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ONTUMAJBHUA PO3NOILI MOTYKHOCTEM
B KOTHITUBHUX PAIIOMEPEKAX 3 JIHIMHOIO TOMOJIOTTETIO

(Ilpeocmaeneno 0.m.u., npo. Ilaniwesum A.B.)

Y pobomi  Odocniddcytomecsi  memoou  po3nooily  HOMYJCHOCmell — nepedasavié 6
bacamonpocinnux KoewimusHux paodiomepexcax (KPM) 3 niniinoro mononociio. Poszensnymo
cyenapii, oe KPM npayioe napanenvho 3 nepsunnoio mepedceio (NiyeH306aHo20 OpeHoamopa
0aHo20 0ianasoHy 4acmom), 3a YMO6U, WO CMEOPIOBAHI Nepewkoou Ol NepeUHHOT MepeiiCi
00OMedICeHi ne6HUM epaHuyHum pieem. Y 6aeamonpoeinnux KPM ingpopmayis, nadiciana gyznom-
0oicepenom, Ha wiiaxy 00 8y3ia-aopecama NpPoxoOums KilbKa pempanciayil 6i0 8y3na 00 8y3id.
110 uac xoorcnoi pempancaayii ingpopmayia 0exoOyemuvca i HAOCUNAEMBCA 00 HACIYRHO20 8Y3d.
Ilepeobauaemocs, wo nepedaHi CucHAIU MONCYMb 00CA2AMU CYCIOHIX 8Y31i8, MUM CAMUM
CcMEOpIoIYU OJi HUX NepetKoou.

Y oanint cmammi noxasano, wo ona ainitinux KPM onmumanenuii po3nooin nomyxjcHocmet
00cA2aEMBCA 30 YMOBU PIBHOCT NPONYCKHUX 30AMHOCHell 8CIX NPOMINCHUX KAHANIE nepedayi ma
obMedicenHs Ha 3a8a0uU HAUDINbLUWL 3aUYMIEHO20 KOPUCTTYBAYA NEPBUHHOT cuceMit, 3a00801€HO20
3 pigHicmio.

Knrouosi cnosa: enexmpo3ss 5130k, koeHimusHe padio, ONMUMizayis po3nooiLy NOMYyHCHOCMEN.

IMocTtanoBka mpodaemu. Tpadik cuctem Oe3APOTOBOI Mepenaui JAaHUX 3POCTAE HAA3BHYANHO CTPIMKO,
30UIBIIY€EThCS KITBKICTh Ta MOXIIMBOCTI HOBHX OE€3IPOTOBHX MPHCTPOIB: CMapTHOHH 3 BHUMOTIIMBHMH [0
MIBUAKOCTI Nepeadi MporpaMHUMH 3aCTOCYBaHHSIMH, MTOTOKOBE BiJI€O, 1[0 CTa€ BCe OUIBII MOMYJIAPHUM, TOILIO.
IIpore makcumanpHa mBUAAKICTh nepenadi qarux Big 3G UMTS Ha 4G LTE-Advanced 30iipmryeThes umie Ha
55 BIICOTKIB Ha piK, y TOW Yac sK TI00ambHIA MOOITpHAHN Tpadik 301IbmHBCS y 66 pa3iB 3a OCTaHHI IT’SITh POKIB
[1]. OueBuaHO, IO iCHYE BENMYE3HUHA PO3PHB MK TEMIIaMH 3POCTAaHHS IPOITYCKHOI 31aTHOCTI HOBHX CHCTEM
3B 513Ky Ta TeMIITaMH 3pOCTaHHS MOTPEO KOPUCTYBAYiB.

