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BCTVII

B ymoBax VYkpainu 3 i BETHKOIO TEPUTOPI€I0 1 HEOTHOPIAHOIO INITBHICTIO
HacesneHHs HauOupm xapaktepuumu y JIBU / YBY niana3oHi € JoKaidbHI MEpexki
PATIOKOHTPONIIO, IO CKJIQJAIOThCA 3 JACKUIBKOX CTAI[lOHApPHUX CTaHIlH, 10
00CITyTOBYIOTh OKpEMI BEJIMKI MiCTa Ta IHAyCTpianbHi HeHTpH. [InanyBatu Taki Mmepexi
MOXHa IUISXOM MPOOHOTO PO3paxyHKy 30H OXOIUIGHHS PpaJlOKOHTPOJEM 3
ypaxyBaHHSAM pPelbedy MICIEBOCTI JUIsl PI3HUX BapiaHTIB PO3MIIICHHS CTaIllOHAPHUX
CPK (craniis pagioKOHTpOIIO) 1 BHOOpPY i peaizallii Hallkpaioro BapiaHTa 3a
CYKYMHICTIO OakaHMX O3HaK. 3a pe3yJibTaTaMH pO3pPaxyHKIB 3 ypaxyBaHHSIM
HeoOX1AHO1 1H(pPacTpyKTypu sl opradizamii o0ciayroByrotecsi CPK  moxHa
OTOTOXKHUTH T1 CTaHIIli, sIKI TOBUHHI 3J1HCHIOBAaTH BCl BUJHM PaJiOKOHTPOIIIO 1 OyTH
0o0CITyroByBaHMUMH, 1 Ti, $AKI MOXYTb OYTH JHUCTAHLIMHUMHU aBTOMATUYHUMU
MeJIeHraTOpaMH.

OnTuMizalliss iCHyr04oi Mepexi PpaJilOKOHTPOJ0, OCOOJIMBO Yy mMpolect ii
MOJIEpHI3alli, MOX€ 3IMCHIOBATUCS WIJISAXOM MPOOHOTO BIPTYaJIbHOTO PO3MIIIECHHS
HOBuX cramioHapuux CPK y pi3HuX TOuykax TEpUTOpli 3 HEIOCTATHRO BUCOKUM
CTYTIEHEM OXOIUICHHS ICHYIOUMMH CTaHIIISIMU 3 TOJAJIBIINM BUOOPOM JIJIsl peai3artii
HalKpamoro BapiaHTa. B Takuii e cnoci®, HUISIXOM PO3PaxyHKY 30H OXOIUICHHS
ICHYIOYMMU CTaHIISIMH MOKHA BUSIBUTH Ti 3 HUX, 5IK1, Y CUJIy THX YH 1HIIUX OOCTaBHH,
HE BHOCSITh ICTOTHOT'O BHECKY Y 3a0€3M€UeHHs HE0OX1THOTO OXOIICHHS 1 MOXKYTh OyTH
KaHIUJIaTaMU Ha TIEPEHECEHHS Y 1HIII IMMyHKTH, 10 3a0€3MeUyI0Th Kpallli pe3yabTaTH.

[Tutanusa edekTHBHOTO BUKOpUCTAaHHS AlanazoHy Y KX o0yMOBIEHO CENEKITi€0
CUTHAJly Ha BHUCOKHMX dyacTtoTax (pamio 1 mnpomixkHOi). CmMyra mpomycKaHHsS
npuiiMaibHOTO TpakTy B miana3oHi YKX Bu3HA4aeTbcsi HE MIUPUHOIO CHEKTPY
KOPHUCHOTO CUTHAIY, IKUM BUMarae il 3HadeHHs B rpanuisax 130 - 180 kI'1, a 3agaHoi
BEJIMYMHOIO KOE(IIIEHTY HETIHIMHUX BUKPUBIIEHb 1 CTAHOBUTH y miAcyMKy 450 - 500
k[, Jlama oOcrtaBuHa TPU3BOAUTH 1O ICTOTHOTO 3HUKEHHS €(EKTUBHOCTI
BUKOpHUCTaHHs aAiana3oHy YKX (MakcMMalbHO MOXJIMBA KIJIBKICTh PaJllOMOBHHUX
cranmi y mianazoni YKX ckopouyerbes B 2,6 pa3u). MiHiMaIbHHI PO3HOC YACTOT MIXK

pamgiomoBHEME cTaHIisMu ckiaagae 400 k' 3amicts 180 kI, HEOOXiTHOTO 3 TOYKH



30py ILIUPUHM CIEKTpa cUrHaimy. HeoOXimHICTh 31HCHEHHS CeJeKIlii Ha pajio-Ta
MIPOMIKHOI 9aCTOTaX CTaBUTh TAKOK 3aBJIaHHS IMiJIBUICHHS SKOCTI PaIioNpuiioMy Ha
KOpJIOHAaX CYMDKHHMX 30H OOCIyrOBYBaHHS, TOMY IO 3a ICHYIOUMMH IpaBUIIaMU
noOynoBu pamioMoBHUX Mepex B YKX miama3oHi MiHIMAJbHUH PO3HOC YACTOT
PaIiOMOBHHX CTaHIII B CYMDKHHX pailoHax 00CITyroByBaHHs ckiaaae Bchoro 180 kI,
a CEJICKTUBHICTh MO CYCIIHBOMY KaHAITy IPUHUMaIBHOTO TPAKTY MPU IILOMY CTAHOBUTH
MakcuMyM 3 ab, TOOTO mpakTHuHO BiACyTHs. Pa3om 3 TuM, peanizallis CKIaQAHUX KiT
YaCTOTHOI CEJIEKI[i B TpaKTaxX pajiio Ta MPOMDKHOI YacTOT BUMAra€ 3acTOCYyBaHHS
KOTYIIOK 1HAYKTUBHOCTI, SIK1 IPAKTUYHO HE PEaJI3yIOThCS B IHTErpaIbHOMY BUKOHAHHI.

CkazaHe BUIIE TOBOPUTH MPO aKTyaJbHICTh 3aBJaHHS JOCIIKEHHS 1 pO3pOOKH
pagionpuiMaNbHUX MPUCTPOIB, BUIBHUX BiJl HEMOIIKIB CYNEPTeTEPOUHHOTO CIIOCO0Y
puioMy 1 0OpOOKHM CUTHAIIB.

B xoal miAroroBkM Ta BUKOHAHHA pOOOTH aBTOpOM Oyjia BHKOpPHUCTaHA
iHdopMarllis, y TOMY YHCII TEKCT, aJrOPUTMH, METOJIUKHU MPOBEACHHS aHAII3Yy,
JOCITIIKEHb, BU3HAUCHHS MEBHUX XapaKTEPUCTHK, MapaMeTPiB Ta BUXITHUX JaHUX,
PO3paxyHKIB TOINO, SKI MICTUTBhCS y Jpkepenax [1 — 22], HaBeACHUX Y CIHCKY
BUKOPHUCTAHUX JKEPEII, @ TAKOXK 1H(OpMaIlis, OTpuMaHa B Pe3yJibTaTi KOHCYIbTYBaHHS
3 KEpIBHUKOM pOoOOTH, HAYKOBUMH, HAYKOBO-TI€IarOr1YHUMU MPAI[IBHUKAMHU Ta IHIIIUMHU
ocobamu, siKa € HEOIMyOJIKOBAaHUMU aBTOPCHKUMH HAMpallOBaHHAMH (HaiicydacHima
iHpopMalliss  TOCHIAHUIBKOTO, 1HHOBAI[IHHOTO XapakTepy), JO3BOJEHUMH IS
BUKOPUCTAHHS aBTOPY IIi€l poOOTH BUKIIOYHO MPU BUKOHAHHI TUTHKH Ii€1 AUTUIOMHOT
poboTtu. PesynpTaTamMu BHUKOHAHHS MAariCTepCchkoi poOOTH € po3poOKa METOIUKH

IPOEKTYBAHHS PaJlOMEPEX] HA OCHOBI IITYYHOTO 1HTEIEKTY.



10

1 AHAJII3 IIPUHIUIIIB  @®YHKIIOHYBAHHSA PAJIOMEPEX HA
OCHOBI ITPOTOKOJIY IEEE 802.22

1.1 Onuc nporokony IEEE 802.22

MiXHApOIHUM IHCTUTYTOM 1HXKEHEPIB 3 EJIEKTPOTEXHIKH Ta EJIEKTPOHIKU
(Institute of Electrical and Electronics Engineers) orosiomeHno npo 3aBepIieHHs pooiT
HaJ ctannapToM OesnposiaHoro 38'sa3Ky IEEE 802.22, Bimomum mifg im'ssm "white space”
("mpo6in"). Ha3Ba He BumaAKOBO: I Iepeaadl JaHUX Iepen0adyaeThes
BUKOpUCTOBYBaTH "miporanuuu B Tenesiziinomy JIBY / YBU-nianazoni (54-862 MI')
yacToT. llel miaxi cTaB MOXJIMBUNA 3a PaxXyHOK BHUHAaxXoay "pO3yMHOro" pajiio -
TEXHOJIOT1i KOTHITUBHOI pajiionepenayi, ska 3a0e3neuye MiJCTpOIOBaHHS MapaMeTpiB
npuiiMaabHO-TIepeAaBaIbHUX MPHUCTPOIB MEPEXKi, TaKk MO0 Tepemada JaHUX HE
BWJIa3Wa Ha "mineH3iiHi" yactotu. Po3poOKy MokHa BBakaTH OJM3BKOIO POJIUYKOIO
Wi-Fi (IEEE 802.11) 1 WiMAX (IEEE 802.16), ane Hisik He 3aMIHOIO ITUX TEXHOJIOTIH.

IEEE 802.22 WRAN (Wi-Fi) - crannapt 0e3npoBiJHUX PEriOHATIBHUX MEPEXK, 110
onucye NBOpiBHEBY apxiTekTypy (piBenb PHY i piBenb MAC) 3 6araToTo4KoBUM
(point-to-multipoint) 3'enHanHsM. Mepexa npu3HaueHa K I poOoTH 3
npodeciiHuMu  (PIKCOBaHUMHU 0a30BUMH CTaHLISIMM, TaK 1 3 MOPTaTUBHUMH (200
(diKkCOBaHMMU) TPU3HAYEHUMH I KOPUCTyBada TepMmiHaiamu (Moaemu). OOMiH
JAHUMH 10 CTaHJIapTy NPOBOJIUTHCS Ha «BUIbHUX» yacToTax JIBY / YBY (VHF / UHF)
TEJIEBI31HHOTO MOBJICHHS, IO CKjianae cMyry Big 54 no 862 MI'u. 3a TBepakeHHIM
PO3pPOOHUKIB, MEPEKAa B OCHOBHOMY MPU3HAYCHA JIJIT BUKOPUCTAHHS Y MAJIOHACETICHUX
MyHKTaX, a TAKOXK CLIbCHbKIA MICIIEBOCTI, J¢ HaWIMOBIpHilIe OyJe A0CTaTHS KUIbKICTh
BUTRHUX KaHaJiB B poO0Yiil CMy31 4acTOT CTaHIapTy.

Oo6nannanus cragaapty IEEE 802.22 npusHnauaeTbcest A1 BIAAICHUX PAioOHIB 3
MaJIolo MIUIBHICTIO 3aCEJICHHS: MO/II0HO1 anmapaTypHy BlIacTUBA BUCOKA JaJEKOOIHHICTD,
BITHOCHO HHU3bKa IMIBUJAKICTH TEpeadl JTaHWX 1 Mayia KUTbKICTh JIOCTYITHHX KaHalliB
obminy iHdopMmaiiero. JluBHo, ame mnepenaBaudi ctangapTy IEEE 802.22 mMoxyTh

BCTAHOBJIIOBATH 3B'S30K Ha JUCTAHIIIT 10 CTa KUTOMETPIB - IpaB/a, Ouisie 22 M6it/c 3
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TaKUM 3'€ JTHAHHSM JIOCATTH HE BAACThCS. BaxuBo 1 Te, 1110 AJ1 B3a€MO/1i 001aIHaHHS
He MOTpiOHa MpsiMa BUAUMICTD - CUTHAJI JOOpe MPOHUKAE y BaKKOJOCTYIHI pallOHH.

CrBoputu IEEE 802.22 cramo MOXJIMBO 3aBASKHM BUKOPHUCTAaHHIO YaCTOTHOTO
Jiamna3oHy, sSIKWi paHiiie BBaxaBcs HepoTopkanHUM. Wi-Fi, WiMAX, Bluetooth i LTE
MpaloTh Ha YacTOTaxX y JAekuibka rirarepi, B Tod uac sk IEEE 802.22 3aitmae
YaCTOTHUM MPOCTIP BiJ JEKIIBKOX JIECATKIB A0 JCKIIBKOX COTeHb Mmerarepil. Lleit xe
Jiana3oH BXKE JaBHO BUKOPHCTOBYETHCS AHAJIOTOBUM TeIeOAUYCeHHSM, OJHAK, 31 CIIiB
PO3pPOOHUKIB CTaHAAPTY, 1€ HE IOBUHHO CTBOPIOBATHU MPOOJIEM.

Sk ne BimOyBaerhcs? CucreMa MOCTIMHO aHAN3ye CHEKTP pajiiloOCUTHAIY, IO
OTOYY€ (DOHOBI CHTHAJIM, a TAKOXK MOBEIIHKY KOpPHUCTyBauiB Mepexi. bazoBa craHuis,
310paBiy BCiO 1H(OpMaIit0 PO YACTOTHUIA /1aa30H 1 BUKOPUCTOBYIOUH 1H(OpMAITiT0
npo cBoe Micue3HaxomkeHHss (mo GPS), Bu3Hauae, sIKI 4acTOTH MOXYTh OyTH
BUKOPWCTaHI ISl BCTAHOBJICHHS 3B'A3Ky 3 KOpPUCTyBadamMu Mepexi. [lpu Bxke
BCTAHOBJICHOMY 3B'SI3Ky CUCTEMa MEPIOIMYHO CKaHY€E YaCTOTHUH Jiana3oH Ha BUIAJIOK
MOSIBU HOBUX CUTHAIB 1 MPY BUSBIICHHI TAKUX BIApa3y K MEPEXOJUTh Ha 1HII YACTOTH.

Po3po6uuku Bim3nauaroth, 1mo IEEE 802.22 WRAN e oanieo 3 mnepumx
cnenu@ikaiiif, MO BHUKOPUCTOBYIOTh Yy TIOBHIA Mipi KOTHITUBHI TEXHOJIOTII Y
pamio3B's3ky. TakuM YHHOM, CTaHAAPT A03BOJISIE €()EKTUBHO BUKOPUCTOBYBATH
HasIBHUM CIIEKTP 4YacTOT, 0e3 HeoOXITHOCTI OTpUMaHHs JileH3ii. B pesynbrari 1e
JTI03BOJISIE JOCSTTH IMIBUAKOCTI Tepenadl aaHux 10 22 MOIT /c 1 30Hy MOKPUTTS 3
paaiycom 10 100 km.

Moske BUHHMKHYTH TMUTaHHS HAaBIIIO MOTPIOHI HOBI CTaHIApTH OE3APOTOBOTO
3B's13Ky, KoM Bxke € Wi-Fi, WIMAX 1 LTE? Ha e nutanss € BiinoBiab: xoua 0 1y
TOTO, 11100 3a0e3MeYnTH 30Hy MOKpUTTS paaiycom Ao 100 kM 1 nepemady gaHux ao 22
MobiT/c.

Cneundikamis 802.22 3'sBunacs 3apasku poooram npodecopa Jxo3eda Mitonu
II1, mro omyOmikyBaB pe3yiabTaTH CBOIX JIOCHiKeHb B 1999 p. cninbHo 3 J[>epanbaom
Maryaiipom. Konneniiisi, Ha3BaHa mnpodecopom "cognitive radio» («KOTHITUBHE
panio"), I03BOJIsIE CHUCTEMaM 3B'SI3Ky BUKOPHCTOBYBAaTH "3ailHATI" 4acTOoTHU I

nepenavyl CBOiX JaHMX 3a PAaxXyHOK HasBHUX y cMy3i '"mporanud". OIHaK 3aKoH
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3a00pOHSB MPAIIOBATH 3 3aPE3€PBOBAHUMHU YaCTOTHUMU J11al1a30HaMH, 200 MOKJIUBICTb
3'SIBJISUTACS TP TIOKYTIIT TOPOTHX JIiIeH31i. 3akoHo1aBua 0a3a 3aBakasia MpOCyBaHHIO
texnosorii. Jlume B 2004 p. denepanpHuii arentctBo 1o 3B'si3Ky (Federal
Communications Commission) CIIIA BHecno mompaBkH, IO AaI0Th MOXIMBICTH HE
JIIEH30BaHUM a0OHEHTaM BUKOPHCTOBYBATH JIILIEH31MHI CMyTrW 3a YMOBH, IO Ti HE
BHOCSATH MEPEIIKO ] Y PoOOTY 3aKOHHUX KOpUCTyBadiB. L mosis iHiIiroBaga mosiBy y
muctonaai 2004 p. B "crinax" IEEE poOouoi rpymm, sika cTajia BECTH PO3POOKY
crauaapty 802.22 3 KOTHITUBHMM paJiO3B'sI3KOM Yy SIKOCTI 0a30BOi TEXHOJIOTII.
Ocrarounuti peniz IEEE 802.22-2011 3'sBuBcs nuiie yepe3 ¢iM poKiB.

HoBuii crangapT Oyn0 cpoeKTOBaHO Uisl O€3MPOBIAHUX PEriOHATBHUX MEPEX
(Wireless Regional Area Network, WRAN). Ile mepenbauae moKpUTTs 30H Pajiycom y
necaTkn KuiomerpiB. Cnemudikaiiss AO03BOJUTH MPOBAKAEpaM 1HTEPHET-MOCIYT
3a0€3NEUYUTH KUTEJSIM CUIbCHKUX PailOHIB JIOCTYI A0 HMIMPOKOCMYTOBOIO AOCTYIY B
Mepexy Tam, zie Horo me Hemae. 30UIbIIEHHS pajlycy Al BAAJIOCS JOCATTH 3aBISKU
3MEHIIEHHIO pOOOUYMX YaCTOT, 3a3BMYail BUkopuctoByBaHux B Wi-Fi, WiMax a6o LTE
st mepenadi iHGopmarii. Iligdbip onTUMaIbHUX YACTOT 3aJEKHTh Bl 0araTbox
dakTopiB. Jlns 3abe3nedeHHs HAWOLIBIIOT JATBHOCTI 31 30€PEKEHHSIM PO3YMHOIO
MOTY>KHOCT1 1 PUMHATHOI CMYTM MPONYCKAaHHSA KpPAllUM YMHOM MiJIMIIIN YaCTOTH
niara3ony Big 54 mo 862 MI'1i, Tak 3BaHi TeneBi3iiHI yacToTH. [1IupruHa cMyru ogHOTO
tenesiziiftHoro kaHany y CIIA, Snownii 1 61nbmiit yactuni Lentpanbhoi 1 [liBaeHHOT
Amepuku craHoBuTh 6 MI', mns YkpaiHu 1 OLIBIIOCTI IHIIUX KpaiH I BEIMYHHA
nopiBaioe 8§ MI'1, ayne 3ycTpiuarOThCsl TAaKOXK CTaHIAPTH 3 7-MErarepiioBOi CMyTOIO,
Hanpukiaa y Ascrpanii, benbrii Ta JlrokcemOyp3i. Tomy y 802.22 nependauvaerscs
BUKOPHUCTOBYBATH LIMPUHY CMYTH OJIHOTO KaHay y 6 (8, 7) MI'1.

IcHytoua cucTeMa TENEMOBIICHHS MOXE CIYXKUTH TMPHUKIAJOM YCHIITHOTO
BUKOPHUCTAHHS I[LOTO Jiama3oHy JJIA MOKPHUTTSA BeIMKuX ol o Toro >x Ha maHi
YacTOTH HE BIUIMBAIOTH CTIHM 1 mepemkoau. Onnak y Bukopuctansi JBY / YBY € i
HEJIOJIIK: MEHIII 4acTOTH (JOBT1 XBHJI1) MatOTh MOTPEOY B OLIbII rabapUTHUX aHTEHHUX
cuctemax. KpimM ckpi3b BUKOPUCTOBYBAHUX cHCTeM aHanoroBoro tenedaueHHss NTSC

(CIIA, Kanana, fAnonis), PAL (€Bpona), SECAM (®panmis, ['penis, Pocist) miamazon
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odiiiHO 3aKpiIJICHUH 3a Pai03B'I3KOM JIEPKABHUX CIIYkKO (MO, TPOTUIIOKEKHOT
CITyO0M 1 T. 1.) 1 KOMEPIIIHHUX CEPBICIB (Takci 1 T. 11.). Y maHii cMy31 TaKOX MPAIOIOThH
6e3npoToBi Mikpodonu, cuctemu nudpororo tenedauenus ATSC / DVB-T 1 6arato

THINX - BYKJIMBO, II[0 HIKOMY 3 HUX HE MO’KHA 3aBa)KaTH.

