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OCOBJIUBOCTI MAPIIOBOI'O PO3PAXYHKY HA/I3BYKOBOI'O
OBTIKAHHSA PAKETHU-HOCIA 3 TOPOIIOAIBHUM KPWJIOM-IIIABICOM

3anponoHo8ano aneopumm Mapuiogo2o po3paxyHKy Hao3eyK08020 00MiKaAHHs paKemu-HoOCis 3 MOPONOOiOHUM KpUAOM-nidgicom,
OCHAUWEHOT NPAMOMOUHUM NOBIMPAHO-peakmusrHum dguzyrom. Ocobaugicmro po3pobaeH020 aneopummy € 66e0eHHs 080X PO3PAXYH-
Kosux nidobnacmeil y 30Hi po3miujeHHA Kpuaa-niogicy Ha Kopnyci pakemu-Hocisa. 3aneicHo 8i0 noaodceHHs nepepizy mMapuio8ozo
PO3PAXYHKY w000 nepeorboi ma 3a0Hboi KpOMOK Kpuaa-niogicy 6UKoHyemvcs nepedydosa po3paxyrkoeoi obnacmi. IIpu nonadanni
Ha nepeoHio KPOMKY Kpuaa-niogicy po3paxynKoea o6aacms po30usaemocs Ha HUICHIO Nidobaacms, po3mauio8any milc nogepxHero
Kopnyca pakemu-Hocis i HUJCHbOK N0BepPXHer0 Kpuaa-niogicy, i 6epxHio nidobaacms, po3mauio8aHy Mixic 6epXHb0H NOBEPXHEI0
Kpuna-niosicy ma gponmom 20106Hoi yoaproi xeuai. Ilpu nonadauni Ha 3a0HI0 KPOMKY KpUAa-niogicy HUMCHS Ma 6epxHs po3pa-
XYHKO08I nidobaacmi noedHyromocs y 8ueasadi oouiei po3paxynkoeoi ooaacmi. Ha 6azi po3pobaenoco anreopummy 3 6UKOPUCMAHHAM
patiuie cmeoperoi npoepamu po3paxyHky oomikanHs pakem 0y10 CmMeopeHo npoepamue 3abe3nevents, npusHavene 0ns onepamue-
HUX YUCA08UX PO3DAXYHKIE HAOD38YK08020 0OMIKAHHS PAKeM-HOCIg 3 Kpyeaumu abo eainmuyHUMU KPUAGMU, W0 OXONAII0Mb KOPHYC
pakemu. Cmeopene npoepamue 3a6e3neueHHs 0038045€ CYMMEBO CKOPOMUMU UMPAMU YACYy HA BUKOHAHHS PO3PAXYHKIG i3 npu-
UHAMHOIO 0451 NPOEKMYBAHHS MOYHICMIO.

/s konkpemmoi hopmu pakemu-Hocis 3 Kpuaom-niogicom HageoeHo pe3yabmamu 4Uuca08Ux po3paxyHkie Ha03eyKoeo2o oomi-
KaHHA Y 8uenadi noaie i30ninitl 2a300UHAMIMHUX NApAMempie y noai NOmokKy ma po3nodiny mucky Ha N08epXHAX KOpnyca paKemu-
Hocis ma kpuna-niosicy. Ilokazano, wo 6UKOpUCMAaHHs KpUAa-niogicy npuzeo0ums 00 X6u1enodibHo20 Xxapakmepy po3nooiay muc-
Ky 6 o0nacmi Midc nO8epXHer KOPNYca paKkemu-HoCis ma HUMICHb010 NOBEPXHel0 Kpuaa-niosicy. 3i 30inbleHHAM Kyma amaku miuck
Y niosimpsuiii yacmuni yiei obnacmi nepeguuiye muck y Hagimpsnii uacmuni noas. Hasedeno po3nodin cymaprux aepoounamivHux
XapaKmepucmuk cun i Momenmie, wjo ditomos Ha po3easaHyme KOMHOHYB8AHHS PAKeMU-HOCIA.

Karouoei croea: pakema-rociii, kpuno-niosic, npamomo4Huil NOBIMpsaHO-peaKkmueHull 08u2yH, no8impo3adipHuil npucmpii, Hao3ey-
KOBULL NAUH, MAPUIOBE MemMOoOU, AA0PUMM, YUCA0BULL PO3DAXYHOK, NoAe meyii, po3nodin MUCKY, AepOOUHAMIYHI XAPAKMEPUCTNUKLL.

HuryBanHus: Tumoinenko B. 1., Tanuncwkuii B. I1., TTapmrytkin O. M. Oco6J1BOCTI MapIIOBOro po3paxyHKy Ha/I3ByKOBOI'O
OOTiKaHHST paKeTU-HOCIsI 3 TOPOTIOAIOHUM KpUJIOM-TiaBicoM. Kocmiuna Hayka i mexnonoeis. 2024. 30, Ne 6 (151). C. 3—14.
https://doi.org/10.15407 /knit2024.06.003

© Bunasenb B/l «Akanemnepionuka» HAH Ykpainu, 2024. Crarts ony6JikoBaHa 3a yMOBaMU BiIKPUTOTO JOCTYITY 3a JILIEH-
3iero CC BY-NC-ND license (https://creativecommons.org/licenses/by-nc-nd/4.0/)

ISSN 1561-8889. Kocmiuna nayka i mexnonoeis. 2024. T. 30. No 6 3



B. I. Tumowenko, B. I1. [aauncekuii, O. M. Ilapurymkin

3ATAJIBHI ITOJIOKEHHA
MoA0 PAKETH 3 KPUJIOM-IITIJIBICOM

IIpsimoTouHi noBiTpsiHO-peakTyBHiI ABUTYHU (ITITPI)
akTUBHO nochimkytotbess y CIHIA, pd, Kurai, @pan-
uii, Benukoo6puranii, Himeuuuni, Iramii, ABcTpanii,
Iamii Ta inmmx kpainax. [MounHaroun 3 1990-x po-
KiB, OyJIO po3p00JIeHO Ta CTBOPEHO JIbOTHI IEMOH-
CTpaTOpH Tillep3ByKOBUX TexHooriin: X-43A, X-51
CILIA, I'JIJT «Xonoa» pd, HyShot Acrpanis [18],
SIKi BUKOPUCTOBYBAJIMCS ISl €KCIIEPUMEHTAIbHUX
nociimkeHb. HoBi po3po0OKM rinep3ByKOBUX AEMOH -
CTpaToOpiB BEAYThCS Y HM3LI KpaiH €BpoIeiicbKOro
crniBroBapucTsa [17]. OcTaHHIM OECATWIITTSIM CIIO-
CTEpIra€ThCsl BiIPOMXKEHHS PO3PO0OK TiMep3BYKO-
Bux JIA 3 I[1I1P/1, sike BuKIMKaHe Oa>kaHHSIM MiIBH-
IIUTHU 1XHi TbOTHI XapaKTEPUCTUKHM Ta 3a0€3MEUUTH
MOXJIUBICTh IXHBOTO MOBTOPHOTIO BUKOPUCTAHHSI.
Benuka yBara po3po0ili Tirep3ByKOBUX TEXHOJIOTiH
npuaiasgerbesa B Kurai, BHac/IinoK 40ro OyJiv CTBO-
peHi GanictuyHi paketu DF-17 ta DF-41 3 rinep-
3ByKOBUMMU OOETOJIOBKAMU.

B naHuii yac po3poOJsiioTbCS CUCTeMU-KaHIU-
JlaTh Ha TPaAHCITOPTHi 3aCO0U 3 MOXKJIMBOCTSIMHU, 1110
MOCTIAHO 3pOCTaloTh, i yMciaMu Maxa, 30KpeMa
CHUCTEeMU MPUCKOPIOBAJILHOTO IJIaHYBaHHS, OaraTo-
pa30Bi JIiTaKW, KOCMiYHiI paKeTH-HOCIi Ta pakKeTHi
TexHosorii. I'inep3ByKoBi MOJALOTU 3 BUKOPHCTaH-
HSIM aTMOC(EPHOTO KMCHIO SIK OKMCJII0Baya BUCOKO
LHYIOThCS SIK Y Tally3i KOCMiYHUX IIE€peBe3eHb, TaK
1 B raiy3i HallioOHaJIbHOI aepOKOCMIYHOI Oe3IeKu, i
T'TIITP € ocHOBHMMY CUJIOBUMU YCTAHOBKAMM IS
TaKUX MOJIbOTIB.

AepoauHaMiUHUI MPOTHO3 Bidirpae BaXJIUBY
pOJIb Yy IPOEKTYBAaHHI Ta ONTUMi3allil iIep3ByKOBUX
JIA. Texnonoriga CFD crana He3aMiHHMM 3acO000M
JIJIS BABYCHHS acpoTepMaJIbHUX ITporHo3iB. Haii pe-
3yJIBTaTU BIUIMBAE 0€3J1i4 (haKTOPiB, TAKUX SIK YHUCJIO
Maxa, cTpaterist po30UTTSI PO3paxXyHKOBOI 00JIACTI,
YHCJIOBI METOAM HA OCHOBI KOHTPOJILHOTO 00’€MY,
SIKi BKJIIOYAIOTh MOjieJli TypOyJeHTHOCTI, TPOTUIIO-
TOKOBi CXeMHU, 0OMeXXyBaui MOTOKIB TOILIO. Y paM-
kax RANS-mogaeni TypOyJaeHTHOCTI BUPILIYIOThCS
MOIATKOBi PiBHSIHHS TypOYyJIEHTHOTO TEPEHECEHHS
o Mogneni Spalart-Allmaras 3 ogHUM PiBHSIHHSIM,
1110 € HAMOIIBII IIMPOKO 3aCTOCOBYBAHOIO, A00 MO-
neni SST k — omega 3 nBoma piBHSIHHSIMU [23].

4

Konu JIA nepexoauTs 10 Tilep3BYKOBOTO PEXKU-
MYy IOJIbOTY, (pi3MKa 30BHIIIHIX aepoaMHAMIYHUX
MOTOKIB CTa€ JTOMiHAHTHOIO 3a PaXyHOK aepoTep-
MIYHOrO HarpiBaHHsI, a He aepoOAUHAMIYHUX CUJI.
B ymapHomy mapi HaBKoJio JIA TeMnepaTtypa raib-
MYBaHHS 30LTbIIYETHCS MPOMOPIIiAHO Ynucay Maxa
TPETHOTO CTYIEHS i KOpeHs 3 LIiJIbHOCTI aTMOocdepu
i Moxe mocsgratv 3HaueHb 10 10000 °C [20]. Xoua
OinbllIa YacTMHA €Heprii BiMHOCUTHCS HABKOJMIII-
HIM Ta30BUM IIOTOKOM, 110 00Tikae JIA, mepemada
€HEepril IIJIIXOM KOHBEKTUBHOIO a00 IIPOMEHUCTO-
ro HarpiBaHHsI CTBOPIOE BUCOKI TETUIOBi MOTOKU, SIKi
BUMMaralTh MaTepialiB, 31aTHUX BUTPUMYBATH BU-
COKi TeMIlepaTypH.

AepoauHaMiYHUIT CTUCK Ta TEpPTSd CTBOPIOIOTH
BUCOKOEHTAJIbIIIAHY Tra30AMHaMiKy, sKa BUKJIMKAE
JIOAATKOBI (bi3WyHi SABUIIA Bim 0OMiHYy eHepri€elo Ie-
perpitoi armocepu. Lst reperpira atmocdepa npu-
3BOAUTH JI0: BUCOKMX TEIUIOBUX MOTOKIB (Ha 3...7 mo-
PSIIKiB OUTBIINX, HiX TOTIK 1.4 KBT/M2 Bim CoH1is);
eKCTpeMaJIbHUX TePMiYHUX IPali€HTIB (3MiHIOIOTHCS
Bim —170 mo 3000 °C Ha BigcTaHsIx OJU3bKO 1 cM); BU-
COKOTO TUCKY rajbMyBaHHs (ropsaky 103—107 Ia)
Ta pyHHIBHOI IUIa3MU Bifl iOHi3allil rasy, sika mpucKo-
PIO€ OKMCHEHHs MaTtepialis [20].

Cepen 4nCIIeHHUX TEXHIYHMX IPOOJeM, ITOB’si3a-
aux i3 ['TITTPI, ocHOBHI 3aBIaHHS BKJIFOYAIOTh JOCSIT-
HEHHs HaJliiHUX METOIiB 3araltOBaHHS, TTiABUILIEHHST
e(eKTHBHOCTI 3MilllyBaHHSI Ta cTabiii3allil TOpiHHS y
Haa3ByKOBOMY MoTolli. Lle moB’si3aHo 3 TUM, 10 Yac
nepebyBaHHsI TOTOKY BCEPEAWHI KaMepu 3TOpsH-
Ha g TP, wo setuts 3i mBuaxictio M > 5,
CTAHOBUTH IPUOIM3HO 1 MC, a Yac XiMi4HOI peaxiiii
Bapilo€ B JIiara3oHi Bif 10710 5o 1 ¢ 3amexHO Bim TeM-
repaTypy MoTOKY, TUCKY Ta CKJiamy cymirti [ 19].

TakuM 4YMHOM, KJIIOYOBUMU HAyKOBUMMU TpoOJie-
MaMU Ta TEXHOJIOTiSIMU, TOB’I3aHUMU 3 MIEPEXOIOM
Ha Tinep3BYKOBi MOJBOTU 3 BUIIUMU 3HAYEHHSIMU
yucen Maxa, € BHUCOKOTeMIepaTypHa AUcCOLliallist
Ta TepMOXiMiUHi HEPiBHOBaXKHi e(peKTU, TEXHOIOTi1
3MilllyBaHHS Ta IIOCUJICHHS TOPiHHS Y HaAIIBUIKIC-
HHUX OTOKAaX, Y3TOMXKEHHS TilIep3BYKOBOI'O TOPiHHS
Ta CTUCHEHHSI TTIOTOKY Ta PEXUMiB poOOTU, MOTOKU
3 HU3bKUM UucioM PeiiHosbaca y MpUKOPIOHHOMY
1api Ta METOAM KepyBaHHSI MPUKOPAOHHUM Ilia-
POM, TEXHOJIOTIi TEIJIOBOTO 3aXUCTY Bil BUCOKOEH-
TaJIbITIMHUX MTOTOKIB 3 HU3bKOIO IIIJIbHICTIO TOPiHHS
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Ta TeXHOJIOTil Ha3eMHUX BUIIPOOYBaHb JIJII BUCOKO-
MaxOBHMX PEeaKTUBHMX IBUTYHIB BiamoBimHo [23].

Bumoru no matepianiB sl Tinep3ByKOBOTO MO-
JILOTY TiCHO ITOB’sI3aHi 3 KOHCTpyKui€io JIA Ta 00-
JIACTIO MOJIbOTY, SIKi HaKJIaJaroTh JBa OCHOBHI 00-
MEXXEHHSI:

1) TenoBi HaBaHTaXXEHHSI, sSIKi 3aJIeXaThb Bill Te0-
METpii Ta po3TalllyBaHHs Ha JIA;

2) CUJIbHI OKHMCIIIOBAIbHI YMOBH, 1110 IIPU3BOISIThH
JIO 3MiH $IK BJIACTMBOCTEM MaTepially (OKMCIEHHSI),
Tak i reometpii JIA (abasitist).

VY Mmipy 30inblIeHHsT podounx yncea Maxa sIBu-
1112 iHTEHCMBHOTO TETIJIOBOTO HAarpiBy Ta OKMCJIEHHS
MOBMHHI OyTH BpaxoBaHi MaTepiajlaMid B OCHOBHUX
migcucTemMax rirnep3BykoBoro JIA: aepoo06oioHKa/
MepBUHHA CTPYKTYpa, TMepeaHi KPOMKU, MOBEPXHi
KepyBaHHSI, TEILUIOBUI 3aXMCT IUIOIII, PyXOBi ycTa-
HOBKM Ta CUCTEMU HaBeAeHHs. BizoMi rinep3ByKoBi
MaTepiaad OOMEXYIOTh CTIMKICTh KOHCTPYKIIIM ITif
yac poOOTH B eKCTpeMaJbHUX CepeloBHUIllaX, TOMY
iHHOBalliliHa pO3po0Ka TaKMX MaTepiaaiB Bia mep-
LIKUX MPUHILMUITIB 10 BUPOOHUIITBA y MacIlTabi neta-
JIeit ctae OKyCcOM IepeoBUX NOCTIIKEeHb [22].

IIpy cTBOpeHHI Tinep3ByKOBOI OaraToyHKIIiO-
HaJIbHOI KpujaToi paketu-Hocist (PH) 3 nmpsimoTou-
HUM MOBITpsIHO-peakTuBHUM ABuryHom (ITITP)
BUHUKJIA ies BUKOPUCTATU KiJIbLIEBE TOPOIIOAiOHE
kpwio [13]. KoHuenTyanabHi MOJIOXKEHHS 111010 BU-
KopucTaHHS 11i€i bararopazoBoi PH monsirarots y Ha-
crynnHoMy. PH cTapTye BepTUKaIbHO 3 KaTamyJBTHOT
IMYCKOBOI YCTAaHOBKH (3 3aYMHEHUM IOBITPO30ipHU-
koM ITITP). IIIBuAKiCTb 3ByKY HOCSITA€THCS Ha Typ-
OopeakTuBHUX ABUryHax. Ha Bucoti 61u3bpko 30 kM
3a JOIOMOTOI0 aepOoAMHAMIYHMX IUIOIIMH Ta iHEep-
mitHoi nepedynoBu PH mepexonuTs y ropu3oHTaNb-
HU noutit 3i wBuakictio M, = 6...10 3 BuUKopucraH-
HsM [TTTP/ (3 BiTuMHEeHUM NOBITPO30ipHUKOM) 1 JIsI-
rae Ha 3agaHuii Kypc. IlepeMilieHHs1 Kpua-miaBicy
B3/IOBX OCi KOpITyca T03BOJISIE KOHTPOJIIOBATU LIEHTP
Bard Ta aepoauvHaMiyHUM (POKYC YyChOIro KOMIIOHY-
BaHHs1 PH. KopucHuii BaHTax 3HaXOAUTHCS Y KPUITi-
minBici. [3ometpist PH 3 ToponionioHuM Kpuiaom-1iia-
BicOM ITOKa3aHa Ha puc. 1, a. @opma tpakty [1I1P]I,
pO3TallIOBAaHOTO B LWJIHAPUYHIN YacTMHI Kopryca
PH, noka3ana Ha puc. 1, 6.

YckiagHeHHST  aepOAMHAMIYHOTO  PO3PaXyHKY
uiei PH mossirae B ToMy, 110 B LMJIIHAPUYHIN yac-

Puc. 1. 13ometpis PH 3 ToponomiOHUM KpuJIOM-TIiaBicOM
(a) (1 — mepenHst yacTMHA KopIlyca, 2 — YyacTUHA KopIyca
3 TOPOIOAIOHUM KPUJIOM-TTiABICOM, 3 — XBOCTOBA YacTUHAa
kopnyca) ta ¢hopma tpakty [TTTPI (6) (4 — xkopnyc PH, 5 —
KpWJIO-TIifiBic, 6 — moBiTpo3adipHuit npuctpiit (M31T), 7 —
KaMepa 3ropsiHHsI, 8 — COILIO)

THHI KOpITyca pakeTu MixK moBepxHelo Kopiryca PH i
KiJIbLIEBUM KPUJIOM BMOHTOBYETHCS KiJIbLIEBUIA TIO-
BiTpo306ipHuK ITITP. JIns echeKTUBHOTO BUKOPUC-
taHHs [ITTP] HeoOXxinHi yucaeHHiI mapaMeTpuyHi
PO3paxXyHKM JJIsS1 BU3HAYEHHS TMOJIOKEHHS TMOBIT-
po36ipHuka IITTPI B 3aiexKHOCTI BiJ MOJ0XKEHHS
KilblIieBOTO KpuJiia 1K B3aoBxX oci PH, Tak i Bix Bifa-
CTaHi 10 ii KopIryca.

V nanwuii yac popma oBiTpO3abipHOTO IIPUCTPOIO
(IT3IT) ocratrouHo He Bu3HauYeHa. BximHuit mepepi3
B KaHau1 [13I1 posraitioByeTbes B mepepizi x = 5.0 M.
®dopma kanany I13I1 mocuth crienudiuHa: BXim-
HUI Mepepi3 KaHajy, po3TallloBaHUIi Ha MOBEPXHi
MWTIHAPWYHOI yacTuHU Koprtyca PH, 3amaetscs y
BUTJISIAI BY3bKOI HMIIHAPUYHOIL LIUIMHU IIUPUHOIO
0.2 M (ouB. puc. 1, 6), sika HaOyBa€e (popMu KoJa y
BuxinHoMy nepepisi kanany I13I1. Ha puc. 2 noka-
3aHO 10JIe i30J1iHiNi Yyncen Maxa B IIUIMHHOMY Ka-
Hani 1311 ocecumeTpuuHoi hopMuU, OTpUMaHE IS
M, =4npu o= 0°.

J1s1 004rcIeHb BUKOPUCTAHO aJlTOPUTM po3pa-
XyHKy Tedil B KaHaji I13I1, onucanmii y poboTtax
[11, 12]. Han3BykoBuiA MOTIK raJIbMYyETHCS B KaHaJIi
I13I1 3a paxyHOK CTMCHEHHSI BEpPXHbOIO CTiHKOIO
KaHaiy. Y nepepisi x = 8.0 M (popmyeTbCs NpsiMuii
CTpUOOK YIIJIbBHEHHS, 3a SIKUM Teudisl CTa€ J03BYy-
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Puc. 2. [3oninii uncen Maxa B minmaHomMy kanaui [13I1 oce-
cumeTpuyHoi popmu mist M, =4, o= 0°

koBo1o. [loje mo3BYyKOBOI Tedii yCEepemHIOETHCS B
nepepizi x = 8.0 M. IToganblimii po3paxyHOK Tedil
3a TMPSIMUM CTPUOKOM YIIUIBHEHHS 10 BXOJIY B Ka-
Mepy 3rOpsSiHHSI 3iMCHIOETbCS 3 BUKOPUCTAHHSIM
KBa3i0MHOBHUMIpPHOI MOJIEIII.

BupilienHst 3amauyi 4MCIOBOTO PO3PaXyHKY 30-
BHIIIHBOTO HaJ3BYyKOBoro oOTikaHHs 1iei PH Tta
BHYTpilHbO1 Teuii y TpakTi I1TTPI] morpebye po3-
POOKM BiTTOBIIHOTO aJITOPUTMIYHOTO Ta MPOTpaM-
HOTO 3a0€e3IeYeHH4.

Panime KoHUETLis] pakeTu KiJblieBe KPUJIO —
KOpIyC po3po0ssiiacs sIK CIOCiO 3MEHILIEHHS XBU-
JIbOBOI'O OIIOPY pakeTu 3a paxyHOK /il yaapHUX
XBWJIb Bill KpUJia Ha XBOCTOBY YaCTUHY KOpITyca pa-
ketu [18, 23]. ByJio 1OCSTHYTO AeKOTO 3MEHILIEHHS
XBUJIOBOTO OTIOPY, ITPU LIbOMY Ha OCHOBHY YaCTUHY
3arajibHOTo OIOpY, SIK i paHillle, HEraTUBHO BIJIMBAE
OIlip KpuJa i OB sI3aHUX 3 HUM ONOPHUX CTillOK.

PesynbTaTii KOMILIEKCHOTO PO3paxyHKy OOTiKaH-
Hsg PH 3 IIITP/ i ToponogiOHUM KpUIOM-IinBicoM
y CTpPOTiii IOCTAHOBLII MOXHa OTPMMAaTU METOIOM
BCTAaHOBJIEHHS 32 4acOM Yy pe3yjbTaTi YMCJIOBOIO
pO3B’s13aHHSI MOBHOI CUCTeMU DPiBHSIHb ra30BOI M-
HaMiku. ¥ MexXax TaKoro Miaxony BUPIlIyIOThCS He-
CTalliOHAapHI TPUBUMIPHI PiBHSIHHSI Ta30BO1 AMHAMI-
ku [9, 11]. 18t po3B’a3aHHS LUX PiBHSIHb ITUPOKOTO
MOLIMPEHHSI B JaHUIi yac HaAOyJIX TTPOMUCIIOBI MPO-
rpamHi koMmruiekct ANSYS CEX, ANSYS FLUENT,
FlowVision, SolidWorks Ta in. [6, 12, 21]. OgHak
3aCTOCYBaHHSI QJITOPUTMIB METOMY BCTAHOBJIEHHS
noTpedye BEIMKUX BUTpPAT MAIIMHHOIO 4Yacy (me-
KiJIbKOX ToauH). i1 e(eKTMBHOTO BUKOPUCTAHHS
KpuJa-miaBicy NoTpiOHa BejiMKa cepisi mapameTpuy-
HUX PO3paxyHKiB aepoAMHAMIUHUX XapaKTepUCTUK

6

(AJ1X) PH B 3a1€5KHOCTI BiJll TTOJIOKEHHS KpyJia-TIiji-
BICY SIK B3IIOBXK OCi, TaK i BiJ BiacTaHi 1o koprryca PH.
BukopuctaHHS MapIIoOBUX aJITOPUTMIB JO3BOJISIE
CYTTEBO 3MEHILIMTU BUTPATM 4Yacy Ha IPOBEACH-
Hs po3paxyHKiB [15]. Pe3ynbratu aepoamHaMiyHUX
pO3paxyHKiB HaA3ByKOBOIo o0TikaHHs Kopmnyca PH
3 KPUJIOM-ITiIBICOM MOXYTb OyTH OTpMMaHi 3 BUKO-
PUCTAHHSM MapIIOBUX AJITOPUTMiB PO3PAXYHKY, TPU
LIbOMY BUTPATH MAIlIMHHOTIO Yacy JJisi OrepaTuBHO-
IO PO3paxyHKy He MepeBUIIYIOTh KiJIbKOX XBUJIVH.
Lle 103BoJIsSIE 3HAUHO CKOPOTUTU TEPMiHU TMOMepe/I-
HbOTO BM3HAYEHHSI Ha eTalli MPOEKTHOIO BiArpa-
LIIOBaHHSI KOHCTPYKTUBHUX TapaMeTpiB CKJIag0BUX
yactud PH. 3 ananizy MeTomiB 4McJIOBOro po3pa-
XYHKY aepoiuHaMikKu paker [2, 5] 3’scoBaHO, 11O
QJITOPUTMU, B SIKUX BUKOPMCTOBYIOTHCSI PiBHSHHS
HEB’SI3KOT0 ra3y Ta ajlrOPUTMU PO3PAXyHKY OMOpY
CWJI TepTs, aIeKBAaTHO OIMCYIOTh peajbHi Tedii Ipu
0e3BiIpMBHOMY OOTiKaHHi pakeT i JO3BOJISIIOTh BU-
3HauaT AJIX 3 3a10BiJIbHOIO TOUHiCTIO. ToMy anro-
PUTM aepoAMHAMIYHOTO PO3PaxyHKY 30BHillIHHOTO
o0OtikaHHs Kopryca PH 3 ToponomiOHUM KpuIoM-
MigBiCOM HaA3BYKOBUM IOTOKOM ITOBITpsI peatisy-
€ThCS1 Yy HaOJIMKEHHI HEB’SI3KOT'O ra3y 3 BHUKOPHUC-
TaHHSIM METO/IiB MapIlIOBOro po3paxyHky [4, 7, 15].
ITM HAHY i IKAY mae nocBin 3 muTaHb po3paxyH-
Ky HaI3BYKOBOI'O Ta Tillep3BYKOBOIO OOTIKAHHS pa-
KeT i JiTaibHUX anapartis [9, 12, 14]. [lns BupileHHs
3a3Ha4YeHOI BUIIE 3a/1a4i pO3paxyHKy Ha/J3ByKOBOTO
obtikanHs PH 3 kpunom-niasicom 0yJj1o 10poOaeHO
aJITOpUTMiUHE Ta mporpaMHe 3abesmneueHHs. [lpu
1IbOMY 3a 0a30BY MpPOrpaMmy BUKOPUCTOBYETbCS pa-
Hime po3pooneHa B ITM HAHY i IKAY nporpa-
Ma [9] MapIIOBOro po3paxyHKy OOTiKaHHSI pakeT 3
TUIOCKMUMU KOHCOJIIMU, Y SIKY IOAAHO MPOrpaMHi
Moyt (popMyBaHHSI II0YAaTKOBUX ITOJIiB IIOTOKY IJIST
NIeKiTbKOX po3paxyHkoBux migo6sacteit (PT1O) Tta
00’emHaHHS IEKIJIbKOX TOJIiB Y OOHE, 110 J03BOJISIE
y Mpolieci MaplIOBOrO PO3PAXyHKY PO30MBaTU PO3-
paxyHkoBy obJiactb (PO) Ha aexinbka PI1O, a Takox
00’ennyBaTu nekiiibka PITO B ogny PO.

MerToio 11i€l poOOTU € TIPEACTABIEHHS Pe3yJibTa-
TiB MapIIOBUX pO3paxyHKiB HaA3BYyKOBOIO OOTiKaH-
Ha kopnyca PH 3 kpuioMm-nigBicom.

3arajpHi IMTAaHHS aepOAMHAMIKU Tilep3BYKOBOL
paketu-Hocisg (PH) 3 TopornomioHUM KpUIOM-ITif-
BicoM OyJi1 po3IJISIHYTI B po06oTi [13].
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AJITOPUTM MAPIIIOBOI'O PO3PAXYHKY
HAJ3BYKOBOI'O OBTIKAHHA PH

3 KPUJIOM-ITIABICOM, OCHAIIIEHOI ITITPH,
MapioBuii po3paxyHOK HaA3BYKOBOTO OOTiKaHHS
PH 3 IIITP]l BUKOHYETHCS Y TPU €TaIIN:

* MIePIINii eTall — PO3paxyHOK 30BHIITHHOTO 00-
TikaHHs kopryca PH 1o miepepisy, B skoMy JIeXKUTh
3pi3 BuxjionHoro coruia ITTTP/I;

® IPYTWIA eTar — PO3paxyHOK BHYTPILTHBOI TeYii Y
tpakTi I1ITP]I 3 ypaxyBaHHSIM Teuii HAaBKOJIO IepeaHbO1
yactuHM Kopnyca PH niepen BxonoM y tpaxt ITTTP/I;

* TpeTili eTanm — PO3paxyHOK B3aEMO/Iii 30BHillI-
Hili Teuii HaBKoyIO Kopiryca PH 3i ctpymenem mpo-
IYKTiB 3TOpsIHHS, 110 BUTiKae yepe3 coruto [TTTPI.

IMepmmii eTan po3paxyHKy Haa3BYKOBOrO OOTi-
KaHHs koprnyca PH 3 KpuiioM-11iiBicOM BUKOHYETh-
Csl 3 BUKOPUCTaHHSIM MapIlIOBOTO aJIrOPUTMY, HaBe-
JIIeHoro y po6ori [14].

BukoHaHHs npyroro erary MapllIOBOIO po3pa-
XYHKY IJIs1 BHYTPilIHBO1 Tevil y TpakTi INTTPI mo-
YMHAETHCS ITiCIIsl 3aBepIleHHS Tepioro eramy. Llei
eTamn po3paxyHKy Ma€ Taki ckianosi [11, 12]:

a) po3paxyHOK Teuil y MOBITPO30ipHUKY — CITO-
YaTKy PO3PaXOBYEThCS CTUCK HaI3BYKOBOTO TIOTO-
KY, MOTiM raJibMyBaHHSI HOTrO y MPSIMOMY CTPUOKY
YIUIUTbHEHHSI Ta MPUCKOPEHHST T03BYKOBOT'O MTOTOKY;

0) po3paxyHOK JTO3BYKOBOI Tedii y Kamepi 3ro-
PSIHHS 3 ypaxXyBaHHSIM Tofadi racy i Horo 3ropsiHHsI
y KMCHIi TTOBITpS;

B) BU3HAUEHHs IUIOLIMHU KPUTUYHOIO IIepepi-
3y coIuia, 110 3a0e3levyye Haa3BYyKOBE BUTIKaHHS
OTPUMAaHOI BUTPATH TIPOMYKTIB 3rOPSTHHS;

I') po3paxyHoK Teuii y coruti JIaBayisi — 3aBaaHHs
HaJI3ByKOBOTO MOTOKY 3 HEBEJMKUM HaJl3BYKOBUM
yucioM Maxa M ~ 1.2 3a KpUTUYHUM T1E€PEPI3OM i
MPUCKOPEHHS LILOTO HAJA3BYKOBOIO MOTOKY Y COILi;

1) PO3paxXyHOK Tevii Yy BUXJIOITHOMY CTPYMEHI, 1110
B3a€EMOJIi€ 3i 30ypeHMM 30BHIIIHIM ITOTOKOM Ha-
BKoJ10 Kopityca PH.

JleTanbHMi ONKMC MONIETIOBAaHHS 3a3HAYEHUX BUILIE
CKJIAJIOBUX, 110 3BOASITHCS A0 PO3PaXyHKY TepPMO-
ra3oqMHaMiYHUX TMPOLECIB y eJeMEeHTaX TPaKTy
IIITP/I (moBiTpo30ipHUKY, KaMepi 3ropsiHHSI, COILII
Ta CTPYMEHI MPONYKTiB 3TOPSIHHS ), HaBEIEHO Y PO-
6orax [10, 11].

Bupimrenns 3amadi po3paxyHKy HaA3BYKOBOTO
00TiKaHHSI pakeTh 3 KPUJIOM-IIiJIBICOM, OCHallle-
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Hoi IIITPH, morpebye mOopoOKM aaropUTMiYHOIO
Ta IMPOTpaMHOTO 3abe3reueHHs1, HasiBHOTO y ITM
HAHY i JIKY. 3 ypaxyBaHHSIM Bulle3a3HAaYEHUX
3ayBa’k€Hb HasIBHI aJITOPUTMU OTEPaTUBHOIO PO3-
paxyHKy Oyi10 1opo0yieHO AJ1s1 3a0e3reYeHHsT MOX-
JIMBOCTi MOJIeJTIOBaHHS Tevii HaBKoJ10 kopiyca PH 3
TOPOTIOAIOHUM KPUJIOM-ITiIBICOM Ta T€PMOTa30IU-
HaMiku Tedii y TpakTi ITITP/I.

VcknagHeHHS aepoAMHAMIYHOTO PO3PaxyHKY MO~
JISITa€ B TOMY, 1110 B LIWJIIHAPUYHY YaCTUHY KopIiyca
PH, siky oxoruitoe Kpuiao-ninBic, BMOHTOBAHO KiJib-
LIeBUI MOBITPO30ipHUK, KaMepa 3rOpPsSIHHS Ta BUXi/I-
He corto. Oco0aMBICTh aepOJAMHAMIYHOTIO po3pa-
xyHKy PH 3 ToponomiOHUM KpujaoM-MiaBICOM MO-
JISATa€e B TOMY, 110 HAgBHICTb LIbOTO KPUJIa CYTTEBO
BIUIMBAE SIK Ha IToJie Tevil HaBKoJio Kopiryca PH, ta
1 Ha TepMora3oarHaMiyHi mapaMeTpu BHYTPILLIHbOL
teuii y TpakTi IITTP/I. IToB3moBxHiil mpodinb Kpu-
JIa-MiABICY 3a0A€ThCS Y BULJISIAI HOABIMHOTO KJIMHY
i3 3aroCTpeHUMU TIEPENHBOIO Ta 33JHHOIO KpOMKa-
MU. KyTu 3arocTpeHHsI HUXXHbBOI i BEpXHbBO1 MOBEP-
XOHb MOB3I0BXHBOTO MPOdiIo 3a4aI0ThCSI TAKUMU
YMHOM, 1100 peasizoByBajach Tedisl 3 MIpUEIHAHU -
MU CTpUOKaMM YIIiIIbHEHHS SIK Ha HUXKHIM, Tak i Ha
BEpXHili MOBEPXHSIX KpUja-ITiaBicy.

MapiioBuil po3paxyHOK HaJA3BYKOBOI Teuii Ha-
BK0JI0 Kopiryca PH 3 KpuiioM-11i1BicOM BUKOHYETh-
¢S BigmmosigHo [14] y Tpu KpoKu:

— pO3paxyHOK OOTiKaHHSI HAKOHEYHMKA i KOPITy-
ca PH 1o nepeaHboi KpoOMKM Kpuia-miaBicy (4acTu-
Ha Kopiiyca 1);

— pPO3paxyHOK Tedii Bil MepeaHbol A0 3aIHbOI
KPOMKM KpuJa-MiABicy MOCIiT0OBHO y ABOX 00Jjac-
TSIX — TIepliia po3paxyHKoBa Iigooaacts (PITO) ne-
JKUTb MiXK IOBEPXHEIO KOPITyca i HUXKHBOIO ITOBEPX-
Helo Kpuiia-miasicy, a apyra PI1O posramoBaHa Mixx
BEPXHBOIO ITOBEPXHEIO KpWJa-INaBicy i ()poHTOM
TOJIOBHOTO CTpUOKaA YIIiTbHEHHS (YacTMHA KopIyca
3 KpUJIOM 2);

— PO3paxyHOK Teuil y XBOCTOBIiil YaCTHUHI KopIryca
PH 3a kpuoM-11iaBicoM, y sIKilf TAaKOX MOXYTb OyTH
pO3TallloBaHi MJI0CKi KOHCOJIi (YacTMHA Kopityca 3).

Ilepen moyaTKkoM MpOBEAECHHST PO3PaXyHKIB Ipy-
roro Kpoky (opMy10ThCs IIOYAaTKOBI ITOJISI T€Uiil 17151
3a3HavyeHux Buie n1Box PITO y momepeuyHoMy Iie-
pepisi x =x,, WO 30iraeTbcs 3 MEPEIHBOIO KPOM-
KOO KpWJIa-MiABiCY, WIS MEpUAIOHATBHUX TLIOIINH
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¢=4¢,,1e ¢, — MepuIiOHaILHI KYyTH IIPOMEHIB PO3-
PaxyHKOBOI CiTKHU.

[Ipu 3amanomy po3MillleHHI KpuJjia-IIaBicy Bim-
HOCHO KOpIIyca paKeTd MOXJIMBI IBa BapiaHTH I10-
JIOXKEHHSI TepeaHbOl KPOMKU KpUJa-MiABiCy y Me-
pPUAiOHANBHIN TJIOIIMHI ¢ = const B 3aJIEXKHOCTI Bif
YMOB T10J1bOTY [14]. ¥V mepuromy BapiaHTi TiepeIHs
KpOMKa KpWJIa-MiABiCY ITOBHICTIO JIEXWUTb Yy IMOJi
Teuil MK ITOBEpPXHEI0 KOpIlyca pakeTu i FOJIOBHUM
CTpUMOKOM YIIiIJIbHEHHS. Y Ipyromy BapiaHTi mepe-
JIHSI KPOMKa KpWJla-IiaBicy JIEXKUTh Hal FOJOBHUM
CTPUMOKOM YIIiIbHEHHS Y HE30ypeHOMY MOJIi TTOTO-
Ky, 1110 Habirae. Ciif 3a3HaYUTH, 1110 MPU KyTax aTa-
K o # 0 MOXYTh OZHOYACHO peajli3oByBaTUCS O0M-
JIBa BapiaHTH TOJIOKEHHS MEePEeIHbOI KPOMKU KpU-
Jla y pi3HUX MEPUNIOHAIBHUX TUIOIIMHAX ¢ = const .
HeranbHuii onuc (GopMyBaHHSI MOYaTKOBMX IIOJIiB
IUTMHY HaBKOJIO MEPEAHbOI KPOMKM KpUJa-IIiaBicy
orucaHo B poOori [14].

[lepen moyaTkoM TPEThOTO KPOKY PO3PaxyHKY Y
repepisi x =x,, 10 30ira€Tbcsa 3 3aAHLOI0 KPOM-
KOI0 KpHUJa-ImiaBicy, (POPMYEThCSI OOHE MOYATKOBE
roJjie Tedii y po3paxyHKOBili 00JiacTi MiX ITOBEpX-
Heto Kopnyca PH i ¢poHTOM rojioBHOro crpubka
VIIIbHEHHS 32 paxyHOK O0’€IHaHHS IIOJIiB Teuil
y nBox PITIO, 110 BUKOpUCTOBYBAJIMCS Ha IPYTOMY
Kpoui po3paxyHKy. [TounHarouu 3 nepepisy x =x,,
MPOJOBXKYETHCSI MapIIOBUI pO3paxyHOK Teuii B Of1-
Hili po3paxyHKoBili oosacti PO, 1o posraioBaHa
3a 3aJJHHOI0 KPOMKOIO KpHUJa.

PE3VJIBTATA PO3PAXYHKIB ITAPAMETPIB TEYII1
HABKO.JIO KOPITYCA PH 3 KPHJIOM-IIIABICOM

Pesynbrat po3paxyHKiB HaJ3BYKOBOIO OOTiKaHHS
pakeTu 3 TOPOIOAIOHMM KPWJIOM-ITiABICOM Oyau
3AiliCHeHI y HaOJMKeHHiI HEeB’SI3KOro ra3y 3 BUKO-
PMCTaHHSAM 3aIPOITOHOBAHOTO AJTOPUTMY i SIBHOI
cxemu [ogyHoBa — Kosirana — PonioHosa [4, 7, 15]
Ha pPO3paxXyHKOBiit ciTii N 0 = 37, N, = 41. Kpok
B3JI0BX MapIIIOBOTO HAIIPSIMKY PO3paxoByBaBCs 151
yuciaa Kypanta KOJI = 0.9. TBipHy nmoBepxHi Kop-
nyca PH ocecumeTrpuuHoi chepruyHO-3aTyIJIEHOT
¢opmu (paniyca 3arymiaeHHs R = 0.01 M) 3amaHo B
HWIHAPUYHIN cuctemi koopauHat Oxrd Koopau-
HaTaMU TPLOX OMIPHUX TOUOK: x, = 1M, 1, =0.1 M,
x, =5M, 1, =05Mm, x, =12m, r, =0.5 m. [eome-
TPUYHI MapamMeTpu (GOopMU MTOB3AOBXHBOTO MPOdi-
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JII0 KpWia-MiaBicy 3a1al0ThCsl y CUCTEMi KOOpAUHAT
9?5? , TIOB’SI3aHiil 3 TEpPeNHbOI0 KPOMKOIO 1IbOTO
po(ito, KOOpIUHATAMUA X Ta J Y YOTUPbOX TOY-
Kax Ha HMXKHIN Ta BEepXHill TIOBEPXHSIX: HUXKHS TO-
BepxHa — (X, =0; ¥, =0), (x, =1.3; y, =-0.25),
(x, =4.1; y, =-0.25), (x, =5.4; y, = 0); Bepx-
Ha noBepxHd — (x;, =0; y, =0), (x, =13; 3, =
=0.25), (x, =4.1; y, =0.25), (x, =54, y, =0).

KoopnnHatu touku 0} (x45¥,) TOYATKY CUCTEMU
koopanHat xOy , 10 MOB’s13aHa 3 IpoditeM Kpu-
Ja-TiABICY, B OCHOBHIll J€KapTOBili CUCTEMi KOOp-
IUHAT Xxyz , TOYATOK fIKOI JIEXUTD Y BiCTpi KOpItyca
PH: x,= 5 M, y,= 1 M. Pesyasratu po3paxyHKiB
HaBegeHi a1 PH 3 Takumu radbapuTHUMU po3Mipa-
MU: JoBXuHa — 12 M, nmiametp Koprnyca PH — 1 m,
niaMeTp Kpuia-miaBicy — 2.5 M.

3 BUKOPUCTAHHSM BUIlI€3a3HaYEHUX MapaMeTpiB
PO3PaxyHKOBOI CiTKM TEepMiHOBI BUTpaTh pOOOTU
npouecopa [IEOM Ha po3paxyHOK OZHOTO BapiaH-
Ty HeE MEePeBUILYIOTh IBOX XBWJIMH JJIsI KOMIT' I0Tepa
3 TaKTOBOIO YacToToto npouecopa 3.2 I'Tir.

Huxye HaBeneHO pe3yabTaTu po3paxyHKiB Hal-
3ByKoBoro ob6rikanHs PH 3 topomnomioHum Kpu-
JIOM-TIABICOM IS pi3HUX uyncen Maxa M i KyTiB
ataku o, . XapakTepHa KapTMHa Tedil HaBKOJO
PH nokaszana Ha puc. 3 y BUMISIAL i30J1iHIlA TUCKY
(puc. 3, a) Tayncna Maxa (puc. 3, 6) y IUIOIINHI CH-
MeTpii Teuii it M, = 6, oo = 8°. Ha iboMy pucyH-
Ky i gaji HaBedeHO 0e3po3MipHi PO3IMOMiIN TUCKY
p= p/ (p,,-V?), BinHeceHi 10 MomBiiiHOTO WBMI-
KiCHOTrO Hamopy, ne p, i V,, — LIUIBHICTD i LIBUJ-
KiCTb IIOTOKY MOBITps, 1110 Habirae. 3 puc. 3 BUIHO,
110 Peasli3yloThCsl OAHOYACHO JBa BapiaHTW Teuii
HaBKOJIO TepeHbOI KPOMKHU KpWJIa-IiJBicy: 3 Ha-
BITPsTHOI CTOPOHU TTOTOKY peali3yeThCs APYTUM Ba-
piaHT Tedil, 3 MABITPSIHOI CTOPOHU TTOTOKY — Mep-
1M BapiaHT. TakKuM 4YMHOM, TIpu 00TiKaHHiI PH mig
KYTOM aTaky B Pi3HUX MEPUIiOHATBHUX IIOLIMHAX
¢ = const MOXYTb peasi3oByBaTHCS pi3Hi BapiaHTH
Tedil HABKOJIO MEPEAHbOI KPOMKHU KpMIa-TiABicy.
B mmomuHi ¢ = 0 mepenHst KpoMKa Kpuia-TiiBicy
nepeOyBae y He30ypeHOMY ITOTOLI, 110 Habirae, a 'y
momuHi ¢ = 180° — y 30ypeHOMY.

KapTurHa Teuii Ta 3MiHa mapaMeTpiB OTOKY Y MO-
nepeuyHux repepizax kopnyca PH intoctpyeThes mo-
JISIMU i30JIiHIM TUCKY B LIUX nepepizax. Kpuo-min-
BicC, 1110 Ma€ OiIMI KOJIip Ha pUC. 3, IIOYMHAETHCS HA
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Puc. 4. Tlons i306ap p y nonepeuHux nepepisax: x = 5.4 M (a), x =12.0 m (6)

3pi3i x = 5.0 M i 3aKiHUyeThCs Ha 3pi3i x = 10.4 M. | peaHbOIO KpOMKOIO Kpuja x = 5.4 M (puc. 4, a), B
3MiHM THUCKY y MOTNepeyHux mepepizax juist napa- | KiHii kopriyca PH x = 12.0 m (puc. 4, 6).

MmetpiB M, =6, o = 8° imocTpye puc. 4, Ha IKOMY HagBHicTh KyTa aTaku NpU3BOAUTH 10 ITiIBU-
HaBeJIEHO i30JIiHii TUCKY Ha MepLIOMY KJIMHI 3a Me- | ILIEHHS PiBHS TUCKY Y 00JIacTi, 1110 JIEXKUTb MiX KOp-
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Puc. 5. Po3noainu TMCKy B310BX MoBepxHi koprnyca PH: s
uncen Maxa M =3 (a), M, =6(6), M_ =10 (6) TakyTa
ataku oo = 0: / — noBepxHs Koprnyca PH, 2 — BepxHs no-
BEPXHS KpUJa-IiaBicy, 3 — HUKHS TTOBEPXHS KpUJia-TIiaBicy

nycoM PH Ta HIKHBOIO MOBEpXHEIO KpUJjla-IIiaBicy,
MPUYOMY Ha ITiABITPSIHIN CTOPOHI IIOTOKY 1€ MiABM-
LIEHHS 3HaYHO OiJibllie, HiXX Ha HaBiTpsiHii. Koau-
BaHHS TUCKY Ha TToBepxHi kopiyca PH Ta Ha HIK-
Hili MOBepXHi Kpuia-MiABicy y3roKeHi i moB’si3aHi
3 BiIOUTTSIM CTPUOKIB YILIIIBHEHHS Bill TOBEPXOHb
KopIyca Ta KpuJja-IiaBicy, IpUYoMy 4acToTa KOJIM-
BaHb TUCKY B3[IOBX 1IUX TOBEPXOHb 3MEHIYEThCS 3i
30ibIIEHHAM yucaa M . MakcuMalbHUI piBeHb
TUCKY 3’SIBJIIETHCS Ha MoBepxHi Koprnyca PH y Tux
30HAax, Oe KOCUI CTpUOOK YIIUJIbHEHHS, 110 BUHM-
Kae Oifs mepeaHbol KPOMKM Kpuja-IiaBicy Ha il

10

Pt 2
0.6
0.5
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0.3

—
N

0.2

T
~

10 x, M

Puc. 6. Posnoginm tucky a1 M, = 6, o = 8° B310BX
nosepxHi kopnyca PH (@) Ta ansg HuXHill MOBEpXHi Kpu-
Jla-niasicy (6) y MepuaioHalbHUX momuHax: [ — ¢ = 0,
2— ¢ =180°

HIDKHIM MOBEpPXHi, MOIIala€ Ha TTIOBEPXHIO KOpITyca
PH. Ha puc. 5 HaBeieHO PO3MOiu TUCKY B3I0BX
noBepxHi kopryca PH, HIzKHBOI Ta BepXHBOI MO-
BEpPXOHb KpWJIa-TiJBiCY, 110 OTpUMaHi ISl YKcCell
Maxa M_ =3 (a), M_ =6 (6), M, =10 (6) Ta
KyTa ataku o, = 0. XBWILOBUIA XapaKTep pO3IOIiTy
TUCKY B310BX oci PH moOpe BimoOpaxaroTh JIiHil
1 i 3 Ha puc. 5. PiBeHb THCKY Ha BEpXHili TTOBEpX-
Hi KpuJja-miaBicy (J1iHii 2) 3HaUHO HMXKYMKA. 3MiHU
TUCKY B3IOBX BEPXHBOI MOBEPXHi Kpuja-IliaBicy
3yYMOBJICHI TUIbKM BiIXWJIEHHSIMU TBipHOI MOBEPXHi
Bim oci kopiryca PH i HisIK He TOB’s13aHi 3 XBHJIbO-
BUM XapaKTepoM Teuii Mix rmoBepxHeto koprnyca PH
1 HYDKHBOIO ITOBEPXHEI0 KpUjia-MmiaBicy.
[TOB3MOBXHiI PO3MOAIIM TUCKY IPU HASIBHOCTI
KyTa aTaku oo = 8° 111 M = 6 HaBeeHO Ha puc. 6
Jutst moBepxHi kopryca PH (puc. 6, a) ta mist Hux-
HBOI TTOBEpXHi Kpuia-miasicy (puc. 6, 6) B Mepu-
nioHambHUX TutomMHax ¢ = 0 (miHii 1) i ¢ = 180°
(ninii 2). OTprMMaHi po3MoAiiM TUCKY BUKOPUCTO-
BYIOTbCSl ISl po3paxyHKy AJIX B3aoBxX Koprmyca
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PH. ¥V norouynomy mapiioBomy mepepisi B OKpyXK-
HOMY HAaIpsSIMKY BUKOHYETbCSI iHTerpyBaHHSI CHUIJI i
MOMEHTIB. /lo6aBK1, OTpUMaHi y TOTOYHOMY Map-
LLIOBOMY TIepepisi, AogarThes 10 AJIX, oTpuMaHuX
paniure. ITpu po3paxynky AIX PH 3 kpuiom-1iaBi-
COM BUKOPHUCTOBYETHCSI PO3PaXyHOK aepoaMHaMiu-
HUX CWJI i MOMEHTIB, 11O JifOTh Ha TaKi €JIeMEHTU
noBepxHi PH:

— ocecUMeTpHUYHA IMOoBepxHs Kopmyca PH,

— OCecHUMETpUYHA HIXKHS IIOBEPXHSI KpuJia-
MiaBicy,

— OCecMMeTpMYHa BepXHsI TOBEpPXHs Kpuia-
MmigBicy.

Ckranosi xBuiib0Boro onopy C_ MOB3IOBXHbOI
CWJIY CIPOTUBY, 110 i€ HA HMKHIO Ta BEPXHIO I1O-
BEPXHIO 3agHLOIO KIMHY KpWJIa-MiABiCY MalOTh
pi3Hi 3HakM. Ha HUXHIiil moBepxHi Kpuja-miaBicy
KoediuieHT C_ 30UIbIIYETHCA 3a PaXyHOK 30iIb-
ILIEHHSI TUCKY Ha MepeJIHbOMY KJIMHi, a Ha 3aIHbOMY
KiuHi C_ 3MEHUIYETbCS, TOMY L0 TUCK HA HHOMY
BUILMIL Bt THCKY p, = 0.0446 y moroui, 110 HaGi-
rae. Ha BepxHiil moBepxHi KpuJa-miaBicy Koedi-
uienT C_, 30UIBIIYETHCSA 34 PaXYHOK 30LIbLIEHHS
TMCKY Ha IepeIHbOMY KJIMHI, a Ha 3aIHbOMY KJIMHI
C,, TakoX 30UIbIIYETLCA TOMY, IO TUCK HA HbOMY
HIDKYMi BiI TMCKY p, y moToll, 1o Habirae. Ko-
ediuient C_, g kopnyca PH 36inbmyerbcsa no
3pi3y x = 5, Micjs 4yoro Ha UMIIHAPUYHIN YacTUHI

Tabauys 1. 3navenns koediuienris onopy C_
Aas enementiB PHna M =3,4,6,10npn oo =0

KoediuieHT onopy
M, | Enement PH
va fo de Cx 4

3 | Kopmyc 0.0329 | 0.0490 | 0.1050 | 0.1869

Kpuo 0.6501 | 0.1229 | 0.0000 | 0.7730

PH 3 xpunom 0.9599 |5.136
4 | Kopryc 0.0300 | 0.0441 | 0.0657 | 0.1398

Kpuio 0.6691| 0.1104 | 0.0000 | 0.7794

PH 3 xkpusiom 0.919216.575
6 | Kopmyc 0.0265{0.0373 10.0367 | 0.1005

Kpuo 0.6564 | 0.0931 | 0.0000 | 0.7494

PH 3 xpuiom 0.8499 |8.457
10 | Kopryc 0.0235]0.0297 [0.0154 | 0.0685

Kpuo 0.5237 1 0.0738 | 0.0000 | 0.5975

PH 3 xkpuiom 0.6660 |9.723
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MOBEepXHi He 3MiHIO€EThCA. KoedillieHT XBUILOBOTO
onopy C , nna xomnonysanHs PH 3 kpuinom-miasi-
COM JIOPIBHIOE IXHiii cyMmi.

3HavyeHHsa KoediuieHTiB onopy C_ INOB3I0BX-
HbOI CUIM crpoTuBy s eneMeHTiB PH 3 kxpu-
JIOM-TIigBicOM, 110 Oyau oTpuMaHi ainst M, = 3, 4,
6, 10 mpu o =0, HaBeneHi B a0 1.

Hns koediuieHTiB onopy B Tabj. 1 BUKOpucTaHi
Taki nosHaueHHs: C,, — XBUIbOBHil onop, C . —
omip Teprs, C , — omip Ha JOHHOMY 3pisi, C —
cymapHuii omip, & — 30inbLIeHHs onopy PH 3 kpu-
JIOM-TIiABiCOM BiZHOCHO i30JibOBaHOrO Kopimyca PH.

Kpuio-miaBic mpyu3BOAUTE 10 30UTBIIEHHST KO-
ediuienrta C_ y KilbKa pasiB, MpUYOMYy 3i 3011b-
IIEHHSIM yucsia Maxa 11e 30iJbIIeHHS 3pOCTaE: Ipu
M, =3 —yS5pasiB, npu M_ =4 —y 6 pasis, npu
M_=6 —y 8 pasis, npu M, = 10 — maiixe y 10
pasiB.

HasBHicTb KyTa ataku MNPU3BOIMUTHL JO TOSIBU
HOPMaJIbHOI CWJIM i MOMEHTY TaHTaxy, 110 MilOoTh
Ha enemeHTH PH. XBunboBuii xapakTep po3noaity
TMCKY Ha TIoBepxHi Koprnyca PH i Ha HWXXHIi mo-
BEpXHi Kpuja-MiABicy MPU3BOAUTHL IO XBUJILOBOI'O
pO3IOaLTY KOoe(illieHTiB Cy i C, B3IOBX OCi KOp-
nyca PH.

BICHOBKH

Po3pobsieHO anropuTM MapiioBOrO pPO3pPaxyHKY
Ha/I3BYKOBOTO OOTiKaHHSI paKeTU-HOCIsI 3 KPUIOM-
miaBicoM, B SIKOMY Y IpOLIECi MapIIOBOro po3pa-
XYHKY pO3paxyHKoBa 00JlaCThb HaBKOJIO TepeaHbOL
KPOMKHU Kpujia PO30MBAETHCH Ha JBi PO3paxyHKO-
Bi mimoOiacTi, a TOTiM Ha 3aAHili KpoMIli Kpuia Iii
Migo0JacTi 3HOBY 00 €IHYIOThCSI B OJHY pPO3paxyH-
KOBY o0JjiacTh. Ha 0a3i 1bOro airopuTMy CTBOPEHO
MporpamMHe 3a0e3rnevyeHHs], BUKOPUCTAHHS SIKOTO
JTIO3BOJISIE CYTTEBO 3MEHIIIUTH BUTPATHU Yyacy Ha 00-
YHCJIEHHSI HAI3BYKOBOTO O0TiKaHHS paKeTU-HOCis 3
KPUJIOM-ITiIBICOM 3 TPUIMHSITHOO TSI TPOEKTYBAH-
HsI TOYHICTIO.

HasiBHicTh Kpuia-migBicy MpU3BOAUTL IO XBU-
JILOBOTO XapaKTepy PO3IOAiITY TUCKY B 00JaCTi MixK
noBepxHelo Kopryca PH i HMXXHBOIO ITOBEpXHEIO
KpWJIa-MiABiCY, 110 MOB’S13aHO 3 BiIOUTTSIM CTpUO-
KiB YIIJIbHEHHS Bil OBEPXOHb KOPITyca Ta KpuJia-
MiaBicy, MPUUOMY YacTOTa LIMX KOJMBaHb B3I0BX
kopriyca PH 3MeHIIyeTbes 3i 30ibIIEHHSIM YKcia
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Maxa. locuTb HEOUiKyBaHUI pe3yabTatr IMoJsrae B
TOMY, 1110 3i 301IbIIIEHHSIM KyTa aTaKu PiBeHb TUCKY
Ha MiABITPSIHIA CTOPOHI 00JacCTi, sIKa JIEXKUTbh MixX
KoprycoM PH Ta HUKHBOIO TTOBEpXHEIO KpuJjia-mif-
BiCY, CTa€ 3HAYHO OiJIbIINM, HixXK Ha HABITPSIHIM.

3 pe3yabTaTiB po3paxyHKy BIUIMBY KyTa aTakKu Ha
AJIX pakeTu 3 TOPOMNOAIOHWM KpUJIOM-ITiJIBICOM
MOXHa 3pOOUTH BUCHOBOK, 1110 KPWJIO-MiABIC IIpU-
3BOIMTB 10 30iIbIIeHHS Koediienta C_y neKiibKa
pasiB 3a paXyHOK XBWJILOBOTO OMOPY KpuJja, Ipruyo-
My 3i 30ibIIeHHSIM Yrcaa Maxa BKJaj LbOro Oropy
30inbIyeThes. JogaTku 10 KoedillieHTiB HOpMab-
HOI cuUJu Cy i MoMeHTy TaHraxy C  Ha IOBEpXHi
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FEATURES OF THE MARCH CALCULATION SUPERSONIC FLOWING
OF ALAUNCH VEHICLE WITH A TORI-SHAPED RING-WING

An algorithm has been proposed for the march calculation of supersonic flow around the launch vehicle with a ring wing, which
is equipped with a ramjet engine. The special feature of the developed algorithm is the introduction of two sub-regions in the
computational domain where the ring wing is placed on the body of the launch vehicle. The computational domain is divided
into two sub-regions when the march section hits the leading edge of the ring wing — a lower sub-region, which is located be-
tween the surface of the body of the launch vehicle and the lower surface of the ring wing, and an upper sub-region, which is
placed between the upper on the surface of the ring wing and the front of the head shock wave. When the march section is placed
on the rear edge of the ring wing, the lower and upper sub-regions merge with what appears to be one computational domain.
Based on an algorithm from a previously created program for the flow around launch vehicles, software was designed for the
operational numerical calculation of the supersonic flow around launch vehicles with round or elliptical wings that hug the rock-
et body. The created software allows for a significant reduction in computational time with an accuracy acceptable for design.
The results of numerical calculations of the supersonic flow are presented in the form of isoline fields of gas-dynamic param-
eters in the flow field and pressure distributions on the surfaces of the launch vehicle body and the ring wing for a specific form
of a launch vehicle with a ring wing. It is shown that the use of a ring wing leads to a wave nature of pressure distribution in the
area between the surface of the body of the launch vehicle and the lower surface of the ring wing. As the angle of attack increases,
the pressure in the leeward part of this region exceeds the pressure in the windward part of the field. The distributions of the total
aerodynamic characteristics of forces and moments acting on the considered launch vehicle configuration are given.

Keywords: 1aunch vehicle, ring-wing, ramjet engine, air scoop, supersonic flow, march methods, algorithm, numerical calcula-
tion, flow field, pressure distribution, aerodynamic characteristics.
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ANALYSIS OF PERFORMANCE CHARACTERISTICS OF AEROSPACE SYSTEMS

The paper discusses the solution to the crucial problem of analyzing the performance characteristics of an air-launched aerospace
system (ASS) made in Ukraine as compared with similar foreign ASS. A feasibility study of the parameters of the air-launched
aerospace system for the Ukrainian ASS, consisting of a reusable hypersonic unmanned aerial vehicle and an expendable launch
vehicle, has been carried out. At the same time, two different types of air engines are used as part of a hypersonic unmanned aerial
vehicle: a turbojet engine for takeoff from the runway and a ramjet engine for reaching the required height of hypersonic speed. The
integrated launch vehicle consists of three solid propellant stages connecting to the side. An integrated launch vehicle is placed under
the unmanned aerial vehicle and separates when it reaches a required height and speed. The technical and economic substantiation
of the parameters was carried out according to the criterion of minimizing the costs of the aerospace system, which combines the
costs of the development and operation of the aerospace system and shows the number of launches to achieve a reduction in the cost
of removing the payload to a given indicator. The results obtained made it possible to determine the performance characteristics
of the Ukrainian air-launched aerospace system. The paper presents a comparative analysis of the obtained characteristics. The
comparisons were made in terms of overall performance, aerodynamic performance, flight performance, and cost performance. The
comparison was made with the main analogs: the projects Spiral (USSR), Molot (Russia), GT RASCAL (United States), Sanger-2,
and ELAC (Germany). Based on the comparison of the obtained ASS with existing systems, a rationale was provided for the parameters
of the air-launched aerospace system.

Keywords: Aerospace system, air launch, performance characteristics, unmanned aerial vehicle.

INTRODUCTION not enough information about their parameters in

There is no aerospace system (ASS) currently in op-
eration anywhere in the world. However, the leading
countries of the world are working on projects such as
ASS. As noted in [4], the main counterparts are the
following projects: Spiral (USSR), Molot (Russia),
GT RASCAL (United States), Sénger-2 and ELAC
(Germany). There are other analogues, but there is

open sources. These projects have not been realized
and are currently not operational for physical and
financial reasons. The main reason is the complex-
ity of the proposed solutions and the use of a large
percentage of new technologies that require time-
consuming and expensive development. The ASS
proposed in [5, 6] uses simpler solutions such as an

HuryBanug: Kalynychenko D. S., Manko T. A. Analysis of performance characteristics of aerospace systems. Space Science
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Figure 1. Comparison of LV flight trajectories to LEO and
SSO (/1 — mass for 500-km SSO, 2 — mass for 200-km LEO,
3 — altitude for 500-km SSO, 4 — altitude for 200-km LEO)

expendable launch vehicle, developed based on well-
known and successfully applied technologies, and
two types of engines with separate air intake devices,
which significantly simplifies the ASS development
and operation. It should be noted that priority test-
ing of the air intake device for the ramjet engine has
already been completed [7].

METHODOLOGY

The methodology of the comparative analysis con-
sists in searching for detailed information on similar
projects and comparing it with the obtained charac-
teristics of the Ukrainian ASS. To complete the com-
parative analysis and include information available
on similar ASS, we will conduct a comparative anal-
ysis in the following areas:

1. Basic parameters of the ASS;

2. Design parameters of the UAV (unmanned aer-
ial vehicle);

3. UAV aerodynamic performance;

4. UAV flight parameters;

5. ASS cost performance.

The main objective of the comparative analysis is
to draw conclusions about the positive or negative
differences between the substantiated characteristics
of the Ukrainian ASS and analogous ASS.

SOLVING THE PROBLEM

To compare the basic parameters of the ASS, we will
recalculate the launch vehicle (LV) flight trajectory to

16

2 4 6 M

Figure 2. Comparison of lift-to-drag L/D: a — at an angle of
attack of a =0°, b —at a.=6° (I — ASS, 2— RASCAL, 3 —
Molot, 4 — Sénger-2, 5 — ELAC)

a 200-km high low Earth orbit (LEO), since there is
no information about analogues for a flight to a sun-
synchronous orbit at an altitude of 500 km, and the
payload parameters shown in [6] apply to the SSO
with an altitude of 500 km.

Figure 1 compares the LV flight trajectories to
200-km high LEO and 500-km high SSO. According
to the results of the calculation, the payload mass is
m = 88 kg, the LV launch mass — 3710 kg, and the
ASS launch mass — 22 560 kg.

Table 1 shows a comparison of the basic parame-
ters of the ASS. The comparison results show that the
altitude and velocity at separation closely match the
analogues that have a similar application profile and
range from 30 to 35 km and from 6 to 7 Mach. The
launch thrust-to-weight ratio is sufficiently high and
corresponds to the upper limit of the range of similar
values, i. e. 0.81 within the range from 0.49 to 0.9.
The payload mass and the ASS initial mass, respec-
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Figure 3. Comparison of drag coefficient C, at an angle of
attack of 0 deg (/ — ASS, 2 — RASCAL, 3 — Molot, 4 —
Sénger-2, 5 — ELAC)

Table 1. Comparison of ASS basic parameters

tively, differ significantly, which can be explained by
the miniaturization of the control systems and, con-
sequently, the reduction in the payload requirements.

Table 2 shows a comparison of the UAV design
parameters. According to the Table, the UAV design
parameters are on a par with the analogues, which
proves the correctness of the selected engineering so-
lutions.

A comparison of the UAV aerodynamic character-
istics is shown in Figures 2 and 3. According to the
Figures, the lift-to-drag ratio at an angle of attack of
0° is the highest for the ASS. At an angle of attack
of 6°, the lift-to-drag ratio is on a par with the ana-
logues. The drag coefficient value is the lowest for the

Parameter ASS GT RASCAL [12] Spiral [8] Molot [9] Sanger-2 [11] ELAC [3]
Velocity at stage separation, M 6.4 3.0 6.0 2.0 6.6 7.0
Altitude at stage separation, km 30 67.4 28...30 44 35 30
Launch thrust-to-weight ratio 0.81 1.37 0.61 0.49 0.62 0.90
Payload mass, kg 88 113.4 500 767 3000 7000
Relative payload mass, % 0.390 0.296 0.435 1.002 0.820 1.833
Orbit type circular | transfer. elliptical circular circular circular —
Orbit height, km 200 148x500 130...150 200 — —
Mass (upper stage), kg 3710 6473 63000 6174 112000 107400
ASS launch mass, kg 22560 38350 115000 76516 366000 381800
Table 2. Comparison of UAV design parameters
Parameter ASS GT RASCAL [12] Spiral [8] Molot [9] Sénger-2 [11] ELAC [3]
Upper stage relative mass 0.164 0.169 0.548 0.248 0.306 0.281
Propellant relative mass 0.321 0.294 0.139 0.344 0.268 0.233
Structure relative mass 0.242 0.296 — 0.275 — 0.266
Equipment relative mass 0.042 0.041 — — — 0.018
Engine relative mass 0.230 0.201 — 0.134 — 0.202
Specific loading on the UAV
wing, kgf/m? 453.0 152.9 479.2 661.9 225.5 293.7
Table 3. Comparison of ASS cost performance
Parameter ASS GT RASCAL Pegasus XL Pegasus XL LauncherOne
(2004) [12] (1990) [2] (2015) [2] (2021) [10]
ASS launch cost, million US dollars 2.41 1.25 21 56 12
Payload capability to 200 km LEO, kg 88 113.4 443 443 500
The cost of launching a 1 kg payload into 200 km
LEO, thousand US dollars 27.3 11 47 126 24
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Figure 4. Comparison of UAV flight trajectories

ASS due to additional resistance created by the lower
placement of the LV and the fastening elements and
by the LV itself. However, this provides a significant
advantage from the point of view of guaranteed safe
separation of the UAV and the LV.

Figure 4 shows a comparison of the UAV flight tra-
jectories. The flight trajectory of the SKYLON aero-
space system [1] is also shown here for comparison.
The data presented show that the ASS flight trajec-
tory occurs at lower dynamic pressures, which means
that thermal and aerodynamic loads and, conse-
quently, mass are also lower.

