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Po3rnsinyTo MeTonu BUOOPY clieKTpa /s KOTHITHBHOTO pajio, 110 AAI0Th 3MOTY BTOPMHHUM
KOpUCTYBaYyaM OOMPATH Kpalli JOCTYNHI YaCTOTHi KaHAIM i mepemMukatucs Ha HuX. IIpoBeneHo
anani3z i kiaacudikauio HUX MeToiB. 3aMPONOHOBAHO AHAIITHYHY MOJeIb CHCTEMH KOTHITHBHOTO
panio 1151 MOPIBHAHHSA AJITOPUTMIB NMepeMUKAHHS KaHAJIIB 3a KpuTepieM MiHimizamil 3araibHoro
yacy podotu cucreMu. Po3riisiHyTi airopuTMHM Ha OCHOBi 0ajlaHCYBaHHSI HABAHTAKEHHSA MOXKYTh
PO3MOAISITH HABAHTAKEHHS BiJl BTOPMHHUX KOPUCTYBAYiB JeKUILKOMAa KaHAJIAMH, HA BiIMiHY Bil
ajaroputMy 0e3 0anaHCYBAHHS HABAHTA’KEHHS, 32 SIKUM JUIA TepeJaBaHHA BUOUPAETHCA MeplIui
KaHAaJI 3 HaliMeHI1I010 HMOBIPHICTIO 3al{HATOCTI.

KaiouoBi cioBa: KOrHiTUBHe pajgio, mepeMHKaHHsl KaHaJiB, BHOIp cleKkTpa, Teopif
MAacoOBOr0 00CJIyrOBYBAHHSA, 3araJIbHNUH CHCTeMHMI Yac.
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CHANNEL SELECTION ALGORITHM SPERFORMANCE EVALUATION
FOR SPECTRUM DECISION IN COGNITIVE RADIO
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Different spectrum decision methods in a Cognitive radio networ k wer e analyzed in this
paper. The technology of Cognitive Radio networ ks needs to make a decision which spectrum
band is the best among the available free bands. Spectrum decision is closely related to all
operational parameters, channel characteristics and any activity of primary users. Also,
spectrum decision depends on all cognitive users inside network activities. The process of
spectrum decision is not based only on cognitive users' local observations but also on primary
networ k channels statistical information, such as interference, path loss, wireless link errors,
link layer delay. After the definition of available spectrum bands had been held, the most
corresponding band of spectrum with considering channel characteristics and QoS
requirements should be chosen. Spectrum decision methods can be classified as: non-load-
balancing, praobability-based and sensing-based spectrum decision.

An analytical system mode is proposed to compare channel selection algorithms by
main operational parameters to minimize total system selection time. The considered methods,
which are based on balancing traffic load, can distribute secondary users load to multiple
channels, in contradistinction to non-load-balancing methods that choose the first channel with
the lowest busy probability. When the secondary users traffic load is low, the probability-
based method shows a reduce of total system time, otherwise, when traffic load is high the
sensing-based method can improve system perfor mance.

Key words: cognitive radio, channel selection, spectrum decision, queuing theory, total
system time.
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Beryn

Kornituni pamiomepexi (KP) moTpeOyroTh MOMXKIHMBOCTI TMOpIBHIOBATH 1 BHpIlIyBaTH, SKi 3
JMOCTYITHUX PaaiOYacTOTHUX KaHATB € HAWKpalmMMH BiAMoOBimHO g0 BuUMOr momo sikocti (Q0S). Ilei
MpoIlec Ha3MBAETHCS BUOOPOM CIEKTpa 1 € HaJI3BUYaiiHO Ba>KIIMBOKO TEMOIO JJISI JOCHI/PKEHHS B Mepexax
KP. Bubip criekTpa TiCHO OB’ s3aHUAN 3 XapaKTEPUCTHUKAMH KaHANy 1 JISUTBHICTIO MEPBUHHUX KOPHUCTY-
BayiB. Kpim Toro, BuOip criekTpa 3aJexuTh Biji ASTIBHOCTI iHIINX KopucTyBauiB KP y mepexi.