1.2 Orasn ocoOaMBOCTEM CTaHAAPTY

J1o 0ocobnMBOCTEH 1aHOTO CTaHAAPTY MOYKHA BITHECTH :

1) npu3HayeHHs - MUPOKOCMYTOBUI Oe3mpoBiiHUN nocTyn 1o [HTepHeTy nms
CUIBCHKOI MICIIEBOCTI |

2) aapo- TEXHOJOTisl KOTHITMBHOI pajionepenadi, Npu3HadeHa st 0e3
JIEH31THOTO BUKOPUCTAHHS YacTOT TEJIEBI31MHOTO J11ala3oHy ;

3) UUTbOBa ayAMTOPIS - TPOMHUCIOBICTh, YPAJ 1 KEPYIOUl OpPraHH, aKaJeMIivHi
oprasizailii, mpOBaiJepH ;

4) npoextu - IEEE 802.22.1, IEEE 802.22.2 ;

5) NOPTATUBHICTh - MOKHA BUKOPUCTOBYBATH y pyci 10 114 km/rox ;

6) Tomomoris Mepexi - 6aratoroukoBa (Point-to-Multipoint) ;

7) paaiyc 30HM mOKpUTTA - 10-100 kM (mist ¢ikcoBaHoro 6a30BOi cTaHIII 1
MOJIEMY);

8) MOTYXXHICTh BUIIPOMIHIOBaHHS - 4 BT (mia mOTYXHICTIO BUIIPOMIHIOBAHHS
po3yMieThCs €(heKTUBHA 130TPOIHO BUIIPOMiHIOBaHa NOTYXHICTh, EIRP) ;

9) anTenu - Ha 6a30Bil CTaHIIi BUKOPUCTOBYETHCS HEHANpaBiieHa (200 CEKTOpHA)
npuiiMaibHO-TIepeaaBaibHa aHTeHa, a Ha CTOPOH1 a0OHEHTa CIpsMOBaHa aHTeHa 3 14
nb TpUTHIYEHHSM 3aJHBOTO TENIOCTKA; KPIM I[bOTO, € HEHampaBjeHa aHTEHa s
CKaHyBaHHS YaCTOTHOTO Jiana3oHy (KOTHITUBHUI paaio3B'sa30K) ;

10) reo-no3utionyBanss - GPS a6o HazemHa (HeoOX1aHO /Uil GYHKIIIOHYBaHHS
CUCTEMHU ).

[TapameTpu niamna3oHiB, siIKi BAKOPUCTOBYE CTaHAAPT HaBeeH1 B Tabymii 1.1
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Ta6nus 1.1- [TapameTpu niana3oHiB, skl BAKOPUCTOBYE CTaHIAPT

YecTommEi MmN rPaHHHi )(.BI/IJ'IBOBI/II\/'I r PaHHHi
Jiana3ony Jliana3ox Jiana3ony

Cepenni (CY) 0.3-3 MI'11 ['exToMeTpoBI 1-0.1 km
Bucoki (BY) 3-30 MI'ig JlexameTpoBi 100-10 m
Hyxe Bucoki (JIBY) | 30-300 MI'ig MeTposi 10-1 m
VYasrpaBucoki (YBY) | 0.3-3 I'T'1y JleunumeTpoBi 1-0.1 m
Hansucoki (HBY) 3-30IT CanTumeTpoBi 10-1 cm
Hanro Bucoki (HBY) | 30-300 I'T'1x MinimMeTpoBi 10-1 Mmm
I'imepBucoxki (I'BY) 0.3-3 TT'g Heuuminimerponi | 1-0.1 MM

["'onoBHA BIAMIHHICTH I[LOTO CTAaHAAPTY BIJ MONEpenHiX, Hanpukiaa, 802.11, B
«aaneko6iitHocTi». CUrHANl €TMHOIO MepelaBaabHOl CTaHINI MOKHA Oyjie miiiMaTh Ha
BijgcTaHi 10 100 kimomeTpiB. [lianmazoH 4acToT, 3 IKUM Mpalioe CTaHIapT 0€3MpOBIAHOTO
3B's13Ky 802.22, 3aiimae cnektp Bix 54 MI'n no 698 MI'u. Takum unHOM, mepenavy
MAaHUX MOJKHA 3IIHCHIOBATH 31 MIBHUIAKICTIO a0 22 MOit/c Ha Bigctadax mxo 100
KUIOMETpIB, Ha OCHOBI €IMHOI 0a30BOi cTaHIli. MOXIJIHBO, came L€l cTaHaapT
nornoMoxe 3anyuutu y ['mobansny Mepexy BifnaneHl perioHu, XHUTeNl SKUX 10 IUX
nip 3anuimarTbes 6e3 [HTepHeTy, abo K miIaTATh 3a AOCTYN 10 Mepexi Belnye3Hi
TpOIIi.

Crin Bi3HAYUTH, 110 HOBHM CTaHJAPT BUKOPHCTOBYE YAaCTOTHUH Jiama3oH, IO
3QJIMIIMBCA TOPOXKHIM TICHAS TOTO K OyJIM BHUBEACHI 3 YXUTKY JEsKl CTaHIapTu
aHAJIOTOBOTO TeJieO0aueHHS.

Taka manpHICTH Jii 3B'I3Ky HOBOTO CTaHAAPTy Ma€ Ha yBa3i, IO HAMPUKIA,
YHCTO TEOPETUYHO, JISl TOTO, 00 HAKPUTH MOKPHUTTSIM HOBOTO 3B'SI3KY CTaHIIAPTY BCIO
tepuropito Cnonyyenux lratiB, Oyzne norpioHo Bcroro 307 TOUOK AOCTyIy. AJie Ha
paKTHULl crpaBa Oyze 0OCTOSTh TPOXH 1HAKIIIE, 1 TOUOK JOCTYIY 3HAA0OOUTHCA OlIbIIIE,
10 TMOB'I3aHO, B IMEpIIy Yepry, 3 HasSBHICTIO Tip, JICIB Ta I1HIIKUX OO'€KTIB, IO

MEPELIKOIKAIOTh MOIKUPEHHIO PaiOCUTHAIIB.
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3rigHo 3 HoBuM IEEE ctannapTom, oOnagHanHs, cyMmicHe 31 ctangaptom 802.22,
Oyne mpaloBaTH Ha OJHINA 3 4acTOT BUIBHOTO miama3oHy Big 54 MIm go 698 MI.
XBWJI IIOTO Jialla30HY MOKYTh IMOIIMPIOBATHCS HAa HabaraTo OUIbIII BiACTaH1, HIXK
xBuiIl gianazony 2.4 I'T'm, sixi € ocHoBoMO cTanaapty Wi-Fi y nanuii yac. 3aBasku oMy
CTaHe MOKJIMBUM PO3TOPTAaHHA perioHanbHUX 0e3mpoBigHux mepesxk WRAN (wireless
regional area networks).

3Buuaiino, 22 M6it/c 3a MipkaMu TETIEPIIIHBOTO Yacy - 1€ HE Taka BXKE i BETTHKa
MIBUKICTD JUISI TUX, XTO 3BHUK JIO MPAMOTO MIIKIIOUEHHS 3a gornoMoroto Ethernet a6o
ONTOBOJIOKHA, aJIe, BAPTO 3a3HAYUTH, IO 11€ 3HAYCHHS € TEOPETUYHOIO MAaKCUMAJIbHOIO
IIBUJIKICTIO, SIKY MOXHa JOCSATTH Y paJlOKaHaIy , 110 MPalloe y 3a3HAYCHOMY BUIIE
YaCTOTHOMY Jliarna3oHi.

3BUYaitHO, NpUUHATTS cTanaapty 802.22 Ba)KKO HEIOOLIHUTH. 3a JOIOMOIOIO
o0JIalHAaHHS I1[LOTO CTAHIAPTY € MOKJIMBICTH 3a0€3MEUUTH TOKPUTTS CLIBCHKUX
paloHIB, )KUTE SIKUX PaHIIle MOTJIU TUIBKU MPISITH Mpo [HTEpHET y IXHbOMY OyIHHKY.
Takox, HOBUH cTaHIApT, OyJ€ KOPUCHUM KpaiHaM, IO PO3BMBAIOTHCS 1 BIIUYBAIOTh
TPYJIHOIII B 3a0€3MeUeHHI HEJJOPOTUMH 1 HAIIMHUMH KOMYHIKaIlISIMH.

HoBuii cranmapTt 3acHOBaHUN Ha XapakTEPUCTHKAX TEJIEBI3IMHUX Jiara3oHiB
VHF ([1BY, 30-300 MI'n) 1 UHF (YBY, 300-3000 MI'1), siki 3 mpuxooM Hu¢ppoBOro
TeneOaueHHs y 3HaYyHIA Mipl CTajdu BUILHUMU, 1 3lIaTHUN 3a0€3nmeYnTH Oe3MpOBITHUIMA
HIMPOKOCMYTOBUH 3B'130K Ha BijacTaHi 0 100 kM HaBKOJIO MepenaBaya.

binbmt Toro, mepesxi WRAN 3M0KyTh 3anIpOIIOHYBATH IIJTKOM 3HAYHY IITBUIKICTh
no 22 MOiT/c Ha KaHaJI, a BUKOPHUCTAHHS YacTOT, HE 3alHATUX TEJICBI3IMHUMHU
KaHaJlaMH, JO3BOJISIE JIOCATTH TOTO, IO CUTHAJ HE Oyje MEpeTUHATHUCS 3 ICHYIOUNMHU
cranmisMu TB-MoBiIeHHS.

IEEE 3a3nHauae, 1o TEXHOJOTiSI OCOOJMBO KOpHUCHA JUIsl OOCITyrOBYBaHHS
MaJlIOHACeJEHUX CIIbChKUX PalOHIB 1 KpaiH, 10 PO3BUBAIOTHCS, JI€ BEJIMKAa YaCTHHA
TEJICBI31MTHUX KaHAIIB HE 3aiHATI. 3 YTBEPKECHHSM CTaHAAPTY KOMEPIIiHI oprani3ariii

MOXKYTh TOYUHATH CTBOPEHHS MPUCTPOIB, CYMICHUX 3 TexHoJorieo 802.22.
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1.3 Ornsin TexHouorti, siky BukopuctoBye ctangapt IEEE 802.22 WRAN

Cranmapt IEEE 802.22 WRAN BHKOPHUCTOBYE TEXHOJIOTII0 KOTHITUBHOI
pamionepenavi, ska 3abes3neuye  IMIJCTPOIOBAHHSA  MapaMmMeTpiB  MNpHHMalbHO-
nepenaBajJbHUX TMPUCTPOIB Mepexi Tak, 00 Mepenaya JaHMX HE BHJIA3WiIa Ha
«TneH3iiH» dactoTH. Sk 1e BimOyBaeThcsa? CucTeMa MOCTIMHO aHaMi3ye CHEKTp
pajlocUTHaIy, M0 OTOYYIOTh (DOHOBI CHUTHAJM, a TaKOX ITOBEJIIHKY KOPHUCTYBadiB
Mepexi. bazoBa craniis, 310paBm BCio 1H(OPMAILiIO MO YAaCTOTHOMY Jiana3oHy 1
BUKOPHUCTOBYIOUH 1H(POPMAIIiIO PO CBOE Micile po3ramryBaHHs (o GPS), Bu3navae sxi
YacTOTH MOXYTb OyTH BHUKOPUCTAaHI JAJisi BCTAHOBJIEHHS 3B'SI3KY 3 KOPUCTYBauaMu
Mepexi. [Ipu Bxke BCTaHOBIEHOMY 3B'SI3Ky, CMCTEMa NEPIOJIMYHO CKaHy€ YaCTOTHUU
Jllana3oH Ha BUIIAJIOK TMOSBU HOBUX CUTHATIB, 1 MPU BUABJICHHS TaKWUX, B1Apaszy X
nepe0yaoByeThCcsl Ha 1HIN 4yacToTd. Ciija 3a3HA4YUTH, 110 CKaHYBAaHHS YacCTOTHOTO
Jiara3oHy BIIOYBa€TbCsl Ha CTOPOHI a0OHEHTAa, IO [O03BOJIIE MaTU aKTyaJlbHY
iH(dopMaIiito mpo o0CTaHOBKY B 30H1 MOKPUTTS. Po3poOHuku Big3HauawTh, mo [EEE
802.22 WRAN € oanieto 3 nepmmx crienudikariiii, 1o BAKOPUCTOBYIOTh B MOBHIM Mipi
KOTHITUBHI TEXHOJIOTIi B Pa/iio3B's13Ky. TakuM YMHOM, CTaHJAPT J03BOJISIE €(PEKTUBHO
BUKOPUCTOBYBATH HAsIBHUI CIIEKTP YaCTOT, €3 HEOOX1THOCTI OTPUMAHHS JIICH3IH.

Po3poOHMKN pO3PI3HSIOTh KIJIbKa OCHOBHUX («JIILEH3IMHUX» CHUCTEM, IO
BUKOPUCTOBYIOTh pOOOUMIA Jllaria30H CTaHAApTY:

1) ananoroBe Tene0auyeHHS;
y IliBHiuHiit AMmepuiii moBiieHHs 3acHoBaHe Ha NTSC, a B €Bporni Ha PAL. PiBens nipu
SAKOMY KaHas OyJe 3BiIbHeHM BianoBigae -94 nbm (ab Bin 1 MBT), sixuit BUMiproeThest
Ha MKy CHUHXpOoIMIyJbCiB. Y IliBHIUHIA AMepHlill BUKOPUCTOBY€EThCA cTanaapt DTV
(ATSC), B €Bpomi DVB-T. Pisens curnany aiis DTV (ATSC) cknanae -116 nbwm.

2) 6e3npoBiaH1 MIKpO(hOHHU;
y JaHiid o0JacTi CTaHJapTiB HE ICHYE, 1 BOHM MOXYTb MaTu pi3Hi Qopmatu. B
OCHOBHOMY JJIsl iepeiadi BUKOpUCcTOoBYeThest FM 13 cmyroto actot B 200 k['11. PiBens
curHaiy -107 nbm. J1jis Toro o0 BMiJIO 1 HEIIKIIJTMBO BUKOPUCTOBYBATH "MPOTaJIMHU"
y B’K€ BUKOPUCTOBYBAHUX YacTOTaX, Mepea0adeHo LUUTUH psii KOTHITUBHUX MEXaHI3MiB.

3) ckaHyBaHHS (sensing) poOOYOTO CIEKTPa YacTOT;
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J03BOJISIE BUSBIISITH 3alHSTI KaHANM, 1Sl Mpoleypa MPOXOJUTh B OOOB'SI3KOBOMY
NOpSAAKY TpU iHimiamizamii mepexi. Takox iHpopMallis Mpo YacTOTH MEPIOTHUYHO
OHOBIIIOETHCS MPU POOOTI CUCTEMH. Y TIPABIiHHA CKaHYBaHHSM 3]IIHCHIOETHCS 0A30BOIO
CTaHIli€l0, fKa HE TUIBKM TIOCHUJIA€ VMPABIAOYl KOMAHAM Ui KOpHCTyBaya
YCTaTKyBaHHS, a i cama BUPOOJIsie pO3BIJKY CIEKTpa 1 MOIIYK HOBUX a0OHEHTIB. Taka
CHCTEeMa J03BOJIIE€ aKTyaJbHO MiATpUMAaTH 1HGOpPMAIlI0 Mpo cTaH edipy y BCik 30HI
MOKPUTTA 0a30BO1 CTAHIIT 1 CBOEYACHO KOH(ITYPYBAaTH MEPEKY.

4) peectpallis Ta BiJICTE:)KCHHS KOPUCTYBAIIbKOTO 00IaJHAHHS;
Peectparisi Ta BigcTexkeHHS - HEOOXiaHA Il e€(EKTHBHOI OpraHi3allii 4aCTOTHOIO
MPOCTOPY 1 MIBUJKOTO MiJKIIOUCHHSI HOBUX a0OHEHTIB /10 MEPEXKI.

5) equHa 6a3a JaHUX JIIEH31IMHUX KOPUCTYBaUiB;
€elnHa 0a3a JaHWX - Jlana3oHy CHOYaTKy 3amodirae podoTy Mepexkl Ha MOCTIHHO
3aHATUX MICHEBUMH CIy:k0aMHu a00 perioHaIbHUMHU TENEBI3IMHUMU KaHaJlaMu
JacToTax.

6) reoJioKarris;
JI03BOJISIE  JII3HATHUCS PETIOH PO3MIMICHHS 1 Mo 0a3i JaHWUX BU3HAYMTH, SIKI KaHAIA
3aiHATI B KOHKPETHIA MICIIEBOCTI, & TaKOX O0O0paTu ONTHUMAIbHUN MapupyT s
nepenayi
naketiB iHpopmariii. B pamkax cnenudikamii mepeadadaeTbcs 3aCcTOCOBYBATH
CYIIyTHUKOBE a00 Ha3eMHE NO3ULIOHYBaHHA. J[Ji1 CyNMyTHHKOBOrO TeoJIOKAIil Yy
KOXXHOTO aboneHTa Oyzne posramoBaHo GPS-obnagnanns. Iadopmartis mpo
MICII€3HAXO[KEHHS TIepelacThcsl Ha 0a30By cTaHIlio o nmporokoay NMEA 0183. Ile
TEKCTOBUI MPOTOKOJ 3B'S3KYy MOPCHKMX HAaBITaIlifHUX CHCTEM, TIOBCIO/IHO
3actocoByeThbCs B GPS.

7) MexaH13M CIIJIBHOTO CIIBICHYBaHHS (coexistence) CUcTeM;
nepeadavae opraHizailito CleKTpa, Tak o0 CTaHIapT He BHOCUB IMEPELIKOIA B pOOOTY
JIEH31MHUX KOPHUCTYBadiB, a TaKOXX OpPraHi3oByBaB BHYTPILUIHBO CHCTEMHE

paH)KyBaHHS aOOHEHTIB B po0OUiil CMYy?3I.
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1.4 Ornspg aHTeH, 3 AKUMH IIPaLOe CTAaHAApT

Mepexka npuszHaueHa gk A poOOTH 3 mpodeciitHuMu PikcoBaHUMH 0a30BUMHU
CTaHIIISIMU, TaK 13 MOPTaTUBHUMU (200 PiKCOBAaHUMM ) MPU3HAYCHUMH JJISI KOPUCTYyBada
TepMiHamamMu (Moaemamu). JIJIss OXOTUIEHHsS BEJIWKHX TUIOII HEoOXigHI BIATOBIIHI
MOTY)XHOCTI CUTHaIB. Y creurdikaiii nependavyaerses, U0 IS MOKPUTTS 30HU 3
paxiycom B 30 KM 3Ham0OWThCS MOTYXHICTh BUMpOMiHIOBaHHS B 4 BT Ha 06azoiit
CTaHIII AJIs [IUX LJIEH pO3MIILyeThCSl HEHApaBieHa aHTeHa, 11100 pIBHOMIPHO MOKPUTH
CUTHAJIOM BciO0 Twuionry. [Ipu HEOoOXiTHOCTI 130TPONMHY aHTEHY MOXHA 3aMIHUTH
cekTopHow. Taka koH@irypaiisi 103BOJUTh €(EKTHUBHIIIE OXOIUTIOBATH 30HY 3
HEPIBHOMIPHUM PO3MOA1JIOM aOOHEHTIB 3a IJIOMICI0 a00 31 CKJIAJHUM PO3MIIIECHHSIM
JEKUTbKOX 0a30Bux craHmiii. Ha cTopoHl KIll€HTa HaBIMAaKH 3aCTOCOBYETHCSA
BY3bKOHAIpPAaBJICHA AaHTEHA 3 OPIEHTYBAaHHAM Yy 01k 0a30Boi cTaHIlii (a00 6a30BO1 CTaHIIIT
3 MakCHUMaJbHUM CHUTHAJIOM, SKIIO iX JAekuibka). KpiM TOro, B KIIEHTCHKOMY
oOnmagHaHHI € cKaHyroda (sensing) aHTeHa s (YHKIIOHYBAaHHS KOTHITHBHHX
MexaHi13MiB. [Ipyu BUKOpPUCTaHHI CYMyTHUKOBOTO IMO3MIIIOHYBAHHS TAaKOX MOXE OyTH
po3mimieHa GPS-anTena.

BaxnuBo po3ymita BingMiHHICTh cTaHgapty IEEE 802.22 Big iHmumx
cneuudikaiiid, ocoonuso Bij IEEE 802.16 (WiMax), 3 skuM HOro 4acto nopiBHIOIOTh.
OcHoBHa pi3HuUIE y Tomy, 1o 802.22 opieHTOBaHWI HAa CLIBCHKI MICIIEBOCTI Ta
Biztaneni perionn. Moro pamiyc 30HM MOKpuTTa B pasm Gineme. Kpim Toro, 802.22 €
MIEPIINM Y CBITI CTAaHAAPTOM, 1[0 BUKOPUCTOBYE KOTHITUBHI TEXHOJIOTIT /ISl CIIUTBHOTO
BUKOPUCTAHHS OINTHMAJILHOTO YaCTOTHOTO Jiama3oHy 1 He moTpedye odopMieHHS

J1IeH31 Ha BUKOPUCTAHHS TIEBHUX YaCTOT.

1.5 Onuc apxitektypu nporokoiny IEEE 802.22

HaiiGinpm BaxkJiuBUMM BUMOTramMu 3 00Ky po3poOHukiB no crannapty IEEE
802.22 Oynu THYYKICTH 1 alallTUBHICTh CUCTEMH, OCKIIBKU OOJIaJHAHHIO JOBOJUTHCS
MpaIloBaTH y CHEKTPI 3 JIIEH31MHUMU a00OHEHTaMH. Y MiJICYMKY CTaHJapT, 1110 OTTUCYE
PHY-(Physical) i MAC-piBui (Media Access Control) mogemni OSI mepexi, orpuman

0COOJIUBY apXITEKTYPY.
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[Tpunuunu opranizamii PHY piBHs

Mix 6a30BOI0 CTaHIIi€l0 Ta O0JaJHAHHAM, MPU3HAYCHUM JJIsi KOPUCTyBaya Ha
¢b13ugyHOMY PIBHI OpPraHi30BaHO JIBOCTOPOHHIN 3B'S30K 3 YacoBuM mojauioM (Time
Division Duplexing, TDD). B Takomy moaisi BXiJHi 1 BUXIJHI JIaH1 MEepenaloTbcs Ha
OJIHIM YacTOTI, ajie B Pi3HI MPOMDKKH Yacy. SIKII0 MOTpiOHO 3MIHUTH HPIOPUTET MO
MIBUAKOCTI, TO HEMAE HIYOTO MPOCTIIIE - JOCUTh MPOAOBXKHUTH BUIUICHUN 4Yac aJis
OJTHOTO MOTOKY JaHUX 1 CKOPOTHUTH ISl 1HILIOTO.

