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BBIBOP OIITUMAJIBHBIX TPAEKTOPUI PAKET-HOCHUTEJIEN
KOCMHMNYECKUX JIETATEJIBHBIX AIIITAPATOB

lposedeH aHanus cyuiecmeyrouwjux memodos eblbopa mpaekmopul pakem-Hocumersnel KOCMUYeCKUX
nemamerbHbIX annapamos. [NpednoxeH 0606weHHbIl Memod ebibopa onmumasibHbIX mpaekmopul no-
Jsiema pakem-Hocumerel 8 UeHmpasibHOM 2pasumauyluoHHOM [10/1e NPpU 3aryCKe UCKYCCMBEHHbIX CIyMHU-

ko8 3emnu.

lNposedeHo aHani3 icHyro4ux memodie subopy mpaekmopil pakem-Hocile KOCMIYHUX JlimarnbHUX anapa-
mig. 3anpornoHoeaHo y3azanbHeHul Memod subopy onmumalibHUX mpaekmopil nosibomy pakem-Hociie y
ueHmparsnbHOMy 2pasimauitiHoMy nosii nid Yac 3arycKy Wmy4YHUX CyrnymHukie 3emiii.

An analysis of the existing methods of trajectories selection of spacecraft launch vehicles is performed.
A generalized method is proposed for selection of optimal flight trajectories of launch vehicles in the central
gravitational field when launching the artificial earth satellites.

Bormpocy ompenenenus onTUMalbHBIX Tpa-
EKTOpHUH B 33J1a4ax KOCMHYECKON OaUTMCTHKHU B
HACTOSIEe BpeMsl yIeNseTcsl OONbIIoe BHUMA-
Hue. EMy mocBsimieHsl MHOTHE pabOThI OTEde-
CTBEHHBIX U 3apyOeXHbIX aBTOpOB. [Ipu aTOM B
OOJBIIMHCTBE PA0OT perraeTcs 3a7ada Mmepexo-
Jla U3 OJTHOM 3a/IaHHOM TOYKHM ITPOCTPAHCTBA B
IPYTYI0O TIO TpPaeKTOpHH, oOecnednBaromen
MHHHMYM pacxoja Toruusa [1-9]. B kauectBe
ONTUMI3UPYEMOTo (YHKIIMOHATA HCIONb3YeT-

tk

Csl MHTErpajl BUJa J. mdt, xapaktepuzyromuit
to

pacxoj Macchl 3a BpeMs IoJjieTa, T.e. Mpu 3a-
JAHHOM DPEKHUME PaOOTHI JBHUTATENS ONTHMH-
3UpYeTCs  MPOJOJDKUTEIBHOCTh  AKTUBHOI'O
yuacTka Tpaekropuu. KpaeBblie ycioBus B
TPaHUYHBIX TOYKaX B 3TOM cCllydyae 3aJaloTcs
MOJIHOCTBIO WJIM HEKOTOPBIE U3 HUX OCTAIOTCS
cBoOoaHbIMU. [IpU HEMONHOCTBIO 3alaHHBIX
KPaeBBIX YCIIOBUSAX B KAaUE€CTBE JIOMOJHUTEIb-
HOTO ONTUMH3HpPYyeMOro (QYyHKIMOHAIa pac-
CMaTpPUBAIOTCS TaKXK€ IMapaMEeTPhbl JIBHXKCHUS
Ha JIEBOM WJIM NPABOM KOHLIAX WHTErpUpOBa-
HUA (CKOpOCTb, BBICOTA, JAJIbHOCTb, YTOJ]
HAaKJIOHA BEKTOpa CKOPOCTH U T.II.), BXOJAIINE
B YpaBHEHHs CBsA3U. B TOM uucne xorjga HeoO-
XOJIUMO OINTHMHU3HPOBATh HEKOTOPBIA (PYHK-
[UOHAJ, 3aBUCSIIUA OT HECKOJbKUX WA OT
BCEX MMapaMeTPOB ABMKEHHUSI (BBICOTA amoresi U
nepuresi, SKCUEHTPUCUTET OPOUTHI, TMEPUOJ
oOpaineHus, SHePTUs U T.I1.), PEIICHUE 3HAUU-
TEJILHO YCJIOXKHSETCS U TpeOyeT oueHb 0OJb-
IIOr0 KOJIMYECTBA BPEMEHH JlaXe MpHU MpUMe-
HEHUU 3JIEKTPOHHO-BBIYMCIUTEIbHBIX MAIIHH.

PaccmoTpum MeTon ONTHMHU3ALUKA aKTUB-
HBIX YYaCTKOB TPACKTOPHA KOCMHYECKUX Jie-
tatenbHbIX ammnapatoB (KJIA) ucxonms u3 Ko-
HEYHOM IeM BBIBEJCHUS Ha 3aJaHHYI0 OpOu-
Ty. [Ipy 3TOM B KauyecTBE ONTUMHU3ZHPYEMOTO
¢yHKIMOHATa MOXET ObITh BhIOpaHa iro0as
XapaKTepUCTUKA TOTydaeMOi OpOUTHI (BBICO-
Ta amoress W Tmepuresi, Mepuoj OOpalleHUs,
CKOpPOCTh B JIIOOOH TOYKE OPOWTHI, YTIIOBOE
MOJIOJKEHUE Tiepures, POKAIBHBIA MapamMeTp u
T.1.). 3amauy OyzaeM pewmarb Ui ciaydas JBH-
JKEHUS B EHTPaJIbHOM I'PaBUTAI[MIOHHOM I10JIE
Opu  psjAe YIPOLIAIOIIUX MPEaNoI0KEHUH.
OcHoBHOEe TpeOoBaHWE — pa3paboTaTh METO-
UKy, TO3BOJSIOMYIO 32 3-4 NpHOIMKEHHS
MOJIYYUTh ONITUMAIBHYIO TPACKTOPHIO.

IMocranoBka 3amauu. [TomoxxeHue oObeKTa
B MIPOCTPAHCTBE IMOJHOCTHIO XapaKTepU3yeTcs
CIEIYIOIIMMH HIECTbI0 OCHOBHBIMHU 3JIEMEH-
TaMu OPOUTHI.

() _— J0JIroTa BOCXOIAIIETO y3JIa;

| — HakJIIOHEHHEe OpOUTEHI;

@ — AapTyMEHT HIMPOTHI IIEPULIECHTPA;

o — OombIas NOIyoCch OpOUTHI,

€ _ DKCICHTPHUCHUTET OpPOUTHI;

T — MOMEHT MPOXOXKIEHHS 4epe3 IepHu-

LEHTP.

Jlng otnenbHBIX citydaeB (Kpyroasl, mapa-
Oosueckast OpOUTHI) ST ATHX AJIEMEHTOB Te-
PSIET CMBICI.



Ecnu 311 351€MEHTBI U3BECTHBI, TO TOJIOXKE-
Hue u ckopoctb KJIA B m000if MOMEHT Bpe-
MEHH { TaK’Ke U3BECTHBI.

Kpome »3TuX OCHOBHBIX DJJIEMEHTOB, B
HEOECHON MeXaHHUKE NMPUMEHSIOTCA U JIpyrue
BEJIMYMHBI, 3aMCHSIOIINE UX.

DmmIrTndeckast opoura
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B tabnmiax 3aMeHSIONIKME YJIEMEHThI HAIlU-
CaHbl TMOJ| KKIBIM M3 OCHOBHBIX, KOTOPBIH
OHH MOTYT 3aMCHHTb.

[Ipm 3amycke KOCMHYECKHX OOBEKTOB
HEo0XO0aNMO 00€eCIIEYNTh 3aJaHHOE 3HAYECHUE
TEX MapaMeTPOB OPOUTHI, OT KOTOPBIX 3aBHCHT
BBIIIOJITHEHHE TOW WM WHOM IOCTaBJICHHOM
3anayn. OcCTallbHBIE MapaMeTpbl MOTYT OBITh
BBIOPAHBI TPOU3BOJIBHO.

PaccMoTpuM MeTonbl o0OecniedeHus 3a/1aH-
HBIX [TAPAMETPOB OPOUTHI.

1. TTapamerpsl 2, i, ® ¥ 3aMEHSIONINE UX
AJIEMEHTHI ONIPEEIISIOT:

—  OPHEHTAIIHMIO TUIOCKOCTH OPOUTHI B MPO-
crpaHcTBe L2, I;

— OpHUEHTalMI0 OOJIBIION OcH OpOHUTHI B
MJIOCKOCTH OPOUTHI (.

3a/laHHbIC 3HAYCHUS ATHX MapaMeTpPOB MPHU
3aIaHHON TOYKE CTapTa (a, Ao MOTYT OBITh
oOecCrieYeHbl B pe3yNbTaTe aHaIM3a CIeayIo-
IIMX XapaKTePUCTHK:

a) MOMeHTa crapra ¢ 3emau. M3menss mo-
MEHT CTapTa B JIMAaIla30HE Ohsts24h, MOYKHO
obecrnieunTh JII000E 3HaYCHHE TapaMeTpa (2 u3
Juana3oHa

0<.02<360%

0) azuMyTa 3amycka. M3MeHss azumyT 3a-
nycka B amamazone —90°< iy, <+90°, MoxHO
obecrieunTh JII000Ee 3HAUCHHE Mapamerpa | u3
Jana3oHa

(”‘(Dr.a) >0 Dr.a;

B) MOMEHTa CTapTa C OpPOUTHI OXKHIAHUS.
[Ipumensiss TPOMEXYTOUHYIO OpOMUTY OXKHIa-
HUS ¥ U3MEHSSI MOMEHT CTapTa ¢ Hee B JTuara-
3oHe O<I<T, mMoxxHO OOecmeuuTh THO0OE 3HA-
YCHUE TIapaMeTpa @ U3 Juara3oHa

0< w<360°.

