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Po3pobieHo iHTe/leKTyaJbHUH AJTOPUTM BePTHKAJIbHOIO XE€H/I0Bepa B reTeporeHHUX
MOOUIBHUX Mepeskax 3 BHUKOPMCTAHHSIM He4iTKOi Jorikum s o0poOku mnapaMertpiB i
NPUAHATTS pillleHHS NP0 MiKCHCTEMHE NMepeMUKAHHS HAa OCHOBI XMapHHUX o0unciaenb. Taxui
AJTOPUTM JacThb 3MOTy e()eKTHUBHO BHKOPHCTOBYBATH pecypcH omepaTopiB i HagaBaTu
NOCJAYrd 3 Kpaulow SfKicTI (3 OLIBIIOI NPONMYCKHOKW 3IaTHICTIO i MOKPUTTSIM Mepexi).
OTtpumani B po60Ti TeopeTHYHi Ta NPUKJIAIHI pPe3yJbTATH MOKHA BUKOPUCTATH 115 3ade3me-
YeHHSI TJI00AJBLHOr0 J0CTYyNmy Ta 0e3I0BHOI MOOLIBLHOCTI MiXK reTepOreHHUMH MepexXaMH
0e3MpoBiTHOr0 [OCTYNMy, a TaKOK [aTH KOPHMCTyBadyeBi 3MOIy BHKOPHCTOBYBATH OJUH
MOOUIbHUI NMpuUCTpiil y pi3HuX THNax Mepex. Po3pobiaeHo Moaeab rereporeHHoi Mepexi Aas
AOCTiIKEeHHS 3alIPONIOHOBAHOT0 AJITOPUTMY BepPTHKAIBLHOIO XeH10Bepa.
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In this work has been increased quality of service in mobile systems based on efficient
networ k and radio utilization of resour ces of heter ogeneous networ k and optimal procedur e of
intellectual vertical handover based on cloud technology and fuzzy logic. Thus a novel networ k
selection mechanism using intelligent agents has been proposed, which select the best networ k
based on QoS parameters uses theory of fuzzy sets. In order to solve the task of initiation and
performing of handover, in this work is proposed a centralized method of handover
management based on cloud technologies using fuzzy logic. For handover performing it is
proposed to use parallel computation principles based on cluster of servers. For realization of
such system on cluster of serversit isinstalled a special software that performs all necessary
processes. For investigation of functioning of real heterogeneous wireless network under
conditions of high user mobility the simulation model has been created. Subscriber in
simulation model is presented as an object with a set of parameters such as duration of
activity, motion vector, speed, current location, distance to all base stations, signal strength of
all base stations and additional options needed for the mode.. The optimal cell of
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heter ogeneous networ k has been deter mined based on evaluation of access node char acteristics
using fuzzy logic.
Key words: QoS, heter ogeneous networ k, fuzzy logic,vertical handover.

Beryn

Pi3HOMaHITHICT, TEXHONIOTIH pagiomocTymy 1 30UIBIICHHS KEUTbKOCTI MYJIBTUCTaAHIAPTHHX
a0OHEHTCHKUX MPHUCTPOIB AaCTh 3MOT'Y IHTErpYBaTH Pi3Hi TEXHOIIOTII B €IMHY MEPEKXY, TOOTO chopMyBaTH
rereporenny (HeogHOpimHy) 6e3mpoBiany Mepexy (puc. 1, @). Taka Mepeka CKIaIaTUMEThCS 3 CETMEHTIB
PI3HUX TEXHOJOTiH PagioqOCTyITy, 30HH TMOKPHUTTS AKHX HakimamaoTees [1-4]. Ile mactb 3MOry 301TbIINTH
MPOITYCKHY 3/IaTHICTh MEPEXKi Ta PO3UIMPHUTH 30HY ii TOKPHUTTS, a JJIsi MOOUTLHUX MPUCTPOIB — HA/IaBATH
3B’ 130K 3a HIDKYOKO IIIHOK 1 3 BHCOKOIO SIKiCTIO. Bci MOOUIBHI MPUCTPOI MPAaIo0Th 32 0e3MpOBITHIMH
MOOUTEHUMH TEXHOJNOTisIMU, 1 3a0e3nedeHHs] eeKTHBHUM Oe3repeOiiHNM 3B’ I3KOM YyCiX MOOUTBHHX
MPHUCTPOIB € aKTYaILHOIO MPOOIIEMOIO JUTst 0araThoX KpaiH.
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Puc. 1. Apximexmypa cemepozennoi mepesci (HetNet)(a) ma sepmuxanvnuii i 2opuzonmanvruii xenoosep (6)

OpHiero 3 mpoOjeM IS ONEPaTHBHUX CIOYXO 1 CEpBICHUX KOMIaHII € 0e3MeKHA MOOUIBHICTD.
3abe3neyeHHsT 0e3MeKHOI MOOUTBHOCTI JIa€ MOMJIMBICTh BHPIIICHHSI 0araTh0X KOMYHIKAIiHHUX TPOOIIEM.
OnHak JOCATTH TaKOro BHCOKOT'O PIBHS CEpBICY 3aBakaloTh HEBUpilleHi nmpobiemu. OMHUM 13 CKIaTHUX
OUTaHb Y MYJIbTHCEpPBICHUX Oe3mpoBimHuX Mepexax HoBoro mokominHs (NGWN — next generation
wireless network) € po3poOieHHs IHTENeKTyaJbHUX 1 ONTHMAaJbHHX AJTOPUTMIB BEPTHUKAIHHOTO
nepenaBaHHs 00CIYTOBYBaHHS ISl ONTHMAIBHOTO BUOOPY MEPEXKi cepel yeix JoCTymHHX Mepex as MIT
(MOOLTBHOTO TIPHCTPOIO).

B yMmoBax rereporeHHoi 0e3mpoBiiHOT Mepexi aKTyalbHUM 3aBJAHHIM € 3a0e3IeUeHHs MPO30poro
nepemimiennss abonenta (MII), mo peamizyeTbcsi 3a paxyHOK MPOIEAYpPHU TEpeaaBaHHs YIpPaBIiHHSI
3’ enuanns Bix oariei Touku mocrymy (T) abo 6a3oBoi cranmii (BC) mo iumoi, abo xeHmoBepa. XeHmI0BED
MK CYCIIHIMH TOYKaMH JOCTYIY MEpPEKi OJHI€T TEXHOOT1 HA3WBAETHCS TOPU3OHTAILHUM, XCHIOBEP MK
PI3HUMH THIIAMH MEPEX Ha3MBAETHCS BepTHKaIbHUM (puc. 1, 6).

