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Takoi Mepexi ckiaaanima. HeoOXigHO po3yMmiHHS TOro, SIKi MakeTd 1 depe3 sKi
iHTepdericn HeoOX1THO HAMIPABIISTH.

BucnoBok. Y crarti npoBenenuid ananiz VPN TtexHosorii npu moOymoBi

BifganeHoro goctymy 1o Mepexi [T xommanii 1 3amporoHOBaHI CXEMHU

MapIIpyTU3alli IPU CTBOPEHHS IMiIKJIFOUECHHS.

Cnucok nimepamypu
1. VPN-pewenuss onss nocmpoenus sawuwennvix cemeit) [Enexkmponnuii pecypc] —
Peoicum oocmyny: http:/lypn.ru/342/vpn-solutions-for-secured-networking/
2. Ilo6yoosa VPN-kananie nepedaui oanux. [Enexkmponnuti pecypc] — Pesxcum oocmyny:

http://old.best.com.ua/ua/poslugi-dlya-juridichnih-osib/korporativni-kanali-peredachi-

danih/pobudova-vpnkanaliv-peredachi-danih

3. Hacmpausaem VPN cepeep. ) [Enexmponnuii pecypc] — Peowcum oOocmyny:

http://www.suli.odatrya.org.ua/it/seti/928-nastraivaem-vpn-server.html
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HNIJISIXU YIOCKOHAJIEHHSI CUCTEM TPAHKIHTI'OBOI'O
3B’SI3KY YKPAIHU

B pobomi poszensmymi ocobnusocmi nob6yoosu nepcnekmusHux mpaHKiHS0BUX
cucmem paoioze’sasky (TCP). Ha ocnosi npogedenozo auanizy xapakxmepucmux ma
gnacmugocmell ICHYIOUYUX CUCMEM BU3HAYEHI OCHOBHI HeOONiKU ma O0OMedCeHHs
3acmocysanus npu ekcnayamayii 6 piznux ymoeax. Ilpueedena wrnacugixayis
3a3HayeHux cucmem. B x00i Oocnidoicenv eusmnaueni npiopumemmui HaAnpsmu

nooanvbuio20 po3eumky oanux cucmem. Haeedewni pezynomamu mamemamuunozo
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MOOeN8aHHS OCHOBHUX napamempis nepcnekmusHoi 6azoeoi cmanyii TCP 6 ymosax
3abe3neuenHsi pexcumy MyrbmucmaHoOapmHuoCmi.
Knrwwuoei cnoea: TCP, L[]V, [IAP, DBF, N-OFDM, OFDM, SDR, TDMA,
TETRA.

Beryn

3rigno [1], B pamkax cTBopeHHs HarioHalbHOI cUCTEMU MOOUIBHOTO 3B’SI3KY
JepKaBHUX OpraHiB MependadyaeThCsl BIPOBAKEHHS CYYaCHHUX LU(POBUX CHCTEM
TpaHKIHrOBOro  panio3B’sizky  (TCP) B iHTepecax  CHCTEM  €KCTPEHOTO
JTUCIETYePChKOro pajio3s’ssky. Ha nanuii yac B YKpaiHU B OCHOBHOMY
BUKOPUCTOBYIOThCA aHajorosi panioctanuii TCP, nepeBaxHO BHpOOHHMIITBA YaciB
CPCP, ski 3a CBOIMM TEXHIYHUMHU XapaKTEPUCTUKAMU HE 3a0€3MedyroTh (PYHKINT
3axucty iHpopmarlii, nepenavy ganux, GPS-nasiramii Ta iH.

