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SOME FEATURES OF GEOSTATIONARY
SATELLITES ESSEMBLAGE

Abstract. Geostationary satellites (GSS) are actively used in many different fields of activities. There are more
that 1700 currently operational GSS. Most of them could be considered as space debris. In this paper we present raw
criteria which can be used to specify if the satellite indeed belongs to GSS assemblage. Classification of GSS using
three criteria (correctable, librating, drifting) is provided. The approximate formulas based on theory of motion of
simple pendulum with two points of stable equilibrium for analysis of longitude behavior of the non-operational
GSS (librating, drifting) are provided. Statistic of GSS distribution over three classes for period of 2016 is given.
The evolution of GSS orbital plane for two periods of date is shown. We came to conclusion that avalanche like
degtruction of the geostationary zone due to dangerous encounters of GSS is likely will take place near longitude
75"
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HEKOTOPBIE XAPAKTEPUCTUKHN MHOKECTBA
I'EOCTAIIMOHAPHBIX CITYTHUKOB

AnHoTtamusi. B Hacrosmiee BpeMsl HAa3eMHBIMH IYHKTAMH HAOMOACHWH COMpoBOXIaroTCs Oomee 1700
reoctanuoHapHbIX CIyTHHKOB (['CC). BoONBPIMMHCTBO W3 HHUX SBLTIOTCA KOCMHYCCKHM MycopoM. B crarse
Cc(hOpMyTHPOBAHEI OPHCHTHPOBOYHBIC KPHTCPHH, MO KOTOPHIM JAHHBIH MC3 MOKHO CUHTATh TCOCTAHOHAPHBIM.
Bce I'CC MOKHO pa3meawTh HA TPH KJIACCA — KOPPCKTHPYEMBIC, THOpPANHOHHEIC, ApcH(yromme. JaHBI mPOCTHIC
mpuOMIKCHABIC (DOPMYJIBI I aHAMH3a NOBESACHHA A0MTOTH HeympaBmsiemblx [ CC  (MMOpamHOHHBIX H
IpeH(yromuX) HA OCHOBC TCOPHH IBH)KCHHS MATCMATHYCCKOTO MAATHHKA C JBYMS TOYKAMH YCTOHYHBOTO
pasaosecus. [IpusencHa cratuctuka pacmpeaencuust ['CC mo tpem xmaccam Ha Hawano 2016 roga. Ilokaszana
sporonus Iurockocta opour I'CC mHa aBa murepBama aar. CaenaH BBIBOA O TOM, YTO JIABHHHOE Pa3pyLICHHC
00BEKTOB B I'COCTAMOHAPHOH 30HE 3a CYET OMACHBIX COMIDKCHUHM C OONBINOH BEPOSTHOCTHIO HAYHETCS BOIU3H
momrots 75°.

KimoueBnbie c10Ba: TeOCTAITMOHAPHBIN CITY THHK, YBOJIFOLMS OPOUT, KOCMHYCCKHI MyCOp

OOBIMHO 0] MHOKECTBOM reocraruoHapHbiX ¢cmyTHUKOB (I'CC) MOHUMAIOT KOCMUYSCKUE OOBEKTHI,
UMCIOIINE Tepuoa oOpaiieHuss BOKpPYyr 3emuu OT 22 10 26 4acoB, HAKIOH IUIOCKOCTH OPOWTHI K
miockocTn 3KBatopa He Gomee 15° u sxcuentpucurer g0 0.15. YKasaHHBIC MpPEACTbl HE SBISEOTCS
oOmenpuHiaTeiMA. B Hacrogmee Bpems B katanoru ['CC BKIHOUAIOT Takve OOBEKTHL, KOTOPBIC TPYIHO
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OTHECTH K TCOCTALIMOHAPHBIM WM JAKE TCOCHHXPOHHBIM, HO KOTOPHIC CIOCOOHBI MEPHOIUYCCKU
MMPOXOAUTD BONHU3H I€OCTALIMOHAPHOM 30HHI, [1-3].