MeToqM KOTHITMBHOTO Pajio TMOKPAalIyloTh e()EKTHBHICTh BHKOPUCTAHHS CIEKTpa, IO JIAa€ 3MOry
HU3BKONPIOPUTETHAM BTOPUHHAM KOPHUCTYBaYaM THMYAaCOBO BUKOPHCTOBYBATH BHUCOKOIPIOPUTETHI JIIIEH30BaH1
YACTUHH CIIEKTPa MIEPBUHHKUX KOPUCTYBAYiB, sIKi Ha 11e MOMEHT mpocTororoTh (puc. 1) [1, 4]. Ipore, BropHHHI
KOpUCTYBaJi TOBHMHHI 3BUIBHUTH 3aiiMaHWH KaHai, IIOWHO IEPBUHHI KOpPHCTYBaui cOpMyBaIM IaHi Ui
riepeiapaHHsl caMe IIMMH KaHAJIAMH, OCKUIBKW TIEPBUHHI KOPUCTYBadi MarOTh BHIIMK IMPIOPUTET JIOCTYITY JIO
KaHaJTy nepenaBanHs. Jiis Toro, 100 3a0e3meunTy HaTiiHe repenaBatHs 11 BTOPHHHUX KOPHUCTYBadiB, CTApTye
nporeaypa nepeaadi 00CIyroBYBaHHS CIIEKTpa, SKa MOBHHHA JIOTIOMOI'TH BTOPHHHOMY KOPHCTYBady TIOBEPHYTH
3aiiMaHui KaHaJl IEPBUHHOMY KOPUCTYBady, a CAMOMY BITHOBUTH IIE€pEIABAHHS HA IHIIOMY KaHa a00 Ha TOMY
CaMOMy KaHaJTi, ajie BXKE ITiCIIs 3aBEpILICHHS TIepeiaBaHHsI JAHUX MIEPBUHHOTO KOpUCTyBaya [2, 5.

@A)) “ u
MepBuHHa BC MepBUHHKIA
KOpHUCTYBaYy

(((H))) BropuHHa BC 5 E:gg::yrg;ﬂ:‘

MepBUHHa Mepexa

Puc. 1. Cmpyxmypa 63aemM00ii nepsunnoi ma 6mopuHHoOi KOSHIMUBHOL Mepedic

Bubip criekTpa € BaXJIMBUM ITPOLIECOM Y MEPEKaX KOTHITHBHOTO Pajiio, KU HaJla€ MOYKIIMBICTh BTOPHH-
HOMY KOPHCTYBaueBi BUOpATH SIKHAMKPAIIMI KaHal 3 JOCTYITHHUX Ha TIEBHUH MOMEHT KaHAJIIB-KaHAWAATIB I
nepenaBanHs AaHux (puc. 2). st toro, mo0 piBHOMIPHO PO3MOIUTUTH HAaBaHTAKEHHS Tpadiky B BTOPHHHUX
KOPHUCTYBaYiB IIMMU KaHaJIAMU-KaH/MIaTAMH, CHCTEMa TIPHHHSATTS PillieHb 1 BUOOPY CIIeKTpa MOBHHHA e(heKTHB-
HO ONpalbOBYBaTH CTATUCTHKY 3aBAaHTAXKCHHS KOXHOTO KaHATY SIK TEPBUHHUMH, TaK 1 BTOPUHHHMH
KopucTyBadamu [3].

