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Articles

Construction and Design of Objects on the Surface of Planets
Roman G. Bolbakov #:~
aRussian Technologies University (RTU MIREA), Russian Federation

Abstract

The article examines the problem of designing structures on planets taking into account the
curvature of the planet's surface. The approach of comparative planetology is used, which consists
in the possibility of transferring the methods of terrestrial technologies to other planets.
The difference between the planetocentric and topocentric coordinate systems is shown. The main
problem of determining the altitude on the planets is revealed. It consists in a double way of
determining the height. The first way is related to vertical measurements. The second method
involves measuring the height between the surfaces of the planet model. Regardless of this
problem, the problem of contradiction between the designs of structures in the Cartesian
coordinate system and their implementation in the curvilinear system associated with the planet's
surface has been identified. This contradiction leads to the fact that rectangular structures on the
surface of the planet become trapezoidal. This situation is due to the fact that when designing
verticals are considered as parallel lines, but in reality they are not. The verticals are directed
normal to the surface and intersect at the planet's center of mass. The article gives an assessment of
the admissibility of using the Cartesian system on the surface of different planets. The article gives
an estimate of the discrepancy for different planets between the horizontal chord and the arc
corresponding to the real curvature of the planet.

Keywords: space research, Cartesian coordinate system, curvature of the planet's surface,
vertical, ellipsoid, curvilinear coordinate system, spatial relations, level surface.

1. BBenenue

OcBoeHHE KOCMHYECKOTO IIPOCTPAHCTBA CBSI3aHO C IOHATHAMU HWH(POPMAIMOHHOE
npocTpaHcTBO U uHpopmanuoHHoe mosie (Tsvetkov, 2014). TTockoyibKy NpsiMyio WHGOPMAITHIO O
IUTaHETaX TOJIyUYUTh CJI0KHO IPUMEHSIOT MeTOAbl CpaBHUTENbHOH IutaHeTosioruu (Glassmeier,
2020; Sauro et al., 2020; Tsvetkov, 2015; Bean et al., 2017). CpaBHUTeIbHAS TIJIAHETOJIOTHS /IA€T
OCHOBaHUeE ITPUMEHSTH 3eMHbI€ TEXHOJIOTUU U METO/IbI 11 U3yUYeHUs U UCIIOJIb30BAHUS HA IPYTHX
wiaHeTaX. IIpH OCBOEHMM KOCMHYECKOTO IIPOCTPAHCTBA BO3HUKAET 33jJlaua BO3BEJIEHUS
COOPY’KEHHH Ha ITOBEPXHOCTU IUIAHET WM HUX CIYyTHUKOB. IIpH CTpOUTENhCTBE OOBEKTOB HA
IIOBEPXHOCTH IIJIAHET BO3HHMKAET IIPOTHBOPEUYHE MEKIYy HCXOAHBIM IIPOEKTOM, KOTOPBIH,
Kak [PaBUJIO, CO3JAETCS B MPSAMOYTOJbHBIX JIEKapTOBBIX KOOpPJAMHATAX, ¥ KOHCTPYHPOBAHHEM
00BEKTA B YCJIOBUS peaIbHOW KPUBU3HBI TOBEPXHOCTH IUIAHETHI €€ peasibHO Macchl. ITpobiema
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9Ta CBA3aHA CO CIENUMUKON METOJIMKH OIpeZieJIeHUs] BHICOTHI KaK 3€MHBIX YCJIOBHUSAX, TaK U B
YCJIOBHUSX JIIOOOHM JPYyrod IIaHeThl Wiu HebecHOTo Tesa. OuH €roco0 ompeziesieHUs] BBICOTBI
SIBJISIETCSI TEOMETPUYECKHM CBSI3aH C MOHATHEM BEPTHKAJIX HA IOBEPXHOCTH IUIAaHETHI. J[pyroit
crocob orpeziesieHUsI BHICOTHI ABJISAETCS MOP(MOIOTHUECKUM U CBA3aH C MOJEIUPOBAHUEM HEKOH
KPHUBOJIMHEHHOU TIOBEPXHOCTH, KOTOPYI0 HA3bIBAIOT IOBEPXHOCTHIO YPOBHS WU IOBEPXHOCTHIO
HyJieBol BbicOThI (Boponko u ap., 2008, Torge, Miiller, 2012). /I oTcyeTa BBICOT MOZEIHPYIOT
JIpyTHe TIOBEPXHOCTH, ITOAOOHBIE WCXOMHOHW. PaccTosiHMEe MeXXIy ITOBEPXHOCTAMH (HOpMAaJib)
CYHUTAIOT BBICOTOM B JJAHHOU TOYKe. [IOBEPXHOCTh TAaKOTO THUIIA MOJEJTUPYETCS HCXOAs U3
KPUBU3HBI TOBEPXHOCTU ILJIAHETHI, MAacCChl IIAHETHI, KOTOpas OIIPEJIeJIsIeT CHJIY TSPKECTH U
rPaBUTAIIMOHHBIX aHOMaMWH. [Ipy OTCYTCTBHY I'PaBUTAIMOHHBIX aHOMAJIUHM TaKas IMOBEPXHOCTD
YPOBHsI Oyr3Ka K chepuyeckoil. B aToM cirydae ry1aBHBIN (PaKTOp — CHJIa TSIKECTH HA ITOBEPXHOCTH
IU1aHeThl. Takue Mozen Ha3bhIBAIOT ChHEepOUIMUECKUMH, TO ecTh Om3kuMu K cdepe. Chepousa
HMMeeT TIOCTOSTHHYI0 KPUBHU3HY BO BceX TOukax. OH MMeeT OJJUH PaJiuyC KPUBU3HBI, & HOPMaJIb K
ImoBepxHOCTU cdepoua HampaBjieHa K IeHTPYy Macc. B 3ToM ciiygae HOPMasIb K IOBEPXHOCTH
MOJIeJTA IUTAaHEeThl W BEPTHKaIb COBIAJAIOT [0 HAMPaBJIEHHIO. B 3eMHBIX yCIIOBHAX chepous
HaspiBaloT TreouzoM (boposmko u ap., 2008; Eteje, 2018; Das et al.,, 2018). Ilpu Hamuuum
IrPaBUTAIIMOHHBIX AHOMAJIMUA WM YETKO BBIpAKEHHOU He cdepruueckor (HOpMBI ITPUXOIUTCS
co37laBaTh MaTeMaTH4YecKyl0 MojieJib (UTYpPHl IUIAaHEThl, KOTOpas KaK IIPaBUJIO SIBJISIETCS
SJUIUIICOUITbHOU. BospiinHeTBO 11aHeT COJTHEUHON CHCTEMBI HMEIOT Takylo QopMmy, 4YTO
00yCJIOBJIEHO MEXaHU3MOM UX 00pa30oBaHUsA. B 3TOM cirydae A1 MOAETUPOBAHUS UCIIOIB3YIOT JIBa
dakropa: ¢opma IIaHETHI U pachnpeaeseHHe ITOTEHITUAT CHJIbI TSXKECTH Ha IIOBEPXHOCTH
IUIaHeThl. TakWe MO Ha3bIBAIOT SJUTHUIICOUIAIBHBIMUA, TO €CTh OJIM3KUMU K IOBEPXHOCTH
3JUTHIICOU/Ia. B 9TOM cityyae BBICOTHI OIIPE/IEIAIOT He 110 HANPaBJIEHUI0 BEPTUKAJIU, a TI0 HOPMAaJIH
K TIOBEPXHOCTH 3JUTUTICOUAA. [Ipy 3TOM 3a1al0T STAJIOHHYIO OTCUETHYIO ITOBepXHOCTH (Bopoiko u
Ip., 2008; Torge, Miiller, 2012) HyseBo# BbicOTHI. CeMENCTBO TaKUX IMOBEPXHOCTEN HA3BIBAIOT
roBepxHocTsAMHU ypoBHs (I"aHueBa, 2019).

2. O0cy:kIeHNe U Pe3yJIbTaThI

OmnpenaesieHre BHICOT C HCIIOJIb30BAaHHUEM IMMOBEPXHOCTEM YPOBHSA

JIns Bcex IUIaHET CYIIEeCTBYIOT MPOOJIEMBI ITPOCTPAHCTBEHHBIX OTHOIIEHUU. ITU MPOOIEMBI
CBsI3aHBI C OTHOCUTEJIBbHBIM pacnosokenueMm (I[BerkoB, 2013; IIBeTkoB, 2016) 0GBEKTOB Ha
ITOBEPXHOCTU ILJIAHETHI. ATHU MPOOJIEMBI CBA3aHbI C IMTPOCTPAHCTBEHHBIMH OTHOIIEHUSIMH BBICOTHI
KaK pAacCTOSHUS OT IIEHTPa MacC W BBICOTHI CBSA3aHHONW ¢ (OPMOU ITOBEPXHOCTU ILJIAHETHI
(PomanoB, YcTuHOBa, 2020). 9TH MPOOJIEMBI CBA3aHBI ¢ KOOPJAMHATHBIMHU IPeoOpa3oBaHUSIMH
(ITeetkoB, MakcumoBa, 2013; Yan et al., 2020; IIlBerkoB, 2016). ITpobGsemMoi uccaeqOBaAHUSA
MIPOCTPAHCTBEHHBIX OTHOIIEHWH B KOCMOCE 3aHMMAaeTCs KOCcMHYecKas TeonH(opMaTHKa
(CaBunbIx, 2016; Bondur, Tsvetkov, 2018), reosiesuueckas actponomus (I'ocrioguHOB U 7Ip., 2017)
U KOCMUYecKas reojie3usi. B 3eMHBIX YCJIOBUAX JIsI OIpPeesIeHUs] IOBEPXHOCTH YPOBHS HWJIU
PaBHOU BBICOTHI UCHOJIB3YIOT TeXHOJI0ruu HuBenupoBanus (bopoako u ap., 2008; Torge, Miiller,
2012), KOTOPBIE, 32 HEUMEHUEM JIPYTOTO, OYAyT UCII0JIb30BaTh M HA MOBEPXHOCTSX JIPYTHUX ITLJIAHET.
HwuBenupoBaHreM Ha3bIBAIOT KOMILJIEKC pabOT ¢ MOMOIIBIO CIIEITUAILHOTO MPUOopa — HUBEIUPA.
Cero mOMOIIBPID M C HCIOJIb30BAHHEM CIIEITUAIBHBIX PEEeK WHCTPYMEHTAJIbHO OIMPEAESIOT
MPEBBIINIEHNE MEXKAY TOUYKaMH MOBEPXHOCTU. OCHOBHBIM KPUTEPHUEM HUBEJIUPOBAHUS SBJISIETCS
HAIlpaBJIEHWE BePTHKAJIM, KOTOPOE OIPEEJISIOT KaK HallpaBJIeHHWE K I[EHTPY MacC IIaHETHI.
IIpu BOBMO’KHOCTH HCIIOJIb30BaHUS CHepOUIMIECKON MOJIeJIM HallpaBJIeHHE BePTHKAJIU BCerja
COBITQ/IA€T C HOPMAJIBIO K TIOBEPXHOCTH.

I[Ipy HeOOXOAWMOCTH HCIIOJIB30BAHUSA 3JUTUIICOUAATIBHON MOJIEJIN BO3HHUKAET Pa3/IHYMe
MEKIY BEPTUKAIbI0 U HOPMAJIBIO K MIOBEPXHOCTU (PUTYPHI TIaHEThl. TPEXOCHBIN 3JTHIICOU/T UJIH
SJUTUIICOU/T BpaIlleHUsI UMEIOT ITOBEPXHOCTD ITePEMEHHOU KPUBU3HBIL. [103TOMY JIIs1 TAKOU MOJEN
HaIlpaBJIeHHE K IeHTPY Macc U HOpMaJib K ITIOBEPXHOCTH YPOBHS pazndaiorcs. [ amumncouna,
KaK MO/IeJIU JII000H IIJIaHEeThl, MAKCUMAJIbHOE PACXOK/IeHNe UMeeTCs Ha 45-U TPaJIlyCHOU IINPOTe.
OHO MOXKET COCTaBJIATh OKOJIO 40 CEKYH. BepTHUKaIb U1 SJUTUIICOUIATBHON MOZIEJTA COBIIA/IAET C
HOPMAaJIBIO TOJIPKO HA IOJII0CAX U HKBATOPE.

KpuBu3Ha MOBEPXHOCTH IJIAHETHI 33J1a€T IIPOOIEMY ITPOCTPAHCTBEHHBIX OTHOIIEHUH MEXKIY
cheprUecKkoll CHUCTeMON KOOPAWHAT, CBA3aHHOM C IIEHTPOM Macc IUIaHeThl W J[ekapToBoOu
cucremoii koopgauHaT (Posenbepr, 2009; Dudnik et al., 2018), cBsiI3ZaHHOH ¢ MOBEPXHOCTHIO
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1aHeTsl. [y miaHeT mogoOHBIX 3eMiie U OOJIbIE MO PAINyCy IIAHETHI CYIIECTBYIOT YYaCTKH,
JUIsI KOTOPBIX MOKHO IPHUMEHATDH J[eKapTOBy CHUCTEMY KOOPAWHAT IPH OTHOCUTEIBHO HE TOUHBIX
KOHCTPYKIHAX. /{71 TIaHeT ¢ paguycoM OJU3KUM K 3eMHOMY (6371 KM) 3TO YIaCTKH IPHUMEPHO C
paszmepoM 20 x 20 kM. /i FOnutepa ¢ paguycom 69911 KM 3TO YIAaCTKH IIPUMEPHO 220 X 220 KM.
st JIyHBI ¢ paguycoM 1737, 1 KM — 9TO YYaCTKU IPUMEPHO 5, 46 X 5, 46 KM.

Idna manbix HeOeCHBIX TeJ HeOOXOJNMMO IPUMEHATh TOJBKO CHEPUYECKYI0 CHCTEMY
koopAuHAT. CyIecTBYIOT SK30TUYECKHe Pa0OTHI [HBIP] — MPUMEHSATh 3JUTUIICOUAAIIBHYIO MOJETh
Ha MaJIbIX HeOeCHBIX TeJjlax HeNpaBWIbHOU ¢opmbl. [0 HalleMy MHEHHIO, 3TO MaTeMaTU4yecKas
Ka3yHUCTHUKA, CBA3aHHAA C IOMBITKOM KapTOTpaUUecKOro IPEeJICTABJIEHUs TeJl ¢ HENPaBUIbHOU
reoMeTpu4YecKor (OPMOH € TOMOIIBIO MPAaBUJIbHON T€OMETPHUH.

IIpocTpaHCTBEHHBbIE OTHOLIEHUS HA IOBEPXHOCTHU ILIAHET

Cy1iecTByeT OOBEKTUBHOE IMPOTHUBOpEYUE, CBA3aHHOE C IPOEKTHPOBAHHMEM U BBHIHOCOM B
HAaTypy B Pa3HBIX CHCTEMaX reoMeTpUU. [IpOeKThl OOBEKTOB BBIMOJHAIT B IPAMOYTOJIBHOU
JlexkapTOoBOM cHCTeMe KOOpAWHAT. B 3TOH cucreMe KOOpAWHAT BEPTUKAJIbHBIE JIUHHUHU IPOEKTa
SIBJISIIOTCA TIapaJUIEJIbHBIMHM TPSIMBIMH. B 3TOH cHcTeMe KOOpAWHAT TOPU3OHTAJIbHbIE JIMHUH
MpOEeKTa SIBJISIIOTCA TapaUIeIbHBIMU NPSIMBIMU U He IepeceKaroTcs. ['OpU30HTaIbHbIE JIMHUU
MpOEKTa OIMCBHIBAIOT TOPU30HTAJIbHBIE IUJIOCKOCTH. ['OpHU30OHTAJIbHBIE IJIOCKOCTU IIPOEKTa
SIBJISIIOTCSA TIOBEPXHOCTAMHU PaBHOHW BBICOTHL. IIpM BBIHOCE B HATypy Ha KPHUBOJHUHEHHYIO
IIOBEPXHOCTh IUUIAHETHl TMPSMOYTOJIbHBIE TPOEKThI TpaHCHOPMHUPYIOTCA B APYryo Gopmy.
BepTukaspHble JIMHUY HA IIOBEPXHOCTH IUIAHETHI HE SIBJIAIOTCS MMApaJUIETbHBIMH, a ITePeCceKaoTCs
MIPUMEPHO B IEHTPe Macc I1aHeTs! (PucyHok 1)

P3

P2

Puc. 1. Beprukanu u pusudeckas moBepxHOCTb YPOBHA

T'opu3oHTaIbHBIE MIJIOCKOCTU TPAaHC(HOPMHUPYIOTCS B KPHUBOJIMHENHbBIE IIOBEPXHOCTU PABHBIX
BbIcOT (PucyHOK 1). Mcriosb30BaHNEe HUBEJINPOB, 33/IAI0IIUX PABHbBIE BHICOTHBIE OTMETKH B TOUKaX
P1, P2, P3, Pn (PucyHok 1) — (¢popMupyeT He TOPU30HTAIBHYIO JIMHUIO, a Te0|e3NUecKyI0 JIMHUIO,
KOTOpasi TIpsIMON He sBJsieTcs. VICmonb30BaHWE HUBEJIUPOB, 3aJaOIIUX PaBHBIE BBICOTHbIE
OTMEeTKH, GOPMUPYET HEe TOPU30HTATIBHYIO IIJIOCKOCTD, @ IOBEPXHOCTH YPOBHS, KOTOPYIO B 3€MHOU
reo/ie3Ny Ha3bIBAIOT «ypPOBEHHAsA MOBepXHOCTh» (Bopoako u ap., 2008; 'anuesa, 2019; PomaHOB,
YeruHoBa, 2013), KOTOpas IIOCKOCTBIO HE SIBJISETCS, a SIBJSETCA KPUBOJHMHEHHOU IMOBEPXHOCTHIO
BTOPOTO IOPSKA.

Ha Pucynke 1 Touku P1, P2, P3, Pn — TOuku CTOSIHUA HUBEJIMPOB, COOTBETCTBYIOIME PABHBIM
BbICOTaM. R — paauyc KpPHUBU3HBI KOTOPOMY COOTBETCTBYeT HAaIlpaBJeHHEe BEPTHUKAIN B
IUIAHETOIEHTPUYECKOU crcTeMe KoopauHaT. Ha PucyHKe 1 OTUETJIMBO BHIHO, UTO BEPTUKAIU HE
SABJISTIOTCSA MTapaslIeIbHBIMU U IIEPECEKAIOTCsI B IIEHTPE Mace IIaHETHI.

Ha wMasbiXx paccTOSHUAX  KPUBOJMHEHHOCTHIO OCHOBAaHUSA COOPYKEHHUSI U He
[apaJUIeJIbHOCThI0 BEPTUKAIBHBIX JIMHUM 1peHeOperaior. OJHAKO TMpU HEOOXOJUMOCTU
CTPOUTEJIHCTBA BBICOKOTOUHBIX coopy:keHHE (Krasnoperov, Sidorov, 2015; Peyret et al., 2000),
JUIST KOTOPBIX HEOOXO[MMO COOJIIOZIEHNE CTPOTON TOPU30HTAJILHOCTH YPOBHEH, HEOOXOIHMBI
CIleIUaJibHble PACUYEeThl, yUUTHIBAIOIINE KPUBU3HY U PACCUNTHIBAIOIIHE TIOMIPABKY JIJIsl TIOCTPOEHUS
TOPU30HTAITHHBIX IUIOCKOCTEM.
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CucreMbl KOOPpAMHAT IIPU UCCIAEIOBAHUU ILIAHET

Ha noBepxHOCTAX IJIaHET UCIIOJIB3YIOT Pa3Hble KOOP/IUHATHBIE cUCTEMBI. JJIs1 MOJIeTMPOBAHUSA
IMOBEPXHOCTH IUIAHET TPUMEHSIOT IUIAHETOIleHTpudyeckue, pedepeHIHble  (MOJIeIbHBIE),
TONOLIEHTPUYECKIE KOOPANHATHBIE CUCTEMBI U IOBEPXHOCTHBIE WIH (pparMeHTapHbIE CUCTEMBI.

