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PO3POBKA METOAY BUBOPY KAHAJIIB KOI'HITUBHOT'O PAIIO
IPU MHOXKUHHOMY JOCTYIII IEPBUHHUX TA BTOPUHHUX
KOPUCTYBAUIB 3 BAKOPUCTAHHAM TEXHOJIOI'TI
«ENERGY HARVESTING» IIIJI KEPYBAHHSAAM HEMPOHHOI MEPEXI

Kornitusre panio (KP) € onni€ero 3 0CHOBHUX 4acTHH TenekoMyHikauiiHux cucreM 3B 3Ky (TCC-IOE) B 3B's3Ky 3 THM,
110 Oy/M MOKJIMKAHI BUPILIUTH MUTaHHA AS(IMTY CIEKTPY Ta BIPOBAKEHHS 1HTeNeKTyalbHUX (QyHKIIH. Bubip kanamy 3
MHOXXHHHHMM Jl0cTynoM nepBuHHUX kopucryBauiB (IIK) Ta BropunHuX kopucryBauiB (BK) € oxHieto 3 HaifronmoBHimmx
npobneM crangapty. Uepe3 KOHKYPEHIIiI0 KaHANIIB BiJOyBa€ThCSl B3a€EMHHUH BIUIMB IAKETiB MEPBHHHHUX Ta BTOPHHHUX KO-
pucTyBadiB. 3 METOIO 3MEHIIIEHHST KOHKYPEHIIii KaHaliB cepel] BTOPHHHUX KOPHCTYBadiB, OyJI0 po3po0iieHO MeTos BUOOpyY
KaHaJIiB KOTHITUBHOTO PaJiio NPY MHOKMHHOMY JOCTYII NEPBUHHHUX T4 BTOPUHHUX KOPHUCTYBayiB 3 BUKOPHCTAHHSIM TEX-
Honorii «Energy harvesting» min kepyBaHHsAM HelipoHHOI Mepesxxi. Ha ocHOBI po3pobieHoro merony Oyio peani3oBaHo Ii-
OpuaHYy MoJeNb Iepejadi AaHuX I1iJ] KepyBaHHAM HEHPOHHOI Mepexi I KOKHOIO BTOPHHHOIO KopucryBaya. s i€l
MOJIeNIi XapaKTepHi BIACTUBOCTI, IPH SKUX BTOPUHHUI KOPUCTYBaY MOXKE BHUIIAJIKOBUM HE PErJIAMEHTOBAaHUM YHHOM IIpa-
LIOBAaTH B PEKUMAX CYMIILICHHS 3 3aliHATUMHU KaHAIaMHU 3 BUKOPUCTaHHIM TexHoioril «Energy harvesting» (EH) Ta nepex-
purta. Kpim Toro, mist peanizauii po3po6iieHoro Merony 0yino0 BU3HaY€HO KpUTepiii BHOOpY KaHaly Ha OCHOBI KOHKYPEHLT
cepesl MHOXKMHHHX 3alMTiB BTOPHMHHUX KOPUCTYBadiB JUIs nepenadi ganux abo texnonorii “EH”. Ha ocHOBI 1iboro kpure-
Pir0 CTBOPIOETHCS KOHKYPYIOUMiA HaOip MociiioBHOCTEH. MozenoBaHHs! 110Ka3ye, 110 3aIPOIIOHOBAHUI METOJL CIUIBHOIO
BUKOPHUCTaHHsI KaHAJIB Ta KpUTepiii BUOOPY KaHAJIB MEPEeBEPLIYIOTh 1HII METOIH 3 TOYKH 30py ITOMHIIKOBOI 3aiHATOCTI
(TIOMUIIKY), CepeIHbOI IPOITYCKHOI 3IaTHOCTI, CEPeTHHOr0 Yacy OUiKyBaHHS Ta €(peKTUBHOCTI 300py €Heprii BTOPHHHOTIO
KOpHUCTYBaya.

Karo4doBi ciioBa: BTOpUHHMI KOpUCTYBay, 30€peXeHHs €HEepril, KOTHITUBHE Pajlio, KOJi3is, HeHpoHHa Mepexa mep-

BUHHMI KOPUCTYBaY, Iepejada JaHuX, pajiio XBUII, PalioyacTOTHUH CIIEKTD.

IMocranoBka npo6iaemu. OcTaHHIM YacoM Bin0y-
BaeThCsl Oe3mepepBHA PoO3poOKa OE3MPOBONOBUX MPHU-
CTPOIB Ta TOCIYT, SIKi IHTETPYIOTHCS 31eOLIBIIOrO B
cepenosuine [areprer (IoE) [1-3]. B mepexi InTepuer,
JIe BCI €JIEMEHTH I10B’s13aHi OJTHIEI0 MEPEKEI0, MTOMHT Ha
MPOITYCKHY 3/aTHICTH ITPpU OOMEXEHOMY CIIEKTpi 3Hau-
HO 3pocTae. Bpak pecypciB pafiouyacTOTHOTO CIIEKTPY
CTaB cepitozHor mpobiiemoro 21 cromitrs. L{g mpobie-
Ma IOB’s3aHa 31eOLIBIIOr0 3 TPATUIIAHUM ITiIX0I0M
JIO0 PO3IIOALTY CIEKTPY, NPHU SKOMY II€BHA YaCTHHA CIIe-
KTPY MOX€ BUKOPHUCTOBYBATHUCS TUJIBKH JIILIEH30BAHUMH
crcTeMaMu 0e3MPOBOIOBOIO 3B’ S3KY.

Jledinut 4acTOTHOTO CIIEKTPY Ta HasBHICTH «CIIe-
KTpaJbHUX Jip» JILEH30BAHOIO CIEKTPY CIIPUSIOTH
TMOSIBI TEXHOJIOTIH, TAKUX SIK TEXHOJOTis] KOTHITUBHOTO
panio, sika B TaHUH MOMEHT aKTUBHO PO3pOOJISETHCA, a
denepanbna komicis 3i 38's3ky (FCC) CIA cxBanmia
HEJTIIIeH30BaHe BUKOPUCTAHHS JIILIEH30BAHOT'O CIIEKTPY,
BHUKOPHCTOBYIOYHM KOTHITUBHOrO paznio [4, 5]. Kornitu-
BHE palio po3poOJsEThCs K e(pEeKTUBHHHA MiAXiJ IO
ycyHeHHs nedinuty crnekrpy [6-8]. Tomy BripoBamxeH-
HSI KOTHITUBHOT'O pajiio B cepenoBuiie [oE moxe 3a0e3-
MEYUTHU JOCTYI 10 (PiKCOBaHMX YACTOT MIX JEKiJIbKOMa
KOpHCTyBa4aMHU.

B koHiTHUBHOMY paziio OyJ0 3aIiporoHOBaHO MeXa-
HI3M JTUHAMIYHOTO CIeKTpajibHOro nocrymy (DSA).
IcHytoTh 1Bi OCHOBHI Momeni mepeaaui qanux mis BK,
0 e)eKTUBHO BHKOPUCTOBYIOTh «CHEKTPaJbHI Iipm»:
pexxum niepexkputtst (PIT) [9] Ta cymimenns (PC) [10]. B

pexxumMi niepekputtst BK Moke He perjaMeHTOBaHUM
YHHOM BHKOPUCTOBYBATH JIILIEH30BaHI YaCTOTU TIJIbKH B
TOMY BHUMNAJKY, SKIIO IEPBUHHUI KOPHCTYBad HE aKTH-
BHHUI. T0oOTO, BTOPHHHUIN KOPUCTYBA4 HE MA€ IOCTYITY
JI0 CIEKTPY OJHOYACHO 3 TIEPBHHHUM KOPHCTYBadeM,
mob 3amodirt Oyab-KUM TOMHJIKaM TpH mepeaadi
MIEpBUHHOTO KOPHUCTYBayda. B pexxumi cyMmileHHs, sIKIO
MIEPBUHHUM KOPUCTYBad OTPUMYE JOCTYII A0 CBO€I yac-
TOTH, BTOPUHHUI KOpPHCTyBad MOXE CITIiBICHYBaTH 3
nepeavero JaHUX IEPBUHHOMY KOPHCTYBady, IIOKH
3aBajii, BUKIMKAaHI BTOPHMHHUMH KOpPHCTyBauaMH, He
TOTipIIATh SKICTh 3B’SI3Ky IIEPBUHHOI'O KOPUCTYBava J10
neBHoro piBHs. Koy nepBHHHHMI KOpHUCTyBad Iepexo-
JIUTh B HEAKTUBHUI CTaH, MOTY)XHICTh Nepezadi BTOPUH-
HOI'0 KOPHUCTYBaua Oye 00MeKeHa TIOpOroM, BKa3aHUM B
upoMy pexumi. ToMy yacToTH He3aHHSATOro CHeKTpy He
BHUKOPHCTOBYIOThCSI B TIOBHIH Mipi, 1 BTOpHHHHUI KOpHC-
TyBa4 B PEXKUMIi CyMIIlIeHHs He 3a0e3Meuye MakCuMallb-
HY NMPOXYKTHBHICTb. 3 1HIIOr0 OOKY, KOJIM B TIEBHiH 00-
JIACTI YaCTOT CHOCTEPIraeThcsl BUCOKA aKTHBHICTH BHKO-
PHUCTaHHS CHEKTPY, MPOTATOM SIKOTO BTOPHHHHN KOpPHC-
TyBay IOBWHEH YEKaTH Ha BUIBHUN KaHal, e 3HA4HO
3HWKYE TPOAYKTHUBHICTh PEXHMY HEPEKpUTTS. Tomy
iCHye HEeoOXiTHICTh pO3pOOKU TiOpHIHOI MOJENi Iepe-
Jlavi JaHWX Ha OCHOBI HEHPOHHOI Mepexi, B AKIH mepe-
Baru PeXUMY IEPEKPUTTS Ta PEKUMY CYMILIEHHs Oy-
IyTh TIOETHAHI TaK, MI00 MPOAYKTUBHICTH BTOPUHHOTO
KOpHUCTYBaua O0yiia 0 MaKCUMAaJbHOIO MPH BEJIHMKIH MiH-
JIMBOCTI CTaHy IEPBUHHOIO KOPHCTYBaya.
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Amnauni3 Jitepatypu. B mxepenax [12-14] Oyio 3a-
MIPOIIOHOBAHO TiOpUAHY MOJIENb Tepenayl AaHuX. 3riTHO
Jokepena [12], BTOpHHHHN KOPHUCTYBad MOXe OOMiHIOBa-
TUCS KEPYIOUOK0 1HPOPMALIIEIO SK B PEXKHUMI TTIEPEKPHUTTS,
Ta repeaaBaTy JiaHi, TAK CaMo, sIK 1 B peXKHMI CyMiIl[CHHSL.
Take pilieHHs1, Ipo ITOCTYI Ta Iepenady, HOCUTh JIMIIIE
TEeOopeTUUHU Xxapakrep. B mxepenax [13, 14] BropunHuit
KOpHCTYBau TMOCTIHHO aHaNli3ye CHEKTp Ha HasBHICTh
aKTHBHOCTI TIEPBUHHOTO KOPHCTyBaua Ta II€peiac JaHi
TaK €aMo, sIK 1 B p&KHMI EpEeKpUTTs, KoM GakT podoTh
MIEPBUHHOTO KOPHCTYBaya HE BHSBIIEHO. SIKIIO MEpBUH-
HUHA KOPUCTYBau IOYMHAE TEpeAaBaTd JaHi, TO, MPHU
LIOMY, BTOPHHHHUI KOPUCTYBa4 3BUIBHSE KaHAI SIK 1 PU
peXUMi CyMillleHHsl. AJlle B pO3IJIIHYTHX poOoTax He
BPaxOBYBAJIHCS TOMUIIKA NPH BHSBJICHHI Ta IIOBTOPHA
nepeaya NepBUHHOTO KOpUCTyBaya. B HaBeneHnx podo-
Tax OyJO MOKa3aHO, 1[0 BTOPHHHUN KOPHCTYBad MOXKeE
MOKPAIINTH TIOKa3HUKHU JIOCTYITY JIO CIIEKTPY B T1OpHIHIH
MOJIeJi Tiepenadi IMOPIBHSAHO 3 JIBOMA CTaHIAPTHUMH
peXUMaMu. AJie IMTaHHA PO BOX a00 OibIle BTOPUH-
HUX KOPHCTYBadiB, sIKi KOHKYPYIOTh 32 OAWH KaHaj
MPaKTHYHO HE BHBYABIOCH. BUIbII TOro, IMOBIpHICTBH
BUHHMKHEHHS [TOMHJIOK MK BTOPHHHHM Ta MEPBHHHUM
KOpHCTYBayaMH 301JIbLIYETHCS B PEXKUMI MHOXKHHHHX
BTOPUHHUX KopHcTyBauiB [15]. Takum wmHOM, uepe3
BRXJIMBICTh 3aro0iraHHs TOMWJIOK CHIBICHYBaHHs, B
MepeXi KOTHITUBHOTO Pajio 3 JEKUIbKOMa BTOPUHHUMU
KOpHCTYBauyaMH Ta JEKiJbKOMa KaHallaMH, iCHye HeoO-
XiTHICTh PO3POOKH KpHUTEpito BHOOpY KaHaja B ridpumi-
Hill MoJemi mepeaayi Ha OCHOBI HEHPOHHOI MEpPEeKi VIS
BUPIILIEHHS MPOOJIEM TIOMUJIOK CITiBiCHYBaHHSL