2. [TapameTp 7 M 3aMEHSIONINE €TO HJIEMEH-
ThI OMPENEISIOT MOJIOKEHNE CITyTHUKA Ha Op-
OuTe B HAaYaJbHBIH MOMEHT BpPEMEHHU. 3aJlaH-
HOE 3HAu€HHUE 3TOT0 MapamMeTpa MOXKET ObITh
o0ecrieyeHo B pe3ysibTaTe MPUMEHEHHs IPo-
MEXYTOUHOM OpOUTHI TIOJ0OPOM COOTBET-
CTBYIOIIIETO BUTKA JJIS IIEPEX0/1a Ha 3a/IaHHYIO
opoury.

3. OcraBimecs 3JIEMEHTH @, e U 3aMeHs-
rorme ux hy, h,, o, T, N, @ onpenensiroT pas-
Mepbl OpOWTHI U €€ (OPMYIbI, TIPH MPOUUX
PaBHBIX YCIOBUSAX OHH IMOJIHOCTHIO 3aBUCST OT
napaMeTpoB KOHIIA aKTHBHOTO y4acTKa TPaeK-
TOpPWU BBIBE/ICHUS CITyTHUKA HA OPOUTY.

OcHoBHOE TpeboBaHME, KOTOPOMY TOJIKEH
OBITh TIOAYMHEH BHIOOP TPACKTOPHI BBIBEIIEC-
HUS, 3aKII0YAeTCsl B HAXOXKICHUHM ONTHMAllb-
HOTO 3aKOHA YIPaBJICHHS IOJIETOM pPaKeThI-
HocutTens. B oOmiem Buze 3amada OTHICKAHUS
ONTHMATFHOTO 3aKOHA YIPABJICHUS IOJIETOM
PaKeThI-HOCHUTENSL 3aKI0YaeTcs B HAXOXKIe-
HUU TPAEKTOPUHU, OOECTIICUNBAIOIIEH JTOCTIKE-
HUE 33JJaHHOTO 3HAa4YEeHHs] HEKOTOPOTo OIpeie-
nennoro ¢ynkiuonana f(h, ha, o, T, n, gp u
T.I.) IPM MUHUMAJBHBIX JHEPTETUYCCKUX 3a-
Tparax.

Jpyras ¢hopMyIrpoBKa 3TOH 3aauu: orpe-
JENIUTh TPAEKTOPUIO0, O00ECIEUNBAIOIIYIO JKC-
TpeMalibHOEe 3Haue€HUE HEKOTOPOro (yHKIHO-
nana f(h, ha, o, T, N, gp U JIp.) TIPH 3aJIaHHBIX
SHEPreTUYECKHX 3aTparax.

PaccmoTpum NBUXKEHHE KOCMHUYECKOTO Jie-
TaTEJILHOTO amnmnapara TMoJ JACWCTBUEM TpaBU-
TAlMOHHOTO TOJISl IUIAHEThl U JBUTATEIbHOM
ycranoBku KJIA.

[Ipenmnonoxum, 4YTO KOCMHYECKHH JieTa-
TeBHBIN anmapar MepBOHAYAILHO BHIBE/ICH HA
KPYTOBYIO WM JJTUOTHYECKYIO OPOUTY OXKHU-
naHus. B HEKOTOPBIE MOMEHT BPEMEHH HEO0-
XOJIUMO COBEPILIUTH MAaHEBP C LIEJBIO PEIICHUs
ONPEACICHHOM 3a/1a4H:

1) yxox u3 cepsl IPUTSKEHUS TUTAHETHI;

2) mepexo/1 Ha IUTMITHYECKYIO OpOUTY;

3) mocajka Ha MOBEPXHOCTb MIAHETHI U JIP.



Haiinem tpaekropuio, o06ecreunBaronIyio
IpU 3aJaHHBIX KMHEMaTUYECKUX IapaMeTpax
Hayaja TPAaeKTOPHH SKCTpEeMalbHOE 3HAUYCHUE
HEKoTOporo (yHKIHOHATa J B MOMEHT BBI-
KJIIOUEHUS JBHUTraTelsi, KOTOPBIA OyaeM cuu-
TaTh 3aJaHHbIM. Bun ¢ynkiuonama J Oyzper
3aBUCETh OT IOCTABJICHHOW 3amauu. B cury
B3aMMHOCTH TIOJIyY€HHOE pelieHue Oyxaer
o0ecrieunBaTh TaKXe JOCTHKEHHE 3aJaHHOTO
3HaueHHs (PyHKUMOHAIA J P MUHUMAaIbHOM
pacxojie TOIIMBa.

[Tpu 3TOM M3 MOCTAaHOBKU 33/1a4Ul CIIEIYET,
YTO HEOOXOAMMO paccMaTpUBaTh Cilydyai, Ko-
raa mMaHeBp KJIA mpoucxoauT B IUIOCKOCTH
Ha4aJIbHOW OPOUTHI, OMPECIISIEMON MapaMeT-
pamu nBmxeHus KJIA B MOMEHT BbIxoJa Ha
OpOUTY OKUIAHUS.

bynem cuurare, uto Tpaekropus KJIA B
IIPOCTPAHCTBE OIpe/eieHa, €cld TOoJdy4YeHa
3aMKHyTass  cuctemMa  auddepeHIHaTbHBIX
YPaBHEHMI, ONMUCHIBAIOIINX JIBUKEHHUE LIEHTpPA
macc KJIA, u BbIOpaHbl HayalbHBIE YCIIOBUS
MHTETPUPOBAaHUS ATON CUCTEMBI, 0OecrieunBa-
IOLIME JOCTHKEHUE SKCTPEMAIbHOTO 3HAUEHUS
yKa3aHHOTO (yHKIOHAamA J.

OrpanuunMcs ciydaem, KOrja macca pake-
Tl U TATQ JBUTATENsl SBISIOTCS 3aJaHHBIMU
GYHKIIUSIMU BPEMEHHU.

3agauy OyzneM pemaTb NHpU  CIETYIOLTUX
YIPOIIAIOMINX MPEANOI0KEHUIX:

1. ITnanera mpencrasnser coOoil map ¢ pa-
JMAIbHO pacHpeielieHHON MIIOTHOCTBIO MacChl.

2. JluneiiHble pa3Mepbl KOCMHYECKOTO KO-
pabiisi HEe3HAYUTENIbHBI 110 CPaBHEHUIO C pac-
CTOSIHUEM MEXY HUM U LIEHTPOM IUIAHETHI.

3. ConpoTUBIEHHUE CPENIbl OTCYTCTBYET.

4. Cocransomias CUibl TITH, pacxojye-
Masi Ha yIpaBlieHHE, TPEeHEeOPEeKUMO Malia 1o
CPaBHEHHUIO C OOIIIEH TSTOA.

['paBuTanmonHoe moisie chepuvecKou Ia-
HETBl C pajuallbHO PacHpellelIeHHON IUIOTHO-
CTBIO MAacChl MpPEACTaBIseT COOOM, Kak u3-
BECTHO, LEHTPAJIbHOE IIOJIE, OMIPEIEIIIEMOE
MOTEHIINAJIOM

=k /r, (1)
rie k=fM;. 2)

VYuyuteiBass HE3HAUUTEIHLHOCTDh JIMHEWHBIX
pa3zmepoB KJIA 1o cpaBHEHHUIO ¢ pacCTOSTHUEM
MEXKJy HUM U LEHTPOM IUIAHETHI, MPEAION0-

kUM, 4yTo KJIA mpuTaruBaercs Kak Marepu-
abHas TOUKa ¢ Maccoi, paBHoi macce KJIA.

Kpome Toro, Oynem npenmnonaraTb, 4To CH-
CTeMa YIIpaBJICHUs U ABUraTelIbHAs YCTaHOBKA
paboTaloT HIeaNbHO. BEJIMYMHA M HarpaBlie-
HUE BEKTOpa TATH BCETJa COBMANAIOT C IIPO-
IPaMMHBIMHM BEJIMYMHAMM. OTHU JOIYILEHUS,
HE CHMXKas OOIIHOCTU MOIy4aeMbIX pe3yiIbTa-
TOB M HE BHOCSA NPHUHLMIIHAIBHBIX M CYILE-
CTBEHHBIX IOTPEIIHOCTEN B MCCIEN0BaHUSA,
HO3BOJISIOT YHIPOCTUTh aHAIU3 U BBIOOP JKC-
TPEMAJIbHBIX TPACKTOPHIA.

YpaBHeHus: 1BUKeHUsA. BekTopHOE ypaB-
HEHUE [BIDKCHHUS TOYKH IEPEMEHHOM MAacCChI
IO/ JEHCTBUEM PEAKTHUBHOW CHIIbI, CBSA3aHHOMN
C OTOPOCOM MAacCChl, UMEET TaKOU BUJI;

mV=P+>F, (3)

rae Z F — paBHOme#iCTBYIOIIAsT BHCITHUX CHIL.

B paccmarpuBaeMoM cCilydae pPaBHOAEHUCTBYIO-
11asi BHEUIHUX CHJI paBHA CHUJIE TSKECTH.