IcHylO4a noMiTHKAa BUAUICHHS CMYT 4acTOT JUIs HOCTIHHOTO 3aKpIiIUICHHS 38 KOXKHOIO CHCTEMOIO NpHU3Belia
JO BKpail HU3BKOTO BHKOPHCTaHHS HAsBHOTO CIEKTpaJbHOro pecypcy. OCTaHHIM YacoM aKTUBHO
PO3pOOISIIOTECST T2 PO3rOPTAIOTHCS CHCTEMH  YNPABIIHHS BUKOPHCTAHHSIM CIEKTpa UUIIXOM HaJaHHS
JUHAMIYHOTO JOCTYIy 10 Hboro [2]. HalOinbmn mepCreKTUBHUM ISl I[i€el METH € KOTHITUBHE Pajio — HOBHI
MEepPCIEeKTUBHUIT HampsM B Teopil 3B’SA3Ky Ta TEJIEKOMMYHIKaliHHUX CHCTeMax, IO A03BOJISIE IiABHUIINTH
CIIEKTPaJbHYy e(hEeKTHBHICTH CHCTeM 0e3apoToBOro 3B’si3Ky [3]. 3aBAsKH BHKOPHCTAHHIO CyJaCHHX METOIIB
00poOIIeHHS Ta Tepeayi CUTHANIB KOTHITHBHI paxiomepexi (KPM) mo3BostoTh 3iiiCHIOBaTH 00CITyTOBYBaHHS
JIOZATKOBUX O€3JpOTOBHX KOPHCTYBAdiB B MEXaX ICHYIOUOTO NEPEeBaHTaKCHOTO YaCTOTHOTO Jliama3zoHy. s
ORI TOBHOTO OTJISITY iICHYFOUHX HapaJurM KOTHITHBHOTO pajio paaumo [4].

Sk mpaBuio, BropuHHa Mepexxa KPM BCTaHOBIIOIOTHCS MapajeibHO 3 ICHYIOUOIO NEPBUHHOIO MEPEXKEro,
JIIEH30BaHUM BJIACHHKOM YH OpeHAapeM criekTpa. B pomy Bunaaxky KPM npamtoe ogHOYacHO, B TOMY caMOMYy
Jliarma3oHi 9acToT Ta reorpadigHOMY po3TallyBaHHI, IO i IEPBHHHA Mepeka, THM CAMHM CTBOPIOIOYH IS Hel
nepemkoau. PiBeHb MepemKko/ 1Mo BiHOUIEHHIO 10 NEPBHUHHOI MepeXi Mae OyTH JOCTaTHhO HM3BKHM, 11100 HE
noripuryBaTi po6oty ocraHHboi. Tomy mnpobiiema onTuMizaiii po3no/iny noryxHocreil nepenasauis KPM 3a
YMOBH OOMEKEHHS IEPELIKOA Uil TIEPBUHHOT MEpei Ha ChOTOJIHI € aKTyaJbHOK 1 Ma€ Ba)KJIMBE HAyKOBE Ta
NpaKTHYHE 3HAYCHHSL.

AHajdi3 ocraHHiX mocaimkensb i myOuikaniii. Onucana Bume KPM knacudikyeThest sk aHepieiiHe
KOTHITUBHE paaio. Ilepemkoan, mo CTBOPIOIOTHCS ISl NIEPBUHHOI CHCTEMH, MarOTh OyTH OOMEKeHi IeBHUM
JIOIYCTUMHUM TPaHUYHMM 3HA4YECHHSM, IO HaKjagae OOMEXEHHs Ha NOTYHicTh nepenaBadiB KPM. B naniit
poGoTi Mu posrisgaemo OararomporinHi KPM. BararonporiHHa peTpaHCIIis 103BOJIIE  IEpECTPOIOBATH
iCHytouy iH(pacTpyKTypy AJsi HOCTaBku iHQopmanii 10 Bys3na npu3HaueHHsA. Hampukian, Benwki 00’€KTH
MOXYTb CTBOPIOBATH 30HH 3aTIHEHHS, SKi YHEMOXIMBIIOIOTH NMpsSIMy Hepenady. TUM He MEHII, HasBHICTH
0e3pOoTOBHX BY3JB HABKOJIO TakMX 30H MOXKE HAaJaTH MOXJIMBICTH IIepenadi KOHTEHTY, BHKOPHCTOBYIOUH
nepenaydy Mixk IPOMIKHUMH BY3J1aMH, YHUKAIOUH UM CAMUM TIIHOOKHUX 3aBMHUPaHb.