3a piBHeM cBoix (yHKiioHanbHUX MoxJuBocTel cuctemMu TETRA (TErrestrial
Trunked RAdI0) 3 yacoBum MHOxuHHUM foctyriom (Time Division Multiple Access,
TDMA) [2] i APCO25 3 ywactotHumM MHOXuUHHUM jgoctyrioMm (Frequency Division
Multiple-Access, FDMA) [3] nepeOyBatoTh Ha BepXHbOMY psaKy kinacudikariii TCP.
VY KOXHOMY 3 IIMX CTaHJAapTIB 3arajibHa KUJIbKICTh MIPOIMOHOBAaHUX (DYHKIIIHN nepeaauyl
rojiocy/manux cyrreBo mnepesunnrye 100. Bemukoro nepearoro mnudposux TCP €
MOKJIUBICTh CyMICHOI pOOOTH 3 ICHYIOUMM TMapKOM aHAJIOTOBUX PaJlOCTaHIIIM, 110
Ja€ 3MOry 3A1MCHIOBaTH iX moeranHy mnoOyaoBy. lIpu 1boMy, ICHye MOKIIMBICTb
TOHKOI aJanTailii CUCTEeMHHMX PIllIeHb TMiJ MOTpeOH 3aMOBHHKA 3a JOIMOMOTOIO
JI0JIATKOBHX MPOTPAMHUX MPOIYKTIB, HAMPUKIIAJ, JUCTIETICPCHKUX TOAATKIB Ta iH. B
naHoMmy cenci, TexHosorii TETRA 1 APCO25 (Association of Public Safety
Communications Officials International), siki Bxke 0arato pokiB BUKOPHCTOBYIOTHCS
MIPaBOOXOPOHHUMU OpraHaMU KpaiH CBITY, € HAHOUIbII YCIIIIIHUMH, 10 BIAOYIHCS.

B cBorwo uyepry, 3aznadeni cranpaptd TCP B TEXHOJOTIYHOMY IUIaHI 3HAYHO
BIJICTAIOTh BiJ| 1HIIMX TEJICKOMYHIKAIlIMHUX CHUCTEM Tepenadl JaHuX, HaNpUKIaj,
cucteM MoOuTbHOTO 3B 513Ky 4G/5G [4], yHidpikoBaHHMX KOMYyHiKamid [5], cucteM

ONTHYHOTO J0CTymy [6] Ta 1H. SIk HAcH1MOK, OCHOBHI enemeHTH iHpacTpykTypu TCP,



38
B T. 4. i 0a3oBi cranuii (bC), moBuHHI OyAyBaTUCh Ha Cy4aCHHX CXEMO-TE€XHIUYHUX
pIILIEHHSIX.
OcHOBHA YyacTHHA

3a3Buyaii, ans cucrematusaiii TCP BUKOpHUCTOBYIOTH KUTbKA KiIacH(iKaliiHUX
O3HAaK: METOJ Mepeiadl MOBHOI 1H(popMaIlii; KUIbKICTh 30H; MeToa 00’ enHanHs bC y
0araTo30HOBUX CHCTEMax; THUIl 0araToCTAaHIIIHHOIO JOCTYMy; CIOCIO MOIIyKy Ta
MpU3HAYCHHA KaHaJy; TUI KaHATy KepYBaHHS; CIIOCIO yTpUMaHHS KaHaTy.

[IpoBenennii anam3 cBiAuuTh, 110 aHaigoroBli TCP oxaepxamu 3Ha4YHE
nomupenns. OHaK, Ha TaHUH MOMEHT PO3BUTOK LIUX CHCTEM MOBHICTIO PUITMHUBCSA
yepe3 MacoBuM mnepexi Ha uudposi TexHoisorii. Po3Butoxk unudposux TCP
0OyMOBJIEHUI HU3KOIO TIepeBar nepes] aHaJoroBUMH CUCTEMaMU:

— OutblIa cHekTpajibHa €(QEKTHBHICTh 3a PAaXyHOK 3aCTOCYBaHHS CKJIQJHUX
BU/IIB MOJYJIALIT CUTHAY Ta HU3bKO-IIBUAKICHUX AJITOPUTMIB IEPETBOPEHHS MOBHU;

— MI1JIBUIIEHA €MHICTh CUCTEM 3B’SI3KY;

— BUPIBHIOBaHHS SKOCTI MOBHOTO OOMIHY MO Bciil 30H1 0o6ciyroByBanus bC 3a
pPaxyHOK 3aCTOCYBaHHS UHU(PPOBUX CHUTHAIIB y KOMOIHAIi 13 3aBajOCTIHKUM
KOJTyBaHHSIM.

