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3anponoHoBaHO MeTO[ BHOOpPY Mepe:ki NPHU3HAYEHHS MPOULEAYPHM BePTHKAJIBLHOIO
XEeH/I0Bepy B reTeporeHHHMX MOOLIBHHX pajiocucTreMax 3i 3J4aTHICTIO pexkoH(irypyBaTucs,
nodyaoBanux Ha ocHoBi TexHoJjorii Softwar e Defined Radio: cdpopmynboBano 3agauy BuGopy
Mepexi Ta MpeICcTABJIEHO MPOULEAYPY BePTUKAJIBHOIO XEHI0BepY B TAKHX CHCTeMaXx.
3Moe1L0BaHO i MPOAHANI30BAHO Mpolec PO3B fA3aHHS ONTUMI3aUilinol 3agavi NMPUITHATTA
pillleHHSI PO BepTHKAJIBLHUII XeH10Bep 3a jonoMoroio cucremu Mathcad.
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MOKJUBICTIO pekoHpirypamnii, ontumisanilina 3agaya.
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In order to satisfy emerging user requirements in advanced services/applications,
provided seamlessly, operators have to deploy complex network topologies of heterogeneous
nature, where different Radio Access Technologies (RATS) co-exist in single composite
network with shared resources. Network operator will have assign the appropriate RAT to
perform the respective task, so as to achieve therequired quality of service, cost-effectively. In
such circumstances, there is a heed in vertical handover — mechanism of transferring current
connections from one radio access network to another. Furthermore, reconfigurable
(adjustable) depending on the telecommunication environment devices should be used as user
terminals. Software Defined Radio (SDR) technology has been identified as a key enabler of
such equipment and networks. This paper is devoted to the vertical handover problem solving.
Vertical handover decision praoblem is very important, because it has strong influence on the
networ k performance and the quality of service of nodes. There are two main aspects of this
problem: how to define “best” and how to determine the best access bearer. In the article the
access selection method of vertical handover process in heter ogeneous reconfigur able mobile
radio systems based on SDR technology is proposed: access selection problem is for mulated
and vertical handover algorithm in such systemsis described. To perform an accurate decision
the proposed decision process rely on multiple attributes decision-making, while providing a
small delay dueto the sequential filtration and reduction of the set of possible alter natives. The
method allows optimizing network and radio resources utilization and quality of service in
heter ogeneous networ k and also provides dynamic adaptation of the access selection decision-
making rules according to the different telecommunication conditions and network policies.
The proposed selection criteria, on the one hand, is smple and well-for malized, and therefore
does not require significant computational and time costs, but on the other — provides
adaptability. Vertical handover algorithm takes into account peculiarities of SDR devices and
therefore can be used in SDR networks. To evaluate the method Mathcad system was used.
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The effectiveness of the method is confirmed by simulation example for UMTS, GPRS and
WLAN networ ks, which is based on proposed decision-making process wher e decision is made
not on the basis of the absolute advantage of alternative but on the basis of difference between
the current and alternative modes parameters, therefore minimizing the amount of inter-
system handovers causing additional load on the system. Simulation confirmed that linear
aggregation function in multiple attributes decision-making process is the most appropriate
becauseit provides almost the sameresults as the other methods but in a much simpler way.

Key words. vertical handover, mobile network, SDR, reconfigurable radio systems,
optimization problem.