TpaguniiHuii MexaHI3M TOPU3OHTAIBHOTO XEHJOBEpa TIPYHTYEThCS Ha OIIHII TOTYXHOCTI
npuiimManeHoro curnany (Received Signal Strength — RSS): xenmoBep 3amyckaeTbesi, Konu piBeHb RSS
obcmyroByrouoi 0a30Boi cTaHIi cTa€e HWKYMM 3a BCTaHOBJIGHE NOpPOroBe 3HaueHHA. OpHak y
TeTEpOreHHOMY MEPEKEBOMY CEpEIOBHIIII MTapaMeTpH PI3HHUX THITIB MEPEX 3HAXOMATHCA B PI3HUX MEXKax,
a RSS He € mocraTHiM kputepieM Uis €()EKTHBHOTO IHTEICKTYadbHOI'O0 XCHIOBEpPA, OCKUIbKH IS
MYJIBTHCEPBICHOTO TpadiKy HE0OXiJHO BpaXOBYBaTH TAKOXK MapaMeTPH SKOCTiI 0OCIyTOBYBaHHS B MEPEXi,
MPIOPUTETH KOPUCTYBaiB, BUMOTH JONATKIB 1 T.7. CaMe TOMY BHHUKAE 3aBAaHHS PO3POOJIEHHS TaKOTO
KPHUTEPIIO 1 aITOPUTMY, SIKUI OM BpaxOBYyBaB MaKCUMAaJIbHY KUTBKICTh TapaMeTpiB, TAKOXK YMOBH (aKToOpiB
CepeIoBHUIla 1 THM CaMHUM JaBaB 3MOTY 3MIMCHIOBAaTH IHTEICKTYyalbHHMH XeHIoBep. Tomy It pobora €
aKTyaJIbHOIO Ta CBOEYACHOIO [5-8].
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AJITOPUTM iHTeJIeKTyaJbLHOI0 XeH/10Bepy B reTeporeHHiii Mmepexi
HA OCHOBi XMapHHMX TEXHOJIOTIH

PO3BUTOK TEXHOJOTIHi BUTOTOBJICHHS MOOULIBHUX IPUCTPOIB JaB MOXKJIMBICTh CTBOPEHHSI TaKHX
MPHUCTPOiB, SIKI MOXYTh TapajelnbHO CIUJIKYBaTUCS 3 JIEKUIbKOMa OE3MpOBITHHUMH CHCTEMaMH
oOciyroByBaHHs. [HTerpaiis Ta KOHBEpIreHIlis MepeX Ha OCHOBI |P-mporokony namm 3mory peanizyBaTtu
KOMYHIKAI[IF0 MDK CHCTEMaMH JOCTYIy Pi3HHUX TexHojoriii. OCHOBHOI MPOOIEMOI0 3a HAasSBHOCTI
JIEKITBKOX CHUCTEM JIOCTYNYy Ta MOXJIMBOCTI iX OJHOYACHOTO BHKOPHUCTAHHS JUIsi OOCITYyrOBYBaHHS
KOPUCTyBada € BIJICYTHICTh ONTHMAJIbHUX aJTOPUTMIB 3IIMCHEHHS IEPEMHKAaHHS MDK HHMH, TOOTO
3MIICHEHHS BEPTUKAJIBHOTO XEHIO0BEDPY.

Jlis BUpIMICHHS 3aBOaHHS IHII(AIl Ta 3AIHCHEHHS XCHIOBEPY B Mid pPOOOTI MPOMOHYETHCS
LEHTPai30BaHUi METOJ KEpyBaHHS TMPOIECOM XCHAOBEPY Ha OCHOBI XMapHHX TEXHOJNOTIH 3
BUKOPUCTAHHSM MDKCHCTEMHUX iHTepdelciB 10 3aco0iB yNpaBIiHHS CHCTEMaMH JIOCTYITy Ha OCHOBI
TexHoJorii BeO-ceppiciB. [yt 37ificHEHHS XEHIOBEPY MPOIMOHYEThCS BHUKOPUCTOBYBATH MPUHIIUIH
napajenbHUX OOYHMCICHbh Ha OCHOBI KIIACcTepy cepBepiB. Takuil Kiactep MOXKE BCTAHOBUTH KOXHHH
oreparop s cebe, IHTErpyBaBIIM HOro y BiacHy iHQpacTpykTypy. SIK BapiaHT omepaTtop MOXKe
BHKOPHCTAaTH CEPBICHI MOJENi KJIayA-CUCTEM Ta, PO3POOUBIIM BJacHE MPOrpaMHE 3a0e3ICUeHHS,
BUKOPUCTOBYBAaTH OOYHCITIOBANIbHI TOTY)KHOCTI SIK CEpBIC y KIayJ-POBaiAepiB Uil pO3TOpTaHHS
BJIACHOTO TIporpaMHoro 3abe3nedeHns. Lle nacte fiomy 3Mory 3Ha4HO 3HU3UTH KalliTadbHi BUTpaTH. Takuii
MiAXIT TPOJMKTOBAHUM THUM, IO JUIS MPUAHATTS PIMICHHS NP0 3AIHCHEHHS XEHJOBEpY Ta BHOOPY
KOHKPETHOI CHCTeMH JOCTYNy SK KaHJgumaTa Uil TepeMHUKaHHS HeoOXiTHO, BUKOPHCTOBYIOUH
MaTeMaTH4YHI METOM MPOTHO3YBaHHS Ta BUOOPY, MPOBECTH BENUKUN 00OCIT OOUUCIICHD, 10 MOXKE 3aHHATH
BEJIMKY KUTBKICTh 4acy. 3po3yMijo, II0 B yMOBaX MOOUTFHOCTI aDOHEHTIB Yac € KPUTUYHUM (HaKTOpOM,
OCKUJTbKH TIPY BEJIMKHX HIBHJIKOCTSX MEPECyBaHHS Ta MepelaBaHHsI MYJIbTUMEIIHHOrO Tpadika peasbHOro
qacy, TpuBajie OOUYHCICHHSI KPUTEPiiB 3MIHCHEHHS XEHI0BEPY MOXKE MPU3BECTU N0 OAHATBHOTO PO3PHUBY
cecii Ta CKIIAQHOCTEH y MOJAIBIIOMY i1 BiqHOBJIECHHI. BUKOpHCTAHHS MOXIJIMBOCTEH XMapHUX TEXHOJIOT1H
JaCTh 3MOI'y IIPOBECTH 11i OOYMCIICHHS B JIIY€HI MUTICEKYHIN Ta 3a0€3MEUUTH ONTHUMAJIbHUIN BHOIP CUCTEMHU
noctyny st nepemukanHs. OTxe, 3alpONOHOBAHO CTPYKTYpHY CXEMY CHUCTEMH 3IiHCHEHHs
IHTEeNIEeKTyalIbHOr0 BepTuKanbHoro xenanosepy B NGWN (puc.2).