Kpim toro, nmudposi TCP y nopiBHSIHHI 3 aHAIOTOBUMH 3a0€311€UyI0Th TIEpeBaru
3a paxXyHOK peasi3alii BUMOT IO TIiJBUIICHINA ONEpaTUBHOCTI Ta OE3MEKU 3B SI3KY,
HAJaHHS IUPOKUX MOXJIMBOCTEH MO mepefadi JaHUX, OUIbII MIMPOKOTO CHEKTPY
MOCIYr 3B’SI3Ky (BKJIIOYarouu croenudiyHi MOCAyrd 3B S3Ky Uil peami3anii
CHeLIIbHUX BUMOT CIYyXO CycniipbHOT O€3MeKH), MOKJIMBOCTEH opraHizaiii
B3aeMojii abOHEHTIB pi3HUX Mepex. Bemumkoto mnepeBaroro nudposux TCP €
MOKJIUBICTh CYMICHOI pOOOTH 3 ICHYIOUMM NapKOM aHAJIOrOBUX PaAlOCTaHILIM, 110
Jla€ 3MOTy 3J1MCHIOBATH iX MOETAIHy MOOYI0BY.

Sk Bigomo, yci uudposi TCP € cuctemamu 3 BUIIJIEHUM KaHAJIOM KE€PYBaHHS, a
PO3pI3HAIOTECA Hacamimepes crocodboM aoctynmy: FDMA a6o TDMA. 3 wmetoro
peamizarii [1], Ta BpaxoByroui Te, mo cruerudikaiiis APCO Phase 2 opienToBana Ha
cinuibHe 3actocyBanHs FDMA 1 TDMA , a Ttakox mnomwupeHictb B Ykpaini TCP

TETRA (B T.4. QipM-1HCTaJSATOPIB 3a3HAYCHUX MEPEXk) 1 BIAKPUTICTh CTaHAAPTY,
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Hazgaini B po6oti posranaetsesi TCP TETRA, mo BukopucroBye TDMA. Crangapt
TETRA mnpumyckae BuKopucTaHHs nianazoHy 4dactoT Bix 150 mo 900 MI'u. Ilpu
nmpoMy, TETRA Release 2 3abesneuye 38,4+691,2 k6iT/c, a pamioinTepdeiic
no3BoJisie peanizyBatu QAM-64. Anani3 BapianTiB Bukopuctanus Mmerony TDMA Ha
npukiaai TETRA no3Bossie Bu3HauuTH oro nepesaru Ta Heaodiku B TCP.

JIisi BU3HAuYEHHSA XapakKTEepUCTHK Ta mnapameTpiB mnepcrnektuBHoi bBC TCP
TETRA B po6oti BukoHana mopiBHsuibHa ominka TCP Motorola Dimetra IP [7],
Rohill Tetranode [8] i DAMM Tetraflex [9]. 3 Touku 30py MOBHOTH (DYHKIIOHATY
npiopuretHumMu € TCP DAMM TetraFlex. Ognak, mpu HEOOXiTHOCTI MOOYAOBU
cucteM 3aranbHOi Oe3neku abo o0’enHaHnX TCP KIIbKOX CHIIOBUX CTPYKTYp Ha
JIep>KaBHOMY PiBHI — IepeBary Ciija BiamaTH pimeHHsM Ha 6a3i Motorola Dimetra IP
Scalable.

[Tin wac anamizy napametpiB pagiorpakty TCP TETRA BcraHoBieHo, 110 30Ha
nokputtsi bC TETRA menme y 2+3 pasu, Hixk y bC ananorosux TCP abo DMR
(Digital Mobile Radio). Tomy cuctema TETRA Bumarae BctaHOBIICHHS B 3+5 pa3iB
OUIBIIIOT KUTBKOCTI CalTIB JIJISl TOKPUTTS AaHAJIOTTYHOT TEPUTOPII.

CepBic ynockoHasieHoi cnyx6u nepenaudi aaHux (TETRA Enhanced Data
Service, TEDS) ontumizoBanuii Ha eheKTUBHE BUKOPUCTAHHS YAaCTOTHOI'O CIEKTpa
Ta MPUITYCKA€ BUKOPUCTAHHS PI3HOT ITUPUHH KaHATY Ta TUITY MOJYJISIIIT 3aJIe’KHO BiJ
yMoB nomupeHHs curHany. TEDS BukopuctoBye 8 Hecyuux 4yacToT Ha KoxHi 25 kI,
T00TO BiMOBIHO 8, 16, 32 148 Hecyunx Ha kaHanu mupuHoro 25, 50, 100 1 150 xI'm.
Koxxna Hecyua 3a0e3neuye mBuakicTh nepepaul 2400 cuMBOJIIB Ha CEKyHAIY, a
CyMapHa CMMBOJIbHA IMIBUIKICTh 3aJICKUTh BiJ] 3arajibHOi KIJIBKOCTI HeCyuux. Takuii
METOJI, 3a PaxyHOK HM3BKOi IIBHUIKOCTI Ha KOXHIN Hecyduii, 3a0e3neuye CTIMKICTh
MOAYJALII 10 4YacoBOi Jucrepcii W, OTKe, T03BOJSE YHUKHYTH HEOOXIIHOCTI
3aCTOCYBAaHHS aJalTUBHOTO ekBanaiizepy. Ha »xanb, moremep, depe3 oOMEXKEHICTh
YaCTOTHOTO CIEKTpa, 3aCTOCOBYBAHOTO B MOOITBHOMY pajio3B’ 3Ky, PO3TrOpTaHHS
pamioMmepex 3 miaATpuMkoio cepBicy TEDS oOMmexeHe BUKOPUCTaHHSM KaHaIIB

