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Mashkov O.A., doctor of technical sciences, professor

Zhukauskas S.V., Nigorodova S.A.
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TECHNOLOGY OF STABILIZATION OF COMPLEX
TECHNOGENIC SYSTEM ON OPERATIONAL PROGRAMMABLE
ENVIRONMENTAL TRAJECTORY IN PHASE SPACE

Currently, inverse problems occupy an important place in the study of
theoretical and mechanical models. It is known that a mathematically rigorous
formulation of the concept of inverse problems of dynamics was given by A.C.
Galiullin, Petrov B.N., Popov E.P., Krutko P.D. The relevant subject has been
intensively developed in the works of followers, first of all, Yemelyanov S.V.,
Ermoshina O.V., Zhevnina A.A., Kanatnikova A.N., Kolesnikova K.S., Krishchenka
A.P. I.LA. Mukhametzyanova I.A. R. Mukharlyamova, V. Toloknova. Moreover,
starting with the work of I.LA. Galiullin, it became possible to investigate similar
problems not only in Euclidean spaces, but also on arbitrary differentiable manifolds.

Many inverse problems of dynamics are initially connected with the conditions
of program motion of aerohydrodynamic or spacecraft. These works are devoted to
the selection of control functions or parameters of the apparatus, which ensure its
movement along a trajectory with specified properties.

Of great importance is the problem of analytic approximation of the
programmed motion and the estimation of its error, which is solved with the help of
various methods of analysis of ordinary differential equations. One of the most
effective procedures for solving such problems is the version of the harmonic balance
method, described in the works of B. Delamotte and D. Polanda. A very important
problem is the choice of control, which ensures a steady periodic motion of a
mechanical object in the phase space. In the mathematical formulation, this means the
existence of a stable limit cycle for the corresponding system of differential
equations.

Thus, obtaining conditions that ensure the movement of a dynamic object along
an operatively programmable desired trajectory is relevant from the point of view of
theory and practice.

Until recently, in the theory of automatic control, the tasks were mainly
considered in which it was necessary to maintain the output signal (mode) of the
control object at the same constant level (stabilization task), or to ensure tracking of
an unknown predetermined influence (tracking task). However, due to the increasing
complexity of management objects, many tasks arose in which you first need to
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calculate the desired law of change of the controlled process (program motion), and
then build the control law that provides accurate or approximate implementation of
this process in the event of possible emergency situations.

Therefore, if the control system is not able to withstand the effects of the listed
internal factors (onboard equipment malfunctions) and external factors (interference),
then the real movement may differ significantly from the software one. At the same
time, the goal of management (movement along the program trajectory) will
obviously not be achieved. Thus, the problem arises of constructing a software
motion control system, which ensures the implementation of a program trajectory
with a given accuracy in the presence of various kinds of disturbances.

The application of classical control methods to the construction of control
systems of programmed motion encounters certain difficulties. These difficulties are
associated with the uncertainty of the properties of the controlled object and the
operating conditions of the control object.

It should be borne in mind that even if program control as a function of time
is built, the practical benefits of its use are small: various kinds of disturbances, as
well as the uncertainty of the properties and conditions of the object, including in
emergency situations, will prevent the implementation of program motion. Therefore,
the control should be formed taking into account additional information coming into
the control system in the process of movement. This requirement is met by the
feedback control.

Studies show that the application of control laws based on solving the inverse
problem of dynamics allows us to reduce the level of random components in state
coordinates. Such control laws are effective, for example, when building systems for
ensuring the ecological safety of complex man-made systems.

The article proposed to apply the method of inverse problems of dynamics for
the synthesis of the environmental safety management system of complex man-made
systems. The procedure for applying the method of inverse problems of dynamics
provides for the sequential execution of the following procedures. At the first stage,
the desired trajectory of the ecological system is formed in the mathematical phase
space and the vector of necessary control forces is determined for the realization of
this trajectory of movement. At the second stage, management functions
(management decision-making) to create such forces are determined.

In developing the concepts of the algorithmic approach - inverse problems of
dynamics, an analytical expression for the control force was obtained. The proposed
block diagram of the control algorithm can be used to create a state system of
environmental monitoring of the environment.

12
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Bpyx#no 1. B., Onucsko B.B., AnueBchkuii C. JI., K.T.H.,
Bepterea C. I'., k.Bilicek.H.; Iloixano A. B.
HarionanbHuit neHTp yrpaBIliHHS Ta BUIPOOYBaHb KOCMIYHUX 3ac00iB

JNCTAHIIAHE 30HIYBAHHS 3EMJIL SIK 3 ®AKTOP
3ABE3NEYEHHS HAIIIOHAJILHOI BE3NEKUA I OGOPOHU YKPATHA

Y KOMIIEKC] COIIaIbHO-TIOMITHYHUX MPOOJeM, IO CTOATH Mepen YKpaiHOo
0COOMMBO BaXJIMBE MiCIle 3aiiMalOTh 3aBlIaHHS 3 3a0€3MEUYCHHS HalllOHAIBHOT
oesneku 1 00opoHn KpaiHu. HarioHanpHa Oe3neka YKpaiHU OXOIUTIOE HMIHPOKE KOJIO
NUTaHHS, [0 TMOB'A3aHI 3 3a0€3MEUEHHSM BOEHHOI, 30BHIIIHBOMOJITUYHOI,
JIep’KaBHOI, €KOHOMIYHO1, 1H(GOpMAIIiitHOT, €KOJIOTI4HOI Oe3neku Ta KibepOesrneku
Ykpainu Toro [1].

OpHuM 13 cTpaTeriyHux Jpkepen 1H(opmarii aepxaBu (Mpo: JOCTIIKEHHS
IMPUPOIHUX PECYPCIB; €KOJIOTTYHUN MOHITOPUHI MOBEPXHI 3€MIIl; CLIOCTEPEHKEHHS 3a
BOJHUMHU aKBATOPisSMH, BHU3HAYCHHS TMPUPOJHUX 1 aHTPONOTECHHUX YTBOPCHB;
BUHUKHCHHS Ta JIKBIJAIllI0 HACIIAKIB HAA3BUYAMHUX CHUTyaIlil; MPOBEICHHS
aBapiHO-PATYBAJIBHUX POOIT Ta MOKEKOTACIHHS; MIATPUMAHHS OC3MEKHU JEPIKABHOTO
KOPJIOHY Ta MPOTHUJIT HeJleTaIbHIM MIrparlii TOIIO) - € BUKOPUCTaHHS 1HGOpMAIIHHUX
CUCTEM Ta Cy4YaCHUX TEXHOJIOTIM Ha OCHOBI KOCMIYHMX CHUCTEM JUCTaHI[IIHOTO
3oHAyBaHHA 3emil (133). [Ipu upomy y cepi HalioHaNbHOI O€3MEKH KII0YOBE MICIIE
3aiiMae — 3axUCT 1 30€peKEeHHs CYBEPEHITETY 1 TEePUTOpIadbHOI IUIICHOCTI, IO
nependayae 30aTHICTh JEp)KaBU aJEKBATHO pearyBaTh Ha OyAb-fKi peasibHl 1
MOTEHIIIHI 30BHIIIHI 3arpo3H.

Oco0MBY akTyaJdbHOCTI 1M acmeKT HalllOHAJbHOI Oe3neku YKpaiHu HaOyB
micasi po3B’s3aHHS TMPOTH HAIIOi JIepKaBU BIAKpHUTOI arpecii 3 Ooky Pocii Ta
3niicHeHHst aHekcii Kpumy. ¥V cywacHiii reomodituyHii cutyarii 30poitHi Cunu
VYKpaiHu 3a1MIIal0ThCS OJHUM 3 OCHOBHMX IHCTPYMEHTIB peajizailii 30BHIIIHBOI Ta
O€3MeKOBOi MOJIITUKU JIepKaB, sKa mnepedyBae y cTaHl  TiOpUaHOI BIMHU 3
Pociiicekoro denepaiii€to.

[ndopmarmiitno-anamituuna gisibHicTh HITYBK3 B iHTepecax HamioHanmbHOI
Oesrmekn 1 000poHM YKpaiHHW 3IIMCHIOETHCS Ha IMJACTaBl HU3KH HOPMATHBHO-
NPaBOBUX JOKYMEHTIB [2-4].

[Ticns anekcii PO Tepuropii Kpumy B 2014 porii, ne 3HaXOAMIUCS OCHOBHI
TexHlyHl 1 kaapoBi pecypcu HIIYBK3, HarmionanbHuii 1IeHTp B CTHCII TEPMIHU
BIJIHOBUB BTpPA4Y€Hl TEXHOJIOTIYHI MOXJIMBOCTI Ta JIIOACBKUN IOTEHINad, 1 HaBiTh
HAapOCTHB  TEXHIKO-TEXHOJIOJNTIYHY 1H(QPACTPyKTypy Ta 3HAYHO  IIJBUILIUB
€(DEeKTUBHICTh POOOTH CTPYKTYpHHMX TIJPO3JAUIIB 32 PAXyHOK OCHAIEHHS iX
Cy4YaCHUMH  TPOTrPaMHO-TEXHIYHMMH  3aco0aMu  Ta  TIPOBEICHHS  HU3KHU
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OpraHi3alliifHiX 3axO0/liB, a came:

MpoBeJCHa MOJIEpHI3alisl 2-X NpUMMaTbHUX HA3eMHUX CTaHIN, MO0
JTIO3BOJIMJIO MPUMMATH «CUP1» JaH1 MPAaKTUYHO 3 ycixX Aitounx y cBiti KA J[33;

pO3pOOJICHO METOIMYHUN amapaT Ta BIPOBAHXKEHO CYYaCHHM MpOrpamHo-
TEXHIYHUA KOMIUIEKC oOpoOku manux JI33 3 cucteMoro MIATPUMKH NPUHHATTA
pimieHs aemudpyBaIbHUKOM;

Hajaro/pkeHo mneperady nanux JI33 nepkaBHUM CIOKMBauaM B 1HTEpecax
CEKTOpy Oe3MeKu 1 000POHH, IIITXOM MPOBEICHHS HACTYITHUX 3aXOiB: OPraHi30BaHa
3aKkymiBis Ta npuitom nanux /[33 y iHozeMHux kommnaniii-oneparopis 3 KA EROS-B
(3 mpocrtopoBoto pospizHeHicTio y 0,7 Mm.), 3 KA cepii «Super View -1 ( 3
IPOCTOPOBOIO PO3pi3HEHICTIO - 0,5 M); 3a0e3MeueH0 NPUUHATTS Ha CTaHLIi «CUPOTOo»
notoky iH¢popmarii 3 KA, ioro gexkonyBaHHs, pO3IaKyBaHHS Ta CTBOPEHHs 0a30BOroO
npoaykty /133 3 reoMeTpuUuHUM, pajlOMETPUYHUM KOPETYBaHHSM Ta MPOCTOPOBOIO
MIPUB’A3KOI0; 3a0e3neueHo omneparuBHy nepeaauy nanux J[33 (uepe3 15- 30 xB.)
JepKaBHUM CIIOKUBayaM 3a gonoMororo FTP — 3'eqnanns;

3a0€e3MeueHo 31MCHEHHS OTOYHOrO MIAaHYBaHHS palioHIB (00’ €KTIB) 3HIMaHHS
Ha MICAllb Ta ONEpaTUBHE IUIaHyBaHHS — Ha 24 — 48 romuH, MO J03BOJIUJIO
JTOCATHYTH TIOTPIOHY CTyIHEHb CBO€YACHOCTI Ta JIOCTOBIPHOCTI OTPHUMAaHHS
cnioxxuBauamu iHpopmarii J133.

Ha mingcrasi orpumanoi indopmamii /(33 HIIYBK3 y mepiox 3 2015 p. mo
nepie mBpiuys 2019 p. 6yno po3poOseHO Ta HAIaHO TIABKU CIOXKUBauyaM CEKTOPY
oesnexku 1 oboponn Ykpainu (PHBO, MiunicrepcTtBy o0opoHu Ta I'eHepanbHOMY
mtadby 3C VYkpainu, CBY, Haumionansniii rBapaii ta MBC, [lepxaBHiii
MPUKOPIOHHIN ciy>k01 Ta JlepkaBHiN ciry>k01 HaJ3BHYAHUX CHUTYallld Ta I1HIIAM
CHUJIOBUM CTpyKTypam) moHaa 560 iHdopmaliifHO-aHATITHYHUX JOBITOK Ta
TEMaTUYHUX KapT (CXeM).

B i"Tepecax cmnokuBaudiB ceKkTOpy Oe3neku 1 o0opoHu Oynu HamaHi
1H(pOopMaIITHO-aHATII TUYH1 Marepianu CTOCOBHO: 0a3yBaHHs KopaOJiB
Yopaomopcekoro ¢aoty PO y Oyxtax Kpumy, texniunoro crany KepueHChKOro
MocTy Ta O61okyBanHs KepueHcbkoi nporoku, nosuilii 3PK ta PJIC, aepoapomnoi
iHGpacTpyktypu y Kpumy ta binopycii, TepopucTuyHOi auBepcii Ha CKJaaax
6oenpunaciB 6-ro apceHanry KomanayBanusa cun miarpuMku 3CY, a Takox 6aratbox
IHIMUX TIMUTaHb IWIOJI0 30CEPE/HKEHHS 1pperyaspHUX BIMChKOBHX (OpMyBaHb Ta
nigpo3auiie 3C PO na mpunernux tepurtopisx, y Kpumy Tta Jlonbaci, crany Ta
MOJIEpHi3allii BIHChKOBOI iIHPPACTPYKTYpH TOIO (puc. 1-4).

Takum YUHOM, MOXKJIMBO 3pOOUTH HACTYITHI BUCHOBKHU Ta MPOIO3HUIII].

1 HOYBK3 mae HeoOXxinHI anmapaTHO-IPOrpaMHi 3aco0M (Ha3eMHI CTaHIl
npuiioMy iHpopmManii 3 0opty cymyTHUKiB J{33, cTraHuii ynpaBiaiHHA CyyTHUKAMH,
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HEHTpU 0OpOOKH crenianbHoi 1H(pOopMalii TOII0), a TAaKOXK MIATOTOBICHUN MepCoHA
JUTS. BUKOHAHHS 3aB/IaHb B IHTEpecax 000pOHH JIep:KaBH Ta ii O3MEeKH.

P

Puc.1 BaBYBaHHﬂ KOpa6J'IiB Hd PO Puc.2. MOHiTOpHHr CTaHy
y CeBacTomnosbChKiid OyXTi Kepuencbkoro Mmocty

Aeponpom Benbbex - N

Puc. 3. CraproBa noszutis 3paa C-400 y m. Kepui Puc.4. MosnitopuHT pobiT 3 MoepHi3artii
AP Kpum aeponpomy bensbek y Kpumy

2. HIIYBK3 Bxe 3apa3 BUKOHY€ 3aBJIaHHS, AKI MOXYTb OyTH BUKOPHUCTaHI B
iHTepecax 3a0e3leueHHs JisUTBHOCTI CeKTopy Oe3rneku i 000pOHM NepikKaBH, a caMe:
3aiicHioe mnpuiioM gaHux J[33 mpo MICIE3HaXOJPKEHHS Ha3eMHUX Ta MOPCHKUX
00’exTiB 3 KomepmiitHnx KA 06e3nocepenHbo Ha CBOT HA3eMHI NMPUHMAaNIbHI CTaHIIIT;
HaJa€ JEp’KaBHUM CIIOKMBayaM CYIYTHUKOBI 3HIMKUA uepe3 15 — 30 xB. micnd
npuitHATTS iX 13 KA Ha HaiioHanpHI NpUAMAaibHI CTaHIlli; MPOBOAUTH TEMATHYHY
00poOKy CymyTHUKOBMX 3HIMKIB; IUIaHy€ BUKOpUCTaHHs OopToBoro pecypey KA J133
JUTSL MOHITOPUHTY IUTOIAHUX Ta MaJIOPO3MIPHUX 00’ €KTIB.

3 JlouusbHO OUIBII aKTUBHO BHUKOopucTOBYyBaTH MoxuinBocTi HI[YBK3 B
1HTEepecax CUJIOBUX CTPYKTYp Ta BKIIFOUUTH LIEHTP O CEKTOpy Oe3reku 1 000poHU
VYkpainu.

Jlirepatypa
1. 3akon Ykpainu «IIpo HamionansHy 0e3mexy» Big 21.06. 2018 Ne 2469.
2. Va3 I[Ipe3unenta Ykpainu Big 28.02.2015 p. Ne 115/2015. Ilpo pimennss PHBO Ykpainu
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Big 25 ciuna 2015 p. «IIpo crBopeHHs Ta 3a0e3MEeUeHHS MiSTILHOCTI ['OJIOBHOTO CHTYaliifHOTO
LHEHTPY YKpaiHu».

3..ITocranoBa Kabinery MinictpiB Ykpainu Big 23.04.2001 p. Ne 392 (31 3sminamu) «IIpo
3aTBep/UKeHHS [10JI0KEeHHST PO TeHEpaTbHOTO KOHCTPYKTOpPA 31 CTBOPEHHS TEXHIKH U TOTPeO
000pOHU Ta OE3MEKH JePKABH.

4. CninpHuii Haka3 MinictepcrBa o6oporu 1a JIKA «IIpo 3arBep/ukeHHS 1HCTPYKINT TIPO
oprasxizaiito 0oMiHy iHpopmariero Mixx Minoboponu Ta JIKA» Ne 679/nck/316/nck Bixg 01.12.2015.
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€niwes B.IL., x.¢.-m.H., MoTpyHunu LL., x.¢.-M.H.,

B.1. Kynaxk, B.M. Ilepir

JABH3 "VYxropoachKuii HalliOHAIBHUNA YHIBEPCUTET", M. Y KTropo
Cyxos ILIL, x. ¢.-M. H.

Opnecbkuil HaliOHANBHUIN yHIBEpcUTET, M.Oeca

Ko:xkyxos JI.M., MamapeB B.M., K.T.H.

HIIYBK3 JIKAY

AHAJII3 TEXHOJIOT'TYHOT'O PO3BUTKY KOCMIYHUX CUCTEM 3A
PE3YJIbTATAMM iX CIIOCTEPEXXEHb B OIITUYHOMY JIIAIIA3OHI

Po3BUTOK cHcTeM paHHBOrO MonepemkeHHs ado CucreMH OXOPOHHOI
npotupaketHoi oxoponu (Midas) B CIIIA mnouaBcs 3 1959 poky. PaasHcbka
MPOTUCYNYTHUKOBA CUCTEMa B3sia ii mifg ocoOnuBuUil KOHTpoJb. B 70-1 poku 10
perynsipHux no3uiiinux cnocrepexensb nux KA B CPCP nonanucs i poToMeTpuyHi.
Sk cBimuaTh pO3CEKpEeuUeHl JOKYMEHTH caMe€ Ha CYNyTHHKY ‘“‘Minac-7” Bhepiie,
3aBJSIKA  CIIELIANIbHO po3poOiieHii minatdopmi, Oyiio 3M1HCHEHE TBUHTOIO10HE
oOepTaHHs ONTHUYHOI CHCTEMH Teleckoma — 6 00epTiB 3a xBWiIHHY. JlocArHyBIIN
yCHIXIB B pericrpauli mMycKiB cBoiX 1 paasHChbkux paker, B CHIA npuiiHsUIN pilIeHHS
— no/11I0Hy CUCTEMY PO3MICTUTH Ha Ie€0CTalllOHApHIN OpOiITI.

['eocunxpoHHUM cynmyTHUKOM B 1970 pomi cTaB Apyruil CymyTHHK L€l
cuctemu, sika Oyna Ha3Bana “DSP” (Definse Support Program). Lleit cynyTHuk moyan
YCHIITHO KOHTPOJIOBATH 3aIyCKH PAASHCHKUX 1 KUTAWCHhKUX CYMYyTHHUKIB. Bucoky
edextuBHICTh KA “DSP” nponemMoHCTpyBaiu 1070 paKeTHUX MYCKIB ITiJ1 4ac 1ipaKo-
ipancekoi BitHE (1980-1988pp.) 1 B 1991 poui B Ilepcuacekiit 3atomi. Tomi x
BusiBuwiiocs, 1o i I'CC He B 3M031 BIJICJIIKOBYBAaTH MYCKH TAaKTUUYHHUX PAKET KJIacy
“CKAT”, mo Mano O0yTH peani3oBaHO B HACTYMHUX CymyTHUKax. [lepmn pesynbratu
dotomerpii “DSP-18” 3 teputopii Ykpainu Oynu orpumani B Masikax (Onecu)
30.09.2014 poxky.

Heranpauii  a”amiz mnoBemiaku  “DSP-18”, 3a gaHuMm  OOCCHKUX
CrocTepexeHb, OyB BUKOHaHuii B JlaGoparopii KOoCMIYHUX HociimkeHb YxxkHY.
Buxopucrani Takox pe3ynbrata poromerpii I'CC “DSP-14", orpuMaHi Ka3axCbKUMH
actpodizukamMu. B pe3ynbrari onvcaHa MOJEIb MOBEIIHKHM IIi€l 3HAMEHHUTOI cepii
I'CC He nume B MOPIBHSAHHI 3 cucteMoro ‘“‘Mimac”, aje 3 HOBUM CYIyTHUKOM
“SBIRS-Ge02”, 4 00’eKTH AKUX MarOTh MOBHICTIO 3aMiHUTH Ha opOiTi I'CC knacy
“DSP”. Sxmo d¢dopma cynytHukiB “DSP” mpaktuuno mnoBtoproe dopmy IC3
npyroro nmokoJiHHg cepii “Minac”, To popma I'CC “SBIRS” 30Bcim iH111a, 3 HabaraTo
OUTPIIMMH JAMHAMIYHUMH MOKJIMBOCTSAMH. Y CynyTHUKIB “Migac” 2 manemi
coHs;unux Oatapeir, y DSP ix dotupu. @Popma mux KA — BuUTSHYTUH
uumiHAgponoaiOuuii  o0’ext. IloBepxHs KA Bkpura BicbMOMa CMyram 3
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1H(ppaYepBOHUMHU JTaTYMKAMU 1 BACYHYTHM B HUKHBOMY TOPIII TEJIECKOIIOM, FOJIOBKa
SAKOTO B TIEpioJl aKTUBHOI pPoOodoi (a3um CymyTHHKa BUKOHYE KOHYCOIOIIOHE
oOepTaHHsI HABKOJIO MO3/10BXKHbBOI 0ci KA.

3rigHo oQIimiMHUX TOBIAOMIIEHb Y CYMyTHUKIB cuctemu “DSP” onrtuuyna
cucTtemMa poOuTh 6 00epTIB 3a XBUJIMHY 1 BCTUTa€ OTJISHYTH OJHY 1 TY X JUISHKY
3eMHO1 moBepxHi uepe3 50-52 c¢. Jocmimkennsmu O. [izeHko Oyia0 BCTaHOBIEHO,
o nepion odepranas ontuyHoi cuctemu Ha ['CC “DSP-14 nopisatoe 10,44 cek, a
3HAUYUTH ii 6 00epTiB Mae BimOyBaTHCs yepe3 P=62,64 c.

I[li nmami TATBEPIKEHI  OACCHKO-YKTOPOACHKUMH  (DOTOMETpHUIHUMU
nociipkeHHssMu noBeAinku KA “DSP-18”. Cynytauk “DSP-18” 3a yac 62,64 ¢ me
CaMOCTIMTHO BUKOHYBaB | 00€pT HABKOJIO CBO€I MO3J0BXKHBOI OCl. A 1€ 3HAYUTh, 110
y 1aHOTO 00’€KTa 3’ IBUJIACS MOXJIMBICTh POOUTH MEPIOIUYHI OTJISIIU OJTHUX 1 TUX XK€
JIJISTHOK 3€MHOI MOBEpxHI uepe3 25—26 cekyHn B cMmy3i Bijg 83° miBaeHHOI n0 83°
NiBHIYHOI mUpoTH. HOBE TMOKOJIHHA aMEpPUKAHChKOI CHCTEMH PaHHBOTO
nonepemxenHs “SBIRS™ po3nodano cBoro poboTy Ha opOITI B mEpIliid MOJIOBUHI
2011 poky. Sk BUAHO 3 PE3YNbTATIB YKTOPOACHKO-OJAECHKUX JTOCIHIIKEHD,
OpPIEHTOBAaHUN TO3/IOBXXKHBOIO BICCIO B3JIOBXX BEKTOpa CBOrO PyXy MO OpOITI 1
3MIIACHIOE 3 TUM ke nepiogoM P=62,64 cekyHIu Jvilie KOJIUBAIbHI PyXU B CTOPOHU
MIBJCHHOTO 1 MIBHIYHOTO MOJIFOCIB HA KyTH 7°,0—7°,5.

Ha KA po3milieni 1o gBa ckaHepH 1 TEIECKOMH, A3epKaja SKUX po3TalioBaH1
MiJl KyTOM OJHE JO OJHOIO 1 JO0 IUJIOIIMHHU €KBAaTopa 3 PO3BOPOTOM B OiK MIBIHS 1
niBHoui. OOuJBa J3epKajia 3M1MCHIOITh KOHycomoaioHe oOepranHs 3 Po=15,66c¢.
To6T10, KOXHE 13 A3epKal 3a nepio oaHoro kojqubaHHs ['CC BukoHye 4 ckaHyBaHHS,
KOHTPOJIIOIOYH B KOXKHIH 13 MBKYJb OAHY 1 Ty K 00JaCTh 3€MHOI MMOBEPXHI YaCTIIIIE,
HIX yepe3 16 cekyHI. A 3a paxyHOK KOJIMBaHb BOHU 3 TEOCUHXPOHHOI 0pOiTH OepyTh
1] KOHTPOJIb II€ CTAPTH PaKET 3 paliOHIB 000X 36MHHX ITOJIIOCIB.

doToMeTpHuyHi CIIOCTEPEKEHHS ~ HU3BKOOPOITATBPHUX  CTpPATEriYHHUX
pPOCIMCBKUX 00’€KTIB 3 TEPUTOPIi YKpaiHu BigHOBUIKCS B Ykropoai B 2016 poui. B
ix yucno Bxogath 4 KA cepii “Pecypc”, “Ilepcona-2, 3”. KoHCTpyKTUBHO 110 (hopmi
«Pecypcuy Burnsgawts, gk IIC3 “Minac-77, abo koxHuit 3 23 00’€KTiB cepii
“DSP”, anme 3 nBiiikor0 maHenel coHsYHMX Oaraped. OpieHTOBaHI 00 €KTU
MO3/I0OBXHBOIO BICCIO B HAAMP, 3acTa0UTI30BaH1, HITKUX PYXOMHX JIeTaje Ha KOpIyci
HE BUSBJICHO.

006’ext “Tlepcona-2” BuBenenuit Ha opoOiTy B 2013 pori. 3amyck “Tlepconu-
1” 6yB nHeBganium. KonctpyktusHo 1eit KA komitoe nmo gopmi “Pecypcu” 1 “DSP”.
Tyt, 3amictb 2-x naneneit Cb, sk y “PecypciB”, € 4 maneni noniono no KA cepii
“DSP”. Ane B HW)KHbOMY TOPIIl 3’ SBUBCSI HOBUH €J€MEHT KOHCTPYKIIii, 110 Haraaye
AIMK KyO14HOI (popMu, IKHiI1 00epTaeThCcsi HABKOJIO M03A0BKHbBOI ocl KA 3 nepiogom
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Po=47,2 cek. A Ha Horo 2-x MpOTHJIEKHHUX CTOPOHAX, 3aBIsku B, V — doTtomerpii,
BJIAJIOCS BUSIBUTH €JIEMEHTH, [0 HAaraayloTh A3epKkaia. Hanpsmku Hopmaneit 10 1nux
€JIEMEHTIB CTAaHOBJIATH 3 HANPSMKOM IO3JI0BXHBOI OCl 00’€KTa, sika HampaBiieHA B
HaJup, KyT = (30°£2°).

3riIHO BUKJIaJeHOo1 B IHTepHeTI TOKTOPChKO1 AucepTarlii, BukoHaHoi B JIOMO
B 2010-2011 poxax, B Pocii 3MOriam BUTOTOBUTH ONTHYHY CHUCTEMY TaK 3BaHOTO
MOTPIMHOTO HAaBAHTAKEHHSI, JIe 300Pa’KCHHS 3 TPhOX ONTUYHUX KaHAJIIB 3BOJIUTHCS HA
OJIMH J3epKabHU 00’ ekTHB. Taki cucTeMu HaA3BUYAHO eHepro3aTpaTHi 1 Ha opOiITi
iX BKIIIOYAIOTh BUOIPKOBO HaJ “HOTpiOHMMHU perioHamu’”. Ha kpuBHX OIHCKY, KOJIH
“Ilepcona-2” mpoJiTaB Ha 3axiJl Bil Y>Kropoja, HisIKOl MEepPIOJAUYHOCTI 3MiH OJUCKY
He BusBJIeHO, a komu KA OyB Hax YkpaiHOIO — MepioAWyHl 3MIHU 3’SIBJISUIHCS.
Po3pobrniena ontuyHa TpUIIETHA CHCTEMa 3allJlaHOBaHa POCIMCHKUMHU CIIeliallicTaMu
11t po3mitiensst Ha I'CC. Ta Ha TeOCHHXPOHHIM OpOITI TOTPIOHE 3HAYHO MOTYXKHIIIIE
OCHOBHE J[3€pKaio, sike € Ha “Ilepconi”.

Otrxe, y Pocii Ha 2016 pik piBEeHb BUTOTOBJEHHS CKJIAJHHX PYXOMHUX
ONTHYHUX KOCMIYHUX CHCTEM 1 iX BHKOPHCTAHHS JOCAT PIBHA aMEPHUKAaHCHKHX
cucteMm, posmimiennx Ha ['CC “DSP”. IlpaBma mi cucTeMu poO3MIIIEHI JHIIE Ha
Kuibkox Hu3bkoopOiTanbHux [IC3. A cynytauku cuctemu “DSP” moctynoBo Bxke
BUBOJIATHCS 13 BKUTKY.
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Kosoacwk C.B., 1.17.H., c.H.c., Bunopxaniok J[.M.
JKuromupcrkuii BiticbkkoBuit iHCTUTYT iMeHi C. I1. Kopoabona,
M. JKuromup

KOHIENTYAJIBHI 3ACAJIX PO3BUTKY CUCTEMHU
KOHTPOJIIO TA AHAJII3Y KOCMIUYHOI OBCTAHOBKH YKPATHHU

AHami3 A0CBiy KOCMIYHOI JISUTBHOCTI MPOBIAHUX KpaiH CBITY CBIIYUTH, LIO
npoOJeMu ICHYIOUMX 1 HEOOXIIHICTh CTBOPEHHS HOBHX CHCTEM KOCMIYHOI
CUTyaIlliHOI 0013HAaHOCTI (MOHITOPUHTY KOCMIYHOI OOCTaHOBKH, MOHITOPUHTY
KOCMIYHOT'O IIPOCTOPY TOIO) 0OYMOBJIEHI HOBUMHU TE€HJICHIIISIMUA PO3BUTKY KOCMIYHOT
0o0CTaHOBKM: 1) 3pOCTaHHSIM 3HAYMMOCTI KOCMIYHOI KOMIIOHEHTH O030pO€HD
1HO3EMHUX JEPKaB 1 3HAUMMOCT1 KOCMIYHOI JISJIBHOCTI B X MOTEHINiaMl; 2) pealbHOIO
MOSIBOI0 TMPOTUCYIMYTHUKOBUX 3acCO00IB HA3eMHOTO (MOPCHKOTO, MOBITPSHOTO) Ta
KOCMIYHOTO ©0a3yBaHHs, 3aco0iB KOCMIYHOI 1HCHEKIIi; 3) YCKJIaJHEHHSIMHU B
pO3MOAUIl MPAKTHYHO BHUYEPHAHOTO OpOITANbHO-YACTOTHOIO pecypcy 3acoOiB
KOCMIYHOTO 3B’SI3Ky Ha TIeocTalioHapHii opOiTi; 4) BUBEACHHSIM Ha OpOITH Ta
OUYIKYBaHUM 3POCTAHHSIM 3aCTOCYBaHHS MaJOpo3MIpHUX KocMmiuHuX amapatTiB (KA)
pI3HOTrO MpU3HAYECHHS Ha 0a31 MIKpPOTEXHOJOTIH; 5) 3pOCTaHHSIM PIBHS 3aCMIUYE€HOCTI
HABKOJIO3€MHOT'O KOCMIYHOTO MPOCTOPY “KOCMIYHUM CMITTSIM ™ 13aTpeOyBaHOCTI
1H(popMaIlli nonepemkeHHs Npo Hebe3neuHi 30mmkeHHs airounx KA 3 enemeHtamu
“KOCMIYHOTO CMITTS” AJi1 MPOBEICHHS MaHEBPIB 3 METOIO 3aM00IraHHs 31TKHEHHIO;
6) pO3BUTKOM MIXXHAPOJHOTO CHIBPOOITHUIITBA B MpolEcax MOMEPEHKCHHS
3aCMIYEHOCTI KOCMIYHOTO TIPOCTOPY Ta TONEpPEHKEHHSI HeOe3MeYyHUX MaJlHb
KOCMIYHUX 00’ €KTIB Ha 3eMITIO.

HeoOximHicTh pO3BUTKY (BITHOBJICHHS 3 OJHOYACHUM YIOCKOHAJICHHSM Ha
AKICHO HOBOMY piBHI) CHCTEMH KOHTPOJIO Ta aHajli3y KOCMIYHOi OOCTaHOBKH
Vkpainu (CKAKO) oOymoBieHa HACTyMHUMHM YMHHUKaMU: 1) KapJIUHAIBHUMU
3MIHAMU CY4YacCHOI BOEHHO-NOJITUYHOI OOCTAaHOBKM Ta 3aBJaHHIMH Yy cdepi
HaIllOHAJIBHOI Oe3MeKH, 30KpeMa, W00 BIAOUTTA 30poiHOoi arpecii Pociiicbkoi
Oepeparii (PD) npotu Ykpainu Ta 3abe3nedeHHs] 000pOHO3IaTHOCTI YKpaiHU Ha
piBHI, TOCTaTHHOMY JIJIsl 3aIO0ITaHHS BUHUKHEHHIO 30pOHHOTO KOH(IIIKTY, a y pasi
30poiHOr0 KOH(IIIKTY — JUIsl MOro Jokaizamii 1 HelTpanizallii; 2) akTyaJlbHICTIO Ta
BaXJIMBICTIO BUPIIIEHHS 3aBJaHHA MOHITOPUHTY Ta aHali3y KOCMIYHOI OOCTaHOBKH B
inTepecax 30porHux Cun (3C) VYkpainu, IHIMUX CKJIQJAOBUX CHJI OOOpOHM IS
BUKOHAHHS 3aBJaHb 3 OOOpPOHM JepXkaBW, IO BU3HAuUeHEe [lonOoXeHHSIM Mpo
['enepanpuuit mtad 3C Ykpainu, 3atBep/ukeHuM Yka3zom Ilpesunentra Ykpainu Bij
30.01.2019 poky Ne 23/2019; 3)3HauyHUM HapOIICHHSIM POCIHCHKHX BIHCHKOBO-
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KOCMIYHHMX MOJIMBOCTEH, siKe 3a0e3meuye MoTyKHa paKeTHO-KOCMiuHa rainy3s PO ta
saiicHioloTh  Kocmiuni  Bifickka 3C  P®;  4)3pocTaHHSM  BaKIIMBOCTI
IIJISCTIPSMOBAHOTO 1 (paxOoBOTO J00YBaHHS JaHMX IIOJAO POCIMCHKOI BIHCHKOBO-
KOCMIYHOI JISUTbHOCTI, BUKOPUCTAHHS ITUX JIaHMX IIPU MIATOTOBII Ta 3aCTOCYBaHHI
yrpynoBaHb Biickk (cui) 3C Ykpainu; 5) miaBUIIEHHSIM BUMOT 70 1HHOPMATUBHOCTI
Ta JOCTOBIPHOCTI JAaHUX TPO CTaH KOCMIYHOI 0OCTaHOBKM Ta iH(pOpMarii
OTIOBIIICHHSI MIPO MPOJBOTH 1HO3EeMHUX (y Tepiry uepry — pociiicbkux) KA po3Bigku
Ta AUCTAHIIHHOTO 30HyBaHHs 3eMJIi HaJ| TEPUTOPIEI0 YKpaiHH.

VYkpaina Mae 3HAUYHWUWA TOTEHIAN [JI1 CTBOPEHHS ITOBHOI[IHHOI CHCTEMH
MOHITOPUHTY KOCMIYHOTO TIPOCTOPY — Pajl0I0KaIlliHI, ONTHYHI, ONTHKO-CICKTPOHH1
1 paliOTeXHIYHI 3aCO0M PI3HOI BIAOMYOI HAJIEKHOCTI. Y TOH K€ Yac HEeIOCKOHAJICTh
HOPMATUBHO-TIPABOBO1 0a3u KOCMIYHOI JISTTBHOCTI y cpepax HalllOHaIbHOI Oe3IMeKH
Ta 00OPOHM, BIJICYTHICTH BIJMOBIJHUX OPraHiB YIPABIIHHS Ta KOOPJWHAIIL 11070
MOHITOPUHTY KOCMIYHOi OOCTaHOBKH, B1OMYa PO3MOPOLIEHICTh CUJI 1 3aCO0IB —
TOOTO, BJIACHE, BIICYTHICTh 3arajbHO/ICP>KaBHOT CUCTEMHOI KOMIIOHEHTH OpTraHi3ailii
Ta 3/11IICHEHHS MOBHOL[IHHOTO MOHITOPUHTY KOCMIYHOTO ITPOCTOPY, HE T03BOJISIOTh Y
NOBHIA  Mipi 3a0e3neuntu 1HGOpMAIliHI MOTpeOH (KOCMIYHY CHUTYallliHY
0013HaHICTh) BINCHKOBO-TOIITUYHOTO KEPIBHUIITBA JIEPKaBH, OPTaHIB JIEPHKABHOTO Ta
BIMICHKOBOTO YNPAaBIIIHHS 3 MUTaHb BUCBITICHHS KOCMIYHOI 0OCTaHOBKH.

Y nomoBiml Ha MiJICTaBl aHaji3y CY4YaCHOTO 1HO3EMHOTO Ta BITYM3HSIHOTO
JOCBI1Ay3a0€3MeyeHHs  KOCMIYHOI ~ CHUTyalldHOi  00I13HAHOCTIOOIPYHTOBYETHCSA
JOLIBHICTB 1 HEOOX1AHICTh KOMILIEKCHOTO BUpileHHs npoodsieMu po3BuTky CKAKO
NUISIXOM: 1) YIOCKOHAJIGHHSI HOPMAaTHMBHO-NPABOBOI 0a3M KOCMIYHOI CHUTYaIliiHOT
00I13HAHOCTiI, CTBOPEHHS 1 BUKOPUCTaHHS 3acO0IB MOHITOPUHTY KOCMIYHO1
00CTaHOBKH, CIIOCTEPEKEHHSI KOCMIYHOTO TMPOCTOPY B 1HTEpecax Oe3MeKku Ta
oboporu Ykpainu; 2) crBopenHs y ckimaai CKAKO migcucTeMu CIIOCTEpeKEHHS
KOCMIYHOTO TMPOCTOPY Ta IIJCUCTEMH MOHITOPMHTY KOCMIYHOI OOCTaHOBKH Ha
OCHOBI 1HTerpamii cuj 1 3aco0iB pi3HOT BIJOMYOI HAJEKHOCTI; 3) aKTUBI3aIlil
nistmeHOCT1 cuat 1 3aco0iB CKAKO, cTBOpeHHS Ta pO3BUTKY MiJCUCTEMHU HAYKOBO-
texH1uHOoi miaTpumMku po3BuTKy CKAKO Tta migcuctemu goeaeHHs iH(opMmailii npo
KOCMIYHY OOCTaHOBKY J0 CIIOKHBAaYiB.
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Cxunaun O.B., 1.¢.H., npod., Bpoacbkmii FO.B., x.T.H., 701IeHT
JKuroMupchKuil HAIlIOHATBHUIA arpoeKOJIOTIYHUIA YHIBEPCUTET
M. JKuromup

POJIb IEHTPY "MOJIICCS" B CUCTEMI KOCMIYHOI'O
MOHITOPHUHI'Y TEPUTOPII NIBHIYHO-3AXITHOT'O PET'IOHY
YKPAIHUA

Po3BuTok iHpOpMaIIHHAX Ta KOCMIYHUX TEXHOJIOTid BHBIB Ha HOBUH PIBCHb
pPO3B’s3aHHSl aKTyalbHUX 3adad cydacHocTi. Came KOCMIYHHMI MOHITOPUHT 3emii
JO3BOJISIE  3a0€3MEeUUTH  BUPIIMICHHS  €KOJIOTIYHHUX,  HPUPOIHO-PECYPCHHUX,
IPUPOIOOXOPOHHUX T4 €KOHOMIYHHMX 3aBJaHb, Kl BU3HAUAIOTh OCHOBHI HAaIPSIMKU
GyHKIIOHYBaHHS JEpP>KaBHOI MOJITUKA y cdepl CTaJIoro pPo3BUTKY 1 arpapHOro
CEKTOPY €EKOHOMIKH B TOMY YHCJIL.

[IIupoke 3acTocyBaHHS AUCTaHLIMHOTO 30HAYBaHHA 3emui (/133) B arpapHomy
BUPOOHMIITBI OOMEXYETHCA PIBHEM IMIUIEMEHTALII] TAKMX TEXHOJIOTH Y BUPOOHUYHIA
MpOIEC MAJIUX Ta CEPE/IHIX arpOBUPOOHUKIB Ta HEOOXITHICTIO aJamTailii MEeTOJIUK
o0poOku nmanux J[33 110 perioHaNbHUX MPUPOTHO-KIIMATUYHUX OCOOJIUBOCTEM.
ToMmy, BHHHMKae rocTpa HEOOXIIHICTb IHTETPYBaHHS JEpKaBHUX, HAYKOBUX Ta
OCBITHIX YCTaHOB B CHCTEMY TOCIOJAapIOBaHHS Ha OCHOBI BUKOPHUCTaHHS
aepOKOCMIYHUX 1H(OPMAIIITHUX TEXHOJIOTi.

OmnuMm 13 cyO’ekTiB  peamizaiii Takux 3aBaaHb € JKUTOMHUpPCHKUIA
HalllOHAJIBHUI arpOeKOJIOTITYHUN YHIBEPCUTET — YHIKAJIbHUNA B CBOEMY POl 3aKjaj
[Tomicekoro periony YkpaiHu.

[Ipuponno, mo Ha 0a3i yHiBepcUTEeTy pa3oM i3 HarlioHaabHUM LEHTPOM
YIpaBJIiHHS Ta BUMTPOOYyBaHb KOCMIYHUX 3aC001B Jlep:kaBHOTO KOCMIYHOTO areHTCTBA
VYkpainu ctBopenuit Perionansuuii kocmiunuit nieHTp «llomices»[1], y ckimaai sikoro
pPO3rOpTAETHCS MYHKT MOpUHOMY Ta OOpPOOKM JaHUX JUCTAHILIMHOTO 30H]IyBaHHS
3emJi Ha0a31 TPhOX AHTEHHUX KOMIIEKCIB.

Posranyxenuii nepenik 3aBaanb Llentpy «llomiccs» moke 3abesnedyBaTH
BUPILIEHHS Cy4YacHUX NPOOJEM €KOJOTIYHOI, MPOJOBOJIbUOI Ta HAIlOHAIBHOI
oe3neku JlepxkaBu. [loctaBneHi 3aBaHHs YMOBHO MO>KHA MOJUIMTH Ha TPH 3B’sI3aH1
HAIMpPSIMKH: OCBITHIM, HAYKOBHI Ta MIPUKIATHUI [2].

3amayi OCBITHROTO HAMPSMKY ITOB’s3aH1 3 BIPOBAKECHHSIM aKTUBHUX METOJIB
HAaBYaHHSA B paMKax MPaKTUYHOI MIATOTOBKM CTYJEHTIB HAa OCHOBI BHUKOPHUCTaHHS
HasBHUX TEXHIYHUX 3aco0iB MpuiloMy Ta OOpOOKM orepaTUBHOI iHQopMamii 3
KOCMIYHHUX alapaTiB;peaizali€lo MLKIMCUUIUIIHAPHUX Ta MIDKraldy3eBUX 3B’SI3KIB;
BIIKDUTTSM OCBITHIX NpOrpaM MiATOTOBKM (axiBUIB y cdepl AUCTaHLIMHOTO
30HyBaHHS 3emJil Ta pa3oM 13 JlepkaBHUM KOCMIYHHUM areHTCTBOM CTBOPEHHS
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HOBHUX poOoumx Micub. OcobiMBa yBara MPUAUISAETHCS MOMYJspHU3aIii KOCMIYHUX
TEXHOJIOTIH cepex MoJoal  (IIKOJIAPIB,CTYACHTIB)Ta MOTHBAIi HaBYaTUCA 1
MpaIoBaT B YKpaiHi.

BukoHaHHST HayKoOBHX 3a/Jad BHU3HAYAEThCS IMIUIEMEHTAIEI0 KOCMIYHUX
TEXHOJIOT1 B HAayKOB1 JOCIIKEHHS, pO3pOOKOI0 Ta ampoOalli€er0 HOBUX METOJMK 1
JITOPUTMIB BUPIIICHHA TEMAaTUYHMUX 3aJ]a4 HAa OCHOBI BHKOpUCTaHHs nanux J[33 Ta
aJanTaIiero ICHyIOYuX 3 BpaxyBaHHsAM crenudiku Tta ocobmuBoctedt I[lomichkoro
perioHy, BAOCKOHAJICHHAM 3ac00iB 1 TEXHOJIOT1H MpuiomMy Ta 00poOku iHdopmarii 3
KOCMIUHUX amapariB, OTPUMAHHSM EKCICPUMEHTAIBHUX MaHWX JUIsl TPOBEICHHS
HayKOBHX JIOCTIKEHb Y cepi arpoOi3Hecy, MPOBEACHHSAM CIUIBHUX 3 MapTHEpaMH
[entpy (B TOMy 4uCIl aHAJIOTIYHUMHU BITYM3HSIHUMH Ta 1HO3EMHUMHU KOCMIYHUMU
[EHTPaMH) JOCIIKEHb 3 METOI0 peajizailii HayKOBHX MPOEKTIB, B TOMY YHUCIHI 1 B
MDKHApOJIHUX Iporpamax, B cdepi CUIbCBKOIO Ta JICOBOTO TOCIOJapCTBa,
€KOJIOTIYHOTO Ta TeOo(I3UYHOTO  MOHITOPUHIY, BHSBJICHHS  IEpPEBICHUKIB
BUHUKHEHHS MTPUPOJHUX Ta TEXHOTEHHUX KaTacTpod.

[IpuknagHa copsMOBaHICTh 3aBAaHb LleHTpy NOB’s3aHa 3 MOHITOPUHIOM
tepuTopii [ToichbKkoro periony Ta HaJaHHSM OMEPATUBHOI 1 JOCTOBIPHOI 1H(OpMaITii
JUISL TIPUMHSITTS CBOEYACHUX YIPABIIHCHKUX pIIIEHbh B 1HTEpecax EKOJIOTIYHOI Ta
MIPOJIOBOJIBYOT CKJIQIOBUX HallloHaNbHOT Oe3neku jepkaBu. Llentp «Ilomiccs»
MpEACTaBiIi€ COOOI0 MIJIOTHUN MPOEKT B YKpaiHi, sIK OAWH 13 JI€BUX ITyHKTIB
npuiiomy Ta oOpoOKHM KOocMiuHOI 1HQopMmauii B cucremi HalioHanbHOro UEHTPY
VOpPABIIHHSA Ta BUINPOOYBaHHS KOCMIYHMX 3aco0iB Jlep’KaBHOIO KOCMIYHOIO
areHrcTBa Ykpainu. CTBopeHHs iH(OpMaUIHHOrO TOJNA ISl TOIMyJspHU3aiii
TexHoJoTi J[33 1m03BONHMTH AKTUBHO CHIBIPAIIOBAaTH 3 BUPOOHMKAMUHE TIIbKU
CUTBCHKOTOCTIONAPCHKOT MPOMAYKII, a W I1HIIMX Taly3ed EKOHOMIKH, MPOBITHUMU
KOMITaHIsIMU B KOCMIYHIH cdepi, 00'eTHAHUMHU TEPUTOPIATLHUMH TPOMAaJIaMH,
JIep’)KaBHUMHU, PETIOHAIBHIUMH Ta MICIIEBUMU OpraHaMU BIIAIH.

Jlireparypa:

1. O.B. Cxunan, O0.b. bpoacekuii. Perionansuuii kocmiuauii meHtp «llomices»: ictopis
CTBOPEHHS, CTaH Ta MEPCHEKTHUBHU. /-a MIKHAPOAHA KOH(DEpEHIIIs: KOCMIYHI TEXHOJIOTII: TeNepIlIHE 1
MaitoyTHe, M. JHinpo, 21 tpaBus 2019 poky. — Jquinpo: Kb «IliBnenne», 2019. — C.99.

2. O.B.Ckupman, O.b.bponcekuii, ILILTononsuuubkuii, I1.B.ITuBoBap. Kocmiuni
TEXHOJIOTIi y BUPOOHMYIM CHCTEMi CLIbCBKOTOCIOAAPCHKUX TOBAapOBUPOOHUKIB. // HaykoBuii
xkypHan «Scientifichorizonsy. —2019. — Ne 4 (74). — C.3-12.
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POJIb I MOKJUBOCTI ®OTOMETPII TEOCTAIIIOHAPHUX
CYIIYTHMUKIB J1JIs1 CKAKO

KoHTposib HaBKOJI03€MHOTO MPOCTOPY BKIIOYAE KUTbKA CKIIAJOBUX.

1. Kontpounb pyxy karamnorizipyemux KA.

2. BusBnenns neBimomux KA.

3. Cynposiz (BiAcTexKeHHS, olliHKa opOith KA).

4. Buznauenns xapaktepuctuk KA: ¥ioro opieHTtarito, ¢yHKIIOHATIbHE
NpU3HAYCHHS, HASBHICTh KOPHUCHOIO HABAaHTAXKEHHA, TpadiKk CKaHyBaHHS
MOBEPXHI 3€MJll, PEeKUM poOOTH (IITATHUW, MO3AIITATHHI), HOro po3Mip,
€HEPreTUYHY MOTYKHICTh, MaTeplajl MOBEPXHI CYyITyTHUKA 1 T.1I.

[To3uiiifHI COCTEPEXEHHS CYITyTHUKIB 3aiiMatOThCA HA3€MHI MEPEXK1 B PI3HUX
toukax miaHeTu [David Vallado, Jacob Griesbach. «Simulating Space Surveillance
Networks»]. AnroputMu, MeTOAM CHOCTEPEKEHb, METOAM OOPOOKM HArISII0BOI
Marepiaity, MeTOJu 1IeHTU(]iKallii Mo KOOPJAUHATHUM CIIOCTEPEKEHHSIMU PO3pOOIICHI
MPOTATOM 0araTboX POKIB 1 OMKMCAHI B CIICHIABHIN JiTEpaTypi.

AJe TO3HUIIIHI CIIOCTEPEKEHHs HE JaroTh iH(popMallii Ipo JUHAMIYHUNA CTaH
CYIyTHUKa Ha oOpOiTi, Woro (yHKIIOHAJbHE MPU3HAYEHHS, HASBHOCTI 30BHIIIHBOI
KOPUCHOTO HABaHTAaXXEHHA, Mpo (opMy U poO3MIp CYNMyTHUKA, MOro OpleHTAIlll B
IPOCTOPI, Eepiol 0OEPTaHHS HABKOJIO LEHTPY Mac.

Taki 1maHi MOXHA  OTpUMATd 3  HEKOOPJUHATHUX  CIIOCTEPEIKEHD
(poToMeTpuuHi, CIEKTPAIbHI, TTOJIAPU3AILIITHI)..

CrexkTpalibHi 1 TOJSIpU3AIldHI CIOCTEPEKEHHS CYNYTHHKIB BHUMAararoTh
3aJy4eHHS JUIsl CIIOCTEpEkKEeHb ONTHUYHUX TEJIECKOIB 3 JlaMeTpoM J3epkaia > 1w,
BENUKHX (DIHAHCOBHMX BUTPAT HA BUTOTOBJIEHHS CHELiaIbHUX MPUIa/IiB.

Pons HexkoopnuuatHOi 1H(oOpMmanii ans 3amad Space Surveillance System
3poctrae i Oyme 3pocratu. High-speed optical photometry of SO "is driving a
renaissance in this field" states Krantz in [Harrison Krantz. Steward Observatory
University of Arizona].

bararokonropoBa (oTOMETpisi € TOTY)KHUM IHCTPYMEHTOM JIJii BHBYCHHS
(b13MYHUX BIACTUBOCTEN MOBEPXHI CYMYTHUKA 1 HOTO MOBEIHKN Ha OpOITI.

B skux Bumagkax Qoromerpuuna iHdopmauis npo ['CC wmoxe Oytu
KOPHCHOIO?

Moxe OyTH KiJIbKa BUIAJIKIB.
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o Inertudikamis ['CC nmo opbiTalbHUM TapaMeTpaM YCKIagHEHA THUM, IO
reocraiioHapHa op0iTa MalTh JOCUTh BUCOKY "TyCTUHY HaceleHHs". € opOiTanbHi
MO3UIIII, B SIKUX PO3TAIIOBaH1 KiJibka amapaTiB 3 OJM3bKUMHU JO HYJS HaXUJIOM 1
excuentpucuterom. [dunenko A. “Unentuduxanusi reocTallMOHApHBIX CITyTHUKOB
DSP 1o ux opOouTanpHeIM U (POTOMETPUUECKUM XapaKTEPUCTUKAM |

o [Ipu mepenucnokarnii abo maneBpax ['CC, enemeHTH OpOIT AKHUX CHOYATKY
HEB1OMI.

o [lepexin pexumy podotu 'CC 3 akTUBHOTO CTaHy B MacUBHE 1 HaBMaKH (Taki
BUIIAJKU CIIOCTEPIraloThes), IITaTHUH, Mmo3amTaTHui peskuM podotu. (A.V. Didenko,
L.A. Usoltseva. 2006. “Ananmu3 HazemMHOH wuHpoOpManmu 00 aBapHITHOM
reocraimoHapaoM crnytauke DSP F23”) barpoB A., Mukuma A., PeixiioBa JI.,
CmupHoB M. “AHan3 COCTOSIHUS aBapUHMHOIO I€0CTAllMOHAPHOIO CIIyTHUKA " mar-
1",

e BucokoemintuuHi 00'ekTM  c1a00  KOHTPOJIOIOTHCS ~ ONTHYHUMH  Ta
paaionokauiiHuMu 3acobamu. bamictnuna iH@opmauig no BEO HenoctaTtHho, abo
BIJICYTHSI.

e Busnauutu " Who is Who" B knacrepi 3 nekinbkox ['CC (Astra, Bird, Bard,
GSAT, ...). B nanuit yac us npo6semMa Jayske akTyajabHa!

e [lopiBHIOIOYH PSU PI3HOKOJIBLOPOBUX KPUBI OJMCKY, OTPUMAHUX B PI3HUM 4yac
MO’KHA BU3HAYUTH KOPUCHE HABAaHTAKEHHS Ha OOPTY y BUTIIAI Pall0AHTEH, A3EPKaJl.
(ITpuknan Opneca: «Intelsat 10-02», «Luch-Olympy,)

e 3a BIJIOMUM XapakTepucTUKaMm BIIOMTTS moBepxHI KO 1 HasBHICTb
anpoOOBaHOTO aNTOPUTMY MOXHA 3 JIOCTAaTHBOIO WMOBIPHICTIO BHU3HAYUTHU
MakcuMaibHi po3mipu I'CC. [[inenko A.- no 15¢m].

e 3a OOYMCICHUMHU PO3MIpAMH COHSYHUX TMaHEJIeH MOXKHA OIIHUTH CyMapHy
NOTYXHICTb, IKY BUpoOJIsat0Th CII. 3Hat0uM NOTYXHICTh MOXKHA MPUITYCTUTH (PYHKIII]
HeB1moMoro KA.

o fkmo Ha KpUBUX OJMCKY TMEPIOJAMYHUX AaMIUIITyIHUX KOJMBAaHb MOXHA
po3paxyBaTH paliOH 3E€MHOI TIOBEPXHI, KyAH CIPSMOBaHI OJMK KOPHUCHOTO
HAaBaHTAKCHHS.

e AHANI3yIO4UM CKJIAJOBl (YaCTMHHM) KPUBOI OJMCKY MOXHA BH3HAYUTH
TOMiHyIOUy TeoMeTpuuHy Gopmy enemeHTiB koHcTpykiii ['CC tumy: cdepa,
uTiHAp, miactuHa, koryc. Daniel O. Fulcoly. Katharine |. Kalamaroff, Francis K.
Chun. “Determining Basic Satellite Shape from Photometric Light Curves. U.S. Air
Force Academy”.

3po0iieHo orjsig HayKOBUX poOIT y BIAKPUTIN mpeci B obsacti porometpii 'CC
Ha 3axoi, Pocii.
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INFRARED REMOTE SENSING: RESOLUTION
ESTIMATING AND ENHANCEMENT

Infrared aerospace imaging is a very important information source in natural
resources, environmental, scientific and special remote sensing applications. Infrared
imaging imminently used for burning occurence and fires identification, energy
efficiency control and heat leaks detection, functional state of technical facilities and
infrastructure determining, the heat islands of megacities analyzing, climate change
prediction, minerals prospecting and much more.

A very serious scientific and technological problem is the permanent lack of
spatial resolution of infrared imaging. This circumstance has a strict physical
explanation associated with longer wavelength and low quantum energy of thermal
infrared radiation compared to visible light. Therefore, the size of semiconductor
detectors in sensor arrays of infrared radiation is large, and their number is obviously
insufficient. Today’s pixel pitch of the best microlometer arrays is 17 pm versus 3-4
pum for visible band sensors.

Emission, propagation and registration of infrared radiation also have own
unique peculiarities, thereat the spatial resolution calculating of infrared imaging is
more difficult. So, the estimation of actual resolution of infrared imagers and one’s
enhancement are very important and urgent now [1].

At moment, the special test charts, typically passive, are used to estimate actual
resolution of infrared instruments. Most common are the bar test charts (Fig. 1).

T For similar images, the probability of visual
detection P can be determined by the equation:
I 1 v
P== 1+erf(—j , (1)
I 2L a2

Fig. 1. Bar test chart where y is an image signal-to-noise ratio.

A series of experimental measurements of the spatial resolution of infrared
images (Fig. 2) acquired by the microlometr frame airborne camera was performed at
the Science Centre for Aerospace Research of the Earth, NAS of Ukraine.

Understanding the actual resolution of infrared imager make it possible to
proceed the next stage of infrared imagery analysis, videlicet — the information
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content improving.

Several different approaches to the infrared imagery spatial resolution
enhancement, both hardware and software, have been developed [2, 3]. Some of these
involve infrared and visible spectral bands fusion, but most ones are based on
superresolution technique.

Fig. 2. Passive infrared test charts for actual resolution estimation:
a — visible image, b — thermal infrared one

The superresolution is carried out using few (at least two) frames that are
shifted relative to each other by an arbitrary fraction of pixel. General theory, a
family of algorithms and special software for infrared, visible and radar satellite
imagery superresolution have already been developed. The 35-65 % increase in
actual resolution was demonstrated under constraint on the pixels radiometric values
preservation.
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INFORMATION SUPPORT FOR IMAGING PLANNING AND
INTERPRETATION OF MEDIUM RESOLUTION MULTISPECTRAL
SATELLITE IMAGERY

Information content of mediumresolution satellite imaging is strongly
determined by competent planning and efficient interpretation of the multispectral
imagery obtained. In general, the information content is given by the fraction of the
Shannon’s total information capacity of image or a set of images, which is useful for
a specific on-time application of multispectral imaging [1].

But the target recognition probability is a key performance factor forsatellite
imaging planning as well asfor multispectral imagery processing and interpretation.
Therefore, the automated information support system should operate probabilistic
models and perform calculations of probability of correct interpretation of simple
compact targets in satellite images acquired.

A characteristic feature of the present-timesatellite imaging is the high use of
multi- and even hyperspectral imagery. Theapplication of multidimensional data
contained in such imagery makes it possible to fuse the traditional spatial
identification features of compact targets with ones’ spectral or radiometric
signatures [2], which are unique for each target and often make it possible to detect it
even in difficult conditions, for example,over similar background.

The integrated use of both spectral and spatial identification features can
significantly improve the reliability of target detection. In the case of compact target
detection based on spectral and radiometric features, the spatial resolution of the
satellite system is taken into account in the form of a statistical constrainton the
minimum number of resolution elements (pixels) that arewithin thetarget’s image.
Upon that the correct detection probability depends on the equivalent signal-to-noise
ratio in multispectral image of compact target. In general, the equivalent signal-to-
noise ratio in multispectral image is greater than in a panchromatic or false-color one,
so this probability is expected to increase [3].

Previously the authors have already proposed model for evaluating the
interpretation  properties of multispectral imagery [4], based on the
advancedZhivichin formula:

P:explzlna erfl(Za—l)(sz} | 1)

W d
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whereP is the target’s recognition probability, r is the satellite image spatial
resolution, d is the target’s characteristic detail, y is the equivalent signal-to-noise
ratio, and o 1s the confidence level.

As research outcome, it was justified that, taking into account the spectral
information contained in multispectral image, the targets recognition probabilitycan
be improved by 3 .. 15 % compared to widely used approaches.

The presentation describes the approach to staff’s information support in the
planning process and compact targets interpreting by spectral signatures in medium
resolution multispectral satellite imagery.In addition,certain technical solutions useful
for this purposewill be discussed.
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SPATIOTEMPORAL FUSION OF LAND COVER CLASSIFICATIONS
BASED ON PROBABILITY PROPAGATION INFERENCE

Obtaining wide-scale land cover classifications from satellite remote sensing
data is generally recognized as a powerful technology for numerous national,
regional, continental and global land cover mapping efforts. The need for obtaining
annual land cover classification composites covering large areas has risen the
challenge of data integration at different levels [1]. In the remote sensing domain,
data fusion is a formal framework in which are expressed methods and tools for the
combination/verification of data originating from different sources as well as any
processing of time-series of data.

In this paper, we present a conceptual framework to fuse multi-segment and
multi-temporal land cover classifications over large areas considering probability
estimates of a particular class occurrence in a particular pixel for a final decision.

The principal feature of the proposed framework is a transfer of basic
processing operations from the initial set of multispectral imagery to the land cover
classifications domain. It is caused by need for handling a large spatial and temporal
scope of the used satellite data with a variety of properties. Unlike the land cover
classification by a single image, an ensuring the sufficient accuracy for the land cover
classification of multi-segment and multi-temporal set of multispectral images over
large areas is much more challenging issue.

For this purpose, it is supposed to use advanced decision-making methods. The
considered approach to the fusion of land cover classifications is based on
propagation of probabilities of pixel membership to each of the classes available.
While creating seamless mosaics of land cover classification segments, short-term
land cover classification should be used to enhance recognition of confusing classes
and to acquire cloud-free spatial composites.

Dataflow diagram describing key processes of the proposed conceptual
framework is shown in Fig. 1.

The set of required number of land cover classifications and corresponding rule
matrices constitute input data for the proposed framework. Rule matrix is a set that
consists of k values for each pixel of an image, where k is a number of classes. These
values determine pixel affiliation to each of k classes.
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Figure 1. Dataflow diagram of spatiotemporal fusion of land cover classifications based on
probability propagation inference that represented as rule matrices

The normalization of classifications of one image depends on the number of
input classifications of an image. If the number is more than one, then the fusion of
both classifications and rule matrices as well as the normalization of output rule
matrices are used, else the classification for an image only normalization of output
rule matrix is used.

Then the spatiotemporal fusion is performed. Here, for each pixel to select a
rule matrix that matrix should be taken which maximum probability element is
greater than maximum ones in any other matrices. After that, membership of the pixel
to a particular class is determined by selected rule matrix.

The proposed data fusion framework could be used to generate annual cloud-
free land cover classification mosaics over large areas providing strong foundation
for further change detection analysis.

1. Stankevich S.A., Kozlova A.K., Vasko A.V., Gerda M.I. Hybrid model for data fusion in

remote sensing research of the Earth // Abstracts of 11" Ukrainian Conference on Space Research.—
Yevpatoria: Space Research Institute, 2011.— P.74.
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AUTOMATED IDENTIFICATION OF COMPACT TARGET
SAMPLES IN AEROSPACE IMAGERY VISUAL
INTERPRETATION SUPPORT SYSTEM

At present, the tasks of automated interpretation of compact targets on
aerospace imagery remain relevant, despite the development of information
technologies and achievements in the field of artificial intelligence. The application
of visual and automated methods of interpretation of compact targets of aerospace
imagery has shown that the most effective time is the following sequence of
interpretation: visual recognition at the stage of identification of images of compact
targets, automated recognition at the stage of their classification and determination of
the level of interpretation of a compact target [1].

It is given above, the sequence of interpretation of compact targets on
aerospace imagery is effective, but does not take into account a number of factors,
because in an automated system the final decision is made by the operator. For
correct interpretation of compact targets on aerospace imagery it is necessary to
perform aerospace imagery of sub-meter spatial resolution, which is not always
possible to provide when performing the task. In order to perform this task — the
interpretation of a compact target — the operator of an automated system should be
provided with a set of possible modifications of the compact target [2].

The authors propose a model of automated identification of compact targets on
aerospace imagery, which includes a database of reference compact targets. To create
a set of modifications of a compact target it was proposed to use some of the known
methods of the resolution enhancement of input image up to the level of a reference
image — intelligent interpolation, pan-sharpening (input and reference images fusion
as shown in Fig.1) or superresolution with preservation of radiometric properties of
the input image [3]. The result of the scintillation increase is compared with the
reference objects of the database on the basis of methods for determining the
reference points, after which the reference images are identified and presented to the
operator to support visual interpretation. The results of identification of a compact
target in the database of standards, in the presence of external geospatial information,
are subjected to additional filtration to screen out possible artificial models of the
compact target.

It is reasonable to focus future research on the compromising between binary
schematic and half-tone photo imagery for resolution enhancement, which are
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comfortable for identification by human vision in aerospace imagery visual
interpretation support system.

a) c)

Fig. 1 — Example of pan-sharpening: a) etalon target image; b) output image; ¢) input image

Compact target identification will be strongly depends on the enhanced
resolution input image, as well as on the number of referenced images automatically
pre-selected form database.
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MULTISPECTRAL SATELLITE IMAGERY SPATIAL RESOLUTION
ENHANCEMENT WITH REFERENCE SPECTRA DATABASE

Many Earth observation satellites equipped with optical sensors acquired
multispectral images with multiple discreet spatial resolutions in different spectral
and panchromatic bands. This leads to the information content decreasing of
multispectral images and some difficulties in their processing.

