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Mporpama po6oTu KoHepeHwuiT

11 rpygusa (n’atuuys)
Buctynu 3anpoineHux JieKTopiB

1.T.H., npod. Koxan C.C. (Hauionansuuii yniBepcurer 6io-
pecypciB i MpUPOIOKOPUCTYBaHHS YKpaiHu) “AepokocMidyHHE
MOHITOPHHT 3eMHUX JaHAmapTis”

I0.T.H., npod. Cmankesuu C.A. ([lepxkaBHa ycraHoBa «Hay-
KOBHH LIEHTP aepoOKOCMIUHUX mociimkeHb 3emsi [HCTHUTYTY
reojsioriunux Hayk HAH Ykpaiuu») “CynyTHHKOBe AMCTaH-
[ilHe 30HAYBaHHS 3 HaJIBHCOKOIO pO3pi3HeHHicTIO”

o.¢.-M.H., npod. Bidemauernko A.Il. (FosoBHA acTpOHOMi-
yHa oGcepBatopis HAH VYkpainu) “Bsaemonis merteopoinis
3 atmocdeporo 3emi”

I0.¢.-M.H., npod. Andpornos I.JI. (Omecbkuil HauioHaNbHUH
MOpCbKHE yHiBepcureT) “AcTpoiH(popMaTHKa: CTATHCTHYHO
ONTHMaJbHI anpokcumauii faHux”

0.¢.-M.H., npod. beavcoka .M. (XapkiBcbKUH HallioHasb-
Huil yHiBepcuter im. B.H.Kapasina) “Onrtnuna nosspume-
Tpis npu BHUBYeHHI GesarmocdepHuX Maaux Tin CoHsuHOT
cucTeMu”

K..-M.H., pou. lenamuwun B.B. (Binnin ceficmiunocti Kap-
narcbkoro periony IHctutyty reodisuxu im. C.I. Cy660TiHa
HAH VYxpatuu) “I'eomexaniuni npouecu B 3aKapnaTcbKoMy
BHYTPIllIHbOMY NPOTUHi: acTpoi3nuHul acrnekr”

0.7T.H., npou. Quc M.M. (Hauionanbuuit yuisepcurer “JIbBis-
cbKa noJitexHika”) “JlokasbHi Ta riobanbHi aHoMadsil TpaBi-
TaniiHoro noJisi 3emJi Ta mjaaHer’

o.¢.-M.H., npod. Keasesuax O.0. (HauionanvHuil abia-
uiiuuil  yuiBepcurer) “JluHamiyHa irypa, NPHIJIKBYH Ta
obepraHHs HeGeCHUX Tia”

[lepepsa
JonoBini ydacHuKiB KoH(pepeHniT
12 rpyaHsa (cy6ora)

HomnoBini yyacHukiB KoHhepeHILii



3acTocyBaHHA Teopii HEYiTKUX MHOXXHH NpH
KnacudikyBaHHi rinepcneKTpasbHUX KOCMiYHUX
306paXkeHb
Anvnepm C.1.
JlepxaBHa yctaHoBa «HaykoBuii LIeHTP aepoKOCMIYHUX NOCJiIKeHb 3emi
[HctuTyTy reosoriunux Hayk HAH Ykpainu», Kuis

HocuTb yacTo npu po3B’si3aHHi 3a1au KaacudikyBaHHS MU MaeMO crpa-
By 3 HEMNOBHOI, HETOYHOK Ta cylepeusuBolo iH(opmauicto. Teopis Heui-
TKHUX MHOXHH Ja€ 3MOT'y ONMCYBaTH, 0OpOOJIATH Ta BCTAHOBJIOBAaTH B3ae-
MO3B’I3KM MiK HETOYHHMH HaHUMH. [laHa Teopis migxomuTh mJs KJaacudi-
KyBaHHSI 300pakeHb i3 BUCOKHUM pPO3Pi3HEHHSIM, OTPUMAHHUX 3a JIOMOMOTOI0
JNUCTaHIiHOrO 30HAYBaHHS. HeuiTki MHOXHHHU Ta HeUiTKi uuC/JIa BUKOPH-
CTOBYIOTbCS [IJIsl 3HaXOMKeHHs1 6a30BUX Mac (6a3oBUX HMOBipHOCTEH), fKi,
B CBOI0 Yepry, BUKOPUCTOBYIOTbCSl B 3ajauax KJacU(piKyBaHHS rimepcre-
KTpPasbHUX KOCMiYHHUX 300paxeHb [1-2].

Hexait Ay — oOmexena MHoxuHa, a A; (i=1,2,...) — 11 NiAMHOXHHH,
Tozii 6a30Ba Maca BH3HAUa€ThCsl 32 HACTYMHOIO (hOPMYJIOH0:

m(z) =0,
S m@A)=1, i=0,1,2, ..
AtgAO

Hexaii, X — yuiBepcasbHa MHOXKHHA. Tomi HeuiTka migMHOXHHA A C X
BH3HAYa€ThCs 32 IOMOMOTrOI0 XapaKTepucTHuHo! GyHKILiT g : X — [0, 1].

[Ipu 1bOMy KOXKHOMY esieMeHTy x € A HajaeTbCsl NiliCHe 3HaueHHs Xa-
pakrepucTudHOl GYHKIIT pa(x) i3 inTepBany [0, 1]. 3nauenHs pa(x) Bkasye
Ha Bary (grade of membership) enementa x y muHoxuni A. Hexaii maemo
HeuiTKy MHOXHHY A C X Ta Oynb-sike nificue uucao o€ [0, 1]. Toni a-piBeHb
abo «-3pis, 110 BiamoBigae MHOXKHHI A, mo3HauaeThess “A Ta € UiTKOW MHO-
KUHOW: YA = {x eX:pua(x)> a}.

LleHTpanbHUH eJleMEHT OMUCYETbCs 3a NOTOMOroI (-3pi3y HACTYNHHM
YHHOM:

‘A= {X €X: ,UA(X) 2 Oéi} = [{VAL' lower aAiupper] . i=1,2,3,..,n,
ap=1>a1>ay>...>a,=0, «a€c]0,1].
TpukyTHe HeuiTKe uuca0 A BU3HAuaeThCs uepes TPiHKy uwmcen [a, b, c],

Je a —MiHiMa/lbHe 3HaueHHs, b — Hailbiabll BiporinHe 3Ha4YeHHs, ¢ —
MakcHMaJsibHe 3HadyeHHs. Moro xapakrepucThuHa QyHKLis Mae BUIJISL
Y
g 4Sx<h
pa(x) =< .,
— b<x<ec.

YKaxeMO TpH MiJXOAM N0 3HAXONXKEHHA 6a30BHX Mac.
1. Bepemo iHTerpas Big xapakTepucTHYHO! (DYHKILIT Mi>K ABOMa Pi3HUMH



«-3pi3aMu, oTpEMyeMo 6a30By Macy:

QAiupper
fia) (x) dx
1 nAiIower
m(“A;) =
(“A:) y—
> / fia) (x) dx
i ('A[lower
2. bazoBa maca Bu3Ha4aeThcs 3a (POPMYJIONO
ai—1(1—a;)
mA) = =————.
T Y a(l-w)
12

3. Y TpeTbOMy MeTOAi a-3pi3 PO3MVISIAAETbCS SIK {HTepBaJ NOBipH 3 piB-
HeM noBipu 1 —«. basoBa maca Bu3HauaeTbes 3a hopmyJIow0

Haseneni MeTonu sHaxonkeHHs 6a30BHX MaC MOXKYTb OYTH 3aCTOCOBaHi
NpH KJacH(iKyBaHHi JiciB Ta CiJbCbKOrOCNOAAPCbKUX TEPUTOPIH, BUPIlIeHH]
eKOJIOTIYHHX 3a1a4, NPH MOLIYKY KOPUCHUX KomajuH [3].

1. Aaonepm C.I. 3acTocyBaHHS MeTONIiB KOMOIHYBaHHS NaHHX NpPH KJacH(iKyBaH-
Hi CYyMyTHHKOBUX 300paxkeHb / MaremaTHuHi MamuHu i cucremu. — 2019. —
Ne2. — C.16-26.

2. Kaufman A., Gupta M.M. Introduction to Fuzzy Arithmetic, Theory and appli-
cations. — Van Nostrand Reinhold Co. Inc., Workingham, Berkshire, 2003.

3. [lonos M.O. CyuacHi nor/isiiy Ha {HTeprpeTanio J1aHUX aepOKOCM{UHOrO AHCTaH-

uitinoro sonayBanHs 3emusi / Kocmiuna wayka i texnosoris. — 2002. — T.8,
Ne2/3. — C.110-115.

Mpo6nemaruka nobyaosu Ta Ge3nekU KOCMiUHUX nidTiB
Anodpiescoxuii 1.1, awko M.I.

XepcoHCbKUH (hi3uKo-TexHiYHUM Jileld XepcoHCbKOI MiCbKOi panu

PeakTuBHi pakeToHOCIl, 110 3apa3 aKTUBHO BUKOPHUCTOBYIOTbCS AJIS I10-
JbOTiB y KocMmoc, MaoTb HU3bKUE KKJI. OnHa 3 anbTepHaTHB — KOCMiYHHH
Jidt. Lle#t nmpoekT B NaHHH MOMEHT NpHBepTae yBary 6araTbox 4JjeHiB Ko-
CMi4HOrO CMiBTOBApUCTBA, BiJ iHXKeHepiB i BUEHHUX IO €KOJOTiB i IOPHUCTIB,
a TaKOX MOTeHUiHHMX iHBecTOpiB y BcboMy cBiTi. BismbmicTe icHytouux po-
6iT mo wid TeMatHUi MOCHAIMXKYIOTb MOXKJHBICTb MOOYIOBH Ta iCHyBaHHS
KocMiuHoro nipTy, aje Gesmnewi icHyBaHHSI Takoi KOHCTPYKIii yBara Lie He
NpUAisIacs.

Merta nocaifzKeHHs: NOCHAiAXKEHHS MapaMeTpiB 3eMHOI'0 i MiCSUHOTO KO-
CMiUHUX J(TiB 3 ypaxyBaHHSIM acrekTiB 6e3MeKHd Ta 3MiHHOTO 3a BeJHYH-
HOIO KoedilieHTa 3anacy Mil[HOCTi, AJis1 OLLIHKK MOXJIUBOCTI iX MOOGYLOBH Ta
eKcIyaTauil.



3apaui gocsiKeHHs:

— noOyayBaTH yHiBepCaJbHy MaTeMaTH4HY MOJeJ/b 3eMHOr0 i MiCS4HO-
ro KOCMI4HOTO CTalioHAPHOTO JiTa 3 ypaxyBaHHSIM BUMOT Oe3MeKH,
3MiHHOro Koe@illieHTa 3anmacy MilHOCTi Ta IOYaTKOBOI'O BHUJOBKEH-
HS;

— Ha OCHOBi MaTeMaTH4HOI MOZeJi, 32 JOMOMOTOI0 KOMITIOTEPHOTO MO-
Jle/II0OBaHHS, BU3HAYUTH MO3L0BXKHIA PO3NOAIN mJouli nepepisy Tpo-
CciB, a TaKoxX 3HauyeHHS IX Mac.

Ha ocHoBi po3po6/ieHol MaTeMaTHYHOT MO, 110 BPAXOBY€ 3MiHHY pO-
6ouy MexXaHiUHy Hampyry B3[O0BX TPOCY Ta HasiBHICTb TOYKOBHUX KiHILIEBHX
Mac Ha KiHUSIX Tpocy Ji¢Ta, BCTAaHOBJEHO, 110 B PaMKaX 3alpONOHOBAHO}
Monesi icHye MiHiMyM MacH KOHCTpPykuii st — mporuBar. el ¢akT €
nikaBuM | noTpebye mopansblInX AocCaigKeHb. Po3paxoBaHo, 3a IKOTO 3Ha-
YeHHS1 JOBXKHHHU MPOTUBArd Maca KOHCTPYKLIl TPOCiB cUCTEMH Ji(pT — mpo-
THUBAr NpuiMae HalMeHLIe YHCce/ibHe 3HAUeHHS.

[TpoBeneHo ouiHKy HebGe3mekH, 110 MOXe CIPUYMHHATH OOPUB Tpoca Mi-
CSIUHOTO KOocMiuHoro Jidra anaa 3emJi. [IpoBeneHe MonesoBaHHS AHHaMi-
K1 06ipBaHOT YaCTHHM TPOCY I0Ka3aJo, L0 ii TpaekTopis pyXy He HOCATae
reocranioHapHoi op6iTH, TOOTO BiACYTHS Hebe3rneka K AJisl HaceJeHHS 3eM-
Ji, Tak i ojg 1 WTY4YHUX CYNYTHUKIB, AKLIO AOBXKHWHA CUCTEMH MeHIUa 3a
100000 xm, a nns 3HadeHb, Ginbmux 3a 311000 kM, o6puB mpoTHBaru
rapaHToBaHO Npu3Bele 10 3iTKHeHHS i3 3eMJelo.

3pobJ/ieHO TIpUMYLIEHHS, 10 MeHIIe 3HaYeHHS MacH MiCSYHOTO KOCMi-
YHOTO JIi()Ty B TOPIiBHSHHI i3 3€eMHHUM M03BOJISIE CTBEPIKYBaTH, 110 HOTO
no6ynosa € 6i/bll HMOBIpHOIO Ta MeHILI 3aTPaTHOIO.

Ba>xnuBicTb TOUHUX 3HAHb NPO CepefHI0 MOPCbKY
NMOBEPXHIO NpH aHanisi a/IbTUMETPUYHUX AdHUX
Bearenok B.I0., ®poros I'.0.

Hauionanbuuil aBiauiiinuil yuiBepcuret, Kui

CepenHsi MopcbKa noBepxHsi (MSS) Ta reoin — KJ0OUYOBi OMOpPHI MOBepX-
Hi, 110 BHKOPUCTOBYIOTbCS [JIl aHaJ/i3y ajJbTUMETPHUHHX CIIOCTEpeKeHb.
JliHamiuHa yacTHHA CHrHaJly — aHomaJsis piBHs Mopsi (Sea level anomaly,
SLA), HeoOXxinHa IJs1 IOCHIAXKEHHS IMHAMIKHK 3MiH PiBHSI MOPCHKOI MOBEpX-
Hi, Moxxe OyTH OOYHC/IeHa LIJISAXOM BHJYYEHHS 3 BUCOT MOPCBKOI MOBEpXHi
(Sea surface height, SSH) suauenr MSS [1]. Hdas mocnimkeHHs [IBHI-
KOCTi OKeaH{UHHX Teuill BUKOPUCTOBYETbCS CepelHsi AMHaMiuHa Tomorpadis
(Mean dynamic topography, MDT), sika siBisie co60t0 pi3HHII0 Mi2K 3Haue-
Hasimug MSS Ta reoina [2].

[Tepwi anpTHMeTpUUHi NPOAYKTH Maju 7-piyHHH nepion oGYHC/eHHS
MSS. Tounicte Bu3HadeHHss MSS 3HauHO MOKpaIIM/IAch 3 YAaCOM 3aBISKH
30i/IblIEHHIO KiJIbKOCT] CIIOCTepeXKeHb, BIOCKOHAJNEHHSM, 31iliCHEHUM B TO-
yHOMY Bu3HaueHHi opbitu (Precise orbit determination, POD), anropurmam



MOBTOPHOTO BifICTEXKEHHSI (POPMH CHUTHAJNy aJbTHMETpa Ta Pi3HUM BHIIPABJe-

HHSIM, 3aCTOCOBAaHUM JI0 JaHUX aJbTUMETPHUHUX CIOCTEPEXKeHb.

CydacHi Ha6opH aJbTUMETPUYHHUX AaHUX MawoTh 20-piuHuil mnepiox mJs
obuucaenHs sHadyenb MSS [2]. Yac mokasye, 1110 udM IOBLIMH Nepion yce-
PEeIHEHHs, TUM Kpallle yCepeIHIOITbCA MiKpidHi Ta MixKAeKanHi KOJHBaHHS
piBHAA MOPCBKOT MOBEPXHi.

1. Hwang C., et al. Global mean sea surface and marine gravity anomaly from
multi-satellite altimetry: applications of deflection-geoid and inverse Vening
Meinesz formulae // Journal of Geodesy. — 2002. — Ne76. — P.407.

2. Stammer D., Cazenave A. Satellite Altimetry Over Oceans and Land Sur-
faces. — CRC Press, 2018. — P.50.

LLle Ha ogHOMY cynyTHuKY CatypHa [lioHi
MoXKe 6yTH rno6anbHuUi okeaH
Bidemauenko A.Il
TonoBHa actpoHomiuHa obcepsatopist HAH Ykpainu

[Ipo HasiBHicTb mimsigHoro okeaHy Ha EHuenani crepury nisHamaucs
3 aHaJjizy momiuenux kocMmiunum amnapatom (KA) «Kaccini» mix 2010 i
2012 pp. rpasitauiiiHux aHomaJsi#, Koy depe3 rpaBitauiilHuil BnauB EH-
[esana TPaeKTOpis MPOJbOTY KOCMIYHHMX amnapatiB Oelio 3MmiHioBagacsi. Y
2014 p. nmigrBepann, mo nepenana 3 KA «Kaccini» ingopmanis Bkasye Ha
HasIBHICTb MOPS i KpU2KaHOIO LIankoio y nisaeHHil niBkyni Exnenana. e
yepe3 piK NOCJifKEHHS MOBiJbHOIO KOJHWBAaHHSA CyNyTHUKA BiA rpasiTaLiid-
Horo BmauBy CatypHa (ni6parii) mokasaso, 1o mig nosepxHeio Exiesnana
MoOXKe XOBaTHCS I106aNbHUN OKeaH.

3a JlioHOlO, YeTBEPTHM 3a PO3MipoM cymyTHHKOM CaTypHa, peTesbHi
crioctepexeHtst Besucs e 3 1980-x pokis: crnepury — kamepamu KA «Bo-
samxkep», a motiMm 3 KA «Kaccini». [lix yac kisbkox G/M3BKHX MPOJBbOTIB
nopyd i3 CaTypHOM BHaJsoCs OTPUMATH 3HAUHY KiJbKiCTb 300pakeHb, KOTpi
JI03BOJIMJIK 3’CYyBaTH, 1[0 XapaKTEPHOI PUCOI0 LbOTO CYMyTHHKA i3 JbOLY
i KameHIO € TJIHOOKi KaHbHOHM, BHUCOKi Kpyui Ta raaaki ainsHxku. Iosodi
neTanpHa KapTa nosepxHi [lioHM BKasye Ha He#aBHi reoJsoriyHi 3MiHM Ha
noBepxHi. To6ToO pe3y/abTaTH LUX CIOCTepeKeHb BKa3yBa/JW Ha MOXKJHUBY
HasBHICTb TaM HeIaBHbOI Ie0JIOriYHOT aKTHBHOCTI.

OnHak npsimux pokasiB Toro, mo B JlioHi € BopsiHu#l GaceiiH, HOBro
He Oyso. | juile mic/s npoBeleHHs IpaBiTallifiHo-TomoJsioriyHoro aHafisy
i3 BHKOpHCTAHHAM OiJbII CydyacHUX METOAIB BAAJOCS OTPUMATH yIeBHEH]
JI0Ka3u HasiBHOCTi okeaHy mij noBepxHeto [lionu. I[To6ynoBaHi reodisuuni
MofeJi Ta rpaBiTalilHi aHOMaJii Ha CyNyTHUKY BKa3aJd Ha Te, 110 TOBLLIHWHA
KpuxKaHoi moBepxHi JlioHd ctaHoBuTh O6sK3bko 100 kM. A nim Hero, my»xe
HMOBipHO, 3HAXOAWTbCA LIJAUH OKeaH BOAM, IMIMOMHA SIKOrO MOXe CAraTH
65 KM.

HioHa mae 6inbiu chepuuny GopMy, HiXK Ie XapakTepHo Ajs EHuenana.
Kpim Toro, ii Kopa € Habarato ToBLiol0. [H(popMmaLis npo rpasitauiio JlioHu
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TAaKOXK BKa3y€ Ha HAsABHICTb y CYNYyTHHUKA TBEPAOro fApa, po3Mip KOTPOro
craHoBuTb 10 70% Bim 3arasbHOro pamiycy cymytHuka. [Ipu posmani pamio-
AKTUBHHUX €JIeMEHTIB Y AADi BUAINAETLCS TEIIO0, 3aBASKH IKOMY OTOUYHOUHH
Horo Jqin taHe. HalloueBuaHile, came e i nMpu3Beso 10 MOSIBU OKeaHy Ha
JlioHi.

Hassrictp reiizepiB Ha [lioHi, aHasOr{uHUX THM, KOTpi criocTepiraloTbes
Ha EHuesani Ta €Bponi, 3Moraiv 6 MOCTaBUTH KpPamnKy y MpOsiCHEHHIi cUTya-
il 11010 HUHILIHBOTO CTaHy CyMyTHHKA. AJie, Ha XKaJjb, reitsepis Ha JioHi
MOKY He 6auu/id, i, SIKILO BPAaXOBYBATH TOBLIMHY TOBEPXHEBOI KOPH CYMYT-
HUKa, TO He (aKT, L0 B3arasi iX MoxKHa KOJU-HeOyAb MoOauuTH. K0 XK
OKeaH TaM [iilicHo € # icHye BiH Ha mpota3i Bciel icTopii HioHu, To LinkoMm
MOXKJIMBO, 110 32 BiNIOBiAHUX yMOB TaM MOIJIO 6 PO3BMHYTHCS ¥ MiKpOOHe
JKUTTS.

TakuM 4YMHOM, OKeaHHW He € YHUMOCb He3BHYaHHHM i YHiKaJbHHUM [/
Hawoi CoHsuHOT cucTeMu. [lasi 3'sicyBaHHS CNPaBeNJMBOCTI TaKOTO X BHU-
CHOBKY | 1100 KHUTTS MOTPiOHO MPOAOBXKYBATH BiAMOBiAHI AOCiIKEHHS.
A otTxe, /s MiATBepIKEHHS UM CIPOCTYBaHHs HasBHOCTI okeaHy Ha [lio-
Hi HeoOXigHO BiANIPaBUTH HOBY KOCMiuHy Micito, Ky, MaOyTb, HOBeAeTbCS
YeKaTH Lie JOBTO.

1. Klyanchin A.L, et al. // XIII MixHaponHa HayKoBa KoH(epeHLis “AcTpoHOoMiuHa
Kosa mMosonux BueHux” (Yepniris, 2011). — C.29-30.

2. Steklov A.F., Vidmachenko A.P. [/ XX MixHapogHa HayKoBa KOH(epeHIis
“AcTpoHoMiyHa iKosa Mosoaux BueHux” (Ymaub, 2018). — C.61-63.

3. Vidmachenko A.P. // Bicuuk ActpoHomiynoi mkoau. — 2012. — T.8, Nel. —
C.136-148.

4. Vidmachenko A.P., et al. // XIII MixHaponHa HaykoBa KoH(pepeHLis “AcTpoHo-
MiuHa mkosa mosonux Buenux” (Yepwiris, 2011). — C.15-16.

5. Vidmachenko A.P., Morozhenko O.V. Physical parameters of terrestrial planets
and their satellites. — Kyiv: Editorial and Publishing Department of NULES of
Ukraine, 2019. — 468 p.

6. Vidmachenko A.P., Morozhenko O.V. The study of the satellites surfaces and
the rings of the giant planets. — Kyiv: MAO NASU Press, Ltd. Dia, 2012. —
255 p.

7. Vidmachenko A.P., Morozhenko O.V. Physical characteristics of the surface of
satellites and rings of giant planets. — Kyiv: Editorial and publishing department
of NULES of Ukraine, 2017. — 412 p.

8. Vidmachenko A.P., et al. // Bicuuk AcrtpoHomiuHoi mkomu. — 2011. — T.7,
Nel. — C.117-132.

9. Vidmachenko A.P., et al. // Bicuuk Actponomiunoi mkoau. — 2011. — T.7,
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Bo3Mo)kHasA >XM3Hb B OKeaHe Ha CNyTHUKeE 3|-|u,ena.n,
Budemauenrko A.IL
[naBHast acTpoHoMHuecKasi o6cepBaropusi HAH Ykpaunel

Yunbsam lepuienis B 1789 1. oTKpbl mecToél mo pasmepam crnyTHUk Ca-
TypHa nuameTtpoM ~ 500 KM, KOTOpHIH o6paliaeTcsi BOKPYT MJIAHETHl CHH-
XpoHHO 3a 32,9 uaca. Tam ecTb oueHb pa3pexxeHHass aTMocdepa, ¥ TOL
JIeAsTHOM MaHThed — cusankatHoe sigpo [b]. CorsiacHO MOCAETHHM H3Me-
peHUsM, U3 BceX H3BecTHbIX B COJIHEYHOH cHcTeMe JedfHBIX Tes JHle-
Jlall, BeposiTHee BCETo, SIBJSETCS caMblM ropssyuM. Elle Bo BpeMs posieToB
kocmuyeckoro anmnapata (KA) «Kaccunu» 14.07.2005 uHbppakpacHbiil crie-
KTPOMETpP OOHApYKHUJ TelJible 00JaCTH BOKDPYT €ro I0XKHBIX TPUMOJSPHBIX
obnacreii. Temnepatypa 3nech BapbupoBasach oT 85 no 90 K, u ectp He-
GoJsbllIMe y4acTKU ¢ Temneparypod mo 157 K. DTo cauimkom rtemso nJjs
TOTO0, UTOOBl OOBSACHATLCS TOJNBKO COJHEUHBIM HarpeBoM. [TosaTomy Tam noJ-
JKHBI OBITh YYaCTKH, KOTOpble HarpeBalTCsl U3HYTpU cnyTHHKa [5]. Temso-
Basi KapTa ero IOXKHBIX MOJSPHBIX Pa3JOMOB Ha3BaHa «THUTPOBBIE MOJIOCHI».
B 2005 r. KA «Kaccunn» Takxke 0OHapy»KuJ wieiid), UCXOOSAMWHKE U3 Gosee
COTHH BBIOPOCOB M3 I0XKHBIX MPHUIOJSIPHBIX obJacTell JHuenana. Mamepenus
Macc-CreKTPOMETPOM U aHasnu3aTopoM Kocmudeckod newin (AKIT) monreep-
JMJIH, YTO BBIOPOCHl UIYT U3 MOAMOBEPXHOCTHOTO OKeaHa.

OGHapyxeHHe OpraHHYeCKHUX MOJIEKYJN B OJHOM M3 TakKHUX MJoMoB [1],
a Takxe yOeluTeNbHble TOKA3aTeNbCTBA THAPOTEPMA/IbHONH aKTHBHOCTH, J€-
JaoT DHLeJ Al OfHOH W3 IVIaBHBIX LeJsiell 1 MOUCKOB KHM3HH. [loaTomy,
Hapsay co cmyTHUkoM [Onurtepa EBpornofi, dHuesan cyutaeTcss OCHOBHBIM
(mocne 3eman u Mapca) kanaunatom B CosiHeYHOH cUcTeMe, e MOTEHLHU-
aJIbHO BO3MOXKHO 3apoKJeHue u3Hu. Annaparypoit KA usmepeH cocras ra-
30BBIX 00JIAKOB, COCTOSILIIMX, B OCHOBHOM, U3 BOISIHOTO Tapa, a TaKKe CJaebl
asoTa (B aMMHaKe), MeTaHa H yIJIeKHCI0To rasa [2]. B miomax Bomsl Takke
€CTb 3€pHa JHOKCHIA KPEMHHS W OpPraHHUeCKHX MOJIEKYJI, BKJIOYass MaJble
KOJIUeCTBa MPOCTeHIINX yrIeBOLOPONOB, Takux Kak aueruseH (CoHy), npo-
nad (C3Hg), metan (CHy) u dopmanbaerun (CHyO). D10 roBoput o Tom,
YTO HUCTOYHMKOM 3IHEPrUH SIBJSIETCS THAPOTEpMasbHasi aKTMBHOCTb B TOJ-
TIOBEPXHOCTHOM OKeaHe JDHIeJana. Eciu 3TOT okeaH MMeeT IieJoyHOH pH,
TO, KakK [OKa3blBalOT MOIeJH, MojekyaspHbid Bomopox (Hg) moxker GbiTh
reOXMMHUYECKUM HCTOUHHUKOM MJIS 3HEPTHH, KOTOPbIH MOXeT ObITb MeTabo-
JIU3UPOBAHBIM MeTaHoreHHbIMH MHKpobamu. C momouisio AKIT B BEIGpOCax
13 DHuenana npuMepHo B 3% JesIHBIX 3epeH GblI0 0GHAPYXKEHO 3HAUUTEJIb-
Hyil0 (DpaKLMIO OUeHb CJ0XKHOrO opraHudeckoro marepuana [3, 4]. Ilpensa-
ralT HECKOJIbKO MEXaHHU3MOB, KOTOPble MOTJIH Obl OOBSCHUTD NIPUCYTCTBUE B
CTPYSIX DHLeJana BbICOKOMOJIEKYJ/ISIPHBIX OPraHHUECKHX BeLIeCTB B BBICOKHX
KOHLeHTpauuax. Ha DHuenane B HEKOTOPOM NMOTPAaHUYHOM CJIO€ Ha I'PAHHULE
pasfesia Bofa—Jell MOXeT MPUCYTCTBOBATb HEPACTBOPUMBIH BBICOKOMOJIEKY-
JIIPHBIA OpraHWYeCKHW MaTepHas. BoipbiBaoldecs W3 3TOrO MOrPaHUYHOTO



CJI051 Iy3bIPbKH MOI'YT 00pa3oBbIBaThb B ILujelde BHIOPOCOB CYOMHUKPOHHBIE
a’3po30J4, oborallleHHble OpraHH4eCKUM MaTepHaJsIoM.

Bricokue 3Hauenusi pH B okeaHe DHLeana v OTCYTCTBHE CyabdaTconep-
JKalllMX KJacTepoB B Lyef(ax yKasblBalOT HAa OTCYTCTBHE CHJIbHBIX OKHMC/IH-
Tesedl, Takux Kak Og B 3eMHOM okeaHe [7]. [TosTomy, mpu GecKHCIOPOIHBIX
yCJI0BHAX J1060e oforallleHHe OpraHHYecKUX BelleCTB B TaKOM OKeaHe Oy-
JeT OTpaxKaThCsl Ha COCTaBe JIeASHBIX 3epHax B IUIIOMax. B cBsisu ¢ 3TuM,
npu JI000M aHAO0OJHUUECKOM MeTa0O0JHu3Me MOXKET ObITh JOCTUTHYT BBICOKHH
yPOBeHb OpraHMYeCKUX BellecTB, B C/1ydasX ecjd CKOPOCTb UX 00pa3oBaHUA
NpeBbllIaeT HOPMbI pa3pyLIeHHS.

[TonBonHble rUApOTEpMalbHble HCTOUHUKH Ha 3eMJe 06/1aJaloT BbICOKHU-
MH GHOJIOTMYECKUMHU Harpyskamu [6]. YuuTbiBasi Hanu4re rUAPOTEPMaNbHOH
SHEPTHH B OKeaHe DHIEJaJa U OPraHMYECKHX MOJIEKYJ, HaKOIJIeHHe psijia
NUTaTeJNbHbIX BellecTB MOXeT JOCTHYb HACBILIEHHs, a TakXKe IPHUBeCTH K
oforallleHHI0 OPraHH4eCKHX BellecTB B LujleHpax.

O ryo6asbHOM XapakTepe OKeaHa CTaj0 H3BECTHO IOCJe IPOBeleHHs
aHasu3a Jubpauuy dHLeana no usodpaxeHusm ¢ «Kaccunuy, mosyuyeHHbIM
B 2004 r. VIHTE€HCHBHOCTb JUOPALH MOXHO OOBSCHHUTb HaJHYMEM MOIIHO-
ro /105 XKUAKOCTH, KOTOPBIH pasfesisieT CUJIUKATHOe PO U JelsHYy0 KOpy
JAHHOTO CIyTHHKA. B Heapax okeaHa MOTYT ObIThb PacloJiOXKeHbl THApPOTep-
MaJibHble HCTOYHHKH, HarpeBatoiiye Boxy moutH 10 +90°C. Takyto BEICOKYIO
TeMIlepaTypy IO MOBEPXHOCTbIO DHLeNana MOXKHO OOBSCHUTb NPUIMBHBIM
pasorpeBoM cIyTHHKa oT CaTypHa.

B 3emHBIX refi3epHbIX UCTOKaX HepPeAKO HaXOIAT 2KUBble opraHu3Mbl. [To-
3TOMY MOXKHO HPEITNOJOXKHUTb, UTO OHH MOTYT CYIIeCTBOBATb M Ha JHIEJa-
ne. O6Hapy»KeHHe BOLOPOZAa B 3aXBaueHHBIX 00pa3llaX TaKkxKe MOATBEpXKIaeT
3TH LOTaJKH, [IOCKOJBKY €ro Haju4he MOXKeT FOBOPUTH O NPUCYTCTBUHU IIOA
TNIOBEPXHOCTBIO DHIlesa/la MeTaHa, T0Jy4aeMoro pyu XUMHUECKHUX MPOLeccax
MeTaHOreHe3a M3 yriekucsaoro rasa. Hamuuue u Bogopona, U MeTaHoreHesa
BIIOJIHE MOXKeT ofecredyuBarb HpocTelilliie MUKPOOpPraHM3Mbl HUlLeH, Kak
3TO NpoucxXoguT U Ha 3emJse. HeocrnopumelM siBAsieTcss (GakT TOro, UTO Ha
DHLeJalle eCTb B HAJUYUH BCE OCHOBHbBIE 3JIeMEHTHI, KOTOpble HEOOXOLUMbI
115 oA epKaHUs MPOCTeHINX (HOPM 2KUBHH.

1. Cable M.L., et al. /| Astrobiology Science Conference. — 2017. — LPI Contrib.
No. 1965, 3639.

2. Steklov A.F., Vidmachenko A.P. [/ XX MixHapogHa HayKoBa KOH(epeHIis
“AcTpoHoMiuHa miKosa Mosoaux BueHux” (Ymaub, 2018). — C.61-63.

3. Vidmachenko A.P., et al. // Bicuuk AcrtpoHomiuHoi wkomu. — 2011. — T.7,
Nel. — C.117-132.

4. Vidmachenko A.P., et al. // Bicuuk Actponomiynoi mwkonu. — 2011. — T.7,
Nel. — C.133-144.

5. Vidmachenko A.P., Morozhenko O.V. The study of the satellites surfaces and
the rings of the giant planets. — Kyiv: MAO NASU Press, Ltd. Dia, 2012. —
255 p.

10



6. Vidmachenko A.P., Morozhenko O.V. Physical characteristics of the surface of
satellites and rings of giant planets. — Kyiv: Editorial and publishing department
of NULES of Ukraine, 2017. — 412 p.

7. Vidmachenko A.P., Morozhenko O.V. Physical parameters of terrestrial planets
and their satellites. — Kyiv: Editorial and Publishing Department of NULES of
Ukraine, 2019. — 468 p.

Martepuan actepoMaoB U KOMETHbIX iiep MOXXHO
U3yu4aTb Kpyrnbii rog Ha opbute 3emnu
Budemauenxo A3, Cmexaos A.D.13
'TnaBHast acTpoHoMuueckas o6cepatopuss HAH Ykpaumel
2 MexXpervoHa/bHas akajeMus YIpaBJeHHs epCOHAI0M
SHaumoHa/bHEI YHHBEPCHTET GHOPECYPCOB H MPUPOLONOIb30BAHHS YKPAHHI

Taiina npoucxoxneHusi CoOJIHEUHOH CHCTEMBI XPAaHHUTCS B KOMETHBIX
snpax u B acrepounax [14]. ViMeHHO OHH SIBJISIIOTCS CYCTKAMU [EPBUYHOTO
BelLeCTBA MPOTOCOJIHEUHOH TyMaHHOCTH. [loaTOMy H3y4yeHHe MeTEeOpOUIHO-
ro Martepuaja IOMOXKET OTBETHTb Ha MHOTHE BOIPOCHl O MPOUCXOXKIEHHH
Bcenenno#. 1o cux mop ero cocTaB M3ydasH JHLIb MO yNAaBIIUM Ha 3eM-
a0 obnoMkam [9]. Ho Mbl mpensaraem o6pasiibl METEOPOMIHOIO BeLleCTBa
3a061paTh HEMOCPEACTBEHHO B KocMoce. HamoMHUM, 4TO IS HCC/I€NOBAHUSA
snpa komeTsl YypiomoBa—I'epacuMeHKo K Hell 6blJ1 HalpaBJeH Crielha/bHbIH
KocMu4yeckui anmapar. CTOMMOCTb TOrO KOCMHMYECKOrO 3IKCIEpPUMEHTa Co-
ctaBasiyia okoso 1 mapa. eepo. HACA st BCeCTOPOHHET0 M3yueHHs mpej-
noJiaraeT «IMOoHMaTb» HEOOJBIIOH acTepOMA C NpeAnosaraeMblM IHAMeTPOM
no 10 M u macco#t mo 500 ToHH. AcTepoun MJIaHHPYIOT 3aXBaTHTb CIIEIU-
aJibHbIM OeCNUJIOTHBIM 30HIOM M MepenpaBuTb ero K opourte JlyHol. M yxe
CIOla, K MOUMaHHOMY OeCHJIOTHOH POOOTHU3UPOBAHHOH CHCTEMOH acTepou-
Iy, PaCCUMTBIBAIOT HANPAaBUTb MUJOTHPYEMbIH KOCMHUYEeCKHH ammnapar. Tam
acTPOHaBThl c00epyT HeoOXOAMMble 00pa3lbl acTepOUAa U OTIPABAT UX Ha
3eMJII0 115 TIPOBEJIEHHUST JasbHEHIIEro aHaIu3a.

HanoMHuM, uTO €XXeIHEBHO Ha MOBEPXHOCTb HAled MJaHEeTHl MafaeT OT
COTHH [0 THICSIUM TOHH (MIpH NEeHCTBHM METEOPHBIX MOTOKOB) METEOPHOrO
BemecTBa [1-4]. MeTeOopHBIM BeILECTBOM SIBJSIIOTCS YaCTHUIBI KOCMHUUECKOH
IbIM U (pparMeHThl acTepouaoB U KoMeTHbIX sanep. [lomanas B atmocdepy
3eMJ/IH, OHH MOPOXKIAIOT KPAaTKOBPEMEHHEIE CBETOBBEIE BCIIBIIIKH, HA3bIBae-
Mble METEOPHBIMH SIBJIeHUAMH. VX BBICBeUMBaHHE NPOUCXOAWUT H3-3a BLICO-
KOH TeMIlepaTypbl, BO3HHUKAIOLIEH NpH B3aUMOAEHCTBUHY METEOpPOHIA C 3eM-
Ho# aTMocepoit [8].

COBOKYIHOCTb €KErofHo HabJ/io1aeMblX B OJHU U Te XKe IHH MEeTeopOB,
BUJIMMBIE TTYTH KOTOPBIX BBIXOASIT M3 HEKOTOPOH TOUKH Ha HeOe, HAa3bIBAIOT
MeTeOpHBIMH NoToKaMH. OHM BO3HHKAIOT TOrHa, KOraa 3eMJ/sl NPHU CBOEM
IBWKEHUH 10 OpOMTE MepeceKaeT BLITAHYTble Ha opbute Bokpyr CoJsHLA
CKOIJIEHHS] MeTeOpHOro BellecTBa. [locTOsSIHHBIE METEOPHBIE MOTOKH IOBTO-
PSIIOTCST €3KETrOflHO, W HeHACTBYIOT OT HeCKOJbKHMX JIHeH N0 MecsueB [4, 6,
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7]. HekoTopbie M3 METEOPHBIX MMOTOKOB CYIIECTBYIOT YK€ Ha MPOTSKEHUH
COTEH, a TO U ThICSY JieT. «PonnTensiMu» METEOPOUIOB [Jisl IECSITKA U3 Me-
TEOPHBIX MOTOKOB SIBJISIIOTCS] OCTATKH M3BECTHBIX KOMETHBIX SIIED, A ellle ISt
5—7 — usBecTHble acTepouabl. Hanpumep, octatku kKomeThl [asses o6pasy-
I0T METEOPOUIbI AJIsl IOTOKA 7)-AKBapubl B ampese—Mae U B OKTsOpe — 15
MeTeopHoro notoka OpuoHumsl [5].

[TosTOMy M3ydaThb MaTepuas KOHKPETHOTO acTepou[a HJU KOMETHOTO
spa MOXKHO He TOJIbKO Ha OPOMHEHIIMX PacCTOSIHUSIX OT 3eMJiu. Takike,
He 006513aTeNIbHO «JIOBHTh» IIEJIBIH aCTepPOMI HJIM Ke KOMeTHoe sinpo. Bemb
HACA rake niaHupyeT oTOHpaTh HeGOJblIHE 06pa3iibl OT AOCTABJEHHOTO
K JlyHe acTeponpa. A TMOCKOJNbKY Mapa NECSTKOB aCTEPOUIOB MU KOMETHBIX
slep y»Ke Ha MPOTS2KEHUH BPEMEHH OT HECKOJBKHUX CYTOK A0 OoJiblle Mecs-
11a €XKEroIHO MepecekaroT OpOUTY Halllel MJIaHeThl, TO [Jis UX U3yUeHUs HaM
GyIeT DOCTaTOYHO 3aXBATHTh BCETO JIMIIb MaJEHbKHH KYCOUEK METEOPOHM/A.
C 3To#i Uesbl0 Mbl IO/KHBI €ro MOHMaTh B OTKPHITOM KOCMOCE, TIIATeJbHO
«3aKOHCEPBUPOBAaTb» W 3aTe€M JOCTABHTb [Jisi OCHOBATEJbHOTO HCCJEeN0Ba-
HUS B 3eMHBIX YCJOBHSIX C MOMOIIbI0 COBPEMEHHOTO BBICOKOKAYeCTBEHHOTO
o6opynosanus [10, 11].

