JEP)KABHUI YHIBEPCUTET TEJEKOMYHIKAIIINA

HABYAJIbHO-HAYKOBHWH IHCTUTYT
TEJIEKOMVYHIKALIN

IHosicHIOBAJIBHA 3aIIHNCKA

o OakanmaBpchKoi poOOTH

Ha Temy: “ AHAJII3 HU3bKOOPBITAJIBHUX IHOOPMAIIIMHO-
TEJJEKOMYHIKAIIMHAX MEPEX 3 BAKOPUCTAHHAM ILIAT®OPM
MIKPO- TA HAHOCYIITYTHHUKIB”

Buxonas: crynent 4 xypcey, rpynu TCJI-43
CHeIiaIbHOCTI

172 TenekoMyHiIKarlii Ta paaioTeXHiKa

(mrrdp 1 Ha3Ba CHIEIiaNBEHOCTI)

CropBaces B.B.

(mpi3BuIe Ta iHiNiaTHN)

KepiBHuk Kpemenenpka A.A.

(mpi3BuILe Ta iHimiaNmM)

Penensenr

(mpi3BHIIe Ta iHiniamm)

HopmokoHTposb

(mpi3BHIe Ta iHiL{iaNN)

Kuis — 2022



JIEPXXABHMI YHIBEPCUTET TEJIEKOMYHIKAILIIA

HABYAJIbHO-HAYKOBHWH IHCTUTYT

TEJIEKOMYHIKAIIN
Kadenpa Mo0611pHUX Ta BiJIeOIH(GOPMAIIIHHUX TEXHOJIOT1H
CryniHp BHILOT OCBITH Bakaiasp
CoeniajgbpHICTh 172 TenexoMyHiKallii Ta paJioTeXHIKa

(umdp i Ha3Ba)

3ATBEPIKYIO

3aBigyBau kadenpu
Mo061isbHHX Ta BieoiHGOpMALIITHIX
TEXHOJIOT1H
H.B. Pynenko

2022 poky

13

SABJAAHHHA
HA BAKAJIABPCBKY POBOTY CTYJAEHTY

CropBaceBy BnanucnaBy BanepiiioBuuy

1. Tema  pobortu: “Amnanis HU3BKOOPOITATBHUX iH(popmarriiino-
TEJIEeKOMYHIKalIMHUX MEPEX 3 BUKOPUCTAHHSM IJIaTHOPM MIKpPO- Ta HAHOCYITYTHUKIB”,

KepiBHUK poOoTu Kpemenenpka Slna Anons(diBHa, 1.T.H.

3aTBEPKEHI HaKa30M BHUIIIOT0 HaBUaJIbLHOTO 3akiany Bijx 16.02.2022 Ne 22

2. CTpok mogaHHs CTYJIGHTOM poOOoTH 2022 p.

3. Buxigni gaHi 10 poOoTH:

1. 3aranpHi BimoMocTi po criocodu yrBopeHHs mepeki NTN.

2. ApxiTeKkTypa «pO3MOAIIIEHOTO CYNyTHHKAa» JUIS  HHU3KOOPOITaTBbHUX
1H(pOpMaIITHO-TEIEKOMYHIKALIITHUX CUCTEM Ha OCHOBI TpyNyBaHHS MIKpoO- 1
HAHOCYITyTHUKIB

3. bararonpoMeHeBi CynyTHUKOBI Mepexi 3 marpumkoro 5G NR.

4. HaykoBo-TexHI4YHa JIiTepaTypa.

4. 3MiCT po3paxyHKOBO-TIOSICHIOBAIBHOI 3aMUCKU (ME€peNiK MUTaHb, SKI TOTPIOHO
pO3poouTH):

1. Anani3 cydyacHUX CYIyTHUKOBHX I'pyITyBaHb 3 miaTpumMkor 5G NR.

2. Hepomikm Tta mnpoOnemu peanizailii HU3KOOPOITAIbHUX 1H(OpMAIliiHO-
TEJIEKOMYHIKalIHHUX CUCTEM.

3. Konneniist ta eranu peamizamii LEO-cuctem Inrepuery Peueii (10T).



4. 3acTOCYBaHHS «PO3NOAIEHOTO CYyTHHUKA» y TEJIEKOMYHIKAIHHUX CUCTEMA:

5. Ilepenik rpadiuHoro marepiany:

8 Cnaiiais
9. BucHoBKH

6. Jlara Bumaui

KAJEHJIAPHUM IIJIAH
Crpok
Hasga BUKOHaHHA eTtamiB | [IpumiTka

/m poOoTH

[Ti161p HayKOBO-TEXHIYHOI JITepaTypH Bukon.
1. 21.03.22

AHani3 Cy4aCHHUX CYIYyTHUKOBUX BuxoH.
2. rpynyBasb 3 miarpuMkoro 5G NR. 04.04.22

bararonpomeneBa mozaens NTN 5G NR Bukos.
3. 25.04.22

[Ipobnemu peanizaiii HU3KOOPOITATLHUX Buxkon.
4. 1H(pOpMaIITHO-TENEKOMYHIKAIITHUX

CUCTEM 25.04.22

ApPXITEKTypa «pO3MOIIIICHOTO CYITyTHUKa» BukoH.
5. 06.05.22

BucnoBkwu, BcTym, pedepat Bukon.
6. 09.05.22

Po3pobka npesenTartii Bukon.
7. 13.05.22

Crynenr

CropBaces B.B.

KepiBHuk podoru

(migmuc) (npi3BHILIe Ta iHIIiANMN)

Kpemenenpka S.A.

(miarmmc) (mpizBHIIIE Ta iHIIAIN)




BII'YK PELIEH3EHTA
no OakajaBpchKiil KBamiQikamiiHii poOoTi

Crynenta CropBaceBa Binaauciasa Banepiiiopuia

Ha Temy: “AHali3 HU3BKOOPOITATHHUX 1HGOPMAIIHHO-TEICKOMYHIKAIIHHAX MEpPeX 3
BUKOPUCTAHHSM IUIATPOPM MIKpPO- Ta HAHOCYITyTHUKIB ~

AKTYaJIbHICTD:

Konmernisi 3acTocyBaHHsI CYITyTHUKOBOIO cerMeHTa 5SG IHTErpyeThecsl 3 IHIIMMHU MEpeKamu
MOOLTBHOTO Ta (hikcoBaHOTO 3B's3Ky.CyNMyTHHKOBUH CETMEHT OyJe CHpHUATH XapaKTepHUCTUKaM
r00aNbHOCTI, 30UTBIICHHS MOXJIMUBOCTeW mocayr S5G 1 BupimeHHs mpoOjeM, IOB'A3aHUX 3
HiATPUMKOIO 3pOCTaHHS MYJIBTHUMEIIMHOTO TpadiKy, TOBCIOAHOTO MOKPUTTS, MK MAIIMHHOTO 3B'SI3KY
1 KPUTUYHO BAXKIMBHX TEICKOMYHIKAIMHMX Miciii. Y OakamaBpChKiii poOOTI JeTanbHO BHBYCHI
OPUHIUIKA 0araTOpOMEHEBOI CYIyTHUKOBOI Mepexi 3 miarpuMkoro 5G NR, mpoanamizoBaHo
KOHIICTIIiT CYIMyTHHKOBHX TEXHOJIOTIH 13 3aCTOCYBaHHSIM HH3bKOOPOITAIEHUX CYIYTHUKOBHX MEPEK
Ha OCHOBI TIAT(OPM MIKpPO- Ta HAHOCYITyTHHKIB.

ITo3uTHBHI CTOPOHU:

Y OakamaBpchbKid poOOTI TMOKa3aHO, IO PO3HECEHHS (PYHKIIOHAIBHUX EJIEMEHTIB ILIHOBOL
KOPHCHOTO HABAaHTAXXCHHsSI CYIyTHHKOBOI CHCTEMH 3a JACKUIbKOMa (i3MYHO BIIOKPEMIICHUMH
€JIEMEHTaMHU JI03BOJISIE BIPOCUTH BIJHOBJICHHS IPAIE3aTHOCTI CUCTEMH Ta CTBOPUTH YMOBH IS
BJIOCKOHAJICHHS CUCTEMH B MPOLIEC] eKCIUTyaTaIlii.

[IpoBeneHi AOCHIIKEHHSI CBiAYaTh MPO BHUCOKHH HAYKOBO-TEXHIYHWN PIBEHb BUKOPHUCTAHHS
iH(pOpMaLiHUX TEXHOJIOTIH B JAaHOMY AOCIHIHKEHHI.

Po6oTta BukIageHa HayKOBOIO MOBOIO, JIOTIYHO ¥ IOCIIIOBHO BiJIOMBAaE METy Ta IOCTaBJICHI B
po6oTi 3aBaanHs. [losicHIOBaJIbHA 3aMMCKa BIANOBIA€ CTaHAApTaM JI0 ii 0pOpMIICHHS.

Hepnouikm:
1. He HaBe/ieHi TEXHOJIOTI9HI OCOOJMBOCTI Ta XapaKTEPUCTHKN KyOCaTOB.
2. 3abarato rpadiuHOro MaTepiainy.

BucHoBku:

HesBaxaroun Ha apiOHI Hemodiku OakanmaBpchka KBasiikamiifHa poOoTa 3aciIyrOBYE OINIHKY
«B1IMIHHO», a cTyaeHT CiopBaceB Bnagucnas BanepiiioBuu - mpucBoeHHs kBamidikalii «¢paxiBelp i3
TEJIEKOMYHIKalIHHOT 1HXKEHepii».

SIkicTh mpoekty (poOoTH) [Miamuc penensenTa
BukoHaHO Ha 3aMOBJICHHS ( )
HiAMPUEMCTBA
BukoHaHo 3a TeMaTHKOIO Iligmuc 3aCBITIYIO
HJIP
BUKOHAHO 3 MaKEeTOM IMignuc ocobu, 110 3acBiadye ( )

Buxonaso 3 3acTocyBaHHAM M.II
EOM ta MIIT o
Mae npakTH4HY LIHHICTb

[IpoekT-yacTuHa
KOMIIJIEKCHOT TeMH




JIEP)KABHUHM YHIBEPCUTET TEJEKOMYHIKAIIH

MMOJIAHHSA
T'OJIOBI JIEPKABHOI EK3AMEHAIIIMHOI KOMICII
I1OJI0 3AXHUCTY BAKAJIABPCBKOI POBOTH

Hanpasinserscst CTy1€HT CropBaces B.B JI0 3aXUCTY OakanaBpchbKoi podoTH

(mpizBHIIe Ta

imirrianm)

3a 172 TenexoMyHiKallii Ta paJioTeXHiKa

(uudp 1 Ha3Ba crieniabHOCTI)
Ha TeMy: AHai3 HU3bKOOPOiITaTbHUX 1HGOPMAIIHHO-TEIEKOMYHIKAIIIHHUX MEPEXK 3
BHKOPUCTAHHAM IUIATGOPM MIKPO- Ta HAHOCYIYTHUKIB
bakanaBpcrka po6oTa i pereH3is 101ar0ThCA.

JMpeKTop IHCTUTYTY Kpapuenxko B.I.

(migmnuc) (mpi3BuLe Ta iHiIiaIN)

JoBinka npo ycnmimxicrs
Cropsaces B.B. 3a nepioJl HaB4aHHS B HaBuanpHO-HAyKOBOMY
1HCTUTYTI TeJIEKOMYHIKaIlii

(mpi3BuLIe Ta iHiIiamN)

3 20 poky mo 20 poOKy MOBHICTIO BUKOHAB HaBYAJbHUH IJIaH 32 HAMPSIMOM MiATOTOBKH,
CIEIIaNBHICTIO 3 TAKKM PO3MOIIJIOM OIIIHOK 3a:
HAlllOHAJIbHOIO LIKAJIOK: BiAMIHHO %, noOpe %, 3anoBuibHO _ %;
mkanoro ECTS: A %; B %; C %; D %; E %.
[TpoBigHuii haxiBenpb IHCTUTYTY

(mipmmc) (mpi3BuIIe Ta iHiIiamm)

BHCHOBOK KepiBHHKA 0aKaJaBpPChKOI po0oTH
Crynentr CropBaceB Bnanucna BanepifioBuy mij yac HamucaHHs OakanaBpChbKoi poOOTH
M0Ka3aB rapHy TEOPETHYHY MiATOTOBKY, BOJIOAIHHS HEOOX1IHUMHU 3HAHHAMHU y c(epl CyMyTHUKOBUX
TEJIEKOMYHIKaLlIHHMUX TEXHOJOT1H, BMIHHS KOPHCTYBATHUCS HaBUYAIbHOIO, JOBIJIKOBOIO 1 HAyKOBO-
TEeXHIYHOIO JiTeparyporo. [lpaioroun Haj 3aBAaHHAMHM, SIKI JAOPYYAIUCh KEPIBHUKOM, IPOSBUB
IHIIIaTUBHICT, CYMJIIHHICTh Ta XHCT J0 1HXKEHEPHOI pOOOTH.
bakanaBpcrka poO0oTa BHKOHAaHA Ha BHCOKOMY pIiBHI 1 3aCIyTOBY€E OIIIHKY «BIIMIHHO», a

cryaent CiopBaceB Bnanucnas BanepiiioBud - npucBoeHHs KBamidikaimii «daxiBeup i3
TEJIEKOMYHIKalIHHOT 1HXKEHepii».
KepiBauk podotu Kpemenenpka S.A.
(mipmmc) (mpi3BuIIe Ta iHiniamm)
“ 20 poky

BucHoBok kadeapu npo 6akajaBpcbKy podoTy
BakanaBpcbky po6oTy po3risanyTo. CTyAeHT CropBaces B.B.

(mpi3BHIIe Ta iHiIiamm)

JIOTTYCKAETHCS 0 3aXUCTY AaHOi poboTu B JlepkaBHill ek3aMeHaIliiHIi KOMICIi.

3aBigyBau kadenpu
MoOGinbHuX Ta BieoiH(popMaIifHIX TeXHAIOTii H.B. Pynenko

(mignuc (npi3BuILe Ta iHiliaNM)
\
(13

20 poky




PE®EPAT

TexcroBa yactuHa 6akanaBpchKkoi podotu: 57 c., 25 puc., 9 Tabmn., 20 mx.
06 ’ekm 0ocniodcenHs — apXITEKTypa HU3bKOOPOITAIbHUX KOCMIYHUX MEPEK

Ilpeomem Oocnioscenns — apXxiTEeKTypa «pO3IOIIJICHOTO CYIYyTHHUKa» Ha OCHOBI
MIKpO- 1 HAaHOCYMYTHHKIB, [0 MOB'sI3aHI B 0araTopiBHEBY T'€TEPOTCHHY PO3MOALICHY

00YHUCITIOBANIBHY XMApHY CTPYKTYDY.

Mema pobomu — aHani3 apXiTEKTYPHU «PO3IOIIJICHOTO CYIMyTHUKA, IO J03BOJISIE
BUKOPUCTOBYBATH CYITyTHUKU KJIacCy MIKPOCYMYTHHUK Ta HAaHOCYMyTHHK (KyO-car) st
CTBOPCHHsSI CKJIQAHUX 1H(QOPMAIIHHO-TEICKOMYHIKAIIMHUX CHUCTEM KOCMIYHOTO

0a3yBaHHS.

Memoo OocniddcenHss — Ha OCHOBI TEOPETUYHOTO JOCITIKEHHS MOO0YI0BH MEPEK

JOCTYMY 13 3aCTOCYBAaHHSM HOBHUX CYITYTHHKOBHUX TE€XHOJIOTIH.

VY GakanaBpchKiil poOOTI MpoaHasi30BaHO KOHIENIii [HTepHeTy pedeil i cydacHux
TEXHOJIOT1M TEJIEKOMYHIKAII 13 3aCTOCYBAaHHAM HU3bKOOPOITAIBHUX CYMYyTHUKOBHX
MEpeX Ha OCHOBI mMmiuaTdopM MIKpO- Ta HAHOCYNYTHHMKIB. BuBYeHa apxiTekTypa
"pO3MOAUIEHOTO CYIyTHUKA", M0 BKJIIOYAE YTrPyHMyBaHHS KOPEHEBHUX (BEAYUYHX)
CYMyTHHUKIB Ta CYIyTHHUKIB - peTpaHcisaTopiB (BeaeHux). [lokazaHo, mo po3HECEHHS
(yHKLUIOHATBHUX €JEMEHTIB IUIbOBOI KOPUCHOIO HABAaHTAXXEHHS CHUCTEMH 3a
JeKiapbKoMa (i3HYHO BiJJOKPEMIICHUMH €JIEMEHTaMHU JIO03BOJISI€ BIPOCHTH BiTHOBJICHHS
Ipale3/1aTHOCTI CUCTEMHU Ta CTBOPUTU YMOBHU JUISl BIOCKOHAJIEHHSI CUCTEMH B IPOILIEC]

eKCILTyaTartii.

CYIIYTHUKOBA MEPEXA, MIKPOCVYIIYVTHUK, HAHOCVYIIYTHUK,
PO3IIOJAIJIEHUIN CYITYTHUK, 5G/IOT, LEO-CUCTEMA
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BCTYII

TepMmiH «HAHOCYITYTHUK)» 3aCTOCOBYETHCS IO MITYYHOTO CYIyTHUKA 3 MacoOIO BiJl
1 mo 10 xr. KoHcTpykKiii Ta 3ampornoHOBaHI KOHCTPYKII IMX THINB MOXYTh OyTH
3alynieHl OKpeMo, a00 BOHM MOXKYTh MAaTH KiUJIbKa HAHOCYMYTHHUKIB, SKI NPaLIOIOTh
pazoM abo0 yTBOPEHO, 1 B I[bOMY BHUMAJKy IHOJI MOXE 3aCTOCOBYBATHCS TEPMiH
«CYIYTHUKOBUH piit» a00 «ppakilioHOBaHUN KOCMIYHUN KOopabenby. Jleski KOHCTPYKIIii
BUMAararoTh OLIBIIOTO «MAaTEPUHCHKOTO» CYMYTHUKA JUIS 3B’SI3KYy 3 HA3eMHHUMHU
KOHTpoJiepaMu abo /i 3allyCKy Ta CTUKYBaHHS 3 HaHOCymyTHHKamu. CTaHOM Ha
cepnenb 2021 poky Oyno 3amyiieHo noHaa 1600 HAaHOCYITyTHHUKIB.

CubeSat — 11e 3BU9aifHAN THI HAHOCYITyTHHKa, MOOya0BaHU y (opMi KyOa Ha
ocHoBl kpaTtHux 10 cm X 10 cm x 10 cm, 3 macoro He Oumbmie 1,33 kiorpama Ha
onunuito. Konmeniis CubeSat Oyna Bmepiie po3pobiena B 1999 pori croinbHOIO
koMaugoro Kamidopnifickkoro momiTexHigHoro yHiBepcuteTry Ta CTeH(GOPICHKOTO
yHIBepcUTETYy, a creuuikauii, nTpu3HadeHl Jjs BUKOPUCTAHHS BCiMa, XTO IUIAHYE
3amyCTUTH HaHOCYMyTHUK y cTiit CubeSat, marpuMyeThes M€ TPYIOL0.

3 MOCTIHHMM TPOrpecoM Yy MiHIaTIOpu3aiii Ta 30UTbIIEHHI MOXIJIHWBOCTEN
CJIICKTPOHHUX TEXHOJIOTIA Ta BHKOPUCTAHHS CYIyTHHUKOBHUX Cy3ip’iB, HAHOCYITYTHUKH
Bce OinbpIle 37aTHI BHKOHYBAaTH KOMEPIIiHI Micii, sKi paHillle BHUMarajiu
MikpocynyTHUKiIB. Hampuknazn, cranmapt CubeSat 6U OyB 3ampornoHoBaHUM, 1100
JIO3BOJIUTH CYIyTHUKOBIA rpymi 3 35 8 Kr CyMyTHHKIB, II0 CTBOPIOIOTH 300paKeHHS
3emuti, 3aMIHUTH Cy3ip'd 3 M'ATU CYMYTHHUKIB 300pakeHHs 3emuti Baroto 156 kr mpu Tii
caMmiil BapTOCTI Micii, 31 3HAUHO 30UIBIIEHUM YaCcOM MEPEriisLy: KOKHY 00J1acTh 3€MHOT
KyJIl MOXHA 3HIMATH KOXHI 3,5 roauHM, a He pa3 Ha 24 TOAWHM 3a JOTIOMOTOI0 Cy3ip’s
RapidEye. binbmn mBuakuii yac meperisgy € 3HAYHUM TMOKpAIIeHHSIM JJid KpaiH, sKi
3IIACHIOIOTh pearyBaHHsl Ha CTHXIHMHI Juxa, mo O0yno Meroro cysip's RapidEye. Kpim
TOro, OIS nanosat 03BOJUTH OUIBIIIN KUIBKOCTI KpaiH BOJIOJITH BJIACHUMH
CynyTHUKaMHU IS 300py JaHUX 300paKeHb Yy HEMIKOBI (He KaTacTpodiuHi) IaHI.

OCKUIbKM BUTPATH 3HWXKYIOTHCS, @ 4YaC BUPOOHHUIITBA CKOPOUYETHCS, HAHOCYIyTHUKU



CTalOTh BCE OLIbII MOXKIMBUMU HIAIPUEMCTBAMU JJIsI KOMITIaHii.

13 ciunsa, o 17:25 3a xkuiBcbkuM 4yacoMm, 3 0a3u Kocmiunmx cuin CIIA Ha muci
Kanasepan crapryBaina pakera 3 Jep:KaHUM yKpaiHCbkuM cynmyTHUKoM Ciy-2-30.

Ciu-2-30 npu3HavyeHnt 1Jis OTpUMaHHA IM(GPoBUX (OTO TOBEpXHI 3eMil y
BUJIUMOMY Ta OJIMDKHBOMY 1H(DpauepBoHoMy miama3oni: 0,51-0,59 mkwm (3enenuii), 0,61-
0,68 (uepBonumit), 0,80-0,89 (Ommxuid [H) Ta 0,51-0,90 (mamxpom). Takox #oro
BUKOPHUCTAIOThH JIJII MOHITOPUHTY i0HOCGepH. 3araiibHa Maca — Omu3bko 210 Kr, 3 HUX
40 Kr KOpUCHOTO HaBaHTaxeHHs. Po3aiuibHa 37aTHICTH ~6,1 M IpH WIUPHUHI CMYTU
3HIMaHHs ~ 36,5 kM. HakonuuyBau s nanux — 10 I'0, kanan nepenaui — 30,72 Mo6iTt/c.
PospaxoBanwuii Ha 3 poku ciry:x6u Ha CCO 3aBBuiku 525 kM 3 Haxuiom 98,1°.

[Mpuknax nanocymyTaukiB: ExoCube (CP-10), ArduSat, SPROUT

Po3pobuuKky Ta BUpOOHMKM HAHOCIYTHUKIB BKItO4YatoTh EnduroSat, GomSpace,
NanoAvionics, NanoSpace, Spire, Surrey Satellite Technology, NovaWurks, Dauria
Aerospace, Planet Labs 1 Reaktor.

CynyTHUKOBUW CETMEHT Oylie CHPUATH XapaKTEPUCTHKAM TJIOOAIBHOCTI,
30UTbIIEHHS MOXJIMBOCTeM mocayr S5G 1 BHpIlIEHHA MpoOsieM, TMOB'A3aHUX 3
MIATPUMKOIO 3pPOCTaHHS MYJIBTUMEIIMHOTO TpadiKy, MOBCIOJHOTO MOKPUTTS, MiXK
MAITMHHOTO 3B'SI3KY 1 KPUTUYHO BAXKJIMBHX TEICKOMYHIKAIIMHUX MICIH MPU ONTUMI3aIli1
BapTOCTI MOCTYT Ui KIHIEBUX KOPHUCTYBadiB. BUMOTH 10 CYIMyTHHKOBOTO CETMEHTY
MEpEeXi M'SITOT0 MOKOJIHHSA OyIyTh BU3HAYATHCS HACAMIIEPEl CYKYyMHICTIO MOCIYT, IO
HaJalThcss Mepexxkamu 5G, ski 00'enHaHI TphOMa OCHOBHHMMH O13HEC-MOJEISIMU:
pPO3LIUPEHUN Ta MOOITLHUM.

ApPXITEKTypa «pO3MOJIIJIEHOTO CYIMYTHHUKA» JT03BOJISIE TTPOBOJUTH BUMIPIOBAHHS
napameTpiB opOiTalbHOrO pyxy KybOcara Ha 0a31 BHUMIpIOBaHb iX B3a€EMHOTO
po3TanryBaHHsI. B pe3ynbTari MOXJIMBO MABUINUTH €(PEKTUBHICTH BUKOPUCTAHHS
KyOcaTiB, BIJIKJIIOUMBINK YacCTUHY OOJaJHAHHSA, HEOOXITHOTO IS BHUMIPIOBAHHS
napameTpiB. Jlo CKmamy KOPHUCHOTO HABAaHTKEHHSI CYMYTHUKIB-PETPAHCIATOPIB
BKiItoueHi  SDR-monym  (mporpamMHoO-KOH(IrypoBaHl MoOAyndl), MpPU3HAYEHI JUIS
GbyHKIIIOHYBaHHS 1 OOpOOKM TPaHCHOPTHUX TOTOKIB IS Tepeaadi 1 NpuioMy

iHdopMmarii. s 3a0e3nedeHHs 3B'A3KY BCEPEAMHI «PO3MOAUICHOTO CYMYTHUKa»


https://tech.liga.net/ukraine/article/spacex-skoro-zapustit-ukrainskiy-sputnik-pochemu-eto-vajno-i-kak-my-na-etom-zarabotaem

10

BUKOPHUCTOBYETHCS 0€31pOTOBA MEPEXKaA.

