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ORBITAL MOVEMENTS OF THE TRIAL BODY IN THE CASE OF
SMALL INCLINATION OF THE ORBIT TO THE DATUM PLANE

Keywords: dynamics, the orbits, the force field, the force function, the orbital parameters.

There is defined new space intermediate orbit which allows to simulate a task about movement artificial satellite
in a gravitational field of the central and external body. There is considered the case of a small inclination of an orbit.

The intermediate orbit falls into to the category of the far. It is noncentral and allows to develop rather simple
analytical theory of movement artificial satellite which is suitable for establishing the initial conditions and orbit
parameters with preliminarly chosen properties.

The creation of such theory gives the chance to predict driving of far artificial satellites in a gravitational field of
the central and external body, on the long-lived time frames as the solution of their differential equations does not
contain members of:

At, Btcosnt, Cte™,
types. 4, B, C are permanent sizes , t is times, # — const.
The force function of the second Hill s task is the basis for the new intermediate orbit [1]

U:E+lvr2+l(v’—v)22, 1)
r 2 2
| is gravitational parameter, v, v' are permanent parameters, which consider the movement of perigee and orbit
junction.
In (1) the first item there is considered the gravitational field of the central body, the remained items consider the
part of the gravitational field of the external body. Non centrality of the field of inclination is caused by presence of
the last member in (1).

In the given article [2, 3]z #0,2z>0, z = O(k2 ) is suggested in contrast to other researches . Assuming this,
(D itis:
1 1
U:£+—vp2 +—(v' —v)z?, )
p 2 2

p=+ x4 £ y2 , p are polar radius of trial body mass, z is z-axis of the same point.
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OPBUTAJIBHBIE JABU/KEHUS ITPOBHOI'O TEJIA B CJIYYAE
MAJIOT'O HAKJIOHA OPBUTHI K OCHOBHOM IVIOCKOCTH

Annotamusi. OmpezneneHa HOBas NMPOCTPAHCTBEHHAS IPOMEKYTOUYHAS OpOHMTAa, KOTOPAasl IMO3BOJLIET MOJC-
JTMpOBATh 3a1a4y o AsrkeHHH MIC3 B mone TATOTEHHS NEHTPANbHOTO M BHEHIHETO Tena. PaccmarpuBaercs ciydan
MAaJIOTO HAKJIOHA OPOUTHI MPOOHOTO TEIA K OCHOBHOM IIOCKOCTH.
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[TpomexyTodHas opOuTa OTHOCHTCS K pazpsay manekux. OHAa HEIECHTpAaIbHA M MO3BOJLIET Pa3paboTaTh JOCTa-
TOYHO TPOCTYI0 AHAJTHTHYCCKYHO Teopmro mpmkcHHa WC3, koTOopas mpurogHa A1 YCTAHOBICHHS HAYATBHBIX
YCIOBHH U TApaMETPOB OPOHTHI C 3apaHCC BEIOPAHHBIMA CBOHCTBAMH.

Co3aanne Takoil TCOPHHM AACT BOBMOKHOCTH NMPOTHO3HPOBATH ABWKCHHE Aanckux MC3 B mome TATOTCHHA
LEHTPATPHOTO M BHEINHETO TEJA, HA JINTCIBHBIX BPEMCHHBIX WHTEPBANaxX, TaK Kak pemicHus ux audepen-
IHATBPHBIX YPABHCHUHA HE COJCPKUT UJICHOB BHAA:

At, Btcosnt, Cte™,
rae A, B, C — MOCTOSHHBIC BEIHYHHEL, t — BPEMS, 17 — CONst.
B ocHOBY HOBOH MPOMCIKY TOUHOH OPOHUTHI TOJIOKCHA CHIIOBAS (DYHKIHA BTOPOH 3agaun Xua [1]

U:£+lvr2 +l(v’—v)22, )
r 2 2
I7e L — TPAaBUTAL[MOHHBIH MapaMeTp; v, V' — MOCTOSHHBIC MAPAMETPHI, YIUTHIBAIOINNC JBIKCHHE IICPHIEA M Y37Ia
OpOHTEHIL.