[Nepron obpamenns nacamsuoro 'CC cocTaBmsier poBHO OXHH 3BE3AHBIC CYTKH, Wi 1436.0682
MHHYT COJIHCUYHOTO BPEMEHHM, & OKCLCHTPHCHUTCT M HAKIOH IIOCKOCTH OPOHTHI K IIOCKOCTH 3¢MHOTO
sKkBaTopa paBHe Hymr0. [Ipu Takux mapameTpax KOCMHUYECKHH OOBEKT B TFOO0H MOMEHT BPEMCHU OyIeT
HaXOAUThCA HAJ OJHON U TOH K€ TOUKOM 36MHOM MOBEPXHOCTH, HNPUUEM CaMa 3Ta «IMOACITyTHHUKOBAsS»
TOYKA PACIONIOKEHA Ha 3¢eMHOM 3kBatope. [pmwkenue peansHoro I'CC Beerga oTnngacTes OT HACATBHOTO
MO0 MHOTUM NpHYHHAM. [7aBHbIC W3 HHUX — CpaBHTALMOHHBIC Bo3MyweHus oT Jlynel, ConaHua u ot
BBICIIMX FTAPMOHHK B Pa3I0>KCHHH TCONOTCHIHATA.

Bce I'CC moxkHO pazmenutes Ha TpU OONBIIMX KjIacca: KOPPEKTHPYEMbIC, THOPALMOHHEIC U
apetidpyromume. Koppexktupyembie ['CC — 3710 paboTaromme CHOyTHHKH, KOTOPBIC YACPKUBAKOTCS HA
3aJaHHOW JOJIroTe ¢ HOMOLIBIO COOCTBEHHBIX Apurarcnci. CpeaHHH MEPUOJ MEKAY KOPPEKLUAMH —
okomo 2 - 3 mecanes. Ha wmHTEpBamax BpeMEHHM MEXKIY KOPPEKIHIMH OHH JBHMIAIOTCA IO 3aKOHaM
JIUOPALIOHHBIX CITYTHUKOB.

[Nomasnsromee GonpmuHCTBO THOpamMoHHbIX U Apetidyromux ['CC — 310 OpoleHHBIC MACCHBHEIC
CIYTHUKH, TPSACTABIMIONING COO0H (hparMeHTh KOCMHUYECKOTOo mycopa (space debris). petidyromue
COVTHUKH BCETJa ABHUTAIOTCA B OJHOM HANPABICHUH, C BOCTOKA HA 3amaj WIH C 3amaja Ha BOCTOK.
Jlu6pammonnsie I'CC copepmaroT konebaHus MO JOIATOTE OKOMO OZHOH M3 ABYX TOYCK YCTOHYHUBOTLO
pasHosecus. [lonoBuHy meproaa OHH ABUTAKOTCS C BOCTOKA HA 3amaj, U MONOBHHY EPHOJA — C 3aMaja Ha
BOCTOK.

IMox monroroit 'CC monmMmaeTcs BOCTOYHAS AOITOTa MOACIYTHUKOBOH TOYKH HAa MOBEPXHOCTH
3emmu. Ecnm u3BecTeH «MrHOBeHHbIH» mHEpUManbHbIH mepuon obpamenns ['CC Boxpyr 3emmu, 1O
CKOPOCTh H3MEHECHHS AOJITOTHI (Ipeiid Mo JONroTe) B AAHHBIH MOMEHT MOKHO BRIYHCIHTE IO GopMmyre:

D =360 1440

—1.0027379093 | rpas/cyTu,

s
snece Py — cumepuueckuii mepuog obpamenus ['CC B mMuHyTax comHedyHOro Bpemenu. Ecmm
P,=1436.0682, o D = 0. Ilpu D < 0 00BeKT B AaHHOE BpeMs ApeHdyeT ¢ BOCTOKA Ha 3amaj (Ioirora
yosiBaeT), mpu D > 0 I'CC aBmkeTcs ¢ 3amaja Ha BOCTOK (goJarota Bospacrtact). Eciiu mHEpUMa bHBIH
nepuo Py i3MepaTh B MEHYTaX 3BE3THOTO BPEMCHH, TO (hOpMyJia MPUMET BH

D =360- lj.ﬁ—l -1.0027379093

S

Pe3oHaHCHOC BIWSHHE JOATOTHBIX WICHOB B PA3I0KCHUHM TCOMOTCHIMAIA, MPEKAC BCErO
CCKTOPHAIBHOH TapMOHHUKH Jy,, MPUBOAUT K TOMY, YTO HA TCOCTAI[HOHAPHOH OPOUTE HMMEIOTCS ABa
YCTOWYMBBIX MOJIONKCHUSI PABHOBECHS C JOJTOTAMH A = 75° u A, = 255" (OHH K€ TOYKH TUOPAIINH), U JBA
HEYCTOMUMBBEIX TIOJIOXKEHHMS, OTCTOSIIMX OT YCTOMumMBEHIX Touek mnpumepro Ha 90°. Ilepsas Touxa
nubpammy GMH3Ka K JOIrOTE ABYX aCTPOHOMHUCCKHX obcepsaropmii BOmmsu r. Ammarer (L = 77°) m
nyrkra «Caxenp-Cy, r. ITpuosepex () = 73°). Bropas Touka 6mmska k cpeaueii gorore CITIA .

