpaBjieHUd

[Tpu onrumuzamuu nepeseroB KA ¢ PJIOT Bo3MokHO 10siB/IeHIE yIaCTKOB 0COOOTO yIIpaB-
JIEHUSI, TO €CTh YYACTKOB, HA KOTOPBIX YIIPABJIEHUE HE OIPEJIE/IAeTCsI OJHO3HAUHO U3 HE0OXO-
JIUMBIX YCIOBUi onTuMaabHocTh. [TocTpoenue TpaeKTopuii ¢ yaacTKamMmu 0coboro yIpas.ie-
HEA 1 UCC/IeJI0BAHNE UX ONTUMAIbHOCTH IPEJCTaB/IsgeT cO00i OTAEMBHYIO CI0KHYIO 3a1a1Y.
B paccmarpuBaeMbIxX B JaHHON paGoTe 3aJadaxX ONTUMH3AINMHA MEXKOPOUTANbLHBIX IIepeie-
TOB MOYKHO [I0Ka3aTh OTCYTCTBHE YIACTKOB 0COOOI0 YIIPABJIEHHUs 110 HAIIPABJIEHUIO BEKTOPA
raru. OTCyTCTBHE yYacTKOB 0cODOrO yHpaB/ieHus 110 Beqndnte Tsru P(t) yaaercst moka-
3aTh B 33/a4e OBICTPOJIEHCTBYIS U B 33/la4e Ha MUHUMYM Pacxo/a Macchl 6€3 orpaHuyeHuil
Ha BpeMst niepesiera |16, 17]. B obrmem ciydae J0Ka3aTh OTCYTCTBHE ONTUMAILHBIX TPACKTO-
pHii ¢ y9acTKaM#u 0cOO0ro YIpaBIeHusd [0 BeJUInHe TATU He yaaercs. cciegoBanue onTu-
MaJIbHOCTH TPAEKTOPHI C y4aCcTKaMu 0cO00T0 yIpaB/ieHus: TpebyeT pacCMOTPeH sl YCI0BUil
BBICIIUX MOPsIJIKOB, Hanpumep, yciaosus Kejmu win Konna-Moiiepa, a Takyke BO3MOKHBIX
€1oco6OB CTBIKOBKH OCOOBIX M HEOCOOBIX ydacTKOB [14].

BamernmM, 94TO IPH KCHOIB30BAHUN MPETOKEHHON MOINMDUIUPOBAHHON BBIYUCTUTE b
HOIT CXeMBI HeJIb3s IIOCTPOUTH TPACKTOPHHU ¢ YUYACTKAMHU HEHYJIEBOTO 0COOOIO YIPaBICHHS.
Bupouem, HCIoMb30BaHRe KJIACCHYECKOi BLIUUCIUTENLHON CXeMbl METO/Ia CTPEIbObI K yCIIe-
Xy Takzxe He npusener |20, 73|.
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2 3agada oNTUMHU3aINU MHOTOBUTKOBBIX MEXKOPOUTAJIbL-
HBIX MEePEeJETOB MEXKAYy KPYTOBHIMI KOMILIAHAPHBIMN
opoutavmu MC3

2.1 TIlocranoBKa 3aga4n

B kauecTBe 1epBOro mpuMepa NPUIOKEHHS IIPEIJOKEHHONR METOIUKH PACCMATPUBACTCS
3a/1a4a ONTUMAJIBHOTO yIIPABJIEHNs MHOTOBUTKOBBIME TepeeraMu KA Mexk Iy KpyroBbIMu
KoMILTaHapubiMu opouTamu NC3. Vipas/ienue ocyIecTB/IseTcs TOCPeJICTBOM BEKTOPa Ts-
' PEAKTUBHOTO JIBUTATEIA OIPAHUYEHHON Tsaru. MUHUMHU3UPYIOTCH 3aTpaThl MacChl IPH
OrpaHUYEHHOM BPEMEHH epeJsIeTa.

[110cKoe jiBUKeHHMe TeHTPa MacC OJHOCTYHeHIaToro KA mepeMeHHO Macchl ¢ peax-
TUBHBIM JBUTATE/EM OIPAHUYEHHON TATH B IEHTPAJILHOM HHIOTOHOBCKOM T'DABUTAIIMOHHOM
HOJI€ OJHOTO HPUTATUBAIOIIETO NEHTPA B BAKYYME IIPU YIPABJICHUN BEKTOPOM TATH OMHUCHI-
BaeTCS B CBA3AHHON C NPUTATHBAIONMM HEHTPOM TOJAPHOI cucreme koopauHat audde-
peHIAIbHBIMU ypaBHeHusME [27]:

m:_P/O7 72:“’7 gb:'U/T,

= (Pcosf)/m+v?/r —pu/r?, ©=(Psin@)/m —uv/r. (17)

[Tpu pemenun 3a7a9nm PacCCMATPUBACTCA MaTEMATHYECKast MO ONMMCAHUS yTIPABJIA-
eMoro JBukeHus menrpa mMace KA, B koropoii dazossie mepemennsie m(t), r(t), o(t),
u(t), v(t) — HempepbIBHBIE KYyCOYHO-TJIAIKHE (DYHKIUH, YIOBIETBOPSIONIHE HA YIACTKAX
HEIPEPBHIBHOCTH yIpasagomux ¢yukmuii (ynpasiaenuit) P(t), 0(t) cucreme (17), a hyHk-
mun P(t), 6(t) — KycodHo-HenpepbIBHBIE OIPAHIYEHHbBIE:

0 < P(t) < Ppaz <00, 0<0(t)<2r Vtel0,T]. (18)

B nmagaspabiii MmomenT Bpemenn t = 0 KA aBmzKeTcst 10 HadaIbHONW KPyroBoit opOm-
te C3 pamguyca Ry ¢ opburaibpuoit ckopoctbio Vo = y/u/Ry (yaursiBas, 910 opouTHI
KPYTOBble, TOUKY cTapTa (Ge3 OrpaHuveHus OOIMIHOCTH MOYKHO (DPUKCHPOBATH):

m(0) =1, 7(0) =Ry, ¢0)=0, u(0)=0, v(0)="V. (19)

B koneunnlii 3apanee #He GhUKCUPOBaHHBI MOMeHT Bpemenn t = T KA nomxken jsBu-
rarbCs IO KOHeUHOH Kpyrooit opomrTe MC3 pammyca Rr ¢ OpOUTaIbHON CKOPOCTHIO

Vi = \/m (yrsioBoe nosoxkenne (1) KA npu stom HedukcnpoBaHo):
r(T)= Ry, u(T)=0, o(T)="Vy. (20)
O6rriee BpeMd mepesieTa OrpaHndeHo:
T < T (21)
Murnmusupyiores 3atparsl Maccsl (1 —m(7T)) nim SKBUBaTEHTHBIH UM (DYHKIIHOHAT:

[ = —m(T) — inf. (22)
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2.2  YcaoBusg MPUHOINNA MAKCUMYMa

Bamaua (17)-(22) npeacrasuser coboii 3a1ad1y ONTEMATLHOTO YIPABIEHHUS W DEIIAETCS Ha
ocHoBe TpuHIna Makcumyma [lorrpsruna |3, 15, 69]. @yukuus [lontpsiruna H u Tep-

MHUHAHT [ 337291 UMEIOT BUI:

H(m,r, ¢, u,v, P,0, D, Dry Doy Pus Pv) = —PmP/C + pru+ pyv/r+

+pu((Pcos®)/m +v?/r — u/r?) + p,((Psin @) /m — uv/r),

L= Xo(—m(T)) + Amo(m(0) — 1)+
+Ar0(1(0) — Ro) + Apo(0) + Ayou(0) + Ao (v(0) — Vo)+
+)\TT(T(T) — RT> + )\UTU(T) + )\vT(U(T) — VT) + )\T<T — T*),

(23)

/e HelpephIBHbIE KYCOUHO-TIaKne GyHKINK (ConpsizkeHnbie iepemennnie) p;(t) (i =m,
rL,Q, U, V)AUACTA N\, A7, Mg (i=m, r, @, u, v), Ny (1 =7, u, v) — MHOKUTEJH

Jlarpamxa.
VenoBug NpuHIATIA MAKCEMyMa /T pacCMaTPUBAEMO 3a/1a4H.

e VpaBuenust Oilnepa-Jlarpanka (coupsikennas — cucrema: P = —%77—.[ ,
i=m,r,o,u,v):
Pm = P(p,cos+ p,sind)/m?,
Pr = pov/r*+ pu(V?)r? = 2p/13) — pyuv/r?
pap = 07 (24)
pu = —prt va/T,
pv - _pcp/T - pu21)/7" + pvu/r'
e YcioBug TPaHCBEPCATBLHOCTH 1o dazoBBIM HepeMeHHBIM
iy Ol , _ 0l . .
(pl(o) - 82(0)7 pZ(T> - 8Z<T)7 t=m,T, (,07U,U).
pm<0) - >\m07 pr(()) - )\r07 p@(()) = )‘cp(b (25)
pu(o) = >\u07 pv(o) = >\v0;
pm(T) = )‘Oa pr(T) - _>‘7‘T7 pap<T) =0, (26)
pu<T) = _)\uT7 pv(T) = _)\UT'
e Vcaosue cramuonapuoctu o T (H(T) = %)
H(T) = Ar. (27)
e VC/I0BUS ONTUMAJIBLHOCTHU 110 yIIPABJICHUSIM:
{P,0}or = argabsmax H(---,P,0,---); (28)
PE[0, Prag), 0€[0,27)
CJIEJICTBUS yCJIOBHUI onTuMasbHOCTH (28):
(cos 6, sinf)ope = { (cosf,sinf) V0 € |0,2m), p=0 mm x <0
2
Praz, x>0, (29)
Py = 0, x < 0,
VP €0, Prasl, x = 0;

X = p—mpn/C — dyHkuus nepexirodenus yupasienuss P, p = /p2 + p2.

25



e VNcJIOBHUE JOTOJIHSONIEH HEeYKEeCTKOCTH:

Ap(T —T*) =0. (30)
e YC/IOBHS HEOTPHUIATETHHOCTH:
Ao =0, Ar >0. (31)
e Veiosue HEPasencrsa OnoBpemento Hymmo Beex muoxkuteseit Jlarpauzka (yciosue
HEPOH):
| > (||Pi||0+|>\z‘o|)+'z \Xir| + Ao + Ar # 0. (32)
i=rp,u,0,m i=r,u,v

e Vc/I0BHe HOPMHUPOBKH MHOKHTe el Jlarpamxka:

pr(0) + p(0) + p(0) = 1. (33)

2.3 KpaeBaga 3ama4a

Cootrnorrenust (17)-(20), (23)-(33) npeacraBisior coboit KpaeByIO 3ajady sl CHCTEMbI
OOBIKHOBEHHBIX U DepeHInaTbHbIX ypaBHeHuil (KpaeByio 3aJady MPUHIUIA MAKCHMY-
Ma). HeusBectubivMu B Heil saBistiorcs 10 MOCTOAHHBIX WHTETPUPOBAHUS €€ CHCTeMBbI -
dbepennmanpubix ypasuennit (17), (24), Bpems nepenera T u uncioBbie MHOKUTE N Jla-
rpaixa o, Ar, Ao (i =m,r, o, u,v), N\ (i =r,u,v) — Bcero 21 Henspecrroe. s nx
onpejesienns uMeercs 21 ycaosne — 8 kpaeBbix yeaosuii (19), (20); 10 yeioBuit Tpancsep-
casmpHOCTH (25), (26); ycaoBue cranmoHapHOCTH (27); YCJIOBHE JTOTOTHSIONIEH HEKECTKO-
cru 30 U ycaoBHE HOPMUPOBKE (33), CBSI3aHHOE € OJHOPOJHOCTHIO (DYHKIUU JIarpaHzKa mo
MHOXKHUTEIIM Jlarpamnrka, mo3BoJISIONIeil BHIOMPATh MHOXKUTEIN Jlarpanzka ¢ TOYHOCTHIO
JI0 TIOJIO?KHTEIHHOTO COMHOYKHUTEIA.

2.4 Amnajgu3 KpaeBoii 3aa4n

Vreepxkaenne 2.1 Bubop nopmuposku 6 sude p2(0) + p2(0) + p2(0) = 1 xoppexmen.

HokazarenbcTBo. O6pamenne B Hotb cymmMbr p2(0) + p2(0) + p(0) Breder 3a coboii
pasernctBo Hymo 3Hadenuit p,(0), p,(0), p,(0). Tax xax p,(7T) = 0 u p, = 0, 10
u p,(0) = 0. [locreanue weTblpe ypaBHeHHS U3 cHCTeMbl (24) orTmensdiorca u obpasy-
ot cucremy Jimaeiabrx OV ¢ nepemenubivu kodddurmentamu. Perenne 3agaun Komm
JUTS JTAHHOIT CHCTEeMBI, ¢ HYJEeBBIMU HAYAIbHBIMU 3HAYEHUSME TIepecekaer B Touke ¢ = (
HyJIeBOEe DEIeHne M [0 TeopeMe O CYIeCTBOBAHUU M €JIMHCTBEHHOCTH pelIeHud 3a/aduu
Kommu st cucteMbl OOBIKHOBEHHBIX ypaBHeHuil [65] coBmagaer ¢ mum. Takum oGpazom
Pr(t) = pu(t) = pult) = pu(t) =0, t € [0;7]. YTo Takke BiedeT 3a cOOOil TOXKIECTBO
pm(t) = const. Ilpuuem B cuity yeiaoBuit HeorpuiateabHoctn (31) u TpaHCBepCaJTbHOCTH
(26) pm(t) = const > 0. U3 ycaosuit ontumaabrocTu (29) cieayer, 9T0 BKIIOYEHHE TSTH
(a, cemoBaTEIBHO, U MEPEJIET) BO3MOXKHO TOJLKO ecau p,,(t) = 0. 13 yciosuii Tpanc-
BepcasbHocTH (25)-(26) cieyer, 9To Bee MHOXKHATETH Jlarpanka o6palaTcs B HOJb, YTO
nporusopeunt yeiaosuio HEPOH (32) [21]. Takum o6pazom, BEIGOP yKa3aHHONH HOPMUPOB-
KM TIPaBOMEpeH.

13 paccMoTpeHrst MOYKHO HCKJTIOYUTD BCE CKAIAPHBIE MHOKATE ! Jlarpanska u Kpaesas
3aja4a Oyaer uMeTh CJIeIYIONni BUI:
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e cucrema OIY — (17), (24);

® HEH3BECTHDbIC:

r(0), 9(0),u(0),v(0),m(0), pr(0), 4 (0), pu(0), o (0), pm (0), T

® YCJIOBHS:
m(0) =1, 7(0)=Ro, ¢(0)=0, u(0)=0, v(0)="W,
r(T) = Rr, w(T)=0, o(T)="Vp,
pe(T) =0, p;(0) +ps(0) + p3(0) = 1,
(34)
H(T) =0, ecqim orpaHuyenne 1m0 BPeMEHH He AKTHBHO,
WIn

T —T* =0, ecmn orpaHwYeHne 1O BPpeMeHHN aKTHUBHO;

e yupanienuss P, § B KaxKJplii MOMEHT BPEMEHH ONPEIe/IAI0TCI W3 yCJIOBUN OMTH-
MasbHOCTH (29).

B pesysibrare pemenns Kpaepoil 3a7adud ONPENeATCH YIAOBIETBOPAIONIE HEOOXOIUMbBIM
YCJIOBHSIM JIOKAJIBHOI ONTHMAIBHOCTH (YCJIOBHSIM MPUHIMIA MAKCHMYyMa) KCTPEMAaJbHBIE
tpaekrTopun nepeiera KA (skcrpemasn [TonTpsruna).

2.5 BeramcauresbHasdg cxeMa penieHns KpaeBoil 3aaun

B 3ajavax ontuMmusanum mMIyIbCHO TTOCTAHOBKHY MPU TepesieTaX MeXK/Iy KPYTOBBIMU KOM-
IUTAHAPHBIME OpOUTaMu, coOOTHOIIeHNe paanycoB (Rr/Ry) KoTopbix menbime 11.94, onru-
MaJIbHBIM SIBJISIETCSI JIBYXUMITYJIBCHBIH TOMAHOBCKHUI mepesiér. B pannoit pabore paccmar-
PHUBAIOTCsT OPOUTHI ¢ OTHOMIEeHHeM paanycoB Menee 11.94 (mampumep st [CO 310 coot-
HOTIIeHHEe OKOJIO 6.7), MO3TOMY MHOJIydaeMble SKCTPeMaJi MPUOIHKAIOT IBYXUMITYIbCHBIIT
nepesér (mepBblii UMIyIbe coobiaercs KA B mepuIieHTpe UCXOTHON OpOUTHI, BTOPOil — B
AIONEHTPe MepexoHOl opouThl). [ToapobHee PO ONTUMATBHOCTD JBYX- U TPEXUMITYThC-
HBIX TepesieToB cM. [63].

Omnpenenenne. CTPyKTYpoOil MHOIOBUTKOBOI TPAEKTOPUU B PACCMATPHBAEMOM CJTyIae
HA3BIBAETCS TMapa dnuces a — b, rae a — KOJMYEeCTBO aKTUBHBIX yYIACTKOB B OKPECTHOCTU
mepurenTpa, b — B OKpecTHOCTH anorenTpa. [Ipu 3ToM cHagasia Bce BKIIOUEHUS TBUTATEI
MPOMCXO/IAT B OKPECTHOCTH TEPUIIEHTPA, a TIOTOM AIlOIEeHTPA.

Ha nepBom 3Tare nmocrpoenusi pernieHuii KpaeBoil 3aJauu OCYIIECTBIISETCS MEPEXO, OT
UMITYJIBCHOTO PEIeHusT K PeleHnio KPaeBoil 3aa49u B CJIydae HEAKTUBHOTO OTDAHMIEHUS
Bpemenn mepesiera (1 < T*). Ciemysi npeioxKeHHONH BBIYHCINTEIBHON CXeMe, B BEKTOD
mapaMeTpoB MPUCTPETKN BKJIIOYAIOTCA Bce (ha30Bble U CONPAZKEHHBbIE MepeMeHHble B Ha-
Yyajie BCeX aKTUBHBIX W MACCHUBHBIX YYACTKOB, a TaK¥Ke MPOJIOTKUTETbHOCTH AKTUBHBIX U
MACCUBHBIX YYACTKOB:

r]agpjuu]aUjvmj7p7']7p<pj7p'ud7pvj7pmj7j} ]:072<a+b_1) (35)

B BekTOp-OYHKINIO HEBI30K BKJIIOYAIOTCSA KPAaeBble YCIOBUM, YCJI0BUS CTHIKOBKH YIaCTKOB
TpaeKTOpHU U 33jaBaeMble paBencTBaMu x;(7;) = 0 yca0BHS HepeK/TIOYeHNS TATU:

ro(0) — Ro =0, o(0)=0, up(0)=0, vp(0)—Vo=0, me(0)—1=0,  (36)
Pro(0) + P (0) + p3o(0) — 1 =05 (37)
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Oé](zj]) B Oé]_|_1(0) =0 (Oé =T, ¢, U, U, M, Pr, Pos Pus Pvs Pm, )7 (38)
Xi(T) = /P25 (Ty) + p2(T3) = mi(Ty)pms(T3)/C =0, j=0,2(a+b—1)—1;
ri(T;) = Rr =0, (1)) =0, v;(Tj) —Vr =0, (39)

Pei(T) =0, H;(T;) =0, j=2(a+b-1).

Yeaosust (36),(37) — ycioBust B Hauasie Tpaektopun, (37) — ycaoBue HOpMUPOBKH; (38)
— YCJIOBHsI CTHIKOBKH YYaCTKOB TPAeKTOPUH ¥ YCJIOBHs nepekioodenust taru (y = 0) B
MOMEHTBI CTBIKOBKH YYACTKOB (TaK KAK AKTHBHBIE W MACCHBHBIC YYACTKH EPEIYIOTCA);
(39)— yciioBUS B KOHIle TPAEKTOPUH. Bpems HAa KayKJIOM yUaCTKe OTCUATHIBAETCS 3aHO-
Bo (t; € [0;Ty]). Obmmee Bpems mepesieTa BBLIYHCISETCS KaK CyMMa HPOIOTZKHTETHHOCTEN

2(a+b—1)—
BCeX y4acTKoB 1' = ngo )

! T; . Ilpeamonaraercs, 9T0 HA Y€THBIX (ITACCHBHBIX) ydacT-
KaX Tsra BBIKJIIOUEHA, HA HEYETHBIX (AKTHBHBIX) YUACTKAX TsTa BKJIOUEHA U MAKCHMAJIbHA
(P = Ppax), €€ HaIpaBIeHHE TIPH 3TOM OINPEIEIAeTCS U3 YCJIOBHs ONTUMAIbHOCTH (29).
Ha Bcex momy4eHHBIX ¢ MOMOIIBIO TAKOW BBIUYUACIUTETBHONU CXeMbl TPAEKTOPUIX MPOBeps-
ercsl ycJIoBue onTuMaabHocTd 10 yupassiennio P(t) (29). Yeaosus (36) MoxHO OBLTO OB
NCKJTIOYUTH U3 BEKTOP-(DYHKINN HEBSI30K BMECTE C COOTBETCTBYIONIMMI KOMIOHEHTAMU W3
BEKTOpa MapaMeTPOB MPUCTPeJKH. Biangamsa Ha cxoquMocTh MeTo1a HbioToHa 3TO He OKa-
3bIBaeT, U yCa0Bus (36) IpUBEIEHBI 371€Ch JIJIs OOIIHOCTH.

PazMepnocTh BeKTOpa mapaMeTpoB MPHUCTPEJKH U BEKTOP-(DYHKITMN HEBA30K, TTPU UC-
HOJIb30BAHUHI TAKOM cxeMbl, Bo3pacraer 10 22(a+b)—11. Cremyer oTMeTHTh, 9TO MATPHIA
MTPOW3BO/IHBIX MMeeT OJIOYHBIN BH/I M IPU €€ TOCTPOEHNN B BHJIe KOHEUHBIX Pa3HOCTell HeoO-
XOJIMMO periaTh 3aga4dy Komm He OoJiee 11 pa3 Ha KaxKJI0M ydacTKe.

Havanbuoe npubamkenne 11 BEKTOpA MapaMeTPOB TPUCTPETKH MOTYyYaeTcs Ha OCHO-
BaHUU PeIleHns 33/1a9i B UMITYJIbCHO mocTanoBKe. 1IycTh B pe3yibTaTe pernrenus KpaeBoii
3a/1a9M JIJIsi COOTBETCTBYIOMIEH 3a/a4i ONTHMH3AIMN B MMILYJIbCHONH MOCTAHOBKE (yCJI0-
BHe HODMHUPOBKH B 3aJade MMITYJIbCHOHW MOCTAHOBKU OEPETCS COBMAIAONINM C YCJIOBHEM
HOPMUPOBKU B UCXOJHOW KpaeBO#l 3ajade : pf(impo) + pi(impo) + pf}(impo) = 1) mocrpoena
JIBYXUMITYJIbCHAd TOMAHOBCKasgd TPAeKTOPHUS U ONpPe/Ie/IeHbl:

Timpo = 120, Pimpo = 0, Uimpo = 0, Vimpo = Vo + AV, Mympo = e AW/C,

DPr(imp0)s  Pp(imp0) = 07 Pu(imp0)s  Pu(imp0),  Pm(imp0);
Timpl = RT7 Pimpl = T, Uimpl = 07 Vimpl = VT - A‘/ly Mimp1 = eiAVO/Ca

Pr(impl)s  Pp(impl) = 07 Pu(imp1)s  Pu(impl)s  Pm(impl), 7

3HaveHUs (a30BBIX U COMPIKEHHBIX MEePEeMEHHBIX B Hadajde W KOHIE 3TOH TpaeKTOpUH,
AVy, AV] — BeJHYHHBI IEPBOTO W BTOPOIO0 MMILYILCOB. IIpH3HAKOM TOMaHOBCKOTO IIe-
pesieTa gBJISETCS COHANPABIEHHOCTH BEKTOPOB WMMITYJIbCOB A%,Aﬁ U BEKTOPOB CKO-
pocreii KA Ha HavasbHON W KOHEYHOW KpYroBoii opOuTax (MMITYJIbCHI CKOPOCTH OCY-
MIECTBJISAIOTCS B [EPUIEHTPE U ATONEHTPe MEePEXOAHOl sunnrudeckoii opoursl), AVy =
Vo(y/2Rr/(Rr + Ro) — 1), AVi = V(1 — \/2Ry/(Rr + Ry)) [63]. Hawanbnoe npuGim-
JKeHUe JIJIsl PeIeHus] HCXOHON KpaeBoii 3a1aun nosrydaercs 1o dbopmyaam (st yao0cTBa
3arucu (pOpMyJI BMECTO UHJIEKCA j HMCIOJIB30BAaH MHIEKC % IIPU 3TOM j = 2% COOTBETCTBY-
er HadasIy ¢-ro aKTUBHOIO ydacTKa, j = 20 + 1 — Hadajy 4-ro HacCHBHOIO y4acTKa):

Toi = T2i41 = Timp0, P2 = P2it1 = 2Ti,  Ug = Ugip1 =0 (1 =0,a — 1)
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(cooTHOTIIEHNSI TIOKA3BIBAIOT, YTO AKTUBHbBIE U TTACCHBHBIE YYACTKN HAYHHAIOTCS B TEPUIEH-
Tpe, YyToJl (¢ BO3DACTAeT Ha 27 MOCJe KAyKJOr0 MACCUBHOTO YYACTKA);

vy = Vo +iAVy/a,  wvaip1 = Vo + AVp(i +1)/a (i =0,a—1)

(TpaHCBepCaﬂbHaH COCTABJIAIONIIAA BEKTOPa CKOPOCTH MOCJI€ aKTUBHOT'O Y9aCTKa BO3pacCTa-

er va AVp/a);
Pr2i = DPr2i+1 = Pr(imp0),  Pp2i = Dp2i+1 = 0, Pu2i = Pu2i+1 = Pu(imp0)s

Pv2i = Pv2i+1 = Pu(imp0),  Pm2i = Pm2i+1 = Pm(imp0) (Z =0,a— 1)
(COHpH)KeHHbIe nepeMeHHbIe B HadaJie KazKJ0I'0O y4daCTKa IoJiaratoTCd paBHBIMU COOTBET-
CTBYIOIIAM COTPSAKEHHBIM TIEPEMEHHBIM W3 PElIeHud 3a/1a9U B UMITYJIbCHOM HOCTaHOBKe);

_ _—iAVy/aC __—(+1)AVy/aC _ S e
me; =€ ' O/a> mzz‘+1—€(Z ) O/a, T2i_0(m2i+1_m2i)/Pmax (Z_Ova_]-)

(Macca mocsie aKTHBHOIO y4acTKa BelYuc/siercst 1m0 dhopmysie IInoJKOBCKOro, npoiosizKu-
TEJILHOCTH AKTUBHOI'O yYACTKA BBIUUC/ISAETCS U3 PACXOAHOTO AudbepeHuaibHoro ypaBHe-
Hus g Macesl (= —P/C));

3/2
27””2z‘+1

\/ﬁ<2 - U%i+1/vt)2)3/2

(IPOIOIZKUTETHHOCTH MACCHBHBIX YYACTKOB PABHBI EPHOAM OOPAIIEHUS IO COOTBETCTBY-
IONIAM KeIIEPOBCKUM OpOuTaMm);

Toipr = (i=0,a—2)

7T7"3/2
2141 .
T2i+1 = (’l =a — ].)
\/—<2 . 1)2 /V2)3/2
H 2i+1/ V0

(HpO,ZLOJI)KI/ITeJIbHOCTb IIaCCUBHOT'O yqaCTKa Hepeﬂ HaYaJIOM BKJIIOUYEHUI B OerCTHOCTI/I al1to0-
[EeHTPa PaBHA, COOTBETCTBEHHO, MOJIOBHHE MEPHOIa 00paIeH s ).

HO AQHAJIOTUYHOI cxeMme IIO0JIy49aeTCd HavaJIbHOEe HpI/I6JII/I}KeHI/I€ JJId YIaCTKOB B OKpPeCT-
HOCTHU allOleHTpPa:

T2i = T2it1 = Timpl, P20 = P2it1 = 2T — T,  Ug; = Ugiy1 = 0,
v = Vp — (a+b—0)AV1 /b, w1 =Vr—AVi(a+b—i—1)/b,
DPr2i = Pr2i4-1 = Pr(impl)s  Pp2i = Dp2i+1 = 0, DPuzi = Du2it1 = Pu(impl),
Pv2i = Pv2i+1 = Pu(impl),  Pm2i = Pm2i+1 = Pm(impl),

—(i—a)AV4 /bC e~ (FH1-a) AV /b0
b )

Mo = Moq—1€ Moi+1 = Moq—

3/2
27yt

\/ﬁ(2 - U§i+1/vqg>3/2
Toi = Timpl, P2i = 2W1 — T, Uz =0, vy = Vp — (a+b—1i)AV, /b,

Ty = C(maip1 — mai) [ Prngey,  Toiva = (i =a,a+b-2);

DPr2i = Dr(imp1),  Pyp2i = 0, pu2i= Pu(impl)s  DPv2i = Po(impl)s  Pm2i = Pm(impl),
M = Mgy U"IAC Ty = Clmgigs — mai) [ Prae (i =a+b—1).

Ot1meTuM, 9TO [ TOJYYeHNs PEeIleHns, UCIO0JIb3YeMOro B KauecTBe HAYAJIbHOIO IpUO/IH-
JKeHust, OOIbIIeMY PajuyCcy KOHEYHOH OpOUTHI JIOJIZKHA COOTBETCTBOBATH OOJIbINAs BeJIU-
YUHA HAYAJIbHON TSTOBOOPYKEHHOCTH. DTO CBSI3aHO € TE€M, YTO TdATA JIBUTATEJs JIOJIYKHA
BBIOMPATHCA TaK, ITO OBl MPUOIU3UTH UMIIYIbCHOE BO3JIeiiCTBHE.