B (1) mepBoe crnaraeMoe YYHTBIBACT MOJE TATOTCHHA HEHTPATBHOTO TEIA, OCTABIIUECS CIATACMBIC YUUTBIBAKOT
YacTh IOJII TATOTCHHA BHEINHEro Telaa. HeleHTpambHOCTh IOJIA TATOTEHHUA OOYCIOBICHO HATHYUEM IOCICIHETO
yneHa B (1).

B mamHO#t CTaThe, B OTIMYHE OT APYTHX HCCTenoBammit [2, 3], momaraetcs z° # 0, z > 0, z = O(k 2) . C stum
JonywmeHueM (1) mpumer BuA;

poloo 1 2
=—+=vp " +=(Vv —v)z", 2
U >R 2( ) @)

p

/ 2 2 . .

e P =4/X" + ¥~ , p— NOJAPHBIA paguyc IEHTPA Macc MPOOHOTO TEMa, 7 — ANIIAKATA TOH S TOUKH.
K/noueBbie ¢J10BA: THHAMHUKA, OPOUTHI, CHIOBOC MOJIC, CHIOBAS (DY HKIHS, TIAPAMETPBI OPOUTHL.
Tipek co3aep: TMHAMHKA, OPOUTATIAP, TAPTHUTBIC O6Pici, Kyl ()Y HKIHACHI, OPOUTAIIBIK MApaMETPIICP.
Keywords: dynamics, the orbits, the force field, the force function, the orbital parameters.

[lycte mpoGHOE TEI0 coBEpIIacT OPOUTATPHOS MBIKCHHEC B TMOJIC TATOTCHHS [ICHTPAIBHOTO U BHEII-
HEro Teaa, Toraa AUGQECPEHIHATIPHBIC YPABHCHUS B LMIHHIPHUCCKOW CHCTEME KOOPAMHAT B COOTBET-
cTBHUH ¢ (2) UIMCIOT BH!

d’p (@) _U d{ ,a) _oU d*2z_oU

Pl = | == Z|P — > »
dt? dt op  dt dt oo’ dtt oz
rae U — cunosas QyHKUMS, p — MPOCKUMS PagUyca-BEKTOpa 7 Ha IIOCKOCTh (JXy, L — MOMSAPHBEIA VIO

(monrora), z — anmIuKaTa MPpOOHOTO TEA.
Hcnonsays (2), nepenuriem (3):

3)

d> o’ d d>
>p| | =-THwe 0720 S rnS e, 4)
p

dr? P dt di?

rae C — MOCTOsTHHAS MHTETPAJIa TUIOIIAACH.
Huddepennmansaeie ypapHeHU (4) TOMYCKAIOT HHTCTPAT SJHEPIHU

2
d 1
gr =2 E+Xp2+—(V'—V)ZZ+h , (%)
dt p 2 2
ITOT UHTErPal B IITOCKOCTH (JX) UMEET BUX
2
p2+—2:2—“+vp2+2h (6)
p

WA B CIy4ac 3/UTHIITHYCCKOTO Tuna ABMKEHUS A < 0, mostomy (6) MOKHO MEPEIUCATh B CICAYFOLICM
BUJE

dt = pdp
\/vp4 —2hp* +2up—C*?

. (M
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e G, (p) = \/ vp* —2hp? +2up —C? - nOAMHOM YETBEPTOI CTCIICHU, KOTOPBIH AN ACHCTBATE/IbHBIX

aswxennit (7,(p) > 0.

B cootBercTBHM ¢ Tcopemoti [eckapra [4] mMONMMHOM WMCET TPH MOJOKUTCIBHBIX M OJUH OTPHUIA-
TEIbHBIM KOPCHB

Oy >0, >0 >0,

rae Ol,— OTPULIATEIBHBINA KOPEHB.