HenonikoMm BiJIoMOTO pillIEeHHSI € Te, 0 Y HbOMY HE BHM3HAadYeHa apXiTEKTypa
MDKCYNYTHUKOBOTO KaHally 3B'fI3Ky, IO HE JO3BOJISIE OLIHUTH HOTO TEXHIYHI
XapaKTEPUCTUKU Ta BIAMOBIAHO TEXHIYHI MOMJIMBOCTI CHCTEMH HU3BKOOPOITATHLHOTO
CYMYTHHUKOBOTO PaJiO3B's3Ky ISl HaJlaHHA SIKICHUX MOCIYT B IHTETPOBAHUX MEpPEkKax
3B'a3Kky 5G Ta [oT.

ToMmy akTyanpbHOIO 3a7a4€l0 € MPOAHANI3YBATH aAPXITEKTYpPY «PO3IMOAIICHOTO
CYNyTHHUKa», IO J03BOJSIE BUKOPHUCTOBYBATH CYNMYTHHUKH KJIacy MIKPOCYMYyTHHK Ta
HAaHOCYITyTHUK (xy0-car) TUTSL CTBOPEHHS CKJIAJTHUX 1H(popmariiitHo-
TEJIEKOMYHIKAIIIMHUX CUCTEM KOCMIYHOTO 0a3yBaHHs, 30KpeMa CHCTEM JUCTAHI[IHHOTO

30H]TyBaHHS 3eMUIi.
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1 3AT'AJIBHI BIIOMOCTI ITPO CITIOCOBHU YTBOPEHHS MEPEXI

NTN

1.1 Posib HEHa3eMHHUX Mepex

Cepen ocHoBHUX npuHIHIIB 5G - 3MaTHICTE @QEKTHBHO Ta HAIIIHO MEpenaBaTH
iHpopMario. Cuctemu 5G — 1€ HE JIMIINE HOBI IIPOTOKOJIH, aje, M0 IIE BaXkJIHBIIIE,
BOHHU 3a0€3MEYyI0Th HOBY TEJIEKOMYHIKalliHy IHQpacTpykTypy. Takum 4rHOM, OJIHE I3
3aBJJaHb IOJIATAE Y JOCATHEHHI HafliHO1 IHTerpamili MK Ha3eMHHM Ta HEHA3EMHUM
cerméHTamMu.  OCKIIBKM ~ CYNYTHHUKH  3B'S3Ky  IPOIOHYIOTH  MOXJIUBOCTI
BEJIMKOMACIITAOHOTO MOBJIEHHS Ta TJIOOAIBHOTO IOKPHUTTS, BOHU € E(HEKTUBHUMHU
3aco0aMu 3B'S3Ky IS MEPEX Ha ocHOBI 5G, 0COOIMBO IS IIAKIIOYEHHS BiITaleHHX
paiioHIB | OOPTOBUX, MOPCHKUX TUIATPOPM. 3a ocTaHHI KijbKa pOKiB Oarato onepatopin
CYITyTHUKOBOTO 3B'S3Ky OHOBHWJM CBId mapk, ™00 3a0e3meyuTH pO3MIHPEH]
(GyHKIIOHATBHI MOXJIMBOCTI Ta OIJIBII BHCOKE IOBTOPHE BUKOpPHCTaHHS dacToT. Ha
J0JIaTOK 10 ICHYIOYOTO TapKy TeOCTalllOHApHUX CYMyTHHUKIB, HACTYITHE IMOKOJIHHSI
cymytaukoBux cucteM MEO i LEO 6yne myxe rHydkum | Oyae B Aecsarth pasiB Olibm
NOTY)KHUM, HDK IcHytoul yrpynoBanHs. CymyTHHKHM Ta iHIII HEHa3eMHI riathopmu,
takl sk gupmxkabni a6o BIUIA, mokpamyrots cuctemu S5G, poOissun iX Ok
THYYKHMH, PO3yMHHUMH Ta HaJIHHUMHU.

OuikyeTbcs, 10 HEHa3eMHI MEpEexi, 3aBISKH CBOIM IMIMPOKHM MOKJIHBOCTSIM
HOKPUTTS Ta 3MEHIIEHIH ypa3IMBOCTI KOCMIYHUX Ta MOBITPSHUX TPAHCTIOPTHUX 3ac00IB
70 GI3UYHKUX aTaK Ta CTUXIMHUX JIMX, 3MOXKYTh:

- CHOpUATH po3ropraHHi0 mociyrd 5G B HEOOCIyroByBaHUX paiioHax, sKi He
MOXXYTh OyTH TIOKpUTI HazeMHOI0 Mepexero 5G (i301p0BaHl abo BiymaneHi paiionu, Ha
Oopty mitakiB ab0 CyA€H) | B HEIOCTATHbO OOCIYrOBYBaHHMX pailoHax (HaIpHKIA,
npuMiceki abo CimbChKI palioHM), MO0 MOKPALIUTH NTPOAYKTUBHICTH OOMEKEHUX
HA3EeMHHUX MEPEXK EKOHOMIYHO €()EKTUBHUM CIIOCOOOM;

- miABUIIMTHA HaaliHICTh nocayrd 5G, 3a0e3mnedyroud  Oe3nepepBHICTH

oOciyroByBanHst Juisi ipuctpoiB M2M/IoT abo mns macaxkupiB Ha OOpPTYy PyXOMHUX
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wiathopM (HAMPHKIAA, MACAKUPCHKUX TPAHCHOPTHHUX 3aco0iB, miTakiB, KopaOiis,
BUCOKOIIBHJIKICHUX TIOTATIB, aBTOOYCIB) a00 3a0€3MEYeHHs IOCTYMHOCTI MOCIYT Y
Oyb-sIKOMY MicIIl, 0COOIUBO I KPUTUIHUX KOMYHIKaIii;

- 3ampoBagUTH MacmTaboBaHicTs MEpexi 5G, 3a0e3neuyroun epeKTuBHI O6araTo
aJipecHi Ta MIMPOKOMOBHI PECYpCH I JOCTaBKU JaHHWX J0 KpaiB Mepexi abo HaBITh
TEpMiIHATy KOPUCTyBaya.

3arajibHy MEpEXy 3B'A3Ky, sIKa 3pOCTaTHME 3 BHKOPHUCTaHHIM TEXHoorii 5G,
MOYKHA PO3IIIAJATH SIK MEPEXKY MEpEX, OCKIIbKH BOHA JO3BOJIUTH AJaNnTyBaTH Ta
KOMOIHYBaTH pi3HI Ta ATbTEPHATUBHI MEPEXKEBI CTEKU Ta TEXHOJIOTIT 3B'SI3KY. 3aBISIKH
MOJKJIMBOCTSM IIHPOKOMOBHOI Ta Oaratoaapecuoi nepenaul, NTN i, 3oxkpema, mepexi
CYIyTHUKOBOTO 3B's13Ky (SatCom) MOXyTh rpatu 0€3iiu poneit y 5G, BUCTyHarouu sK
mepexa pamiogoctymy (RAN) | sk TpaH3uTHE 3'€eMHAHHS JUIS BIJUTAJIEHUX PO3TOPTaHb
5G. CynyTHUKOBU KOMIIOHEHT MOYKE OYTH KOPHUCHUM SIK:

- pe3epBHE 3'€HAHHS: KOPHCTYBadl ITIIKIIOYAIOTBCA JIO MEpExl depes
CTaHIApTHE Ha3eMHE 3'emHaHHs (Hampukiax, ADSL) Ta iHmi BropwHHI 3'€HAHHS
(Hanpukiaa, cynyTHUKOBE). [IepBUHHE 3'€THAHHS BUKOPUCTOBYETHCS B HOPMAIbHHUX
YMOBaX, B TOW Yac sIK IHIIE BKIIFOYAETHCS Y pa3l 30010 a0 HEcmpaBHOCTI, 00 3aMIHATH
CTaHJapTHE 3'€IHaHHS (MIEPEMHUKAHHS MPH BIMOBI), 1110 TPU3BOAMTH 10 OIIbII BUCOKOT
JOCTYITHOCTI Ta HAAIMHOCTI 00CITyTOBYBaHHS;

- pPO3BaHTAXXEHHSI JAHWUX: KOPUCTyBadl BHUOMPAIOTH OCHOBHE 3'€JHAHHS JUIS
HAJICWJIaHHS Ta/a0o oTpuManHs naHuX. CymyTHHKOBa MEpEka MOXKE 3a0e3MevyBaTH
JOJaTKOBE 3'€JIHAHHS, CIPSIMOBAaHE Ha YCYHEHHS mIKIB Tpadiky Ta 30€pekeHHs
NPOJYKTUBHOCTI TMEBHUX KOH(DIMEHIIHHUX mTOTOKIB. CrHemnianbHUN MapupyTH3aTop
MOXKE OYyTH HANAIITOBAHWK /Ui BH3HAYEHHsI Ta 3aCTOCYBaHHS MPaBUJI 3aJ€KHO BIJ
CTaTHCTUKH TpadiKy Ta MEBHUX MEXaHI3MIB, TakuX 5K (ikcoBani abo nuHAMIYHI TOPOTH
Tpadiky, 00 aKTUBYBATH JIOJIATKOBE 3'€THAHHS Ta PO3BAHTAKUTH OCHOBHHUI MapIIpyT;

- TapayenbHi HE3aJeKHI KaHalu: B MEpExi MOXyTh OyTH MpUCyTHI 1Ba abo
OlmbpIIE HE3aNEKHUX KaHAIM JOCTYIy abo0 3BOPOTHOTO peicy, sKI MOXYTh
BUKOPHUCTOBYBAaTHCS onHoYacHO. KokHE mocwiaHHa (OAHE 3 HHX MOXE OyTH

CYIYTHUKOBUM) KEpYeTbCsl OKpemuMm mposaiinepom (ISP), sxuil xapakT€pu3yeTbcs
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IJTbOBOIO TEXHOJIOTIEIO Ta MIIIUCAHOI YroJIoK Mpo piBeHL o0ciyroByBaHHS (SLA).
CremnjagpHui MapIpyTU3aTop y NPUMILMIEHHI KOPUCTYBa4a MOXE OyTH HaJIallITOBAaHHIA
111 300py BChOTO JIOKAJILHO 3r€HEPOBAHOTO Tpadiky Ta MEPECUIIaHHs HOro Ha OCHOBI
KpUTEpIiB BapTOCTI, IPOAYKTHBHOCTI JIJIs peaizalii OaraTokaHaJIbHOT arperariii.

BapianT BUKOpUCTaHHS 3a3BUYall BIJHOCHTHCSA 110 B3aEMOJIi MDK pOJUTIO Ta
CHCTEMOIO JUIS JOCSATHEHHS MEBHOT METH. OTKE, HEOOXITHO BU3HAYUTH METY MOCTYTH,
sika 3a0€31euy€eThcss KOMITOHEHTOM HEeHa3eMHOI MEpEesI, IHTErpoBaHNM y cucTeMy S5G.

Jlnst koskHOTO 3 (hakTOpiB HamaHHs mocayr SG BapiaHTH BUKOPUCTAHHS, B SKHX
KOMIIOHEHTH HE Ha3eMHOi MEpexi MaloTh BijirpaBaTu NMeBHY poib. Jlo dakTopis, mo
3a0e3neuyroTh maTpuMky mociyr 5G, BimHocaThes eMBB (po3mupenuit MoOiIbHUI
mmpokocmyroBuii 3B's130k), URLLC (HamHamiitHu 3B'I30K 13 MaJIOK0 3aTPUMKOIO) Ta
mMTC (macoBuii 3B's30k MammHHOTO THITYy). CrieHapli Bukopuctanas 5G
BIJIIOBITAtOTh B3a€EMOJIISIM MIXK 3aIliKaBJIEHOIO CTOPOHOIO (KOPHUCTYBAvYEM, OIIEPATOPOM,
MOCTAYaJIbHUKOM MOCIYT) Ta CUCTEMOIO SG JIsl AOCSTHEHHS IEBHOT METH.

Xoua 3aTpUMKa PO3MOBCIOJDKEHHS CYIMyTHHKOBHX CHCTEM MOXE OyTH
npoOJEMOIO 11 TEBHHMX JOAATKIB, [0 BHMAaramTh Majol 3aTPUMKH, BaKIUBICTbH
CYNyTHHUKIB JUISI KPUTHYHO BAXKJIMBUX KOMYHIKAIIi, BKJIIOYAOYN 3B'SI30K LIS
CycHibHOT OE3MEKH, YEPE3 TXHIO HAAIWHICTD | BEJIMKY 30HY MOKPHUTTS J00pE Bigoma.

OTxe, poJib CyNyTHHKIB | HEHA3eMHHX MEpPEx Mae OyTHh JOCIIKEeHa JUIs
3a0e3MEeYEHHS] OCHOBHHMX O00JAacTENl BUKOPUCTaHHSA CUCTEM S5G, IO OXOIUTIOIOTH HE
TIIBKM TOKpAIeHnii MOOIIbHHMN HIMPOKOCcMyroBuid 3B's30k (eMBB), ane it Bucoky
CTIWiKICTh 7O BIJAMOB, CaMOHAJANITOBYBAHICTh, WIATPUMKAa Ta OE3MEKa MEepex

CHeIiaIbHOTO IPU3HAYEHHS.

1.2 HAPS

HAPS — 11e MepexxeBuii By30J1, KU TpaIoe y crparocdepl Ha BUCOTI OJIM3BKO
20 kM. 3aBASKH YHIKQIBHUM BJIACTHUBOCTSIM cTtparocdepu, HAPS moxe 3anmumarucs y
KBa3iCTal[lOHApHOMY TIOJIOXKEHHI Ta POOUTH 3HAYHWUH BHECOK Y 3a0e3MEYeHHs

HOBCIOAHOTO 3B's13Ky. Jlocimkenns, mos's3ani 3 HAPS, moxxna npocrexutu 10 1990-x
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3aBIIIKM  YHUCJIIEHHUM  JIOCJIDKEHHSM  [I0Ka3aJl0  IMEPCHEKTUBHY  ITOBCIOJHOTO
HiAKITF0OYEHHS 710 |HTEPHETY 3 0COOJIMBUM YIIOPOM Ha CUIBChKI palilOHM Ta MPOrpaMu JJIs
HaJaHHS JIONIOMOTW Tpu cTuxiiHuxX Jjuxax. [Jaml Mu migemo Ha Kpok ymnepenm |
MOKa)KEMO, SK BHKOpPUCTaHHS cucTeM HAPS Moxe€ crnpusTté pO3BUTKY IEPEIOBUX
HOCIYT MOOITBHOTO 0€3POTOBOTO 3B'SI3KY I3 HAANIUPOKUM IMOKPUTTSIM Ta BHUCOKOIO
IPOIYCKHOKO 3/IaTHICTIO.

OctanniMm  dgacom HAPS 00roBoproeTbCsi SK IKUTTE3NATHUNH KOMITOHEHT
NOBITPSIHOT MEpPEeXI 3aBISKH PO3BUTKY TEXHOJIOTIH 3B'SI3Ky Ta JOCSATHEHBb y Taiy3i
NIBUIIEHHS €(QEKTUBHOCTI COHSYHHMX IAHEJEH, JErKHMX KOMITO3UTHUX Matepiaiis,
aBTOHOMHOI aBIOHIKM Ta aHT€H. OCKIJIbKM BUTpATH 3aJIEXKaTh BIJ Yacy | 3'SBISIOTHCS
OlibIIl eKOHOMIYHI TEXHOJIOTIT Ta MaTepianu, BukopucTanus cucteM HAPS crane Olibii
EKOHOMIYHO JOIIIBPHAM Yy MaiOyTHIX wmepexax. OdikyeThcs, IO 3 PO3pOOKOIO
NEPEIOBUX MaTepiaaiB Ta 3JIHCHEHHSIM HEOOXITHMX TEXHOJOTIYHUX PHBKIB Yy
HANOMMOKYl POKM TOCTYMOBO 3'SBIATbCS HOBI MoxkauBocTi. LI mocmimai TeHeHIil
npu3Benn 10 Toro, mo HAPS akTHMBHO CHpHIMAaeThCS SK MOXKIMBA TEXHOJOTIS IS
MEpex 0e3IpOTOBOro 3B'I3Ky MallOyTHHOTO. Xoua BHOIp JUKEpEsa eHeprii po3risaaBcs
K (yHIaMEHTaIbHE TUTaHHS y AocilpkeHHsx HAPS, consuna enepris y moeaHaHHl 3
HAKOMMYEHHSM EHeprii posrisjganacs SK OCHOBHHM 3aci0 3a0€3MeyeHHs EHEpriero
cucrem HAPS, ockinbku BOHU MarOTh BEJIMKI TTOBEPXHI, SIKI TAXOMSATH TSl pO3MITIIEHHS
COHSIYHUX TaHENEH. BijbIr Toro, 3aBIIKH CBOIM XapaKTEPUCTUKAM HHU3bKOI 3aTPUMKH B
HOPIBHAHHI 3 CYIMyTHHKOBUMH MEpekaMH, 1o 3'sBistioThesi, HAPS Moke HagaBaTu
0€311poTOBI MOCTYTH OE3MOCEPETHRO KOPUCTYBaYaM HA3EMHUX MEPEK.

VY 3B's13Ky 3 TOCTIHHUMU 3005IMH B TU3aiiHI 0E3ApOTOBOrO 3B'A3KY (HANPUKIA, Y
NPOEKTaX, 3aCHOBAHMX Ha JaHWX) Ta TOsSBlI HOBHX BaplaHTIB BHKOPUCTAHHS
(HarpuKiIaa, PO3MOMIIEHHX ILIATGOPM MAINTMHHOTO HAaBYAHHS Ta IEHTPIB 00OpOOKH
nanux) cucremu HAPS cramu Ginbin npuBaOIMBUMH Y€pe3 1X MOTEHIIWHI nepesard. 3
i€l TOYKH 30py aBTOHOMHA IMOBITpsiHA KyJIs, IO 3a0e3meuye aocTyn a0 |HTepHery y
Bigmaneny oOnacte. Hacrtama epa TOpTaTMBHMX IEHTPIB  OOpOOKM  JIaHUX,
IHTEJIEKTYaJbHUX ITIJICHIIOBAYIB CUTHAJIB, JITalOYMX 0a30BUX CTaHIIW Ta maaThopm

MAIlIMHHOTO HAaBYaHHS, 3JIaTHUX MPUAMATH IHTENEKTyalbHI PIIIEHHS JUIs BETHMYE3HOT
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KITbKOCTI BaHTKHUX JPOHIB Ta JITarOUMX aBTOMOOUIIB. DakTHYHO, MU TEPEIOAYNMO
MaiiloyTHe 3 cy3ip'sm HAPS, mo 3a0esnedye poctym a0 MEpPEXI 3 BHCOKOIO
NPOMYCKHOK 3/IaTHICTIO, PO3BAHTAXEHHs OOYHMCIEHb Ta IHCTPYMEHTH aHalI3y JaHUX
JUIS MITBHOHIB KOPUCTYBauiB. TPUCTPOi y NPUMICBKAX paloHax, a W y NIUIBHUX
MICBKHX paliOHaXx.

Pisenr HAPS, sixuii BUCTymae ik BETMKOMACIITAOHMIA IHTEIEKTyaIbHUI 00'€KT,
3a0e3meuye IBUIAKWANA, HagliHUKA Ta €(QEeKTUBHMI 3B'I30K Ha BEIUKIN BigcTanl Mix
CYNyTHUKaMH, MHHAIOYM HEOOXIMHICTh BCTAHOBIIEHHS MIIBHOHIB HA3EMHUX Ta
MOPCBHKUX pETpaHCIsAIiHUX CcTaHnid. BiH Takok Moxe€ (QyHKIIOHYBaTH —SIK
PO3IOIIEHHI EHTP OOPOOKH JaHUX VIS 3aIKCy OPOITaTbHUX TPAEKTOPIH CYIyTHUKIB,
MOHITOPUHTY TIONIEPEPKEHD MPO 3'€JHAHHS Ta PO3PAXyHKY MMOBIPHOCTI 3ITKHEHHS MIX
HuMH. CBO€YacHa JOCTYMHICTh Takoi iH(opmarli 11 pi3HUX CYIyTHUKOBUX KOMITaHIH
Ma€e KHTTEBO BAXKJIMBE 3HAYEHHS sl 30€pexkeHHs (YHKIIOHATBHUX MOKIMBOCTEH
cynytHukiB. Kpim Toro, cymytHuku nomomaraioTh piBHIO HAPS mokpanryBatu
XapaKTEPUCTHKHU Tepenadi obciayroByBanHs. Pisenr HAPS BignoBimae 3a ympaBiiHHS
MOOUTBHICTIO  Oe3mimoTHux  JitampHux amapatie  (BIIJIA) nwisxomM  HajgaHHS
NPUKOPJIOHHOTO  IHTENIEKTY, PO3BAHTAXEHHS BAXKHX OOYHCIEHh Ta OOPOOKH
BEJIMKOMACIITAOHUX 30HyBaHb Ta MOHITOPHHTY, sIKI KOPHCHI JIJIsl CHCTEM JTOCTABKH Ta
MoHITopuHry. OdikyeTbcs, 110 KOMyHIKamiiHa miargopma  OE3MEPeNIKOIHO
00po0IATHUME pI3HOMAHITHI KOMYyHIKAIIiiHI BUMOTH, Takl SK HaJHAIIWHHUHA 3B'S30K I3
manoro 3aTpumkor0 (URLLC) Ta mokpamienuii MOOIIbHUN HMIMPOKOCMYTOBHH 3B'S30K
(eMBB). Pisenr HAPS 3a0esneuye mBuakuii moctym 10 |HTEpHETY Ta MOCIyrd
0e31poToBOro 3B'13Ky, Takl gk 10T Ta po3mojineHe MalIMHHE HAaBYaHHS, IS MICBKHUX,
NPUMICBKUX Ta BIJUIaJIEHUX pPaWoOHIB, 3HMWXKYIOYM 3aJ€KHICTh BIJ HA3eMHUX Ta
CYITyTHUKOBUX MEPEK.

3aBIISIKM 1IUM MOJIMBOCTSIM MU MPHUITYCKAEMO, 1110 BUKOpUCTaHHA cucTéM HAPS
MOXE OyTH 3aco00M BUPIMEHHS apXITEKTYpHUX MPOOJEM, sSKI BUHHKHYTH 3i
30IBIIEHHSAM BUKOPUCTAHHS TOBITPSHUX KOMIIOHEHTIB y OE3JIpPOTOBHX MEpEKaXx.
Bukopucranus cuctem HAPS sk HOBux miargopm O€3IpOTOBOTO JOCTYIy IS

MaiOyTHIX CHUCTEM OE3POTOBOTO 3B'SI3KY Ma€ BEJIMKUMN TOTEHIIIAI.
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HAPS 3naxomutbest y crparocdepi, mapl armocdepu 3emui. Lleli piBeHp mae
yHIKaJIbHI BJIACTUBOCTI, 10 pOOUTH Horo mpuaatHum misi posropranns HAPS. Tyt
NPAaKTHYHO HEMA€E MOTOJHUX SIBHII, TAKUX SK OJIMCKaBKa 4u rposa. Yepes BiACyTHICTH
XMap y [bOMY IIapli COHsYHA EHepriss MoXK€ eQEeKTUBHO BHKOPHUCTOBYBATHCH 0€3
3a0pynHeHHs armocdepu. Ilonam Te, cTpartocdepa Oe3reuHa s PO3TOpPTaHHS,
OCKITbKM TIEpEeOYyBae HaJ BHCOTOK KOMEPIIHHOTO MOBITpsSHOTO pyxy. Yepes i
BHYTpIITHI 0coOymBOCTI cTpatochepu aBa pi3HI THmH cTpaTtocdepHux 1iardopm
(aepocTatnyHl Ta aepoauHaMiuHI) MOXYTh OyTH PO3TOpPHYTI, MO0 3alMIIATHCA B
KBa3icTallilOHaApHOMY ITOJIOKEHHI HaJl 3EMIJIEI0 TPOTATOM TPHUBAIOIO dYacy. 3arajiom
cucrtema 3B's13ky HAPS ckimamaeThbest 3 JBOX YaCcTUH: HEHa3EMHOI YaCTHHU Ta HA3€MHOT
YaCTHHH.

Hesemna yacTtuHa — 1€ YacTHHA, SKa BKJIIOYA€ BCl OCHOBHI BIIHOCHI MEpeKeBi
KOMIIOHEHTH B TOBITpI a00 KocMmoci, a TakoX OCHOBHI OOPTOBI MIACHCTEMH IS
edexrtuBHOrO posropraHHs HAPS i ycmimHoi cuctemu 3B's3Ky. CKITaa€ThCcs 3 JBOX
CErMeHTIB, a came 3 OOPTOBOI ITIICHCTEMH Ta HEHA3EMHOT MEPEXKI.

BoproBi migcucTeémMu 31€01IBIIOT0 CKIAAAIOTHCS 3 TPHOX IMIACUCTEM: ITICUCTEMA
yIpaBIiHHS TOJIHOTOM, MIJCHCTEMAa E€HEPrOMEHEKMEHTY Ta MIJACHCTEMa KOPHUCHOTO
HABaHTaXEHHs 3B's3Ky. [limcucréMa ynpaBiaiHHS —TOJBOTOM TPU3HAYEHA IS
crabimizamii rrardpopmu, ymnpamiiHHA i PyXJMBICTIO Ta HampsMKdA 11 B 3aJaHOMY
HanpssMKy. s mporo moTpiOHI MATYMKU IS BUMIPIOBaHHS BHUCOTH Ta HAINPSMKH
HAPS, oGuuciroBasbHUN OJIOK Ui MPUAHSTTS PINIEHb Ta BUKOHABYl MEXaHI3MH IS
BUKOHAHHsI OakaHOTO pyxy Ta opieHrtanii. KpiMm Toro, 0ok ympaBiiHHS MOJLOTOM
yrpagiise IHTephEHcoM MK TIIaTHOPMOIO Ta HA3EMHOKO CTAHIIIEIO YIIPABIIIHHS.