muprHOIO He O1bIn 50 kI,
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[TinBumenns mpomycknoi 3patHocTi BC  TCP  MoxnmmBe 3a paxyHOK
BUKOPUCTaHHA HOBUX BapianTiB TDMA, mo 0a3yloTbCs Ha OCHOBI CydYacCHHUX
TEXHOJIOTIH Ta METOJIB MOJIYJAIII 3 BHCOKOI CHEKTPaJIbHOIO €(eKTUBHICTIO. SIK
HACJIIJIOK, B pOOOTI 3aIIPOMOHOBAHO K1IbKa MiIXO/IIB 1010 BUPIIIEHHS JAaHOT 3a7aul:

— OTpUMAaHHS  JOJIATKOBOTO  OMEpalIMHOrO  MIJICHJICHHS 3a PaxyHOK
mMoauGikaii anropuTMiB KBaApaTypHoi amrnniTyaHoi Momaynsmii  (Quadrature
Amplitude Modulation, QAM) [10];

— poboTa 3 icHyrounM napkom obnagHaHHs ctanaapty TETRA;

— BBEJCHHS PEXHUMY MHOXXHUHHOTO JOCTYy Ha OCHOBI OpPTOTOHAJBHOI
gyacTtoTHOI auckpernoi moayJsiii (Orthogonal Frequency Division Multiple Access
OFDMA);

— peamzamis  [IOC 3a riopugHoro  cxemoro OFDM/TDMA  a6o
OFDMA/TDMA;

— 3a0e3IMeyeHHs] MYJbTUCTAaHJAPTHUX PEKUMIB poOOTH, Hampukiag: 3 DMR,
APCO2S5 Ta in.

B nmanomy ceHci, juis miaBUIIEHHS mponyckHoi 3aaTHocti TCP cranmapty
TETRA nns nepcniektuBHOi BC mponoHyeTbcs BUKOPHCTOBYBATH 3aMICTh OJIHIE]
Hecyuyoi 3 QAM Oararomosuitiiinuit curian tuny OFDM [11]. Ockinbku mpu
3acrocyBanHi OFDM indopMaiiitHiil TOTIK PO3MOAUICHUA Ha BEIUKY KUIBKICTDH
HU3bKO-IIBUKICHUX IMIJIKAHAIIB, TO JOBXHHA TAaKTOBOI'O I1HTEpBANLY JJIsl KOXXHOI
HECy4Oi BH3HAYAETHCA ICTOTHO OUIbIIE THUMOBOI 3aTPUMKH CHUTHAIIB TIpU
0araTonmpoMEeHEBOMY PO3MOBCIOJKCHHI paaioXBwib. lle mnepeTBoproe mijiaHuii
CEJICKTUBHOMY (DEJIIHTY IMPOKOCMYTOBUN KaHA 3 OJHIEI0 HECYUOI0 Ha HE3aJIeKHO
(dbeniHryodi By3bKOCMYTOBI MiJKaHAIHM 3 YaCTOTHUM YIIUTBHEHHSM.