G,(p) > 0 Ha aByX nnTepBaNax [4]:

Do, <p.p<a,, Moy <p=<a,.

Paccmotpum aprmkenne Ha nepsoM uaTepBane. [Ipeobpasyem (7) k HopmansHo# dopme Jlexanapa [5]

7! 2
i = e = ®)
1—k“sin” @ (0310l 47)
:0110142—012(14‘1 SZiHZ(P, 0<k*<1, ©)
Qyy — Oy SID O
s
mpu p=0oty, ¢=0; mpu p=oay, ?=7-
g2 = Sa%n o, =o, —o,, (,k=1234). (10)
03104

2
Boiaeass B8 (9) MOAy/Ip 3/UTHIITHYSCKOTO HHTErpajia k”, HAXOAUM BBIPAKCHUC IS P C TOYHOCTBHIO

O®):

P =Py JrkZpO2 +k4p04)(p+(kZp12 +k4p14)cos2(p+k4p24 cos4o, (11)
rac
O, OL 300, 002 4 1
Poo =0ys Poy =——-, Py Z%, P12 = Po2> Pis =5 Pos> Pas =7 Pos-
205, 803, 3 3

IMoacrasus (11) B (8), HHTErpUPYS OT HYJM A0 BEPXHUX MCPEMCHHBIX MPEACTIOB, HMCEM VPABHCHHE
BPEMEHH

1=ty +k’ty, + k)0 + (Kt +k*t,)sin 20 + k*t,, sin 4o, (12)

[JC (p — MPOMEIKYTOUHAS ICPSMCHHAS, t — BPEMSI.
IMone3ysice uaterpanom mromaaci (4) u (11), Hafinem

L = (Vg +k2002 +k4004)(p Jr(kZo12 +k4ol4)sin 2(p+k4024 sin4@, (13)
rac
C C p
Voo =5 fo0> Vo2 :T[Zoz — 2ty ﬁj,
Poo Poo Poo

8 3 1
Vo4 = T{poofm = 2pyatip = 2pPoy — 2goPo4 +—[p§2 +_p§1JZ00}’
Poo Poo 2

C
Ly = T(lepoo ~P1aloo) >

Poo
C 1 (3pgp 1
Vig :T|:Zl4 _—(M—Zpozfuj_—@mloo +P12 ) |
Poo Poo \ Poo -
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C 1 3
Vo = 5| haa ™ 20, (plztlz +Poslgg) +—— P Lo |» oo = ePoo-
Pao 8P oo

9 1 1
lyy = L« +— Toa = s +— , by = e — - ,
02 =M [poz poo} 04 — H [poz 3 poo} 2 =UH > [pIZ 5 poo}

1 1 3
Ty = Hx 2[914 5P _Ep Epoz} lyy = M*Z[pm +apoo)

IMpuaumas Bo BHuUManue (12) wu v'=—3, D—const, D <0, nepenumem MocicaHee

muddepeHIHANBHOS YpaBHEHUE U3 (4) B CICAYIOMEM BUC!

d2

d—"‘{(CIoo"‘k Gor) + kg cOS20}z = (14)
¢

rac
w+D uw+D
Qoo = —ZPOOUSm 902 =7 Voo (202P00 +P02V00) -
C C
+D

1
G2 = 7000 (4PgoV12 +P12Vg0) -

<~ 2
Ilycte HakgOH OPOMTHL K OCHOBHOH ILIOCKOCTH Mam, HO z~ > 0, z > 0, Torma pemenne aupdepeH-
nuansHoOro ypasHenus (14) B cooTseTcTBHH |5 ] HMeeT BUA:

z =24, c08(Co+e)+k*zy, cos[(C +2)¢p +e]+k*z,, cos[(C —2)p +e], (15)
Tac

1/2 1
= {1+[(¢Io _1)2 _%]1/2} > o = 9o +k2%2> q :Ek2%2>

q12 Z00912 2
Zay =4, 8, =2 s Gy = , Zog =0(k7),
00 12 00 b ,—00 22 _(—)4 5 b 00

Zoo ¥ € — IOCTOSTHHBIC HHTCTPUPOBAHHUSL.