Beryn. KinbkicTh a00OHEHTIB MOOLTEHOTO 3B’ I3KY CTPIMKO 3pOCTAE, a TAKOXK IMiJBHUIYIOTHCS BUMOTH
KOpHCTYBadiB 110 ocayr. [Ipu 1ibomy pisui Texnomnorii gocrymny (Radio Access Technology — RAT) matoth
pi3Hi XapaKTepUCTHKHM (€MHICTB, OXOIUIEHHs, BapTiCTh ToImo). II[00 MOCATTH HAJEKHOI SKOCTI
00CITyroByBaHHS 3 MIHIMAILHUMH BHUTpaTaMH, OllepaTopy Mepeki HeoOXijHo BiaBoAuTH neBHY RAT ams
BHKOHAHHS BIAMOBIAHMX 3aBlIaHb. KpiM TOro, ik KOpHCTyBallbKi TepMiHaIM OakaHO BHKOPHCTOBYBATH
MPUCTPOi 31  3JaTHICTIO  peKoHQIrypyBaTHcs, TOOTO  IEpPEHAIAITOBYBATHCS, 3alIOKHO  BiX
TemekoMyHikamilinoro cepemosuia. Texuomoris Software Defined Radio (SDR) BusHauaeTbecs sK
KIIIOYOBHH 1HCTPYMEHT pealti3allii TakuxX MPUCTPOIB Ta MEPEX, B SIKiil MporpamMHe 3a0e3NeUeHHs BUKOHYE
(GYHKIIT HalAMITYBaHHS Ha JOBUIbHY CMYTY YacTOT 1 QYHKI npuiiMaHHs Pi3HUX BUAIB MOIYJIbOBaHOTO
curHany. JI7sl BUKOPUCTaHHS TiepeBar pexoH(irypailii HeoOXiHO MaTH eEKTHBHY CUCTEMY YIPABIIHHS
MPOIIECOM MPUHHSATTS PillleHHsI M0I0 peKoHpiryparii.

VY Takux yMOBaxX BHHHKAa€ HEOOXIJHICTh Y BEPTHKAILHOMY XEHJIOBEpPiI — MEXaHi3Mi IepeaBaHHs
MOTOYHHUX 3'€JJHAHb 3 OJHIET Mepexi pamiogoctyny a0 iHmoi. Bimomi Meroam BuOOpy Mepexi
pPamiofoCTylly Ta HPHHHATTA PIICHHS MO0 XEHJOBEPY, OYEBHUIHO, HE OyAyTh 3aJ0BUILHUMH B
MaiiOyTHEOMY MEPEXKEBOMY CEPEIOBHIIN, JI¢ € AeKiTbKa Cy0 €KTiB, IO CIIBIPAIIOIOTEH i/a00 KOHKYPYIOTS,
TaKWX SK TENEeKOMYHIKaIliliHI omepaTtopu 1 mpoBaigepu mociayr. Mera 3abesneueHHs “HaWKpaIioro
3B'sI3KY” JUISL KIHIIEBHX KOPHUCTYBAYiB B TAKMX YMOBaX BUMAra€ CKIAIHINIMX METOJIB MPUHHATTS PillleHb
IIOJI0 XCHIOBEPY, [ MOTPEeOM KIHI[EBUX KOPHCTYBAdYiB, a TaKoX OI3HEC-IOMOBIICHOCTI 3 OOKy Mepexi
BPaxOBYIOTHCS Y TIpoIlecax OI[IHKH Ta BHOOPY.

SIKIIO TOPU3OHTANBHUI XEHIOBEP € JIOCTATHBO JOCIIKCHOIO TPOIEMYPOI0 Ta 3a3BHYall 3/iHCHIO-
€THCSI HA OCHOBI OLIIHKH MTOTYXXHOCTI IPHUIHATOTO BiJl a0OHEHTa CUTHAITY, TO JIJIsl BEPTUKAIBHOTO XEHIIOBEPY
TaKOTo OI[IHIOBAHHS HEJOCTATHBO Yy 3B’ SI3KY 3 HEOTHOPIHOO TIPUPOJIOI0 Pi3ZHUX MEPEK MOOLITBHOTO 3B’ SI3KY.
B ocrannix myOmiKaIisix MO>KHa BHJIUTUTH TPU OCHOBHI HAMPSIMU B aJTOPHTMAaX MPUHHATTS PIMICHHS OO0
BEPTUKAIBHOIO TepeaBaHHs 00CIyroByBaHHs (xeHmoBepy). Ilepiimii IPYHTYEThCS Ha alropHUTMax
0araTOKpHTEpiaJIbHOTO MPUUHATTA PIIICHHS MO0 XEHJIOBEPY, V SKUX PIi3HI MapameTpu arperyroTbes y
¢byukiii Baprocti [1]. dpyruit nepenbdadae oOpoOKy BXiAHHX MapaMeTPiB 3a MATEMATHYHMMH aJITOPUTMaMH
Ha OCHOBI MapKiBChbKHMX TPOIIECIB TPHHHATTS pillieHb, Hamnpukiam, sk y [2]. Tperiii ocHoBaHuii Ha
BHKOPHMCTAaHHI HEYITKOI JIOTiKH, TIPUKJIaM PillleHs Ha OCHOBI HEUITKOI Jioriku npeactasieni v [3], [4]. TIpote
y MOMEPEAHIX POO0Tax K KpUTepil BUOOPY PO3MIIAAAIM JIMIIIE JSKiIbKA MapaMeTpiB. Y I[bOMY JOCIIKEHHI
MPOTIOHYEThCS 3arallbHa cXeMa JIsl BUOOpY Mepexi palliofiocTyy, sKa Jla€ 3MOTY BpaxoBYBaTH B Tpolleci
OI[IHKH BEITUKY KUTBKICTh KPUTEPIiB 1 IMHAMIYHO a/IaITyBATH TIpaBHIiia IPUAHSTTS PIlllcHb.