Jlaisi «OTJI0Ba» MEJIKOTO METEOPUTHOTO MaTepuasa B KOCMHUECKOM IMpPO-
CTpaHCTBE HEOOXOIUMO CO3[aTb ClelHajbHble JIOBYIIKH, KOTOpPbIE, HAMpPHU-
Mep, TPUMEHSIJIM Ha MeXIIaHeTHOH cTaHuuu «CTapaacT», Npd Hcc/enoBa-
Husix kometsl 81P/Busbna no saGopy uyactuuek u3 ee xocra (cm. B [8]).
Tawm criennasibHBlE TUEHKH BO3BpALaeMOl KAaICYJIbl 3aMOTHSNUCh adporesieM
Ha OCHOBe JHOKCHIAa KpeMHHs. Takoe BeIleCTBO MMEeT CBEPXHM3KYIO MJIO-
THOCTb, ¥ CIIOCOOHO 3aTOPMO3UTh 0€3 meperpena HeOOMbIIHe YACTULIBL, JeTs-
11IHe C BBICOKOH CKOpPOCTbio. [TomoGHBIME stueHKaMHd HEOOXOMUMO OCHACTHTh
opOUTaJIbHBIE CUCTEMbl, U OTKPbIBATH WX B MOMEHTHI OJIM3KHE K MaKCUMY-
MaM KOHKPETHHIX MeTeOpHbX moTokoB [12, 13] Ilpu Takux ycjoBusix mo-
CTaBJIeHHbIE U3 KOCMOCA MHKPOMETEOPHTHl He MOABEPrHYTCS BO3IEHUCTBHUSIM
BBICOKOH TeMIeparyphl, H o6ecreyar MoJHYI0 CTEPHIbHOCTb H MPHTOAHOCTh
IJIs TIIATEJBbHOTO HCCJeN0BaHMUS.

1. Churyumov K.I, et al. // Bicuuk Acrponomiuynoi mwkomu. — 2015. — T. 11,
Ne2. — C.99-102.

Churyumov K.I., et al. (2016) 5 ISC, Vinnytsia. — P.33-37.
Dashkiev G.N., et al. (2017) 48LPSC, LPICo no. 1964, id.1135.
Steklov E.A., et al. (2017) 48LPSC, LPI Co. 1964, id.1327.

Steklov A.F., Vidmachenko A.P. // XX Intern. scientific conf. “Astronomical
School of Young Scientists” (Uman, 2018). — P.53-56.

Vid’machenko A.P., et al. // SSR. — 1977. — 10(4). — P.194-197.

. Vidmachenko A.P. // XX Intern. scientific conf. “Astronomical School of Young
Scientists” (Uman, 2018). — P.91-93.

8. Vidmachenko A.P., Morozhenko O.V. (2014) MAO NASU, NULE SU, Kyiv,
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10. Vidmachenko A.P., Steklov A.F. // XX Intern. scientific conf. “Astronomical
School of Young Scientists” (Uman, 2018). — P.121.

11. Vidmachenko A.P., Steklov A.F. // Bicuuk Actponomiunoi mkoau. — 2018, —
T.14, Nel. — C.15-22.

12. Vidmachenko A.P., Steklov A.F. (2019) OAP, 32. — P.176-177.

13. Vidmachenko A.P., Steklov A.F. (2018) 50 LPSC, LPI Co. 2132, id.1088.
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Muccum Kk actepoupaam
Budsvmauernxo A.ILY3, Cmekarog A.D.13
TnaBuas acTponomuueckas o6cepsaropus HAH Ykpauusl
2 MexperioHabHasi akafeMus YIpaBJeHHs epcoHaIoM
SHauuoHanbHEIl YHHBEpPCHTET GHOPECYPCOB M TMPUPONONONb30BAHHIS YKDAHHbI

Actepounsl chopmupoBanuch Gosee 4,5 MJpA. JeT Hazam U SBJSIOTCS
poBecHukamu CosHeunoit cuctembl (CC) [4-6]. OueHb HHTepecHa MOTEH-
[HajgbHasl M0Jb3a, KOTOPYI0 MOTYT MPUHECTH 3TH KOCMHUECKHe OOBEKTHI,
Belb B UX COCTAaB BXOOMUT BCe: OT BOAH A0 mjaTuHbl [1-3]. B 3aBucumo-
CTH OT COCTaBa aCTEPOUAbl AEJST HA TPH OCHOBHBIE CIEKTPAJbHBIE KJac-
col [12]. 75% H3BeCTHBHIX HAM aCTEPOHIHBIX TeJl, MpUHaLIexaT K Kjaaccy C
(carbon — yrseponnble). OHU comepKaT 3HAUHUTE bHbIE 3aMachl BOIbI, yrJje-
pon, ¢docdop u ap. Bony MoxHO GyneT HUCMONb30BaTh MPHU KOCMHUYECKHUX
MUCCHSIX; ee MOXKHO pasfeJMTh Ha BOAOPON M KHCJOPOA AJis PaKeTHOTO TO-
miuBa. Ceuite 16% 0T BCex HM3BECTHBIX aCTEPOMIOB OTHOCAT K Kjaccy S
(silicon — KpeMHHEBBIE); OHH COIEPKAT MaJsio BOIBI, HO GOraTble HHKeJeM,
JKeJjie30M, KoOaJbTOM U T.II.; B COCTABE aCTEPOUIOB S-KJjacca MOXKHO 0OHa-
DYXKUTb W IparoLeHHble MeTaJslsibl, TaKHe KaK POAMH, 30JI0TO W IJIaTHHA.
CaMbIMH MaJIOUUCJEHHBIMHU SIBJISIOTCS acTepOUAbl Kjaacca M — metaninye-
cKHe; UX 0K0JI0 8% 0OLuero ynca.

OKoJ103eMHbIE aCTEPOUABl TaKXKe BapPbUPYIOTCS MO CBoeMy cocTaBy. Ka-
XKIBIH M3 HUX B PA3/UUYHBIX KOJMYECTBAX COLEPKHUT YIJIEPOLMUCTHIE MaTe-
puasbl, Bony U Metasubl [8, 11]. JIBa U3 0KO/NO3eMHBIX aCTEpPOMAOB IOCe-
aJUCh aBTOMAaTHUECKUMH KocMudyeckuMH annapatamu (KA). Tak, muccus
HACA noceruna actepoun 433 dpoc, a snoHckas «Hayabusa» mo6GbiBasna
Bo3Jie actepouna 25143 Hrokasa. A B centsiope 2016 r. HACA sanycTuio
ouepentoit KA, HampaBuB ero K mepecekarmlieMy opoUTy 3eMJH OKOJIO3eM-
HoMy acTepouny benHy c¢ auamerpom = 0,6 KM; mepuon ero obpalieHus
Bokpyr CoJiHLIa cocTaBsieT ~ 1,2 3eMHOro roja, mpu nepuone co6CTBEHHO-
ro Bpaulenus 4,28 yaca. Ero op6ura pacrnosoxeHna 6/13Ko K 3eMJe, HeBe-
JIUK yTOJl €e HAKJOHEHHS K IJOCKOCTH 3€MHOH OpOUTHI, U MO3TOMY MOJET
K HeMy He Tpe0oOBaJj 3HAYMTEJbHBIX 3aTPaT IHEPTHH. DTO MO3BOJHJIO YBe-
JIMYMTh BEC HaydHOH ammapartypbl Ha 6opty KA. Kpome Toro, acrtepounm
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oTHOcHUTCSl K KJyaccy C yIIepOTHBIX aCTEPOHJOB, UTO MO3BOJUT MOJNYUIHUTh
IJ51 UCCJIe[IOBAHUsl YIJIEPOAUCTOE BellecTBO, KOTOPOe COXPAaHHUJIOCh CO Bpe-
menu obpasosanus Hamed CC. Anmapatr pocrtur ero B oktsiope 2018 r.
Buauasne 3To Teso M3ydasoch CHeKTPaJbHBIMH METOAAMH, a C MOMOLLbIO
¢ororpapuueckux H3oOpakeHHH BBIOMpAJOCh HauboJiee ONTHMaJ/bHOE Me-
CTO /151 TIOCAZKH Ha ero IOBEPXHOCTb C LeJbl0 0TOOpaTh 00pasLibl OPOJb,
Macca KOTOPBIX NOTeHIHa bHO MoxkeT O6biTh 0,06-2 kr. PaspaboTumku mnpe-
LYCMOTPEJI BO3MOXKHOCTb TPEXKPATHO BBEIMIOJNHUTE ONepauun 3abop TpyHTa.
Ha KA ¢ nomMoipio HECKONBKUX CIIEKTPOMETPOB TMPOBOASTCS HABIONEHHUS B
6skHeM uHbpakpacHom (MK) u BUIUMOM nuanazoHax ¢ LEJbIo Onpenele-
HHS BO3MOXXKHOT'O COCTaBa MOPOJ Ha acTepouje U AJs ITOMCKA OPraHHYecKHX
COeJJMHEeHUH, MUHEePaJIoB, APYTUX XUMUUYecKuX BellecTB. [IonCK BO3MOXKHOU
OpraHMKH SIBJSETCS Ba’KHBIM JIJIsT BOCCO3/IaHUs HcTopur obpasosanust CC u
MIPOUCXOKIEHHsT PA3HBIX THIOB XXU3HEeHHBIX popM [7, 9, 10]. Cnextpomerp,
(PUKCHDYIOILMH TerJoBoe H3JyueHHe, OTPaKeHHOe MHHepaJaM{ acTepou-
JHOH TOBEPXHOCTH, MO3BOJISIET ONpeNeNsTh ee TeMIepaTypy, YTO HeoOXOnHU-
MO JIJ1s 0OHapyKEeHHUsT Y4aCTKOB [IOBEPXHOCTH GOraThiX BomoH. A peHTreHoB-
CKUH CIIeKTpPOMeTp NpefHa3HaudeH [JIs1 [IOMCKa 3a/exeld KpeMHUs, KeJje3a,
cepbl ¥ MarHusi. Mimemwlasics annaparypa nosBoJisieT 061yBaTb MOBEPXHOCTb
a30TOM [/ paspblXJeHHs MaTepHasa Ha HeCKOJbKO CAHTHMETPOB M 3arpy-
JKaTh ero B creldasbHyto Kamepy. [Tocsie nmpoBeneHUst OOIIMPHBIX HAYYHBIX
uccnenoBaHuil acteporna KA x 2023 r. nosmkeH AOCTaBUTh 06paslbl TPyH-
Ta Ha 3eMJIO JIS MOCJENYIOIIEro MCCAe0BaHNs Ha HaJHYHe BO3MOMKHOTO
HaJIMuus [IeHHbIX PECYPCOB H, BO3MOXKHO, MPOJIbET CBET Ha Mpo6JeMbl MPO-
UCXOXKIEHHUS KU3HU Ha 3emJie. Kpome TOro, 3anaHMpoBaHO MPOBECTH PSif
IPYTUX Hay4HBIX MCCJIENOBAHUM, B YACTHOCTH, U3YUUTb T. Has. «3¢p ekt fp-
KOBCKOT'0», YTO CBSI3aHO C U3MEHEHHeM acTepOMIHON OpOUTHI 0N AeHCTBHEM
BO3HUKAIOIUX 3a CYeT TelJIOBOIO U3Jy4YeHHUs [I0BEPXHOCTH MaJloro He6ecHo-
rO TeJsla HerPaBUTALMOHHBIX cH/. CuHTaioT, 4To 3TOT 3(P(HEeKT MOKHO Oyner
UCIIOJIb30BATh U JJISl U3MEHEHHsT OPOUT OMacHBIX aCTEPOUIOB.

Hardersen P.S., et al. // Icarus. — 2005. — 175(1). — P.141-158.
Steklov E.A., et al. // 6 Gamow ICo (Odessa, 2016). — P.43-44.
Takir D., et al. // Astron.J. — 2016. — Vol. 153(1). — P.31-36.

Vidmachenko A.P. // Bicuuk Actponomiunoi wkoau. — 2012. — T.8, Nel. —
C.136-148.

Vidmachenko A.P. // Astron. Almanac. — 2015. — 62. — P.228-249.

6. Vidmachenko A.P. // Bicuuk Actponomiunoi mkonu. — 2016. — T.12, Ne2. —
C.14-26.

7. Vidmachenko A.P. // Bicuuk ActpoHomiuHoi mkoau. — 2017. — T. 13, Nel. —
C.11-21.

8. Vidmachenko A.P. [/ XX Intern. scientific conf. “Astronomical School of Young
Scientists” (Uman, 2018). — P.91-93.

9. Vidmachenko A.P., Morozhenko O.V. The study of the satellites surfaces and
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the rings of the giant planets. — Kyiv: MAO NASU Press, Ltd. Dia, 2012. —
255 p.

10. Vidmachenko A.P., Steklov A.F. // XIX Intern. scientific conf. “Astronomical
School of Young Scientists” (Bila Tserkva, 2017). — P.21-23.

11. Vidmachenko A.P., Steklov A.F. (2019) Odessa AP, 32. — P.176-177.

12. Vidmachenko A.P., Vidmachenko H.A. // Astron. Almanac. — 2007. — 53. —
P.195-207.

AKTUBHaA TeKTOHUUYecCKas AeATe/IbHOCTb
Ha CNyTHUKe EBpona
Budsmauernxo A.ILY3, Cmekaog A.D.13
TnaBuas acTponomuueckas o6cepparopus HAH Ykpauusl
2 MexKpervoHa/bHas akafeMus YIpaBieHHs epCOHAIOM
SHauuoHa/IbHEI YHHBEPCHTET GHOPECYPCOB H IPUPOLONO/Ib30BAHHS YKPAHHEI

[penpbinyiire HayuHble HCCAENOBAHUS MTOKA3AJH, YTO TIOJ TIOBEPXHOCTHIO
EBponer cymectByer okean u3 xunakoit Bogsl [9, 10]. Ou mosHOCTBIO TO-
KpbiBaeT EBpomy U comepXUT GoJibliiee KOJUUYECTBO BOIBI, YeM BCE peEKH,
Mopsi U OKeaHbl Ha 3emse. Hanuuue »KUAKOrO OKeaHa MOA JeASHOH KOpOH
AaBTOMATHYECKH Jle1aeT 3TOT CMYyTHUK KAHAUAATOM B MPHUIOAHbIE /IS XKHU3HH
mupbl [2]. Takke Ha CMyTHHKe HalleHbl N0Ka3aTeJbCTBa CYIIECTBOBAHUS
TEKTOHHUYECKUX TIHT U uxX nBrkeHus [3]. O6 3ToM roBopsiT BHUIMMBIE Ha
JelsiHo# Kope EBpombl BU3yaJsibHblEe NOKa3aTesJbCTBA pPACLIMPEHHs MOBEpPX-
HOCTH. Besl ee MoBepxXHOCTh HCIelllpeHa BNaAMHAMM, TpellMHaMH, XxpeOTa-
MH, IPYTHUMH XaOTHUECKUMH 00pa30BaHUSIMH LIMPUHON 10 HECKOJbKHX KHU-
JgometpoB [1, 7, 11, 12]. Ho moxoxee BellecTBO fBHO MPHUCYTCTBYeT Ha
pa3HeCeHHbIX pas3jioMaMM COCeNHHMX ydacTKax. [lomoGHBIH mpomecc MOXO0XK
Ha TeOfMHaMHUECKHe TPOLECCHl PACTSKEHHs, KOTOpble MPOSIBJASIOTCS B pa-
CXOXAEHHUH JUTOC(HEPHBIX OJOKOB KOPbl B OKeaHaxX W 3aloJHEHHEM 3TOTO
npocTpaHcTBa MarmMoi [8].

[IpennonaraoT, 4To 06/JyUeHHe MOBepxXxHOCTH EBpombl HachillaeT Jens-
HYIO KOPY TIE€PEKHUCbI0 U KHCJIOPOIOM, KOTOpble BCJENCTBUE TEKTOHUYECKHX
MPOLECCOB MOTYT TEPEHOCUTHCS CKBO3b Jiel BO BHYTpPEeHHHME YacTH OKea-
Ha TIpY NepeMeLUBAHUHU CJI0eB JIbJa Te0JOrHUeCKUMH NPOLeCcCaMt, a TaKkKe
yepe3 TPeLLHHBl B Kope cnyTHHKA [3]. [lono6HBIH mpolecc Bcero 3a OecsiTok
MJIH. JIeT MOXKeT HaChIlllaTh OKeaH CMyTHHUKA KHUCAOPOIAOM MOJOOHO 3€MHBIM.
Takoe konuyectBo Oy B TMOANENHOM OKeaHe OymeT AOCTATOUHBIM JJISI MOJ-
Jep’KaHUsl TaM Pa3BUTOH KHU3HU. DTO MO3BOJMIO Obl EBporne monnep:KuBath
TaM He TOJIbKO aHa3pOOHYI MHUKPOOHYIO »KH3Hb, HO M OOJbllide a3poOHbIE
OpraHU3MBbl, YUHTBIBas CYLLECTBOBAHHE CJOXKHBIX MHOTOKJETOUHBIX (hOPM
xu3uu [3]. B nekabpe 2012 r. xocmuueckuit teseckon Xa66aa oOHapy-
JKHJI BBIPHIBAIOLIMECS] M3 XOJOAHOH MOBEPXHOCTH CHMYTHHKA EBpombl cTpyH
BOJIbl, KOTOPblE COCTOSIIM M3 UACTHL JIbJA U MblIU. HTEHCUBHOCTb BBIOPO-
COB TaKHUX CTPYH 3aBUCHUT OT OPOUTAJNBHOrO MOJIOXKEeHHs cryTHHKA. CaMble
AKTUBHBIE Tefi3epbl ObLIKH 3a(UKCHPOBAHBl B MOMEHT MpoxoxkaeHust EBpomnoi
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CaMOH yHaJleHHOH 4acTH OpOWTBHI, KOTJA TPEIIHWHbl HUCMBITHIBAKOT HauGOJb-
IIe HATPSXKEHHUS U3-3a IEeUCTBHS MEPUOAUUECKUX TPABUTALIMOHHBIX CUJ [4,
5]. B pesysnbrate 3TOr0 COyTHHK KakK Obl pacLIMpPsIeTCs ¥ OTKPBIBAET PaaJio-
Mbl B €0 MOBEPXHOCTH.

K EBporme yxXe NJIaHUPYIOT HAMpaBUTb Mapy KOCMHYECKHX MHCCHH C
LeJIbIO TIOTBITAThCS TIOHSITh €€ MOTeHIHaNbHYI0 KH3HeCcnocoOHOCTh. OCHOB-
HBIMH COCTaBJSIIOLIUMHU [/ BO3MOXKHOTO MPUCYTCTBUSI TaM KH3HU SIBJISIO-
TCSI BOAA M HAJMUKe HEOOXONMMOH MJIsi »KHM3HH XUMHYeCKo# sHepruu [2].
Hanpumep, samaueit masi kocmuueckoro ammapata (KA) «Kmunmep» Gymer
€ro MpoJieT 4yepe3 BOAsSIHbIE Teli3epbl ¢ Lesbl0 coOpaTbh HEOOXOAMMYIO HH-
(popmManmio 06 UX XMMHYeCKOM cocTaBe. [Ipenrmosiaraercs, 4to ammaparypa
«Ksumnmepa» crenua bHBIM 3aIIHTHEIM CJI0€M OyfeT 9KpaHHpOBaHA OT BJIH-
sHUs panuaunu fOnuTepa, U 3a TpH ¢ NoMoBHHOU roga KA cnenaet kak mu-
HUMYM 45 6nu3kux nongera Ha 2700-25000 km ot crytHuKa. [lepcnekTrs-
HOH SIBJISIETCS TEXHOJIOTHsl «IIeHeTpaTopa», KOTAa BBIMYIIEHHBIE ¢ amnmnapara
cHapsin co ckopocTbio okoso 300 M/c momajaeT Ha MOBEPXHOCTb, BHIGpA-
CblBasl CBeXXHe 00paslbl Jbla [ MOCAeNYIOIEero aHaau3a 60pTOBBIMH HH-
CTPyMEHTaMH ITI0CaJI0uHOro anmapara. Llesb Takol MHCCHM — OGHApYXKHUTh
JKHU3HBb B XO[e MPSIMBIX U3MepeHUH U yOeluTb BCeX, UTO 3TO CHEJAHO.

HACA onpenenn/och ¢ COCTaBOM JAE€BSTH HayYHBIX HMHCTPYMEHTOB, KO-
Topble OYAYT YCTAHOBJIEHBI HA aBTOMAaTHUECKYI0 MeXIIIaHETHYIO CTAHLHIO H,
KaK OXXHAAeTcsi, MOMOTYT OOHapy»KHThb, €CTh JIH »KU3Hb B MOMJEIHOM OKe-
ane Epponbl. MHCTpyMeHTBI BKJIOYAOT B cesi KaMepbl U CIEKTPOMETPHI,
TM03BOJISIIOLIKE TI0J1yUaTh ¢ BBICOKHM paspelleHHeM H300pakKeHHs TIOBEPXHO-
ctu EBpombl U ompenesiTh ee cocTaB U CTpoeHHe. Tam OymeT pamap OJsi
onpeneseHnsl TOJLIMHEL JelsiHOH 060JOUKH CIyTHHUKA W MOMCKA MOMJELHBIX
o3ep [6]. Tak:ke OymyT MarHHTOMETpBI HJIsI HCCJIEOBAHHSI MarHHUTHOTO H
3/IEKTPUUECKOT0 TOoJIeHl CIYTHHKA U JJIST ONpelesieHHst COJNEHOCTH W TJIy-
OWUHBl OKeaHa, U MHCTPYMEHT IJIs UCCJENOBAHHUS TEIJIOBOTO H3JYYeHHS OT
EBponbi. O61iuii 610[2keT MUCCHH OLIEHHUBAIOT B 2 MJIPA. I0JJIapoB.

1. Klyanchin A.L, et al. // XIII Intern. scientific conf. “Astronomical School of
Young Scientists” (Chernigiv, 2011). — P.29-30.

2. Kolokolova L.O., Steklov A.F. /| Microbiological journal. — 1981. — 43(6).
3. Pasek M.A., Greenberg R. // Astrobiology. — 2012. — 12(2).

4. Shavlouskiy V.1, Vidmachenko A.P. (2015) IX ICo NEA, Nalchik KBSC
RAS. — P.25-26.

5. Shavlouvskiy V.1, Vidmachenko A.P. («<NEA-2015». Proceedings 1Co. — M.:
Yanus-K, 2015. — P.146-149.

6. Steklov A.F., Vidmachenko A.P. // XX Intern. scientific coni. “Astronomical
School of Young Scientists” (Uman, 2018). — P.61-63.

7. Vidmachenko A.P., et al. // XIII Intern. scientific conf. “Astronomical School
of Young Scientists” (Chernigiv, 2011). — P.15-16.

8. Vidmachenko A.P., Morozhenko O.V.Physical parameters of terrestrial planets
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and their satellites. — Kyiv: Editorial and Publishing Department of NULES of
Ukraine, 2019. — 468 p.

9. Vidmachenko A.P., Morozhenko O.V. The study of the satellites surfaces and
the rings of the giant planets. — Kyiv: MAO NASU Press, Ltd. Dia, 2012. —
255 p.

10. Vidmachenko A.P., Morozhenko O.V. Physical characteristics of the surface of
satellites and rings of giant planets. — Kyiv: Editorial and publishing department
of NULES of Ukraine, 2017. — 412 p.

11. Vidmachenko A.P., et al. // Bicuuk Actponomivnoi mkonu. — 2011. — T.7,
Nel. — C.117-132.

12. Vidmachenko A.P., et al. // Bicuuk Actponomiunoi mkomu. — 2011. — T.7,
Nel. — C.133-144.

Pesynbrat 06po6KM AaHMX Bigeo-cneKTpasbHUX
6a3ucHUX cnocTepexxeHb MeTeopiB y XapKoBi
Toaybaes O.B.', Moszosa A.M.?, Konsesa €., Toay6 1.3

"HJI acTponomii Xapkischkoro HaiioHa/nbHoro yeisepcutery im. B.H.Kapasina
2ACTpOI-lOMqua o6cepBartopis KuiBcbkoro HalioHasbHOrO
yHiBepcuteTy imeHi Tapaca [lleBuenka
Sdiznunmii paxyabreT XapKiBCbKOrO HalliOHAMBHOTO
yHiBepcutety im. B.H. Kapasina

JJsi oTpuMaHHS KiHEMAaTHUHUX | (PI3UYHUX XapaKTEePUCTUK METEOPHHUX
Tis Ta iX CHEeKTPiB 3aCTOCOBAHO aBTOMAaTH30BAHHH Bileo-CleKTpasbHUN Me-
teopuui natpynb (ABCMIT) HI actpoHomii XapKiBcbKOro HallioHa bHOTO
yHiBepcutery imMeni B.H. Kapasina. CnexrpasbHa kamepa 3a6e3neuye oTpu-
MaHHs CNeKTpiB y niamasoHi nosxuH xBUab 350-1000 HM 3 o6epHEHOIO JIi-
HifiHOO aucrepciero mopsiaky 1,6 uM/mikcesb. HacoBa pospiiibHa 30aTHICT
criocTepexKeHb Y 3MiHaX METEOPHUX CIeKTPiB cTaHOBUTb Mopsiaky 20 mc. ¥
nepion 2019-2020 pokiB npoBeneHo 6a3UCHI Ta ClEKTpaJsibHi CIOCTepexKeH-
Hs1 MeTteopiB noTokis: [lepceinu, Jleonimu, Anbda-Monoueporunu, Taypinu
ta iH. CTBOpeHO 0a3y CHocTepeXHUX AaHHUX. BUKOHAaHO TepBHHHY 06pPOOKY
oTpuMaHoro marepiany. s o6poOKH Bineo-CreKTpasbHUX CIOCTEpeXeHb
MeTeopiB po3pob/ieHO METONHUKY Ta mporpaMHe 3abesnedenns “AVSMPpro”.
3aBnsku nanomy [13 BHKOHaHO 06pPOOKY CIEKTPIB AeSKHUX SCKPaBUX MeTeo-
piB Ta BH3HaueHO X SKiCHUH XiMiUHHH CKJan.

Bu3HaueHHsA Ta MofeNiOBaHHA pPyXiB 3eMHOIT
noBepxHi 3a aaHUMU GNSS-cnocTtepexxeHb
Hockiu C.B., lawyx I.T., nax [0.10.

Hauionanbuuil yHiBepcuteT «JIbBiBcbKa MmosiTexXHiKa»

Junamika sitocdepu, onHe 3 HAWBAXKJIUBILIUX NUTaHb F€OAUHAMIKH, OY-
Jla TIpOTSAroM 6araTbOX POKiB NMPEAMETOM TeO0JIOTiYHHX | reoi3uyHUX HOC-
Jqigxkenb. Ha cborogHimHi# neHb 3 PO3BUTKOM CYMYTHHKOBHMX TEXHOJIOTiH
IJs IOCJif>KeHHsST pyXiB 3eMHOi noBepxHi BHKopucTOBYIOTH GNSS Mmero-
nu. HaykoBusimu 6yJsio mpuiHATO, 110 32 BiACYTHOCTI OYAb-IKUX HENPSIMHUX
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BIVIMBIB, WBHAKOCTI 3MiHH KoopanHaT GNSS craHuii € gakTHyHO pyxom
reoJIoriuHOI CTPYKTYpH. BUu3HaueHHs IBUAKOCTeH 3MiHM KOOPAMHAT MOXKJIU-
BEe Ha OCHOBI ONpaLlOBaHHS NOBTOTPUBAJIMX UaCOBUX Cepill reofe3ndyHUX BHU-
MmiproBaHb Ha nepMaHeHTHUX GNSS cranumisx.

Mertoto Hamoi po6otu 6y/0 BU3HA4YeHHs i Mojasiblle MOAENIOBAHHS Ta
MPOTHO3YBaHHS 3MiHH KOOPAWHAT pedepeHLHUX CTaHIid OTPUMAaHHUX 3a pe-
3yJbTaTaMH IIOTHXKHEBHUX PO3B’SI3KiB 4acoBUX cepill. [l 1poro Hamu 6yJo
BH3HaYeHO 3MiHH TONOLEHTPUYHUX KOOpAHMHAT ABOX pedepeHuHHX GNSS
craniin SULP ta STRY 3a nepion (1982-2033 GPS-twx#ui) 2018 poky.

0,0400 SULP 0,0400 STRY
50,0200 n 0,0200 —=l n
b N e
0,0000 0,0000
15 913172125293337414549 1 7 13192531374349

Puc. 1. 3Minu TonoueHTpHYHUX KoopauHaT pedepeHuHux GNSS cranuin

0040 —M8M SULP
0,040 STRY
20020 | %0020 l———"
n(mod) [ n(mod)
e @(MOd)
o000 L— — 0000 L— e(mod)
13579111315 13579111315

Puc. 2. Mopeni 3MiHM KOOpPAMHAT /15 HACTYMHUX 16 THXKHIB

3 MeTOK0 MoJaJsbLIOro MPOTHO3YBaHHS OYJI0 3MOIENbOBAHO 3MiHH KOOp-
JIUHAT 1Jis1 HacTynHux 16 TrxkuiB ans cranuitt SULP ta STRY, Bukopucro-
BYIOUM IIPH LbOMY JIiHIHHY anpoKCHUMaLilo.

OtpumMaHi pe3ysabTaTy 3MiHH TOMNOLIEHTPUYHHUX KOOPAUHAT peepeHLHO]
GNSS craunuii SULP (V, = 15,8 mm/pik, V, =21,0 mm/pik) ta STRY
(V,=10,5 mm/pix, V,=21,0 mm/pik) 3a nmepion (1982-2033 GPS-tuxHi)
2018 poky, Ta 3MonesnboBaHi 3MiHH KOOPOHHAT AJif HACTYMHUX 16 THXKHIB
MOXYTb B MOJAJbLIOMY 3aCTOCOBYBaTHCS [IJ15 JIOKAJbHUX IeOOMHAMiYHHX
JOCJifKeHb, a TaKOXK 115 3a0e3MeUeHHs] KOHTPOJII0 POOOTH CTaHLiM.

AHani3 HeobXxigHOCTi po3pobkuU 6a3u reonpocTopoBUX
AaHUX ans notped 6axinbHULTBA
Jlvomina 1.1
Hauionanbuuil yHiBepcuteT 6iopecypciB i MpUPOLOKOPUCTYBaHHS YKpaiHH

BrxinbHALTBO € BaroMow CKJafoBOW 3abe3NeueHHs MPOLOBOJbCTBOM
HaceJieHHS Ykpainu. BupouiyBanHsi 6inbliocTi oBouiB, ¢pyKTiB Ta ropixis
HeMOXXJ/IMBe 0e3 3anuneHHs. 3abe3neueHHs Liel BaXKJAUBOI rasnysi 3ajeXuThb
Bin 6aratbox (hakTopiB, ase HalBaxXJ/MUBIlIMMM € KOpMOBa 0a3a Ta Ge3reka
6mxkin [1].

Baromoio uacTtuHOW KOpMY HJ51 OHXKIiJM € CilbChbKOTOCIOAAPChbKi OMHO-
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piuni KyabTypu Ta JicoBi HacamxkenHs. Ha »kanb, MH He MaeMo €IMHOT
CHCTEMH peecTpalii ciBo3MiH i €AMHOro IXKepesa iH(opMaLii mpo posramy-
BaHH$ NMUJKOHOCHUX JIEPeB Ha TEPUTOPisX JiCOBUX HacalKeHb. BincyTHiCTb
aBTOMAaTH30BaHOro 360py Ta 36epiraHHs NpocTopoBoi iHpopMallil 110A0 PO3-
TallyBaHHS KOPMOBOI 6a3H ONXKiJbHHUILTBA yHEMOXKJ/HUBIOWTbL €(PEeKTUBHUN
PO3BUTOK JaHO{ cepH.

Y MuHyaHx gochigkeHHsix [2] Oyso 3mificHeHo aHami3 TepuTOpil, npu-
TATHUX [IJsT BeleHHs] O KINbHHUITBA (3 KOPMOBOW 0a30i0 i BimmaJeHUX Bif
HebesneuHux 06 ekTiB) 3a momomoroio nauux /133, MeTomiB KepoBaHOI KJa-
cudikanil Ta aHanisy BimcraHe#. OcTaHHE NOCHIMXKEHHS MoKasano [2], 110
3i6pana iHndopmalis mae 36epiratucs y reonpoctoposiii 6asi nanux. Lle 3a-
6e3rne4yuThb 3pY4HICTb y NpoBeleHi MalHOYyTHIX AOCHiAKeHb Ta MOXKe BUKOPH-
CTOBYBATHCS [J/151 CTBOPEHHS KapT NPUIATHUX AJs O KiJbHUITBA TEPUTOPIH.

Jnast mosiniueHHs1 cuTyauil HeoO6XimHO BHMBYATH HOBi cydacHi migxomw,
mo 3abesneyarb onepaTHBHe KapTorpadyBaHHs Ta aHaJ/i3 Micls posTauly-
BaHHS 3eMeJIbHUX IiNSHOK MPUIATHUX 1Jis1 BelleHHsl OMKinbHULTBA [3].

1. 3axony ¥Ykpainu “Tlpo 6mxinpHuuTeo” Bix 22 mwotoro 2000 poky, posamin VI.
URL: http://zakon.rada.gov.ua/laws/show/1492-14

2. Moskalenko A., Domina I. Geoinformation modeling for location optimization of
land parcels for apiaries / Land management, cadastre and land monitoring. —
2019. — No.2. — P.23-29.

3. Hakas rosoBHOro nepxKaBHOTO i{HCIEKTOpa BeTepHMHApHO! MeIULHHH YKpaiHu
“Ilpo 3aTBepmkeHHs [HCTPYKLiH L[0A0 TOMepeiKeHHs Ta JiKBigauii xBopo6 i
otpyenb 6mkin” Ne9 Big 30 ciuns 2001 poky m. KuiB i 3apeectpoBano B Mi-
nicTepcTsi toctuuil Yxpaiuu 12 sotoro 2001 poky sa Nel31/5322. — URL:
http: //zakon.rada.gov.ua/laws/show/z0565-01

Oco6nUBOCTi AUHAMIKM KOHTAKTHOI B3aemogii
Tin y camorpasiTylouMX cUCTEMaX
Kenesuax 0.0., 3asision O.B., Tepeuwenko A.O.

Hauionansunii aBianitinuil yuisepcurer, Kuis

[lig nieto rpaBiTaniliHUX CHJ PO3TJISTHYTO MpoLEC 30JHKEeHHS HeGeCHUX
TiJI, AIKUH MOXKe TPUBECTH A0 IX KOHTaKTHOI B3aemonii. [lomibHi sBuILa Mo-
J)KYTb BUHHMKATH B NOJBIMHUX Ta KPaTHUX acTepoifiax, a TaKOX IPH po3nani
06’ektiB rpynu KenraBpiB. B 3asnexHocTi Bin mouaTkoBUX yMOB, (opMH i
(bi3MKO-XiMiUHHX BJIACTUBOCTEH HeOECHUX TiJl TakKa B3a€MO[isl MPU3BOAUTH
IO PYyXY OIHOTO Tijla Ha MOBepXHi {HIIOro. 3a paXyHOK B3a€MHOTO TepTs BU-
HUKa€ HarpiBaHHSA TiJI, 10 MPU3BOAUTH A0 Aedopmalil hopMu, a y BUaAKAX
ynapHoi B3aeMofii — 10 nepexony TBepnoi gasu y piauHy i po3TikaHHs ii Ha
noBepxHi GiblIoro 3a po3Mipamu HeGecHoro Tijia (yTBOpeHHs rigpocdepu).
B okpemux Bumagkax yTBOpeHa piaMHa MoXKe BHNApOBYBATHCh, CTBOPIOIOUH
rasoBy aTMoc{epy HaBKOJIO B3a€EMOMIIOYUX TiJl.

JleTanbHO pPO3TJISIHYTO AMHAMIKY HeGeCHHUX TiJl, Ki MaTb (POPMY OIHO-
pizHux Kynp pisHoro papniycy. Ilpu ymoBi R) > Re BinOyBaeTbcs KOYeHHS
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MaJsof KyJi 1o moBepxHi BesqMkoi camorpasityiodol Kyui. [Tokasano, mo ra-
Ka mnojBifiHa cucrema mix niero 30BHIMWHIX 30ypeHb 3a3Hae 3aTyXaryoro
JibpalifHOro pyxy HaBKOJIO TOJIOXKEHHSI BiIHOCHOT piBHOBarw.

KoHTakTHa B3aeMoOAis [OBOX CaMOrpaBiTYIOUMX Ky/Jb MNPHU3BOAUTH [0
YTBOPEHHSI MPOTUJIEXKHOTO BJIACHOTO 06epTaHHs i Mae M'ATb CTYMeHiB Bijb-
Hocti. [lpn 3miHi ¢opmu oxmHiei 3 Kysib (yTBOpeHHsl 3amaiuMHH) MOXKJHBE
cTilika (a B MeBHMX BHMAaiKax — HeCcTiHKa) NUHaMiuHa piBHOBara 3asHauye-
HOi KOoH(pirypauii.

O auHamuueckoW urype, npuamBax
U BpalleHHUH HGGGCHbIX Ten
Kenesnax O.A., Tepeujernrko A.A.

HauuoHanbHblll aBHAIMOHHBIH yHUBepcUTeT, Kues

PaccmoTpena nedopmauuss HebecHOro TeJjia MON OeHCTBUEM BO3MYIlle-
HUH LEeHTPOOEXKHOr0 U MPUJIMBHOIO MOTEHLHANOB. YKa3aHO Ha CYLIeCTBEH-
HOe BpeMeHHOe pas3JjiMude NeHCTBHS HA JMHAMHUYeCKYIO (Urypy BpalleHHs
U TIPUJIMBHOTO BO3/eHCTBUSA. VI3MeHeHHe NPUIIMBOB MPOUCXOMUT C GOJBIIEH
CKOPOCTBIO, 4eM COOCTBEHHOe BpallleHHe HeOeCHOro TeJsa MpH yCJIOBUH, eCu
NPUJMBEl HE CHHXPOHU3UPOBAHbI C MEePHONOM BpalleHHs.

[Ipy nBUXKEHUM NPUJHMBHOTO B3LYTHS BOKPYr HeGeCHOro TeJsa BeJen
3a NPUNHMBOOOPA3yIOIMM TeJOM LieHTpoOexkHas AeopMallhs H3MeHseTcs
OYeHb He3HauWTeJbHO. JlefCTBYIOIINH NPUJIMBHON MOMEHT CHJ NMPUBOAMUT K
HM3MEHEHHIO CKOPOCTH BpallleHHs] HeOeCHOro Tesa W JAWCCUMALUH SHEPTHH.
BenenctBue neficTBUS MPUJIMBHOIO TPEHHS TPOMCXOLWT BBIAEJIEHHE TerJa
U HarpeBaHHe BHYTPEHHHUX CJI0eB HebGecHOro Tesa. BrepBble oTMeueHO, YTO
oco6y1o poJib B MpOLIECCe HAarpeBaHUs UrpaeT CJI0H BHYTPHU HeOeCHOro Tesa,
TIie YCKOPEHHEe CHJIBI TSIXKECTH JOCTUTraeT MaKCUMaJsbHOTO 3HaueHus. B ompe-
JeNIEHHBIX CAy4asix K 3HAaYWTEJNbHOMY BBIIEJNEHHIO TelJa MOXKET MPUBOAHUTH
HU3MeHEeHHe CO BpeMeHEM 3KCLEHTPHUCHTeTa OpPOMTHl 'PABUTALMUOHHO B3au-
MoJeHcTBYyOKX Tes. [IpuMepoM 3Toro siBjsieTcsi AHHAMHMKa TaJHJeeBbIX
cnyTHUKOB IOmnuTtepa u BblaeseHHe Ha Mo 3HauMTE/bHOH TENIOBOH 3Hep-
TUH, NPOSIBJSIOLleecs B BYJKAHUUECKOH NesTeJbHOCTH Ha MOBEPXHOCTH. 3a
CUET PE30HAHCHOTO I'PABHTALIMOHHOTO MEXKCITYyTHUKOBOI'O B3aUMOAEUCTBHS Y
op6uTtsl Yo mopnepKruBaeTcs BIHYKIEHHBIH KCIEHTPHUCHTET.

O mMeToAax OoUuEeHUBAHUA HEKOTOPbIX XapaKTepPUCTHUK
MetTeopouaoB no cinepam B'rop>|<e|-|m‘7|
Kunrsies B.E., Beparok H.A., Cmexaros A.®., Budvmauernxo A.Il.