[lepen Bu3nauennsm ocHoBHuX napametpiB [{OC B BC 3 OFDM B pamkax TCP
TETRA pouinibHO copMyirOoBaTH MOYATKOBI JaHi, SKi CIHUPAIOTHCS HAa BUMOTH
crangapty TETRA. BpaxoByroui TpuBamicte ogHoro taiim-cioty (Time Slot, TS)
14,167 mc 1 kinbkicTh nepenaHoi iHdopmaimii 510 moxynamiiHuX OIT, TeXHIYHA
MIBUKICTH epeaadi ckiamae 35,99915 k6it/c (=36 k6it/c). Jlns BUSBICHHS TOMIIIOK

MpH Tepeayl B KaHalll pajilo3B'sI3Ky Ta iX BUIPABIICHHSA, B KAHAIBHOMY KOJyBaHHI
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3actocoBytoThes TexHomorii Forward Error Correction (FEC) i1 Cyclic Redundancy
Check (CRC) y Burmam 4-x mpoueayp: OJOYHOrO KOAYBaHHS, 3TOPTKOBOTO
KOAYBaHHS, IMEpeMeXyBaHHS Ta IIUPpPyBaHHS, TICAA Yoro (GopMyroThCs
iHpopMariiini kaHamu. OauH pamiokaHan 3aiimae cmyry 25 k[, Pexxum TEDS
BUKOPHUCTOBYE 8 HECYUHX YacTOT Ha KOxkH1 25 kI['11, To6TO BiamoBigHo 8, 16, 32 1 48
Hecy4yux Ha KaHaiu mupuHoro 25, 50, 100 1 150 k', Ognak, sk BXKe 3a3Havyanocs,
Ha TIPaKTHIl PO3TOpTaHHs pajaiomepex 3 miaTpumkoio cepsicy TEDS obmexene
BUKOPHUCTAaHHSAM KaHaliB ImmpuHOr He Outbin 50 kI'm. Takum 4mHOM, B SIKOCTI
BUXIJTHUX TTOJIOKEHb JOITHFHO MPUHHSATH HACTYITHE.

— abonenTchbki Tepminanu TETRA nigkmtouatotses 70 bC B pexxumi TDMA,;

— TpHUBAJICTh oHOTO TS nopiBHIOE 14,167 Mc;

3aTpUMKa CUTHaITy MOXe ckiiafgati 7+10 Mkc;

— pexum TEDS BuKOpuCTOBYE 8 HECyUHX Ha KaHaJ CMyTOR0 25 Kl 'mI.

Hanauni, ciing chopmyroBatr BuUMoru A0 ocHoBHUX mmapameTrpiB bC 3 OFDM.,

1. BC 3 OFDM mnoBuHHA MiATPUMYBATH CTAHJIAPTHI aO0OHEHTCHKI TEPMIiHAIH
TETRA B pexxumu TDMA. 1le o3navae, mo OFDM 3 MoaudikoBaHHM aaropuTMOM
QAM peami3zyerbcsi B Mekax OAHOTO 1S st aOOHEHTCHKUX TEPMIHATIB 3
MIATPUMKOIO BiMoBiiHO1T yaockoHaneHoi [{OC. fkio Bci TepMmiHamM MiATPUMYIOTh
3alpONIOHOBAHMH MMIJIX1J, TO MOXKe pealizoByBaTuch pexxum nocryimy OFDM/TDMA
a6o0 OFDMA, 1m0 nae n1o1aTkoBe MiABUINICHHS MTPonycKHOi 3gaTHOCTI TCP.

2. Bignosinno no TEDS, MiHiManbHa KUIBKICTh HECYUYUX MMiJIKAHATIB CUTHAIY

OFDM noBunHa cknanati: Mpin =8.

3. Kinpkicts cumBoniB OFDM, siki popmyroTs kaap nopiBHIOE miniomy unciy N.

BpaxoByroui Buitieo3HaueHe, po3paxoBytoTbes mapamerpu curHainy bC 3 OFDM.

1. JIns po3paxyHKy MaKCUMaJIbHOI KIJTbKOCT1 HECYUHX MiJIKaHaJ1B (BIAMOBITHO —
pO3MIpHICTh omnepaiii mBuAKoro neperBopenHs @Dyp’e (LIIID)) noknagem
TpUBaIiCTh CUMBOJLHOTO Tiepiory OFDM (a6o nepioay IITI®D) piHotO HoBXHHI TS,

T00TO, MoYaTkoBo T, =14,167 mc, Toxi:

1 1
Mo = — = ———— = 283,34,
MX T, 14,167 Mc
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3a3Buyaii, po3mipaicte LIIID obupaerbcst BiAmoBigHO a0 anroputMmy Kyoi-