Meroro poboTH € TiIBUIIEHHS eEeKTHBHOCTI pOOOTH MOOITFHOI MEpexXi CTUTBHUKOBOTO 3B’ 13Ky 32
pPaxyHOK yJOCKOHAJICHHSI MEXaHi3My BEpPTHUKaJbHOTO XEHJIOBEpPY MHUIIXOM Mojudikamii ¢opmanbHOl
MoJieNTi 3a/1aui BUOOpY MepeKi MPU3HAYCHHS BEPTHKAIBLHOTO XEHIOBEPY Ta YAOCKOHAICHHS aJTOPUTMY
MPUAHATTS PIillIEHHS 00 BEPTUKAIBLHOTO XEHIOBEPY.

IIpouec npuiiHATTS pimieHHs] OA0 XeHa0Bepy. PosrisHeMo 3a1ady TPUIHSTTS PillIeHHS 100
XCHJIOBEPY: K BHOpaTH Kpallui KaHal JOCTYIy cepel HasBHUX. € JBa OCHOBHI aCICKTH IIi€i 3aadi: 5K
O3Ha4YMTH “Kpamuii”, To0TO MoOyayBaTH KpUTEpid NPUUHATTS pIlleHHS, 1 SK BU3HAYUTH HaWKparui
KaHan jnoctyny. [lepmmii cTocyeThes il NPUAHATTA pillieHHs, MipH 1 TOTPiOHOT iH(OpMAITii, a qpyrui —
AIITOPUTMY 1 MEXaHi3MIB TOCSTHEHHS 1ii [5].
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CdopmyitoeMo 3araibHy IpodaeMy BUOOPY MEpEKi JOCTYITY B TAKOMY BUIJISIIL:
max u(x,P,4). 1)

X X(P)

Tyt uinboBa QyHKIisA € QyHKIiIEIO KopucHocTi U(X,P,L), sika Bu3HaYae KOPHUCHICTh KaHATy X UIS
BekTopa mapamerpiB P 3 Baroto L, 1m0 € BeKTOpoM BaroBux KoedimieHTIB 1uisi pi3HUX mapaMerpiB 3 P,
PE3yNIbTaTOM TpOoIlecy BUOOPY € KaHall JOCTYITy, SKHi HallKpale MiJIXOAUTh JJIsl TepMiHalla KOpHCTyBaya.
MHoXHHa fomycTuMuX 3HaueHb X1 X (P) € MHOXMHOIO IOCTYIHUX KaHAJIB I0CTYMy. [i MOXHA po3ryisiaTH
K (QiIBTp TEpEeBIpKM BHSBICHUX KaHAJB 32 CTAaTHYHUMH MapamMerpamu (TaKUMH SIK MONITHKH i
MOYKJTHBOCTI KaHaJIB JTOCTYILY), TOOTO:

X (P)={xi D:g(x,P,)=TRUE}, )
ne D — e MHOXMHA BUSBICHUX KaHaJTIB JA0CTyNy, Pe — Habip craTuuHKUX mapamerpis, i g(X,Pe) — OyseBa
¢dyHKIis, ska HaOyBae 3HayeHHs ICTUHA, skio kaHaia X JOMYCTUMUE BIAMOBIAHO 10 mapamerpiB Pe. Tak,
HATpUKIIaJ], TOBHHHI BHKOHYBaTHCh BHUMOTH O€3NeKH, a IIBHUAKICTh KOPHCTYBaya MAa€ JOMYCKATH
MOXITUBICTh BUKOHATH XCHJIOBEP MK CHCTEMaMHU.