Takum 00pa3oM, Ha MIEPBOM HHTCPBAJIC ABHKCHHS MPOOHOTO Te/ia B MOJIC TATOTCHUS LCHTPAIBHOTO H
BHCIIIHETO TE/Ia MBI MOJYYHIN SBHBIC 3aBUCUMOCTH HWIMHAPUYCCKAX KOOPAMHAT HPOOHOTO TENa, Kak
dbyskiun Bpemeru Boipakerusyu (11), (13), (15) mocpeactsom (12). 3akoH ABMKSHHUS MPOOHOTO TSI HA
BTOPOM MHTCPBAJIC MOYKHO MOTYYUTh AHATTOTUYTHO, HCIIO/IB3YS PAa3pabOTaAHHY IO BBILIC METOAUKY .

JUTEPATYPA

1 Hill G.W. On intermediary orbits the Lunar theorie // Astronomical journal. — 1897. — 8.

2 IMurubaes M./JI. TloctymatenpHoe JBUKEHHE ITACCUBHO PABUTUPYIONIETO Tejla B IIEHTPAILHOM U HEI[EHTPAIbHOM II0JIe
TroTeHus. — AaMaTer, 2001. — 128 c.

3 IMuuubace M.JI., Eceno E.K. OpOuranbhsie apuxkeHus 6muzkoro UC3 B HecTaIMOHAPHOM IIOJI€ TSTOTEHUS 3eMIIU. —
Ammater, 2009. — 90 c.

4 Kopu I'., Kopu T. CripaBouHUK 110 MaTeMaTHKE JIISl HAy YHbIX paOOTHUKOB U UHXeHepoB. — M.: Hayka, 1973. — 831 c.

5 Yebotapes " A. AHayMTHYECKHE U YUCICHHBIE MeTO/IbI HeOecHoH Mexanuku. — M.-JI.: Hayxka, 1965. — 367 c.

REFERENCES

1 Hill G.W. On intermediary orbits the Lunar theorie. Astronomical journal. 1897. 8. (in Russ.).

2 Shinibaev M.D. Postupatelnoe dvigenie passivno gravitirueshego tela v centralnom i necentralnom pole tyagoteniya.
Almaty, 2001. 128 p. (in Russ.).

3 Shinibaev M.D., Esenov E K. Orbitalnye dvigenya blizkich ISZ, v nestazionarnom pole tyagoteniya Zemli. Almaty, 2009.
90 p. (in Russ.).

4 Korn G., Korn T. Spravochnic po matematice dlya nauchnih rabotnikov I ingenerov. M.: Nauka, 1973. 831 p. (in Russ.).

5 Chebotarev G.A. Analiticheskiy I chislenniy metodiy nebesnoy mecaniki. M.-L.: Nauka, 1965. 367 p. (in Russ.).

— |4 ——



ISSN 1991-3494 N 4. 2014

Pesiome

M I Hlemwibaes’, A. A. Bexos!, C. C. ,ZZaszzp6el<oe2, E. szmaﬂ6ekoe2,
K. C. Acmemecosd’, J . Ocinbexosa’

(' Axamemux ©. M.CY/ITAaHFA3HH ATHIHAAFE FapeIIITHIK 3epTTeytep HHCTHTYTH, AK «¥F3TO», Amvarsr, Kasakcran,
*Crip-Japus yrusepcurerti, XKericait, Kazakcran,
*K. U. CorbaceB arpiHnarsl Kazak YWITTHIK TCXHUKATBIK VHUBSPCHTETL, AMathl, Kazakcran)

CbIH JEHECIHIH HEI3['T KA3BIKTBIKKA A3 MOH/II KOJIBEY
KAF TJAUBIHTAFBI OPBUTAJIBIK KO3F AJIBICTAPBI

OpTanbIK )KOHE CHIPTKBI ACHCICPIIH OpICiHAC OPOHUTABIK KO3FAIBICTAFbI ChIH JCHCHIH KACHCTTCPIH CHITATTAY IIBI
’KaHA OPTAIBIK OPOUTAHBIH MATEMATHKAIBIK MOCTI KYPBIIIBL.