Mo6inbHUiA NnpUcTpii

XmapKoBuiA cepBic
ynpaBAiHHA XeHAO0BEPOM

eNode B

LTE Advanced

CDMA2000 EVDO

GSM

Puc. 2. Cmpyxmypna cxema 30itichents yeHmpanizo8ano20 iIHMeneKmyaibHO20 GePMUKAIbHO20 XeHO08ePY
6 eemepocenHitl MOOLIbHIN Mepedici

Jiis peanizanii Takoi CHCTEMH Ha KJIacTepl CEpPBEpIB BCTAHOBJICHO IIpOrpamMHe 3a0e3reueHHs, s
3IiiCHEHHsI XeH10BepY. BpaxoByroun onucani BUMOTH 10 ()YHKIIIOHATBHOCTI MTPOrPaMHOTO 3a0e3MeYeHHS
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JUIsl 3MIHCHEHHS 1HTEJIEKTYallbHOrO BEPTHKAIBLHOTO XEHAOBEPY, 3allPOMIOHOBAHO QJITOPUTM POOOTH IHOTO
MPOrpaMHOro 3abe3MedyeHHs, 300pakeHnid Ha puc. 3. [IponoHOBaHMI aNrOPUTM MICTHTH TPU OCHOBHI
KoMroHeHTH (puc. 3): 30upaHHs JaHMX, HOPMATI3allist JAHUX 1 IPUUHSTTS PillICHHs PO nepeMukanHs. J{o
3aBJIaHHs [IBOTO JOCIIPKEHHS BXOJUTh HE JIMIe OalaHCyBaHHS HaBaHTakeHHs Mk BC pi3HUX THIIIB, ajie
1 ABHINEHHS SIKOCTI 0OCTYrOBYBaHHS KIIIEHTIB IHTEpHET-TIpOBaiiiepaMu Ta OnepaTopamMu CTUTBHUKOBOT'O

3B’ A3KY.

36upaHHa gaHUX Npo cTaH
BesnpoBigHoi cuctemm

Joctyny

Cucrema notpebye
po3BaHTaXeHHA?

Tak

36ip iHdbopmaLji npo BCi
aKTUBHI cecil B cuctemi

[MpoaHanizoBaHo
BCi cecii ?

‘ AHanis HacTynHol cecii ‘

1 HapcunanHs
‘ AHanis knacy Tpadika ‘ CryXBOBUX IHCTPYKLiA
BiZANOBIAHNM cUCTEMAM
_ OTleM3|—_|H;|_ JOCTyny Ta
iHpopmaLi Bia MOBINEHOMY MPUCTPOtO
MobBirbHOro NpUcTpoto MPO 3AiMCHEeHHS
Npo HasiBHICTb B MicLyj XeHRoBepy
i nepebyBaHHS iHLWKX
cuUcTeM JocTyny
L
OTpumaHHs iHdopmMaLii npo
MOTOYHMIA CTaH LIMX CUCTEMM 3a Bubip
[ OMOMOTOH MiXKCUCTEMHMX HaonTUManbsHiWoT
cnyxBoBux iHTepdelicis cUCTEMU AOCTYMY Ha
1 OCHOBI HeYiTKoT 6a3n

JaHWX 3a KpUTEpPIsaMA

Bu1sHa4eHHA MOXITMBOCTI Ta .
6e3npoBiAHNX Mepex

AOLNbHOCTI 3AIACHEHHS
XEHJO0BEpPY B YCi MOXIUBI
cuUCTEMM JOCTYny

Puc. 3. Aneopumm pobomu yenmpanizoeano2o iHmeneKmyaibHo20
6EPMUKATLHO20 XEHO08EPY

Ha nepriomy erami 30upatoTh iH(poOpMalito, HEOOXIAHY A HOpMali3alii JaHUX Ta MOJAJIbIIOro
NpUAHATTA pinteHHs. Ha npoMy erami 30MpaeThesi cUCTEMHE HaBaHTaXXCHHS KaHUIaTa Ha TIepeMUKAHHS,
mBuAKicTh MIT i piBeHb cUTHAITY, IPIOPHUTET Ta AKICTh cepBicy Mixk BC/T/I i MIT.

VY BepTHKAIBHUX TIepenadax o0CIyroByBaHHS 0arato Mepe:KeBUX XapaKTEepHCTUK BIIMBAIOThH Ha Te,
yn BinOyneTbesi TepelnaBaHHS OOCTYroBYBaHHS YM Hi. TpajWIiiiHI METPHKH pIlICHHS TepeaaBaHHs
00CITyroByBaHHSI Ha OCHOBI iHIMKamii mpuidHATOI moTyxkHOCTi curHany (RSSI) Ta iHmmMX mapamerpiB
(i3U4HOTO PiBHS, BUKOPHCTOBYBAHUX JUIS TOPU3OHTAILHOTO MEepeaaBaHHsl OOCIYroByBaHHS B MOOUTEHUX
Mepexax, € HEIOCTaTHIMHU JUIs IHIIiamii XeHJ0Bepy B I'€TEPOreHHUX OC3MPOBIIHUX CHUCTEMax HOBOI'O
nokominusa. Kpurepiii RSS (Received Signal Strength) moryxHOCTi MpUAMAaIbHOrO CHTHATY HE MOYKHA
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BUKOPHUCTaHUI JUIs BUPINIEHHS BEPTUKAIBHOI Mepenadi o0CiIyroByBaHHs, ockiTbki RSS 3 pisHUX Mepex
HE MOXYTh OyTH 3icTaBieHi Oe3nmocepelHbO Yy 3B'S3KYy 3 PI3HUMH XapaKTEpPUCTUKAMHU HaKIIaJICHHS
TeTePOreHHUX Oe3MpOBiAHUX Mepex. [Jis Toro, mo0 BHUKOHATH IHTENEKTYalbHI PIIICHHS IepeaaBaHHS
oOciyroByBanHss B rereporenHomy cepemoBuili NGWN 1 3a0esneuntn Oe3mnepebiiiHy BepTHKAIbHY
nepenavay o0CIyroByBaHHs, MPOMIOHYETHCSI BAKOPUCTATH NTOKa3HUKH chopMoBaHi, Ha puc. 4:

|

v v v v v v v

PiecHp SkicTh Bapricts Bunorn 1o Bezmeka VaorH TToTpedn

CHTHAITY 00CITYTOBYBAaHHA TOCTIVT SKHBIICHHS MIT KOPHCTYBAYiB
YnoBH [IpogyKTHBHICTE 1T errcTs [adopmams mpo
MepesKl CHCTEMH MICHE3HAXO[KCHHS