Jnst 3aificHeHHsT TOMIOHOT peTpaHcisAlii iCHye KiJlbKa CTpaTeriid, BiIOMHUX 3 MOTEpPEeaHIX ITOCIHiTKECHb,
HaNpUKJIaJ, «IIiICHJIEHHS i Iepeaada aani» (aHajmoroBuii mosToproBay) [5] Ta «aekoayBaHHs Ta Mepeaada Jaiix»
(OIT) [6]. B mawiit po6oTi Mu 3actocoByeMo JIIT peTpaHCIALifO, sIKa MPUIYCKAE, IO IPUAHATHN Ha peIeiHOMY
BYy3Jll CHIHaJ JIEKOAYEThCS, MEPEKOAYEThCS 1 HAJCHIAETHCS A0 HACTYIIHOTO By3lia B HalpsMKy mnepenadi. B
6aratonporinniit KPM 114 cTpareris Mae nepeBary, OCKiIbKH 3a11o00irae IOIMMPEHHIO IIyMy.
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KoxeH By30s1 Mae TeBHHI MaKCHMAalbHUH PiBEHb IMOTYXHOCTI, JOCTYMHHM A mepemadi. Yum Oinbira
MOTYXKHICTh TlepefiaBada, THM BHUIIe npomyckHa 3xaTHicte KPM. 3 inmoro ©Ookxy, piBeHp 3aBai, mIO
CTBOPIOIOTBCA TI0 BiJHOIICHHIO IO IMEPBHHHOI MEpeXi, 3pocTae 3 piBHEM IOTY)KHOCTI IepenaBada. IcHye
ONTUMAJIFHUH PO3IOMLT IMOTYKHOCTEH BY3JIiB, TAKHH, IO MPU3BOIUTH 0 MaKCHMIi3aIlil IPOIyCKHOI 34aTHOCTI
Mepexi, 3aJJ0BOJIBHSIOUH MIPH [IbOMY OOME)XEHHS Ha 3aBa/(¥ 10 BiIHOLIEHHIO 10 MEPBUHHOT CUCTEMH.

OnTuMaibHUE PO3MOJIT TOTY)XHOCTEH Al 0araTONpOriHHOI mHepenadi MO KaHajaxX 3 pPeJIeeBCHKUMHU
3aBMHpPaHHSAMH PO3IJISAHYTHI B [7]. ABTOpH MOKa3aiu, 0 MiHiMi3alis AMOBIpHOCTI 30010 B Takiil Mepexi €
3aJa4yer0 BUITYKJIOTO NPOTpaMyBaHHs 1 Moxe OyTu e()eKTHBHO BHpillleHa 3a JOMOMOTrorw MmeroniB Jlarpanka. B
po6ori [8] BuBUanacs mpomycKHa 34aTHICTH 1 PO3MOIT MOTYKHOCTI A MakCHMi3alii eproJuyHol MPOMyCKHOT
3maTHOCTI st Oararomporinaoi FDMA-cuctemu 3 miHiiiHOIO Tomojoriero. Jlorapudmidai Bupasm s
MIBUIIKOCTI Tepefadi B MPOMDKHUX KaHaiax OyJo almpOKCHMOBAHO 3a JOMOMOTOIO KBaJpaTHOTO KOPEHS Bix
apryMeHTy, 10 TO3BOJIIIIO CIIPOCTHTH HEINiHIIHY 3ajady Ta OTpUMAaTH PO3B’SA30K B siBHIN (opmi. bazyroancs Ha
IbOMY pe3yJbTaTi, aBTOpu pobotu [9] 3ampomoHyBand Tpu CyOONTHMANBHI CTpaTterii ISl PO3MOaiTy
MOTY>KHOCTeH 1 cMyru mpomyckaHHsS it OararomporinHnx OFDMA wmepex 3 miHilfHOIO TOmojorieoo. B
JKOJHOMY 3 ITUX Ta IHIIAX BiIOMHX JDKEPEI He PO3TIIAA€THCS HASBHICTH 3aBaj] BCEPEINHI MEpExKi.

Y poborti [8] mocnimkeHo ONTHMaNbHUN PO3MOALT MOTYKHOCTel as GararonporinHux KPM 3 niHiitHOO
TOIIOJIOTI€I0, B SIKIM BY3JM MNpAIOIOTh B MeXKaxX OJAHIE]T CMyrHM 4acToT i, OTXKE, 3aBaKarOTh OAWH OJIHOMY.
[MocTaBieHe 3aBAaHHS MaKcUMi3alii MPOIYCKHOT 3JaTHOCTI MEPEeXi 32 yMOBH OOMEXEHHSI Ha CYKYITHUH PiBEHb
3aBaj, 1110 CTBOPIOIOTHCS 110 BITHOILIEHHIO JI0 BCiX NEPBUHHUX NpuiiMadiB. HeBUPIMIEHUM 3aBJaHHM JIHIIAETHCS
JIOCJTIJDKEHHS OLTbII PeaiCTUYHOTO BUIIAJIKY, B IKOMY KOXKEH NEpBHHHHUN NPUiMay MOBUHEH OTPUMATH OKpeMe
0OMEXKEHHSI Ha BTOPHHHI MEPEIIKOIH.