PaccmoTpuM cTapToByI0 CHUCTEMY KOOPIU-
HaT OXY, Hagajo KOTOpPOH MOMELIEHO B TOY-
K€ TepeceueHus JIMHUM "TIEHTP 3eMJId — IIEHTP
macc KJIA" ¢ mnoBepxHOCTBIO 3eMiu B
HayaJbHBIA MOMEHT BpeMeHH: ocb OX
HaIpaBJieHa MO KacaTeJIbHOM K MOBEPXHOCTH
3emuin B HampanieHuu nBxenus KJIA, och
OY nHanpaBieHa BEpTUKAIbHO BBEPX.

[Ipu cnenanubIX gomymieHUsx auddepen-
nuanpHble ypaBHeHus ABmxeHus KJIA (3) B
MPOEKIIMA Ha OCHU CTapTOBOM CHUCTEMBI KOOpP-
JTUHAT OyyT UMETh TaKOH BHI:

X ZECOS§0— Oy,
dd m (@)
dv, p .
—==—sinp—-g,.
g mo 9

HpOGKI_[I/II/I yCKOpeHI/IH CHUJIbI TATOTCHHS Ha
ocsix OX u OY MOXHO MPEICTaBUTh B TAKOM
BUJE:

9. =g xR?
t [(R + y)2 + XZZ]B/2 | (5)
R R
9,=9 (R+y)

’ [(R +yf+ xz]m
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C yueroM BelpakeHus (6) cuctemy ypas-
HEHUU IBYKEHUS (4) 3aIUIIeM TaK:

dVX:ECOS¢—k X

dt m [(R+y)2+x2}3’2
av, P . R+
d—y:—smq)—k Zy —,
tom [(R+y)+x2} (7)
oy

dt

dy

—=V,.

at

VYuurteiBas, 4To NpU PELIEHUH paccMaTpu-
BaGMBIX 3a7a4 MPOTSHKEHHOCTh aKTUBHOTO
y4acTKa TPaeKTOPUHU CTapTa ¢ OpOUTHI Mpea-
noylaraercs Oosiee WM MEHEe OrpaHUYEHHOM,
C LeNbI0 O0JEerdYeHusl peleHus 3aauu yIpo-
CTUM BBIpaKeHHe (5).

PaznoxuB B psag QyHKIMM Oy U Oy
B okpecTHOCTsIX TOouku (0, 0) U orpaHuyuB-
HIKCh YJICHAMHM, COACPKAIMMU X U y B TIEpPBOI
CTETICHH, IMOJyYUM CIIEIYIONUIYI0 MPHOIMKEH-
HYIO CUCTEMY:

9x =9

X
i ®)
y
R

C yuetoM BeIpakeHHs (8) cucTema ypaBHe-
HUA ABIKEeHUS (4) MOXKET OBITh 3amicaHa TaK:

gy = go _Zgo

OIV"—Ecos -g X
dt m 7T %R
dv
—V:Esinqp—go+2901,
dt m R
(9)
ax_y
da
dy _
d 7

Cuctembl ypaBaenuit (7) u (9) Oynyr 3a-
MKHYTBI, €CIIM 33JaTh 3aBUCUMOCTH IapameT-
poB P, m, @ OT BpeMeHH.

[Tpu 3amaHHBIX HAYAJIBHBIX YCIOBUSX IBU-
KEHUA Xo, Yo, Vxo, Vyo 3TU ypaBHEHHS IIOJIHO-
cThio ompenensaoT apuwxkeHue KJIA B 1eH-
TPAJILHOM TPaBUTAIIIOHHOM IIOJIE.

YpaBHeHHsI 3KCTPeMAJbLHOH TPaeKTo-
pun. Tpaexkropus KJIA mnpu caemnaHHbIX
YIPOINAIONIUX TPEANONIOKEHUSIX M JOIyIlle-
HUSX ONMCHIBACTCS YeTHIpbMs TU(epeHIn-
aTBHBIMH YPaBHCHHUSIMU TIEPBOTO Topsiika (7)

. . X
oy =1, ——cosp+ k- —=10.

Ry +x7|

il

. P ) R+y
=V, ——sinp+k- - = =0. (10

M TpeMsi KOHCTPYKTHBHBIMH COOTHOIICHUSIMH
P=P(t), m=m(t), p=¢(t). B nanpueiiniem nep-
BBIC JIBA COOTHOIICHUSI [P =P(t),m= m(t)]

OyzeM cuuTaTh 3aJaHHBIMH (DYHKIUSMH Bpe-
MeHH. 3a7ia4a COCTOUT B HAXOXKIACHUH TPEThe-
ro KOHEYHOI'0 COOTHOILEHUs ¢ = ¢(t).

Huddepennmanbupie ypaBaeHus (10) sB-
JISIOTCSL YPABHEHUSIMU CBSI3M MEXKIY Mapamer-
pamu Vy, Vy, X, Y, @.

OTH ypaBHEHHUS BKIIIOYAIOT OJHY HE3aBUCH-
MYIO0 TIEpeMEHHYI0 { U TISITh 3aBUCHMBIX TIEpe-
MeHHBIX Vy, Vy, X, Y, ¢ H, cienoBaTensHo, 00ma-
JIAl0T OJHOW CTeneHbro cBoOoabl. Takum oOpa-
30M, I KaKOOM 3aJaHHOM CHCTEMBI Hadaib-
HBIX YCIIOBHH Xo, Yo, Vxo, Vyo CyILIECTBYET OECKO-
HEYHOE MHO)KECTBO BO3MOXKHBIX TPACKTOPHIA,
OTIIMYAOLINXCST TIPOM3BOIBHO 33/IaHHBIM ISt
Ka)XJI0M M3 HUX 3aKOHOM YIPABJIECHUS YIIOBBIM
nosnoxeHusiM KJIA B mpoctpaHcTBe .

IlycTe B HagaybHBIM MOMEHT BpemeHU t=t,
3aJjaHbl KMHEMAaTHYECKHUE MapaMeTphbl ABIKE-
HUS TOYKU IEPEMEHHOIN MacChl M

Xo; Yo, Vio; Vyo-

Ecnu Ha otpeske Bpemenu [to; k] 3aman 3a-
KOH YIPABJICHHUS ¢ YIJIOBBIM TOJOKCHHEM
KJIA B mpocTpaHCTBe, TpaeKTOpusi OOBEKTa
OJIHO3HAYHO OIpEENIeHa, TaK KaK B 3TOM CIIy-
yae MMEEM OJIHO3HAYHOE PEIICHHE



X=y1(Xo; Yo; Vxo; Vyo; ¢),
Y=y2(Xo; Yo; Vxo; Vyo; ¢),

V= y3(Xo; Yo; Vxo; Vyo; @), (11)
Vy=u4(Xo; Yo, Vxo; Vyo, 9).

TpeOyeTcst cpeau BcexX yMpaBlICHUHA @, Tie-
peBomsiux KJIA U3 Touku ¢ mapaMeTpaMu Xo;
Yo, Vxo; Vyo B 3alaHHYIO0 TOYKY IIPOCTPAHCTBA
X Yii Vi Vyk, HaliTH Takoe ympaBieHHUE, KO-
TOpOe 00ECIeYNBAET IKCTPEMYM HEKOTOPOMY
byHKUIMOHATY

J = (X Vi Vg Vi), (12)

3aBUCSIIEMY OT KHHEMATHYECKUX MapaMeTPOB
JBUKEHHS B KOHIIE aKTUBHOTO y4acTKa TpaeK-
TOPUHU.

TpaekTopuio, YIOBICTBOPSIOUIYIO ATOMY
YCIIOBUIO, OyZIeM Ha3bIBaTh IKCTPEMATIBHOM.

Kak mbI yxe ykasplBanu BbIIIE, BUA (DYHK-
noHana (12) 3aBUCHT OT IIOCTABJICHHOW 3aJ1a-
yy. [Ipu onpeneneHun >3KCTpEeMaIbHOM Tpaek-
TOpUM HE OyaeM KOHKPETH3UPOBATh OTOT
dbyakuuonan. [IpexacraBum ero B 00meM BUjE,
mpeJoaras, 4YTo CyIecTBYIOT HENpephIBHbIE
Ha OTpe3ke BpeMmeHH [lo; tx] mepBbie mpous-
BOJIHBIE OT 3TOT0 (PYHKIIMOHAIA IO KOOPAUHA-
TaM U CKOPOCTSIM.

3aMeTuM, YTO MBI ONTUMHU3UPYEM IMapa-
METpBI OPOUTHI, KOTOPHIC SIBISIOTCS (PYHKITH-
SIMH TOJIBKO CKOpPOCTEH M KOOpAMHAT U HE 3a-
BUCSAT OT UX MPOU3BOIHBIX.

Pemmim 3amady Ha YCIOBHBIM 3KCTpEMyM
¢ynkunonana (12). Hdns 3TOro paccMoTpum
HOBBIM (DYHKITMOHAJI, SKBUBAJICHTHBIA (YHK-
ronany (12):

t, &
F =0+ [ Hat = £ (X; Yies Viges V) + [ Hat. (13)

0 0

[Ipu sToM moabIHTErpanbHas QyHKIHS Oy-
JeT UMETH TaKOH BUI.

H = Ao+ o, + Lo, + L0, (14)

rae 4, A4y, A3, 44 — HEKOTOpBIE MOKa Heompe-
neneHHble QYHKIUH BPEMEHU; 1, 02, W3, (04
ornpenensroTes coryiacHo (9).

Oynknuonan F B cuny ycnoBus (9) skBu-
BajleHTeH (yHKIMoHany (12), Tak KaK MOAbIH-
TerpanbHas GyHkmus H oOpamiaeTcss B HYJb
npu JTIO0BIX 3HAUEHHSIX TApaMeTpoB Ai.