Typically, interpolation or various pan-sharpening methods are used to
equalize the spatial resolution of band images and the panchromatic one within the
same scene. The disadvantage of such approaches is that they are heuristic mainly
and do not take into account the physical characteristics of the scene objects. These
drawbacks can be eliminated by additional information engagement about the
spectral features of the scene objects [1].

The spatial resolution of low-resolution band images is enhanced by classifying
spectral signatures of objects and backgrounds using a high-resolution panchromatic
image as reference.

To reliably spectral signatures measurements of objects and backgrounds in
imagery, it must be calibrated, and spectral reflectance from the reference spectra
database should be converted into spectral radiance at the sensor aperture taking into
account the conditions of scene illumination and the atmosphere spectral
transparency [2].

Recognition of objects and backgrounds spectral signatures within the analyzed
scene is based on a statistical model for estimating the probability of the current
image subpixel belonging to each of the available classes P, k=1 .. n.

P (AL,Z,) = ZCD(\/%ALK x Tt xAL[j—l , (1)

where ALy = Lyx— Lo is the current subpixel Lo signature difference from the Ly
signature of the k class, X is the covariance matrix of the k class, ®(+) is the tabulated
Laplace’s function.

The Bayesian Py probability allows to determine the weighted spectral
signature L in subpixels’ set [3]:
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L= Z Pk*(ALk 2Ly (2)
k=1

R (AL %) IS a posterior probability of k class.

where P/ (AL ,2, ) =—
Z;Pj (AL,.Z))
J:

The L¢ and X spectral characteristics of classes are calculated as a result of
statistical processing of data from the reference spectra database of typical objects
and backgrounds.

The restriction on non-distortion of the averaged radiometric values of a L
pixel which consists of s Lq subpixels should be observed for enhanced resolution
output image:

L:lz L, , 3)
Sq:]_

where L4 is a radiometric value of subpixel g, s is a number of subpixels of the output
enhanced resolution image inside one pixel of the low resolution original image. The
(3) constraint must be satisfied for all spectral bands of the original image, for which
the spatial resolution is enhanced.

The described model forms a set of output band images of the enhanced spatial
resolution which are equalized up to the panchromatic image resolution with the
preserved average radiometric pixels’ values relative to the original band images.
This method injects the additional information about the spectral features of scene
objects into the multispectral image. This circumstance increases the overall

information content of enhanced resolution multispectral image.
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ciyx6u Ykpainu imeni borgana XMeapHUIIBKOTO
M. XMEIbHULIbKUI

MMPOBJEMHI IINTAHHSI BAKOPUCTAHHSI HEUPOHHUX MEPEX B
SAJAYAX PO3INI3BHABAHHSA OBPA3IB HA 3HIMKAX ITOBEPXHI
3EMJII

CydacHi TEXHOJOTIl NUCTAHIIITHOTO 30HAYBAaHHSA MOBEPXHI 3eMJl BIAKPHUIU
nepes JIIoJICTBOM HOBI TOPU30HTH Y BUBUEHHI MOBEPXHI HAIIOT IJIaHETH. TpyaHOIT,
K1 BUHHKAIOTh TIPU PO3Mi3HABAHHI 00’ €KTIB HA 3€MHIl MMOBEPXHI MOJSATAIOTh Y TOMY,
1I10:

- BUHMKa€ HEOOX1HICTh 00pOOKHU BEIMKO1 KUTbKOCTI 1H(popMarii (“big data”);

- 6;m3bko 50% moBepxH1 3eMill IOAHS 3aKPUTO XMAPAMU;

- 300pa)keHHs 31 3HIMKAMM 3€MHOi MOBEPXHI OTPUMAaHI 3 PI3HHX JKEpen 3
pI3HUMH MOAYJISAMH Ta PO3AUIBHUMH 3JaTHOCTSIMH MAalOTh BHUCOKWH CTYIIiHb
PO3PI3HEHOCTI TOIIIO.

Meronu 00poOku 1H(opMallli Ha 300paKEHHSIX 3€MHOi MOBEPXHI YMOBHO
MO>KHa NOJIIJIUTH Ha:

1. TpaguriitHi MeTOAM;

2. HeiipomepexxeBi METOIH.

Binpmricte  TpaguiiiHUX METOAIB OCHOBaHI Ha JABOETAHOMY TMIJIXOJi
BUPILIEHHS 3a/Jadl po3Mi3HaBaHHA oOpa3iB. Ha mnepmomy ertami 3aiiiCHIOEThCA
BUJIUICHHS “KaHAWAATIB” Ha pO3MI3HABAaHHS, a Ha JIPyroMy eTami BiJ0YBa€ThCA
kinacudikamis 06’extiB. s peamizamii 1uMx 3agad HaWYacTillle 3aCTOCOBYIOTHCSA
MeToaM rictorpaM HampabiieHux TpazgieHTiB (HOG), meroaun nokambHUX OlHApHHUX
mabnoniB (LBP), meTon macmrabHo-1HBapianTHOT TpaHchopmariiii npusHakis (SIFT)
TOILIO.

3 2014 poky micnsi MOSBH PEKYPEHTHUX 3rOPTKOBUX HEHUPOHHUX MEPEXK, iX
MoYaJiv 3aCTOCOBYBATH 1 JJIsl pO3Mi3HaBaHHs 00’ €KTIB Ha 3HIMKAax 3€MHOI MOBEPXHI.
Benuky yBaru AOCHIAHUKIB MPUBEPHYJIU TaKl apXITEKTypH HEHPOHHHUX MEPEXK SK
Faster RCNN Tta SSD. Ane y 3B’S3Ky BIAMIHHOCTAMH MIX 300pa)K€HHSMHU 3€MHOI
MOBEPXHI Ta 300paKCHHSIMU 3 MOBCSIKIECHHOTO KHUTTS, 3 SKUMHU 3TOPTKOBI HEHPOHHI
MEpexXi MOKa3ald BIAMIHHI pPe3yJbTaTH, JIOCHIJIHUKH BUSBWIM 1O €(EKTUBHICThH
poOOTH HEHPOHHUX MEpPEeXK CYTTEBO HE TMEPEeBHUINYE TPAAMUIINHAX METO/IB
po3mizHaBanHs (Pucynok 1).

JIist BupileHHs: Ipo0ieMHu OpleHTalli 300pakKeHHsI B 3TOPTKOBUX HEHUPOHHUX
Mepekax Taki gocmiaHuku gk Z. Liu, J. Hu, L. Weng ta Y. Yang moaudikysanu map
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ROI Pooling, Z. Zou ta Z. Shi B po6oTi “Random access memories: A new paradigm
for target detection in high resolution aerial remote sensing images” BUKOpPHUCTaJIU
HOBI MiIXO/TU IIO0 BUSBICHHS MOJICIICH.

st BusiBneHHst ApiOHUX 00’ekTiB Haoning Lin, Zhenwei Shi, Ta Zhengxia
Zou B po6ortax “Fully convolutional network with task partitioning for inshore ship
detection in optical remote sensing images” ta “Maritime semantic labeling of optical
remote sensing images with multi-scale fully convolutional network” npomnonytoTts
MoM(iKoBaH1 apXiTEeKTYpH MOBHO3TOPTKOBUX HelpoHHUX Mepex (FCN).

100

Average accuracy (%)

Pucynok 1. I'icrorpamu cepenspoi TouHOCTI anroputmiB. (3a marepiazamu O. A. Penatti,
K. Nogueira, J. A. dos Santos “Do deep features generalize from everyday objects to remote
sensing and aerial scenes domains?” in Proceedings of the IEEE conference on computer vision and
pattern recognition workshops. 2015. pp. 44-51).

OTxe, HA CHOTOJHINIHIN JIEHB, TTOPS]T 3 BPAXKAIOUUMHU JTIOCSTHEHHSIMU BUCHHX B
MUTAaHHSAX PO3Mi3HaBaHHSA o00pa3iB Ha 300pakeHHSX (BI1JCOIMOCHIIOBHOCTSX) 3
peaTpbHUX CIIEH TMOBCAKIACHHOTO JKUTTS 3a JOIMOMOTOK HEHWPOHHHX MEpeK,
3QJIMIIAIOTHCS HE B MOBHIN Mipi JOCHIIKEHUMH iX MOKJIUBOCTI IIOJI0 PO3Mi3HABAHHS
00pa3iB Ha 3HIMKaX IMOBEPXHI 3eMJIL.

3 METOI BHWKOPHWCTAHHS TIOTCHIIANly HEWPOHHMX MEpeK B 3a1adax
po3mi3HaBaHHS O0pa3iB Ha 3HIMKAaX IMOBEPXHI 3eMJi HAyKOBISIMH MPOBOISITHCS
JOCITIJKEHHSI MOJKJIMBOCTEH aJanTailii iCHYIOUHMX apXiTEKTyp HEUPOHHUX MEpex
came JJIs BUPIIIEHHS BUIIEOTTMCAHUX MPOOJIEMHUX TTUTaHb.
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INEPCIIEKTUBH PO3BUTKY CYIITYTHUKOBHUX
TEJIEKOMYHIKAIIN IK HEBIJI'€EMHOI YACTUHH
THOPACTPYKTYPU IHOOKOMYHIKAIIMHUX TEXHOJIOTI'TH

P03BUTOK TeIeKOMYHIKALIMHUX TEXHOJIOTIH 3aBXKAH CIPHUAB SIKICHUM 3MiHaM B
KUTTI JIIOJUHU. YKpaiHa po3BHBaE IUPPOBY EKOHOMIKY 1 TOTYEThCS O
BIpoBapkeHHsT TexHojorli 5G. I[{udpoBa exkoHOMiIKa BIAKPUBAE HOBI MOTYXKHI
MOXJIMBOCTI I JIEPXKABU, CYCIUIBCTBA 1 TpOMajsiH. 3pOCTaHHS TOKPUTTA 3
HIMPOKOCMYTOBUM jocTynioM Ha 10% 30uiblilye BHYTPIIIHIA BaJIOBUM MPOAYKT Ha
3%, a 11e HOB1 po0OOU1 MicCIIsl, HOBI Mpodecii, HOB1 CEPBICH.

OcobOmuBictio ctangapty S5G OyAe MO€THAHHS PI3HUX THUITB 3B'SI3KY, 1
CYIIyTHUKOBHI 3B'SI30K OyJI€ OJHHMM 3 TOJOBHMX KOMIIOHEHTIB. CTaHAapTH, IO
perIaMeHTyI0Th po0oTy cityx0 S5G, Habarato Kpaiie CyMiCHI 3 CYNMYTHUKOBUMH
TeXHOJIOT1sIMH, Hik noniepenHi cranaaptu LTE 1 3G. YV cBiTI icHye cTiiika TeHIeHIIIs
JI0 pO3BUTKY cymyTHUKOBOro 3B's3ky. IIpoekt Starlink (SpaceX), OneWeb, O3b
(SES), Project Kuiper (Amazon) crnpsmoBaHI Ha 3a0e3mnedeHHs O0JKETHOTO
noctyny B IHTepHeT, 3a0e3MeueHHs] 1HTEPHET-IIOCTYIIOM JKUTENIB BIIJIAICHUX
PEriOHIB IJIAHETHU 1 HApEellTi JIKBIOALII0 HU(PPOBOrO PO3PUBY ISl JKUTENIB BCI€l
TUTAHETH.

JloCSITHYTI ycmiXy B KOCMIYHIN raidy3i COpUSIOTh peati3allli HuX IJIaHIB.

1. 3anpoBamxeHHs TexHonorii 3D-ApyKy B cepiiiHe BUPOOHUIITBO T03BOJISE:

- 3MeHIIUTH BUTpaTu Ha 10%;

- CKOPOTHUTH T€PMIHU BUPOOHHIITBA Ha 1-2 micsiii;

- moJieTuTH aeTaim Ha 30%;

- MOJIMNIIUTH NPOAYKTUBHICTh 00JaHAHHS.

Ile BigHOCHUTBCS 1 JJIsi KOMIIOHEHTIB CYNYyTHUKIB 3B'SI3Ky 1 JUISl PAKETOHOCIS
(«dpyx» Ha 3D-nipuHTEp1 pAKETHUX JIBUTYHIB).

2. Po3pobrnena HOBA TEXHOJIOT1s SmartSat, 3 «IpOrpaMHUM
IPOIITOBXYBAHHSIM, 103BOJIMTH 3MIHIOBATH MICIi CyITyTHHUKIB IICJIS 1X BUBEICHHS Ha
opoiTy.

3. Hamaromxeno Hemopore i IMIBHIKE MAcOBE BHUPOOHUIITBO OUIBII HaIIHHUX
CYITyTHUKOBHX TUIAaTGOPM 3aBISKH CHUIBHUM KIIOYOBHM €JIEMEHTaM KOXKHOT
IaTGopMu JJ1s BCI€T JIIHINKH 3 117101 HU3KKW KOMIIOHEHTIB

Bce me 103BOMMTH CymyTHHKOBOMY 3B'S3KYy CTaTH HEBIA'€MHOIO YaCTHHOIO
iHppactpykTypu IKT mmudpoBoro maitdyTHBOTO.
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He nuBnsyuch Ha iCHYI0Y1 MPOOJIEMH 3 TOKPUTTSAM 1HTEPHETOM 1 BIACYTHICTIO
SKICHOTO IHTE€pHETY, IO ICTOTHO TajJbMy€ PO3BUTOK IH(PPOBUX CEpBICiB, YKpaiHa
cKopouye uu(poBuUil po3puB. AKe IIe N'ATh POKIB TOMY YKpaiHa TUIbKU
roTyBajiacsi 70 BIpOBa/KeHHs TexHousorii 3G, a ceoromni HarioHanpHa Komicis
peryJiroBaHHs 3B'A3Ky Ta iHMopMmartuzalli 0auuTh BEIUKY MEPCHEKTHBY TEXHOJIOTI
(5G). Ix nosumis, mo Yxpaina B HactymHoMy 2020 pOKy 3MOXeE BHUCTABUTH Ha
npoAax nepiii ginensii Ha 5G. Takwuii m1ad perynsaropa, niATpUuMyeThes (HaxiBIsIMU.

[Tpu 1bOMy OJTHUM 3 HAWIMIBUIAIINX, €()EKTUBHHUX 1 MEHIII BUTPATHUX BapiaHTIB
CKOPOYEHHS IU(PPOBOTO PO3pUBY B YKpaiHi € BUKOPUCTAHHS CYIyTHUKOBOI CHCTEMHU
Tooway™ B moemmanni i3 cymyrHukom naianazony KA-SAT. Jlns HeoOXimHOro
HNOKPUTTS TEPUTOPIi YKpaiHU MIMPOKOCMYTOBUM IHTEPHETOM JOCUTh BCTAHOBHUTHU
CynyTHHKOBI ctaHIli. B Ykpaini € nocsia iHctaysii 12000 cranmiit 3a 2,5 Micsii B
2012 porri.
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TOB «OgBepci3 Jlomkuctik», M. Oneca

TAPAHTYBAHHSA BE3NEKU HABITALIT HIJIAXOM MMOKPALIEHHS
SAKOCTI POBOTU ®YHKIIOHAJBHUX CTPYKTYP EPTATUYHOI
CUCTEMMU YIIPABJIIHHSA

[Tomanpmmii pO3BUTOK HAYKH 1 TEXHIKM BUBOAWTH HAa HOBUM PIBEHb PO3BUTOK
IHTENEKTyaTbHUX CHCTEM YIPABIIHHSI PyXOMUMH 00’ €KTaMU B JIOKAJIbHO OOMEXEHOMY
MpoCTOpl. YHIPaBIIHHSI PYXOM 3JIIMCHIOETHCS €PraTMYHOI0 CHCTEMOIO, JIE€ BUPIIIYyE
moauHa-oneparop (JIO). Taki cucremMu oTpuManu HAWUOUIbLIE MOIMIMPEHHS B
aBlalliHIA, KOCMIYHIM Ta MOPCBKIA Taimy3l (30KpeMa CHCTEMH JIMHAMIYHOIO
MO3UI[IOHYBaHHSI MOPCHKHUX 00’ €KTIB).

VY cydacHux ymoBax s MiABUINEHHS KBanmiikariiinoro piBHsS «JIO» Ta
rapaHTyBaHHs O€3MEeKW YIpaBIiHHS ¥  MpOIECiB  BUCOKOTOYHOI  HaBirarii
3aCTOCOBYIOTHTPEHAXKEPH Ta 3aCOOMMO/ICITIOBAHHS JUHAMIUYHUX 00’ €KTIB YIIPABITIHHS.

TpenaxepHi BUNpPOOYBaHHS BHU3HAYAIOTh €IHICTh TEOPll Ta MPAKTUKU
epraTMYHUX CHCTEM YIPABIiHHS KOJMM JIMIIE 32 OILIHEHMX YMOB BHUHHKAE
CUHEPreTUYHUN  e(QEeKTpalliOHaIbHOIO  PO3MOAULY  (YHKIIA MDK  JIHOJUHOIO-
OTrepaTopoM Ta MaIIMHOK-poO6oToM Ha mpuHIMnax Human Machine-Interface. Toni
KOKHAa KOMIIOHEHTa BHUKOHYE TNpHU3HAUYeHUW il HaOlp (yHKIINA 3 MaKCUMAaJIbHO
pairfioHanbHUM edekToM. 3a MM MPUHIUMIIOM 0c00a, 10 TMpHuiiMae pimeHHs ado
iHTenekTyanbHuii arent-cucreMu (IAS-JIO) rapanTye akTUBHICTB, PE3yJIbTATUBHICTD,
dbyHKIIOHANBHY CTilKicTh. TexHiyHa koMmrioHeHTa (Machine) peanmizye 3amani 1AS
yIpaBIiHHA JUHAMIYHUMH TPOIIECAaMH JIJIsl HATYPHUX CHUJIO-MOMEHTHHMX Ta MacoOBO-
EHepreTUYHUX (PYHKILIMA y MeXaxX IOCSITHEHHS I[UIbOBUX pPe3yJIbTaTiB KOHKPETHOI
migcucremu. KomynikariitHi kommnoneHntd (Interface) 3alesneuyrorh BcepeauHi
HEeIepEepPBHY CYMICHICTh INMapHOI MapajenbHOi B3a€MOJIl IOAUHA W MamuHu. Tosal B
YMOBax BIUIMBY 30BHIIIHBOTO HABKOJIMIIHBOTO OTOUYIOUOTO CEpEIOBHUIIA MOXKIUBO
IIPY HABHUX TEPEIIKOoJaX TrapaHTOBaHEe OTPUMAHHS O€3MeYHOi HaBiraili B JOKAJIbHO
00OMEXKEHOMY ¥ 30ypeHOMY MPOCTOPI.

OCHOBHMM €leMEHTOM OOpTOBOro 0OaraTo(yHKIIOHAIBHOIO HAaBIraliiHOTO
KOMIUIEKCYE PpaJll0JoKaTop, SKUW JOoMoMarae CrocTepirati oOCTaHOBKY HAaBKOJIO
pyxoMoro 3aco0y B mpoctopi. besmeka Hapirailli 3ajekarh BiJ TOYHOCTI, SIKOCTI,
JOCTOBIPHOCTI aJaNTHUBHOTO PaAi0JIOKAIIfHOTO 30HAYBAHHS JIOKAIbHO OOMEXEHOTO
poCTOpYy.

3aUIaeThCs HEBUPIMICHUM PSJl BAXJIMBUX MPAKTUYHUX 3a/lad CTOCOBHO
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BUOOpY ONTUMAaNbHUX METOMIB 00poOku curHamiB.Ilpu 3aificHeHHI peanbHOT
HaBIraImii Ta MOJIEIIOBaHHI KPUTUYHHUX CHUTyallli Ha TPEHAKEPHOMY KOMILIEKCIMi
qac paJiioJoKalifHOTrO 30HAyBaHHABUIIPOOYBaHi 3aa4i: ONTUMAILHOTO (UIBTpa JJIs
MOBHOTO a00  YacTKOBOTO TMPHUAYIICHHS OIYHMX TICNIOCTOK; MiATPUMaHHSIM
HEOOX1THOTO 3HAYEHHSI BITHOIICHHS] CUTHAJ/IIIYM;BUIUICHHS B YMOBaXx MEPEHIKO SK
HEHABMHCHHX TaK 1 HABMUCHUXKOPUCHHUX CUTHAIIB.

OO0pobka mudppoBOro cWrHady MOTpiOHA MJIA yCyHEHHsS iHTepdepeHIli abo
mrymy. [HAUBIAyanbHI XapaKTePUCTUKH CUTHATY Ul 3M00yTTS CHEKTPY AaHHX abo
NEPETBOPEHHS CUTHAJy B 3pyuHinly (opMmy € QYHKIISIMH HOTO CTPYKTYpH,
aBTOKOPPEIAIIHHUX BIACTHBOCTEH 3a YacOM 1 YacTOTOIO, CIIEKTPY, PO3MOILITY
€HEprii CUrHaTy Ha YaCTOTHO-YaCOBIH IUIOIIHHI.

Meronuka yIOCKOHAJIEHHS pPOOOTH mMapu «CUTHaI-(UIBTP» 0OJagHaHHS
MOJIATA€ B MOYEPTrOBOMY BUPIIICHHI IHTETPAJIbHUX PIBHSIHB. MPHU (PiKCOBaHIN HOPMI
curHaiay 1 ¢uibTpa 3acCTOCOBaHI MNPHUHIUMIIA CaMOOpraHizamii MoA0 BHUPIIICHHS
BaplalliiHOI 3a1a4l.

[IpakTnyre ~ 3acTOoCyBaHHS ~ JUIS  BHUPINICHHS  IUIbOBUX  3aBIaHb
MOJIETIIOBAaHHAOE3MEeKH HaBiraiii IMOB’S3aHO 3 MOKPAIICHHAM SKOCTI poOOTH BCIX
(GYHKIIOHAILHUX ~ CTPYKTYp, BKJIIOYAIOYM  Bi3yalizaiilo 00’€KTIB Ta IIJIbOBI
IHTErpasibHi 3aCO0H.
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M. YUepHiris

HIABUINEHHA EHEPTOE®EKTUBHOCTI
CUCTEM BOPTOBOI'O EJIEKTPOXXHUBJIEHHSA
JIITAJIBHUX AITAPATIB

Oco0nmuBICTh OOPTOBUX CHCTEM EJIEKTPOXKHUBICHHS JITAJIbHUX arapariB
(aBiaiiHUX, KOCMIYHUX) TIOJISITA€ B OOMEXKEHOCTI €HEPreTUYHOro pecypcy. Tomy
npobiemMa KHOro €KOHOMHOI BUTPAaTH € akTyaldbHOro. HalOuiplml eHeproeMHUMU
HAaBAHTAKEHHAMM Ha OOPTY JITAJIBHOrO anapary € CUCTEMH EJIEKTPONPHUBO/IB, SIKI
3BUYAMHO BUKOHYIOTHCS HAa OCHOBI O€3KOJIEKTOPHHUX ABUTYHIB MOCTIMHOIO CTPYMY
(BAIIC): 3amyck r1a30TypOIHHUX JIBUTYHIB, OpI€HTalllsl CYMyTHUKIB, KepyBaHHS
MIOJIO’KEHHSIM COHSIYHUX OaTapei.

lonoBna cnenudika BJIIC monsrae B AMCKPETHOCTI MPOIIECIB, SKI €
HACJIIJIKOM KOMYTaIlii aBTOHOMHOTO iHBepTtopa Hampyru (AIH) y #oro ckmani, 1o
NPU3BOJUTH O TOSIBU 3HAUHMX MyJbCalli CTpyMy Ta Hanpyrd. B 3amkHeHui
CHCTEMi BOHHM TMOMAJAI0Th Ha BX1J KOHTYpPY CTPyMy, JAHIIIOTOM SKOTO € CHCTeMa
VIOpPABIIHHSA, AaBTOHOMHHMM 1HBEPTOPOM Hampyru. 3a3BU4Yail BOHA peani3ye
CUHYCOIJJaJIbHUN 3aKOH IMMPOTHO—IMITyIbcHOI Momyinsmii (IIIIM) #oro BuximHOi
Hanpyru. I[lynecanii BukpuBmooTh 3akoH [IIIM, mo BruMBae Ha €HEpPreTHUYHI,
4acoBl 1 YaCTOTHI XapaKTEPUCTUKU BCi€i 3aMKHeHOi cuctemu perymoBanns BJII1C.
BB  mynbcarii  Ha  €HEepPreTHYHI Ta  JAMHAMIYHI  TTOKA3HUKH  CHUCTEMH
CJICKTPOTIPUBOY 3MEHIIYEThCS BKIIOUEHHSM (UIBTPIB Ha BUXOJAX pETyJsTOpa
KOHTYpY CTpyMy Ta JaBaya cTpyMy. HaciiakoMm 1mporo € mnosiBa HECKOMIIEHCOBAHOT
MOCTIIHOT y KOHTYp1 CTpyMy, sIKa 3MEHIIye HOro mBuakoniro. BuOip mapamerpis
GIIBTPIB € HACHIAKOM TEBHOTO KOMIIPOMICY IO pe3yJibTaTax aHajizy 3amacy
ctiikocti cucremu yrnpaBiinHa BJIIIC. IcHye HaliOIbIIa 1MOBIPHICTH BTpaTH
CTIMKOCTI Ha CyOTapMOHIYHHMX YacTOTax, SIKi B IIJIe UM JPIOHE YMCIIO pa3iB MEHIIIE,
HI’K 4aCTOTa OCHOBHOI rapmoHiku Ha Buxoji AIH. Ilynbcarii ctpyMy, TakuMm 4YHMHOM,
HEraTHUBHO BIUIMBAIOTh HA 3amac CTIMKOCTI CUCTEMH Ta 1i eHepreTUYHI MOKA3HUKH.

[lin yac mepexiTHUX MPOILECIB CUTHAN TOXUOKH CHUCTEM €JEKTPOIPHUBOIY,
HAKJIQJa€ThCsl HA CUHYycOoimalibHUN curHan 3akony IIIIM 1 Bukpusmioe ioro.
HacnigkoM 1poro € 30UIbLIEHHS aMIUTITYJ BUIIMX TapMOHIK B CHEKTPl BUXIAHOI
Hanpyry, mo >xuButh BJIIC. B pe3ynbrari 30UIbIIYIOTHCS BTpaTH MOTYKHOCTI B
CUCTEMI EJIeKTPOIPUBO/LY.

Ha uac BTpaTu eHepropecypcy akyMyJiiTopa BIUIMBA€E 1 HECTAOUIBHICTh TEMITY
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3MIHH CTPYMY Ha Horo Buxoji puc. 1.

3a pe3ynbTaTaMd TEOPETUYHOTO AaHAJI3y EJIEKTPOHHOTO MOJICITIOBAHHS Ta
EKCIIEPUMEHTY 3alpOIIOHOBAHO HACTYIHI 3aX0/JH 3MCHIIICHHSI HEraTUBHOTO BILUIUBY
BUIIICBKa3aHUX (DAKTOPIB Ha EHEProeeKTiBHICTh CHUCTEMHU EJIECKTPOIPUBOIY
JITAJILHOTO armapaTy Ta Ha HOro TWHAMIKY:

—T h |

| — 1
LI L L L O L I O L L I L L L L Y L

Puc.1 Ilpouecu 3miam ctpymy Ha Bxoji AIH B cuctemi enekrponpuBoay bITJIA

1. 3ampomoHOBaHO KOMIIEHCYBAaTH IyJjbcalii MnpoTuBo-e.p.c., BIIIC 3a
JIOTIOMOTOI0  ITPOMOPUIHHO—IHTErpaIbHOIO PEryisaTopa, 3 acTaTU3MOM JPYroro
MOPSIJIKY, SIKMIT HEOOX1THO BKJIFOYATH JI0 KOHTYPY CTPYMY CUCTEMH E€IIEKTPOTPUBOTY.

2. Po3po0ieHo mpucTpidi ympaBiiHHS aBTOHOMHHM 1HBEPTOPOM HAIpyTu 3
cunycoiganbauM 3akoHoM [IIIM Buximnoi Hanpyru AIH, 1mo m03BoJisi€ 3MEHIIUTH
HOro BUKPUBIIEHHS B MEPEXITHUX pPEKUMaAX 3a paxyHoOK LudpoBoi QiibTparii
CHTHAJTy TIOXHOKH CHCTEM eJIeKTPOIPHBOIY. Voro HasBHICTH J03BONHIA 3MEHIINTH
aMIUTITYIM BUIIMX TapMoOHiK y BuxigHiid Hanpy3i AIH nHa (10-20)% 1 nmo36aButuch
MapHUX TAPMOHIK, SIKi 3 SBJISIFOTHCSA 1] Yac MEePeXiTHUX MPOIIECIB.

3. 3ampornoHoBaHo 3aci® cTabimizaiii MBUAKOCTI 3MIHH CTPYMY aKyMyJsaTopa
3a paxyHOK 3a0e3IeyeHHs pIBHOCTI MOXIHUX CUTHATIB Bij BXinHO1 Hanpyru AIH ta
npotuBo-e.p.c., BAIIC B mporieci perymoBaHHs Horo mBHAKOCTI. CXeMOTEXHIYHA
peanizailis IbOro 3aco0y mnepeadadyae OOUYMCICHHSI PIZHUINI MOXIJTHUX BKa3aHUX
CUTHAJIIB 1 MOJa4i i Ha BX1Jl KOHTYPY CTPYMY CUCTEMH €JIEKTPOIIPUBOLY.

HocnimkeHHsi, 10  TPOBEACHI, TMOKa3aJll  BHUCOKY  €(QEeKTUBHICTh
3alpONOHOBAHUX 3acO0IB MIJABUIICHHS €HEpProeeKTUBHOCTI OOPTOBUX CHUCTEM
KUBJIEHHS JITAJbHUX anapaTiB. IX peamisalis Ha GOpTy KBaJpOKONTEpa J03BOJMIA
301IBIINTH K.K.J., HOTO CUCTEMHU KUBJICHHS Ha (5-7) %.
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BUKOPUCTAHHSA KOCMIYHUX 3HIMKIB HAJIBUCOKOI
PO3PIBHEHHOCTI 1JIsI MOHITOPUHI'Y CTAHY JICOBUX MACHUBIB

HeoOxiaHicTh 30epeXeHHS 1 PO3BUTKY E€KOJIOTTUHOTO MOTEHIIaTy YKpaiHu,
MBUIIEHHS i1 €KOJIOTO-eKOHOMIYHOI poiii B €BpomneiickkoMmy Co1031 00yMOBITIOIOTH
HEOOX1IHICTh PO3BUTKY HAYKOMICTKHUX TEXHOJIOTIH 1 TEXHIYHUX 3aC001B JOCIIIKCHb
HAaWBAKJIUBIIIOTO KOMIIOHEHTA €KOCHCTEeMH — POCIMHHOCTI  (aBTOTPOQHHUX
oprani3miB). Ha cborofHinmHii eHp B YKpaiHi TOCTporo MpoOJIEMOI0 € CTaH JIICOBUX
MacCHBIB, 1110 BUKJIUKAE HEOOXIIHICTh 3A1MCHEHHSI PETyISPHOTO iX MOHITOPUHTY, a
BUKOPHCTAHHS CYITyTHUKOBHX JaHUX Pa30M 3 KapTaMH 3HAYHO PO3IIUPIOE ySIBICHHS
Ipo TEPUTOPIIO JOCHIKEHHS. AEpOKOCMIYHI 3HIMKM 3JaTHI 3a0e3NeuuTu
1H(pOpMaIlI€IO PO BIUIUB MPUPOIHUX 1 AHTPOIIOTEHHUX YMHHUKIB (TaKUX K MOMXKEXKI,
BUPYOKH, TEXHOTEHHI 3a0pyHeHHs, XBopoOu). O/HaK, /ISl TPOBEJACHHS CBOEYACHUX
CHEIllaTi30BaHUX 3aXOJIB MIOA0 30EpeKeHHs, BITHOBJICHHS (PYHKI[IOHAIBHOT
e(EeKTUBHOCTI 3€JICHHX HACA/PKeHb CTAa€ aKTyaJIbHUM IHUTAHHS TMPO MiHIMI3AIlIO
BUTpAT 4acy Ha CHUIbHY 0OpOOKY pI3HOYACOBHMX 3HIMKIB 32 PaXyHOK aBTOMAaTH3allii
nporiecy nemudpyBaHHs.

[Ipu mnpoBeneHHI AOCHII)KEHb aHANI3yBajJUCh [JaHl JIICOMApKOBOI 30HU
M. XapkiB 3a 2000 Ta 2013 poku, BUKOPUCTOBYBAJIUCH 3HIMKH 3 PO3PI3HEHHICTIO 6 M,
2m ta 0,6 M. 30Ha JiCOBOTO MacuBy Oylia po30WMTa Ha TPU KIACU: 3PUIMIA JIiC,
MOJIOJIMH JIIC Ta 30Ha BUPYOKH JIICY.

CyMicHe BUKOPUCTaHHS JaHUX ISl aHaji3y CTaHy JICOBUX MAacCHUBIB,
OTPUMAHUX 3HIMAJIBHOIO arapaTypol0 3 PI3HUMHU XapaKTePUCTUKAMHU Yy PI3HHUX
YMOBaX OCBITJIEHHS TATHE 3a COOOK0 TPYAHOUII, SIKI BUKJIMKAHI iX P13HOK KOJIPHOIO
HacuueHicTio. [le mpu3BOAMTHE 10 HEIOIIILHOCTI BUKOPUCTAHHS KOJIIPHOI MOENI
RGB, Tak sk nmoOynoBa nemu@pyBalbHUX O3HAK Ha OCHOBI JIaHOI MOJEINI HE Ja€
npuitHATHUX pe3ynbrariB. llepexin mo moxaent HSV 3abe3nedye MOXKIHMBICTH HE
BpaxoByBaTH TOHOBY CKJIaJIOBY, a aHaJII3yBaTH JIMILIE IX HACHYEHICTD Ta SICKPaBICTh.

[Tonepennim eTanom kiacudikalii kiiaciB 00’ €KTy cTana ornepailis 61HapHOTO
KBaHTYBaHHS 3 BHKOPUCTAHHSM 3HAUCHHA S-KojipHoro mpocropy HSV. Jam
3MIMCHIOBABCS MIJIPaXyHOK 1MOBIPHOCTI TEPEBUILIEHHS CUTHAJIY TPaHUYHOIO
3HAYCHHS, SKUW OOMpaBCs Ha MIACTaBl aHaNi3y TICTOTpaMH PO3MOJAUTY 3HAYCHBb
sckpaBocTi pparmenta (0,3 Bl MAaKCUMaJIBHOTO 3HAUYEHHS ).

Amnapatypa BikHa BapitoBasiacs B gianasoni Big 3 go 27. [lpu Bubopi po3mipy
BIKHA BHCYyBaJlacs BHMOTa WOTO MIHIMAIBHOCTI [JIsi 3a0€3Me4YeHHs] TOYHOCTI
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JoKasi3amii MexX 1 MaKCUMallbHOT HMOBIPHOCTI MPaBWIBHOI iAeHTU(DIKAIT. Y BCbOMY
Jiana3oHi aHaJ30BaHUX PO3MIpIB BiKHA 00'€KTH Ha 3HIMKY 3 po3pi3HeHHicTIO 0,6 M
MalOTh BEJIMKI 30HM TIEPEKPUTTS, OTXKE, HEe MOoke OyTu 3abe3nedyeHa BUCOKa
WMOBIpHICTh TIPaBWIbHOI 1AeHTU(IKAIil. Jlas 3HIMKAa 3 PO3PI3HEHHICTIO 2 M
ONTUMAJIBHUI PO3MIp CKaHyIYOro BikHa ckjaB 15 mikcemiB. Ilpu Takiii aneptypi
BikHa 00'ekTn "BupyOKa" Ta "Mojomuil sic" Ha 3HIMKY 3 PO3PI3HEHHICTIO 2 M
M1HIMI30BaHI MOXWOKU MPaBUIBHOI Ki1acudikariii.

Hnsa igentudikamii kmacy "3pinuii Jic" B SIKOCTI JOJATKOBOTO KPUTEPIIO
BUKOPHCTOBYBAJIOCS 3HA4YCHHS Aucnepcii kaHamy S. Pe3synbprar BUKOpHCTaHHSA
IPUBEICHOI METOAMKHU HABEIECHO HA pHC. 1.

3pinumii nic  Motoamii Jtic BHDYOKH

= Google

Puc.1 Pe3ynbTaTtil po3nizHaBaHHs 00'€KTIB HAa 3HIMKY 3 PO3PI3HEHHICTIO 2 M

3a pe3ynbTaTau MPOBEICHUX JOCIIIKEHb 3p00JIeH1 HACTYIHI BUCHOBKH:

- aHami3 BUOOpPY OMOPHOI KOJIPHOI MOJENl TOKa3aB  JOIIJILHICTh
BUKOpUCTaHHA Mojeni HSV;

- IPOCTOPOBA PO3PI3HEHHICTh BXIJHUX 3HIMKIB TOBMHHA 3HAXOJWTHCS B
miama3oHi Big 1,5 1o 2 M;

-IpU  BUKOPUCTaHHI MeToAy OIHAPHOTO KBAHTYBaHHS JOCATAIOTHCS
MO3UTHBHI PE3yJIbTaTU MPU BU3HAYEHHI 30H MOJIOJOTO JIICY, @ MPU BUKOPUCTaHHI
PO3paxyHKy AUCIEPCIi — 30H 3pLJIOTO JICY;

Takox HaBeJIEHO BEKTOP O3HAK TPhOX KJIACIB CTaHy JIiCYy — BUpYOKa, 3piiauit
JIiC, MOJIOJIUM JIIC 3 TYCTOIO KPOHOKO Ta YarapHUKaAMH.
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Bino6oponos O.0., k.7.H.; IBanenko T.O., K.T.H.
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TEXHOJIOI'ISI CHHTE3Y 30BPAKEHHS BIITHIHHOI'O OIITUKO-
EJIJEKTPOHHOI'O CKAHEPY 13 3CYBOM EJIEMEHTIB

PesynbraTy aHamizy BIUIMBY MOKA3HHMKIB ONTHUKO-EJIEKTPOHHOI amapaTypud Ha
nemudpyBaibHl BIIACTUBOCTI MaTepiaiaiB KOCMIYHOI 3MOMKH J03BOJISIOTH 3POOUTH
BHCHOBOK, III0 B TPAKTHUIIl PO3POOKH ONTHUKO-EICKTPOHHOI amapaTypu BHUHHUKAE
OPOTUPIYYST MK HEOOXITHICTIO 3MEHIIEHHS pPO3MIpy €JeMEHTIB MpHiiMaua
ONITUYHOTO BUIIPOMIHEHHS TSI IIOKPAIEHHS MMOKa3HUKA MMPOCTOPOBOI PO3PI3HEHHOCTI
Ta HEOOXIAHICTIO 30LIBIICHHS PO3MIPY €JIIEMEHTIB JIJIsi TOKpAIEHHS IOKa3HUKIB
JTUHAMIYHOTO Jlama3oHy 1 paJloOMETPUYHOi pOo3pi3HEHHOCTi. [l yCyHeHHs
3a3HAYEHOT0 MPOTUPIUYS BUKOPUCTOBYIOTH TPU OCHOBHI TEXHOJIOTII: TaHTaKHE
YHOBUIbHEHHSI (aHAJIOrOBE IHTETPYBaHHS), YacoBa 3aTpUMKa 3 HAKONHYECHHSIM
(uudpoBe 1HTErpyBaHHs) Ta OLTIHIHE CKAaHYBAHHS 13 B3aEMHUM 3CYBOM E€JIEMEHTIB.

AHani3 HasBHUX JKEpeN CBIAYWTH MPO YCHIIIHY MPAKTHUYHY peai3aliio B
CydyaCHUX 3pa3Kax KOCMIYHOI TEXHIKM TEXHOJIOT1 OUIIHIMHOTO CKaHyBaHHS 13
B3a€EMHUM 3CYBOM €JIEMEHTIB. TE€XHOJOrIsl B3a€EMHOTO 3CYBY €JIE€MEHTIB OUTIHIMHOIO
CKaHepa € KOMIPOMICHUM BapiaHTOM, TaK SIK BIJHOCHO BEJIMKHI PO3MIp €JIEMEHTIB
npuiiMada J03BOJIsIE 3a0€3MEYUTH JIOCTATHIO HAKOMWYEHY EHEPrilo Ta MPUNUHATHE
BIJIHOIICHHS CHUTHAJ/IIYyM B OKPEMOMY KaHadl, a Mojalbllia CHulbHAa 00poOKa
1H(popMaIlli CyMIKHHUX JIIHIHOK J103BOJIIE CUHTE3YBAaTH 300PaKEHHS 3 MOKPAIEHUMHU
nokasHukamu  gxkocti. Ilpm  1pomy y  miTeparypl  HaBOASTBCS  JIMILE
3arajibHOTEOPETUYHI MIIXOAU 1O BHU3HAUCHHS TOKAa3HUKIB SIKOCTI OTPUMYBAHHUX
300paxeHb TOMY pO3pOOKa TEXHOJIOTil CHHTE3y 300pa)k€HHS OUTIHIMHOIO OMTHKO-
CJICKTPOHHOTO CKaHEPY 13 3CYBOM €JICMEHTIB € aKTyaJIbHUM 3aBJaHHSIM.

JIns  JOCHiDKEHHS TIPOIECIB  peecTpalii ONTUYHOTO BHIPOMIHIOBAaHHS B
ONTUKO-EJIEKTPOHHUX CKaHYBAIBHUX CHCTEMax PO3pPOOJICHO YOOCKOHANEHY MOOeb
peecmpayii Onmu4HO20 BUNPOMIHIOBAHHS, KA, HA BIAMIHY BiJl iICHYIOUHX, 0a3y€ThCs
HAa METOJl MPOCTOPOBO-YACOBOI  JMCKpETH3alli €Heprii BUIPOMIHIOBAHHS.
3acTocyBaHHS YJOCKOHAJIEHOI MOJIENi JO03BOJISIE€: BPAaxOBYBaTH MPH PO3paxyHKax
CHEPreTUYHUX XapaKTEPUCTHK PI3HUN Yac HAKONMUYCHHS BHUIPOMIHIOBAHHS, IIIO
HAJXOUTh BIJ PI3HUX NUISHOK CIIEHU; MPOTHO3YBATU SIKICTh MaTepiasliB 3HOMKHU
ETAJIOHHUX 300pa)Ke€Hb; YTOUHUTHU BIUIUB MAPAMETPIB ONTUKO-CIEKTPOHHOI CUCTEMH
Ha SKICTh OTPUMYBAHUX 300pa)K€Hb; TOCIIIKYBaTH MPOIEC PEECTpallli ONTUIHOTO
BUMPOMIHIOBAaHHSI CKaHYIOUMMHU ONTHKO-CJICKTPOHHUMU CHUCTEMaMH 13 3CYBOM
€JIEMEHTIB.
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Jlisg mocmiKeHHsT MOKIIMBOCTEH BUKOPUCTAHHS HAJUIMIIKOBOCTI 1H(popMaIlii,
0 OTPUMYETHCA HAa BUXOMA1 OUTIHIMHUX CKaHYIOUMX CHCTEM, BIIEpIIE po3poldiieHa
Memoouka cunme3y (aBTOMATUYHOTO (OPMYBaAHHA) yugposoco 300padxcenHs Ha
OCHOBI 3HIMKa OJIIHIHOTO ONTHKO-EJIEKTPOHHOTO CKaHepa 13 3CYBOM €JIEMEHTIB, SKa
0a3yeTbcsl HA METOJI 3MEHIICHHS CTaTUCTUYHOI HAJIMIIKOBOCTI peajbHUX 3HIMKIB.
3acTocyBaHHS PO3pOOJIEHOT METOAMKU JIO3BOJISIE OTPHMATH ACPOKOCMIUHI ONTHUKO-
€JICKTPOHHI 3HIMKH TMOKpAIIEHOi SKOCTI Ha OCHOBI BMIOBOI iH(poOpMaIli OUTIHINHIX
CKaHepiB.

Jlis mepeBipKu JOCTOBIPHOCTI Ta aJIeKBaTHOCTI YJOCKOHAJIEHOI MOJel
peecTpaliii ONTHYHOTO BUIIPOMIHEHHS 1 METOJIUKU CHHTE3Yy ITU(POBOr0 300paKCHHS
pO3pO0JIECHO YAOCKOHAIIEHY MEeMmOOUKy asmoMamuyHo20 OYIHIOBAHHS SIKOCMI
U(POBUX ONTUKO-EIEKTPOHHUX 3HIMKIB I BUKOHAHHS 3aBJaHb BIHCHKOBOIO
nemupyBaHHs, sKa, HAa BIAMIHY BiJ ICHYIOUMX, BPaxOBY€ pPEAJIbHHUN PO3MOILT
SCKpAaBOCTI B pailOHax BEJIEHHA PO3BIAKM Ta iX JAemu@pyBaibHI BIAacTUBOCTI. B
AKOCTI ~KpPUTEpisl OLIHIOBAHHA SIKOCTI UU(POBUX aACPOKOCMIYHHUX  3HIMKIB
BUKOPUCTOBYETHCSI €KBIBAJIEHT iX 1H(OPMATUBHOCTI IIOJO BHSBIEHHS OO0 €KTIB.
Metonuka oOOYMCIEHHS 3alpONOHOBAaHOIO KPUTEpIss IOJArae y HACTYIHOMY:
doHoI1IIbOBa 00CTaHOBKA (KIJTBKICTh, PO3MIPH, TOH 00’ €KTIB MOIIYKY 1 (POHOBHX
YTBOPEHb) Ta YMOBH 3HOMKH (OCBITIIEHICTh, CTaH aTMOC(HEPH TOIIO) MPOTHOZYIOTHCS
3a IMOBIPHICHUMH MOJEJISIMH, 110 BIAMNOBIIAIOTH 3aBAaHHSIM Ta YMOBaM
3aCTOCYBAaHHS CHCTEMH; Ha OCHOBI XapaKTEPUCTHUK OMTHKO-EIIEKTPOHHOI amaparypu
MOJICIIIOIOTHCS XapaKTEePUCTUKU BIATBOPEHHS ACMIM(PPYBAIBbHUX O3HAK; HA OCHOBI
BIJIOMOi IMOBIPHICHOI MOJIeJll OOYMCIIOEThCA KIJTBKICTh BHSBICHUX 00’ €KTIB;
pe3yJabTaTH KOPETYIOThCSl 3 ypaxyBaHHSAM CIEKTPaJIbHUX O3HAaK Ta IPYHOBOIO
po3TamryBaHHS 00’€KTiB. JSIKICTh aepPOKOCMIYHHMX 3HIMKIB OIIIHIOETBCS  3a
CTAaTUCTUYHUMH XapPaKTEPUCTUKAMU PE3YJIHTATIB IMITALIITHOTO MOJICITFOBAHHS.

Ha ocHOBI ofepkaHMX HAyKOBUX pE3YyJbTaTIB PO3POOJIECHO MEXHON02iH0
cunmesy 300padcenHs: OUNHIMHOTO ONTHUKO-EJIEKTPOHHOTO CKaHepy 13 3CyBOM
€JIEMEHTIB, 1110 BPaXOBY€E BIUIMB Ha SIKICTh 3HIMKIB (POHOLIJILOBOI 0OCTAaHOBKH, YMOB
3WOMKH, XapaKTEPUCTHK ONTHKO-ETIEKTPOHHOI anapaTypy Ta MmapameTpiB yIpaBIiHHS
(lHTepBaJI ONUTYBAaHHSA €JIEMEHTIB CKaHepy, MapaMeTpiB IUIaHy 3aCTOCYBaHHS
anapaTypH TOLIO).
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AHAJII3 CYHACHUX ITPOT'PAMHO-TEXHIYHUX KOMIIVIEKCIB
OBPOBJIEHHA 30bPA’KEHBb KOCMIYHOI'O CITIOCTEPEXKEHHSA

CucremMr aBTOMAaTU30BAHOTO OOpPOOJEHHS JAHUX JUCTAHIIIHOIO 30HAYyBaHHS
3emni MaroTh Kinacudikamiro moaidHy npo reoiHpopmamiinux cucrem (I'IC) 1
CKJIQJIat0ThCS 3 HACTYIHMX ITIJICUCTEM: BBEJICHHS JaHHUX, 30epiraHHs 1aHuX, 00OpoOKH Ta
NoJaHHS pe3ynbTariB. Ll momiOHICTh crpusie MPOrpamMHO-TEXHOJIOTIYHINA IHTErparii
Bule3azHaueHnx cucteM pazoM 3 ['IC. Pi3Hi tumm I'IC HagaroTe KopucTyBauam
PI3HOMaHITHI MOXJIMBOCTI 3 OOpOOJIEHHSI 3HIMKIB, 3a0€3MEYeHl 3aKJIaJCHUMU B HUX
NpOrpaMHUMH 3aco0amu aHaimzy i 1HTepdeiicy. Sk mpaBuio, 1l 3aco0M BKIHOYAIOTh
NesiKUid  00OB’SI3KOBUM CTaHAApPTHUM HaOIp IHTEPaKTUBHUX NPOLEAYpP MOINEpeaHbOI
KOpeKIiii, TpaHc(hopMyBaHHs Ta KiIacu(iKallii 3HIMKIB 3 BI3yaJIbHUM KOHTPOJIEM IXHBOTO
BUKOHAHHS Ha €KpaHl MOHITOpa B KoMIUIekci 3 iHImMME ['TC-TexXHOooTisIMH.

VY 1onoBii po3rJsSIHYTI CyYacHi MPOrpamMHi MPOIYKTH IO BIANOBIAAI0TH BUMOTaM
10 OOpoOJeHHsT MarepiaiiB JUCTAHIIIMHOTO 30HIYBAHHS 3€MJII Ta MAlOTh y CBOEMY
pobouoMy HAOOP1 MOJTYJI1 KOHBEPTYBaHHS 00 BIITBOPEHHSI pe3y/IbTaTIiB 0OPOOICHHS 3a
nonomoroto 'IC. Jlo I'C-maketiB jyig poOoTH 3 MaTepiajlaMd KOCMIYHOTO 3HIMaHHS
BiHOCATRCS HacTymHi: Idrisi, MultySpec, ERDAS Imagine, ENVI, ArcGIS, TNTmips,
ER Mapper, ILWIS, GRASS. 3 Touku 30py MOKJIMBOCTEH 1TUBPOBOi 00pOOKH 3HIMKIB 111
MAKeTH BIIPI3HAIOTHCS B OCHOBHOMY HAaOOpOoM 3aco0iB iHTepdelicy omepaTopa i iXHBOIO
3PYUHICTIO.

Cepen HallOUIBII MpUIATHUX Ta YHI(IKOBAaHMX JO BHUKOHAHHSA 3aB/aHb
MOYMHAIOYM BiJl 0OpOOJIEHHS MaTepiaiiB KOCMIYHOTO 3HIMaHHS 0 CTBOPEHHS rpadiyHuX
JOKYMEHTIB BU3HAu€HO mporpaMHuil mpoaykT ArcGIS BupoOnunTBa kommanii ESRI
(CIIA). Ile ciMeiicTBO mNporpaMHHMX MPOAYKTIB, IO CKJIQJal0Th  IIUTKOM
YKOMIUJICKTOBaHHM, Bigpasy ToToBUMl 10 pobotu [IC-maker, 3acHOBaHMN Ha
3araJIbHONpPUMHATUX raimy3eBux cradgaprax. el ['IC-maker mnpusHaueHud st
CTBOpPEHHS, 00 €THAHHS 1 CTPYKTYpyBaHH:, KEpyBaHHS i aHali3y reorpadiyHuX JaHUX
Ta Ma€ y CBOEMY CKJIa/Il BEJIUKY JIHINKY POrpaMHUX MPOAYKTIB 1 AOAATKIB:

TPH IHTETPOBAHUX KopeHeBUX Aofatku: ArcMap, ArcCatalog 1 ArcToolbox;

Tpu HacTUTbHUX (ArcGIS Desktop) nporpamuux npoaykru: ArcView, ArcEditor 1
ArcInfo, o MaroTh OHAKOBY CTPYKTYpy # iHTep(elic, ajne po3pi3HSIIOTHCS 32 CBOEIO
(bYHKIIOHATLHOCTEO. {7151 BUKOHAHHS OLIBII TIMOOKOTO aHAI3y JaHUX JI0 HUX MOXKHA
HIIKTIOYMTH 3araiibHi 1oaaTtkoBi Moayi: ArcGIS Spatial Analyst, ArcGIS 3D Analyst,
ArcGIS Geostatistical Analyst Ta 11111
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nBa cepBepHux nomatku: ArcSDE, mo 3a0e3neuyiorh eekTuBHE KepyBaHHS
npocropoBumu Janumu, ArcIMS (pa3om 3 BeroepoM ArcExplorer) - yHiKanbHe pillICHHS,
Mpu3HaUYeHe I HajaHHs reoiHdopManiiaux QyHKIINA 1 0OMiHy reoiH(opmamiiftHuMu
JTaHUMU 3a jornomororo [HTepHery, a Takok ArcReader - mporpama s BUKOpUCTaHHS
JOJIATKIB JUIs TIEpEryisiLy Ta IpyKy Kapr.

VY nomoBinl HANAIOTHCS PE3YNBTATH JOCIIIKECHHS apXITEKTYpU Ta MOKJIMBOCTEH
JTAHOTO TIPOTPAMHOTO TPOMYKTY IMIOJ0 HOT0 MacmTaOyBaHHS 1 HaAOYAOBH BiIOBITHO
JI0 BUMOT KOPUCTYBauiB Oy/b-SIKOTO PIBHS, SIK HOBAUKiB, III0 3aCTOCOBYIOTh CTaHAApPTHI
dbyHKIii, Tak 1 pO3pOOHUKIB MONMATKIB, SKI 3aCHOBAHI HA MMATPUMIN TaTy3eBUX
CTaHJIAPTIB B3a€EMOAIl 3 IHIMUMHU 1HQOPMAIIMHUMHM TEXHOJOTISIMH Ta JO3BOJISIOTH
copMyBaTH CUCTEMY, ONITUMI30BaHy i1 PI3HOMaHITHI MPOEKTH.

Hanarotbcss mpakTUuHI pEKOMEHAALIl 100 3aCTOCYBaHHS MPOrPaMHOIO
nponykty ArcGIS 1 BUPILIEHHS OKPECIEHOIO KOMIUIEKCY 3aB/laHb 3 OOpOOJIEHHS
MaTepiajliB KOCMIYHOTO 3HIMAHHS Ta CTBOPEHHS Ha X OCHOBI PI3HOMaHITHUX rpa(iyHUX
JIOKYMEHTIB.
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ITPOBJIEMH BITPOBA/IZKEHHA CEPBICIB CUCTEMUA
KOOPIUHATHO-YACOBOI'O TA HABITALIIHHOT'O
3ABE3NIEYEHHSA B IHTEPECAX 35POMMHUX CUJI YKPATHH

Texnomnoris ¢dopMyBaHHS HaBiramiiHoro mois, npuitHITa B Cucremi
KOOPJIMHATHO-9acOBOTO Ta HapiramiiHoro 3abesnedenns (CKH3), mo3Bomse
chopMyBaTH MIMPOKO30HHI Ta 30HAJIbHI (KOJOBI), a TAaKOXK JIOKaJbHI (KOJOBI Ta
dazosi) nudepeniiansai BunpasienHs curHanis GPS ta ['JIOHACC.

Cucrema Oe3nepepBHO moctayae d4epe3 IuTepHer audepeHiiiHy
kopuryBaiabHy iH(MopMamito (IKI), mo mo3Bojse KopucTyBauam, OOJIaJHAHUM
BIJINOBIJTHOIO HABITAI[IMHOIO amapaTryporo, JOCIITH y PEATbHOMY 4acl TOYHOCTI
MICLIEBU3HAaY€Hb Ha PIBHI 1-2 M 1o BCii TepuTopii YKpaiHU 1 CAHTUMETPOBOTO
piBHA TOYHOCTI y 30-KM 30HI MOOJM3Yy KOXHOI 3 KOHTPOJbHO-KOPETYBaJIbHUX
craniii (KKC) nazemHoi Mmepexi.

Icayroua mepexxa KKC HI[YBK3, sakxa Hapa3i Hamiuye 35 cTaHIH,
YIOPABISIETbCS MIATOTOBICHUMHU (axiBisiMu LleHTpy KOHTpOJIO HaBIraliiHOTO
noyis B pexuMi «24x7» 3 3aCTOCYBaHHSAM SIK BJIACHOTO, TakK 1 MPUI0AHOTO
CHEIiabHOTO TPOTPAaMHOTO 3a0€3TEUCHHSI, SKE J03BOJIIE HAIaBaTH CIIOKMBAYaM
CUJIOBUX MIHICTEPCTB Ta B1IOMCTB, 30kpema 3CY, koperyBaiabHy 1HQOpMaIlito 10
curHaniB 'HCC y kinpkox pexumax, 3okpema B RTK, 1 € KOHKypeHTO3AaTHOIO
(32 TOUHOCTHUMU TIOKa3HUKAMH) y MOpiBHsAHHI 3 cuctemoro EGNOS.

BunpoOyBanns, siki Oynu mnpoBeaeHi B kBiTHI 2018 poky Ha 37-my
3arajgpbHOBiHCbKOBOMY TomiroHi 3CY 3 3amydeHHsIM apMINHChKOi aBiallii, (axiBIiiB
TOIOTEOIC3UIHOT cITy:kOm, aepoposBigku 3CY Ta camepHUX BIHWCBK, IMOKa3ald
MO>KJIMBICTB Ta NOLIbHICTh BUkopuctanua CKH3 aiis:

[linBumeHHS TOYHOCTI 1 MICIIEBU3HAYEHHS KOOPJAUHAT TMOTOYHOTO
nosioxkeHHs1 00'ekTiB 3CY Ha Bciid TepuTOopli YKpaiHu Ta IPUIETJIMX MOPIB;

NiBUILIEHHS HAIIMHOCTI yripaBiiHHs aBiauli (3o0kpeMa bnnAK) y nonboTi Ta
M 4ac BUKOHAHHSA OOMHOBHUX 3aBOaHb, TOYHOCTI OOMOOMETAHHS, 3a0ILAIKECHHS
OO€KOMITJIEKTIB BIMCHK 32 PaXyHOK MiABUIIICHHS TOYHOCTI IIIEBKa31BOK;

BUCOKOTOYHOTO BHW3HAYEHHS KOOPJAMHAT Ta JUPEKIIHHUX KYTIB IS
apTWIEPINCHKHUX Ta PAKETHUX 3aCO0IB YparKeHHS;

BU3HAYCHHS BHCOKOTOYHOTO ITOJIOKEHHS 3aKJIaJeHHS BIIACHUX BHOYXOBHX
IIPUCTPOIB;
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BUKODUCTaHHA  1HpopMamii B  iHTepecax  TOIMOTEOJE3HMYHOTO  Ta
HaBiramiiaoro 3abe3nedeHds 30poitanx Cmin Ykpainm.

VY TOil ke 4Yac ICHYIOTh OCHOBHI MPOOJEMHI MUTaHHA, $IKI CTPUMYIOTb
po3sutok CKH3 B inTepecax 3CY:

HEJOCTaTHIA MacmTad OXOIUICHHS TepuTopii YKpaiHu BHCOKOTOUYHHMHU
cepBicamu CKH3, 30kpeMa npuKOpAOHHUX pPailoHiB;

JIKI, sxa Hagaetbcs BiiicbkoBUM KopucTyBauam CKH3, mae Oytu
rapaHTOBAaHOI SKOCTI, @ KOPUCTYyBayl MOBUHHI OYTH Ha/lIHHO aBTOPU30BaHi;

B YKpaiHi He HaJIaroPKeHO BUPOOHMIITBO HABITALIMHUX MPHIAJIB, 3AaTHUX
BUKOpUCTOBYBaTH moBHUM crnektp cepBiciB CKH3, 3okpema momo HAKI
IIMPOKO30HHOTO 1 30HAJBHOTO THIIIB, SIKa MOXE HA/JaBaTUCh KOPUCTyBayaM B
pEeXMMI MOBJICHHS;

s noseneHds JIKI no kopuctyBauiB 3CY B 30H1 OOC noTpiOHI 3axuIIeH1
KaHAJIM 3B’513KYy, @ BUKOPUCTAHHS HA BIAKPUTIN MO3aMIChKIA MICHEBOCTI (Tam, e
1I€ MOJKJIMBO) BIAKPUTHX KaHAJIIB MOOUIBHOrO IHTEpHETY CTPUMYETHCS CIIaduUM
MOKPUTTSAM MOOUTBHOI Tese(OHIi;

70cl He NMpUMHATHN 3akoH YKpaiHu, SKUM Ma€ perysioBaTH BiJIHOCHHU B
cdepi CynmyTHUKOBOI HaBiraiiii, 30kpema oo 3ade3nedenss aisuibHocTi 3CY.

J1J1st BUpIIIEHHS [IUX TUTaHb TOTPEOYIOTh pealtizallii HaCTYyIHI 3aX0/IH.

1. JIns mMOBHOTO TOKPUTTS CepBicaMH BCi€i TepuTopii YKpaiHu iCHyro4a
mepexxa KKC CKH3 mae O6ytu posmupeHa 3 BcTaHOBJIeHHsM 10 200 HOBHX
KKC.HIOYBK3, sk oneparop CKH3, Oyne 3a0e3neuyBaTd MEpIIOYEProBe
BcraHoBlieHHs1 KKC y 30H1 iHTepeciB kopuctyBauiB 3CY, KOHTpOJIIOBATH SKICTh
HaBIramiiHUX cepBiciB Ha Teputopii Ykpainu ta Hagauus [IKI kopuctyBauam 3CY
3 BUKOPUCTAHHSIM IIU(GPOBOTO IMiIMUCY.

2. Opranizaiiis BUIUICHUX HA3eMHHX KaHANIB 3B’SI3KY, BUKOPUCTaHHS
ICHYIOUMX 3axWIleHux KaHamiB 3B’s3ky 3CY Ta opranizamis —nepenadi
mudepeHIIMHUX TMOMpaBoK 3acobamMu  HUPPOBOro e(ipHOro MOBJIECHHS Ta
CYIIyTHUKOBOTO 3B’S3KY.

3. Opranizamis BUpOOHMIITBA B YKpaiHi amapaTypu, 30aTHOI IS
BukopuctanHs ycix ceppiciB CKH3YVY, 3okpema 3 Bukopucranusam JJ03.

Peanizarrisi Bka3aHUX 3aXO0/iB JO3BOJIHUTH 3a0€3MEUUTH MTOTPEOU KOPUCTYBAUiB
3CY B orpumanni Bin CKH3 HaBiramiiHux AaHUX PI3HOTO PIBHS TOYHOCTI JIJIst
noTped TOMOTe0Ie3NYHOTO 3a0e3MeUeHHs, BUCOKOTOYHOI HaBiraIlii apMiichKoi Ta
TaKTHUYHOI aBiallii, MOPCHKUX CYJI€H Ta CyXOMyTHUX M1PO3ALIIB.
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OCOBJIMBOCTI JOCJIIIKEHHS KIBEPBPA3JIMBOCTEMN
KOCMIYHUX CUCTEM

AHami3 3MiH TEOMOJITHYHOI 1 T€OCTPATEriyHOi OOCTAHOBKM TOKAa3ye HASBHICTD
MIPOSIBIB MPUHIIMIIOBO HOBUX TEHJCHINN y (hopMyBaHHI MaiiOyTHHOT KapTuHU cBITYy. Ha ii
CTaH 1 PO3BUTOK ICTOTHO BIUIMBAIOTh HOBI SIBUINA B (pistocodii BiHU, TEOPii BOEHHOTO
MHCTEIITBA 1 MIPAKTHIIl BIH (BOEHHUX KOH(IIIKTIB), B OCHOBI SIKMX JIS)KaTh 1HHOBAIIIHH1
JOCSITHEHHS BUCOKMX TEXHOJIOTH, a TaKoK MOIM(iKOBaH1 Ta TpaHC(POPMOBaAHI y 3B’SI3KY
13 UM TPaAJUILINAHI Ta KapJUHAIHLHO HOBI METOAU, (POPMU 1 CIIOCOOU JOCSTHEHHS IUIeH
BOEHHHX KOH(DJIIKTIB P13HOI IHTEHCUBHOCTI.

B BoeHHMX KOH(QUIIKTaX CYYaCHOCTI CHOCTEpIraeTbCsl CTiMiKa TEHICHLILS
3aCTOCYBaHHSI SIK EKCHEPUMEHTAILHUX, TaK 1 CEPIMHUX BHUCOKOTEXHOJOTTYHHMX 3pa3KiB
030pO€EHHS Ta BIMCHKOBOI TEXHIKU @ TAKOXK 1HHOBALIIMHUX TEXHOJIOTIH yIIPaBIiHHA HUMHU.
[lpu 1BOMyY, SIK TpaBWIIO, Taki 3acoOM, HAaBITh MPU HE MACOBOMY iX BHUKOpPHCTAHHI,
3a0€31e4yI0Th BUPIIIAILHUNA BIUIMB Ha X171 1 pe3yIbTaTH KOH(IIIKTY.

P03BUTOK TEXHOJIOTIH MTPUBIB 0 MOJIMILIEHHS THPOPMALIIITHOrO 0OMIHY, 3pOCTaHHS
poi camMoi 1H(opMallii, CTBOpEHHsI 0a30BUX MEPEIYMOB JJISi MOKIUBOCTI (DOpMyBaHHS
€TMHOTO 00MOBOIO Ta 1H(POPMALIITHOTO MPOCTOPY, YIPABIIHHI B HHOMY BCIMa HassBHUMHU
BilicbkamMu (CmylaMu) 1 3aco0aMu B paMKax €IUHOI Mepeki Ta 3a0€3MEUYEeHHS SIK
BEPTUKAILHOI, TaK 1 TOPU3OHTAIBHOI 1HTErpallii BCIX YYacHUKIB omepariid. Bce 1e
HEMOXXJIMBO  0O€3  BHKOPHUCTaHHS  KOCMIUHHMX, HaBiramiiHo-iHpopMalifHuX  Ta
reoiH(opMaIliiftHuX CHCTEM, 1110 3IHCHIOIOTH 1H(QOpMaITiiiHe 3a0e3neueHHs!.