Ax  TpaHcnopTHHl MexaHI3M y  802.22 BHUKOPHCTOBYETHCS TEXHOJIOTIS
MYJbTUIUIEKCYBAaHHS 3 OPTOTOHAJIBHUM  YacCTOTHO-YaCOBUM  TOJIIJIOM  KaHalliB
(Orthogonal Frequency Division Multiplexing, OFDM). Amnanoriuga cxema
3actocoByeTbes y WiMax. CyTh ii momjsirae 'y ToMy, L0 JACSKHUNA TOTIK JaHUX
PO3IUIAETbCS MK JICKUIbKOMA CHelialbHUMKM YacToTamMu. KodkeH MinoTOKIB
MOAYJIIOETHCA 3@ CBOEIO CXEMOIO.

VY crnenudikarii nepeadauyeHo TpU BUIM CXEM MOJIYIIAIII: KBajpaTypHa (a3oBa
Maninynsmis (Quadrature Phase Shift Key, QPSK), kBampatypna ammitygHa
MaHImyJsis mopsaxky 16 164 (Quadrature Amplitude Modulation, 16 QAM 1 64 QAM).
CxeMu BiZIpI3HSIOTHCS MK COOOI0 KUTBKICTIO 1H(OpMAIIii, SIKy MOXHA MepeIaTi OJTHUM
CUMBOJIOM. Ta 4 1HIIIA cXeMa MOJYJISILIT OOMPAETHCS BUXOIA4YM 3 YMOB nepenayi. Yum
BUIIIE INBHUJKICTh Mepefadi, TUM HIDKYE i1 HaAIMHICT, (TUM BUIA WMOBIPHICTH
BUHUKHEHHSI MOMUJIKH). ToMy $KIIO aOOHEHT Mepexi pOo3TallOBaHUl JaneKo BiJ
0a30BOi CTaHIII] 1 piBEHb CUTHATY MiJ Yac 3B'A3Ky HE Jy>Ke BUCOKUM, TO Kpallle 3MIHUTH
cxemy Mopyusiii, Hanpukiaax 3 16 QAM Ha OinbIl OBUIBHY, ajie 3aTe CTAOUIbHY
QPSK. Cucrema nocTiiiHO afanTyeTbesl, 1 Il KOKHOTO KOPUCTyBaya MPOBOJUTHCS
OaaHCYBaHHS ONTUMAJILHOTO PEXUMY M1k IIBUJIKICTIO 1 3aBaIOCTIHKICTIO.

BaxsmmBum g craHgapty € ocoonmmBicth OFDM  mpotumiatu
OaraTonpoMeHeBOMY MOLIMPEHHIO. Jlannii eekT BUHMKAE TTPU HASIBHOCTI1 SKUX-HEOYIb
NEePeIKo] MK 0a30BOI0 CTaHILi€0 1 a0oHeHTOM. CHUrHan Moxe BUIpoOyBaTH OaraTto
BIIOUTTIB BijJl pI3HOMaHITHMX O0O0'€KTiB. B KiHIIEBOMY paxyHKYy A0 NPUHMAJIBHOTO

MPUCTPOIO MPUXOIUTH HE OJUH CHUTHAJ, a KUIbKa 3 JESKOIO0 3aTPUMKOIO, IIO0 MOXKE
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IMPUBECTH 10 MIKCUMBOJIbHOI 1HTepdepenitii. [Ipotu uporo y OFDM 3acTocoBYyIOTH
CHeIiaJIbHy BCTaBKY, TaK 3BaHUM HUKIIYHUI mpedikc.

s Oubin ctabinpHOT podoTu y 802.22 nependayeHo BUKOPUCTAHHS KOIB, 1110
JI03BOJISIIOTh KOPUTYBAaTH MOMIIIKH. Y Tomy umcii koau [Mammarepa (Gallager), sxi Ha
JaHUN MOMEHT CTAHOBIIATH Kpallle DPIMICHHs s Tmepemadl iHdopmalii mo KaHaity
3B'A3KY 3 IIyMaMH B OOMEKEeH1H cMy3i.

Jlyia oprasizaiiii JOCTyIy 10 KaHaly 3B'S3KY JIEKUTbKOX aOOHEHTIB OJHOYACHO
3aCTOCOBYETHCS TE€XHIKa 4acTOTHO-4acoBoro nojiuny (Orthogonal Frequency Division
Multiple Access, OFDMA). Ile yHikanbHa TEXHOJIOT4, 1110 JI03BOJISIE BAKOPUCTOBYBATH
JOCTYITHUN YaCTOTHUM MPOCTIp MakCUMaldbHO BUTiIHMM criocooom. OFDMA Bxe
BIJIMIHHO ce0e 3apeKOMEeH IyBajia y Takux cranjaprax, sk WiMax 1 LTE. ¥V mexanizmi
OFDM nocTynHi crieniaibHi YaCTOTH AUIATHCS MK KOPUCTyBadyaMu MEPEXI.

CrnekTpanibHa €(peKTUBHICTD 3a CTAHJAPTOM MOKe BapitoBatucs Bia 0,624 no 3,12
bit/c/Tu. g BenmuumHa XapakTepus3ye MIBHUJIKICTH MEpeaadl JaHUX B 3aJaHid cMy3i
yacToT. YuM BuUllle 3HAUEHHSI, TUM O1IBIIIOI0 TPOITYCKHOIO 3IaTHICTIO BOJIOAIE CUCTEMA,
OJIHAK 31 3pOCTaHHSM CIEKTPaIbHOI €PEKTUBHOCTI 3MEHIITYETHCS 3aBaOCTINKICTD. JlJis
KOMITEHCaIlli HU3bKOT MPOMYCKHOI 3/IaTHOCTI KaHAIy MPU MIHIMAJIbHIA CHEKTPaIbHOI
€(EeKTUBHOCTI BHUKOPHUCTOBYETHCSI METOJIUKA KaHalIbHOTO 00'eqHanHsa (channel
bonding). CyTb METOAMKHN MOJSATAE Y BUKOPUCTAHHI JO TPhOX TEJEBI3IMHUX KaHAIB
OJIHOYACHO, 100 3a paxyHOK mmmpuHU cmyru B 18 (21, 24) MI'n 3a6e3nedyuTu
NPUMHATHY IBUIKICTh NIEpeIayi.

Jlnst  3axucTy JIIEH31WHUX KaHAIIB HEOOXIAHO BUTPUMYBATH YaCTOTHUM
iHTepBai, MO0 YHEMOXJIMBUTH BHHUKHEHHS Tepemkona. I[llupuHy dYacTOTHOTO
1HTEepBaTy PEKOMEHIYIOTh POOUTH MOPIBHSHHOI 3 ITUPUHOIO OJTHOTO KaHamy. DakTuaHo
HeoOxiqHo Matu y JIBYU / YBU-piana3zoHi nporajivHu UIMPUHOKO BiJ TPHOX KaHAIIB
(omuH 1H(pOpMaLIMHUN TUTIOC JIBa 3aXUCHUX 3 OOKiB) 1 Ouibmie. Lls Bumora mie pas
nigkpecitoe, mo noiiasHo posropTatu IEEE 802.22 y cinbChkili Ta MajiOHACENEHIH
MICIIEBOCTI, A€ €dip BIIHOCHO BUIHHUM.

[Tpu mpoekTyBaHHI cTaHAAPTY, PO3POOHUKHU OyJIM OPIEHTOBAHI Ha T€, 1100 PiBEHb

MPOAYKTUBHOCTI cUCTeMH OyB aHITpoxH He ripie Hixk y DSL. Jlns miporo HeoOxiaHO
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OyJno 3abe3neunTH MBHAKICTh BXigHOTO (downlink) 3'eqnanns (B mexax Jii 6a30Boi
cranIii) 6mm3pko 1.5 MOiT/c, a mBuakicTh BuxigHoro (uplink) 384 Koit/c mus 12
OJTHOYACHO MPAIIOI0YHNX Y MEPEXKi KOPUCTYBadiB. 3a0e3MeueHHs TaKoi IIBUIKOCTI JJIsI
KOPUCTYBaviB BUMAarae, moo0 MpOMyCcKHA 3[aTHICTh KaHAIY IS BXIJHOTO 3'€THAHHS
cranoBuna 1.5 * 12 = 18 M6it/c. Tomy, nipu IHUPUHI CMYTHU TENEBI31HHOTO KaHAIY B 6
MI't (ms CILIA, Benukoi yactuau I{entpanshoi 1 [liBaeHHoi AMepuku Ta SmnoHii, B
1HIIIOMY CBiTI cMyra B ocHOBHOMY 8 MI'1), HeoOXigHa crekTpaibHa e()EeKTUBHICTH
cknana C = 18/6 = 3 6it/(c*I't ). Ha 6a3i nux mpuHIumniB 6ysao chopMOBaHU CTaHIapT,

napameTpu SKOro 3py4YHO 3BeCcTH y Tabmuirto 1.2.

Tabmuusg 1.2 - [Napametpu crangapty IEEE 802.22

Cwmyra xanany (MI') 6, (7, 8)
MynbpTUIIEKCYBaHHS OFDM, OFDMA (uplink)
Mopynsitis QPSK, 16-QAM, 64-QAM
Konysanns 3ropranbHi koau, Block Turbo Code
[Tpomyckna 3aaTHICTh (dOownlink) 18 Mowut/cex
CnekTpanbHa e(peKTUBHICTD 0.624-3.12 out/(c*I'n)
K OpHCTy BB HHLIKA HPOAYKTHBHICTS Downlink: 1.5 M6wut/c Uplink: 384
Koit/cek

Cxema OFDM Oyna mpuiiHsTa O TOTO, 100 3a0€3MeunTH CTIHKY poOOTYy
CUCTEMH B yMOBaX 0araTonmpoMEHEBOTO MOIIMPEHHS 1 CEJIEKTUBHOTO 3aBMHpAHHS
CUTHAJy, a TaKOX Ui 3a0e3MeUeHHs] BUCOKOI MPOMYCKHOI 3JaTHOCTI Ta €()eKTUBHOIO
BUKOPHUCTAHHS CMYTH NMPOMYCKaHHs. B 3aJ1e3KHOCTI B/l pi3HUX YMOB CTaHJApT A03BOJISE
BUKOPHUCTOBYBATH pi3Hi cxeMu MoayJsaiii: QPSK, 16-QAM a6o 64-QAM. Ilpuuomy y
paMKax CTaHAApTy HE BUKIIOYAETHCS aIallTUBHA JUHAMIYHA KOHQMITypailisi MOyl
JUIT  KOHKpETHOro KopuctyBaua. [l 3a0e3nedeHHs HEOOXiTHOT  3asiBJIEHO1
MPOAYKTUBHOCTI, CTaHaapToM Oyna BBeneHa cucrema «Channel Bonding» (kaHanbhe

3'eqnanHs). [lana cucrema Jae 3MOTry BUKOPHCTOBYBATH JJisl Tiepeaadi OiIbII OAHOTO
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TEJIEBI131MHOr0 KaHay 3a pa3, 1100 3a0e3rmeunTh NOTPiOHY MPOIYCKHY 3/1aTHICTD. Lle €
MOJIUBUM, 3 TIPUYUHHA TOTO, IO JYXKE YacTO y PI3HMX KpaiHaX MDK KaHaJIaMmH, IO
BIIIAIOTh 3aJMINAIOTh 2 1 OUIbIIE BUILHUX KaHATIB, 00 MO30YTHCS IEPEeXpPECHUX
nepemkoa. Ha mpakTuiii mepeadadaeThesi 0OOMEXUTHCS 3 BITbHUMH KaHATAMH.

[Mpunuunu opranizamii MAC piBHs

PiBenp kepyBanHs ngoctynoM g0 cepenoBuma (Media Access Control)
OpraHi3oBy€ ajapecallifo 1 KOHTpodb nocTymy ao Mmepexi. MAC, 3acHOBaHMA Ha
KOTHITUBHUX TEXHOJIOT15IX, TOBUHEH MATH JyK€E IMHAMIUHY 1 THYYKY apXiTEeKTypy, 1100
OMEepaTUBHO pearyBaTd Ha 3MiHM B Mepexi. Jus oOominy nanumu B 802.22
BUKOPUCTOBYIOThCA cynepdpeiimu (superframe). TpuBamicts ogHOTO cynepdperima
ckimagae 160 mc. Ha mouaTky KOXKHOTO cymepdpeiiMa posTaiioBaHa CIieliajbHa
npeamOyna (preamble) 1 KOHTPOJIBHUI 3arojIoBOK cymnepgpeiima (superframe control
header, nam - SCH). 1o ko’)xHOMY 3 TOCTYIHHX 1 BIANOBIJIalI0Th YCIM BUMOTaM KaHaJIIB
0a3oBa cTaHIlig MocuiIae cynepdpeiimu. AGOHEHTH, 110 3HAXOAATHCS B 30H1 JIii1 CTaHIIIi
1 e He MIIKIYEHl J0 Mepexi, '"cilyxaroTh" BUIbHI KaHAJIU Ha HAasBHICTb
cynepdperimi. OTpumaBiim gaHi, aboHEHTChKe oOnanHanHs BuTsArye 3 SCH Bcro
HeoOx1Hy 1HpopMaIliro s 1HiIiami3aiii MmepexeBoro 3'ennanns. Koxen cynepdpeiim
ckianaetbess 3 (perimiB (frame). TpuBanmicth ogHOro Kaapy craHoButh 10 wMmc,
BIJIMMOBIAHO B oHOMY cynepdperimi 16 dpeiimiB. OpeliMu € 6e3rmocepeTHIMU HOCIIMHU
TaHUX.

[rimianizamis mepexi B 802.22 ckiaaHilie, HK B IHIIMX O€3MPOBITHUX MEPEkKaXx.
Bce ycknagHioeTbes TUM, 10 HEMAa€e CIIOYaTKy TIEBHOTO KaHAITy 3B'sI3Ky. TakuM 4uHOM,
oOJagHaHHIO, TTPU3HAYECHOMY JIJII KOPHCTYBada CIIOYaTKy HEOOXiTHO MpPOCKaHyBaTH
CITKYy YacTOT 1 CKJIACTH KapTy BChOro jianazoHy. [IoTiM y BUIBHUX 1 BIANOBIAHHUX
nporanuuu mykatu SCH 6a3ogiii cranuii. [Ticas Toro sk SCH 6yne orpumanuii, Mmojiem
aboHeHTa Jae mpo cebe 3HaTH 0a30BiMl CTaHIIi 1 3aJIMIIAETHCS B KaHalll HA 4Yac il
cyneppperima. Skmo 3a 1eil yac MoJIEeM OTPUMYE BIATOBIAb, TO BiAOYyBa€eThCA
1HImami3amis 1 miakIodeHHs 10 Mepexi. [licis BcTaHoBIIeHHS 3'€fHaHHS 1H(OpMAITisS

PO CTaH KaHaJliB BIAMPABISIETbCA HA OA30BY CTAHIIIIO.
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Sk roBopwiiocs BUIIE, IMijJ 4yac poOOTH B Mepexi 0a3oBa CTaHINS MEPIOAUIHO
MOCHUJIa€ KOMaH/IM aOOHEHTChKOMY OOJIQHAHHIO JJISl 3allyCKy CKaHYBAaHHS Jl1alla3oHy
Ha HaAsSBHICTH JIIEH3IMHUX KOpUCTyBaudiB. [Ipu 1bOMy ICHYIOTH PI3HUX aJTOPUTMH
CKaHyBaHHsI, sIKI BU3HAYAIOTh TPAHUYHUMA PIBEHh CUTHAIY B KaHAJll, YaC CKaHYyBaHHS,
Jiana3oH, WMOBIPHICTh BHUSIBICHHS MOMWJIKOBOI TPUBOTH. ICHYIOTH TMEBHI MOPOTOBI
3HAQYCHHS CHUTHAJIB, TPH SKUX BOHM OyAYTh IHTEPHPETYBATUCA SK JHICH31MHI
KopucTyBadi. Bei 1l mapaMeTpu BIUTUBAIOTh HA YCIIIIHICTH OTPUMAHHS OCTOBIPHOI
YaCTOTHOI CITKM B perioHi. ba3oBa craHilisi MOXKe pO3MOIUISATH HABAHTAXKEHHS MIX
a0OHEHTaMM TPU CKaHYBaHHI YaCTOTHOTO CHeKTpa. SIKII0 OCHOBHa 0a30Ba CTaHIsS
JIOBIO "MOBUYHUTH", TO TO1 aDOHEHTChKE 00IaJHAHHS TyKAa€ MasiKy BiJ1 1HILIOI CYyC1AHBOT
CTaHIlli 1 B pa3i yCHIIIHOTO MOIIYKY MiJKIIOYAaE€ThCa 10 Hei. MoJientoBaHHs Mepexki
MOKa3aJio, IO HaBiTh MPU BEIMKOMY CKYMYEHHI MOpYdY pO3TAIIOBAHUX CTaHIIH
TepMiHAIXM AaOOHEHTIB IUBHJKO PO3NOAUIAIOTBCS MK HUMHU. B pe3ynbrari
HAaBaHTA)KEHHS Ha 0a30Bi CTaHIIIi CTa€ ONTUMAIBHOIO.

Bumoru po3poOHUKIB MO THYYKOCTI apXITEKTYpU CTaHIAPTYy MOPOAUIIU P
HOBUX TIpoOJieM, III0 HaKJIajJo TIeBHI BUMOTM Ha CTPYKTYypy Ta MPUHIUIN
(GyHKIIOHYBaHHS MPOEKTY, B ToMy yucii 1 Ha MAC piBHI. Y mepiny 4epry BUHUKIN
poOJIeMU 3 IHILIaTI3aI€r0 1 BXOAOM B Mepexy. CyTh Mpo0JieMaTUKH MOB'I3aHa 3 TUM,
110 B MEPEX1 BiICYTHI# (pikcOBaHUI KaHAJI, a TAKOK HEMA€ MOKIIMBOCTI ITOCIATH IMJIOT-
CUTHAJ JJisl TIOIIyKy Mepexi (kaHaiy). ToMy, CloYaTKy JTOBOAUTHCS CKaHYBaTH BECh
YaCTOTHHUM Jianma3oH JUIsl BIICTEKEHHS JOCTYNHHUX BUIBHUX KaHaJiB, a MOTIM BXE B
3HalaeHOMY BiA(QIILTPOBAHOMY YaCTOTHOMY Jiana3oHl MPOBOAUTH CKaHyBaHHS
M1JIOTHUM CUTHAJIOM 0a30BHX CTAHIIIH, 1 BXKE MOTIM MIAKIIOYATUCS 10 MEPEXKI.

Crnenudika craHgapTy BUMarae 1 IeBHY oprasizaiiiro ooMiny iHdopmartiero. Jlis
3a0e3MeueHHs] Tepedadyl  JaHuX MDK  KOpUCTyBadeM 1 0a30BOI0  CTaHIIIEIO
BUKOPUCTOBYETHCSI JTYTUIEKCHUM 3B'SI30K 3 yacoBuM mnonauiom kaHaii (TDD). Lle
HaWO1IBII ONTHMAaJIbHA CXeMa, OCKITBKH HEOOX1JHUM BChOro 1 KaHa JJis OOMiHY, IO
MPOCTIIIE JIsi KOHTPOJIIOBaHHA Ha BiAMIHY Bif Toro sk FDD (yacToTHe po3mineHHs ), a
TaKOXX J103BOJISIE TMHAMIYHO 3MIHIOBATH MPOIYCKHY 3AAaTHICTh BXIJHOTO 1 BUX1JAHOTO

moTokiB. [l Takoro pomy mepenadyi BUKOPHUCTOBYETHCS 0OcoOimBa (ppeiiMoBa
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CTpyKTypa naHux. B pamkax cranaapty BBouaTh (peiimu (Frames) i1 cynep-dpeiimu
(Superframes).

- TpUBAIICTh cynep-bpeimy: 160 Mmc ;

- TpuBaJiCTh Kanapy: 10 mc ;

- KOJKEH cynep-ppeiM ckinamnaeTbes 3 Gpeimis;

- cynep-bpeliMu 3a6e31euyoTh TTOBHY CHHXPOHI3allil0 BCl€i poOOTH Mepexi,
30KpeMa BOHHU 3a0e3MedyloTh 1HIIIaIi3aliio JOCTYIy A0 Mepexi 1 BXiq B Mepexy. Ha
MOYaTKy KOKHOTO cyrep-ppeiimy € npeaMmOyiia i KepyruHii 3arojioBoK cymnep-ppeimy
(Superframe Control Header), abo xopotko SCH. 3aronoBok i npeamOyia MiCTITh B
c001 BCIO HEOOX1HY 1HPOPMAIIitO JJIsl BCIX HOBUX A0OHEHTIB, SIK1 XOUYTh M AKIIOUUTHUCS
1o 0a30BoO1 cTaHIii ;

- KOKeH (peiiM noauseThes Ha Ba miadperimMa: Bxigaui (downlink sub-frame
(DL)) 1 Buxiguuii (uplink sub-frame (UL)). Kopnon Mix aBoma miadpeitMmamMu Moxe
3MIHIOBATHUCh B 3QJICKHOCTI BiJl HEOOX1THOT MPOMYCKHOI CIIPOMOKHOCTI |

- xkoxeH ¢peiim mictuth CBP (Co-existence Beacon Protocol) maket, sikuii
MICTUTBH B OOl TeXHIYHY 1H(GOPMAIIIIO PO MEPEXKY, HAIPHUKIIAI, T€0-TIO3UIIIs, BUIbHI
KaHaJIM, KOMaHIHu BiJ 0a30BOi CTaHIlT KJIIEHTAM 1 T.]I.