[Jana poOorta mpuCBsSYEHa IOCHIIPKCHHIO HaOOpy OKpeMHX OOMEKEHb Ha IEPEHIKOAM, KOXHE 3 SKHX
BCTAHOBJIOETHCS TEPBUHHUM INpHHMadeM, Ta pPO3B’A3aHHIO 3a7adi ONTHMAIBHOTO PO3MOAUTY HOTYXKHOCTEH
nepexaBadie KPM i1 BU3HaU€HUX OOMEKCHb.

1. Moaesb cHCTEMH i MOCTAHOBKA 3aBJAAHHSA JOCTiIKEeHHS

Hexait KPM ckmagaetscst 3 K BropmaHEX KopuctyBauiB (BK), y mpucyTHOCTI TepBHHHOI Mepexi, 1o
cknanaerbes 3 M nepsunHEX KopuctyBadis (1K), sk noka3zaHo Ha pucyHky 1.

1 2 3 ooo M
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Puc. 1. Bacamonpozcinna KPM 3 enympiwnbomepesicesumu 3a8a0amu
6 NPUCYMHOCMI NePBUHHOI MepexCi

Byson-mxepeno BK; nepenae indopmanito 10 Byzna-onepxyBada BKy.; (), BUKOPHUCTOBYIOUHM MPOMIXKHI
BY3JIH, 1[0 MOXXYTh PETPAHCIIOBATH KOHTEHT, Ta hopMyroun Oararomnporinay mepexy. Tomomoris KPM (puc. 1)
HA3MBAETHCS JTIHIHO0, OCKUIBKY 3’ €THAHHS MK JKEPETIOM Ta OJIep>KyBadyeM Bi3yallbHO YTBOPIOE MIPSIMY JTiHIFO.

B pmaniit po6oti Mu mpumyckaemo, mo B KPM Bxke BHOpoBaKCHO BIANOBIIHUN MPOTOKOIN Ieperadi Ha
MmepexkeBoMy piBHi OSI i mpokmageHo MapumipyT MK IIOYaTKOBMM 1 KiHIIEBUM NyHKTaMH. JluHamiuHe
BU3HAYCHHS BUIBHUX CMYT CIIEKTpa BUXOIUTH 3a Mexi i€l poOoTH. THX, XTO WIKaBUTHCSA AITOPUTMaMHU
30H/yBaHHS CIIEKTPY, MOKHA BifliciaTH, Hanpukiaz, 10 [11]. Mu Takox MpuITycKaeMo, 110 PETPAHCIILIS BY3JIiB
y KPM mpamioe B AymIeKCHOMY peXHMi, TOOTO BY3JIM MOXXYTh OTPUMYBAaTH 1 IlepeiaBaTd iH(pOpMAIio
onHouacHo. [lepenaya 3MiCHIOETHCSI OJTHOYACHO BCIMa BY3JIaMH, CTBOPIOIOYH MEPEIIKOIN OJIUH OJJTHOMY.

IotyxHicTs mepemadi Pj, mo BUKOpUCTOBYeThCS KOXkHUM BK|, He MOBHHHA NepeBHUIyBaTH MaKCUMaIbHUI
pisen» P™ kosxHoro nepesasaya. Kanany nepBUHHOT Ta BTOPUHHOT MEpEX MiANaAaroTh il 10 KOMIUIEKCHOTO
aauTUBHOTO Oinoro rayciBepkoro mymy (ABI'I) Ta MOBITBHHX peneeBCHKUX 3aBMHUpPAaHb TaKHUM YHHOM, IIO
KaHalbHI KOe(illiEHTH € BUMAJAKOBHMH BEIMYWHAMH, aje MOCTIHHUMHU TMPOTATOM Tepenaadi BiJ JpKepena Jo
oJiep)KyBada. BinmosijHe CIiBBiAHOMIEHHS MiXK CHI'HaJlaMd Ha BXOJl Ta BHUXOJI KaHAy MiX By3JlaMmH | Ta |
(mo3Haummo sk L;j) B KPM onucyeThest piBHAHHAM:

38



Cepis. Texuiuni Hayxu

Y, =49 % +n;, @)

Je Koe]ilieHT nepegadi MOTYXKHOCTI j; KaHamy L;j BinoOpaxkae peneeBChbKi 3aBMUpaHHsA Ta aTTeHIoalii B
KaHaIi:
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koediuieHT mepenayi kKaHany (KOMIUIGKCHA BHIIaJKOBa rayciBchka 3MiHHa). Kanan Lij mignaeTbes il

e di i~ Bijictanb Mix i-M Ta j-M BK (abo 1K), & — ekcroHeHTa 3racaHHs B KaHAi, |’]i

xommexcroro ABIII N, ~ CN(0,57) .