Bekrop mapamerpie P cknagaeTbes 3 KUIbKOX 4aCTHH:

P=REREFR,EFR, ©)
ne Ps, Py, Pan, P, — 11e okpemi BekTopu mapamerpiB, sKi BioOpakaloTh Pi3HI XapaKTEPUCTUKU IMOCIYT,
KOPHUCTYBa4iB, MEPEXi TOCTYITY 1 MEpEKi 3arajoM BilIOBITHO.

Hacrynuuii Bupa3 € ¢opmaizaifi€lo MeTony, SIKHH MPOMOHYEThCS BUKOPHCTOBYBATH JJISl OIIHKH
KOJKHOT'O KaHaly JoCTymy X;, i=1,2,...,N:

N
u(x.,R.(s)=a 4 (s)py . (4)

j=1
1e U — 1e OlliHKa KaHaimy goctymy Xi; Pr — Bektop 3 N mapamerpiB kanany X;; L (S) — 11e BeKTop BaroBux

Koe(ilie€HTIB JUIsi KOXKHOTO napamerpa 3 P 3a cTpaterii S.
Crpateriro S MOXKHa 3aJlaBaTH y THYYKHE CIOCIO BiIIOBIIHO JO 1T, HAPHUKIIAZI, 3aJ0BOJICHOCTI
KOpucTyBada abo eeKTHBHOrO BUKOPHCTAaHHS pagiopecypciB. I Oinbliue, npononyerscs BusHavatu | (S),

i=1,2,...,N tax:

}'j (S) = }'j,aatic-'-}'j,dynamils) 5)
S MOYKHA 3a7aTH fK.
max|)(current - X||
$=— (6)
max

1€ Xcurrent — T’ €THAHUH Y TIOTOYHUI MOMEHT KaHaJl.

Takuii miAXia 1a€ 3MOry HaJAIITOBYBaTH BaroBi KOe(il[ieHTH 3aJIeKHO Bijl PI3HMIN MIXK MTOTOYHUM 1
JNOCTYIIHUMH KaHajaMH, TOOTO MiJIaIITyBaTH aJFOPUTM TPUHHATTS pPIlICHHS BIAMNOBIIHO 10 TOTO,
HACKUTBKU CYTTEBOIO € Pi3HUIIS 3HAYECHB PiI3HUX MapaMeTpiB MOTOYHOTO KaHATy Ta PEIITH KaHaiB.

HeoOximHO Takok 3a3HAYMTH, IO TTApaMeTpH i1 iX BaroBi Koe(illiEeHTH MOXKYTh arperyBaTuch pisHUMH
criocobamu, a Bupas (4) mokasye TUIBKM JHHIHHWMI Maxim. 3arajgoM, OIHMTH KaHAIH JOCTYIy MOJKHA 3a
pi3HEME (DYHKITISIMM arperaiiii, HarpuKiaa, MyJIbTAIUTIKATHBHO. OHAK JIHIHHUHA MIXiA € HaAIOIUIBHIIIIM,
OCKUTBKH JI03BOJISIE OTPHMATH MPAKTUYHO TaKi caMi pe3yibTaTd, K 1 iHIII MeToau (IO MiATBEPIKYEThCS
pe3yabTaTaMd  MOJEIIOBAHHSA), ajie y 3HAYHO IIPOCTIIMH CIOCiO, IO ITO3WTHBHO TIO3HAYAETHCSA Ha
BUKOPHCTaHHI OOYHCITIOBAEHUX PECYPCIB MEPEXki Ta Yaci BAKOHAHHS TIPOLICYPH XEHIOBEDY.