[TnaneTonenTpuyeckue cucteMbl koopauHat (Posenbepr, 1[BeTKOB, 2009) CBA3BIBAIOT C
IIEHTPOM MacC IUIaHeThl. B OCHOBEe 3THX CHCTEM KOODJMHATHBIX ITOJIOKEHA MOJIeNIb JIHOO
chepouna, ymmbo syumunconsia. s Mozenu 3JUTAIICOMAAa HeoOXOMMO 3aJlaBaTh IapaMeTphl
SJUTHIICON/IA, IIOCKOCTh JKBATOpAa, IIOJI0cAa U IeHTp. I[IJIaHeTHBIN SJUTATICOU, CIIYXKHUT JIJIA
MojiesTupoBaHue (OPMBI IUIAHETHI, €CJIM OHA IMOX0Ka Ha 3JuTuIncons. [1o3ToMy Iy1aBHOM 3ajiadent
TaKOU MOJIEJTH €CTh MOJIETUPOBaHHE (DOPMBI.

Pedepennable cucTeMbl KOOPAWHAT CBSA3BIBAIOT C MOZEBI0 pedepeHIT-3/UIHIICOUIA.
ATU CUCTEMBI UCIOJIL3YIOT JIJIs1 UBYYEHHBIX TEPPUTOPHUU. J[OTIOJTHUTEIFHOU IIPOIEyPOU ABJISAETCSA
OpUEeHTUpOBaHUE pedepeHI-2JUTUIICOUIa B Tejle IUIaHeTbl. PedepeHI-3/UIUICOuAbl  3a1al0T
cucrteMy BbICOT. [loaTOMy B OTJIMYHE OT OOIE3€MHOTO JJUIHUIICOUJA JJII OPUEHTHPOBAHUA U
3aKpervieHuss pedepeHl-2/UTUIICOUIa B Tejle IUIAaHEThl HEOOXOAUMO 33/1aTh HCXOJHbIE
reojiesnueckue gathl (datum). I'y1aBHOM 3aj1auedl TaKOW MOJIEJIM €CTh MOJIEJIMPOBAaHUE BBICOT HA
MMOBEPXHOCTHU IJIAHETHI.

[1aHeTONIEHTPUYECKOU CUCTEMOU KOOP/IMHAT MIPUHATO HA3bIBATh KPUBOJIMHENHYIO CHUCTEMY
koopauHat (X, Y, Z), y xoropoii Hauajio orcuera (O COBIIQJIaeT € IEHTOM MacC IUIAHETHI
(PucyHok 2). 9ta cucreMa KOOPJUHAT CBsA3aHa co chepUUecKoi CUCTEMOM KOOPIMHAT.

Z %,
Z X7 7
YT
o L1~ Y
(0 Y’

X X’

Puc. 2. IT1aHeToreHTpHUYecKasi ¥ TOMOIeHTpruYeckas cucreMbl koopauHat (Tsvetkov, 2018)

Ecnu Havano orcuera cucreMbl O’ pacrosiaraercss BOJIM3H IIEHTPAa Mace, TO Takas CHCTeMa
koopauHat (X, Y, Z) HasbBaeTcA KBa3W IUIaHeToIleHTpuueckod (PucyHok  2).
B miaHeTOIEHTPUYECKOH CHCTeMe KOOPAWHAT OCh Z HampaBjieHa Ha CeBEPHBIH IOJIIOC IJIaHEThI
(Pucynoxk 2). Ocp X HampaBjieHa B TOUKY IepecedeHus SKBaTopa ¢ I'pUHBUYCKUM MepHUIUAHOM.
Ocp Y pomosHsieT 060pa30BaHHYIO0 SKBAaTOPUAIBHYIO CHCTEMY /0 IpaBoil. [laHeToneHTpUYECKHE
CHUCTEMBI KOODJIMHAT HCIIOJIB3YIOT B MEPBYIO OUepeNb JJIsi HaBUTALIMU IIPU JIBMKEHUH OOBHEKTOB
OKOJI03eMHOM mpocTpaHcTBe (Barmin et al, 2014) wWin Ha TIOBEPXHOCTH ILIAHETHI.
[l1aHeronieHTpUYECKass CHUCTeMa OJiHA, a TOIOIEHTPUYECKUX MOXKET OBITb  MHOTO.
[TnaneToneHTpUYeCKas CcHUCTEMAa KOODAWHAT SABJAETCA KPUBOJIUHEWHOW U MOXeT OBITh
paccMoTpeHa Kak IvioOasibHas, a TOIOIEHTPHUYECKHUE CHCTEMBl KOOPAWHAT MOTYT OBIThH
PaccMOTpPEHBI KaK JIOKAJIbHBIE.

TononeHTpuyeckyr cucteMy KoopawHaT (PUCYHOK 2) HCIONB3YIOT s U3MEPEHHU Ha
IMOBEPXHOCTH IUIAHETHI U CTPOUTEJHCTBA OOBEKTOB HA IIOBEPXHOCTH OOJIBIIION IIJIAHETHI.
Ee kaueCTBEHHBIM OTJIMYHEM OT IUIAHETOLIEHTPUYECKOU SBJISAETCS TO, UTO OHA HCIIOJIb3yeT
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JlekapToBy cHCTEMY KOOPAMHAT. ATY CUCTEMY KOOPJIMHAT MOKHO PacCMaTPUBATh KAK CKOJIB3AIILYIO
JlekapToBYy CHCTEMY KOOP/IMHAT, KOTOpas CBA3aHAa ¢ OHOU TOUKOU TOBEPXHOCTH IIAHETHI.

TomnonenTpuyeckoi cucreMolt (PUCyHOK 2) Ha3bIBAIOT MPSIMOYTOIBHYIO CUCTEMY KOOPAHUHAT
(XT, YT, ZT), y xOTOpO¥ Ha4aJI0 OTCYEeTa HAXOAUTCSA HAa MOBEPXHOCTH IUIAHETHI WIN BOJIHU3U Hee.
Ocpb ZT coBmaziaeT ¢ HOPMaJbIO K MOBEpXHOCTU cdepousa wiu ssuiconsna. Ocy XT yexutr B
IJIOCKOCTU MepH/MaHa U HalpaBjeHa Ha ceBepHbIN mostoc. Ock YT fomnosiHAeT 00pa3oBaHHYIO
cuctemy 7o JieBoi. CrcTeMa yJyacTByeT B CyTOUYHOM BpallleHUH IJIAHETHI, 0CTaBAsCh HEMO/IBUKHOU
OTHOCUTEJIBHO TOUEK TTOBEPXHOCTH.

HN3mepeHue BBICOT Y1 NOHATHE BEPTUKATINA

Och Z TomoueHTpuYecKon cucteMbl (PUCyHOK 2) 3a7jaeT YCJIOBHYIO BEPTHKAIb U CIIYKUT
OCHOBOM wu3MepeHus BbICOT. OJHAKO B Teo/lle3UYEeCKON JIUTepaType CyIIecTByeT MHOTO
IpoTUBOpeuYni. «BepTukanp — mpsMas B MPOCTPAHCTBE, MEPIEHIUKYJIAPHAA K TOPU30HTAIBHON
IUIOCKOCTU». ['OpM30HTAJIBHBIX IIOCKOCTEN HE CYIIeCTBYeT B Hpupoze. IloBepxHOCTH 000
IUIAHETHI He SIBJIETCA TOPU30OHTAIIBHON. BOJIBIIMHCTBO KPYNHBIX IJIaHET UMEIT GopMy OJIH3KYIO
K cdepuueckoil. B cumiy sTtoro myis ompesieseHUs BBICOT HEOOXOAMMO HCIOJIB30BATh JApPYyTHE
TIO/IXO/TBL.

B pa6ore A.B. Bopoako u sip. AaHO ompejiesieHHe «BpicoTa — paccTossHUe MeXKAy TOYKaMH
obpekTa mo Beptukanu» (bopoako u ap., 2008: 124). ITO TPUMEHHMO /ISl Pa3HbIX IUIAHET.
Ha sTo#1 ke cTpaHHUIle «BBICOTA OAHOM U TOU K€ TOUKU MOXKET WMETh Pa3jINYHble 3HAYEHWU,
3aBUCAIINE OT IIyTH HUBEJIUPOBAHUSA, & CyMMa IIPEBHIIIIEHUH 0 3aMKHYTOMY IIOJIITOHY HE paBHA
HyJI0». B craThe O AMHAMHUUYECKOU BBICOTE TOBOPHUTHCA: «BhIcOTa AUHAMHUUYECKas — BBICOTA,
KOTOpasl MpH MepeMeIleHU TOYKH 10 YPOBEHHOU MOBEPXHOCTU He MeHsAeTcs». Takoe sBJeHUe
00yCJIOBJIEHO PacXOXKJAeHUEM HaIpaBJIeHHs HOPMAaJId K MOBEPXHOCTH YPOBHS C HAampaBJIEHHEM
BepTHKaIH B IeHTP Macc (PomanoB, YcTuHOBA, 2020).

BeiBog. Ilpu mu3MepeHHAX Ha IOBEPXHOCTH IUIAHET WCIOJIB3YIOT JI€KAPTOBY CHUCTEMY
KOODP/JIMHAT, BEPTUKAIb KOTOPOU He BCETr/ia COBIA/AET C BEPTUKAJIBIO, HAIIPABJIEHHOU B IIEHTP Macc
IU1aHeThl. Vcrob30BaHue EKAPTOBBIX KOOPAMHAT TpebyeT 060CHOBaHUS.

TpaucdopManua KOHCTPYKIUI N3-3a KPUBU3HBI IVIAHETHI

Ha Pucynke 3 JaHO cxeMaTU4YHOe WU300pakeHHe IIPOeKTa COOPY:KEHUs, KOTOPBIU
IUIAaHUpYeTCA K yCTAHOBKE HAa TOBEPXHOCTD IJIAHETHI.

L2

hl h2 h3 h4 h5
L1

Puc. 3. CxemaTuuHOe n300pa’keHHEe IPOEKTA IPSAMOYTOJIBHOTO COOPYKEHUS

IIpoekT coopy:keHus Ha PucyHke 3 uMeeT MPAMOYToJibHYI0 popmy. Ha PucyHke 3 mokazaHo
OCHOBaHHE WIH HIDKHUH ypoBeHb Li1. OHO mapa/UieJIbHO BEPXHEH TpaHHUIlE COOpyKeHus L2.
Coopy:keHHe UMeeT paBHbIE MMapaJlyIeIbHbIe BBICOTHI IATH ceueHnii mpoekTa (hi=h2=h3=h4=hs5).
Ha Pucynke 4 gaH pe3ysibTaT BBIHOCA 3TOTO ITPOEKTA HA MIOBEPXHOCTD IIJIAHETHI.

Puc. 4. PeBy.TIbTaT MOHTAaX>Xa IIPOEKTA Ha IIOBEPXHOCTH IVIAHETDI
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Ha PucyHke 4 BUIHO, YTO MPSIMOYTOJIBHOE COOPYXKeHHE Mpeobpasyercs: B TpaIeI[ueBU/THOE.
Ha PucyHke 4 mokaszaHo, 4TO TOPU30HTAIbHOE OCHOBaHUE L1 MEPeXouTh B JIOMAHHYIO KYCOUHO-
JINHEHHYI0 TIOBEPXHOCTh L*1, KOTOpas 3ajiaeTcs MOBEPXHOCTHIO YPOBHS S1. BepxHsAs rpanuma
COOpY>KeHUs L2 mepexouT B JIOMaHHYIO JIMHUIO L¥2, KoTopas 3a7jaeTcsi IOBEPXHOCTHIO YPOBHS S2.
BeicoTel  craHOBATCS ~ mpubimmkeHHo paBHbIMH  (h'i=h’2=h’3=h’4=h’5). C mnomompo
HUBEJIUPOBAHUS OOHAPYKUT JIOMAHHYI0 KPHBYIO HeBO3MOkHO. OHa OyzeT MO H3MEpPEHHSIM
COOTBETCTBOBATh TOopu3oHTau L2 Ha Pucynke 3. /[y ydera BJIUSHUS KPUBH3HBI IOBEPXHOCTH
IUTAaHETHI HA TEOMETPHIO COOPYKEHUS UCIIOIb3YeEM cXeMy Ha PucyHke 5.

P G

Puc. 5. Cxema pacuera nompaBoK /I AyTH

Ha Pucynke 5 S — ayra KprUBOJIMHEMHOU IOBEPXHOCTH PAaBHOrO YpOBH#A, L. — xopza sToil
JIyru. JTa XOpJAa U MapajulesibHAa TOPU30HTAJIBHOW JIMHUU G K TOYKE MMOBEPXHOCTU IIJIAHETHI P.
FopusonTanpHass auHUA G 33/1aeT TOPU30HTAJIBHYIO IIJIOCKOCTh TOIIOIIEHTPUYECKON CHCTEMBI
KoopAWHAT. BennumHa v 0003HAYAET TMOMPABKY WU PACXOXKIAEHHE MENKAY TOPU30HTATHHOU
IUIOCKOCTBIO U CEUeHHEM KPUBOJIMHEHHON MMOBEPXHOCTH YPOBHs. Besnunna h 0603HavaeT BHICOTY
XOpAbl WJIM MAaKCUMQIbHOE PACXOXKJAEHHWE MeXAy TOPHU30HTAJIBHOM  IUIOCKOCTBIO |
KPUBOJIMHEHHBIM YYaCTKOM TIIOBEDXHOCTU IUIaHeThl. BenmuwmuHa [1  ecTh cMeleHHe TIO
TOPU30HTAILHOM OCHU. BesTnumHa v1 ecTh OIpaBKa MeK/Ty yTol S v XOpAOH JJ1s cMeleHus l1.

Jlast TOro 4TOOBI pACCUUTATHh HOIPABKH IO BBICOTE BOCIIOJIb3YyeMCsl cxeMOi Ha PucyHke 5.
W3 kypca reoMeTpuu U3BECTHO, YTO BBICOTA XOP/bI OIIpesiessaeTcs 1o hopMmyJie

h =R-%2 (4R2-12) *2(1)

B Beipaxkennu (1) h — BbICOTa XOPABI WK MAaKCHMAaJIbHOE OTKJIOHEHHE TOPU30HTAIBHOH L ot
KPUBOJINHENHOU MOBEPXHOCTH, R — pajuyc KPpUBU3HBI ILUIaHEeThI, L. — [yIMHA XOpAbl WIN JJIMHA
OCHOBaHUSA COOPY:KeHU, KOTOPOE BO3BOJAT HA TIOBEPXHOCTHU IIJIAHETHI.

J7a yyacTka B 20 KM Ha 3€MHOHN ITIOBEPXHOCTH PACCTOSIHHME MEXAY XOPAOW U Jyroll B
COOTBETCTBUH C BhIpakeHueM (1) Oyzer paBHO h = 7,848066 meTpoB. To ecTh pa3HHIIA B BHICOTE
COCTaBJISIET OKOJIO 8 MeTpOB. TO 3HAUUTEIbHAsA BeJTMYrHA. OTHOCUTEIbHAS OIIMOKA COCTABJISIET
1,23184E-06 win 0koJi0 0/IHON MUWIIHOHHOU. [l yuactka FOmuTepa, KOTOPBI MOKHO CUHUTATh
IUTOCKMM Pa3HUIlA B BBICOTE COCTaBJsAET OKoJIo h = 86 merpoB. /Iy yuactka JIyHBI, KOTOPBIU
MO?KHO CUHMTATh IVIOCKUM Pa3HUIIA B BBICOTE COCTABJISIET OKOJIO h = 2 METPOB.

Ecsin nepeliTu K KOHEYHOMY OOBEKTY, KOTOPBIN yCTAHABIUBAIOT HA TOBEPXHOCTH ILJIAHETHI C
JUTMHHOM 400M, TO JIJIsl Her0 Pa3HUIla MeXKy IOBEPXHOCTHIO YPOBHSA U TOPU30HTAJIBIO COCTABJISAET
B 3€MHBIX YCJIOBUAX 6,25 MM. ATO O3HAUAeT YTO UCIIOJIb30BAaHUE HUBEJMPOB IIPU IPOEKTHPOBAHUU
00beKTa Ha MTOBEPXHOCTH ILIAHETHI C PAZIyCOM, OJIM3KUM K 3eMHOMY, IIOHUMET IIeHTPAIbHYIO YaCTh
COOpy»KeHUs Ha 6.25 MM II0 OTHOIIEHHIO K KpasM o0beKTa. Ba’kKHO, YTO MMEHHO HUBEJIMPOBAHUE
33/1aeT OTKJIOHEHHE BBICOTBI OCHOBAHUSA COOPY:KEHHS OT CTPOrOM TOPU3OHTAJIBHOM IIJIOCKOCTU
(Pucynoxk 4). lna HOnurepa sTa mompaBKa Il COOPYXKEHUs JUIMHONM 400 M COCTAaBUT IPUMEPHO
0,29 MM. [[J1 JIyHBI 3Ta MOMPABKA JUUIA COOPYKEHUS JJIMHOH 400 M COCTaBUT IPHUMEPHO 11,5 MM.
ITouTtu BIBOE Gosbllle, ueM Ha 3emsie. BbIBOZ: IOIIpaBKa IO BHICOTE 3HAYMMA JISl TOPU30HTAIHHBI
COODPY>KeHUH U ee HeOOXOFIMO YIUTHIBATh IPU BBICOKOTOYHBIX paboTax.
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3. 3aKJIIoueHue