3alHATWI NepBUHHUM KOpUCTYBa4eM kaHan KaHanu, wo npocrotioTb

S ) Yacrora ('u)
o e T A &~ »>le y o <A

KaHanu Ans KOrHITUBHOTO=: -« -+« 4«
KopucTtyBava A :

' KaHanu ansi KOrHiTuBHOro
L
KopuctyBada b

Puc.2. Ilpuxnao eubopy cnekmpa y KOSHIMUSHUX Paoiomepexncax
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VY crarTi BBEJJEHO OCHOBHHUH IMOKAa3HHMK MPOJYKTUBHOCTI JUIsl OLIHIOBAHHS PI3HUX CXeM BUOOpY
CIIEKTpa — 3arajbHUN CHCTEMHHI 4Yac BTOPUHHOTO 3’ €JHAHHS, SKC BU3HAYAETHCS SK TPUBAIICTh BiJ
MOMEHTY Iepe/iadi IaHUX JI0 MOMEHTY IIOBHOT'O 3aBEpIIICHHSI Iepeiadi.

3araipHU CHCTEMHHI Yac BTOPUHHOTO 3’ €IHAHHS 3aJISKUTH BiJl KUTBKOCTI TIepepUBaHb, CTBOPEHUX
MEPBUHHUMU KOPHUCTYBa4aMH, BiJI KUIbKOCTI IOMHJIOK CKaHYBaHHs, TaKWX SK HEBHIBICHHS abo
MOMHWJIKOBE BHSBIICHHSI TICPBHHHOTO KOPHCTYBaua, i BiJi MPOIYKTUBHOCTI caMoro kaHarmy. Tomy 3a bac
OJTHOTO0 BTOPHMHHOIO 3’ €HAHHS, MOXKE BinOyBaTHCs JEKUIbKa Irepeaady oOCIyroBYBaHHS CIIEKTpa uepes
NepepuBaHHs BiJ TMEPBHHHUX KopucTyBadiB. OYEBWIHO, IO BENHWKAa KUIbKICTh TEPEMHKAHb KaHAIY
npu3Bene 10 30UTbIICHHST 3arajbHOr0 CHCTEMHOro 4acy cucremu [6]. BomHodac, mOMHIIKOBa TpUBOra
BUHUKA€E, KOJNU JIETEKTOpP ITOMUIJIKOBO TMOBIJOMIISIE TPO HASBHICTh IEPBHHHOTO KOpHCTyBada. Y I
CHTYyallii 3aralibHU{ CHCTEMHWH 4ac 3’ €JJHaHHS BTOPUHHOTO KOPHUCTYBada 3pOCTA€, TOMY IO BTOPHHHI
KOPUCTYBadl HE MOXKYTh IIepeiaBaTH JaHi HaBiTh IPH HEAKTHBHOMY KaHali, OCKUIbKH IOMHUJIKOBO
BBAKAETHCSI, MO0 el KaHam 3aifHsaTuil. Komn X TepBHHHOIO KOPHCTyBada IOMHJIKOBO HE BHSBJICHO,
BiZIOYyBAa€THCS KOMI3isl JIaHUX OCHOBHOTO KOPHCTYBada i BTOPMHHOTO KOPHCTYBada, IO MPU3BOIUTH IO
MOBTOPHOI Tepenavi i, 3BICHO, IO 3pOCTaHHS 3arajbHOr0 CHUCTEMHOTrO 4acy 3'€THaHHS BTOPHMHHHUX
KopuctyBadiB. KpiM Toro, pi3Hi KaHaJIM MOXYTh MaTH Pi3HY MPOXYKTUBHICTH 1 IIBUJIKICTH IepeIaBaHHS
JaHWUX, IO TPU3BOAUTH JIO PI3HOIO Yacy OOCIYroByBaHHsI i Oe3locepe/HhO BIUIMBAE Ha 3arallbHHH
CHCTEMHHUH Yac JUI BTOPUHHUX KOPHCTYBAUiB.

Metoau BuOOpy cnekTpa

Meromu BuOOpY criekTpa MoxHa kiacudikyBaTh Ha JABI Kareropii: meromu 0e3 OanaHCyBaHHS
HABaHTa)XEHHS 1 MeToAM 3 OallaHCYBaHHSM HaBaHTaKeHHs. Meroqu 3 OanaHCyBaHHSM HaBaHTaKECHHS
MOJKHA TIOJIUTUTH TAKOX Ha J[Ba BapiaHTH: METOJ] HA OCHOBI HMOBIPHOCTI Ta METOJ] HA OCHOBI CKaHYBaHHS.