ANTOpUTM BHOOPY KaHaly JOCTYIIY BU3HAYAE, K 3HANTH JOMUIBHUN KaHaJl JOCTYITy 3a Bupasom (1),
SKHH MaKCHUMI3y€e KOPHCHICTh JUIs 3aJlaHOTO HAOOpy MapameTpiB BIIMOBITHO 1O MPHHHSATOI CTpaTerii.
3arajbHUI alrOpPUTM: a) BUSHAYUTH MHOXKHHY TOIUTbHUX KaHATIB 3 MHOKUHH HocTynHUX KaHaiiB X (P) 3
MHOXKMHHM BHUSBJICHHX KaHamiB goctyny D BigmoBimHo mo Bupasy (2); 0) po3paxyBaTu 3HAYCHHS
kopucHocti U(X,P,L) mis koxuoro kanamy moctymy B X(P) BimmoBimHo no (4), B) BuOpatu KaHan 3
HaiiOUbM 3HadeHHssM U(X,P,L). Omuc anroputMmy BepTHKaNbHOrO (MIXCHCTEMHOr0) XCHAOBEpPY Ha
BHCOKOMY piBHI 10/1aHO Ha puc. 1.
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[MopymenHst podoTu

PUCTYBAIBK
TepMiHaJl Ma€ 3/1aTHICTh
OHOIrypyBaTH

Hi

v

al SymuHka
>

opolecy
JloCITiIKEHHST CHCTEMH A

€ JOCTYITHI peXKUMHU?

3anut 0OMeKeHb MO THKU

v

®inbrparis BiAMOBITHO
JI0 OOMEKEHB MO THKH

€ 3a0BUIbHI
pexuMu’?

Hi

MoHiTOpHHT Ta OIliHKa
3arajJbHOCHCTEMHHX Ta
KOPHCTYBAIIbKHX ITOKA3HUKIB|

v

Buxopucranns
BiJICTE)KYBAHMX ITOKA3HUKIB

AixcucTeMHU
XEHJI0BEp
TOLTEHHN

Hi

Pepminan Mae
HeOoOXiaHi
BJIACTHBOCTI?

3aBaHTa)KEHHS HEOOXiTHHX
MOJIYJIiB

BukoHaHHS Mi)KCHCTEMHOTO | o
hl
XCHI0BEPY

Puc. 1. Aneopumm eepmuxanbHozo xenoosepy

AHaJi3 anropuTMy BUOOpPY Mepeski J0CTyNy B KOHTEKCTi pekoH(pirypauii tTepminana B cucremi
Mathcad. PosrnsHemo onTuMizaiiiiHy 3amauy B cucremi Mathcad. Busnauenns ¢yHkiil mis
3HAXO/PKCHHS ONTUMAJIBHOTO PO3B’ 3Ky 3a KpuTepieM (1) HaBeneHo Ha puc. 2.

3 METO0 OI[IHKK Ta aHaji3y 3alpOoIOHOBAHOI MOJENI MPUHHSITTS PIICHHS 3MOACIIOEMO CHCTEMY 3
reTepOreHHUMH MepeXaMmH, B sikiid 1Bi crinbHukoBi cucreMu (UMTS ta GPRS) ta aBi mepexxi WLAN
pO3TaIIOBaHi B 30HI OKPHUTTS 3 KiJlbkoMa obnactsimu, 1 jume mepexka GPRS nocrynHa B ycix o0nacTsx.
Iepenbauaernest, mo WLAN migrpumye MmobineHicTh 10 30 km/roa, UMTS — no 100 km/rox, a GPRS — no
150 xkm/rox. Mepeska, 10 SKOi i’ € AHAHUH KOPUCTYBAY Mepe]] BAKOHAHHAM BEPTUKAIBHOTO XEHIOBEPY, a
TAaKOXX MIBHJKICTh WOTO TepecyBaHHsS BHOMPAETHCS JOBUIBLHO. PO3MIIAIAarOThCS HYOTHPH Kiach Tpadiky:
PO3MOBHHIA, TOTOKOBHi (IIOTOKOBE Bineo), IHTepakTHUBHUII (meperisii BeO-CTOPIHOK), (OHOBHIA
(mepenaBanHs (aiiiB).
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AccessSelection(R,N,W,N_con) = |Cds- R
max_value- -

name- "
for il 0..colg(Cals) - 1
4f
value- W>Cols

z1j]
con- value if is_member( N, N_con)
if value> max_value
max_value- value

3
name - Nq

name if max_value> (con + 0.05)