T’roxi (B manoMy BUIAAKy, M max =N ) [12]. HecnpusTiuBuMm HACTIAKOM

HOMYJISIPHOCTI 3a3HAYEHOTO AITOPUTMY € T€, [0 HAa OCHOBI IMapaMeTpiB alIrOPUTMIB
HII® cranmu obupaTuch mapaMeTpu OONAAHAHHS 3aMICTh TOro, MO0 1€ Majo
3BOPOTHY MOCHi0BHICTh. Hacnpasai xk, epexruHi anroputmu IID icHyroTh as
OPAaKTUYHO OYyIb-SKUX JOBXHMH NepeTBopeHHs. Oauum 3 Hux € anroputm LITID
Bunorpanosa [13]. Bin Ginbm epeKkTUBHHI B 0OYUCITIOBAIHLHOMY BiTHOIICHHI, YAM
anroput™ LUTI® 3 ocHoBoO 2. OHAK, IPUKIAIIB NPAKTUYHOTO HOr0 BUKOPUCTAHHS
Mai’ke HEMa€ BHACTIOK BHHITKOBOI CKJIAJHOCTI pEalli30BaHOl HEPETyIspHOi
CTPYKTYpH o04MClIeHb. Buxoasuu 3 X MipKyBaHb BU3HAYA€ThCS KUIBKICTh HECYUUX

nigkaHaniB OFDM — M ax = 256 .

2. TpUBaNICTh 3aXHCHOTO IHTEPBAITY Ty MOXKe CTaHOBHTH 1/4, 1/8, 1/16 abo

1/32 Big tpuBanocti OFDM-cumBony, ane He MeHme 7+10 mkc. Ilpu upomy,

3MEHIIYBAaTH Tg MeHite 1/16 € BBaKaeThbCsl HETOLIILHUM.
SIK HACHIOK, 3MIHIOIOYH 3HAYCHHS Tg 1 KUTBKICTh HECYYHX MIJKaHAIIB B MEXax

BiI Mpmin =8 10 Mpux =256, BuzHavaemo kuibkicte OFDM-cHUMBONIB B OZHOMY

KaJipl, TPUBAIICTh SIKOTO HE TOBWHHA TEpEBUIYyBaTH AOBXuUHY [S. I[lpuknan
pe3yJbTaTiB pO3paxyHKIB HaBeaeHuil B Tabu. 1. Ha mpaktuii, 3 orpumanux N
cumBoliB OFDM HeoO0XiHO BUIIIUTH YaCTUHY TiJ HUIOT-curHaimm (<6,25% Bin
3arajJbHOI KIJTBKOCTI), a TaKOXX BHKJIIOYUTH KpaioBi migkaHamu (=18,75% Bix
3arajbHOI KIJIKOCTI) Y pa3i HAsIBHOCTI B HUX aMIUIITYHO-YACTOTHUX CIIOTBOPEHb.
Takum 9rHOM, JJIsI KPATHOCTI TPUBAJIOCTI 3aXUCHOTO 1HTepBaity 1/16 3 Touku
30py KinbKocTl cuMBoIiB OFDM, no1inbHO 00paty cucteMy napameTpiB 3 KUIBKICTIO
Hecyuux Big 8-mu 10 32-ox. CyMapHa WIBUIKICTh NEpenadl JaHUX PO3PaXxOBYETHCA

micist BUOOpY KOAOBOI MIBUAKOCTI Ta anroputmy QAM.
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Tabnuys 1

[Mapametp curnairy OFDM Kpatnicts TpuBanocti 3axucHoro inteppaiy 1/16
KinekicTs minkasaiiB 256 128 64 32 16 8
Af | kT 0,097656 | 0,195313 | 0,390625 | 0,78125 | 1,5625 3,125
Ty, mc 10,24 5,12 2,56 1,28 0,64 0,32
Tg » MC 0,64 0,32 0,16 0,08 0,04 0,02
Ts =Tg + Ty, mc 10,88 5,44 2,72 1,36 0,68 0,34
Po3paxoBaHa KiJIbKICTh