Puc. 4. Cxema mempuxu 011 3anycKy 6epmuKaIbHO20 XeHO08epa

CTBOpEHHSI TaKOrO IHTENEKTYyaJbHOIO ajJrOPUTMY BEPTHKAJIBHOTO NPUHHATTSA/mEepenadi oOciyro-
BYBaHHS € JIOBOJNI CKJIAJJHUM 3aBJIAHHSM 4Yepe3 CKIaJHICTh JIAHIIOTa IepeiaBaHHs O0OCITyroByBaHHS,
MPUAHATTS METPHK, MOJYJIBHOCTI pIlIeHHS Tepenadi oOcayroByBaHHs, iH(opMaliiiHOi HETOYHOCTI, a
TaKOXK IHTEPIPETOBAHUX MUTaHb. Y Wil poOOTI MPONMOHYETHCS HEYITKA JIOTIKA SIK epeKTUBHUHN 3aci0 st
BHpIIICHHS IMX 3aBlaHb, TaKOK OMNMCAHO XiJ PIIICHHS 1 JIOTYHUN BUCHOBOK. CUCTeMa 3 HEYITKOIO
JIOTIKOIO CKJIAJa€ThCsAd 3 TPhOX YAaCTHH: HOpMaiizallil BXIAHMX IapaMerpiB, HediTka 0a3a 3HaHb 1
HOpPMaJTi30BaHi BUXIiJHI mapaMerpu. Sk HEMOBHMH METOJ TpEJACTAaBIICHHS 3HaHb HEYiTKa JIorika J1o0pe
MIIXOANUTH JJIs1 BUPIIIICHHS MMTaHb HETOYHOCTI.

Heuitka cucrema BuBoay (FIS), abo Heuirka jorika CHCTEeMH, € HETIHIHHAM BiZoOpaskeHHSIM
BEKTOpa BXIAHMX JaHHMX Y CKAJIPHOMY BHXO/i. 1le € 0CHOBOIO 00YMCIICHHS 3a MOHATTAMH TEOPil HEUITKUX
MHOKHH Ta HEUITKOI JIOrikd. € J1Ba THUIIM CHCTEM HEYITKOro BHBOIY, SIKI MOXKYTh OyTH peaii3oBaHi, — Iie
Mawmpnano Ta Cyreno tumy. CHCTEMH HEUITKOT0 BUBOY OYyJI0 YCHIIIHO 3aCTOCOBAHO B TAKHUX 00JACTSX, 5K
ABTOMATHYHUN KOHTPOJb, Kiacu(ikallisi JaHuX, aHalli3 pillleHb 1 eKCTIEPTHUX CUCTEM.

HeuiTka norika — 6araTo3HavHa JIOTiKa, sSKa Onepye NMpUOIM3HUMU MipKyBaHH:IM. Lle nae jmoriunii
(Boolean) abo aBo3HaYHI# JIOTiIli BAXKIUBY MOXKJIMBICTh — IPUIIMATH PIllICHHSI, BOJOIFOYH HEIOCKOHAJIOK
iHpopMarlicr, ToOTo iHOpMalieo, sika B OMHOMY a00 B JEKUIBKOX aclekTax Moxe OyTH HETOYHOIO,
HEBU3HAYCHOI0, HEMIOBHOI, HEJIOCTOBIPHOIO 200 YacTKOBO JOCTOBIpHOIO. HewiTka Jiorika cKiajgaeThes 3
HEYITKMX MHOXKHH, 1 omepamii 3 HEYITKMX MHOXHH BHKOPHCTOBYIOTHCS, 00 3pOOMTH BHUCHOBKH 3a
HEUITKOIO JIOTIKOIO.

Tepminan ynpaBiiHHS 1 BEPTHKIGHUM alrOpuTM ecTadeTHOi mepefadi HACTYMHOTO IOKOJIHHS
[IOBHHHI BiIMIOBIIaTH baKUM BHMOI'aM .

— besmouuit noctyn B8 NGWN. MII notpibHO Oyzne mepexoIuTH 3 OAHIET IHTETPOBaHOI MEpexi
JOCTYIy Ha IHIIY IJIABHO 1 MPo30po, 0€3 pU3MKy MopylueHHs 3’ enHaHHsA. OT)ke, HACTYIHE OKOIIHHS
VHDA (Vertical Handoff Decision Algorithm) mae miarpumyBaTu edexTuBHUiA 1 ipo3opuii poyminr MIT
cepen 6e3miui 6e3MPOBITHUX MEPEK.

— Bucoke 3aBaHTaxeHHST Mepexi. [HTerpaimito rereporeHHUX Oe3MpPOBITHUX MEPEK TOCTYIY
poO3po0IIeHo, MO0 3amponoHyBaTH BHUIIMH CTYMiHb BUKOPHCTaHHS CMYTH MPOITYCKaHHS IUIS OCOOJHBO
BHUMOTJIMBHUX JIOJATKIB 3a SIKIiCTIO 00ciyroByBanHs (QOS) i MOMINIIEHHS CHCTEMHHUX XapaKTEePUCTHK.

— MynbTHCepBic. HacTynmHe MOKOMIHHA OE3MPOBITHUX MEpPEX MiATPUMYBATHME KiNbKa KIACIB
MOCYT, TAKUX SIK TOJIOC, Bi/IeO, MOTOKOBE Bizeo, meperiia BeO-cTopiHok. [linTpuMka AEKUIBKOX TOCIYT Y
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NGWN mnigBummTh 3aJ0BOJICHICTh KOPUCTYBaYiB, OCKUIBKH Pi3HI KOPHCTYBadi MalOTh Pi3HI BUMOTH JIO
obciyroByBants. Tomy VHDA mae niarpumyBatu 6e3miu mociyr [9].

—Bumorn no sikocti  oOciyroByBaHHS. be3mpoBimHI  CHCTEMH  HACTYITHOTO  TIOKOJIHHS
CKJIAJIATUMYThCS 3 PI3HUX TEXHOJOTiH MOCTYMy 3 PI3HUMH I[apaMerpamH, IIOB's3aHi MK co0Om0 3a
3aranpHUM |P - simpom. Li mporpamu MaTUMyTh pi3Hi BUMOTrH. BepTukanbHUN anroputMm ectad)eTHOTo
nepenaBaHHs HOBOTO TIOKONIHHS Mae 3a0e3nednTH HanexHuid QOS, 30KkpeMa BHCOKY MPOITYCKHY
3MATHICTh, MiHIMaJIbHY MIBUAKICTH BTPATH MAaKeTiB, MiHIMAIbHY 3aTPUMKY TIepeiaBaHHs 00CITyrOByBaHH!,
BHUCOKY HAJIWHICTh 1 MIHIMaJbHI 3aTpaTH Ha OOCIYTOBYBaHHS B TE€TEPOrCHHOMY MOOUIBHOMY
OOYUCITIOBATTBHOMY CEpPEeIOBHIIIL.