OueBHHO, 4TO OYAYT COBMAIAaTh M BapHa-
UM 3TuX QyHKIMoHanoB. O603HAUMM dYepe3
gi BapbHpyeMble (QyHKIIMU

qi = Xy yy VX! Vy, (0

¥ BO3bMEM IIEPBYIO BapHAaIUIO OT ()YHKIIMOHA-
na (13). Ona OyaeT UMeTh CIeIYIOIIHA BHI:

tX
. (15)

:tk t 5 [6H
t=t

t

OF = (5 —00; +—95G; (dt+ Ht

Z q.t_t +£Z£ LR q.] -
~to

0
HuTerpupys no yactsam, mojrydaeM

t=t, t:tX

+ [H —Izsll‘;: ]5I+Z§qi (16)

i=1 “Mi t=t = =t
0

H_dTH st

ag; dt od;

[MpoBenem aHanu3 Bapuanuu QyHKIMOHATA
oF .
1. TlepBeiii wien BoipakeHus (16) mMoxxHO
nepenurcarb B BUC

t:tk
0J 0J 0J
J — = Ny +—— 0V, g +— X, +
Q z qI - 5on X0 avyo yo 6X0 0
i (17)

—5y0 —5 ot 5vxk+ & 5Vyk+ﬂ§xk+
o 0, avxk Ny O,
oJ 0J
+— 0y +—¢,
o o

YuutsiBas, 4TO B Ha4YaJIbHBIII MOMEHT Bpe-
MeHu t = t, 3HaUeHUs BapbUPYyeMbIX (PYHKITUI
3a/1aHbl, UX BapUalluu CIEAyeT MPUPABHATH K
HYJTIO:

Ny =Nyo =%, =0Y, =0. (18)
[Ipeanonaras, uro ¢yHKOUS J HE 3aBHCHT

SBHBIM 00pa3oM OT MpOrpaMMbl TaHTaxa,
MOKHO 3aIIMCaTh PABEHCTBO

a
op

C yuerom (18) u (19) Beipaxkenue (17)
YIIPOIIACTCS:

=0, (19)

8J &]
= —é\/ WV,
x= o, ™ 6V 8

K

WV,

2. PaccMOTpuM BTOpO#l 4JIeH BbIpaxke-
Hus (16)



t=t

¢ oH ¢, k
H- .q'ijM .54 =
Ly - @1)

5=

:(H Zquj(St +Z—5q, iZH (!
=1 q t = i=1 i

t=t

0 K

t=t,

ITockonpKy muIMHA WHTEpBaJla UHTETPUPO-
BaHus [to; t,] corilacHO IOCTaHOBKE 3ajadu

3aJaHa, BapHalus BpEeMEHH Ol J0IDKHA OBbITh
paBHa HYJIIO

&=0, (22)

u BeipaxkeHnue (21) ¢ yuerom (18), (19) moxer
OBITh MEPETHUCAHO B TAKOM BH/IE!

5
éz:z%é‘ i :a_‘Hé\/XK+6_‘Hé\/yK+
= 00, t=t ov,, N, (23)
+aﬂ5 aﬂ& .t oH 0P, .
a K a K a K

[Mockonbky GyHKIUS H HE 3aBUCHUT SBHBIM
o0pa3oM OT NPOU3BOAHON ¢, UMEET MECTO

PaBEHCTBO
M . (24)
0p,
OH OH o6H ©0oH
[IpounsBoaHbIe —, —, ;
Ny NV o oy,
aerko onpexaensitores u3 (14) u (10):
cH ¢H _ . cH OH
=/ — =M, —=A —_—= 2
E]”l‘ .f._1_-, Ef"_'1_ /.__‘_ , qul S ayk ﬂAK ( 5)

B pesymbrare BTOpPOM 4YJI€H BBIPAKECHUS
(16) ympomaercs

OL= Mgy Ny + gy -V o + Agye -0, + Ay "0 - (26)
3. U3 pesyapraroB anamuza (20), (22) u

(26) cnenyer, uyto Bapuanus (QyHKIIMOHAIA
(12) OyneT uMeTh CIACTYIOIINI BUI:

ov ov,, Ox,

YK K

oF = (—8‘] ov,, _6.] 8V a—‘]@ +a—‘]f}yk}+

+(ﬂ‘lx 'é\/xrc +ﬂ’2x .6\/y1< +A’3K .5xr< +ﬂ’4r< 5yk)+ (27)

¢t 0H d
iaqidt(@q ng -

rIe 0. i 0.4 MIPOU3BOIHBIC OT

N, v, ax oy,
ONTUMHU3UPYEMOT0 (YHKIMOHANA J MO COOT-
BETCTBYIOIIMM (DYHKIHMSIM B MOMEHT KOHIIA
aKTUBHOTO ydactka t = t,; A1y, Aow, Az, Aax —
3HaueHus] QYHKIUH A1, A2, A3, A4 B KOHIIE aK-
TUBHOTO y4acTtka t = t,.

['pynnupyst wiensl Bbipaxkenus (27), co-
JIepIKaIlie OJWHAKOBBIC BapHanuy (GYHKIIHMA

Ny; Ny OXy; OV, NOTYHAEM

OoF = iwyk oV, + i+22K oV
oV, o0V,

+[8—J+%Kj5xx+[;i+ﬂ4xj5yx+ (28)

ox, .

5 1
+Zj ﬁ—i[aHj 5¢; -dt.
i og; dtl og,
ITonarasi, 4TO CyIIECTBYET BHYTPEHHHUI

aKkcTpeMyM (pyHKIMoHana (28), Haiinem ero u3
YCIIOBUS

oF =0.

Jnst Toro utoObl Bapuanus (28) obpatu-
Jach B HYJIb, HEOOXOIUMO, YTOOBI BapbUpye-
mble Gpynkuuit gi (Vy; Vy; X; Y) yaoBiaeTBopsud
ypaBHeHUAM Ditnepa-Jlarpanxa

oH d (8H

o dil g

a MHoxutenu Jlarpanxa A ObuTH BBIOpaHBI
TakuM 00pa3oM, YTOOBI Ha MPAaBOM KOHIIE WH-
TETPUPOBAHHUS BHITTOJHSIHCH COOTHOIICHUS

E-Jr 0 i = EJT b e E‘Jr -
C']"_:u_- ! Ex_ ET"

0J
j’41\' = _g ' (30)

Cuctema ypaBHenuii (30) sBisieTcss HEOO-
XOJIUMBIM YCJIOBUEM DJKCTpemMyMa (YHKIHO-
Hauna (13).

VpaBuenust Dunepa-Jlarpamxka (29) s
dbyakuunonana (13) 3aBUCAT OT BUIA ypaBHe-
Hult cBsa3u. Jlns ypaBuenwmii cBsi3u (10) onm
3aMUIIYTCS B CIACAYIONIEM BHUJIEC:



b+ g =0, (31)
ot 44 =0, (32)
;K 2 _ny2 _

%_F[@(r -3x )—3@x(R+y)}—0, (33)
- K 2 2 _
/14—r—5{/12[r _3(R+y) }—341x(R+y)}_0, (34)
%(Z,lsinq)—ﬂ,ZCOSq)):O. (35)

Pemras ypaBuenue (35), Haxoaum

@ =arctan % . (36)

Cucrema ypaBHEHHUH 3KCTpEMalbHOM Tpa-
€KTOPHH MOKET OBbITh 3alKCcaHa TakK:

. P x
V, =—cosp—-K- :
m [(R+y)2+x2}3/2
Vy:ESingo—K- Rty 57
m [(R+y)2+xﬂ
X=V,,
=,
ﬂ‘lz_ﬁa’
/iz:_/lw (37)

{Az[rz 3(R+y) |- 3ﬂlx(R+y)},
/12

¢ = arctan =%

P=P(t),
m=m(t).

I'pannuHbIe yCI0BUSA HA PABOM KOHIIE UH-
TErpUPOBAHHUSA:
0J ey

oJ oJ
= A, =—; = A, =—. (38
ﬂ’lx 6V 2K OV ﬂ@x 6x~ Ak 6y ( )

XK YK K K

Cucrema ypaBHeHMH (37) COBMECTHO C
HAYaJbHBIMU YCJIIOBUSMHU JBUKEHHUS TOYKHU
MEPEMEHHON MacChl B HaYaJbHbIA MOMEHT
BPEMEHHM U TPAaHUYHBIMHU YCIOBHUSIMH Ha TIpa-
BoM KoHIle (38) maer momHOE pelIeHHe TOo-
craBileHHON 3amauu. [Ipu sTOoM mporpamma
tanraxa @ = ¢(t), onpenensiemMas ypaBHCHUEM
(36), He MOKeT OBITH MOTyYeHa B SBHOM BHJIE,
TaK KaKk CUCTEeMa JIMHEHHBIX TuQQepeHmaib-

HbeIX ypaBHeHuit (31)—(35) ¢ mepemeHHBIMU
ko3 duureHTamu (x; y) B IBHOM BHJIE HE pa3-
peliaeTcsi OTHOCUTENbHO MHOXxuTenen Jla-
rpamka Aj. [{ng HaXoXIeHHs SKCTpeMallbHOU
TPAeKTOPUU HEOOXOJUMO TOJA00paTh TaKHe
HayaJIbHbIC 3HAYCHUsI MHOXUTenen Jlarpanika
Aio, KOTOpbIE B KOHIIE WHTEpBala MHTEIPUPO-
BaHUs oOecrieyar rpaHu4Hble ycioBus (39).
[Tonbop muoxutenerr Jlarpamxka Ai, MOXKeT
OBITb OCYLIECTBIEH INPUMEHEHUEM KaKhX-
1100 UTEPAIIIOHHBIX METOIOB.