* Bubip criektpa 6e3 OanaHCYBaHHs HABAHTAXKEHHS — METOJI, 32 SIKOTO BTOPUHHUI KOPUCTYBad MOXKE
BUOpaTH CBii poOoumii kaHanm, 3a OAHMM abo JEKUIbKOMa TlapamMeTpaMd KaHally, HarpHKIai:
3aBaHTaKEHICTh KaHay, UMOBIPHOCTI TOTO, IO KaHAI epe0yBae B pSKUMI IIPOCTOI0, Yac OYiKyBaHHSI, 4ac
nepeOyBaHHs B PeXKHUMI POCTO0 ab0 MPOAYKTUBHICTh KaHaiy [7, 8].

* BuOip crmekTpa Ha OCHOBI HMOBIPHOCTI — Il METOJ Mpalloe 3a OajlaHCy HaBaHTAKCHHS
BTOPHHHUX KOPHUCTYBauiB O/pa3dy B JEKUIbKOX KaHallaX KOTHITUBHOI paJioMepexi 3a IMapaMerpamu
HMOBIPHOCTI 3aHATTS KaHATy, IMOBIPHOCTI BHOOPY KaHaIy, IMOBIpPHOCTI TIepepyuBaHHs y KaHawi i T. 1.

* Bubip cnektpa Ha OCHOBI CKaHYBaHHSI — Ilell METOJ| MOTpeOye MOIMEPeHbOT0 CKaHyBaHHS BCiX
KaHaIiB-KaHAWIATIB, 00 3HalWTH HalnpuaaTHimui podounii kaHan [9, 16]. 3a muM METOIOM OCHOBHHM
napaMeTpoM, IO BIUTUBAE Ha TPUBATICTh CHCTEMHOT'O Yacy, € KUIbKICTh pOOOYHX KaHAJIB.

CucremHa Mojeib

CrovaTKky BTOPHMHHI KOPHCTYBadi MOBHHHI PO3MOYATH MpOILlEC CKAHYBAHHS CIIEKTpa JUIs
BHUSBJICHHS TIEPBUHHUX KOPUCTYBadiB. SIKIIO MOTOYHHMI 4YacoBUW CIOT KaHAaIy IOPOXHIM, TO
BTOPUHHHUH KOPHUCTYBa4 MOJKE 3aliMaTH HOro ais mepeiaBaHHS NaHMX. B IHIIOMY BHMIAIKy, SKIIO
KaHaJl 3HaXOJHUTHCS B 3aifHATOMY CTaHi, BTOpUHHUHW KOpUCTYBad Ma€ MOYaTH MPOIeC MepeaBaHHs
obcnyroByBanHns crektpa [10].