Lle BUKOHYETHCS 3a JOIMOMOTOK0 CHTHANIB TEJIEMETPIT, CTEXKEHHS Ta KOMaHJI, SKI
MOBIIOMJISIFOTE TTPO CTaH TUIAT(GOPMHU Ta 3a0E3MEYYIOTh BAXKJIMBHN JTBOCTOPOHHIN TOTIK
iHnpopmarii mibk HAPS Tta #oro HasemHow craHiiero ympasiainas. [ligcucrema
yIpaBJIIHHSA EHEPrOCHOXUBAHHSM YIIPABISIE MPOIECOM BUPOOHHUIITBA Ta 30€piraHHS
eHeprii, a TaKOX PEryJIIoe CIIOKUBAaHHS EHEPTIi IHIIMMU TTi ICUCTEMAaMU.

[TizcucTémMa KOPUCHOTO HABaHTAKEHHS 3B'SI3Ky BIANOBITaE 3a KEpyBaHHS

3B's13k0M M)k HAPS Ta iHmumu o0'exrtamu. 3anexso Big micii HAPS Ta uinpoBux
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nporpaM y KOPHCHE HAaBaHTAXXEHHsS MOXE OyTH BKIIOYEHO pI3HE OOJIaHAHHS Ta
texHonorii. JlogaTkoBl mgerajl miaCHCTEM EHEprii Ta KOPHUCHOTO HaBaHTAXKEHHS
o0roBoproBaTUMyThCs y migposaiaax [V-C ta IV-D.,

HenazemHi wmepexi mpeacTaBissioTh Bcl HEHAa3eMHI BY3IHM  3B'SI3Ky B
aepokocMiuHIi ob6macti, sKi MOTEHIIHHO 3amisHl B cucteémax 3B's3ky HAPS, sk
noka3ano. HAPS mosxe Oytu 3'ennanuii 3 inmmmu HAPS | yTBopuTH yrpymnoBanHs abo
BIH MOKE OyTH YaCTHHOIO MEPEXI 3 PI3HUMU PIBHSAMH CYITyTHHKIB . BIJbII TOTO, pIBEHD
HAPS moxe OyTv TOB'S3aHUN 3 PI3HUMHU THIIAMUA HU3BKOBHUCOTHUX ILIAT(GOPMHHUX
cranmiii (LAPS), takumu sk 06a3oBi craniii ado perpanciastopu BITJIA a6o moxe
o0cyroByBatu piii 3 pi3HUMHU THIIAaMH KopucTyBauiB BITJIA.

HazemHy 4vacTMHAa MOXHA PO3AITUTH HA TPH CETMEHTH: CTaHIS YIpaBIIHHS,
KOMYHIKaI[IHHUI UTF03 Ta Ha3eMHI MEepexi.

Cranuis ynpasiiHHS Kepye onepaiiismu 38's3ky Mk HAPS Ta pisHUMU THIIAMU
kopuctyBadiB. Kpim Toro, BIiH opranidye kaHamu 3BSI3Ky Ta KEpye pecypcamu Mix
nexiapkoma By3namMu HAPS Ta IHMUMU HEHa3eMHHMH a00 HAa3eMHHUMH MEpPEKaMHU.
Kpim Toro, craHiis ympaBiiHHS Kepye TPOIECOM 3JbOTY/TIOCAJKH, JUCTAHIIIMHO
KOHTpotoe TosiokeHHs: HAPS 1 KoHTpoiroe Woro HampsMoOK, mo0 MaKCHMI3yBaTH
e(pEeKTUBHICTD AHTEHHU Ta MOKPAIIUTH XapaKTEPUCTUKH.

Komynikaniiiauii nutro3 3'eqnye HAPS i3 6a30Bor0 MEpExero 4epes3 HpoBiaHYy
TPAHCIIOPTHY IHGPACTPYKTYPY. 3aIEKHO BiJ KOpHCHOTO HaBaHTakeHHs HAPS i tury
Ha3zemHoi Mmepexi, HAPS wmoxe 0e3mocepennbo 3B'S3yBaTHUCS 3 HA3EMHUMH
KOpUCTyBadamu, abo oOMiHIOBaTHCS IH(MOpMAIliEr0 TaHWX 4YEpe3 KOMYHIKauliHuit
o3, CTaHIlis ynpaBiaiHHS Ta KOMYHIKAIIHHUE 1103 MOXYTh OYTH pO3TallioBaHl B
omHOMYy OyauHKy a0o0 pi3HEX MIicIsIX. B OCHOBHOMY BOHM CKJIQJalOThCS 3
IIICHITIOBadiB, MPOIECOPIB Ta aHTEH. AHTEHHW, SKI 3a3BUYAail BUKOPHCTOBYIOTHCS,
MaroTh napaboJiiuni BigOuBayl, o0 rapaHTyBaTH BUCOKUN KOE(DIIEHT CIPSIMOBAaHOCTI.

Hazemui mepexi BkIO4aOTh BCl Ha3eMHI By3nu a0 KOPUCTYBadiB, 110 OEPYTh
ydacTh y cucremax 3B's13ky HAPS. Croau BXxoaaTh Ha3eMHl 6a30Bi cTaHIlii Ta pi3HI THITH

KOpHCTYBaulB, HaIIPUKIaa MOOIIbHI KoprucTyBaul Ta gatuuku [oT.
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1.3 Tunm cynyTHUKOBHX OpPOIT

Y Ham 4ac BHUKOPHCTOBYEThCS JEKUIbKa pI3HUX OpOIT s pO3MIIEHHS
CYNyTHHKIB, siki MoxHa BuKopucToByBath Juisi Mepexki NTN. HaiiGuremy ysary
OPUKYTO 7O TEOCTallOHapHOi oOpOITH, sAKka MOXE OyTH BHKOpPHCTaHa JUIS
«CTaIloOHAPHOTO» PO3MIMIEHHS CYITyTHUKA HaJ TI€0 4H IHIIOK Toukoro 3emii. OpOiTa,
oOpaHa i poOOTH CYIyTHUKA, 3aJIEXKHUTH Bin #oro mnpusHaueHHs. Hampukian,
CYIyTHUKH, SKI BUKOPUCTOBYIOTHCS JUIsI TIPSMOTO MOBJIEHHS TEJEBI3IHHUX Iporpam,
NOMIIIAIOTh Ha TeocTarioHapHy opOiTy. barato cymyTHUKIB 3B'13Ky TaK0X 3HAXOISTHCS
Ha reocrauioHapHii opOiTi. lHmi cymyTHHKOBI CUCTEMH, 30Kpeéma Ti, sKi
BUKOPUCTOBYIOTBCS JUISI 3B'I3KYy MIX CYINYTHUKOBHMH Tele(hoHaMU, 0OEPTAIOTHCS Ha
HU3bKIl HABKOJIO3EMHI OpOITI.

Tpaexropis pyxy IIIC3 nasuBaerbcs opOitoro. Ilim 4ac BIIBHOTO IOJIBOTY
CYITyTHUKA, KOJH HOro OOpPTOBI pEaKTUBHI TBUTYHH BUMKHEHI, pyX BIJIOyBa€ThCS Mif
BIUIMBOM TpaBITAlllfHUX CWI | 3a IHEpII€l0, TPUIOMY TOJIOBHOIO CHJIOK € TSDKIHHS
3emi.

Konkperna opOirta, sika oOHMpaeTbcs s POOOTH CYNMYTHHUKA, 3QJIEKHUTH BiJ
oe3niul (akropis, cepen sKkuX - GYHKIIT CyMyTHHKA, & TAKOK 0OCITyTOBYE iM TEPUTOPISL.
B omHux Bumaakax 1€ MOXE OyTH BKpali HH3bKa HAaBKOJO3EMHY OpOITY, M0
3HaXOAUThCS Ha BHUCOTI BChoro 160 ximomeTrpiB Hajx 3e€MII€l0, B IHIIMX BHIIAIKaX
CYIyTHUK 3HAXOJUThCs Ha BUCOTI Olimbiie 36000 kimomerpiB Haja 3eMiero - ToOTO, Ha
reoctanionapuiit op6iti GEO. Bk Toro, psij CynyTHUKIB BUKOPUCTOBYE HE KPYTOBY
opOiTy, a eninTHYHY.

[To wmipl oOepraHHs CYNyTHUKIB HAa HAaBKOJO3EMHIN opOiTI BOHM 3 HET
3MIIIYIOTHCS Yepe3 CHtH TsDKIHHSA 3emitl. SIkOu cymyTHUKH HE 00epTaeThest 1o opoiTi,
BOHHM 0 TIOYAJK TIOCTYIOBO MajaT Ha 3eMJIt0 | 3ropinu 6 B BEPXHIX mapax atMochepu.
Jl1st KOKHOT 3 OpOIT ICHY€E CBOSI pO3paxyHKOBA MIBHJIKICTB, SIKa TO3BOJISE 30aIaHCYBATH
cuiTy TsDKIHHS 3emill | BIIIEHTPOBY CHITy, YTPHMYIOUH arapar Ha mocTidHIi opOiTi | He
JIar0uu oMy HI HaOUpaTH, HI BTpayaTu BUCOTY.

Pakera moBuHHa HaOpaTh mBHAKICTE B 40320 KULIOMETpPIB HA TrOaMHY, 00
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MOBHICTIO TI0JI0JIATH 3€MHY TpaBitanii | moneTiTi B kocmoc. KocMiuHa MBUAKICTE Kyau
OlnbIie, HK MOTPIOHO CYMyTHHKY Ha opOiTi. BoHu He mosiaroTh 3€MHY rpasiTtaliio, a
3HaXOJAThCS B cTaHl Oajgancy. OpOiTaibHa MBUAKICTD - 1€ MBUIAKICTh, HEOOXITHA IS
niATpuMKH  OanmaHCy MK TpaBITallliHUM TPUTSATaHHAM | IHEPIIATBEHUM PYyXOM
cynyTtHuKa. Lle mpubnmsao 27359 kisoMmerpis Ha roauHy Ha Bucoti 242 kinomerpu. bes
rpasitainii iHepiis 3a0pama © cymyTHHK B KocMoc. HaBiTh 3 rpaBitami€ro, SKIIo
CYIyTHHUK OyJI€ pyXaTHCs 3aHAJTO IIBUIKO, HOTO BITHECE B KOCMOC. SIKIO CYIyTHHK
Oyze pyxaTHCs 3aHaJATO MOBIILHO, IPaBiTallls MPUTITHE HOro Ha3am 10 3emil.

OpO6iTanpHa MBUAKICTh CYIMYTHHKA 3QJIEKUTH BiI HOTO BHCOTH Haja 3emiero. Yum
ommwkue 10 3emul, TuM mBuAme mBuakicte. Ha Bucori B 200 kinomeTpiB opOitaibHa
mBHIKICTh ckiagae 27400 kimomerpiB Ha roauHy. s miaTpuMku opOITH HA BHCOTI
35786 kinoMETpIB CYITyTHHK TIOBHHEH MaTu MBHAKICTH 11300 KiTOMETpIB HA TOIUHY.
Ils opOitanbHa IMBUIAKICTH JO3BOJISE CYNYTHHUKY POOUTH OIWH OOEpT 3a 24 TOIUHH.
Ockinpku 3emiiss TakoK o0epraeTbcsi 24 TOAWHHU, CYNMyTHHK Ha BHCOTI B 35786
KITOMETpIB 3HaxoauThes y (ikcoBaniii mo3umii momo moepxHi 3emil. Ll moswmiis
HA3MBAETLCSA TeocralioHapHa. ['eoctarionapHa opOiTa i1€anbHO MIAXOAUTH IS
METEOPOJIOTIYHUX CYNYTHUKIB | CyITyTHUKIB 3B'SI3KY.

B mimoMy, yum Buie opOiTa, TUM JOBIIE CYIMYTHHUK MOXE 3aJHINATHCS HA HIH.
Ha Hu3bKi# BUCOTI CYyIyTHUK 3HAXOJUTHCSA B 3€MHINM aTMocdepi, sika cTBoproe ormip. Ha
BEJIMKIA BHCOTI HEMae MPAKTHYHO HISKOTO OIMOpy, | CYNyTHHK, SK MICAIb, MOXE
nepedyBatu Ha OpOITI CTOMITTAMHU.

Jlyist Toro 1mo0 CynmyTHHK MIT BUKOPHUCTOBYBATHCS IS HaJaHHS TOCIYT 3B'S3KY,
Ha3eMHI CTaHIIIT MOBUHHI MaTH MOKJIHBICTh «CTEXHTH» 3a HUM 3 METOI OTPHMAaHHS 3
HBOT'O CHUTHAy | BIAMpPaBKKA CHUTHAIY Ha HHOTO. 3pO3YMIJIO, IO 3B'SI30K I3 CYMyTHHUKOM
MOJKJIMBA JIMIIE TOJI, KOJIX BiH 3HAXOAMTHCS B 30HI BUIAMMOCTI Ha3€MHUX CTaHIIIH, I, B
3aJIe5KHOCTI Bijl THITY OpOITH, BIH MOXE TepeOyBaTH B 30HI BUIUMOCTI JIMIIE B KOPOTKI
POMIXKKH Yacy.

Kpyrosi op0OiTm MoxxHa kiacudikyBatu 3a Kigbkoma mapamerpamu. Taki
tepminn, sk Husbka HaBKOIO3€MHA OopOiTa, ['eocTtarionapHa opOita Ta IHIIl BKa3yrTh

Ha BIZIMIHHY pHCY KOHKpPETHOi opOiTH. KOpoTkuil orisij BH3HAYEHb KPYyroBUX OpOIT
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npecraBienuid B Tadmuii 1.1,

Taomung 1.1
BuzHau€HHS CYITyTHUKOBUX OpOIT
Hasga opOitu AOGpegiaTypa BHC_OTa opoiTH
(B KlJTOMETpax)

Hwusbka HaBKoJI03EMHA 0pOiTa LEO 200 — 1200
CepenHs HaBKOJI03eMHa opOiTa MEO 1200 — 35790
['eocunxponHa opOiTa GSO 35790
['eocrarionapua op6iTa GEO 35790
Bucoka HaBkoI03€MHa opOiTa HEO Bumie 35790

3i 30IIBIIEHHSM BUCOTH OpPOITH, HA SKIH 3HAXOIUTHCS CYNMYTHUK, 30IBIITY€ETHCS |
nepiox ¥ioro 3BepHeHHs 1o jgaHiii opOiti. Ha Bucori 35790 xinomerpis Hax 3emiero
CYNYTHUKY MOTPIOHO 24 TOIWHM JJIs MOBHOTO BUTKA HABKOJIO IIaHETH. Taka opOiTa
BiJloMa SIK TEOCHHXPOHHA, TaK K BOHA CHHXPOHI30BaHa 3 mepiogom obepraHHs 3emi
HaBKOJIO CBOET Ocil.

Jly’ke TOMyJsSpHOI CYIMyTHHKOBOI OpOITOI0 € reocraiionapHa opbOita. Bona
BUKOPUCTOBYETHCA I PO3MIIIEHHS CYNyTHHKIB 0araTboX THIIB, BKJIIOYAIOUYH
CYIyTHHUKH, 110 3a0€3MeUyIOTh 3B'130K Ta JOCTYII 10 Mepexi |HTepHET.

[eperaroro reocrarionapHoi OpOITH € Te, 110 CYMyTHHUK, 0 3HAXOIUThCS Ha HIH,
NOCTIHHO PO3TALIOBYETHCSA B OMHINA | TI e MOo3uIli, 110 J03BOJISE HAMPABJIATH Ha
HBOTO (PIKCOBAHY aHTEHY HA3EMHOI CTAHIII.

OKpeMHUM BHUIIAKOM TE€OCHHXPOHHOI OopOiTH € reocrarionapuHa opbOita. Ilpu
BUKOPUCTAaHHI Takoi opOITH HAmpsMOK pyXy CYIyTHHKa HaBKOJO 3€mul BigmoBimae
HAMpsAMKY OOEpTaHHS camoi IJIaHETH, a Mepioa OOepTaHHS KOCMIYHOTO amapary
npubu3HO nopiBHIOE 24 roguHaM. ['eocrariionapHa op6Oita 300paxkeHa Ha puc. 1.1. 1e
O3Hayae, IO CYMYyTHHK OOEPTAEThCS 3 TIEK K KYTOBOKO IIBHIAKICTIO, 0 | 3emis, B
TOMY JK HampsMKY I, OT)KE, IMOCTIHHO 3HAXOAMTHCS B OJHIN | TIi k€ Toulll BIIHOCHO

NoBepxHIi mianeTu [4].
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Puc. 1.1 I'eocrarionapHa op0Oira

SIkmro BBaxkaTH 3€MITIO CTpOTo c(hEpHYHOi, a Jis rpaBiTamiiHoro mois 3emil -
€IMHOIO CUJIOKO, III0 BIUIMBAE Ha CymyTHHK, TO pyX LIC3 mianopsakoByeTbest BIqoMum
3akoHaM Kermepa: BOHO BiOyBa€TbCsl B HEPYXOMIH IUIOIIMHI, IO MPOXOIWTH YEPE3
neHTp 3emul, - IUIOMUHU OpOiTH; opbiTa Mae dopMy emimca abo koia (OKpeMHid
BUIIAZIOK eJiIica).

OcoOnuBicTIO ETINTUYHOT OpOITH € HAasBHICTh JBOX BaXKJIMBHX TOYOK Ha HIW.
Opmna 3 HUX po3TalioBaHa B Micil HaWOlabmoro Bimmanenus Bim 3emul. Ilg Touka
BIJIOMa, SIK amorei - B HIW IIBHUAKICTH PyXy KOCMIYHOTO amapaTy 3HUXKYETbCS [0
MIHIMATLHUX MMOKA3HUKIB, TaK SK TYT CHJIAa 36MHOI TpaBiTaiii BIJ4yBaeThCsl HAWMEHIIIE.
Touka, B sIKIf CyMyTHHK 3HAXOJUThCS HAWOMMK4IE 10 3emil, BioMa sIK TIEPUrel - mpu
POXOI Yepe3 HEl CyMyTHUK PyXa€ThCs 3 HAMOIBINO MBHAKICTIO. EninTuyny opOiTy
300paxeHo Ha puc 1.2.

[Mpu pyci cymyTHHKa TOBHA MEXaHI4Ha EHEpris (KIHETHMYHA | TMOTEHIIiTHA)
3aJIMINAETHCS HE3MIHHOK, BHACITIJIOK YOro TpPW BHIAIEHHI CymyTHHKA Bl 3emi

HIBUKICTH HOTO PyXy 3MEHIIYETHCA.
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Eminrauna
opbiTa

Amnorefi

Kpyrosa
opOiTa

Puc. 1.2 Kpyroga ta enintu4na opoita

JInisi BUKOHAHHS JIESKUX 3aBIaHb MOXKE BHMAaraTHCs PO3MIIIEHHS CYNMYTHUKA Ha
BUCOKIi HaBKOJIO3€MHIN opOiTi. Y WX BHIIagkax Iepio OO0EpTaHHS CYIMyTHHKA
HaBKOJO 3emil mepesepurye 24 TOOWHM, a KpIM TOTO BIACTaHb O CYNYTHHKA €
YUMaJIUM, 10 MPHU3BOIUTH JO OIIBIIOT 3aTPUMKHU TIJ 4ac pyXy CHUTHAIY 3 3emil 1o
CYIyTHHKA | Ha3aJl, a TAKOXK BEJIMKUX BTPAT CUTHAIY.

Bubip opOiTu cymyTHHKA 3a1€KUTh Bix QyHKIH, siki BIH BUKOHY€E. Y TOM yac, K
Ui opradi3amii mpsSMOTO MOBIEHHS | MOAIOHMX TOCIYr, SK TPaBUIIO,
BUKOPUCTOBYIOTHCSI CYIIYTHUKH, PO3TAlllOBaHI HAa reoCTallloHapHUX OpOIT, ISl CHCTEM
GPS | mHaBiTh s MOOUIBHOT TENE(OHIT BHKOPUCTOBYIOTHCS CYIMYTHHKH, IO

00epTarThcsa HabaraTo HUKYE.

1.4 OcobauBoCTI MEpeaadi CHrHaJIB B KOCMIYHOMY NMPOCTOPI

Benvka npoTskHICTB JiHIT 3B'13Ky MK 38MHHUMU CTaHIISIMU | PETPAHCIIATOPOM,
110 3HaXOAThcs Ha OopTy LIIC3, mpu3BOANTH 10 3aIi3HIOBAHHS CUTHAJIB.

3ami3HEHHST CUTHAIIB NOPHU3BOAWUTH [0 IMIOSBH IOMITHHX Ui aOOHEHTIB
eXOCHTHAJIIB, 1[0 BUHUKAIOThH MPH MEPEXOJIl 3 YOTHPHOX MPOBIAHUX JIAHIIOTIB 3B'S3KY

Ha JIBOXIIPOBIIHI 4epe3 HE ineanbHICTh Mu(EpEHIiaTbHUX CHCTEM. BimmyHHI curHamm
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NPOSIBIIIFOTHCS Y BUTIISII IPOCTYXOBYBaHHS a0OHEHTOM CBO€ET pO3MOBH, 3aTPUMaHOi Ha
Yac, 1[0 JIOPIBHIOE TMOJBOEHOMY 4Yacy IMOIIUPEHHS CUTHAIY MK aOoneHtamu. lle

3aJIEKUTH BIJI TOTO, 110 JJIS IPOXO/HKEHHS BIICTaHl CUTrHAIY MOTPIOEH Yac.

t=—=—o1, (1.1)

L_2A
C C

ne L - momxkwuHa JiHIT 3B'A3Ky BiJ 36MHOT cTaHIil 10 IHIIO 3eMHOI CcTaHII, sSKa
NIPOXOJUTh YEPE3 CYNyTHHUK, C - MBUAKICTH CBITNIa; H - Bijcrans BiJ CymyTHHKa 10
nosepxHi 3emui. 3Bigcu BumuBae, mo npu H = 36000 kM BeNMYMHA 3ami3HIOBAHHS
ckinane npubausHo 250 Mmimicekyna. 3ami3HEHHS CHTHATY MpH NMEpenadl JAYIUIEKCHUX
TeNeOHHUX PO3MOB MPHU3BOJIUTH JO TOSBH BHMYIIEHHX May3 B pPO3MOBI, BTpaTH
"KOHTaKTy" Mi)k a0OHEHTaMHU, TOOTO OOMEXKYE TPUPOIHICTH OECIH.

Jis cucteM 3B'S3Ky, IO BUKOPHUCTOBYIOTH CYIYyTHHKH, IO PYXalOThCS IO
opbitax 3 BucoToro 36000 ximoMeTpiB (TOOTO sl TEOCTalllOHAPHUX CYIyTHHKIB)
3HAYEHHS 3aTPUMKH €XOCUTHAJIIB MOXe OyTH piBHUM 500 MinmicekyH. Y nUX BUITaIKaxX
ciig 3a0e3MEYUTH 3aracaHHs €XOCHUTHAJIB 0 BEIWYMHHM, IO JOPIBHIOE MPHOIHU3HO
60 1b 11010 piBHSI KOPUCHOT'O CUTHATY.

OnHiero 3 ocobnmBocTeit cuctem 3B'si3ky uepe3 LIC3 € BuHUKHEHHS e(dEeKTy
Jomnepa, mo BuKIMKaHUW pyxoM cynyTHuka monao 3C. Iloznauumo uyepes V Ty
koMmroHeHTy mBuakocti pyxy HIC3, sika 30iraetses 3 niniero panio3s'szky IC3 - 3C i
JIOMOBHUMOCSI BB)KaTH BEIMYMHY V HETaTHBHOIO B pa3i 3MeHmIeHHs Biacrani mix 11IC3
I 3C | HO3UTHBHOO MPH 301bIIEHHI 1I€l BiacTaHI.

Binomo, mo npu pyci okepena curHany 31 mBHIAKICTIO £V 4acToTa MPUHHATHX
KOJIMBaHb TMOB'SI3aHA 3  YaCTOTOK  BHUIIPOMIHIOBAHUX  KOJMBaHb  HACTYITHHM

CIIIBBITHOIIIEHHAM

f:%@i—) (1.2)

ne f - gacrora npuitHITHX KOoNMBaHb; fp — yacToTa BUNIPOMIHIOBAaHMX KOJIMBAHb;
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V — mBuaxkicts pyxy LHIC3; ¢ — mBUAKICTH CBITIA.

Haii6ibin cunpHO edext Jlomnepa Oyne mposBISTUCS B CUCTEMAaX 3B'S3KY, IO
BUKOPUCTOBYIOThCSI ~HE  reocrarfioHapui opOitu. VY  cucrémax 3B'S3Ky 3
reocrarionapaumu [1IC3 edexr Jlorepa Moxke MaTu MICIE TPU KOPEKIIIT MOJI0KEHHS
CyIyTHHKA Ha opOiTi.

Bimznaunmo, mo eQext npu3BOAWTE HE TINBKA J0 3MIHM 4YacTOTH
BUIIPOMIHIOBaHHMX KOJIMBaHb, a OTXKE, | HECYYOl YacTOTH, a ¥ BHKJIHMKAE JedopMariito
CIIEKTpa MEPEJAHOTo MOBIMOMIIEHHS. BepxHi 4acToTu B cnekTpi OyayTh 3MIHIOBATHUCS
Ha BEJIMKY BEJIMYWHY, a MIUPUHA CHEKTpa MPUHHATOTO KOJIUBAHHS Oyae BIApIZHATHUC

BIJI IIMPUHM CIIEKTPaA MOIYJIbOBAaHUX KOJHMBAHb [5].