EHeprocroxvuBaHHs € BaXIMBOIO MPOOIEMOr0 0e3-
MIPOBOJIOBOTO 3B’s3Ky. B Mepekax 3 MHOKMHHHMH BTO-
PUHHHMH KOPHCTYyBadaMH, SIKi BUKOPHCTOBYIOTH Oe3Jiy
MIEPBUHHUX KaHAIIB B TIOpUIHIA MoJeNi mepenadi, BTO-
PUHHHI KOpuCTyBau Oyae BUTpadaTH Oulblle eHeprii,
HDK B CTAaHIAPTHUX METOMaX, 4epe3 Te, M0 BiH Oyme
MOCTIHHO aHAJTi3yBaTH, BUSBIISTU Ta IIEPEKITIOUATUCS MiXK
BEJIMKOIO KUTBKICTIO KaHaiiB. ToMy eHeproeeKkTHBHICTh
€ BaXJIMBUM KPHUTEPIEM B MEpEkax KOTHITHBHOTO Pajio
mopsia 3 e(eKTUBHUM BHKOPHCTaHHSM criekTpy [16, 17].
B cyuacHuX mkepenax OIMHCAHO HOBI METOAM e(EKTHB-
Horo eHeprozoepexxenHns [18, 19]. Taxi TexHomorii mo-
3BOJISIFOTH MIPUCTPOSIM aKyMYITIOBaTH €HEPTII0 3 TPUPOJI-
HUX JDKEpe: COHSYHUX, TOBITPSIHHX, aKyCTHYHUX Ta
pamiodactotaux XBwib (PX). OCHOBHA KOHIETIIiS MOJIsI-
ra€ B TOMY, IO BiJIOYBAa€ThCS NEPETBOPEHHS HaBKOJIHIII-
HIX EJIeKTPOMarHiTHUX XBWJIb B EIEKTPHYHY EHEPTilo.
Takuii migxig € OUIbII BIAMIOBIIHUM Ta CTAOUIBHUM IS
MIPUCTPOIB 3 HU3BKHM EHEPTrOCHOKUBAaHHAM, aHai3ylo-
YUX CHCTEM, MEPEXK KOTHITMBHOTO pajio, HDK MiAXim 3
iHIUMU JoKepenaMu. [IpurmyckaeTbesl, 10 BTOPUHHHHUN
KOPHUCTYBau OCHAIICHUH 37aTHICTIO 300py eHeprii paaio-
XBWIb 1 IOBUHEH HE TIJIbKU OOMpaTH HE3aWHATHH KaHaj
JUIS Tiepenavi JaHuX, aue i 3alHATUA KaHall st 300py
pamiodactoTHoi eHeprii. BiamoBimHo, Takuii riOpuaHMiA
METOJl BUOOpY KaHally Iepesadi JaHWX aKTyalbHHUH IUIst
MOKpaIIeHHs1 e()eKTUBHOCTI BUKOPUCTAHHS CIEKTPY, TaK
i s e(heKTUBHOCTI BUKOPHUCTAHHS €HEPTii B Mepexax
KOTHITHBHOTO Paio.

Buxojsium 3 BUIleONnMCcaHKX TepeBar, B CTaTTi po3-
poOJeHO MeTon Ha OCHOBI KOHKYpPEHIl KaHaliB MiX

BTOPUHHUMHU KOPHCTYBadaMH JUIsl OCSTHEHHS MiHIMa-
JIBHOI KUIBKOCTI TIOMWJIOK B KaHallax 3 TEPBUHHUMH
KOpPHCTYBayaMHU B MEpEXi KOTHITHBHOTO DPajio 3 BEJH-
KOO KUIBKICTIO IEPBUHHUX Ta BTOPHHHUX KOPUCTYBaYiB.

Ha croroaniniHiii 1eHb He iCHYE e(eKTHBHOTO BH-
pillIeHHS] KOHKYPEHII KaHamiB MK JEKiJIbKoMa Iep-
BUHHHMHM Ta BTOPMHHUMH KopucTyBadamu[10, 20, 21].
IpyHTYIOUMCh Ha METOMi BHMABJIEHHS i KOHLEMIi KOH-
KypeHLT KaHalliB, JUIsl BUPIIICHHS [TOCTaBIICHUX 3a/1a4
Oylne OTpUMaHO MOXJIMBICTH ITOKpAIEHHS TOYHOCTI
aHaJi3y CIEKTPY 1 IPOITYCKHOI 3[JaTHOCTI BTOPUHHHX
KopHcTyBauiB. Kpim Toro, crmparoduch Ha po3podiie-
HUH METOJl, BTOPUHHI KOPUCTYBaui 3MOXKYTh aKyMYJIIO-
BaTH PaJiiOuacTOTHY CHEPTiI0 3 3aiHATUX KaHAaJIB, BHU-
KOPUCTOBYIOUHU TexHOoTi0 «Energy Harvestingy.

Mera cratTi. MeToro CTaTTi € po3podKa METOay
CYMIIIEHOTO BUKOPHCTaHHS CIIEKTPY VIS 3MEHIICHHS
IMOBIpHOCTI TIOMHJIOK TIPH BHSIBJICHHI BUIFHHX KaHaIB
Ta JUIs 3MEHIIEHHS KIIBKOCTI MOMHJIOK TIpH Iepeaadi
BTOPMHHMMH KOPHCTYBa4aMH, a TaKOXK pealtizallist Ipo-
Leaypu BUOOpY KaHaiy JUisl BEIMKOI KIIBKOCTI BTOPUH-
HUX KOPUCTYBaYiB Ha OCHOBI KOHKYPYIOYOIr0o Habopy.

OcHoBHuii martepian. Ha pucynky | mokazaHo
MEpexXy 3 BEIUKOIO KiIBbKICTIO EPBHHHUX Ta BTOPWH-
HHUX KOPHUCTYBadiB, Jie KOXXHOMY IEPBUHHOMY KOPHUCTY-
BaueBl BUIJICHO iineH3oBanuii kaHan («[1K-kanam).
Sx 1B [9-11], Tpadik KO)KHOTO KaHAITY MOJIETIOETHCS SIK
MapKiBCBKHH Tporiec Oe3nepepBHMH y 4Yaci. Takwuii
MIPOIIEC MA€ JBa CTAHU — BUIBHOIO 1 3aHHATOrO CIICKT-
py, WO Ui TIEPBUHHOTO KOPHCTyBaya BiAIOBiJae
BKIIIOUEHOMY Ta BUKIIOYEHOMY cTaHy. KokHuil mepe-
JlaBad BTOPUHHOI'O KOPHCTYBaya Ta BiAMOBITHUI HOMY
npuiiMad 3HaXOAWTHCS B MEXKax [iala3oHy Iepeaadi
omuH oxHoro. OTke, iICHyBaHHA 3B’S3Ky MDXK JBOMa
BTOPMHHMMHU KOPUCTYBayaMU 3aJIEKUTh HE TIJIbKH Bij
BIICTaHI MK HUMH, ajie 1 BiJ mepeaadi NEpBUHHOTO
KOpHCTYyBaya, 1110 3MiHIOEThCS Y Yaci.

MepeuHHA  ~,
KaHan Ny

Puc. 1. ApxiTexTypa Mepexi KOTHITHBHOT'O paJiio
3 BEJIMKOIO KUIBKICTIO IEPBUHHUX Ta BTOPUHHHUX KOPUCTYBaYiB

3 puc. 1 BuaHO, IO JEKUIbKa BTOPHHHHUX KOPHC-
TyBa4iB MOXYTb MaTH JOCTYIl IO OJHOTO KaHaly, a
OIIMH BTOPUHHHUI KOPUCTYBad MOXXE€ MaTH OlIblle Of-
HOT'0 KaHaIy JUIs BHOODY.

