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M. H. Bypnaes

yHI/IBepcaJ'II)HOE YpaBHeHHUE BpeMEHMU IlepeJsieTa
Me2KJ1y ABYMd TOYKaMM INEHTPaAaJIbHOI'O ITOJIA
TATOTEHNA

AHHOTALUS. B crarbe n3ioykKeH NPUHIUIINAILHO HOBBIA METOJ PEIICHUs 3a-
Ja4dyd pacdeTa BPEMEHU IlepeseTa MeXKJIy ABYMsI TOYKaMU IEHTPAJbHOTO IO
TATOTEHUS 10 SJUTUITHYIECKUM U rurepbondeckuM opouram. B HeMm B kauecTBe
HE3aBUCUMOMN TEPEMEHHOU BMECTO JIMHEHHBIX 3JIEMEHTOB — OOJIBIION IOJIyOCH
uau HOKaAJIBHOTO apaMeTpa OPOUTHI — UCIOJIb30BaH YIJVIOBON IapaMeTp — yroJl
MeXK/Ty Pa/ImyCOM-BEKTOPOM HAYAJIBHOII TOYKM IlepesieTa M BEKTOPOM HAYAJIb-
HOI CKOPOCTHU IiepeJieTa.

Karouesvie croea u @pasvi: nepener, none TaroTeHus, rogorpad, runepbonnyeckas opbuta.

Beeperune

B paGorax [1],[2] u [3] upuBemenb pasaudHble BAPUAHTBHI YHHUBED-
CAJIbHBIX YPaBHEHUN JJIsi PACIeTa BPEMEHU IIePeIeTa MEXKIy JIBYMS TOY-
KaM# [EHTPAJBHOIO I0JIsI TATOTEHUs IO IJIIUNTUYECKUM, Hnapabormde-
CKUM U runepbosimaeckuM opburam. Ha BO3MOXKHOCTH paspabOTKU €1u-
HOI'O ypaBHEHUs Jilsl BCeX TUIIOB OPOMT yKa3blBaJoch Takke B [41]. IIpu
sToM B [1] 1 [2] ymoMuHATIACH HEOGXOAMMOCTD B TAKUX YPABHEHUSAX CMEHBI
3HaKa OOJIBINON OJIYOCH U UCIOJIH30BAHUS MHAMBIX BEJIMYUH IIPU PaCIe-
TaX BPEMEHU IIepeJIeTa 0 IUIepOoInIeCKUM TPAEKTOPUSIM 110 YPABHEHUIO
JUTS SJITUITAYECKUX OPONT.

PaspaGorannbie B Teopun opbuTaIbHbIX rogorpados [5] obobienHoe
ypaBHEHHUE IepeJieTa U YPABHEHUsI CB3€H YIVIOB, ONPEIEIAIONIIX YCIIO-
BUs I€pejieTa, MO3BOJININ HANTH MPUHINNAILHO HOBBIN TOIXOMI K Pe-
IIEHUIO 339U OIPEe/IeHNsl BPDEMEH! epesieTa MeXK Iy JBYMs TOYKAMU
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IEHTPAJIBHOIO TOJIS TITOTEHUS U K OTBICKAHUIO HOBOI'O YHUBEPCAJIHHOTO
YPaBHEHUS [JIsi PACYeTa BPEMEHH IIEePEeJIeTa M0 SJITUITUIECKUM U TUIEP-
6omaeckuM opburam. OJMH U3 BaApUAHTOB TAKOTO YPABHEHUS JIJIST DJI-
JITITHIeCKHX opouT Gbur onybimkosad B [6]. Heckombko cooTHOMEHNMI,
MOJTy9eHHBIX B [6] B mporecce BBIBOa OCHOBHOTO YDABHEHUSI, SIBJISIIOTCS
obrmuMu J71s1 Bcex TUmoB opbut. Jlajee mpesaraercs TPUMEHUTDH O
X071, UCTIOJIb30BaHHbBIA B (], JUIst BRIBOIA ypABHEHUS BDEMEHH IepeJiera
10 TUIEPOOTINIECKUM OPOUTAM.