J1s yOpoIne HHOM TPEXOCHOH MOACTH 3eMIH 3aBUCUMOCTh A0AroThl A maccuBHoro I'CC ot BpemeHH
JOCTATOYHO XOPOIIO ONHUChIBACTCs Tu(HEePeHIMATPHBIM YPABHCHUEM THIIA YPABHCHHUS MATCMATHUCCKOTO
MAaITHHKA HA JKCCTKOM HECBCCOMOM CTCpKHE, [3]:

2 2
d f+&-sm(2(,1—,g))=o, (1)
dt 2
rae A, = 75° wm 255°. Jlna mac ymoGmee Gpare mepsoe 3HaucHue, &, = 75°. Tlapametp D, = 0.437
Ipaf/CyTKU UMEET CMBICT KpUTHUecKoro apeiida, [1,2].

Petienne 3T0r0 ypaBHEHUS BRIpAKACTCS uepes samunruucckue Gyukuuy, [3,4]. Beeaem creayromue
obosuaucHus. [lycre Dy = (dA/dl), — npetid B HauambHBIH MOMEHT fy, Ao — monrora I'CC Ha 31OT ¢
MOMECHT. JTH JBa MapaMeTpa ONPSACISIOTCS W3 HAOMIOACHUUN M HrParOT PONib HAYAIBHBIX yCIOBHHU. B
pamkax mozemu (1) maxcumaneHeiii apetigp I'CC no momrore D, T.. ecTh Apelid NmpH HMPOXOKIACHHH
KaKOW-TN00 TOUKU THOPALINH, PABCH:

D, =+DZ +D?-sin*(1, - 4,); ®)
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IDTOT mapaMeTp BBHIYHC/LICTCS MO HadanabHbIM ycjoBusiM. @Dopmyna (2) BepHa kak s
AUOpALMOHHBIX, TaK W I APCHQYIOMUX COyTHUKOB. 3Hak D, coBmaaaer co 3Hakom Dy [ns
koHkperHoro naccuBHOro I'CC mMoay b D, MOCTOSHEH U MOXKET CITYKUTh OJAHOH M3 €r0 XapaKTCPUCTUK.

Hanee 0603HAYNM:
72

= (D, /D) ki =1k: K(k)= IL ,
o A 1=k sin’ ()
rae K(k) — monHbIi >munTrdeckud uHTErpan 1-ro poga. s ero BEIMHUCICHHUS MOYKHO BOCIONB30BAThCS
aIropuT™MaMH, U3I0KCHHBIMU B [5,6]. Pexkum npemwxenus naccuBHoro ['CC 3aBuUCHT OT 3HAYCHUS
napamerpa k.

[Tpu £ < 1 — mubpaunonnwiii pexum. Honrora I'CC cosepruaeT neproanveckue KoneOaHUsS OKOIO
omHOM m3 ABYX Touek mmOparmm: 75° wmm 255°. Ammmatyma A (rpax) m mepmox P (CyTkm) >THX
kosiebaHui onpeaesores GopMynamu:

A =157.29578 - arcsin(k);, P

3)

_ 4K -57.29578 4

k
[NapameTpel A U P taxxke SBISIOTCS XapaKTEPHCTHKaMU KOHKpeTHoro ymbpaunnonHoro ['CC, ux
MO3KHO KCIOJB30BATH I HACHTH(PUKAIMYU 00BCKTA.
Ipu £ > 1 — ppetidyrommii pexuM. [leprox n3MEHEHU JOATOTH ONpeAenaeTCs GOPMYIIOH:

b 4K (k)

-57.29578 (cyTkn) %)
m

Peanproe nmkenue ['CC nemuoro oriauuactes oT Moaeau (1). OCHOBHBIC OTHYMS:

— dopmyast (4, 5) garoT 3aBbieHHBIH Tepuox uamMeHeHus Aoarotel 'CC. Yactuuno sTOT
HEJOCTATOK MOXKHO VCTpaHWTh Bapuanued mapamerpa D B mpeaenax ot 0480 mo 0.437 (mepsoe
snaucHue — g auoOparmonasix ['CC ¢ veOombiioi ammiuty o, Bropoe — it ['CC ¢ MakcuMaabHBIM
JpetidoM, OMH3KHM K KPUTHISCKOMY 3HAUCHHIO);

— ONMrOTH ABYX TOYEK HEYCTOMUMBOrO paBHOBECHs B AciicTsutenpHOCTH pashbl 161° u 348°, [1], a
e 165° u 345°, kak 310 cneayer u3 ypasuesus (1).

