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MarucTpaHT 2 Kypca Kadeapsl «Kocmuueckasi TeXHUKa U TexXHO0ruu» EBpasuiickoro
HaloHanbHOro ynusepcurera uM. JI. H. I'ymuneBa, Acrana, Kasaxcran
Hayunsbni pykoBoguresns — Amypos A.E.

CoBpeMeHHasi KOCMUUECKasi 0TPac/b CTA/IKMBAETCs C MPOOIEMOI yBeUueHHsl KOTHUeCTBa
KOCMHMUECKHUX arapaToB U HAKOTIEHUsI KOCMHUUECKOTO MyCOpa Ha HU3KMX OKOJIO3€MHBIX OpOHMTax
[1]. B cBs3u C 3TUM BO3pacTaeT BePOSTHOCTb CTOJKHOBEHUS (YHKLIMOHHMPYIOLIUX CIYTHHUKOB C
JOPYTUMH CITyTHUKAaMU WM KOCMUUeCKUMU OObekTamu. OcoOeHHasi OMacHOCTh TPeCTaB/ISIeTCsI
riepe/i KOCMHUYECKMMH ariiiapaTamMu Moc/ie OKOHUAHHsI CPOKa CTy»KObl, TO eCThb MPH CIycKe ¢ paboueit
OpOUTHI.

Puick cronkHOBeHUst KA TpU CIycKe 3aBHCHT OT HECKOJIBKUX KJTFOUEBBIX ITapaMeTpOB:

TUVIOTHOCTD pacripefiesieHusi 00beKTOB KOCMUUECKOr0 Mycopa B 30He CITyCKa;
OTHOCHTe/IbHasi CKOPOCTb ABMKeHUs1 KA 1 Ipyrux o0beKToB;

MpOAO/DKUTE/IBHOCTE HAXOXKIEHNUS KA B 30Hax MOBLIILIEHHOTO PHUCKa;

JIOCTOBEPHOCTh MPOTHO3HBIX JJaHHBIX O TPAEKTOPUH /IBH)KEHHsI BCTPEUHBIX 00beKTOB [1].

[ToosToMy Ba)KHBIM acCIeKTOM KOCMHUYEeCKHMX OIlepalyyd —SIBJSeTCs  IJIaHUpOBaHue
yTIpaBJIsieMOro CIyCKa arraparoB Moc/Ie 3aBepllieHHst UX CpoKa C/1yKObl, uTo TpebyeT TiaTeIbHOro
aHa/M3a BO3MOXKHBIX DHUCKOB CTONKHOBeHUsi C fApyrumu obwekramu [3]. Ilpu cmycke KA
HeoOXO0ZMMO yUUTBHIBaTh IUIOTHOCTb paclipefie/ieHus KOCMHUECKUX OOBeKTOB, MaHEBPEHHOCTb
amnrapara ¥ BO3MO)XHOCTb YKJIOHEHMs OT MOTeHLMalbHbIX yrpo3. Ha puc. 1 ykasaHa IJIOTHOCTb
00BbeKTOB 10 BbICOTaM WX OpOUT, B3fATasg C OQULMaTbHOrO caita KocMuyeckux cun CIHA,
OTBEUAIOIMX 3a MOHHUTOPUHI KOCMHUeCKMX 00bekToB. Tak Kak BbIicOTa pabodedd opOUTHI
Kocmuueckoro arnmapara KazEOSat-1 B 750 kuinomeTpoB, Bo3bMeM HH(OpPMAaLMIO O IJIOTHOCTH
HauuHas C BBICOTHI B 750 KU/IOMETPOB.
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PECI'IPBHEHBH“B KOCMHWYECKWX 0DBeKTOE NO BbiCcOTaM
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PucyHok 1 - I110THOCTB pacrpeiesieHust KOCMUYeCKHUX 00beKTOB Ha OKOJI03eMHOM
IIPOCTPAHCTBeE I10 BbICOTAM

Tak >ke He0OX0AMMO BU3YasbHO TPe/[CTABUTh BO3MOXXHOCTh PUCKA CTONKHOBeHUs. Ha puc. 2
yKa3aHo M300pa’keHue BepOSITHOCTH CTOJIKHOBEHUS IBYX KOCMHUUECKHUX 0ObEKTOB Ha OKOJI03eMHOM
TIPOCTPAHCTBE, PUCK CTOJIKHOBEHUSI BO3HUKAET B C/ydae, eC/ii OPOUTHI IBYX 00BEKTOB MPOXOAST B
OTIaCHOM OJTM30CTH APYT OT ApyTa.