3pemroro, craHaapt OyJio CHPOEKTOBAHO TAaKUM YHWHOM, 100 YyHUKaTH
KOH(DJIIKTIB 3 ICHYIOUMMH KaHajaMd TEJIEMOBIICHHS, a TaKOX IHIIUMHU CHUCTEMaMU
paaionepenad B JIaHOMY 4YacCTOTHOMY Jiama3oHl. B pe3ynbpTari, cucrema BHUMIILIA
aJanTUBHOI, 3aB/IIKH BUKOPUCTAHHIO KOTHITUBHUX TEXHOJIOTIH, 110 TaKOX JIa€ 3MOTY
Mo30yTHCS PI3HUX TMEPEenIKo] 1 3MiH B TOIIUPEHHI PaiOXBHWIIb, SKI TEPIOTUIHO
BUHUKAIOTh HA TIPAKTHII].

Crangapt miarpumye pizHi cuctemu QoS, siki HaBeeHB B Tabmuil 1.3

Tabmuug 1.3 - Cucremu QoS s cranpapty IEEE 802.22

QoS JI0IaTOK
UGS VoIP, T1/E1
rtPS MPEG video streaming
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nrtPS FTP
BE E-mail
Contention BW 3amutu i 1.1,

Crenudikamis cranaapty IEEE 802.22 npocra i nerka y po3yMinHi. Po3poOoHuku
HaMaraiaucs 3poOWTH HANOUIBII ONTHMANbHY TEXHOJOTII0 OOMIHY JaHUMH IS
B1JIHOCHO BEJIMKUX BIJICTAHEH 1 MPUUHATHUX IIBUIKOCTEH repenayl. Y HIKaJIbHHM IT1IX17]
3 BHUKOPHCTAHHSIM KOTHITUBHUX METOJIIB pajionepenadl JJ03BOJIsIE€ W€ Ha eTarl
NPOEKTYBaHHS CTaHIApTy NO030yTHCs BiA psagy mnpobieM, y TOMY YHCHI Ha
3aKOHOJIaBUOMY PpiBHI. 3BHYAlHO, HE BapTO OYIKYBAaTH MOBHICTIO 0€3 JIIEH31MHOTO
MOIIMPEHHS TEXHOJOr1i, IpoTe crnerudika poOOTH MPUCTPOIB MOBHHHA 3a0€3MEUYUTH
OUIBII MPOCTY IpoIeAYypy JIoKamizamii TexHosorii. IIBuaie 3a Bce mepmmm CTOiTh
ouikyBaTu nosisy npuctpoiB IEEE 802.22 Ha amepuKaHCBKOMY pHMHKY Ha yBa3l BiKe
BPETYJILOBAHOTO MPABOBOTO MUTAHHS.

IEEE 802.22, 110 3'sBUBCS TOPIBHSIHO HEAABHO, IIPUHIC 13 COO0I0 HOBI MEXaHI3MH,
SIKI MOXXYTh JO3BOJIUTH JOHECTH SKICHHM 3B'S30K HABITh Y HAWBIAJAICHIII KyTOYKH
IUTAHETH. YHIKAIBHUM TMIAX1A 10 BUPIMICHHS NHUTaHHS TMPO MO YaCTOTHOTO
Jiana3oHy, SSIKM B YKpaiHi CTOiTh rocTpo, Moxke 3pooutn 802.22 HalMmomMpeHIuM
CTaHIAapTOM OE3MPOBITHOTO 3B'SA3KY ISl TMOKPUTTS BeNWKHX Twionl. J[ns mporo
3aCTOCOBYIOTHCS MIPUBATHE CKAHYBAaHHS pOOOYOro JMiama3oHy, MOCTIMHUN MOHITOPUHT
Ta BIJICTEXKEHHS 3MIH, a TaKOX TMpoIeaypa CHUIBHOTO BUKOPUCTaHHS CIHEKTpa 3

TIEH31MTHUMU KOPUCTYBauyaMHU.
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2 PO3POBKA METO/IUKU [TPOEKTYBAHHS CUCTEMU
KOTHITUBHOI'O  PAJIO3B’S3KY 3 PO3PAXYHKOM  MEPEXI I
CUIBCBKOI'O PAMOHY

OCKinbKH y JaHii TUIUIOMHIN po6oTi posrisgaetses npotokon IEEE 802.22,
OCHOBHE TIPU3HAYCHHS SKOTO 3a0€3MEeUeHHs BHCOKOIIBHAKICHAM JIOCTYIIOM JIO
[HTEepHET MENIKAHINB CUIBCHKUX Ta MaJI03acelIeHUX paioHIB, IIJIKOM JOPEYHO
PO3pPOOUTH KOTHITUBHY PaJllOMEPEKY JJI CLITLCHKOTO palioHy.

Ls Mmeperxa Oyne OymayBaTucs jJuis JlepradiBcbkoro paiiony XapKiBChKoOi 001acTi.

2.1 Meroauka 4YacTOTHO-TEPUTOPIATHHOTO Ta MEPEKEBOrO0 MPOCKTYBAHHS
KOTHITUBHOI paiioMepexi

Po3poOka MeToIMKN MPOEKTYBaHHS KOTHITUBHOI pajloMepexi BKIIOYA€E B cede
psan ocobnuBocTel Ta (akTtopi sKI MOTPIOHO BpPaxOBYBaTH IMpPHU MPOEKTYBaHHI
MepEexI1, Kl BiIOOpakeH1 Ha PUCYHKY 2.1

Jns 3abe3neueHHs] CUThCHKOTO HACeJISHHS BHCOKOIIBHIKICHHM JOCTYIIOM JI0
Mepexi [HTepHeT HeoOX1THO BUKOHATH IEpPeliK 3aBAaHb :

- MPOBOJMMO PO3PaXyHOK NOTEHILIIITHUX AOOHEHTIB JUIsl JAHOTO pailoHy. ICHYIOTh
PI3HI MOJIeNl CTUTRHUKOBOTO TuIaHyBaHHs. Haitbinbmn Bimomi 3 Hux: Okamypa-Xara i
Bondim-Ikerami. Mu Bubpanu SUI (Stanford University Interim), sika € moaesuio
gacToTHO-aanToBanoi 10 4 I'T. Ha BigmiHy Big iHIIUX MojaeNeH, siKi BPaXOBYIOTh
oynisini, SUI mae tpu pizaux npodimto miceBocti: A, B 1 C. Tlpodine A npusnaueHuit
JUTSL BEJIMKUX BTPAT, 10 BKJIIOYAE TOPH, TYCTY POCIMHHICTD Ta 1H. (ayie He Oynisimi). B -
utst cepenHix BTpat 1 C - 1y1sl He3HaYHUX BTPAT (HAIPUKIIA] BIAKPUTA MICIIEBICTb).

- IPOIIEC MIAHYBaHHS PaJlOMEpPEeKl CKIAJAEThCS 3 IBOX €TallIB:

a) hbopMyBaHHS MaKCUMAJIbHOI IO TOKPUTTS;

0) 3a0e3neueHHsT HeOOX1THOT EMHOCTI.



< ITouarox >

Bubip cnocoby Ta peanizarist UTII
KOTHITMBHOI pajJiioMepexi

UTTII mepexi

Po3paxyHOK npomyckHoO1
37aTHOCTI, pO3paxyHOK
KIJIBKOCTI MMOTEHIIHHUX

aOOHEHTIB MEepexi

Bubip o61agHaHHs
TPaHCIIOPTHOT MEPEexIi

Bubip Tonomnorii
IIPOEKTOBAHOI IIEPBUHHOL
MEpEexXi 3B’ SI3KYy

CuHTe3 KUIBIIEBOI TOMOJIOTT
MIPOEKTOBAHOT MEPEkK1 3 MIHIMAITBLHOIO
CYMapHOIO JOBXHUHOIO pebep

Bubip Tonomorii mpoeKToBaHO1
MEpeKl Ha OCHOBI1 aHaJ13y KUIbKOCTI1
U(GPOBUX MOTOKIB, IO MPOXOJATH I10

KOXKHOMY 13 CETMEHTIB MEPEexXI1

Po3paxyHOK TOBXHUHU TUTSTHOK
pereHepariii 1 KIIbKOCTI
peresepaTopiB

< Kineus >

Pucynok 2.1 — Anroputm peasnizaiii METOAUKH MPOESKTYBAHHS MEPEKi

27
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- TUTAaHYBaHHS pajioMepexi OyJe MPOBOIUTUCS B CUIbCHKIM MICLIEBOCTI, a IIe
Oo3HaJyae, MO IIUIBHICT a0OHEHTIB Oyae HeBHCOKa 1 0a30Bi CTaHIi TOBUHHI
BCTAaHOBITIOBATHCS HA MaKCUMAJIbHOMY BUIAJICHHI OJMH BiJl OJHOTO 3 METOIO 3aKPUTH
SIKOMOTa OUTBIITY TEPUTOPIFO.

- yCTaTKyBaHHS TPAHCIOPTHOI MEPEXi CHiJ BUOWpATH, B TEPIIy UYEPry
Kepyrounch ocobmuBocTsaMu TexHojorii LTE, mo Haiikpamie BigoOpakae >KOPCTKi
BUMOTH JI0 peasi3allii TeXHOJIOTil KOTHITUBHOTO pajio, a TaKk caMo, 100 aHe
YCTaTKyBaHHS BIAMOBIIAI0 BUMOTaM HAJIAHOCTI, BIAPI3HAIOCS €(EeKTUBHICTIO,
THYYKICTIO, KOMITAKTHICTIO, BOJIOJIUIO IIMPOKUM HAOOpoMm (GYHKIIHA 1 3aI0BOJIBHSIIO
MOHSTTIO «IIHA - AKICTHY. | '0JIOBHOIO YMOBOIO IpH BHOOP1 00JIaJHAHHS TPAHCIIOPTHOI
MEpexXi € HajliiHa nepejavya JaHWX KOPUCTYBAYiB 3TiJHO PO3PAXOBAHOI MPOIMYCKHOT
3IaTHOCT1 MEPEXKI.

- HaOLIpII XapakTepHOo Tomnosorielo Mepexk SDH e kinblieBa TOMONOrisA, TpH
3HAYHIA BIMIHHOCTI KUIBKOCTI BXIJHMX Ta BUXIIHMX HU(PPOBHUX IMOTOKIB Y BY3JIax
Mepeki BUKOPUCTAHHS TaKOI TOIOJIOTIT HE 3aBXIW BHUIPABIAHO, TOMY IO MPUBOIUTH
70 3aBHINCHHS HEOOXIJHOI KIMBKOCTI KaHAIIB, IO HIHUPKYIIOIOTH MO KUIBITIO, 1, SK
HACJII0K, 10 HeoOX1AHOCTI BUKopucTanHs SDH mMynbTUIiekcopiB BeJIeHHS/BUBEICHHS
O1IbIII BUCOKOTO PIBHS.

- Jutst BUOOPY TOIOJIOTIT MPOEKTOBAHOT MEPEkKI CIIOYATKy HEOOX1THO BU3HAYUTH

KUIBKICTh BXIJTHUX Ta BUXIJTHUX IU(PPOBUX MOTOKIB (2 MOIT/CeK) sl KOXKHOro By3Ja.

2.2 YacTtoTHO-TepUTOpiaibHe TUIAaHYBAHHS MEPEXKI

JepradiBcbKkuii paifoH po3TalllOBaHO Ha IMIBHIYHOMY 3aX0/11 XapKiBCbKO1 00JIaCTI.
UucenbHICTh HAaCcENIEHH Ha JaHuii 49ac ckianae 96,3 tuc. oci6. Ilmoma teputopii —
omuspko 900 kMm?. PalioH po3TamoBaHO Ha XBUILOBIH piBHUHI, i penabed MicueBocTi
BUXOJUTH 0€3 PI3KUX TepernajiiB BUCOT.

[Tpunyctumo, 1o KiUTbKICTh a0OHEHTIB, 0 KOPUCTYIOThCA [HTEpHET B TaHOMY
pationi ckiagae 40% Bij 3arajabHO1 KUIBKOCTI dKUTEJIIB.

[cHyrOTH pi3HI MOMENI CTUIBHMKOBOTO TUIaHyBaHHs. HaiiOimpIm Bimomi 3 HUX:

Oxamypa-Xata 1 Bongim-Ikerami. Ajie BOHH MOXYTb ONEpPYBaTH YaCTOTAMHU JIUIIE 10
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2 I'Tu, Tomy HaM moTpiOHO 0Opatu iHITY Mojaedb. Mu BuOGpamu SUI (Stanford

University Interim), sika € MOAEIIITIO YacTOTHO-aantoBanoi 10 4 I'ri. Ha BiqMiHy Bix

IHIIUX MOJIENIeH, siKi BpaxoByroTh OyiBmi, SUI mae Tpu pi3zHHX MPpodiIt0 MiCIIEBOCTI:

A, B i C. [Ipodine A mpuszHaueHUil s BEIMKHUX BTPAT, IO BKIIOYAE TOPH, TYCTY

POCTIMHHICTH Ta 1H. (ane He OyxiBimi). B - nns cepeanix Brpar i C - 1151 HE3HAYHUX BTpAT

(HampuKJIaJ] BIIKPUTA MICIICBICTD).

e

Jc

Btpatu B Mmozaeni SUI MmoxHa po3paxyBaTH 3a HACTYITHUM PIBHSHHSIM:

PL =A+10ylog(di)+X + X, +s,d>d,
0

d - BiACTaHb M’k aDOHEHTCHKOIO 1 0230BOIO CTAHIIISIMH B METPaXx;

@2.1)

dy - crangaptHa Bigctanb y 100 MeTpiB; iHIIII TapaMeTpH PO3TISHYTI HUKYE:

A=20log(52),
X =6log (g) ,

—10,8log (%) ,mpodisib A Ta B
Xh = h
—20,0log (?T), npodinb C,

C
y=a—bXhy,+—,
hp
h;, - BUcoTa 6a30BO1 CTaHIIIT B METPaX;
h, - BUCOTa aDOHEHTCHKOI CTaHIli B METpax;

f -4gacrora B I'ri.

3HadyeHHS a, b, ¢ 1 s mpeAcTaBieHi B Tabimmi 2.1

(2.2)

(2.3)

(2.4)

(2.5)



30

Ta6mus 2.1- [Tapamerpu SUI aiist pizaux npodinis

[Tpodine A [Tpodins B [Tpodins C
a 4,6 4,0 3,6
b 0,0075 0,0065 0,005
C 12,6 17,1 20
S 8,2 8,2 8,2

Takox € MOKIIMBICTh PO3paxyBaTy HANOUIbII NPUWHITHY BIACTaHb B1J 0a30BOi

CTaHUli, K QYHKIIIO BiJl MapaMeTpiB epenaBaya 1 npuimMaya:

(PT—LT+GT+GR—LR)—SR—(A+Xf+Xh+S)

Amax = do X 10 1oy , (2.6)
ne  Pp —motyxHicTh niepeaaBaya (nbm);
Lt — BTpatu nepenasayva (1b);
G — KoellI€HT MOCUJICHHS aHTeHHU nepenasayda (1b);
Gr — xoedilieHT MOCWIeHHs npuiiMaya (1b);
Lp — BTpaTu npuiimMaua (1b);
dy — crannaptHa Biactanb y 100 Mm;
Sg — UyTIMBICTb NpUiMaYa.
UyTnuBiCcTh MpuiiMada BUBHAYAETHCS SK:
Sk = —102 + SNR + 101log (§ X f X Z) Q2.7)

ne  f —mnonoca nponyckanusa (MIm);

SNR — CriBBIJHOIIIEHHS CUTHAJI/IITYM.

Ji1s po3paxyHKiB Oy1eMO BUKOPUCTOBYBATH aJallTUBHY MOYJISIIIIO, 1[0 O3HAYAE
MOXJIMBICTh BUKOPUCTAHHS HAa OAHIN COTI PI3HI CXEMH MOIYJAIII B 3aJIEKHOCTI Bij

SNR. 3nauenns SNR B 3aneXHOCTI BiJ cXeMH MOIYJIAIIT HaBeAeH1 y Ta0nui 2.2.
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Tabnuis 2.2 - 3anexHicTb 3HaueHHs SNR Bij cxemMu MOy sl

Cxema Minimanpanii SNR (1b)
QPSK 9,4/11,2

16-QAM 16,4/18,2

64-QAM 22,7/24.4

€MHICTh MEpEXKI1 3IEKUTD BIJ] CXEMHU MOJTYJIAL1, sika Moxe Oyt QPSK (2 6iT Ha
cuMBoll), 16-QAM (4 61t Ha cumBoI), 64-QAM (6 OIT Ha CUMBON).

Jlnst omepyBaHHS IIBUJAKICTIO Tepenadi HEOOXITHO 3HATU HACTYIIHI JIaHi:
KUIBKICTh CJIOTIB TaliMy Ha OJIMH Tiakajap (2 cioTa Ha TaiiMm), TPUBAIICTh Nepenadi
taiimciioTa (0,5 Mc), KUIbKICTh CAUMBOJIIB B OTHOMY CJIOTI (6 CUMBOJIIB) TaliMa, KUIBKICTh
0IT y CUMBOJII B 3aJIe)KHOCTI BiJ BHJA MOIYJAIIl 1 KUJIBKICTh IIJIHECHUX B OJHOMY
pecypcHomy Oonti (24 miHecH1).

Mo>kHa po3paxyBaTH MIBHIKICTh MEpeaadl CHCTEMH B OJTHOMY CEKTOP1 P JTaHIi

MPOITYCKHIN CIIPOMOKHOCTI:

KIJIbKICTb CUMB.Y IOJKaAPi

Makc. mB./coTa = X (kizbK. 6iT) X (KijibK. migHec) (2.8)

1imc

[amra Bigminna puca IEEE 802.22 WRAN 1e ii QoS. Sk 1 iHmi 6e31poToBi
texHoJorii, IEEE 802.22 WRAN no0ynoBaHna, o0 o0po0sisiTi pi3Hi TUIH Tpadiky,
JIesIK1 3 HUX BUMAraroTh OUTBIIIOT CMYTH TIPOITyCKaHHS (Taki K Bif€o) 1HIII MOTPeOyIOTh
MEHIIOT cMY31 (TaKl SIK eIeKTpOHHA noiuTa). Tomy M OyIeMO BECTH Hallll PO3PAXYHKU
JUTsL pI3HUX BUAIB Tpadiky s aboHeHTiB. Po3paxyemMo npodiias KOpUCTyBadiB HaIIOq
Mepexi. ByneMmo BBakaTu, 110 TpeTUHA Bij yCi€i KIUTBKOCTI aDOHEHTIB OYyTh CKJIaiaTh
KOPHOPATUBHI KJIIE€HTH, a 1HIIY YACTUHY aOOHEHTIB - 3BUYAIHI JJOMAIIHI KOPUCTYBayi.

3HadeHHs 0ITOBUX HOPM HaBeJeH1 B Tabmwii 2.3.
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Cmyra mpomyCcKaHHS/KIJTbKICTh
Monymsmist i | it Ha | Bukopucran | miIHECHUX
KOJIyBaHHS cuMmBoi | HI MIMO 3MI'n |5MIn 10 MI'r | 20 MI'n1

5/180 25/300 | 50/600 | 100/1200
QPSK 2 1 OJIMH IIOTIK 2,2 3,6 7,4 14,4
16-QAM 4, 2 OJIMH IIOTIK 4,3 7,2 14,4 28,8
64-QAM ¥4 3 OJIVH ITOTIK 6,5 10,8 21,6 4372
64-QAM ¥, 4.5 OJIVH ITOTIK 9,7 16,2 324 64,8
64-QAM ! 6 OJIMH MOTIK 13,0 21,6 4372 86,4
64-QAM ¥, 9 2,2 MIMO 19,4 324 64,8 192,6
64-QAM ! 12 2,2 MIMO 25,9 43,2 86,4 172,8
64-QAM 1 24 4,4 MIMO 51,8 86,4 172,8 345,6

3HaudeHHs mapaMeTpiB i po3paxyHKy BTpat y mojeni SUI naseneni y tadm. 2.4

Tabmuusg 2.4 - [MapameTpu 115 po3paxyHky BTpat y Mmozeni SUI

IMap - p dopmyna 3HaueHHS
. o] <4 X 314 % 100> a6
o8 0.15 ’
2
X 6log (E) 0
15
Xn (A,B) —10,810g( : ) 135
15
Xx(C) ~20,0 log( . ) 25
y(A) 4,6 — 0,0025 x 40 + 4(’) 4,62
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ITap - p ®opMmyina 3HavYeHHS
y(B) 4,0 — 0,0065 x 40 + 4(’) 4,168
20
y(©) 3,6 — 0,005 x 40 + 70 3,9
8 3
Sk 102 + 24,4 + 101og (7 x 10 X Z) 68,27
100 x 10
Aimax(A) y (46 — 1422+ 20—1) + 68,27 — (78,46 + 1,35 + 8,2) | 2716
104,62
100 x 10
dinax(B) y (46 — 1422+ 20— 1) + 68,27 — (78,46 + 1,35 + 8,2) | 3890
104,168
100 X 10
dinax(C) y (46 —1+22+20—1) + 68,27 — (78,46 + 2,5 + 8,2) | 4677
103,9

2.2.1 Po3paxyHOK TPOIMYCKHOI 3JaTHOCTI MEpeXi, PO3paxyHOK KUIBKOCTI

MOTEHIIWMHUX a00HEHTIB

VY mporeci nuaHyBaHHSI KOTHITUBHUX pajiiomepexk Ha ocHoBl TexHouorii LTE €
P BIAMIHHOCTEM BiJ Npolecy IUIAHYBAaHHA I1HIIUMX TEXHOJOTIH Oe3MpoBOJAOBIO
pamiomoctymy. [0loBHa BIAMIHHICTR - 1€ BHUKOPHUCTAHHS HOBOTO  THILY
OaraToctaHIiitHOrO AOCTYyMy Ha 06a3i TexHosorii OFDM, y 3B'S3Ky 3 UMM 3'SBIISIOTHCS
HOBI TIOHATTS 1 3MIHIOIOTBCS QJITOPUTMU TpoeKkTyBaHHA. [Iporec miaHyBaHHS
pagioMepexi CKIATAETHCS 3 JBOX €TalliB:

- opMyBaHHS MaKCUMaJIbHOT IO MOKPUTTS;

- 3a0e31eueHHsT He0OX1THOI EMHOCTI.