[naBHas actpoHomuueckasi oocepsatopusi HAH Ykpaunusi

MereopHbie sIBJI€HHST — 3TO KJaCCHUECKHE TIPUMEPBI KOCMHUYECKHX BTOP-
)enuil [3-5, 12]. HabuioneHusi mokasplBaT, YTO spKHE MeTeOpHI MOSIBJIsL-
I0TCSl Ha BBICOTax B mpenesax 1) =115—65 KM U Mcue3alOT Ha BBICOTAX
Hy=100—45 kM u naxe Huxe [14]. DoJbIIMHCTBO MeTeOpoB 06pa3ylo-
TCSl METEOPOUIHBIMH TeJaMH BeCbMa MaJibiX Pa3MepPOB M 1aKe MbIIMHKaMH,
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KOTOphIe Ha ckopocT OT 11 mo 72 km/cek Ha GOJIBIIOH BHICOTE HauHHA-
10T B3aHMOJEHCTBOBATh C 3eMHOH aTMocdepoi. Mx kuHeTH4ecKass 3Heprus
IBWKEHHS TNpeBpallaeTcs B TEIJIO, BCJEACTBHE UEr0 TeMIlepaTypa MoBepX-
HocTH MeTeopa noxonut a0 900 K. ITocsie 3TOro ero noBepXHOCTb HAYMHAET
MJIaBUThCS, UCTAPATLCS, U Mbl HauWHaeM BHOETb €ro TOpsiuuil cjel B BUIE
Mmeteopa uau 6osauzaa [1, 12, 13]. [Ipu temnepatype okoso 2500 K HauuHa-
eTcs mpolecce abJsLUH, OKPYKAKIHE MOBEPXHOCTh METEOPOUIA 3AIUTHBIM
cjioeM, KOTOpBIE Takxke HaunHaeT cBetutbesi [7, 9]. Ilpoxonst uepes armo-
cdepy, ropsudil map oT abJALMH CXKHMaeTCsl M3-3a CTOJKHOBEHHH ¢ aro-
MaMH M MOJIeKylaMHM aTMocdepbl, c031aBasi rasofMHaAMHUYeCKyl0 MOAYLIKY
M 3alllyiliasi MeTeop OT MPSIMBbIX CTOJKHOBeHMH. Tako# 6apbep cosnaeTr aBa
MHKPOCOCTOSIHUS TIepe]i MeTeopoM: ofiuH — mpu TeMmneparype 3500-5000 K
o0pa3yeT OCHOBHOH MeTEOPHBIH CIEKTP, ¥ BTOPOU CIEKTP MOSIBJSETCS IMpPH
temneparypax okoso 10000 K. I[To ciekTpam MeTeopoB onpenessiioT, COCTO-
AT JIM OHM U3 CMECH HHUKeJs U XKeJse3a, JUOO HMeT MUHEpa/bHbBIH COCTaB.
HccnenoBanus mokasslBaoT, uTo 75-90% U3 HUX ABASAIOTCA KAMEHUCTBHIMH,
COCTOSIIIUMH M3 TaKUX CHJIMKATOB, KaK MUPOKCEH, OJUBHH M MJarHOKJas.
Takum 06pa3om, IPKOCTb U CIEKTP METEOPOB MO3BOJISIIOT OLEHUTh Pa3Mephl
M Maccy MeTEeOPOMIOB, MOCKOJBKY SIPKOCTb METEOPOB SIBJSIETCS MPOMOPLUO-
HaJIbHOH MX Macce U KyOy ckopocTd BropxkeHus [2]. Hanpumep, MeTeopHble
Tesa, cospawluue Mereopel 0™, nMmeloT pasmep ~ 3 MM, Maccy ~1 T, a
paauyc ra3oqUHaMHUYecKOl MOAYIIKU MOXKET NOCTUraTh COTeH MeTpoB [15].

Hawmm nabmioneHnst AHEBHBIX METEOPOB JAaBaid UX Ojeck okoso —37;
UX 00pa3ylT MeTEeOpOUAbl ¢ pasMepoM 10 9 MM W Maccy no 16 r. as ux
perucTpauuu Mbl HCIOJb30BaNd LH(ppoBylo SLR kamepy ¢ monHomacuita-
6upiM KMOIT cencopom. Kamepa ucnonbsyer sRGB uBeroBo#t cranpapr.
Oco6eHHOCTbIO HEBHBIX HaOJMIONEHUH SIBJsieTCsS BHICOKasi SPKOCTb Heba W
BBICOKAsl LiBeToBast Temmnepatypa BmjioTh mo 12000 K. Ilpu Takux mnapa-
MeTpax He OYeHb sSPpKHe MeTeopbl OYIyT OCTaBJSATb Ha NHEBHOM HebGe He
CBETJIbIH, a TEeMHBIH CJe[l, UTO W MOATBEPAM/IM HawWu HabmoneHus. Msawme-
psisi IpKOCTh MeTeopa U QoHa Heba B Tpex RGB 1nBerax, Mbl oLeHHJH, YTO
OIMH M3 HaOJI0JAaeMblX HaMH MeTeopoB npuMepHo Ha 0,2™ cjabee QoHa
JHEBHOr0 Heba, KOTOphIH MMeeT spKoCTb —(3...5)™ ¢ KB. yIJIOBOH MHHYTHI.
LIBetoBble uHAeKcH (B —G) u (G —R) sBAAITCS HEKOTOPBIMU aHAJOraMH
(B—V) u (V—R) uBeToBbIX HHIEKCOB B acTpoHoMHueckoi BVR 1BertoBoit
cucreme JlxxoHcona. [Ipeo6pazoBanue RGB kpusbix 6secka B BVR usero-
Bylo cucteMy J[:KOHCOHA, MO3BOJISIET NIPOBECTH KOJHUECTBEHHYIO KOJIOpHMe-
TPUIO METEOPHOTO cyiefia mpu ucnoab3oBanuu (B—V) — (V —R) uBeToBbIe
nuarpammbl [8]. [onoxeHue MeTeopa Ha TAKOH LIBETOBOH Auarpamme Mo-
3BOJISIET BBINOJHHUTL CTPOIYI0 KOJIOPHUMETPHUECKYl0 00pabOTKy CHHMKOB H
OTpelesNUTb TEMIIEPATYPy IJIA3MEHHOTO CJiefla METeopa U ee H3MEHEHHe Ha
TPaeKTOPUH TpoJieTa Mo MeToauke pa6orbl [2]. Ecin miasma onTuuecku
ToJICTasi, OHa OyIeT CBETHTb KakK abCOMIOTHO YepHOe Tesio. Mel TakXke y4in
aTMoc(epHoe norsoileHue, paBHoe 0,44™ u 0,21™ Ha efMHMLY BO3LYLIHOH
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Macchl, COOTBETCTBEHHO, B B u V duabrpax [14]. V3 npoBexeHHoro aHa/u-
3a CJIeflyeT, UTO MeTeop CylLeCTBEHHO MeHseT CBOU LBeT BLOJb TPAeKTOPUH
npoJieta, oTobpaxas (pakT pas3orpeBa MeTeOpHOro Tesa. Tak, AJs OXHOrO
13 MeTeOpoB IIOJIy4eHO, uTo 3a BpeMs ero mpoJerta B 0,3 cex Temmneparypa
MeTeopa usMeHsack ot MeHee 6000 K no Gosee yem 11000 K. I1posenen-
uole B [AO HAH Ykpaunsbl Hab/moneHust ciabblXx Ha HOYHOM HeGe MeTeopoB
meteopHoro notoka Jlupua [6, 10, 11] B anpese 2018 r. BeisiBHIH psil HO-
BBIX HEOXKHJAHHBIX PE3y/bTATOB. TaK, ONUH M3 METEOPOB IPOJIETEN 32 NOJH
CeKYHIIbl, XOTsl 3Be3[bl HKCIIOHHUPOBaNuCh | MUHYTY. AHa/in3 mokasas, uTo
6JIeCK MeTeopa MeHsieTcs ¢ 4acToToi okoJio 6 I (mepuon ~0,17 cek) u am-
muTyno# okoso 0,001™. Kpome Toro, HabsonaeTcs «6oataHka» (wobbling)
¢ yactoTol okoJso 2 ['u, ammautynoit 0,2 yrioBod CeKyHIBL.
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BbICOKO'-IaCTOTHbIe q)OTOMeTpM'-IeCKHe U3MEHEeHUA B
MeTeOpHOM clieae U3 notoka Jlupuabl
Kunrsies B.E., Beparok H.A., Cmexaos A.@., Budvmauernxo A.Il.

[naBHast actpoHoMuueckasi o6cepBaropusi HAH Ykpaunw

Boinosinennsie B8 TAO HAH Ykpautbl HouHble HaGMI0IEHHST METEOPHOTO
notoka Jlupunel B anpese 2018 r. m03BOJMU/IM BIepBble BLISIBUTb H3MeHe-
HUsl GJleCKa MeTeOpOB AaXke MpH MpoJieTax 3a Nosu cekyHna [2-6]. Hampu-
Mep, aHa/n3 H300pakeHUH caaboro MeTeopa MoKasas, YTO Ha NPOTSKEHHH
0,3 cek ero Gseck uaMmeHsiercst ¢ 4acToTod okoso 6 'y [12] mpu amnsutyne
okoJsio 0,001™. Takxe HabJsromaetcst «6oaTaHka» (wobbling) momepek Tpae-
KTOPHH ¢ yacToTol ~2 I'u u amnauryno#t no 0,2 yryoBo# cekyHasl. B cBsisu
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¢ 3THM OBblJIa TIOCTaBJIEHA 3a7a49a NIPOBEPHUTh HAJMMUYME YKA3aHHBIX 3(P(EKTOB
B METEOPHBIX SIBJIEHHUSIX, TONYUEHHBIX APYTHMH HaOJMIOfaTeIsIMA U B IPYToe
Bpems [8—10]. B kadecTBe mprimepa Mbl UCMOJIb30BANK AaHHbBIE HAGIIONEHUN
13 apxnBoB Amepukanckoro Mereoproro O6uecta (The American Meteor
Society, AMS). [l 3TOro BBIMOJHUIM (POTOMETPUYECKUH aHAJNU3 MeTeop-
Horo cjiena ajis mereopa Leonid-meteor-6230 3a 2012 ron, B3sitoro us [13].
Ha DSLR cHuMKe B 1BeTOBOM MaTpu4yHOM cTaHaapre RGB, xortopbifi MEI
TpaHchopMupyeM B acTpoHoMuueckyo BVR usertosyio cucremy J»xkoHcOHa,
BBISIBJIEHA CJIOXKHAsl CTPYKTypa MeTeopHoro cnefia. LIBetoBasi o6paboTka Ta-
KHUX H300paKeHHH MO3BOJSET BHIIOJIHUTD HX CTPOrYI0 KOJIOPUMETPHUYECKYIO
06paboTKy M, B YaCTHOCTH, OMpeNesNHUTh TeMIepaTypy IJIa3MeHHOro cJjefia
MeTeopa. M3o6paxeHre MOKa3kbBaeT, YTO BHAUasle CJel OUeHb TOHKHI; HaH-
Gosbllasi APKOCTb Cjlefa HabJMIofaeTcs [/ B 3eJIeHOH 4acTH CIeKTPa; 3TO
yKa3blBaJo Ha TO, UTO OCHOBHAasi HEPTUsl HU3JjyuaeTcs B mnosoce G, siBJsO-
1iefics aHaJoroM acTpoHOMHUecKoi moJsiockl V. B koHILe ciena Habmonaercs
JIBOHHON B3pBIB ¥ pa3pylleHHe METEOPHOro Teja ¢ MAaKCUMYMOM H3Jy4eHHs
B CHHEM I[BETE; 3TO FOBOPUT O TOM, UTO MPEUMYIECTBEHHAs YacTh SHEPTHH
M3JIyyaeTcsl B Mojioce B MaTpHIB], KOTOpas eCcTb aHAJOrOM acTPOHOMHYe-
cko# moJsiocsl B. To ecTb Temnepartypa MnjaasMeHHOr0O cJiefa BO BpeMsi B3phIBa
3HAUMUTEJbHO MOBLILIAETCS.

B uHTerpasbHOM CBeTe BHUAMMBIH CJell MeTeOpa IOKa3bIBAET CJOXKHYIO
BpeMeHHYI0 I1MHaMHKY. O6/1acTb ¢ MAaKCHMaJbHOH SIPKOCTBIO CMeIlaeTcst OT
NpsIMOIUHEHHOH TpaekTopuu. Y ecsu BHawase cjefi 3aHHMAs MO ILIMPHHE
OKOJIO JIBYX NHKCeJeH, TO B KOHLEe — paciuupsieTcs 1o wectd. Kpome toro,
Ha cJielle OTYETIMBO BUAHBI BBICOKOYACTOTHBIE KOJleGaHHs SIPKOCTH CBeYeHHS
MeTteopa. TpaeKkTopHs MepeMelleHHUs MONOXKEHHUS MAaKCHUMaJbHOTO BBICBEUHU-
BaHHs TONepeK cylefla MeTeopa MoKa3biBaeT CBOe0OPasHylo «BOJITaHKY» Iep-
TMEHIUKYJSIPHO CJIey B MpeesiaxX OLHOTO MHUKCest. AHAIN3 MONOXKeHHUH LeH-
Tpa Macc U300paxKeHUH B HHTerpajbHOM CBeTe I0Ka3as, 4TO «0osTaHKa»
UMeeT KBA3UIEePUONUUECKUH XapaKTep, N1eMOHCTPHPYS CIOXKHYIO CTPYKTYPY
nepeMeHHOCTH. Jlo MepBOH TPeTH MOJHOTO cjena HabMonaeTcss HeKUi nepe-
XOJHOH mpolece, MocJje Yero 0TMeYaJuch MHTEHCHBHEIE KosleGaHHs GJecka
Mmeteopa. [Ipeo6paszosas RGB kpusble 6s1ecka B BVR 1BetoByto cucremy
Jl>xoHcoHa [7], Ucrmosib3ysl MOMOKEHHE MeTeopa Ha LBETOBBIX AHAarpaMmax
(B—=V) — (V—R), Mbl BBITIOJHHIK KOJHUECTBEHHYIO KOJOPHMETPHIO BIOJb
clefla MeTeopa M ONpelesUNd TeMIepaTypy METeOpHOH MNJsa3Mel, MoJjaras
IJ1a3My ONTHYECKH TOJICTOH M CBeTsllelics Kak Harpetoe abCOJIIOTHO uep-
Hoe Tesio [1, 11]. B MecTe mosiBNeHHsI METEOPHOrO cJlefia Ma3Ma oKasanach
Harpetodl no 4500 K, u marepuasn MeTeopouja TaM HadMHAET HUCHAPSTHCS.
[TpuMepHO ¢ KOHLIA MEPBOH TPETH CJeL CTAHOBHUTCH HENPO3PauHbBIM H TaM
BO3HUKAIT My/abcaudd. OHU OTYETJHBO MNPOSIBJSIOTCS Ha KPUBOH OJsiecka.
[Tpu HanMYKK OTKJIOHEHHH TOJIOXKEHUSI METEOPHOTO CJefa Ha LIBETOBOH OHU-
arpaMMe OT IJIaBHOT'O X0/l YEPHOTENbHOH 3aBUCUMOCTH, IJ1a3Ma CTAHOBHTCS
ONTHYECKH TOHKOH, WJIM K€ B CIEKTPE METeopa MOSIBASIOTCS IMHCCHOHHBIE

23



JIMHUYM TIPEUMYILIECTBEHHO aTMOC(hEPHBIX KHUCJIOpPoda M a3oTa, Bo3OyxKnae-
Mble BBICOKOH TeMMepaTypod MeTeopHOro Teja. B paccMoTpeHHOM ciyuae
temneparypa Meteopa usMensercss oT 4500 K no moutu 5000 K. Takxe B
U3MEeHEeHHUsIX TeMIepaTyphl cielja BUAHA BOJHA ¢ mepuopoM ~ 0,4 cex u am-
mutynoé 1o 50 K, u BeicokouacToTHas TemnepaTypHas psibb ¢ aMIIUTYIOH
okosio 15 K Ha BTOpoil mosoBrHe KpHBOH GJiecka MeTeopa. CrieKTpasibHbIH
aHa/lu3 KPUBBIX OJiecka MeTeopa W MOJIOKEHHSl IeHTPa Macc HHTerpasb-
HOH KpHBOH Osiecka BbISIBJSIET [JBe 3HAYMMble TapMOHHKH oKojo 3 [ (c
ammautynod ~0,03™) u 46 [ HECKONIbKO MeHbIEeH aMIIUTYIbI; aMIIHTY-
na «B0JITaHKH» COCTaBJ/seT OKoJO 1% WHPHHBL clefa MeTeopa. YacToTHO-
BpPeMeHHasi CTPYKTypa NUHAMHKH CJiefa PacCUMThIBAJacCh M3 MPerosoxKe-
HHUS, UTO IJIUTENbHOCTb CBeYeHHUs] MeTeopa paBHa 1 cekyHze BpeMeHu. Onu-
CaHHasl BbILIe MeTOOMKA 0OPabOTKH METEOPHBIX CJIENOB OTKPLIBAET HOBOE
HarnpasJieHHe B (PU3HKe METEOpPOB.
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A

BonHa pa3pe>xeHusa B MEeTeoOpHOM cnepe
XKuanses B.E., Beparok H.A., Cmexros A.®., Budemauerrko A.Il.

[naBHast acTpoHoMHuecKasi o6cepBaropusi HAH Ykpaunel

PaccMoTpuM ABHXKeHHe MeTeopa B paMKax AMHaMHUKH C2KMMaeMOro rasa
Ha MpuMepe [IBHKEeHHs MOPIIHS C MOCTOSSHHOH CKOPOCTBIO B LIUJIMHApPE C Tra-
3oM. B [8] nokasaHo, 4To mogoGHOE ABHXKEHHE SBJSETCS aguabaTUUeCKUM,
aBTOMOJIe/IbHBIM U H303HTponuueckuM. [TpuueM nBHKeHHe rasa 3a NoplIHeM
0OBIYHO COMPOBOXKaeTCsl HecTallMOHApDHOH BOJHOK paspexkeHus. Takas BoJ-
Ha paspekeHHsl paclHpoCTPaHfeTCs JHUIIb Ha KOHEYHOe PacCTOsSiHHe BAOJb
OCH TepeiBHKeHHs nopiiHsA. COrVIacHO MpejJIoKeHHOH MOLeJH ras B Me-
TEOPHOM CJIefle OJI?KEH COCTOSITh U3 TAaKUX Tpex obsacTell: 1) ras, KOTOpsIi
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IBHKETCS] BMECTE C METEOPOM C MOCTOSIHHOH CKOPOCTHIO; 2) 00sacTh paspe-
JKEHHsl, B KOTOPOM CKOPOCTh MOCTENEHHO YMEHbIIAeTCs 10 HYJs1; 3) 06/1aCTh
HeMoABHXKHOrO rasa. [Ipu agraGaTHUECKOM MPOIECcCe BhIPAXKEHHS MIJIs MJ10-
THOCTH, [aBJI€HUsI U TeMIEPATyphbl B 00/1aCTH pa3pexKeHHs 3aMKUChIBAIOTCS B
TakoM Buze [8]:

2 2y

B y—lo\y-1 B Cy—lo\y-1
P—po( Ol Co) ) p—Po( N 00> )

y—1uv 2
r=n(1-55)

rie U — CKOPOCTh HBHXKEHHs MeTeopa (cMm/c), co — CKOpOCThb 3ByKa (cMm/c),
v — mnokasaTesb anauabatel (Ojs mapoB Boabl 7y = 1,4). HyneBo#l uHmekc
MOKa3bIBAET XapPaKTEPUCTHUKH B 06JACTH, THe ra3 HemoiBHxkeH. B wacTHo-
CTH, OTMETHM, YTO TPH JBHKEHUH METEOpa CO CKOPOCThbIO 3BYKa, COTVIACHO
npUBeIeHHbIM (POpMYy/aM, HaBjieHHe B 00JaCTU Pa3perKeHUs] yMEHbIIHTCS
B MSTb pa3, MJIOTHOCTb — B TPH pasa, a TeMIepaTypa — yMeHBIIUTCS Ha
TpeTb. JlJisi aBTOMOIEJBHOTO IBHXKEHHSI 3aBUCHMOCTb CKOPOCTH U OT KOOp-
JIMHATBl X ¥ BPEMEHH ¢ uMeeT cjeayiomui sun [8]:

)

Yacrtuubl, o6pa3oBaBllinecs NPU CrOPAHHU METEOPHOTO BEILLEeCTBa, CJY-
JKaT IleHTPaMU KOHAeHcaluu 1J/1si BofasiHoro napa [1-3]. Ecsn nap HacblleH-
HbIH, TO KOHAEHCALUsI MPOUCXOMUT TPAKTHYECKH MTHOBEHHO; €CJIH Ke map
He HAaCBILEHHBIH, TO B OOBIYHBIX YCJIOBHAX KOHIeHcaluuu He Oynet. OnHako,
B BOJIHE pa3peKeHHsi Ha KOPOTKOe BPeMsI MOTYT CO3/aBaThCs creLupuye-
CKHe YCJIOBHS IJIl KOHAEHCALUH Napa, U TOraa MHBEPCHOHHBIH CJell MOsBU-
tcsi. [locne 3atryxaHusi BOJIHBI pa3peKeHHsl YCJOBHS MJIsi OCYLIECTBJIEHHS
KOHJIEHCAI[MX BO3BPAILAIOTCSl B UCXOHOE COCTOSIHHUE.

Takum ob6pasom, nake ecav BOASHOW map B aTMmocdepe OyneT He Ha-
CBILIEHHBIM, TO Ha TPAaeKTOPUH NBHXKEHHMS METeopa Ha KOPOTKOEe BpeMs
MOXKeT TOSIBUThCSI MHBEPCHOHHBIH cjell B BoJiHe paspexenus [4]. Hampu-
Mep, Ha AMarpaMMme COCTOSIHUS [aBJEeHHS HACBILIEHHOTO BOASHOIO Mapa B
KOOpIUHATaX «TeMIlepaTypa—/AaBJeH’e» MPEeNCTaBAsSETCS B BHIe Mapadodibl,
KOTOPYIO TMepeceKkaeT npsmasi JUHHUS, 0ToOpakamollas H3MeHeHHe [aBJeHHs
napa B BoJiHe paspexeHnusi. [Ipu oTHocuTesnbHOH BraxHocTH 60% HemonBu-
JKHBIE Tas3 xapakrepusyercs Temneparypoit 283 K (+10°C) u maBieHuem
P =5,53 Mm. pT. cT. [Ipy TakUX XapaKTepHCTHKaX KOHIEHCALUH BOASHOT'O
napa He MPOUCXOAMT. B BosiHe pa3pexeHus TeMmmepaTypa U JaBjeHHe Mana-
toT 1o 3HadeHuid T =181 K (—92°C), P=1,16 mMm. pT. cT. B Takux ycsoBUsIX
nap CTaHOBUTCS CHJIbHO HACBILIEHHBIM W KOHIeHcauwus mnpoucxonut. Onna-
KO 3TO [OBOJIbHO HecTalHOHAapHbIA mpolecc. Toyka COCTOSIHUS Ha JIMHHH
afuabaThl NepeBUraeTcsl B CTOPOHY MOBBILEHHS TeMIIEPaTyphl U JaBJeHHS,
W BO3BpalllaeTcsl B MCXONHOE COCTOSIHHE, KOrJa Map CHOBa CTAHOBUTCS He-
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HaCBILEHHBIM, U TOTAa MHBEPCHOHHBIH cyefl ncuesdaeT. [IprBeneHHBIE OleH-
K{ TI03BOJIAIOT CHeNaTh 3aKJ/I0YeHHe, U4TO MPAaKTHYECKH BCe KOCMHUECKHe
BTOP>KEHHUS] KaK MeTEOPOMIOB, TaK M (PParMeHTOB KOCMHYECKOIO Mycopa, B
Tpornocdepe COMPOBOKIAIOTCS TOsIBJEHHEM HHBEPCHOHHOTO ciena [6, 7]. B
cJlyyae HaCBILEHHOrO Mapa cJell COXpPaHUTCS Ha MPOTSKEHHUH JJIUTE/bHOTO
BpeMenu. Korna »xe map HeHachIlleHHBIH, Mbl 6yeM CBUIETENSIMH KPaTKOB-
pPeMEeHHOr0 MOsIBJIEHUS WHBEPCHOHHOTO cjena. Bpemsi o6pa3oBaHus u ucue-
3HOBEHHs] HHBEPCHOHHOTO CJie[la MOXKHO OLEHHUTb MO CKOPOCTH POCTA KaIJH

B Tapax Bofbl [5]:
8kT _ Dsat ISde
™m de

rhe r — pamuyc Karjiu (CM) p — maotHocTh Karau (r/em®), T — Temnepa-
Typa rasa u T, — temneparypa kamau (K), m — macca mMosekynsl Bonsl (T),
Dsat — JaBJIeHHe HaCBIILEHHOro napa (amH/cM?), k — nocrosHHas BosblMa-
Ha (3pr/rpan), 1, — KOHIEHTpAllKs HackileHHoro napa. OTciona BUIHO, YTO
ecan T (Temmepatypa rasa) u T, (TeMmmepatypa Kalljid) COBMAafaioT, TO TpH
n>n., KOrja MmJiOTHOCTb Mapa MpPeBbIIlIAeT MJIOTHOCTh HACBIIEHHOTO Mapa,
HayMHaeTCsl pocTa Karik B mapax Bonbl. [1jisi BpeMeHH pocTa KarJid ToJy-
yuMm: At ~9,7- 1018r/\/ﬂ‘ [Tonaras pasmep Kamiu paBHBIM O MKM, 7 —
KOHIIeHTpallus HacbliiienHoro napa npu T =280 K, mosydyum oleHKy Bpe-
MeHu pocta kamid Af=0,001 cek. Takum o6pa3oM, UHBEPCHOHHBIN CJe[,
oOpasyeTcsi MPaKTHUECKH MTHOBEHHO.
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O BpalweHUH MeTeopouaoB
Kunrsies B.E., Beparok H.A., Cmexaros A.®., Budvmauernxo A.Il.

[naBHast actpoHoMuueckasi o6cepBaropusi HAH Ykpaunw

KocMHueckHe BTOpPXKEHHsST MPOUCXOAAT Ha ckopocTsax 11-72 km/c. Me-
TEOPOU/IHblE Tesla HAYMHAIOT aKTUBHO B3aMMOJEHCTBOBATb C aTMOC(epol Ha
BbicoTax 80-115 kM [2, 5]. Tpaektopusi TaKOro TeJsa 3aBUCHT OT €ro (HhOpMbI.
[Ipu wapoo6pa3HOi UM UUAUHIPUYECKU-CHMMETPHUHON (POpMe TPaeKTOPHs
UMeeT TPOCTEeHIIUH BUA, U Ha KOPOTKHUX OTpPe3Kax OHA OJM3Ka K MPsIMOU
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JUHUU. TpexMmepHble XapaKTePUCTHKU TPAEKTOPHH, BBIUMCJEHHs paguaHTa
U oIlpefesieHUs] OPOUTHl TeJsla BTOPKEHHUS JIETKO ONpelessiThb NPHU 0a3HUCHBIX
HaOMIOIEeHUsIX BTOPXKEHHH M3 IBYX HJM OoJiee Touek HabjomeHud [6, 7,
11, 14]. IIpu nBHXKEHHH METEOPHBIX T€J YacTO OTMEYAlTCsl OTKJOHEHHS OT
NPSIMOJIMHEHHOH TpPaeKTOpUM, HasblBaeMble «BGosiTaHKoH» (wobbling). Muo-
Tla TPaeKTOPHH NPHUHHUMAIOT XapaKTepHHIH BUA «wwTonopas [4, 10]. OTkJo-
HEHUs OT MPSIMOJIMHEHHOTO BHKEHHUS CBHIETENbCTBYIOT O MPUCYTCTBUH CH-
JIBl, TIEPNEHAMKYNSPHOH HalpaB/eHUIO TPAeKTOPUH mnoJsieta. Takoe siBIeHHE
U3BeCTHO KaK 3(dekt Marnyca. OHO BO3HHKaeT Npu 06TeKaHUH Bpallao-
ugerocsi Tesia moTokoM rasa [13]. [lpu BpalueHHH Tesa B MOTPAHHUYHOM CJI0€
B KpPyroBoe [BHKeHHe BOBJEKAIOTCs INpUJeraroliye caod Bo3ayxa. Habera-
IOLIMH TOTOK ABMKeTCS ObICTpee TaM, [Jie ero HarpaBJjeHHe COBNafaeT C
HanpaBJleHUeM BpallleHHsl TeJsa, U JBHXKeTCs MelJleHHee TaM, [Je ero Ha-
NpaBJieHHe TIPOTHBOINOJIOXKHO HANpaBJeHHI0 BpalleHHs. B cooTBeTCTBUHU C
3aKOHOM DepHy//M BO3HHKaeT pasHOCTb AaBJEHHH, KOTopas cooblaeT Bpa-
IIAIOIIEMYCS] TeJy CHUJY TepleHIUKYJIsIPHO HampaBJeHHIo ABHKeHHs [8, 9].
[TonbemHas cusna MarHyca Fjy BO3HMKaeT NPH BpalleHHH TeJla NPOU3BOJb-
Ho# (hopmbl. HanbGosiee mpocToe BeIpaXkeHHe W3BECTHO [IJI TeJa LAJUHIPHU-
ueckoit dopmbl [12]: Fy = Lpvs - (27wR?), tne R, L — pamuyc U IJuHa
uuaunapa (cM), p — maoTHocTb rasa (r/cM?), Us, — CKOPOCTb MOTOKA Ha
BeCKOHeuHOCTH (CM/c), w — CKOPOCThb YIJIoBOro BpaiieHus (¢~ !). JleficTBy-
jolllast Ha MeTeop aspofvHaMuyecKas cuaa paBHa Fo =Cpus, - (7R?), rne C —
K03(p(pULMEeHT J1060BOr0 CONPOTHUBJEHHUS, 3aBUCALIMN 0T (opmbl Tesa. Jljs
mapa ero sHadeHue Haxonurtcs B npenenax 0,1...0,4. CpaBHeHHe 3THX OBYX
CHJI TIOKA3bIBaEeT, UTO TPAEKTOPHSI METeOpa UCKPHUBJSETCH B pesyJsbTaTe Hei-
cTBUsi 3TUX ABYX cui. CoorHoluenue Fy/Fc =1 ompemesser ToTr caydai,
KOrja pajnyc KPUBHU3HBI TPAEKTOPHM M [IJIMHA CJlela paBHBI IPyT APYTY.
Hanpumep, /15 seTs1ero co CKOpoCTbio 3ByKa MeTEOPHOTO TeJjla PaguycoM
1 cm gacroTa BpalleHHs AOKHA cocTaBsaTh okosno 3800 I'm; ans mereo-
pOB MeHbLIEro pa3Mepa 4acToTa BpalleHHs H0J/KHA ObITb MPONOPLHOHAIBHO
Boile. OTCIOAA CelyeT, UYTO TPAEKTOPHUH THIIA «LITOMOP» OCTABJSIOT B aTMO-
cepe KpynHble MeTeOpOUIHble Teja U (PparMeHThl KOCMHYECKOro Mycopa.
Uro ke 3acTaBjsieT MeTeopHOe OBICTPO BpallaTbes? MeTeopounaHoe Tejo
MOXHO CYUTaTb BO3AYIIHOH TYpOHWHOH, NpeoOpasyolleldl SHEPruo BO3AY-
IIHOrO MOTOKA BO BpallaTesbHyH 3HEpruio. AspompuHamMuueckue CBOHCTBA
MEeTEOPOUAHOrO Tesa 3aBUCAT OT OTHOLUIEHHS MOABEMHOH CHJbl K AMHAMH-
YeCKOMY CONPOTHBJIeHUI0. Hanpumep, ToOHKas MJocKas MJacTHHA NpencTas-
JsieT co6oi 3PPeKTHBHYI0 MOABEMHYIO [OBEPXHOCTb. [IpeanosioKum, 4To
MeTeOpPOUIHOE TeJsI0 TaKKe 06/aiaeT HEKOTOPOH MoIbeMHON cusod. BaxkHo,
YTO TaKHe a’dpoNUHAMHUYeCcKHe KauecTBa COXPAHSAIOTCS, B OCHOBHOM, U IIPH
CBEPX3BYKOBOM, U THIIEP3BYKOBOM [BHXKEHHsX MeTeopouaa [3]. Dueprus
BpalleHns o6bekTa E BOKPYT cBoefl ocH paBHa: E =[w?/2, Tae w — yIo-
Bast ckopocTh (c~!), / — MOMEHT WHepUHH BOKPYT OCH BpaileHHs (r-cm?).
MakcumanbHas MOLIHOCTb P, KOTOPYI0 MOXKHO H3BJedb M3 IOTOKa rasa,
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onpesesifieTcs ceAylomuM BhipaxenueM [1]: P = pAv3/2, rne p — mio-
THOCTb rasa (r/cm®), v — CKOpOCTb rasda (cm/c), A — miomans MHAMOR
TMOBEPXHOCTH, 4yepe3 KOTopylo mpoTekaer ras (cm?). Cumras, 4To MeTeop
JIBUKETCS CO CKOPOCTBIO 3ByKa, MJIOTHOCTb Bo3ayxa pasHa 1,2-1073 r/cem3,
pasmep MeTeopa r =1 cM, IJIOTHOCTb BelllecTBa MeTeopa 5 r/cM>, MOMEHT
WHepLUUH 115 mucka [ = mr?/2 u, moniarasi, 4To Ha BpalleHHe MeTeopa yXo-
IUT MOJIOBHUHA MaKCHMAaJbHOH MOIIHOCTH P MOTOKAa rasa, MoJydydM BhIpa-
JKEHHE /Il OLEHKH YIJIOBOH CKOPOCTH BpallleHus Mereopa: w = \/pvsA/I.
[Ipu BbllIeyKa3aHHBIX MapameTpax CKOPOCTb BPALLIEHUS METeopa COCTABUT
okoso 9000 Iu. DTa olleHKa B 1I€JIOM COTJIACYeTCsl C YaCTOTOH BpalleHHUs
3800 T'u, mosyueHHON BhIlle TPHU paccMOTpeHHH 3dpdekra Marnyca. Pac-
CMOTPEHO BJIMsIHHE «GOJTaHKH» CJEN0B METEOPOB, KOTOPOE BO3HUKAET TpH
TeueHHH rasa BOKPYT Bpaulawollerocs tesa (3pgekt Marnyca).

Takum 06pasoM, MeTeOpHOe TeJ0 MOXKHO pPacCMaTpUBAaTh KaK BO3MIY-
IIHYI TYpOHHY, KOTopas mnpeoGpasyeT 3HEepPrui0 BO3AYLIHOTO IOTOKA BO
BpalaTeJbHylo sHepruio. CKOpPOCTh BpalleHUs METeopa MOXKET NOCTHraTh
HECKOJIbKHX KHJIOTEPII.
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BuHTOBbIE TPAEKTOPUK BTOP>KEHUH U B3PbIBbl METEOPOUAOB
Kunrses B.E., Beparok H.A., Cmexaos A.®., Budvmauernxo A.Il.

[naBHas actpoHomuueckasi oocepsatopusi HAH Ykpaunusi

BosbiinHCTBO MeTeopHBIX fIBME€HUH 3aKaHUYMBAIOT CBOE CYILECTBOBAHHE
B3pbiBOM [4]. B3pbiB M paspylueHne MeTeOpOUIA MPOUCXOAAT TOTAA, KOTAA
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BO3HUKAIOIAs [IPY BPaIleHWH LEeHTPOoOEXKHasi CHJla CTAHOBHUTCS PAaBHOM HOP-
MaJIbHOF CHJIe, OTIPEAesIoIed npeaes MPOUHOCTH MaTeprasa, 13 KOTOPOro
cocTouT Meteopoun [8, 9]. 3HaueHuHe mpenesia MIPOYHOCTU OMPEIEISIETCS] MO-
nynem lOwura [10]

_F.J/S

A
rie £ — wmonyne Oura (I'Tla), F, — HopmasnbHas cuaa (H), S — muo-
mwaab nosepxHocty (M%), Al, | — u3MeHeHHe AJMHBI M AJMHA NpH Aedop-
mauuu (m) [11].

LlenTpoGexHast CHJia OMPeessieTcsi COOTHOLIEHHEM

F= mw2r,

rie F — neHTpoGexHas cuia, m — Macca, w — YIJOBas CKOPOCTb, ' —
papuyc. Tonarast Al/l~ 1 u nprpaBHHBasi CHJIBI, MOJYYHM YCJOBHE paspy-
ILIeHHS
E = pp?r? = ppo?,

rie £ — monynb [OHra, p, — NJIOTHOCTb BellleCTBa METEOpa, ¥ — CKOPOCTh
BpallleHHs Ha MOoBepXHOCTH MeTeopa. [lomaras monyss Oura E =50 I'Tla u
pm =5 r/cM3 1715 MeTeopoKI0B MUHePANBLHOTO COCTaBa, MOJYUUM FPaHUYHOe
3HaueHHe CKOPOCTH BpallleHHst Mereopa v~ 3 kM/c. Korna MeTeopounHoe
TeJ0 pacKpyuuBaeTcsl 10 I'DaHHYHOH CKOPOCTH OKOJIO TpPeX KHJOMETPOB B
CEeKYHIY, UTO 4acTO CPaBHHMO CO CKOPOCTbIO METEOpPOHIA, OHO B3PbIBAETCSI.
BUHTOBBIE TPaeKTOPUH BTOPXKEHHH («IUITOMOPbI») SIBASIOTCS 4YacTO HabJIO-
narenbHbiM paktom [5-7]. [IpupaBuuBas cuiy Martnyca u LeHTPOGEKHYIO
CUJIy OpOHUTANBHOTO BPAIIEHUS, IOJYUHM TaKOe BblParKeHHe:

F.=mO?R,
rie F, — ueHTpoOexHasi cuna, m — Macca, 2 — yrjoBas CKOPOCTb Op-
6rTajbHOrO BpalleHusi, R — panuyc opOutasbHoro BpaileHus. [losyuum

3HaueHHe YIJIOBOH CKOPOCTH OpPOUTAJLHOTO BpalleHus §)
Q =~ 27wp/ pm,
The p, — IJIOTHOCTb BEIlleCTBA MeTeopa, p — IJIOTHOCTh BO3AYXa.

W3 HaGsoeHuil BUHTOBBIX TPAeKTOPHE MOXKHO CHeJaTh BBIBOA, UYTO JIH-
HellHasi CKOPOCTb OpOHUTAJBHOTO BpALlEeHHs] CPAaBHHMA CO CKOPOCTHIO METeOo-
pouna. Torma pagryc BUHTOBOH TPaeKTOPHH MOKHO OLEHUTb U3 BbIparKeHUS
R=0,/Q, rie v, — 3HaueHHE CKOPOCTH rasa, 0OTEKAIOIIEro METEOPOUI,
TO €CTh 3TO CKOPOCTb MOJeTa CaMOro MeTeopouaa. Paguyc BHHTOBOH Tpa-
€KTOPUM B 3aBUCHMOCTH OT pajuyca MeTeopa HMeeT MpPUOJIU3HUTEJbHO Ma-
paboJIMYeCcKy0 3aBUCUMOCTb. Vcno/ib3yst BhILIENPHUBEIEHHY0 METONUKY, MbI
OLEHUJIK BO3MOXKHbIE pa3Mepbl METEOPOUIOB MJsi HECKOJBKHUX NOBOJIBHO sIp-
KMX HOUHBIX METEOPOB W AJs Psiia THEBHBIX OOJHMOB.

Mcxomst U3 HaHHBIX O HEKOTODPBIX BTOPXKEHHMSX, OMUCaHHBIX B [1-3], mpo-
CThble pacueThl MMOKAa3bIBAIOT, UTO yKa3aHHble HOUHble METEOPHbIE SIBJIEHMUS,
BO3MOXKHO, BbI3BaHbI TeJaMH C pa3MepamMH OT HOJed MUJJIUMETpa 10 He-
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CKOJIbKUX CaHTUMETPOB, a JHEBHble OGONUABI CpeaHel sipkocTh [2] moryT

06pa3oBbIBaTh METeOpOHAHBIe Tesa ¢ pa3MepaMu no 40 cm. OtmeTuMm, UTO

BBITIOJIHEHHBIE PACUYeThl UMEIOT OLEHOYHBIH XapakTep.
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Xopsarckui 6onup
XKunses B.E., Budomauernko A.Il., Cmexkaos A.D.

[naBHast acTpoHoMHuecKasi o6cepBaropusi HAH Ykpaunwl

Yrpom 28.02.2020 oxosio 10:30 meTeopHOe Tesi0 BBHICBETHUJOCH B aTMO-
cepe nan Xopsatueil (r. Kapsopan, na6monarens Tomislav Car) u Hra-
aueit (r. @ano) Ha BhicoTe okKosMo 20 KM, ABHrasiChb CO CKOPOCTBIO OKOJIO
30 km/c; mpocnexeHHbl nyTh coctaBua okoso 300 km. [loser mereopou-
na [2] compoBoxpaascst pacrnaaoM, BCObIIKaMH sipKoCTH (puc. 1, 2) u rpom-
KHUM 3BYKOM; B3PbIBbl MPOAOJIKAJIUCH HECKOJBKO CEKYH, UTO COMPOBOXKAA-
JIOCh COTPSICEHHEM OKOHHBIX cTekos [1]. Meteop ocraBsis Ha sicHOM HeGe
OBICTPO HCUE3aLIUi MHBEPCUOHHBIH cyen. B crHeM W KpacHOM (HJbTpax
(puc. 3) B ciene MeTeopa MPOCJ/IEKHUBAETCS yaapHAsi LMJIMHAPUUECKas BOJHA
cKaTHst U paspexkeHusi [3—-5]. B KOHTYpHOM pucCyHKe Tpeka MeTeopa, KOTO-
pBIil MOKa3bIBaeT pacrpeneseHne sipKOCTH, BUIHBI KoleOaHus 6JecKa BAOJb
TPAeKTOPHH T0JIeTa U TONepeyHble cMelleHus (6onTaHKy, wobbling).