JI7Il MOCTPOeHUsT PEIeHuil PU AKTUBHOM OTDAHUYEHUN Ha BpeMs Tmepejiera (TpeTuii
STAIl UCCTEOBAHUS 331441 ) TIPAMEHsIeTCsl TIPUBEJICHHASI BbIIle BBIYUCIUTEIbHAS CXEMa, B
koTopoit B ycaosusx (39) smecro H;(T;) =0 (j = 2(a + b — 1)) ucnoas3yercs yciosue

ST T =0.
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3 3amada onTUMI3aIINI MHOTOBHUTKOBBIX MEXKOPOUTAJIhL-
HBIX IIEPEJIETOB MeXK/Jy HEKOMILJIaHAPHBIMHU KPYTOBBI-
mu opoutamu NMC3

3.1 IlocranoBkKa 3aga4m

3a1ava ONTUMHU3AINHN TIEepeIeTa MeKIy KPYyroBbIME HeKoMILTaHapHbIMU opbutamu C3 8-
Jigerca 6oJiee HHTEPECHOi u c1oXKHOoi. TouKy crapTa B Takoii 3aja4de cjieyeT ONTHMUA3UPO-
BaTh. lI3MeHeHne HAK/IOHEHHNS OPOUTHI MOXKET IMOTPeOOBATh He MEHBIINX 3aTPAT TOILINBA,
YeM yBeJIMYeHUe PAJIyCca AloleHTPa W TEePUIEeHTPA OPOUTHI, 4er0o OBLIO JOCTATOYHO B
JIBYyXMEpHOM cJjiydae. Bmecre ¢ yBesmdenuneMm pasmepHocTu cucteMbl IV 310 co3zmaer s0-
MOJTHUTEThHBIE TPYIHOCTU TPHU PerteHnu 31oil 3aa4u. [Ipu nepererax Mexay HEKOMILIA-
HAPHBIME KPYTOBBIME OPOHTAMHI HEOOXOIMMO PacCMATPUBATh MHOIOBHTKOBBIE TPAEKTOPHUH,
IpUOIHZKATONIIE He TOJIBLKO JBYX-UMIY/IbCHBIE PeIleHns, HO U TPeX-UMIYy/IbCHbIE. AHAIN3
obJiacreii ONTUMATIBHOCTH JIByX- W TPeX- UMITYJIbCHBIX DelleHuii cM., Hanpumep, B [63].

JIBumkenne nmenTpa Mace oHOCTYIeHIaToro KA mepeMeHHOt MacChl ¢ PEAaKTUBHBIM J[BU-
rarejleM OTPDAHUYEHHON TATH B MEHTPAJTHLHOM HBIOTOHOBCKOM IDABUTAIMOHHOM II0OJIe OJHO-
ro IPHUTATHBAIONIETO IEHTPa B BaKyyMe IpH YIPaBJIEHHH BEKTOPOM TSATH ONMCHIBAETCHI B
CBSIBAHHON € IPHUTATHBAIOIIUIM IEHTPOM ChepruUIecKoil cucreMe KOOpAuHAT auddepeHIim-
aJIbHBIMHU ypaBHeHusiMu [27]:

m = —P/C,

7= u,

Y =u/r,

® = w/rcos, (40)

@ = (Pcosfcosvy)/m+v*/r+w?/r — p/r?
v = (Psinfcosvy)/m — uv/r —w?tgy)/r,
w = (Psiny)/m —uw/r +vwtgy/r.

[Tpu permennn 337291 PACCMATPUBAETCS MATEMATHYECKAS MOJE/h ONMCAHUS yIIPABJIs-
emoro jBuzkenust nentpa macc KA, B kotopoit dasossie mepemennsie m(t), r(t), ¥(t),
o(t), u(t), v(t), w(t) — HENpepBIBHBIE KYCOYHO-TIIAIKHE (DYHKIUH, YIOBICTBOPSIOIINE
Ha yYaCTKaX HeNpephIBHOCTH ynpasJstomux dyukiuii (ynpasaennii) P(t), 0(t), v(t) cu-
creme (40), a dyuxmun P(t), 0(t), v(t) — KycOuHO-HENPEPHIBHbIE OIPAHUYICHHBIE:

0< P(t) < Ppazx <00, 0<0(t)<2m, —w/2<~(t)<n/2 Vtel0,T]. (41)

B nauganbubiit Mmoment Bpemenn t = 0 KA aBurkercss mo HavaIbHON KPyroBoii opouTe
NC3 3amannoro HakaoHenus i, paauyca Ry, ¢ opoutaibHoii ckopoctbio Vo = /u/Ro:

m(0) =1, 7(0) =Ry, u(0)=0, v(0)="Vycosp(0)sini,

w?(0) +v%(0) = V&, costp(0)sin¢(0)sini — sint(0) cosi = 0. (42)

B komeunsiii 3apanee He (GHUKCHPOBAHHBIA MOMeHT Bpemenn t = T KA momxken nsu-
raThCs M0 KOHeUHO Kpyrosoit opoute C3 nysneBoro nakjaonenus, pajaunyca Ry, ¢ opou-
TaabHON cKopocThio Vi = \/u/ Ry (yriosoe nosoxenune o(T) He dbukcupoBaHo):

r(T)=Rr, u(T)=0, v(T)=0, wT)=Vr, P(T)=0. (43)
IIpu 910M OGIIIEe BpeMsl TiepesieTa OrpaHuIeHo:

T<T (44)
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Munumusupyiorcest 3arparsl Macesl (1 —m(T')) win SKBUBaTEHTHBIT UM (DYHKIMOHAI:

I =—m(T) — inf. (45)

3.2 YcaoBugd mpuHOUNA MaKCUMYyMa

Bamaua (40)-(45) npezgcrasisier coboil 3aa9y ONTHMATIBHOIO YIPABICHUS U PEIIAeTCsl Ha
ocHoBe TpuHIna Makcumyma [lorrpsruna |3, 15, 69]. @yukuus [lontpsiruna H u Tep-
MHUHAHT [ 33/1a90 UMEIOT BUJL:

H(m7r7¢7<’07u7v’w’ P’077’pm7p7‘7p7/)7p907pu7p717pw> =
= —pnP/C + pyu+ pyv/r + pow/r cosh+
+pu((Pcoscosy)/m+v?/r+w?/r — u/r*)+
+p,((Psinf cosvy)/m —uv/r — wtg/r)+
+po((Psiny)/m —uw/r + vwtg/r), (46)
I = Xo(—m(T)) + Amo(m(0) — 1) + Ao (r(0) — Rp)
+A0t(0) + Ao (v(0) — Vi cos o(0) sin7) + Ayo(w?(0) + UQ(O) V) +
+Ano(cos¥(0) sin(0) sini — sin(0) cos i) + A\pr(r(T) — Rr)+
FAurw(T) + Arv(T) + Aur (W(T) = V) + Ay (T) + Ar(T = T7),

+

r;:e HeIpepbIBHbIE KYCOUHO-TIaIKue (hyHKIUN (COMpsizKeHuble iepeMennsie) p;(t) (i =m,

Ty, @, u, U, W) WEACTA Ao, Ar, N (i=m, r, u, v, w, n), Ny (i=7r, u, v,
w, ) — MHOXKHUTEHN Jlarpanxka.

VeaoBus npuHIUIA MAKCUMYMA /Il PACCMATPUBACMOI 3a/1a491 UMEIOT CJIe/IyIOIIuil BHI.

e Vpasuenusi Oiinepa-Jlarpanka (conpsizkeHHas —cucreMa: P, = —%—7;{ ,
i =m,r ), o u,v,w):
Pm = P(pucosfcosy+ p,sinfcosy + p,siny)/m?,
Pr = pypv/r? + pow/r?cos + p, (V2 )r? + w? [r? = 2u/r?)—
—po(uv/r? +w? tg P /r?) — py(ww/r? —vwtgy/r?),
Py = —pywsiny/rcos® ¢ + p,w?/rcos? P — pyow/rcos® P, (47)
pgo - 07
pu = —Dr +pvv/T +pww/’r:
Do = —Py/T = 2puv/1 + pyu/r — pywtgi/r,
Pw = —Py/rcost —2p,w/r+ 2pwtgY/r — py(vtgy/r —u/r).
e VcioBus o TpaHCBepCaﬂbg?CTI/I 1o dazoBbIM HnepeMeHHbIM

(pi(0) = (0] pi(T) = ~9i(T) i =m,r Y, uv,w):

pm(o) = )\m(]v pr‘(o) = )\r07
Py (0) = Ao (—sin(0) sin ¢(0) sini — cos ¥(0) cos ), 48
P(0) = Ao Vo sin p(0) sin i + A cos 9(0) cos ¢(0) sin s, (48)
pu(o) - )\u07 pv(o) - )\’UO + 2/\wOU(O>a pw(O) = 2)\w0w(0)7

Pm(T) = Xo, pr(T) = =N, p¢(0) = =y, ng(T) =0, (49)
pu(T> = _)‘uTa pv(T) = _>\va pw(T) = _)\wT-
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e Yciosue cranuonapuoctu o T (H(T) = %)
H(T) = Ap. (50)
e VCJIOBHSI ONTHMAJIBHOCTH 110 YIIPABICHUSIM:

{P70}Opt: argabsmax H()P,Q’f%)y (51)
PG[O,PmaxL 06[0,271’) 76[0;27r)

CJIEJICTBUS yCJI0BHii onTuMasbHocTh (51):

(Pu/ P Do/ P, Pw/pP), p#0u x>0,

(cosf cosy,sinf cosy,siny)opp = {Vé lel=1, p=0mmy <O0;

2

Pmam X>Oa (5 )
Popt = 07 X<07
VPe [Oapmaz]; XZO;

X = p—mpn/C — dyHkuus nepex/rodenus ynpasienuss P, p = \/p2 + p2 + p2.

YcJioBUE JTONOJIHAIONIEH HEeXKECTKOCTH:

Ar(T = T%) = 0. (53)

YceaoBug HEOTpUuIaTeJIbHOCTHU:

Ao >0, Ar>0. (54)

Yeaosue HEPagencta OroBpemenno Hyutio Bcex muozkuTesteii Jlarpanxa (yciaosue

HEPOH):

> pille + Mol + Azl + D0 Paol+ D, | #0. (55)

i=7r,p,,u,v,w,m =M, U,V,W, T i=m,r,u,v,w,p
e Vc/I0BHe HOPMHUPOBKH MHOKHTeei Jlarpamxka:

P(0) 4 p3(0) + p2(0) 4 p2(0) + p2,(0) = 1. (56)

3.3 KpaeBag 3agaua

Cootrnorrenust (40)-(43), (46)-(56) mpemcraBisiorT cobOil KpaeBYIO 3ajady JIsl CHCTEMbI
OOBIKHOBEHHBIX U depeHuanbHbX ypaBHeHuil (KpaeByio 3aJady MPUHIUIA MAKCHMY-
Ma). HeusBecTHbiMU B Heil aBISIOTCS 14 MOCTOAHHBIX WHTETPUPOBAHUS €€ CHCTEMBbI -
dbepenmmanpubix ypasuennit (40), (47), Bpems nepenera T u gucioBbie MHOKHTE N Jla-
rpaixka g, Ar, Nig (i =m, r, u, v, w, n), \ip (¢ =7r, u, v, w, ) — Beero 28
Hen3BecTHBIX. st ux onpejiesienus nmeercs 28 yeiosuit — 11 kpaesbix yeaosuii (42), (43);
14 ycnosmit TpaucsepcaabrocTu (48), (49); yeaosue crammonaproctu (50); ycaoBue Jo-
HOJTHSIIONIEl HezkecTKOCTH (53) u ycioBre HOPMUPOBKHU (56), CBSI3aHHOE ¢ OJHOPOTHOCTHIO
dyukiun Jlarpanxka mo MHOXKUTeIAM Jlarpanrka, 1mo3BoJsdionieil BbIONpaTh MHOXKUTE/N
Jlarpanza ¢ TOTHOCTBIO JI0 TOJOKUATEIHLHOTO COMHOKHUTEIIS.
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3.4 Amnanuns KpaeBoil 3agaun

[To amajorun ¢ ABYXMEpPHBIM CJIyYaeM MOKHO IIOKA3aTh, YTO BBIOOP HOPMHUPOBKH IIPABO-
MepeH.

I/IS pacCMOTpeHUnd MOKHO UCKJIIOUYUTDH BCE CKaJIAPHBIE MHO2KHUTEJIN ﬂarpaHma " KpaeBasd
3aja4a Oyaer uMeTh CJIeIYIONNi BUI:

e cucrema OJIY — (40), (47);

7(0),4(0),¢(0), u(0), v(0), w(0),m(0), pr(0), p(0), P (0), Pu(0), Pu(0), Pu (0), P (0), T

® YCJIOBHS:

m(0) =1, 7(0)= Ry, u(0)=0, v(0)="Vycosp(0)sini,
w?(0) +v2(0) = V2, cosp(0)sinp(0) sini — sin)(0) cosi = 0,
Py (0) cos(0) cos p(0) sini + (sin 1 (0) sin p(0) sini + cos 1(0) cos ) x
« (50— 20010~ 00y _
¢ w(0) Vo sin (0) sin ’
"(T) =Ry, u(T)=0, o(T)=0, w(T)=Vy »(T)=0, (57)
Pe(T) =0, p7(0) + p;(0) + pu(0) + pi(0) + py (0) = 1,
(T') = 0, ecqim orpaHmveHue MO BPEMEHHU He aKTHBHO,
WK

T —T* =0, ec/iu orpaHuYeHre 10 BPEMEHHU aKTHBHO;

e ympanienus P, 6, v B KayKJblii MOMEHT BPEMEHU OIIPEJIEISIIOTCS U3 YCAOBUIT OMTH-
masbHOCTH (52).

B pesyabraTe pelenus Kpaepoil 3aa491 OIpeIesIaTcs yI0BIeTBOPSIONIe He0OX0 MM bIM
YCJIOBUAM JIOKaJIbHOII ONTUMAaJIBHOCTH (yCﬂOBI/IﬂM HIpUHIOUIIA MaKCI/IMyMa) IKCTpeMaJIbHbIE
tpaekTopun nepeiaera KA (skcrpemasnn [ToHTparuna).

3.5 BeramcaurenbHas cxemMa penieHud KpaeBoii 3agaun. /IByxum-
MYJbCHBIN TIepeJIeT.

Onpenenenne. CTpyKTypoOit MHOTOBHUTKOBON TPAaeKTOPHUH, COOTBETCTBYIONIEH IBYXUM-
MyJIbCHOMY TepeJieTy, Ha3blBaeTcs napa 4ucesa a — b, rjge a — KOJUYECTBO aKTHUBHBIX
YYIaCTKOB B OKPECTHOCTH MEPUIEHTPa, b — B oKpecTHOCTH amornenTpa. [Ipu sTom cnagaa
BCe BKJIIOYEHUS JIBUTaTe/ d MPOUCXOAAT B OKPECTHOCTH IMEPUIEHTPA, & IIOTOM allOIeHTPA.

Ha mepBowm 3Tarme mocTpoeHusl pereHuit KpaeBOil 3a7a4n OCYTIECTBJISETCS MePeX0, OT
AMIIYJIBCHOTO PEeNIeHnd K PEeNIeHnI0 KPaeBOoil 3aJa4’ B Caydae HeaKTUBHOTO OTPDAHWYCHUA
no Bpemenn tepesiera (T < T%). Creayst npeajoKeHHONH BBIYUCINTENBHON CXeMe, B BEK-
TOp HapaMeTpoB MPUCTPEJIKU BKJIIOYAIOTCS BCe (pa30Bble U CONPSKEHHbIE NEPEMEHHbIE B
HavaJjaxX BCeX aKTUBHBIX U ITACCUBHBIX YYACTKOB, & TaKzKe MPOJOJIZKUTEILHOCTH aKTUBHBIX
U IACCUBHBIX YyYaCTKOB:

Tjawj7ij7uj7vjawjamj:prjapwjapgojypujypvjapwj7pmja7}7 ]:0,2((1—{—[)—1) (58)

B BekTOp-DYHKINIO HEBI30K BKIIOYAIOTCS KPAeBble YCJIOBU, YCIOBUS CTHIKOBKH YUACTKOB
TpaeKkTopuu u 3ajaBaeMble pasencrBamu x;(7;) = 0 ycjaoBHS HEPEKTIOYCHUS TATH:
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mo(0) =1, 1o(0) = Ro, uo(0) =0, vp(0) = Vpcospo(0)sint,
w2(0) +v2(0) = Vg,  costhg(0) sin p(0) sini — sin 1)y(0) cosi = 0,

Pyo(0) cos 1p(0) cos o (0) sin ¢ 460(>sin 2/(1)0)(0) sin c(poo)(O)(Bi)nz' + cos (0) cos ) x (59)
Pvol\V)Wo V) = PwolY)Vo —_0-
< (peo0) = P ) =©

PEO(O) +p12p0(0) + Pio(o) + Pgo(o) + Pfuo(o) —1=0 (60)

Oéj(T’j) - ajJrl(O) =0 (Oé = 7“#% w,u, v, w, maprvpzlupgoapuapv?pwapm)a
Xi(T) = /P2 (Ty) + p2(Ty) + p2y(T) — my(Ty)pmi (T)/C = 0, (61)
j=02a+b—-1)—1;

ri(T) = Br, wi(T3) =0, v5(T3) =0, wy(T3) = Vi, (T3 =0,
HJ(T']):Oa pgoy(T‘]):O, ]:2(a‘|‘b—1)

Yeaosus (59),(60) — yeroBug B Hawase Tpaekropun, (60) — yciaoBue HopmupoBku; (61)
— YCJIOBUSI CTHIKOBKH YYACTKOB TPAGKTOPUH W YCJIOBHs Tepekaiodenus taru (y = 0) B
MOMEHTBI CTBIKOBKH YYACTKOB (TaK KaK AKTHBHBIE M MACCHBHBIC YUACTKH U€PEIYIOTCH);
(62)— ycsioBusI B KOHIle TPAeKTOPHH. Bpemsi Ha KayKJIOM ydacTKe OTCUYUTHIBALTCS 3aHO-
Bo (t; € [0;7}]). Obimee Bpemst mepesieTa BBHIMHCJISETCH KaK CyMMa HPOIOJIZKHTETbHOCTE
BCeX yJacTKOB 1 = Z?S&L b-1)-1 T} . IlpeanmosiaraeTcs, 9TO TAra BK/IIOYeHA U MaKCHUMasIbHa
(P = Ppa:) HA KazKJIOM HEYETHOM YYACTKe, HANPABICHHE BEKTOPA TIATH OIPEIeJITeTCs
u3 ycaosust ontuManbHoct (52). Vemosust (59) MOXKHO ObLIO OBl HCKIIOYHTL U3 BEKTOD-
dbyHKIHM HEBSI30K BMeCTe € COOTBETCTBYIOIIMMH KOMIIOHEHTAMH W3 BEKTOPA MapamMeTpoB
NPHUCTPEeSIKH. BnsgHust HA CXOMUMOCTh MeToa HbioToHA 9T0 He OKa3biBaeT, u ycaoBus (59)
IPHUBEJICHBI 3/16Ch JII OOIIHOCTH.

Pa3mepHOCTh BEKTOpA MApAMETPOB HMPUCTPEIKH U BEKTOP-(DYHKIMI HEBSI30K, DU UC-
HOJIb30BAHNHI TaKoii cxeMbl, Bo3pacraer 10 30(a+b)—15. Crepyer oTMeTHTb, YTO MATPHIA
[POU3BOIHBIX MeeT OJIOYHBI BH/I M IIPU €6 TIOCTPOEHNH B BUJIe KOHEYHBIX Pa3HOCTEll HeoO-
X0/IUMO periath 3aa4dy Kotu ne 06oJiee 15 pa3 Ha KaxKJI0M ydacTKe.

[Iycts B pesysbTraTe pelieHus KpaeBoii 3a7adu Jjid COOTBETCTBYIONIEH 3aa4u ONTH-
MH3AIUH B MMITY/JIbCHON MOCTAHOBKE (yCJIOBHE€ HODMHUDOBKH B 3aJade HMMITYJIbCHON IO-
CTAHOBKH 0epETCsi COBIAJAIONIMM € yCJIOBHEM HODMHUDOBKH B MCXOJIHOW KpaeBOil 3ajade:
p2(0) + p7,(0) + p2(0) + p2(0) + p3(0) = 1) mocTpoeHa JBYXHMIYIbCHAS TPACKTODHUS ¥
OTPEJIeJIeHBI:

(62)

_ _ _ _ _—AW/C
Timpo = Ro, ¢z’mp0 = 0, Pimp0 = 0, Mimpo = € o/ s

Uimpo = 07 Vimpo = ‘/Ov + A‘/Ovy Wimpo = ‘/Ow + A‘/va
DPr(imp0)s  Pap(imp0)s  Pp(imp0) = 0, Pm(impo0),
Pu(imp0)s  Pu(imp0)s  Pw(imp0)
— 3HAa4YEeHUu4d (baBOBbIX 1 COIIPA2KEHHBIX II€EpEMEHHDbIE IIOCJIE TI€PBOI'0 UMIIYJIbCA;

Timpl = RT7 wimpl = O, Gimpl = T,  Mimp1 = e*AVQ/C’
Wimp1 = O’ Vimpl = ‘/11) - A‘/hn Wimp1 = VYIw - A‘/l’um

DPr(impl)s  Pip(impl)s  Pp(impl) = 0, Pm(imp1),
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Pu(impl)s  Po(impl)s  Pw(impl)

— 3Ha4YeHus (PA30BHIX U COMPSIKEHHBIX MIePeMeHHbIe nepe 1 BTOpbiM umiyabcom; AVy, AV,
— BEJIMYUHBI IEPBOTO U BTOPOro uMiyabcoB, AVy, , AVy,, AVy,, AVy, — TpaHncBepcaib-
Hble 1 OMHOpPMAJIbHBIE COCTABJISIONINE BEKTOPOB UMITYJIHCOB, COOTBETCTBEHHO.

HauanbHoe npu0OmKenne 115 pelleHns HCXOIHOM KpaeBoii 3a1a9n MOIydaeTcs 1o ¢pop-
MysaM (Jist yao6erBa 3amucu hopMyJI BMECTO HHJIEKCA j MCTOJIB30BaH WHIEKC 7 ; IPH 9TOM
J = 21 cOOTBETCTBYET HAYaJy %-TO aKTUBHOTO y4YacTKa, j = 2¢ + 1 — HavaJgy ¢-TO mac-
CUBHOTO y4acTKa) :

T2i = T2i4+1 = Timp0, Yoy = Poiy1 = wimp()v P2;i = Poiy1 = 2,

Uy = Ugiy1 =0 (i =0,a—1)

(COOTHOH_IGHI/IH ITOKa3bIBaIlOT, YTO aKTUBHbIC U TACCUBHBIE YIaCTKU HAYNHAIKOTCA B IEPUIICH-
Tpe, YyroJl (¢ BO3pACTaeT Ha 27 MOCJe KayKI0r0 MACCHBHOIO YYacTKA);

Vo; = be + iA%v/aa V2i41 = %U + A‘/O")(Z + 1)/(1,

wy; = Vouw + iAVow/a,  waip1 = Vow + AVhu(i +1)/a (i=0,a —1)

(TpancBepcanbHas U GUHOPMATBHASA COCTABJSIONIAE BEKTOPA CKOPOCTH TIOCJE AKTUBHOTO
yaactka Bospacraior Ha AVp,/a n AVy,/a coorBercTBEHHO);

Pr2i = Pr2i+1 = Pr(imp0)s  DPy2i = Dy2i+1 = Py(imp0)s  Pp2i = Pp2i+1 = 0,

Pu2i = Pu2i+1 = Pu(imp0);  Pv2i = Pu2i+1 = Po(imp0)s  Pw2i = Pw2i+1 = Pw(imp0),
Pm2i = Pm2i+1 = Pm(imp0) (Z - 07 a — 1)

(COHpﬂ}KeHHI)IG ImepeMeHnHble B HadaJjle KazKJI0I'oO y4aCTKa II0JIaral0TCd paBHBIMU COOTBET-
CTBYIOIIUM COIIPAKEHHBIM II€PEMEHHBIM U3 DEIICHUA 3aJa91 B I/IMHyJIbCHOﬁ HOCT&HOBKG);

—iAVp/aC —(i41)AVp /aC . A
My =€ 0/a7 Mao;y1 = € (@+1) O/Q, TZiZC(m2i+1_m2i)/Pmam (@zO,a—l)

(Macca mocje aKTHBHOIO ydYacTKa Bbraucisercs 1o gopmyrie LlnonkoBekoro, mpomos-
KUTEJIBHOCTh aKTUBHOTO yYacTKa BBIYUCASETCS W3 PACXOAHOTO YpPABHEHUS JIJIsT MaCChl

(m=—-P/C));
3/2

2mry; S
Toir1 = 201 (i=0,a—2), Vi=\ui+vi+w;
VIR = Vo Ve

(IPOJIOIZKATETHHOCTH MACCHBHBIX YYACTKOB PABHBI EPHOAM OOPAIIEHUS IO COOTBETCTBY-
FOIIUM KeILIePOBCKUM OpOUTaM);

7”"3'”1
Ty = it (i=a-1)

VH(2 = V34 V3

(IPOIOIZKATETHHOCTD TACCABHOIO YUACTKA MEPeJT HAYAIOM BKITIOUYeHHH B OKPECTHOCTH aIlo-
[EHTPA PaBHA, COOTBETCTBEHHO, MOJIOBHHE MEPHOIa 00PAIeH s ).

[To anajorudnoii cxeme NoJIydaeTcs HadabHOE MPUOJINKEeHHE JIJIsi YIaCTKOB B OKPECT-
HOCTH aIlONeHTpAa!

T2i = T'2i41 = Timp1, Vo = o1 = wimplv P2 = P41 = 2T — T, Ug = Uiy = 0,
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vo; = Viy — (a+b—1)AVi, /b, o1 = Vi, — (a+b— i — 1)AV3, /b,
wy; = Viw — (@ +b—19)AViy /b, woir1 = Viw — (a+b—1i—1)AVi,,/b,
Pr2i = DPr2i+1 = DPr(impl),  DPy2i = Py2i+1 = Py(impl)s  Pp2i = Pp2i+l = 0,

Pu2i = Pu2i+1 = Pu(impl),  Pv2i = Pv2i+1 = Do(impl)s  Pw2i = Pw2i+1 = Pw(impl),

Pm2i = Pm2i+1 = Pm(impl),

—(i—a)AV; /bC _ —(i—a+1)AV; /bC _
€ (i—a)An/ ;o M2i41 = Moq—1€ (imatD)AV/ ;o Ty —C(m2i+1_m2i)/Pmawa

Mao; = M2gq—1

3/2
27”‘2i+1

VA2 = Vi [V

T2 = Timpl, V2i = Vimp1, P2i = 270 — 7,  Ug; = 0,

Ugi:‘/iv—(a+b—i)A‘/1v/b, wgi:Vlw—(a—l—b—i)AVlw/b,

T2i+1: (i:a,a+b—2),

Dr2i = Pr(impl)s  Dy2i = Py(impl)s  Pe2i = 0,
Pu2i = Pu(impl),  Pv2i = Po(impl), Pw2i = Pw(impl)s  Pm2i = Pm(impl),
Ma; = Mag_1e” (YO Ty = Clmgips — may)/Prae (i =a+b—1).

OrMernM, 9TO JJIst TIOJIY9€HUsT PEIIeHUs, UCIO0JIb3yeMOT0 B Ka4ecTBe HAYaIHLHOTO TIPH-
Ostnkenusi, 60OJIbIIEMY PaJInyCy KOHEYHO#W OPOUTHI JIOJIZKHA COOTBETCTBOBATH OOJIBbINAsS Be-
JINYWHA HAYAJIBHONW TATOBOOPYXKEHHOCTH. DTO CBA3aHO € TeM, YTO AKTUBHBIE YYACTKH
JIOTIPKHBI OBITH JOCTATOYHO KOPOTKUMU, YTOOBI MPUOJTU3UTH UMITYJILCHOE BO3/IEHCTBHE.

JI7Isl MOCTPOEHUST PEIeHuil PU AKTUBHOM OTDAHUYIEHUN Ha BpeMs Tepejera (TpeTuii
STAIl UCCIEOBAHUS 3a/1a91) TIPUMEHsIeTCsI IPUBEJIEHHASI BbITIle BBIYUCINTEIbHAS CXeMa, B
koTopoit B ycaosusax (62) smecro H;(T;) =0 (j =2(a+b— 1)) ucmonssyercs ycjioBue
ST T =0,

3.6 BpramcaurenbpHas cxeMa perleHus KpaeBoil 3agaun. 1T pexmm-
MYJbCHBIN TIepeJIeT.

Omnpenenenue. CTPyKTYpOit MHOTOBUTKOBOI TPAEKTOPUH B PACCMATPUBAEMOM CJIyYIae Ha-
3BIBAETCsI TPOitKa duces a—b—c, rae a — KOJUIeCTBO aKTHUBHBIX YIACTKOB, PEAJIn3yOIIHNX
mepBbIit UMITyIbe, b — BTOpO#, ¢ — Tperuit. [Ipu 3TOM BCe UMITYJIBCH PeATUIYIOTCS TIO-
CTIeT0BATENbHO, OJIUH 34 JIPYTUM.

B kadgecTBe HavaIbHOTO TPUOJINIKEHUST UCIIOIB3YETCs] TPEXUMITYIHCHOE PeIleHre ¢ OTpa-
HudenneM Ha Bpems nepesjera 1 — 1% = 0. IIpu 3TOM, Ha MUMIYJILCHBIX PEIIEHUSAX ITO
OTpaHWYeHNEe TOCTUTAETCS.

B paccmarpuBaeMbix 3ajadax cKopocTb KA mpu BTOpOM HMITy/IbCe MUHHMAJBHA, A,
CJIeI0BATEMbHO, U TPABUTAIMOHHBIE TIOTEPH MPU MPUOJIUKEHUN BTOPOTO MMITYIbCA AKTUB-
ubpiM yaacTkoM ¢ PJIOT nesnauntenbubl. [losToMy HHzKe mpuBeIeHBI (DOPMYJIBI TOJIHKO
JIIST SKCTpeMaJieil CTpyKTypol a — 1 — b.