Since data from other projects are not available,
the cost performances can be compared using the
cost parameters of the GT RASCAL project and
existing subsonic ASS. Table 3 shows the cost per-
formance comparison. Based on the comparison re-
sults, it can be seen that the specific cost of launching
1 kg of payload by ASS into LEO is low. The cost of
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AHAJII3 TEXHIKO-EKOHOMIYHUX TTAPAMETPIB ABIAIIIMHO-KOCMIYHUX CUCTEM

PoGoTy npurcBsSiYeHO BaxKIMBIil Ta aKTyaIbHiii 3a1a4i MOPiBHSAILHOTO aHaIi3y XapaKTepUCTUK aBiallillHO-KOCMIUHOI CCTEMU
(AKC) noiTpsiHOro crapty YkpaiHu Ta aHasoriyHux 3akopaoHHuXx AKC. [Ing ykpaincekoi AKC y ckiaai 6aratopazoBo-
ro TiMep3BYKOBOTO OE3MiJIOTHOTO JIiTAJIbHOIO arapaTa Ta OJHOPa30BOi pakeTW KOCMIYHOTO MPU3HAUYEHHS OyJI0 BUKOHAHO
TEXHIKO-€KOHOMiUHe OOTpYHTYBaHHS MapaMeTpiB aBialliiHO-KOCMiIUHOI CUCTeMU MOBITpsiHOTO cTapTy. [1pu uboMy y ckiamdi
rinep3ByKOBOTO OE3IMiJIOTHOTO JiTAJIbHOTO arnapara 3aCTOCOBYIOTLCS IBa Pi3HI TUIIU IBUTYHIB: TYpOOPEAKTUBHUMN IBUTYH ISt
3JIbOTY 3i 3JIITHO-MOCAAKOBOI CMYTH Ta MPSIMOTOYHUI MOBITPSIHO-PEAKTUBHUM ABUTYH JJISI JOCSITHEHHST HEOOXiHOI BUCOTU
Ta Tinep3BYKOBOI IIIBUAKOCTI. PakeTa KOCMIYHOIrO NMpU3HaYeHHS CKJIaJIa€ThCS i3 TPhOX TBEPAOIAJIMBHUX CTYIICHIB, 3’€IHAHUX
MOCJIiI0BHO. PakeTa KOCMIUHOIO MpU3HAYEHHS PO3MILLYETLCS i OE3IMIJIOTHUM JIITAIbHUM arapaToM i BiJOKPEMIIOEThHCS
MPpU TOCSATHEHHI BU3HAYEHOI BUCOTH Ta IIBUAKOCTI. TexHiKO-eKOHOMiuHe OOIpyHTYBaHHS TapaMeTpiB MPOBOIUIOCH 32 KpU-
TepieM MiHiMi3allii BUTpAT Ha aBiallilHO-KOCMiUHY CUCTEMY, 1110 TTOEIHYE BUTPATU HA PO3POOKY Ta EKCIUTyaTallilo aBialliiiHO-
KOCMIUHOI CUCTEMU Ta MOKA3y€ KiJIbKiCTh 3aITyCKiB, HEOOXiTHUX IS 3HUKEHHSI BAPTOCTi BUBEAEHHSI KOPUCHOTO BAaHTAXYy 10
3aJIaHOTO TTOKa3HUKa. OTpuUMaHi pe3ybTaTh T03BOJUIM BU3HAYMTH TEXHIYHI Ta €KOHOMIiUHi TTapaMeTpH YKpaiHChKOI aBia-
LIHO-KOCMIUHOI CUCTEMHU MOBITPSIHOTO cTapTy. HaBeneHo MOpPiBHSJIbHUI aHali3 OTpMMaHUX XapaKTepUCTHUK i3 XapakTe-
pucTukamu BigoMux aHajnoris: «Cripanab» (CPCP), «Mogot» (pd), GT RASCAL (CILA), Sanger-2 Ta ELAC (HimeuuuHa).
[TopiBHSTHHST TPOBOIMIIOCH 3a 3araJIbHUMU, a6POIANHAMIYHUMU, JIBOTHO-TEXHIYHUMHU Ta EKOHOMIYHUMHU XapaKTePUCTUKAMU.
3a pesysraTaMu OPiBHIHB OOTPYHTOBAHO Ha0ip TapaMeTpiB aBiallifHO-KOCMIYHOT CUCTEMHU TTOBITPSTHOTO CTapPTY.

Karouoei caosa: ABialliiiHo-KoCcMiuHa cucTeMa, MOBITPSIHUI CTapT, TEXHIKO-€KOHOMIUHI ITapaMeTpU, Oe3IMIJIOTHUI JTiTaIbHUMI
amapar.
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AERODYNAMIC CALCULATION
OF THE ULTRALIGHT SUBORBITAL ROCKET K110 SU

Calculation of aerodynamic characteristics of aircraft is an important stage in solving the tasks of their design and refinement.
Aerodynamic computations are required to determine the optimal aerodynamic shape, conduct ballistic computations, develop the
control system, strength calculations, and solutions for other tasks arising in the design of aircraft. In this study, the aerodynamic
characteristics of suborbital rocket K110 SU were analyzed using the method of three-dimensional Navier-Stokes equations averaged
according to Reynolds. For closing up the system of equations, the SST k-w model of turbulence was chosen. A numerical solution of
the Navier-Stokes equation was obtained with the help of the control volume method. In calculations, the method of the 2nd order of
approximation in spatial variables was used. Verification of this method was done by comparison of the obtained computational results
with known experimental data. For the developed structural and compositional layout of the rocket, the dependence of the frontal drag
on the Mach number and roughness of the surface was investigated. Peculiarities of the structure of the flow with consideration of the
shape of the fairing and aerospike were determined, and their influence on the aerodynamics of the vehicle was analyzed. Dependences
of aerodynamic properties on the velocity of flight at subsonic, transonic, and supersonic modes of the airflow were obtained. Based
on the obtained results, recommendations for the choice of geometric parameters of ultralight suborbital rockets were developed from
the point of view of minimization of the head drag factor during the flight on a given trajectory within the determined range of Mach
numbers. The obtained results can be used in designing new and improving existing samples of ultralight suborbital rockets.

Keywords: aerodynamics, computational fluid dynamics, numeric methods, aerodynamic coefficients, suborbital rocket.

Introduction. Calculation of the aerodynamic char-
acteristics of flying vehicles is an important stage in
the process of their design and refinement. Aerody-
namic computations are necessary for determining
the optimal aerodynamic shape of the rocket, car-
rying out ballistic computations, the development of

the control system, strength calculations, and solv-
ing other tasks arising in the design of flying vehicles.
Besides, each rocket has its peculiarities and moves
on its own flight trajectory and, therefore, requires its
own aerodynamic computations. Numerical meth-
ods based on the Navier-Stokes equations are often
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used to determine aerodynamic properties, along
with experimental studies in wind tunnels.

For suborbital rockets, the share of energy losses
due to head aerodynamic drag is higher compared to
conventional launch vehicles. This is because tradi-
tional launch vehicles have a much larger liftoff mass
necessary to obtain the velocities required to reach
orbits. Besides, we should note that most of the tra-
jectory of suborbital rockets lies in the dense layers of
the atmosphere.

Thus, in designing suborbital rockets, acrodyna-
mic issues should be given special attention.

At Noosphere Space Lab Engineering School, since
2018, works on the development of a Ukrainian family
of ultralight suborbital rockets have been carried out
[4, 7—9]. One such project is the design of the K110
SU ultralight suborbital rocket. This rocket is designed
to reach an apogee of over 10 km and will be used to
test an advanced control system in the future.

The purpose of this work is to develop a method
for determining the aerodynamic characteristics of
suborbital rockets on the example of K110 SU.

Physical formulation of the problem. A one-stage
suborbital rocket, from the aerodynamic viewpoint,
is a body of revolution with large elongation. The
aerodynamic flow, in which a body of revolution
moves, can be considered as a sum of two flows: lon-
gitudinal and transversal. For suborbital rockets, a
typical flight is one with small angles of attack; there-
fore, the airflow is predominantly determined by the
longitudinal direction of the flow.

At a zero angle of attack, for bodies with circular
cross-sections, a peculiarity of the structure of the
flow around the object is the change of thickness
and state of the borderline layer of the flow along the
surface of the object. The thickness of the borderline
layer tends to increase along the body, and its state
tends to transit from laminar to turbulent.

The aerodynamic characteristics of the rocket
bodies depend on their geometric parameters and the
conditions and modes of the flow along them. In the
process of designing the rocket bodies, it is necessary
to ensure the lowest aerodynamic drag and to mini-
mize the harmful interference with the aerodynamic
stabilizers.

The drag experienced by the rocket bodies de-
pends on a number of aerodynamic and geometric

parameters. Geometric parameters include, first of
all, the outer shape of the rocket body, and the na-
ture of processing of the surface of the streamlined
body. Aerodynamic parameters include the Reynolds
number Re and the Mach number M_, and also the
angle of attack a. Analysis of the resistance of bod-
ies of rotation is done by separate segments — nose,
central (which is usually cylindrical), and stern parts.

At small subsonic velocities, the head drag coef-
ficient almost does not depend on M_ numbers and
rather strongly depends on the angles of attack. With
the increase of M_ numbers, the drag increases due
to the appearance of wave resistance, which is related
to the formation of local supersonic zones and com-
pression shocks. The smoothness of the contour and
increase of elongation of the nose part knp decreases
depression on the larger part of its surface.

The nose part of the rocket body substantially in-
fluences the overall aerodynamic characteristics of
the rocket. The simplest form of an axial-symmetric
body is a combination of the nose part in the shape of
a cone, an ogive, or more complicated solids of rota-
tion with a cylindrical part behind it. In the area of
the nose part and its transition into the cylinder, the
most significant changes in the distribution of pres-
sure are observed, which are influenced by the vis-
cosity and compressibility of the gas; therefore, their
consideration is of particular interest.

In turn, the drag of the nose parts strongly depends
on their elongation and, at a given elongation, on
their outlining shape.

One of the methods for reducing the aerodynamic
drag at the nose parts of the rockets is the use of aero-
spikes. Aerospikes are effective predominantly in the
range of supersonic speeds. Their presence shifts the
location of the shockwave formed by a forward-mov-
ing flying vehicle in such a way that the shockwave
does not touch the nose part of the vehicle. There
are examples of the use of such structural elements
on some American ballistic missiles and Soviet man-
portable surface-to-air missile 9K38 Igla.

Losses in the speed of suborbital rockets due to
aerodynamic drag can be significantly influenced
by the roughness parameter, which quantitatively
represents the nature of the streamlining surface. To
estimate the influence of roughness, equivalent equi-
granular roughness is used, as the actual roughness
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Figure 1. Design and composition diagram of the K110 SU rocket: 7 — aerospike, 2 — aerodynamic fairing, 3 — onboard elec-
tronic equipment bay, 4 — control system bay, 5 — parachute bay, 6 — solid propellant rocket motor

can vary in nature, density, and shape of irregulari-
ties. The size of the granules of roughness is chosen
such that the created drag is equal to the drag created
by the surface with the actual roughness.

This work considers the influence on the nature
of airflow around the K110 SU ultralight suborbital
rocket of such factors as:

* shape and elongation of the nose section;

 presence of the aerospike;

* roughness of the surface of the external contours
of the rocket.

The geometry of the K110 SU rocket in its initial
variant is shown in Figure 1. A preliminary ballistic
calculation yielded the estimated flight and technical
characteristics provided in Table 1.

Mathematical formulation of the problem. Calcula-
tions of the external incidence airflow were done for
the subsonic, transonic, and supersonic flow with the

Table 1. Indicative flight and technical data

of the K110 SU rocket
Characteristic Value

Apogee altitude, m 12650
Maximum velocity, m/s, (Mach) 932 (2.864)
Maximum g-force, units of g 23.27
Time to the apogee, s 43
Time of operation of the engine, s 8
Altitude at the end of the boost path, m 4410
Total mass, kg 19.136
Dry mass, kg 9.469
Diameter, m 0.11
Full length, m 2.199
Elongation, units 20
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use of Navier-Stokes equations averaged according
to Reynolds. The governing equations can be written
in a three-dimensional form as [1, 3, 10]:

‘Z‘Z+v-(§ﬁ)=0, @
6(§£ﬁ)+v.(ﬁw):_gi+v-a, @)
é‘(;@)w.(@ozj):_gﬁw-@, 3)
6(2;@)+V.(,5m):_21;+v@, o)

@W.(ﬁw):q_v.(w)w-(ﬂ?), (5)

where u, v, w are components of the vector of velocity
inx, y, and z directions; p, p are density and pressure,
other designations are commonly accepted. Here,
density is modeled by the state equation of ideal gas.
Shear stress is modeled by Stokes’ hypothesis. And
viscosity is modeled by Sutherland’s law. Noted the
hat “[J” in the equations denotes that the corre-
sponding variable has dimension, whereas symbols
without the hats in this paper denote dimensionless
parameters.

For closing the system of specified equations (1)—
(5), the turbulence model SST k-w was chosen. A
numerical solution of the Navier-Stokes equations
was obtained with the help of the control volume
method. In computations, methods of the second or-
der of approximation of spatial variables were used.

The proposed model of the computational area is
a combined ellipsoid (Figure 2). The use of this geo-
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metric shape permits a reduction of the number of
nodes for further building of the computational mesh.
Inside the ellipsoid, the geometric model of the K110
SU suborbital rocket is placed in accordance with its
above-described geometry.

An unstructured computational mesh, a structure
formed by polyhedral cells, was used (Figure 3). This
made it possible to reduce the total number of cells
compared to the tetrahedron or hybrid meshes. The
use of polyhedral cells helped to increase the accu-
racy of the solution and improve convergence of the
computational process in comparison with the trian-
gular mesh, which resulted in shortening the time of
computation.

The computational mesh was condensed around
the surface of the object in the airflow to ensure that
the minimal step of the near-wall mesh satisfied the
condition y* <1, where y" is the dimensionless
thickness of the viscous sublayer

y+ — u‘rAyl N (6)
v

u = [Tw.
p

— is the friction velocity,

where

C,pU}’
T, = (M
is the wall shear stress,
0.058
=R ®

is the skin friction coefficient, U_ is the velocity of
incoming flow, Ay, is the absolute distance from the
wall, v is the kinematic viscosity [2, 5].

Results and discussions. Verification of the chosen
computing model and mesh convergence study of the
solution. In this work, for evaluation of the obtained
results of numerical calculations, an analysis of the
mesh convergence was performed to confirm the
sufficiency of the selected dimensions of the finite
element mesh. The dependence of the drag coef-
ficient on the number of elements was investigated
(Figure 4). The corresponding calculations were car-
ried out for M_ = 0.8, which matches the transonic
flow mode characterized by the greatest complexity
of aerodynamic processes. The results showed a per-
centage decrease in the value of the drag coefficient
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Figure 2. Spatial model of the area of calculation

Figure 3. Computational mesh

with an increase in the number of elements of the
finite element mesh. In particular, for the number
of elements more than 3.5 million, a level of conver-
gence is observed, which is expressed in the percent-
age deviation of the drag coefficient at the level of
ACp<0.3 % (Figure 4, b).

To verify the chosen computational model, ex-
perimental studies were conducted on the drag co-
efficients of the nose parts of conical and ogive
shapes (including hemisphere as a particular case
of the ogive) at zero angle of attack [6]. Experi-
ments in wind tunnels were carried out at subsonic
(from M = 0.6) and supersonic (up to M, = 4)
speeds. The range of the Reynolds numbers was Re =
= 6.65-10°...19.5-10°. Behind the nose parts, the cy-
lindrical part with elongation of A ,=L /D=7
was placed. Experimental data were obtained for the
following elongations of conical and ogive nose parts
(NP) %, =L, /D=[2.57,154,1.07 ] and the ogive
NP in the shape of a hemisphere with elongation
A, p= 0.5.
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Figure 4. Evaluation of the mesh convergence depending on the number of elements of the the finite element mesh: a — C, =

=fIN); b — AC, =f(N)
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Table 2. Parameters of nose parts [8]

A, = 1.54

np

A, = 0.5

np

by = 1.07

Elongation of the NP (except the hemisphere) was
chosen so that the contours of the cones were fully
inscribed into corresponding ogives (Figure 5). Pa-
rameters of the nose parts are shown in Table 2.

Calculations according to the proposed compu-
tational model based on the CFD analysis preserved
correspondence with the data obtained in real exper-
iments in the Reynolds numbers criterion and geom-
etry of the studied objects. Calculations were done
in the range of Mach numbers exceeding those ob-
tained in real experiments: M_ = 0.4...5. As a result,
the dependences of the nose drag coefficient at zero
angle of attack on the Mach number were obtained:
C,=f (Mw ) , which were compared with the data of
real experiments, as shown in Figure 6 and Figure 7.

As the obtained data demonstrate, the proposed
method based on CFD analysis provides a sufficiently
high level of matching the results with experimental
data. The largest deviation for solids of rotation with
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<« Figure 5. Considered shapes of nose parts

conical nose parts is observed in the zone of transonic
velocities and does not exceed 20 %.

The value of the drag of the nose parts increases
with the increase of the M number, at which the at-
tachment of the main shockwave occurs. With a fur-
ther increase of M_, the drag decreases monotonical-
ly due to the rising slope of the attached shockwave
and the decrease in energy loss in it. This statement is
not extended to the nose part in the shape of a hemi-
sphere, where attachment of the shockwave does not
occur (Knp = 0.5, Figure 7).

Given an equal elongation, the nose part of the
conical shape has a sharper tip than the ogive one.
Because of this, with the ogive part, attachment of the
head shockwave occurs at higher values of M_, caus-
ing the maximum of the dependence ¢, = f (Mw)
to shift to the higher values of M_. The drag with the
ogive nose part is lower than the conical one. This dif-
ference in drag is especially large with the nose parts
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Figure 6. Dependence C), = f{M_) for a conical nose part of
various elongations
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Figure 7. Dependence C, = f{M,) for an ogive nose part
of various elongation (2.57, 1.54, 1.07, 0.5; lines — CFD
analysis, symbols — experimental data)

of small elongation in the area of transonic speeds.
An explanation of a lower frontal drag of ogive nose
parts can be as follows. A higher value of pressure ap-
plied at the initial area of the nose (the angle at the tip
is less acute) is spread over a smaller surface area, and
lower pressure applied to the rest of the ogive (with a
more acute angle relative to the incidence flow than
in a cone) is spread over a larger area. For M_ num-
bers, at which attachment of the head shockwave
occurs, the difference of drag between conical and
ogival shapes gradually reduces. This occurs because,
at transonic and low supersonic speeds, the pressure
at the tip is highest and gradually decreases along the
rest of the contour.

Also, with the purpose of verification of the com-
putational model, peculiarities of the structure of
flow were analyzed in the combination of the conical
and cylindrical parts at M = 1.84 (Figure 8, a) and
the combination of the ogival and cylindrical parts
at M_ = 2.58 (Figure 9, a). The structure of flow for
the mentioned cases was compared with experimen-

Figure 8. Structure of flow around a cone combined with a
cylinder at M = 1.84: a — CFD analysis, b — experiment
(Schlieren photography [9])

Figure 9. Flow structure around ogive-cylinder combination
at M = 2.58: a — CFD analysis, b — experiment (Schlieren
photography [9])
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Figure 10. Formation of local supersonic zones in the flow around objects with different shapes of the nose part at M_ = 0.9:
a — for the hemispheric NP, » — for a conic NP at an= 3, ¢ — for an ogival NP at knp= 3

tal data in the form of shadow images obtained with
Schlieren photography [11] (Figure 8, b and 9, b, re-
spectively). Figure 8 shows the wave structure of the
formation of the compression shocks at the joining of
the conic and cylindric parts. The development of a
near-wall layer of a similar thickness is observed. The
compression shock can be characterized as attached;
the angles of the Mach cone coincide. At the bot-
tom cross-section, a couple of oblique compression
shocks form. Figure 9 shows the absence of a com-
pression shock at the junction between the ogival and
cylindrical parts. An increase in the boundary layer
thickness is observed along the cylindrical part.
Influence of the shape of the nose part on the fron-
tal drag coefficient. Since this work aims to study the
aerodynamic characteristics of the K110 SU ultra-
light suborbital rocket with an apogee height of about
10 km, further studies were performed for conditions

0.8
0.6

0.4
0.2

1 2 3 4 M,

Figure 11. Dependence Cp, = f{iM_) for an ogive nose part of
different elongation (3.0, 1.54, 1.07, 0.5): solid lines — with
aerospike, dashed lines — without the aerospike
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characterized by dense layers of the atmosphere.
Let’s consider images of flow around the nose part of
various shapes for the K110 SU rocket.

As shown in Figures 6 and 7, a sharp increase in
the frontal drag coefficient of objects with hemi-
spheric and conic nose parts is observed at M ~ 0.7.
At the same time, for an object with an ogival nose
part of large elongation, the wave drag appears at
high subsonic speeds M_ > 0.9. Its increase occurs
less steeply in comparison with conic nose parts of
similar elongation. The process of formation of su-
personic areas and compression shocks forming be-
hind them is shown in Figure 10.

In a combination of a conical nose part with a cyl-
inder at the place of their joining, a local increase in
flow speed is observed with the formation of a spike
of depression. In general transonic flow modes, local
supersonic speeds are achieved in these areas, cre-
ating a supersonic zone with a straight compression
shock locking it. These circumstances create prereq-
uisites for the separation of the boundary layer.

At high subsonic speeds, flow separation occurs
from the ridge of the contour. At that, initially, a lo-
cal supersonic zone does not form, but as the speed
increases, it becomes more pronounced. With the
increase in speed, the supersonic zone expands with
the weakening of the closing compression shock,
and the zone of separation moves down the flow.
At speeds exceeding the speed of sound, supersonic
flow around the object sets in, with no flow separa-
tion.
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Figure 12. Image of the flow around ogive nose parts of different elongation (knp=3.0,
1.54,1.07, 0.5): a — with aerospike, b — without the aerospike
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Figure 13. Dependence C, = f{iM) for the K110 SU rocket
with an ogive nose part for different heights of surface
roughness

Behind the place of transition of the conical part
into the cylinder, the pressure quickly equalizes,
tending to the level of pressure in undisturbed flow.
At M > 2, pressure at the rear part abruptly transits
to the pressure on the cylindrical part.

The nature of pressure distribution along the object
with a hemispheric nose part, just like for a combina-
tion of cone and cylinder, has a peak of low pressure
at the place of joining of the nose part with the cy-
lindrical part, with abrupt gradients at the beginning
of the cylindrical part. These circumstances can also
cause separation of the flow at high subsonic speeds.

In smoother nose parts with greater elongation,
the nature of flow around the object changes substan-
tially. Large pressure gradients are absent in this case,
and peaks of depression reduce substantially. There-
fore, for such objects, separation of the flow does not
occur.

Influence of the aerospike on the frontal drag coef-
ficient of the K110 SU rocket. For estimation of the
influence of the presence of an aerospike on the head
drag coefficient of the K110 SU rocket, a combina-
tion of cylindrical and ogive parts was chosen (Fig-
ure 12). The diameter of the acrospike was 11 mm,
and its total length was 143 mm. On a real rocket,
this aerospike is an air velocity sensor (Pitot-Prandtl
tube), which can be used as the main or additional el-
ement of the control system. Ogive nose parts of dif-
ferent elongations were considered knp =3,1.54,1.07.
The obtained results are shown in Figure 11. As can
be seen, the mounted aerospike shows its effective-
ness, which manifests in the reduction of the fron-
tal drag coefficient only in the zone of supersonic
speeds. At M < 1, the presence of an aerospike re-
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sults in an extremely small increase in aerodynamic
drag due to the heightened friction drag from the in-
creased surface in the flow. Analysis of Figures 11, 12
brings to a conclusion that reduction of the frontal
drag coefficient occurs due to two factors: the forma-
tion of a separated shockwave at the tip of the aero-
spike and the development of zones of recirculation
flow around the place of attachment of the aerospike
to the nose part.

For ogive nose parts of small elongation, the
formed recirculation zone, in which the speed of flow
is much lower than M_, acts as an additional compo-
nent of the nose part as if it “sticks” to the solid wall.
Owing to this, such a nose part represents a profile
of a more streamlined shape. The reduction of effec-
tiveness of aerospikes with the increase of elongation
of ogive nose parts (knp =3.0,2.54, Figure 12) is be-
cause they, on their own, are bodies of more stream-
lined shape. This is why the formation of the zone of
recirculation flow does not occur here. From this, it
follows that the use of acrospikes for the reduction of
the frontal drag for objects with the elongation of the
nose parts A, » > 2.0 is not justified. At the same time,
mounting of aerospikes that can accomplish addi-
tional functions (e.g., as an airspeed sensor) practi-
cally does not change the strength of the frontal drag.

Influence of roughness of the surface on the fron-
tal drag coefficient of the K110 SU rocket. The in-
fluence of roughness was studied for the variant of
the K110 SU suborbital rocket with an ogive nose
part with Knp = 3 and an attached aerospike. The
height of the equal-grain roughness 4 was varied
from 0 to 0.1 mm and was set over the entire sur-
face of the rocket except the aerospike, the surface
of which was assumed to be absolutely smooth. The
obtained results (Figure 13) show that the rough-
ness factor substantially influences the magnitude
of the frontal drag of a streamlined object. This in-
fluence manifests especially strongly in the zone of
subsonic speeds, where the increase of the frontal
drag coefficient at the height of roughness of & =
0.1 mm is over 30 %. On the contrary, roughness’s
influence on the rocket’s aerodynamic properties
substantially decreases at supersonic flow with the
increase of the Mach number. In general, increasing
roughness nonlinearly influences frontal drag while
the increment of the frontal drag reduces.
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Scientific novelty. With the help of the developed
method, for the K110 SU ultralight suborbital rocket,
the influence of the shape of the nose part, the pres-
ence of an aerospike, and the roughness of the sur-
face on its aerodynamic properties were studied. This
makes it possible to obtain optimal combinations of
these factors from the point of view of achieving the
maximal altitude of the apogee and/or the mass of
the payload.

Conclusions. A method of determination of aero-
dynamic properties of suborbital rockets based on the
CFD was developed.

The proposed method was verified by compar-
ing the calculation results with known experimental
data. Deviations from the real experimental data do
not exceed 20 %.

The nature of flow for nose parts of different
shapes was analyzed. The lowest aerodynamic drag
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AEPOJMHAMIYHUW PO3PAXYHOK HAJUIETKOT CYBOPBITAJIbHOI PAKETH K110 CY

Po3paxyHok aepoarHaMiyHUX XapaKTEPUCTUK JITAJbHUX arapaTiB € BaXXKJIMBUM €TAllOM IMPU BUPIlLIEHHI 3aBAaHb iXHbOTO
MPOEKTYBAHHS Ta BiAMpaIloBaHHS. AepOANHAMIYHI pO3paxXyHKU HEOOXiMHi 1T BUBHAYEHHS ONITUMAIBHOI aepOANHAMIUYHOT
¢dopmu, MpoBeAeHHS 0aTiCTUYHNX PO3PaXyHKiB, PO3POOKM CUCTEM KepyBaHHSI, PO3paxXyHKiB Ha MIillHiCTh Ta BUPILIIEHHS iH-
ILIUX 3a7a4, 1110 BUHUKAIOTh MPU MPOEKTYBAHHI JTiTAIbHUX anapatiB. Y poOoTi TOCTiIKEeHHS aepOAMHAMIUHUX XapaKTePUCTUK
cybopbitanbHOI pakeTn Haierkoro kiacy K110 CY BUKOHaHO Ha OCHOBI METOAMKH i3 3aCTOCYBaHHSIM TPUBUMIPHUX Yyce-
penHeHux 3a PeitHonbacom piBHsiHb Hap’e — Crokca. [1pu 3aMuKaHHi cucTeMU piBHSIHb 00paHO MOJENb TypOYyJIeHTHOCTI
SST k-®. YucenvHe po3s’s3anHs piBHSAHb HaB’e — CrTokca OTpUMaHO 3a TOTIOMOTOI0 KOHTPOJIBHO-00’€MHOTO MeTomy. Y
pO3paxyHKax BUKOPUCTAHO METOMIU, 110 MAIOTh APYTHil MOPSIIOK allpoKCHMallii 3a MPOCTOPOBUMHM 3MiHHUMMU. Bepudikariito
METOJMKHM BUKOHAHO LUTSIXOM MOPiBHSIHHS OTPUMAaHUX PO3PAaXyHKOBUX PE3yJIbTaTiB i3 BIIOMUMU eKCIIEPUMEHTATbHUMM J1a-
HUMU. /1151 po3p0o061eHOI KOHCTPYKTUBHO-KOMITOHYBAJIbHOI CXeMU paKeTH AOCIIIIKEHO 3aJIeKHICTh JIOOOBOTO OTOPY Bill Yuc-
Jla Maxa Ta 110pCTKOCTi MoBepxHi. Bu3HaueHO 0co0IMBOCTI CTPYKTYpHU Teuii 3 BpaxyBaHHSIM (hOpMU TOJIOBHOTO OOTiYHMKA Ta
aepoIMHAMIYHOI TOJIKU, NTPOaHaTi30BaHO IXHill BIUIMB HA aepOAMHAMIKY JliTaJlbHOrO anapara. OTpMMaHO 3aJIeXXHOCTI aepo-
MWHAMIYHUX XapaKTepUCTUK BiJl IIBUAKOCTI TOJBOTY Ha TO3BYKOBOMY, TPAaHC3BYKOBOMY Ta HA/I3BYKOBOMY pexKMMax OOTiKaH-
Hs1. Ha OCHOBi oTprMaHUX pe3ynbTaTiB po3po0IeHO peKOMEHIallil 111010 BUOOPY ONTUMAaJIbHUX TEOMETPUYHMX MTapaMeTpiB
cy0opOiTaIbHOT paKeTH HAJIETKOTO KJIacy 3 TOYKM 30pY MiHimizallii KoedilieHTa 1000BOro onopy mpu IMojboTi M0 3alaHiit
Tpa€eKTOpii y BU3HAUEHOMY Jiana3oHi yuces Maxa. OTpruMaHi 1aHi MOXYTh OyTUM BUKOPUCTaHi MpU MPOEKTYBAaHHI HOBUX Ta
BJIOCKOHAaJICHHI HasiBHUX 3pa3KiB cyOOpOiTaIbHUX PaKeT HaIJIerkoro Kjiacy.

Karouoei caosa: acponrHaMika, 00YMCTIOBaIbHA TiIpOAMHAMIKA, YMCEbHI METOIU, acpOAMHAMIUHI KoedillieHTH, cyoopoi-
TaJbHa pakeTa.
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ASSESSMENT OF THE POSSIBILITY
OF INTRODUCING A SOLID PROPELLANT ACCELERATOR P230
OF THE ARIANE 5 ROCKET AS A HELMHOLTZ RESONATOR

The problem of harmful resonant pressure fluctuations in solid-propellant accelerators during the initial acceleration of the Ariane 5
space system is considered. An assumption was made regarding the connection of these fluctuations with changes in the geometric
characteristics of the P230 accelerators due to the formation of cavities in them according to the burnout regimes filled with solid rocket
propellant combustion products. The volumes of cavities formed during propellant combustion were calculated. The engine scheme that
arose after the first part of the charge burned out is considered. It is obvious that the shape of the cavity can be approximated by the
Helmholtz resonator model. It is also taken into account that the gradual heating of the upper layers of solid propellant and the associ-
ated changes in the wave resistance of the propellant play a role in the appearance of pressure pulsations in the combustion chamber
(CC) of a rocket engine. This leads to the rise of resonant phenomena in the formed cavities. As a result of considering various resonator
systems, the Helmholtz resonator model, which is most suitable for the computational explanation of pressure pulsations, was chosen
to describe the physical model of resonance phenomena. Calculations using this model yielded the same frequency as in the results of
measurements during the flight operation of the Ariane 5 space system. Next, the direction for solving the problem of reducing resonant
oscillations in the combustion chamber is proposed.

Keywords: pressure, nozzle, wave resistance, pulsations, resonance, frequency.
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Introduction. The existing problem is the occurrence
of low-frequency pulsation pressure with the first-
frequency mode from 20.0 to 22.0 Hz in the com-
bustion chamber (CC) solid-propellant accelera-
tors P230 of the Arian 5 rocket still does not find a
calculated explanation [3]. Attempts to explain the
cause of pressure pulsations by the flow of gas flow
through an obstacle — the inner edge of the ring — of
the thermal inhibitor in the combustion chamber did
not give clear explanations [1]. In the thesis of Ausa
Sekis [2], the physical principle of operation of a sol-
id-propellant engine is characterized as based on the
occurrence of oscillations in the Helmholtz resona-
tor. But this characteristic is given declaratively.

Discussion of the problem. It is known [4] that at
relatively low frequencies of pressure pulsations (up
to 25 Hz), the law of the burning rate of solid rock-
et propellant (SRP) is written as U(P)=U1 -PY,
where P is the pressure in the combustion cham-
ber, U, is the preexponential, and v < 1.0 is the
degree indicator. Despite this, it is possible to ac-
cept the law of the burning rate as quasistationary.
Pressure pulsations during flight overloads lead to
peeling of the heat-protective coating of the solid
propellant rocket engine and are transmitted to the
liquid components of the propellant in the tanks of
the first stage of the Ariane 5 rocket, which flies in
a package with two boosters [11]. Pulsating fluctua-
tions of the liquid propellant lead to unstable power
supply through the pipelines of the turbopump unit
of the liquid rocket engine, and further to its unsta-
ble operation and pulsations of thrust and specific
impulse. Therefore, the explanation of the oscil-
lation excitation mechanism in this case does not
raise doubts.

The purpose of the actual work is to develop a
methodology that will make it possible to evaluate
the presentation of the solid-propellant accelerator
P230 of the Ariane 5 rocket as a Helmholtz resona-
tor, to explain the occurrence of oscillations of a cer-
tain frequency and to develop measures to eliminate
unstable engine operation. At the same time, the fol-
lowing tasks are solved:

* to consider the existing models describing
the occurrence of oscillations of the P230 solid-
propellant accelerator of the Ariane 5 rocket, identify
the positive and negative sides of these methods;
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* toproposeanew physical model ofthe occurrence
of oscillations based on the representation of cavities
in the P230 accelerator by resonators;

* to propose a calculation model for determining
the frequency range of oscillations based on the idea
that the hollows formed during propellant burnout
are approximated by a Helmholtz resonator.

The physical picture of charge burnout. It is known
from [5, 13] that after the start, the thrust of the P230
accelerator increases from 540 tons at sea level to ap-
proximately 670 tons after 20 seconds of flight. Bet-
ween 30 and 40 seconds, the upper segment of the solid
propellant charge, divided lengthwise into 3 unequal
parts by thermal inhibitors, completely burns out. This
segment differs from the other two in the shape of the
charge channel. This is a 15-ray star instead of the
round channel of the others. Accordingly, the burn-
ing surface area of the first segment is larger, and the
burning time is shorter. In addition, the first segment
is only 3.5 meters long with a total charge length of
24.7 m [5, 13]. After the first segment burns out, the
thrust of the accelerator decreases to approximately
400 tons and then returns to the level of 600 tons by
the 110th second of flight. At this time, the pressure in
the combustion chamber increases from 40 to 50 atm.
At the place of the first segment of the charge, a void
appears, filled only by gases of combustion products
of SRP. The internal diameter of the circuit breaker
housing is 3.05 m. In the other two segments of the
charge with a circular channel, the solid propellant
burns out at a speed of 7.4 mm/s.

Determination of the resonance amplitude based
on the Helmholtz resonator model. After 60 seconds
of flight, pressure pulsations occur in the combus-
tion chamberwith the first oscillation frequency mode
of 20.0...22.0 Hz and the second oscillation mode of
40.0...44.0 Hz. The amplitude of oscillations is rapidly
increasing (see Figure 1) [3]. The moment of increase
in amplitude is obviously due to the heating of the up-
per layers of solid rocket propellant. Such a process is
known, for example, under the action of infrared ra-
diation [9]. As the temperature of the SRP increases,
the speed of sound in it slows down, and the wave re-
sistance decreases. This, in turn, leads to a decrease
in the frequency of pressure pulsations under condi-
tions of a general increase in pressure in the combus-
tion chamber. This is evidenced by the peeling of the
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Figure 1. Dependence of the amplitude of pressure fluctuations on the flight time [3]

thermal protective coating (TPC). The speed of sound
is related to wave resistance by the formula

Z=pCppp (1
where Z is wave resistance, kg/(m2s), p = 1770 kg/m3 —
density of solid rocket fuel [13], C cep speed of
sound in the environment — in this case SRP, m/s
[10].

The oscillating speed of propellant particles at the
boundary with the heat-shielding coating depends on
the wave resistance

E= AP/p-C )
where the denominator is determined by formula (1),
AP — pressure pulsations are equal to 0.025 MPa in
the CC [3], £ — is the oscillating speed of the me-
dium particles.

For approximately similar solid rocket propel-
lants, C,,, ~ 41 m/s, then Z = 72570 kg/m’s. At
AP = 0.025-10° Pa, &= 0.3425 m/s. This speed at a
frequency of f= 20.0 Hz and the resonance frequen-
cy Q = f/2n — 125 rad/s corresponds to the ampli-
tude of oscillations according to version [§]

E=&/Q=0.027m.
Let’s look at the engine scheme formed after the

cep ?

first part of the series burned out. We can see the
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formation of resonators from the new dimensions of
the hollow volumes. It can also be seen that the cavity
has changed in shape so that it can be approximated
by the Helmholtz resonator model. Then, you can
use known relations from acoustics to determine the
natural frequency of oscillations f[6, 8—10, 12]. We
calculate fas follows [7]

vAZPO
mVO’

where v ~ 1.5 is the adiabatic index of diatomic gas-
es of SRP combustion products, 4 = 0.63585 m? —
the area of the critical section of the nozzle, m =
= 102.258 kg — mass of gases of combustion prod-
ucts in the nozzle, P, = 4.8 106 Pa — pressure in the
hollow at the time of pulsations, V,, = 69.653 m3 —
the volume of the hollow at the time of pulsations.
To calculate the mass of gases in the nozzle block,
the density of gases was determined using the Men-
deleev-Clapeyron formula [6]

f= 3)

P=B-R-TC, (4)
u

where T, = 3600 K, p ~ 28 kg/kmol — molecular
weight of combustion products, R — is a universal
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gas constant. So, p = (P-p)/(R-T,) = 8.314 kg/m? ~
~8.31 kg/m?>.

The volume of the nozzle block was calculated as
the volume of a truncated cone with dimensions: a
length of 3.78 m, the diameter of the critical section
of the nozzle of 0.9 m, and an exit diameter of 2.99 m
[13]. The volume V|, consists of the volume of the
hollow of the first burned-out segment of 22.2725 m?
plus the volume of the charge channel of the other
two segments, taking into account the ignition of the
channel of these charges at the time of the occurrence
of pressure pulsations of 47.38 m3. Finally, according
to formula (3), we get f= 20.21 Hz.
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PosrisgHyTO npo6ieMy MIKiIJIMBUX pE30HAHCHUX KOJIMBaHb TUCKY B TBEPAOMATNBHUX TPUCKOPIOBaYax Ha MOYaTKOBOMY eTarti
PO3roHY KOCMIYHOI cUcTeMU «ApiaH-5». 3po0JIeHO MPUITYLIEHHS 1100 MOB’SI3aHOCTI LIMX KOJIMBAaHb 31 3MiHAMM IreOMeTpUY-
HUX XapaKTepUCTUK npuckoproBauiB P230 y pedysbrati (hopMyBaHHSI B HUX MOPOXHUH, 3aIOBHEHUX MPOAYKTAMU 3rOPSTHHS
TBEPIOTO paKeTHOTO TajnBa. Po3paxoBaHOo 06’eMU TTOPOXKHWH, IO YTBOPIOIOTHCS ITijl YaC BUTOPSTHHS TTaiuBa. Po3risHyTo
cXeMy JIBUTYHA, 1110 BUHWKJIA TTiCJIsl BUTOPSTHHS TEPIIOi YaCTUHU 3apsiny. BoueBuab, popMy MOPOKHUHUA MOKHA allPOKCH-
MyBaTH MOJeJUTIO pe3oHaTopa [enbmronbiia. Takox BpaxoBaHO, IO Y TIOSIBI MyJIbcalliii TUCKY B KaMepi 3rOpsTHHST paKeTHOTO
JIBUTYHA BiZlirpa€ poJib IMOCTYITOBE MTPOrpiBaHHS BEPXHiX I11apiB TBEPIOTO MaJrBa i MOB’A3aHi 3 IMM 3MiHU XBUJILOBOTO OTIOPY
najavBa. 3BiICM BUHUMKAIOTh PE30HAHCHI SIBUIIA Y TTIOPOKHUHAX, 110 (OPMYIOThCS. Y pe3ybTaTi po3Iysiay pi3HUX pe3oHa-
TOPHUX CUCTEM [JIs1 onUcy Di3UUHOI MOjiesli pe30HaHCHUX SIBUILL 0OpaHO MOJe/b pe3oHaTopa [eabMrosbia, 1o Haibiabie
TTiIXOAUTH O PO3PaXyHKOBOTO IMOSICHEHHS MyJibcalliii TUCKY. [1pu po3paxyHKax 3a Ii€0 MOIEJUTIO OIePXKaHO Ty camy YacTOTY,
IO I y pe3yIbraTaX BUMipIOBaHb IIil Yac JIbOTHOI eKCIUTyaTallil KOCMiYHOI CUCTeMHM «ApiaH-5». 3aITporoOHOBAHO HAMPSIMOK
BUPIIIIEHHS TTPOOJIEMU 3MEHIIIEHHST PE30HAHCHUX KOJIMBAHb y KAMEPi 3TOPSTHHSI.

Karwowuoei caoea: TMCK, COIIO, XBUILOBUI OMip, MyJibcallii, pe30HaHC, 4YacToTa.
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ON THE SPACE-TIME LOCALIZATION OF INCIPIENT EARTHQUAKES
BY DIAGNOSTICS OF DISTURBANCES IN THE IONOSPHERIC PLASMA
USING A SPACE PROBE

This paper reports the results of in-situ probe diagnostics of local disturbances in the ionospheric plasma. The results are presented as
the space—time distributions of the charged particle temperatures and densities measured by the electric probes onboard the DEME-
TER (France) and the distributions of the electron and neutral particle temperatures and densities measured by the Langmuir probe
and the two-channel pressure probe onboard the Sich-2 (Ukraine). By the example of interpreting the output signals of the electric
probes onboard the DEMETER (France), the Sich-2 (Ukraine), and the CSES (China), it is found that maxima in the electron and
neutral particle temperature and density distributions along the spacecraft orbit in the ionospheric plasma correspond to the location of
the epicenters of earthquakes incipient on the ground track. An additional parameter that improves the epicenter localization accuracy
is the electron energy gain rate in the ionospheric plasma. It is shown that the relaxation times of maxima in the electron and neutral
particle temperatures in the ionospheric plasma determine the time to the first shock of an earthquake incipient on the ground track.

Keywords: earthquake, ionospheric plasma, ground track, electric probe, temperature relaxation time.
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On the space-time localization of incipient earthquakes by diagnostics of disturbances in the ionospheric plasma using a space probe

1. INTRODUCTION

The worldwide network of ground seismic stations
and observatories allows one to detect earthquakes
nearly at any point on the Earth’s surface and in the
oceans; however, they cannot detect incipient earth-
quakes. A substantial complement to the ground
network of seismic stations may be a space segment:
seismic activity monitoring with diagnostic instru-
mentation onboard spacecraft.

The ionospheric plasma is a sensitive indicator of
the processes accompanying earthquake incipience.
Based on the results of numerous observations of
variations in the ionospheric plasma parameters, the
basic ionospheric plasma disturbances induced by
seismic activity were identified.

Disturbances in the charged particle parameters —
the electron and ion temperature and density —
were found to be earthquake precursors [1, 8, 9, 14,
16, 23].

The ionospheric plasma is a weakly ionized gas. At
altitudes <1,000 km, the neural particle density is far
(more than an order of magnitude) greater than the
ion and the electron density. The state of the iono-
spheric plasma is largely governed by the processes
of collisions and energy exchange between electrons,
ions, and neutral particles. Information on collisions
and energy exchange between charged and neutral
particles may be used to analyze the ionospheric
plasma response to inputs from below and increase
the accuracy of data on seismic activity.

Satellite monitoring of variations in the iono-
spheric plasma parameters in the spacecraft orbit
gives information on processes on the ground track.
Measurements using onboard diagnostic instruments
give space-time distributions of local values of the
ionospheric plasma parameters along the spacecraft
orbit.

In most cases, incipient earthquakes are identified
by the total electron content (GPS signals received
by ground stations) and by the electron density cor-
responding to the critical ionospheric frequency
f,F2 (measurements by ground vertical sounding
stations). This gives information on the electron den-
sity averaged over the sounding path. Onboard probe
systems give information on local disturbances in the
ionospheric plasma parameters.

Electric probes have long been successfully used
onboard spacecraft to diagnose the rarefied iono-
spheric plasma [2, 3,7, 8, 9, 11, 20, 22]. The current-
voltage characteristics of single Langmuir probes and
multielectrode retarding-potential analyzers give lo-
cal values of the electron and ion temperature and
density in the ionospheric plasma. For example, in
[8, 9, 18, 20], the maxima in the space-time distribu-
tions of the electron and ion temperature and density
along the spacecraft orbit were used to localize the
epicenters of earthquakes incipient on the ground
track. As to the neutral particle parameters, little use
has been made of them in localizing incipient earth-
quake epicenters.

The goal of this work is to show that the use of
space-time distributions of the electron and neutral
particle temperature and density along the spacecraft
orbit measured with specially designed probes (a cy-
lindrical Langmuir probe and a two-channel electric
pressure probe) allows one to localize the epicenter
of an earthquake incipient on the ground track and
predict the time to its first shock.

2. ELECTRIC PROBES ONBOARD
THE DEMETER AND THE SICH-2

2.1. DEMETER satellite (France). The DEMETER
satellite (125 kg) was launched on June 29, 2004, to
study ionospheric disturbances associated with earth-
quakes. The DEMETER orbit: a perigee of 685 km,
an apogee of 712 km, and an inclination of 98.2°. In
December 2005, the orbit lowered to 660 km. The
satellite was operable for about six years. To diagnose
and monitor the ionospheric plasma, three probe
systems were used: two identical cylindrical Lang-
muir probes (ISL, Instrument Sonde de Langmuir, a
measuring electrode of radius r,= 0.15 cm and length
lp = 5.0 cm with a guard electrode of length ~2.5 cm);
a segmented Langmuir probe (SLP, a sphere of di-
ameter 4.0 cm made up of six measuring electrodes);
and a multielectrode thermal plasma ion analyzer
(IAP, Instrument d’Analise du Plasma). The electron
density N, and temperature 7, were calculated from
the ISL current-voltage characteristics. The ion den-
sity N, and temperature T, were determined from
the IAP output signals. The neutral component of
the ionospheric plasma was not diagnosed onboard
the DEMETER [8].
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2.2. Sich-2 satellite (Ukraine). The Sich-2 satel-
lite (145 kg) was put into a heliosynchronous circular
orbit of altitude ~700 km and inclination ~98.1° on
August 17, 2011. The satellite was equipped with two
probe systems: a charged particle detector (DE, a cy-
lindrical Langmuir probe of radius r, = 0.05 cm and
length [ ) = 12.0 cm with a guard electrode of radius
r, = 0.2 cm and length lg = 12.5 cm) and a neutral
particle detector (DN, a two-channel electric pres-
sure probe).

The probes were developed by the authors and
made at the Institute of Technical Mechanics, Na-
tional Academy of Sciences of Ukraine. The Lang-
muir probe serves to determine the electron density
N, and temperature T, from its current-voltage
characteristic.

The electric pressure probe serves to determine the
neutral particle density N, and temperature T ina
partially ionized rarefied plasma flow from its out-
put signals (the measuring channel currents). The
outer diameter of the case D, = 70 mm, the height
h, = 100 mm, the measuring channel inlet diameter
d, = 8.5 mm, and the tube length I, = 50 mm. The
measuring channels of the probe are orthogonal. The
normal n; to the inlet aperture of channel 1 is paral-
lel to the neutral particle velocity U, (n, || U,), i. e.,
to the spacecraft velocity U_ in the ionosphere. The
normal n, to the inlet aperture of channel 2 is per-
pendicular to the neutral particle velocity (n; L U,).

Before installing the DE and DN probes on the
Sich-2, comprehensive studies were conducted to sim-
ulate their interaction with rarefied hypersonic plasma
flows on the I'TM plasmaelectrodynamic setup: physi-
cal and numerical simulation (the solution of the Vla-
sov — Poisson equations) [19, 21, 22]. The probes
were tested in an atomic-molecular nitrogen plasma
at ion velocities 8.3...10.5 km/s, electron densities
N, = 10°..10' ¢cm~3, electron temperatures T, =
=0.8...2.5 eV, ion dissociation degree &, =0.7...0.79,
plasma ionization degree g, = 0.001...0.1, and ion-
to-electron temperature ratio T, /T, = 0.2...0.4. The
measurement accuracy provided by the DE and DN
probes was determined by comparing the plasma pa-
rameter values measured with them with those reg-
istered using the ITM setup diagnostic system: cy-
lindrical, spherical, and plane Langmuir probes, a
Faraday cup, and a multielectrode retarding-potential
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analyzer. The dissociation degree was measured with
an MKh 7303 mass-spectrometer. In addition to the
probe diagnostics system, the electron density was
measured using 3 to 9.8 GHz interferometers.

The error in plasma probe diagnostics is governed
by two components: the probe current measurement
error and the error of analytical and approximate
mathematical relationships that describe the collec-
tion of plasma particles by a probe.

The Sich-2’s scientific information acquisition
system developed and made at the Lviv Center of the
Institute for Space Research of the National Aca-
demy of Sciences of Ukraine and the State Space
Agency of Ukraine measured the currents to the
working electrodes of the DE and DN probes with an
error less than 1.0 % in the range from 10~ to 10~ A.
The physical and numerical simulation of the inter-
action of the DE and DN probes with a hypersonic
flow of the ionospheric plasma made it possible to
get analytical and approximate relationships for the
current to the DE cylindrical probe and the pressure
(the output signal of the DN probe). The accuracy
of those relationships for the ionospheric conditions
was checked by comparing the measured values of
the probe output signals with the calculated ones; for
the DE probe, use was made of the current-voltage
characteristics measured with the cylindrical probes
onboard the Intercosmos-10 [11], DEMETER [8],
and Explorer-17 [2].

It was found that the calculated current-voltage
characteristics of the DF cylindrical probe in the
electron saturation current mode approximated the
measured ones with an error less than 2 %. The to-
tal error for the DE probe does not exceed 3 % [21].
In estimating the error introduced by the computed
current-voltage characteristics of the DE probe, the
reference data were the angular pressure cyclograms
measured by the magnetron-type probe and the
cold-anode probe onboard the Explorer-32 [13]. It
was found that the calculated output signals of the
DN pressure probe agreed with the measured values
in the angle 6 range from —90° to +90° with an error
not greater than 5 % where 0 is the angle between the
spacecraft velocity and the normal to the inlet open-
ing plane of the probe’s measuring channel. The total
error in measuring the DN probe output signal does
not exceed 6...7 % [13, 19, 22].
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The neutral particle temperature in a plasma flow
is proportional to the squared ratio of the currents in
the two mutually orthogonal probe channels: 7, o
(12/11)2. The neutral particle density is proportional
to the output signal (current) of channel 2: N, o I,.

The symmetry axis of the Langmuir probe on-
board the Sich-2 was parallel to the Earth’s surface
and orthogonal to the spacecraft’s velocity and the
Earth’s magnetic field. The electron current satura-
tion portion of the current-voltage characteristic was
measured and processed at a probe potential from 0
to +6.95 V [21]. The combined use of the cylindrical
Langmuir probe and the pressure probe allows one
to determine not only the electron density N, and
temperature T, but also the neutral particle density
N, and temperature T, in the ionospheric plasma.
The ion component of the ionospheric plasma was
not diagnosed onboard the Sich-2.

The output signals from the two-channel pressure
probe are measured within a time of At, < 0.1 s,
which corresponds to a distance of Az, ~750 m on the
ground track. The electron saturation current is mea-
sured within a time of At, <0.3 s, which corresponds
to a distance of Az, ~ 2,300 m on the ground track.

3. ELECTRON ENERGY BALANCE
IN THE IONOSPHERIC PLASMA

According to the concept of a global electric circuit
and the penetration of a vertical electric field into
the ionosphere over a seismic activity zone [14, 15],
it is Joule heating that increases the temperatures
and particle densities in the plasma. In a steady
state, the energy imparted by Joule heating to a unit
volume of the electron gas in a unit time is equal to
the energy it loses due to electron-ion and electron-
neutral collisions, and this energy balance may be
represented as [4, 5, 10]

Qe:ikT;Ne 1_L Senven_l— 1_1 6eivei 2
2 T, T,

[W/m?], (1)
where Q, is the electron energy gain rate, k is the
Boltzmann constant, §,,, 8, are the fractions of the
electron energy loss by electron-neutral and elec-
tron-ion collisions, and v,,, v, are the electron-
neutral and electron-ion collision rates. For Joule
heating Q, =J,-E, =o,E; /(1+B?) [10]
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where J, is the electron current density, E = is
the electric field; o, is the plasma conductivity,
B.=®, [V, Vi =V, +V,,,and o, is the electron
cyclotron frequency.

The magnetic field does not affect the electron ve-
locity component parallel to B_ ; it only affects the
electron motion in a direction perpendicularto B .
The transfer coefficients along the magnetic filed
lines are equal to those in the absence of a magnetic
field (B_ =0) [5].

The electric field component parallel to B_ is

T T
E,=2.92x10"° {k—Kl ——"JSMVM +
e T

4

1/2
+(1_%j86ivei}(vm + vei)} [V/m] . @

For electrons of the ionospheric plasma at altitudes
of 200...700 km, inelastic collisions with neutral par-
ticles are predominant. The electron energy loss factor
o . in collisions with atomic oxygen (AO) is [5]

6.6x107°
0 T 'T1/2 ’ 3)
where T and T, are ineV.

With consideration of the data from [5], fore — O
inelastic collisions, it follows

8.0 Ve0 =2x10"" NO/Tn ) “4)
where T, isineV,and N, is the AO density (in cm~3).

The ion temperature T, appearing in Egs. (1) and
(2) is determined from the equation

eO
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where 6, is the fraction of the ion energy loss
by ion-electron (o = e) and ion-neutral (a = n)
collisions, and v, is the ion-electron and ion-
neutral collision rate, yVe =3.64x10°N,InA / T,

A= 124><107(T /N) N,=N,, N,, incm" and
T, in K [10].

The O* and He™ ion temperature T, is found
from Eq. (5) using iterative procedures because the
ion-neutral collision rate for the resonant charge ex-
change O"+0 —>0+0" and He"+He — He+He"
dependson T,

Vin ™ Vorio

V. ~V
n He" +He

~1.8x10°(T, +T,)"* N,
~3.3x10°(T,+T,)"” N,

and the resonant charge exchange cross-section is a
functionof T, and T, .

As a first approximation, in Egs. (1), (2), and (5)
the equality T, =T, is used for altitudes h=200...
700 km at night and 200...500 km in the daytime, and
T, = (Te +T, ) / 2 is used for altitudes of 600...700 km.
For the AO charge exchange reaction, it is adopted
8, =8,..,=1/2 [5].

For elastic collisions

(8.0Vi0),, /BioVio # TV°T, <<1
in Egs (2), (4), and (5) the factor o,,v,, for the “e —
O” system is put equal to &V, . For “e — He”
collisions at T, = 0.1...0.3 eV, it follows that

8, *0,, 2.8x107*
and
8eHeveHe ~ 1‘4 x 1011 I\]HeT’el/2
where N, isincm™ 3and T, isineV.

4. RELAXATION TIME OF THE PLASMA ELECTRON
AND NEUTRAL PARTICLE TEMPERATURES

A shock relieves the stresses accumulated in the
Earth’s crust and the electric field that heats the
ionospheric plasma. The disturbed plasma parameters
relax to their undisturbed values by particle collisions,
diffusion, and recombination. At first, the electron
temperature relaxes by electron-neutral collisions [4,
17], and the relaxation times may be represented as

2.8x107 n T, - T,
n Senven Tvemax Tmax
andif 6,, and v, depend on the temperatures, then
at §,v ocT” and T, >T, , the time dependence of
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» [hl, (6)

the electron temperature Te(t) in the ionospheric
plasma for O, He, and H may be determined as

5. 6x107* [ i 05 }
T —11,lh 7
. (/1) [l ()
where ¢t is the temperature relaxation time by

Egs. (6) and (7), respectively.

5. SPACE-TIME LOCALIZATION OF EARTHQUAKES
ON THE GROUND TRACK

5.1. DEMETER. Figure 1 shows the space-time dis-
tributions of the ionospheric plasma parameters cal-
culated from the output signals of the DEMETER
electric probes [8]. The maxima in the space-time
distributions of the electron and ion density and
temperature were detected at satellite flyover time
UT, = 15:50:37, and they correspond to the intersec-
tion of the magnetic equator and the ground track.
The measurements were made at night (local time
LT =~ 22.30 h). The most probable source of the lo-
cal disturbances in the ionospheric plasma param-
eters over Sumatra at night was an M 8.6 earthquake
at a depth of h,~14 km. The earthquake struck at
UT, ~ 16:09:36, i. e., AUT = UT, — UT, = +18 min
after the DEMETER flew over the epicenter [8]. The
DEMETER electric probes detected the local distur-
bance in the ionospheric plasma parameters AUT ~
~ 0.3 hin advance of the shock. Thus, the effect of an
earthquake as a source of ionospheric plasma distur-
bances manifests itself as maxima in the space-time
distributions of N,, T, , and T, along the spacecraft
orbit detected over the earthquake epicenter on the
ground track.

Figure 2 shows the space-time distributions of
the electron density N, and temperature T, found
from the output signals of the DEMETER cylin-
drical Langmuir probe (ISL) in the daytime before
and after the Haiti earthquake [18], which struck on
January 12, 2010 at LT, = 16:53 (UT, = 21:53) at
the point Lat = 18.44°N, Long = 72.57°W (Leogan,
Haiti) on the ground track (Fig. 2, a). The maxima
T™ and N were detected on January 11, 2010
over the epicenter in the daytime (LT = 10:00) and at
night (LT = 21:00) in geomagnetically quiet condi-
tions: 3-hour planetary index of geomagnetic activ-
ity Kp ~ 1 and equivalent planetary amplitude index
Ap =9..4,i.e., nearly 24 hours before the M 7.0 first
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Figure 1. Space-time localization of the Sumatra earthquake (DEMETER, March 28, 2005): a — earthquake localization
(dashed curve — ground track, solid curve — magnetic equator, triangle — epicenter), b—d — distribution of the electron density
N, , electron temperature, T, and ion temperature T, along the orbit

i

shock. The disturbed parameter values N / N,, , January 2010 was the beginning of a new solar
™ /TOe ,and Q"™ / Q,, areshowninTable 1: )™ = | activity cycle, a minimum-to-mid activity transi-
= 4,400 K (day), and T, is the electron temperature | tion. For “transitional” solar activity (between min
averaged over =40 days before and after the first shock: | and mid), the AO temperature and density at the
T, =T;"id = 2,300 K. The electron density is adopted | DEMETER orbit altitude ~660 km [18] are ad-

as N™ =1.6x10*cm—>2and N,, = N" =10*cm=3. | optedas T,, ~ 1,000 K, T™ = 1,300 K, and N, =

ISSN 1561-8889. Kocmiuna nayka i mexuonoeisn. 2024. T. 30. Ne 6 41



V. A. Shuvalov, N. B. Gorev, G. S. Kochubei, O. O. Levkovych

80° W 77.5°W  75°W  72.5°W 70° W
25.0° N i
22.5° N |-+
\Si‘-‘;\‘l~
20.0° N & o s
_Bl. Haiti
<> (Sl
17.5° N -
Earthquake épicenter
15.0° N 12 January, 2012

N,10'em™

4.0

7,10'K

3.6

3.2

T,, mean

—40 -30 =20 -10
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10 20 30 Arday

4

i earthquake (DEMETER, January 1, 2010): a — spatial localiza-

tion of the earthquake epicenter, b — disturbance in the electron density N, before and after the earthquake, ¢ — time history

of the electron temperature T, before and after the earthquak

=4x10°cm3accordingto 6, 12]. Forthese parameter
valuesand the DEMETER flyovertime LT, = 10:00 h,
the following particle temperature relaxation time
is obtained using Eq. (7): ¢, ~ 18:36. As a result, for
t. and the January 12, 2010 first shock time LT, =
16:53 h the time advance is ALT, =LT, - (LT, +t, ]~
+11:17. The relaxation time was estimated using
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e (At — time reckoned from the first shock January 12, 2010)

the neutral particle parameters by the International
Reference lonosphere — 2012 (IRI-2012) and the
NRLMSIS-00 model [6, 12].

On August 21, 2018, the Langmuir probe (LAP)
and the retarding potential analyzer (RPA) onboard
the CSES (China) detected peaks in the AO ion den-
sity NO+ and the electron density N, over the epi-
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center of an M 7.3 earthquake, which was incipient
at the CSES flyover time and struck in the coastal
waters CarUpano, Venezuela, at Lat = 10.74°N, Long
= 62.98°'W at UT, = 21:31. The sharp peaks in N,.
and N, are shown in Fig. 5 of [9]. The CSES was
launched on February 2, 2018 into an orbit with an
altitude of ~507 km and an inclination of ~97.4°.

Table 1 shows the relative values 8F = F™ / E. .,
FM™ =T", NI™, Q'™ , and EO‘;“ (o =e, i, n for
T, and o = e for N and Q) measured with the probes
onboard the DEMETER and the Sich-2 and cal-
culated in geomagnetically quiet conditions (the
F, ’s are the undisturbed plasma parameters). Values
greater than one (OF, > 1) are characteristic not only
of 8N, , 8T,, and 8T, but of 8Q, and E_* as well.

5.2. Sich-2. Figure 3 shows the earthquake epi-
centers localized by the output signals of the elec-
tric probes onboard the DEMETER (1 and 2) and
the Sich-2 (3—6). The Sich-2 ground track and the
magnetic equator are shown as a dashed and a solid
curve, respectively.

In the Northern Hemisphere on May 24, 2012,
when the Sich-2 flew over the area with the coordi-
nates Lat = 73.0°N, Long = 5.7°E at UT, = 19.8 h,
its probes detected local disturbances in the neutral
and charged components of the ionospheric plasma:
™ ~ 3,100 Kand T™ ~ 1,300 K. The space-time
distributionsof N, T,, T ,and N, calculated from
the output signals of the Sich-2 probes are shown in
Figure 4.

Table 1. Relative values of the ionospheric plasma parameters

180°W 120°W 60°W 0° 60°E 120°E 180°E
90° N I EE '
750 N [ 2
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60° N |

30°N [
00
30°S

60°S [
75°S [ a
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Figure 3. Earthquake epicenter localization by the output
signals of the electric probes onboard the DEMETER (/—
March 28, 2005, Sumatra, 2 — January 12, 2012, Haiti) and
the Sich-2 (3 — May 24, 2012, 4 — November 11, 2011, 5 —
September 14, 2011, 6 — October 2, 2011). Dashed curves —
ground track, solid curve — magnetic equator

The earthquakes on the ground track:
* May 24, 2012:

UT,, =22.05h, Lat = 72.96°N,

Long = 5.68°E, h, ~ 10 km; and M 6.1;
* May 25, 2012:

UT,, ~0.05 h, Lat = 72.94°N,

Long = 5.52°E, h, =~ 10 km; and M 5.0;
* May 25, 2012:

UT,;=4.05h, Lat = 72.90°N,

Long = 5.54°E, h, ~ 10 km; and M 4.9.

Spacecraft flight over the epicenter
Relative plasma
parameter values DEMETER DEMETER Sich-2 Sich-2
SF = FmaX/p March 28, 2005 January 12, 2010 May 24, 2012 November 23, 2011
oo % Sumatra Haiti Norwegian Sea Mediterranean Sea
N™ /N, 1.25 1.60 1.54 2.67
" [T, 1.12 1.91 111 1.73
™ /T, 1.38 — — —
™ [T, — — 1.23 1.42
Q™ /Q, 1.74 8.68 3.21 4.62
E;I;ax/anP _ — 1.44 1.68
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Figure 4. Space-time distributions of the ionospheric plasma parameters, measured by the Sich-2 probes on May 24, 2012:
a — electron density N, b — electron temperature T, , ¢ — neutral particle temperature T , d — neutral particle density N,

The shock nearest to the Sich-2 flying over the | are shown in Table 1 (Q™ = 1.06x10"!! W/m? and
May 24, 2012 earthquake epicenter (UT; = 19.8 h) | E™ =2.91x10~7 V/m). The relaxation times ¢, of
struck at UT,, = 22.05 h: the local parameter distur- the temperatures T and T"* by Egs. (6) and )
bances were detected AUT ~ UT,; — UT, = +2.25h | are t, ~1.8hand ¢, ~3.1h. Therefore the estimat-
in advance of the first shock. The disturbances were | ed tlme of the ﬁrst ‘shock after the Sich-2 flyover is
detected at night in geomagnetically quiet condi- UT =UT, + t, ~21.64 hand UT =UT, + t, =
tions: from May 22 to May 26, 2012, the geomag- | ~ 22 50 h. The variation of the actual ﬁrst shock tlme
netic activity indices Kp and Ap varied from 3 to UT21from1tsest1matedva1uelsAUT =UT,,— UT ~
0 and from 15 to 12, respectively, at sunspot number | ~ +0.41 hand AUT, = UT UT ~-0.45h for
R, ~69. The May 24, 2012 values of 8F, = F;‘“/FO“ t. ~1.8handfort, ~3.1h, respectlvely
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Figure 5. lonospheric plasma parameter distribution along the Sich-2 orbit, measured by the onboard electric probes on
November 23, 2011: a — electron density N_, b — electron temperature T, , ¢ — neutral particle temperature T , d — neutral

particle density N,

When on the night of November 23, 2011 at UT, =
= 21.5 h the Sich-2 flew over the point Lat = 34.3°N,
Long = 25.1°E, its probes detected the following
maxima: N™ = 1.6x10° cm=3, T™ = 2,900 K;
™ = 1,350 K; Q™ = 1.45x10~"" W/m?; and
Eﬁ;“ = 3.83x10~7 V/m. The November 23, 2011
space-time distributions of the ionospheric plas-
ma parameters along the Sich-2 orbit are shown in
Figure 5 (UT, ~ 21.5 h). The measurements were
made at night in geomagnetically quiet conditions at
Kp=1,-2, Ap =6-7,and R, =81.
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According to the USGS (United States Geologi-
cal Survey; https://earthquake.usgs.gov) data, two
shocks were detected at the point Lat = 34.3°N,
Long = 25.1°E on the ground track on November
23, 2011 before the Sich-2 flyover: UT,, = 12.53 h,
h, = 10 km, and M 5.5; UT,, = 13.53 h, h, =
= 10 km, and M 4.8, and an earthquake was detec-
ted on November 24, 2011 after the Sich-2 flyover:
UT,;=17.53h, h; =5km, and M 4.0.

From November 19 to November 26, 2011, the
geomagnetic activity indices Kp and Ap varied
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from 1 to 2 and from 3 to 7, respectively. Thus, the
most probable sources of the local disturbances in the
ionospheric plasma parameters were the shocks that
struck on the ground track at AUT, =UT, -UT, =
~—9.0 hand AUT,,=UT,, —UT, ~ —8.0 h before or
AUT,,=UT,, - UT, ~+20.0 h after the Sich-2 flyover.

The relaxation time of the electron temperature
T"*and the neutral particle temperature T," to
their unperturbed values in the ionospheric plasma is
estimated by Egs. (6) and (7) as ¢, = 19.3 h and t,
~ 20.9 h. For these values of ¢ the estimated time
UT =UT, +¢, of the first shock after the Sich-2 fly-
over 1s about UT ~16.8 hfor t, ~19.3 h and about
UT =UT, +¢t, =~ 18 4hfort = 20 9 h. The variation
of the actual ﬁrst shock time from estimated values is
AUT,,=UT,,—UT,, ~ +0.73 h and UT23 ~ —0.87 h
for £, ~19. 3 h and t, = 20.9 h, respectively.

5. 3 Equatorial ionization anomaly. The identifi-
cation of sources of local disturbances in the iono-
spheric plasma parameters is complicated in the
case of the combined effect of several sources, for
example, an earthquake in the zone of the magnetic
equator and the equatorial ionization anomaly (EIA)
in the daytime. The EIA effect manifests itself in the
daytime as maxima in the space-time distributions of
the electron and ion density N, and N, and minima
in the distributions of the electron and ion tempera-
ture T, and T, over the intersection of the magnetic
equator and the ground track.

On September 1, 2011 at UT = 01.1 h (LT =
=10.7 h) over the point Lat ~ 6.9°N, Long ~ 141°E at
the intersection of the ground track and the magnetic
equator, the Sich-2 electric probes detected a maxi-
mum in the distribution of N, and a minimum in
the distribution of T, (Figure 6). The measurements
were made in geomagnetically quiet conditions at
Kp =1,, Ap =5,and R_= 78 (British Geological
Survey https://geomag.dgs.ac.uk/data service/data/
magnetic indices/apindex.html).

Figure 6 shows the space-time distributions of
the ionospheric plasma parameters measured by
the Sich-2 probes on September 1, 2011: Fig. 6, a
shows the ground track and the magnetic equator
as a dashed and a solid curve, respectively; Figs. 6,
b and ¢ show the measured values of the plasma pa-
rameters N,, T,, and T, (curves /) and the values
of the electron density N, , the electron temperature
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T, , the ion temperature T,, and the neutral particle
temperature T calculated according to the IRI-2012
and the NRLMSIS-00 model [6, 12].