Ha npaktuke B psae ciydaeB aKTUBHBIN
Y4acCTOK TPAaeKTOPHUH HUMEET HE3HAUUTEIbHYIO
IPOTSKEHHOCTh. B 3TOM ciydae HaxoxxaeHue
9KCTPEMAIBHOM TPAeKTOPUU YIPOLIAETCS B
CBSI3M C BO3MOKHOCTBIO BBEJICHUS YIIPOLEHUN
B YIpaBleHMs CBA3M. PaccMoTpuMm Ty Xke 3a-
Jady ONpeAeNCHUsI TaKOH TPaeKTOPHUH TOYKH
NIEPEMEHHOI Macchl B LIEHTPAJIbHOM I'paBUTa-
IIMOHHOM TI0JIe, KOTOpas 00ecrneunBaeT 3KC-

TpeMyM (QyHKIIMOHAILY
J= (% yie: Vs Vi) (39)

3aBHUCALIEMY OT KMHEMaTHYECKUX MapaMeTpoOB
JIBI)KEHUS B KOHLIE aKTUBHOT'O Yy4acTKa Tpaek-
topun. IHTepBan Bpemenu [to; t;], Ha KoTOpOM
UIIEM DHKCTPEMAIIbHYIO TPAEKTOPHUIO, TaKXKe
OyzneM cuuTaTh 3aJaHHBIM.

3amenuM auddepeHnuanbHble  YpaBHEHUS
cBsi3u (10) cOOTBETCTBYIOUIMMHM YIIPOIICHHBI-
Mu ypaBHeHHSIMH (9)

w, :V'x—fcoswjtvzx:o,
m
. P ,
:Vy—asmgo+ g,—2vy=0, (40)
w, =x-V, =0,
w,=Yy-V, =0,
rae v2=golR.

BBoxst B paccMOTpEeHHME OSKBUBAJICHTHBIN
byHKIIMOHAT

t o4

F=J +det_J +[D Amdt,  (41)

1
t i=1

0 0

C Y4ETOM H3JI0KEHHOTO BHIIIE BBISICHAM, YTO
HEOOXOAMMOE YCIIOBUE JKCTpeMyMa (PYHKITH-
oHana (41) (oOpamienue B HyJIb MEPBON Bapu-
anuu) notpedyer, yTo0sl GpyHkumu 0 (Vy; Vy;
X; y) u A (i1, 2, 3, 4) yAOBICTBOPSIIN ypaB-
HeHUsIM Dunepa-Jlarpanxka



ﬁ_i(ﬁj:o, “2)
og, dtl oq,

OOHOBPEMEHHO MOJIYYMM TPaHUYHBIE YCIIO-
BUS HA [IPAaBOM KOHIIE MHTETPUPOBAHHUA L

aJ od od aJ
L ) LR S B /L
//i’h\ 5V 2K av 2’3K ax 4k 6 . ( )

XK YK K K

VYpaBuenus Diinepa-Jlarpamxka st (yHk-
rronana (41) TakoBbI:

=1, (44)
=2, (45)
=V, (46)
b =-2%4, (47)
E/ilsinga—ElZCOS(p:O. (48)
m m

W3 ypaBuenus (48) moiydaem omnTHUMAllb-
HYIO IPOTPaMMYy TaHTaXKa

@ = arctan % . (49)

Cucrema ypaBueHwuii (44)—(47) npencras-
JsieT coboil cucreMy NTUHEHHBIX U depeHIu-
aJbHBIX YPaBHEHUU C TIOCTOSSHHBIMU KO3 u-
IIUCHTAMHU U MOXKET OBITh IPOUHTETPUPOBAHA.

[Mponuddepennuposas ypaBHenus (44) u
(45) u ucnonw3ys ypasuenwus (46) u (47), mo-
JTYIUM

I =1=—-1-v?% (50)
Ay ==, =22,V (51)

CocraBisisi COOTBETCTBYIOIIME XapaKTEpH-
CTHUYECKHE YPaBHEHHUS

P = —v?; (52)

P =2v? (53)
U pelnas ux, HaliJeM KOPHH XapaKTepUCTHYE-
CKMX ypaBHEHUU

P,=iv; B,=-iv; (54)

P,=v2v; P,=—/2v. (55)

OO6mume penieHUs: 0qHOPOAHBIX nuddepeH-
muanbHbiX ypaBHenuit (50), (51) moryT ObITH
IPE/ICTaBICHBI B BUJIC

A1 = fi cosvt + fosinvt; (56)
A, = fe”+fe, (57)
rae fi, f2, fs, fa — HEKOTOpBIE TOCTOSHHBIC

KOO PHUIHCHTHE, @ =~/2V .
Yuuteias (44), (45), HOAyIUM BBIPAKCHHUS

U Az U Ay
A3 = fivsinvt — f,v cos vt; (58)
A, =—f,0e™ + f,0e™. (59)

Onpenenum mocTosiHHBIE f1, f2, f3, fa B
ypaBHeHusx (56)—(59). Ucnonb3ys rpaHUYHBIC
YCIOBHS Ha IMMPABOM KOHIIE HHTEIPUPOBAHHS
(43), nna mHOXHUTenel JlarpaHka MOXHO 3a-
nucaTh

:_8_J= f. cosvt + f,sinvt ,
< av. ¢ R
0J
Ay =—— = fe™ + fe7,
8VyK 3 4
N (60)
=———=fvsinvt + f.vcosvt ,
ﬂ’SK a 1 K 2 K
14’( — _a_J: _ fSa)ea)tzc + f4a)e_“”".
oy,

Pemas cucremy ypaBHeHuii (60) oTHocH-
TENBHO f1, f2, f3, fa, MOMyUaemM

0J o) .
————vcosvt ———sinvt,
0 0.

X
f: XK K
1

v

oJ . 0J
———vsinvt_+—cosvt,
oV ox

f2 — XK K ,
14
61
0J oJ (61)
6Vyic ayl('
fi=—F—o——
20e”"
oJ oJ
_70)_7
oV, oy,
f4 = A —otr "
2we ™"

OnrtuManbHas mporpamMma Tanraxa (49),
obecrieunBaromas AKCTpeMyM (DyHKITMOHATY
(41) ¢ yuerom BeIpakenuit (56), (57), (61),
MOJKET OBITh MPEJICTaBIICHA B BUJIC



ﬂwchw(tk—tﬁﬁsha)(tk_—t)

1 avzc ayx

p=arctan) —| — ] (62)
P21 2o, -t sinvft, -

XK K

B »TOoM ciydae cucrema ypaBHEHHM SKC-
TpeMallbHOM TpaekTopuu OyAeT 3amucaHa
B CJICAYIOIIEM BHJIEC:

(.

vV, =Ec05go—v2x,
m

. P )
Vy:asm(p—goﬂv Y,

x=Vy,y=V,, (63)

%aﬁhw(tx -t) +Q3hw(tK -t)

yx K

1
2 ;—Jvcosv(tk—tﬁﬂsinv(tk—t)

XK K

@=arctan

P=P(t), m=m(t),
Ve s

Cuctema ypaBHEeHHH (63) TpH HavadbHBIX
YCIIOBHSIX, ONpPEACISAIONNX JBHKEHHE Mare-
pUAIbHOM TOYKM IEPEMEHHONW Macchl M ¢ MO-
MEHTOM {=t,, TOJTHOCTBIO ONPENEIAET IKCTPE-
MaJIbHYIO TPACKTOPUIO ATOM TOYKHU.

Bripaxkenue 111 onTUMaaIbHOM MTPOTrpaMMBbl
TaHraka MpHU YIOPOILIEHHBIX BBIPAKECHUSAX JIS
KOMITOHEHT YCKOPEHHUS 3eMHOT0 TATOoTeHHS (8)
AQHAJOTUYHO pe3yJibTaTaM, MOJYYEHHBIM
H.E. OxouumckuM u T.M. DHeeBbIM TIpu pe-
IIEHUH 33/1a4¥ 110 OIPEJEICHUIO ONITHMAaIbHO-

ro ynpasicaus ¢(t), obecreynBaroImero Mak-
CUMAJIbHYI0 TOPHU3OHTaJbHYIO CKOPOCTh B
KOHIIE aKTMBHOro y4actka t=t, Ha 3agaHHOM
BeicoTe h=h,, u sBiseTcss 0600MEHHEM TOITY-
YEHHBIX MMH PE3YJIbTATOB JJIsi IPOU3BOJIBHO
3ajaHHOrO (YHKI[MOHAJA, 3aBUCALIETO OT KHU-
HEMaTHYECKUX MapaMeTPOB KOHIIA aKTUBHOTO
y4acTKa TPACKTOPHUH.

JanpHenniee ynpoleHue ypaBHEHMH JKC-
TpeMaJlbHOM MpOorpaMMbl TaHra)xa, oOecredu-
Baromiel sKcTpeMyM GyHKIHoHany tuma (12),
MOKET OBITh TPOBEICHO JUIS ILIOCKOTApai-
JENBHOTO TMOJS MO0 METOAMKE, MPUBEICHHOU
Bbllle. B 3TOM ciyuae opmyna ans omnpene-
JICHUs] ONTHUMAJIbHOM MpOrpaMMbl TaHTa)ka
MMEET CIEAYIOUIUN BUA!

ety

ov._ .
¢ = arctan —2 Y, , (64)
0J 0J
o (t 1)
oV, OX

YTO TaKXe MOATBEPXKIACTCS Pe3ybTaTaMH, IO-
aydyeHHbiMA JI.E. Oxommmckum u T.M. Dnee-
BbIM, [[.®. Jloynenom u B.J[. @pugom.