B BerancanrenpHoit cxeme ucnosb3yercss "Berpednsiit' mpocdyer. AKTUBHBIE W TTACCHB-
Hble YIacTKu 1epBoii dasbl nepesera (mepBbiii uMiybc) uarerpupyiorcs "Boepen" (ot 0
10 T;). AKTHBHDIE U TACCUBHBIE YIACTKH BTOPO U TpeTheil (ha3 mepesera HHTErPUPYIOT-
ca B obparnyio cropouy (ot T; g0 0). Takum 06pa3oM, BEKTOp MapaMeTpOB HPHCTPETKH
COZIePKUT (ha30BBIE U CONPSIKEHHBIE TEPEMEHHbIE B HAUa e AKTUBHBIX U MACCUBHBIX yIACT-
kOB 1epBoit (aspl nepesera (j = 0,2a — 1) u da3oBble u CONPsizKEHHBIE IEPEMEHHBIE HA
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KOHI[AX aKTHUBHBIX W MACCHBHBIX yYaCTKOB BTOPOil m Tperbeil das (j = 2a,2(a+0b)), a
TaKyKe IPOJIOIZKHTETHHOCT! BCEX aKTHBHBIX U NMACCHBHBIX yYACTKOB:

rj>wj7@j?ujvvjawjamj7prjapwjapsoj7pujapvjapwj7pmjairja ]:O7Q(a+b) (63)
B BeKTOp—(byHKHI/HO HEBA30K BKJIIO9aI0TCA Kpa€eBbl€ YCJI0OBUA, YCJIOBUA CTBIKOBKH Y49aCT-
KOB TPaeKTOPHUHU U 3ajaBaeMble paBeHcTBaMu X (1) = 0 yc/I0BUS HepeKIIOUeHHs TATU:

mo(0) =1, 79(0) = Ry, uo(0) =0, v(0) = Vpcosepy(0)sini,
wi(0) +v2(0) = V2, costbg(0) sin ¢g(0) sini — sin g(0) cosi = 0,

Pyo(0) cos 1p(0) cos o (0) sin i —Eo()sin 2%0)(0) sin 2%0)(0)(%i)n i + cos g (0) cos i) x (64)
PvoY)WolV) — PuwolY)Vo -0
< (pro0) = P ) = ©

P%o(o) +p12po(0) + pio(o) + piO(O) + pfv(](o) —1=0 (65)

Oéj(frj) - ajJrl(O) =0 (a = Taw7 w,u, v, w, maprvaapgovpuvpvapwapm>a
(T3) = P+ P T) + 125 T5) — mi(Ty (T /C = 0, (66)
j=0,2(a+b)—1;
TJ'(TJ') = Rr, UJ(TJ) =0, UJ(TJ') :.07 wj<Tj) = Vr, Q/JJ<TJ> =0,
Pei(T;) =0, j=2(a+b);

(67)

ST, =T+ (68)

Yeaosust (64), (65) — ycaoBusi B Havdase Tpaekropun, (65) — ycjoBHe HOPMHDPOBKH;
(66) — ycs10BHsI CTHIKOBKH Y9aCTKOB TPAEKTOPUH U yCJIOBUs TepekJodenns tsaru (xy = 0)
B MOMEHTBI CTBIKOBKH Y4YaCTKOB (TaK KaK aKTHUBHbIC U ITaCCUBHBbIE YYaCTKH qepeﬂyIOTCH);
(67), (68) — ycaoBUS B KOHIE TPaeKTOPHH. BpeMs Ha KayKIOM Y9IaCTKE OTCUYHTHIBACTCS
3an0Bo (t; € [0;7}]). Obuiee BpeMs HepeseTa BHIUUCIAETCA KAK CyMMa IPOIOJI2KUTETHHO-
creil Bcex yqacTkoB 1’ = Z?(:CLOJF ) T; . Ilpenosiaraercs, 4To TsAra BKJIOYEHA 1 MAKCUMAJIbHA
(P = Phaz) Ha KayKJIOM HEYETHOM y4YACTKE, HAMPABJIEHHE BEKTOPA TATH ONPEIEIIETCS U3
yesoBust onTuMabHocTH (52). Yeaobus (64) u (67) MOKHO GBLIO GBI HCKTIOYATH U3 BEKTOD-
dbyHKIME HEBSI30K BMECTe € COOTBETCTBYIONIMME KOMIOHEHTAMHI M3 BEKTOpa MapaMeTPOB
npuctpesku. Biausguus Ha cxoaIuMocTh MeTo1a HbioToHA 9TO He OKa3bIBaeT, U 3TU YCJIOBUSA
NPUBEJIEHBI 3/1eCh JJIsi OOIIHOCTH.

PasmepnocTh BekTOpa mnapamMeTrpoB NPHUCTPEJIKU U BEKTOP-(DYHKIUU HEBA3Z0K ITPU HC-
MOJIb30BAHUU Takoii cxembl Bo3pactaer 10 30(a + b+ 1) — 15. Craemyer oTMeTHTb, 4TO
MAaTPHIA TTPOU3BOIHBIX UMeeT OJIOUHBI BUJ W MPH €€ MOCTPOEHNH B BUJIE KOHEYHBIX Pa3-
HocTeit HeoOxoMMo pemarh 3aja4dy Ko we 6osiee 15 pas Ha KaxKJI0M ydacTKe.

[Iycrs B pesyibrare pelieHnsi KpaeBoOW 3aavu JIJIsI COOTBETCTBYIONIEH 3a/1aui OINTH-
MHU3allunu B I/IMHyJIbCHOﬁ IIOCTAHOBKE (YCJIOBI/IG HOPMUDOBKU B 3a/Ja4e HMHyﬂbCHOﬁ I10-
CTAHOBKH 0OepéTCs COBIAMAIONIUM C YCJIOBHEM HOPDMHPOBKH B MCXOJHOI KpaeBoil 3a1ade:
p2(0) + p3,(0) + p2(0) + p;(0) 4 p2,(0) = 1) mocTpoeHA TPEXHMITYTLCHAS TPACKTODHS H
OTIpE/Te/IeHbI:

_ _ _ _—AW/C
Timp0 = Ry, wimpO =0, Pimp0os  Mimpo = € o/ )

Uimpo = A‘/()u, Vimp0 = %U + A%Ua Wimpo = wa + Avbwa

Primp0)s  Pyplimp0)s  Pp(imp0) = 07 Prm(imp0) 5

37



Pu(imp0)s  Pv(imp0)s  Pw(imp0)

— 3Ha4eHUud (baBOBbIX 1 COIIPA2KEHHBIX IIEPEMEHHDBIX IIOCJI€ II€PBOI'O UMIIYJIbCa;

— _ _ —(AVo+AW)/C
Timpl = Rm 77Z)imp1 - 07 Pimpl s Mimp1 = € (AVo 1/ )

Uimpl = Vau + A‘/luv Vimpl = V:w + A‘/lw Wimp1 = Vaw + A‘/Iwu
Pr(iimpl)s  Py(impl)s  Po(impl) = 07 Pm(imp1),
Pu(impl)s  Pu(impl)s  Pw(impl)
— 3HaAa4Y€HUuAd CbaSOBBIX 1 CONPAZKEHHBIX IMEPEMEHHBIX ITOCJIE BTOPOTI'O UMITYJILCA;

— _ _ —(AV+AW)/C
Timp2 = RT, wime - 07 Pimp2, Mimp2 = € (A% 1/ b

Uimp2 = _A‘/mu Vimp2 = VT’U - A‘/QM Wimp2 = VTw - A‘/Qwa
DPr(iimp2)s  Py(imp2)s  Po(imp2) = 07 Prm(imp2) 5

Pu(imp2)s  Po(imp2)s  Pw(imp2)

— 3HaveHns (a30BBIX U CONPSIKEHHBIX MEePEeMEeHHBIX Iepell TpeTbuM uMmiyabcom; AVg,
AVy, AV, — BeIuYuHBI IEepPBOTO, BTOPOTO U TpeThero uMiryabcoB; AVh,, AVh,, AVow,
AVie, AV, AVi,, AVs,, AVs,, AVy,, — cocTaBistionime BEKTOPOB UMITYJIbCOB, COOTBET-
ctBeHHO; Vi, Vaw, Vaw — COCTaBIISIIONIAE BEKTOPA CKOPOCTHU IePes BTOPHIM UMITYJIbCOM.

Hauanbuoe nmpubinzkenne J1jisi perenns NCXOIHOW KpaeBoil 3a/1a4u 1moJiydaeTrcs 1mo ¢gpop-
mysaM (st yao6eTBa 3anucu hopMy/T BMECTO HHJIEKCA j MCTOJIB30BAH UHIEKC 7 ; TPU ITOM
j = 21 COOTBETCTBYET HA4YAJIY %-TO aKTUBHOTO y4acTKa, j = 2¢+ 1 — Havda/ly %-TO MacCCUB-
HOTO yYacTKa B HepBoil ¢a3e mepeaera m KOHIAM COOTBETCTBYIOIINX YYaCTKOB BO BTOPOIi
u Tperhbeil daszax):

T2 = T2i41 = Timp0, o = Pgip1 = wimp07 P21 = Y2541 = Pimpo + 270 (Z =0,a — 1)

(COOTHOH_IeHI/IH HOKa3bIBAalOT, YTO aKTHUBHBIE€ U IMAaCCUBHbBIC YYaCTKU HaAYWMHAIOTCA B TOYKE
IIPUJIOZKEHHsI [IEPBOIO UMILYJIbCa, YIOJl (¢ BO3pACTaeT Ha 27 MOCJIe KarkKJIOro MacCHBHOTO
YUACTKA);

ug; = iAVoy/a, Uz = AVpu(i+1)/a,
vy = Voo + iAVou/a, 21 = Voo + AVg(i + 1) /a,
Wi = Vow + iAVow/a, Wit = Vouw + AV (i +1)/a (i =0,a — 1)
(cocramJisoNIIe BeKTOpa CKOPOCTH TIOC/Ie aKTUBHOTO ydacTKa Bospactaror Ha AVy,/a,
AV, /a, AVh,/a cOOTBETCTBEHHO);

Pr2i = DPr2i41 = Pr(imp0);  Py2i = Py2i+1 = Pyp(imp0)s  Pp2i = Pp2it1 = 0,

Pu2i = Pu2i+1 = Pu(imp0);  Pv2i = Pv2i+1 = Po(imp0)s  Pw2i = Pw2i+1 = Pw(imp0),
Pm2i = Pm2i+1 = Pm(imp0) (Z =0,a— 1)

(COHpﬂ)KeHHI)IG ImepeMeHHble B HadaJjl€ KazKJI0r'o y4aCTKa II0JIaral0TCd paBHBIMU COOTBET-
CTBYIOIIUM COIPAZKEHHbBIM IIE€PEMEHHBIM W3 DEIIEHUA 3aJa91 B HMHyJIbCHOfI HOCTaHOBKe);

_ e—zAVg/aC)

ma; Mmoiy+1 = 6_(i+1)AV°/aC, Ty = C(m2i+l - in)/Pma:c (Z =0,a — 1)
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(Macca mocje aKTHBHOIO ydYacTKa Bbraucisercs 1o gopmyrie LlnonkoBekoro, mpomos-
JKATEJIBHOCTh AKTUBHOTO YYACTKA BBIUHUCAETCS W3 PACXOIHOTO YPaBHEHUS IS MAacCChl

(i = —P/C));

3/2

2 4 .
Tyit1 = 911 (i=0,a—2), V= V ui + vj + Wy

V2 = Vo JVE)P?

(MTPOIOIZKUTETHHOCTH MACCHBHBIX YIACTKOB PABHBI [IEPHOAM OOPAIEHHUST 110 COOTBETCTBY-
IOIIAM KeIIEPOBCKUM OpouTaMm);

Wrg/Ql
T2i+1 = it (Z =a— ].)

2 213/2
V(2 = Va1 /V5)
(IPOJIOIAKATETHHOCTE ACCABHOIO yUACTKA Tepeji HAdajloM BKJIIOUYEHUH B OKPECTHOCTH
[PUJIOZKEHHsT BTOPOTO MMITY/JIhCA PaBHA, COOTBETCTBEHHO, MOJOBUHE MEPHOIa 0OPAIeH s ).

[To anaylormaHOlt cxeme MOJIydaeTcss HadaIbHOE MPUOIMKEHUe I YIaCTKOB BTOPOil u
TpeTbheil a3 nepejiera:

T2 = Timpl,  V2i = Yimp1,  P2i = Qimp1 + 27(1 — 1),
ugi = Vou + AV, 09 = Vo + AV1y, w2 = Vi + AVhy,
Pr2i = Pr(impl),  Py2i = Py(impl), Pe2i = 0,
DPu2i = Pu(impl),  Pv2i = Po(impl),  Pw2i = Pw(impl)s  Pm2i = Pm(impl),
Ma; = 67(AVO+AV1)/C, Ty = C<m2i - m2i71>/Pma:v (Z = CL)

(KOHEI[ AKTUBHOTO YYACTKA, Pean3yoIIero BTOpoii UMITYJIbC);

7241 = Timp2s  V2it1 = Yimp2,  P2i41 = Pimp2 + 27(1 — 1),  ugie1 = —(a + b —i)AVa, /b,
Voir1 = Vpy — (@ 4+ b — 0)AVa, /b, waip1 = Vi — (a4 b —0)AVs,, /b,
Pr2it1 = Primp2)s = Py2it+1 = Pyplimp2)s  Pp2it1 = 0,

Pu2i+1 = Pu(imp2),  Pv2i+1 = Po(imp2)s  Pw2i+1 = Pw(imp2),

_ _ _—(AVot+An)/C
Pm2it1 = Pm(imp2), M2iy1 = € (AVo+AN)/C
7TT’3/2
_ 2i+1 .
Toip1 = ( )

V(2 = V3 [VE)?

(KOHEII TTACCUBHOTO YYACTKA, Tepeji HAYaIoM Peajn3alii TPeThero UMIYIbCA);

T2 = T2i41 = Timp2,  V2i = V2i41 = Vimp2,
P2 = Pimpz + 27(1 — 2),  P2i01 = Pimpz + 27(0 — 1),
Ug; = —(a+b—1i)AVa, /b, ugiy1 = —(a+b—1)AVs,/b,
Vi = Vpy — (a+b—1i)AVa, /b,  voir1 = Vp, — (a+b—1i)AVy, /b,
wy; = Vi — (@ +b— i) AV /b, weip1 = Vi — (a+ b —0)AVa, /b,
Pr2i = Pr2i+1 = Pr(imp2),  Py2i = Py2it1 = Py(imp2),  Pe2i = Pe2i+1 = 0,

DPu2i = Pu2i+1 = Pu(imp2)s  Pv2i = Pu2i+1 = Pu(imp2);  Pw2i = Pw2i+1 = Pw(imp2);
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Pm2i = Pm2i+1 = Pm(imp2),

_ —(a+b—i)AVa /bC _ —(a+b—i)AVa /bC _
Mo; = Mo;—1€ ( JAV/ y  Maj41 = Moi—1€ ( DA/ , Iy = C(m2i _infl)/Pmam
3/2
27rs) .
Tois1 = — (i=a+1la+b-1),

VI2 = Vi [V
T2i = Timp2, o = wimp% P2i = Pimp2 T 27T(i - 2)7 ug; = 0,
Vo = Vo, wa = Vi,

Pr2i = Pr(imp2)s  Py2i = Py(imp2), Pp2i = 07

DPu2i = Pu(imp2),  Pv2i = Po(imp2),  Pw2i = Pw(imp2)s  Pm2i = Pm(imp2),

Mmo; = ei(AVO+AV1+AV2)/C, TQ/L' = C(mgl - mgi,l)/Pmax (Z =a-+ b),

2(a+b)
"= 3 T
0

2(a+b
Omenka orpanuvenust o Bpemenn 17 = Zo(a )Tk TaKyKe ABJIFETCS MPUOINKEHUEM 1
,K COXKaJIeHWIO, MOYKEeT 0Ka3aThCsl HE JOCTATOYHO TOYHOMN JIJIsT TTOJIyIeHUs] PEIeHus.
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4 Pe3yabTaThl 1 KA4eCTBEHHbI aHAJIN3 MOJYyYeHHBIX pe-
IIIeHnin

Ucnosib3yst npeJi/IozKeHHYI0 BBIYUCIUTETBHYIO CXeMY M CHOCOD MOCTPOEHUs Ha4vaIbHOIO
HpI/I6JII/I)K€HI/Iﬂ VAaJI0Ch MMOCTPOUTDH IKCTPEMAJIbHBIE MHOTOBUTKOBBIE TPACKTOPHH. HpI/I pe-
mennyn 3aa49n Komm ucnonpzoBaaca meron lopmana — Ilpunca 8-7 ¢ aBTOMaTHIecKUM
BBIGOPOM Imara [78| npu orpanudennu onenkn TognocTH Ha mare 1073 . Cucrema anreGpa-
MYECKUX ypPaBHEHUN pernajiach MOAnMUIUPOBAHHBIM MeT01I0M HbIoTOHA € NCIOIb30BaHNEM
B ycsaoBun cxoaumoctu Hopmuposku Penopenko |73, IV, §43|, |74, §1].

4.1 3agavya onTUMHU3AIAA MHOTOBUTKOBBIX MEXKOPOUTAJIBHBIX TI€-
PEJIETOB MeXK/1y KPYTOBbIMU KOMILIaHAPpHBIMU opbutamu MMC3

4.1.1 Pe3yabTaThl pelneHnus KpaeBoii 3aaa4un

Pesynbrarsl perenns 3aa4u B IJIOCKOM caydae (L. 2) mpejactaBiensbl B Tabaumax 2—-10 u
Ha PUCYHKaxX H—14.

B Tabsmie 2 nmpuBeseHbl pazMepHOCTH BEKTOPOB MapaMeTpoOB NMPHUCTPEJKH U BEKTOP-
GyHKIWI HEBSI30K JIJIsI TPAGKTOPUN PA3JIUUHBIX CTPYKTYP, & TaKyKe KOJUIeCTBO HTepa-
nuit Merojga HeroToHa, HEOOXoauMoOe il TOJIYUEeHHd SKCTpeMaJseil 3TUX CTPYKTYp IpH
Ry = 6.58 Tbic. kM, Ry = 7.0 Tbic. kM, C' = 14.715 kM/c. BujaHo, 4T0 mpu HUCIOTBH30-
BAHWUU TIPE/JIOKEHHON BBIUUCTUTETBHON cXeMbl MeTosi HbioToHA cxopuTes ObicTpo (3a 1-2
UTEPAIHN).

Tabauma 2:
Pa3MepHOCTh BEKTOPA
CTPYKTypa | napaMerpoB npuctpeysku | ng = 0.1 | ng = 0.05
10—5 319 2 2
20—10 649 2 2
30—15 979 2 2
30—20 1309 1 2
50—25 1639 1 2

B Ttabnumne 3 mpencraBieHbl 3HAYEHUs CONMPSAZKEHHBIX TEePEMEHHBIX B DPeIleHnn 3a-
JIaYu ONTHMUBAINY TiepejieTa B UMIYJIbCHO!N MOCTAaHOBKE MeXKJIy KPYTOBBIMEU OpOUTaMu
Ry = 6.58 thic. kM. 1 Ry = 7.0 Thic. KM. (romanoBckast Tpaektopusi). Corsacao bop-
MyJIaM MOCTPOEHUS HAYATBHOIO NpubauKenus (T, 2) 9TH 3HAYCHUsT ObLIN UCIOJIb30BAHbI
0e3 u3MeHeHuil /71 MPUOJTUKEHUs CONMPIKEHHBIX MEePEMEHHBIX B 3a/1aUe ¢ OIPAHUYeHHON
Taroii. B Tabsmiie 4 npe/icTaBIeHbl CONPIYKeHHBIE TIepEMEHHbIE HA SKCTPEMATN CTPYKTYPhI
10-5, mostyueHHOI B pe3yJsbTaTe pelieHusi Kpaepoil 3aa4un. Kak ormedasioch B Tabsuie 2,
JUISL TOCTUZKeHns 3adannoit Tounoctu 107% a1 BexTop-hyHKINYN HEBA30K MOTPE6OBAIOCEH
2 wrepanuu mMetosia Heiorona.

Ha pucynke 5 mokazana xapakTepHas MHOTOBHTKOBasi TpaekTopus mepenera KA Ha
['CO crpykryper 10-5 mma mapamerpos sagaun Ry = 6.58 Tpic. kM., Ry = RpoQ,
ng = 0.05; Ha pucynke 6 — COOTBETCTBYIOIIAs TOM TPACKTOPUN (PYHKIIUS MEPEKJIIOUCHUSI.

[Ipu nomyvyennn pemenus 3aja9u ontumusanuu mnepejgera KA ¢ orpaHudeHHoit Tsroii
Ha OCHOBE peIleHus 3aJa9l UMITYJIbCHON TMOCTAaHOBKU CXOJAMMOCTH MeTojia HbioToHa oka-
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Tabauna 3: Conpsikennbie epeMennbie. VMmyibcHOe pererue.

Dr Pu Do AV, m/c
t=0 | 1.183159-10"% [ 0 | 0.9999993 117.38
t=1T ] 1.078280- 1079 [ 0 | 0.9999994 119.75

Ta6smma 4: ConpszKeHHbIe ITepeMeHHble. Permenne crpykTypbl 10-5.

J Pr Pu Do t, ¢
0 | 1.183158 - 1073 | —5.1037 - 1075 | 0.999999300 | 24.29
1 | 1.183157-107% | 2.7103-10=> | 0.999999300 | 5308.83
2 | 1.183157-1073 | —2.7103 - 107° | 0.999999300 | 24.29
3 | 1.183156 - 1073 | 4.9103-10~° | 0.999999299 | 5333.57
4 [ 1.183156- 1073 | —4.9104 - 10" | 0.999999299 | 24.28
5 | 1.183156 - 1073 | 7.1104-107° | 0.999999298 | 5358.55
6 | 1.183156- 1073 | —=7.1105- 107> | 0.999999298 | 24.27
7 1 1.183155-1073 | 9.3105-107° | 0.999999296 | 5383.77
8 | 1.183155-1073 | —9.3107-107° | 0.999999296 | 24.27
9 | 1.183154-1073 | 1.1511-10~* [ 0.999999294 | 5409.25
10 | 1.183154 - 1072 | —1.1511-10~* | 0.999999294 | 24.26
11 ] 1.183153-1073 | 1.3711-10~* | 0.999999291 | 5434.98
12 [ 1.183153- 1073 | —1.3712-107* | 0.999999291 | 24.26
13 | 1.183153-1073 | 1.5912-10~* | 0.999999288 | 5460.97
14 | 1.183153 - 1072 | —1.5912-10~* | 0.999999288 | 24.25
15[ 1.183152- 1073 | 1.8113-10~% | 0.999999284 | 5487.23
16 | 1.183152- 1072 | —1.8113-10~* | 0.999999284 | 24.26
17 | 1.183151-1073 | 2.0335-10~* | 0.999999280 | 5513.74
18 | 1.183151 - 1072 | —2.0315-10~% | 0.999999280 | 24.24
19 | 1.183150- 1073 | 2.2515-10~* | 0.999999275 | 2746.53
20 | 1.078301- 1073 | 3.8970-10~* | 0.999999225 | 47.46
21 [ 1.078297 - 1073 | —3.0990 - 10~ | 0.999999253 | 5567.37
22 [ 1.078297 - 1073 | 3.0990 - 10~* | 0.999999253 | 47.43
23 | 1.078293 - 1072 | —2.3010 - 10~* | 0.999999274 | 5618.40
24 | 1.078293 - 1072 | 2.3010-10=* | 0.999999274 | 47.41
25 [ 1.078288 - 1073 | —1.5031 - 10~* | 0.999999290 | 5670.43
26 | 1.078288 - 1072 | 1.5031-10~* | 0.999999290 | 47.38
27 | 1.078284 - 1073 | —7.0529 - 10~° | 0.999999299 | 5723.48
28 | 1.078284 - 1073 | 7.0529-107° | 0.999999299 | 47.36
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Puc. 5: XapakrepHass MHOTOBUTKOBAasI SKCTpeMaJib. TOHKHE JTUHUN COOTBETCTBYIOT JBHZKE-
o KA ¢ BBIK/IIOYeHHBIM JBUTAaTE €M ([TACCHBHBIE YYACTKH), TOJCThIE — ¢ BKJIIOYEHHBIM
(aKTHBHBIE YYACTKH).
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3BIBAETCS JIydIle [Tl OTHOMIeHUH pajauycoB opout Rp/R, 6anskux K eauaune. it HUX
y/IaeTCs MOCTPOUTH PellleHusa g OOJbIIero auamna3oHa CTPYKTYp TPaeKTOPUHM U Tlapa-
MeTpoB JBuTaTed. B pdajie ciydaes, npu OOJIBIIOM OTHOIIEHUN PAINyCOB KOHEYHONH M Ha-
JaJIbHOI OpOUT, MMOCTPOEHNE IKCTPEeMaJieii MHOTOBUTKOBBIX MEePeJIeTOB JIjIsi OJIM3KUX OPOUT,
C TIOCJIYIONUM HCHOJIb30BAaHUEM METOJa MPOJIOJIKEHUs PelleHns M0 mapaMeTpy, oKa3a-
Jioch 3ddeKkTuBHee HENmoCPeACTBEHHOTO UCIOIb30BAHUS UMITYJIHCHOTO MPUOJIUYKEHUST JIJIsT
MOJTyYeHUsI PeIleHus C 3aJJaHHBIM COOTHOIIIEHUEM PaJInyCOB.

4.1.2 Amnanus moJiydYeHHBIX Pe3yJIbTATOB

Ha mepBowMm 3Tale ocyimnecTBigerca mepexo/t OT PelleHus 3a/1a9d B UMITYILCHOM TOCTAHOBKE
K PEIeHno 3a/1a9u OnTuMu3aruu mnepejgera KA ¢ orpaHuYeHHOil TSTO# MpU HEAKTHUBHOM
orpaHWYeHNN BpeMeHH mepesera (3agada 1, ctp. 9). B rabammax 5, 6 u Ha pucyHKax 7, 8
IIpEeJICTaB/ICHBI PE3YJIbTATHI PEIeHus TaKUX 3a/1a4. B rabJmiie 5 u Ha puCyHKe 7 NPUBE/IEHbI
3aBHCHUMOCTH KOHeYHON Macchl KA u Bpemenn mepesera T MexKkIy KpyroBBIMEH OpOHTaMMU
pajguycoB Ry = 6.58 thic. kM, Ry = 10.0 teic. kM npu ng = 0.08, C' = 3.255 xMm/c
OT CTPYKTYphI TpaekTopuu (cogep:kammx g0 10 akTHBHBIX y9acTKOB). A B Tabuuie 6 u
HA PUCYHKEe 8 — Te Ke 3aBUCUMOCTH JIJIsi MHOTOBUTKOBBIX TepesieroB KA Mex Iy Kpyro-
BOit opbuToii paguyca Ry = 6.58 Toic. kM u ['CO. Pesyabrarsl B Tab/miax ynopsI04eHbl
0 yOBIBAHUIO 3HAYEHHUII KOHeUHOI Macchl. Tak:ke B Tabjaunax Jjs CpaBHEHHUs IPUBeEJIe-
HO OTJIMYHE IMOJIYYeHHOH KOHEeYHOIH MacChl OT KOHeUHO Macchl KA 171 ABYyXHMITYJIBCHOTO
TOMAHOBCKOTO Tepesera. 2KupHBIM HMIpudTOM B TaOJHUIAX BBIIEIEHBI IKCTPEMAaJId, pac-
cMaTpHUBaeMble Ha BTOPOM 3Tarie. [jis ocTaBImXcst TPaeKTOPHil CyIECTBYIOT SKCTPEMAJIN,
JIUIIAe OJITHOBPEMEHHO KaK 110 BPEeMEeHU, TaK U 110 KOHEYHOI Macce, U TOTOMY OHU B JIa/Ib-
HeHIeM UCCIeIOBAHUN HE YIACTBYIOT.

OTMeTHM OT/IMYHE MOJYIUBIIAXCA PE3YIbTaTOB JjIsd MEepPeeTOB Ha HU3KHE W BBICOKUE
opbutel. B Tabmume 6, B orimyune oT TAOJUIBI D, JYUINIIMUA CPEId PACCMOTPEHHBIX OKa-
3a/IUCh TPAEKTOPUHU CO CTPYKTYpoil Buja n—1. BeposTHOo, 3T0 00yC/JIOBIEHO CJIEIYIONIMMI
dakTopaMu.

Bo-niepBbix, 1po/I0/IKUTEIBHOCTH BUTKA, COOTBETCTBYIONIEr0 aKTUBHOMY YYaCTKY B ITe-
PHUIIEHTPE, MEHBIIEe MPOJIOJIAKUTETHHOCTH BHTKA C aKTUBHBIM YYACTKOM B alOIEHTpe. DTO
CBSA3aHO C T€M, UTO MPOJOJIZKHUTETHHOCTh BUTKA MPAKTHIECKH COBIAIAET C MPOIOIKUTETb-
HOCTBIO MMACCUBHOTO IepeJieTa Mo JLIUICY U 3aBUCAT OT ero O0JIbINoi mnojyocu. bosibinas
HOJIyOCh MEPeXOHOM OPOUTHI Ha JTare MOIHATHS AlONeHTPa (aKTHBHBIE YYACTKH B MEpH-
[EeHTpe) MeHbIe GOJIBINON TOJYOCH Ha JTale MOTHITHsS HepPUIeHTPa (AKTUBHBIE yYaCTKH
B amoreHTpe). [TosroMy Bpems mepesiera o 3KCTpeMasu CTPYKTYpbl <a+1> — b menbie,
YeM II0 IKCTPeMaJId CTPYKTYpPhl a — <b+1>. U, uem GosbIe BoICOTa KOHEYHO# OPOUTHI,
TeM OO0JIbIIe 3Ta PA3HOCTD.