1.5 Tianazouu po0OUYMX YACTOT CUCTEM 3B'sA3KY uyepes HIC3
P Yy U€p

[TuTaHHSAMH PO3MOJITY CMYT YacTOT MDK pI3HHUMH CIIy)0aMu pajio3B's3Ky
3aiiMaeThcs OAHA I3 cmemianizoBanux oprauizanii OOH - MikHapoaHul COH03
eJIEKTPO3B'A3Ky, KUK Ha 0a3l JOCHIIKEHb, MPOBEAEHUX B KpaiHax - wieHax MCE i
NOJAa0Thcst  MDKHApOIHI  KOHCYJNBTAaTHBHIM KOMITETY 10 paalo, Ha CBOIX
anIMIHICTpATUBHUX KOH(MEpEHIisxX po3pobiisie BIAMOBIAHI PErIaMEHTYIOTh TpaBWIa |
nporeaypu. OCHOBHUM MIXXHAPOJIHUM JOKYMEHTOM, SIKHH PErIAMEHTY€ BUKOPHCTAHHS
qacToT, € PeriaMeHT panio3s's3Ky, 0 MICTUTH TAOIUIIO PO3MOIITY CMYT 4acTOT MiX
ciyxOamu, OKpemi TExXHIYHI OOMEXEHHS, [0 HAKIAJAAITCA MPH CHITBHOMY
BUKOPHUCTAHHI YacTOT PISHUMHU CIY»KOaMH, TPOIEAYPH KOOPAMHAIIT CUCTEM, a TaKOXK
npaBuiia peecTparii 4aCTOTHMX MPHCBOEHh B MIKHApOAHOMY KOMITETI peectparrii
YacToT.

Bubip cMyr 4acToT, o BUANISIOTBCS JJIsi poOOTH CHCTEM 3B's3Ky uepes 11IC3,
BU3HAYAETHCSI HACTYITHUMH OCHOBHUMH YMOBaMHU:

- OCOOJIMBOCTSIMH ~ TIONIMPEHHST ~ EJIEKTPOMATHITHUX  KOJWBaHb  4YEpe3s
atmocdepy;

- IHTEHCUBHICTIO IIIyMIB, BHUKIMKAHUX pPaJlOBUIIPOMIHIOBAHHS PIZHHUX

3oBHIIIHIX mxepen (Conre, Micsus, tuianet, arMochepu 3emii Ta IHIIHX);
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- MOXUIHBICTIO poboTH cuctem 3B's3ky uepes IIC3 B BumineHux cmyrax
YacTOT CHUIBHO 3 IHIIUMH  paxiociayk0amMu TpHU  JOMYCTUMHX  3HAYEHHSX
paalonepernKkoI.

3riqHO periaMeHTy panio3B's3Ky, s padiony 1 (€Bpoma, P®, Adpuka)
(ikcOBaHOT CyMyTHHKOBOI CIIY»OH, 10 AKOT BIIHOCATHCSA cUCTEMH 3B's13Ky yepes I1IC3,
BIZIBOJSITHCSI HACTYITHI cMyTH "acToT (y alanazoni qo 40 I'T'm):

- JId mepemadi  moBimoMiIeHb Ha aligHIl  moBimomuiens 3emuss — IIC3
5.725...7.075; 7.9...8.4; 12.5...13.25; 14.0...14.8; 27.5...31.0 I'T'1x;

-yt epenadi moBigomiens Ha AbtsHIl noBigomiens HIC3 — 3emis 3.4...4.2;
4.5..4.8;7.25..7.75;10.7...11.7; 12.5...12.75; 17.7...21.2; 37.5...40.5 I T'w.

Crin 3a3Ha4YMTH, MO0 HAWKpPAIIMMUA CMYTaMH YacTOT JIJISi CHCTEM 3B'SI3Ky 4Epes3
IIIC3 € yactoru B xiamazoni 2 ... 8 I'T.

B tabmumi 1.2 3BEAEHO BHKOPHCTAHHS PI3HUX paaloyacTOTHHX [iala3oHIB B

pI3HOMaHITHHX CYIYTHUKOBHX CHCTEMAaX 3B’SI3KY.

Tabmuig 1.2
CMyTry 94acTOT CUCTEM CYITyTHHUKOBOTO 3B'SI3KY
ITo3HaueHHs JiamazoH IIpuknanu THUIIOBE BUKOPUCTAHHSA
CMYyTH1 gacToT (I'T'm) CHCTEM
Orbcomm, E- I1eiixuHr, BUBHAYEHHS
P 0.23 - 1.00 URIHT
SAT MICIIE3HAXOPKEHHS
- Tenedownis, MOOITBHUIT
Iridium, 3B’ 530K, TTEHKUHT
L 1.53-2.70 Globalstar, ICO, > FERAEIE
HHM3bKOIIBUJIKICHA
Thuraya
Nepenayva JaHux
Tenedonist, MOOITbHUI
3B’ 530K, NN KUHT
S 2.70 - 3.50 Globalstar > MTEHUEIHT,
HHU3BLKOIIBHUJIKICHA
nepeaaya JaHux
dikcoBaHU 3B 30K,
C 3.70 - 6.50 Intelsat, Skynet nepenayva Bigeo, VSAT-
3aCTOCYBaHHS
X 7.25 - 8.50 - -
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[Mpoaossxenus Tadaui 1.2

CMyr# 4acTOT CUCTEM CYITyTHUKOBOI'O 3B'SI3KY

Ilo3naueHns Jiamazon [Ipuknanu Tunose BUKOPUCTAaHHSA
CMYyTH gacToT (I'T'm) CHUCTEM
Ku (€pona) | 11.0-14.0 EC?;E?;E’TA\\/S’U& dixcoBaHMUI 3B’ 30K,
TB, nepenava nanux,
Spaceway, MOOITHHUH 3B’ SI30K,
Ku (CIIIA) 110-178 Cybers_tar, IH’I/IpOKOHOJIOCHI/Iﬁ
Astrolink, 3B’SI30K, JOCTYTI JI0
Teledesic laTepHET
[TupoxononocHuit
Teledesic, 3B’SI30K,
Ka 17.7 - 30.5 Skybridge, BHUCOKOIIIBUAKICHA
Cyberstar nepeaaya TaHux, TOCTYII
10 |HTepHET
Milstar,
\ 31.0-70.0 AFSATCOM, BilicpkoBI 3acTOCYBaHHS
USTS

[IupuHa cMyTH CYIyTHUKOBOTO KaHATY XapaKTepu3ye KUIBKICTh IH(opMarii, 1o

BIH MOXE TIepeJaTH B OJHWHUINIO 4Yacy. THIOBUH CYIyTHUKOBUH NMPHHOMOIIEpEIaBaq
Mae IMMPUHY cMmyrm 36 Mrio Ha yactorax Bigm 4 Mro mo 6 Mri. Takux
NpUHOMOTIEPEIaBaYiB HA CYIMyTHUKY BCTAHOBIIOETHCS Bia 12-24, mo nae B pe3ynbrari
Bin 432 no 864 MI'11.

SIk BXKE 3raayBajiocs, CMyI'M YacTOT CYIyTHHKA 3B'SI3Ky BKa3YIOThCS y IMapax.
HazemHa cTaHilisi mepeiae CUrHai Ha CYIMyTHHK Ha Olibmn Bucokii wactori (Uplink), a
npuiimae Ha Olbin Hu3bKIH (Downlink).

CyuacHI CyITyTHUKOBI CUCTEMHU HAH4YACTIIIE 3aCTOCOBYIOTh OJIHY 3 JBOX cMyT: C-
cMyTy (Bin cymyTHUKA 10 Ha3zemHol ctaHIii B obmacti 6 I'T1y | Ha3ax B obnacti 4 ['T),
yn Ku-cmyry (14 I'T i 12 I'T, Bianosiauo). [llupuna Oyap-sxoi nojocu ckianae 500
MI'.

Ka-cmyra (2.5 I'Tu y gianasoni Bim 30 mo 120 I'T) BHKOPHUCTOBYETHCS IS

3B'SI3KYy MK CYIYTHHKAMHM, a TAKOXK MIXk CYIyTHUKOM | HA3€MHUMH CTaHIIsIMH [7].



27
2 HOCJIYT'M 10 BATATOITPOMEHEBUM HEHAZEMHUM

MEPEXAM 3 I ATPUMKOIO 5G NR

2.1 Mepexi pagiogoctymy aiasi NR NTN

NTN Ha ocHoBi 5G New Radio (NR) Oyna ocHoBHMM HampsimkoM. NR OyB
PO3pOOIEHUH IS TPSIMOI CyMICHOCTI, MIATPUMKH HU3BKOi 3aTPUMKH, TEpPEIOBHX
AHTEHHHUX TEXHOJIOTI Ta THYYKOCTI CHEKTPY, BKJIIOYAIOYM pPOOOTYy B Jlama3oHax
HU3bKHX, CEpEIHIX Ta BUCOKHMX YacTOT. L[e 3abe3neuye minHy ocHoBY amanTariii NR mst
niarpumkr NTN.

3pocrtae IHTEpEC M0 BapiaHTIB BUKOpUCTaHHS MacoBoro lurepuery peueit (IoT)
Ha ocHOBI NTN 3 Bukopucranusam By3pkocmyrooro [oT (NB-IoT) Ta qoBroctpokoBoro
posutky (LTE) mns 3B's3ky mammuzoro tuny (LTE-M). B pesyabrari 3GPP BuBuae
moxxuBicTh ananTarlii NB-IoT ta LTE-M mns niarpumku NTN y cBoiii Bepcii 17.

Y pobGori oOropoprorwThes mpoonemu Ta wMoxiauBocTi NTN, a Takox
IPE/ICTaBIEHUH MPAKTUIHHMIA MPUKJIA] BUKOPUCTAHHS YacTOT MIJIMETPOBOrO Jiama3ony
JUTSL T AKITIOUE€HHS MOOUTbHMX TepMiHaiiB. Jleranpamid orisg NTN mpeacTaBlI€HHH Y,
ane obrosopeHHs pob6otu 3GPP NTN y HbOMY 3alUIIA€ThCS BHCOKOMY PIBHI.
Haromictb, Meta 1iei crarti — npoananizyBaru Bapiantu podotu NTN, 3arnmuOuBmivch
y JeTajbHI aCeKTH Ta PyHIaMEHTAIbHI OOTPYHTYBAaHHS 3aCTOCYBAaHHS TEXHOJIOTIH, 110
BIUIMBAIOTh Ha CTaHIapTH3allifo. 30Kpema, y IbOMY JOKYMEHTI OOrOBOPIOIOTHCS
krouoBl pimeHass NTN, 1m0 oxorioTs 06314 obmacteid, Bijg Mepexi pamlogocTymy
JI0 TTOCITYT Ta CHCTEMHHUX aCIIEKTIB JI0 siipa Ta TEPMIHAIIIB.

Pob6ota Hax NR NTN posmnouanacs y 2017 pori 3 A0CTIKEHHS, TPUCBIYEHOTO
CIIEHApisIM PO3ropTaHHS Ta MOJENSIM KaHauiB. [Iepmior0 OCHOBHOIO METOIO
JOoCTiKeHHss Oysio BUOpaTH KijgbKa ETaloOHHHMX ClEeHapiiB posropranHs NTN Ta
y3TOJIUTH KIIOYOBI TapaMeTpu, Takl sK apXITEKTypa, BHCOTa OpOITH, CMyrd 4acTOT
TOIIIO.

KitrouoBi crieHapii Ta Moielli BKIIOYaIOTh:

- BUKOpUCTaHHA S- Ta Ka-jiama3oHis;
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- cynytauku GEO, cynytauku LEO ta HAPS;

- crapsiMoBaHl 10 3emil mpomeHi (TOOTO mpoMmeHi, siki IpSMyIOTh Ha JUISHKY
3eMJIl SIKOMOTa JIOBIIE) | MPOMEHI, 110 PyXarThcs (TOOTO MPOMEHI, M0 PYXalThCs 10
noBepxHi 3emii cITiJIOM 32 pyXOM CyITyTHHKA);

- TUIOBI pO3MIpH 30HH OOCIYyroBYBaHHsS Ta MIHIMajabHI KyTH Micis (ereBarii)
s posropranb GEO, LEO ta HAPS;

- nmBa tunu tepmiHamiB NTN: mopratuBHI TEpMIHATM Ta TEPMIHATH 3 IyKE
manoro aneptyporo (VSAT) (ocHamieni mapa®oiidHUMU aHTEHaMH | 3a3BH4Yaii
BCTaHOBITIOIOTHCS Ha OYIIBIIAX a00 TPAHCIIOPTHHUX 3ac00ax);

- MOJIEJTI aHTEHH /ISl CYIIyTHUKOBOI aHTeHHU Ta anTeHnn HAPS.

Jlpyra ocHOBHaA ME€Ta JOCHIKEHHS moJisraia y anaiisi monaesnei kanainis NTN 3
ypaxyBaHHSIM MOJEJIEH Ha3eMHUX KaHatiB. Pi3HI Monmeni kaHamiB MIATPUMYIOTh HHU3KY
CIIEHApiiB pO3ropTaHHs, BKIOYAIOYH MICHKI, IPUMICHKI Ta CIIbCHKI.

baratonpoMeHEBICTh - TUIOBE SBHINE B YMOBaxX HA3e€MHOTO MOIIUPEHHs. Jlis
NTN Benuka BIJCTaHb JI0 CYITyTHUKA MMPU3BOIMTH JIO TOTO, 110 Pi3HI TpaekTopii Maike
napajgenbHi, | KyTOBHW PO3KHA, TaKdM YHHOM, ONM3bKHHA g0 Hyasa. Tomy
BEJIMKOMacmTaOHl mapamerpu (IMOBIpHICT, TIPSIMOi BHIUMOCTI, KyTOBHH PO3KHI,
PO3KHJT 3aTPUMOK TOIIO0.) BIAPI3HAIOTHCS BIJ HA3EMHOTO BUMAJKY | 3aJIEXKHThH BIJ KyTa
MICIIsI 00CTYTOBYIOYOTO CYITyTHHKA.

OcHOBHa METa TOJNSra€ y BHU3HAUEHHI MiHIMaIbHOTO HAaOOpy HEOOXITHHUX
GyHKiA, mo 3abe3neuyrTs miATPUMKY 3 HazemMHux NR mis NTN (ocoOuuBo s
CYIyTHUKOBUX MEPEXK), IO BKJIIOYAIO apXITEKTypy, MPOTOKOJIM BHIIOTO PIBHA Ta
aCTeKTH (PI3UIHOTO PIBHSI.

RAN mnacrynroro nokodinus (NG-RAN) miarpumye moxin 6a3oBoi cranmii 5G
(gNB) na nentpansauii 610k (CU) Ta posnoxaiienuit 6siok (DU). Jlocmimkero 6e3mida
BapianTiB apxitektrypu NG-RAN nHa ocHoBi NTN Ta 3p0o0J€HO BHCHOBOK, III0 HEMAE
KOJHHX TIEPEIIKO/I MIATPUMKH 3a3HAYEHUX BaplaHTIB apXITEKTYPH.

Crex mpoTokoiiB BepxHbOro piBHS NR TOIIIEHO HA IUIOMIMHY KOPHUCTyBaya
(UP), sixa kepye mepenavero JaHuX, Ta IUIOHIMHY yrpasiinHsa (control plane, CP), mio

BianoBimae 3a curHanmizamito. st UP oCHOBHMIA BIUIMB MarOTh TpHUBall 3aTPUMKH
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nomupeHHsa B NTN.

BianosinHo, 0ys10 BUBYEHO BIUIMB TPUBAIMX 3aTPUMOK HA YIPABJIIHHS TOCTYIIOM
no cepenosuiia (medium access control, MAC), ynpasniaas paaiokaHaiom (radio link
control, RLC), mpotokon koHBeprenmli maketHux naHux (packet data convergence
protocol, PDCP) ta mpotokon amanTarii ciyx00Bux manux (service data adaptation
protocol, SDAP). byno 3po06s€HO BUCHOBOK, 10 BaockoHan€HHs MAC OyayTh
noTpiOHI I TOBIIBHOTO OCTYILY, IEpepuBYacToro npuiiomy (discontinuous reception,
DRX), 3anmuTy IJIaHyBaHHS Ta aBTOMATHYHOTO TIOPHIHOTO 3amUTy Ha ITOBTOPEHHS
(hybrid automatic repeat request, HARQ). byno pekomenaoBaHo 30CEpEAUTH yBary Ha
HOBITOMJIEHHI MPO cTaH Ta mopsakoBi HoMmepu Ha piBHI RLC, a Takox Ha BIAKUAaHHI
OJIMHHMIIb CITY>)KOOBUX JaHUX Ta MOPSAAKOBHX HOMepax Ha piBai PDCP. Byno BusiBieHo,
10 ;uist SDAP Hemae HEoOXigHOCTI BHOCUTH 3MIHK [T miaTpuMku NTN.

Jlns CP ocHOBHa yBara B JIOCIIDKEHHI TPUAIISAIACS MPOIEAYypaM YIpaBliHHS
MoOinbHIcTIO uepe3 nepemimenHs miarGopm NTN, ocobmuBo cymytaukie LEO. s
peXHMY OUIKyBaHHS TOTPIOHO BBECTH crienudiuHy cucteMHy iHpopmariito NTN.

3 norsaay (Gi3UYHOTO PiBHSA, BEIUKI OIIHKM KaHAJIBHOIO Ta CHCTEMHOTO PIBHIB
IIPOBOIMJIUCS Y JBOX HOMIHAJTBHUX CMyTax 4acToT: Alana3zonax S ta Ka. 3 anamizy [6-8]
MOYKHA 3pOOUTH BUCHOBOK, IO MTPH BIAMOBIIHUX CXEMax pO3TalllyBaHHS CYITyTHUKOBUX
npomeHiB mopraruBHe oOyanHaHHs (UE) moxe oOciyroByBatucs mepesxkamu LEO i
GEO B S-nianasoni, a inme UE 3 BucokuM KoediieHToM ITiICUIEHHS NTEpPeIaBaibHOT
ta npuiimManeHoi anteH TepMminany (VSAT) 1 UE, moxyts obciyroByBarucs LEO i
GEO sk B S-, Tak | B Ka-jlama3onax.

Hazemui wmepexi NR yTtBoproroTs xoporry ocHOBY i miarpumkud NTN,
HE3BAKAIOYM Ha MpoOJEMH, TOB'SI3aHI 3 TPUBAIMMH 3aTPUMKAMHU ITOIIMPEHHS,
BEJIMKUMU JIOTIEPIBCHKUMU 3cyBaMu | pyxoMuMu 00’ ektamu B NTN. Byiio Bu3Hau€HoO,
10 HEOoOXImHI YyJOCKOHAJEHHS B OOJACTAX YacOBHMX CIIBBIIHOIIEHB, YacOBOI Ta
94acTOTHOI CMHXpOHI3aii BucxinHoi ninii 38'13ky Ta HARQ.

Meta ocTaHHIX TOCIIIKEHD TOJISTae Y BU3HAYEHHI TTOKPANEHb, HEOOXITHUX IS
NTN Hna 6a3i LEO ta GEO, a takox Hauijautu Ha HesBHY miarpuMky HAPS Tta mepex

"moBiTps-3emiis”. 11e Bkirouyae acnekTu GI3MYHOro piBHSA, IPOTOKOJIHU Ta apXITEKTYpy, a
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TaKOXX YIPABIIHHS paJlopecypcaMu, BUMOTH JI0 paaloyacTOT Ta BUKOPUCTAHHS CMYTH
yactoT. OCHOBHA yBara NpUIISIETHCS PO30pii apXITEKTYpl KOPUCHOTO HABAHTAXKEHHSI
3 (pIKCOBAaHMMHU HA3EMHHMHU 30HAMHU Ta CHCTEMAMH JTYIUIEKCHOTO 3B'SI3KY 13 4aCTOTHUM
posnoaiiom (FDD), ne nmepenbayaerncs, mo Bci UE MaroTh MOXKIMBOCTI TNIOOAIBHOT
HaBiTaliiHOi cynmyTHHKOBOI cuctemu (GNSS).

Ha puc. 1 nokazano apxitektypy NTN 3 npo3opuM KOPHCHHM HaBaHTAKEHHSM.
bazoBa mepexxa 5G (5GC) migknrodaerbes 10 gNB 3a monmomororo NG-iHTepdeiicy.
GNB po3ramoBanuii Ha 3emMil Ta miAKIIOYaeTbes 10 nuito3y NTN, skuit uepes ¢inepue
3'eJHAHHS TIKII0YA€ThCA 10 KOpUCHOro HaBaHTake€HHA NTN (MepexeBuil By307,
BCTaHOBJEHUN Ha Ooptry cymytHuka abo HAPS). Kopucne naBanTaxenHs NTN
niaxnrouaetses 10 UE uepes cimyx00Be mocuiianHts 3a qornomororo inrepgericy Uu.

Hazemunit kopuctyBau UE 3 wmoxnuBoctssmu GNSS Moxke€ po3paxyBatu
BigHOCHY mBUAKicTh Mk UE Ta cymyTHHKOM, a TakoK 4yac mpuiioMmy-nepenaul (round-
trip time, RTT) mixk UE ta cynyraukom. Buxonsuu 3 BigHocHOT mBuakocti, UE moxe
pO3paxyBaTH Ta 3aCTOCYBATH IOINEPEIHI0O KOMITEHCAIIIO I JOIUIEPIBCHKOI YacCTOTH,
mo0 TapaHTyBaTH, [0 KHOrO CHUTHAT BHCXIJTHOT JiHIT 3B'SI3Ky NPUAMAETbCS HA
cynmyTHUKY abo gNB Ha Oaxaniii gactoti. GNB namae UE 3arampbHe BUTIEpEKEHHS
cuHxpoHizanii (timing advance, TA), ske curHanizye RTT mix cymytHukoM Tta gNB.
UE nmonmae wac RTT mix UE Ta cynyraukom no 3araneHoi TA, mo0 oTpuMaTé MOBHY
TA. TloBHuii TA BHKOPUCTOBYETHCS SK 3CYB MIDK NPUHHATOI CHHXPOHI3AIIE0
HU3XIqHOT niHIT 3B's3Ky | cHUHXpOHI3amiero nepemadl BucximHoi niHli 3B'13ky B UE,
TOOTO, SIKIIO CJIOT N HU3XIAHIN JHIT 3B'S13Ky TOYMHAETHCSI B MOMEHT 4acy tl, TO 0T n
BUCXITHOT JIIHIT 3B'S13Ky MMOYMHAETHCS B MOMEHT vacy tl minyc mosue TA. Ile mo3Boisie
UE Bignmpasnstu nepenadl mo BUCXImHIA JIHIT 3B'I3Ky 3 TOYHOIO CHHXPOHI3AIIED
npuiiomy gNB sk 17151 TOBITEHOTO TOCTYITY, TakK | UTsl epeaadl JaHuX B I IKITIOYEHOMY
pEKHMI.

ITepenaui B NR 3acHoBanl Ha 16 nmporecax HARQ i3 3ynuHKOO Ta O4IKyBaHHIM
g 6esnepepsaux nepenad. [Iponec HARQ He moxe€ OyTH MOBTOPHO BUKOPUCTAHUI
JUIs HOBOI Mepenadl, JOKK He Oyne OTPUMAHO 3BOPOTHHU 3B'SI30K I MOMEPEIHBOT

nepenaui. [Ipu tpuBanux RTT Ta BHKOpHCTaHHI MPOTOKONY 3YNMUHKUA Ta OYIKYBaHHS
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nepemayl 3ynmuHATHMYThCs, Koimu Bel mporiecu HARQ odikytoTh 3BOPOTHOTO 3B'SI3KY,
10 3HMWXKYE MPOMYCKHY 37aTHICTh 3B's13Ky. 11100 3MEHIMTH 3puB, KIIBKICTH MPOIECIB
HARQ 30inbirena g0 32, mo MOXe OXOIUTFOBATH JEsKl cieHapii "moBiTps-3emiis'.
Opnak 32 nponeciB HARQ negocratabo ais nmokputtss RTT NTN Ha ocHoBl LEO Ta
GEO. Ockinpku mopanpmie 30inpmenHs kiabkocti mporecis HARQ BBaxkaeTbes
HeOa)kaHUM, HEOOXITHO BUKOPUCTOBYBATH CXEMH JJIsi IIOBTOPHOTO BUKOPUCTAHHS TOTO
camoro nporiecy HARQ no Toro, sik mpoiine nmoBauii RTT, mo6 yHUKHYTH 3yNHUHKH.
[Tpu noBropHOMYy BHKOpHcTaHHI mporecy HARQ mns mepenadi mo Husximuli miHIT
3B'SI3Ky 110 TOTO, siKk poiae RTT, 3BoporHuii 38's130k HARQ crae HEmoTpiOHUM | TakuM
YUHOM BIAKItOUaeThes. [l BUCXimHOT JiHIT 3B'13Ky HEMae 3BopoTHOTO 3B'si3ky HARQ,
I gNB Moxe nuHami4HO BHpINIYBaTH, YM MMOBTOPHO BUKOpUCTOBYBaTH mporec HARQ
no toro, sk npoine RTT, BigmpaBuBIIM TpaHTH ISl HOBHX JaHWX a00 TPaHTH IS
MOBTOPHUX TIEpenay, abo TOYEKATHCs, TIOKH BIH HE JEKOAYE MEpEeaady Mo BUCXITHIH
ninii. Tlokazano, mo6 peanizyBatu B peanbHoMy daci RTT NTN mns UE neoOximHO
(TTOBTOpHO) BUOpATH HOBHWM CYIyTHHK, SKHA 3aCHOBAaHHMHA HA ICHYFOUHMX KPUTEPISIX |
MOYKE BKJIFOYATH HOBI KpUTEpIi, Takl sIK 4ac, KOJIM CYIyTHHUK MEPECTAE TIOKPUBATH 30HY,
ne 3Haxoauthes UE. VYmoBHa mnépemaya oOCnyroByBaHHs  3acHOBaHa  Ha
micuesnaxomkenas UE Ta cuHXpoHI3amii CymyTHHKOBOTO IOKPHTTS 3 MICIEM

posramryBands UE.