Heuimka nopmanizayis. Y 3anpornoHOBaHii cucreMi posrismaiotees mepexi 3G, Wi-Fi i LTE.
PimmenHss mpo rereporeHHe IepeMHKaHHs BH3HAYATHMEThCS 3aBaHTaXkeHHAM bC, piBHeM cUTHamy i
mukictio MIT ta QOS mapamerpamu. Ilicns oTpuMaHHS HEOOXiIHWUX MapaMerpiB Ui iX MOAAIBIIOT
HOpMasTi3allii HeoOXiJIHO BH3HAYMTH BIAMOBIAHI HEYITKI MHOKMHH. BIiOmoBiZHO 10 XapakTepy pPi3HHUX
OC3MPOBIAHUX TEXHOJIOTIH MOXHA BU3HAYUTH HEUITKY MHOXKHHY PI3HHX TEXHOJIOTiH 0e3pOTOBOI MepeKi
BIJIOBITHOIO (PYHKIII€I0 HAJICKHOCTI.

Posristremo cutyarito, konmu MIT pyxaetbes 13 30au nokputts oaHiel BC cranmapty LTE g0 30HH
mokputTs iHmoi bC crammapry 3G 31 mBuakictio 13 km/roa. Boamnodac MIT morparuisie 10 30HH MOKPUTTS
BC crangapry WiFi. MoOinbHuU#T By30J1 HE MOXKE BU3HAYUTH ITbOBY BC MPOCTUM MOPIBHSIHHSAM PiBHIB
curHaiiB abo mBuakocred. ko MIT nepekmounthes Ha BC cranmapry 3G miciist MpocTOro MOpiBHSIHHS
PIBHIB CHT'HAJY, TO MIEPEKIIOYCHHS MOXKe BinOyTucs, ane sikio MIT nepexmountses Ha BC crangapty Wi-
Fi, migxmrodeHHs 000B’ I3KOBO pO3ipBEThCs uepe3 BiTHOCHO BUCOKY uts cranaapty Wi-Fi mBuakicts MIT.

Hopwmasizamis B mboMy MpHKIaAi TMOKaxe, mo mBuAKicTs 10 13 km/rox mis cranmapry Wi-Fi e
HAATO BUCOKOW0, a i craHaapry 3G-uusbkoto. Omxe, MII Bubepe BC cranmapry 3G 3 Bummm
peiitunarom nopiBusiHO 3 BC cranmapty Wi-Fi.

Heuimka 6aza snanv i mexawnizm npuiinamms piwenns. Ilicns npouenypu HopMatizamii Bci
MmapaMeTpu MEPEBOIATHCS B JIIHIBICTHYHI 3MIiHHI, fKi MO)XXHA IOPIBHATH O€3MOCEPEAHbO, OCKUIbKU
napamerpu OyIyThb TpHUBENEHI 10 €AuHOi 0a3u TOpiBHAHHSA. MoOIynb NPHUHSATTA PIMIEHHS MTPOCTO
00po0Jsie mapaMeTpu OC3MPOBIAHOT Mepexi, 0e3nocepeIHbO MOPIBHIOIYM IX 33 JIOMOMOIOK HEWITKOI
0a3u 3HaHb I BUBEICHHS ONTHMAIBHOTO pilleHHs. MexaHi3M JIOriYHOro BUBEICHHS IPYHTYEThCS Ha
HEYITKHMX IpaBHJIaX, MepepaxoBaHuX y Tabnuill. [Iprukiaa 3a HEUiTKOK 0a3010 3HAHb MMOKA3aHO B TAOJIHII.

Bba3a 3nann

3aBaHTaXEHHS PiBenp curnany HIBuakicTh Peiitunr mepexi
Husbke Huszbkuit Husbka 1
Husbke Bucokuit Bucoka 1
Bucoxke Cepenniii Cepenns 2
Brucoke CepenHiit Huspka 3
Bucoke Bucoxuii Cepenns 3
Bucoxke Bucoxkuit Husbka 4
CepenHe Cepenniii Cpennsis 3
CepenHe Cepenniii Husbka 4
Huseke CepenHiit Huspka 5
Husbke Bucoxkuit Cpennsist 5
Husbke Bucokuit Husbka 6

[Ticnsg 1bOro OILIHIOETHCS PIBEHb CHUTHANY, INBHIKICTH 1 3aBaHTa)eHICTh I KoxHOi BC. Koken
napamMerp Mae€ IMiIMHOXKWHU BUCOKHX CepelHIX 1 HU3bKUX 3Ha4eHb. KUTbKICTh MPaBHII HEWITKOT 0a3u 3HAHBb
PO3paxoByIOTh 3a (opMynoro X = 27 mpaBmiI, € X — KiIbKiCTh JHHIBICTHYHUX 3MIHHHX; M — KUIBKICTH
napamerpiB. Ha ipoMy erari MoxHa 3MEHIIUTH KUTbKICTh TpaBWII 10 14, BUHUKAe MOXKIMBICTD (QimbTpartii
3aBIJIOMO HE MPHUAATHUX i BukopucTtanHs BbC kanmuaartiB. Y 1poMy Bunaaky s MII 3 BHCOKOIO
MIBHJIKICTIO 1 HU3bKUM PIBHEM CHTHAIY JIBa JOJATKOBI MapaMeTpH MOBHHHI OyTH BHCOKOI SIKOCTI.
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[Motim ay1st wiei 6a3u 3HaHb HA OCHOBI EKCIIEPTHOT'O OLIIHIOBAHHS MMapaMeTPiB BUBHAYAETHCS PEHTHHT
Mepexi. Y HalloMy BHIAJKY JUIS KOXHOTO mapaMerpa 3anaethes peitunr Big O no 2. [Tapamerp BHCOKOT
SIKOCTI — 2 0anu, cepeauboi — 1 6ait 1 Hu3bkoi sikocTi — O Oanie. [ToTiM 3a cymoro OajiB 3a BCiMa TpboMa
napaMeTpaMy BH3HAYAIOTh MiJICyMKOBUI pedTHHT Mepexi. OTxe, HU3bKe 3aBaHTAXKCHHS, BUCOKUH PiBEHb
CHTHaITy 1 HM3bKa MIBUAKICTh PyXY € TapamMeTpaMHu BUCOKOi IKOCTi - 2 + 2 + 2 = 6 GaniB. Ha HacTynmHOMY
erari 3i0paHi 1aHI HOPMAJI3YIOThCS, 1 OTPUMYIOThCS JIIHTBICTHYHI 3MiHHI. Ha KiHIIEBOMY erarli oTpuMaHi
napaMeTpd BHKOPHUCTOBYIOTHh JUISI BHU3HAYCHHS PEMTHHTY MEpEXi HAa OCHOBI HEUITKOi 0a3W JaHWX 3a
Oe3npoBigHuME Mepexxamu. 1ist 1iboro B po6oti BukopuctoBytoth MATLAB Fuzzy Logic Toolbox.