Bo-BTopbix, rpaBuTAlMOHHBIE TOTEPH HA AKTHUBHBIX YYaCTKaX B OKPECTHOCTHU TEPUIIEH-
Tpa 0OJIbIe TPABUTAIMOHHBIX TOTEPh HA AKTUBHBIX yYaCTKAX B OKPECTHOCTH AIONEHTPA.
9TO CBA3aHO C TeM, UYTO CKOPOCTD JIBUZKEHUA B OKPECTHOCTH HEPHUIEHTPA MaKCUMAaJIbHA, a B
OKPECTHOCTHU alONeHTpa MIUHUMAJbHA, U 32 OJHO U TO Ke BpeMs KA mpoxomauT 3HAYUTETb-
HO OOJIbIIIee PACCTOSIHUE IO SLTUNTHIECKON TPAeKTOPUH B OKPECTHOCTHU ITEPHIIEHTPA, UeM
B OKPECTHOCTH aIloneHTpa. dem 60JibIiie BbICOTa KOHEYHONH OPOUTHI, TeM DOJIbIIEe PA3HOCTD
B CKOPOCTSIX B OKPECTHOCTSX MEPHUIIEHTPOB U ATOIEHTPOB MEPEXOHBIX OPOUT.

Ha Tperbem sTalie mpoBOaUTCA MapaMeTpUIecKOe UCCIeT0BaHNe PelleHni 3a1a9u Ipu
Pa3IMYIHBIX OTPAHUYEHHUAX BpeMeHHU Iepesera. Pe3yabTarsl TpeThero srama s paccMar-
pUBaeMBbIX MEPEIETOB ¢ HU3KOI KpyroBoil opOUTHI pajauyca Ry = 6.58 Thic. KM Ha OPOUTY
paguyca Ry = 10.0 teic. km u #Ha ['CO npeacrasiens: Ha pucyakax 9 u 10 cooTBETCTBEHHO.
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Puc. 6: Xapaktepaag GYHKIUS TePEKTIOUCHNA.

Tabaumna 5: Dran 1. 3aBucUMOCTH KOHEYHON MAcChl M BPEMEHHU Tepejiera OT CTPYKTYPbI
tpaekropun ( Ry = 6.58 teic. kM, Ry = 10.0 Toic. kM, ng = 0.08, C' = 3.255 km/c).

CTPYKTypa T, c m(T) Am =m(T) — Mimyp
7-3 58430 | 0.639759 7.30- 1076
6-4 60734 | 0.639759 7.30-107F
6-3 52184 | 0.639758 8.70-107°
55 63058 | 0.639757 9.00-107°
54 54494 | 0.639757 9.70 - 1076
82 56164 | 0.639756 1.05-107°
5-3 45945 | 0.639755 1.11-107°
72 49915 | 0.639755 1.14-107°
6—2 43670 | 0.639753 1.29-107°
4-4 48266 | 0.639752 1.41-107°
52 37431 | 0.639751 1.53-107°
4-3 39716 | 0.639751 1.55-107°
4-2 31203 | 0.639747 1.96-107°
3-3 33510 | 0.639741 2.50-107°
3-2 24996 | 0.639737 2.91-107°
5-1 29037 | 0.639729 3.77-107°
4-1 22822 | 0.639724 4.20-107°
3-1 16624 | 0.639715 5.13-107°
2-2 18843 | 0.639710 5.61-107°
2-1 10469 | 0.639689 7.78 -107°
1-1 4524 | 0.639548 2.18-10~*
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Tabauna 6: Dtan I. 3aBECUMOCTL KOHEYHOH MacChl M BPEMEHH IIepesieTa OT CTPYKTYPHI
tpaektopun ( Ry = 6.58 teic. km, Ry =T'CO, ng=0.08, C' = 3.255 kwm/c).

CTPYKTypa T, c m(T) Am =m(T) — Mimyp
9-1 106753 | 0.298635 2.391-1071
82 144410 | 0.298579 2.951-10°1
81 95192 | 0.298573 3.007 - 1074
7-3 184442 | 0.298490 3.836- 10714
72 132882 | 0.298489 3.846 - 1074
7-1 83657 | 0.298484 3.902-10~*
6-4 225388 | 0.298353 5.208 - 1074
6-3 172989 | 0.298353 5.211-1074
6-2 121421 | 0.298352 5.221-10°4
6-1 72187 | 0.298346 5.277 - 1074
55 267213 | 0.298127 74741074
54 214110 | 0.298126 7.476 -10~*
5-3 161676 | 0.298126 7.479-107*
52 110086 | 0.298125 7.490 - 10~*
5-1 60835 | 0.298119 7.545-10~*
4-4 203077 | 0.297712 1.162- 1073
4-3 150604 | 0.297712 1.162- 1073
4-2 98980 | 0.297711 1.163-1073
4-1 49696 | 0.297706 1.168 - 10~3
3-3 139990 | 0.296833 2.041-1073
3-2 88294 | 0.296832 2.042-1073
3-1 38939 | 0.296827 2.047 - 1073
2-2 78515 | 0.294435 4.439-1073
2-1 28950 | 0.294430 4.444 - 1073
1-1 21100 | 0.284110 1.476 - 1072
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Puc. 7: 9ran 1. 3aBucuMocTh KOHEYHOI MACChl 1 BPEMEHH IIepeJieTa OT CTPYKTYPhbl TpaeK-
topun ( Ry = 6.58 teic. kM, Ry = 10.0 Thic. KM, ng = 0.08, C' = 3.255 rM™m/c).
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Puc. 8: 9ran . 3aBucuMocTh KOHEUHO MACChl 1 BPEMEHH IIepeJieTa OT CTPYKTYPhbl TpaeK-
topun ( Ry = 6.58 toic. km, Ry =T'CO, ng = 0.08, C = 3.255 xm/c).
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[Iponomkenune "BrupaBo" m3 TOYEK, COOTBETCTBYIOIINX PEIMIEHUSAM 33a4d HA TEPBOM
srane (OpU HEAKTUBHOM OIDAHWYEHUH HA BpPeMs TepejieTa), OCYIIECTBIAETCS MO JIydam
m(T) = const. DT JyIH COOTBETCTBYIOT BO3MOXKHOCTH MPOJIOJIKEHUsI MOJYIEHHON Ha
MEePBOM JTale IKCTPEMAJU YyIaCTKOM MACCHUBHOTO JIBUYKEHHUsI 10 KOHeYHOU opbute. [Ipo-
noskenne "BireBo" mosydaercss B pe3ybTaTe perieHus 3a1a49n ¢ aKTHBHBIM OrpaHUYeHueM
BpeMeHu nepesera (3agada 2, crp. 10). IIpogoszkenne ocymmecTBasieTcs: 10 mepeceveHust ¢
OMMKAUIINM COCeTHUM CeMEeHCTBOM dKCTpeMaJIeii.

0.639% - .
m(T)
4-2
i
3-1
51
0.6397 2-1
2-2
4
0.6396 4 i
1-1
i
I T
0.6395 v v . . . v .
0 5000 10000 15000 20000 25000 30000 35000

Puc. 9: Dran I11. 3aBucuMocTh KOHEUHOI MacChl OT BpeMenn niepesera ( Ry = 6.58 Thic. KM,
Ry =10.0 Teic. kM, ng = 0.08, C' = 3.255 rm/c).

Takum obpaszom, Jijist 33/IaHHOTO BpeMeHu mepesieta 1’ cpeju MOJIyYeHHBIX IKCTPeMa-
Jieit BBIOpaHa JIydIiast 10 3HAYeHWI0 KOHEIHON MacChl. 3aMeTHM, 9TO B CJIydae 0O0CHOBAHUS
ONITUMAJBHOCTH ITUX TPAEKTOPHUil, KPUBBIE, NIpeJicTaB/IeHHble HAa pucyakax 9 m 10, oka3bl-
BAIOTCS ONTUMAJIbHBIME 110 IlapeTo, T.e. jexkaT Ha rpaHuIle 001aCTH JOCTHKAMOCTH.

OTMeTHM CyIecTBEHHOE OTINYNE SKCTpeMaJsieil Ipu HeaKTUBHOM OIPaHMYeHHH Ha Bpe-
M¢ TiepejieTa OT dKCTpeMaJieil ¢ akTuBHBIM orpanndenuem. Ha pucynke 11 npejicrasiena
TPAEKTOPUS C HEAKTUBHBIM OI'DaHMYEHUEM MO BpeMeHu. JIuHum arncuj nepexogHbix opouT
MPAKTUIECKH COBIIAIAIOT. AKTHBHBIE YUACTKH PACIOJIOKEHBI PABHOMEPHO B OKPECTHOCTH
MEPUTIEHTPOB WU AIIOIEHTPOB MEPEXOIHBIX OPOUT. DTO COLNIACYETCSA ¢ UMIYJIHLCHBIM pellle-
HUeM 3a7a4i Ge3 OrpaHudYeHus Ha BpeMs mepejera (TOMAHOBCKHI MepeseT — MMITYJIbChHI
B NEPUIIEHTPE U AIOIeHTpe Hepexonoil opbutsl). Ha pucynke 12 mpejcraBiena Tpaek-
TOPUS TOTO Ke ceMeiicTBa, HO C aKTMBHBIM OIDAaHMYEHHEM 110 BPEMEHU, IIPU ITOM BpeMs
nepejiera MeHbIIe, YeM Ha MpeIblAyeil IKcTpeMasin. Bujano, 9To JTUHUE AICHJI, TIePeXo/i-
HBIX OPOUT 3HAYUTETHHO PA3THUYAIOTCSA, & AKTUBHBIE YIACTKU He 00g3aTe/TbHO HAXOAATCA B
OKPECTHOCTHU TEePHUIEHTPOB WU AIOIEHTPOB IIePEXOIHBIX OPOUT. DTO TaK:Ke COOTBETCTBYET
pelleHnio 3a/launl B UMITYJIbCHOI IIOCTAHOBKE C OrpaHUYeHUEeM Ha BPeMsl liepeJieTa.

48



0.200

0.296 -

0.292 ~

0.288 -

0.284

m(T)

4-1

6-1

th
—

T,e

0.2a0

10000

Puc. 10:

20000

Drarm

ITI.

30000

3aBUCHAMOCTD

0000

0000

KOHEYHO

EQ000 Fooon a000n

MaCChbI

oT

BPEMeHHN  IlepeJieTa

(Ro = 6.58 thic. kM, Ry =T'CO, ng=0.08, C' = 3.255 km/c).

10

10

-15 4

25

-30 -

Puc. 11: Xapakrepnas TpaeKTopus Ipu HEAKTUBHOM OIPDAHUYEHUU BPEMEHU TepeJieTa.
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4.1.3 "IIpocraa" cxema

Haunbosee TpymoeMKHM OKa3bIBAE€TCS MEPBBI 3TAIl HCCIeI0BaHUS, KOIAa Tpedyercs IIo-
CTPOUTH DOJIBINOE KOJUIECTBO IKCTpeMaJieli, 3HauuTe/IbHas 4aCTh KOTOPHIX HE MOTpedyeT-
cs1 TSt AJIbHEHIero ucejie[oBatus. Jra npobiema CTaHOBUTCsSI 0COOEHHO aKTYaJIbHOMN /1151
caabeix MaprieBsix jiBuraresieii KA, tak kak mepejersl MOTYT MOTPEOOBATH JAECSTKU WJIN
COTHH BHUTKOB. JI7Ig cOKpalneHnsl auama30oHa pacCMaTPUBAEMBIX PeIleHuil Ipe/Iiaraercs
"mpocTtag" cxema mOCTpPOEHUs TPACKTOPHil, OMU3KHX K IKCTpeMaJabHBIM. C MOMOIIBIO 3TOM
CXeMbI MOYKHO TOCTPOUTH TPAEKTOPHH, 00J1aJaf0Nne OCHOBHBIMI CBONCTBAMH IOJTY9aeMBIX
Ha IIEPBOM 3Talle 3KCTpeMaJieil.

MoKHO BBIJIEJUTH CJIEAYIONine 3aKOHOMEPHOCTH YCTPOHCTBA 3KCTPEMAJIbHBIX MHOTO-
BUTKOBBIX MEXKOPOUTATLHBIX IIEPETeTOB MEXKIY KPYTOBBIME KOMILTAHAPHBIME OPOHTAMHU:

1) BKJIOYEHHS TSTU MPOUCXOAAT B OKPECTHOCTHU MEPUIEHTPOB W AMOIEHTPOB TMePeXOIHBIX
opouT;

2) TMPOTSZKEHHOCTD (MO YIJIOBOIi JAJBHOCTH () aKTHBHBIX YYACTKOB HPAKTHICCKH OJMHA-
KOBa /I y4aCTKOB B OKPECTHOCTH IEPUIICHTPA;

3) TO 2K€ CaMO€ BEPHO OJId aKTHBHBIX YIaCTKOB B OKPECTHOCTHU aIlOIIEHTPa.

I[IycTb 3a1aHa CTPYKTYpa TpaeKTopun a—b. PaceMoTpuM CJie Iy oIy o cxeMy mepesera
(puc. 13).

1. Bajanne HAYATBHBIX JAHHBIX
® B HAYAJBHBIH MOMEHT BPEMEHHU AIllapaT HAXOIUTCA HA MHOTOOOpDA3HH:
r(0) = Ro, ¢(0) =0, u(0)=0, v(0)="Vp;
e 3ajafrcs 3 yraa: o, 3, .
2. AxTuBHBIE yYACTKN B OKPECTHOCTHU TIEPHUIIEHTPA

e nepBbie @ — 1 BUTKA COCTOAT M3 AKTUBHOIO M MACCHMBHOTO YYACTKA, IIPH 3TOM
AKTUBHBIN y9IacTOK orpanuden yciaosusmu o(t) € [2m(k — 1);2n(k — 1) + o],
k= (1,a—1), maccusuniit — @(t) € 27(k — 1)+ a;27k], k= (1,a —1);

® BUTOK a HAIHHAETCS AKTUBHBIM YyIaCTKOM
tpaektopun ¢(t) € [2m(a — 1);27(a — 1) + «], 3aTem caeayer mepexoHbIi
naccuBHbI yuactok ¢(t) € 2n(a — 1) + a;2ma — 7+ /2 — /2] ;

® [IPDUHIUIINAJIBHO BazKHO, qTO6BI cepeIMHbI BCEX aKTUBHBIX YIaCTKOB HaXOAUJINCH

Ha OJHOI NMPIMON — JIMHUY AICU/I IEPEXOIHBIX OpOUT;

® HAa BCEX AKTUBHBIX y4YacTKaX B OKpecTHOCTH rnepurentpa P = Ppax,
(cos@,sinf) 17 (u,v), me. Tra MakCHMaJjbHA W HANPaBJIEHA MO KAaCATEJbHOI
K TPaeKTOPHH.

3. AKTuBHBIE yYIACTKN B OKPECTHOCTHU AIOIEHTPA
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-10

Puc. 12: Xapaktepnas TpaeKTOpus NMpU aKTHBHOM OT'PAHUYEHUN BPEMEHW TepesieTa.

Puc. 13: "Ilpocrasa" cxema.
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® OTOM WJYT b BUTKOB, KOTOPbBIE COCTOST M3 aKTHBHOTO U MACCUBHOTO YYAaCTKOB
(Ha TOCTIEeHEM BUTKE MACCUBHBIN YyYaCTOK OTCYTCTBYET), TPU ITOM AKTHBHBII
yIaCTOK OTpaHUYECH YCJIOBHSAMHU
oty e 2rm(k—1)—7m+a/2—05/2;2n(k—1)—7+a/24+ /2], k= (a+ 1,a+ ),
naccuBuelit — @(t) € 2n(k — 1) — 7 + /2 + 3/2;27k — 7© + /2 — (3/2],
k=(a+1,a+b—1);

® HAa BCEX AKTHUBHBIX yYacTKaX B OKpecTHOCTH aroneHtpa P = Py,

0 = ~ = const, T.e. Tara MakCUMaJibHA W HaIlpaBJeHa II0J MOCTOSHHBIM yT-
JIOM K pPaJIyC-BeKTOpY moJioxKeHnss KA;

4. ycmoBUS B KOHIE TPAeKTOPUH:

r=Rpr, u=0, v=Vp

[Ipu mcmob30BaHUN TAKON CXeMBI MOCTPOEHUsI TPAEKTOPUU B KAaUeCTBE HE3aBUCHMOI
epeMeHHON BMeCTO ¢ MOYKHO PACCMATPUBATEL YIOJ . Y PABHEHUS JIBUKEHUS B ITOM CJIy-
yae Oy/lyT UMeTb BU/I:

® [Ha IIaCCUBHBIX y4YaCTKaX

m =0, =% J=v—=L  v=—-u (69)
v

or?

® [Ha aKTHBHBIX YY1aCTKaX B OKPECTHOCTH IIE€pUIEHTPA

/1 _ _rP /! __ ur A ' urP r_ rP .
m=—ue, U= WEU— b U V= ut o (70)
® [Ha aKTHBHBIX YYIaCTKaX B OKPECTHOCTH aIllOIEHTPa
' _ _rP !/ ur ! M rP cos~y r_ rPsiny
m=—r5 =% W=y BT = gy T (71)

Taxum obpazoM ompejesieHa KpaeBas 3ajada — HAWTH HEW3BECTHBIE TapaMeTphl «,
[, 7 Takwme, 9TO TPAEKTOPHUsl, MOCTPOEHHAs 110 YKAa3aHHOI BhIe cxeme, nepeseger KA c
UCXOJIHON KPYTOBO#l OPOUTHI:

r(0) = Ro, u(0)=0, wv(0)="Vj,
HA KOHEYHYIO KPYTOBYIO OPOUTY:
r(2r(a+b—1) —m+a/2+ 3/2) = Ry,

u2r(a+b—1)—7m+a/2+3/2) =0,
v(2r(a+b—1) -1+ /24 5/2) = V.

Pemenus takoii kpaeBoit 3a/1auu MOXKHO UCHOJIH30BATh B KaveCTBE HAYAJIbHOIO IMPH-
O/KeHnst st mocTpoenus: perennii "coceqaux" cTpyKkTyp (Hampumep, pereHne 3aja-
YU CTPYKTYPHl @ — b MOXKHO HCIOJIb30BaTh KaK NMPUOJIUZKEHUE JIIs PEIIeHUs] CTPYKTYPb
<a+1>-b).

TpaekTopun, moJlydeHHbIE TAKUM CIIOCOOOM, Oy/IeM Ha3BIBATh — nocmpoertviMu. B Tad-
JIIax 7 u 8 mpejCcTaBIeHO CpaBHEHUE TIOCTPOEHHBIX TPACKTOPUil ¢ IKCcTpeMasigamu. BuHo,
YTO MOCTPOEHHBIE TPAGKTOPUM OKA3bIBAIOTCS OJIM3KMMU 110 3aTpaTaM MacChl U BPEMEHU K
3KCTPEMaJIbHBIM TPACKTOPUAM C OJUHAKOBOW CTPYKTYPOM.
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Ta6suna 7: CpaBHeHHE TOCTPOEHHBIX TpaeKTopuil m sxcrpemaneit ( Ry = 6.58 Twic. KM;
Ry =10.0 Teic. kM; ng = 0.08; C' = 3.225 r™m/c).

KCTPEMAJIb HOCTPOCHHAS make. (T)—
CTPYKTYypa T.c m(T) T,c m(T) | —muocrp.(T)
82 56164 | 0.639756 | 56196 | 0.639755 9.09-10~7
-3 58430 | 0.639759 | 58470 | 0.639759 4.69 1077
-2 49915 | 0.639755 | 49945 | 0.639754 9.73-1077
60734 | 0.639759 | 60782 | 0.639759 4731077
52184 | 0.639758 | 52222 | 0.639757 6.28 - 1077
43670 | 0.639753 | 43697 | 0.639752 9.95-107"7
63058 | 0.639757 | 63114 | 0.639757 5.73-1077
54494 | 0.639757 | 54540 | 0.639756 9.00- 1077
45945 | 0.639755 | 45980 | 0.639754 1.03-107°
37431 | 0.639751 | 37455 | 0.639750 1.34-107°
29037 | 0.639729 | 29065 | 0.639723 5.74-107°
48266 | 0.639752 | 48310 | 0.639751 9.88-1077
39716 | 0.639751 | 39749 | 0.639747 4.17-107°
31203 | 0.639747 | 31224 | 0.639742 4.46 - 1076
22822 | 0.639724 | 22835 | 0.639719 5.13-107°
33510 | 0.639741 | 33540 | 0.639739 1.82-107°
24996 | 0.639737 | 25014 | 0.639735 1.88-107°
16624 | 0.639715 | 16627 | 0.639710 4.75-107°
18843 | 0.639710 | 18859 | 0.639705 4.91-107°
10469 | 0.639689 | 10470 | 0.639683 5.31-107°
4524 | 0.639548 | 4520 | 0.639522 2.68-107°
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Tabsnma 8: CpaBHenne MOCTPOEHHBIX TpaekTopuil n sxkcrpemaseil ( Ry = 6.58 Twic. KM;

Ry = Rpoo; no = 0.08; C = 3.225 xm/c).

KCTPEMAaJIb HOCTPOCHHAA maxe. (T)—
CTPYKTypa T.c m(T) T.c m(T) | —muocrp. (1)
9-1 106753 | 0.298635 | 107113 | 0.298620 1.51-107°
82 144410 | 0.298579 | 147045 | 0.298571 7.38-107°
95192 | 0.298573 | 95417 | 0.298558 1.52-107°
184442 | 0.298490 | 189072 | 0.298480 9.98-107°
132882 | 0.298489 | 135419 | 0.298480 9.50 - 107
83657 | 0.298484 | 83786 | 0.298468 1.58 -107°
225388 | 0.298353 | 231822 | 0.298339 1.45-107°
172989 | 0.298353 | 177552 | 0.298339 1.40-107°
121421 | 0.298352 | 123891 | 0.298339 1.31-107°
72187 | 0.298346 | 72248 | 0.298329 1.71-107°
267213 | 0.298127 | 275010 | 0.298104 2.25-107°
214110 | 0.298126 | 220469 | 0.298104 2.21-107°
161676 | 0.298126 | 166186 | 0.298105 2.14-107°
110086 | 0.298125 | 112511 | 0.298105 1.97-107°
60835 | 0.298119 | 60852 | 0.298099 2.04-107°
203077 | 0.297712 | 209378 | 0.297675 3.72-107°
150604 | 0.297712 | 155070 | 0.297676 3.61-107°
98980 | 0.297711 | 101369 | 0.297678 3.35-107°
49696 | 0.297706 | 49682 | 0.297676 2.94.107°
139990 | 0.296833 | 144402 | 0.296766 6.76 - 107
88294 | 0.296832 | 90644 | 0.296768 6.40 - 107
38939 | 0.296827 | 38897 | 0.296772 5.45-107°
78515 | 0.294435 | 80672 | 0.294294 1.42-1074
28950 | 0.294430 | 28754 | 0.294282 1.48 -10~4
21100 | 0.284110 | 17768 | 0.270623 1.35- 1072
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Ta6snma 9: Jlyumme nocrpoennbie Tpaekropun cocrosimme u3 200 Butkos ( Ry = 6.58 Thic.
KkM; ng =5-107%; C'=14.715 km/c ).

Ry, JIydiinas

THIC. KM | CTPYKTYpa m(T) a, pax | B, pax | v, pax | a° B° °
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
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[Tpu pemennu Kpaesoit 3a/1a4n NPUHIIUIIA MAKCUMYMa MTOCTPOeHue sKcTpemaJieit [TonT-
pATHHA ¢ OOJIBIINM KOJIUIeCTBOM BUTKOB TpeOyeT 3HAUUTETbHBIX BBIYUCTUTE/IHHBIX 3aTpaT.
[Ipenoxkennas cxema IO3BOJIAET CTPOUTH TPACKTOPHH € OOJIBIIMM KOJUYIECTBOM BUTKOB
3Ha4YNTEbHO ObicTpee. /L1t mpuMepa ObLIN MOCTPOEHBI TpaeKTopun cocrositue u3 200 BuT-
KOB JIJIS PA3JIMIHBIX 3HA4YeHWit [7, cpeanm KOTOPBHIX BBIJIEIEHBI Jydliue 1Mo QyHKIHOHATY
(em. Tabr. 9).

[Ipumep mocTpoeHHON TpaeKTOPUU TMPUBE/IEH Ha pUCYHKe 14.

a0 -

Puc. 14: Tloctpoennas TpaexTopus cTpyKTyphi 181-19 ( Ry = 6.58 TrIc. KM, RT = R )-

IIpoBejieM cpaBHEHHE IOCTPOEHHON TPAEKTOPHU € DeIleHHeM 3aJa4u ObICTPOIeHCTBHSI
(rabor. 10).

TaGauna 10: CpaBHenue pemnieHusi 3a7a9u OBICTPOJEHCTBAS € MOCTPOEHHBIM DPEIeHHeM
(Ro = 6.58 Thic. KM; Rp = Rpeiys no =5-1071; €' =14.715 km/c ).

TPAEKTOPHUSI m(T) mynvn (1) — m(T) T.c T, cyTok
pereHue 314
owvicTposeiictBua | 0.7241972 0.0412 827408 9.58
MOCTPOEHHAST
cTpykTypsl 181-19 | 0.7524089 0.0129 3244861 37.56

Buano, uro B 3a/1a4ue ObICTPO/IEHCTBHS 3aTPAThl MACChl JIJIsi PaCCMaTPUBAEMbIX Tapa-
MerpoB 3ajaqn Ha 4,1% (o1 obieit HauaabHON Maccsl KA) Boime, ueM B aGCOJIOTHO OINITH-
MaJIbHOM TIO 3aTpaTaM MacChl — UMIYJIbCHOM PeIIeHud. 3aTpaThl MAacChl Ha TMOCTPOEHHOM
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TpaekTopuu Bcero Ha 1,3% BbiNe 3aTpar Macchl B MMIYJILCHOM penieHnu. Takum 00pas3om
BBIUTPBITIT TTOCTPOEHHOTO pellleHns B T0JIe3HON Harpy3Ke 10 CPABHEHUN € pellleHueM 3aa49n
obicTponeiicTera 0ko10 3%, uTo 114 annapara ¢ HadaabHo# Maccoit 500-600 kr cocraBigeT
15-20 kr. ITpu 3TOM 1epesiéT 1o mocTpoeHnoit TpaekTopun B 4 pa3a mpoI0/KUTeIbHE, YeM
HAUCKOPEeNIIuii 1mepeJsiet.

OtmeTnM, 9TO C TOMOIIHI0 PACCMOTPEHHO CXEMBI CTPOSITCSI TPAEKTOPUHU 0013 1aI0III1e
OCHOBHBIMHU CBOCTBaMU, KOTOPBIMHU 00J1a/1a10T IKcTpemasn [lonTparuna aaa pacemarpu-
BaeMbIX 3aJ1a4, ¥ KaKOU-THO0 onTuMU3anuu He Tpou3BoguTcsd. llomydaembie TpaekTopun
OKa3BIBAIOTCS OJU3KAMU TT0 (DYHKITMOHATY K IKCTPEMATHHBIM U MO3BOJIAIOT OTEHUTH TUATIA-
30H CTPYKTYP MHOTOBUTKOBBIX TPAEKTOPHIl, /I MPOBEAEHN TEPBOTO ITATIA UCCAETOBAHUS
3aa491.
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4.2 3agadya onTUMHU3AIAA MHOTOBUTKOBBIX MEXKOPOUTAJIBHBIX TI€e-
PEJIETOB MeXKJIy HEKOMILUIAHAPHBIMU KPYTOBBIMU OpOuUTaMmu

ncs3

4.2.1 Pe3yabTaThl pelneHus KpaeBoil 3aaa4un

B pesynbrare pemennga 3amaun, pacCMOTPEHHON B TVIaBe 3, MOy YIeHBl IKCTpeMaJbHble MHO-
TOBUTKOBBIE TpaeKTOpuu. Pe3ynbTarsl pelneHus mpeacTaBieHbl B Tadbunax 11-13 u Ha pu-
cynkax 15-27.

Tabgumna 11:

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

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

B Tabsune 11 npuBegeHbl pa3sMepHOCTH BEKTOPOB MapaMeTpPOB MPUCTPEIKHA U BEKTOP-
GYHKIUH HEBSI30K /I TPAEKTOPHUi pa3IUYIHBIX CTPYKTYP, a TaKyKe KOJUYIECTBO HTEpa-
nuit Meroja HbroTona, HeoOXoaumoe Jijisi TOJIYUYEHUs IKCTpeMaJjieil 3TUX CTPYKTYyp IHpH
Ry = 6.58 Teic. kM, Ry = 7.0 Toic. kM, ¢ = 0.1, C' = 14.715 x™m/c. Buano, uro npu uc-
MOJIb30BAHUU TPEJJIOZKEHHON BBIYUC/IUTEIbHON cxeMbl MeTo; HbioToHa cxoauTcs 6BICTPO
(3a 3-4 ureparun).

XapakTepHass MHOTOBHUTKOBasl JKCTpeMaJjb IepejeTra ¢ HHU3KOH KpPYroBoil OpOUTHI
Ry = 6.58 Tbhic. kM HakaoHeHueM ¢ = 1.0 paa. Ha I'CO, mocTpoeHHass Ha OCHOBE JBY-
XUMITYJIbCHOTO TIepesieTa, MpejcTaBieHa Ha PUCYHKe 15.

Ha pucynkax 16-17 noka3aHo HaKJIOHeHHE OPOUTHI B KOHIE KaxKJI0TO aKTHUBHOTO BUTKA
JUIS pa3IUYIHBbIX ITapaMeTpoB 3ajJa4u. BHUIHO, YTO OCHOBHOI IMOBOPOT ILJTIOCKOCTH OPOUTHI
MIPOUCXOIUT TPH BKIIOYEHUAX JIBUTATEsS B OKPECTHOCTAX AIOIEHTPa, U9TO COTJIACYETCS C
pe3yabTaTaMy perieHnsd 337a9 B UMITYJILCHON MOCTaHOBKE.