[TnanyBanus paniomepexi LTE 6yne mpoBoauTuCs B CLIbCHKil MICIIEBOCTI, a 1€

O3Hauae, 10 NIUIBHICTH a0OHEHTIB Oyje HeBHCOKa 1 0a30BI CTaHIl TMOBUHHI
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BCTAHOBJIIOBATHCS HA MAaKCUMaJIbHOMY BUIAJICHHI OAWH Bl OJHOTO 3 METOIO 3aKpUTHU
koxkHOi eNB sikomora Oinbiry TepuTopito. Y 3B'SI3KY 3 UM MNOTpiOHO mimiOpaTH
BIIMOBIAHUN YacTOTHUM fiama3oH. B gaHomMy Bumaaky TMOTpPIOHO KepyBaTHCS
MIPaBUJIOM, IO YUM HUXKYE YACTOTA, TUM JaJi MOIMTUPEHHS PaliOCUTHAITY.

[IpomyckHy 31aTHICTD, 200 €MHICTB, MEPEXKI OIIHIOIOTh, 0a3yIOUHCh Ha CePEaHIX
3HAYEHHSX CINEKTPaJIbHOI €PEKTUBHOCTI CTIILHUKH B TIEBHUX YMOBaX.

CrexTpanbHa €)eKTHBHICTh CHCTEM MOOTBHOTO 3B'SI3KY SIBJISIE COOOIO TTOKA3HUK,
00YHMCITIOBAHMM SIK BITHOIICHHS IIBUKOCTI epeaadi qaHux Ha 1 ['1] BUKopucToByBaHO1
cmyru yactoT (0it/c/T'n). CrnekTpalibHa €PEeKTUBHICTh € MOKa3HUKOM e()EKTUBHOCTI
BUKOPHCTAHHS YaCTOTHOTO PECYpCy, a TaKOXX XapaKTepu3ye IIBUAKICTH Tepemadi
iH(hOopMaIlii B 3a/1aHiif CMy31 4acTOT.

CrnekTpanbHa e(peKTUBHICTh MOXKE PO3PAaXOBYBATHUCS SIK BIJHOLIECHHS IBUJIKOCTI
nepeaadl JaHux ycix aOOHEHTIB MEpexi B MEBHIN reorpadiyHiii 00gacTi (CTIIbHUKA,
30Hi) Ha 1 T'm cmyrm wyactor (Oit/c/['/CTUIbHMKA), a TaKOX SK BIAHOUIECHHS
MaKCHUMaJIbHOI MPOMYCKHOI 3IaTHOCTI MEPEXi 10 MHUPUHU CMYTH OJTHOTO YaCTOTHOTO
KaHaly .

Cepenns cniektpanbHa edekTuBHICTh 11 Mepexxi LTE, mupuna cmyru gactot
sakoi gopiBHioe 20 MIm, ans dvactorHoro tumy aymiekcy FDD wHa miacrasi
3GPPRelease 9 nns pizaux koHdpirypamniit MIMO, npencrasiena B Tabmuiii 2.5

Tabmuug 2.5 - Cepeans cnektpanbHa epekTuBHICTh A Mepexi LTE

Jlinis Cxema MIMO Cepenns CIIEKTpajbHa

edexTuBHICTD (01T/ ¢/I'11)

%2 1.254
UL x4 1.829
2% 2 2.03
4%2
DL e 3.43

4,48
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Hns cuctemu FDD cepennst mponyckHa 371aTHICTE 1 cekTopa eNB moxe OyTH
OTPpUMaHa I[UISIXOM MOPSIMOTO MHOXEHHS IIMPUHU KaHAIYy HA CHEKTPaJIbHY

e(EeKTUBHICTb KaHAJy:

R=S-W, (2.9)

ne S - cepemus crekrpanbHa edeKTHUBHICTD (01T/c/I'm);

W - mupuna kanany (MI'm); W =10 MI 1.

Jns minii DL:

RDL =3,43 « 10 = 34,3 MoiTt/ c.

Js minii UL:

RUL =1,829 « 10 = 18,29 M6Git / c.

CepenHst mportyckHa 37aTHICTh 0a30B0i cTaHIlli ReNB o0uncioeTses MUisiXxoM
MHOXXEHHSI TPOMYCKHOT 3JJaTHOCTI OJHOTO CEKTOpa Ha KUIBKICTH CEKTOPIB 0a30BOi
cTaHIIii; yucio cektopiB eNB npuitmemo piBue 3, Toi:

R eNB =R (DL / UL)x3. (2.10)

Jns minii DL:

ReNB.DL = 34,3 « 3 =102,9 M6it/ c.

Jns minii UL:

ReNB.UL = 18,29 « 3 = 54,87 M6it / c.

Hactynmuum eramom Oyne BU3Ha4deHHs KuIbKocTi coT B mepexi LTE ska

MPOEKTYeThCs. sl po3paxyHKy dmcia COT B MEpexi HEOoOXi1HO BU3HAYUTH 3arajibHe
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YUCJIO KaHAJIB, 110 BUAUIAIOTHCS JJIs pO3rOpTaHHS MPOEKTOBAHOI MEpexi. 3arajbHe

YHUCII0 KaHaiB NK PO3paxoBYy€eThCs 3a (OPMYIIOH0:

Nk = [AfX /Af k], (2.11)

ne  AfX - cmyra yactort, BUJIUJIeHa Jijisk poO0TH Mepexi 1 pieHa 71 MI'1r;

Afk - cMyra 9acTOT OAHOTO pajiOKaHaIY;

i pagiokaHaioM B Mepexkax LTE Bu3HavyaeTbCs Take MOHATTS K PECYpCHHI
ook, skuit mae mmpuHy 180 k', Afk = 180 xI'1.

Nk =71000/180 = 395 kanamis.

Jaai BU3HAYMMO 4yrciIo KaHaiB NK.CeK , ke HeOOX1JHO BUKOPUCTOBYBATH IS

00CITyroByBaHHS a0OHEHTIB B OTHOMY CEKTOP1 OJHIET COTH:

Nk.cek = [Nk /(Nkix - Mcek)], (2.12)

ne  NK - 3arajbHa KUIBKICTh KaHAJIB;
NKII - po3MIpHICTh KJIacTepa, 0OpaHe 3 ypaxyBaHHSIM KUIBKOCTI ceKTopiB eNB,
MpUIIMEMO PIBHUM 3;

Mcek - kinbKicTh cekTopiB eNB, npuiinsra 3.

Nk.cex = [395 / (3%3)] = 43 kanana.

Jlani BU3HaYMMO YUCIIO KaHaliB TpadiKy B OJTHOMY CEKTOP1 OJIHI€T cOTU NKT.CEK.

Yucno kanamiB Tpadiky po3paxoBYEThCS 3a (HOPMYIIOLO:

Nkrt.cek = NkT1 xN(k.cek), (2.13)

ne Nktl - uymcino kaHamiB Tpadiky B OJHOMY pajiOKaHalll, SKE€ BH3HAYAETHCS
crarnaptoM paaiogoctyny (st OFDMA Nkrl =1 ... 3); ana mepexi LTE Bubepemo
Nkrl = 1.
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Nkrt.cek = 1x43 = 43 kaHana.

VY BiamosigHOCTI 3 Moxaemwno Epmanra, mpeacTtaBieHoi y BUTIAII rpadika Ha
PUCYHKY 2.2, BU3HAYUMO JOIyCTHME HABaHTAXCHHS B CEKTOPI OJHIET COTH Acex TpH
JOMyCTUMOMY 3Hau€HH1 MMOBIpHOCTI OJIOKyBaHHS piBHOIO 1% 1 po3paxoBaHUM BHUIIE

3HadeHHI NKT.cek. Buznaummo, mo Acex = 50 Epi.

220
200
180
160 t
ti 140
e
S 120 ¢
¥
& 100}
o
Q.
- 80 ¢
60 F -~ 3 .
L MOBIPHICTE
40 1 BiIMOB
20 +
— Pg=0,002
ot — Pg=0,01
— Pg=0,02
A A A A A A A A N d ps=0'05
1 2 6§ 10 20 30 40 50 100 150 200 — p.=0.10

Yucno xagame N

Pucynox 2.2- 3anexHicTh JOMMYCTUMOTO HABAHTAKEHHS B CEKTOPI BiJl YUCIIa

KaHaiB Tpadiky Ta MMOBIPHOCTI OJIOKYBaHHS

KinpkicTh aOOHEHTIB, iK1 OyAyTh 00cmyroByBatucs ojHiel0 eNB, Bu3HauaeThCs

3a (OpMYJIOIO:

Na6.eNB = Mcek - [Acex/Al], (2.14)

ne Al - cepenHs 3a BciMa BuAamMH Tpagiky aOOHEHTChKE HABAHTAXKEHHS B[

onHoro aboHeHTa; 3HaueHHS Al Moxe cranoButu (0,04 ... 0,2) Epn. Tak sk
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ITPOCKTOBAHA MCPECKa IINIAHYETbCA BUKOPHUCTOBYBATHCA [JIA BI/ICOKOIHBI/I,Z[KiCHOFO

oOMiHy iH(opMarli€ro, To 3HaueHHa Al npuitmemo piBauM 0,2 Epn. Takum unHoM:

Nab6.eNB =3 - [50/0, 2] = 750 aboHeHTIB.

Uucno 6azoBux craniii eNB B mepexi LTE sxa mpoekTyerbesi 3HaiiemMo 3a

dbopmyoro:

NeNB =[Na6 / Na6.eNB] +1, (2.15)

ne NaO - KUIBKICTh MOTEHIIHHUX a0oHeHTIB. KUIBKICTh MOTEHIIHHUX aO0OHEHTIB
Bu3HaunMo SK 20% Bl 3arajbHOTO 4YHCIA SKATENIB. 3arajbHE YHUCIIO KUTENIB
JlepradiBcbkoro paiiony XapkiBcbkoi oOnacti ctaHOBUTH 96 300 uonoBik. Takum

YUHOM, KIJIBKICTh HOTEHIIIMHUX a00HEeHTIB ckitaae 19260 ocioO, Tomi:

NeNB =[19260/750] +1 = 28 eNB.

CepenHiO TUTaHOBaHY MPOIYCKHY CHPOMOKHICTH RN mpoekToBaHOT Mepexi

BU3HAYMMO IIUISIXOM MHOXKEHHS KUJIbKOCTI eNB Ha cepeiHio IPOITyCKHY CIIPOMOYKHICTh

eNB. ®opmyna HaOyae BUTTISAY:

RN = (ReNB.DL) + R eNB.UL) - NeNB, (2.16)

RN =(102,9 + 54,87) » 28 = 4415,56 Moir / c.

Jan gamo mepeBipoYHy OIIIHKY €MHOCTI MPOEKTOBAHOT MEpeXki 1 TOPIBHIEMO 3

po3paxoBaHoi. BusHaunmo cepenniii Tpadik omgnoro abonenta B YHH:

Rr.YHH = (Tr - q) / (NUHH - Nn), (2.17)
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ne Tt - cepenniii Tpadik ogHOrO abOoHEHTa B Mics1lb, TT = 30 I'Gaiit / mic;
q - KoeimieHT 1151 CLTBCHKOT MICIIEBOCTI, q = 2;
NYHH - yncno UYHH B nenp, NUHH = 7;

Nz - KiTbKiCTh AHIB Y Micsii, N = 30.

RT.YHH = (30 -2) /(7 - 30) = 0,28 M6iT / cex

Busznaunmo 3aranbhuii Tpadik npoekroBanoi mepexi B UHH Ro6m. / UHH 3a

dbopmyIoro:

Ro6m1. / YHH = RT.YHH ¢ Nakr.a0, (2.18)

ne Nakr.a0 - yuciao akTUBHUX a0OHEHTIB y MEPEK1; BA3HAYUMO YHCIIO aKTUBHUX
a0oHeHTIB y Mepexi sk 80% BiJ 3arajdpbHOTO YHCjIa MOTEHIIMHUMX aboHEeHTIB NAD,

100TO Nakt.a0 = 15408 aO0oHEHTIB.

Ro6mt. / YHH = 0,28 « 15408 = 4314,24 MOoit / cek.

Takum unHOM, RN> Ro6mm1. / YHH. I{s ymoBa nmokasye, 1o nmpoeKkToBaHa Mepexa

He Oyje mijiaBatucs nepeBantaxxens B YHH.

2.2.2 Bubip o6iagHaHHs TPAHCTIOPTHOT MEPEXKI

OcHoBHuMHU BigMiHHOCTsIMU TexHousiorii CR Ha ocHoBi LTE Big momepemHix
TEXHOJIOT1i MOOLTbHOTO 3B's13KY 2G 1 3G €:

- oprasizariis 3B's3Ky, K TOJIOCOBUH, Tak 1 nepeaadi nanux mno IP-nportokony;

- BHCOKI IIBUIKOCTI TIepeadl JaHuX;

- CIIPOIIIEHA apXITEKTypa MEPexi.

VYcraTkyBaHHsS TPaHCIOPTHOT MEpPEXi CIIiJl BAOUPATH, B MEPIILY YEPTY KEPYIOUHCH
ocobmuBocTsmu TexHozorii CR Ha ocHoBi LTE, a Tak camo, 1100 nane yctaTKyBaHHS

BI/IMOBI/IaJI0O BHUMOTAM  HAMIAHOCTI, BIAPI3HUIOCA €(QEKTUBHICTIO, THYYKICTIO,
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KOMITAaKTHICTIO, BOJIOJILJIO IIMPOKUM HAOOpOM (DYHKIIIH 1 33 I0BOJIBHSIIO TIOHATTIO «IIHA
- SIKICThY». | 0JIOBHOIO YMOBOIO ITpH BUOOP1 001aIHaHHS TPAHCTIOPTHOT MEPEKi € HaJliitHa
nepenaya JaHUX KOPUCTYBAYiB 3TITHO PO3PaXOBAHOI MPOMYCKHOI 3JaTHOCTI MEpEexki
LTE.

TparcnopTHa Mepexa MPOEKTOBAHOT MEPEkKi KOTHITUBHOTO pajio Ha ocHOBI LTE
Oyne peaiizoBaHa 3a JOMOMOTOI0 ONTOBOJIOKOHHMX JIHIA IMepeady 3a TEXHOJIOTIE
Ethernet. ¥V Texnonorii Ethernet (crammapt IEEE 802.3) Bu3HaueHni HacTymHi
mBuakocTi: Ethernet Ha mBuakocti 10 M6i1t / ¢, FastEthernet Ha mBuakocti 100 MOiT
/ ¢, GigabitEthernet Ha mBuakocti 1 I'6iT / ¢ 1 10 GigabitEthernet na mBuakocti 10 I'6iT
/ c. Buakocti B 1 1 10 I'6GIT / ¢ miaxondars I TpaHCHOPTHOI Mepexki. [CTOTHOIO
nepeBaroto cucteM Ethernet € mmpoka maciraboBaHiCTh 1 MAKCUMalIbHA HAOJIMKEHICTh
70 cTeKa nmpoTokomiB IP.

VY CBITI NPOEKTYBaHHS MOOUIBHMX MEPEX ICHYIOTh pI3HI pIIIEHHS BHOOPY
oOnagHaHHS SK MEpexXl pajlofoCTyly, Tak 1 TpaHCHOpPTHOI Mepexi. Kommanii -
BUPOOHUKHU 00JIaIHAHHS JJIsI MEPEkK MOOUTHLHOTO 3B'A3KY HaJIalOTh OllepaTopam MaKkeTH
TOTOBHUX PIIIEHB, IO CKIIAJAIOTHCS 3 MIOPAHOT0 32 PI3HUMHU TTOKAa3HUKAMU arapaTypH.
VY makeTd TOTOBHX pIllIEHb IS peai3allii TPaHCIOPTHOI Mepeki MOOLTLHOTO
ormeparopa MOXYTb BXOJUTH pPoOOYl CTaHIl, KOMYTAaTOpH, MapLIpyTU3aTOPH,
MYJIBTUCEPBICHI CTaHIli, a TaKOX CIeliali30BaHe OOJaJHAHHSA IS YIpPaBIIHHS
MEpEeKero.

Ha cporoanimHiii feHb cepes yCiX PpilieHb PI3HUX KOMIAHIA-BUPOOHUKIB
KOMYyTAIiiHOTO OoONagHaHHs i peamizailii TpancnoptHoi Mmepexi LTE BuauisroThCs

pimeHHs ABoX koMmraHiid: «CiscoSystems» 1 «Alcatel - Lucenty.

3 PO3POBKA TIEPBUHHOI MEPEXI JIJI1 CUCTEMM KOI'HITUBHOI'O
BE3ITPOBOJOBOI'O JOCTVIIY

3.1 Bubip Tomnosorii mpoekToBaHOT IEPBUHHOI MEPEXKi 3B A3KY
HesBakatoum Ha Te, 10 HAWOUTBINT XapakTepHO Tomosoriero mepex SDH e

KUJIbLIEBA TOMOJOTIS (pUCYHOK 3.1), mpu 3HA4HIM BIAMIHHOCTI KIJIBKOCTI BXIJHUX Ta
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BUXIJIHUX ITM(PPOBUX TMOTOKIB y BYy3JaX MEpPEKi BUKOPUCTAHHS TaKO1 TOIOJOTIi HE
3aBXIM BUIPABIAHO, TOMY IO TPUBOAUTH 1O 3aBUIIEHHS HEOOXiTHOI KiJIBKOCTI
KaHaiB, 110 IIUPKYIIOIOTH MO KIJIBIIHO, 1, IK HACIIIOK, 10 HEOOX1THOCTI BUKOPUCTAHHS

SDH MynbTUIIIEKCOPIB BEICHHS/BUBEICHHS OUIbII BUCOKOTO PiBHSA [22].

Kananu noctymy
Kanamu noctymy

Pucynok 3.1 — TomoJiorisi «KiJIbIIe»

B 11pomMy BHITaIKy MOKE BUSBHUTHCS, 0 JTOIUIBHINIE BUKOPHUCTOBYBATH MEPEKi
C YapYHKOBOIO CTPYKTYPOIO, 3aCHOBaHI Ha TOIOJIOTISAX «TOYKA-TOUYKAY, «IIOCHIIOBHUN
JHIAHANA JaHIior» abo «3ipKay Ha PUCYHKY 3.2, TUM Oulblle, IO Cy4YacHi
MYJBTUIUIEKCOPU JTO3BOJISIIOTh BUKOPUCTOBYBATH OCTAHHIO TOTIOJIOTIIO 3 JIOCHUTh
BEJIMKOIO KUTBKICTIO TTPOMEHIB 32 PaXyHOK BUKOPUCTAHHS OUTBIII THYYKHUX CXEM KPOC-
KOMYTallii B IIeHTpajabHOMY BY3Ji. Ha pucyHky 3.3 - TOMOJIOT1sl «MOCI1TOBHUM JITHIAHUMA
JaHIor» 0€3 pe3epBYBaHHS;, Ha PUCYHKY 3.4 — TOMOJIOTIS «IOCTIAOBHUN JIHIMHUIN
JAHIIOT» 3 PE3epBYBAaHHSM; Ha PUCYHKY 3.5 300pak€HO TOIOJOTIS «3IpKay 3

mynbTHILIEKCOpoM SMUX B poJti KOHIIEHTpaTopa.
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A OCHOBHUH - B K
Kanamu aHam
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JlocTymy JOCTyILy
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Pucynok 3.2 — TomoJiorist «Touka — TOuKa
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S R —
ﬂ Kanamu {H
Kanamm jocTymy Kanamu
JOCTYTy TOCTYTIY

Pucynok 3.3 — Tomnonorist «ociiJoBHUH JIIHIMHUHI JIaHLIOT» 0€3 pe3epByBaHHs

CruiolueHe Kijble

— (—

—>

pa—
)™ | . ™ ([
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Kanamu ﬂ Kanamm U Kanamu
TOCTYTLY JOCTYIy IOCTYTLY

Pucynox 3.4 — Tomnonorist «mociiqoBHUH JIIHIMHUH JIAHIIOT» 3 Pe3epBYBaHHAM

A

A

$
CIACTATSY,

Pucynox 3.5 — Tomosoris «3ipka» 3 wmynpTumiekcopom SMUX B pomi

KOHIIEHTpaTopa

Ha ocHOBI 3a/1aHNX 3Ha4Y€Hb BIJICTAHEH MK KOKHHUM 3 BY3JI1B MEPEXKi, Oyay€eThCs

MOBHO3B’sI3HA YapYHKOBA TOTOJOTISI pUCYHOK 3.6.
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Kananu noctymy
Kananu moctymy

Pucynok 3.6 — BapianTt yapyHKOBOi TOMOJIOT1{

Tak camo icTOTHUM (PaKTOPOM MPU BUOOP1 TOIMOIOTIT MPOSKTOBAHOT MEPEXK1 MOKE
OyTH B3a€EMHE pO3TallyBaHHS BY3J1B MEPEX1, MOKIMBICTh MPOKJIAJAaHHS KaOeto y BiKe
1CHYIOU1M KaOeapHIM KaHami3ali i T.1.

Kpim Toro, Hezane:xxHo Bijg oOpaHOi TOMOJIOrii, MOBUHHA OyTH MPOBEICHA
ONTHUMI3alllsl CTPYKTYpU MeEpexXl 3a KPUTEPIEM MIHIMAIBHOI JOBXKHUHU ONTHYHOIO
Kabeno.