[Ipy H3BECTHOH CKOPOCTH JABHKEHHS METEOPOUAA MOXKHO OINpPEeNEeSUThb
4yacToThl KoJebGaHUH Osecka W OosnTaHkU. KosmebaHus Ojecka CBSI3aHbl C
IBHXKEHHEM MEeTEeOPHOro Tesa B aTMOC(epe ¢ MeHsiolleHcs MJIOTHOCTBIO, a
6osiTaHka cBsi3aHa ¢ addektom Marnyca [6, 7], 3acTaB/sOIIKMM Bpalialie-
ecsi METEOPHOE TeJI0 JABUraThCsl MO CIHUPaNbHOH TPAaeKTOPHH B Haberarollem
noToke Bo3nyxa. Ha puc. 4 nokaszaHa KpuBasi KoJiebaHUH Osiecka BLOJb Tpa-
ekTopuu nosieta. Chipble faHHble (CBET/as KpPHBasi) U alMpOKCUMaLsi 3Ha-
YUMBIMM TapMOHHKaM# B npeobpasoBanun Pypbe (KpacHas KpuBas) AAIOT
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3HaUeHHUs] 4acTOThl KoJsebaHui Gyecka 14,3 [l B mpoeKuyH TPaeKTOPHUH Ha
(poHTaNBHYIO MIOCKOCTE. YacToTa KosleGaHui TPaHCBepCaIbHBIX CMelleHHH
(6onTanku) cocrasaser 6,7 I'y (puc.d). M3 Teopuu TpaeKTopuH IBHKEHHS
Tesla ¢ TUIEP3BYKOBOH CKOPOCTBIO B aTMoc(epe ¢ MeHsIoLeHCs MJI0THOCThIO
C/lelyeT, YTO ypaBHEHHs! JBHKEHHUs COIepKaT TakHe HeU3BeCTHbIE: pa3Mep U
Macca Tesla, CKOPOCTH €ro IBHKEHHS] M BpallleHHs], TJIOTHOCTb aTMOC(epHI.
CKOpOCTb LeHTPOOEKHOr0 pPa3pylieHHsT METEOPOUIHOTO TeJla MHHEPAIbHOTO
cocTaBa CBsizaHa ¢ MonyseM ynpyroctd [OHra; u aTo 3HaueHHe pPaBHO CKO-
pOCTH BpAallleHHsI HA ero MoBepxHOCTH =3 KM/c. [linoTHOCTE aTMocdepHOro
BO3/yXa 3aBUCHT OT BBIYHUCJEHHOH BBICOTHI TpaekTopuu (10-12 kM B Me-
CTe MOAPHIBA, U 3/IeCh OHA M3BeCTHA), a MJIOTHOCTb METEOPOB MHHEPAJBHOTO
cocTaBa — oKos0 5 r/em?. OcTaeTcss CKOPOCTb ABHIKEHHS U DasMep MeTeo-
pa. Jlns omnpenesieHHsl pasMepa M CKOPOCTH IBHMIKEHHS Tejla Mbl HMeeM JBa
ypaBHeHHsI ABHKEHHs: [0 TAHT€HLHAJbHOH W TPaHCBepCaJbHOH KOOpIHHA-
te. Takasi 3aaua MoKeT ObIThb pellleHa TPH U3BECTHHIX YaCcTOTaX KoJeOaHHH
6secka U 6onTaHKU MeTeopa. IlockonbKy MeTeop Habuaropanu B XOpBaTHH
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(KapaioBant) u Uranuu (PaHo), To 3TO maeT BO3ZMOXKHOCTb KOPPEKTHPOBATH

4acTOThl yKa3aHHbIX KoJjebaHuH. [Tostomy uyacToThl KoJjebGaHuil OJjecka U

6onrtanku cocrapasioT 1,43 u 0,67 [u. Ha puc.6 BupHO pelueHue cucre-

MBl YpaBHEHUH [BHXKEHHUS [Js 4acTOT KosneOaHUU Ojecka U OONTaHKH B

3aBHCHMOCTH OT CKOPOCTH HBHKeHMs (uucaa Maxa) u pajumyca MeTeopa

(B mpennosokeHun cepudueckod opmbl). PellleHne cucteMsl ypaBHEHHH B

TOYKe TepeceyeHHrst IBYX KPUBBIX N1aeT TaKue napameTpbl JIjsi XOpBaTCKOro

6onuna: paguyc — 6,45 cMm, ckopocth — 29,2 kMm/cek (uucao Maxa = 90),

macca — 5,62 Kr, BbICOTA TPAeKTOPUH B Touke pacyetra — 10 kM.

1. https://glavcom.ua/news/u-nebi-nad-horvatijeyu-vibuhnuv-meteorit-video-
662488.html

2. Steklov E.A., et al. (2017) 48 LPSC, LPI Co 1964, id.1327.

3. XKunses B.E. u dp. // XXII MixuaponHa HayKoBa KoHdepeHLis “AcTpoHoMiuHa
mwkosa monogux Buenux” (Kuis, 2020). — C.28.

4. XKunses B.E. u Op. // XXII MixunaponHa HaykoBa KoH(epeHLis “AcTpoHoMiuHa
mkosa mMosonux Buenux” (Kuis, 2020). — C.24.
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5. XKunses B.E. u dp. // XXII Mixuapogsa HaykoBa KoH(epeHLis “AcTpoHOMiduHa
mkosa moaonux Buenux” (Kuis, 2020). — C.20.

6. XKuases B.E. u dp. // XXII MixuaponHa HayKoBa KoHdepeHLis “AcTpoHoMiuHa
mwkosa monogux Buenux” (Kuis, 2020). — C.26.

7. XKusses B.E. u dp. // XXII MixuHaponHa HayKoBa KOH(epeHilist “AcTpoHoMiuHa
mkosa mMonogux Buenux” (Kuis, 2020). — C.22.

3axoxkai B.A. Ta gocnig>keHHA ek3onnaHeT B YKpaiHi
3axomcaii O.B.
[onoBHa actpoHomiyHa obcepBatopist HAH Ykpainu

JlocninxKeHHs1 eK30M/aHeT € BiTHOCHO HOBMM HaNpsIMOM Cy4acHO{ acTpo-
HoMmii. ¥ cBiTi mocnimKeHHs Li€l TeMAaTHKH aKTHBHO PO3BHBAETHCS HA TPO-
Ts131 OCTaHHIX 35 POKiB, Mic/si OTPUMAHHS MEPIINX CHOCTEPEKHUX MiATBEpP-
IKeHb iCHYBaHHs MPOTOIJIaHeTHUX NUCcKiB § 2KuBonwucis ta Beru y 1984 p.
Ta BiAKPUTTS MepILO] eK30MJaHEeTH HABKOJIO coHUenonioHoi 3opi Ileraca 51
y 1995 p. ¥ wmofii monoBiai s po3MOBiM MPO AOC/IIXKEHHS, IKi TPOBOAHJIUCS
B YKpaiHi 3a Li€l0 TeMaTHKOO, Ta NP0 OCOOUCTHH BHECOK Y PO3BHTOK LIUX
nocaimkeHb 3axoxast Bosmonumupa AnatosifioBuua. Oco6auBy yBary Oyne
NPHUIIJIEHO AOCHAiIXKeHHAM (OPMYBaHHS €K30IJIaHEeT HaBKOJIO 3ip Ta cy03ip
Ta 1X CIOCTEPEXKHUM IPOsIBaAM.

FeomexaHiuHi npouecu B 3akapnarcbkomy
BHYTPilLHbOMY NMPOrUHi: acTPOPi3UYHUIA acnekT
Tenamuwun A.B., lenamuwun B.B., Iwax T.H.
Binnin ceficmivnocti Kapnarcbkoro periony IHctutyTy reodisuku
im. C.I. Cy66orina HAH Ykpainu
3akapnatcbkuil yropebkuil iHeTuTyT iM. @epenna Pakoui 11

BaxauBum eranom AoC/ifKeHHS PU3UKY TPOSIBY CEUCMIUHOCTI B ceid-
cMOHe0e3MeuyHUX perioHax € NOCJiIKeHHSI 3B’$13Ky TeOo(i3HuHHUX MOoJiB i3
CeHCMOTEKTOH{YHMMM IpolecaMd B perioHi. 3axkapnaTtcbKWMi BHYTPilIHiH
NPOTHH XapaKTePHUH iHTEHCHBHUMH TOPH30OHTAJbHUMH PyXaMH KODH Ta Ile-
piOAMYHUMHU NPOSIBOM MicLeBUX 3eMmJeTpyciB. HacToTa BUHUKHEHHS 3eMJle-
TpyciB B KapnaTcbkoMy reomdHaMiuHOMY MOJIrOHi CTaHOBUTb 2—6 Bimuy-
THHUX MICLIEBHX 3eMJIeTPYCiB B piK. AKTyasbHICTb reodisHUHUX DOCiNKEHb
3yMOBJIEHA THM, L10 NMOPSA i3 BUBUEHHSIM OYyNOBM 3€MHO! KOPH Ta TeoJIoTi-
YHHX TIpoleciB, He0OXiJHO BpPaxXyBaTH, 110 OCTaHHi CHUJIbHI BiI4yTHi 3eMJe-
TpycH Binbyaucs B yunHi 2015 poky. BeranosseHo, mo pyxu Kopu Ta cefi-
CMiUHiCTb perioHy CYNpOBOMKYIOTbCS BiArykamu reoisuuHux mnonis. Ha
OCHOBi pe3y/bTaTiB CIOCTepeKeHb IeOAMHaMiKH perioHy, CelCMidyHOCTI Ta
MOHITOPHHTY reo¢i3UYHHUX MOJIB OTPUMaAHO BaXKJHBi pe3yJabTaTH MpO Cei-
CMOTEKTOH{UHi mpoluecH B ceficMoHe6e3neyHux parioHax [1, 2]. Ha pesyisb-
TaTH MOHITOPHUHTY Teo(pi3UYHUX TOJiB BILJIUBAOTL NEeBHi (haKTOPHU: MeTeo-
poJioriuni, rigposoriuui, aepodisuuni Ta acrpodisuuni. Actpodisuuni da-
KTOPH BIIJIUBY Ha TEOJIOTIYHI MPOLECH NOCJIIKYIOThCS B MJaHi 1X 3B’3KY i3
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pyXaMH KopH Ta nposBoM celicmiynocti. JlocninxyeTbes BriuB (a3 Mics-
15l Ha 4yac Po3psfiKU HalpyKeHo-Ae(opMoBaHOro cTaHy nopix. BusuaroTbes
3B’SI3KM acTPO(i3HUHUX MapamMeTpiB i3 CyyacCHUMU PyXaMH KOpH, celcMi-
YHHUM CTaHOM perioHy. MeTowo HoC/ifXKeHHs1 € BUBYEHHsl BKJaay acTpodi-
3WYHHX NapaMeTpiB B MPOTiKaHHS CEHCMOTEKTOHIYHHUX INpOLeciB B PerioHi.
O6’exTOM H0CHiIKeHHS € cellcMOTEeKTOHI4HI npouecH B perioHi Ta Bapiauii
actpodisnunux napamerpis. [Ipenmerom nocnimkeHHs € 3B’sI3KH acTpodi-
3UYHUX Ta TreodisuuHUX napaMeTpiB. MeTomuka DOC/ifXKeHHS BKJOUae B
cebe: BHBYEHHs Cy4YacCHHX TOPU3OHTa/JbHHUX PyXiB B perioHi, mpocTopoBo-
YacoBUH pos3mofin MicueBoi celicmiuHocTi, (asu Micsus, coHSIYHO! aKTHUB-
HOCTi, JA@HHUX NPO MiCAYHi Ta COHSAYHi 3aTeMHeHHS, PyXH HeOeCHUX TiJ.
[Ipu BUBUEeHHI BIJMBY COHSUHOI akTHBHOCTI Ta (a3 Micsius Ha xapakTep
reolMHaMi4HOTO CTaHy perioHy Ta akTHUBi3auii MicLeBoi ceHCMiYHOCTi BH-
KopuctaHo naHi 3 IHTepHeT-pecypciB. IlaHi mMpo pyXH KOpH OTPUMaHO 3
[TyHkTy neopMOMETPHUYHUX crocTepexkeHb B cMT. KoposeBo (3akapmat-
cbka o6sacTe, BuHorpaniBcbkuil paioH) Ta pexXMMHOI reo¢isuuHoi cTaHmil
“Tpocuuk” Binniny ceficmiunocti Kapnarcbkoro periony IHctutyty reodi-
suku iM. C.I. Cy66otina HAH Ykpainu. 3acTocoBaHO po3paxyHOK KiHema-
THUHUX MapaMeTpiB MPH NOCJiIKeHHI pyxiB Kopu. BimmiueHo 3B’d30k (ha3
Micsaus ta ceficMiyHOro cTaHy perioHy: 3HauHa 4acTHHa 3eMJeTpycCiB Bin-
6yBatoTbes npu Hosomy ta IloBHomy Micsini. [TokasaHo yacoBuil posnomnin
MicueBoi cedcMidHOCTI BifHOCHO Yacy m0GH, L0 MigTBepAXKye BrauB Mi-
csillsl Ha PO3PsiAKY reoMexaHiuHol eHeprii B perioni. IlpencraBieno 38’30k
COHSIYHO! aKTHBHOCTI Ta pyXiB Kopu B 30Hi OalicbKoro riau6HHHOTO PO3JIO-
My: iHTepBa/JId COHAYHOI aKTUBHOCTI Ta M€0JUHAMIYHOIO CTaHY KOPEJIITh
Mixk coboto. B 2019 poui Ha TepuTopii 3akapnaTchbKoro BHYTPIilIHBOrO TPO-
ruHy BigMideHo 116 MmicueBux 3emJ/eTpycH, BiIUyTHUX 3eMJeTPYCiB He Bin-
MiyeHo. MakcUMyMH celcMiuHOi akTHBHOCTI B 2019 poui BHUMEpemKYIOTb
MaKCHUMyMH ceficMigHoi akTuBHOCTI 32 2018 pik Ha 2 wmicsini. PesysmbraTn
JOCJIiPKEHHS BaXKJIUBi NP BUBUEHHI NPOLIECiB HAKONMHMYEHHS TeOMeXaHiyHOl
eHeprii B perioHi Ta ¢axkTopiB, LU0 3yMOBJIIOIOTb IPUCKOPEHHST a0 rajabMy-
BaHHA 3MillleHb 3eMHO{ KOpH, 110 0e3MocepefiHbO BIJIMBAIOTh CEHCMiYHICTh
periony.

1. lenamuwun B.B., Iwax T.H., lenamuwun M.B., lenamuwun A.B. Actpodi-
3UYHHUH acreKT CeHCMOTeKTOHIYHUX MpoLeciB B 3aKapnaTChbKOMy BHYTPILIHbOMY
nporuni // Intern. independent scientific journal. — 2019. — Ne9. — P.3-15.

2. lenamuwun B.B., Ixax T.H., lenamuwun M.B., lenamuwun A.B. lenamu-
wun B.B. (mox.) Teodisuuni mosss B 3akapnarchbkKoMy BHYTPILIHBOMY MPOTHHI:
reonuHamiynuii acrnekt // Topical issues of the development of modern sci-
ence. Abstracts of the 4th International scientific and practical conference.
— Publishing House “ACCENT”, Sofia, Bulgaria, 2019. — P.14-24. URL:
http: //sci-conf.com.ua
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3B’a30K aepoi3MUHOro CTaHy i3 reoMexaHiYHUM CTaHOM
reonoriyHuMx cTpyktyp 3akapnarta 3a 2019 pik
lenamuwun A.B. lenamuwun B.B., lenamuwun B.B. (mox.)

Binnin ceficmiunocti Kapnarcbkoro periony [HcTUTYTY reodisuku
im. C.I. Cy66otina HAH Ykpainu

JocnigkeHHs ¢akTopiB BIJMBY Ha pe3yabTaTH BUMIpIOBAaHHS Napame-
TPiB reoJUMHaM{4yHOI0 CTaHy 3a MUHYJi POKH BiIMITH/IO 0COBJIUBOCTI 3B’3KY
Bapiauili mapameTpiB aTMOC(epH: TeMIepaTypH MOBiTPsl, aTMOC(HEPHOro TH-
CKYy, aTMOC(epHHUX OmaiiB, MIBUAKOCTI aTMOC(epHUX MOTOKiB, HAMPSIMKIB
BiTpY, BOJIOTOCTi Ta CEUCMOTEKTOHIUHHUX MPOLECIB HA [e0JIOTiYHUX CTPYKTY-
pax 3akapnarts [l]. Bysno BusiBIeHO iHTepBasu yacy, siKi XapaKTepH3yIo-
TbCS aHOMaJbHUMH aMILUITyfaMH aepo(i3WYHHUX NapaMeTpiB Ta MiJBHIIe-
HOIO celicMiuHiCTIO B perioHi, iHTeHCHBHUME pyxaMmu Kopu B 2019 poui, sxi
npejicTaB/eHi PO3MHPEHHAMU KOpH BesrukrHol +6,4-1077. 3a 2019 pik Ha
TepuTOopii 3aKaprnaTchbKOro BHYTPIIIHBOIO MPOTHHY 3apeecTpoBaHO OiJiblie
COTHi MicueBux 3emJjeTpyciB. BusineHi oco6/uBocTi aHoMmasill aepodisu-
YHHUX TapaMeTpiB B Mepiogy aHOMaJIbHUX CYy4yaCHHUX TOPU3OHTAJNbHUX PYXiB
KOpH Ta MpOosIBiB aKTHUBi3awil MicLeBOl cedcMiuHOCTI Oy/aM XapakTepHi A/
nepionis BiguyTHUX 3eMuseTpyciB. HeobxinHicTh mocainkeHHs Bapiauiii ma-
paMeTpiB aTMoc(epHOro moBiTpsi Ta ixX 3B’3KiB i3 ceHcMiuyHicTIO, 30KpeMa
c1a6KHX MiCLleBHX 3eMJIeTpYCiB, iX 0c0OMBOCTeH BUKJMKaHA MiABUILEHHAM
ceficMiuHOi akTHBHOCTI B perioHi. IlocainxeHHs reoisuyHUX MoJiB BiaMmi-
THUJIM 3B’5130K CEHCMOTEKTOHIYHUX NpoLeciB B perioHi i3 3MiHaMu napametpis
JOCJiA2KYBaHUX 1I0JIiB — MarHiTHOro moJist 3emJi, pafioakTUBHOro (hOHy Ta
eJleKTpoMarHiTHol emicii [2].

Meta po60TH — BUBUEHHS T€OMHAMIUHOTO CTaHy 3aKaprnaTchbKOro BHY-
TPILIHBOTO MPOTHHY, MOHITOPUHT reodiznyHux mnogiB. O6’eKT mocaimXKeH-
HSl — ceHCMOTeKTOHiuHi npouecu B perioni, IX 3B’s3kM i3 (axTopamu-
3aBajaMu. [Ipeamer noci/ifxKeHHS — BIJIMB aepodisnuHUX NapaMeTpiB Ha
pyXxd Kopu B 30Hi OalICbKOro TMIMOMHHOTO PO3JIOMY Ta INPOSiBH MicCLeBOl
ceficmiuHocTi. ol nboro 6ysn0 BHBYEHO MPOCTOPOBO-YACOBHH pO3MOAiJa ma-
paMeTpiB MeTeOpOJIONiYHOro CTaHy — IIBUAKOCTI BiTPy, HANpsAMKIB BiTpYy,
Bapiallilo MopuBiB BiTpy, Temmnepatypu NnoBiTps Ha BUCOTI 9 M.

B po6ori npoBeneHo aHasi3 pe3ysnbTaTiB MeTEOPOJIONiYHHX Ta Treo-
(i3sMYHUX CrOCTepexeHb B 3aKaplaTCbKOMY BHYTPIIIHbOMY IPOTHHI 3a
2012-2019 poxu. 3rifHO MeTOOUKH MAOCHiIXKEeHb MPOBENEHO BUBUEHHS
IIPOCTOPOBO-YACOBOTO PO3MOAiNY LIBUAKOCTEH BiTpy B 30Hi OalicbKoro riu-
OUHHOTO PO3JIOMY, PO3paxoBaHO 3MillleHHs ripcbkKux nopix Ha IlyHKTI ne-
topmorpaciunux crocrepexxeHb B cMT. KoposeBe. O6pobseHo ceticmoliori-
YHi crocTepeskeHHS B 3aKapnarTi Ta NpeCTaBJeHO NPOCTOPOBO-YACOBHH
posnonin MicueBoi ceticmignocTi. [IpoBeneHo aHasi3 psaiB crocTepexeHb Ha
npeaMeT B3aEMO3B 3Ky reo()i3HUyHHUX M0J1iB, 30KpeMa BIJIUBY aepodi3sndHUX
napaMeTpiB Ha reofiHaMiKy perioHy Ta mposiB ceiicMiyHocTi. Brius aepo-
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(hisMYHMX MapaMeTpPiB Ha TeOMeXaHi4YHi NPOLUECH B perioHax HeLOCTaTHbO
BUBUEHHH | TOMY HOCJiIKEHHS B LIbOMY HampsiIMKy HeoOXimHi IJsi BUBYeH-
HSl BKJIALy aepoi3UuHUX MOJIiB B TUHAMIKY PyXiB KOpH, CeHCMiuHOi aKTHB-
HocTi mopsin i3 rimpoJsioriuHMM acrnekToM Ta acTpo(i3HUHHMH MapameTpa-
MU. BigmiueHo kopessuiio psaiB crnocrepexkeHb reogisuuHUX NapameTpis:
MiABUILEHHS BeJUUYUHU KiHEMaTHUKH MOBITPAHUX MOTOKIB CYNPOBOMAKYETHCH
BiZTIOBiTHO CTHCHEHHSAMH Topin. AMIJIiTyna BeKTOPiB LIBUAKOCTI 3B’s3aHa
BiMIOBiAHO i3 BEJIMYMHOIO CTUCHEHHS TOPiJ 3eMHOi Kopu. MOXKJIUBUH aKy-
MYJII0I04YHE edekT Ail BITPiB Ha MOBEPXHIO 3eMHOT KOPH, IKUH 3aBEPIIYETbCS
nposiBoM cyabKoi ceficMiuHOCTi B perioHi. AKTyasbHO PO3IIHPEHHS reorpa-
¢bil aepoi3sUUHUX AOCJiJKEHb B PETiOHi.

1. lenamuwun B.B., lenamuwun M.B5., lenamuwun B.B. Meteoposoriuni acme-
KTH FeOfIMHAMIYHOrO CTaHy reoJIoriuHHUX CTPYKTyp 3akaprnarts // Perion-2018.
CycninbHo-reorpadiuni acrmekT: MaTepiajJu MiKHapoAHOI HayKOBO-TPaKTHYHOT
KOH(epeHLii cTyneHTiB, acmnipaHTiB Ta MoJoAMX HaykoBLiB (XapkiB, 3—4 KBiTHS
2018 p.). — X.: XHY imeni B.H. Kapasina, 2018. — C.191.

2. lenamuwun B.B., Irxax T.H., lenamuwun A.B., lenamuwun M.B. MoHiTopuHr
reoi3nuHMX N0JiIB Ta ceficMiunicTh 3akapnarts / Martepianmu XXIV Mixna-
poloHa HayKoBO-MpaKTHuHa KoHpepeHis “IHdopmarilini TexHosoril B eKoHOMIl],
MeHemKMeHTI i 6i3Heci. [Ipo6iemMu Hayku, mpakTiku Ta ocsitTn” (Kuie, 20 sucto-
nana 2018 p.). — K.: Bun-Bo €sponeiicbkoro yHiBepcutery, 2018. — C.49-52.

FNpponoriyHi pakTopu BNAMBY Ha reogUHaMiYHUHU CTaH
3akapnaTcbKoro BHYTPilLHbOro MPOruHy
lenamuwun A.B., lenamuwiun M.B., lecnamuwun B.B.

Binnin ceficmiunocti Kapnarcekoro periony IHetutyTy reodisuku
im. C.I. Cy66orina HAH Ykpainu

3akaprnaTTs — perioH YkpaiHH, SKHH OCTaHHIM 4yacoM TMOTepHae Bix
pi3HOro pony eKoJIoTiYHUX HerapasiiB — MaBoAKiB, 3cyBiB. ['eodisnyHi cmo-
CTEpeXXEHHS AaJM MOXKJHUBICTb BiAMITUTH BIIMB TiPOre0J/OriYHUX Napame-
TPiB Ha ceHCMOTeKTOHIUHI TpolecH B 3akapnarTi. B pesynbrari MoHiTOpHH-
Ty TifpOJIOTiYHOr0 Ta TeOAMHAMIYHOrO CTaHy perioHy OyJo BiAMi4eHO psn
BaXKJUBUX OCOOJMBOCTEH Ta BUCHOBKIB JJisi PO3YMiHHS T€OJIOTiUHUX MpOlie-
cis periony [1, 2]. B 2019 poui Ha TepuTopii 3akapnaTcbKOro BHyTPIillIHbOTO
MPOTUHY MPOBOIHUJNCS JIOCJifKeHHsI MeTeopoJoriuHoro craHy. [lonepenHi
reoisnuHi crocTepekeHHsl BiAMITHJ/H TifpOJNOTiUHHH acleKT ce’CMOTeKTO-
HIYHUX IIpPOLIeCiB: MiJBUILEHHS BEJUYMHH KiHEMAaTHUHHUX [apaMeTpiB cyda-
CHUX TOPU3OHTAJNBHUX PYXiB KOPH, BUK/JIMKAHE iHTEHCUBHUMH aTMOC(EpPHHU-
MU onagamu. [Ipu nocTaTHbO HakomuueHid eHeprii reoMexaHiuHHWX Mpolie-
ciB B 3eMHi#l Kopi, BUCOKa BOZAa, BUKJHKaHA iHTEHCHBHUMH aTMOC(epHHUMH
onajaMH, MOXKe CIPOBOKYBAaTH PO3PSNKY Hampy»KeHo-1e(OpMOBaHOTO CTaHY
nopin. B ue# nepiox MoxyTh BinOyTHcs MmicueBi 3emseTpycH, 30Kpema, Bif-
yyTHi 3emJserpycd. Ha Teputopii 3akapnaTcbKoro BHYTPIlIHbOTO NPOTHHY
3 cepenuHd 2015 poKy He 3apeeCcTPOBAaHO KOLHOIO MICLIEBOrO BiIUyTHOTO
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semsierpycy. Ceficmiunumu cranuismu Binginy ceiicmiunocTi Kapnarcbkoro
periony IHctutyTy reodisuku im. C.I. Cy660tina 3a 2019 pik 3apeecTpoBaHoO
116 micueBHX MOIITOBXiB, He BiAMiu€HO >KOLHOTO BiIUyTHOTO 3eMJETPYCY.
JocninxKyeTbcsl reofMHaMiuyHU# CTaH perioHy yepe3 BHBYEHHS CY4YacCHHX
ropu3oHTadbHUX pyXiB Ha IlyHkTi medopmorpagiunux crnocrepexeHb “Ko-
poneBe” Iucturyty reogisuku iM. C.I. Cy66otina HAH Ykpaiuu. 3a 2019
pik B 30Hi OamcbKoro rJMOGHHHOIO PO3JOMY BiIMiUeHO PO3IIUPEHHS MO-
pin BesuuuHOW +6,4 - 10~7. MeTonnKa BUBYEHHS [iIpOJOriyHOr0 acrekTy
micLeBoi ceficMidHOCTi BKJ/IOYae B ceGe: BUBUEHHS PYXiB KODPH, HOCJIiAXKeH-
H$l IPOCTOPOBO-YACOBOT0 PO3MOAiNy ceHCMiYHOCTI, PO3MOAiNy aTMoc(epHUX
onazie, piBHA BogM B cBepaJsioBHHAax. [locaifKyloTbesl 3B’I3KM TimpoJiori-
YHOIO CTaHYy CepellOBHIA Ta F€OQUHAMIKHM DerioHy Ta MposiB MiCLeBOl ceH-
cMiyHocTi. AHasi3 MPOBOAWUTHCS B MiCSUHOMY iHTepBaJi AJiS BUBUEHHS JIO-
KaJbHUX 3MiH B reoisn4HUX MOJsAX A0 i Micas 3eMaeTpycy.

MeTolo po6OTH € BHBYEHHS 3B’I3Ky TiIpOJIOTiYHOTO CTaHy perioHy
Ta CEHCMOTEKTOH{UHMX TPOLECiB B TeoJOT{UHHUX CTPYKTypax 3aKapraTTs.
OG6’exT nocaigxKeHHS — CceHCMOTeKTOH{uHi mpouecu B perioHi, ix miaro-
ToBKa Ta mporikaHHA. [Ipenmer mocnimkeHHs — rigporeosoriydi daxkTopu
BIJIUBY Ha pe3yJbTaTH CHOCTepeXkeHb MeOJUHAaMiuyHOrO CTaHy: aTMocdep-
Hi omaau, piBeHb BOAM B piukax 3akaprnarTs Ta HAyKOBUX CBepAJOBHHAX.
Jlns BUpillleHHs1 MOCTaBJeHHWX 3aJay BUKOPHUCTAHO pe3yJbTaTH CIOCTepe-
keHb Binniny ceficmiunocti Kapnarcekoro periony ta Kapnarcbkoro Bingi-
JeHHs [Hetutyty reogisuku im. C.I. Cy66otina HAH Ykpainu, Bukopucra-
HO MeTOJ KiHeMaTHMYHHUX XapaKTepPUCTHK Cy4acHUX pyxiB B 30Hi OamicbKoro
TJIMOHHHOTO po3jioMy (LIBHIKOCTI Ta MPUCKOPEeHHsT pyxiB). B uenTpasbHiit
yacTHHi 3akapnaTcbkKoro BHYTpilHboro mporuHy B 2019 poui 3apeectpo-
BaHO aTMoc(epHi onmanu BesuuuHow 558 mM. Llg BenuuuHa BABiUi MeHIIa
3a pesynbTath, orpuMani 2010 poui. 3po6eHO BUCHOBKH IIOAO MPOTiKAHHS
CeAICMOTEKTOH{YHUX TIPOLECiB B PerioHi Ta BIUIMBY Ha HHUX TiAPOJIOTIYHHUX
(hakTopiB, MiATBepAkKEHO TiAPONOTiYHUN acCMeKT CeHCMOTEKTOHIYHOTO CTa-
Hy. |HTeHCUBHi omafy BUKJMKAIOTb iHTEHCHBHI PyXHM KOPH — pPO3LUUPEHHS
Ta CTUCHEHHS JIOKAaJbHOTO XapakTepy, AKi CyNpOBOAXKYIOTbCA peecTpalicio
3eMJIeTPYCiB.

1. lenamuwun B.B., Irxax T.H., lenamuwun M.B., lenamuwun A.B. Merteopoiio-
TiuHi acneKTH reofHHaM{UyHOro cTaHy 3aKaprnaTcbKOro BHYTPILIHBOTO MPOTHHY //
Hayxosuii BicHuk Xepconcokoro JlepxkaBHoro YuiBepcutety. Cepist “I'eorpadiuni
Hayku”. — 2019. — Ne 10. — C.137-145.

2. Ilenamuwun B.B., Imax T.H., Ienamuwun M.B., lenamuwun A.B. Oco6nuBo-
CTi Cy4acHUX TOPH3OHTaJbHHX PyXiB B 30Hi OalIcbKOro MMIMOMHHOTO PO3JIOMY
Ta ceficmiuHa aktuBHicTh / Marepianu XIV MixHapogHO! HAYKOBO-IPAKTHUYHOT
iHTepHeT-KOH(DepeHLil «[IpobsemMu Ta MmepcrneKTHBH PO3BUTKY CyuacHOi HayKH B
KpaiHax €Bponu ta Asii». — [lepesiciaB Xmenpuuubkuii, 2019 p. — C.23-26.

37



PapioakTuBHUH (POH perioHy Ta Horo 3B’s1I30K 3 AMHAMIKOIO
ropysoHTaNbHUX pyxiB KOpU B 30Hi Oawwcbkoro
rnubuHHoro posnomy 3a 2019 pik
lenamuwun B.B., lenamuwurn A.B., Bepbuyvkuti C.T.

Binnin ceficmiunocti Kapnarcskoro periony IHetutyTy reodisuku
im. C.I. Cy66otrina HAH Ykpainu

3akaprnaTcbKUi IMIMOMHHMH PO3JIOM NpeicTaB/eHUH MPOSBOM MicCLEeBO]
celiCMiUHOCTI, 1110 BUPaKaeThCsl BEJIUKOIO KibKICTIO C1abKUX MiCLleBUX 3eM-
Jgetpycie. Cain BinmiTUTH nepioguunicTb celicMiuHocTi 3akapnarts: 2-6
BiIUyTHHX MiCLEBUX 3eMJIETPYCH MpoTsroM poky. OcraHHi BiguyTHi MicIe-
Bi 3emJseTpycu Oynu 3apeecTpoBaHi B TsuiBcbkoMy paiioHi 3akaprnartcbKol
obsacti 19 nunusa 2015 poky. 3a HactynHuil nepiox mo 2019 poky Bimuy-
THUX He 3eMJIeTPyciB Ha TepuTopil 3aKapnaTcbKoro BHYTPIlIHbOTO MPOTHHY
He 3apeeCcTpOBaHO. AKTyaslbHICTb MOHITOPHHTY reo(i3HUHHX IOJIB MOJS-
ra€ B 3pOCTaHHi MMOBipHOCTI MiABHIIEHHS MiclleBOi CEHCMiYHOCTi, B TOMY
gucsi i BiAYyTHHUX CHJIBHUX MOWITOBXiB. [eomexaHiuHi pyxu 3emMHOI KopHu
NPUBOAATL 10 3MiHHM CTPYKTYPH MOPiA 3€eMHOI KOPH, BiANOBiAHO OO 3MiHU
iX (pi3MYHHMX XapaKTepUCTHK, L0 MPOSIBJSIOTbCS Y aHOMaJbHUX Bapialisx
napametpiB reoizuyHux noJis. JocaigkeHHs reodisnYHUX MOJIB BaxKJH-
Be NI BUBUEHHS CTPYKTYPH 3eMHOi KOpHM Ta ii BJAacTHBOCTeH, NpoleciB
NiATOTOBKH Ta NMpPOSIBY BUBiJIbHEHHSI CeHCMiuHO{ eHepril.

[Iporsrom tpuBasoro mepiogy Ha Teputopii cTBopeHoro Kapmarcbkoro
reoflMHaMiYHOT0 MOJITOHY INPOBOJU/IMCA HAYKOBi NOCJ/IIXKEHHS 32 pe3yJib-
TaTaMd MOHITOPUHTY reo(i3MUHUX IOJIB 32 pe3yJbTaTaMu SIKMUX BigMideHi
BaXKJIMBi BHCHOBKH BiIHOCHO reodisnuHux mpoleciB B perioni [1, 2]. Ha
TepuTopii 3akapnarTs OpraHi3oBaHO pPeXHWMHI reodisnyHi crocrepeKeHHS
[ncturyTom reodisuku im. C.1. Cy66orina HAH Ykpainu, Bigaginom ceficwmi-
yHocti Kapnarcbkoro periony ta KapmatcbkuM Bigmi/eHHSIM uepe3 Mepexy
reoisuuHuX cTaHUifi. Merta pob6OTH — [OCHiAKEHHS CeHCMOTEKTOH{UHHUX
npoueciB B perioni ta ix 3B’a3kiB i3 BapiauisMu napameTpiB reodisuuHux
nosiB. O6’eKT HOCJHifJKEeHHS] — CyJacHi FOPU3OHTaNbHI PyXH KOPH, CeHcMi-
4HiCTb perioHy, reocdisuuni noss. Ilpegmer pocainkenHs — Bapiauii napa-
MeTpiB pafioakTUBHOrO (DOHY, AMHAMiKa PYXiB KOpH, 3B’SI3KH reo(iznyHux
noJiiB Ta reoJoriyHUX mpoleciB B perioHi. Meronuka HOCJifKeHHS: CIIO-
CTepeXXeHHs1 pPaflioaKTHBHOTO (DOHY CepeloBHILA, Cy4YaCHUX T[OPHU30HTaJb-
HUX PYXiB KOpH, NPEeACTABJIEHHS NPOCTOPOBO-4aCOBOI0 PO3MNOLiNY MicCLeBOl
ceficMiyHOCTi, BUBUYEHHS 3B’3KiB Bapialifi pasioakTHBHOro (oHy Ta ceid-
CMOTEKTOH{UHMX MpoleciB B perioni. B po6oti npoBeneHo BUBYEHHS 3B’A3KY
panioakTHBHOrO ()OHY B perioHi Ta reogHamiyHOro cTaHy periony 3a 2011-
2019 poku. 3a pesysabTaTaM¥ NOCJiIKeHb (hi3UYHUX NapamMeTpiB BigmiueHo
0C00/IMBOCTi reo(hi3NYHHUX MOJMiIB: CyyacHi FOPU30HTAJbHi PYyXH 3€MHOI KO-
pH B 3aKapraTChbKOMy BHYTPIlIHBOMY MPOTHHI XapaKTepHi NepioguvHicTIO,
3araJbHUE XapakTep pyxiB B 30Hi OalICbKOro MVIMGHHHOTO PO3JIOMY, BHMi-
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PSIHUX 32 J0IIOMOI0X0 OPU30HTAJIBHOIO KBapLoBoro gedopmomerpa Ha IlyH-
KTi nepopmorpacdiunux crnocrepexeHb “Koposero” 3a 2011-2019 poku, €
PO3IUMPEHHS MOPiA B HANPSAMKY CXifA—-3axid; cy4yacHi TOPU3OHTAJIbHI PYyXH B
3oHi Oauicbkoro rau6uHHOTO po3dnomy 3a 2019 pik mpencraBasioTb co6oto
pO3ILIMPEeHHs Mopif BeauunHow +6,4-1077; ceficMiunicTh 3aKapnaTchbKoro
BHyTpilIHboro nporuHy 3a 2019 pix npeacraBnena 116 micueBuMu 3emie-
TpyCcaMH, NIpOTe 3a TPUBaJMHH nepiof mounHarwdH i3 2015 poky He BizMiueHO
JKOLHOTO BiJUYTHOTrO MiCLEBOTO 3eMJeTpyCy; aKTHBHICTb CEHCMIUHOro CTa-
HYy IpOsiBJeHa B Nepiogyd iHTEHCHUBHUX DPyXiB 3€MHOI KOPH Ta aHOMaJIbHUX
BEeJIMYMH [3-BUIIPOMiHIOBAHHS PafioaKTHUBHOrO (DOHY CepelOBHIA.

1. Ienamuwun B.B., Bepbuyvkuii C.T., Imcax T.H., Ienamuwun M.B., Tenamu-
wiurn A.B. CydacHi ropusoHTa/bHi pyx# Kopd B 30HI OalichbKoro rIMGHHHOTO PO3-
JIOMY Ta 1X 3B’SI30K i3 eJleKTpoMarHiTHow emicieto / Marepianu XI MixunapogHot
HaykoBoi KoH(epeHLil «Science progress in European countries: new concepts
and modern solutions» (M. ryTrapr, Himeuuuna, 20 rpyaus 2019 p.). — C.85-
97.

2. lenamuwun B.B., Bepbuyoxkuii C.T, Ilewamuwun M.B., lemamuwun A.B.
Incax T.H. Bapianii napametpiB MaruiTHoro nossi 3emi Ta reoaMHaMiuHHil CTaH
3akaprnarcbkoro BHyTpiliHboro mporuny // Scientific achievements of modern
society. Abstracts of the 6th International scientific and practical conference. —
Cognum Publishing House. Liverpool, United Kingdom. 2020. — P.695-706.
URL: http://sci-conf.com.ua

Mpose edekty Jlinoe—Kosas npu 3autTi cuctemu
NOTPiMHMUX HAAMACHUBHHUX YOPHUX AIP B ranakrtuui
NGC 6240
Tujenxo M.B., Coborenko M.O., Bepyux I1.11.