Ha pucynke 18 nokazana xapakTepHasi IKCTpeMaJibHas TPAEKTOPUs TepejieTa CTPYKTY-
pbI 2-1-1 ¢ HU3KO# KpyroBoit opouTs pagnyca Ry = 6.58 Teic. KM 1 HaKJIOHeHneM ¢ = 1.5
paza. va ['CO. Bpema nepenera T'=1 cyr.

OnTuMaabHBIM TPEXUMIYJIHLCHBIM pellleHreM B 3ajiade Oe3 orpaHuYeHnsd Ha BpeMs Iie-
pesera Oymer OumapabOMUecKHil mepeser depe3 6€CKOHEUHOCTh. [Ipu cooTBeTCTBYIOMUX
TPEXUMITYJILCHOW CXeMe MHOTOBUTKOBBIX ITepejieTax, ¢ 3aJaHHbIM YHCJIOM BUTKOB, MaKCH-
MyM KOHEYHOW MaCChl MOYKET ObITh JIOCTUTHYT 33 KOHETHOe BpPeMsi. JTO CBI3aHO C TEM,
4YTO C yBeJIMYEHHEM BPEMEHU IepejieTa BO3PacTaeT PaJIuyc aloleHTpa, a, CJAeI0BATeIbHO,
U IPABUTAIMOHHBIE MOTEPU HA MEPBOM 3JTale mepesera (MOIHATHE amnoleHTpa). B ompee-
JIEHHBII MOMEHT JIOTIOJTHUTEIbHBIE 3aTPAThl Ha, IPABUTAIIMOHHDBIE TIOTEPH CTAHOBATCS 0O.Jb-
e, YeM dKOHOMUS Ha IOBOPOTE ILJIOCKOCTH OPOUTHI, 3a cueT HOJiee BHICOKOI'O allOIEeHTPa,
U KOHEYHAasl Macca HauMHAeT yOBIBATH C YBEJIUYECHUEM BPEMEHH IiepeJieTa.

Ha pucynke 19 nokazanbl cemeiicTBa skcTpeMaJieit crpykrypol 1-1-1 u 2-1-1 nepesieron
¢ HI3KOIi KPYTOBOit opouTsl paguyca Ry = 6.58 Teic. kM Ha ['CO my1g pa3iudubIX 3HAYEHAN
HAYaJIbHOTO HaKJIOHeHUd. [[yHKTHpPOM TpeicTaBaeHbl pellleHns BCIOMOTaTe TbHOM KpaeBoii
sajaun (¢ dbukcupoBaHHbBIM BpeMeHeM T — T* = (), KOTOpble He SABJISIOTCS PEIEHUeM

o7



Puc. 15: Xapakrepnas sxcrpemasib. [Ipoeknun Ha JeKapTOBbI OCU KOOP/IMHAT.

Puc. 16: Hakonenue opouTHl B KOHIIE KazKJI0TO AKTUBHOIO BUTKA HA IKCTPEMAJISAX CTPYK-
Typel 4-6 ( Ry = 6.58 Thic. kM, Ry = 10 teic. km, C' = 14.715 km/c, ng = 0.05).
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Puc. 17: Hakonenue opouThl B KOHIE KaXKJI0TO aKTHBHOT'O BUTKA Ha IKCTPEMAJISAX CTPYK-

Typet 82 ( Ry = 6.58 TeIC. KM, R = Ry, C = 14.715 xm/c, ng = 0.05).

10 4

15 -

Puc. 18: XapakTtepnasa skcTpeMab. [Ipoeknun Ha AeKapTOBBI OCH KOOPIWHAT.
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Puc. 19: CemeiicTBa 3xcTpeMasieit ctpykryp 1-1-1 u 2—-1-1 npu pa3IudHbIX 3HAYEHUSIX Ha-
JaabpHOro Hakaonennd ( Ry = 6.58 toic. kM, Ry = Rpo, C = 3.255 km/c, ng = 0.08).

HCXOJTHOM 3a/1a49i OMTHMHU3ANuM: mpoBepodnoe yciaosue H(T) > 0 Ha 9THX penieHusaxX He
BBITIOJTHSAETCH.

B paccmorpennom ciydae, npu ¢ = 0.8 cemeiicTBO 3KcTpemasieit crpykTypbl 1-1-1 nme-
er MmakcuMmyMm nipu 1’ < 1 cyT, a ceMeiicTBO IKCTpemaJieit CTpyKTypsl 2—1-1 — He mocTuraer
CBOETO MAaKCUMyMa Ha 9TOM uHTepBase. OUeBUIHO, 9TO CBI3AHO C T€M, YTO MEPBBLIH dTAIll
mepesieTa MPOUCXO/IUT He 33 O/INH, & 33 /IBA AKTUBHBIX YYACTKA, U TPABUTAIMOHHBIE TOTEPU
Ha 3TAll MObeMa aloleHTpa MeHbIle. B ToUKax MakcHMyMa Ha IKCTPeMAJIX BBITOJTHEHO
yeropue H(T) = 0. Jlis 3aBepiieHust NCCIe0BaHNsI, HA TPEThEM JTale TaKhe ceMeiicTBa
MPOJIOJIZKAIOTCS BIIPABO OT TOYKHM MAKCUMyMa, MyTeM J00aB/IeHUS MAaCCUBHBIX YYaCTKOB B
KOHIIE TPACKTOPHH.

4.2.2 Awnanan3 moJfy4eHHBbIX Pe3yJIbTaTOB

DKCTpeMasiu, MOIyIeHHbIe HA TIePBOM STalle UCCJIe0BaHui (TIepexol OT UMITYILCHOTO pe-
MIeHUS K PEeNeHnio 33a9i ONTUMHU3AINN ¢ OTPAHUYIEHHONW TATON M HeaKTUBHBIM OTPaHU-
YeHWeM BpeMeHH), TpecTaBieHbl B Tabnnax 12-13 u Ha pucynkax 20-25.

B rabumme 12 n wa pucyrkax 20-22 mpuBeIeHBI 3aBHCHMOCTH KOHEYHON Macchl KA
U BpeMeHU Tepesiera 1 MexK/ly KpPyroBbiMu opbutamMu pajumycoB Ry = 6.58 TbIC. KM,
Ry = 10.0 teic. kv mpu ny = 0.08, C' = 3.255 KM/C OT CTPYKTYPBI TPAEKTOPUHU U
HakjgoHeHus. B Tabyune 13 u Ha pucyHkax 23-25 — Te Ke 3aBHCHMOCTH J/isT MHOTOBUTKO-
BBIX mepesieroB KA mexk 1y KpyroBoit opouToit pagnyca Ry = 6.58 teic. km u 'CO. Takxke
KaK ¥ B IJIOCKOM CJIy4dae, pe3y/JbTaThl B TaOJMIIAX yHOPSAJL0YEHbI 110 YOBIBAHUIO 3HAYEHU
KOHEYHOW MAacChl M JIJIsi CPaBHEHUSI MPUBEJICHO OTJIMYHUE MOJYYeHHOW KOHEYHON MacChl OT
KoHeuHO# Macchl KA IBYyXHMIYJIBCHOIO TOMaHOBCKOTO mepesera. 2KupHbIM mpudToM B
TabJIUIAX BBIJIEIEHBI SKCTPEMAaJIl, pacCcMaTpuBaeMble Ha BTOpOM 3Tare. /[1g ocTaBIInxcs
TPAEKTOPUI CYIIECTBYIOT SKCTPEMaJIH, JIyUIIne OJJHOBPEMEHHO KaK [0 BPEMEHH, TaK U 110
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KOHEYHOI Macce, U MOTOMY OHHU B JIAJIbHEHINEM HCCJIeIOBAHUN HE YIaCTBYIOT.

JI1s1 HU3KHMX KOHEYHBIX OpPOMT M HEOOJbIINX 3HAYeHUH HAYaJIbHOTO HAKJIOHEHHUS OIl-
TEMAJTBHBIME OKA3bIBAIOTCH SKCTPEMAJIH, COOTBETCTBYIONINE JBYXUMIIYJIbCHONW CXeMe TIe-
perera (puc. 20). C yBejandenneM yria HEKOMILIAHADHOCTH ONTHMAJIbHBIMU CTAHOBSITCSI
9KCTPEMAJIH COOTBETCTBYIOIINE TPEXUMITYIbCHOI cxeme (puc. 21-22). TIpu stom, ¢ onpee-
JIGHHO¥ BequmuuHbl 1™, KOHeYHAsT MacCa HA TAKUX YKCTPEMAJISIX, MPEBOCXOIUT KOHETHYIO
Maccy KA camoré aByxXuMmIyibCHOTO IepeseTa, a 3HAaYuT U KOHedHyo Maccy KA Ha sroboii
9KCTPEMaJIN, COOTBETCTBYIONMEH JIBYXUMIIYJIHLCHOM CXeMe.

Takzke Kak U B IJTIOCKOM CJIydae JIjIs BHICOKIX KOHEYHBIX OPOUT U3 PACCMOTPEHHBIX KC-
TpeMaJieil, COOTBETCTBYIOIINX JIBYXUMITYJIbCHOI cxeme, 3(hdeKTruBHEe 0KA3BIBAIOTCS TPAEK-
TOpUU CTPYKTYPHI Bujga n—1. B 1o Bpemsi, Kak /i HUI3KUX — ONTHUMAJBHBIMU MOTYT OBITH
U TPAeKTOPUH JPYroro Bujaa (n—2, n—3, u T.71.). BeposTHO, 370 0ObICHIETCS TeM, UTO YeM
0O0JIBbIIIE PAIUYC KOHEUHOI OPOUTHI, TeM MeHbBIIe 3aTpaThl MacChl 3aBUCAT OT HAYATBHOIO
HAKJIOHEHHSI OPOUTHI U JIsT OOJIBIIUX PAJIHYCOB KOHETHOU OpOUTHI BBIOOD JIydINeil CTPpYK-
TYPbl TPAEKTOPUU BO MHOT'OM AHAJOTUYIEH BHIOOPY CTPYKTYPHI B ABYXMEPHOM CJIydae.
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Tabaumna 12: Dran I. 3aBucnMOCTh KOHETHON MAaCCHI U BPEMEHU TepeJsiera OT CTPYKTYPbI
tpaekropun ( Ry = 10.0 TbIC. KM).

| crpykrypa | T,c| m(T) | Am=m(T) — min,

i=0.5 paz.
4-6 63371 | 0.332068 6.23-1074
55 61372 | 0.332060 6.31-1074
4-5 55178 | 0.331940 7.52-1074
6-4 59403 | 0.331891 8.00- 1074
37 65405 | 0.331890 8.01-1074
54 53197 | 0.331825 8.66 - 1074
36 57201 | 0.331812 8.79-10714
4-4 47005 | 0.331704 9.88-1074
3-5 49009 | 0.331683 1.01-1073
34 40837 | 0.331445 1.25-1073
7-3 57476 | 0.331426 1.27-1073
6-3 51264 | 0.331385 1.31-1073
5-3 45060 | 0.331318 1.37-1073
2-8 67503 | 0.331235 1.46-1073
4-3 38870 | 0.331194 1.50-1073
2-7 59293 | 0.331183 1.51-1073
2-6 51091 | 0.331103 1.59-1073
2-5 42901 | 0.330971 1.72-1073
3-3 32705 | 0.330930 1.76 - 1073
2-4 34731 | 0.330727 1.96- 1073
2-3 26603 | 0.330201 2.49.1073
82 55625 | 0.330016 2.68-1073
7-2 49414 | 0.329987 2.70-1073
62 43208 | 0.329944 2.75-1073
52 37010 | 0.329873 2.82-1073
4-2 30825 | 0.329742 2.95-1073
3-2 24668 | 0.329464 3.23-107°
2-2 18575 | 0.328696 4.00-1073
1-6 45212 | 0.327685 5.01-1073
15 37023 | 0.327541 5.15-1073
1-4 28857 | 0.327277 5.41-1073
1-3 20734 | 0.326705 5.99 - 1073
1-2 12719 | 0.325056 7.64-1073
2-1 10901 | 0.320818 1.19-1072
1-1 5131 | 0.316046 1.66 - 1072

i=1.0 paz.
2-2 17480 | 0.136610 5.92-1073
1-2 11592 | 0.134884 7.65-107°
2-1 11274 | 0.124160 1.84-1072
1-1 5616 | 0.121009 2.15- 1072

i=1.5 pax.
2-2 16418 | 0.062582 4.44-1073
1-2 10487 | 0.061901 5.12-1073
1-1 5959 | 0.053514 1.35-1072
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TaGauna 13: Dran [. 3aBUCHMOCTH KOHEYHOIT MACCHl U BpEMEHHU TepesieTa OT CTPYKTYpbI
tpaekropun ( Ry =I['CO).

| crpykrypa | T,c| m(T) | Am=m(T) — miny

i=0.5 pan.
5-1 60815 | 0.268523 8.42-1074
4-2 97316 | 0.268076 1.29-1073
4-1 49695 | 0.268065 1.30-1073
3-3 136810 | 0.267104 2.26- 1073
3-2 86633 | 0.267102 2.26- 1073
3-1 38960 | 0.267090 2.27-1073
2-4 178387 | 0.264433 493-1073
2-3 127153 | 0.264432 4.93-1073
2-2 76826 | 0.264430 493-1073
2-1 28992 | 0.264420 4.94-1073
1-3 121058 | 0.252649 1.67-1072
1-2 69894 | 0.252648 1.67-1072
1-1 21156 | 0.252639 1.67 - 1072

i=1.0 pana.
4-2 93139 | 0.213755 1.29-107°
4-1 49738 | 0.213728 1.32-1073
3-3 128699 | 0.212786 2.26- 1073
3-2 82446 | 0.212781 2.27-1073
3-1 39017 | 0.212754 2.29.107°
24 166298 | 0.210111 4.94-1073
2-3 118907 | 0.210109 4.94-1073
2-2 72573 | 0.210104 4.94-1073
2-1 29061 | 0.210079 4.97-1073
1-3 112082 | 0.198104 1.69-1072
1-2 65247 | 0.198100 1.69-1072
1-1 21224 | 0.198078 1.70 - 102

i=1.5 pan.
4-2 88279 | 0.168016 1.14-1073
4-1 49810 | 0.167974 1.19-1073
3-3 119073 | 0.167163 2.00- 1073
3-2 77560 | 0.167156 2.00- 1073
3-1 39081 | 0.167115 2.05-1073
24 151948 | 0.164800 4.36-1073
2-3 109166 | 0.164797 4.36-1073
2-2 67623 | 0.164790 4.37-1073
2-1 29114 | 0.164750 4.41-1073
1-3 101743 | 0.154056 1.51-1072
1-2 59974 | 0.154050 1.51-1072
1-1 21247 | 0.154015 1.51-1072
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Puc. 20: Dran 1. 3aBucuMocTh KOHEYHONH MACCHl B BPEMEHH MepesiéTa OT CTPYKTYPBI Tpa-
ekropun ( Ry = 10.0 Teic. kM, ¢ = 0.5 paju.).

Ha Ttperbem 3tame nmpoBoAUTCs apaMeTPUUIECKOE UCCJIe0BaHNe PEeIeHnil 3a1a9u npu
Pa3INYHBIX OIPAHUYEHUSIX BPEMEHH Tepesiera. Pe3yabrarshl TPeThero rana Jijisi paccMar-
pUBaeMBIX ITEPEIETOB ¢ HU3KOI Kpyropoii opouThl paauyca Ry = 6.58 Tbic. KM Ha OpOUTY
paguyca Rp = 10.0 Teic. kXM 1 Ha ['CO mpeacTaBieHbl Ha puCYHKaX 26 U 27 COOTBETCTBEH-
HO.

[Tpomoskenune cemeiicTB 3KCcTpemMasieil, COOTBETCTBYIOIIMX JIBYXUMILYJIbCHONU CXeMe Tie-
pesera, "BupaBo" W3 TOYEK, COOTBETCTBYIOIINX DENIEHUSM 33/a9i Ha ePBOM dtare (npu
HEAKTHBHOM OTDAHMYEHNH Ha BPeMsl repeJiera), ocymiecrsisiercs 1o jgydam m(T) = const .
TaxzKe Kak M B ILUTOCKOM CIydYae, 3TH JIYIH COOTBETCTBYIOT BO3MOKHOCTH IIPOIOJIZKEHHS
[OJIYYEHHOI Ha IePBOM dTalle SKCTPEMAaI YIACTKOM MMACCHBHOIO JBUKEHHS O KOHEUHOM
opowure.

[Ipoxomkenne "BireBo" morydaercss B pe3yabTraTe HCHOJIBL30BAHUS METOIA TPOIOIZKEHU ST
perrernst o nmapamerpy (1), aJist 33/1a4n ¢ aKTHBHBIM OIPDAHIYEHHEM BDEMEHH TepesieTa
(3amaua 2, crp. 9). TIpojoaKeHne OCYIIECTBIISIETCS 10 TepeceueHns ¢ OIMKaRIIIM COCeT-
HAM CEMEUCTBOM IKCTPEMAJIEH.

[Ipomomxenne "BupaBo" u "BiaeBo" cemeiicTB sKcTpeMasieil COOTBETCTBYIONNX TPEXUM-
HYJIBCHON (OUA/UIMITHYIECKOI) cxeMe IepeJiera TMoJydaeTcsi B Pe3yJIbTaTe PelieHnst 3a/1a9n
¢ aKTUBHBIM OTpaHHYeHHeM BpemeHHu mepesera. [Ipu srom npomokenne "BrupaBo" ocy-
IIECTB/ISETCS 10 TOYKH CeMeHCTBa, B KOTOPOH JOCTHraeTcs MAaKCHMyM KOHEYHONH MAacCChl
(mm, uro Toxke camoe, H(T) = 0), a manee mo sydam m(T) = const. Ilpononxenne
"BeBO" OCYIECTB/ISIETCS 0 MepecevdeHns ¢ OMUKANRIINIM COCeTHAM CeMEHCTBOM IKCTpeMa-
Jeil.

B pesyibrare Tperbero srara, B MPOCTPAHCTBEHHON 3a/a4e MCCJIeI0BaHbl SKCTPEMAaIH
[ToHTpsArMHA COOTBETCTBYIONIME KAK JIBYX-, TAK M TPEXUMILYJIbCHON (GUIIUITHIECKOI)
cxemMaM mepesera. /[y 3aaHHOTO BpeMeHn mepeseTa 1 cpeau MOJIydeHHBIX SKCTpeMaJieit
BBIOpaHa JIydIIas 110 3HAYEHUIO KOHEUHO MAaCCHI.
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Puc. 21: 9ran 1. 3aBucuMocTh KOHEUHONH MacChl ¥ BPEMEHHU HepesiéTa 0T CTPYKTYpPhbl Tpa-
exropun ( Ry = 10.0 Teic. kM, ¢ = 1.0 paj.).

4.3 3agada onTHMU3ANNN ITOBOPOTA MjiockocTu opoutel MC3

Baa1a MOBOPOTA MJIOCKOCTH OPOUTHI SIBJISIETCS] YaCTHBIM CJIy9YaeM PACCMOTPEHHON BBITIe
zagaqn, npu Ry = Rr. OaHako, 3a1a49a moBOpOTa IJIOCKOCTH OPOWTHI MIPEJICTABISIET OT-
JIeTbHBIN TPAKTHIECKN U TeopeTHIecKnii naTepec. B UMy TbCHOM TOCTAHOBKE ONTUMA/Th-
HBIM II0 3aTpaTaM MaCcChl pemreHueM s JIF0OOTro yIjia IMOBOpOTa OYIeT TPeXUMITYIbCHBII
repeJier.

Pesynbrarsl penrenus npejicraBienbl Ha pucynkax 28-31.

4.4 O1leHKa TOYHOCTH TIOJIy9Y€HHBIX pPerIeHm’it

Kaxk ormeganocs B |20, ¢.152-153|, orieHK# TOYHOCTH € HCHOIB30BAHUEM CYIIECTBY IOIIHX Me-
TOJIMK MOTYT OKa3aThCsl (M OKA3bIBAIOTCS) CHJIBHO 3aBBIIeHHBIMHE. [1J1s1 KOHTPOJIsI TOYHOCTH
B TAKUX CUTYAIUSIX PEKOMEH/IYETCs ITPOBOJIUTH TECTOBBIE PACUYEThI, KOTOPBIMHE IIPOBEPSAETCS
KOPPEKTHOCTH BBIYUC/ICHHUIA.

B namnom maparpade TecToBbie pacdeTbl IPOBOAATCA Ha IpUMepe THIIMIHONH SKCTpe-
MaJId CTPYKTYPHI 4—2 Iepesiera ¢ HU3KOH KpyroBoit opOuTHl pajauyca Ry = 6.58 ThIC. KM.
u Hakjionenus ¢ = 1.0 paj. na opouty ¢ pajguycom Rp = 10.0 Teic. KM., IpU apaMerpax
naeurarens C = 3.255 km/c, ng = 0.08. B paGore GbL MPOBEIEHBI CIIEAYIONINE PACIETHI.

1. Pemrenme 3amaum Kommm o Hava/1a TpaeKTOPUH Ha BCeM WHTEPBaJe NHTETPUPOBAHUSI.

[Ipm 3TOM HMCHOMB3YIOTCS OMpe/ieleHHbIe B pe3yabTaTe pelleHus 3aJa9u 3HaYeHUsd
Gbaz0BBIX U CONPSI?KEHHBIX TIepeMEeHHBIX B Havaje TPaeKTOPUHU, a TaKyKe MOMEHTBHI
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Puc. 22: 9tan 1. 3aBucUMOCTL KOHEUHON MACCHI M BPEMEHH IepeseTa OT CTPYKTYPBl Tpa-
ekropun ( Ry = 10.0 Teic. kM, ¢ = 1.5 paj.).
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Puc. 23: Dran 1. 3aBucEMOCTL KOHEUHOI MaCChl M BPEMEHH IepesieTa OT CTPYKTYPhI Tpa-
exropun ( R =I'CO, i = 0.5 paz.).
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Puc. 24: Dran 1. 3aBucuMocTh KOHEUHONH MACChl M BPEMEHHU Nepesera OT CTPYKTYPhl Tpa-
extopun ( Ry =I'CO, i = 1.0 paz.).
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Puc. 25: Dran 1. BaBucuMocTh KOHEUHOI MacChl ¥ BPEMEHH IepejeTa OT CTPYKTYPHI Tpa-
exropun ( Ry =I'CO, i = 1.5 paz.).
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Puc. 26: Dran III. 3aBucuMocTh KOHEYHO# Macchl W BpeMeHH IiepejieTa OT CTPYKTYPbI
tpaekropun ( Ry = 10.0 TbIC. KM).
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Puc. 27: Dran III. 3aBucumocth KOHEUHOIT MacChl M BPEMEHU Tepejiera OT CTPYKTYPbI
tpaekropuu ( Ry =['CO).
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Puc. 28: Dran III. 3aBucumocth KOHEUHOIT MacChl M BPEMEHH Tepejiera OT CTPYKTYPbI
tpaekropun ( Ry = Ry = 10.0 Teic. km, ¢ = 0.1 paz., ng = 0.08, C' = 3.255 km/c)
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Puc. 29: Dran III. 3aBucumocth KOHEUHOIT MacChl W BPEMEHU Tepejiera OT CTPYKTYPbI
rpaekropun ( Ry = Ry = 10.0 Teic. kM, ¢ = 0.8 paz., ng = 0.08, C' = 3.255 km/c)
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Puc. 30: Dran III. 3aBucuMocTh KOHEUHO# MacChl W BpeMeHHU IiepejieTa OT CTPYKTYPbI
tpaekropun ( Ry = Ry = 10.0 Teic. kM, ¢ = 1.2 paz., ng = 0.08, C' = 3.255 km/c)
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Puc. 31: Dran III. 3aBucumocth KOHEUHOI MacChl W BPEMEHU Tepejiera OT CTPYKTYPbI
tpaekropun ( Ry = Ry = 10.0 Teic. kM, ¢ = 1.5 paz., ng = 0.08, C' = 3.255 km/c)
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Tabsmma 14: Oyukius nepeKJTIOYeHUsT B TOYKAX TEPEKJIIOUYCHUS.

MOMEHT X
KoHer 1 akKTHBHOTO yyacTKa | —b.2 - 10712
koHer 1 maccupHoro yuacrtka | 1.4-1071°
KOHeI 2 aKTHBHOTO yuacTKa | —2.2 - 1071
KOHer 2 TaccuBHOTO yyactka | 2.6 - 10710
KOHeI 3 aKTHBHOTO yuacTtka | 1.2- 10710
KOHeI 3 MacCuBHOTO y4acTka | 1.2-107%
KoHer 4 akTuBHOTO yuactka | 1.1-107%
KoHer 4 maccuBHOro yuyactka | —1.2 - 107%
KOHell 5 akTHBHOrO yuacTtka | —1.1-107%
KOHeIl 5 IacCHBHOTO y4acTKa | —3.7 - 1079

Tabauma 15: AGcomoTHas TOMPEITHOCTh BHIYNCIEHUS (PA30BBIX MTePEeMEHHBIX.

r (0 © u v w m

TBIC. KM paj. paji. TBIC. KM/C | TBIC. KM/C | TBIC. KM/C

1.6-107" | —=2.7-107% | 6.6-107'2 55-107" | =3.0-107" | 1.6-107" | 3-107'7
6.0-107* [ -38-107" | —-56-10"" | —64-1071 | —2.2-107 | 1.1-107 | 3-107'7
38-1071 [ —48-107" | —5.0-107" | =8.1-107" | —1.6-10713 | 6.9-107 | 3.10717
18-107" | 49-107" | -77-107" ] 28-107" | —6.5-107" | 2.5-107" | 3-107""
1.5-10719 1-107" | =74-107" | —2.1-107 | =6.2-107" | 3.1-107"% | —6-10718
3.1-10719 5.4-1071Y 1.4-10710 75-1078 | =1.0-1072 [ 2.0-107 | —6-1071®
4.7-10710 4.6-1071 1.5-1071° 3.8-1071 | —14-107% [ 78-107 | —4.10717
—6.1-1071° | —3.8-1071° | 28-107" | —46-10713 | —22-10713]29-10713 | —4-107'7
-7.3-10710 | —58.1071° | 45.10719 1.2-1072 | —=21-1072 | 6.2-1072 | 2.10717
—6.1-107% | 32-107% | —6.1-107% | 76-107'2 | —9.1-107" | 1.1-107 | 2.107%7

nepekJ/iodenus. Ha nojydennoii Takum oOpa3oM TPaeKTOPUHU TTPOBEPSETCA TOYHOCTD
obparienns (pYHKIUU MEPEKJTI0YEHs B HOJIb B TOYKAX MEPEKJIIOYEHUs TATU, COXPa-
HEeHHe IepBbIX nHTerpanos — dynkmun [lonrparuna AH(t) u p,(t). Onpegensercs
MOTPENTHOCTHh BBIYUCTeHUSA (PA30BBIX W COMPIKEHHBIX TMEPEMEeHHBIX B TOYKAX Iepe-
KJIIOUEHUsI TSATH, a UMEHHO UX OTJIMYHhe OT COOTBETCTBYIOIIMX 3HAYEHUN B 4UHUCJIE€H-
HOM peIieHnn KpaeBoil 3ajaun. Takzke orpe/ie/isiercss TOUHOCTh OOpaIleHnsl BEKTOP-
GYHKIUN HEBA30K B HOJIb.