OcHoBHas TmpobsieMa B OIpeAeJeHUH BBICOTBI COCTOUT B OTKJIOHEHUU BEPTUKAJIH,
HAIIpABJIEHHOU B I[EHTP Macc IUIAHEThl, OT HOPMaJHd K JBJUIMIICOUIAJIbHOU MOJENTN IIaHETHI.
CTpouTesIbcTBO OOBEKTOB HA ITOBEPXHOCTH ILJIAHET HEOOXOMMO BBITIOJHATH C HUCIIOJIb30BAHUEM
chepuueckoii reomeTpuu. [IpoekTrpoBaHe 0OOBEKTOB JIJISI KOCMHYECKOTO CTPOUTEBCTBA I0OJI?KHO
WCIOJIb30BAaTh KPUBOJUHEWHBIE KOOPAWHATHI. IJTO OOYCJIOBJIEHO JEHCTBUEM CHJIBI TSKECTH.
JI7151 coOpy»KeHUH, BO3BOJAMMBIX HA IIOBEPXHOCTH JIFOOOH IIJIAaHETHI, HeOOXOAMMA OIlEHKA KPUBU3HBI
TOBEPXHOCTH ILJIAHETHI M OIleHKa JIOMyCTUMOCTH IPUMEHEHUS IPOEKTOB B JleKapTOBOI cHCTEME
KOOp/MHAT. BepTwkaiu B peaJibHBIX IUIAHETHBIX YCJIOBUSAX He SBJISAIOTCA IMapaUIeTbHBIMU
JIMHUSAMHA. B  yCIOBHSAX KDHUBHU3HBI IIOBEPXHOCTH IIAHETHI IIPSIMOYTOJIbHBIE  ITPOEKTHI
mpeoOpasyloTcss B TpamnerueBUIHbIe KOHCTPYKIMU C HelapaUleIbHBIMH cTeHamu. J[1 pasHbIX
YCJIOBHH OJKCIUIyaTalldM IUIAHETHBIX COOPY)KEHUH HeoOXOJMMO IPUHHUMATh peIleHHe O
JIOIIYCTUMOCTH WJIH He JIOIyCTUMOCTH UCKPHBJIEHHs OCHOBaHUs 00bekTa. HecooTBeTCTBHE MEXKIY
BBICOTOM KPHWBOJIMHEHHOU ITOBEPXHOCTH ¥ TOPHU30HTAJIBbHOM IUIOCKOCTBIO XOP/bl JJI Pa3HBIX
IUIAHET JIOCTUTAET 3HAUEHUH OT 2 METPOB JI0 9O MeTpOoB. [I[pHHIUNINAIBHO, UTO OTPENTHOCTH 110
BBICOTE OOJIBbINIE, YeM IOTPEITHOCTH IUIAHOBBIX KOOPAWHAT. DTO HEOOXOJIMMO YUHTBHIBATh IPU
CTPOUTEJIHCTBE BBHICOKOTOUHBIX OO'BEKTOB U OTKA3aThCSA OT OOBIYHBIX METOJI0B HUBEJIUPOBAHUS U
MEePEXOUTD K JIA3EPHBIM YPOBHSIM.
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CTpouTesibCTBO U IPOEKTUPOBaHNE 00BEKTOB Ha IOBEPXHOCTH IJIAHET.
Poman I'ennagpeBuu bostbakos 2~
aPoccuiickuii TexHonorunueckut yauusepcureT (PTY MUPOA), Poccuiickas ®eneparusa

AnHoTtamusa. Crathsl uccaeayeT mpobaeMy KOHCTPYUPOBAHHSA COOPYKEHUH Ha IJIAHETaX C
y4eTOM KPUBU3HBI IOBEPXHOCTH IUTAHETHI. VICITOIb3yeTCs MOAX0/1 CPABHUTEIPHOH IIJIAHETOJIOTHH,
KOTOPBIM 3aKJIIOYAeTCs] B BO3MOXKHOCTH IIEPEHOCA METO/OB 3€MHBIX TEXHOJIOTUUA Ha JIpyrue
1aHeThl. [IoKa3aHo pasanyue MeXAy IUIAaHETOIEHTPUUECKOH U TOIOIEHTPUUECKON CHUCTeMaMU
KOOpAWHAT. BpIsABIeHa OCHOBHAs Mpo0OjieMa oOIpesesieHus BbICOTHI Ha IUvlaHerax. OHa
3aKJII0YaeTcs B IBOMHOM criocobe ompeziesieHus BBICOTHI. [IepBhIi CITOCO0 CBA3aH ¢ U3MEPEHUAMU
1o BepTUKaiu. BTopoil crnocob cBA3aH ¢ U3MepPEeHUEM BBICOTHI MEXAY IOBEPXHOCTSIMH MOJIENN
mwiaHeTel. He3aBucuMo OT 5TOH mpobseMbl BbIsIBJ€HA Npo0JeMa IIPOTHBOPEYUS MEXK/IY
MMPOEKTAMHU COOPY?KEHUH B JIEKAPTOBOM CHUCTEME KOOPAWHAT U MX peain3ariiedl B KpUBOJIMHEWHOMN

* KoppectoHINPYIOIIUHA aBTOD
Anpeca 371eKTpoHHOU mouthl: bolbakov@mirea.ru (P.I'. Boinbakos)
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CHUCTEME, CBSI3aHHOW C IIOBEPXHOCTBHIO IUIAHETHl. JTO MPOTUBOpPEUYHE IMPUBOAUT K TOMY, YTO
MPSIMOYTOJIbHBIE COOPY’KEHHS HA MOBEPXHOCTU IUIAHETHI CTAHOBSATCS TpalellMeBUHBIMU. Takas
cuTyanus oOycJIOBJieHa TeM, YTO TPH IPOEKTHPOBAHUHM BEPTUKAIM PACCMATPUBAIOT Kak
rapaJuiebHble JIMHUY, 4 B PEJIbHOCTH OHH TaKOBBIMU He SIBJIAIOTCS. BepTrkasmu HampaByIeHBI 10
HOPMaJII K IIOBEPDXHOCTH M IiepeceKaloTcs B IeHTpe Macc IutaHeTbl. CTaThsl /aeT OILeHKY
JIOIyCTUMOCTUA TIPUMeHeHUsl JleKapTOBOW CHCTEMBbI HAa YyYacTKe ITOBEPXHOCTH PAa3HBIX IJIaHET.
CraTbsl JTaeT OLIEHKY PACXOXKIAEHUs JJIsI pa3HbIX IUIAHET MEXKy TOPU30HTAIbHON XOPAOH U JyTOM
COOTBETCTBYIOIIEN PeaIbHON KPUBU3HE IUIAHETHI.

KiloueBble cJjiOBa: KOCMUYECKHE UCCIEAOBAaHUSA, JJAEKApTOBA CHUCTEMAa KOOP/UHAT,
KpPUBU3HA MMOBEPXHOCTU IUIAHETHI, BEPTUKAIb, SJUTUIICOU]], KDUBOJIMHEHHAs CHCTeMa KOOD/IMHAT,
MMPOCTPAHCTBEHHbIE OTHOIIIEHHUS, ITOBEPXHOCTb YPOBHS.
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Determination of the Spatial Coordinates of the Planet Using One Camera
Gospodinov Slaveyko Gospodinov 2:*
aUniversity of Architecture, Civil Engineering and Geodesy, Sofia, Bulgaria

Abstract

The article proposes a method for determining the coordinates of points on the planet's
surface using a single camera. The technique consists of two parts. The first part describes the
process of shooting a rotating body in terrestrial conditions from a stationary camera. The principle
of relativity of motion allows you to model this situation as a situation of moving the camera with a
stationary object. This idea is used when photographing the surface of a planet from a space carrier
or spacecraft. For this case, the rotation of the planet and the movement of the spacecraft can be
reduced to one relative motion of the spacecraft. The solution of the problem uses the formulas of
connection between the coordinates of the image and the points of the terrain, which are used in
aerial photography. The specificity of satellite imagery makes it possible to simplify
photogrammetric dependencies and obtain new formulas for linking the coordinates of the image
and the terrain. Finding the angle of the camera from the second point becomes a problem. This
problem is solved by the ballistic method. It is proposed to measure the coordinates of the auxiliary
point approximately in the middle of the trajectory section between the survey points using inertial
devices. Three points make it possible to determine the motion curve of the spacecraft and
determine the derivatives at the survey points. The angle of tilt of the camera at the second point of
the survey is determined by the difference in the angles of the derivatives at the points of the
photograph or the difference in the angles of the normal at these points. The methodology and
calculation formulas allow calculating the coordinates of a point on the planet's surface in a
conventional coordinate system associated with the orbit of the spacecraft.

Keywords: space exploration, space geoinformatics, photogrammetry, survey of the planet's
surface, trajectory of a space carrier, serif, rotating body, special shooting conditions.

1. BBenenue

B dororpammerpun omnpeneseHUs IMPOCTPAHCTBEHHBIX KOOPAMHAT OOBEKTOB IO HUX
n300pakeHUsAM IPUMEHSIOT iBe Wiu OoJiee KaMep /I osydeHus crepeosaddexra. [Ipu Hammunu
crepeoddderra pemiaroT NPAMYI IPOCTPAHCTBEHHYIO 3aceuky. Jlokaszano (L[BeTkoB, 1978;
[IBeTkOB, 2016), YTO JJAd OIpeAeJeHHUs KOOPJAMHAT M KHUHEMaTHUYECKUX XapaKTePUCTUK
Bparmammerocss 0o0beKTa MOKHO HCIIOJIb30BaTh OFHY HENOABIIKHYIO ¢(oTokamepy. Takas
CUTyaIisl BKJIIOYAET TeJIO, BpAIAIOIIEecss OTHOCHUTEIbHO (PUKCHUPOBAHHOU och U (POTOKamepy,
CTOSIIIYI0 HEIMOJIBIDKHO B OAHOW Touke. Takas cuTyanusi BO3MOXKHA B KOCMUYECKHX
HCCJIEJIOBAHUAX, KOIJIa B HEBECOMOCTH BpalllaeTcs HEKOoe Tel0, HampUMep BHE3eMHOTO
MIPOUCXOKIEHU, a ¢ O0pTa KOCMHYECKOTO allapaTa HaJo OIPEIeTUTh ero pa3Mepbl U CKOPOCTh
Bpamlenus. Eciu Teno Bpamaercsa, TO MOXKHO ¢oTtorpadupoBarh €ro ¢ OAHOU TOUYKH U

* Corresponding author
E-mail addresses: sgospodinov@mail.bg (G.S. Gospodinov)
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HCIIOJIb30BATh MPUHITAI OTHOCUTETHLHOCTH. MOKHO CYUTATh, YTO OOBEKT HETIOIBHKHBIH, a KaMepa
BpalllaeTcsi BOKPYr o0beKTa. MareMaTHUeCK:u HECJIOKHO CTPOUTHh TaKHE CTePeolapbl CHUMKOB U
pemarb TpsMyl ¢doTorpaMMmeTpuyeckyio 3aceuky (KpacHomeBieB, 2008). Ilpu sTom
JIOTIOJTHUTEJIBHBIM YCJIOBHEM SIBJISIETCA WJIEHTH(PUKaANKsA Ha OObeKTe OAHUX U Te JKe TOUeK.
HNmenHo ux dororpadupyroT B mporiecce BpaiieHus obobekTa. Ilepen kaMepoi CTOUT OOTIOpPaTop,
KOTODPBIM TEePUOANYECKH OTKPHIBAa€T HM300pa’KeHHWE, YeM CO37I1aeT BPEMEHHYI0 3aBHUCHUMOCTD
dotorpadupoBanus. TexHOIOTHs BKIIOYAET MEPUOAUUECKYIO CHEMKY BpaIlaloIerocs 00beKTa Ha
OJTHY HEIOJBIKHYIO Kamepy. Ha Hell mosiyyaroTcsi pasHble CHUMKH I1I0 Mepe IMOBOPOTa OOBbEKTa.
Ecin ¢orokamepa Tomorpaduueckas, TO B 5TOM CJIydae HCIOJB3YIOT OOBIUHYI0 METOJUKY
00paboTKU CHUMKOB. BO3MOXKeH ciiyyall CheMKH Ha He METPUUYECKyl0 Kamepy. B sTom ciyuae
CHUMKH MOXKHO 0OpabarhIBaTh IO crenuaibHON Meroauke (I[BeTkoB, 1979) KOTOpasi IMO3BOJISET
obpabaThIBaTh CHUMKH ¢ aHAMOP(OTHBIMHU CBA3KAMHU U JIByMsI (POKYCHBIMU PACCTOSHUIMHU IS
KasKI0H 13 OCel.

2. Pe3yabTarsl

MeToa Ch€eMKH BpalIaloIerocs Tejia OAHOM KaMepou

B nmpakThKe KOCMHUYECKHX U Ha3e€MHBIX HCCJIEIOBAHUN BO3HHUKAIOT CUTYyaIlUH
OTHOCUTEJIPHOTO BpallleHus KaMephl U oObekTa. Ha PuicyHKe 1 mpuBefieHa CUTyalus ChEMKHU
o0bekTa ¢ Touku S. B kauecTBe 00BEKTa BHIOpAH CEMHYTOJIBHUK KaK acCUMeETpPUUYHas Gpurypa c
BepIITMHAMU, 0003HAUeHHBIMHU OT A 710 G. BUAMMBIMU BEPIITUHAMY SBJISIIOTCS BEPIIUHEI OT A /10 D.

D

Pwuc.1. [lepBas cutyanus GOTOCHEMKH

Ha PucyHke 2 mpuBesieHa BTOpas CUTyallsl ChbeMKH OObeKTa ¢ TOYkH S. B sTom citydae
o0beKTa noBepHyJcsA BOKpYyT ocu O Ha yrosa a. BupumMbpIMu BeplIHAMU ABJISAIOTCA BEPIINHBI OT A
no C.

D

A
Puc. 2. Bropas cutyanus GpoToChbeMKHU

Wcnonp3yss DPUHLIMII OTHOCUTEIBHOCTH JABUXKEHMs, MOXKHO IPEAIOJIOKUT, YTO BTOpas
CUTyalusl 5KBUBAJIEHTHA CJIydyal0 I[MOBOPOTA TOYKU HAOJIOIEHUS HA TAKOU JKe YroJ, HO IpHU
HEIIO/IBIXKHOM O00'beKTe. DTa CUTyalus NpuBeieHa Ha PucyHke 3.
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S2
Puc. 3. DxBuBaJIeHTHAA CUTyallUs

Ina Pucynka 3 BBefeHbl TOYku HaOmozeHuws Si, S2. bazuc B mexay toukamu Si, S2
ompeziesisieTcss Ha OCHOBE TPUBUAJIBHOTO T€OMETPUUECKOTO TOCTPOEHU S

B=2Ltg(a/2) (1)

B BelpaskeHun (1) a — yros moBOpoTa, L. — paccTosHWE OT OCHU BpaIleHHE 0 TOUYKHU
Habmonerusa. [lo cHUMKaM, MOJIydeHHBIM M3 TO4YeK HaOmofeHus S1, S2 MOXKHO OIIPEJIEJIUTh
koopauHaTel Touek A,B,C. [y Takol cheMKku mMeeT Mecto B = Bx = S1, S2; By = Bz = 0. [l
MIPAKTUYECKOTO UCIOJIb30BAHUA B KOCMUUYECKUX YCJIOBUAX BeJMYMHA L sABjsAeTcA HEM3BECTHOM.
[TosToMy HEOOXOITUMO MpeJIaraTh METOIUKY, HCKIIOYAIOIIYI0 U3MepeHHe BeJTUIUHBI L.

OnpeaesieHue KOOPAMHAT TOYEK IVIAHETHI

Mo2KHO nIepeHeCTH MeTO/l CbeMKHU BPAIllaIoIerocs Tesia Ha ChbeMKY IIOBEPXHOCTHU ILJIAHETHI C
doTokamephl, ycTaHOBJIEHHOW Ha 0opTy kocmuueckoro ammapaTta (KA). Ilnanera wmoxker
BpaIaThCs BOKPYT CBOE OCH, a KOCMHYECKUU ammapaT JABUTAThCs IO OpOUTE OTHOCHUTEIHHO
IUIaHeThl. YYWTbIBaeM OTHOCUTEJIbHOe [BI)KeHue. MareMaTHuecKhe 3aBUCHUMOCTH CBA3U
KOOpZIMHAT CHUMKA U KOOP/IMHAT TOUEK IIJIAaHEThl pacCMaTpUBAaeM Kak IIpu aspodoTtocbemMke. Och
7. COOTBETCTBYeT BEPTHKAJIM IO OTHOIIEHHWI0 K TOukKe (dororpadupoBaHUsA MEPBOTO CHUMKA U
ompenenseT BbICOTBI KA 1o oTHOmeHu0 K IoBepxHOocTH IulaHeTbl. Ock X coBmajaer c
HampasjieHue JiBrkeHne KA mexay Ttoukamu ¢ortorpadpupoBanHusa. Kamepa He MeHseT CBOEro
noJsioxkeHus BHyTpu KA, ciemoBartesnpHO yIyibl ® =0, ¥=0. Jpyrumu, cjioBaMu, IIpU ChEMKE
ITOBEPXHOCTU IIaHETHI ¢ opOouThl KA mosiokeHHe kamephl U3MEHSETCS TOJIBKO HA OJUH YTOJ B
IUIOCKOCTHY OPOUTBHI.

Hcnonb3yeM M3BECTHYIO CBSA3b MEXKAYy KOOpAMHATAMU CHHUMKa (X, Yy) ¥ KOOpAUHATAMH
MectHOCTU (X, Y, Z). Och Z COOTBETCTBYeT BEPTHUKAIHN Kak Ipu aspodorocheMke. Mcmosmb3yem
u3BecTHbIE B poTorpammerpuu 3aBucumoctd (KpacHomeBres, 2008).

X=Xs+(Z-Zs) cX/cZ (2)
Y=Ys+(Z-Zs) cY/cZ (3)

B Beipakenusx (2), (3) Xs, Ys, Zs — koopauHaThl TOYKHU (HOTOrpadUpPOBAHUSA BO BHEITHEH
cucreme koopauHat «ITimanera KA». B BeipakeHusix (2), (3) cX, cY, cZ - nuHeliHbIe QYHKIIUU BUA
CKaJISIPHOTO ITPOU3BEEHUS

cX = ¢ (x-x0)+c12(y-yo) -ci3.f (4)
cY = Cur (X-X0)+C22(y-Yy0) -Ca5 f (5)
cZ =C3; (x-X0)+C32(y-y0) -C33.f (6)

B BoIpakeHusix (4-6) X0, yoO — KOOP/IMHATHI TJIABHOW TOUKU CHUMKA, BeJIMurHa f — (pOKyCcHOe
paccTosHUe CHUMKA, B IEPBOM CJIydae HallpaBJeHHOE 10 OCH.

Crnenmyer OTMETUTh UHTEPECHYIO OCOOEHHOCTh, KOTOPAasA MIOKUPYET HEKOTOPBIX MaTeMAaTHKOB.
B ananmuTHyecKOll TeoOMeTpPUHU CYIIEeCTByeT IIOHATHE HAIPABJIAIOIINE KOCHHYCHI, KOTOpBIE
ABNAIOTCA (QYHKIUAMU KOCHMHYCOB U TONbKO muX. OHU 3a/1al0T HalpaBjeHHE BEKTOpa B
IIPOCTPAHCTBE I10 OTHOIIEHUIO K TPEM OCSAM KOOPAMHAT.