OOMexeHHs BIUIMBY KPM na IEPBUHHY MCPEKY OMUCYETHCSI BUPA3OM:
K
2.0 R<nvi=1.,M, ©)
i=1

A€ yi — IPUMHATHUI MOpir Ha cymy 3aBaj Bupobaenux KPM no signomenno jo I1K;.

[epenbauaernes, mo By3nu KPM 3HaI0TH MOPOTOBI 3HAYEGHHS U1 3aBaj KOXKHOTO NpHMada MEepBHHHOI
mepexi. Koxen BK Takox 3Hae koedimieHT 3racaHHs KaHAIy MK CBOIM IepeaaBadeM Ta KOKHHM IIEpBUHHUM
npuitmadeM. Bei By3mm KPM 3a 1onmoMororo cTaHgapTHHX METOMIB OTPUMYIOTH iH(GOpMAIifo mpo KoeilieHTn
nepeaadi BXiTHUX KaHamiB muist 3niticHenHs JI1 perpancmsamii.

[Mepenaua Bin BK; no BKj.; Moxxe nocsirtu inmumx tepminanis B KPM. B nesikux cuenapisx ueit epext Moxke
OyTH KOpHMCHHMM Jyisi 30UIBIICHHS HaAiiHOCTI mepenadi. B HamioMmy BUMaiKy, OCKUIbKM NpHUiiMadi HE 3HAIOThH
KoehillieHTIB  BIAMOBIAHMX KaHamiB, Iig T[epeJada CTBOPIOE Ha BCix IHmWMX mnpuiiMadax K (me
k=1,...,K,k #i+1) mme 3aBamu.

[epenannii Big BK| curnan B 3araqbHOMY BUIIAIKy MOXKYTh NOUyTH F By3IiB y HampsAMKy mepenadi JaHUX
Ta B By3mB y mporunexxHomy Hampsamky. i nBi Bemmumau (F Tta B) ommcyroTe TOmoJoOrifo Mepexi i, B
IPUHLMII, MOKYTh BiApi3HATHCA 14 pisHux BK 3anexHo Big ix reorpahidHoro nosoxeHHs Ta senuuunu P,
Tum He MeHm, a8 mpoctotd, Oynemo BBakatn F Ta B ommakoBumm mnst Bcix BK. IHmmm Baknueum
MPUMYOICHHSAM € Te, Mo mnepemkoan, crBopeHi BKj y BigHomenHi mo BK;, moxna posrmsamata sk ABI'II 3
HyIbOBUM CEpEIHIM Ta Juctepciero Ji;P;.

BianoBigHo 0 MpHHHATOT MoJeni Mepexi, MpolyckHa 3aaTHicTh kaHainy Mixk BKj Tta BKj.; moxe Oyrtu
3arncaHa y BUTJIS:

9P
G B
o; + Z O jinP + Z Oisrjinn Pone
-1 -1

3ayBaxuMo, 10 B JaHOMY BHUIIAJKY ITiJ IPOIMYCKHO 3aTHICTIO KaHATy MU MaeMO Ha yBa3l MakCHMalbHE
3HAUYEHHS TOCSHKHOT IIBUAKOCTI Tiepe/iayi KaHally 3a BiICYTHOCTI PEIITH MEPEK.

Just Mepexi 3 OJHHM JDKEPEJIOM 1 OJIHHUM OJIEPXKYBaueM MaKCHUMalbHAa MOXKJIMBA MPOMYCKHA 3/aTHICTh
BHU3HAYAETHCS K CyMa IPOITyCKHUX 3[JaTHOCTEH KaHAJIB, MO HAJeKaTh IO MIHIMAJIBHOTO 3pi3y, SKHU BiAIiIsIe
JoKepeno i-ro oaepxkyBaua B Mepexi [12]. Jlust mpuitHaTOi MOJeni KaHamy [eil pe3yibTar 3BOJUTHCS JIO
HacTymHOTo. IIpomyckHa 3MaTHICTH JIiHIHHOI MepeXi BH3HAYAETHCS MPOITYCKHOK 3JAaTHICTIO i HaiicmaOmoi
JIAHKH

C, =log,| 1+ (4)