N_con otherwise

Puc. 2. Oynxyin AccessSelection

Pe3ynbTaT TOPIBHAHHS 3alPOIOHOBAHOTO BHINE METOJY 3 METOJaMH OaraTOKpHTepialbHOT
ONTHMIi3allii, OCCHOBAaHMMH Ha IMTPOCTOMY 3BaKEHOMY II11ICYMyBaHH1, HAOIMKEHOCTI JI0 11€aJIbHOT'0 PillICHHS
Ta EKCIIOHEHI[IMHO 3Ba)KCHOMY MHOXCHHI, TO0Ka3yloTbh, IO KUIBKICTh XEHJOBEPIB 3MEHIIYETHCS; IS
Oubie 11 3MEHIUTH MOXKHA OyJ0 O, 30UTBIIMBIIY Y aNTOPUTMI MPUAHATTS PillleHHS MIHIMAIBbHY Pi3HHUIIO
MK MaKCHMAaJIbHOIO OIIIHKOIO Ta OIIHKOI IOTOYHOIO PEKHMY, 3a SKOi 3allyCKaeThbes XeHaoBep. Kpim
TOro, y JeIKMX BHUIAIKaX Mepexi MpH3HAYCHHS XCEHJOBEPY 3a PI3HHX METOMIB BIAPIZHSIOTHCS, IIE
MIATPUMYETHCS  TI€D OOCTaBMHOI, IO BaroBi KOe(DIIEHTH Y 3alpOINOHOBAHOMY  aJllOPHTMI
PO3PaxOBYIOThCS 3AJISKHO Bijl TOTOYHUX YMOB.

[IpoBeacHe MomenroBaHHS Mokasajio, 1o g0 Mepex UMTS ta GPRS BukoHyeThesi HaiiOiibina
KUIBKICTh XEHAOBEPIB, a 0co0nuBo 10 Mepexxi UMTS, ocKijIbKM BOHU MIATPUMYIOTH OLTBITY MOOUIBHICTH
KopucTyBauiB, KpiM Toro, GPRS € enuHum BapiaHTOM, IOCTYIHMM B YCiX OO0JIACTSAX 30HH, IO
PO3BIIISAAETHCS.

PesynbTat MopentoBaHHs, MIO UTIOCTPYIOTh 3aJIEKHICTh KUIBKOCTI BUKOHYBaHUX XEHJIOBEPIB 10
PI3HUX Mepex 3aJIeKHO BiJl Kilacy Tpadiky Ha pi3HUX MIBUIKOCTSX, MOAaHi Ha puc. 3.

700 1800
1600 ]

600 - =
1400

500 - —
1200

400 - 1000

300 800

600
200
400

100 500 I
| .:_ . - | | L |
2

knde Tpadiky ' . A Knal TpaniKy1 ) 3 .
Bumory He Bumorun He

BUMTS BGPRS BWLAN BWLAN2 Osap0s0nsHsiotsca BUMTS BGPRS D3agosoanm0Tbc;q

a 0

Puc. 3. Ipaghix xinvkocmi 6UKOHY8AHUX XeHO08ePiE 00 PIZHUX MePedic
3anedxcHo 6i0 kaacy mpapixy za weuokocmi: a — 00 30 kml200; 6 —nonao 30 kml200

VY BUMajKy, KOJIM MIBHAKICTH TiepecyBaHHs KopucTyBaya mnepesuirye 30 km/ron, ToOTO
miaTpuMytotecst TUbk Mepexi UMTS ta GPRS, npuuomy o0maBi BOHM JOCTYyNHI B 30HI
00CIyroByBaHHs, TO OUTBIIMK BiZICOTOK XEH/IO0BEpiB BinOyBaeThcs B Mepexxy UMTS, ockinbku BoHa Mae
Kpallli MoKa3HUKH. BinmoBinHo, 3aranbHa KiTbKicTh XeHaoBepiB y mepexy UMTS 6inbmia, HaBiTh nmonpu
Te, 1110, HA BiaMiHy Bix mepexi GPRS, BoHa He Mae MOKPUTTS B YCiX TOYKax. 3a TaKOi MIBUIAKOCTI IS
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PO3MOBHOTO Ta IHTEPAKTUBHOTO TpadiKy mepeBakHa KUTbKICTh XEHI0BEPiB 3iHCHIOEThCs Y Mepexky GPRS
3aBASKM ii MOCTikHIA AoctymHocTi, ane komu 1 GPRS, i UMTS o0uzagi noctymnHi, TO Oiiblla KUIBKICTH
XCHJIOBEPIB 3A1MCHIOETBCA ¥ Mepexxy UMTS;, kpim Toro, aisi mMOTOKOBOro Ta ()OHOBOrO KjaciB Tpadiky
UMTS € eaMHUM MOXKJIMBUM BapiaHTOM, IO CIPUYMHSE BEIHUKY KUIBKICTh BiJMOB. SIKIIO K HIBUIKICTDH
mepecyBaHHS KopucTyBada He mepeuinye 30 km/rox i B 007acTi JAOCTYIHI yCi YOTHPH MeEpPEXi, TO
nepesary Hagaroth WLAN. Oanak meperka GPRS Bce  Taky Mae BHCOKE 3HAYSHHS CyMapHOI KiTbKOCTI
XCH/IOBEPIB ISl pO3MOBHOTO TpadiKy 3aBASKH ii IOCTiHHIN JOCTYITHOCTI.