TonoBHa actpoHomiuHa o6cepBatopis HAH Ykpainu

Po6ota npucBsiueHa DOC/iIKEHHIO MPOLECY eBOMIOLIT 3JIUTTS aKTHUBHHX
snep rasaktukd NGC 6240 3a ponomoroi uucesnbHoro N-TifbHOrO Moje-
moBanHsg. NGC 6240 — ue nobpe BUBYeHA CyCiiHSl rajJakTUYHa CHUCTEMa,
mo nepebyBae Ha crapnil 3auTTs. Ha oCHOBI ONTHYHHX, PEHTTeHIBCHKHUX
Ta paniocrocTepexkeHb BCTAHOBJIEHO, IO 15 TajJakKTHYHA CHCTeMa MICTHTb
y cobi ABa aKTUBHi 1pa, 3 ABOMAa HaJMAacHBHUMH UYOPHUMH Hipamu, IO
3HAXOAAThCS Ha BimcTaHi omHa Bim omHol mpubausHo Ha 900 mapcek [5].
[Tpote y 2019 poui rpynoto aBTopiB Ha 4oai 3 B. Kosnnaunuuum 3a pornomo-
roto criektpockony « MUSE» 3 BUKOpUCTAaHHAM CUCTEMH adaNTHBHOI ONTHKH
«GALACSI», mo BcTaHoBaeHO Ha Kommiekci «VLT», 6yno Bu3HaueHo, 110
OlHE 3 aKTHBHHUX siiep CKJIANA€ETbCS 3 CUCTEMH MOABIHHUX HaIMaCHBHHX
yopHUX Aip. OnHa 3 HUX € aKTHBHUM iH(ppPAyepBOHUM [ KepeJsoM, iHuma —
nacuBHa. Bincranp mix o6’ekramu ckaanae 198 napcekis. [IpocToposi xapa-
KTEPUCTHKH YCiX TPbOX KOMIIOHEHTIB 3i6paHO Ta CKOMIiJIbOBAHO 32 JaHUMH
crareit [1-5] i HaBeneHo y TabJ. 1.
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Ta6a. 1. Ilpocroposi xapaktepucTuku notpiiinoi cucremu AT y NGC6240

[iBuiuna N | IliBgenna S1 | IliBnenna S2 | Cepenosuiie Mix
KOMIIOHEHTa KOMIIOHEHTa KOMIIOHEHTa KOMIIOHEHTaMH
Yy, Mg 3,6-10° 7,1-108 9.107 -
%, Mo 2,5-10° 1,2-10'° 7-10° 2,1-10°
R*, pc 250 250 100 85

*— 30psiHa KOMIIOHEHTa

Tab6a. 2. PesynbTaTu Mozne/oBaHHS 3 (DOPMYBaHHS 4M He (OpPMyBaHHS iepapXiuHuX
NOTPiHHMX CHCTEM HaJMaCHBHHUX YOPHHX IHip

YucenbHa Moaesb
N =675k | N=13bk | N =270k
Uac yTBOpeHHSs 3B’s13aHOT
cucrtemu S1+4S2 8 NB
Uac yTBOpeHHSs 3B’s13aHOT
cuctemu (S14+S2)+N 50 NB
KinbkicTb cucrem, ki He yTBOPIOIOTh 1 1 1
iepapxiuHoi moTpifiHOI cucteMu
Kinbkicts CHCTEM 3 TPOABOM 3 5 5+ 435 435
etdekty JlinoBa—-Kosas

MopenmoBaHHs eBoJOLil CHCTEMH TOTPIHHUX YOPHUX Aip y TicHOMY 30-
pPSIHOMY cepelOBHILi Oy/0 MPOBeIEHO Ha OCHOBi HAasiBHUX CIIOCTEPeXKHHUX
JAaHUX 32 JOMOMOIOK UYHCENBbHOTO MOJEJ/IOBAHHS 3 BHKOPHUCTAHHSIM [00pe
Bigomoro B cBiTi AMHamiuHoro N-tinbHoro ¢-GPU komy 3 BHKopHUcTaH-
HAM XepMiT-iHTerpatopy 4eTBeproro nopsiaky. Ha ocHoBi ¢isuunux na-
HUX 3 Ta6s. 1 Oysno moOymoBaHO TPH YMCeNbHHX Mopesed 3 N =67,5, 135
ta 270 THcsiu yacTUHOK. Jliisi KOXKHOT uucesbHOT Mopesii Oysno mobymoBa-
HO M'ATb pi3HUX HabopiB paHnoMi3alii. 3amycky BUKOHYBAaJHCh HAa HONAX 3
rpadiunnmu npuckopioauamu Tuny GTX Nvidia, uto sHaxomsatecs B TAO
(Ykpaina), NAOC (Kurait) ta JUWELS (Himeuuuna). B Ta6s. 2 npencras-
JIEHO pe3y/ibTaTh (hOpMyBaHHs/UM He (POpPMYyBaHHS i€papxXidHUX MOTPIAHKX
CHCTEM HaJMacHBHHMX YOPHHX Aip. OCKiJbKH NpH MOAEIOBAHHI He BUKOPHU-
CTOBYBAJ/IMCh TIOCT HbIOTOHIBCbKi CHJIM, TO B TAaKOMYy BHIALKy MH MOXKEMO
TOBOPUTH He Npo (hi3UyHe 3JUTTS YOPHHUX Aip, a PO YTBOPEHHS UM He yTBO-
peHHS cTifiKol 3B’s13aHOT cucTeMu. [las 6inblIocTi 3 UMCeNbHUX Mofesel Ta
paHgomiszauiii 6yno orpumaHo nposiB edexty Jlinosa—-Kosas.

1. Komossa S., Burwitz V., Hasinger G., Predehl P., Kaastra, J.S., lkebe Y.

Discovery of a Binary Active Galactic Nucleus in the Ultraluminous Infrared

Galaxy NGC 6240 Using Chandra // The Astrophysical Journal. — 2003. —
Vol. 582, Issue 1. — P.L15-L19.

2. Tecza M., Genzel R., Tacconi L.J., Anders S., Tacconi-Garman L.E., Thatte N.
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Stellar Dynamics and the Implications on the Merger Evolution in NGC 6240 //
The Astrophysical Journal. — 2000. — Vol. 537. — P.178-190.

3. Tacconi L.J., Genzel R., Tecza M., Gallimore J.F., Downes N.Z. Scoville
asdynamics in the Luminous Merger NGC 6240 // The Astrophysical Journal. —
1999. — Vol.524. — P.732-745.

4. Engel H., Davies R.I., Genzel R., Tacconi L.J., Hicks E.K.S., Sturm E.,
Naab T., Johansson P.H., Karl S.J., Max C.E., Medling A., van der Werf P.P.
NGC 6240: merger-induced star formation and gas dynamics / Astronomy and
Astrophysics. — 2010. — Vol. 524. — id. A56.

5. Medling AM., Ammons M.S., Max C.E., Davies R.I., Engel H., Canalizo G.
Mass of the Southern Black Hole in NGC 6240 from Laser Guide Star Adaptive
Optics // The Astrophysical Journal. — 2011. — Vol. 743, Issue 1. — article id.
32, 10 p.

6. Kollatschny W., Weilbacher P.M., Ochmann M.W., Chelouche D., Monreal-
Ibero A., Bacon R., Contini T. NGC 6240: A triple nucleus system in the
advanced or final state of merging // Astronomy and Astrophysics. — 2020. —
Vol.633. — id. A79.

AHnTponoreHHi TpaHchopmauii Cknbosux Kapnar
B Me>Xax TypkiBCbKOro paWoHy
Maxkcromos A.O.
YMaHCBbKHH fep:KaBHHUH NenaroriyHui yHiBepcuret iMmeni [1aBia Tuunuu

Ckubosi Kaprnatn — ofuH 3 yHiKaJbHHUX 32 NIPHUPOIHIMH OCOOJIHBOCTSI-
MU perioHiB ¥YkpaiHcbkux KapnaT, HagsBH4alHO MepCcleKTHBHHH 15 BH-
KOpHUCTaHHS 3 pekpealiliHo MeTo. [loMiHYIOTb CKJaf4yacTo-HacyBHi ce-
penHborip’s i Hu3bKorip’si, ski copmyBasucs Ha CKUOOBOMY TOKpPHUBI. Y
peabedi CxuboBux Kapnar 4iTko mpocTexKyeTbcsl NPUYpPOUYEHIiCTb TipChbKUX
xpe6TiB 10 oKpeMuX ckub abo {xHiXx yacTwH. [on0BHI oporpadiuni enemen-
TH 36iraloTbcs 3i CTPYKTYPHUMHU i BUAIISIOT IXHIO MO3[0BXKHIO 30HAJBHICTh
“niBHiuHMi 3axin — niBgenHui cxin” [2, C.59].

B wmexax TypkiBlmMHK posTamoBaHi paloHH BepxHbogHicTepCbKHX
BeckuniB, siki 3aiimaroTh niBHiuHO-3aximHy uactuHy CkuboBux Kapmnar.
[liBHiuHO-cXinHa Meka MpoxoAuTh Bim koppoHy 3 [losbliero 00 HONHHU
p.Crpu#t y3nosx oporpadiunoro ycrymy 3 Ilepenkapnarrsam. Ha mniBneH-
HoMy 3axofi BiH Mexye i3 Crpuiicbko-CSHCbKOK BEPXOBHHOI, IOJHHOIO
p.Crpuii. ns palloHy XapaKTepHHH HHU3bKOTipHMH pesbed i3 MOpPiBHSIHO
M'sskuMu obpucamu i abcosmotrHuMH Bucotamu 600-800 M. Husbkoriphi
xpeOTH BiANOBiNalOTh cUCTeMi GeperoBUX JyCOK, pesnbed Mae M’sIKi oOpH-
cu. MicusiMu Harafiye XBUJISICTY MICLEBICTb 3 Ay’Ke MOXHJIMMU CXHIaMH [3,
C.286].

B reosoriuniii 6ynosi Teputopii 6epyTh ydacTb KpeHmOBO-MaJeOreHOBI
(a1iloBi yTBOpEHHs, MpeACTaBJeHi pUTMiYHUM IepellapyBaHHAM aprifiTis,
NiCKOBHKIB, aneBpoJiTiB, MepreniB. KpeiinoBi Biik/1aay npeacrasiaeHi 3eneH-
KyBaTo i CBiTJIO-CiDHMHU BalHAKaMH Ta CipUMH aprifiTaMu Ta MiCKOBHKaMHU.
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Ha kpefinoBux Bigksafax 3anaraloTb Hepo3u/eHOBaHi MajieolleHH — eolle-
HOBIi BifKJ/anu, NPeACTaB/aeHi MOHOTOHHOK TOBLIEK i CepeaHbO PUTMiYHOIO
¢aiwry aprinitis i nickoBHKiB, pinlle BamHAKIB.

Hnsa CxkuboBoi 3ouu Kapnat € xapakTepHowo mifBuIleHa cejeHebe3re-
Ka, IIHPOKE PO3MOBCIOMXKEHHS 00BaJbHO-OCUMHUX MpPOLECiB (CIPUUHUHEHHX
AHTPOIOreHHOIO AisMIbHICTIO), 3HAUHe PO3IMOBCIOMXKEHHS 3CYBiB Tedii i KOB-
3aHHs. Ha cxusaax noavH BOIOTOKIB IIKMPOKO PO3BHHEHI MPUPYCJ/IOBi 06BaJH,
KPYIHI CKeJibHI BiAC/JOHEHHS KOPiHHMX Mopin. 3HMKeHa AeHynauiiiHa cTa-
6inbHICTD KOPiHHO! OCHOBH, HH3bKi (DiMbTpallifiHi BJIACTUBOCTI TJMHHUCTUX
IPaHTiB 3YMOBJIOIOTH iHTEHCUBHUH MJIOLIMHHHUM 3MHUB i SpOBY epo3il0 Ha
cxunax [1, C.232].

JocaigKyBaHa TepuTopisi 3a3Hasla BeJHKOrO aHTPOIIOreHHOIO BILIMBY,
BEJUKHX MICT He Mae, HaHOiIbLIMM AHTPOMOTeHHHM 00’ €KTOM SIBJSETHCH
TypkiBcbKuil 1me6eHeBUN Kap'ep, SKUH noyasnud po3pobsastd B 50-X pokax
XX cronitta. Kap’ep cksnagaeTbesi 3 ABOX YacTHH OBaJbHOI (POPMH, PO3-
TalIOBAHWX Ha Pi3HUX BHUCOTHUX PiBHSIX, HE3aMKHYTHH, 30BHIlLHBOIO CTO-
pOHOI0 BifKpHBaeTbcs N0 oTouytouoi Teputopii. KokHa yacTHHa MiCTHTBH
Taki Mop¢oJoriuHi eneMeHTH: HOHHUILE, OOPTH (CXWMJH) Yy BUIJIsAAI OGPUBHU-
CTUX yCTymiB i OpiBKH 60pTY, 3BiIKK Kap'ep 6e3nocepeqHbo i TOYMHAETHCS.
Kap’ep 3HaxomuTbesi B TipchbKill MiclieBOCTi 32 MiCTOM, TOMY JJIsl HbOTO TIPO-
KJaJau A0pory Ta mobynyBajM HHU3KY CIOpYA [Js 30epiraHHs mpoaykuii. ¥
MeXKax Kap’epa crocTepiraloTbcsi pisHOMaHiTHI HeHynauifiHO-aKyMYy/ATHBHI
npouecu. Halbinpim xapakTepHUMH 3 HUX € HEBEJHK] 3CYBH y MOKPUBHHUX
noponax, o6Bajd Ta OCHUMU Ha OGOpPTax, KOHYCH OCHIIaHHS Ta OOBaJeHHS
CKeJIbHUX TOpia Ha AHUILI 6ijis nmifgHiXKs GOpPTiB Kap'epa, a TAaKOXK Ha Mo-
BepXHi Kap'epHUX Tepac.

Bracsinoxk BBeneHHs B ekciyarauilo y 1962 p. na p. Crpust dBipcbkoi
['EC 3a3naso 3min pycso piuku. TEC BiTHOCHTBCS 10 PYyCJIOBOTO THIY BHKO-
PHCTaHHS BOAH, NPH LIbOMY BiOyBa€eTbCs YacTe 3aTOMNJIEHHS AOJHHH PiuKH
Ta MPUJETIUX TEPUTOPIH y 3B’SI3Ky 3 MaBOAKAMH, YAaCTHMU HeOOIpyHTOBA-
HUMH CKHJaMH BOIH, ab0, HaBMaKH, HECBO€YACHUM MPOMYCKOM LIYTH Ta MO-
Kporo cHiry uepe3 rpe6sio 3 BopocxoBuia. lisnpHicte TEC Hece JsiokanbHi
€KOJIOT{4Hi Npo6JeMH, B AesIKUX YaCTHHAX BOJOCXOBHIA 3HAXOAUTBCS 3HA-
YHUH 00’eM MoGyTOBUX BigXOAiB, BiICYTHICTb PHUOO-NMPOXiAHMUX TPUCTPOIB,
1110 YHEMOXKJ/IUBJIOE NOCTYI pUOHUX GiopecypciB 1o micub HepecTunul. Py-
CJIO piuKM B [AaHiM [MiNSHLI NepeBaKHO MJOCKOLOHHE, aJjoBiajbHi BigK/Jaaau
NpejcTaB/eHH] BaJyHaM{ Ta TrajeqyHUKaMHu, a B NpuUOepekHil 4JacTHHi —
CYrJIMHKaMH, Ha JiBoMy Oepe3i aKTHBHO pO3BHBa€Thcsi GiuHa eposis [4,
C.114].

Takox pesibed 3a3HaB TpaHcdopmallii y 3B’13Ky 3 OyIiBHHUIITBOM TpaHC-
nopTHOi {H(pacTPyKTypu pakoHy, a came OyHiBHHULTBA aBTOMOOIJBHHUX Ta
3anidHuuHUX nopir. Uepes CkUOOBY 4acTHHY palOHY MPOXOASATh 3a/i3HHUHA
KoJiist Hanpsimy JIpBiB—CsHKM npoTsikHicTIO 6au3bKo 14 kM. [Ipoksasena Ha
Hacunax, Ijs Hel moGynoBaHi nBa MocTH 4epe3 p. CTpuil Ta nBa 3aJji3HHU-
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yHi TyHesai. Takox 4epe3 maHy MiCLEBICTb NMPOXOAHUTBH AOPOTa AEPKABHOTO
sHadeHHs1 H-13 JIpBiB-Yxropox. 3HauHa yacTHHA MOJIOTHA MPOKJAJeHa Ha
Hacunax i y BHiIMKax. B3moB:K NOporu cTBOpeHi aHTpororeHHi sipu. fBHO
BHpaxeHi 3MiHH peJsibey MicLeBOCTi MOXHa Mo6ayuTh Ha AiAsSHUI AOpO-
ru npoTskHicTio 6su3bko 400 M 3a 2 kM gpo B'i3pny B micto Typka. Has
NpOKJIaleHHS J0POTd Ha JaHid AinsHui O6yau npoBefeHi poOOTH MO Bpi3aH-
HIO Y CXWJ, L0 MOXe CIIPUYUMHUTH HeraTHUBHi reoMopoJIoriyHi npouecH Ha
IaHOMy CXuJi (OCHMaHHs, 3CyBaHHS, MJIOLIMHHNN 3MHUB).

1. Kpasuyx 4.C. Teomopconoriss CkudoBux Kapnar. — JIbsis: Bupas. uentp JIHY
imeni IBana Ppanka, 2005. — 232 c.

2. Kpyenos I.C. lenimitauis, MeTpusalis Ta kaacugikaris MopporeHHUX eKoperio-
HiB Ykpaiucbkux Kapmat / Ykp. reorp. xypuan. — 2008. — Ne3. — C.59-68.

3. Menvrux A.B. Ykpaincebki Kapnartu: ekosioro-anamadpTosHaBue J0CTIIKEHHS. —
JIpBiB: Bun-o JIbBiB. yH-Ty, 1999. — 286 c.

4. Minnep I'Il., ®edipko O.M. Kapnaru Ykpaiucbki // [eorpadiuna eHuukonenis
Ykpatuu: y 3-x 7. — K.: YPE, 1989. — T.2. — C.113-114.

Pe3synbratu nonepenHboi 06pobOku 9 anbTUMETPUUHKUX
MiciK Ha iHTepBani 15 pokis
Mapuenxko O.M., Ocmposcokuii A.B.

Hauionansuuil yHiBepcurer “JIbBiBcbKa mosiTexHika”

3aBasiIKM MIBUAKO 3pOCTAIOYMM CBiTOBHUM 6a3aM NaHMX ajJbTHUMETpii, a
TaKOXK 3HauyHOMY 30i/blIeHHI0 1X KiJAbKOCTi Ta fKOCTi, mpobsema mobymo-
BH GararoruapoBoi okeaHiuHOi Tomorpadii (3ajeHo Big yacy / HezasexHo
BiZl yacy) Ha OCHOBi I1bOTO THMY HaHHUX OyJa olliHeHa SIK OfiHA 3 HAUGI/bII
Bax/JUBUX. [IpencraBseHe moc/ifKeHHS OXOMJIOE pi3Hi MigXoaW OO0 06YU-
CJIEHHS CepelHbOI BUCOTH MOPCHKOI MOBEPXHi Ta perioHajbHOrO reoily 3
o6panux 9 wmiciii anbtumerpii Ha ocHoBi CorSSH (Corrected Sea Surface
Heights), Bkiiouatoun reomesudni ta okeaHorpadiuni Habopu HaHHX.

BukopucroByBaHi moyatkoBi HaGopu AaHUX TokasaHi Ha puc. l: ERS-1
(40485 croctepexennb), ERS-2 (162609 sumipioBanb), TOPEX / POSEI-
DON (233730 06.), GFO (128397 o06.), ENVISAT (193189 o06.),
JASON-1 (267640 BumipoBanb), JASON-2 (206393 obs), SARAL-
ALTIKA (98864 obs), HaiYang-2A (44051 obs). O6roBopioetbest ede-
KTUBHICTb Ta fIKiCTb eTamy mnomnepenHboi 0OpOOKU y BHUIJISIAI PeryaspHOi
citku 1’ x 1,6”, nmoGymoBaHoi 3 HeperyJsipHHX NAHHX Ha OCHOBI BHILE3a-
3HayeHUX Micill anabTiMeTpii, mpointocTpoBanux Ha puc. 1. OTxe, 3arajbHUl
Habip crocTepekeHb cKaanacTbesl 3 1375358 HeperynspHo! TOUKH, L0 B
2-3 pasu Oinblle, HiX y monepenHix pimenHsx. Caif 3a3HauuTH, MO Me-
PeTBOpEHHS 3 HeperyJsipHol B pery/sipHy citky Mean Sea Surface Heights
JI03BOJISIE 3MEHIUUTH Ki/JbKiCTb PEry/JspHHUX TOYOK i3 cepelHiM 3HaueHHAM
CorSSH no 299322 nas Bunanky 1’ x 1,5”.
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Puc. 1. ERS-1, ERS-2, TOPEX/POSEIDON, GFO, ENVISAT, JASON-I,
JASON-2, SARAL-ALTIKA, HaiYang-2A cynytHukosi Tpaekrtopii B YopHoMmop-
CbKOMY perioHi

Mpodunb nuHnn Ha B cnekTtpe
ceepxruravta HD 208501 (B8 Ib)
Macumosa A.B.
[Mlamaxuuckast Acrpodusuueckas O6cepsaropus um. H. Tyen HAH Asep6aitnxana

Ceepxrurant HD208501=13Cep=HR8371, cnektpanbhblii kaacc B8 Ib,
m,=>5,80™ [1]. 3Be3na pacrnoJiozkeHa Ha raJakTHUeCKOH mmpore b=+1,68°,
rajgaktuueckod poarore [ =100,39°, paccrosinue no 3eesmgsl 700 mk [2].
Ecin ncnosb3oBaTh 3HauyeHHe mnapaJjakca, onpefeseHHoro B 2018 r. [1],
(m=0,9767", r =1024 1k, 6aspl acTpoHoMHUYecKux naHHbx SIMBAD), To
abcosloTHas 3Be3Hasi BeJUUMHA 3TOH 3Be3nbl Oymet M, = —4,25. JlaHHas
3Be3/la OTHOCHUTCS K 3PYNTHBHBIM 00BEKTaM C HeperyJ/sipHOH MepeMeHHO-
CTbIO, UTO OOBSICHSIETCS U3MEHUMBOCTbIO €€ pa3Mepa BO BpeMeHH. B Teue-
Hue neprona Oseck 13 Cep kosebsercs ot 5,935 mo 5,865. Armocdep-
Hble MapaMeTphbl 3Be3[bl OIEHHWBAOTCS Pa3HbIMH aBTOpaMH B [MaNasoHe
Teir=(13000...17000) K, logg=(1,8...2,8). o nauubiM Leitherer [3] dusu-
yeckHe napamerpel oTHocuTe bHO CosiHia: — log L/ log Lo, =4,62, M/Mg =
10, R/Rc =54, log[(M/Mg) yr~")| = —7,35. PaccrosiHue 0T raiakTHdecKoi
miockoct z =20 nx [4].

CnekTpasbHble HaboneHus 3se3nsl HD208501 Gblu BbINOJHEHBI B Kac-
cerpeHoBckoM dokyce 2-m Teneckona [IIAO HAH Aszep6aiinkana ¢ npume-
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HeHUEeM 3lleJJie-ClieKTpoMeTpa, cobpaHHoro Ha 6ase crektporpada UAGS.
B kauecTBe mpremHHKa M3Jy4deHHs OblJ WCMOJb30BaH (UOpe 3Iuesse cre-
ktpoMeTp B KombuHauuu ¢ [13C ¢ anementamu 4000 x 4000, ¢ paspelieHrem
R =28000 u 56 000.

Ha puc. 1 npuBenens! Boi6paHHble npoduan JuHuu Ho. Bblau uamepeHsl
SKBHUBaJIEHTHBIE IIHPUHBI, JyYeBble CKOPOCTH M OCTATOUHblE HHTEHCHBHOCTH
r(I/lp) manun Ha.
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Puc. 1. BuiGpanusie npoduau auaud Ha B cnektpe cepxruranta HD 208501

CpaBHHUTeJbHOE HCCNe0BaHHE a6COPOIMOHHOTO U 3MHCCHOHHOTO KOM-
noHeHTa npoduiell nuHuE Ha B crnexktpe cBepxrurantos HD 208501 Ha
OCHOBe MOJIy4eHHbIX HaMHu crekTpoB B 2013-2019 r. BeIsiBH/IM, UTO 3HaYe-
HHUS TapaMeTpoB, (OPMBL ¥ CTPYKTYphl poduist nunuu Ha siBasoTes Gosee
U3MEHUHBBIMH ¥ HabjiofaioTces B caenywmnx dopmax (puc. 1):

1) mpodu/b MOMHOrO MOTVIOLIEHHUS;
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2) nopmasbHblil P Cyg npoduib;
3) B KpacHOM U (hHOJIETOBOM KPBUIbSX Mpocuieit abcopbunn auHnil Ha
UMEIOT cJabblii KOMIIOHEHT M3Jy4eHHs;
4) unsepcuoHHblt P Cyg npoduiib;
5) Mpodu/b MOJHOTO H3JIYUYEeHHS;
6) mpodusb, ocaabieHHsT HHTEHCHBHOCTH aBCOPOIIMOHHOTO U SMHUCCHOH-
HOI'O KOMIIOHEHTa [0 YPOBHSI HEIPepbIBHOIO CIEKTpa.
[Ipennonaraercsi, uto usaMeHeHUe npoduaeid auHuil Ho, n3ameHeHue 3Ha-
YeHHH JyueBBIX CKOpocTel abCcOpOLMOHHOIO W 3MHUCCUOHHOIO KOMIIOHEHTa
JuHui Ho MoxXeT ObITb 00ycC/IOBJIEHO MyJbcallved 3Be3Abl U B3auMojei-
CTBHEM 3Be3[Ibl C OKpyXKalollel e€ 000J09KOH.

1. Basbl actpoHomuueckux ganHbix SIMBAD, 2019 r.

2. Pan K., Federman S.R., Cunha K., Smith V.V., Welty D.E. Cloud Structure and
Physical Conditions in Star-forming Regions from Optical Observations. 1. Data
and Component Structure // The Astrophysical Journal Supplement Series. —
2004. — Vol. 151. — P.313-343.

3. Leitherer C. H-alpha as a tracer of mass loss from OB stars // Astrophysical
Journal. — 1988. — Vol. 326. — P.356-367.

4. Dickman R.L., Somerville W.B., Whittet D.C.B., McNally D., Blades J.C.
Abundances of carbon-bearing diatomic molecules in diffuse interstellar clouds //
Astrophysical Journal Supplement Series. — 1983. — Vol. 53. — P.55-72.

PacnpepeneHue rogoB no AgHAM Hepaenu
B KaJieHAapHOM COJIHEYHOM LUKNe
Muxanvuyx B.B.
ACTpOHOMI/I‘—IECKaﬂ O6C6pBaTOpI/IH OlleCCKOl"O HallMOHAJbHOTO YHHUBEPCUTETA
Hanuonanbubiél yHuBepcuret «Opnecckas Mopckasi akaaeMHsi»

PaccMoTpeH cosHeYHBIH LUK/ NPOLOMKHUTENbHOCTBIO 28 JIeT, yepe3 Ko-
TOpPBII IOJIHOCTbIO IIOBTOpPSIETCSl paclpefiesleHHe JHeH Hefe/d 10 YHC/IaM
Bcex MecsineB roma [1, 3]. B paGore [2] 28-jeTHHE 0JHAHCKUH MEePHOL
pasfelsieH Ha 7 IOJMAHCKHUX UeThIPeXJIeTHH M MOKa3aHo, UYTO B IOJHAHCKOM
KaJleHJape CYyLIeCTBYIOT MeHblIHe MepHOAbl MOJIHOH MOBTOPSIEMOCTH AHEH
Hellesu B rony, pasHble 6 u 11 ser. JlaHHas pabdora NOCBsleHA Haxoxie-
HHMIO 3aKOHOMEpPHOCTH paclpejie/leHHsl TOfO0B 10 AHSM HeleJH BHYTPH COJ-
HEUHOTr0 LHKJ/A U TOpsaKa YepefoBaHHUS TOJOB IOJHAHCKHUX YeThIpeXJeTHH,
B KOTOPBHIX IPOUCXOJUT IOJIHASI IOBTOPSIEMOCTD AHEH Hefesu.

J11s1 oLleHKH pacrpejiesieHHst TOI0B MO AHSIM HeJleJd BHYTPH COJTHEYHOTO
[MKJa UCIOJb30Basach 1ara MepBOro BOCKPeCceHbs rofa. AHalU3 MoJydeH-
HOIO paclpefie/leHus [0Kas3a/l Hajuyde 3aKOHOMEpPHOCTH 4epeloBaHHS Kak
BHCOKOCHBIX, TaK H IIPOCTBIX TOLOB BO BCEX IOJIMAHCKHUX YeTHIPEXJETHSX.
YcTaHOBJIEH MOPSIOK H3MEeHeHHs HYMepalHUH MPOCTHIX TOJOB IOJHAHCKOT'O
YeTblpeXJeTHs, B KOTOPBIX MPOHCXOAUT NOJIHOE TOBTOPEHHe BceX AHel He-
JeJu:
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— 1 rox mocJjie BUCOKOCHOTO CTAHOBHUTCS 3 TOLOM;
— 2 roj mocJjie BUCOKOCHOTO CTAHOBHUTCS 1 TOXOM;
— 3 rof mocJjie BUCOKOCHOI'O CTAHOBUTCS 2 TOLOM.

1. Kaumuwun H.A. Kanennape u xponosorusi. — M.: Hayka, 1990. — 480 c.
2. Muxaavuyk B.B. CTpyKTypa KaJleHIapHOTO COJHEUHOro LuKJaa / BicHuxk Actpo-
HoMmiuHoi wKoau. — 2017. — T.13, Ne 1. — C.35-39.

3. Cenewnuros C.H. Victropus KaneHnapst U xpoHosorusi. — M.: Hayka, 1977. —
224 c.

OcobnuBocTi 3B’a3Ky celicmiuHocTi 30H Kapnatcbkoro
perioHy YkpaiHu 3 ¢pazamu 11-piyHUX LUUKNIB COHAYHOT
AKTUBHOCTI
Hasapesuu JI.€, Hazapesuu A.B.

Binnin ceficmiunocti Kapnarcekoro periony Inctutyty reodisukn HAH Ykpaiuu

Panime y ny6aikauisx [1, 2] Hamu 6yB MpOBeAeHHH PeTPOCTEKTHBHUM
aHaJgi3 Bapiauidt kinbkocTi 3emusieTpyciB 3 yucaamu Bosbda i mpocrexeHo
3B’30K celicmiuHocTi Kapnarcbkoro periony 3 BapiauisfiMu COHSYHOI aKTHB-
Hocti y 11-piunHomy umkmi. PerpocnekTuBHHME aHani3 edekTHBHOCTI Tpo-
THO3YBaHHSI CHUJIbHUX 3eMJIETPYCiB LbOro periony 3a 4-ma ¢aszamu (pocry,
MakcuMyMmy, cnany i Mminimymy) 11-piunoro unkay CA mokasaB CTaTHCTHUHY
3HAUMMICTb TAKOrO MPOTHO3Y, 1€ BeJHYMHA e(eKTUBHOCTI A/1d (pa3 MakcH-
MyMy ckJaana 1,93, a nas ¢as minimymy — 1,12. Pesysbrar nporo poc-
JIiIKEHHS MOXKHA BUKOPUCTOBYBATH K NOJATKOBUH SKiCHHH KpUTepidl mJs
NPOTHO3YBAaHHSI CHUJIBHUX MicueBUX 3emuseTpyciB y Kapnatchkomy perioni
Ykpainu.

B uiit poboti Hamu nocainxkeHo ineto B. XaiHa npo oco6auBOCTi BMJIUBY
akTuBHOCTi CoHLSA Ha ceHCMiuHMH pexUM TepuTOpiH, BiAMIHHHX 3a reo-
JUHAMiUHUM DEXHMOM, a caMe: B 30HaX pO3TATY i CTHUCKY Ha TepuTopii
3akapnarts. AHanisyBanuch 3emserpycu 3 enepriero K >7 (M > 1,6) 3a
nepion 1962-2017 pp. 3 kinusa 19-ro mo kinusa 24-ro uukais CA i3 3so0-
HHU PO3TATY i 30HH CTHCKY B 3akapnaTTi (AHB. PUCYHOK). 3a METOLHKOIO
A.Tycesa 6yno ob6uucieHo KoedillieHTH e(eKTHBHOCTI NPOrHO3YBaHHS MO-
nitt gas 11-piunux umkiaie CA okpemo 1/ 30HM PO3TATY | 30HU CTHCKY.
Awnaniz uMx maHUX MOKasye, 10 HaUGinblia KiJbKiCTb 3eMJeTpPyciB y 30Hi
postsary (N =32) inOynacs B (asi cmamy COHSYHO! AKTHBHOCTI — Koe-
¢iuient edexruBnocti 1,93. | HaBnaku, HalbinbIIa KiJMbKiCTh 3eMJeTpyCiB
y 30Hi cTHUCKY Binbynacs y ¢asax pocty i makcumymy. Koediunientu npo-
rHodyBaHHs noaiit 1,14 nnsa ¢asu pocty i 1,47 nas a3y MakCUMyMy €
CTATUCTHYHO 3HAYMMHMH, KilbKicTb 3eMyeTpyciB N =26 i N =41 Binnosia-
HO. BusiBsieHo, 1110 celicMiYHUE MpoLec Y LUX 30HAX MOB’SI3aHUH 3 COHAYHOIO
AKTUBHICTIO CYyTTE€BO BiIMiHHUM YMHOM i AudepeHLiHlOBaHO MO eHepril 3eM-
JetpyciB. CuJsbHimi semsetpycu y 3akapnatti (0co6AMBO B YIJISHCHKIH i
BuHorpaniBcbKill ceficMoreHHHX 30HaX) BinOyBaloTbCsl MepPeBaKHO Y Tepiof
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BUCOKOI COHSIUHOI akTHBHOCTI, B MyKauiBCbKili — mepeBaxHo y ¢asi cnany
CA, y BeperiBcbkiil (30Ha cTHCKY) — y (a3i MiHIMyMy (OHMB. PUCYHOK).
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Puc. 1. Kapra-cxema npocrtopoBoi Jokasizauii 3emaerpycis Kapnatcokoro periony
B Pi3HUX TeOfMHAMiYHO aKTHBHHX 30HaX. [losHayeHo: / — cesuma, 2 — wmicra, 3 —
c¢/cranuii, 4 — 3akapnarcbkuil possaom, 5 — [lepenkapnaTcbKuil possiom, 6 — 30Ha
CTHCKY, 7 — po3Tsary, 8, 9 — HanpsM po3TAry/CTUCKY

Takum yuHOM, ceHCMiYHME mpolec B YKpalHCbKOMY 3akapnaTTi y ABOX
XapaKTepHUX 30HAX, sKi Pi3HATbCS 33 reOAUHAMIYHUM PEXHUMOM, CKJIAJHUM
cybmigpsiiHUM i CTporo nuepeHLiHOBAaHUM YHMHOM CIHiBBiIHOCHUTBCS 3 CO-
HSYHOI0 AKTHBHICTIO i BUPAa3HO CTATHCTHUYHO MOB’sizanuil 3 (pasamu CA, BiH
BifOyBaeTbCsl B LMX 30HaX MPAaKTHYHO y NpoTHba3i.

1. Hasapesuu JI.€., Kendsepa O.B., Hasapesuu A.B. 38’130k 3emserpyciB Kap-
MaTCbKOrO PerioHy YKpaiHu Ta MPUJErJUX TEePUTOPil i3 COHSYHOK aKTHBHICTO //
[eoinpopmaruka. — 2011. — Ne2. — C.61-67.

2. Kasanues

AM., Kasanuyesa JI.B. Hasapesuu A.B., Hasapesuu JI.€. Tlpo

3B’s130K 3emusieTpyciB i3 mosoxkenusim Micsus / 14th EAGE International
Conference on Geoinformatics. Theoretical and Applied Aspects (May 11-14,
2015, Kyiv). — Kyiv, 2015 (CD).

Hocnip>xeHHa napameTpiB atmocepu 3emni

3a ponomoroio FTHCC texHonoriu

Hesmepacuyvra O.A., llempyxa B.IO., ‘nkis-Bimkoscoxa JI.M.

Hauionanbuutt yHiBepcuter «JIbBiBCbKa mosiTexHika»

Atmocdepa 3emsi — moBiTpsiHa 060JI0HKA, [0 MPOCTATAETbCS Bropy
Ha 3000 kM Bin moBepxHi, a 11 CJiIM MPOCTEXYIOTbCS 10 BUCOTH OJIM3BKO
10000 kM. HocainxkeHHs1 aTMocdepu — napadis HayKoBILiB 3 pi3HUX raJgy-
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3ell Hayku. Jls1 3afay reofesii BaxkJIMBUM € TporocdepHuil Ta ioHochepHUit

map. Baxnsoro npobsemoro B reonesii € po3s’s3aHHs 3a/1a4 KOOPIUHATHOTO

3abesneyeHHs, came JJsl KX 3a1ad NOTPiOHO 3HATH MPO Bei 3MiHU Mmapame-

TpiB Tponocdepu Ta ioHocdepH, K peryaspHi Tak i ipperyJsipHi.

Jlas KoopAMHATHO-4acoBoro 3abe3neueHHs B reofesil He0OXifAHO Bpaxo-
ByBaTH MOXUOKH BIJNHBY aTMoc(epH, fKi BUHHMKAIOTh NP BUMipIOBAHHSX
i3 3acToCyBaHHSM CYNyTHUKOBUX TexHoJsorid. Ha choromni icHye nBa Haii-
TMOLLUMPEHIIIUX MeTOAiB HOCJifKeHHsI aTMoc(epy — MPsSMUH Ta HENpPsSIMHH.
[no6anbi HaBirauidini cynytaukosi cuctemu (THCC) na panuit yac € Haii-
6i/bII MOLIMPEeHUM Ta e(eKTHBHUM CIIOCOO0M NUCTAHLIMHOrO AOCHiIKeHHS
aTMoc(epu Ta MaloTb COJiAHI MepeBarv Haj NPSIMHUMHU CIOCTepeXKeHHSMHU.
OcTaHH{ IeCATUIITTS MOLIMPEHUM METOIOM AOCJIIKEHHsl CTaHy Tporocde-
pu Ta ioHOC(epH e BuKopucTaHHs pesyibratiB [HCC-BuMipis. IcnyioTs no-
Ope BiampaiboBaHi METOOWUKU [J5 BU3HAYEHHS BIJIMBY Tporocdepu Ta io-
HocdepH Ha TOYHICTh LKMX BUMIpiB [1, 2], onHAK Mpu MEBHUX CHTYyallisix pe-
3yJIbTaTH BUMipiB mapaMeTpiB Tpomocepy Ta napaMeTpiB ioHOC(HEpH BaXKKO
CIIPOrHO3yBaTH. TOMy BakJMBOIO 3aJayel0 € MOJesI0OBaHHS aTMOC(epHUX
[IONIPABOK JJIsSl 3a[laHOTO PerioHy, Ae BUKOHYIOTbCS FeOfe3uuHi 3amaui.

Y HauoMy IOCHiIKeHHI MM BUKOPUCTOBYEMO NaHi, OTPUMaHi Ha CTaH-
uii SULP. Mertoto Hawoi po6oTu € NOC/iI?KeHHsI mapaMeTpiB TpornocdepHol
3aTpUMKH Ta napamerpa ioHocpepy — TEC Ha Bu3HaueHi mepionu uyacy
Ta KOPOTKOTEepPMiHOBe IX NPOrHO3yBaHHSA. BHKOpPHCTOBYIOUM OTpUMaHi naHi,
MM MOXKEMO 3MOAEJIIOBATH Li MapaMeTpu AJjs NMoOymnoBH perioHanbHO! Kap-
@ TEC rta kapTtu 3MiHH TponocdepHoi 3aTpuMku. OTpuUMaHi pe3ysnbTaTH
JOCJifKeHb OyoyTh MOTPIOHUMH IJIsi PO3B’sI3aHHS reONe3HUHUX 3a1ad y 3a-
JaHoMy perioHi. BukopucTaBIlM 3anponoHOBaHY MOJeJb LHUX MNapaMeTpiB,
MU MOXKEMO 3aCTOCYBaTH il [J/is {HIIKUX cTaHLil i3 Mepexxi ZAKPOS.

1. Casuyx C.I., 3abrouvkuii ©./]. MoHiTopuHT TponocdepHoi BOASHOI Mapu B 3a-
XiIHIH TpaHCKOpHOHHI# 30HI Ykpaiuu // [eonesis, kaprorpadis ta aepodoTo3Hi-
manHsi. — JIbBiB, 2016. — Bumn. 83. — C.21-34.

2. fnukis-Bimkoscoka JI.M. Metonvka ycepeqHeHHS NaHUX AJsi TMOOYHIOBH perio-
HaJbHOI Momesi ioHocdepu // Teomesisi, kaprorpadisi i aepodoTosHiMaHHS. —
JIbBiB, 2014. — Bumn. 79. — C.35-41.

BnnauB fopaatkoBOi HerpaBiTaLiMHOT B3aEMogii Mix
AWHAMIYHOIO TEMHOIO eHepri€lo i TeMHOl0 MaTepi€lo
Ha eBOJIOLiI0 KOCMOJIOTiYHUX 36ypeHb
Heomenko P.I.