Mopesb eMyJisilii po00TH reTeporeHHoi CHCTeMH MOOITbHOTO 3B’ A3KY

BuKOpHCTOBYIOUH MPOrpaMHy peatizallifo iMiTalliiHOi MOei, MOYKHA pealli3yBaTH HE TUIbKH BCI
HeoOXimHI (YHKIIIT MOJCIIOBaHHS, a i 3a0€3MeUNTH HAJICKHHUM KOHTPOJIb 32 UM IpoiecoM. IIporpamue
3a0e3ledyeHHs] Ja€ 3MOTYy BHKOPHCTOBYBATH TpadiuyHHMil KOpHCTYBalbkuil iHTepdeiic, anHaMiuHO
3MIHIOBaTH MapaMeTpd MOJENI 1 OI[IHIOBATH MOBEIIHKY CHCTEMH B KOHKDPETHIH CHTYyallii, 10 MOXE
BUHUKHYTH B peallbHil cepBicHIH MepexHi mrardopmi. KpiMm Ttoro, mporpamHe 3abe3reueHHS 3a
JONOMOror rpadigyHoro iHTtepdeicy mae 3Mory B PEeKHMI PeaibHOIO 4Yacy CIIOCTepiraTd 3a yciMa
napaMeTpaMy MOJEINI, 0 MOXe BUKOHYBATHCh 13 BUKOPHCTaHHAM TpadikiB, Aiarpam, CHUCKIB 1 TAOIHUIIb.

Jis mociipKeHHs TpoIeciB (PyHKIIIOHYBaHHS MOOLIbHOI MEPEKHOI CHCTEMH 3 BHCOKUM PIBHEM
MOOUTFHOCTI KOpPHCTYBadiB HEOOXiHO pO3POOMTH IMITAIlifHy MOJENb 3 BHUKOPHUCTAHHSIM BEITHKOI
KUTBKOCTI TapaMeTpiB 1 XapaKTEepUCTHK, sIKI JaJyTh 3MOTY ONHUCATH ICHYIOYl MEPEXHI TEXHOJOrii,
BHKOPHCTOBYIOUH, BIAMOBIAHO, MaTeMaTHuHI, IPOTHOCTUYHI W ONTHMMI3amiiHi Moaeni. Tooto, B poboTi
pO3po0eHO0 MOJENb TeTeporeHHoi MepexHOI IIaTGopMu  Oe3MpOBIAHOrO MOCTYHy. Ii CTpyKTYypy
300pakeHo Ha puc. 5.

¥YnpaeniHHA iHTenekTyansHUMM
EEPTHKANEHAM XEHAOEEPOM

» YnpaeniHus
MOAeNBaHHAM

A

MeHepxep Bysnie
Aoctyny

(6azoBumx cTaHUii ¢
LTE i GSM)

leHepaTop
Tpadiky

k.

Ynpaeninna
[y mobinbHicTio
KOpUCTYBa4ie

Moaynb MoAentoBaHHA
NOWMPEHHs pagioXBnnb

[
lenepatop YnpasniHHa
06'ekTiB- > aKTMBHICTIO
KOPUCTYBa4iB KOpMCTYBauis

'y

Puc. 5. Cmpyxmypua cxema imimayitinoi mooeni cemepoceHnoi
MepexCcHol niamgopmu 6e3nposioH020 00Cmyny

Imitaniiina Mozenb MICTHTh OJIOK MOJENIOBAHHS TIOBEIIHKM KOPUCTYBAUiB, SKHH reHepye Tpadik.
CdopmoBaHi 00’ eKTH-KOPUCTYBaui MepearoThes “ MeHEKepy KOpUCTyBadiB”. SIKIIO0 KOpUCTyBad TITbKH
PEECTPYEThCS B MEPEXi 1 HE Mae aKTUBHUX ceciif, To Horo Oyne 3a3HaueHO B rpadiuHomy iHTepdeiici
MOJIeNTi SIK JKUPHY Cipy TOYKY. SIKIIO KOpHCTyBad Ma€ akTHBHE 3’ €JHaHHS 3 MEpeXelo, TO BiH TO3Ha-
Ya€eThCsl KOJIBOPOBOIO TOYKOK 3AJICKHO BiJI TOro, O SKOT MEpeKHOI cucTeMH BiH mix enHanuii: GSM —
3enenuit komip; LTE — cuniii konip; UMTS — po3oBwuit komip. KopucryBad y Takiii Mojeni npeacTaBIeHHH
K 00’ ekT HaOOpOM TaKHX MapaMeTpiB. TPUBAJICTh aKTUBHOCTi, BEKTOp PyXy, MBHUJAKICTh PYyXy, Micie
nepeOyBaHHs, BiZICTaHb /10 0a30BUX CTaHIid (MEPeKHUX BY3MiB JOCTYIY), PIBEHb CHUTHAIY BiJl KOXHOI
6azoBoi crammii LTE, UMTS i GSM (RSS) Tta iHmmMx 10JaTKOBHX MapaMerpiB, HEOOXIMHUX IS
(YHKIIOHYBaHHS MOJIEII.
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IBuaKicTs MepeMillieHHs] KOPUCTYBavya BU3HAYAIOTH 32 (hopMyInoro:

\/(Xi - Xi—l) (yi - yi-1)2

2 +
V. =
SPEED Dt

D

Byno 3anpornoHoBaHO KiaacH(iKyBaTH IIBHIKICTH KOPHUCTYBAYIiB JUIS TOrO, 1100 3alvcaTd 3MIiHHA PIBHS
curHaTy 6a30BOI CTaHIIIT TiJ] Yac CIOCTEPEKEHHS 1 IPOTHO3YBATH HEOOXIIHICTh TiepeiaBaHHs 00CITyrOByBaHHS B
IHIITy KOMIPKY 32 pe3yJIbTaTaMy IPOrHO3yBaHHS IMOBIPHOCTI HANPSIMKIB PyXy KOPHCTYBauyiB.