B Hactosimee Bpemst (2016 r.)) B AOM® umeercs aoctarouno monusii karanor ['CC, coaepxanmuit
opOuTanbHy0 U uHYIO HHpopManuoo npumepro o 1700 odbvekTax. s CONPOBOXKACHUS U TOCTOSTHHOTO
OOHOBJICHHS KAaTajora HCIOIB3YIOTC COOCTBCHHBIC HAOMOAeHWs W HMHPOpPMALUSA W3 BHEIIHUX
UCTOUHUKOB, |7-9]. Hmxe nmpuseacno pacnpenencuue ['CC nmo knaccam Ha Havano 2016 roma. B ckoGkax
JaeTCs MPOLECHT AAHHOTO KJIACCA OT OOLIET0 KOMNYECTBA OOBCKTOB, BKIIIOUCHHBIX B KATAIIOT.

Krnace C — xoppextupyemsie I'CC (26%). Oxono 2/3 13 HHX KOPPEKTHUPYIOTCA B IUIOCKOCTH
3KBATOpPa, TO €CTh VACPKUBAIOTCA HA TMOCTOSHHOH JONroTe HW Hynesod mmpote. OcraibHbie
KOPPEKTUPYIOTCA B IIIOCKOCTH cOOCTBCHHOW oOpOuTH. OHH VACPKUBAIOTCA TONBKO IO JOJIrOTE, a
IUTOCKOCTh OPOUTEHI 3BOTIOLIMOHUPYET IPUMEPHO Tak ke, kak y naccupHbix ['CC.

Knacc L — mu6parmonnsie I'CC (13%), n3 Hux 3/4 npuraxnexar touke 75° (kmace L1), n Toneko 1/4
— touke 255" (kmacc L2), T0 ecth nmeeTcs sBHas acummerpus. Ilepron xoneGanuit mubparmonnsix I'CC
MCHSICTCA OT 2 A0 6 JICT, aMILTUTY A — 10 85",

Knacc D — gpeiidyrouue I'CC (61%). Ilpumepro 2/3 U3 HUX MOCTOSIHHO JBUTAKOTCS C BOCTOKA Ha
samag (knacc D1), u 1/3 — B oOparHom HampasiaeHun (kiaace D2). Ioutu Bee 3TH 0OOBEKTHI MPEACTABIISIOT
co00H KOCMHYECKHN MYCOP ¥ HaXOIATCS HAa TaK Ha3bIBACMBIX «OPOHTAX 3aXOPOHECHHS», BBIIIC WITH HIKE
reoctanoHapHod 3oHbl. OQanako MHorue w3 Apeidyrompx ['CC ¢ GonbmMMH 3KCHEHTPUCHTETAMU
CHOCOGHBI MPOXOANUTH BONM3U TCOCTALIMOHAPHOH 30HBI HIIH MEPECeKaTh ec.

CyiecTByeT Tak:ke HEOOMbIIOS KOIHUECTBO 00BeKkTOB (MeHee 1%, kmacc L3) ¢ makcumanbHbIM
apetihoM, Omu3kuM K Kputmdaeckomy. Ilog BO3AEHCTBHEM JIYHHO-COJTHCYHBIX BO3BMYLICHHUH OHH
CHOCOOHBI IEPEXOIUTh U3 OOHOH TOUYKH THOPALMU B APYIVIO, THOO BPEMECHHO MCHATH PEKUM JBIKCHHUS
¢ aubpaimoHHOro Ha apendyroumit u ooparHo. [Ipu ABMKEHHH B THOPAILIMOHHOM PEKUME AMILIUTYAA
auGparmu g rakux I'CC npeseimact 85"

[Monoxenne mmockoctr opdutel ['CC 3amaeTca AByMS mapaMeTpaMH: i — HAKIOH IUIOCKOCTH OPOHTEI
K IUIOCKOCTH 3€MHOTO 3KBAaTOpa, W {2 — AONTOTa BOCXOAALICTO y371a OPOHTEL, OTCUHTHIBACTCS OT TOUKU
BCCCHHETO PaBHOACHCTBHL.

Kak wzBecTHO, ecaw Temo BpammacTcs, ¥ Ha HEro ACHCTBYIOT BHCIIHHE CHIIBI, TO ILIOCKOCTh
BPALICHUS 3TOrO TENA HAYMHACT MCIJICHHO MPELIECCHPOBATh BOMH3H HEKOTOPOH OCHOBHOH ITOCKOCTH.
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