B ¢dororpammerpun, B ajibTEPHATUBY CYIIECTBYIOIEMYy B MaTeMaTHKe OIIpeZieIeHHIO,
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HAIPaB/IAOIIUMUA KOCHHYCAaMH Ha3bIBAIOT JApyrHe GYHKIUY, BKJIIOYAKIINEe KOMOWHAITUIO
KOCHHYCOB U CHHYCOB. JTO BEJIMYHHBI Cij, KOTOPblE BXOJAT B BbIpakeHUs (4-6). OHU HUMEIOT
cyIeIyroIe 3HaUeHH.

c11 = COS 0L COS

c12=-cosasiny

c13 =sina

€21 = Cc0S ® Sin 7y + Sin ® SiN . cos y,

€22 =C0S ® COS ¥, - Sin ® Sin o sin

€23 =-sSin m cos o

€31 = Sin ® Sin - COS ® Sin o, CoS Y,

€32 = SIn ® COS ¥, + COS ® Sin oL Sin ),

€33 = C0S ® CoS o

Jly1s1 cytydasi CheMKH IIPU TIOBOPOTE KaMepbl WK 00heKTa, WU IIPU CheMKe ¢ TpaekTopuu KA
® =0, ¥ =0 YTO JaeT 3HAYEHU

c11 = coSs a,; c12 =0 c13 = sin o
€21 =0; c22 =1 ¢23 =0
€c31=0;c32=0;c33=1

Takoe ymporieHue mpeobpasyer dopmynsl (2) (3). BBenem moHaTHE NMepBBIA U BTOPOH
CHUMOK U OyzieM 0003HauaTh MudpaMu COOTBETCTBYIOIIUE CHUMKHU. ByzieM cuuTaTh, YTO BHEITHSAA
cucTeMa KOOPAVHAT COBHAZiaeT 10 HalPaBIeHUIO BEPTUKAJIU € TJIABHOU ONITUYECKOU OChIO IIEPBOTO
cHuMKa. To ecTh /IS IEpBOTO CHUMKA OCh Z U f-COOCTHBI. B 3TOM ciIyyae CheMKH BCE YIJIBI PAHBI O.
dto peobpasyet BeIpaxkeHus (2), (3) B MPOCTOH BU/

X=Xs1+(Z-Zs1) (x-xo0) / (-f) (7)
Y=Ys1+(Z-Zs1) [y-yo] /(-)f (8)
IMTostaraem Jij1st IEPBOTO CHUMKA XI1= X- X0, Yy1= Y- yO. Paspeliass OTHOCUTEIbHO HEU3BECTHBI
KOOPAWHAT TOYKHU MIOBEPXHOCTH IIJIAHETHI, ITOJIydYaeM

Z x1 +f X=f Xs1+Zs1 x1 (9)
Zy1 +f Y= fYs1+Zs1 y1 (10)

B Beipaxkenusx (9), (10) Xsi1, Ys1, Zs1 — KoOOpAUHATHI TOYKHU (PoTOrpadUpOBaHUS IIEPBOTO
cHuMKa. Yame Bcero mx OepyT Kak HyJsieBble. Benmuwmubl X, Y, Z — KOOpIMHATHI TOYKU HA
MTOBEPXHOCTH IJIAHETHI, KOTOPbIe UMEIOT N300pakeHus Ha TIEPBOM CHUMKE KakK X1, y1. BeiparkeHus
(9), (10) mator ABa ypaBHEHUS OTHOCUTEJIPHO TpeX Heu3BecTHHIX X, Y, Z. /I onpeJiesIeHUsI 3TUX
HEU3BECTHBIX HEOOXO/IMM BTOPOM CHUMOK, KOTOPBIH JJaeT ellfe /Ba YpaBHEHUs. BHemHAs cructeMa
KOOPJMHAT SIBJISETCS YCJIOBHOU U CBA3AH C ITEPBOM TOUKOU oTorpadupoBanus ¢ opouTs KA.

IIpu dororpadupoBaHuy U3 BTOPOA TOUKU MOSBUTCSA YTOJ o, OOYCJIOBJIEHHBIH HAKJIOHOM
opOuthl. 3HaueHUsA (POTOrpaMMETPUUYECKUX HATIPABJIAIOIINX KOCHHYCOB B 3TOM CJIydae

c11 = cos a,; c12 =0 c13 = sin o
c21 =0; c22 =1 ¢c23 =0
€c31=0;c32=0;c33=1

[Ipu noscTaHOBKE 3TUX 3HAUEHUH B BhIpaxkeHuUs (2), (3) mosydaem

X=Xs2+(Z-Zs2) [cos a (x-x0) —sin a.f]/ (-f) (11)
Y=Ys2+(Z-Zs2) [y-yo] / (- f) (12)

[Tonaraem ayisi BTOPOro CHUMKA X2 = X- X0, Y2 = Y- yo. B Belpakenusx (11), (12) Xs2, Ys2,
Zs2 — KOOpJUHATHI BTOPOH TOUKU (poTorpadupoBaHUsA g BTOPOTO CHUMKA. Bemmuunsl X, Y,
Z — KOOpAWHATHI TOUKU HA ITIOBEPXHOCTH IIJIAHETHI TeKE caMble, UTO U JJjid IepBoro cHuMkKa. OHu
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UMEeIOT n300pa’keHne Ha BTOPOM CHUMKe M KOOPAWHATHI BTOPOTO CHUMKa Kak x2, y2. Kamepa oyiHa
U Ta ’Ke, [I03TOMY KOOP/IMHATHI [JIABHOW TOYKHW CHUMKA He MeHSIOTCs. Beipaskenus (11), (12) ecThb
JIBa JIOTIOJTHUTEIHHBIX JIBa YPAaBHEHUS OTHOCUTEIHLHO TpeX Hen3BecTHBIX X, Y, Z. [Ipeobpasyem ux
OTHOCUTEJIbHO HEM3BECTHBIX U ITOJIYUHM.

Z [x2 cos a - sin af]+ fX=fXs2+ +Zs2 [x2 cos o - fsin a] (13)
Zy2 +fY=fYs2+Zs2y2 (14)

Beipaxkenuss (9), (10) coBmMecTHO ¢ BbeIpakeHusAMHU (13), (14) AaOT BO3MOXKHOCTH
omnpefieJileHusA Tpex KoopauHAaT X, Y, Z — KOOpAWHAT TOYKU HA NOBEPXHOCTU ILJIAHETHI.
Ha Pucynke 4 mpuBeJieHa cxeMa ChbeMKH IIaHeTHI ¢ 6opTa KA.

Planet

S1 phil

Puc. 4. Cb€MKa IIOBEPXHOCTH IIJIAHETHI C 6opTa KOCMHYECKOTI'O KOpa6JIH

Ha Pucynke 4 BBefieHbI cienywoomue obo3HaueHus. Tpaekropus nBmxkeHus KA mokazaHa
CILIOIIHOM Ziyroi, coequHsAwIMEeN Touku doTorpadpupoBanusa S1, S2. [1710CKOCTh epBOTO CHUMKA
obo3HaueHa Kak phi, IJIOCKOCTh BTOPOTO CHUMKA 0Oo3HaueHa Kak ph2. Touka Ha MOBEPXHOCTH
wraHeThl (planet) mokasana xak M(X,Y,Z). I'taBHBIe onTrdeckue ocu (S1-O1, S2-O2) mokazaHbI
MyHKTUPOM. ToukamMu BBIZIeJIEHbI U300paKeHUs] TOUKH MOBEpXHOCTH M Ha CHHUMKax (mi, m2).
['y1aBHOU 3ajauedl sIBJIsIeTCSl OMpeJieJieHHe yrjia o. B oTiimdue OT cuTyanud Ha PucyHke 3 Ha
PucyHke 4 5TOT yroys He CBsI3aH C IIEHTPOM IUIAHETHI, a OIMPEAEISAeTCA TOJBKO HAKJIOHOM
Tpaektopuu KA. [l omnpeneneHWs HaKJIOHA TPAaeKTOPUM B IIpollecce ABMKeHUs KA Ha
MIPOMEKYTOUYHOM yJacTKe OIPEAEISIOT KOOPAWHATHI BemomMoraTesbHou Touku D. Tpu Touku Si1, D,
S2 Tpaekropuu KA 71a10T BO3MOKHOCTh OIIPEAETUTH KPHUBYIO BTOPOTO TOPS/IKA U €€ IIPOU3BOIHYIO
B Toukax S1, S2. Hopmasm B 3TUX TOYKax JAIOT BO3MOXKHOCTH ONpPEAETUTHh yroy o. I[locie
OTIpe/ieJIeHUsI 3TOTO yrjia Bce HeoOXOAMMBbIEe TMapaMeTpbl B ypaBHeHUsX (9), (10), (13), (14) -
U3BeCTHBI. YeThbIpe JIMHEHWHBIX YpPaBHEHUS JIAIOT BO3MOXKHOCTH JIMHEWHO PEIIUTh 3a7auy
HaXOK/IeHUs TPEX HEN3BECTHDIX.

3. 3aKjIIoueHue

Metouka npremsieMa TakKe IS CIeIUIbHBIX HA3eMHBIX UCIBITAHUH BPAIAIOIIUXCA TEJT,
KOT/Ia BO3MOXKHBI B3PBIBBI BPAIIAIOIIErocsa 00BEKTA U IMMOpUYa KaMephl. B 3TOM ciiydae CHUMKU Bce
JKe COXPAHSIOTCA U TaKHe DKCIEPUMEHTHI He TPeOYIOT JOPOTOCTOAIIETO (POTOrpaMMETPHUUECKOTO
obopyznoBaHus. [[puMeHUTETFHO K KOCMUYECKHUM HCCJIEZIOBAHUAM JaHHAS METOAUKA OTHOCHUTCS K
obsactu  kocmuueckoir reomHdopmatuku  (Bondur, Tsvetkov, 2015). Kocmuueckas
dororpammeTpus K HACTOAILIEMY BpeMeHH He copMHpOBaHA Kak Hayka. HecMOTpsl Ha BBIIYyCK
OT/IeJIbHBIX MOHOTrpauili mo KOCMHYecKON ¢GOTorpaMMeTpPUU, HUKAKoW crenuduke B 3TUX
paborax Her. B »3Tux paborax npuMeHsiach O0ObIYHAsA doTorpamMmeTpus g 00pabOTKU
KOCMUYECKHM CHHUMKOM. IlpuueM B Hel UCHOJB30BAIUCh Kak creruduka 5HJIeMeHTb
MaTeMaTU4ecKol kaprorpaduu. /[aHHas MeTONKA BBIABJSAET UMEHHO CHEIU(PUKY KOCMUYECKOU
CHEMKU IIPU IIOMOIIM OFHON KaMepbl, KOTOpas COCTOUT B MCIOJIb30BAaHUU TOJIBKO OJIHOTO YIJIA U
3aBUCHUMOCTH 3TOTO yIyIa OT HakjoHa Tpaektopun KA. B acmekre mIpocTpaHCTBEHHBIX
npeoOpa3oBaHUN JlaHHAsA MeTO/JMKAa MOXKeT OBITh OTHeceHa B 00JIacTh KOCMUYECKOM
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dortorpammerpuu. JlaHHAs METOAMKA MOKET ObITh PACCMOTpPEHA KaK METOJ IOJIydeHUs HOBOTO
MIPOCTPaHCTBEHHOTO 3HaHUA (Savinych, 2016).
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OnpenaesieHre MPOCTPAHCTBEHHBIX KOOPAHHAT C IIOMOIIBI0O OTHOM KaMePbI
T'octiogunos Cinaseriko I'ocmoguHOB 2 *
aYHUBEPCUTET apXUTEKTYPbI, CTPOUTENBCTBA U reoie3nu, Codus, bonrapus

AnnHoramus. CTtaThs IpejjaraeT METOAUKY ONpesleJIEHHsI KOOPAWHAT TOUEK MOBEPXHOCTH
IUIAHETHI C IIOMOIIBIO OJHOM Kamephl. MeToauka cOCTOUT W3 ABYX dacTed. IlepBas dacTh
ONMCHIBAET TIPOIlECC CHEMKH BpAIIAIOIIETOCS Teja C HEMOJBMKHON KaMmepbl. [IpuHIuUMN

OTHOCHUTEJIbHOCTU [ABUXKEHHA IIO3BOJIAET CMOZAEJIHNPOBATh JOTy CHTyallil0, KaK CHTyallulo
IIepeMeEleHudad KaMepbl IIpHU HEIMOABHXXHOM o0BekTe. IJTa uaed HCIIOJIb3YETCA IIpU CbEMKE
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Aspeca ay1eKTpOHHOM NOYTHI: sgospodinov@mail.bg (I'.C. T'ocioamHOB)

18



mailto:sgospodinov@mail.bg

Russian Journal of Astrophysical Research. Series A. 2021. 7(1)

IIOBEPXHOCTH IJIAHETHI C KOCMUYECKOT'0 HOCUTEJIS FUTH KOCMHIYECKOro amnmnapara. Iy 3Toro cayJas
BpallleHHe IUIAHEThl M /ABMPKEHHE KOCMHYECKOro ammapaTa MOXKHO CBECTH K OJIHOMY
OTHOCHUTEJIbBHOMY JIBIDKEHHIO KOCMUYECKOTO amnmapaTta. [Ijd pelreHus 3a7avdl HCIOJIB3YIOT
dbopMysIbI CBA3M MEXKIy KOOpPAWHATAMH CHHUMKA U TOYEK MECTHOCTH, KOTOpble NMPUMEHAIOT B
aspodOTOCHEMKE. Crnenuduxa KOCMUYECKOH CHEMKHU II03BOJIAET VIIPOCTUTH
dororpammeTpuuecKkre 3aBUCUMOCTU U MOJYYUTHh HOBBbIE (DOPMYJIBI CBA3U KOODAMHAT CHUMKA U
MecTHOCTU. [Ipo6seMoli CTAaHOBUTCA HAXOXK/IEHHE yTjla HAaKJIOHA KaMepbl M3 BTOPOH TOYKH.
dta npobsiemMa pelraerca Oa/utMcThudeckuM MeTozioM. IIpemsaraeTcs mpuMepHO Ha cepefuHe
yJacTKa TPAeKTOPHUU MEXK/Iy TOUKAMHU CheMKH HU3MEPUTh KOOPAMHAT BCIIOMOTATEJIHbHON TOUKY C
IIOMOIIbI0 HHEPIHATbHBIX YCTPOUCTB. TPM TOUKH [JAIOT BO3MOXKHOCTH OIIPENETIUTh KPUBYIO
JIBIKEHHSI KOCMHYECKOTO allapaTa U OIpPeJIeJIUTh IPOU3BOIHBIE B TOUKAX ChbeMKH. 1o pasHuie
YIJIOB IPOU3BOAHBIX B TOUKaxX (OTOCHEMKH WJIM Da3HUIlE YIJIOB HOpPMaylel B 3TUX TOYKaXx
oIpeziesIsieTcs YTOJI HAaKJIOHA KaMephbl BO BTOPOH TOUKE CheMKH. B 3TOM ciydae KOOpIUHATHI TOUYKHU
Ha IOBEPXHOCTH IUIAHETHI MOTYT OBITh HaM/IEeHBl B YCJIOBHOU CHCTEME KOODJAMHAT, CBA3aHHOU C
OpOUTOM KOCMUYECKOTO aImapara.

KiroueBble cJj10Ba: KOCMUUYECKHE WCCJIEZIOBAHUsS, KOCMHUYecKas TreonH(OPMATHKA,
doTorpammeTpus, CheMKa IOBEPXHOCTH IJIAHETHI, TPAEKTOPUSA KOCMHYECKOTO HOCUTEJISA, IpsMast
3aCevKa, Bpalllaiolleecs TeJIO, CIeUaAIbHbIE YCIIOBUS ChEMKHU.
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The Gravitational Force Generated by an Interaction between Matter and the ZPF
field in the Vacuum, and the Property of a Superfluid Vacuum
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Abstract

Jordan-Mbeutchou proposed a model for Newtonian gravity by assuming that space is filled
with an ether fluid. But the existence of ether (or aether) in space was denied by the experimental
investigation. Contrary to their theory, a new model of gravitation is proposed based on the
interaction between matter and the ZPF field in a vacuum. Puthoff proposed a gravitation
mechanism 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 his theory was not accepted by the
science community. Instead of his theory, we consider that space is filled with an electromagnetic
fluid consisting of ZPF energy, which is a fluctuation of zero-point energy in the vacuum. From
which, it is seen that gravitational force is created by an interaction between the matter and ZPF
field in the vacuum. From this theory, the gravitational waves will be radiated as a longitudinal
wave which is faster than the light speed. In this context, a toy model of a moving body (or a
spacecraft) flowing across a superfluid vacuum presents the possibility to be accelerated beyond
any limiting speed and disengaged from friction. This proposed model points to the potentiality to
use concepts from a superfluid representation of the universe to devise a process of space
propulsion distinct from the ones based on general relativity theory.

Keywords: gravity, ether, ZPF field, electromagnetic fluctuation, gravitational wave,
superfluid.

1. Introduction

In 1926 Pascual Jordan (Born et al., 1926) published the first attempt to quantize the
electromagnetic field. In a joint paper with Max Born and Werner Heisenberg, he considered the
field inside a cavity as a superposition of quantum harmonic oscillators. In his calculation,
he found that in addition to the "thermal energy" of the oscillators there also had to exist infinite
zero-point energy term. He was able to obtain the same fluctuation formula that Einstein had
obtained in 1909 (Einstein, 1909). However, Jordan did not think that his infinite zero-point
energy term was "real", writing to Einstein that "it is just a quantity of the calculation having no
direct physical meaning" (Mehra, Rechenberg, 2002). Jordan found a way to get rid of the infinite
term, publishing a joint work with Pauli in 1928 (Jordan, Pauli, 1928), performing what has been
called "the first infinite subtraction, or renormalization, in quantum field theory" (Schweber, 1994).

Building on the work of Heisenberg and others Paul Dirac's theory of emission and
absorption (Weinberg, 1977) was the first application of the quantum theory of radiation. Dirac's

* Corresponding author
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work was seen as crucially important to the emerging field of quantum mechanics; it dealt directly
with the process in which "particles" are created: spontaneous emission (Yokoyama, Ujihara,
1995). Dirac described the quantization of the electromagnetic field as an ensemble of harmonic
oscillators with the introduction of the concept of creation and annihilation operators of particles.
The theory showed that spontaneous emission depends upon the zero-point energy fluctuations of
the electromagnetic field to get started. In a process in which a photon is annihilated (absorbed),
the photon can be thought of as making a transition into the vacuum state. 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, 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, 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. This enables us to take an important step — allowing us to describe
relativistic gravity as one of the small fluctuations of the superfluid vacuum as well. Based on their
ideas, we consider 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.

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). According to
quantum field theory, the universe can be thought of not as isolated particles but as continuous
fluctuating fields. 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.

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

pP.V-Ve=—pl1, (1)

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,r 1?

N
where e is the radial unitary vector.
Hence the amount of the ether momentum which enter the sphere during the time dt is
given by
d -

ape =—Lpeve(ve-n)d8, (3)
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Fig. 1. Two rest masses undergo the force generated the flow of ether

From which, the ether flow is created by the mass m;, and m, at the point 0, can be
estimated by

% Ee B _rllir—nwj.s Pe (31+32)[(31+32)'g1]d5 (@

- -
where e; =0,e /0,€,and 0, =1,.

- - -
If we let @ be the angle between e, and ei:, where e, is a vector connecting 0, and e,,

it can be obtained as

- - o I, —rcosé@
(Vi+Vvz)-e1=v(r)+Vv,(r,) L , (5)
\/r12+r2—2rrlc059

From which, by integrating the equation (4), the force between two masses can be shown to be
d>_4 1 mm, 172>
= p T2 ez ’ (6)
dt 3 472,0e T°r
Thus Jordan-Mbeutchou obtained the Newtonian law of the gravitation from the ether model as

Gmm
F=-F= __r12 2 ) 7)
where G = ! 5
3np,T

Contrary to the Puthoff model of gravitation, we consider the gravity mechanism based on

the Jordan-Mbeutchou model.
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

V-3=-plt,, (8)
where J = p. /C (pg: energy density of the ZPF energy), p is a mass density and 7, is a
retardation time. For the ZPF filed, we have like the equation (4) as

d > . - - - - -
P =M [ (Pt PUP +Py)- el oy 05 (9)
where p,, is an equivalent mass density of the ZPF field.

