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Articles

Evolution of Geodetic Astronomy
Gospodinov Slaveyko Gospodinov 2:*
aUniversity of Architecture, Civil Engineering and Geodesy, Sofia, Bulgaria

Abstract

The article analyzes the evolution of geodetic astronomy over the past 120 years. Initially,
it was formed on the basis of the transfer of measurement methods and information processing
from geodesy to the field of astronomy. Currently, geodetic astronomy is closely related to space
geoinformatics, comparative planetology and space geodesy. Currently, comparative planetary
science has begun to use more measuring methods and methods of comparative analysis.
Measuring and comparison methods link geodetic astronomy and comparative planetary science.
Advanced methods of geodetic measurements link space geodesy and geodetic astronomy.
The principles of technology integration and data integration from space geoinformatics have been
transferred to the field of geodetic astronomy. Common to space geodesy, space geoinformatics,
comparative planetology and geodetic astronomy is the trend towards using angular measurements
and a small number of linear measurements. Common to these sciences is the study of spatial
relationships on Earth and in space. What they have in common is the use of advances in
computing technology to process observations and measurements. There were described four
celestial spheres, which are used in geodetic astronomy. The basic coordinate systems used in
geodetic astronomy are described. Methods for ensuring the uniformity of time measurements in
geodetic astronomy are described. The article reveals the content of geodetic astronomy through
the main directions of its application. The features of astronomical definitions characteristic of
geodetic astronomy are described. The evolution of geodesic astronomy has led to the fact that its
modern content is significantly different from its original content.

Keywords: astronomy, geodetic astronomy, geoinformatics, space geoinformatics,
astronomical coordinates, geodetic coordinates.

1. BBegeHnue

leome3nueckass acTPOHOMHsI BO3HUKasla Kak caMmocTtostenbHas Hayka (Hayford, 1910).
Ee ocobenHOCTBIO OBLI TIEPEHOC METOJIOB Te0ZIe3UH B 00J1aCTh aCTPOHOMUH. B HacTosIee BpeMst
reojie3amyeckasi  aCTpPOHOMHs  HAXOAWTCA B  TECHOM  B3aUMOCBA3U C  KOCMUYECKOU
reomHGOPMaTUKOH, CPABHUTEJIPHOU IUJIAHETOJIOTHEN UM KOCMHUUYECKOW reonaesuel. [losBiieHue
KocMUuueckor reojie3nu (IJIylkoB U Ap., 2002) W pPa3BUTHE CPAaBHUTEIBHOU ILJIAHETOJIOTHH
MOBJIMSUIA  Ha COJiepyKaHHe TeoJIe3nYecKorl acTpoHoMuu. CpaBHUTENbHAS IIAHETOJIOTHS
IIepBOHAYAJIbHO ONHUpajach Ha 3€MHBbIE Te0JIOTUYECKHE METO/bl, KOTOpble IMEPEHOCUJINCh Ha
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U3ydeHue JIPYTUX IUIaHeT. B HacTosIee BpeMsa cpaBHUTeNbHas iaHeTosorusa (Tsvetkov, 2018)
CTajla HWCIOJIb30BaTh OOJIbIlIE W3MEPUTEIbHbIE METOAbl M METO/bl CPaBHUTEIBLHOTO aHaIM3a
(Kymxk, 2019) B CBOUX HCCIEAOBAaHUAX. VI3MepUTeTbHbIE METOBI I METO/IbI CDABHEHHUS CBA3BIBAIOT
reo/Ie3aNYecKyl0 acTPOHOMHMI0O U CPaBHUTEJBHYIO IUIaHeTosioruio. KocMmuueckas reopes3us
BO3HHKaJIa KaK CAaMOCTOATeIbHAs HayKa JJIs YZI0BJIeTBOPEHH NH(DOPMAITMOHHON ITOTPEOHOCTH 110
JIydIlieMy HU3y4YeHUI0 HeOECHOM MeXaHUKU U COBEPIIEHCTBOBAHUIO TeOE3MYECKHX METOZ0B C
HCIIOJIb30BAaHUEM JIMHAMUKHY, a TAKXKe 110 IIPUMEHEHUI0 METO/I0B OAJIMCTUKHU JIJISl TE0/Ie3UUECKUX
pacueToB. PacmmpeHHble METO/IBI Te0/Ie3UUECKUX U3MEPEHUH CBA3BIBAIOT KOCMUYECKYIO Te0/Ie3UI0
U Teofie3nvecKylo acrpoHomuio. Kocmuueckass reomHdopmarmka (Bondur, Tsvetkov, 2015)
SIBJIIETCS CAaMOU MOJIOJIOU CpeAy IEePEYNCIEHHBIX YeThbIpeX HayK. Ee NMpUHIUIIBI MHTETpaIus
TEXHOJIOTUN W WHTErpanus JAHHBIX ObLIN IepeHeceHbl B 00JIacTh Treo/Ie3NYecKON acCTPOHOMHUH.
B Hacrosiiee BpemMsi MHOTHE MeTOAbl 00pabOTKM WHGOPMAIIUU B TeOAe3WYeCKOd acTPOHOMUHU
HCIIONBb3YI0T  TeonHpopMaruoHHbl  moaxonx  (Rozenberg, Tsvetkov, 2009). MoxHO
KOHCTaTHPOBaTh, YTO H3BOJIOIUA Teoze3uuyeckor actpoHomum (Hoskinson, Duerksen, 1947;
Korakitis, 2002; Hirt, Burki, 2006; Ilanmys, 2010) mpuBeIa K TOMYy, YTO COJep>KaHUeE
COBPEMEHHOM Te0JIe3UYECKON aCTPOHOMUU CYIIECTBEHHO OTJIUYAETCA OT €€ TEPBOHAYAIHHOTO
COJIEP?KAHUs M TOJIKOBaHUA. DTO TpebyeT ee yIIyOJIEHHOTO aHain3a W u3ydeHusA. OOMUM i
KOCMUYECKOU Teojie3Uur, KOCMHUUYECKONH TreOMHMOPMATUKH, CPAaBHUTEJIHHOU ILJIAHETOJIOTUH
(Tsvetkov, 2018) u reoze3nUeCcKON aCTPOHOMUU SIBJISIETCSA TEH/IEHIUSA K UCIIOJIb30BAHUIO YTJIOBBIX
U3MEpPEHUH W HEe3HAUUTEJIbHOTO KOJIMYECTBa JIMHEHHBIX U3MepeHud. OOIUM J1sI KOCMUYECKOU
reonH(OPMAaTHUKH, TEOJUHAMHUKH U TeOJe3WYECKOH AaCTPOHOMUM SBJISAETCS U3MEPEHUE
nedopManuii 3eMHOH KOPBI, ITOCPEICTBOM ITPOCTPAaHCTBEHHBIX U3MepeHui (['ocriouHOB, 2011).

dyHmaMeHTaIbHOE 3HAUEHUWE Te0[e3WdecKOd acTPOHOMUH, ACTPOHOMHUHM W KOCMHYECKOU
reonH(OPMATUKHA COCTOUT B HCCJAEIOBAHUM MHUPOBOTO IIPOCTPAHCTBA M HCC/IEIOBAHUU
3aKOHOMEPHOCTEN Pa3BUTHUS BCEJIEHHOM U CBA3AaHHBIX C HUMHU 3aKOHOMEDHOCTEH pa3BUTUA
3eMHOU UMBWIU3alUMU. I[IpukiajHOe B3HAUEHUE TeoJe3UUYECKOM acTPOHOMHMU CBS3aHO C
HaBuranuei. B ycyioBusax riobanmuzanuu o0IecTBa ee MeTObl CTAIM TPUMEHSTH JIs TVI00aTbHOU
HaBUTAIlMH, B IEPBYIO OUEPEb, /Ui yIpaBieHusa Tpancnoprom (Lyovin, 2017).

PazBuTHe pajiMOTEXHUKU IIPUBEJIO K TOSIBJIEHHIO HOBOTO HAIpaBJIEHUS B aCTPOHOMUH
paguoactponomun (Kraus, 1966). 9To HampaBjeHNE MPUMEHSIOT U Te0J€3MYECKON aCTPOHOMUM.
JlocTaTOYHO JI0JITO OCHOBHOM CHCTEMOW KOOPAHWHAT JJIA 3€eMHBIX HayK ObLIa acTPOHOMUYECKast
cucreMma koopAauHaT. C BbIsABJIeHHEM OTKJIOHeHUs (GopMbl GUTYPHI 3eMJIH OT cheprudeckoil GopMbl
BO3HUKJIA reoJie3nduecKkas cucreMa koopauHat. OHa cTasia IPUMEHATHCS HA MMOBEPXHOCTH 3eMJIU
Kak OoJiee TOYHAs TIPU OIPEJIEJIEHUH MECTOIIOJIOKEHUSI O00BEKTOB. IIprMeHeHHne ABYX CHUCTEM
KOOPAMHAT MOCTAaBWIO MPODJIEMBI CBA3H MENKAY Te0Ie3MYECKON U aCTPOHOMUYECKOU CHCTEMaMU
KOOpDAMHAT W mpobsieMy TpaHcOpMAaIUi KOOPAWHAT MeXAy JTUMH cucrteMamu. Ocobyro
aKTyaJIM3aIii0 3TOH TpaHchOpMAaIUM TMPHUAAET IIpobjeMa acTepOUJHO-KOMETHOH OIAaCHOCTU
(Tsvetkov, 2016a). Tpaekrtopuu 0cO00 OMACHBIX OOBEKTOB PACCUYUTHIBAIOT IEPBOHAYAIIBHO B
TeJTUOIEHTPUUECKOH CrCTeMe KOOPMHAT, 3aTeM B T€OIeHTPUUECKOH (aCTpPOHOMUUYECKOH) cUcTEME
koopauHart. [To mepe npubamkeHne k 3emse BO3HUKaeET Ipo0sieMa OLleHKU MO0Ta/IaHNs HeOeCHOTO
TejJla B TOYKY 3€MHON HOBepXHOCTH. [IpubiikeHue omacHbIX OOBEKTOB K 3emiie TpeOyer
repecyeTa TpAaeKTOPHUU HeOECHOTO TeJIa B re0/Ie3UUecKyI0 CUCTEMY KOOpAUHAT. ATO 00ycIaBIuBaeT
TECHYI0 CBfA3b TIeOZIe3UYeCKOU aCTPOHOMHU U OOBIYHON Treo/le3U U MOTHUBHUDPYET DPa3BUTHE
reojie3anueckoit acrponomud (Gospodinov, 2018) aTom HanpaseHUU. VIHTerpaius reoie3u4ecKux
U3MePEHUH ¢ aCTPOHOMUYECKUMH U3MEPEHUSIMH JIeJIaeT aKTyaJbHBIMH HCCIIEZIOBAHUA B 00J1aCTH
WHTErpalyy reoIe3NYeCKON aCTPOHOMHUH C APYTUMHU HAyKaMHU.

2. O0cy:kIeHHNEe U Pe3yJIbTaThI

CoBpeMeHHOE coJiep:KaHHe TreoJie3udeckoilr acrpoHomuu. CojeprKaTeJbHO
reojiesuyeckasi actpoHomus Brirouaer (I'ocrmoguHoB, /I2KOp0Ba, 2011) Psifi OCHOBHBIX Pas/ieJioB,
OTIpeEJIIONINX €€ OCHOBY:

[IpocTpaHcTBeHHAsI TeOMETPUs, BKIloUas reomerpuio EBkinya u Pumana (bosibakos, 2021).

MexaHnka 00bEKTOB HeOECHOU cephl

OcHOBBI TTpocTpaHCTBEHHOU JIOTUKH (TsATyHOB, I[BETKOB,2021).

OcHOBHI YIJIOBBIX U3MepeHui B kocmoce (CaBUHBIX, 2021; [[BeTKOB 2021).

Teopuro koopauHaTHBIX cucteM (Po3enbepr, I[BeTkoB, 2009).
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Teoputo nusmepenus Bpemenu (Robbins, 1967).

MeTo bl aCTPOMETPHUH.

MeTo/1b1 KOCMHUYECKOTO MOHUTOPUHTA.

HNHbOopMaIMoHHbIE CUCTEMBI IO KOCMHUUeCcKO# TeMaTrKe (CaBUHBIX, 2019) U IpyTHE.

B cooTBeTCTBHY C METOAMKON KOOPAUHUPOBAHUSA U METOUKON KOCMUYECKOTO MOHUTOPHHTA
IIPYU NIPOCTPAHCTBEHHBIX HAOJIIO/IEHUAX BHIOUPAIOT 00J1aCTh HAOIOAEHNS WX T10JIe HAOJII0/IeH .
B 3aBucumocTu ot 06s1aCcTH HAGIIOAEHUS B Te0/Ie3UYECKUX UCCIEOBAHUAX BHIOUPAIOT HE TOJIBKO
cucTeMbl KOOPAUHAT, HO B 0a30ByI0 HebecHyIo cepy. Boioop 6a30Boi HEODECHOU cepHhI SABIIsIETCS
OTJIMYHUTETLHON OCOOEHHOCTBIO Te0/Ie3NYecKor acTpoHoMuu. Takux cdep B reoie3nydecKoi
acTpoHoMuU YeThIpe. [lepBas TononeHTpuyeckas cdepa.

B reozpesnueckoii aCTpPOHOMHU IIEHTP TOIOLIEHTPUUECKON HeOeCHOU cdepbl HaXOMUTCA Ha
IMOBEPXHOCTH 3eMJIM. JTa KOOpJWHATHAas CHUCTEMA BasKHA ISl KCCIIEJOBAaHHSA aCTEPOUTHOU
OTIaCHOCTH IMPUMEHHUTETHHO K TOUKE COIIPUKOCHOBEHUSA ¢ 3eMJIEH.

Bropass BakHast cdepa 1mo Mepe mpubIMKeHUs K 3emiie — reoleHTpuueckas. s sTou
HebecHOU cdepbl HAYaJI0 KOOPAMHAT COBHAJAET C IEHTPOM Macc 3eMJIH. JTa KOOpAWHATHAs
CHCTEMAa BayKHA JUUIS ITO/JIYHHOTO U 3aJIyHHOTO IIPOCTPaHCTBA. 3aIyHHOE IpocTpaHcTBO (Barmin et
al., 2014) uccieayeTcss peaKo, HO C MO3UIUU aCTEPOUTHOU OITACHOCTH OHO IIPEICTaBJIsAET OOJIBIIYTO
BakHOCTh. [IBe  npyrue  HebecHble cdepbl  TelHOIEHTpUYecKas  (reomeTpuyecKas)
OapurieHTpuyeckas (rpaBuTtaroHHasi) cBs3aHbl ¢ ¢ ComHileM. OHH pa3IMYarTCsA TEM, YTO JJIst
TeJTMOLIEHTPUYECKOH IeHTP cdephbl coBMeleH ¢ 1eHTpoM CoJTHIa, /IIsT 6apUIIEHTPUUECKON IIEHTP
cdepbl COBMEIIEH C IEHTPOM TsKecTu COJTHEUHOU CHCTEMBI.

11 KOOpAMHUPOBAHUS IIPU UCIIOJIB30BAaHUU C(PEePUIECKON CHCTEMbI KOOP/IMHAT IIPUHATO B
9TOM CHCTeMe BhIOMPATh /IBAa B3aMMHO IEPIIEHINKYJIIPHBIX KPYTa, 33/IAI0IINX aCTPOHOMUYECKYIO
mporty (), U acTpoHOMHYeCKyIo A0aroTy (A). IIUpOTY (¢ ONMpEeAEsSIOT 0 MEXK/Y IJIOCKOCTHIO
9KBaTOpa W HaIpaBJIeHUEM JIMHUU U3 JaHHOU Touku (M) B IeHTp KOOpAWHAT. B 3aBHCHUMOCTH OT
PAacIIOJIO}KEHUsI KPYTrOB BBIOMPAIOT CHUCTEMBI KOOD/IMHAT, KOTOPhIE PAa3IMYalOT B Te0e3UYeCcKOU
aCTPOHOMHU M 33JIal0T CIIEIIUAJIBHYIO0 CUCTEMY KOOpAWHAT. K 4Hcily TaKuX CIlelHaIbHBIX CHCTEM
KOOPZUHAT OTHOCAT: TOPH3OHTAJIBHYID CHCTEMY KOODJIMHAT; SKBAaTOPHAJIbHBIE CHCTEMBI
KOOPIUHAT; SKJIUIITHYECKYIO CUCTEMY KOOPIMHAT.

B KOOpZIMHATHBIX CHCTEMAaX Te0Ie3NYeCKOr aCTPOHOMUY OAa30BBIMU MTapaMeTPaMHU SBJISIOTCS
IINPOTA, JIOJITOTA ¥ ACTPOHOMUYECKHH a3UMyT HanpaBaeHus (A).

AcTpoHOMUYECKAS IOJTOTA A — OIPEEJISIeTCSA 0 ABYTPAHHOMY YIJIy MEXKAY IIOCKOCTAMU
YCJIOBHO HAYaJIbHOTO MEPU/IaHa U MEPU/INAHA, ITPOXO/SAIIET0 Yepe3 onpeesseMyio Touky (M).
BennunHy (A) OTCYHUTHIBAIOT TAKKe IO ABYTPAHHOMY YIJIy. DTOT YTOJI 33JIal0OT JIBE IJIOCKOCTH
IUIOCKOCTh ACTPOHOMHUYECKOTO MEpHIMAaHa M IUIOCKOCTh, MPOXOZAIIYI0 dYepe3 BEePTHKAIb U3
Touku (M).

EnmHCTBO BpeMeHHU BajKHAsI COCTABJIAIONIASA U3MEPEHHUH B T€0/IE3NYECKON acTpoHOMUU. J11s
STON IeJIM TPUMEHSIOT CHCTEMbI 3BE3JJHOTO BPEMEHH W COJIHEYHOro BpeMeHH. OCHOBOU
U3MePEHUS BpEMEHHU BO BCEX HAYUHBIX HAIIPABJIEHUSX ABJIAETCS BHIOOP 3TaJlOHA BpEMEHU. DTaJIOH
BpPEMEHU UCIOJIb3yeT CTA0OMIBHYIO YACTOTY HJIN 3TAJIOHHYIO YacToTy. Takol 5TaJIOHHOHN 4acTOTOH B
reo/ie3NUecKol acTPOHOMMU BBIOUPAIOT YACTOTY BpallleHUs 3eMJIU BOKPYr OCH. JTa YacToTa
ABJIsIeTCA CTAaOMJIBHOM He MMeeT OTpAaHUYEHH BO BpeMeHU. MHOTUe 3eMHble 3TaJIOHBI YaCTOTHI
UMEIOT 5KCHOHEHINAJIbHYIO TEHJEHIINI0 U3MeHEeHHUs 4YacTOThl BO BpeMeHH. HacToTa 3eMHOTO
BpallleHUs  fABJAeTcA  CTa0WJIbHOM HA  NPOTSKEHUM  CYIIECTBOBAHUA  UeJIOBEUYEeCTBA.
JIOTIOJIHUTETLHO ~ TIPUMEHSIIOT ~ CHUCTEMBI  3(eMepuaHOr0O BpeMeHH. J[OMOJHUTENPHO B
reo/Ie3NYecKOr acTPOMETPUH TPUMEHSIOT KBAaHTOBBIE 3TAJIOHBI BPEMEHH, UTO OOECIeYHBAET
co3/laHre pAaBHOMEPHOU BpEMEHHOMU IITKaJIbI.

AcTpoHOMUYECKHE HAOTIOZAEHUS U OIIPe/IeJIEHHS UMEIOT CBOU OCOOEHHOCTH.

AcTpoHOMUYECKHE HAOJIONEHUS TO3BOJISIOT C HCIOJb30BAHUEM IOHATHSA IPUBEIEHHON
IITUPOOTHI OTIPENEJISATh CBA3b MEXK/y Te0/[e3UUeCKON M aCTPOHOMHYECKON CHUCTEMAaMHU KOOPAHHAT
(Osuamer, IIBeTKOB, 2018);

OnpenesneHuss as3suUMyTOB Ha 3eMHBIE IIpeAMEThl OTPAHUYMBAIOT CJIydaliHble H
CHUCTEMAaTUYECKHEe MOTPEITHOCTEN YTIIOBBIX U3MEpPEHNH;

ActpoHOMUYecKUe HAOJIIO/IEHNS B KOCMOCE OCHOBAHBI HAa BU3YAJIbHO HHCTPYMEHTAIbHBIX
Habmogenusax (CaBUHBIX, 2020);




Russian Journal of Astrophysical Research. Series A. 2022. 8(1)

ACTpOHOMUYECKHE YIJIOBble U3MEPEHUsI PA3/IEJIAIOT Ha TOYHbIE U TPUOIHNKeHHbIe. ToUHbIE
00ecreynBalOT MPENEbHYI0 HHCTPYMEHTAIBHYI0O TOYHOCTh W MHUHHMAIBHYIO IIOTPEITHOCTD,
MpUOJIF>KEHHBIE YTJIOBbIE U3MEPEHUsI MUMEIOT MorpemrHoctb oT 1" 10 1. TouHble OCHOBaHBI Ha
pacuerax, IpUOIMKEHHbIE Ha MPSIMbBIX U3MEPEHUIX. VX 4acTo MPUMEHSIOT B IEPBYIO OYepeb,
JUIA MHIUKALH.

Oco60e oTHOIIeHHe TeOnH(POPMATHKH M Te0Ae3udecKoil acTpoHOMUH. OO0IuM J1st
0o0erx Hayk sIBJISETCA TO, YTO OHH Pa3BIINCh M3 3eMHBIX HayK. Kocmuueckass reonHGOpMAaTHKA
BO3HUKJIA KAaK Pa3HOBUAHOCTh HazeMHOW wuHpopMmatuku. [eoyie3amyeckasl aCTPOHOMHUSA
IepBOHAYAIPHO BO3HUKaJa KaK CHHTE3 HA3eMHOH reo/ie3ud W acTpoHoMuu. ['eomHpopmMaTHKa
(CaBunbIX, [[BeTKOB, 2013) 1 KocMuueckas reonHdopmaruka (Bondur, Tsvetkov, 2015) Ha ee oCHOBe
Pa3BUBAIOTCSI HAa OCHOBE WMHTErPAIIOHHBIX MPUHIMIIOB OOBEAUHEHUs Pa3/NYHbIX HAyYHBIX
Hanpaiienni (CaBuHbIX, 2015). Kocmuueckass reomHdOpMaTHKa HCIIOJIB3YET €Ie HHTErPAIHio
JJAaHHBIX W UWHTETpalii0 TEXHOJIOTUHA. B TmepBylo ouepelb HAZ0 OTMETUTh HWHTETPAITUIO
reonH(POPMATUKH U KOMUYECKOH TeOMH(GOPMATHKUA C METOJAMHU JUCTAHIIMIOHHOTO 30HAMPOBAHUS
(CaBunbix, IIBeTkOB, 1999). MMeHHO WHTerpanusi sIBJseTcs HaubOoJiee NPHBJIEKATESHBHON IS
reozne3nyeckorr acrponomuu (I'ocromnHOB, /[>kOp/moBa, 2011). B mepByro ouepesib reofe3UdYecKyIo
aCTPOHOMUIO IIPUBJIEKAeT HWHTErpanus JaHHbIX M TEXHOJIOTUH reomHpopmatuku. OHa JjaeT
BO3MOXKHOCTb COOMpaTh MHMOPMAIUI0 METOIAMH T'e0/Ie3NYeCKO aCTPOHOMUH, a 00pabaThiBaTh ee
MeTOIaMU KOCMUYECKOH reOMH(GOPMAaTHUKN KaK HauboJIee CII0KUBIINAsICSI UCTOPUYECKA HAyKa CPeU
paccMoTpeHHbIX Hayk. Ha PucyHke 1 faHa CTpyKTypHas cxeMa KOCMUYECKON TeOMH(pOPMaTHKH,
OTPa’KAIOIIIAS €€ CBA3D C Te0/Ie3NIECKON aCTPOHOMHUEH.