5.4. Earthquakes + EIA. Figure 7 shows the values
of N,, T ,and T, measured onboard the Sich-2 on
September 14, 2011. The measurements were made
in geomagnetically quiet conditions at medium solar
activity: Kp =1,...1, Ap =5..4,and R, =78. The
maxima in the distributionsof N, T,, and T, at the
intersection of the ground track and the magnetic
equator (UT, ~ 1.7 h) may be indicative of iono-
spheric plasma disturbances caused by seismic ac-
tivity. According to the USGS data, no earthquakes
of magnitude M > 5 and depth h;, < 50 km were
detected on the Sich-2 ground track on September
14, 2011, but the following events occurred there on
September 13 and 15, 2011:

September 13, 2011: UT,; = 09:10:21; Lat = 35°N,
Long = 141°E, h, ~ 35 km; and M 4.8;

September 15, 2011: UT,, ~ 08:00:09; Lat = 36°N,
Long = 141°E; h, =~ 28 km; and M 6.1;

September 15,2011: UT,;=10:46:31, Lat=3.3°N,
Long = 126.7°E; h, ~ 44 km; and M 4.9.

It is seismic activity on the ground track that is re-
sponsible for the maxima N, T™ , and T," in
the distributions of ionospheric plasma parameters
found from the probe output signals measured on
September 14, 2011. The disturbances N, T™,
and T™ caused by seismic activity occurred against
the background of the EIA effect at UT, ~ 1.7 h
(LT, = 10.5h).

The most probable source of the ionospheric dis-
turbances detected by the Sich-2as N™, T™, and
T™ at UT, = 1.7 h (Figure 7) was the M 4.9 and
h, = 44 km earthquake detected by the USGS on
September 15, 2011 at UT,; = 10:46:31, which was
incipient at the Sich-2 flyover time. The difference
in time between the ionospheric plasma disturbance
detection by the Sich-2 at UT; = 1.7 h and the shock
time UT,; is AUT = UT,; — UT, = +33 h. The plas-
ma electron energy gain rate due to the earthquake is
QF =5.4x10~!" W/m?3, and that one due to the EIA
effectis Q™ =9.1x10~12W/m>.

The ratios of the plasma parameters disturbed by
the earthquake to those disturbed by EIA are shown
in Table 2. The relaxation time values of T and
T™ to the values T,.* and T,* (Table 2) by Egs.
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Figure 6. EIA-induced disturbances in the ionospheric plasma parameters, detected by the Sich-2 probes on September 1, 2011:
a — localization (dashed curve — ground track, solid curve — magnetic equator), b — distribution of the electron density N
(1 — measurements, 2 — calculations), ¢ — distribution of the electron, ion, and the neutral particle temperature T, , T, and T:
(I — measurements, 2 — calculations)
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3.0 F ! Table 2. Relative values of the disturbed
September 14, 2011 parameters of the ionospheric plasma
7 i
g 20k i Tonospheric plasma Measurement date
=) E parameters (Sich-2 September | October 2,
- H measurements) 14.2011 2011
= ;
Lor ; Q 5.93 6.05
. ! NI NG 1.38 112
a T [T 2.12 2.06
1.31 1.39

<

Figure 7. lonospheric plasma parameter dis-
turbances along the Sich-2 orbit, detected on

1.6

September 14, 2011 (probe measurements): a —

1 12 14 1.8 20 22 24 UTh electron density N, b — electron temperature
223 214 120 108 104 96 0.5 229 LTh T, , ¢ — neutral particle temperature T (T, —
21 64 69 27 —-17 —60 —74 32 Lat,deg undisturbed values)
c
(6) and (7) are t_ ~ 25.38 h and t, ~27.81h, re- The location of N, T, and T™* (earth-

spectively. Accordmg to the USGS data in the vi-
cinity of the intersection of the magnetic equator
and the Sich-2 ground track, the first shock after
the Sich-2 flyover struck on September 15, 2011 at
UT,, = 10:46:31. The estimated first shock time
UT =UT, +t, is about 03.08 h and about UT
~05 51 hfor t ~2538hand t, =27.81h, respec—
tlvely The variation of the actual shock time UT,,

= 10:46:31 from the estimated time is AUT
~+07.69 h and AUT ~+05.26 hfor ¢t and ¢ |, re—
spectively. l '

The effect of an earthquake in the presence of EIA
was detected by the Sich-2 electric probes on Oc-
tober 2, 2011. The space-time distributions of N,
T, ,and T, are shown in Figure 8. The measure-
ments were made in geomagnetically quiet condi-
tions near the magnetic equator (shown in Figure 3
as a solid curve; the ground track is shown as a dashed
curve)at Kp =2, -3 , Ap =5...12,and R, =81.
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quake plus EIA) corresponds to the intersection of
the ground track and the magnetic equator (Lat =
=12.9°N, Long = 95.85°E, and UT, = 04.0 h). Be-
fore the Sich-2 flew over that point, on October 1,
2011, the USGS detected seven shocks of magnitude
M4.1..5.2 at depth h, =14..46 km from UT, =
=01.47 hto UT,, = 17.47 h. On October 3, 2001, a
shock was detected at the point with the coordinates
Lat = 13.1°N, Long = 95.8°E after the Sich-2 flyover
(UT, =04.53h, h, =42km, and M 4.8). From Oc-
tober 1 to October 4, 2011, the geomagnetic activity
indices Kp and Ap varied from 2,...3to 1, and from
9...12 to 5, respectively. According to the plasma pa-
rameter values measured onboard the Sich-2, the
electron energy gain rate was Q" =8.1x10"? W/m?
for the EIA effect alone and QZ 49%10™" W/m3
for the combined effect of seismic activity and EIA.
The maximum relative values of the disturbed
ionospheric plasma parameters calculated from
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Figure 8. lonospheric plasma parameter distributions along the Sich-2 orbit, measured on October 2, 2011 (ground track portion

6 in Fig. 3): @ — electron density N, b —
density N

the probe signals measured on October 2, 2011 are
shown in Table 2. If the October 2, 2011 undisturbed
values of the ionospheric plasma parameters are tak-
en to be equal to those calculated by the IRI-2012
model at the point Lat = 12.9°N, Long = 95.85°E at
UT, ~04.0 hfor EIA, then it can be assumed that the
local disturbances in the ionospheric plasma param-
eters were caused by the October 3, 2011 earthquake,
which was incipient on the ground track at the Sich-2
flyover time UT, = 04.0 h. The impact of the earth-
quake on ionospheric plasma was detected by the
Sich-2 probes AUT, = +24.53 h before the shock.
The relaxation time of 7™ and T,™ for the
earthquake incipient at the Sich-2 flyover time
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electron temperature Te , ¢ — neutral particle temperature Tn , d — neutral particle

is t, =24.1 h and ¢, =23.63 h; correspondingly,
UT, = 04.10 h and UT, = 03.63 h. The variation
of the actual shock time from estimated values is
AUT, = +0.43 hand AUT, = +0.90 h.

The vertical dashed lines in Figures 3, 4, 7, and 8
connect N, T™ , and T™ to the location of the
earthquake epicenters on the abscissa axis.

The data presented in this section demonstrate that
the set of the charged and neutral particle parameters
determined from the output signals of a spacecraft’s
electric probes, namely, 8T,, 6T,, ON,, and 8Q,,
and the relaxation time of the temperatures T
and T™ to their unperturbed values T;, and T,, al-
low one to identify ionospheric plasma disturbance
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sources, in particular, to localize in space and time
the epicenter and the first shock of an earthquake in-
cipient on the ground track.

6. CONCLUSIONS

It is shown that the output signals of the electric
probes onboard the Sich-2 (a cylindrical Langmuir
probe and a two-channel pressure probe) allow one
to determine local values of the electron and neutral
particle temperatures and densities in the nonequi-
librium rarefied ionospheric plasma.

It is found that local disturbances in the charged
and neutral particle temperatures and densities along
the spacecraft orbit may serve as earthquake precur-
sors. Maxima in the space-time distributions of the
charged and neutral particle temperatures and den-
sities along the spacecraft orbit make it possible to
localize the epicenter of an incipient earthquake.

The relaxation times of maxima in the electron
and neutral particle temperatures to their undis-
turbed values give an estimate of the time to the first
shock of an incipient earthquake.
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HcTuTyT Texuiunoi Mexaniku HatioHanbHOT akafemii Hayk Ykpainu i JlepxaBHOTO KOCMiYHOTO areHTcTBa YKpaiHu
Bya1. Jlemka-ITonens 15, [Ininpo, Ykpaina, 49005

YKpaiHCbKUIi iep>kKaBHUI YHIBEPCUTET HAYKU i TEXHOJIOTIi

Bya1. JlazapstHa 2, [Ininpo, Ykpaina, 49010

MMPO IAEHTU®IKALIIIO [TIPOCTOPOBO-YACOBOI JOKATI3ALIIT 3APOJIXKYBAHUX
3EMJIETPYCIB 3A 30HAOBUMUW BUMIPIOBAHHSIMUW TAPAMETPIB 35YPEHOI
IOHOC®EPHOI IJIABMU HA KOCMIYHUX ATIAPATAX

HaBeneHo pe3ysibTaTH 30HI0BOI AiarHOCTUKM JIOKAJIbHUX 30ypeHb B i0HOC(EepHiii 11a3Mi in-situ. Pe3ynbratu npeacTaBieHO
Y BUIJISIII TPOCTOPOBO-YACOBUX PO3IOALUTIB TEMMEpaTypH i IIIJTBHOCTI 3apsI)KEHUX YaCTMHOK, BUMIPSIHUX €JICKTPUYHUMU
3oHmamu Ha 60pty DEMETER (®paHiiist), a TaKoX po3IMOIiIiB TeMITepaTypH i IIITbHOCTI €JIeKTPOHIB i HEUTpaTbHUX YacTH-
HOK, BUMipSIHUX 30HA0M JIeHrMIopa i IBOKaHAJIbHUM 30HI0M TUCKY Ha 60pTy «Ciu-2» (YkpaiHa). Ha npuknani intrepripeTauii
BUXITHUX CUTHAJIB eJeKTpuaHuX 30HIiB Ha 60opty DEMETER (®panuis), «Ciu-2» (Ykpaina) i CSES (Kwurait) BctaHOB-
JIEHO, 110 MaKCUMYMH B PO3MOJijaxX TeMIIepaTypH i IIJIBHOCTI eJIEKTPOHIB i HEUTpaJIbHUX YaCTUHOK B3MOBX opbitn KA B
ioHOC(EepHiii T1a3Mi BiAIOBIIAIOTh PO3TALLYBAHHIO CITILIEHTPIB 3eMJIETPYCIB, 110 3apOXKYIOThCSI Ha IMiACYYTHUKOBI Tpaci.
JlonaTkoBMM MapaMeTpoM, SIKMI MiABUIIYE TOUHICTb JJOKaJli3allil eMileHTpPiB, € LIBUAKICTb 3pOCTAHHS €HEPTii eJIeKTPOHIB y
ioHocdepHiit masmi. [TokazaHo, 1110 yac pesakcailii MaKCUMYMiB TeMIepaTypu eJIEKTPOHIB i HEUTpaTbHUX YACTUHOK B i0HO-
cdepHiii 1a3Mi BU3HAYa€ Yac 10 MEPILIOro MOMITOBXY 3eMJIETPYCY, LII0 3apOIXKYEThCS Ha MiJACYTyTHUKOBIH Tpaci.

Karouoei caosa: 3eminetpyc, ioHochepHa Iaa3Ma, Ha3eMHUM TPeK, eeKTPUYHUM 30HI, Yac TeMIIepaTypHOI peslakcalrii.
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BILTAB MOJEJTLOBAHOT MIKPOTPABITAIIIT HA OPTAHI3AIIIIO
IIUTOCKEJETA KOPEHIB POCJIUH ARABIDOPSIS THALIANA

Ilnanysanns ninomosanux KOCMIiMHUX MiCill nompeOdye mpueanoeo UPOUWYEarHs PisHUX 8udie pocauH, i ye pooums HeoOXiOHUM
BUABNCHHS NAUBY MIKpOpagimayii Ha KAIMUHU KOpeHie, OCKINbKU 8i0 CMAaHY KOpeHesoi cucmemu 3aAelcumb JHCUBAeHHS Ma OPIEH-
mauis pocaunu. Ananiz ynkuyionysants 6inkie yumockenema 8 ymosax Mo0eab08anoi Mikpoepasimauii € cymmeeum 04s po3yMiHHSA
MexXaHizmie weudKoi cucmemu peazyeants KAIMUH Ha 308HIUWHI CMUMYAU, AKA NPUMAMAHHA POCAUHAM. Jlocaidxcysaiu opeanizayito
my0yniH08020 KOMNOHEHMA YUMOCKeAema ma MexaHiamu 1o2o peeyaauii acoyiiiosaHumu OinKamu 6 ymoeax 20pu30HmManbHo20 KAu-
HOCIMamy@aHHs, AKe 3MIHIOE NOASAPHICMb KAIMUH, YCY8AE CNPAMOBYIOUULL 6NAUE MA MIHIMIZYE Oit0 cuau maxcivua. Excnepumenmu
nokasanu, wo NOBINbHE KAUHOCMAMYBAHHS 30aMHe GUKAUKAMU MeXAHIYHUI cmpec, N08 a3aHUll i3 3HAYHUM 3MeHUWeHHIM epagima-
YiliH020 HABaHMaiceHHs Ha 00K08i KaimuHui cminku. Lle noznauaemocsa Ha opeanizayii myoyaino6oeo yumockesema — cKAAOHOP
cucmemu noaimepHux 0inkie, QyHKuiamu aKoi € 3abe3neueHHs opmu KAimuHu, ii cueHaAbHUX ma pocmosux peakuyiil. A came, eu-
A6AEHO YACMKO08e BIOXUNEHHS MIKPOmMpPYOOHOK 6i0 nonepeuHoi opiecHmauyii y KoOpmuKanvill naouwuri KAimuH 301U po3msey Kope-
Hig A.thaliana. Buweskazane moxce 6ymu pesysvmamom 3uumxcents excnpecii eena TUAG, axuil Kkodye cmpykmypHy cy000uHuuio
noaimepie mixpompybouox ma eena CLASP, 6inok sxoeo peeynioe opeawnizayiro my0yainogoi mepexci. SHuxcenHs excnpecii eeHie
npu3eo0ums 00 NOPYUIEHHs K NoAIMepu3ayii MIKpompyoo4oK, mak i iXHb020 3’ €OHAHHA I3 YUMONAAZMANUYHON MEMOPAHOI, WO
8i3Ya/NbHO NPOSBASLEMBCA Y HACMKO08ill 0e30PiEHMAayii OKpeMux MIKpompyoo4oK 6 enidepmarbHux KAimunax ma Kaimunax kopu. Ta-
KUM YUHOM, 3MEHUEeHHS 2PasimayiiiH020 HA8aHMAdiCeH s 8i0 KAUHOCMAMYBAHHS HA KAIMUHY YCY8ae nompeby y HcopCcmkii mepeici
KOPMUKAAbHO20 YUMOCKeAemd, Md NO3HAYAEMbCA HA 1020 HACMKOBII 0e30peanizayii, aKa, y c60r uepey, npu3eooums 00 OUCKoop-
dunayii pocmy Kopenie pocaun. JlocriodceHns 6naugy yumockesema Ha pocmogi 0cooaU80Cmi pocaut 8 yMoeax mikpozpagimauii €
8HECKOM Y PO3DOOAEHHS MEeXHON02Il GUPOULYBAHHS POCAUH 0151 00820MPUBAAUX KOCMIYHUX NOAbOMIE.

Karouosi caosa: modenvosarna mikpoepasimauis, uumockenem, MexaHivHuii cmpec, KOpmuKkaivii mikpompyoouxu, Arabidopsis.

BCTVYII

CHnpuiiHATTS Ta peakilisg Ha 30BHILIHI CTUMYJIM BU-
MararoTh BiJl POCJIMH IIBUIKOI I1epeOy10BU KIIITUH-
HOTO MeTa0o0JIi3My, CIIPSIMOBAaHOI Ha ITiATPUMAaHHS
POCTY Ta XXUTTEMISTIBHOCTI y 3MiHeHUX yMoBax. J[o-
CIIIKEHHST CUTHAJIBHUX IIJISIXiB Ta IXHBOI PeryJIsiii
€ BaroOMMM BHECKOM y PO3YMiHHSI M€XaHi3MiB MpU-
CTOCYBaHHSI POCJIMHHOI KJIITUHU 10 BapiaOeJIbHOCTI

HaBKOJIMIIHBOTO cepenoBuiia. OnHUM i3 KOMIO-
HEHTIB KIIITUHU, KW OMOCEPEAKOBYE CIIPUIHSIT-
TS POCIMHAMM HABKOJIMIITHIX YMOB, € ITUTOCKEJET,
CKJIa/IOBOIO SIKOTO € MiKpoTpybouku (MT) — BHyT-
PILIHBO TOPOXHUCTI TPYOKM 3aBTOBILIKU 24 HM,
chopmoBaHi moyiMepaMu 3 o- Ta O-CyOOAMHUIIB
TyOyniny [4]. CrienudiuHa 1151 pocauH Haa3BUYaii-
Ha JMHaMiYHiCThb ITUTOCKEJeTa BM3HAYAETHCS SIK

LHutyBannus: llleBuenko I. B. BiuB MoaenboBaHOi MiKpoTrpaBiTallii Ha opraHizailito IUTOCKeIeTa KOPEHiB pOCInH Arabi-
dopsis thaliana. Kocmiuna nayka i mexnonoeis. 2024. 30, Ne 6 (151). C. 52—58. https://doi.org/10.15407 /knit2024.06.052
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OoynoBoro camux MT, Tak i aKTMBHICTIO YMCJIEHHUX
acoliiioBaHMX OLIKIB, SIKi PETyIIOI0Th IIPOCTOPOBE
(opmyBaHHSI Mepexi LUTOCKeaeTa, 11 CIoayYeHHS
i3 HuTOIIa3MaTUYHO MeMmOpaHoto (LIM) Ta kii-
TuHHOMO cTiHKOo10 (KC) a TakoX 3aydyeHHSs y XKUT-
TeisIbHICTh KiaiTuHM [10, 17], ii momia, pocToBi
npolecH, MiATpuMaHHs (OpMHU Ta CUTHaJbHI pe-
aK1ii Big 0i0OTMYHUX Ta a0iOTUYHMX YMHHUKIB [13].
HesBaxarouu Ha MOIIMPEHi TOCIiIKEHHS LIMTOCKEe-
JIeTa POCJIWH, Ii3HAHHS MOro opraHizallil Ta pery-
JISILIiT TTOTpe0y€e MOAaIbIIOro BUBYEHHS, 1110 CITOHY-
Ka€ 3aCTOCOBYBATH HOBi METOAM i pO3pOOJISITA HOBI
eKcrepuMeHTalIbHi Miaxoau. OCKilbKY LIUTOCKEIeT
€BOJTIOLIIHO chopMyBaBCsl y MOJIi TTOCTiIHHOTO rpa-
BiTauiliHoro BruiuBy (1g) i BucTymae iHIMKaTOpOM
peakilii pOCIMHHUX KJIITUH Ha 3MiHY SIK MOJSIPHOC-
Ti, TaK i CMIM TSLKIHHS [1], IIMPOKO DOCITiIKYEThCS
opranizauis Ta nmHamika MT y nmosi 3MiHeHo1 cuiun
TSDKIHHSI — peajibHOI MiKporpasiTallii KOCMi4YHOro
MOJIbOTY Ta MOJEJbOBAHOI B HAa3eMHUX €KCIIepU-
MeHTax [9, 18]. He3Baxxarouu Ha BUSIBJIEHiI 3MiHU
opraHizallii LIMTOCKeJieTa Ta MOro TPaHCKPUIITOMY,
SIKi TIOB’SI3YIOTh i3 MPUCTOCYBaJIbHUMU peaKilissMu
pociauH 1o Mikporpasitalii [12], 6arato nuTaHb
BIUIMBY LIbOTO CTUMYJIy Ha IUTOCKEJIET 3A/IUIIAI0Th-
¢Sl IMCKYCIMHUMU, HaITpUKJIaJ, MoJdiMepu3aliist Mik-
potpybouok. BimHoCHO Maiio BimoMo Iipo mpodaii-
JI TeHHOI eKCIIPeCii, MoB’sI13aHOI i3 peopraHizalli€o
LIMTOCKEJIeTa MPU Mikporpasirainii. @apmaleBTUY-
HUI Miaxin (BUKOpUMCTaHHS iHTiOITOPIB TMoJiiMepu-
3alil CKJIaZOBUX IIUTOCKEJIETA) JO3BOJISIE TOUYHIIIIE
BUSBUTU OynoBY MT a TakKoX iXHIO pOJIb Y POCTOBUX
peakiisix KopeHiB Ha cTtpec. OKpiM Toro, Aaist iHTi0i-
TOPiB YaCTKOBO MOJIEIIOE 3MiHY IMHAMiKM MOJiMe-
piB 1MTOCKeseTa (mepeBaxkaHHS AeroJliMepu3allil
HaJ MmoJiMepu3alli€lo).

MeTo0 HaIIOro MOOCHIIKEHHS OyJl0 BUSIBUTHU
3MiHM OpTaHi3alil MiKpOoTpyOOUOK KOPTHKAJIbHOIO
1I1apy KJiTUH KOPEeHs Ta IXHIO PeryJisiliio B yMoBax
MOJIeTbOBaHO1 Mikporpasirtailii. st iboro B ymo-
BaX ITOBUIbHOIO KJIMHOCTATyBaHHS JOCJiIXKyBaau
picT KOpeHiB MpopocCTKiB Arabidopsis thaliana ta
TPaHCKPMUIILIiIO T'eHiB, SIKi KOAYIOTb OJMH i3 i30TUITiB
rooysspHOro Tyoyainy — 6imok TUAG6, a Takox Gi-
ok CLASP, sixuii nekopye Kinui MT, cipusie ixHiit
oprasisailii Ta peryjao€ IpoCcTOPOBe pO3TalllyBaHHSI
Y KOPTUKaJIbHIN MIOIIMHI KITITUHU.

MATEPIAJIN TA METOIW TOCIIIZKEHD

1. Mamepiaau. O6’ekT — 3-4-1000Bi TTPOPOCTKU
Arabidopsis thaliana (nabopaTopHa Moje/JIbHA pOC-
JIMHa) KiauHoctaTyBanu (1D-xiamHocTatr 3 mepio-
oM 2 00/XB) BOPOIOBX ABOX Hi0 Tpu (hoTorepiomi
8/16 ron ta Temmeparypi 25 °C.

2. Inzioimop noaimepuzauii yumockeaema. Y poini
ne3opraHizaTopa Mepexi MT 3acTocoByBaiu opu-
3ainiH (OR) (3,5-nuHiTpo-N4,N4-nunpornia-6eH-
3eHCyabgaHaMil) — JUHITPOaHUTIHOBUI TepOilua,
SIKW1 3B’ SI3YETHCS i3 TYOYJIiIHOM, YIIEpEIKY€E MoJliMe-
puzauio MT i nepemkomaxae nojiMepusalii HOBUX
MT Ha Bcix cTagisix MiToTuyHoro nukiy. Opusaiin
BUKOPUCTOBYBaJIM y KOHILEHTpauil 5 MKM, mpu
SIKili YacTKOBO pyliHyBajacs Mepexa MT i mpurHi-
YyBaBCsl PiCT MPOPOCTKiB Arabidopsis.

3. Jlocaioncenns opeanizauii myOyainogux mikpo-
mpybouok. [Ina yrouHeHHs Tonorpadii MT Buko-
pUCTOBYBaJI1 TpaHC(hOPMOBaHi JiHii A. thaliana (L.)
Heynh exoruny Columbia-GFP-MAP4 (nipoaykr
3JIMTTS TeHa TYOyJliHY, acolliiioBaHOIO i3 TOMEHOM
reHa TBapuHHOro Oinka MAP4, sikuii 3B’3y€TbCs
i3 MiKpoTpyOOYKaMu i reHa 3eJieHOro QJiryopec-
neHtHoro Oinka GFP (Green fluorescent protein).
KopeHi 6-7-meHHUX TIPOPOCTKIB aHATi3yBalkd Ha
KOH(MOKaJIbHOMY JIa3¢pHOMY CKaHyBaJbHOMY MiK-
pockori LSMS5 Pascal (Zeiss, Himeuunna) 3 umc-
JoBoro amnepryporo 20%, 40% i 60* i minzamu 1.25.
bapsuuk FITC 30ymxyBamu nazepom 488 HM, a
(byopeclieHTHI 300paxkeHHsI aHaJli3yBaJiu Yy J0-
BxuHax xBuwib 500...600 uM. PDortorpadyBanu 3a
JIOTIOMOTOI0 TTPOTpaMUu KOH(MOKATbHOTO MiKpPOCKO-
na ta oopoossii y nporpami Image Browser LSMS5
Pascal. 3niMku nepeBoauiau y ¢opmat png, jpg abo
tiff 3 po3niabHicTio 300 TIKJI Ha J10M.

4. Excnpecia 2enie uumockeaema TUA6 ma CLASP.
bauzbko 6113pKo 100 MKT KOpeHiB pi3HUX ITpOpocC-
TKiB TIOAPIOHIOBAIM y PiIKOMY a30Ti Ta BUAISIN
arasibHy PHK (~1 MKr), Ky TpaHcKpuOyBaiu y
konyBanbHy JIHK. Excrnpecito reHiB aHamizyBanu
3a TOMOMOTOI0 KiUTBbKiCHOI MOJiMepa3HOi JJAHIIIOTO-
Boi peakuii (ITJIP) y peanbHomy yaci (RT-qPRC) 3
BUKOPUCTAaHHSIM TepMolrKiepa Biometra (Analytik
Jena, Mena, HiMmeuunHa) y Takux ymoBax: 15 ¢ nmpu
95 °C, 35 nuknis no 1 xB nipu 94 °C, 1 xB nipu 58 °C
i 1.5 x8 mpu 72 °C, micas yoro 20 xB — npu 72 °C.
Peakuii mictumu SYBR Green Master Mix (Roche
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Puc. 1. Excnipecis reHiB TUA6 ta CLASPy K TMHOCTaTOBaHUX
npopoctkax Arabidopsis thaliana (* — pi3HMLS MiX KOHT-
POJIBHUMM i €KCITEpPUMEHTAIbHUMU BUOIipKaMy CyTTEBA Ha
piBHi 3Hauynocti p < 0.05)
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Puc. 2. BinnocHa 3miHa ekcripecii reHiB TUA6 ta CLASP y
He/KJIMHOCTAaTOBaHUX MpOpocTKax Arabidopsis thaliana, 00-
pPOOJEHUX OpU3ATiHOM, (¥ — PiI3HMIIS MiXK KOHTPOJbHUMU i
eKCTepMMEHTabHUMU BUOipKaMU CyTTEBA Ha PiBHi 3Hauy-
mocri p < 0.05)

Diagnostics Corporation). JocmiaKyBaau Ta aHalli-
syBaiu ekcripecito reHiB TUA6 (AT4G14960; mnps-
vuii mpaiimep: GTTCTGGTTCAGCCTGATGG;
3BopotHuii mpaitmep: CCAGTCCGTACCTCGT-
CAAT) ta CLASP (AT2G20190; mipsimuii: CTGTT-
GAAAGGCTGCATCAA; 3BopotHmii: CGACAA-
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CAGCAGGAACAAGA). ITenu SAND (AT2G28390;
npsamuii: AACTCTATGCAGCATTTGATCCACT;
3B0poTHUM: TGATTGCATATCTTTATCGCCATC)
ta S18 (AT2G03810 pre-ribosomal assembly pro-
tein; npsmuit: ATTCCTGGTCGGCATCGTTTA;
3BopoTHUl: GCGAAAGCATTTGCCAAGG) Bu-
KOPUCTOBYBAJIM SIK BHYTpilHii crangapt JJHK mis
HopMaJtizailii. EKcripecito nj1s1 KoxXHol mpoou po3-
paxoByBaJli Ha OCHOBI TPhOX TEXHIYHMX ITOBTOPEHb
yepe3 CTaHIapTHY KpUBY (sIKa BpaxoBYe €(eKTUB-
HicTh mpaiimepa). PospaxyHok 2 ANG , 3TimHO 3
pob6oToio [11], BUKOPUCTOBYBaIM ISl BUBHAUEHHS
BimHocHOTrO piBHSI MPHK.

JJ1s1 OLIIHKM Pi3HMILI MK KOXHUM HaOOpOM 3a-
XOJIiB JUISI KOXXKHOTO T'eéHa BUKOPUCTOBYBAIU TECT
HemapaMeTpu4yHoi ctaTuctuku Wilcoxon rank test
(ctatuctuuHa nporpama PSPP (www.gnu.org)). B
eKCIIepUMEHTax i3 00po0KOI0 3pa3KiB OpU3aJiHOM
eKCIIpeCilo TeHiB IIOpIBHIOBAJIM 3 €KCIIPECi€lo y
KOHTpOJIi Ta MpY KJIMHOCTaTyBaHHi. BimHOCHa eKkc-
Mpecisi TeHiB BBaXKaslacsl 3HUXKEHOI0/TiIBUILIEHO10,
SIKIIIO BOHA Bilpi3HsIacs LIOHAWMEHIIE YABIYi Bix
TaKol y KOHTPOIi.

PE3YJIBTATU TA OBIOBOPEHHS

HocnimxenHs ekcripecii TUA6 y KTMHOCTaTOBAaHUX
pociuH A.thaliana nokasanu ii 3HKeHHs (puc. 1).
Cnin 3asHaunTu, mo reH 7TUA6 xonye alpha-
isodopmy 1yoyiainy (TUBULIN ALPHA-6), saxa
eKCMPeCcyeThCsl y BereTaTUBHUX TKaHWHAX i miafa-
€TbCSl 3MiHAM y peayibHiil MikporpasiTailii KocMid-
HOTO MoJiboTy [8]. 3HMXeHHSs piBHS ekcripecii TUA6
MpU KJIWHOCTAaTYBaHHi CBiIYUTH MPO 3MEHILEHHS
KiJTBKOCTi O1JIKOBUX CKJIQIOBUX JAHOIO i30TUITY TYy-
OyJliHy, 110 MOX€e MOo3HayaTUCd Ha MoJiiMepu3allii
MikpoTpyOouoK. BcranosneHo, mo MT € moJsip-
HUMU CTPYKTypaMH, YTBOPEHUMU ajibda-cy0ooan-
HUIIEIO0 TYOY/IiHYy Ha MOBUIHLHO 3POCTAal0uOMY MiHYyC-
KiHILIi Ta 6eTa-TyOyJliHOM Ha LIBUAKO 3pOCTAIOUOMY
TUTIOC-KiHLI ToiMepy. MikpoTpyOoOuku MOXYThb
CaMOCTilfHO BUKOHYBaTHU CEHCOPHY (byHKIIiI0, i iXHi
MOHOMEPHU TYOYJIiHY 3JaTHi CIIOHTAaHHO MOJIiIMEpPU-
3yBaTUCs in Vitro, a TIOJOBXEHHS a00 BKOPOYEHHS
MT 3anexuTh Bil peaxilii Ha pi3HOMAaHITHI BHYT-
PIIIHBOKJIITUHHI Ta 30BHIILIHI cTUMYJH [5, 7].
ExcnepuMeHTH Mokasaiu, 110 eKCHpecisi reHa
CLASP takox 3HMXy€eThes (puc. 1). AconifioBaHuii 3
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MikpoTpyooukamu 6iiok CLASP (cytoplasmic link-
er associated protein), sSIK BiToMO, peryJo€ IXHIO I1-
HaMiKy, CTa0LIi3yl0un IBUAKOPOCTYYi IUTIOC-KiHIIi,
IIIO CIIpMSIE OpraHizaiii Mepexi KopTukaabHux MT
Ta miATpUMaHHIO cTajoi dopmu KiituHu [3]. He
BUKJIIOUYEHO, 1110 3HMKeHHs ekcrpecii CLASP € Ha-
CJIiIKOM MopylieHHs nojimMepu3sallii MT, oCKiJIbKU
MPU LIbOMY 3HUKYEThCS TTOTpeda y (PyHKIIiOHANIbHI
B3aemoyii 6inka CLASP i3 mikpoTpyboukamu.

Toit daxrt, 10 mopyiieHHs nojdiMepusaliii MT
MOXe BIUIMBAaTU K Ha ekcnpecito TUA6, Tak i
CLASP, cBimyaThb eKCIIEpMMEHTHM i3 OpH3aJiHOM
(OR) (puc. 2).

ITpu 3acTocyBaHHi LIbOTO iHTiOITOpPA MOJIiMepU3a-
il y IUTOIUIa3Mi KJIITUHU 3 SIBJISETHCS MIEBHA KiJlb-
KiCTh BiJIbHMX IJIOOYJISIPHUX i30TUITIB TyOyJiHy. He
BUKJTIOYEHO, 1[0 KiJIbKiCTh IJI00YISIPHOTO TyOyJIiHY
y LMTOIJIa3Mi MOXE 3BOPOTHO BIUIMBAaTH Ha €KC-
npecito ik TUA6, Tak i CLASP.

ITpore chig BiAMITUTH, 11O TIPU KJIMHOCTATY-
BaHHI 3acTocyBaHHs OR He BIUIMBalO Ha eKCIIpe-
cito TUA6 ta CLASP (puc. 2), 1110 BKa3ye Ha Te, 1110
B3a€EMO3B’I30K MixX craHomM MT Ta ekcnpecieto
BKa3aHWX TEHIiB 3aJI€XUTh Bil 3HWXXEHHS I'paBiTa-
LIAHOTO HaBaHTaXeHHs. TOYHMI MexaHi3M TakKoi
B3a€EMO/Iii 3aJIMIIIAETHCS HEBITOMUM, aJjie, BOYCBU/Ib,
3B 130K MixX opraHizauieio MT Ta ekcnipecieto TUA6
Ta CLASP nipu KJIMHOCTaTyBaHHI PEryJIIOE€ThCS Bifl-
MiHHO BiJl CTalliOHAPHOTO KOHTPOJIIO.

IMopyuennst nmoximepu3sauii MT npu KimHoOcCTa-
TyBaHHi BIUIMBAa€E Ha OpraHizalilo KOPTUKaJIbHOI
Mepexi MT, ciprurHsII0uUM 11 4aCTKOBY J€30praHi-
3awito. Ile 1oBOASITH Bi3yalbHi CITOCTEPEXKEHHS, SIKi
BUSIBWIIM Jie30pi€HTallito okpeMux KMT, a came, ixHe
BiIXWJIEHHSI Bil HOPMaJIbHOI ITONEPEYHOI OpraHisa-
wii Ha KyT, 6;113bK1it 10 45, mpu6mmsHo y 10 % wti-
THH KOPEHIB KJIMHOCTaTOBAHUX MIPOPOCTKIB A. thali-
ana | 16] Ha piBHI MEpHCTEMHU Ta 30HH PO3TITY KOpE-
HiB (puc. 3). He Bukio4eHo, 1110 paHaomizaitis KM T
BHACJIIZOK MOpPYIIEHHS ToJliMepu3allil NpU3BOAUTH
10 MOSIBU oKpeMuX BitbHUX MT i po3’emHaHHS ITy4-
kiB MT. Bce 11e po3pimxye Mmepexy KMT.

V cBoio uepry, cnoTBopeHHsT Mepexi KMT mpu
KJIMHOCTaTyBaHHI MPU3BOJUTH A0 3HUXEHHSI POC-
TOBUX ITapaMeTpiB KOpeHiB A. thaliana, sIKi mOpiB-
HioBam 75.4 + 17.4 % [14, 15]. Lle y3romKyeThcs i3
HaIlMMU CIIOCTEPEKEHHSIM 3MiHM TEMITiB POCTY Ta
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Puc. 3. BinxuieHHsT MiKpOTpyOOYOK Bil IOIMEpeYHOi opra-
Hi3alii y KJIiTUHAX KOPU Ii3HbOT MEPUCTEMU KOPEHIB Ipo-
pocTKiB Arabidopsis thaliana - GFP-MAP4 nipu kinHocTa-
TyBaHHi (@ — KOHTPOJIb, 6 — KJIMHOCTAaTyBaHHs). Macuitab
10 MxM

KoptukanbHi MiKpoTpyOOuKu

a 0

Puc. 4. CxemaTuyHe 300pake€HHSI 3MEHILIEHOIO HaBaHTa-
>KEHHSI Ha KOPTUKAJIbHY 00JIaCTh KJIITUHU i IIMTOCKEET MPU
KJIMHOCTAaTyBaHHi (¢ — KOHTPOJIb, 6 — KJIMHOCTATYBaHHS)

HasIBHOCTI paHaoMi3oBaHuX KMT y KJliTMHaxX 30HU
postary Beta vulgaris (4epBoHMii OypsiK) [2] Ta Zea
mays (KyKypy[3a).

Crig 3a3HauYMTH, IO IIPM 3aCTOCOBAHOMY THIII
TOPU3OHTAJIBHOTO KJIMHOCTaTyBaHHsI (1D) BinOy-
BAETHCH SIK MEPEOPIEHTALIISI CAMUX POCIMH i KIITUH
KOPEHiB, TaK i 3HSITTS CIIPSIMOBAHOTO BIUIMBY Ipa-
BiTalii. B pesyabrari TMCK mpoToracta (Typrop)
Ha LIMTOILIa3MaTUYHy MEMOpaHy i KIITUHHY CTiHKY
MiHiMI3Y€EThCS i TOMOTeHi3yeThCs (puUc. 4).

JIoriyHoO MpPUITYCTUTH, 110 JaHUI TUMN MeXaHid-
HOTO CTpecy, SIKMiA BUHUKAE Bill 3MEHIIIEHOIO Ha-
BaHTAXKEHHSI HA KOPTUKAJIBHY 00JIaCTh KJIITUHMU [6],
BiIUYBa€ThCSI Ha PiBHi eKCIpecii TeHiB — peryJis-
TOpiB opraHizauii KopTukaaibHoi Mepexi MT, sika
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MOPOTUIIE HaBaHTaXK€HHIO. 3HIKEHHSI eKcrpecii
TeHIB CTPYKTYpPHMX i acouiiioBanux OinkiB MT, Ta-
kux ik TUAG6 Ta CLASP, 3MeHIITy€e KilTbKiCTh BiITo-
BiTHMX OIJIKiB, a OTXe, IPU3BOAUTH 0 MOPYLICHHS
noJyliMepu3allii OKpeMnX MiKpoTpybodok. HacTkoBa
ne3opranizanis mepexi MT, ska BimOyBaeTbcs Tpu
1IbOMY, TIOB’sI3aHa i3 3HMXXEHHSIM IMOTpedu y XKop-
CTKOMY Kapkaci KJIITUHHU. OCKiJIbKA OJHA i3 OCHO-
BHUX (DYHKIIII LIUTOCKEJIeTa — lie 3a0e3IeUeHHSs

POCTOBUX IPOLIECiB, TaKi Oro repedynoBy IIPU3BO-
IISITh O 3MiHM TEMIIiB POCTY KOPEHS y LIIOMY.

AHati3 peakiiil eJIeMEeHTIB IIUTOCKeJIeTa Ha MOJIe-
JIbOBaHY MiKpOIpaBiTallito HaJa€ MOXIMBOCTi BU3HA-
YUTU CTPECOBI YMOBU POCTY JIJIs1 POCUH i pO3poOUTU
3aX0/[I1 iIXHBOTO TMOJIMIIEHHS, 1110 € aKTyaJbHUM JIJIsI
CTBOPEHHSI OiopereHepaTUBHUX CUCTEM KUTTE3a0€3-
MEeYEHHS KOCMOHABTIB Y JIOBTOCTPOKOBUX KOCMIUHUX
MiCisiX Ta KOJIOHi3allil iHIINX [JIAHET.
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MODELED MICROGRAVITY IMPACT ON THE CYTOSKELETON
ORGANIZATION IN ARABIDOPSIS THALIANA ROOT CELLS

Planning manned space missions requires long-term cultivation of various types of plants, and this necessitates the detection
of microgravity’s impact on root cells since the nutrition and orientation of plants depend upon the state of the root system.
Analysis of how cytoskeleton proteins function in simulated microgravity is essential for understanding the mechanisms of rapid
cell response to external stimuli, which is inherent in plants. The organization of the tubulin component of the cytoskeleton and
the mechanisms of its regulation by associated proteins were studied under the conditions of horizontal clinorotation, which
changes cell polarity, eliminates directional influence, and minimizes the gravity effect. Experiments have shown that slow
clinorotation causes mechanical stress associated with a significant decrease in the gravitational load on the side cell walls. This
affects the organization of the tubulin cytoskeleton — a complex system of polymeric proteins whose functions are to ensure the
shape of the cell, cell signaling and growth. Namely, a partial deviation of cortical microtubules from the transverse orientation
in the cell of the A.thaliana root elongation zone was revealed. The above may be the result of a decrease in the expression of
the TUAG6 gene, which encodes the structural subunit of microtubule polymers, and the CLASP gene, whose protein regulates
the organization of the microtubule network. A decrease in gene expression leads to the alteration of both the polymerization of
microtubules and their connection with the cytoplasmic membrane, which is visually manifested in partial disorientation of in-
dividual microtubules in epidermal and cortical cells. Thus, the reduction of the gravitational load from clinorotation on the cell
eliminates the need for a rigid network of the cortical cytoskeleton and affects its partial disorganization, which, in turn, leads
to the discoordination of plant root growth. Investigation of the cytoskeleton influence on the growth characteristics of plants in
microgravity essentially contributes to the development of plant growth technologies for long-term space flights.

Keywords: modeled microgravity, cytoskeleton, mechanical stress, cortical microtubules, Arabidopsis.
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INVESTIGATION OF NOVA PER 2020 (V1112 PER)

In the paper, the evolution of the spectra of the classic Nova Per 2020 (V1112 Per) is described based on the spectra from databases
ARAS (R = 9000— 11000). The discussed spectra cover the period of the outburst. The comparative analysis results on the behavior
of the profiles of the selected lines (H, Hﬁ , He I\ 587.6 nm, Na ID, and Fe Il) with changes in the star’s brightness during the
outburst are presented. Using the diffuse interstellar bands (DIBs) at M\ 578, 579.7, and 661.4 nm, visible in the high-resolution
spectra, their equivalent widths were measured (W = 0.0402 for the \. 578 nm lines, W = 0.0140 for k. 579.7 nm, and W = 0.021 for
the ). 661.4 nm), the interstellar extinction, the star magnitude M, = —8.03™, and the distance d = 4.5 kps to Nova Per 2020 were
estimated. Based on the photometric data of the star, it was established that the light curve of the star belongs to the D class of light
curves. From the spectrum of the star, it was found that Nova Per 2020 belongs to the classical Fe I type Nova.

Keywords: stars: novae, cataclysmic variables — stars: individual: Nova Per 2020 — techniques: spectroscopic — line: identification.

INTRODUCTION

Nova Per 2020 (V1112 Per) was discovered by Seiji
Ueda on November 25, 2020 [18] in images taken
with a Cannon EOS 6D digital camera. Munari U.
et al. [10] obtained a low-resolution spectrum and
classified this object as a Nova. Photometry of the
object showed that V' = 10.331, B — V' = +0.658,
V- R=10.482, and V- 1= 0.947. Munari U. et al.
[11] continued to study this object and obtained
low- and high-resolution band spectra in the wave-
length range from A\ 330 nm to 800 nm. On Novem-
ber 26.813, the Balmer, He I, N 11(3), and O I lines
showed P Cyg profiles. The next night, in the spectra

taken on November 27.703, the He I and N I lines
disappeared, and various multiplets of the Fe II line
showing P Cyg profiles were found. Also, Munari U.
et al. measured the observed interstellar Na I doublet
lines and K I A 769.9 nm lines. They showed that the
small value of the equivalent widths (0.0197 nm) in-
dicates the optically thin conditions and corresponds
to E(B - V) =0.77. For the Diffuse Interstellar Band
line (DIB) (A 661.4 nm), the value of the equivalent
width (0.0186 nm) corresponds to E(B— V) =0.82.
On November 28, 2020 S. Borthakur et al. [3] con-
firmed the spectral data of Munari et al. After taking
spectra on November 26 and 27, they classified this

LutyBanusg: Alisheva K. 1., Mikailov Kh. M., Rustamov B. N., Alili A. H. Investigation of Nova Per 2020 (V1112 Per). Space
Science and Technology. 2024. 30, No. 6 (151). P. 59—66. https://doi.org/10.15407 /knit2024.06.059
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Figure 1. Light curve of Nova Per 2020. The red dots approxi-

mately correspond to the dates of the chosen spectral observa-
tion

Nova as a classical Fel I type Nova. Chochol D. et
al. [4] obtained spectra of the Nova on December 1
and 2, 2020 and also found, in addition to the Fe II
lines, H  and HB emission lines with slow and fast
absorption components. Banerjee D. P. K. et al. [2]
reported spectroscopic changes in the near-infrared
spectrum of the star Nova Per 2020, obtained on
December 6, 2020, covering wavelengths from 700
to 2500 nm. This spectrum appeared to be a typical
spectrum of the Fe II type Nova, showing lines of the
CI,HI, OI, and Na I type. Banerjee D. P. K. et al.
[1] continued infrared photometric observations of
Nova Per 2020 on January 15, 2021. They confirmed
the beginning of dust formation (dust generation) in
the Nova.

The goal of this work was to study the evolution of
the spectra of the Nova, taken from the ARAS data-
base at the moments of the beginning of the outburst
(emission), the post-maximum, and the beginning of
dust formation (dust generation) in the time interval
from 2020-11-26 to 2021-03-20.

PHOTOMETRY

To track the evolution of a star’s spectrum and de-
termine its absolute magnitude, photometric data are
conventionally used. Photometric data for Nova Per
2020 (V1112 Per) were taken from the AAVSO data-
base (https://www.aavso.org/LCGv2), and the light
curve was plotted in the V-filter (Figure 1). The mo-

60

ment of maximum brightness corresponding to the
date 2020-12-02 (0¢) was taken as the zero-reference
point. Object studies cover dates from the pre-maxi-
mum, maximum, post-maximum outburst, and dust
formation (dust generation) of Nova Per 2020.

Classical novae can be divided by photometric
type into fast and slow novae [19]. The classification
typically depends on the time interval within which
a nova fades by 2 or 3 magnitudes (7, , #;) relative to
its maximum brightness. Fast super-Eddington no-
vae (¢, < 13, £3 < 30 days) have smooth light curves
with well-defined maximums. Slow Eddington novae
(#, > 13, t; > 30 days) have structured light curves,
and many of them are stagnant at maximum and late
stages of dust formation. In our case, for #, and 7;, we
determined 7,= 19.84¢ and #;= 33.7 9. Therefore, this
nova (Nova Per 2020) can be attributed to the slow
Eddington novae.

From the shape of the light curves of the novae,
one can obtain essential information about the physi-
cal processes during the outburst. Strope, Schaefer
and Henden [15] classified Galactic novae based on
the light-curve shapes into smooth (S), plateau (P),
dust dip (D), cusp (C), oscillations (O), flat-topped
(F), and jitter (J). In addition to classifications based
on the outburst properties, these systems can also be
classified via the evolutionary state of the donor star
[6] into main sequence, sub-giant, or red giant star
novae.

It was established that the light curve of Nova Per
2020 belongs to the dust dip (D) class. Therefore,
considering the formula of Ozdonmez A. et al. [13]
for the D-class light curves, the absolute magnitude
was calculated:

M, =~11.3(£0.7) + 2.4(£0.4)logt,,

M,,=-13.1(£1.2) + 3.3(£0.7)logt;.

For 1,, its estimate was M}, = -8.19, and, for 73, it
was estimated as M, = -8.06.

The classical slow Nova Per 2020 belongs to the Fe
type (we will discuss below the belonging to the Fe-
type Nova). From the formula of Ozdonmez A. et al.
[13] for Fe-type Novae

M;,=~-10.7(£0.3) + 2.1(£0.2)logt,,

M,,=—-11.7(£0.5) + 2.4(£0.3)logt,
we obtain

M,,=-7.98 (by 1,),

M, =-8.03 (by 1;).
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Investigation of Nova Per 2020 (V1112 Per)

SPECTROSCOPY

Observations and processing. Nova Per 2020 (V1112
Per) was observed from November 25, 2020 to Janu-
ary 15, 2021 by different observers. Spectra of Nova
Per 2020 (V1112 Per) uploaded to the ARAS data-
base (https://aras-database.github.io/database/no-
vaper2020.html) cover the time period from 2020-
11-25 to 2021-03-20. We have chosen high-resolu-
tion spectra to reveal the structure of the profiles of
various lines. The data on the selected spectra are
shown in Table 1.

Further processing of the spectra was conducted
using the Dech 30 software package (http://www.
gazinur.com/DECH-software.html).

Figure 2 shows the general view of the chosen
spectra, owing to which one can observe the evolu-
tion of various lines. Almost all lines (except H )
showed P Cyg profiles at the beginning of the ob-
servation. The Balmer and He I lines (AL 587.563,
667.815 nm) were clearly visible, as well as the lines of
iron Fe 11(42) (A1 492.3921, 501.8434, 516.9030 nm)
were also observed, which were noticeable from the
very beginning. This gives us a reason to classify this
star as a classical Fe II-type Nova. Starting from
2020-11-30 (-29), the emission component began
to increase, and slow (narrow) and fast (wide, broad)
absorption components appeared. At 2020-12-15
(+139), the slow emission component disappeared.
At 2021-03-20 (+1089), the Fe 11(42) 1 516.903 nm
line was not observed. Another Fe II multiplet (74)
A 614.7735 nm showed a similar profile evolu-
tion. Starting from 2020-11-28 (-49), the N 1(3) AA

Table 1. The data on the selected spectra
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Figure 2. Spectra of Nova Per 2020

742.363,744.229, and 746.831 nm lines were also ob-
served in absorption, and from 2020-11-30 (-29), an
emission component also appeared. On 2021-03-20
(+1089), the N I(3) lines disappeared. Also, in the
spectrum of Nova, oxygen lines O I(1) A 777.4 nm
had been observed, which were no longer ob-
served on 2021-03-20 (+1089). On 2021-03-20, the
He I(10) & 706.5188 nm and He 1(46) A 667.815 nm
lines were clearly visible. For a more detailed analy-
sis, we considered several selected H Hﬁ, He I A
587.6 nm, Na I, and Fe II lines.

H_ line. Figure 3 shows the H_ line profile. As can
be seen from the figure, at the beginning of the obser-
vation on 2020-11-26 (-69), the H,, line shows a pro-

Date JD Resolution A, nm Exposition time, s
2020-11-26 2459180.498 11000 393—760.4 7217
2020-11-27 2459181.427 11000 390—760.7 12030
2020-11-28 2459182.498 11000 418.6—759 6040
2020-11-29 2459182.577 11000 418.6—759 6039
2020-11-30 2459184.362 9500 387.5—886.9 19610
2020-12-02 2459186.382 9500 405.2—776.1 18039
2020-12-04 2459188.393 9500 386—887.5 18068
2020-12-05 2459188.584 11000 391.5—759 6039
2020-12-08 2459192.414 11000 391.5—759 7886
2020-12-15 2459199.494 11000 391.5—759 6039
2021-03-20 2459294.334 9500 373.9—893.8 5439
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Figure 3. Evolution of H  line

file with 2 emission components (radial velocities —104
and +774 km/s). The next day, 2020-11-27 (=59, the
P Cyg profile appeared, and the absorption component
showed a radial velocity of -916 km/s. The red emission
component weakened and disappeared on 2020-11-28
(—49). On 2020-11-29 (-39), the H_ line showed a
P Cyg profile with strong absorption components, also
observed on 2020-11-29 (=39). The radial velocities of
the absorption components were equal to —737 km/s
and —646 km/s, respectively. On 2020-11-30 (-29), the
line profile changed highly, the emission profile en-
hanced, and 2-component (slow and fast) absorption
arose with radial velocities equal to —650 km/s and
—1295 km/s, respectively. In the spectrum on 2020-12-
08 (+69), the slow component disappeared, and the
velocity of the fast component reached —1730 km/s.
On 2020-12-15 (+134), the line showed 2 absorption
components with radial velocities of —1140 km/s and
—-1930 km/s. On 2021-03-20 (+1089), in the H,
line, along with a strong R component emission, a
weak violet V component arose, radial velocities for
the R components are RV = —12.47 km/s, absorp-
tion — RV = —1540 km/s, violet emission — RV =
=-2540 km/s.

H,, line. As can be seen from Figure 4, the H; line
profile, except for some dates, shows a profile similar
to the H_ line profile. At the beginning of the obser-
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vation on 2020-11-26 (—69), and up to, unlike the H “
line, the HB shows a P Cyg profile (the radial veloc-
ity of emission —7 km/s, the absorption —870 km/s).
Until 2020-11-29 (=39), a similar profile is observed,
the radial velocities are equal to —737 km/s and
—560 km/s, respectively. Since 2020-11-30 (=29), the
profile has changed significantly, the emission com-
ponent has increased, and a 2-component absorption
has appeared. The radial velocities are —657 km/s and
—1232 km/s, respectively. In the spectrum for 2020-
12-08 (+69), the narrow slow component has dis-
appeared, and the fast wide component shows a ra-
dial velocity of —=1655 km/s. On 2020-12-15 (+13¢),
two absorption components of —1113 km/s and
—1744 km/s are observed. On 2021-03-20 (+1089),
in the HB line, along with the strong emission of the
R component, a weak violet V component appeared
for the R component RV =-2.9 km/s, for absorption
RV = -1428.6 km/s, the radial velocity of the violet
component RV =-3162 km /s.

He I & 587.6 nm line. The area of He I A 587.6 nm
and Na I is given in Figure 5. As can be seen from
Figure 5 at the beginning of the observation on
2020-11-26 (-69), the He I A 587.6 nm line shows a
P Cyg profile. The He 1(46) L 667.8 nm line shows
a similar structure (see Figure 5), the velocity of the
absorption component is RV = —497 km/s, and the
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emission component RV = 11.5 km/s. The line He |
A 587.6 nm begins to disappear with increasing
brightness and is hardly observed on 2020-11-27
(=59). On the dates 2020-11-28 and 29, it completely

disappears and appears only on 2020-11-30 (-29).
The P Cyg profile with the wide emission component
begins to be observed with decreasing brightness. On
2021-03-20 (+1089), a narrow central emission and
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a wide absorption are observed, the radial velocities
are RV =0 km/s and RV = -1492 km/s, respectively.
Na I (D1, D2) line. At the beginning of the obser-
vation, the Na I line is observed as a narrow absorp-
tion, inherent only to the interstellar medium (RV =
= -6, -9 km/s). A wide absorption in the shortwave
part of the Na I doublet line is observed on 2020-
11-28/29. It is possible that this Na I line belongs to
the star itself (the resolution makes accurate identi-
fication difficult). However, starting from 2020-11-
30 (—24), Na I stellar lines are clearly visible. At the
same time, weak absorption components are visible
on the red side of the Na I line, which most likely
belongs to the stellar wind. Each doublet line shows a
double component, radial velocities D2(weak) RV =
—632 km/s, D2(strong) RV = —-690 km/s; D1(weak)
= —626.5 km/s, DI(strong) RV = —687.6 km/s.
On 2020-12-02 (09), the weak component of the dou-
blet is not observed, but another broad high-velocity
component begins to be observed. Radial veloci-
ties, respectively, are D2(1) RV = -686 km/s, D2(2)
RV = -1167 km/s; D1(1) RV = -688.2 km/s, D1(2)
RV =-1168 km/s. This Na I doublet structure is ob-
served until 2020-12-15 (+139). It can be seen from
Figure 5 that Na I stellar lines were not observed on
20-03-2021 (+1089).
Fe II (. 501.8 nm) line. Six days before the maxi-
mum, a P Cyg profile was observed (Figure 6): a
weak emission component and a double absorption
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component with radial velocities of =782 km/h and
—1276 km/h, respectively. The next day, the same
profile remained with radial velocities of =734 km/h
and —1307 km/h, respectively.

On 2020-11-28, the absorption turned into a sin-
gle component with a radial velocity of =566 km/h.
On this date, two unknown absorption lines were
also observed. On 2020-11-29, a weak single com-
ponent P Cyg profile (absorption) was observed
as of the 28th date. On 2020-11-30, emissions in-
creased, and absorption became two-component
—667.2 km/h and 1218.8 km/h. On 2020-12-02, a
similar pattern was observed, but the radial veloci-
ties became —693.5 km/h and 1165.1 km/h. Until
2020-12-08, the radial velocities changed, and the
absorption velocity became 1656.4 km/h. On 2020-
12-15, two absorption components were observed:
—1150 km/h of the first and —1719.0 of the second
absorption component. Data on 2020-03-20 show an
absorption profile, a radial velocity of —1543 km/h,
and an emission component of —164.7 km/h.

Diffuse interstellar bands (DIBs). DIBs are absorp-
tion features observed in the spectra of astronomical
objects in the Milky Way and other galaxies. They
are caused by the light absorption of the interstellar
medium. Currently, about 500 bands are visible in
the ultraviolet, visible, and infrared wavelengths. In
the optical band, we can observe lines (DIBs) with
wavelengths of A\ 443, 496.4, 578, 579.7, 585, 619.6,
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620.3, 627, 628.4, 637.9, 661.4, 666, and 722.4 nm.
In the spectra we studied, the DIBs lines AA 578,
579.7, and 661.4 nm are clearly visible. Their equiva-
lent widths were measured: W = 0.0402 nm for the
line & 578 nm, W = 0.0140 nm for A 579.7 nm, W =
=(.021 nm for the line A 661.4 nm.

For the lines 1 578 nm and A 579.7 nm, respectively:

* According to the Friedman formula EW =
= 0.51E(B - V), we got E(B — V)5, = 0.78, and
according to Yuan EW = 0.61E(B — V), we got
E(B~-V) 4,4=0.66.

* According to Krelovski [8], E(B—V) 5,4 = 0. 766,
E(B-V)s797,=0.94.

* Accordingto Zamanov [20], E(B-V) 574=0.933,
E(B—1V)s5797,=1.14.

DIB lines represent the valuable tool for estimat-
ing reddening (as well as distance), in particular, for
these Novae that experience the most interstellar ab-
sorption. As in the region of A 661.4 nm, DIBs have
almost no telluric lines, and this makes it possible to
estimate their equivalent widths more accurately, ac-
cording to [9]:

E(B-V)=4.40-EW(661.4) =0.924.
According to Krylovski’s EW'=0.61E(B - V), we got
E(B-V)=0.87. According to Zamanov E(B—V) =
= 0.99. Thus, for E(B — V), the optimal value for all
lines can be taken as 0.965.

Considering the interstellar absorption A, =
=3.1'E(B-V), A,= 2.9915, using the following for-
mula, the distance was calculated as:

d= 100.2(m—M+5— Av) .
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Bya. 3. Xaninona 23, baky, 1148, Azep6aiigkaH

JOCJIXKEHHSI HOBOI 3IPKU PER 2020 (V1112 PER)

VY cTarTi onuMcaHo eBOJIIOLII0 CIIEKTPiB KiIacuyHoi HoBoi 3ipku V1112 (Per 2020) Ha ocHOBi criekTpiB 6a3 naHux ARAS (R =
= 9000...11000). O6roBoproBaHi CeKTpH OXOTUIIOIOThL Mepioa MaKCUMyMy crajiaxy. HaBeneHo pe3yabraTy MOpiBHSUIbHOTO
aHaji3y noseainku npodinis Bubpanmx minii (H , Hg, He I'A 587.6 nm, Na I D ta Fe II) npu 3mini 6amcky 3ipku nif yac cra-
naxy. Jnst miHii mudy3HuX MixK30pstHUX cMyT A = 578, 579.7 1 661.4 HM, BUIUMUX y CIIEKTPaxX BUCOKOI PO3IITBHOCTI, OTpUMa-
Ho exBiBasieHTH] mmpuHu (W= 0.0402 ms ninii A 578 um, W= 0.0140 s ninii A 579.7 um, W= 0.021 ms niuii A 661.4 HM),
OLIIHEHO MiX30psiHE NOTIMHAHHSA, 30psiHa BeJanuuna M,, = —8.03" i pinctanb d = 4.5 knk 1o Nova Per 2020. Ha ocHoBi ¢oTo-
METPUYHMX TaHUX 3ipKU BUSIBJICHO, 110 KpMBa OJIMCKY 3ipKM HAJICXKUTh 10 D-Kitacy KpuBUX OIMCKY. 3a CIIEKTPOM 3ipKu OyJ10
BUsIBIIeHO, 1110 Nova Per 2020 € knacuunolo HoBoto Tuity Fe I1.

Karouogi caosa: 3ipku: HOBIi, KaTakJ1i3aMiuHi 3MiHHI — 3ipku: okpemi: Per 2020 — mMeToau: crieKTpOCKOMIYHI — JIiHis: i1eH-
tudikanis.
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NGC 3521 AS THE MILKY WAY ANALOGUE: SPECTRAL ENERGY
DISTRIBUTION FROM UV TO RADIO AND PHOTOMETRIC VARIABILITY

We studied the multiwavelength properties of NGC 3521, the Milky Way galaxy-twin, from UV- to radio, exploring the data from
GALEX for UV-, SDSS for optical, 2MASS, WISE, MIPS (Spitzer) and PACS, SPIRE (Herschel) for IR-, and NRAO VLA for radio
ranges. 1o obtain the spectral energy distribution (SED), we exploited the CIGALE software and constructed SEDs without (model A)
and with (model B) AGN module. The type of nuclear activity of NGC 3521 is confirmed as the LINER.

We also present the results of the photometric data processing. Exploring the ZTF observations in 2018— 2024, we found, for the
first time, a weak photometric variability of the nuclear activity, where the correlation between g — r color indices and g-magnitude
for long-term timescale shows a BWB trend (bluer-when-brighter) with a Pearson coefficient r(g — r) = 0.56, which is a medium
correlation. To detect the variability of NGC 3521 during the day (IDV), we provided observations using a Zeiss-600 telescope with an
aperture size of 8" at the Terskol observatory. The data obtained in the R-filter with an exposure of 90 sec for three hours on Feb 11,
2022, serve in favor of a trend towards an increase in brightness with the amplitude of variability of 0.04 = 0.001 mag.

According to the results of the simulations, the best fit to the observed SED is provided by model A, which considers the contribution
to the radiation from all galaxy components, assuming that the galaxy nucleus is inactive. Within this model, we derived the stellar
mass M, = 2.13 % 101 Mg, , the dust mass M, = 8.45 x 107 My, and the star formation rate SFR = 1.76 My, /year with
x2/d.o.f= 1.8. Also, based on the HIPASS radio data, we estimated the mass of neutral hydrogen to be M g =13%x1 0 M ‘Sun» Which
is an order of magnitude greater than the mass of the stellar component.
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1. INTRODUCTION

The NGC 3521 is a nearby spiral flocculent galaxy
at z = 0.002672. Its morphological type is SAB(rs)
bc according to de Vaucouleurs classification, i.e.,
this galaxy has an intermediate bar structure, a weak
inner ring, and moderately to loosely much-wound
structure of spiral arms. A type of its nuclear activity
is classified as H II LINER [15].

Rotation curve. 1t is difficult to reveal a bar struc-
ture of NGC 3521 because of a high position angle of
163° and strong patchiness [54, 36] in the central re-
gion (Figure 1). The first estimations by Burbidge et
al. in 1964 [7] allowed determining a) the mass from
measures of the Ha and [N II] emission lines with-
in about 170" of the center as about 8 x 1010 M/ Sum
and b) specific rotation curve parameters. Later on,
Casertano and van Gorkom [9] discovered this speci-
ficity of the rotation curve, which decreases with dis-
tance at the periphery. Dettmar and Skiff[16] in their
photometric studies explored that NGC 3521 at low
surface brightness levels has declining rotation curves
with the typical signs of interaction or even merging.
Zeilinger et al. [65] confirmed that NGC 3521 traces
a specific counter-rotating population as well as ex-
hibits asymmetric kinematic properties of gas and
stars along its major and minor axes. Such a feature
of NGC 3521 can be explained not only by the past
merger but also in the frame of an axisymmetric dy-

Figure 1. A central part of the spiral barred galaxy NGC 3521
(the Bubble Galaxy) with extensive star-forming regions.
Image is taken with the NASA/ESA Hubble Space Telescope
in 2015 (file usage on Commons)

68

namo concept, when density wave flows have spiral
magnetic fields with a substantial radial component,
amounting to 40—60 % of the azimuthal field in a
differentially rotating flocculent galaxy [31].

Isolation criteria. NGC 3521 (= KIG 461) is an
isolated galaxy (see, the Catalogue of Isolated Ga-
laxies by Karachentseva [28]). Vavilova et al. [59]
considered the isolation criterion as the first neces-
sary condition to be a candidate for the Milky Way
galaxy-analogue (MWA). The galaxy group around
NGC 3521, together with the groups around NGC
3115 and NGC 2784, are part of a diffuse elongated
Leo Spur structure in the large-scale web of the Lo-
cal Volume [34]. At the same time, the properties of
NGC 3521 and NGC 3115 have often been com-
pared with those of the Milky Way and M 31, includ-
ing their galaxies-satellites. Our Galaxy and M 31,
more plausible, had a close flyby in the past 7—10
Gyr ago, and the study of their neighborhood brings
clarity to understanding their evolution and hierar-
chical clustering. For instance, Haslbauer et al. [23]
studied the Magellanic Clouds systems-analogues in
the highest resolution TNGS50 simulation using their
stellar masses and distances in MW-like halos. They
obtained that the Magellanic Clouds and their sys-
tems-analogues formed in physically unrelated ways
in the ACDM model. Recently, investigating a neigh-
boring group of galaxies around NGC 3521, which
have six satellites, Karachentsev et al. [27] found four
new likely satellites of low surface brightness in the
projected area 750 x 750 kpc of the DECaLS survey
(these objects have no yet the distance estimations).
The total mass M= (0.90 + 0.42) 10'2 M, , the ra-
tio My/Ly=(7%3)Mg,,/Ls,, , and peculiarities of
the rotation curve [16] point out a shallow potential
well and low mass of the dark halo of NGC 3521.

Structural and multiwavelength properties. The iso-
lated galaxies of the Local Volume exhibit a faint lu-
minosity in spectral ranges, especially in radio- and
X-ray [48, 56, 58, 60], and a weak nuclear activity
as compared with galaxies in the dense environment
[17, 40, 47, 62].

Below, we have collected several general results
about NGC 3521 to picture the specific structural
and multiwavelength features that this galaxy tra-
ces. Studying surface density profiles and size-mass
relation, McGaugh [39] was the first to recognize
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NGC 3521 as a Milky Way galaxy-twin based on the
similarity of such parameters as the baryonic matter
mass, rotation curve, and scale length of this galaxy.
Subsequently, detailed studies of the spectral charac-
teristics of NGC 3521 were performed by Pilyugin et
al. [46]. By comparing the morphology, radial distri-
butions of oxygen content, and rotation curves of the
Milky Way and NGC 3521, these authors concluded
that NGC 3521 is a twin of the Milky Way.

The most precise results on the structural proper-
ties in the optical range were obtained with the fiber-
based Integral Field Unit instruments. For example,
the high spectral resolution observations by Fabricius
et al. [20] with the VIRUS-W not only confirmed a
counter rotation of NGC 3521. Their investigations
of the kinematics and metallicities [12] revealed a
higher velocity dispersion in the bulge as well as a
slower rotation compared to the disc. Identifying
three main stellar populations by location and age,
they proposed that the evolution of NGC 3521 began
>7 Gyr (older stellar population), followed by a sec-
ond burst of star formation or a merging about 3 Gyr
ago when the bulge was firmed (intermediate stellar
population), and undergone a new star formation
burst in the disc < 1 Gyr (young stellar population).

Asymmetries in the distributions of both stars and
gas in the outermost regions are confirmed by the ra-
dio observational CO and H I data as well as the dif-
ferences in the molecular gas properties and distribu-
tion along the major axis were mapped after process-
ing the data of the Arizona Radio Observatory Survey
[61]. Scaling relations for the giant molecular clouds
in spiral arms and interarms based on the CO emis-
sion data in the PHANGS-ALMA survey with 90 pc
resolution show that spiral arms clouds show slightly
lower median virial parameters and their mass scale
of 2.5x larger than interarm clouds [50]. The H II
regions with enhanced and reduced chemical abun-
dances are found distributed throughout the disc,
and radial metallicity profiles have weak evidence of
azimuthal variations [22].

NGC 3521 was included in several observational
surveys, i.e., The H I Nearby Galaxy Survey of nearby
galaxies (THINGS) in the H I line, which is based on
data from the NRAO Very Large Array (VLA) [63];
the Nearby Galaxies Legacy Survey for the James
Clerk Maxwell Telescope [64]; the Spitzer Infrared

Nearby Galaxies Survey. It allowed determining the
distance d = 10.7 Mpc by Tully-Fisher relation, radi-
us R=4.16', isophotal radius R,s = 12.94 kpc. Using
such a range of multiwavelength data, Warren et al.
[64] examined the star formation properties, warm/
dense molecular gas content, and dynamics on sub-
kiloparsec scales.