[To pesysibratam 3TOTO TecTa OKa3aj0Ch, YTO HY/IM (DYHKIMHA HEPEKJTIOUYCHUs Ope-
JIeJIAI0TCs ¢ TOYHOCThIO Menbineil 1078 (tabiuna 14). Tlepsble nnTErpabl cOXpaHs-
otest ¢ TourocTbio: |AH ()| < 107 u |py(t)| < 1072°. Paauyc BeKTOp BBIYHCIISI-
eTcsl ¢ TOYHOCTBIO JI0 CAHTHMETPOB, CKOPOCTH ¢ TOYHOCTBIO 10 MM/c (Tabmuna 15).
Eciau ydecrb, 910 CKOPOCTH MMEOT TMOPsAA0K 10 KM/¢, TO OTHOCHTeNbHAs TOTPell-
HOCThH BblUUC/IeHus (ba3OBbIX U CONPSAKEHHBIX IepeMenubix < 1078 (tabiumsr 15,
16). Bekrop-dyHKIus HeBs30K obpalaercs B HOJIb ¢ TOYHOCThIO < 1078 (Tabuua
17).
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Tabaumna 16: OTHOCHTEbHAS TOTPEITHOCTH BHIYUCJIEHNS COTPSI)KEHHBIX TIePEMEHHBIX.

| Dr Py Pu Py Pu S |
MaKCHMAJBHOE 3HAUEHHE [epPEeMEHHOil
| 58-100 [ 6.0-100% [ 29-107° [ 9.4-107" | 10 [ 26-100 |
OTHOCHTEJIbHASI TIOTPEITHOCT
-1.2-1071 | =82-1072 | 1.3-107" | =3.3-1072 | —4.2.1072 | 6.4-1071
-9.2-107% ] 49.-107%" | -55-107" | =5.1-107" | =3.1-107 | 6.4-1071
—6.8-107% | 47-107" | 58107 | —45-107" | —1.7-107 | 1.0-10712
4.2-10710 4.8-1071 1.3-1074 1.6-1071 1.3-1071 1.0-107%2
4.6-10719 6.5-1071 | —1.9.-107" | 1.3-1071 1.2-1071% 2.5-10712
3.6-107% | —2.1-1071% | 4.4.10719 1.5-107% 1.2-107% 2.5-10712
35-100% | -1.7-107" | 63-107" | 1.4-107% | 1.0-107% | 2.2.107"
3.5-107% 1.2-10719 | —=2.6-107% | —=2.3-107% | 1.7-107% 2.2-107H
5.0 -107% 42-10719 | —52.107% | -3.4-107% | 22.-107% | —1.9-1071
9.8-107% | —5.8-107% | =3.0-107% | —7.2-107 | 3.0-107% | —=1.9.1071°
Tabauna 17: Bektop-dyHKINsT HEBSI30K.
3JIEMEHT 3HAYEHHe
Py (0) +p3(0) +pz(0) + p(0) + pa(0) — 1 221-107"
7’(0) — Ro 0
u(0) 25810~ %
v(0) — Vg cos (0) sin i 1.32-1071
w?(0) + v2(0) — V2 0.86-10 10
m(0) —1 0
cos (0) sin ¢(0) sini — sin ¢ (0) cos i 9.98 107"
Py (0) cos(0) cos p(0) sini + (sin(0) sin p(0) sini + cos 1(0) cos ) x
(0)w(0) — ppy (0)v(0 _
(220 - pug(()))‘gbgin fio() iy )> 256107
r(T) — Ry 6.49 - 10~
o(T) 2.23-10 %
w(T) — Vr 2.21-10711
u(T) 1.86-10- 11
po(T) 342107
o(T) —2.02-10 1
H(T) —513-10°




Tabsinma 18: PesysbraThl BTOPOro TecTta.

nepeMeHHast A
r —9.05-10713
() —1.65-10713
© —1.18-10713
u —1.02-107%
v 1.94-107%
w —7.46 - 10717
m 9.22-10718
Dr —2.08-1071
Dy 1.43-10716
Py 0
Du 1.44-1071
Do —2.07-10712
Pw —1.97-107%
DPm 1.22-1071

2. Cxema mpocuera TpaeKTOPHUHU aHAJOIHYHA IMepBOMY TecTy. Pematorca 3amaun Korm
"ruepen" n "mazan". CpaBHHBaeTCSa OTIMYNE MOJYUYEHHBIX B PE3Y/IbTaTe TAKOIO IIPO-
cyeTa 3HAYeHHl (DA30BLIX U CONPS?KEHHBIX IIePEMEHHBIX OT UCXOIHBIX 3HadeHuil. 13
TabauIEl 18 BUAHO, 9TO MOJyYeHHAs Pa3HOCTH MMeeT Hopsasok 10712,

HpOBe,ZLeHHBIe TECThl MMO3BOJIAIOT IIPEANOJIOKUTH, 9TO C IMTOMOIILIO Hpe,ZLJ'IO)KeHHOﬁ BbI-
YUCJIATEJIBHOU CXEMBbI KpaeBad 3aa4va penieHa ¢ J0CTaTOYHO BBICOKOI TOYHOCTBIO.
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A  3Bagaum onTmMm3anuu MeXKOpOMTAJbHBIX KOCMHIYe-
CKHIX MEPEJIETOB B MMITYJILCHOI IIOCTAHOBKE

A.1 Oo0uue cBegeHud

N3BecTHO, 9TO peraeMbie B UMILYJIbCHON MOCTAHOBKE 33/a4d ONTHUMU3AIHUKE TPACKTOPHUt
nepestera KA ¢ PIBT, B kotopsix cucrema audpepeHnnaabHbIX YPaBHEHUN HEeyIpaBJisie-
Moro (maccuBHOTO) jBuKeHns KA uMeer moHbIH HAOOD MEPBLIX HUHTErPAIoB (OOl HH-
Terpas), Kak, HanpuMep, cucreMa JudepeHuaaIbHbIX ypaBHEHUH TACCUBHOTO JIBUYKEHUS
KA B BakyymMme B NeHTpPaJbHOM HBIOTOHOBCKOM T'DABHTAIIHOHHOM MOJI€ OJTHOTO MPUTSITHUBA-
fotero nenTpa [63, ¢. 39,40, MmoryT GbITH CBeJEHBI JIJIS HEKOTOPBIX THIOB (DYHKI[MOHATIOR
U KPaeBbIX YCJIOBHH K 3aJad4aM MATeMaTHYeCKOro (HeJMHEHOro) MporpaMMHUDOBAHUS —
KOHEYHOMEPHBIM 331a9aM, He TPeOYIONIIM pellleHns] KPaeBoil 3a71aun I CUCTEMBbI OObIK-
HOBEHHBIX JIudhdepeHInaaIbubIX YPaBHeHN, B YACTHOCTH, K ONPE/IeTIeHUI0 YCIOBHOTO WIN
6e3yCI0BHOTO SKCTpeMyMa (DYHKIMH OJHOTO, JBYX ¥ T.J. HE3aBHCHMBIX MepeMeHHBIX [63].
[IpuBeieM HEKOTOPBIE PE3Y/IbTATHI PEIIEHUs] UMITYJIbCHBIX 3a/a4 ONMTUMHU3AIUN TTePEJIETOB
KA B neaTpajsbHOM HBIOTOHOBCKOM TIOJIE.

Pacuér mMmyIbCHBIX MaHEBPOB OOBIYHO MPOBOJAT B TePMHUHAX TPeOyeMOro mpupare-
uus ckopoctu. [lomydennoe perrenne MOXKHO MEPECUUTATH B 3aTPATHI TOILTUBA HA MEPETIET,
€CJTH U3BECTHHI XapaKTEePUCTUKHU JIBUTATETbHON yecTaHOBKHU. /[ 3TOTO menosb3yercs Ghop-
myaa [nonakosckoro my = mee 2V/ ¢, rme mg — macca KA 1o mmmynbca, mq, — 1ocie
nMmiysabca, AV — penmmuwmna ummnysibca, C' — CKOPOCTh UCTEYEHUS] PEAKTUBHOW CTPYH.
OGo3HaMeHne T 03HAMAET PAJMYC, OTHECEHHBI K PasuyCy HAAIBHON opouTsl, V — CKO-
pPOCTH OTHEeCEeHHAsl K CKOPOCTH JBUZKEHUs 110 HAYAJIbHON KPYTroBOil opouTe.

B caydae koMmIaHapHBIX KPYTOBBIX OPOUT PACCMATPUBAIOTCS JIBYX- W TPEXUMITYJIHC-
Hble TPAEKTOPUHU. 3aTPAThI CKOPOCTU TPHU ONTUMATLHOM TOMAHOBCKOM JIBYXUMITYJIHCHOM
nepeJsiere BBIUUCIAIOTCS 10 (hopmyiam [63]:

AV =2F/(1+7) =1, AVa=(1—/2/(1+7)/VTF.

AV,

;K/ﬂ

Puc. 32: Cxema JOByXUMITYJIBCHOTO TIEpeJIeTa.

3arpaTrbl CKOPOCTH IPU TPEXUMIIYJIHCHOM AlCHIAJIHLHOM IepeeTe BBIUUCISIIOTCA II0
dopmyaam:
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AV,

Puc. 33: Cxema TpexuMIy/ibCHOTO HepeseTa.

AVy = /27, /(1 +7,) — 1,

AV, = (\J27) (F +Ta) = 2/ (1 + 7)) /[T
AVy = /27 /(7 + 72) [ VT,

rje r, — Paauyc amolleHTpa, B KOTOPOM COO0IIaeTcs BTOpoi uMmmyibe. 3Hak "+" B BbIpa-
xerun g AVs cOOTBETCTBYeT Clydaro r, > ro, "' —" B ciaydae r, < ry.

Paznuna B mpupaiinennn cCKOpOCTH Ha MEPesIET B CAydae JIBYXUMITYJIbCHOTO M TPEXUM-
IYJILCHOTO Tiepesiera (Mpu r, — 00 ):

5V (7) = \/5{(?— DR+ 7) + (V2 = 1)/ (7) - 1}.

-1
rﬂ
|
L < |
;'aminl
!
| REE:1
-
2| \ Il
2
|-“-| |
— I
|\
|
| | L |
0 0.02 0.04 0.06 008 _4

Puc. 34: Ob61actu onTUMAaTBHOCTH ABYX- W TPEXUMITYIHCHOTO TI€PesIeTa.
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Ha pucynke 34 74, — pPaJHyc amnoneHTpa, IPU KOTOPOM 3aTPAThl XapaKTePUCTUUIe-
CKOIl CKOPOCTH Ha JIBYX- W TPEXUMIYJIbCHBI mepeséT oguHakoBel. O6macts | — obiacthb
ONTUMATBLHOCTH JBYXUMITYILCHOTO Tiepesiera, 11 — TpexumiyabcHOro.

[Ipu coornomenun pajuycos opout 7 < 11.94 3aTparhl Macchl MUHUMAJILHBI TIPU JIBY-
XUMIYJTbCHOM TOMaHOBCKOM mepesere; s 11.94 < 7 < 15.58 cymecTByeT BeandmHA
AIONEHTPUIECKOT0 PACCTOSHUA T, > Ry, JJIs KOTOPOi 3aTpaThl MacChl HPH TPEXHM-
MYJIbCHOM OWJLIUIITHYECKOM TepesieTe OyAyT MeHbIe, 4eM TP JABYXUMIYJIbCHOM; TIPH
Ry /Ry > 15.58 3aTpaThl MACChl IPU TPEXUMIIYJIbCHOM OUAIIUNITHYIECKOM TepeseTa ¢ JIo-
OBIM AMONEHTPUYECKUM PACCTOSTHUEM T, > R MeHbIIle, YeM MpH JBYXUMITYJIbCHOM (BbIUT-
PHIIT B 3aTpaTax MAcChl IIPU UCIOJIb30BAaHUN TPEXUMITIYJIBCHOI'O TlepejieTa BMECTO JIBYXHUM-
IyJILCHOTO He TpeBbiniaer 8%, BpeMs mepesera yBeJHduBaeTcsi B HECKOJIBbKO pa3)[63, 25].

CxeMbl IBYX- U TPEXUMITYIBCHOTO MEPETeTOB B MPOCTPAHCTBEHHOM CJIyYIae OTIUYAI0OTCS
OT ILJIOCKOTO TeM, UTO B MOMEHTBHI MPUJIOKEHUS UMIYIbCOB MEHSIETCS He TOJHKO PaJuycC
AITOTIEHTPA WM MEPHUIEHTPA, HO M HAKJIOH IJIOCKOCTH opOuTHI. [Ipu mepesiere Mexiy Kpy-
TOBBIMU HEKOMILJITaHAPHBIMU Op6HTaMH UMITYJIBChI HPUKJIQAbIBAIOTCA B TOUYKaAX IMepecedeHu A
IJIOCKOCTeH OpOuT. 3aTparThl CKOPOCTH TPHU JIBYXUMITYJIBCHOM II€PEIeTe BBIYUCISIOTCS IO

dbopmynam [63]:

cos iy, AVQ = i ST 2 —cos(i — 1),

14 3r 2r
2 T
VI 1+T 1+7

1+7 1+7r

AV, =

rje i — yroJ MeKAY IUIOCKOCTSME OpOHUT, 4, — yTOJI IOBOPOTA ILIOCKOCTH B MOMEHT IPH-
JIOKEeHU [IePBOTO UMITYJIbCa, KOTOPBIH onpejensgercsa u3 ycaosus d(AV) + AVy)/diy =0:

rsini B Sin ¢ cos?; — COS ¢ sin iq _ 0
\/1 + 37 —24/27(1 + 7) cos iy \/3 + 7 —24/2(1 4+ 7)(cosicosiy + sinisini,)

OnTuMaabHbIH yroa Z?HT He IIPEeBLIIIaeT HECKOJbKHUX I'PaAYCOB.

3aTpaThl XapaKTePUCTUIECKON CKOPOCTH MPU TPEXUMITYJILCHOM TepesieTe BEITUCITI0TCS
1o popmysiam:

—~ 1+ 3r, 2Ty ,
AV = | ———— — —
! 147, 1—1-?;60821’
—~ 2 1 T T
AV, == — 4+ ———2 ————— CO0S i3,
2 ra\1+7, T7T+7, (14+7,)(F+7y) 2
~ 1 |7+37,

i cos(i — iy — ia).

Ecm i < 30° u 7 < 8, TO ONTHMAJILHBIM ABJIAeTCS ABYXUMIOYILCHBIH nepeét. Ecan
i > 459 mmm 7 > 11.94, TO onTHMAIBLHBIM OyIeT TPeXUMITYJILCHBIH TepesiéT ¢ Ty, = 00 .
B ocrambHBIX caydadgx MOXKHO BBIOPATH BEJUUYHUHY ATONEHTPUYECKOTO PACCTOSHUS, TPH
KOTOPOM ONTHMAJILHBIM OyIeT TPeXUMIYJIbCHBIH nepesér. [Ipu yriax mekoMmianapHOCTH
i > 45" 3aTpaThl XapaKTepHCTHYeCKOil CKOPOCTH IpH IlepejeTaX Ha ylaJeHHBIE OpPOUTHI
MeHbIIe, YeM Ha OJIM3Kue OpOUTHI.

HearncuganbHble TpexuMIy IbCHbIE TIepeIeThl HCcae0Banbl B paborax [43, 44, 45].
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A.2 MHWMwmnynbcHas MOCTAHOBKA 331249 PAKETOIMHAMUKMI

Perrennio B mMIyIbCHOI TOCTAHOBKE 3aa4 ONTHMU3AINN TPAaeKTOpHii mepeneroB KA c
PIIBT nocesmieno 6oJibinoe KoJgmaectBo pabor (cMm., Hanpumep, 0630p [85]; crarbu, c6op-
HuKK, MoHOrpadun [27, 31, 43, 44, 45, 46, 48, 50, 52, 53, 54, 59, 62, 63, 80, 81| u Gub.IHO-
rpaduo B HUX).

Eciu cucrema muddepeHima bHbIX YypaBHEHUH TACCUBHOTO JBUKEHHST HE UMeeT O0IIe-
ro MHTerpaJia, Kak, HaIpuMmep, cucreMa AuddepeHualbHbIX ypaBHeHnii apukennsa KA
B BaKyyMe B CJIOKHOM T'PABUTAIIIOHHOM I0JIe HECKOJBKUX IPUTITUBAIOIINX EHTPOB, TO
3asava onrumusaiun tpaexkropuii mepenera KA ¢ PIBT B mmmnynbcHoit moctaHoBke He
CBOJIMTCS K 33/1a9€ MaTeMAaTHIECKOTO MPOrPAMMUPOBAHUS, HO MOYXKeT ObITH CBeJIeHA K 3a-
Jlave Ha YCJIOBHBIN 9KCTpeMyM B (hYyHKIHOHAILHOM IPOCTpaHCTBe |3, ¢. 252|. Dra 3amaua He
SABJISIETCS 3a/1a49ell ONTUMAJIBHOTO YIIpABJIeHUs: B Heil HeT ynpasistiiomux (GyHkimii (yupas-
JeHuit) B 00buHOM TOHUMaHUU |3, 70|, 1 Bo3jelicTBHE HA TPAGKTOPHIO OCYIIECTBIISIETCSI
HOCPEICTBOM MIHOBEHHBIX CKAYKOOOPA3HBIX (MMITYJIBLCHBIX) H3MEHEeHH BEKTOpa CKOPOCTH
— HMITYJIbCOB CKOPOCTH (MMITYJIbCHBIX BO3JEHCTBHUIT), BeJIMYNHA, HANPABIEHHE W B OOIIEM
CJIydae MOMEHTHI OCYIIEeCTBIeHN KOTOPBIX O/I/IeXKaT onpeeaeHunio. Pemenne Takoii 3a1a-
Y Ha OCHOBE HEOOXOJMMBIX YCIOBHI ONTHMAJTBLHOCTU MEPBOTO MOP/IKA TPeOYET pelreHns
KpaeBoil 3a1a9u /I CUCTeMbl OOBIKHOBEHHBIX AuddepeHnuaabHbIX YpaBHEeHMIl.

[Tpu mosryueHnn HEOOXOMMBIX YCJIOBUI ONTHMAJBHOCTH MEPBOTO TOPSIIKA JIJIs Perrae-
MBIX B UMITYJIBCHOI TOCTAHOBKE 3324 onTuMmusaiun tpaexkropuii nepejgeroB KA ¢ PJIBT
B HACTOsIIIIEe BPEMsI UCIOJIB3YeTCsI HECKOJILKO MOIX0J0B. B OJHOM W3 HUX HEOOXOMMbIe
YCJIOBHUSI ONITUMAIBHOCTH MOJYJalOTCA U3 HEOOXOMAMMBIX YCJIOBHil ONTUMAILHOCTH I 3a-
nad onTuMusaimn Tpaekropuii mepenera KA ¢ P/IBT B pe3ynbrare mpeaebHOTO Iepexoia
[0 Tsire — TPU CTPEeMJIEHUH TATH K OECKOHEYHOCTH, a BPEMEHH ee JefiCTBUS K HYJIIO (CM.,
Hamnpumep, [43, c. 32-40]; [46, c. 90-94]; [54, c. 73]). Caeayer orMeTHTh, 9TO MaTEMaTHYE-
CKasi KOPPEKTHOCTh TAKOTO TPEJIeIbHOrO Tepexoia He OYeBUIHA U Tpedyer 000CHOBAHWSI.
B apyrom mojgxomie HEOOXOAMMBIE YCJIOBHS ONTUMAIBHOCTH JIJI PACCMATPUBAEMBIX 337at
HOJIYYAIOTCS B PE3YJIbTaTe HelOCPeJICTBEHHOTO UCIOIH30BAHISA METO/[a Bapualuii (cM., Ha-
npumep, [31]; [46, c¢. 77-90]). Takoit moaxom B OOIEM ciydae CBA3aH CO 3HAIUTETHHBIM
00'beMOM HETPUBHUAJBHBIX TPOMO3JIKUAX MPEOoOPa30BaHUil, BCJIEJICTBUE Y€T0, MO-BHIHMOMY,
HEODOXOIUMBbIE YCJIOBHST OMTUMATLHOCTH TEPBOTO MOPSIIKA C HCHOJIH30BAHUEM ITOTO MOIX0/A
IIOJTy YeHBI JIUIIb B MPOIECCe PelleHnsd HEKOTOPBIX KOHKPETHBIX 3314 ONTUMHU3AINN TPACK-
ropuii nepesera KA ¢ P/IBT npu MuHRMAaJIBHBIX 3aTpaTaX MACCHl U JIAIIL JIJIs 381249 C Tep-
MHUHAJIbHBIMI OTpaHundIeHuIMA. [IoMIUMO JBYX YKa3aHHBIX MO/IX0/I0B, HEOOXOIUMBbIE YCIOBU
ONITUMAILHOCTH TIEPBOTO MOPS/IKA B PACCMATPUBAEMBIX 33/1a9aX MOTYT ObITH TOJIy9YeHBI 1
JIDYTUMU CIOCODAM¥, HATIPUMED, B Pe3yJIbTaTe UCIOIH30BAHUSI TEOPUN yIPABJIEHUS [THHA-
MHUYECKUME CHCTEMAMU C YIIPABIEHUSIME U3 KJaacca 00600meHnbx dhyukimit [36, 37, 49, 61|
WIN B pe3yJbTaTe UMITYIbCHO-TPAEKTOPHOTO PACIIUPEHUs 331341 [32] myTeM BKIIOYeHUsI
IIPOIECCOB C PA3PBIBHBIMU TPACKTOPHUSMHU M YIPABJIEHHSIMU UMIIYJIbCHOIO THUIIA B YHCJIO
jomyctuMbix. B wactHocTH, 3a7a4qy ontumusanuu Tpaekropun mepeiera KA ¢ PJIBT B
UMITYJIBCHON MOCTAHOBKE MOXKHO ITIPE/ICTaBUThH KAaK 3329y ONTHMAJHHOTO YIPABJIEHUS C
yIpaBjIeHreM u3 KJacca 000DIeHHBIX (DYHKIWiT, 33/1aB BEJNUNHY BEKTOPA TATU C TOMO-
mpio 0 —dyukiun Jlupaka, u, BOCIOJIb30BABIINCH METOAUKOMN [61], mosyunTh HEOOXOMH-
MBIe YCJIOBUS ONTUMAJBHOCTH JIJIs Takoi 3a71aun B hopme 0600IIEHHOTO (MHTErPATHHOTO)
npuHIuna Makcumyma. Mozxkno, ciaenys |36, 37|, npeo6pa3oBarh paccMaTpuBaemMyo 3aja-
qy onruMmusanun TpaekTopuii nepesera KA ¢ PIBT k 3agade onTuMaabHOrO ypaBieHAs
¢ mubdepeHnnaIbLHBIMU CBI3SIMU, COJEPYKAINUMA yIIPABIEHNs] B BUJE MPOU3BEICHUI pa3-
PBIBHBIX (DYHKIHI HA UMITYJIbCHBIE, U /I TAKOH 3aa4i HOJTYUYUTh HEOOXOIUMBIE YCIOBUA
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onTuMaIbHOCTH 110 Metoauke [36, 37]. (O6 mcnosb30BaHUM HTOrO MOAXOJA TPH DEreHu
3amad ontummianun mepegeroB KA ¢ PIABT B My bcHOl MOCTAHOBKE CM., HAIIPUMED,
[36, § 6.3.]).

3aaun B UMITYJILCHON MTOCTAHOBKE HCIOJIH3YIOTCS HE TOJHKO B PAKETOIMHAMWKE, HO W
B JIpyrux obJacTsX HaykKu. B cBsasu ¢ srum, ciaemyer ormeruth pabory [33|, B KOTOpOIt
[pe/IJIOYKeHA WHTEPECHAs TeOPHs ONTUMH3AIUNA UMITYJILCHBIX PEIMIeHUNl U MX MPUI0KEHUH
B PA3JIUYHBIX 00/1ACTIX.

B pabore [23] HeoGxomuMble yCIOBUS ONTHMATLHOCTH MEPBOrO MOPSIKA JIUIS Pellae-
MBIX B UMITYJILCHOI IMOCTAHOBKE 3aJa4 ONTHMHU3aIuu TpaekTopuii mepeaeros KA ¢ PJIBT
MOJIyYalOTCS B pe3yJibTaTe CBEJICHUS ITUX 3a/lad K 3a/ladaM Ha YCJOBHBIN IKCTPEMYM B
GYHKIIMOHAJIHBHOM MPOCTPAHCTBE W UCIHOJIHL30BAHUS YHUBEPCAJIBHOIO CIIOCO0A TOJIYUYeHUs
HEeOOXOTUMBIX YCIOBUN ONTUMAIBHOCTH IIEPBOTO MOPS/IKA B 33a4YaX HA YCJIOBHBIM 3KCTpe-
MyM — TpuHIHna Jlarpanxka caarug orpanndenuii. (OGocHoBaHMe mpuHIUNA JlarpaHxka
JUTS 3371249 HA YCJIOBHBINA 9KCTPEMYM B (DYHKITHOHATHLHOM TPOCTPAHCTBE CM. [3, ¢. 252]).
[IpuBojuTes 1MOApOOHOE ONMUCAHKE AJTOPUTMA Tepexo/ia OT 3aJa4vd ONTUMH3AINUNA TPAEK-
topuii mepesera KA ¢ PIBT k ontuMmusamuoHHORl 3aade B MMILYJIbCHONW MMOCTAHOBKE W
MaTeMaTHIecKn KOPPeKTHas MeTOMKA MOJydeHHs HeOOXOTUMBIX YCJIOBHH ONTHMAJIbLHO-
CTH TIEPBOrO MOPSIKA B 9TOM 3a1ade. AJTOPUTM U METOINKA MO3BOIAIOT (hOPMATN30BATE
Iepexo] OT 3a1a9i ONTUMHU3AINKE B UMITYIbCHOM ITOCTAHOBKE K KPaeBoil 3ajiavue sl CUCTe-
MbI OOBIKHOBEHHBIX b depeHInaabHbIX YPaBHEHU U MPUMEHUMBI [IPU PEIeHUH B HM-
MyJICHO MOCTAHOBKE HA OCHOBE HEOOXOJMMBIX YCJIOBHI OMTUMAJILHOCTH IIEPBOTO MOPSIKA
JIIOOBIX 3329 onTuMu3anun rpaekropuii mepenera KA ¢ PJIBT, 11 KOTOpbIX UMY TbCHAS
IIOCTAHOBKA, UMEET CMBICJI, B YACTHOCTH, 3aJ1a4 He TOJHKO ¢ TePMUHAJIBHBIMHU, HO U C HPO-
MEXKYTOUYHBIMU U MPOYUMH OTPDAHUYEHUAME THUIIA PABEHCTB M HepaBeHCTB. DYHKITHOHA
3a/[aYU TIPU ITOM MOZKeT ObITh OTJIMYeH OT (DYHKIMOHAJIA 3a/a9¥ MUHUMH3AIUU 3aTPAT
MAacCChl, TPAAUIMOHHO PENraeMOi B UMITYJIbCHON ITOCTAHOBKE.

B namnoit pabore ucrnosb3yercst Moaudukanus crnocoda mpeiokeHHoro B [23].

3aMeTuM, YTO MMIYJbCHAd MOCTAHOBKA JJId 3aJa9l ONTUMHU3AINKA MOXKET He HMeTh
CMBICIA, KaK, HAIpUMeD, JIId 3aj1a49u 0 Hauckopeimux nepenerax KA ¢ PJIBT B rpaBura-
IIMOHHOM II0JI€ B BaKyyMe IIpU He OIPAHUYCHHON 3apaHee KOHEYHOHN Macce B ciydae, KOria
TSTA B MPOIECCe MOJIeTa OKa3bIBAETCs BCEr/Ia BKIIOYEHHONW 1 MakcuMaJibHOil [21, 38].

[IpuBeieM KpaeBble 3a/[a9U B UMITYJIbCHON MOCTAHOBKE, COOTBETCTBYIONINE PACCMATPU-
BaeMBbIM B TJI. 2—4 3aJa9aM ONTHMAJILHOTO YIIpaBIeHUs JBUKeHneM KA.

A.3 KpaeBag 3agada. Ilnockuii caydqaii. /IBa mmmynabca.
A.3.1 TIlocranoBka 3agadvu.

PaccmarpuBaercs 3a1ada onTuMu3anun nepesnera KA MeKiy KpYroBbIMH KOMILTAHADHBI-
mu opoutamu C3. Be3 orpanndenns OOIHOCTH TOYKA CTapTa IIpenosaraercd (hUKCH-
posannoit (p(0) = 0). Tpaekropusi JeauTcst HA yIACTKH: 10 MOMEHTA II€PBOTO MMILYJIbCA
(t = 0_), y4acTOK MAaCCHBHOTO JIBUKEHUS IO KelIEPOBCKONH TPAEKTOPHUHU IOCJE TTePBOTO
umMIysibca u 10 Broporo (t € [04;7_]), nocie Broporo nmmysbca (=T, ).