- - - - - - - T T T T T T T T T T T T T T ~
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Puc. 1. HTerpanusa Hayk B KOCMUYeCKOU reonHOpMAaTHKE

Kocmuueckas reomHpOpMaTUKA MOJTHOCTHIO BKJIIOUAET JIBE 00JIaCTH HUCCIEI0BAHUA: HAYKH O
3emse u JlucraHiuoHHoe 30HAUpoBaHHe. Kocmuueckas reomHGOpMaTUKa YaCTUYHO BKJIIOYAET
00J1aCTh KOCMUYECKHUX HCC/IEOBAaHNNA. MHOTHE HAayKU B KOCMUYECKOH reonH(popMaTHKe 06pasyroT
KaTerOpHUaIbHBIE ITaPhI.

JlucTaHIIMOHHOE 30HAVUPOBAHHE SABJISAETCS OJIM3KUM Teo0JIe3UUYEeCKO acTPOHOMHUH U
dororpammerpun, ocobeHHO Bo3AyIHOW. HMccimemoBanwme 3eMd M3 KOCMOCAa CBSI3aHO C
reonH(OPMaTHUKOH, PEK/Ie BCETO B YACTH OPTAaHU3AINHY JAHHBIX B T€OZJaHHBIE.

leope3us cBsA3aHa c KocMuueckoil reojsesmei. Kaprorpadus cesasana ¢ reorpadueit
BHE3eMHBIX TeEPPUTOPUU. VcesieoBaHre MaIbIX HeOECHBIX TeJT IIPeCTaBIIsAeT coO0i HalpaBIeHne
KOCMUYECKOHN reonHGOPMATUKHN U KOCMUYECKUX UCCIIeIOBAHUH.
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BepxHuii ypoBeHb KOCMUUECKON reOnHGOPMATUKH 00pa3yIoT reo/ie3ndecKas aCTpOHOMUSA U
kocMmuyeckas (ororpammerpus. [Ipudem reozesuyeckas aCTpOHOMUSA JIMIIb YaCTUYHO BXOJIUT B
KOCMHUYECKYI0 reOnH(pOpMaTUKY.

Kocmuueckass reoundopmaTHKa, Kak U Teojie3ndveckas acTPOHOMUs, oOeclieyuBaeT Ha
YPOBHE JIaHHBIX COIIOCTaBUMOCTb U aHanu3. Ho reope3myeckas acTpOHOMUSA pelllaeT 33/1auu CBA3U
MeX/Iy acTpoHOMUeH mu reozesmeil. Kocmuueckas reomH@opMaTuka peliaer 3a7aud CBA3U JJIA
0O0JIBIIIEr0 YHCsIa HayK.

Kocmuueckasn reomesus (I7ymkoB u fip., 2002) TpaHchOPMUPYET METOAbI TE€OAE3UU B
KOCMHUYECKHE HCCIe[OBAaHUSA M B Treo/le3ndecKylo acTpoHomuio. Ha Pucynke 1 He mokasaHa
cpaBHUTeNbHAsA 1aHeTosiorusA (CaBuHBIX, 1[BeTKOB, 2012), YaCTUYHO CBfA3aHA C UCC/IEIOBAHUEM
MaJIbIX HEOECHBIX TeJl.

Ha ypoBHe TexHosiormii KocMH4YecKass reonHOpMaTHKa U Treojie3nyeckas acTPOHOMUSA
UHTETPUPYIOT TEXHOJIOTUM U  MeTOAbl 00pabOTKU IMPOCTPAHCTBEHHONH HHGOPMAIUH.
MeTof10/IOTUYeCKN OHHU OCYIIECTBJIAIOT MEXAUCIUIUIMHAPHBINA IepeHoc 3HaHUU. Ha ypoBHe
MI03HAHUA KOCMUYecKas reomH(popMaTUKa U reojie3udeckass acTpOHOMHUA (POPMUPYIOT KapTUHY
mupa (Tsvetkov, 2014).

MeTomo0rn4ecKu KocMu4yeckas reonHGOPMATHKA U reofie3ndecKas aCTPOHOMUSA PabOTaIOT
¢ wuHbpopMmaruoHHbBIM moseM (IlBeTkoB, 2016), H3 KOTOPOrO U3BJEKAIOT 3HAHUE,
pocTpaHcTBeHHOe 3HaHue (Savinych, 2016) u reoznanmne (Tsvetkov, 2016b).

NHdopMaIuOHHBIA aceKT KOCMUYeCKON TreOMH(POPMATUKU U Te0ie3UUYeCKOU aCTPOHOMUU
COCTOUT B CO3/aHUM JECKPUNTHUBHBIX MOZeJell ONMHUCAHUA U MPECKPUNTHUBHBIX MOZesen
ucciaenoBanusa. Ha Pucynke 2 mpuBe/ieHbI KOCMUYECKHE ITPOCTPAHCTBA KaK OOBEKT HCCIIEOBAHUSA
reo/ie3N4ecKOr aCTPOHOMMUH.

[anbHun kocmoc

BnwxHui kocmoc

ConHeyHas cuctema

3anyHHoe [1-0

MognyHHoe MM-0

Okono3semHoe n-o

Puc. 2. KocMuueckue MpocTPaHCTBA KaK 00BEKT UCCIEA0BAHMUS Te0e3UUECKON aCTPOHOMUU

OcobeHHOCTh cxeMbl Ha PHCyHKe 2 B TOM, YTO Teo/ie3MYecKasi aCTPOHOMHS He HCCIIEyeT
3eMHYI0 TIOBEPXHOCTh U IIOZI3EMHOE IIPOCTPAHCTBO. PaccmaTpuBasg IIPOIECC OCBOEHUA
KOCMUYECKOTO IPOCTPAHCTBA KaK IIPOIleCC ITMBUJIM3AIUM, MOXKHO CUHTaTh, UTO KOCMHUYECKAs
reouHopMaTUKa U Treojle3uyvecKkas AacTPOHOMHUS PACHIUPAIOT IIPOCTPAHCTBO, OCBOEHHOE
JesloBeKOM. MeTOIbl Te0JIe3NYeCcKOl acTPOHOMUM ¥ KOCMHUYECKOU TeOMH(MOPMATUKH TECHO
WHTErPUPOBAHBl € KOCMHYECKUMHU HCCIEOBAHUSAMU U OOpa3ylOT HOBBIM OTall WHTErpamuu
KOCMUYECKHUX U 3eMHBIX HayK.

3. 3aKjIIoueHue

leome3nueckass acTPOHOMHS B HACTOsIee BpeMs SIBJIAETCS KOMILIEKCOM HayK, TeCHO
CBSI3aHHBIM C KOCMHUYECKOH Teojie3reli, TeoJie3rell, CpaBHUTEJIPHOU IUIAHETOJIOTHEH U
KOCMHUUYECKOH reonH(popMaThKou. [10 MHCTPYMEHTAIbHON YaCTH CYIIIECTBYET TeCHASA CBA3h MEXKIY
reo/le3NYeCKOd acTPOHOMHEH KOCMHUYECKOHM reojie3viel, reoje3nell U MeTpojiorueil. B acmekre
CPaBHUTEJIBHOTO aHAJM3a CYIIECTBYET CBfA3b MEXKAY Te0JIe3UYecKoll acTpoHOMUEN U
CPaBHUTEJIBLHON IUIAaHETOJIOTHENH. B TexHOsOrMyeckod 4yacTH U B acmekTe 0OpabOTKU JIaHHBIX
reojie3amyeckasi aCTPOHOMUSI TECHO CBsI3aHa C KOCMUYECKOU TreomHGopMaTukon. Kpome Toro,
pa3BUTHE WHCTPYMEHTOBEJEHHsI, METPOJIOTHH U aCTPOHOMHU TaKXKe OIpeiesIsieT JUHAMUKY U
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SBOJIIOIUIO Teo/ie3ndeckoil actpoHoMuu. CiielyeT OTMETHTh, YTO PA3BUTHE BBIYUCIUTEIBHOU
TEXHUKU U TOsIBJIEHHE TTp006ieMbl O0JbIuX AaHHBIX (BypaBies, [[BeTKOB, 2019) Tak:Ke BIUAIOT Ha
pa3BUTHE TeO/Ie3NYECKON aCTPOHOMHHU. MOJKHO TOBOPUTH O HAayKaX O IMPOCTPAHCTBE, K UHCIY
KOTOPBIX OTHOCAT KOCMUYECKYI0 TeO/e3Hl0, KOCMUUYECKYI0 TeOHH(GOPMATHKY, acCTPOHOMHIO,
reo/Ie3UYecKyl0 aCTPOHOMUIO, CITyTHHKOBYIO T€0/IE3HI0, CPAaBHUTEIBHYIO IJIAHETOJIOTUI0. OOIUM
JUISI 9TUX HAyK SBJISIETCSA WCCJIEIOBaHUE MMPOCTPAHCTBEHHBIX OTHOIIIEHUN HA 3eMJie U B KOCMOCE U
IEPEHOC METO/IOB 3€MHBIX HAyK B 00J1aCTh MCCJIEAOBAHUS KOCMHYECKOTO IpocTpaHcTBa. OOmum
JUIST HUX SIBJISIETCS WCIOJIb30BAHUE JOCTMIKEHUM BBIYHUCIUTEIBHBIX TEXHOJIOTUH I 00paboTKU
HaOI0/IeHn 1 u3MepeHuil. OOIUM /I 3TUX HAYK SIBJISIETCS pelleHre HOBBIX 3a/1a4, KOTOPbIE
METO/IaMH JIDYTMX HAayK He pemaTcs. ['eoyie3mdyeckas acTPOHOMHS YAaCTHYHO BXOJUT B
KOCMUYECKYI0 TeOMH(POPMATHKY, HO JApyras ee 4acTh pa3BUBaeTCsA He3aBHUCHUMO. ['eope3nueckast
aCTPOHOMHUS U KOCMHYECKasi reOnHGOPMATHKA MTO3BOJIAIOT MOJIy4aTh IPOCTPAHCTBEHHOE 3HAHUE,
reo3HaHUe U HOBBIM BUJI 3HAHHUA KOCMUUECKOe 3HaHue (Savinych, 2016).
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IABOJIIOIUA I€0E3NIECKON aCTPOHOMUHU
T'ocmoguuos Ciaseriko I'ocrioguHOB 2 >~
aYHUBEPCUTET aPXUTEKTYPHI, CTPOUTEIbCTBA U Teoie3nu, Codust, Bosrapus

AnHoTamuA. CTaTbs aHAIM3UPYET SBOJIIOLMIO Teo/ie3NYecKOd aCTPOHOMUHU 3a MOCJIeHUe
120 jer. [lepBoHauasbHO OHa (oOpMHpOBasach Ha OCHOBE IlepeHOCAa METOJ0B W3MepeHUU U
obpaboTku wuHpoOpMaNUKU U3 Teole3WH B 00JIACTh AacTPOHOMHUM. B Hacrosmee BpeMs
reojiespuueckass aCTPOHOMHUS  HaxOAUTCA B  TeCHOM  B3aUMOCBA3U €  KOCMUYECKOU
reouH(OpMaTUKOHN, CPaBHUTEJIbHON IJIAHETOJIOTHEM M KOCMMUYecKol reojiesueil. B Hacrosiiee
BpeMs CpaBHUTEJbHAs IUIAHETOJIOTHSA CTaJIa HCIIOJIB30BAaTh OOJIbIIE M3MEPUTEIbHBIE METOMBI U
MeTO/[bl CPAaBHUTEJIBHOTO aHaiau3a. V3MepuTesbHble METOAbl U METOJbl CPAaBHEHUA CBA3BIBAIOT
reo/Ie3NYecKyl0 acCTPOHOMHIO UM CPaBHUTEJBHYIO IUIAHETOJIOTUIO. PaciiupeHHbIE MeTOMbI
reo/Ie3UYeCKUX U3MEPEHUH CBA3BIBAIOT KOCMHUYECKYIO Te0/IE3UI0 M T€0e3MUECKYI0 aCTPOHOMHUIO.
[IpuHIUTIBI UHTETPAIUS TEXHOJOTUI M WHTETPAIUsA JIAHHBIX U3 KOCMHUYECKOU reOMH(pOPMATUKA
OBLIN TIEpeHeceHbI B 00J1aCTh Te0Ae3NYecKOr acTpoHOMUU. OBIIUM /11 KOCMHYECKON Te0e3UH,
KOCMHUYECKON TeoMH(OPMaTUKH, CPABHUTEIbHON IJIAHETOJIOTUHM U TEOJIE3UUYECKON aCTPOHOMHU
SIBJISIETCSI TE€HJIEHITUA K WCIOJIB30BAaHUIO YIVIOBBIX M3MEDEHHN W HE3HAUUTEJIHHOTO KOJIMYECTBA
JINHEWHBbIX u3MepeHui. OOIIUM ]I 3THX HAYK SBJIAETCA HCCIIeZI0OBaHUE IPOCTPAHCTBEHHBIX
OTHOIIIEHUU Ha 3eMiie U B KocMoce. OOIIUM JJIf HUX SIBJISETCA HCIIOJIb30BAHUE JIOCTHKEHHI
BBIYHC/TUTEIHHBIX TEXHOJIOTHH 11 00paboTKH HAOMI0AeHUN U u3MepeHuil. ONUCaHBI YeThIpe
HeOecHble cdepbl, KOTOPble NPUMEHSAIOT B TeoJ[e3WYecKO acTpoHoMuu. OmnricaHbl 6a30BbIe
CHUCTEMBI KOODP/IUHAT, KOTOpblE NPUMEHAIOT B Teofie3nuecKoi acTpoHoMuu. OmucaHbl MeTO/bl
obecrieueHUs1 €IUHCTBA BPEMEHHBIX W3MepeHUH B Teofe3nwdyeckod acTpoHoMuu. CraThA
pPacKpbIBaeT CoJlep;KaHUe TIeo/Ie3UYecKON acTPOHOMHM Yepe3 OCHOBHblEe HalpaBJIeHUs ee
npuMeHeHUsA. ONHUCaHbl OCOOEHHOCTH ACTPOHOMHYECKHX OIPENEIeHUN, XapaKTepHble s
reo/Ie3NYeCKON aCTPOHOMHU. DBOJIIONUSA Te0/[e3UUEeCKON aCTPOHOMHU IpHUBEJa K TOMY, YTO €ee
COBPEMEHHOE COZIEPIKAHHUE CYII[ECTBEHHO OTJIMYAETCS OT €€ IEPBOHAYATIBHOTO COEPIKAHUS

KiioueBble cjIOBa: acTpOHOMUs, Teofe3uyecKkas acCTPOHOMHsA, TeOMH(POpPMATHKA,
KOCMHYECKasi reOMH(GOPMATHKA, aCTPOHOMHYECKHE KOOPAUHATHI, T€0e3MIECKIe KOOPAUHATHI.
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Development of Space Monitoring
Stanislav A. Kudzh 2.~
aRussian Technological University (RTU MIREA), Moscow, Russian Federation

Abstract

The article discusses the development of space monitoring. It is shown that space monitoring
is based on the integration of methods of terrestrial monitoring and the integration of earth
sciences into space research. The software can be extended to outer space. Space monitoring uses
remote sensing technology and instrumental visual observations. Space monitoring is greatly
influenced by: space geodesy, geodetic astronomy, comparative planetology, space geoinformatics
and the use of systems analysis in space research. A necessary factor in modern space monitoring is
the use of different types of modeling. The article gives the systematics of space monitoring carried
out in different aspects. Space monitoring has two directions. The first group is aimed at exploring
extraterrestrial space. The second group aims to support the exploration of the Earth from space and
a portion of near-Earth space. The article introduces a new term "information monitoring situation".
The article shows the delineation of the scope of application of geoinformatics and space
geoinformatics. The article reveals the content of outer space as objects of space monitoring research.
The difference between sublunary and for the lunar spaces is shown in the aspect of meteorite
hazard. The article reveals the content of the coordinate support of space monitoring. Space
monitoring uses: galactic, heliocentric, geocentric and topocentric systems. The content of these
systems is revealed. The difference between the galactic latitude and longitude and the heliocentric
one is shown. The features of determining the position of space objects in different coordinate
systems are noted and recommendations are given on the use of these coordinate systems.

Keywords: space research, monitoring, space monitoring, geoinformatics, space
geoinformatics, space geodesy, information space, coordinate support.

1. BBegenue

CoBpeMeHHBIH KOCMUYECKU MOHUTOPHWHT BKJIIOUAET DS/l TEXHOJIOTUHA U METOZOB HAyK O
3emsie U CHEIUAJIbHBIX TEXHOJOTUM HCCIeOBAaHUA KOCMUUYECKOro IpocTpaHcTBa. Kocmuueckuin
MOHHUTOPUHT HCHOJIb3YeT JOCTHKEHUs B O0JaCTH HWHCTPYMEHTAJIBHOTO WCCIIEOBAHUA U
JIOCTIDKEHUSI B 00JIaCTM MaTeMaTUKU U o0paboTku uHpopMmanuu. Pa3BuTthe KOCMHYECKOTO
MOHHUTOPUHTA OTPakaeT COCTOSIHHE U pa3BUTHe Hayku U TexHUkU (IlBeTkoB, 2015a). Ha nepsom
JTare CTAHOBJIEHUS M Pa3BUTHA KOCMUYECKHUN MOHUTOPHUHT HCHOJIb30BAT HCKJIIOUUTETHHO
JIUCTAHITMOHHbBIE METO/IbI 0e3 yuacTus yesioBeka. I1o Mepe 0CBOeHUS KOCMUYeCKOTO ITPOCTPAHCTBA,
ydacTusi 4yejloBeKa B KOCMUYECKHX II0JIeTaX, CTPOUTENIbCTBA OPOUTAJIBHBIN HAyUHBIX CTAHI[UH
(CaBunbix, 1[BeTKOB, 2017) — MOSBWIACh BO3MOXKHOCTb IOJIKJIIOUEHHS 4YeJIOBEKa B IEMOYKY
TEXHOJIOTHYECKHX IPOIECCOB. DTO MPUBEJIO K CO3/IAHUI0 METOJIOB M TEXHOJIOTHMH — BU3YaJIbHBIX
KocMuyeckux HabmogeHnit (CaBUHBIX, 2020). [Iad yca0BHUH IPHUMEHEHHSA KOCMHYECKOTO

* Corresponding author
E-mail addresses: rektor@mirea.ru (S.A. Kudzh)
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mouuTopuHra (KM) xapakTepHbl OOJIbIIIE PaCCTOSHUS, HE COU3MEPHMBbIE C PaCCTOSHUIMH
3eMHBIX YCJIOBUU HAOIIONEHUs. DTO IPUBEJIO K TOMY, UTO /1A KM MpUMEHSIOT He TOJIbKO TOYHbBIE
METOZbI TOJIydeHUsT HHPOpMAaIlMh, HO U OOJIBIIIOE YHCJIO OIEHOYHBIX U3MEPEHUU U METOOB
uHAuKanuu. OTaJIeHHOCTh CPEJICTB  HAOJIIOIEHUs OT IIEHTPOB YIIPABJIEHHS BBhI3BAJIA
HeoOXOIMMOCTh JyOJTMPOBAHUA IOJydyaeMod wH@opManuu st obecriedeHuss B obieM Oosiee
HaJIe’KHBIX pe3yJIbTaTOB 00paboTku. Takoe AyOsMpoBaHHE BO3MOJKHO IIPH HCIIOJIb30BaHHUU
Pa3HBIX JUAMA30HOB IOJIy4YeHUs WHPOpMAlUu. ITO CBOMCTBO KaK MHTETPAI[MOHHOE COZep KaT
TeXHOJIOTHU KocMudeckoro mouutopuHra (TKM). [lomosmauTtenbHO K 3ToMy TKM comepskar
nuddepeHuaIbHble TEXHOJIOTHH, HE NMPUMEHsSeMble B 3€MHBIX yCIOBUSX. TaKue TeXHOJOTUH
cobuparT HH(POPMAIIHUIO B Y3KUX CIIEKTPAJIbHBIX AMAIla30HAaX, IIPHU ITOCIEIYIOIIEM COMIOCTABIEHUN
JIMATIa30HHOW WH(MOPMAIMK JPyr € APYrOM W WHTETrPaJIbHBIMU HaOMI0eHuAMH. MOXKHO
KOHCTATHPOBATh HAJIUUKE JBYX IPYIIT TEXHOJIOTUH: HHTETPAIMOHHBIX U AU(PepeHIPOBaHHBIX.

CoBpeMEHHOE COCTOSIHHE KOCMHYECKOTO MOHHTOPHUHIA XapaKTEPU3YeTCs I[MUPOKUM
HCIIOJIb30BaHNWEM U TpaHcdopmanpiedl B Hero Hayk o 3emsie. TpaHchopmarus Hayk o 3emie B
KOCMHUYECKHE HCCJIeJIOBAHUs IPHBeJa K MOSBJIEHHIO: KOCMUYecKou reoze3us (IUIymikoB u ap.,
2002, Osnamern, IIBerkoB, 2018, Oznamets, Tsvetkov, 2019), reome3u4ecKkoll acTPOHOMHUSI
(Gospodinov, 2018), cpaBHurenbHOM IwtaHeTosioruss (Tsvetkov, 2018), kocMuueckou
reonHopmatuku (Bondur, Tsvetkov, 2015b, CaBunblX, 2015a). K 3TOMYy cCiiestyeT n00aBUTH
IIIIPOKOE IPHUMEHEHHE CHCTEMHOTO aHaIN3a B KOCMHYECKHMX MCCIeI0OBaHUAX. K aTOMy ciemyer
J100aBUTD MIUPOKOE IIPUMEHEHHE MeTOI0B 00bIYHOM reonHGopMmaTuku (CaBuHbIX, [[BeTKOB, 2013)
u I'IC pna o6paboTKH MaTEPUAIIOB KOCMUUYECKUX HCCIIeIOBAaHUUA. TakuM oOpa3oM OCHOBaHUE
KOCMHYECKOTO0 MOHHUTOPHWHTA HAXOJIUTCA B 3eMHBIX HayKaxX M IIPEK/Ee BCero B reonH(popMaTuKe, a
MPWIOKEHUsI €ro MMEIOT HAIpaBJIeHHOCTh Ha OJIMKHMH U JaJbHUA KOcMoc. MeToaudecKu
BaXHBIM  JUUII ~ KOCMHYECKOTO MOHHMTODHWHIA  SIBJISIETCA  MCIOJb30BAaHWE HE  TOJIBKO
reonH(OPMAaITMOHHBIX METOJIOB, HO U MTHMOPMAITMOHHBIX METO/IOB B KOCMUUYECKUX UCCIIET0BAHUIX
(CaBunbIx, 2015b). Kpome cucremuoro ananmmsa (Bondur, Tsvetkov, 2015a) KOHIENTYaJIbHBIMU
HaIpaBJIEHUSMH KOCMHUYECKOTO MOHUTOPHWHTA SBJISIOTCA KOHIENIUA HH(POPMAIMOHHOTO
npocTtpaHcTBa U uHpopmanuonuoro nosst (I[Berkos, 2015b, CaBuHBIX, 2018). Heo6xomuMbiM
dbakTOpOM COBPEMEHHOTO KOCMHUYECKOTO MOHHUTODHHTA SIBJISETCS HCIIOJIb30BaHUE PA3HBIX BHUJIOB
MOJIeJTUPOBaHUsI, BKJIIoUast MetamoiesiupoBanue (Tsvetkov et al., 2020).