Ycaosue Jlexxkanapa-Kiuedma. YpaBHeHus
Olinepa-Jlarpania, Moay4yaeMble U3 paBEHCTBA
HYJIIO TICPBOM BapHaIlMH, SIBISIIOTCS HEOOXO-
JUMBIM yCIIOBUEM 3KcTpemyma. [ns cyxnie-
HAS O MaKCUMaJbHOM WIIH MHHHMAJIbHOM
3HAUEHUU HEKOTOPOTo 3aJaHHOTrO (HYHKIHO-
Haja Ha SKCTPEMAJIbHOW TPACKTOPHH TaK JKe,
KaK U TpU HAXOXKIECHUU MaKCcHMyMa (MUHU-
Myma) (QyHKIUHA, HEOOXOIUMO ONPEaCTUTh
3HaK BTOPOW Bapuauuu. Yciosue Jlexanapa-
Kiebmia siBiisieTcsl TOIOJIHUTEILHBIM HEOOXO-
JUMBIM YCJIOBUEM CYILECTBOBAHMS 3KCTPEMY-
Ma MW ompenenser ero Bul. Yciosue Jle-
xkaHapa-KneOma rimacut: ais TOro dYToOBI
byHKIIMOHAT

8

F=[F(xyy)dx (65)

o

JOCTUTall BIOJb OHKCTPEMajid MaKCUMyMa,
HEOOXOJUMO BBIMIOJHEHHE BIOJIb AKCTPEMaN
YCIIOBHS

1 2 5F

> ——05Y6y,<0.  (66)
i=1 k=1 8yiayx

Jltst peanusaniy MHHAMYMa HEOOXOIIMO,
LITO6]')I BOOJIb 3KCTpeMaJII/I BBITTIOJIHAJIOCH YCJIO-
BHE

n n 2
Zz%ayiayk >0. (67)
i=1 k=1 i K

Kak MBI mpenmonarany BbIIIE, paccMaTpH-
BaeMbIil HAMU (PYHKIIMOHAT

F=J+TH(X; y;VX;Vy)dt (68)

t

0

JMHEEH OTHOCUTEIHHO TIEPBBIX IPOU3BOIHBIX
KOOpJMHAT U CKOPOCTEH, U MOJIYUYUTh BTOPYIO
BapHaIyio, a CIJeJ0BaTeIbHO, W KaKHe-JTH0O
CYy,KACHUA O MAKCUMyMC WJIWM MHUHUMYMC
dbyakumnonana (68), mocturaeMoMm Ha IKCTpe-
MaJbHOM TPAcKTOPUM, HE MPEACTABIICTCS
BO3MOKHBIM.



[lpn pemeHun 3amad HAXOXKAEHHUS ONTH-
MaJIbHBIX TPAeKTOPUHA KOCMHUYECKHX JIeTa-
TENBHBIX aNapaToB B YHCIO BapbUPYEMBIX
¢yHKUMi y; HeOOXOAMMO BKIIOYATh YIpaBIIe-
HHE U BEIWYMHOW M HAIpaBICHHEM BEKTOpa
Taru. [lpy 3TOM HEOOXOIUMBIM YCIOBHEM
MaKCHMAaJIbHOTO 3HA4YeHUs dKcTpeMyMa (yHK-
[IMOHAJIa SBJISETCS BBINOJIHEHUE BJOJIb JKC-
TpEeMaJll MKy YTJIOBBIMH TOYKaMHU HEpaBEH-
CTBa

& O°F
e =22m577i577x <0, (69)

i=1 k=1

a HEO0OXOAWMBIM YCIIOBHEM MHHUMAJIBHOTO
3Ha4YeHUs SKcTpeMyMma (yHKIHOHajma Oyaer
SBJIATHCSL BBIMOJIHEHWE BJOJIb 3KCTPEMAalH
MEX/y YTIIOBBIMU TOYKaMH HEPABEHCTBA

& O°F
e =22m577i577x 20, (70)

i=1 k=1

re N — KOJWYECTBO BapbHPYEMBIX (DYHKIIHIA;
7y Tx — BapbUpyeMble PYHKINU.

OTcyTcTBHE 3HaKa PAaBEHCTBA B BBIPAKEHU-
ax (69), (70) cooTBEeTCTBYET YCHICHHOMY
yciosuio Jlexxanapa-Kneorma.

B Hamewm cnyuae npu onmtummzanuu QpyHK-
nuoHana Buaa (68) u Mpu ypaBHEHUSIX CBS3U
(10), (40) dyukuuro Jlexxanapa-Kiebma (69),
(70) (0603HauKMM ce uepe3 ) MOKHO 3aIKCaTh
B CJICTYIOIIEM BU/IE:

>y oF
=YY" sen., ()
i1 a1 01,01,

e 7, =Vys 1=V, m=%n,= 3 15 =0.(72)

PackpsiBas Beipaxkenue (71) ¢ yaerom (68),
(10), (12), (14) u npenamosarasi, 4To CyIle-
CTBYIOT TOJBKO TICPBbIC TPOU3BOIHBIC OT
dbyakuunonana (10), HenmpepbhIBHBIE Ha OTPE3KE
[to; ], momyunm

e=(4,cosp+A,sin (p)(§(p)2 . (73)

C yueroMm ypaBHeHus Oinepa-Jlarpanxka
(35) 6ymem nmeTh

e=11/cosp (74)
i
e=A [sing. (75)

Wcnone3ys Beipaxkenus (69)—(75), MoxkHO
cllenarh CIeAYIOIIHE BBIBOIbL:

I. OnTumaiibHblE MpOrpaMMbl TaHTraxa,
o0ecrieunBarOIINe MAaKCUMAIbHOE 3HAuYCHUE
dyukunonansa (68), MOKHBI YIOBIETBOPATH
Ha oTpe3ke [to; L] ycmoBuio

!

=0
cos @ (76)
niim
% <o 77
sing

2. OnTumanbHble MPOrpaMMbl TaHTraxa,
o0OecrieunBarOIINe MUHUMAJIbHOE 3HAUCHUE
byukunonanga (68), MOKHBI YIOBIETBOPATH
Ha oTpe3ke [to; L] ycmoBuio
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W3 ycnosuit (76), (78) cnemyer, 4ro mpu
pasrone KJIA, korga mporpaMMa TaHraxa Ha
OTpe3Ke BpeMeHHU [lo; t] IeXKUT B AuanazoHe

—% << +% ,  MakcHUMajJbHOE 3Ha4YCHUE
¢ynkunonana (68) peanusyercs npu

A4 <0, (80)
a MUHHUMAJIBHOE — IIpU

420 (81)

HE3aBUCUMO OT BUJa (QYHKIHH J, TOHJIexKa-
el ontumusanuu (Oyas TO BhICOTa arores,
CKOPOCTh B KOHII€ aKTUBHOTO YYacTKa, dHEp-
rusi, OombIIasl MOTYOCh, MEPUOA OOpaIeHus,
AKCLEHTPUCUTET U T.1.).

[Ipu pemeHnM 3a7a4 KOCMHYECKON Oaliu-
CTHKH, CBSI3aHHBIX C TOPMOXKEHHEM KOCMHYE-
CKOTo ammapara (CITyCK ¢ OpOHUTBHI, TIEPEX0] C
KPYTOBOIM OpOUTHI OOJIBIION BBICOTHI Ha 3JUTHUII-
TUYECKYI0 OpOUTY C MHUHHUMAIBHOW BBICOTOM
nepures M T.J.), KOTJia MporpaMma TaHTaxa Ha
oTpe3ke BpeMmeHH |[lo; t] nexxur B auamnazoHe

Vs 3r
E << 7 , MakcMMaJbHOE 3HaueHue (PyHK-

nuoHana (68) obecnieunBaeTcs mpu

4,20, (82)



a MUHHUMAJIbHOC — IIpH
4, <0. (83)

N3 ycnoswii (77), (79), aHAJIOTHYHBIX YCIIO-
Busm (76), (78), cieayet, 9TO MPH MPOXOKIC-

T
HUU TpOTrpamMMbl TaHTaxa ¢ depe3 0 wiu EY

napaMmeTp Ap JODKEH TakXe HU3MEHSTh CBOM
3HaK Ha OOpaTHBIA, T.e. MPOXOIUTH uepe3
HYJb. DTOT K€ BBIBOJI MOXKHO CJIIelaTh C TO-
moribio (36).