BbiBoA, yHMBepcanbHOro ypaBHeHUsl BpEMEHU NepesnieTa Mmexay
ABYMS TOYKaMW LLEHTPAJIbLHOIO NOAS TArOTEHUS

Ypasuenne Jlambepra iy runepOOIUTIecKUX OpOUT UMEET BU]L
3
2

«
(1) tN—tA{:\)ﬁ[E(ShHN—ShHM)—HN—I—HM],

re « — 0oJIbIast MOJyOCh TUIEPOOTNIECKO TPACKTOPUN TIEPEJIETa, € —
SKCIEHTPUCUTET TPAEKTOPUU Tiepejiera, H —aHajorudanbe S5KCIeHTpIIe-
CKUM AHOMAJIUSIM SJITUIITHIECKIX OPOUT BEJTMIUHBI.

B ypasuenuu (1) u nasee ungexcom "M" ormedeHbl mapamerpsl Op-
OUTHl B HAYaJbHON TOYKe Iepesera, uHIeKcoM "N" —B ero KoHe4HOM
TOUKE.

Benumauma 60J1b1110it 1101y0CH THIIEPOOJINIECKON TPAEKTOPUH TI€peJIe-
Ta BBIYUCIISIETCS TI0 (DOPMYJIe
@ oo M

22—k
TJie 7' ) — PAJINyC-BEKTOP HAYAJILHON TOYKH TepeseTa, a 000DIEeHHBIN Ma-
pamerp kp; TpesicTaBiieH ypaBHeHHEM rojorpada Ha9aabHBIX CKOPOCTE
nepesera [4,5]:

14 ctg? AY

ctg Y — ctg Ay &g

Ypr — YO MEXKIY T3 ¥ BEKTOPOM HAYaJIBHON CKOPOCTH Iiepesiera, At —
YTOJ MEXJIy T')f U PaJMyCOM-BEKTOPOM 7' KOHETHOW TOUYKH IEepeseTa,
Ay —yroa Mexiy T U HanpapjeHueM u3 Touku M Ha Touky N.

(3) ky =

Besmuuna yroa Aty onpeensiercst u3 ypaBHEHUsl, IPUBEIECHHOTO B
pa6ore [5]:

cos AY — %
cghvM = TRy
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Suavenns H Bboraucasiorcs mo dhopmysie

e—1 9
H =2arth |/ ——tg = |.
art < 5+1tg2)

Ucnonp3yst 910 cooTHOIIEHNE, BEIYUCIsAeM Pa3sHocTh Hy — Hyy:
e—1_ dy e—1_ 1y

Hy — Hy= 2 |arth —— tg— | —arth tg —
N lar<s+1g2> ar<6+lg2

(4)
= 2arth e -1
(tg s ctg % —1)esindy

Pemup coBMecTHO ypaBHEHMS KOHUIECKUX CEICHUH IS TPAHMIHBIX
touek M u N mepejieTa U BBIIIOJHUB HEKOTOPBIE TPeOOPA30BAHUS, ITOJTY-

YUM COOTHOIIIEHUE
tg %
esindy = .
1 —tg s ctg Ay

IMoncrasus ero B (4), HAXOMUM:

Hy — Hy=2arth €2 — 1(1 — tgvu ctg AY) c‘cgM
(tgnrctg &2 — 1) 2

ve2 — 1 (ctgn — ctg Avyy) ot Ad
ctg% —ctgnm 879 |-

()

= 2arth <

Y0651 BeIUuC/IUTD THIEpOOInIecKuit cuunyc sh H, npejicraBuM Besu-
qnny H B #HOBOM Buze. s sToro mcnosbdyem dbopMysty rumepOomde-

CKOI'O TAHICHCA:
H e —e % el —1
th? R +e 5 T e 11
PeH_II/Il\I 9TO YypaBHEHUE OTHOCUTEJIBHO BHZ
g 1+th%
1—th#

Bosbmem sorapudm 0T 9TOr0 BhIparKeHUsl U MOACTABUM B HETO BEJIU-

HI/IHyth%Z
—1,.9 +1 9
o1+t I /Ertey (e ties
_lnl—thﬂ_lnl e=1¢ ﬂ—ln Sl _ g
2 T\er1t82 -1 82
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I[TozcTaBuM II0JTyueHHbIe BhIpaxkeHus misg el u H B ypaBHeHnue ru-

1epOOTMIECKOTO CUHYCA:

_ H H
. oH _ o—H :1<1+th2 1—th2>

i iH
2 2\1-thZ  1+thZ
1,0
Co2tn . 2y/5ates
- 2 H —-1.,29
- 2ve2 — 1tg % cos? &
(e+1)cos? % — (e —1)sin® 5
Ve? — 1sind