2. O6cyxkaeHue U pe3yIbTaThl

CucremaTnka KOCMHYECKOTO MOHUTOPUHTA

CucremMaTKa KOCMUYECKOTO MOHUTOPHHTA OCYII[ECTBJISETCS IO Pa3HBIM XapaKTEPUCTUKAM
WIA Pa3HBIM aclekTaM. MOKHO BBIIEJIUTH CJIEAYIOIINE KPUTEPUH: TI0 O0BEKTY HAOJIIOEHUs, TI0
AKTUBHOCTH MOHUTOPDUHTA, 1O JUHAMUKH JBIKEHUs, 0 CIEKTPAIHHBIM XapaKTEPUCTHUKAM
JIATYUKOB, II0 OTHOIIIEHHUIO K 3€MHOU MOBEPXHOCTH, 110 MOZEeAM oObekTa u Apyrue. Ha Pucynke 1
IpUBeZieHa CUCTEMATUKA KOCMUYECKOTO MOHUTOPUHTA 110 OCHOBHBIM acleKTaM

I[To o6bexTy HAOMIOAEHUA U €ro OKPYKEHUI0 pa3JesaioT MOHHTOPHUHT OOBEKTOB
(0OBEKTHBIN) M1 MOHUTOPHHT IIPOIECCOB (MpoIrieccyaabHbIl). MOHUTOPUHT IPOIIECCOB OOBEKTOM
uccaeioBaHusA uMmeeT mpolecc. Hampumep, pa3BuTHe moxapa Ha OIpeZieJIEeHHOU TeppUTOPUH WU
pacripoctpaHeHre HedTAHOTO NATHA HA NOBEPXHOCTH oOKeaHa. OOBEKTHBII MOHUTOPUHT
OTCJIEX)KUBAET COCTOSIHME M JUHAMUKY COCTOSHHUA. OOBEeKTHBIM MOHHUTOPUHI 4Yallle SBJISeTCS
JIUCKPETHBIM U MHIAUKAIMOHHBIM. IIporieccyasibHbIE MOHUTOPUHT SIBJISI€TCSA Yallle HEIPEPhIBHBIM
U aHUINTHYECKUM. VIHOT/Ia OTHOBPEMEHHO HAOJII0/IAI0T OO'BEKTHI U ITPOIECCHI.

[To MeToMMKM MOHHUTOPHWHTA €ro IOAPA3JAESIOT HAa WHJUKAIMOHHBIA (JUCKPETHBIN) U
aHamtuueckuil (HempepwiBHBIHN). Ecoin TKM Topko UKCHUPYIOT Hajmuuyue (71a) WIH OTCYTCTBUE
(met) uero 60, TO Takoii KM Ha3bIBAIOT WHIUKAITTOHHBIM.

Ecsim KM Habsroaer o0beKT ¢ BpeMEHHBIMHU PAa3pbhIBAMU TO €T0 HA3bIBAIOT: TOBTOPSEMBIM,
JIUCKPETHBIM, MEePpUOAUYECKUM, pa3pbiBHbIM. Eciu KM oTciexnBaer sBJIeHHE Ha MPOTSKEHUH
JUIUTEJIbHOTO WHTepBajia BpeMeHU 0e3 NMpephIBaHUsA, TO €r0 Ha3bIBAIOT HENPEPHIBHBIM, XOTA 3Ta
HENPEPBIBHOCTH ABJISETCS YCIOBHOM.

Ilo creneHu BozzaeiictBusa TKM Ha O00BEKT MOHUTOPHUHTA PAa3fAeyfAioT: aKTUBHOE
BO3/leficTBUE (AKTUBHBI MOHUTOPHHT), AUCTAHIIMOHHOE HAOJII0/IeHre (ITaCCUBHBIA MOHUTOPUHT).
Axtusuble TKM, Hanpumep pasinoIOKAIOHHOE HabI0ieHne, 00/IydaloT 00beKT MOHUTOPUHTA U
TeM CaMbIM BO37IeHICTBYyeT Ha OOBEKT MOHUTOPHUHra. Ilo GOJIBIIOMY CUeTy 3TO MOXKeT MEeHSThb
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COCTOsTHHE OOBEeKTa MOHUTOPUHTA. Hampumep, i YyBCTBUTEIBHBIX OHOJIOTUYECKHX >KHBBIX
CYIIIECTB PAaJIMOJIOKAIIMOHHOE OOJIydeHHe MO’KeT IPUHOCUTh BpeZ. Ho 1oka yueHble U
HCCIIeI0BAaTEIN UTHOPUPYIOT 3Ty MPO0OIeMy, ITOKa He HAUHETCS] MaccoBasi THOesTb. [Ipyroi mpumMep
Jla3epHOU 30HJUpPOBaHue. /[pyruM mpHUMepOM ABJISETCA aKyCTUYECKUUA MOHUTOPHHT, KOTOPBIU
4acToO MPOBOJAT B 3eMHBIX yCJIOBUAX. OH 3aKIIIOUAETCA B IMPOMYCKAHUM 3BYKOBBIX MEXaHUUYECKUX
BOJIH Yepe3 00BbeKT MOHUTOPUHTA. [I[prMepoM aKTUBHOTO MOHUTOPHWHTA SIBJISETCS PEHTTEHOBCKAs
chbeMKa. [TacCMBHBII MOHUTOPUHT €CTh HAOJIIOJIEHWEe CO CTOPOHBI 0e3 BO3JEeUCTBUS Ha OOBEKT.
ATOT MOHUTOPHUHT SBJISIETCS SKOJIOTUYeCKH 4ducThiM. Hampumep, nmpumeHeHue (HOTOCHEMKHU B
ONITMYECKOM Wid WHGpPAKpaCHOM Jualla30HaX fABJISIETCS IACCUBHBIM  MOHUTOPHUHTOM.
HeobxouMo OCTaHOBHUTCS Ha MOHATHU CHCTEMa MOHHTOPHWHTA. KpoMe TeXHOJIOTUH HCIIOJIb3YIOT
CHUCTEMbl MOHHUTOPHHTAa WM CHUCTEMBl KocMmuueckoro MoHuropuHra (CKM). CKM Brirogaer
TEXHUKO-TEXHOJIOTHYECKHH KOMIUIEKC U IIPEACTaBJsAET COOOH I[€JIOCTHYIO CHCTEMY C ITO3HITHH
CHCTEMHOTIO aHa/IN3a.

AKTMBHOCTb AKTVBHbIN ‘
MaccroBHbIN ‘
MacLitab "nobanbHbIN ‘
TokansHbii |

HanpasneHHocTb %ﬂ BHeLwHWI ‘

ﬂ BHyTpeHHHMI

MeToauka %ﬂ MHAWKaUMOHH ‘

ﬂ [nckpeTHbIn

ﬂ HenpepbIBHbIN \

\ OunanasoH %ﬂ OnTunyecknin \

ﬂ TennoBon ‘

% PaavnonokauuoH . ‘

% PagnaunoHHbIn. ‘

Puc. 1. CucremMaTka KOCMUYECKOTO MOHHUTOPDHHTIa

[TaccuBHBIE MOHHUTODHWHTA NPEAINOUTHTESIbHEE TPU  OOC/IEIOBAaHUM  HEU3BECTHBIX
KOCMHYECKUX OOBEKTOB, IOCKOJIbBKY AKTHUBHOE U3JIyUeHHEe CO CTOPOHBI CHCTEMbl MOHUTODHHTA
MOXKeT BOCIIPUHUMATBCSA KaK arpeccus HWHUIMUPOBATh HEU3BeCTHblE IIPOIECChl Ha OOBbeKTe
MOHHUTOPUHTA.

Bup ¢ukcanum aBrkeHUs 00bEKTa MO3BOJIAET Pa3/iesisATh MOHUTOPUHT HA JUCKPETHBIN U
HeNpepbIBHBIN AuHaMuyeckuil MoHuTopuHr (HAM). JIucKpeTHBIM AUHAMUYECKUM MOHUTODUHT,
IIPU KOTOPOM TO3UIMOHUPOBaHUE OOBEKTa MOHUTOPUHTA OCYIIECTBJIAIOT B PA3HBIX TOYKAX
IIPOCTPAHCTBA, Y/IAJIEHHBIX IPYT OT JIpyra 3HAUUTEIBHO (TOUueuHoe onpezieneHue). HempeppIBHbII
JUHAMUYECKUH MOHUTOPDHHT OCHOBaH HCIIOJIb30BAHUHM BPEMEHHOHM (DYHKIWU, JTUCKPETHBIA Ha
JIVICKPETHOM O7IeJI BpEMEHHOTO Psfa.
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[IpenmyIiecTBOM  HeIIPepbHIBHOTO MOHHUTOPDHUHIA ABJIAETCA BO3MOXKHOCTb IIPOBEJIEHUSA
PEeTPOCIIEKTUBHOIO U IIE€PCIIEKTUBHOTIO aHaIn3a. IlepCcreKTUBHBIM aHAIU3 M03BOJIAET OCYIIEeCTBIIATh
IporHo3upoBaHue. HemoctaTkoM — HENpEpHIBHOTO  MOHHUTOPUHIA  fBJIAETCS  TpeboBaHUe
arocTepUOPHON BpeMeHHOU MOJiesIH IBHKeHUA. be3 Takoil Mo/iesli MOHUTOPUHT He IPUMEHUM.

JIuCKpeTHbIE MOHUTODUHT He TpeOyeT Mojenu aABrkeHus. OH daxkTudyecku (ukcupyer
TeKyllee IOJIOKeHHe OObekTa. J[MCKpeTHBI MOHHUTOPUHT OIpeZiesifeT IOJIOKEHNEe O0BEKTa B
Touke HaOmozeHus. Ho 3a Bpemsi cOopa mHdoOpMaum u ee 00pabOTKU KOCMHUYECKUH OOBEKT
poxoAuT Oosbilioe paccrosgHue. I[losTomy, HabmOeHMEe B OJHOU Touke He 3(EHEKTHUBHO.
Tpebyercsa HAOIIOZEHNE B HECKOJIBKUX TOUKAX XapaKTEPHBIX /IS IAHHOTO THUIA ABIKeHus. [Ipu
STOM CJIeAyeT YIUTHIBATH JBUKEHHE OOBEKTOB CO CKOPOCTAMH 12-17 KM/cek. To ecThb, eciin ecTh
raysa Mexk/1y U3MePEHUsIMH B MUHYTBI, TO OOBEKT MOXKET IPOJIETETDH THICAUY KHUJIOMETPOB MEK/IY
HaOJIIOEHUAMMU.

ITpumenenue HJ/IM TtpeGyerT nmb0 3HAHUA 3aKOHOMEPHOCTEH JBIKEHUA, JINOO TOYHOTO
ypaBHeHUs JABUKeHUA. B KocMoce TpaeKTOPUU JIBUXKEHMSA 3TO 4Yallle BCEro KpHUBbIE BTOPOTO
nopsaaka. OHU MoryT OBITh MO0 He BO3MYILEHHble, YTO OBbIBAe€T PeJIKO U XapaKTEPHO JJIA
HeOOJIBIIUX paccTossHUE. OHO MOTYT OBITh, UTO Yalle OBIBAEeT, BO3MYIIEHHbIE. TO €CTh IBHKEHUE
IIPOUCXO/IUT C YY€TOM BJIUAHUA APYTUX TeX KOCMUYECKOTO IIpocTpaHceTBa. s yuera BO3MYIIeHUH
HeOoOXOAMMO BBOJIUTh U HCIOJIb30BATh IOHATHE CKOJIB3AIIEH HH(MOPMANVOHHOU CUTyallld, B
YCJIOBUSIX KOTOPOH [IBUTAeTcsl OOBEKT. B 3€MHBIX YCJIOBHUSAX IPUMEPOM 3TOTO SIBJISETCA
JKeJIe3HOZIOPOKHBIM  TPAHCIIOPT, KOTOPBIM  JIBUTaeTcss MO  33JJaHHOU  TPAEKTOpUU  —
JKeJIE3HOJIOPOKHOMY myTH. [lo Mepe ABMKEHHA OKpYKaroIas OOCTAaHOBKA MEHSETCS M MOTYT
BO3HHUKHYTH CUTYaI[iU BIIUAIONINE HA U3MEHEHUE JIBIKEHNS, HAIpUMeP OMEeXHU Ha TPAeKTOPHUH.
ITO He TOJIHAA AaHAJIOTHA, IOCKOJIBKY TPAaeKTOpUs KOCMHUUYECKOTO Tejla MOKeT MeHseTcs,
a TPAeKTOPHS CPEZICTBA JKEJIE3HOIOPOKHOTO TPAHCIIOPTA MPUBA3aHAa K PEJIbCAM.

Eciu B kauecTBe KpUTEPHSA XapaKTEPUCTUKN MOHUTOPHHTA BBIOPATh BOJTHOBOU JUAIIa30H, TO
5TO JAeT TaKyl0 CHCTEMATUKY: DPaJHAlMOHHBI MOHUTOPUHT (LIBeTKOB, 2015C), ONTHYECKUU
mouuTopuHr (BoHmyp u jp., 2010), TelwioBod MOHHUTOPUHT (BuHOTrpasioB u 1p., 2017),
mouurtopuHr Ha CKB (Bouyp, YumuTtop:xues, 2008), J1a3epHbI MOHUTOPHUHT.

BiusHue mHbOpMaTH3aMU U Pa3BUTHE MOJEIUPOBAHUA IPHUBEJIO K HCIOJIB30BAHUIO HX
nocrkenuit B CKM. IIpu sToMm MoziesiipoBaHue pas/iesIAloT Ha BHYTPeHHee U BHelllHee. BHyTpeHHee
MO/ZIEJINPOBAaHUE CBA3aHO C MOJEJIMPOBAHMEM TEXHOJIOTUH MOHUTOPDUHIA, MOJIeJIMPOBAHUEM
IIPOIIECCOB cOOpa U MOJETMPOBaHUEe 00paboTKK coOpaHHOU MH(MOpMAaNU. BHeIlIHee MOie TMpOBaHUE
CBSI3aHO C MOJIEJTMPOBAHUEM COCTOSTHUU FUTH JUHAMUKU OO'bEKTOB MOHUTOPHHTA.

Jnst obemx BUIOB MOJEJUPOBAHUA XapaKTEPHO WCIOJIb30BAHUE KOHIIENTYAJbHOTO U
MIPUKJIATHOTO MOJIeTUpOoBaHus. KOHIENTyaIbHOE MO/IETMPOBAHUE HCIIOIB3YET METaMO/IEJTUPOBAHIE
u wuHbopManMoHHOe KOHcTpympoBaHue (/lemko, 2016). IlpuxkiagHoe WHGOPMAIIIOHHOE
MOIEJTUPOBAHUE HCITOJIb3yeT MOJIeJIb WH(OPMAIMOHHON CHUTYalluH, MOjleJIi WHMOPMAIMOHHBIX
otHomrenn# (/lemko, TpudoHOB, 2014), MOAENU IIPOCTPAHCTBEHHBIX OTHOINEHHH. I[IpuKiamHOE
nHGOPMAIIMIOHHOE MOJIEJIMPOBAaHUE HCIOJIb3yeT OHOMACHOJIOTUYECKOe MOJIeJIMPOBaHUe, KOTOpOe
cTpouTcs Ha mpuMeHeHun nHbopManuoHHbIxX eauHu (Ozhereleva, 2014).

I[To Mopenam oOBeKTa NTPU KOCMUYECKOM MOHUTOPHUHIE BBIJIEAIOT INPUMEHEHUe
CTAaTHUCTUYECKUX MOJiesied 00bEKTOB, JUHAMHYECKUX MojAeaed 00bekToB. [Io MozensaM o0beKTa ¢
ydeToM UH(POPMAIMOHHOTO OKPY:KEHUS IPU KOCMIUYECKOM MOHUTOPUHTE BBIJIEJIAIOT IPUMEHEHNE
UHOOPMAIUOHHBIX Moesell cuTyanuu (CUTyaTUBHBIM MOHHUTOpUHT). [IpuMeHeHUe Mojeseit
MH(GOPMAIMOHHOTO B3aUMO/IEHCTBUS PA3HBIX 00BEKTOB (KOMMYHHUKATUBHBIA MOHUTOPUHT).

[Tosile MOHUTOPHUHTA 3TO 00JIACTH MPOCTPAHCTBA, B KOTOPOH HAXOAUTCA 0ObEKT MOHUTOPHHTA,
U ero OKpykeHue. MHOTZa 10Jie MOHUTOPUHTA €CTh WH(GOPMAIMOHHAS CHUTyallus, HO dYalle
CUTyalllsi BXOAUT B II0Jie MOHHUTOpPUHTA. [lo mosir0 HAGJIO/IEeHHUs Pa3AessiioT KOCMUYECKUH
MOHHUTOPUHT HA: BHYTPEHHUU BHEIIHUA W MOHUTOPHHT OKOJIO3EMHOTO IMPOCTpaHCTBA. OOBIYHO
9TOT IIOKa3aTeJb OIEHUWBAEeTCsI K opOuTe KocMuyeckoro ammapata. C IOBEPXHOCTH 3eMJIU
BO3MOKEH TOJIbKO BHEITHUN MOHUTOPUHT.

BHyTpeHHUII MOHUTOPUHT HAIpaBJieH HA HCC/IEI0BAHUE MOBEPXHOCTH 3€MJIM U OKEAHOB C
opbutsl KocMuueckoi crannuu win MC3. BHyTpeHHUIT MOHUTOPUHT HAIIpaBJIeH Ha UCCIEI0BAHUE
YaCTU OKOJIO3EMHOT'0 IIPOCTPAHCTBA. BHYTpEHHUI MOHUTOPHHT — 3TO, 10 CYII[eCTBY, UCCJIe/IOBAHIE
3emsn ux kocmoca. OCOOEHHOCTBIO €ro sIBJISETCS TO, UTO OH HCIIOJIb3yeT reojanuble (Savinykh,
Tsvetkov, 2014). BHelmHWII MOHUTOPWHI HAINpPAaBJIEH Ha WCCIEIOBAHHE YaCTH IOJIYHHOTO
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IIPOCTPAHCTBA, BCETO 3aJIyHHOTO IIPOCTPAHCTBA M KOCMHYECKOTO IIPOCTPAHCTBA B OJIMKHEM U
JlalbHEM KOCMoce.

KocMuueckye mpocTrpaHCcTBa Kak 00bEKThI KOCMUY€CKOIr0 MOHUTOPHUHTA.

Kosip ckopo peusb 3amuia o MpoCTPAaHCTBAX, HEOOXOIUMO JIaTh Pa3bsCHEHUS UX COZEPIKaAHUS.
OHHM cBfI3aHBl CO CTPYKTYPHOCTBHIO BCeJIeHHOW. Bo MHOrumx Gumiocopckux U TeXHUUECKUX
MyOJIMKAMUAX JIOKa3aHO, YTO MUP eCcTh cucteMa crucreM (MoHaxoB U Jp., 2005). CTPYKTYPHOCTBIO
BCeJIEHHOU 00yCJIaBIMBaeT CTPYKTYPHOCTh MPOCTPAHCTB. [Ipyu 3TOM KOCMUUYecKue MPOCTPAHCTBA U
WHOOPMAIUOHHbIE TPOCTPAHCTBA — 3TO CYOBEKTUBHBIE IOHATHS, CBA3AHHBIE C KPUTEPHUSIMH,
KOTOpBbIe BBOAUT uesioBeK. C OJHOU CTOPOHBI 3TO IOHATHE OTPAKAET HEKYI0 OOBEKTUBHYIO
CTPYKTYPHOCTb, C IPYTOM 3a7ilaeT yCJIOBHbIE IIPOCTPAHCTBA, XapaKTEPUCTUKU, KOTOPHIM
MIpUYMBbIBaeT 4yesioBeK. Vcxoada u3 OObeKTUBHON CTPYKTYPHOCTH M CyOBEKTHBHOU YCJIOBHOCTH,
MOKHO ITOCTPOUTH CTPYKTYPY UHPOPMAIIMOHHBIX KOCMHUUECKHX ITpocTpaHCTB (PucyHoK 2).

[JanbHun kocmoc

BrnvxkHuM kocmoc

ConHe4Has cucrema

3anyHHoe Kocmmyeckoe
NPOCTPaHCTBO

MoanyHHoe KocMudeckoe
NPOCTPaHCTBO

Okono3emMHoe kocMu4eckoe
NMPOCTPaHCTBO

HaseMHoe npocTpaHCcTBO

Puc. 2. CrpykTypa nHGOPMAITMOHHBIX KOCMUYECKUX IIPOCTPAHCTB.

B nmanmHO#l paboTe BBOAUTCS HOBBIM TePMHH «HHGOPMAIIMOHHOE KOCMHUYECKOE
npocrpadcTBo». OHO oOTpakaeT peaJibHOe IPOCTPAHCTBO M II0OITOMY BO3HHUKAeT BOIPOC
oIpezie/IeHUs TPAHUI] HH(POPMAIIMIOHHBIX IIPOCTPAHCTB. DTH HCCJIEA0BAHNSA IIPOBEJEHBI B paboTax
(Barmin et al., 2014; Bapmun u gp., 2014). IIpu 3TOM cienyeT OTMETHUTH OKOJIO3EMHOE
kocmuyeckoe mpoctpaHcTBo (OKII). Bce mpocrpaHcTBa Ha PucyHke 2 ABJIAIOTCS YCIOBHO
cratudeckuMu. OKII aBngerca nuaammdeckuM. OHO pacTeT C POCTOM OCBOEHUA KOCMHUUYECKOTO
IIPOCTPAHCTBA ¥ 3a0pOCKOM HOBBIX TEXHUYECKUX CPEACTB B KOCMHYECKOUW IIPOCTPAHCTBO.
Cretyromuii mmar ero OCBOeHHUs Oy/IeT CBA3aH C OCBOEHHEM TOUYEK JIMOPAI[UH.