VY wifi podoti po3pobieHO OpUTiHAIbHE HMporpamMHe 3a0e3MeueHHs, IKe Ja€ 3MOI'Y BCTAHOBIIIOBATH
JOBUTBHUH 3aKOH PO3MOAUTY PYXy KOPHCTYBadyiB i3 Pi3HMMH MIBUAKOCTAMH. KoopauHATH 1 mapamerpu
KOpHUCTYBadiB 30epiratoTbcsi B CHCTEMI MOHITOPHHTY Ta IPEICTABISIOTHCS BIIMOBITHUMH MaCHBaMH
nannx. OCHOBHI MacMBM JaHHMX MOJENi: KoopauHATHHE (X, Y), mBHakocTi mepemimenus (Vspeep , M/C),
piBeHb npuitHsITOro curHany RSS Bif cycimHix MepeKHUX By3iiB A0cTymny (0a30BHX CTaHIIiil).

JlaHi 10 IbOTO MAacHBY 3alHCYIOTHCS IOCEKYHIU. MOIYNb YIIPaBIiHHS aKTHBHICTIO KOPUCTYBAaiB
SBIIsiE COOOK0 MacuB, SIKMI 30epirae mpH3HAYeHi A KOpHCTyBada 00 €KTH 1 3IIHCHIOE MOHITOPUHT
JISTBHOCTI  KOYKHOTO  3apEECTPOBAHOTO B CHCTEMI KOpUCTyBawa. SIKIIO TpUBANICTh 30epiraHHs
MPU3HAYEHOI0 JUIS KOPUCTyBada 00'€KTa B MAacHBI BHINA, HDK CEpeOHS TPUBAIICTBH cecii, AKy Oyio
BCTaHOBJICHO 3a JIOIIOMOTr'0l0 T'eHepaTopa Tpadika Mpu CTBOPEHHI 00’ €KTa KOPUCTYBa4a, TO BBAXKAIOTh, 1110
KOPHCTYBa4 3aKiHUMB CECiI0, 1 HOro 00’ €KT BUAAIAETHCS 3 MACHBY. [HIIMM BaXKJIMBUM €JIEMEHTOM MOJEII €
OJIOK, sKHMI BIANOBiae 3a peanizallild MaTEeMaTU4YHOI MOJEII IOIIMPEHHS paJioXBHIIb. BJIOK MoOXke
iHTEerpyBaTu OyAb-sIKy MOJIENb, TOOTO, € YHIBEPCATBHUM 1 J1a€ 3MOTY MOJIETIOBaTH TOBEIIHKY ISl PI3HUX
cHcTeM OE3MPOBITHOrO IOCTYIY 3 pi3HUMH iHTepdelicamu palio3B’ I3Ky 1 y pi3HUX 00cTaBUHAX. AJTOPUTM
OO OJIOKY MOHITOPHUTD PO3TAIlyBaHHSI KOPUCTYBAYiB 1 iX rmepeMillieHHs, Ha MiICTaBl YOTro BiH 004HCITIOE
piBHI 3aracaHHs CHTHAJIIB BiJ ycix Oa3oBux craHilii. CBOe€ro dyeprorw, 0a3oBa CTaHIliSA, sKa TaKOX
OITUCYETHCS SIK 00’ €KT, Mae CBOi BIIACHI MapaMeTpH, TaKi sIK: BUCOTAa PO3TAlITyBaHHS aHTEH, IMOTY>KHICTh
BUITPOMIHIOBAaHHS CUTHAITY, poO0Ya 4acToTa, KUIbKICTh aHTEH TOIIO.

BaxiBe 3HaUEHHS IS MPOBEICHHS JOCIDKEHb, OIMCAHKMX Y ITid po0OTI, Mae OJIOK, KU BIIMOBIIAE 3a
nepeMillieHHs KOpUcTyBadiB. BiH BHKOpPHCTOBYe iHTepdeiic MeHepKepa KOPUCTYBAdiB 1 BIIIOBITHO J0 3aKOHY
PO3M0/1Ty OpPOYHIBCHKOIO PYXY 3MIHIOE€ KOOPAWHATH KOPUCTYBaya 3 PI3HUMH IHTEpBaIaMHU 1 KUTBKOCTSIMH KPOKIB,
3a0e3MeUyI0Ur TaK MOJICITIOBaHHS PyXy KOPHCTyBadiB. BimmoBinHO, OJIOK MOMMPEHHs! pajlioXBUIIb HA KOYKHOMY
HOBOMY KpOIIi MOJICITIOBAHHSI OOUKCITIOE 3aracaHHsi CUTHATY JUIsi KOPHCTYBada B HOBOMY pO3TalllyBaHHI. Bapro
3a3HAYKTH, IO € TaKi KOPUCTYBAaYi, SIKi HE TIePEeMIIIyIOThCS.

Jyis  po3poOJICHHS TaKOro MPOrpaMHOro 3a0e3rleueHHs B I poOOTI BHUKOPHUCTAHO MOBY
nporpamysants C ++, 6a3yrounch Ha cepenoBuii po3pobdiaenus Borland Builder C ++ 6.0. T'onoBHe BiKHO
MpOrpaMH, 110 peatizye MOJC/IIOBaHHS BIAMOBIAHO J0 CTBOPEHOI IMITalliiHOT MOEi, TTOKa3aHo Ha puc. 6.
Inrepdeiic MicTHTh KOMIOHEHT AJSl BiTOOpaKeHHS BHUKOPUCTAHHS TPhOX 0a30BUX cTaHIiil Ty GSM,
UMTS i tppox 6a3oBux cranmiii Tamy LTE.

Modelling  View

i
e

Puc. 6. Axkmusnicmo abonenmis 6 iMimayiinii Mooesi 2emepo2eHHol Mepedici
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Jns xoxkHOi ©0azoBoi craHiii € rpadik y MNporpamMHOMY IHTepdeiici, sAkuil BigoOpakae
3apEECTPOBAHMX 1 AKTHBHUX KOpUCTyBadiB. J[js TOro, mo0 MOpIiBHATH MPOAYKTUBHICTH CHCTEMH 0¢3
IHTEJIEKTYyaJIbHOI'O BEPTUKAJILHOIO XEHJOBEpa 1 3 HHUM, J0 MPOrpaMHOI MOJENI JOJaHO MOXJIUBICThH
BIIKJTFOUCHHS 1IbOTO aJITOPUTMY.