Mogenb OIiHIOBaHHS €(QEKTHBHOCTI METOMiB BUOOPY CHEKTpa [Uisi PI3HUX aJITOPUTMIB
MEepEeMUKAaHHS KaHaJy IIOKa3aHO Ha puc. 3. 3ampoIrlOHOBaHA MOJEIh OCHOBaHAa Ha CIIPOIICHIN 3arajibHii
MOJIeITi KOTHITHBHOT paaioMepexi, onucaniii y [11, 12]. 3aranpHuii CHCTEMHHI 4ac BTOPUHHOTO 3’ € IHAHHS
Oy/ie OIIHEHO 3 BUKOPHCTaHHIM Ii€l MOJENi /sl Pi3HUX aJIrOpuTMIB TepeMUKaHHS KaHainy. Koxxe
MEPBUHHE 1 BTOPUHE 3’ €JIHAHHSI ABJISIOTH COOOKO MPOIEC HATXOMKEHHS MAKETIB 3 Pi3HOK IHTEHCHUBHICTIO,
posmoineHoro 3a 3akoHoM Ilyaccona [13]. Omxe, MO3HAYUMO CEPEAHIO IHTEHCHBHICTH HAIXOKEHHS
MakeTiB s K-ro KaHaixy MEpBUHHOTO 3’ €IHAHHS SIK Xp(k), a As — CepelHs IHTCHCUBHICTh HAIXOKCHHS
MAKEeTiB BTOPUHHOT'O 3’ €JIHAHHS KOTHITUBHOI palioMepexi. Lp(k) — po3Mip maHuX y 0iTax Ha maker s K-
ro KaHaJTy MIEPBUHHOTO 3’ €HAHHSA, @ HOro GYHKI[iS pO3MoAiTy HMOBIpHOCTI fp(k)(l). Ls — po3mip maHux ams
BTOPUHHOTO 3’ €IHAHHS i3 QyHKIiE0 po3moniny imoBipHocTi fy(l).
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l BxigHui kaHan I

| As, fs(l) |

l | Kanan 1 |

A, o)

l I Kanan 2 I
A, £2()
Anroputm
nepeMUuKaHHa KaHany
| Kanan M |
A, £M(1)

Puc. 3. 3acanvha 3anpononosana mooesnv OYIiHIOBAHHS eheKMUSHOCME MemoOie
subopa cnekmpa 0Jisl PI3HUX ANCOPUMMIE NePEMUKAHHS KAHATLY

3arajpHUil Yac cucTeMu (IO3HAYAETHCS SIK S) € BaXKIMBOK METPHUKOIO SKOCTI 0OCIYroBYBaHHS
(Q0S) mns oriHOBaHHS ©(EKTUBHOCTI 3'€IHAHHS BTOPUHHHUX KOPUCTyBadiB. BiH cKiagaeThcs 3 yacy
ouikyBaHHs (mo3Haunmo yepe3 W) i TpuBanocTi foctaBku nanux (mosHaunmo sk T). Orpumaemo [14]:

E[S = E[W] + E[T], D
ne E[X] e dynkuiero owikyBanHs. TyT 4ac O4iKyBaHHS BH3HAYaIOTh SIK TPUBAIICTH BiJl MOMEHTY, KOJH
3alUT Ha TIepejaBaHHs TAaHUX HAJIXOIUTh JI0 CHCTEMH, JI0 MTOYATKy MepeAaBaHHs JaHuX. TpHUBaiicTh 4acy
OYIKYBaHHS 3aJI©KHUTh BiJl alNrOPUTMYy TMEPEKITIOUEHHs KaHaldy, [0 BHUOpaHHWH BTOPHHHUMH
KOpUCTyBauaMu. TpHBaNiCTh JOCTABKH JIaHUX BU3HAYAETHCS SK TPUBANICTH BiJI MOYATKY MEpECHIAHHS
JaHUX 3 TEpIIMM YacOBUM IHTEPBAJIOM JO 3aBEpIICHHS IepelaBaHHs JAHUX 3 OCTAHHIM YacOBHM
iHTepBagoM. OYeBHIHO, IO KUIBKICTh TMOMIN IepedaBaHHS OOCIYrOBYBaHHs 3HAYHO BIUIMBAE Ha
TPUBAJICTh Yacy JOCTaBKM JaHUX. Bimmosiguo 1o (1), 3arajpHuil CHCTEMHHUI Yac IS aJrOpUTMy BHOOPY
KaHaJIy Ha OCHOBI HMOBIPHOCTI BU3HAYAEThCS SIK:

E[Se] = E[Who] + E[Tp]. @)
A 1715 aropuTMy BHOOpY KaHally Ha OCHOB1 CKaHYBaHHS SIK:
E[Su] = E[We] + E[Tg)]. (©)

[Ipobnemy MiHIMI3aIil CHCTEMHOTO Yacy sl ajJropuTMy BHOOPY KaHally Ha OCHOBI WMOBIPHOCTI
MO)KHA BHPIIIHATH Tak [9]:

p=argminE|S,,(p,,)]; (4)
0£pfy £1, "kiw, (5)
ne Q={1, 2..., M} Habip kananiB kanuaaris; E[Sy] —3aranbhuii yac cucteMu JUist BTOPUHHOTO 3’ €THAHHSI.