[NepBUHHUI KOPUCTYBAY 3HAXOJMUTHCS B [iamna3oHi
nepenadi JesSKUX BTOPUHHUX KOPUCTyBadiB. Biamosin-
HO, MOTYXHICTh KaHAJTy TOBUHHA OyTH 301/IbIIeHa:

1) Bim mepenaBaya NMEPBUHHOIO KOPHCTYBada 0
npuitmada (Gpp);
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2) BiJ mepeaaBaya BTOPHHHOTO KOPUCTyBauda 0
npuitmaya(Gss);

3) BiJ mepenaBaua NEPBHHHOTO KOPUCTYBaya J0
npuiiMava BTOPUHHOT0 KopuctyBada (Gps);

4) Bin mepenaBaya BTOPHMHHOTO KOPUCTyBauda 0
npuiiMava IepBUHHOTO KopuctyBada (Gsp).

Monenb Takoi cucteMu Mae BUIILLA [25]:

Gy =k-d;-a, (1)

ne G, — TIOTYXKHICTh KaHally i-1 mepezaui Ta j-ro npuiio-
My; k — koedinieHT 3aracanHs, SIKMH MMOKa3zye 3MiHY TO-
TYXKHOCTi; dj; — BiICTaHb MiX i-TO TepenaBaya Ta j-To
npuiiMaya; oL — BTPaTH MY i-i Tiepe/iadi Ta j-My IpHiioMi.

PiBeHbp TOTY)XHOCTI Ta iH(OpMalis Ipo CTaH Ka-
Haiy (CSI) OynyTh BiioMi BTOpHHHOMY KOPHCTYBady, B
pe3yNbTaTi 4Oro BiH MOXE OTPUMATH JOCTYII JI0 KaHAITY
TTiCIIst HOT'O BUSIBJICHHSL.

Enepris Bix pasioyacTOTHOrO CUTHaNy TPaHCIIO-
€TbCs y BCiX HampsiMkax [18]. Arne y 3B'sI3Ky 3 HEeBH3Ha-
YEHHM MICIIEM pO3TalllyBaHHS, 3aracaHHsIMH, 3aBaJaMH
Ta YMOBaMH PO3IMOBCIOJKEHHs PiBeHb eHeprii pajiox-
BWIb HEe MOXe rapantyBati QoS B 0e3mpoBOIOBHX
paniocucremax. 1106 mokpaimuTy eHeproeeKTUBHICTS,
€Heprisi BiJl pagiOXBWIb IEPETBOPIOETHCS B TMOCTIHHY
HAIpYTy, a TOTiM 30epiraerbest B pKepeni Oesrnepediii-
HOT'0 YKUBJICHHS. J[aHOIO TEXHOJIOTIEI0 BU3HAYCHO eeK-
TUBHY 30HY 300py eHeprii. Taka texHonoris nependa-
Yae, 110 KOXKEH BTOPUHHUI KOPUCTYBad MOXKE MEPETBO-
PHUTH €HEpriio TIAbKH 3 palioOXBWIb BiJl KaHAJIIB Iep-
BHUHHOI'O KopucTyBauya. KokeH mepezaBad BTOPUHHOTO
KOpHCTyBa4a MOBHHEH OYTH OCHALICHHH MpPUIIaJIOM
TIepEeTBOPEHHS €Heprii Ta 30epiratu 310paHy eHepriio B
Jokepenti Oe3mepeOiiHOr0 JKUBJICHHS, KU BH3HAYCHO
MaKCUMAJIBHOIO €MHICTIO E ... IIpu 1pomy mkepeno
0e3mepeOiitHOrO KHMBIICHHS MOICTIOETHCS  1/I€aJIbHOI0
JIHIAHOI MOJCIUIIO, JIe 3MIHA B HAKOIMYCHINA CHEprii 3
KaHaJIiB MIEpPBUHHUX KOPHCTYBAiB JJIsl BUSBIECHHs a00
nepenadi JaHuX, 110 30UIbIIYye eHeproeeK THBHICTb.

BusiBrieHHsI CIEKTpalbHUX «Iip» € OCHOBOIO Me-
xaHisMy DSA. KpiM Toro, moMuIIkoBO 3HaiIeHI KaHaIH
BIUIMBAIOTh HA NPOAYKTUBHICTH Mepenadi BTOPUHHHX
KOpPHCTYBAa4iB Ta MPHU3BOJASATH 10 BUHUKHEHHSI TTOMIJIOK
B poOOTI MEpPBUHHUX KOPHCTYBaYiB.

CriekTpasibHUH aHai3 OBUHEH BUKOHYBATHUCSI TIe-
pen mepenavero NaHWX Uil BHUSBJICHHS JOCTYITHOCTI
KaHaJy. BiJbIIiCTh METOIIB 3aCTOCOBYIOTHCS BTOpPHH-
HUMHU KOPUCTYBayaMH IJIsl BUSBJICHHS aKTHBHOCTI Mep-
BUHHUX KOpHCTyBauiB [9]. Meroj neTekTyBaHHs eHep-
TeTUYHOI CKJIAJO0BOI MPOCTHH B peaiizamii i MoKaszye
peaybHy KapTHUHY 3alHATTS KaHaliB. ToMy Takuii METOx
€ OB TOYHUM, HABITh SIKIIO BTOPHHHUHA KOPHCTYBad
MPaKTHYHO He Mae iHdopmarii mpo MepBUHHOrO KOpHUC-
TyBaua i B3ATHI 32 OCHOBY B pO3pOO0Ili METOY SIK aJiro-
PUTM 30HAYBaHHS CHEKTPY. T0OTO, OCHOBHOIO METOO
BUMIpPIOBaHHS CIIEKTpa € BU3HAYECHHsI 3alHATOCTI KaHa-
JIy B JIIEH30BaHIA CMy3l 4acTOT. Y BiAIOBIMHOCTI 3
JIBOMa TilOTE3aMHM, ONMHCAHUMHU HIKYE, CUTHAJl MOXKE
Oyru BUpaxkeHuit sk [13]:

Hy :x(t) =n(2),

P @)
11 x(@) =s@)+n(t).

ne Hy, Hy — IBi TimoTe3u mpo 3alHATICTh a00 BITBHICTH
KaHaiy; n(f) — anuTuBHUN Oinuii rayciB mym (AWGN);
s(f) — curHan NEepBUHHOIO KOPUCTYyBaya B OOpaHOMY
KaHaJIi.

B [22] nepenbayaeThcest, M0 iMOBIpHICTh BUSIBIICH-
HSl MOXKHa T03HauuTH 4yepe3 Py 3 dpikcoBanum SNR vy B
kaHaii 3 AWGN i 1l MOJKHa TIPECTaBUTH SK [ 14]:

A Tf,
P(y,T,A) = ——-A=1, =1, 3
1k =a|| 2 O

Jie T - TPUBAJIICTh BUSIBJICHHS; A - TIOPIT BUSBIICHHS; f; -
yacrtorta AWcKpeTwsamii; ¢ - aucmepcits AWGN; o -
IMOBIpHICTh HOPMAJIEHOTO PO3MOLTY.

[Ipn MOMUIIKOBOMY BHSIBJICHHI MOXIIUBE BUHUK-
HEHHS JIBOX THUIIIB OMHJIOK: XMOHA IIOMMIIKA 1, BIIaCHE,
MIOMHJIKOBE BUSIBJICHHS. XMOHA TOMUJIKA BUHUKAE, KOJIH
KaHaJl BIJIbHUIA, 8 BTOPUHHUN KOPHCTYBad BBaXA€, IO
KaHas 3aiHATHi. [IpM MOMHIKOBOMY BHSIBIIEHHI BTO-
PUHHHI KOPHCTYBad ileHTU(IKYe KaHaN SIK BUIbHHH,
SIKMH (paKTUYHO 3alHATHI. 3BIJICH BUIUIMBAE, IO XUOHA
MIOMHJIKA BKa3ye Ha HEBUKOPHUCTaHY MOXKJIHMBICTH JOC-
TYyIy J0 CHEKTPY, B TOM 4Yac SK MOMHJIKOBE BHSBJICHHS
BHOCHUTH IIOTEHIIHHI 3aBaJd B KaHaJi 3 TNEPBUHHUM
KopHcTyBaueM. IMOBIpHOCTI BUSIBIICHHSI XHOHOI MOMHJI-
ku f; Ta moMminkoBoro BusiBIeHHs f, MOXyTh OyTH
MIpEeCTaBIICH], BiIOBIIHO, K [26]:

pf(r,x)=a((x/cz —1)\/Z), (4)

Pm(y,r,k)=1—a((k/02—(1+y))/(1+y) 2/(1@)). )

Uepe3 edekTH 0araTonmpoMEHEBOr0 3aBMHPAHHS,
BCEpENMHI BUCOKMX Oy[iBeNb 3 BUCOKUMH BTpaTaMu i
JIOKAIBHUMU TIEPEIIKOJaMH Ta 3aBaZiaMH, MMOBIPHOCTI
XHOHOI TTOMHJIKY 1 ITOMUIJIKOBOTO BUSIBJICHHS 3011bIITY-
I0ThCSL NPU HE CYMIIIEHUX METOAaX BUSBIICHHS, IO
MPU3BOJUTH J0 HMOMHIOK IpU NpUiioMi-Tiepenadi Mix
MEpBUHHIMHU Ta BTOPHHHHMHU KOPHCTYyBauaMU B Mepe-
’KaX KOTHITUBHOTO pamio. Y gocmimkenssx [11, 13, 19]
OyJI0 4acTKOBO BHUPILIEHO I[f0 mpobieMy. Y po3pooii
MeTo/ly BUOOPY KaHaJiB KOTHITUBHOTO Pajio IPH MHO-
KUHHOMY JOCTYIIi IEPBUHHUX | BTOPHHHHUX KOPHCTYBa-
YiB MiJI KepYBaHHSIM HEWpOHHOI Mepexi HaHi OyIayTh
30UpaTUCs, aHATI3yBaTUCA 1 00'€qHYBaTHCSA IS OUIBII
TOYHOT'O MOJIETIOBAHHSL.