2.2 Mocayru ta cucremui acnektd NR NTN

Y nocnipkeHHI, 3aJ0KyMEHTOBAaHOMY, BH3HAYEHO BaplaHTH BHUKOPUCTAHHS
CYNyTHHUKIB, 10 BUKOPUCTOBYIOThCS sk TexHousorli goctynmy Binm UE, tak 1 sk
TPaH3UTHOI'O KaHally MK Ha3eMHOI0 0a3oBoio cranmiero (BS) i mepexero mix BS
(aura. core network, CN). [lns cynytaukoBoro noctyny UE BapiaHTH BUKOPHCTaHHS
BKJIFOYAIOTh, HAMIPHUKIIAJ, BAKOPUCTAHHS CYIMYTHHKA JUIS IIMPOKOMOBHOT ITOCIYTH, MI00
rapaHTyBaTH MOKPUTTS st TpucTpoiB [0T | 3a0€3MeYnT KPUTUIHO BAXKIIMBUN JOCTYI
y HaJ3BUYaWHUX cuTyarisx. i CreHapiiB CYIMyTHHKOBOIO 3BOPOTHOTO 3B'S3KY

BaplaHTH BUKOPHCTAHHS BKJIIOYAIOTh, HANIPUKIIAA, (IKCOBAaHUN 3BOPOTHUM 3B'SI30K MIXK
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BS y Bigmaneniit o6macti i CN, a Takox 3BOpOTHHI MK pyxomoro BS, po3ropryToi B
noizal, i CN.

Bumoru oxommoroTs cynmyTHHKOBHN ocTyn Ha ocHoBI NTN RAN s nocrymy,
Tak | BaplaHTH BHKOPUCTAHHS TPAH3UTHOTO 3'€IHAHHSA, a TaKOX MOXKJIHMBICTh
BUKOPUCTAHHS CYIYTHHKOBHX paniorexHosorii. CyyacHl Ha3eMHI CHCTEMH 3a3BHYaii
PO3TOPTAIOTHCS TAKUM YMHOM, III0 BOHH 3a0€3MEYYIOTh TOKPUTTS JIUIIIE B MEXKAX OTHIET
KpaiHu, BUKOHYIOUYW BIINOBIJTHI HOpMAaTHWBHI 3000B's3aHHS IIl€] KOHKPETHOI KpaiHHW.
OnHak, CyIyTHUKOBI paalOCHCTEMH MOXYTh OXOIUTIOBAaTH KUIbKa KpalH abo
MikHapogaui  Bomu.  JloCHmipKEHHS  apXITEKTypHUX  acClEKTIB  BHKOPHCTaHHS
CYIyTHUKOBOTO JnocTyny 5G mosira€ y BUBYEHHI BIUITMBY HIATPUMKHU CYIyTHUKOBOTO
JOCTYIly Ta TpPaH3UTHOrO 3'€qHaHHA B cucTtéMax S5G 3 METOK MNOBTOPHOIO
BUKOPHCTAaHHs IcHyrounx pimenb. Snapo mepex 5G (5GC) mependauae dikcoBani
Ha3eMHI 30HU crocTepekenHs (tracking areas, TAs), | HaBiTh T€, 1O IneHTH(DIKATOPH
(ID)  crigpHUKIB  3aCTOCOBYIOTBCSA I  KOHKPETHHX  TreorpadidHMx  30Hax.
|nerTudixaropu TAs Ta ineHTHdIKaTOpU CTITHHUKIB BHKOPUCTOBYIOTECS B SGC | Ha
piBHI mocnyr sk iHpopmaris npo Micuesnaxomkenas UE. [Tpumyckarouu, mo Ha3zemHI
dikcoBanl TAS I mo NTN RAN mnoBigoMistoTh iI€HTH(IKaTOpH CTIIBHHKIB, SKI
MOXYTh OyTH 3icTaBJI€HI 3 reorpadiyHUMHU 00JacTIMH, 1€ rapantye, 1o SGC I piBeHb
HOCIIYT MOKYTh TPOJIOBXKYBaTH BHKOpHCTOBYBaTH ineHTudikaTopu UE, HaBIThH SKIIO
BOHH PYXalOThCS.

[ToTeHIIfiHO MIUPOKE OXOIUIEHHS CYMYTHHUKOBHMHU PaJlOCUCTEMaMHU y 0arathox
KpaiHax € mpoOJEMOI0, KOJU ClpaBa JIOXOJUTh 10 BUKOHAHHS HOPMATHBHHUX BHMOT.
OyHkIs ynpaBiaiHHS A0CTynoM Ta MoOUmbHICTIO (access and mobility management
function, AMF) moxe mnorpedysatu mnepeBipku Toro, mo UE 3HaxoauThcs B 30HI
(xpaini), sky AMF moxe o0ciyroByBaty, sIKk oKa3aHo Ha pucyHky 2. [IepeBipka moxe

31IMCHIOBATHCA 32 1OTTOMOTr0or0 RAN.
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30Ha NOKPUTTS

/ OGCITYroBYBANIS CTiNLHAKOBOT MEPEHKi

Kpaimm A

Kpa.]lHa A I “

OGcmyroByBanus CTUILHHKOBOT MEpPEkKi

Kpainu B
Kpaina B gNB P

[ ve | e

OGcayroByBaHus CTUILHHKOBOT MEpEkKi
Kpainma C

Kpaina C |

Puc. 2.1 CynmyTHHKOBHUH TOCTYI, IO OXOIUTIOE JAEKIIbKa KpaiH Ta gNB,

T K TFOYEHHH 710 CTITBHUKOBHX MEPEXK, IO 00CITyTrOBYIOTh pi3HI KpaiHu

Crpykrypa sikocti oociryroByBants (QoS) 5G mMae OyTv MOBTOPHO BUKOPHCTaHA
3 HEBEIMKUMH TMOKpAIIEHHSIMHU. 30Kpema, npu BukopuctanHl cymytHuka GEO
CYITyTHUKOBE 3'€/IHAHHS MOYKE POOWMTH 3HAYHMN BHECOK Y HACKpI3HY 3aTPHMKY, SKa B
0araTbOX BHUMAJKAaX MOXE BHXOJUTH 33 MEXI TOT0o, OO0 CBOTOJHI JIO3BOJIEHO
cTaHaapTH30BaHUMH Kiaacamu QoS 5G. VIMOBIpHO, 3HAZOGHTBCS JESIKE KOPUI'YBAHHS
IcHyrounx kiaciB QoS 5G abo BuzHaueHHs HOBUX KiaciB QoS 5G.

OnHuM i3 pIMIEHH € TEXHOJOTIS JOCTYIY, 0 BUKOpUCTOBY€eThcst UE (Hampukian,
LTE a6o WiFi). I1lo6 3po0uTH 11€ MOKIUBUM Ui pi3HUX TUMB cynmyTHUKIB NR NTN
(LEO, MEO, GEO), a Takox nmo3Bonutu audepenmiamnico 3 nHazemanMm NR. Ile
no3BoNuTh  MepexeBuM  QyHkmism  5SGC  k€pyBatM  CEAHCOM, MOJITHYHUMHU
periaMeHTamMu, HapaxyBaHHSM OIUIATH, a TAKOX Ha piBHI oOciyroByBanHs (AF) 3Haty,
ko UE BUKOPUCTOBY€E CyITyTHUKOBHM TOCTYII.

Y 2019 pomi SA5 posmouana JOCHIKEHHS aclEeKTIB yIOpaBIiHHA Ta
OPKECTPYBAaHHS 3 IHTETPOBAHUMH CYIYTHHUKOBHMMH KOMIIOHEHTamu y Mepexi 5G [8].
OcHOBHA METa — BHUBYMTH OI3HEC-pPOJII, a TaKOX IOCIIYyTH, YIPaBIIHHSI MEPEXKEI0 Ta
opkecTpyBaHHsA MEpexi 5G 3 IHTErpOBaHMMHU CYIyTHUKOBHUMHU KOMIIOHEHTaMu. O0'em
BKJTIIOYa€ CymyTHUKOBUH noctyn Ha ocHOBI NTN RAN, Tak | cynmyTHHUKOBHIA JJOCTYII, HE

noB's3anuil 3 3GPP, a Takok acneKkTu TpaH3UTHOrO 3'€HaHHS. METa nojisirae B TOMY,
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mo0 TMOBTOPHO BHKOPHCTOBYBAaTHM ICHYKOYYy OI3HEC-MONIENb, YINpaBIIHHS Ta
OpKecTpyBaHHs MOTOYHOI Mepexki 5G, 1100 MIHIMI3yBaTH BILIMB.

PesynbraT  mOCHIIKEHHS  33J0KyMEHTOBaHWMW, SKWW  BKIIOYAae BaplaHTH
BUKOPHCTAHHS, a TAaKOX IMOTEHI(IITHI BUMOTH Ta PIMEHHS, HAPUKIIAI, IS YIIPABIIHHS
Ta MOHITOPUHTY KOMITOHEHTIB gNB Ta ynpaBiliHHS MEPEXEBUM CErMEHTOM. [1opiBHSIHO
3 HazemMHuM NR, BIUIMBH B OCHOBHOMY BifOyBatoThes uepes cuenapii LEO/MEO, ne
komnonenTu gNB, Taki sk gNB-DU, po3ramoBani Ha 60pTy CyIyTHUKOBUX amaparis i,
TaKUM YMHOM, OyayTh Tepemimatucs momo 3emil. |’ mokpamieHHs HeoOxiaHl yepes
TpuBajl 3aTPUMKH, SIKI BIUIMBAIOTh Ha JAEsKl (yHKIIT MOHITOPHHTY Ta KIIIOYOBI
noKa3HUKKM ehexkTuBHOCTI. J[71s1 mokpanieHHs e(heKTUBHOCTI 3aIPONIOHOBAHO KOHIEMIIIT
MEpEXK, 110 camoopraHizytoThcs (self organizing network, SON) nns 5G HeoOxigHO, a
TaKOX 0O0poOKa BUMIpPIOBaHb POOOUYMX XapaKTEPHCTHK, SKI BUKOPHCTOBYIOTH IPOIEC
HARQ, mo Moxe OyTH HEIOCTYNHHU IpH BHKOpUCTaHHI cymyTHHKOBOI RAN. Kpim
Toro, QyHKOIi MOHITOPUHTY, MO0 NIATPUMYIOTH BUKOPUCTAHHS OajJaHCyBaHHS
HaBaHTAKEHHS MDK pI3HUMHU pagiOTEXHOJOTISIMUA, TOBHUHHI OyTH pO3IMIHMPEHI, 1100

OXOIUTH OaJIaHCYBaHHS HABaHTaXXEHHs Mk Ha3eMHOIO RAN Ta He HazemHo0 RAN.

2.3 bararonpomenesa moaeab NTN 5G NR

[ToxparieHHs1 TEXHOJIOTIT BUPOOHUIITBA CYITyTHUKIB B TIOEAHAHHI 31 3pOCTaI0UUM
MOMUTOM Ha TIOCIYTH B OyIb-sKUH 4ac | B OyIb-IKOMY MICI[I MPHBEPTAIOTh yBary
oreparopiB 3B's3Ky | JOCHITHUIBKUX opraHizamiii g0 pimens NTN, ski OyayTh
inTerposani 3 cucreMamu 5G NR. 5G NTN nokinukaHuii 3a0€3M€4nUTH OlJIbII IHPOKY
30HY TOKPHUTTS, TOJIIIIATH OE3MEpEpBHICTh OOCIYroByBaHHS SK Ui MAacOBHUX
NPUCTPOIB 3B'A3Ky, TaKk | Ui KOPHCTYBadiB, SKI IOJOPOXYIOTh Ha PYXOMHX
miaTgopMax, a TaKoX JOMOMOITH 3a0E€3MEYUTH JIOCTYMHICTh TOCIYr B KPHUTUYHO
BOKIIMBUX BHIIAJKaX BUKOPHUCTaHHS (HANPUKIAM, CTHXIHHI JInXa, BITHOBIEHHS ITiCIs
3001B | Tpomajicbka 6e3mneka). Kpim toro, SG NTN Moxe miaBHUIIATH MacIITabOBaHICTh
MEepexi 3a paxyHOK HaJaHHsS IMOCIyr OaraToaJpecHoi Ta IIMPOKOMOBHOI MEpemadl,

TOOTO BIOCKOHAJEHOI CIYXOM MYJbTUMENINHOI IIMPOKOMOBHOI Ta OararoaipecHol
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nepenaul (EMBMS).

B ocranHi poku mocCHiIHUIIBKE CITIBTOBAPUCTBO B raiysi TEJIEKoMyHIKaiii 0yi1o
0co0sIMBO 3arikaBiene B gociimkenHl bararonpomeneBux NTN (tooro HTS). V Takux
CHCTEMAaX YaCTOTH MOBTOPHO BUKOPUCTOBYIOTHCSI CEPEI MPOMEHIB, a JOCTYIHI CMYTH
YJaCTOT 3aJeXKaTh BiJ KoedliiieHTa MOBTOPHOrO BUKOPUCTAHHS YaCTOT, SIKUM BH3HAYAE,
CKIIBKY | skl HA0OpW YaCTOT MOBTOPHO BHKOPHCTOBYIOTHCS B MpoMEHsX. KoedimienTu
MIOBTOPHOTO BUKOPUCTAHHS YaCTOTH: OJIWH (TOOTO, CXEMa MOBTOPHOTO BUKOPHCTAHHS
MOBHOT YacTOTH), JBa (TOOTO YOTHUPHKOIIpHA CXEMa TOBTOPHOI'O BUKOPHUCTAHHSI
gacTtoTn) abo Tpu (TOOTO TPHUKOJIPHA CXEMa MOBTOPHOTO BUKOPUCTAHHS YAaCTOTH) €
noctynaumu Bapiantamu 3GPP.

OuikyeTbes, 1m0 B HacTymHi poku OararonpomeneBi NTN OynyTe BimirpaBaTu
BUpIIATBHY poJib B 3a0e3nedernni eMBMS uyepes ix 3matHocTi gocsrate OlTBII
BHUCOKHUX IIBHIKOCTEH nepenaul nanux. bijsir toro, eMBMS Takoxk HamaBaTUMETHCS B
onHouactotHoMy pexumi (MBSFN) 3 momepennbor0 MEpEKEBOI CHHXPOHI3AIIETO.
bararormpomeneBi NTN i MBSFN neMoHCTpyIOTh BaXIHBI IEpEBArw, PEBOJIIONIFO
TPAIUIIIHHAX CTUIBHUKOBUX MEPEX Ta TPATUIIMHUN PEXHUM TEpenadl «TOYKa-TOUKa»
(PTP), BiamoBigHoO.

VY icHyroulii jiTepaTypl po3risgaroThes pi3HI KIHOYOBI migxoan (ToOTO METoau
RRM Ta momepemHporo KOIyBaHHS) JUIsi OOMEXKEHHS MIKIIPOMEHEBHX TMEPEIIKOd Y
npuiivadax NTN dyepe3 HEHynboBI OIYHI TETIOCTKM JlarpaM  CHpPSMOBaHOCTI
BUNIPOMIHIOBaHHS. Y Ml poOOTI MM MPOMOHYEMO IHIINE PIIIEHHS JUIS 3MEHIIEHHS
nepemkoy Mk Ttepminamamu NTN Ha Kpasx NpPOMEHS MUIIXOM BHKOPHCTaHHS
omunouacHux nepemadu MBSFN cepen CHHXpOHI30BaHHMX MPOMEHIB OJHOIO | TOro X
CYIyTHHKA JUIS TOCTaBKH 3a/IaHOTO KOHTEHTY OJHUM | TUM ke pasgiopecypcamu. OTxke,
Kimpka (opM cHrHAMIB, 110 HAJIEXKATh PI3HUM IPOMEHSIM, PO3TIISIAIOTECS K JHKEPEIIO
KOHCTPYKTUBHMX nepeniko 1 npuitmada NTN.

Hackinpkn ©am Bigomo, minxinx MBSFN panime ©He posmisgaBcs JUis
0araTonmpoOMEHEBOTO CYIyTHHUKOBOTO 3B'S3Ky. TakuM YWHOM, y il poOoTi Mwu
BHU3HAaYaeMO KoHIEnii nepenadl nmpomens MBSFEN, o0Omacti mpomeHs cuHXpoHi3amii

(SBA) ta obonacti npomenss MBSFN (MBA), Ha OCHOBI SIKMX MU pO3pOOJIIEMO HOBHIA
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anroput™ GopmyBanas MBA, cripssmoBanuii Ha 301ibpmenHss ADR y GararonpoMeHnesiii
NTN cucremu. Y koxxkHomy MBA npoMeHl CHHXPOHI3YIOTbCS B Yaci I JOCTaBKH
OJIHOTO 1 Toro camoro nmotoky eMBB 1o kinbkox tepminainis NTN 3a ofHUMU i THMH
pamiopecypcamu (To6To epenada MBSFN1 BHKOHY€ETBCS KiJTbKOMa IPOMEHSIMH).

M#u NpomoHYEMO METOX PO3MOIITY paflopecypciB, SIKUM T03BOJSE YHHUKHYTH
MDKIIDOMEHEBUX TMEPENIKOJ TpPH JOCTaBIl KITBKOX EJEMEHTIB KOHTEHTY. Mu
BpaxoByeMo MoOImbHICT, TepMiHamiB NTN 1, omke, 3MiHKM sKocTI KaHay y daci.
OckiIbKH KOJHA 3 MPOMo3uIii He roTtoBa 1o cucteM 5G NR, Mu amantyemo Harny
MOJIEJTh CHCTEMHU 3 ypaxyBaHHsAM TeXHoorii 5G NR.

[MpononoBana cxema SF-MBT chnpsmoBaHa Ha €QEKTUBHHE  pO3MOALT
pamiopecypciB s 3abe3neuenns Buioro ADR y Garatompomenesiit cuctemi NTN
HOPIBHSHO 31 CXEMaMH IIOBTOPHOTO BUKOPHCTAHHS 4acTOT. [|JIsl TOCATHEHHS Il€l METH
Ham anroput™ SF-MBT BukopucroBye konteniiro MBSFN cepen npoMeHiB 01HOTO |
toro xx GEO-cymyTHHKa nuisxoMm cuHXpoHI3amii (y daci) mepenadi mpoMEHIB mpH
nocrasiil oaHI€q 1 Tiel ) mocmyrn eMBB 3 BukopuctanHsaM oHOTO | TOTO 3% Habopy RB.
[Tapamerpu nepenaui nmpomenss MBSFN BCTaHOBIIOIOTHCSA BIAMOBIIHO 10 HAHHHKUYOT
MCS (To0T0 HaWOLIBII CTIHKOT MOAYJIAIIT), IO MIATPUMYEThCS BCiMa TEpMIHAIAMU
NTN, 3arnikaBnenumu B 1iboMy KoHTEHTI eMBB. Ha puc. 2.1 npeacraBieHuit anroputm
SFMBT 3a nonomoroto 0J10K-CXEMHU.

[TpuHIMIT POOOTH 3aNPOIIOHOBAHOI CXEMH IOJIATa€ B TOMY, MO0 3rpynyBaTH
npomeni, mo Hanexath SBA GEO-cynytHuky, y nekimbka MBA uisi KOXHOTO
KOHTEHTY, TaKUM 4YHHOM, Oepyun no yBaru inTepecu NTN. Konu npomiHb HaneKxuTh
BUKJIIOYHO ogHOMY MBA a6o nesanexxnomy MBA, Bci tepminann NTN B 30HI aii
I[LOT'O MPOMEHS 3aI(iKaBJIeHI B TOMY CAaMOMY KOHTEHTI, TOJII SIK KOJIH MPOMIHb HAJIEKHUTh
1BoM 200 Olnmbiie MBA, BIiH TOBHHEH JTIOCTABIIATH JBa a00 OLIBINE EJIEMEHTA KOHTEHTY.
. 1 ocTaHHBOTO KOHTEKCTY MM BHU3HAauaeMO NEpekpuBaroThcsi MBA sk aBa a6o
Olnmpie MBA, siki CHIJBHO BUKOPUCTOBYIOTH NpPWUHAWMHI OAMH TNpoMiHB. Y pa3si
nepekpurtss MBA cxema SF-MBT Bukonye posmonin pamiopecypciB 3a 3alissHUMH
MBA, mo0 yHHKHYTH MiKnpomeneBux mnepemkon. Kpim toro, cxema SF-MBT

nokpaimrye ADR  cucremu, 3aq0BONIBHSAIOYM OOMEXKEHHS OOCIYroBYyBaHHS BCIX
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3arikaBnenux tepminaniz NTN.
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Puc. 2.2 I1natdpopmu NTN mepexi

Sk eranonny miarpopmy NTN mu posrisgaemo cynytHuk GEO (GEO-sat), mio
npamroe B yactoti S-mianmazony (too6to 2 I'T). Hazemunm xommnonentom GEO-sat €
GEO-gNB, skuii Biamosimae 3a mpouenypu anmantaiii kaxamry. 3okpema, GEO-sat
30Mpae Ta MepecuiIae BECh 3BOPOTHHUH 3B'sI30K 3 IH(pOpMAIIIE0 MPO CTATyC KaHATY Bif
tepminanie NTN y GEO-gNB, skuii BuOupae BIAMOBIAHY cxemy MOAyismii Ta
koayBanHs (MCS) s goctaBku 3agaHoro KoHTEHTY ¢MBB y jdexiigbka myHKTIB
IpPU3HAYEHHS.

3BopoTHHid 3B's130k TepMiHanmiB NTN mnepemaetbes (IiIEpHUM KaHAIOM, KUt
no3Havaethes sk kanan Big TepminaniB NTN no GEO-gNB. Jlani eMBB nepenatothcst
gyepes ciry)x00BUH KaHall, ssKui mo3HavaeThes sik kaHat NTNgNB go tepminanis NTN.
3arpumka mnpuiimanns-nepenadi (RTD) - ue wac, HEOOXimHWIA curHAmy JUIs
npoxomkenns Bix tepminamy NTN mo NTN numo3y | Hazan (abo HaBmakwm). Jls
CYIyTHHKA Ha OCHOBI KopucHOro HaBaHTaxenHs RTD 3a3Buyaii nopisaioe 541,46 mc.

PosrisayTa GaratonpomeneBa cucremMa NTN 3acHoBana Ha TexHouorii 5G NR,
sKa MIATpUMYy€ KUTbka MacmTaOOBaHUX HYMEpOJIOTIH  MYJIbTHUIUIEKCYBAaHHS 3
optoroHasibHuM 4actoTHuM moaliom (OFDM) (u = Bim 0 mo 4), KOXHa 3 SKHX
XapaKTEPU3Y€EThCs CBOIM po3HeceHHsM miguecyuux (SCS, Big 15 k['m mo 240 kI'm)

HACTYITHOTO PIBHSHHSI:
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SCS =15kHz x 2", 2.1

1€ |\ — HyMepoJIOTIYHUH IH/IEKC.

[Tepemagya NR 3acHoBana Ha OFDM 3 mukiniuamM npedikcom (CP-OFDM) y
HU3XITHIA JiHIT 3B'S3Ky, TOAl SIK y BHCXIIHIA JHIT 3B'I3Ky NIATPUMYIOTBCS SIK
CPOFDM, tak i OFDM 3 nquckpeTHHM MEpETBOPEHHAM Dyp'e 3 PO3MIUPEHHIM CIEKTPA
(DFT-OFDM) 3 CP. Ilepemaui mo Hu3XimHii Ta BUCXigHI# miHisSX 3B's3ky NR
opranizoBaHl B KajpaX, KOKEH I3 SKHX CKIQJA€ThCs 3 CyOKaapiB TpuBamicTio B 1
Mminicekynny. Kosken migkaap mae pi3Hy KiIBKICTH CIIOTIB BIAIOBIAHO 10 00paHOl
HyMepoJiorii. YmpariiHHA pajglo4acCTOTHUM CIIEKTPOM 3IIHCHIOETHCS 32 JIOTIOMOTOO
onokiB pecypciB (RB), KOkE€H 3 SKUX CKJIaJaeThes 3 12 MOCHIIOBHHX Ta PIBHOMIPHO
pO3HECEHHMX IigHecyuux. Y wid pobori mMu mnocuiaaemocs Ha tepminHamu NTN,
3arikaBieni y nociyrax eMBB; omke, mu Bubupaemo nHymeposioriro L = 0 3 SCS = 15
k[, ska € HAHOLIBII migxoasmior mius xoxaTtkiB eMBB, ski gocTaBlsSioTh 4epes
eMBMS.

Mu Bu3Ha4aeMo 30HY CHHXpoHI3anii nmpomens (SBA) sk 3ony nokpurts GEO-
sat, 16 MOXyTh OyTH cdopmoBani oguH abo kimbka MBA. Mwu BU3HA4aeMoO 30HY
npomensi MBSFN (MBA) sk obnactb, 110 BiAmoBimae aBoM abo Olibine cyciaHim
NPOMEHSIM, JI€ BIAMOBIAHI MPOMEHI CHHXPOHI3YIOTHCS B 4aci JUis JOCTaBKU OJHOTO |
TOTO JXK MOTOKY KOHTEHTY MO OJHHMM | THM K€ paaiopecypcamM B JEKIJIbKa MyHKTIB
NpU3HAYEHHs, BUKOHYI0UM niepenayy npoMeHss MBSFN. Mu no3nauaemo M sk HaOip
Bcix MBA, Brimrouenux g0 SBA, a E — 11e HaGip Bchoro Bmicty eMBB, 3ampomenoro
n0o SBA. Hexaii T Oynme nabGopom ycix Ttepminaigie NTN, sxi 3arikaBneHi y

IMPOKOMOBHOMY 00CITyroBYBaHHI BMicTy eMBB:

= 2.[Tal, 2.2

meM

ne T - HaOlp TepminaniB NTN, o Hanexats m-my MBA.