Exploring the H I data from THINGS, Elson [19]
found an anomalous diffuse and slow rotating H 1
component with My, | = 1.5x 10° M, (20 % of a to-
tal H I mass) and circular rotation speed, which is to
lag the regular H I component by ~25—125 km/s. It
is located in a thick disc (scale height ~3.5 kpc) and
coincident with the inner regions of the stellar disc
in the radial direction. This anomalous H I struc-
ture can be a slow-rotating halo gas component. The
higher star formation rate in inner disc regions gives
an explanation for a “galactic gas fountain” from the
disc into the halo of NGC 3521. In turn, the radial
profiles of stellar CO and 8 pm emission from poly-
cyclic aromatic hydrocarbons (PAHSs) obtained by
Regan et al. [49] demonstrate that this galaxy has a
central excess above the inward extrapolation of an
exponential disc, in other words, the gas inflow rate
into the central regions exceeds the star formation
rate.

Among other multiwavelength properties of NGC
3521, we note the discovery of an ultrasonic X-ray
source [SST2011] J110545.62 + 000016.2 by Heida
et al. [24]. It was later analyzed by Lopez et al. [37]
with VLT X-shooter and Chandra data. They found
a connection of the ULX source with an adjacent H
II region at ~138 pc to the NE and obtained its X-ray
luminosity in the 0.3—7 keV range as (1.9 = 0.8) x
10¥ erg/s cm?.

We chose this galaxy for a detailed multiwave-
length analysis to determine its main characteristics
by modelling the spectral energy distribution (SED)
and accumulate the data on how the SEDs of galax-
ies can be indicators for the search of the Milky Way
galaxies-analogues (MWAS).

The structure of our article is as follows. We describe
the data from sky surveys in Section 2 and the main
modules of the CIGALE software, which we used for
the multiwavelength analysis, in Section 3. The re-
sults for the spectral energy distribution models with
and without the AGN module are presented in Sec-
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Figure 2. NGC 3521 in the ultraviolet, visible, and infrared ranges. The images were taken with the Aladin software 3]

tion 4, as well as on the photometric studies obtained
with the Zeiss-600 telescope at the Terskol observatory
in 2021—2022 and with the Zwicky Transient Facility
in 2018—2024 in Section 5. A summary of the results
with a brief discussion is given in Section 6.

2. THE MULTIWAVELENGTH DATA

We used the data from various publicly available sky
surveys for the multiwavelength analysis. Most of
them are collected in the NED (NASA/IPAC Extra-
galactic Database). To cover the different bands, we
used GALEX for ultraviolet (UV), SDSS for optical,
2MASS, WISE, MIPS (Spitzer) and PACS, SPIRE
(Herschel) for infrared (IR), and NRAO VLA for ra-
dio data. Altogether they formed a multiwavelength
range from 135 nmto 21 cm.

NGC 3521 is a nearby large galaxy. So, the stan-
dard apertures for which the fluxes are calculated
in these surveys are much smaller than the galaxy
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size. For this reason, in our work, we used the fluxes
obtained from the aperture of 263" by 56" from the
Spectral Energy Distribution atlas for 129 nearby
galaxies [5] in the range from UV to near-IR. The
data from the Herschel telescope (PACS and SPIRE)
were taken from the work [14]: the region from which
the fluxes were obtained was an ellipse with axes 926"
by 455". Observational fluxes from the Spitzer tele-
scope were obtained for the entire visible part of the
galaxy [43] as well as the radio data from [13].

3. MAIN MODULES IN THE CIGALE SOFTWARE

The flexibility of the CIGALE software [4] allows
working with the data from various sky surveys and
telescopes. As part of the CIGALE data processing,
we consider various components of the galaxy’s ra-
diation: stellar population, dust and gas emission, ac-
tive galactic nuclei. To do this, we used the following
independent modules.
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Figure 3. NGC 3521. Best-fit SED from the UV to radio ranges using model A. Red dots are the model fluxes; purple dots are the ob-
served fluxes. The green colour describes the nebular emission; the yellow colour describes the stellar component without attenuation;
the blue dashed lines describe the stellar component with attenuation; the red colour describes the dust emission; and the brown colour
describes the synchrotron emission from star-forming regions. The black continuous curve is the resulting model SED

The sthdelayedbq module represents the model for
describing the history of star formation in the gal-
axy — the so-called modified, delayed star formation
rate model with an optional exponential explosion
[11]. It allows us to consider the recent decay of the
star formation rate as

SFR(t)oc{txeXp(_t/T) t<t,

rax XSFR(t=t,) t>1,
where 7 is the time of the rapid decrease in the SFR,
T is the time when the SFR reaches its maximum.
The parameter rg, in Eq. (1) is the ratio between
SFR (1> 1,) and SFR (1 = 1;):
= SER(t>t,) . 2)
SER(t=t,)

The SFR (Eq. (1)) is determined by four parame-
ters: the age of the stellar population, the exponential
decay time of the model, the star formation time of
the main stellar population, and the age of the out-
burst or extinction episode, r¢pp (Eq. (2)).

The stellar emission is computed using the bc03
stellar population synthesis [6]. This library covers
a wide range of metallicity values (0.0001, 0.0004,

1
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0.004, 0.008, 0.02, and 0.05). The input parameters
for calculating the stellar population spectrum — the
metallicity of the stars and the mass function describ-
ing the different components of the galaxy — were
considered in [10]. Massive OB stars ionize the gas
around them. This gas re-emits energy through emis-
sion lines and a continuum (caused by free-free, free-
bound, and two-photon transitions). This radiation is
important for studying recent star formation through
the hydrogen lines and radio continuum and the me-
tallicity of the gas through the metal lines. We used
the nebular module based on nebula templates from
[26] to model the nebular emission. They are param-
eterized by the ionization coefficient U and the gas
metallicity Z. The electron density is assumed to be
constant and equal to 100 cm™3. The ionization pa-
rameter is the ratio of the flux of ionized photons to
the density of hydrogen atoms [44] and is expressed

as Eq. (3):
y _ lonizing photon flux 1 ,TL dv
e Vo ' hv .

3)

n 4mr’

Dust in galaxies absorbs shortwave radiation very
efficiently. The energy absorbed from the UV to the
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near-IR is re-emitted in the mid- and far-IR.The
dustatt_modified_starburst module is based on the
starburst decay curve obtained by Calzetti et al. 8]
and extended by Noll et al. [45] to add dust features
in the vicinity of 220 nm. The resulting expression of
the corresponding attenuation coefficient is given in
Eq. (4), where the change in flow as a result of inter-
action with the medium is taken into account:
By (1) = E, (1) 10750

intr

“

F,,, (%) is the absorption-corrected flux,

F,, (1) is the observational flux, E(B — V') = f* E(Vp)
is the reddening in the line, which is obtained by
multiplying the stellar extinction by the coefficient f.
The standard value is f = 0.44.

where

k, =D +k”“'b“”-(x/ssonm)-—E(B_V)SZO 5)
b E(B-V), '
2 2
D. = hump}\’
A 2 2.2
( _7"0) +)\‘ Y

where the latter expression for D, is the DRUID
profile, which characterizes the UV bump in the gal-
axy spectrum. The DRUID profile depends on the
wavelength corresponding to the maximum intensity
(Ay), FWHM (y), and amplitude (£, ) The nature
of the bump is still unknown. k“‘”b"’s is the effec-
tive stellar continuum attenuatlon curve normalized
by the gas extinction coefficient. & is the slope of the
UV continuum. For dust clouds around young stars,
in general, 8, = —1.3, for the interstellar medium
8,5y = —0.7. The dust cloud and the interstellar me-
dium attenuate radiation from stars younger than 10
Myr; stars that are older than 10 Myr attenuate only
in the interstellar medium.

Cosmic dust not only attenuates but can also emit
radiation [18]. The module describing this radiation
isdl2014. This module is based on a study of radiation
from a mixture of amorphous silicate dust, graph-
ite grains, and PAHs. One of the critical features of
this module is the division of dust emissions into two
components. The first model is the diffuse radiation
of dust heated by the total stellar population. Here,
the dust is illuminated by a single radiation field
U..i,- The second model simulates dust closely as-
sociated with star-forming regions. In this case, the
dust is illuminated by a variable radiation field in the
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range from U, ; to U, and is given by Eq. (6):
dM
ﬁ:(l )MdustS(U Umln)
a-1
+YM ﬁ[]_“ ; (6)
where dM ., is the mass of dust heated by radiation

in the interval [U, U + dU |, M, is the total mass
of dust, (1 — y) is the fraction of the dust mass that is
exposed to the starlight intensity U, , and o is the
power law exponent. In the model, U, ,, = 107. The
last parameter of this model is g, ;;, the mass fraction
of surfactants common to the two components.

Radiation in the radio range is described using
the radio module, which is implemented in the CI-
GALE software [4]. The model can include the syn-
chrotron component’s contribution from the AGN
and star formation regions. Due to a large number
of parameters, the radio module uses the correlation
between the radio and infrared bands g,, which was
proposed in [25], the power spectral slope o, and
the assumption that at a wavelength of 21 cm, the
spectrum is mainly dominated by non-thermal ra-
diation. The correlation coefficient g, is defined as
qir = (Fpp/3.75 x 1012 Hz) /S (1.4 GHz), where
FF,R 1.26 x 10714 x [2. 581,60 um) +/£,(100 pm)] £,
isgiveninJy, and Fp;pin Wm~ 2:3.75 x 1012 Hzis the
frequency value at a Wavelength of 80 um. Given the
modelled IR data, the correlation parameter g, is
used to estimate the flux at a wavelength of 21 cm. On
the other hand, the radio data can help estimate IR
radiation if no other data are available in this range.

To describe the active nucleus, we used the fritz2006
module, which is based on the model by Fritz et al.
[21]. Tt explicitly considers three components of
radiation: from a source located n the torus, scat-
tered by dust, and thermal radiation from dust. This
module is determined by a set of seven parameters:
Fradio 1S the ratio of the maximum to the minimum
radii of the dust torus, t is the optical thickness at
9.7 um, B and vy describe the dust density distribution
(oc B - eleos8ly where r is the radius, and 0 is the
opening angle of the dust torus, v is the angle be-
tween the axis of the AGN and the visual beam, and
the fraction of the AGN frac ,; . Also, the redshift-
ing module was applied to all the models to account
for the redshift.
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Table 1. NGC 3521. Input parameters of the SED model A

Parameter

Values

Star formation history, sfhdelayedbq
E-folding time of the main stellar population model, in Myr
Age of the main stellar population in the galaxy, in Myr

Age of the burst/quench episode, in Myr 10, 25, 50, 100

The ratio of the SFR after/before age _bq 0.001, 0.01,0.1,0.5, 1, 2.5, 5,
10, 50

Stellar population, bc03

Initial mass function [18]

Metallicity 0.02, 0.05

Age in Myr of the separation between the young and the old star populations 10

Nebular emission, nebular
Ionisation parameter -3.0
Gas Metallicity 0.02, 0.051
Dust attenuation, dustatt_modified_starburst

E(B— V), the colour excess of the nebular lines light for both the young and 0.3,0.5,0.75,1

old population

Slope delta of the power law modifying the attenuation curve —1.3,-0.7,0.0

Dust emission, di2014

Mass fraction of PAH 0.47,1.12,2.5,3.90, 5.95

Minimum radiation field 2,5,10,25

Power-law slope dU/dM o« U* 1,2,3

Fraction illuminated from U_; to U .. 0.1,0.25,0.5
Synchrotron radio emission, radio

The value of the FIR /radio correlation coefficient for star formation 2.58

The slope of the power-law synchrotron emission is related to star formation 0.8

500, 1000.0, 2000.0, 5000
5000, 10000, 13000

4. THE SPECTRAL ENERGY
DISTRIBUTION MODELS FOR NGC 3521

4.1. SED from UV to radio ranges without taking into
account the AGN module. The best statistical agree-
ment between the observed and theoretical energy
distributions was obtained with a value of y2/d.o.f =
= 1.8. The resulting values of the stellar mass M
=2.13x10"0 M, , dust mass M, = 8.45x10" M, ,
and star formation rate SFR=1.76 M, /year. In this
model, the star formation rate is the closest to the
values obtained in other studies. We will discuss this
in more detail in the next section. We also note that
we have selected the best value of the ionization pa-
rameter IgU = -3 from those listed in Table 1.

Since none of the models used allows us to esti-
mate the gas mass from the available observational
data, we used the equation obtained by van Gorkom

tar
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[55] to derive the observed mass of H I, which is also
recommended for use on the VLA portal!:

M,,, =2.36-10°D*SAV[ My, ], (7)

where My | is the observed mass of neutral hydrogen,
D is the distance to the galaxy, and SAV is the H I
line area in units of Jy km/s. We took the value of
SAV from the catalogue [1]. Thus, the mass of H I for
this galaxy, according to the observational data in the
radio range, is Myy; = 1.3x10'" M, which is of an
order of magnitude larger than the mass of the stellar
component.

4.2. SED from UV to radio ranges with taking into
account the module of AGN. NGC 3521 was classified
as a galaxy with an active nucleus of the LINER type

I https://science.nrao.edu/facilities/vla/docs/manuals/
0ss2013B/performance/referencemanual-all-pages
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400

500 600 A, nm

Figure 4. NGC 3521. The spectrum of the galaxy for a region of 190 by 360 angular seconds was obtained using the Boller-
Chivens spectrograph on the 2.3-meter Bok telescope at Kitt Peak Observatory [41]

400

500 600 A, nm

Figure 5. NGC 3521. The spectrum of the region close to the nucleus for an area of 2.50 by 2.50 angular seconds was obtained
using the Boller-Chivens spectrograph on the 2.3-meter Bok telescope at Kitt Peak Observatory [41]
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Figure 6. BPT diagram with values for the galaxy NGC 3521.
The red line is the upper limit of galaxies with active star for-
mation (curve 8), the blue dashed line is the active star for-
mation partition curve (curve 9), the green dashed line is the
empirical ratio for the Seyfert-LINER partition (curve 10).
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using IR observational data [53]. The same classi-
fication is reported in several other studies, see, for
example, [22]. However, in the work by Serote Roos
et al. [52] this classification was not confirmed based
on the spectra obtained in the optical range for the
central part. At the same time, Moustakas and Ken-
nicutt [41] performed several spectrophotometric
observations in the optical range for different regions
of NGC 3521 (see, Figs 4 and 5). To clarify the activ-
ity class of NGC 3521, we constructed the Baldwin-
Phillips-Terlevich diagram [2] The relation for this
separation was derived by Kewley et al. [30], where a
combination of photoionization and stellar popula-
tion synthesis models was used to establish a theoret-
ical upper limit on the location of galaxies with star
formation outbursts in BPT diagrams:

lg((O 111](500.7 nm )/ H,,) =
0.61
~lg((N1I](658.5nm)/H, )~ 0.47 HL

®)
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An empirical relation for the distinction of AGNs
is introduced by Kauffmann et al. [29]:

1g(O 111](500.7nm)/H,) =
_ 0.61 i
T lg(N1](658.50m)/H,)~005

In Figure 6, the area between curves 8 and 9 is the
region of the so-called composites, i. €., those galax-
ies that have the characteristic radiation of both star-
forming galaxy and galaxy with active nucleous. The
empirical division of active galaxies into Seyfert and

)

LINERs is introduced by Schawinski et al. [51] and
presented in Eq. (10):

lg((O 111](500.7nm)/H,) =
=1.05-1g(( N 11](658.5nm)/H,) +0.45. (10)

To determine the class of NGC 3521, we used the
calculated fluxes from the catalogue [42] (the data
taken from the table6.dat “Nuclear emission-line
fluxes™). Having the flux ratio, we constructed a BPT
diagram for NGC 3521. The resulting location of
NGC 3521 on the BPT diagram based on the above

Table 2. NGC 3521. Input parameters of the SED model B (with AGN module)

The ratio of the SFR after/before age_bq
Stellar population, be03

Initial mass function
Metallicity
Age in Myr of the separation between the young and the old star populations

Nebular emission, nebular
Ionisation parameter
Gas Metallicity

Dust attenuation, dustatt_modified_starburst

E(B - V), the colour excess of the nebular lines light for both the young and old
population
Slope delta of the power law modifying the attenuation curve
Dust emission, di2014
Mass fraction of PAH
Minimum radiation field
Power-law slope dU/dM o« U*
Fraction illuminated from U, ; to U, ..
AGN, fritz2006

The ratio of the maximum to minimum radii of the dust torus
The full opening angle of the dust torus
The angle between the equatorial axis and line of sight
AGN fraction
E(B-V) for the extinction in the polar direction in magnitudes

Synchrotron radio emission, radio
The value of the FIR/radio correlation coefficient for star formation
The slope of the power-law synchrotron emission is related to star formation
The radio-loudness parameter for AGN
The slope of the power-law AGN radio emission (assumed isotropic)

Parameter Values
Star formation history, sfhdelayedbq
E-folding time of the main stellar population model, in Myr 500, 1000.0
Age of the main stellar population in the galaxy, in Myr 7000, 10000
Age of the burst/quench episode, in Myr 10, 25, 50, 100

0.001, 0.01, 0.1,0.5, 1, 2.5, 5, 10

Chabrier [18]
0.02, 0.05
10

-3.0
0.0004, 0.02

0.5,0.75, 1, 1.6
-1.3,-0.7,0

0.47,1.12, 2.5, 3.90, 5.95
2,5,10,25
1,2,3
0.1,0.25,0.5

60

60
0.001, 89.99

0.01
0.25,0.5,0.7

2.58
0.8
5
0.7
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Figure 7. The best approximation of the SED from UV to radio ranges using model B. Red dots are model fluxes, and purple dots
are observed fluxes. The green colour describes the nebular radiation, the yellow colour describes the stellar component without
attenuation, the blue dashed lines describe the stellar component with attenuation, the orange colour describes the radiation
from the AGN, the red colour describes the dust radiation, and the brown colour describes the synchrotron radiation from the
star formation regions and the AGN. The black continuous curve is the resulting model SED

observations allows us to classify it as a LINER-type
galaxy with an active nucleus (Fig. 6).

Since we do not know the characteristics of the
AGN, we consider various variations as input param-
eters in the fritz2006 model, including the angle at
which we observe the active nucleus. It is also worth
noting that the computational capabilities of the
computer limit the number of possible combinations
for each module. We explored the same approach
as for 18 2MIG isolated galaxies with active nuclei,
which were modeled with CIGALE [32].

Most of these parameters do not vary; we changed
their values during different test runs, and here we
present the combination that gives us the best statisti-
cal result with y2/d.of = 2.8 for the model with the
AGN. The corresponding mass of dust is M, , = 8.05 x
x 107 M, , the mass of stars M, = 3.34 x 1010 M

un’ star un’

the star formation rate SFR = 2.17 Mg, /year, and
the contribution of the AGN to the total radiation
Jrac o = 0.01. Compared to the results obtained
with model A, the model B with AGN module led to
a slight increase in x2/d.o.f. The parameters obtained

in both models were similar in value and order.
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5. PHOTOMETRIC VARIABILITY OF NGC 3521
BY THE DATA WITH ZWICKY TRANSIENT
FACILITY AND THE ZEISS-600 TELESCOPE
AT THE TERSKOL OBSERVATORY

Due to the close location of NGC 3521 to the
celestial equator, it is visible for a short time from
both hemispheres mostly at the beginning of the year
that complicates regular observations and monitoring
of activity of its nucleus.

Zeiss-600 telescope data. Nevertheless, for reveal-
ing and studying the photometric variability of its
active nucleus we included it in the observational
program with the Zeiss-600 telescope with an 8 ap-
erture at the Terskol Observatory in 2021—2022. The
data processing was carried out using the MaximDL
software package. Table 3 summarizes the data about
the variability of NGC 3521, where is the variability
amplitude, and Er+ is the largest error in the given
filter; the light curve is shown in Figure 8.

In order to detect the variability of NGC3521 dur-
ing the day (IDV), several observations were carried
out with the help of the Zeiss-600 telescope. Namely,
observation was made in the R-filter with an expo-
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Figure 8. Light curves for NGC 3521 as observed at the Terskol Observatory in 2021—2022: in BVR filters (left), in the R
filter (right) over 3 hours of observation on Feb 11, 2022
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Figure 9. NGC 3521. The light curves (left) and g — r colour (right) indices according to the data of ZTF observations in
gr-filters for 2018—2024
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Table 3. NGC 3521. The amplitude of variability
in BVR-filters by the observational data in 2021—2022
with the Zeiss-600 telescope at the Terskol observatory

Object AB Ert AV Ert AR Ert

NGC3521 | 0.116 | 0.003 | 0.079 | 0.088 | 0.052 | 0.001

Table 4. NGC 3521. The amplitude of variability in gr-filters
by the observational data with ZTF in 2018—2024

Object Ert Ar Ert

Ag
0.17

NGC 3521 0.023 0.20 0.02

sure of 90 seconds for three hours on Feb 11, 2022.
We can see in Fig. 8 (right) that there is a trend to-
wards an increase in brightness during three hours,
the amplitude of variability during observation was
0.04 £ 0.001 mag.

Zwicky Transient Facility (ZTF) data. We also found
the available data from the Zwicky Transient Facility
[38]. The light curves according to the data of ZTF
observations in gr-filters for 2018—2024 are shown
in Fig. 9 (left). NGC 3521 demonstrated variability
with an amplitude of 0.17 £ 0.023 mag in the g-filter
and 0.20 = 0.02 mag in the r-filter (Table 4). The
g — rcolour indices show a BWB trend (bluer-when-
brighter) with a Pearson coefficient (g — ) = 0.56
(Fig. 9, right), which is a medium correlation.

6. SUMMARY

We studied the multiwavelength properties of NGC
3521 from UV- to radio ranges exploiting the data
from GALEX for UV-, SDSS for optical, 2MASS,
WISE, MIPS (Spitster) and PACS, SPIRE (Her-
schel) for IR-, and NRAO VLA for radio ranges. To
obtain the spectral energy distribution, we exploited
the CIGALE software and constructed SEDs with-
out (model A) and with (model B) AGN module. To
confirm the type of nuclear activity of NGC 3521 as
LINER, we used a BPT diagram.

We also present the results of the photometric
data processing. Exploring the ZTF observations in
2018—2024, we found, for the first time, a weak pho-
tometric variability of the nuclear activity, where the
correlation between g — r colour indices and g-mag-
nitude for long-term timescale shows a BWB trend

78

(bluer-when-brighter) with a Pearson coefficient
r(g — r) = 0.56, which is a medium correlation. We
provided observations using a Zeiss-600 telescope
with an aperture size of 8” at the Terskol observa-
tory im 2021—2022. To detect the variability of
NGC 3521 during the day (IDV), we observed it in
the R-filter with an exposure of 90 seconds for three
hours on Feb 11, 2022. These data show a trend to-
wards an increase in brightness with the amplitude of
variability of 0.04 £ 0.001 mag.

According to the results of the simulations, the
best fit to the observed SED is provided by model
A, which considers the contribution to the radia-
tion from all galaxy components, assuming that the
galaxy nucleus (LINER type) is inactive. Within this
model, we derived the stellar mass M, . = 2.13 x
x 1010 M, , the dust mass M, , = 8.45 x 107 M,
and the star formation rate SFR = 1.76 M, /year,
with the corresponding value of the statistic
x2/d.of=1.8. Compared to the results obtained with
model A, the model B with AGN module led to a
slight increase in y%/d.o.f. The parameters obtained
in both models were similar in value and order. These
results are in the best agreement with the estimates
obtained by other methods, for instance, by Leroy et
al. [35], where the stellar mass lg(M_,,./My,,) = 10.7,
the neutral hydrogen mass Ig(My | /Myg,,) = 10.0,
and the star formation rate SFR = 2.1 Mg, /year
were determined.

Also, based on the radio data from the HIPASS
catalogue by Allison et al. [1], we estimated the mass
of neutral hydrogen to be My ; = 1.3 x 100 M, ,
which is of an order of magnitude larger than the
mass of the stellar component. This result is com-
parable with the data by Elson [19], who used the
THINGS and estimated My, ; = 7.5 x 10° M, and
found a slow rotating halo H I component with
My = 1.5x 10° Mg, .

Given that the UV, optical, and near-IR observa-
tion area covers only a part of the galaxy, this SED
region may distort the overall picture. In this context,
the results obtained by Warren et al. [64] for radio
range do not contradict what we received. These au-
thors did not find a correlation between the star for-
mation efficiency and the gas surface density; howe-
ver, they found that the star formation efficiency
of the dense molecular gas is slightly declining as a
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function of molecular gas density. Zibetti et al. stud-
ied NGC 3521 among other nearby galaxies in the
optical to the mid-IR range [66]. Constructing their
SED on a pixel-by-pixel basis, they found a discon-
nect between the optical and IR when normalized
to the near-IR (H band) data. However, due to the
complex dust geometry and high position angle of
NGC 3521, these authors could not find a correla-
tion of variations between optical- and IR-dominat-
ed components discovered for other studied galaxies
but confirmed the well-known optical-1R colour cor-
relations: emission from stars contributes to the opti-
cal range and absorbed by dust, which emits in the IR.
The next stage of our work will be to obtain precise
spectrophotometric data for apertures sufficient to
cover the entire visible part of the galaxy from UV to
radio, including decameter, ranges [33]. Preliminary
search through available catalogues and sky survey
[57] shows that there is a significant lack of data to
construct SEDs of the Milky Way galaxies-analogies
with a complete set of their multiwavelength proper-
ties. But our results of NGC 3521 altogether with the
multiwavelength data analysis of other isolated galax-
ies with a weak nuclear activity can help in making
decision to use SEDs as the MWA indicators.
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ITonosHa actpoHomiuHa o6cepsaTopis HauioHanbsHoi akafeMii Hayk Ykpainu

BYyJI. AKanmeMika 3a6onotHoro 27, KuiB, Ykpaina, 03143

2 ®isnyHuii paxynsretr KuiBchbkoro HalioHaIbHOTo yHiBepcutety iMeni Tapaca IlleBueHka
npocrekT Akagemika [myiikosa 4, Kuis, Ykpaina, 03680

3 MiXHapOIHWIA LIEHTP aCTPOHOMIUHMX Ta MEIMKO-EKOJIOTYHUX TOCTIIKEHb

ByJI. AKanemika 3abosotHoro 27, KuiB, Ykpaina, 03143

NGC 3521 4K AHAJIOT MOJIOYHOTI'O HIJIAXY: CHEKTPAJIbHUM PO3MOALT EHEPTII
BI Y®- 10 PAAIOAIAITIA3OHY I ®OTOMETPUYHA 3MIHHICTb

Hocnimkerno MynbTuxBuiiboBi BractuBocti NGC 3521, ranaktuku-61m3Hioka Momouroro Lnsxy, Bix yiasrpacdioeToBOro
Il pajmiomiana3ony, 3 BukopuctanHsaMm gaHnx GALEX nis ynsrpadioneroBoro, SDSS nns ontuanoro, 2MASS, WISE, MIPS
(Spitzer) i PACS, SPIRE (Herschel) nas indpauepBoHoro Ta NRAO VLA mist panionianazony. s modynoBy CmocTepexKHOTO
crnekTpasibHoro posnoainy eHeprii (SED) Oyno BukopucraHo nporpamte 3ade3neueHHs1 CIGALE, y sikomy Bennunny SED
OyJ10 3MOIeJIbOBAHO i3 BUKOPUCTAHHSIM Mojelli A 0e3 ypaXxyBaHHSI aKTUBHOTIO siapa i Mozesni B 3 Moaysnem akKTMBHOTO siipa
ranaktuku. s migrBepaxkeHHs Tuity aktuBHOCTI siipa NGC 3521 gk LINER nodynoBano BPT-niarpamy.

Hocaimkyoun gaHi crioctepexxedb ZTF mist NGC 3521y 2018—2024 pokax, My BITepliie BUSIBWIN, IO TTOKA3HUKN KOJTbO-
py g — r maioTh TpeHa BWB (110 sickpasimiuii, To cuHimmit) i3 koediuientom Ilipcona r(g — r) = 0.56, 1110 € cepenHiM CTyre-
HeM KopeJisuii. JlomaTkoBo y po0boTi HaBeAeHO pe3ybTaTi 00poOKY (DOTOMETPUYHUX JAHUX, OTPUMaHUX HAMM Ha TeJISCKOITi
Zeiss-600 3 arreptyporo 8” B o6cepBaTopii Tepckon y 2021—2022 pokax. s BusiBneHHst 3MiHHOCTI NGC 3521 mpoTtsarom aHs
(IDV) 6yno nipoBeneHo crioctepeskeHHs y R-cmy3i 3 ekcrio3uttiero 90 ¢ poTsirom Tpbox roauH 11 mororo 2022 poky. JdaHi
NIEMOHCTPYIOTh TEHIIEHIIi0 10 301IbIIeHHSI OJIMCKY 3 aMIuTiTyn0t0 3MiHHOCTI 0.04 + 0.001.

3a pesyabrataMu MoneoBaHHa SED criocTepexkyBaHUM JaHMM HaliKpallle BiIITOBiZa€ Mozedb A, sSIKa BpaxOBY€E BHE-
COK y BUITPOMiHIOBaHHSI BCiX KOMITOHEHTIB TraJlaKTUKHU, IMPUITYCKAIOUM, 1110 SIAPO TAJTaKTUKKW HEaKTHUBHE. Y paMKax MoJei
A OTpUMaHO Macy 30psIHOrO KOMIIOHeHTa M, = 2. 13-1010 M1 qun » Macy iy M, = 8.45-107 M. Gun T TEMII 30PEyTBOPEHHS
SFR = 1.76 Mg, /piK 3 BilNOBIAHMM 3HAYEHHSM ¥2/d.o.f = 1.8. Ha ocHoBi panionanux 3 xatanory HIPASS Gyso ouineHo
TaKOX Macy HEUTpanibHOro BoaHIo My, = 1.3-1 010 M Gun » IO 32 TIOPSIIIKOM 30ira€ThCsl 3 MACOIO 30PSTHOTO KOMITOHEHTA.

Karouosi caosa: ranakTuky — 0araTOXBUITBOBI BTACTUBOCTI, CTIEKTPATBHUIN PO3IIOMIT eHeprii, (hoToMeTpryHa 3MiHHICTb; Ta-
JIaKTUKU — iHauBinyansHi — NGC 3521.
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3BENEHHS ®YHIAMEHTAJIBHUX MOCTINHUX IIJIAHET
SEMHOII'PYIIN B €INHY INTAHETAPHY CUCTEMY KOOPANHAT

Jlsi epynu éeauuun, wo XxapaKkmepusyroms niaHemy sk HebecrHe mino, — OUHAMIYHe CIMUCHEHH Ma NApamempu 306HIUHb020 pasi-
MmauiiiHo2o noas naanemy — 3a0armocs 6 pi3HUX cucmemax Koopounam. [Ipome cyuachi 3anumu npupoOHUYUX HAYK NPO NAAHEMU,
sKAlOYaOHU 3eMAt0, NOmpedyIomy CRiNbHO20 3ACMOCYBAHHS YUX NAPAMempi8, W0 8UMA2ac iXHb020 NOOAHHS 8 €OUHIL cucmemi KO-
opounam. Y Ginvwocmi eunaokie Koegiuicnmu poskaady epagimayitinoeo noas 00 cb0200Hi NPUBOOIMbCA 8 clcmemy KoopouHam,
n08’a3amy 3 20108HUMU OCAMU NAAHEMAPHO20 eaincoioa, 6 AKili Ha3Ha4aemocs OuHamiune cmucHenHs. Jloeiuniwe pobumu Hagnaku:
8upasumu OUHAMiYHe CMUCHEHHS NAAHeMmU 8 ii 3a2aNbHONAAHeMAaPHIl NPAMOKYMHII cucmeMmi KoopoOUHam, 3aAUaryu He3MIHHUMU
Koegiuienmu po3xaady epagimayiiinoeo nois 6 pso. Lle 3Hauno ckopouye Kinvkicms o0uucieHb ma NOXUOKY npu 36e0eHHi 00 nia-
HemapHoi cucmemu KoOpouHam, aKa cmae éce Oiabul YICUGAHOI0 Y Npakmuyi y 36’13ky 3 ii eukopucmarnuam 6 GPS-mexnonoeisx.
Y pobomi nasedero ghopmyay ounamiunoeo cmucherHs naaHemu uepes 6ci meH30pu 0pyeoeo NOpsOKy epasimayiiHoeo noas Hebec-
Hux min 3emnoi epynu Cousuroi cucmemu. Buxonarno 36edenns napamempie 8 €0UHY NpAMOKYMHY CUCEMY KOOPOUHAM OAs UuX
naanem. Jlis KOHKpemHux mooenell epasimayiiiHoeo noas naaHem GU3HA4eHO KoeqiuicHmu nponopyitiHocmi, 3 AKUMU 6X009Mb
men30pu inepuii. Ha npuxaadi naanemu 3emas nokazano Mojcaugicms 3aCmocy8ants npu nooyoosi mpusuMipHux mooeneti po3no-
diny mac Hadp HebecrHo2o mina 0o Opy2020 NOPAOKY 6KAHUHO MA BUKOHAHO NOPIGHAHHS 00HUCAEHb 3HAYEHb WINbHOCMI 8 080X DI3HUX
cucmemax koopounam. Pezynsmamu nopiensnns niomeepounu npaguabHicms anreopummy 36e0eHts @ 00Hy CUCMeMy KOOPOUHAM.
3aeosiku makomy nioxody cnpouyemocs inmepnpemayis OMpUMAHUX Pe3yAbmMamie, OCKiAbKU NOABAAEMbC MONCAUGICIb Oe3N0-
cepedHb020 BUKOPUCMAHHA HASA8HUX Kapmoepagiunux mamepianie 0as eizyanizayii ompumaHnux pesysvmamie. lle, 6 ceor uepey,
dae 3mo2y nog’s3amu 0cobausocmi po3nodiny HeoOHopiOHOCmell Mac naanem 3 eeoepagiero ocodausocmeil gieypu HebecHo2o mina.

Karouogi caosa: nnanemapna cucmema koopounam, OUHAMIYHE CMUCHEHHS, 2pasimauyiiine noje, po3nooin Mac, wilbHicme.

LHutyBanus: ®uc M. M., bpunyn A. M., lemkis I. 1., Xomera T. M. 3BeneHHsT byHIaMEHTATbHUX MOCTIMHUX TUTAHET 3eM-
HOI TPYIY B €AWHY TUTAHETapHY CUCTeMy KoopauHart. Kocmiuna nayka i mexnonoeis. 2024. 30, Ne 6 (151). C. 84—93. https://
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36edenns pyHoamenmanrbHuxX NOCMINHUX NAGHEM 3eMHOI epynu 8 EOUHY NAGHEMAPHY CUCIEMY KOOPOUHAM

Beryn. 11 HeOecHUX T B OCHOBHOMY PO3pi3HSI-
I0Th JIBi CUCTEMU KOOPAMHAT, TTOB’SI3aHUX 3 HUMHU.
ITapameTrpu rpaBiTalliiiHOTO TOJISI TJIAHETU (CTOK-
COBi IMOCTiiiHi) MPaKTUYHO 3aBXIU OIMUCYIOThCS Y
TUIaHEeTapHii cucteMi KoopauHar Ox x,X; [9], Boa-
HOuac Taka BaxKJMBa BEJIMYMHA, SIKa XapaKTepu3ye
HeOeCHe TiIo SIK MeXaHiuHY CTPYKTYpY, — AUHaAMid-
He ctucHeHHs H [1] (acTpoHOMiUHUIT ITapaMeTp) —
BU3HaYa€Thes B cucreMi Oy,y,ys, OCi AKOI € rojio-
BHMMM OCSIMU iHep1Iii IbOoro Tija. JJocuTh YacTo BU-
HUKa€E HEOOXiHICTh PO3IJIsLy 3HaUeHb MapaMeTpiB
000X TUMIB B OfIHil cucTemi. Lle cTocyeTbest Hacam-
nepea nodynoBU TPUBUMIPHUX MOAEEH LIiTbHOCTI
IJIAHET, e BAKOPUCTOBYIOThCS MapaMeTpu I'paBiTa-
uitHoro nonst raHety [10] (mocriitHi CTokca) Ta
JNMHaMiyHe cTMCHEHHs. Ha choromHi cTOKCOBI Mo-
CTiliHi Ta BenumuuHa H, mojaHi B pi3HUX cuUCTeMax
KOOPAMHAT, 3BOAMINCH 0 OJIHIEI CUCTEMU KOOPIU-
Hat Oy,y,y5 [7], 1m0 nepenbdavano BeJIUKY KiJIbKiCTh
00uYMCIIeHb Ta J0AaTKOBUX MOMUIOK. Binbin patri-
OHAJIbHO € BUPA3UTU BeJUUMHY H B cucTeMi KOop-
auHar Ox,x,X5 [13]. Lle BuMarae nepexouy Bial O/Hi-
€1 CUCTEeMM KOOPAMHAT B iHIIY. Y HalllOMy BUIAIKy
MOTPiOHO BUKOHATHU MMOBOPOT CMCTEMM KOOPJIMHAT,
SIKMIA MOXKHA peajiidyBaTy pi3HUMU CIIOCO0aMM, Ha-
npukian Bukopuctatu Kytu Elinepa [9] (puc. 1).
Iammit cnoci6é 6a3yeTbcsl Ha MYJIBTUIIOIBLHOMY I10-
JIaHHI TpaBiTaLiiiHOrO 1MoJIst [7].

[TomaHHSI YaCTUHM MOTEHLIiay KyJIbOBUMU (hYHK-
LisSIMA 'y TIPSIMOKYTHIf CUCTEMi KOOpAWHAT 110 IpYy-
roro MOpsiKy BKJIIOUHO MOXHA PO3TJISIaTH SIK KBa-
npatuaHy ¢opmy. Lle nae MOXIJIMBICT BUKOPUCTATU
MaTeMaTUYHUIA arapar 3BeleHHS KBaJapaTU4HOI
¢opMU 10 KAHOHIYHOrO BUIJISIAY Ta MOPOIKYE all-
TOPUTM 300pake€HHs BEJIMYMH B CUCTEMi KOOPIMHAT
Ox,x,x5 [3]. OnuH 3 BapiaHTiB peasizallii MogaHo B
pobori [6]. AmanTyiouu iioro, 3AiCHUMO 0OepHe-
HUii nepexin Bin cucremu Oy,y,y; 10 3arajibHOILIA-
HeTapHOI1 Y Ta BUpa3umMo GhopMyy sl IMHAMIYHO-
IO CTUCHEHHS B Hild.

Bukinan ocHoBHoro Marepiaiy. IToBopot cuctemu
KooparHat Oy,y,y; Y MATPUIHOMY BUTJISIII MOXHA
MoIaTH Tax [6]:

X=AY, (1)

X = (005%). Y = (ayays),
A= (311a12313a21a22a23a31a32a33)

ac
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Puc. 1. Kyt noBOpOTiB cCUCTEeMU KOOpAUHAT Ta KyTu Eiinepa

OOepHeHUI TIepexin Bim cucTeMu KoopaumHaT X
o Y takuii:
Y =A"X=BX, ()
ze
-1
B=A"= (bl1b12b13b21b22b23b31b32b33 ) (3)
®opmyna 1St IMHAMIYHOTO CTUCHEHHS H B cuc-
TeMi KoopauHar Oy, y,y; [1]:
C—(A+B)/2 C

- . (4)

e

Mg 3anucy (4) y IUtaHeTapHiil CUCTeMi KOoop-
IWHAT BUKOPHUCTAEMO 3alvC TTOTEHINATY PSAOM 3a
MHorowieHamu JlexaHapa Ta KyJbOBUMM (DYHKIIi-
amu [1]:

v=— Zno.[8

cosy)dt z V., (5)
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Jie Y — KyT MiX pajiiycOM-BEKTOPOM TOUKU (x1 3 X35 X, )
1a (&n.),
Ex, +nx, +Cx,
pR
R — pagiyc cchepu st 30iKHOCTi.
Hpyruii wieH piBHOCTi (5) y NpSIMOKYTHill cucTe-
Mi KoopauHat Ox,X,x; HaOyne Buraay [18, 19]

GM
V,= W['xlz (_Czo +6C,, ) -x, (C2° 60y, ) -

cosy =

+2C20x32 +6C,,x,x, +6S, x,x, +
+128,,x,x,1, (6)
e

1 > Loy
Cy = MR J‘TB{C _E(g +n )jdra

o= i) 3(E -t
C, = MlRZ [ 3(ce)dr,
= MlRZ [ 3(cn)ds,
S, = Mle [ 5(zn)dx.

I[O,E[aHOK V2 MO2KHa 3anmucatm 'y MaTpud4HOMY BH-
TSIl
Vv, = X"DX,
Je
D=(-C,, +6C,6S,,3C, 6S,, —C, —
_6C22 3821 3Czl 35212C20 )

X= [;:;3 J, xT =(x1,x2,x3).

[Mepexin Bix cucremu koopauHat X(Ox,x,x;) 10
Y(Oy,y,y;) BU3HAYAETHCSI IEPETBOPEHHSAM BETMIMHY

v,=Y"(A") DA™Y.

Matpung D' KBaapaTU4HOI d)Ole%[ B CHICTEMi KO-
opaunar Y(Oy,y,y,), ne D’:(A’l) DA™ mae nia-
TOHAJILHUIA BUTJISI B CUCTEMI KOOPAMHAT, OCi SIKOi
— TOJIOBHI MOMEHTH iHEP1Iii.

VY 1upoMy BUMNAAKY QJITOPUTM IPUBEICHHS Ha-
cTymHuid. BusHayaeMo BiacHi 3HAYEeHHS MaTPULI
D 3 ymoBu

| _Czo + 6C22 - }“6822 3C216szz - Czo - 6C22 -

86

-A3S,,3C,,3S,,2C,, — A |=0. @)
Toni po3kpuTTst BU3HauUHUKA (7) Aa€ piBHSIHHS
A —ph—p,=0, (8)
ne
p,=SP(D)=0,
p,=4C,>+9C,*+9S, > +36C,,* +36S,,”,
Py = det(D).

Bci BmacHi 3HaueHHs Mmarpuii D € IiiicHUMU,
OCKIiJIbKM BOHA CUMETPUYHA, Ta Y TPUTOHOMETPUY-
Hiit ¢opmi mogaroThest Taxk [6]:

A =2 &cosg,
\ 3 3

[ToniOHMIT po3B’I30K 3HAXOOIMMO B poboTi [23],
Ile BiH MpeICTaBACHUI Y Ie1I0 3MiHEHOMY 3aMKHY-
TOMY BUTJISIII.

KopeHi piBHSIHHS (8) MOXHa IIyKaTh HaOJIMXKe-
HUMU MeTOJaMM, HampuKiag MetomoM HproToHa
[2] a0 >k 3a JOIMOMOTrOI0 ITAKETiB MPUKJIATHUX IPO-
rpaM [5].

Jns BU3HAUYEHHSI 3B’I3KYy MiXX cUCTeMaMu KOOp-
IUHAT (MaTtpuui A) HEOOXiIHO 3HAWTK BIACHI BEK-
topu U' 115 3HaueHs A ;» AKi € pO3B’I3KaMu CUC-
TEeMMU PiBHSIHbB:

(_Czo + 6C22 _7“16522 3(:216822 - Czo -
EPEAYE
—6C,, ~1,38,,3C,,38,,2C,, ~1,)('8,'8,') =0,
i ig iy i .
U =(45,1), i=1,23.

OnuH 3i coco6iB OTPUMaHHS BJIACHUX BEKTOPiB
matpuii D € meron Kpunosa [2], aaroputM sIKoro
3aITACYEThCS Y BUTIISII

i_ n—j—i
U=q,V )
ne
9 =L 4 =p;+ M,y
i=j=1,2,3, W — noBijbHMI1 BEKTOp, HANIPUKJIALL
W= (111), V' =DV"'. MoxHa TaKkox CKOpUCTa-
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Tabauys 1. IlnnamiuHe CTHCHEHHS IUIAHET 3€MHOT rpynu

ITnanera emis [16] Mapc [8] Benepa [17] Micsip [4]
Junamiune ctucHeHHs Hx 103 3.273995 5.220 £0.032 0.005225 6.31
Tabauys 2. CTOKCOBI MOCTIiiHi IPYroro mopsaKy
gz‘c’ff;:ll 3ems [24] Mapc [22] Benepa [21] Micsiup [20]
0 —4.84169325970501-10~4 | —8.7450441550857710-10~4 -0.196972335776:103 -0.908835799357-10~*
X —2.18981004071201-10~10 | 9.4588820913966228-10~'1 | 0.2680268978050000-10~7 | 0.247773571021-10°
5.1 1.4674516361170-10~° —1.1401847225988890-10~10 | 0.1324780256340000-10~7 | 0.693154521883-10~2
€5 2.4393490935020-10° —8.4585751018071385-10~5 | 0.8577798458089999-10-6 | 0.346733624831-10~*
52 —1.4002848577330-10-¢ 4.8905551075504369-1075 | =0.9553616380009999-10~7 | 0.505152152374-10~10

Tabauys 3. BaacHi yncia kBaapaTudHux (hopm

[Mnanera A, x10° Ax10° Ax10°

3emits —-1.0935290247 1.0717420263 —2.1652710551
Mapc 2.3338658187 1.5770368207 —-3.9109026394
Benepa 7.7477577483-10~3 1.0620555521-10-3 -8.8098133004:10—3

Micsip 3.3751121823-10~! 6.8932507336-10—2 —4.0644372557-10~!

TUCb TOTOBUM TIPOTPAMHUM IMPOAYKTOM 3 IaKeTy
MPUKJIAgHUX Iporpam [5].

BukopucTaHHd TeopeTMYHMX 3acal MeTOdy s
BU3HAYEHHS OCHOBHHX MapaMeTpiB IJIAHET 3eMHOi
rpymu. 3actocyemMo (hOpMyJIM Ta alrOPUTM IS 10-
CITIKEHHS TUTaHeT 3eMHOI Tpynu. g moyaTky y
Taba. 1 HaBegeMo AMHAaMIiYHEe CTUCHEHHS H, BimoMme
JLJISI TUTAHET 36MHOI TPYIIN.

JI1st TIoganblMx 004YMc/ieHb y Tabj. 2 HaBeaeMO
rnmapaMeTpu rpaBiTalliliHOrO MOJsI IJIAHET APYroro
TOPSIKY.

3HaxXoIMMO BJIaCHi yucia KBaapaTUIHUX (popm,
110 BiAMOBiAAIOTh TpaBiTalliitHOMY TTOJII0 HEOECHUX
TiJ, MOJAHUX B JEKApTOBil cuUCTeMi KOOpAWHAT
(Tabu. 3).

Po3B’sa3ku 3a1a10Th MaTPUIIIO 3B SI3KY

_ 1,2,3,1,2,3,1,2,3
A=(E00 ).
Pesynbrat o04ucieHb BJaCHUX BEKTOPiB Ma-
TpUlli o6oMa crocobamu NogaEMo y Tab. 4.

Tab6auys 4. BnacHi BeKTOpH 11 YOTHPHOX HEOECHHX TiJl,
10 BianoBizaTh Mozei [24]

g U2 U3
3emus
il -0.96624679 0.25761821 | 2.57446493-10~7
tf|  0.25761821 0.96624679  |-1.75454422:10-6
tf| 7.00759385:10~7 | 1.62899981-10~° 1
Mapc
tf| 0.25911845 -0.96584555  |—6.86512412-1078
tf| 0.96584555 0.25911845 | 7.33933387-1078
1] -5.30978263-108 | -8.53240641-108 1
Benepa
il —-0.99844689 0.05534323  |-6.39862881-10~3
il 0.05537822 0.99845071  |-5.42598331:10—3
1] -6.08842401-10=3 | 5.77190056-10=3 | 0.99996481
Micaup
1 1 ~7.28464315-107 |~1.28989237-10~°
1| 7.2845703-1077 1 ~5.64726522:10-6
1| 1.28989649-1076 | 5.64726428-10~6 1
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ITicnisgs moBOpoTYy cHCTEeMU KOOpAWHAT MaTpu-
us D marume Bursn D'=(X1000X2000k3) , TIpU
IIbOMY CTOKCOBI IMOCTilfHi IPYTOT0 MOPSIIKY B HOBIit
CHUCTEeMi KOOpAMHAT 3alMIIYThCS SIK

A
Cy :?3 )
C’22 = XI;XZ .

Orpumani 3HaueHHs C,, i C,, Ui HaBeAEHOTO
MpUKJIaay MPUBEACHO y TaoI. 5.

KyTu MixX ocssMu ABOX CUCTEM KOOPAMHAT Ta KYyTU
Eitnepa 3,¢,y (1uB. Ta61. 6) BUZHAYAIOTHCS 34 J10-
IIOMOTOI0 eJIEMEHTIB MAaTPULL A(al.j = tf) :

a
¥ =arccos 3 ,
2 2 2
\/a13 ta, tag
a
B =arccos = ,

2 2 2
\/alz +a,, +a;

Tabauys 5. 3HaYeHHS CTOKCOBUX MOCTIfHUX JIPYTOro MOPSIIKY

all

2 2 2
\/‘111 +a, t+ay

Kyru Eiinepa 3,¢,vy :
akio 9 #0, To

Ol =arccos

9 = arccosa,;,

: 43 . 43
y = arcsin| ——— |, ¢ = arcsin| —=— |;
[ sinsin & j ( sinsin 8 j
akimo 9=0, To y =0 =p.

Pesynbrati Tabi1. 6 MOKa3yioTh, 110 HAXOLTBIII
PO3BOPOT CUCTEMM KOOPAMHAT B TOPU3OHTAJIbHIMI
IUIOIIMHI XapakKTepHuii 1j11 Mapca, 1110 MoXe CBifa-
YUTU MPO JUHAMIUHY HECTaOUIbHICTh Horo dirypu.
3HaYHO MEHIIIA BeJIMYMHA PO3BOPOTY ISt 3eMJIi Ta
Benepu Moxke OyTHM HACIiAKOM iXHbOI BiTHOCHOI
cTabibHOCTI, X0U 111 BeHepn xapakTepHe MOpiB-
HAHO 3HauyHe BimxwieHHsd 1o oci Z . He maioun
BaroMoro IOSICHEHHS IIboMY (haKTy, MOXHa Oro

C2() C22
ITnanera
Oxxyx3 0y\yys Oxxyx3 0yyy
3emiist —1.08263552549:103 ~1.0826355255-1073 1.57459306912-10~° 5.4467496079-10~6
Mapc -1.955451319701-10-3 -1.9554513197-10—3 —5.459986750324-10~3 1.892072495-10—4
BeHepa —4.40443532482:10-° —4.4049066502-10~° 5.536945095884-10~7 1.6714255491-10-¢
Micaub —2.032218627748-10—4 —2.0322186278-10~4 2.238155924234-10-5 6.7144677723-10=5

Tabauys. 6. 3HAYEHHS KYTiB IOBOPOTY CHCTEMH Ta KyTH Eiiiepa i IiaHeT 3eMHOT rpynu

Hebeche KyTu noBopoTy cucteMu KoopauHar Kyrtu Eitnepa

Tino o B Y 9 ® v
3emuist 14.929 14.929 1.016:104 1.016:104 0.145 0.395
Mapc 105.018 74.982 5.727-10-6 5.791-10-6 —-0.679 —-0.525
Benepa 3.194 3.19 0.481 0.481 -0.793 -0.754
Micsub 0 3.262:10~4 3.319-10~* 3.319-10~* -0.223 0.223

Tabauys 7. KoedinieHTH npu TeH30pax rpaBiTaliiHOro mojus

ITnanera d, dg de dy dg dp
3emJs 1 1 3.145-10712 9.032:10-13 -5.149-1077 3.509-10-6
Mapc 1 1 1.01-10-14 1.021-10-14 1.373-1077 —1.468:107
Benepa 1 1 7.038:103 —-6.944-107 0.013 0.011
Micsip 1 1 3.356:10~11 —1.457-10~11 2.58:10-¢ 1.129-10-3
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OOIPYHTYBATH HEJAOCTATHbBOIO SIKICTIO FpaBiTaLliitHO1
MOJIEJT.

PiBHicTb (2) B po3ropHyTiii popMi 3 ypaxyBaH-
HsIM (3) Ma€ BUTJISIT

Yy =byx,+byx, +bxy, =
=by X, +byx, +b,5x,y, =
=b, X, +by,x, + by x;. )

Jng orpumaHHs piBHOCTI (4) BUKOPUCTAEMO
cniBBigHOIIEHHS (9):

H==Cyy/ | 8((byx, + b, +bpx, ) +

+(b21x1 +b,,x, +b,,x, )2 )d‘t ,

H= ns L
Ad, +Bdy+Cd.+Dd,+Ed, +Fd,

(10)

ne
d,=b+b,’,
dy = (b, +b,%),
d.=b,"+b,’,
dpy =2(byby, +bybs, ),
dy=2(b,b; +b,b,,),
dy =2(byyby, + by, )-

InTerpanbHi Bupasu, 1o BXoaaThb y hopmyiau (10)
Ta (4), —

I,.= ML,N J.TSxf’xqung,
pas = M;N [ ytyiysan. (12)
A= Mlaf [ 8(x3+x3)de.
B= Mla,z [ 8(x2 +x2)ae,
c=MLalzjra(xf +x2)dr,

D= Mlaf [ S,

1
E=—I ox x.dt ,
Mal2 o
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1
Mal2
Ha3WBAIOTb CHIENEHEeGUMU MOMEHMAMU WiibHOCI
[3] (BoHM XX MOMEHTH iHEpLIil B TEOPETUYHIIA Y1 He-
OecHiit Mmexaniui [11]). KoediuieHTn nmpu TeH30pax
rpaBiTalliifHOTO 1MOJIsI IPUBEACHO y Ta0. 7.
ITapameTpu 30BHIIIIHHOTO IPaBiTAlLli{HOTO ITOJISI
JI0 IPYroro MOPSIAKY BKJIIOYHO BU3HAYAIOTHCS CY-
KYITHICTIO MOMEHTIB BIOIIOBIZHOTO MOPSIAKY (BH-
3HAYaloTh TEH30p iHepiii HeOecHoro Tina [3, 11]).
Tomy Bupas (10) B mo3HayeHHsX (11) HaOyme BUTTISI-
ny [14]:

F=

j18x2x3dr

H=C,,/{2[C,, (1 +b,2 +b,,’ ) +
20y, (byy” +b3,” )= (By)” + b3, +b3,7 ) Loy +
+b,,b,,S,, +2b,,b,,C,, +2b,,b,.S,,1} , (13)
3BiIKYN
Loy, = ﬁ
by~ +b,,” +b,,

+C,, (1 +b,° +b,,° ) +2C,, (b312 +b,,’ ) +

[C,, /2H+

+b31b32822 +2b31b33c21 + 2b32bS3SZI] .

BukopucTaBiiy CIiBBiIHOILIEHHS MiXK CTOKCOBH-
MM MOCTIHHMMMU Ta PEIITOI0 CTENIEHEBUX MOMEHTIB
JIPYTOTO TIOPSIIKY |6], BU3BHAYaEMO

1200 = 2C22 _Czo + 1002’
Topo =—2C5, = Cyy + L
Ly, =C,s 1 S, I 28

200 tour T V200 110 T 4922¢
PosmisiHeMo oKpemMuil BUIIagoOK, KOJIW OJHA 3
oceil JBOX CUCTEM KOOpAMHAT 30ira€Thbcs 3 BiCCIO
0o0epTaHHS IJIaHET, a ABI iHIII po3TallloBaHi y IIO-
muHi ekBaTopa [14]. ¥V meHTpi cucTteM 3HA4YeHH:
LIUIBHOCTI 30iraloThcsl Ta MOXYTh OyTHM BM3HA4YeHi
3a METOJIMKOI0, MoaaHo y pobori [15]. Bukopuc-
TaHHSI TaKOl CHCTEMM KOOpAWHAT HO3BOJSIE 0e3-
nocepeIHbO MPUB’SA3yBaTU TOJOXEHHST TOCIiIXKY-
BaHUX TOYOK 3 IXHIM PO3MIIlIEHHSIM Ha KapTi 0e3
nepeTBopeHHs. Burnsa ¢dopmyn mist AMHAMiYHOTO
CTUCHEHHS MpPHU Tepexoi 10 i€l CUCTEeMU KOOPIU-
HaT He 3MiHIoeThes. Lle BUIIMBae 3 iHBapiaHTHOCTI
crokcoux noctiiinux C, ), 30kpema C,,, a TAKOX 3
(bopmynu (4). Tomy ciBBimHOIIEHHS 151 CTeTIEHEe-

BUX MOMEHTIB € 3aTaJIbHOIIPUNHATUMU (POpMYJIaMU
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Tabauys 8. PisHuui 3HaYEHb MIJIBHOCTI AG, y IBOX CHCTEMAX KOOPIAMHAT Ta iIXHSA BEJMYMHA 5, Y IVIAHETAPHIl cucTemi

Y I— @ =45, =45 ¢ =30°, A =30°
paniyc p 8,x8¢, r/em? A8yx3, /M 8,x8¢, r/em? A8yx8¢, /M
0 1.9193327 1.989519660128-10~!1 1.9193327 1.989519660120-10~!1
0.1 1.9039788 2.189966729010-10~10 1.9039316 1.260166306157-10~10
0.2 1.8579169 8.163011014751-10-10 1.8577281 4.443809327675-10~10
0.3 1.7811472 1.811696809391-10—° 1.7807223 9.750146365197-10~10
0.4 1.6736696 3.205518816422:10° 1.6729143 1.717838141591-10°
0.5 1.5354840 4.997606498015-10~7 1.5343039 2.672931666476-10~°
0.6 1.3665906 7.187101647545-10° 1.3648912 3.840372956383-10°
0.7 1.1669893 9.775833440276-10~° 1.1646762 5.219672012213-10°
0.8 0.9366801 1.276179703737-10~8 0.9336589 6.81144044997490-10~2
0.9 0.6756630 1.614707426176:10~8 0.6718398 6.811440449974-10
1 0.3839380 1.992845643659-10—8 0.3792173 1.063196365306:108
(nvB., Hanpukiaz, podory [9]). [Tpu ubomy Hemae b1 = 3,001,105

MOTPeOM MPUBOIUTU CTOKCOBI IOCTiliHI B CUCTEMY
Oy y,y5, uie i GyHKLii po3nofiny Mac 2-ro no-
pSIIKY HeoOXiTHO BpaXxOBYBAaTH MONAHKHU 3 MHOTO-
wreHamu W0, Wi, Wy, [11, 12], a Tomy Bpaxy-
BaHHs 3HAYEHb S, ,, C,,, S,, B o0uncaeHnsx [11, 12]
MOHa BBaXKaTU OOIPYHTOBAHUM.

J1s1 mepeBipKM 1aHOTO TBEPIKEHHS 00UMCIMMO
KoedillieHTH po3KIIaay 10 APYTOro MOPSIIKY BKIIOUHO:

7
booz = Eaazac (51002 — L0 )’

7

by = 5”1256 (51200 — I )’
7 5

b = Eaz d¢ (51020 _Iooo)>

35
by = 7“1“2861110>

35
o1 = ?a1a3661101’

b

35
boy, = ?azasﬁclou’

To0o :SC’

boor = 381y, =0,

bioo = 2,8¢1149 = 0.

3a (popMynamu poboTu [9] o6UMCII0EMO 3HAUEH-
Hs (GyHKLii MOIEIBHOTO po3mnoziny 8, [10] y miane-
TapHiii CUCTEMi KOOPIMHAT Ta Pi3HULi AS, Y IBOX
cucTteMax KoopauHat. Pe3ynbrat 004mncieHb Ipy-
BeleHOo y Tao. 8.

BucHoBku. 3anporioHoBaHMIA Ta alipoOOBaHUI B
poOOTi METOI MPUBEACHHSI BEJIMYUH 3 OJHIET CUCTEe-
MU KOOPIMHAT B iHIY JO3BOJISE MPEACTABISITH M-
HaMiyHe CTMCHEHHS B JOBUIbHIN CUCTEMi KOOpPIU-
HaT. EnemMeHTu MaTpulii 38’513Ky BU3HA4YalOTh KYTOBi
XapaKTepUCTUKU: KyTU MOBOPOTYy Ta Kytu Eiinepa.
Ixuiit aHamis mae€ MOXIMBICTD CYIMTH PO AUHAMIY-
HUii ctaH ¢irypu HeOecHoro Tija. [TomaHi B cTarTi
TOCJTIIKeHHST TiATBEPIKYIOTh HEOOXiMHICTh BUKO-
pUCTaHHSI METOAMKM 3BEACHHS ITapaMeTPiB IJIAHETA
B €IVMHY CUCTEMY KOOPAMHAT ISl TT00YIOBY TPUBH-
MipHUX MOJIeJIel IIIIbHOCTI IUIAaHET Ta 1al0Th MOX-
JIMBICTb OLIIHIOBAHHS TIPW IXHilA HEY3TOJIKEHOCTI.
HapeneHuii B poOOTi YMCIOBUM MPUKIIAL PO3KPHU-
Ba€ JeTajli MOXJIMBOIO BHMKOPMCTAHHSI CTOKCOBUX
MOCTIMHMX TPaBiTaLliiHOIO MOJISI 0€3 IMOIePEeIHBOIO
IXHBOTO 3BEIEHHS IO TOJOBHUX OCEM iHepIlii s
CTBOPEHHS 00’€MHUX CTPYKTYp IUIAHETH.
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COMPOSITION OF THE FUNDAMENTAL PERMANENT PLANETS OF THE EARTH GROUP
INTO A SINGLE PLANETARY COORDINATE SYSTEM

Two groups of quantities characterize planets as celestial bodies: dynamic compression and parameters of the planet’s external
gravitational field are specified in different coordinate systems. But modern inquiries of natural sciences about the planets,
including the Earth, require the joint application of these parameters, which requires their presentation in a single coordinate
system. In most cases, the coefficients of the expansion of the gravitational field to this day are brought to the coordinate system
associated with the principal axes of the planetary ellipsoid, in which the dynamic compression is assigned. It is more logical
to do the opposite: to express the dynamic compression of the planet in its general planetary rectangular coordinate system,
leaving the coefficients of the expansion of the gravitational field in a series unchanged. This significantly reduces the number
of calculations and errors when reducing to the planetary coordinate system, which is becoming increasingly used in practice
due to its use in GPS technologies. The paper presents the formula for the dynamic compression of the planet due to all ten-
sors of the second order of the gravitational field of the celestial bodies of the Earth group of the Solar System. The parameters
have been reduced to a single rectangular coordinate system for these planets. For specific models of the gravitational field of
the planets, we defined the proportionality coefficients with which the inertia tensors are included. Using the example of the
planet Earth, the possibility of application in constructing three-dimensional models of the distribution of masses of the interior
of the celestial body up to and including the second order is shown, and a comparison of density value calculations in two dif-
ferent coordinate systems is performed. The comparison results confirmed the correctness of the reduction algorithm into one
coordinate system. This approach simplifies the interpretation of the obtained results, as it becomes possible to use the available
cartographic materials to visualize the obtained results. This, in turn, makes it possible to connect the peculiarities of the distri-
bution of inhomogeneities of the masses of the planets with the geography of the irregularities of the shape of the celestial body.

Keywords: planetary coordinate system, dynamic compression, gravitational field, mass distribution, density.
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cneyianbio po3pobaeHo2o npoepamnoo 3abeznevens. Poseasidaromecs 06i ckaadosi npobaemu, sKi yMOBHO MOJICHA HA38aMU Npsi-
Mo ma obepuenoro 3adauero. [lpsma 3a0aua nepedbauae po3paxyHoK po3mipie CninbHOI 30HU MOHIMOPUHEY MA MIHIMAALHUX PO3-
Mipié QuHamiuHoeo 06’ckma o napu gideokamep 3 yice UOPAHUMU MEXHIMHUMU XAPAKMEPUCMUKAMU, K MO omonpuimay ma
00°eKmue, ma 6CMAaHOBACHUMU Y NEGHUX MICUsAX 3 3a0aHO opienmayiro onmu4nux oceli. Taxodxc dana 3ad0aua mae nepedbavamu
OYIHKY MOUHOCMI 00uUCAeHHs KOOpOuHam ma weuokocmi 00’ exmis. Obeprena 3adaua, HagnaxKu, nepedbauac pekomenoayii uodo
sub0py munie sideokamep, IXHIX NOA0JNCEHDb, MA OPIEHMAYI] ONMUHHUX OCell 015 3a0aHUX 30H MOHIMOPUHEY Mma Munax o0’ ekmis, é
3anexcHocmi i0 nocmaenenoi 3adaui — auwe demekmyeanus 00’ ekmis, abo i ixuw moxcaugy idenmugikayiro. Jauna 3a0ava mae
nepedoauamu onmumizayiro 3a MoYHicmo 004UCAeHHS KoopouHam ma weudkocmeti 006’ekma. /s po3e’s3ky danux 3a0a4 6u6o-
O0samucs HeoOXIOHI ghopmyau, Sk 044 3a0e3neuenHs HeobXiOHOi po3dinbHOi 30amHocmi, mak i 045 poO3PAXyHKY MPUBUMIPHOI CRiNbHOT
30HU MOHIMOpUHEY, docaioxcyemucs i 3mina 3 sucomoro. Ilpueodamucs po3paxyHku 045 ouiHKu po30inbHoi 30amHocmi ideokamep
ma ghomoepaghiunux 06’ ekmugie, siKi BUKOPUCMOBYBANUCS 051 CHOCIEPEICeHb Memeopia, | 8i0n08ioHo podAsIMbCs BUCHOBKU U000
OuHAMIMHUX 00°€KMi6 OAUNCHBO2O NOGIMPAHO20 NPOCMOPY, AKI MOXNCYMb Oymu 3apeecmposari ma idenmugikoeari. Pooumovcs eu-
CHOBOK NP0 HEOOXIOHICMb UKOPUCMAHHS CYYACHUX UUPDPOBUX KameD, OCHAUeHUX 00 €eKmueamu i3 3MiHHUM QOKYCcOM 05 8UKO-
HAHHA NOCMABAEHUX 3a0ay MOHIMOPUHY WEUOKUX MAA0PO3MIpHUX 00’ ckmis. [lis npukaady cmeopeHHs NapHUuX CHOCMEPeNCHUX
basucie, abo HegeAuKUX N0OKANbHUX MOHIMOPUHR0BUX MEPeiC PO32AA0AI0MbC MPU NPUKAAOU PO3MIUeHHS 8ideoKamep ma pooumscs
BUCHOBOK NPO IXHIO eheKMUBHICMb.

Karouoei caosa: 6azuchi éideocnocmepedicents, 8ideokamepi, 30HA N0KAAbHO20 8I0eOMOHIMOPUH2Y, ammocepa i nosimpsHuil npo-
cmip, onmumizayis 8ideocnocmepediceHb, mpianeyaayis, Memeopu.

1. BCTYII
CriocTepexkeHHsI METeopiB Ha CbOTOJHI TIpoBa-
JISITbCS 3arajiloM JIBOMa OCHOBHUMM METONAMU: Y
pamioniana3oHi — pagapamMu, MPUYOMY SIK MPSIMO-
ro, TaK i 3BOPOTHOIO PO3CiIOBaHHSI, Ta Y ONTUYHO-
My — BigeocucteMaMu (Bif BUIMMOTO 0 JAaJIEKOrO
iH(pauepBoHOTO Aiana3oHiB). BigeocrnocrepeskeH-
HsI METeOpiB Aal0Th Habarato Oiyiblne iH(opMalii
PO METEOP, OCOOIMBO SIKILIO ONHY abo HEKiab-
Ka KaMep CIOCTEPeXHOI BiIeOCUCTEMU OCHAIIEHO
nepeno6’eKTUBHUMMU I'paTkamu abo mpusMamu [1,
19]. 3a momoMoroi BiZeOCIOCTEPEKEHb METEOPIB
CTBOPIOIOTHCS 0a3u JaHUX KiHEMaTUYHUX XapaKTe-
PUMCTUK IHAWBIIyaTbHUX METEOPiB, SIK MOTOKOBMX,
Tak i cnopaanyHux [7]. KpiM cTBOpEHHSI METEOPHUX
KaTaJIoriB Ta HAaKOIMMWYEHHSI CTaTUCTUYHOI iH(dOp-
Mallii Ipo MEeTEeOpM 3arajioM, BiJeOoCIIOCTepexKHa
amaparypa 3 IpaBUJIbHO MigiOpaHUMU YYTIMBICTIO,
BiIHOILIEHHSIM CUTHAJI/IIIyM, TIPOCTOPOBOIO Ta Yaco-
BOIO PO3/IiJIBHOIO 3aTHICTIO TO3BOJISIE OTPUMYBaTU
iH(opMallito MPO TOCUTH PIAKICHI y CIoCTepeskeH-
HSIX METEOpH, SIKi iHOMI Ha3WBalOTh aHOMAJIbLHUMMU.
Ile meTeopu, noTUYHI 10 3eMHOI atMocdepu [10],
METeOopu 3 HaABEJIUKUMM BHcOTaMu TiosiBu [11,
16], meTeopu 3 1Gy3HOIO CTPYKTYPOIO Ha IMOYATKY
TpaekTopii [15], MeTeopu 3 GiMOIAILHOIO KPUBOIO
omucky [13], meTeopHni knactepu [20], Ta Aesaxi iHIIL
THUIIN METEOPiB.

st po3paxyHKy napaMeTpiB TpaeKTOpil B 3eMHil
atMocdepi Ta eJeMEeHTIB TeJlioleHTPUYHOI OpOiTh
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METEOPOIIiB BiIeOCHOCTEPEKEHHSI ITOBUHHI OyTH
0a3ucHUMU, TOOTO OIHA aTMOC(hepHA 30Ha Ma€ CIOo-
cTepiraTuch OQHOYACHO 3 ABOX ITyHKTIB. [laii cxeMa
pO3paxyHKiB Oyny€eThCsl, 3 TUMU YW IHITUMU Bapia-
LisSIMA, Ha OCHOBI TpiaHryJsLii. Jist MeTeopis, sIKi
CBITSATBCS Ha BucOTi npubau3Ho 130...80 kM, m0-
BXMHA 0a3ucy — BiACTaHi MiXK IMyHKTaMU — Mae€
OyTU CyMipHOIO 3 BUCOTO10. Tak, 3 OYEeBUIHUX Mip-
KyBaHb MOXHa 3pOOUTH BUCHOBOK, 1110 ONITUMaJIbHa
TOYHICTb HOCSITAETHCSI IIPU ITO3ULLIHOMY KYTi (KyT
3 TOUKM Ha MeTeopi MiX HarpsMKaMM Ha MyHKTU
criocTtepexeHb), piBHoMy 90°. Y pobGori [9] Gyno
I0Ka3aHO aHAJITMYHO Ta ITATBEPIKEHO ILISIXOM
CTaTUCTUYHOTO MOJIEIOBAHHS, 1110 JaHE TBEPIKEH-
HSI CIIpaBeIJINBe, i BiACTaHb MixK TyHKTaMM CITIOCTE-
pexXeHb JIs1 3a0e3MeYeHHsT MAKCUMAaJIbHOI TOYHOCTI
Mae craHoBuTH 200 kM rpu BucoTi meTeopa 100 km,
Ko Oa3MCHa BiACTaHb BimoMa To4HO. I[Hakiie,
SKIIO JAHUK TMapaMeTp TaKOX PO3MISIAETbCS SK
BeJIMYMHA 3 MEBHOI0 MTOXUOKOI0, /1 3a0€3MeYeHHs
MaKCHUMaJIbHOI TOYHOCTI 0a3MCHa BiICTaHb Ma€ OyTU
gemo Oinbmioro. Ilpym HeoOXigHOCTI MOXHa IIPO-
BOJUTH CITIOCTEPEXKEHHS 1 Ha MEHIIMX 0a3ucax, aje
TOYHICTh PO3PaXyHKiB MPU LIbOMY Oy/ie HUKYOIO Bijl
ornruMaiibHoOiI. Tak, y M. MukoJjaiB ipu BUKOPHUC-
TaHHI BiTHOCHO JIOBTO(POKYCHOTO CIIOCTEPEXKHOTO
KOMILIEKCY, SIKMii 3abe3revyBaB IoJie 30py MpU-
0m3HO 3°x4°, 6azuc nopiBHIOBaB uie 11 km [12].