Ha puc. 2 300pakeHO CTPYKTYpy 3 4aCOBUM iHTe-
pBajom (TS). Takwuii TS ckiagaerses 3 ABOX (a3, omHi-
€10 3 sAKkuX € (¢a3u BusBieHHs KaHany (CS) i mepenaui
nmanux (DT) abo ¢as3u «300py» eneprii. Ha mepiromy
eTani BTOPWHHI KOPHCTYBaui BHSBIISIOTH KaHAIH 3 aK-
TUBHICTIO TEPBUHHOI'O KOPHCTYBada 1 OOMIHIOIOTBCS
iHpopMari€eto npo 3aiHATI a00 BUSBIICHI BUIbHI KaHAIH
JIAHUX BTOPMHHOTO KOPHUCTYBaua 3 iHIIUMH BTOPHHHH-
MU KopuctyBauami. [ToTiM mro iHpopmariiro Oyzne mopi-
BHSHO 3 BIANOBIJHUMH pe3yJbTaTaMU BHUMIpIOBaHb
BTOPUHHHX KOpHCTyBadiB. OCTaTo4He pillleHHs IIpo
CTaH BUSIBJICHOI'O KaHAITy Oy/ie npuiMaTHCs Ha ITiACTaBi
JBOX a00 Oijbllle MiATBEPHKCHUX CTaHIB. Takok KaHal
MOXe OyTH BU3HAYEHO, KOJNU BiH BHSBISIETHCS TUIBKH
OTHMM BTOPWHHUM KOpucTyBadeM. Ha apyromy erami
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BTOPMHHHMH KOPHCTYBad 3JIIHCHIOE «30ip» eHeprii abo
DT Ha mifcraBi meBHOro craHy KaHany. Buxomsuu 3
[23] TpuBayicTh BUSBIECHHS MOBHHHA OYTH HACTLIBKU
MaJIOl0 B TOPIBHSHHI 3 YacoM Iiepenadi iHpopMarii
MEpPBUHHOIO KOPUCTYBaya, 1[0 MOYKHA MPHUITYCTHTH, 1110
cTaH nepenayi iHopmarii NEpBUHHOTO KOPUCTYBaya €
HE3MIHHUM ITiJ1 4ac (a3 BUSIBICHHS.

MNepepaya gaHnx
Kawan CraH PileHHa N
"36ip" eHepril
57 CS—»€——DTVEH —— >
« T8 >

Puc.2. CtpykTypa nakera 3 4aCOBUM 1HTE€PBAJIOM

Ha puc. 3 HaBeneHo riOpuaHy Moneib Irepenadi
nanux. JlaHi, mo HaxxomsTh, OyhepusyoThcs B uep3i
JIAaHUX TepeqaBaya BTOPUHHOIO KopuctyBada Qp; , J1e
I=1...N, nmpu MakCUMaJbHOMY 00 €Mi uepru JaHuX
O, EHEpreTHYHA CKIIaI0BA PAJiOXBHIL 30€pIraeThCs
B JUKepedi Oe3nepebiitHoro wuBJIeHHs, QF;, ne i = 1...N,
MaKCHMaJIbHA EMHICTb SKOTO MTO3HAYAETHCS SIK Epyy.

MK-T1
5

MK-R1
i KaHan saiHATKi

MK-TM 0 MK-RM1

KaHan sineHui

-]

M “3gip"
i SHepril

\
\
5y Yepra gaHux

BK-TX

Puc. 3. I'i6puana Mozens nepenadi JaHUX

[pu iHimiamizamii KaHaly, KOJIH JaHI HAJIXOIATh
Ha TIiepeJiaBay BTOPUHHOI'O KOPUCTYBaya, uepra JaHuX i
€HepreTUYHa €MHICTh MOXXYTh OYTH IpEACTaBIICHI MpH
Opi #0, sx Op; = E .. BTOpUHHUIN KOpUCTYBaU MOXKE
BUKOHYBAaTH Iepe/iavyy JaHHUX NPH BUSBICHHI He3aiHs-
Tux kananiB. Hexaii E(s) Oyne BU3Ha4aJbHUM pe3yiib-
TATOM BTOPUHHOI'O KOPUCTYBaya, a Ay Ta A, — CHEPIeTH-
YHUI MOPIT MOJENi NEPEKPUTTSI Ta CYMILICHHS, BiIIo-
BiIHO. SIKINO eHepris CUTHATYy padioXBHIb Oyae HIDK-
4yoro mopory cymimieHHs, To E(s) < Ay BiamosigHo,
BTOPUHHHIH KOpHCTYBau Oyze nepenaBaTd AaHi 3 Olib-
IO IIBUKICTIO B PEKUMI TEPEKPUTTS. SIKIIO eHepris
CHTHAJy PaJiOXBHJIb Oylie BUILOIO TIOPOTY ITEPEKPHUTTS,
ajie HIKYOK MOPOTy CYMIIIeHHS, TO Ay < E(s) < A,. Lle
O3Hayae, M0 TEPBUHHHUN KOPHUCTYBau HE MOBHICTIO
3aliMa€ BUJUICHWH KaHaJ, i BTOPUHHUI KOpPHCTyBad
MOX€E OTPHMAaTH O HBOTO JOCTYN OJHOYACHO 3 Mep-
BUHHUM KOpHCTYBaueM. BTOpuHHHMII kKopHCTyBad, 3Me-
HIIIYE TOTYXHICTh IepeiaBaya Tak, 1100 He 3aBa)kaTH
nepenadi IEPBUHHOTO KOPHMCTYBada, IO BiANOBiJaE
MOJIEITi CYMIIIICHHS.

IIpu BukopucTanHi riOpuaHOI Moneni mnepeaadyi
nepen0avyacTbesl, 10 KOXKEH NepeaaBady BTOPUHHOTO
KopucTyBaua Boiyogie moctoBipHoro CSI. g pisHHX
KaHaJliB BEJIMYMHA i KOe]ili€HT BUKOPUCTAHHS Pi3Hi.
IpyHTYIOUKMCh Ha pe3yJbTaTax BUMIPIOBAHHS KaHAIIB,

KO)KEH BTOPUHHUI KOPUCTYBa4 CaMOCTIHHO OOUYHUCITIOE
CTaTUCTUYHHUI TIOpIT eHeprii B peXuMi CyMillleHHS Ta
MIEPEKPUTTS, 1 OHOBJIIOETHCS JIO OIHOTO 3 JIBOX CTaHiB
BUSIBJICHHS TIOMIUJIOK.

[Ipn HajgXOmKEeHHI JaHWX HA MpHiiMad BTOPHUHHO-
T'O KOPHCTYBaua, BiH 3/IiHCHIOE TTOPIBHSHHS PE3y/IbTaTiB
MOTOYHOI'0 CTaHy KaHaiy 3 iHpopmatiero CSI, Bu3Hauae
MOTY)XHICTh TIEPBUHHOTO KOpPUCTyBaya Ha IIiACTaBi
BiJICTaHi 1 MOCHJICHHSI aHTEHH, B TOMY BHIIQJIKY, SIKIIO
MIEpBUHHHUI KOPHCTYBay MOBHICTIO HE 3aiiMae LeH Ka-
Han [24]. JIng pexxuMy NepeKpuTTss HeMae OOMEKEHHS
U TIOTY)KHOCTI TIepefiadl BTOPHMHHOI'O KOPHCTYyBaua.
Jlyis 3MiHM TIOTOYHOTO CTaHy KaHajJly B PEXHM CIIOTY-
YeHHs, Yepe3 BUHUKHEHHS 3aBa/]], BUKJIMKaHUX BILTHBOM
poOOTH BTOPUHHOI'O KOPHCTYBaya Ha KaHaj MEPBHHHO-
ro KOpPHUCTyBaua, HEOOXiMHO 3MCHIIUTH IOTYXKHICTb
nepenadi, 3MIiHUTH THIT MOXYJAIl 1 BH3HAYUTH THII
KOJlyBaHHS, /s 3a0e3neueHHs BixnoBigHoro SNR.

[Tpu nopoxxuboMy Oydepi AaHUX BTOPHUHHHN KO-
pHCTYBau BHKOPHUCTOBYE EHEPro30epirarouuii pexum,
ipu sikomy Op; = 0, Op; # Epax, TOOTO BTOPUHHHNA KOPH-
CTyBau MOXe «30MpaTw» pajioyacTOTHY EHepriio 3i
criekTpa. BimmoBifHO, SIKIIO €HEeprisi Takoro KaHaly
OiJIbllle TOPOTY MOAEINI MMOEAHAHHS, TO BTOPUHHUN KO-
pHUCTYBad MOXKE 31HCHIOBATH «30ip» eHeprii 3 Hel.

VY Ttakiii TiOpUmHIA Mozeni mepenadi NaHUX BTO-
PUHHHI KOPHCTYBa4 MOYKE BU3HAUUTH, YU 31HCHIOBATH
oMy mepenavy JaHuX abo «30ip» CHEprii B 3aJICKHOCTI
BiJ Oydepa naHux abo craHy Jukepena Oe3nepebiitHOro
JKUBJICHHS. | pYHTYIOUHCE Ha pE3yIbTaTaX BUMIPIOBAHHS
CHEKTpa 1 MOPOTOBHX 3HAYEHHSX PEXHMY CYMIIIEHHS
a0o0 TEePeKPUTTS, KOXKEH BTOPUHHHUN KOPHCTYBad MOXeE
SIK OTPUMYBATHU JOCTYN 10 Kanaiy 3 [IK, Tak i Hakonu-
YyBaTU €HEPriio 3 KaHAJIB, 3alHITUX MEPBUHHUM KOpH-
cryBaueM. HelipoHHa Mepeka, BUKOPUCTOBYIOUN HaKO-
nuyeHy iHQopmario Npo CTaHW KaHaly, TOIOJOTIT
BUSIBJIICHUX KaHaJliB, PiBHS BUIPOMIHIOBAaHHS, JalbHOC-
Ti, IpUMaE pillIeHHs PO MepexiJi Ha HOBUHM KaHas JuIs
nepenadi JaHUX Ha 3aiHATHX 4YacToTax sl «300py»
eHeprii abo mepenmadi naHmx B HacTynHuxX Qaszax CS.
[Ipouec BubOpy pexuMy mnepenadi AJIs KOXXHOTO BTO-
PHHHOTO KOPUCTYBaya IIPECTAaBIEHO Ha pHC. 4.

Ha mincraBi po3pobnenoro meroay riOpuaHoi Mo-
Jienti mepeiadi JaHuX KOXKEH BTOPHUHHHUH KOpPHCTYBad
MOke abo TepenaBaTH JaHi y BUIBHOMY KaHai, abo
3IifcHIOBaTH «30ip» eHeprii 3 3aiHsToro kaxamy. J{is
Mepexi KOTHITUBHOT'O Pajiio 3 BEJIMKOIO KiJIBbKICTIO Tep-
BUHHUX Ta BTOPHHHUX KOPUCTYBadiB ONHIEIO 3 KIIOYO-
BUX Ipo0JieM, TOB'SI3aHUX 3 JIOCTYIIOM JI0 OaraTokaHa-
JIBHUX CHUCTEM, € Tpo0JieMa KOHKYPEHIi MiXkK BTOpPHH-
HUMH KOPUCTyBauaMHu. B cTaTTi Oys0 po3pobiieHO Kpu-
Tepii nependOavyBaHOr0 BUOOPY KaHATY.