OTxe, BUAAETHCS JOLUILHUM 3alpONOHYBaTH 3a0e3reueHHs MOKpUTTIM Mepexeto UMTS Bciei
PO3IIISIHYTOT 30HH, MO0 3a0€3MeYnTH 3B’ 30K 32 OyIIb-SIKMX YMOB IIBUJKOCTI NIEpECyBaHHS KOPHCTYBadJiB,
a mepexkamu WLAN — obnacTi 3 HEBHCOKOIO MOOUTBHICTIO KOPUCTYBAYiB.

BucHoBok. 3anpornoHoBaHMN YJAOCKOHAJIEHHH KpHUTEpid BHOOPY Mepexi NMpHU3HAuYeHHS, O SKOI
3IMIMCHIOEThCS BEPTHKAIBHUI XEHIOBEP, Ja€ 3MOIY ONTHMI3yBaTH BUKOPHCTaHHS MEPEKEBUX Ta
paziopecypciB TeTepOreHHOI Mepexi Ta SKICTh OOCIyroByBaHHS KOPHCTYBadiB, a TaKOXK IHHAMIYHO
aJanTyBaTH TpaBWiIa MPUAHATTS PIlIeHb CTOCOBHO BEPTHUKAJIBHOTO XEHJIOBEPY 3AJICKHO BiJ PI3HUX
TENEKOMYHIKAIIHUX YMOB Ta MEPEXEBHUX MONITHK. 3aporOHOBaHUH KpHUTeEpiii BUOOPY €, 3 OMHOTO OOKY,
npoctuM Ta a00pe GopMamizoBaHMM, a OTXKe, HE TOTpPedye 3HAYHUX OOUYHMCIIOBAILHUX BUTpPAT 1 BUTpAT
yacy, mpore, 3 iHIIOro OOKy, 3a0e3reduye aJanTHBHICTh. A Po3po0JIeHHH Ha OCHOBI C(OPMYJIbOBAHOIO
KpHUTEpil0 BHOOPY Mepeki NMpU3HAYCHHS ajlrOPUTM BEPTUKAJIbHOTO XCHAOBEPY BPaxoBYE OCOOIHMBOCTI
noOynoBu Ta pobotn SDR mpuctpois.

VY poboti Bu3HaueHO HaOlp GYHKIIN Ui poO3B’si3aHHS ONTUMI3AIHOI 3ajgadi BUOOpPY Mepexi
NpPU3HAYCHHS 3a BEPTHKAJIBHOrO XeHAoBepy B cepenoumi Mathcad. EdektuBnicts Merony
MIATBEPPKYEThCA MPHUKIaaoM MmozemoBanHs i mMepex UMTS, GPRS ta WLAN, skuii nemoHCTpye
pOOOTY aNropuTMy MPUHHSATTS PILIEHHS 1 MIJAKPECIIOE TOM (akT, MO pillleHHs TPUIMAaEThCsl HE HAa OCHOBI
abcoroTHOT TiepeBard Tiel YW iHIIOI albTEPHATHBH, a HA OCHOBI PI3HMI 3HAYEHb IOTOYHOTO 1
AIbTEPHATUBHOTO BapiaHTa, MIHIMI3ylOUH KUIbKICTh MIDKCHCTEMHHX XEHJIOBEPiB, L0 CIHPHYHHSIOTH
JI0JIaTKOBE HABAHTAXKCHHS Ha CHCTEMY.
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