Omxe, Teopis HEYITKMX MHOKHH KUIBKICHO JEMOHCTPYE PI3HHUII0O MK SKICHO OJHOPIAHMMH
PIIICHHSAMH ONTHUMI3AIIHOI 3a7adi PO3MOALTY KOHBEPIOBAHHMX PECYPCIB MEPESKHO3AICKHHUX PIBHIB
reTepPOreHHOT MEepPEexKi.
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Base station Nel Base station Ne2 Base station Ne3
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System characteristics

Total count of redirected connections: 1599

Base station Nel: number of redirected connections: 396
Base station Ne2: number of redirected connections: 271
Base station Ne3: number of redirected connections: 932
Total count of successful connections: 3444, lost =0

Puc. 7. 3asanmasicenicmo GIM mepeoici
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Puc. 8.Hacoei xapaxmepucmuxu pobomu UMTS 6 ymosax nepesanmasicents cucmemu

GSM y cemepoecenniti mepesici
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rRegistered number of terminals
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Terminals count
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Base station Nel: connection lost count: 0
Base station Ne2: connection lost count: 0
Base station Ne3: connection lost count: 0
Total count of successful connections: 4215
Total percentage of losses in the network: 0%

Puc. 9. Yacosi xapaxmepucmuxu npodyxmuernocmi LTE

6 ymoeax nepesanmadicennss UMTSi GSM

Handover server performance
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Puc. 10. 3asanmadicenns cepgepa 6 xmaprnomy cepeoosuuyi
npu BUKOHAHHI NPOYeOypU BEPMUKATLHO20 XeHO08epd

3a oTpUMaHWMH y Il poOOTi PillleHHIMHU Ofep)KaHo Taki pe3ynprati (muB. puc. 6-10), mpuuomy
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HAWONTHUMANBHIIIMNA pe3yJbTaT Ui BHKOHAHHS IHTENCKTYaJbHOTO BEPTHKAIbHOTO XeHaoBepy (Ta
Mepepo3MOALTy MEPSKHUX PECYpCiB TeTEepOreHHOI MEPEKHOI MIaThopMu) OJepKaHO Ui By3ia JAOCTYITY
BS2 (mepexna cucrema LTE). Pesynerar mis Bysna gocryny BS1 (mepexna cucrema LTE) e HimkunmM,
X04a, 3TiHO 3 (YHKIIIEI HAJSKHOCTI, HAJIGKHUTh IO TOI'O0 CaMOI'0 JITBICTUYHOrO TEPMY. 3alpoIIOHOBaHA
MOJIC)Ib T'eTEPOreHHOT MEPEeXkKi Jae 3MOry JOCHIIUTH IMPOIEC ONTHMI3allil MepexeBoi iHQpacTpyKTypH
MOOLJIBHOIO OrepaTopa Mepepo3oaiioM MEPESKEBUX PECYpCiB Ta OallaHCYBaHHSM HaBaHTaKCHHS y pasi




BIIPOBQDKEHHsT 1 po3BuTKy B Hid ememeHTiB NGN-TexHonorii st CHUIBHOrO PO3TOPTaHHS
1HpOKOMYHIKaIiHHOT MEpex peari3alli€lo alropuTMy BepTHKAIBHOTO XeHa0Bepa. Lle 0cobnmuBo akTyalibHO
i1 9ac eKcIulyarallii B yMOBaX HasBHOCTI IEKUIBKOX OE3MPOBITHUX MEPEX JOCTYMY, MO (YHKIIOHYIOTh
Ha OJIHIH TepuUTOpii, Ta MOOLTHPHHUX MPHUCTPOIB, IO MIATPUMYIOTH (PYHKIIIT MapanenbHol B3aEMOIIT 3 TAKUMH
MepeKaMHu.
Bucnorok

JUis IpUHWHATTS ONTHUMAJIBLHOIO 3a KpUTepisMu rpynu QOS pillleHHs 11100 MPOLEAYPH PECYPCHOTO
Mepepo3NoAiTy Mia Yac 0OCIyroByBaHHS KOPHCTYBadiB MEPESKHHX ILIaT(GopM Oe3MpoBiIHOIO IOCTYIY
OyJi0 3ampONOHOBAHO IIEHTPAI30BAHWN METOJI YIPABIiHHS XEHJIOBEPOM. 3amporoOHOBAaHWHN MiAXin Aae
3MOT'y YHHUKATH JBO3HAYHOCTI y TPAKTyBaHHI HEWITKO 3aJ[aHHUX, JBO3HAYHKX Ta CY0' €KTUBHUX CY/IXKCHb Y
nporeci OararokpurepiiHoi onTum3amii. s gocmimkeHHs TnpoueciB  (QYHKIIOHYBaHHS pealbHUX
IETEPOreHHUX MEPESKHHMX CHCTEM B yMOBax BHCOKOI MOOLIBHOCTI KOPHUCTYBadiB Oyj0 po3po0iieHO
IMITaIllifHy MOJEb, SKa, CBOEK YEProlo, peaii3ye 3alpollOHOBAaHY B POOOTI MaTeMaTHYHY MOJCIb
Mporecy NPUAHATTS PIlNICHHS I[OJ0 BEPTUKAIBHOTO XEHJOBEpa HA OCHOBI BHKOPHUCTAHHS METOJIB
HeuiTkoi Joriku. lle mae 3Mory HalamToBYBaTH BENHMKY KUIBKICTh IapaMeTpiB  MOJEITIOBAHHS,
BHUKOPHUCTOBYIOUH JIOTIOMDKHI MaTeMaTHYHI MOJIEINI, 30KpeMa JUIs OIKCY Ta MPOrHO3yBaHHS IPOIECIB PyXY
(MoGiTBEHOCTI) KOPHUCTYBAYiB, a TaKOX ITOIIUPEHHS PaJiOXBHIIb J0 iX TepMiHAIbHOrO oOmamaHaHHsA. Sk
Oynmo Tmoka3zaHO, BHUOIp ONTUMAJIBHOIO MEPEKHOrO By3Ja JIOCTYNYy Ha OCHOBI  BHpINICHHS
0araTOKpUTEPIMHOTO 3aBIAHHS NPHUHATTA PINICHHS IIOJ0 XCHAOBEPY € HETPHBIaJbHUM, OCKUIBKH Ha
pe3yabTaTH I[LOI'0 PO3B’ SI3aHHS BILUIMBAIOTh OJHOYACHO KibKa JUHAMIUHO-3MIHHHX 1 B3a€MOIIOB' I3aHHX
(dakTopiB, TOMYy iX arperaiis 3rigHO i3 3alPONOHOBAHUMH y POOOTI MiAXogaMH € HeoOXimHow. B
amMOIBaJIeHTHIN CUTYallii, KOJIM KOPHCTYBay 3HAXOIUTHCS HAa TPAHUII MMOKPUTTS KOMIPKH, 3alPOINIOHOBAHHH
B poOOTi anropuT™M JaB 3MOTY MPHUHATH OOTPYHTOBAaHE PIllICHHS MIOJO0 MPOBEACHHS MPOIEIypH
BEPTUKAIBHOTO XEH/I0Bepa, 0a3yrounch Ha rpymi Q0S-3aneKHIX KpUTepiiB.
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