Slkio BUsIBNIEHUN He3alHATUN KaHal, meperaBad
BTOPMHHOTO KOpHCTyBada Biampasise naker RTS mo
KaHally Ha IpuiMad BTOPUHHOrO KopucTyBauda. [loTim
BTOPUHHHH KOPUCTYBady, IO NpHIMae, BiAINOBiJae ma-
ketoM CTS B ToMy *k KaHani. Y KaHalmi MOXYTh BHUHH-
katu komi3ii RTS 1 CTS makeriB, SIKIIO OOWH 1 TOH K€
KaHall BUKOPHUCTOBYE Oijbllie OfHIET mapu BTOPUHHHX
KOpHCTyBadiB. BinnoBisHO, mapa BTOPUHHUX KOPHUCTY-
BayiB OTPUMYE JOCTYI 10 KaHAIly HE BiJpa3y, a Micis
TOTO K o1uH 3 HUX oTpumaB CTS maker.
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Mozzns «3Bopy»
eHepril

Puc. 4. Iporec BbIOOPY pexxuMy Iepeiadi BTOPUHHOIO KOPUCTYBada

Ti BropuHHI KopucTyBadyi, ski orpumytorb CTS
MaKeT yTBOPIOIOTH KOHKYpylouuil Habip - S; = 1...M,
SIKMH TIOKa3ye, 10 1li BTOPUHHI KOPUCTYBaui KOHKYpY-
I0Th 32 JOCTYN /IO KaHaly IEPBHHHOTO KOPHUCTyBaua.
[Mpunycrumo, mo po3mip S; - e W, siIkoMy JNOBLIBHO
MpUCBOIOEMO 3Ha4YeHHs Bix 0 mo W-1. BropunHuii ko-
pucryBau, skuii Mae W =0, Moxxe mepeiaBaTH IaHi B
pexxumi DT. Skmo BTOPUHHME KOPHCTYBad BUSIBIISIE
Oijbllle OJHOTO KaHally, BiH MOXE KOHKYpYBaTH 3a
KiJIbKa He3alHATUX KaHaJiB i OTPHUMYBaTH KiJlbKa 3Ha-
YeHb 3 KOHKYpYIOYOro Haoopy. s 30LIBIICHHS MPo-
ITyCKHOI CIIPOMOYKHOCTI HEHPOHHA Mepexa MOXe po3.Ii-
JUTH Tiepeiavyy AaHUX Ha KiTbKa KaHaliB, MPH YMOBI,
SIKIIIO BOHA OTpUMajia HyJIbOBE 3HAYECHHS 3 KOHKYPYIO-
yoro HaOopy. Konu kanan Moxe OyTH TOCTYITHUM JTUIIE
B PEXUMI CYMILIEHHS JUIs Mepenadi JaHuX, Ti BTOPUHHI
KopHcTyBadi, ski orpumytoTh CTS maker, yrBoproroTh
KOHKYypyrouuit Haoip, Sy; = 1...M.

BropuHHUMIT kKOpHCTYBa4 Oyne repenaBaTH JaHi 10
TUX Tip, MOKU CTaH KaHAJTy HE 3MIHUTBCS 1 Pe3yibTar
MIOTOYHOTO CTaHy He Oyne nopiBHIOBaTH E(s) < Ay B Ha-
crymHomy pexxumi CS. Komu BropuHHHMIT KOpUCTyBau
«BHXOJHTH» 3 IIOTOYHOIO KaHally, BCl iHIII BTOPUHHI
KOpHCTYBaul aBTOMAaTHYHO BCTaHOBJIOIOTh 3HAYEHHS
KOHKypyrouoro Habopa B W-1. PesynbraT crany xaHamy
oyne A < E(s) < A, B HactynmHOoMy CS pexumi, ToOTO
SIKIIIO TIEPBUHHUI KOPUCTYBay HE MOBHICTIO 3aiiMae Bech
KaHaJ Juisl Tiepeadi B JIaHWM MOMEHT 4acy, BTOPHHHHHN
KOpPHCTYBau 3HIDKYE PIBEHb IOTY)KHOCTI, 1100 Oymu
JIOTpUMaHi OOMEXKEHHsI MOTYKHOCTI MEPEIKo]| MepBUH-
HOTO KOPUCTYyBaua, BKa3aHi B peXXuMi cyMillleHHs. SIKiio
nepeaya BTOPHHHOTO KOPUCTYBaya IPU3BOIHUTH 1O
BUHHMKHEHHS 3aBa]| B KaHAJIAX MEPBHHHOTO KOPUCTYBayda
npu E(s) > A,, To nepenaua ngaHux OyJe MpHUITMHEHA B
HactynHil ¢a3i DT, koukypyrounii Habip Oyzne popiBHIO-
Batu NULL. Anroput™m BHOOpY KaHaiy i Iepenadvi
JAaHMX MTOKa3aHo Ha puc. 5. Bei xopucrtysaui [, ne n ¢ [1,
N] Brirouarouw /,, 3aiMaroTh BUIbHI KaHanu, m ¢ [1, M|
Ta p BTOPUHHOTO KOpUCTYBaua, p ¢ [1, P].
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Puc. 5. Anroputm BuGOpy KaHaty JUlsl riepeadi JaHUX

Ha puc. 6 HaBeseHO NpUKIIa TOBIJILHOI'O IIPUCBO-
€HHSl KOHKYpYIO4oro Habopy. YoTupu BTOpPUHHHX KO-
pHUCTYBadi BHSBISIOTH IIOTOYHY JOCTYIHICTH KaHamy,
OTPUMYIOTh CITUCOK BUBHUX 1 3aHHATHX KaHajdiB. Bro-
PHHHI KOpUCTYBadi, sSIKi KOHKYPYIOTb 32 OAWH 1 TOH XKe
KaHaJl, yTBOPIOIOTh KOHKYpYIOUHid Hadip, ToOTO 1i, 21,
3ii BTOpPUHHMH KOpPHUCTYyBaud MOXKE€ BHKOPHUCTOBYBATH
kaHanm A. I[uM BTOpMHHUM KOpHCTyBayaM IPUCBOIO-
FOTHCS TOBUIBHI 3HAUCHHS KOHKYPYIOYoro Habopy. Toii
BTOPUHHHMH KOPHCTYBa4, SIKUH OTpUMYE HYJIHOBE 3Ha-
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YEeHHs, MOXKE€ OTPUMATH JOCTYN A0 KaHAIiB 1 BUHTH 3
3aKpIIUIEHOT0 KOHKYpPYIOUOro Ha0opy, B TOH 4Yac SK
3HAYEHHs KOHKYPYIOUOro HaOOopy IHIIMX BTOPUHHHX
KOpHCTyBaiB Oy/ie 3MEHIIIYBATHCSI HA O/IMH. 3 PUCYHKY
6 BHUJHO, 1110 BTOPUHHUI KOPUCTYBAY ITiJi HOMEPOM JBa
MOXKE€ BUKOPHCTOBYBaTH KaHayiu A i B. B HacrymHomy
YacOBOMY iHTEpBaJi BTOPUHHUI KOPHCTYBAY IIiJl HOMe-
POM YOTHPH MOXE OTPUMATH JIOCTYII 10 KaHaiy B.

”
an

Kanan B

.

o

Kanan C

BE1

Puc. 6. [Tpuxiiax TOBITEHOTO IPHCBOEHHS
KOHKYPYIOUO0ro Habopy

BropunHi KopucTyBayi, sKi KOHKYPYIOTh 32 OJIMH 1
TOH ke KaHall, YTBOPIOIOTh KOHKYpyrouuit HaOip, Sg =
1,2,3, ..., M. Ile o3Ha4ae, 1o I1i KaHAJIA KOHKYPYIOTh 3a
JIOCTYT JI0 KaHaJ1y MEepBUHHOI'O KOPHCTYBada 1 MOXYTh
HaKONMHUYyBaTH eHeprito. CTBOPIOETHCS 11le OJJMH KOHKY-
pytounii Habip, i TOW BTOPMHHHMH KOPHCTYBa4, SKUM
OTpUMaB HYJbOBE 3Ha4eHHs, B HacTynHil ¢a3i EH Oyxne
HAKONHUYYBaTH €Heprito. BropuHHMIT KoprcTyBad BUXO-
IUTh 3 KOHKYPYHOUYOro HAOOpy, SKIIO BiTOyBa€ThCS
MOYaTOK Tepenadl JaHWX 3 MM BTOPHHHHM KOPHUCTY-
BaueM, abo SKIO JKepeso 0e3mepeOiiiHOro KUBJICHHS
3armoBHWIOCS. [Ipuknan (YHKIIOHYBaHHS ajlTrOPUTMY
BHOOpY KaHAIy JJIsl HAKOIMYECHHS €HEeprii HaBeJeHO B
Tabi. 1 Ha puc. 7.

Tabnuya 1. BunagkoBuii po3noaisi 3HaYeHb
KOHKYPYI040ro Hadopy

Koon- | Binmuii HosisnbHe | Kanan | loBinbHe | Kanaa
er paq Kamay | SMAUCHHS | Nepe- |3HAWEHHS | mepe-
e 1 naui 1 1 naui 1
1 A C 1 C 0 C
2 AB 0 A 0 A
3 A 2 - 1 -
4 B 1 - 0 B

Jlnis BU3HAYEHHS KPUTEPi0 BUOOpPY KaHATy MpHii-
Mad BTOPMHHOT'O KOPHCTYBaua BiJIpaBIIsi€ IAKET Iepe-
JlaBadyy BTOPUHHOTO KOPHCTYBauya, 3a YMOBH, SIKIIO
MOTOYHY Mepeaavy 3aBEepIICHO 1 JaHi YCIIIIHO MPUHHS-
to. IIpanop nepemukanns kanaiiB (CSW) BcraHOBIIO-

€TbCS TPU HEOOXIAHOCTI BTOPHHHOIO KOpHUCTyBaya
MEPEeKITIOYUTHCS Ha 1HIIMK KaHall, Micisl Y4Oro BTOPWH-
HUA KOpPHCTYBa4 JOTPUMYETHCS IPOLEAYP PO3PUBY
3B3KY - «handoff» i BUKOHY€E NepeMUKaHHS KaHaTYy.