M
[} []

a Py =a py =1 (6)
KW k=1

p% = p + p <1, @)

K o .. o . i K o ..
ne p() — WMOBIpHICTh 3aifHATOCTI K-rO KaHaiy; pp() — WMOBIPHICTh 3aHATTSA K-ro KaHaTy NEPBHHHUM

()

KOPHCTYBaueM; Ps = — HMOBIPHICTb 3aHATTS K-ro KaHaly BTODHHHUM KopucTyBaueM [13]:

© =] WELX Y], ®
p{” =1 {OE[X{]. ©)
T® — rpuarmicts mocraBkn manux st K-ro kanamy BTOpHHEEM KoprcTyBadeMm [12].
E[T1=E[X{T1+E[NCIE[Y], (10)
ne
EIN®T =1 X{] (12)
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(k)
E[Yp(k)] _ . E[X,"] (12)

R Q) (k)

I E[X]

CepenHsi TpUBANICTh JTOCTaBKH JAHWX JJIsI ajlropuTMy BHUOOpY KaHaldy Ha OCHOBI HMOBIpPHOCTI
MOXKHA PO3pPaxyBaTH SIK:

M
E[T,,]=a pYETY]; (13)
k=1

E[ R(k)]
(k) (k) (k)y'*
(1- p, )(A- Py - B)
ne E[R¥] osnauae wac mpoctoro crcremu, KoM 3'€IHAHHS 3aBepiieHo B K-My Kkamaii. 3a [14] moxma
OTpUMATH!

E[W] =

p

(14)

E[RY) =21 WEL(X)7]+ (15)

1
+2 ol EUXOY]

Jl71st anropuTMy BUOOpPY KaHaTy Ha OCHOBI CKAHYBaHHS CEpPEIHil Yac JOCTABKH JaHUX CTAHOBUTH [15]:

ET,]= & plET®]; 16
k=1
EW,]=nt +Pr{e’}” E\W,], (17)

Je & — IO, KOIIK X04a 6 OJMH 3 KaHaJIiB y IIe MOMEHT IIPOCTOIOE; &5 — KOMILIEMEHTAPHE 3HAYEHHS MOIIi.

Prie} = & [Prle [ko} " Pk} =

=410- ()Y’ 9

o é~ . ~ .
a &Oa p”) Ora,

Al WA=k @iT A iTw- A

[enj ey e

ae p(k) = pék) + pék) HMOBIpHICTh TOMHJIKOBOI TPUBOTH.

Pr{e‘} =1- Pr{e} (19)
SKI0 BC1 KaHAM 3aiHATI, TO KMOBIPHICTH TOTO, 110 BTOPMHHHMN KOPUCTYBA4 MOXKE€ BUKOPUCTATH
MeBHMIA KaHau, popisaioe 1/n [17, 18].

OuinoBanHA e)eKTUBHOCTI VI Pi3HUX AJTOPUTMIB NMepPeMUKAHHA KaHATIB

[opiBHsieMo anroputM Oe3 OallaHCYBaHHS HABaHTa)KEHHS 13 3aIlpOIOHOBAHWMH allTOPUTMaMHU
MEepeMHKAaHHs KaHaliB Ha OCHOBI WMOBIDHOCTI Ta Ha OCHOBI ckaHyBaHHs. [lopiBHIOBaTUMeMO 3a
TPHUBAJICTIO 3araJIbHOr0 CHCTEMHOTO Yacy JUIsl KOKHOTO allTOPUTMY 3aJI€KHO BiJl IHTEHCHBHOCTI BX1JIHOT'O
HaBaHTaXCHHS.