[Tnockoe nBmkenne neHTpa Mace KA B 1eHTpasbHOM HBIOTOHOBCKOM I'DABUTAIHOHHOM
OJIE OJTHOTO TPUTATHBAIONIETO EHTPA B MYCTOTE OMUCHIBACTCS B CBSI3AHHON ¢ MPUTATHBA-
IOIIM [IEHTPOM MOJISIPHOI cucreme KoopauHat nnddepeHnnaibHbIMu ypaBHeHusIME [27]:

m=0, r=u, ¢=uv/r
uw=v%/r—p/r*, 0=—uv/r;

(72)
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®Pa3zoBble KOOpAUHATH B MOMeHTHI Bpemenu ¢t = 0_,0,,7 T, npunajjexar cjaeayio-
IIIAM MHOTOOOpa3UIM:
npu t = 0_ muoroobpasuio (GGy_ , 3a/1aBaeMOMY YCJIOBUSIMH:

m(0_) =1, 7(0_-)= Ry, ¢(0-)=0, u(0-)=0, wv(0_)="V, (73)

rie Ry — pammyc ucxomuoit opouter KA; Vo = (/pu/Ry— ckopocts apuzkenns KA 1o
UCXO/THOM KpyroBoit opoure NC3;
npu t = 0, muOTOOOpasmioo Gy :

m(04) = m(0-)e 2%/, r(04) =7(0-), ¢(04) = p(0-), (74)

e AVp = \/(u(0+) —u(0-))2 + (v(04) —v(0-))%, ¢ — CKOPOCTH UCTEUEHHs] PEAKTHBHOM
crpyn (NMOCTOSIHHAST BEJIMUMHA, HE 3aBUCSIIAA OT BEJIMYUHBI TATH), ¢ = ¢3P.q, Pug —
yaeabHast Tara (MOCTOSIHHAS BEJTMYMHA);

npu t =T1T_ muoroobpasuio Grp_ :

m(Ty) = m(T)e2Vle, p(Ty) = r(TL), @(T4) = p(T), (75)

vie AVL = /(u(Ty) = u(T)) + (o(T4) — o(T-))%;
npu t =T, mHoroobpasuio Gr, :

T(T-l-) = Rr, u<T+) =0, U<T+) =Vr, (76)

rae Ry — paamyc KoHewHoit opoutel, Vp = \/u/ Ry — ckopocts apukennst KA 1o koxed-
HOIl KpyTroBoii opbure.
MuHuMHI3UpyeTca TepMUHATbHBIH (DYHKIIMOHAIT:

=-—m(T,) — inf. (77)

A.3.2 Heob6xoagnmbie yC/I0BUS ONTUMAJIBHOCTHI

Oyuknug H 1 TepMUHAHT [ 331840 UMEIOT BU/I;

H(m7 T, e, U, U7pm7pr7p<papuapv) = pru + bpv + pu(v2/7“ - ,M/TQ) - pvuv/r,

= —Aom(Ty) + Amo—(m(0-) = 1) + Xo—(r(0-) — Ro) + Apo—(0-)+
FAuo-u(0-) 4+ Ayo— (v(0-) — Vp)+
A0 (1(04) = r(02)) 4+ Apos (0(04) — @(0-) + Aot (m(04) — m(0-)e2Y0/*)+
PAr(r(T2) — P(T)) + A ((T) — (T) + A (m(T,) — m(T_)e=2%) 4
A7 (r(Ty) = Br) + Aursu(Ty) + Aory (0(T4) — V),

(78)

re  HempepbiBHble  KYCOYHO-TJajKne  (GYHKIUM  (CONPSI’KEHHBIE  TepPeMeHHBIE)
pi(t) (i = m,r,p,u,v) uaucaa Ao, No (i = m,r,0,u,v), Nr (i = r,u,v) — MHO-
Kutenn Jlarpamxa.

e ypaBHeHus Dilepa (COMpsizKEHHAs CHCTEMA P; = — 5 i =m,r,o,u,v):
D = p¢v/r2+pu(02/r—2u/r3) — pouv/r?
p, = 0 (79)
Pu = —Dr+t pvv/r
pv = —T’@/T - pu2u/r + p@u/T;
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® YCJIOBUS TPAHCBEPCAJIBHOCTH O (PA30BBIM TePEMEHHBIM:

(pl(o-i-) - 82?(§+)7 pZ(T—) - _az(ajl"i)a { :m,r,go,u,v):
pm(0+) = /\m0+a pm(T—) = )‘mT—eiAVI/ca
Pr(0+) = A0t P¢(O+) = /\<p0+a

_ cu(04) —u(0_
Pul02) = Anoym(0_)e- 810/ t0) (0]

po(04) = )\mo+m(0_)e‘AVO/C%7 0)

pT(T—> - )\’I’T—’ pgo(T—) = )\L,DT—7

1 — 7A C Tf
pv( —) )\ml—m(T_)e Vi/ U( *’) ﬁé( )’

(pz(o—) = al ) = 07 pz(T-f-) = azéajlﬂ+) = 07 1= m,r,gp,u,v):

0= pm<0—> = )\m(]— - )\mO—l-e_AVO/CJ 0= pm(T—l-) = _>\0 + )\mT—v
0= pr(0—> = )\7’0— - /\T0+7 0= pcp(o ) = /\ch— - >\g00+7

0= pu(0_) = Ao — Amosm(0_)e2Vo/cY u(04) ‘—/OQCL(O_),
0(04) —v(0_
0 = pu(0-) = Ayo— — Amorm(0-)e 2%/ %7 (81)

0= pr(TJr) = )\’I’T+ )\rT s 0= p@(TJr) = )\goTJr - /\wa7

0= pu(T4) = Aurs — Amr-m(1-)e” AVl/CU(TJF)A‘_/ch(T_)’
0 =pu(T4) = Mg — Ar—m/(T" )S_AVI/CU(TQA‘_/;(T);
e ycioBue cranunonapuoctun mo 1 (H(7T-) = aa%)
H(T-) = 0; (82)
® YCJIOBHE€ HEOTPUIATECJIBbHOCTH:
Ao > 0; (83)
e yciosne HEPagencrea Onnospemento Hyiro Bcex muoxkureseii Jlarpanzka (ycioBue
HEPOH):
> pillken+ X il X (Paos+ i)+ 32 e+ [dof #0.
i=rypu,0,m i=m, o, i=m,rp i=ru

(84)

A.3.3 KpaeBag 3agaua

Coornommrenus (72)-(76), (78)-(84) mpeacraBisior coboit KPaeByIO 3a4ady /sl CHCTEMbI
OOBIKHOBEeHHBIX Jiubdeperinajibubix ypaBuennii. HenssecrubivMu B Heit apistores 10 ¢da-
30BBIX M CONPSKEHHBIX HepeMeHHbIX B MOMeHT ¢ = 0_, 10 mOCTOSHHBIX MHTErpupOBAHMSI
cucrembl guddepennuanbubix ypasaenuit (72),(79) wa yuacrtke t € [04;7_], Bpems mepe-
gera T, aucioBele MEHOKHUTEMH Jlarpamxka Ng, Aio_(i = m,r, @, u,v), Noy(i = m,7,9),
Xir— (i =m,r, @), A\iry(i =1,u,v) — Bcero 36 HensBecTHBIX. [LJIst X ONMpejieeHNs NMeeT-
cst 36 yeaosuii — 14 rpaununbix yesaosuit (73)-(76), 20 ycnosuit Tpancsepcaabnoctn (80)-
(81), ycioBue cranumonapHOCTH (82) M yC/I0BHE HOPMUPOBKH, CBSI3AHHOE C OJHOPOIHOCTHIO
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ycaoBuit mpunnuna Jlarpanzxka no MmuoxkutessaMm Jlarpanzka, mo3BoJIdoNeil BHIONPATh UX C
TOYHOCTBIO JIO TMOJOKUTETHHOTO COMHOXKUTEIS. YCIOBHE HOPMUPOBKHU COBIAIAET C YCJIO-
BHE€M HOPMUPOBKHU B COOTBETCTBYIOIIEH 3a/aue ONTHMATLHOrO ylpasierus (T, 2):

Pr(04) +pi(04) +pi(04) = 1. (85)

Bribop Takoro ycioBug mpaBoMepeH, T.K. oOpallleHne B HOJIb CyMMBbI

Pi(04) + p(04) + pi(04)

nporuBopeunt yciaosuto HEPOH (84).

BameruM TakzKe, UTO U3 yCJaoBUil TpaHcBepcasbHOCTH D, (T-) = Aur_e
pm(Ty) = —Xo + Apr— = 0 wum yciaoBusi meorpunareabroctu (83) cieayer dro
pult) >0, te 0T

Hewussectabie nepemennbie B Toukax t = 0_ u t = T, MOXKHO UCKJIIOYATh KaK MOCJE
HOCTAHOBKM 3aJa4M, TaK ¥ II0C/Ie IIpuMeHenns npuanuna Jlarpam:xka. Oba crnocoba mpuBo-
JIAT K OJJMHAKOBOMY PE€3Y/IbTaTy.

Kpaesas 3amaga nmeer caegyromuii sug. Cucrema ypasuennii (72),(79). Henssecrusre:

—AV/e
)

7(04),0(04),u(04),v(04), m(04), pr(04), Pp(04), Pu(04), pu(04), P (04), T; (86)
YejioBus:

r(04) = Ry, ©(01) =0, m(04) = e 2%0/e,
pu(04) = pm<0+)m‘(}zz)“(0+)’ po(04) = pm(0+>m(OA+‘)/E)Z(O+) - VO)’
p7(04) +pa(04) +p3(04) =1, (87)
HT) = Re, poT) =0, H(T)=0,
pu(T-) = ~EnlTITIUT) g ) = BTV = o(T)),

[Tpu yncaeHHOM TOCTpOeHUuH perteruiit MoxkuO 3amenutb u(04), v(04) va AVy, 6 —
BeJIMYUHY U YIOJ MeXKIYy BEKTOPOM TATH H PaJInyC-BeKTOPOM, OTCYHTHIBACMBIHl OT IIO-
JIOXKATETHHOTO HAIIPABICHHS PAIAyC-BeKTOpa B Ty YK€ CTOPOHY, 4TO M yroa ¢. Torma
u(04) = AVycosd, V(04) = Vo + AVpsin6.

B pesyabraTte pemenust 3T0ii KpaeBoii 3a1a9M ONPeJeIIOTCa YIO0BJICTBOPSIOIINE Heo0-
XOAUMBIM YyCJIOBUAM ONITUMAJIBHOCTHU IEPBOIO NOPAAKa TPACKTOPUU UMITYJILCHOI'O ITepeJieTa
KA (skcTpemasu 3a1a4n).

A.4 Kpaesag 3anada. IIpocTpaHcTBeHHBIN ciyd4aii. /[Ba nMmnysib-
ca.

A.4.1 TlocramoBka 3aga4uu

PaccmarpuBaercs 3amada nepenera KA mex iy kpyroseimu opoutamu 11C3. Bes orpanmnye-
HHUsI OOITHOCTH CUUTAETCH, UTO IiejieBas OpOUTa HAXOAUTCI B 3KBATOPHATLHOIN ILTOCKOCTH
(i = 0), a a goroTa BOCXOJAINETO y3JIa HAYAJbHON OpOUTHI paBHA HY/H0. TpPaeKTopus
JIeJIATCS HA YIACTKH: JI0 MOMEHTa mepBoro umiysabca (t = 0_), y9acToK MacCHBHOTO JIBU-
JKEHUSI 110 KEIJIEPOBCKO TPAEKTOPHHU TOCJIe IEPBOT0 UMITYJIbca 1 j10 Broporo (t € [04;7T_]),
nocsie Broporo nmiyiasca (¢ =TY).
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JIpuzkenue nentpa Mace KA B 1leHTpaJbHOM HBIOTOHOBCKOM TPABUTAIMOHHOM IOJIe OJ1-
HOTO NPHTATUBAIOIIETO IEHTPa B IIyCTOTe OIMHUCHIBACTCA B ¢pepUIeCcKOil cucTeMe KOOpInHAT
muddepeHuaIbHbIMu ypaBHeHusvMu [27]:

m =0,

T =u,

b=u/r,

$ = w/rcos, (88)

u=v?/r+w?/r—p/r?
0= —uv/r —w?tg/r,
W= —uw/r+vwtgy/r;

@PazoBble KOOpAUHATH B MOMeHTHI Bpemenu ¢t = 0_,0,,7 7T, npunajaiexar caexyio-
UM MHOTOOOPA3HSIM:
npu t = (0_ muOroobpasuio Gy_ , 3a7aBaeMOMY yCJIOBUSIMU:

m(0-) =1, r(0-)=Ry , u(0-)= v(0-) = Vpcos(0_)sini, (89)
w?(0_) +v3(0_) = V@2, cosy(0_)sin go( _)sini —sint(0-) cosi = 0,

e Ry — pammyc ucxomnoit opoutst KA, Vy = /u/Ry— ckopocts apmxkenns KA mo
HUCXOMHOM KpyroBoit opoure NC3, ¢ — HaKIOHEHUE MCXOIHON OPOUTHI;

npu t =0, muHOroobpasuo Gy :

m(04) = m(0_)e 2%/, r(0,) =r(0-),

9(00) = (0). ¢(0.) = 9(0-), 0
rre AVp = /(u(04) — u(0-))2 + (v(04) — v(0-))? + (w(0;) — w(0_))?;
npu t =1_ muoroobpasuio Grp_ :
m(Ty) = m(T-)e”8M/e, r(Ty) = r(T-),
W(T) = 0(T). o(Ty) = o(T), o
vie AV = J(u(Ty) — (T )2 + (o(T%) — o(T))? + (w(Ty) — w(T_))?:
npn t =T, muoroobpasnio Gr, :
r(Ty) = Rr, w(T}y) =0, o(Ty) =0, w(i)=Vr, (TI%)=0, (92)

rae Ry — pajauyc KoHewdHO#H opbutel, Vi = \/u/ Ry — ckopocts asuzkenust KA 10 koHed-
HOI KpyToBoii opbure.
MuHuMHI3UpyeTca TepMUHATbHBIH (DYHKIIMOHAT:

I=-m(T,) — inf. (93)
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A.4.2 HeobxoanuMble yCJIOBUSA ONTUMAJIBHOCTHU

Oyuknug ‘H 1 TepMUHAHT [ 331840 UMEIOT BUI:
H(m, r, 0, 0,u, 0,0, P, 0,7, Dy Pry Dgs Do Pus Pos Pu) =
= prtt + pyu/r + po 1 o5t + pu(v? /1 + 1w fr — )+
+po(—uv/r — w?tg Y /1) + pu(—uw/r + vwtgp/r),

1= Xo(—=m(T4)) + Amo_ (m(0-) — 1) + Apo_ (r(0-) — Ro)+

Ao u(0_) + Xyo_ (v(0_) = Vocos p(0_) sini) + Ayo_ (w2(0_) +0%(0_) = VH+  (94)

+Ano_(cos1p(0_) sinp(0_)sini — sint)(0_) cos i)+

+Ar0, (r(04) = 7(0-)) + Ayo, (¥(04) — ¥(0-)) + Ago, (0(04) — (0-))+

FAmo (m(04) = m(0-)e2Y/e) 4 \g (r(Ty) = 1(T-)) 4+ Ay (W(T) — (T-))+
Ao (2(T4) = o(T2)) + A (M(Ty) = m(T-)e=2V/¢) + N\, (r(Ty) — Rp)+
FAur, W(Ty) + Aoz, v(T4) 4+ Aoy (W(Ty) — Vi) + Ay (1Y),

rJe HempepbiBHbIE KyCOYHO-TVIajiKue (DYHKIMH (CONpsKeHHBIe TepeMeHHble)  p;(t)
(i =m,r, 9, ¢, u,v,w) 1maucIa g, Ao_ (I =m,r,n,u,v,w), Xo, (i =m,r,Y, @), Nir—

t=m,r, Y, ), Nire (1 =11, u,v,w) — MHOXKUTeH Jlarpanzxa.
¥ +

_ _OH

e ypaBHeHust Diliepa (COMpsizKeHHAs CHCTEMa P; = S = m, T, o, u,v,w):

pm = 07
Pr = pypv/r? + pow/r?cos + p, (V21 + w? [r? — 2u/r?)—
—po(uv/r* + W tg Y /r?) — py(uw/r* —vwtgp/r?),

Py = —powsiniy/rcos® Y + p,w?/rcos? P — pyow/rcos® i, (95)
pgo = 07

pu = —Dr +pvv/r +pw1U/T,

pv = _plﬁ/r - 2puv/T + pvu/r — PuW tg w/ﬁ

Pw = —DPo/rcosty —2p,w/r + 2p,wtg /1 — py(vtg/r —u/r);

® YCJIOBUS TPAHCBEPCAJIHHOCTH 1O (PA30BBIM TePEMEHHBIM:

<p2(0+) = az(aé+)v pZ(T—) = _%7 L= m,r,@b,go,u,v,w):

Pm(04) = Amo. pm(T-) = )\mT,e_Avl/c,
0 =N 20 =N, 900 = N,
— U — ul\v_

Pu(03) = Ao, m(0_)e~2V0/e ™ +>Av (0)
)

o=

oC

_ )\mmm(o_)efAvo/cU(oJr) —v(0-)

pv<0+ ‘/OC )

AV w(04) — w(0-
Pul04) = Ao, m(0_ )20/ +)AVE)ZCU( ) (96)
pT(T_) - )\rTf’ pw(T_) = )\wTij? psﬂ(Tj—_’) = )\LPT,7
pu(T—) = AmTim(T_)efAvl/C'u’( +)A‘_/lflcj/( 7>7
—avev(Ty) —u(T-
pv(T_) = /\mT m(T—)e an U( ;)A‘/lic)( T>>
pu(T-) = )‘mT_m(T7>€_AV1/Cw< +)A\_/11cU( —);

(pl(0—> - 82(0_) - 07 pl(T+) = aZ(T+) - 07 Z - m,T,Q/J,QO,U,U,U)):



0=pm(0-) = Ano_ — Amo,e 2V 0 =ppu(T}) = —Ao + Az,
0= pr(O—) = )\7‘07 - /\7‘0+7
0=py(0-) = Apo_(—sine(0_)sin p(0_) sini — cos(0_) cos ),
0=p,(0_) = Apo_Vosinp(0_)sini 4+ A,o_ cosp(0_) cos p(0_)sin i,
©
_ ~u(0y) —u(0_
0= pu(o—) = )\uD, - )\mO—i-m(O—)@ Ao/ u( +)A‘/020L( )a
0=pu(0_) = XNpo_ — 2Au0_v(0_) — )\moer(O)e_AVO/C%VOZ(O_),
_ cw(0y) —w(0_
0= pu(0-) = 2Xo_ w(0_) — Ao, m(0_)e~ A%/ ( +)AVOC( ), (97)
0= pr(T+) = A1+ )\rT+
0= py(T4) = Ayr_ + Ay,
0=pu(T}) = Ao + Apry - -
AV /el —u(T-
0= pulT2) = har, — Anir_ (T Ve tT) ulT),
_ (T ) —o(T-
0= pv(T-i-) - )‘vT+ - )‘mTfm(T—)e o U( ;) ‘/112< ;;
0= pul4) = Moz, — Az m()e 2L 0T),
e ycioBue cranunonapuoctun mo 1 (H(7-) = %)
H(T-) = 0; (98)
® YCJIOBHE€ HEOTPUIATECJIBbHOCTH!
)\0 2 0; (99)

e yciosne HEPagencrsa Onnospementno Hyiro Bcex muoxkureseii Jlarpanzka (ycioBue

HEPOH):

Zi:r,w,w,u,v,w,m szHKC’1 + Ei:m,r,n,u,v,w ’)"50* |+ (100)
=+ Zi:m,r,cp,l/)(|)‘i0+| + |>\2T—D + Eizr,w,u,v,w ‘)\iT-l-’ + )‘0 7£ 0.

A.4.3 Kpaenag 3amaua

Coornorrenust (88)-(92), (94)-(100) mpexacraBisior coboii KpaeByIo 3a7ady JJis CHCTEMbI
OOBIKHOBEHHBIX (D depeHnuaIbHbIX YpaBHeruii. HenspecTHbiMu B Heil aBsgioTcs 14 dpaszo-
BBIX U COTPSIZKEHHBIX MePEeMeHHBIX B MOMeHT ¢ = 0_, 14 OCTOSTHHBIX WHTEIPUPOBAHUSA CH-
crembl auddepennnanbabix ypasaennii (88),(95) na yuacrke t € [04;7], Bpems nepeJie-
ta T, aucjoBbie MHOKUTEN Jlarpanka No_ (1 = m,r,n,u,v,w), Xy (1 =m,r,0,9),
XNir— (0 =myr,0), Nire (1 = r,Y,u,v,w), Ao — Bcero 49 memsBecTHbIX. s ux
onpesenenns umeercs 49 ycaosuit — 19 rpanndaabix yeaosuit (89)-(92), 28 yeaosuit Tpamc-
BepcasbHocTu (96)-(97), ycaosue crarmonaprocTu (98) U ycoBre HOPMUPOBKH, CBSI3aHHOE
¢ OJHOPOJHOCTHIO YCJIOBHIl MpUHIUIA Jlarpan:ka mo MHOKHTEIAM JlarpanzKa, m03BOJISIO-
mieil BEIOMpaTh UX ¢ TOYHOCTHIO JI0 TOJOKHTEIHHOTO COMHOXKHUTEIA. YCI0BIEe HOPMUPOBKH
COBIAJIAET C YCJIOBHEM HOPMHPOBKH B COOTBETCTBYIOIIEH 3ajade ONTHMAJILHOTO yIpaBJe-
Hug (. 3):

Pr(02) + P (04) + pa(04) + p;(04) +p5 (04) = 1. (101)

BeiGop Takoro ycJoBusi paBoMepeH, T.K. obparierne B HOJb cymMMbl (101) mporuBopednt
yeaosuio HEPOH (100).
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Bamerum, 9TO U3 yCJIOBUN TPAHCBEPCATLHOCTH:

Pm (T—) - _/\mT— )

Pm(T4) = =Xo = Amr—e®"1/¢ =0

U ycaoBus HeoTpunarteaprocTu (99) caemyer p,,(t) >0, t € [04;T-].
Kpaesas 3amaua nmeer caeyrommuii Bua. Cucrema ypasuennii (88),(95). Henspectuebre:

7(04),%(01), (04),u(04),v(04), w(04), m(04), (102)
Pr(04),29(04), Po(0+), Pu(04), o (04), Pw(0+4), P (04), T

Yeaosud:

r(04) = Ry, cosy(0_)sinp(0_)sini —sint(0)cosi =0, m(0y) = e 2%/,
pu(04) = Lm(00)m(04)u(0-)

9

po(0,) = pm(0+)m(0+)(v(0+)VZ—z% cos p(0, ) sin 1) ’

_ 2u(0:)m(04)(w(04) — Voy/1 — cos? p(0,.) sin” i)
pw<0+) A‘/()C )
pr(04) + P (04) + pa(04) +p3(04) + 5, (04) =1,
Py(04) cos (04 ) cos (04 ) sini + (sintp(04) sin p(04) siné + cos(04) cosi)x  (103)
X(Pp(04+) = (Po(04) = pu(04) = EELIE ) Vi sin o(0.4) sin i) = 0,

\/l cos2 (04 )sin?q
H(T-) =0, pp(T-) =0, r(T")= Ry, (1) =0,
1) — 2T T

Y

(1) — _palT >< u(T)

I

pw(T_)me( ) (A)(VT_ ( ))

B pesysbrare pemrenus 3TOH KpaeBoil 3aa€n OLIPeIeIAI0TCs YI0BIETBOPSIONTe Heob-
XOJMMBIM YCJIOBUSIM ONTHMATBHOCTH MEPBOrO TOpsiIKa TpaekTopun mepesera KA (skcrpe-
MaJIl 33/1aH).

A.5 KpaeBag 3amada. IIpocrpancTBenHblii ciaydaii. Tpu uMITyib-
ca.

A.5.1 TIlocranoBka 3aga4un

PaccmarpuBaercs 3amada nepesera KA mexny kpyroseivu opbutamu MIC3. Bes orpanu-
qyeHund O6H_[HOCTI/I CUUTACTCAd, 9TO 1eJjieBad 0p6I/ITa HaXOIUTCAd B QKBaTopI/IaﬂbHOﬁ IIJIOCKOCTH
(7 =0), a g0JIr0Ta BOCXOSIIEr0 y3/1a Ha4aIbHONH OPOUTHI paBHA HY.TI0. T paeKTopHst JeuT-
¢sl HA YYACTKHU: JIO MOMEHTa MepBOTO MMIyabca (t = 0_), y4acTOK MACCHBHOIO JBUYKEHHUSI
[0 KEIUIEPOBCKOI TPAEKTOPUH TOCIe TIEPBOrO UMITYThca U 70 Broporo (¢ € [04;t,_]), mac-
CUBHOTO JIBUKEHHUS 1O KEIJIEPOBCKOW TPAEKTOPUHU TIOCJI€ BTOPOTO MMIIYJIbCA JIO TPETHEro
(t € [ta,;T_]), noce Tpernero mmmymnbca t =T .

Jsuxxenne nearpa mace KA B neHTpaJibHOM HHIOTOHOBCKOM T'DABUTAIMOHHOM TI0JIE O/
HOTO MPUTATUBAIONIETO MEHTPA B MYCTOTE OMUCHIBACTCS B C(HePUUIECKOl CUCTeMe KOOPINHAT
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muddepenianibHbIME ypaBHeHusivu [27]:

m =0,

T =u,

v =/,

$ =w/rcos, (104)

U =v*/r+w?/r — u/r?,
0= —uv/r —w?tg/r,
W= —uw/r+vwtgy/r;

®a3zoBble KOODAMHATH B MOMeHTE BpeMenn ¢ = 0_,04,%,,,7_, T, mpuHaIIeKaT CIe-
JIYIOTIIM MHOT0O00pa3usIM:
npu t = 0_ muoroobpasuio (Gy_ , 3a/1aBaeMOMY YCJIOBUSIMHU:

m(0_)=1, 7r(0_-)=Ry , u(0_)=0, v(0_)=Vycosp(0_)sini, (105)
w?(0_) +0v%(0_) = V2, costp(0_)sinp(0_)sini —sin)(0_) cosi = 0,

rae Ry — pamuyc ucxomuoit opoutst KA, Vo = /u/Ro— ckopocts asmzxkenus KA mo
UCXOTHOM KpyroBoit opoute C3, ¢ — HaK/IOHEHHE MCXOIHOI OpOUTHI;

npu t = 0, muOTOOOpas’mioo Goy :

m(0;) = m(0_)e 2/, r(0,) = r(0-),
zz<0+) =1(0-), ¢(04) =+g0(0_), (106)

rie AVy = /(w(05) — u(0-))* + ((04) = v(0-))? + (w(04) — w(0-))?;

npu t =t,, mMHOroobpasuio G, :

mta,) =m(te )e 2%/ r(ta,) =r(ta ),
Vlta) = Uta )s plta) = Plta ). ta, =fo | 1o
e AVs = /(ulta,) — ulta )? + (0(ta,) — v(ta ) + (w(ta,) — w(ta ))?;
npu t =1_ muoroobpasuio Gp_ :
m(Ty) =m(T-)e 2%/e, r(Ty) =r(T-),
WT) = 0T, p(T2) = olT) (108
vte AV; = J(u(Ty) — u(T ) + (o(T) — o(T))? + (w(T) — w(T)):
npu t = 1 muoroobpasuio Gr, :
T2 = Re, w(Ti) =0, o(T2) =0, w(ly)="Vp, w(I.)=0, (109)

rae Ry — paamyc KonewHoit opoutel, Vi = \/u/ Ry — ckopocts apukennst KA 1o koxed-
HOI KpyTroBoii opbure.
MuHIMHI3UPYETCS TePMUHAIBHBI KOMIPOMHUCCHBIN (DYyHKITHOHAT:

I =krT- — kypm(T,) — inf. (110)

Kosddumuentsr kommpomucca kr, ky, (kr > 0, kp > 0, [krlew = ¢4 [kmlew = 1 me
00pamaioTesa B HOMb OMHOBpeMenno: k2 + k2 > 0.
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A.5.2 HeobxoauMbie yCcJ0BUSA ONTUMAJIBHOCTHU

Oyuknug ‘H 1 TepMUHAHT [ 331840 UMEIOT BUI:

H(m, 0, o, u,v,w, P,0,7, Dy, Dry Py Py Py Pos D) =
= pu + pyv/r + pow/r cos + pu (V)1 + w? 1 — pu/r?)+
+po(—uv/r — wtgh/r) + pu(—uw/r + vwtg Y /1),

= Xo(krT- — kpym(T4)) + Ao (m(0-) — 1) + Ao (r(0 ,)
+/\u07u<0—) + >‘1107 (U(O—) - VE) COs 90(0—> Sini) + /\wof( (0
+Ano_ (cos 1 (0-) sin p(0_) sini — sin)(0_) cos i)+

+Ar0, (1(01) = 7(0-)) + Ayo, (¥(04) = ¢(0-)) + Apo, ((04) — 0(0-))+
+>‘m0+( (O-i-) (O—) _AVI/C) + )‘tOH- (ta— - tOé+)+

_RO)
) +0*(0-) = Vi )+

(111)

Fhray (M(tay) = 7(ta)) + Apay (Y(ta,) = P(ta )+
+/\soa+( (tay) = @(ta_)) + Ama (m(ta,) — m(ta_)e 21/ +
A (7 (T+) —r(T2)) + Ayr_ ((T) — o (12))+
Hw (P(T4) = @(T2)) + Az (m(Ts) — m(T-)e”21/¢) + Nop, (r(T4) — Rr)+

A, (T ) + A, 0(T4) + Awry (w(T4) — Vi) + Apr, (T4 ),

rJe HempepbiBHbIE KyCOYHO-TVIajiKue (DYHKIMH (CONpsKeHHBIe TepeMeHHble)  p;(t)

(i = m,r Y, 0,u,v,w) 1 uncaa g, No_ (i = m,r,n,u,v,w), Ao, (I = m,r,,p),
Ny (1= m,r, 0, 0,t), N~ (i = m,r,0,¢), Ny (0 = 7,9, 0,0, w) — MHOXKHUTEIN
Jlarpamxa.
e ypaBHeHUs Dilepa (COMpsizKEHHAs CHCTEMA P; = —%—7;.(, i =m,r, o u,v,w):
pm = 07

Pr = pypv/r? + pow/r?cos + p, (V2 /1r? +w? /r? — 2u/r?)—
—po(uv/r? + W tg Y /r?) — py(uw/r* — vwtgY/r?),

Py = —pywsiny/rcos® 1 + pyw? /1 cos? P — pyow/rcos® P, (112)
pg& = 0,

pu = —pr+ pUU/T + pww/r’

pv = —pw/T’ - QPUU/T‘ + pvu/r — Puw tg lp/T,

P —py /T cos Y — 2pw/r + 2p,w tg Y /1T — py(vtg Y /T — u/r);

® YCJIOBHS TPAHCBEPCAJBHOCTHU 1O (DA30BBIM ITePEMEHHBIM:

(n0) = ity Plta) = ~gitiy Pltad) = gffy PO = ~giry
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i:m7r7¢7¢7u7v7w):

Pm (O+) >\m0+ )

(O+) - )‘T0+7 de(O-‘r) = AdIOJbv ptp(oa-) = )\goOJr)
ul04) = Ay, o 0ife 0 S0,
_ L0(04) —v(0_
Po(04) = Ao, m(0_)e=2V1/ %7

_ cw(04) —w(0_
2(04) = Ao, m(0_yemavi/e 0] wl02)
Pmlta ) = Ama,e” 20,
pr(ta - )\roz+a pw(ta,) - /\wo(z;g7 )pgo( (
CAvs /e U(ta u
pu(ta, :)‘ma+m(ta,)6 Ave/ +A‘/QC
el it

=

ﬂg

2C ’
Pulta) = Aoy milta_ )e=aVe/eWlan) = wlta )

s Vac 113
pm(ta+) == Ama+, ( )
pr(to‘*) - )\m“r’ pw(ta+) = )‘11)0@7 )p<ﬂ(t<oét+) ): /\SDOé+7

- Ul — Ulla_
Pultar) = Ama,m(ta_)e Y +) Vac )
— c (&2 v toz,
Polta) = Amaym(ta_)e 2/ (( + )VQC(( )’)
_ cW(ta,) —w(ta_
Pulta) = Amay ity Jo-&tet2lles) s wllec),
Pn(T-) = A e 8V3/¢
pr(T—) = A?"T77 D (T—) = )‘¢T,7 pcp(T—) - )\wa7
_ cu T - T,
pu(T_> - )\mT,m(T_)e AVS/ ( +> ‘/E:é( )7
_Ave(Ty) —o(T-
p“(T*) = AmT—m<T*)e an U( ;)A‘/;C)< T)a
Pul-) = Mg m(- e Vel L - W),

(pZ(0_> - 82?57) :07 pZ(T"') = % :07 i:m,r,¢,¢,u,v,w);
0= p(0-) = Amo_ = Ao, e, 0= pu(T) = Aok + A,
0= pr<0—) = )‘Tof - )\r0+7
0=py(0-) = Apo_(—sine(0_)sin p(0_) sini — cos (0_) cos i),
0=p,(0_) = Xo_Vosinp(0_)sini + A\yo_ costp(0_) cos p(0_) sin i,

i (04) —u(0-)
0=pu(0_) =Apo_ — /\m0+m(0_)€fAv1/cu +AV12 =)
0 = pv(o—) - )\v(]_ - 2)\w0_U(0_) — )\m0+m(0_)e—AV1/C%‘/Z(O_)’

— cw O - O_
0= puf0-) = 2o w(0-) = Ao, (0 e~/ L0 DL ) (114)
0=p(T4) = A7+ Aoy
0= py(Th) = Ayr_ + Ay
0=pu(T}) = Ao + Apry
0= pu(Ts) = Az — Az (T )e=2Vo/e L) —JCL(T—)’
0=p,(T}) = Ao, — )\mT,WL(T_)e_AV?’/CU(T*) —312(T)7
— C T - T_

0 = pw(T+) = )\wTJr - )\mT,m(T_)G AVg/ w( +)A‘/3/ZU( )7
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® YCJIOBUA CTallMOHAPHOCTH:

H(ta,) - >\ta+7
H(toy) = Mo, » (115)
H(T-) = Xokr;
® YCJIOBHE HEOTPHUIATEIbHOCTH!
Ao > 0; (116)

e yciaosne HEPasenctea Onunospemento Hyiro Bcex Mmuoxkureseit Jlarpanzka (yciosue

HEPOH):

Zi:r,z/},ap,u,v,w,m HpiHKcl + Zizm,r,n,u,v,w |)‘i07| + |>‘t04+ H_ (117)
+ Zi:m,r,ap,w(|)‘i0+| + |/\i04+| + |>‘in |) + Zi:r,dz,u,w,w |>‘iT+| + )‘0 3& 0.