VeraHoBEa

KOHKYPYICQIOro Habopy
Sg.i=1...,m

|

JloBLIBEO OpHIHAYEHE
SHATCHHA
gin 0 mo u-l, u< p;

T v = 0 oTpHMye ZoCTYT Do
Kanamy A0Nd HaKOTTHICHHA
eHeprii, BAXOINTE 3
EOHEYpYIouoro HaSopy. ¥ Beix

immmax BK u-1

Puc. 7. AnroputM BuOOpy KaHaia Uit HAKOMHIESHHS eHeprii

IMporokon CSMA/CA BUKOpHUCTOBYE TpOLEAYpH
BCTaHOBJIEHHS 3B's13Ky-«handshakey, mo6 miHiMizyBaTH
3ITKHEHHSI TAKETIB cepel KOPHCTYBadiB 1 aJrOpHTM
eKCIIOHEeHIIIalbHOI BigMoBH. KoXeH KopuCTyBau po-
OUTHh BUNAJAKOBY 3aTPUMKY t, KOJIHM BiIOYBa€ThCsl 31TK-
HEeHHs IakeTiB, e t npuiiMae 3HaueHHs Big 0 10 T B
HIKHIA YaCTHHI €KCIIOHEHIiaJbHOro po3monainy. Taka
MONITHKA 3a0e3reuye BUKOPUCTAHHS BUIBHUX KaHANIB
LIJISIXOM CTBOPEHHS! KOHKYPYIOUHX HAOOpIB 1 BUITaIKO-
BOTO TPUCBOEHHS 3HaueHb. [[Jsl 3MEHIIEHHS cepeHbO-
rO Yacy O4YiKyBaHHS BTOPHWHHI KOPHCTYBayi, sIKi MalOTh
JIOCTYT 10 KaHANiB, BUXOIATh 3 KOHKYPYIOUHNX HaOOpiB,
B TOM Yac SIK 3HAYEHHsI KOHKYPYIOUOro Habopy BTOpWH-
HOT'O KOPUCTYBaya 3MEHIIYETHCS Ha OJTUH.

AJNTOpUTM BH3HAYEHHS KPUTEPil0 BHOOPY KaHAITy
BTOPMHHOIO KOpUCTYBaya 3a0e3ledye Iepefavy JaHuX
B pPOXKHMI TEpeKpuTTs abo cymimienns. IIBuakicTsb
00CITyrOoByBaHHsI KO)KHOI'O BTOPHHHOI'O KOPHCTYBaya B
riopumHiit Moaeni onucyethes sk R, = R, + R, ne Ry,

R, + R, 1 MOXxe OyTH BHUpaXkeHa yepe3 Rg ,R;,Rg ,R; B
MoJieli epeKputTs [27]:

Rg = Blog, (1+gSPSO), R; =0, (6)
: P '
RY = Blog,[1+—2ss | Rl'=0,
gpby +1
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nie Rg — IOKa3HUK TOr'0, 1[0 MEPBUHHUM KOpUCTYBad HE
3aliMae KaHal; R(]) — MOKa3HMUK TOro, IO NEPBUHHUMN

. ’ I
KOPHCTYBa4 3alMae KaHal, Rg Ta R, — MOKa3HUKH

HOPMHU OOCITYTOBYBaHHSI KOXXHOTO BTOPHHHOT'O KOpPHC-
TyBaya MpH XUOHIM MOMMWILI a00 MOMHJIKOBOMY BHSIB-
nenHi. B mozeni cymimenss R, Moxke OyTH Mo3Ha4YeHa

SIK Rg (7) Ta Rzll (8) BiamoBigHO:
R} = Blog, (g,P"), )

Rg = Blog, (1 +gSPS”/(gpPP + 1)) 8)
[IporryckHa 37aTHICTE BTOPUHHOTO KOPHCTYBaua
onucana B [28]:

T'=1-poy> )

I€ Py - IMOBIPHICTb BiMOBH.

[porryckHa 3pmaTHICTH KpuTepiss BUOOpPY KaHAJiB
T, cknanmaetbesi 3 1,1 T,. T, OMUCYETHCSA BUPA3OM:

, =pl-(1—p_f)(1—p3uz)+(1—pl-)pf (l—pé’;z), (10)

Zie p; - IMOBIPHICTb «IIPOCTOIO» KAHANLY; Poy; T4 Doy -

XHOHa MMOMUJIKA Ta IOMUJIKOBE BUSIBJICHHS, SIKi, BiJIO-
BiJTHO, MOXYTb OyTH BupaxeHi sk (11) Ta (12):
° =PR’<R (11)

Pout = r[ 0 s]’

(12)

ne R, — mpuHHATHA IIBUIKICTH OOCIYrOBYBaHHSI BTO-
PUHHOTO KOpHCTyBada. Buxonsuu 3 BHUILEONHCAHOTO

, o
pgul = Pr[R, <R;],

mu Moxemo orpumaru T, (13), pg,, (14) Ta sz;z (15):
Tu =D (1_pf)(1_pgut)+(1_pi)pf (1_pgut)’ (13)
(14)

Pl = PrRY <R(1. (15)

Y ¢opmymi (16) mokasaHo yac, IO MHHYB Bin
npuiiomy curaany RTS 1o moBHoi nepenadi JaHux, Mik
KO)KHUM BTOPUHHUM KopucTyBaueM. Lleii vac BimoOpa-
’Kae MPOJYKTHBHICTh KOHKypyrouoro Habopy. Heiipon-
Ha Mepexa J03BOJIsiE OUTBII NPUHHATHO BH3HAYHUTH
BUOIp KOHKYPYIOUOro HaOOpy HiX 3BUYalHHUN KpHUTEPii
BUMaaKOBOro aocrymy. CepenHiii yac O4iKyBaHHS BTO-
PHHHOTO KOPUCTYBaya MOXe OYTH OIMCaHUH SK:

0
pgul = Pr[R, <R],

(16)

ne T, ta Trys - 4yac mpuiiOMy-Tiepenadi BTOPUHHOTO
KOPUCTYBaya.

EdexTiBHICT, HAKONMUEHHS SHEPTil OMUCYETHCS 3
TOYKH 30pYy 3IUIIIKOBOI €HEprii Ta MOXKe OyTH onucaHa:

Tw =Tt_TRTSa

AL min[eﬁ +e, —(el +eg +ec),EmaX} (17)

JIe ey, - «IaKeTH» eHeprii, siki Oynu 3i0paHi BTOPUHHUM
KOPUCTYBa4YeM B 3aMHATHX KaHaJaX; e; Ta ¢, — CHepris,
CIIOXKMBAaHA BTOPMHHMM KOPHCTYBaueM Ui Iepenadi
JAHUX Ta BUSIBJICHHS KaHAJIIB B CIICKTPI, BiIIOBITHO;

e.— 1HII BTpaTH €Hepril; eﬁ - 3QIUIIKOBA €HEpris B
4acoBOMY iHTepBai t.

PosrisiHeMo 4McenbHI pe3ynbTaTH peaiizamii Me-
TOJy BHOOpY KaHaJliB KOTHITHBHOI'O pajio MpH MHO-
KMHHOMY JOCTYIIi IEPBUHHUX | BTOPHHHHUX KOPHCTYBa-
4iB 3 BUKOpUCTaHHsM TexHoiorii «Energy Harvesting»
i1 KepyBaHHSAM HEHpOHHOI Mepexi. B Tabmuui 2 HaBe-
JIEHO TTapaMeTpy MOJENIOBaHHA. PO3IIISTHYTO Mepexy 3
20 nepBMHHMMH KopucTyBauamu, 20 kaHamamu 1 25
rapamMu BTOPUHHUX KOpHCTyBauiB. J[JIs1 MozmentoBaHHS
Oyne B3sTa HEHWPOHHA MeEpeka Ha OCHOBI paialbHOL
6a3zucHoi Mepexi (PBM), sika Oyne kepyBaTH BUSIBIICH-
HSM KaHalliB, NpuiioMoM 1 mnepexayeto iHQopmarii,
HAKOMUYCHHAM eHeprii. Taka HeHpoOHHA Mepeka 3MOXKe
3BEpPTATHCS JI0 OJHOTO KaHay 1 3MOXe MaTu Ouiblie
OJTHOTO KaHaiy [uisi BuOopy. Bci wactotn cnekrpa ma-
I0Th OJTHAKOBHUH PO3MIp, a JIOBXKHMHA ITaKeTy ITEPBUHHOTO
Ta BTOPUHHOTO KOpUCTYBaviB Oyzie (ikcoBaHa.

Tabnuys 2. IlapaMeTpu MOETIOBAHHS

IapameTp 3HaveHHs IapameTp 3HayeHHs
Di 0,8 Ry 3bps
Ao 0.3 Pp 15dB
A 0,7 t 2ms
Eax 15 T 250 bit
Onax 20 CTS 250 bit