Actponomiuna o6cepBaropisi JIbBIBCbKOr0 HallioOHAJbHOTO
yHiBepcuteTy imeHi IBana ®dpanka

PoarisnyTo Monesb Beecsity, B kil iuHaMiuHa TeMHa eHeprisi Herpasi-
TaliliHO B3aeMofiie 3 TeMHOIO MaTepicio (B3aeMopioua TeMHa eHepris). Taka
Mozpuikauis HaHUmpocTimoi KOCMOJOTiYHOT Momesi, sika nobpe y3TOmKYye-
Thest 31 croctepexyBanumu ganuMud (ACDM wmozesib), o6rpyHTOBaHa THM,
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mo B pamkax ACDM wmopesi HeMOXKJIMBO BHPIIIHUTH OesKi CylNepeuHoCTi
B pisHuX croco6ax BH3HaudeHHs ctajol ['a66ma. Tak gk B3aeMmopiroya TeM-
Ha €Heprifg [N03BOJIsi€ 3HAUHO 3MEHLUMTHU MPOTUPiUYYd y BHU3HAYEHHi CTaJol
[a66sa, ane He nae MOBHOrO BUpilleHHs Liei mpobsemu, s MoAeab OyJaa
y3arajbHeHa Ha BHUMAJOK NUHaMiuHO! TeMHOi eHeprii (B wi# Momesi mapa-
MeTp piBHSIHHSI CTaHy TeMHOI eHepril 3MiHIOETbCs 3 yacoM). B Takiit Moneni
6yJ10 IpoaHa/i30BaHO BIJIMB CHUJIM HerpasiTauifiHoi B3aemonil Ha AHHAMIKY
poswMpeHHs BcecBiTy Ta eBoJIIOL{I0 KOCMOJIOTIYHUX 30ypeHb.

LocnipxeHHs 3cyBHUX npoueciB npaBobepexksa
KaHiBcbkoro Bogocxosuiya
Oprenko T.A.
Hayxkosu#i Llentp Aepoxocmiunux Joc/inzkeHb 3emii
[HcTuTyTy reosoriunux Hayk HAH Ykpaiuu

PisHoMmaHiTHiICTP HeOTEKTOH{UHHX mpoleciB Ha TepuTopii YKpaiHu 06-
YMOBJIEHA O0COOJHMBOCTSIMU CTPYKTYPHO-reoJioriuHoi OynoBH, reoMopdoJo-
riYHUMH Ta TiApOreosoriYHUMH XapakTepUcTHKaMH penbedy. Kaimatuuni
YMOBH TaKOX BifirpaloTb 3Ha4Hy POJIb Y PO3BUTKY HeOe3NeYHHUX reoMopo-
Joriynux mpouecis [1].

3cyBHi mpolecH MalTh IIUPOKE PO3MOBCIONKEHHS Ha Teputopii Ykpai-
HU. [IpaBoGepexksa KaHiBcbKOro BomOCXOBHILA € PaHOHOM aKTHBHOIO I1po-
SBY TpaBiTallilHUX TpoleciB y Mexax pojunu [Hinpa. OCHOBHUMH MpUYH-
HaMH YTBOPEHHS 3CYBiB Ha TepUTOpPil € 3HAauHA PO3UJIEHOBAHICTb pesbedy,
KPYTH3Ha CXHJiB, TeosioriuHa 6ynoBa, THI TPYHTY, JiCOPOCJIHHHI yMOBH. Ta-
KOK BaKJIMBUM UMHHUKOM (DOPMYBaHHS 3CyBiB € aHTPOIOreHHa Jis/IbHiCTb.
CTBOpeHHSs BOIOCXOBHUILLA BUKJHMKAJO 3MiHM MiANOPY IPYHTOBHX BOX i abpa-
3ifiHy mepepoOKy cxuJy, iKi CIIPOBOKYBaJ/JM aKTHBi3allilo cTapux cTabinizo-
BaHUX 3CYBHHUX (hOPM Ta BUHUKHEHHSI HOBUX. [/l 3MeHILIEHHS HEraTHBHOTO
BIINBY LUX (paKTOpiB HEOOXiAHO TMPOBELEHHS MOHITOPHHTY i3 3a/ydeHHSIM
JTaHWUX TUCTAHIIMHOTO 30HAyBaHHS 3emsi [2].

Ha perionanpHOMy piBHI SIK MpUKJaL MOXKe CJYI'YBaTH CHCTeMa IIpo-
rHO3yBaHHA 3cyBiB y Besuki#t Bpuranii 3 po3pobseHoto notyxHoto Haiio-
HaJbHOW 6a3oto nanux. Takox y CIUA Teosoriuna cayx6a USGS Bukonye
HauionanbHy mporpamy ouiHkK He6e3neku 3CyBiB, 32 SIKOIO CTBOpEHO LH(-
pOBY Mally 3CyBHOI akKTHBHOCTI Kpaiuu [3].

B mpoueci mocainkeHHsT BUKOPUCTAHO pi3HOUacoBi KOcMidyHi maHi 3 cy-
nytHukiB Sentinel-1, Sentinel-2A, o 6ysu reoMeTpuuHO i pagioMeTpPHUHO
CKOPHTOBaHi 3 BUKOpHCTaHHSM mporpamuoro 3abesneuers SNAP [5]. Lle
JI03BOJISIE TIPOBOAUTH [JOCJiJKEeHHS Ta c(hopMyBaTH KapTorpadiyni mogmesi
ontuMasbHoi sikocti. [ nobynosu I'IC mozmeni BUKOpHCTAaHO MporpaMHUH
nponykt ArcGIS Online [6] Ta fioro cneuianizoBani Mogyi.

l'eosioriyno-reorpadiune moc/ifxKeHHs TPOBEIEHO Ha OCHOBI KiacHpika-
uiif TUniB migcTUIaOUOl MOBepXHi Ta pe3ynabTaTiB 06poOKU Mapu 3HIMKIB 3a
TexHoJiorielo nudepenianbHoi iHTeppepomerpii D-InSAR [4]. CynyTHu-
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KOBa pafapHa iHTep(epoMeTpis, 3aCHOBAHA Ha aHaMi3i NaHUX pagapis 3
CHHTE30BaHOIO allepTypOl0, BUKOPUCTOBYETLCA K OAWH 3 aKTHUBHO DO3BUHY-
THX METOAIB AMCTaHLiHHOTO 30HIyBaHHS 3eMJi. BinnoBigHo 0o akTyaabHUX
3a/lau CbOTOfIEHHS 3alpOINOHOBAaHO Oi/bll e(heKTHBHI, ONepaTHBHI Ta €KOHO-
MIYHO BUTiHi METOAH iX BUpilLIEHHS.

HasBHicTb rycroi pociuHHOCcTi B Mexxax KaHiBcbkoro BomocxoBwila
BIUIMBA€ HA SKICTb 3BOPOTHOIO CHUTHAJy, BUKJ/JIMKAKWUMU CKJIALHOCTI y BH-
KOpHUCTaHH{ Ta CIpuHHATTI pamiosnokauiflHUX naHuX. EQekTHBHUM 3a HaHHUX
YMOB € BUKOPHCTaHHS MeTOLy MasJux 6a30BUX JiHiH Ta METORy KYTHHKOBHX
Bin6uBauiB.

PesynbraToM BUKOHAaHMX pPOOIT € CTBOPEHHSI MPOTHO3HUX KapT, I10 Bif-
o0paxKaloTb CTaH perioHy HOCJif’KeHHsS Ha OcHOBi iHdopmalii, oTpuMaHOl
metopamu J133. BukopucTaHHs CTaTUCTHYHHUX METONIB MPOrHO3YBaHHS He-
Oe3neku 3CyBiB, TaKHUX SIK METONU TeONUHAMIUHOrO MOTEeHLiasy, perpecii-
HUH aHaJi3 Ta 6araToBUMipHA CTaTHCTHKA [3], HeMOHCTpYe 36arayeHHs 3Mi-
CTy i NiABUILEHHS TOYHOCTi reoMOp(OJOriYHUX KapT, YHUKHEHHS BUIAaAKO-
BOCTeH, fIKi HasiBHi NPHU OQHUX TiJbKH Bi3yaJbHHUX Ha3eMHHX CIOCTepexkKeH-
HfIX.

Metonu cynyTHHKOBOT pamapHoi iHTepdepoMeTpil 3 BHKOPHUCTAHHSIM
3HiMKIB cymyTHHKa Sentinel-1 € Hal6inbll ePeKTUBHUMH MIJis BUpIilLIEHHS
3aBlaHb BUSIBJIEHHSl 3CYBHUX MpolleciB Ta IJsi ¢ikcauii iXx aKTUBHOCTI y
yaci. [IpuponokopuctyBaHHsl 6yab-5KOT (POPMH XapaKTePHU3YETHCS MEBHUMHU
€KOJIOTIYHMMHU HacJifKaMH, 110 NMPU3BOAATb A0 3MiH NOBKiMjas H, BiAMOBin-
HO, eKoJioro-reorpagiunoi cutyauii. IIpoBefeHHsT MOHITOPUHTY CTaHy 3CyB-
HUX TIpoleciB 326e3MeUnTh MOXKJUBICTb BUPIlIEHHS PNy MUTaHb MPHUPOIO-
OXOPOHHOTO HAaNpSAMKY.

. Jiwenxo JILII., Mazunuu H.B., @irinosun B.€. CynyTHUKOBUE MOHITOPHHT PO3-
BUTKY 3CyBHUX mpoueciB y [Ipunninposcekiit 3oui M. KuiB // YkpaiHcbkuit xyp-
HaJl QUcTaHlifiHOro 3oHAyBaHHs 3emai. — 2017. — Ne 15, — C.11-22.

2. Jlaavko B.I., Anocmonos O.A., €ricmpamosa JI.O. BninB NpUPOIHUX Ta aH-
TPOTOTeHHUX (haKTOPiB Ha (popMyBaHHSI HeOe3MeYHHUX CUTyallill: 3cyBiB, MaBOAKIB
(Ha mpuKkaami AiNSTHKY BepxXHbOI Teuil piuku HicTep) // YKpaiHChbKHE XKypHas
aMcTaHLifiHoro 30HAyBaHHS 3emai. — 2017. — Ne 15, — C.31-39.

3. Environmental Issues of National Security of Ukraine in the Face of Challenges
of Modern History: monograph / Edited by G.I. Rudko, V.V.Stetsiuk. — Kyiv
— Lviv - Heidelberg - Malaga — Chernivtsi: Bukrek, 2019. — 504 p.

4. Ferretti A., Prati C., Rocca F. Permanent scatterers in SAR Interferometry //
IEEE Transactions on Geoscience and Remote Sensing. — 2001. — Vol. 39,
No. 1. — P.8-20.

5. https://step.esa.int/snap

6. https://www.arcgis.com/index.html
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Web-kapTorpadysaHHa 3abpyaHeHHs
noBepxHeBux Bop JIbBiBLWHH
Coeop A.P., T'oay6inka 0.1, Coeop M.A.

Hauionanbuu#t yHiBepcuter «JIbBiBebka [omitexnika»

Ha exosoriunuii crtan noBepxHeBHX BoA JIbBiBCbKOi o6JacTi BIJIMBa-
I0Tb TiCHO MOB’si3aHi pisHOMaHiTHi (axkTopH, a came: 3a6pyAHEHHS T'PYyH-
TiB, aTMocdepH, 3MiHa JaHAIWIAPTHOT CTPYKTYpPU Ta TEXHOT'EHHe MepeBaH-
TakKeHHs TepuTopii, HeepeKTHUBHa poOOTa KaHaJsi3alilHO-OUMCHUX CIIOPYH,
He BUHECEHHS B HaTypy KapTorpagiuHux MarepiaJsiB MpHOeperKHHUX 3axXH-
CHUX CMYT | BOJOOXOPOHHHUX 30H, a TaKOX IX HeNOJAep:KaHHs, HacaMIepes
B HaceJleHHX IyHKTax, 3a0pylHeHHs i 3acMideHHs pidyoK NOOYTOBUMH Ta
{HIIMMHK BiIXO#aMH, TPEJIIOBAHHSA JICy IO MOTOKAaX y TipCbKid MicLeBOCTI.
[Ile onHielo BaxkK/aMBOW MPOO6JEMOIO, L0 NMPHU3BOAWTL 10 3a0pydHEHHS MO-
BEPXHEBUX BOJ Ha TepHUTOpii o6JacTi, € BiACYTHICTb BOLOOXOPOHHHX 30H Ta
npubepeKHO-3aXUCHUX CMYT BOIHHMX 00’eKTiB Ha Teputopii obmacTi. Bixcy-
THICTb MJIaHOBO-KapTorpagiuHux MaTepiasib i He BU3HAYE€HHS HA MiCLEBOCTI
MezK BOLOOXOPOHHMX 30H Ta NMPHOEpeKHUX 3aXHWCHHUX CMYT NPHU3BOISATH [0
NopyLIeHb 3eMeJIbHOrO i BOJHOTO 3aKOHOAABCTBA NPH X BHKOpUCTaHHI. Ha
JaHUW# yac cTaH BOAHUX 00’ekTiB y JIbBiBCBKiil 06sacTi 3HaXOMUThCS HA He-
3an0BisbHOMY piBHI. OCcHOBHMMH npo6ieMaMu y Li# cdepi € nporpecyounii
XapaKTep HeraTHBHOIO BILIMBY Ha €KOJIOT{UHMH CTaH JOBKiJJs Ta 3[10pOB’s
qromedt [1].

Ha panuii yac He icHye »xomHOro kaprorpacgiyHoro marepiany, SKHN
MoxKe BidyasisyBaTH npoOseMy 3a0pyAHeHHsS MOBepXHeBHUX BOA JIbBiBIIH-
HH, TOMY TOJIOBHOIO MeTO Li€i poOOTH € CTBOPEHHS iHTepaKTHBHOI BeO-
KapTH 3a06pynHEHHsS MoBepxHEBUX BoA obusacTi. Jlas nocsirHeHHs wiei MeTH
HaMHM 3i0paHO Ta CHCTEMAaTH30BAHO TeONPOCTOPOBi CTATHCTHYHI KapTorpa-
(biuHi mMarepiasu 1100 €KOJIOT{YHOrO CTaHy MOBEPXHEBUX BOA JIbBIiBILMHHU.
BusHaueHo HeoOXinHe nporpamMHe 3abe3rneyeHHs A/ po3pOOKH {HTepaKTHB-
HOT Be6-KapTH Ta BUBYEHO HOro MOXKJUBOCTi. Po3pobseHo ajiroput™ 3aBaH-
TakKeHHsI TeONpPOCTOPOBHUX NAHWX Yy CTBOpIOBaHUH Beb-pecypc. IlimiGpaHo
wabJ/oH amjiikauill /s cTBOpeHHs BeO-KapT MOHITOPUHIoBOi Mepexi mo-
BepxHeBUX BOA JIbBiBCbKOT obGJsiacTi Ta ckumpy criunux Bom 3a 2017-2018
poku B cepenoBuiii «ArcGIS Online». Takum uuHOM, Gys0 PO3POGIEHO MBI
iHTepakTHBHI BeO-KapTH 3a0pylqHeHHs MOBepXHeBUX BOA JIbBiBIIMHHU B ce-
penosuilli «ArcGIS Onlines [2, 3].

1. JlemaprameHT ekoJorii Ta NpUpoaHUX pecypciB JIbBiBCbKOI obJsacHO Aep:KaB-
Hol anMmiHicTpanii. PerioHasbHa DOMOBiAb MPO CTaH HABKOJHUIIHBLOTO MPHUPOTHOTO
cepenosuia y JIeBiBepkiil obmacti B 2018 poui. — JIsBiB: Bunasuunrso «CIIO-
JIOM», 2019. — 297 c.

2. Coeop A.P., Spema H.II., Bpudyn A.M., Jlex LIl. CTBOpeHHSI iHTEpPaKTHBHOI
KapTH 3abpyaHeHHs atmocgepHoro nosiTpst JIbBiBimHK / Mosonu#i BUeHUH. —
2019. — Ne2 (66). — C.303-306.
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3. fpema H.II., Cepaum O.B., Kybpax O.[., Tepex T.M. Be6-kaprorpadyBaHHs
cmirTesBanuil JIbBiBebKoi o6aacti / Mogonuil Buenuid. — 2019. — Ne 11 (75). —
C.167-171.

BuKkopucTaHHA NPOTOTUNY AaHTEHHU MiCAYHOro
papioTeneckony ans cnocrepe)xeHb coHsyHoro U-cnnecka
Cmanucaascokuil J1.0., bybros .M.
Panioactponomiunuil incturyr HAH Vkpainu

HaBeneHi pe3ysbTaTv mepminx crnocTepekeHb CIOPAAUYHOTO COHSUHOTO
panioBUNPOMiHIOBAHHSA 3a JOMOMOIOI0 Hapasi CTBOPIOBAHOI aKTHBHOI aHTe-
HU B SIKOCTi MPOTOTUIY pafioTeseckona ajs MaiubyTHboi Micil Ha Micsiub.
Lls aHTeHa [03BOJIsIE MPUHAMATH PafiOBUIIPOMiHIOBAaHHS B Aiama3oHi 4acToT
1-40 MTu, uo nae MOXJUBICTb MepeBipUTH 11 BJIACTHBOCTI B Ha3eMHHUX
yMoBax. BuBuUeHHs sIKoCTell BUTIPOMiHIOBaHHSI B Takii cMy3i 4acTOT 3HAYHO
30i/plIye HaMiMHICTh OTOTOXKHEHHS COHSYHMX CILJIECKiB, dKi crocTepirao-
ThCS Y HUXKHBOI MeXi 4acTOT, JOCTYNHUX AJ5 peecTpauill pagioTesneckona-
mu YTP-2 i [YPT. Ananisyerbest consiunuit U-crieck, NpuitHATHE b yeps-
us 2020 poky. Voro BHHHKHEHHs NOB’s3aHe 3 aKTHBHOIW oGsactio NOAA
AR12765, sixa 3’sBujacs Ha qimM61 3i cxigHoro 60Ky Conus 3 yepBHs 2020
poxy. CriouaTKy BOHa CKJajaJjacsi 3 €IMHOI IJISIMH, siKa MepeTBOpUJIacs B
HeBesUKi#l Gimossipuuil perion 5 uepsBHa 2020 poky mopsin Ha MiBHIYHHE
cxin Big mouatkoBoi misimu. Came B 1ed JIeHb Po3Mip aKTHBHOI 00JacTi
COHSIUHUX MM OyB MakcuManabHUB. [IprcyTHicTh GimossipHHX MarHiTHHX
noniB Ha CoHui LiKaBo AJS CrOCTEpeXeHb THM, L0 BOHH MOXYTb MOPO-
nxyBath U-oOpasHi coHsuHi papiocmiecki, 110 BUHHKAIOTb B pe3yJabTari
PYXYy eJIeKTPOHHHMX IyUYKiB B COHSAYHIH M/Ja3Mi y3[0BX 3aMKHEHHUX MarHi-
THUX CHJIOBMX JiHid [1].

3a3HaueHUH CIJIeCK CIIOCTepiraBcs 3a IOMOMOroK AaHOT aHTeHH GJIM3bKO
9:37 UT B cMysi yactotT Big 5—6 MI1 10 BepXHbOT MeXi UaCTOT crocTepe-
JKeHb {HCTPYMeHTy. 3MiHa IIBHAKOCTi YAaCTOTHOTO Ape(y Ha MPOTHJIEKHE
3a 3HAaKOM Y TaKOro CIJIECKY H06pe MpocTeKyeTbes, nourHatouu 3 20 Ml
i no 15 MIu. CynyTHUKOBi crocTepexxeHHsl, SIKi MPOBOAUJKCS B TOH e
camu#i yac 3a monomororo STEREO A (STEREO B 6inbw e ¢yHKIiio-
Hye) i WIND, Takox 3apeecTpyBasu lie# crseck. [TosoxeHHs CynyTHUKIB
B KOCMiYHOMY NpPOCTOpi N03BOJSAJIO BUABJATH CIJECKH 3 aKTHBHOI 06JsacTi
12765. OnHak 3 OTPUMaHUX peecTpalill JOCHTb BaXKKO iIeHTH(IKYBaTH L0
nonito ik U-o6pasHuil cnseck, ckopillle BiH CX0XHH Ha OfMHOYHHH CILJIECK
III tuny, ane ubomy € cBoe mosicHeHHsi. CnpaBa B TOMY, IO YaCTOTHHH
JianazoH po6OTH CyNyTHUKOBUX NpuiiMauiB Huxkue 16 MIu, a came Bulle
LUX 4acToT no6pe moMiTHUH U-06pasHUil OBOPOT CHeKTpa CIjecKy. ¥ Tod
JKe Yac Ha CyNYyTHUKOBHUX CIEKTPAaX CIIOCTEPira€TbCsl MPOAOBXKEHHS BILIe-
cka no yactot 100 kT'm i HUXKYe, TOOTO eNEKTPOHHUN MYYOK, 10 BHKJIHKAB
criecK, Mir mocsartd op6itu 3emui. Ha migcTaBi mux HaHUX MU MOXKEMO
MPUIIYCTHUTH, 110 TaKa MOBEeAiHKA PafioCNeKTpa BUHUKJIA B Pe3yJbTaTi MOAi-
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JIy eJIeKTPOHHUX IYUKIiB, 3 KMX 4aCTHHA Yepe3 PO3BOPOT MArHiTHUM IOJeM
Bupywuaa 1o CoHus 3 reHepauiero U-o6pasHoro crjecky, a iHlIa mimia
B MpoTUNeXHUU 6ik, cTBoptotoun creck III tumy. Ha mintBeprxenHst Ha-
IIOr0 BUCHOBKY MH BiAlIYKaJ/H Hallly MO0 B CIOCTepeXKeHHsX, BUKOHAHUX
Ha iHmux panioteneckonax ([YPT i e-Callisto B I'pennannii) B Toit camuii
yac. OTpuMaHi CHeKTPU Ha LHUX IHCTPyMeHTaX MOP(OJIOTiuHO aBCOJIOTHO
CXOXKi Ha CIIEKTp, Oflep’KaHUH 3a IOMOMOTOI0 aHTEHH-TPOTOTHITY. 3HAUHO
yiTKillle KapTHHA MOAil MPOCTEXKYETbCA 10 PEECTpalil 3 aHTEHOI pelliTKH
['YPT, uyrauBicTb Kol HalBULIA cepel 3a3HAUeHUX iHCTPYMeHTIB. 3BincH
SIBHO BHILIMBAE, L0 LS MOAIS MOPOAXKYBaJoCHd NeKiJbKOMa eJeKTPOHHUMHU
y4KaMH.

1. Zheleznyakov V.V. Radio Emission of the Sun and Planets. — Oxford:
Pergamon Press, 1970.

HaHocynyTHUKM fIK iHHOBaUis
B Cy4YaCHUX CUCTEMaxX MOHITOPUHrY
Cmenuyx 4.A.

Hauionanbuuii yHiBepcuter 6iopecypciB i mpHponOKOPHUCTYBaHHSA YKpaiHU

Ha cyuyacHomy eTami po3BUTKY KOCMiUHHX TeXHOJOTi#l akTya/JbHHUM IO-
CTa€ MUTaHHA PO3IJIALY 3aCTOCYBaHb HOBMX MiAXOAIB 10 CTBOPEHHS CHCTEM
KOCMIYHOI'O MOHITOPUHIY 3eMeJb, €KOJIONiYHOr0 MOHITOPHUHIY, AOCJ/iI2KEHb
reoi3H4YHUX MOJIiB, aCTPOHOM{UHHX CHOCTEPEXkKEHbD.

MerTtol0 1aHOTO NOCJiJKEHHS € PO3KPUTTS MOXKJWBOCTeH iHHOBaliliHO-
ro KOCMi4HOTO CerMeHTy y NPOBELEHHi MOHITOPHHTIY, TOJIOBHUM 3aBJaHHSIM
SIKOTO € CHCTeMaTH4He CIIOCTepeXeHHS 3a CTaHOM 3eMeJb. YCHiLIHHUH pos-
BHTOK Ta 3araJjibHe MOIIHMPEHHS 3aCTOCYBaHb KOCMiYHHUX METOLIB CIOCTEpe-
KEeHb [O03BOJSAIOTb 3HAYHO CIPOCTHUTHU TEXHOJIOTiI MOHITOPHUHTY, a CTpiMKe
TeXHiyHe TOoJiNILeHHs KOCMiYHOrO CerMeHTY 3abe3leyye MiJBHIIEHHS SKO-
CTi Ta iCTOTHe 31elleBJeHHSI LUX POOIT.

Y 1957 poui Ha op6iTy 3eMJi BUBeLeHO Meplli TYYHi CYNyTHHKH. 3 TO-
TO yacy po3noudaBcs CTPIMKHH PO3BUTOK BCe Oi/bIIMX i aMOITHUX MPOEKTIB.
OpHUM 3 IMX NPOEKTIB CTaB JUCTAHLIHHWN MOHITOPUHT 3eMeJib, POBEIEHHS
SKOT'0 320e3MeUyusio MOHITOPUHT BeJUKUX Teputopiil. 13 1970 poky #oro ne-
peBaru BiIKPHJHKCH i A CiIbCBKOTOCNONAPChKUX MOTPed 3a paxyHOK CHH-
XPOHHOI BesIMKOMalITa6HO! Ta 6araTocneKTpasbHOT 3HOMKH MOBepXHi 3eMdli.
s indopmalis onpasy nodasna BUKOPUCTOBYBATHUCh B reofesii, kaprorpadii,
NpPH BUBYEHHI NPUPOAHUX pecypciB Ta A/ KOHTPOJIO 3a CTAHOM HAaBKOJIH-
LIHBOTO CepefoBHILA.

Cooropni HoBu#i kKocmoc (New Space, HoBHII mpocTip) 6GasyeTbes Ha
¢isocopii cTBOpPEHHSI HOBOI NMPOCTOPOBOI €KOCHUCTEMH: Lie abCOJIOTHO HOBE
BUPOOHHMYE CepelioBHILe, fIKe BKJIOUae B cebe CTaHIii, CyNmyTHHKOBe Npo-
rpamHe 3a0esnedeHHs I/ KOHTPOJIO Ta MOHITOPHHTY, creliasnizoBani min-
cuctemu toio [2]. Lle Takox TepMmiH, sIKHE 3aCTOCOBYIOTb A0 BiIHOCHO HO-
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BOTO SIBHILA Y KOCMOHABTHIL, siKe BinoOpakye CyKyMHICTb aepOKOCMidHHUX
KOMIMaHi#, 1o 3a0e3neuyoTh AeleBUNA NOCTYN Y KOCMOC.

NASA kaacudikye CymyTHHKH 3a PO3MIpOM Ta BapTICTIO 3aJ/ieXKHO Bin
MeTH Ta crnocody iX BUKOPHUCTAaHHS. BOHM MOXyTb OYTH NOCHTb MaJseHb-
KHMHY, 1100 MPOCTO NOMICTUTHUCH Yy AO0JOHI, a60 BeauyesHUMH, K MixHa-
porHa KocMiuHa craHuis [3]. Ha ocHOBi cTpiMKOro po3BHTKY KOCMi4HHX
TeXHOJIOTiH po3po6JieH0 HOBUH BUJ CYNyTHUKOBUX CHCTEM — HAaHOCYNYTHHU-
k1 — (Nano-satellites). 3a cBoero Macor HaHocar BaxkuTb Bix 1 go 10 Kr.
Crendopacekuit Bapiant CubeSat (Cube Satelite) — ue tun manux cymy-
THHKIB IJsi KOCMIUHHMX [OCJIIKeHb, 3 00'eMoM He Gigbme 1000 cm® i He
Baxkye 1,33 kr. Tepminom «CubeSat» mosHayarTbCsi HAHOCYMYTHHKH, 10
CTBOpeHi 3rigHo 3i cTaHgapToM, po3pobJ/eHUM Mif KepiBHULTBOM Hpodeco-
pa Bob Twiggs (dakyabrer aepoHaBTHKH # actpoHaBTHKH, CreHdopn) [4].
BinpmicTs moni6HUX cynyTHUKIB po3poOseHi HAYKOBUMH yCTaHOBAMH, TPO-
Te MeBHA YaCTHHA CTBOPEHAa NPHUBATHUMH KOMIIAHiIMH, 30KpeMa KOMIIaHi€l0
BofHr — rirantom KocMiuHol iHgycTpii [5].

CynyrtHuku tuny CubeSat 06’eHyI0TbCs Y Cy3ip’st HEBEJHKUX CYNYTHU-
KiB y KOCMOCI. Ix JATYUKKU 3aTHI reHepyBaTHU BeJHYe3HY KiJbKiCTb JAHHUX,
AKi € aKTyaJbHUMHU [ Pi3HUX PErioHiB, i BKJAKWYAIOTb MOHITOPHUHT 3MiH Ta
iHIIi 3aBJaHHS, W0 BUKOHYIOTb NPUPOLOPECYPCHi CYMyTHHUKH.

Ha HaBkosn03eMHy 0opbiTy BHUBeleHO CTBOpPeHHH B HallioHa/qbHOMY TeXHi-
yHOMYy YyHiBepcuteTi YkpaiHH «KuiBCbKHMU mnosiTeXHiuHUH IHCTUTYT» Iep-
Ui ykpaiHcbKuE HaHocynyTHHK «PolyITAN-1». CynyTHuk Bipnmosinae
dopmaty CubeSat, mae macy mpubausto 1 xr i posmip 10x 10x 10 cm [6].

Epa HaHOCynyTHHKIB Hapasi JiMIlle MOUMHAETHCS. 3rofOM 3a PaxyHOK
3[lellleBJE€HHS TEXHOJOTI] Ta CIPOLIeHHs 3anycKy iXHi naHi 6yayTb Bce 6ijb-
lle 3aCTOCOBYBaHi y pisHHX ranyssx. KoxeH HaHOCYNYTHHUK Yy Mexax Cy-
3ip’sl OHOBJIOETbCS KOXKHI 2-4 DOKM, THM CaMHM TapaHTYIOUH, 10 KOpH-
CTyBay 3aBXKJAM MaTHMe ONTHMi30BaHy CHCTEMY 3 HHM3bKHM PH3HKOM, fIKa
NiATpUMY€E MOCTiHI TeXHOJOTiYHi BIOCKOHAJEeHHs. TakuM 4YHHOM, HAHOCY-
NMYTHUKOBI Cy3ip’s — Lie CUCTeMH, B SKHUX MOHATTS 3acTapinocTi abo cTpo-
KOBOCTi Bxe He € npo6JieMoro. 3a/le’KHO Bifl TeXH{UHMX XapaKTepUCTHUK Ha-
HOCYNyTHHK MOXHa NMOOYAyBaTH Ta PO3MICTHTH Ha opbiTi MeHIle HiXk 3a
500 THc. €Bpo (32 HaHMMH {HIIUX AKepeJs, TXHS BapTiCTb iCTOTHO HUXKUA,
Bix 40 mo 80 tuc. eBpo). Jssi mOpiBHSIHHA: BapTICTb MPHUPOLOPECYPCHOTO
cynytHHKa Moxe nocsiratv 500 MisbioHiB €Bpo i Ginbiie [7].

Ha cporomHi Baxx/1MBUM € 30i/bllIeHHS rajysedl 3acToCyBaHb MAaHHUX,
OJlepP’KaHUX Ha OCHOBi HAHOCYNYTHHKIB, SIKi MalOTh BUCOKE MPOCTOPOBE PO3-
pisHeHHs (3-4 M) — Bim 3amay yHOCKOHAJIeHHs i TeCTyBaHHs HOBITHiX Te-
XHOJIOTil, MeTOAiB i MporpaMHO-anapaTHUX pillleHb, €KOJIOriYHOTO MOHIiTO-
PUHTY i MOHITOPDHUHTY 3€MeJIbHUX pecypciB, 1O MOHITOPHUHIY MOCiBiB i Ipo-
THO3Y BPOXKAMHOCTI CiJIbCbKOTOCHOAAPChbKUX KyabTyp [8—10].

36ip Ta iHTepnperalis HaHHUX, OTPUMAHHUX i3 HAHOCYNYTHHKIB, MaTHMe
BaXXJIMBE 3HAueHHS MJI e(eKTHBHOTO YMNpaBJiHHA NPHUPOJHHUMH pecypca-
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MU Ta PO3BUTKY cTilikoi ekoHoMiku. HaHocaTu, 3afesneuyoud NpakTHYHO
LIOJleHHe II0CTayaHHs GaraToclneKTpajbHUX 300pakeHb, MOXKYTb CIIPUSTH
MPOBENEHHIO TOCTIHHOrO MOHITOPHUHTY 00 €KTiB HABKOJHIIHbBOTO TPUPOIHO-
ro cepejoBHla, arpoc(epu, aCTPOHOMIYHHX CIOCTePeKeHb.

[TepeBaru HaHOCYMYTHHUKIB OueBHAHI: BOHM 3abe3MeuyloTh BHCOKE MPO-
CTOpOBe M 4acoBe PO3pi3HEHHs i 3HIMAITb TEPUTOPil MPAKTHUUHO B HAIHP.
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3acTtocyBaHHA MeTOAOJNOriYHUX niaxoAiB y cdaxoBin
nigrotosui MaMbyTHbOro BuMTeNs (Pi3UKK Ta aCTPOHOMIT
Trxauenro LA., Kpacnobokuii FO.M., [Tideopruti O.B.

YMaHCBbKUH fep)KaBHUH NenaroriyHuil yHiBepcutet iMmeni [1aBna Tuunnu

®daxoBa nmiaroToBka MaibyTHiX yuuTesiB (i3uKH i acTpoHOMii Mae 3.iii-
CHIOBATHUCS Ha 3acajax [AislJbHiCHO-KOMIETEHTHICHOrO ¥ MCUXOAWAAKTUYHO-
ro MmifAXoAiB Ta PO3I/IAJATUCH K LIiJiCHE YTBOPEHHS, B IKOMY €JIHICTb 3Mi-
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CTOBOI, MpoLecyaabHOl Ta MOTHBALIHHO-1IiHHICHOI CTOpPiH HaBYaHHS 3abe3-
NIeYy€eThCSl HA OCHOBI CUCTEMHO-CHHEPreTHYHOro Nifxony sik 3acoby mocJin-
YKEHHST BIIKpUTHX (HEJiHIFHHX) MenaroriYHuX CHCTEM.

BaxauBum 3acobom peanizauii AisfiibHO-KOMIIETEHTHICHOrO MiAXOMy Mif
yac BMBUYEHHSA (i3MKM i acTpoHOMii € BIpOBaJKeHHS OCBiTHiX iHHOBaLil-
HUX TeXHOJIOril. 3a Takoro MifAXoay CTBOPIOIOTbCS N0AATKOBi MOXKJHBOCTI
BiITBOPEHHSI BHCOKOTO DiBHA Bi3yaJsisauii ysB/JeHb NPO NPUPOAHI MOAil H
npoluecH, 10 BimbyBatoThcsi y BceecBiti, 3ak/aanawTbhess MexaHisMH iX Mo-
JIeJIOBAaHHSl 3 PI3HHMH 3HAUEHHSMM THX YM THUX NapaMmeTpiB; BinOyBaeTbcs
inpuBinyanizauis # nudepeHuiauis HaBUaJbHOrO MaTepiany BiAMoOBiAHO 10
ni3HaBaJbHUX MOXKJHWBOCTeH KOXKHOrO CTyAeHTa. KommereHTHicHMH miaxinm
y HaBuaHHi (i3UKM Ta acTPOHOMil MaUOYTHbOrO yuHTess NPUPOJHUUUX Ha-
YK O3Hauya€ IepeopieHTallilo NpoLecy Ha pe3yJbTaT OCBiTH B Aif/bHICHOMY
BUMIpi, y 3MiHi aKLleHTy 3 HAKONMUYYBaHHS HOPMATUBHO BU3HAYEHUX 3HAHb,
yMiHb | HaBUYOK Ha (POPMYyBaHHS U PO3BUTOK y MaHOyTHIX yuuTesiB 37a-
THOCTi 10 MPaKTHYHUX HiH.

HisnbHicHu# minxix no opranizaunii HaB4asdbHOro mpouecy 3 (i3ukH i
acTpOHOMIl Opi€HTYye He JHIle YCHiIIHO PO3B’A3yBaTH MpoOseMy e(eKTHB-
HOTO 3aCBO€HHS acTpPo(PisWMUHUX 3HAHb, a U (POPMYBATH y CTYAEHTIB yMiH-
HSl caMOCTilHO i (paxoBO MJaHYBAaTHU CBOIO AifNbHICTb Y Pi3HUX CUTYaLifiX.
L{poro MoxkHa JOCATTH LIASXOM (DOPMYBaHHA Y MaHOyTHIX yuuTesiB ¢isuku
i acTpoHOMii y3arajbHeHHX (KJIFOYOBHX) KOMIIETEHTHOCTEH Ta KOMIMETEHILil.
3a Takoro MigXoAy pO3KPHUBAETHCS THIIOBA eJleMEHTapHa CTPYKTypa MeTOIH-
YHOI CUCTEeMH HaBYaHHA SIK JUAAKTHUYHOIrO MPOLECY: CHiBBiAHOLLIEHHS LiJeH,
3MicTy ¥ 3aco6iB HaBUaHHS K CKJALOBUX IMPOLECY Mepefadi Ta 3aCBOEHHS
HaByaJbHOI iH(opmalii. [lepexin 1o KoMIeTeHTHICHOTO MiAX0Ooy O3Ha4yae 3a-
CTOCYBaHHS BJIACHOTO JOCBiAy YCHIiIIHUX AiHl y KOHKPETHHX CHUTyallifiX, op-
raHisanii ocBiTHbOrO MpolLlecy Ha OCHOBi ypaxyBaHHSI HEOOXiJHUX HaByaJb-
HUX JOCATHeHb MaHOYTHBOrO BUHTEJS AUCLUIIIH NPUPOIHUUYO-HAYKOBOTO
CIpsSIMyBaHHs, 3a0e3neyeHHs HOT0 CIIPOMOXKHOCTI BigMoBimaTtu peasbHUM
3anMTaM LIBMAKO3MiHHOIO PUHKY Npaui ¥ MaTu c(OpMOBaHHWH MOTeHIliaJ
IJ15 IIBHAKOI aganTauil sk y MalOyTHil npodecii, Tak i B collia/bHil CTPyK-
TYypi.

[lcuxonMoakTHYHUK MigXiA Aa€ 3MOr'y BHKOPHCTOBYBATH MCHXOJOTIIO
PO3BUTKY Ta METOAM DPO3BHBAJbHOIO HABYAHHSA B KOCTi OCHOBH AJA IO-
6ynoBU OCBiTHIX TexHoJsorill 3 ¢i3vku i acTpoHoMil wIAsSiXOM iHTerpauif
NICUXOJIOT{YHUX, AMIAKTHYHUX, METOLMYHUX Ta IMpeJMeTHUX 3HaHb YYHiB.
OcMucneHHs cyTi NMpeiMeTHHUX 3HaHb 3 MPUPOAO3HABCTBA i X CTPYKTYP €
HeoOXiIHOK yMOBOKI CBifOMOI i ILiJecrpsMOBaHO! AisJIbHOCTI MaHOyTHBO-
ro y4uTess B acrnekTi Horo crneuiajpHOi MpeAMeTHOT MiATOTOBKU. YUUTE/b
MOBHHEH TAK0XK BOJIONITH 3HAHHSIMHU TIPO 3aKOHOMiPHOCTI MOOGYHNOBH IIKiJb-
HOTo Kypcy (i3uku i acTpoHOMIi Ta po3ropTaHHS HAaBYaJbHOTO MaTepiany, B
nijsoMy, i Horo okpemMuXx CTPYKTYPHHUX eJleMeHTiB, 30Kkpema. Ma#6yTHbOMY
yuHTe 10 PisHKH i acTpoHOMii HeOOXiJHO 3HATH TEOPETHUHi OCHOBH IOOYHO-

57



BM HaBYaJIbHOrO MaTepiagy K Ha piBHi WIKiNbHUX, TaK i HA PiBHi By3iBCbKUX
nporpaM. He MeHII BaxK/IMBUM [JISl yUUTeJIsl € 3HAHHS [P0 OCHOBHI criocofu
HisinpHOCT] B rajiysi oTpuMaHHs (pyHIaMeHTaJbHUX 3HaHb.

€nHicTh ¥ pi3HOMaHITTA METOAOJOTiYHUX MiAXOAIB ¥ (paxoBil miarotoBui
MaKOyTHBOTO yuHTess1 (Pi3UKH | acTPOHOMII Ja€ MOXKJHUBICTb TpaHC(oOpMYy-
BaTH i{H(opMaliliHe HaBYaHHS Ha MeTOMAOJIOTiuHe, 3MiHCHUTHU Mepexil Bif
TpaHC/ALii TOTOBOrO 3HAHHS 10 (POPMYBaHHSI KPUTHUYHOTO Ta TBOPYOTO MHU-
cJIeHHsI, 326€e3MeUnT BUCOKUU piBeHb HOTO MpeiMeTHOI MiJrOTOBKH.

OuiHKa TOYHOCTi BeJIMUUH, WO BU3HAYAIOTHCSA
3 (pyHKLiOHaNbHUX 3aNeXXHOCTEH
Duc M.M., Coeop A.P., Bpudyn A.M., Cocop M.A.

Hauionanbuuii yHiBepcutet «JIbBiBcbka [loniTexHikas

UacTo Ha mpakTtuui 6yBae Tak, L0 IIyKaHA BeJUYHHA HE MOxe OyTH BU-
MipsiHa Ge3nocepeNHbO. [i 3HAUEHHS MOXKHA OTPMMATH uepe3 GeanocepeHbo
BUMIpSIHI BeJMUMHH, AKIIO LIyKaHa BeJHYMHA | NaHi BEJUUHUHU € (PyHKLio-
HaJIbHO MOB’sI3aHi.

[HmKMK ca0oBaMy, 3B’130K MiXK LIYKaHHUM IapaMeTpoM p Ta BUMIpSHUMH
3HauyeHHsMH [; (i=1, ..., m) 3006pasuTbcsi PpyHkuieo F

F(p,l1, 1o, ....1n) =0, (1)
SKY MOXKHa 3HaHTH, HalpuKJaj, LIJIIXOM PO3B’si3yBaHHS HeJliHiHHOrO piB-
HSIHHSI OOHHM 3 HaOJIM>KeHHX MEeTOHiB (MeTof MMOJOBUHHOTO AiJEHHS, METOL
HeioTona, MeTon mpoctoi iTepaitii).