PucyHok 2 - MI306pa>keHre prcKa CTOKHOBEHHS IBYX KOCMUYECKHX arapaToB

OpuuM n3 3((HEKTUBHBIX MHCTPYMEHTOB [I/isl TIPEJIOTBPAI[eHUs CTOJIKHOBEHU OOBEKTOB B
KOCMOCe SIBJISIeTCsS CUCTeMa aHa/iM3a MOTeHLMa/lbHbIX CTonKHOBeHMM Conjunction Data Message
(CDM) — MexAyHapoJHbI CTaHgapT oOOMeHa [JaHHBIMH, TIO3BOJISIFOIUN TTPOTHO3UPOBATh
KpUTHYeCcKHe COMKeHUs1 00beKTOB 1 OLIeHMBAaTh BEPOSITHOCTh UX CTOJIKHOBeHUs [4].

Wcnonb3oBanne CDM-daiiioB B coueTaHUM C MOJe/sMUA pacripefie/ieHusi KOCMUUeCKUX
00BEKTOB T103BOJISIET CYIIIECTBEHHO TOBBICUTh TOYHOCTb PacueToB U CBOEBPEMEHHO IPUHUMATh
pellieHrst 0 KOPPEKTUPOBKe TPAeKTOpUH ciycka. dopmar Takoro cooOITieHust yKa3aH Ha puC. 3.
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<?xml version="1.0" encoding="UTF-§"7=

<cdm xmins:xs="http/'www. w3.org/ 2001/ XMLSchema-instance™”

xmins:ndm="urn:ccsds: schema ndmxml”
xsi:noMNamespaceSchemal.ocation="https://sanarcgistry.org/r/ndmxml_unqualified/ndmxml-2.0.0-master-2. (. xsd"
1id="CCSDS_CDM_VERS" version="1.0">

<header=
<COMMENT=5ample CDM - XML version</COMMENT=
<CREATION _DATE=2(10-03-12T22:31:12.000</CREATION_DATE=>
<ORIGINATOR=ISPOC</ORIGINATOR =
<MESSAGE FOR=SATELLITE A</MESSAGE FOR>
=MESSAGE _ID=20111371985=/MESSAGE_1D>
</header>
<body>
<relativeMetadataData=>
<COMMENT=Relative Metadata/Data</COMMENT =
=<TCA=2010-03-13T22:37:52 618=TCA>
=MISS_DISTANCE units="m">715</MIS8 DISTANCE=>
<RELATIVE_SPEED umits="m/s">14762</RELATIVE_SPEED>
<relativeStateVector=
<RELATIVE POSITION R wmits="m">27 4</RELATIVE POSITION R>
<RELATIVE_ POSITION_T units="m">-702</RELATIVE_POSITION_T=
<RELATIVE POSITION N units="m">7] 1 8</RELATIVE POSITION N>
<RELATIVE VELOCITY R units="m/s">-72</RELATIVE VELOCITY R>
<RELATIVE VELOCITY T units="m/s">-14692 0</RELATIVE VELOCITY T=
<RELATIVE_VELOCITY N units="m/s">-1437 2</RELATIVE_VELOCITY N=
</relativeStateVector=