Ha puc. 8 noka3aHo pe3y/nbTaTy OiHKH HMOBIPHOCTI
XMOHOI TTOMHJIKH TIPH CYMIIIIEHOMY 1 HE CYMIIICHOMY
METOJIi aHAJI3Y CIEKTPa 3 BETUKOK KUTBKICTIO BTOPHHHHUX
KopucTyBadiB. OUeBUIHO, 110 HMOBIPHICTH XUOHOI MTOMH-
JIKA 3MEHIIYETHCS 31 30UIBIICHHSM IMOBIPHOCTI BHSIBJICH-
Hs1. J]J1s1 HeMoeAHAHOTO METO/Ty aHaNi3y CIIEKTPY KUIbKICTh
BTOPMHHUX KOPHCTYBauiB He BIUIMBA€ HA IMOBIPHICTh
xnOHOi nmomuiky. [Ipu (ikcoBaHiit iMOBIpHOCTI BHUSIBJICH-
HS CyMIIIICHUI METOJI aHAJIi3y CIICKTPY MOXKe 3a0e3IIeUnTH
OLTBIII BUCOKY TOYHICTh BHSBJICHHS. SIK ONMMCAHO BHIIE,
JiBa 1 OLIbIIIE TAKKX JKE PE3yIbTATiB BBAKAIOTHCS OCTATOY-
HUM DpIIIEHHsSM Uil JOCTYIy 10 KaHaiy. BiamosimHo,
HWMOBIPHICTh XMOHOI MIOMHUITKK 3HAYHO 3MEHIITYEThCS, KON
BTOPHHHHUX KOpHCTYyBayiB Oyzie 1Ba abo Tpu. IMoBipHOCTI
TIOMUJIKOBOTO BUSIBJICHHSI NPH MMOBIPHOCTI BUSIBIICHHS
0,85 3MeHNIyeThCS MIBUJIIIE, KOJMHM KUTBKICTh BTOPUHHHUX
KOPHUCTYBa4iB TpH a00 YOTUpH. T.4., METON CyMillleHOTrO
aHaTi3y CHEKTPY MOXKE MiJBHIIUTH TOYHICTH BUSIBICHHS
KaHaTy. AJie BUKOPUCTAHHSI IIPU pPO3paxyHKaxX BTOPUHHHX
KOPHUCTYBaiB, KUIBKICTIO OLIbIIE YOTHPHOX, 3HAYHO HE
BIUIMHE Ha iMOBIpHICTh XMOHOI oMuiku. Ha puc. 9 noka-
3aHO CEepEeHIO MPOIYCKHY 3/IaTHICTh BTOPUHHOTO KOpHC-
TyBa4a y BIIOMHX MOJEISIX Tepenadi JaHuX i TiOpuaHii
MoJIeNTi 3 BUKOPUCTAHHSIM HEHPOHHOI Mepexi Mpu pi3HHUX
KIUTBKOCTSIX 3alHATHX KaHATIB. SIK BUITHO 3 PHCYHKY, cepe-
JIHS TIPOITYCKHA 3/IaTHICTh BTOPHMHHOT'O KOPUCTYBaya 3Me-
HIIYETHCSI B MOJENI MEPEKPUTTS TUTBKU MPH 30UIBIICHHI
KUIBKOCTI 3aifHATHX KaHANIB.
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KinbKkicTh BTOPHHHHX KOPHCTYBAYIE, 0.
Puc. 9. Bruius mMozeni nepejadi Ha CepeiHIO IPOITYCKHY
3[]aTHICTh BTOPMHHOTO KOPUCTYBaya 1P Pi3HIH
KiJIBKOCT] 3aiHATUX KaHAJIIB

Ile moB's13aHO 3 THM, IO BEJIUKA KiTbKICTH 3aifHs-
TUX KaHaliB OOMEXYe Tepenadyy BTOPUHHUX KOPHCTY-
BayiB JIMIIE B MOJIEIi IEPEKPUTTS. Y MOJENi TOEHAHHS
cepeqHsl MPOITYCKHA 3[aTHICTh NMPAaKTUYHO HE 3MiHIO-
€TBCS B 3B'SI3Ky 3 THM, II0 BTOPHUHHI KOpUCTyBadi Mo-
KYTb CIIBICHYBaTH 3 II€PBHHHMMH KOPHCTYBayaMH.
3anporoHoBaHa TiOpUaAHA MOZICTh 3 BHUKOPHUCTAHHIM
HEHPOHHOI MEpEeKi MOKe 3a0e3MMECUUTH OUTBII BUCOKY
MIPOITYCKHY 3/aTHICTh y TOPIBHSHHI 3 ICHYIOUUMH MO-
nensivu. [Ipy 3MEHIIeHH] JOCTYITHUX KaHAJIB KiJIbKICTh
nepenady BTOPMHHUX KOPHCTyBadiB crae MeHmow. Ki-
JIBKICTh TIOMHJIOK MiX BTOPHHHHMHU KOpPHCTyBauaMH
cTae OUIBIIOI, OCKUIBKHM ICHYIOYa TiOpuaHa MOAEIb
3aCHOBaHa Ha KUIBKOCTI BTOPMHHHX KOPHCTYBadiB i
HWMOBIPHOCTI TOCTYIy. AJIC€ BBEICHAa KOHIICTIIiS KOHKY-
pytodoro HaOOpy 3MEHIIYE KITbKICTh IOMIJIOK IIPU
3aHATTI KaHaly 1 MOKpamlye IOCTYN 10 OOMEXEHOI
KijpKocTi kaHaiB. Ha puc. 10 mokazaHo cepeaHiii yac
OYiKyBaHHS BTOPHHHHX KOPHCTYBadiB B YOTHPHOX pi3-
HUX MOJEJSX MPH Pi3HIH KIIBKOCTI 3aHHATHX KaHAJIB.
CepenHili 4yac O4iKyBaHHS BTOPHHHOI'O KOpHCTyBaya
3HAYHO 3POCTAa€ B MOJIENI MEPEKPUTTS TUIBKU 31 3MEH-
LIEHHSM JOCTYITHHUX BUIBHUX KaHaJiB. Y MoJesni Moen-
HaHHS KUTBKICTh JOCTYIHMX KaHaJliB MaJlo BIUIMBA€E Ha
nepeavy JaHUX BTOPUHHOTO KOPUCTYBaya i CyTTEBO He
301IBLIYE Yac OYiKyBaHHSI.
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KinekicTe 3afiHATHX KaHATIB, O
Puc. 10. Brune Mozeni nepenadvi JaHUX Ha cepezHiil qac
O4iKyBaHHsI BTOPHHHOT'O KOPHCTYBaya I[P Pi3HIN
KIJIBKOCTI 3aMHATHX KaHaJIliB

VY Mojerni CyMillleHHs, IHTEHCHBHA Iepelrada iH-
¢dopMarii NEepBUHHOIO KOPHCTYBada IPU3BOIUTH [0
TOrO, IO JIesKi BTOPWUHHI KOPHUCTYBadi HE MOXYTb
OTpUMATH JIOCTYII 10 KaHaTiB, 110 301IBIIYE Yac O4iKy-
BaHHs. CepeqHill yac OYiKyBaHHS BTOPHHHUX KOPHUCTY-
BayiB riOpUAHOI MOAET 3 BHKOPHUCTAHHSM HEHpPOHHOI
MEpeXi € HIDKYMM, HDK aHAJIOTIYHHHA MapaMmerp st
icHyrouoi riOpuaHOi Mojeni, aje NpuiiMae BHIIE 3HA-
YEeHHs, HDK MOJENb CYMIIEHHS TIJIbKH TMPU BETUKIH
KUJIBKOCTI 3alHATUX KaHAJIiB NMEPBUHHHUMU KOPHCTYBa-
yamu. Sk Oysi0 omucaHO BHIE, BTOPUHHI KOPHCTYyBadi
MOXYThb TepelaBaTd JaHl 3a pPaxyHOK BHUKOPUCTAHHS
MOJIEJ CYMIlIIeHHs], 38 YMOBH, KOJIM IEPBUHHHI KOPHUC-
TyBa4d OTPUMYE JIOCTYI JI0 CBOI'O HE3alHATOr'0 KaHawy,
a X IMOTOYHI KOHKYPYIOUi HAOOpH 3aJUIIA0THCS aKTUB-
HUMHU. BTOpUHHI KOpuCTyBayi, sIKi KOHKYPYIOTh Oijble
HDK 3 OJHUM KaHAJIOM, MOXYTh OTPUMAaTH JOCTYI IO
KaHaJly B IHIIMX KOHKYpPYIOUHMX HaOopax, 3a YMOBH
3aHATOCTI ITOTOYHOTrO KaHady. Tomy cepenmHiil uac
OYiKyBaHHsS BTOPMHHOTO KOPHCTYyBaua Oy[ae MEHIINM
IIPH 3aCTOCYBAaHHI T1OPHIHOI MOMENI 3 BUKOPHUCTAHHIM
HEHPOHHOI Mepeki. AJile OCKUIbKMA TiOpHIHA MOJENb
Oyle pO3MOALISATH IPIOPUTET KaHaJIaM, J0 SKUX MOXHA
OTPUMATHU JOCTYIl B PEKHUMI MIEPEKPUTTS, 1 HOOAMHOKUX
KaHaJliB CTaBaTHMME MEHILE, CepelHii 4Yac O4YiKyBaHHS
BTOPUHHOT'O KOPUCTYBada MpH 3aCTOCYBaHHI TiOpUIHOI
MoJielTi Oy/ie HWKYUM, HDK B TIOpHIHINA MOJEINi 3 BHKO-
pHUCTaHHSIM HEHMPOHHOI MEpexi.

Ha puc. 11 noka3zaHo cepenHIO «3alIUIIKOBY» €He-
prit0 BTOPMHHOTO KOpPUCTyBada y 3BHYANHIA Mepexi
KOTHITUBHOTO pajiio, iCHYIOUYy MEpeXY KOTHITUBHOT'O
panmio 3 eHeprozOepexxeHHsM [22] 1 3amponoHOBaHY
MepexXy KOTHITUBHOTO pajiio 3i 30epekeHHsIM eHeprii 3
BUKOPHCTaHHSIM HEHPOHHOI Mepexi B TOpIBHSHHI 3
yacoM MojentoBaHHA. Sk mokazaHo Ha pucyHky (11),
texHounoris «Energy Harvesting» 3a0e3mneuye HeoOXin-
HUI piBeHb eHeprii i OiblI TpuBasoro 3B's3ky. Kpim
TOro po3podiieHa Mepeka KOTHITHBHOTO Paiio 3 BHKO-
pucrannsim «Energy Harvesting», 3a pesynbraTramu
MOJICTTFOBaHHSI, TIEPEBEPIIYE ICHYIOUY MEpEKy KOT'HITH-
BHOTO pajio 3 eHepro3oepekeHHsIM. Sk OIKCcaHO BUIIIE,
BTOPUHHHMH KOPHUCTYBau IIiJi KepyBaHHSM HEHpPOHHOI
Mepexi NpuiMae pillleHHs TPO BiJCYTHICTh BUTBHHX
KaHaTIB I TepeAayi JaHuxX a0o 3aiHATHX KaHAJIB,
U «300py» €Heprii, B 3aJIe)KHOCTI Bl craHy Oydepa
JIAaHUX 1 KUTBKOCTI €Heprii.
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Puc. 11. Mepexa KOTHITUBHOTO paJiio 3i 30€peKeHHsIM
eHeprii B pi3HUI Yac MOJICITIOBAHHS

ToOTo BTOpHHHI KOPHCTYBa4i MOXXYTh BHTpadaTh
MEHIIIe eHeprii Ui BUSBICHHS KaHaliB. Takox Ie
CIIpHSIE TOMY, III0 BTOPHHHI KOPUCTYBadi MalOTh OiJIbIle
qacy Juis «300py» eHeprii, OCKIJIbKH KOHIIEMIisl KOHKY-
pyo4oro HaboOpy MOXKe 3MEHIIUTH MOMUIIKH, TOB'sI3aHi
3 JIEKIIbKOMa KOHKYPYIOUMMH BTOPHHHUMH KOPHCTYBa-
YaMu JUIS OJTHOTO 1 TOTO K 3aBAHTAKEHOT'O KaHaTy.