Ockinbkyu 3HaueHHs1 6e3M0CepefHbO BUMIpPSHUX BeJHYHMH € OTpPUMaHi 3
SKHMHUCh MOXMOKaMH, TO i 3HaYeHHS LIYKAHO! BEJUYWHH, K (PYHKLIl Bif
HUX, TaKOXK Oyle OTPHUMAHO 3 SKOKCb MOXHOKOIO.

BesnnunHa p € QpyHKUi€ 3MiHHUX [;, IKy MOXKHa 3aMdcaTu:

p:f(ll’127~alm) (2)
Toni ii cepenHsi KBajpaTH4Ha MoXHUOKa OGUMCJ/IEHHS i3 piBHOCTI (2) BU-
3HaYaeThCsl 3a 3arajbHO MPUiHATOW (Gopmy.ow [1]:

o\’ o\ of \°
m2 = (E)li) mi+<8{2) mi+...+<al’£> m; . (3)
m
[ToxinHi 2—{ BU3HauyaeMo 3 piBHsAHHSA (1) sIK moXinHi Bif HesiBHO 3amaHOf

¢yHKILii, TO6TO

OF
of o
dp

Tomy Bupas (3) 3 ypaxyBauusm (4) Habyme BUIISLY

mp_(ap) (azl> mi+(5g ) Mt (g ) | ©

TakuM 4KWHOM, OTPUMaHO CTpPOry (OpMyJy AJs OLiHKH TOUHOCTI BeJsH-
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YMH, [0 BH3HAYAIOThCS 3 (YHKIiOHAJbHUX 3anexHocTed. [lanu# miaxin
00YMC/IeHHS] OIL[iHKH TOYHOCTI MOYKHa y3araJbHHUTH | Ha BUMANOK 0araTbox
3MiHHUX.

1. 3asyasx IT.M., T'aspuus B.I., €sceesa €.M., Hocunuyx M.J]. OcHOBY MaTeMaTH-

YHOTO OMPALIOBAHHS Teo]e3nYHUX BUMipIOBaHb: HaBUaJbHUH MOCiOHUK. — JIbBiB,
2007. — 408 c.

Mpo BUKOpUCTaHHA (hoTOMeTpa-nonspumeTpa Ans
pocnig>xeHHa atmocdepu BeHepu
Xasanosuu F0.10.!, Hesodoscoxuii I1.B.2, Bidomauenxo A.I1.23,
Tepaimuyx M.J.', Cmexsos O.®.>3
"Hauionaneuuii rexniunnii yuisepcurer Yrpainu “KITI”
TosoBHa acTpoHoMiuHa oGcepaaropis HAH Ykpainu
SHauionanouuil yHiBepcuTeT Giopecypceis i MpUPoIOKOpHCTYBaHHS YKpaiHHu
4Mi>erriOHaJ1bHa aKajeMisl yrnpabJiHHS IIepCOHATIOM

Benepa e Haiibux4orw 10 3eMJi niaHeTol 3eMHOT rpynu y CoHs4HIN
cuctemi. Ix NOPiBHAHHS [Aa€ 3MOTY IPOSICHUTH MOXKJ/MBI LIJISIXH €BOJIOLIT
Haulof nJaHeTH, i aTMocdepu Ta KaiMmary. [loTyHa HefoCTaTHbO BUBUEHA
aTMoc(epa 3akpuBae NOCTYIl A0 NoBepxHi BeHepu Ta cyTTe€BO yCKIanHIOE
ii BuBueHHs. [IpoTe ycmillHO BHBUATH ra3oBYy CKJIAJOBY aTMoc(epu Ta ae-
pPO30J1bHI CKJIaLOoBi 11 XMap N03BOJSAIOTb MOJAPUMETPUYHI METOAU HOCJif-
xennst. CIIA (NASA) ta Pocis (Pockocmoc, IKI) sansanyBanu npoeecTtH
y 2031 p. cnisbHUE KOCMiUHHH €KCIepHMEeHT L1040 AOC/imKeHHS Benepu
3a pomnomorow KocMiuHoro amapaty (KA) «Benepa-I». 3 pociiicbkoro 6oky
IJ15 BUKOHAHHsI MIporpaMu Oyne 3alisiHo pakeTHHH KoMiuiekc «AHrapa-Ab»
Ta TiATOTOBJEHO opbiTanpHUi | MocagkoBHE Momyni. AMepHKaHCbKA CTO-
poHa 1/ AaHoi Micii 3amporoHyBaJja psii HayKOBUX MNpPHJafiB, a TaKOX
HeBeJIMKi Ta JH0CTaTHbO MPOCTi aepocTaTHi 30HAM 3 Macamu no 10 kr. 3 ix
JOTIOMOTOI0 TJIAHYIOTh TPOTSrOM TPUBAJOro 4yacy (oo ABOX MicsiliB) BimcTe-
JKYBaTH AHMHAMiKy aTmocdepu. Takox po3T/sfalTb MOMKJIHUBICTb BKJ/IOYe-
HHfl J0 CKJaay Micii MiHiMyM [IBOX BiJIbHO ApPeH(IYIOUHUX NPOTATOM IOHAJ
BiciM 3emHHX 1i6 aepocrariB. OnuH 3 HUX nepefyBaTHMe Ha BHCOTaxX HH—
60 kXM Hag cepenHiM piBHeM MOBepXHi MJIAaHETH, a APYTHH — Mif XMapam,
Ha BHcoTax 45-50 kM.

Jlo uMx BxKe 3amjiaHOBaHHX TPUCTPOTB MOXKe OyTH NOAAHO lie U itaJfiii-
CbKHH pamap. A 3a yMOBH BUKOPHCTAHHS PAKETH-HOCISI BaXKKOTO KJACcy THITY
«[IpotoH-M», no ckaany MalGyTHBOT ekcrienuuil MOXKJIHUBO Oyae BKJIIOUHUTH
i moryxHimu# nped(yrOUUdl 30HA, KOTPUH 3MoxKe (DYHKIIOHYBaTH HAa BU-
coti 45-50 kM mpoTsiroM Gisblie ogHOro Micsus. AMepHKaHCbKa CTOPOHA
BXe posanoyasa (piHaHCyBaHHS MiATOTOBUMX POOGIT HajA MPOEKTOM. 3 pocii-
CbKOro 060Ky, y 3B’sI3KYy 3 TepMiHOM peasizalii faHoT mporpaMu TiJabKH micJs
2025 p., dpinancysanHs nependauero micas 2020 p. OcHOBHHMM HayKOBUMH
3aBIaHHSIMU 1715 op6iTajbHOrO anapary 3alporoHOBAaHO MOCJIIHMTH AHMHAa-
MiKy i mpupony cymeppotaiii atmocdepu Benepu, BepTHKasbHy OymoBy i
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cKJaJ atMocdepy Ta XMap, po3NoAiJa i IPUPOLY HeBiAOMOro MOIVIMHAYA YJlb-
TpagioseToBOro BUIPOMiHIOBAHHS, BUIIPOMiHIOBAJBbHY 3MaTHICTb MOBEpPXHi
Ha HiYHiA CTOpPOHIi i 3’iCyBaHHS NMPUYMH 3HUKHEHHS BOAM 3 Li€i MaHeTH;
TaKOX NependayaroTb AOCHIIUTH eNeKTPUUHi fBHIlA B aTMocdepi Ta B3ae-
Moniio atMocepu Benepu i3 conssunum BitpoM. ITocankoBuit Monynb BHBUA-
TUMe CKJaj IPYHTY Ha IMMOMHAX A0 KiJbKOX CAHTHUMETPIiB, HHXKHIO aTMO-
cdepy Ta npolecHd B3aeMOJil MoBepxHi 3 atMmocgepor, i1 XiMiUHHHA CKJaam,
CTPYKTYPY Ta aepo3oJii.

OnHUM 3 HayKOBUX HamNpsIMKiB JAHOTO MPOEKTY € HOCJiIKEHHS aTMo-
ctepu Benepu 3 kepoBaHoi atmocdepHoi niardopmu. Came Takoro THIY
po6oTu npoBonuaucs y [o/oBHIN acTpoHoMiuHill o6cepBaTopii (TAO) y Bin-
aini ¢isuku miaaner y 1980-x pp. TAO HAH Ykpainu pasom 3 Hamionass-
HUM TexHiuHUM yHiBepcuteToM YKpainu «KIII» nporsirom TpuBasoro uacy
po3po6JIA0TE (HOTOMOIIPUMETPH [T BUBUEHHS Pi3HUX KOCMIYHHUX 00’€KTIB
JUCTAHLiHHUMHM MeTogaMHu. ToMy MH pO3IJISiAaEMO MOXKJHUBICTb NpoOBeleH-
HSl TaKUX JOCJiJXkKeHb 3a AONOMOrol0 po3pobJ/IeHOro i BUTOTOBJEHOrO HaMH
KOCM{4HOro (hoTOnoJspUMeTpa.

1. Marov M.Ya., et al. /| Icarus. — 1980. — 44. — P.608-639.

2. Nevodouskij P.V. // Kinematics and Physics of Celestial Bodies. — 2001. —
1. — P.283-285.
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OuiHka cTtaHy ictopuuHoro ueHTpy Kuesa 3a pesynbratamu
aHani3y AOBroTpuBa/JIMX YaCOBUX Cepil AaHUX
AUCTaHLiMHOro 3oHAyBaHHA 3eMni
Xunmcnak A.B., Jly6cokuti M.C., Llesuyx P.M., I'oay6os C.1.
Jep:xxaBHa yctaHoBa «HaykoBHE LIEHTP aepOKOCMIiUHUX HOCJiIXKEHb
3emi [HeTuTyTy reosoriunux Hayk HAH Ykpainu»

B icropuuniii yactuni M.KwueBa posramosani Hauionanbuuit 3amosin-
HuK «Codisi KuiBcbka» ta Hauionanenuit Kueso-Ileuepcbkuit ictopuko-
KyJbTypHHUH 3anoBinHuk, siki Bkaoueni 12 rpynus 1990 poxy no nepesiky
BcecsitHbol cnaamunau KoHBeHLiT Ipo 0XOpOHY BCeCBiTHbOI KyJbTYpHOI Ta
MPUPOAHOI CHALLIHMHH.

MOHITOPHHT TEMJI0BOrO MOJs B Mexkax icTopuuHol yacTuHu Kuesa moka-
3ye, L0 i3 3MEeHILIeHHAM IJIOLL MPHUPOLHOrO I'PYHTOBO-POCJUHHOIO MOKPUBY
i yminbHeHHAM MicbKoi 3a0yf0BH 30i/bLIYEThCS MOBEPXHEBUH MpPOrpiB Te-
putopiii. Lle MoKe BUKJIUKATH §IK JIOKAJbHE TIOPYLIEHHS MiKPOKJIMaTUIHUX
YMOB y MeXKaX 30H IO OXOPOHAITHLCS, TaK i CIPUATH 3MiHi KJIiMaTHYHUX
yMOB Ha perioHaspHOMY piBHi. OcTaHHE BiZHOCHTbCS N0 3POCTaHHS «Mi-
CbKHUX OCTPOBIB Temaa» — mnpobJeMi, BUPILIEHHIO IKOI MPUIIAAETbCA AYKe
NUJbHA yBara NpakTHU4YHO y BCiX PO3BUHEHMX KpaiHax. JIokasbHe mopylueH-
HSl MiKpOKJIIMaTy € ONHHUM 3 (haKTOpiB, IKUH BIJIMBAa€ Ha {HTEHCHBHICThb (i-
3WYHOrO BUBITPIOBAHHA i, K HACJifOK, pyHHYBaHHS iCTOPHUYHHMX MaM SITOK
BCeCBiTHbO! CHAAILIMHHU. YIiJbHEHHS MicbKOl 3a0yHOBH i CKOPOYEHHS 3e-
JIeHUX 30H B icTopuuHill yacTuHi micta KueBa Beme [0 3pocTaHHS IMJIOLL,
3laTHUX HAKOMHWUYyBATH COHSIYHE TeIlIO i, BiAINOBiJHO, MOBEPXHEBOI TeMIle-
paTypH aHTPOINOreHHUX 00’eKTiB, 110 crpusie X (pisMUHOMY BHUBITPIOBAHHIO
i moctynosomy pyHHYBaHHIO.

[HcTpyMeHTanbHI BUMipIOBaHHS MiKPOKJiMAaTHUYHMX [apaMeTpiB IeH-
TpaJbHOT yacTHHU KueBa B 3UMOBHH Mepion, 30KpemMa BOJOTOCTi, MPOIeMOH-
CTpyBaJy, 110 Led NMOKAa3HHWK B HIYHUH | PAHKOBUH yac MOXKe 3HMXKYBAaTHUChb
10 20%, 1110 B yMOBaX HU3bKHUX TEMIIEPATyp CTBOPIOE CIPUSTIUBI YMOBH /151
py#HyBaHHS OyaiBesnb. HasBHiCTD IITYYHUX BiITPOBHX KOPHIOPIB ChopmMOBa-
HHUX BYJIMYHOIO Mepekelo B TAKHX yMOBaX CIIOHYKa€ (pisH4He BUBITPIOBaHHS
thacanis.

O6po6ka Ta aHaJi3 [OaHUX TeMJOBOi KOCMi4HOI 3HOMKH, OTPUMaHHUX
i3 cynyrtHukiB cepii Landsat nokasas, umio B icropuuni#i uyactuni Kuesa
(LLentp, INeuepchk, [lomin Ta iH.) cnocTepiraeTbes cTiiiKe MiABHILIEHHS MO-
BEpPXHEBHX TeMIepatyp. 3 iHIIOro 60Ky, Haj JiCONapKOBHMH 30HAMHU Ta iH-
[UMH TEPUTOPISIMU 3 POCAHUHHICTIO TIPOrPiB 3a/NHUIIAETHCSA MPUONU3HO OfHA-
koBuM. Ha puc. | nokasana avHamika 3MiHH MaKCHMaJIbHOTO TTOBEPXHEBOrO
nporpiBy Teputopiii B paloHni 3amoBimHuKa «Codis KuiBcbka» 3a mepion
1985-2011 pp.

Jlisl mojasbIIoro AOC/ifXKeHHs BIUIMBY mpolecy ypOaHizauii Ha Tepu-
TOpil0 LIeHTPaJ/IbHOI 4acTUHH M. KueBa aKTUBHO 3a/y4aloTbCsl CUCTEMH KO-
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Puc. 1. [IluHamika 3MiHM ToLli MaKCHMaJIbHOTO MOBEPXHEBOrO MPOTPiBY B Mexax
GyepHoi 30HM 3anoBigHnka «Codis KuiBcbka» 3a nepion 1985-2011 pp.
I — Teputopis 3anoBifHUKa; 2 — TepuTopisi OydepHOT 30HH
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cMmiuHoro sHimManHs. Onrtuuni cucremu (Landsat-8, Sentinel-2) mossoasiioTh
OTpUMaTH 300pakeHHs CKJIaA0BUX ypOosaHAmadTy Ta OLiHUTH PSAL YHHHHU-
KiB, fIKi BIJIMBAIOTb Ha MIiKPOKJiMaT: TYCTHHY 3a0YylOBH, I'YCTHHY 3€JIeHHX
HacaJKeHb, TeMIepaTypHi MOKa3HUKH. [0 TOro K, AJs yTOUHEHHS T'YCTH-
HYM Ta BUCOTHOCTi 3a0yIOBH MOXKJHBO 3aCTOCYBaTH AaHi aKTHBHUX CHCTEM
panapHoro 3"imanHs Sentinel-1 [1].

1. Kozlova A., Khyzhniak A., Piestova I., Andreiev A. Synergetic Use of Sentinel-
1 and Sentinel-2 Data for Analysis of Urban Development and Green Spaces //
17th International Conference on Geoinformatics. Theoretical and Applied
Aspects (14-17 May, 2018, Kyiv, Ukraine).

Bu3HauyeHHA cnekTpa/ibHUX PiBHIB 3aCBiY€HHSI HiYHOroO
Heba B 3a1€)XXKHOCTI Bif MeTeoponoriuHux cakTopis
Llesuyx O.T.

HixknHebkui#t nep:kaBHu#l yHiBepcuteT iMeHi Mukosu [oross

Mera Ta 3anaui focainkKeHHs: BCTAHOBUTH CIeKTpaJsbHi piBHI cBiT/IOBOT
3acBiTH Ha aCTPOHOMIYHMX MalgaHuyMkax Micra HixkuHa B cMmyrax mpomy-
ckaHHs1 hotomerpuunoi UBV-cuctemu Ta nos’sizaT oTprMaHHi 3HaYeHH$ 3
BilHOCHOIO BOJIOTICTIO MOBIiTPSl B NPUIIOBEpXHEBOMY Luapi Ta Horo Temmepa-
TYpOIo.

AXTyasbHICTD TEMH AOCJIIKEHHS CJiAyE 3 HEMOXKJHBICTIO eeKTHBHO-
ro MPOBeLEHHS aCTPOHOMIYHHX CHOCTepeXXeHb 00 €KTiB IVIMOOKOro KOCMOCY
yepes CBiT/I0Be 3a0pylHeHHsl aTMoc(epu WTYYHUMH J2KepeJsaMH CBiTJa.

I'inoTe3010 HayKOBOro NOCJiAXKEHHS € NPUMYLIEHHS PO HasiBHICTb Kope-
JALIAHUX 3a/IeXKHOCTeH MiXK CIIeKTPaJbHUMHU PiBHAMM CBIiTJIOBOTO «CMOTY»
Ha aCTPOHOMIYHMX MaHJaH4YMKaxX B CMyTax NPOMNYCKaHHS (POTOMETPHUYHOI
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UBV-cucrtemu Ta AeSKUMH MeTEOPOJOTiYHUMH (haKTOpaMH — BiJHOCHOIO
BOJIOTICTIO NMOBITPA B NPHUIIOBEPXHEBOMY LIApi Ta HOro TeMIepaTyporo.

BucHoBkH.

1. 3HayeHHs1 sicKpaBOCTi HiYHOro HeGa 3 KBaJpaTHOI CEKYHAH 3HAUHO
MepeBUILYI0Th NPUPOAHIH (oH Heba. ¥ B-dinbTpi HagJWIIOK SICKPaBOCTI
Heba LITY4HOro MoxojkeHHs ckjagas 11,4™ mportu 11,9, a y V-iabrpi
11,0™ mpotm 12,2™.

2. 3adikcoBaHe TPU CHOCTEPEKEHHSX EKCTpeMaJibHe MiABUILEHHS 3a-
CBiTH (poHY HiuHOrO Heba y V-nmianasoHi, iMOBipHO, 3yMOBJIEHO OCOOMHBICTIO
CIIeKTPaJIbHOTO PO3MO iy CBiT/I0BOI eHepril Bif ByJHYHUX JiXTapiB, 0c06JHU-
BO THX, SIKi 3HaXOQWJHCb B Oe3nocepefHild OJM3bKOCTI Bifi aCTPOHOMIUHHX
MaHlIaH4YUKIB.

3. Brue mtyuHoi 3acBiTH Ha sickpaBicTb NpHUPOTHOTrO (GoHY Heba AJIs
6e3MicUHUX HOUEH crocTepiraeTbecsi MPaKTUYHO MO MOJsIipHOI oOJacTi He-
6ecHoi cdepu. Ilpu nbomy nomiTHa 3anexHicTb B acumeTpii GoHy Heba B
3eHITHIH o6sacTi BiA CHeKTpaJbHOro [iana3oHy, 3adikcoBaHa Ha BCix Mai-
JaHUHMKaxX B Mexax MicTa.

4. OrpumaHo eMmipuWuHi CHiBBiOHOLIEHHSI 3a/e’KHOCTi CHEKTPaJbHUX
piBHIB CBiT/IOBOr0 3a0pyNHEHHS Ha aCTPOHOMIYHMX MaHIAHUMKAX B CMY-
rax npomnyckaHHs (oroMmerpuyHoi UBV-cucremu Bin 3HaueHHS BigHOCHOT
BOJIOTOCTI MOBIiTPA B NPUIIOBEPXHEBOMY LIapi Ta HOro TemmepaTypH.

Optical polarimetry in study atmosphereless
small Solar System bodies
Belskaya IN.
Institute of Astronomy, V.N.Karazin Kharkiv National University

Polarimetric observations of small Solar System bodies provide impor-
tant information on their surface properties, which cannot be obtained by
any other remote technique. Several rare asteroid types were distinguished
based on their polarimetric phase curves. The most interesting example
is so-called “Barbarians” which are characterized by extremely large inver-
sion angles compared to other Solar system bodies and believed to be very
primitive objects. Polarimetric measurements of several transneptunian
objects and Centaurs revealed that their surface texture should be very
different compared to surfaces of asteroids in the inner part of the Solar
system.

Although polarimetry remains the least frequently used techniques in
the study of small Soar system bodies, the interest to polarimetric obser-
vations has been increased last decade first of all thanks to the progress
in instrumentation. The current state, advances and problem of polari-
metric observations of atmosphereless small Solar System bodies will be
discussed.
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Reverberation mapping: what it is about
Berdina L.A., Tsvetkova V.S.
Institute of Radio Astronomy, National Academy of Sciences of Ukraine, Kharkiv
Institute of Astronomy of V.N.Karazin Kharkiv National University

Recently, much attention has been paid to observational projects in-
volving synchronous observations of brightness variations of quasars and
active galactic nuclei (AGNs) in several spectral ranges. According to the
radiation processing model, bursts of hard radiation arising in the central
regions of the disk, when propagating to the outer regions, are re-emitted
in them in longer wavelength ranges with time delays proportional to their
distance from the center. Measurements of time delays between brightness
fluctuations in different parts of the spectrum make it possible to deter-
mine the distances between disk regions with different physical conditions,
that allows to investigate the spatial structure of quasars and AGNs with
a resolution that is not yet available to existing observational tools. This
method of studying the structure of distant sources is called reverberation
mapping. In addition to direct estimating the size of the emitting regions
of a quasar, the method of photometric reverberation mapping allows one
to estimate the mass of the central black hole and the accretion rate, to
study the law of temperature variation along the radius of the accretion
disk, which is important for testing the existing model of a quasar and
understanding the mechanism of its variability.

The method of reverberation mapping is used to study the spatial struc-
ture of the quasar of the gravitational lens system Q2237+40305. Light
curves of macroimages of the Q223740305 system in the spectral bands
V, I, and R of the Johnson-Cousins photometric system are used. Es-
timates of possible values of some physical parameters determining the
spatial structure of the accretion disk of the Q2237+0305 quasar have
been made.

Investigation of the Ozerki meteorite parameters
Golubaev A.', Kartashova A.%2, Mozgova A.3, Chuvashov 1.2,
Bolgova G.2, Glazachev D.*, Efremov V.*
nstitute of Astronomy of V.N.Karazin Kharkiv National University, Kharkiv
*Institute of Astronomy, Russian Academy of Sciences, Moscow
3 Astronomical Observatory, Taras Shevchenko Kyiv National University, Kyiv
*nstitute of Dynamics of Geospheres, Russian Academy of Sciences, Moscow

In the morning of June 21 2018 (1:16 UTC) the space body entered
the Earth atmosphere in the Lipetsk region. This event was detected by
a number of registration systems in cars, satellite observations of bolide
light curve and subsequent dust trail. The videos, photos, satellite data
allow us to calculate the trajectory, the orbit of the Ozerki bolide. The
atmospheric entry velocity is 14.9+1 km/s. The height of the depression
point is 32.8£0.9 km and that of the maximum brightness is 27.24+0.9 km.
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The pre-atmospheric orbit of the Ozerki meteoroid was also calculated:
q=0.67+£0.04 AU, a=0.84+0.02 AU, e=0.199+0.030, i =18.44°+3.05°,
2=289.6561° and w=2335.29°£5.15°. The geocentric radiant position is
RA=307.51°+3° and DEC=43.11°£3°. The found material was called
Ozerki meteorite and it is classified as an ordinary chondrite (L6). The
estimated: mass of the meteoroid is 94420 tons, the energy is 2.54+0.5 kt
TNT, diameter is 3.7+£0.5 m. The observational data, processing methods
and analysis of the obtained results are published in [1].

1. Kartashova A., Golubaev A., Mozgova A., et al. // Planet. Space Sci. —
2020. — Vol. 193, 105034.

Determination of biosafety of nano-vesicles
and viruses in astromaterials
Kozyrouvska N.O.!, Vidmachenko A.P.>3, Steklov A.F.>*
'Institute of Molecular Biology and Genetics of NAS Ukraine
*National University of Life and Environmental Sciences of Ukraine
3Main astronomical observatory of NAS of Ukraine
‘Interregional Academy of Personnel Management

Microorganisms include archeobacteria and bacteria (characterized by
the prokaryotic structure of the cell), and eukaryotes. The first two have
no cell nucleus, and DNA is in the cytoplasm. In eukaryotic cells, there
is a nucleus and other organelles that are separated from the cytoplasm
by membranes. This difference in the cell structure of eukaryotes and
prokaryotes is one of the main characteristics for describing the diversity
of the organic world. It is believed that prokaryotes may have been the
first inhabitants of the Earth, and thanks to their vital activity, a bio-
sphere was formed on Earth. After all, archeobacteria are the oldest living
organisms, which began to receive energy through the transformation of
inorganic elements [7]. Nanostructures such as membrane vesicles and
viruses are considered as non-cellular life forms that may be present in
the rocks of comets, asteroids, meteorites, etc. [1, 12]. Therefore, they
can fall into the biosphere of the Earth from outer space, and be some
markers of life, or forms that are associated with life in the Universe. It
is clear that some of these forms can cause significant harm to human
health, animals and the biosphere as a whole. Now there are many ways
to recognize these dangers for terrestrial microorganisms. But very little
attention is paid to microbial nanostructured vesicles. And especially to
those extraterrestrial nano-formations that invade the Earth’s atmosphere
from outer space along with meteoroid matter. After all, it is in such
a substance that a biological hazard should be sought. And potentially,
this type of biological markers can be found on many bodies in the Solar
System. When searching for bacteriomorphic structures in a meteoritic
substance, the so-called pseudomorphs are usually investigated, which are
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closely related to the entire rock, and do not lie on its surface. That is,
they are formed by such minerals, which in composition are practically the
same as those of the meteorite itself. Therefore, organic matter found in
meteorites and bacteriomorphic structures can be interpreted as artifacts
contaminated with terrestrial forms, and not having extraterrestrial origin.
After all, being in earthly museum collections, meteoric matter could be
mastered by terrestrial microorganisms. Now bacterial life exists on land,
in water [11], deep under ice in Antarctica and in the high layers of the
atmosphere at temperatures from —10° to +120°C. At temperatures out-
side these limits — the bacteria go into a sleeping state. Moreover, in this
state, cells retain resistance to adverse temperature, dehydration, increased
doses of radiation, and may be in a viable state for millions of years. Such
petrified microorganisms are found in Archean and Proterozoic sediments.
The preservation of bacteria in the fossil state is associated with their
very rapid mineralization, which occurred even before the degradation of
bacterial bodies began [8].

The results of the study of fossil bacteria show that the formation of
minerals with the participation of bacteria is a process that appeared on
Earth with the appearance of bacteria [4]. In recent years, in connection
with the development of new technologies, interest has grown in the re-
sults of biological studies of astromaterials [6]. The main source of such
biological information is meteorites, which belong to the class of carbona-
ceous chondrites [3]. All the data on their age are in the range of 4.4-4.59
billion years. Asteroids and cometary nuclei are also about 4.5 billion
years old. That is, such bodies in space consist of the primary substance
of the Solar System. We have developed special observational systems that
were used in 2013-2018 to register traces of space invasions into the sky
over Kiev as part of the “Churyumov United Network” [2]. These systems
can also be used to study objects of the Solar System (terrestrial planets,
satellites of planets, asteroids, cometary nuclei, meteoroids, etc.) in or-
der to potentially search for biological signals about possible simplest life
forms [11, 13], and to study extraterrestrial biological nanostructures as
markers of living in extraterrestrial space. The study of biological material
in bodies of cosmic origin began with the Tatahouine meteorite fallen in
Tunis in 1931, at a repeated study of its debris in 1994 [5]. Bacteria-like
shapes were found on their surface in the form of small rods about 80 nm.
These formations met all the requirements of their biogenicity. In particu-
lar, this was indicated by their shape, resembling colonies of bacteria, and
their characteristic sizes. Similar structures were also found in the ALH
84001 Martian meteorite, which fell in Antarctica in 1984 [9, 14]. Such
remains of bacteria in the meteoritic substance continue to be found now.
They can be the remains of living organisms that lived in the parent body
for meteorites. Often they are similar to cyanobacteria and the remains of
other prokaryotes (without a nucleus in a cell). It is believed that chondras
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are formed as a result of the rapid (within a few minutes) heating of the
original rock to temperatures of +1500...1900°C. This leads to its melt-
ing and subsequent slow (up to several hours) cooling. At the end of the
20th century, it was proved that in the amino acids found in a meteorite,
the isotopic composition of nitrogen differs significantly from that of the
earth. Among the organic matter in the Murchison meteorite, the most
interesting is the identification of nucleic acids: guanine, adenine, uracil,
purine, xanthine, hypoxanthine and some others. It was particularly noted
that some of them are part of the DNA and RNA of all living cells. At
the beginning of the 21st century, when studying a dozen meteorites, they
came to the conclusion that in many carbonaceous chondrites there are for-
mations that with a rather high degree of probability can be identified as
the mineralized remains of microorganisms that once lived in these rocks.
In the same meteorites, a large number of complex organic substances and
the presence of microbial pseudomorphos in them were found. From the
determination of the age of meteorites, it follows that life could have arisen
there before the formation of the Earth. After all, the age of meteorites
4.6 billion years, and life there — already there is! At the same time,
the formation of the Earth — has just begun! If the hypothesis about the
origin of life outside the Earth is confirmed, the question inevitably arises:
where, and under what conditions, did it originate somewhere in space?
And how did this life subsequently reach the solar system? For now, it is
necessary to develop a concept for detecting possible nano-vesicles in mi-
crometeorites. For solutions of these issues need to develop a clear concept
for detecting possible nano-vesicles in micrometeorites. Such astromate-
rials can be captured by special traps installed on satellites, the ISS and
manned spacecraft. We believe that such astromaterials can be captured
by special traps installed on satellites, the ISS and manned spacecraft. We
also propose to “catch” this astromaterial in the Earth’s atmosphere from a
“long-lived” trace of fireballs during powerful meteor showers [10] with the
help of specially prepared traps installed on airplanes. And it is necessary
to lift such devices into the air during space intrusions.
Astafieva M. (2012) EPSCo, Madrid, id. EPSCo, 9.
Dashkiev G.N., et al. (2018) 49LPSC, LPICo 2083, id.1107.
Folk R.L., Lynch F.L. (1998) Proc. SPIE, IMMA, 3441. — P.112-122.
Gerasimenko L., et al. (2005) Astrobiology. NATO ASI, I0S Press, 38.
Gillet Ph., et al. (2000) EPS Let., 175(3-4). — P.161-167.
Hoover R.B., Rozanov A.Y. (2003) IMMA VI, SPIE, 4939. — P.10-27.
Kozyrouska N.O., Vidmachenko A.P. // XX Intern. scientific conf. “Astronom-
ical School of Young Scientists” (Uman, 2018). — P.86-88.
Rozanov A., Astafieva M. (2009) EPSCo, 283.
9. Steele A., et al. // Meteoritics & PIS. — 2000. — 35(2). — P.237-241.
10. Steklov E.O., et al. // XIX Intern. scientific conf. “Astronomical School of
Young Scientists” (Bila Tserkva, 2017). — P.75-76.
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11. Vidmachenko A.P. [/ XX Intern. scientific conf. “Astronomical School of Young
Scientists” (Uman, 2018). — P.91-93.

12. Vidmachenko A.P., Steklov A.F. // Astronomical School’s Report. — 2013. —
Vol.9(2). — P.146-148.

13. Vidmachenko A.P., Steklov A.F. // XIX Intern. scientific conf. “Astronomical
School of Young Scientists” (Bila Tserkva, 2017). — P.21-23.

14. Weiss B.P., et al. // Proc. NAS. — 2004. — 101(22). — P.8281-8284.

The first detection of 20 pulsars and the repetitive
sporadic decameter radio emission source in
decameter wavelength range
Kravtsov I.P.!, Zakharenko V.V.'2, Vasylieva 1.Y.', Ulyanov O.M.',
Konovalenko 0.0.', Shevtsova A.I', Yerin S.M.!
nstitute of Radio Astronomy, National Academy of Sciences of Ukraine, Kharkiv
2V.N. Karazin Kharkiv National University

In 2010-2013, the first decameter census of pulsars was carried out at
UTR-2 radio telescope. At that time, 74 pulsars potentially available for
UTR-2 radio telescope were known, i.e. their dispersion measure values
were up to 30 pc/cm?, periods — more than 100 ms and declination more
than —10 degrees. As a result, decameter radiation of 40 pulsars was
detected, the emission of another one was found later (until 2010, only
about a dozen of these sources were known at the decameter waves). Their
pulse profiles, dispersion measure values, pulse widths, etc. were obtained
and specified.

Besides, a survey of the Northern Sky in order to find sporadic radio
emission sources at the decameter wavelength using UTR-2 radio tele-
scope was recently completed. Sources with the dispersion measures up to
30 pc/cm?® and with available for UTR-2 coordinates were searched. As a
result, 380 strong signals from unknown cosmic sources were detected.

Due to the increase in the number of known pulsars over the last 10
years (the number of potentially available sources for UTR-2 has increased
from 74 to 163 pulsars), as well as to identify our transient signals, it
was decided to conduct the second decameter pulsar census. As of the
beginning of 2020, 41 pulsars have already been observed at UTR-2, i.e.
122 more sources need to be searched. A database was created containing
the parameters of all these pulsars.

As a result, at the first stage of the second decameter census of pulsars,
the radiation of 20 sources was detected (also the detection of another
5-7 pulsars is questionable). Profiles of the average pulses at decameter
waves were obtained, dispersion measure values are refined. As already
mentioned, during the transient survey of the Northern sky at UTR-2 radio
telescope in 2010-2018 380 strong individual pulses from unknown cosmic
sources were detected. It is possible to identify some of these signals
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with recently detected (or even recently discovered) pulsars and to clarify
dispersion measures of these pulsars. Moreover, a source of repetitive
sporadic radiation was also detected at UTR-2. It can be either RRAT,
or a new pulsar, or some other source. Additional research is currently
underway to determine the nature of this source.

Solar cycle memory interval
Krivodubskij V.N.
Astronomical Observatory of Taras Shevchenko National University of Kyiv

In predicting solar activity cycles within the framework of dynamo the-
ory with the involvement of solar observed data, researchers in recent years
rely on similar in nature models of the turbulent af2-dynamo solar cycle
with the flux transport dynamo), but with different accent on the nature
of the effects of magnetic flux transfer. The essence of the differences
lies in the estimation of the relative contribution in the model of diffusion
and meridional magnetic flux transfer. Some researchers develop numeri-
cal models af2-dynamo with low turbulent diffusion of the magnetic field
(~ 108 ¢cm?/s), in which the main mechanism of magnetic flux transfer is
the meridional circulation (the so-called advection). In this mode, which is
commonly referred to as the “dynamo model with dominant advection mag-
netic flux transfer” (dynamo AD mode), the surface poloidal magnetic field
of the current cycle, generated due to the a-effect, is first transferred from
the average solar latitudes to the poles, then down to the solar convection
zone (SCZ) bottom in the area of tachocline, and then in the equatorial
direction to low solar latitudes. However, in the alternative models, a
regime with high turbulent diffusion of the magnetic field (~ 10'® cm?/s)
is introduced, in which the surface poloidal field is transferred down to the
tachocline mainly due to turbulent diffusion — “the model of dynamo with
the dominant transfer of magnetic flux of the magnitude of turbulence”
(dynamo DD mode).

As a result of theoretical studies, the main difference between the fore-
casts of solar activity on the basis of models in AD and DD modes lies
in the different memory span of the solar cycle. Based on simulations in
which the source of the poloidal field varied stochastically over time, a cor-
relation between the polar magnetic flux at the minimum of the cycle n and
the amplitude (total area of the spots) of the cycles n, n+1, n+2, and n+3
was been studied [1]. It was found that in DD mode, the polar magnetic
flux at the minimum of the solar cycle correlates only with the amplitude
of the next cycle (n+1), whereas in the AD mode, the polar magnetic flux
at the minimum of the cycle n correlates with the amplitudes of the cycles
n,n+1, n+2.

The problem of solar cycle memory has been recently investigated from
the observed point of view [2]. Based on the processing of sunspot area
measurements and polar magnetic flux, spanning more than a century, only
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one significant correlation was found between the polar magnetic flux at
the minimum of cycle n and the amplitude of the subsequent n+1 cycle.
The result indicates that the solar cycle memory is limited to only one
cycle. In the light of theoretical studies, this suggests that models of DD
are compatible with observations, whereas models in the mode of AD are
not compatible with observations. It is therefore important to clarify which
models may be more appropriate for physical conditions in the depths of the
Sun. Speaker’s calculations made in approximation of the theory of mixing
using physical parameters from the SCZ model [3] have shown that the
coefficient of turbulent diffusion of the solar plasma magnetic field reaches
quite high values (~3-10' —10'3 cm?/s) [4, 5]. Therefore, it is obvious
that the Sun is dominated by flux-transport dynamo with high turbulent
magnetic diffusion (DD mode). On this basis, it can be assumed that,
given the physical conditions in the solar layers, it is the DD models that

can explain the short-term memory inherent in the solar cycles one cycle
ahead.
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Milky Way disk modeling. Features and analysis
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Modern science uses many methods for precise modeling of different
complex structures. The general purpose of modeling of the Milky Way
is to build a fairly simple model that will describe all the key properties
of the galaxy. The main problem in modeling is the excessive size of the
Galaxy and the large number of physical processes and factors influencing
the processes. In many existing models, physics on various scales is either
simplified or ignored, if it is justified. If we do not take into account
analytical models, modeling is reduced to two common branches: numerical
and semi-analytical.

Big and very important step in modeling is to prepare existing data
for comparison with model that was built. This is necessary to adjust
the coefficients of the theoretical model to better match to the obtained
observational data. The most extensive and accurate dataset of Galaxy
stars nowadays is Gaia second release dataset that consist full information
for 7224632 stars. A good sign will be if rotation curve of created model
and the real rotation curve of the Milky Way will coincide.
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In my talk I aim to highlight the features of modeling the Galaxy and
the features of working with the Gaia database, and also to suggest further
development of this field in the future.

Dust can affect on the mastering of Mars
Morozhenko A.V.\, Vidmachenko A.P.12
'Main astronomical observatory of NAS of Ukraine
2National University of Life and Environmental Sciences of Ukraine

On Earth and its orbit, people are protected from radiation by the
planet’s magnetic field. When flying to Mars, astronauts lose such pro-
tection. Therefore, for a year and a half of flight to Mars [9] and back,
an astronaut, even at the minimum of solar activity, can receive the max-
imum dose of radiation for his entire space career: more than I sievert.
But for such a long time, a flash may occur on the Sun, and not one. Then
the radiation dose received by the astronaut will significantly increase, and
with a probability of 50% can lead to death from radiation sickness. In
addition, the practical absence of the magnetosphere (=40 nT), a very
thin atmosphere and the absence of the ozone layer are clearly insufficient
conditions to protect a person and possible life on the surface from solar ra-
diation and hard ultraviolet [6, 10, 17]. Now the temperature at an average
level of the surface of Mars is about 200-210 K. Recently, hydrated salts
of perchlorates were detected by spectral methods near the North Pole [1].
Their presence in the water does not allow it to freeze even at tempera-
tures below 200 K. Apparently, it is for this reason that liquid water still
periodically flows along the walls of Martian craters. It is possible that the
observed perchlorate spectra are indicators of underground aquifers, which
are a refuge from radiation [8, 13].

Therefore, such brines can be a possible habitat for some life forms
that could arise on cold Mars and, having adapted, survive there [4, 5,
7, 11, 12]. And although perchlorates for the majority of life on Earth
are highly toxic compounds, it is quite possible that Martian microbes
could overcome the fact that Mars is a poisonous desert world filled with
radiation. And one way to avoid the damaging effects of radiation is to
live below the surface. Spacecrafts also made it possible to detect huge
reserves of minerals similar to gypsum, fine-grained salt of silicic acid and
dust based on chromium compounds. All such particles in contact with the
respiratory tract cause the most dangerous skin diseases, pulmonary, and
eye irritation. In addition, these atmospheric aerosols play a significant role
in the formation of the Martian climate [2, 14]. Using the results of our
polarimetric and photometric observations of Mars, we determined some
aerosol parameters (size r,, real n, and imaginary n; parts of the refractive
index, optical thickness 7, of the dust layer [3, 15, 16]) at different stages
of development of global dust storm. For spheroidal particles, it was found
that the values of n;, r,, and 7, are twice as large as those for spheres.
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But even with the greatest activity of the dust storm in 1971, we obtained
that with the optical thickness of the dust cloud 7, > 15, the particle size
was 4-8 pum with n, = 1.57 and n; =0.0001 —0.0025. And with a high
transparency of the atmosphere of Mars, these values turned out to be
even smaller. With global dust storms, more than a billion tons of such
small particles rise into the atmosphere.