Mu no3znagaemo RB sk HaOlp goctymHux pamiopecypciB (Ttodoro tepminu RB).
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Hexaii RB, Oyne kinmekictio RB, mpusnauenux mis mpomeniB m-ro MBA. 3aramsHa
kinpkicte RB, mo Buaiisiorecss m-my MBA, HE MOBHHHA NMEPEBHUINYBATH KIIBKICTH

nocrynHux RB:

IRB,|<|RB

,V.,eM, 2.3

Sxmo oxHa abo KiJbKa 30H OXOIUIEHHS IIPOMEHS Hajexarth Kiibkom MBA, cyma
RB, mnpusnauenux mnpomeHsM Iux MBA, HE NOBMHHAa NEPEBHINYBAaTH KIJIBKICTh

noctynmHux RB, 1100 yHHUKHYTH MI>)KIIPOMEHEBHX TTEPEIITKOI:

>"|RB,[<IRE| 24

meM

Metoro mporoHoBaHoi cxemMu RRM € 30inpmenHs 3arambHoi  ADR
OararonpomeneBoi cucteMu NTN 1UISIXOM 3a70BOJIEHHS BHIE3a3HAYEHUX OOMEXKEHD
Npy BUKOHAHHI ajanranii KaHaiay 3 TuHamIgHUM BHOOpoM piBHA MCS mis mepenaui
npomenst MBSFN y BignosigaocTi 3 iHdopMmarieto 3BopoTHOTO 3B's13Ky CSI, HamicmaHoi
yepes Bel Tepminanu NTN no GEO-sat. [Tocunarouncs Ha SBA sik Ha HaOlp M MBA,

ADR BHu3Ha4aeTnCA TaK:
ADR =>» ADR,,, 2.5

ne ADR repminanie NTN, o npuiiMaroTh KOHTEHT m-M MBA 3a gomomororo

nepenaul mpomenss MBSFN, npeacraBieHuii sk:

ADR,, =Y Rate(t) x|RB,|,V, €M, 26

teT

ne Rate(t) - ue miniManpHa MBUAKICTL epeaadl ganux Ha RB, mo BIIHOCUTHCS

1o t-ro Tepminany NTN 3 maitamkarnm MCS 3 ycix Tepminaniza NTN B m-my MBA.
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2.4 Cuenapiii posropraniss NTN 3a 10nmoMorow HH3bKOOPOITAIBHUX

yrpynyBaHb

Y Mepexax CyImyTHHKOBOI'O 3B'SI3Ky BHKOPHUCTOBYIOThCS KOCMIYHI MIaTdopmu,
Kl BKJIFOYAIOTh CYNYTHUKH Ha HU3bKIH HaBkosio3emHii opOiti (LEO), cymyTHukH Ha
cepenuii  HaBkomozemHli opOiti (MEO) Ta cymyTHHKM Ha TeocTallioHapHI’

HaBKosio3emHIi opOiTi (GEO).

NTN payload

%
o,

Feeder link Service link
Uu

B - BN i

5GC gNB Gateway UE

Puc. 2.3 Apxitektypa NTN i3 mpo3opuM KOPUCHHM HaBaHTAXKEHHIM

3a ocraHHl Kilbka pOKIB CBIT CTaB CBIJAKOM BIJPOJKEHHS IHTEpPECY JIO
IMIMPOKOCMYTOBOTO 3B's3Ky, mo Hamaerbes mepexxkamu LEO NTN i3 Benukumu
CYMyTHUKOBUMH yrpynoBaHHsMU (Hampukian, Starlink, Kuiper ta OneWeb). 106
OTPUMATH BUTOJY Bix Macimirady cuctemu 5G CymyTHHKOBA IHIYCTpIS MIIKITFOYHIIACS
no mpouecy 3GPP s inrerpamii cymyTHHKoBuX MeEpex B cucremy 5G NR(HoBa
TEXHOJIOTISl CTIIBHUKOBOTO 3B’s13Ky). HAPS - ne mositpsiHi muardopmu, ski MOXYTb
BKJIFOYATH JIITaku, MOBITpsiHI Kynl | aupwxkadmi. Y Texnomorii NTN ocHoBHa yBara
OPUIIISETBCS CTaHIIIM I3 BHCOTHOI ILIaTGOPMOIO, TakuM 5K 0a30Bl cTaHIil
MIXKHApOJAHOTO MOOIIbHOTO 3B's13Ky, Bigomi sk HABS (anrm. high-altitude platform
stations as IMT base stations). Cucrema HABS Hagae mociayru MoOITsHOTO 3B'SI3KY B
THX K€ CMyrax 4acToT, 10 | Ha3eMHI MOOITBHI MEpexKI.

Mepexi "noBiTps-3eMis" MpU3HAYEHI SIS 3a0€3MEYEHHS 3B'S3KY B MOJBOTI IS

niTakiB 32 paXyHOK BUKOPUCTAHHS HAa3€MHUX CTaHIIH, skl BIAIrparOTh Ty camy poIlb,
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mo ¥ O6asoBi cranimii (BS) y HazemMHuX MOOITEHUX MEpekax. AJIE aHTEHH HA3EMHHUX
CTaHIIi y Mepexi "moBiTpsi-3emiis” crupssMoBaHI 10 HEOA, | BiACTaHI MIXK MMOJIOKEHHIMHU
cTaHIIi HabaraTo OB, HIXK Y HA3eMHUX MOOITBHIX MEPEK.

Hoci pobora NTN Oyia 30cepemkeHa Ha MEpekax CYIMyTHHKOBOTO 3B'S3KYy 3
HESIBHOIO cyMicHIcTiO st miaTpuMku cucteM HABS Ta mepesx "mositps-3emis”. Bapro
BIJI3HAYUTH, 1[0 CUCTEMA TAKOXK IPAIOE 13 MAIOBUCOTHUMHU JTITATbHUMHU O€3IIIOTHUMHU
amapatamMu 3 MoOUTbHMMH mnpucTposimu (BITJIA, Takox BimomMumu sk OE3MITOTHI
niTanbHI amapaTH), Kl MOXHa pO3rIsAAaTd K 4acTuHy cimerictea NTN B mmpokomy
cercl. Omnak y 3GPP neit HanpssMok poOotu OyJio IPOBEJIEHO B OKPEMOMY HAIPSIMKY.
ToMy TyT MU 30CEpEIMMOCS Ha MEpEeXax CYMYTHHKOBOIO 3B'SI3KYy | 3BEIEMO JI0
MiHIMyMY 00poOKy IHIHX THITIB NTN.

Y 1mpoMy po3minl onmucyeThCcs peanizoBaHuil cumyssitop. Ha pucynky 2.4
NoKa3aHo OJOK-cxemy mpouenypu cumyistopa. Crnovarky UE BHUDajgkoBUM YHHOM
CKU/IAIOTHCS y 30HI, MOKPUTIN KiJTbKOMa CyIyTHHKaMu. Y Iii 00macTi KyT Micis Mix
kokauM UE Ta KoXHUM cymyTHHKOM cTaHOBUTH Bij 30 mo 90 rpamycis. Ilotim
CYNyTHUKH TPAHCIIOIOTh ONopHI curHamu mno3uiionyBanus Ha UE. Ilortim crin
o0uucenHs koegimieHTIB KaHATy Ta eQEeKTIB KaHATy TporpaMu. B imiTatop BOynoBaHi
JBI MOl KaHajiB: MOIEIb BEJIUKOIO 3aBMHPAHHS | MOJENb MIBUAKOTO 3aBMHPAHHS.
Takox momaeTbcsi €QeKT BTpaT Ha Tpacl Ta 3racaHHs B TiHI, | PO3paxOBYEThCs
BiqHomeHHs HEcyda / iyM (CNR). KpiM Toro, 10 cUrHaidy J0OMa€ThCs rayCCOBCHKHIMA

olmui mrym (WGN).
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Drop number of UEs in the » Add White Gaussian Noise
specified area on Earth (WGN)
W Compute cross correlation

between the received signal
and the reference signal

Satellites transmit
positioning reference
signals to all UEs ¢,

Apply threshold-based
detection for TOA

A

Calculate channel \l,
coefficients and apply the
effect of the channel

The location server
computes the estimated UE

position
v
Apply the effect of the v
path loss and shadow Measure the error between
fading the actual UE position and

Puc. 2.4 bnok-cxema nmpoueaypu CUMyJIsITopa

UE mnpwuiiMae mepemaHwii CUTHaJ TICHs 3aCTOCYBAaHHS KaHAy Ta OOYHUCIIOE
KOPEJSIII0 MIX MPUIHATAM CHUTHAJIOM Ta OMOPHUM curHaioM. [loTim BiH oO4mciioE
TOA mnepmioro nuisixy, BAKOPHCTOBYFOUM METOJ, 10 0a3zyeThcsi Ha mopo3i. Hapemrri,
cepsep mo3uiioHyBaHHS oOu4Hciaoe omiHHE TmonokeHHss UE 3  BHKOpHCTaHHSIM
OIIIHIOBa4Ya MakCHUMaJIbHOT rpaBzomnoaionocti (MLE).

SIK eTajoOHHE CYMYTHUKOBE YIPYNOBaHHS BUKOPUCTOBYETHCS YIPYHOBaHHS
Starlink Phase 1. Lle cy3ip's Hamae IHTEPHET-TIOCITYTH 3 BUCOKOO IBUIKICTIO | HU3BKOIO
3aTPUMKOIO Ui KOPUCTYBadiB y BCbOMY CBITI, HaBiTh y paiioHaX, 0 HEIOCTATHHO
o0ciyroBytoThes. 1le poOuTh 1oro ogHuM I3 HaifmikaBimmx cy3ip'iB ceoroani. Cysip's
Starlink Phase I, six mokazano Ha pucyHky 2.5 cknanaerbes 3 24 miommH. Y KOXHIN
IUIOIIMHI 66 CynmyTHUKIB, 10 y cymi nae 1584 cymyTHHKH, [0 MOKPHUBAIOTH BCIO
3emimio. CynytHuku — cynyTHHKH LEO Ha Bucoti 550 kM. OpOitu Haxwieni Ha 53° mo

BITHOIIIEHHIO 10 EKBATOPA, a BIACTaHb MK OpOITAIBHUMH IUIOIIMHAMH JT0pIBHIOE 15°.
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Puc. 2.5 Posroprannas NTN 3a 1ormomMoroto HU3bKOOpOITATHHUX YIPyITyBaHb

LEO

MoenroBanHs y L gucepTarii 30cepemkeno nepHoi odaacti 3emi. L{s o0aacts
Mae ¢dopMy Kosia 3 paaiycoM, o aopiBHioe 850 KM, sSK Moka3aHo Ha puc. 2.6. Il
00J1acTh MOKpHUTA 9 CYIyTHHKAMH JBOX PI3HHX opOiTax. 9 cymyTHUKIB po3iiieHi Ha 5
CYNyTHUKIB Ha mepriid opOiTi Ta 4 cynyTHUKH Ha Apyrid opOiti. Ilepmia opGita

HaxwieHa Ha 2°, a apyra opOita HaxwuieHa Ha 17°.

x105

1
%108

Puc. 2.6 MonemtoBanHs ieBHOT o0macTi 3emiti 3 pagiycoM 850 kM
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Koxen cymytHuk BumnpomiHioe 19 mpomeHiB, yrBoproroun 19 30H OXOIUIEHHS

npoMeHst 3emJll, sIK OKa3aHo Ha PUCYHKY 2.7.

Satellite beams layout

Puc. 2.7 Cxema CymmyTHUKOBHUX ITPOMEHIB

Y npomMy cumysaTopi Koe@IieHT TOBTOPHOT'O BUKOPHUCTAHHS YaCTOTH JIOPIBHIOE
1, o o3Hayae, MO0 CMyra 4acTOT CUCTEMH BHKOPHUCTOBYETHLCS Y BCIX Cliax MpOMEHS.
JliarpaMa poMEeHsI IEPEMITIIAETHCS Pa30M 13 PyXOM CYIyTHHKA.

VY i aucepramii MOJIEIL CYMyTHUKOBOI aHTEHH € PEeQIIEKTOPHOI0 aHTEHOIO S-
niana3oHy 3 KPyIJIOK anepTyporo, sKa Mae HOPMOBAHE MOCHIIEHHS aHTEHW HACTYITHUM

YUHOM.

1  for8=0 (3.1a)

Ji(ka sin@ ) |2
ka sin@

4| for0 < |8] < 90° (3.1b)

ne Ji (ka sin 6) - ¢yskuis beccens mnepimoro MoOpsAKy Ta MEPIIOTO POay
apryMenty ka sin 6. k — XBWIbOBE YHCIO, @ — pajlyc anmepTypu aHTEHH, a 6 — KyT,
PO3paxoBaHUiA 3 MPHIIIITY TOJIOBHOTO MTPOMEHSI aHTEHH.

CymyTHHKOBa aHTEHA, IO BHUKOPHCTOBYETHCS, MAa€ MaKCHMAaJbHE TOCWIEHHS
nepenaBanbHOi anTteHu 30 nbi, nopisHioe 10 qOBKWHAM XBHJIb, IIMPHHA MPOMEHS 110 3

nb cranoButh 4,4127. Moro HOopMaiizoBaHa jlarpama MOCHJIEHHS TOKa3aHO PUCYHKY
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Puc. 2.8 HopmanizoBaHa jiarpama nOoCHIEHHS

Bapiant Bukopucramas UE — 1ne mnopraTuBHHMI Kopryc S-alana3oHy 3
BCECIIPSIMOBAHOIO aHTEHOIO, sika Mae JiHIHY nonspu3arnio. Koedimientn nocuieHHs

HepeaaBajIbHOI Ta MPUHMAabHOI aHTeH J0piBHIOIOTH O AbI.

Y wmepexxax NTN BUHHKAIOTH BHCOKI JIOTUIEPIBCHKI 3pYIIEHHS YEPE3 pyx

cynytauka | pyxy UE, siki mpu3BoasTh 10 3MIIIEHHS YaCTOTH B CHTHaJIl. 3CYB YacCTOTH

(FO) po3paxoByeThcs Tak:

FO = (AUE + DSSat + DSUE) x 10—6 x fc (2.7)

ne AUE - rtounicth kpuctama UE, DSSat - nomnepiBcbKHil 3CyB 4Y€pe3 pyx
cynytauka, DSUE - noruepiBcbkuii 3cyB uepe3 pyx UE, a fc - necyua gacrora. V
npomy MoxemoBanHi AUE popisaioe 10ppm, DSSat - 1ue wmakcuMaibHHMA
JOTIIEpIBChKUE 3cyB Jutst cynyTHuka LEO Ha BkaszaHiii BUCOTI, sIK TOKa3aHO B TaOJuIIi
3.1, fc=2ITu (S-mianazon) i DS

DSue=fc xV xcos8/c (2.8)

ne V - mBuakicte UE, 6 - kyt mix Bektopom Buakocti UE Ta Hampsimom
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nomvpeHHst curaainy Mixk UE Ta cymyTHUKOM, ¢ - IIBUAKICTB CBITIIA.
VY tabmuui 2.1 nmoka3aHo MaKCUMAJIbHY 3aTPUMKY MOIIUPEHHS MK CYIyTHUKOM
LEO Ha pi3aux Bucotax | UE mpu xyti micus 10° 3arpumku mnommpenas B NTN
HabOaraTo Olmpine, Hixk y TN. Bin 3ay€xuTh Bix BUCOTH cymyTHUKA. J[1s cymyTHUKIB
LEO 3aTpuMKa NOUIMPEHHS CTAHOBUTH KiJbKa MIJTICEKYH/.
Tabmuis 2.1
MakcumarpHa 3aTpuMKa Ta JIOMIUIePIBChbKHiA 3CyB s cymyTHuka LEO Ha

PI3HUX BHCOTaX

Altitude LEO at 600 km LEO at 1200 km
Parameters
Delay 6.44 ms 10.44 ms
Doppler Shift +/- 48 kHz +/- 42 kHz
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3 CTBOPEHHSI APXITEKTYPH THOOPMAIIMHO-
TEJJEKOMYHIKAIIHHUX CUCTEM HA OCHOBI TPYIIYBAHHb

MIKPO- I HAHOCYIITYTHHUKIB

3.1 3acrocyBaHHA «pPO3MOAIJIEHOr0 CYNYTHHMKa» B PaAiojoKaliHHUX

CHCTEMAaX i3 CHHTe30BaHOI anepTyporo (SAR-cucrema)

Bumorun onepatopiB cymyTHUKOBHX SAR-cucrem Ta CHOXHUBa4iB iXHbOI
iHdopmalli BU3HAYAIOTh HEOOXIAHICTH 30LIBIITYBaTH 1HOOpPMAIWHUNA 3MICT Yy
300paxkeHHaXx SAR, mo Moxe OyTH JOCATHYTO OararokaHajibHOi poOOTH
(monmsapumeTpisi, podboTa B 0araToO4acTOTHOMY pEXKHUMIi), MOJAIbIIE MOKpaIIeHHs
JI03BOJTY 3a JAJIBHICTIO, M0 a3UMYTy Ta TUMYACOBUM IOKa3HUKAM (4acToTa MOBTOPHOI
3MOMKHM OJHI€T 1 Ti€i ) 00JacTi), a TAaKOX CIHOCTEPEKEHHS MiJ PI3HUMHU KyTamMu
(iaTepdepomerpiss Ta TOMorpadis). Lli BUMOTM CTUMYNIOIOTH PO3POOKY HOBUX
TEXHOJIOT1, 10 SKUX Hajexarb IuppoBe (OpPMYyBaHHS MPOMEHS, BUKOPUCTAHHS
texHosiorii MIMO, aHTeHU 3 BEIMKUM BiJI0MBaueM, Oi- Ta MyJbTUCTATUYHI CUCTEMH.

Juctaniiiine 30HayBaHHsA 3eMJil. BUKopuCTaHHSA apXITEKTypH «PO3IMOAIIEHOTO
cynyTHUKa» B SAR-cucremax 1n03Bojsi€ peayizyBaTh TEXHOJIOTIHO MYJIbTHCTATHUYHOT
pamionokartii 3 "m'skoro" iHTepdepeHiinoo 6azoro (Bix 200 m go 1 k). [dns
peanizaliii TeXHOJIOT1i paloIoKaIlii 13 CHHTE30BaHOI0 allepTypPOI0 PO3HECEHO Ha OKpeMi
CYNyTHUKH TEpeaaBady, i poOOTH SKOTO MOTpiOHA BITHOCHO BEJIMKAa MOTYXKHICTh Bij
CHUCTEMHU EJICKTPOIOCTa4YaHHs TIaThopMu, 1 TpHiiManbHa dYacTuHA. J[0maTKOBOIO
NepeBarol0 TaKoro pillIeHHsS € MPOCTOPOBE PO3HECEHHS MepeaaBaya Ta IpuiimMaya, 1o
JI03BOJIIE CKOPOTUTU TMay3W MDK BHUIPOMIHIOBAHHSM 30HIYBaJbHUX CHUTHAJIB Ta,
BIJIMOBIAHO, TOJIMIIUTH PO3JUIbHY 31aTHICTh cuctemu. Ha puc. 3.1 mpencraBneHa
cXxeMa opraHizaiii Ta B3aeMOAIl «PO3MOJUICEHOr0 cymyTHUKa». Jlo cknamy
«PO3MOAUICHOTO CYMyTHUKa» BXONATh: CYNyTHUK-TIEpEaBad, SKAA € sSIAPOM
CYMYTHHUKOBOTO KJIacTepa, Ta KUIbKOX CYMyTHUKIB-TipuiimMauiB. CymyTHUK-TIEpeaaBay
noOyaoBaHuil Ha miargopmu MikpocynyTHuKa. CymyTHUKHU-TpUiiMadl MoOyA0BaHI Ha

wiatgopmi KyO-cart.
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Sk 3a3Ha4Y€HO, MYJBTUCTATUYHHUNA PEKUM pOOOTH CymyTHUKOBHX SAR-cucrem
Ma€ HaCTYIHI NIepeBaru:

- OTpuMaHHS BHCOKOTOYHHUX UM(PPOBUX KaAPT penbedy MICHEBOCTI Ta
TPUBUMIPHUX 300paxKeHb 00'€KTIB;

- MOXKJIUBICTh OJTHOYACHOTO CIIOCTEPEKEHHsI 00'€KTa M1 pI3HUMH paKypCcaMu;

- peanizauis NoJIsIpUMETPUYHOI IHTEpPEepoMeTpii;

- baraTtopazoBe HEKOT€PEHTHE HAKOIMUYEHHS.

CynyTHUK-TIepe1aBad BUKOHY€ TaKi (PyHKIIIi:

- YrpaBiniHHA (PyHKIIIOHYBAHHIM «PO3IMOAIIEHOTO CyITyTHUKAY;

- (¢opMyBaHHS Ta 1nepenadya (BUIPOMIHIOBAHHS) 30HyBaJbHOIO CHUTHAILY

CKJIaJIHOI CTPYKTYPH Y YaCTOTHOMY Jiara3oHi, 0 BUKOPUCTOBYEThCHI.

BOKOBbIE CRYTHUKM- LieHTpasnbHBIii CNYTHUK KnacTepa
NpUeMHUKHK (MuKpo cnyTHUK) e
i L 1 (nv‘6~ca1'u)

[ )
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Puc. 3.1 3actocyBaHHS KOHLEMIIT «pO3MOAIJIEHOTO CYyITyTHUKa

JUTSE 33724 TUCTAHIIMHOTO 30HyBaHHS 13 CHHTE30BaHOIO alepTyporo

[TepenaBay BUKOHY€E Taki GyHKIIII:

- ynpaBiiHHS QYHKLIIOHYBAHHSAM «PO3MOJIIJIEHOTO CYITyTHUKA;

- (opmyBanHs Ta mepemaya (BUMPOMIHIOBAHHS) 30HAYBAJIBHOTO CHUTHATY
CKJIQJIHOT CTPYKTYpPHU y YaCTOTHOMY J1ana3oHi;

- IPOBEJICHHsI BUMIPIOBaHb B3a€EMHOTO PO3TAIlllyBaHHS CylMyTHUKa-TIeperaBaya Ta
CYNYTHUKIB-TIpUIMAYiB 3 BHU3HAYEHHSM TOXWJIOI JAIbHOCTI B3a€EMHOTO KyTOBOTO

pO3TallyBaHHs, OLIHKA Yacy MOIMUPEHHS CUTHAILY 10 JIIHIT MIXKCYITy THUKOBOTO 3B'SI3KY;
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- (hopmyBaHHS Ta MATPUMKA MICIEBOI IIKAJIM Yacy IS CHHXPOHI3AIll nepenadi
30HyBaJIbHOTO CUTHAJIY Ta MPUIOMY B1IOUTOTO CUTHAIY;

- KEpYBaHHS IMOJILOTOM CYIyTHHKA-PETPAHCIATOpa, MPHUHAOM BiJi HA3eMHOTO
KOMIUJIEKCY YIPaBIiHHSA KOMaHJ YIpaBiiHHS, iX 00poOKa, TpaHCHAIIS HA Ha3eMHUUI
KOMIUJIEKC ~YOPaBIiHHS TEJIEMETPUYHOK 1H(OpMaIi€l0 TMpo CTaH CyMyTHHUKa-
nepenaBaya;

- TpUIiOM BiJ HA3eMHOTO KOMIUIEKCY YIMPABIIHHS Ta TPAHCIALIS KOMaH]T
yOpaBIiHHS, aJpecoBaHUX CYIyTHHKaM-TIpuiiMadaM, TPUHAOM BiJl CYMyTHHKIB-
npuiiMadiB TeJIeMETpUYHOI 1H(popMallli Ta TpaHcaauis i€l 1Hdopmallli Ha Ha3eMHUN
KOMIUICKC yIpaBIiHHA (MIPY IMITATHIA eKCITyaTalrii);

- TpUHOM BiA CYNYTHHUKIB-IpUAMaYiB i1H(OpMAIIHHOTO MOTOKY Ta MHOTO
TPaHCJIAIISA HAa HA3eMHY CTaHIlI0 puiiomMy iH(opmarrii.

CynyTHUK-TIpUHMad BUKOHY€E TakKi (PyHKIIII:

- OpuUiioM BIJI CyNyTHUKa-liepeAaBaya IIO3HAYOK Yacy 31 3pa3koM Komii
HepesaHoro 30HAYI0UOr0 CUTHAIY;

- IPUHAOM BIJJOMTOrO CUTHAIY;

- CHHXPOHI3aIlis IIKAJK Yacy JUIsl peati3allii KopeasmiiiHoi oOpoOKu MPUIHHSATOTO
CUTHAIIY;

- mepenada IUQPPOBOTO TMOTOKY KOMIUIEKCHOI paJiorojiorpaMH Ha Ha3eMHY
CTaHIlit0o mpuiiomMy iHpopMmaiii Ta/abo Ha CYMyTHUK-TIEpeaBad IS IOJANIBIIO1
peTpaHCIIAL]l Ha HA3€MHY CTAHIIII0 MPUHOMY;

- MIPUHOM MO JiHIi MDKCYNMYTHUKOBOTO 3B'A3Ky KOMaHJ| YIpaBJiHHA Ta Nepenaya
TeJIeMETPUYIHO1 1H(DOpMAaITii.