Pe3ynbratu po3paxyHKy 3arajbHOTO CHCTEMHOIO 4acy 300paxkeHo Ha puc. 4, 5. Ha nHaBemeHux
rpadikax MOKHa MOOAYMTH 3aJEKHOCTI 3arajbHOr0 CHcTeMHOro dacy E[S Bim cepeanpoi mBHAKOCTI
HAJXOJKCHHSI BTOPHHHUX 3’ €IHAHD Ag JUTSI TPHOX PI3HUX aJrOPUTMIB NIEPEMUKaHHS KaHAJIB: aJropuT™ 0e3
OanaHCyBaHHSI HABAaHTaXXCHHS, aJITOPUTM HA OCHOBI WMOBIPHOCTI 1 allTOPUTM HAa OCHOBI CKaHyBaHHS.
OCKiNTbKH B alTOpUTMi 0e3 OallaHCYBaHHS HaBaHTa)KEHHs BCI BTOPUHHI 3’ €IHaHHS OOMPaTHUMYTh KaHAI 3
HAMEHIIOI0 HMOBIPHICTIO 3aifHATOCTi, TO TOPIBHABIIM KOro 3 JIBOMAa IHIIUMH AJITOPHTMAMH
OanaHCyBaHHS HABAaHTaXXCHHS, MOXKHA TIEPEKOHATHCS: Ul allTOPUTMY TEepEMHUKAHHs KaHAIliB HAa OCHOBI
CKaHyBaHHS 3araJlbHUd 4Yac CHUCTEMH € HaHKOpOTIIUM, KOJM T € HU3bKWUM, HaBiTh 3a BHCOKHX
HABaHTaXEHb, OCKUIBKK I aJrOpuTM 3a JONOMOI'OI HIMPOKOCMYTOBOI'O CKaHYBAaHHS MOXE JIOBOJI
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ICTOTHO CKOPOTUTH 4Yac OdYiKyBaHHs. Ajie Koiu T BHCOKUH 1 Ag <0,025, To HaliHMWK4MI 3arajbHHIA
CHCTEMHHH Yac IOKa3ye aJrOpUTM Ha OCHOBI iIMOBIPHOCTI, OCKUIbKM 32 HHM MOXKHa BHOpaTH HUKUY
HMOBIpHICTH NepepuBaHHs KaHaiiB. OTke, 3a JOMOMOTOI0 METO/IB OanaHCyBaHHs HaBaHTa)KEHHSI MOYKHA

MiHIMI3yBaTH 3arajibHuii cucremuuii yac Ha 20 % 1 HaBiTh Oinmbine HiK 50 % 3a BHCOKOr0 BXiTHOTO
HABAHTAXXEHHS.

200

180 Bes 6anaHcyBaHHA

=== H HOBi MMOBIPHOCTI
160 a OCHOB OBipHOC

...... Ha ocHoBi ckaHyBaHHA

140

E[S], mc

20

0,01 0,015 0,02 0025 003 0,03 004 0045 0,05

As, nak/cek

Puc. 4. 3anexcuicmo mpusaniocmi 3a2anbHo20 CUCMEMHO20 Yacy L0 IHMEHCUBHOCE
exionozo nasanmaoicenns o =5, Py=0.1, Pe=0.1, E[ X5 =10;

200

180 Be3 6anaHcyBaHHA
160 === Ha ocHoBi ¥MOBipHOCTI

++eeee  Ha OCHOBI CKaHyBaHHA

20

0,01 0,015 002 0025 003 0,03 004 0045 0,05

As, nak/cek

Puc. 5. 3anesxcnicmo mpusanocmi 3a2anbHoco CUCmMemMHO20 4acy 6i0 IHMEHCUBHOCE
exionozo nasanmaoicenns ona =10, Py=0.1, Pr=0.1, E[ X9 =10;