TuM He MeHIIl, TOYHICTb IIPU CIIOCTEPEXKEHHI Me-
TEOpiB, sIKa OYEBUIHO 3a0€3MEYYETHCS XapaKTepuC-
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THUKaMH CIIOCTEPEXKHOI armaparypu i JMCIIO3UIIIEIO
CIOCTEPEKHUX MYHKTIB, € OOHIEI0 3 KiHIEBUX 1Ii-
Jieil onTuMmizalii MeTeopHUX crocTepexeHb. [Hiia
MeTa — HamaraTucsl BiicocTepiraTi MeTeop BITPO-
JIOBX BCi€1 HOTO TPAEKTOPIi, IKa MOXe OyTH TOCUTh
JIOBTOI0, JUISI YOTO TTOTPiOHE BEJIMKE IMOJIe 30pY Bi-
neokamMep. Takox BeJMKe MoJie 30py CIIOCTEPEXRHUX
KaMmep HeoOXiaHe IS MaKCUMi3allii KiJIbKOCTI CIOo-
CTEepPEXyBaHUX METEOPiB 1 HAKOIMMYEHHS BilIOBiI-
HOI cTaTUCTUKKU. OYeBUIHO, 1110 BEJIMKE T0JIE 30py
BUMAara€ BiTHOCHO KOPOTKUX (POKYCHUX BiACTaHEN
00’eKTHBA, 110 MPU3BOJUTH J0 BEJIUKOTO KYTOBOTO
po3Mipy TiKcessi, i 3HUXEHHSI MPOCTOPOBOi poO3-
TIJTBHOI 3MaTHOCTI amapatypu. st yCyHEHHS Takoil
npoOJeMU Ta HAKOMWYEHHSI JOCTaTHHOTO CITOCTE-
PEXHOTro MaTepialy OpraHi30BYIOTbCS CITOCTEPEXKHI
MeTeOpHi Mepexi [2, 3, 8, 14, 18]. Ornsiag MmeTeopHUX
MEpEeXK CBITY MOXHa 3HAUTH y poboTi [4].

Konu iimerbcsa mpo BUITaAKOBI KOMOIHALIl map
CIIOCTEPEXKHUX KaMep, TO Taki Mepexi Jihllie Ha-
KOIMUYYIOTh MaTepiai. AKIo X IijiecpsMOBaHO
BUKOHYETBHCS 3ajaya OXOMUTHU SIKOMOTa OuIbIIUi
CIIOCTEepeXHUI 00’eM aTMocdepu i 30epertu npu
LIbOMY TapHY TMPOCTOPOBY PO3MAiJIbHY 3MaTHICTh —
BUKOPHUCTOBYIOTbCS KOMILJIEKCHI CITOCTEPEXHI TOY-
KM, SIKi CKJTagaloThes i3 cepil BimTHOCHO TOBrogoKyc-
Hux o0’exkTuBiB [§8]. be3nepeuHo, 1e 3a0e3MeYUTH
BUKOHAHHSI IIOCTaBJICHOI 3a/1a4i, ajie CyTTEBO 30i/Ib-
IINTh BapTiCTh CIIOCTEPEXHMX KOMIUIEKCIB. Ko
3K CTAaBUTBCSI OKpeMa 3ajiadya OTpUMaT MakCUMaJsb-
HY PO3MiJIbHY 3[aTHICTb MPU CIOCTEPEXKEHHSIX Me-
TEOpPIB IS JOCHTIIKEHHST IXHbOI JPiOHOI CTPYKTY-
pu (bparmeHTauii y nosapoti) [17], abo peectpauii
HaWapiOHIIIMX METeOopiB B ONTUYHOMY Mdiarna3oHi,
JOLIUTbHIIIIE BUKOPUCTOBYBATU TEJIECKOIIIUHI CITO-
cTepexkeHHs [5, 6].

I3 ckazaHoro Buille 3pO3yMiJo, 110 BUMOIHU 10
CIIOCTEPEXXHOI amapaTypy pi3Hi I pi3HMX 3amad.
ogo mpocTopoBOi PO3OiALHOI 3MATHOCTi, TO IS
CTIOCTEPEXEHb OYIb-SIKMX METEOpiB, SIK CIA0KMX,
Tak i OOJMimiB, BUKOPUCTOBYIOTBCSI BieoKamMepu i3
CTaHAAPTHOIO TeJIeBi3iliHOI pO3ropTkol: 25 K/c
s cucteM PAL/SECAM a6o 30 k/c — mutss NTSC.
ITonst 30opy Kamep BapitolOTh (KpiM TEJIECKOITIYHUX
CIIOCTEPEKEHb) Bifl IeCsITKa 10 COTHI IpamayciB (y 60-
JITHUX MepexKax TaKOX BUKOPUCTOBYIOTLCSI KaMepu
Bchoro HeOa [3]), i W1 Takux 3agad, O4EeBUIHO, Ma-
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I0Th BUKOPMUCTOBYBATUCSI IIMPOKOKYTHi ororpa-
¢iuni 06’ekTuBU. [TpocTopoBa po3filibHA 3MaTHICTb
3aJIeXXUTh Big ABOX (akTopiB: (OKYCHOI BigcTaHi
00’eKTHBA i BiJl pO3IiIbHOI 31aTHOCTI (hoTOIpHUiiMaya.
IIon0 ocTaHHBOTO, TO ISl CIIOCTEPEXEHb METEOPIB
JI0Ci BUKOPHUCTOBYIOTHCSI IOCTAaTHBO UYTJIMBI KaMe-
pu cimeiictBa Watec, sIKi MalOTh IIpUiiMad po3MipoM
1/2 nmroitMa 3 po3aiJIbHOIO 30aTHICTIO 752 %582 K-
CeJIiB MU JIIHIKHOMY po3Mipi miKcens: 8.6x8.3 MKM.
CyyacHi cUCTeMM CIOCTEPEXXEHb BUKOPUCTOBYIOThH
LUdPOBI KaMepU BeJUKOT0 (hopmary.

B ymMoBax cyyacHOCTi CBiTY € HOCUTb LIMPOKUIA
CMEKTp 3a7ay, SIK BUHSITKOBO HayKOBUX, TaK i MpU-
KJIaJHUX, B IKUX MOXYTh €(PEKTUBHO BUKOPUCTO-
ByBaTHCsl 0a3MCHI BimeocriocTepexXeHHsl aTMocde-
pU Ta GIIVKHBOTO MOBITPSIHOTO TTpocTopy. MneTbest
PO 3HAYHO MEHII IIPOCTOPOBI MacIUTaOu, HIX
IIPU CIOCTEPEXKEHHSIX MeTeopiB Ha BUCOTI 100 kM.
HaiinpocTitmii mpukiias — CrocTepeXXeHHsT TaKuX
aTMoc(epHUX SIBUIL, SIK TPO30Bi pO3psiav, CIpaii-
™M, eab(dPu, ONaKUTHI JKeTH Toulo. g oLiHKM
iHTEHCHUBHOCTI IXHBOTO CBIiTiHHSI MOTPiOHO 3HATHU
BiICTAaHb O HMX BiJl CIOCTEPEXXHUX IMYHKTIB, IO
JIOCSTAEThCS caMe 0a3UCHUMM CIOCTEPEXKEHHSIMMU.
IH1ra 3agaya — BifC/IinKOBYBaHHS Mirpaliii nTaxiB 3
METOIO0 KOHTPOJIIO MOITYJISLII Ta apealy po3I0BCIO-
JIDKeHHSI, BUPILIEHHS €KOJIOTIYHMUX ITpo0aeM. binbin
MPUKJIAIHUI aHaJor JaHol 3agayi — KOHTPOJIb
MeXi aepoApOMiB Ha IIpeIMeT HAasIBHOCTI NTaxiB,
sIKi MOXYTb CTBOPIOBaTM CYTTEBY HeOe3MeKy sl
JIiTakiB, Xo4ya B JaHOMY BUITIaJIKy MOXHa BUKOPUC-
TOBYBAaTH i OMHOCTOPOHHI crocTepexkeHHs1. KoHT-
pOJIb TIOBITPSHOTO MPOCTOPY B3IOBX JEP>KaBHOTO
KOPIOHY — 11I€ OJIHA BaXKJIMBa 3a/laya CbOTOJCHHSI.
Kpim Toro, Haa3BMuYailHO BaXKJIMBUM € IIOIIYK Ta
BUSIBJICHHSI IITYYHUX HU3BKO JIiTal0unx 00’ €KTIB, SIK
TO BepToaboTu, Kpmiati paketu, BITJIA. Yci 3amaui
MOHITOPUHTY Ta KOHTPOJI10 aTMOc(hepu i HUXKHbOTO
MOBITPSIHOTO MPOCTOPY MOXYTh OYyTU YaCTKOBO BU-
pillleHi 3a HAsSIBHOCTI COPUSTAUBUX ITOTOTHUX YMOB
3a JIONMOMOTOI0 JIOKAJIbHUX CITIOCTEPEXKHUX Bieome-
pexX, 1€ BUKOPUCTOBYIOTHCS Ti X METOIU TPiaHTy-
JISIiHOI 00pOoOKM, 1110 ¥ MPU METEOPHUX CITIOCTE-
pexeHHsX. B gaHiii poOOTi po3misimaeTbes 3amada
onTUMi3allil po3MillleHHsI Bimeokamep Ta BUOOpPY
IXHIX TeXHIYHUX XapaKTEPUCTUK IJISI MOHITOPUHTY
JIOKAQJIbHUX TIOBITPSIHUX 30H Ha OCHOBI JOCBIiIY BU-
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KOPUCTAaHHSI METEOPHUX MaTPyJiiB — Oa3MCHUX Bi-
JIEOCTIOCTEepEKeHb METEOPIB.

2. IIIABIP TEXHIYHUX XAPAKTEPUCTHUK
CIIOCTEPEXHUX BITEOKAMEP

ITouarkoBa 3agaya B HaWOLIbII 3arajbHill MocTa-
HOBIi MOXHa c(OPMY/IIOBATA TaK: ITOTPIOHO 3Mili-
CHIOBaTU HeEIEpepBHUI MOHITOPUHI TMEBHOI 30HU
MOBITPSIHOTO MPOCTOPY — B 3alaHUX TeorpadiyHuX
KOOpAMHATax Ta Jiara3oHi BUCOT — 3 METOIO BUSIB-
JIEHHSI, pO3Mi3HaBaHHsI, BU3HAYEHHSI TIOTOYHUX KO-
OpAMHAT Ta IIBUAKOCTI 00’€KTIB MEBHUX JIIHIMHUX
PO3MipiB i IEBHOTO Miala3oHy IIBUIKOCTEH. Y psmi
CIIeLiaJIbHUX 3amad HeoOXimHO 3IifiCHIOBATU 00-
pPOOKY B peajlbHOMY pexXHMi yacy, a TaKoX po3pa-
XOBYBaTHU MPOTHO3 PyXy 00’€KTa 3 METOMO IliJIeBKa-
3yBaHHS. Y AeSKMX BUIIaAKax MiHiMaJllbHa BiACTaHb
MOTEHLITHOTO PO3MIllIEHHSI KaMep BiJ JaHOi 30HU
€ 00MEXEHO10, a y TIEBHUX BUMagKax MOXHa CTaBU-
TH KaMepu Oynb-ae. JlaHa 3amada Mae JIBi CKJIaa0Bi.
Ilepira — BuOip Kamep 3 HEOOXiMHOIO PO3AIIHLHOIO
3MATHICTIO [JI AETEKTYBaHHS 00’€KTIB IEBHUX JIi-
HIMHMX pOo3MipiB B 3aJaHOMY [ialla30Hi BiZcTaHEN
JI0 KaMep, Ta 3 MeBHUM MiHIMaJIbHUM TI0JIEM 30DY,
3IaTHUM OXOMUTHU 3afaHy MOBITPsSIHY 30HY. Jpyra
3agaya — BMOiIp MiHIMaJIbHOI KiJbKOCTI KaMep Ta
MiCllb IXHBOTO PO3TalllyBaHHS i Opi€HTallil ONTUY-
HUX Oceil UIs1 onTUMi3allii e(peKTUBHOI pOoOOTH a-
HOI JIOKaJIbHOI CIIOCTEPEXXHOI BigzeoMepexi. Jlonart-
KOBMMU CKJIAJIOBUMHU APYTOi 337adi € MEBHA MOX-
JIMBICTH BUOOPY KaMmep I pi3HMX 0a3MCHMX I1ap
(y Mexax 3alaHMX TTic/is1 BUPIillIeHHS Teplioi 3aaavi
nmapameTpiB), Ta 3abe3MeueHHs] HeOOXiTHOI TPOCTO-
poBoi ToyHOCTi. Po3ristHeMo mepiny 3agauqy.
[To3HauuMoO JMiHIAHUNA pPO3MiIp OYiKyBaHOI'O
00’ekta AW , a miama3oH O4iKyBaHUX BiICcTaHel 10
HBOTO B paMKax BKa3aHOI 30HM — AK D . ta D _ ..
OCKiJIbKM BifICTaHi 10 CIIOCTEpPEeXXyBaHO1 30HU Ta ii
po3Mipu € HeBeJUKUMU (Y TIOPiBHSIHHI 3 3a1a4yero
CITOCTEPEXXEHHSI METEOPiB), TO OyIeMO BUKOPHUCTO-
BYBaTH ACSIKY CEpEIHIO B3IOBX ONMTUYHOI OCi Kame-
pu Bigctanb D. Toni 1Jist KyToBOro po3mipy o0’ekra
Ay HaOMMXKeHO MOXHa Hamucatu Ay ~ AW/D, ne
KyT BUpaxkeHO B paniaHax. s BM3HAUCHHS Ha-
OIMXeHOr0 MaKCUMAaJIbHOTO TOPM30HTAJbHOIO Ta
BEPTUKAJIILHOTO PO3Mipy 30HM MOHITOPUHTY OyIeMO
KOPUCTYBATUCS OiJbll CTPOTMMM 3aJIEXKHOCTSIMU.

BBeneMo mo3HayeHHs [J1s1 KYyTOBOTO PO3MIipy IOJIst
30py KaMepu B3I0BX oci X y IUIOIIMHI JeTeKTopa
K Ao, @ B3IOBX oci ¥ — sk AP. Toai BianoBigHi 10
JaHUX KyTiB JIiHilHI po3Mipu 30HU aTMoOc(depu Ha
Bincrani D Bil cnmocTepexXHOTo MyHKTY OyayTh BU-
3HAYaTUCS 3 OYEBUIHUX TEOMETPUIHUX (POPMYJI:

AL, =2Dtg(Aa./2), (1)
AL, =2Dtg(AB/2). )
ITpu 1bOoMy, OUEBUIHO, TOPUZOHTAIIBHUM JIiHIl-
HUI po3Mip 30HM OTHO3HAYHO BiJMOBiIa€ KyTY Adt,
T00TO AL, = AL, , TOZi K KYyT AL, He omucye Ji-
HiAHUI BEpTUKAJIbHUI po3Mip aTMOC(hEepHOI 30HH,
i Mioro ciim 3HaWTH OKpeMO. 3 TeOMETPUYHUX Mip-
KyBaHb MOXHa MOKa3aTH, 1110 BUCOTA TOYKHU ONTUY-
HOTO LIEHTpa Ha BifAcTaHi D onucyeTbcs (hOpMyJI0I0
H = DsinE,, a BuCOTa BEPXiBKM Ta HUKHBOI TOYKU
30HU BU3HAYATHCS BiAMOBIIHO IK
H_. =DcosEtg(E —~AB/2), (3)
H_, =DcosEjtg(E +AB/2), 4)
ae yepe3 E; mo3HavyeHO eJieBallilo ONTUYHOI OCi Ka-
MepHU HaJ TOpM30HTOM. Tomi 3arajoM BepTHUKAIb-
HUI PO3Mip 30HM MOXHA 3HAWTH 3 BUpasy AL, =
= Hmax - Hmin :
AL, = DcosE/{tg(E, +AB/2)—tg(E,—AB/2)} (5)
i B MOJaJIbIIIOMY BHMKOPMCTOBYBaTH MOTO 3aMiCTh
(2). OueBMIHO, 1110 MPU HAMIPSIMJIEHHI KaMepu B 3e-
HiT AL, — 0, i Oynb-gaKa KamMepa OXOIUTIOBaTHMe
yBech Iiana3oH BUCOT [0...c].
BinnoBigHi niHiliHI MiHIMaJbHI pO3Mipu IEeTEK-
Topa I, Ta I, TONi OYEBUAHO MAIOTh OYTH,
I, =2Ftg(Aa/2), (6)
Iy =2Ftg(AB/2), (7)
ne F — dokycHa BinctaHb 00’eKTHBa KaMepu. 3po-
3yMiJI0, MOXHa OyJIo 6 0apa3y KOPUCTYBaTUCS eJie-
MEHTapHUMHU BHUpa3aMu 110 IMOB’S3YIOTh Oe3moce-
PeIHbBO JiHiMHI po3Mip1 30HU MOHITOPUHTY Ta ITPU-
Mayva:

e ®)
L =FL, ©)

OJHAaK SIK BXiIHi MapamMeTpyu 30HM MOHITOPUHTY MO-
KyTb OyTH 3a7aHi il KyTOBi po3Mipu, ToMY (popMyJIu
(6), (7) HaM TTOTPiOHI TAKOXK.
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PosMmip 300paxkeHHsI TPOTSKHOrO ob’ekra [y,
3arajoM OyJe 3ajiexkaTu Bil MOro KyTOBOI BimcTaHi
JI0 ONTUYHOTO LEHTPY KaMepu Y gc. st posmipy
300paxkeHHs, NePIeHANKYISIPHOIO J0 pamialbHUX
HampsIMKiB 3 ONTUYHOIO IIeHTpa (TaHTeHIiaJbHa
CKJIaJIoBa) MAaEMO

Lyr(Loc) = LtgA_w >
COSYpe 2
a JUIs TIOJIOXKEHHS 300paKeHHsI 00’€KTa Ha ONTUY-
Hill oci, OUeBUIHO,

l,0(0)= 2thATW .

st pamianbHOTO po3Mipy OyneMo MaTu
lyr(Xoc) = 22—F gA_w .
oS Yoc 2
Hanpuxnan, s dotorpadiuHoro o06’ekTuBa
Ricoh TV 6 MM, f/1.2 B KOMIIOHOBIIi 3 KaMepolo
Watec WAT-902H2, miojie 30py Bigeokaapa CKJIagae
NpUOIN3HO 56° x 44° [4]. Ko po3rasiaaT B IKOC-
Ti MAKCUMAJIbHOTO 3HAYEHHH KYTa Y cax = OV /2 =
= 25°, To MaKCcUMaJbHUI (Ha Kparo Kajapa) TaHI€H-
LHiaJbHUI pO3Mip 300pakeHHs 10 BiIHOIIEHHIO 10
oro po3mipy B LIEHTpPi Kaapa 3pocTe MpUOJIM3HO B
1.10 pa3a, a o1 pamianbHOTO — B 1.22, cepeaHi mmo
Kaapy BigMoBigHi KoedillieHTH OyayThb OOpPiBHIO-
Batu npubau3Ho 1.02 ta 1.05. OueBuaHO, 110 TIpU
MoJisiX 30py nopsiaky 50° Ta MeHIe MOXHa KOpUC-
TyBaTUCSI OJHUM 3HAUYEHHSIM PO3Mipy 300pakeHHSI
ob’exTa I, : Ay
-
Hdnsa 3amady JOKaJIbHOTO MOHITOPMHTY IIWPIIi
MOJIsl 30pYy HaBpsii UM MOXHa Oyjae 3adisiTu 4yepes
Majy pO3AUIbHY 3MaTHICTh T€TEKTOPiB BUITPOMiHIO-

l,, ~2Ftg (10)

BaHHs. 3rigHo i3 Bupasamu (6)—(7) niHiiiHMi po3-
Mip MaTpHIli IIpU 3aAaHOMY PO3Mipi MOHITOPUHIO-
BOI 30HM Ta JAJIBHOCTI IO Hei BU3HAYAEThCS JIMIIIE
¢ oKycHOIO0 BincTaHHIO 00’ eKTHBA. JIJ151 HETEKTyBaH-
Hs1 X 00’ekTa abo crpobi Horo posrizHaBaHHS Ta
ineHTrdiKalliil, TOJTOBHY poJib OY/E BifirpaBaT po3-
Mip ioro 300paxkeHHs B mikceynsax. IHmmii pakrop,
SIKMI MOXKe BIIJIMBaTH Ha pO3Mip 300pazkeHHSI pyXo-
MOTro 00’eKkTa — Ioro mBuAKicTb. OYeBUAHO, MIPU
JIeTeKTYBaHHI IIBUAKICHUX 1IiJIeil, 0COOJIMBO 3a 10-
IIOMOT0I0 KaMep 3 JOBro(pOKyCHUMHU 00’ €EKTUBAMM,
a TaKOXK MPY HU3BKil YaCcOBill pO3IiIbHIN 3M1aTHOCTI
NIETEKTOPiB BUIIPOMIHIOBaHHSI 300paxkeHHs Oy/e
pO3TATYBaTUCh B3JAOBX HaNpsIMKY pyxy. JaHuii
dakTop ciin BpaxoByBaTU MpU cnpodi ineHTUdiKa-
il 00’ekra. Takox I10jIe 30py Kamep Mae 3abe3Iie-
YUTU MOXJIMBICTD JETEKTYBAaHHSI PyXOMOTro 00’eKTa
B KiIbKOX Kajpax (MiHIMyM — y IBOX) IS po3pa-
XYHKY HOr0 IIIBUIKOCTI.

PosrnstHeMo, Ha IKNX BiICTaHSIX 1 11T 00’ €KTIB
SIKOTO PO3Mipy OyAyTh €(heKTUBHUMMU CIIOCTEPEKEH -
Hs Oe3MmocepeaHbO 3 BUKOPUCTAHHSIM 00’ €KTUBIB,
SIKi BUKOPUCTOBYBAJIUCS JUISI CITOCTEPEKEHDb METEO-
piB (BucoTu nopsiaky 100 kM) B KOMIIOHOBIII 3 Ka-
MepaMu cimeiicTBa Watec 3 po3aiIbHOIO 3JaTHICTIO
neTekTopa 752x582 mikcenmiB. IxHs yacoBa po3-
NiJIbHA 3maTHICTb cTaHOBUTH S50 miBKampiB 3a ce-
KYHJly — Kamepa Mpalllo€ B pexXKuMi 4epe3psiikoBoi
posroptku (aHri. interlaced). IlapameTpu nesikux
TaKMX 00’ €KTUBIB MPUBEIEHO B Ta0OI. 1.

Po3srisiHeMo 0coOJMBOCTI CIIOCTEPEKEHb PYyXO-
MUX Ta BiTHOCHO IIBUIKMX Y IOBITPSIHOMY MpO-
CTOpI IITYYHUX 00’€KTIB (B OCHOBHOMY MiJliTapHO-
ro CIpsIMYBaHHsI), a cCaMe NESIKMX TUIIB KPUJIaTUX
paket, BITJIA, MiHigpoHiB, remikonrTepiB. ¥ Tadm. 2

Tabauys 1. XapaKTepUCTHKH CMCTeMH 3 Kameporo Watec 1151 pi3HMX 00’ €KTHBIB,

AKi BUKOPUCTOBYIOTBHCA /I CIIOCTEPEKECHD MeTeOpiB

06’ exTiB CI>01,<yCHa BiZcTaHb ’BiﬂHOCHnﬁ OTBip [Tone 30py kKamepu KyT_OByu?l po3mip
00’extuBa F, MM 00’exTHBa (CBITJIOCUIIA) AaxAB, Tpa. nikcens, P,
«[emioc-40» 85 1:1.5 4.4x3.3 0.3
Raixar 65 1:0.75 5.7x4.3 0.45'
«kOmitep-3» 50 1:1.5 7.4x5.5 0.6/
16KP1.2-35 35 1:1.2 10.6x7.9 0.8’
Ricoh TV12 12 1:1.2 30.2x22.8 2.3
Ricoh TV06 6 1:1.2 56.6x43.9 4.5’
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MPUBENEHO iXHi 0a30Bi MapaMeTpu: po3MipH, BUCO-
TH TIOJIbOTY, IIBUAKOCTI. Ciaim 3ayBaxkuTu, 110 IIPpU
pyci IIBUAKOTO AMHAMIYHOTO 00’ €KTa CJIijl PO3IJIsi-
JaTy JiTAHKY Horo miaxy AL, Ky BiH IPOXOAUTh
3a yac T OJJHOTO Kajpa TeJIeBi3iiiHOi po3ropTku (SIK
npasuio, T = 0.04 c¢), abo 3a miBKaap Npu yepes-
psIIKOBi# TeneBiziiiHilt posroprui (t = 0.02 ¢), T06-
TO BelM4nHy AL, =v1 (octaHHs rpacda y tabi. 2),
SIKIIIO BOHA 3HAYHO OijIbllIa 3a MO3M0BXHIM po3Mip
ob0’ekta AW , amxe caMe 11 BeauuuHa Oyme dop-
MyBaTd pO3Mip IMHaAMiYHOTro 300pakeHHs. AKIilo
BesmunHu AW Tta AL cymipHi — cJlif po3risaatiu
ixHto cymy. [Tpu 11boMy, OUEBUAHO, KYTOBUI AWHA-
MiYHUI po3Mip 00’ekTa Ay Oyae 06epHEHO MPOIo-
PUiTHUM BifcTaHi 10 00’ €KTa Ta IIPSIMO ITPOIOPIIiii-
HUM CHHYCY KyTa Yp — KyTa MiXX HalpAMKOM PYXy
00’eKTa Ta HAIPSIMKOM Ha TOYKY CIIOCTEPEXEHHSI:
Ay = (AW +AL )siny, /D.

IHmmu cnosamu, opmyny (10) MoxHa nepe-

MMcaTu y BULJISIAL

(AW +AL )siny,
8 2D '

Jist momanblioi OLIHKY e€(EeKTUBHOCTI BUKO-
puctanHs Kamepu Watec 3 1abi. 1 mst 00’ekTiB 3
TaOJI. 2 mpuiiMeMO HaOJKEHO, IO IJIS IEeTeKTY-
BaHHS 00’eKTa HEOoOXigHO, 1100 po3Mip HOro 30-
OpaxeHHs1 OyB He MeHILUM 3a 2-3 TiKcesi npu 10-
CTaTHbO BEJMKOMY KOHTpAcCTi 300paxkeHHsI 00’ eKTa
3 (poHOM Heba, a0o JAelIo OiIBIINM B iHIIMX BUIIAI-
Kax. J1ust cripo6u ineHTuU(iKallii 06’ekTa po3mip 30-
OpakeHHsI Ma€ OyTU HiSIK HE MEHIIUM 7-8, a Kpalle
10 nxy1. JJaHa BeaIWuMHA, OYEBUIHO, CUJIBHO 3aJie-
JKUTb BiJl TUIy Ta OCOOJIMBOCTEN KOHCTPYKIIil Jii-
TajlbHOTO anapara. Po3mip [, auHamiyHoro 3o6pa-
JKeHHS 00’€KTa y MiKCeNsiX MOXHA 3HAUTU 3 BUpa3y

I, =2Ft (11)

I, =, / P, , ne Py, — cepenHiit giHiliHUit po3mip
nikcessi. 3HaUeHHST HAOIMKEHEe CEpeIHE, TOMY 1110 B
3araJibHOMY BUIIAJKY PO3Mip MiKCeJIs Mo IMPUHI Ta
BUCOTI MOXe OyTH pi3HUM — Tak 1jisd Kamep Watec,
B nokymMmeHTalii 1 Bapianty CCIR (PAL/SECAM)
BKa3aHO po3Mmip mikcess 8.6x8.3 Mkm. IHIIMiA Ba-
piaHT — BU3HAYUTU EMIIIPUYHO KYTOBUM pPO3Mip
nikcenss kamepu — P, 3a 3HIMKaMy 30BHILLIHIX
00’€KTiB, HaNPUKIIAI 3ipOK — 1Ii JaHi MPUBEIECHO
B ocTaHHili rpadi tads. 1. Toxmi cepenHiii JiHIMHMIA
pO3Mip mikcensi MOXHA 3HAWTU 3 KyTOBOTO JAWHAa-
Mi4HOro po3mipy 06’ekra Ay sk [, * Ay /P, .

OuiHuMoO IBa TMapaMeTpU: TOPU3OHTAIBLHUN JTi-
HIiHUI pO3Mip MOBITPAHOI 30HU AL, s BiAro-
BiIHOTO 33aJaHOTO TOJIsl 30py Kamepu Ao Ta po3-
Mip 06’ekTa B mikcensx I, gk ¢yHkuii Bincrani D
1o o0’exkrta. s po3paxyHKiB OyneMO BUKOpPUC-
toByBaTu opmyau (1) ta (11). Takox mist BU3Ha-
YEHOCTi Oy/leMo BBaXkaTu, 10 00’€KTU PYyXaloThCsl
MepHeHAUKYJISIPHO 10 ONTUYHOI OCi KaMepu, KOoJu
siny, =1, Ha BifcTaHAX, AKi BiINOBIAAIOTH IXHIM
MOXJMBUM BMCOTaM, IO €KBiBaJIEHTHO CIOCTe-
pexeHHIo B 3eHiTi D ~ H. Ille onHUM 3 KpUTepiiB
MOXXJIMBOTO 3aCTOCYBaHHSI KaMepu 3 BUOpaHUM
00’eKTUBOM OyIeMO BBaxkaTu HEOOXiIHICTh MoIla-
JaHHS SIK MiHIMyM JIBOX 300paxkeHb JMHAMiYHOrO
00’eKTa B Kajpi, TOOTO KYTOBUI AUHAMIUHUI pO3-
Mip 00’ekTa Ma€ OyTHU MeHIle TTOJOBUHU KYTOBOI'O
po3Mipy Kampa: Ay < Aa,/2.

YMOBHO 00’€KTH 3 TabJI. 2 MOXHA PO3IUIMTU Ha
miarpynu. Sk npukiIan nepioi rpynu po3rjistHEMO
BEJIMKOPO3MIpHUIT 00’€KT — TeNiKOITep, SKOIO
MOXHa BUSIBJISITU Ha BEJIMKUX BiZICTAHSIX, TOMY Oy-
JIeMO BMKOPMCTOBYBATW 3HAUYEHHSI MaKCUMaJIbHOI
BUCOTHU MOJIbOTY (200 majibHOCTI) D ~ 4 kM. s
ioro BUSIBJEHHSI Ta igeHTUdiKalii MOXHa BHKO-

Tab6auys 2. HeoOXimHi 111 po3paxyHKy 0a30Bi XapaKTePUCTHKH JAESAKHX JITAJIbHUX aNapaTiB

(maui 3ano3uyeHi 3 BiAKpuTUX MKepe, https://uk.wikipedia.org)

Hassa Jliniiini po3mipu Bucora nmonboty L BuaKicTh MOMBLOTY lnsx 3a 1 kaap
AW, M H,m v, M/c AL, = vAf, M
TenixonTep K-52 16x5x7 5...4 000 70 1.4
Kpunara pakera X-555 6.0x0.5%x3.1 40...110 230 4.6
ITporukopabenbHa pakeTa «Kamiop» 6x0.5%3 50...150 200 4
BILJIA «Illaxen-136» 3x2 60...4 000 50 1
Miuinpon FPV rl 0.3 1...6 000 30 0.006
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pUCTOBYBaTU Oymb-sIKMII 00’€KTUB 3 IMEepepaxoBa-
Hux, okpiMm Ricoh TVI12 ta Ricoh TV06 — BoHM
CTBOPSITH 300paskeHHST po3MipaMH 6 Ta 3 ITKJT Bif-
MOBIHO 1 TOAATHCS JUIIE s AeTeKTyBaHHS. 3a-
rajioMm o6’extuBu «tOmitep-3» i «lenioc-40» nocuTh
e(eKTUBHO 3aCTOCOBYBAIUCH IS CIIOCTEPEXKEHb
meTeopiB y Kuesi [9, 11] 3 nepenaBaibHUMMU Tese-
Bi3iiHUMU TpyOKamMu Tumy cynepizokoH JIi-804 i
3a0e3reuyBajiv noJst 30py 24°x19° ta 13°x11° 3a
PaxXyHOK BEJIMKMX JIiHIMHUX PO3MIipiB (POTOKATO-
Jna — npuiiMayda 300paxeHHs1. OnHaK y CyKyMmHOCTi
3 KaMepoto Watec roJie 30py y HUX 3HAUHO MEHIIIe,
i iX MOXHa BMKOPMCTOBYBATM [IJis1 ideHTUiKallii
00’exTiB. Tak, po3Mip 300paxkeHHsI TeJiKornTepa
Oyne Oym3bKo 25 Ta 43 MK Ha 3rajaHiil BigcTaHi
BiAMoOBiZHO. 30HA MOBITPSIHOIO MPOCTOPY Ha Bif-
crani 4 kM craHoButuMe AL, ~ 520 ta 310 M, a
cam o0’ekT Oyne croctepiratucsa y 30 Ta 18 kagpax
BiIITOBITHO, 110 3a0€3MeUYnTh HafiiiHe BU3HAYECHHST
IIBUAKOCTI. TMM He MEHII, MaJli TI0JIsI 30py IIpaK-
TUYHO YHEMOXJIMBIIOIOTh aBTOMAaTUYHY pPOOOTY
KaMmepu 3 JaHUM 00’€KTUBOM, a JIUIIIE B TaHAEMi 3
orneparopoM, abo OiJIbII IMHMPOKOKYTHOI ONTUY-
Hoto cuctemoro. O6’ektuBu Raixar i 16KIT takox
JIO3BOJISIIOTH ileHTU(iKallil0 00’eKTa, OMHAK BOHU
3yCcTpivaloThcs Habarato pidine, i Mu He OyaeMo
OPUIIATY IM BEJIMKOI yBaru.

IHma rpyna o6’ekTiB — KpuJjaTi pakeTu Ta ce-
peanbopo3MipHi BITJTA. TToiiyk pakeT yrpyaHeHu it
yepes IXHI0 MaJly BUCOTY IOJIbOTY, 110 YacTO yHe-
MOXJIMBIIIOE ACTEKTYBaHHSI 3a JOMOMOTOI0 paja-
piB. CrocTepiraT iX MOXHa Ha MaJIMX BiICTaHsX,
a BiIHOCHO BeJIMKa LIBUIKICTh MOJBOTY IPU 1IHO-
MY BHMAara€ 3acTOCYBaHHS OLIbII ITHPOKOKYTHUX
00’exTuBiB. Tomy 3 Tab1. 1 Oj1s1 TaKOI 3amadi Mo CyTi
MMIXOOUTE TuIle oarH 00’ ekTuB — Ricoh TV06. Bin
3a0e3MeYnTh po3Mip 300pakeHHs Mpubanu3Ho 142
ta 47 nikJ pu1st BigcraHeit mo o0’ekra 50 M ta 150 Mm;
OXOILTIOETHCSI TOPUBOHTAIbHA MOBITPsIHA 30HA 54 M
Ta 162 M MpH KiJTbKOCTI KaapiB 5 Ta 14 3 HaIBHUM
00’exToM. Ha mpakTuiii Taka cutyalisi MOXe pea-
JIi3yBaTUCS, HAIIPUKIIaA, IPU IIPOJIbOTI pakeT Hajg
pyciamu pik. Ilomno nerekryBanHs BITJIA, To Tyt
npo0JIeMOI0 € MaJjli po3Mipu Ta MaTepiaa IMOBEPXHI,
SIKMI TIOTAaHO po3ciroe pamioxBuiai. OmHaK, SKIIO
oomexutncsg Bucoramu 300...400 M, me HaifgacTi-
1€ BiTOyBalOThCS MOJBOTH, I CEPETHBOIO BiJCTaH-

100

HIO Bil KaMepu D ~1 kwm, To mis nomyky BITITA
roasiTbesl yci 00’eKTUBM 3 TabJI. 1, KpiM 00’ €KTUBIB
Ricoh TVI12 ta Ricoh TV06 — naHi 06’eKT1BU X04a
i 3abe3neyars MakCUMabHi mosist 30py (AL, ~ 540
Tta 1080 M), onHaK 300pakeHHs1 OynyTh 3aMaJti JJst
inenTu(diKarmii — po3mip 300paxeHn Oyme 6 Ta 3 TiK-
CeJli BiIMOBITHO.

[loxo Manopo3MipHUX PYyXOMMX O0’€EKTIB 3 PO3-
MipaMM MEHIIIE METpa Ta B Jliala3oHi BUCOT JI0 KiJIO-
MeTpa Mir O miniiTu 06’ekTuB «Iemioc-40» (300pa-
>KeHHSI 3 TIKJ1), aJIe KOHTPOJIbOBaHa AUISIHKA ITOBITPSI-
HOTO IPOCTOPY 3aHaATO Mayia — OJ113bKo 75 M. Tomy
IIJIS TIOIIYKY PyXOMUX 00’ €KTiB HaliKpallle MiaXoIsITh
cepell TMpeacTaBjieHuX y Tadil. 1 BiIHOCHO IIUPOKO-
KyTHi 00’ektuBU Ricoh. O0’ekTMBU pafsiHCHKOTO
BupoOoHuuTBa «lemoc-40» ta «kOmitep-3» Moriu 6
BUKOPUCTOBYBATUCH /IS PO3Mi3HaBaHHSI OO0’ €KTIB,
OIHAK BOHM 3apa3 He BUITYCKAIOTbCS i HE MOXYTh
OyTM BUMKOpMCTaHi MacoBo. Takox BapTo 3ayBazKu-
TH, 1110 YCi IpeacTaB/ieHi B Ta0J1. 2 JIiTalbHi 00’ €KTHU €
KEPOBAaHMMHU, a OTXe, PO3paxyHOK IIPOTHO3Y IXHBOTO
MOJIOXKEHHS SIK (PYHKIIII 9Yacy € JOCUTh HEHAOIMHUIM,
i MOXe BUKOPHUCTOBYBATHUCH JIMIIIE SIK TOTIOMIiKHUIA
€JIEMEHT JIsl KOPOTKUX YaCOBUX BiPi3KiB.

AHaJi3 TIPOBEICHUX PO3PaxXyHKiB MPUBOIUTH 10
BUCHOBKY, 1110 00’€KTUBH, SIKi BUKOPUCTOBYIOThCS
Yy CIIOCTEPEXXHil METeOpHili acTpoHOMIl IJIST BUSIB-
JICHHsI Ta po3Ili3HaBaHHS JiTaJbHUX anapartis (JIA),
MaloTh 0OMexXeHe BUKopucTaHHs. Ha choromHi mm-
POKO BUKOPHUCTOBYIOThCSI LIM(POBI Kamepu 3 po3-
OiTbHOIO 3paTHICTIO 1920x1080 mikcenis — Full
HD, 3840x2160 — 2K, i 6inbiie. Kpim Toro, gacto
BUKOPHCTOBYIOTbCSI KaMepu 3 00’€KTHMBAMU 3MiH-
HOI (pOKyCHOI BifcTaHi (zoom). K mpuKiam MOX-
Ha IIpMBECTU MepexeBy LuppoBy Kamepy Univision
UV-ZN2133 na 6a3i giny IMX328 CMOS Bupo6-
Hunrsa Sony, sika B pexxumi Full HD 1920x1080
Ma€ 4yacoBY po3niibHy 3maTHicTh 30 K/c. Posmip
Marpuii 1/2.8". Teneo0G’eKTUB MoxXe 3MiHIOBa-
™ (OKYCHY BiAcTaHb y Mexkax 4.8...158 Mm, 1110
BinmoBimae 33-KpaTHOMY OITMYHOMY 30iJIbIIEH-
HIO — BiIMNOBiAHI KyTOBi PO3Mipy TI'OPU3OHTAJIb-
Horo mnoust 3opy 60.5°..2.3°. AHajoriuHuii Bapi-
aHt — cucrema TB-M2MP-25XSS ¢ipmu TENBO
TECHNOLOGY CO., mae 25X MOTOpU30BaHMIA 3yM
3 F=5.6...140 mm, 2.38 MP, 1/1.9”, dpoTompuitmaa
IMX185 3 po3mipom mikcenst 3.75 MKM, Tojie 30py
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IIMPOKOKYTHE: 59.8°x44.4°, Teme: 3.0°x2.24°.
Ha puc. 1, a—6 npuBeneHoO Tpu TECTOBi 3HIMKU
CKyITueHHs 3ip ckymyeHHs Ilmesou, oTpumani 3a
JIOTIOMOTOI0 JIaHO1 KaMepu 3 MiHiMaJbHUM, MPO-
MDKHMM Ta MakKCUMAaJIbHUM 30UIbIIIEHHSIM BIIIIO-
BiHO Mpu ekcro3uliii 40 mc.

KpiM Toro, 3 pucyHKa MOXHa OLlIHUTA HEMOTaHy
YYTJIUBICTh KAMEPU — 3asiBJIeHAa YyTJIMBICTb B KO-
awopi 0.002 1k, Ta 0.0002 1K B YopHO-06iOMYy hOp-
MarTi. JlaHa KaMepa cyTTEBO Kpallia BiJl pO3IJITHYTHUX
Bulle. Besimkopo3MipHi gajieki 00’ €eKTH (rejikonTe-
pY Ha BincTaHi 4 KM) MOXYTb BUSIBJISITUCH B PEXKUMi
MaKCHMAaJIbHOTO II0JIs 30py (po3Mip 300pakeHHS
l,, =9 nKj, 30Ha MOHITOPUHTY Ha D=1 KM cKia-
ne AL, = 4.7 KM, Ip4 LIbOMY B TI0JIi 30py 00’€KT
Oyne nepedyBatu npoTsiroM N ~ 250 kaapiB, TOOTO
6:1m3bKo 10 ¢), Ta rapHo ineHTUDIKYBaTHUCS IIPU Mi-
HiMajbHOMY noii 30py (1, =230 mikceniB, AL, =
~ 160 M, N =~ 10). Jns KpuJlaTUX pakeT Ta iHIIUX
CXOXUX IIBUAKMX O0’€KTIB, SKi CIIOCTEPIralroThCs
Ha BigcTansax 50...150 M migXomsTe peXUMU JIMIIE
3 IIMUPOKUM MoJieM 30py. Tak rmpu MakcuMajJbHOMY
nosi 60.5° BiAMOBiNHI 3HaUeHHs OyayThb Taki: [, =~
~ 330...140 k1, AL, =60...170 M, N=5...16. Aot
s noBinbHimMX BITJIA, 1110 J1iTaloTh BUILE, MOXK-
Ha TaKO>X BUKOPUCTOBYBATHU JIBa PEXUMU. Y 1IUPO-
KOKYTHOMY T0JIi Ha BicTaHi 1 kM O6ynemo matu [, =
~8mki, AL, ~ 1170 M, N~ 260; a npu MiHiMaIbHO-
My HOJi Iw ~ 218k, AL, = 40 M, N~ 10. LlikaBum
€ Toii (bakT, 1110 JaHa Kamepa MpU MaKCUMaJbHOMY
¢okyci, ToOTO NpH T0J1i 30py 2.3°, 3maTHA PO3pi3-
HSITU HaBiTh MaJOPO3MipHi IPOHU Ha BifcTaHi 1 KM:
l, ~ 16 mkn, AL, ~40 m, N~ 135. To6T0, € MOX-
JINBICTb BUKOPUCTOBYBATU CHOCTEPEXHI CUCTEMU 3
TaKMMU KaMepaMu B PeXXUMi MaKCUMaJIbHOTO TOJIsI
30py ISl MOIIYKY PYXOMUX TOBITPSIHUX OO’€KTIB.
Hati, micas BUsIBJIeHHST 00’ €KTa 3a JOIIOMOTOIO 1B -
TYHIB Ta BiAITOBITHOTO TIPOTrpaMHOT0 3a0e3MeUeHHS
MOXHa TepeHanpaBUTU KaMepy Tak, 1100 00’€KT
MoraB y LEHTP Kajapa, a Jajli 3MEeHIIyBaTU TI0Jie
30py 10 MiHIMyMy IS ineHTudikalii 06’exra. On-
Hak Mpu 6a3MCHUX CIOCTEPEKEHHSIX JJ1s1 BA3HAUEH-
HSI KOOPAMHAT Ta IIBUAKOCTE 00’ €KTIB ONTUYHI OCi
MaloThb OyTHM CTPOTO OpPi€EHTOBaHI [JI IIEPETUHY B
O/IHii Toulli. Buxogom Oyjae BUKOPUCTAHHS Yy CMO-
CTEpeXHiil CUCTEMi BUCOKOTOYHOI'O TMOBOPOTHOIO
MPUCTPOIO 3 BUMIPIOBaAaHHSIM KOOPJAMHAT TOYKU Ha-
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Puc. 1. 3nimok ckynueHHs 3ip [liesgnu orpuMaHuii kame-
poto TB-M2MP-25XSS 3 pisHUM 36iTbIIICHHIM

BelIeHHsS a00 ABOX KaMep — CTallioHapHOI Ta pyXxo-
MOI i3 3MiHHUM (POKYCOM, X04a 11e OLIbII HiXXK YABiYi
30iIBIINTL BapTiCTh KOMIUIEKCY. Y e(peKTUBHOCTI
TaKol CUCTEMHU MOXHA HE CYMHIBaTHUCh, OCKIJIbKUA
noaiOHa ABOKaMEpHa YCTAaHOBKaA YCITIIIHO 3aCTO-
COBYyBajach KaHaJCbKUMU AOCTiAHUKAMU JJIsI CIO-
CTEepEeXXEHHSI METeOpiB, Yac KUTTS SIKUX TOPSIAKY
CEeKyHIM abo MeHIIe, a JOBro(OKYCHY KaMepy CJIij
repeMilllyBaTi ayxKe IIBUAKO. Tak Boajgocs 3apee-
CTpyBaTU METEOp, SIKWIl ITOAPiOHIOBABCS y IIpOIIeCi
PYXy MOCTITOBHO Ha JeKilbKa (pparMeHTiB, i Leid
npoliiec 6yJ0 106pe BUIHO B IeKiabKoX Kaapax [17].
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3. OIITUMIBALIIA CXEMUA POSMIIIIEHHA
CITIOCTEPEXXKHUX KAMEP

HactynHuMm efneMeHTOM ONTHUMi3alii 30H MOHi-
TOPUHIY Y IOBITPSIHOMY IIPOCTOpI € BUOIp MicIs
PO3MIIIIEHHS Ta HAIlpsIMy OINTUYHUX OCeii Iap Oa-
3UCHUX Bimeokamep. SIK KpuTepiil po3B’sI3Ky HaHOL
3aJadi MOXHA BUKOPMCTOBYBATU CIIUIBHY ILJIOIIY
atMocdepu, sIKa IIepeKPUBAETHCS MOISIMU 30py Ka-
Mep B 3aJIEXHOCTI BiJl BUCOTH. Y 3arajJJlbHOMY BUIIa -
Ky, KOJIM TOJIST 30py KaMep Opi€EHTOBaHi JOBITBHO,
CTPOTUI PO3B’30K 3a/Jaui BUIJISIAAE JOCUTD CKJIaI-
HuM. OJHAaK SIKIIO BBECTU JesIKi CITPOILICHHSI, 3a1a-
Yy MOXHa pO3B’s13aTH JOCUTb JieTko. Tomy npumyc-
THMO, y TIepIILY Yepry, 1110 00MIBi KaMepu CTabiIi30-
BaHO B TOPU3OHTAJIbHIl IToIMHI. [1pn onrrumizairii
PO3MIIIEHHS KaMep y IOOYIOBi METEOPHUX CITIOCTE-
PEXHUX MEPEXK, 1€ TOUKU CITIOCTEPEKEHHS PO3HECe-
Hi Ha JOCUTbH BEJIMKi BiICTaHi, a 30Ha MOHITOPUHTY
3a BUCOTOIO MEPEBUIIYE COTHIO KiTOMETPiB, 3agauy
MOXHa PO3B’SI3yBaTU Y MPSIMOKYTHIiil T€OLIeHTPUY-
Hili CUCTEeMi KOOpAMHAT 3 IIEPEXOA0M JI0 Hel Bif reo-
JNEe3UYHUX KOOPAMHAT TOUYOK CIIOCTEPEXEHHS, IO
YCKJIaIHIOE pO3B’s130K. Hapasi BBemeMo 10aaTKO-
Bi TIpUITyILIEHHS PO Te, 10 KaMepHu PO3MIIleHO B
OIHIM TUTOIINHI, TOOTO Ha OJHAKOBIi BUCOTI, a Ha-

Puc. 2. TeomeTpuyHa cxema NepeKpUTTS MOJIiB 30py Npu Oa-
3UCHUX CIOCTEpeXeHHsX (3adapOoBaHa CipuM KOJIbOPOM
30Ha — CITiJIbHA)
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MPSIMKU ONTUYHUX OCeil OyaeMo 3aJaBaTi B TOpU-
30HTA/IbHIN aJbT-a3UMYTaJIbHI CHUCTEMi KOOpPIAM-
Hart. [laHe TIpUITyIIeHHsI He BIUTMHE CYTTEBO HA PO3-
paxyHKH Ui MOHITOPUHTOBHUX 30H Ha HEBEIMKMX
BIICTaHIX 1T 00’ €KTIB 3 Ta0I. 2.

Ha puc. 2 npuBeneHo cxemy pO3MillleHHsI ABOX
Kamep, mo3HayeHux uudpamu [ ta 2. Po3paxyHku
OyneMo MPOBOJAUTU B JEKAPTOBili CUCTeMi KOOPAU-
HaT, PO3MillleHii1 y Toulli /, Ie Bicb X HampaBjieHa
Ha IiBHIY (a3UMYT BiIpaxoBYETbCS Bim Hel 3a ro-
JMHHUKOBOIO CTpijikolo). IIpu upbomy OyaeMo BBa-
JKaTu, 110 OCi aHAJIOTIYHOI CUCTEeMM KOOpPAMHAT Y
TOYLi 2 OpiEHTOBAHI MapajeabHO J0 OCell CUCTEMU
1. Takox OymeMo BBaxaTu, IO 0a3MCHUI BEKTOP
r,=r, {xlz, yu,zlz} BigoMuid. ONTUYHI OCi KaMep
MaroTh a3UMYTH Ta eJieBallii Hal TOpPU30HTOM BiIIo-
BinHO A, E, ta A,, E, i IepeTUHAIOTHCSA B TOYLI
O Ha nesKiil BUCOTI HO. Coing 3ayBaxkuTH, 1110 HasIB-
HICTh CHiJIBHOT TOYKM TIEPETUHY ONTUIHUX OCEil He
€ HeoOXiTHOI YMOBOIO /ISl TOTO, 1100 00MBA TOJIs
30py YaCTKOBO TEPETUHANIMUCS Ha MEBHUX BUCOTAX,
OJHAaK Taka KOHirypaiis € onTuMaibHoI0. Takox
Ha pucC. 2 MPUBENCHO TOPU3OHTATLHUI 3pi3 MOJiB
30py KaMep Ha JesKiil Bucoti H . JK BuaHO, moJs
4aCcTKOBO MEPEKPUBAIOTHCS, 1 CaMe CHIbHY IOy
S(H) cnig BU3HAYUTKU SIK (PYHKIIiI0 BUCOTU. s
LIbOI'O BBEAEMO JIBi JOMATKOBI IeKapTOBi IIPaBOOPi-
€HTOBaHi CUCTEMU KOOPAMWHAT, 3 HYJb-IIYHKTaMMu,
po3MillleHUMU HajJ 6a30BUMU CUCTEMaMU KOOpAU-
HaT Ha rotouHiii Bucoti H — touku Uta V. Oci x*,
y* po3MillleHi TOPU30HTAIBHO, BiCh X* HampsiMjIeHa
y IUIOILIMHI a3uMyTa BillIOBITHUX ONTUYHMUX OCEH,
BiCh Z* HaIlpsIMJIEHA Bropy, BiCh y* NOMOBHIOE TPiii-
Ky BEKTOPiB JI0 IpaBOOPiEHTOBAHOI. Ines po3paxyH-
Ky CITUIBLHOI IIIOII TTOJISITA€E B TOMY, 1IIO TTIOYAaTKOBO
IIJIsT 000X 3pi3iB pO3paxoOBYIOTHCS IXHi MEXi IO KO-
opauHartax x- ., x. Ta—y (x*),+y: (x*), npu-
YoMy, SIK BUJIHO 3 PUCYHKA, BEJIMUMHU — ' (x*),
+y: (x*) € niHiliHuMuU dyHKUisMu Bin x*. Tlicas
LIOTO NepeOUpaloTbCs yCi 3HAYEHHA X', Y Y Me-
Kax BiAMOBIIHMX MiHIMAJIBbHUX Ta MaKCUMAaJIbHUX
3HaYeHb X, , x; Ta—y' (x'),+ y. (x),iHa
KOXHOMY KpOIIi pOOMTBCS BEKTOPHO-MATPUIHUIA
repepaxyHoOK Y KOOPJAMHATH L€l K TOUKU JJIs1 3pi3y
3 IHIIOrO MYHKTY X, , y, . SIKIlIO naHi 3HaYeHHH Jie-
XKatb BMeXax x; ., x; Ta—y: (x)+ yi (x}),
TO AaHUii eneMeHT dS(x*,y* ) =dx*dy* nonaerp-
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¢s 1o crinbHoi ot S(H), To6To
Kinax Vinax

stH)= | [ dxdy.
Xinin = Vinax

Ha npaxtuii 0yaieMo BUKOPUCTOBYBATH YKUCENb-
HUIi PO3B’SI30K, /i€ TTOC/iI0BHICTh iTepalliil peasizy-
€TbCA 3 IEeAKUM KPOKOM Ax*, Ay*, a iHTerpan 3a-
MiHIOETBCS CYMOIO.

PosrisiHeMo MaTeMaTU4YHY CKJIaIOBY PO3PaxXyHKY
netanbHimme. OCKiIbKM MU BUOpay TeOMETPUUYHY
CXeMy, /e ONTUYHI OCi KaMep MepPeTUHAIOThCS, TO Y
poJii MOYaTKOBUX JaHUX OyAeMO BUKOPUCTOBYBa-
™ e A, , E; Ta BiICTaHb 10 TOYKM MEPETUHY
OIITUYHUX Oceit D1 0 BiTaKk BEKTOp o Oyme MaTu
KOMIOHEHTHU

X, =D, cosE; cos A

z1?

Y10 =—D,ocosE; sinA_, (12)

Z,o =D)ysinkE),.

Sk BXimHI mapameTpu 3amicTh BincraHi D, Bin
MepIIOro MYHKTY MOXHA TaKOX BMKOPHCTOBYBAaTU
BUCOTY IEPETUHY ONTUYHUX OCei H ) — Lii BeIMINHU
MOB’sI3aHi 0YeBUAHOIO piBHiCTIO D), = H, /sinE, ,
JIe eJeBallist Mae OyTu OibIo0 Bim Hyss. Toai Kom-
nmoHeHTH (12) HaOyayTh BUTIISITY

X, = H,ctgE; cosA,,

Yio = —HctgE; sinA |,
H

(13)

Z10=Hp>
ae E; >0. [Inga nogajbmmnx po3paxyHKiB HaMm CIliz
3HAWTH BEKTOP Ty _ Ty — I}y, KOMIIOHEHTH SKOTO
{X00 Y20 Zy0} MOXHA ONHUCATH CUCTEMOIO, aHAIO-
rivHowo (12), 3 siKoi MoXHa 3HAWUTU HEOOXimHi s
MPaKTUYHOTO HaBEIEHHS KaMepH 3 MyHKTY 2: a3u-
MyT A,, Ta eneBauilo E, ontudyHoi oci Kamepu, Ta
pospaxyBaTu D,

Jg 3HaXOmXeHHS x' , X Ui KOXHOIO 3
MYHKTIiB CKOPUCTAEMOCSI T€OMETPUYHOIO CXEMOIO,
npuBeAeHo Ha puc. 2. Ilicaa HeckslagHUX mepe-

TBOPEHb OTPUMAEMO
x.. =Hctg(E, +AB/2),
x:, =Hctg(E,—AB/2).

m:

*

(14)

BennuunHa y*(x*) po3paxoByeThCS JEII0 CKIIa-
Hillle, OAHAK 3 PUC. 2 MOXXHA OTpUMAaTHU
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C(x )= Htg(Ao/2)cos(AB/2)
o sin(E, +AB/2) (15)
v (x )= Htg(Aa/2)cos(AB/ 2).

sin(E, —AB/2)

TakuM 4rMHOM, TIiC/IsI TOTO SIK I'PaHULIi 30H Tepe-
BipKM Ha IEPEeTUH Ta iHTErpyBaHHSI BCTAHOBJIEHO,
PO3IOYMHAETHCS BJacHe IIpoliec nepedopy 30HU 1.
bynb-sxa Touka M( x;, y!) 3 1aHOI 30HU ONKCYETh-
cq BeKTopoM 1 (x7,, vy, ,0) — Ha puc. 2 Bianosi-
nae sekropy UM. s Toro mo6 oTpuMaTu BEKTOP
r, (x5, ¥, 0), NOTpiOHO 3MiACHUTH pAd Tepe-
TBOpeHb. CIIOYaTKy BU3HAYAEMO BEKTOD Ty, (X)

Vi ) 9K
X Vi a0 = F1A0, 0, H) +

TR N B (X Vius Z)s (16)

ne
cosA, sinA, 0
R, ,=|-sinA, cosA, O (17)
0 0 1

— MaTpHULIsl TOBOPOTY CUCTEMU KOOPAMHAT HABKOJIO
oci z* (a00 z — BOHM HampsIMJIEHi OJJHAKOBO) BiJl
HaIpsIMKY Ha a3uMyT ONTUYHOI OCi MepIIol Kame-
pM 0 HaTNIpSIMKY Ha miBHi4. [lai, oueBUIHO, BEKTOPD
PYVESTTe Y Lm = "X e Yire Gin) — T Ha
1IbOMY €Tarli MOXHa 3alIpONOHYBAaTH JIBa Pi3HUX aJl-
ropuT™Mu nopanbiux Aikd. [lepimmii 3 HUX TakKWil —
3HAXOJMMO 3i CKJIaJIOBUX BEKTOpa MOro KyTOBi KO-
OpIVHATU: a3UMYT Az2 ) Ta enesatio £y, i nepe-
BipsIEMO, UM JieXXaTh BOHU Y MeXax Az2 y T Aa/2 Ta
Ej, £ AB/2. SIKino Tak — To4Ka crijbHa. ITpu Tako-
My aJITOPUTMi He MOTpiOHO Oyno 6 po3paxoByBaTU

s X T Yo () Vi (3,,) . TrI -
TOPUTM TOBTOPIOE TTOYaTKOBMIA (16) Y 3BOPOTHOMY
MOPSIAKY i He MoTpedye OOEpHEHOI0 BU3HAYEHHS
KYTOBUX KOOP/IMHAT:

5, (X, ¥, 0)=

= Ryo Topiopp Yopr H) = 1300, 0, H). - (18)

Marpuns Ry, , — MaTpuiisi IOBOPOTY Bijl HaIIpsi-

My Ha IiBHIiY 0 HamlpsIMy Ha a3uMyT A _,, sIKa Mae€
BUTJISIT

z2

cosA, -—sinA, 0
R,,=|sinA, cosA, 0 (19)
0 0 1
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Kpim nepeBipku, Ui € JjaHa TouKa CIJIbHOIO, T1a-
payieIbHO MOXHA PO3paxyBaTH 1l MO3ULIIAHNAI KyT—
KyT MiX HalpssMKamMu Ha TOYKW CHOCTEPEXEHHS,
aJke B OCHOBHOMY caMe BiH Oyjie BM3HauyaTHh TOY-
HIiCTh BHM3HAUEHHS KOOpAMHAT 00’€KTa B ITaHOMY
MiCLIi TOBITPSIHOTO TPOCTOPY. Mloro MOXHA BHU3HA-
YUTHU i3 CKAJISIPHOIO JOOYTKY BEKTOPiB

r

_TM L
5| Ix,

DiHanbHUM eTanoM € aHaji3 OTPUMMAaHOI 3ajeX-
HOCTI CITUIBHOI TIIOIII 0a3MCHO CITOCTEePEXYyBaHOL
arMocdepu Bin Bucotu S(H) .

=cosm,, . (20)

4. TIPUKJIAAM CTBOPEHHA MOXK/INBUX
MOHITOPUHTOBHX 30H ITOBITPAHOI'O ITPOCTOPY

SIK MOXJIMBI 30HU MOHITOPUHIY aTMOCc(epH i MOBi-
TPSTHOTO TIPOCTOPY PO3TISTHEMO MEKiJbKa MpUKJIIa-
niB. Ciiin 3ayBaXkKUTH, 110 IIPAKTUYHO OyIb-sIKi Bapi-
AHTH MOHITOPUHTOBUX KOHTYPIiB MOXYTb OYTH 3Be-
JIeHi 10 IeKiJIbKOX OCHOBHUX BUNaakiB. [To-nepiie,

20}
15} e WY
‘o,
'ﬂ»
Z 10l
S
0.5F
_....---"/
0 - 1 1 1 1 1 1

02 04 0.6 08 1.0 S kv’
6

Puc. 3. JliniiiHa KomOiHallisi ABOX KaMmep 3 IEepeTUHOM
ONTUYHMX oceld Mia KyToMm 90° (a), Ta 3aJIeXXHICTh CMiIbHOT
TUIOLIi MOHITOPUHTY 3 BUCOTOIO JUJISI CIIOCTEPEXKHUX MyHKTiB
npu 6asucHiil BinctaHi 1 kM (6). Bucora Touku nepetuHy
ONTUYHUX OCeii ToO3HaYeHa YOPHUM KBapPaTOM

104

1Ie JIiHifiHI 30HM, Je cepisl Kamep PO3MIIIYEThCS
B3JI0BX IMEBHOI JIiHii 1 MOXe Opi€HTYBaTUCSI Bropy
I TIEBHMM KyTOM B3[IOBX JaHOI JIiHil — TOOTO yci
ONTUYHI OCi JieXaTh B ofgHill ruomuHi 4. [To-gpyre,
11e TIepIeHANKYISIPHi (Y1 OJIM3bKi 10 NepreHInKy-
JIIPHUX) BiIXWIEHHS Bif LMX JIiHilA, 1110 MOXe pea-
JIi3yBaTUCS, HANTPUKJIaA, Ha KyTaX MOHITOPMHTOBUX
KOHTYpiB. Po3riisiHeMo geKijbKa MOTeHLiinHO MOX-
JIMBUX Ha MpaKTHUIli BapiaHTIB, ajie OCKIJIBKU KiJlb-
KiCTb Bapialliii po3MillleHHsI Ta HalpsMKiB Opi€eH-
Tallil ONTUYHUX Ocell KaMep (DOPMaJIbHO € HECKiH-
YEHHO0, TO OyJeMO HamaraTucsi JOTPUMYBATUCS
mpaBwWjia JOCSITHEHHS HalKpallol TOYHOCTI 004nC-
JIGHHSI KOOpAMHAT 00’€KTa — a came OyJeMO Opi€H-
TyBaTUCS HA TIO3ULIIMHUIA KYT MEPEeTUHY ONTUUYHUX
oceit mpuoam3Ho 90° [9]. 3ayBaxkuMo, 1110 HEBEIMKI
BiAXWJICHHS Bil MPsIMOTo KyTa He TPU3BEAYyTh 10 Be-
JIMKOI TTOXMOKM — TUM OLIBIIE 1110 TaKi BUITAIKU aB-
TOMaTUYHO OYIYTh MAaTU MicClie JJI TOUYOK IO BChO-
My TIOJIIO 30pY Ha Bimdaji Bif ONTUYHOIO LIEHTpA.
IIpu po3paxyHkax OygeMO Opi€HTYyBaTHCS Ha OIM-
caHy BUIIle KaMepy 3i 3MiHHUM (hOKYCOM.

4.1. Ilpuxaao 1: monimopune ainiiinoi Odiaanku.
[Tepmunit — Tak 3BaHUM JIHIMHWIA — BUMAA0K MOXe
MaTU Miclie TPU OXOPOHI AepPKaBHOIO KOPIOHY, a00
KOHTpOJI0 aBToCTpaau. CyTh HOTO MOJISITaE B TOMY,
110 ONTHUYHI OCi yciX Kamep JiexaThb B OJHilA Bep-
TUKaJbHIM TUIOIIMHI, sIKa MPOXOAUTH 4Yepe3 JIiHiI0
KOHTpOJ10-MOHiTOpUHTY. [Ipu 11bOMY, OUYEBUAHO,
BCTAHOBJICHHSI HEOOXiTHOTO Mdialta30Hy BHCOT Ta
BilcTaHel MiX KamMepaMy Ma€ CTaBUTUCS YITOBHO-
BaXXEHUMHU 0CO0aMU B KOXKHOMY KOHKPETHOMY BU-
naaxky. Hailoinbr mpocTiMy BUTTISIIAIOTH IBA Bapi-
aHTHU, sIKi 3a0e31e4YaThb B OTHOMY BUNAJAKy TOUHICTb,
B iHIIOMY — OXOIUJICHHSI LIIMPOKOI 30HU, MTOYMHAIO-
YUy Bifl TIOBEPXHi 3eMli, Xoua KOXEH 3 HUX Ma€ CBOL
Hepomiku. OTXe, Ipy PO3MIILIEHHI ONITUYHUX OCEM
KaMmep B OJHIl IUIOIIMHI B3IOBXK 3aJaHOI JIiHii, Mix
KyTOM ixHbOTO TiepeTrHy 90° (E,= 45°) orpumaemo
KapTUHY, 300paxkeHy Ha puc. 3, a. Puc. 3, 6 nemoH-
CTpYy€E 3MiHy CHiJIbHOI TOPM30HTAJIBHOI IUIOII MO-
HITOPUHTY 3 BUCOTOIO. fIK mOOpe BUAHO, TIpU IIepe-
THHI ONTUYHMUX Ooceil Kamep Ha Bucoti 500 M mak-
cuMajibHa ruioia (OJM3bKO OZHOIO KBaapaTHOTO
KiJloMeTpa) JeXHUTb JIelllo Bullle — 01u3bKo 830 M.
[ToBHY TpHMBUMIipHY KapTUHY IPOJEMOHCTPOBAHO
Ha puc. 4.
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3 TpuBUMipHOTO rpadika Ha puc. 4, @ BUIHO, 1110
y mnomuHi XZ (XH), ne neXuTh TOYKA MEPETUHY
ONTUYHHUX OCei Kamep, CHijbHa 30HA MOYMHAETh-
csl 3 Tiel X BUCOTH 130 M i MIBUAKO 30iTbIIYETHCS
10 MAaKCUMaJIbHUX PO3MipiB — Bi3yaJbHO IIBUIIIIE,
HiX CXeMaTU4HO MoKa3aHo Ha puc. 3, a. BomHouac
LIIMpPUHA CMiJIbHOI 30HM Yy IJIOLIMHI YZ, TOOTO B Ha-
MPSIMKY, TIePHEHIUKYJISIPHOMY 10 Oa3UCHOI JIiHil
3 BUCOTOIO JOCUTb LIBUAKO PO3IIMPIOETHCS B PO3-
Mmipax Big 430 go 1650 m. B mmommni XY crminbHa
30Ha MOHITOPUHTY € CUMETPUYHOIO BITHOCHO 000X
oceii. MakcuMalibHi po3Mipu IUIoli Ha BUCOTI H ~
~ 830 M cknagaoTh: AX = 500 M, AY ~ 1 xm. 3ayBa-
KUMO, 110 puc. 4 BinoOpaxae 3-BUMipHY KapTUHY
B OPUTiHAJIBHUX CITiBBITHOIICHHSIX JTIHIHHUX pO3Mi-
piB. YopHUMU KpYKKaMM Ha puC. 4 TO3HAYEHO I10-
JIOKEHHS TyHKTIB, a YOPHUM KBaJpaToM — TOYKa
MEPETUHY ONTUYHUX OCEH.