BaxnmBe wmicuie y poOOTI «pO3MOIIJICHOTO CYMYTHUKa» SK CYIyTHUKA 13
CHUHTE30BAHOIO amepTypor0 3aiiMae MIKCYIyTHHKOBA pajiofiHisg. MiXKCyImyTHHUKOBA
padiofiiHisl € AYTUIEKCHOIO PaJiONiHIEI0 1 MpU3HAYeHa JJIi KOMILJIEKCHOTO BHPIIIECHHS
3aJa4 BU3HAYCHHS TCOMETPHUYHUX B3a€EMHUH MDK CYINyTHHKOM-TIEpEIaBadeM i
CyNyTHUKaMU-TIpUiiMadaMu, Tepeaadi pe3yabTaTiB MEePBUHHOI KOPEIsLiiHOT 00poOKH
OPUMHATUX BIATYKIB 30HIYBaJIbHOTO CUTHANy Ta MEpenady KOMaHJIHOTEJIEeMETPUYHOI

iHpopmarii. MDKCyNyTHUKOBA paIIOJiHISI OpPraHI3yeTbCd OKPEMO JO0 KOXKHOIO
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cynyTHUKa-npuiiMada. IIlo0 KOXHOro CymyTHUKAa HpHiiMaya MIKCYIYTHHKOBA
pamioniHiga 3abe3reuye BUMIPIOBAHHS TMOXHUJIOI JAJIbHOCTI Ta BU3HAYCHHS KYTIB (KYT
MICLA Ta a3UMYT Yy IUIOUIMHI MICIIEBOTO TOPU30HTY) Ha OCHOBI MOHOIMITYJIBCHOTO
METOAy CTEKCHHs. BuMipioBaHHS IOXWIOI JaJIBHOCTI JI03BOJIIE 3a0e3MEUUTH
CHHXPOHI3aIlI0 Tiepefadyl Ta MNpUUOMYy JUIS peaiizaimii Ipoueaypu KOpesiiiHol
00pOOKM MPUHHATOTO BIATYKY 30HAYBaJbHOTO CHUTHAJy CYNOYTHI Ke-lpuiMadi.
BumiproBannss TeoMeTpii B3a€EMHOTO pO3TalllyBaHHS CyIyTHUKa-epejaBada Ta
CYMYTHUKIB-TIpUIIMaYiB J03BOJISIE BU3HAYUTH T€OMETPUYHI MapaMeTpu PO3MILICHHS
Mepe1aBajJbHOl Ta TPUUMAIBHOI aHTEH CUCTEMH.

"Po3moaiicHu# cynyTHUK' Ipalfoe HaCTYITHUM YHHOM (puc. 3.2).

CynyTHUK-TIepeaBayd popMye 30HAYIOUUN CUTHAN CKIIaHOT POpMHU 13 3aJaHUMU
aBTO Ta  B3aEMHOKOpEIALiMHMMH  BiacTuBoCTAMH.  CdopMOBaHMI  CHUTHAN
BUIIPOMIHIOETBCA TEpeaBaibHOT AHTEHOK CYNYTHHKAa B pPOO0YOMY YaCTOTHOMY
niana3oHi (s mpaBwio, faiamazonu S, C, X) y HanpsMmky noBepxHi 3emui. [Ilupuna
JiarpaMy CIPSMOBAHOCTI Ta OpIEHTAIsl IepeAaBalbHOI aHTCHH IMOJ0 HaIpaBICHHS
HaJIp BHU3HAYAETHCA BIAMOBIAHO [0 MPUUHATOT TEXHOJOTIT POOOTH CHCTEM 13
CHUHTE30BaHOI0 amnepTtyporo (sx mpaBuio, 30°-45°). Komist 30HIYIOYOT0 CHUTHAITY
nepenaeTbes CynmyTHUKaM-TIpuiiMayaM KaHallOM M1IXKCYIyTHUKOBOTO 3B'sa3Ky. JlaHi mpo
JOBXXUHY MIKCYIYTHHUKOBOI PaJlOdiHIi J03BOJISIOTh BHU3HAYUTH BEJIMYUHY 3aTPUMKHU
CUTHaJy, OOyMOBJIEHY YacOM TOLIMPEHHS CHUTHANy BiJl CyNyTHUKa-TiepegaBada [0
CyMyTHHUKa-NpUiiMaya, 1 CHHXPOHI3yBaTH OOPTOBY IIKaJly 4acy CYNYTHHKIB y CKJIAIl

«PO3MOJIIIEHOTO CYITyTHUKA.
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Puc. 3.2 CrpykrypHa cxema SAR-cuctemu J[33 13 BUKOPUCTAHHSIM

«PO3MOAIIICHOTO CYITy THHKA)

KoxeH cynyTHHK-TipuiiMad npuiiMae BIIOWTUN CUTHAN 1 MEPETBOPIOE MOro Ha
1 (poBUH MOTIK KOMITIEKCHOTO IM(ppoBoTo curHaiy. [1oTik KOMIIEKCHOTO IU(PPOBOTO
CUTHaJly HagXOAWUTh Ha TOJanblry o0poOKy y QopmyBaud  KOMIUIEKCHOT
pamioronorpamu. CymyTHUK-TipuiiMad (GOpMy€e OMOPHUN CHUTHAN, SKHH € KOITE
NEepPeIaHoro 30HAYBaIbHOTO curHaimy. OMOpHUM CUTHAJI HAIXOIUTh Ha (opMyBay
KOMIUIEKCHOI PajiorojiorpaMu, Ta BHUKOPHUCTOBYETHCS SK OINOPHUN CHUTHAI TIpH
KopensmiiHin ~ 00poOmi. CuHXpOHI3AII0 MPOLEIypH  KOpEAIidHOT  00poOKHu
NPUITHATOTO CUTHATY 3a0e3edy€e CHHXPOHI3aTop.

Pesynbrar kopensmiitHoi 0OpoOKM MPUHWHATOTO CHTHATY HAAXOAWTHh y BUTIISII
udpoBOro MoToKy nanux nepenarada iHdopmaiii PJIC s TpaHcmsiii Ha Ha3eMHY
CTaHLi0 MpuioMy 1H(popMaii ado JiHII0 MDKCYIMYTHUKOBOTO 3B'SI3KYy JUJIsl Mepeayl Ha
CYMyTHHUK-TIEpe/iaBad, KUK 3a0e3eduye TPaHCIAIII0 MPUHHATOTO MOTOKY HAa Ha3eMHY
CTaHIII0 MpUHOMY 1H(pOpMAIIii.

CynyTHUK-TIepe[aBady [0 paJioKaHaly KOMaHIHO-TEJIEMETPUYHOI pajiiofiHii
(KPJI) mepemae HazeMHy KOMaHAHO-BHUMIPIOBAJbHY CTaHINIO JaHI TPO CBOEMY

opOiTaTbHOMY TIOJIOKEHHI Ta B3a€EMHOMY pO3TalllyBaHHI CyNyTHHKa-TiepeaaBada Ta
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CYNYTHHUKIB-TIpHiiMauiB. J{aHl Mpo B3a€MHE pO3TAIlyBaHHSA CylNyTHHKa-Ii€peaaBaya Ta
CyNyTHUKIB-TIpuiiMadiB  (opMye JIiHIS MDKCYNMyTHHUKOBOro 3B'si3ky. Ili  maHi
BUKOPHCTOBYIOTBCSI HA3eMHHMM CETMEHTOM TIpH peaii3aiii ajiroputMy CHHTE3Y
amepTypH 3 «M'sIKO0Y» 0a301o0.

Ha mamtonky HaBeneHo anroputm cuHTe3y SAR-300pakeHHs 3 BUKOPUCTAHHAM
MIBUAKOTO TmepeTBopeHHs Dyp'e A «pO3MOAIICHOr0 CymyTHUKa». OCOOIUBICTIO
QITOPUTMY € PO3MOJLT OOYHCIIOBATHFHOTO HABAHTAXKEHHS, MOB'SI3aHOTO 3 00pOOKOI0 B
uuppoBoi GOpMU TPUNHATUX CUTHATIB Ta OOYMCIEHHS MPSMOTO Ta 3BOPOTHOIO
mBUAKOTO nepeTBopeHHs Dyp'e HaJ MacHBaMH KOMIUIEKCHUX YHCEN Mi’K KOCMIYHUM Ta
Ha3eMHUM cermMeHTamu. KocMmiuHuii cermeHT 3a0e3neuye (GopMyBaHHS KOMILIEKCHOTO
paniorojiorpadgigyHoro 3o00paxkeHHs. Ilporeaypa cuHTe3y amnepTypu NOKJIAJACHO Ha

Ha3eMHUI CETMEHT.

KOoCMMUECKUIA CerMeHT

OnopHbiA
cur{an

BNne

OobBne

-

MNepegatunk

-:;""’Y
Mpuemunk > BNo

X-onopa EN®

Puc. 3.3 Anroputm cuHTE3y pajioIOKAIIHOTO 300pakKeHHS

3 BUKOPHUCTAaHHAM «pO?)l'[OILiJICHOFO CYIIYTHHUKa»

Bxogom anroputmy € 1udpoBuil MOTIK KOMIUIEKCHUX BIUTIKIB MPUWHSTOTO

CUTHAJy, SKHH OTPUMYEThCS Ha BHUXOAl ImpHiiMaya curHany (aumB. puc. 3.2).
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Kopensuiiina 00poOka npuitHATOro curHaity y uudpoBiil ¢opmMi BUKOHYETHCS METOIOM
MHOXeHHS criekTpa (y 1nudpoBiit opmi) IPUHHATOr0 CUTHATY 31 CIIEKTPOM OIOPHOTO
curHany (puc. 3.3). @opmyBaHHS CIEKTPIB MNPUUHATOTO Ta OMOPHOIO CHUTHAIIB
3MIMCHIOETBCS. 3 BHUKOPUCTAHHAM METOIB MBUAKOTo meperBopeHHs Dyp'e (BIID).
Pesynbrar mepeMHOKEHHsI CHEKTPIB MIAAAEThCSl 3BOPOTHOMY TeperBopeHHI0o Dyp'e 3
BUKOPUCTAaHHSM aJrOpPUTMY 3BOPOTHOro mBHIKOro neperBopeHHs Dyp'e (OBIID). B
pe3yibTaTi TmepeTBOpeHHs (opMmyeTbes IMGPOBE KOMIUIEKCHE pajaiorojorpadidne
300paKeHHsI, sIKE MEePEeNaeThCs MO PaiOKaHAIy 3 KOCMIYHOTO CErMEHTY Ha Ha3eMHHA
CETMEHT.

HazeMHwmii cerMmeHT Ha OCHOBI iHGOpMaIi 1eHTpy yrpasiiHHs 1moiasoToM (L[YII)
PO B3aEMHE PO3TAIlyBaHHSA CyNyTHHKa-TIepelaBadya Ta CyNyTHHUKIB-TIpUHAMaYiB (AUB.
puc. 3.2) dopmye curnamu "X-omopa" (muB. puc. 3.3). Ilpwmitasta umdpona
MOCTIIOBHICTh KOMILJIEKCHOTO pajio ToJiorpadigyHOTO 300paKeHHS Ta CHTHA «X-
omopa» migaatoTbes neperBopeHHs Dyp'e 3a pomomororo anroputmy BII®D. Ilicns
NEPEMHOXKEHHS CIIEKTPIB BUKOHYEThCA 3BOPOTHE MepeTBopeHHst Dyp'e Ta popmyeThes

M1JICYMKOBE pajiioioKaliiiiHe 300pa>KeHHS.

3.2 3acTrocyBaHHSl «PO3NOJIICHOT0 CYNYTHHKA» Y TeJEeKOMYHIKANIHHUX

CuUCTEMAaxX

B ocraHHe necATUIITTS 3HOBY 3pic IHTEpEC ONepaTopiB Ta PO3POOHHUKIB CUCTEM
CYNyTHUKOBOI 3B'SI3KYy J0 HHU3bKOOPOITAIbHUX CHCTEM 3 BUKOPHUCTAHHSM MiHI- Ta
MIKpOCYNyTHUKIB. EdEKTUBHICTh (QYHKIIOHYBaHHS HU3BKOOPOITATBHUX CHUCTEM
MITBEP/PKEHO MPAKTUYHUM JIOCBiIoM ekcruiyatarii cucrteMm "Iridium", "Global Star",
"Orbcom".

CporomHi  OCHOBHUM  (opM-(DaKTOpOM  CYMyTHUKIB JIJIi  MPOEKTOBAHUX
HU3BKOOPOITANBHUX CYNyTHUKOBUX CUCTEM € Maiuil cynmyTHUK (Maca 500-1000 kr) Ta
MiHl cynyTHUK (Mmaca 100-500 xr). Pazom 3 TuM, pO3INIANAIOTBCS BaplaHTH
BUKOPHCTaHHA MikpocymyTHHKIB (Mmaca 10-100 kr) i kyO-cat (maca 1-10 kr). Sk

NpUKJIaJ MOXXHA HaBeCTU ekcnepumeHTanbHl cynytHukd LEO Vantage 1 ta LEO
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Vantage 2, BUTOTOBJCHI HAa 3aMOBJICHHS KaHAJCHKOTO TEJIEKOMYHIKAI[IHHOTO
CymyTHUKOBOro omneparopa Telesat nns BUBUEHHS Ta BIJIPALIOBAHHS TEXHOJIOTI
HU3BKOOPOITATBHOT CUCTEMH IIUPOKOCMYTOBOI'O JIOCTYIIY.

Jlo mepeBar BUKOPUCTaHHS CYIMYTHUKIB (hopM-paKkTopy KyO-caT BITHOCITHCS:

- POCTOTA KOHCTPYKIIIi;

- HU3bKAa BapTICTh;

- yHidiKkaimis Ta MOMJIMBICTh ONEPATHBHOI 3aMiHH EJIEMEHTIB CHUCTEMH, IO
B1JIMOBHJIM, IIIJIIXOM 3aMiHU CyIyTHUKa (KyO-caTa).

Jlo HenomnikiB KOHPIrypamii cMcTeMH 13 CymyTHHUKamu (opm-¢pakTopy KyO-cat
BIJIHOCUTHCS CKJIAJIHICTh MIATPUMKH 3MIHU OpOITAIBHOTO YIPyHMOBAaHHS Ta YIPaBIIHHS
MOJILOTOM CYNYTHHKIB, 110 3 BEJIMKOI KUIBKICTIO CYMYTHHUKIB Yy CKJajl OpOiTaabHOrO
yTpyTHOBaHHS.

UWHHUKOM, IO CTPUMY€E€ BUKOPUCTAHHS CYMYTHHUKIB TUIy KyO-caT y CKiami
HU3BKOOPOITATHPHIUX CHUCTEM CYIMyTHHUKOBOTO 3B'S3KYy, € HH3bKa MPOIYKTUBHICTH
(MOTY>XHICTh) OOPTOBUX CHUCTEM EHEPronoCTa4aHHS Ta BiABeAeHHsS Teria. Kpim Toro,
CKJIQIHOIO 3aBJIaHHSAM € aJanTallisl TeIEKOMYHIKAI[ifHOI KOPUCHOTO HaBaHTAKEHHS JI0
po3MipiB KyO-cara.

ApXITEKTypa  «pO3MOJILJIEHOTO CYIyTHUKa» JO3BOJISIE  PO3TOUIUTH
(yHKLIOHATbHI 3aBJIJaHHS TEJIEKOMYHIKALIMHOIO KOPUCHOTO HABAHTAXKEHHSI Ha KUIbKa
cynytHukiB. Ha puc. 3.4 mpencraBieHud BapiaHT apXiTEKTYpHd HH3BKOOPOITAIBHOT
CYIyTHUKOBOI CHCTEMH 3B'SA3KY.

Jlo ckmamy «po3MOMIIEHOTO CYIMyTHHKA» BXOJSATh KOPEHEBHH CYIMyTHUK Ta
CYMyTHUKHU-peTpaHCcisITOpu. KopeHeBuil CylmyTHUK BUKOHY€E TaKi (PyHKITIT:

- ynpaBiiHHS QYHKIIOHYBAHHSAM «PO3MOJIIJIEHOTO CYITyTHUKA;

- (opmyBanusa TpaHcnopTHux moTokiB DVB-S2, DVB-S2x s mepemaui B
a0OHEHTCHKUX MPOMEHSIX «PO3MOJIJICHOTO CYITyTHUKa» MOCTYT KIHIIEBUM CIOKHBadyaM
Ta TMepefada HUX TMOTOKIB HAa CYMYTHUKH-PETPAHCISITOPH JUIS BUIPOMIHIOBAaHHS B
KOPHUCTYBAIbHUIIPKUX TIPOMEHSX;

- IPUHOM BiJ] CYyIyTHUKIB-pETPAHCIATOPIB iHPOopMariitaux moTokis DVB-RCS/2

abo WiMax Bij KIHIEBUX KOPHCTYBauiB Ta ix 00poOKa;
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- mapmpytm3anis Tpadiky nepemadi MOTOKiB iH(opmarlii Ha 3eMHI CTaHIil
cionyueHnst (GateWay) y TmpoMeHsIX CTaHIIi CHOJYyYeHHS Ta JI0 CYCIJIHIX
«PO3MOAUIEHUX CYIYyTHHUKIBY» Y JiHIT 3B'I3KYy M)XK CYITyTHUKaMH;

- IPOBEJICHHSI BUMIPIOBAHb B3a€EMHOT'O PO3TAILlyBaHHS KOPEHEBOI'O CYMyTHHKA Ta
CYMYTHHUKIB-PETPAHCISATOPIB 3 BU3HAUCHHSAM IMOXHIIOI JTabHOCTI B3a€EMHOT'O KyTOBOTO
pO3TallyBaHHsI, OL[IHKA Yacy MOLIMPEHHS CUTHAITY MO JIiHIi MK CyITyTHUKOBO1 3B'A3KY;

- (¢opMmyBaHHS Ta MIATPUMKA MICIIEBOI IIKadW 4Yacy JUisi CHHXpOHI3aIlil
(GyHKILIOHYBaHHS CYIYTHHUKIB Y CKJIa/1 «PO3MOAUIEHOTO CYITyTHUKAY;

- KEpyBaHHS TMOJHOTOM KOPEHEBOTO CYMyTHUKA, MNPHUIOM BiJl Ha3eMHOTO
KOMIUICKCY YIIPaBIIIHHS KOMAaH]l yIpaBiIiHHA, iX 0O0OpoOKa, TpaHCIAIisS Ha Ha3eMHUU
KOMIUIEKC yOpPaBIIHHS TEJIEMETPUYHOI 1HQOpMAIli€l0 TMpO CTaH KOPEHEBOTO
CYMYyTHHUKA;

- TOpUiOM BiJ HA3eMHOTO KOMIUIEKCY YMPABIIHHS Ta TPAHCIALIS KOMaH]I
yIOpaBIiHHS, aJPECOBAHUX CYIMyTHHKAM-PETpPaHCISATOpaM, MPUHOM BiJ CYMyTHHKIB-
peTpaHcIATOpiB TenemMeTpuyHoi iHdopmarlii Ta TpaHchamis 1€l iHdopmali Ha

HA3eMHHI KOMIUIEKC KepyBaHHs (IIpH IUITATHIN eKCIuTyaTarlii).
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Puc. 3.4 3actocyBaHHS KOHIIETIIIT «PO3MOALIEHOTO CYITyTHUKA

JUTsl HU3bKOOPOITaIbHOT CUCTEMU CYITyTHUKOBOTO 3B'SI3KY
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CynyTHUK-PETPAHCIISATOP BUKOHYE TaKl (PYHKIII:

- (opmyBanns y Ku-miama3zoHi MpOMEHIB KOPHCTYBadiB HHU3BKOOPOITAIBHOT
CUCTeMH JUIsl HaJaHHs TMOCIYT KIHIIEBUM KOPUCTYBauyaM HHU3bKOOPOITaJIbHOI CHCTEMHU
CYIyTHUKOBOTO 3B'SI3KY;

- MPUKOM B1JI KOPEHEBOI'O CYMyTHUKA TPAHCIOPTHOIO MOTOKY y gopmari DVB-
S2, DVB-S2x Ta mepedada IbOTO MOTOKY 3 MPOMEHIO KOPHCTYBadiB KIHIIEBUM
CIOKMBavaM;

- NMpUKOM y NPOMEHI KOpPUCTyBadiB 1HQOpMalii BiJ KIHIIEBUX CIIOXKHUBaYiB Yy
cragaapti DVB-RCS/2 a6o Wi-Max, TpaHcisnis NpURHATOrO MOTOKY B1IOUTOTO

CUTHAJy Ha KOPEHEBHUI CYNyTHUK IO JiHIT 3B'SI3Ky MDK cymyTHukamu y Ka-
Jiarra3oHi;

- TIPUHOM B1JI KOPEHEBOTO CYMyTHHKA KOMaHJ yHpaBIiHHS (B PEKHUMI IITATHOI
eKCIUTyaTallii) Ta mepenada TejaeMeTpuyHOi iH(opMalii s TpaHCHAIii Ha Ha3eMHUUN
KOMILUIEKC KepyBaHHS;

- MpUKAOM KOMAaH][ YTPAaBIiHHS BIJ] HA3eMHOTO KOMIUICKCY YIIpaBIiHHSA Ta
nepejgaya  TeaeMeTpuuyHOi  iHdopmalii Ha KOMaHJIHO-BUMIPIOBAJIBHY  CTaHIIIIO
HA36MHOTO KOMIUICKCY YIIPaBIiHHA B aBapiiHOMy pexumi (Ipw BTpati 3B'S3KY 3
KOPEHEBUM CYITyTHUKOM).

VY HU3BKOOPOITAIBbHIN CHCTEMI CYNMyTHUKOBOTO 3B'SI3KY BHKOPHUCTOBYIOTHCS J1Ba
THUIH JIiHIT 3B'SI3KY M1 CYyITyTHUKaMH:

- JIHIA 3B'A3Ky MDK «PO3MOAUICHUMMH CYMYTHUKaMU» - PaAioJiiHis BETUKOI
nporsbkHocTi (o 1000 kM 1 Ouiblue), ska 3'€JHYE KOPEHEBI CYMYTHHUKH
BHUCOKOIIBUJIKICHUMHM KaHaJlaMH Tiepenadl iHdopmaiii Ta 3abe3nedyye IUPKYJISAIIo
iH(popMaIlii y cucTeMi CyITyTHUKOBOTO 3B'SI3KY;

- JiHIA 3B'SI3Ky BCEpPEANHI «PO3MOAUICHOTO CYIMyTHUKA»; - PaIIONiHIS Mayoi
npoTsKHOCTI (Mo 1 kM), sika 3abe3nedye HUPKYIAIi0 1HPopMallii MK KOPEHEBUM
CYNyTHUKOM 1 CyMyTHUKAMU PETPAHCIATOPAMHU «PO3MOIIJICHOTO CYyMyTHUKa», a TaKOX

BUKOHY€ BUMIPIOBaHHS B3aEMHOT'O PO3TallyBaHHS CYyIyTHUKIB Ta BIICTAaHEH MK HUMHU.
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Puc. 3.5 Cxema iHpopMaIiiHUX TOTOKIB y PO3MOAIIEHOMY CYITyTHUKY

Ha puc. 3.5 nHaBeneHo cxemy (yHKIIIOHYBaHHSI PO3MOJIJICHOTO CYIyTHUKA Y
CKJaal HU3bKOOPOITaNbHOI cucTeMu cymyTHUKoBoro 3B'a3ky (LEO-cucrema).
Kocmiunuit cerment LEO-cucTemu ckitaiaeTbes 3 1EKIIbKOX OpOITAIbHUX TUIONIUH, IO
MalOTh OJHAKOBY KUIBKICTh PO3MOJUICHUX CYMyTHHUKIB, OIHAKOBHH cmoci0, 1
BIJIPI3HSIOTBCA JOBTOTOKO BHCXIIHOTO BYy37da. Y KOXHIA OpOITAJbHIN IUIONIUHI
PO3MOAUIEH]I CYIyTHUKH PIBHOMIPHO PO3MIIIEHI 3 OJHAKOBOK BIJHOCHOIO ICTUHHOIO
aHOMAJTI€10.

LEO-cucrema ¢popmye Taki MpoMeHi:

- TPOMEHI KOPWCTYBadiB, MPU3HAUYCHI MJIs1 3a0€3MEYeHHS 3B'SI3Ky KOCMIYHOTO
cerMeHTa 3 TepMiHanaMu KiHieBux kopuctysauis (User's Terminal — UT);

- MPOMEH1 CTaHLIi crnonyyeHHs (LuT030BUX cranui, Gate Way — GW) mns
3a0e3MeveHHs 3B'I3Ky KOCMIYHOTO CETMEHTa 31 CTaHIISIMH CIIOJIyYeHHS Ta uepe3 iX i3
HA3eMHOIO MEPEKEI0 3B'A3KY;

- MPOMEHI JiHIM 3B'I3Ky MDK CYIMyTHHKaMH, MpHU3HA4YCHI I 3a0e3meueHHs
nepenayi iHGopmalli Mi>k pO3MOIITICHUMHU CYyITyTHUKaMHU.

[HpopmaliiiHUM Ta IHTENEKTyaJbHUM SIAPOM PO3MOJAUIEHOTO CYMyTHUKA €

KOPEHEBUM CYIIyTHUKOM. MapmpyTu3aTop KOPHCHOTO HABAHTAXEHHS KOPEHEBOIO
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CymyTHHKa 3a0e3neuye MapHipyTusaimiro iH(QOpMamiifHUX MOTOKIB BIANOBIAHO 0
CTaTUYHUX Ta JUHAMIYHHMX TaOJIUIlb MapIIPyTH3AIII].