BucHoBKMu

VY crarTi po3misganocs BUPIMIEHHsS 3ajadi 3MeH-
nIeHHs AeiuuTy CreKTpa B TelleKOMYyHiKamiiiHOMY ce-
penosumii. Po3risiianacs BeluKa KUTbKICTh BTOPHHHHX
KOpHCTYBauiB B OaraTOKaHaJIbHI KOTHITUBHIN pajiome-
pexi, B sKii BTOPWHHI KOPHCTyBadi MalOTh 3[aTHICTh
«300py» eHeprii. Y Takiii Mepexi KIIOYOBHUMH THpoOIIe-
MaMH{ € KOHKYPEHI[isl KaHaJIB MK BTOPHHHUMH KOpHC-

TyBauyaMHM Ta MOMMJIKU IIPU TNepeadi BTOPHHHHUX KOPHUC-
TyBa4iB B KaHaJIaX 3 NEPBUHHUMHU KOPUCTYBauaMHu.

Byno 3anpornoHoBaHO METoJ CyMIIIEHOTO BHKOpPHC-
TaHHS CHEKTpa, M1 TOro 100 3MEHIIMTH HMOBIPHICTH
MOMWJIOK TPH BHSIBJICHHI BUIBHUX KaHAIIB 1 3MEHIIUTH
TIOMUJIKK TIpY Tiepesiadl BTOPMHHHMX KopucTyBadiB. Jlns
BUpILIEHHS] TPOOJieMH KOHKYPEHIiT KaHaJlB cepell BTO-
PMHHUX KOpPHCTYBadiB, OyJ0 po3po0JieHO TiOpumHy Mo-
JIeNb TiepeAadl IS OAHOTO BTOPHUHHOTO KOPHCTYyBaya.
KokeH BTOpHHHUIT KOPHCTYBay MOXE 3/iHCHIOBATH Tiepe-
Jady JaHUX B He3alHATOMY KaHayi a0o 3[ilCHIOBaTH
«30ip» eHeprii 3 KaHaiy, B IKOMY BiIOyBa€ThCs nepenada
JIAHUX 3 ypaxyBaHHSIM KOHKYpYro4oro Habopy i craHy
€MHOCTI JpKeperna Oe3mepeOiifHOro JKUBJICHHS. Takoxk
Oyio po3po0iIeHO METOIMKY BU3HAYEHHS KPUTEPitO0 BUOO-
Py KaHaiy Uil BEJIMKOI KUJTbKOCTI BTOPHHHUX KOPHCTYBa-
YiB Ha OCHOBI KOHKYpYIOYOro Habopy. Po3pobieHa mosi-
THKa MOYKE 3a0€3MeUTH OLIBII BUCOKY MPOITYCKHY 37aT-
HICTH y TIOPIBHSHHI 3 BUIIAIKOBOIO MOMITUKOIO. ['0IOBHUM
HEIOJTIKOM BHIIQIKOBOI TOMITUKH € T, MI0 TaKi MOMUIKU
HIKONH He OyIyTh BUSBIIEHI cami 110 co0l 1 MOXKYTh TpHBa-
TH JIocuTh J0Bro. KoHkypyrouwnii HaOip, sIKUii BUKOPHCTO-
BYIOTh BTOPHHHI KOPHCTYBaui B pO3pOOJIICHOMY METOMI B
3HaYHI# Mipi OyIyTh yCyBaTH HEONIKH BUIAIKOBOI ITOJi-
THKU. BTOpHHHMII KOpUCTYBau MOXE BHUSBHTH TIOMIUIKY
nipu niepenavi B Gazi CS i IpunuHUTE 1epeavyy Ha HacTy-
i ¢asi DT/EH, ane po3poOicHa MomENb 03BONISE
CKOPOTUTH TaKi HOMUJIKH J0 MiHIMyMY. 3alpOIIOHOBaHUH
METOJ] CYMIIIIEHOTO aHaJli3y CIEKTpa i MEXaHi3M BH3Ha-
YeHHsI KPUTEPil0 BUOOPY KaHAITy MepEBEPLIYIOTh BiJIOMI 3
TOYKH 30py WMOBIPHOCTI XHOHOI ITOMHIIKH, CEPEeTHBOI
MIPOITYCKHOI 3J]ATHOCTI, CEPEIHbOro 4acy OYiKyBaHHS Ta
eeKTUBHOCTI «300py» eHeprii BTOPHHHOI0 KOPUCTYBaya.
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Pa3paboTka meTona BbI60pa KaHAJI0OB KOTHATHBHOIO PA0 TP MHOKECTBEHHOM J0CTYIIe EPBUYHBIX H BTOPHYHBIX
TOJIb30BaTeJIei ¢ MCI0JIL30BAHHEM TEXHOIOIHH «energy harvesting» mox ynpapjeHnemM HelPOHHOI ceTH

1. C. O6uxon, B. I1. JIeiceuxo, A. M. [Iporonnsiii, I'. H. Kauyposckwuii, C. B. Ckonora

KornurtusHoe panno (KP) sBisiercss onHON U3 OCHOBHBIX yacTell TenekoMMyHHKaloHHbIX cucreM cBsizu (TCC-IOE) B cesasu ¢
TEM, 4TO ObUIM IPU3BAHBI PEIIUTH BONPOC Ae(HIMTa CIEKTpa ¥ BHEAPEHHE HHTEIUIEKTyaIbHbIX (hYHKIMHA. BbI60Op KaHaia ¢ MHOXeCT-
BEHHBIM JIOCTYIOM TepBHYHBIX nosb3oBateneit (1K) n Broprdnbix nonms3oareneit (BK) smisiercst oHOlM U3 TiaBHBIX po0iieM CTaH-
napra. V3-3a KOHKYpEHIMM KaHAJIOB IPOMCXOIUT B3aHMHOE BIIMSHME NAKETOB NEPBUYHBIX M BTPUHHMX Honb3oBarerneid. C Lenbto
YMEHBLICHHS! KOHKYPEHIIUN KaHaJIOB CPEI BTOPHYHBIX I0JIb30BaTes e, OblI pa3paboTaH MeTo BbIOOpA KaHAJIOB KOTHUTHBHOIO Paio
IIPU MHOYKECTBEHHOM JIOCTYIIE HEPBUYHBIX M BTOPHYHBIX IOJIB30BATENCH ¢ Ucronb3oBaHueM TexHonorun «Energy Harvestingy mon
ympasieHHeM HeHpoHHOI cet. Ha ocHoBe pazpaboraHHOro Merona ObUIO peanu30BaHO TMOPUIHYIO MOJENb Nepejaul JaHHbBIX 1107
YIpaBJIeHHeM HEHPOHHOM CeTH [UIsl KaKI0ro BTOPHYHOrO ToNIb30BaTeltst. i 3TOH MOJIeN XapaKTepHbl CBOMCTBA, IIPH KOTOPBIX BTO-
PHUHBIH [0IB30BaTENb MOKET CITy4alHbIM HE PerylaMeHTHPOBaHHBIM 00pa30M paboTaTh B PEXKUMAX COBMEILCHNUS C 3aHATHIMU KaHaa-
MH ¢ ucnionb3oBanneM texaonoru «Energy Harvestingy (EH) u nepexpsitrst. Kpome Toro, st peanmsaimu pa3paboTaHHOrO MeToa
ObL1 OIpezieNieH KPUTEpHii BbIOOpA KaHasla Ha OCHOBE KOHKYPEHIIMH CPEIM MHOXKECTBEHHBIX 3aIPOCOB BTOPHYHBIX I1OJIb30BaTENeH JUIs
Triepeavy JaHHbIX Wi TexHonorny " Energy Harvesting ". Ha ocHOBe 3TOro Kputepus co3aeTcsi KOHKYpHPYIOIMi Habop I1ocie1oBa-
TesbHOCTeH. MoJIeMpoBaHue 110Ka3bIBaeT, YTO MPEUIOKEHHbII METOl COBMECTHOTO MCIOIB30BAHMS KAHAJIOB U KpUTEPHIl BbIOOpa
KaHAJIOB MPEBOCXOAT JPYrHe METOIbI C TOUKH 3PEHHUS JIOXKHOM 3aHATOCTH (OIIMOKHM), CpeiHel IPOITyCKHON CIIOCOOHOCTH, CPEIHEro
BPEMEHH OXUIAHKSA 1 ) (EKTHBHOCTH cOOpa SHEPrUM BTOPUUHOTO TT0JIb30BATEILSL.

KawoueBnle caoBa: BTOpH‘-IHBIiI I10JIb30BATC/Ib, COXpPAaHCHHUE DHEPIrvuH, KOHUTUBHOC paauo, KOJUIU3UA, HeﬁpOHHaﬂ
CCTh, HepBH‘-IHBIﬁ T10JIb30BAaTECIIb, II€pEAavda JaHHbIX, paiu0 BOJIHBI, pa}:[HO‘IaCTOTHBIﬁ CIIEKTp.

Development of cognitive radio codes selection method with multiple access of primary and secondary users
with the use of energy harvesting technology under the control of the neural network

Ya. Obikhod, V. Lysechko, O. Progonniy, H. Kachurovskiy, S. Skolota

Cognitive radio (CD) is one of the main parts of telecommunication communication systems (TCS-IOE) in connection with
what was called to solve the problem of spectrum deficit and the introduction of intellectual functions. The choice of channel
with multiple access of primary users (PCs) and secondary users (VCs) is one of the most important issues of the standard. Due
to the competition of channels there is a mutual influence of packages of primary and secondary users. In order to reduce channel
competition among secondary users, a method for choosing cognitive radio channels was developed at the multiple access of
primary and secondary users using the technology "Energy Harvesting" under the control of the neural network. Based on the
developed method, a hybrid model for data transmission under the control of the neural network for each secondary user was
implemented. For this model there are properties in which a secondary user may randomly operate unregulatedly in combination
with the occupied channels using the technology "Energy Harvesting" (EH) and the overlap. In addition, to implement the devel-
oped method, the criterion for choosing a channel based on competition among the multiple requests of secondary users for data
transmission or the " Energy Harvesting" technology was determined. Based on this criterion, a competing set of sequences is
created. The simulation shows that the proposed channel sharing method and the channel selection criterion outperform other
methods in terms of false occupation (error), average throughput, average waiting time, and second-power energy efficiency.

Keywords: secondary user, energy conservation, cognitive radio, collision, neural network, primary user, data transmis-
sion, radio waves, radio frequency spectrum.
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