As we can write p=#A® /cand p, =hw/c?, the amount of momentum created by the ZPF

field can be shown as

98—t [ 2 o+ ) S

r1~>

ha)l +ha>2).gl]ds
c c
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"0 codorcol o)(c 2 +c?2).e1dS,  (10)
(0] (0]

=lim 5

=098 ¢
where w1 and w» are vectors of the radial frequency of the ZPF field at the point e. This
equation is equivalent to the equation (4), when we let c@, /@ — Vv, and c®,/®w —V,. Then the
force at the point 0, becomes like the equation. (6) shown as

d 4 1 mm,1_ 1 c¢* mm,>
=—P=—o—-L2_8 == -——2e,, (1)

dt 34np, 14 ¥ 3oty T

- : 1 ¢?

where a gravitational constant given by G = — 5
3 rhor,

If we let @ equals to the Plank frequency given by @ = @, =1,855 x10*(Hz) , the retardation

time can be estimated as 7, =2.7x10%(sec). As the age of the universe can be estimated by

t,, ~4.65x10" (sec), then the value of t,, is very close to 7, which suggests that the gravitational

constant varies with time as claimed by the large number hypothesis.

The equation (11) 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.

Gravitational wave propagated as a longitudinal wave
According to the general relativity theory, the gravitational wave can be described by the
fundamental equation (Hakim, 1999);

h,, =162GT,,, (12)
where T, is an energy-momentum tensor.
Its retarded solotion can be given by

4G , ,
hw(t,r)szd3xTW(t—r/c,x), (13)

where r is the distance from the origin.

However, from the standpoint that gravity is induced by an interaction between matter and
the ZPF field in the vacuum, gravity wave can be generated by the fluctuation of the
electromagnetic field in a ZPF vacuum, and it is radiated as a longitudinal wave into space as a
fluctuation of the electric field of virtual particles shown as

X,t—r_ /v
o= [arx 2 )

g, My

where @(y,t) is a scalar potential of the longitudinal wave at the observation point, p, is the

(14)

fluctuation of charge in a ZPF vacuum as shown in Figure 2, r,, is a distance from the origin,

and v, is the speed of the longitudinal wave, which may be faster than the light speed.
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Fig. 2. Gravitational wave generation by ZPF vacuum filled with virtual particles

From this model, gravitational wave can be detected as a fluctuation of electric field in a
vacuum.

Material body moving through vacuum superfluid
An alternative theory to the General Theory of Relativity is the Superfluid Vacuum Theory

which conceives vacuum as a superfluid performing in some regards to 3He and in some ways a
reminiscence of the old aether. We follow the theory developed by Grigory E. Volovik (Volovik,
2003). We shall consider the system aether + matter satisfying the continuity equation

on - =
m—+V-P=0

P + (15)
with
P =mnv, + PV (16)
and
_ d°p L o\
PM = f(F,p)p. 1

'[(Zﬂh)s ( p)p (17)

The two-fluid hydrodynamics contains the superfluid vacuum and a normal component,
n =n, +n,. The balance equation.(15) can be written in this context as

+v.3 =M (18)

=nV, + — =J, +J,. Theterm V - J, represents the flux of superfluid vacuum

entering the material body (or a spacecraft) with boundary 6Q. We will assume @-jn =0,
meaning that there is no matter going out of volume Q or equivalently, that the amount of matter
that leaves (2 equals the amount create inside it, joining an assumption made by Jordan-
Mbeutchou’ paper (Jordan, Fleury, 2019).

We shall now consider the limit when the counterflow velocity W=V, —V, is small. In this

situation we may write

P" =mn,w, = mnmk(V Vsk) (19)
with n_, representing the normal density tensor defined by
p| pk
20
Z m OE (20)

p
where the distribution function is

24




——— Russian Journal of Astrophysical Research. Series A. 2021. 7(1) ———

f.(p,7)= {GXP{E(F)’ rI;Z'_I'(ﬁFjvn(F)ilﬂ_ (21)

With vV, (F) denotes the quasiparticle gas velocity and, as usual, the sign (+) is for fermionic

quasiparticles in Fermi superfluid, and the sign (-) is for bosonic quasiparticles in Bose superfluid.
We could introduce an additional Chern-Simon term into Eq. (19) featuring the effect of spin-
orbitronics on the boundary of the moving body forming chiral textures but we will postpone for
future work (Dongwook et al., 2017).

The momentum equation now should be written under the form

L o R | R
—ﬁmnvs-ﬁ)ds

where Eq. (16) acquires a tensorial character due to Eq. (19) is oriented (to the exterior of the
surface) normal tensor. Presently, we necessitate to figure out what would be the total quasi-
particles energy created on the surface of the moving body due to its motion along with the physical
super vacuum, and, needless to say, due to the extreme complexity, we simply can propose at this
stage a toy-model. According to Ref. (Lambert, 1992), a candidate for the energy spectrum,
describing so far a qualitative assessment, considering a flow parallel to the z-axis in a pipe,

is provided by:
—V, )+ @ m + arctg[[ I(EE— ki:vV) ]V J i (23)

E, = ak,(v

n
z

Here, A is the bulk energy gap, the parameter «, characterizing the backflow around an

arbitrary object, has a value about 2, E is the energy of a quasiparticle for a wave vector k , n is an
integer (N =0,12,3,...) and L, might be identified with the body (or a spacecraft), length, and V(F)
is the local, position dependent superfluid velocity. Observe that in Eq. (22) the first term on in the
LHS and the last of the RHS are the ones examined in Ref. (Jordan, Fleury, 2019). We may solve
Eq. (22) in the limit of a high rate of quasiparticles emission in which case the last term of Eq. (23)
may be discarded leading to an estimation of the surface integral present on the RHS to be of the
order of

Ad 192h°L3 B
ﬁz plpk -nd —5( n_Vs)5 (24)

(04

We then obtain the differential equation for the variable w=v, —v,:
ow b ¢

: ,——5+—==0 (25)
X W

z

Eq. (25) governs the speed and acceleration of a moving body (or a spacecraft) cruising across
a superfluid vacuum and it can hold unusual solutions. We had assumed a potential nearby the

moving body decreasing as ]/ x* perpendicularly to the walls of the moving body.
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X ¥
Fig. 3. Numerical solutions for the Eq. (25) with specific parameters (a =2,b=1c= 0.07). Left:

speed vs. distance from the boundary of the moving body; Right: acceleration vs. speed of the
spacecraft crossing the super-vacuum.

Figure 3 reveals the numerical solution for the parameters attesting that with a particular
design, the moving body can notice an increasing acceleration when a threshold speed is achieved
as it is clear in Figure 3b.

Figure 4 displays the region x > 0 to the right of the moving body, racing along the Oz axis,
exposing a laminar flow across the boundary. Interestingly, it was recently found that there is no
speed limit for an object moving in a superfluid and the reason for the absence of the speed limit is
that exotic particles that stick to all surfaces in the superfluid (Auti et al., 2020).

]
B S
o 0T

S P R

b
I
[
|

. 1.0 0.5 0.0 0.5 '__.II
X
Fig. 4. To the right side of the graphic, it is the region around the moving body showing a
recirculation of the quasiparticles fluid in the super-vacuum space but notice that the region near
the surface shows no perturbation in the flow

The proposed toy model points to the potentiality to use concepts from a superfluid
representation of the universe to devise a process of space propulsion distinct from the ones based
on general relativity theory.

3. Discussion

One difficulty in general relativity theory is known as the equivalent paradox. A uniformly
accelerated charge is recognized to radiate electromagnetic radiation. However, a charged particle
suspended at rest in a uniform gravitational field does not emit radiation. According to general
relativity, a uniformly accelerating system in a free space should be equivalent to one at rest in a
uniform gravitational field. Hence, in this case, the principle of equivalence seems to be violated.

This problem has been discussed at the classical level without adequate resolution (Boulware,
1980; del Almeda, Saa, 2005). However, the gravity is not due to the curvature of space, but due to
the interaction between matter and the ZPF field, this contradiction can be solved.

4. Conclusion
In this article, the gravity mechanism by an interaction between matter and the ZPF field in
the vacuum is discussed. According to the Jordan and Mbeutchou model, it becomes clear that the
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gravity mechanism can be explained by an interaction between matter and the ZPF field.

From this conclusion, gravitation is not a force to pull but a push from the ZPF field in the
vacuum contrary to Einstein’s curvature of space. From this standpoint, gravitational waves
propagate as longitudinal waves in the vacuum which may be faster than the light speed.

Based on the theory of super-fluid of space, it was found that there is no speed limit for an
object moving in a superfluid contrary to Einstein’s relativity theory.
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Determination of the Linear Parameters of the Planet by Measuring the
Angular Diameter

Viktor P. Savinych 2.b.*
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Abstract

The article proposes a technique for determining the linear diameter of a planet by
measuring the angular diameters of the planet. Ballistic characteristics of spacecraft motion and
phase angle change are used as additional characteristics. The article reflects the general problem
of astronomy, space geoinformatics and geodetic astronomy — the determination of linear
characteristics through angular measurements. It is recommended to use the concept and model of
the information situation in private observations of space bodies. The article offers two options for
determining the planet's diameter by angular measurements. The first option is called normal.
It describes the situation of a spacecraft moving along a straight line connecting the observation
point with the center of the planet. He describes the situation of displacement of the comic
apparatus only vertically. The second option for determining the diameter of the planet is called
oblique. He describes the situation of displacement of the comic apparatus vertically and
horizontally relative to the center of the planet. To solve the problem in the second case, it is
recommended to use a change in the phase angle.

Keywords: space research, phase angle, instrumental observations, angular measurements,
planet angular diameter, planet linear diameter, normal measurements, oblique measurements,
survey basis.

1. BBenenue

OCHOBHBIM METO/IOM HaOJIIOZIEHUHA U M3MEPEHUH B KOCMUUYECKOM IPOCTPAHCTBE SBJISIOTCS
yriioBble u3MepeHUs. COOTBETCTBEHHO, DA JUHEWHBIX XapPaKTEPHUCTHK CTAHOBSATCSA YTJIOBBHIMH.
K TakuM XapaKTepHUCTHKaM OTHOCAT YIVIOBOH JIMaMETP ILIAHETHI. YTJIOBBIM JIMAMETPOM ILIaHEThI
Ha3bIBAIOT YTOJI, 1107 KOTOPHIM HAOJIIOZIaeTcs JHaMETP IUJIAHETHI W3 ITPOU3BOJIBHOM TOYKH
Habmonenus (Shingareva, Krasnopevtseva, 2011; Mahoney, 2014). YIioBoii AuaMeTp IUIAHETHI
ecThb ycyioBHasA BenwmuyuHa. OH MeHseTCs B 3aBUCHUMOCTH OT TPHUOJMKEHUS WIA YAAJIEHUS
kocmuueckoro anmnaparta (KA) Kk moBepxXHOCTH IIJIAHETHI, C KOTOPOTO IMPOU3BOAAT HAOII0/IEHTE WJTH
dotocremky. Ha mpakTrke BaykHbI (haKTHUECKHE, TO €CTh JJUHEWHBbIE pa3Mephl HEOECHOTO TeJia,
B YaCTHOCTH TIIJIAHET. BOJIBIIMHCTBO IJIAHET HMEIOT Iapoobpa3Hyio ¢GopMy. ITO YCIOBHUE
HUCTIOJIb3yeTCsl B IpezjiaraeMoil Metoguke. KocMuueckre BU3yaJIbHO—HWHCTPYMEHTATIbHbBIE
HaOJTIOZIEHUs OCHOBAHBI Ha YTJIOBBIX M3MEPEHUAX U OJTHOM U3 3a71a4 KOCMHUYECKUX HCCIeIOBAaHUI
SIBJISIETCS TIpeoOpa3oBaHue YIJIOBbIX U3BMEPEHUH B JIMHEHHbIE. B TaHHOM BapuaHTe MpeIIojiaraem,
yTO HAOJIOZEHUsI OCYIIECTBJIAIOT C TNpUMeHeHueM (GOTOCheMKH M (POTOCHUMKOB, KOTOpas
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M03BOJIsAET 0O'bEKTUBHO U3MEPSTDH YIJIOBbIE XapAKTEPHUCTUKU. YTJIOBOH JIMaMeTp IJIaHEThI MOYKHO
HaO0JII0/IaTh TOJIBKO C OTHOCUTEJIPHO OJIM3KUX paccTosTHUN. Kputeprem ero HabJIi0/IeHUS SABJIAETCS
Kputepuil u3 reonHpopmatuku (CaBuHbIX, [[BETKOB, 2001), KOT/Ia TOYEYHBIH OOBEKT CTAHOBUTCS
apeaJIbHBIM U IIpuobpetraer ¢popmy. OTCIO/1a BOBHUKAET 11eJ1ecO00Pa3HOCTh TPUMEHEHUS TTOHATHS
u Mojnenu wuHpopmanuoHHas cutyanusa (Tsvetkov, 2012) B KOCMHYECKUX WCCIIEIOBAHUSX.
NudopmarnuonHas cutyarusi omnpezeaseT Mop@ooruio o0beKTa U YCIOBHA IMPUMEHEHUs
METO/INK €r0 U3MEPEHHUS.

2, Pe3yabTaThl

HopmajabHbIN cayyail IPpUGINKEeHUA K IVIaHeTe

Ha Pucynkax 1 u 2 mpuBefieHbl BapUaHThl IPUOIMKEHUsA KocMudeckoro ammapata (KA),
C KOTOPOTO IPOM3BOJUTCSA CHhEMKA, K IOBEPXHOCTH IUIAHEThl. ByzeMm wHcCIoOsb30BaTh HOHATHE
nHGOPMAIMOHHAS CUTYALlU JIJIS OIIMCAHUSA STUX BADUAHTOB.

P

Puc. 1. CI/IHXpOHHaH HOPpMaJIbHAA CUTyallud l'IpI/I6JII/I>K6HI/I}I K IIV'IaHEeTe

Ha PucyHke 1 mokasaHa Touka HabsoaeHusa (dororpadupoBanus) ¢ 60pTa KOCMUYECKOTO
armmapara. [Lnanera (P) umeer suHerHbId quametrp (D), KOTOPBIM BUIEH IO YIJIOM (a) U3 TOUKHU
HaOJTIOZIEeHHs JI0 IIeHTpa IUIaHeThl U3 TOUKHW HaOJII0/leHus cyinecTByeT paccrosuue (L), koTopoe
HeusdBecTHO. KocMuueckuil ammaparT WIHM TOYKa HAOJIOAEHUS MPUOIMIKaeTcs K IUIAHETE IO
MPSIMOM, COETUHSIONIEN TOUKY HaboaeHusa (S1) ¢ IeHTPOM IUIaHeThI (¢) U HEKOM TOYKOH (m),
JIeJKalllel Ha MOBEPXHOCTH IUIaHeThl. HopMasibHasi CUTyallusl UMeeT TaKoe Ha3BaHUE B CHJIy TOTO,
yrto npubamkenne KA mpoucxoaut o npsaMou (S1-¢) Ha KOTOPOU JIEXKUT elle Touka (m). FimeHHO
HaJINY¥e TOYKH IMoBepXHOCTH (M) Ha JTuHUM cOmmkeHusa KA ¢ I1aHeTol onpeziesisieT CHHXPOHHOCTh
cuTyaruu. B peasibHOCTH 3TO 03Ha4aeT, 4To KA mpubimkasch K IJlaHeTe CHHXPOHHO BpalllaeTcsl ¢
aTol I1aHeTol. POpPMaIbHO TaKOe JBUIKEHUE B MPOCTPAHCTBE €CTh JIBMKEHUE TI0 CIIUPAJIU, HO /IS
OTHOCHUTEJIBHBIX PACYETOB 3TO YIJIOBOE JIBHIKEHHUE POJIA HE UTPAET. BBIZIEIISIOT IBe TOUKY HAOJTIOEHUS
wu dorodukcanyu (S1, S2). PaccrosHue Mexay Toukamu HabroeHus (BepTHKAIBHBINA 6azuc VB)
HU3MEPSIOT C TTIOMOIIBI0 HHEPITUATBHBIN YCTPOUCTB HJIU € TIOMOIIBIO IIPOCTOTO pacyeTa, 3Hasi CKOPOCTh
JBrokeHnst KA 10 OTHOIIIEHMIO K IUIAHETe U BPeMs MEXKIy TOUKaMHu HabOJofieHusA. B mepBoii Touke
HaOofeHus (S1) yrioBo# auameTp paBeH (a), BO BTOPo# Touke HabJtto/ieHus (S2) yIIoBoOl uaMeTp
paBeH (b). Ha PucyHKke 2 mokazaHa aCHHXPOHHOCTb CUTYaIlHH.

P

Puc. 2. AcCHHXpOHHAasA HOpMaJIbHAas CUTyaIus NPUOIIKEHN K IVIAaHETe

ACWHXPOHHOCTb CHUTyalluu Ha PUCYHKe 2 COCTOUT B TOM, B 3TOM CJIy4ae TOUYKa MOBEPXHOCTU
(m) yxomut c mpsamou (S1-S2-c) 3a BpeMs ABMIKEHHs KOCMHUYECKOTO armapaTa MeKAy TOYKaMHu
(S1, S2). ®usnyecku 310 O3HaAuaer, yto KA, mpubimkasch K IUIaHETe, He BpallaeTcs C 3TOU
IUTAHETOU CHHXPOHHO. POopMasibHO 3TO TakKe ABM)KEHHE II0 JPYrod CHIUpaad, HO IS
reOMEeTPUYECKHX PACUETOB 3TO JIBUKEHHE POJIU HE UTPAET.
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PaCCMOTpHM pacdueTrnsl Jjid CHUTyallUd Ha PI/ICYHKE 1.
IIOCTPO€HHUA IIOKAa3bIBAIOT, YTO

HecioxxHbie reoMmeTpudeckKkue

Ltg(a/2) =D/2(1)
(L-VB) tg (b/2) =D/2 (2)

31O Ja€T OCHOBAaHHUE BBIYHCJIUTD CHa4YaJla paCCTOAHUE N0 EHTPA IIJIaHEThI.

VB tg b/2
= — (3)
tgb/2 —tga/f2

3aTeM Ha OCHOBE 3TOTO PACCTOSHUS MOKHO BBIUMCIIUTD JIMHEHHBIHN THaMETP TIJIAHETHI

2VBtgb/2t 2
D - ghb/2tgal @)
tgb/2—tga/2

B dopmysel (3) (4) BXOAAT BeJIMIUHBI, U3MepsieMble ¢ 6opTa KA: BepTUKaIbHBIN Oa3HUC U 1B
YIJIOBBIX Ariametpa. B mportecce mpubimkenus KA k miaHere, KOJTHYECTBO TOUEK ChEMKHU MOKET

ObITH 0OJIBIIIE ABYX. DTO JaeT BO3MOXKHOCTb 00Jiee TOUHO PAaCCUMUTHIBATH AHAMETP IUIAHETHI 110
cepun HabmoneHu. CieayeT OTMETUTD, UTO Beeraa b > a.
Hcnosb3oBaHue ¢pa3oBoOro yrjia npu KOHTPOJIE {BUKEHUS.

dazosbiM yriioMm (Phase angle) HazbpIBalOT yrosl B TPHHUTAPHOM CHCTEME «3Be3/1a — OOBEKT —

HabsrofaTenb» Uan B cucreMe «CosHIle-00beKT-HabII0/1aTesb». TO YIoJl OIpesiesiAloT KaK yroi

MesKIy MaJAoINM U OTPa*KEHHBIM OT 00beKTa cBeToM (PUCYHOK 3), MOJIydaeMbIM HabJIi0/1aTesieM
(Shingareva, Krasnopevtseva, 2011; Mahoney, 2014). B pamkax acTpOHOMUYECKHX HAOJIOIEHUH C
3eMJIi OH OOBIYHO SIBJISETCS YIJIOM B cucTeMe « CostHIle-00beKT-HabmoaTeb» (PucyHoK 3).