BopaHouac mepeBarn cy4acHOro LU(POBOrO CBITY Ta PO3BUTOK 1H(OpMAILIHHUX
TEXHOJIOT 00YMOBWJIM BUHUKHEHHSI HOBUX 3arpo3 — 3pOCTa€ KUIBKICTh Ta TOTYXHICTh
Kibeparak, BMOTMBOBAaHMX IHTE€pecaMH OKpeMHUX JAepkaB, rpyn Ta oci0. IlopymieHnHs
MpoIIeCY OTPUMaHHS Ta OOMIHY iHQOpMaIlii 3a JOMOMOIO KOCMIYHHUX CHCTEM MOXKE
MPYBECTH JI0 3HAYHUX HACIIJIKIB. 3pOocTaroya KUTBKICTh Kibep3arpo3 Ta atak Ha Oyzb sKi
3 IUX CUCTEM CTa€ OIbII MOIMIMPEHUM, BAUTOHYCHUM 1 pYHHIBHUM SIBUILIEM. TOMY OITIHKa
KiOEpBPA3IMBOCTEN KOCMIYHUX CHCTEM € BaXKIIMBUM 3aBJAHHSM, SIKE MA€ BHUPIIIyBATHUCH
K Ha eTarli CTBOPEHHsI 1 po3po0K, TaK 1 B MPOLEC] eKCIUTyaTallli Takux cucreM. Lle B cBoro
yepry BUMara€ HasBHOCTI 3acoOiB JUIsl BHUPILNICHHS BHIIE3a3HAYCHHUX 3a7ad Ta
KBaJTI(hiKOBAHOTO TepCcOHATy. Y SKOCTI 3ac0o0IB TECTyBaHHS Ta MIATOTOBKU (DaxiBIlIB
MOXYTh OyTH BUKOPUCTAH1 KiOEPIIOJIITOHH.

JIocBim MPOBITHUX KpaiH CBITY CBIMYWTH MPO 30UIBIICHHS YBaru Ha BUPIIICHHS
3a3HAUYEHUX 3aBJaHb. [IpakTMYHO KOXKHA 3 TaKMX KpaiH Mae BiMCHKOBI HaBYAbHI
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3aKJIa/IM, B SIKUX 30Cepe/KeHa MiIroToBKa (axiBiiiB BCIX PIBHIB Ta MPOBOAATHCA HAYKOBI
JOCIKEHHs 3 MUTaHb 3aCTOCYBAaHHS BHCOKMX TEXHOJIOTIA B 1HTEpecax HaIllOHAJIBHOI
Ooesmekn 1 00OpoHHM y JabopaTopHUX —cepefoBUIaXx (KIOEpIojiroHax) st
BIJMpAIIOBaHHS i B KIOEPIIPOCTOPl PI3HUX THIIIB: YHIBEPCUTETCHKOTO (THITY
ki6eprnionirony KYPO MacapukoBoro yHiBepcutety M. bpHo, Uexist); yacTKy [IUBLIILHOTO
(Ha mpukyazi pimens kommadii Forward Defense, m. A0y-/1a6i, OAE); HaiioHaIpHOTO
BilficbkoBorO (KiOepmomiron National Cyber Range, m. Opnanmo, mr. ®@mopima, CIIHA);
MikHarioHasHoro (kibepromiron HATO, m. Tammins, Ectowis).

Meronvka CTBOPEHHS KiOEPITOIITOHIB /IS BITPAIFOBAHHS IHHOBAIIMHIX 3aCO01B
1 3axo/iB 3abe3neyeHHs iH(opMarliifHoi Ta kibepOesreku B KiOepmpocTopi B yMOBax
riOpyuAHUX KOH(QUIIKTIB PI3HOI 1HTEHCHBHOCTI 1 3MICTYy, 3 BIAIMPAIIOBAHHIM 3aXOJIiB
npoTuIii KiOepBIUIMBaM 0a3yeThCs Ha 3/IMCHEHHI KOMIUIEKCY HAyKOBUX JOCIHIIKEHb
(GbyHIAMEHTAIBHOTO 1 MPHUKIAJHOTO XapakTepy, peaiisaiii I1HXEHEpHUX 3aBlaHb 1
OpraHizaliifHO-TEXHIYHUX 3aX0/I1B, CYTh 1 3MICT SIKUX Mepen0adae HacTyIHE:

1. ymockOHaJICHHST HAyKOBO-TIPUKJIATHIX Ta TEXHOJIOTTYHUX TPUHIIHITIB TOOYIOBH
1 peayizaiii MporpaMHO-anapaTHUX 3aco0IB MOHITOPUHIY KiOEpIPOCTOPY, 3aXHUCTy Ta
BIUIMBY, 1X MPaKTUYHA anpoOarlis;

2.po3poOKy  GyHIAMEHTAIBHUX Ta MPUKIAJAHUX TPUHIMIIB  MOOYI0BH
MaTeMaTUYHOro 3a0E3MEUYeHHsT IPOrpaMHO-alapaTHUX 3aco0iB  peastizallii MpoleciB
MOHITOPUHTY, aHATITHYHOI OOpoOKM iH(popMaIlii, MPOTHO3YBaHHS, IUIAHYBAHHS Ta
3MIMCHEHHS 3aXO/lIB MACUBHOI 1 aKTMBHOI MPOTUMI 1HPOpMALITHUM 1 Kibep3arpo3aM B
KibeprpocTopi;

3. po3po0Ky Ta MPaKTHUYHY arpoOariito B CePEAOBHII KiOEpITOIiroHa MporpaMHIX
3ac00IB  peamizaiiii TpOIECiB MOHITOPUHTY, AaHAMITUYHOI 0O0poOku  iHdopMarii,
MPOTHO3YBaHHA, TUIAHYBaHHsS 1 3MAIMCHEHHS 3aXOJIB TMACHBHOI 1 aKTUBHOI TPOTHIIT
1HpopMariiHIM 1 Kibep3arpo3amM B KibeprpocTopi;

4. po3BUTOK HOBITHIX (DopM, CHocoOiB Ta METOMIB MPOTHlI Kibep3arpo3am,
3aXUCTY KPUTUYHUX THPPACTPYKTYp, CyO €KTIB Ta 00’ €KTIB OpraHiB YIPABIIHHS CEKTOPY
Oe3mekr Ta OOOPOHM JIeplKaBU, CYCHUILCTBA 1 OCOOM 3a JIOMOMOTOH peastizallii
KOMILJIEKCY 3axOAiB 1H(QOpMaliiiHOi Oe3leku B KiOepmpocTopi B yMoOBax TiOpHIHUX
KOH(JTIKTIB PI3HOT IHTEHCUBHOCTI,

5. po3p0oOKy METOMUYHUX OCHOB JIJIsI Kilacuikartii, craHmapTi3altii Ta ceptudikarii
KIOEPITOJIIrOHIB, @ TAKOXK CTBOPEHHS CUCTEMH KJIacu(iKarlii 1 CTaHIapTiB KIOEPITOJITOHIB.

Takum YHHOM, BUKOPHUCTAHHS KiOEpITOIIrOHIB TUTS JIOCIIDKEHHS
KIOEpBpa3IMBOCTEM KOCMIUHHUX CHCTeM B €IUHOMY 1H(OpMAIIHHOMY MPOCTOpl €
aKTyaJIbHOIO 33/1a4elo Ta MoTpedye KOMIUIEKCHUX MiaxoiB 1 cranaaptis HATO.
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INIABUINEHHA EOEKTUBHOCTI IIEPEJJAUYI JUCKPETHHUX
HOBITOMJIEHBb B KAHAJIAX CYHACHUX KOCMIYHUX CUCTEM

AHani3 KJIaCHYHHUX TMOJOXEHb Teopli mepeaadi MUCKPETHHX IOBIIOMIICHB
(T AC) Buknanenux B pobotax lllenona K., 3toko A.I'., @inka JI. M. Ta iHm. npu
HassBHOCTI 3aBMHUpaHb Ha (HI3WYHOMY PIBHI KOCMIUYHMX arapaTiB Ma€ OOMEXEHHs B
BUKOPHUCTaHHI. Y 3arajJbHOMY BUMNAJKY B pajilOKaHalIax HasiBHI 3aBMHUPAHHS CUTHATY,
BHACIIJIOK 0araTONMpOMEHEBOTO TMOMIMPEHHS eleKTpoMarHiTHoi xBuiil. [lo wMipi
30UIBIIICHHS JJAJbHOCTI HapocTae ix rmubuHa. Kanan ctae crodaTky paliCOBCKUM, a
Ha MEXI1 OpsIMOi BUAMMOCTI - PEJICEBCKUM.

Bin3Havaerbes, O CTIMKICTh CUCTEMU PaJII03B’SI3KY JJI OKPEMUX KaHAJIbHUX
peanizaifiii MoXke 1ICTOTHO BIJIPI3HSITUCS BiJ CepeHbOi HMOBIPHOCTI MOMMIIKH, TOOTO
ycepeaHeHoi Juisl Bcix peanmizamiii. lle mpus3BoauTh A0 JOCUTH TpyOOro OmUCY
¢b13uuHoro kanany. I[Ipy oMy peanbHI MOKa3HUKUA KaHATYy 1CTOTHO BIJIPI3HSIIOTHCA
BiJl pO3paxyHKOBUX.

Bce 1e npu3BoANTh A0 MOIIYKY HOBUX MIAXOJIB IO ONMUCY KaHAJIB 3B’SI3KY 3
3aBMUpPaHHAMU. TeopeTuyH1 NPOTHPIYYS BUKJIMKAHI HEBIAMOBIAHOCTAMH HPUWHSTOIL
OJIHOMIPHOi MMOBIPHICHOI MOJIEJi 1[0 BUKOPHCTOBYIOTHCS B KaHajaxX Cy4acHUX
KOCMIYHHUX anaparis.

Taka Mozenb HE BpaxoBYy€e JUHAMIKK BUITaJKOBOTO MPOLECY 3aBMUPAHb, TAKUX
HOTO XapaKTEepUCTHK, SK aBTOKOpENAliiHa (YHKIIS 1 TPUBAJICTh IHTEPBAIY
KOpeJsllii, a TaKoXX IHIIUX IIEHTPaJIbHUX 1 MOYATKOBHX MOMEHTIB BHIIAKOBOTO
porLecy.

[Ipn ycepenHeHHI MO OJHOMIPHIA HMOBIPHICHIA Mipl BUKOPUCTOBYETHCS
yMOBa TaK 3BaHOI ‘JIOKaJIbHOI CTalllOHAPHOCTI”, KOJM piBEHb cuUTHaIY (abo
Koe(DiLieHT nepeaadi KaHaiy) 30epiraeTbCsi HE3MIHHUM IPOTATOM JIESIKOTO 1HTEpBaY
yacy. Ha inmmomy iHTepBalli 3HOBY KaHaJl BBAKAETHCA MOCTIMHUM, ajie, MOXe OyTH, 3
IHIIMMH XapaKTepucTUKamu. [ BUPIMIEHHS TEOPETUYHUX MPOTUPIY MPOMOHYETHCS
BBECTH JIBa TMOKAa3HHWKA SKOCTI 3B’A3Ky B KaHajl 13 3aBMHUpPAHHSIMH: WMOBIPHICTH
MPaBUIILHOTO MPUIOMY TIOBIJJOMJICHHS KIHIIEBOI TPUBAJIOCTI Ta MMOBIPHICTh 3B'S3KY
KIHIIEBO1 TPUBAJIOCTI 6€3 OOPUBIB.

[lepmmii MOKa3HUK € 3arajlbHUM IOKa3HUKOM SIKOCTI (3B’S3Ky) mepeaauyl
iH(dopMmarlii, a Ipyrui - MOKa3HUKOM SIKOCTI KaHaJly Ha CEaHCl 3B’SI3KY KIHIEBOI
TpUBajoCTi. IMOBIpHICTh 3B’sI3Ky 0Oe€3 OOpUBIB Ha KIHIICBOMY IHTEpBaJl dYacy
JEMOHCTPYE WMOBIPHICTh TOTO, IO MPOTATOM IHOTO Yacy PiBE€Hb CHTHANy HE CTa€

55



III HaykoBO-IpaKTHYHA KOH(pepeHIis

«AepoKocMivHi TeXHOJIOTil B YKpaiHi: Mpo06JieMH Ta nepcneKTHBI» [12-13 Bepecust 2019 poxy]

HIDKYE 337]JaHOTO MTOPOTOBOTO 3HAYCHHS.

BukopucTaHHs 3amporoHOBAaHOTO TOKa3HUKa SKOCTI 3B'I3Ky B KaHam 13
3aBMHUPAHHSMU J03BOJISIE HACTYIIHE:

- 63 MITY4YHOI BTpaTH NPOMYCKHOI 3JaTHOCTI KaHally 3a0€3MEUYNUTH 3 BUCOKOIO
TOYHICTIO MIATPUMAaHHS HEOOX1THOT SKOCT1 KaHAJIy B IOTOYHOMY (peajibHOMY) Yaci;

- IPOTHO3YBATH MMOBIPHICTH MPABUJIBHOTO NPUWOMY TOBIIOMJICHHSA NpU

BUKOPUCTAaHHI HEOOXITHUX 3aXOJliB BCTAHOBJICHHS PEKUMIB Tepeaadi JUCKPETHUX
MOB1IOMJICHbD.
[IpencraBiaeni B [OOMOBiAI TOKA3HUKM SIKOCTI KaHaJIiB KOCMIYHUX amnapariB 3
3aBMHpAHHSIMHU 3aCTOCOBYIOTHCSI MPHU BHSBJICHHI 1 PO3pI3HEHHI CUTHAIIB Ha (hoHi
IIYMIB, IPY IPOBEIECHHI PO3PaXyHKY 3aBaJI03aXHUIIEHOCTI Ta HAAIMHOCTI 3B 3Ky Ta
IIPU OIIHII XapaKTEPUCTUK MOIIMPEHHS PaJ10XBUIIb.
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METOJNKA BUSHAYEHHSI MACO-TABAPUTHUX
XAPAKTEPUCTHUK ONTUKO-EJIEKTPOHHUX KAMEP JJISA
JTUCTAHUIAHOI'O 30H1YBAHHS 3EMHOI MOBEPXHI HA OCHOBI
EHEPTETUYHOTIO MIAXO1Y

Cepen Oararbox mpoOJsieM, 10 BHHHUKAIOTh TEpel pPO3POOHUKAMU Ta
KOHCTPYKTOpaMU TpU CTBOPEHHI oNTHKO-elekTpoHHUX kamep (OEK) nmns 3aco0iB
JTUCTAHI[IAHOTO 30HyBaHHS 3€MHOI MOBEPXHI € 3a0e3medYeHHs] MiHIMAJIbHUX Maco-
rabaputHux xapaktepuctuk (MI'X) OEK 3a yMOBM BHKOHaHHSI TaKTUKO-TEXHIYHHUX
BUMOT, IO NPEa SBISIOTHCS JO TakKuX 3aco0iB: PO3PI3HIOBAIBHOI 3/1aTHOCTI Ha
MICLIEBOCTI, JAIBHOCTI Ali, KyTiB MOJIS 30pYy, 30HH OIIIAY, pOOOTH B OyIb-SIKUI Yac
100U Ta OyAb-SIKOTO CTaHy aTMOc(epH B YMOBAX MOJbOTY IIPU BU3HAYECHUX BUCOTAX
Ta MIBUIKOCTSIX.

MI'X OEK Bu3HauaroThCs NUIAXOM MPOBEICHHS Ta0apUTHO-EHEPTeTUYHOTO
po3paxynky (I'EP) OEK Ta abepauiiiHoro po3paxyHky o0’exktuBa (APO) [1].
Jocsruenns miHiManbHuX 3HaueHb MI'X OEK BupinryeTbcsi Ha OCHOBI ITPOBEICHHS
CHEPTreTUYHOTO PO3PAXYHKY — OTPUMAaHHS CITIBBITHOIICHHS CUTHA/IIIYM, TIPU SIKOMY
3a0e3MeUyIOThCSl  XAPAaKTEPUCTUKHU:  JANBHICTh  BHUSBJICHHS,  PO3IM3HABAHHS,
imeHTudikaii miner, 3a yMOBH 3a0e3MeUYeHHS PO3PI3HIOBAJIBLHOI 3/aTHOCTI Ha
MICIIEBOCTI Ta 30HU OTJIAAY NpPH BU3HAYCHMX Ta0apUTHUX PO3MipaX OCHOBHHX
enemeHTiB OEK, a came: (okycHOi BifCTaHi, CBITJIOBUX JlaMETpiB, TabapUTHUX
pPO3MIpIB ONTUYHUX EJIEMEHTIB Ta O0’€KTHBA B IJIOMY, B3a€EMHUX BIJCTaHEH Mixk
OKPEMHMH OINTUYHUMHU €JIEeMEHTaMH O0’€KTHBAa Ta BIJCTaHEH MK 00 €KTHMBOM Ta
doTonpuiiMansHuM nipuctpoem (DIIIT).

Eneprernunuii pozpaxynok OEK nossirae y:

1. OTpumaHH1 3Ha4Y€Hb MOTOKY BHMPOMiHIOBaHHA @ abo onpomiHeHHs E, 1m0
CTBOPIOEThCSI KOpucHUM curHaiioM Ha Bxoai OEK (ma BXimHil 31HUIN) Y BUTJISAII
byHKIIM ~ TapaMeTpiB  BUIPOMIHIOBaHHS,  CEPENOBUINA  PO3MOBCIOIKEHHS
BUIIPOMIHIOBaHHS Ta XapakTepucTuk ontudHoi cucremu OEK;

2. Pozpaxynky moporoBoi uytiauBocti OEK @, .« abo mnoporoBoro
onpoMiHeHHs1 E , o« OEK, mpuBegenoro mo Bxoay ontuuHoi cucremu OEK;
3. BuszHaueHH1 BEJMYMHU BIAHOMICHHS CUTHAN/IUYM U=D/Dy oex, U=E/ E 1 oex, SKE
PO3PaxOBYETHCS JIsI KOHKPETHOI Kamepu [2], a6o Moxe OyTu BUOpaHO 3a JOCBIIOM
aHAJIOTTYHUX PO3pPOOOK. 3BUYAITHO, TOPOTOBE 3HAUCHHS U JIJISl TETJIOBI3IMHUX CUCTEM
(TuC), mo mnoBWHHI 3a0e3leuyBaTH BUSBICHHS THUIOBUX IIIJICH, 3ala€Thcs B
Mexax 6...7, mus teneBiziitHux cucteM (TC) — moporoBe 3HA4YEHHS TMOBHHHE
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ckiamatume u > 2 [1,2].

[loporoBi 3HaueHHS u € (YHKII€IO BCIX KOHCTPYKTHBHHX MapaMmeTpiB
00’exTHBa: AiameTpa BxigHoi 3inuili D, hokycHoi Bimcrani 06’ekTuBa f, mpomyckanus
ONTHUYHOI CUCTEMH Tos ‘'Ta XapakTepucTuk DIIII: iHTerpanbHoi 9yTIUBOCTI Sy *, YACY
HAKOIWYEHHSI CUTHaNy t,, XapakTepucTuk aTMOChepH T,m,” B YMOBaX BU3HAYEHUX
mBuIKocTel Ta Bucot H nonsoty bnAK [2].

Hiametp BxinHoi 3iHMII D 006’€kTHBa B 3HaYHIN Mipl BIUIMBA€ HA €HEPTETHYHI
cuiBBigHOmEeHHs: B OEK 1 BU3Ha4aeTbCs, HA OCHOBI €HEPTETUYHOTO PO3PAXYHKY 3
ypaxyBaHHsM BuMor g0 rabaputiB Bciei OEK [2]. Cmig BpaxoByBaTH, IO TpH
30UIBIICHH] JaiaMeTpa BXIAHOI 31HMIN 30UIBIIYIOThCS alepallii 1 BIUIMB 3alBHUX
BUIIPOMIHIOBaHb, Ki 3MEHIIYIOTh YYTIUBICTh MPWJIANY 1 THM CaMUM 3MEHIIYIOTh
JnanpHICTh A1i. Jia mikBigamii 3aiBUX BHIPOMIHIOBaHb JIOJJATKOBO BCTAaHOBIIIOIOTH
onenau, giadparmu, mo 3HauHo 30uTbTye Bary OEK. B Toii ke uac, Maca 00’ekTuBa
30UIBIIYETHCS MPOIMOPIIAHO TPETHOMY CTYMEHIO 301IBIIECHHSA J1aMeTpa BXI1THOT
31HUI], 30UIBIIYIOTECA TEXHOJOTIUHI TPYIHOII BUTOTOBJIEHHA ONTHYHHMX AeTalled
BEJIMKOTO PO3MIPY, BHHHUKAIOTh MPOOJIEMH MO0 3a0€3MEUEeHHS PO3PI3HIOBAIBHOT
3JIATHOCTI 10 BChOMY TIOJIIO, 30€peKEHHsI CTaOUIBHOCTI MapaMeTpiB 00’ €KTUBA MpHU
pI3HMX 3OBHIIIHIX BIUIMBaxX. Bce 1i¢ BuUMarae BBOJY [IOJATKOBUX ONTHYHUX
CJIEMEHTIB, M0 30UIBIINTE Macy 00’ektuBa [2]. DokycHa Binctanb f 00’ekTHBa
BU3HAYae ioro rabaputHi posmipu (nomxuny OEK B mepmomy HaOmmkeHHi), a
po3Mipu uyTinuBoi miomaaku PIIIT pasom 3 ko 3a0€3me4yr0Th PO3PI3HIOBAIBHY
3natHicTb OEK. Po3mip matpumi (kiabkicts enemenTiB DIIIT) Bu3Hayae kyToBe mose
OEK. J[lnga miaBUIIEHHS PO3PI3HIOBAIBLHOI 34aTHOCTI Ta TMIABHUIICHHS TOYHOCTI
BU3HAUCHHsSI KOOPJMHAT 1HOJI JOIJIBHO 301IbINyBaTH (POKYCHY BIJICTaHbL ajie IIe
301IbIITY€e TabapuTH CUCTEMHU. B TOM ke vac, 1 30epeKeHHS CBITIOCHUIN 00’ EKTHBA
30UTBIIIEHHST (POKYCHOI BiJICTaHI BUMarae 301JIbIIIEHHS JiaMeTpa BXIAHOI 31HMII, IO
Bukinkae 30utbmeHHs MI'X. Ileit muisix BUMarae KOMIPOMICHOTO MiAXOAY TMpHU
CTBOpeHHI ab0 BHOOpi 00’ekTHBa. BigHocHMit oTBip 00’ektuBa D/f BH3HAuae ¥ioro
reOMEeTpUYHy 1 (i3uuHy cBiTIOCHIy. [l 30UIbLIEHHS CBITJIOCHIM HEOOX1JHO
30UTbIIYBaTH BIIHOCHUM OTBIp, OJHAK MHpPH LbOMY 3pOCTarOTh abeparli, TOOTO
HOTIPIIYEThCS SIKICTh 300paxeHHs. Kpim Toro, 31 30inbmennsm D/f 3meHmyeTbes
rOuHa PI3KOCTI 00’€KTHBA, IO TEX MOTIPIIYE AKICTh 300pa)keHHs. 301IbIICHHS
BIJIHOCHOTO OTBOPY NPHBOJAUTH JI0 TOTIPIICHHS PO3PI3HIOBAIBHOI 3/IaTHOCTI Ta 3a
YMOBHU 30€peKEHHS CBITIOCUIH, 301IbIIyE Macy 00’ €KTHUBA 1, TAM CaMUM, 30UIbIIYy€E
macy Bciei OEK.

Hapeneni Buine XapakTepUCTHKM OO0 €KTHUBA: JlaMeTp BXigHOI 3iHuIi D,
¢dokycHa Bigcranb f, BiqHOCHUI OTBip 00’ekTHBa D/ f , miameTp KpykKa po3CisiHHS,
KyTOBE ToJsie 2W € HaWBAXKJIMBIIIMMU MPU OOTPYHTYBaHH1 Ta BUOOpPI 00’ €KTHUBA AJIs

58



III HaykoBO-IpaKTHYHA KOH(pepeHIis
«AepoKocMivHi TeXHOJIOTil B YKpaiHi: Mpo06JieMH Ta nepcneKTHBI»

[12-13 Bepecnst 2019 poky]

OEK.

Taxum unHOM, aji y AOMOBII MOXKHA MPEJCTABUTH aJTOPUTM OOTPYHTYBaHHS

xapaktepuctuk OEK i1 gucTaHmiHOTO 30HIYBaHHS 3€MHO1

......

MOBEPXHi

3
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3ipka M.B.

Lentpansauit HII 036poenns Ta BiiickkoBoi TexHiku 3C Ykpainu, M. Kuis
Kager H.IIL.

HamionansHuii aBiamiitnuii yHiBepcurtet, M. Kuis

3ACTOCYBAHHS CALS-TEXHOJIOT'TH ITPY MPOEKTYBAHHI 3ACOBIB
ABIAIIIMHO-KOCMIYHOI TEXHIKA

CyyacHMI MiAX1J 10 TPOCKTYBAaHHS 1 BUPOOHUIITBA BUCOKOTEXHOJIOTIYHOI Ta
HAyKOMICTKOI MpoAyKiii nojsirae y Bukopuctanui CALS/PLM-texHosoriii Ha BCiX
ctamisax xxkutteBoro nukiy (OKILI) BupoOy. Lei miaxin 3abe3nedye o JHaKOBl ClIOCOOU
YIOpPaBIIHHSA TPOLleCaMHU 1 B3a€MOJIi BCIX YYAaCHHUKIB I[bOTO ITUKIY: 3aMOBHHKIB
OPOIAYKUIi, IOCTaYaJIbHUKIB (BUPOOHUKIB) NPOIYKIIi, EKCIUTyaTalliHOro 1
peMoHTHOro mnepconany [1-3]. Lled miaxim peanizoBaHUM BIAMOBIAHO /10 BUMOT
CUCTEMHM MIDKHApPOJHUX CTaHAapTiB, Hampukian, cranaaptu [SO 10303 (step),
ISO 13584 (plib), ISO 15531 (mandate) ta i [4-6].

EdexTuBHICTh 3acTOCyBaHHS 1HHOBAIIMHUX 1H(QOpPMAIIHHUX TEXHOJOTIH,
takux, gk CALS-texHosoriii, B mnporecu cynpoBoukeHHs 1 ympaiiHHs KI]
ckinagaux BupoOiB 1 cucreM OBT, 30kpema aBiamiitHo-kocMiuHO1 (ABK) TexHiKU €
CKJIaJIHOIO HAyKOBOIO MPOOJEMOI0 1 MOTpedye OKpeMoro AociiikKeHHs. ['onoBHa
mpo0JsiemMa ToJIArae B TOMY, IO BIUTUB TAKOTO BIPOBAKCHHS Ha KIHIICBUH PE3yJIbTAT
€ OIOCEPEIKOBAaHUM, a BHU3HAUYMTH HOro HU(PPOBHI €KBIBAIEHT 1HOJI HAINpPAMY
HeMoxJnBo. Hampukmnan, BaxiauBuM sikicHUM acriektoMm edextuBHocti CAIIP €
MO>KJIMBICTh IIBUJKOI MepeOyn0oBH BUPOOHHUIITBA 3 METOI0 OINEPATUBHOTO MOrO
pearyBaHHs Ha MOTPeOU CrOKUBayva.

OcHOBHI TmepeBaru, TOB'A3aHI 3 YIPaBIIHHAM I1H)XCHEPHUMH JaHUMH Ta
npouecamu K1 ABK Bupo6iB 13 3actocyBanHsiM CALS-TexHOIOr1T TaKi:

M1JIBUIIICHHS MPOAYKTUBHOCTI Mparli;

3HM>KEHHS IOOIYHUX BUTPAT;

3a0€3MEUEHHS] CYy4YacCHOTO CYMNPOBOJKEHHS  1HTENEKTYaJlbHOI  BJIACHOCTI
MIPUEMCTBA,;

TUTAaHYBAaHHS 1 YOpaBIiHHSA Oararbma MiANPUEMCTBAMH, SIKI O€pyTh y4acTh B
KUTTEBOMY LUK MPOYKIIIT;

PO3IIMPEHHS 1 BAOCKOHAJIEHHS KOOTEPaIliifHUX 3B'S3KIB;

ICTOTHE 3MEHILIEHHS KIJIbKOCTI MOMUJIOK 1 MEepepoOOK, 110 MPU3BOIUTH [0
BUSIBJICHHSI PHU3UKIB (CKOpPOYEHHS TEPMIHIB peali3alli MpPOeKTiB 1 CYTTEBOIO
M1JBUILIEHHS SIKOCTI MPOAYKILii);

iHTerpoBana jorictuyHa miarpumka K1 BupoOis.

[TepeBaroro CALS-TexHOJIOTII, B MepITy 4epry, HACTPaB/l € HE CHUHTYJISpHA
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VHIKQJIbHICTh, HE BHUKJIIOYHA HOBW3HA, a KOMIUICKCHICTh BHKOPUCTAHHS
apromatu3amii. [l KOMITJIEKCHICTh TpOSBISETHCA B Takiid Qopmi: mig dac
BukopuctanHa TexHosorii CALS kopuctyBaui He IIyKalTh TMOTPIOHI JaHi,
iH(opMaliitHi 3aco0u Ta IHCTPYMEHTH JIJIS BUPIIIEHHS 3aBAaHb, OCKUIBKH B €JIMHIM
CHUCTEeM] BKE TMO€JHaHI Ta (PYHKIIOHYIOTh pPI3HI TPOIECH 1 CepBicH, SKI JOCi
OpalioBalid aBTOHOMHO Ta po3pidHeHo; B TtexHoyorii CALS peamizoBana
OaraTopiBHEBICTh aBTOMATH3allii, KOJW 3MIMCHIOETHCS OJHOYACHA aBTOMATH3AIlis HE
TITBKH JISUTBHOCTI OKPEMHUX TIOCAOBHX OCIO, ajle ¥ aBTOMaTu3arlisl TisIIbHOCTI
OIANPUEMCTB B IIUIOMY, BKJIIOYAIOYM aBTOMATH3aIlil0 Oi3Hec-TpoleciB  Ta
pelKuHIpUHT O13Hec-miponieciB. Bapto 3ayBaxutu, mo edexktuBHicth CALS-
TEXHOJIOT1i B)KE JIOBEJ€HA JOCBIJIOM BUKOPUCTAHHS TMPU MPOCKTYBaHH! CKJIATHUX
3pa3KiB TEXHIKH, B PI3HUX JHKepesiaX HaBOJATHCS KUIBKICHI OIIHKUA €(pEeKTUBHOCTI ii
BIIpoBaHkeHHs B ipoMuciioBocTti CIIA [7]:

CKOPOYEHHS BUTPAT Ha MPOEKTYBaHHs CTaHOBUTH Bia 10 10 30%;

CKOPOYEHHS Yacy po3poOku BUpoOiB ckianae Big 40 no 60%;

CKOPOYEHHS YacTKU OpaKy 1 00'eMy KOHCTPYKTUBHHX 3MiH — Bizg 20 10 70%.

CKOPOYEHHS BUTPAT Ha MIATOTOBKY TEXHIUYHOI JoKyMeHTarlii — 10 40%;

CKOPOYEHHS BUTPAT Ha pO3pOOKY eKCIUTyaTaliiHoi JokyMeHTarlii — 10 30%;

B IIJIOMY BiJI0yBa€eTbcsl CKOpoueHHS Bij 25% 10 75% dacy BUBEJEHHS HOBHX
BUPOOIB HA PUHOK.

B nopaneimioMy mociipkeHHsT MaloTh OyTH TPOJIOBXKEHI IUIIXOM PO3POOKH
JeTanbHOI METOJMKH OI[IHKA e(peKTUBHOCTI BIpoBajkeHHs CALS-texHonorii y
nporiecu cynpoBokeHHs XK1 ckinaaHux 3pa3kiB aBialiifHO-KOCMIYHOT TEXHIKH.

Jlitrepatypa
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CYBIIKCEJIBHE BUSIBJIEHHA KOMITAKTHUX OB’€EKTIB
HA I'INEPCITIEKTPAJIbHUX AEPOKOCMIYHUX 306PAXKEHHAX

Jlis BUSIBICHHS KOMIIAKTHUX OO’€KTIB TOTpiOHA aepoKOCMiuHA 3HOMKa
HA/IBHCOKOI IIPOCTOPOBOI PO3PI3HEHHOCTI a00 TinmepcrneKTpaibHa 3OMKa 3 BUCOKOIO
CHEKTPaIbHOIO PO3pi3HEHHICTIO. [Tpo0aema BUSBICHHS MOCUIIIOETHCS 32 HAsIBHOCTI B
MeXax CIEHM 3aKkaMy(bOBaHMX Ta 3aMaCKOBaHMX OO0’€KTIB 31 CHEKTPaJbHUMU
XapaKTepUCTUKaMH, CXOKUMHU 3 (POHOBUMHU.

OcHOBHMMH  IHQOPMATUBHUMHM  XapaKTEPUCTUKAMHU  TINEPCHEKTPATBbHUX
300pa)K€Hb € CHEeKTpaJbHI O3Haku 00’ekTiB. LlinmecnpsiMoBaHna 00poOka
TINepCHeKTpalbHUX AEPOKOCMIYHMX 3HIMKIB 3JaTHAa IMIJBUILUTHA JOCTOBIPHICTH
BUSIBJICHHSI KOMITAKTHUX 00’ €KTIB.

ABTOpaMH  3allpOIIOHOBAHO  KOMIUJIEKCHY  METOJUKY  CYOMIKCEIbHOIO
BUSIBJICHHS 00’ €KTIB Ha TIEPCIEKTPAIbHUX a€POKOCMIYHUX 300pa’KEHHSX.

KomrmniekcHa MeToArKa OCHOBYEThCS Ha  yJIOCKOHajJeHOMY MeToal [1]
BU3HAUYCHHS IMIKCEIbHUX YaCTOK 3aJaHMX CHEKTPIB Ha TINepCHeKTpaIbHUX
300paXeHHAX, MICTUTh NPOLEAYPH MONEPEAHHOTO IMITAIIMHOTO MOJIEIIOBAHHS
BUSIBJICHHSI OO’€KTIB y 3aJaHOMYy paloOHI aepOKOCMIYHOTO 3HIMAaHHS, a TaKOX
BpaxyBaHHS BIUTUBY CTATUCTUYHHUX Ta PATIOMETPUYHUX XAPAKTEPUCTUK 00’ EKTIB, SIK1
BUSIBJISIIOTBCS, HA TOYHICTh BH3HAYEHHS iX CYOIMIKCEIbHUX YacTOK. Po3polbieHa
KOMIUIEKCHAa  METOJIMKAa Ja€ 3MOTY BHSBJISATH  KOMIIAKTHI  OO’€KTHM  Ha
TINEpCHeKTPAIBHUX ~ A€POKOCMIYHMX  300paKeHHSIX  CepeIHbOl  MPOCTOPOBOI
PO3PI3HEHHOCTI 3a iX CIHEKTPaJbHUMHU XapaKTePUCTUKAMH B aBTOMATH30BAaHOMY
pexxuMi Ta 3a0e31euye MiJIBUILEHHS TOYHOCTI TaKOro BUSBIEHHS [2].

ABTOopamu OyJlO TIPOBEIEHO EKCIIEPUMEHTAIbHE OLIHIOBAHHS TOYHOCTI
Meroauku (puc. 1). AepokocMmiduHi 3HIMKH KanmiOpyBanucs Ta oOpi3aimcs,
CHEKTPaJbHI KaHAIMU 3 HENPUITYCTUMUMHU 3HAYCHHSIMH BIJIHOLIECHHS ‘‘CUTHANI—IIyMm”
He Opammcs no ysaru. 3o0paxenHs EO-1/Hyperion mimmaBamucs atmocdepHiii
kopekili 3a merogom dark object subtraction (DOS) 3a momomororo cremiajabHO
po3pobIIeHOro mporpaMHoro Moayis. IinepcnekTpaibHi 300pakenns ER-2/AVIRIS
OJICpXKYBaJUCA oOJipasy 2 piBHA O0OpOoOKH, BkKe Ticiasd aTMochepHOi KOpeKIi

nepepaxoBaHi Ha KOS(IIEHTH CIIEKTPATLHOTO BITOUTTS 36MHO1 TTOBEPXHI.

62



III HaykoBO-IpaKTHYHA KOH(pepeHIis

«AepoKocMivHi TeXHOJIOTil B YKpaiHi: Mpo06JieMH Ta nepcneKTHBI» [12-13 Bepecust 2019 poxy]

i

ff - Y

2 WA
a) 0)
Pucynoxk 1 — ®parmeHt rinepcnekrpainbHoro 300paxents EO-1/Hyperion
nopt Amxkenec (Bamunrron, CIIA), mpoctopoBa po3pizHeHHICTh 30 M
a) BXiJHE 300pakeHHs 0) 300paKeHHS 3 BUSBICHUMH KOMITAKTHUMH 00’ €KTaMU

[licns  onepkaHHS  TINEPCHEKTPAIbHUX  300paxeHb Yy  KoeQilieHTax
CIEKTPAJIIBHOTO BIJIOWUTTS OIIHIOBAJIUCSA MapamMeTpH, HEOOXIJH1 JJisi MOAAIBIIOrO
BU3HAYCHHS KOHTPACTHOTO BIJHOIIEHHS ‘“‘CHUTHAJ-IIyM~, 3aCTOCYBaHHS SIKOTO
nependayeHo po3po0IeHOI METOUKOIO.

[{inp0B1 CHEKTpalibHI CUTHATYPU JUISl 3aCTOCYBaHHS METOAY CyOIIKCEIbHOTO
BUSBJICHHS KOMITAKTHMX OO ’€KTIB BH3HAYaJlMCS 13 CTBOpPEHOI  010J10TeKH
CHEKTPAIbHUX XapaKTEPUCTUK TUIIOBUX MPUPOJHHUX 1 IITYYHUX MOKPUTTIB. BiaiOpaHi
Oe3nepepBHI LIIBOBI CIEKTPU TNEPEPAXOBYBAIMCA Ha CHEKTpPajibHI CUTHATYpHU
3aCTOCOBAHUX TIEPCIEKTPATILHUX CEHCOPIB.

Po3pobnena meronuka Mae CyTO TpPaKTUYHY CIHPSMOBAHICTh: il MOXHA
BUKOPHCTOBYBATH B ICHYIOUUX 1 IEPCIIEKTUBHUX MPOTPAMHO-TEXHIYHUX KOMIUIEKCAX
00poOKM MaTepialiiB repCHeKTPaTLHOTO a€POKOCMIYHOTO 3HIMAHHS.
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Kagsan B.B.
«/Inimpoxocmoc» dimis HITYBKS3,
M. [IHinpo

MOHITOPHUHI BOJIO3AXUCHUX NPUPOJOOXOPOHHUX CMYT 3A
JTAHUMM TACTAHOIAHOTO 30HIYBAHHS

BinmoBizno g0 3akoHy VYkpaiHu TpuOepexHi BOJO3aXUCHI  CMYTHU
BCTAQHOBJIIOIOTHCSI HAa 3E€MENbHUX MUISHKaX BCIX KaTeropid 3eMenb KpiM 3eMellb
MOPCBKOI'O TpPAHCIOPTY. 3€MJll NPUOEPEKHUX 3aXUCHUX CMYTI IHepeOdyBaroTh Y
JIepKaBHIN Ta KOMYHaJIbHIM BIACHOCTI Ta MOXKYTh HaJJaBaTUCS B KOPUCTYBAaHHSI JIUIIIE
JUIS 11UJIeH, BCTAHOBJIEHUX BOJHUM KOJIEKCOM. 3aKOH BCTaHOBIIIOE, IIO TaKi 3aXMCHI
CMYT'M HaBKOJIO PIYOK 1 BOJONM MOBUHHI OYTH HIMPUHOIO HE MEHIIE 25 M JUIsl MaJIUX
pIYOK, CTPYMKIB, a TaKOX CTaBKIB IUIOImIEl0 MeHme 3 ra. g cepenHixX pIiyoK,
BOJIOCXOBMII] Ha HHUX, CTaBKIB OuIbllleé 3 ra 3axMCHa CMyra BCTAHOBIIOETHCS
mUpUHOIO 50 M, ISl BEIMKUX P14OK, BOAOCXOBHUI Ta 03ep - 100 meTpi..

3a apxXiBHUMHU JaHUMHU KapTorpadiyHOro I1HTEPHET CepBICY BUKOHAHUMI
MOHITOPUHT BOJI03aXHCHUX HIPHUPOJIOOXOPOHHUX CMYTr. BHU3HaueHI TpU OCHOBHHUX
BUJIIB TOPYIIEHb — 30paHi CUIbCHKOTOCHOMAPCHKI TOJs, CUIBChKI TOPOJAU Ta
HasIBHICTb 3a0yJIOBU B MEKaxX BOJO3aXUCHUX CMYT, BCTAHOBJIEHUX 3aKOHOM.

Ha teputopii JlHinponeTpoBchkoi ob6acTti BusiBjaeHo 1094 nopyiieHs BeAeHHS
roCroAapChKOi AISNIBHOCTI y O€peroBiil Mpupoa00XOpOHHIN 30H1 — Tadbimus 1.

Jani mono 3a0ynoBu B310BXk JHiNpa Ta cepeaHix pidok JHIMponeTpoBChKOi
o0J1acTi HaBeJIeH1 y TaOIuIl 2.

Tabnuys 1
KinbkicTh 30paHuX CUTHCHKOTOCTIOIAPCHKUX TOJIIB Ta CUTBCHKUX TOPOIIB Y MEXKaxX
BOJI03aXMCHHUX CMYT pi4oK J[HIMpOneTpoBChKO1 00IaCTi

KinpkicTe .
KinekicTe
Bua nopymenns 30paHux :
) TOpOJIiB
II0JIIB

30Ha < 25 M 01151 MaJIMX P1YOK, CTPYMKIB 1 MOTOKIB, 279 291
a TaK0’ CTaBKIB IUIOILIEIO0 MEHIIIE 3 ra
3ona < 50 M OUIA cepeIHIX PIYOK, BOJOCXOBHII] HA 312 195
HHUX 1 CTaBKIB IUIOIIEIO OLIbIIe 3 Ta
3ona < 100 M 61151 BEIMKUX PIY0OK, BOJOCXOBHII Ha 13 4
Hux ([uinpo, Jainpoasepxkuncbke 1 KaxoBchke
BOJIOCXOBHIIA Ha J{HIMpi)
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Tabnuys 2

[TpoTsxHICTs 3a0yI0BU y MeXaX BOJAO3aXUCHUX CMYT PIUOK

J{HimponeTpoBChbKOi 00J1acTi

Ha3zga piuku [IpoTskHICTE 3a0yA0BH y MeXax
BOJI03aXUCHOI CMYTH, KM
BeJMKa piuka J{HIinmpo 102,764
cepenHs piuka BoBua 11,343
cepenns piuka bazaBimyk 3,788
cepenns piuka Moxkpa Cypa 11,747
cepenus piuka Cakcaraib 4.803
cepeans piuka [Hrynen 10,177
cepenns piuka Camapa 32,952
cepenns piuka Openb 3,713
cepenHs piuka ["aituyp 0,476
Ycporo 181,763

65



III HaykoBO-IpaKTHYHA KOH(pepeHIis

«AepoKocMivHi TeXHOJIOTil B YKpaiHi: Mpo06JieMH Ta nepcneKTHBI» [12-13 Bepecnsn 2019 poxy]

Ko3zaos B.I'., k.T.H.
Hentpansauit HII 036poenHst Ta BiiickkoBoi TexHiku 3C YKpainu

IMPOBJIEMHI IIMTAHHS OO CTBOPEHHS PAJIOKAHAJIIB
YIIPABJIIHHS TA IEPEJIAYI JAHUX CYITYTHUKOBOI'O 3BSI3BKY
BbnAK

CyuacHi 06e3MiIOTHI JiTanbH1 anapat (qami - briJIA) € BUCOKOTEXHOJOTTYHOIO
cucremoro. briJIA BXomuTh [0 CKIaay AOCUTH CKJIQJHUX TEXHIYHUX CHCTEM —
oe3ninoTHUX aBiariiiHux xkomriekciB (bnAK) 3 HazeMHUMH TyHKTaMH yTpaBIiHHS
Ta 00pOOKUPO3BIyBATBHOT iHPOPMAITI].

Ha TenepimHiii 4Yac € akTyalbHa TeMa IMOJO0 CTBOPEHHS CY4YacHHUX
CYIyTHUKOBHX IU(POBUX KaHAMIB 3B 53Ky, sIKI HAJalOThb MOXIIUBICTH €(EKTUBHO
BUKOpHCcTOBYBaTH bnAK onepaTUBHO-TaKTUYHUX, CTPATErTUHUX KJIACIB.

3HauyHe MiJBUIICHHS €(QEKTHUBHOCTI 3aCTOCYBaHHS KaHAIIB YIMPaBIIHHS Ta
nepefavl JlaHuX, OCTaHHIM YacoM, OOYMOBJIEHO, B IMEpIIy Yepry, PO3BUTKOM
1H(pOpMAaIITHUX TEXHOJIOT1H, PO3BUTKOM MIKPOIPOLECOPHOI TEXHIKH Ta 1HIIE.

B nomnoBial 3anpornoHOBaHUM anropuT™M (YHKIIOHYBAaHHS KaHAJIB 3B’A3KY,
AKUW CTBOPEHUM Ha 0a3l METOJO0JIOTil Teopii Irop, SKUW HaJae MOKIUBICTH
KOHTPOJIFOBaTH €(EeKTUBHICTh (PYHKI[IOHYBaHHS KaHAIIB YIpPABIIHHS Ta Mepeaadi
JaHUX, 3 yYpaxyBaHHSIM yMOB HETaTMBHOIO BIUIMBY HABKOJMILHBOTO CEPENOBUIIA,
TaKOXX 3alpoloHOBaHaMaTeMaTWYHa MOJENb ‘‘CHCTeMa KaHaly CYIyTHHUKOBOIO
3B’SI3KYy — BIUIMB HAaBKOJMIIHBOTO CEPEJAOBUINA HAUOIIBII TMOBHO MOXE OyTH
peanizoBaHa Ha eTamnax po3poOKH Ta MPOEKTYBaHHI CHCTEM CYNYTHHKOBOTO KaHAILy
3B’s13Ky Ayia BnAK B yacTuHI CHHTE3y 3aBaJ03axXMILEHUX AJITOPUTMIB MPUHOMY Ta
0OpOOKM CHUTHANIB, a TAaKOX IMPHU aHami31 SIKOCTI (PYHKIIOHYBaHHS CUCTEMH KaHaly
3B’A3KY B YMOBaX HEraTUBHOI'O BIUIMBY HaBKOJHIIHBOTO CEPEIOBUILIA.

3a pe3ynbTaTaMd MPOBEACHOIO MOPIBHSUIBHOTO aHali3y CYMyTHHUKOBHX
KaHaliB 3B’s13Ky Ta ympaiiHHsS BmAK 3 3apyOiHUMHU aHaloramMu, BU3HAYE€HO iX
nepeBaru Ta HEJIOJIIKH, a TAKOXK HaBEeICHO KOS(DIIIEHTH iX TEXHIYHOI JOCKOHAJIOCTI.

3anponoOHOBAHOUUISIXH 3a0e3MeYeHHs] CTIMKOCTI KaHallB yYOpPABIIHHSA Ta
nepeiadl  JaHUX KaHaIIB CYMyTHUKOBOro 3B’s3ky. CdopmynboBani 3amaudi
MOJIAJIBIIINX TOCIIIKEHb 32 TAHOK TEMAaTHKOIO.
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Konaparos O.M., K.T.H.
B/4 A1906, m. Kuis

TEXHOJIOI'TA ABTOMATHU30BAHOI'O BUBOPY
PEJIEBAHTHUX KOCMIYHUX AITAPATIB

3anponoHOBAaHO  KOMIUIEKCHUM ~ aJITOPUTM  aBTOMATHU30BAHOTO  BUOOPY
TOoCTynmHUX KocMiuyHuX anapaTiB (KA), axi GyHKIIIOHYIOTH B OpOiTAIFHOMY IOJIBOTI,
MPUIATHUX JJIS ONTHUKO-EJIEKTPOHHOI 3MOMKH 3a/IaHWX PalOHIB 36MHOI MTOBEPXHI B
YMOBaX anpiopHO 0OMEKEHOTO Yacy Ha CIIOCTEPEKEHHS Ta MPH 3aJaHIX BUMOTax J0
SKOCTI OJepKyBaHOi iH(popMmarii. Merolo iX aBTOMAaTH30BaHOTO BHOOpPY €
OTepaTUBHE 1 IOCTOBIPHE BUPIIIECHHS CIELUIAIbHUX IIJILOBUX 3aBJaHb BITYU3HIHUMU
KOPUCTYBadyaMH.

3amaya po3poOJieHHs IUIaHy KOCMIYHOTO 3HIMaHHS SBJIsSIE COOOK0 3aaady
riopuaHoi (CYTTEBO JUCKPETHOI 3 e€JIeMEHTaMu Oe3MepepBHOCTI) ONTHMI3aIli.
Bimomo, mo acumMnToTMyHa OOYHMCIIOBajJbHA CKJIAJHICTh PO3B’SI3KY TaKUX 3aaad
METOJIOM TIOBHOTO Mepedopy € eKCMOHEHIialbHOW. (OYeBHIHO, IO HAaBITh MPU
COTHSX MOXJIMBUX BapiaHTIB MpsMUN T1epedip € HECHpUUHATIMBUM 1 Mae
3aCTOCOBYBATHUCS 1HIII T1XO/IH.

ToMmy 3anmponoOHOBAaHO KOMIUIEKCHUN ajJTOpPUTM aBTOMAaTH30BAaHOTO BUOOPY
peneBaHTHUX (3a 6araTbMa KpuTepisiMmu) KA onTHKO-e1eKTPOHHOTO CIIOCTEPEKEHHS.
B oCHOBy 1hOro aJroputMmy TMOKJIAIEHO TMPUHIIUIN TOCHIIOBHOTO 3MEHIIECHHS
PO3MIPHOCTI 3aJadl IUISXOM IIONEPEIHBOI0 OIIHIOBAaHHSA Ta BIAKHMIAHHS CB1JIOMO
HenpuaatHuX KA 3 BUKOpUCTaHHAM TEOpli MHOKMH Ta JIOT1IKO-aHATITUYHOI MOJENI
ix cnenuiuHuX OpOiT.

[Tponiec BubGopy peneBantHuXx KA OEC € AocTaTHbO CKJIaJHUM, TPYJIHO
dbopmaiizoBaHUM Ta Tniepeadavae MPURHATTS PIIICHb 32 JEKUIbKOMA CyNepeUTMBUMHU
YaCTKOBMMHU TIOKa3HUKAMHM 1 BIAMOBIAHUMHU KPUTEPISIMU SIKI  BiToOpaxaroTh
CIIOCTEPEe)KYyBaHy  IUIONTy, CBOEYACHICTh KOCMIYHOTO  3HIMaHHS, KUIBKICTh
pPO3MI3HAHUX THIMIB MPOCTUX OO'€KTIB a00 MOBHOTY OTpUMyBaHOi iH(opMari Ta
BapTICTh KOCMIYHUX 3HIMKIB BIAMOBITHO.

Ha npukinueBoMy erari BUOOpY OOpaHO HENIHIMHY CXEMy KOMIIPOMICIB Ta
CKaJSIpHY (PYHKIIIO BIJ BEKTOpAa YACTKOBHUX IMOKAa3HUKIB €()EKTUBHOCTI BHUOOpY 1
Koe(dimieHTiB iX BaxauBOCTI. [l 3acTocyBaHHS OOpaHOi CXEMH KOMITPOMICIB
noOy0BaHO BiJIMOBITHUN KITBKICHUN KPUTEPIA ONTUMAIIBHOCTI, SIKUH BiJIPI3HIETHCS
B/l BIJIOMHUX BpaxyBaHHSM OUIKyBaHOI WMOBIPHOCTI pO3Mi3HABaHHS OO0 €KTIB
CIIOCTEPEKEHHS, 1110 MOTPAILIATH A0 CMYTH OTJIALY OOPTOBOI 3HIMAJIBHOI anapaTypu
Yy HOPMOBAHOMY BHTJISIII.
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BuxopucTtanHs 3apOnoHOBAHOTO AJITOPUTMY T03BOJIAE€ 3a0€3MEUUTH 3a7aHy
JIOCTOBIPHICTh, TOBHOTY 1 CBOE€YACHICTh KOCMIYHOTO 3HIMAHHS, ITiIBUIIUTH TOYHICTh
4acOBOTO HAKPUTTS palioHy 3HOMKH, TIJBUIIUTH 3HAYCHHS IHTETPATBHOTO
MoKa3HUKa e(EeKTUBHOCTI BUOOPY peneBaHTHUX KA (4acTK MpaBUILHO BUOpPAHUX),
a B OKpEMHUX BHITaJIKaX 3HU3UTH BAPTiCTh KOCMIYHOTO 3HIMAHHS Ta.

AJNTOpUTM peaizoBaHO B aBTOMATH30BAHOMY POOOYOMY MiCIll IJIaHyBaHHS
CHEIIaJTbHOTO IIThOBOTO0 KOCMIYHOTO 3HIMAHHS.
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JIyocbkmii M.C., K.T.H.
HaykoBwuii neatp aepoxocmiuaux pociimkens 3emi II'H HAH Ykpaiau
M. Kuis

HEYITKA ®LJIbTPAIIA KOCMIYHHUX 306PAKEHD
TEMIIEPATYPHOTI'O I1OJISI 3EMJII B YACTOTHIM OBJIACTI 3 METOIO
HIIBUIIEHHS TPOCTOPOBOI PO3PI3HEHHOCTI

CynytaukoBi  300pakeHHss  Landsat 'y  mOBroxBwibOBid  0oOmacTi
iH(payepBOHOTO  Aiama3oHy  IIMPOKO  3aCTOCOBYIOThCS 1t (pOpMYBaHHS
reONpPOCTOCTOPOBUX JIAaHUX PO3MOJIITY TOBEPXHEBOI TeMIlepaTypu 3emiil s
BUPIIIEHHS 3aJlad MOHITOPUHTY MICBKHX OCTPOBIB TeIlJIa Ta MPOTHO3YBaHHS CTaHY
MICBKOTO Mikpokiimaty. I[IpoTe MOpIBHAHO HH3bKa MPOCTOPOBA PO3PI3HEHHICTH
JAHUX JIOBFOXBWJIBOBOTO 1H(pauepBoHoro piamasony Landsat (60-100 M) nHe
JO3BOJISIIOTH JETAIBHO JAOCTIAUTH HEOAHOPIAH1 JanamadT, sskuMu € micta. [loctoe
3ajlaya MIJABUILIEHHS MPOCTOPOBOi PO3PI3HEHHOCTI pE3YyIbTYIOUHX 300pa’KE€Hb
PO3MOLTY TeMIEpaTyp.

IcHyroua meTonMka MIABUIIECHHS MPOCTOPOBOI PO3PIZHEHHOCTI 3aCHOBaHA Ha
MaTeMaTU4yHi# 00poOIll MIHIMYM JBOX 300paK€Hb OJHIET TEPUTOPIT 3 CYOIIKCETbHUM
smineHHsaM. CyOmikcenbHI 3MIIIEHHS — 1€ CTOXaCTUYHI JIHINHI BIAXHWIJICHHS
MIKCEJIbHUX CITOK 300pa)K€Hb HA YaCTKy MIKCENsl, IKI BUHUKAIOTh MPU MOBTOPHOMY
3HIMaHHI OJIHi€l 001acTi. BOHM T03BOJISIIOTH BUSIBUTH JOJATKOBI AeTall jJaHamadTy
Ha MOCJIIIOBHOCTI 300pakeHb, 1110 1 pOOUTHh MOKJIMBUM IT1IBUILIEHHS PO3PI3HEHHOCTI.
[Ipu upomy yci 300pakeHHS MalOThb OYTM BHMKOHAHI OJHOYACHO, ajie Nepiloj
MOBTOPIOBAHOCTI 3HIMaHHs s cynmyTHUKa Landsat cknagae 16 ni0d, To6TO OTpUMaHi
napu 300pakeHb PO3MOJAUTY TEeMIIepaTyp BUKOPHUCTOBYBATH HEMOXJIUBO Yepes3
3HAYHY PI3HUITIO PO3MOLIIB TEMIIEPATYD.

O6pobOka 300pakeHh B YaCTOTHIM 00JacTi, MIIIXOM JHCKPETHOIO
neperBopeHHs Dyp’e (HIID) no3Bossie po3aiauTH 300pa)k€HHsT Ha YaCTOTHI
KOMIMOHEHTH. Ha OCHOBI 1IbOTO pO3AUICHHS POOUTHCS TMPHUIYIIECHHS, 10
HU3BKOUYACTOTHA CkiagoBa Dyp’e-crieKTpy 300pa’KeHHsS TeMIlepaTyp BIIAMOBIIAE 3a
PO3IOII TETIOBOTO TOJIS, SIKE € Ty)Ke TUHAMIYHUM 1 MiHJIMBUM. A BUCOKOYACTOTHA
CKJIaZI0Ba MICTUThH B c001 JaH1 PO TPAHMII PO3AUICHHS €EeMEHTIB JIaHamadTy, SKi
CHJIPHO KOHTPACTYIOTh MK 00010 TI0 Temmeparypi. [Ipu mpboMy cam TemriepaTypHun
KOHTPAaCT HE BPaXxOBYETHCS, a BPaxOBYEThCS JIMIIE KOH(DIryparis MexX €JIeMEHTIB
nauamadTy, U0 BIAPI3HAIOTHCS MK COOO0IO0 SIK 32 TEMIIEPATypoOrO Tak 1 3a TUrom. s
KOH(DIryparis 3aJUIIaeTbcs CTAJOK BIPOJIOBXK TPHUBAIOTO Yacy i, TAKUM YHHOM,
napy BHCOKOYACTOTHHUX CKIIAJIOBUX 300paKeHb TEMIIEpaTyp, OTPUMAaHHUX B Pi3HUN
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9ac, MOXKyTh OyTH BUKOPUCTaHI1 AJIs MABUILIEHHS IPOCTOPOBOI PO3PI3HEHHOCTI.

4 | S
HuspkovacToTHa CKI1a0Ba BucokouacToTHa cKi1a10Ba
Puc. 1. Pozainenns 300pakeHHs Ha YaCTOTHI CKJIaI0Bi 3a IOIIOMOTO0 JHCKpeTHOTO Dyp’e
MIEPETBOPEHHS TA YACTOTHHUX (PLIBTPIB

Hust posninenuss Dyp’e-criekTpy Ha CKIAJOBI BUKOPUCTOBYIOTHCS YaCTOTHI
GIIBTPH 13 HEYITKOI0 YAaCTOTHOIO TPaHUIIECIO, SIKI MPENICTaBISIOTh COOOI0 MAaTpHIl
BIIHOILICHHS, B SKWUX IIPU 3pPOCTaHHI YaCTOTH KOMIIOHEHT iX BIJHOIICHHS [0
BHCOKOYACTOTHOI KOMIIOHEHTH 3POCTA€ MOCTYIOBO 0 MEBHOI YaCTOTH, MOYMHAIOYH 3
SIKO1 KOJKHA YaCTOTHA CKJIaJ0Ba MOBHICTIO BIJIITOBIJIA€ BUCOKOYACTOTHINM KOMIIOHEHTI,
1 HaBITaKH.

BuxopuctoByeTbcsi mapa 300pakeHHS PO3MOJAUTY TeMIeparyp, KOXKHE
300pakKe€HHS MEPEBOIUTHCS B YACTOTHY 00JIACTh 3a JOIMOMOTOK0 JTUCKpeTHOro dyp’e
MEePETBOPECHHSA. 3a JIONMOMOTOI0 TIONEpPeaHh0 CPOPMOBAHUX HEUITKUX (PUIBTPIB
BUKOHYETHCS PO3AICHHSI YaCTOTHOTO CHEKTPY Ha BUCOKOYACTOTHI 1 HU3bKOYACTOTHI
ckyaoBl. OTpUMaHI BUCOKOYACTOTHI CKJIAJIOBI 3HOBY MEPEBOJATHCS B MPOCTOPOBY
obnacte o0epHeHUM Dyp’e TEPETBOPEHHSAM, K1 Jajll BUKOPUCTOBYIOTHCS st
NIJBUILIEHHSI MPOCTOPOBOi PpO3pi3HEHHOCTI. OTpUMaHMl pe3yJbTaT MIJBUILEHHS
PO3PI3HEHHOCTI TIEPEBOAUTHCS B YACTOTHHM CHEKTp, SKUM OO0 €IHYEThCS 13
HU3bKOYACTOTHUMU KOMMOHEeHTamu. [licist 1poro 00 ’€gHaHI CHEKTPU 3HOBY
obepuenuMm Dyp’e MEpEeTBOPEHHSIM TMEPEBOASATHCA Y 300pPaKEHHS PO3MOJLITY
TeMIlepaTyp MiJIBUILIEHOT po3pi3HEeHHOCTI. HediTki pibTpu H03BONSIOTH OTpUMATH
Ha 10-12 % OGinpmmii mpupicT po3pi3HEHHOCTI HIXK YITKI.

Januii miaxiag [A03BOJISE BUKOPUCTOBYBATH JUJISl MIJBUILEHHS MPOCTOPOBOL

3aCTOCYBaHHS 300pakeHb, OTPUMAHUX 13 YACOBHM 1HTEPBAJIOM Yy KiJIbKa MIiCSIIiB.
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MamkoB O.A., 1.1.H., npod.; Kykayckac C.B., Hiropogosa C.A.
Jlep>kaBHa eKOJIOTIYHA aKaeMis MiCIISIUILIOMHOI OCBITH Ta YIPaBIIHHS
M. Kuis

OCOBJIUBOCTI BUKOPUCTAHHSI METO/IIB
JTUCTAHUIAHOI'O 30HIYBAHHS 3EMJII JJISI KOHTPOJIIO
EKOJOTTYHOI'O TA TEXHIYHOT'O CTAHY BOJIHUX
TEXHOEKOCHUCTEM

VY TtenepimHii yac mpoOiemMa IHTEHCHMBHOTO «UBITIHHS» BOJH Y€ TOCTPO
CTOITh JUISI caMUX PI3HUX akBaropiil. «lIBITIHHS» BOAM € HACIIJAKOM MacOBOIO
PO3BUTKYMIKPOCKOMIYHMX  BOJOpPOCTeM  (3a3BUYail  CUHBO-3€JICHUX), IO
CYNPOBOIKYIOThCSI 3HAUHHUM TOTIPIIEHHSIM SKOCT1 BOJU. [IpUuunHOIO 1IHOTO SIBUIIA €
MUTAA KOMIUIEKCOM (haKTOpiB, TaKMX SK 3MiHa KIIMaTy, HaJXO/KEHHS B BOIY
BEJIMKOI KUIBKOCTI PI3HUX MIHEPAJTbHUX 1 OpPraHIYHUX PEYOBHH Ta IMOB'S3aHE 3
1HTeHCU(IKAII€I0 TOCTOAAPCHKOI JISIBHOCTI JIOJUHM, @ CaMl - HaJXO/KCHHSIM Yy
BOAOWMM  3a0pynHEHHX  OIOT€HHMMH  pEYOBMHAMU  KOMYHAJIIBHUX YU
CUTCHKOTOCTIONAPCHKUX CTOKIB, MIHEpPAIbHUX JOOPUB, CHUHTETHUYHUX MHIOYHX
3ac001B, TOIIO.

AJTOPUTM OIEPATUBHOTO MOHITOPUHTY 3a JIOIOMOTOI0 CYNyTHHUKOBUX
CIIOCTEPEXKEHb  JIO3BOJISIE  BU3HAYMTU  MAaCIUITA0HI  CKYMYEHHS IUIAHKTOHHUX
BOJIOPOCTEH - «(DITOIUIAHKTOHHUX XMap» 1 HAaJIaTU KUIbKICHI OI[IHKHU 1X IIIJILHOCTI Ha
OCHOBl JaHUX CYMYTHUKOBOi 3MOMKH.CHiJ BpaxoByBaTH, L0 IicHytoya Bonna
PamkoBa [lupexktuBa €C OgHMM 3 acCHEKTIB OLIHKK €KOJOTIYHOTO CTaHy Ta
MOHITOPUHTY JOBKULIS BKJIKOYAE OLIHKY T1APOMOP(OIOTIYHUX XapaKTEPUCTUK
BOJIOMM Ta BoJIOTOKIB. Tomy Metoau J[33 Bkpait HeoOXiH1 JIsl KOHTPOJIIO 32 TAKUMU
XapaKTEePUCTHUKAMU SIK MaHApyBaHHsA, 3MIHU OeperoBoi cmyru. [lokazHuku
KUIBKICHOTO PO3BHUTKY (DITOIUIAaHKTOHY IIMPOKO BUKOPUCTOBYIOTHCS MPU BU3HAUCHHI
TpOIYHOTO CTATYCy BOJONM 1 JUIsi IPUNHATTS PIIICHb 3 €KOJOTTYHOI peadumiTarii
BOJIOMM.

Mertoauka, 110 po3rISIAAETHCA BUKOPUCTOBYE TaH1 JUCTAHILIMHOTO 30HTyBaHHS
3emii B Jiama3oHi JOBXHUH XBWIb 8-14 MKM (JOBroxBwJIbOBE 1HGpadepBOHE
BUMPOMIHIOBaHHS), IO JIO3BOJISIE OTPUMYBATH 1HQOpPMAIlIO TPO Teriohi3udHI
BJIACTUBOCTI 00'€KTIB Ha TIOBEPXHI 3eMJIi 1 B ToMy uncii Bojoum. Criji BpaxoByBaTH,
0 pacTpoBi JaHl TEMJIOBOTO BHUIIPOMIHIOBAHHS 13 CEPEIHIM MPOCTOPOBUM
po3pizHeHHsM ceHcopa TIRS, BcranoBneHoro Ha cynmyTHuKy Landsat-8 npencraBneni
B JIBOX chekTpaibHux mniamazonax (10,3-11,3 mxm 1 11,5-12,5 mxm). Otpumani
TEIJIOBI KAapTU JO3BOJISIIOTH BUBYUTH TE€TEPOTCHHICTh TIOJIIB  TEMIEpPaTypH
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TEXHOCKOCHCTEM Ta TIOKa3yloTh €()EKTUBHICTh HOBHX CIOPYA IO PETYIIOBAHHIO
TEPMIYHOTO PEKUMY Y BOAOMMAX-0XO0JI0[KyBadax.