PucyHok 3 - ®@opmat daitia CDM 110 pUCKYy CTOJIKHOBEHHH ABYX KOCMUUECKUX 00HEKTOB
CDM-(aiin copepXuT HWHPOPMALMIO O [JIBYX KOCMHUYECKHX OOBbeKTaX C pPHCKOM
CTONIKHOBEHUSI — 3TO ()YHKLIMOHUPYIOLUM CITyTHHUK C BO3MOKHOCTBIO YK/IOHEHUSI U BTOPOil 0OBeKT,
OueHb YaCTO KOCMUUECKHI Mycop. B 3ToM (aiisie IpUCYTCTBYIOT Clefytolue fjaHHble [4]:

@ BpeMs, OTHOCHTeJIbHAsI CKOPOCTh JIBYX 0OBEKTOB MPH CTOJKHOBEHUH;
@ opOuTanbHbIe TApaMeTPhbl 00BEKTOB;

@ OLeHKY BepOSITHOCTH CTOJIKHOBEHUS;

@ /10BepUTe/IbHbIE UHTEPBAJIbI OIIMOOK B MPOTHO3€e TPaeKTOPHH;

@ peKoMeH/aluWK 10 NPOBeIeHUI0 MaHEBPOB YK/IOHEHUSI.

Jlnsi pacueta BepOSTHOCTH CTOJIKHOBEHWS Pa3/MuHble KOMIIAHHUM HWCTIO/B3YIOT pa3Hble
rporpaMMHble obecrieueHHsT BK/IOUawonue B cebss Oosiee  [eTasM3WpOBaHHbIE [aHHbBIE O
coOCTBeHHOM KOCMHUECKOM amrapaTe. TeM He MeHee MOXXHO HCIIO/b30BaTh M COOCTBEHHOPYUHO
HamnMCcaHHble CKPUIITHI /11 pacueTa pyUcka CToJIKHOBeHus (probability of collision).

dopmyia AJ1s1 oripeZiesieHNsl BePOSITHOCTH CTOJIKHOBEHMSI:

2

a2
P:ex _ min
p 5 )

GZ

(1)
rze:
P — BepOSITHOCTb CTOJIKHOBEHUSI,
O - CTaH/IapTHOE OTKJIOHEHWe Heomnpe1e/IeHHOCTU MOJI0’KEeHUS CITyTHUKOB,
dmin - MUHIMAJ/TEHOE PaCCTOSTHHE MEXK/Y CITyTHUKaMH B MOMEHT HarbOJIbIero CO/mKeH s,

Pa3zymeeTcs, maHHast (opMyra JIMIIb CaMbIi TIPOCTOM CITOCOO orpezie/ieH|s] BEPOSATHOCTU
CTOJIKHOBEHHUSI JIByX OOBEKTOB Ha OpOWTe, TO3TOMY JIydllle HalucaTh CKPWIIT, KOTOPBIA Oyger
YUWTBIBAaTh BCe XapaKTePUCTUKHU CMyTHHUKa U OyJeT ucrosb3oBaTh ¢aiti CDM no makcumymy. Ha
puc. 3 yKa3aH CKPHUIT TI0 OTpe/ie/IeHHI0 PUCKA CTOJIKHOBEHHS BYX 0OBEKTOB.
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" Dissirtation zarsAdm eaPropects) =t package org.example;
o
2o idea
™ are import org.wdc.dom.x;

+ [ main import Jjavax.uml.parsers.DocumentBuilder;

) java import javax.xml.parsers.DocumentBuilderFactory;
= import java.io.File;
(=) org.exampla
resgurces i . . r
public class COm {
1 test

target (> public static void main(String[] args) 4

) gitignore

= orbit_data.csv 12 5tring cdmFilePath = "D:\\users\\admin\\downloads\\COH"
orbit_data.txt

= orbit_data_with_maneuver.txt
11 porm.xmi COMDate cdmData = parceCOM(cdmFilePath);
- satallite_data txt

= sarzllite_position 1x1

1£ Frdmfata 1= wud1Y 8
Run CDM

_{a “C:-Y\Program Files'Jdavahidk-17\bin\java.exe"
iy PeaynwTaTh adanwaa COM;
T " Bpewn conmwenwn (TCA): 2625-83-89T17:23:25.789008
> = HuHWransHoe DECCTOANWE: 389,080