C=min §,,C,,...Cy . )
TakuM YUHOM, MM MOXKEMO C(hOPMYIIIOBATH TIOCTAHOBKY 3a7a4i ONTHUMI3allil:
C—omx HK,..P §P, (6a)
K
P=1 R,Pc 32.0,,R <y, Vi, R <" Vi, (6b)
i=1

2. OnTuMaJbHU PO3NOILT MOTYKHOCT €

3HatouM BCi KaHAIbHI KOE(]IiEHTH, BY30JI-JDKEPEIO MOXKE IEHTPAi30BAHO OOYMCIMTH ONTHUMAaJIbHUH
PO3IOIN MoTyXHOCTeH At KoskHoro BK. BinmosinHe pilmeHHs, 0 MakCHMI3ye MpOIycKHY 3aatHicTe KPM,
HAJa€ThCSI HACTYITHOIO TEOPEMOIO.

Teopema 1. Hexaitf 6aratonporinna KPM 3 K nepenaBagamu, Ta 3 MOXKIMBUMH NEPEIIKOAAMHU B CEPEIUHI
Mepexi, MpaIioe MmapajesbHO 70 HMEepBHHHOI Mepexi 3 M mpuiiMadaMu, Ha KOKHOMY 3 SIKMX 3aIpOBAKEHO
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OKpeMe OOMEXEHHs Ha BTOPWHHI Iepemkoan. MakcuManbHa MPOIyCcKHa 374aTHICTH Takoi KPM mocsraerses
TOJI ¥ TITBKH TOJI, KOJH MPOITYCKHI 3AaTHOCTI IPOMIDKHHX JJAHOK BCTAHOBJICHI piBHUMH, TOOTO:

C,=C,=..=C,, (7a)

a TEepeIKoAM, CTBOPCHI IO BiHOWMICHHIO 0 TEPBHHHOI MEpeXi, 3aJOBOJIGHSIOTH 3 PIBHICTIO OOMEXECHHS
HaMOLTBII 3aITyMJICHOTO TIEPBUHHOTO MTpUiMaya:

K
> 0P =7 @
i=1

ac

J*=argmax }/— . (7c)
J

Maxkcumizanis B (7¢) BizOyBaetbest st Toro I1K, skuit abo BiguyBae HaWCHIIBHIII BTOPUHHI MEPEIIKOAN
Big KPM, abo mae HallHIK4YMIT OPIr Ut piBHS BTOPUHHUX 3aBa] cepen Beix I1K. Ha3Bemo takoro kopucryBaya
HaWOUIBII 3aLTYMIICHUM, OCKIJIBKH BC1 EPELIKOH MU MOJICTIOEMO aIMTHBHUM IIyMOM.

3a3HauMMO, 10 ONTUMAJBHUI PO3MOALT TMOTYyXHOCTel P; Ta iHmekc Halbinpmi 3amymieHoro ITK j*
B3aeMoroB’s3aHi. ToOTo, cuctema piBusiHb (7a) Ta (7b) Mae OyTu po3B’s3aHa iTepaliiiHo.

Crix TakoXX 3a3HAYMTH, [0 HABEISHHWH BHINE PO3IOMALT MOTYXHOCTeH He Oepe A0 yBarW iHIWBITyalbHI

Zililgivi*Pi

obmeskenns pisus notyxkuocti (P < P™ Vi), [[[06 Brmountn i o6MeskeHHs, HeoOXiTHO 3HANTH MHOKHHY
ONTUMAaJbHUX DIBHIB IOTYXKHOCTi, sKi IHEpPEBUIIYIOTb OKpPeMi MaKCUMalbHI piBHI IOTYXHOCTI
P = I%* : Pi* > P™™ Vi . Horim noryxrocti mepenaui ycix BK moBuuHI GyTH NepeHAIamITOBAHI TaKHM
YHHOM, 11100

max .. §* 3 P", (8a)

Broiiuac sk C, =C, =... =C (7).

TakuM YMHOM, B 3aIPOIIOHOBAHOMY PO3B’s3aHHI BCi OOMEKEHHS Ha MEPEIIKOIN 33aJI0BOJICHI, a TPOMYCKHA
30aTHICTh € MAKCHMAIIbHO JOCSHKHOIO.

Hoeeoennsa Teopemu 1.

[epenuiiemo 3amauy ontuMizaiiii (6) y dopmi Haarpadiky uinsoBoi pyrkmii [13]:

t—>mx K,..,P 3P, (92)
P'= #,..P 2-C <0Vi,Y" g, R -7, <0Yi. (9b)

Sk mokasawo B [14], 3amaya ontumizarii (9) 3aJ0BONBHSIE YMOBH JiHIHHOI He3aIe:KHOCTI 06MexeHb [15].
TakuM YUHOM, JUISE ONITHUMAJILHOCTI pinteHHst HeoOxinui ymou Kapyma—Kyna—Takkepa (KKT) [13, 16].