BaxkHoUl rpanwuIiell sBisiercss aTMocdepa. OHA MOTEHITHAJIFHO 33JIa€T BO3AYIIHYIO CHEMKY.
Ho ropuanyecku oHa OTAeA€T KOCMOC OT 36MHOTO IIpocTpaHcTBa. ['paHuiia kocmoca 100 KM OT
IIOBEPXHOCTU MUPOBOTO OKeaHa miu reouzia. Ha Pucynke 2 ona He maHa. /Io 100 KM JIeiCTByeT
3eMHas reonH(pOpPMaTHKa, CBBIIIIE 100 KM JIeUCTByeT KOCMHUYECKas reOnH(GOPMaTUKA.

Takum 06pa3oM rpaHuna KocMoca 100KM OT moBepxHoctu 3emiu. I'panuna OKII feBATh
3eMHBbIX paauycoB. OKII comepkut Bce dusnueckue Nojd U HAIVIAAHO IOKA3bIBAET PAa3HUILY
Mex1y osieM U nmpoctpadcTBoM. [ToyutynHoe KII 310 cdepa ¢ 11eHTpoM B IeHTpa MacC U PajiiycoM
PaBHBIM PACCTOSTHUIO 0 JIYHHOU Tpaektopuu. 3asyHHoe KII 3T0 cdepa, paguyc KOTOPOH paBeH
OJTHOM acTpOHOMMYECKOH enuHuUIlp! (paccrossaue ot 3emiu /1o ConHna). LenTp chepsl HaxoaUTCA
B IeHTpe Macc 3ewmsd. ITO TMPOCTPAHCTBO MOXKHO pacCcMaTpUBaTh KaK paclIdpeHue
TeoIeHTPUYECKOU cHCTEMBI KoopaimHaT 1o CostHIa.

KoopaunHaTHOe o6ecrieueHrne KOCMUY€CKOTr0 MOHUTOPHHTA

KoopsiuaaTtHOe obecrieyeHre KOCMHUYECKOT0 MOHUTOPHHTAa OCHOBAaHO HAa IPUMEHEHUU
cucrteMm koopauHat (bapmuH u ap., 2014). B npakTrke KOCMHYECKOTO MOHUTOPHWHTA MPUMEHSIOT
Takye CHCTeMBbl KOOpDJMHAT: TajJaKTU4YecKas, CBfA3aHHAA C I[EHTPOM  TaJIaKTHUKU,
resnuoneHTpudeckas (06br9HO eHTp B CoJHIE), TeonieHTpuIecKas (IEHTP B IEHTPe Macc 3eMJIn),

16




Russian Journal of Astrophysical Research. Series A. 2022. 8(1)

TOTIOIIEHTpUYecKast (IeHTP Ha MOBEePXHOCTH 3eMJIH). ['alakThueckast clcTeMa sIBJIseTCs O0Iel Mo
OTHOIIIEHUIO0 K 3Be3AHBIM cucreMaMm. OJHaKO Hadyajao KOOPAWHAT ee CBA3bIBalOT ¢ CoJIHIIEM
(PucyHok 3). Ha PucyHke 3 moKa3aHO TeOMETPUYECKOH MTOJIOKEHNE TeJTMOIEHTPUYECKON CHCTEMBI
(BecemoBckuii, KpormoTkuH, 2010).

TFarakmuru

Puc. 3. ITonoxeHue FEHHOHGHTqueCKOﬁ CHUCTEMBI KOOpJZIMHAT B raJJaKTHUECKOH
cucreMe KoopauHaTt

Ha Pucynke 3 pmaHel yciaoBHble IudpoBble obo3HaueHus. lludpa oxuH obGo3HauaeT
JIOKQJIPHOE CKOIUIEHHE, KOTOPOE HAa3bIBAIOT MIAPOBBIM. TU OOBEKTHI Pa30POCAHBI IO TaJIAKTHKE
OTHOCUTEJIPHO ee TVIABHOU IUTOCKOCTH. l{udpoi /Ba 0603HAYAIOT MPOCTPAHCTBEHHYIO CHUCTEMY
KOTOPYIO Ha3BbIBAIOT IPOMEKYTOUHOH. OHA OXBATHIBAET OCHOBHOU ACK. Ee rpaHuIbl MOKa3aHbI
myHKTUpOoM. OCHOBHas 4YacTh TJIAKTHKH OOO3HAueHa HUMPOH TPU U BbIEJ€HA IOJIYKUPHOU
JuHUEeH. BHYTpM Hee CyIIEeCTBYIOT [Be IIOACHCTEMBI MOJofiass u crapasd. OHH 0003HAYEHBI
nudpamu 5 u 6. Anpo rasmakTuku 0603HaUeHO NUDPOH 4. IIOCKOIBKY rajJlakTUKaA IIPEICTaBIISAET
cobo¥l crnumpaseoOpa3Hyl0 KOHCTPYKIIMIO, TO TaKas KOHCTPYKIIMs TIOKa3aHa B paspe3e U
obo3naueHa nudpoit cemb. Coxparnenue «KIIK» o3HauaeT Kuiomapcek, 3Ha4eHHE KOTOPOTO
JlaeTcsi B JIIOOOM CIIPABOYHHKE 10 aCTPOHOMHUH.

Kak mokazaHo Ha PucyHke 3 Hayajo KOOpDJWHAT TajlaKTUUeCKOM cHUCTeMBbl COBIAJIAET C
HA4yaJIoOM KOOpPJMHAT TeJIMOLIEHTPUYECKOU CHUCTeMBI. /[[jI1 OpHUeHTaluu 5SKBATOPUATIBHYIO
IUIOCKOCTh TaJIAKTUYECKON CHCTEMBI COOTHOCAT ¢ MoieunbiM IlyremM, HO pacmosiaraior B
raJakTU4ecKoM JIiucke. JTO O0ycIOBJIeHO TeM, uTo Mieunslii IIyTh HaxoguTcAs B MajioM Kpyre
rajakTuyeckou cdepsl, a raJJakTUYeCKUN UCK COOTHOCUTCA € OOJIBIIUM KPYTOM.

lFaymakTryeckas cucreMa KOOPAUHAT UMEET IVIaBHYIO OCh, HOPMAJIbHYIO K MJIEUHOMY ITyTH U K
raJlakTU4ecKoMy JIUCKy. DTa HOpPMaJlb 33JIaeT JBA YCJIOBHBIX IOJioca rajakTuku. Ha Pucynke 4
MOKa3aHa raJlakTuJeckas J0JIroTa.

T o ————— >
LeHtp
Puc. 4. l'anaktuyeckas g0Jrora

Ha Pucynke 4 cumBosiom C o6o3zHaueHo CoJiHIIE, CHMBOJIOM b IOKazaHa 10JIrOTa.
lajakTHyeckyo AOJATOTY U3MepAKT OT O A0 360°. Ha PucyHke 5 mokaszaHa rajgakThUdeckas
IUpPOTA.

17




——— Russian Journal of Astrophysical Research. Series A. 2022. 8(1) —

LeHTp

Puc. 5. N'anaktuyeckad mmpoTa

Ha Pucynke 5 cumBosiom C o60o3Haueno CostHile, cuMBoJioM [ mokaszaHa mmupota. [[lupora [
MIPUHUMAET 3HaYeHU OT -90° 710 +90°.

Kak cneayer m3 PucyHka 2, rajlakTHYecKash CHUCTEMA OIMCHIBA€T JAJbHUN W OJIFDKHUHN
kocMoc. COJTHEUHYI0 CHCTEMY OIIMCHIBAeT TeIUOIleHTpHUYecKas cHUcTeMa KoopauHat. Tpu Oosiee
HHU3KHe 10 uepapxuu (PUCYHOK 2) CHCTEMBI: 3a/IyHHYIO, ITOJJIYHHYIO U OKOJIO3EMHYIO OITHCHIBAET
reoleHTpuyeckas cucreMa koopauHart. [Ipu nepexojie u3MepeHUss KOOPAUHAT KOCMUYECKOTO Teja
OT TaJIaKTUUECKOW K TeJHUOIEHTPUUYECKON JOCTaTOYHO IIPHUMEHATH YIJIOBbIE KOODAMHATHBIE
npeoOpa3oBaHus, IOCKOJBKY IIeHTp y HuX o0mui. Ilpu mepexone u3MepeHUsT KOOPUHAT
KOCMUYECKOTO Tejla OT TEeJHOIEHTPUUYECKOH K TeOIlleHTPUUECKOH HeOOXOAUMO HPHUMEHSTH
JIMHEWHBIE U YTJIOBbIE KOOP/IMHATHBIE ITPe00pa30BaHUsl, UTO ABJISIETCSA O0JIee CJIOKHO MPOIIEAYPOT.

[IpumeHeHVE TON WJIM MHOM CUCTEMBI KOOPAWHAT 3aBUCHUT OT y[AaJIeHUSA A0 KOCMHUYECKOTO
oobekra (Tsvetkov, 2016a).

3. 3aKjJIIoueHue

CoBpeMeHHBIN KOCMUUYECKH MOHUTOPHUHT CTPOUTCS HAa OCHOBE MHTErpaIliy MeTOZI0B 3eMHOT'O
MOHUTODUHTAa U UWHTerpanuu HayKk O 3emyle B KOoCMMUecKHe uccilefioBanus. KoHnenmus
WHGOPMALIMOHHOTO IIPOCTPAHCTBA B KOCMHMYECKOM MOHUTOPUHTe TpaHchopMupyeTcsad B
KOOpAMHATHOe obOecreueHre KOCMHYECKOTO MOHHUTOPHHTA. CJI0KHOCTh Pa3BUTHSA KOCMHYECKOTO
MOHUTOPHHIA O0YCJIOBJIEHA KOCMUYECKOW M Ha3eMHOU mpobsieMoil 6osbiux faHHbIX (Bypasies,
[IBeTkoB, 2019). B KOCMHYECKOM MOHHUTOPHHTE IIIUPOKO TPUMEHSAIOT MOJAETUPOBAHUE U
IIPOCTPAHCTBEHHBIE MOJIEJIH, a B PAJIE CIyIaeB MPUMEHSIOT ITPOCTPaHCTBEHHYIO JIOTHKY (Tyagunov,
Tsvetkov, 2021). Bce 3T0 HAXOIUT OTpa’KeHUE B BBOJIIOIUA KOCMHYECKOTO MOHUTOpHHTA (Savinych,
2017). IIpu paccMOTpeHUH KOOPAMHATHOTO OOECIeUeHUsl CYIIECTBYIOT TEPMUHOJIOTUYECKHUE U
ceMaHTHUYeCKHue mpobsieMsbl, TpeOytomue pemenus. Ha pazsurne CKM, TKM u KM cymiecTtBeHHO
BJIUSIIOT HOBBIE TEXHUUYECKUE PEIIeHMs, TAKhe KaK IUIaHeTHas ajnpTuMerpus (Tsvetkov, 2020) win
HCIO0JIb30BaHME OPOUTANIbHBIX cTaHIMH (CaBUHBIX, I[BETKOB, 2017).
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PazBuTHe KOCMUYECKOTO MOHUTOPUHTA
Cranucnas AsiekceeBnd Kyx 20 °
a Poccuiickuii TexHosiornueckuii yauepcuteT (PTY MUPDA), Mocksa, Poccutickas ®enepamnus

AnHOTanuA. B craThe pacCMOTPEHO pa3BUTHE KOCMUUYECKOT0 MOHUTOpUHTA. [lokazano, 94To
KOCMUYECKHM MOHUTODHHT CTPOUTCSA HA OCHOBE HWHTETpalliMl METOJ0B 3€MHOTO MOHUTOPUHTA U
WHTErpallid HayK O 3eMJyie B KOCMHYecKHe wuccaenoBaHus. (ObecrieueHHe MOMKET OBITh
pacIpocTpaHeHO Ha KOCMHYECKOM ImpocTpaHcTBo. KocMuuecknii MOHUTODHWHIA HCIIOJIb3YeT
TEXHOJIOTUH JUCTAHIIMOHHOTO 30HJAWUPOBAHUSA U WHCTPYMEHTAIHHO-BU3yaJIbHbIE HaAOJIIO/IEHUS.
Bosnpiioe BaWsHWE Ha KOCMHYECKHMH MOHUTODWHI OKas3bIBAIOT: KOCMUUYECKOW TeoJie3us,
reofie3nyecKkas acTPOHOMHsI, CPaBHUTEIbHAS IIJIAHETOJIOTHsI, KOCMUUYecKas reonH¢popMarnkKa u
MpUMEHEHNE CHUCTEMHOTO aHaJN3a B KOCMHYECKHX HccaenoBaHUAX. HeobxomuMbIM (aKTOpOM
COBPEMEHHOTO KOCMHUYECKOTO MOHUTOPHUHTA ABJAETCSA HWCHOJIb30BAaHWE PAa3HBIX BUOB
mojenupoBanus. CTaThsi JaeT CHUCTEMATHUKy KOCMHUYECKOTO MOHUTODPUHTA OCYIIECTBJISIETCS IO

* KoppectoHINPYIOIIUHA aBTOD
Anpeca 3sekTpoHHOU mouThl: rektor@mirea.ru (C.A. Kymx)

21




Russian Journal of Astrophysical Research. Series A. 2022. 8(1)

pasHbIM acmekTaMm. KocMuyeckuil MOHHUTODHUHI HMeeT JBe HalpaByieHHocTH. IlepBas rpyrma
HampaBjeHa Ha WCCIEOBAaHNE BHE3EMHOTO KOCMUYECKOTO IIpOCTpaHCTBA. Bropas rpymnma
HampaBjeHAa Ha TMOJJIEPXKKY HCCIeOBAaHUM 3eMM U3 KocMoca M YacThb OKOJIO3€MHOTO
KOCMUYeCcKOro mpocTpaHcTBa. CTaThsi BBOAUT HOBBIM TePMHUH «HH(OpPMAIVOHHASA CUTYaIlUsd
MoHUTOpHUHTa». CTaThsl IOKa3bIBaeT pasrpaHuueHune cdepbl NMpUMeHeHUs reoMHGOPMATHKH U
KocMHuUecKor reomHgpopmaTtuku. CTaThsi pacKphIBAET CO/Iep:KaHUEe KOCMHYECKUX ITPOCTPAHCTBA
Kak OOBEKTOB HCCIEAOBAaHUSA KOCMHYECKOTO MOHUTOpPUHTra. I[lokazaHO pasimyne MexXIy
MOZUIyHHBIM U 3QJIyHHBIM IIDOCTPAHCTBAMH B aCIIEKT€ METEOPUTHOU oOmacHOCTU. CTaThA
pPacKpbIBaeT COZiepKaHHEe KOOpJAWHATHOe ofecredeHre KOCMHYeCKOr0 MOHUTOpPUHTA. B
KOCMHYECKOM MOHHUTOPUHTE MIPUMEHSIOT: raJIaKTHYECKYTO, TeJTMOIIEHTPHUUECKYIO,
TeOLIEHTPUYECKYI0 U TOIOIIEHTPHUUYECKYI0 CHCTeMbl. PacKpbIBaeTcs co/iep:KaHUE 3TUX CHUCTEM.
[TokazaHO OT/IMYHME TAJIAKTUYECKON HIMPOTHI U JIOJTOTHl OT TeJUOIeHTpUYecKoil. OTMeueHbI
0cOOEHHOCTH OIpe/iesIeHU MTOI0KEeHN KOCMUYeCKUX 0O0BEKTOB B PA3HBIX CHCTEMAaX KOOPAWHAT U
JTaHBI PEKOMEH/IAINHY 110 IPUMEHEHHUIO 3TUX CHCTEM KOOPUHAT.

KiroueBble cjI0oBa: KOCMUYECKHE  HCC/IEIOBAHUSA, MOHHTOPHUHT, KOCMHYECKHI
MOHUTOPHHTA, TeonMH(OpPMATHKa, KOocMHUUYecKas reonHGOPMATHKA, KOCMUYECKas Teofe3us,
MHGOPMAIMOHHOE ITPOCTPAHCTBO, KOOPAMHATHOE 00eCIIeUueHueE.
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Abstract

The author published a paper on the gravitational force generated by an interaction between
matter and the ZPF field in the vacuum. This paper shows a new model of gravitation which is
based on the interaction between matter and the ZPF field in a vacuum. From the equation of
quantum electrodynamics, it can be derived that a gravity constant is not a constant but it can be
decreased by the strong electromagnetic field. From this result, it can be seen that the celestial
body with a high intensity electromagnetic field has a gravitational force which is different from the
celestial body with no electromagnetic field. If the cutoff frequency of the zero point field is not so
high as the Plank frequency, the weight of the material will be decreased by applying extremely
high frequency electromagnetic radiation.

Keywords: gravity, ether, ZPF field, electromagnetic fluctuation, gravitational constant,
vector potential, strong electromagnetic field.

1. Introduction

As early as 1951, P.A.M. Dirac published two papers where he pointed out that we should take
into account quantum fluctuations in the flow of the aether (Dirac, 1951; Dirac, 1952). Inspired by
the Dirac ideas, K.P. Sinha, C. Sivaram, and E.C.G. Sudarshan published in 1975 a series of papers
that suggested a new model for the aether, in which it is a superfluid state of fermion and anti-
fermion pairs, describable by a macroscopic wave function (Sinha et al., 1976; Sinha et al., 1976a;
Sinha, Sudarshan, 1978). In their papers, they decided to treat the superfluid as a relativistic matter
by putting it into the stress-energy tensor of the Einstein field equations.

Sakharov has proposed a suggestive model in which gravity is not a separately existing
fundamental force, but rather an induced effect associated with zero-point fluctuations (ZPF’s) of
the vacuum, in much the same manner as the van der Waals and Casimir forces. In the spirit of this
proposal, Puthoff developed a point-particle—ZPF interaction model that accords with and fulfills
this hypothesis (Puthoff, 1989). In the model gravitational mass and its associated gravitational
effects are shown to derive in a fully self-consistent way from electromagnetic-ZPF-induced particle
motion (Zitterbewegung).

Based on their ideas, the author considered the mechanism of gravitation based on the
interaction between matter and the ZPF (zero-point fluctuations) field contrary to Einstein’s
general relativity theory which claims that the gravitation is due to the curvature of the space
(Musha, Pinheiro, 2021).
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2. Results

Gravitation from the standpoint of the ZPF Energy in the Vacuum

Zero-point energy (ZPE) is the lowest possible energy that a quantum mechanical system
may have. Unlike in classical mechanics, quantum systems constantly fluctuate in their lowest
energy state as described by the Heisenberg uncertainty principle (i.e., the ZPF field). Based on
Sakharov’s idea, Puthoff proposed a gravitation mechanism by an interaction between elementary
particles and the ZPF field (Puthoff, 1989). He considered that gravitational force is an induced
effect associated with ZPF of the vacuum in much the same manner as the van der Waals and
Casimir forces. But he didn’t succeed to fully explain the mechanism of gravitation.

Jordan-Mbeutchou proposed a new model for Newtonian gravity by assuming space is filled
with an ether (or aether) fluid (Ngucho, Fleury, 2019). He modeled gravity as an interaction
between matter and ether fluid. He assumed that matter can absorb ether fluid proportionally to its
mass. This phenomenon can be described by

pP.V-Ve=—pl1, (1)

N
where p, is a density of ether, Ve is its velocity field, o is normal matter mass density and

7 is a time constant.
Then the radial velocity of the ether which flows in a sphere with a radius r becomes

;e = ! m(t) gr ) (2)

dmp.v 1°

where e is the radial unitary vector.

Then he obtained the formula of gravitation shown as

4 1 mm, 1~
AN 2 L2°z0

34mp, T° I

d - . -> o -> o -
+F =—!lugqojspe(vlwz)[(vlwz)-el]ds = (3)

- -

- -
where e, =0,e/0,e(0,e=r1,),e, =0,0,/0,0, and 0,0, =r as shown in Figure 1.

my Vy e Vv,

Fig. 1. Two rest masses undergo the force generated the flow of ether

Contrary to the Puthoff model of gravitation, the author considered the gravity mechanism
according to the Jordan-Mbeutchou model. The following is the derivation of a gravitational force
by the ZPF field.

We assume that virtual particles (most of them are virtual photons) created from the ZPF
field in a vacuum push matter, then the momentum flux density of virtual particles can be shown as

5
V‘Jz_pmlro, (4)
where J = pg /¢ (pg: energy density of the ZPF energy), p,, is an equivalent mass density

of the ZPF field and 7, is a retardation time. For the ZPF filed, we have the equation similar to
Eq.(3) as
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dz
P ==lim [ (b PP, + P)-e:l/py 05, (5)

N
It a) is defined as a): Ck where k is a wave vector satisfying k =@/C, we can write

p=hw /cand p, =hwl/c?,the amount of momentum created by the ZPF field can be shown as

ha)l ha)z).gl]ds
c c

- -

— _lim J-ha) Ca)l Ca)2 Ca)1+Ca)2

98—t [ 2 o+ ) S ¢

r14)

e dS, (6

rn—0

sc’| w w w 0]

where @: and @: are vectors of the radial frequency of the ZPF field at the point e, as shown
in Figure 1. According to the Jordan-Mbeutchou model, we have

> > 2 I, —rcosé
(o + @,) & = o () +w,(r,) > - - ) 7
\/rl +r°+2rr,cos@

where 6 is £0,0,e and 0,e =r1,, 0, =¥, in Fig.1.
When we let co, /@ — Vv, and c®,/w —V,, then the force at the point 0, in Figure 1

becomes the equation, which is similar to Eq.(3), according to the Jordan-Mbeutchou model
(Jordan, Y-Mbeutchou, 2021).

Fodp_fod 47z mm 1. 1 ¢ mm oo
dt ¢ 3(4np, ) 72 r* " 3mhowtl r? 7
1 c?

where a gravitational constant is given by G =
37 hotl

If the cutoff frequency of the ZPF field @ equals to the Plank frequency given by
»=1855x10"(Hz), the retardation time can be estimated as 7, =2.7x10°(sec).

The Equation.(8) shows that the gravitational force can be generated by an interaction between
matter and the ZPF field in a vacuum. According to this equation, the Newtonian gravitational law
can be obtained without ether flow in the vacuum. Hence it is considered that the gravity is an
electromagnetic phenomenon induced by the ZPF field in the vacuum and it is not due to the
curvature of space as claimed by Einstein.

3. Gravitational Constant is not a Constant under the High Intensity
Electromagnetic Field

Under an intense electromagnetic field, it has been theoretically predicted that electron
experiences an increase of its rest mass.

Let H, be the electrodynamic Hamiltonian of the particle under high electromagnetic field,

it has the form shown as
2

= <A>, (9)
A 2mc?
which was analogically discovered by Milonni shown in the paper by Haish, Rueda and

Puthoff (Haish et al., 1994), where m, is the rest mass of the particle, € is its charge, A is the vector
potential of electromagnetic field and c is the light speed.