OTHOCHTenbHAR CKopocTe: 13548,00 w/c
5 BepoSTHOCTE CTONKHOBEKUR: Z,3959e-06

Cpepnuid puok. HeoBxoguMo QONORNHWTENBHOE HabnopeHue .
Process finished with exit code @

PucyHok 4 - CKpynT no orpezesieHuI0 BepOATHOCTU CTOJIKHOBEHUS

Hns pacuetoB wucnonb3dyem Hacrosimmii CDM caiin A9 KOCMUUECKOro —arrapara
KazEOSat-1 u gy BTOpOoro 00bBeKTa, SIB/ISIOLMMCS KOCMUUECKMM MycopoMm. CkpunT Oyger
paboraTh crenyrouum obpa3oM, cuntbiBaercss CDM ¢aiin 1 Ha OCHOBe JIaHHBIX O JIBYX O0ObeKTax
OyzeT mpou3BeJieH pacueT PUcKa CTOJIKHOBeHWUs P.

B pesynbTaTe pacuera:

Bpewms commkenus (TCA): 2025-03-14T17:00:00
MunuMainsHoe paccrosiHue: 389,00 M
OtHocuTenbHast CKopocThb: 13548,00 m/c
BeposiTHOCTB CTONIKHOBeHUs: 2,3959e-06
Cpeanuii puck. Heo0xoaumo fono/THUTE/TbHOE Ha0/TI0/]eHHe.

Mo pacueTy BUJHO, UYTO HEOOXO[UMO HAOJTIOZIEHHE 3a CITyTHUKOM M PUCKOM CTOJIKHOBEHMS.
To ecTh coBepilleHWe MaHeBpa elrle He TpeOyeTcsi, HO He0OXOAMMOCTh MOHUTOPHUHTA He Tporasa.
[nst faHHOrO CKpUMTa eCTh C/Ie[yHoIe BapUaHThl PACUeTOB:
@ OueHb BbICOKHH prcK. HemeieHHO TpeOyeTcst MaHEBD YKIOHEHUST
@ Bricokuli pUCK CTOJIKHOBeHUs1. PeKoMeH 1yeTcsl TIPOBECTH MaHEBD YK/IOHEHUs

@ Cpennuii puck. Heo6xoauMo 0TI0THUTETBHOE HAabJTI0IeH e,

@ Puck Hu3KUiA. MaHEBp He TpebyeTcsi.

Pazymeetcs, [/1s1 KaXKA0ro BapMaHTa eCTb CBOM [IOMYCKHY B pacueTe U ueM BhlIllle BepOSITHOCTh
CTONIKHOBeHUs P, TeM ObicTpee HeOOXOAUMO CZieslaTh MaHeBp Ha YKIOHEHHUe.

IlaHHBIM pacueT TpOBejeH I KOocMuueckoro armapara KazEOSat-1 Ha ero paboueii

opbuTe, TIpU CUTYyal[UM, KOTJl|a MaHEBPHI 10 CHWKEHWIO OpPOWTHI He COBepIlaiuch. To ecTb Jjis
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CIyTHHUKA ObUT PUCK CTOJIKHOBEHUS Ha COOCTBEHHOU paboueli opOuTe, XOTs MJIOTHOCTh KOCMUYECKUX
00BEeKTOB Ha 3TOM BBICOTE /JOBOJILHO HU3Kasi TI0 CpaBHeHu!o ¢ BbicoTamu B 400-600 KuoMeTpoB, e
OyyT MPOM3BOJUTHCSI MaHEBPHI TI0 CITyCKY CITyTHHKA.