Kowmb6inatis 1uiie mapy KaMep, He3BaXkalouu Ha
BiIHOCHO IIMPOKE T0JIe 30PY, CTBOPUThH TOCTATHHO
o0MeXeHy 30Hy MOHITOpUHTY. Tak, Mpu po3MJIsIHY-
TOMY BUIIE MAaKCUMaJIbHOMY TT0JTi 30py AP ~ 60° ipu
BiACTaHi MiX MyHKTaMM 1 KM BiICTaHb 10 TOYKHU
MepeTUHY ONTUYHUX oceil ckiane 6ausbko 700 M, a
BUCOTa 30HU MOHITOPUHTY 3a (popmynaamu (3)—(4)
Oyne nexxatu B Mexax Big 130 1o 1.9 kM, i mpu 1ibomy
po3adiibHa 30aTHICTh Oy/ie HU3BKOIO Yepe3 BEeIUKUA
KyTOBUI po3Mip Iikcessa. OueBUIHO, Aialla30HU BU-
COT HE € IOCTAaTHIMU SIK 3HU3Y, TaK i 3ropu. IlimHsaTu
PO3IiJIbHY 3JaTHICTb KaMep Ta 30UIbIIMTU BEPXHIO
MEXY BHUCOTHOTO Aiara3oHy MOXHa KOMOiHalli€to
cepil Kamep, K MoKa3zaHo Ha puc. 5, a. Bapitowoun
pO3Mip I10JI 30py KaMep uepe3 3MiHy (OKYCHOI Bifl-
CcTaHi 00’€KTHBA, MOXHA JOOUTHUCS ITOBHOTO TIepe-
KPUTTS 30H MOHiTOpUHTY Kamep 1—2, 1—3, 1—4 i
T.0. OnHak HUXHS Mexa B 130 M € 3aHanTO Besu-
Koto. I MOXXHA MOHM3UTH Yepe3 3MEHILEHHS 0a-
3MCHOI BiZICTaHi, OJTHAK II¢ HE 3aBXIN MOXKJINBO Ha
MpakTUlli, i Oyae A0CTaTHbO 3aTpaTHUM. Tak, cra-
BUTH KaMepU Ha BiJICTaHsX MEHIIIE OJHOTO KiJloMe-
Tpa MOXHa, HAITPUKJIaJ, TTIPU KOHTPOJIIO aBTOCTpPA/I,
aHaJIOTIYHO /0 CIOCTEPEXHUX Kamep ITOPOXHbOI
MOiLIiT, OCKiJIbKM B3J0BX JOPIT MPaKTUYHO 3aBXKIU
€ JIiHii eieKTpoIiepeaay. Aje Mpyu MOHITOPUHTY Aep-
2KaBHOI'O0 KOPAOHY, a00 iHILOI JiHiAHOI CTPYKTYpU
Ha MepecidyeHii MiCLIeBOCTI, 116 HEMOXINBO. €au-
HOIO aJIETEpHATUBOIO TYT Oy[Ie BilXim Bil ONITMMAIIb-
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Y, xm

0.6
“KKM

Puc. 4. TpuBuMipHa peajizallis CXeMU MOHITOPUHTY BiJIloO-
BiIHO 110 pucC. 3, a

HOI TOYHOCTi BUMIpIOBaHb, i HalpaBJeHHS KaMep
OJTHA Ha OJHY TakK, 1100 TpU TOJsIX 30py AP = 60°
ixHi onTuyHi oci mepetuHaaucs mig Kyrom 120°,
SK 1€ IToKa3aHo Ha puc. 5, 6. B TakomMy 1oJ10xkeHHi
30Ha MOHITOPUHTY OyAe MOYMHATUCH Bil MOBEpXHi
3eMJIi He3aJIeXKHO Bill BicTaHi MiXX KamMepaMu, 1110
TAaKOX JO03BOJIUTh MiAHSITU BEPXHIO MEXY 30HU JI0
NOBUIBHUX BUCOT.

105



1. M. Kozak, I. B. JIyk’auuk, JI. B. Kozak, B. M. Isuenxo, B. Il. Jlanuyk, C. B. Cmapuii, O. b. Cmeas

Puc. 5. AnvrepHaTtuBHi 0 puc. 3, 6 CXeMU JIiHIITHOTO MOHi-
TOPUHTY

Henonik Takoi koMOiHallii o4eBUAHUI — Maja
poO3diJibHA 34aTHICTh, KOJM KaMepu 3a0e3rneyarhb B
OCHOBHOMY BMKOHAHHS 3a[1a4 J€TEKTYBaHHS 1ITy4-
HUX JITAJIbHUX 00 €KTIB, MpU HE 3aBXIU MOXKJIM-
Bilf ixHilt ineHTHdiKawii. KpiMm ToTOo, Ij1 00’ €KTIB Y
MPU3EMHil 30Hi OyJde HEMOXJIMBO BU3HAYUTH IXHi
KOOPIMHATU (KpiM KYTOBHMX) Ta IIBUAKOCTI, OCKilb-
KM METOJ TPiaHTYJSILii 1acThb HAABEJIUKY ITOXUOKY
npu KyTax mpubausHo 180°. Ak ansTepHaTUBY MOX-
Ha 3arpoIloOHyBaTH JIBi MapajesibHi KaMepu, oJHa 3
LIMPOKUM TIOJIEM 30pY — ISl IETEKTYBaHHS, iHIIA
3i 3BMIHHUM — JJIs ineHTudiKalii.

4.2. Ilpuxaao 2: monimopune piukoeoi axeamopii.
IHmMil mpuKiang onucye CUTyallito, KOJU B3I0BX
30HM MOHITOPUHTY KaMepU PO3MICTUTU HEMOXKIIU-
Bo. TumoBuWii MpUKIag — KOHTPOJb IMOBITPSIHOTO
IPOCTOPY Hal, pyciaaMy BeIUKuX pik. YacTo 00’ ekt
BOEHHOTO cripsiMyBaHHs (paketu, BITJIA) 3amycka-
I0ThCSl HU3bKO HaJl BOJIOIO B3/IOBX PiUKOBUX pyce,
BUKOPUCTOBYIOUU TOM (DAKT, 1110 PiYKX MPOTIKAIOTh
Y HU3UHAX, HEJOCTYIMHUX PalapHUM CIIOCTEPEXKEH -
HSIM. Y 11bOMY BMMAJAKY BUIJISIIAE OUEBUIHUM PO3-

106

MICTUTH KaME€pHU Ha CYCiIHiX Oeperax, Ta CHpsiMy-
BaTH 1X OJHA Ha OJHY Ml AeIKUM KyTOM eJieBalliii
onTuyHUx oceil. OmHaK y MoIepeaHbOMY PO3aili
Oyau omnmcaHi HEHOJIKM TaKOro IigXody, 30Kpema
CYTTEBE TMaJiHHS TOYHOCTI PO3PAaXyHKY KOOpIMHAT
MpU TpiaHTysLii. binbin yHiBepcasibHUM, i, MOXHA
cKas3aTu, ONTUMAJIbHUM BapiaHT — HampaBUTU Ka-
MepH BOIK — Bropy 4 BHU3 110 PYCy PiKH, IIPUYO-
MY B TAKOMY BUIAIKY MOXHa CKOPUCTATUCH MapamMu
KaMep y KOKHOMY CITOCTEPEKHOMY MyHKTi (puc. 6).
ITpu HLOMY MOXHA 3aJTUILINTU HEOOXiTHOK YMOBOIO
MEePEeTUH ONTUYHHUX OCel 0a3MCHUX KaMmep ITiI Ky-
TOM, OJM3bKUM 10 90°. ¥V TakoMy BUMAAKy MAEMO
YVHiKaJIbHY MOXJIMBICTb HE JIMIIE 30iIbLIIUTU TOY-
HIiCTb OOUYMCJIEHb KOOPIMHAT Ta IIBUAKOCTEU IU-
HaMiYHMX 00’€KTIB, a i 301/IbIINTY 30HY KOHTPOJIIO
MOBITPSIHOTO TIPOCTOPY VYIBiYi, MPUYOMY Ili 30HU
OyIyThb PO3HECEHI B3MOBX IMOTEHIIITHOTO HAITPSIMKY
pyXy 00’€KTiB.

Ilpu Takomy BapiaHTi Opi€eHTallisi Kamep B 3a-
rajJilbHOMY BMIIaJIKy Oyae 3aJaBaTUCh JBOMa KOOp-
JNIMHAaTaMU — eJieBalli€lo ONTUYHUX OCEel Ha TOpu-
30HTOM E, Ta BiIHOCHMM JIOKQJbHUM a3MMyTOM
A_,, (puc. 6). Ilpu 1bOMy U1l BU3HAYEHOCTi BBa-
JKaTUMEMO MapaMeTPU CIOCTEPEKHUX KaMep OjiHa-
KOBUMU (AP, = AB,), i Ui IPUKIIALY PO3IJISHEMO
BapiaHT pO3PaxyHKY OJIHi€l CIiJbHOI 30HU aTMOC-
¢epu cnipaBa B CUCTEMi KOOPAMHAT OJIMXKHBOI TOY-
KU 2 Ha puc. 6, a Ipyra po3paxoBYETHCST aHAJIOTITHO
B CHUCTeMi KOOpAMHAT MyHKTY [. Y 3arajbHiil Teo-
pii po3paxyHKiB [Is1 oNTUMi3allil opieHTalil KaMep
3py4yHO Oylne KOpUCTYyBaTHCS HE a3UMYTOM Ta eJjie-
Balli€l0 ONTMYHOI Bici KaMepu, sIKi € HeoOXimHM-
MM ISl TIPAKTUKKM MO3ULIIOHYBAaHHS Ta HaBEeACHHS
CMOCTEPEXXHOT CUCTEMHU, a iHIIMMHU TapaMeTpaMu.
IMepunii 3 HUX BUOEpeMo TakuM, 11100 TOUKa repe-
TUHY ONITUYHUX OCeli Oyj1a CUMETPUYHOIO BiTHOCHO
po3TallyBaHHSI 0a3MCHUX Kamep — JJisl 1IbOrO BU-
OepeMo TUIOLIMHY, TePIeHAUKYISIPHY A0 0a3UCHOI
JIiHIT MK KaMepaMU, i po3TallioBaHy Ha OJHAKOBilt
BiICTaHi 7, / 2 BiJ kamep (YMOBHO cepelliHa pycJia
pikM) Ha JiHii 6a3ucy (puc. 6). JlaHa BuMora He €
HeoOXiIHOO B 3arajbHOMY BUMAJKY, aje Hapasi €
ONTUMAaJIbHOW. [HII He3ajexXHi nmapamMeTpu — BU-
cota H TOUYKM TMEpPeTMHY ONTUYHUX Ocell Kamep i
BiICTaHb L | y FOPM3OHTAJIbHIM MJIOIIMHI 10 HOpMa-
JIi BiJ cepenuHU 0a3MCHOI JIiHil JO MPOEKIIil TOUYKU
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] Puc. 6. Ipuknan cTBOpeHHs ABOX 30H MOHITOPUHTY TUIY
«KOHTPOJIb pycJla PiKu» 3 JIBOX CIIOCTEPEXHUX MYHKTIB: @ —

0 ! ! ! ! ; S reOMeTpUYHa CXeMa PO3MillleHHs KaMep, 6 — 3MiHa CIiJib-
0.04 0.08 0.12 0.16 S km HOI TUTOLIi MOHITOPMHIY 3 BUCOTOIO, ¢ — BHMMipHa cxeMa
0 CIiJTbHOT 30HU MOHITOPUHTY

TIepEeTUHY ONITUYHUX OCeil Ha TUIOIINHY puc. 6. Pa-
30M 3HaAHHS 1IUX MMapaMeTPiB 103BOJIUTh BUBHAUUTHU
HeOoOXiaHi IJIs IPaKTUKU BEIUYUHU E| . A, D.

JIUIsl TIoaiblInX po3paxyHKiB pPO3IVISTHEMO JBa
BapiaHTU Takoi cxemu. OmHa, OUIbIN 3arajbHa, He
OITMMi30BaHa IO TOYHOCTI PO3PaxXyHKIB, sSKa J0-
3BOJIsI€ NOBUIbHO 3amaBat L . IHia onTumisosa-
Ha IO TOYHOCTI i BiAMOBiAHO 3a0e3mnevye nepeTuH
ONTUYHUX Oceit 6azrcHUX Kamep mia kyrom 90°. Tpu
LIbOMY B 000X BUIIaAKaXx CJiJ JOTPUMYBaTUCh Mpa-
BWIa, 100 HUXKHSI MeXa MoJIS 30py Jiexaya B3I10BX
MOBEPXHi piukoBOi akBaropii, To6ro H . = 0,
i3 Bupasy (3) oueBuIHO, Wo E, = AB/2.

V nepuioMy BMIIaAKy BHCOTa TOUYKM TEPETUHY
OINTUYHUX OCeil Ha BimcTaHi D Big KOXHOI KaMepH,
32 YMOBMU BiZIlTIOBiIHOCTI HUXKHBOTO Kpalo Kajapy ro-
PU3OHTAJIbHIN TLIONIMHI, Oyne mopiBHIoBatTu H =
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= Dsin(AB/2), a BepxHs Mexa Kanpa 3 (4) BU3Ha-
uynthesa Ak H = Dcos(AB/2)tgB, ne Bincranb D
Hapasi HeBigoMa. A3MMYT 3HaliAeMO 3 OUeBUIHOIO
BUpa3y ‘[gAz21 = 2L /r,. Toni MOXHa NOKa3aTu, 110
BiZICTaHb BiJl IyHKTiB CIIOCTEPEXKEHHS IO TOUKU TIe-
PETUHY ONTUIHUX OCEH BUSHAUMTHCS SIK

— LJ_
sinA_, cos(AB/2)’

abo

"2

D= .
2 cosA,, cos(AB/2)

OueBHIHO, 1110 MEHIIMMHU € Toje 30py i L, To
MEHIITUMH € BEPTUKAIBHUI i TOpPU30HTAIBHUIA PO3-
MipM1 30HU MOHITOPMHTY, a BiJICTAaHb MiX J1BOMa 30-
HaMM MOXHa BapitoBati BeanunHomwo L, . Skuo Mu
MparHemMo 3a0e3MeYnuTH MaKCUMaJlbHY TOYHICTh BU-
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Puc. 7. Cxema po3MillieHHST KaMep IS KOHTYpa TUITY «KOHT-
POJIb MOPCHKOI aKBaTOPii 3 0eperoBoi JTiHii»

MiproBaHb KOOPJIMHAT Ta IIBUAKOCTI 00’€KTa, CHil
BUOpaATU MO3ULIIMHUI KYT n,= 90°, i TOJi OYEBUIHO
Mmae Oytu D, = const, a came D, = r|,/2. Bincranb
Bill KaMep /10 MEepeTUHY ONTUYHUX OCel Tolmi Oyre
D = r,/N2 He3anexHO Bil 3MilEHHS ONTUYHMX
ocell BOIK Bif 6a3ucHoi jaiHii. [le HakIagae nomaTko-
Be PiBHSTHHS 3B 3Ky Ha 6a30Bi Bemunnn H Tta L :

H,+L =(r,,/2), Q1)
aorxke,iHa A, Tta E, sk Bumusae 3 (21):
tngz21 + ZSinz(E,) =1,
abo IS TaHOTO KOHKPETHOTO BMIAAKY KOHTPOJIIO
M ICTUIBLHOI ITOBEPXHi
tg’A, +2sin’*(AB/2)=1. (22)
JaHuii MeTol BUIISIIAE NOCUTHh IPUBAOIUBUM,
OCKIJIBKM J03BOJISIE OTPUMATH Opa3y IBi 30HU MO-
HITOPUHTY MPU HEOOXiAHUX MiHIMaJIbHUX JBOX CIO-
CTEPEXXHMX MyHKTaX JIMIIE 32 paxXyHOK 301JIbILIEHHS
KiJIbBKOCTi KaMep.
4.3. Ilpukaao 3: monimopune MopcvKoi axeamopii.
VY psaai BUMangKiB CKOpPUCTATUCS OPYTUM TpUKIIA-
JIOM HeMOXJrBo. Hampukian, mpu HEMOXIMBOC-
Ti BCTAHOBUTH CIIOCTEPEXKHY KaMepy Ha OTHOMY 3
OeperiB piku, a0 MPU MOHITOPUHIY MOPCHKOI aK-
BaTopii, KoM KaMepu MOXKHA BCTAHOBUTHU JIMIIIE
B3I0BX OeperoBoi JiHii. Tomi MoXXHAa BUKOPHUCTATA
AHAJIOTIYHMI IIIOXim, ajie BiACIiIKOBYBaTH JIMIIE
OmHYy 30HY (puc. 7). 3 iHIIIOTO OOKY, SIKIIO MU Oy1Ie-
MO BUKOPHMCTOBYBATH I10 JBi CIIOCTEPEXHi Kamepu
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Yy KOXKHOMY ITYHKTi, KiJIbKiCTh MOHITOPUHTOBUX 30H
MOXKHa 30LIbLIMTUA 3a PaxXyHOK OJHi€l MTOZaTKOBOL
CIIOCTEPEKHOI TOYKU. Y 3arajibHOMY BUIMANKY MPU
CTBOpPEHHI OeperoBoi crocTtepexkHoi mepexi 3 N
CIOCTEePEXXHUX TOYOK OTpuMaeMo N —1 30HY MoO-
HITOPUHTY.

HaHa cxema 4aCTKOBO TMOCTYMA€EThCSl MOMepes-
Hili, OCKIILKM BMMara€ HOJaTKOBOI'O CITOCTEpEXK-
HOTO ITyHKTY, X04a 3arajoM IpU BeJIMKill KiIbKOCTi
KaMep y CIIOCTEePeXHiil Mepexi 11e HeCyTTEBO 30-
poxKye cxeMy. BUTsa CIiiyibHOI 30HM MOHITOPUHTY B
JlaHOMY BUIIAJIKy € TIOBHICTIO aHAJIOTIUHMM MTpUKJIa-
Iy 2, 3 Ti€IO JUIIE Pi3HUILIEIO, 110 CUMETPIil0 30HU
KOHTpOJIIO OyzAe moBepHyTO Ha 90° — y mpuKJIami
3 piKOI0 JIiHil0 0a3ucy OyJIo HaANpPsIMICHO MOoMNepeK
piKM — TepNeHIUKYISIPHO OO0 pycia, a B JaHOMY
BUIAAKY — MapajiejbHO OeperoBii JiHil.

5. BUCHOBKHN

HocBig OaratopiyHuMX Oa3MCHMUX BiAEOCIOCTEPE-
KEeHb METEOpIiB, PO3POOKM METOMIB OIIpallIOBAHHS
CIOCTEePEXXHUX JaHMX Ta BiAMOBIIHOIO IpOrpam-
HOTO 320€3MeYeHHSI JO3BOJISIE OLIiHIOBATU e(PEKTUB-
HICTb BUKOPUCTAHHSI Pi3HUX Bimeokamep s Py
IHIIMX 3aJa4 MOHITOPUHIY aTMocdepu Ta OIMXK-
HBOI'0 MOBITPSIHOTO IpocTopy. Po3risiHyTa B AaHii
po0oTi mpobJjieMa Mae Ha MeTi po3B’s30K JBOX Oa-
30BuX 3agad. [lepmia — mpsMa 3amaya — BHM3HA-
YeHHSI MeX 30HM MOHITOPMHIY ITOBITPSHOTO IIPO-
CTOpPY TIpY 3alaHUX XapaKTepUCTUKax Kamep Ta
KPUTUYHUX PO3MipiB 00’ €KTIB CMOCTEPEXKEHHS 151
IXHbOIO AETEeKTYBaHHS, a ONTUMAaJIbHO — i IJIST 1X-
HbOI ineHTUdiKauii. JaHa 3agada nepegdadae Ta-
KOX OILIIHKY TOYHOCTI pO3paxyHKiB KiHEMaTUYHUX
XapaKTepUCTUK 00’ €KTa, BKIIOUYAIOUU ITIPOTrHO3 1Oro
MoJaJIbIIOro pyxy. [Ipyra — obepHeHa 3agadya — Iie-
pendavae migdip TUITB BimeoKamep, IXHbOTO IO3M-
LIIOHYBaHHS HA MICLIEBOCTI Ta Opi€HTAIlii ONTUYHNX
oceli 3 METOI KOHTPOJTIO 3a/1aHO1 30HU TTOBITPSTHOTO
MPOCTOPY MPU 3aJaHUX TUIAX Ta IIBUAKOCTSIX PyXY
JuHaMiyHUX 00’ekTiB. JlaHa 3amaya Majia O Takox
nepeadavyaTd MiHiMizallito (piHaHCOBUX BUTpAT IJIsI
TaKOI0 MOHITOPHUHTY.

Cepen po3rissHyTHUX TuUMiB Kamep Watec Ta
00’€KTUBIB, sIKi BUKOPMCTOBYBAJIMCS JISI CIIOCTE-
peXeHb METeOpiB, MOXHAa YMOBHO BUIUIATH ABa
TN 00’eKkTUBIB. [lepiinit TUIT — HIMPOKOKYTHI
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cydacHi 00’exTuBH, Taki K Ricoh 3 momsimu 30py
40°...60° s JgeTeKTyBaHHS KpPYITHOrabapMTHUX
00’eKTiB, HANpUKJIAL TeJiKONTepiB Ha BiICTaHIX
y KijlomeTpu. IHIMIT TH — 11e MOPIBHSHO JOBIO-
(okycHi 00’€KTHMBU PaAsSHCHLKOTO BUPOOHUIITBA
«kOmitep-3», «Ienmioc-40» Ta nesiki iHIII A1 PO3Mi3-
HaBaHHSI HEBEJIMKUX, ajie OJIM3bKUX 00 €KTIB (paKe-
™, BITJIA), Ki y CYKYIHOCTI 3 TaHUMM BieOKaMe-
paMu MaloTh JOCUTb MaJie M0JIe 30PY, ajie IPU LIbOMY
3a0e3I1euyIoTh OiIblili 0a3MCHI BilcTaHi. AHAJIOTOBi
Kamepu Ta ¢ortorpadiuyHi 00’€KTUBA MOPAJILHO 3a-
cTapijv i He 3a0e3MnevyloTb HEOOXiIHMX XapakTe-
PUCTUK CIOCTEPEXXHOI CHUCTeMU. AJILTEPHATUBOIO
Oyne BUKOPUCTaHHSI Cy4aCHMX, TOCUTh HEAOPOTUX
MepexeBux Bigeokamep ¢dopmary Full HD, ocHa-
LIEHUX TeJIe00 EKTUBOM 31 3MiHHMM (DOKYCOM, i 10-
3BOJISIIOTH 3MiHIOBAaTU 1oJie 30py Bix 2°...3° mo 60°.
IneanbHUM BapiaHTOM BUIJISIAA€ KOMOiHallisl ITBOX
KaMep y KOXHOMY CIIOCTEPEXHOMY MYHKTi Y Ha-
cTymnHil cxemi. OgHa i3 KaMep HepyxoMma, Ma€ MaK-
CUMaJibHE MoJie 30pYy i CAYXUTb JJISI 1eTeKTYBaHHS
Ta TpiaHTyJIsILiitHOT 00poOKM 00’ €KTa, TOOTO BU3HA-
YEHHSI IOro KiHeMaTUYHUX MapaMeTpiB — KOOPAu-
HaT Ta IIBMAKOCTI. [HIIa Kamepa Mae MOXJIMBICTh
LIBUAKO MEPEMIIyBATUCh Y MEXaX IMOJIs 30py LIK-
POKOKYTHOI KaMepHu 3a JOITOMOT00 KPOKOBUX JBU-
TYHIB B peXXUMi peaIbHOTO Yacy, Iiepeadayaoyu npu
LIbOMY HeoOXigHy 3MiHy (oKyca, ToOTO MaciuTaly-
BaHHS 300paxXeHHs, I imeHTudikalii o0’ekTa.
HeoOxigHo BigMiTHUTH, IO MEpexXeBi Kamepu Ma-
I0Th 3aTPUMKY JaHUX MiHIMYM B OIMH Kajp, TOMY
JUTSI KPpUTUYHUX CUCTEM PEaIbHOIO Yacy HEOOXiTHi
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kamepu 3 iHTepdeiicom MIPI CSI-2 cnpsikeHi 3
JIOCTATHBO TOTY>XXKHUM KOHTPOJIEPOM OOpOOKMU 30-
OpaxeHb.

Ilomo KinbKOCTI KaMep, IXHbOIO PO3MIILIEHHS,
Opi€HTallii ONTUYHUX OCEH € HOCUTh OaraTo Ba-
piaHTiB, i BOHM MAalOTh Peali30BYBATUCS B 3aJIeX-
HOCTi Bil nmocTaBieHoi 3anavi. Cepen po3mIsIHYTUX
HaOUTBII TUMIOBUX TPHOX BUIAAKIB ONNTUMAILHUM
BUIJISIIAE€ APYTUiA MPUKIIAI, 1€ BUKOPUCTOBYIOThCS
He3aJleXXKHi Mapy CIOCTEPEeXKHUX MYHKTIB, KOXEH 3
SIKUX 3a0€3IeUy€eThCsl Mapor0 He3aleXHUX Kamep,
sIKi B KiHIIEBOMY BapiaHTi 3a0e3I1e4yloTh JBi CITO-
CTEPEXXHI 30HU MOHITOPUHTY, i IIpU LILOMY OYIYTh
3a0e3IeuyBaTy ONTUMAaJIbHY TOYHICTb PO3PaxXyHKY
KOOpAMHAT Ta IIBUAKOCTI 00’ €KTA.

VYci npuseneHi ¢hpopMyud Ta po3paxyHKU MOXKHa
peajizyBaTi y BUIJISIAI LM(MPOBOrO KajabKyJsITOpa,
SIKU JTO3BOJINTH €(EeKTUBHO PO3B’SI3yBaTU 3aaauy
CTBOPEHHSI 30H JIOKAJbHOTO MOHITOPUHIY aTMO-
chepu Ta IMOBITPSTHOTO TIPOCTOPY. YCi airOpUTMU
MOXYTb OYTM 3aCTOCOBaHi TaKOX /ISl BileoKamep
OJMXHBOTO iH(ppayepBOHOIO Aialla30HY Ta TEIUIO-
Bi30piB.

Poboma euxonana 6 pamxax ¢pinancyeanns Mi-
Hicmepcmea océimu i Hayku Ykpainu y 6i0nogionoc-
mi do dodamkoesoi yeoou Ne bD/3-2024 do ozoeopy
No bD/30-2021 gio0 4 cepnus 2021 poky Ha 8UKOHAHHS
3a80aHb NEPCNeKMUBH020 NAAHY PO3GUMKY HAYK0B0O20
Hanpamy «Mamemamuuni HayKu ma npupooHu4i Hay-
Kku» y Kuiecokomy HauionanrvHomy yHigepcumemi imeHi
Tapaca Illesuenka» 6io 1 keimus 2024 p.
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OPTIMIZATION OF THE DISPOSITION SCHEME AND TECHNICAL CHARACTERISTICS
OF VIDEO CAMERAS FOR SOLVING SPECIAL TASKS OF LOCAL MONITORING OF THE ATMOSPHERE
AND NEAR AIRSPACE BASED ON THE EXPERIENCE OF METEOR OBSERVATIONS

The problem of the construction of local zones for monitoring the atmosphere and near airspace to search natural and artificial
dynamic objects, calculate their coordinates and velocities, predict positions and possible identification is considered in this
work. For necessary calculations, many years of experience in double-station TV and video meteor observations at altitudes of
80...130 km is used, as well as original methods for processing video streams with meteor images and corresponding developed
software. Two components of the problem, conditionally called direct and inverse tasks, are described. The direct task envisages
calculating the size of the common monitoring zone and minimal sizes of the dynamical objects for a couple of video cameras
with preliminary selected technical characteristics like the light detector and lens installed in fixed positions and optical axes
orientation. The direct task should involve estimating the computational precision for both coordinates and velocities of the
objects. On the contrary, the inverse task envisages the recommendations for selecting video camera types, their dispositions,
and the orientation of optical axes for hand-picked monitoring zones and searched object types, depending on the aim — only
object detection or its possible identification. The given task should ensure optimization of the precision of calculating the coor-
dinates and velocity of an object and predicting its position. To address these issues, we derive the necessary formulae to ensure
the required spatial resolution and to calculate the three-dimensional common monitoring zone. Additionally, we examine
its changes with altitude. The computations are made for estimating the spatial resolution of video cameras and photographic
lenses used for meteor observations. Appropriate conclusions are drawn for the detection and identification of dynamic objects
in near airspace. The recommended method for monitoring fast, small-size objects is the use of modern Full HD digital network
cameras equipped with changeable focus lenses. As an example of the creation of a double-station camera couple or small local
monitoring networks, three variants of cameras’ dispositions are considered with an evaluation of the efficiency of each.

Keywords: double-station video observations, video cameras, atmosphere and airspace zone for local monitoring, optimization
of video observation, triangulation, meteors.
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KOHIIEIITYAJIbHI OCHOBU JEPKABHOI ITOJIITUKY YKPATHU
Y COEPI KOCMIYHOI NIVIBHOCTI: ITPOEKT BA30OBUX ITOJIOXEHbD

3a pesyavmamamu 002060peHHs CMAHY Ma nepcneKkmue Kocmiunoi disavHocmi 6 Ykpaini, ske 6idoynocs 12— 13 keimus na pobouiil
napadi «<KOCMOC B YAC BIHHH TA MHUPY>, Acouiayisn «KOCMOC» ma Pada 3 kocmiunux docaioncens HAH Yipainu cmeo-
puau iHiyiamuery pobouy epyny 3 aHanizy KOCMi4HoOI isnbHOCMi 0451 Ri020MOBKU OCHOBHI NOA0JICEHb KOHUENMYAAbHUX 0KYMeHMI8
6 yapuni Kocmiunoi disavnocmi. Ilpezudis Hayionanvhoi Axademii nayk Yxpainu na 3acidanni 10 aunus 2024 poky niompuma-
aa uro iniyiamuey. B oaniii po6omi eukaadeni 0CHOGHI NOAONCEHHS PO3P0OAEH020 NPOEKMY 0a3068020 doKyMmeHmy «KoHyenmyanvHi
0CHO8U OepiicasHoi noaimuxku Yxkpainu y cghepi kocmiunoi disavHocmi». B pobomi éuznaueni ocHosHi npobaemu, uwo nompedyrms
PO36’13aHH5, 30Kpema nioKpecaeri HOGi BUKAUKU OpeaHizauii KocmiuHol disabHocmi eHacaiook pociticbkoi agpecii npomu Yxpainu.
Cehopmynvosani euxioni nonodiceHHs, nokaaderi 8 ideonoeiro nioxody aemopis, Hagedenuii kopomkuii SWOT-ananiz nomouroeo
cmawy Kocmiunoi disavHocmi Ykpainu, sucynyma ides 3anpoeaoiicents Ho80i Mooeni 6imuusHAHOI KOCMIYHOI disabHocmi, HagedeHUll
nepenix nepuiouepeosux Kpokie 3anpoeaddiceHHs makoi mooeni, cghopmyavoeari opienmupu ma iHOUKamopu 00CsieHeHHs NOCmag-
JNeHUX 3a2anvHux yineli. Ananiz npobnaem, 3acadu gopmysarus ma peanrizayii 0epiucagHoi NOAIMUKU, CNPAMOEAHOT HA IX GUDIlUEHHS,
BUKAAOCHI 8 HACMYNHUX PO30iNax: XapaKmepucmuka cy4achoi Kkocmiunoi disavrHocmi y ceimi ma Yxpaini; cman ma npobaemu Ha-
A6HUX KOMNnemeHUill KocMiyHoi disavHocmi Ykpainu, 3aeanvri yini, npiopumemti Hanpamu ma 3a60aHHs KOCMIuHOI disabHocmi 6
Yipaini; wasxu opeanizauii kocmiunoi disavHocmi 8 Yxpaini; nepuiouepeogi 3axoou; o4ikyeari pesyabmamu.

Karouosi caosa: kocmiuna disnbricms, KOCMiuHI MeXHOA02IH, paKeMHO-KOCMIUHA MeXHIKA, 0epicasHa noaimuka, depicasne ynpag-
NIHHA, CMaauil po3eumox, be3nexa i 000poHa, KOCMiuHi Q0CAIONCEHHS.

HuryBanus: @enopos O. I1., Bacunbses B. B., fAukis 4. C. KoHientyanbHi OCHOBU AepkaBHOI TTOJIITUKYM YKpaiHu y cdepi
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Konuenmyanwnui ochosu depycasrnoi noaimuxku Yxpainu y cghepi Kocmiunoi disnbHocmi: npoekm 6a308Ux NOA0NCEHD

1. BCTYII

KoHuenrtyaibHi OCHOBM J€pXKaBHOI TMOJITUKUA Y
cepi KocMiuHOI AisIbHOCTI B YKpaiHi (najii — Kon-
LeNTyaJbHi OCHOBH) CTIPSIMOBaHi Ha BUBHAUEHHS 3a-
caj (popMmyBaHHS Ta peaiizallii €IMHOI Ta LiTiICHOI
JIep>KaBHOI KOCMIYHOI IIOJIITMKK, THepeadadyaloTh
(opMyBaHHSI €IMHOTO PO3YMiHHS MOJIITUKU PO3-
BUTKY Ta BUKOPHUCTaHHS KOCMiYHMX 3ac00iB, TeX-
HOJIOTi# Ta iH(opMallii Ha BCiX piBHSIX AepXKaBHO-
ro ynpaBJliHHSI, BCTAHOBJIEHHS 3acaj Ta MPUHLU-
IiB peatizallii Takoi MOJIiITUKX, BU3HAYAIOTh HasIBHi
mpo06JieMu Y KOCMivHil cepi Ta IUISIXY IXHBOTO BU-
pillieHHs B iHTepecax 3a0e3neyeHHsT HallioHAIbHOL
0e3nekr i 000pPOHU, CTAOT0 EKOHOMIYHOIO 3pOoC-
TaHHS, MiIBUILEHHS HayKOBO-TEXHOJOTTYHOTO T0-
TeHIliady KpalHW Ta 3aJI0BOJIEHHS COLIaJIbHUX MO-
TpeO.

IMonitTuka y cdepi KOCMi4HOI IisSNILHOCTI BU3HA-
YaeThCH K CUCTEMA MOMJISIIIB Ta [iid, peryassTUBHUX
3aX0/IiB, IPAaBOBUX i HOPMATUBHUX aKTiB, a TaKOX
€KOHOMIUYHMX Ta HAyKOBO-TE€XHOJIOTIUHMUX IPiOpU-
TETiB OpraHiB JAepKaBHOI BJIaAM, sIKa CIIPSIMOBaHA
Ha peaJjiizallilo iHTepeciB JepxKaBu IUISIXOM BUKO-
HaHHSI KOCMiYHUX MTPOEKTIB.

KoH1enTyanbHi OCHOBM BM3HA4YalOTh TaKi MpoO-
0JieMH, 110 MOTPeOYIOTh PO3B’ I3AHHS:

— HM3bKUU piBeHb BITYM3HSIHOI KOCMIYHOI [i-
SITBHOCTI, SIKWI He BiAIOBigae moTpedam AepKaBu;
HEIOCTATHE 3aJTy4YeHHSI BUCOKUX KOCMIYHUX TEXHO-
JIOTIM y BUPIIIEHHSI HaraJlbHUX IIpo0JieM JepKaBu,
y Iepiry 4depry y cdepax HalliOHAJIbHOI Oe3IeKu i
000pOHU, CTAJIOrO PO3BUTKY, €KOJIOTIUHOTO MOHi-
TOPUHTY, IIIATPUMKM 0a30BUX CEKTOPiB €KOHOMIKM;

— Kpu3a Aep:KaBHOTO YMpaBJIiHHS KOCMiUHOIO
TiSITBHICTIO, BiICYTHICTh CTpaTEeTiYHOTO TUIaHyBaH-
HsI, KOOpAMHALl IisIZIbHOCTI CY0’€KTIB KOCMIYHOI
TiSTBHOCTI;

— KPUTUYHUM CTaH HAyKOBO-TEXHOJOTIYHOI Ta
BUPOOHMYOI 0a3u, IMpo0IeMu 3 HOCTYIIOM IO IIpU-
JIamiB i MaTepiaiB KOHKYPEHTOCIIPOMOXKHOTO PiB-
HsI, BUITQIiHHS HM3KM TEXHOJOTIl 3 TEXHOJIOIiu-
HOTO JIAHI[IOXXKA CTBOPEHHSI PaKeTHO-KOCMiYHOi
TEeXHIKU;

— HEJOCTaTHil piBeHb opraHizallii Ta ¢piHaHCY-
BaHHSI KOCMiIUHMX TPOEKTIB, MiATPUMKU iHHOBALIiA
Ta MEePCIEeKTUBHUX AOCIIIXKEeHb; BiICyTHICTh 3 2018
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poKy 3arajibHo/ep>KaBHOI HayKOBO-TEXHIYHOI KOC-
Mi4HOI ITporpamu;

— BIICYTHICTh BHYTPILLIHBOI'O PUHKY KOCMIYHUX
MOCJYT, TMPOOJEeMaTUYHICTh 3aJIydeHHSI MPUBAaTHUX
IHBECTHIIili Ta HEBPEryJIbOBaHICTb y4yacTi IpUBaT-
HOT'O CEKTOPY B KOCMIUHY JiSIIbHICTB;

— KPUTUYHUI CTaH KaJpOBOIrO CKJaay, BilTiK
MOJIOJi, KPM30BUI CTaH OCBITH Ta MiATOTOBKM Ka-
ZIpiB;

— HEIOCTaTHIN piBeHb CHiBMpalli 3 iHO3EMHUMU
MapTHEpaMu, MOBiJIbHE MPOCYBaHHSI MPOLIECY BXOI-
JKEHHS Y €BPOIEUCHKI CTPYKTYPH.

KoHuenTyanabHi OCHOBY BPaxXOBYIOTh TaKi OLIIHKM
Ta BUXiAHI OJOXKEHHS.

CyuacHa KoCMiYHa JdisUTbHICTb Bilirpa€ 3pocTaio-
Yy poJjib y 3a0e3IedyeHHi 0e3IeKu i 000poOHM, KOH-
KYPEHTOCITPOMOXHOCTI, CTaJoro PO3BUTKY KpaiH.
[i 0oco6aMBOCTI 3a3HAIOTH 3HAUHMX 3MiH 3 OIVISIY
Ha HOBE TeONOJiTUYHE IPOTUCTOSIHHS, a TaKOX
0COOJIMBOCTI BOEHHMX il Ha (hpOHTAX POCICHKO-
yKpaiHChbKOI BiliHM. O0’€KTUBHI 00OCTaBUHM BUMa-
raloTh BiJ KOXHOI KpaiHU BUKOPMCTOBYBAaTH IIEB-
HUI HaOip KOCMIYHMX TEXHOJIOTiM Ta iHpopMalii
JIJ1s1 3a0e3IeUeHHs BJacHO1 XUTTeAisIbHOCTI. Koc-
MiYHa JiSUTBHICTD CIIYTYE (PAKTOPOM, SIKUI1 CIIPUSIE
COLIiAJIbHO-€KOHOMIYHOMY PO3BUTKY, 3a0e3Ieuyto-
YW B3aEMOJiI0 Pi3HMX IHHOBALIIMHUX TEXHOJIOTIH,
MPUYOMY KOCMiUHI TEXHOJOTil BiAirpaloTh pPOJIb
MaciITaOyBaHHSI PO3BUTKY iHIIMX KPUTUYHUX TeX-
HoJIoTi# (iH(opMalliiiHUX, KOMYHIKaLiifHUX, TpaH-
CHOPTHUX, 010TEXHOJIOTII).

Hapa3si piBeHb KOCMiUHOI Hisi7IBHOCTI YKpaiHu
HE BIAIOBiZa€ MiXKHapOAHOMY, ii IIpO0OJIeMHU MalOTh
CUCTEMHUIA XapakTep, a YUHHA MOJEb MisUIbHOCTI
Buuepmana cede. BogHouac HasBHI TeXHOJIOTIi Ta
3ac00U, 1HTEJEKTYyalbHUI Ta BUPOOHUYUIA MOTEH-
LiaJl, TOCBil MiXXHapOAHOI criBMpaili 00’€KTUBHO
MOX€ CTaTU JiEBUM iHCTPYMEHTOM 3a0e3MmeuyeHHsI
Oe3reku, BiOyIOBY Ta PO3BUTKY KpaiHMU.

Peanizaiiisi 1mx MOXJIMBOCTE IOTpeOye cuc-
TeMHMX Ta PIlllydMX 3axXOdiB, 30KpeMa BUPOOJICHHS
KOCMIYHOI IIOJITUKU, pedopMyBaHHSI BUPOOHMYOL
cdepu, opraHizaiii HOBMX MeXaHi3MiB YIIpaBIiHHSI
Ta MyOJiYHO-MPUBATHOTO MAapTHEPCTBA, MiITPUMKU
iHHOBALIIMHUX pillleHb Ta KaJpOBOIo 3a0e3MeUeHHsI.
BoHM MaroTh CriupaTucs Ha HOBY MOJIEb KOCMIYHOL
JisUTbHOCTI KpaiHU, 3aKPITUIEeHY Y TOJITUYHMX Ta ITPO-
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rpaMHUX JOKYMEHTax, 30KkpeMa gaHoi Konnernii. ¥
Lilf MOeJIi CTpaTeTiss KOCMIYHOI AisSTIbHOCTI € CKa-
JIOBOIO YaCTUHOIO HalliOHAJIBHOI CTpaTerii pO3BUTKY;
3a3HayeHa JisUTbHICTh CIIpSMOBaHA Ha BUKOHAHHS
3araJIbHOJIEP>KABHUX i CYCITUTBHUX 3aBIaHb i TPYHTY-
€ThCS HAa BU3HAUYEHUX BJIACHUX MOTpedax Ta KIY0-
BUX KOMITeTeHIIisIX. JIo ChOroiHi KOCMiuHi MporpaMu
CTBOPIOBAJIMCh €KCTPAIOJISILiE0 MOMEepPeaHiX 3aX0-
JliB; OMIHAK MPIOPUTETU Ta 3acaay MaiiOyTHbBOI islJIb-
HOCTi HEe BMILIMBAIOTh BUKJIIOYHO i3 MOIEPEIHBOTO
JIOCBiMy i HOBUHHI epeadayaTy CTBOPEHHST CUCTEMU
YXBaJIeHHsI pillleHb, sIKa BKJIIOYAE aHAaJli3 ITOTOYHOI
cUTyallii, BUPOOJICHHSI CUCTEMU LIJIETIOK/IaJaHHS,
aHaJli3 BapiaHTIB PO3BUTKY, OOTPYHTYBAHHS 3aXOIiB
111010 TUTAaHYBAaHHSI i KOHTPOJTIO.

Llsg ineoJiorist BimoOpaXkaeTbcsl B JAHOMY JTOKY-
MEHTI 3 ypaxyBaHHSIM TaKX BUXiJTHUX MOJI0KEHb:

— Y HaMOMMK4Yili TepCcreKTUBI YMOBU IIpOBajl-
JKEHHSI KOCMIYHOI MisUIbHOCTI BHU3HAYaTUMYThCS
BOEHHUM IIPOTUCTOSIHHSIM, HEOOXiIHICTIO 0OOPOH-
HUX i 0e3MeKOBUX 3aXOMiB, MTOAOJAHHSIM HaCJIiIKiB
00IOBUX Jili, BiIOYT0BOIO KIIIOUOBUX CEKTOPIB €KO-
HOMIKW;

— KOCMiYyHa TIOJIiTUKA € OJHMUM i3 JepKaBHUX
NpiOpUTETIB, SIKMU BM3HAYa€ 3HATHICTb 3aXUCTY
JIep>KaBHOCTI, T€OIOJiTUYHY 3HAUYIIICTh Ta PiBeHb
3a0e3MevYeHHs] HalliOHAJIbHUX iHTEPECiB;

— PpO3BUTOK Ta BIIPOBAMIXKEHHSI BHUCOKHUX TEX-
HOJIOTii1, 30KpeMa aepOKOCMIYHUX, BHUCTYIIAIOTh
KJIIOYOBOIO YMOBOIO €(eKTUBHOTO ITPOTUCTOSIHHS
pOCilichKili arpecii, eKOHOMIYHOTO 3pOCTAaHHSI Ta
Mepexoy 0 CTaaoro pO3BUTKY;

— imeosioris i MPiOpUTETU KOCMIYHOI JisJIbHOCTI
VYKpaiHM MANOpsiIKOBaHiI  3arajibHOJAEpP>KaBHUM
npiopuTeTaM, ii 3aBJaHHS Ta MacluTad BHU3Haya-
IOTbCSl HarajJbHUMU HalliOHAJbHUMM MOTpedaMMu,
YUHHUMU TIOJO0XEHHSIMMN KOHUENTYaJbHMUX IOKY-
MEHTIB Ta MIporpaM pPO3BUTKY CEKTOpYy Oe3IeKu i
000pOHM, Tajly3eil, 10 BM3HAYAlOTh E€KOHOMiuHE
BilpOJKEHHSI Ta PO3BUTOK (€HepreTuka, TpaH-
CIOPT, CiJIbChbKE FOCIIOJAPCTBO, iH(GOpMaliiiTHO-KO-
MyHiKalliliHa ccdepa), HayKOBO-TeXHiuHOi cdepu,
3a0e3IeUYeHHs CTaJIOTO PO3BUTKY;

— opradizaiisi KOCMi4yHOI HisITbHOCTI Tependa-
yae MJIaHyBaHHS Ta KE€pyBaHHS B KOCMIiuHili cdepi
3a €AMHUM 3alyMOM Ha OCHOBI 3acaj] CTpaTerivHOro
IUTAaHYBaHHS;
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— €BpoIMeichbKi MpUHUMUIU (OPMYBaHHSI KOC-
MIiYHOI MOJITUKH CIYTYIOTh OPIEHTUPOM ST YKpai-
HU, a MpaKTHUYHi 3aX0A1 MalOTh Ha METi iHTerpallito
Yy EBPONEHCHKUI TEXHOJOTIYHUM Ta JOCTiTHULIbKU I
MPOCTIp.

2. XAPAKTEPUCTUKA CYYACHOI KOCMIYHOI
JISAJBHOCTI Y CBITI TA YKPATHI

2.1. Ilpo ceimoei mendenuii Kocmiunoi disavHocmi.
Ponb KOCMiYHOIT JiSUIBHOCTI Y CYCHiJIbBHOMY PO3BUT-
Ky Cy4yacHOIo CBITYy IMHaMiuHO 3pocTa€ i HaOyBa€
HOBMX SIKOCTE€l BHACIIIOK 1i KPUTUYHOTO BILIM-
BY Ha 3a0e3levyeHHs HalliOHaJIbHOI Ta I100aabHOL
Oe3IeKk, KOHKYPEHTOCIIPOMOXKHICTh €KOHOMIKH,
BiliCbKOBY Millb, HayKOBO-TE€XHOJIOTIUHUI piBEHb
Ta SIKicTh XUTTS rpoMajsiH. [Touatok 2000-x pokiB
BiI3HAYMBCS TEPEXOJOM Bill JT€MOHCTpaLifHOTO
eTary J0 MPaKTUYHOTO BUKOPUCTAHHS PE3YJIBTATIB
NOCJTIIDKEHHST Ta BUKOPUCTAaHHS KocMocy. OcTaH-
HE OECATWIITTS 3HAMEHYE Iepexil Bim oIocepen-
KOBAHOTO BIUIMBY (Yepe3 iHHOBALiiHUI BILUIMB Ha
IHII Tajy3i) 10 0e3MocepeaHbOTO BIUIUBY Ha €KO-
HOMIYHMI Ta cycniibHUN po3BUTOK I[lpu 1BOMY
KOCMIYHi TEXHOJIOril BimirparoTh poJib MaclITaOy-
BaHHSI PO3BUTKY iHIIUX KPUTUYHUX TEXHOJIOTI —
iH(opMalliiiHUX, KOMYHIKaLifHUX, TPAHCTIOPTHUX,
6ioTexHos10Tii. BHACTiNOK 1IOTO 10 KOCMIYHOI MIi-
SIJIBHOCTI BIAHOCSITH 1 IIMPOKE KOJIO Tajy3eil, 110
BUKOPMCTOBYIOTh KOCMIYHi TeXHOJIOTI1 Ta iH(hopMa-
ito (3B’S130K, HaBirauisi, KOCMi4Hi CIIOCTEpEXKEeH-
Hs, TpaHC(ep TeXHOJIOril, iHhopMaliliHi cepBicu
TOIIIO), SIKi He TIOB’s13aHi 0e3MMocepeaHbO i3 KOCMiY-
HuMHU 3acodamu [18].

ChOrofiHillIHSI KOCMiuHa JisUTbHICTh 3a3HA€E 3HaA-
YHUX 3MiH 3 OMISIAYy Ha HOBE T'eOMOJiTUYHE MpO-
TUCTOSIHHS, & TAKOX OCOOJIMBOCTI BOEHHUX il Ha
¢poHTax pocilicbKo-yKpaiHchbKoi BitHu [27, 31,
33]. 30poiiHa 6opoThOa 3a iCHYBaHHS He3aJeXKHOI
Ykpainu Mae K UMBUTI3aliiHMI, TaK i TEXHOJO-
TIYHUN BUMIp: €(DEKTUBHICTh OMOPY BM3HAYAETHCS
3aCTOCYBaHHSIM KOMIUIEKCY BUCOKMX TEXHOJIOTIH, i
HEe B OCTaHHIO Yepry aepoKocMiyHuX. JlocBia BiiHU
BX€ BiIOOpa3WBCs y CEpeIOBUILI aHATITUKIB Ta Ke-
PIBHUX JTOKYMEHTaX KOCMIYHUX iHCTUTYLIN; MepIi
3a BCe HOEThCS MPO KOCMIYHY IiATPUMKY BiliCbK
IIJISIXOM BUKOPMCTaHHSI KOMILIEKCY iHdopmalriii-
HO-KOMYHIKalliifHMX Ta HaBiramiiHux 3aco0iB, a Ta-
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KOX HOBMX BUMOT 10 3aXUCTY CYITyTHUKOBUX yIpy-
IMOBaHb BIMCHKOBOIO i LIMBUIHHOIO IMPU3HAYEHHS,
30Kpema y cdepi Kidepoesrneku. HenepeciuHy poJib
CyNyTHUKOBA iH(opmallisl Bimirpae Hapasi y cucTe-
Mi pO3BiIKM 1O BigkpuTux mxepenax (Open source
intelligence, OSINT) [22].

Cepen HU3KM TPEHIIB KOCMIYHOI JisIZTBHOCTI B
CBITI € IeKiIbKa TaKMX, 1110 CTAHOBJISITh iHTepeC s
oprasiszailii BJacHOI KOCMIYHOI IisJIbHOCTI i HaJia-
TOJIKeHHST e(heKTUBHOI B3aEMO/Iii 3 MapTHEPaMU.

(i). IeomomiTUHI TTOTPSICIHHS, CIIPUYMHEHE pYyii-
HYBaHHSIM CUCTEMMU Oe3IeKU BHACIiIOK POCiliCbKOi
arpecii, BUKJIMKaJI0 BUPa3HUI MPOLIeC 30CepesKeH-
H$1 NPiOPUTETIB KOCMIYHOI HislIbHOCTI HA 0€3MeKOBUX
i BilicbkoBux mpobsemax. Ha choromHi ueit TpeHa
MPOSIBIISIETBCST SIK Yy 3MIiCTi KOCMIYHHUX ITporpam,
Tak i mpiopuTeTtax (piHaHCYBaHHSI Ta TEXHOJIOTIY-
HoI nomiTuku. «O0opoHa HEMOXJIMBA 0€3 KOCMOCY
SIK KocMOC 0e3 000pOHM» — KIII0YOBa Te3a €BPO-
NEeNCbKOI KOCMIYHOI IMOJIITUKA CHOTOIHI BM3HAYaE
cTajly TeHJEHIIi10 TTOBEpHEHHSI CTaHy peyeil B Koc-
MiuHiii cepi B enoxy «xojoaHoi BilitHW». O3HaKu
3a3Ha4YeHOl IIepeopieHTallii 3’SIBUJINCS, 30KpeMa,
micast BunpodyBaHHs PD Ta Kutaem mpotucymyT-
HUKOBHUX 3ac00iB (Ha3eMHOI 30poi CHpsSIMOBAHOL
eHeprii (DEWs), 3aco0iB npuaylieHHsT CyITyTHUKIB
«satellite jammers», a TakoxX KocMmiuyHux ASAT-
3aco0iB, IpU3HAYECHUX UISI BUBEICHHS 3 jJamy abo
3HUIIEHHSI CYIYTHUKIB) i oKpecauaucs (hopMy-
BaHHsM y CIIA Ta ®PpaHnirii BilicbKOBO-KOCMIYHIX
cuit. O6opoHHa KocmiuyHa ctparerist CILA (Defense
Space Strategy, 2020 [24]) 3akjajna igeosoTivHI
OCHOBU (POpMYBaHHSI HOBOI KOCMIiYHOI IMOJIITUKMU,
Opi€EHTOBaHili Ha TJTIo0aIbHE TOMiHYBaHHS Ta 3a0€3-
nevyeHHs BificbkoBoi Milli. [Tnanu HATO, Bukiane-
Hi y HOBIlf kocMiuHilt TosxiTuii NATO’s approach to
space (2019 p), [28] mporoJioiIyOTh KOCMOC IT’SITOIO
orepauiitHoio ceporo (Iopsia 3 IOBITPSIM, CyIIEHO,
MOpEM i KibepIpoCcTOpoOM); EBpOIeiichbKa CIiJibHOTa
BUpOOWIIa BiIMOBIAHUIA cTpaTeriuHuii miaH — EU
Space Strategy for Security and Defense [24, 34].
BonHouac xapakTep BOEHHUX il B YKpaiHi J1eMOH-
cTpye GyHIaMeHTaJIbHY POJib KOCMIYHMX 3aCO0iB y
¢opMyBaHHI cTpaTeriyHuMx OajlaHCiB Ha IOJi 00I0
BHACJIIOK HOBOTO PiBHS JOCTYMHOCTI CyIMyTHUKO-
BUX JaHMX Ta TOCIAYT i MPUHLMIIOBOTO 3HAYEHHS
piBHSI KibepOesmexku [22].
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Pocilicbka arpecigs He TiIbKM Jomaja TeMITy
MOCWJICHHIO BOEHHOI CKJIAAOBOI KOCMIUHUX IIPO-
rpam, a i BUsSIBMJIa HOBi MpPOOJeMU TIPU BTiJICHHI
3amjaHoBaHUX 3axoniB. Ilo-mepie, y HOBilt Koc-
MiYHilA TOHUTBI MEePCIIEKTUBU MIEPEMOTU 3yMOBIIIO-
I0OTHCSI MacIiITaboM Ta IIBUAKICTIO BIIPOBAIXKEHHS
iHHoBauii. Haiibinbir epeKTUBHUM MeXaHi3MOM
BUPpIllIEHHs 11i€l Mpo0JeMu BBaXKa€eThCs 3alydeH-
Hs TIpuBaTHOro Oi3Hecy Yy BiliCHbKOBi Mporpamu.
s mogofaHHS MepeliKo Ha IUISIXY CTBOPEHHS
HOBOTO PiBHS KoOoIepallii J1ep>XaBHOTO i «HOBO-
ro KOCMOCY» peali3yloThCsl CIIeLiajJibHi Mporpa-
MU Ha KmTaaT amepukaHcbkoi U. S. Space Force
Commercial Space Strategy [25]. Ilo-gpyre, y
MMPOTUCTOSIHHS MiXX I€eMOKPAaTUYHUM CBIiTOM i aep-
JKaBaMM «OCi 3J1a» 3ajJlydeHi He TUIbKM BJIaCHE Biii-
CbKOBI 3acobu. BHacimok 0araTopidyHOro JocBigy
CHIBIIpalli MiXk BOEHHUMH i HUBUIBHUMU IIpOTpa-
MaMM [JIs1 BUPILLIEHHS OOOpPOHHUX MpoOJieM Ha
CUCTEMHI OCHOBI BCe OUIbIIE 3aTy4aroThCs IIM-
BiJIbHi CYMYTHUKOBI cUCTeMU (TeIEKOMYHIKaliiiHi,
HaBiramiifHi, cnocrepexHi). OTXe, aKTyaJIbHUMU €
3aBAaHHs 3a0e3MeYeHHs] 0e3MeKM LUX LUBUIBHUX
CHCTEM, sIKi BHAC/IiJOK BOEHHUX JIiil CTalOTh peajlb-
HUMHU LUISIMUA Y TIPOTUCYNYTHUKOBHUX aTakax (SIK
KiOEpHETUUHUX, TaK, Y NEPCNEKTUBI, i (Pi3UUHUX).

(ii). BHecok KoCcMiYHOI isJIBHOCTI Y CBITOBY €KOHO-
MIKY MPOTSITOM OCTaHHIX JABOX NECSTUIITh MOCTIi-
HO 3pOCTa€ BHACHiIOK (hOPMYBaHHSI HOBUX PUHKIB
KOCMIYHMX MOCIYr Ta O0’€KTMBHUMHU ITOTpeOaMu
iH¢opMaliitHoro cycminbeTtBa. CrabijlibHE 3poc-
TaHHSI 000pPOTY KOCMIUHOI Tany3i (B cepelHbOMY 10
10 % Ha pik B OCTaHHE IECSITUIITTS) BiIOYBA€ThCsI
MOIIPY MPOSIBIB HECTAOUIBHOCTI Ta KPU30BUX SIBUII]
Yy PIi3HMX CerMeHTax CBiTOBOI eKoHoMiku. OO0csr
JI00aJIbHOI KOCMiYHOI eKOHOMiKM 3a 2023 p. cKiiaB
$570 mupn, (yaBiui Bullle, HiX OECATUIITTSI TOMY);
y 2022 poui — $530 mupa. depxaBHi BUTpaTH Ha
KOCMOC 3pOCTaloTh Oibll HixX Ha 10 %, a ri1obaibHi
BIICBKOBI KOCMiUHi OIOIKETH 3pOciu 10 $57 MIpa,
(61m3pk0 50 % Binm 3arajibHUX AepXKaBHUX BUTPAT).
Hoxomu Bimg KoMepuiiitHOro kocMocy y 2023 p. ckia-
i $445 mnpa, 1o Ha 5 % Ginbiue, Hix y 2022 p. Ce-
pen JigepiB — KOOpAMHATHO-YaCcOBE 3a0e3IIeUeHHS
ta Hasirauis ($209 mupa, ado 47 %), HazemHa iHO-
pactpyktypa (19 %); 3pocyio yaBidi BAPOOHHUIITBO Ta
3aIyCcK CYMyTHUKIB [22, 25, 32, 35, 36].
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TpeHa AMHaMiYHOTO 3pOCTaHHS 3yMOBJIEHUIA Hali-
BUIIMMM BUMOTAMM /10 HAyKOBO-TEXHIUHUX PO3PO-
00K B KOCMIiYHii1 cpepi, 110 BU3HAYAE, BiIMOBITHO,
HaliBuIly e(peKTUBHiCTb iHHOBallili. [1osiBa cekTopy
«HOBOTO KOCMOCY», OpPi€HTOBaHOTO BUKJIIOYHO Ha
PUMHKOBI M€XaHi3M1, 3HAYHOIO MipOl0 BU3HAYAE BU-
IS, SKUA MaTUMe Y MailOyTHbOMY KOCMiYyHa €KO-
HOMiKa.

Hapasi Ha KOCMiYHOMY PMHKY HPUCYTHi COTHI
KOMIIaHiii, a KOCMiuHi mporpamu MapTbh a0 100
KpaiH, Ki po3IJsaaloTh KOCMIYHMIA CEKTOP HE00-
XiTHOI0 YMOBOIO €KOHOMIiYHOI'O PO3BUTKY. 3 IIO-
yaTky 2000-X pokiB 000OpPOT NMPUBATHOIO CEKTOPY
MepeBUILIUB Aep>KaBHI KOCMiuHi porpaMu (Ha ChO-
TOJHI 10TO YacTKa CTAaHOBUTH TToHax 75 %) [25]. 3a-
MOYaTKyBaHHS KOCMIYHOTO TYPU3MY PO3IJISIa€ThCS
SIK TPOBICHUK 3aJTy4YEHHS LIMPOKOTO 3araiy 10 KOoc-
MiYHMX 110J160TiB. OCHOBHE IXKepeIo KOMEPLIiiiHO-
ro KOCMOCY — OTpUMMaHHs JaHuX (IHTEpHET, Teje-
(boHis1, HaBiramiss, IUCTaHILITHE 30HAYBaHHS); TOO-
TO, Hapa3i BUKOPUCTOBYETHCS POCTOPOBUIA pecypc
KocMocy i mepenaBaHHs1 iHdopMailii. HactynmHuii
MPOPUB Y BUKOPUCTAHHI KOCMOCY JIJISI EKOHOMIUHUX
noTped MOB’SI3YyEThCS 31 CTBOPEHHSIM MaTepiaabHOL
MPOAYKIIil (KOPUCHI KOMAJIMHM Ha acTepoigax, BU-
POOHUMIITBO MaTepialliB), SIKE ITOKM 1110 € 3aTPaTHOIO.
CaMe ToMy CYKYITHUIT 000pOT KOCMIYHOT'O CEKTOPY
BCe IlIe Y pa3yd MEHIIMIA, HiXX Yy HaWOUIbIINX Taly-
39X — 0IOTEeXHOJIOTIuHINi, iHpopMalliiiHili, eHepre-
tii. OTXe Ha ChbOTOAHI OCHOBHUM JIKepesioM (i-
HAHCYBaHHSI KOCMiYHOi €KOHOMiKM (BKJIIOYAIOUU
KOMEpLIiiHUI CEKTOpP) BUCTYIAIOTh JAep>KaBHi Or0-
JUKeTHI pxepena (1o 85 %).

AHaJli3 KOCMiIYHMX TIporpaM pPi3HUX KpaiH CBif-
YUTH PO PO3MAITICTh LIJISIXiB BUKOPUCTAHHS KOC-
MIiYHOI JisJIBHOCTI B HalliOHAJbHUX iHTepecax [18].
Kocwmiuni rpannu (CIIA, €Bpocoros, Kuraii) po3-
JISIAAI0Th KOCMOC SIK BaXKJIMBUIA YMHHUK TT€pEMOTH
y IJI00aIbHUX €KOHOMIYHMX 3MaraHHsIX, TOMY PO3-
BUBAIOThb BCI HASIBHI HAMPSIMU | MOBHUIN LIMKJ PO3-
pOOJEeHHS Ta BUKOPMCTAHHSI KOCMIYHUX 3acOO0iB.
Merta Takoi MOJITUKUM — OYyTU KOMIIETEHTHUMU B
yCiX mepenoBUX TEXHOJIOTISIX, Biggalouu MpiopuTeT
THM, JIe¢ € IIaHcU OyTu mepeMoxieM. IHmist mpo-
TATOM JIECATWJIITh HaMara€TbCs AOCSATTU TaKOTO
CTaTycy, IOCTIAHO HApOIIYIOUM CBIil ITOTEHLiaad y
Pi3HUX HampsMaX Ha OCHOBI CTaJIOTO OIOIKETHOIO
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¢inaHcyBaHHS. [HIIMI Miaxig, a came opieHTallito
Ha KOMeEpLiiiHMi ycmix, peanidye Benuka bpura-
Hisl, e MPOTITOM POKiB HaIXOMXKEHHS y OIOIKET Bifl
eKcrnopty (roJJOBHUM YMHOM CYNMYTHUKOBUX TEXHO-
JIOTii) 3HAaYHO MEePEBUILYIOTH AeprKaBHI BUAATKU Ha
po3pobKu Ta mocaimkeHHs. KocmiuHi mporpamu,
OpIEHTOBAHI Ha peTrioHaJbHE HOMIHYBaHHS i 000-
POHHI 3acTOCyBaHHSI BTUIIOIOTH [3painb Ta Typeu-
ypHa. [XHilf NUIAX Ha KOCMiYHi PUHKY NPOJISATAE Bill
BOEHHUX TPOTpaM JI0 LIUPOKOTO KOJia 3aCTOCYBaHb
B paMKax B3aeMofil 3 mapTHepamu. OpieHTallisi Ha
BY3bKe KOJIO KOMIIETEHIIil i y4acTh y MacIITaOHUX
MIXKHApOIHUX Micisix — 11e BUOip OuIbIIOCTI €B-
poneiicbkux kpaiH (Icmanis, Himepnanmu, Yexis,
VYropmuHa ta iHmi). /st Ykpainu noBYaibHUNA 10-
cBin [Tonpmii, 1Ka, Mao4Yn AeKiJIbKa TOCTiTHUIIBKIX
iHCTUTYTIB Ta HE MalOYX KOCMiUHOI MPOMUCIOBOCTI,
Ha mouatky 2000-x 3ampoBaguiia MOCJiZOBHY I10-
JIITUKY TPUETHAHHS A0 €BPONENMCHKUX TPOEKTIB i
PO3BUTKY BJIaCHUX KOMITeTeHLiil. OnepkaBIliv 3Ha-
YHY MiATPUMKY, Hallli cycigu MailoTh Hapa3si 1o 300
KOMIIaHii, 110 TpalioloTh B KOCMIYHOMY CEKTODI,
OepyTh y4yacThb y MacIITAaOHUX €BPONEHUCHKUX IIPO-
€KTax i MaloTb OOI'PYHTOBaHI aMOillii y cepi pakeT-
HUX TEXHOJIOTII.

(iii). PO3BUTOK KOCMiYHUX TEXHOJOTIYHUX CHC-
TEeM BUCTYIA€ KJIIOUOBUM (DaKTOPOM 3a0e3MeUyeHHS
CTAJIOT0 PO3BHUTKY i €KOJIOriuHOi Oe3meku y cyyac-
HUX ymoBax [2, 5, 9, 11—21]. BucnoBok Konde-
penuii OOH 3 nutaHb crajioro po3Butky (Pio-me-
Kaneiipo, 2012) npo HeMOXJIUBICTh CTaJIOI0 PO3-
BUTKY 0€3 KOCMIYHMX TEXHOJIOTii1 BimoOpaXkaeThCs B
KOHKpeTHUX 3axonax. Craje (pyHKIIOHyBaHHSI Me-
TEOPOJIOTIYHUX, TEJICKOMYHIKaILiMHMUX, HaBiraliii-
HUX, MOHITOPMHTOBUX CHUCTEM JIOTIOBHIOETHCSI B
OCTaHHi POKM MEranpoeKTaMM Ha KIITAJIT CTBOPIO-
BaHOI CUCTEMM CUCTEM CIIOCTEPEXEHHS 3a 3eMJIeto
GEOSS (ta ii eBpormeiicbkoi ckiagoBoi «Coper-
nicus»). XapakTepHa puca Cy4aCHOIo Iiaxomy —
CITiJIbHE BUKOPHMCTaHHSI KOCMIYHMX HaBirauiiiHUX,
TeJIeKOMYHIKalliifH1X 3ac00iB, a TaKOX JaHUX Ha-
36MHUX Ta KOCMIYHMX CIIOCT€pEXEeHb, 110 BU3HA-
Yyae sIKiCHO HOBUI piBeHb 3aCTOCYBAaHHS KOCMIYHUX
TEeXHOJIOTI y CUCTeMax yXBaJleHHsI YITPaBJIiHCbKUX
pimenb. lleit piBeHb XapaKTepU3YETHCS IIEPEXO-
JIOM BiJ HajgaHHs iHopMaLiiiHUX cepBiciB Ha 06asi
CYNMYTHUKOBUX JAHUX [0 iHTErpoBaHMUX 0a3 3HAHb
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1110/10 36MHUX EKOCUCTEM, 5IKi BAKOPUCTOBYIOTh CY-
IMYTHUKOBY iH(popMallito, reoiHgopMaliiiHi gaHi Ta
TEXHOJIOTi1 IIITYYHOTO 1HTEIEKTY.

BignoBinHO 10 3aTpeOyBaHOCTI CYMyTHMKOBOI
iH(opMallii AMHAMIYHO 3pOCTalOTh OOCSITH TPOEK-
TiB CEKTOpY CYIMyTHUKOBHUX CIocTepexXeHb; 10 2030
POKY TIPOTHO3YETbCS 3POCTaHHS KiJIbKOCTI CYITyT-
HUKIB BiJMOBiZHOTO IpU3HAUYEHHS Maiixke BTpUYi
(mo 5400), pyHOK iXHBOIO BMPOOHMIITBA 3pOCTE Ha
40 % — no €120 mapa. [IpiopUTeTHUM HAMPSIMOM €
3aCO0M CITOCTEPEXKEHHS 3 PO3Pi3HEHHSIM | M i MeH-
mie; pu mboMy 30 % ycix 3arTaHOBaHUX 0 peati-
3auii mpoexTiB B €C mo 2030 p. cki1amamTb CUCTEMU
po3Bigku; B cepeqnboMy 20 % Bim ycix 3ariaHoBa-
Hux 10 2030 p. CBITOBUX MPOEKTIB OPIEHTOBAHO Ha
KJIIMaTU4YHI JOCTiIKEeHHS. XapaKTepHOI PUCOI0
MEPCIEKTUBHUX MPOEKTIB € 30iJIbILIEHHS pO3Mipy Cy-
IMYTHUKOBUX YIPYIIOBaHb [IJIs1 3a0€3MeYeHHST BUCOKOL
OHOBJTIOBAHOCTI JAHUX, Ta 30UIbIIICHHS IXHOI SKOCTI;
MPU LIbOMY 3POCTAE YACTKA CUCTEM CITOCTEPEKEHHSI
Ha 0a3i MaJImx CynmyTHUKIB [22, 25, 32, 35, 36].