The similar equation by using terms of the ZPF field was also proposed by Haisch, Rueda and
Puthoff shown as (Haish et al., 1994)
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2
eh
H=———a, (10)
A 3 c
27 m,C

where 7 is a Plank constant divided by 2z and , is a cutoff frequency of ZPF spectrum in

the vacuum. Assuming that electrodynamic Hamiltonians, shown in Egs. (9) and (10), are identical
with each other, we have AH, =AH) for the elementary particle under impressed electric field as
shown in Figure 2.

Impressed
No electromagnetic field Electromagnetic

Initial State

Fig. 2. ZPF field and an impressed electromagnetic field

From which, we have an equation on the mass shift of the particle.
We suppose that the cutoff frequency of the vacuum is shifted as @ =@y +A® when the
electromagnetic field is impressed to the elementary particle, AH ) becomes
2 2
e en
AH), = ———{(@, + Aw)’ —ap} =
27m,C 7myC

s O A,  (11)

where @, is the Plank frequency given by @, = /c®> /4G ~ 3x10*® Hz.

We can suppose that H, = 0 at the initial state, then we obtain the formula given by (Musha,
2008)
7 C

< A% > 12
2ha, (12)

Aw ~

Then the gravitational constant becomes

1 c?
= ———. (13)
37 h(w+ Aw)r,
From this equation, the gravitational constant decreases when the strong electromagnetic
field is impressed to the matter from the equations B=VxA and E=-0A/dt, or

d’r’,  (14)

47rL|r r| - 47 c? -[V|r

where E is a time derivative of E .

From this result, the celestial body with a high intensity electromagnetic field has a
gravitational force which is different from the celestial body with no electromagnetic field. If the
cutoff frequency of the zero point field @ in Eq.(13) is not so high as the Plank frequency,
the weight of the material will be decreased by applying extremely high frequency (EHF)
electromagnetic radiation according to these equations.

3. Conclusion
In this paper, the gravity mechanism by an interaction between matter and the ZPF field in the
vacuum is discussed. According to the Jordan-Mbeutchou model, it becomes clear that the gravity
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mechanism can be explained by an interaction between matter and the ZPF field. From which, it can be
seen that a gravity constant is not a constant but it can be decreased for the matter under the high
intensity electromagnetic field. This result may give us a new insight regarding our Universe.
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Abstract

This paper presents a doctrine analysis established in the criminal law — Actio Libera in
Causa — i.e. “action free in its cause”, namely against the background of “Ethics of authenticity” by
Charles Taylor, philosopher of politics, the conception “unfree in action” is reinterpreted.

The leitmotif of the paper is the idea that events shall fit the conceptions in the normative
dimension and not concepts with the events, which means the reality in itself is beyond the value
assessment, moreover, it can be neglected for normative standardization of events. For defining the
social organization criteria, the initial point is not the ideal of truth in itself, but a substantiated
model of balance of interests in the form of so-called “agreed truth”. Hence the need to subordinate
the events to concepts is the core point in analyzing “action free in its cause”.

Keywords: normative, culpability, ethics, authenticity, freedom.

1. Introduction

The leitmotif of the paper is the idea that events shall fit the conceptions in the normative
dimension and not concepts with the events, which means the reality in itself is beyond the value
assessment, moreover, it can be neglected for normative standardization of events.

2. Results and discussion

The essence of culpable action free in will and the peculiarity of understanding
wrongfulness

In the criminal law doctrine, the concept — action free in its cause — is connected to
“the theory of moving the competency at the first stage” (Turava, 2013), according to which the
person’s action is blameful not for the fact that performance of the elements of criminal act itself is
done unlawfully, but because the previous act committed by the perpetrator of wrongful act is
unlawful, which is the direct reason for committing the elements of the act. The Criminal law in the
modern sense, is the law of conduct, and according to the normative theory of guilt, there exists a
blamefulness of a conduct during performing the elements of a crime, therefore it’s not accidental
that the abovementioned doctrine is called the “theory of moving the competency at the first stage”.

Although the doctrine — action free in its cause — comprises the crimes committed by persons
in the state of intoxication, but not limited to, this doctrine considers other legal or factual
circumstances existing around the unlawfulness. According to this opinion, “action free in its
cause” is a crime when a person found himself guilty in the circumstances excluding culpability.
From this point of view, the” action free in its cause” doctrine can be extended even in the case of
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excusatory extreme necessity and provocation of necessary self-defense. “Excusatory extreme
necessity” is a super law circumstance excluding guilt, according to which a person is absolved for
equivalent kindness, endangering other persons’ health and life (Turava, 2013) in order to save
his/her or close relative’s life and health. For example, a member of a certain criminal group issues
an ultimatum to X person: either he will be killed, or he will kill Y person. At such moment, in the
case of murdering Y, X’s guilt is excluded, since during performing the elements of conduct (in the
conditions of ultimatum), he/she can not be the subject of criminal reprimand. However what
happens when it is established from factual circumstances that X, though it was not directly the
similar ultimatum, himself/herself dealt with a criminal group, cooperated in a certain form with
them or allowed to create such a circumstance within which it could be possible to use it for
committing unlawful conduct? it is just at that time that the doctrine “action free in its cause”
becomes actual. X with his/her free act, guiltily, created circumstances excluding guilt, which is in a
causal link with the performed criminal injustice. Considering the above, X’s casual guilt in
established crime can be identified not only in the case of direct intent but in such a case when X
violated the prudence norm and presumptuously or negligently found himself/herself in such a
situation (Turava, 2013).

About the excusatory extreme necessity, it's worth pointing out article 36 of an alternative
draft of the Criminal Code of Georgia, written by professor Otar Gamkrelidze, an analogy to
paragraph 35 of the German Criminal Code and according to its second part, the norm defining the
privilege linked with excusatory extreme necessity is not applied if the wrong-doer himself/herself
created danger (Gamkrelidze, 1998).

The mentioned “created” is the category defined in the past form, which means that the
circumstances excluding guilt (“this norm”) are not active if its creation was caused by the guiltful
conduct of a person committing an unlawful act at the previous stage.

As the original position of a responsive criticism can be considered an idea, that the crime
committed in the state of intoxication differs from the excusatory extreme necessity, since in the
first case there is incapacity, and in another case — the absence of guilt. This difference is univocal
of course, however, I think, it is conceptually irrelevant for defining the question about determining
the guilt of a person’s action free in its cause. In support of my opinion, I can supply two types of
arguments: the first one is pragmatic: incapacity existing under intoxication transfers into the
absence of guilt and thus this case, in relation to imputing guilt the action free in its cause, goes on
the same doctrinal line as the excluded guilt during the excusatory extreme necessity. The second is
substantial: the internal structure of incapacity is based on the person’s mental state, the internal
agent, the free will, the ability to behave differently. During the excusatory extreme necessity, the
person acting unlawfully has the possibility to behave differently. However, the question is of
fundamental importance: against the background of criminal purposes and effects, to what extent
does this fact put this person in a privileged position in relation to the person who has no
opportunity to behave differently as a result of the high degree of intoxication and does not realize
the wrongfulness of his own action? It can be said with confidence that there is no such thing as a
"privilege", moreover, in a situation where the law does not require "acting differently” (in case of
excusatory extreme necessity and the provocation of necessary self-defense, directly during
performing the elements of the action), considering the possibility of acting differently is
normatively irrelevant and doctrinally wrong.

Therefore, there is no exclusive correlation between the plea of guilty of action free in its
cause and crime committed by a person with partial sanity as a result of intoxication. Considering
that the normative nature of creating a circumstance excluding guileful guilt cannot be brought to
the inability of a person committing criminal wrongfulness to realize the illegality at a certain
moment of time, I believe that a new theoretical and methodological perspective is needed for the
categorization of the concepts included in it. Such can be considered the "Ethics of
authenticity"developed by the Canadian philosopher of politics, Charles Taylor (Taylor, 1992).

Ethics of authenticity

The phrase “action free in its cause” or conduct, which is free in its cause (Actio Libera in
causa) is quite controversial and as I have noted in the introductory part, the clarity implied in it is
such an action which is unfree in itself. What do we really mean when we say that action is free only
in reason and not in itself? That we can not think of a person under alcoholic intoxication as a
creature with freedom and consciousness? That he looks like a "live weapon" and just as a shooter
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loses control of a bullet after pulling the trigger, so does a drunk person lose the consciousness and
will he possessed. Precisely here, the above-mentioned notion of "that" is of fundamental
importance. Perhaps it would be unfounded to argue that even a person under such a severe
intoxication has no will or consciousness, even when he is severely encroaching legal goodness.
Naturally, a person without will or consciousness cannot maneuver in time and space, and
therefore neither encroach on goodness. The point is that at such times we are not talking about
empirical freedom and consciousness, but about "that" freedom and consciousness, and
consciously or implicitly, we are making a qualitative ranking of "consciousness" and "will". Thus,
we concentrate not on the free act as a phenomenon with which we have fitted the concept, but on
the notion with which we have fitted the phenomenon, within the framework defined by the criteria
that we ourselves have set from the perspective of normative reality. Thus, from a criminal
perspective, freedom and consciousness are relevant not as an empirical fact, but as a concept
brought to a normative degree. It is this transition (or raising) from the empirical to the normative
dimension, or from the event to the concept, that I relate to the ethics of authenticity, and I believe
that this issue is not fundamentally analyzed, at least to the extent that the logic of systematic
research requires.

For one of the most prominent figures in the field of political philosophy — Professor Charles
Taylor, "personal authenticity" is a moral idea based on original internal self-determination which
focuses on the problem of social organization. According to this view, a person is a being with many
conflicting desires, irrational aspirations, desires based on desires. Each of us, as a moral being,
has a so-called “horizon of meaning”, within the frames of which, desires, aspirations, or goals are
hierarchically arranged in our being, according to priorities, and neglect of these priorities and
deviation from regularity ends in the loss of freedom (Taylor, 1985). From this point of view,
the freedom of the individual can be reduced to neither so-called negative freedom (“non-existence
of external coercion”) (Berlin, 1969) nor positive freedom (,,own master of oneself”), but “freedom
is the absence of internal and external obstacles in order to achieve valuable goals”. It is in the
definition of “valuable goal” that the ethics of actual authenticity takes place, which criminal law —
as a field, has independently (Taylor, 2012).

To make it more apparent, a famous allegorical image called "The Pact of Odysseus"
(Macklin, 1987) can be quite useful, according to which: After a long journey Odysseus enters the
bay which is full of sirens. He knows he won't be able to resist the temptation coming from the
sirens, but completion of the journey represents his own "authentic goal”. That is why, on his own
free will, ties himself up on deck with ropes and thus copes with the impending danger coming
from the sirens (Macklin, 1987). In the event, if Odysseus had not limited freedom with this free act
and had accompanied the temptation of the Sirens, he would have lost that self-determining
freedom, which represents the authentic "I" of Odysseus and which is directly related to the highest
desire according to value — the end of the trip. For him, freedom is not just the absence of external
coercion, nor the presence of oneself as a master demanding the satisfaction of desires (positive
freedom), but the absence of an internal obstacle — the temptation of the sirens in order to
complete the journey. As for the external obstacle — the presence of Odysseus in a rope-tied
situation, however, this mentioned fact is a form of restriction of freedom as well, but this is the
case when the end justifies the means and, thus, from the viewpoint of ethics, this very fact cannot
be considered as a restriction of freedom. This is a situation where we have adapted the concept of
restriction of freedom to the phenomenon. Thus, we can define the act of general principle of the
ethics of authenticity.

In terms of equalling with the goal, events conceived under the concepts are subject to
selection.

A qualitatively similar ideological projection exists from a criminal point of view as well: Also
as for Odysseus, in the case of his not being tied himself with the ropes, normatively ignored and
beyond the authenticity, the will, and consciousness of Odysseus going to the Sirens was being
created. The will and consciousness manifested by a person in a state of intoxication are also
perceived by criminal law as unauthentic and normative - they exist only empirically and,
therefore, can be neglected. Thus, it is the “ideal of certainty” that creates the possibility of
subordination to the concept of an event. Just as it was possible to read the guilt of Odysseus in the
case of his not having tied himself to the deck i.e. until the moment he is able to retain authentic
consciousness and will, the act committed by a person before intoxication is considered guilt
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similarly. The category of such unlawful acts can include any action in which the subject matter of
law delinquently creates guilt as the circumstance that excludes the charge. Although there is no
direct accusation in the act at the time of its commission, a legal reprimand can be based on the
fact that a person has thrown himself in a similar situation by edging away from the ideal of
authenticity.

Thus, the ethics of certainty, as a moral ideal, represents a mechanism for qualitative
gradation between events, which allows their subordination to their own concepts, the function of
the kind of “filter” between normative and empirical realities can be imposed on it.

3. Conclusion

Since the complexity of the concept of a criminal charge is due to the accumulation of
philosophical, psychological, sociological, and normative concepts in it, we shall contain all concepts
implied in it in order to determine its legal nature in the normative dimension. Resulting from it,
improvement of fundamental significance and analyzing all the methods that transcribe concepts from
the empirical category to the normative one. Of course, no one can ever deny the empirical foundations
of these concepts, but thanks to these methods they become criminally irrelevant. It lies in the fact that
the doctrine of “action free in its cause” reveals the diversity of the internal structure of the concept of
guilt and transitional features that can be generalized to the characteristics of the criminal field as a
whole. According to Friedrich Hayek's epistemological argument:

If we stopped doing everything, the scope of which we don’t possess proper information on,
we would soon be dead (Hayek, 1991).

Defining the concept of guilt by combining philosophical, psychological, sociological,
or empirical aspects is doctrinally unjustified and practically ineffective, therefore these mentioned
issues are of secondary importance, and the criminal semantics of guilt comes to the fore. I do
believe that it is with the help of semantic analysis, that is, by maneuvering between theories of the
meaning of concepts, it is possible to clarify the criminal concept of guilt. The "ethics of
authenticity" represents one model for such maneuvering.
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Abstract

The article examines the system of two bodies "Earth Moon". It is shown that, like any system
of physical bodies, this system has a common center of mass or barium center. The Earth and the
Moon revolve around the barycenter. The incorrectness of the statement that the Moon revolves
around the Earth is noted. The moon revolves around the common center of mass of the system.
which is displaced with respect to the center of mass of the Earth, but is located in the body of the
Earth. The parameters of the bodies' orbits in the Earth-Moon system are estimated. It is
hypothesized that the ebb and flow occur due to the daily rotation of the Earth and the
displacement of the center of the water mass relative to the barycenter. The phenomenon of
libration points in the Earth-Moon system is described. Stable and non-stable libration points are
described. Calculations of libration points in the Earth-Moon system and the associated Sun-Earth
system have been carried out. The expediency of using libration points for the construction of space
stations is noted. It is hypothesized that the libration points of the Sun-Earth system can contribute
to the formation of debris rings in near-Earth space.

Keywords: space research, Earth, Moon, orbital parameters, barycenter, libration points,
Sun Earth system.

1. BBegenue

OcoOeHHOCTBIO UCCIEA0BAHUSA KOCMUUECKUX OOBEKTOB SABJIAETCA UX B3aUMOCBA3h. OOBEKTHI
BJIUSIOT APYT Ha JApyra U TsoKeJible 00BEKTHI BIUSIIOT HAa MasIble M Ha TPAEKTOPHH IIPOJIETAIOINX
KOCMHYECKHUX TeJ. B KocMoce HeT He3aBUCUMBIX Tesl. 1o cyimecTBy, B KOCMOCE CYIIECTBYIOT
CHCTEeMBI CBA3aHHBIX Tesl. OJIHOM M3 TaKUX CHCTEM fABJIseTCA cucreMa «3emusi-JIyHa», KOTopas
CYIIIECTBEHHO BJIMSAET Ha JKU3HEAEeATeJIbHOCTh uesioBeuecTBa (Jorba-Cuscod, 2018). Ananus
OOJIBIITMHCTBA CHUCTEM HAYMHAETCSA C UX CTPYKTYPhl. AHAIM3a MPOCTPAHCTBEHHBIX OTHOIIEHUN H
MPOCTPAHCTBEHHBIX  B3aMMOJIECTBUH. B COBpEMEHHBIX  YCJIOBUSAX  KOMIIBIOTEPHOTO
MOJIEJITMPOBAHUS  IIPOCTPAHCTBEHHBIX  IIPOIECCOB  MPOCTPAHCTBEHHBIE  B3aWMOJIEHCTBUSA
MOZIEJTUPYIOT HH(POPMAIMOHHBIMU B3auMoielicTBuaMu. Kpome toro, yo6HON ¢hopmMol onrcaHusd
MMPOCTPAHCTBEHHBIX ITPOIECCOB SABJIsIETCS MOJIesib WH(popMaruonHo curyanuu (1[BeTkoB, 2017).
[Ipu KOCMUYECKHX UCCIIEIOBAHUAX JUHAMUKYA WH(MOPMAIIMOHHAs CUTYaIUs BBITIOJTHAET QYHKIHMH
doTocHUMKA (PUKCUPYIOIIET0 COCTOSTHUE OOBEKTOB Ha OIPENEIEHHBIN IMEPHUOJ, BPEMEHU. IATO
MIO3BOJISIET TIPOBOJIUTH AHAIU3 JTAJIBHEUINIEr0 IIOBe/leHHE OOBEKTOB WU ITPOCTPAHCTBEHHBIX
cucreM Tuna «3emasa-JlyHa».

* Corresponding author
E-mail addresses: president@miigaik.ru (V.P. Savinykh)
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2. Pe3yabTarsl

JAunHaMmuka cucreMsl «3emisa-Jlyna»

Bo MHOTHX HayJYHO-TIOIYJISIPHBIX CIIPABOYHUKAX U IasKe B HEKOTOPBIX yUeOHUKAX TOBOPUTCS,
uyro JIyHa Bpaiaercs BOKPYT 3eMJIH. DTO HETOYHOCTh. V3 Kypca U3UKH U3BECTHO, UTO JIFOOAs
CBsI3aHHAs CHUCTEMA U3 JBYX U OoJiee TeJl UMeeT o0l ieHTp Mace. B cucrema 3emuns Jlyna (C3J1)
obmuit nmentpa macc C3JI (6apunentp) (TuxonoB, HeBepoB, 2015) pacriosiaraercs IpUMEpPHO B
Rb=4700 kM ot nenTpa macc 3emsin. JIyHa Bpaiaercss BOKPYT 3TOTO IleHTpa Macc. bosiee TouHoe
BhIpa’KeHHWE B3BYyUYMT Tak: JIyHa Bpamaercsi BOKpPYr oOIero c¢ 3emJed IIeHTpa Macc WU
OapuIleHTpa, KOTOPBIH y/IaJIeH OT IeHTpa 3eMJIH Ha 4700 KM.

Kaskapiii 000pOoT 3aHMMAaeT 27,3 3eMHBIX CYTOK W Ha3bIBAETCSA CHUAEPUYECKUM MeCSIEM.
B cpegnem JlyHa ymasieHa oT eHTpa 3eMJyid MPUMePHO Ha 60 3eMHBIX PAJIUyCOB, YTO COCTABJISIET
384405 kM. Ha Pucynke 1 npuBenena cxema C3JI.

Hopmanb Hopmanb
031 on

:|Hopmanb
1 032

5,14° \ ‘
= = —e MMnockocTb
’—/ # E op6uUTDLI
MnockocTb Rb Semnu
opouUTHI :
NyHbI Ochb Bp. : 4641Kkm :
3emnu Re — " 6,68
23,44 : 6378KM ) Ochb Bp.
384405 Kk Tlynel

Puc. 1. Cucrema 3emsif-JIyHa B OpOUTAIBHOM aclieKTe

Ha Pucynke 1 nokazano yto opbuta JIyHbl HakJIOHEHA Ha 5,14° M0 OTHOIIEHUIO K IIJIOCKOCTU
opbutbl 3emun. K miockocTu opOuThl 3eMJIM MOXKHO TPOBECTH ABe HOpMasiu. OiHA HOPMAaJIb
(mopmasie O31) IPOXOAUT Yepes3 IEHTP Mace 3eMJIu BTopas HopMasth (HopMasis 032, PucyHOK 1)
MIPOXOJIUT Yepe3 IleHTpa Macc JIyHbl. PaccTosiHMe Mexx1y HOpMaIAIMU XapaKTepus3yeT PacCTOsIHUE
Me1y nmeHTpaMu 3emud U JIyasl. Ock BpaimeHus 3eM/u OTKJIOHeEHA oT HopMaiu 031 Ha 23,44°.
Ocpb Bpamenus JIyHbl oTKI0HeHa OoT HopMaiu 032 Ha — 6,68°. YciioBHAA TOUKA IepecedeHus ocel
Bpaiienus JIyHsl 1 3eMid UMeeT KOOPAUHATHI 35446 KM OT IleHTpa Macc 3eMJid U 81754 KM IO
HOPDMaJIM K IUIOCKOCTH OpOuThI 3emun. JlyHa BpaimiaeTcss BOKPYT OapHIleHTpa IO 3JUIHIICY C
rapaMeTpaMu IIpuBeZleHHBIMU Ha PucyHke 2.

CpegHuil SKCIIEHTPUCHUTET OPOUTHI JIYHBI PaBeH 0,0549006. ITO JJaeT OCHOBAaHHUE CYUTATH €€
6JIN3KOU K KPYTOBOM.
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Opo6wuta JlyHbl

357000 km m 406000 km

Mepwuren Anoren

3emns

Puc. 2. [TapameTtpsl opouThI JIyHBI

JlBmkeHue B cucreMe 3emuist — JIlyHa mokaszaHo Ha Pucynke 3. O6muii nentp mace C3JI wiu
OapurieHTp o6o3HaueH BII. IlerTp macc JIynsr o6o3HaueH IIMJI. IlerTp macc 3emin 0003HaUEH
IIM3. Ha pucyHke IokasaHbl HAIlpaBJIeHUsS BpalleHus 3eMJyd U JIyHbBl BOKPYT CBOMX OCEH.
[TyrkTrpOM 0603HaUEHO BpallleHHe IeHTPpa Macc 3eMJId BOKPYT OapHIEHTP.

O6palueHus ueHTpa Macc JlyHbl  HanpaBneHue
Bokpyr BL| BpaLLeHus
\ JlyHbI BOKpYr
7 ocu

y

O6palleHus ueHTpa macc 3emnum
Bokpyr BLj

- -

M3

HanpaBne\ue
BpalleHus
3emnu BOprI'\

ocu

bl

Puc. 3. /IBukenue B cucreme 3emis — JlyHa

Crnenyer OTMETHTD ellle OJHY 0COOEHHOCTh. B HEKOTOPBIX CIIPAaBOYHHKAX YTBEPIKAAIOT, UTO
MIPWINBHI U OTJIUBBI IIPOXOMAT IO BAUsIHHEM JIyHBI. TO HETOUHO. JIyHa BJIUSIET, HO ITIOCPEACTBOM
OapurieHTpa. [IpUJIMBBI MPOUCXOJAT HPU BpallleHuH 3eMJIM BOKDYT CBOE OCH, HO C Y4ETOM
BJIMSTHUSA OapuUIleHTpa.