Takum 4uHOM, BUOIp TOMOJOTIi MPOEKTOBAHOI MEPEXl € JOCUTh CKJIAJHUM
3aBJIaHHSM, TIOBHE PIIIEHHS SIKOTO BUXOIUTH 32 pAMKH KypCOBOTO IIPOEKTyBaHHS. ToMy
3 METOIO CITPOIIIEHHS MPU KypCOBOMY MPOEKTYBaHHI BHOIp TOMOJIOTII Mepexi OyaemMo
31MCHIOBATH B XO/1 MOCJIIIOBHOTO PIIICHHS TAKUX 3aBJIaHb.

1. CuHTE3 KUIBIIEBOT TOMOJIOT1T MPOEKTOBAHOT MEPEXKi 3 MIHIMAJILHOIO CYMapHOIO
JTOBXXHUHOIO pedep (CerMeHTiB).

2. IlepeTBopeHHs (Mpy HEOOXITHOCTI) KIJIBLEBOI TOMOJIOT1i MEPEXi B paiiajibHO-
KUIbLIEBY 200 YapyHKOBY TOIIOJIOT1I0 HA OCHOBI aHaJli3y KUIBKOCTI IU(PPOBUX MOTOKIB,

10 MMPOXOAATH TI0 KOKHOMY 13 CETMEHTIB MEPEXKi 1 IXHBOI JJOBKHHH.

3.2 CuHTe3 KUIbLIEBOI TOMOJOTl MPOEKTOBAaHOI MEpeXi 3 MIHIMaJIbHOIO

CYMapHOIO TOBXKHHOIO pedep
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Ha ocHOBI 3a1aHUX 3HAYEHB BIJICTAHEH M1 KOKHUM 3 BY3JIIB MEPEXKI, K1 3BEJICHI
B Tabmuirto 3.1, BiacTaHl MaHi B KUTOMeTpax OYyIyeThCsl TTOBHO3B’si3HA (YapyHKOBA)

TOIIOJIOTIA.

Tabmuis 3.1 — Bigctanp MiX By3J1aMy TPOEKTOBAHOT MEPEX1, KM

By3zon Mepexi A B C D E F
A — 90 150 210 234 270
B 90 - 204 126 252 240
C 150 204 — 246 120 222
D 210 126 246 — 216 126
E 234 252 120 216 - 132
F 270 240 222 126 132 -

Ha pucynky 3.7 nokazaHo MoBHO3B’ I3HY TOIOJIOT1IO Ky OyZieMO EepeTBOPIOBATH

B KUTBIIEBY.
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126
240
A
CrapToBuii
BY301
Fso 2 E (55-)

Pucynox 3.7 — IloBHO3B si3Ha (4apyHKOBA) TOIMOJIOT1S

Jlami 301MCHIOETbCS TIEPETBOPEHHSI IMOBHO3B’SI3HOI TOMOJIOTII Y KUIBLEBY
TOTIONIOTII0 TAKUM YHMHOM, 1100 CyMa BiJICTaHEW MDK By3JaMU OTPUMAHOI KIJIbIEBOI
TOMOJIOTIi OyJia MIHIMAJIbHOIO 13 BCIX MOKJIMBHX BapiaHTIB KUIbLIEBUX TOIOJIOTIH, SIK1
MOXXYTb OyTH BUJIIJIEHI SIK CKJIa[0Ba YaCTUHA YapyHKOBOI TOMOJIOTTII.

[TepeTBOpEHHS 31HCHIOETHCS TIO aNTOPUTMY J[eHKCTpH, 110 3aCTOCOBYETHCS IS
3HAXO)KEHHSI IUIAXY 3 MIHIMAQJIBbHOIO CYMapHOIO Baror B rpadi 3 HEHEraTUBHUMH
Baramu [22].

VY 3araabHOMY BHUITAJIKY, aNTOPUTM JIEUKCTpH CKIIATA€THCS 3 TAKMX KPOKIB.

1. Mapkyemo Bci By3J14, KpIM CTapTOBOT'0, TAPOIO 3HAYEHb, 110 CKIAAAETHCS 3 BIICTaH1
JI0 TAHOTO BY3JIa (CIOYATKy «oo») 1 IM'sl By3Jia MAXOMYy (CHOYATKY «—»), K IMOKa3aHO Ha
(pucyHKy 3.7), cTapTOBUM BY3JI0M oOpaHuil By30s A. By3on migxomy 1€ HAWOMMKIMIA
CYCIJTHIH BY30J1, BiJI SIKOTO 3/IIHCHIOETHCS O€3MOCEPETHIN MiIXi] 0 BY3J1a, SIKU MAPKY€EThCS.

2. [lounHaroum 31 CTapTOBOrO BY3Ja, BUOMPAETHCS BY30J 3 HAWHIKYOK CYKYITHOIO
Baroro i BBAKAETHCS «(PIKCOBAHUM.

3. Cyciani By31H 3 «(hiKCOBAaHUM» BY3JIOM MapKIPYIOTHCS CYKYITHOIO BiJICTAHHIO Bl

CTapTOBOI'O By3J1a i 1M'sSIM By3J1a MIIXOTY.
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4. Slxio By30I1 y)Ke MapKipOBaHWM, TO HOro MiTKa 3aMiHS€ThCA HA HOBY, CYKYITHA
BIZICTaHb SIKOi MEHIIIE, HK ICHyFOUa CyKYITHA Bi/ICTaHb.

5. TpuBae MapKyBaHHsI BY3J1iB, ITOKH BC1 BY3JIM HE CTAaHYTh «(DIKCOBAaHUMI.

[Ticns (ikcartii BCiX By3iB pe3ysIbTyrOua CYKYITHA Bara JJO3BOJISIE PO3paxyBaTH CaMU
KOPOTKHIA IUISIX BiJI BUXIAHOTO By37a. Lle MokHa 3p0OUTH, YUTAI0UH Y 3BOPOTHOMY MOPSIIIKY
BY3JIM MIJIXOAY KOYKHOT'O By3J1a Ha BIJIIOBITHOMY ITUISIXY.

Jliis oGy I0BU TOTOJNOTIT «KIJBIE» 3HAXOAUTHCS IUISAX MiHIMaIbHOI CyMapHOi
JOBXXHUHM, HAIIPUKJIA, 3 By3jia A, Jaji mo Kbt yepe3 Bei iHii By3nmu (BCDEF nns
HAIIOro MPUKIIAAa) 1 3aKIHIYEThCS TaKoXkK y By3m A. [loTiM 3aiiicHIOETBCA OOy 10Ba
BapiaHTa MEPEXKi 3 KUIBIIEBOIO TOIMOJIOTIEI0, IO BIANOBIA€ 3HAWICHOMY HUIAXY. Taky
IpoIeAYPY BapTO MPOBOJUTU IOCIITOBHO ISl BCIX BY3IIIB MeEpexi. Y pe3ynbTaTi
OJIEPKYIOTh HaO1p KUIBLIEBUX TOIOJIOTIH 3 PI3HOI0 CYMapHOIO JOBKUHOIO JIIHIN 3B'3KY
MIXK By3JIaMHU.

OcraTouHe pilieHHs Mpo BUOIp BapiaHTa MEpeXl 3 KUIbLIEBOIO TOIOJIOTIEI0
MPUIMAETHCS MMICIIA NOPIBHSAHHS CyMapHUX BIJICTaHEW MK By3JlaMU MEpPEXi il BUOOpY
HaWMEHIIIOTO.

Mo:xnuBHI BUTIAIOK, KOJIM B XO1 BAKOHAHHSI aIrOpUTMY JIeHKCTpH BiICcTaH1 MIXK
NESKUMH By3J1aMHu OyIyTh OJHAKOBi. Y LIbOMY BHUIIaJKy HEOOXITHO pO3IJISAaTH BCl
MO>KJIMB1 BapiaHTH YTBOPEHHSI K1JIbIIEBO1 TOTIOJIOTI].

Hexait nana Tabnuns 3 BIACTaHAMU MIXK KOKHUM 3 BY3J11B TPOEKTOBAHOT MEPEXI
(muB. Tabm. 3.5) 1 MOBHO3B si3HA (YapyHKOBa) TomoJorig (nuB. puc. 3.9). Cunrezyemo
KUIBIIEBY TOTIOJIOTII0O MEPEXi 3 MIHIMAIbHOIO CYMapHOIO JIOBXHHOIO pedep 3a
JIOIIOMOT'0X0 AIrOpuT™MYy /[lenikerpu.

1. 3adikcyemo crapToBHil By30:1 A 1 MEpeMapKyeMO BCl CYCIHI 3 HUM BY3IH 3

ypaxyBaHHsM BIJICTaHEH B/l CTApTOBOIO By3J1a JI0 KOKHOTO 13 CYCIJTHIX BY3J1iB, pUCYHOK 3.8.



CrapToBHii
BY30II

B(90:A) o, C(150; A)
126
240 222
F (270;A) 132 E (234; A)
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(210; A)

Pucynok 3.8 — IIpuknazn 3actocyBaHHS anroputMmy JeHKCTpH, KPOK MEPIIUN

2. Bubupaemo 3 By31iB, MapKipOoBaHMX Ha Kpolll 1, By30J1 3 HalMEHIIOO

BIJICTAHHIO JI0 CTapTOBOTO By3na A — 11e By30J B 3 Bigctanuto 90, pucynok 3.9. Ilicnsa

4oro (hikcyemo 1e By3071.

CrapToBHii
BY30II

B (90; A)

204

C(150; A)

F (270; A)

132

E (234; A)

(210; A)

Pucynok 3.9 — [Ipuknazn 3actocyBaHHS alroputmy JledKCTpH, KPOK APYTUI
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3. By3on B moxe Oytu 6e3mocepennbo mnos's3zanuii 3 By3namu C, D, E, F
(By301 A «(ikcoBaHMiI1», BIH HE BpaXOBYETHCA). ToMy 1110 MU POOMMO CHHTE3 KUTBIIEBOT
TOITOJIOT1i, T Terep HEOOXITHO BU3HAYMTH HAMOIMKYMA 10 By3ida B By301 3 BY3IiB, sIKi
6e3mocepeanbo 3 HUM 3B's13aH1 (C, D, E ab6o F). Ilicas goro MiTKy HailOIMK40T0 By37a
HEOOX1/THO 3aMIHUTH HA HOBY.

s Hamoro npukiaay ue By3on D (Tomy mo qoBxkuHa pedpa AD nopiBHIOE
126). Tomy wmiTky By3na D 3aminsemo Ha HOBY — (90+126; B) =

= (216; B), a ne#t By3oxa ¢ikcyerbes. Lleit npukian nokazanuit Ha pucyHky 3.10.

B (90; A) C(150; A)

204

CraproBuit
BY30IT

F (270;A) 132

E (234; A)

Pucynok 3.10 — [Ipuknazg 3acTocyBaHHs anroputmy JlelkcTpu, KpoK TpeTin

4. Byzon D moxe OyTtu 6e3nocepenupo noB'sizanuit 3 Byznamu C, E, F (By3nu
A u B «pikcoBaHi», BOHU HE BPaxOBYIOThCS). AHAJIOTIYHO KPOKY 3, 3HAXOJUMO
HaOmmkunii By3oun 1o Bysna D 3 Bysnis C, E a6o F, 3aminsiemo #ioro MiTKy Ha HOBY

it pixcyemo ma pucynky 3.11. Jlnsa mamoro npuxiany ue Byson F. Moro HoBa MiTka

~ (342; D).
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B (90; A)

S04 C (150; A)

CrapToBHii
BY3011

(342; D) F (216;A) E (234; A)

Pucynok 3.11 — Ilpuknazg 3acTocyBaHHs anroputMmy JleKCTpu, KpOK YETBEPTUI

5. Le# kpok aHanoriyHuil monepeaubomy. HaitGnmxaum By3iaom g0 Bysna F €
By3oJ E. [lani 3MiHIOEMO OTO MITKY ¥ (piKCy€eEMO Ha PUCYHOK 3.12.

B (90; A) C(150; A)

204

CrapToBHit
BY30II

(342:D) F QuorK) 132 E (2344

Pucyuok 3.12 — [Ipukinan 3actocyBaHHS aIroputmy JlelKCTpU, KPOK IT'ATH
y p y P Yy pH, Kp
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6. Tomy 110 3aMUIIMBCS TUIBKU OAMH He3adikcoBanuil By3os — C, To By30a E
MOXKe OyTH 3'€THAHUI TUTBKHU 3 HUM, TOMY 3MIHIOEMO MITKY By37a C u ¢ikcyemo Horo

pucyHok 3.13

B (90; A)

204 C(150:A)

CraproBuii
BY30I1

Pucynok 3.13 — IIpuknazg 3actocyBaHHS alroputmy JleHKCTpU,KPOK IOCTUM

7. ns ¢dbopMyBaHHS KUIBIIEBOI TOMOJIOTII Temep HeoOX1nHO, 100 Oyiu
6e3nocepeaHbO 3B'A3aH1 Mk co0010 By31u A u C. Tomy miTkoro By3na A Oyzae (714;
C). Ha upomy Kkpolli CMHTE3 BapiaHTa KiibleBOi TomoJiorii 3akiHyeHuil. CymapHa
B1JICTaHb MK By3JaMu OyJie JopiBHIOBAaTH 744 kM. UuTaroun MITKH, 10 TOYMHAIOTHCS
3 By3Jia A B 3BOPOTHOMY MOPSAKY, MU OJIEP’KYyeMO HaikopoTimid MapuipyT—A — C — E—
F— D — B — A pucynok 3.14. Tenep He0OX1AHO CHHTE3yBATH 1HILI BaplaHTH KUTbIIEBUX
Torosioriid. Jlyist mporo BuOupaemo sik craproBuit By3oi By B, C, D, E, F 1 Bukonyemo
a”asoriyHi Aii (kpoku 1-7) 11 KOXKHOTO 31 CTApTOBUX BY3JiB. B pesynbTati ogepxyemo 7
BapiaHTIB KUIbIIEBUX TOMOJIOTIH, 3 AKUX HEOOX1HO BUOpATH BapiaHT 13 MiHIMAJIbHOIO

CYMapHOIO TOBXUHOIO pedep.
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B (90; A) C

CraproBwmii -,
BY30J1 ’

. .
E

132

(342; D) F

Pucynok 3.14 — IIpukiian 3acTocyBaHHs anroputMmy JleMKCTpH, KPOK CbOMUM

J171s1 pO3TIIIHYTOTO MPUKJIIATY BC1 BapiaHTHU KUIHIIEBUX TOMOJIOTIH € 1IEHTUYHUMH,
TOMY ONTHUMAJbHUM 3 TIOTJISAY MIiHIMI3aIlli JTOBKWHU ONTUYHOTO KaOEII0 € BapiaHT
TOTIOJIOTI{, TTOKa3aHuii Ha (IuB. puc. 3.16). Jl1g 3pydHOCTI MPOBEAEHHS MOJATBIIOTO

aHaJ13y MOKHA MEPETBOPUTH PUCYHOK 3.15

126

90 126

150 132

120
C E

Pucynox 3.15 - OntumizoBaHa Mepeska 3 TOMOJIOTIE0 «KITBIIE
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3.3 Bubip Tomosiorii MpOEKTOBAHOI MepeXi Ha OCHOBI aHali3y KUIbKOCTI
U(POBHUX MOTOKIB, IO MPOXOATH MO0 KOXKHOMY 13 CETMEHTIB MEPExKi

s BuOOpy Tomosiorii MpOeKTOBAHOI MEPEXi CIOYaTKy HEOOX1JHO BU3HAUUTH
KUTBKICTh BXIIHUX Ta BUXITHUX UPPOBUX MOTOKIB (2 MOIT/ceK) sl KOXKHOTO By3Ja.

Lle Mo>kHa 3pOOUTH HAa OCHOBI aHAITI3y BUXIAHHUX JaHUX JJISl MPOCKTYBaHHs (Tabi. 3.2).

Tabmur 3.2 - Po3noain nundpoBuX MOTOKIB MO HAMpsSMKax 3B'SI3KY

Bysnu A B C D E F
A — 20 16 24 4 2
B 20 - 30 20 2 4
C 16 30 — 28 2 8
D 24 20 28 — 6 10
E 4 2 2 6 4 6
F 2 4 8 10 6 —

Pa3om 66 76 84 88 24 30

Ha ocHoBi aHanizy Ttabnumi 3.2 MOXXHa 3pOOMTH MOMNEpPEHI BHUCHOBKH PO
JOIUTBHICTh 3aCTOCYBaHHSI Ti€i abo 1HINOI TOMOJOrli Mepexi ¥ Tpo piBeHb
3aCTOCOBYBAaHMX MYJIBTUILUIEKCOPIB Yy BY3JIax Mepexi (ocTaToyHuil BHUOIp PIBHSA
MYJBTUIUIEKCOPIB MOJIMBHUI TIABKM MICHS PO3PaxyHKy KUIBKOCTI OCHOBHHX 1
pE3epBHUX MOTOKIB, 110 MPUXOASATHCS HA KOXKEH CETMEHT MEpEXi, a TAKUN PO3PaXyHOK
MO>KHA MMPOBECTH TUIBKH MICIsI BUOOPY TOMOJIOT1 Mepexki). J{Js 1Iboro po3ristHeMo Tpu
BaplaHTH TOTOJIOTII: KIJIBIIEBY, paiadbHO-KIIBIIEBY 1 YAPYHKOBY.

Kinbuena Tonosnoris. O0'e1HaHHS ECTH BY3/I1B y KUIbIIE BUMAra€ 3aCTOCYBAHHS
MynbTUIiekcopiB piBHA STM-4 (4 x 63 = 252 nepBUHHUX LHUPPOBHUX MOTOKIB 31
mBUAKICTIO iepenayi 2 048 K6it/c), Tomy 110 Ha Mepexi € yotupu By3nu (A, B, C, D)
3 KUIBKICTIO BXIIHMX Ta BUXIAHUX IM(poBHuX moTokiB Ouibiie 63 (STM-1). Hemgomik

TaKOTO PIIICHHS MOJSrae B 3aBUIICHHI PIBHS MyJbTUIUIEKCOpiB y By3nax E it F (mo
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KUIBKOCTI BX1IHMX Ta BUX1JHUX MOTOKIB Y IIUX BY3JIaX JJOCUTh MYJIbTUILIEKCOPIB PiBHS
STM-1). [IepeBaroro Takoro pimeHHs MOKe OyTH TITbKUA CTOB1ICOTKOBE PE3€pPBYBAHHS
BCIX, a HE TUIbKU HEOOX1THUX U(PPOBUX MOTOKIB.

PagianbHo-Kib1IeBa TOMONOTIS. OCKIIBKY TIIBKU JBa BY31U Mepexi (By3nu E u
F) marots MeHI1€ 63 IepBUHHUX ITU(PPOBUX TTOTOKIB — 24 1 30, TO KijIbIle IOBUHHE MaTH
y cBOeMy ckJaji 4 mynbruriekcopu piBHs STM-4 i oqHy pagianbHy MKy (SIKIIO BY37IU
E u F 3B's3an1 Mixk coboto 6e3mocepenabo — pucyHOK 3.18) abo ABi pamiaibHI TiIKA
(sxmio By3mu E u F miakmrodarotees 10 kbl mopizHo — E k C, a F g0 D 1 He 3B's13aH1
MIK CO0010 0€3M0CepPeIHbBO).

PanianbHi riku (QUISTHKKA) BUMaratoTh TOTOJIOTIT «TOYKA -TOYKa» TUITY «IUIOCKE
KUIbIIe» a00 cucTeMU 3aXUCTy TUITY « 1+1». [Ipu 1ibomMy TOUKa, 1110 KOHTAKTYE 3 KIIbIIEM
Ha pUCYHKY 3.16, a0 MyJBTHUIUIEKCOpP 3B'A3KY IMOBHHEH OYTH MYJIbTHUILIEKCOPOM
yBEJCHHS/BUBEACHHS, a HE TEPMIHAIBHUM MYJIBTUILIEKCOPOM, 3 METOIO 3a0e3MeueHHs

MEPEMUKAHHS LIU(PPOBOIO MOTOKY 3 KUIBLEBOIO MAPUIPYTY HA paJiaIbHUM.

Pucynox 3.16 - PanmianbHO - KUIbIIEBa TOMOJOTIS 3 OJIHIEID TIIKOIO Ta

MYJIBTUIIJIEKCOPOM 3B'SI3KY

Tomy mpu nepiromMy BapiaHTi pillieHHs 0y/1e TOTPIOHO YOTUPH MYJIbTUILIIEKCOPH
piBHst STM-4 1 Tpu MmynpTuIiekcopu piBHa STM-1, a nmpu apyromy - Ha OJUH

mynbTuruiekcop piBast STM-1 Ginbiie.
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B psal BumankiB (HasBHICTh BUIBHMX CJOTIB JJIS KPOCY-KOMyTaTopa) poJib
MYJIBTHILICKCOpPA 3B'SI3Ky MOXKE TpaTH MYJIbTHUILIEKCOP KiTBIIEBOTO BY3J1a, IO 3MEHIITYE
HAJIAHICTh MEPEXKI, ajie IPUBOJIUTH JO €KOHOMIT OJIHOTO (TepIInid BapiaHT) abo JIBOX

(mpyruii BapiaHT) MyJIbTHILIEKCOPIB 3B's3Ky (pucynku 3.17, 3.18).

Pucynok 3.17 — PagianbHO — K1JIbLEBA TOMOJIOTIS 3 OJIHIEIO TLIIKOIO

0e3 MyJIbTUIIEKCOPa 3B’ A3KY

Pucynox 3.18 — PagiasibHO — KiJIbII€Ba TOTIOJIOTIS 3 IBOMA T1JIKaMU

0e3 MyJIbTUILIEKCOpaA 3B’ A3KY

UapynkoBa Tomosoris. [leperBopumMo OTpuMaHy KUIBLIEBY TOTOJOTIIO B
YapyHKOBY IUIIXOM JoAaBaHHs cermeHTa CD pucyHok 3.19.