(iv). TexHoJoriuni iHHOBaWii — OCHOBA MIBUAKOIO
PO3BUTKY KOCMOHABTHKM. Bin3zHaueHe crayie 3poc-
TaHHS KOCMIYHOI chepy 3yMOBJIEHE TEXHOJIOTIYHM -
MM MTPOPUBAMU MPUHANMHI Y IBOX HalpsMax: Mo-
rnepiie, e MiHiaTIopu3allisl cJIy>k00BO1 Ta 1IiJIbOBOT
amapaTtypu CYIIyTHMKIB, a OTXe, pi3Ke 3HUKEHHS
MacHU arapaTiB Ipy pO3LIMPEHHI IXHIX MOXJIMBOC-
Teil. B pesynbraTi CTpiMKO 3pOCTa€ KiJIbKICTh Cy-
MyTHUKIB Pi3HOTO TMpU3HAUYEHHsI Ha opOiTi 3emJi
(6inbir HiXK 10 THCSY 3a OLIHKAMM Ha CepeauHy
2024 p.) mpuUoOMy JI0 TPHOX YBEPTEil 3 HUX — MaJli
KocMiyHi anapatu. [lo-apyre, nossa paker-HOCIiB
Oaratopa3oBOro BUKOPHUCTAHHS i, BiIMOBIAHO, 31€-
ILI€BJCHHS MyCKOBUX MOCIYT. 3 OCTaHHIM (paKTOpoM
OB’ s13aHi ONTUMICTUYHI IPOrHO3M LIOA0 OYiKyBa-
HOT'O MPOPUBY B KOCMOHABTUIII BHACJIIIOK MaCcOBO-
ro MPUILIMBY MPUBATHOTO KamiTany (SIK 1€ cTaaocs
3 aBialli€o y mnepiiii mojaoBuHi 20-ro CTOJITTS) i
MOXJIMBOCTSIM MacCIITaOHUX TPOEKTIB OCBOEHHS
KOCMIYHOTO IIpocTopy [29].

[TpopuBHi po3p00KM y MPOEKTYBAHHI KOCMiYHUX
3ac00iB Ta iHCTpyMEHTapilo 3MIiCTWJIM MapagurMy
BUPOOHUIITBA y OiK JOCTYITHOCTI Ta MiHiaTIOpM3allil
KOCMIYHMX CHCTEM IpU PO3LIMPEHHI MOXJIMBOC-
T HagaHHSI HOBUX MOCJYT Ta cep 3aCTOCYBaH-
Hs. EnexTpuyHi, €JeKTPOHHI Ta eJIeKTpOMeXaHiqHi
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(EEE) KOMITOHEHTH KOCMiYHUX CUCTEM BCe YacTillle
BUPOOJISTIOTHCST HA OCHOBI KOMEPLIiHMX MiAXO/iB
commercial-of-the-shelf (COTS). BHacainok 1iboro
Bi/I3HAYA€ETHCS HOBUM piBEHb TOCTYITHOCTI KOCMIiU-
HUX MICili JUIs1 IIMPOKOro KoJja KopucTtyBadiB. ITin-
I'PYHTSI HACTYITHUX MPOPUBIB 3aKJIaJAETHCSI CbOTO/I-
Hi 3aBISIKM MacCIITaOHIM IATpUMII Aep>KaBHUMU
i IPUBAaTHUMHM CTPYKTypaMM TEXHOJIOTIYHMX IIPO-
PUBHUX TPOEKTIB Ta CTapTalliB y INMEpPCIeKTUBHUX
Harpsimax. CepeJl Mepiinx MOKa30BUM MPUKIAIOM
€ EBPOICICHKUI MPOEKT y cepi 3aXUILeHUX Tee-
komyHikaliit (GOVSATCOM), skuii nependavae
CTBOPEHHS Ha3eMHO-KOCMiYHOI CCTEeMM Ha OCHO-
Bi kBaHTOBUX KoMiIr'totepiB [23]. Cepen 3pocTaro-
4oi KiJIBKOCTI cTaprariB y 2024 poli aHamiTUKaMU
npoaHasizoBaHo Oiibire 2100 3HAYYyIIMX CTapTaIliB
(nipepu CIHA, 3axinna €spona ta IHais) [35], ski
OXOILTIOI0Th, 30KpeMa, Taki MpodJIeMu:

a) Advanced Space Manufacturings B iHTepecax
PO3BUTKY BEJUKMX KOCMIYHUX CTPYKTYyp, Oarato-
pa30BUX paKeT-HOCiiB, KOCMIYHMX IIATJIiB Ta Cy-
NYTHUKOBOI'O iHCTpyMEHTapilo: TepeaoBa poOOTO-
TexHika, 3D-apyk Ta “naerke” BupooHUUTBO (light
manufacturing — npouec BUpoOHUIITBA 3 BUKOPUC-
TaHHSIM JIETKOI TeXHiIKM Ta oOJIamHaHHSI 0e3 BelM-
KHX MPOMUCIOBUX TUIOLLL);

0) iH(bopMalliliHO-KOMYHIKaIliliHi TEeXHOJIOTii:
0e3IpOoTOBI MepexXi 3B’SI3Ky, 00pOOIEHHST HayKOBOL
iH(opMallii, MOHITOPUHT 3eMJli 3 BUKOPUCTAHHSIM
pisHux gaBauiB Ta GPS;

B) Smart Propulsion: py1iiiHi ycTaHOBKM pi3HOIO
MHpU3HAYEHHS, SIKi 3a0€31eYyI0Th 3pOCTaHHS 00CsITy
CBITOBOTO PUHKY KOCMIYHMX JIBUTYHIB, 32 TIPOTHO-
3amu, pocsarae 18.1 mupa monapiB CIIA mo 2028
poky (Ha 12 % OGinbire, Hix y 2023 pori). Okpim
BJIACHE 3POCTAIOUYMX TEXHOJOTTYHUX MOXJIMBOCTEN
CTpIMKE HapoIllyBaHHS iHHOBAllill BUCTyMHa€ Oe3Imo-
CepeaHbOI0 PYIIIMHOIO CUIOK KOCMIYHOI €KOHOMi-
KU, 110 CTPIMKO PO3BUBAETHCS.

(v). CucTteMHe OCBOEHHSI pecypciB HeOECHHX Till.
Micsup € IpiopUTEeTHOIO METOIO0 IPOBIIHUX KOC-
MIYHIX areHTCTB, a IHTEHCUBHICTb 3IiNCHEHHS
MICSYHMX MiCiii mocTiitHO 3pocTae. Inmis i JmoHisa
CTaJIM BIiAIIOBIIHO YETBEPTOIO i IT’SITOI0 KpaiHaMM,
SIKi 3MIACHWIN YCIIIIHI «M’sSIKi» ITOCaAK/ Ha Mics4-
Hy noBepxHIo; KuTaii HelllogaBHO MOBEPHYB Teplili
B iCTOpii 3pa3kKu MiCSIYHOTO T'PYHTY 3i 3BOPOTHOI'O
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6oky Micsus. Ha nepion no 2033 poky 3arjiaHo-
BaHo noHax 150 MiCIYHMX TOCTIAHULILKUX MiCill 3a
MiATPUMKU SIK AEPXKaBHOTO, TaK i KOMEPLiiHOTO (i-
HaHCyBaHHS. MiXHaponHa KOOpJWHalliiiHa rpyra
3 pochaimxeHHs: Kocmocy (ISECG) 3 27 kocMiuHuX
areHTCTB (B SIKy (hopMajbHO BXOAUTh i YKpaiHa),
BUpodOua «I[j100anbHy JOPOXKHIO KapTy KOCMIYHUX
JOCTimKkeHb» [26], sKa BimoOpaxKae «CIIUIbHE MiX-
HapoaHe 0ayeHHsI 110J0 IJIOTOBAHOTO Ta pOOOTH-
30BaHOTO JOCHTiIKEHHsS KocMmocy». Lleit mokymeHT
po3mIsigae gocaimkeHHss Micsiis SIK Mepiuuii Kpok
JUIS1 TIoAaIbIIOTO pyXy 10 Mapca (a Takox HocCif-
JKEHHS acTepoiliB Ta 00’ €KTIB TaJIEKOTO KOCMOCY), a
OCHOBHI €Tanu OJIM3bKi 10 BU3HAYEHUX ITPOTPaMolo
NASA «Aptemina».

Yrogy 11040 MPOEKTY <«ApTemiga» (Artemis
Accords) mignucanu 43 kpaiHu (cepel HUX YKpa-
iHa), ¢axiBui mig erimoro ISECG pospobunu 00-
IPYHTYBaHHSI HAayKOBUX MpOOJIEM HIOCIiIKEHHS
Micaug ta iHmux tin CoHguHol cuctemMu. OmHak
Ha CbOTOJIHI peasibHi /il rOJJOBHMX YYaCHUKIB CBifl-
yaTh CKOpIlll MPO <«MiCSIYHY TOHUTBY», HiX PO
pPIBHOTIPAaBHY KOOTMEpAIlil0 YYaCHUKIB SK, HaIpH-
KJan, nepenoavanocs y oroyomeHiin CILA 20 po-
KiB TOMY IJI0OaJIbHI Iporpami JOCTiIXKEeHb MiCs1s
i Mapca — Space Exploration Initiative (SEI). Lla
iHiLiaTKBa nepeabdavana CrijibHy IisIbHICTb, B SIKil
KOXXHa KpaiHa peaizyBalia Y3rOIKeHY YaCTUHY PO-
0iT. Artemis Accords — 1e HaOip NMPUHLMIIIB, IO
MOJISIETbCS yUaCHUKAMU, SIKi peasli3yloTh BJIACHI
nporpamu, TOfi SIK peajibHa ydyacTb Mporpami «Ap-
TeMila» BU3HAYa€ThCSl JABOCTOPOHHIMU yroaamu
3 NASA, sika € 3akoHoaaBLeM NpoekTy. CyTHiCTh
nporpam, 110 peali3yloTbCsl ChOTOAHI TOJIOBHUMU
rpaBusgMM (iX Hapasi J0 JeCSITU) IMOJISITa€ B IXHIN
MPUHLIMIIOBIM Opi€HTallii Ha HalliOHAJIbHI iIHTepeCH.
HesBaxaroun Ha IPOroJIOIIEHI TOCHIiIAHAIBKI IIii,
KOHKPETHI KPOKM CBigJaTh PO HaMipy yTBEPIKEH-
Hsl y TJ100aJIbHOMY JIOMiHYBaHHi, OCBOEHHI HOBHUX
apeaJjiiB MPUCYTHOCTI B KOCMOCi, TIEPCIeKTUBHOMY
BUKOPMCTaHHI pecypciB. BiamoBigHo 10 1iporo 3a-
TOCTPUJIMCS AWCKYCii 11010 Teperisily YMHHOI 3a-
KOHOJIaBUOi 623 1110710 OCBOEHHSI HEOECHUX TiJl.

(vi). YnpaBiiHHS CYYacHOI0 KOCMIYHOIO dislIbHiC-
TIO Ha Pi3HMUX PiBHSX 3a3HA€E iCTOTHUX 3MiH BiAIo-
BiZHO 110 ii cydyacHoi mapamurmu. Maerscst mepe-
OyciM MOpo IMPUHLMIIM MiIKBiZOMYOI KOOpAMHALIil

118

MiXIUCUUIUTIHApHOT AistibHOCTI. OnHi€ew i3 cTpa-
TETIYHUX OCHOB €BPOMNENMCHKOI KOCMIYHOI MOJIiTH-
Ku (strategic pillars) € «<MakcuMalibHe BKJIFOUECHHS
KOCMIYHOI HiSIIbHOCTI Yy BUpILLIEHHSI CYCHIJIbHUX i
€KOHOMIYHMX TIpO0JIeM 3a PaXyHOK 3MILITHEHHS Mif-
TPUMKM AepKaBHOI IOJITUKM, BiAMOBiAel Ha CO-
LiaJbHi BUKJIMKW Ta MiABUILEHHS PiBHS O€3MeKu»
[24]. V cdepi ynpaBiiHCbKMX 3axO[iB peasizallis
LILOTO TIOJIOKEHHSI BTUTIOETHCSI 3aMpOBaIKEHHSIM
T. 3. Nexus-miaxony, sikMil mependavyae MoOB’si3aHi
MixX OO0 yIpaBIiHChKi pillleHHsI B Pi3HUX cepax
[5]. Hait6inbin Bupa3Ho Nexus BTiJICHUH y CITiJIbHE
nporpaMmyBaHHSI 000OPOHHOI i KOCMiYHOI TisSTLHOCTI.
BignosinHuii cekTop y €BpOKOMICii KOOPAUHYETh-
ca [eHepanbHUM AMPEKTOPATOM 3 ITUTaHb OOOPOH-
Hol npomuciaoBocTti Ta kocmocy (The Directorate-
General for Defence Industry and Space, DG DEFIS
[24]). Tlonitmka mepCcHeKTUBHUX MOCTIIKEHb B
pamkax nporpamu €C «IopusoHT-EBpora» BUPO-
OJISIETbCSI KOMICi€10 3 LIM(PPOBUX TEXHOJOTiH, MPo-
muciaoBocTi Ta Kocmocy (Cluster 4: Digital, Industry
and Space), a cTpaTeriuHi JOKYMEHTU PO3IJIsIaloTh
KOCMOC B KOHTeKCTi Nexus KocMoc — 00opoHa —
KiOepOesmeka.

IHCcTUTYLIIHO MIXXBIZOMYY KOOIIepallilo BTIJICHO,
HarnpukJiaa, y HopoctBopeHoMy (2021 p.) €Bporieii-
CbKOMY areHTCTBi 3 KocMiuyHUX TiporpaM, EUSPA,
sIKe TMOKJMKaHe TapMOHi3yBaTHU IPOAYKIIil0 KOC-
miunux mporpaMm Galileo, EGNOS, Copernicus
GOVSATCOM & IRIS) 3 BuMoramMmu KOpHUCTyBa-
yiB. KoHKpeTHUII TpuUKIaa MiXBiZOMYOI KOOIIe-
pailii MpoIeMOHCTPOBAHO IIPU 3aTBEPIKEHHi Of-
HOTO 3 (p1arMaHChKUX €BPOMENCHKUX ITPOEKTIB —
Copernicus, IIporpamy sIKOro, oocsr ¢piHaHCyBaHHSI
Ta cdepu BiIMOBINATBHOCTI Y3TOMXYyBaIu, OKPIiM
ESA, nauioHanbHi MiHiCTEpCTBa, IO OMIKYIOTHCS
€KOJIOTi€0, TPAHCITIOPTOM Ta HayKolo.

HoBuii BUKTMK opraHizalii MixkBizoM4oro yIpasn-
JIIHHST KOCMIYHOIO JisIIbHICTIO HaJal0Th YPOKU PO-
CiliCbKO-yKpaiHChKOI BiiHM. AHAJITUKXA [HCTUTYTY
kocmivHoi noxituku (ESPI) 3a pesyiabratamMu BU-
BUEHHSI OCOOJIMBOCTEM BOEHHUX Mili IOIEepemKa-
I0Th, 110 €BpOIIi CIIiI TOTYBAaTUCS OO0 HOBUX peaii
11010 CIJIBHOTO BUKOHAHHS 3aBlIaHb y cepi Koc-
Mocy Ta odopoHu [22, 31].

2.2. Xapaxmepucmuka cmany KocmiuHoi disabHOC-
mi Ykpainu. YKpaiHa 3 1epIivx poKiB He3aaeKHOC-
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Ti mo3ullioHyBajla cebe sIK KOCMiyHa JIepsKaBa, sika
ycranakyBaia 10 40 % panssHCbKOTO KOCMITHOTO TT0-
TeHLiay i MPOBaJAUTb BJIACHY KOCMIUHY JisUTbHICTb.
IMepmi HauioHaibHi KOCMiYHI MporpamMu CipsiMo-
BYBaJIMCh Ha 30€peXKeHHSI HassBHUX MOXKJIMBOCTEA,
peajizalilo YKpaiHChbKO-POCIHCHKMX MPOEKTIB SIK
MPOJAOBXEHHS PANSHCHKOI MPOrpamMu Ta MOCTYMNO-
BUIi Tlepexin 1o BjacHUX MPoeKTiB. Ilependavanocs
3a0€3IeUYUTH LIUKJI CTBOPEHHSI paKeTHO-KOCMiYHOL
TEeXHIiKM i 3aIycKiB y KocMoc KA pi3Horo nmpusHa-
YeHHSI, IXHbOI eKCILIyaTallil Ha opOiTi Ta BUKOPHUC-
TaHHS OTpMMaHoOi iH(opMalii. 3HAKOBUM IIOCST-
HEeHHsIM OyJia peajtizallisi KOMEpPUiiHUX TPOEKTIB
«Mopcekuii ctapt» i «/IHimpo», a TakoX ycHilTHa
y4acTh YKPaiHChKUX MiAMPUEMCTB Y €BPOIEICHKO-
My TpO€EKTi «Bera», aMeprukaHCbKOMY «AHTapec»,
ctBopeHHs KA «€runrcar», a takox KA cepii
«Ciu». CTBOpPEHO 3aKOHOAAaBUy 0a3y, BKJIOYAKOUYU
HanioHanbHy KOCMiUHY IIpOrpamy, 3aTBEPIXKEHY SIK
3aKoH YKpaiHu.

V 1992—2019 pokax 152 pakeTu-Hocii i3 cTyre-
HSIMU Ta arperatamMu BiTYM3HSIHOTO BUPOOHUIITBA
3niiicHwIn 3anyck noHaa 400 KocMmiuHUX amapa-
TiB (KA) Ha 3aMOBJIEHHsI CIIOXXMBAUiB i3 25 KpaiH.
Cepen Hux: PH «3enit» 3 minatdopmu «MopcbKuit
crapr» — 26 nyckiB; PH «3eHit» 3 kocmompo-
My «baiikonyp» — 32 mycku, PH «/Ininpo» — 22
mycku, PH «luknon-2» — 13 myckiB, PH «lnuk-
JIOH-3» — 26 myckiB, PH «AHTapec» — 11 myckiB,
PH «Bera» — 15 myckiB.

byno 3anymeno 27 KA pi3HOro npusHadyeHHSs,
po3pobseHux II1 «Kb «ITliBgenne» im. M. K. Hre-
nsi» (IAIT «Kb «ITiBneHHe») i BurorosiaeHux Ha 11
«BO «IliBgenmani». Kpim Toro, JIHBIT «O6’eqHaH-
Hs1 KomyHap» cepiliHO BUTOTOBJISUIO TIPUIAAU CUC-
TeM KepyBaHHs 11t pakeT-HociiB (PH) «MounHist»,
«Coro3», «IIpoton». IIAT «XapTpoH» 3abe3meuy-
BaJIO CCTeMaMM KepyBaHHSI KoHBepciitHi PH «Po-
KoT» i «Crpina», 6azoBuii Mmoayab «3opsi» MKC Tta
KA pisHoro npusHaueHHsi. BO «KuiBnpunan» Bu-
TOTOBJISUIO CUCTEMU YIIPaBIiHHSI OOPTOBUMU KOMIT-
JlekcaMu KocMiuHux KopabjiB «Coro3» Ta «IIpo-
rpec». IligmpuemctBa KuMiBCHKOTO panio3aBoLy
ITpAT «Kypc» Ta IIpAT «Enmiz» BUITycKaau KOMII-
JIeKTH armapatypu «Kype» 1uist cTUKYBaHHS KOCMid-
HUX KopaOuiB 3 opOitanpHuMu craHismu. Ilo-
PiYHO MIAMIPUEMCTBA BUKOHYBaIM IToHan 150 mix-
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HapOAHUX KOHTPAKTIB Ha cyMy 10 450 MJIH qonapis.
[TocnimoBHe BUKOHAHHS MOCITiTHUIIBKUX IpOorpam
OXOIUIIOBAJIO 10 JECATU HAYKOBUX HAIPSIMiB, CTBO-
PIOBAJIO MIATPYHTS JUISl NEPCIIEKTUBHUX KOCMIUHUX
Miciii («YKkpceneHa», «loHocaT»), 1110 BitoOpaKeHO
y 3BiTax YKpaiHu Iepea MiKHapOIHUM KOMITETOM
kocmiyHux pocaimkeHb COSPAR, a Takox y yH-
JaMeHTaJbHill po3po0lli OCHOB KOCMIYHOTO TIpaBa
[1, 3,4, 19, 20, 30].

XapakTepu3yru KOCMIYHY HisUTbHICTh B IIiJIO-
My, CJiJ 3a3HAYWTH, 110 ITO3UTHMBHI Pe3yJbTaTH,
JIOCATHYTI Yy MUHYJII POKM B OCHOBHOMY HajleXaThb
10 KOMEepUifHUX MiXKHAapOJHUX IPOEKTIB, i TOCAT-
HYTi BOHM 3aBISKW POOOTI MiANpUEMCTB (Y MepIIy
yepry A1 «Kb «IliBgenHe» Ta BO «IliBmenMarir»)
Ha 30BHIIIHIX pMHKaX. BUKOHAHHS LIMX IIPOEKTIB
0asyBajiocsi Ha HayKOBO-TEXHiUHUX HampalloBaH-
HSIX Ta BUPOOHMYIlT 0a3i, CTBOPEHOI y MUHYJII POKU.
3ailicHEeHHsI BJaCHUX MPOEKTIB, PO3BUTOK HOBITHiX
TEXHOJIOTili, BUPOOHMYOI Ta MOCIiAHO-BUIIPOOY-
BaJIbHOI 0a3M 3aJMIIaJIOCh HAa BKpail HU3bKOMY PiB-
Hi, 110 MPU3BEJIO A0 KPU30BOI'O CTaHY BiTUM3HSIHOI
KOCMIYHOI iHIYCTPii i KOCMiIYHOI AisSJIBHOCTI B LILJ10-
My. BHacigok 1iboro OCHOBHUX MPOTIPAMHUX 1IiJIei
(CTBOpEHHSI HALliOHAJIBHOI CUCTEMU CITOCTEPEXEH-
HS$1, BXO/DKEHHS Y Mi>XKHapO/IHi MporpaMu, BUKOHaH-
HSI HAayKOBUX IIPOEKTIB TOIIO) HE OYJI0 ITOCSATHYTO,
He BUKOHAaHO OCHOBHI 3ajieK1apoBaHi (PyHKIIiT KOC-
MIYHOI isUTbHOCTI — CJIyTyBaTH PYIIiAHOIO CUJIOI0
BUCOKOTEXHOJIOTIYHOTO PO3BUTKY €KOHOMIKM Ta
BITIPOBAIXKEHHSI KOCMIYHOI iH(popMallii Ta TeXHO-
JIOTil y cdepu yrpaBiaiHHs, Oe3neku Ta 0OOpOHHU,
KOHTPOJIIO 32 pecypcamu Tol1I0;

V mpotieci BUKOHAaHHS 3arajbHOIEPXKaBHUX KOC-
MiYHUX TpOrpaM OTPMMAHO HM3KY BaroMMx TeX-
HOJIOTiYHUX 1 HayKOBUX pe3yiabrariB. Pazom 3 Tum
CTBOpEHi 3a OIOMXKETHi KOLITU BUPOOU (KOCMiuHi
araparu, TeJIeKOMyHiKalliliHi, HaBiraliliti, iHgop-
MalliliHi 3ac00M) B OCHOBHOMY BUKOHYBaJIM JEMOH-
CTpalliliHi 3aBIaHHS i HE CTaJIM YACTMHOIO CHUCTEM,
SIKi 320€3Me4yI0Th BUPIIIEHHS 3arajabHoIep:KaBHUX
npobjaeM y pexXuMi mocTiiiHoi ekcrutyaTauii. [1pu
1IbOMY H€ BJAJOCS PO3BUHYTU iHCTPYMEHTAJIbHY
0a3y KOCMIUYHUX AOCIiIXKEeHb, a KiJIBKICTh Jlabopa-
Topiit i axiBIliB, 3MIaTHUX CTBOPUTU KOPUCHE Ha-
BaHTaXKEHHS JUISI KOCMIYHMX MiCii{, 32 OCTaHHI POKH
KPUTUYHO 3MEHIIWJIAch. YKpaiHa He BXOAUTbH 10
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YyuCia BUKOHABLIIB €BPOIEMCHKUX a00 iHIIMX MiX-
HapOAHUX KOCMIYHMX IIPOEKTIB, HE peajli3ye Bllac-
HHUX, a KOCMi4HI TeXHOJIOTil He CTall «IOKOMOTH-
BOM iHHOBAILIiHHOTO PO3BUTKY» KpaiH!; TOYMHAIOUYN
32018 poky HeMae 3aTBepIKEHOI 3arajibHOASPKAaB-
HOI HayKOBO-TEXHIYHOI KOCMIYHOI MpoTrpamu, siKka
nependadyeHa 3aKOHOAABCTBOM YkpaiHu. Ha 3a-
rajibHi KpM30Bi SIBMIIa B OCTAHHI pOKW HaKJIaJUCs
TpariyHi HacJiAKW BiliHU: pyHHYBaHHS BUPOOHM-
YUX Ta JOCIiIHUIBKUX 00’ €KTIB Ta KpUTUIHUN Bif-
TiK KanpiB. OTke, 3arajibHy CUTyallil0 3 KOCMiYHOIO
JisUTBbHICTIO MOXHA OXapakKTepus3yBaTH SIK 11 3rop-
TaHHSI.

TenepilrHsg KocMivyHa TiSITTBHICT B YKpaiHi CKia-
JAETBCS 3 CYKYITHOCTi (pparMeHTiB, sKi (byHKIIiO-
HYIOTb Y Me€XaxX BUKOHAHHS JIOKAJIbHUX 3aBAaHb
pi3HOrO piBHSA, i IPAaKTUYHO HE KOOPAMHYIOThCS Ha
JIep>KaBHOMY PiBHi.

Ilo-nepme, cchopmyBanucs cnisbHomu KoOpucmy-
8a4ié NEeP>KaBHOTO i MPUBATHOTO CEKTOpa, SKi Ha
peryssipHiii OCHOBI BUKOPUCTOBYIOTb CYITyTHUKOBY
iHdopMalito. OCHOBHUM KOPMCTYBaue€M CYIyTHU-
KOBUX JaHUX y POKU BiliHM cTajio MiHicTepcTBO
00O0pPOHM, iHIIII CHJIOBI CTPYKTYPH, SIKi MalOThb CITe-
LHiaJIbHi MOXJIMUBOCTI BUKOPUCTAHHSI CYITYTHUKO-
BOi iH(¢opmallii mapTHepiB Ta col3HUKiB. OKpiMm
1IbOI'0, TiIPOMETEOPOJIOTIYHA CJIyK0a, MiApO3aiiu
JCHC, npaBoOXOpOHHI OpraHu, OKpeMi CiIbChKO-
roCIoapChKi TOCMoaapcTBa, a TAKOX OKpeMi opra-
HU MICLIEBOTO CaMOBpsiyBaHHSI, BUKOPHUCTOBYIOTh
JlaHi CYMyTHUKOBUX CIHOCTEPEXeHb, SIKi HaaaloTh
NpuBaTHiI orepatopu, a Takox HamioHanbHMA
LEHTPp YIpaBIiHHS Ta BUMPOOYBAaHHSI KOCMiYHUX
3aco0iB (HIIYBK3). Okpemi opraHu LieHTpaib-
HOI BUKOHaBYOi Biaaau (MiHekoHMikM, JlepXkcTarT,
Minarpononituku, MiHIpUpoaAn) NEPiOAUIHO BU-
KOPHMCTOBYIOTh CYIIYTHUKOBY iH(OpMAalIito 11T y3a-
raJbHEHUX 3BiTiB, 30KpeMa Iepea MiXKHapOIHUMU
opraHizauissmu. Ha peryisipHiii o0CHOBi BUKOPUCTO-
BYIOTb JIaHi HA3€MHO-KOCMiYHUX HaBiraLiiiHUX CUC-
TEM CITUTbHOTA MPUBATHUX opraHizauiii. [TocTiliHn-
MU KOPUCTyBayaMW BiTHOCHO HEBEJIMKUX OOCSTIB
CYNYTHUKOBHUX IAHUX, & TAKOX TOCTINHULIbKUX 3a-
KOpPIOHHMX arapariB € HayKOBi YCTaHOBH, SIKi Ipa-
LIOIOTH 32 MiXKHAPOJAHUMM IpaHTaMU Ta HalLliOHAIb-
HUMM MPOEKTaMU. Y 1IJIOMY PiBeHb YNPOBaIXKEH-
Hs KOCMIYHOI iHdopMmalii y CycHiibHY IPpaKTHUKY
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3aIMILIAEThCSI HA HEBUIPABIAHO HU3bKOMY piBHi,
He3iCTaBHOMY 3 MPaKTUKOK €BPOMENChKUX KpaiH;
y TUX cdepax, e MixKHapOAHi NMpaKTUKU OCHOBaHi
Ha KOCMIYHMX iH(hOpMaliiiHUX cucTteMax (eKoJo-
TiYHUIA MOHITOPHUHI, arpapHa cgepa, KOHTPOJIb Ha-
CJILIKIB IIPUPOIHUX Ta TEXHOTEHHUX KaTacTpod, pe-
CYPCHHMI MOHITOPMHT TOIIO) YKPaiHChKi iIHCTUTYIIii
BUKOPHMCTOBYIOTb IIi TEXHOJIOTI] €ITi30JUYHO.

ITo-apyre, (byHKIIIOHYIOTH MiATTPUEMCTBA Ta OpP-
ranizaumii, 1o IMpu3HaYeHi po3pOOJISITU, BUTOTOB-
JISITA, €KCITyaTyBaTM KOCMIiUHY TEXHiKy, a TaKoX
MPOBOAUTHU IOCHIIXKEHHS Ta po3pooku. [ogoBHUM
YUHOM 1I€ epyna 0epucagHux i aKyioHepHUxX nionpu-
EMCME — BUPOOHUKIB PAKeMHO-KOCMIMHOI MexXHIKU,
sIKi IepeOyBaoTh y cepi ynpapiiHHs JlepKaBHOTo
KOCMIYHOTO areHTCTBa YKpainu (i sKi 3a pamsH-
CbKOIO TPaJMIIi€I0 HA3UBAIOTh «KOCMIUHOIO Tajy3-
310») OyJ1a cy0’€KTOM ITiATPUMKU 3 OOKY JepKaBHIX
Mporpam, a TakoX BHKOHaBILIEM MiXXHapOJHUX KO-
MEepLiiHUX KOHTPaKTiB («MopchKuii ctapt», «/Hi-
npo», «LlukiaoH-4», «Bera», «AHTapec»). B ymoBax
BiZICYTHOCTI Jep>KaBHOTO 3aMOBJICHHSI Ha KOCMid-
HY TEeXHIKY i 3aKiHUE€HHSI OUIbIIOCTI MiXKHAPOIHUX
KOHTPAaKTIB IiAIIPUEMCTBA IIEPeOyBaIOTh Y INIMOOKII
KpM3i i OPIEHTYIOTHCSI HAa MIXKHAPOIHI 3aMOBJICHHS
(Hapa3i HeBesuKi) Ta HisUIbHICTb, HE TMOB’sI3aHy 3
kocMocoM. [Ipu 11boMy ceKTOp po3poOJIEHHSI HO-
BITHIX TEXHOJOTii (KOJMIIHI rajy3eBi iHCTUTYTH)
MPaKTUYHO 3pYHHOBAHO, a MiXXHApPOIHi MapTHepHU
LiKaBJISIThCS 31€0iMbIIOr0 KOHCTPYKTUBHUMMU PO3-
poOkamu, a He cranielo BupooHuiTBa. Ilogabiia
JOJISI IIANPUEMCTB, $IKi BUTOTOBJISUIA CUCTEMHU,
arperaTyd Ta BY3JIM PaKeTHO-KOCMIYHOI TEXHIKM €
OIHI€EI0 3 TPO0JIEM ITOAAIBIIOrO iICHYBaHHS KOCMIid-
HOI iHAYyCTpii Ta i1 BUTJIS LY.

Ilionopsokosanuit J[KAY HI[YBK3 € enuHoio
iHCTUTYLIi€I0, SIKA OTPUMYE cTajie OroKeTHe i-
HaHCYBaHHSI CBO€1 MisUTBHOCTI, CIIPsIMOBaHOI Ha
OiATPUMKY Ta PO3BUTOK 3ac00iB Ha3eMHOI iH(pa-
CTPYKTYpY, BUKOHAHHSI HU3KU TIporpam iHgopma-
LiliHOro 3a0e3reyeHHs1 (CIocTepekeHHsT 3eMHOIL
MOBEpXHi, HaBirauist, CEMCMIYHUII MOHITOPUHI,
KOHTPOJIb KOCMIUHOI OOCTaHOBKM, aCTPOHOMIUHi
nociimxkeHHs). Ha neHTp noknaneHo yHKIlii omne-
partopa BiTUM3HSIHUX CYMTYTHUKOBUX CUCTEM (Hapasi
BiICYTHiX), sIKWii 3a0e3mnedyyBaThUMe OOPOOJICHHS,
30epiraHHsI Ta HaJaHHS iH(opMallii KOpUCTyBayaM.
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B ymoBax BiacyTHOCTI AepXaBHMX KOCMIYHHUX IIPO-
rpam LleHTp Hamaraerbcsli He TUIbKM €KCILTyaTyBa-
T 3acOo0M Ha3eMHOI iHPpacTpyKTypu, a (haKTUIHO
BUKOHYE BJIACHi MporpaMu B iHTepecax HIMPOKOIo
KOJIa Iep>XKaBHUX iIHCTUTYIIINA.

B ocTtaHHi poku y cepi BITYN3HIHOI KOCMIYHOL
TiSITBHOCTI  cpOPMYBABCSI MPUBAMHULL CEKMOp —
HU3Ka KOMITIaHil, cepel IKMX BUPi3HIETHCS KOMIIa-
Hig EOS, ska crnemnianidyeTbcss Ha KOCMIiYHMX CITO-
CTepexXEeHHsIX 3eMJIi, 3a0e3neuye iHpopMaliiiHUMU
MpoayKTaMM 3aMOBHUKIB 3 200 KpaiH i eKcIuyaTye
BJIACHY CYITyTHUKOBY CUCTEMY 3 YOTUPbOX arapariB.
Bzaemonisa 3 kopucryBauamu B YKpaiHi oOMeskeHa
iH(opMalLiifHO MiATPUMKOIO 3aXO/iB, 1110 iX MPO-
BOIMTH MiHiCTEPCTBO OOOPOHM.

IlepcrieKTMBHY TeMaTHUKY OpOIiTaJbHOTO CepBicy
pospobisie AT «Enamiz» (pazom 3 II1 Kb «IliBaeH-
He»), SIKY IiITPUMYIOTh 3aKOPAOHHI 3aMOBHUKU.

VYoponoBxk pokiB edeKTUBHO (PyHKIIIOHYBaa
YHIGepCUMemcbka Cucmema aepoKoCMIiMHUX BUULIB
(XAI, HAY, JIHY, KIIl), sixa npoayKyBajia HU3KY
TEXHOJIOTIYHUX PO3PO0OOK, iH(OpMAaLiiHUX TeXHO-
JIOTii, HAyKOBO-TeXHIYHUX MpoekTiB. Hapasi € ne-
KiJIbKa iHIIIaTUBHUX TPYyIl-po3poOHUKIB. BracHy
KocMiuHy nporpamy mae KIII, sska BKJIroya€e CTBO-
peHHs Ta 3ammyck manux KA cepii PolyTAN; po3po6-
KM CUCTEM YIIpaBIiHHsI, eHepro3ade3neyeHHs, Tep-
MocTabimizawii Tomo. Y crpykrypi KIII ctBopeHO
aepoKocMiuyHMil iHCTUTYT, a TakoxX Kb «Illtopm»,
sIKE 3aliMa€eTbCcsl PO3POOKOI0 KOCMIUYHMX arapariB
IUCTAHLIIHOTO 30HIYyBaHHS 3eMJIi.

Inemumymu HAH Ykpainu mnpoTtsirom 0araTbox
POKiB MPOBAJATh CUCTEMAaTUYHI JOCTIIKEHHS B ra-
JIy3sIX KOCMIYHOI acTpOHOMIi Ta acTpodi3nKu, KOC-
Mi4uHOiI 0i0JIOTi1, JOCTimKeHb HAaBKOJIO3EMHO] Ij1a3-
MU, T'€OKOCMOCY, KOCMIYHOTO MaTepiaJlo3HaBCTBa
Ta TEXHOJIOTIYHUX €KCIEPUMEHTIB Ha opOiTi, Teopii
VIIpaBIiHHS, KOCMIYHMX iH(OpMaLiiHIX TEXHOJIO-
rifi, BuBYeHHs 3emJyi 3 Kocmocy. B ocrtaHHi poku
po3po0JIEHO Ta MiATOTOBJICHO A0 3HiMCHEHHS Ha-
yKkoBi Micii «IOHOCAT-Mikpo» Ta «Aepo3oJib- UA»
(He BigOy/aMCsl BHACHAIAOK BiICYTHOCTi KOCMiYHUX
nporpam). 3AiACHIOEThCSI MporpamMa AOCHiAHULIb-
KX TeXHoaoriyHux pooiT crijibHa 3 AIT «Kb «ITiB-
JICHHEe» B iHTepecax po3poOJIEeHHSI paKeTHO-KOC-
MiuHoOi TexHiku. Hapas3i BiACyTHi LIJIbOBI IporpamMu
JIOCIIIKEHb, pOOOTH BUKOHYIOTBCS 32 paxXyHOK 0Oa-
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30BOTr0 OMOMIKETHOTO (hiHAHCYBaHHSI Ta HEUMCJICH-
HUX 3apyOi>KHUX T'PAHTIB.

ITo-TpeTte, MPOTSATrOM POKiB CTBOPIOBAIUCH i PO3-
BUBAJIMCh HAPSIMU KOCMiIYHOI HisUTBHOCTI, 1110 3a-
0e3reuyoTh 1i cTajie (PYHKIIOHYBAaHHS SIK OTHOIO 3
JIep>KaBHUX ITIPIOPUTETIB — KOCMIYHE 3aKOHOIaB-
CTBO, OCBiTa Ta IiATOTOBKA KaapiB, IIPOCBiTa I'po-
MaJICbKOCTi Ta TMporaraHjia KocCMOHaBTUKHU. [IeHTp
KOCMIUHOTO TIpaBa, CTBOpeHUI Ha 0a3i IHCTUTYTY
nepxasu i mpaBa HAH Ykpainu, mpoTsarom pokiB
3aKjafaB MiAIPYHTS PO3pPOOJIECHHS HalliOHAJIbHOIO
KOCMIiUHOTO MpaBa; 1is1 podoTa Monpu 3Ha4yHi 3/10-
OyTKM MUHYJIUX POKiB (YXBaJ€HO HU3KY 3aKOHIiB Ta
IHIIMX aKTiB) CYTTEBO CIIOBLIbHMIIACS 3 OIJISIIY Ha
MPaKTUYHO BiACYTHIO 3aTpeOyBaHICTh Ta (DiHAHCOBY
MATpUMKY. Y rajay3i KocMidyHO1 ocBiTH HamioHanb-
HUI LIEHTP aePOKOCMiUHO1 OCBITH MOJIofi y M. JIHi-
npo (HIIAOMY), cniupatouuch Ha OIOIKETHY TTi/-
TPUMKY, BHUKOHYE HHU3KY 3arajibHOyKpaiHChKUX
i JIOKaJbHMUX 3axXO[iB, IHIIIOE CHUTbHI TPOEKTH
YHIBEPCUTETCHKOI MOJIOJI Ta IPOMMCIOBOCTI. 3a-
rajoM cdepa miAroToBKM KaapiB IepedyBae y cTaHi
IMOOKOI KpU3HU, CIIPUYMHEHOI KPUTUYHUM TadiH-
HSIM PiBHS ITiITOTOBKM YYHIB y TaJIy3i IIPUPOTHUINX
HayK, 3aKpPUTTSIM HU3KM CIeliaIbHOCTei B YHiBEp-
CUTETax, HU3bKOIO 3aTpeOyBaHICTIO (haxiBIIiB y KOC-
MiuHilt iHayCTpii i HaylIi.

BpaxoByrouun HassBHUM CTaH KOCMi9HOI TisTbHOC-
Ti, 3aJIydeHHS ii MOXJIMBOCTEI MO BUPILLICHHS Ha-
TJIbHUX 3arajibHOEP>KaBHUX MPOOJEM BUMararoTh
HM3KUA TEPMiHOBAHUX CKOOPAMHOBAHUX 3aXOJiB.
VMaeTbest Mpo CTBOPEHHS LIUTICHOT CHCTEMU MpoBa-
JIKEHHSI KOCMIYHOI MisSUIBHOCTI, IiANOPSIAKOBAHOI
aKTyaJlbHUM 3arajbHOAEP>XKaBHUM 3aBJaHHSIM, BU-
pOOJIeHHS TIOJIITUKU Ta CTpaTeTyBaHHSI, OHOBJIEHOL
CUCTEMU YMPaBJIiHHSI, CTUMYJIIOBAHHSI TTPUBATHOIO
CEKTOpY, 3IiACHEHHSI IOCIiAOBHOI TE€XHOJOTiYHOI
MOJIITUKH, 3aXOJiB KaJpOBOTO, 3aKOHOMABYOIO 3a-
Oe3nevyeHHsI.

3. CTAH TA TPOBJIEMHU CYYACHUX
KOMIIETEHIIIN KOCMIYHOI TIAJIbHOCTI YKPATHI

TexHoJioriyHa noJjIiTHKa MEePCIeKTUBHOI AisSUIbHOCTI
IPYHTYETHCSI HA BUBHAYEHUX KIIOYOBUX KOMITETEH-
1igX, TOOTO TUX 3HAHHSX, JOCBIi, TEXHOJIOTIAX, SIKi
3a0€3MevyoTh PO3BUTOK BJIACHO1 iHIYCTpil Ha OCHO-
Bi 3aTpeOyBaHOCTI 11 MPOAYKIii Ta KOHKYPEHTHUX
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0. 1. ®edopos, B. B. Bacunves, 4. C. Aukie

nepeBarl. ITlopiBHSUIbHMIA aHaji3 Ta IMEePiOAMYHMIA
Meperssi BJIaCHUX KOMIIETEHIii € YMOBOMO Tep-
CIEKTUBHOTO IJIaHYBaHHS i €(heKTUBHOI MisIIbHOCTI
SIK Y MeXax BJIACHUX MPOEKTIB, TaK i Ha 30BHIlIHIX
puHKax. s YkpaiHu OlliHIOBaHHS, BUOIp Ta Mifd-
TPUMKa KJIIOYOBUX KOMIIETEHIIil Bifirpae ocoOInBy
pOJIb BHACJIiIOK BOEHHUX Aiil Ta BiIMOBM Bill CITiB-
npaii 3 MianpueEMCTBaMU KpaiHu-arpecopa. Bupo-
OJICHHSI TEXHOJIOTIYHOI MOJIITUKY MOTpeOye BacHOL
METO/OJIOTII Ta opraHizallii JisUIbHOCTI 3 ypaXyBaH-
HSIM MixXHapomHoro mocBiny. HaBegeni exkcmepTHi
OLIHKM HasIBHMX KOMIIETECHL (PIiKCYyIOTh MOTOY-
HUI CTaH i CIyTrylOTh 3arajlbHUM OPiEHTUPOM TIpU
OIIIHIOBaHHI MOXJIMBHUX ILISIXiB peatizallii KocMid-
HOI AisSIIbHOCTI y HAOIMKYi POKM.

3.1. Paxemu-nocii, nyckxoei nocayeu. IIpoext
«MopcbKU1 cTapT», 11O BUKOHYBaBCS Y MUHYJI
POKM, BU3HAHO YU HE HaMKpalluM Y CBITi IIpUKIIa-
JIOM 3aCTOCYBaHHS HanpalbOBaHUX paHille pakeT-
HUX TEXHOJIOTi B iHHOBALIiiTHOMY KOCMIYHOMY IIPO-
exTi. Bucoki Texniuni xapakrepuctuku PH «3enit»
(eHepromacoBi MOKa3HUKM, HU3bKa COOIBapTiCTh,)
3yMOBJTIOIOTH ii TTOTEHIIiIHHE BUKOPUCTAHHS Ta 3a-
TpeOyBaHICTh 1i Moau(iKaliii y HOBUX IMPOEKTAX.
YKpaiHchbKi pO3pOOHUKM Ta BUPOOHUKM MalOTh J0-
CBIiJl y4yacTi y IIPO€EKTi eKCIuTyaTallii aMepruKaHChKOL
PH «Antapec» (cepiliHe BUPOOHHMIITBO OCHOBHOIL
KOHCTpyK1Iii nepioro cryneHss PH, cynpoBin myc-
KOBHX IIOCJIYT), a TaKoX eBponelicbkkoi PH «Bera»
(cepiiiHe BUPOOHULITBO OJJOKY MaplIOBOrO JIBUTYHA
4 ctyneHst). Y nepcrneKTuBHOMY MPO€eKTi « L IukioH-
4M» (3 KaHaJCbKUMU MapTHEPAMMU) BUKOPUCTOBY-
I0ThCSI HOBi PO3pOOKU, 30KpeMa JIBUTYH MepIIoro
CTyIeHs Ta cucteMa KepyBaHHs. Koornepaitisi aep-
KaBHUX mignpuemMcTs Ha youii 3 IIT «Kb «IliBoeH-
He» IPOBOAMJIA CEPil0 IEePCIIEKTUBHUX PO3POOOK
PH, rooBHMM YMHOM CepeaHbOIO Ta JIETKOTO KJIacy
i3 3aCTOCYBaHHSIM BiTYM3HSIHUX KOMILJIEKTYBaJIbHUX
BUPOOIB, a TAKOX €KOJIOTTUHO YMCTUX KOMITOHEHTIB
nanuBa. BonHouac B YkpaiHi aexijibka KOMaH[ He-
JIep>KaBHUX OpraHizalliii mMpoBOAUIIN MOIITYKOBi po-
6ot 3i ctBOopeHHs1 PH Hamyierkoro kiacy, BKjItoua-
I0YM 3aCTOCYBAHHS MOBITPSIHOTO CTAPTY.

JocBin peanizaliii BeJIMKUX IPOEKTIB B rajly3i myc-
KoBUX Ttociyr («Mopcekuit ctapT», «lIukiaoH-4»,
«JIHinIpo») TPOAEMOHCTPYBAB 3arpo3M, IMOB’sI3aHi
3 TMOJITUYHUMM PU3MKaMU Ta HE CaMOJOCTaTHic-
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TO0 YKpaiHM Ha 30BHilIHIX pruHKax. HoBi TeHaeHI1
y cepi MyCKOBUX TOCIYT, KOPCTKA KOHKYPEHIIis
Ta TEXHOJIOTIYHI 3MaraHHs BMMaraloTh aKTHBHOTO
BIIPOBAIKEHHSI iHHOBALiMHUX TEXHOJOTIYHUX Di-
1IeHb, JOCTYIY 10 HOBITHIX MaTepiajliB Ta KOHKY-
PEHTOCHPOMOXHUX KOMILIEKTYBaJIbHUX BHUPOOIB,
BUPpIILIEHHsI IIpo0jieM immopTto3amimieHHsa. IIpo-
OsieMu yrpaBiiHHSI Ta peOpMYBaHHS AePXKaBHUX
minnmpueMcTB (B niepiry yepry BO «IliBaeHmarn»),
SIKi HE BUPIIITYIOTHCSI TPOTSATOM POKiB, BUCTYITAIOTh
KPUTUYHUM (PaKTOPOM CTabiIbHOrO (YHKIIOHY-
BaHHS BITYU3HSIHOI KOCMiUHOI iHAYCTpPil B Cy4aCHUX
YMOBax.

EkcriopTHa [isUIbHICTb, 110 BU3HAYaTUME edek-
TUBHICTb LILOTO HAIPSIMY, BUMArae IoliykKy crpare-
TYHUX ITAPTHEPIB, 30KpeMa 3a Iep>KaBHOI MiATPUM-
ku. g minTpumka, cnpsiMoBaHa Ha HapOULyBaHHS
SIK €KCIIOPTHOTO, TaK i OOOpPOHHOIO ITOTEHIIialy,
Ma€e BKJIIOYATH TaKOX iHCTPYMEHTHU CTUMYJTIOBaHHS
IHHOBaLitHUX pO3po00K, pedOopMyBaHHS BUPOO-
HUYOI CTPYKTYPH Ta 3aMPOBAKEHHS PUBATHO-ITY-
OJiYHOIO MapTHEPCTBA.

3.2. Bupobu paxemno-xocmiunoi mexuixu (osuzy-
Hu, KocMiuHi anapamu, cucmemu, npuiadu). PiBeHb
KOCMIYHOI iHOYCTpil Yy MHUHYJI POKM BU3HA4YaBCS
PO3BUHEHOI0 HAYKOBO-BMPOOHUYOIO 0a3010 Malllu-
HOOyIyBaHHSI Ta TPUIano0yIyBaHHS, CTBOPEHHS
cucteMm kepyBaHHs1 PH i KA, aBuryHiB pizHoro 3a-
CTOCYBaHHSI, CUCTEM CTUKYBaHHSI, 8 TAKOX CTBOPEH-
HsI KOCMIYHUX arapariB; sl 0a3a MaJjia 3a0e3MeuuT
IIMPOKUI CIIEKTP BUKOHAHHS 3aBIaHb PAIsIHChKUX
nporpam, a 3roJoM IOCTPaASHCbKUX TIPOEKTIB.
Kputnunuii crian 3aTpeOyBaHOCTI 1Ii€1 IIPOAYKILii Ha
30BHIIIIHIX PMHKAX i BTpaTa HU3KW TEXHOJIOTIN mif-
CWIIOIOTBCS BiJICYTHICTIO I€P>KaBHOTO 3aMOBJIEHHS
Ta HEBM3HAYEHICTIO 11070 ioro mepcrekTtun. 1o
BUKJIIOYEHHST MOXHA BiIHECTU JBUTYHOOY/IYyBaHHSI,
sK€ 3a YMOBU MOJIepHi3allii BAPOOHUYOI Ta €KCIIe-
pUMeHTaJIbHO1 0a3u, MOXKe KOHKYpPYBaTH Ha CBiTO-
BUX PUHKaX.

Y MuHyJi poKuM B paMKax LiJIbOBUX TPOEKTIB
BUKOHYBAJIMCh IHHOBALiliHI PO3pOOKM: MapIlo-
BUI JBUTYH TPETbOTO CTyIeEHs, O6e3riaTropMeHHa
iHepuiiiHa HapirauiitHa cucrema (BIHC) mna PH
«Iuxnon-4M», cKkaHep BHMCOKOI PO3pi3HIOBAJIbHOL
s3natHocTi (CKBP3), manmorabGapurHa acTpoBUMi-
proBanbHa cuctema st KA «Ciu-2». Y chepi aBu-
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rYHOOyIyBaHHSI YKpPaiHChKi PO3pOOHUKHU BHPOO-
Huku (JI1 «Kb «IliBgenne» ta BO «Ilimenmar»)
3a0e3neyvyBajiy cepiliHe BUTOTOBJIEHHS MapllOBUX
JIIBUTYHIB Y paMKax TpoekTy «Bera», pospoOuin
JIIHINKY pIIVMHHUX IBUTYHIB BEpXHiX cTymneHiB PH,
pyiiiHi ycraHoBkU 111 KA pi3HOro mpru3HayeH-
Hg. Hwuska opraHizaliii nmpoBoguWIM iHiLliaTUBHI
PO3pOOKM TMEPCHNEeKTUBHUX CUCTEM IJIsI MalOYTHIX
MiCiii: TeXHOJOril CTMKYBaHHS i1 OpOiTalbHUX
CepBiciB, KOMIIOHEHTHU MicsauHoi 0a3u, maji KA mo-
CJTIITHUIIBKOTO Ta MPUKJIAAHOTO Npu3HaueHHs. Boa-
Houac cTBopeHHs BiTum3HsIHUX KA cepii «Ciu» Oyi1o
3aTSITHYTe KPUTUYHO, 1110 YHEMOMXJIMBUJIO BJACHI
IOCHiIKEHHS i TIepCIEeKTUBY BUXOAY Ha MixKHAPOI-
Hi pUHKU. MOXJIUBOCTI BITYM3HSTHUX BUPOOHUKIB
y Tay3i cJIy>k00BHX Ta LIiJIbOBUX OOPTOBUX 3aC00iB,
110 PO3pOOJIIOBAIUCH Y MOIEepenHi poKu (ONTUY-
Hi CKaHepH, paliojioKaliiiHi cucteMu, (oToeseK-
TpUYHi OaTapei, IIBUAKICHI pamiojiHil, cucreMu
300py iH(opMallii TOLIO) MPAaKTUYHO BTPaYeHi BHA-
CJIIIOK BiICYTHOCTI 3aMOBJIEHb Ta BiICTaBaHHS TeX-
HiYHOTO PiBHS Bijl CBITOBOTO.

BifacyTHICTh ep>XaBHOTO 3aMOBJICHHSI Ta peai-
3allil IUTbOBUX MPOEKTIB MPU3BEIO A0 3TOPTaHHS
HayKoBO-BUPOOHMYOI 0a3u Ta BinToKy Kanapis. Ille
y TMMOBOEHHMH Yac BUHMKJIM MaclITaOHi MpobjieMu
1IOAO0 IMITOPTO3aMillleHHSI CYYacHMUX CIIyXXOOBUX
MpuaagiB (3ipKoBi AaBadi, COHSYHI MaHeJi TOIIO) Ta
BIIPOBAIXKEHHI HOBITHIX TexHoJoriit (3D-npyk ene-
MEHTIB KOHCTPYKIIii, 6araTomapoBi IpyKoBaHi ruia-
TH) i3 BUKOPUCTAHHSIM iHHOBAIliiHUX MaTepialiB i
Cy4yaCHUX KOMIUIEKTHUX eJleMeHTiB. KputuuHum €
BiICYTHICTb JOCBily KOHCTPYIOBaHHSI HaHO- Ta ITi-
komatdpopM KA i3 30epekeHHSIM 1XHIX OCHOBHUX
¢yHKIIi (KUBJIEHHS, OpiEHTALlisl, TIepeTaBaHHs 1a-
HUX TOILIO0). 3a MaJIUM BUKJIIOUEHHSIM, KOPMCHE Ha-
BaHTaxkeHHs KA He BifIoBigae cydacCHUM BUMOTIaM.

VY TEXHOJIOTIYHIN MOJITULI HaOIMKIOro Maii-
OYTHBOTO il MalOTh 30CepeIXKyBaTUCSl Ha BiJHOB-
JIEHHi NEPCIEeKTUBHUX TEXHOJIOTIN 1 MiATPUMILI He-
Oaratbox iHHOBaLiHUX PO3POOOK. 3 ypaxyBaHHSIM
MPiOPUTETHOCTI MPOTPaMHUX 3axO[iB HeoOXiTHa
porpamMa rajy3eBoro piBHSI B LJapMHi KOCMi4YHOI'O
MPUIag00yayBaHHS Ta TEXHOJIOTIHA.

3.3. Texmoaocii cmeopenHs paxemmHo-KoOCMIMHOT
mexnixu. Po3BUHEHY TeXHOJIOTIYHY 0a3y KOCMI4YHOL
IHIyCTpil YKpainu cKiagany HU3Ka IAIPUEMCTB Ta
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TEXHOJIOTIYHUX IHCTUTYTIiB (Hapasi BTpauyeHuX), a
TaKOX aKaJeMiyHi yCTaHOBH, JUIS SIKMX MaTepiaiao-
3HABCTBO Ta TEXHOJIOTi4YHi TOCIIIXKEHHS BUCTYIIAJIN
npioputeroM. Ilpu 11bOMY N€sIKi i3 BIPOBAIKEHUX
TEXHOJIOTiA (3BaploBaHHSI B KOCMOCI) CIIyTyBajlu
JOHEAaBHA BI3UTIBKOIO YKPaiHCHKOTO KOCMOCY.
TpanuuiitHO TEXHOJIOTIYHI YCTAaHOBU CKJIaJaIv ABa
HarpsiMU — TEXHOJIOTii MalIMHOOYIyBaHHS Ta TeX-
HoJoTil TprIanoOyayBaHHS. 3a UMM HapsaMaMu
y niepion g0 2012 poky BHMKOHYBajach poOOTH 3a
TEeMAaTUYHUM TIJIAHOM PO3POOOK, CIPSIMOBAaHUM Ha
BUPOOHULITBO HOBOI TexHikM (PH «Lluknon-4» i KA
MC-1TK, «Ciu-2», «Ciu-2-1»), KUl BHKOHAHO
npu6an3Ho Ha 20 %. BukoHaHO po3poOKU 30KpeMa
y rajay3six ABUTYHOOYIyBaHHSI, aBTOMaTM30BaHUX
MPOIIECiB 3BapioBaHHs, 0araTo(yHKIIOHATbLHUX
KOMITO3UIIIMHUX MaTepiajliB, COHSYHMX Oarapeii,
OITOEJEKTPOHIKM TOI110. Pa30M 3 TUM MepCreKTUB-
Hi JOCHIIKEHHSI MPAKTUYHO HE MiATPUMYBAIUCH.
[Tounnatoum 3 2014 poky aie mporpama criBpoOiT-
HuurBa HAH VYkpainu ta HI1 «Kb «IliBoeHHe»,
Opi€eHTOBaHa Ha MOJEPHi3allifo IIMPOKOro CIEKTpa
TexHoJioriii. IIpoTsrom ocTaHHiIX pOKiB BUKOHAHO
HU3KY MiXKHapOIHUX IIPOEKTIB, 30KpemMa 3a Iporpa-
Mot €C «JTopuzonTt-2020» (>kapocTiiiki MaTepianm,
MePCHEKTUBHI TEXHOJIOTIYHI eKCIIEPUMEHTH).
Hapasi rosoBHumMu mnpobieMaMu € cCTapiHHS i
nmoJyacTh BTpaTa MaTepialbHO-TEXHIUHOI 0a3uW Ta
3HVKEHHST TEXHOJIOTIYHOTO PiBHSI, BiICYTHICTh MEP-
CMEKTMBHUX PO3POOOK B iHTEepecax KOCMiYHOI'O
Opuaago0yayBaHHs, KPUTUYHUI BilTIK IHXEHEp-
HHUX Ta HayKOBUX KaApiB, sIKi KPUTUYHO 3aTOCTPU-
JINCh Y BOEHHMM 4Yac. 3HayHa 4JacThHA (haxiBIIiB
1ILOTO HaMpsIMYy Mpalloe 32 3aMOBJIEHHSIMU 1HO3eM-
HUX crioxuBauyiB. Lle Mpu3BoaAUTb 10 BTPATU KOHKY-
PEHTOCITPOMOXKHOCTI KOCMiYHOI iHAYCTpii B yMOBax
LIBUIKOTO TEXHOJIOTIYHOTO PO3BUTKY KOHKYPEHTIB.
[TepCreKTUBHUM HAIpsIMOM TEXHOJIOTIYHOI MO-
JIITUKM B KOCMIiUHiil cpepi € CTBOPEHHSI HAyKOBO-
BUPOOHUYMX CTPYKTYP Ha 0a3i HassBHUX OpraHizaiii
y 00paHUX MNPIOPUTETHUX HaIpsMaxX BITYU3HSHOL
BUPOOHNYOI TiSIIBHOCTI, 3aIIpOBAIXKEHHSI TEXHOJIO0-
riyHOI MomepHi3alii (K 3a AepKaBHOI ITiATPUMKMH,
Tak i y MeXaxX BUKOHaHHSI KOMEPLiHUX MTPOEKTIB)
MiATPUMKA TIPUBATHOI iHII[IaTUBA Ta MPUBATHO-
MyOJIiIYHOTO MapTHEPCTBA, y TEPIINy Yepry i3 3amy-
YEHHSIM 1HO3EeMHUX MapTHEPiB, CIPUSHHS OpraHi-
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3allil CHiIbHUX IPOEKTIB y pamMKax mporpamu «lo-
pu30HT-EBpOIIa».

3.4. Kocmiuni cnocmepexucennsa 3emai. Cymyt-
HUKOBI CITOCTePEXEHHsI BU3HAYCHI IIPiOPUTETOM
MOoMepeNHiX KOCMIUHUX TPOrpaM, B paMKax SIKHUX
nependavaancs CTBOPESHHST HalliOHAJIbHOI CUCTEMU
crioctepexkeHHs 3emuti «Ciu», 00PTOBUX ONTUKO- Ta
paaioyacTOTHUX CHUCTEM, PO3BUTOK CUCTEMU KOC-
MIYHOTO MOHITOPMHIY Ta TeoiH(opMaliiiHoro 3a-
OesreueHHs1. OKpiM 3aIlycKy Ta ekciuryaTaiii KA
«Ciu-1» (1995 p.), «Okean-O» (1999 p.), «Ciu-1M>»,
«Mikpon» (MC 1-TK) (2004 p.) i «Ciu-2» (2011 p.),
OyJ10 opraHi3oBaHO OTpUMaHHs iHdopmalii i3 3a-
pyoixkHUX KA, BUKOHAaHO HU3KYy METOAWYHMX Ta
MPUKJIAIHUX poOIT B iHTepecax Jep>KaBHUX CTPYK-
Typ. byno posnouaTto BurotoBieHHs1 KA «Ciu-2-1»
(po3pizHeHHs 8 M), IMiArOTOBYI pOOOTHU 3i CTBOPEH-
Hs1 KA Oiibloi po3pi3HIOBaJIbHOI 31aTHOCTI Ta Bif-
MOBi/IHI ONTUKO-eJeKTPOHHi 3acobu. Ha chorogHi
He BIAJIOCs CTBOPUTH Aitoue yrpynoBaHHs KA mis
Oe3nepepBHOro oOTpuUMaHHs iHgopmaliii. Haby-
JIU PO3BUTKY METOAWYHI PO3POOKU 3 BUPILIEHHS
IIMPOKOIo KOJIa 3aJa4 MOHITOPWUHTY, a TaKOX iH-
dopMaliitHi TeXHOJIOril i3 BUKOPHUCTAaHHSIM IUC-
TaHUIMHUX TaHUX, SIKi pOo3pO0JISIIOTHCS Y CIiBIPYXK-
HOCTI 3 MapTHepaMM y MeXax 3aBIaHb CTBOPEHHS
mixkHaponHoi cuctemu cucteM GEOSS. 3pob6neni
mepili KpOKM 10 OLIbII TiCHOTO CIIiBpOOITHUIITBA
3 €BPOIIEIICHKOIO CIILJIBHOTOIO B paMKax IpOrpamu
COPERNICUS.

Hapa3si Ha op0iti HeMa€ KOTHOTO BITYU3HSIHOTO
KA. EdexTrBHe BIpoBaIKeHHsI KOCMiYHOTO MOHi-
TOPUHTY B iHTepecax 0e3IeKu Ta eKOHOMIKM Kpai-
HU He MOXe OyTHu 3a0e3leyeHe HaBiTh JeKiJIbKoMa
BiTumsHssHUMU KA. Ha nmopsinky neHHOMY po3po0-
JICHHSI Ta BIPOBAIKEHHSI HAlliOHAJIbHOI CUCTEMU
33 nonBiitHOro MpU3HAYEHHS, KOMILIEMEHTapHOI
JIO0 MI>KHApOIHMX CUCTEM, Ta IXHE CIIiIJIbHE BUKOPUC-
TaHHSI.

IlepcriekTBM Takoi CHiBMNpalli 3aKJIagaloThCs
B XOJli BOEHHMX [Iiii: yKpalHChbKi KOMIIaHil Ta Mmep-
COHaJI y TpOoLeCi MATPUMKU BUKOHAHHSI OOMOBUX
3aBJaHb OTpUMaIM Oe3MpeLieAeHTHUI 10CBil B 00-
poOlLIi PO3BiAYBaJIbHUX JAHUX, 110 BKJIIOYAIOTh pa-
napHi (SAR) i ontuyHi gaHi 3 po3pidHeHicTIo Bia 0.3
no 10 M, cnekTpaJdbHUX Aialla30HiB Bil BUIMMOTO
0 iH(ppauepBOHOTO BUIIPOMIHIOBAaHHS, OTPUMAaHO
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IOCBin 00’€MHAHHSI TaHMX 3 Pi3HOMaHITHUX [IKe-
pen (data fusion) ayist BUKOHaHHSI 00MOBMX Miciii, a
TaKOX aKTyaJIbHUX KapT 3€MHOTO MOKPUBY; AOCBIJ
BUKOPUCTAHHS CYNYTHUKOBUX JAaHUX JUIS OLIHKU
IITKOAM 3aBIaHOI B X0i O0MOBUX MIili; JOCBIJ BUKO-
puctanHs 33 a1 o1iHKY 30UTKIiB Ta MOJEIIOBAH -
HS HaCJIAKIB TEXHOT€HHMX KaTacTpod, TaKMX SIK
pyiiHyBaHHS 1aM0 TOIIIO.

OO0’€KTUBHO MPIOPUTETHUI HATIPSIM BITYM3HSIHOL
KOCMIYHOI IisIbHOCTI MOTpeOdye CYyTTEBOIrO Iiepe-
IS0y NiAX0diB IO OpraHi3allii Ta 3ac00iB JOCSTHEH -
Hs1 MeTu. Ha nopsnky J1eHHOMY BUPOOJIEHHSI CHUC-
TEMHOTO MPOEKTY JIs1 PO3B’sI3aHHS IPOoOJIEMHU B 11i-
JIoMY (BKJIIOYHO 3 PO3BUTKOM BHYTPILLIHBOTO PUHKY
CYIIYTHUKOBMX IaHWX), BUPIILIEHHS TE€XHOJOTIYHUX
Mpo0JjeM CTBOPEHHS KOHKYPEHTOCIIPOMOXHOTO
KOPMCHOIO HaBaHTaXXeHHS Ta TiaTdopM, KOHKpe-
TU3aIlil0 €BPOIEUCHKUX YCTPEMJIiHb Y BUPOOJIECHHI
CITUJIbHUX MPOEKTIB, 3aIllpPOBAIXKEHHSI MEXaHi3MiB
¢iHaHCYBaHHSI Ta 3MIMCHEHHS CITUTBHUX IMTPOEKTIB.

3.5. Kocmiuni docaioncennsn. Jocaidocenns Ha-
8K0103eMH020 NPOCMoOpy — BEPXHbOI aTMocdepu,
ioHocdepu, MarHiTocgepu (reoKocMocy) — € Tpa-
IUUIAHAM MOPIOPUTETOM YKPAIHCHKOI KOCMIi4HOI
Hayku. Amaparypa IJjis JiarHOCTMKU ioHOc(hepHOi
i MarHiTochepHOl TUIa3Mu YCIIIIIHO TpaloBajia y
OiTbII HiX 15 KOCMIYHMX €KCIIEpMMEHTaX, Cepenl
SIKAX eKcriepuMeHTu «Bapiant» i «[loTeHiiam» Ha
KA cepii «Ciu».

Tlozaammocgheprna acmponomis ma acmpogizuka.
V pamkax KOCMiUHMX TIporpaM YKpaiHM CTBOpPIO-
BaBCsl Ha3eMHO-KOCMIYHHUI pamioiHTepdepoMeTp
i3 Hagmosrowo 0Oazoro (PHJ/IB), 3abesneuyBanach
yyacTb y MacCIITaOHUX MiXHApOAHUX MPOEKTAX:
«Koponac-®» (mocnigxenus: CoHILs i3 BUKOPUC-
ta"HHAM (potomeTrpa JIPOC-D), npoekt «Kopo-
Hac-DoToH» (CYITyTHUKOBUIA TEJIECKOIT eJIEKTPOHIB
i mpotoHiB CTEIT-®).

Dizuxa Mmikpoepasimauyii, mamepiaro3Hagcmeo i
mexrosoeii. BueHnMu 3 6iab1 Hixk 30 ycTaHOB Mpo-
BOJAMJACH TIArOTOBKA ILMKIY €KCIEPUMEHTIB Ha
6opty MKC 3 BuBUEHHSI BILUIMBY HEBAaroMocCTi Ha
K1Bi 00’eKTH, (Pi3MKO-XiMiYHI IIPOLIECH Ta BJIACTH-
BOCTi PEYOBHH.

Kocmiuna 6ionoein ma meduyuna. YKpaiHa € oj-
HUM i3 LIEHTPiB KOMIUIEKCHUX JOCIiIXEHb Y Taly-
31 KOCMiyHO1 0ioJiorii, 30KpeMa 3aKOHOMipHOCTEH
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BILIMBY MiKpOTpaBiTallil Ha X1Bi CUCTEMM Ha MOJIe-
KyJIIPHOMY, KJIITUHHOMY 11 OpTaHi3MOBOMY PiBHSIX.
CaMe ToMy HaykKoBa Iporpama IOJbOTy MEPIIOro
KOCMOHaBTa He3ajexxHoi Ykpainu JI. KageHnioka Ha
amepuKaHcbkoMy matii «Komym0is» oxorumoBaia
10 ekciepuMeHTIB i3 KocMivHO1 6ioJorii. Lli podoTu
MPOAOBXYBAJIUCH Y HaMpsiMaX BUBYEHHS IPaBiuyT-
JIMBOCTI XMBUX iCTOT Ha Pi3HUX PIiBHSIX iXHBOI Op-
raHisaiii, MexaHi3MiB afgaIriTyBaHHS 0 YMOB MiKpo-
rpasiTalii, po3poOKK KOCMIYHOro 00JIafiHaHHS Ta
0iOTEeXHOJIOTIA.