€ (cos2 g — sin?® g) + cos? g + sin? g

Ve2 — 1sind _ Ve — lesind _ }\/527—10tg1/),
1+ecos?d e(l+ecosy) e

OTKYJla CJleIyeT

eshH =+e?2 —lctge

(6) eshHy —esh Hy = v/e? — 1 (ctgony — ctgdbar) -

Benmutuna ctg )y onpeesnsercs U3 COOTHOMEHHs [5]:

AY AY
ctgyny —ctgy = (:I\J\; + 1) (ctg2 — Ctgsz) — 2ctg —

C 370t HOACTAHOBKOM cooTHOmeHNe (6) IPUHIMAET BHT

(7) e(shHy —shHy) =+e2—1x

A A
X [(TN —|—1> (ctgﬁ —ctgwM) — 2ctg 19} .
™™ 2 2
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IMoncrasnss (2), (3), (5) u (7) B (1), moxyuaem

1 ™
(8) tn—tu = ﬁ (Itctg? Ppu)tg 52 2 -
“ctg P —ctg A

X { e2—1 [(TN + 1) <cth —ctgwM> —2cth] -
M 2 2

t —ctg A AY
—2arth [ /&2 — 1< gwfﬁ ctg A ctg —
ctg 5 —ctgn 2

I'panungr ¢}, pasjeisionye JUaa30Hbl yIJIOB Yas JJIS 3JUIAITH-
YEeCKUX W TUMEPOOJMIECKUX TPAECKTOPHI IEPEETOB, OMPEIeISIIOTCA U3
ypasHeHust (3) 1yist yeaosust ky; = 2. Perus ero 0THOCUTENBHO Yy, 1O~
JIydaem

. AY [ AY
’(/JMLZ = arcctg Ctg 7 :l: E (1 + Cth 2>

Y1ubt 957 COOTBETCTBYIOT TApaOOJIUIECKIM TPAEKTOPUSAM IIEPEIeTOB.

Mezxny nByMe 3HQYCHUAMH 1), PEIICHUN TOT0 ypaBHEHUS 3aKJIIO-
YeH JIMAIa30H BEJIMYUH YTJIOB 1ps JUIsl SJUIUITUYECKUX TPAEKTOPHIl I11e-
pesieToB. MeHbIine 3HAYEHUST YIJIOB 1)) CBOWCTBEHHBI THIIEPOOJIAIECKIM
TPAEKTOPUSM, He MPUXOIAIINM B 33JIAHHYI0 KOHEYHYIO TOYKY N Iepe-
Jiera. Bosbime 3HaveHust yrioB 1), COOTBETCTBYIOT TUIEPOOTMIECKUAM
TPAEKTOPHSIM, [0 KOTOPBIM II€PEJIETHI B 33/IAHHYI0 KOHEYHYIO TOYKY BO3-
MOXKHBI.

MakcuMaJjibHOE 3HAYEHUE yTJia )y JJIs TAIMEPOOIUIECKUX TPAEKTO-
puil TeopeTHUecKu paBHO BejwdnHe yriia Atys. DTOMY CIyUaio IpU KO-
HEYHBIX 3HAYEHUSX BEJIMYMH HAYAJbHBIX PAJUyCOB T); IIEPEJIETOB COOT-
BETCTBYIOT OECKOHEUHBIE BEJINIUHBI k) M HAYAJIBHBIX CKOPOCTEH mepeJie-
TOB, YTO IIPOTUBOPEYUT JAeHCTBYIONUM 3aKoHaM dusuku. [loaTomy max-
CUMAJIbHBI BO3MOYKHBII YTOJI ¥y JJis TIEPEJIETOB 10 TUIEPOOJIAIECKUIM
TPAEKTOPHUSIM OIPAHUYEH MAaKCHMAJBHOI IIPEJIeJIbHON CKOPOCTBIO Iepe-
JleTa, paBHOU CKOPOCTU CBETA.

B crarbe [6] mpuBesieHO B COKPAIIEHHOM BHJIE AHAJOTUIHOE ypaBHe-
HU€ BPEMEHU IIepesIeTa [IJIsl JUINITHIECKUX OPOUT: UCIOJIB3Ysd (DOPMYJIBI
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(7),(10),(12),(13),(17) u (18) crarbu [6], 3T0 ypaBHEHNE MOXKHO IIPE/I-

CTaBUTH B BHU/JIE

wjw

1 TMm

T Vi (L+ctg? Yar) tg 52
2- ctg v —ctg AlPM

—ctg A A
{Zarctg [ — &2 ctg wM cte A ctg 19] -

ctg 5% — ctg vy 2

—V/1-¢? |:<+1> <ctgA2ﬁctgwM) 2(;th”.