[IpoBenennii aHaji3 CBIAUWTH, IO 3MiHI 3a0apBJICHHS BOJU («IIBITIHHS)
MPOSIBIISIIOTECA BHACTIZOK MAacOBOTO PO3MHOKEHHS MIKPOCKOIMIYHUX BOJOPOCTEH.
Came ToMy MeToau 0OpOOKH KOCMIYHUX 3HIMKIB JIJIsS BUSIBJICHHS JIJISTHOK «ILIBITIHHS
BOJIM 3a3BUYail 0a3ylOThCs Ha aHalli3l Bapiamii koedimieHTy nudy3Horo BiaOWBaHHSA
CBITJIa TIOBEPXHEBUMH 1 MiMOBEPXHEBUMHU IIApaMUd BOJU TMPHU 30UIBIICHHI B HHUX
KOHIIeHTpallii ¢itormmankTony. [IpoBenennii aHami3 CBIAYNATD, IO TSI CIOCTEPEIKEHD
HaWOUIBIIE TIIXOUTH YePBOHA 001acTh CIIeKTpy BuamMoro mianazony 600...700 aM
ta OmmxHIA [Y-mianazoH. [ BUSABIEHHS MUISHOK IBITIHHS BOJM J0OpE MIIXOJUTh
Bereramiiinmii  ingekc Normalized Difference Vegetationindex (NDVI) ane
JOIUIBHUM € 3aCTOCYBaHHS I1HIIMX I1HJEKCIB OIIHKK CTaHy BOJOWMH, TaKHUX SK
mytHocTi — Normalized Difference Turbidity Index (NDTI) anbroinmekcy —
Normalized Difference Algael ndex (NDAI) Ta in.JlogaTkoBoro aemudpyBaIbHOIO
O3HAaKOI TMpu I1AeHTU(IKALli «IBITIHHS» BOAM MOXE CIYTYBaTH TEKCTypa
300paKE€HHsI, TaK JJs JUISHOK 1HTEHCUBHOIO «UBITIHHS» HaWYacTille XapaKTepHa
cnenugiyHa HUTKOIMOAIOHA TEKCTypa. AHaI3 KOCMIYHUX 3HIMKIBCBIIYUTH, IO
00JacTi 1HTEHCUBHOTO IIBITIHHA BHTSTYIOTBCS Y3JIOBX TEUiid 1 BTATYIOTHCA JO
BUXPOBUX PYXiB. Y Mepiogu 3 TPUBAIOK TEIJIOK, COHAYHOIO 1 OE3BITPSHOIO
MOTO/I0K0 IiaHOOaKTepii 00'€MHYIOThCSI B arperaTH, siKi CIUIUBAIOTh /10 MOBEPXHI,
YTBOPIOIOYHM NMOBEPXHEB1 200 MIANOBEPXHEBI CKYIMUYEHHS.

Pe3ynbTaToM 3acTOCYBaHHSI 3alpONOHOBAHOI TEXHOJIOTII €KAapTH PO3MOALTY
MJJAHKTOHHUX BOJOPOCTEN Ta METOJWKa KIIBKICHOI OIlIHKHM iX IIUIBHOCTI HA OCHOBI
JAHUX CYMyTHUKOBOI 3WOMKH. 3a J0omomMoroto MeroaiB /33 mMoxyTh OyTH oTpuMaHi
KapTd pO3MOAUTYy MYTHOCTI, aJblOIHIEKCY, O3E€pHOCTI Ta KapTH TEIJIOBOI
HEOJHOPIAHOCTI B TTOBEPXHEBOMY IIIapi BOJONM Ta METOJAMKH JUCTAHIINWHOT OI[IHKA
€KOJIOTIYHOTO Ta TEXHIYHOTO CTaHy BOJHHUX TEXHOEKOCHucTeM.3a pe3yJbTaTaMu
MPOBEJEHUX JOCHIIKEHb C(HOPMOBAHO BUMOTHU JO TEXHOJIOTIi 3aXUCTY BOIHUX
€KOCUCTEM, WI0 € MEepeayMOBOIO Ta MIAIPYHTAM €QEKTUBHOTO YIMPABIIHHA iX
€KOJIOT1UHOI Oe3rmekoro. B pe3ynbTari NpoBeIeHUX JOCHTIKEHb 3’ COBaHO, 10 MPU
OLIIHIOBAHHI KOMIIJIEKCHOTO BIUIMBY 3a0pyAHIOIOUMX PEYOBHH Ha €KOJOTIYHUM CTaH
BOJHHUX C€KOCHUCTEM, 3 BHKOPHUCTAHHSIM aepPOKOCMIYHUX TEXHOJOTIH, JOIIJIbHE
BpaxyBaTH 3MiHHU O10JIOTIYHHMX MOKA3HUKIB (TTOKA3HUKU OlOMacH 1 BUJOBOTO CKIIATY
(GITOTUTAHKTOHY Ta BUIIMX BOJHUX pociuH). Bimmoimno ao Bomnoi PamkoBoi
Hupextuu 2000/60/€C, KOHTpOJb IHTErpAJIbHUX MOKA3HUKIB 3a0pyAHEHHS BOJ
MOBUHEH 0a3yBaTUCh Ha iX EKOTOKCHYHOCTI, SIKa BHU3HAYAETHCS 3a JIOMOMOTOIO
O0loTecTyBaHHA 1 JI03BOJISIE BPaxyBaTH CHHEPIE€TUYHY B3aEMOII0 3a0pYIHIOIOYHMX
PEYOBHH.
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ITameunko O.B.

Lentpansauit HII 036poenHs Ta BiiickkoBoi TexHiku 3C YKpainu
M. Kuis

KOHIIEIIIISI TOBYJIOBU HAIIIOHAJIBHOI IHOOPMAIIIITHO-
TEJIEKOMYHIKAIIMHOI IH®PACTPYKTYPH

IcHyroul mMepexi 3B’SI3Ky, sIKI MOXKYTh BUPIIIUTU II0 MPoOIeMy, TPaIUIIITHO
MOJAUIAIOTh Ha JIBA TUIH: CUCTEMHU CYIyTHUKOBOIO 3B 53Ky Ta Ha3eMmHl. [lepeBaru i
CYIYTHUKOBHX, 1 HA3€MHUX CHCTEM OYEBHUHI, TaK CaMO SIK OUYEBHJIHI iXH1 HEAOJIKH.
OCHOBHUM HEAOJIKOM CYIYTHUKOBUX CHUCTEM € 3HayHa HEpallOHAIBHICTh iX
BUKOPUCTAHHA Vy BIJHOIIEGHHI HAJaHHSA TIOCIYT 3B’S3Ky (HAAMIPHICTH Y
MaJIOHACEJIEHUX 00JacTsX 1 1e(IUUT B ypOaHI30BaHUX LIEHTPAX).

Jlo HazemMHUX  O€3MPOBOJOBUX  CHUCTEM, TOKJIMKAHUX  3a0€3MeUUTH
IIMPOKOCMYTOBHI CEpBIC, HaJIe)aTh CUCTEMHU (PIKCOBAHOTO HIMPOKOCMYTOBOIO
PagioIOCTyIy, JOKAJIbHI KOMIT IOTEpHI PaJiOMEPEki Ta IIUPOKOCMYTOBI CHCTEMHU
MOO1JIBLHOTO 3B’ SI3KY.

KapnunanpauMm  pimieHHsiM y  3a0e3nedeHHi  1HGOpMAIiWHUX — MOCTYT
ypOaHi30BaHUX palOHIB € po3poOKa HOBOTO BHAY CHCTEM HIMPOKOCMYTOBOIO
0€3MpPOBOJIOBOTO JIOCTYNY, Ha3BaHUX TEICKOMYHIKAlIMHUMU CcHUCTEMaMH Ha 0asi
oe3nuioTHUX aBiaiiHux komruiekciB ( TC bnAK).

OcHoBuuit npuHuun nobynoBu TC bBbnAK mnonsrae B peanizauii
IIMPOKOCMYTOBOTO 3B’SsI3KYy 3a JOTIOMOTOI0 PETPAHCIIOI0YO0I CTaHIlii, pO3TaIlllOBaHOi
Ha criemansHomMy briAK.

VY 1pomy 3B’SI3Ky CTa€ aKTyaJbHOI PO3pOOKa TEXHIYHMX OCHOB, NMPHUHIIUIIIB
nobynoBu Ta MeroxaiB peamsaiii TC BnAK mmsixom nmoegHanHs MIKpOXBHIBOBUX 1
HU(POBUX TEXHOJIOTIH 13 CYyYaCHUMU TEXHOJOTISIMA a€pOHABTUKHU Ta aBiallii.

Konuenuiss mnoOyaoBH HAaIlOHAJTBHOI  1H(QOpPMaLIHHO-TEIEKOMYHIKAIHHOT
1H(paCTPYKTypHu AK CYKYITHOCTI MIKPOXBHUIBOBUX 0€e3MpOBOIOBUX
TEJEKOMYHIKalIMHUX 3aco01B HaJaHHS 1HQOPMAaLIMHMX, HABIFAUIMHUX 1 I1HIIUX
HOCIYT, a TaKoXK OEe3MPOBOJAOBUX TPAHCHOPTHUX 1 KOPHOPATHUBHUX MEPEXK, MEPEK
aOOHEHTCHKOTO JOCTyNy 0a3yeTbcsi Ha HACTYMHUX MPHUHLHUIAX: 30CEPEHKEHHS
TEJICKOMYyHIKaIlIMHNX  3ac00iB  Tam, J€  ICHye  HaWOUIbIIa  NIUIBHICTH
KOPHUCTYBauiB; MiATPUMKA JUHAMIYHOI MapIIpyTH3allii Ta caMOOpraHi3ailii;

- MITPUMKA BUCOKO1 1HPOPMALIIMHOI IPOITYCKHOI 31aTHOCTI;

- 3aCTOCYBaHHSI CyYaCHHMX MIKPOXBHWJIbOBUX, MEPEXKEBUX 1 1HGOpMALIITHUX
TEXHOJIOT1H;

- 3a0e3nedyeHHsT Tepemadl  ycix BumiB iHdopmaiii (MOBa, TEKCT, JaHi,
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300paKeHHS, B1I€O 1 T.11.);

- MaKCUMAaJIbHE 3a]Ty4YeHHS BITYM3HSIHOTO HAYKOBO-BUPOOHUYOTO MOTEHITIANTY;

- peaizalliss MOOUIBLHOCTI, 110 BUPAXKAETHCI B TIM, III0 KOKEH KOPUCTYBad Mae
MOXJIMBICTh BHKOPHCTOBYBATH HEOOXITHE HOMY 3’€qHAHHS HE3aJeKHO BIJ MICIS
MIIKJITFOYEHHS 10 MEPEXKI;

- IPO30PICTh MIATPUMKU 3'€NHAHb Ui 1HGOPMAIIHHUX TIOTOKIB PI3HHUX
CTaHJApTIB uepe3 CHelliayibHI 1HTepdeiich, 0OyMOBIEHI MPOTOKOJBHUM pPIBHEM
BUKOPHCTOBYEMHX TEJIEKOMYHIKAI[IHHUX CHUCTEM, IO HE MOIIMPIOETHCS Ha 30BHIIIHI
MEpEexKi.

Posrnsanaroun taky iHGPaCTPyKTypy IO BEPTUKAIIBbHIN i€papxii (3BepXy BHHU3),
MO>KHA BUJIUIUTUA HACTYIHI YOTUPH 11 piBHI:

- CYIyTHUKOBUX KOMYHIKalliil 3 HEBUCOKOIO 1H(OPMAIIHOIO HIUIBHICTIO, ajie 3
HaHOUIBIIIUM MMOKPUTTSAM TEPUTOPIT;

- TEJIEKOMYHIKALIIITHUX CUCTEM 13 CEpEelHbOI0 1H(POPMALIHHOIO HIUIBHICTIO HA
0a31 bnAK;

- HA3eMHUX OE€3MPOBOJIOBUX CHUCTEM 13 MAaKCUMaJbHOKO 1H(POpMAIIHHOIO
HIUIBHICTIO;

- IOCTyIy /0 Ha3eMHUX MariCTpajibHUX KaOEJIbHUX MEpEeX, PO3MOAUIBHUX
MICIIEBUX KaOEIbHUX MEPEX 1 IHPOopMaIIHHUX PECYPCIB.

BepxHiii piBeHb BEpPTHUKAJIBHOI i€papXii CKIaja€ IUIONIMHA CYMyTHHUKOBUX
KOMYHIKalliil, 1o 3a0e3nedye HEBUCOKY, ajieé PIBHOMIPHY IO BC1i 30HI Jii IIUIBHICTb
1H(pOopMaIiiHOrO HarnoBHEHHs. Tpeba BIA3HAYUTH, IO CYNYTHUKOBI CHCTEMH HE
MOKYTh KOHKYPYBaTH 3 HA3eMHUMH CTIIbHUKOBUMH MEpEKaMH M0 HAJaHHIO MOCITYT
y MeXaX TyCTOHAcCeJIeHUX paioHIB, aje MOXJUBICTh JOCTYNY CYINYyTHHUKOBHUX
KOMYHIKaIliil 10 Oyap-SKOi TOUYKH B 30HI OOCIYrOBYBaHHS, 110 MOXKE OXOIUTIOBATU
YCIO TEpPUTOPII0 JepKaBU, POOUTH CYIyTHUKOBI CHCTEMH HE3aMIHHUMHU JUIS
CTBOPEHHS BCEOXOTUTIOIOYHX 1H(hOpMaIlITHO-TeIEKOMYHIKAI[IHHUX Mepex
HalllOHAIBHOTO 1 rjao0anbHOrO piBHIB. KpiM mporo, Bce OuIblIE CYMYTHUKOBUX
CUCTEM 3aCTOCOBYIOTh Y SIKOCTI HaBITalllHHUX 1 CHHXPOHI3YIOUHX CHUCTEM
HaWIIMPILIOTO BUKOpUCTaHHA. TyT, Oe3nepeyHo, Ha JTaHWi yac HaWOUIbIINMA 1HTepec
BUKJIMKae ciyx0Oa [nobanpHoi cuctemu mnosunionyBaHHs GPS (Global Position
System). T'0/I0BHOIO X METOI0 HalllOHAJBHUX CYMYyTHUKOBUX KOMYHIKallld €
3a0e3MeyYeHHs] BITYU3HSHOTO TEIEPaAIOMOBIICHHS 1 PI3HUX MOCIYT BY3bKOCMYTOBHX
iHQopmaIiiHux CcIyk0, a TaKoXX B3aEMOJIA 13 TIOOATBPHUMHU Ta IHITUMU
HalllOHATBHUMU 1H(OPMAIIITHO-TEIEKOMYHIKAI[ITHUMU MEPEXaMH .

CepenHiM 3a MIUIBHICTIO 0OCIyroByBaHHs € piBeHb bmAK, mo mo3Bossie
IHTErpyBaTMU B MeEXaxX CHUCTEMHU pPI3HOMAHITHI BHUJIU TEJIEKOMYHIKAlli — Bij
IPOBOIOBUX J10 0€3MPOBOIOBHX.
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HazemHuii piBeHb BEpTUKAIBHOI i€papXii CKIIaa€e TUIOMIMHA Ha3eMHHUX 3ac001B
HIMPOKOCMYTOBOT'O Pai0I0CTYITy MIKPOXBHJIHOBOTO /11alla30Hy.

OCHOBHOIO CHOJYYHOIO 1H(PPACTPYKTYPOIO JI 30HOBUX 1 JIOKAIBHUX MEPEX
3QJIMIIAIOTHCS MaylorabapuTHI pajaiopesieliHi CUCTeMHU, 0 3a0e3MeuyroTh Nepeaavy
ycix BUJIB 1H(OpMaIllii, Mpalowdl B peXuMi “Touka-Todka”. Be3npoBooBI TOYKH
JOCTYIy pPO3TISAyBaHOl 1H(PACTPyKTypu TIOBHHHI MaTu iHTepdeiicn s
HiAKIIOYEHHS 10 HallloHaIbHUX 1H(opmamiifHux pecypciB. HaiftOinpimn onTumalbHi
TakKi MIAKJIIOUEHHS 3a JOMOMOIOI0 KaOeTbHUX MEpEeX, 110 JO03BOJSIOTH peani3yBaTu
nomady iH(opmarii 3 JOCTaTHRO BHCOKMMH IIBHIKOCTSAMH Tepemadi, sKi
3a0e3meuyloTh ~ €()EeKTUBHE  BUKOPUCTAHHA  MOXIMBOCTEH  OE3MPOBOJOBUX
HIMPOKOCMYTOBHX CUCTEM YCI1X BUIIUX PIBHIB PO3TIIIHYTOI IHPPACTPYKTYPH.

Y 1bOMY KOHTEKCTI BEJTUKI MOXJIMBOCTI BIJIKpUBA€ HOBA TEXHOJIOTIS, IO
peaizye CHUCTEMH HIMPOKOCMYTOBOI'O JIOCTYIy Ha OCHOBI T1OpPHJIHOTO 3'€HAHHS
Ka0eJIbHI MepexKi-pajiiokaHal, OCHOBHI MOJOKEHHS sIKOT0 BU3Ha4YeH1 B PexoMenaaiii
MCE-P F.1332.

Takum 4YMHOM, TIpEACTaBJICHa KOHIICMIA TMOOYI0BU 1H(OpMAIiiHO-
TEJCKOMYHIKAIIMHOI ~ 1HQPACTPYKTypU  JO3BOJSE  3TIACHUTH  ONTHUMAaJbHE
TEepUTOplajJbHE PpO3NOAIEHHS 1H(dopMaliiHoro Tpadiky, OYAIBHUITBO JaHOT
1H(}pacTPYKTYpH MOKIIMBE SIK TIOETAIHE 1 HE BUMArae 3HaUHUX KalliTalbHUX BUTPAT 1,
BIJIMIOBIJTHO, JTO3BOJISIE TPUCKOPUTH OKYIHICTh BKJIAJICHUX Yy HEi KOIITIB, IO YK€
BXJIMBO IS JIEP>KaBU 3 €KOHOMIKOIO, 110 PO3BHBAETHCS. MOXKIUBICTH HMIBHAKOTO
pO3ropTaHHsl 1H(PPACTPYKTYpU 03BOJISE BUPIMIMTH MOpOOJIEeMy HaJaHHS I[OBHOTO
HAa0Opy MYJIbTUMEIIMHUX MOCIYT 1 3a0€3MEeYUTH HUMU AEp>KaBHUX, KOPIOPATUBHUX
1 IHIMBIAyaJIbHUX CIIO’KUBAYIB.

HampsiMkn  momanbmiux JOCHIKEHb OyIyTh CHPSMOBaHI Ha CTBOPEHHS
METO/IIB ONITUMI3aIlii HABaHTAKCHHS B TEJICKOMYHIKAIIMHUX cucTemMax Ha 6a31i bnAK.
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Herpyk C.M.
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M. Kuis

MATEMATHYECKAS MOJIEJIb TOCTABKHA MHOT'OITAKETHOI'O
COOBHIEHUSA B TPAKTE IIEPEJAYU TIAHHBIX HAITPABJIEHUSA
GEMJSA-BOPT»

JloctaBka Oospioro o0bemMa MHGOpMAIMK Ha OOPT caMoJieTa MPEACTABIIAET
co00ll HETPUBUAJIBHYIO 33/1a4y, TOCKOJIbKY OHA JOJDKHA IMPOU30MTH B CHKATHIE CPOKU
U C BBICOKOM nocToBepHOCThIO. Kak mpaBuio, WHQOPMALMOHHBIN TpakT ‘3emiis-
O0OpT” CTPOUTCA C HCIOJIB30BAHUEM JIEKAMETPOBBIX KaHajoB. CHM)KEHHE BPEMEHU
JIOCTaBKH, U COXpaHEHHE TpeOyeMOM JOCTOBEPHOCTU MpEJIaraeTcsi peaan3oBaTh C
NOMOIIBIO  aCHMMETPUYHOIO TpakTa Iepefadyd JaHHBIX, COCTOSLIETO M3
COBOKYITHOCTH TMapajuieNibHbIX KaHaioB mnepenaun gaHHbix (KIII), co3gaHHBIX Ha
OCHOBE JIEKaMETPOBBIX KaHAJIOB B HampaBlieHUH 3eMis — OopT, u oanoro KII/ B
HaIlpaBJIeHUU OOPT — 3eMJIsA, TAK)KE PEATM30BAHHOTO Ha 0a3e 1eKaMeTpOBOro KaHaa.

JloctaBky makeToB BO Beex napuuanbHelx KII/I nmpemnaraercs peann3oBbIBaTH
Ha OCHOBE MPOTOKOJA KaHAJIbHOrO YpoBHA X.25. BeimonHenue TpeOOBaHUS IO
OIEPaTUBHOCTU JIOCTaBKM Bcero MHoromaketrHoro coobmenus (MIIC) peanusyror
napuuanbasie KIT/I, mo kaxx1oMy U3 KOTOPBIX NIEPENAETCS HEKOTOPask COBOKYITHOCTD
naketoB (kaapoB) oOmero MIIC. IloatoMy, 4YTOOBI OLEHUTH OMNEPATUBHOCTH
noctaBkd MIIC Bo BceM acCUMMETPUYHOM TPAKTE NEpeNayd JaHHBIX, HEOOXOIUMO,
IIPEXKIE BCETO, OLEHUTH ONEPATUBHOCTH TOCTABKM COBOKYITHOCTH IAKETOB B OJHOM
KIIJ. TIpu aToM 6€3 cHMKEeHUSI OOITHOCTH OyJIeM CUMTATh, YTO IO MAPIUATLHOMY
KIIJ mepemaercsa Hexkoropoe MIIC. U, kpome TOro, B HCCIEIyEMOM MPOIIECCE
noctaBk MIIC cobimroaeTcsi OCHOBHOE MapKOBCKOE CBOMCTBO: Iepexoj mpoliecca
U3 TEKYILEro COCTOSHUS B KaKME-TMOO JPYrue COCTOSIHUSI 3aBUCUT TOJIBKO OT 3TOTO
COCTOSIHUSI U HE 3aBUCHUT OT TOTO, KaK NIPOLECC B ATO COCTOSHWE mpuilen. Tornaa
JAHHBIA TIPOILIECC €CTh MOrJjolaroas KoHeuHass MapkoBckas 1enb (I[TKMLY).
Heobxonumocts HagexHoro nposeaeHuss MIIC B cuctemax mnepenayu JaHHBIX
TpeOyeT HCIONb30BaHUA BCEX MOTEHLUUAIBHBIX BO3MOXXHOCTEH, 3aJI0KEHHBIX B
croco0e MHOTOKPATHOTO TIOBTOpPEHHUs CcooO0mmeHuil. TakumMu TOTCHIMAIBHBIMU
BO3MOYKHOCTSIMHU SIBJISIFOTCS MPUMEHEHHE HAKOIUIEHUS IOBTOPOB M HCIIOJIb30BaHUE
BCEX BO3MOYKHBIX MOPA3PSAHBIX MaKOPUTAPHBIX IIPOBEPOK HA TEKYILIEM MHOYKECTBE
MOBTOPOB, UMEIOIIMXCS Ha TEKylleM Iiare npuema. Jlaxke npu HEOOJIBIIOM YHCIIe
MNPUHATHIX MOBTOPOB O00Ill€e YUCIO BO3MOXKHBIX Ma)KOpHUTAapHbIX MpoBepok (MII)
3HAQUYUTENBHO MOBBIIIAET JOCTOBEPHOCTh. Ha mpueMHON CTOpPOHE paarOCHTHAJIBI
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oOpabatpIBarOTCs (IeMOIyIUpyrOTCs) B Ooke oopaboTku curHana (bOC) cormacao
UCIIONIb3YEMOMY METOJy MOIYJSIUU 0O0paOOTKH, M CHOPMHUPOBAHHBIE CHUMBOJIBI
nocTynaroT B aekojep moBtopa coodmenus (I1C). Ecnu ommbok B mpuHIMaeMOM
COOOIIIEHUH HET, WM OHU BCE MCIPABIICHBI, TO JeKOANpOBaHHOE coooOmenue u3 JAI1C
BbI1aeTcst nomyyatenmo coodmenus (I1C). Ecnu ommbku ecTh, TO JaHHBIA MTOBTOP
nocTymnaer B Onok jormdeckor o6padbotku (bJIO) moBTopoB cooOmienus. Ilocme
ycnemnoro aekoaupoBanuss B JIIC oHO mocTymaer K MHOJIy4aTesr0 COOOIICHHA.
VYBennuuB YHCIO TMOBTOPOB Ha TmepenaBaeMbie Kaapbl, u mnpumeHuB MOII, wmbl
BBITNOJIHSEM TpeOOBaHUS K HH()OPMAIIMOHHOMY OOMEHY 10 BEPOSITHOCTH JTOBEACHHUS,
a YBEIMYMBAs YHCIO KAaHAJIOB CBS3M B HAIPABICHUU 3eMIISI-OOPT — yMEHBIIIaeM
BpEMs I0BEJCHHUSI, IIPU 3TOM BEPOSITHOCTh IOBEACHUSI HE YXYALLIAETCS.
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Hpucsaxumii B.L., x.1.1., c.H.c.; Kammruk C.B., k.T.H.
HamionansHuii IEHTp yNpaBJliHHS Ta BUIIPOOYBaHb KOCMIYHUX 3aC001B
M. Kuis

YHOPABJIIHHS OPBITAJIBHUM CETMEHTOM HU3BKOOPBITAJIBHOI
CYIIYTHUKOBOI CUCTEMHU IHTEPHETY PEUEH

VYnpapniHHsa (YHKIIOHYBaHHSM OPOITAIBHOTO CETMEHTY HHU3bKOOPOITaIbHOI
CYNMyTHUKOBOI cuctemu IHTepHeTy peueir (mami 3a TekctoM LEO System [oT)
3MIIACHIOEThCS HazeMHUM KomiuiekcoM ynpasminasg (HKY). Ha wman.l naBenena
ctpykrypa HKY cucremu. HKY Mmae enemenTH, siki € TpaAUIIHHUMU ISl YIIPABIIHHS
KOCMIYHUMHU CUCTEMaMH:

- IEHTp ympasiiHHg noiasotoM (L[YII),
- KOMaHTHO-BUMIpIOBaJIbHI Ta TenemeTpuyHi ctanuii (Ctanuis A, Craniis B),
- Ha3eMHa Mepeka nepeaadl JaHuX.
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_______ Cranuia B HaseMHa Mepeska Oepeiadi JaHEX

Man.1 Crpykrypa HKY cynytHukoBoi cucremu IHTepHETY peueil.

O6pana apxitektypa opoOiTansHOro cermeHty (mami, OC) 3yMOBIIOE Psif
ocoOnMBocTe CTOCOBHO 3aBnaHb Ta (yHkiionyBanHs HKY. Vmpasminaa OC
CUCTEMHU Ta OKPEMO KOKHUM KOCMIYHUM amapaTtoMm 3i ckiaay OC aimuThCcs Ha TpU
eTarnu:

- eramn po3ropranas OC Ta / abo BuBeneHHS okpemoro KA s BigHOBICHHS /
HapoIyBaHHs MoxauBocteit OC;

- etan mratHoi excrutyaTailii OC ta KA, siki BXOASTH 0 MOTO CKIIay;

- BuBeAeHHa KA 3 ekcrutyaraiii Ta HOro BXOJKEHHS 10 IIUIBHUX IIapiB
aTMocdepu IS yTHTi3allii.

Ha erami BuBeaennss KA npu mepBunHomy posropranHi OC, abo mpu ioro
HApOIIyBaHHI YW MOJIEpHI3aIii MeTo/oM 3aMiHu okpemux KA, abo BiIHOBIICHHS
npare3gaTHocTi micias BiamoBu oxHoro 3 KA, I[VII 3a pgomomororo HazemHOT
KOMaHTHO-BUMIPIOBAJIbHOI 1 TeiemeTpuuyHoi ctaHiii — Cranmis B (muB. mai.l)
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3IIACHIOE yIpaBIliHHA MOAK0TOM KA 10 HOro BXOMKEHHS 10 CKIIaAy pO3IMOALIEHOTO
cynytauka (gani, PC). Bzaemonis LIVII 1 Cranuii B 3aiiicHIO€TBCS 32 JOTIOMOTOIO
HazeMHOI Mepexi mepemadi gaHux. Cranimis B B3aemopie 3 okpemum KA (KA Ha
eTarll BUBEJACHHS, Ha MaJj.l) mo pamiokaHany nepeaadi komauaHoil iHdopmaii (KI) 1
npuiiomy TeraemerpuuHoil iHbopmarlili (TMI) / BuMiproBaHHS MOXUJICHOT JaJTBHOCTI.
YnpaBniHHs 301ACHIOETECS 10 hopMyBaHHs MOJdb0THOI KoHPirypamnii PC 1 mepenaui
ynpasmiaasa KA no PC. Ilicist woro 6opTtoBe o0naaHaHHS KOMaH/IHO-TEIEMETPHIHOT
pamioninii KA Bigkitoda€eThCs.

[Tpu wtatHii ekcrutyaramnii yrnpasmiaas yciMa KA 31 cknany OC npoBoauThes
3a JIOTIOMOTOI0 €IUHOr0 TOTOKy KomaHmHoil iHdopwmalii KI OC (muB. man.l).
Tenemerpuuna indopmaris Bija ycix ¢pynkuionyrounx KA 31 cknagy OC nepenaerbes
no HKY B egunomy mortoky tenemerpuyHoil iHpopmamii TMI OC (nuB. man.l).
[Tepenauy motoky KI OC ta mpuitom motoxky TMI OC 3miiicHioe Cranmis A.
[lepenaua / mpuitom notokiB KI OC ta TMI OC 3ailicHIOETECS B Aiania30Hi poOOYNX
yactoT cucremu. Ilepemauy / mnpuitom mnorTokiB 3abesneuye PC, B 30HI1
oOcayroByBaHHsI SIKOro 3HaxonuTbcss CraHiis A, 4yepe3 BIANOBIIHUNA CYMyTHUK-
perpancisarop (mami, CP). Ilorik KI OC Big Cranmii A mnepemaeTbcs Ha
MapuipyTu3aTop kopeneBoro cynythuka (mani, KC) PCN+1 1 po3noginserbcs ais
nepenaui: cycigaiMm PC mo miHii 3B’s3ky Mik cynyTtHukamu (mami, ISL) ta go
npukinneBux cynytHukiB PC N+1. B 3BopoTHOMYy HampsmMmky mnepenaetbcsi TMI.
[Totik TMI noctymae na wmapumpytuzatop KC Big cycigaix PC mo ISL. Ilo
BHyTpilHIi pamiomepexi PC mocrymae TMI Biag mpukinueBux cymyTHUkiB. KC
dbopmye rpynosuii notik TMITta nepenae tioro Ha CP, B 30H1 00CIyroByBaHHs SIKOTO
3HaxoauThes Craniis A 31 ckiany HKY.

st mpoBenenHsi BuMmiproBanHa mnapametpiB opOith PC HKY na ceancosiit
oCcHOBI1 BUKOpucTOBYye CTaHIliio B, sika MpoBOAUTHh CEaHCU BUMIPIOBAHHS MOXWJICHOT
nanbHOCTI 111 Bu3HaueHHs mapametpiB pyxy KC 31 cknagy PC. Ilapamerpu pyxy
MPUKIHIIEBUX CYMyTHHUKIB BU3HAYAIOTHCS IIIIXOM BHMIPIOBaHb MOJIOKEHHS Ta PYXY
NPUKIHLIEBUX CymyTHUKIB BigHOcHO KC, sKki 301HCHIOIOTBCS BHYTPILIHBOIO
paniomepexero PC.

Ha erani BuBenenns KA 3 ekcrumyartaiiii KepoBaHOT'O BXOJIKEHHSI J10 HIIIBHUX
mapiB atMocepu 3actocoByeTrhesi Cranmiss B. Pimenns npo BuBemenns KA 3
excrutyararii npuiimae L{IYII va ocHoBi ananizy TMI B pa3i kpuTudHO1 BiAMOBH a0o0,
HAIPUKJIA], B pa3l 3HUKEHHS 3amacy IMajuBa PYIIHHOT YCTAHOBKU JO KPUTHYHOTO
piBHs. IIpy oTprMaHHI KOMaHIu Ha MpPUNHMHEHHS ekcrutyaTtanii KA nepexoautsh Ha
VOPABIIHHSA 1O KOMAaHJHO-TeNeMeTpuuHid panioniHii go Cranmii B, 3aiiicHioe
MaHEBp BUXOJy 3 MOJIBOTHOI CTPpYKTypH PC 1 mepexoauTh Ha TPAEKTOPIIO 3HMIKESHHS
Ta BXO/DKCHHS B aTrMocdepy IS TOMAJBIIOr0 MPUIUHEHHS iCHYBaHHS.
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BI/IKOpI/ICTaHHH TaKoIo HiI[XOI[y A03BOJISI€ BHU3UTH PU3UK BUHUKHCHHA HCKCPOBAHUX

00’€KTIB IITYYHOTO TOXO/KEHHS Ta 3a0pyIHEHHS HABKOJIO3EMHOTO KOCMIYHOTO
MPOCTOPY KOCMIYHHM CMITTSIM.

80



III HaykoBO-IpaKTHYHA KOH(pepeHIis

«AepoKocMivHi TeXHOJIOTil B YKpaiHi: Mpo06JieMH Ta nepcneKTHBI» [12-13 Bepecust 2019 poxy]

Pe3nunkos 10.B., x.T.H., c.H.C.; [lenenok B.IL., n.1.H., mpod.
XapkiBcbkuit HarlioHabHKH yHIBepcuTeT [ToBiTpsinux Cui imeHi IBana Koxkemyba
M. XapKiB

HAITPSIMKHA BIOCKOHAJIEHHS AJITOPUTMIB OBPOBKH
TH®OPMALIl CUCTEMU KOOPJIMHATHO-YACOBOI'O TA
HABITAIUMHOI'O 3ABE3IEYEHHS YKPATHU 1151 BAKOHAHHS
3ABJJAHb B YMOBAX OCOBJIMBOI'O ITEPIOY BINCHKOBO-
MOJITUYHOI OBGCTAHOBKH

B ymoBax oco6auBoro nepioj1y BiiCbKOBO-TIOJITUYHOI 0OCTAHOBKH BUPIIICHHS
Oe3iul [UIbOBUX 3aBJIaHb CYYacHOi apMmii HEMOXIMBE 0€3 BHCOKOTOYHOTIO,
HAJIHHOTO 1 JIOCTYHMHOTO HaBIralifHOro 3a0e3MeueHHs] YacTHH, IAPO3JILIIB,
030pO€HHS 1 BIMCHKOBOI TEXHIKH. 3pOCTar0¥a CKJIAJHICTh PI3HUX CHCTEM 1 3pa3KiB
030pO€HD, MOCUJICHHS 3aJIEKHOCTI MIXK HOCIIMH O030pO€Hb 1 TEXHIYHHX 3ac001B
3a0be3reueHHs] 00MOBUX 1 BUMAarae 4iTKoi KOOpJWHAIIlI I 32 MICIIEM 1 4acoM, a
TAaKOXX OpraHizaiii I1HTEHCUBHOTO iH(opMaliitHoro oOMiHY, 10 JO03BOJISIE
B1JIOOpa)KaT TaKTHYHY OOCTAaHOBKY B peajibHOMY MaciTadi yacy. B 3B'si3ky 3 num
MPOBIIHI cremianictT Ykpainu ta kpain — wieniB HATO po3risgaioTh HaBiraiiiiae
3a0€e3MeUeHHS SIK OJIUH 13 BAXJIMBUX €JIEMEHTIB 00M0BOT0 3a0€3MeYeHHs BIUChHK.

AHani3 cKiIaay Ta XapakTEpUCTHK ICHYIOYOi HaBirauiiHOi —amapaTypu
30poiinux Cun (3C) VYkpainu mnokasye, 1o 3apa3 Ha O030pO€HHI, Ha Xajib, B
OCHOBHOMY 3HaXOJSThCA 1 BHKOPHUCTOBYIOTHCSI MOPAJIBbHO 3acTapijii HaBIraliidHI
3aco0u, SKi HE BIAMOBIJAIOTH BUMOTAM JI0 HAAIMHOCTI YNpPaBIiHHSA, TOYHOCTI Ta
OTIEPAaTUBHOCTI BU3HAYEHHS HABITallIMHUX MapaMeTpiB BIHCHKOBHUX 00'€KTIB. 3aJaHUX
XapaKTEPUCTHK MOKJIMBO JIOCSATTH JIMIIE TPH BUKOPUCTAHHI TJIOOATBHUX
Hapiramiiaux cynytaukoBux cucrem ('HCC), a B 3agadax, mo mnoTpeOyoTh
TOYHOCTI MICII€BU3HAUYEHHSI HA PIBHI OJIMHULIb METPIB MOTPIOHO 3aCTOCOBYBATH 1€ i
mudepeHniagbHl  METOOU, a caMe€ BUKOpUCTOBYBaTH 1H(opmanio Cucremu
KOOPJAMHATHO-4aCOBOTr0 Ta HapiraiiitHoro 3abe3neuenns (CKH3) Ykpainu.

PesynbraTi ekcrepuMEeHTAIbHUX JOCIIKEHb MOKa3alld, 10 HaBITh 1CHYIOY1
Ha croroaHimHii aeHb cermenT CKH3 Vkpainu B cTaHl 3a0e31eYnTH BUCOKOTOYHE
1 HaJiliHe BU3HAUEHHS KOOPAMHAT BIWCHKOBHX CIIO’KHMBAUIB Y peajbHOMY 4aci SIK y
JIOKaJIbHOMY, TakK 1 B perioHajibHUX Macmradax. OmHak, IpH [bOMY BHHHKAE DS
poOJIEeMHUX MMUTAHb.

[To-mepmie, HEOOXITHO 3aCTOCOBYBATH JOAATKOBI aJTOPUTMHU KOHTPOJIIO
HaJiiHOCTI 1H(OpMaii A1 BpaxyBaHHA BIUIMBY aHoManbHUX noxubok ['HCC ta
BUKJIIOYEHHS HABMHUCHO CIOTBOpeHOi 1H(opmamii. MoxxHa mokazatv, 10
BUKOPUCTAHHS TPATUIIIMHUX MIp JJIA 31CTaBJICHHS JOCSATHYTOI TOYHOCTI OIlIHIOBAHHS
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HaBITallifHUX MapameTpiB (TICEBAOBIACTaHEH) 3 HEOOXITHOI HE TapaHTyIOTh Y
OaratomMipHOMY BUTIAJKY, IO CTYITIHL PO3CIIOBAHHS OIIHKHU HE Tipiie 3aaaHoi. Tomy
MIPOTIOHY€ETHCSI HACTYITHUM KPUTEPiH BIIMOBIIHOCTI:
-1
Mo (K, -KT)21 (1)
. . . 71
e W, — MiHiManbHe BiaacHe 3naueHns Matpuii (K -K™).

[TepeBipka xputepito (1) He BuUMarae O€3MOCEPEAHBOTO 31CTABICHHS
pO3CitOBaHHS KOHKYPYIOUHMX OIlIHOK IO BCIX MOMKJIMBHX HaIpsSMKaX, OCKIJIbKH
BINOBIIa€ TmepeBipIli 3a HaWripmuMm (y 3MICTI  PO3CIIOBaHHS) HAIPSIMKOM.
3acTocyBaHHS 3apPONOHOBAHOTO ONMTUMAIBHOTO KPUTEPIIO 1 HOTO KBa310MTUMaIbHIX
aHAJIOTIB JI03BOJISIE OLIBIN CTPOTO 31MCHIOBATH KOHTPOJb BIIMOBITHOCTI MOTOYHOI
(a0b0 maHOBaHOi) TOYHOCTI OLIHIOBAHHSA HABITAI[IHHUX TapaMeTpiB HEOOX1THOMY
PIBHIO TOYHOCTI 1 KOHTPOIIOBATU LIJICHICTh CUCTEMHU.

[lo-npyre, B AesKUX BHUMAAKaxX TPAAMIIHI AUQEpeHIianbHl MeToau, abo He
3aJI0BOJIBHSIOTH BHUMOTAM TICBHOTO KJAcy BIMCHKOBHUX CITOKMBAYiB, Ta HE
3a0€3MeuyloTh 3aJaHOl TOYHOCTI Ta HAAIMHOCTI HaBIramiiiHUX pilieHb, a0o HE
MOXYTh OyTH 3aCTOCOBaHI BHACIIJOK OCOOJMBOCTEW 31MCHEHHS HAaBITalliitHOTO
3a0€3IeUeHHs B yMOBaxX OOMOBHX JIIi.

st 3a0e3nedeHHs BHCOKOTOYHOI HaBiraiii BIACBKOBUX OO €KTIB TMpHU
BIJICYTHOCTI MO>KJIMBOCTI OpraHizallii TpaJuliifHOro AU(PEPEHIIATBHOTO PEKUMY Ta
KOHTPOJIF0O  BIJICYTHOCTI ~ aHOMaJbHUX  BHUMIPIB  HaBIramiiHUX  MapaMeTpiB
MIPOTMOHYETHCSI BHUKOPUCTAHHS alNTOPUTMY KoOpekiii edeMepuaHoi CKIaaoBoi, IO
JO3BOJISIE HABITH NPHU BIJACYTHOCTI KaHaly 3B’SI3Ky 3 KOHTPOJIbHO-KOPETYIOUMMH
CTaHI[ISIMU Ha 1HTepBajax yacy Oulbll HDK 10 XBUIMH 3a0e3nmedyBaTH TOYHICTh
BU3HAYCHHS KOOPJMHAT BIMCHKOBUX CIOXKMBA4YiB 3 CEPEAHBOKBAIPATHUHUM
BIIXWJICHHSIM HE OUIblie 3 M, TIPU LIbOMY, BKa3aHI XapaKTEPUCTHKU IOCATAIOTHCS
HaBiTh Npu BUKOpHCTaHHI BiacHuKamu cucteM [HCC pexumy HaBMHCHOTO
3arpyOsneHHss edemepun. Bkazanuil 4yacoBuil  IHTEpBaJ, TMPOTATOM  SIKOTO
3a0e3MeuyeThCsl HEOOXiJHAa TOYHICTh HAaBITalIMHOrO 3a0e3nedyeHHs, J03BOJISE
BUPILITYBAaTH, HAIIPUKIIAJI, TaKl 3aBJIaHHS, K HABEJIEHHA HA LI1JIb PAKEeT PI3HOTO KJacy,
CYNPOBOJIP)KEHHS] BUKOPUCTAHHS 32 MPU3HAYEHHSIM O€3MUJIOTHUX JTITATbHUX arapaTib.

3acTocyBaHHS PO3POOJICHUX METOJIIB Ta QJITOPUTMIB JIO3BOJUTH ITiABUIIUTH
HAIIHHICTG BU3HAUYEHHS MICIENOJIOKEHHS BIMCHKOBHUX CIOKMBA4diB 1 € OJHAM 3
KPOKIB Ha TNUIAXYy JOMOBHEHb 10 icHyrouoi cTtpykrypu CKH3 Vkpainm nns
BIZIMOBITHOCTI cuctemu notpedam 3C Ykpainu.
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Pomanenko 1.O., n.1.H., mpod.
Lentpansauit HII 036poenHs Ta BiiickkoBoi TexHiku 3C Ykpainu
M. KuiB

METO/] BATATOKPUTEPIAJILHOI OIIIHKA CTAHY KAHAJIIB
CYYACHHUX KOCMIYHUX AITAPATIB

[lutanns migBumeHHS ©()EKTUBHOCTI KaHATMIB  KOCMIYHHMX  araparTiB
CHELIaIbHOTO TMPHU3HAYCHHs, 0 (YHKIIOHYIOTh B CKJIAIHIA pagioeNeKTPOHHIN
00CTaHOBIII € aKTYaJIbHOIO Ta HE BUPIIICHO B TIOBHOMY 00CsI31 MPOOIEMOIO.

OmauM 3  MOXJIMBHX HalpsSMKIB IIJBHUINCHHS €(QEeKTUBHOCTI KaHAJIIB
KOCMIYHUX amapariB CIHEHIAJIbHOTO TMPU3HAYEHHS € TMBUIINEHHS TOYHOCTI Ta
IIBUJIKOCTI OIIHIOBAaHHA 1X CTaHy B JUHAMIYHIM CUTHQJIBHIA Ta 3aBaJlOBIM
00CTaHOBIII.

B po6oTi npoBeneHuii aHaii3 ICHyIOYMX METO/IIB OLIIHIOBAHHS CTaHy KaHajiB
KOCMIYHHUX anapariB, Mij] 4ac SKOTO 3’ICOBAHO, 110 ICHYIOYl METOJU HE J03BOJISIOThH
MPOBOJIUTH OAaraTOKpPUTEPIAIbHY OLIHKY iX SIKOCT1 3 MPUHHATHOIO 00YUCITIOBAILHOIO
CKJIQJHICTIO Ta JOCTOBIPHICTIO MPUNUHATTS PIlICHb.

[IpoBeneHo po3poOKy MeToay OaraToKpHTEepialbHOI OLIHKH SKOCTI KaHaiB
KOCMIYHUX amapariB CIEHIaJIbHOTO TMpHU3HAYeHHs, 10 (YHKIIOHYIOTh B CKJIATHIN
pagioeIeKTPOHHIA 0OCTAaHOBIII.

VY npakTHuHUX 3ajayax 1AeHTH(IKalii HaWOUIbII MIUPOKE 3aCTOCYBaHHS
3HAMIIJIM METOAM TMapaMeTpuyHoi iaeHTudikamii. Jl1g IXHBOrO 3acTOCYBaHHS
HEOOXI1THO MaTH anpiopHy iH(OpMaIlito y BUTIISIII PIBHSIHHS Mojeli 00'ekTa, B SIKIA
MOXYTh OyTH HEBIIOMUMH TUIBKH JESIKI TMapaMeTpu. 3alieHO BIJ KPUTEPIIO
imeHTudiKamii 9 aaropuTMy, IO 3aCTOCOBYETHCS JJII OOUYMCIICHHS HEBIJIOMHX
nmapaMeTpiB, Ii METOAM OJepKadu Ppi3HI Ha3BH: METOJ  MaKCHUMalIbHOI
MPaBIONOAIOHOCTI, METO OailleCOBCHKUX OIIHOK, MeToJ (pinbTpa Kanmana, meron
HaMEHINUX KBaJpaTiB, METOJ OCEPEAHCHUX HEB’SI30K, METOJ CTOXaCTHYHOI
arpoKCcHUMAlIIii.

TpyaHoti 3acToCyBaHHS JaHUX METOIB TOJATAIOTH Y HACTYIMHOMY: MOJCIb
o0'ekTa “BX0IM — BUXiA”, IK IPABUJIO, HE MAa€ SIBHOT IHTEpIIpETAlliil; BIACYTHS MpsiMa
MO>KJIUBICTh POOOTH 31 3MIHHUMHU “BXOAM — BHUXIA~, 110 MAIOTh AKICHY HPHUPOLY;
BIJICYTHSI TIpsiMa MOJKJIMBICTh BUKOPHCTAHHS 1H(GOpMAIIil Mpo CTPYKTYpy 00'ekTa y
BUrisiAl cioBecHux BucioBieHb “SAKIIO-TO”, orpuMaHux Ha OCHOBI JOCBIAY
0oco0Hu, sika MpUitMae PilICHHS.

Came TOMy, B JOMOBiAI 3alpONOHOBAHO BUKOPUCTOBYBATH arapaT HEYITKOI
JIOTIKK JIJIsl TIPOBEJEHHS OaraTOKpUTEpiaibHOI OIIHKH SKOCTI KaHaJIIB KOCMIYHUX
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amapariB IPH BIUIMBI HABMUCHUX 3aBaJl Ta 3aBMUPAHb CHTHAIY.

CyTHICTH 3alpOIIOHOBAHOTO METOMAY IMOJIATAE y TPOBEJCHHI OLIHKU CTaHY
KaHaJIIB KOCMIYHUX alapaTiB CHEIlaJIbHOTO MPU3HAYEHHS 110 KOKHOMY 13 ITOKa3HMKIB
OIIHKH, TiCJIsA 90r0 (POPMYEThCS y3arajabHeHa OIiHKA CTaHy KaHaly 3B S3KY.

Takox B 3alpONOHOBAHOMY METOMI 3JIMCHIOETHCSA KOpPEryBaHHS Bar
EKCIIEPTHUX TPaBWJ, IO JO3BOJISAE IMIJABUIINTH IIBUAKICTh Ta SKICTh OIIHIOBAHHS
CTaHy KaHaJliB KOCMIYHHMX amapariB B JWHAMIYHIA CUTHAJIBHIA Ta 3aBajlOBId
00CTaHOBIII.

OtpumaHi pe3yiabTaTH JOIIJIBHO BHUKOPHCTOBYBATH B TEPCHEKTUBHHUX
KOCMIUHUX araparax 3 IPOrpaMOBaHOI apXiTEKTYpPOrO, 3 METOI IIiIBUIICHHS
IIBUJIKOCTI Ta TOYHOCTI OIIIHFOBAHHS 1X CTaHYy.
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Cyxonoabcbkuii B.A.
HamionansHuii IEHTp yNpaBJliHHS Ta BUIIPOOYBaHb KOCMIYHUX 3aC001B
M. KuiB

HA3EMHUU IHOOPMAIIMHUN KOMIIJIEKC HAIIIOHAJBHOT' O
IIEHTPY YIIPABJIIHHS TA BUITIPOBYBAHb KOCMIUHUX 3ACOBIB.
IMMOTOYHUU CTAH TA HAIIPSIMKHU PO3BUTKY.

[Ticns Brpatn HI[YBK3 3HayHOi yacTMHM Ha3eMHHMX KOCMIYHUX 3ac00iB B
pesynbTrarti aHekcii Pocilicbkoro denepartiero AP Kpum, Ta B ymMoBax 3pocTarouoro
NOMUTY Ha 1H(POpPMAII0 AUCTAHIIWHOTO 30HAYBaHHA 3eMii, 30kpeMa y cdepi
Oe3rekn Ta OOOPOHM, aKTyaJbHHUM 3aBJaHHSAM IIOCTA€ BIJHOBJIEHHS 1 PO3BUTOK
ICHYIOUO1 Ha3€MHO1 KOCMIYHO1 1HQPACTPYKTYpH ACpPKaBH.

B nomoBiml  mpexactaBieHWd  aHaAIl3  MOTOYHOIO  CTaHy  HAa3e€MHOTO
1H(OpMAIIHHOTO KOMIUJIEKCY Ta BU3BHAYEHO HAMPSIMKHU HOTO MOJIAIBIIOT0 PO3BUTKY.

Hapasi npoBeaeHa mojepHizaiisi cranmii npuiiomy indopmamnii YHCII Ta
[1C-8.2. MogepHizoBaHO NpUMalIbHI TPAaKTH Ta CTBOPEHO CYy4YacCHI CHCTEMH
VIOPABIIHHS aHTEHHUMH CUCTEMaMHU CTaHIIi. B pe3ynbrari 3a3Ha4€HOT0, pO3UIMPEHI
GyHKIIIOHATBHI MOXJIMBOCTI CTaHLIM mogo mnpuiioMy iHdopmamii J33, sk 3
iHo3eMHUX KA, Tak 1 3 NEpPCHEKTHUBHUX HAIIOHAJIBHUX, a TaKOX MiABUIIECHA
HaJIIAHICTh cTaHLii. YacTKOBO MOJIepHI30BaHA CUCTEMa 3B’SI3KYy Ta Mepenadl JaHUX.
Pozmmpena mepeska craniiii npuitomy indopmarrii /133.

3 METOI0 CBOE€YACHOI'O, MOBHOLIHHOIO Ta SKICHOrO 3a0e3IedycHHs
kopuctyBauiB iHpopmamii J[33 y pizHux cdepax IisIbHOCTI, 30Kpema y cdepi
0e3nexku Ta 000pOoHHU, a TaKokK po3mupeHHs Moxiuboctert HIIYBK3 mono yuacti y
MDKHApPOJHUX  KOCMIYHMX  TPOEKTaX, AaKTyaJlbHUM  3aJIMIIAE€THCS  MMATAHHS
noaansiioro po3sutky HIK.

OcHOBHUMU HanpsAMKaMH noaansioro po3sutky HIK Busnaueno:

moaepHizarliss HIK (MonepHizaiiig icHyroUnx mpUiiMaibHUX CTaHIIM, CUCTEMH
3B’SI3KY Ta Mepenayl JaHUX 1 MPOTrpaMHO-TEXHIYHUX KOMIUICKCIB);

CTBOPEHHSI HOBHX MPUIMATBHUX CTaHIIIN, SIK CTAI[IOHAPHUX TaK 1 MOOUTbHUX;

PO3IIUPEHHS MEPEkK1 TPUUMATBHUX CTAHIIIN;

yIOCKOHaNleHHs (pyHKIIOHaNbHO1 cTpykTypHu HIK;

yIOCKOHAJIEHHSI METOJOJIOTii 3aCTOCYBaHHS TEPHUTOPIiaIbHO PO3HECEHHUX
3aco01B nmpuitManHs gaHux /33.

Taxkum unHOM, mojaneiuii po3BuTok HIK 3a6e3neunTs OuIbI eeKkTHBHE Ta
HajliiHe Horo (YyHKIIOHYBaHHS B PI3HHX yMOBaX OOCTaHOBKM, a TaKOX SIKICHE
BUKOHAHHS 3aBJaHb nokiaaeHux Ha HITYBK3.
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Tomuenko O.B., k.1.H.; Manbko /L.1.
NV «Haykoswii LlenTp aepoxocmiuaux nociimkens 3emii ['H HAH Ykpaian»
M. Kuis

CYITYTHUKOBU MOHITOPUHI CKYITYEHD IVIAHKTOHHUX
BOJOPOCTEI («IIBITIHHS» BOJIN)

[IpoGnemMa I1HTEHCHBHOTO «IBITIHHS» BOAM JdyXe TOCTPO CTOITh MJiA
PI3HOMAaHITHHX aKBaTOpii. [HTEHCHMBHE MBITIHHA, XapaKTEPHO, MEPII 3a BCE, IS
BOJIOMM 31 CIIaOKMMH TeYisMH 30KpeMa TakKuxX, sK Kackaa JIHIMpoOBCHKUX
BoAOCXOBUI. «lIBITIHHSIM» BOJM BBaXKaIOTh MACOBUM PO3BUTOK MIKPOCKOIIYHUX
BOJIOpOCTENl  (3a3BUYail  CHHBO-3€JE€HMX), ULI0 CYNPOBOJDKYIOTbCS ~ 3HAUHUM
MOTIPIICHHSM AKOCT1 BOAM. lle BUKIMKAHO IUIMM KOMIUIEKCOM (haKTOpPiB, TAKUX SIK
3MiHa KJIIMaTy (30KpeMa aHOMaJbHO BUCOKA TEMIIEpaTypa MOBITPS BIITKY OCTaHHIMU
pOKaMu), HAAXOIKEHHSI B BOAY BEJIMKOI KIJILKOCTI PI3HUX MIHEPAJIbHUX 1 OpraHIYHUX
pPEUYOBHH Ta TMOB'sI3aHE 3 IHTEHCU(IKAIE TOCHOJAPCHKOI AISUIBHOCTI JIOAUHMU.
30KkpeMa HAAXOHKEHHSIM Yy BOJOMMHU 3a0pyJHEHUX OIOr€HHUMH pPEYOBHHAMU
KOMYHaJIbHUX YU  CUIbCHKOI'OCIIOJAPCHKUX  CTOKIB, MIHEpPAJbHUX  J0OpUB,
CUHTETUYHHUX MHUIOUUX 3aC001B, TOIIO.

@DiTOIIaHKTOH Mae Oe3nmocepeIHIi BIUIMB Ha SIKICTh MMUTHOT BOJIU: CYCIEH3II0,
KOJIbOPOBICTh, TOKCUYHICTh; @ IIPH 3HAYHOMY PO3BUTKY OlOMAacu BHKJIMKA€E 3aMOpPH
pub, MopymeHHs poOOTH OYMCHUX CHOPY., 3a0pYJHEHHS y30epexoKks Ta IUISXKIB.
[Toka3HUKH KUIBKICHOTO PO3BUTKY (PITOIJIAHKTOHY IIUPOKO BUKOPHCTOBYIOTHCS MpPU
BU3HAYECHHI TPO(IUHOIO CTATyCy BOJONM 1 JJIsi MPUUHATTSA PIlIEHb 3 €KOJOTIYHOI
peabumiraiii BojgoiimM. Pazom 3 TUM OTpuMMaHHSI JaHUX MPO CTaH (PITOIMIAHKTOHY, a
TUM O1JIbIIIe aKTyalbHUX JAHUX - JIOCUTh TPYIAOMICTKUM 1 BUTpaTHUM mpoiec. Came
TOMY 1 BUHUKJIAa HEOOXIAHICTh PO3POOKH aJITrOPUTMY OTNEPATUBHOTO THUCTAHIIIHHOTO
MOHITOPHHTY  MacIITaOHUX CKyM4€Hb TUTAHKTOHHUX BOJIOpOCTEH -
«(ITOMIAHKTOHHUX XMap» 1 METOJIB KUIbKICHOI OILIHKHM iX IIIJIBHOCTI Ha OCHOBI
JTAaHUX CYIyTHHUKOBOI 3HOMKH.

[IposiBasieThcst "IBITIHHA" B 3MiHI 3a0apBJICHHS BOAM BHACIIJIOK MacoOBOIO
PO3MHOXKEHHSI MIKPOCKOIIIYHUX Bojgopocteid. [lpm 1mpomy wmetomu oOpoOKu
KOCMIYHUX 3HIMKIB JIJIsl BUSIBJICHHS JUISTHOK "TIBITIHHS" BOJM 3a3BUYail 0a3ylOThCsS HA
aHami3l Bapiamiid koedimieHTy au@y3HOro BiAOMBAHHS CBITJIA TMOBEPXHEBUMHU 1
MIMOBEPXHEBUMH  IIapaMd  BOJAM TpH  30UIbIIEHHI B HUX KOHIIEHTpaIlii
¢ditortankTony. HaiiOinpie miaXoauTh JUIsl CHOCTEPEKEHb YEpBOHA 00JACTb
cnekTpy Buaumoro aianazony 600...700 M Ta OmvkHIN 1HPpPauyepBOHUH [1ana3oH.
Jlns BUSIBJICHHS JUISSHOK LBITIHHS BOJM TaKOX J00pe MiAXOAUTH BereTaliiHui
iagexke (NDVI)( guB.puc.1.). Takox 10AaTKOBOIO Iemu(pPyBaTbHOI O3HAKOKO MPHU
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Bi3yasbHil ieHTU(]IKAIiT "HBITIHHI" BOJU MOXE CIyTyBaTH TEKCTypa 300pakKeHHs,
TaKk A7 JUISTHOK 1HTEHCHBHOTO "IBITIHHS” HalyacTilie xapakTepHa crherudiyHa
HUTKOMOJIIOHa TEKCTypa, TaK Ha KOCMIYHHUX 3HIMKAaxX BHJIHO, IO 00JacTi
IHTEHCUBHOTO IIBITIHHS BUTATYIOTHCS Y3JOBXK TEUIM 1 BTATYIOTBCSA JO BHUXPOBUX
PYXiB, OKpPIM IIOTO Ha MEPEHECEHHsI BOJIOPOCTEN BUPIIIAIILHUNA BIUIMB Ma€ BiTep. Y
nepiofn 3 TPHUBAJIOK TEIJIOK, COHSIYHOIO 1 OE3BITPSHOIO MOTOOI0 IiaHOOaKTepil
00'€IHYIOTHCSl B arperaTH, sIKi CIUTMBAIOTh JI0 MOBEPXHI, yTBOPIOIOYU MOBEPXHEBI 200
HiAMOBEpXHEBl CKymueHHS. Ha CcymyTHMKOBHX 300paxeHHsX IiaHoOakTepii
MIPOSIBIISIFOTHCS Y BUTIIAIL ICKPABUX HUTKOMOAIOHUX CMYT a00 IUTHX CKYITYEHb.

Bona — oauH 13 HaWIIHHIIIKX pecypciB HaIIoi MiaHeTu. ToX, MOTipmIeHHs ii
SAKOCT1 CIPUYUHSAE HU3KY MPOOJIEeM JUIisl 370pOB’Sl HACEJICHHS, HABKOJIHIIHHOTO
cepelloBHIIa Ta JAepKaBu B 1iioMy. Hapasi npobiemMa «uBITIHHS» BOJU CTOITh JAYXkKe
roctpo Ha Kam’sHcekoMy BojocxoBuill. HailOinbine CTpakaaoTh MENIKaHI
HACEJIEHUX MYHKTIB, IO 3HAXOAATHCS Ha y30€peiKl 1€l MITYy4YHOI BOJAOWMH, aJIKe
BUKOPHCTOBYIOTh JHITTPOBCHKY BOMY SIK DKEPEIIO BOJAOIIOCTAYAHHS JIJIs1 TOOYTOBUX Ta
npomMuciaoBux moTped. JlaHa mnpobOsiema 3aluIaeTbesl JOCI HEBUPIIICHOK 1,
0€3CyMHIBHO, aKTyaJIbHOIO Ta MOTPeOy€e HOBUX MIAXOMAIB JI0 i BUPIIICHHS, cCAaME TOMY
HaMU 1 OyJau CTBOpPEHI KapTH PO3MNOJLIY TIUIAHKTOHHMX BOJIOPOCTEH B akBaTOpii
KaM’sTHCBbKOrO BOJOCXOBMIIIA Ta METOAMKA KIJIBKICHOI OIIHKM IX MIIJIBHOCTI Ha
OCHOBI JIaHUX CYITyTHUKOBOI 3OMKH.

JlocmimKyroun TPUPOAHI YMHHUKH, 1110 BIUIMBAIOTh HAa MACOBUU PO3BHTOK
MIKPOCKOTIIYHUX BOJOPOCTEH (31€01JIbIIIOT0, CHHBO-3EJICHUX ), BAPTO 3BEPHYTH yBary
Ha Te, 1[0 HE MEHII BaXJIUBUM (PAKTOPOM, III0 TMO3HAYAETHCA HA JAUHAMIII
IHTEHCUBHOCTI «IIBITIHHS» BOJM € piYHA KUIBKICTh OMAIiB Ta, HAacaMIepea, KUIbKICTh
OTMa/IiB Ta JOIIOBUX JIHIB, 110 MIPUIIAIAI0Th Ha MK IHTEHCUBHOCTI «IIBITIHHS.

Puc.1. Jlnnamika mommpeHHs! IIIaHKTOHHUX BOJ0pocTel Ha KaM’SsHChKOMY BOJTOCXOBHIIII
BUKOHaHA Ha OCHOBI BETETAIIMHOTO 1HIEKCY
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®iginosuy B.€., k.reonor.H., c.H.c.; Muyak A.I'., K.reojor.H.,
Turapenko O.B., K.T.H., C.H.C.
HAKA3 II'H HAH VYkpainu, M. Kuis

BUKOPUCTAHHS JAHUX JJUCTAHIIMHOT O 30HIYBAHHS
3EMUJII B TEOJIOITT

HayxoBo-TexHIYHUI TpOTrpec, pPO3BUTOK AUCTAHLIMNHUX 3HOMOK IOBEPXHI
3emsi, BIAKpUB  SKICHO  HOBMH  eTam  iH(QopmamiifHOro  3abe3nedeHHs
dbyHIaMEHTAIbHUX Ta TMPUKIAJAHUX JOCTIPKeHb Hayk mpo 3emumo. ['eonoriuna
rajiy3b, y 3B’SI3Ky 3 IIMM, OTpUMaja HOBUN METOAMYHUIA HAMPSIMOK — aepOKOCMIYHI
METOJIM JOCIIIPKEHHS T€0JIOTTYHOro cepeaopuina [1].

Buxopucranas MarepiaiiB aepOKOCMIYHUX 3MOMOK PI3HUX BHJIB BIAKPUBAE
IIMPOKI MOXJIMBOCTI Y BUBYEHHI Ta KapTorpayBaHHI I€0JIOTIYHOIO CEpeOBUIIA,
€KOJIOT1i HaBKOJMIITHHOTO MPUPOTHOTO CEPEOBHINA 1 CTBOPIOE IMEPEAYMOBH IS
CYTTEBHUX I€OJIOTIYHUX y3arajlbHEHb B Tally3l PO3BUTKY 3€MHOI KOpU Ta TNIMOWHHOI
OyJ10BH 3eMuIi.

VYcmiiHe 3acTocyBaHHS MaTepiajiB IUCTaHIIHHOrO 30HyBanHsa 3emii ([133) B
reosiorii BU3Ha4ae MoJaiblie MOMVIMOJIEHHS Ta PO3BUTOK KOMILIEKCHOI., CUCTEMHOI
MeTonoiorii B AcemmdpyBaHHI 00’€KTIB T'€OJIOTIYHOTO CEPEJOBHINA  PIZHUX
TEPUTOPIATBLHO 1€pApXIYHUX PIBHIB, HAKOMUYEHHS KOHKPETHOTO JenpyBaIbHOTO
MaTepiany y BUTJISA1 IPUKIAaAiB pealizallii CUCTEM O3HAaK Ta €TaJOHIB.

Marepianu /133 naroTh BakIMBY 1HQOpMALIIO, YaCTO MPHUHIIMIIOBY HOBY MPO
3aKOHOMIPDHOCTI ~ pPO3MIIIEHHs  KOpUCHMX  komaiuH. lloganesmmii  mporpec
BUKOpHUcCTaHHsa MmatepianiB [[33, oueBuaHo, B Oarato yomy Oyje BHU3HAYATHCh THUM,
HACKUIbKU 1HTEHCUBHO OyAyTh BIIPOBAKYBATHUCh METO/IM 1X KOMI FOTEPHOI 00pOOKHU
3 KUIBKICHOIO OITIHKOIO 1X T€0JIOTOINOIITYKOBOiI 3HAYMMOCTI . A 116 HEMOXJIMBO 0e3
camoro 6e3MocepeIHLOTO BIPOBAKEHHS B JociiKyBaHui mpouec ['IC-rexHomorii,
KWW J03BOJISIE€ 31ACHIOBATH 0araTOCTOPOHHIN TrIuOOKWi aHami3 iHdopmarllli, K 31
CTOPOHM BHMBYEHHS pe3ynbTaTiB aemndpyBanHa gaHux [[33, Tak 1 KOMILIEKCY
reO0JIOTTYHUX, re0(I3UYHUX, T€OXIMIUHUX Ta IHIIUX JAHUX.

[lepciekTMBHUM € TOJajbIle BIOCKOHAJICHHS pPOOIT TMOB’S3aHUX 13
IIJITOTOBKOIO Ta BIPOBADKCHHS B  TI'E0JOTrO3MOMOYHI  POOOTH  CKJIAJaHHS
JTUCTAHI[IMHAX OCHOB JUISI TMIPOBEACHHS TOIIYKIB PI3HUX BHJIIB KOPUCHUX KOTIAJUH.
Ile mo3BOJIsIE CTAaBUTH Ta BUPILNIYBATH KOHKPETHI I€0JIOrOPO3BiAyBaibHi 1 MOIIYKOBI
3a/layl, JIOKaJli3yBaTH IUIONII MOIIYKOBUX poOiT. I B 3B’43Ky 3 IUM, IIMPOKE
BIpoBakeHHs /(33 103BOIUTH CKOPOTUTH 3aTpaTH Ha re0IOro3MOMOYHI 1 OIIYKOBI
poOOTH, MABUIITUTH €(PEKTUBHICTh BUPIIIEHHS 3a1a4 T'€0JI0TIYHOIO cepeioBUIIa [2].
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be3yMoBHO mMoAanbIIMii PO3BUTOK AMCTAHIIMHUX METOJIB TMOB'SI3aHUN HE
TIJTBKH 3 PO3BUTKOM TEXHOJIOT1H 3HOMOYHHUX CUCTEM, X KOMIT IOTEPHUX 00pOOKH, aie
1 3 YJIOCKOHAJICHHSIM T€OJIOTIYHUX MOJIeNIeH, OyJI0BH 1 PO3BUTKY TOTO YM IHIIIOTO
periony.