1,3 2,6 5,2 10,42 20,83 41,67
cumBoisiB OFDM
N cumBonis OFDM

1 2 5 10 20 41

B OJIHOMY KaJpi

B cucremax 3 OFDM Ha BUKOpUCTaHHS NpoOLENypu MNepeTBOpeHHs Dyp’e
HAKJIAJJA€ThC OOMEXKEHHS, sIKe OOYMOBJIEHE BIJIHOCHO BEJIMKUMH OIYHUMH
METI0CTKAaMU 4acTOTHOI Xapaktepuctuku ¢uipTpy LIIID. Bracmigok mporo moxe
MPOSIBUTHUCS €PEKT MIKKaHAJIBHOI 1HTep(hEpEHIIii, KOJIM YaCTOTH HECYYHX CUTHAJIB 3
MEBHUX TMPUYMH HEKOHTPOJIHLOBAHO 3CYBAIOTHCSH BiJI MAKCUMyMy aMILTITYJHO-
yacToTHOI XapakTepucTuk (AUX) ¢punpTpy LLIITID. Takum 4MHOM, OAHUM 3 ICTOTHUX
HenonikiB Meroqy OFDM € Te, mo 4yacTOTHE YIIUTbHEHHS OOMEKEHE IIHPHUHOIO
cMyru cuHTe3oBaHuXx (iuibTpis LLITID [14].

Bpaxosyroui Te, mo QAM BukopuctoByeThes sik B cydacHux TCP TETRA, tak
i B sxocti monymsauiHuX cumBoiaiB OFDM, mms TCP B po6oti 3ampomnoHoBaHa
Moaudikaris anroputMiB QAM, 1110 3BOAUTECS 10 3aCTOCYBAHHS CXEMH MOIYJISIIT 3
«00epToBUM» CHTHAIbHUM cy3ip’saMm [15]. Takmit migxig 3abe3mnedye T074aTKOBE
oreparfiiiue IiJICUJICHHS.

s nepcnexktuBHO1 bC, BpaxoByrodi BUMOTH 100 3a0€3MEUCHHS MOKJIIUBOCTI
poboTu 3 icHyrouuM mapkoMm obnagHaHHs ctaHnapty TETRA, ynidikamii Ta
BIJIKPUTOCTI Moaudikaiii, a  TakoX  peaiizaiii

11010 MOTAJTBIINX

MYJIBTHCTAHIAPTHUX PEKUMIB, B AKOCTI 0a30BOi BH3HAYEHA TEXHOJIOTISI MIPOTpaMHOI
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koH(pirypamnii oOmamHanas (Software-Defined Radio, SDR) [16]. Ha 1i ocHoBi
pO3po0sIeHl CXeMH1 PpIlIeHHA NpURMaIbHOTO Ta TEpeJaBalbHOIO TPAKTIB
nepcrnektuBHoi bC 3 OFDM.

3a ananoriero 3 DVB-T2, nominsHo 3a0e3neuntu poOoTy TepMiHaliB a0OHEHTIB
B pexxuMi MISO (MHOXUHHUN BXiJ — OAMHOYHUN BUXiJ) 3 BUKOPUCTAHHSIM CXEMU
KOJyBaHHS AJlamMoyTi, TOOTO MpuiiMad oO0poOJisie CUTHA BIJ JABOX IepelaBalbHUX
anTeH, abo nBox BC (BiAMOBiIHO, SKIIO BiH 3HAXOMUTHCSA B 30HI ix mii) [17]. Sk
BijjoMo, MISO — ne vactkoBuii Bunagok MIMO — texHosorii mepemadi gaHuUX N
aHTEeHAMU Ta iX mpuiiomy M anTteHamu. CyTh METOAY TOJIATAE B TOMY, IO JIS
nepesayi CUTHaITy BUKOPUCTOBYETHCA HE OJIHA, a BiJipa3y KiJIbKa aHTEH, BIIJAJICHUX
OJIHA B1J1 OJTHOI.

SIk HACTiOK, PO3BUTKOM IIHOTO MiAX0y € BBeAeHHS pexxumy MIMO [18], skuit
JIOCUTh BJIAJI0 BUKOPUCTOBYEThCs B Oe3mpoBomoBux LAN (802.11n Ta iH.).

[Ile ogauM HanpsIMKOM, SIK i1 B 5G, € 3acTOCyBaHHSA HEOPTOTOHAJILHUX CUTHAIIIB,
Hanpukiaa, HeoproronaiabHoi OFDM (N-OFDM) [19]. Takuii miaxin AesIKOK Miporo
kommneHcye Hemoniku OFDM. Ha mpakrtuii, s miagBUIICHHS 3aBaJ03aXHUIICHOCTI
TCP npouenypy N-OFDM, noaidno OFDM, f01iJIbHO BUKOPUCTOBYBATH CHIJIBHO 31
CXeMaMHu BHYTPIIIHHOTO Ta 30BHINIHBOTO KAaHAJIBHOTO KOJYBaHHS JJIsi KOpeKilii abo
BUSIBJICHHS TIOXHUOOK.