Therefore, perchlorates and other types of dust can significantly affect
the colonization of Mars. After all, the Martian dust is so small that it can
penetrate into any gaps. In addition, the Martian wind spreads this fine
dust on the planetary surface, and dust particles acquire a static charge.
Therefore, they will stick to the surface of spacesuits and even penetrate
inside. Under conditions of low pressure and high levels of radiation, people
will be able to live only in special premises located below the surface.
And to get to the surface, you must have special spacesuits with special
protection.

But even with careful processing of this small, all-pervasive dust will
fall into the home, and then into the lungs of the settlers of Mars. For
additional protection in front of the entrance to residential blocks, you
must equip special sanitary permits. After all, the dust will penetrate
into all the moving parts of space suits and mechanisms and lead to their
mechanical wear. Therefore, it is strongly recommended that astronauts
wear special protective suits over their spacesuits. And they should be
thoroughly disinfected before entering the inhabited premises. That is,
because of perchlorate dust, it is important to use a one-time “medical
gown” over the ordinary spacesuit. All these facts make you seriously think
about protection from fine Martian dust. Given the technical, physiological,
and psychological aspects of this task, it can be assumed that this problem
may soon be fully resolved.
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The method for reconstruction of the atmosphere
multimode aerosol component parameters from
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#Ukrainian Hydrometeorological Institute

Most of works on determining the physical characteristics of Earth’s
atmosphere aerosols are carried out using photometric measurements ob-
tained by solar photometers and lidars [3]. However, these devices do
not make it possible to determine the microphysical parameters of aerosols
when they using separately [5]. At the same time a number of papers re-
sults demonstrate the possibility of determining aerosol component charac-
teristics at the upper part of planetary atmospheres confidently (see in [6-
8, 11]). This way is based on data analysis of photometric and polarimetric
measurements of other Solar System planets. It indicates the high poten-
tial of photopolarimetric studies and the need to develop the methods for
analyzing their results to restore physical characteristics of aerosol com-
ponent in the Earth’s atmosphere [8]. We will note that ground-based
passive polarimetric measurements have begun to develop over the past
decade. And it helps significantly to improve the reliability of determining
the atmospheric aerosols characteristics [9]. However, large international
observational networks (for example, the AERONET) are still reluctant to
include a spectropolarimetry in the measurement plans, partly because of
their complexity, and also because of the need to put extra effort into the
analysis and interpretation of polarization data [2].

We proposed the reconstructing method for physical parameters of main
aerosol modes in the Earth’s atmosphere from measurements of spectral
phase dependences the degree of linear polarization (DoLP) of the sky.
The main highlight of this method is the way for determining a relative
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contribution of Rayleigh scattering and weight coefficients of the fractions
(modes) in the total aerosol mixture. And also, we proposed criteria for as-
sessing the additional aerosol fractions presence in the studied atmospheric
part. As is known, the DoLP of solar radiation scattered by the atmosphere
is determined by the combined action of scattering on gas molecules and
on aerosol particles [10]. With a small spectral optical thickness of the
atmosphere 7(\) < 1, the light's DoLP for a gas single scattering has
maximums at the phase angles of 90° and 270°. But aerosol particles
presence in the atmosphere noticeably changes the DoLP phase depen-
dence shape [4]. O.Ovsak created the set of special computer program
codes to simulate the DoLP of light scattered by the Earth’s atmosphere
in a physically acceptable range of aerosol parameter values. A model of
polydisperse ensemble of homogeneous spherical aerosol particles with a
normal-logarithmic size distribution function is in use. The degree of lin-
ear polarization, the volume scattering coefficient, and the phase function
are calculated according to algorithms developed using the results of [4,
12]. The specified accuracy of the calculations is 1078, Trial testing of
the method’s algorithms and the developed complex of special computer
program codes was carried out when analyzing the measurements data of
the sky DoLP at zenith above Kiev from [1].

The curves of the DoLP phase dependences at wavelengths of 578, 420,
and 390 nm were constructed according to the measurement data [1] and
theoretically calculated separately for the gas and aerosol components of
the model medium, as well as for their combinations. These dependences
with the weighting coefficients determined by us, allow us to conclude
that the polydisperse ensemble of aerosol particles with at least two main
size distribution modes is likely to be in the Kiev sky at the measurement
date [1]. Here are the aerosol parameters determined by us for a normal-
logarithmic particle size distribution function with dispersion value of 0% ~
0.1: the coarse-grained mode 1 with a weight coefficient £, =0.2, the real
part of the refractive index of particles is n, ~ 1.45, the average geometric
radius is 79~ 7.0 um; and for the fine-grained mode 2 n, =145, rnp=
0.12 pm.

The processing results for measurement data of the spectral DoLP
phase dependences of the light scattered by the daytime and twilight
sky and their interpretation showed the effectiveness of both the proposed
methodology and the developed complex of program codes application. We
detected good agreement between the calculated model DoLP phase depen-
dences and the according measurements data in a wide wavelength range.
It indicates a high probability of matching the restored model aerosol pa-
rameters with their real values. We emphasize that the technique in use
allows us to determine the probable parameters of the gas-aerosol medium
averaged over the atmospheric column, the height of which is determined
by the zenith distance of the Sun. It has been shown a possibility of restor-
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ing the microphysical characteristics of the aerosol in the troposphere and
the lower part of the stratosphere by polarizing cloudless sky measure-
ments underground conditions performed by day and immediately after
sunset. This analysis technique can be adapted to the processing of data
from remote studies of stratospheric aerosol. They are obtained using our
developed polarimeter operating in the ultraviolet region of the sunlight
spectrum.
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We propose using of polarimetric studies in the solar spectrum ultra-
violet (UV) range to determine the characteristics of Earth’s atmosphere
aerosols [6, 7, 8]. The technique for obtaining information on aerosol pa-
rameters from the results of twilight sky polarization measurements has
been presented in [5, 9, 10]. The need for additional photometric ob-
servations of objects in order to expand the volume and completeness an
information received was noted in [3, 11]. Atmosphere measurements
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without any filters were showed the degree of linear polarization (DoLP)
values of the sky at zenith was from 30 to 70% on different days. Such
values are significantly smaller than the value of the sky DoLP formed
only by gas composition of the atmosphere. It was observed also the value
of DoLP decreases approximately at 20% on phase angles of about 90° and
270°. That may be a consequence of the depolarizing effect by general
sky background. One can add the influence effect of aerosol DoLP in the
troposphere increases significantly at wavelengths greater than 760 nm.

In fact aerosol can be located at altitudes above 30 km in the Earth’s
stratosphere for a quite long time. Therefore, it has a significant effect
on the thermal regime of the atmosphere on a global scale and affects lo-
cal levels of ozone layer power. A number of aerosol parameters like the
nature of aerosol particles (the real part of the refractive index), the effec-
tive size, size distribution function and horizontal inhomogeneous of the
altitudinal ozone layer etc., all of them can be determined by polarization
measurements [2, 4]. Note that in [5] it was proposed to orient the optical
system of the telescope toward the almucanthrate of the Sun. The observed
values of phase angles interval can be increased significantly with changes
in the setting of the telescope’s clock angle relative to the Sun, in this
case. Also, this technique allows one to plan the necessary information
obtaining about a separate atmospheric layer located at a certain altitude
in the atmosphere [5, 8].

We were combined the efforts of the Main Astronomical Observatory
(MAO) of the National Academy of Sciences of Ukraine, the National
Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”
and the Lviv Polytechnic National University to preparing a possibility
for the stratospheric aerosol physical characteristics studies experiment.
The mock-up ultraviolet polarimeter (UVP) for spacecraft application was
been created [10]. This device detects a Sun radiation by photomultiplier
R1893 operates in the photon counting mode. Temperature sensors are
controlling temperature values of the surrounding atmosphere and the UVP
parts. The polarizing Glan prism is rotating by the miniature hollow-
rotor piezoelectric motor. All necessary data from temperature sensors,
receiver, engine and other UVP components are transferred to computer
for the purpose of processing and further analysis. The special software
has been developed to control a polarization plane of the corresponding
device elements position respectively to the put target.

A modification of current prototype of the onboard UVP device [7, 9]
has been developed to verify the methodology for conducting polarization
observations of the cloudless sky proposed in [5]. The UVP layout studies
were performed at the special test bench made it possible to determine
its technical parameters and performance characteristics [10]. Then it was
installed on the AZT-2 telescope (the 70 cm size mirror and the 15 m focal
length) located at the MAO site. Polarimetric observations themselves
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were carried out on September 26 and 27, 2017.

We also have developed the mathematical algorithms and created a set
of software codes to analyze the data of measurements of the sky DoLP.
Trial testing of the algorithms and the program codes has been carried out
for the measurements data of the sky DoLP at zenith above Kiev from [1].
Good agreement between the calculated model phase dependences of DoLP
and the corresponding measurement data over a wide wavelength range
was obtained.
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Asteroids systems, their origin, formation and evolution are very im-
portant for the scientific society. They can make it possible to study the
processes occurring in the Solar System, and the processes that occurred
in it many years ago.

In our report, we will talk about asteroid systems: binaries, triples, and
pairs, and then talk about the formation and evolution of binary asteroids.
Asteroid pairs have a common origin, but are not bound. Binary and triple
asteroid systems are gravitationally bound asteroids, which rotate around
the common center of mass. Conditionally, binary asteroids were divided
into several groups according to the size of the system components. Pro-
cess of formation binaries and triples asteroids is associated with rotational
disruption.
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At present, several methods are used to observe asteroid systems: radar
observations of near-Earth asteroids systems, observations of the light
curve, and the spectral method of research.

Thermal effects, namely the YORP effect and the binary YORP effect
(BYORP), can affect binary, triple and other asteroid systems. In many
asteroids systems, the YORP and BYORP can compensate each other, and
this leads to a state of equilibrium. Asteroid systems also experience other
effects such as tides, which can interact with BYORP and cancel it.

The YORP effect can increase asteroid’s rotational speed. This causes
rotational fission and leads to the formation of asteroid systems. The fur-
ther evolution of the asteroid system directly depends on the masses of the
components.

Asteroid collisions, which lead to the formation of binaries and triples,
was offered as another plausible route for the formation of asteroid systems.

In our report, we will focus on the current research that has made
significant progress in recent years in studying populations of multiple
asteroid systems, and updates expected from the planned space missions to
asteroids.

Taxonomy of asteroids: past and future
Slyusarev 1.2, Glezina D.O.!
'Department of Astronomy and Space Informatics V.N. Karazin
Kharkiv National University
Institute of Astronomy V.N.Karazin Kharkiv National University

Combining objects and phenomena into classes is the first step in each
branch of modern science after the initial stage of data collection. The term
“taxonomy” came in astronomy from biology where it means the naming,
defining and classifying groups of biological organisms based on shared
characteristics.

Solar radiation is scattered and absorbed by the particles that make
up the uppermost layer of the asteroid, so depending on the optical char-
acteristics of these particles, the ratio of light reflected back varies with
wavelength. Unfortunately, there is no direct connection between asteroid
spectra and physical properties and chemical compositional of its surface
particles.

Using several classification methods (cluster analysis, principal compo-
nent method, artificial neural networks) a number of different taxonomic
systems have been proposed.

Asteroid taxonomy has developed since first modern classification in
1975 in tandem with the increase observational data sets. Early obser-
vations were often limited in scope to the larger and brighter asteroids,
and in wavelength range to filter sets used for stellar astronomy. In many
ways, asteroid taxonomy is similar to stellar spectral classification system:
it uses a single letter (or two), based on color and principal spectral fea-
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tures. As observations widened in scope and more specialized filter sets
and observational techniques have been applied to asteroids, our apprecia-
tion of the variety and complexity of asteroid spectra has also increased.
Asteroid classification system has evolved to reflect this complexity, and
the number of spectral classes has steadily increased.

This process has become particularly relevant in recent ten years, when
data on color indexes (SDSS, VISTA) and albedo (WISE), have become
available for more than 100,000 asteroids. However, there is no taxonomy
that combines modern multi-spectral data with albedos yet.

In my talk I aim to analyze and compare different classifications of
asteroids and suggest what could be done in this field in the future.

Satellite remote sensing data superresolution techniques

Stankevich S.A., Piestova 1.0., Lubskyi M.S.
Scientific Centre for Aerospace Research of the Earth IGS NAS of Ukraine, Kyiv

Comprehensive estimation of Earth geosystems condition by remote
sensing data requires synergetic interpretation of multisensor imagery ob-
tained in different spectral bands with different spatial resolution. Multi-
spectral imagery useful information, as distinct from Shannon’s capacity,
is determined not by radiometric, but mainly by spatial resolution.

At moment, many methods for remote sensed imagery spatial resolution
enhancement in segmentation, recognition, interpretation, and measure-
ments are used to improve visual data analysis. The distortion in image
radiometry is the primary disadvantage of such methods. It is very impor-
tant to provide the physical spatial resolution enhancement of multispectral
imagery with radiometry preservation.

The novel technique for multispectral imagery resolution enhancement
based on the reference spectra database engagement is proposed. In image
processing, the process of determining various types of the earth’s surface
is necessary. It is carried out by spectral segmentation of the image ac-
cording to spectral characteristics [1]. Land cover fuzzy logic classification
using ground-truth spectral signatures measurements is performed [2].

Another method, which is that radiometric signals reallocate within im-
age subpixels to enhance the overall image physical resolution, is described.
Smart reallocation of land cover class patterns according to relationships
and types of the nearest surrounding subpixels is a key point in this ap-
proach.

For the longwave infrared remote sensed imagery resolution enhance-
ment technique using superresolution of image pairs of the same scene
in the frequency domain is developed. Land surface temperature (LST)
derived from longwave infrared data typically suffers from lack of infor-
matively. Proposed resolution enhancement technique combines two-stage
technique for LST imagery informativity enhancement, that require any
additional hardware means and sensing systems doesn’t require any tech-
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nical approaches. At the first stage resolution enhancement is gained with
application of emissivity data, which is required for remote surface tem-
perature estimation and extracted from VNIR data that typically has much
more higher spatial resolution [3]. At the second stage the sub-pixel en-
hancement technique using sub-pixel shifted imagery pairs is applied. The
processing of imagery pairs for the same region in frequency domain using
Discrete Fourier transform (DFT). It consider separating of the particular
part of frequency spectrum that is accepted to be the same for both images
(high-frequency part that corresponds to a stable borders between different
landscape parts), despite distinction brought by subpixel shift, which is able
to be the source of addictive information for spatial resolution enhance-
ment. Extracted high-frequency components is used for superresolution
technique, that includes next operations: subpixel shift estimation, noise
distribution image estimation joint for input images, input low-resolution
images fusion into a joint interlaced image over high resolution grid, the
inverse operator estimation for the rest of pixels restoration, the enhanced
spatial resolution image restoration, iterative image reconstruction to elim-
inate irregularities and suppress noise. After high-frequency component
resolution enhancement it is merges with low-resolution low-irequency
component, that corresponds to heat radiance [4].
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Short-period comets are considered to approach the Sun in less than
200 years. Among them there are such trajectories which intersects
the Earth’s orbit. Now known about 50 such comets, and therefore
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they are called potentially dangerous. These include 73P/Schwassmann-
Wachmann, 1P/Halley, 2P/Encke, 55P/Tempel-Tuttle, 103P/Hartley,
45P/Honda—Mrkos—Pajdusakova and some others [6]. For such short-
period comets, their average life time is longer than the time of sublimation
from the surface of many volatile substances. Therefore, it should be as-
sumed that there are such comets that are currently extinguished because
they have completely consumed their volatile substances. It is suspected
that some of the present asteroids may well be cometary nuclei [5]. For
example, the asteroid Betulia with a size of about 6 km and a geomet-
ric albedo of 6% — has an orbit with an eccentricity of 0.49 and a slope
that are significantly different from the orbits of the asteroids. To extinct
comets, apparently, include the asteroids (944) Hidalgo, (2201) Oljato and
(3200) Phaethon, which also have significant eccentricity.

The construction of stations designed for long-term human existence in
space will be a vital issue for our descendants. About relocation of people
on other cosmic bodies will make you think when there is a threat to the
existence of the Earth [3, 4]. That is, death can be avoided by conducting
the colonization of other planets and satellites [1, 2, 7]. In this regard, we
can say that the real possibility for the rapid construction of such a station,
which could support the existence of mankind — is some cosmic structure.
In 1977, Gerard O’Neal began to popularize a space settlement known as
the O’Neal Cylinder. This design consisted of two huge cylinders nested
into each other, which rotate in the opposite direction. The opposite of ro-
tating such cylinders will be able to ensure the stability of the settlements
and create a certain gravity there. The atmosphere formed there, its state
and the environment, itself as a whole will have to be supported by the
energy of the Sun and the nuclear power plant. In 2000, Tom Mackendry
presented his giant version of the cylindrical settlement mentioned above,
using special carbon nanotubes in the proposed design, rather than stan-
dard metals; it’s a living space larger than the United States. Karl Sagan at
one time proposed for the future salvation of mankind an idea to transform
and then colonize comets in the Solar System. The basic concept of vital
activity on cometary nuclei according to Sagan is as follows.

Thousands of comets can cross perihelia of their orbits near the Earth’s
orbit. An even greater their number are in the Oort Cloud. The total
area of their surface can be estimated at about millions of Earth’s ar-
eas. All these comets could well be colonized by using the latest and
most promising technology, and then redirected to the orbits necessary for
humanity. Comet nuclei are rich in useful resources, ice, and chemical
elements involved in organic compounds. This indicates that humanity will
always have raw materials for industrial production, water for drinking, for
obtaining oxygen, biological compositions for bioengineering and even as
materials for the manufacture of rocket fuel. If we install a nuclear reactor
and special engines there, then cometary nuclei can be used as real mobile
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settlements in our Solar System. That is, humanity will be able to live on
comets with nuclear power stations and move in outer space using special
propulsion systems [8, 9]. In addition, a person is quite able to do the
“melting” of comets in order to extract resources, minerals and fuel.
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The minerals and volatile elements that are in the composition of the
substance of asteroids and cometary nuclei may contain nickel, iron, tita-
nium and minerals containing water. From the latter, it is possible to get
water for vital needs [7-9], and by dividing it into components, we obtain
oxygen, as well as hydrogen, as one of the main types of fuel for rockets.
With the further development of outer space, it will simply be necessary
to extract resources on other space bodies [1-3].

[t is believed that the main part of iron, cobalt, molybdenum, man-
ganese, nickel, osmium, gold, palladium, platinum, ruthenium and a num-
ber of other elements that are now mined in the upper part of the Earth’s
crust are remnants of asteroids that fell on the surface of our planet at
early meteoroid bombardment in the first hundreds of millions of years
after its inception. Indeed, more than 4 billion years ago, differentiation
occurred in the depths of the Earth, in which most of the heavy elements
settled on the planetary core [4-6]. This was the reason for the depletion
of heavy elements in bark. For example, even an asteroid of spectral class
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M, having a diameter of 1 km, can contain almost 2 billion tons of iron-
nickel ore. And this is several times more than its annual production on
Earth. The largest of the metal asteroids 16 Psyche contains 1,7-10' tons
of the same ore. And it is almost 5 orders of magnitude higher than the
ore reserves in the crust of our planet.

Some of the asteroid material may well contain some precious metals
too. The main factor in the payback of the mining industry on asteroids
is the choice of the correctness of the trajectory of movement and the
time of approaches to it; the mineralogical characteristics of the asteroid
should also be taken into account. Asteroids approaching our planet are
among the most important objects for their possible industrial use. Their
close proximity greatly reduces the cost of redirecting cargo to Earth.
Good examples of such bodies are asteroids 4660 Nerey, 2011 UW158,
Ryugu, 1989ML, 2001 CC21, 65803 Didim, 1992 TC, 1943Anteros, 2002
DO3, 2001 SG10. The following acceptable options exist for extracting
raw materials on asteroid bodies. For follow processing of the material —
the asteroid can be moved entirely to the Earth or Moon orbits; ore can be
mined on the asteroid itself and already delivered to the place of subsequent
processing; it is also possible to process ore at the place of extraction and
only then deliver the final material already received to the required place.

Such a high degree of ore processing at the place of its extraction re-
duces the cost of transporting ready-made materials. This method requires
special equipment, which should work reliably in open space. If there is
very little gravity, all equipment should be securely fastened. Therefore,
after approaching the asteroid, it is possible to consolidate on its surface
using a special harpoon projectile, which must be fired at the surface of
the asteroid body. Its further deepening into the surface will serve as the
anchor to which the winch can attract the entire probe, or its separate
equipment to the surface. The required breed can be mined even by a
career method. Indeed, many of the asteroids are covered with fragments
formed during the fall of numerous meteorites [8]. On M-type asteroids,
the surface is possibly covered with metal particles and can be assembled,
for example, with a magnet.

Upon receipt of water, it is possible to decompose it directly on the
surface of asteroids into hydrogen and oxygen. It is also possible to equip
the mine. Then it will be necessary to build conveyors for the delivery
of ore materials to the surface of the asteroid to the processing centers.
In addition, self-replicating machines can be used. In some cases, it may
be sufficient to have a high degree of automation of processes for the
full performance of any resource extraction systems, while in others it is
necessary to have a person on the asteroid body. People are also needed to
repair and maintain equipment in working condition.
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Recently, more and more talk about the need for the colonization of
the Moon — our nearest satellite [3]. The theme of space exploration and
the colonization of other worlds based on their terraforming. That is, it is
necessary to use modern terrestrial technologies for the selection of an ac-
ceptable human temperature, ecology, atmosphere, etc. This can be called
terraforming the Moon. It is our satellite that is the most acceptable tar-
get, since it is relatively close to us, several manned missions have already
been landed there, and we also have a significant amount of information
about this object [4].

Both at NASA, and at the European Space Agency (ESA), and in
Ukraine, considerable attention is paid to the subject of building a base
on the Moon. The design bureau Yuzhnoye (Ukraine) is also working on a
project for a base called the Lunar Industrial Research Base. It is proposed
to create an association of interested countries and explore the moon first
by unmanned vehicles. It is with their help planned to prepare a detailed
mapping of its surface, perform reconnaissance to determine the compo-
sition of the main rocks on the Moon, and then it will be necessary to
select the areas most suitable for the Lunar base. During this time, the
main components of the base itself will be created: power plants, modules,
transport, etc. After that it is necessary to create bases in some minimal
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configuration. They must be equipped with systems that ensure the liveli-
hoods of people, carrying out the necessary research and experiments, and
also determine the regions for the placement of the main production areas.

One of the most famous lunar settlement projects is the “Moon Village”,
prepared under the direction of Jan Werner from ESA. Its idea is similar
to that developed in Ukraine, but special emphasis was placed on the need
to use the Moon as a kind of testing ground for working out the basic
technologies that will be needed when mastering other bodies in the Solar
System. The project also provides for the creation of a lunar observatory [1,
2]. The Moon is closest to the Earth [7]. Therefore, the cost of its colo-
nization will be minimal. But the natural satellite of the Earth has no
atmosphere and there are very few volatile elements. Such problems can
be solved if, for example, one learns to capture cometary nuclei, inside of
which there is both water and volatile substances. In addition, the colony
will be able to provide for itself using its own resources [5, 6, 8].

The chemical composition of the Moon is similar to our planet, and
therefore they can be used as a protection against radiation. There is a lot
of helium-3 in the top layer of soil, which can be used in fusion reactors. It
should be remembered that moonlit nights last more than 14 Earth days, so
for such a long time habitants should somehow survive without sunlight.
Therefore, in settlements it will be necessary to have sources of heating for
residential and industrial premises in order to neutralize significant daily
fluctuations in temperature. Also, to create a closed system for developing
lunar raw materials, it is necessary to learn how to extract water, oxygen,
hydrogen fuel for spacecraft, etc. from the lunar soil. The absence of the
atmosphere also makes it necessary to solve the problems of the meteorite
threat by the construction of underground colonies and the use of nuclear
reactors. Among all the objects in our system, the Moon is the cheapest
option.
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After meeting with Pluto [3, 4, 7], the spacecraft (SC) “New Horizons”
(NH) headed to a 1.6 billion km further on a small object with the number
486958 and marked 2014 MU69. According to the declared NASA compe-
tition, its greater fate (19 km) was called “Ultima” and smaller (16 km) —
“Thule” [5, 6]. According to the classification of the Hubble space tele-
scope (HST) it was called as 1110113Y. This is a small asteroid, which is
a transneptunian object (TNO) from the Kuiper belt (KB) [1, 2, 8], which
was discovered by means of HST during the upcoming 2014 search of the
future goal of the NH probe. The first information about TNO was ob-
tained during preparatory observations of June 26, 2014, with a magnitude
26.8™. The final choice for the MU69 as the next target was made in
August 2015. The orbital characteristics of this classical PC object are:
44.63 AU large half-axis, perihelion 42.38 AU, aphelion 46.88 AU, ec-
centricity 0.05, orbital period 298.16 years, inclination of the orbit 2.45°.
During more than three years of “sleeping” flight some of the spacecraft
tools worked on obtaining data on magnetic fields, interplanetary dust and
plasma. The device interrupted the sleep once a week, and sent a signal to
the Earth, informing about the regular flight.

In order to reach the outskirts of MUG9, in late October and early
November 2015 four corrections were made to the SC trajectory. The next
maneuver took place on 3.10.2018 with the release of 75 kg of fuel, on
December 9, 2018, another 12 kg was released and about 9 kg remained
for the next possible redirection of the mission. The active phase of rap-
prochement began one week before the meeting and ended 2 days after it.
Almost all scientific data about MU69 was obtained within the few days
at the nearest approach of 1.01.2019. At 5:26 from a distance of 6700 km,
an image of an object with a spatial resolution of 300 x 140 m/pixel was
obtained. But it was taken to Earth only on January 19, 2019. After Jan-
uary 4, download data was suspended due to the fact that the SC entered
the connection with the Sun. Data transfer resumed on January 10. On
January 1, at 5:33 am in the world time, NH approached TNO for a min-
imum distance of 3500 km. After 3 hours and 47 minutes after this, the
spacecraft completed the flying program and directed its antenna for com-
munication with the Earth. The signal to the home “I am alive, performed
a successful flight and scheduled surveillance program” was transmitted
within 17 minutes. Due to a stay of 6.6 billion kilometers from Earth, the
signal went to our planet 6 hours and 8 minutes, and did not contain any
scientific data or images.
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The first scientific message, lasting 3 hours and 20 minutes, contained
a global overview of the MUG69 object with a resolution of up to 300
m/pixel, with a total volume of 100 pixels, and was obtained on Earth on
January 1; Within a few hours, a second scientific communication session
lasted 6 hours 44 minutes, and then the third session lasted 15 hours 26
minutes, which reached the Earth on January 2. On the whole, a long
flight near the MUG69 facility made it possible to collect almost 50 GB of
data. Due to the enormous distance and slow transmission speed of TNO
to Earth — it will take almost 20 months.

Figure 1

Ultima Thule turned out to be a rather dark asteroid consisting of two
parts, and is currently connected by a single jumper. Its brightest parts
reflect up to 13% of sunshine and are located in lowlands and craters,
and dark ones — up to 6%. By the nature of the rotation, it is similar
to a propeller. Initial data analysis did not reveal evidence of a ring,
or satellites in orbit with a diameter of over 1.6 km; also, no evidence
found about availability atmosphere or comet comma. Both components
have a practically identical red color similar to other classic icy objects of
the Kuiper belt, which were observed by ground-based telescopes. This
suggests that TNO is not a double but a single system that rotates around
a common barycenter. It is believed that the spacecraft will continue to
study the objects of Kuiper Belt until 2021.
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Asteroid 16Psychea was discovered on March 17, 1852 by the Italian
astronomer A. de Gasparis. For 4.99 years, it revolves around the Sun in
a slightly elongated orbit with an eccentricity of 0.13, a semi-major axis
2.92 AU, a perihelion of 2.52 AU, an aphelion of 3.32 AU, according to
observations of star coatings, its dimensions are 240 x 185 x 145 km with
a mass of 2.27-10" kg and a possible density of 3.3 to 6.5 g/cm?; this
corresponds to values for a range of ferrous and non-ferrous metals; The
rotation period around the axis is = 4.2 hours with an average temperature
on the surface of 160 K. According to the main hypothesis, Psyche is the
core or large metal fragment of the protoplanet core, which at the early
stage of the formation of the Solar System collapsed during collision with
another celestial body.

According to estimates, this asteroid consists of elements similar to
the iron-nickel core of the Earth. Also managed to detect a small amount
of pyroxenes [1]. But there may be a lot of metals heavier and more
valuable than iron and nickel. In addition, information obtained using
an IRTF infrared telescope shows that there are signs of the presence of
water or hydroxyl on the surface of Psyche. Probably, water could get
on Psychea together with small asteroids containing volatile substances:
carbon, hydrogen and water [2-4]. And the future mission to Psyche
should help determine where the signal comes from: from water or from
hydroxyl [7, 8]. In addition, if Psyche was a remnant of some parent body,
then one would expect the presence of other fragments of this body in close
orbits. However, observations show their complete absence.

[t is possible that the above catastrophe occurred at the very beginning
of the formation of the solar system, and then all the traces of the collision
could have been dispersed over the past time [6]. Studies have also shown
the presence of a rather high thermal inertia of the surface layer, which is
an order of magnitude higher than that for most large bodies of the main
asteroid belt. It is also assumed that Psyche may have a much more no-
ticeable magnetic field than other asteroids [5]. NASA’s space experiment
is planning to explore the Psyche asteroid from a flyby orbit. The device
was planned to be launched in October 2023 and after gravitational maneu-
vers near the Earth in 2024 and near Mars in 2025 it should arrive at the
asteroid in 2030. A year after arrival, the probe should begin to approach
in an orbit with a maximum asteroid approximation of about 105.5 km.

After additional calculations, it was decided to send a probe to the
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asteroid a year earlier. This will allow not to use heat shields, not to make
an additional gravitational maneuver near the Earth, and thus the probe
will reach the asteroid 4 years earlier — in 2026, having completed only
one gravitational maneuver near Mars in 2023 [9]. After arriving at the
asteroid, the device is supposed to be put into a circular orbit to conduct
a topographical survey of the surface, study its features and elemental
composition, and study the gravitational and magnetic fields of the asteroid.

Note that the metal asteroid 16 Psyche contains such amount of iron-
nickel ore, which is more than 120 thousand times its reserves in the
Earth’s crust. This amount, for example, could be enough to meet the
needs of humanity for several million years.

1. Hardersen P.S., et al. // Icarus. — 2005. — 175(1). — P.141-158.

2. Takir D., et al. // Astron. J. — 2016. — 153(1). — P.31-36.

3. Vidmachenko A.P. // Astronomical School’s Report. — 2016. — Vol. 12(2). —
P.14-26.

4. Vidmachenko A.P. // Astronomical School’s Report. — 2017. — Vol. 13(1). —
P.11-21.

5. Vidmachenko A.P., Morozhenko O.V. (2014) MAO NASU, NULESU, PH
“Profi”, 388.

6. Vidmachenko A.P., Vidmachenko H.A. // Astron. Almanac. — 2007. — 53. —
P.195-207.

7. Vidmachenko A.P. [/ XX Intern. scientific conf. “Astronomical School of Young
Scientists” (Uman, 2018). — P.91-93.

8. Vidmachenko A.P. // Astron. Almanac. — 2015. — 62. — P.228-249.

9. https://www.jpl.nasa.gov/news/news.php?feature=6854

Mineral resources can be mined on
different bodies of the Solar System
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We believe that the processes of formation of natural resources on
Earth are distinguished by their uniqueness. This is due, for example, to
the fact that there are such minerals on our planet that were formed due
to the presence of plant organic matter here. Tectonic activity and volcanic
activity of our planet have a significant impact on these processes [6].
Such fossils as coal, oil, gas in our Solar System can hardly be found
anywhere else. After all, only on Earth there were periods in its history,
when plants grew, died, decomposed, and in some places formed coal, in
others — oil and natural gas. With the growth of consumption of minerals
and the depletion of their reserves on Earth, mankind will inevitably have
to start mining minerals in space.
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In the Solar System, there is now the Sun, 4 terrestrial planets, 4 giant
planets, their satellites, about a dozen dwarf planets, perhaps a couple of
millions of asteroids with a size of more than a kilometer, as many ice
cometary nuclei, etc. [15]. In order to make a conclusion about the fea-
sibility of starting the extraction of a certain natural resource in a certain
place in outer space, it is necessary to consider the technology of its ex-
traction. Exploration of resources in space should help the development
of appropriate mining technologies. And robotics can have a significant
impact on this. But without new resources, it will still be impossible to
ensure the development of society and its economic growth. After all, both
on Earth and when creating settlements in space, on asteroids, on other
planets and satellites, etc. it will be necessary to provide them with en-
ergy, metals, other resources [2, 3]. This leads to the economic need to
look for deposits of resources, to extract and process them into the neces-
sary materials and at the lowest possible price. For hundreds of years past,
while man extracts resources on Earth, practically everything that can be
found without special efforts has been extracted.

Further recourses mining on our planet is already leading to an in-
crease in their value. Therefore, it is inevitable that minerals should be
mined in space [7, 8]. To do this, you need to know about the existence of
certain resources and find their location in space bodies. Expansion of new
technologies, capabilities, robotics will allow more efficient exploration of
various fields that would make economic sense for their development. The
most different processes on asteroids, planets, their satellites, etc. lead to
the formation of various natural resources. Various space missions allow
you to better understand exactly where and what resources to look for [11,
13-16]. But conditions on other bodies of the Solar system differ signifi-
cantly from those of the earth [10, 12]. And efforts there can take many
times more time, and the method of mining will be radically different. One
of the main problems is providing the space colony with the necessary re-
sources. Their supplies from Earth will be of the greatest value. Although
at first it will be almost impossible to do without them.

But with the growth of the space colony, it will have to switch to self-
sufficiency. Therefore, it is necessary to clearly understand which mineral
resources can be found on different bodies in the solar system, which of
the objects will be in space the most profitable from the point of view of
the availability of various natural resources. Planet Mercury is closest to
the Sun. The most valuable resource on the planet is topsoil, in which a
lot of helium-3 is found. After all, it is planned to use it when receiving
energy without radioactive waste. There is reason to believe that there is
a large amount of magnesium, sulfur, and various ores. On Venus, instead
of water, sulfuric acid was found in the clouds, there is a lot of lead and
bismuth in the soil. But proximity to the Sun leads to the fact that the
temperature on its surface reaches +500°C. Therefore, on Venus, resource
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extraction will be a very difficult task for a very long time. Mars through
comparative proximity to our planet is considered the most favorable for
colonization [9]. Especially since billions of years ago this planet looked
like Earth. Recently, significant water reserves have been discovered under
the surface. More data from the “Vikings” showed the presence of copper,
iron, even gold, etc. Significant reserves of resources, besides terrestrial
planets, have been found on some satellites, such as the Moon, Europa,
lo, Ganymede, Callisto, Enceladus, Titan and others [4]. The concept
of “mining” in space will differ significantly from what we usually mean
on Earth. Cosmos is a very dangerous place. For example, a very high
temperature in the Sun indicates that it will never be possible to extract
resources on its visible surface.

The concept of “mining” in space will differ significantly from what we
usually mean on Earth. Cosmos is a very dangerous place. For example,
a very high temperature in the Sun indicates that it will never be possible
to extract resources on its visible surface. But even at great distances
from the Sun with the help of a solar panel, its resource in the form of
energy can be obtained in abundance. Significant impact on the cost of
prospecting deposits and the very mining of minerals will have factors
such as gravity and vast distances, being in direct dependence on them.
Over time, new technologies, research methods will appear, the economy
will change and therefore the availability of different resources will make
some fossils more necessary, others less necessary. In perspective, almost
any object around the Sun has significant potential with respect to mining,
both on small asteroids and on the Sun. Opportunities to extract recourses
at each historical stage will determine the development of the necessary
technologies, the state of the terrestrial economy, a change in ideas about
the development of recourses themselves.
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For living in the Solar system should use a variety of celestial bodies.
They need to be transformed in order to become suitable for long-term
habitation. With the help of a certain number of space stations, it is
important to ensure that the entire interplanetary space is suitable for
finding a person there. To this end, a methodology should be developed
for the construction of special settlements on small bodies. Then you need
to equip such settlements (a kind of “technosphere”) on such bodies as
asteroids, cometary nuclei, satellites of planets and even on some planets.
At the same time, it is necessary to learn how to extract, process and use
own resources at the listed facilities.

Now it is increasingly being said that asteroids need to be colonized
for the purpose of industrial development of their resources. And asteroids
approaching the Earth are the primary objects for such purposes. Indeed,
at such facilities it is possible to extract construction materials, metals,
water, energy resources, etc., and this significantly reduces the cost of
transporting cargo to Earth’s orbit. Water can be decomposed into the
necessary oxygen to supply the settlements, and to hydrogen, which can
be used for rocket fuel, and to provide energy to the colonies.

For the successful implementation of these concepts in the near future
it is necessary to reduce the cost of arrangement of settlement by several
orders of magnitude. And then even a country with an average budget will
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be able to create its own home like an artificial planet (“technosphere”), and
support its vital functions. A good example of one of the most promising
for the development of an asteroid is (4660) Nerey. It has a small value of
the first cosmic velocity, and this makes it quite easy to lift the extracted
materials from its surface. The ultimate goal of such preparatory work
should be the creation of specialized spaces with the placement of long-term
populated areas on small bodies and space stations in interplanetary space.
An important element in solving such problems should be the creation of
transport systems for communication between the above bodies and the
transfer of basic resources between them.

For this purpose, the most appropriate is the need to study the orbits
of periodic asteroids and cometary nuclei that are close to Earth. It is
also necessary to carefully examine other permanent “routes” of bodies
with elongated and close to circular orbits. There is a specific problem
of the correction of the orbits of such objects. After all, sometimes the
orbit should be changed from circular to elongated and vice versa. Such a
need arises in order to make them convenient for moving between different
places, where at the given moment there will be the most suitable place
and conditions for the life and activities of the settlers, and for keeping in
touch with the mother planet. At the same time, techno-spheres having
elongated orbits — are more advantageous for mastering the Solar System,
and those with circular ones — are better suited to maintain a certain
industrial cycle with a certain specialization. The specialization of the
chosen technosphere will depend on the presence on the specific planetoid
of mine workings and/or the chosen high-tech production process.

Advantageous is the implementation of the fullest possible processing
of raw materials in this technosphere, with the ability to produce the final
product there. And only then — to transport finished products to the
selected place. About a hundred of such artificial planets will represent a
kind of space reserve for the future civilization of the Solar system, leaving
the Earth as a mother planet. One of the main factors in calculating the
payback of a particular base for production is the choice of its movement
trajectory, and the time of approach to the base. This will help assess the
potential market for the extracted resources on asteroids, and calculate the
subsequent profit. It is worth noting that due to low gravity and some
other parameters of a particular technosphere, settlers may well change
some features of their life cycle. Under such conditions, some of the new
settlers in the solar system are likely to turn into a new person.
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On the Moon, large amounts of various resources have already been
discovered, starting with gases, water, minerals, and ending with metals
[1, 3, 9]. For example, huge amounts of such an isotope as helium-3 were
found there. It is potentially interesting in use as a fuel in nuclear fu-
sion. Modern atomic reactors use atomic decay energy, whereas in nuclear
synthesis, hydrogen atoms combine to form helium. At the same time, a
huge amount of energy is released. Since the atmosphere on the Moon
is absent, it means that its surface was bombarded by charged particles
for billions of years, and a significant part of them could penetrate into
such a surface. These particles could also be helium-3, which can now be
extracted by heating the lunar rock and then collecting the produced gas.
The amount of helium-3 thus available can be measured in hundreds of
millions of tons. And its development can be done in an open way. Nuclear
fusion of this type is a much more environmentally friendly process for the
reason that it does not release additional neutrons. Moreover, of the energy
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itself is produced much more than during the passage of the fission reac-
tion. And, moreover, during nuclear fusion, there are no such unpleasant
consequences as the presence of a significant amount of radioactive waste.

Helium-3 on Earth is available in very small quantities. Therefore, now,
while nuclear fusion is not developed enough, a kilogram of this substance
is worth millions of US dollars. If you have to extract this substance
at outside of the Earth, then it would be most logical to start searching
on the surface of the Moon. According to some data, the delivery of
a kilogram of substance to the moon by spacecraft is now $25,000 US.
Thus, all resources extracted in space should have a high demand for a
quick payback of expenses at each launch. This is especially important for
the prospects of developing appropriate resources beyond the orbit of the
Moon. Water is another type of potentially important resource. After all,
it is necessary to provide by water each of the subsequent missions to deep
space. Thorough studies show the presence of billions of tons of water ice
on the Moon, both in the near-polar craters, where temperatures can drop
to 50 K, and on the rest of the surface at a certain depth.

It is there that the water ice is supposed to be melted and then the
resulting water must be cleaned. Further, water can be converted to O2
and to hydrogen peroxide; after that, these gases should be condensed into
liquid oxygen, hydrogen, hydrogen peroxide. These chemicals are a poten-
tial type of rocket fuel. That is, the extracted water can be used to turn
into rocket fuel while providing communication on the lower part of the
near-Earth orbit, conducting space tourism, removing space debris, ensur-
ing human activity on the Moon and in more remote areas of space [8].
Also, unmanned all-terrain vehicles can be delivered to the moon in order
to explore possible water deposits. A full mining of existing minerals on
our satellite will become a reality only after the creation of a permanent
special base on the surface, or under it, permanently [2, 4-7].
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