AKIIEHT Yy BHUKIaJIeHI Marepialy Oyjae 3po0JeHO Ha BHUCBITJICHHI
XapaKTepUCTHK Ta MOXJIMBOCTEH NMQPPOBUX TUCTAHIIMHUX [JAaHUX, 1CHYIOUHX
mporpaMHUX  3ac00iB  iX  OOpoOKH, METOMWYHO-OpPTaHi3allifHNX  aCTEKTIB
CTPYKTYpHOTO nemudpyBaHHS, ACIKUX IHTEPHpETAlliiHUX MUTaHb, BUKOPUCTAHHS
nanux J[33 mpu riIporeonorivHuX Ta €KOJI0Tr0-TeOIOTTUHHIX JOCIHKCHHSIX.

Jlireparypa:

CydacHuii cTaH Ta MEPCHEKTUBU KOCMOTEOJIOTIYHUX JTOCTiIKeHb B YkpaiHi.//Muyak A.T.,
@ininosuy B.€., Tapanrym O.JI. Ta iH. /CyuacHuwii cTraH 1 3amadi pPO3BUTKY peETiOHAIBHUX
reoJoriyHux JociimkeHb. Matepianu Il HaykoBO-BUpOOHWYOI HapaaM TeoJIOTiB-3HOMIUKIB
VYxpainu. 8-12 Bepecus 2005 poxy m. Piae-Kuis. Y/II'PI, 2005 p. — C.187-1809.

Muyak A.T'., Kynpsimos A . PernonanbpHbIE a9POKOCMUYECKHUE HCCIIENOBaHUA

[Ipeaxapnarckoro nporuda u ckiamyaror 3oHbl Kapnatr B macmrabe 1:200 000. Otuer o HUP.
BI'd, YVITO, K.,1986. — 151 c.
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BUKOPUCTAHHS KOCMIYHUX JAHUX JJUCTAHIIAHOI' O
30HAYBAHHA 3EMUJII VI ONIHKHU CTAHY ICTOPUYHOI'O HEHTPY
MICTA KUEBA

B icropuuniii wacturi M. KueBa posramoBani HamionanbHuii 3amoBiTHUK
«Co¢is KwuiBcbka» Ta Hamionansuuii KueBo-Ileuepchkuii 1CTOpUKO-KYIBTYpPHUN
3anoBigHUK, fAKi BKItodeHl 12 rpyans 1990 poxky no mnepeniky BcecBiTHBOI
cnaauH  KoHBEHLII NpO OXOpOHY BCECBITHBOI KyJIbTYPHOI Ta HPUPOAHOL
CHAJAIIMHMA, [0 MIATBEP/UKYE iX BHU3HAUHY YHIBEPCAIbHY I[IHHICTh 1 CIpHUAE
30€peKEHHIO Ta BIIPOJKEHHIO BCIX KYJIbTYPHUX H I1CTOPUYHUX OO’€KTIB, SIKI
3HaXOJATHCS Ha 11 TEPUTOPil HA Oaro BChOro JrojacTBa. KoMIIeKCcH1 JOCIIIKEHHS
teputopii KueBa cBimuaTh TpPO 3pPOCTaHHA EKOJIOTO-TEXHOTEHHOTO BIUIMBY Ha
OXOPOHHI ~ 30HM  KyJbTYpPHOTO  CEPENOBHINA, 110 MOPOJKYE  MpodieMy
JIOBTOTPUBAJIOrO 30€pEKEHHSI apXITEeKTYpPHOI CHAaAIUMHU Ta HAa3eMHOI TeXHOC(epu
LEHTPAJIbHOIO ICTOPUYHOIO apeaiy.

MOHITOPUHT TEIUIOBOTO MOJIsi B MeXaX 1CTOpUYHOI yacTuHU KueBa mokasye,
0 13 3MEHIICHHSM IUION] TMPUPOJHOTO TIPYHTOBO-POCIMHHOTO MOKPHUBY 1
VIIUIBHEHHSIM MIChKOI 3a0yZ0BM MIJABUILYETHCS TEIUIOBE HABAaHTAXKCHHS Ha
HABKOJIMIIIHE cepenoBuile Ta Oyxaieiai. Lle cmpuse 3pocTaHHIO IUIONI, 3AaTHUX
HAaKOMMYYBaTH COHSAYHE TEIIO 1, BIANOBIJHO, IOBEPXHEBOI TeMIIEpaTypu
AHTPOTIOTEHHUX 00’ €KTIB, IO CIpHSE X (PI3MUHOMY BUBITPIOBAHHIO 1 MOCTYIIOBOMY
pyiinyBaHHIO. lle MoOke BHKIMKATH SK JIOKaJbHE MOPYIICHHS MIKPOKIIMaTHUYHUX
YMOB y MeXaX 30H II0 OXOPOHSIIOTHCS, TaK 1 CIPUATH 3MIHI KIIMAaTUYHUX YMOB Ha
perioHanbHOMY PpiBHI. OcTaHHE BIJHOCHUTBCS 10 3POCTAHHS «MICBKHX OCTpPOBIB
TeI1ay, MpooJeMi, BUPIIIEHHIO SIKOT MPUALIAETHCS, Iy>KE MUJIbHA yBara MpakTUYHO Y
BCIX PO3BMHEHMX KpaiHaX. JIokajgbHEe MOpYIIEHHSI MIKPOKJIIMATy € OJHUM 3 (DAKTOpIB
SKUW BIUIMBA€ HA IHTEHCHUBHICTh (DI3UYHOrO BHBITPIOBAHHS 1, $K HACHIAOK,
pYWHYBaHHSI ICTOPUYHHX 1aM’ITOK CBITOBOI CIa IIIHHH.

O6poOka 300pakeHb KOCMIYHOTO 3HIMAHHS Pi3HOTO TOXOKCHHS JTO3BOJISE
BUKOHATH KOMIUJIEKCHY OaraTtokpiTepiajbHy OILIHKY HABKOJMIIHBOTO CEpEeIOBHUIIA.
Jan1 pagaproro 3HiManHs Sentinel-1 1oOpe 3apekoMenayBanu ce0e mpy KapTyBaHHI
SK IIUJIBHOI BUCOTHOi 3a0yJI0BU TaK 1 3€JICHMX 30H. J[aHi BUIUMOro Ta OJMKHBOTO
iH(pauepBoHOTrO Aiana3oHiB Sentinel-2 MawTh JOCTaTHHO BHUCOKY MPOCTOPOBY
po3pizHeHHICTh (10 10 M), 110 A03BOJISIE BUKOHYBAaTH TOYHY Kiaccuikailiro Ta
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KpymHOMAacIITabHe KapTyBaHHS MIChKOi 3a0ylOBH Ta KUIBKICHUX TIOKa3HUKIB
POCIMHHOCTI 3eleHuX 30H Micta. OO’elHaHHS MepeBar pajapHUX 1 ONTHUYHHUX
300pakeHb JI03BOJISIE MIABUIIUTH TOYHICTh PE3YJbTaTIB Ta PO3IIUPUTH KIIBKICTh
KPUTEPIiB OI[IHKH MICIIE€BOCTI.

CynytHuku cepii Landsat mouymnarounm 3 1984 p. mocrayaroTh JaHHI
JIOBrOXBUJILOBOTO 1H(GpAYepBOHOTO Jiama3oHy, IO BIAMOBIAE€ 3a TONIUPCHHS
TEIUIOBOTO BHIIPOMiHIOBaHHS. Ha oOCHOBI 1ux maHux po3poOieHa MeEToIuKa
BU3HAYCHHS TIOBEPXHEBOI TEMIIEpaTypyd 3€MHHUX IOBEPXOHb Ta PI3HUX EJIEMEHTIB
nanamadTy. HasBHicT 0a3w maHMX TEIJIOBOTO 3HIMAHHS 3a 35 POKIB JTO3BOJIWIH
nmoOylyBaT 4YacoBl PsAM JUHAMIKH TEMIIEpaTypu TOBEpXHI ypOaHI30BaHOTO
cepenoBuiia M. KueBa, pospaxyBaTu TpeHIU MNPUPOCTY TEMIIEpaTyp 1 BUKOHATU
MPOTHO3 OUIKYBAaHUX CEPEHIX 1 MAaKCUMaJIbHUX TeMIepaTyp B Mexax micta Kuesa.
[lepeBakHa OINBIIICT JOCTIKEHb TEIJIOBOTO IO MICBKUX arjomeparii 3
BUKOPHCTAHHSAM CYITyTHUKOBHX JTAHUX MPHUCBIYCHO MUTAHHSIM CHEPro30epeKeHHS Ta
dikcariii TEMJIOBUX BTPAT B cepli KOMYHAIBHOTO T'OCHOJAPCTBA, a TAKOX BILUIHUBY
MEramnoJiiciB Ha 3MIHM KIIMary Ta oco0imBocTeld (OpMyBaHHS MICLEBOIO
MIKpOKJIIMATy BHACI0K ypOaHizaiiii.

OnucaHi BUINE JIaHI JUCTAHLIMHOTO 30HAYBAaHHS € 3araJbHOJOCTYIHUMHU 1
MOIIUPIOIOTECS OE3KOIITOBHO Tak sK 1 reoiHgopmaiiitna cuctema QGIS. Takum
YUHOM, peali3allii METOJWKH B paMKax BHUKOPHUCTAHHS JaHUX IMPOJYKTIB HE
nepeadavyae BUTpaT Ha ix ojepkaHHsA. OCKUIBKM 4Yac 3HIMAHHSA KOXHHUM 13
CYIYTHHUKIB € MONEPEAHBO BIIOMUM, MApaiesbHO 13 00pOOKOI0 JaHUX JUCTAHIIHHOTO
30HyBaHHS MOXJTMBE BHKOHAHHS ITiJICYITyTHUKOBUX HA3eMHHX BUMIipIOBaHb, TOOTO
OJIHOYACHO 13 BUKOHAHHSM 3HIMAHHS CYIyTHUKOM. [HCTpyMEHTalIbHI BUMIPIOBAHHS
MOXXYTh BKJIIOUYAaTH BHUMIPIOBAHHS TMOBEPXHEBUX TEMIEpAaTyp 3a JAOMOMOTOIO
MIPOMETPUYHUX Ta TEIUIOBIZIMHUX TMPHUCTPOiB, aTMOC(PEpHOi TeMIepaTypu Ta
BOJIOTOCTI1, BUMIPIOBAHHSI IOBEPXHEBOT TEMIEPATYPH 00’ €KTIB 1 T.1.

B mepcnexkTuBi Ha OCHOBI KOMILIEKCHOI OOpPOOKM ONTHYHHMX Ta PaJapHUX
JaHUX MOKe OyTH CTBOpeHa iH(dopMalliiiHo-aHamiTUYHA 0asza, sika OyJle MICTUTH
pPO3MOJAUIM TEIJIOBUX MONIB Oy(depHOi 30HM, AETANbHY I1H(POPMALIID MPO MICHKY
3a0yJI0By Ta 3€JIeHI HAaCaPKCHHS, BU3HAYCHHS MAaKCUMAaJbHO JIOMYCTUMOI BHCOTH
HOBOI Ta PEKOHCTPYKIi chopmoBaHOi 3a0yJ0BH KBapTaliB ICTOPUYHOI YACTUHU
M. KueBa, neranpHi KapTH 3ara3oBaHOCTI TOIIO, IO JIO3BOJIMTH HAJATH KIIBKICHO
OOIPYHTOBaHI pPEKOMEHJalli IIOAO0 OLIHKK CTaHy Ta IUIaHYBaHHS [OJaJIbIIOrO
PO3BUTKY TEPUTOPIN IO MiJIATal0Th KOHTPOJIIO Ta 30epexeHHs. BUKopucTanHs ux
JAHUX OpraHaMH YIPAaBIIHHS JO3BOJIATH IMIJIBUIIUTH MOJIUBICTH OIEPATHBHOTO
KOHTPOJIIO 3a TEPUTOPIEI0 1 BHECEHHsS BIAMOBIIHUX 3aXOAIB IIOJI0 YCYHEHHS
HECTIPUATIMBUX yMOB JUIS  30CpEKEHHS  ICTOPUKO-KYJbTYPHHX  TIaM’ SITOK.
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INPOT'HO3 HOKJIAAIB KOPUCHHUX KOITAJIMH 3A
MATEPIAJIAMHA KOCMIYHOI 3MOMKH (B YMOBAX YKPAIHN)

B 3B’s3Ky 3 OOMEXKEHHSM BHIUICHHS KOIIUTIB HAa MPOBEJEHHS TI'€O0JIOTO-
PO3BIAYyBAIBLHUX pOOIT BaXXIMBE 3HAUCHHS Ma€ IMIJABUIICHHA €(EKTUBHOCTI iX
Butpavanus. Lle, B mepury yepry, BITHOCUTBCS 10 MPOBEACHHS HANOUIbII 3aTPaTHUX
poOIT, MOB’A3aHUX 3 HEOOXITHICTIO OYpIHHS TTTMOOKUX CBEPAJIOBUH JJISl MOLIYKY Ta
po3poOKku pojoBuill HadTH Ta Ta3zy. 3HAYHUX 3aTpaT NOTpeOye 1 MPOBEICHHS
ceCcMOpO3BiAYyBaILHUX POOIT. JIOCATHYTH €KOHOMIi KOIITIB JO3BOJISIE MPOBEACHHS
MPOTHO3HUX JOCHIIKEHb, K1 3HAYHO 3MEHIIYIOTh IUIOILY, IKY HEOOX1HO JOCIIIUTH.

JIOCTOBIpHICTh MPOTHO3HUX JOCTIIKEHb, K 1 YCIX OOEpHEHUX MATEeMAaTHYHUX
3aJla4y, MOXKJIMBO M1JIBUIIIUTA BUKOPUCTOBYIOUH IIUPOKUNA KOMIUIEKC O3HAK. Y Cl BOHU
MaloTh OYTH MPECTaBIEHI B KUIbKICHIA (hOpMi, 11O JTO3BOJUTH BHUKOPUCTOBYBATHU
MaTeMaTHYHI METOIU JJIs iX KOMIUIEKCYBaHHS MIXK COOOIO Ta OTPUMAaHHS MMPOTHO3HOT
OLIIHKY NEPCHEKTUBHOCTI TEPUTOPIi y KIIIBKICHIN (opMi.

OngHuM 3 BUCOKOE(EKTHBHUX MOIIYKOBHX O3HAaK JJIA yCiX BU[IB KOPUCHUX
KOMAaJUH € 1X 3B'A30K 3 TEPUTOPISIMH 3 TCBHUMHU 3HAYEHHSIMH TPIIIHHHOI
MPOHUKHOCTI TIOpil. Aje B yMoBax YKpaiHH, J€ TNPaKTUYHO TOBCIOIHO
PO3IOBCIOJKEHI  MyXKI MOPOAM, BIAOMI METOAW  JOCHIDKCHHS  TPIIIMHHOT
MPOHUKHOCT1 TOP1J HEMOKJIMBO BUKOPHCTOBYBATH, a KPIM TOTO, iX 3aCTOCYBaHHS
oTPeOyIOTh OaraTo yacy Ta KOIITIB.

JUiss BUAUIEHHA TpPIIIMH B yMOBax YKpaiHM HaMu OyJid 3acTOCOBaHI
pe3yabTaTh CTPYKTYPHOIO JAemu(pyBaHHS MaTepiaidiB 0araTo30HajbHOI KOCMIYHO1
3MOMKH. BigoMo, TpIIMHU Ta PO3JIOMHU BIIOOPaXYIOTh B Cy4acHOMY JiaHAmadTi y
BUMJISAL  JHIAHUX ¢opMm JaHamadry (JiHeameHTiB). JliHeaMeHTH BIEBHEHO
nemudpyoThcs Ha KOCMIYHMX 3HIMKaX B yMOBax YKpaiHH, HE3aJIeKHO BiJ
MOTYXXHOCTI TMyXKUX TIOpiJ, IO MEePEeKPUBAIOTh KpHCTalyHl mopigu. KinbkicTh
BUJIIJICHUX JIIHEAMEHTIB 3HAYHO OlbIlIa, HDK PO3PUBIB, B CTAaHOBJICHHX 32
JOTIOMOT010  Teo(13UYHUX MeTOAIB. Pe3ynbTaTu Aemm@pyBaHHsS NpPeACTaBICHI Yy
BUTJISIIL KAPTH JIIHEAMEHTIB.

3 MeTO10 KIJIbKICHOI 0OpOOKM KapTH JIIHEAaMEeHTIB OyJsia po3po0iieHa METOIMKa,
110 TIOYMHAIACh 3 aHATI3Y 3aKOHOMIPHOCTEH MPOCTOPOBOI Opi€HTAIlll JIIHEAMEHTIB Ta
BHJIVICHHS OKPEMHUX CHCTEM JIIHEaMeHTIB. BCTaHOBIEHO, IO KIUIBKICTh CHCTEM
JIHEaMEHTIB 3aJICKUTh BiJI METOJHMKH iX BHUJILJICHHS 1 3alPOIIOHOBAaHI METOJIH IS iX
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00’€KTUBHOTO BHUJIUICHHA. B mopanpmioMy ycsi oOpoOka BHIIJICHHX JIIHEAMEHTIB
BiIOyBaacst J1sl KOKHOI CHCTEMH.

VY SKOCTI KUIBKICHOTO TIOKa3HMKAa TOJsl JIIHEAMEHTIB BHUKOPHUCTOBYBAIHCH
3HAQYCHHS IIUTPHOCTI JIIHEAMEHTIB y MeKaX KOB3HOT'O BiIKHAa BUTSITHYTOI (OpMH.
Po3mipu BikHa BH3HAYaldMCs y BIAMOBITHOCTI 3 TJIMOMHOIO 3aJISITAaHHS BIJOMHX
MOKJIA/IB KOPUCHUX KomaiduH. L{e BayKIMBO JJ1s1 MPOTHO3Y MOKJIAIIB BYTJICBO/IHIB, SIK1
MPAKTUYHO TOBCIOHO 3aJISTal0Th Ha pi3HUX rubuHax. [Ipu 1ipoMy, KITbKICTh BIKOH,
31 3HAYEHHSIMU IIMUIBHOCTI JliIHEaMeHTIB B Mexax 0 un 1 mae ckimamanm He OibIe
10% Bix 3araJibHOI KUTBKOCT1 BIKOH.

Ha nmoOGynoBanux kapTax HILIBHOCTI JIHEAMEHTIB MOJIA 3 MaKCUMAaJIbHUMU Ta
BUCOKMMH 3HAYEHHSMH MAIOTh BIATOBIAATH pO3JioMaM paloHy. AJie 1€ MPUITYIIECHHS
3aBXIU TpeOO TEepeBIpATH 1 MIATBEpIKYyBaTH. SIK mokaszaB Hall JOCBiJ poOIT, Ha
KapTax IIUJIBHOCTI BHUAUIAETbCS 3HAYHO OUIbIIA KUIBKICTh PO3JIOMIB, HIX
BCTAHOBJISIETHCS 1HIIAMH METOJAMH JOCTIIKEeHb. TOMy 0OCOOIMBE 3HAUCHHS Mae
aHai3 pe3yJbTaTiB KapT IIUJIBHOCTI JIHEAMEHTIB Ta OOIpYHTYBAHHS paHIIl HE
BCTAHOBJICHUX PO3JIOMIB. JIJIsl IIbOTO BUKOPUCTOBYIOTHCS JIaHI MOIMEPEIHIX Ie0JI0ro-
reo13UIHUX JTOCTIHKCHb.

KapTu miipHOCTI JTiHeaMEeHTIB MOKJIMBO BUKOPUCTATH JJIsI TPOTHO3HOI OIIIHKH
MEPCIEKTUBHOCTI TEPUTOPIi Ha TMOUIYKU MOKJIAAIB BYTJICBOJAHIB, a TaKOX PYIHUX
konanuH. CkiajgeHi KapThd  MOMIJIMBO  BHKOPHUCTOBYBAaTH  JUIsl  MPOTHO3Y
NEPCHEKTUBHOCTI TEPUTOPIT 32 TOMOMOTOK0 PI3HUX MPOrpam KiIbKICHOTO MPOTHO3Y 1
3 BUKOPHUCTAHHSM 1HIIMX MONTYKOBHX O3HAK.

Metoauka MPOTHO3HUX JTOCHIIKEHb nependayae: 1) ouiHKY 3B 3Ky 00’ €KTIB
MPOTHO3Y 3 MOJISIMU IIIJTFHOCTI KOKHIM CHCTEMH JIIHEAMEHTIB, 2) KOMIUIEKCYBaHHS
1H(QOpMATUBHUX O3HAK MDK CO0OI0 1 B TMIJICYMKY CKJIaJaHHS KapTd MPOTHO3Y
MEPCIEKTUBHOCTI TEPUTOPIi, sKa BpaxoByBaJia 3B'SI30K 3 YyCIMa CHCTEMaMu
JIIHEAMEHTIB.

Pe3ynbraTaMyu MNpPOTHO3HUX [OCHIIKEHb 3 BHKOPHCTAHHSIM KapT ILIIJIBHOCTI
JIHEAMEHTIB JI03BOJISIIOTH: 1) BUIAUIATH TEPCHEKTUBHI IUIOMNII, IO CKJIAIa0Th
npubauzHo 10-15% Big 3aranbHOI TUIOLI JOCHIJKEHb, 2) OTPUMYBATH OLIHKY
NEPCHEKTUBHOCTI BIIOMUX HA(TOra3zomnolyKoBUX OO’€KTIB, PYAOINpPOSBIB, a TaAKOX
CTPYKTYp paioHy, 3) TPOBOJUTH PaH)KyBaHHS MEPCHEKTUBHUX TUION] 3a YEPTOBICTIO
MPOBEICHHS TMOJANBIINX JOCTIKeHb. JIOCTOBIpHICTH PE3YJIBTATIB MPOTHO3ZHUX
JOCITIKEHb OyJI0 MATBEPKEHO B OKPEMHUX BHMAAKaX PE3yJIbTaTaMH IMOITYKOBOTO
OypiHHSI.

93



III HaykoBO-IpaKTHYHA KOH(pepeHIis

«AepoKocMivHi TeXHOJIOTil B YKpaiHi: Mpo06JieMH Ta nepcneKTHBI» [12-13 Bepecust 2019 poxy]

Xyaos I'.B., 1.1.1H. ipod.; Xuxkusak L.A., k.T.H.; FO30Ba LIO., k.T.H.

XapkiBcbkuit HarlioHabHKH yHiBepcuTeT [loBitpsaux Cuit iM. .Koxxeny0a, M. Xapkis
Xynos P.I'.

XapkiBchKuil HarlioHanbHU# yHiBepcuTet iM. B.H. Kapasina, m. XapkiB

METO/ BUSHAUYEHHS EJIEMEHTIB OB’€EKTIB MICBKOI
THOPACTPYKTYPHU HA TOHOBUX 30BbPA’KEHHAX KOCMIYHUX
CUCTEM CIIOCTEPEXEHHSA

JIOCBiZl BeJIeHHS JIOKAJIbHUX, MEPEKEIICHTPUYHUX Ta T1OPUAHUX BIH OCTaHHIX
POKIB MOKa3aB, 110 Cy4YacHI BIMfHU Ta KOH(IIKTH B OCHOBHOMY BEIYTHCS B YMOBax
MICT, HEBEJIMKUX PaOHHUX LIEHTPIB Ta CEJMIL, K1 3 TOUKHU 30pYy BEIEHHS OOHOBHUX
A 1, BIANOBIJHO, BEICHHS CIOCTEPEKEHHS Ta PO3BIIKH, € CKJIAJHUMH.
BcraHoBieHO, 1110 OCHOBHA BUMOTa JI0 PO3yMIHHS OCOOJMBOCTENW Takoro mnoss 000
BKJIIOYA€ OILIHKY TreorpadgiyHoro jaHamadry, OyJiBelb, KyJbTYPHUX LEHTPIB 1
KPUTUYHUX E€JIEMEHTIB 1IHPPACTPYKTYpPHU, TUILY MIANPUEMCTB, TPAHCIOPTHUX CHUCTEM
Ta IHIIUX BAXKIJIUBUX 3a0Yy/10B.

Ha cporomuimHiii JeHh OCHOBHUMH JAaHUMH JIJIsl BEICHHS CIOCTEPEKEHHS B
YMOBaxX HAaCEJICHMX IyHKTIB € 300paK€HHs KOCMIYHMX Ta IMOBITPSHUX CHCTEM
CIIOCTEPEKEHHS.

Bigomo, 1m0 pesynabTaT 00poOKM  300pak€Hb  KOCMIYHHUX  CHCTEM
CIIOCTEPEKEHHS 3aJEKUTh BIJl SIKOCTI METOAY OOpoOKM 300pakeHHsA. BcraHoBieHO,
110 y TENEepiliHiil Yac BU3HAYEHHS €JIEMEHTIB 00’ €KTIB MIChKOI IHPPACTPYKTypH Ha
300pKEHHSIX KOCMIYHHUX CHCTEM CIIOCTEPEKEHHS OOMEXYIOThCS BIJIOMUMU
METOJJaMU BHU3HAUCHHS TpaHuilb abo KoHTypiB. IIpoBemena o0poOka TOHOBOIO
ONTUKO-EJIEGKTPOHHOTO  300pa)kKeHHS, W0 OTpUMaHe 3 OOpTOBOi CHUCTEMHU
croctepeskeHHs Ikonos posmipom 3000x4000 mikceniB, omeparopamu Cobens,
[Ipesitra Ta Kipima. BizyaibHa oliHKa SKOCTI pe3yibTaTiB poOOTH JaHUX METO/IIB HE
3a0BOJILHAE OCHOBHHMM BHMOIraM IIOA0 SKOCTI BH3HAYEHHSI €EJIEMEHTIB MICHKOI
1H(QPACTPYKTYpd Ha TOHOBOMY ONTHKO-€JIEKTPOHHOMY 300paxkeHHi. Tomy
aKTyaJbHUM € MHUTaHHS PO3POOKH METOJy BU3HAUYEHHS €JIEMEHTIB 00’ €KTIB MiCHKOI
1H(PACTPYKTYpPH Ha TOHOBUX 300paKEHHSAX KOCMIYHUX CUCTEM CIIOCTEPEIKECHHS.

3anpornoHOBaHO JBOETAIHUN METO/I, B SIKOMY Ha MEPIIOMY €Talli MPOBOIUTHCS
BH3HAUEHHS yCIX TpaHUIlb 3a JOMOMOIOI0 JIETEKTOpYy rpanuilb KanHi, a Ha qpyromy —
BU3HAYCHHS TIJIbKU T€OMETPUYHUX MPUMITHBIB, a caMe MPAMHUX Ta KPUBUX JIHIHU, 3
yCl€l KITBKOCTI OTPUMAHUX TPaHUIL Ha 300pakeHH1 3a JIOMOMOTOI0 TIEPETBOPEHHS
Xada.

[IpoBenena oOpoOka TOHOBOTO OINTUKO-CJIEKTPOHHOTO 300pa)K€HHS, 110
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OTpUMaHe 3 KOCMIYHOI cucTeMu crioctepeskeHHs Ikonos. BizyanbHa o1fiHka 103BoJIsIE
BU3HAYUTH €JIEMEHTH OO €KTIB MICbKOI 1HQPACTPyKTypH, a came AOpOrH, OymiBii,
3a0y/10BH, MOCT. IlOpiBHSJIBHMI aHaji3 pe3yibTaTiB POOOTH 3aIPOINOHOBAHOTO
METOy 3 pe3yjbTaTaMH OOpPOOKH TOHOBOTO ONTHKO-EIEKTPOHHOTO 300pakKeHHS
BiJOMHMMH METOJIaMH JIO3BOJISIE CTBEPKYBaTH IPO MOXKIUBICTh BUKOPHCTAHHS
pPO3pOOIEHOT0 METOIYy Ta BU3HAUEHHS €JIEMEHTIB 00 €KTiB MIChbKOI 1HPpPACTPyKTypH
Ha TOHOBHUX 300paXEHHSX KOCMIUYHHUX CHCTEM CIIOCTEPEKCHHS 3 SKICTh, IO B
MOJIJIBIIOMY JI03BOJISIE€ TIPOBOIUTH AU PYBaHHS 300paKeHHS.

Hanpsimkom  monaibIivx — JOCHKEHb € O00poOKa TOHOBHX ONTHKO-
CJICKTPOHHUX 300paKeHb TiJ BIUIMBOM CIOTBOPIOIOYMX (DAKTOPiB, TAKUX SK BILTUB
pI3HOrO BUY IIIYMiB, IIOBOPOT Ha Pi3HI KYTH, 3MiHa MacIITady Ta KUIbKICHA OIlIHKA
SKOCT1 pOOOTH 3alPOMOHOBAHOTO METOY.
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JepxaBHU HAyKOBO-IOCTIAHUI ITHCTUTYT BUPOOYBaHb

1 ceprudikarii 030po€HHS Ta BIHCHKOBOI TEXHIKU

M. YUepHiris

®uianmonos L. 10.

UYepHIriBCchbKHid HalllOHATLHUN TEXHOJOTTYHUN YHIBEPCUTET
M. YepHiris

SLAM -METO/JlI BUBHAYEHHS ITOJIO’)KEHHSA OB’EKTIB HA
MICHEBOCTI

Buxopuctanus  cucreM rioOanbHOro mnosuiionyBanHs (GPS) wmae psn
MO3UTUBHHUX SBUI Yy BUIJBIAI TMPOCTOTH BUKOPUCTAaHHS Ta OIJIBIIOTO OXBaTy
CKaHyBaHHs. AJleé 3MEHIIEHHS TOYHOCTI BHU3HAYEHHS KOOPAMHAT MPU 30BHIMIHIX
BILJIMBAX, HECTIPUSATIUBUX MMOTOJITHUX YMOBaX Ta BIJACYTHICTh MOKJIMBOCTI BUSHAUUTHU
MOJIOKEHHS Y 3aKPUTOMY MPUMIIICHHI, HE J03BOJISIE BUKOPUCTOBYBAaTH TuIbkU GPS
JUTSl BUBHAYCHHS MOJIOXKEHHS 00’ eKTY.

B ocranniii wac 3’sgBuUiach BeIMKAa HEOOXITHICTP Y HOBHX MiAXOJax
BU3HAYCHHS MICIIENIOJIOKEHHST pyxoMoi T1uiaTtdopmu. {1 1boro po3ristHeMo
anroput™M Metoxy SLAM (simultaneous localization and mapping), sikuii 103BoJISIE
BU3HAYaTU MICIEIMOJOXKEHHS pyXOoMoi IIatgopMu, a TakoX OyayBaTh Mary
MiclieBOoCcTI He BukopuctoByroun GPS. [Ins BukoHaHHS  Jokamizamii 1
KapTorpadyBaHHS METOJ] iepe0avae HaCTYIHI eTarH.

CrnoyaTky Jis BU3HAUEHHSA T[OKA3HUKIB OJOMETPIB Ta MPOTHO3YBAaHHS
MICIICTIOJIOKEHHS MMPOBOAUTHCS 301p JaHUX JJII BU3HAUYEHHS ITOJIOKCHHS PYyXOMOi
matgopMu. 3a AOMOMOTOIO /1aBayiB MOJIOXKEHHS TPOBOJUTHCS Opi€HTALs] 00BEKTa,
3a JOMOMOTrOI0  OJIOMETpPY, a00 aHaJOrOBUX JaBayiB; BU3HAYAETHCS MUIAX, IO
MPONICHO 3 MOMEHTY OCTaHHBOTO TOJIOKeHHS. Ha mpoMy eTamni BUKOPHUCTOBYIOTHCS
BI3yallbHI ~ JaBayl JJig  3HAXO/KeHHS  opieHTupiB. OTpuUMaHi  OplEHTHPU
MOPIBHIOIOTHCS 3 MOMEPENHIMH, KOTpl OyJIM OTpUMaHiI Ha OCTaHHIW iTeparii mss
BU3HAUYCHHSI CBOTO MicienoioxkeHHs. [licis 30opy iHpopmarlii mpo MicIenoaoKeHHs
3a IOTIOMOTOI0 OJIOMETPIB 200 MOJENI PyXy Ta 3 JIOMOMOTOI0 Bi3yaJIbHUX JAaHUX IIi
JlaHH1 00’ €IHYIOThCS JIJIs1 KOPEKIIii MOJI0KEeHHS T1aTGOpPMHU Ta OHOBJICHHS Maru.

Buxoasunm 3 O3Ha4YeHHWX €TamiB, Uil BH3HAYCHHS MICIICTIOIOKEHHS
miatdopMu y moOyAoBI Mamu HEOoOXigHO MaTd 1HGOpMaIlI0 MPO HABKOJIUIITHE
cepenoBuie. Jljisi IbOro BUKOPUCTOBYIOTH PI3HI TUIM MPUCTPOIB: padapu, JigapH,
KaMepH, CUCTEMH TJ100aIbHOI0 MO3UIIOHYBaHHS 1 T.II.

Ha rtenepimuiii yvac SLAM 3 BUKOpPHUCTaHHSM MOHOKYJISIPHUX Kamep 1ao0pe
cebe 3apexkomeHayBaB. [l 3MeHIIeHHs MOXWOKW jokam3aiii y metomax SLAM
BU3HAYAETHCS IMOBIPHICTh PO3MIIIICHHS MIATHOPMHU Ta OplEHTUPIB. [ BU3SHaUEHHSA
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IMOBIPHOCTI BHUKOPHUCTOBYIOTh (PYHKIIIIO PO3MOALIIEHHS IMOBIPHOCTI, sIKa OIMCaHa
HUDKYE:
P(x_km|z _(0:k),U _(0:k),x_0) (1)

ae, P — GYHKIIISl pO3MOALIEHHS IMOBIPHOCTI,

X _k — TIOJIO’KEHHS TUIaT(HOPMH;

m={m_1,m_2,m_n}— Habip Mo3MIIii BCiX Opi€HTUPIB HE3ANEKHUX BiJ Hacy;

Z (0:k)={z_1,z_2,...z2_k}— Habip BCiX BUAUMUX OPi€CHTHPIB;

U_(0:k)={u_1, u_2,....u_k} — JKypHaJ 3Ha4eHb KEPYIOUMX BXOMIB (3HAYCHHS
OTpUMaHI 3 JlaBaviB OJIOMETPIB);

X _0— HayaJbHE MOJ0KEHHS IIIaTPOPMHU.

Oyukuig (1) omucye po3noaiaeHHS IMOBIPHOCTI 3arajlbHOi IMIJIBHOCTI
MICLIETIONIOKEHHS BCIX OPIEHTHUPIB 1 MOJOKEHHS «TOJIOBHOI'0» MPUCTPOI0 HA MOMEHT
yacy k 3 BpaxyBaHHSAM BCIX OCTaHHIX croctepiranb. [lo3uiis miargopmu B naHHid
yac 1 MO3MINS BCIX OPIEHTUPIB HE MOXe OyTH TOYHO BH3HaueHa, Tomy SLAM
O00YUCITIOE IMOBIPHICTh 3HAXOKEHHS MJIaTHOPMHU 1 OPIEHTHUPIB.

Sx BugHO 3 piBHSHHSA (1) OIlIHKA IMOBIPHOCTI 3aJI€XKHUTh BiJl IBOX MOJIEJCH.
[lepma Mozenab BUKOPHUCTOBYE MPHUCTPOI OJOMETPIB, SIKI € KEPYIOUMMM BXOJaMHU
UO0: K, 110 JO3BOJISIE CIIOYATKY JaTH OI[IHKY MOJO0XEHHIO TIaT(HOPMHU.

P(x_k|X _(k—-1),u_k) (2)

x_(k—1)— OCTaHHE TIOJIOKEHHS TUIaT(OPMHU.

Jlpyra Mojenb BHUKOPUCTOBYE JaHHI, $KI OTpUMaHl 3 BI3yaJIbHUX THIIIB
JlaBadviB.

P(z_Kk/X _k,m) (3)

Ha Mopeni pyxy 1 OLIHKY NONEPEAHBOr0 3HaYEHHSI HMOBIPHOCTI OTPUMAHO:
P (X, MZ gy Uoir o) = J. P (X XU ) - POt 1o MZy 1, U gy 1, %) dX(4)
Hactynnuii kpok nepenbavyae po3TallyBaHHS HOBUX OPIEHTHPIB,
BUKOPUCTOBYIOUM BUpa3 (3).
P(Z,[xM)P (X, MZg 1,U g
P(X,, m|ZO:k71,U0:k)

P(Xk ' m|ZO:k—l'UO:k ' XO) = XO) (5)

JIJisi BUKOPHCTaHHS BiJlcOKaMep 3 METOI0 300py 30BHINIHBOI iH(MOpMaIli Ta
noOyZ0OBM Mamu MICIIEBOCTI HaMu PO3poOJieH! CHeIliaibHl alrOpUTMHU, IO €
CKJIaIOBUMHU TPyIHU BizyaibHoro SLAM.
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IlleBuenko 3.M.
CrnemiamnizoBana mkoia Ne 210 O600HCBKOTO paioHy
M. Kuis

BUKOPUCTAHHSA APXIBHUX AEPO®OTO3HIMKIB MICTA KUEBA
MEPIIOI TA IPYI'Oi CBITOBUX BIVH ITPU OPTAHI3AIIII ICTOPHUKO-
KPAE€3HABYMX PEKOHCTPYKIIIA

[cTopuko-Kpae3HaBUl peKOHCTPYKLii HaOyBaloTh momynsapHocTi y M. Kuesi y
3B’SI3KY 13 MIJBHUIICHUM CYCHUIBHHUM IHTEPECOM 10 yKpaiHchkoi ictopii Ilepmioi ta
Hpyroi cBiTOBUX BiifH. /{JI1 HaNMCcaHHS ICTOPUYHHUX CIIEHAPIiB, sIK1 YITKO MPHUB’sI3aHi
JI0 TOro4yacHoi ictopu4Hoi Tomorpadii M. KueBa HE0OXiTHO 3aCTOCOBYBATU
Matepianu aepodoto3HiManHa 1918 Ta 1943 pp., axi Oyau mpoBeleHI HIMEIBKOIO
aBlall€lo.

HaiiGinpmr  miKaBUMHM Y BIANOBIIHUX —aepo(OTO3HIMAIBHUX Mareplajax
3aiiMaloTh  fIKICHE 300paxkeHHs riagporpadii, Ttomorpadii, NPUPOJHUX Ta
aHTPOMOTeHHUX Yypouuil (1 SK BOHM Oyl 3MIHEHI MiJ Yac TEepUTOPIAIbHOT
opranizamii Cupenpkoro Ta JlapHUIIBKOTO KOHIEHTpAIIHUX TabOpiB Mmia Yac
HIMEIbKOi oKymalii B yacu JIpyroi cBiTOBOi BiiiHM, 3BMYaiiHO yp. babun Sp Tomo),
3pyHHOBaH1 apXITEKTYpHI I1aM’ ITKU, TOTOYacHa MepexKa aBTOA0PIT.

Hamu 3anpornoHOBaHUM alropuTM 3acTOCYBAHHS MaTepialliB  apXiBHOTO
aepo(OoTO3HIMAHHS PU OpraHi3allii ICTOPUKO-Kpae3HABYMX PEKOHCTPYKIH (puc. 1)

BA3A TAHIX BA3A JTAHIX
AEPO®OTO3HIMKIB AEPO®OTO3HIMKIB
KHEBA 1918 PIK KHEBA 1943 PIK

\ U

JEINMMEPYBAHHA [MTPUPOTHITX TA AHTPOITOTEHHMX TAHIIIASTIB

s W
IHTEPIIPETANLA IIAMATOK [HTEPIIPETAIIIS ICTOPMUYHHX TA ITAM ITHHX MICIIb,
KYJI-TOBOI TA CAKPAJILHOL TTOB'SI3AHMX I3 OKVTIAITIEIO, MACOBHMH PO3CTPLIAMHA
APXITEKTYPH. KT bYJIH III3HIIIE TA OIIEPAITIERO BUTHAHHA HAITMCTCEKMX OKVIIAHTIB

SHMIIEHI BITTEIIOBHEAMI,
POSTAITYVBAHHA APXITEKTYPHITX
[MTAM'ATOK XPEITATHEKA

T
OBEPJIENHHIT AHAJII3 APXIBHIX MATEPIAJIE AEPO®OTO3HIMAHHA TA CYUJACHOT O
KOCMOOPTOPOTOILTAHY MICTA KHMEBAHAKITA TAHHA TEMATHYHITY IITAPIB) V I'IC 3 METOIO
PEKOHCTPVKIII JIOKAJII3ALI ICTOPHUHIX ITAMATOK ICTOPII IIEPIIOI TA PVTOI CBITOBHX BIIH

il
{} TEQIIOPTAT
CKJIATTAHHSA KOCMIYHHX 3HIMKIB
PETPOCIIEKTHBHITY GOOGLE EARTH
ICTOPHYHIX KAPT

Puc. 1. Airoput™m BUKOpUCTaHHS JaHUX aepo(OTO3HIMAHHS
JemmdpyBanHs Ta i1HTepIpeTallis MarepiamniB aepo(OTO3HIMAHHS B IUISIX
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ICTOPUKO-KPA€3HABUUX  PEKOHCTPYKI[IH  KapAWHAJIBHO  BIIPI3HAETBCA  BIA
tonorpadiunoro. Ile sckpaBo MokHa TPOJIEMOHCTPYBATH Ha puC. 2 (a Ta 0).

Puc. 2. Marepianu Himenpkoi aepodotositomkn M. Kuepa: a — manopamuuii 3HiMok 1918 p., 6 —
OpTOTOHAIBHUH 3HIMOK 1943 p.

Ha puc. 2, a 300paxena doptudikamiitna mepexa Iledepcbkoro Bamy 13
posramryBanHsAM KwueBo-lleuepcpkoi JlaBpu Ta KOMIUIEKCY KyJBTOBUX CIIOPY/I.
Moxxna nerko iaeHTudikyBath Ha 3HIMKY lledepcbky Qoprento (cydacHMid
Mucrenpkuii apceHan Ta KoMmIuiekc BadiB Qoprtudikamnii KuiBcbkoro oO00pOHHOIO
yKpinpaiiony. Ha npyromy miaHy 3HIMKY MO>XKHa MOOQUYUTH apTUIEPINCHKI TOJIITOHU
JlapHUIIbKOTO BIMCHKOBOTO IMOJITOHY (3/iBa Ta copaBa Bij JdiHIi BbpoBapcekoro
[UISXOMPOBOY), YITKO MOXJIMBO JokamizyBaTu cenuine llepenmoctoBa Cio0inka
(cyuachmit I'inponapk) Ta kBaptanu [lepemocTtHoi, Kyxmicrepcbkoi Ta MUKIIBCHKOT
CnoOinoxk (cywacHuit JliBuii Oeper Ta bepe3Hsku). 3a IIUM 3HIMKOM TOCTa€e
MOKJIMBUM BHU3HAYUTH MICHE3HAXOKEHHS COJIOM SIHOT 3a0yJOBM Ta TEPUTOPIN
MOBITIB TOrO4YacHOi YepHITiBChKOI I'yOepHii.

Ha puc. 2, 0 untko 11eHTU(IKYIOThCS ciopyau Ta Baiu KuiBchkoi ¢opreri,
KOCOTO KamoHipy, ¢oprudikamiiiaux BamdiB UYepemnaHoBOi Tropu, KBapTaIbHOI
3a0ynoBu HoBoro CtpoeHis, cTafioHy OUIs1 Cy4acHOTO MIAMPUEMCTBA «ApceHan». 3a
MM 3HIMKOM MOJKHa OpraHi3yBaTH EKCIEIULIMHI TOCHTIKEHHS 3a IITOJbHSIMH,
reyepamMu Ta I1HIIO BICHKOBOIO 320y 10BOIO MI)KBOEHHOTO MEPIOY.

3actocoByroun mporpaMui 3acoou ['IC crajio MOXIMBHM BU3HAUUTH MICIS
po3TalllyBaHHS  ICTOPUYHHUX OYJWHKIB, SIKI 3HHUIIEHI JBOMa BIMCHKOBUMU
KOH(DJIIKTaMH, TOCTajla MOKJIMBICTh PEKOHCTPYKLIi 1CTOpU4YHOI Tomorpadii
neHTpanbHoi yactuau Micta Kuesa: IlepeBicuma, Ko3uHoro 6oioTa, JJaTHHCHKOTO
KBapTajy TOIIO. Bce 1me gae MOXIIMBICTH PO3UIUPHUTH 1CTOPUKO-KpPAE3HABYI 3HAHHS
npo Kuis nepioxy 1918-1943 pp.
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IleBuenko P.FO., x.reorpad.H.
Jlep>kaBHa eKOJIOTIYHA aKaeMis MiCIISIUILIOMHOI OCBITH Ta YIPaBIIHHS
M. Kuis

PO3I'OPTAHHS GNSS-MEPEXI KOCMIYHOI TPUC®EPAIIIL ITPU
MMPOEKTYBAHHI TYPUCTCBHKO-PEKPEAIIIMHUX EKOJIOT TYHHUX
30H (HA TIPUKJIAAI TAPKY CJIABU MICTA KUE€BA)

[Tapx cnaBu M. KueBa — 11e mam’siTka cafjoBO-IIapKOBOT'O MHCTELTBA Ta 00’ €KT
MPUPOAHO-3aMOBIAHOTO (POHIY CTONUII YKpaiHH, [0 OCOOJIMBO OXOPOHSETHCS
nepkaBoro. Ha mouatky XX cT. Ha HOTo MICIIl PO3TallIOBYBABCS BEJIMKUM HEKPOIIOIh
MicTa «AckoibaoBa Mormiay. [licis 3akinyeHHs Jpyroi cBiTOBOI BiiiHU [IBUHTap OyB
3HUIICHUI Ta IEPETBOPEHUN Ha MICIIe 3aXOpPOHEHHsI BOiHIB J[pyroi cBiTOBOi BiiiHHU, a
3 2008 p. 10 foro ckiaay BKIOYEHUH MEMOPIaIbHUIM KOMIUIEKC KepTB [ 0noq0oMopiB
B Ykpaini. Ha nmou. 2019 p. Ha Tepuropii napky posnodanocst OyJIBHUITBO APYToOi
JiHIT  1poro  Memopiamy. Jios  BHCOKOTOYHOIO  IHKEHEPHO-T€0AE3UYHOIrO
BUMiptoBaHHa Oyna posropHyra GNSS-mepexa kocmiuHOi Tpucdepanii Ta
poboTtuzoBanoi TaxeomeTpii. Ha puc. 1 npeacraBineHa cxema po3ropHyToi KOCMIYHOT
Mepexi st 3a0e3neueHHs OYIIBHUIITBA TYPUCTCHKO-pEKpEeaIiiHUX 30H HIKHBOI
YaCTUHU MAPKY.

) ' / W oe= :
‘G‘°°g|3f Mysew.icTopidHnx @, i | —

Puc. 1. OCMqua Tpuchepartis HapK CnaBu

Ha puc. 1 uudpamu nokaszani: 1 — nyHKT (BUXIOHUN perep) poOOTU30BAHOI
taxeoMmeTpii (puc. 2), 2 ta 3 — nyHkTu Tpuanrymmii [ knacy, A, b, B — nyHkTu
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MicbKoi mosironomeTpii IV kmacy 1 po3psiay miIBHIIEHOT TOYHOCTI.

Po6oTusoBaHuit TexeomeTp
(KpynHUM nnaHom)

Puc. 2. Cratuunuii nyHkT po6otu3oBanoi Taxeomerpii «Ilapk CrnaBu»

KocMmiuna tpucdepaiiist — 11e BU3HAY€HHS KOOPJMHAT CTAHIII 32 OJJHOYACHUM
CIIOCTEPEKEHHAM 3 YOTUPHOX CTaHIIN, Tpu 3 sikux omnopHi (1, 2, 3), T.T. MaroTh
BIJIOM1 KOOPJMHATH Ta TPETHOI CTaHIlli (momronometpii A, abo b, abo B). HasBHicTb
TPHOX Bapialiii JO3BOJATUME BH3HAYATH KOOPAMHATHU MYHKTIB MPU PO3IUIAHYBaHHI
cropya Ta 00’€KTIB MapKy 13 TOUHICTIO 10 OJIHIET COTOI MUTIMETpa.

Hamu cdopMynboBaHMil HACTYyMHHM MaTeMaTHYHHMI amapar oOpoOKH
pe3ynbTaTiB 3HIMaHb y TpuchepariiiHiii Mepexi, MmO 3BOAUTHCA [0 CHUCTEMH
HACTyMHUX (OPMYJ BHU3HAYEHHS MUPEKIINHUX KYyTIiB BCIX JAPYTUX HAMNpsSIMKIB
PO3paxoBYIOTh 1O (HOPMYJIi:

m, = 3,32mﬂ. 1)

Po3paxoBytoun B KOXKHOMY TPUKYTHUKY MOXMOKM mepenadl JUupeKUiitHOro
KyTa MOXMOKa BUBHAUYCHHS JUPEKIIIMHOTO KyTa n-01 CTOPOHU Py Oye:

2 2 2 2
ma;] =\/ma)1—|—mw2 +mw3+...+mmn. (2)

B pesynbTaTi 00poOKHM BiAMOBIAHOI MEPEX1 MOCATAETHCS MPOEKTHA TOYHICTH
reoJIe3UYHNX poOIT BHUHOCY B HAaTypy €JIEMEHTIB TYpPUCTChKO-peKpeariiHol
€KOJIOT1YHOI 30HU MapKOBOi TEPUTOPII.
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I knaii O.B., x.T.H.
HHII OBT 3C Ykpainu, m. Kuis

OCHOBHI TEHJEHLII PO3BUTKY
KOCMIYHOI CUCTEMM JUCTAHLIIHOIO 30H1YBAHHS 3EMJIL

ChorosHi CTPIMKHNA PO3BUTOK CIPOMOXKHOCTEH OOYMCIIIOBAIIBHOI TEXHIKH Ta
MaTEMaTUYHO-TIPOTPAMHOTO 3a0e3MEeUeHHs J03BOJSE CYTTEBO CHPOCTUTH PIlLICHHS
3aJ1a4 JIMCTAHIIIHHOTO 30HAYBaHHA 3emii. I[Hdopmaris, IO OTPUMYETHCS BiJ
KOCMIYHUX CYNyTHHUKIB CTajla JOCTYIHA HE TUIBKH MPOQIILHUM MIAMNPHEMCTBAM Ta
Oprasizailisiv, a i UPOKOMY 3arairy oci0, siKi 3aiiMaroThCsl BUBYCHHIM Ta 00OpPOOKOIO
iH(opMallii CTOCOBHO OTOYYIOHOTO CEpPEIOBHINA Ta TMPOIECIB 10 Y HHBOMY
B110yBatOThCsl. JIOCTYNMHICTh METOMIB Ta 3aco0iB 0OpoOKM, I1HTepIpeTanii Ta
PO3MOBCIOIKEHHS 1H(OpMAIlli AUCTAHIIIITHOTO 30HIyBaHHS 3€MIIi, III0 OTPUMYIOTHCS
BiJl KOCMIYHHX 3ac001B, Ta pe3yJIbTaTIB IX BTOPUHHOI OOPOOKHU J1aji HOBUM MOIITOBX
JI0 PO3BUTKY JaHOTrO HampsiMKy. Ha nanuii yac jgecsTkd KpaiH po3poOisitoTh Ta
BUKOPHCTOBYIOTh BJIaCHI KOCMIYHI amapaty JUCTAHIIIHOTO 30HIyBaHHA 3emut (gaui
— KA /133), abo npuadaroTh iX y MpPOBIIHUX, B JaHIid rany3i, kpain cBity: CIIA,
®panuii, Kanaau, [aaii Ta €Bponeiicbkoro KOCMI4HOTO areHTCTBA.

OkpiM 30UIbIIEHHSI 3arajbHOl KUIBKOCTI KOCMIYHUX CYNYTHHUKIB, IO
3MIICHIOIOTh MOHITOPUHT 3€MHOI T4 MOPCBHKOI IMOBEPXHIi, CII BIAMITUTH W OCHOBHI
TEHJIEHIIi MO0 BMOPOBA/KEHHS CY4YaCHHUX TEXHOJIOTI TMpuU  CTBOPEHHI
MEPCIEKTUBHUX KOCMIYHUX anapariB AUCTAHIIMHOTO 30HIyBaHHS 3eMIIi, a caMe:

po3poOKa Ta BOPOBAKCHHS HOBUX METOJIB Ta 3aco0iB JAUCTaHIIIMHOTO
30HyBaHHs 3emill (CIIEKTPaJIbHO-KYTOBHX, MOJIAPU3ALIIHUX Ta 1HIINX);

BIPOBA/PKCHHS HAHOTEXHOJIOTIH Ta CTBOPCHHS HAIBEIUKHUX KIACTEPHUX
KOCMIYHHUX CUCTEM 13 HAHOCYITYTHHUKIB;

30UTBIIIEHHSI BIJHOCHOI KUIBKOCTI MAaJOPO3MIPHUX KOCMIYHMX amapartiB
(Mayux, MiHI Ta MIKpOCYITyTHUKIB);

BUKOPUCTAHHS pajaiojiana3ony (MIKpOXBWII) JJIS 3AIMCHEHHS BCEMOTOJHOI
3MOMKH 3a JIOTIOMOT'0F0 PaJi0JIOKATOPIB 13 CHHTE30BAHOKO allepTypoIo;

3pOCTaHHSl JieTajizalii KOCMIYHHUX 3HIMKIB (30UIbLIEHHS MPOCTOPOBOTO
pospizHenHs 10 0,5-1 m);

pO3IIMPEHHsT 00JIacTl 3aCTOCYBaHHS Haa0araTOCHEKTPabHUX 3WOMOK (BiJ1€0
CHEKTPOMETPUYHUX, TIEPCHEKTPATBHUX) C KUIBKICTIO KaHaIIB 256 1 Oijb11Ie;

30uThIIeHHsT CKIany nociigHuibkux KA JI33 Ta KOCMIYHUX 30HIYBabHUX
mporpam, siki HalpaBJICH1 Ha MTPOBEICHHSI HAYKOBUX JTOCIIIKEHb, a TAKOXK PO3POOKY
HOBHUX METO/IIB 1 3aCO01B TUCTAHIIIMHOTO 30HyBaHHS 3eMIIi;

NiBULIEHHS. AaKTUBHOCTI MPOBIAHUX KpaiH CBITY 1040 (OpMYyBaHHS
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KOCMIUYHUX CHCTEM TJIOOATBHOTO CIOCTEPEKEHHS 3eMIll Y MeKaX MIKHAPOIHOTO
CHIBPOOITHUIITBA.

30KkpemMa, B YaCTHHI IO CTOCYETHCS YIOCKOHAJICHHS OpraHi3allii Ta IpaBoOBOTO
3a0€e3MeUeHHs] CTBOPEHHSI KOCMIYHOI TEXHIKM CIIOCTEPEKEHHS 3eMJIl CIij] 3BEpHYTU
yBary Ha TEHJEHIII0 3aCTOCYBaHHS JEPKABHUX TPaHTIB, K BUAY 3a0XOYECHHS [0
pPO3pOOKH Ta BUKOPUCTAHHS CyYaCHHX KOCMIYHHUX armapaTiB Ha KOMEPIIHHIA OCHOBI.
Tax, nampuknan, y CIHA npuiiHATO psiA AUPEKTUBHUX AaKTIB IOJO CTBOPEHHS
ONTUMAJIBHUX YMOB Jii PO3POOKM HOBUX KOCMIYHHMX amapariB 13 30epexeHHSIM
KOHTPOJTIO 3 OOKY JeprKaBH 3a XOJIOM iX eKCIUTyarainii. BHacmiok 1s0ro, Maike BCi
CydacH1 KOCMIYHI arapaTtyd BUCOKOI PO3IIBHOI, 13 TPOCTOPOBUM po3pi3HEeHHSIM 0,5-
SM, sIKI BUKOPUCTOBYIOTHCS JUIsl BUPIMICHHS 3a7a4 JMCTAHIIMHOTO 30H]IyBaHHS
3emiti € KOMEPIIHHUMU.

CtpiMKHU#l PO3BUTOK 3aCO0IB Ta TEXHOJOTINA MpUHOMY, 0OpOOKH, 30epiraHHs Ta
nepenayi iHpopMmailii AMCTAHLIMHOTO 30HTyBaHHS 3eMIIl 3a0€3MeUy€eThCs:

po3ButkoM ['IC-texHonorii Ha OCHOBI 1HoOpMaIil  JUCTAHUIAHOTO
30HyBaHHs 3€MIIi, IO OTPUMAaHa 3 KOCMIYHUX CYITyTHUKIB;

PO3IIMPEHHSIM  MOXJIMBOCTEM  JOCTYNy  CHOXKHBa4yiB g0  iHdopmarrii
JUCTAHILIIMHOTO 30H1yBaHHS 3eMJIl Uepe3 JIOKaJbHY Mepexy [HTepHeT;

30UTBIIEHHSIM ~ MOXJIMBOCTEM  30epiraHHs  iHGopmailii  AUCTAHIIITHOTO
30HIyBaHHs 3eMill Ta pe3yNbTaTiB ii 00poOKU;

30UTbLIEHHSIM 00’ €MIB Ta HOMEHKJIATYpH MPOAYKTIB 0OpoOKM 1HpopMalii, siKa
OTpUMaHa 3 KOCMIYHHUX CYIYTHHUKIB;

BIPOBAKEHHSIM Cy4aCHUX METOJIIB CYMICHOI KOMI FOTEPHOI OOPOOKH Pi3HOTO
BUy 1H(pOpMaIli (ONTUKO-EIEKTPOHHOI, PaJI0JOKAIIAHOI Ta 1H.), KA OTPUMYETHCS
BiJl KOCMIYHUX CYITyTHUKIB Y PI3HUI Yac;

PO3IIMPEHHSIM MEpEeX1 CTaHIii NpuioMy B pealbHOMY MaciiTaldl dacy
1H(popMarlii JTUCTAHIIMHOTO 30HIyBaHHS 3eMIi;

PO3BUTKOM MeEpEeXl1 3B’SI3Ky Ta 30UIBIICHHS X MPOMYCKHOI 3/aTHOCTI ISt
3a0€3MeUYeHHs] ONEePAaTUBHOTO BUKOPUCTAHHS TEPUTOPIATBHO PO3NOJAUIEHOT 0a3u
TaHUX.

Kpim Toro, cnoctepiraeTbcsi TEHJICHIIISI BUKOPUCTAHHS IIUBIIBHUX KOCMIYHUX
CYIyTHUKIB JUCTAHIIIHHOTO 30HAYyBaHHS 3eMJli JJIi BUKOHAHHS 3a/lad B IHTEpecax
30pOMHMX CHJI M1 Yac JIOKAITbHUX 30POMHUX KOH(DITIKTIB.

Takum YUHOM, PO3BUTOK YKPAaiHCHKOI KOCMIYHOI CHCTEMH JHCTAHIIIIHOTO
30HyBaHHS 3emili Ma€ BiAOyBaTHUCS 13 BpaxyBaHHSM ICHYIOUMX 3arajbHOCBITOBHX
TEHJICHIII} PO3BUTKY JIaHOI rajysi.
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Zhalilo O.0., Ph.D., Dokhov O.1., Ph.D., Yakovchenko O.I.

Kharkiv National University of Radio Electronics
Kharkiv

MULTI-POSITIONAL PHASE SYSTEM OF TRAJECTORY
MEASUREMENTS AND EXPERIMENTAL CONFIRMATION OF ITS
ACCURACY USING GPS-OBSERVATIONS OF THE UKRAINIAN
REFERENCE STATIONS

The intermediate results of development of the high-accuracy multi-position
phase system of trajectory measurements (MPSTM) which is intended for conducting
tests of highly dynamic flying vehicles as well as for determining the motion
parameters of spacecraft, are presented.

The concept of design and functioning of the MPSTM is based on the joint
using of the design of missile range measuring systems such as MISTRAM (USA),
Vega (USSR) and the techniques and measures of precise positioning using the
signals of Global Navigation Satellite Systems (GNSS).

The onboard segment of the system includes an on-board transceiver (in the
request mode of measurements) or a radio beacon (for realization of a non-request
measurement mode) and an on-board antenna. The ground segment of the system
includes several subsystems, namely: a multi-position phase interferometer;
transmitter of request signal; subsystem of control, gathering and processing of
observations; a subsystem for monitoring the accuracy and calibration of the
analogous MPSTM tracks; verification and checkout equipment; telecommunication
subsystem and other auxiliary elements.

The results of an experimental accuracy assessment of MPSTM also are
presented. The purpose of the experiment was to confirm the performance of the
principle of the trajectory system constructing and its accuracy by modeling using
real GPS observations of a previously selected ground-based sub-network of the
Ukrainian reference stations.

The idea of the experiment, in the absence of a real system prototype, was to
process real GPS observations of one or two GPS satellites (as the objects of
trajectory determination) from the current working constellation, estimation of their
trajectory parameters, and comparing these results with the precise motion parameters
of these satellites obtained from the international service IGS.

To achieve this purpose, a mathematical model of MPSTM observations was
created and the methods and algorithms for their processing were developed,
including ultra-high-precision synchronization of time scales of MPSTM
measurement points spaced apart (at basic distances of up to ~1000 km). In Matlab
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programming system, a prototype of software for processing MPSTM observations
was created.

An assessment of the actual accuracy of the system (using observations of the
sub-network of eleven GPS stations) showed the achievement of the following
trajectory determination accuracy of space vehicles at altitudes of ~20 thousand km:

— in the range-interferometric (query) mode of MPSTM functioning the root-
mean-square (RMS) errors of determination of the current coordinates were within
~0,16-0,45 m; RMS errors of the velocity vector components were within ~0.7-
1.0 cml/s;

—in the interferometric (non query) mode the values of the RMS errors of
determination of the current coordinates were within ~ 21-50 m.

The obtained experimental results allowed validating reliably not only the
fundamental possibility of implementing MPSTM, but also the possibility of
achieving the stated accuracy of the trajectory determinations.
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Zhalilo O.0., Ph.D., Yakovchenko O.I.

Kharkiv National University of Radio Electronics
Kharkiv

LEOS TRAJECTORY DETERMINATION USING THE ON-BOARD
GPS-OBSERVATIONS AND PPP-TECHNOLOGIES
OF THEIR PROCESSING

The technologies for processing the non-differential dual-frequency on-board
GPS observations of Low Earth Orbit satellites (LEOS) have been developed and
investigated to determine the parameters of their movement using the PPP method.
During testing of experimental software the on-board GPS observation processing of
foreign scientific satellites COSMIC/FORMASAT-3 and GRACE was carried out.
The results of coordinate-timing determinations by the kinematic method using
precision ephemeris and GPS satellite clocks from the international service IGS or
from the French space agency CNES were obtained. It is shown the achievement of
the decimeter/centimeter accuracy of determining the LEOS current coordinates
when implementing kinematic solutions with carrier-phase ambiguity resolution
(CPAR) using the float-PPP method and the fixed-PPP method (with discrete integer
CPAR) without using the LEOS motion dynamic models.

The experiments have shown that using the developed technologies the LEOS
coordinates are determined with the errors not exceeding ~10-20cm (with
probability P = 95%) for the float method and ~3-5cm (P = 95%) for the fixed-
method. Average convergence/initialization intervals of the fixed PPP solution made
up: ~30 min. (with probability P ~ 68%); ~45-60 min. (P = 85%) and ~90-120 min.
(P = 100%). The components of the LEOS velocity vector were determined with the
errors that do not exceed ~1-2 mm/s (P = 95%).

The obtained results do not have domestic analogues, correspond to the most
modern world achievements and satisfy the hardest requirements for the trajectory
determination accuracy for all the existing and future space missions.
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Bapanos I'.JL., n1.1.H., npo¢.; Komicapenko O.C.
HamionansHuii TpaHCOPTHUN YHIBEPCUTET
M. KuiB

TH®OJIOTI'TYHE MOJIEJTIOBAHHS CKJIAJEHUX MIPUPOJTHUX
KOCMIUYHUX OB’EKTIB 3ACOBAMHA THOOPMAINIMHUX
TEXHOJIOI'IA

CydacHi Ta TeEpCHeKTHBHI, (QyHIAMEHTaIbHI 1 NPUKIATHI JOCTIIKEHHS
MTYYHUX W MPUPOTHUX 00’ €KTIB HEOOMEKEHOTO KOCMIYHOTO MPOCTOPY 3aTydaroTh
PI3HOMaHITHY KOMII'IOTEpHY TEXHIKYy W IHTEJEeKTyajbHI 1H(pOpMAIiiiHI TEXHOJOTI]
(IT). Ilpuponna ckinanna guHamiuHa cucrema (CIC) B3aeMo3alie)KHOCTEH 00’ €KTIB
BcecBiTy 00yMOBIIIO€ BiIMOBIIHY CKJIAJICHICTh HAYKOBO-MIPAKTUUHUX JTOCHIKEHb HA
BCIX iepapxiyHux piBHAX nojieprarnyrux (Human-machine interconnection — HMI)
BupoOHnunx opranizamisax ([IEBO). Yumano KOpUCHUX 3aKOHOMIPHOCTEH Ta
TEXHIKO-TE€XHOJOrYHUX pimeHb (TTP) oTpuMaHO BITYM3HSHUMU ¥ 3aKOPAOHHUMH
nociigHuKaMu. BoHu 3acTocoBytoTh nporpamuo-anapaTtHi komnoHeHTH (ITAK), IT Ta
3aco0U TeJIeKOMYHIKaliMHuX Mepexx it TTP To4HOro mo3uIitoBaHHS 00 €KTIB,
HaBiramii anapariB Ta €()EKTUBHOIO 3B’S3Ky 3 OOMIHAMH IMOBIJOMJICHHSIMH Ha BCIX
lepapxiyHuX piBHSIX (yHKIIOHYBaHHA pisHOMaHITHUX [TEBO.