BuchHoeku
OmiHeHO e(peKTHBHICTh POOOTH CHUCTEMH KOTHITHBHOTO pajaio B Mpoleci BHOOPY Kparmioro
YaCTOTHOIO KaHally BiAIOBIAHO 10 BUMOT 10 SkocTi (QO0S). Po3risHyTo i poaHa i3oBaHO METOIH BHOOPY
CTIEKTpa ISl KOTHITHBHOTO Pajio, IO Jal0Th 3MOTY BTOPUHHIM KOPUCTYBauaM OOMpPATH 1 MepeMUKATHCS B
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Kpaili JOCTYIHI 4YacTOTHI KaHamu. Meroam kimacu(ikoBaHO Ha JIBI OCHOBHI Karteropii: meroau 0e3
OajlaHCYBaHHS Ta METOH 3 OaJJaHCYBAHHSIM BXiJHOIO HaBaHTaKCHHS.

PosrisiHyTO anropuTMM Ha OCHOBI OajlaHCyBaHHSI HAaBaHTAXKECHHS, 10 MOXYTh PO3MOAUISATH
HaBaHTa)XCHHS BiJ BTOPMHHHMX KOPUCTYBadyiB ACKUIbKOMAa KaHajdaMH, Ha BIIMIHY BiJ ajaroputmy O0e3
OanaHCcyBaHHS HaBaHTa)KEHHsS, 3a SIKMM JUIS TepelaBaHHS BHOWUPAEThCS TMEpHIMK KaHal 3 HalMEHIIO
HMOBIPHICTIO 3aiHATOCTI.

BBeneHo HOBUH IMOKa3HUK MPOAYKTUBHOCTI CHUCTEMH — 3arajbHUM CHCTEMHHH dYac, IO
CKJIAZIAE€THCSI 3 CYMH 4acy OYiKyBaHHS TepellaBaHHs i TPUBAIOCTI CaMOro mepenaBaHHs. 3arpornoHOBAaHO
AQHANITUYHY MOJENb CHUCTEMH KOTHITHBHOTO pajio JUIs TOPIBHSHHS TPHOX alNTrOPUTMIB IEPEeMHKAHHS
KaHaNiB 32 KPHUTEPiEM MiHIMI3alii 3arajlbHOTO 4Yacy pOOOTH CHCTEMH:. ajiroputMm 0e3 OallaHCyBaHHS
HABaHTa)XEHHSI, AITOPUTM HA OCHOBI MIMOBIPHOCTI Ta aJITOPUTM Ha OCHOBI CKaHYBaHHSI.

3a pesynpTaTaMH pO3paxyHKY BH3HAUYCHO, II0 32 HU3BKOTO HABAaHTAXEHHS BTOPHHHHX
KOPUCTYBadiB KOTHITUBHOI pajioMepexi ajiroputM Ha OCHOBI HMOBIPHOCTI TIOKa3zye HalMEHIIHH
CHCTEMHHI Yac TOPIBHSHO 3 aJlTOPUTMOM Ha OCHOBI CKaHyBaHHs, MPOTE 32 BUCOKUX HABAHTAXKEHH IIeH
aJITOPUTM IOKpalllye 3aranbHuid cucteMuuii yac Big 20 % ax no 50 %, Ha BigMIiHY BiJl pelITH aJIrOPUTMIB.
Konmu HaBaHTa)keHHS BiJ BTOPMHHHX KOPHCTYBadiB MEPEXi € MOPIBHSIHO HU3bKE, AJITOPUTM Ha OCHOBI
HMOBIPHOCTI TTOKAa3y€e MEHIINH CUCTEMHHUH Yac MOPIBHIHO 3 aJIFOPUTMOM Ha OCHOBI CKaHyBaHH:I, TPOTE 32
BHCOKMX HAaBAaHTKEHb IICH aJTOPUTM IOKpAallye 3arajibHU CHCTEMHHI dYac Ha BIAMIHY Bl pemTH
QITOPUTMIB.
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