YapyHKkoBa Mepexa CKJIaJa€ThCs 13 JABOX YapyHOK 1 MICTHTH IIICTh BY3JIB 3
mynbTUIIEKcopaMu piBHSI STM-N. V posriasHyTomy npukiaai y Bysnax A, B, Cu D

Mepeski 3HaXOAThCsl MyabTUILIeKcopH piBHA STM-4, a y By3nax E u F - piBas STM-1.
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BigznaunMo, 1110 caMe Take po3TallyBaHHS MYJIbTHILIEKCOPIB caMe i J03BOJIsIE
OpraHi3yBaTH YapyHKHU 3 PI3HUMHU MIBUAKOCTSIMH HU(PPOBUX MOTOKIB. Y MPOTUBHOMY
BUNAJKY MPU KypCOBOMY NMPOEKTYBaHHI OyJeMO 3aCTOCOBYBATH pajlialbHO-KiJIbIIEBY
TOTOJIOTIIO 3 MYJBTHIUIEKCOPaMH PI3HOTO piBHA a00 >k BHOEpeMO BapiaHT MOOYIOBH

MEpeKi 3 MyJIbTUIIIICKCOPAMHU OJTHOTO piBHA (KJIbIeBa 400 YapyHKOBA TOMOJOTT).

Pucynok 3.19 — YapyHkoBa Tonosioris

[IpencraBnena cTpykTypa MPUBOJIUTH JO MIHIMAQJIBHOI KUIBKOCTI HEOOXITHUX
MYJIbTUILIEKCOPIB PI3HUX PIBHIB MpHU HAMOUIbIINA HaaIWHOCTI. [IuTaHHS 3aXUCTy TYT
BUPIIIYIOTHCS [UISIXOM HaNpsAMKY IUGPOBUX TOTOKIB IO JBOX HEMEPECIuHUX
MapuipyTax 31 CHIBINAJAlOUYMMMU KIHIEBUMHM TOYKaMH MEpEeXi, HaNpHUKiIaa Io
mapuipyrax A—B 1 A-C—D—B.

Jlnst po3paxyHKy KiJTBKOCTI TMOTOKIB, IO TPOXOJATH MO CErMEHTaxX IUISXY,
BUOMPAEMO OCHOBHI ¥ pE3epBHI IUISAXU MPOXOKEHHS IU(POBUX TOTOKIB Yy

MpOeKTOBaHi! Mepexi. OOpaHi NUIIXU HaBeAeH] B Ta0mmi 3.3

Tabnuus 3.3 - OcHOBHI 1 pe3epBHI NUISIXU MPOXOIKEHHS IUPPOBUX MOTOKIB

[Inax nepenaBaHHs OcHOBHUI NUIAX PesepBHuii mumsax

AB A-B A-C-D-B
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AD A-B-D A-C-D

AF A-B-D-F A-C-E-F
AE A-C-E A-B-D-F-E
AC A-C A-B-D-C
BD B-D B-A-C-D
BF B-D-F B-A-C-E-F
BE B-A-C-E B-D-F-E
BC B-A-C B-D-C

DF D-F D-C-E-F
DE D-F-E D-C-E

DC D-C D-B-A-C
FE F-E F-D-C-E
FC F-E-C F-D-C

EC E-C E-F-D-C

BuxopucroBytoun tabnuio 3.3 HeoOXITHO po3paxyBaTH KUIbKICTh OCHOBHHX 1
PE3epBHUX TMOTOKIB, MO0 MPOXOJATH MO CErMeHTax Mepexi. Bim3Hauumo, mo B
CTPYKTYpl MEpEXi, IO PO3TIAIAEThCS, pe3epBHI HMU(PPOBI MOTOKU MPOXOISTH IO
MapuIpyTax y Mekax OJHI€] YapyHKH.

Po3paxyHOK KUJIBKOCTI TOTOKIB, 1110 MPOXOASTH [0 CETMEHTAaX MUISXY, HABEACHHI
y Tabnui 3.4, 1e BBeACHI Takl MO3HAYEHHS: «X» - OCHOBHI KaHaH; «P» - pe3epBHi

KaHaJInk; «-» - IIOTOKH, 10 HC IIPOXOAATH II0 CCIrMCHTAaX Mepe>1<i.

Tabmunus 3.4 — Po3paxyHOK KiTBKOCTI TOTOKIB, IO MPOXOJSATh MO CETMEHTax

HIISXY
ax Kinbkicth CerMeHTH HUIAXY
nepeaBaHHs MIOTOKIB AB |BD |DC |CA |DF FE | EC
AB 20 X P P P — — —
AD 24 — X P P — — —
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AF 2 X X — P X
AE 4 P P — X P P X
AC 16 P P P X — — —
BD 20 P X P P — — —
BF 4 P X — P X X
BE 2 X P — X P P X
BC 30 X P P X — — —
DF 10 — — P — X P
DE 6 — — P — X X P
DC 28 P P X P — — —
FE 6 — — P — P X P
FC 8 — — P — P X X
EC 2 — — P — P P X
OcHoBHUI 54 50 28 52 22 26 22
Pazom PesepBHuii 72 100 | 142 98 22 18 22
Bcerworo 126 | 150 | 170 | 150 | 44 | 44 44

Otpumana Tabmuusg 3.4 MIATBEPDKYE TMPaBUIBHICTH BUOOPY  pIBHIB
MYJIBTUILIEKCOPIB Yy By3/1aX Mepexi. TakuM UMHOM, Y Pe3yJIbTaTi MPOBEAEHOrO aHAII3Y
MO>KJIMBHX TOIIOJIOTIA TIPOEKTOBAHOI MEpexki, BHOMPAEMO MEpPEKy 3 UYapyHKOBOIO
TOTOJIOTIEI0, IO MOKa3aHa Ha (AuB. puc. 3.18), ToMy 10 BOHA MPU MiIHIMAJIbHIN
KUTIbKOCT1 MYJIbTUILIIEKCOPIB (HOTUPHU MyJIbTHUILIEKCOpH piBHA STM-4 1 1Ba - piBH1 STM-
1 3a70BONBHSIE YMOBI MO PE3€PBYBAHHIO MEPBUHHKX ITU(DPOBUX MOTOKIB.

3.4 Po3paxyHOK JOBXHHH JIJITHOK pereHepailii 1 KUIbKOCTI pereHepaTopiB

[Tpu mpoektyBaHHI O€3MpOBIAHOI JiHII 3B’SI3Ky MOBHHHI PO3PaXxOBYBaTHCS
OKpEeMO JIOBXXHHA MAUITHKKA pereHepamnii mo 3aracanHio (L,) 1 JOBXHHA UISHKA
pereHepartii mo mupoKocMy>kHOCTI(Lg), TOMY 1110 PUYKHH, 10 OOMEKYIOTh FPaHUYHI

3Ha4eHHs L, ¥ L HE3aJIexKHI.
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VY 3aranbHOMYy BUMNAJKy HEOOXITHO PO3PaxOBYBaTH Bl BEJIWYUHU JOBXHHU
JUISTHKY pereHepartii no 3aracaHtro:

L max— MaKCUMabHa IPOCKTHA IOBKWHA JUISTHKH PeTeHepartii;

L, min — MIHIMaJIbHA MPOEKTHA JOBXXHHA AUISTHKA pereHepartii.

MakcumanbHa JIOBXKMHA JUISHKM pereHepanii. Jlias OIIHKM  BEeTUYHHU
MaKCHUMAaJIbHOI JIOBXKUHM JAUISTHKH pereHepaiii L, 4, ¥ L MOXYTh OyTH BUKOPHCTaHI

HACTYTHI BUPa3U:

Ep—M—-nXap:

Lo max < T Tuey (3.1)
LCTp

L. — 4,4x10° 39

B ™ gxaAxB’ (3.2)

ne  Qux (1b/kM) - KiToMeTpuUuHe 3aracaHHs y paJloKaHalli;
Q. (1B) - cepeHe 3HaUEHHS 3aracaHHs MOTYKHOCT1 0a30BOi CTaHIIIT;
Lerp (KM) - cepeniHe 3HAUCHHS Oy MIBEIBHOT JOBKUHU KaOellio;
@pc (1B) - 3aracaHHsi TMOTYKHOCTI ONTUYHOTO BUIPOMIHIOBAHHS PO3HIMHOIO
ONTUYHOTO 3'€/IHYBaya;
N - KUIBKICTh PO3HIMHUX ONTUYHUX 3'€IHYBaYIB;
o (1c/(HM'KM)) - CyMapHa JUCHEpCisi OTHOMOIOBOTO ONTUYHOI'O BOJIOKHA;
AA, (HM) - mIUpUHA CIIEKTPa JpKeperia BUTPOMIHIOBAHHS,
B (MI't) — mBHAKICTh Tiepenayl Hu(POBUX CUTHAIIB B ONTUYHOMY TPAKTI;
M (nb) - excrutyarartiitnuii 3amnac (2-6 1b);
E, - eHepreTHyHU# MOTEHITIAL.

Eneprernunuii moTeHiian po3paxoByeThes Mo Gpopmyi :

E, = Puep — Pup min, DM, (3.3)

ne  Ppep - PIBEHB MOTYKHOCTI ONTUYHOTO BUMIPOMIHIOBAHHS Ha TIepenayi, 1bwm;
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Pipmin - PIBEHb YyTIMBOCTI MNpuiiMaya — MiHIMAJIbHE 3HAYEHHS PiBHS
MOTY)KHOCTI ONTHYHOTO BHIPOMIHIOBAaHHS Ha BXOJl TNpuiiMava, TpU SKOMY
0 i1 01 1-10710 i i 0
3a0e3neuyeThesi Koe(ilieHT MOMHIIOK He Oinbie K KIHITIO TEPMiHY CIIyXOu
amapatypu.

BusHaueHHs PiBHSA MOTYXXHOCTI ONTHUYHOTO BHIPOMIHIOBaHHA, TOOTO Ppep,

3MIUCHIOIOTH 1O (HOPMYIIi:
Puep = Pc — AP, 1bwm, (3.4)

ne P. - piBeHBb cepenHBOi MOTYKHOCTI ONTHYHOTO CHUTHAJIY Ha BHUIXOJI JKepena
BUIPOMIHIOBAHHS;

AP - 3HWKEHHS PIBHSA CEpPeAHBOI MOTYKHOCTI, IO 3aJIeKUTh BiJ XapakTepy
cur"aiy (s koxy NRZ, mo 3actocoByeThes B anmapatypi SDH, 3 1b).

MiHimMaabHa JOBXWHA TUISHKA pererepariii. JIJist OliHKA BEIMYMHN MiHIMAIBHOT

JTOBXHUHH IUISTHKY pereHepaii Ly i, MOXKE OyTH BUKOPUCTAHUMN BUPA3 :

lDnep_Pnp max
Lo min aox{"'aﬂc/ > (3.5)
LCTp

e Pppmax - MakCUMabHUE PIBEHb TOTYKHOCTI ONTHYHOTO BUIIPOMIHIOBAHHS Ha
BXOJIi IIpUiiMayda, IIpU KoMy 3a0e3neuyerhes KoedilieHT noMmunok He Ginpme 1-1071°
710 KIHIISI TEPMIHY CIIy>KOU anaparypu.

Axmo 3a pesynbratamMu  po3paxyHKiB oTpuMaHO:Lg < Ly max,» TO IS
POCKTYBaHHS MOBUHHI OyTH 00paHi amapaTypa a00 kalejb 3 1HIIMMU TEXHIYHUMHU
nanumu [JAA [11] 0), mo 3a0e3nedyroTh OUIBIINM 3amac Mo IHUPOKOCMYXKHOCTI Ha
JUISTHII pereHepaliii. Po3paxyHok moBUHEH OyTH BUKOHAHUI 3HOBY.

Kpurepiem ocrtatounoro BuOOpy amapaTypu ab0 KaOelro TIOBUHHE OyTu
BUKOHAHHS CHIBBIAHOMEHHS  Lg > Ly max, 3 OOMIKOM HEOOXITHOT MPOITYCKHOI

3/1aTHOCTI Ha MEPCIEKTUBY PO3BUTKY.
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KinpkicTh perenepaiiiiHux nyHKTIB, 1110 He oocimyroBytoThes (HPII):

L
Nusprr = ]r[ 1, (3.6)

ae L - BigcTaHb MK BYy3JaMH MEpEXi - pEreHepaliiHUMU IyHKTaMH, M0
o0ciyroBytothes, - OPII).

[IpoBenemMo po3paxyHOK JOBXKHWHM JUISHKH pereHeparii ¥ KUIBKOCTI
pere’eparopiB i JiHii 3B’ 513Ky MK By3namu D i C.

BuxigHi nani ayig po3paxyHky. JloBkuHa JiHIT 3B'A3Ky ckiagae 246 kM. Hexaii
BUKOPUCTOBYETHCSI OJHOMOJIOBE OINTUYHE BOJOKHO 13 TaKMM HapaMeTpaMH: Ly, =
0,25 1B, 0 = 18 nc/HM X KM Ha noBkuHI XBU 1550 HM, OyiBebHA TOBKHUHA — 4 KM
(oOpanwuii koj 3actocyBanHs L-4.2 1 onTUYHE BOJIOKHO, IO BIAMOBIAa€ pEKOMEHAAIISIM
G.652).

Pisenp SDH wmynerumnekcopis — STM-4 (622,08 Mo6it/c). Ilapamerpu
ONTHYHOrO mnepenaBaya W mnpuiiMaua SDH wmynerumnexkcopa STM-4  cepenns
noTyxHicte mepenadi: 0 ab; uyTnuBicTs npuiiMada npu koediumieHT momunok 1071°:
—28 nb; MakcumanbHHI piBEHb MPUIYCTUMHUN Ha BXoAl: —8 nb; mmMpuHa crekTpa
JoKepena BunpomiHtoBanHs: 0,3 HM.

Excrmyaramitnuii 3anac — 6 n1b. Brpatu B posnimaux 3'eqnanusx — 0,6 ab.
Kinbkicte po3HiMHUX 3'eqHanb — 2. BrpaT B Hepo3'emuux 3'enqnannsax — 0,02 nb.

Po3paxyHOK TOBXUHU AUISHKY pereHepanii i KUIbKOCTI pereHepaTopis :

1. Po3paxoByeMoO eHEepreTUYHUHN TOTEHITIAIL.

Pyep =P.—AP=0-3 = -3 1b;

Ey = Ppep = Pupmin = =3 — (—=28) = 25 gb.

2. Po3paxoByeMO MakCUMaJbHY JAOBXKHUHY JIIUISSHKH pereHepalii 1o 3aracaHtio u

ITUPOKOCMYKHOCTI:

E;—M-nxXap. _ 25-6-2x0,6 _ 17,8
Aot i/, 0,2540,02/4 0,255

= 69,8 kMm;
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_ 44x10° _ 4,4x10°
B ™ sxAAxB ~ 18x0,3x622,08

= 130,9 kM,

[nsa posrnsHyTOoro mnpukiany ymoBa Lp > L, gy BUKOHYETBCS, TOMY MU

MO>KEMO BUKOPHUCTOBYBAaTH 0OpaHe ONTHYHE BOJIOKHO.

3. Po3paxoByeMo MiHIMaJIbHY JOBXHHY AUISTHKH pereHepallii:

L Pnep_Pnpmax _ _3_(_8) _ 5
amin a - -
ot/ 0254992/, 0255

= 19,6 KM.

4. Po3paxoByeMO KUIbKICTh PEr€HEPaLIMHUX TYHKTIB, 0 HE 00CIyTOBYIOTHCS:

L 246
NHPH—]L—[—l—]a —1=3

py

[Ticnst mpoBeaeHHs pO3paxyHKY KUIBKOCTI PEreHepaTopiB sl KOKHOTO CErMEHTa
Mepexi CKIIaaeThCs 3arajibHa cXxeMa IMPOeKTOBAaHOI IEPBUHHOI Mepexi (prucyHok 3.20).

Croronni cucremu nepefadi SDH Bu3HaHI B yChOMY CBITI SIK HalCydacHima u
no0pe BiAmpanpoBaHa TEXHOJOTIA IJIsl TOOYIOBM TPAHCIOPTHUX MEPEkK 3B'SI3KY.
[IpakTuHO BCi PO3BHHEHI KpaiHW IIMPOKO 3aCTOCOBYIOTH cuctemu mepenadi SDH.
[IpoBigHi ¢GipMu — BUPOOHUKH PI3KO CKOPOTHJIM BUPOOHHUIITBO amapaTypu
mie3ioxponHux LCII. AnbrepHatuBH 3acTocyBaHHIO cucTeM mnepenadi SDH Ha
ITUPOKOCMYTOBHUX MYJIbTUCEpBICHUX Mepexkax. CydacHa texnosoriss SDH 3a6esneuye
MYJIbTUIUIEKCYBAaHHS, IPsAMY nepenavdy nudpoBoro notoky piBHs STM-256 (40 I'6it/c)
no ogHoMy OOB 1 1eMynbTUIUIEKCYBAHHS IPUHHITOTO MOTOKY.

CytHicth TexHojorii DWDM mnonsrae B oaHOYacHIi mepefadi 1Mo OJHOMY
BOJIOKHY JIEKUJIBKOX JECATKIB IOTOKIB, Hampukiana, TexHojorii SDH 3 pizHumu
HIBUAKOCTSAMU Tepeiadi Mo «BY3bKHUX» CIIEKTPaJIbHUX CMyTrax, Hampukiaa, 50 abo 100

I'TTl y 3aganomy nianasoHi 1oBxuH XBuib OOB. 3a3HaueHi BUIlle TUIIA OHOMOJIOBHUX
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BOJIOKOH 3 HYJIbOBOIO 3MIIIIEHOK JIUCIIEPCIEI0 CHEIIATIbHO PO3POOJIEH] JJIsI TEXHOJIOT1]
DWDM.

TakuM 4MHOM, CydacH1 TEHACHIII PO3BUTKY 3aC001B TEJICKOMYHIKAII CBITYaTh
PO MEePCHEKTUBHICTh CUCTEM Tiepe/adi, 1o npaitoroTs no OOB. ¥V HuX cniomxydaroThes
JacoBe MYyJbTUIUIEKCYBaHHs i yTBopeHHs curHaiiB STM-N (Synchronous Transport
Module of level N) 1 ix nepegaua nmo ogHomy OOB 3 BUKOpPUCTaHHSIM TEXHOJIOTIT
DWDM.

Ha choromuimHiii AeHb YCTAHOBJEHE Ha TPAHCIOPTHINA Mepexki oOJaaHAHHS
BOJIOKOHHO — ONTHYHOT'O MariCTpajJibHOTO 3B'SI3KYy B OCHOBHOMY MIATPUMYE IMOTOKH

piBHiB Big STM-1 no STM-16.
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BUCHOBKU

Po6oTta mpucBsiueHa ranays3i Hayku, 110 IIBHAKO PO3BUBAETHCS — KOTHITUBHUM
pamio cucreMaMm, w0 0a3ylOTbcs Ha CHCTEMax IITYYHOTO IHTENEKTYy, SKi
BIPOBADKYIOTHCS B CyYaCHHUU Paaio3B 530K, TaK MOXYTh PO3IMOBCIOKYBATHUCH B
pamioedipi Ha 3HAYHI BIICTaHI.

B pesymprari BUKOHAHHS AWIUIOMHOT poOOTH OyJ0 pO3MISIHYTO OJHY 3
HaWaKTyaldbHIIIMX MPOOJIEM CHOTOJICHHS - METOJM PEryJIlOBaHHS BUKOPUCTAHHS
00OMEKEHOT0 YaCTOTHOTO pecypcy, MPOBEECHUN aHai3 MPUHIMIIB (PYHKIIOHYBaHHS
paniomepex Ha ocHoB1 ipotokoity IEEE 802.22, nocnimxeHo NpUHIMI TPOCKTYBaHHS
KOTHITUBHOT paJlloMEPexi, CIIPOECKTOBAHO KOTHITUBHY MEPEXKY.

Haii0inpmioro  mepeBaror0  KOTHITUBHOTO — pajalo €  HWOro  3AaTHICTh
BUKOPUCTOBYBAaTU JE(IIUTHI PECYypCH CHEKTPY €(PEKTHUBHIIIEC, HIK y 3BUYANHHX
pamiocucremax. KOrHITHBHE pajiio BpEHITI-pEINT  MpHUBEAEC 10 OO0'€THAHHS BCIX
O€3MpPOBIIHUX MPUCTPOIB 1, 32 PaXyHOK IIbOTO, MOCTYMOBO CHPOCTUTHCS B3AEMOJIS

KOPHUCTYyBaua 3 yce OUIbII CKJIAJJHUMHU TPUCTPOSMHU.
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JOJATOK A (Pozain 1 aHrmiiicbkoro)

1 ANALYSIS OF THE PRINCIPLES OF RADIO NETWORK OPERATION
BASED ON THE IEEE 802.22 PROTOCOL

1.1 Description of the IEEE 802.22 protocol

The International Institute of Electrical and Electronics Engineers has announced
the completion of the IEEE 802.22 wireless standard, known as "white space". The name
1s not accidental: for data transmission it is planned to use "gaps" in the television VHF
/ UHF band (54-862 MHz) frequencies. This approach was made possible by the
invention of "smart" radio - cognitive radio technology, which adjusts the parameters of
the transceivers of the network so that data transmission does not go to the "licensed"
frequencies. The development can be considered a close relative of Wi-Fi (IEEE 802.11)
and WiMAX (IEEE 802.16), but not a replacement for these technologies.