YMO0BOIO MpoBeaeHHST MOCIIIKEHb B KOCMOCI €
BUTOTOBJIEHHSI MpPUJIaAiB BiAMOBIAHOI SKOCTi; 15
MiSUTbHICTh IIBUAKO 3aHEMNaga€e 4epe3 BiICYTHICThb
MiATPUMKM, BTpAaTU TEXHOJIOTIYHOTO PiBHA i Opaky
daxiBuiB. CTpiMKO 3MEHIIYEThCS KiIbKICTh KBaJli-
(¢iKoBaHUX MOCTAHOBHUKIB €KCIIEPUMEHTIB — il1€0-
JIOTIiB JOCHIIKEHb, MPAKTUYHO BiICYTHI MiXKHApOI-
Hi KOMaHAW, B SKUX 3aJlydeHi yYKpalHCbKi BYEHI.
He3niticHeni HayKoBi ekcriepuMeHTH «loHOCaT-Mi-
Kpo» Ta «Aepo30jb UA» CYTTEBO 3MEHIIYIOTh MMO-
BipHICTb BMKOHAHHSI BJIACHUX KOCMiYHUX €KCIle-
PUMEHTIB MixKHapoaHoro piBHs. [lepcrnieKTHBHUM
IIJISIXOM 3IIMCHEHHS BJAaCHUX KOCMIYHMX HOCHiI-
JKE€Hb € BUKOPUCTAHHS MaJlUX KOCMIUYHUX arapariB
Ta pO3MillIeHHSI HAyKOBOTO iHCTPYMEHTapilo SIK J0-
JIaTKOBOI'O HaBaHTAXXEHHSI Ha YKpaiHCHKi amapaTu
Pi3HOrO MPU3HAYECHHSI.

3.6. Cynymnukogi cucmemu meaekomyHikauii ma
Hagieauii. 3axonamu 3arajbHOJEp>KaBHUX HayKO-
BO-TeXHiUHUX KocMiuHuUX Tmiporpam (3HTKITY)
rnepeadavyasioch CTBOPEHHS HAlliOHAJIBHOI CYMyT-
HUKOBOI cucteMu «JInbigb» Ha KOMEpUiAHUX 3a-
cagax; Oyjo oOpaHO HIISIX 3aJlydeHHSI iHO3EeMHUX
KOMIIaHil 111 pO3pOOKM Ta BUTOTOBJIIEHHS CYMIyT-
Huka. [TpoexT He 3ailiCHEHO BHAC/iAOK OpraHiza-
LiiHUX Ta (QiHAHCOBUX IIPOOJIEM, a BHECOK YKpa-
T{HCHKMX BUKOHABIIIB 0OMEXXYBaBCS IESIKUMU IIPO-
€KTHUMMU MaTepiaiaMu 1100 TEXHIYHUX BUMOT J10
HazeMHOi iHppacTpykTypu. [IpoTsirom aexiabKox
pokiB min erinorw JIKA VYkpaiHu cTBOploBajach
Cucrema KOOpIMHATHO-YaCOBOT'O Ta HaBiraliiiHoO-
ro 3abe3neueHHs Ykpainu (CKH3Y), ska noBuHHa
HaJaBaTH CIIOXXMBayaM 4yepe3 iHTepHET HaBiraliiii-
Hy iH(dopMaLilo 3 HEOOXiTHUMHU XapaKTEepUCTUKA-
MU 11040 TOYHOCTI, HAmiAHOCTI i JOCTYITHOCTI Ha
Bciii Tepuropii Ykpainu. CKH3Y crBoproBamach
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JK HazeMHa po3loniyieHa AudepeHIiaJbHa ITig-
cucTeMa riao0ajbHUX HaBiraliiiHUX CYITYyTHUKOBUX
cucteM GPS, mo cknagaeTbest 3 15 KOHTPOJIBHO-
KOpUTYBaJIbHUX cTaHUiil i LleHTpy KOHTpoJlo Ha-
BirauiriHoro moJjist. OTpuMaHi pe3yjabTaTU Halli-
JIEHI Ha BUpPIiIIeHHs HU3KW NPaKTUYHUX 3aBHaHb,
cepen SIKMX ITiIBUIIEHHS e(PEKTUBHOCTI i Oe3ImeKu
(byHKI1IiOHYBaHHS TPAHCITOPTY i 301/IbIIIEHHS TPaH-
3UTHUX MEpPeBe3eHb uepe3 YKpaiHy, 3eMJIeBITOPSII-
KYBaHHS, T€O0JIOTOPO3BigKa, OYMiBHUIITBO TOIIO.
BonHouac [1Jis1 BUpillleHHST aHAJIOTiYHUX MTpoOieM
3a MPUBATHOIO iHILUIaTMBOIO i3 3aJy4eHHSIM iHO-
3eMHMX iHBECTOpPiB CTBOPEHO Mepexy «System.
NET», sika npaliio€ y 1eKiJIbKOX perioHax.

ITpakTnyHi 3aBOaHHS 111010 BUKOPUCTAaHHS KOC-
MIYHMX TeJIEKOMYHIKAIliifHMX Ta HaBiraliiHUX CUC-
TE€M MalOTb CIIUPATUCS y TIeplly 4epry Ha HaOyTuii
Yy BOEHHUU 4yac AOCBiA cu OOOPOHU i BiAIMOBiAHI
BUMOTH. Jlo IbOro yacy opranizaiiisi podiT B Iiid
cepi cTukanacs i3 CUCTEeMHUMU TTpodJieMaMu Aep-
JKaBHOT'O YNIpaBJIiHHSI KOCMIYHOIO HOistiibHicTIO. Op-
raHizallis Imig Jep>kKaBHOIO eTiJo0 KOMEpLIiMHUX 3a
3MiCTOM IIPOEKTIB 0€3 3aJy4eHHsI KOPUCTYBaviB Ta
NpuBaTHOTO Oi3Hecy He mependayae MO3UTUBHOIO
pesyiabraty. [IpuHIMIIOBO BaXKJIMBUI HAIPsSIM KOC-
MiYHOI AisIbHOCTI NOTPeOYE 1IJIKOBUTOTO MEPETIsi-
JIy opraHizaliii po0iT, MexaHi3MiB Jep>KaBHOI ITi/I-
TPUMKHU Ta BIIPOBAKEHHS MPUBATHO-ITYOJiYHOIO
napTHEPCTBA.

3arajbHi BUCHOBKU 11100 PO3MISIHYTUX HAmpsi-
MiB IiSIZTBHOCTI MiZICYMOBYIOTBCSI Y BUIJISIAI KOPOT-
koro SWOT-ananizy (nuB. Tab1. 1).

4. 3ATAJIBHI IIUII, ITPIOPUTETHI HAITPAMN
TA 3ABJAHHA KOCMIYHOI TIAJIbHOCTI YKPATHU

BusHaueHHs 3arajabHUX LIiJIei, MPIOPUTETHUX Ha-
OpsIMIB Ta 3aXOMiB, € BUXIZHMM HYHKTOM (hOopMy-
BaHHSI KOCMiYHOI MOJIITUKU. BUcoKuii piBeHb HEBU-
3HAUEHOCTi, KpUTUUHI pecypcHi Ta iH(hpacTpyKTyp-
Hi OOMEXXEeHHSI 3BYXXYIOTb TOPU30OHTU TLJIAaHYBaHHS
Jiff Ta OWLIHKM IXHBOI OYiKyBaHOI €(EKTUBHOCTI.
Tomy LIiTbOBA OpieHTALlisI Ta MPIOPUTETHI HANIPSIMU
HiSTBHOCTI PO3IJISIIAIOTLCS Y TEPCIEKTUBI 5-6 po-
KiB, a IepIiIo4yeprosi 3axoau — 1-2 pokiB (ocTaH-
Hi CJIiI pO3MISIAATH SIK 3aXOAU KPU30BOTO MEHEIXK-
MeHTy). DopMyBaHHS i€papXidyHOI CTPYKTypH Ili-
JIEIOKJIaJaHHsI BU3HAYAETHCS MiANMOPSIIKOBAHICTIO
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Tabauys 1. Y3arajibHeHi XapaKTePUCTHKH Cy4aCHOI KOCMIYHOI JisIbHOCTI B YKpaiHi

CuJibHI CTOPOHU

Ci1abKi cTopoHU

HasBHicTh KOCMiUHOT iHAYCTPIl, 1110 Ma€ TOCBIiI peasiza-
11ii MOBHOTO LIMKJY CTBOPEHHSI Ta eKCILIyaTallii 3aco0iB
PaKeTHO-KOCMIUHOI TEXHIKM i 0OpOOJEHHS CYMyTHUKO-
Boi iH(opmaliii.

JlocBin BUKOPUCTaHHS KOCMIYHUX 3ac00iB Ta iH(opMarrii
y CyJacHHUX OOMOBUX TisIX.

TTpakTruHuMit 1OCBiA y4acTi y MiXKHAPOIHUX MPOEKTAX.
BigHOCHO HU3bKa LiiHA NPOAYKIIiT Ta MOCIIYT.

HasBHicTh 3aKOHOIABYOI Ta HOPMATUBHOI 0a3u KOCMiy-
HOI JisUTbHOCTI.

3HauHUiT HAyKOBHUI TOTEHIial KOCMIYHOI HisSTbHOCTI,
JIOCBiz Koormepallii HayKOBUX, BUPOOHMYMX Ta OCBITHiX
YCTaHOB.

BincyTtHicTh 3araibHOi cTpaTerii KOCMiYHOI AisSIBHOCTI,
HEBUMKOHAHHSI 3aXOAiB OCTaHHbOI 3arajbHOAEPXKAaBHOI
HayKOBO-TEXHIYHOI KOCMiUHOI TpOrpaMu, BiJICYTHICTb
NiI0YO01 MPOrpaMu.

Hesnaui y BUKOHaHHI HU3KM MiXKHApPOAHUX MPOEKTIB 3a
y4yacTio YKpaiHu.

Hu3sbkuit piBeHb BUKOPUCTAHHS KOCMIUHUX TEXHOJIOTiii
Ta iHopMmallil y HIUBIIBHUX TATY35X.

Kpusa nepkaBHOIO yrpaBiiHHSI KOCMiYHOIO JisJIbHICTIO,
3puUB (PiHAHCYBaHHSI KOCMIYHUX TPOEKTIB, MiATPUMKU
iHHOBALlili Ta MePCNEeKTUBHUX AOCTiIKEHb.

BincyTHIiCTh BHYTPIIHBLOTO PUHKY KOCMIUHUX TMOCIYT,
Mpo0JIEeMAaTUYHICTD 3aJTydeHHs TPUBATHUX iIHBECTULIII Ta
HEBpPEryJIbOBaHICTb y4acTi MPUBATHOIO CEKTOPY B KOC-
MIYHIl TisSTTBHOCTI.

Kputuune crapiHHSI TEXHOJOTI, MPOOJAEMHU 3 TOCTYIIOM
IO TIpUJIaIiB i MaTepiaiB KOHKYPEHTOCIIPOMOXKHOTO PiB-
HS$1, BUTTAAiHHSI HU3KUM TEXHOJIOTIH 3 TEXHOJIOTTUHOTO JIaH-
oxka crBopeHHst PKT.

CrapiHHS TIepcoHay, BilTiK MOJIOMi, HU3bKa 3apOOITHOI
iaTa rnpaiiBHUKIB.

Hwusbkuit piBeHb criBpalli 3 iHO3eMHUMU MMapTHEPaMU,
MOBiJIbHE MPOCYBAHHS MPOLIECY BXOKEHHS Y €BPOIIEii-
CbKi CTPYKTYpH.

MoxnauBocTi

3arpo3u

MopnepHi3zalis 1epXaBHOTO YIPaBIiHHSA KOCMIYHOIO [li-
SUTbHICTIO YKpaiHu, BIPOBAIXEHHSI HOBUX OCHOB JIep-
JKaBHOI TIOJITMKM B KOCMi4Hiii cdepi, CTpyKTYpHi pe-
dopMmu.

3pocTaHHs OTped Y 3aCTOCYBaHHI KOCMIYHHUX TEXHOJIO-
riit Ta iHGopMallii BiIITOBIZHO 10 BUMOT 3a0e3IeYeHHS
000pOHH i Oe3MeKH, BiTHOBICHHS €eKOHOMIKU.

3pocTaHHs AepKaBHOTO OOOPOHHOIO 3aMOBJICHHS JUISI
MiAMPUEMCTB KOCMIYHOI iHIyCTpii.

AKTMBHa KoMeplliaizallisi KOCMiYHOTO PUHKY, TiIBHU-
ILIEHHSI POJIi <HOBOTO KOCMOCY».

AKTHBHE BXOIXKEHHSI 10 €EBPOIEMCHKOI JOCTiIHUIILKOT Ta
TMPOMUCIIOBOI CITUJIBHOTH, CITiBIIpallsl BiAIMOBIIHO IJIaHIB
Bcryny 10 €KA.

AKTUBI3allisl MiXXKHAPOJHOI CIiBIpalli B iHTepecax BUKO-
HaHHS CIUIbHUX iHILIaTUB Ta MIPOEKTIB Y cdepi Oe3nexku,
TIOIITYK HOBMX PUHKIB Y KpaiHax, 110 PO3BUBAIOTHCS.

3ropTaHHs KOCMIYHOI MisUTBHOCTI YKpaiHM BHACIIIOK
MOJIITUYHUX PillICHb.

Brpara puHKiB Ta mapTHepiB uepe3 MOJITUYHI (hakTopu.

Kpu3zosi ekoHOMiuHI (haKTOpH SIK HACTIAOK BOEHHUX Jili:
iHIIALS, HEeCTIPpUSTINBA TMHAMIKA KypCiB BalIoOT, ITil-
BUILEHHS 1iH Ha MaTepiaau i KOMIUIEKTYBaJIbHi TOLLO.

KputnuHe BigcTaBaHHSI piBHSI YKpaiHCbKUX PO3pOOOK
BiJl iHHOBaLIHHMX PO3pPOOOK KOHKYPEHTIB.

HenocraTHe diHaHcoBe 3abe3rneyeHHs AepKaBHUX 3a-
MOBJIEHb, HECTIPUSITIIMBE JIepXKaBHE PEryJII0BaHHSI KOC-
MiYHOI JisUIbHOCTi, HEeMi€BICTh (icKaqbHOI MiATPUMKHU,
00MekeHHST 3 00Ky eKCTIOPTHOTO KOHTPOJTIO.

KpuTtnuHiit BigTik KaapiB, pydHYBaHHSI CUCTEMU MiAro-
TOBKM (paxiBLIiB.
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LijIei i 3aBOaHb KOCMIYHOI MisJIbHOCTI OCHOBHUM
3arajJibHOJIEP>KaBHUM IIPiOpUTETaM i BUKJIAAEHO 3a
HACTYIHOIO cxemoto: (i) BuXinHi mojoxeHHs; (ii)
3arajibHa MeTa Ta 1iJli KOCMiYHO1 IisUTbHOCTI YKpai-
Hu; (iii) mpiopyUTeTHi HaNpsIMU i 3aBAaHHST KOCMid-
HOI JisTbHOCTI YKpaiHu.

4.1. Buxioni noaoxycenus:

— Yy HaOMMXK4iii TIepCeKTUBI YMOBHU IIPOBaJI-
KEHHsI KOCMIYHOI MHisUIbHOCTI BHU3HAYaTUMYThCS
BOEHHMM IIPOTUCTOSIHHSIM, HEOOXiIHICTIO 000OPOH-
HIX i 0e3MMeKOBUX 3aXO/iB, MOAOJIAHHSIM HACIIIKIB
0OMOBUX [Iii1, BiTOYI0OBOIO KJIIIOYOBUX CEKTOPIB €KO-
HOMIiKM;

— KOCMiYHa TOJIiTUKA € OJHUM i3 Aep>KaBHUX
MPiOPUTETIB, SIKMI BU3HAYAE 30ATHICTh 3aXUCTy
JIep>KaBHOCTi, T€OIOJiTUUYHY 3HAUYLIICTh Ta pPiBEHb
3a0e3MneueHHs HallioHaJbHUX iHTEPECIB;

— PpO3BUTOK Ta BIIPOBAIXEHHS BHUCOKHX TEX-
HOJIOTii, 30KpeMa aepOKOCMIYHMX, BUCTYIIAIOTh
KJIIOUOBOIO YMOBOIO €(eKTUBHOIO HPOTUCTOSHHS
pOCilichbKili arpecii, eKOHOMIYHOIO 3pOCTaHHS Ta
TEPEXOY 10 CTAJIOTO PO3BUTKY;

— igeosoris i MPiOPUTETH KOCMIYHOI IisSJIbHOCTI
VYkpaiHu migmopsiaiKoBaHi  3arajbHOAEP>KaBHUM
npiopureraMm, il 3aBHaHHS Ta MacluTad BM3Haya-
IOTbCSl HarajJbHMMHU HalliOHAJbHUMMU IOTpedaMMU,
YUHHUMU MOJOXEHHSIMM KOHIENTYaJbHUX TOKY-
MEHTIB Ta IPOTpaM PO3BUTKY CEKTOpPY Oe3meKku i
000pOHM, Tajy3eid, 110 BU3HAYAIOThb €KOHOMiuHE
BiIpODKEHHSI Ta PO3BUTOK (€HepreTuka, TpaH-
CIOPT, CUJIbCbKE TOCIOAAPCTBO, iH(PopMalliiiHO-KO-
MyHiKalliliHa cdepa), HayKOBO-TeXHiUYHOi cdepu,
3a0e3MeUYeHHSsI CTaloro pO3BUTKY;

— opradizauisi KOCMi4yHOI JisITbHOCTI Mependa-
Yya€ IUIaHyBaHHS Ta KepyBaHHS B KOCMiuHilt cepi
3a €IMHUM 3alyMOM Ha OCHOBI 3acaj CTpaTeriyHOro
IUIAaHYyBaHH!,

— €BPOIIEHChKI MPUHLUUIIM (DOPMYBaHHS KOC-
MiYHOT MOJIITUKY CIYTYIOTb OPiIEHTUPOM ISl YKpai-
HU, a NpaKTUYHI 3aX0A1 MalTh Ha METi iHTerpaLito
Yy €EBPONENCHKUIA TEXHOJOTIYHMI Ta JOCTi ATHULbKU A
MPOCTIp.

4.2. 3azaivna mema ma yiai Kocmivnoi OisabHOC-
mi Ykpainu. 3arajbHa MeTa KOCMIYHOI AisSJIBHOCTI
VYKpaiHu nossira€ y CTBOPEHHI HOBOI SIKOCTi BUpi-
LLIEHHS HaraJbHUX 3arajbHOAePXKaBHUX Ta CYCIIIb-
HUX IIpo0JIeM Ha OCHOBI BIPOBaIKeHHS, e(heKTUB-
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HOTO BUKOPHMCTAaHHSI Ta PO3BUTKY CydyaCHUX KOC-
MIiUHUX TEeXHOJOTili, 3ac0o0iB Ta iHdopMaliii. [Tpu
LIbOMY MOTPiIOHO TOCSTTH:

— 3a0e3reyeHHsI Cy4YacHOI'o TEeXHOJIOTiYHOIo
PiBHSI BUKOHAHHS 3aBAaHb y cepax 0e3neku i 000-
POHM LUISIXOM 3aJly4eHHsI KpallluX MPakTUK Ta 3a-
c00iB KOCMIYHOI MiATPUMKHU;

— TIOCJIiZOBHOIO MiABHUIINEHHS €(pEeKTUBHOCTI
3aXO/iB 3 BiIHOBJEHHS iH(pacTpyKTypu, 3a0e3-
TMEeYEeHHS 0€3MEeKN XUTTEMISITbHOCTI, €KOJIOTIYHOI,
€HEPreTUYHOI Ta MPOAOBOJIBYOI OE3MEKU IIISIXOM
BIPOBA/IXKEHHS HaIpalllOBaHb Ta TEXHOJIOTI mapT-
HepiB Ta HasIBHUX BITYM3HSIHUX PO3POOOK;

— HapOIllyBaHHsI iHHOBAlil1HOI CKJIaIOBOI €KO-
HOMIYHOI0, HAayKOBO-TE€XHIYHOIO Ta COLiaJbHOIO
PO3BUTKY KpaiH! 3a paXyHOK pO3pO0O0K Ta CHiJIbHO-
ro BIIPOBAIKEHHS KOCMIYHUX, iH(OpMaLiHUX Ta
IHIyCTpiaTbHUX TEXHOJIOTII;

— 3aroyaTKyBaHHSI HU3KU TPOPUBHUX PO3-
POOOK KOCMIYHOI TEXHIKM Ta TEXHOJIOTI y cepax
MPIOPUTETHOTO PO3BUTKY YKpPaiHCHKOI €KOHOMIKM,
00OpOHM Ta HAYKU;

— BXOIXKEHHS B €BPOIEHCHKUN TEXHOJOTIYHUIA
Ta OOCHIOHULBKMI TIPOCTip, CTBOPEHHS YKpaiH-
CbKMX CErMEHTIB €BPONENCHKUX Ta MiXKHApPOJHUX
JOCIITHUIIBKAX Ta TEXHOJOTIYHUX KOCMIYHUX iHi-
LiaTUB Ta MPOEKTIB;

— BiJTHOBJICHHSI Ta PO3BUTOK KaJpPOBOTO MOTEH-
miaay, CIPOMOXKHOIO 3a0e3MeYuTH iHHOBAIlIMHWIA
PO3BUTOK KOCMIYHOI iHAYCTpii, €BPONEUCHKUNI pi-
BEHb JOCJIIKEHb Ta PO3pPOOOK B KOCMIiuHil cdepi.

4.3. Ilpiopumemni nanpsamu i 3a60aHHs KOCMIY-
Hoi distabnocmi Ykpainu. J1oCATHEHHSI BU3HAYEHUX
mijeld mepeadavaloTh KOCMIYHY MisSIBHICTh B THUX
cdepax, Je 3aCTOCYBaHHSI KOCMIYHMX TEXHOJIOTii
Ta iH(dopMallii B CydaCHUX YMOBaX Ma€ KPUTUY-
He 3HA4YeHHs [JIsS1 PO3BUTKY KpaiHu. BusHaueHHs
TaKUX TPIOpUTETHUX cep 0a3yeThCsl Ha BCTAHOB-
JICHUX Cy4YaCHUX XapaKTepUCTUKaX KOCMIYHOI [li-
SIIBHOCTI Ta BiAIIOBITHOMY Mi>KHAapOJIHOMY TOCBIJi.
KpiMm Toro, BpaxoByIOTbCSI UMHHI CTpaTeriyHi Ta
MNporpamMHi JOKYMEHTU JE€P>KaBHOIO Ta Tajy3eBOIro
PiBHS (X04Ya KiJIbKICTh TAKMX JOKYMEHTIB OYE€BUIHO
HEIOCTaTHS) Ta MiKHApOAHi 3000B’s13aHHs. Takmii
MiAXig BiAMOBiga€e €BPOIENHCHKOMY i Ma€ 3MiHUTU
cTapi Te3u Mpo «30epeXkeHHS MOTEHIliaTy» a00 «ITi/I-
TPUMKY rajysi».
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A. Cdepa HauionanbHoi Oe3meku i 00opoHn (3a-
rajJibHOAEPXKaBHI MPIOPUTETU BU3HAYAIOTHCS, 30-
kpeMa, CTpaTeri€lo HallioHaJIbHO1 Oe3neKku YKpai-
Hu [12], Crparterieto iHDopmaniitHoi 6e3neku [11],
Crparerieto kibepoesneku [13], Crparerieto BoeH-
Hoi 6e3reku [14]).

IIpioputeTHi HampsIMU KOCMIYHOI disSUTBHOCTI,
1110 BigMoBimaoTh cdhepi A:

— KOCMiYHa MiATPUMKa CHUJI 0e31eKU i 000pPOHU;

— CTBOPEHHS PaKeTHO-KOCMIYHOI TeXHiKHU I10-
JBIAHOTO MpPU3HAYEHHS,

BKJIIOUAIOTh TaKi 3aBAaHHS (y3arajibHEHO):

— iH(opMalliliHe 3a0e3Me4YeHHs] CUTOBUX CTPYK-
TYp JaHUMU aepPOKOCMiUHOTO MOHITOPUHTY, TTOCTY-
raMu TeJICKOMYHIKalliiHUX Ta HaBirauiiHux cuc-
TeM, 30KpeMa MOHITOPUHT KOCMiYHOI OOCTaHOBKM;

— po3po0JIEHHS iHHOBALiMHUX TEXHOJOTIM,
YIIPOBAIXKEHHSI CUCTEM, BY3JIiB, arperariB, ABUIY-
HiB, MaTepiaJjliB Ta NPUJIaiB 111 BUPOOiB KOCMiUYHOL
TeXHiKM ITOABIITHOTO TIPpU3HAYECHHS;

— MiATpUMKa Ta CTBOPEHHS AOCJiTHO-BUIIPO-
OyBaJIbHUX 3ac00iB, IOJITOHIB Ta Ha3eMHOI iH(ppa-
CTPYKTYpPH.

b. EkoJoriuna, eHepreTuyHa, NMpoaoBoJibYa Oe3ne-
Ka, CTAJIMi PO3BUTOK (3araJibHOAEPXKaBHi MpiopuTe-
TU BM3HAYalOThCs 30KpeMa 3akoHoM Ykpainu «IIpo
OcHoBHI 3acaau (cTparerito) aepKaBHOI €KOJIOTIYHOI
noJliTuKU YKpainu», «[Ipo 3acamy mep:kKaBHOI KIIi-
MaTUYHOI MOMTUKW», YKa3oM Ilpe3ugeHTa Ykpainu
«[Tpo 1 cTasioro po3BUTKY YKpaiHu Ha mepiof A0
2030 poky», [ToctaHOBOIO KabiHETY MiHiCTpiB YKpai-
HU PO CUCTEMY MOHITOPUHTY JOBKiJLIS 2, 8, 9, 15]).

[TpiopuTeTHi HampsIMM KOCMIYHOI [isZTIbHOCTI,
1o BinnosizaroTh cdepi b:

— CYIIYTHUKOBI CITOCTePEXKEHHS 3eMJIi;

— CYIIYTHMKOBI iH(opMaliliHO-KOMYHiKalliliHi
TEXHOJIOTII;

— CYIIyTHMKOBA HaBirairis,

BKJTIIOUAIOTh TaKi 3aBAaHHS (y3arajibHEHO):

— BHUKOPHMCTAHHSI MiXXHApOJHUX Ta IlOeTarHe
CTBOPEHHS HalliOHAJbHUX 3ac00iB TEXHOJIOTI Ta
CEpBICiB CYITyTHUKOBOTO MOHITOPUHTY;

— KOHTpOJIb 32 JOJEP>XKaHHIM MIXHApPOJHUX
yroJl Ta HalliOHAJIbHOTO 3aKOHO/IABCTBA;

— BUMKOHAHHSI MiXKHApOIHUX IIpOrpaM Ta 3000B’s1-
3aHb YKpaiHu (ITOKa3HUKMU CTajJ0ro PO3BUTKY, Ha-
CIIiIKY II00AIbHUX 3MiH).
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— 3ac00U Ta METO/IM CMiJIBHOTO BUKOPUCTAHHSI CY-
MYTHUKOBUX iH(MOpMAaLiiTHO-KOMYHIKaLiiHUX TeX-
HOJIOTiIi /1T MOHITOPUHTY CTaHy iH(pPaCTPyKTYpPHUX
00’€KTIB, CTUXIHHUX JINX Ta TEXHOTEHHUX 3arpo3;

— CYNYTHMKOBI iH(opMmalliiiHi cepBicu 1 BU-
pillieHHS 3aBIaHb €KOJIOTIYHOI 0e3MeK1, KOHTPOJIIO
PiBHSI 3a0pYAHEHOCTI TEpUTOPilt, peCypCHOTO MOHI-
TOPUHTY (BOJIHI, JIICOBi Ta arpopecypcu) MpOTrHO3y-
BaHHSI BPOXXaMHOCTI; CUCTEMU TOYHOTO 3eMJIepO0-
CTBa.

B. InHoBauiiinuMii po3BUTOK E€KOHOMIKHM, HAYKOBO-
TexHoJIoriyHa cepa (3araJbHOACPXKABHI MPIOPUTETU
BH3HAYalOThCd 30KpeMa y 3akoHax YkpaiHu «IIpo
IHHOBALIIMHY MisUTbHICTb», «[1p0o HAyKOBY i HAYKOBO-
TeXHIYHY OiSUTbHICTb», «I1po mpiopuTeTHI HaNpsIMHU
IHHOBALIIMHOI AiSITTLHOCTI B YKpaiHi») [6, 7, 10].

ITpiopuTeTHi HaANpPSIMM KOCMIYHOI [islIbHOCTI,
1110 BiAmnoBigawTh cepi B:

— KPUTUYHI KOCMiYHi TEXHOJIOTII;

— KOCMIiYHi JOCJTiI)KEHHS;

— OCJIiAHO-EKCIIepUMEeHTaIbHA i BApOOHMYA 0a3a;

BKJIIOYAIOTh TaKi 3aBAaHHS (y3arajlbHEHO):

— PpO3pO0JIEHHSI MPUHLMUIIOBO HOBUX 3pa3KiB
KOCMIYHOI TEXHIKM Ta TEXHOJOTiil ISl BIIPOBa-
JKeHHSI Ha BHYTPIIIHHBOMY Ta 30BHIIIHIX pUHKAaX,
30KpeMa: HOBITHiX €KOJIOTiIUHO YUCTUX PYIIiHHUX
YCTaHOBOK, €JIEKTPUYHUX Ta IJIa3MOBUX JIBUTYHIB,
NBUTYHIB HAa HETpaAULIiAHUX BUAAX MajJrBa; HOBIT-
HiX HaBiraitHUX MpWIaaiB, CUCTEMHU YIIPABIiHHSI,
MpOorpaMHUX MPOAYKTIB Ta iH(pOpPMaLiMHUX TeX-
HOJIOTiH, 30KpeMa 11 Ha3€eMHOTO BUKOPUCTAHHS;
po3pobKa BUpPOOIB, IMpWIadiB Ta TEXHOJOLIH, IO
CIPUSIOTH IMIIOPTO3aMIllIEHHIO.

— PpO3pO0JIEHHSI TeXHIKM JUISI KOCMIYHMX MICIiii,
opOiTAIbHOTO CcepBicy, OaraTopazoBUX TPaAHCIIOPT-
HUX KOCMIYHUX CUCTEM.

[Iporpama ¢yHIaMEHTAJIbHUX Ta TPUKIATHUX
JIOCTiIXKeHb B paMKaX €BPOIENChKUX TOCTiTHUIIb-
KMX 1nporpaM (actpodi3uku, HayK npo 3emio, ¢i-
3UKN aTtMocdepu, TIoOaTbHUX Ta perioHaJlbHUX
3MiH HaBKOJMIIHBOTO MPUPOAHOIO CepeloBMIIA,
KOCMIYHOI 0ioJjIoril Ta MaTepiajJlo3HaBCTBA), YKpaiH-
CbKUIi CETMEHT €BPOIENCHKOTO HAyKOBO-TEXHIUHO-
ro npoctopy («[opu3oHT-EBporia»).

I'. MixknapoaHe cniBpoOiTHMIITBO, €EBPOiHTErpaniii-
Hi 3axo0aM. 3arajbHOAEPXKaBHI MPiOPUTETH, 1110 BU-
3HA4aloThCs, 30KpeMa, y Yroji nmpo acouiarito 3 €C,
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Yroai nipo criBnpauo y npoekti EGNOS/Galileo,
Vromai mpo criBpoOITHUIITBO B Tajy3i JOCTYILY A0 Aa-
HUX i BUKOPUCTaHHS JaHMX CYIYTHUKIB «Sentinel»
nporpamu €C Copernicus, [Tporpamu €C 3 gocmin-
>KeHb Ta iHHoBalil «[opu3oHT-EBpora» [16, 17]),
BKJIIOUAIOTh TaKi 3aBAaHHS (y3arajbHeHO):

— rapMOHi3allisl 3aKOHOAABYMX, CTPATEriYHUX Ta
MpOrpaMHUX JOKYMEHTIB 3 €BPOIEHCHKOI0 KOCMiU-
HOIO CTpaTeri€lo, a TaKoX rapMoHi3allis TeXHiYHOIO
peryJioBaHHS KOCMIYHOI HisSUIbHOCTI, iHilliloOBaHHS
IIpOoTpaM TEXHOJIOTIYHOI Ta iHMpacTPyKTypHOIL J0-
rnmomoru 3 6oky €C;

— HabyTTs wieHcTBa B €KA;

— CTBOPEHHSI YKPaiHChKOrO CerMeHTa €BpOIleii-
CbKMX Ta MiXHapOJHUX iHMOpMaLiiHUX CcUCTEM
monitopuHry GEOSS, Copernicus;

— MATpUMKA YKpalHCBKMX BUYCHMX, SIKi OEpyTh
y4acTh y BUKOHAHHI KOCMIYHUX ITPoeKTiB [Iporpamu
€C 3 pocimkeHb Ta iHHOBaLil «[opr30oHT-EBporIa».

5. IIIAXW OPTAHI3AIIIT
KOCMIYHOI JIIbHOCTI B YKPATHI

OpraHi3alisi KOCMiYHOI JTisUTbHOCTI SIK Ti€BOTO iH-
CTPYMEHTa BUPIillIEeHHSI 3arajibHOAEep>KaBHUX ITPO-
Onem Oe3rneku i 000poHM, BiZOYIOBU Ta PO3BUTKY
KpaiHu, MoTpedy€e CUCTEMHMX 3aXOJiB B OopraHi3a-
LiliHIl, HAyKOBO-TEXHIUHIi Ta iIeoJoriuHiil che-
pax. Ha BinMmiHy Bif morepenHix pokiB 3arajibHO-
JIep>XxaBHAa HAyKOBO-TEXHIYHA KOCMiYHa IIporpama
HE MOXE BHUCTYIIAaTH €IMHUM IIPOTPaMHHUM [TOKY-
MEHTOM, sIKa BU3HAYA€ 3aBIaHHS Y KOCMiuHiil ce-
pi. Ha mopsiaky AeHHOMY CTOSATh BUPOOJEHHSI Ta
peaJizallis KOCMiYHOI MOJIITUKM, BiZOyJoBa Ta MO-
JIiepHi3allisi BUpoOHUYOi cpepu, opraHisaliisi HOBUX
MexaHi3MiB YIIpaBIiHHS Ta ITyOJiYHO-TIPUBATHOI'O
MmapTHEPCTBa, MIATPMMKU IHHOBALIIMHUX pillleHb,
KaJpOBOTro Ta 3aKOHOAABYOT0 3a0e3MeYeHHSI.
3milficCHEHHSI BCIiX 3aXOIiB 3a €IMHUM 3aLyMOM BKITIO-
Yyae OpraHizalilo MiKBiZOMYOI KOOIepallii, OpiEHTALIil0
IiSTTLHOCTI HAa KOPMCTYBaya, y TeplIy depry y cdepi
0e3mneky i 000pOHU, €BPOIIEHCHKI MPUHLIUITU (hOpMYy-
BaHHSI KOCMIYHOI TTOJIITMKM, iHTErpallilo y €BPOMeii-
CbKUI TEXHOJIOTIYHUIA Ta AOCTIIHULILKUI TpOCTIip,
peatizalilo cTpaTeriyHol METU — CTaTH y MepCeKTUBI
YACTUHOIO EBPOIEHCHKOI KOCMIYHOT TisUTEHOCTI.
EdexTuBHICTh BITYUM3HIHOI KOCMIUHOI rairy3i 3a-
0e3IeuyeThCs 3aX00aMU CTPATEeTIYHOTO YIIPaBIiHHS
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TiSTTBHICTIO B LIIJIOMY i HE 3BOAUTHCS 10 YIIPaBJIiH-
HsI TPYIIOIO TiANMOPSIAKOBAHUX MiAIPUEMCTB. Takuit
miaxig rmependavyae IOTrOMXKEHUI Ta iHTeTpoOBaHUIA
HaOip pillleHb 1100 MPIOPUTETIB AiSUIbHOCTI, CIO-
cO0iB JOCATHEHHST METH, KITIOUOBMX KOMITETCHIIINA
i cucTeMu opraHisaiiii aisiibHocTi. [1pu boMy opi-
€HTUPU AiSTIBHOCTI MEePiOJUYHO MeperisiaaloThes 3
OIJIsIly Ha Y3TOJKEHHSI MOTOYHUX LIiJIel, TepcreKk-
TUB, MOXKJIMBOCTEI Ta BUKJIUKIB.

Oprani3alisi KOCMiYHOI JisUTbHOCTI Y HalOIXK-
yuii nepiof rnepeadavae 3niACHEHHS TaKMX KPOKIiB.

e CTBOpEHHS [i€BOi BepTHUKAJI yNpaBJiHHA KOC-
MIYHOI0 JisIBHICTIO, 30KpeMa: 3allpOBaXKEHHS Ha
BUIIIOMY PiBHI KOOpAWHALIIMHOTO OpraHy, IO OITi-
KYETbCS KOCMIYHOIO MHiSUIbHICTIO; KOOpPAMHALIis
JiSITBHOCTI  CyO’€KTiB KOCMIYHOI [isIZIBHOCTI Bif
PO3POOHUKIB 0 KOPMUCTYBayiB; 3ampOBaKEeHHSI
e(eKTUBHOI KOMYHIKallil OpraHiB JepKynpaBIiHHS
Ta HEYpSJOBMX OpraHisalliii, EKCIepTHOrO cepeno-
BUIIA, TTANPUEMCTB Pi3HUX (POPM BJIACHOCTI TOIIO
y Ipoleci BUpoOJeHHs Ta peaizallil KOCMiYHOI MOo-
JIITUKY; 30cepekeHHs (hyHKIIii JlepkaBHOro Koc-
MIYHOTO areHTCTBa YKpaiHM Ha peaisallii KocMid-
HOI TOJIITUKHU, TIEPeIOBUX aePOKOCMIUHUX TEXHO-
JIOTisIX, TIPOPUBHUX HAYKOBO-TEXHIYHUX PIllIEHHSX,
MiXXHapOJHOMY CITiBPOOITHUIITBI.

e Opranxizanis podit, mo 3a0e3ne4y0Th KiHIEBH
pe3yJbTaT: Mepexin Bif AeMOHCTPAILiAHUX 10 TTpaK-
TUYHMUX TMPOEKTIB, BUZHAUYCHHS (MEPIiOAUYHUNA TTe-
perisia) Koja KOMMETeHII KOCMIYHOI HisUIbHOCTI
KpaiHM, 10 BiAIIOBiZaTMME BHUMOraM 3aTpeOyBa-
HOCTi Ta KOHKYPEHTOCIIPOMOXHOCTI; 3HiliCHeHHS
3aX0/1iB KOCMiYHUX MPOrpaM Ha OCHOBi CUCTEMHUX
MPOEKTIB; PO3[AiJIeHHs! (DYHKIIii 3aMOBHMKIB, BU-
KOHAaBIIiB Ta KOPHUCTYBayiB MPOAYKIIii Ta IOCIyT
KOCMIYHOI IisITbHOCTI; Y3rOJKEHHS CTpaTerivHOro,
TaKTUYHOTO Ta MEPEXEBOrO IJIAHYBaHHS; 3aIpo-
Ba/XKEHHSI 3aXO/iB CUCTEMHOI'O aHali3y KOCMi4HOL
JisITBHOCTI, 30KpeMa OILiHIOBaHHSI €(eKTUBHOCTI
IiSITBHOCTI SIK Ha eTalli IUIaHyBaHHS (IIPpOrHO3HA
e(eKTUBHICTh), TaK i B XOAi BUKOHAHHS POOIT.

* CTBOpeHHs] Ta PO3BUTOK BHYTPIlIHbOTO PUHKY
KOCMIYHMX TeXHOJIOrii Ta indopmanii: BIpoBaIKeH-
H$I cepBiciB, iH(opMallii Ta TEXHOJIOTII Y AepXKaBHi
Ta rajay3eBi IporpamMu; ITiAroToBKa KBajaipikoBaHUX
KOPHUCTYBaUiB; CIPUSHHS BIPOBAKEHHIO Mepeo-
BUX KOCMIUYHUX TEXHOJIOTIM Yy LMBUIBHUIA CEKTOP
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(spin off) Ta HMBIIBHUX TEXHOJOTIM Y KOCMIUHY iH-
IycTpiro (spin in).

* TapMoHi3anisa mporpaMHMX Ta CTPATEriYHUX J0-
KYMEHTIB 3 €BPONECbKOK KOCMIYHOIO CTpaTerielo, a
TAKOX TEXHIYHUM PETYTIOBAHHSIM KOCMIYHOT HisTh-
HOCTI; KOMIUTIMEHTapHICTh HalliOHAJTbHUX MTPOEKTIB
JIO €BPOTNEUCHKUX iHIL[iaTUB.

* BigHoBJjieHHsI Ta MojepHi3aliss KOCMiYHOI iHTy-
CTpii: opraHizaliisl iHHOBallifHUX JaHOK PO3pO0JIeH-
Hs Ta BUPOOHMIITBA IIUISIXOM iHTerpallii HayKOBOI'O
Ta BUPOOHMYOTO ITOTEHIIiany; 3a0e3meueHHs PiBHIX
YMOB JUISI TPUBATHUX Ta JEP>KaBHUX MiANPUEMCTB;
CHUCTEMHI 3aX0/I1 i3 iMOPTO3aMillleHHSI Ta I0CTYIy
JI0 KOHKYPEHTOCIIPOMOXHMX TEXHOJIOTiii Ta 3aco-
0iB; JepXXaBHe iHBeCTyBaHHSI B iH(paCTPyKTypy Ta
MiTOTOBKY KapiB; iHiLlilOBaHHSI TEXHOJIOTIYHOI 10~
nomoru 3 6oky €C.

* CTUMY/IIOBAHHSI HAYKOBUX JOCJIIPKEHb Ta iHHO-
BaLiifHNX PO3POOOK y TEPCIIEKTUBHUX HaIpsIMax
KOCMIYHOI HiSUIbHOCTI; pO3BUTOK KOCMiUYHOI OCBITUA
Ta MOLIMPEHHS 3HaHb.

e Jlep:KaBHA MiATPUMKA HAYKOBO-TEXHIYHMX TMPO-
€KTiB, CIIPSIMOBAHMX HA PO3BUTOK Ta MOJEpHi3alliio
iHppacTpykTypu K (PaKTOp 3a7Ty4eHHS 30BHILIHIX
iHBECTULIM; BiaxXim Bi MpaKTUKHW TIJIaHYBaHHSI BU-
JaTKiB HA OCHOBI CYM «IIIO iCTOPUYHO CKJIAIUCS»;
MoeAHAHHS OIOMXKETHOI MiATPUMKU, MyOIiYHO-AEP-
>KaBHOTI'O ITapTHEPCTBA Ta 3aIy4eHHS iHBECTULIIIA.

* KoMiiekcHe OHOBJIEHHS KOCMIYHOTO 3aKOHO-
naBcTBa YKpainu: (popmyBaHHSI CUCTEMU 3aKOHiB
Ta MiI3aKOHHUX aKTiB Ha HOBUX PUHKOBO-OPi€H-
TOBAaHUX 3acajax, sKe BigoOpa3uTbCsS SIK Y 3MiCTi
paMKOBUX 3aKOHiB (3akoH Ykpainu «[Ipo KocMmiuHy
MiSTBHICTh» ), TaK 1 y TIPUAHSITTI HA IXHE BUKOHAHHS
HU3KM aKTiB IMiI3aKOHHOI'O MIPaBOBOrO PEryIlOBaH-
HS$1; HOBA PENAKILisl MAa€ BifoOpaxaTu Cy4acHi yMOBU
opraHizaiii Ta 3miliCHEeHHSI KOCMIYHOI HisUTbHOCTI,
30KpeMa Ha 3acajax ii KoMepliami3aitii.

* MonepHi3anisi cucTeMHu MiaroToBku ¢axibiiB 3
NPIOPUTETHUX HANPAMIB JOCHIIZKEHHSI Ta BHUKOPUC-
TaHHS KOCMOCY.

* OpieHTHpH Ta iHAMKATOPW JOCSTHEHHS 3araJjib-
HUX Hijeii. EeKkTUBHICTh 3aX0AiB KOCMIYHOI Jislib-
HOCTI OLIIHIOETbCS CTYTIEHEM JOCSATHEHHS 3aeanbHUx
opienmupié IisUTbHOCTI, 30KpeMa: 3aJy4eHHSIM 0
000pOHHMX 1 0€3MeKOBUX 3aBAaHb, JUHAMIKOIO 3a-
TaJIbHOT'O BHECKY KOCMIYHOI TisUTbHOCTI B €KOHOMi-
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Ky Ta iHIi cepun, HaOMIKEHHSIM 10 YMOB BCTYITY Y
€KA, MopiBHSIHHSM 3 aHAJIOTIYHUMU TTapaMeTpaMu
KpalH-KOHKYPEHTIB, 3aBOIOBAHHSIM IEBHUX YaCTOK
MiKHApOOHMX PHUHKIB, TeMIIaMU HaOJMKEHHS OO
€BPOIIEUCHbKUX BUMOT Ta CTaHAAPTIB. Egexmusnicms
KOCMIi4HOI Oisa1bHOCMI OLIIHIOETBCS i3 3aCTOCYBAHHSIM
CHeuiaai3oBaHMX METOINK, PO3POOJEHMX 3 BHUKO-
PUCTAHHSAM MiXHApPOJHOTO [JOCBidy. Y3arajibHeHa
OLIiHKa BKJIIOYAE MpsiMi i HeMpsiMi e(heKTH, a TaKOX
eKCIepTHe OLIiHIOBaHHS T'yMaHiTapHUX eeKTiB. 30-
KpeMa, BPaxOBYBAaTUMYThCS OLIIHKW BiIMOBIIHO O
BU3HAUYCHUX iIHAUKATOPiB €(heKTUBHOCTI, Cepe TKUX:

— KIJIBKICTh KOCMIYHUX CEPBiCiB Ta TEXHOJIOTI,
3ajJly4eHHX B OOOPOHHUI i 0e3MeKOBUII CEKTOpH, a
TaK0X B €KOHOMIiYHi IIpOrpaMu;

— 00csT CynmyTHMKOBOI iH(bopMallii, 3aIy4eHoil 10
OLIIHIOBaHHSI iHAMKATOPIB CTAJIOTO PO3BUTKY Ta BUPi-
ILIEHHST HAaraJJbHUX MTPO0JIeM MOHITOPUHTY BiIOBI/I-
HO JI0 3arajlbHOJeP>KaBHUX i MixXKHApOAHUX Mporpam
(y BiacoTKax 0 3arajJbHOro oocsry iHdopmMaiiii);

— KIiJIBKIiCTh MiXKHAapOJHUX TIPOEKTIB 3a y4acTiO
YKpaiHChKMX iHCTUTYILIi Ta OKpeMuXx (axiBLiB (30-
Kpema, Ha 3aMoBJIeHHs €KA Ta B paMKax mporpamu
«JopuzoHT-EBpona»);

— CTyHiHb HOBU3HM Ta €KOHOMIYHOI peHTabesb-
HOCTi KOCMIiYHOI IIPOAYKIIii Ta CEPBiCiB;

— JMHaMiKa 3pocTaHHSI 0OCsSry BUPOOHHUIITBA
KOCMiUHO1 MPOAYKIii (30KpemMa eKCIIOPTHOi) Bif-
HOCHO 0a30BOro poKy (B aOCOJIOTHUX Ta BiTHOCHO-
MY BUMIpi);

— o0cAar OI0IKETHUX, i1HBECTULIMHUX KOIITIB,
IPaAHTIB, 3aJIy4eHUX IS BUKOHAHHSI KOCMIYHUX
IIPOEKTIB;

— KIUJIBKICTh MIAIMPUEMCTB Ta OpraHi3aliil pi3HOi
¢opmu BIaCHOCTI, 1110 3a7y4arOThCsl 10 BUKOHAHHS
KOCMiUHUX MPOEKTIB Ta MPOrpam;

— KIJIBKIiCTb Ta 3arajbHUI 00CST T1O0roBOPiB yKpa-
THCBKUX MiAMPUEMCTB 3 iHO3eMHUMM 3aMOBHUKAMU;

— NIMHaMiKa 3MiH Yy KaapoBOMY CKJIai MiINpu-
€MCTB, KOHCTPYKTOPCHKHMX OIOpPO Ta HAyKOBMX iH-
CTUTYTIB, 30KpeMa MOJIOAUX (haxiBIIiB;

— 3MiHa Y CYCIUIbHIM AYMIIi 11010 IePCIIEKTUB-
HOCTI KOCMIYHMX IIPOEKTIB i AiSILHOCTI B LILJTOMY.

6. IIEPIIIOYEPTOBI 3AXO/I11

baraTopiuHa BiACYTHICTh KOCMIYHOI TIOJITUKWA Ta
JIEp>KaBHOTO 3aMOBJICHHSI, Kpr3a YIIPaBIiHHS KOC-
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MiYHOIO IiSIJIbHICTIO Ta BaXXKWU CTaH MiAIIPUEMCTB
BUMarae cepej iHIIoro pilllydrX 3aX0AiB KPU30BOIO
MeHemkMmeHTy. [Topsin 3 BUpOOJIEHHSIM CTparteriu-
HOTO OauyeHHSI Ta TPOTPaMHUX IOKYMEHTIB HeOOXia-
HUM € 3aIlTpOBaXKEHHSI HU3KU TePMiHOBUX MEPIIO-
YeproBUX 3axOiB B iAeOJIOriYHii, opraHizauiliHii
Ta HayKOBO-TEXHiuHili chepax. Buxonssuu 3 Bu3Ha-
YEeHMX MPIOPUTETIB Ta BUXiAHUX MOJOKEHb LIiJI01 Ii-
SUTBHOCTI, HEOOXiZIHUMM € TaKi 3aXOIH:

a) opeanizauitini

— 3aroyaTKyBaHHSI CTBOPEHHSI [i€BOI CHUCTe-
MU yHpaBiHHS KOCMIYHOIO AisIbHICTIO: pO3IOAiI
MOBHOBaXXEHb MiXX OpraHamMy BMKOHABUOi BJajiu,
CTBOPEHHS KOOpAWHALITHOTO OpraHy Ha piBHi Ka-
Oi"eTy MiHicTpiB YKpaiHu, MpU3HAYCHHS KEPiBHU-
KiB Jep>KaBHUX OpraHiB YIIPaBIiHHS Ta Jep>KaBHUX
MHiAPUEMCTB;

— OOCTEXEHHSI CTaHy MNiANPUEMCTB Ta OpraHi-
3aliii 11 BUpOoOJIeHHSI BUCHOBKIB 1100 HAsBHOIO
HayKOBO-TEXHOJIOTIYHOTO Ta KaJpOBOIro MOTeHIlia-
Jy, TIepeJliky TMpiOpUTETHUX KOMITETeHIi yKpaiH-
CbKOi KOCMIYHOI iHIyCTpil HAa HAMOJMXYi 5 POKiB;

— 3aTBepIKEeHHsSI Ta (piHAHCYBaHHS IUIaHYy 3a-
BIaHb Ha 1-2 pOKM 3 PO3BUTKY Ta MiATPUMKHU KOC-
MiYHUX TEXHOJOTilAi Ha OCHOBiI BU3HAYCHMUX IIpio-
PUTETIB SIK TiATOTOBYMI eTam po3po0JIeHHS Ta BU-
KOHaHHS 3arajbHOAepXKaBHOI HAyKOBO-TEXHIYHOI
KOCMIYHOI mporpamMu YKpaiHu.

0) Haykoeo-mexHiuni ma npoepami 3axoou

— Ppo3pobJieHHs Ta 3amoyvyaTKyBaHHSI BUKOHaH-
HSI 3aX0[iB 3i cTBOpeHHS CHUCTEMU KOCMIYHOI Mif-
TpuMKHU 3C YKpaiHu SIK MPiOpUTETHOT YaCTUHU 3a-
raJbHOJIEP>KaBHOI KOCMIYHOI ITporpaMu YKpaiHu.

— peanizalig y3roJ)K€HUX 3 €BPOIEUCHKUMU
NapTHepaMU CIiIbHUX JOCTIAHULBKIX MTPOEKTIB SIK
nepeaymMoBa BeryIty 10 €KA.

— Y3rOIXKEHHS 3 KpaiHaMu-TlapTHepaMu Mep-
CHEKTUBHUX CIJIBHUX KOCMIYHHUX IIPOEKTIB y cepi
Oe3reku i 00OpOHU; amanTallis BiTYU3HSIHOTO BU-
poOHMLTBA 10 cTaHnapTiB MapTtHepiB i HATO.

— PO3pO0JICHHSI TPOEKTY CTBOPEHHS HalliOHAIb-
HOI CUCTeMU CYITYTHUKOBUX CITOCTEPEXKEHb MOBIii-
HOI'0 MpU3HAYEHHSI HAa OCHOBI NMepeaoBUX iHpopMa-
LiAHO-KOMYHIKallifHUX TEXHOJIOTi, OpOiTaIbHUX
3ac00iB Ta CHUCTEMHHUX pillleHb, rapMOHiI30BaHUX
3 MixHapogHumu cucremamu COPERNICUS,
GEOSS;
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— OpraHi3allist KOHKYpPCY ITPO€EKTIB TSI BUSIBJICH-
HSI KOHKYPEHTOCIIPOMOXKHUX TEXHOJIOTii y mpiopu-
TETHUX HampsiMax po3po0JIeHHS BITYUM3HSHUX 3aCO-
6iB PKT Ta 3ax01iB 3 iXHbOI IMiATPUMKU;

— MIAroTOBKa Ta 3aTBEPAXKEHHS 3arajabHojlep-
JKaBHOI HayKOBO-TEXHIYHOI KOCMIYHOI Mporpamu
VYkpainuy;

— PO3pO0JIEHHS TIJIaHy Ta 3AilCHEHHS 3aXO/iB 3
YIIOCKOHAJIEHHST HallioHaJIbHOTO KOCMiYHOTO 3aKO-
HOJIaBCTBA;

— pO3pO0JICHHST TIJIaHy MiArOTOBKY (paxiBIIiB
KOCMIYHOI cpepy Ta KOHLIEIIii KOCMIYHOI OCBIiTH B
VYkpaiHi.

7. OYIKYBAHI PE3YJIBTATU

B pesynbraTi BUKOHaHHS 3aX0/IiB BiIIOBiIHO 10 IO~
JoxeHb naHoi KoHIemnuii o4iKyeThCcs peasizallis
3aBlaHb, SKi Y NPUHLUII HE MOXYTb BUKOHYBaTU-
cs1 0e3 3aIy4eHHsI KOCMIUHMX TeXHOJIOTIl, a TaAKOX
iCTOTHE MiABMIIEHHS €(PEeKTUBHOCTI BUPIIIEHHS
HEBIIKJIAAHUX 3arajJibHOAEpPKAaBHUX IIpodjieM. Y
Mepliy 4Yepry WAeTbCsl MPO TEXHOJIOTIUHUM piBeHb
BUKOHAHHSI 3aBIaHb Y chepax Oe3rneku i 000poHHU,
MiABUIIECHHSI €(EeKTUBHOCTI 3aXOMdiB 3 BilIHOBJIEH-
Hs iHGPACTPYKTYpU, OLIIHIOBaHHS IIKOAM BiJ BO-
€HHMX [ili, €KOJIOTIYHOIO MOHITOPMHTIY, 3a0e3Iie-
YeHHSI €HepreTUYHOI Ta IMPOJOBOJILYOI Oe3neKkun. Y
HaWOMMKYiN MMEePCIEeKTUBI 3aX0IM KOCMIYHUX PO-
€KTIB CIIPUATUMYTh YTBEPIKEHHIO T'€OITOJITUIHOL
3HAUYIIOCTI KpaiHu, MiABUILIEHHIO iHHOBALlIitHOTO
MOTEHIiay Ta BXOIXKEHHIO Y EBPOIENChbKUI HayKO-
BUI1 Ta TEXHOJIOTIYHUIA TPOCTIp.

[To3uTHBHI HacIigKKM peanizallii 3ageKyiapoBa-
HUX TIiAXOIiB OYiKYIOThCS 3a paxyHOK: BIpOBa-
JIDKEHHS cydacHOI MOJesIi yIIpaBJIiHHS AisUIbHICTIO,
30CepeXKeHHI 3yCUJb Ha HampsiMax, IO JIaloTh
BaXXJIMBi CYCHJIbHI pe3yJbTaT, IiIABUIIEHHS Ha-
YKOBO-TEXHOJIOTIYHOI'O PiBHS BHACJIIIOK Ipiopu-
TETHOTO CIiBpOOITHULITBA 3 EBPOTIEMCHKOIO CITijIb-
HOTOIO, Opi€HTAallil Ha BJAcHi mepeBaru Ta KOM-
MeTeHIii, MiATPUMKU iHHOBaliil, pedopMyBaHHI
Jep>KaBHUX MiAMPUEMCTB Ta 3aJlydeHHs MPUBATHOT
iHilIaTUBU.

OuikyBaHi pe3yJbTaTd BiAINOBIIHO IO BM3Haue-
HUX HamNpsIMiB Ta 3aBaHb:

— nepuia yepra CucTeMr KOCMIYHOI MiATPUMKM
3C VYkpainu, peaiizaiis y3roIXeHHX 3 €BpOICH-
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CbKMMU TIapTHEpPaMU CIIUIBHUX TPOEKTIB y cdepi
Oe3reku i 000poHU;

— CTBOPEHHSI HAlliOHAJIbHOI CUCTEMU CYIYyTHU-
KOBUX CITOCTEpPEXeHb IOABIMHOIO MpU3HAUYEHHS
Ha OCHOBi TepenoBux iH(opMaliiiHO-KOMYHiKa-
LIAHUX TEXHOJIOTI, opOiTaIbHUX 3ac00iB Ta CHC-
TEeMHMUX pillleHb, FTAPMOHiI30BaHUX 3 MiXKHAPOAHUMU
cuctemamu COPERNICUS, GEOSS;

— peastizallisi HU3KM cniibHux 3 €KA nmochin-
HUILIBKMX IIPOEKTIB K nepeayMoBa BCTyiry 10 €KA;

— CTBOPEHHSI Ta BIPOBAI>KEHHSI CEPBICiB OLiHIO-
BaHHS IIKOAM i 30MTKIiB BHACIIZOK BOEHHMX Iiif,
€KOJIOTIYHOT0 MOHITOPMHIY, KOHTPOJIO 3a HeOe3-
MeYHUMU TEXHOTEHHUMU Ta MPUPOJHUMU SIBUILIA-
MM Ha OCHOBi CYMYTHUKOBHUX JaHUX Ta HOBITHiX iH-
¢dopMaLiitHIX TEeXHOJIOTI;

— BUSBJICHHSI KOHKYPEHTOCITPOMOXHMX TEXHO-
JIOTi y TIPIOPUTETHUX HAIpsiMaX PO3pOOJIEeHHS Bi-
TUU3HSHUX 3aC00iB paKeTHO-KOCMIYHOI TEXHIKM Ta
3iAICHEHHSI 3aXO/1iB 3 IXHbOI MiATPUMKU.

JONATOK. BUKOPUCTAHI TEPMIHH

KOCMOHABTUKA — Teopist i mpakTvKa A0CIiIKEHHS Ta BAKOPUCTAHHSI KOCMIYHOIO ITPOCTOPY 3a JIONIOMOI'0l0 aBTOMaTUY-
HUX i MiJloToBaHMX KocMiuHux anapatiB (KA). B anrnomosHiii jgitepatypi BukopuctoByeTbest TepMiH ACTPOHABTUKA,
SIKWIA 03HAYa€ TaKOX JOCIIIKEHHS Ta TEXHOJIOTi1 y cdepi 3a0e3neuyeHHsI KOCMiYHUX MOJIbOTIB.

KOCMIYHA IISJIBHICTD — gistnbHICTb 3 AOCHIIKEHHS Ta BUKOPUCTAHHSI KOCMIYHOI'O IPOCTOPY, 30KpeMa CTBOPEHHS,
eKCIUTyaTallisl Ta BAKOPUCTAaHHS KOCMIYHUX 3ac00iB (KOCMIYHOI TEXHIKM), a TAKOXK iHIIA TisUIbHICTh, TOB’sI3aHa 3 OCBOEHHSIM
KocMocy (KOCMivHa IMoJIiTUKa, KOCMiYHE MpaBo, MEHEDKMEHT KOCMIYHUX ITPOEKTIB TOILIO).

KOCMIYHA EKOHOMIKA — nistbHicTb (BKJIIOUYaIOUM BUKOPUCTAHHS PECYPCiB), SKa MOB’s13aHa 3i CTBOPEHHSIM Ta 3a0e3-
MEYEHHSIM €KOHOMIUHUX LIHHOCTEM i BUTOAM IS JIIOAEH y Mpoleci AOCTIIKEHHSIX Ta BUKOpUCTaHHs KocMocy. Cy0o’ekTaMu
KOCMiYHOI €KOHOMiKM BUCTYMAlOTh BCi JAepKaBHi i MpUBaTHiI cy0’e€KTH, SIKi OepyThb ydacTb Y PO3poOLi i BUKOPUCTAaHHI
MOB’sI3aHUX 3 KOCMOCOM IPOIYKTIB i MOCYT, a TAKOX HayKOBUMM 3HAHHSIMU, OTPUMAHUMM B pe3y/bTaTi TaKo1 MisIbHOCTI.

KOCMIYHA ITOJIITUKA — cuctema NorJsiAiB Ta Aiid 1IOI0 PeryJIsITUBHUX 3aXO/iB, MPAaBOBUX i HOPMAaTMBHMX aKTiB, a Ta-
KO €KOHOMIYHMX Ta HayKOBO-TEXHOJIOTIUHUX MPIOPUTETIB OPraHiB JIep>KaBHOI BJIaIM, sIKa CIIpSMOBaHa Ha peali3allilo iH-
TepeciB Jep>KaBy LIJISIXOM BUKOHAHHS KOCMIYHUX ITPOEKTIB.

CTPATEIT KOCMIYHOI JIATBHOCTI — noromkeHuii Ta iHTerpoBaHUil HAGip pillleHb Ipo BUOGIp apeaity JisIbHOCTI,
CIOCO0iB TOCSTHEHHS METH, KJIIOYOBUX KOMITETEHIIii i CUCTeM opraHisaliii mpatli.

JEPXKABHE YITPABJIIHHA KOCMIYHOIO AIAJBHICTIO — 3axonu (3aKkoHOIaBYi, OpraHizaliiiHO-yIpaBIiHChKi, (i-
HAHCOBI) BIUTMBY JeP>KaBU Ha MisNIBHICTh CY0’ €KTIB KOCMIYHOI TisUTBHOCTI 3 METOIO TOCSITHEHHS 11 LiJIeii; BKJIIOYAE TIaHyBaH-
Hsl, OpraHi3aililo, peryiioBaHHsI, MOTUBYBaHHSI Ta KOHTPOJIb.

MOJIEJb KOCMIYHOI JIAJbHOCTI — cyKynHicTh ysBlIeHb NPO OpraHi3allilo, TIEBHi XapaKTepUCTUKU, HAMPSAMU it i
pecypciB, HEOOXiTHUX TSI TOCSATHEHHS MOCTaBAEHUX 1ijIei y cepi JOCHiIKEHHS Ta BAKOPUCTAHHS KOCMOCY.

KOCMIYHA IHAYCTPIA — cykynHicTh NiiMPUEMCTB, 3aliHATUX BUPOOHUIITBOM 00’ €KTIB, 1110 BUBOJSATHCS HAa OPOITY 3eM-
Jii 260 3a ii MexXi, a TAKOX BiAMOBIIHUMU MOCTYraMu. BUaisSi0Th TpM OCHOBHI CEKTOPU: BUPOOHUIITBO KOCMiUHUX anaparis,
3aco0iB Ha3eMHOI iH(PPACTPYKTYypH Ta paKeT-HOCIiB (HaIaHHS MTyCKOBUX ITOCIYT).

KOCMIYHA (PAKETHO-KOCMIYHA) TEXHIKA (PKT) — cykymnHicTb 3ac006iB [U1s1 IOCTiXKEHHSI Ta BUKOPUCTaHHS KOC-
MIYHOTO TIPOCTOPY, a TAKOX CIOCTEpPEeXeHb 3eMJli 3 KOCMOCY, 30KpeMa paKeTU-HOCii, KOCMiyHi arapaTtu, 3aco0M Ha3eMHOI
iHbpacTpyKTypu.

KOCMIYHI TEXHOJIOT'TI — TexHOJIOTIi, 1110 BUKOPHCTOBYIOTh KOCMiUHY TeXHiKy, iHGopMaLlilo Ta iHCTpyMeHTapiil LISt
3a0e3MeYeHHs] KOCMIYHMX CITIOCTepeKeHb, AOCTIIKEHb, HalaHHS MOCYT MiATPUMKU YIIPaBIiHChKUX PillleHb, 3a0e3MeueH-
Hs 0e3reKu Ta 000pOHU. Y BY3bKOMY CEHCi — TaKOX TEXHOJIOTii BUTOTOBJIEHHSI KOMITOHEHTIB KOCMIUHOI TEXHIKU (CUCTEMU
YIIpaBJIiHHS, IBUTYHU, TTAJIMBO, TIPUJIaINd, MaTepiay TOIIIO).

KOCMIYHI (CYITYTHUKOBI) CITIOCTEPEXEHHS 3EMJII — 36upanHs iHdopmaliii mpo ¢isudHy, xiMiuHy Ta 6i010-
riYyHy CUCTEMM TUTAHETH 3a JOTIOMOTI'0I0 TEXHOJIOT I JUCTAHLIITHOTO 30HLyBaHHS, JOIMTOBHEHMX IHILIMMU METOIAMU 00CTEXKEH-
Hst 3eMJIi; BKJIIOYa€e 30MpaHHsl, aHai3 Ta NPeICTaBIeHHS JaHUX.
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KOCMIYHI TEJEKOMYHIKAIIIT — cykymnHicTb KOCMiYHUX a TAKOX Ha3eMHUX 3aCO0iB, 110 3a0e311e4YIOTh IePeHECEHHS
iHdopMallii, HagaHo1 B HEOoOXiAHil (hopMi, Ha 3HAYHY BiICTaHb 3a JOTIOMOTOIO MOIIMPEHHS CUTHAJIIB B OMTHOMY UM CYKYITHOC-
Ti CEpeIOBUILL.

CYIIYTHUKOBA HABITALIIAl — cykymHICTh CyMyTHUKOBHX Ta Ha3eMHUX 3aCO0iB, a TAKOX MiSTHHICTD, 110 3a0e3reuye
IJIaHyBaHHSI, 3aIT1C Ta KEPYBAHHSI PYXOM TPAHCMOPTHUX 3aCO0iB.

KJTIOUOBI KOMITETEHIIII (B KocMiuniii AisibHOCTI) — CYKYIHICTb 3HaHb, IOCBiy Ta TEXHOJIOTIH, Ki € OCHOBOIO KOHKY-
PEHTHUX TepeBar cy0’€KTiB KOCMiYHOT1 TisUTbHOCTI.

CYB’EKTU KOCMIYHOI JIAJTBHOCTI (Ykpainu) — opuauuHi Ta Gi3uuHi 0codu, B TOMY YMCI iHO3eMHi, a TaKOX
MiXHapOJIHi opraHizailii, siKi 31ilICHIOIOTh KOCMiYHY AisUTbHICTh HA TEPUTOPil YKpaiH! Y BiAMOBIMHOCTI 10 YNHHOTO 3aKOHO-
JlaBCTBA.
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CONCEPTUAL BASIS OF PUBLIC POLICY IN SPACE ACTIVITIES: DRAFT BASIC PROVISIONS

As a result of the discussion on the state and prospects of space activities in Ukraine, which took place on April 12—13 at the
working meeting “SPACE IN THE TIME OF WAR AND PEACE”, the COSMOS Association and the Space Research Coun-
cil of NASU created an initiative working group on the analysis of space activities to prepare the main provisions of conceptual
documents in the field of space activities. The Presidium of the National Academy of Sciences of Ukraine supported this initia-
tive at a meeting on July 10, 2024. This paper outlines the main provisions of the draft basic document “Conceptual Foundations
of State Policy of Ukraine in the Field of Space Activity”. The work identifies the main problems that need to be solved and, in
particular, emphasizes the new challenges of organizing space activities as a result of Russian aggression against Ukraine. The
initial provisions laid down in the ideology of the approach of the authors are formulated, a short SWOT analysis of the current
state of space activity in Ukraine is given, the idea of introducing a new model of domestic space activity is put forward, a list of
priority steps for introducing such a model is given, guidelines and indicators for achieving the set common goals are formulated.
The analysis of problems, the principles of the formation and implementation of state policy aimed at solving them are set out in
the following sections: characteristics of modern space activities in the world and Ukraine; the state and problems of the exist-
ing competencies of space activities of Ukraine; common goals, priorities, and objectives of space activities in Ukraine; ways of
organizing space activities in Ukraine; priority measures; expected results.

Keywords: space activities, space technologies, rocket and space technology, public policy, public administration, sustainable
development, security and defense, space research.
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