IIpu paccMoTpeHUH 3KCTpEMaabHOM TPaeK-
topun KJIA B HeHTpabHOM IrpaBUTAIMOHHOM
M0JIE TIPU YIPOILEHHOM MPEACTABICHUHN YCKO-
penus 3emHoro taroteHust (10) ympormarorces
ypaBHeHus naBrxkeHus (40), a BeIpaskeHUE s
MHOXHUTENeH Jlarpanka Ai MOKET OBITH MMOMY-
4YeHO B KOHe4YHOM Buje. Mcmomesys (56) u
(61), monmyurM BBIpaXKeHHE I Ag

A =- ;chow(tk—tﬁig—Jsinv(tx—t) . (84)

vV OX,

XK

B sToMm ciyuae BbIpakeHHe Ui (DYHKIHH
Jlexxanapa-Knebma e 3amumercs B CIEIYIO-
IeM BUJIE:

— TP peanu3aluid MUHAMyMa (yHKIIHOHA-

Ja
- ;Vjc03v(tk—t)+1§;sinv(tk—t)
P i >0: (85)
C0s¢

— NpPU pealn3aluu MakcuMyMma (yHKIIHO-
Haja

- 5003v(tx—t)+1§;sinv(tk—t)
e=—L0x v <0. (86)
cos ¢

IIpu ompeneneHun 3KCTpeMaIbHOW TpaeK-
topun KJIA B miIockomapamiensHOM I0JIe
ypaBHEHUE 1Ji A1 3HAUUTEIHHO YIPOIIAETCS:

0J oJ
=t -t)| - (87
A 6VXK+8X ( ) ®7)

K

U BbIpakeHue Uil (QYHKIHMHU e 3alHuChIBacM
B CJIEIYIOIIEM BHJIE:
— IpU peanu3alud MUHUMyMa

e= K >0; (88)
Cos @

— IIPY peajau3aluy MaKkCuMyma

e= X X <0. (89)
Cos @

Pexomenganum mo pelieHMI0 3a1a4 Ha
IBM. U3 nosyuyeHHBIX ypaBHEHUH 3KCTpe-
MaJbHOM TpaekTopuu (37) ciemayer, 4To TP
3aJJaHHBIX HAYaJbHBIX YCIOBUSIX JBHKEHUS X,
Yoy Vxo; V)0 DKCTpEMalibHask TPAaeKTOPHsl, 0Oec-
MEeYMBAIOIIAsi MUHUMYM (MJIM MaKCUMyM) He-
KoToporo (pyHKIMOHANA J, MOXKET OBITH JIETKO
nojlyueHa B pe3yjibTaTe HWHTETPUPOBAHUS
ypaBHeHwii (37).

EnuHcTBeHHass TPYAHOCTh NpPU PEIIEHUU
ATOM 3aJjaull COCTOUT B OMNpPEACIICHUM Ha Jie-
BOM TpaHmIle MHTerpupoBaHus (mpu t=t;) Ta-
KUX 3HauYeHUd MHoxuTened Jlarpanxka A,
KOTOphIe o0ecrevar BHINOJHEHHE TPAHUYHBIX
YCIIOBUHM Ha MPaBOM KOHIIE MHTETPUPOBAHUS,
T.e. obecrreyar B MOMeEHT t = {x BBIIOJIHEHUE
YCIIOBHS
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[IpousBonHbie OT (yHKIMOHANA J MO KH-
HEMATHYECKUM TapaMeTpaM KOHIIa aKTUBHOTO
y4acTKa TPACKTOPHH B OOJIBIIMHCTBE CIIy4acB
MOTYT OBITh TPEJCTABICHBI B KOHEYHOM BHJIC
B KaUeCTBE SBHBIX 3aBUCHMOCTEH OT IMapamMer-
pPOB Xk, Yk, Vxk, Vyk. HecmoTps Ha 3T0, momy-
YUTh YHUCIIEHHBIC 3HAYCHHSI ITHX TMPOU3BOJ-
HBIX JI0 TIPOBEICHHS YHUCICHHOTO MHTETPUPO-
BaHUs TPACKTOPUH HE TMPEACTABISAETCS BO3-
MOXHBIM, TaK KaK mapamMeTphbl KOHIAa aKTUBHOTO
ydacTka (a ciemoBarelibHO, M (GyHKIoHan J)
3aBHCAT OT mporpamMmbl TaHraxka @=g(t), xo-
TOpasi, B CBOIO OYepEe/lb, 3aBUCUT OT MapameT-
pPOB KOHIIa aKTUBHOTO Yy4YacTKa TPAaCKTOPUH
(36)—(38). st pemieHus 3a1a4u MOXKET OBITh
MPUMEHEH KaKON-TN00 MHEPIIUOHHBIN METO/I.

PaccMoTpuM METONMKY pelieHus 3a1a49 Ha
DIIEKTPOHHO-BBIUMCIIUTEIHHONW MaIIHHE.

[TapameTpbl ABMKEHUSI TOYKU MEPEMEHHOU
Macchl Ha AaKTUBHOM YYacTKE TPACKTOPUU
OTIPENIETISIIOTCSI B PE3YJIbTaTe YMCICHHOTO WH-



TErPUPOBAHUSI CUCTEMBI JHU(hepeHITnaTbHBIX
ypaBHeHuH nBuxeHus (37). s monyueHus
AKCTPEMAJIbHON TPACKTOPUH, T.€. HadaIbHBIX
3HaueHud MHOxuteneil Jlarpamxka Aip, obec-
MEYUBAIOIINX JKCTpeMyM (QYHKIIMOHANA J,
MOXXET OBITh TPEIJIOKEHa CIIeAyIoIas cxema
peuieHus 3agadu (METOA MONEepEeMEHHOTO WH-
TETPUPOBAHUS ):

1. 3agarorcs HauanbHBIE YCIIOBUS JIBUXKE-
HUSI TOYKU TIEPEMEHHOI Macchl B MOMEHT t=t,

XO1 y01 VXO1 Vyo-
2. 3anmaercs nmporpaMMa TaHTa)a
@ =@,=const (91)

NI
0=, +t. (92)

3HaueHMs IapaMeTpoB ¢, WIA (@, U ¢ BBI-

OuparoT uWcxoAs W3 (PU3NUECKOW CYITHOCTH
npoliecca U 3a4at0T 3apaHee.

Hanpuwmep:

— TIpH cTapTe ¢ OpOUTHI OKUIAHUS C BBI-
OOpOM JKCTpEeMaJIbHOW TPACKTOPHUH, PEaTH3Yy-
IOIIE1 MAaKCMMYM BBICOTHI amnores Ha HOBOM
opOUTEe WIM MaKCHMyM CKOpPOCTH Ha cdepe
JEICTBUS U T.I., HA aKTUBHOM y4YacTKe TpaeK-
TOPUH MOXKET OBITh MPUHSITA MpOrpamMma TaH-
raxa

p=0;

— IpHU CXOJI€ ¢ KPYrOBOW WJIM 3JUIAINTH-
YeCKOM OpOMTBI M  BHIOOpPE SKCTpEeMaIbHOU
TPACKTOPUH, pEATU3YIOLEH MaKCUMAJIbHbIN
yroJl BXoja B arMocdepy Wi MUHUMAJIbHYIO
YIJIOBYIO JAIBHOCTh OT TOYKM cTapTa 10 TOY-
KM MPU3EMIICHMUS,

¢ = 180°.

3. IIpoBoxuTcst mpsiMoe YUCIEHHOE WHTE-
rpupoBaHue ypaBHeHHI nBrmkeHus KJIA kak
TOYKHM NIEPEMEHHOI MacChl COBMECTHO C ypaB-
HeHussMH Diniepa-Jlarpanxa (37) npu Havasb-
HBIX YCJIOBHUSIX WM NpPOrpaMMe TaHTaka BUIA
(93) wmm (92) or momenta t=t, 70 MomeHTa
t=tx. B KOHIIE aKTUBHOI'O y4acTKa TPAaeKTOpUU
{=tx momy4gaem napaMeTpsl ABUKEHUS

XIIU YI;’VkarV;k-

4. Tlo momydeHHBIM MapamMeTpaM KOHIA
AKTUBHOTO YYacTKa TPAaeKTOPUU PACCUUTHI-

BaeM YHCICHHOE 3HaueHHE (QYyHKIHMOHANIA
J =J ¥ COOTBETCTBYIOIINE TPOU3BOIHBIE

A B e B (93)

Ny Vg X oV,

yk
B pesynbrare mosyyaem mnepBoe MnpuOiIu-
JKEHUe JUIsl MHOKUTeler Jlarpanika Ha mpaBoM
KOHILI€ HUHTErPUPOBAHUS
S A AR\ IR
by == Ay = = Mye=——— (94)
aka aVyk aYyk

5. IlpoBomum 0OpaTHOE MHTETPUPOBAHHE
cuctembl ypaBHeHu# naswxkeHus KJIA cos-
MECTHO C YypaBHEHHUAMH Oinepa-Jlarpanika
"crpaBa-HaneBo" (oT t=ty mo t=t,) ¢ akcrpe-
MaJIbHOM TporpamMMoii Tanraxa Buma (36).
IIpu >TOM B KauecTBe HayalbHBIX YCIOBUU
JUIl MHTEeTrpupoBaHus cucremsl (37), ompene-
JAIOIIEH AKCTpeMalabHyl0 TpaekTopuio KIJIA,
npuHuMaeM mapaMmeTrpbl aBrkeHus KIIA u
MHokuTenn Jlarpanka (94) B KOHIIE aKTHBHO-
ro ydacTKa TpPAeKTOPWUH, IIOJIIyYE€HHBbIE IpU
"mpsiMOM" MHTETPUPOBAHUH CUCTEMBI (37).

WuTerpupoBanue MNpPOBOJUTCS C OTpHUIIa-
TEJIbHBIM IIIarOM.

6. B pesynbrare MHTErpUpPOBaHUS MOTY-
yaeM IepBoe nmpuOimxeHne MHoxurenen Jla-
rpanxa Ai; Ha JIEBOM KOHIIE WHTEIPUPOBAHUS
nipu t=t, u mapamerpsl aBmkeHus: KJIA B 3ToT
MOMEHT (X, yo,v'xo,v'yo), KOTOpBIE HE COBIIA-

OyT C 3aJaHHBIMU HAYaJIbHBIMU YCJIOBHUSIMU
JIBUKECHMUSL.