HaxonuuyBanHs iHTterpoBanoro 3HaHHi TTP cTocoBHO Mojesnel, METOMIB,
IHCTPYMEHTAJIbHO-TEXHOJIOTIYHUX 3aco0iB [T mnpu3BOAUTE 0 €BOJIOLIMHOTO
3pOoCTaHHsl HOBUX 3ada4 Ta ckiagHocTi npoueciB [IAK. KoHcTpykTuBHE nogoiaHHs
peasbHOi CKJIaAHOCTI 0a3yeTbcsli Ha MaTEeMaTUYHUX METOJaX KOMIIO3HUINI 31
ciupomeHnx (ymoBHO) eneMmeHTIB CJIC o0MexeHOT KUIBKOCTI TEXHOJOTTYHUX
(anreOpaivyHuX, JIOT1YHMUX, TOMOJOTIYHUX) ONepaliil Ha 3aJaHiii MHOXHHI 00’ €KTIB
omucy. 3adadi JoKa3zy SKOCTi, €(EeKTHBHOCTI Ta KOPUCHOCTI KOHCTPYKTHBHHX
koMmrosumitaux metoniB (KKM) BupimyrooTscs 3acobamu  epratuunoro (HMI)
MOJICNIIOBaHHSA. B mporenypax epraruyHOro MOJIETIOBaHHS MNPHUPOAHI OpUTIHAIN
CHAC Oynb-sK0i CKJIaJZHOCTI KOXEH IOCHIHHMK BJIACHOPYY 3aMilllye€ Ha 3pO3yMUII
oMy crpolieHi ajie noAiOHi moneni — 300paxkeHHA. Omnuc OpUTiHAIIB MPUPOIU
peani3yloTh Ha BIIOMUX MOBax. EkcrepTu B JIHIBICTMYHIA (OpMI BHU3HAYAIOTH
CYTHOCTI, 0COOJIMBOCTI Ta crenu(iky NpaBuil MOPOIKEHHS W TpaHcpopMallii CiiB-
TepMmiHiB Ta ¢dopmyn Ha 0a3i BignmosigHoro andasity. HaBmaku B chepi KKM
300paxkenb HMI BHKOHYIOTH OMHCH, $IKI JOIUIbHI B CHUMBOJIBHO-KOJIOBIM (hopmi
3a/1agyHoi cucTeMu. BoHn MakcumaibHO-eeKTUBHO iHTEprpeTyoTh T TP, mo maibke
MUTTEBO 3IMCHIOIOTH omnepauiiiHi 3acodu ITAK. Ane maemo 3HauHi TpyaHOUU Y
dazax nBoGiuHOi HMI TpaHcnsamii Big MOB JIFOACHKOI JISJIBHOCTI O IITYYHUX MOB
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aBTomatiB [TAK Ta y 3BOpoTHOMY HanpsMKy. 3 IpUYHH OOUHUCTIOBAIBLHOI CKIIAHOCTI
HAsBHUX METOIB 0OpOOKHM MOTOKIB (BXITHUX 3aBlaHb, 33/1a4, CHPUX JTaHUX) MAEMO
peaibHi CyTTEBI 3aTPUMKH Yacy OUYIKyBaHHS 0a)XXaHOTO pe3yJibTaTy. 3arnporoHOBaHI
3acobu iH(dosoriyHOoro MojaentoBaHHs npuckopioioTh KKM mpsiMmux Ta 3BOPOTHUX
NepeTBOpPEeHb. 3aBISAKH IIbOMY B1JIOYBAa€ThCS €BOJIOIIHA caMOOpPTaHizalis i Jac
epraTUYHOTO MOJICIIOBAaHHS Ha BCIX 1€papXiYHUX PIBHAX MipaMigu BIAKPUTHX
MITYYHUX CHUCTEM 1H()OPMATHUKH, CEMIOTHKH Ta MAaTEMaTHUYHOI JIIHTBICTUKU. 3T1AHO
HasBHIA Oa3i iHcTpymeHTanbHUX ocHOB [IAK IT Ta 3ampomoHOBaHOr0O MexaHi3my
ornepyBaHHS (hakTaMu, 3HAHHSAMH, OOI3HAHICTIO CTBOPEHO BIJIACHY HEOOXIAHY
parMaTuKy, CEMaHTHUKYy, OHTOJIOTiI0, CHHTAKCUC Ta TpaMaTUKy. 3alporOHOBaHA
moBa KM-IIJ] 3abe3nedye po3BUTOK a€pOKOCMIYHHMX TEXHOJOTIN 3 MiABUILIEHHSAM
e¢(EeKTUBHOCTI €praTUYHUX CHCTEM YIPaBIIHHA KOCMIYHHUMH amaparamu 3a
IHHOBAllIMHUMH TIPOTPAMHUMH eTanaMu (PyHJIaMEHTaJIbHUX JOCHIKEHb. 3JIUTTA
000X (YHKIIIOHATBHUX MPOIIECIB Y PO3MOAIJICHUX CUMBOJBHO-KOJOBUX (hparMeHTax
€IMHOI TaM’sITI BIIOYBA€ThCS 3aBASKU (HOpPMalI30BaHIM €IHOCTI KOHLENTYaJIbHUX
nousath CJIC. KonnentyanbHo cemaHTUyHI 1UbOB1 mMozaen W KKM 3 ditkum Ta
00’€KTUBHO aJIeKBaTHO TMOJMIOHUM BIJOOpaXXCHHSAM OO0 E€KTIB, BJIACTHBOCTEH,
BIJIHOIICHh TApPAHTYIOTh JWHAMIYHI BHU3HAYEHHS PI3HOMAHITTS CTaHIB CTaTUKH,
kiHemaTuku Ta quHamiku CJIC y mpocTopoBO-4aCOBOMY KOHTHHYYMI HPHUPOJIHOTO
Bcecairy.
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becnanko L.A., x.T.H.

JKuromupcekuii BiticbkkoBuii iHcTuTyT iMeHi C.I1. KoponboBa
M. JKuromup

I'ynuma O.IL., x.T.H., C.H.C.

VYnpasniaas inpopmaniifaux texnonorii MO Ykpainu

M. Kuis

Ilexapes J.B., k.T.H., C.H.C.

Cexkiig npukiagaux npoosiem [Ipesuaii HAH Ykpainu

M. KuiB

BU3HAYEHHA OCHOBHHUX ITOJIO)KEHb
MPOBAJI)KEHHSI KOCMIYHOI JISIJIBHOCTI Y COEPI OBOPOHU
B MIHICTEPCTBI OFOPOHU YKPAIHU

CydacHl BUKIMKHM Ta 3arpo3u, 0COOJMBO MiJ 4Yac aHEKCli YaCTUHHU TEPUTOPIi
VYkpainu Ta momaneiioi 30poitHoi arpecii Pociiicbkoi Depnepairii, 00yMOBIIOIOTh
HEOOXIIHICTh PO3BUTKY O€3MEKOBUX Ta OOOPOHHMX CIPOMOXKHOCTEH JIep>KaBH.
Bianosinno no Ykasy Ilpesunenta Ykpainu Bin 14 Oepesnst 2016 poxky Ne 92/2016
“Ilpo pimennst Pagu HamonanbsHoi Oe3neku 1 06oponn Ykpainu Bin 04 6epesns 2016
poky “IIpo KoHuemniiito po3BUTKY CeKTOpy Oe3neku 1 00opoHH YKpaiHu~ cuctema
MOTJISIZIIB HA iX PO3BUTOK, MEPII 32 BCE, MOJISITA€ y: CTBOPEHHI €(PEKTUBHOI CUCTEMU
YIPABIIHHS CEKTOPOM O€3MeKH 1 000POHHU AK LITICHOIO (PYHKIIIOHATBHOKO CUCTEMOIO;
HAaOyTTI CcWwiIaMH Ta 3aco0aMu BKAa3aHOrO CEKTOpYy oOmneparuBHUX (OOHOBHX,
cCHeliajgbHUuX) CIPOMOKHOCTEH, 10 HEOOXIAH1 Uil TapaHTOBAHOTO pearyBaHHsS Ha
KpHU30BI CHUTYaIllli, 1110 3arpOKyIOTh HaIllOHAJbHIN Oe3melll; CBOEYaCHOMY BHSBIICHHI,
3armo0iraHHi i HeWTpasizaiii 30BHINIHIX 1 BHYTPIIITHIX 3arp03 HalllOHAJIBHIN Oe3Ielli.

OpHieto 3 OCHOBHUX cep TapaHTyBaHHs Oe€3MeKku Jep>KaBU € KOCMIYHA
JISJIBHICTB, IO TIOBMHHA 3a0e3leuyBaT HAOyTTSA BIAMOBIAHUMH CHJIaAMH Ta
3aco0aMu cekTopy Oe3meku 1 O0O0OpoHM YKpaiHu omnepatuBHUX (0OMOBHX,
CHeliajJbHuX) CIPOMOXHOCTE Ta OyTM TOTOBa OINEpPAaTUBHO pearyBaTH Ha [ii
NPOTUBHUKA. Y KOHTEKCTI IIbOTO, OJHMM 3 OCHOBHUX 3aBJaHb IPOBAKEHHS
KOCMIYHOT JIsIIbHOCTI y cepi oboponu B MiHicTepcTBI 000poHU YKpaiHU JTOIUIHHO
po3riiaTi KocMiuHe iH(opmarlliiine 3a0e3neueHns Aiil Biiickk (cwit) 30porinux Cu
(3C) Ykpainu.

Buxoasun 3 HaBemeHoro, KocmiuHe iH(popMarliiiHe 3a0e3MeUYeHHs Mae
PO3TIIAAATHCS K CYKYITHICTh IBOX CKJIAJOBHX:

Ilepma cknagoBa: 3a0e3nedeHHs Jid BiMChbK (CHJI) y paMKax BHKOHAHHS
NOKJIaJCHUX Ha HUX 3aBJaHb (KOCMiyHa MiATpUMKa ornepauiid (O0oHoBUX miif);
3a0€3MeUeHHs] KOCMIYHOI CHUTYyallliiHOi 00I3HAHOCTI 0Ci0, sKi NPUUMAIOTh
YOPABIMIHCHKI PIMICHHS; KOCMIYHA PO3BIJKA Ta TUCTAHI[IHHE 30HIyBaHHS 3€MIIL;
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3a0e3MeYeHHs CYIyTHUKOBOTO 3B 513Ky Ta HaBirailii TOIIO).

Jpyra ckmamoBa — 3a0e3MedYeHHs] KOHTPOIIO KOCMIYHOTO MPOCTOPY 3 METOIO
MPOTHO3YBaHHS Ml MOTEHIIWHOTO NPOTUBHUKA Ta 3IACHEHHS MPEBEHTUBHUX
3aXO0/I1B.

ToMmy OCHOBHMMU 3aBJIaHHSIMH Y HAaHOIMKYUN IEPCIIEKTUBI MAIOTh Oy TH:

po3pobiaeHHs (YIOCKOHAJICHHS) 3aKOHOJAaBYOi Ta HOPMATHBHO-IIPABOBOI 0a3,
HAI[IOHATFHUX CTAHJApPTIB 3 MHUTaHb MPOBAKEHHS KOCMIYHOI AisNIBHOCTI y cdepi
000pOHHU;

po3ropTaHHs (HAPOIIYBAaHHS) BITYM3HSHOTO OpPOITAIBHOTO yTPYIMOBAHHS
KOCMIYHMX amapaTiB Ta Ha3eMHOI KOCMIYHOI 1H(paCTpyKTypH, B3aIydeHHS
OpPEHJI0OBAaHOTO OOPTOBOIO PECYpPCY KOCMIYHHUX arapaTiB;

yJIOCKOHAJIECHHS 030pO€EHHS, BINCBKOBOI Ta CIEIaJbHOI TEXHIKH, MaTepiaabHOT
0a3u opraHiB BIMCHKOBOI'O YIpaBJiHHS Ta BU3HadeHUX mipo3autiB 3C Ykpainu 3
METOI0 PO3IIMPEHHS BUKOPUCTAHHSA KOCMIYHUX TEXHOJIOTIH (KOCMIYHOI HIATPUMKHU
omnepailiii (00MOBUX [I1i));

YAOCKOHAJIEHHA CHUCTEMH Ta PO3IMIMPEHHS MIATOTOBKH BIHNCHKOBUX (haxiBLIB 3
MUTaHb BUKOPUCTAHHS KOCMIYHUX TEXHOJIOTIN 1 MpOTUIIi 3arpo3aM y KOCMIYHIN
cdepi;

HalpalroBaHHSA JI€EBUX METOJIB Ta CHOCO0IB, PO3pPOOJIEHHS BiAMOBITHUX
3ac001B MPOTHIII PO3BIAYBAIBHUM JIisIM MPOTUBHUKA 13 3aCTOCYBAHHSIM KOCMIYHHUX
3ac00iB.
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I'oaosin O0.0., K.T.H., C.H.C.
Hentpansauit HII 030poenns Ta BilickkoBoi TexHiku 3C YKpaiHu
M. Kuis

BUKOPUCTAHHSA MEXAHI3MIB TPAHCIANCIUIIJIMHAPHOCTI B
CUCTEMAX HOOPMAIIHHO-AHAJAITUYHOI' O 3ABE3IIEUEHHS
MMPOIIECIB OCHAIIIEHHS I PO3BUTKY O35POE€HHS TA BIMCHKOBOI
TEXHIKH

OcHOBHMM 3aBIaHHSIM 1H(OPMALIHHO-aHATITUYHOTO 3a0e3MeueHHs MPOLECiB
OCHAIIIEHHS 1 PO3BUTKY 030poeHHs Ta BilicbkoBoi TexHiku (OBT) € indopmarriiina
MIATPUMKA MPUAHATTS pillieHb KepiBHUIITBOM MiHicTtepcTBa 06oponu (MO) Ykpainu
ta 30poitHux Cuin (3C) Ykpainu 3a TaKUMHU HaIIPSIMKaMHU:

OOIPYHTYBAaHHsI ONEPATUBHO-TAKTUYHUX BUMOr 10 3pa3kiB OBT, ocHOBHHX
HarpsiMiB po3BuTKy OBT BumiB 30poiHux Cun YkpaiHu Ha CepeIHbOCTPOKOBY
NEPCHEKTUBY; HAYKOBO-TEXHIYHE CYNPOBOUKEHHS pOOIT 31 CTBOPEHHS Ta
moaepHizauii OBT; anami3 crany OBT Ha Bcix eTamax )XUTTEBOTO LIUKIY;

po3po0Ka JiepKaBHUX MPOrpaM 31 CTBOPEHHS NepcrnekTuBHUX 3pa3kiB OBT, a
TaKOXX OOTPYHTYBaHHsI BapiaHTIB OCHAIICHHS HUMHU BiCbKOBUX (QopmyBaHb 3C
VYkpainu; ananiz po3BuTKy 3pa3kiB OBTy npoBigHuX KpaiHax CBITY;

aHai3 pe3ysibTaTiB HAyKOBO-TEXHIYHOI JIsIBHOCTI ycTaHoB HarrionansHOT
Axkanemii Hayk(HAH) Ykpainu mo10 po3poOKi HOBHX TEXHOJIOT1H 31 CTBOPEHHS Ta
ynockoHaneHHs: 3pa3kiB OBT; oIiHka CIPOMOXKHOCTEH MiANPUEMCTB OOOPOHHOI
MIPOMUCIIOBOCTI, [0 MOXYTh OyTH 3aJlydeHl IO CTBOPEHHS 1 MOJEpHi3allii 3pa3KiB
OBT nns motped 3C VYkpainu; oILiHKa pe3ynbTaTiB (PIHAHCOBOI ISNIBHOCTI
HIJIPUEMCTB Ta YCTAHOB, IO 3aiy4aroTbes 10 BUpoOHUNTBA OBT mis nmorped 3C
VYkpaiHn Ta cTaHy JIOTOBIpHOI poOOTH Yy paMKax JIep:KaBHOTO OOOPOHHOIO
3aMOBIJICHHS, CTaHAapTu3aiis Ta koaudikamis 3pazkiB OBT, momyk o3Hak s
imeHTudIKamii 3pa3KiB y CHCTEM1 JEepKaBHOTO EKCIIOPTHOTO KOHTPOJIIO Ta
aBTOMaTH3allisl OPMyBaHHS BIAMOBIIHUX BUCHOBKIB.

ABTOMartu3oBaHe 1H(GOpPMaIITHO-AHANITUYHE CYNPOBOKEHHS 3a3HAUYEHHUX
MPOIECIB  MOXKJIMBO  3a0€3MEUUTH  NUISIXOM  BUKOPUCTAaHHS  BIJMOBITHOT
iHpopMmartiitHo-ananiTuyHoi  cuctemu (IAC), saxa mnoOyjgoBaHa Ha OCHOBI
BUKOPUCTAHHS 1HTEJICKTYyaIbHUX MEPEKEBE-IICHTPUYHUX KOTHITUBHHUX CEPBICIB, SIKI
CIPOMO>KHI BHUPILIYBaTH 3aJadl aHajii3y, OILIHIOBaHHS 1 BHOOPY Ha OCHOBI
IHTETPOBAHOTO BHUKOPHUCTAHHS HEOOXIAHUX 1H(POpPMAIIHHUX Ta PO3PAXyHKOBUX
pecypciB, sIKI MatOTh 3HAUYHY KUIbKICTh MIKIMCUUITIHAPHUX BIAHOIIEHb, TA CTBOPEHI
3a JIOMOMOTOK Pi3HUX 1H(POpPMAIITHUX TEXHOJOTIM 1 CTaHAapTiB, MOAAIBIIOTO
MEPEKEIEHTPUIHOTO YIPABIiHHSI HUMH Ta KOMILJIEKCHOTO 1X BUKOPHCTAaHHA. Takuit

112



III HaykoBO-IpaKTHYHA KOH(pepeHIis

«AepoKocMivHi TeXHOJIOTil B YKpaiHi: Mpo06JieMH Ta nepcneKTHBI» [12-13 Bepecust 2019 poxy]

migxig  Mae  3a0e3nmeyuTH  TOBHOMACIITA0HE  IHTErpOBaHE  BHKOPHUCTAHHS
po3noaieHux 1H(GOpMaIHHUX pecypciB Ta KOPHOPATHBHUX CHCTEM 3HAHb, K 3a
3MICTOM BiJoOpa)karoTh JaHl IMPO MPOIECH OCHAIIEHHS 1 PO3BUTKY OOOPOHHHUX
pecypciB Ta cucteM OBT3C VYkpainu Ta HUPKYIIOIOTh Y CTPYKTYPHUX MiAPO3/iIax
MO Vkpainm Tta 3C VYkpaiHu, MOIANPUEMCTBAX Ta YCTaHOBaX OOOPOHHOI
npoMuciioBocTi, a Takook HAH Vkpaimm. HaliBaxnmuBimmM 3aBgaHHSM —AJIs
MPOCKTYBAIBHHUKIB 1 PO3POOHMKIB po3moauiecHnx MepexeBux [AC miaTpuMKu
OPUMHATTSA PillIeHb € 3a0€3MeUeHHsT TPAHCIUCIUILTIHAPHOCTI JOCTIIKEHB - CIIOCO0Y
PO3IIMPEHHSI HAYKOBOTO CBITOTJIAMY (aHAJi3y, MOCTIIKEHb TOIO), SIKAW TOJIATAE B
PO3IJISI/l TOTO YH 1HILIOTO SBUINA 11032 PAMKaMH SIKOICh OJIHI€1 HAYKOBO1 JUCITUTLTIHH.

Po3pobka MexaHi3MiB 3a0e3MedyeHHs] TPaHCAMCIMIUIIHAPHOCTI 3a0e3mnedye
(GyHKIIOHYBaHHSA 3arajibHOTO 1H(OpPMAIiHHO-aHATITUHYHOTO POOOYOr0 CEPeOBHUINA, 1
€ TIPIOPUTETHUM HAMPAMKOM JJis 3ajad 1H(GOpMaIliiiHOT MIATPUMKH HAYKOBHX Ta
THIIUX JOCIII)K€Hb, OCOOJIMBO Yy BETUKUX KOMIUIEKCHUX MPOEKTax a00 y BUIAJKaX,
KOJIM pPECypCH PO3MNOJIEH] reorpagiqyHO BHACHIIOK OCOOJMBOCTEW MpoOeM, IO
BUPIIIYIOThCSA. HaillO11bI11 3arajibHOO € TPAHCAUCHUILTIHAPHICTD, SIKa IPYHTYETHCS Ha
3yCHIUIAX (OPMAIIBHOTO B3a€EMO3B’SI3KY PO3YyMIHb OKPEMHX AMCIUILIIH, IPU SKOMY
3a0e3neuyeThesi (OpMyBaHHS JIOTIYHUX META-pPaMoOK, 3a JOTMOMOIOI0 SIKUX 3HAHHS,
10 BUKJIAJCHI B IUX JUCHMIUTIHAX, MOXXYTh OYTH 1HTErpOBaHI Ha O1JIbII BHCOKOMY
piBHI aOcTpakilii, HiXK II¢ BiAOYBa€TbCAd B MUKIUCHUIUIIHApHOCTI. JlaHuii BuUT
TPAHCAMCLUILUIIHAPHOCTI YacTO BUKOPHUCTOBYETHCS MPHU POOOTI PI3HUX EKCIEPTHUX
cucteM Ta ekcnepTHux rpym. Ockinbku y IAC BUKOPHCTOBYIOTHCSI BEJIMKI MacUBU
PI3HOPIIHUX JTaHUX 1 3HAHb JOLUIBHO IJIs iX 1HTErpalii 3acTOCyBaTH OHTOJIOTIYHI
MOJIeNl, SIKH SIBHO OINUCYIOTh 1X CEMaHTHKy. MeTo0JIoTisl OHTOJIOTTYHOTO
MOJICNIIOBAHHS TpolieciB y pi3HuX mnpeameTHux obOmactsx (IIpO) rpyHTyeThcs Ha
KOHCTPYKTUBHOMY BHUKOPHUCTAaHHI HACTYIMHHUX KaTEropid - MHOXXHHH KOHIICTITIB,
BIJIHOIICHb, (YHKIIM iHTeprnperamii 1 akciom. [loOymoBa 3a3Ha4eHMX MHOXHWH €
TPYJAOMICTKHM TIPOIIECOM, SIK 3@ 4acoM, TakK 1 3a KUIBKICTIO 3aJly9eHHX B IPOIIEC
MPOCKTYBaHHSI BUCOKOKBali(pikoBaHUX criemiamicTiB. OcoOJMBO TPYAOMICTKUM €
py4YHE MPOEKTYBaHHS OHTOJIOTIM, SIKE Maj0 YUM BIJIPI3HSETHCS BiJ TEMATHYHOIO
MIPOCKTYBaHHS €KCIIEPTHUX CHCTEM.

Po3yMiHHS BaXJTMBOCTI BUPIMICHHS MPOOJEMU CTBOPEHHA €()EKTUBHUX
IHCTPYMEHTAJIbHUX 3aC001B MIATPUMKH TMPOIIECIB MPOCKTYBaHHS OHTOJOTIT 3aJaHOi
[TpO, mpuiuIo MPAKTUYHO OJJHOYACHO 3 YCBIJOMIICHHSM TapaJurMy KOMITIOTEPHHUX
OHTOJNOTIM. B nanmii yac BiOMO OUIbLIE CTa IHCTPYMEHTAJIBHHUX MPOrPAMHHX
CUCTEM, ajI¢ KUTbKICTh KOMIUIEKCHUX MPOTPAMHUX CHUCTEM, IO BKIIFOYAIOTh PEIAKTOP
OHTOJIOTIYHUX  CTPYKTYp, aBTOMaTHU30BaHEe CKkjiIamgaHHsa  oHtojorid  IIpO,
MOBEPXHEBUI CEMAHTUYHUN aHaJ13 TEKCTOBUX JOKYMEHTIB 1 T. I1. 0OOMeXeHa.
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I'ynuma O.IL., x.T.H., C.H.C.

MinicrepctBo 060ponu Ykpainu, M. Kuis

Kapuaos [.B., 1.1.H., c.H.C.; [liuyrin M.®., K.BiiiCbK.H., TpO(.;

Tapan LA., k.1.H., nouedt; Cononensn O.l., k.T.H., C.H.C.

XapkiBcbkuit HarioHabHUH yHiBepcuteT [loBiTpssanx Cuit imeHi [Bana Koxxemyba
M. XapkiB

INPOBJIEMHI IIMTAHHS PO3POBKH TA YIOCKOHAJIEHHSA
HOPMATHUBHO-IIPABOBOI BA3U 3 MIUTAHb KOCMIYHOI
JIAJIBHOCTI

Ha mpotumito arpecii Pociiicbkoi ®eneparii npotu Ykpainn CTpareriuHuMu
JIOKyMEHTaMU CEKTOpy Oe3neku 1 00OpOHM BHU3HAYEHO BIAMOBIIHI 3aX0JId, a CaMe:
30UTBIIIEHHS! €PEKTUBHOCTI CUCTEMH ONEPAaTUBHOTO (00MOBOIr0) yrpaBiIiHHs, 3B’ 3Ky,
PO3BIIKM Ta CIOCTEPEKEHHS; YIOCKOHAJEHHS CHUCTEMH PpAIlOHAIBHOTO Ta
e(pEKTUBHOTO BUKOPUCTAaHHS HAsBHUX PECYpPCIB, Y TOMY YHCIl 1H(POPMALIHHHX;
NIJBUILIEHHS B3a€MOAIl CTPYKTYpHUX Higpo3autiB MinictepctBa oboponn (MO)
VYkpainu, I'enepansnoro mrady 30poitnux Cui (3C) Ykpainu ta 3C Ykpainu moao
MOHITOPUHTY Ta OIIIHKM OOCTaHOBKH; 3a0€3Ne4eHHs 1H()OpMAaIi€r0 BiJl KOCMIYHUX
CUCTEM OpraHiB BIMCHKOBOTO YIPaBIiHHA IIiJl 4Yac MPOBEIACHHS oOlepaiiid Ta
BUKOHAHHS BIJMOBIHUX 3aBJaHb.

Hanexxna indopmariiina miaTpuMKa BIHCBKOBUX 1 HEBIHCHKOBUX 3aXOIB OO
NpPOTHUAIT 3arpo3aM BO€EHHIM Oes3mell Jep)kaBu, SKy 3/aTHa HaJaBaTH KOCMIYHA
1H(pacTpyKTypa, JAO03BOJUTH OTPUMATH HEOOXIAHY iH(pOpMaIo [MOAO0 3arpo3
BOEHHOT'O XapaKTepy, iX XapaKTEepPUCTUK Ta BU3HAYEHHS MOXIIMBOCTEW (IMOTPIOHOIO
MOTEHIIATy) CY0’€KTIB CeKTOopy Oe3neku 1 000poHU YKpaiHU HJIsi KOMIUJIEKCHOTO
3aCTOCYBaHHS y TPOIIECI YIPaBIIHHS TPOTUIIEI0 UM 3arpo3am, M0 Y MiJACYMKY
JIO3BOJIIE OOTPYHTOBYBAaTH pAaIllOHAJIBHUN CKJIaJ CHJI 1 3aco0iB Ta iX HEOoOXimHi
CIIPOMOXKHOCTI JUIsl JleecKaaili BUSBIEHWX (MMPOTHO30BAHMX) 3arpo3 y MeExkax
BUJIIJICHUX, K JIEPKABOIO, TAK 1 HEJIEP)KaBHUMU OpraHi3allisiMi, pecypciB.

€nunum Ilepenikom (Kartanorom) cmpomoxknocteit MO VYikpainm ta 3C
VYkpainu BU3HAYEHO Mepesik HeOOX1THUX Ta HassBHUX cripomokHocTelt MO VYkpainu,
3C Vkpainu Ta JeTaqi30BaHUX BUMOI 3 TNUTaHb KOCMIYHOi AISJTBHOCTI, a caMe:
3MIaTHICTH JI0 MPOBaHKEHHST KocMiuHO1 AisuibHOCTI Y MO ta 3C Ykpainu; 31aTHICTH
10 ¢GopMyBaHHS Ta OpraHizallis peaiizaiii MOJITUKH 3 TPOBAKEHHS KOCMIYHOI
nismeHOCT1 y cepi oboporn y MO ta 3C Yikpainu; 31aTHICTh 1O Opradizaiii Ta
CYNPOBO/KCHHSI HAYKOBUX JIOCIIKEHb 32 KOCMIYHOIO TIPOOJIEMATHKOIO B 1HTEpecax
MO Tta 3C Vkpainu; 31aTHICTb 10 opraxizaiii B3aemoii MO Ykpainu 3 Jlep>kaBHUM
KOCMIYHUM areHTCTBOM YKpaiHW Ta 1HIIMMHU HIANPUEMCTBAMHU KOCMIYHOI ramysi 3
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MUTaHb MTPOBAKEHHS KOCMIYHOI AiSTTbHOCTI; 37aTHICTh 3IHCHIOBATH iH(OpMaIiiHO-
aHaniTHYHe 3a0e3meueHHs AisUIbHOCTI KepiBHMITBA MO VYkpaiHu; 34aTHICTD
smiicHroBaty  cmiBrpano 3 HATO, mnor’s3a”Hy 3 MPOBaKEHHSIM KOCMIYHOI
nistmeHOCT1 Yy MO Ta 3C YKpainu; 3/aTHICTh BIPOBAKYBATH MI)KHAPOIHI CTaHIAPTH
ta ctangaptd HATO 3 nutans kocmiuHoi aisbHOCTI Y MO Ta 3C YkpaiHu.

[To cyti mepemikoM 3a3HAYEHUX BHUMOT JI0 CIPOMOXHOCTI '"MPOBaIKEHHS
kocMmiyHOi AisibHOCTI y MO ta 3C Vikpainu" 31 ckiany (yHKUIOHAJIBHOT TpYIU
"BiiICHKOBO-TIONIITUYHE  KepiBHULITBO, ympaBiiHHsI pecypcamu (CORPORATE
MANAGEMENT & SUPPORT)" BuzHaueHO JOpPOXKHIO KapTy CTPATEriqHOTO
PO3BUTKY OCHOBHHUX HAIPSIMKIB KOCMIYHOI JISUTBHOCTI B 1HTEpPECaX CEKTOPY Oe3MeKu
1 000pOHH.

[loBHOIIIHHE BUKOPUCTAHHSA ICHYIOUMX Ta TMEPCIEKTUBHUX KOCMIYHUX
cnpoMoxkHocteld B iHTepecax MO ta 3C VYkpainu mnoTpeOye BiJIIMOBIIHOTO
YIOCKOHAJIEHHS BITYM3HIHOI HOPMATHUBHO-TIPABOBOiI 0a3W 3 MUTaHb KOCMIYHOI
JUSJIBHOCTI, B TOMY uMcil 3 ypaxyBaHHsaM craHaapTiB HATO. IlotpeOyroth
rapMoHi3allii CBITOBI MOTJISY, MPUHIMIM Ta MIAXOAU JO KOCMIYHOI AiSUTBHOCTI B
1HTEepecax HaIlOHAIbHOI Oe3neku 1 000poHU. Po3risiHyTO MpoOJIEeMHI TUTaHHS
pO3pOOKH Ta YJIOCKOHAJCHHS HOPMATHBHO-TIPABOBOI 0a3u 3 MHUTaHb KOCMIYHOI
JUSTTBHOCTI, 30KpeMa 3a HaIpsIMKaMHu YJIOCKOHAJICHHS CTPYKTYpH Ta IIiJIBUIICHHS
edeKTUBHOCTI 3acTocyBaHHsI CHCTEMU KOHTPOJIIO Ta aHaJi3y KOCMIYHOI OOCTaHOBKH,
CucteMu KOOpPJMHATHO-4YACOBOI'O Ta HaBiramiiiHoro 3a0e3nedeHHs, [0JIOBHOTO
HEHTPY CHeliaIbHOro KOHTPOoJIt0 B iHTepecax MO ta 3C YkpaiHu.
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€Enimes B.II., k. ¢.-m. H.; Kynak B.1., [Iepir B.M.

JABH3 "V>xropoacekuii HaIrlioHAIBHUN YHIBEPCUTET", M. YKTOpoI
Mamapes B.M., k.1.H.; Koxyxos /I.M.

HIIYBK3 IKAY

PE3YJbTATHA ®OTOMETPII I'CC B 5-TU CHEKTPAJIbHUX JLJITHKAX

30impmenHss uucna BuBeAeHUX Ha ['CO 00’€KTIB CYTTEBO YCKIIQJIHIOE
KOHTPOJIb 3a iX pyXOM 1 30U1blllye IMOBIpHICTH aBapiiiHMX cuTyaliid Ha opOiTi. B
IIbOMY BHWITQJIKy, II¢ OUIBII aKTyaJbHOIO cTaja mpobiema posmizHaBaHHS KA.
[ITyynuit moain mochifkyBaHoi moBepxHi KA MoxHa 3IIMCHUTH 3a paxyHOK
CIOCTEPEKEHb B PI3HUX CIEKTPaJIbHUX O0OJACTAX 13 3aCTOCYBaHHSIM Habopy
BIIMOBITHUX (UIBTPIB. | YMM ByKdi Il CHIEKTpajbHI CMYTH, TUM TOYHIIIE BJIA€THCA
JTOCTIAUTH CTPYKTYpy moBepxHi KA. [3-3a 3Ha4HOi BijijajgeHOCTI, 1 BIJAMOBIJIHO,
cnabkoro Omucky I'CC, ix ¢doToMeTpuyHi CIOCTEPEKEHHS IO OCTAaHHBOTO YaCy
3IACHIOIOTh MPAKTUYHO B TPHOX IIMPOKOMOJOCHUX CHEKTpalbHUX obnactsax — B, V,
R. I me mpuBOauTH A0 BTpaTh 4YacTUHU 1H(OpMalii, ado i HU3BKOI PO3AUIBHOI
3natHocTi. B JlaGopartopii kocmiuHux gociiikes YxHY 3a  gomomoru koner 13
CreniasnibHOi acTpoHOMiuHO1 obcepBatopii PAH Oynu 3miiicHeH1 ekcriepuMeHTalbHI
crioctepexkeHHs Tpbox ['CC B 5-tm cnekrtpansHux cmyrax - U, B, V, R, 1. B
ynbrpadioneroBit  obmacti (U), Taki cnoocrepexenuss ['CC  ykpaiHChKHUMHU
cremiajgicTaMyd BHKOHaH1 Brepuie. BoHUM MPOBOJMIMCH HAa ONTUYHOMY TEJIECKOIII
[eiic-1000. HiameTp rosioBHoro a3epkayna — 1016 mm. I'pannyHa 30psiHa BeIUYMHA,
oTpuMaHa y (oromeTpuuHy Hi4 3 300paxkeHHsMH Yy ¢GuibTpi V 3a 20 XBWIMHHY
eKcrmo3uiito - Omm3pko 23.5™. B sAKocTi mpHKIamy HABOAWMO pe3yibTaTH
cnoctepexenb pociiickkoro ['CC  Express-AM22. I'CC «Express-AM22»
CriocTepiraBcs JI0 1 MICTs 3aX0Ay CyImyTHHKA B TiHb 3emuti. Yac nepeOyBaHHs 00’ €KTa
B TiHI BiIMiUY€HA Ha OpAuHATI X PO3PHUBOM.

I'CC «Express-AM 22» - pociiicbKUil CYNyTHHK 3B’SI3KYy, IO OXOIUIIO€
KOHTPOJIEM OUTBITY YACTUHY a31MCbKOTO KOHTHUHEHTY. Y nanoro I'CC BigOuTHi MOTIK
COHSIYHOTO BHUIIPOMIHIOBaHHS B MepeBaxkHIM OunbiiocTi dopmyerses 1ICH, sxuii
Kpaiie mnposiBisieThcsi B B miamasoni. Ha 1ell moOTIK HaKIamarOThCs J3€pKalibHI
cnaaxu B U miama3oni 1 kBa3zijg3epkanbHi 30unbiieHHs Omucky KA B I miamazosi.
BukopuctoBytoun naHi Mpo HAMpPSIMKHA HOpPMalli, MOXHa CTBEPKYyBaTd, IO TPHU
N3epKaibHI CHajdaxd BUIWMI JI0 BXOJKEHHS CYMYTHUKAa B TiHb 3€MJIi MOPOIKEHI
pajioaHTeHaMH HAIPaBJICHUMU B TPU €KBATOpialibHI PalflOHM 3eMHOI Kymi. Tpu iHIIi
J3epKaJIbHI Clallaxy, BUAUMI MICIs BUXOJY CYNyTHUKa 3 TiHI 3eMJyl, HAYyTh BiA
paZloaHTEeH HampaBlieHUX B CTOpoHY TepuTopii Pocii. KBa3igzepkaibHi oguHapHi
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migiiomu Ommcky KA g0 1 micims WOTo BXO/DKEHHS B TIHb 3eMJIi OOyMOBIICHI
pi3HOHAIIPaBJICHUMH aHTCHAMH, SKI TPAIIOI0Th B OMMKHBOMY 1H(ppaduepBOHOMY
J1ara3oHi CreKTpa.

3actocyBanHs  (oromerpuuHoi cuctemu JlxoHcona-KoysiHca
PO3IIUPIOE MOMKIMBOCTI KOHTPOJIO Ta 1AeHTHdIKAIl JaJeKUX TreocTallloHapHUX

00’exTiB. BukopucTaHHs B OPiBHAHHI 3 KIacuyHOWO cuctemoro B, V, R inpopmarii

3HAYHO

B U Tta | cnekTpaibHuX Jiama3oHax y MPOIEC] MOCIIHPKEHHS TPbOX, Ha MEpIIUi
noryisin, momiOHmx KA, 1ano MOXIWBICTH HE JUIIE OUIBII YITKO PO3AUIATH
¢parMeHTH iX TOBEPXOHb Ta OpIEHTALlI0 B MPOCTOpi, aje 1 BUSIBUTH CYTTEBI
BIIMIHHOCTI B MaTepianax nmokputTiB 1ux ['CC.

Taxk, B «Express-AM 22y, sik MiHIMyM, COHsIYH1 OaTapei BUTOTOBJICHI Ha OCHOBI
repMaHiio, a MOXJIMBO BXKE 1 apceHija rajuito (Ouibine cBiueHHs B V, R nmiamaszoni, a
He B B). B | miana3oni ineHtudikoBaHi aHTEHHU, IO NPALIOIOTh B OJUKHBOMY
1H(pauepBOHOMY Jl1aI1a30Hi.

[IponoBkeHHS TakUX JOCHIIKEHb B MEPCIEKTHUBI A€ MOXJIMBICTh HE JIMIIE
OLIIHUTH OUIbLI JeTadbHO MaTepiasin NoKputta cyyacHux ['CC, ame 1 peanbHui
BILJIMB Ha HUX KOCMIYHOTO CEpeIOBUIIIA.

EXPRESS AM22(26.08.12)
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€dimos L.JI., 3ydapes O.B., k.T.H., C.H.C.
HHII OBT 3C Ykpainu, m. Kuis

OBIPYHTYBAHHS CTBOPEHHS BUCOKOTOYHOI
BATATO®YHKIIOHAJIBHOI CHCTEMHM TPAEKTOPHUX
BUMIPIOBAHBD JIITAJIBHUX AITAPATIB ABIAIIIMHUX, PAKETHUX TA
KOCMIYHUX KOMIIIEKCIB

AHani3 BimKpUTHX JpKepen iHdopMallii CBiIYUTH MPO TE, IO 32 KOPAOHOM
IPOBOAATHCS AKTHBHI POOOTH 3 MOIIYKY HOBHX TEXHOJIOTIM Ta 3ac00iB TOYHOTO
MO3UI[IOHYBaHHS, BU3HAYCHHS MapaMeTpiB pyXy 1 HaBiramii BUCOKOJIIHAMIYHHX
00’€KTIB, BKJIIOYAIOYM 3acOOU BUBEICHHS 1 KepyBaHHA KocMiuHuX amapatiB (KA) Ha
3aJlaHUX KOJIO3E€MHUX OopOiTax. 30KpeMa, ICHY€E 3aj1aya TPAEKTOPHUX BUMIPIOBaHb i
4yac MPOBEJEHHS JIbOTHUX BUIIPOOYBaHb 1 0OPOOKH aBTOHOMHHUX CHUCTEM YIIPABIIIHHS
BUCOKO/IHAMIYHUX JIITAIBHUX alapariB CHEIIaJbHOrO TMpu3HadYeHHsA. Tak, as
00OpoOKM cUCTeM KepyBaHHS OaJICTUUYHUX PAaKET MOPCHKOTO Oa3yBaHHS BBOJIUTHCS B
nito kopabenpHa cuctema SATRACK, mo BuxopucrtoBye curHamu GPS, ski
peTpaHcioThea 3 0opra 00’ekta. besnocepenne BuxopucroByBaHHs GNSS-
TEXHOJIOTIH Ta PpO3MIIIEHHS BIJAMOBIHMX 3aco0iB Ha OopTy 00’€KTIB, IO
KoHTpoJt010ThCs (KO), Takok € MPpUHIIMIIOBO MOKJIMBUM, HAPUKIIA], BAKOPUCTAHHS
GNSS-npuiimMauiB Ha 0OpTY BUCOKOIHAMIYHUX 00’ €KTIB Y CKJIal CUCTEM KepyBaHHS
MOJIOTOM, 1HTErpOBaHMUX 13 3aco0aMu 1HEpPUIMHOI HaBiramli, KOpesiiHO-
eKcTpeMalibHO1 a00 acTponasiraiii. Ciij 3rajatd ¥ BiIHOCHO HOBHI HaIpsSMOK B
TEXHOJIOT1SIX TOYHOIO TMO3UI[IOHYBAHHS, IO PO3BUBAETbCA. BiH peanizoBaHuil y
Oararono3uuiiiHii HazeMHid cuctemi LOCATA (Ascrpanis, CIIA), sgxa He
BUKOPUCTOBY€E curHAIA GNSS.

B Vkpaini B cuiny 00’€KTMBHUX MPUYMH TEXHOJOTII B Tally3l TPAEKTOPHUX
BHUMIPIOBaHb HE pPO3BHUBaTMCh. Ha naHwWii yac BUHHMKAaE aKTyalbHICTh Ta MOTpeda
CTBOPCHHsSI €(EKTUBHUX BHUCOKOTOYHUX 3acO0IB JUIsi BHU3HAYCHHS IapaMeTpiB
TPAEKTOPIA PI3HUX BHUJIB 030pOE€Hb Ta BIMCHKOBOI TEXHIKM B XOJi TOJITOHHHX
BUNPOOYBaHb, a Takoxk s mepcrnekTuBHUX KA VYkpainu mpu iX BUBEIEHHI Ta
HaBiramii Ha KOJIO3eMHHMX OpOITax, BKIIOYAIOUYM 30HM PO3PHUBHOIO HABITAIIITHOTO
nosst GNSS.

Y 3B’3ky 3 IIM ICHY€ HarajbHa  HEOOXIJHICTh  CTBOPEHHS
O0araroyHKILIOHATBLHOI ~ CUCTEMH  TpaekTopHux BumiptoBanb (BOCTB) 3
MaKCUMaJbHO MOKITUBUMHU TOYHICHUMH XapaKTEPUCTUKAMHU.

BOCTB mae Oytu nmpu3HayeHa JJIsi OTPUMaHHS HEOOXIIHUX BUMIPIOBAIBHHUX
napaMeTpiB TPAEKTOpid 00’€KTIB 13 3aJaHOI0 TOYHICTIO IIiJI 4Yac MPOBEICHHS
BUNPOOYBaHb IIMPOKOT HOMEHKJIATYPH HOBHUX 1 MOJEPHI30BaHUX 3pa3KiB 030pO€HHS
Ta BIMChKOBOI TexHIKH. CHCTEeMa MOBMHHA BUKOHYBATUCh B MOOUIBHOMY Ha3€MHOMY
BHUKOHAaHHI (3 MOXJIMBICTIO PO3MIIICHHS 4YacTHMHM OararokaHaJbHUX CTaHIIN
npuiioMy Ta OOpoOKHM CUTHAJIIB Ha IIaB3aco0ax) /i 3a0e3leueHHs TPAEKTOPHUX
BUMIPIOBaHb TP MPOBEJCHH] MOJIITOHHUX BUMPOOYBaHb.
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B®CTB noBuHHa BUpIillyBaTH TaKi 3aBJaHHS:

OJTHOYACHE CYMPOBO/PKCHHS Ta BHCOKOTOYHE BHUMIPIOBAHHS ITOTOYHUX
HaBITaIIfHUX MapaMeTpiB pyxy He MeHmie HiXK 20-TH 00’€KTIB pPI3HOTO THUIY, IIO
pyxaroTbes 31 mBUAKOCTAMH Bi 0 10 3200 m/c Ha BUcOTI osiboTy A0 35000 M;

BUJIaUy y peaJlbHOMY MaciiTabl 4acy OIIHOK IapaMeTpiB pyXy (IMOTOYHUX
KOOpJIMHAT Ta CKIIAJOoBUX BekTopy mBUAKOCTI KO) ogHOYACHO 171 HE MEHIIE HiX
20-tu KO;

aBTOMATH30BaHY pEECTpallilo, HaKOMW4YCHHsS, 30epiraHHs, oO0poOKy Ta
nepeadyy BUMIPIOBAJIbHOI 1HGOpMaIlii 3 MPUB’SI3K0I0 (CHHXPOHI3AIIEI) /10 MIKAIH
gacy UTC abo n0 mkanu yacy moJironys;

BiIOOpaXEHHSA OIEpaTUBHOI TpPAE€KTOpHOI 1HGopMalii (y y3ro[KeHuX i3
3aMOBHUKOM CHCTEMaxX KOOpPJIMHAT), SIK MO0 TPYNOBUM 00'ekTaM (He MeHIIe HiXkK 1o 20
KO), tak 1 mo Oynp-axkomy onuHouHoMmy KO, BuOpaHoMy 3 CyKyHHOCTI
cynpoBokyBaHux bOCTB B peanbHOMY MaciTad1 yacy Ta ii TOKyMEHTYBaHHS;

IHMKAIlI0 BUHUKHEHHSI HEIITAaTHUX CUTyallld Ta curHainy Buxony KO 3a
JT03BOJIEH] MEXI1 MOBITPSIHOIO MIPOCTOPY;

npuiiom, oOpoOKy Ta Buaaudy TeiemeTpuuHoi iH(opmartii 3 6opra KO (ckian
TeJeMETPUYHO1 1H(OpPMAIIiTl Y3TO/KYETHCA 13 3aMOBHUKOM);

MOXJIUBICTh Tepefadi OoTpuMaHoi i1Hdopmalli Ha aBTOHOMHI 3aco0u
B1IOOpakKeHHS Ta B3a€MOIII.
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IBanos C.B., k.M¢/I.H., TOLICHT
HamioHansHuii IEHTpP yNpaBJiHHS Ta BATPOOYyBaHb KOCMIUYHUX 3aC001B
M. KuiB

MEUYHI ACIIEKTH JIAJBHOCTI CIIEHIAJIICTIB
KOCMIYHOI I'AJIY3I B CYYACHUX YMOBAX

JlocBin BeneHHS OOMOBHMX I, 30KpeMa, Ha CXO0/J1 YKpaiHM 3acBIYUB, IO
BUKOPHUCTAHHA AEPOKOCMIYHHMX TEXHOJIOTIH € OJHHUM 13 BaXXJIMBUX CJIIEMEHTIB
1H(pOopMaLIHHOTO 3a0e3MeYeHHs 3aX0/1B HAI[lOHAJIbHOI 0e3MeKH 1 00OPOHU JepKaBU
[1,4].

BukonanHs mpodeciiiHuX 3aBllaHb CIEIAIICTAMH Yy Taly3l aepOKOCMIUYHUX
TEXHOJIOT1M XapaKTepU3y€eThCsl BUCOKOIO JIMHAMIYHICTIO Ta €KCTPEMANbHICTIO, IO
YMOBAaxX HECEHHsI 111JI0JIT000BOT0 YepTryBaHHS.

[Ipy ubOoMy BaxJIMBUMU (akTOpamMH, IO BHU3HAYAIOTh €(QEKTHUBHICTD
BUKOHAHHS 3aBJaHb 3a MPU3HAYCHHSM, € CTaH 370pOB’s, MNCUXO(]I3UUHMI Ta
(yHKLIOHAJIBHUN CTaH 3a3HAYEHOr0 KOHTUMHIEHTY 0cCi0, moTpeda SKUX y peaizarii
npaB Ha OXOPOHY 3[I0pOB’S, MEIUYHY JOMOMOTY, peaOulTali, JIKyBaHHS
BIJIIOBIIHO JI0 JIEP’KaBHOT'O 3aKOHO/IABCTBA B CyYaCHUX YMOBAaX HE BTpayae LIHHOCTI
Ta CTAaTUCTUYHO 3pocTace [2,3].

BpaxoByroun 0coOIMBOCTI BHKOHAHHS 3aBJaHb B 1HTepecax Oe3meku 1
OOOpOHM JIep>KaBH TPOBEACHO MAOCHIIKEHHS, pe3yibTaTH SIKOTO Jalld 3MOTY
BU3HAYUTH OCHOBHI MEIMKO-010JIOT14HI (PAKTOPU PHU3HKY, IO MAIOTh CTATUCTUYHO
3HAUMMMIA HEraTMBHUM BIUIMB Ha HAAIMHICT, Ta €(QEeKTUBHICTb BUKOHAHHSA
MIEPCOHAJIOM 3aBJaHb 32 MPU3HAYCHHSIM:

nepeOyBaHHS B CHEIIai30BaHUX IMaxTaX Ha TIWOWHI TMOHAm 75 MeTpiB
MPOTATOM YEProBUX 3MiH JJIsi BUKOHAHHS POOIT 3 TEXHIYHOTO OOCITyrOBYBaHHS
00’€KTiB, 1110 1HKOJIM gocsrae 10 1000BUX YepryBaHb IMIOMICSIIS,

M1BHUIICHUH BMICT TUOKCUAY BYTJICIIO Y MOBITPi po6odoi 30Hu 10 0,15% (00)
npu rpannyHiil Hopmi 0,06% (00);

HEBIIMIOBITHICTh BCTAHOBJIGHMM HOpPMaM PIiBHS OCBITJICHOCTI BiJl JKepen
mTy4yHoro ocBiTieHHs (50-200 ik npu rpanuyHiit Hopmi He MeHnie 300 nk);

NEPEBUIICHHS TPAHUYHO JOMYCTUMHX IMOKA3HUKIB PIBHS IIYMy Ha poOOYUX
Mmicisx Ha 13-23%, pu poOOTi CeNEKTOPHOTO TYYHOMOBHOTO 3B 13Ky — Ha 43—57%;

nepeOyBaHHs B 30HI eJleKTpoMarHiTHOTO BumnpoMiHioBanHa (CBUY mone 3
iHTepBasioM yactoT no0 300 MIm) Ha Biacrani mo 15 M B Mexax giarpamu
HaIPaBJIEHOCTI AHTEH.

B pamkax mocnipkKeHHS MPOBEICHO aHali3 3aXxBOPIOBAHOCTI IMEPCOHANY 3a
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5 pokiB (2014 - 2018 p.p.). 3axBoproBaHicTh mopiBHIOBanack 3 2013 p., skwii OyB
NPUIHATHHN, SK €TaJOHHWHA (ITOYAaTOK MPOBEACHHS OCHOBHOI TPYIH JIKYBaJbHO-
03JI0POBYHX 3aXO/IIB).

CTaTucTUYHO BU3HAYEHO, 10 BUIIUHN PIBEHb 3aXBOPIOBAHOCTI CIIOCTEPIraBcs y
0ci0, Kl HE 3HAXOAWIMCh TiJ JUCHAHCEPHUM JIUHAMIYHHM CIOCTEPEKCHHSIM
(P<0,05).

Cepen KOHTMHTEHTY 0cCi0, $Ki 3a3HaBaJid BIUIMBY OaratoBapiaHTHHUX
KOMIUIEKCHO MIIOYMX YHHHHUKIB BHYTPIIIHBOTO Ta 30BHIIIHBOTO CEPEAOBHUINA Ta
3HAXOAWJIMCH T MUCIIAHCEPHUM JIHHAMIYHHM CIIOCTEPEKECHHIM 3 TMPOBEIACHHSIM
HEOOXTHMX JIIKYBaJbHO-TIPO(ITAKTUYHUX 3aX0J1iB, BCTAHOBJIICHO Y JAWHAMII
JIOCTOBIPHE 3MEHITIEHHS 3aXBOproBaHOCTI BiJ 155,4+13,3%o0 1o 121,3+13,6%o.

Cepen 3axBOpIOBaHb MEpEeBaXKaJlM: TIIEPTOHIYHA XBOPOOa, 1eMiyHa XBOpoOa
CeplIsi, HEUPOIUPKYIATOPHA TUCTOHISI, CHHIAPOM XPOHIYHOI BTOMH.

PesynbTaT JOCHIKEHHS JAlOTh IMIJICTABU CTBEPIKYBaTH, 110 MOTpeda
CIELIAICTIB KOCMIYHOI rajy3l y peali3allii MpaB Ha OXOpPOHY 3J0pPOB’sS BHU3HAYAE
HEOOX1IHICTh YAOCKOHAJICHHS CHUCTEMHU MEINYHOTO 3a0e3meyeHHs ix
npoecioHaNbHOT AISUTBHOCTI, 3/1MCHEHHSI KOMIUIEKCY 3aXOiB, CIPSIMOBaHUX Ha
MIATPUMaHHS BUCOKOI Mpale3aaTHOCTI, TPO(UIAKTUKY 3aXBOPIOBaHb Ta 30€peKEHHS
iX 3710pOB’sl.
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Kapsrin €.B., JIamyk O.L., k.¢-M.H.; Anapymenko FO.A., k.reoi.H.
["on0BHMIA LIEHTD CHEIiaTbHOTO KOHTPOIIIO, CMT. ['opo1ok
Ioixano A.B.
HamionansHuii IEHTp yNpaBJliHHS Ta BUIPOOYBaHb KOCMIYHUX 3aC001B
M. KuiB
CUCTEMA IH®PA3BYKOBOI'O MOHITOPHHI'Y I'OJTOBHOI'O
HEHTPY CIHHEHIAJIBHOT'O KOHTPOJIIO SAIK IHCTPYMEHT
BUSIBJIEHHSA TA TOCJ/IIIKEHHSA BOJIIIIB

3a octanni 10 pokiB cucrema iH(ppazBykoBoro MoHiTopunry ['TICK BusiBuia
aKyCTHUYH1 BIJOMTKU JEKIJIbKOX TMOTY)KHUX CHUTHAIIB 3F€HEPOBAHUX IPOILIECOM
BXO/PKEHHA B armocdepy 3emili Ta MNOAAIBLIONO pPYWHYBAHHS pPI3HOMAHITHHX
HeOecHUX TUl. B OCHOBHOMy, L€ Tak 3BaHi OONIIM — METEOpU PIZHOIO THUITYy Ta
po3MipiB. HaifOuiel BiioMuil 3pa3ok Takoro curHaiy, 3apeectpoanoro I'LICK, me
Yenabincbkuii (a0o0 Yebapkynbcbkuil) meteoput. Ilonig BigOymnace 15 motoro 2013
poky. IToTyxHicTh BUOYXY BiJl IILOTO SIBHINA CKJIaja Mo pi3HMUX oIiHKax Bix 200 1o
500 KIJTOTOHH y TPOTWUJIOBOMY ekBiBajieHTI. Iliciasi 1poro, TEXHIYHMMH 3aco0aMu
I'TICK OyB 3apeecTpoBaHHi psJi CUTHATIIB MOMIOHOI IPUPOAU TOXOKEHHS, aje
3HAYHO MEHUIMX 3a MOTYXHICTIO Ta macitabom. Y 2014 pori OyB 3apeecTpoBaHUi
BUOyXx Oomigy Han CroBanbKo-YKpaiHCBKUM KopAoHoM, a y 2015 poui Oys
3apeecTpoBaHMil BUOyX Oomigy Haj Teputopiero Pymynii. Kpim mopiii mpupoHoro
MOXOJ/KEHHs, 3acobu 1HPpa3zBykoBoro MmoHiTopuHry ['IICK 3apeectpyBaiu
HeBnanuil myck pakeroHocis «Coro3 2.16» 3 baiikonypy 8 nunus 2014 poky, konu
TOM BHOYXHYB Ha BHCOTI Ta BmaB Ha Teputopii Pocii. Koopnunatu micis mosii Oymnu
po3paxoBani 3aBasku HasBHOcTI B ['TICK nBox akycTHuHMX Tpynm sIKi 3]aTHI
OI[IHIOBAaTH a3UMYT Ha JiKepeno 30ypeHHs. [Ipy HasgBHOCTI pO3MOAUIEHOI MEpexi
noAI0HHUX CTAaHLIM MOKJIMBO OL[IHIOBATH HE TIJIBKH MICLE MOAIl, a 1 TPAEKTOPIIO PYXY
00’€KTIB, KyTH BXOJUKEHHS B armocdepy, (asum mnomli, MmBUAKICTE O0’€KTy Ta
MOTYKHICTh BUOYXY.

Indpa3BykoBi cTaHIlii MOXKYTh OYTH YaCTHHOIO CHCTEMH BHUSBIICHHS Ta OI[IHKH
oomiaiB. Jlo Takoi cUCTEMU MOXKYTh BXOAUTH Mepexka CBITIOUYTIMBUX PEECTPATOPIB
Ta 1H(Ppa3ByKOBi cTaHiii. CBITIIOUYTINBI peecTparopu — 1e (HOTo-BiIeoOKaMepH, 10
HaIpaBJjeHl Bropy Ta (hiKCyrOTh MOMEHT 3rOpaHHs 0oy B aTMocdepi (cmanax, Jgac
MoAil) Ta TPAEKTOPiO PyXy. 3a JIOMOMOTor 1H(Pa3BYKOBUX CTAHIIA MOXE OyTH
OLIIHEHA MOTY>XHICTh BUOYXY, (pa3u moii Ta 1HIlI NapaMeTpH.
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Koxyxos O.M., k.1.H; Menina M.C.

Lentp mpuitomy 1 00poOKH crieriaabHOT

iH(popMalii Ta KOHTPOJIIO HABIraIiitHOTO MO

c. 3amici, JlyHaeBenbkuid p-H. XMeIbHUIIbKA O0I.

Kopuescbknii K.C.

HamionaneHuii IEHTp yNpaBJliHHS Ta BUIPOOYBaHb KOCMIYHUX 3aC001B
M. Kuis

TOYHA YACOBA IIPUB’A3KA OITUYHUX CIHOCTEPEKEHb
HITYYHUX CYITYTHUKIB 3EMJIIL

OnTuuHi 3acOo0M CHOCTEPEKEHHS € BaXJIMBOIO dYacTHHOK HarioHanbHOT
CHCTEMM KOHTDOJIKO Ta aHAi3y KOCMIYHOI OOCTAHOBKH. [X OCHAIIEHHS Cy4acHOKO
CBITJIONPUMMAJILHOIO anapaTryporo NOBUHHO 3HAYHO MIJIBUIUTH iX XapaKTEpUCTHKHU,
ajie Tpy IIbOMY BHUHHUKA€ 0araTo MHUTaHb, OJHUM 3 SKHX € BUCOKOTOYHA NPHB’A3Ka
4acy CIOCTEPEXEHb JaHUX 3aCO0I1B.

BB ganoro (axTtopy Ha TOYHICTH CIIOCTEPEKEHb BAXKO MEPEOIIHUTH,
0co0MMBO UId BUNAAKy KocmiuHux amapariB (KA) Ha HH3BKHMX HaBKOJIO3EMHHX
op6Oitax. Taki KA MarioTh JOCUTH BEJIHKI MIBUAKOCTI BUAUMOTO PyXy (10 2 KyTOBHX
rpagyciB 3a cekyHny). Ha Takux HMIBUIKOCTSX MOMMWIKAa Yy 4Yaci JIMIIE HAa TUCAUYHY
JIOJII0 CEKyHAM Belle /0 JOJATKOBOI MOXMOKM y BH3HA4€HHI nosoxeHHa KA no 7
KYTOBUX CEKYHJI, IO JUIsl OITUYHOTO 3aC00Y € TOCUTh 3HAYHOIO BEJIMYUHOIO.

[Ipu mpoBemeHHI ONTUYHMX CIOCTEPEKEHb BaXJIMBUM (HDaKTOPOM CTa€e
OJIHOYACHICTh ONTHUYHHUX CIIOCTEPEKEHb B PI3HUX MYHKTaX CUCTEMHU. 3a BHPIIIEHHS
i€l 3aaadl BIAMOBiNAE cucTeMa €IuHOoro vacy. CurHaiM 4YacToTH Ta dacy
3a0e3MeuyloTh CHUHXPOHHI TPOIECH aBTOMATHU30BAHOIO YIPABIIHHS 1 HaBEICHHS
TEJECKOMNa, acTPOMETPUYHI Ta (POTOMETPUYHI CIOCTEPEKEHHS, 30KpeMa dac
MOYaTKy/3aKIHUEHHSI €KCIIO3UIIIT KaMEpH.

OparM 3 BapiaHTiB 4YacoBOi MPHUB’S3KM ONTHYHUX CIHOCTEPEKEHb €
BUKOPHUCTAHHA TJIOOATBbHUX HABITaIliiHUX CYMyTHUKOBUX cucTeM. CHUTHANl MIKaId
yacy (IIIY) wmoxxe QopMyBaTucs HaBIraUliHUM TMpUiiMadeM 1 SBJIsS€E COOOM0
IMITyJIbCHUI CUTHaJl 3 4acTOTOK MPOXO/KeHHs | immynbsc B cexkyHay (1 pulse per
second — 1PPS) 3 dikcoBanow TpuBamicTio. [lOMOXKEHHS IMITYyJIbCY IKOPCTKO
MOB'sI3aHO 3 MoJokeHHAM mikanu yacy UTC.

[Tpu nepenaui immynscy 1PPS no koakcianbHomy kabemto Ha nosri (100-200
MeTpiB, a00 Oiiblle) BIACTAaHI HA MPUCTPOI, IO MOTPEeOYIOTh YacOBOI NMPUB’A3KH,
(GpPOHT cUrHATy 1CTOTHO (Ha COTHI HAHOCEKYH]I) 3ali3HIOETHCS 100 CBOTO JAIHCHOTO
nonoxkeHHs. [0 3aTpuMKy MOKHa KOMIIEHCYBAaTH, SKIIO 3aCTOCYBaTH Jis
dbopmyBanns imnyasciB 1Y napameTpuyHuil  AUIBHMK, 1[I0 JUCTAHLIMHO
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NEPEHANAIITOBY€EThCSA. Takuil MpUCTPI y CBOEMY CKJIa/i MOBHHEH MICTHTH CXEMY
MOJILTy OMOPHOI YaCTOTH A0 HEOOX1HOTO 3HAaYEHHsI, cCXeMHU (OpMyBaHHS TOJIOKEHHS
Ta TPHUBAJIOCTI IMITyJIbCIB, MHKPOKOHTPOJEPHY CXEMy VIPaBIiHHSA Ta YacOBOI
npuB’sa3ku. YacoBoi NpuB’s3Ka 31HCHIOETLCS Bl CUTHAJIIB HaBIraIliifHOTO MpUiiMava
a00 3a JI0IOMOTI0I0 IMPOTOKOITy MepeskeBoro yacy Network Time Protocol.

Y mopiBHSHHI 3 BUKOPHUCTOBYBAHOIO HAa JIaHUH MOMEHT CXEMOIO, MPUCTPIN
JI03BOJISIE PETYNIOBAaTH IMapaMeTpu IMITYyJIbCy. MOXKIMBICTh YIPaBISTH YacTOTOIO
CUTHAIY 1 IIUPUHOIO IMIYJIbCY J03BOJISiE KOPEKTyBaTH mosioxkenHnsa Y, Tum camum
KOMIICHCYIOUH 3aTPUMKY.
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Komeas T.A.

XapkiBChKUH HaIllOHAIBHKK YHIBepcuTeT iMeHi B. Kapasina
M. XapkiB

Komeas A.B., K.T.H., TOIIeHT

["on0BHMIA IEHTP CHEIiATBHOTO KOHTPOJIIO, CMT. ['0po1oK
IHerpos C.B., K.T.H., JOIICHT

YkpaiHchka iHXEHEPHO-TIeIarorivyHa aKajaemisi, M. XapKiB

MPAKTUYHE 3ACTOCYBAHHS METO/IB 3AXUCTY IHOOPMAIIII M1
YAC OBMIHY HOBIIOMJVIEHHSIMMU Y I'OJIOBHOMY HEHTPI
CHEIIAJBHOI'O KOHTPOJIIO

XapakTepHOI TEHJEHLIE0 B JaHUM Yac B o0yacTi 3axucTy iHpopmarii €
BIIPOBA/DKCHHS KPUIITOJIOTTYHUX MeETOAiB. OMHaK Ha IbOMY MNUIAXYy OaraTo Ime
HEBUPIIIEHUX MPOOJIEM, TIOB'SI3aHUX 3 PYWHIBHUM BIUTUBOM Ha KPUITO3aCOOU TaKUX
CKJIAJoBUX 1H(OpMaIiiHOi 30poi, $SK KOMIT'IOTEpHI BIPYCH, JOri4yHI OomOH,
aBTOHOMHI  perulikatuBHi  mporpamu. OO'enmHaHHA  METOMAIB  JIIHTBICTHYHO1
creraHorpadii Ta kpunrtorpadgii € MOXIMBHUM BHUXOJOM 3 TIOJIOKEHHS, IO
CTBOpHWJIOCS. Y IIbOMY BUIAJKy MOXHAa YCYHYTH CJIa0KI CTOPOHHM B1JIOMHUX METOIB
3axucTy iH(popMalii 1 po3poOouTu Oulblll €PEeKTHUBHI, HOBI HETPaAUIIAHI METOIU
3abe3reueHHs iHpopMalliiHoi 6e3neku. [Ipoanami3yBaBiy BCi, HUHI BIIOM1, METOIH
JIHTBICTUYHOI cTeraHorpadii Ta OLIHUBIIM 3aCO0M X BHKOPHCTaHHS, OyJ0 00paHO
CUHTAaKCUYHUN METOJ Ha OCHOBI MYHKTyallli [JIsi 3I1HCHEHHS MPUXOBYBaHHS
1Hpopmarrii.

JlocnipKeHHsT HAWOUIbII PO3MOBCIOHKEHUX BIAOMHUX METOIIB JIOTMOMOTIN
OXapaKTepU3yBaTH Ta BHU3HAUYUTH MEX1 3aCTOCYBaHHsS, BHSBUTH HEIOJIKH Ta
nepeBard OKpPEMHUX aJFOPUTMIB Ta OOpaTH MEpPCHEeKTHUBHUN 1 HEOPAMHAPHUN
HAIPSIMOK JJIS TTOAAJIBINOT 1X peani3allii, 3acTocyBaHHs B poOOTI ['0J0BHOTO 1IEHTPY
cnemiainbHoro kKoHTponto (I'LICK) mig wac oOminy iHpOpMAaIli€ro 3 perioHaJIbHUMU
[EHTPaMH Ta TYHKTAaMU CIIOCTEPEKEHHS, PO3TAIIOBAHUMU TIO BCIM TepUTOPIi
VYkpainu. AHani3 MyHKTyaI[iiHO1 BapiaTUBHOCTI YKPAiHChKOT MOBHU J1aB TIOIITOBX JJIS
BUOOpY MeETONy KOAYBaHHS Ta BHOOPY OKpPEMHUX pO3IUIOBUX 3HAKIB s
BUKOPHUCTAHHS y TPOIEAYypax MPUXOBYBAaHHS Ta BWIYYCHHs MOBiAOMICHHS. bymo
MPOBEJCHO PSI TOCTIIKEHb JJI1 OOpaHOTO0 CUHTAKCUYHOTO METOJY JIHTBICTHYHOI
creraHorpadii. AHami3 THUIIB KOHTEHHEPIB BUSBUB HaWOIbII PEKOMEHJIOBaHI Y
3aCTOCYBaHHI JUIsl J@aHWUX IIUIeH, a aHalli3 YacoOBUX pPaMOK (BHUMOTH IIOJO
OTIEPATUBHOCTI TPUUHATTSA PINICHh YEProBOIO 3MIHOIO) JOMOMIT y BHU3HAYEHHI
METO/IB II0A0 MOKpAIICHHS alropuTMy BOYJOBYBaHHSA. AHalli3 BIIOMHX aTak Ha
CTeraHorpa@iudi CUCTEMHU CHPHB OUIbII JIETaJIbHOMY MiAXOAY II0JI0 BUOOPY THUIIIB
TEKCTOBHX KOHTEHHEPIB 1 BUOOPY CaMOro ajiropuTMy BOYJIOBYBaHHS Ta BUITYUEHHS
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1H(pOopMarlii.