Inst TOro, uTOOBI TPEJOTBPAaTUTh BBICOKMH PHUCK CTOJKHOBEHHs, HeoOXOAWMO 3apaHee
TIOCUMTATh MaHeBP KOCMHUECKOTO arrapara U JiaHHble 0 MeCTOII0J/IO)KeHHWH CITyTHUKA C yUeToOM
MaHeBpa HarpaBuUTh C KocMmuueckue cwibl CIIA st TOro, uTOOBI MCK/THOUMTH BO3MOXKHOCTB
CTOJIKHOBEHHMSI C [PYTUMUA KOCMUUECKUMHU 00beKTaMH TIPH CIyCcKe ¢ paboueii opOUTHI.

B 3ak/t0OueHUH XOTe0Ch ObI OTMETHUTD, UTO ZiaHHAasl MPOIieypa OueHb Ba)KHA MPH CITyCKe
CITyTHUKA C paboueii opOUTEI, Be/ib BLICOKAsi KOHLIEHTPALMsi KOCMUYeCKHUX 0OBeKTOB YBeITMUUTh PHUCK
CTOJIKHOBEHHSI M TEM CaMbIM PUCK Pa3pyIIE€HUs CIyTHUKA W3-3a CTOJIKHOBEHWS, UTO TMPUBEJET K
oOpa3oBaHMI0 OOJBIION Tyud OOJOMKOB KOCMHWYECKMX arlllapaToB, 4YTO TIOBBICUT PHUCKH
CTOJIKHOBEHMSI y)Ke 3TUX OOJIOMKOB C /IDyTMMH 00beKTamMH. I103TOMy MOCTOSTHHBIM MOHUTOPHHT
pYICKa CTOJIKHOBEHHSI ¥ Ha paboueli opOuTe CITyTHUKA U TIPH CITyCKe OUYeHb BaKeH.
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YIK 629.785

AHAJIN3 TEIUIOBBIX HATPY30K HA KOCMUWYECKWH ATIIIAPAT ITPU BXO/IE B
ATMOC®DEPY 3EMJ/IN

Karmapoga ['yncapa ApmaHKBI3bI
kaparova.gulsara@bk.ru
MaructpaHT 2 Kypca Kadepbl «KocMyuueckast TeXHUKa U TeXHOJIOTMW» EBpa3uiickoro
HaloHanbHOro ynusepcurera uM. JI. H. I'ymuneBa, Acrana, Kasaxcran
Hayunsbiii pykoBoguTens — b. A. bazapbekyib

Bxog KocMuueckoro arnrapara B aTMocepy COpOBOX/aeTCsl SKCTpeMaTbHbIMU TeTIOBbIMU
Harpy3kamu, OOyC/IOBJIEeHHBIMH a3pOJMHaMHuUecKUM HarpeBoM. B naHHOW 0030pHOM cTaThbe
paccMaTpUBAIOTCSl OCHOBHBbIE MeXaHU3Mbl TEIJIOBBIX BO3ZIMCTBUM, METO/bl X MO/e/IMPOBaHUs, a
TaK)Ke COBPeMeHHble TEeXHOJIOTMM TeIUIOBOM 3alljUThl KOCMHUYeCKHX arrmapaToB. [IpeacraBrieHb
COBpeMeHHbIe TeH/IeHIUY U TIepCIIeKTUBHbIe HallpaB/IeHHsT UCC/IeIOBaHMH B IAHHOMN 00/1acTH.

ITporecc BXoZia KOCMAYeCKOro anrapara B atMocdepy 3eM/H sIB/sieTcsl OAHOU 13 Hanboree
CJIO’KHBIX (ha3 ero mojieta. B 3TOT MOMEHT arinapaT CTa/IKUBaeTCsl C BHICOKUMH a3pOAMHaMUUeCKUMHU
Harpy3Kamy 1 MHTeHCHBHBIM HarpeBOM 3a CUeT CKaTHsl BO3/yXa Iepe/i OBepXHOCThIO arrapara u
TpeHusi Mojekyn arMmocepsl. be3 sddexTrBHbIX cucteM TersoBoit 3amuThl (TPS — Thermal
Protection System) ammapaT MOKeT pPa3pyLIUTbCS WM TOTEePATh (PYHKLMOHANIBbHOCTh. [laHHOe
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