Posnoaineni cynytauku y LEO-cuctemi mos'sizani mMik cO0OIO JIHISIMH 3B'SI3KY
MK CYIyTHUKaMH, siKi (GopMyioTh MarictpainbHy wmepexy LEO-cucremn. Koxen
PO3MO/IIEHUN CYITyTHUK MOB'SI3aHUI 3 IBOMA CYCITHIMU PO3MOAUICHUMH CYyTyTHUKaAMU
B CBO€i OpOITaNbHOI IUIOLIMHM Ta 3 JIBOMa HaWOIMKYMMHM  PO3NOAUICHUMHU
CYMyTHUKaMHU Y JIBOX CYCIJHIX OpOiTajabHl TUIOMIMHU - TO OJHOMY B KOXKHIN
opOiTanbHIN MIOMMKHI. Y CKIaJl PO3MOAUICHOTO CYNMyTHUKA (QYHKLII MIATPUMKHU JIIHIT
3B'SI3Ky MDK CYNYTHHKaMHu IOKJIAJI€HI Ha KOPEHEBUH CYNYyTHHUK, SKUH OCHAUICHUUI
4OTHpMa MOJIYJISIMH  NpOrpaMHO-KOHGIrypoBaHoro pamaio (SDR  wmonynb) Ta
BI/IMOBIAHUMU BUCOKOYACTOTHUMHM OJIoKaMu TmpuiiMada-niepeaaBada (BY momyns).
SDR-monynmi 3a0e3nedyioTh (OpMyBaHHS TpaHCMOPTHOrO ToTOKy DVB-S2x  ms
nepenayi iHdopmarlii B mMarictpanbsHid Mepexi LEO-cuctemu y mpoMeHsx 3B'sI3Ky MIXK
CyIyTHUKAMH.

[HdopmaltiitHi MOTOKHM, MPHU3HAYEHI IS TMepefadi B MPOMEHSX KOPUCTYBadiB
GOpMYyIOTBCS MapHIpyTU3aTOpPOM Ta TepefaroThesi Ha iHTepdeiicu SDR-momymi
binepanx minid. digepHi niHIl 3a0e3mMedyOTh 3'€JHAHHS KOPEHEBOTO CYMyTHUKA 3
CYMYTHUKaAMU-PETPAHCIIATOPAMU Ta MPU3HAYEHI ISl TIepeiadl TPAHCIIOPTHOTO MOTOKY
DVB-S2, DVB-S2x no kinmneBux kopucrtyBauiB, i motoky DVB-RCS/2 abo WiMAX
BiJl KIHIIEBUX KOpHUCTyBauiB. @DimepHa JiHIA MDK KOPEHEBUM CYIyTHUKOM 1
CYIyTHUKOM-PETPAHCISITOPOM € BHYTPIINTHBOIO JIHIIO 3B'A3Ky MK CYIMyTHUKaAMH Yy
CKJIaJ[l PO3MOJIIJIEHOr0 CymyTHUKA. LIs niHis — KOMOIHOBaHa paaiofiHid, sKa 3a0e3nedye
NyTUIeKCHY Tiepenauyy iHdopmalii, BUMIPIOBaHHS MOXWJIOT JaJdbHOCTI Ta B3a€EMHOTO
KyTOBOTO  TIOJIOKCHHS ~ MD)K  KOPEHEBHM  CYINYyTHHKOM Ta  CyIyTHHKaMU-
pPETPAHCIATOPAMH.

CynyTHUK-peTpaHcnsiTop  ¢GopMye  TPOMIHB/IPOMEHI  KOPHCTYyBadiB 13
0OMEXEHOI0 30HOI0 00cimyroByBaHHA. CyKyINHICTb MPOMEHIB, 110 (OPMYIOThCS
CYNyTHHUKaMU-PETPAHCISTOPAMH, CTAaHOBIATH 30HY obOcmyroByBaHHs LEO cucrtemm.
Bumoru mono iHTerpanpHoi 30HM o0ciayroByBanHs LEO-cucremu (reorpadiuna 30Ha

00CITyroByBaHHs) BH3HA4YalOThb BUMOTU JI0 KUIBKOCTI PO3MNOJIIEHUX CYIMYTHUKIB Yy
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cuctemi 3aranoM. CynyTHUK-PETPAHCIATOP BUIPOMIHIOE B IPOMEHI KOPUCTYBaudiB
notik DVB-S2, DVB-S2x (mpsmuii kanan) ta npuiiMae motoku DVB-RCS/2 ab6o

WiMAX BiJ KIHIIEBUX KOPUCTYBAyIB.

3.3 Peanizanis LEO-cucremu Intepuery PeuiB (IoT) Ha ocHoBi koHuemmii

«PO3MOIJIEHOT0 CYIIyTHUKA

[lepcnexkTuBM BIPOBAHKEHHS Ta OUiKyBaHe OypXJuBe po3BUTOK [HTepHeTy Peui
(Internet of Things — IoT a0o, sk #ioro Ha3uBarOTh, [HTepHETY Beboro (Internet of Every
sing — IoE) craBnaATh mepen omepaTopamMu Ta pPO3POOHHMKAMHU TEJIEKOMYHIKAIIHHUX
CUCTEM 3aBJAaHHS NIATOTOBKH TEJIEKOMYHIKAI[IHHUX pIllleHb, MPUCTOCOBAHUX [0
ocobnusocreit [0T.

bazoBoro miargopmoro 1HpopmamiitHoi cuctremu IoT BuOpaHO apxiTEKTypy
«ryMaHHux ob6uucnens» (Fog Computing — FC). Ha BiaMiHy Biag apXITEKTypu
"xmapuux obumcieHs" (Cloud Computing - CC), FC-apxitektypa opi€eHTOBaHa Ha
HaOIMKEHHS OOYHCITIOBAIBHUX TMOTYKHOCTEH sSKOMOTa OJIMKUe JI0 MEXI Mepexi, e
3HAXOAATHCS JaTunky Ta mpuctpoi. Kommanis Cisco, ygacHuk koncopiiiymy OpenFog 3
po3pobii FC-apxiTekTypu, BU3Ha4YMIa MiClle TYMAaHHHX OOYHUCIIEHb y OaraTopiBHEBIN
mozeni (Puc. 3.6, a).

FC-o0uncieHHs: BUKOHYIOTHCS HA TPOMIKHHUX PIBHSIX O0YHCIIEHb MK KIHI[EBUMH
ToukamMu Ta HeHTpoM 00poOku manux (LIOJl). B pesynbrari anamizy oocsry Tpadiky
OaraTopiBHEBOI 1H(GOpPMALIITHOT apXITEeKTypu po3poOHUKKH KoHcopuiyMy OpenFog
JUWIIUIM BUCHOBKY TIPO CKOPOYEHHS OOCATY JaHWUX 1 BUKOHAHHA OOYHMCITIOBAILHUX
omepaliii HaJl HUMU B Mipy TEpexoay Ha BHUIIl lepapxiyHi piBHI 1H(OpMAIIHHOT
cuctemu. CKOpOYEHHS O0CATY JaHHMX 1 OOYMCIIOBAJIBbHUX OMNEpaliil CYMpPOBOIKYETHCS

30UTBIIEHHSIM IHTEJIEKTYaIbHOI CKJIaI0BOT Ha OUIBII BUCOKUX PIBHSAX (IUB. puC. 3.6, 0).
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Puc. 3.6 "TymanHi obuncneHHs" B iepapxiuHiii 0araTopiBHEBIA MO

o0uuciiensp [oT

KoHuenuist «po3noiieHoro cynmyTHIUKa» MOXe OyTH 3aCTOCOBAaHA MPH MOOYI0BI
cymyTHUKOBOi cuctemu HananHsa mnociayr loT. Ha puc. 3.7 HaBemeHo BapiaHT
«PO3MOAIIEHOTO CYMYTHUKAa» 3 BUKOPUCTaHHSAM TUIBKM CYNYTHHUKIB (opM-hakTopy
KyO-car.

Sk OyNo pO3TISHYTO paHille, SAPOM «PO3IMOAUICHOTO CYNyTHUKA» € KOPEHEBHIl
cynyTHUK. KopeHeBuil CymyTHUK BUKOHYE (YHKII MaplipyTH3alii Ta po3MOALTY
30BHINHIX 1HGOPMAMIMHUX TIOTOKIB, M0 IUPKYJIOIOTh MK «PO3MOIITICHUMHU
CymyTHHKaMW» 1O  MarictpanbHiii  mepexi LEO-cuctemu, Ta  BHYTPINIHIX
1H(OpMaIIiHUX TOTOKIB YCEpPEAMHI «PO3MOJIIEHOr0 CYNYTHHKa» MK HOTo
CKJIaJIOBUMHU YacTUHaAMU. Ha KOpeHeBHil CymyTHHK MOKJIaJCHO 3aBIAHHS YIpPaBIIHHSA
MOJIOTOM  «PO3MOAIICHOTO CYIMyTHUKA», BKIIOYAIOYM TPAHCISIIO KOMaHIHOI Ta
TeaeMeTpudHO1 iH(popMaIlii 10 Ta BiJ CyMyTHUKIB-PETPAHCISATOPIB Ta IHITUX EIEMEHTIB
(B pe’kuMI MITATHOI €KCIUTyaTallli), BAMIPIOBAaHHS B3a€EMHOTO PO3TAIlyBaHHS CKJIAJJOBUX
YaCTHUH «PO3MOJIIJICHOTO CYyITyTHUKA.

CynyTHUKH-PETPAHCIATOPU 3a0€3MeuyloTh Mepeaady B MPOMEHSIX KOPUCTYBadiB
TpaHcnoptHoro mnotoky DVB-S2, DVB-S2x, Ta mnpuiiom mnorokiB DVB-RCS/2,
WiMAX Bij KOpUCTYyBayiB.

Ha BiamiHy Bif panime po3risHyTOI CTPYKTYpPH, JO CKIAay KOPHCHOTO
HABaHTAXEHHS CYNMyTHHUKIB-PETpAHCIATOPIB BKIOUeHI SDR-momymi, nmpusHaueHi ajis
dbopmyBaHHs Ta 00pOOKH TPAHCTIOPTHUX MOTOKIB JUIA Mepenadi Ta npuiioMy iHpopmarii

JI0 Ta BiJI TEPMIHATIB KIHIIEBUX KopucTyBadiB. J[ys 3a0e3medeHHs 3B'I3Ky BCepeauHi
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«pO3IMOAUIEHOIO CYIyTHUKa» BHUKOPUCTOBYETHCS MoOjEpHI3oBaHa Mepexxa WIMAX.
OcHoBHOW TIpuuuHOI0 Moaudikalli nmporokoy WiMAX juisi BUKOPUCTAHHS y CKJIa1
«PO3MOJIVICHOTO CYMYTHHUKa» € HEOOXIJAHICTh BHKOHAHHS BHMIPIOBAHb B3a€EMHOIO
po3TaltyBaHHsl CYMYTHUKIB Yy CKIAJl «pPO3MOJIJICHOTO CYIMyTHUKAa» Ta OJHOYACHO 3

BUMipamu Tiepeaadi inpopmarrii 1y iHdopmaliifHoro ooMiny.

! IMOAYAM CBAZU MEXAY CYTHUKAMMU !

1
JIMHKA CBA3M MEMAY CYTHAKAMK B4 B4 BY B4 JIAHUA CBA3M MEMAY CYTHUKAMM
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: on xoHseprop f 1 : on xouseprop | 1 | on KoHBepTop : ' @n KoHBepTop :
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Puc. 3.7 Bapianrt "posnozinenoro cynytauka" miust LEO-cuctemu [oT 3

BUKOPUCTaHHAM KyO-caT

ApXiTeKTypa «pO3MOIIJICHOTO CYITyTHHKA» J03BOJISE pealli3yBaTh Y KOCMIYHOMY
cermenTi LEO-cuctemn FC-apxitektypy. ns 1mporo A0 ckiamy «po3MOALIEHOTO
CYNyTHHKA» BKIIOYAETHCSI OKPEMHM CYIMyTHUK-OOUYHMCIIIOBAaY, 3aBIaHHSIM SKOIO €
BUKOHAHHS HEOOX1THUX OOUYMCIIEHb AJi 3a0e3neueHHs1 PyHKIIOHYBaHHS NpUCTpoiB [0T
y Mexax 30HM 00ciyroByBaHHsS '"posmoauieHoro cymyTHuka'. KopucHum
HaBaHTXKEHHsSM KyO-caTa, 10 BUKOHYE POJb CYMYTHHKa-OOUYMCIIOBa4Ya € OOpPTOBHIA
KOMIT'IOTEp. Y pa3l HEJOCTATHOCTI OOUYMCIIOBAIBHOI MOTYKHOCTI JJI1 00CIIyTOBYBAHHS
[oT mnpuctpoiB, MOXyTh OyTH MIAKIIOYEHI OOYHUCIIOBANbHI TMOTY>XKHOCTI 1HIIHAX
«PO3MOJJICHUX CYNyTHUKIB» 3 BUKOPUCTAHHSAM JIIHIM 3B'SI3Ky MK CYNMYTHUKaMH Ta
QITOPUTMIB  PO3MOAUTY  OOYMCITIOBAIIBHOTO  HABAHTAXKCHHS B PO3MOAUICHIN

00UYHCITIOBAIbHIN MEpexi.
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BaxnuBuMm 3aBmaHHAM € MiATpUMKa 0a3uW JaHUX, IO MICTUTh Pe3yJIbTaTH
00po6ku iHpopmartii npuctpoiB [oT Ta npoBeaeHHs HEOOXiqHUX oOuUMceHb. J[aHa 6a3a
3a npuponoro 10T € okanbHOIO 1 TOMY Mae OyTH NMpPUB'sI3aHA O PaliOHY PO3MIILIECHHS
[oT mpuctpoiB. BpaxoBytouu mnoctiitHuii pyx yrpymnoBanHs LEO-cynyTHHKIB 11010
noBepxHi 3emii, y LEO-cucteMi popMyeThCsi po3noiieHa 0a3za JaHUX 13 JTOKaTi3alli€ro
no paiioHiB po3minieHHss loT-mpuctpoiB Ta cnoxuBadiB. CermMeHT 0a3u AaHMX,
NpUB'SA3aHUN O KOHKPETHOTO paloOHY, 3aBAaHTAXYEThCS JIHIAMH 3B'SI3BKYy MK
CyNMyTHHKaMd Ha 3raJKy CyIOyTHHKa-oO4YHCIIIOBaya y  Mipy  HaOJIMOKEHHS
«pO3MOAUIEHOTO CYMYyTHHKa» A0 0OpaHOro paioHy po3miuieHHs loT-mpuctpoiB Ta
cioxkuBauiB loT-mmocayr. Ilpu mpoxomkeHHI oOpaHOro paloHy akTyaldi30BaHUN 3a
pe3yJibTaraMu 00poOKM 1H(opMmarllii Ta mpoBeaeHHs obOuucieHb st loT-npuctpois
cerMeHT 0a3u JaHuX MepeHacThCs MO JIHISAM 3B'S3KYy MDK CYNyTHHKAaMH HACTYITHOTO

«PO3MOIICHOMY CYIYTHUKY», SIKUH 00CITyTOByBaTUME OOpaHuii paiioH.
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BUCHOBKH

B 0OakanaBpchkiii poOOTI mpoaHami3oBaHO KoHUemnuUii I[HTepHeTy peuel W
CydYaCHHX TEXHOJOTIH TEeJEKOMYHIKAIi 13 3aCTOCYBaHHSAM HH3bKOOPOITAIILHUX
CYNyTHUKOBHX MEPEK Ha OCHOBI TIAT(OPM MIKpO- Ta HAHOCYITyTHUKIB.

BuBuena apxiTektypa "poO3HOJIIEHOTO CYNMyTHHUKA', 110 BKIIOYAE YIPYIyBaHHS
KOpPEHEeBUX (BEIy4YMX) CYMyTHUKIB Ta CYIyTHUKIB - PETPAHCIATOPIB (BEIACHHX).
HaBkoi0 KOXHOTO KOPEHEBOTO CYMyTHHKA (OPMYETHCA  MIKpO-YIpyITyBaHHS
CYNyTHUKIB-PETPACISITOPIB, SIKE HA3UBAETHCSA «PO3MOAUICHUN CYITyTHUK.

[TokazaHo, 1m0 B OCHOBI apXITEKTYpPH «PO3MOJIJICHOTO CYMYTHHUKA» JIEKUTh
po3noall (GYHKUIOHATBHUX Ta KOHCTPYKTHMBHUX €JEMEHTIB CKJIAJHOTO KOPHUCHOTO
HABaHTAKEHHS CyYaCHHUX CYMYTHHUKIB KJIACy MIKPOCYIYyTHUK Ta HAHOCYITYTHUK.

[IpoananizoBaHo, WIO0 apXIiTEKTypa «PO3MOJLJICHOTO CYIMyTHUKA» JO3BOJISE
BUKOPUCTOBYBATH CYITyTHUKU KJIacy MIKPOCYNYTHHUK Ta HAHOCYNYTHHK (KyO-cat) Iist
CTBOPCHHsSI CKJIQAHUX 1H(QOPMAIIHHO-TEICKOMYHIKAIIMHUX CHUCTEM KOCMIYHOTO
0a3yBaHHs, 30KpeMa CHCTEM JAUCTAHIIHHOTO 30HTyBaHHS 3eMIIi.

[TokazaHo, MO po3HECEHHS (PYHKITIOHAIBHUX EJIEMEHTIB IJIbOBOI KOPHCHOTO
HAaBaHTAXEHHS CHCTEMHM 3a JIeKiIbKoMa (DI3UYHO BIJOKPEMIICHUMH €JIeMEHTaMU
JI03BOJISI€ BIIPOCUTH BiJHOBJICHHS MPAIE3]aTHOCTI CHUCTEMHU Ta CTBOPUTH yYMOBH ISt

BJIOCKOHAQJICHHSI CHCTEMH B TIPOIIECI eKCIUTyaTarlii.
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JTEMOHCTPAIIIHI MATEPIAJIN

JIEPJKABHUM YHIBEPCUTET TEJIEKOMYHIKAILIN

HaBya/ibHO-HAYKOBHIi IHCTHTYT
TeJIeKOMYHiKauii

-
Yoormame

AHaJI3 HU3bKOOPOITAJIBbHUX IHpOpMaALITHO-
TEJIEKOMYHIKALIHHUX MepPeK 3 BUKOPUCTAHHAM
1aT(POpPM MIKpPO- Ta HAHOCYNIYTHUKIB

JOMNOBIJIAY:

crynent rpynu TC/I-43

CropBaceB Bnanucnas BanepiitoBuu
KepiBauk Kpemenernpka S.A.

Merta po6oTH — aHaJI3 apXITEeKTYPH «PO3MOLIIEHOTO
CYITyTHUKa», 110 JI03BOJISIE BAKOPUCTOBYBATH
CYIyTHUKHU KJIaCy MIKPOCYITyTHUK Ta HAHOCYITYyTHUK
(kyO-car) 11st CTBOPEHHSI CKJIaIHMX 1H(OpMaIllifHO-
TEJIEKOMYHIKAI[IMHUX CUCTEM KOCMIYHOTO Oa3yBaHHSI.

OO0’ €eKT TOCTIHKEHHS — apXITEeKTypa HU3bKOOPOITAIbHUX
KOCMIYHUX MEPEXK.




AKTyaJbHICTh pOOOTH — 0OpaHa TeMa aKTyaJlbHa B Hallll
JIH1, TaK SIK 3aCTOCYBaHHSI HU3bKOOPOITaTbHUX
CYITYTHUKOBHX Mepex Oy/ie CIIpUATH XapaKTepUCTUKaM
100aIbHOCTI, 30UIbIIIEHHS. MOXKIIUBOCTEN TTocayT 5G 1
BUPIIICHHS TPo0OJieM, TOB'I3aHUX 3 MIATPUMKOIO
3pOCTaHHS MYJITUMEAINHOTO TpadiKy, TOBCIOTHOTO
MOKPUTTS, MDDK MaIlIMHHOTO 3B'S3KY 1 KpUTUYHO
BOKJIUBUX TEICKOMYHIKAI[IHHUX MICIH.

PoJib HeHA3eMHUX Mepex

CrpusiTi po3ropTanHio nociayru SG B He0OCITyroByBaHUX
palioHax

[TigBuuTH HagiHICTh TocayTu SG
3arpoBaIuTH MaclITaboBaHICTh Mepexi SG

Pe3epBHe 3'eqHaHHS
Po3BaHTa)keHHS TaHUX
[TapanenbHi He3aneXH1 KaHATU
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Posroprannus NTN 3a 1onomororo
HU3bKOOpOiTaBLHUX YyrpynyBaub LEO

Satellite beams layout
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ApXiTeKTypa HU3bKOOPOITAJIBbHOI CYyIIYTHUKOBOI
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Cxema (pyHKLiOHYBAaHHSA PO3MNOAINEHOro CynyTHUKA Y
CKnaai HU3bKkoopbiTanbHOI CUCTEMU CYNYTHUKOBOIO
ncrema)

EHEPFTETUYHUIN PO3PAXYHOK TENEKOMYHIKALIMHUX
HAHOCYTYTHUKIB

3a ymosn snaxomwenins HC na sucoti 750 o ana BHIHAYACTECA! HC nepnenauky1apHo HaNpaMEY
z::g)ﬂ;s:;:::eﬂf_;eipfn 700 xm, . L =324+ 201g(f) + 20lg(d). TOWHPENIEE CONAMHIX NPOMEHIB (i3 s
PHHOIO TiarpaMu . JOMYCKOM Ha HEIHAUHE BUIXHIEHHA 10
ae f - wacrora B M, d - Binerans B ks, Tomy

=50°. ina cepemubol yactoTH B3aemoii HC i N _ rpajIycis), eNeKTPHIHA NOTYHHICTE, AKa
aGonentcskoro Tepminany 1,6 T npu 1A MEXA 30HH ODCIYTORYBANI KNACTERY BHpOGIAETLCH, Moke OyTH 3HaiigeHa:
(BincTans nomaz 1500 km) saracanns

e ST oo L 100 Syvmis o P = 1366 X7 XS

¥ sropHyTOMY CTaHi TaKa aHTeHa NEIAE npuiivasis repwu:amn nfpcouam-!iorn Ae ] xoediuient kopicriod aif Cl?lm'llloI
coBOk NPy Y, 1o afiMATING 06'en cymyTHiKoRoro 38°a3Ky Gnitko 118 né. ﬁa'rape:J:; S — nnoma nosepxwi CO_HJI‘-I_EIIO'J'
Gmmbro V=11 cm3 . TodTo 1,1 % Bix Bpaxosyioun niicunenns antenn no G=15 GaTapel. [lna oTpumanis neoGxignol
saratsioro of'esy CubeSat-1. Arrrer HC, 116: ETPATH, 110 NOB’ A3aHi i3 cpol_o.\lysamm.\l NMOTYKHOCT] KHBIEHHA niola TIOBEPXHI
10 hOPAYIOTE NAPHiATLAI pOMEN] Ha MeAki CHIPAILHOI0 AHTEHOI0 CHIHATY I3 KPYTOBOIO COHAYHOL GgmpeI NOBHHHA BYTH He
30HH OOCTYTOBYBAHHA KIACTEPY, TOBHIHI TIQAAPHIALIERD — HOPAAIY 3 )1_6, @ T MEHIIOND, 1

sabeanesT mMpHITy Ajarpanmm MO#IIHB] BTpaTH B atMocihepl 1o 3 16, _ %xu“

cpaMoBanocti 10 8 =30°, npi mmomy nory):cuicrl. BEHNPOMIHIOBAHHA 13 €3372C0M3
migcnnenns cranosuts G=13-15 16, ane 8 3 16 noBHINA CTAHOBHTIL

JOBKHHA AHTeHH I6LILILNTLE 1o =56 eu P=160-118-15+3 + 3+ 3 = 36 a0,
[pH TOMY # i pi. Toxiy ck y
BHIAAL 06" €M aHTenH 3GLTRIIHTLCA Maii#ke ¥
2.5 pasu. Binnosigno 1o pexomenganii
Misnapoanoro coiosy enextposs 's3ky [TU-
R P.525-2, saracanns ana izeansHol
I30TPONHOT AHTEHH ¥ BUILHOMY NPOCTOpI

T
TobTo S=0.165 M"2 .

TobTo 4 Br. Koedimient kopuenoi aii (KKJT)
nepeagava, 9K MPABHI0, He epeRHIye
30%, mo signosixae notywuocTi
cnosusanns 14 Br. logarkoso ana poGorn
npriiMada notpidno 5 Br. 3a ymos
POTTALIVEAHHA NOBEPXHI coNAYHOT GaTapel



BucHoBku

1) ApxiTekTypa «po3MOLJICHOTO CYITyTHUKa» J1I03BOJISIE
BUKOPHCTOBYBaTH CYNyTHUKH KJIaCy MIKPOCYIYTHHUK Ta
HAHOCYIYTHHK (KyO-caT) JJisi CTBOPEHHS CKIIAJIHUX
1HOopMaIIHHO-TEJICKOMYHIKAI[IHHUX CUCTEM KOCMIYHOIO
0a3yBaHHS, 30KpeMa CUCTEM JIUCTAHIIIIHOTO 30HyBaHHS 3eMIIL.

2) PozHecenHst GpyHKIIIOHAIBHUX €JIEMEHTIB 11JIbOBOI KOPUCHOTO
HaBaHTa)XCHHSI CUCTEMU 3a JIeK1JIbKoMa (h13H4YHO
BIJIOKPEMJICHUMU €JIEMEHTaMHU JI03BOJISIE BIIPOCUTH B1IHOBJICHHSI
Npare3aTHOCTI CUCTEMU Ta CTBOPUTU YMOBH JIJIsI
B/IOCKOHAJICHHSI CUCTEMU B IIPOLEC] eKCILTyaTallli.

Oaxyro 3a yeary!
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