Touku Iuopanuu B cucreme «3emia-JIyna»

B C3JI umerorcs ¢eHOMEHBI, CBsI3aHHBIE C ABMKeHUeM 3emuin U JlyHbl. K HUM oTHOCATCS
touku Jlarpamka (Erdos, Turan, 1938; Tyson, 2002; Jantsch et al., 2019), kKoTopble TakKe
HaspiBaloT Touku Jmbpamuu (Capdevila, Howell, 2018). PaccmMoTpuM AMHAMHYECKYIO
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WHOOPMAIMOHHYIO CUTYAIIHIO, JIJIsI KOTOPOH KocMudeckuil ammapar (KA) HaxoauTcs Ha JIMHUH,
coequHsamen 3emio u Jlyny (PucyHok 4). [Ipu aBmkeHun 1o 3tou juHUU Ha KA jericTByer
MpUTSDKeHNe 3eMJId, NMpUTsbKeHue JIYHBI U IEeHTPOCTPEMUTENIPHOE YCKOPeHUe, 00YCIIOBJIEHHOE
BpallleHueM JIMHUH. MOYKHO BBIIBUHYTH THIIOTE3y, UTO CYII[ECTBYET TOUYKA, B KOTOPOU 3TH TPH
YCKOpeHUs OOHYJISIOTCsA. BBIACHUIIOCH, UTO Takue OYKH cyIiecTBYIOT B C3JI U TakuX TOUYEK IIATh
(PucyHOK 4). uX Ha3BaJIM TOUKAMU JIMOpAITUU 1 0003HAYAIOT CUMBOJIOM L.

Puc. 4. Touku simbparuu C3J1

Touku JIMOpanMK MPEACTaBIIAIOT COOON YACTHOE PellleHHe 33/1auu TPEX Tesl. B sToi 3amaue
OpOUTHI BCEX TEJI SIBJIAIOTCA KPYTOBBIMU, & MAcca TPETHETO TeJla HAMHOTO MEHBIIE MAaCChI JIBYX JPYTHX.
B sTOM (yydae CUWTAIOT, YTO /IBA MACCHBHBIX TeJa OOpAIAlOTCA BOKPYT UX OOIIEro IeHTpa Mace
(bapurieHTpa) C MOCTOSTHHOM YTJIOBOM CKOPOCTBIO. PellleHre MOKa3bIBAeT, YTO IMPOCTPAHCTBE BOKPYT
JIByX TeJl CYIIECTBYIOT IATh TOYEK, B KOTOPBIX TPeThe TeJO ¢ MO Maccol MOKeT OCTaBaThCs
HEIO/IBIKHBIM BO Bpatamericsi cucreme orcuéra (C3JI). B Toukax smOpaivu rpaBUTAIIOHHBIE
CHJIBI, JIEUCTBYIOIIIME HA MAJIOE TEJIO, YPABHOBEIINBAIOTCS IIEHTPOOEIKHOM CHUITOM.

Ha PucyHke 4 mokazaHbl IATh TOYeK JsuOpanuu. [IpUHIUNHNATBHBIM SABJISAETCA YTO 3Ta
cucTeMa MOABUIKHAA U PUC.4 (PUKCUPYET, KaK (POTOCHUMOK, OZTHO U3 BO3MOKHBIX cocTossHUM C3JI.
Tpu ToukuM JTMOpaNK HAXOMAATCA Ha JIMHUU, coenHsAomeln 3emutio u JIyny (JI3JI), ux Ha3bIBAOT
KOJUIMHEApHBIMU Toukamu jubOpanuu. IlepBas nHaxomurcsa mexay 3emutei (Earth) wu JlyHoit
(Moon), ee obosznavatT L, BTOpas Touka JmOpanuu HaxoguTcsa 3a JIyHod — L., u TpeTbs
KOJUIMHEapHas ToYKa JuOpanuu - L; HaXoguTcess ¢ 0OpaTHON CTOPOHBI 3eMJIU 10 OTHOIIEHUIO K
Jlyne. YerBeprasa L, u mAtas L; TOYkW JuOpanuy HaxXoAsTcA ¢ ABYX cTopoH BHe JI3JI. Ux
Ha3bIBAIOT TPEYTOJIBHBIMU TOYKamu yioparun. Touku L, 1 L; Ha3bIBalOTCA TPEYTOJIBHBIMHU WJIH
TpossHcKUMU. Touku L, L., L ABIAI0OTCA TOUKaMU HEYCTOMYHUBOTO paBHOBecHsd, B Toukax L, u Ls
paBHOBECHE YCTOUYNBOE

YcoBHOCT Mozenn Ha PucyHke 4 B TOM, UTO OpOUTa He SABJISAETCA CTPOTO KPYTOBOW.
[TosToMy wuccienoBaHue U TOUCK TOUYeK JIMOpaluy sABJAeTCs HaydHOU mpobisiemoit. Eciu
IIOMECTUTH B JIIO0YI0 TOUKY JTUOPALK MaJIoe TeJIO, TO B paMKaX BOT TaKOHN IMPOCTOUM CHUCTEMBI OHO
Tam octaHercs. C GU3UUECKUX MO3UIMN TOUKA JIMOPAIU MTO00HA IMTOTEHITUATTLHOU sIME.

B cucreme KOOpAMHAT ¢ HAYAJIOM OTCYETA B IIEHTPE MACC CUCTEMBI U C OChI0, HAITPABJIEHHOU
OT I[EHTPA MacC K MeHee MaCCUBHOMY TeJly, KOOP/IMHATHI 3THX TOYEK B IIEPBOM HPUOIMKEHUH 110 d
PacCUUTHIBAIOTCSA C ITOMOIIBIO CIIeAYIONTUX hopmyl2l:
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;= (R [1-(a/3)V3],0)
r-= (R [1+(a/3)"/3],0)
r;= (-R [1+(5a/12)],0)

a=M,/(M;+M:); R — paccrosaue mexay Tesamu; M1 — mMacca 60jiee MacCHBHOTO Tejia; M2
— Macca BToporo Tesaa. Ecau M2 MHOTO MeHbIle o Macce, 4eM M, To Touku L, u L, HaxozATca Ha
MIPUMEPHO OJMHAKOBOM PACCTOSIHUM I OT Tejia M., paBHOM paauycy cepbl Xusia

r~ R(M2/3 M3) /3

rie R — paccTosiHre MeK/y KOMIIOHEHTAMU CUCTEMbI

Eciin masmoe Tesno miu KA BBIXOJUT U3 STUX TOYEK, TO B MX OKPECTHOCTH OHO MOKET
JIBUTAThCS 110 TIEPUOANYECKUM opbutam (raymo-opburam, puc.5) (Zimovan, 2017). Ha PucyHke 5 B
KayecTBe YCJIOBHON €JUHUIIBI BBIOpAHO paccTossHue Mexay JIyHou u 3emiiell. BoiiesneHa JTUHUSA
3emnsa (Earth) — Jlyna (Moon) — (JI3JI). KoopauHatHas (quHamMudeckas) cucreMa BhIOpaHa Tak,
YTO OZHA OCh (TOPHU3OHTAJIb) pacIoJIOXKeHa BAOJb HampasieHnusa JI3JI, mpyras och (BepTHKAIb)
HOpMaJIbHO K JI3JI.

Masoe Teno wiu KA MOTyT ABUTaThCSA BOKPYT TOUKHU JIUOpAIUM IO TaKUM opOutam. J[jis
Toyek subparuu L;, L. cucremsr 3emsisi — JIyHa Iepuoj] ABHKEHUS 10 STHM opOuTaMm Oy/ier
MOPs/IKA 12-14 CYTOK.

0.25

0.2

0.15

0.1

-0.256

Puc. 5. I'ano-opbutsr C3J1

O1eHKH MMOKa3bIBAIOT, YTO Pa3Mepbl ['asio OpOUT COCTABIAIOT OKOJIO 0,2 BI0JIb JIXJI 1 0K0J10
0,5 HOpMasibHO K JI3JI. Criemyer oTMeTUTh BayKHbIM (akT. Ha IIepBBIN B3IV OIHOPOJTHOE
npoctpaHcTBO B C3JI cTaHOBUTCA HEOJHOPOAHBIM IIPU yueTe IPaBUTAIMU U BpallleHUs OOJIbIINX
Tes1. [T03ToMy TpaeKTOpUU IBUKEHU KOCMUYECKHX allllapaToB HA/l0 BEIOMPATh TaK, YTOOBI OHU He
romnajiayii B obsiacth Touek ysubpanuu. Touku subpanuu cymecTByoT He Toabko B C3JI, HO U B
cucreme Cousnile — 3emud. Iloatomy Tpaekropuu aBrkeHuss KA Haso BpIOUPATH C YIETOM 3THUX
touek. Touku smbpanuu cymectByioT B cucreme CosHile — I[lnanTta 3emHoi rpynmbl (Mapce).
[TosToMy rasio-opOUTHI JJ11 MOKHO HUCIIOJIB30BATh JJIs HAOIIOZeHUs 32 CIyTHUKAMU IUIAaHET KaK
OTHOCUTEJIPHO YCTOWUYMBBIE TpPAeKTOPHUU. OTHOCUTEIBHOCTH OOYCJIOBJIEHA TeM, 4YTO Ha
KOCMHYECKUH anmapar Oy/ieT IeficTBoBaTh NpuTskeHrne COJIHIA, /JaBJIeHUe COJTHETHOTO CBETA.

s Touek L4, L5 cylecTByIOT ciieiyroniye OeHK!

R, V3R
Ty (2 " )
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Touka ubpanuu L, ymo06Ha 1J1s1 pacioyiosKeHUs B HeH KOCMUYECKUX OKOJIOJIYHHBIX CTaHIIHH.
Ecsm craHnysa HaXOAUTCSA B TOYKE JIMOPAITUM, TO MEPEXO]] U3 TOUKHU JIMOpAIIUU Ha rajo-opouTty
IT03BOJISET JIETETh B JIIOOYIO TOUKY Ha moBepxHOCTH JIyHBI. Cie/lyeT OTMETUTD, UTO HAIMYHE TOUEK
JIUOpAIU SIBJISIETCS XapaKTEPUCTUKON HATMYHUA B KOCMHYECKOM IMPOCTPAHCTBE HHEPTETHYECKHX
TOHHEJIEH. DTU TOHHENHW OO0eCcIeYnBalOT MUHUMU3AIMIO 3aTpaT SHEPTHU NPU KOCMHYECKUX
nepemMenieHusax (PrucyHox 6).

Puc. 6. TounenpHbIe Iepexo/ibl B COTHEYHOU cucTeMe (PUCYHOK U3 3apyOeKHBIX ITyOJIMKAIUIN)

ActpoHoMmbl 13 KasindOpHUICKOTO YHUBEPCUTETA BBICHUIH, UTO ACTEPOUIbI CIIOCOOHBI
IepeMeIaTbCs B IMPOCTPAHCTBE OBICTpee, YeM /Jal0oT Oa/UTMCTUYECKHe pacdeThl. Pe3ysbTarhl
mokasaiu, 4yto B COJIHEYHOU CHCTEME CYIIECTBYIOT «JIWHAMHUUYeCKHe KaHaibl» (PucyHok 6),
CBsI3aHHBIE APYT ¢ ApyroM. OHHU MPOCTUPAIOTCA OT IOsca ACTEPOUIOB /10 YpaHa u jlayiee. B Takom
«KaHaje», OObeKT IO/ BJIUSHHEM TPaBUTAIUM Pa3BUBAET BBICOKYIO CKOPOCTh M 3a HECKOJIBKO
JIECATKOB JIET CIIOCOOEH BCETO MPEOJI0JIETh PACCTOSHUE, HA KOTOPOE B MHOM CJIydae YIILUTA ObI COTHH
TBHICAY WIN JAXKe MUJIJIMOHBI JIET.

Cucrema CosHIle 3emyid OKa3blBaeT BJUsAHWE Ha cucremy 3emus Jlyna. B Tabiwume 1
MPUBEIEHBI XaPAKTEPUCTUKHU JIBYX TBOMHBIX CUCTEM.

Taosmmia 1. XapakKTEPHUCTUKH JIBOMHBIX CHCTEM.

Cucrema Coanue-3emns 3emna-Jlyna

Macca 6ospiero tessa M | CostHile 3eMJisa

(xr) 1.991X10 3° 5.98x10 24

Macca MeHbIIIero rejlam | 3eMiid Jlyna

(xr) 5.98x10 24 7.35X10 22

MaccoBoe oTHOIlIeH1E 0,000 003 0,012

m/(M + m)

Paccrosane M — m 149 600 000 KM | 384.401 km
1 AU

Paccrossane M — CM 440 KM 4667 KM
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Paccrosane m — CM 149,599,551 KM 379734 KM
0,999 997 AU

Paccrogame L1 — m 1,501,557 KM 64499 Kkm
0,010 037 AU

Paccrosiaue L2 — m 1,491,557 KM 58.006 kM
0,009 970 AU

Paccrosiaue L3 — M 149,599,737 kM | 381.678 km
0,999 998 AU

B Tabsuiie 1 moka3aHbl XapaKTEPUCTUKU JBYX JIBOUHBIX cucTeM «CoaHue-3emasn» (CC3) u
«3emaa-JIyna» (C3JI). Obparaer BHuManue, uro CC3 Touku simbpanuu L1, L2 HaxoasATcsa B Tese
3emun. ATO MOXKeT INpuBecTd K cuernuduke I'asmo opbur. He umcKI0OYEHO UTO KOJIBIIA Mycopa
BOKDYT 3eMJIN HaXOATCA Ha rajio opbutax cucrembl ConHye-3emas.

3. 3aKJIIoueHue

[IpoBeneHHBIE WCCJIEOBAaHUSA CBSA3aHBI C KOCMHUUYECKOW reomHdopMaTtukon (Bondur,
Tsvetkov, 2015) u reozme3mueckoil actpoHomuelrn (Gospodinov, 2018). [IBukeHue JIyHBI
MIPOUCXOUT BOKPYT OApHUIIEHTPA, a HE BOKPYT IleHTpa Macc 3emiu. Bpamenue Cucrema «3emas-
Jlyna» cBsazana ¢ cucteMmou «CoHye-3emas», KoTopas BJIUsIET Ha MO IyHHOE ITPOCTPAHCTBO U Ha
OKOJIO3EMHOE IIpOCTpPaHCTBO. TOUKM JMOpanuu JIeJIsATCs Ha YCTOMYMBBIE W HEYCTONUHBBIE.
YceroiturBble TOYKU JIMOpPAIMU BBITJIAAAT MPHUBJIEKATEIbHBIM JIJII CTPOUTETHCTBA KOCMUYECKHX
cranruii. CylecTByeT ujes KOJIOHM3AIUU Touek JlarpaHka IyTeM CO3JaHHUsA OpPOUTAIbHBIX
CTAaHIIMM B 3THUX TOYKaX. Takhe TOUKH CYIIECTBYIOT yV KaXK/iou ItaHeThl COJTHEYHOU CHCTEMBI.
B tpeyrosipHBIX TOukax subpamuu y IOmutepa 3aMeueHO CKOIUIEHHE NbUIH. He HCKIIIOUEHO,
YTO TOYKH JuOpanuu cucreMbl CosiHIle 3eMJIsi CIOCOOCTBYI0 OOpa3oBaHMS KOJIEI[ Mycopa B
OK0JIO3€EMHOM IPOCTPAHCTBE.
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HccaenoBanue cucremsl «3emia-JIyna»
Buxkrop IlerpoBuu CaBUHBIX 2P "

aPoccuiickas akagemMus kocMoHaBTUKH M. K.9. [Tuonkosckoro (PAKII), Poccuiickas ®emeparus
b MOCKOBCKHUI TOCYAaPCTBEHHBIA YHUBEPCUTET reo/Ie3nu U Kaprtorpaduu, Poccuiickas emepanys

Annoramusa. Cratesa uccaenyer cucreMy IByxX Tea «3emisa Jlyna». IlokasaHo, 4To Kak
BCAKAsA cucTeMa (QU3WYECKHUX TeJl, JAHHAS CHCTEMa MMeeT OOIIUU IEHTP Macc WiIu OapUIleHTp.
3emssa u JlyHa BpamaroTcs BOKpYT OapurneHTpa. OTMeueHa HEKOPPEKTHOCTh YTBEPIKAEHUS, UTO
Jlyna Bpaiaercs BOKpyr 3emuiu. JIyHa Bpaiiaercss BOKpPYT 00IIlero IeHTpa Macc CUCTEMbI, KOTOPBIN
CMellleH 10 OTHOIIEHUIO K IIeHTPY Macc 3eMJIl, HO HaXouTcsA B Tesle 3eMstu. OlieHeHbl TapaMeTphl
opbut Ten B cucreMe 3emuts JIyHa. BrickazaHa rumore3a YTO MPUJIMBBI M OTJIUBBI IIPOUCXOJAT 32
cueT CyTOYHOI'O BpallleHUs 3eMJIU U CMeIlleHHs IIeHTPa BOAHOU Macchl OTHOCUTEILHO OapHIleHTpa.
Omnmucan ¢peHoMeH Touek siubparuu B cucreMe 3emuis JIyHa. Onucasbl yCTOMUUBBIE U HEYCTOUYNBBIE
Touku JuOparuu. ITpoBesieHbI pacueTsl ToOUekK JIUOpanuu B cucteMe 3emsis JIyHa v cBA3aHHOU ¢ Hell
cucrembl Cosaine 3emuisa. OTMedeHa 11e71ecOOOPAa3HOCTh KCIIOJIB30BAHUS TOYEK JIUOpamuu IS
CTPOUTEBCTBA KOCMHYECKUX CTAHI[UNA. BbICKazaHa Trumore3a, YTO TOYKH JIMOPAIMU CHUCTEMBI
CosHIle 3eMJIg MOTYT CITOCOOCTBOBATh 0OPa30BaHUIO KOJIEI] MycOpa B OKOJIO3€MHOM ITPOCTPAHCTBE.

KiioueBbie ciioBa: KOCMUUYeCKHe HccaenoBaHus, 3ewsis, JIyHa, mapameTpbl OpOWUT,
OapHUIlEeHTp, TOUKH JTuOpanuu, cucteMa CostHIle 3eMIs.

* KoppectoHINPYIOIIUHA aBTOD
Antpeca 371eKTpOHHOM oUTHI: president@miigaik.ru (B.I1. CaBuHbIX)
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Stroboscopic Shooting of Comets
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Abstract

The article examines the photogrammetric method for determining the characteristics of a
moving body in space research. The object of research is comets. The method belongs to the field of
space photogrammetry and space geoinformatics. A comet is considered as a moving body, but the
technique can be used to track meteorites and other small celestial bodies. Stroboscopic shooting is
proposed as a method of observation and measurement. A simple stroboscope in the form of a
circle with a circular hole at the edge is proposed. Stroboscopic shooting allows not only
photographing sections of the trajectory, but also linking them to time. Stroboscopic shooting
allows you to change two parameters: shooting frequency and exposure time. These parameters are
selected for the speed of the moving object and its distance from the shooting point. The basic
diagram of stroboscopic shooting is described. Three qualitatively different sections of the
trajectory of a moving object, which are obtained during stroboscopic shooting, are described.
The plots characterize the approach of the subject to the shooting point. The most informative is
the second section of the trajectory, which corresponds to the middle of the trajectory. A schematic
diagram of photographing a moving object is described. Estimation formulas for determining the
velocity of a space body are given. A practical example of shooting with an open shutter and using a
stroboscope is given. The method allows one to study the dynamics of an object's movement,
including its destruction or collision with another object. The method can be applied to survey
ground objects, for example, aircraft or missiles of any range.

Keywords: space exploration, space mobile objects, space photogrammetry, space
geoinformatics, spatial modeling, stroboscopic surveying, ballistic measurements, image timing.

1. Beegenue

MopaenupoBanne B KocMuueckodn ¢otorpammerpuu (Fang, 2011) W KOCMHUYECKOU
reoundopmatuke (Bondur, Tsvetkov, 2015) ocHOBaHO Ha IepeHOCe HAEH IeOMETPUH B 00J1aCTh
dbororpammerpun. [Ipu ucciaen0BaHUM MOABUKHBIX 00beKTOB 3G (MEKTUBHO MPUMEHATh METO/IbI
npoekTuBHOU reomerpur (Gao, 2020). OHU JI0MTyCKAIOT 00pabOTKY CHUMKOB C IByMs (DOKYCHBIMU
PACCTOSTHUSIMH WJIM CHUMKOB, UMEIOIIUX J[Ba Pa3HBIX MaciiTaba 1Mo pasHbIM OCAM KOOPMHAT.
Knaccuueckass ¢pororpammerpusi (James, 2019) MOCTPOeHa Ha IPEAIIOJIOKEHUU IEHTPATBHOTO
mpeoOpa30BaHUs, TO €CTh 00pPabOTKU OJHOTO €IMHCTBEHHOTO MyYKa ITPOEKTUPYIOIINX JIyYen.
IIpoektuBHas reomerpus (Calderbank et al., 2020; Skala et al., 2020) momyckaer o6paboTKy
MHOTOKPAaTHO TMpPeOOpa30BaHHBIX IYYKOB MPOEKTUpyINuX Jyded. [lpu wuccieoBaHuN
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IIOZBU?KHBIX OOBEKTOB MPHUXOJMUTCSA CTAJKHUBATHhCSI CO «CMa3oM» H300pa)KeHUs Ha CHHMKE U
CUTyaIlell pa3HbIX MAacIITaOOB BJOJIb JABHMXKEHHsS KOCMHYECKOTO Tesia U IIePIEHIUKYJIAPHO €ro
JBHKeHMI0. Takas cBsizka HazbiBaercs aHamopdotHo# (bapanos, KoposieBuu, 2011) u Tpebyer
CIIeIUAIbHBIX METOJIOB 00PabOTKU.

MO>KHO BBECTH TEPMHUH «IIPOEKTHBHas ¢oTorpamMerpusi» (projective photogrammetry)
IJTUM TEPMHHOM MOKHO 0003HAUUTh O00JacTh IPUMEHEHUS IIPOEKTUBHOH TEOMETPUH B
(oTorpaMMeTpr IpH M3YUEHUHU IIOABIKHBIX OOBEKTOB M aHAMOP(OTHBIX CHUMKOB. B o0sacTh
MIPOEKTUBHOH (OTOrpaMMETPHU IOIAAAeT CheMKa M 00pab0TKa CHUMKOB HOABHUKHBIX O0HEKTOB
CHUMKH TIOZBHIKHBIX OOBEKTOB coOZlepKaT cMa3 wuso0paskeHus. [IpoeKTHBHas TeoOMeTpHUs U
dotorpammerpus (IlBeTkOB, 1979) HCKJIIOYaeT HEOOXOIMMOCTDH OIIpEIeJIEHUs] TMPUOIMKEHHBIX
3HAUEHUU 3JIEMEHTOB OPHUEHTHUPOBAHHSA CHHUMKOB M peIIeHUs] OOpaTHOW 3aceuKku METO/IOB
npubsrmkeHuil. [IpoekTuBHasA (GoTorpaMMeTpHs pelaeT 0OpaTHYI0 IPOCTPAHCTBEHHYIO 3aCEUKy
IyTeM WCIOJb30BAaHUSA CHUCTEMBI JIMHEWHBIX ypaBHeHUH (I[BeTkoB, 2017). IIpoekTuBHas
dbororpammerpusi MO3BOJISIET pelIaTh IMPSAMYK 3ace€YKy He TOJIBKO IO CTepeollape CHUMKOB,
a 110 JII0OOMY HX KOJIUYECTBY IIPHUUYEM CHUMKH MOT'YT HMETh pa3HbIe 3JIEMEHThI OPHEHTHPOBAHMUS.