A.5.3 KpaeBag 3agaua

Coornorrenust (104)-(109), (111)-(117) mpeacTaBiasgior coboii KpaeByio 3a1ady JJis CHCTe-
MblI OOBIKHOBEHHBIX Jin(bdepeninajibubiX ypaBuenuii. HenspectubiMu B Heil saBisiores 14
ha30BLIX M CONPAKEHHBIX MePeMEeHHbIX B MOMeHT ¢ = 0_, 14 mOCTOSIHHBIX MHTErPUPOBa-
Hust cuctembl guddepennnanbubix ypasaenuit (104),(112) na yuacrke ¢ € [04;t, ], 14 —
Ha yuactke t € [t,, ;T_], Bpemena t, , to, , T, unciaoBele MHOKHUTeqH Jlarpamxa A
(Z = m,r,n,u,v,w), )\i0+ (Z = m,r,@/z,gp), )\iour (Z = mﬂ“ﬂ%%t)a )\in (Z = m,T,@ZJ,(P),
Nty (0 =71,9,u,v,w), Ao — Bcero 70 memsBecrubix. st ux ompenesenns mveercs 70
yeaoBuit — 24 rpanmdnbix yeaosus (105)-(109), 42 ycaosus TpancBepcaibrocT (113)-
(114), 3 ycaoBug cranumonapuoctu (115) u ycjaoBrHe HOPMHUDOBKH, CBA3AHHOE C OJHODPO/I-
HOCTBIO YCJIOBHI NPHHIUIIA MAKCHUMYyMa [0 MHOXKATEIAIM JIarpanzKka, mo3Bodiomeil Boon-
PATh UX ¢ TOYHOCTBIO JI0 MOJOKUTEILHOTO COMHOKATES. YCIOBAEe HOPMUPOBKH COBIAIAET

C YCJIOBHEM HOPMUPOBKH B COOTBETCTBYIOIIHUIT 3a/1a4e ONTHMAJILHOTO yipaBieHus (ni. 3):

p(04) ‘|‘p12/;(0+) +p5(04) + P2 (04) + pi(04) = 1. (118)

BeiGop Takoro ycJoBusi paBoMepeH, T.K. oOpaiierne B HOJb cyMMbl (118) mporuBopednt
yeaosuio HEPOH (117).

Bamerum, UTO W3 YCJAOBHH  TPAHCBEPCAABHOCTH  Pi(ta ) = Apa,€
Pm(ta) = Amay . pm(T2) = A€ AV3/¢ - p (Ty) = —Xokm + Amr— = 0 1 ycoBus
neorpunareaboct (116) caemxyer aro pp,,(t) >0, t € [04;7-].

Kpaesast 3aga1a nveer caenyromuii Bua. Cucrema ypasuenuit (104),(112). Heussecr-

r(04), $(04),9(04),u(04),v(04), w(04), m(04),
Pr(04):24(04); P (01), pu(04), o (04), Pu(04), P (04), Lo (119)
r(tay ), Ytar), p(tay ) ulta, ), v(ta, ), w(ta, ), mta, ),
st ). Dot )2l ). Dulta, ). PolFs ). ulta, ). i, ). T

—AVa/c
’
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VYejoBug:

r(04) = Ry, cosy(0_)sinp(0_)sini —siny(0_)cosi =0, m(0;) = e AV/c,
pa(04) = PmO4)m(0,)u(0)

A‘/lc ..
po(04) = pm(0+)m(0+)(v(0+)V1—c% cos p(0, ) sin 1) 7
Pu(04) = Pm(04)m(01)(w(04) —A“ﬁié/l — cos? p(04) sin Z),

p2(04) +p12p(0+) + p%(04) + p2(04) + p%(04) = 1,
Py(04) cos(04) cos (04 ) sini + (siny(04) sin (04 ) siné + cos ¢ (04 ) cos i) x

X (pe(04) = (Pu(04) — puw(04) \/lcojoiéo%jm:m )/ Vo sinp(04 ) sing) = 0,

w(ta+) - ¢(ta_> = O, 90<t04+) (10( ) 07 T(ta ) - ( Ol—) = O’
pr(ta+> _pr(ta_) = 07 p1/1<ta ) pw( ) 07 piP la ) ( —) = 07
pu(ta+) _pu<ta,) =0, pv(tmr) pv(tm) =0, w(t +> w( a— ) =0, (120)
pm(ta,) — Pm tog)eiAVQ/c = 07 H( ) la_ )

m(ta, ) — m(tai)efm/g/c —0,
Pulta,) = Polloc)mlle, J(ulto,) = ulta )
Polta,) = pm(t%)m(ta&(‘q%(zw) o(ta )
polta,) = Ezllzs)mlta)(ullo.) — wita.))
km H(T_) — krpm(TZ) = 0, p,(T_) =0, r(T_) =Ry, ¢(T.)=0,
pu(1) = Tl JulTe)
po(T-) = ~2nTImlJoT)
po(T.) = Pm(T —)m(TA)V(B\gT —w(T.))

B pesysbrare pemrenus 3TOH KpaeBoil 3aa4n OLIPeIeIAI0TCs YI0BIETBOPSIONTe Heob-
XOJMMBIM YCJIOBUSIM ONTHMATBHOCTH MEPBOrO TOpsiKa TpaekTopun mepesera KA (skcrpe-
MaJIl 33/1aH).

91



Crmcok aurepaTyphl

[1]

2]

3]

4]

[5]
[6]

7]

8]

9]

[10]

[11]
[12]

[13]

[14]
[15]

[16]

[17]

Abamakun B.K., Akcenos E.II., I'pebenukon E.A., lemun B.I'., Pa6os FO.A. Cupapou-
HO€e PYKOBOJICTBO 110 HeGECHOI MeXaHuKe 1 acTpojnHamuke (1o pegaknueit Ty6ornmnHa
["H.). Usnauue 2-e, nonosanennoe n nepepaborannoe M.: Hayka, 1978.

Anekcangapos B.B., Baxsasmos H.C., I'puropres K.I'. u ap. [IpakTtukym 1o qucjaieHHbIM
MeTOo/IaM B 3a/ia9ax ONTUMaJIbHOro yipasienus. M.: I31-Bo MockoBckoro roc. yH-ra,
1988.

Anekcees B.M., Tuxomupos B.M., ®ovmun C.B. Onrumassnoe ynpasienne M.: Hayka,
1979.

Awupnon, P. Teopust BTOpOii Bapuanuu u ee NPUIOXKEHUsI B ONTHMAJbLHOM YIPaBJIe-
uun // mepeson ¢ ¢p. B.B. Koamanckoro, B.P. Hocosa. - M. Hayka 1979.

Apnosnsa B.J. O6biknoennble quddepennuaababie ypapuenus M.: Hayka, 1971.

Apytionos A.B. YcioBug akcTpeMyMa. AHOpMaJIbHBIE U BBIPOXKIEHHBIE 3amadn. M.:
N3n—Bo “@axkTopuas’, 1997.

Axmermma P.3. Ilnockas 3amada oNTHMAIBLHOTO IepeseTa KOCMHYECKOTO alllapaTa
¢ MaJIOIl TATOH ¢ BBICOKOALTHITHYECKOH opOuThl Ha reocramuonap // KocMmuueckue
Uccnenosanusa, 2004, 1.42, N3. ¢.248-259.

Babymka ., Buracek 9., Ilparep M. Huciaenubie mporecchl pemntenus auddepeHiiu-
anbHBIX ypaBuenuit M.: Mwup, 1969.

bBarypun B.A., Jpixta B.A., Mockamenko A.Vl. Meronpl pemreHus 3a1ad TEOPHH
yIpaB/IieHHs Ha OCHOBe NpuHIUNa pacimpenus. Hosocubupck: Hayka, Cub. mpes-
npusgtue PAH 1990.

Barypun B.A., VYpb6anosuu /I.E. IIpubGau:keHrbple MeTOIb ONTHMAJILHOIO YIIpaBJIe-
HUs, OCHOBaHHBbIE Ha NpuHIuIe pacmupennd. HoBocubupck: Hayka, Cub. npemmnpus-
e PAH 1997.

Baxsasio H.C., 2Kuakos H.I1., Kobenrpkos I"M. Hucnernusie metoasr M.: Hayka, 1987.
Bennvan P. /Tunamuveckoe nporpammuposanue, VI, 1960.

Bacuines @.I1. Yuciennbie mMeTojbl pelieHuss SKCTpeMaJibHbIX 3asad. M.: Hayka,
1988.

['abacos P., Kupumiopa ®@. Ocobble onTumasibubie yipabiaenus M.: Hayka, 1973.

laneeB .M., Tuxomupon B.M. Kparkuit Kypc Teopun skcTpeMaabHbIX 3a0a4 M.: 13-
Bo MI'Y, 1989.

puropbes K.I'. O Hauckopeitnux MareBpax KocMuaeckoro anmapara // KocMmuueckue
Uccnemoanua 1994, 1.32, N1. ¢.56-69.

I'puropres K.I. O maneBpax KOCMHYECKOrO amiiapaTa IIPH MUHUMAJIbHBIX 3aTPAaTax
Macchl u orpanndennom Bpemenn // Kocmuueckue Vcenenosanus 1994, 1.32, N2. ¢.45—

60.

92



[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

28]
[29]
[30]

I'puropwses U.C. UcceoBanme ontTuMaibHBIX TpaekTopuii mepejaeroB KA ¢ peaktus-
HBIM JIBATATEIeM OGOJIBINON OrpaHUYeHHOI Taru Mexay 3emueit u Jlywoit // uc...
kaua. uz-mar. mayk. Mock. roc. yu. mex-Mat. ¢akyabrer. 1997.

['puropre N.C. O6 onrumMaabHOM IepejeTe KOCMHUYECKOTO ammapara ¢ OpOUTHI
UCKYCCTBEHHOTO CIIyTHWKa 3emyim Ha moBepxXHOCTH JIyHbl. Tpymer XXVIII urenwmit
K.9. lHnonkoBckoro. Cexkmusa Mexannka kocmudeckoro mosera. M.: MMET PAH. 1994.
C. 41-46.

['puropwes 1.C. Metoaudeckoe mocodbue MO YUCJIEHHBIM METOJaM pPelIeHUus KPaeBbIX
3a/la4 IIPpUHIOUIIa MaKCUMYyMa B 3aJa4aX OIITUMaJIbHOT'O YIIpaBJIE€HUA. — M I/IS,ZLaTe.Hb—

ctBO llenTpa MpUK/IaIHbIX UCC/IEIOBAHUN TTPU MEXaHUKO-MaTeMaTHIeCcKOM (haKy/ibTe-
e MI'V, 2005.

'puropwses N.C., T'puropres K.I'., [Tlerpukosa FO./I. O nauckopeiimunx MaHeBpax KOC-
MHYECKOTO allllapaTa ¢ PEAKTUBHBIM JIBUTATEIEM OOJIBINION OrpaHMYeHHON| TATU B Ipa-
BUTAIMOHHOM ToJie B Bakyyme // Kocmuueckue Uccnemosanus, 2000, 1.38, N2. c.
171-192.

I'puropses K.I., I'puropses 1.C. UccinenoBanne onTuMaJbHBIX TPOCTPAHCTBEHHBIX
TPaeKTOPHil MepeIeTOB KOCMUYECKOTO allllapaTa ¢ PeaKTUBHBIM JBUTATEeM OOJIBIION
OrPAHUYEHHON TATH MEXK/y OpOUTAME MCKYCCTBEHHBIX CIIyTHUKOB 3emn u JIyHbl //
Kocymmueckue McerenoBannsa, 1997, 1.35, N1.

['puropwes N.C., I'puropre K.I. K mpobyieme pemnieHnst B UMIYJIbCHONH ITOCTAHOBKE
3aJ1a9 ONTUMHU3AIME TPACKTOPHil MEepPeTéTOB KOCMIYECKOrO allllapaTa ¢ PeaKTUBHBIM
JBUTATEIeM OOJIBIION OrPAHUIEHHON TSATH B I'PABUTAIIMOHHOM ToJie B Bakyyme // Koc-
mudeckue Vccnenopanus, 2002, 1.40, N1, ¢.88-111.

['puropwes K.I'., Samrerun M.I1. O BepTuKaaIbHOM cTapTe B ONTHMHU3AIMOHHBIX 33,12~
vqax pakeronuHamukn // Kocmuaeckne Vccnenosanus, 1997, 1.35, N4.

I'puroppe K.I'., @®eapina A.B. Onrumasbable mepeseTbl KOCMIYECKOrO almmapara ¢
PeaKTUBHBIM JBHUTATEeM OOJIbINOH OrpaHUIeHHON TATH MeXK /Ly KOMILIaHAPHBIMU KPY-
rosbeivu opburtamu // Kocmuaeckne VecrenoBanus, 1995, 1.33, N4. c¢. 403-416.

['puropwes 1.C. CpaBHeHEe pelnteHnii 33129 00 ONTHMUBAINT TPAEKTOPUHA MSITKOM I10-
caakn KA wa nmoBepxHOCTH JIyHBI B UMITYJIHCHOM ITOCTAHOBKE W C JBUTATEIEM OOJIBIIO
orpanudentoii tsiru // Tesucwr mokmano XX VI akageMuaeckux 9TeHHH M0 KOCMO-
HaBTUKe, MOCBATeHHbIX namsaTn akajgevuka C.I1.Kopomesa m apyrux BBLIAIONIXCS
OTEYECTBEHHBIX YUEHBIX — IMHOHEPOB OCBOGHHS KOCMUYECKOTO MPOCTpaHcTBa, MocKBa,
2002r. (http://www.ihst.ru/personal/akm /section5(2002).htm)

['posnosekuit I'.J1., NBanos FO.H., Tokape B.B. Mexannka KoCMHYEKOIro MOJeTA.
[Ipobaembr ontumuzarnuu. M.: Hayka, 1975.

[I'ypman B.U. Beipoxkiennbie 3aja4uu ontTuMasbaoro yrpasienus. M.: Hayka, 1973.
['ypman B.U. [Ipunnun pacmupenusi B 3aja4ax ymupasjienus. M.: Hayka, 1977.

Jmurpyk A.B. VemoBug tuna SIkobu mig 3amaun Bosbna ¢ wepaBencramu // Mar.
zamerku. 1984. T. 35. Ne6. c. 813-827.

93



[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

|46]

Hy6osckuit C.B. Mexkopburaibubie n Mexxiuianernbie mepesers // Koemuueckue Ue-
crenoBanud, 1967, 1.5, N4.

Jlpixta B.A. BapumannoHHBIi TPUHIAI MAKCAMyMa U KBAJIPATHUHbIE YCJIOBHS OINTH-

MAaJIbHOCTH MMIIYJIbCHBIX W 0COOBIX TporeccoB // Cubupckuii MaremMaTudecKuii xKyp-
nas. T 35. N. 1. 1994 r. C. 70-82.

Jeixta B.A., Camcontok O.H. OnTumanbHOoe UMITYJIBCHOE YIPABICHHE ¢ MPUIOKEHH-
avu. 2-e n3a. -M.: @uzmaraut, 2003.

Eropos B.B., I'yce JI.I. /Ilunamuka mepesieroB Mexk 1y 3emeit u Jlynoit M.: Hayka,
1980.

Eropos B.A., Cazonos B.B., Eropos M.A., Cmupuos B.B. Cpasuenune ontumaJibHO-
r0 U JIOKAJTbHO-ONTUMATHFHOTO TeOTEHTPUIECKUX PA3TOHOB KOCMUYECKOTO allapaTa ¢
conHeunbiM mapycom // Koemmua. uccaen. 1994, T.32, N6, ¢.77-88.

Sasasumua C.T., Cecekun A.H. VImmybcHbIE TPOTIECCH: MOAe N U TpuioxkeHus . M.:
Hayxka, 1991.

Sasaqumma C.T., Cyxanos B.U. [lpukiagnbie 3a7aqu cunTe3a W TPOEKTHUPOBAHUS
yhnpapagomux ajaroputmoB. M.: Hayxka, 1985.

Bamnerun M.II. Ontumanbabie mepenersl KA mexay moBepxHocTbio JIyHB 1 0pOn-
TAMH ee MCKYCCTBEeHHBIX crnyTHUKOB // uc... kang. dus-mar. vayk. Mock. roc. yH.
Mex-mat. ¢akyiabrer. 1993.

Bamrernn M.I1. O 3agauax 6b1cTPOAefiCTBUS B IEHTPAIBHOM I'DABHTAIIMOHHOM T10J1e / /
Co6. Yucnennoe MoaeaupoBaHue B 3aaadax mMexanuku. - M.: za. MI'Y, 1991, c. 136-
138.

Baxapos F0.A. [IpoekTtupoBanne MeKOpPOUTAIBHBIX KOCMUYECKHUX AMMAPATOB. BHIOOD
TPaeKTOpHil ¥ MPOEKTHBIX napameTpos. M.: Mamunocrpoenne, 1984.

Bemukun M.U., Bopucop B.®. Cunte3 B 3a1a9aX ONTUMAJIBHOIO YIPABJICHHSA, COJIEP-
JKAIil TPAEKTOPHUH C YUAIIAIONIUMUICA MMePEeKJTI0YEeHUIMA U 0COOble TPAeKTOPUH BTO-
poro mopsizika // Maremarnueckue 3amerku, 1990, 1.47, N1.

Sesmkun M.U. Teccuan permenusi ypaBHenusi ['amuabrona-flkobu B Teopuum 3KCTpe-
MaJIbHBIX 337a49 // Maremarugeckuit coopruk. 2004. T. 195. Ne6. ¢.57-70.

Npamkun B.B. OntuMuzanusg KOCMITYeCKUX MaHEBPOB IIPU OTPAHUYEHUAX HA PACCTO-
aang 1o mwianet M.: Hayka, 1975.

Neamkun B.B., Ckopoxomos A.Il. CpaBauTeIbHBIN aHAIN3 TPEXUMILYIbCHBIX TPAEK-
TOPHIi, ONTUMAJIBHBIX MIPU OIPAHUYEHUSIX HA BPEMs IePexo/ia u HanboJIbIee PaccTo-
smue ot wianetsl // Kocvmaeckne cecnenosanns 1980, .18, N1. ¢.11-21.

Npamkun B.B., Koposuna JI.A., Ckopoxomos A.I1. O6 oaHOM CBOWCTBE TPEXUMILY.IHC-
HBIX TPAeKTOPHil, ONTHMAJIbHBIX IPH OTPAHMYEHUSAX HA PACCTOSHHE U BpeMs IepeJie-
ta // Koemuaeckne Vccnenosanus 1982, 1.20, N3. ¢.352-356.

Nnena B.A., Kysemak [E. Onrumanbibie mepesersl KOCMUYECKHX ATTAPATOB
M.: Hayka, 1976.

94



[47]

(48]

[49]

[50]

[51]
[52]
[53]

[54]

[55]
[56]
[57]

[58]

[59]

[60]

[61]

[62]

[63]

|64]

Nmkos C.A. Pacuer ontumaibHBIX MEKOPOUTAJIBHBIX MEPEJETOB C MaJIOi TpaHCBED-
caibHOll TaTOi Ha /uMnTHYecKyo opbury // Kocmuueckue Wccnenosanus, 1997,
1.35, N2.¢.178-188.

Kocymuueckune tpaekropuu. M.: M3a—Bo muocTp. JuT—pbl. Bub—ka c6. “Mexanuka”.
1963.

Kpacosckuiit H.H. Teopusi onTuMaibHbIX yrnpapiseMbix cucreM // B KH. MexaHnuka B
CCCP 3a 50 smer. M.: Hayka, 1968. T. 1. C. 179-244.

Kporos B.®., I'ypman B.I1. Meroab! u 3a1a4u ontumasibuoro yipasjienus. M.: Hayka,
1973.

JIu 9., Mapkyc JI. OcnoBbl Teopun onrumasibrHoro yrpasiaennss M.: Hayka, 1972.
Jloynen J1.®. Mexiuianernbie TpaekTopun paker. B ¢6. [48|. C. 177-242.

Jloymen JI.®. VMmynabcHBI Tepexoa MexKAy JLUIHNTHYecKuMu opbutamu. B cb.
citeLeitman-63. C. 387-415.

Jloynen JI.®. OnTumasibHbIe TPAEKTOPUHU /I KOCMIYECKOil HaBuranuu. Ilep. ¢ anr.
M.: Mup, 1966.

Moucees H.H. Hucnennwsie meTosbl B Teopun ontuMasibubix cucrem. M.: Hayka 1971.
Mowucees H.H. Diementsr Teopun ontumasibabix cucrem. M.: Hayka, 1975.

Maxk-Kpaken /1., /lopa Y. Yucaennsle MeTOAbI W mporpaMMvupoBanne Ha PopTpane
M.: Mup, 1977.

Mapkee A.Il. Toukn nuOparun B HeOecHO MexaHHKe n KocMoHaBTHKe. M.: Hayka,

1978.

MeTo/pl ONTUMU3AINN C IPUIOKEHUAMEI K MeXaHHKe KOCMUIecKoro mnojera. [log pes.
JIx. Jleiitmana. M.: Hayka, 1963.

Moppmamos C.H. O6 oxmoM moaxozie K OIpeaeTeHni0 HadabHBIX 3HAUEHHI COIps-
JKeHHBIX 3HA4YeHWH B KpaeBbIX 3ajadax pakeroguHamuku // Tpyast XX VI urenuit
K.9.Ilmonkosckoro. Cekiusa MexaHnka kocMuaeckoro moaéra. M.: UMET PAH, 1994,
c.73-81.

Opiio FO.B. Teopus onTuMaIbHBIX CHCTEM ¢ 00600meHHbIME yiipaBiaenusavu. M.: Ha-
yKa, 1988.

Oxomumckuit JI.E. Innamuka kocmudeckux moseroB. M.: MI31—Bo MockoBckoro roc.
yH-Ta, 1968.

Oxomumckuit /I.E., Cuxapynumze FO.I'. OcHOBBI MeXaHHUKH KOCMHYECKOTO IIOJIeTa
M.: Hayka, 1990.

[Taiinc C. KoHcraHThl IBHYKEHHS I ONTHMAJIBHBIX AKTHBHBIX TPAEKTOPHil B IeH-
TpasibHoM cuiaoBoMm nosie // Pakernas Texunka u Kocmonapruka, N11, 1964,c.162-

167.

95



|65]

|66]

[67]

[68]

[69]

[70]

|71

72]

73]

[74]
[75]

[76]

[77]

78]

[79]

[80]
[81]

[Terposckmuii U.I'. Jleknum 1m0 OOBIKHOBEHHBIM Jiu(depeHInaJIbHBIM YPaBHEHUSM
M.: Hayxka, 1970.

[TeryxoB B.I'. Onrumu3zanust TpaeKTOPUil 1 IBOJTIOIKS JIBUKEHUST KOCMUYECKUX aTlla-
paToB ¢ JIBUTATEJILHBIME yCTaHOBKaMU MaJioil taru // uc... kauj. tex. nayk. MAU
1996 r.

[Teryxo B.I. Hcnosb3oBanue MeTOA0B MPOJIOJKEHHUS 110 Tapamerpy JJjsi Ofl-
ruvusanuu  Tpaekropuit KA ¢ wmasoit tsaroit // Tpyapt XXXI-XXXII urennii
K.9.Ilnonkosckoro. Ceknusa Mexannkn kocmudeckoro noaéra. M.: UMET PAH, 1999,
c.114-121.

[Teryxos B.I'. Onrumu3aiums MHOTOBHTKOBBIX IEPEJIETOB MEXKy HEKOMILTaHAPHBIMU
smunTudeckuMu opouramu // Kocmudeckue uccaenosanust, 2004, T-42, N3, ¢.1-20

[Tontparun JI.C., Bonrauckuit B.I'., lamkpenuaze P.B., Mumenko E.®. Maremaru-
qecKas Teopud ONTUMAaJIbHBIX mporeccoB M.: Hayka, 1969.

[Tontparun JI.C. O6bikHOBenHbIe auddepennuanpubie ypasaenus M.: Hayka, 1970.

Canvur B.B. Ontuvusanus KOCMAYeCKUX MOJIETOB ¢ Majioit Tsaroii: [Ipobsiembr cos-
MECTHOTO yIPaB/Ie€HUs TPACKTOPHBIM U yIJIOBBbIM JiBUzKeHueM. - M.: Mammnocrpoenne

1987.

Taromkun A.V. Myabrumeuitabie aJrOpUuTMBbL JIJIsT YUCJEHHOTO PEITeHusl 33,134 OTl-
TUMaJIBLHOTO yrpasienns // coopuuk "Henuneilinas Teopusi ynpaBieHus: IHHAMUKA,
yupapjienne, ontumuianua'. M: @usmariut, 2003, ¢.201-217.

®enopenko P.II. [Ipubaunkennoe perenne 3a1a49 ontuMaJ/bHoro ynpasiaenns M.: Ha-
yka, 1978.

Denopenko P.II. Beegenune B Boruncurenibuyio ¢pusuky M.: N3a-8o MOTU, 1994.

®enorop I.I. Meroguueckue OCHOBBI IMPOEKTHO-OALIUCTHYICCKOTO AHAIN3A MEKILIa-
werubix KA ¢ 9P/ // Huc... nokropa rexu.Hayk. Mocksa 2002.

Gunarbes A.C. OnTuMaIbHBINA 3aIyCK UCKYCCTBEHHOTO CIYTHUKA 3eMJIH C HCIOJb30-
BaHueM adpoanHamudeckux cui // Koemua. necren. 1991, T.29, N2, ¢.255-271.

Oumunmos A.@. Jluddepennnaabuble ypaBHEHHS C Pa3pbIiBHOI MpaBoil YacThIO
M.: Hayka, 1985.

Xaiipep 9., Hepcerr C., Bannep I. Pemenne o6bIKHOBeHHBIX audpepeHnuanbHbIX
ypasaennit M.: Mup, 1990.

XenjenabeMen M. OuruMabHbIe TPAGKTOPUH TI0JIETa B OE3BO3IYITHOM IIPOCTPAHCTBE C
MOCTOSHHON TATO# TPU UCIOJB30BAHUN UMITYIHCHBIX TPAGKTOPHUl B KaYecTBe HAYAIb-
HbIX npubamzKenuii // PakerHas TexHnka u kocMoHaBTHKa, N6, 1996, ¢.151-158.

Xok [J.C. Kocmugeckue maueBpbl. Onrumusanus. B ¢6. [48]. C. 163-176.

Hapuerit B.M. O6 onTumaibHBIX TPAeKTOPUAX €O MHOrMMEU umiyibcamu // Vekyc-
creernbie cytauku 3eman, AH CCCP. 1963. Bein. 16. C. 257-264.

96



[82] Yepuoycbko ®.J1., Bannuyk H.B. Bapuanuonnsie 3a1aun MeXaHUKH W yIPABJICHHUSI.
M.: Hayxka, 1973.

[83] Geethaikrishnan C. Parameter optimization approach to launch venichle optimal
trajectory problem // AE 601 Ph.D. seminar report. Indian Institute of Technology,
Bombay. November 2002.

[84] Genin Y. Transferts orbitaux economiques. Cas des propulseurs a faible poussee. These
de Doctorat. Faculte des Sciences Appliquees. Universite de Liege, 1969.

[85] Gobetz F.W., Doll J.R. A servey of impulsiv trajectories // ATAA Journal, 1969, V. 7,
No. 5. Pycckuit mepesos: ToGen @.V., Tosn [Ix.P. O630p uMmy/ibCHBIX TpaeKTopuii //
Paxker. Texauka n kocmonaTuka. 1969. T.7. N5. C. 3—46.

[86] Jezewski D.J. Optimal, multi-burn, space trajectories // McDonnell Douglas Technical
Services Co. Houston, Texas 77062. August 1985.

[87] Hartmann J.W. Low-thrust trajectory optimization using stohastic optimization
methods // University of Illinois. Thesis 1999.

|88] Inge Spangelo. Trajectory optimization for venicles using control vector
parameterization and nonlinear programming // Department of Engineering
Cybernetics, The Norwegian Institute of Technology. Dr.ing. thesis. Report 94-111-
W.

[89] Kelley H.J., Kopp R.E., Moyer H.G. Singular extremals // Topics in Optimization
(ed. Leitmann G.), N.Y., 1967.

[90] Kien-Ming Ng. A continuation approach for solving nonlinear optimization problems
with discrete variables // Stanford University. Dissertation 2002.

[91] Lawden D. Optimal intermediate thrust arcs in a gravitational field // Astronautica
Acta, 1962, v.8, N2-3.

[92] Marchal C. Generalisation tridimensionnelle et etude de I'optimalite des arcs a poussee
intermediaire de Lawden // La recherche aerospatiale, 1968, N123, Mars-avril.

[93] Richards A.G. Trajectory optimization using mixed-integer linear programming.
Massachusetts Institute of Technology. Dissertation 2002.

[94] Whiting J.K. Orbital transfer trajectory optimization // Massachusetts Institute of
Technology. Dissertaion 2004.

97