IEEE 802.22 WRAN (Wi-Fi) is a wireless regional network standard that
describes a two-tier architecture (PHY layer and MAC layer) with a point-to-multipoint
connection. The network is designed to work with professional fixed base stations, as
well as portable (or fixed) custom terminals (modems). Data exchange according to the
standard is carried out on "free" frequencies of VHF / UHF (VHF / UHF) television
broadcasting, which is a band from 54 to 862 MHz. According to the developers, the
network is mainly intended for use in sparsely populated areas, as well as in rural areas,
where there is likely to be a sufficient number of free channels in the working frequency
band of the standard.

IEEE 802.22 equipment is intended for remote areas with low population density:
such equipment is characterized by high range, relatively low data rate and a small
number of available communication channels. Surprisingly, IEEE 802.22 transmitters
can communicate up to a hundred kilometers - although more than 22 Mbps with such
a connection can not be achieved. It is also important that the interaction of the
equipment does not require direct visibility - the signal penetrates well into hard-to-

reach areas.
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The creation of IEEE 802.22 was made possible by the use of a frequency band
that was previously considered inviolable. Wi-Fi, WiMAX, Bluetooth and LTE operate
at frequencies of a few gigahertz, while IEEE 802.22 takes up a frequency space of
several tens to several hundreds of megahertz. The same range has long been used by
analog television, however, according to the developers of the standard, this should not
be a problem.

How does this happen? The system constantly analyzes the spectrum of the radio
signal surrounding the background signals, as well as the behavior of network users. The
base station, having collected all the information about the frequency range and using
information about its location (by GPS), determines which frequencies can be used to
communicate with network users. When the connection is already established, the
system periodically scans the frequency range in case of new signals and when it detects
such immediately switches to other frequencies.

The developers note that the IEEE 802.22 WRAN is one of the first specifications
to make full use of cognitive technologies in radio communications. Thus, the standard
allows you to effectively use the available frequency range without the need for licenses.
As a result, it allows you to achieve data rates up to 22 Mbps and a coverage area with
a radius of 100 km.

The question may be, why do we need new wireless standards when we already
have Wi-Fi, WiIMAX and LTE? The answer to this question is: at least in order to
provide a coverage area with a radius of 100 km and data transmission up to 22 Mbps.

The 802.22 specification is the result of the work of Professor Joseph Mitola III,
who published his research in 1999 with Gerald Maguire. The concept, cognitively
called "cognitive radio", allows communication systems to use "busy" frequencies to
transmit their data due to "gaps" in the band. However, the law forbade working with
reserved frequency bands, or the opportunity arose when buying expensive licenses. The
legal framework hindered the advancement of technology. Only in 2004 did the US
Federal Communications Commission amend unlicensed subscribers to use license
strips, provided they did not interfere with the work of legitimate users. This event

initiated the emergence in November 2004 in the "walls" of the IEEE working group,
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which began to develop the standard 802.22 with cognitive radio communication as a
basic technology. The final release of IEEE 802.22-2011 appeared only seven years
later.

The new standard was designed for the Wireless Regional Area Network
(WRAN). This involves covering areas with a radius of tens of kilometers. The
specification will allow ISPs to provide rural people with access to broadband Internet
access where it does not already exist. The increase in range was achieved by reducing
the operating frequencies commonly used in Wi-Fi, WiMax or LTE to transmit
information. The selection of optimal frequencies depends on many factors. To ensure
the longest range while maintaining reasonable power and acceptable bandwidth,
frequencies in the range from 54 to 862 MHz, the so-called television frequencies, are
best suited. The bandwidth of one television channel in the US, Japan and most of
Central and South America is 6 MHz, for Ukraine and most other countries this value is
8 MHz, but there are also standards with 7 MHz band, such as Australia, Belgium and
Luxembourg. Therefore, 802.22 is expected to use the bandwidth of one channel at 6 (8,
7) MHz.

The existing broadcasting system can serve as an example of the successful use
of this band to cover large areas. In addition, these frequencies are not affected by walls
and interference. However, the use of VHF / UHF has a drawback: lower frequencies
(long waves) require larger antenna systems. In addition to the widely used analogue
television systems NTSC (USA, Canada, Japan), PAL (Europe), SECAM (France,
Greece, Russia), the range is officially assigned to radio communications of public
services (police, fire service, etc.) and commercial services (taxi, etc.). This band also
has wireless microphones, ATSC / DVB-T digital television systems and much more -

it is important that none of them can be disturbed.

1.2 Overview of the features of the standard
The features of this standard include:

1) destination - broadband wireless Internet access for rural areas;
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2) core - cognitive radio transmission technology, designed for unlicensed use of

television frequencies;

3) target audience - industry, government and governing bodies, academic

organizations, providers;

4) projects - IEEE 802.22.1, IEEE 802.22.2;

5) portability - can be used in motion up to 114 km / h;

6) network topology - point-to-multipoint;

7) radius of the coverage area - 10-100 km (for a fixed base station and modem);

8) radiation power - 4 W (radiation power means effective isotropically radiated

power, EIRP);

9) antennas - a non-directional (or sector) transceiver antenna is used at the base

station, and a directional antenna with 14 dB suppression of the rear petal is directed on

the subscriber's side; in addition, there is a non-directional antenna for scanning the

frequency range (cognitive radio communication);

10) geo-positioning - GPS or ground (necessary for the operation of the system).

The range parameters used by the standard are given in Table 1.1

Table 1.1- Parameters of ranges used by the standard

Frequency Range Range Limits | Wave Range Range Limits
Medium (MF) 0.3-3 MI'n1 Hectometers 1-0.1 km
High (HF) 3-30 MI'u Decameter 100-10 m
Very high (VHF) 30-300 MI' Meters 10-1 m
Ultrahigh (UHF) 0.3-3 GHz Decimeter 1-0.1 m
Ultrahigh (UHF) 3-30 GHz Centimeters 10-1 cm

Too high 30-300 GHz Millimeters 10-1 mm
(microwave)

Hyperhigh (HF) 0.3-3 THz Decillimeters 1-0.1 mm
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The main difference between this standard and previous ones, for example,
802.11, in "long range". The signal of a single transmitting station can be caught at a
distance of up to 100 kilometers. The frequency range of the 802.22 wireless standard
is in the spectrum from 54 MHz to 698 MHz. Thus, data transmission can be carried out
at speeds up to 22 Mbps over distances of up to 100 kilometers, based on a single base
station. It is possible that this standard will help attract remote regions to the World Wide
Web, whose residents are still without the Internet, or pay a lot of money to access the
Web.

It should be noted that the new standard uses the frequency range that remained
empty after some analogue television standards were repealed.

This range of communication of the new standard implies that, for example,
purely theoretically, only 307 access points will be required to cover the entire territory
of the United States. But in practice, the situation will be a little different, and more
access points will be needed, which is primarily due to the presence of mountains, forests
and other objects that prevent the spread of radio signals.

Under the new IEEE standard, 802.22-compliant equipment will operate on one
of the free frequencies from 54 MHz to 698 MHz. Waves in this range can travel much
longer than waves in the 2.4 GHz band, which are the basis of the current Wi-Fi standard.
This will make it possible to deploy wireless regional area networks (WRAN).

Of course, 22 Mbps by today's standards is not such a high speed for those who
are used to direct connection via Ethernet or fiber, but it should be noted that this value
1s the theoretical maximum speed that can be achieved in a radio channel. operating in
the above frequency range.

Of course, the adoption of the 802.22 standard is hard to underestimate. With the
help of this standard, it is possible to provide coverage of rural areas, whose residents
could previously only dream of the Internet in their home. Also, the new standard will
be useful to developing countries that have difficulty in providing low-cost and reliable
communications.

The new standard is based on the characteristics of the TV bands VHF (VHF, 30-
300 MHz) and UHF (UHF, 300-3000 MHz), which with the advent of digital television
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have become largely free, and is able to provide wireless broadband at a distance of up
to 100 km around the transmitter.

Moreover, WRANs will be able to offer a significant speed of up to 22 Mbps per
channel, and the use of frequencies not occupied by TV channels, allows you to ensure
that the signal will not intersect with existing TV stations.

The IEEE notes that the technology is particularly useful for serving sparsely
populated rural areas and developing countries, where most television channels are not
occupied. With the approval of the standard, commercial organizations can begin to

create devices compatible with 802.22 technology.

1.3 Overview of the technology used by the IEEE 802.22 WRAN standard

The IEEE 802.22 WRAN standard uses cognitive radio transmission technology, which
adjusts the parameters of network transceivers so that data transmission does not exceed
the "licensed" frequencies. How does this happen? The system constantly analyzes the
spectrum of the radio signal surrounding the background signals, as well as the behavior
of network users. The base station, having collected all the information on the frequency
range and using information about its location (GPS), determines which frequencies can
be used to communicate with network users. When communication is already
established, the system periodically scans the frequency range in case of new signals,
and when it detects such, immediately switches to other frequencies. It should be noted
that the scanning of the frequency range is on the side of the subscriber, which allows
you to have up-to-date information about the situation in the coverage area. The
developers note that the IEEE 802.22 WRAN is one of the first specifications to make
full use of cognitive technologies in radio communications. Thus, the standard allows
you to effectively use the available frequency range without the need for licenses.

The developers distinguish several basic "licensed" systems that use the working range
of the standard:

1) analog television;

in North America broadcasting is based on NTSC, and in Europe on PAL. The level at
which the channel will be released corresponds to -94 dBm (dB from 1 mW), which is
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measured at the peak of the clock pulses. DTV (ATSC) is used in North America and
DVB-T in Europe. The signal level for DTV (ATSC) is -116 dBm.

2) wireless microphones;

There are no standards in this area, and they may have different formats. FM with a
bandwidth of 200 kHz is mainly used for transmission. Signal level -107 dBm. In order
to skillfully and harmlessly use the "gaps" in the already used frequencies, a number of
cognitive mechanisms are provided.

3) scanning (sensing) the operating spectrum of frequencies;

allows you to detect busy channels, this procedure is mandatory when initializing the
network. Also, the frequency information is periodically updated during system
operation. Scan control is performed by the base station, which not only sends control
commands to the user of the equipment, but also performs spectrum exploration and
search for new subscribers. This system allows you to keep up-to-date information about
the state of the air in the entire coverage area of the base station and configure the
network in a timely manner.

4) registration and tracking of user equipment;

Registration and tracking is necessary for efficient organization of frequency space and
fast connection of new subscribers to the network.

5) a single database of licensed users;

single database - the band first prevents the network from operating on frequencies
constantly occupied by local services or regional television channels.

6) geolocation;

allows you to find out the region of location and the database to determine which
channels are occupied in a particular area, as well as choose the optimal route for
transmission

information packets. The specification envisages the use of satellite or ground
positioning. GPS equipment will be available for each subscriber for satellite
geolocation. Location information is transmitted to the base station according to the
protocol NMEA 0183. This is a text communication protocol for marine navigation

systems, widely used in GPS.
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7) the mechanism of coexistence of systems;
provides for the organization of the spectrum, so that the standard does not interfere with
the work of licensed users, as well as organize the internal system ranking of subscribers

in the work band.

1.4 Overview of antennas with which the standard works

The network 1s designed to work with professional fixed base stations, as well as
portable (or fixed) custom terminals (modems). Appropriate signal strengths are
required to cover large areas. The specification stipulates that to cover an area with a
radius of 30 km will require a radiation power of 4 W. At the base station for these
purposes is a non-directional antenna to evenly cover the entire area. If necessary, the
isotropic antenna can be replaced by a sector one. This configuration will allow more
efficient coverage of the area with an uneven distribution of subscribers by area or with
a complex location of several base stations. On the client side, on the other hand, a
narrow-directional antenna with an orientation towards the base station (or a base station
with the maximum signal, if there are several) is used. In addition, the client equipment
has a scanning antenna for the functioning of cognitive mechanisms. A GPS antenna can
also be placed when using satellite positioning.

It is important to understand the difference between the IEEE 802.22 standard and
other specifications, especially IEEE 802.16 (WiMax), with which it is often compared.
The main difference is that 802.22 is targeted at rural and remote areas. Its radius of
coverage 1s many times larger. In addition, 802.22 is the world's first standard to use
cognitive technology to share the optimal frequency range and does not require licensing

to use specific frequencies.

1.5 Description of the IEEE 802.22 architecture
The most important requirements from the developers to the IEEE 802.22
standard were the flexibility and adaptability of the system, as the equipment has to work

in the spectrum with licensed subscribers. As a result, the standard describing the PHY
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(Physical) and MAC (Media Access Control) models of the OSI network has received a
special architecture.

Principles of PHY level organization

Two-way time division duplexing (TDD) communication is organized between
the base station and the physical user equipment. In this division, the input and output
data are transmitted on the same frequency, but at different intervals. If you need to
change the speed priority, there is nothing easier - just extend the time allocated for one
data stream and reduce it for another.

Orthogonal Frequency Division Multiplexing (OFDM) technology is used as a
transport mechanism in 802.22. A similar scheme is used in WiMax. Its essence is that
some data stream is divided between several special frequencies. Each substream is
modulated according to its own scheme.

The specification provides for three types of modulation schemes: Quadrature
Phase Shift Key (QPSK), Quadrature Amplitude Modulation (16 and 64). Schemes
differ in the amount of information that can be transmitted in one character. One or
another modulation scheme is chosen based on the transmission conditions. The higher
the baud rate, the lower its reliability (the higher the probability of error). Therefore, if
the network subscriber is located far from the base station and the signal level during
communication is not very high, it is better to change the modulation scheme, for
example from 16 QAM to a slower but stable QPSK. The system is constantly adapted,
and for each user the optimal mode is balanced between speed and noise immunity.

Important for the standard is the feature of OFDM to counteract multipath. This
effect occurs in the presence of any interference between the base station and the
subscriber. The signal can experience many reflections from a variety of objects.
Ultimately, the receiver receives not one signal, but several with some delay, which can
lead to intersymbol interference. Against this, OFDM uses a special insert, the so-called
cyclic prefix.

For more stable operation, 802.22 provides the use of codes that allow you to
correct errors. Including Gallager codes, which are currently the best solution for

transmitting information over the communication channel with noise in a limited band.
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The Orthogonal Frequency Division Multiple Access (OFDMA) technique is
used simultaneously to organize access to the communication channel of several
subscribers. This is a unique technology that allows you to use the available frequency
space in the most profitable way. OFDMA has already proven itself in standards such
as WiMax and LTE. In the OFDM mechanism, special frequencies are shared between
network users.

Spectral efficiency according to the standard can vary from 0.624 to 3.12 Bit /s /
Hz. This value characterizes the data rate in a given frequency band. The higher the
value, the higher the bandwidth of the system, but with increasing spectral efficiency,
noise immunity decreases. To compensate for the low bandwidth of the channel with
minimal spectral efficiency, the channel bonding technique is used. The essence of the
technique is to use up to three TV channels simultaneously to ensure an acceptable
transmission speed due to the bandwidth of 18 (21, 24) MHz.

To protect the license channels, it is necessary to maintain the frequency interval
to prevent interference. The width of the frequency range is recommended to be
comparable to the width of one channel. In fact, it is necessary to have gaps in the UHF
/ UHF range with a width of three channels (one information plus two protective on the
sides) and more. This requirement emphasizes once again that it is advisable to deploy
IEEE 802.22 in rural and sparsely populated areas where broadcasting is relatively free.

When designing the standard, the developers were focused on ensuring that the
level of system performance was no worse than in DSL. To do this, it was necessary to
ensure the speed of the input (downlink) connection (within the base station) of about
1.5 Mbps, and the speed of the output (uplink) 384 Kbps for 12 simultaneous users in
the network. Providing this speed for users requires that the bandwidth of the channel
for the input connection was 1.5 * 12 = 18 Mbps. Therefore, with a bandwidth of 6 MHz
(for the United States, much of Central and South America and Japan, in the rest of the
world the band is mostly 8 MHz), the required spectral efficiency was C = 18/6 = 3 bits
/ (¢ * Hz) ). Based on these principles, a standard was formed, the parameters of which

can be conveniently summarized in Table 1.2.
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Table 1.2 - Parameters of the IEEE 802.22 standard

Channel band (MHz) 6, (7,8)
Multiplexing OFDM, OFDMA (uplink)
Modulation QPSK, 16-QAM, 64-QAM

Coding Collapsible codes, Block Turbo Code
Bandwidth (downlink) 18 Mbit/s
Spectral efficiency 0.624-3.12 bit/(s*Hz)
Custom performance Downlink: 1.5 Mbit/s Uplink: 384
kbit/s

The OFDM scheme was adopted in order to ensure the stable operation of the
system in the conditions of multi-beam propagation and selective fading of the signal,
as well as to ensure high bandwidth and efficient use of bandwidth. Depending on
different conditions, the standard allows the use of different modulation schemes:
QPSK, 16-QAM or 64-QAM. Moreover, the standard does not exclude adaptive
dynamic configuration of modulation for a particular user. To ensure the required
declared performance, the standard introduced the system "Channel Bonding" (channel
connection). This system allows you to use more than one TV channel at a time to
provide the desired bandwidth. This is possible due to the fact that very often in different
countries between the broadcast channels leave 2 or more free channels to get rid of
cross-barriers. In practice, it is expected to be limited to 3 free channels.

Principles of MAC level organization

The Media Access Control layer organizes addressing and network access control.
MAC, based on cognitive technologies, must have a very dynamic and flexible
architecture to respond quickly to changes in the network. Superframes are used to
exchange data in 802.22. The duration of one superframe is 160 ms. At the beginning of
each superframe there is a special preamble and a superframe control header (SCH). The
base station sends superframes on each of the available and satisfying channels.

Subscribers in the station's coverage area and not yet connected to the network "listen"



78

to free channels for the presence of superframes. Upon receipt of the data, the subscriber
equipment retrieves from the SCH all the necessary information to initialize the network
connection. Each superframe consists of frames. The duration of one frame is 10 ms,
respectively, in one superframe 16 frames. Frames are direct storage data.

Network initialization in 802.22 is more difficult than in other wireless networks.
Everything is complicated by the fact that there is no specific communication channel
at first. Thus, the user equipment must first scan the frequency grid and map the entire
range. Then in the free and corresponding gaps look for the SCH base station. Once the
SCH is received, the subscriber's modem makes itself known to the base station and
remains in the channel for the duration of the superframe. If during this time the modem
receives the answer, then there i1s an initialization and connection to a network. After the
connection is established, the channel status information is sent to the base station.

As mentioned above, while working in the network, the base station periodically
sends commands to the subscriber equipment to run a range scan for the presence of
licensed users. However, there are different scanning algorithms that determine the
maximum signal level in the channel, scan time, range, probability of false alarm. There
are certain thresholds for signals at which they will be interpreted as licensed users. All
these parameters affect the success of obtaining a reliable frequency grid in the region.
The base station can distribute the load between the subscribers when scanning the
frequency spectrum. If the main base station is "silent" for a long time, then the
subscriber equipment looks for beacons from another neighboring station and in case of
a successful search connects to it. Network modeling has shown that even with a large
concentration of adjacent stations, subscriber terminals are quickly distributed between
them. As a result, the load on the base stations becomes optimal.

The requirements of the developers for the flexibility of the standard architecture
have created a number of new problems, which imposed certain requirements on the
structure and principles of the project, including at the MAC level. First of all, there
were problems with initialization and logging in. The essence of the problem is due to
the fact that the network does not have a fixed channel, and there is no possibility to

send a pilot signal to search for the network (channel). Therefore, first you have to scan
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the entire frequency range to track available free channels, and then in the found filtered
frequency range to scan the pilot signal of base stations, and only then connect to the
network.

The specificity of the standard requires a certain organization of information
exchange. Duplex time division duplex communication (TDD) is used to provide data
transmission between the user and the base station. This is the most optimal scheme, as
only 1 channel is needed for exchange, which is easier to control in contrast to the same
FDD (frequency separation), and also allows you to dynamically change the bandwidth
of input and output streams. A special frame data structure is used for this type of
transmission. Frames and Superframes are introduced as part of the standard.

- super-frame duration: 160 ms;

- frame duration: 10 ms;

- each super-frame consists of frames;

- super-frames provide full synchronization of all network operation, in particular,
they provide initialization of network access and network entry. At the beginning of each
superframe there is a preamble and a superframe control header, or SCH for short. The
header and preamble contain all the necessary information for all new subscribers who
want to connect to the base station;

- each frame is divided into two subframes: input (downlink sub-frame (DL)) and
output (uplink sub-frame (UL)). The boundary between two subframes can vary
depending on the required bandwidth;

- each frame contains a CBP (Co-existence Beacon Protocol) packet, which
contains technical information about the network, such as geo-position, free channels,
commands from the base station to customers, etc.

Finally, the standard has been designed to avoid conflicts with existing broadcast
channels as well as other radio transmission systems in this frequency range. As a result,
the system has become adaptive, thanks to the use of cognitive technologies, which also
allows to get rid of various obstacles and changes in the propagation of radio waves,
which periodically occur in practice.

The standard supports the various QoS systems listed in Table 1.3
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Table 1.3 - QoS systems for the IEEE 802.22 standard

QoS JI0/IaTOK

UGS VolP, T1 / El

rtPS MPEG video streaming
nrtPS FTP

BE E-mail

Contention BW queries etc.

The IEEE 802.22 specification is simple and easy to understand. The developers
tried to make the most optimal data exchange technology for relatively long distances
and acceptable transmission speeds. The unique approach with the use of cognitive
methods of radio transmission allows to get rid of a number of problems at the design
stage of the standard, including at the legislative level. Of course, you should not expect
completely without a licensed distribution of technology, but the specifics of the devices
should provide a simpler procedure for localization of technology. Most likely, the first
thing to expect is the appearance of IEEE 802.22 devices on the US market in view of
the already settled legal issue.

IEEE 802.22, which appeared relatively recently, has brought with it new
mechanisms that can bring quality communication even to the most remote corners of
the planet. Unique approach to solving the issue of frequency division, which is acute in
Ukraine, can make 802.22 the most common wireless standard to cover large areas. This
uses private scanning of the operating range, continuous monitoring and tracking of

changes, as well as the procedure of sharing spectrum with licensed users.