Observer
planet
Puc. 3. ®azosrbiii yroy B cucremMe « CoTHIIE-00BEKT-3eMIIsI»

HazBanwe yryia ¢popMasbHO CBA3aHO ¢ (pa30ii IIaHETHI, ITIOCKOJIBKY IPKOCTh O0bEKTa U JI0JIs
BUZVMON OCBEIIEHHOW IIOBEPXHOCTU sABJsdeTcA GyHKIued ¢as3oBoro yria.

OmHako B
Ha0JTI0/1aTesIsI HE3aBUCHMO OT IUTAHETHI 110 TBEPABIM TOYKaM ITPOCTPAHCTBA.

HaBUTAIIMOHHOM 3HAQYE€HHUH ITO OTHOCUTEJIbHBIH yroji II03BOJIAET OPHUEHTHPOBATH KA wm
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®az0BbIN yroJl MOXKET MeHAThCA OT 0° 710 180°. 3HaueHUe 0° COOTBETCTBYET CUTYAIUH, JIJIS
KOTOPOH OCBeIAIoIIui 00beKT, HAOJI0/IaTeslb U 00BEKT HAOJIOEHUs HaXOAATCS Ha MPSIMOU C
OJTHOM CTOPOHBI OT HAOJII0/IaeMOT0 O0BEeKTa. ITYy CHUTYyaIlUI0 Ha3bIBAIOT IPOTHUBOCTOSTHHUEM.
3HaueHre 180° COOTBETCTBYET CUTYaIllH, IIPU KOTOPOU HAOJII0]aeMbIil 00BEKTa HAXOMUTCA MEKIY
OCBEIAIOIUM 00BEKTOM U HabogaTeneM. /111 00beKTOB, Takux Kak JIyHa, Benepa u Mepkypui,
(azoBbIi yros mpu HAOMIOAEHWN ¢ 3eMJIM MOJKET IPUHHUMATH JIIOOble 3HAUEHUs B WHTEPBAJE
0—180°. Y BepxHUX IIJIAHET UHTEPBAJI 3HaUeHUH (Ha30BbIX YIJIOB O0JIee Y3KUU.

Jl71a HaIlIel METOUKH pacdyeTa JuaMeTpa, OTpaskeHHOU B BhipaskeHus (3) (4), pa30BbIi yrou
SIBJISIETCST IOTIOJTHUTEJILHBIM ycsioBueM. Eciu mipu siBmkeHun KA K miaHete ero ¢pa3oBBIN YOI
(PucyHox 3) He MeHseTCs, TO TakKas KOCMHUYEcKas CbeMKa WIN HaOJI0JleHne CYUTAIOTCS
HOPMAaJTbHOM.

Haxys1oHHBIN coTydail IPUOINKEHUS K IVIaHETe

J1151 BBIUKCIIEHUS TaMeTpa IJIaHeThl IIPX HAaKJIOHHOM ITPUOJIMKEHUH UCITOIb3yeM (ha30BbIT
yroj. Ata cuTyalnus IpuBefleHa Ha Pucynke 4. B srom ciyuae asmxkenme KA oTiudaercs OT
MPSIMOU «TOYKA HAOJIIOZEHUS IEHTP IIJIaHEThI».

- - S1
KA ©
Bh | B S2
| o //@
L1 gt |
Phase ! !
angle > )
\dp,
Observer
planet

Puc. 4. Vcnionp3oBanue uaMmeHeHus (Ga3oBoro yriia Jjis pacuera JHaMeTpa.

PucyHoK 4 omnmchiBaeT cieayiolryo MHGOpPMaNoOHHY0 cuTyanuio. Kocmuueckuil anmapar
(KA) mpousBoaut HabmoneHue (dortorpadupoBaHue) B NHepBOM Touke HAOJIO/IEHUA, 3aTeM
IepeMeIIaeTcss BO BTOPYIO TOUKY HaOJ0AeHUA. B KaKj01 TOuKe HAOIIOEHUS U3MEPSIIOT YTJIOBOU
auamMeTp. A paccTosHUEe MeXAy TOYKaMU HaOIIoZeHUsl OIpefessaioT JU00 ¢ IOMOIIBIO
WHEPIIUAIBHBIX YCTPOMCTB, JIMOO € MOMOIIBI0 U3MEPEHUsl BPEMEHH U CKOPOCTU IepeMelleHUsd
MEK/Ty TOUKaMHU.

Ha PucyHke 4. uMerT MecTo cieayioniue ob6o3HaueHus. KA — KOCMUYeCKHU ammapar.
S1 — mepBast TOUKU HAOJIIO/IEHUs, S2 — BTOpas TOUKa HabJo/ieHusA. L1 — paccTosiHMeE OT MepBOU
TOYKH HaOJIOZEHUs 70 IIeHTpa IUIaHeThl. L2 — paccTosiHMEe OT BTOPOUW TOYKHU HAOJIIOJIEHHA 10
IeHTpa IUTaHeThl, dp u3MeHeHWe ¢daszoBoro yria, B — 0asuc, ompeaensieMbl C IOMOIIBIO
WHEPITUAIIBHBIX YCTPOWCTB WU PacCTOsAHUE MeXay Toukamu Si1, S2, Bh — paamanpHas
KOMIIOHeHTa 6a3uca, Bt TaHreHIIMaIbHAsA KOMITIOHEeHTa Oa3uca, D — JIMHEHHBIN JUaMeTp IJIaHETHI,
a — YIJIOBOH iaMeTp IUIAHETHI U3 IEPBOU TOUKH HAOGIIOAEHUs, b — YIJIOBOH AriaMeTp IUIaHETHI U3
BTOPOU TOYKHU HAOJIFOAEHUS

Hcnonb3yem crienyioniue 6a30Bble TeOMeTpUUECKUE MOCTPOeHUs. MexXy pacCTOSHUEM U3
IepBOY TOUKY HAOJIIO/IEHUS U JUAMETPOM ILIAHETHI CYI[eCTBYET 3aBUCUMOCTD

Litg(a/2) =D (5)
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Mexxay paccTosSHHEM U3 BTOPOU TOUKM HAOJIIO/IeHUA U UaMeTPOM IIJIAaHETHI CyIeCTBYeT
ZpyTas 3aBUCUMOCTb
L2tg (b/2) =D (6)

Boipaxkenus (5) u (6) mar0T BO3MOKHOCTh HAUTH ITPOTIOPITUOHAIBHOE OTHOIIEHUEM MEXKIY
oTpeskamu L2, L1.

L2=L1tg (a/2)/tg (b/2) = L1k, k<1 (7).
Wmu L1= L2/k

N3venenune ¢a3oBOro yrijia JaeT BO3MOKHOCTh HAWTH TaHTEHIIMAIBHYIO COCTABJISIOIIYIO
bazuca Bt.

Bt = L2 tg(dp) (8)
ba3uc cBg3aH co cBOMMU KOMIIOHEHTAMU C IIOMOIIIBIO BIPAXKEHU A
B2=Bh=+Bt2 ()

PapgmanpHas cocraBisromas 0asuca, CBs3aHa € PACCTOSHUSIMHU OT TOYEK HAOJIOAEHUA /10
IIeHTpa IJIAHETHI CJIEAYIOIINM 00pa3oM.

L2=L1-Bh (10)
WUnn
Bh =L1- L2 (11)
[ToacraBuM B BeipaskeHue (11) BeIpaskeHue (77) U MOJIyYUM
Bh= L2(1-k)/k; k<1 (12)
IMoxcraBuM B BeIpakeHUe (9) 3HaUeHHUe Bt u3 Beipakenus (8) u mosryuyum
Bh2=B2-L22 tg2(ph) (13)
IIpeobpasyem IpaByrO CTOPOHY BhIpaskeHHU (13) U3 BeIpakeHUs (12) ¥ IOJIyIUM
L22(1-k)2/k2= B2 — L22tg2(dp) (14)
BripaxkeHue (14) MOKHO pa3pelnTh OTHOCUTENIHHO L2
L2= B k/[ (1-k)>+ ketg2(dp)]v/2 (15)

BripaskeHue (15) MO3BOJISAET 10 YTJIOBBIM U3MEPEHUAM IaMeTpa IUIAHEThI U3 JBYX TOUEK, 10
BeJIMUMHE 0a3uca U 1o M3MeHeHUIO (a30BOTr0O yIJIa OINpPEeJIeJIUTh PACCTOSTHUE U3 BTOPOU TOUKU
HaO0JTI0/IeHNs 710 IIEHTPa IUIaHeThl. B OT/Tnyre OT HOpMaJIbHOTO CIydasi HIPUOIHKEHUSA K TUIAaHETE B
JITAHHOU METO/IUKE B KayecTBe JIONOJIHUTEJIbHOW WHOOpMAlMU WCIIOJIb3yeTcsl H3MeHeHUe
¢aszosoro yria.

JIuHeNHbIN InaMeTp MJIAHETHI OlIpeiesisaeTcs o GopMyJie.

D= tg (b/2) Bk/[ (1-k)>+ k2tg(dp)]*/= (16)

Takum o0Opazom, MpU BO3MOXKHOCTH HCIIOJIBb30BaHHUA (HA30BOTO yIJIa MOXKHO OIPEAETUTH
peayIbHBIN JIMHEWHBIN JUaMeTp IUIAHETHI MPU JI000M MPUOIMKEHUH K IUIaHeTe. DTa METOAUKA
II03BOJIAET TAKXKe OMPEEsIATh TOUKY HAJMpa Ha MOBEPXHOCTH IJIAHETHI [0 OTHOIIEHHIO K TOUKE
HaOJII0AeHNs.
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3. 3aKJIIoueHue

PaccMoTpeHHbBIE METOJIBI OTHOCATCS K OOJlacTh KocMuueckod reowmHdopmaTtuku (Bondur,
Tsvetkov, 2015) u reoaesuyeckoi acrponomun (Gospodinov, 2018) ¥ MPOCTPAHCTBEHHOU JIOTHKH.
OHM OCHOBaHbI Ha IPOCTPAHCTBEHHBIX YIVIOBBIX HM3MEPEHHSAX U JIMHEHHBIX OaLTHCTHYECKUX
U3MepeHusIxX npu prkeHnu KA. OO6Immas KOHIENIYs JaHHOW METOAUKH CTPOUTCS Ha TOM, UTO B
KOCMHYECKMX HCCIe0OBAaHUS YIJIOBble H3MEpPEHHs SBJAIOTCS OCHOBOM HW3MEDUTENbHBIX U
BBIUMCJIUTEILHBIX TIPOLIEAYP. YTJIOBbIE U3MEPEHUSI BO MHOTHX CJIydasiX SBJISIOTCS €UHCTBEHHBIM
CpeficTBOM HaOIOZEHUs] B KOCMHYECKOM mpocTpaHcTBe. JlobaBjieHWe K HHUM JIMHEHHBIX
XapaKTEPUCTHK JIBHKeHUA KA MO3BOJIAET MOJIydYaTh JIMHEHHbIE XapaKTEPUCTUKH TJIAHET U WHBIX
HebecHbIX Tesl. [Ipu 5TOM B 3THUX HAOJIIOJIEHUAX U HU3MEPEHUSAX 00s3aTeTbHO MPHUCYTCTBYET
korHuTHUBHBIHA (akTop (Tsvetkov, 2015) npu BeIGOpe rPAHUYHBIX TOUEK WU UCKIIOYEHUU OPE0Jia
BOKpPYT IUIaHeThl. KpoMe 3TOro I1€71ec000pa3HO HCIIOJIb30BAHHE METO/IOB IPOCTPAaHCTBEHHOU
soruku (Kudzh, Tsvetkov, 2020) CiiestyeT OTMETHTB, UTO JJIA aHAIM3a U3MEPUTETbHBIX CUTYaI[Ui
B KOCMHYECKOM ITPOCTPAHCTBE 11eJ1ec000pa3Ho MpUMeHeHe MO/Ie T HH(POpMaIOHHAs CUTYaITusl.
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OmnpepesieHue JMHEHHBIX IAPAMETPOB IIAHETHI 10 N3MEPEHUI0 YIJIOBOTO AaMeTpa
BukTtop ITerpoBuu CaBUHBIX - P

aPoccuiickas akageMus kocMoHaBTUKY uM. K.9. [{uoskosckoro (PAKIL), Poccuiickas ®eneparus
b MocKOBCKU TOCYAapCTBEHHBIN YHUBEPCUTET Teo/ie3uH U Kaptorpaduu, Poccuiickas ®eneparus

AHHOTaI_II/Iﬂ. Cratbsa mnpeajiaraeT METOAUKY OIIpEAe/IEHUA JINHENHOTO AvaMeTpa IJIaHETbI
II0 U3MEPEHHAM YIJIOBBIX AHAMETPOB ILVIAHETHI. B xauectBe AOIIOJTHUTEJIbHBIX XapPaKTEPHCTUK
HUCIIOJIb3YIOT OaJUIUCTUUYECKHE XapaKTEPUCTHUKU ABUKEHHNA KOCMHUYECKOI'O allliapaTa 1 U3MEHEHHE
dazoBoro yria. CtaTbst OTpakaeT OOIIyI0 IIPOo0IeMy aCTPOHOMUH, KOCMHUYECKOH reOnH(POPMaTHKHU
U Teofe3UYecKON acTPOHOMHUHU — OIpe/iejieHue JIMHEWHBIX XapaKTePUCTHUK 4Yepe3 YTJIOBbIe
u3MepeHus. PeKoOMeH/I0BaHO UCIOJIb30BATh MOHATHE U MOIe/Ib MHOOPMAIIMOHHON CUTyalluu IPU
YaCTHBIX HAOJIOZEHUSAX KOocMuuecKux Tesl. CTaThs IIpejjlaraeT JBa BapUaHTa OIpe/IesIeHUs
JiiaMeTpa IUIAaHEThl MO YIJIOBBIM u3MepeHUsM. [lepBblii BapuaHT Ha3bIBAeTCs HOPMAJIbHBIM.
OH onHMChIBa€T CUTYAIIUIO JIBMXKEHUS KOCMHYECKOTO allrnapara I0 MPsIMOU, COeINHSIONIENR TOUKY
HaOJTI0/IeHs C IeHTPOM IUIaHeThl. OH OMHCBHIBAET CUTYAIUI0 CMeEIeHUs KOMUYECKOTO alllapara
TOJIBKO II0 BEPTUKAIW. BTOpOW BapuUaHT ONpefesieHus auaMeTpa IUIaHeThl Ha3bIBAEeTCsA
HakKJIOHHBIM. OH ONHCBHIBAET CUTyallUI0 CMeElleHHA KOMHYECKOI'O allllapaTa II0O BE€PTUKa/IU H
TOPU30HTIN OTHOCHUTEJIBHO IIeHTpa IUIaHeThl. [Ij1A perneHus 33/[aul BO BTOPOM CJIydae
PEKOMEH/I0BAHO UCIOJIb30BaTh U3MeHeHUe (Ha30BOro yrJia.

KaroueBble cjoBa: KocMHUYecKHe HCCIeloBaHUA, (HA30BBIA yTOJ, WHCTPYMeHTAJIbHbIE
HaOJTIO/IeHNsI, YTJIOBblE M3MEPEHUS, YIJIOBOU AUAMETp IUIAHEThl, TMHEWHBIH IHaMeTp IJIaHETHI,
HOpMaJIbHbIE€ U3SMEPEHU A, HAKJIOHHbIE N3MEDPEHUI, 0asuc CbEMKH.

* KoppecrmoHAUPYIOIHUI aBTOP
Aspeca ay1eKTpoHHOM TOUTHI: president@miigaik.ru (B.I1. CaBuHbIX)

34



mailto:president@miigaik.ru

Russian Journal of Astrophysical Research. Series A. 2021. 7(1) ———

Copyright © 2021 by Academic Publishing House Researcher s.r.o. e ¢
¥ X% Published in the Slovak Republic ot Ao Rt
* »  Russian Journal of Astrophysical Research. Series A —
% % Has been issued since 2015.

E-ISSN: 2413-7499
2021. 7(1): 35-42

DOI: 10.13187/rjar.2021.1.35

i m
www.ejournal28.com Ml
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Abstract

The article explores the application of angular measurements in space geoinformatics.
The difference between space geoinformatics and terrestrial geoinformatics is shown.
The difference between terrestrial geodata and space geodata is shown. Space geoinformatics uses
angular measurements more often than terrestrial geoinformatics. The article introduces the
concept of the angular diameter of a planet. The relationship between the angular diameter of the
planet and the linear diameter of the planet is shown. The article provides visual examples of the
angular diameters for the Earth and the Moon at different distances. The calculation of the linear
diameter of the planet with a correction for the radius of the planet from altimetric measurements
of the planet's surface is presented. The article gives a method for determining the distance to the
planet's surface by angular measurements using the trigonometric parallax method.

Keywords: space research, space geoinformatics, linear measurements, angular
measurements, angular diameter of a planet, linear diameter of a planet, trigonometric parallax,
altimetric measurements.

1. BBegenue

B Hacrosimee BpeMs HayKd O 3eMJie PaCIHIUPSIOT CBOE BJIMSHHE Ha KOCMUYECKOU
mpoctpaHcTBO. CylecTByeT KocMuueckas reoge3us (Jin et al., 2013), cyiecTByeT reoje3ndeckas
actponomus (Gospodinov, 2018), cyIecTByetr kocMmuueckass reonHdopmaruka (Bondur, Tsvetkov,
2015; CaBUHBIX, 2016) IUIAHETOJIOTHA U CpPaBHUTEIbHAsA ILJIAHETOJIOTUS SIBJISIOTCS OCHOBOM
U3y4YeHHs IMOBEPXHOCTeH ILtaHeT. KocMuueckass reonH@OpMaTHKa IOJHOIIPABHO BeseT cebs B
OK0JI03eMHOM mpocTpaHcTBe (Barmin et al., 2014). IIpu uCmosb30BaHUN KOCMUUYECKHX CHHUMKOB
IIOBEPXHOCTEH IIJIAHET HCIIOJIb3YIOT IIPOBEPEHHBbIE METOABI Treo/e3ur W (HOTOrpaMMETPHUH,
KOTOpBIE TaK)Ke MPUMEHSIOT B KOCMHYECKON reonH(OpMaTHKe ¢ OpHEHTalHeld Ha KOCMHYECKOe
MPOCTPAHCTBO.