[IpakTyHa WIHHICTG JOCHIIKEHb Y XOA1 TOBCAKACHHOI pOOOTH Ha
nepudepiiHuX  MyHKTaX  CHEIIaJbHOTO  KOHTPOJI  TMojsArae y  po3poOi
3alpONOHOBAHUX AJTOPUTMIB 13 MOXJIMBICTIO iXHBOTO MOJATIBIIOTO BIIOCKOHATICHHS.
Takox Oyl0o BHSBICHO HEJOJIKM MyHKTyalidHoro wetony. Ilo-mepmie, 11e
CKJIAQIHICTh TPOTpaMHOI peamizallii, Mcis sKOi 3alOBHEHUN KOHTEHWHEp IMOBWHEH
BIJIOBIJIaTH YCIM BUMOTaM HOPMaJIbHOI cTeranocuctemu. [lo-npyre, me KOH)ITIKT i3
MPOIMYCKHOIO CIPOMOXKHICTIO JiHIN 00MiHY 1H(OpPMALII€I0 PO3Traly’KEHOI CTPYKTYpHU
['ICK. 3ampornoHoBaHi METOIW AJii NPUXOBYBAHHA B OJMH PO3IIJIOBUNA 3HAaK HE
OJIHOTO, a OJipa3y JABOX YW TPbOX OITIB JIMII HE3HAYHOIO MIPOIO MOKPAIIYIOTh IO
CUTYALI0, @ OTXKeE, 3AJIMIIAI0THCS HAPSAMKHU JUISI TOAAJIBIIONO PO3BUTKY LII€T TEMH.
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["on0BHMIA IEHTP CHEIiATBHOTO KOHTPOIIIO, CMT. ['opo1ok

Ioixauo A.B.

HarionanbHuii HeHTp yrpaBiliHHS Ta BUIPOOYBaHb KOCMIYHUX 3aC001B
M. Kuis

TI'onosin O.0.

PerionanpHuil HEHTp creLiaJIbHOTO KOHTPOIIO

c. JlactiBmi

MOKJIUBOCTI BUKOPUCTAHHSI CACTEMHU CIIEIIIAJIBHOTI'O
KOHTPO.TIO B IKOCTI HABEMHOI BUMIPIOBAJIBHOI CKJIATOBOI
KOCMIYHUX JOCJIAKEHb

3aco0M cHemiaJibHOrO KOHTPOJIO BKIIOYAIOTh B ceO€ psii  yHIKAJIbHUX
reoi3uyHUX TEXHOJIOTIM crnocrepekeHb. OO0’eqHaHI B €IMHUA KOMIUIEKC, BOHU
JTIO3BOJISIIOTH  TIPOBOJIMTA MOHITOPUHT SIBUI] Ta TMPOIIECIB, IO BIIOYBAIOTHCA B
mitocdepi, atmocdepi, ioHochepi Ta Mar"iTocepi 3emii.

PesynpraToM MonepHizallii anaparypu pajlOTEXHIYHOTO METOAY BUSIBICHHS
CTaB BIJX1J BIJ 3acTapiioi, SK B MOpPAJbHO-TEXHIYHOMY, TaK 1 B €KOHOMIYHOMY
IUIaH1, TEXHIYHOI peali3allii Ta nepexiJ J0 Cy4acHUX LHU(PPOBUX TEXHOJOTIA 00poOKU
nanux. CTBOpPEHO amapaTHUN KOMIUJIEKC, B SIKOMY 3allydeHl JIMIIE HEOoOXiaH1
eleMeHTH pajioneneHraTopa, mo gomnoBHeHi [TEOM ta AL Ile nmamo 3mory
MPOBOIUTH Oe3MepepBHY HHUQPPOBY pEECTpaIlilo Ta aBTOMAaTHU30BaHy OOpPOOKY
OTPUMAHUX JIAHUX. 3HAYHE PO3IIUPEHHS TEXHIYHUX MOXKIIMBOCTEH J03BOJISAE
3MIICHIOBATH O€3MepepBHE MACHMBHE HAXWJIbBHE 30HYBaHHS IMIJISXOM MOHITOPUHTY
aMIiity 1 ga3 Hecyunx 4dactot pamiocranmivi JJHY mianazony y cmysi 1-100 xI'.
Takuit miaxia Oyje BUKOPUCTAHUM JJIsI MOHITOPUHTY aHOMAJIbHO1 MOBEAIHKHA TTEBHUX
ioHOChepHUx obisacteil. PamioTpacu B I cMy3l CHJIBHO 3ajieXkaThb BiJl CTyIEHS
10H13aIlli HWXKHBOI 10HOC(hepu, 0O0yMOBIeHOro akTUBHICTIO COHIIS, MO0 POOUTH
KOMITJIEKC JIIEBUM IHCTPYMEHTOM MOHITOPHHTY CTaHy KOCMIYHO1 TTOTO/IH.

Pazom 3 TUM KOMIUIEKC [103BOJISI€E TMPOBOAMTH MOHITOPHHT TPO30BOT
aKTHUBHOCTI, JIO SKOi ITa3MOBa O00OOJIOHKA 3eMJIl HaaJdyTIWBa. 3aBISKH I[bOMY,
BUKOPUCTOBYIOUM TaK0X Y KOMILJIEKCI CydacH1 MarHiTotenypuuHi cranuii LEMI-423,
CTa€ MOXJIMBHUM JOCIIIJDKYBAaTH BJIACTUBOCTI CBITOBOI TPO30BOI AKTHUBHOCTI Ta
3MIMCHIOBATH [IIaTHOCTUKY 10HOC(epu Ta 1oHOcPepu 3emili uepe3 BUBUYEHHS
IIYMaHIBChKOI Ta alb(BEHIBCHKOI II00ATbHUX PE30HAHCHHUX cucTteM. lIpoBeneHHs
TaKuX JOCIIKEHb HaI3BUYaiHO KOPUCHI JJIs OIIHKHY TJI00AJbHUX KIIIMAaTHIHUX 3MiH
Ta MOHITOPUHTY KOCMIYHOI MTOTO/IH.

Mopeni3zaltis 1 po3ropTaHHs Mepexi 1H(Pa3BYKOBUX CHCTEM TPYIyBaHHsS Ha
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6a3i mikpoOaporpadiB BITYN3HIHOTO BUPOOHHUIITBA JT03BOJISIE MPOBOJIUTH BUSBIICHHS,
1IeHTU]IKaII0 Ta JOKAMI3aI[i0 y MPOCTOpl 1 Yacl MPUPOAHUX Ta AHTPOMOTECHHHUX
JoKepen 30ypeHb Ta JOCHTIKYBaTH CUTHAIM, HUMU MOpOKeH1. I'paBiTaliiifHl XBHUIII,
[0 PEECTPYIOTHCS, ICHYIOTH B Jlara30Hi MPOCTOPOBUX MacIITabiB BiJ MUIAHETAPHUX
JI0 IEKIIbKOX K1JTOMEeTpiB. BoHM TreHepyroThCs sIK oporpadiyHUMHU YUHHUKAMHU, TakK 1
CHJIBHOIO KOHBEKIII€10, HAIIPUKIIAJ, IPU Tpo3ax. ['paBiTariiiHi XBUiIi TPAlOTh BaXIJIUBY
pOJb SIK Y BCTAHOBJIEHHI CEpeIHBOTO KiIiMaTy crpaTocdepu i me3zocdepu, Tak 1 B
MiABUIICHHI TependadyBaHOCTI KIIMAaTHYHOI CHCTEMH B IIOMYy. AKYycCTO-
rpaBiTaliiiHl XBWJI, [0 BKIIOYAIOTh 1H(Pa3ByKOBI Ta BHYTPINIHBO-TpaBiTalliiHI
XBUJI1, B1JI TPUMOBEPXHEBUX JIXKEPENT MOXKYTh JOCATATH BUCOT 10HOC(EPH T4 YUHUTU
BIUIMB Ha Hel. Taki XBWJII MOXYTh OyTH BHUSBIICHI BXKE€ Ha 10HOCHEpPHUX BUCOTAX
3aco0aMu pajiloTEXHIYHOTO METOTY.

Cni 3a3Ha4YMTH, IO JaHl Bl TEXHIYHMX 3acO00IB CHCTEMM CHELIAJILHOTO
KOHTPOJIIO HaJarThes yepe3 HamioHanbHUI LHEHTP NaHUX 10 MDKHAPOJHUX LIEHTPIB
JAHUX, [0 B CBOIO 4YEPry J03BOJSE OTPUMYBATH IHQOpPMALIIO BIJ 3aKOPJIOHHUX
BUMIPIOBAJIBHUX MEPEXK Ta 3aTy4aTUCS JO MIKHAPOJAHHUX MTPOEKTIB.

Takum YMHOM, TMOCTYNOBA MOJEpHI3AIlSl Ta OHOBJICHHS BHUMIPIOBAJIHLHUX
reoizuyHuX 3aco0iB 3HAYHO pO3LIUPIOE MOXKIUBOCTI CHCTEMH CHEiaIbHOTO
KOHTpoJit0. CTBOPIOIOTBCA YMOBM JUIsl Opradizaiii Ha ii 0a3l MNOBHOILIIHHOI
HiJCYITyTHOKOBOI CHUCTEMH CIIOCTEPEXKEHb 1 Ha3eMHOI CKJIQZOBOI JJIsi MPOBEIEHHS
KOCMIYHUX JTOCJIIIKEHbD.
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Menina M.C.

Lentp mpuitomy 1 00poOKH crieriaabHOT

iH(popMalii Ta KOHTPOJIIO HABIraIiitHOTO MO

c. 3amici, JlyHaeBenbkuid p-H. XMeIbHUIIbKA O0I.

Hickyn O.M.

HamionaneHuii EHTpP yNpaBJliHHS Ta BUIPOOYBaHb KOCMIYHUX 3aC001B
M. Kuis

IMPOBJIEMU 3ABE3IIEYEHHA € THOCTI BUMIPIOBAHD ITPU
OYHKHOIOHYBAHHI CUCTEMHA €IUHOI'O YACY

3HauHa KUIBKICTh 3aCO0IB TPAEKTOPHUX, TEIEMETPUYHUX, (POTOMETPUYHHUX,
IpaBIMETPUYHUX, BHYTPIIIHbOCTAHLUIMHUX Ta IHIIUX BHUMIPIOBaHb, SKI BXOJASTH B
ckian TexHiyHux cucrem sk I[IIOCI ta KHII, Ttak 1 HIYBK3 B uuiomy,
IHTErpyloThCd B €nuHy 1H(opmaiiiiny cucrtemy (IC) 3a nmomomMoror amapaTypu
CUCTEMHU €JIMHOTO Yacy, 3aco0iB cucTeM 300py 1 mepenaBaHHs iHdopwmaiii, ii
00poOKH, a TAKOK CUCTEMH 3B SI3Ky Ta yNpaBIIiHHS. 31aropkeHe GpyHkuionyBanus [C
3abe3rneuyeTbess TeXHIYHUMH 3aco0amu Cuctemu eaunoro yacy LIITOCI ta KHII
(C€Y UIIOCI Ta KHIT).

CunxpoHHa pobora 3aco0iB CHCTEMHM €IMHOTO 4Yacy 3a0e3leuyeTbes
NEPIOIMYHUM 3BEACHHSIM YacTOT ONOPHUX T€HEPATOPIB 1 CHHXPOHI3AIIEI0 IIKAJ Yacy
32 CHeuiajJbHUMHU CHUTHajaMHu, LI0 MaroTh nepenaBatucs cy0’ekramu CiryxOu
€IMHOI0 Yacy Ta €TaJOHHMX YacTOT.

Ha nanuii yac OCHOBHUM JPKEPEJIOM TaKuX CIIELIaJbHUX CUTHAJIIB BUCTYNAIOTh
CYNMyTHHKOB1 HaBiramiiiHi cuctemMu. OCKIIbKM BOHM HAJICKATh 1HIIAM KpaiHam, 1
31e01IBIIOT0 MAIOTh MOABINHE MPU3HAYEHHS, BUHUKAE KPUTUYHO BAXKJIMBE MUTAHHSA
4aco-4aCTOTHOIO 3a0€3Ne4YeHHs BJAaCHUMHU CUCTEMaMHU.

3aBganns CiyxOu Bu3HaueHi noctaHoBoro KaOinery MiHicTpiB YKpaiHu Bij
02.09 2015 Ne 664 “Iluranus CaykOu €IMHOTO 4Yacy 1 €TaJOHHUX 4YacToT  (Hasi
[Toctanosa). Bianosigno 1o [loctaHoBu B cTpykTypy CUCTEMU BXOASTH 1 CTPYKTYpHI
MIIPO3AUIM  TIANPUEMCTB, YCTAaHOB Ta OpTraHizaiii, 10 Hauexarb 10 chepu
ynpasmiaHsa JJKA Ykpainu.

B miticanii wac B IIIIOCI ta KHII cTBOproerbcsi cucrema KOHTPOIIO Ta
VIOPABJIIHHS €TAJIOHHUMHU CUTHATaMHM, sika Ma€ 3a0€3MeYUTH KOHTPOJb 1 yIpPaBIIiHHS
nepeaBaHHsAIM €TaJOHHUX CUTHAJIB Ta 1H(opMmaliiine 00CcIyroByBaHHS CIIOXKHBaYiB
TaKUX CUTHAJIB.

B LIIOCI Ta KHIT — B mepmiit 13 ycranoB HIIYBK3 nposeneno pobotu no
3a0€3MEeUYCHHI0 YacoBOI MPUB’s3KK 110 HamioHansHO1 mikamu vacy UTC(UA) Bin
BTOPUHHOTO €TaJOHAa OJWHUIIb Yacy 1 YacTOTH 3 BHKOPUCTAHHSM TMPEIU31MHOTO
nporokony dacy IEEE 1588-2008v2 Precision Time Protocol (PTP) mo Buainenum
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KaHajiaM 3B’513Ky 3araJlIbHOr0 KOpUCTYBaHHS.

[IpoBeneHi poOOTH JO3BOJWIM MPOBECTH OIIHKY TEXHIYHUX PIIICHb 00
3a0€3MeUYeHHs] KOPUCTYBadiB BHCOKOCTAOIIPHUMHU CHTHAJaMU YacTOTH Ta dYacy, Ta
3aMporoOHOBaHI BUMOTH 0 amapaTypud (OpMYyBaHHS Ta CHHXPOHI3aIlii eTaJToOHHUX

CUTHAJIIB Yacy Ta 4acTOTH, OOIPYHTOBaHA HEOOXIAHICTh CTBOPEHHS Ta PO3TOpPTaHHS
C€Y HIIYBKS3.
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Mixees B.C.
Jlep>kaBHE KOCMiYHE areHTCTBO Y KpaiHU

[IJISIXYA BU3SHAYEHHS BILTUBY TOKCHYHUX PEUOBUH
T'A30TYPBIHHMX ABUT'YHIB HA CTAH HABKOJIUIIHLOT O
CEPEJIOBUIIIA

OpHuM 3 HaMpPsIMKIB PO3BUTKY TEXHOJIOT1 MOOY/I0BU ra30TypOIHHUX JIBUTYHIB
JUIST  TIABUINCHHS  CEKCIUTyaTallifiHUX  XapaKTePUCTHUK  aBialliiHOT TEXHIKH, €
BUKOPUCTAHHS PI3HUX MPHUCAA0K Ta 700aBok no nanwBa [1, 2]. OgHak mpu oMy B
CIJIOBUX YCTAHOBOK JIITaJbHUX amapaTiB pyLIiiiHA CHJIa CTBOPIOETHCS 33 PaxyHOK
Oe3MepepBHOrO BIJIKUJAHHA a00 BUKHUJAHHS B HABKOJIMIIHE CEPEIOBHUILIE POOOUNM
TIJIOM pymiiB B ra3onojaioHomy crtani. lle Bu3Hauae BIACTHBOCTI MPOTIKAHHS
GIBUYHKUX 1 €HEePreTUYHHUX MPOIIECIB, K1 BIOYBAIOTHCA B JIBUTYHAX 1 PyIIisiX Ha
OCHOBI 1X KOHCTPYKTHBHHMX OCOOJMBOCTEH €HEPreTUYHUX YCTaHOBOK [3]. B manomy
BUIAJIKY BIJIOYBA€EThCS 3a0pYyJHEHHS HABKOJHUIIHBOTO CEPEIOBUINA BUKHUJIAMU
TOKCUYHUX CHOJYK, OCHOBHHUMH 3 SKHX €. OKHCY BYIJICIIO, JUMY, HE3TOpLINX
BYTJIEBOJHIB 1 OKHCIIB a30Ty, IO YTBOPIOIOTHCS B KaMmepax 3TrOpsiHHSA TypOIHHHMX
MOBITPSHO-PEAKTUBHUX JBUTYHIB. Kpome 3TOro KoHIEHTpauus BbIOPOCOB B
3HAUYUTENLHON CTEMEHU 3aBUCUT OT peXuma pabOThl JABUTATENSA, a TaKkKe KaMepbl
CropaHusi B 3aBUCUMOCTH OT nosrydeHusi Mmakcumaibaoro KITJ[ cumoBoit ycTaHOBKH.

Ha croromnimHiii aeHr MikHapoaHa opranizais nuBiiapHO1 aBiamii (IKAO)
nounHarouu 3 1977 poxky nmy6nikye Mi>kKHapoIHI CTaHAAPTH MO0 HOPM Ha €MICIt0
MOBITPSHO-PEAKTUBHUX JBUTYHIB [3], 3aCTOCYBaHHS 1 JOTPUMAHHS SIKUX MPU3BOIUTH
70 3MCHINEHHS BHUKHWIIB TOKCHYHHUX Crodyk. OmHak 3a0e3MedeHHs] €KOJIOTIYHOi
Oe3neky abo JOTPUMAHHA €KOJOTIYHUX HOPM B pailoHax aepoApoOMIB He
BUKOHYETHCS B TIOBHOMY 00C$131, @ TAKOXK YCKJIQIHIOE TIPOBE/ICHHS OLIIHKUA XapaKTepy
BILJIUBY Ha €KOCUCTEMY B IIJIIOMY.

Jns  sxicHoro 3abe3rmeuyeHHs eKoJioridyHoi Oe3reku abo  JOTpUMaHHS
€KOJIOTIYHUX HOPM B pailoHax aepopoMiB HEOOX1HO PO3TIIS Pil 0OMEXEeHb pOOOTH
ra3oTypOIHHUX JBUTYHIB [4], 10 YCKIIAIHIOE MPOBECTU OLIIHKY XapaKTepy BILUIMBY Ha
ekocuctemy. lle moB's3aHO 3 THM, 10 HAa CHOTOAHINIHIA JI€Hb HEJAOCTATHBHO
MPOBOAATHCA JIOCTIPKEHHSI 1 MPUIUISAETbCS yBara B 00JiacTi €Kojorii B paiioHi
aepOJPOMIB, IO TAKOXK MPU3BOJUTH O HEOOXITHOCTI BUBYEHHS JAHOTO HAIPSIMKY
[5]. Tomy mocnimkeHHS TOB'SI3aHI 3 MOXJIMBOIO OIIIHKOIO CTaHy HABKOJIUIITHBOTO
CEpellOBUIIlA B paOHI aepoOAPOMIB, € AaKTyaJIbHUM HAMPsIMKOM TOB'SI3aHUM 3
MONTYKOM IIJISX1B 3MEHIIICHHS IITKIITTMBUX BUJIUIEHD 3 BIAMPAIlbOBAHUMHU Ta3aMHU, 110
CTaJ0 HEBIAKJIAJHUM 3aBJIaHHSIM ChOTOJeHHA. [Ipu 1boMy, 0COOJIMBO HEOOX1THO
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OPUIIIUTA YBary MUTAHHIO OLIIHKU BUJUICHHS IIKIJJIMBUX PEYOBHH ra3oTypOIHHHX
JIBUTYHIB JITaJbHUX amapariB B €KOCHUCTeMY. TakUM YHHOM, BHHHKAE aKTyaJlbHE
HAyKOBE 3aBJaHHS, sIKE MOB'A3aHE 3 PO3BUTKOM HAYKOBO-METOJMYHOTO amapary s
MPOBEICHHS eKOJIOT14YHOI omiHkH BIuuBy I'T/] JIA Ha HaBKOJMIIIHE cepeOBHIIE, 10
NoB's3aHe 3 3a0pyIHEHHAM aTMOoc(hepr MPOTyKTaMU 3rOPsIHHS aBlalliifHOTO MajuBa.

B nmomoBimi mpeacTaBieHi  pe3yabTaTH  aHANI3y TOKCUYHUX  PEYOBUH
ra3oTypOIHHUX JBUTYHIB JITaJbHUX amapaTiB 110 BIUIMBAIOTh Ha CTaH
HABKOJIMIIHBOTO CEpEIOBHUINA B pPAaiOHI aepoJpoMy, a TAaKOXX BU3HAYCHI NUISIXU
3MEHIIIEHHS HAalNpyrd Ha CTaH JOBKUUISI MPU TMOYaTKOBOMY €Talll MOJBOTY
NOBITpsiHOTO cyaHa. KpiM Toro, mpeacraBiieHl pe3yJbTaTh 3MEHILIEHHS BUKHIIB 3
JIBUTYHA B YMOBAaXx 3rOpaHHs TOIUICHUX PEYOBHH.
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CYYACHI TEHJAEHIII PO3BUTKY BINCBKOBUX ABIAIIIMHUX
TPEHAKEPIB TA IIIIXOJA CTOCOBHO PEAJIIBAII IXHbOI
B3AEMO/II B MEXKAX € IMHOI CHCTEMHU MOJIEJTFOBAHHS

B yMoBax cyyacHOTo pO3BHTKY TEXHOJIOTIH, iMiTallis OOHOBHUX il cTae OLIbII
PEATICTUYHOIO 1 JO3BOJISIE 3AIMCHIOBATH MOJICIIOBAHHS PI3HUX HaBUYaJIbHUX
CIICHAp1iB, BKJIIOYAIOYU pEaKllli CYIpOTHUBHUKA, SIKI HE 3aBXKAM MOXXKHA BIITBOPUTH
1] Yac HaBYaHb 3 peaJibHUM OOJIalHaHHAM Ta 030pOEHHSIM.

OpHi€ro 3 ICTOTHUX BIIMIHHOCTEH BIMCHKOBHX aBlallliHUX TPEHAXKEPIB € 1XHI
MepeXeBl MOXJIMBOCTI. KpiM BianpaioBaHHsl JTbOTYUKAMH MEPEBIPOK, MPOLIEAYP 1
J1{ y ITaTHUX, aBapIMHUX 1 OCOOJIMBUX YMOBAX TaKi KOMILIEKCHI TPEHAXKEPU MOXKHA
o0'eqHAaTH B MEpEXKYy 3 IHIIMMHU TPEHaXepaMU - 1 TOAl iXHI MOXJIMBOCTI CTalOTh
NPaKTUYHO Oe3MEXHUMHU. MOKHA CTBOPUTH MEPEKY 13 TPEHAXKEPIB PI3HUX TUIIB JIA
JUIS BIANpallbOBYBaHHS 1M y CKJIAJQl TAaKTUYHOI TpyIH, 10 3abe3nedyBaTHUME
TPAHCIIOPTHY MIJTPUMKY, J03alpaBKy B IOBITPl, CIHOCTEPEKEHHSA 1 KEpyBaHHs
BOTHEM, HAHECEHHsI y/apiB MO Ha3eMHUX LUISIX Ta NPOTUIOBITPsiHY 000poHy. Came
oI uux el Oyna crBopeHa «Po3mopineHa Mepexa MIATOTOBKU —EKIMaXKiB
BiticbkoBuX [ToBiTpsinux Cuit CIIIA» (Distributed Mission Operations — DMO).

MuixnapoaHi  (axiBlUi ~ HaWBHMILIOTO  PIBHS  BU3HAIOTh  BAXIIUBICTh
KOMYHIKAI[IMHUX  MOMJIMBOCTEH  TpeHaxkepiB Juisi  3a0e3MEe4YeHHS  BHCOKOI
pPEaJiCTUYHOCTI HaBYaHb, a TaKOX IMIJKPECIIOITh HEOOXITHICTh IPOBEIACHHS
CIUIbHUX HaBYaHb 32 YYACTIO Pi3HUX BUJIB 30poiHuX CHil 1 MIXKHAPOJHUX HABYAHbD.

CTBOpEHHsS TaKHWX CHUCTEM IIOB’s3aHE€ 3 BHUPILUICHHSIM 3a/ay ONEpPaTHBHOIO
YIOPABIIHHS MPOCTOPOBO-PO3MOJIJIEHUMU CTPYKTYpaMu (OKPEMUMH TpPEHAXKEpaMH,
3pazkamu OBT, migpo3ainamu), a TakoK B3aeMOAll 1H(pOpPMAILITHUX MTPOLECIB B
MeXKax €JUHOT CUCTEMH MOJICJIFOBaHHS (00YUCIIOBATILHO-MOICIIIOI0UOT0 KOMIUIEKCY).

XapakTep Takoi MporpamMHOi B3a€MOJIT Mae MEPEKEBY OpIEHTAIlII0 1 TOBUHEH
3aCTOCOBYBaTH 1HGOpPMAIIIHI pecypcu 3 PI3HHUX Trainy3ed 3HaHb TPH BUPIMIECHHI
CKIAHUX TPUKIATHUX 3a7ad4, SKI MalOTh 3HAYHY KUIBKICTh MDKIUCIUTUTIHAPHUX
BiHOCUH. [Ipy 1HOMYy OCHOBHOI TEXHOJIOTIYHOIO MPoOIeMo0 (popmMyBaHHS
BIIKPUTOTO MEPEKEIEHTPUUHOIO CEpPEOBUIIA MOJETIOBAHHS € CTBOPEHHS TaKoi
iH(dopMarlliiiHoi cuctemMu, sika 3a0e3nedyBaia O ympaBiiHHSA 1HOpMaALIHHUMU
pecypcaMu, cpoOpMOBaHUX HAa OCHOBI PI3HUX CTaHJAPTIB 1 TEXHOJIOTiH. BupimeHHs
UX MpOoOJEM MOB'sI3aHE 31 CTBOPEHHSM 1 BUKOPHUCTAHHSIM PI3HUX 3ac001B 00pOoOKHU
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iH(popMarllii, K CHCTEMHU MEPEKEBHX 3HaHb, 3aTHUX OOpPOOISATH PO3MOALIEH]
MOJIITEeMATHYHI MaCUBH JIAaHUX BEJIUKOI PO3MIPHOCTI.

Bucoka edeKkTUBHICTh B3a€MOJIT MPOCTOPOBO-PO3MOJAUICHUX CTPYKTYp B
3a3HAYCHOMY  MEPEXKEIEHTPUUYHOMY  CcepeloBUIlll  Oyae  3abe3neuyBaTucs
IHTErpaIli€l0 BUKOPHUCTAHMX 1H(POPMAIIMHUX PECypCiB Ta JaHUX, OTPUMAHHMX Ha
OCHOBI  aHami3y TEMAaTUYHUX BIACTUBOCTEH I1HQOpMAMIMHMX OAWHHIL 3
BCTAHOBJICHHSIM 0314l 3B’A3KIB MDK KOHTEKCTaMH OO0'€KTiB, fKi MarOTh IEBHY
(GYHKIIOHATBHICTG 1 CKIIAAI0Th CTPYKTYPY i1 BY3IiB.

Cnig BpaxoByBaTH, IO CTBOPEHHS TaKoi CHUCTEMH MOTpeOye BHUPILICHHS
3aBJaHb aHaJi3y T'eOoNpOCTOPOBOI iH(MOpMaIlli, SIKy HAWUMPOCTIIIEe MPEACTABUTH Y
Bursial BignoBiaaux I'IC-nogaTkis.

PazoM 3 TuUM chig 3ayBaKWTH, IO Yy3arajibHEHE pILIEHHS CTOCOBHO
3a0e3neyeHHs e(PEeKTUBHOTO IHTErPOBAHOTO BUKOPUCTAHHS CKJIQJIHUX
1H(pOpMaIITHUX CHCTEM (aBlalliiHUX TPEHAXKEPIB 1 JITATBHUX arapaTiB PI3HUX THUIIIB)
ta ['IC-opieHTOBAaHOTO MPHUKIAJHOTO MPOrPaMHOTO 3a0€3MEUEHHS 3 PI3HOI0
aTpUOYTUKOIO HAa CHOTOJH1 BIJICYTHE.

[aTerpamito  pi3HUX MepexeBUX 1HPOPMALIMHUX pPECypCiB B €IUHUI
1H(opMaIIiHUNA TPOCTIP KOHCTPYKTUBHO MOXKHA 3JIIMCHUTH IUIIXOM BIPOBAIKEHHS
MOPUHIUIIB TPAHCAUCIUIUTIHAPHOCTI, IO JIO3BOJUTH PO3IJIAJATH BCl MPOIECH B
1H(DopMaIIfHOMY MPOCTOP1 HA OCHOB1 KAaTEropii MHOKMHHOI BIOPSIKOBAHOCTI CTaHIB
B3a€EMO/IIi CHUCTEM, SIKI1 i1 CKJIaHarOTh.

3a3HaveH1 MiIX0au nepeadadyarTh CTBOPEHHS Cy4acHOI CUCTEMHM YIPaBIIIHHS
MepeXeBUMH 1HPOPMaLIHHUMHA MAaCUBAMH PI13HOI PO3MIPHOCTI 1 CUCTEMaMH 3HaHb Ha
OCHOB1 OHTOJIOTIYHOTO YIpaBJIiHHSA 3 peanizamiclo QyHKIIA O0OpOOKM BETUKHX
00CATIB HECTPYKTYPOBAHO1 1 IPOCTOPOBO-PO3MOIITIEHOT 1H(POpMAIIii.

BnpoBamxkenHss cydacHUX 1H(GOpPMAIIMHUX TEXHOJOTIA Ja€ MOXIIUBICTh
(GYHKIIOHYBAaHHIO TPEHAXEPIB y TIOOANBHIN MEPEki, 10 CIPUATAME MPOBEACHHIO
CIIJIbHUX HAaBUYaHb Ha3€MHHUX, MOPCHKUX 1 MOBITPSHUX CHJI, y TOMY YHCII 32 y4acCTIO
PI3HHX KpaiH.

BupiiieHHs 3a3Ha4€HUX BUKJIMKIB HEMOXJIMBE 0€3 BUKOPHUCTAHHS KOCMIYHUX
IITYYHUX CYIYTHHUKIB JJIsl HAIHHOT KOMYHIKAI[ll B IHTEpecax HalllOHaJIbHOT 000POHU
P HAJIGKHOMY 3abe3nedeHH1 iHhopMaIriitHoi Oe3mexwu.
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M. JKuromup

THO®OPMAIIMHO-MOJIEJTIOIOYN KOMILJIEKC
KOCMIYHOI CUTYAIIHHOI OBI3HAHOCTI

Henockonamicte BITUM3HSHOI 1HGPACTPYKTYPH MOHITOPHHTY KOCMIYHOTO
MPOCTOPY Ta BIACYTHICTH CIICIIali30BaHUX (HAcaMmmepen, paaiooKaminHuX 1
pajmioneNeHraiianX) 3aco0iB  OmMepaTWBHOI ITIO000BOT  PO3BIAKH KOCMIYHOI
0OCTaHOBKM  OOYMOBIIIOIOTh ~ HEOOXIAHICTh  PO3pOOJEHHS Ta  3aCTOCYBaHHS
1H(opMaIIiHO-aHANITUYHUX 1 TPOrPAMHO-AJITOPUTMIYHUX METOJMIB 1 CHOCOO0IB
BUSIBJICHHSI, 1/IeHTU(DIKaIli (pOo3Mi3HABaHHS) Ta CYIIPOBOJKEHHS KOCMIYHUX arapaTiB
(KA) 1 ix opOitanpHux yrpymnoBaHb. OJIHUM 13 TaKMX METOJIB € I€OMpPOCTOPOBUMN
aHasi3, METOJOJIOTIYHI OCHOBM Ta 1HCTPYMEHTApId 3aCTOCYBaHHS SIKOIO y PI3HHMX
chepax IIsIIBHOCTI ONMpallbOBaHa 1HO3EMHUMU Ta BITYM3HSHUMHU (DaxiBIsiMU. Pazom 3
THUM, HHUHI Te€OolH(opMaliiiHI CUCTEMH y cepax HALIOHATBHOI O€3MeKu Ta 00OpPOHH
PO3MIISIIAIOTECS TIEPEBAXHO SIK CHUCTEMH JUJIsl arperaiii, Karajori3alli, OIlHKH,
Bi3yalizallii Ta Imepeiadi JaHUX MPO TPHUPOJHI 1 AHTPONOTEHHI OO0 €KTH, IO
3HAXOJAThCS HA TOBEpXHI 3emili Ta B MOBITPSHOMY IMpocTopi. HaBkomozeMHui
kocmiunuit mpoctip (H3KII) Ta gitoui B HhOMY opOiTanbHi yrpynoBanHs KA y
BITUM3HSHIN MPAKTHULl HE PO3TIIAIAIOTHCA K 00’ €KTH T€ONMPOCTOPOBOTO aHANI3y Ta
reoiHOpMalifHOTO MOJICTIOBAHHS, SKI JIMIIE eMi30JUYHO 3aCTOCOBYIOTHCS SIK
MeToau nociimkenas 3apanTaxenocti H3KIT kocMidHUM CMITTAM.

VY nomoBiAl Ha MiACTaBl aHai3y CY4YaCHOrO 1HO3EMHOIO Ta BITUM3HSHOTO
JOCBiy (OpMyBaHHS KOCMIYHOI CHUTYaliiHOI 0013HAHOCTI, JIOCBiY 3aCTOCYBaHHS
reoiHpopMaliifHOTO  MIAXOAYy Ta  TMPOBEACHHS  TI'EOMPOCTOPOBOTO  aHAII3Y
OOTpYHTOBaHI  MPOMO3HINT 100  1H(QOPMAIIHHO-MOACIIOI0YOT0  KOMIUIEKCY
kocMmiyHoi cutyaiiinoi o0i3HaHocTi (IMK KcCO) gk cykymHOCTI MiATOTOBJIEHOTO
NepcoHaly Ta MporpamMHO-anmapaTHUX 3aco0iB g  1H(opMaliiiHO-aHATI TUYHOT
NIATPUMKA TPUUHATTS pillleHb y cdepax HalloHaJIbHOI Oe3neku Ta OOOpOHU 3
BUKOPUCTAHHAM KOCMIYHOI 1H(pOpMaIlli, KOCMIYHUX NPOAYKTIB, KOCMIYHUX MOCTYT.

Maketr IMK KcCO y cknaai indopmaIiiiHo-aHAIITUHYHOTO Ta 1HPOPMAIIIfHO-
MOJICITIOIOYOTO  TPOTPAMHO-TEXHIYHMX  KOMIUICKCIB, SKHW  CTBOpPEHUH 13
BUKOPUCTAHHAM JIOCTYMHUX 1HGOpMAIIMHUX pecypciB 1  Cremiaai3oBaHUX
MPOrpaMHUX MPOAYKTIB, I03BOJISIE€ BUPIIIYBATH TaKl OCHOBHI 3aBJaHHS:

OTpUMaHHs (I0OyBaHHS) PI3HOPIAHOT KOOPAMHATHOI Ta HEKOOPIAUHATHOL
iH(opMallii 1mo/10 CBITOBOT KOCMIYHOI MiSUTBHOCTI, ii aHami3, cuUcTeMmaTu3allis W
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y3arajJbHEHHS, IPOrHO3YBAHHS PO3BUTKY KOCMIYHOT OOCTAHOBKH JUIsl 3a0€3MEUECHHS
KOCMIYHOI CUTYaIliiiHOi 0013HaHOCTI OpraHiB JEP>KaBHOTO 1 BIICHKOBOTO YIPABIIIHHS
CTPATET14YHOT0, ONIEPATUBHOTO 1 TAKTUYHOTO PIBHIB;

JOCIIJIKEHHS, y3araJIbHeHHsSI Ta MPOTHO3YBAHHSA PO3BUTKY KOCMIYHUX CHUCTEM
(KOMITJIEKCiB) pi3HOTO (DYHKIIIOHAJIBLHOTO IPHU3HAYCHHS (HacamIepes — PO3BIJIKH,
JTUCTAHIIIAHOTO 30HIYBAaHHS 3€MJIi, TEJIEKOMYHIKAIIWHUX, HABITAIlIHHUX TOIIO), iX
opOiTaThbHUX 1 HA3eMHUX CKJIQJOBUX YaCTUH [JI OIIHKKM MOKJIMBOCTEH
BUKOPHCTaHHSA B IHTEpecax HalllOHAJIbHOI Oe3meku Ta oO0OpoHM YKpaiHu, a 3a

Busznauatotbest minboBi  ¢pyskiii IMK KcCO: iHdopmariiino-aHamiTHUYHA
(MOHITOPHMHT CBITOBOi KOCMIYHOI JiSUILHOCTI B IHTEpecax HaIllOHAJbHOI Oe3IMeKH Ta
000pOHH);MO/IeNIIOI0Ya  (MOJICTTIOBAHHS TPOLIECIB  3aCTOCYBaHHS (BUKOPUCTAHHS)
KOCMIYHUX CHUCTEM (KOMILJIEKCIB) PI3HOTO MPU3HAYEHHS );[IPOTHOCTUYHA (BpaXyBaHHs
NEPCIEKTUB PO3BUTKY KOCMIYHOI JISUIBHOCTI B Tally3sX HAl[lOHAJIBHOI O€3MeKu Ta
00OOpOHM 1 BUKOPUCTaHHS B NPAKTUIl KOCMIYHOI IISJIBHOCTI CYYaCHHUX HAYKOBHX
JOCSITHEHb Ta 1HHOBALIMHUX TEXHOJIOTH); TpaHcdopmaniiiHa (BiaOip 1 METOOUYHE
OTpAIIOBaHHSI Cy4YaCHUX HAYKOBUX JOCATHEHb KOCMIYHOI MISUTBHOCTI B cdepax
HAI[IOHAJIbHOI O€3MeKu Ta 000POHU, HAJIAHHS PEKOMEHAALIN 111010 iX yNpOBaIKEHHS
B MIPAKTUKY); IHPOPMaIIHHO-KOPUTYBaJbHA (KOpPETYBaHHS Ta OHOBJICHHS 1H(GOpMAITii,
sgKa TOCTIMHO 3MIHIOETBCS y PE3yNbTaTi PO3BUTKY HAyKH, Ta BIPOBAKCHHS
KOCMIYHUX 1H(GOpMAaIIHHO-KOMYHIKAIIIHHUX TEXHOJIOT1i); M1arHOCTUYHA (CUCTEMHUI
MOHITOPUHI IJIOBUX NPOLECIB, PIBHA 3HAaHb, yMIHb 1 HaBHUYOK (axiBLIB 1
KEpIBHUKIB, pO3pPOOJEHHS HAyKOBO-OOIPYHTOBAaHMX pEKOMEHJAUld moa0 iX
YIOCKOHAJIEHH); HAyKOBO-T€XHIYHA (CHCTEMHI KOCMIYHI JOCHIIKEHHS B cdepi
HaIllOHATBHOI Oe3MeKn Ta OOOpPOHM, YJOCKOHAJIEHHS I pPO3pOOJICHHS METO/IIB,
croco0iB 1 3aco0iB  KOCMIYHOI  CHUTyalliiHOT  0013HAHOCTI, 3aCTOCYBaHHS
(BUKOPHUCTaHHS) KOCMIYHUX CUCTEM 1 TEXHOJIOT1i).

B nomnoBial HaBeneHO MPUKIAIUM OTPUMAHMX pE3YJIbTaTIB BUKOPUCTAHHS
IMK KcCO, nepeBaxkHo st aHamizy opOiTanbHUX yrpynoBaHb P® sk ocHOBU
KOCMIYHOI CUTYaIliliHOT 0013HaHOCTI MPO KOCMIYHY CKJIAJIOBY POCIHCHKOT arpecii.
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Ilexapes /J.B., k.T.H., C. H. C.
Cexkiis npukiagaux npoosiem [Ipesuaii HAH Ykpainu
M. KuiB
KOHIIEHTYAJIBHI/Iﬁ HNIAXIA 10 BPAXYBAHHS 3AT'PO3 Y
KOCMIYHIN C®EPI B IHTEPECAX BE3IIEKH TA OBOPOHHU JTEP/KABUA

CyyacHHMI CBIT XapaKTEPHU3YEThCA CTPIMKHM PO3BUTKOM i1H(OpMaIIHUX
TEXHOJIOT1, pO3pOOJIEHHSM, CTBOPEHHSIM Ta 3aCTOCYBaHHSAM (BHUKOPHUCTAHHSIM)
BHCOKOTEXHOJIOTTYHUX CHUCTEM 1 3aCO0IB JIJIsl 3a0e3MeUeHHs ICHYBaHHS Ta JISUIbHOCTI
mojicTBa y pidHUX cdepax. ONHIEI0 3 TaKUX OCHOBHUX Ta MEPCHEKTUBHUX cdep €
KocMIuHa. [l po3BUTKY O€3MEKOBUX Ta OOOPOHHHMX CHPOMOXKHOCTEW HalIoi
JIepKaBU 3 ypaxyBaHHSIM i1 MOXJIMBOCTEW Ha PUHKY KOCMIYHUX MOCIYT, KOCMIYHOI
JISJIBHOCT1 1HO3EMHHX Jep)KaB, HEOE3NMeK KOCMIYHOTO CEpeaOoBHINA, HEOOX1THOCTI
3a0€3MeUeHHs] KOCMIYHOT CUTYaIliiiHoi 0013HAaHOCT1 0Ci0, AKI MPUHAMAIOTh PIllICHHSA
II0JI0 HAIlIOHAJIBHOI O€3MeKH Ta 0OOPOHM JIepKaBH, JOIIBHO PO3TJISHYTH MUTAHHS
OILIIHIOBAHHSI PIBHA 3arpo3 y KOCMiuHIN cdepi 3 METOIO X BpaXxyBaHHSI Ta MOJANbIIIOT
HelTpai3anii a00 3MEHIIIEHHS HACIIIIKIB.

CTpiIMKHUI PO3BUTOK KOCMIYHMX TEXHOJIOTIH, IO MOB’s3aH1 3 KOMEPLIHHOIO,
JOCTIAHUIBKOI0, 1H(QOpPMAIIiHOIO, TEIEKOMYHIKAIIIHOIO, BICHKOBOIO Ta IHIIMMH
rajy3sMH 1HO3EMHUX JIep:KaB, 00YMOBITIOE€ 3pOCTaHHS KIJTLKOCTI P13HOPITHUX 3arpo3
y KOCMI4Hi# cdepi Ta MOpoKye iX TpaHCHOpMAIIiio.

[lutaHHIO AOCTIPKEHHS BIUTUBY PI3HUX 3a XapaKTepOM Ta MOXOHKCHHIM
3arpo3 Ha KUTTEAISUIBHICTD JIFOJCTBA MPUALISETHCS 0araTo yBaru, OJHaK OUIBIIICTb
TaKUX POOIT MPHUCBSIYEHO JOCHIIKEHHIO 3arpo3 B OKPEMHUX acCleKTaX KOCMIYHOI
cthepu:

IOPUIUIHOMY — 3aCTOCYBAaHHSI KOCMIYHOTO MPOCTOPY CYTO 3 MUPHOIO METOIO,
3aro0iraHHs PO3MOBCIOIKEHHIO 30p0i Yy KOCMOCI;

E€KOHOMIYHOMY — 3arpo3u y KOCMIYHiN cdepl 3 TOUKH 30py 3amoOiraHHs
€KOHOMIYHHMX BTpaT, IO BHHHUKAIOTH MiJ 4Yac peami3aiii KOCMIYHHMX MPOEKTIB Ta
nporpam (MUTaHHA “KOCMIYHOI €KOHOMIKK);

€KOJIOTITYHOMY — €KOJIOT1YHI MpoO0JieMH, 110 BUHUKAIOTh MPU BUKOPUCTAHHI
PaKETHO-KOCMIYHOI TEXHIKH;

ACTPOHOMIYHOMY — acTEepOiMHO-KOMETHa HeOe3mneKa, KOCMiYHa TIoroja,
npobiemMa “KOCMIYHOTO CMITTS TOIIIO;

BIICBKOBOMY — “KOCMIYHMI TepOpu3M~ Ta BUKOPUCTAHHS KOCMIYHOTO
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POCTOPY 3 BIHMCBbKOBOIO MeTo0 ((I3MYHUN BJIMB Ha KOCMIYHI amapari,
iH(opMaliiitHa IPOTHIS TOIIIO).

Takum 4rHOM, BU3HAYECHHS MIIXO0/IB JO CUCTEMHOTO aHali3y 1 Kiacudikarii
3arpo3 (HeOe3mek) y KOCMIiuHIM cdepi Ta iX IHTETpaJbHOTO OI[IHIOBAHHA MJIs
3a0e3MeyYeHHs] MPOTHO3YBAHHS PO3BUTKY CHUTYyallli Ta BpaxyBaHHs (HeHTpamizarlii)
3a3HAYCHUX 3arpo3 3 TOYKU 30py Oe3mekw Ta OOOpPOHU JEep)KaBU € aKTyaJbHUM
3aBJIaHHSM.

VY nomoBijii 3anmponoOHOBAHO MiAX1J] A0 BpaxyBaHHS 3arpo3 Y KOCMIiuHIH cdepi,
0 CIpHsi€ 3a0€3MEUCHHI0 KOCMIYHOI CUTYaIlIHOT 0013HAHOCTI 0OC10, K1 MPUINMAIOTh
pillIEeHHs 1IOAO0 HAaIlOHAJIBHOI O€3MeKu Ta 00OpoHM JepkaBu. BiH ckiagaeTbes 3
CUCTEMHOT0 aHalli3y ICHYyIoUMX (BIJOMHUX) Ta HOBHMX (BHHUKAIOUYMX) 3arpo3 y
KOCMIUHINA cdepi, iX Kiaacu@ikamii, IHTErpaIbHOIO OLIHIOBAHHSA O3HAaK 3arpo3 (rpyI
abo KJaciB 3arpo3), MPOTHO3YBaHHA PO3BUTKY HeEOE3MeKH Ta BUPOOJICHHS
MIPOTIO3HUIIIH 1100 MPOTHU/IIT 3arpo3aM 13 3aCTOCYBAHHIM HasSIBHUX CHUJI 1 3aCO0IB.

Ha miacraBi anamizy BIigOMUX cHCTeM Kkjiacudikaiii s 1mo0ynoBu
kiacudikaropa 3arpo3 'y KocMiuHid cdepi  oOpaHo (daceTHy cucremy.
3anpomnoHOBaHUN MIAXiA A0 KiIacudikaili, y TMO€IHaHHI 3 KOMIUIEKCHUM
BpaxyBaHHSIM OO0 €KTIB BIUIUBY 3 PI3HUX acCHEKTIB KOCMIYHOI cepu (FOpUIUYHOrO,
€KOHOMIYHOT'0, €KOJIOTIYHOTO, aCTPOHOMIYHOTO, BINCHKOBOI0), JO3BOJISIE TPOBOJUTH
IHTerpajibHe OIlIHIOBaHHS HeOe3neku (03HAK 3arpo3), BpPaXOBYIOYH BTOPWHHI
HACJIIKU Ta IMOBIPHUH “KackaaHuil ePeKT”’ BIUIUBY.

Hanano ¢yHKIIOHAIBHY MOJENbh CHCTEMH BpaxXyBaHHS 3arpo3 y KOCMIYHIN
chepi, cTpykTypy acetHoro kiacudikaropa 3a3HAYEHUX 3arpo3 Ta MPUKIA]
nooynoBu rpadoBoi MojeNl  MOMIMPEHHS 3arpo3d  MOMJIMBOTO  3HUIIEHHS
BITUM3HSHOTO KOCMIYHOTO arapara 3a BCiMa acrekTaMu KocMiuHoi cdepu. HaBeaeno
MIJIXOMM IO EKCIIEPTHOTO OIIHIOBAaHHS BU3HAYCHHS BarW acleKTiB 3 TOYKU 30Dy
HaIllOHAIBHOI O€3IeKH, BU3HAYECHHS CTPYKTYPH 1€pApXidHOi CHCTEMH KpHUTEpIiB
OIIHIOBAHHSI TIONIMPEHHSI 3arpo3d Ta MOJICIIOBAHHS 3MIHM TIOKA3HHKIB AaCIEKTIB
KOCMIYHOI cdepu Tpu momupeHHl 3arpo3r. OKpecleHO MOoAanbIll IUISIXH
JTOCTIDKEHHST I0JI0  KOHKPETH3allii CKJIaJ0BHX 3alpOIOHOBAHOTO  MiAXO.Y:
Kkjacu@ikamli Ta OIIHIOBaHHS BIIOMHUX 3arpo3 y KOCMIYHIN cdepl, MPOrHO3yBaHHS

PO3BUTKY cUTYallli i BUpOOJIEHHS MPOTO3HUIIIH 1Jisl iX BpaxyBaHHs (HEHTpasizallii).
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IIponanuyk B.I., Apradaes 10.3.
BiticekoBa yactuaa A4566
m.Kuis

CYUYACHA MOBLIBHA CUCTEMA TEOITPOCTOPOBOI PO3BIJIKH

HecrabinpHicTh MIKHAPOIHOI OOCTAaHOBKHM Yy CBITI, JIOKaJbHI KOHQIIKTH,
KatacTpodu Ta CTUXIMHI JMXa 3MIHWIM [PUHIMI KapTtorpadyBaHHS, SKHUN
(hOPMYITIOETHCS TaK: «KOJU HEOOXiTHO i 1e HeoOXiTHO.

Lle#t mpuHLUIT JO3BOJISIE ONMEPATHBHO B peajlbHOMY 4aci MPUHAMATH BasKIUBI
pIILIEHHS 11010 JIOKaTi3allii 3arpo3.

Y CIIJA ue 3aBnanHs Bupinrye HarioHanpHE yHpaBiiHHS T'€OMPOCTOPOBOL
po3Binku (HYI'P), mo BXxoauTh 10 ckiaay po3BiIyBajdbHUX CIy>KO MiHicTepcTBa
o6oponu CIIA. O¢imiitno HYT'P € 6oiioBumM ynpasiiHHsIM MiHicTepcTBa 000pOHHU 1
BI/IMOBIa€ 3a reoindopMaiiiitne 3a0e3neueHHs 30pOUHUX CHJL.

VY pi3HuX perioHax Oe3nocepeHbOro po3BUTky nojaii HYI'P mae moxiuBicTh
dbopMyBaTH KOMaH]IHI IIEHTPHU, OCHAIEHI MOOUIBHUMHU 1HTEIPOBAHUMHU CHCTEMaMHU
reornpoctopoBoi pos3Bigku (MIGS - Mobile Integrated Geospatial-Intelligence
System). Ilpu3HaueHi ajis BUKOPUCTAHHS B yMoOBaX OOWOBOI OOCTaHOBKHM, BOHU
MOXXYTh PO3MIIILYBAaTUCS HAa aBTOMOOIIRHOMY IIaci Ta CTalllOHAPHO Yy OYyIb-sIKOMY
MICIIL.

HesBaxaroun Ha Te mo HYI'P cnowarky mpusHayanocss B OCHOBHOMY IS
BUKOHAHHS (QYHKUIA 10 00poOIl pe3yabTaTiB BHJIOBUW PO3BIOAKH TEPUTOPIi
3apyO1’KHUX KpaiH, BOHO BCE YACTIlI€ 3a1y4aeTbCsl JIS BUPIIICHHS 3aBlaHb, 110
BUHUKAIOTh MPU HAJA3BUUYAWHUX cuTyalisx B camux CIIIA.

[Tin wac cruxiitHoro nuxa B HoBomy Opneani, sKke COPUYMHWINA yparaHu
«Katpina» 1 «Puta» O0yB chopmoBaHu MOOITFHUN KOMAaHIHUMN IIEHTP OCHAIEHUMN
MIGS II 3 OHOBIIEHUM TEXHOJOTIYHUM OOJIaJIHAHHSIM, JUIsl IPOBEACHHS PATYBAJIbHO-
MOIIYKOBHX POOIT Ta JIOKaJi3allii ocepeaKy cTuxii puc.l.

Pucynok 2 — Mo6inbHuil MyHKT cucteMu reonpoctopoBoi po3Biaku MIGS 11, posropayra B paiioHi
cTuxiifHoro nuxa B M. HoBuit Opnean
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[lepuri 300pakeHHs paiioHIB cTuxiiHOoro nmxa B HoBomy Opieani, 1o
BiIOOpakaroTh WOTO CIIpaBXKHI MacimTadu, Oynu miarotorieHi st ypsamy CIIA 3a
JonoMororo Iiei cuctemMu. Jami Ha 11 poboumx Micusax QopMmyBaimcs TpadiyuHi
JIOKYMEHTH, 110 JO3BOJIAJIO MIBUIKO BU3HAYUTH AKICHI Ta KUIBKICHI XapaKTePUCTUKU
3aIMoJIisSIHOT PET10HY 30MTKY Ta HaJaBaTU OE3MOCEPETHIO J0MOMOTY MOCTPAKIATIUM.

BaxumBum kommnonentom MIGS € amaparypa omnepaTMBHOTO MNpPUKAOMY
KOCMIYHUX 300pakeHb, O CKJIQAY SIKO1 BXOJUThH IUCKOBA aHTEHA JiaMeTpoM 2,45 M.
3aBAgKM 11H amapaTypi BiiiCbKOB1 Tonorpadu NpakTUYHO B PEATbHOMY PEXHUMI 4acy
MOXXYTh aHAJII3yBaTH OTPHMMaHI KOCMIYHI 3HIMKH, a HA OCHOBI 3aBYaCHO CTBOPEHHX
KapT opMyBaTH creriaabHi Tonorpadiydi JOKYMEHTH, 110 BiI0OpakaloTh MOTOYHY
OIepaTUBHY 0OCTaHOBKY.

OCHOBOIO JIJIs1 IPUUHATTS PIIIEHb Ta MPOTHO3YBAHHS MOAIN € iHdOopMaIltis, aKa
CKJIQJIAETHCS 3 PI3HUX JTAHUX.

Yu MOXHaA CTBOPUTH B YKpaiHi NOA10H1 UEHTpH?

S1 BBaxkaro, 1110 MOXKHa.

VkpaiHa KocMiuyHa JepkaBa, HamioHanbHUH I1EHTp yOpPABIIHHSA —Ta
BUNPOOYBaHb KOCMIYHMX 3aCO01B BOJIOJII€ BETUKUM OaHKOM JlaHWX matepiainiB J[33,
KpIM TOro MoxkHa mianucatu psag yrof 3 CIIA, BennkobpuraHi€ro mo0 OTpUMaHHs
JOIATKOBUX JIaHUX HA TIEBHI palOHU B PEXUMI PEATbHOrO0 Yacy Ta 3aKyNMHUTH
BIJINOBIIHE 00JIaIHAHHS ¥ TIpOrpaMHe 3a0€3MeUeHHS.

Tonorpadiuna ciuyx6a 30poitHux cun Ta JlepkaBHa ciyk0a reonesii
kaprorpadii 1 KagacTpy Mae BeJIMYE3HUI OaHK TaHUX KapTorpadiuHoi iHdopmarlii.

Takox MOXHa PO3BUBATH OE3MUIIOTHY aBialliio 3 MIABICOM sl HAOOPY JTaHMX,
BIIPOBA)KYBATH HOBITHI aHAJIITUYHI TUIATQPOPMHU Ta CTBOPIOBATH HOBI POOOU1 MICIIS.

[IpoGnema CTBOpeHHs, MIAMOPSAAKYBAHHSA, TMOPSAKY poOOTH, HaJaHHS
iH(dopmarrii, poOOTH eKCHEpPTIB 3 OI[IHKM OOCTaHOBKM Ta (hOpMYBaHHS MPOMO3HUIIIN

ypsly HaJEKUTh J0 KOMIIETEHIII caMoro ypsay 1 moTpedye po3risay Ha 3acilaHHi
PHBOY.
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Pakymes M.IO., 1.17.H., c.H.c.; JIaBppinuyk O.B., k.T.H., C.H.C
HamionansHuii yHiBepcuTeT 000poHu YKpainu iMeHi IBana YepHAXOBCHKOTO
M. Kuis

IHTETPYBAHHSA CTABIVII3OBAHUX TU®EPEHIIAJIBHUX PIBHAHD
PYXY KOCMIYHHUX AITAPATIB HA OCHOBI JTUPEPEHIHIAJIBHO-
TEUJOPIBCHKHUX IEPETBOPEHb

[Ipouenypa mporHo3yBaHHs pyxy kocmiuHux amapatiB (KA) € HeBig’ eMHOIO
CKJIQIOBOI0 TMPOTPAaMHUX KOMIUIEKCIB, SIKI TpHU3HAU€Hl MJisi PIIIEHHS 3aBlaHb
noB’s3aHUX 3 opOiTanbHUM noJaboToM KA. XapakTepucTuku Takoi mpolenypu
BU3HAUYAIOThCA: BUAOM JuepeHiianbHoro piBHsaHHA pyxy KA ta oOpanum merogom
fioro pimeHHs. JlJis BACOKOTOUYHOTO MPOrHO3yBaHHA pyXy KA OCHOBHUMU € YHMCIIOBI
MEeTOAH 1HTerpyBaHHsA. OJHUM 3 MNEPCIEKTUBHUX MIAXOIIB JJIS PO3POOKU YUCIOBHX
METO/IB 1HTErpyBaHHS JudepeHuianbHuX piBHAHb pyXy KA € BuKOpucCTaHH:A
MaTE€MaTUYHOT0 anapary AudepeniianbHo-TernnopiBcbkux (1 T) nepeTBopeHs.

UucnoBe iHTErpyBaHHsI MOB’S3aHE 3 HACTYMHUMHM CKJIaJHOIIAMH. YMCIOBUI
IPOLEC Ha KOKHOMY KpOILll HEMUHYUY€ IPOAYKYE HAKOMMUEHHS TOXUOOK OKPYIJICHHS.
Kpim Toro, piBHsHHS pyxy KA Hecrtiiiki mo JIsSmyHOBY, 110 J1OJaTKOBO CTBOPIOE
CHPUATINBI YMOBHU JUI MIJICUICHHS PI3HOMAHITHUX MOXUOOK. Tomy Juisl UMCIOBOTO
IHTErpyBaHHs IepeBary BiAJaIOTh CTIMKUM pIBHAHHAM. OJHHUM 3 HpPOCTUX, aje
MOTYKHUX METOJIB cTabumizaimii Ayl 3amadi mporHo3yBaHHa pyxy KA e meron
baymrapra. MeTton 3acHOBaHMII Ha BBEJEHHI B JU(epeHLIabHI PIBHSHHA PYXY
CTaOUTI3yIOUMX YJIEHIB, SIKI KOMIIEHCYIOTh BIAXWUJIEHHS YHCIOBOTO PIIICHHS BiJ
JIeSIKOT OTIOPHOI 1HTErpaJibHOI TOBepXHi. He3Baxkaroum Ha Te, MI0 Micisl cTadimizamii
PIBHSIHHSI CTaHOBJISTHCS CKJIAQMHINIE 1 MOTPEOYIOTh OUIBIIOTO 00CATY OOUYHCIIEHB,
BOHHM, JUIS I€AKUX 3a/lad NpOoTrHO3yBaHHS pyXy KA n03BOJIAIOTH 3HAYHO MIABUILUTH
OTEpPATUBHICTh I1HTErPYBaHHSA, TaK SK CTa0UIi3amist J03BOJISIE 30UIBIIMTH KPOK
IHTErpyBaHHs, 30epiralouu Npu LbOMY TOYHICTh YUCJIOBOIO PIILICHHS.

VY nonoBial po3risAAalOThCS YUCIOBI METOAM I1HTErpyBaHHS CTaO1I130BaHUX
mugepenuianbHux piBHSAHb pyxy KA 3a meromom baymrapra siki po3poOseHi Ha
ocHoBi /[ T-iepeTBOpeHb.

3anponoHOBaHO aJalTUBHI 32 KPOKOM Ta MOPSAIKOM METOAM IHTErpyBaHHS
cTabuTI30BaHUX JAU(PEPEHINIATBPHUX PIBHSIHL PYXy KOCMIYHUX amapariB Ha OCHOBI
JT-neperBopenb. Po3po061eHO THIIOBI alTOPUTMH JIJIS 3aIIPOTIOHOBAHUX METO/IIB.

PosrasiHyTo nuTanHsa po3poOku npoieayp nporHosyBaHus pyxy KA na EOM
Ha 3alPOMOHOBAHUX IMIAXO0aX.
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Pe3nik /I.B., kaH[. BiliCbK. HayK;

JleBuenko M.A., KaH]l. BINCbK. HAyK., TOIICHT

Hamionanenuii yHiBepcuteT 000poHU YKpainu imeHi [Bana YepHAXOBCHKOTO
M. KuiB

MIIBUIIEHHSA EOEKTUBHOCTI B3AEMOIi BOMOBUX CUCTEM
[IJISIXOM BIPOBAKEHHSI MOJEJI Y3T'O/UKEHOT B3AEMOIIT

B cygacHiii BiiiHI OOpOoTHOl 3 TOBITPSHO-KOCMIYHHUM IPOTUBHUKOM
BIJIBOJIUTHCS JTy>)KE€ Ba)KJIMBa POJib, KA MOKJIAJAETHCS Ha CUCTEMY MPOTHUIOBITPSIHOI
000poHU. OCHOBHOIO BOTHEBOIO CUJIOI0 CUCTEMU MPOTUIIOBITPSHOT 000POHU € OOHOBI
CUCTEMHU fK1 CIUIBHUMHU JIISIMM BUKOHYIOTh OCHOBHI ii 3aBJaHHS, a CaM€ 3HMILECHHS
3ac001B MOBITPSHO-KOCMIYHOT'O HAIMay IPOTUBHHUKA.

[IpoGnema opranizamii B3aeMoAll Mixk OOHOBUMHU CHUCTEMaMHU Iy>K€ CKJIaJHA,
TaKk SK XapakTep Ta cmocobm ix 3acTocyBaHHS B3aemosanexHi. Kpim Toro,
€(EeKTUBHICTb CIIJIIBHOTO 3aCTOCYBaHHS OOMOBUX CUCTEM 3aJIEKUTh BiJ MacmTady Ta
XapakTtepy il NOpoTHOOpUOi CTOPOHM, CKIIaay Ta OOHOBHX MOXKJIMBOCTEH
B3a€EMOJIIIOUNX OOMOBUX CHCTEM, YMOB 3aCTOCYBaHHSI TOLIO. Yc€ 1€ HEOOX1THO
BpPaxOBYBATH NP OpraHizailii Ta 3A11CHEHH] B3a€EMO/I1i OOMOBUX CHUCTEM.

Tomy HE0OXiTHO TPOBECTH OILIHUTU €(PEKTUBHICTH IHTETpallli 00HOBUX CUCTEM
3 ypaxyBaHHSM Y3TOJKEHOCTI iX iHTepeciB. OTxe, iHTEerpaiis O00HOBHUX CHCTEM B
OJIHII 30H1 3aCTOCYBaHHSI, BIATIOBIHO JIO TEOPil CUCTEM, MA€ JIOJATKOBUN CUCTEMHUMN
e(eKT - eMepHKEHTHICTh. {1 miaBUINEHHS e(peKTUBHOCTI 00MOBUX i, HEOOX1THO
30UTBIITYBATH 1€l CUCTEMHUM €PEeKT, SIKUW MPOTMOPIIIAHO 3aJIeKUTh BiJ €(hEeKTUBHOI
B3a€MOIl €JIE€MEHTIB CUCTEMH. Aje 30UIBIIMTH MOJKHA JIMIIE T, IO IAAAcTHCS
BUMIPY, B CHJy YOro HEOOXIJHO MAaTH TMOPIBHSJIBHY OIIIHKY €(QEeKTUBHOCTI
MPOTUIIOBITPSIHOT 000POHU Yepe3 ePEeKTUBHICTh B3aEMO/I1i OOMOBHUX CUCTEM.

[IuTaHHAMH OLIHKK €(EKTHUBHOCTI MPOTUIOBITPSHOI OOOpPOHM B LIJIOMY Ta
B3a€EMOJIIi Oe3mocepeiHbO, a TaKoX MOIYyKy edexkTtuBHHX ¢GopMm i peanizaiii,
npuCBAYeHI poOOTH OaraThoX (axiBIiB. AJie, HE3BaXKalOUM HaA 3alIKABJIEHICTh
0aratboX AOCHITHUKIB O B3a€MOJIi, MOIIYKY e(pekTUBHHX (QopM ii peanizauii Ta
OILIHKK, TIpo0jemMa OIHKA e()EeKTUBHOCTI MPOTUIIOBITPSHOT OOOpPOHU uepe3
B3a€EMOJIi0 OOMOBHX CHCTEM IOBHICTIO HE BHUpiIeHA. B cydacHMX DOCIIDKEHHSIX
MOJICJIFOBAHHS TIPOIIECY B3a€MOJIIT B OCHOBHOMY MPOBOJUTHCA y c(pepi EKOHOMIKH, B
BIMCHKOBIN cdepi mpolec B3aEMOJIT PO3IIIAIAE€THCA K TBOPUYUN MPOIEC JISITBHOCTI
KOMaHAupa, ajie 31 30UIbIICHHSAM BXITHMX JaHMX iX IIBHAKICHUMH 3MiHAaMH Ta
3MEHIIICHHSIM TIPOCTOPY B3a€EMOIi - BUHHMKAE MOTpeda B MIATPUMIN NPUAHSATTS
pilIEHHS KOMaHAMPY 3 Y3TO/DKEHHS IHTEPECIB YCIX €JIEMEHTIB, IO B3a€MOJIIOTH.
Jlanuii HanpsIMOK JOCIIIXKEHHSI MPOIECY Y3TOJKEHOT B3aeMOJIi OOMOBUX CHCTEM
BHUBUYEHO HEJIOCTATHEO.