IMoxaxemo, mo ymoBu KKT ymMOBH MaroTh €1HE MO>KIIMBE PILIEHHS, 1[0 BiAINIOBiJa€e BHUIAIKY PiBHOCTI
MPOIYCKHUX 3AaTHOCTe# Bcix kaHaniB KPM, a Takox piBHOCTI B OOMEXCHHI Ha BTOPHHHI 3aBaad HAHOUTBII
3amrymiieHoro T1K.

Bunumiemo narpamskian no o6mnacti D = R :P.>0,Vi nnsa(9) nactynuum unsom:

K M K

L:_t+z;{1(t_ci)+za)j(zgi,jlai_7/])' (10)
i=1 j=1 i=1

B3sBIIM 4acTKOBI MOXi/IHI BiJl JIarpaHKiaHy, IPUPIBHIEMO 1X 0 HYJIS:

aL M K i+B

— =200 ;A A4+ ZBi,jij =0, (11q)

5Pi j=1 =1 j=i-F-1

oL K

E=—1+Zi,=0, (11b)

Je sennunHu A;j Ta Bjj; MOXyTh OyTH 3amucaHi y BUTIIAL:
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Oiin

>
!

j+B
2 (12a)
o; + ng,mpk In 2
k=j-F,
kzi+1

Pjgi,jgj,jJrl

Lo e (12b)
o; + ng,H—lPk o; + ng,ipk In2
k=]-F, k=]-F,
k= j+1 k#],
k=i+1

Y koxnomy 3 K piustab (11) e ogHa Bif’eMHa KOMIIOHEHTa, OTXKE, BCi A; MaroTh GyTH J0XaTHUME

Jutst 3agoBosieHns (11a). B mpoTusiexxHoMy BHNAAKY, OYIb-AKHit /1, =0 wueraitno MpU3Bee 10 lj =0, Vj 1,

BHacHiok 4oro (11b) He Moxe OyTu 3a70BoJeHO. 3a yMOBH KomiuiemerapHocTi KKT:

41t-C), (13)

maemo C, =C, =... =C,, mo nae nam K-1 pipusiub. HeoOXiaHO JONIOBHUTH CHCTEMY DIiBHSHB 1€ OJHUM,

SKe OOMPAETHCSA TaKUM YHHOM, 00 Oyia BUKOPHUCTaHA MaKCHMallbHA MOTY)KHICTH IS 30UThIIEHHS MIBUIKOCTI
mepeAadi, 3a YMOBH 3aJ0BOJICHHA BCiX OOMEKeHb Ha Mepemkofu. Ilicims mesknXx MaHImyIsmifd, MOXKeMo
nepenucaTu 0OMEKeHHS Ha BTOPUHHI IEPEHIKO/IA B TAKOMY BUIJISII

> = <tj=1..M. (14)
i 7/
Cepen uux 00OMeXeHb JIMIIE OJTHE MOXKE 6yTH 3aJ0BOJICHE 3 piBHiCT}O, a came
. > 9P
J*¥=argmaxy ==——"_.
Vix

BucHoBku. B maHiil craTTi JOCTIIHKEHO METOAHM PO3IMOIUTY MOTY)KHOCTEH MiXK KOPHCTYBayaMH JIHIHHOI
OaraTonporiHHOI KOTHITUBHOI paJiioMepexi B MPUCYTHOCTI IMEPBHHHUX NPHIMAYIiB Ta 32 HAasSBHOCTI (CITaOKUX)
3aBaj BeepenuHi Mepexi. [locTaBiena 3ajaya Makcumizanii IPOITYCKHOT 31aTHOCTI MEpeXi 32 YMOBH OKPEMHUX
00MEeXeHb Ha MEPEIIKO/IN, KOKHE 3 SIKUX BCTAHOBIIIOETHCS IEPBUHHUM MpUiiMadeM.