Kocmuueckas reonHdopMaTHKa UMeET Psifi OTIMYUKA OT 3eMHOU reonHpopMaTuku. [lepBoe
OTJINYME COCTOUT B WHOW HHTepIIpeTanuu Mozenau reonaHHbix (Savinykh, Tsvetkov, 2014).
[ToHsITHE KOCMHUYECKHe TeOJaHHble WM TeoJlaHHble KOCMUYECKOTO MPOCTPAHCTBA KAaueCTBEHHO
OTJIMYAEeTCS OT IOHATHSA KOCMHYECKHe JaHHble. Ha KocMuyeckyie JaHHble He HaKJIaJbIBaeTCs
HUKAKUX OTpaHUYEHUH. DTO J1F06asi COBOKYITHOCTD JAHHBIX, COOPMHUPOBAHHAS 110 MPUHIHILY «YTO
CMOIJIH, TO TTOJIYYHJIN». B OTJIMYMEe OT MMPOU3BOJIBHON COBOKYITHOCTU IMPOCTPAHCTBEHHBIX JAHHBIX,
reoJJaHHbIe €CTh KJIacCU(UIMPOBAHHAS M CUCTEMATU3MPOBAHUA COBOKYITHOCTD JaHHBIX. TO ecTh B
re0/IJaHHBIX TJIABHBIM SIBJISIETCS] HE TO, UYTO OHU IIPUHA/IJIEXKAT K 3eMHOMY ITPOCTPAHCTRBY, a TO, UTO B
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HUX IIPOCTPAHCTBEHHBIE JIAHHbBIE CHCTEMaTU3UPOBAHbI U KJIACCU(PUITTPOBAHbBI, 1 HHTETPUPOBAHBI C
He TPOCTPAaHCTBEHHBIMH JaHHBIMU. KocMuueckue reoJlaHHblE KAaUeCTBEHHO HE OTJIMYATCS OT
3eMHBIX reo/laHHbIX. OHHM TaKKe CTPYKTYPHUPOBAHbBI, CUCTEMAaTU3UPOBAHBI, KJIaCCUDUITUPOBAHBI U
WHTETPUPOBaHbI. Pazinure B TOM, YTO IPOCTPAaHCTBEHHBbIE JaHHbIE B HHUX (KOOpP/MHATHI)
ONHUCBHIBAIOT HE 3€MHOE IIPOCTPAHCTBO, a BHe3eMHOe. I103TOMy MOKHO YNOTpeOJIATh TEPMUH
reoJaHHble Kak 0000IeHe KOCMUUYECKUX U 3€MHBIX T'€0laHHBIX.

Bropoe oTinume KoCMHYECKOW TeOMH(POPMATHKU COCTOUT B IIHUPOKOM HCIIOJIb30BAHUH
VIJIOBBIX HW3MEPEHHi, YTO B 3€MHOM TeoMHOpMATHKE BCTPeUaeTcss HEe TaK dacTo.
ITnanerosnoruueckue uccnenoBanusa (Tsvetkov, 2018) u mnanerosornueckue nsmepenusi (Bean et
al., 2017) He UMEIOT BO3MOKHOCTH JINHEWHBIX MPSIMBIX U3MEPEHUH. BOJIBIIMHCTBO U3MEpEeHU B
aCTPOHOMHUU U KOCMHYECKON TeOMH(MOPMATHKE SIBJISAIOTCA YIVIOBBIMU. CTaThsl HICCIIEyeT YTJIOBBIE
U3MepEeHHUs TIOBEPXHOCTH IUTAHETHI HJIM HHOTO KOCMUYECKOTO TeJla ¢ 60pTa KOCMHUYECKOTO aIlliapara.

2. Pe3yabTarsl

YTI/10BOM U IMHEWHBINA JUaAMETPhI IVIAaHEThI

BosbIIIMHCTBO OOBEKTOB, KOTOPBIE HCCIEAYIOTCA KOCMUYECKON TreonHGOpPMaTHKE U
ACTPOHOMUU HAXOJATCS HA HeOIpeNeJIeHHOM paccTosHuu. CBefeHUS 00 MX OTHOCHUTEIBHBIX
paszMepax MOTYT OBITh IOJIyYEHBI TOJIBKO HAa OCHOBE YIJIOBBIX u3MepeHUU. CBefeHUs 00 UX
JINHEHHBIX pa3Mepax TaK:Ke MOTYT OBITh ITOJIyUYeHbl Ha OCHOBE YTJIOBBIX H3MEPEHUH, IOTIOJTHEHHBIX
JINHEHHBIMU U3MepeHUusAMU. JIJIsi YIJIOBBIX H3MEPEHUU IUIAHET CYIIEeCTBYET CHeluduIecKoe
MOHATHE YIJIOBOH jmuaMmeTp. Ha PucyHke 1 mpuBesneHa cutyainus HabsofieHus iaHeTsl (P) us
TOYKH HaOIIOAeHu S.

Puc. 1. YyI0BOH M JIUHENHBIN AUAMETPHI TIJIAHETHI

JlunelHBIN AuaMeTp wiu (akTUUeCcKUN auameTp IIaHeThl paBeH D. PaccrosiHme mexzy
TOYKOH HAOIIOEHNA S U IIEHTPOM IUTaHETHI paBHO L. Yrout a, moj; KOTOphIM BU/HA IJIAHETA, €CTh
yryioBoi auameTtp. CyliecTByeT 3aBUCUMOCTb.

tg (a/2) =D/2 L (1)

BeiparkeHue (1) MOKa3bIBAET, YTO YTJIOBOM JAMAMeETp IUIAHETHI (MM MHOTO HeOEeCHOTO Tesia)
3aBUCHUT OT PACCTOSTHUA JI0 TOUKU HAOJTIO/IEHUA.

Ha Pucynke 2 nmpuBezseHa kocmuueckas ¢ortorpadus 3emiu. YII0BOK AuaMeTp a = 19° 11°
17,3” = a1, tuHeWHbIN quametp D = 12756,2 kM, paccrossHue HabmoneHus L = 31892 kM.

Ha Pucynke 3 npuBeseHa kocMudeckada ¢ororpadpua 3emiand ¢ APYrUMH IIapaMeTpaMu.
YrioBo#t guamerp a = 12° 27 10,7° = a2, JUHEUHbIN auamerp D = 12756,2 KM, paccTOsiHUE
HabmoaeHus L = 52429 kM.
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Puc. 2. 3ems, yryioBo fuamerp ail

Puc. 3. 3emus, yrioBoi guamerp a2 = 0,65 al
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Ha Pucynke 4 npuBeaeHa kocmudeckas ¢gororpadpusa 3emnu u Jlyasl. g JIyHel nMer0TcA
cJIeZlyIolye MmapaMeTphl. YIJIOBOU auaMmerp a = 1° 35° 41,3”, JTUHEHHbIA quaMmetrp D = 3475 KM,
paccrosinue HabmoneHuA L = 123110 KM.

Puc. 4. YrioBoe HaOmoneHue JIyHbl 1 3eMin

s 3emu Ha PucyHKe 4 MMEIOTCA CJIeAyIOIIHe ITapaMeTphl. YTJIOBOM auaMeTp a = 1° 30’
51,0” = a2, TUHEeHHbIN quaMeTp D = 12756,2 kKM, paccTosiHue HabmoAeHus L = 476330 kM

Ha Pucynke 5 npuBeseHa d¢ortorpadusa Jlynsl apyrumu napamerpamu. Jisa Jlynel Ha
PucyHke 5 UMeIOTCA CJIeAyIOIye MapaMeTpbl. YIJIOBOH AuaMerp a = 9° 16’ 38,6, JHMHENHHBIN
nuameTp D = 3475 kM, paccrossHue HaOIoieHus L = 19747 KM.

Takum o6pa3zoM, MOKHO KOHCTaTHPOBATh, YTO YIJIOBOM IUAMETP OJHOTO M TOTO K€ 00'beKTa
CYIIIECTBEHHO MEHsSEeTCs B 3aBHUCUMOCTH OT paccTosiHusA HabsogeHuns. CpaBHUBAThb YTJIOBBIE
JInamMeTphbl Pa3HbIX 00BEKTOB MOXKHO, €CJIM OHU HAaXOJATCA MPUMEPHO HA OJHOM PACCTOSIHUU OT
TOYKHU HAOIIOAEHU.

Puc. 5. ororpadus JIyHbI ¢ paccTOSHUSA 19747 KM
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Ha mnpakTtuke C/JI0KHO U3MepUThb paccrosiHue L g0 Touek juamerpa (PucyHok 1).
3HAUYNUTEJIPHO TPOIIE, HCIOJIb3ysl METOAbl IUIaHEeTHOH ambruMerpun (Storm et al., 2016)
OTpeNeINTh paccTossHue H 10 OJpKadIlledl TOYKHA IMOBEPXHOCTH IUIAHETHI. JTa CUTYaIUsA
npuBezieHa Ha PucyHke 6.

P

Puc. 6. Onpe,‘ueneHI/Ie JIMHEIHOTO AraMeTpa IIJIAHETHI 110 YIJIOBBIM U JIMHEHHBIM Ha6]IIOI[6HI/I}IMI/I

Jlns cimydyasa Ha PucyHke 6 M3BECTHBIMU SIBJISIOTCS YIVIOBOM JuaMeTp U paccrosHue H 1o
noBepxHocTd. OHO oTinyaercss oT L Ha paguyc miaHetsl R = D/2. HecsnoxxHble mocTpoeHUs
IIO3BOJIAIOT B 3TOM CJIy4Yae OIPEeEINTh TNHEHHBIH JUaMeTp IJIAaHETHI IO YIJIOBOMY IHAMETDY.

D_ZHtgajZ
T 1-tga/?

HNcnoabp30BaHUue MeTOIa TPUTOHOMETPUUECKOro Napaiakca

IIpu ompegeneHUn pacCTOSSHUU A0 HEOECHBIX CJIOKHO BBINOJIHATH IPAMBIE JIMHEHHbIE
U3MepeHUs, IOATOMY /ISl PelleHus JAaHHOU 33/1a4i HCIOJIB3YIOT He MpsMble MeTo/bl. OAuH U3
HanboJIee MPOCThIX KOCBEHHBIX METOZOB — METO/] TPUTOHOMETPHYECKOTO IMapasriakca

[Ipu HabIOAeHNN HA HeOEeCHOE TeJIo (TJIaHeTy) U3 Pa3HBIX TOUYEK MOXKHO 3aMETHUTh, UYTO €T0
nosokeHue Ha ¢doHe Oosiee JajleKUX IIpeMeTOB H3MeHseTcA. V3MeHeHUe HalpaBjleHUA Ha
IpeAMET TNPH IepeMeNleHNnN HaOIIoaTesss Ha3bIBAIOT IApajUIaKCOM. PaccTosiHHEe MeXIy
TOYKAMH, U3 KOTOPBIX TPOU3BOAUTCS HAOJIIO/IeHHe, Ha3bIBaloT 6a3ucom. Ha PucyHke 7 nmpuBesnena
cxeMa Ha0JI10/IeHNs, KOTOPYIO MOKHO Ha3BaTh CUMMETPUYHOM.

S2

Puc. 7. CummerpuyHas cxeMa HabJ0ieHus: HeOeCHOTo TeJia

Ha Pucynke 7 SB — kocMu4YecKuil 0ObEKT, TOUKA M KOTOPOTO Habsogaercs, S1, S2 — TOYKHU
HaOJoieHusi, B — wu3BecTHBIM Oa3uc HaOMOAeHUs, a, b — ymibl HAOJIIO/IEHUsS TOYKUA M.
L — HeusBecTHOe paccTosiHUE /10 HebecHOro Tesna. HecsioykHble reoMeTpHYecKue ITOCTPOEHUS
TTO3BOJISIIOT OIIPEJIEJTUTh PACCTOSTHUE IO ITPOCTOU TPUTOHOMETPUUYECKOH hopMmyIte.
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B
L=———(2
tga + tgh (2)

BelpaxkeHne (2) uMeeT cCwiIy HW /I HeCUMMETPpUUYECKOH CHUTyalluu HabJofeHus,
IpuBe/leHHON Ha Pucynke 8.

Puc. 8. HecummerpuuHas cxema HabJII0ieHUS HEOECHOTO TeJta

OmbIT UCCIeOBaHUs IOBEPXHOCTH 3€MJIH C TIOMOIIBI0 a3pPO(POTOCHEMKYU TIEpeHeCeH BpeMsI
Ha WCCIeloBaHUe HeOeCHbIX TeJ ¢ IIOMOIIbI0 HAOJMIONEHUs € KOCMUYECKHX arllapaToB.
CylIecTBYIOT pa3Hble METO/(bl OIpe/leIeHHs] KOODAMHAT I TaKuxX cuTyanuii. Yarie Bcero
HCIIOJIB3YIOT TOYKH HabmoneHus S1, S2 (PucyHok 8) ¢ 60pTa KOCMUUYECKOTO ammapaTa Kak 6asuc
creMmkH (Barmin et al., 2014).

3. 3aKjIIoueHue

VrioBele  u3MeEpeHUs  ABJIAKTCA OCHOBHBIMH  HAOJIOAEHUAMU B KOCMUYECKHUX
HCCIIeZIOBAHUAX M KOocMuUueckoll reomHdpopmatuku. Kocmuueckas reouHdpopMaTHKa 5TO B
OOoJIBIIIEH CTENEHN HAayKa O IMMPOCTPAHCTBE, ueM Hayka o 3emiie. OHA HUCIIOIb3yeT METO/Ib 36 MHBIX
HAayK /I KOCMHUYECKUX HCCJIe/IOBaHUN. ApKUM NpUMeEpOM ABJIseTCS TeOMeTpHs, KoTopas Io
dopmanbHBIM TpHU3HAKaAM TpPaKTyeTcs Kak usMepeHue 3ewmsn (reo — 3ewisd, METPUO —
usmepenue). Ho y>ke cTOJIeTUSIMU T€OMETPUIO He CYUTAIOT 3eMHOM HAyKOU, a CYUTAIOT HAYKOH O
npocrpaHcerBe. [Ipm 5TOM paccMaTpuBalOT He TOJIBKO JIEKAPTOBO IIPOCTPAHCTBO, HO H
poCcTpaHCcTBO PuMana m mpocrpaHcTBO JloGaueBCKOTO. YTJIOBbIE M3MEPEHUsS B KOCMHYECKOU
reouH@opMaTHKe 3TO HOBOe IIpUMEHeHHe TeOMeTPUYeCKHX ITOCTPOEHUH U NPOCTPaHCTBEHHOU
JIOTUKU JUISl pelleHus IPOCTPAHCTBEHHBIX 33Jlau. YIJIOBble H3MepeHUsi B KOCMUUYECKOU
reouH@opMaTHKe 3TO HOBOE COUYeTaHHe 'eOMETPUU U MPOCTPAHCTBEHHOU JIOTUKU JIJIS PelleHUs
33/1a4 IPOCTPAHCTBEHHOI'O aHAIN3A.
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AnHoTanusa. CraTesd HceIeyeT IpPUMeEHEHHe YIVIOBBIX U3MEPeHHMH B KOCMHYECKOU
reouHdopmaTuke. IlokazaHo oTIYre KOCMUYECKON reonH(pOPMATHUKH OT 3€MHOIN reOMH(GOPMAaTUKU.
IToxazaHo pazinuue Mek/ly Ha3eMHBIMH I'e0JJaHHBIMU U KOCMUYECKUMU IeoIaHHBIMU. KocMuueckas
reouH(opMaTHUKa IpUMeHseT yIJIOBble M3MepeHus daille, 4yeM 3eMHas reomH@opmaruka. CraTba
BBOJUT MOHATHE YIVIOBOU inaMeTp IlaHeThl. [TokazaHa cBA3b MeXK/y YIJIOBBIM IMAMETPOM IIAHEThI
U JIMHEWHBIM JUaMeTpoM IUIaHeThl. CTaThsl MIPUBOJIUTH BU3YyasIbHbIE IIPHUMEPHI YIJIOBBIX IHAMETPOB
i 3emsn U JIyHBI Ha Pas3HBIX paccToSHUAX. [IpuBesieH pacder JIMHEMHOTO AuaMeTpa IUIAHETHI ¢
MIOTIPABKOM Ha Pa/INyC IJIAHETHI 110 AJIbTUMETPUUECKUM U3MEPEHUSAM IMOBEPXHOCTU IUTAHEThI. CTaThs
MIPUBOJIUT METOJI OTPEJIEJIEHHsI PACCTOSHUSA /10 MTOBEPXHOCTU IUIAHETHI IO YIJIOBBIM H3MEPEHUAM C
HCIOJIb30BAHNEM MeTo/]a TPUTOHOMEeTPUUYEeCKOro ITapaIiakca.

KiroueBble cJ0Ba: KOCMUYECKHe UCCJIe[OBaHUsA, KocMHUYecKass TreonHPOPMATHKA,
JINHElHble U3MepeHUs, YIJIOBble U3MepeHUs, YIJIOBON JAuaMeTp IUIaHeThbl, JIUHEUHBbIN JuaMeTp
IJIAHETBI, TPUTOHOMETPUYECKUH apasjlake, aIbTUMeTpHUUecKre U3MepeHU.
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Abstract

The article introduces a new concept of the logic of space observations. Space observation
logic is interpreted as a synthesis of space logic and space exploration. The article shows and proves
that space images show not the real hemisphere of the planet, but its smaller part. The article
introduces new concepts: the apparent diameter of the planet and the "spherical shadow" of the
planet. Formulas are given for calculating the real diameter from the "apparent diameter" of the
planet. Formulas are given for calculating the "spherical shadow" in the center plane of the planet.
The article analyzes the dimensions of the spherical segment on the surface of the planet, which is
the closest to the observation point. This segment is shown with exaggeration in satellite images.
The article provides working formulas for calculating the real dimensions of a spherical segment.
On the basis of the research carried out, the logical rules of the logic of space observations are
introduced. The article states that the logic of space observations can be a section of space
geoinformatics and a section of spatial logic.

Keywords: space exploration, logic, spatial logic, apparent diameter of a planet, spherical
shadow, geometric logic, logic of visibility, logic of space observations.

BeeaeHnue

Jloruka wyaie BCero WHTEPIIPETHpPYeTcsl Kak Hayka o paccyxkaeHusx (Haack, 1978),
JIOKa3aTeJIbCTBAX U OIPOBEPIKEHUAX. B Mmocsie/iHee BpeMsi JIOTHKA TPaKTyeTCsA KaK HayKa O MOMCKe
U OIHMCAaHWUU 3aKOHOMEPHOCTEH OKpyskatomero Mwupa. CyIlecTBYIOT pas3Hble BHIbI JIOTHK.
JI71s1 KOCMUYeCKUX WCCJIeJIOBaHUN HauOoJIbIllee 3HAUYEHWE HMMeeT IPOCTPAHCTBEHHAs JIOTHKA.
IIpocrpancrBenHas joruka (Kudzh, Tsvetkov, 2020; IIBeTkOoB, 2020) CBS3bIBAaeT JIOTHYECKUE
MOCJIEZIOBATEILHOCTA C TMPOCTPAHCTBEHHBIMU KOHCTPYKIIUSMH U KOHUTypauusamMu. MOKHO
TOBOPUTH 00 0COOOM HaIpaBJIEHUH: ITPOCTPAHCTBEHHAS JIOTUKA B KOCMHYECKUX HCCIENOBAHUSIX.
[IpocTpaHCcTBEHHAsT JIOTUKA B KOCMUYECKUX HCCIIEIOBAHUAX BKJIIOYAET F€OMETPUYECKYIO JIOTHKY,
00pa3Hyl0 JIOTUKY ¥ JIOTHKY BHUAUMOCTH. JIoTMKa BHAMMOCTH OO0yCJIOBJIEHA OCOOEHHOCTD
KocMHuueckux HaOimofieHud. OObeKThl, Takhe KaK IUIAaHeThl, UMEIOT OoJIbllie pa3Mephl B
CpaBHEHHMHU C HazeMHBIMH oOObekTamMu. KocMmueckre OOBEKTHI JIBUTAKOTCA C OTPOMHBIMH
ckopocTsAMHU. IIpocTpaHCTBEHHYIO JIOTMKY INPUMEHSIOT B TPAeKTOPHBIX pacueTax U aHaIU3e.
PaccrostHusa HaOJIIOIEHUS B KOCMOCE Ha MOPSAKU MPEBBINIAIOT PACCTOSHUS B 3€MHBIX YCJIOBHUSX.
[IpocTpaHCTBEHHYIO JIOTHKY IIPUMEHSIOT IIPU IMOCTPOEHUN BHUPTYAJIBHBIX MOJIEIel KOCMUYECKOTO
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mpocrpaHcTBa. JIornka HeoOXoAMMa IPU U3YYEeHHUH OKOJIO3eMHOTO mpocTpaHcrBa (Barmin et al.,
2014) 1 U3y4eHUH OBEPXHOCTH IutaHeT (Barmin et al., 2014a).