Tomy MeTOI0 JOMOBiAI € TOAANBIINN PO3BUTOK METOJIB Y3rOJI)KEHOTO
yHOpaBiiHHSI OOWOBMMH CHUCTEMAaMHM, 3aCHOBAaHOTO Ha OJHOYACHOMY BH3HAYEHHI
GyHKLIA CTUMYTIOBAHHS 1 BEJIMYMH 3MiHM NapameTpiB (YHKIIIOHYBAaHHS €JIEMEHTIB,
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IIpU peastizallii SKuxX 3a0e3MeuyeThCcsl OTPUMAHHS KOXHUM €JIEMEHTOM J0JIaTKOBOTO
edeKTy, KU KOMIICHCYE MOXIIMBI BTpaTH (BUTpPATH) MPU BUKOHAHHI MOCTABICHHUX
3aBlIaHb, a TaKOXX BUKOPHUCTAHHS OTPUMAHMX pE3yJbTaTiB HAa MPAKTHII TMpHU
yIpaBJIiHHI peaJIbHUMU OOMOBUMHU CUCTEMaMH.

Jlns  aHamizy BHUTpar (BTpar), HEOOXIAHUX [JIsS Y3TOJKCHHS 1HTEpEecCiB
CJIEMEHTIB CHUCTEMHU, MOXKJIMBO PO3POOUTH €IMHUHN MiaXiA. Y JOMOBiIAI HABOIUTHCS
HUIAX JOCTIIPKEHHS TOJAATKOBOTO (CHHEPTeTUYHOTO) €PEKTY SKUW OTPUMYE CUCTEMA
1 €JIeMEHTH TIpu Yy3ro/KeHIH B3aeMOJll, a TakOoX BTpaTH (BUTpPATH) KOXKHOIO
eJIeMEeHTa MpPU BUKOHAHHI MOCTaBJIEHOTO 3aBaaHHs. OJHaK peaizallis y3roJIKeHOl
B3a€EMOJIII B CHCTEMI MOXJIMBA TITBKH B TOMY BHIMAJAKY, SKIIO JOJATKOBUN
(cunepreTnyHHil) e(eKT BCIX €IEMEHTIB BiJl y3TO/DKEHO! B3a€MOJIl MEPEeBHILYE X
BUTpATH (BTpaTtH). SAKIIO kK AOJATKOBUN (CHHEPreTUYHUN) e(DEeKT MEHIIEe BUTpaT
(BTpaT), TO y3ro/I>KeHa B3a€MOJIisl B CUCTEMI, MIPU TAHUX NapaMeTpax, Hee(eKTUBHa 1
CJIEMCHTH ITOBHHHI BUKOHYBATH 3aBJIaHHS OKPEMO.

JIoCHiKeHHS Y3TOJIKEHOI B3aEMOJIi TIPOBOJUTHCS Ha MOJIEII OararoeieMEHTHOT

CHCTEMH SIKa BKJTFOUAE KEPYIOUy MJICUCTEMY BEPXHBOTO PIBHS — YIIPABJISIFOUMH €JIEMEHT 1
KEpOBaHI TIJICUCTEMH HW)KHBOTO PIBHS - aKTHBHI OOMOBI €JIE€MEHTH, 110 BUKOHYIOThH
3aBJaHHS 3a €IMHUM 3amHciioM. KomMaHmHMI TIEHTp KOOPAUHYE POOOTY €JIeMEHTIB
BUJIAlOYM iM IUJIaH, 3aBJIaHHS Ta CTUMYJIIOIOYl Jii (BceOluHe 3a0e3MeUeHHs), a aKTHBHI
OOMOBI1 €JIeMEHTU 3/1MCHIOIOTh peali3allilo IUX 3aBjaHb, BU3HAYAIOUW MPHU I[LOMY CBOT
(bakTHYHI CTaHU Ta MMO3UILIii BIACHUX 1HTEPECIB.

Takum 4YMHOM, MHOXXMHA MEXaHI3MIB B3a€MOJIli MOBMHHA BUOUpaTHCA 1 3
TOYKM 30pYy LUIbOBOI (YHKIT KOMaHIHOTO WUEHTPY, 1 3 TOYKH 30py LIIbOBUX
byHKIIH 00ioBUX eaeMeHTIB. J[JIs mboro HeoOXiHO, MO0 MEPEeTUHATUCS MHOKUHH
CTUMYJIIOIOYMX BIUIMBIB, Y3TO/DKEHHMX 3a 3arajbHUM 3aMUCIIOM 3 TO3MIT IUTHOBHX
byHKI11i 00HOBUX €IEMEHTIB 1 KOMaHIHOTO IIEHTPY.

B sikoCTi CTUMYINIOIOUWX BIUIUBIB MOXKYTh BUCTYIATH BCeOiUHE 3a0€3MEUEHHS,
ab0 CTUMYITIOBaHHS MOXKHA pealli3yBaT MOOIYHO, MIJISTXOM 3MIHU PI3HUX IMapaMeTpiB
Moenel PyHKIIIOHYBaHHSI OOMOBHX €JIEMEHTIB, HAPUKIIA/I, IUISIXOM MEePEPO3TOILITY
JIEW MK OOHOBUMH €JIEMEHTAMU.

OTxe, BUKOPUCTAHHS MOJEJNI Y3TOJKEHOI B3a€MOJli HAIACTh MOXKJIMBICTH
OI[IHUTU TIEPEBUILECHHS JOAATKOBOrO (CHHEPreTHYHOr0) e(eKTy BCIX €JIEMEHTIB
CUCTeMM HaJ iX BUTpaTaMu (BTpaTaMH) Ta MOXKJIHMBICTh IPOBECTU PO3PAXYHOK
e(EeKTUBHOCTI B3a€MO/I1 JIs1 pallloHAIbHOTO BUOOPY crocoOy il 3/1HCHEHHS.
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Pudauyk O.IL., x.1.1H., nonieHT; Ilivyrin M.®., K.BiliCbK.H., Tpodecop
XapkiBcbkuit HarioHabHUH yHiBepcuteT [loBiTpssanx Cuit imeHi [Bana Koxxemyba
M. XapkiB

METO/IUKA AHAJII3Y MOXKJUBOCTEM 3ACOBIB CIIOCTEPEKEHHSA
CUCTEMHU KOHTPOJIIO TA AHAJII3Y KOCMIYHOI OBCTAHOBKH

dopcoBaHe OCBOEHHS KOCMOCY SIK B MUPHHUX, TaK 1 B BOEHHUX IIIJISAX MPUBEIIO
70 MUTBHOTO 3a0pyMHEHHsS HABKOJO3E€MHHUX OpOIT KOCMIYHHUM CMITTSIM, SIKE BXKE
npenacTasiisge Beluky HeOesneky nirounm [1IC3. OctanHiM yacoM 3HAYHO MOCUIIHIIACH
TEHJIEHI[I MuTiTapu3aiii kocmocy. Taki mpoBigHi kpainu, sk CLIA, Kuta#t, [anis
3MIMCHUIN TOKAa30B1 BUMPOOYBaHHS MPOTUCYITYTHUKOBOI 30p0i, 10 MPUBEIIO, MEPIII
3a BCE, /IO TMOSBU BEJIMKOi KITBKOCTI VYJIAMKIB Ha HaBKOJO3E€MHHUX OpOiTax.
Hampuknaza, Xxmapa ynaMmkiB, sika 3’siBUJIacs B pe3yibTaTi IHIIHCHKOr0 BUIIPOOYBaHHS
IPOTUCYNYTHUKOBOI 30poi 27 Oepesnsa 2019 poky, Ha gaHUM yac CKIagaeThes 3 48
BIZIHOCHO BeJNUKUX (¢parmeHTiB (Oubmie 10 cMm), K BIACTEXKYIOThCA 3acobamu
SpaceSurveillanceNetwork  (SSN) 18  SpaceControlSquadron  (SPCS), #
HEBU3HAYCHOIO KUIBKICTIO MEHIIHX, JESKI 3 IUX YJIaMKIB MOXYTh HAOMMXKaTHCS Ha
HeOesneuny Biactanb A0 MKC #1 no iHmmx komepridHux Ta BidicbkoBux IIIC3.
3rilHO 3 pO3paxyHKaMHu, JlaHa 3arpo3a OyJe ICHyBaTU MPOTATOM POKY, a JEsKi
yIaMK{ 3aJHIIaTbcd Ha OpOITI HEe MeHI HLK Ha 2 poku. OTxke, KpaiHl, fKa
eKCIUTyaTye KOCMI4HI 3aco0u (abo TmiaHye e poOUTH HAUOIMKYMM Yacom),
HEOOXI1THO MaTH OINEpPaTUBHI JIaHl MPO KOCMIYHY OOCTaHOBKY B IHTEpecax, Mmepul 3a
BCe, 3a0e3IeucHHs 0e3IekH moaboTiB BiaacHux LIC3.

Kpim TOro, BpaxoByrOYM BHCOKHH CTYyMiHb 3aCEJIEHOCTI  HU3BKHX
HABKOJIO3EMHUX OpOIT, HUHI OCOOJMBOI 3HAUYIIOCTI HaOyBa€ BHUPIIICHHS 3aBlaHb
MPOTHO3YBaHHS PaoHIB MOXJIMBOTO maaiHHg ynamkiB [IIC3, siki mpuUnmuHUIN CBOE
icuyBaHHs. [locunennst Tenaeniii BurotosieHHs [1IC3 31 3HayHOIO Macow poOJAThH
1€ 3aBJIaHHS HAI3BUYAIHO BAXKJIMBUM 3 TOYKH 30py HAIIOHAJILHO1T OC3IEKH.

B Vkpaini Ha gaHuii 4ac roJIOBHUM JKEPENIOM KOOpAMHATHOI 1HopMaIlli mpo
IIC3 € BigkpuTa 4acTUHA Katalory, sikuid Benerbea 18 SPCS(tak 3BaHMil KaTayior
NORAD) i1 ny6nikyerbest B [aTepreri. Crig 3a3Ha4UTH, 1[0 TOYHICTh KOOPJAUHATHOI
iH(popMalii, 1m0 BIAKPUTO MYyONIKyeTbCs, € AyXKe HU3bKOW (mpubiauszHo | kM 3a
MOJIOKEHHSIM) W HE JI03BOJISIE BUPINTYBAaTH 3 MPUUHITHOIO SKICTIO TepepaxoBaHi
BHIIIC Ta 1HII 3aBJaHHs HaIllOHAJIBHOI O0€3MeKH, OB’ A3aH1 32 KOHTPOJIEM KOCMIYHOTO
npocropy (KKII). Inpopmanis npo neski HIC3 3acekpeuena i myOumikamii B Mexax
BIIKPUTOTO KAaTaJIOTy HE MiJIsTac.

Otxe, Ha JaHWi 4Yac icHye HEOOXIJHICTh B HaIllOHAJIBHIA Mepexi 3aco0iB
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KKII, mo cknamgaerbes 3 PJIC, ma3zepHuX, ONTUYHUX U ONTUKO-EJIEKTPOHHUX 3aC00iB,
Ta 3MOXE Yy pasi MmoTpeOM OTPUMYBATH SK KOOPIAWHATHY, TaK 1 HEKOOPIWHATHY
1H(dopMmarliito rpo npioputetHi ado nedesneuni [IC3.

KinpkicTe THX ab0 1HIIUX 3aCcO0IB CHOCTEPEKEHHS, 10 OYIyTh BXOIUTH IO
HaIllOHAJIBHOT MEpPEeXi, XapaKTEPUCTHUKH, MICIICTIONOKEHHSI IUX 3aco0iB IOBHUHHI
obuparucsa Buxomsuum 3 3amau KKII, sxi mepenbauaerbcs BupimryBaTH 3a iX
JIOTIOMOTO10.

VY SKOCTI MOKa3HUKY €()EeKTHUBHOCTI 3aC00y CIIOCTEPEkKEHHs, HA OCHOBI SKOTO
MPOTIOHYETHCSI TPOBOJWTH  aHATI3 MOMKJIMBOCTEH YKpaiHCHKOTO TPYITyBaHHS,
IPONOHYEThCSI 00paTH BenMuuMHy P — HMOBIpHICTH OOCIYrOBYBaHHS IOTOKY

npioputeTHux Ta HeOesneunux LIC3. Ilix P Oyzmemo po3yMiTé HMOBIpPHICTH

BU3HaueHHs opOitanpHuX mapamerpiB IIIC3 3 TouHicTIO, sKa HEOOXiTHA IS
BupimeHHs 3aBnanb KKII, Ta WMOBIpHICTh OTpUMaHHS,Y pa3i nmoTpedu, HeOOXiaHOT
HEKOOPJIMHATHOI 1H(OpMaIii.

P, =f(S,9,1), @)
Je T — Hepiof aHaNi3y; 9 — BEKTOp OpbiTaTbHMX TapaMeTpiB mpioputetHnx 111C3,
S — BEKTOp XapaKTEePHCTHUK 3aCO0iB CIIOCTEPEKEHHS, IO BXOAATH 10 MEPEKi 3ac00iB
KKII.

byB npoBenenuii anaiiz 3 BUKOPUCTAHHSAM Toka3HuKa (1), sikuii mokaszas, 110
1H(ppacTpykTypa YKpaiHCBKHUX 3ac00iB crocTepekeHHs, mo ckianaerbes 3 KOC
"Caxenb-C" (M. MykaueBe), ONTHYHUX Ta OINTHUKO-EIEKTpOHHHX 3acobiB ['AO
HAHY (M. KuiB), cnocrepexxnoi cranuii Masku (M. Opmeca), Opnecbkoi
acTpOHOMIYHOI oOcepBaTopii, MUKOIaiBChKOiI aCTpOHOMIYHOI 0OcepBaTOpii, CTaHIIil
CIIOCTEPEXEHb  aCTPOHOMIYHOI  oOcepBaTopii  JIBBIBCHBKOTO  HAIIOHAJILHOTO
yHiBepcutety, JIKI VxHY (M. Ykropon) Ta iH. 3qaTHa BupimyBaT 3aBaaHHs KKII
3 TOCTaTHHOIO €(PEKTUBHICTIO.

Edextunicte mepexi 3aco6iB KKII 3nauno 3pocre, gkmo mo Hei pa3om 3
ONTUYHHUMHM Ta ONTHUKO-EJIEKTPOHHUMH 3acobamu Bkiouut PJIC. 3HauHOIO
nepeBaroro PJIC e te, mo BoHU 3/1aTHI €eKTUBHO (DYHKIIIOHYBAaTH I1JIOJ000BO, a
TaKOXX B yMoBax CuibHOT XMapHOCTI. Tuieku PJIC MOXyTh BHABIATH Ta
cynpoBopKyBatu mnacuBHI IIIC3 (ki He BIANMOBIAAIOTH HA CUTHAIXW KOMAaHIHO-
BUMIPIOBAJIbHUX KOMIUIEKCIB) y IIMPOKOMY J1alla30H1 HAXUJIEHb Ta BUCOT.
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Pomaniok 5.0., k.T.H., c.H.C.
KpaBuyk C.I'., k.b-M.H.
I’AO HAH VYxkpainu

M. KuiB

YUYACTD TA JOCBIJI 'AO HAH YKPAHU B POBOTI YKPATHCBKOI
MEPEXI OITUYHUX CTAHIIN

l'omoBHa actponomiuHa oOcepBatopis HAH VYkpaiam € omgamm 3 cemu
3aCHOBHUKIB YKpPaiHCbKOI Mepexki ONTUYHUX CTAHIIN AOCTIIKEHHS HABKOJIO3EMHOTO
kocMiuHoro npoctopy — YMOC. Cepen 3acHoBHUKIB € Takoxxk H/I “MAO”, JIHY im.
IBana ®panka, OHY im. L.L1.Meunukora, JouITY, YxxHY, HIIYBK3. Taka mepexa
Maja CIOCTEpeXKHI CTaHIli 1mo Bciit Ykpaini mo 2014 poky i1 JaBajia MOXJIHMBICTb
CHUCTEMATUIHO MTPOBOJIUTH CITOCTEPEIKEHHS MalKe HE3aJICKHO BiJ IIOTOTHAX YMOB.

HouITY BimiiimoB Bix poOOTH, BTPATUBIIM CIOCTEPEKHY CTaHINIO, a
HITYBK3, ngxytouu sikoMy MM MaEMO MOKJIMBICTh OOTOBOPUTH CHOTOJIHIIIHIN CTaH
CIIPaB, OPTaHi3yBaB BJIACHY MEPEKY 3 ACIKUMH 13 3raflaHUX OpraHi3alfii.

[Tlin ywac crBopenHs YMOC Hama crnoctepekHa 0aza Juisi JOCIHIIKEHb
MTYYHUX OO’€KTIB Y HAaBKOJIO3€MHOMY KOCMIYHOMY TIPOCTOpI MaJjia Jia3epHUN
Bigmanemip JIJI-2. Mu gonoBHWIM 1i HUISXOM PO3POOKM 1 BIPOBAIKEHHS Majoro
TeJecKona i CIIOCTEPEKEHHS HU3bKOOPOITaAIbHUX 00’€KTiB 3 Ha3zBow CST —
Celestron Sutelite Telescope.

Horo 3i6pano Ha wmouryBanni CGE Celestron. BuKOpHCTOAHHMII OGEKTHB
«I"emioc-40» He Aae BEMUKOI MPOHUKHOI 3/IaTHOCTI, ajieé MU HE CTaBUMO €001 3aB/IaHb
JUTSL CIIOCTEPEXKEHb 00’ €KTIB cnabmmmx 3a 11 30psaHy Benuuuny. Peectpairisi poOuThes
3a gomomMororw Bimomoi simoHcbkoi [133 kamepu WAT-902H Bin dipmu WATEC
METO/JIOM HAKOIMWYEHHS KaJpiB MPU 3YMUHEHOMY TENEeCKOIi. ABTOMaThyHa poOoTa
CUCTEMHU TIOBHICTIO KEPYEThCS TMPOTPAaMHUM  KOMIUIEKCOM, CTBOPCHUM
MukonaiBcbkiit o0cepBaropii €srenom Koszupesum.

e "2

Puc. 1. Teneckon CST (3miBa) Ta #ioro npuitmaa WAT-902H
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[[poro poky MU BJOCKOHAIIOEMO MPOTpaMHe 3a0e3MeueHHs HAIIOro TeIeCKoma
KIT 3 aneprypoto 14 mroitmis, sikuit sik 1 CST BCcTaHOBIEHO B OJTHOMY 3 MaBUIbOHIB
obcepBaropii KAO Ha okomuii KueBa B c. JlicHuKH. 32 akTUBHOI y4dacTi KoJier 3
KHY po3polisieTbesi MpOrpamMHO-CUCTEMHHUN KOMILIEKC IO 3a0e3nedye TOUYHY

npuB’si3Ky edemepusi [0 IMIKAIW 4Yacy BiJ

3oBHiHBbOrO0 GPS mnpuiimaua. Ile

J03BOJIUTH OTPUMATH TOUYHICTH NPUB’A3KH JI0 HIKAJIX Yacy He Tipiie Hixk 1 Mcek.

TakumM YMHOM TCIICp MU MaeEMO MOJKJIMBICTB IJsT - CIIOCTCPCIKCHb  SK

HU3bKOOPOITATBHUX OOEKTIB TaK 1 CYIyTHHUKIB HA T€OCTAlllOHAPHIH OpOiTi.

3a pokum cBoro icHyBaHHS Mepeka YMOC nHampamroBajia BEIUKHH JOCBIA

croctepekeHb (Tabmui 1.) 1 oTpuMalia BEIMKY KUIBKICTh MaTepiaiay Ta pO3BHUHYIIA

nporpaMHe 3a0e3nedeHHs i 00unciieHHs eheMEepUIHOTO MPOTHO3Y.

Tabnuys 1
Cratuctuka cnocrepe:xxenb Mepesxkero YMOC
Pik  [Umciao cynmyTHuKiB Yucio ceri YucJ10 no3uuiii Yac cnocrepexxenb | Yuciio HoueH
2012 325 1859 63351 49049 95
2013 318 2417 48380 52130 108
2014 260 3633 52703 19437 118
2015 315 2381 37600 12605 114
2016 119 606 10540 1341 28
2017 416 3234 63034 3819 123
2018 442 2650 61563 3589 154
Tabauus 2
TounicTh cnocrepexenn iHcTpymentiB YMOC
OobcepBaTopist Teneckon Tun opoiTu 3opsiHa BeJIMYMHA SD (0,0) [“]
HAI “MAO” KT-50 LEO, MEO, GEO 9+14 +(0.5+ 0.8)
HAI “MAO” ADY-75 LEO, MEO, GEO 9+13 +(0.8+ 1.5)
HAI “MAO” ME30OH LEO, MEO, GEO 9+12 +(0.8+ 1.5)
AO OHY KT-50 LEO - +(0.5+ 1.0)
HAI “MAO” TB LEO 4+11 +(2.5+ 4.0)
I'AO HAHY LHCT LEO 5+10 +(2.5+ 4.0)
AO JIHY JIA-2 (rim) LEO 4+9 +(4.5+5.5)
JICA Y:xHY TILI 1M (rim) LEO 4+9 +(4.5+5.5)

B Tab6nuii 2 moka3aHO TOYHICTb, SIKY MOKJIMBO OTPUMATH 3 1IHCTPYMEHTaMHU

Mepexi.

Pa3oM 3 MOHITOpMHIOM BHU3HAQYEHUX KOCMIUYHHMX 00’€KTIB BaXKJIMBUMHU CTAIOTh

HAYKOBI JIOCHIPKEHHS, SIKi JI03BOJIATh €()EKTUBHO BU3HAYATH MapaMeTPHU KOCMIYHOTO

CMITT$, CHOCTEPEKEHHS SIKOTO BUMATAIOTh I1Ie OUTHIITUX 3yCHJIb.
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Ha mamy nymky Ha ChOrOJHI ICHY€ HarajibHa NOTpeOa CTBOPEHHS €IUHOI

JIepKaBHOI MPOTrpaMu JOCI1HPKEHHS HAaBKOJI036MHOTO KOCMIYHOTO MTPOCTOPY.
Jlitreparypa
1. BusnadyeHHs1 opOiT reocTarioHapHUX CYIyTHUKIB Ta aHaJi3 BHITQJKOBOI 1 CHCTEMaTHYHOT
nox1OKKM BUMIPIOBaHb IyHKTIB crioctepeskeHb Y MOC 3a 101moMororo acTpoguHaMivyHoi 6i01ioTexkn
KORBESTLIB JI.C. Hlakyn, O. Illymsra, M. Komkin, B. Kamy6a, M. Kamoxnuii, B.
Kproukoscrkuii, B. Kynak, B. Ilepir, f. Pomantok, K. Maptuntok-Jloroupkuii, B. MapcakoBa. 18
VYkpaincbka koH(]epeHInist 3 KocMivHUX aociimkenb. Te3u. Kuis 2018, ctp. 146.
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Cauyk C.I'., 1-p. TexH. HayK, ipod.; XonTap A.A.
HamionansHuii yHiBepcUTET «JIbBIBChKA MOJIITEXHIKAY
M. JIbBiB

Kaoaax H.I., 1-p. TexH. HayK

Y KropoJChbKuil HalllOHATBHUN YHIBEPCUTET

M. YKropon

JUCTAHIIVMHE 30HJYBAHHS TPOIIOC®EPHU 3A JOIIOMOI'OIO
MYJBbTH-GNSS

PanmionepenaBaui  CymyTHHMKIB  HaBiramiiHUX  cUCTeM  Oe3lepepBHO
BUIIPOMIHIOIOTh CUTHAJU B HANpAMKy 3emii. BuMmipsina HazeMHUM MpuiiMadem (Qaza
pajloCUTHANy, BIANPABICHOTO CYNYTHHUKOM - PE3yJlbTaT paJloNpOCBIUyBaHHS
atMocdepu 1, oTKe, Hece B coli 1HGoOpMaIlilo, M0 XapaKTepU3y€e CTaH ii IIapiB.
BukopucTOBYIOUM paliOCUTHAIN TJIO0ANBHUX HABITaLIMHUX CYITYTHUKOBUX CHCTEM
(GNSS), MoxHa MPOBECTU AUCTAHIIIITHE 30HAYBAaHHS 10HOC(hEpHU Ta TponocpepH.

Ha panmii yac GNSS € crangapTHUM 3arajlbHUM TEPMIHOM [UIsI CHCTEM
CYIIyTHUKOBOi  HaBiramii, ski  3a0e3me4yl0oTh  aBTOHOMHE  T'€OMpPOCTOPOBE
HO3UI[IOHYBaHHS 3 INT00AaTbHUM MOKPUTTAM. OCKUIBKM LN TEPMIH BKIIIOUAE TaKOX
Cy3ip'ss CymyTHUKIB Bia miobanpHuX HapiramiitHux cucrem (GPS, TJIOHACC,
Galileo, Beidou) 1 SBAS GEO-cynyTHUKIB BiJ periOHAIbHUX HaBIFALIMHUX CUCTEM,
TO Horo 1mIe TPakTyIoTh K MynbTH-GNSS. 3aranpHa KiTbKICTh pOOOYHNX CYIMYTHHUKIB,
K1 € gocTynHuMu st MynbTH-GNSS crocrepexenb, nocsrae 120, a pa3oBe ix
BIJICTIIIKOBYBAaHHS Ha TepUTOpii YKpaiHU J03BOJIIE OTPUMYBAaTH cUTrHaimu Bix 40
CYITYTHUKIB.

VYemix  mynstu-GNSS  3HAYHO — TOKpalMB — OMEpaTUBHY  THYYKICTh
MO3UIIIOHYBAHHS, BOJIHOYAC TaKa CUCTEMa TaKOX 30UIbIINIIA KUTBKICTh 3aCTOCYBaHb,
10 BUKOPUCTOBYIOTh TexHOJIOT1r0 GNSS.

BizoMo, mo mpu BHU3HAYEHHI KOOPJAWMHAT IYHKTIB, BHUBYEHHI pyXiB 1
nedopmarrii 3€MHOI1 MOBEPXHI, BHU3HAYCHI napameTpiB aTMocdepu
BUKOPHCTOBYBABCSl, B OCHOBHOMY, BIIHOCHUI METOJ| CYITyTHUKOBHUX CIIOCTEpPEKEHb,
3aCHOBAaHMI Ha YTBOpeH1 (pa3oBuX pizHMIb. JlaHWI METOH TPaJMIIIHO BBAXKAETHCA
HAWOUIBIII TOYHUM, OCKUIBKH (Da3oBl PI3HUIN JAIOTh MOXKIIWBICTH BUKJIIOYUTH a00
3BECTH JI0 MIHIMYMY BIUIUB 0araTh0X MOMUJIOK. [Ipu 1ipoMy miji yac CrocCTepe:KeHb
O0epyTh ydacTh nBa 1 Oumbiie GNSS-mpuiiMaua 1 BU3HAYAETHCS HE MPOCTOPOBE
MOJIO’KEHHST KOJKHOT TOYKH OKPEMO, a KOMIIOHEHTH MPOCTOPOBOTO 0a30BOT0 BEKTOpa
(AX, AY, AZ).

[Ipote, TexHosorii 06poOku pe3ynbTaTiB GNSS-criocTepexenb 0e3nepepBHO
PO3BUBAIOTHCA, JO3BOJISIIOUM YIOCKOHAIIOBATH 1HIII METOJIU CIOCTEPEKEHb, IO
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BBKAJIMCS pAaHINIC HEAOCTAaTHHO TOYHUMH U1l iX BUKOPUCTaHHS TPU BUBUYCHHI
TeOIMHAMIYHUX TPOIECIiB Ta MuHaMiKu atMochepu. OIUH 3 TaKUX METOJIB - METOJ
Precise Point Positioning (PPP), po3po0iieHuii 1abopaTopi€io peakTHBHOTO PyXy
HACA me y 1997 p. Ta oTpriMaB OaNbIINN PO3BUTOK JCKIJIbKA POKIB TOMY.

Ile mocmikeHHS MPUCBAYEHO Y3araJIbHEHHIO OIyOJIIKOBAaHMX 1 BJIACHUX
omiHOK edekTuBHOCTI MynbTU-GNSS cnoctepexxeHb Ta TouHOCcTi Merony PPP mpu
JTUCTAHLIMHOMY 30HAYBaHHI aTMoc(hepu, a KOHKpPETHIle i HUXKHBOI CKIAJ0BOI -
tporochepu. ToOTO, mTara podoTa Oyna cpsiMOBaHa HA AOCTIHKCHHS MOMXJITHBOCTEH
BU3HAUEHHS TpomocepHux 3arpuMok metogoMm PPP nHa ocHoBi mynbTu-GNSS
cnoctepexenb. Jns mporo mani MmynbTH-GNSS criocTepekeHb OnpanbOBYBAUCS B
pexumi PPP 3 momomororo makera mporpamHoro 3abesneueHHs GipsyX. Ilpu
ompaitoBanHi  gaHux MyiabTH-GNSS crocTepekeHb HEOOXIJTHOI0 YMOBOKO €
JIOCTOBIPHICTh PO3B’sI3KiB (Pa30BUX HEOJHO3HAUHOCTEH. KpuTepiem Takux po3B’s3KiB
OyJ M YHUCIIOBI XapaKTEPUCTUKHU PI3HUIL MDK (PA30BUMHU HEOJHO3HAUYHOCTSIMHU Bij
pI3HUX CYMYTHUKOBUX CHUCTEM. AHai30M BCTAHOBJICHO, IO JUISI BCIX JIOCTYITHHUX
CYIIYTHUKOBHMX HaBIFalIMHUX CUCTEM PI3HULI MK (Pa30BUMH HEOAHO3HAYHOCTAMHM €
OJIHOTO TOPSZKY, 1 3HaxoAsaThead y Mexax + 0.04 mm. Takuil pe3ynapTaT A03BOJISIE
CTBEp/KyBaTd, IO TMpu ompamoBaHHl MynbTH-GNSS crnocrepekeHb MOKHA
OIIHIOBATH 1 1HIII HEBIJIOM1 TapaMeTPH, 30KpeMa TpornochepHi 3aTPUMKH.

JUisi BUBHAUYEHHATPONOCPEPHUX 3aTPUMOK BHUKOPUCTOBYBAIKCS KOMOIHOBaHa
eMIipryHa MoJieib riaobanpHoro tucky i tremmneparypu GPT2 (Global Pressure and
Temperature) ta miobaneHa ¢yHKis BimoOpaxenns GMF (Global Mapping
Function). OtpuMani 13 ompaifoBaHHsS JaHI TOPIBHIOBAIKMCS 3 BiJNOBIIHHUMHU
pe3ysbTaTaMu pagio30HIyBaHHS aTMOC(EPH 3 METOI0 OIIHKH TOYHOCTI OTPHUMaHUX
3Ha4YeHb TPONOCHEPHUX 3aTPUMOK.

Pesynbratt  mOCHIMKEHb  JIO3BOJIAIOTH  CTBEP/UKYBATH, 110  TOYHICTh
BU3HAYCHHS TpomochepHUx 3aTpuMOK Ha OCHOBI MyJbTH-GNSS crnocrepexeHb
NEPEBUILYE TOUHICTh TPOMOCHEPHUX MPOAYKTIB OTPUMAHHUX OMPAIFOBAHHIM JIMILE
OJIHIET CYNYyTHUKOBOI HaBiramiitHoi cuctemu, Hanpukian, GPS. Tak To4HICTB
BU3HAUYCHHSI Tpomoc(epHUx 3aTpUMOK Ha ocHOBiI jgaHux GNSS-crocTepexeHb Bif
YOTUPHOX CYMYTHUKOBUX HAaBITAI[IfHUX CHUCTEM Ha Ti caMi MOMEHTH Yacy B
MOPIBHSHHI 3 PE3yJIbTaTaMH OMpAIIOBAHHS BiJ OKPEMOi CYIMyTHHUKOBOI CHCTEMHU
30UTBITY€ThCS TTPUOIM3HO Ha 25 %. 3Baxarouu Ha Te, mo KinbKicTh GNSS-curnamis
3 BUKOPUCTAHHSAM YOTUPHOX CYMYTHUKOBUX HAaBITAIIMHUX CHUCTEM 3HAYHO 3POCTAE,
TO, OYEBUJIHO, 1110 KOMOIHOBaHI MyIbTU-GNSS cuctemMu MOXyTh 3HAYHO MOJIMIIITUTH
POCTOPOBO-YACOBY PO3JAUIbHY 3JaTHICTH TponocepHoi Tomorpadii, ska Mae
MOTEHITiaJ JIJIsl pPO3IIMPEHHS 3aCTOCYBAaHb Y MAaHOYTHBOMY.
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Toauonos 1.B.

["on0BHMIA IEHTP CIEIiATBHOTO KOHTPOJIIO, CMT. ['opo1oK
Komens T.A.
XapkiBChbKUI HallioHanbHUH yHiBepcuTeT iMeHi B. Kapabina, M. XapkiB

3AXMCT ITHOOPMAIIMHUX MOBIOMJIEHDB IT'OJIOBHOT'O IIEHTPY
CINEIIAJIBHOTO KOHTPOJTIO BIJI HECAHKIIIOHOBAHOI'O
JTOCTYIY

[Tix gac anamizy pobotu aBToHOMHOTO ceiicmiunoro myHKTy (ACII) "XapkiB"
OyJ0 TOCTaBJIEHO 3aBJaHHS pO3POOKM MOJENI NPHUXOBYBAaHHS TMOBIJIOMJIEHb Y
TEKCTOBHX KOHTEMHEpax 3 BIJKPUTUM JIOCTYNOM. 3axucT iHdopmalii Bij
HECaHKIIIOHOBAHOTO JOCTYNy — OJlHAa 3 HaWJaBHIMUX MpobieM. Sk BiAOMO, IIiJIb
Kkpunrorpadii nosisirae B OJOKYyBaHHI HECAHKI[IOHOBAHOTO AOCTYNY 10 1HQopMarii
IUIAXOM IH(PPYBaHHS 3MICTY MOB1IOMJIEHb.

e creranorpadii — mnpuxoBath caM (akT ICHYBaHHS 3aXHILEHOTO
noBigomiieHHs. [Ipu nbomy oOuaBa cnocodu MoOXKyTh OyTH 00'€IHAH1 1 BUKOPUCTaHI
B [LICK mnpu orpumanHi iH(popMallii 3 perioHaAIbHUX IIEHTPIB Ta IYHKTIB
crioctepexeHHs: (Mo BCIA TepuTopli YKpaiHW) JJsi MiJBUIIEHHA €(QEKTUBHOCTI
3axucty 1H(Mopmaiii (Hampukiajn, i Mnepenadl  KpunrorpadiuHux —KIFOUIB).
KoMm'toTepHi TEXHOJOrIT Jadd HOBUH IMIIyJIbC PO3BUTKY M YAOCKOHAIIOBAHHIO
creraHorpadii, 3'ABUBCS HOBUW HampsAMOK B o001acTi 3axucTy I1HQopmamii —
JIHTBICTUYHA cTeraHorpadisi Ha OCHOBI TEKCTOBUX KOHTEHHEPIB.

JlocmmKeHHST HUHI BIJIOMHX CHHTAaKCUYHHX  METOJIB  JIHTBICTHYHOI
creranorpadii 0OyYMOBIIOETBCSI CBO€IO PI3HOMAHITHICTIO BHUKOPHCTaHHS Ta €
3aMOpPYKOI0 YCIIXy Ha MNUIAXYy 10 PO3YMIHHS CTPYKTypH TIPUXOBYBaHHS Ta
CTeroaHaii3y, JUlsli CTBOPEHHS BJIACHUX pealli3allii aJlfOpUTMIB, B 3aJI€KHOCTI BiJl
noctaBieHux wined. [lpuxoByBaHHs 1H(OpMaIli y TEKCTOBUX KOHTEHHEpax 3a
JIOTIOMOTOI0 MYHKTYaIlIMHOTO METOAY Hece 3a COOOK Psii pO3pOOOK 1 MPOMO3UIIIH
[IOJI0 TOKpAIEHHS aJIrOpPUTMy Ta MOXKIWBOI B3a€MOil 3 I1HIIMMH METOJaMHU
JHTBICTUYHOI cTeranorpadii.

AKTyanbHICTh PO3POOKM HOBUX 1 YJOCKOHAJICHHS ICHYIOUHMX METOMIB Ta
QITOPUTMIB  OOYMOBITIOETHCST TIOCTIMHOIO HEOOXITHICTIO y Tiepenadl CEKPEeTHUX
MOBIJJOMJICHb, a JOCIHIJKEHI CHUHTAKCUYHI METOJW JIHTBICTUYHOI cTreraHorpadii
MalOTh BUCOKY CTIMKICTh JO BHUSIBICHHS, IO Jy’K€ IIHYEThCSA y CydyacHIN 1udpoBii
creranorpadii. [IpoBeneHo aHamiz atak Ha creraHorpadiuyHi CUCTEMHM Ta OILlIHKa
OCOOJMBOCTEM BCIX arak, M0 po3yMmi€ Iiag CcoOOK BIJICYTHICTh MoAMQIKaIii
BOYZIOBaHUX MOBIJIOMJIEHB JIJIs1 32a0€3I1eUeHHs] HEMOMITHOCTI CBOET JIii.

JlocmimkeHHs, 10 TPOBOJATBCA B X0l ekcrutyararii amapatypu ACII
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"XapkiB", nomMomMaraioTh BUSBUTH TEpPEBard Ta HEJOJIKM METOJIB MPUXOBYBaHHS,
CKJIAIHICTh peatizallii Ta OIiHUTHA POOOTY JAHOTO METOIY.
Peanizaniiss aaropuT™MiB TIPUXOBYBaHHS Ta BHJIYUYCHHS Hece 3a COOOI0

HEOOXIHICTh Yy JCTaJlbHOMY BHBYEHHI NYHKTYalllMHUX HOPM Ta HaJIMIPHOCTEH
YKpaiHChKOI MOBH, 1110 TaKOX JOIOMAarae Mpy aHaji3l BIAMIHHOCTEH MIXK IyCTHUM Ta

3aIIOBHCHUM KOHTeﬁHepaMH.
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Tonoabuuubkui ILIL., x.17.H, touent; Ilusosap I1.B., x.€.H, TOLIEHT
JKuroMupchKuil HAIlIOHATBHUIA arpoeKOJIOTIYHUIA YHIBEPCUTET
M. JKuromup

CBITOBI TEHJAEHIIII BIPOBA/KEHHS KOCMIYHUX TEXHOJIOI'TH B
HAHOIOHAJIBHE 'OCIIOJAPCTBO

Po3BuTok kocmiuHOi epu B 21 cTOpiudl O3HAMEHYBABCS YCECTOPOHHBOIO
KOMepITiami3aiiero KOCMIYHOI Taiy3i, 1 sSIK HAac/iJIOK BX1J KOCMIYHMX TE€XHOJOTIHA B
MOBCSKICHHE >KUTTS OUIBIIOCTI HAaceleHHA 3eMHOi Kyiji. B cBoro uepry KocMiuHi
TEXHOJIOT1i CTajli HEeBiJ’€MHOI YAaCTMHOK BHPOOHWUYOI AISIIBHOCTI NMPUBATHHUX Ta
JepKaBHUX MANpUEMCTB. Ha cboroaHi BaXKo ySIBUTU cOO1 ypsa Oyab SKOi KpaiHw,
AKUUA HE KOPUCTYETHCS 1H(POPMALIEID OTPUMAHOIO 13 KOCMOCY NpPH MPUNMHATTI
YIPABIIHCHKUX PILIEHb.

BpaxoByroun BuII€3a3HAYEHE JIOTIYHUM € CTPIMKE 3pOCTaHHS OOCHTIB
(1HaHCYBaHHSI PO3BUTKY Ta MIATPUMKHU CBITOBOI KOCMIYHOI IMPOMMCIIOBOCTI. Tak y
2017 poui po3mip (piHaHCYBaHHSI CBITOBOI KOCMIYHOI rany3i craHoBuB 309 mupn
€Bpo, o Ha 121 % Ounbiue Hixk y 2005 poui. IlopiuHi TeMu 3poCTaHHS CTAHOBIISAThH
6,7 %, M0 CBIMYUTH MPO MEPCIEKTUBHICTh Ta BAXKIMBICTH KOCMIYHOI Taily3l s
KpaiH sIKi IPar{yTh JI0 HAYKOBO-1HHOBAIIHHOTO po3BUTKY [0].

Buxonsuu 13 3aBgaHb, 10 BUPIMIYIOTHCS OpOITAJIbHHN CErMEHT KOCMIYHUX
CUCTEM O0JIAJIHYETHCS CKaHEpPaMH, 3[ATHUMU OTPUMATH 1HGOPMAIIIIO TIPO MOBEPXHIO
3eMJIl B PI3HUX Jiana3oHax €JIEKTPOMArHITHOTO CIEKTPY Ta 3 PI3HUM MPOCTOPOBUM
po3pizHenHsaM. [lounnarouu 3 3amycky nepiioro cynytauka Pangsacskum Coro3oM Ha
opOiTy OyJi0 BUBEIEHO OuIbllie 6 THC. IUIS PI3HUX MOTPEO: 3B’A3KY, MOHITOPHUHTY,
HaBiraiii, Oe3rneku, po3Bar TOIIO. AJie Ha ChOTOAHI MIFOYUMHU BBaXXaroThcs 957
onUHUIG 3 sIKuX 423 (44%) nanexats CIIA. Y 2017 poui 81 kpaina cBiTy mana, abo
Ha il TepuUTOpili 3HAXOIUBCS BIJIACHUK, K MIHIMyM OJMH CYMYTHHK, 10 Ha 42%
oinpie Hix y 2005 poi [0].

[TpoBinHI KpaiHU CBITY HE MOXYTh COO1 JO3BOJUTH HE PO3BUBATH KOCMIiuHI
TEXHOJIOT1i, TaK K Ba)JIMBICTh L€l ragy3l B 3arajJbHOHALIOHATBHOMY PO3BUTKY
Baxkko 3arnepeuntu. Tak y 2017 poui CIIA 6yno Butpaueno 0,248 % denepaibHOTO
OI0JKETY Ha PO3BUTOK Ta MIATPUMKY KOCMIYHOI ramysi, Toji sk Pocis — 0,165 %,
Opanris — 0,105 %, Kurait — 0,076 %. [loTpiOHO BiAMITHUTH, IO Il KpaiHU BKE
MpOBWIN AUBepcU(IKAIliI0O B KOCMIUHIN Taimy3i, 1 ctaHoM Ha 2017 pik B HuX Oyio
CTBOPEHO JEK1JIbKa KOCMIYHUX poTpam: BIICHKOBA, MIPOMUCIIOBA,
TeJCKOMYHIKallliiHa, arpapHa, MOHITOPUHT TPHUPOJHOTO CTaHy TOIIO. TaKwii
po3moAlT 3acBiguye, MmO iHMOpMaIls OTpUMaHa 3 KOCMOCY € BaKIUBUM
KOMITOHCHTOM PO3BHUTKY 11X Taiy3sei [0, O].

Haii0inbmi MIBUAKMUMHM TEMIIAMH CIOCTEPITAEThCS PO3BUTOK KOCMIYHUX
TEXHOJIOT1IM B CUIbCbKOMY TocnoaapctBi. He BuxmrodeHHs M € 1 YKpaiHa, Tak
MPOTIO3HUIIIT JJIs1 CLIIBCHKOTO TOCHOIAPCTBA HA PUHKY MOCIYT KOCMIYHHMX TE€XHOJOT1N
MIPEICTABIICHO PSIZIOM MEPCIICKTUBHUX KOMITaHIM.
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Tax komnanis SmartFarming npononye kinientoBi NDVI-kapTu cTany mocisis,
BEKTOPHI KapTH 13 3a3HAYCHHSIM 30H HEOJHOPIIHOCTI, 3BIT MO KyJbTypam. OauH 31
CBITOBHX  JJEpiB 3  HaJaHHA  MOCIYyr  CYNYTHUKOBOIO  MOHITOPUHTY
CUICHKOTOCTIONAPCHKUX TepuTopid - kommaHis Cropio, MIOHAJA€ 1HIWBIIYaTbHY
MOJIeNIb aHai3y 3 IIOJACHHUM OHOBJICHHSM IporHo3y. CkiaiaHHs KapT Bererarii,
KOHTPOJIb CXOJ[IB, MOHITOPUHT (DI3WYHUX YIIKOJIKCHb, aHall3 BHUKOPUCTAHHS
3eMeJIbHOI0 OaHKy Ha OCHOBI CYNyTHHKOBOIO MOHITOPUHTY HaJal0Th KOMIIAHIi
ArpoOnline, AgriLab 1 iH. Kommnanis Xarvio nmponoHye AojgaTok st tenedony
FieldManager Hamae pexkomeHpgalli 3 yOpaBIiHHS TOJBOBUMH poOOTaMH 1
iH(pOpMalLliI0 TPO HAsABHI PHU3UKM HAa OCHOBI OOpPOOKH CYIMyTHHKOBUX 3HIMKIB.
Cucrema imeHTH(diKye 1 PO3pAaXxOByE MOXKIMBICTh BHUHUKHEHHS XapaKTEPHHUX
3aXBOPIOBAHb JJISl MIIEHUII], TYMEHIO, I[yKPOBOTro OypsiKa, pilaKy, KapTOIUIl; aHai3ye
PU3UK MOSBY 1K THUKIB [0].

OTxe, B CydyaCHUX yMOBaX PO3BUTKY KOCMIYHOI ramy3i, ypsad OUIbIIOCTI
KpaiH CBITY BHUTpPayalOTh 3Ha4yHI (DIHAHCOBI pecypcu M MIATPUMKH JTHHAMIKA
PO3BUTKY 1Il€i Taily3l, sfiKa MpU BAATIH KoMepLiami3anli € MOTY)KHUMH CTHMYJIOM
PO3BUTKY BCiX HAI[lOHAJBHUX Taily3ell eKOHOMiKH. CydacHUM TPEHIOM pPO3BUTKY
KOCMIYHOTO CEKTOPY € CTBOPEHHsSI Tally3€BUX KOCMIYHUX IporpaM, skl
CHEIaTi3yI0ThCS Ha BUPIIICHHI FaTy3€BUX 3a7a4 Ta Mpoosem.

3HauHI TEMIIM PO3BUTKY KOCMIYHOI Traiy3i B CLIBCBKOMY TOCIIOJapCTBi
CIOCTEPIraloTbCcsl Ha YyKpaiHCbKOMYy puHKY. Kommnanii HagaloTh TOCIYTH K
BITYM3HSHUM CLIbCHKOTOCIIOAAPCHKUM TOBAPOBUPOOHUKAM, TAK 1 3aKOPJJOHOM.
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Coaonensn O.1., k.T.H., C.H.C.

XapkiBchkuil HartioHanbHu# yHiBepcuTeT [loBiTpssaux Cuit imeni IBana Koxxeny6a
M. XapKiB

OLIHKA ITOXUBOK BUMIPIOBAHHA HNIBU/IKOCTI
B CYMIINEHUX PAJIOTEXHIYHUX CUCTEMAX
B YMOBAX BIIVIMBY HEY3I'O/[’KEHb 3A YACOM

AHaJli3 ICHYIOUHMX METOJIB OIIHKA TOXMOOK BHUMIPIOBAJILHUX KaHAIIB
pamiorexHiyaux cymimeHux cucrem (CC) 3 MHUPOKOCMYTOBUM NIyMOITOAIOHUM
curHasiom (LLIIIC) 3a paxyHOK 3arajbHUX HEY3TOJKE€Hb MOKAa3ye€, 110 BOHU MalOTh
CYTT€BI HEJOJIKU: 3a3HAYEHI METOAM HE J[al0Th YITKOTO YSABIECHHS MpO (PI3UKY
npoteci, Akl YnHATBCS B CC; nesikl po3paxyHKH 3TiTHO (OPMYIL, SIKI 3aCTOCOBYIOTh
JaHl METOJIU, MOXKYTh TPHUBECTH JI0 MPAMO MPOTUIICKHUX BHCHOBKIB, II0JI0
¢dbynkuionyBanHsa peanbHux CC; KBaJpaTU4YHA 3aJIEKHICTh 3HUKEHHS BI1JHOIICHHS
CUTHAJI/IIYM BIJ HEY3TOJUKEHb MPHUBOJUTH JI0 MOMKIMUBOCTI 30UIBIICHHS IHOTO
BigHomenns npu Af?AT?>2. 3azHaunmo, IO JaHi HEY3TO/PKEHHSA BHHHMKAKOTH 32
paxyHOK BIUIMBY IMOXMOOK 3ac00IB €IMHOT0O 4dacy 1 (a00) 3a paxyHOK B3a€MHOIO
BIUIMBY KaHAJIiB B CUCTEMI.

ABTOpamMu BHSBJIEHA KUIbKICHA OIIHKA MOKAa3HUKIB SIKOCTI (DYHKI1OHYBaHHS
kKaHary BuMiproBaHHs 1mBHAKOCTI CC 3  ypaxyBaHHAM BIUIMBY 3arajbHUX
Hey3romkeHb. [loka3aHo, 110 3CyB 3a 4acOM B CXE€Max CIIJIKYBaHHS 3a 3aTPUMKOIO
(CC3) mpuzBoguth 1m0 3cyBy IIIIC, mo mpuitMaeTbcs, Ta OMOPHOTO CUTHATY 3
Buxony CC3. Ilpu 1poMy He 3JIHCHIOETHCS TOBHE 3TOPTaHHS CHUTHATy, 1 HE
OTpUMYETHCS "uncTa" Hecyda yactoTa curuany (puc. 1).

Sk cmgye 3 pwuc.l, npu
A 11111(@ o P P

N NNAMNMANN N t
\V VUV VUV VARV

3'siBJIeHHI  4yacoBoro 3cyBy AT

CUTHAJI, IKHA HAJIXOAUTh O BXOIY

AT — Bix CC3 dazoBoro ngerektopa cxemu DAITY

Y
1

t  Oyne 3pi3aHUM Ha MEXKax IMepexo/IiB

Sropiia Hecywoi B1J1 OJIHI€T Cepli CUMBOJIIB JI0 JIPYTOi.
N N NN t

R AR A A . BUMIPIOBaHb YaCTOTH.
Pucynok 1 — Entopu curnanis

[li 3pi3u BHOCATH TMOXUOKH 10O

Takum 4YMHOM, 3a IHTEpBAIU
AT Oyne HakonmuuyBaTHCh MOXMOKA BHMIPIOBaHHS, sSKa 3MEHIIYyE BIIHOIICHHS
curHaji/mym (ToOTo 30UIbIIye IIYMOBI CKJIAJOBI BXIAHOI CyMilIl), MPOHOPLIHHO
TpuBajocTi inTepBany AT.

3aranpHuil BUpa3 sl (QIAYKTyariiHOT MOXMOKM BUMIPIOBAHHS pajiaibHOl
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IIBUKOCTI 3 YpPaxyBaHHSM BILTUBY 3CYBY 3a YaCOM OILIIHIOETHCS 32 BUPA3OM:

C?2 1+AT'THBH:
TZ .2n+1
szz[ = 2€2 02 ! (1)
32 f, T opnl,

I€ |, — BIJHOLICHHA CUTHAI/IIYM B 1J€aJbHOMYy BUNaaky; T

usn — TPHBAJICTh

ncesaoBunankoBoi nocmigoaocti (IIBII); C — mBuakicts citma; f, — Hecyua

4acToTa; T, — TPUBAIICTh €JIEMEHTAapHOIO CUMBOIY; N — PO3PSAAHICTb T'€HEPATOPY
[1BII.

dnykTyaliiHa MOXMOKa BUMIPIOBAHHS pajiajibHOI IMIBUJKOCTI TP BIUIMBI
indopmaniinoi Moxynauii 3pocrae nponopuiitno Bemumumni 1+0,5NIT, /P, (N, —
CIIEKTpalibHa T'yCTHHA MOTYKHOCTI mymiB; I, — cMyra nporyckanHs QiabTpis, sSKa
(akTH4HO IOpPIBHIOE IIBMIAKOCTI mepenasanus iHdopmanii, Tooro R, =II ; P —

NOTY>KHICTh CUTHAJTy Ha BXO/ll BUMIPIOBAJILHOTO KaHAIIY).

@i3uyHO 1€ BIAOYBAETHCA 3a pPaxXyHOK BIUIMBY HEMOBHOTO 3TOPTaHHS
"Hecy4oi" 4acTOTH BXIJHOTO CUTHay, 00YMOBJIEHOTO 1H()OpMALIHHUMHU MTOCUIKAMU
(1HBEpCHOIO MOJYJISIIIEIO).

[Ipu mpomy gucnepcis 3arajibHOI MOXMOKHM CIIAKYBaHHS (QuiykTyariiHa Ta
JUHaMI4Ha) BUBHAYaTUMEThCS SIK:

N, R. »
148 47T
2P T 2n+1
ot c T 025012 @)
Jis PC T 2 TiiT inTl
ne I[ — TpeTta noxigHa Bin (yHkuii gameHocti; T, — 4Yac iHTErpyBaHHS y

BUMIPIOBAJIbHOMY KaHalll; A — JIOBKHWHA XBUJI1 CUTHAITY.
OnrumansHe 3HaueHHA T, 3HaXOIUTbCS METOJOM ITEpALIfHUX OOYUCIIEHD, A

N R. ,
NN 1+ ) 3+ ZiA;rT"f
K 2P. 22"

imrll 2512
P11,

caMCcC:

3)

Sk BUXOIUTH 3 pO3paxyHKiB HEy3rojkeHHs 3 AT mpuBOAUTH 1O CYTTEBOTO
30UTBIIEHHS MOXMOOK BHUMIPIOBAHHS pajiaibHOI IMBUAKOCTI. SIK MOKa3yloTh
PO3paxyHKH IS 3a0€3MEUeHHST MPUITYCTUMOTO PiBHSA MOXMOOK cliiji 3a0e3neuyBaTu
mo BenuuuHy B Mexax AT < 0,05 - 0,1tg. B mpoTunexxHoMmy BHUIAIKy CIilif
3MEHIIYBaTH MIBUIKICTh MEepeaBaHHs 1HPOpMAIIii.

156



III HaykoBO-IpaKTHYHA KOH(pepeHIis

«AepoKocMivHi TeXHOJIOTil B YKpaiHi: Mpo06JieMH Ta nepcneKTHBI» [12-13 Bepecust 2019 poxy]

lakyH JI.C., Kopo6eiinikoBa O., Komkin M.L., x.¢.-m.H; CTpaxoBa C.
ActpoHomiuHa oocepBatopis O1ecbKoro HaIiOHaAIBHOTO

yHiBepcuteTy iMm. [.I. Meunukosa, m. Oneca

Koxyxos O.M., K.T.H.

Llentp npuitomy i 00poOku crenianbHOI iHPOpMaLii Ta KOHTPOIIIO HABIralifHOTO MO0
C. 3auicui

Koxyxos .M., Ilickyn O.M.

HamioHnaneHuii IEHTpP yNpaBJIiHHS Ta BUIPOOYyBaHb KOCMIYHHX 3aC001B

M. Kuis

AHAJII3 YMOB BUINUMOCTI KOCMIYHUX OB'EKTIB HA
HABKOJIO3EMHIA OPBITI OITUYHUMHU 3ACOBAMU

besnepepBHuii  MOHITOpUHr  cTaHy  KocMiuHux  o0'ektiB  (KO) B
HABKOJIO3€MHOMY MPOCTOP1 HEOOXITHUM ISl BUPILIEHHS MPOOJIEM:

* 3ano0iraHHs 31TKHEHb aKTUBHHX 00'€KTIB MiXK c00010 a00 3 00'ekTamMu, 110 €

KOCMIYHUM CMITTSIM;

* aKTUBHOT'O OYMIICHHS HABKOJIO3EMHOTO ITPOCTOPY B1J KOCMIYHOTO CMITTS;

* [nenTudikaIli KOCMIYHUX anapaTiB HEBIJJOMOTO IIPU3HAYCHHS;

* [InanyBaHH4 3an1yCKy HOBHX IITYYHUX cynyTHUKIB 3emii (LLIC3).

B nanwii yac B YKpaiHi 11 KOHTPOJIIO KOCMIYHOIO MPOCTOPY B 3HAYHIN MIpi
BUKOPUCTOBYIOTBCS ~ ONTHYHI ~ 3aCO0M  KOHTpPOJIIO, 10  OOyMOBJIEHO  iX
YHIBEPCAIBHICTIO 1 BIIHOCHOIO JIENIEBU3HOIO B MOPIBHIHHI 3 pajio 3aco0amu. Takox
PO3TIIAIAE€THCA TUTAaHHS PO3rOPTAHHSA MEPEXl ONTHUYHMUX CTAHINN MO BCIA 3€MHIM
KyJ1 1711 KOHTPOJIIO OOCTaHOBKH B HABKOJIO3€EMHOMY KOCMIYHOMY IIpocTopi. OnTHyHI
3aco0u MOXYTh 3AilicHIOBaTH croctepekeHHss KO, xomu 00'€eKT 3HAXOIUTHCSA Y
npsiMid  BUAMMOCTI 3aco0IB cHoOCTepexeHHs, oOcBITIeHUu CoHueM, a IyHKT
CIIOCTEPEXKEHHSI 3HAXOAUThCA y TiHI. Takuii Hablp BUMOI TPHU3BOAUTH 10
HEMOKJIUBOCTI criocTepekeHHs BCix KO 3 0IHOTO MyHKTY CIOCTEPEKEHHS Ha 3€MHIN
NOBEpXHI. Y JaHiid poOOTI aHami3ylThCsl 0COOJMBOCTI BUAMMOCTI pidHUX KO Ha
NYHKTaX, 110 MalOTh Pi3HE PO3TAILIyBAaHHS 3a UIMPOTOIO, 1 PO3IIISNAETHCS MUTAHHS
ONTUMAJILHOTO TIOJIOKEHHSI TMYHKTIB ONTHYHUX 3aco0iB croctepekenHs KO Ha
3eMHi# oBepxHi [ist criocTepeskeHHs Bcix KO Ha HaBKOJI03eMHUX OpOiTax.
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Hlanosanos O.J1., lenucos 0. O., 1-p. TexH. HayK
Hepxapauit HII BunpoOyBaHsb 1 ceprudikarmii
030po€HHS Ta BilICHKOBOI TeXHIKH, M. YepHiriB

PeBxo A.C., K.T.H.
YepHiriBChKUN HAI[IOHATLHUI TEXHOJOTIYHUA YHIBEPCUTET
M. YepHiris

BUKOPUCTAHHSA HEPOHUX MEPEX JIVISA BUSHAYEHHSA
MMOJOXEHHSA JITAJIBHUX AITAPATIB Y ITPOCTOPI

HeoOxigHicTh MiABUIEHHS TOYHOCTI JOCHIKEHHS MICIEBOCTI, Y TOMY YHCII
Ha BaXKOJOCTYNMHHUX JUISHKAaX akTyalli3ye, MOIIYK HOBHUX 3ac00IB aBTOMATHUYHOI
Jokami3amii NIl TOCTAHOBKHU 3aBJIaHHSI, K KEPOBAHOMY aBTOILIOTOM JITaIbHOTO
amapary, Tak 1 Oe3NWIOTHbOMY JiTajdbHOMY amapatry. lLle Bupilrye HampsMok
PO3BUTKY POOOTOTEXHIKHM, IJisi MOOYJOBHM IMOBHOIO aBTOMAaTUYHOTO HpPHUCTporo. B
MaifOyTHbOMY pOOOTH30BaH1 CUCTEMHU Ta KOMILUIEKCH TMOBHICTIO 3aMIHSTH JIIOJIUHY 1
OyyTh BUKOHYBATH 3aBJaHHS, Kl € BAXKUMU 1 HeOe3neunumu. [Ipukinanom Takoro
3aBJaHHS € JOCIIDKCHHS HEB1JIOMOi MicreBocTi. JIisi 1mporo, amapaTy HEOOXigHO
JoKaiizyBaTh cebe y TpocTopi, MOOyayBaTH Mamy. TOYHICTh BU3HAUYCHHS
MICIICTIONIOKEHHS PyXOMOi MIaTGOPMHU y MPOCTOP1 ICHYIOUUX METOIIB Ma€ 1CTOTHY
MOMWIKY, KOTpa HE J03BOJISIE pealizyBaTh aBTOMAaTU4YHE MEpeMilleHHs 0e3 ydacTi
JFOAVH.

[lepenbavaeThcss  peanizyBaTH  CHUCTEMY aBTOMATHYHOTO  TEPEMIIICHHS
maTOpMHU Ha OCHOBI CYYaCHMX arapaTHUX 3ac001B 1 aJITOPUTMIB JIOKaTI3aIlii.

Jlist manux matdopm, Ta JITATBHUX anapariB 3 0OMEXEHOK €HEPrOEMHICTIO,
Ta HEBEIUKUMH OOUYMCIIOBAIBHHUMH MOMJIMBOCTSIMU Ha TEIEPIIIHINA Yac pilieHb
3alpONOHOBAHO HEAOCTaTHBO. JJist (hikcalli mosoKeHHsT MaJioi pyXoMoi miaTdopMu
y TPOCTOpl ICHYHOYl METOJM MaloTh BEIUKY TOMHIKY, KOTpa HE JI03BOJISIE
peani3oByBaTH aBTOMaTUYHE MEPEMIILIEHHS 0€3 y4acTH JIFOJIUHHU.

HampairopanHsi, 10 BIiHOCATHCS 10 TEMH AaBTOMATHYHOTO BH3HAYCHHS
MICIICTIONIOKEHHS PyXOMOI IIaTHOPMH, YacTO TOMAOTh PE3YJIBTATH CKCIIEPUMEHTIB
MPOBEJCHUX B Jjaboparopii, IO HE Ja€ MOXJIMBOCTI JOCTOBIPHO BH3HAUUTH, SK
MOBEAYTh ceOe 3amponoOHOBaHI METOAM B PEAIbHUX YMOBaX. MOXHa MepeyMOBHTH,
10 TOYHICTh JIOKami3aIlli Moxe OyTH 3HaA4HE HIDKUOIO TOH, IO OMKCaHa B BITOMHX
po6otax. OcTaHHI IOCHIIKEHHS MMOKa3ylOTh, 110 BTUICHHS HOBHUX AaJTOPUTMIB Ha
OCHOBI HEHPOHHUX MeEpEeX, 3abe3nedye 3aJ0BUIBHI pe3yJbTaTH, s JITAIbHUX
amapariB Ta BeJMKHX pyxoMux IuiatgopM. HeiipoHi Mepexi gomnomMararoTh
3MEHIIUTH MOXUOKY, sika 00OYMOBJIEHA PI3HUMU (PaKTOpaMu, HANPHUKIIAJA, PUCKAHHI
amapaTty y pyci, BIUIMB OCBITJIEHHS, c1a00 TeKCTypoBaHI 00 €KTH, HEBipHE
KamiOpyBaHHS JgaBadya 1 T.JO. TakoX HEHUpOHI Mepexi [alTh MOXKIUBICTh
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BUKOPUCTAHHS MIiHIMaIbHOT KITBKOCTI TPHUCTPOiB 300py iHpopmarii. Ilpo mio
CBITYUTH HAIII IOCBiJ] B BUKOPUCTAHHI JOCUTH JCIICBOI MOHOKYJISIPHOI KaMEpH.

CucreMu ctepeo3opy OyayiTh TPhOXMIpHY 1H(OpMAaIl0 3 1BOX abo Oiiblie
JBOMIpHUX 300pakeHb. [X MOxHa OyTH OTpUMATH 3 JACKUIBKOX JIXKEpEJ, HApUKIIa,
JIBOX KaMmep, pO3TAalllOBAHMX Y BIAHOCHOMY IIOJIOKEHHI, a00 OJIHIEI0 PYXOMOIO
KaMepol 3 CEpBOABUTYHOM 1 IHIIMM pPYyXOMUM MPHUBOAOM, ab0 OAHI€I0
CTEpEOKaMEpOI0, KOTpa CKJIAJA€ThCs, AK MIHIMYyM, 3 JIBOX ONTHYHHUX JIH3. 3a
JIOTIOMOTOI0 TaKMX KaMep MOXHa OTpuMaTd 1HGOpMAIlil0 y BUIISIAL TJIMOMHH
300paKCHHS.

JIoOyTKOM JaHUX Kamep € Te, U0 3a PaXyHOK BUKOPUCTAHHS TIIbKH OIHIET
KaMepu 3HIKYETHCS BapPTICTh KIHIIEBOTO MPOJYKTY, @ TAaKOXK 3MEHIIYIOTHCS HOTro
rabaputh. Ha Tenepemnuii yac 3acoou metoga SLAM (simultaneous localization and
mapping), 3 BUKOPUCTAHHSIM MOHOKYJISIpHUX Kamep Jo0pe cebe 3apeKOMEeH1yBaju.
Opnuero 3 ramyzedt BukopuctaHHa € SLAM texHosorii majis moOyAOBU CHUCTEM
JIONIOBHEHOI peaJIbHOCTI 3a JIONMIOMOIOK0 KaMepu Ta MOOUIbHOro TenedoHy.
HenonikamMmu BUKOPHUCTaHHS MOHOKYJISIDHMX KaMmep € BIACYTHICTh 1HQoOpMalii
CTOCOBHO BIJICTaHI JIO OO0’€KTiB, IO MPUBOJIUTH JO YCKIIQJHEHHS aJTOPUTMIB Ta
IPOrpaMHOTr0 3a0€3NEUEHHS.

[ToO6ynoBa manu 3a JOoNOMOroro BizyaiabHOro SLAM moniuisieThCcst Ha JABA TUIIU:
po3psikeHe Ta uiiibHe. PospsypkeHa moOynoBa Mamu abo moOyoBa Mamu, Ha
OCOOJIMBUX TOYKAaX, BUKOHYETHCS 32 PAXYHOK BIOOPY OCOOJIMBUX KITFOYOBUX TOYOK,
3aJI0BOJIBHSIOUUX MOTpeOam BCi€i MHOKWHU TOYOK, 3HANHJCHUX HAa KOXKHOMY KaJipi. B
3B’SI3KY 3 I1IM MOOYy/I0BaHA Mara BUTIISIAE PO3PSIHKEHOIO, 1 CKIAIa€ThCS 3 CHIIYETIB
o0’ekriB. Takmii MeTon mnoOylIOBM Manmud B OCHOBHOMY BHKOPUCTOBYETHCS IS
BU3HAYCHHS MOJIOKEHHA KaMepH. 3a paXyHOK Majoi KUJIBKOCTI TOYOK BiH Ma€ OUIbIII
BHUCOKY MBHIKICTh o0uncieHb. Metoq ORB-SLAM sk cBimunTh HAIl TPAKTUIHHHA
JIOCBIJI, € HAUO1IbII €(DEKTUBHUM JIJIsl BUPIIISHHSI O3HAYEHOT BUILE TPOOJIEMHU.
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