IIpoekTrBHAasA (GOTOrpaMMETpPHsl HCIIOJIb3YETCA IIPH H3YYEHHMH KOCMHYECKHX OOBEKTOB,
METEOPUTOB, KOMeT. B cumiy »TOro mpoekTHBHas (oTorpaMMeTpHs CBsA3aHA C KOCMUYECKOM
dotorpamMmerpueii u KOCMHUUYECKOH reonHGOpMaTUKOU. IIpoexkTuBHast (oTorpaMMerpus
HCIIOJIb3YETCA TaKXKe IS pacueTa TPAaeKTOPUHM Ha3eMHbBIX MMOABMKHBIX OOBEKTOB U B OTAEJIbHBIX
caydasX TO3BOJIAET OIPENeATh HUX AUHAMUUYECKHE XapaKTePUCTUKH: CKOPOCTh, YacTOTY
ppamenus (IIBetkoB, 1997). IlosToMy MeTOABI IIPOEKTHBHOH (POTOrpaMMETPHUU SBJISIOTCA
aKTyaJIbHBIMU OCOOEHHO IIPH UCCIEOBAHUH MOIBIKHBIX 00HEKTOB B KOCMUYECKOM ITPOCTPAHCTBE.

2. O6cyxkaeHue U pe3yIbTaThI

OCHOBBI CTPOOOCKONMNYECKOTO METOA ChEMKH.

CTpoOOCKOITMYECKUH METOJT CheMKH KOMET M MaJIbIX HeOeCHBIX TeJl UMeeT JBa BapHaHTa.
[TepBbIii BApHAHT OCHOBAH Ha pacyeTax [0 CHUMKaM, ITOJIy4eHHBIM C IPUMEHEHHUEM TOJIBKO OJTHOH
dotokamepsr (I'ocrioguHOB, 2021). BTOpoil BapMaHT OCHOBAaH Ha WCIOJb30BAHUH CHHUMKOB,
TOJIy4eHHBIX ¢ IByX poTokamepaM. Ha PucyHke 1 mpuBezieHa cxemMa CTPOOOCKOITNYECKOH ChEMKH.

OtBepcTue

]

Kamepa CHumok
TpaekTopus

O6Toparop

Puc. 1. Ctpobockonmyeckasi CheMKa TPAeKTOPUHU O/IBUKHOTO 0O'bEKTA.

Ha PucyHke 1 moKa3aHO, UTO B MIPOCTPAHCTBE PACIOJIOKEH 00BEKT, KOTOPBIN IepeMeIaeTcs
1o 3a/[aHHON TpaekTopuu. CTpoOOCKON MJIM OOTIOPATOp SBJISIETCS MPEPhIBATEEM H300paKeHUs
Ha cHuMKe. Eciu ero yOparh, TO B peXHUMe C OTKPBITBIM 3aTBOPOM HAa CHUMKE IIOJIy4YaeTcs
CIUIOIIHASA JIMHUSA, XapaKTePU3YIIIasA IJIOCKYI0 IPOEKIHNI0 TPAEKTOPHUU IOJBHKHOTO OOBEKTA.
[Ipocreiimuii cTpoOOCKOM eCTh JUCK ¢ OTBepcTreM (PuCyHOK 1).

IIpu cwremke auck Bpamaercs ¢ nepuogoM T. Kpome 3TOM XapaKTepUCTUKU CYIIECTBYET
Zipyrasg. 9TO BpeMs SKCIIO3UIUU T, KOTOPOE OIpesiesIsAeTcs MEePUOoJIOM IMPOXO0KIEHUS OTBEPCTHUSA
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crpobockomna Iepes; kKaMepod. B 3TOT mepuoy Ha cHUMKe (UKcUpyeTcs ABIKeHHe 0ObeKTa I
tpaekropuu. Ilepuoy T1 = T-t xapakTepusyeT pa3pblB Ha U300paKEHNH.

B pesysnbprare cTpoOOCKOIMYECKON CHEMKU HA CHUMKE BMECTO CIUIONIHOHM JIMHUU MOJYYaloT
ZIMCKPeTHOE M300paskeHue ABIKeHUs Tesa. OcoOeHHOCTh CTPOOOCKOIUYECKON CHheMKH B TOM, UTO
MOKHO 33/]aBaTh U yIIPaBJIATh BpeMeHeM T 1 BpeMeHeM t. B cruly TakuX yCJIOBUH KaK/ABIH IITPpUXA
Ha CHHMKeE C CO CTpPOOOCKOIIOM XapakTepusyeTcsa IiepuojioM T BpeMeHeM 3KCIO3UIUU
dotorpadupoBanusa t. Ilepuomom T mO3BOIAET OIpeeSUTh YAaCTOTY CHEMKU U OLEHUTHh WJIU
OTIPEZIEJINTh CKOPOCTh JBIKEHUS IOJABIIKHOTO oObekTa. THIOBOe M300pakeHHe TPAaeKTOPUU
MIO/IBUKHOTO 00'bEKTa, MOIyIeHHOE MPU UCIIOJIH30BAHUHM CTPOOOCKOMIUYECKON ChEMKH, ITOKA3aHO
Ha PucyHnke 2.

LnO o

@)
Lm ﬂ HanbHuiA yyacTok
Lm+1

Lm+2 &
4

Lpl CpeaHun y4acTok

Lp2

BnwkHUI yyacTok

Puc. 2. TunoBoe nzobpaskeHue MOIBUKHOTO KOCMUYECKOTO OO'hEKTA.

TpaekTopusi KoMeTbl Ha PUCyHKe 2, UMeeT TpU yJacTKa, UMEIOIUX KaueCTBEHHOEe Pa3Inyue.
B obmem ciydae sTa TUIOBAash TPAEKTOPUS XapaKTepU3YeT JIIOObIE IOIBUKHBIE KOCMUYECKHE
00bexThI. [T0aTOMY paccyk1eHusI IPUMEHUMBI K JIIOOBIM IMOJBI>KHBIM KOCMUYECKUM O0BEKTAM.

IlepBorit yuactok (o6o3HaueH Ln) xapakrepusyercss 3HAYWUTEJIBHBIM yAIEHUEM OT
doroxkamepsl. OH xapakTepu3yeTcsi KPYTOBBIMH H300paKEHHSMHU OOBEKTOB. BTOpo# yuacTok
XapaKTepusyeTcsl MPUOIKEHNEM KOCMHYECKOTO OOBEKTA M TOSIBJIEHWEM CMas3a U300pasKeHUs.
B crity 510 n3006paskeHuss KpyrOB 3aMEHSIOTCS JUTUIICAMU, MEXKAY KOTOPHIMU UMEIOTCSA PA3PbhIBBI.
Ha cHuMKe 3TOT ydYacTok wu300pakaercs B BHUJE <«IITPUXOB» U Pa3pPbIBOB MEXKIy HHUMU.
Ha Pucyske 2 ero onucsIBarOT y4yacTku Lm.

Tperuii yuactoxk (ob6o3HaueH Lp) xapakTepusyercsi 3HAUYUTEJIbHBIM IPUOJIMIKEHUEM K
dotokamepe. B cuty 3TOro 3/UIMNTUYECKHE YUYACTKH HAYMHAIOT IepeKpbiBaThcs. Ha cHUMKe OH
n300pakaeTcs B BUJIE CIUIOMIHOM (UTYPHI C YTOJIIIIEHNEM U Cy:KEHUEM.

ITo TakOMy CHUMKY MOKHO OII€HUTH CKOPOCTH IOJIBUKHOTO 00BbeKTa. Vcnosb3ys MpUHIUIL
OTHOCUTEJIBHOCTU, MOKHO CUUTATh KaMepy KOCMHUYECKOTO alllapaTa HeMOABUKHOU, a JBIKEHUe
KOCMHYECKOTO OOBeKTa OIpeJIeJINThCS KaK JIBI)KEHHEe OTHOCUTEJIBbHO Kamepbl. Eciau oHO
BCTPEUHOE, TO OTHOCHUTEJIbHAs CKOPOCTh Oyzer ypenudeHa (mtpuxu OymyT Oosibine). Ecau
nemkeHnre KA u HebecHOro Tejia OJIHOHAIIPABJIEHHO, TO OTHOCUTEIBHAS CKOPOCTh OyZeT
yMmeHbllleHa (mrpuxu OyayT kopoue). Ha mpakTuke BerpeuaroTes ydacTku Ln u Lim.

®OoTOCHEMKY MPOU3BO/IAT TaK, YTOOBI IBMIKEHNE OOBEKTA YCIOBHO OBLJIO HATIPABJIEHO T10 OcH Y.
Ecyiu 5TO 3aTpyHUTENHHO, TO BBHIOMPAIOT HAIPaBJIEHHUE OCEH HCKYyCCTBEHHO. BBIOMpAIOT IpaByro
cucreMy Koop/iuHat. [1aH cbeMKH 00beKTa ¢ GOTOKaMepPHI ¢ 0O0TIOPATOPOM IpUBE/IEH Ha PrucyHke 3.
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Puc. 3. Cxema poTtocbeMKHn
Ha Pucynke 3 Y1, Y2 — Hauajo W KOHel JJUIMOTUYECKOrO ydacTka, L — [AJuHA

SJUTUIITHYECKOTO yJacTKa. /I KaXK0To MITpUXa OHa CBOS U YCJIOBHO 00o3HavaeTcs Kak Li. Touknu
Hayvasia ¥ KOHIA BJUTUIITHYECKOTO Y9acTKa COOTBETCTBYIOT BDEMEHHU SKCITO3UITUH T. ITOT UHTEPBAJT
MIO3BOJISIET OLIEHUTD YCJIOBHYIO CKOPOCTh 00beKTa Vi mo popmyie:

Vi=Li/t(1)

B Beipaxkennu (1) Vi — ckopocTh Ha Li-oM y4acTke, Li — ycJIOBHas JJIMHA OTpe3Ka,
IIPOXOIMMAasi TIO/IBMKHBIM O0OBEKTOM 3a BpeMs SKCIO3UIUK. Ha CHUMKE 3TOT OTPE30K U3MepsIeTcs
0 KoopawHartaM X. TOYKM Havaja ¥ KOHIIA 3JUTHIITUYECKOTO YJYacTKa Ha CHUMKE HMEOT
KOOPAUHATHI X1, X2. IIpu u3BeCTHOM (DOKYCHOM PaCCTOSTHUM f, MOKHO OI€HHUTH YIJIbl HAa HAYaJIO U
KOHEI[ 3JUINITUYECKOro yJacTka 1, f2 (PucyHok 2).

tgB1=x1/f=Xo/Y1, (2)
tgB2=x2/f = Xo/Y2 (3)
Y1= Xo ctgB1(4)
Y2= Xo ctgP2 (5)
L= Y1-Y2= Xo (ctgP1 — ctgp2) (6)

Puc. 4. 1306pakeHne KOMETHI B pe3KIMe BbIZIePKKa
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®opmysa (6) saBisderca oneHOUYHOU. Bosee TouHOoe 3HaueHWe oTpe3ka L mosyyaercs mpu
VICII0JIb30BAHUH BBIYHMCJIEHUH IO ITape CHUMKOB. TeM He MeHee, OHA JI1aeT BO3MOKHOCTD IT0JIy4aTh
OLIEHOYHbIE 3HAYeHUs CKOPOCTH IIO/IBMIKHOTO oObekta. Hampumep, npu pgsrkenun KA
OTHOCHUTEJIPHO KOMETHI IIPU ChEMKE ¢ 00TIOPAaTOPOM U IPUMEPHOM PACCTOSHUU 0 KOMEThI MOXKHO
OLIEHUBATDh €e OTHOCUTEIBHYIO CKOPOCTh. Ec/Ti n3BecTHA CKOPOCTh 0O'BEKTA, TO MOXKHO OIlEHUBAThH
paccrosHue X0 no Hero. Ha Pucynke 4 npuBezieHo n3o0pakeHre KOMEThl HA CHUMKE C OTKPBITHIM
3aTBOPOM.

N300pakeHre OT KaMepbl C OTKPBITBIM 3arBopoM (PucyHok 4) mpexacraBiser coboit
HETPEPHIBHYIO JINHUIO C PA3HOU TOJIIIIHHOM.

Ha Pucynke 5 mnpuBeZieHO wu300pakeHHWe APYroro TUIMA, IOJYyYeHHOEe IIPU IIOMOIIU
cTpobocKora.

Puc. 5. ®oTo co cTpoOOCKOTUUECKON CHEMKH

N3zo06pakenne Ha Pucynke 5 obpaborano, mostomy (oH uckyccTBeHHbIH. Ha Pucynke 6
HasiokeHUe PucyHka 4 Ha PucyHOK 5.

Puc. 6. HayioxeHue cTpoOOCKONINUECKOT0 H300pakeHN A Ha TPAEKTOPHUIO IBHKEHU S
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O6pamaer Ha ce0s BHUMaHIE, YTO IPH CTPOOOCKOIIMYECKOH ChEMKE y/aIeHHbIE YUACTKU
moJiydaroTest 6ojiee SIpKMMHU. JTO OOYCIOBJIEHO TEM, UTO NPHU ChEMKE C OTKPBITHIM 3aTBOPOM
OJIMPKHEIE yUYaCTKU 3a0MBAIOT CBETOM OoJiee TayIbHUE.

3. 3aKJIIoUeHue

AHanM3 pa3IUYHBIX CJIy4aeB CheMKHU TOKa3bIBAeT I1eJIeCO0OPA3HOCTh BBEJIEHUS TEPMUHA
«uHpopmanuonHas cutyanus» (Tsvetkov, 2012). MHbopMamuoHHAsT CUTyalus IPUH ChEMKeE
HWCUEPIBIBAIOIIE OIPEENIeT YCIOBU CheMKHU U IMO3BOJISIET CPAaBHUBATh Pa3HBI CUTYalld ChEMKU
Mexay coboil. IIpeamoskeHHBIH METOJ] MPUMEHUM IS HUCCIeOBAHUSA HE TOJIPBKO KOMET, HO U
JIDYTUX KOCMUYECKHX IIOJIBMPKHBIX TeJ. B 3eMHBIX YCJIOBUAX OH HNPUMEHUM JJI OIEHKHU
ImapaMeTpoOB TPAaeKTOPUU pakeT Jirobou gasbHOCTH. OH IPUMEHUM IIPU HCIIOJIb30BAaHUU CKOCTU
Tesa 3a cuerT u3Mmepenus sddexra omnepa. [IpensokeHHBIH METOJ] IPUMEHUM JJIsl OLIEHKU
wiommaau ceueHus: komet (Tsvetkov, 2017) nmpu nomomu Metoga Moute Kapsio. I[IpuBsska Touek
TPAEKTOPUU KOCMHYECKOTO OOBEKTA IPHU HUCIIOJIb30BAaHUH CTPOOOCKOIMMYECKON CHEMKH MOXKET
MPOU3BOJUTCS C BBICOKOU YaCTOTOH, UTO O0YCJIOBJIEHO OTCYTCTBUEM CHHXPOHU3AIIUHN CheMKU JIJIA
JIByX KaMmep. IIpuMeHeHHe METOJIOB MaTeMaTHYEeCKOH OOpabOTKH II03BOJISIET OIPEIEsIATh
U3MEHEHHUs TPAeKTOPHH, HAlpUMep IIPU CTOJIKHOBEHHUU OOBEKTOB WM IMPHU HMX Pas3pyIIeHUH.
[TocnenHee yacTo HAOJIIOIAETCS P BXOJIE aCTEPOU/IOB B 3eEMHYIO aTMOChEPY.
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CTpo0OoCKOMUYECcKasa CheMKa KOMeT
BukTop fikoBneBuu I[BeTkoB 2 -, Irops IleTpoBuu [ermiko P

a  HaydHO-UCCIeA0BATEIbCKUA W HPOEKTHO KOHCTPYKTOPCKUH WHCTUTYT HHAOPMAaTU3aINH,
aBTOMAaTH3aIluU U CBSA3U Ha 3keJe3Ho1opokHOM TpaHcropte (HWUMAC), Poccuiickas ®eneparius
b Poccuiickuii Texnonoruueckuii yauepcurer (MUPIA), Poccuiickas Denepanuis

Annoramusa. Cratea  ucciaeayeT  (QOTOrpaMMETPHUUYECKHMH  METOZ,  OHpe/esIeHHs
XapaKTEPUCTUK JBIDKYIIEIOCS Tejla B KOCMUYECKUX HccaemoBaHUAX. OOBEKTOM HCCJIeN0BaHUs
SABJISIIOTCS KOMETBhI. MeTO/T OTHOCUTCA K 00JIaCTH KOCMHUYECKOH (hOTOrpaMMETPHU 1 KOCMHYECKOM
reomHdOpMaTUKH. B KadecTBe JBMKYIIETOCsS Tejla PacCMOTPEHa KOMeTa, HO METOJUKA MOIKET
OBITH MICIIOJIb30BAHA JIJISI OTCJIEKUBAHUS METEOPUTOB U JIPYTHX MaJIbIX HEOECHBIX Tesl. B kauecTBe
MeToJla HaOJIIOZIEeHWsA W HW3MEPEHHs IIpeJiylaraeTcsi CTpPoOOCKOoNHMYecKas cheMKa. IIpemioskeH
IIPOCTOM CTPOOOCKOII B BH/Ie KPyTra C KPYTOBBIM OTBEPCTHEM Ha Kpar. CTpoOocKomryeckas CheMKa
II03BOJISIET HE TOJIBKO (poTorpadupoBaTh y4aCTKHU TPAEKTOPUH, HO U MPUBA3bIBATh UX KO BDEMEHH.
Crpobockonmyeckasi CheMKa II03BOJIAET MEHSTh JBa IapaMeTpa: YacTOTy CheMKH M BpeMsd
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SKCITO3UIUH. DTH IIapaMeTPhl BBIOUPAIOT 107, CKOPOCTh IMOIBIKHOTO 0ObEKTa U €r0 PACCTOSIHUE OT
TOYKU cheMKU. OmnrcaHa NMPUHIUNHAJIbHASA CXeMa CTPOOOCKOIUYECKON cheMKU. OIHCaHBbI TPU
KauyeCTBEHHO PAa3HBIX Y4YacTKa TPAEeKTOPHUHM TOJBIIKHOIO OOBEKTa, KOTOphIE IIOJIyYaloT IIpHU
CTPOOOCKOITNYECKOH ChEMKE. YUAaCTKU XapaKTEPU3YIOT MPHUOIMKEHNEe 00BbeKTa CheMKH K TOYKe
cbeMke. Haunbonee HWHOOPMATHUBHBIM SBJIIETCS BTOPOM YYaCTOK TPAeKTOPHUH, KOTOPBIN
COOTBETCTBYeT cepeAuHe Tpaektopuu. OmnucaHa DpUHIHUIHAAIbHAs cxeMa (POTOChEMKHU
MOZIBMKHOTO 00OBbekTa. [IpuBeneHbl OIeHOUHBIE (OPMYJIBI JUISI OIpEeNEesIeHUs] CKOPOCTH
KOCMUYECKOTO Tesia. [IpuUBeAeH HpaKTUYECKH IIPUMEP CHEMKH C OTKPBITBIM 3aTBOPOM U C
HCIOJIb30BaHUEM cTpobOockoma. MeTo/T MO3BOJISIET HCC/IEOBAaTh JTUHAMUKY JBH)KEHUs O0OBEKTa,
BKJTIOUAsI €70 pa3pyllleHue WU CTOJIKHOBEHHE C JIDYTUM 00beKTOM. MeTo 1 MOXKeT MPUMEHEH JIJIsT
CHEMKH Ha3eMHBIX 00BEKTOB, HAIIPUMEDP, CAMOJIETOB HJIU PAKET JIF000H JaTbHOCTH.

KiroueBble cjI0Ba: KOCMUYECKHE MCCJIEOBAaHHUs, KOCMUYECKHE IIOJIBUKHBIE OOBEKTHI,
KocMu4Yeckas  (QoTtorpaMMeTpus,  KOCMUUYecKas  reonmH(OpMaTHKa,  IIPOCTPAHCTBEHHOE
MOJIEJTUPOBAaHUE, CTPOOOCKOIIMYECKAasd CheMKa, Oa/UTUCTHYECKHE UW3MepeHHUs, BpeMeHHas
MIPUBsI3KA U300pasKEHUS.
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Abstract

The article relates to the field of space geoinformatics and comparative planetology.
The difference between space geoinformatics and terrestrial geoinformatics is shown. The great
connection of space geoinformatics with geometry is noted in comparison with terrestrial
geoinformatics. The most common methods of planetary exploration are space imagery and radar
sensing. Laser sensing is mainly used for ranging only. The article proposes to use laser
rangefinders for a new purpose. The article proposes a new method for measuring coordinates on
the planet's surface, called Trinitarian. The technique allows, on the basis of measuring the
distance to a point, to determine two more of its coordinates. The technique is applicable when the
spacecraft moves in the gravitational field of the planet as an artificial satellite. The coordinates are
called conditional because they are not measured in the coordinate system of the planet's surface or in
the system of its center of mass, but in the coordinate system associated with the trajectory of the
spacecraft. An analogy between this technique and the measurement of coordinates using global
navigation satellite systems is shown. Coordinates are measured by measuring the range from two
points of the spacecraft trajectory and measuring the baseline on the trajectory between the observation
points. Calculation formulas are given and errors are analyzed. The relativity of coordinates is that the
technique allows you to measure only two coordinates out of three. The technique is compared with the
terrestrial analogue of the global navigation satellite system. The similarities and differences between
the proposed Trinitarian methodology and the existing global navigation satellite system are shown.
Further improvement of the methodology is proposed.

Keywords: space exploration, coordinate systems, determination of coordinates, spacecraft,
trajectory, trinitarian model, pyramidal model, relative coordinates.