[TokazaHo, MIO ONTHUMAaJBHUA PO3MOALT IMOTYXHOCTEH OCSTaeThbCs MPH BUPIBHIOBAHHI IMPOMYCKHHUX
3ATHOCTEW NMPOMDKHUX JIaHOK. J[aHe pillleHHs BUMarae HasBHOCTI KaHaJy 3BOPOTHOTO 3B’SI3KY UIsi 30MpaHHs
iHpopMauii mpo Bci 3’€HAHHS MepeXi B BY3Ji-JKepesi Ui o04YMCIIeHHs PO3MOJiTy MoTyxX)HOcTeil. B mexax
3aIPOIIOHOBAHOIO PO3B’sI3aHHS HEOOXiJHO PO3B'A3aHHSA CHCTEMH HEJNIHIMHUX pIiBHSIHB, 110 B 3arallbHOMY
BUIAJIKY TOTpeOye BIPOBAIKSHHS YUCSIBHUX METOJIIB PO3B’S3KY.

3 ormsamy Ha me, IS MalOYTHIX JOCHIHKEHb AOMUIEHO po3poOIeHHS HaONMMKCHHUX PIlIeHb, sSKi O CYTTEBO
CIIPOCTHIIM OOYMCIICHHS, Ta MPOBEACHHS KOMII'IOTEPHOTO CHMYJIIOBAaHHS 3aBIaHb Ha 3alpPONOHOBaHIH Monei
pilIeHs.
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OnrumajibHOe pacnpee/ieHue MOUIHOCTell B KOTHUTHBHBIX PAaJHOCETSIX C JHHEHOI Tomosoruei /
M.A. I'upHbIK

B pabore wuccnenyrTCs METOIBI pPAaCHpPEACICHHUS MOIIHOCTEH MEPEeAaTYMKOB B MHOTOIMPOJICTHBIX
KOTHHUTHBHBIX pannoceTsix (KPM) ¢ nmuHeiHO# Tomonoruen. PaccmotpeH crieHapuii, B kotopom KPM paboTtaer
MapajuieNIbHO C TIEPBUYHON CETHIO (JTMIIEH3UPOBAHHOTO apeHAaTopa AJAaHHOTO JWama30Ha 9acToT), IPH YCIOBHH,
YTO CO3JAaBacMble IIOMEXHM [yl IEPBUYHON CETH OrPAaHUYEHBl ONPEACICHHBIM IOPOTrOBBIM ypOBHEM. B
MHoromnposeTHeIx KPM mr(opMaris, HanmpaBieHHas y3JIOM-HCTOYHHKOM IO MYTH K Y37y-aJpecary MPOXOAHT
HECKOJIBKO PETPAHCIANUN OT y37a K y3iIy. Bo BpeMs KaXIoW peTpaHCIAnnN HH(QOpMAIHs IEKOTUPYeTCS U
HanpasJIsieTCs K ciaeayroueMmy ysiy. [Ipeanonaraercs, 4To nepeiaHHble CUTHAJIBI MOTYT JOCTUraThb COCEIHUX
y3JI0B, TEM CaMbIM CO37aBasi IJIsl HUX TIOMEXH.

B nmanHoO#l cratbe mokazaHo, uto s JuHedHblx KPM onTuManeHOE pacmpeneneHne MOIIHOCTeH
JIOCTUTAETCsl TIPU YCIOBUM PABEHCTBA MPOIYCKHBIX CIIOCOOHOCTEH BCEX MPOMEKYTOUHBIX KaHAJOB Mepeaadn U
OTpaHUYCHHUS Ha TIOMEXH HauboJiee 3allyMJICHHOTO TOJIb30BaTelIs MEPBUYHON CHCTEMBI, YIOBICTBOPAECMOIO C
PaBEHCTBOM.

KiioueBble ¢JioBa: 3JIEKTPOCBA3b, KOTHUTUBHOE Pajifo, ONITUMU3AIINS paclpeesieHUs] MOITHOCTEH.

VK 621.372.2:621.396.4

Optimal power allocation in a cognitive radio network with linear topology / M.A. Girnyk

This paper explores the methods of the transmit power allocation of a multi-hop cognitive radio networks
(CRM) with linear topology. Was investigated a scenario in which CRM operates in parallel with the primary
network (tenant of the current licensed frequency band), with condition of limited to a certain threshold level the
interference that causing the CRN for the primary network. In multi-hop CRM a information sent by the source
node on the path to the destination node takes several hops from node to node. During each retransmission the
information is decoded and sent to the next node. It is assumed that the transmitted signals may also reach the
neighboring node, thereby creating interference for them.

In this paper we show that for linear CRM optimal power allocation is achieved when equality of capacities
of all intermediate channels and restrictions on interference most noisy member of the primary system,
performed by with equality.

Keywords: telecommunication, cognitive radio, optimization of a power allocation.
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