7. TlpoBoguMm mpsiMOE€ HMHTETPUPOBAHHE
ypaBHeHuii nBuxkeHuss KJIA coBmecTHO ¢
ypaBHeHUsMH Oitnepa-Jlarpanxa (37) oT Mo-
MeHTa t=t, 1o t=ty ¢ ’3xcTpemMasbHOI Mmporpam-
MOHM TaHraxa, OIPENEIIeMONM YpaBHEHHEM
(36) mpu HaYANBHBIX YCIOBUAX ABMIKCHHS M
HayaJbHbIX 3HAYEHUSIX MHOXUTenen JlarpaH-
xa Ajo, TOTYYeHHBIX mpu “"oOpaTHOM' HHTe-
TPUPOBAHUHM COTJIACHO TI. 6.

8. Ilo momydeHHBIM MapamMeTpaM KOHIIA
AKTHUBHOTO YYacTKa TPAaeKTOPHUM HA MOMEHT

t:tk(x,:, y;,VX"k,Vy"k) OIIpeZIeTIsiEM BTOPOE IIPH-
OJKeHHe:
— s GyHKIIMOHATA
J=J;



— 11 MHOXUTeNeH Jlarpanka Ha mpa-
BOM KOHIIE HHTETPUPOBAHUSA

) a oA

:——”; ) =— — :——"; /1 =——, 95
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9. IIpoBomuM NpPOBEpKY OKOHYAHHUS BbI-
0opa SKCTpeMalbHOW TPACKTOPUH, peaTu3y-
IolIel MakCUMyM (MUHUMYM) GyHKIMOHAamA J.
Konenr pacuera nHambosiee JOTMYHO OIpene-
JISATh 10 JOCTHIKEHUS MakcCuMyMa (MUHUMYMa)
¢ynkunonana J ¢ 3aJaHHOH TOYHOCTBIO

A=|Jj+1—Jj|£g, (96)

roe  J} — 3HadyeHne (QyHKIMOHANMA J
IIPH MPEABIAYIIEM pacueTe;

J* _ 3Hayenue (QyHKUMOHanma J

MIPH TIOCIIETYIONIEM pacueTe.

10. B ciyyae HEBBINOIHEHUS YCIOBUSA
(96) mpomokaeMm MOMEPEMEHHOE HHTETPH-
pOBaHME 10 TEX MOp, TOKa OHO He OyIeT yIo-
BJIETBOPEHO.

PesynpTarel pacueToB IKCTPEMAaTbHBIX Tpa-
eKTOpUN TOKa3bIBAIOT XOPOIIYID CXOJU-
MOCTh PCIICHHWH 3aJa4yu. 3KCTpeMalbHas
TPAEKTOPHUsI C TOUYTH aOCOIIOTHON TOYHOCTHIO
&= 0 mocturaercs 3a 4-5 IpsAMBIX U 00OpPATHBIX
pacderos.

IIpyr OTBICKaHMM 3KCTPEMAIBHOM TPAEKTO-
pun KJIA B 1eHTpaibHOM TI'pPaBUTALIUOHHOM
1oJjie MpH YIPOUICHHOM IMPEACTaBICHUH TIO-
TeHIMana (8) ympomaroTcs ypaBHEHHS 3KC-
TpeMaibHON TpaekTopuu (63), a mporpamma
TaHTaXa BBIPAKAETCS B KOHEUHOM BHJIC Yepe3
nmapamMeTpsl KOHI[a aKTHBHOTO ydacTtka (67).
DTO MPUBOAUT K 3HAYUTETHLHOMY YIPOIICHHIO
B OIpEAETCHUH SKCTPEMAJIbHON MpOrpaMMbl
TaHTaXa, TaK KaKk B 9TOM CIyyae HET HeoOXo-
JMMOCTH B OIpEICICHUN MHOXUTenen Jla-
rpaHxa.

IIpouHTerpupoBaB aKTUBHBIA Y4acCTOK Tpa-
€KTOPUH, PACCUUTHIBAEM MPOU3BOJHBIE OT
dbyHKIIMOHANa J TI0 MapaMeTpam KOHIIa aKTHB-
HOTO ydacTKa X, Yk, Vxk Vyk ¥ coriacHo (62)
orpeziesisieM dKCTpeMaIbHYI0 MPOrpaMMy TaH-
raxka ¢ B J10001 MOMEHT BPEMEHHU Ha OTpe3Ke
[to; t].

IIpn mocranoBke 3ToM 3amaun Ha [IDBM
yIOOHO TPUMEHUThH CIEAYIOUIUH METOa TIo-
CJIeIOBATENbHBIX TPUOIMKEHUH:

1. T[lpum 3amaHHBIX HAYATBHBIX YCIOBHSX
JIBUKEHHUSI TaKk e, Kak ObUIO MPEeIIokKEHO

BBIIIIE, TIPOBOJUTCS YHMCIEHHOE HMHTEIPUPOBA-
HUE CHCTEMBl YPaBHCHMM IBHM)KECHUS IIPH HC-
IIOJIb30BAHUN HEKOTOPOW, 3aJaHHOU IPOU3-
BOJIbHBIM 00Pa30M IPOrpaMMBbl TaHTaXxka BHJA
(91) mm (92) no momenTa t=ty.

2. Ilo mapamerpam KOHIIa aKTHUBHOTO
yJacTKa pacCUMTHIBAIOTCS YHCICHHOC 3Have-
HUe (pyHKIMOHANA J = J ¥ COOTBETCTBYIOIINE
IIPOU3BOHBIC

o .o . a . A ©7)
Ny " OV, ox oV,

yk

KOTOpBIE TOJICTABIISIEM B BBIpaXXEHHUE IS IKC-
TpeMaJIbHOI MpOorpaMMbl TaHTaxa (62).

3. IlpoBomuM HHTETrpUpPOBaHHE ypaBHE-
aui aerokenns KJIA ot momenra t=t, go t=ty ¢
HCIIOJIb30BaHUEM SKCTPEMAIbHON MPOrpaMMBbl
taHraxa (62) u yuerom (97).

4. Tlo yrouHEHHBIM HapaMeTpaMm JABIKE-
HUS B KOHIIC AKTUBHOTO y4YacTKa YTOYHSIEM
3HauYeHHE (PYHKIIMOHAIA J=J'u COOTBETCTBY-
IOIIHMX TPOU3BOHBIX (97).

5. OcymiecTBisieM MPOBEPKY OKOHYAHUS
BbIOOpA IKCTPEMAIIbHON TPAEKTOPUHU COTIIACHO
ycnosuio (96).

6. IIpoBoauM HECKOIBKO pACUYETOB C
JAIBHEUITUM yTOYHEHHEeM (yHKIHMOHANa J u
€ro TMPOU3BOJHBIX BIUIOTH JI0 BBIIOJIHEHUS
ycnosus (96).

CymmapHoe BpeMs MPOBEICHUS UTEpaluil
IpUMEpHO B 2-3 pa3a MeEHbLIE, 4YeM IpHU
HAXO0XJICHUU OJKCTPEMalbHOW TpPAEKTOpUU B
clly4ae TOYHOIO 3aJaHMsl TOTEHUHuana s
[ICHTPAJILHOTO IPAaBUTAIIMOHHOTO 110Jist (37).

[Ipu pemeHNMM HEKOTOPHIX 3a7ay, B KOTO-
pPBIX aKTUBHBIM y4acTOK TpPaeKTOPUHU KOCMHU-
YEeCKOro amnmapaTa KOpOTKHH Kak IO MpoJoJ-
KUTEIIBHOCTH, TaK U TO JNaJbHOCTH, MOXET
OBITH UCIIOJIb30BaHA MTPOrPaMMa TaHTaKa BUJA
(64), obecreunBaromas IKCTpeMyM (HyYHKITHO-
Hally J B IJIOCKONapauiesbHOM nosie. OueBua-
HO, YTO B 3TOM Cjy4yae UTEPallMOHHBINA MpPO-
IIecC MpH BHIOOPE IKCTPEMAIbHONW TPACKTOPUU
HUYEM HE OTJIMYaeTCs OT MPeJIOKEeHHOTO
BBIIIE U CAy4as [EHTPaIbHOTO T'PaBUTAIIU-
OHHOTO TOJISI C YIPOIIEHUSIMU B KOMIIOHEHTAX
ycKopeHHs 3eMHOro Tsrotenus (8). Hecmotpst
Ha TO, YTO SKCTpeMajbHasl IporpaMma TaHTa-
xa Buma (62)—(64) nonydena i ciydas
OTpe/IeNIEHHBIX YIPOIIEHUH B YpaBHEHUAX
neuxeHus KJIA, mpumeneHne 3TUX MporpaMm
HE CIIeyeT Pe3KO OrpaHUYMBATD.



B uactHOCTH, pacuer 1000 TpacKTOpHUH
MOXeET OBbITh MPOBEJCH C MpeJiaraeéMoi mpo-
rpammoii Tanraxa (62)—(64). Ilpu stom pac-
YeT MapaMeTpoB IBUKEHUS MOKET OBITh OCY-
IIECTBJIEH B pE3ylbTaTe€ PpELICHUs] TOYHBIX
ypaBHeHUM IBH>KeHUA. [lonydeHHass TpaekTo-
pusi OyAeT SIBIATHCS ONMpEAETICHHBIM MpuOIu-
JKEHHEM K 3KcTpeMalibHOU. [Ipumenenue mpo-
rpaMMbl TaHTaXa TOTO WJIM WHOTO BUAA U3
(36), (62)-(64) momkHO OBITH OOOCHOBAaHO B
KaKJIOM KOHKPETHOM Ciydae MCXOAS U3 UIN-
TEIbHOCTU AaKTHUBHOTO Yy4acTKa, 3aTpaT Ma-
IIMHHOTO BPEMEHU M HEOOXOJMMOCTH JOCTa-
TOYHO TOYHOTO MPUOIMKEHUS K 3KCTpEMallb-
HOM TPAaeKTOpUHU.
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