2. O0cyxkaeHue U pe3yIbTaThl

BuauMbIii 1 HEBUUMBIN JUAMETPbI IVIaHeThI.

BospImuHCTBO IIaHET, KOTOpble HAOJ/I0IAl0T B KOCMOCE, HAXOAATCA Ha OOJIBIIIOM
PACCTOSTHUH OT TOYKH HAOII0IeHNUs, KOTOpasi Ha MHOTO TpeBbImiaeT guametp 1iaHeTs! (Florenskii,
et al., 1981; Bean et al., 2017). Ha PucyHke 1 moka3zaHa TUITMYHAsI CUTyaI[isi HaOJII0I€HUS TLIAHETHI
(PD u3 Touku S. Ha puc.1 gaHbI cieayomue o0o3HaueHus: D — paccTOSHUE OT TOYKU HAOIIOEHUS
S o OnwKaMIeld TOYKH MOBEPXHOCTH IIaHeThl, H — paccrosHue OT TOUKH HaOo/leHus S 710
9KBaTOpa IUIaHETh, R — paauyc IUIaHeThl, b — yros HaOJIOAeHUs TOYKH 0030pa ILIaHETHI,
V - BuauMble pa3Mepbl WIH «BHAUMBIA JAHaMeTp» IIaHeThl, mm’'=d — «TeHb» HaOJIIOJIeHU,
Q — Touka o63opa miaaHeThl, R’=R+d — «mceBgopaamyc» miaHerbl, XOY — ycjaoBHas cucreMa
KOOp/IMHAT CBsI3aHHAsA C I[EHTPOM Macc IuiaHeThl. HampaBiieHue SO sBjisieTcs HaIlpaBJIeHUE
HOPMaJTH U3 TOYKH HAOJIIOIeHU.

Touka

063opa

\ m ’ X
R'=R+d

Puc. 1. BumMbIii 1 HeBUIMMBIN IaMeTPbI TLJIaHETHI

Ecsn Hab071eHEe BeieTes TaK, YTO OJIMsKaIas K TOYKe S TOYKa Ha MMOBEPXHOCTHU IIAHETHI
— TIOJIIOC, TO IJIOCKOCTB 110 ocu OX ecTh 9KBATOpPUAIbHAA IJIOCKOCTh. CxemMa Ha PucyHke 1 TOBOpUT
0 TOM, YTO BUAMMBIN AUaMeTP Ha CHUMKAax IIOKa3aH ¢ IpeyMeHbIIEHUEM K PeaIbHOMY JINaMETPY
IJIAHEeTBHI.

[TosscHUM HEKOTOpBIE HOBBIE TOHATHUA. B cuuty yriioBoro HabJIi0/IeHUS U3 TOUKU HAOJIIO/IeHUSA
S BU/eH He peasbHBIN auaMeTp 2 R, a BuamMmas yacth IutaHeTbl V (Ha PucyHke 1 mokaszaHa
nyHktupoMm). Kaxk cienyer u3 reomerpudeckoi ioruku V < 2R. Ecyi ncnosib30BaTh paccTOsTHUE JI0
9KBATOPA, TO PAaCUeTHBIM pajiuyc IUIaHeThl R’ wiam «mceBpopaauyc» OyAeT OoJibllle peaibHOTO
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R’ > R. Kak cienyer u3 mocTpoeHUI Ha puc.1 Ha HKBATOpPE IJIAHETHI MOABJAETCA «TeHb» mm’=d.
VIMeHHO 3Ta TeHb YBeJIWUYHBAET pacueTHOe 3HaueHHe paamyca a0 R’. [Inanera HabiiofaeTcs us
Touku S mox yriaom 2b. KacatesnpHas mokazanHa myHKTHpoM. IlpezicraBiisieT MHTEpeC pacyer
peanpHOro Auamerpa 2R wiu paguyca R mo Buaumomy nuamerpy V. VcXomHBIMH JaHHBIMU
ABJIAIOTCA PACCTOSHUE /10 TOUYKU 0030pa, yroa Habo/ieHus b. BBIIOJIHIM MpOCThIE JIOTHYECKUE
reoMeTpuYecKHe MOCTPOEHHA.

V=2 SQ sin(b) (1)

2R=V/ cos(b)= 2 SQ tg(b) (2)
R’=0m’=R/cos(b)= SQ tg(b) /cos(b) (3)
H= R’/ tg(b)= SQ/cos(b); (4)
mm’= R/cos(b)- R = R(1/ cos(b) -1)= SQ tg(b) 1/ cos(b) -1) (5)

Beipackenrie (1) IO3BOJISIET HAWTH «BHIAUMBIA JUaMeTp» IUIaHEThI. BripakeHue (2)
M03BOJIsIeT HAaUTH (HAaKTUUECKUH paauyc IUIaHeThl U (paKTUUeCKuU auameTp. Boipaskenue (3)
MO3BOJISIET HAUTH «IICEBAOPAUyC» IUIAHEThI. DTa BEeJIMUYMHA NepeMeHHas W 3aBHUCHUT OT TOYKHU
HaOo1eHns. PakTHUECKUHA pajinyc IUIAHEThI BEJTMYMHA MTOCTOSTHHAA. BoipakeHue (4) mMo3BoJIsAET
HAWUTH pacCTOSHHWE OT TOYKHU HaOJoAeHus S 710 SKBaTOpa IUIaHEThl. BhipaskeHue (5) MO3BOJIAET
HaWTH WIH «COEpPUUECKyl0 TeHb» — HEBUAMMYIO YacTh Ha 3YKBaTOpe IUIAHEThI, KOTOpas
3akpbIBaeTcs chepudeckoi opmoii. HeBumumas yactb quaMmeTrpa chepsl OPeAeuTCs Kak

Dd=2 R(1-cos(b))

YeM maspllie pacCTOSTHHE OT IUIAHETHI, TeEM MeHbIIe yroi (b) U TeM MoJIHee BHIEH TUaMeTP
IUTAaHETHI WIH ee noJrycdepa.

BriBoz. [Tpu yryioBhIX HAOTIOEHUSX B KOCMOCE PeasIbHbIN IHaMeTp IJIAaHEThI He BU/IEH U €T0
3aMeHsIeT MEHBIIINI 110 Pa3Mepy «BUIUMBIH» TUaMeTp IJIAaHEThI. PeaIbHbIA JHaMeTp MOJIy4aeTcs
Ha OCHOBE BHIMMOTO JIHaMeTpa Ha OCHOBE PACUETOB IIPU yUeTe MOJIOKEHUSA TOYKH HAOIIOIeHUS U
PACCTOSTHUH JI0 TIJTAHETHI.

Onpenesienue xopabl cheprUUEecKOro cerMeHTa Ha IMOBEPXHOCTHU ILUIAHETHI IO
N300paKeHUI0 CETMEHTA.

B mpakTHKe KOCMHYECKHX WCCJIEIOBAaHUNM BO3HHKAeT 3ajaya OIpeAesIeHHs ILIONIAaN
cerMeHTa chepuuyecKoil MOBEPXHOCTH IO ero M3o0pakeHHI0 Ha cHUMKe. Kak BcromoraTesbHast
3a/1aya BO3HUKAET 3a/[aua HaXOXKIEHUI XOP/Ibl 3TOT0 cerMeHTa. Ha puc.2 puBe/ieHbI JIOTHYECKUE
IIOCTPOEHUS B CEUYEHUH TLIAETHI.

Ha PucyHke 2 mnpuBefeHbl CcieAaymoIlre o0003HaueHUs: D — paccTosHHE OT TOYKH
HaOoZileHus S 70 OJyvpKaliled TOYKUW ITOBEPXHOCTH IUIaHeThl , H — paccrosHue OT TOYKHU
HaOI0ZleHus S /10 SKBaTopa IUIAHEThl, R — paauyc IUIaHeThl, a — yTroJl HAOJIIOZEHHUS TOUYKU
rpaHuIbl chepruueckoro cerMeHTta, | — BHAWUMBIE pa3Mepbl T'DAHUIBI CETMEHTAa Ha CHHMKE,
f— dokycHoe paccTosiHHuE CHUMKA, L — JTHHA MOJTyX0pAbl, L' — MpoeKIys MoIyXopAbl Ha 9KBaTOp,
XOY - ycnoBHasg cucTeMa KOODJIMHAT CBsI3aHHAsA ¢ IeHTpoM Macc IutaHerbl. CobJsromasach
COIIOCTaBUMOCTD ¢ PUCYyHKOM 1.
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Puc. 2. Jloruueckue IIOCTPOEHUA AJIA BBIYHUCICHUA XOP/AbI C(I)epI/I‘-IQCKOI‘O CerMeHTa IIJIaHETHI.

\/

Hamnpassieane SO — ecTp HalpaBjieHHe HOPMaJIM K IIOBEPXHOCTHU IUIAHETHI U K IIJIOCKOCTU
CEKyIIel IJIaHeTy I0 ee AuaMeTpy. /11 MpOoCTPaHCTBEHHOH CUTYalluu Ha PHCyHKe 2 UMEIOT MeCTO
OTHOIIIEHUS.

L’/H=l/f; L’>L (6)

Beipaxkenne (6) roBOpUT O TOM, YTO XOpJla CerMeHTa Ha CHHUMKE IIOKa3aHa C
IpeyBeJIMYeHNeM 10 OTHOIIEHUIO K JUaMeTpy IJIaHEeTHI.

'paHuIa TOYXOPABI M ONPENEAeTCs KaK TOUKa IpecevdeHus npsaMon SL’ ¢ OKpy»KHOCTHIO,
KoTopas oOpa3oBaHa ceueHueM BepTUKaIbHOU miockoctu cdepsl mwiaHers! (XOY). g Touku m
HUMeeT MeCTO ypaBHeHUe npsAMoi B mockoctu XOY.

Y=H -Xtg(a) (7)
U ypaBHeHUEe OKpYyKHOCTU IPAMOH B 11ockoctu XOY.
Y2+X2=R2(8)
IToacrabnsem (7) B (8) u mosyuaem
(H - X tg(a))? + X2=R2(9)

PackpriBaeM CKOOKH B BhIpaKeHUH (Q) ¥ IPUXOAUM K BBIPKEHUIO (10)

Hz - 2H X tg(a)+ X2 tg2(a) + X2- R2 =0 (10)
IIpeobpasyem (10) OTHOCUTETHLHO X

X2(1+tg2(a)) - 2H X tg(a) + H2- R2 =0 (11)

Bripakenue (11) mpeo6pasyeM K npuBefieHHOU Gopme (12)

X2-2H X sin(a)cos(a) + (H2 - R2) cos2(a)=0 (12)

Beipaxkenue (12) MOKHO PacCMOTPETh KaK KAHOHUUYECKYI0 dhopmy (13) ypaBHEHHUS BTOPOTO
Mops/IKa

X2-2p X +q=0 (13)
Vcxopa n3 1oruuecKux paccysk/1IeHul ocTaBiisieM NepBbli KOPEHb
Xi=p- (p>-q)/2 (14)
OTKy/ia VIMHA XOP/AbI OIIPe/iesisAeTcsa Kak
L=2X,(15)
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3. 3aKJIIoueHue

VcceoBaHus TOKa3bIBAIOT, YTO I[€J€COO0PA3HO BBeJleHUE MOHATUH: BUAUMBIA AMaMeTpP
IJIAHETHI, TeHb OT cdhepUuecKol MOBEPXHOCTU Ha IJIOCKOCTU 3KBAaTOpa WM HA MHOU ILJIOCKOCTH,
CeKyIel IIJIaHeTy OTHOCHUTEJIbHO HOpMAaJIu K HalpaBJIeHUI0 HabOoAeHusa. MOKHO BBECTH HOBOE
MIOHATHE IPOCTPAHCTBEHHAA JIOTUKA B KOCMUYECKUX HCCJIeZIOBaHUAX. MOKHO cPOpMyIUPOBATH
MPaBUJIA POCTPAHCTBEHHOU JIOTUKHU B KOCMHYECKUX UCCIIEZIOBAHUAIX.

Ilepsoe npasuso. Ilpu HAOIIOAEHUSAX B KOCMOCE PEabHBIN JUaMeTp IUIaHEThl He BUJIEH,
a BUJIEH MEHBIIINH 110 pa3Mepy «BUAUMBIN» IHaMeTp IUIaHeThl. Ha KoCMHUUYeCKHUX CHUMKAX 4acTh
nosycdepsl IIAHETHI TOKa3aHA ¢ IPeyMeHbIIIeHUeM

Bmopoe npasuo. PeanbHbIN TuaMeTp IJIAHETHI ITOJIyYaeTcsl Ha OCHOBE BUUMOTO JIHaMeTpa
IyTeM BBIYUCJIEHUIN IIpU ydeTe MOJIOKEHUS TOUKHU HAOIIOAEHUS U PACCTOSHUHU /0 IUIAHETHI,
dbopmyna (2).

Tpemve npasuno. Ilpu HaOMIOEHUAX IOBEPXHOCTH IUIAHET OJIIDKANIINN K TOYKe
Habmo/leHusa cdepuyeckUil cerMeHT Ha IIOBEPXHOCTU IUJIAaHEThl BUJEH C IIpeyBeJIMYeHUEeM.
Ha kocMuueckux cHUMKax cdepruecKUd CerMeHT Ha IIOBEPXHOCTH ILIaHEThl IIOKa3aH C
IpeyBeJIMYeHNeM OTHOCUTEJIBbHO BHAMMOIO JiaMeTpa IUIaHeThl. Xopza cepuyeckoro cerMeHTa
IOKa3aHa ¢ IpeyBeJInuyeHneM Ha KOCMUYEeCKUX CHUMKaX.

Yemeepmoe npasuno. PeanbHbIH pasmep XopAbl cdepuuecKkoro cerMeHTa ILIaHEeTHI
MIOJIy4YaeTcss HA OCHOBE BBIYUCIIEHUH MPH YUeTe MOJI0KEHU TOUKU HAOTIOAEHUS U PACCTOSTHUH J10
IUTaHETHI, (popmyIbl (7-15).

ITamoe npasuno. IIpexxie ueM BBITIOJTHATH PACUETHI IT0 KOCMUYECKUM CHIMKaM, HEOOXOIUM
JIOTHYECKUH aHAJIU3 IPOCTPAHCTBEHHON KOH(QUTYypalluy KOCMUYECKHX TeJl, MPUBEJIEHHBIX Ha
cauMKe. IIpocTpaHCTBeHHAs! JIOTMKA B KOCMUYECKHX HCCIIEIOBAHUAX JOJDKHA IIPEJIIIEeCTBOBATH
BBIUHCJIEHUSAM.

[IpocTpaHcTBEHHasA JIOTMKA B KOCMHUUYECKHX MCCJIEZJOBAHUAX BTO HOBOE COYeTaHHe
reoOMeTpuH, IPOCTPAHCTBEHHOU JIOTUKU U IPOCTPAHCTBEHHOTO aHajiW3a B KOCMHYECKUX
uccaenoBaHusAx. [IpocTpaHCTBeHHas JIOTMKA B KOCMUYECKHX MCCJIEJIOBAHUAX MOKET OBITh
paccMoTpeHa Kak paszen kocmuueckou reowmHdopmaruku (Bondur, Tsvetkov, 2015), pasgen
IIPOCTPAHCTBEHHOH JIOTUKU U pasfies reozie3ndeckoit acrponomuu (Gospodinov, 2018).
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Jlornka KocMHUYeCKHUX HAOI0AeHUHA
Asexcert MuxaiimoBuy TaryHosB 2, Buktop fAkosyieBud [[BeTkoB? - *

aYnpasyienue nunbopmaruzanuu PTY MUPIA, Mocksa, Poccuiickas ®enepanusa

b Hay4yHo-HCCIe10BaTETbCKUHA U TPOEKTHO-KOHCTPYKTOPCKUH HHCTUTYT MH(pOpMATH3AIINH,
aBTOMATHU3AIlUH U CBSA3U Ha JKeyie3HoopokHOoM TpaHcnopte (HMNAC), Mockaa,
Poccutickas ®enepanus

AnHoTtamusA. CTaThsi BBOJIUT HOBOE TOHSATHE JIOTUKA KOCMHYECKUX HaOozeHui. Jloruka
KOCMHYECKUX HAOJIONEHNI WHTEPIPETUPYETCSA KaK CHHTe3 IPOCTPAHCTBEHHOW JIOTUKU W
KOCMHYECKUX HCCIeIOBAaHUN. CTaThAd MOKA3bIBAET U JOKA3BIBAET, UTO HA KOCMUYECKUX CHUMKAaX
BHU/IHA He peaJsibHasA moJiycdepa IJIaHeThl, a ee MeHbIasg yacTb. CTaThsd BBOAUT HOBBIE TIOHATH:
BUJMMBIH JUaMeTp IUIaHEThl U «cdepudecKas TeHb» IUIaHeThl. JlatoTcss hopMysibl I pacuera
peabHOTO JuaMeTpa IO <«BHAUMOMY AMaMeTpy» IulaHeThl. Jlaoorcs GopMysbl i pacdyera
«ceprueckol TeHH» B JMAMeTPaJIbHON IJIOCKOCTU ILIaHeThl. CTaThs aHAIU3UPYET pa3Mephl
chepuvecKkoro cerMeHTa Ha MOBEPXHOCTU IUVIAHETHl, KOTOPHIU fABJAETCH OJMKAUIINM K TOYKE
Habmonenusa. IlokazaHo, UYTO STOT CErMEHT Ha KOCMHYECKMX CHHUMKaxX IIOKa3aH C
npeyBenudeHnneM. CraTbsi OpPUBOAUT paboume GOpMyJbl I pacueTa peajibHbIX Ppa3MepOB
chepuueckoro cermeHTa. Ha ocHOBe IpOBeJIEHHBIX UCCIEI0BAHUSA BBOAATCA JIOTHYECKHE ITPaBUiIa
JIOTUKH KOCMUYecKux HabmogeHnii. CraTbsd KOHCTaTHUPYET, UTO JIOTHKA KOCMHYECKHX
HaOJIIOJIEGHUH  MOXKET OBITh  pas3ZieJIoM KOCMUYEeCKOM TeoMHDOPMATUKH U Pas/iesioM
MIPOCTPAHCTBEHHOU JIOTUKH.

KiroueBbie cjioBa: KOCMHUYECKHE HCCIEOBAaHUSA, JIOTHKA, MPOCTPAHCTBEHHAs JIOTHKA,
BUINMbIA JUAMeETp IUIAaHETHI, chepuuecKkasl TeHb, TeOMeTpUUecKasl JIOTUKA, JIOTUKA BUIUMOCTH,
JIOTKa KOCMUYECKUX HaOTI0eHUH.

* KoppectoHINPYIOIIUHA aBTOD
Aznipeca 3J1eKTPOHHOU mouThl: cvj2@mail.ru (B.A. IIBeTkoB), tyagun72@bk.ru (A.M. TaryHoB)
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