1. BBegeHnue

B Hacros1ee BpeMs /711 UCCIIEIOBAHUSA KOCMHYECKOTO ITPOCTPAHCTBA BCE IITUPE MTPUMEHSIOT
3eMHbIe Hayku. HOBOU Haykol, oObeAuHAIONEeN 3eMHble HAYKH U KOCMHYECKOE HCCIIeJOBAHUA
sIBJIsIeTCs KocMuueckas reonHdopmaruka (Bondur, Tsvetkov, 2015, CaBunbIxX, 2016). JTa Hayka
pa3BUBAeTCs W €e MEeTOAbl IMPUMEHUMBI JJIsi WCCJIEIOBAaHUs Pa3HBIX IUIaHeT. Kocmudeckas
reonHopmaTrKa 6JIM3Ka CpaBHUTENbHOU ItaHetosoruu (Bean et al., 2017, Glassmeier, 2020).
Ato obycyioBieHo TeM, uto KocMmuueckass reowmHgpOpMaTHKa OPHEHTHPOBAH Ha HCCIENOBAaHUE
JIIOOBIX IJIAHET, a He TOJbKO 3emuin. OHOU M3 OCHOBHBIX 33J1a4 CPABHUTEJIBbHOU IIAHETOJIOTHU
(Tsvetkov, 2018) u KocMIYecKOl TeOMH(GOPMATHKH SIBJISIETCS ONpPe/ieJIeHUe KOOPAUHAT TOUEK Ha
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rnmoBepxHocTH IUIaHeThl (Barmin et al., 2014) ¢ 6opra KocMuueckoro ammapata. Kocmuueckast
reonH@opMaTHKa B OTJIYHE OT 3eMHOU reonHpopmatuku (CaBuHbIX, [[BETKOB, 2013) UCIIOTIB3YET
MIPENMYIIeCTBEHHO JINCTAHITMOHHBIE METO/bI U3MepeHUsI 6e3 KOHTAKTa C IIOBEPXHOCTHIO TIJIAHETHI.
Kocmuueckass reowmH(poOpMaTHKa WCIOJIb3yeT METOAbl TE€OMETPHUU W METOAbI OIpeeIeHUs
KOOPJWHAT, IpUMeHsieMble B (POTOrpAMMETPHH M Teoie3WH. B 3THX HayKax NMPUHATO Ha3bIBaTh
ompezieJieHe Koop/imHaT 3aceukoii (Yang, 2021). OgHOU U3 OCHOBHBIX 33/1a4 IIPU UCCJIEOBAHUU
wiaHer ¢ 6opra KocMuuyeckoro amnmapara (KA) siBisieTcst mcciejoBaHUE TeOMETPHHU IUIaHeT U
KOOD/IMHUPOBAaHUS TOYEK HAa WX NOBepxHOCTAX. Hawmboslee pacmpocTpaHEHHBIMH MeETOJaMHU
WCCJIEIOBAHUS TUIAHET SBJISIOTCS KOCMHYECKas CheMKa M PaJIMOJIOKAIIMOHHOE 30HANPOBAaHUE.
OnBIT HMCCIEA0BAaHUSA OKOJIO3EMHOTO KOCMHYECKOTO MpocTpaHcTBa (Barmin, et al., 2014) moxker
OBITH TIEpeHeceH Ha HCCJIeIOBaHue APYTuX IUtaHeT. Hapsay ¢ 3TUMU TEXHOJIOTUSIMU CYIIIECTBYET
TeXHOJIOTHsA JiazepHoro 3oHaupoBaHusa (Fukuchi, 2012). Ona Takke mnpuMeHUMa I
KOOPJAWHHUPOBAHUS TOUEK U JaHHAs CTaThs IpeAJiaraeT MeTOJ| pelleHus 3Tou 3azaun. OmxHaKo
METOJ[MKa JIa3epPHOTO 30HAUpPOBaHUsA (XasIbIKOB, 2018) sBJIsAETCA HOBOHU U I Hee pa3paboTaHO
MaJI0 TEXHOJIOTHH II0 PaCIIUPEHHOMY €€ HCIoJIb30BaHuA. OObIUHAA METOJIUKA JIA3ePHOTO
30HIUPOBAHUSA OIPEEIsieT TOJIbKO JaJIbHOCTH. B JTaHHOW cTaThe IIpejiaraeTcsl HWCIIOJIb30BaTh
JIa3epHbIe JTaJIbHOMEPHI 110 HOBOMY Ha3HaueHHWI0. MeToAuKa I03BOJISIET Ha OCHOBE HU3MEpPEHUs
JIAJIBHOCTH JI0 TOUKH, OTIPEJIEJIATH eIlle JBe ee KOOPUHATHI.

2. O6cyxkaeHue U pe3yIbTaThbl

IloctaHoBKa 3a7jauud BKJIIOYAET CJIEAYIONIAE YCIOBHS: KOCMHYECKUM ammapar Wik
HCKYCCTBEHHBIH CIIyTHUK TUIAHETHI IBUTAETCS B TI0JIE TATOTEHUS IJIAHETHI U YIACTBYET B €€ BpallleHu!
BOKPYT OcH. J[OIIOJTHUTETLHO OH TIepEeMEIaeTcsl HaJl ee TMTOBEPXHOCTHI0 U MEPUOIUYECKH 30HIUPYET
BBIOpaHHbBIE TOYKU C IMOMOIIBIO JIA3€PHOTO 30H/AA WU JIHAApa. YCJIOBUEM ISl IPUMEHEHUST TaKOH
METO/TUKH SIBJISIETCS HATMYYE Ha TIOBEPXHOCTH IUTAHETHI XOPOIIIO OII03HABaEMbIX TOUEK — Mapok. Ecu
TaKUX TOYEK HET, TO MapKa MOKeT OBbITh yCTaHOBJIEHA ¢ OOpPTa KOCMHUYECKOTO aIllliapaTa IyTeM ee
OITyCKAHUS ¥ TTOCAJIKU Ha TIOBEPXHOCTD IUTAHETHI.

Ha xocmuueckom ammapare (KA) ycraHoB/ieHa ammaparypa, KOODPAWHHUPYIOIIAS €ro
OTHOCUTEJIPHOE TIepeMellleHre II0 TPAaeKTOPHUU. ITO O3HA4YaeT, 4YTO MOMEHThl BpeMeHU
30HMPOBAHUsA IUIAHETHI KOOPAWHATHI KA M KOHKDETHO JIa3epHOTO 30HJIa U3BECTHHI U MOKHO
U3MEPUTH OA3KC MEXKIy ABYMS TOYKaMH HabJro/ieHus. Takoe ycjoBHe O3HAYaeT, UTO I JBYX
TOYEK TPAEKTOPUH MOKHO 3a/7aBaTh JIOKAJIbHYIO CHCTEMY KOODJIMHAT, OTHOCUTEJIPHO KOTOPOU
MOJKHO OTpEEsATh KOOPAWHATHI TOUEeK IUIaHeThl. JlaHHas MeTO/IMKa IT03BOJISET OIPENe/IATh
KOOP/IMHATHI IJIAHETHI HE B TJIAHETOIEHTPUYECKOH CHCTEM, HE B TOTIOIIEHTPHUYECKOU CHCTEME, a B
JIOKQJIHOU CHCTeMe, CBI3aHHOU ¢ OpOUTON KOCMUYECKOTO aImapara.

[{esrecoo6pa3HO HCIIONIB30BATh ISl OMHUCAHUA METOAWKH TEPMHUH WHOOpPMAIMOHHAS
cutyarus (Tsvetkov, 2012). Ha Pucynke 1 npuBezieHa WH(QOpMAaIMOHHAs CUTYaIusl HAOJIOIeHU
TOYKH M Ha IOBEPXHOCTH IUIAHETHI C TPAEKTOPHUU KOCMUYECKOT'O allllapaTa WK CIyTHUKa. S1, S2 —
TOYKH Ha TPAEKTOpHH, 3ajaioiue 0Oasuc HaOmwoneHus. B — Oasuc Habmonmenus, Li, 12 —
pacCTOSTHUSA OT TOYEK HaOJII0/IeHs 10 HabrrogaeMoi Touku M.

Sz B S1

TpaekTopusa KA

M
[MoBepxHOCTL
nnaHeTbl

Puc. 1. Cxema AJaJIbHOMEPHOI'O Ha6)IIO,Z[eHI/IH TOYKH Ha IIOBEPXHOCTHU IIJIAHETBI.
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Ha Pucynke 1 (a, b) — yriel u3 Touku M (Ha MOBEPXHOCTH IUIAHETHI) B TOUKH HAOJIIO/IEHUSA
S2, S1 Ha opbute KA. Hauaso Koop/iuHAT YCJIOBHO cOBHaAaeT ¢ Toukod Si1. KoopawHara Y ecth
paccTrosiHie 0 HOpMaJb K 6asucy OoT TOUKH M Ha MOBEPXHOCTH ILJIAaHETHhI, KOOpAUHATa X eCcTh
KOOpAMHATa TOYKU M OTHOCUTEJIBbHO Havyasa Si.

CyTb METOAWKHU COCTOUT B pacdyere IUIOMIAAM TpeyroJbHUKa S1, S2, M aBymsa cmocobamu:
4yepes IEPUMETP U Uepe3 BBICOTY U OCHOBAHUE.

Jl719 pacueToB HCIOIB3yeM H3BECTHble reoMeTpuyeckue npasuia. [linomaas TpeyrojabHuKa
S1, S2, M (PucyHOK 1) MOKHO OTIPEZIEJINTh YEPE3 €r0 IEPUMETP IPU U3BECTHHIX JJTMHAX CTOPOH B,
L1, L2.

S= (P (P-B) (P-L1) (P-L2))¥2(1)

B Beipaskennu (1) P — mosynepumerp, B — 6a3uc usmepenus, L1 — paccTosiHEe OT epBOM
TOYKHU U3MepeHus, L2 — pacCTosiHHE OT BTOPOU TOUKU U3MePEHUs.
[Tnomaap TpeyroabHUKa S1, S2, M MOXKHO OIpPEJEINTh TaKKe Yepe3 ero OCHOBaHHe B u
BBICOTY Y (HOpMaJIh)
S=1%BY(2)

Bripakenue (1) 103BOJISIET OIIPEIEJIUTD IUIOMIAAbL S 10 pe3yJIbTaTaM HaOJI0IeHUH ¢ OpOUTBHI.
3Has IUIOIIA/b, M3 BBIpAKEHUA (2) MOKHO OIIPEJIeJINTh HOPMAaJib MEXAY 0as3ucOM M TOUYKOH
HabroneHus M.

Y=2S5/B(3)

OnuoBpeMeHHO Y U X ABJAKTCA KOOpPAWHATAMU TOUYKM M B IPAMOYTOJIBHOU CHCTEMeE
KOOpJMHAT, HAa4yaj0 KOTOpOU HaxoauTcsa B Touke S1, ock OX HampasyieHa Boab B, a oce OY
HallpaBJieHa 110 HOpMaJH K B.

ITpu u3BecTHBIX Y U S MOKHO OIIPEZIEIUTD YTOJI a MeXK/Ly HOPMaJIbIO U CTOPOHOH L1.

cos(a)=Y/L1 (4)

Koopzaunara X Touku M omipesesIuThes Kak
X=L1sin (a)=Y tg(a) (5)

Wonu ¢ momorpio Teopembl [Tudaropa
X=(L12-Y2)Y/2

Hab6monerusa moryt ObITh MHOTOKpaTHbIMH. Ha Pucynke 2 mokaszana wH@oOpManmoHHas
CUTyalusl MHOTOKPATHBIX U3MepeHUil. B Touke S2 BBINOJHAIOT /iBa U3MepeHUs Ha TOUKy M u Ha
Touky M1. Jl;g nepBoro msaMepeHus cyllecTByeT Touka M, jyig Broporo Touka Mi1. B Touke S2
npousBoAAT usMepeHve Touku M u Toukum Mi. Cucrema koopauHatr XOY B Touke Si
npeobpasyetcs B cucteMy koopauHaT X' O’Y’ B Touke S2.

M1

TpaekTopnsa KA

Puc. 2. MHOI‘OKpaTHOG HU3MEPEHUE TOYEK IIOBEPXHOCTU IIJIAHETDI
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daxTryecku JIOKaJbHaA CHUCTeMa KOOPJAMHAT HAa TPAeKTOPUU IIOBOPAYMBAETCH, CKOJIb3s II0
TPAeKTOPUU. H3MEPEHUsA MOTYT OBbITh 3aMKHYTBIMH, ecau KA paBuraerca mo opbure BOKPYT
mwiaHeTsl. HakioH ocu OX MOKHO OIpezie/InThb, CIe/loBaTeJIbHO, KOOPAIMHATHI BCeX TOYEK MOXKHO
IlepecyrTaTh B eIUHYI0 cCUCTEMY KoopAuHaT. Takoil meptcueT ocymiecTBiseTcs MO3TAMHO.
Koopmuaatelr Toukun M1 B HOBoW XOY wm crapoit X'O’Y' cucreMe KOOPAHHAT CBS3aHBI
COOTHOLIEHUAMMU:
xm1 =X’ cos(1)-y’ sin (1) (6)
ym: =X sin(@1) +y’ cos (¢1) (7)

B Boipaskenusx (6), (7) Xwmi, ym: — KOOPAMHATHI TOYKM M1 B HOBOH cucreme XOY; X', y’ —
KOOPAMHATBI 3TOH Ke TOUKU B cucteMe uaMepeHuint X’O’Y’. Yrosa (1 3To yroj HOBOPOTa CHUCTEMBI
koopauHaT X' O’Y’ orHOcuTesnbHO cucteMbl KoopAauHaT XOY. Takux yrjioB MoOKeT OBITH MHOTO.
CTOJIBKO CKOJIBKO U3MEPEHUU TOUEK, I03TOMY HOMep 1 03HavaeT IepBbIi yToJI IOBOPOTA.

Bripaxkenus (6), (7) peKypCUBHO NMPUMEHSIOT KO BCEM KOOPJMHATAM TOYEK U3MepeHuil M1,
Mz, ..Mn. 3meHseTC yToI .

Takum o06pa3oM, MOXKHO U3MepATh CcedyeHHe IUIaHeTbl OeCKOHTAKTHBIM METOJIOM.
Henocratok MeTozia B TOM, YTO OH OIIpe/iesiseT TOJIbKO JIBe KOOPAUHATHL. [IJ11 n3MepeHUs TpeTen
KOOPJIMHATHI He00X0IMa JIOTIOJTHUTEIIbHAS METOAUKA.

[Ipenaraemyio MeTOAWKY ONpeZieJieHUs KOOPAWHAT MOKHO Ha3BaTh  «IIJIOCKOU
TPUHUTAPHOU» WM «TPUHUTAPHOW», IIOCKOJIBKY OHAa HCIOJIb3yeT TeOpUI0 IIJIOCKUX
TPEYTOJIbHUKOB.

3. 3aKJIIoueHue

[Ipenaraemasg MeTOAMKA I0O3BOJIsIET U3MepATh OTHOCUTENIbHBIE KOODAWHATHI TOYEK Ha
IIOBEPXHOCTU IUJIAHETHI B CHCTEME KOODJIHMHAT, CBA3aHHON C OpOUTON KOCMHYECKOTrO ammapara.
3eMHBIM aHAJIOTOM TaKOH METOJVKU SBJISETCA IVI00aTbHAA HABUTAIIMOHHASA CIyTHUKOBAs CHCTEMA
('HCC) IJIOHACC wmu GPS. Metoguky 'HCC MOKHO Ha3BaTh «IMUPAMHJAAIHHON» ITOCKOJIBKY
3acedka MojiesiupyeT YeThbIpex YTOJIbHYI0 IUpaMuly. B 4eThIpexyrojibHOM OCHOBaHUU IMHUPaMU/IbI
HAaXOJATCSA CIyTHUKHY, B BEPIIUHE MUPAMUBI HAXOAUTCA olpesesseMas Touka. O6mum i obenx
METOJK SIBJIIETCS TO, UTO BBIOMpAaeTcs cucreMa KOOPAUHAT B OKOJIOIJIAHETHOM IIPOCTPAaHCTBE.
HOna THCC »sTa cucrema cBsi3aHa C LIEHTPOM Macc 3eMJIM M CHCTeMOM CIyTHHUKOB Ha
(puKCHPOBAaHHBIX 3aMKHYTHIX OpOUTAX OTHOCUTENBHO IUIaHeThl (3emursa). s mpeznsaraeMoun
METOJMKHU 5Ta CHCTEMA CBA3aHA C TOUKAMU TPAEKTOPUHU 3aMKHYTOH WJIM HE 3aMKHYTOH OPOUTHI
KOCMHUUECKOro ammnapara. [I[puHIUNNaJbHbBIM TeOMeTPUYeCKUM pa3jIudueM SBJISAeTCA TO, UTO
HazeMHble cucreMbl ['HCC comep:kaT OoJiee ABYX JECATKOB CIIyTHHKOB M 3aceukKy (OIpenesieHue
TpeX KOOpJMHAT HAa IMOBEPXHOCTU IUIAHETHI) PEIIAIOT JAJTbHOMEPHBIM CIIOCOOOM IO JAaHHBIM
O/THOBPEMEHHOTO HAOJIIOZIEHU YEeThIPEeX CIYTHUKOB (OCHOBAHWE UYETHIPEXYTOJbHON MUPAMU/IBI).
B TpuHUTAapHOU MeETOAMKE HCIIOJIb3YeTCs OJUH KOCMHYECKUI ammapar, HO OIpesessAloT He TpH,
a TOJIBKO JIBe€ KOOpAWHATHI i 6asuwca W3 JBYX TOYEK HaOJoeHus ¢ opbutbl. TexHUUeckas
peamsanusa MeToja Takke pasindaercA. B texnmonmoruum 'HCC ucnosb3yercsa paguoKaHal U
CyIlepHO3ULHA YaCTOT, OJIy4aeMbIX IPUEMHUKOM Ha MOBEPXHOCTH IIaHETHI. TO ecTh IPUEMHUK
Ha IIOBEPXHOCTU IUIAHETHI ABJIAeTcA 00s3arenbHbIM yesoBueM Metoguku I'HCC. B npeiaraemoii
TPUHUTAPHOU MeTOAMKe IIPUEMHUK He HYyK€H, HO HYy>KHa XOpOIIO OIN03HaBaeMas TOYKa Ha
IIOBEPXHOCTU IUIaHeThl. PasBuTheM MeTOOUKH MOXKeT CTaTh OIpefiejieHHe KOOpPJAHMHAT ¢ Iapbl
KOCMHYECKHUX aIllapaToB, JABUTAIOIINXCA IO Pa3HbIM OpOUTaM, HO HMMEIOIMM BO3MOXKHOCTD
OTIpe/ieJIeHUs] B3aUMHOTO IIOJIOKEHHe Ha opOouTe. B 3TOM cilyyae MOXKHO IOJIy4aTh TPEXMEPHBI
KOOP/IMHATHI HAa IOBEPXHOCTHU IJIAHETBHI.
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OmnpepesieHrEe OTHOCUTEIbHBIX KOOPJAUHAT HA OCHOBE IATIbHOMEPHBIX
usmepenuii ¢ KA

BuxTop AxosieBuyu lIBeTkoB 2"

a HayqHO-MCCIJIE/IOBATEIBCKUA U IPOEKTHO-KOHCTPYKTOPCKUM WHCTUTYT WH(MOPMATH3AINH,
aBTOMATHU3ALMH U CBA3U Ha KeJie3HoAopokHoM TpaHcrnopTte (HUIMAC), Mockaa,
Poccuiickas ®enepariust

AnHoTamua. CraTbsi OTHOCUTCI K 00JaCTU KOCMHYECKOH TreoMH(MOPMATUKH U
CPaBHUTEJILHOU ILIaHeTOJIOTHUU. [IoKa3aHO OTIMYMEe KOCMHYECKON TeOMH(OPMATHKU OT 3eMHOU
reonH(OpPMaTUKU. OTMeueHa OOoJIbIasi CBsI3b KOCMUUYECKOH reoMH(pOPMaTHKU C T€OMETPHEHN II0
CPaBHEHHUI0O C B3eMHOU reomHpopMaTukoi. Hamboslee pacmpocTpaHeHHBIMU METOJaMU
HCCIEZIOBAaHUS IIAHET SIBJIAIOTCS KOCMUUYecKas CheMKa M PaJioJIOKAIlMOHHOE 30HAWPOBAHHUE.
JlazepHOe 30HAMPOBaHHE MPUMEHSIOT B OCHOBHOM TOJIBKO /IS U3MepeHUs AaabHOCTH. CTaThs
TIpe/IJlaraeTcsl UCII0JIb30BaTh JIa3ePHBIE JJAIbHOMEDPHI 10 HOBOMY HazHaueHUI0. CTaThs MpejjiaraeT
HOBYIO METOJIUKY M3MepeHHs KOOD/IMHAT Ha IMOBEPXHOCTH IUIAHEThI, HA3BAHHYI0 TPUHUTAPHOM.
MeTtoiKa TO3BOJISIET HAa OCHOBE H3MepPeHHUs JAJbHOCTH J0 TOYKH, OIPENEJISTH ellle JBE ee
KoopuHAaThl. MeTouKa IpUMeHNMa IIPU JBHKEHUU KOCMUYECKOTO aImapara B I0JIe TATOTEHUS
IUTAaHEeThl KaK HCKYCCTBEHHOTO CITyTHHKA. KoopauHATHI HA3bIBAIOT YCJIOBHBIMH, ITOCKOJIBKY OHU
U3MEpSIOTCS He B CHCTeMe KOOPJWHAT IOBEPXHOCTU IUIAHETHI WJIN B CHCTEMeE ee IleHTpa Macc,
a B CHCTEMe KOOPAUHAT, CBSI3aHHOU C TPAEKTOPHEN KOCMHYECKOTO armapara. IlokazaHa aHaJIoTust
MEXKIY TaHHOW MEeTOAWUKON U M3MepPEeHHEM KOODJIMHAT C IMIOMOIIBIO TJIO0ATBHBIX HABUTAITMOHHBIX
CIIyTHHUKOBBIX CHCTEM. KOOpAWHATHI U3MEPSIOT 10 W3MEPEHUSAM AAJbHOCTH C JIBYX TOYEK
TPAeKTOPUH KOCMHYECKOTO alraparta W H3MepeHHI0 Oa3uca Ha TPAEKTOPHUU MEXKAy TOYKaMHU
HaOmofeHus. JlatoTes pacueTHble GOPMYJIbI U AaHATIU3UPYIOTCA MOTpemHocTH. OTHOCUTETBHOCTD
KOOpJIMHAT B TOM, UTO METOJIMKAa II03BOJISIET W3MEPSATHh TOJIBKO JIBE KOOPAUHATHI U3 TpeEX.
MeTonuka CpaBHUBAeTCs € 3€MHBIM QHAJIOTOM TJI00aJIbHOM HABUTAIMOHHOMW CITyTHUKOBOU
cucreMoli. ITokazaHo CXO/CTBO U pas3jnuue MeXAy NpeasaraeMoll TPUHUTAPHOU MEeTOJUKOU U
CYIIECTBYIOIleld  IVIOOAJTbHOW  HABUTAIMOHHOW  CIIyTHUKOBOW  cucremou. IIpessaraercs
JIATbHEMIIIee COBEPIIIEHCTBOBAHUE METOTUKU.

KiroueBble cjIOBa: KOCMHYECKHE HCC/IEOBAaHUs, CHUCTEMBbI KOODJIMHAT, OIpPe/esIeHHe
KOOP/IMHAT, KOCMHUYECKHH arapaT, TPaeKTOPUs, TPHHUTaPHAsA MOJENb, TUpaMUIaIbHAs MOJEb,
OTHOCHUTEJIbHbIE KOOPAUHATHI.
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