2

Conocrasienne ypastenuit (8) u (9) obHapyKuBaer, 9TO OHH, KaK 1
YKa3bIBAJIOCh B [2,4], pasiuyuarTcs 3HAKaMU GOJIBIINX [IOIyOCel 1 BbIpa-
sxernst (1 — €2), a Takoke mpucyTersueMm byHKIun arctg B dbopMyite s
ynnTraeckux opout u dbyuxknuu arth B dopmyse mis opobut runepbo-

JIMYECKUX.

Heo6xoauMOoCTh CMEHBI 3HAKOB B BBIPAXKEHHUAX JJIs GOJILIION MOJTy-
ocu, myis pasuoctn (1 —e?) o KOpHAMYI B TPaBOil 9acTH ypasHeHuit (8) u
(9) u cMeHBI 3HaKA MPABOI YACTH yPABHEHUI IPU TEPEXOJE OT PACIETOB
JUUIST SJLUIMITUIECKUX OPOUT K pacderaM Jiisl FUIepOoJI JIETKO yCTpaHseT-
¢Sl BBEJIGHUEM OTIEPAIMN BBIMUACTIEHUS MOJYJIS s YKA3aHHBIX JIEMEHTOB
ypasrenuii. ITociie aroro paznuume mexkiy ypasuenusimu (8) u (9) ocra-

eTCd TOJIBKO B O6paTHI)IX (byHKHHHX B UX IIPpaBbIX YaCTAX.

Bennguna IKCHEHTPHUCUTETa & TPACKTOPHUHU IIepesjieTa BBLIYUCJ/IACTCA

JU1st 060MX ypaBHeHuil 110 enunoii dhopMmysie, NpUBeIeHHON B padote [7]:

kn (kyr —2)
= 1 _—
c \/ +1+ctg2wM’

OTKY/Ia

Viet—1] =

ks (k’M — 2)
1+ Ctg2 ’lﬁM '



YHUBEPCAJIbHOE YPABHEHUE BPEMEHU IMEPEJIETA i

B urore ynuBepcasbHas dpopmysia morydaeT BUL

1 M

\/ﬁ (I4ctg? Yumr)tg 52 9
ctgpm —ctg A

A A
X { [1— &2 ((::]J\\:[ —|—1> (ctg2 —ctgwM> —20tg2> -

ctg sictg Y — ctg Ay A
—2ar | —=2 |1 — &2 7 ctg—| ¢l,
th ctg 5° —ctg 2
rjie B CHMBOJIe 00paTHOIl (DYHKIMN B IPABO YacTH yDaBHEHUs BEpXHEe

codeTanmre OYKB BBIOUPAETCS JIJIsI JIUNTUIECKUX OPOUT, HUZKHEE — JIJIst
TUTIEPOOTUIECKUX OPOUT.

(10) ty —ty =

ITpu BBINIOJHEHNH PACYETOB HA COBPEMEHHBIX JIEKTPOHHBIX BBITHC-
JIMTEJIbHBIX MAIIMHAX B YHHBEPCAJILHOM yDABHEHHHU JEHCTBYET JUIsl SJI-
JIMOTHIECKUX OPOUT yCJIOBHE HPOBEPKH M KOPPEKIMH AJIrOPUTMa pacde-
TOB, OTMEYEHHOE B cTaThe [0]: ecm Ipu BBIYUCIICHUSAX MOSABIISACTCS BEJIH-
quna En — Ejy, MeHbIIag HyjId, TO B IPaByIo 9acThb ypasaenuit (8)—(10)
caexyer nobasuth 2. B ypasrerusx (8) u (9) 3HaK 9TOH Pa3HOCTH OIpe-

JIeJISIeTCS. U COBITAJIACT CO 3HAKOM PA3HOCTH Ctg % —ctg-
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M. N. Burdayev. The repositioning maneuver of artificial Earth satellite in a
circular orbit with the phasing coils trajectory.

ABSTRACT. The article describes a fundamentally new method for solving the problem of
calculating the flight time between two points of the central gravitational field of elliptic
and hyperbolic orbits. It as an independent variable instead of the linear elements—
semi-major axis or the focal parameter of the orbit —the angular parameter used (the
angle between the starting point radius vector between and initial velocity vector of the
trip). (In Russian).
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