Herisri &a3bIKTBIKKA a3 MOHZL KelO€y >KaFrmalbIHAAFBl OPOMTANBIK KO3FANBICTAP IMJIMHIAPIIK KOOPIHHATTHIK
JKyi#eae KapacTeIpbuiasl. Opraiblk OpOUTa HETi3iHAC aabIc opOuTanapapl cumartaiasl. OpOuTa ChIH ACHCCIHIH Mac-
CaJIBIK IICHTPIHCH OTICHTIH TPABHTAIIMAIBIK KYIITCPAl CCCIKE AIATHIH OOJFAHABIKTAH, aJ1 KAy BIMBI3IIA KAPATaibIM
aHaMTUKAIBIK Teopus asceiHaa JKOKC OacTanmkel KO3Faiay IMApTTAPBIH MKOHE ANIBIH alla JAHBIHIATIFAH KACHETTEPIe
calt mapaMeTpaCpal OpHATYFa KeMEk Ocpedi. MyHOal TCOpPHA OPTANBIK MKOHE CBIPTKBI JICHCIICP OpiCiHAC Keoey
opouTansik AOKC-Tepain Ko3ramsIichl O0pKayFa MyMKIHIIK Oepeni. bomkay kenmMep3iMai yaksIT HHTEPBATIAPBIHIA
skapaMabl 00JAabI, 6MTKCHI OYJ1 JKaFAalFa call ska3purraH Au(epeHIHANIBIK TCHACYICD MICITIMACPI apaiac »KOHS
CCKY JIPJIBIK MYIICICPCi3

At, Btcosnt, Cte™
skaseiaabl, MyHAa A, B, C, n — const, t — YakpbIT.
JKana corsuFaH OpTaNblk OpOWTa HETi3iHEe XMIIbIH EKIHII eceOiHAeri Ky (yHKIMACH KoHbUFaH [1]

1 1
U:E+—vr2+—(v’—v)22, 6))
r 2 2
MYH/IA | — TPABUTAIMSIIBIK IIAPAMETP; V MEH V' — OpOUTa TYHIHIMEH IEPUTCHI €CENKE Ay Ikl TYPAKTHLUIAP.
(1)-mmi epHEKTETI OipiHII MYTIIC OPTANBIK ACHCHIH, a1 KAJIFAH MYIICTICP CBHIPTKBI ACHCHIH OCCPIH CCCTKE ATazbl.
Byn Makanama 6acka seprreyiepre [2,3] KaparaHmarsl adBIpMambiteFel z- = 0, z > 0, z = O(k 2) wone (1)
OBLIAH TYPIICHE !

1 1
U:£+—vp2+—(v'—v)22, Q)
p 2 2

MYHOa P = W/x2 + y2 , P, Z — IOJIIPJIBIK PaguyC, alILIAKATA.
Tipek co3aep: THHAMHKA, OPOUTATIAP, TAPTHLTBIC O6Pici, Kyl ()Y HKIHACHI, OPOUTAIBIK MapaMETPIICP.
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MATHEMATICAL MODELING AND GETTING CRITERIAL EQUATIONS OF DRYING PROCESS
AND LOOSE GRANULAR MATERIALS IN THE DRYING DRUM WITH MIXED MODE
OF THERMAL TREATMENT

Keywords: drying drum, grade, thermal treatment, mixed mode.

Criterial equation, which will allow to calculate the constructive parameters of the dry unit, capacity and rational
technological parameters of the drying process as a result of mathematical processing of experimental studies of bulk
and granular materials drying process in drying drum with mixed mode of thermal treatment is obtained, the equation
describing the process of drying within the mixed mode of thermoprocessing, i.c. direct and counter flow movement
both of the drying agent and material.