Hocuts nepcnektuBHUM Uit BC TCP € 3acTocyBaHHs TEXHOJIOTIT HU(POBOro
miarpamoytBopeHHs (L[JIY) Ha ocHoBi nudposux anteHnux penritok (ILIAP) [20].
KimtouoBa ocobnuBicte LIAP — 1mudpoBe QopMyBaHHA NPOMEHIB Jlarpamu
cupsimoBaHocTi ([IC) antenu. B minomy, TenexkomyHikauiiina cucrema 3 LIV na 6a3i
AP mae MmoxnuBOCTI 17151 €EKTUBHOTO BUPIIICHHS HACTYITHUX 3aB/IaHb:

— TIOJIIMIIICHHS BIIHOUIEHHS CUTHAJ/3aBajia 3aBIsku hopMyBaHHIO «HYJ1BY» [[C
y HampsIMKax 3aBaJIOBUX CUTHAIIB, Y TOMY YHUCJI BiJ] CYCi/IHIX OOPTOBUX Ta HA3€MHUX
CTaHIlI{, HaBITh y ToioBHUX TiemtocTkax JIC;

— TPUIYIICHHS  3aBaJOBUX  CUTHAIIB, 1[0 BHHHKalOTh y  pasi
0araTornpoMeHEBOTO MOIIUPEHHS PadiOXBUIb, & TAKOX 1ICTOTHE 3HM)KEHHS TJIMOWHU

(beaiHroBoi MOTYJISAIIIT;
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— JIOCSATHEHHS MaKCHUMaJIbHOT €(EeKTUBHOCTI CHUCTEM MHOXHHHOTO IOCTYITY 3
kogoBuM (Code Division Multiple Access, CDMA), mpocTOpoBUM YIIUIbHEHHSIM
(Space Division Multiple Access, SDMA); FDMA 1 TDMA;

— 1HTerpamis B e€auHy 1HGOpPMAIIHHY CHUCTEMY PI3HHX 3a (PYHKIIOHAJIBHUM
MIPU3HAYEHHSM ITiJICHCTEM, a caMe paJlioHaBIraIlii, pamio3s’si3Ky TOIIIO;

— TIJBUINCHHS I1HTEHCHUBHOCTI KOPHUCHHMX CHUTHAJIB IUIIXOM (POKyCyBaHHS
makcumMyMiB JIC y HanpsiMKax pyXOMUX KOPECIIOHCHTIB;

— BHpILICHHS NMPOOJIeMH eIEKTPOMArHiTHOI CYMICHOCTI.

Ha nanuit gac, npu noOynoBi bC BHUKOPUCTOBYIOTh KOHCTPYKTHUBU Ha OCHOBI
CompactPCl. AnbTepHaTHBOIO IBOMY € OUIBII Cy4YacHi PillIeHHs, 10 BIPOBAKYIOTh
PCI Express [21].

BucHoBok

TakuM yrMHOM, 3a3HauCHI MPIOPUTETHI HAMIPSIMKH PO3BUTKY 0Aa30BUX €JIEMEHTIB
iH(ppacTpykTypu TCP n03BOJIATH 3HAYHO PO3IMIMPUTH HOMEHKJIATYpPY CEPBICIB Ta
MOCJIYT, a TAaKOX 3aJIOBOJIBHUTH ICHYIOUl BHMOTHM MpH CTBOpeHH1 HarioHanbHOI
CUCTEMHU MOOUIBHOTO 3B’S3KY JA€p>KaBHUX opraniB. KpiM TOro, 11e CKOpOTUTh CYTTEBE
BiJICTaBaHHs B TexHojoriuHoMy IaHi TCP Big mepenoBUX TeleKOMYHIKalliiHUX
cucteM mepenadi [22, 23].
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THE GLOBAL CLOUD OPERATION SYSTEM MODEL
The article describes new approach to resolve the problem of distribution the

parallel application among multiple cloud services. This new approach is creating

new special program level between user applications and cloud services, which task
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