VK 621396

P. 1. Bak, II. O. I'ycskoB, O. A. JlaBpis
Hamionansamii yniBepcurer “JIpBiBChKa momniTexHika”

IMITAIIHHA MAKPOMO/EJIb ITIOBEJIHKY ABOHEHTIB
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3anponoHoOBaHO iMiTaliiiHy MaKpoMoJe/b MOBeJiHKM A0OHEHTIB Y Mepeki KOMIpKOBOIro
3B’fI3KYy, sIKa BPAaXoBYE ii CTPYKTYpy, 0COOJIUBOCTI mepemMileHHsi A0OHEHTIB TAa iXHIO AKTUBHICTD,
30KpeMa mnpolec reHepauii 3anuTiB a0oHeHTChKMMHU TepMiHasamu. Ha Bxoai mopeni 3a1anTh
napaMeTpy KOMIPKOBOI CTPYKTYpPH, iHTepBajl MOAETIOBAHHS, MapaMeTpH MOTOKY A00HEHTChbKHX
BUKJIMKIB, KiIBKICTb TPyl a0OHEHTIB 32 HIBM/IKICTIO NepeMillieHHS Ta MAKCUMAJIBLHY MOKJIMBY
IIBHJKICTh mNepeMillleHHA a0oHeHTIB. Pe3dyjbTaraMm MojeqoBaHHA € c(opMoBaHa 3rigHo i3
3aJaHUMM NPAaBHJIAMH KOMIPKOBa CTPYKTypa 3 0a30BUMM CTaHIisIMH, AKi po3MilleHi B LeHTpi
IIEeCTUKYTHUX KOMIPOK, EMHICTh Mepeski 3a BUKJIMKAMM, 3reHePOBaHi Ha iHTepBasi MO/Je/IIOBAHHS
BUKJIMKH a00HEHTIB, XapaKTePUCTHKA iX 00CJIYTOBYBAHHS Ta KiIBKICTh HeOOCTY:KeHUX BUKJIMKIB
YHACJII/IOK NepeBaHTAKeHHsI Mepe:xXi 3 ypaxyBaHHAM 0c00IMBOCTelH NMepeMillleHHs1 Aa00HEHTIB.

KuiouoBi cjioBa: Mepe:ka KOMipKOBOro 3B fi3Ky, nepeMilieHHsl a0OHEHTIB, AKTUBHICTH
a0OHeHTIB.
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SIMULATION MACROMODEL OF SUBSCRIBER’SBEHAVIOR
IN CELLULAR COMMUNICATION NETWORK
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The paper proposes the simulation macro model of subscribers behavior in celular
communications networ k, considering its structure, peculiarities of the subscribers movement and
their activity, including the requests generation process by subscribers terminals. Model input
obtains the set of cdlular structure parameters, simulation interval, parameters of the user’s
requests flow, number or caller groups by moving speed and maximum possible speed of
subscribers. The results of the simulation are: generated according to the set rules cellular
structure of the base gtations, which are located in the center of hexagonal cells, the capacity of the
network in terms of calls, generated subscriber’s requests in the range of simulation interval,
characteristics of their processing and the number of non-processed reguests in the reason of
networ k congestion considering the subscribers movement. T he continuous hexagonal cover age of
a given area with lowest possible ceiling and the maximal distances between neighboring base
stations according with their cel ranges is received based on the proposed method of for ming the
cellular structure of mobile network received. It shows the number of base stations, their location.
Based on subscriber’s movement simulation we define a set of coordinates of each subscriber
location at any simulation step. These coordinates depict different scenarios of subscribers moving
that consigt of individual trajectories for each subscriber considering their personal speed and
movement direction. The amount of required equipment to servicethe subscriber load entering the
cover age zone may be calculated based on simulation results.

Key words: cell communication networ k, subscriber moving, subscriber activity.

Beryn
VY cydacHHMX Mepexax 3B'S3Ky CIOCTEpIraroThCS aKTHBHI TPOIECH KOHBEPreHIlil Ta iHTerparii
TEXHOJIOTIM 1 MOCYr, IO MPHU3BEIX J0 BIPOBA/PKCHHS 1 IIMPOKOrO0 BHUKOPUCTAHHS MEPEX 13 €IMHOI0
TEXHOJIOTIYHOIO Ta KOHIETITYaIbHOIO OCHOBOIO JUTSl HAJIAHHS Pi3HUX BUAIB mociyr. [1o0ymoBa Takux Mepex
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3a0e3reuye THyYKE BBEICHHS HOBHX BHJIB TOCITYTI Ta CIHUTbHI NPHHIMIK OOCITYrOBYBaHHS JUISl BCIX
aboHeHTiB a00 rpyn aboHeHTiB. OCKITbKH OUTBIIICTE HOBUX BUIB MOCIYT JOBOJII BUMOTJIMBI JI0 TIPOITYCKHOT
3[IATHOCTI, TO Y Mepekax KOMipKOBOT'O 3B’ 13Ky BUHHKAE 3aBJaHHs 3a0e3eueHHs HeOOX1IHOTO pajiiopecypey
JUTSl UX TTIOCTTYT, OCOOJIMBO B MOMEHTH ITIKOBOT'O JIOKAJIbHOTO a00HEHTCHKOTO HABAHTA)KCHHS.

CydacHi MeXaHI3MH YIPaBIiHHS 3/1aTHI 3[IHCHIOBATH TIEPEPO3NOALT pajiopecypcy misi abOHEHTIB y
MEKaX CEKTOpPY 3 ypaxyBaHHSM IOCIYT, SKUMH BOHU KOPHUCTYIOThCS. JIJIs TOCIIDKEHHS X MEXaHI3MIB CITiJ|
3MIMCHATH MOJETIOBaHHS KOMIPKOBOI MEpEKi 3B’sA3KY, TOBEIIHKM aOOHEHTIB, PO3MOALTY aOOHEHTCHKOrO
HaBaHTA)KEHHsI, a TAKOXK BJIACHE HOro OanaHCyBaHHS 3 ypaxyBaHHIM JIOKaJBHUX MEPEBAHTAXKEHb.

3aBnaHHs OanaHCcyBaHHsT aDOHEHTCHKOI'O HABAaHTAXXCHHS Y KOMIPKOBHX MEpPEXKax aKTHBHO JOCHi-
JOKYIOTh BITYM3HSHI Ta 3apyODXKHI HAyKOBIIl. BiNBIIICTh TaKUX MOCTIIKEHb MOXHA MOIUIMTH Ha JBA TUIIH
[1]: GamaHcyBaHHS HaBaHTa)KCHHS 3a KpPUTEPiEM IMOBIPHOCTI ONOKyBaHHs 3anuTiB [2—4] Ta Ha OCHOBI
MOKa3HMKA 3aBaHTa)xeHocTi [5—7]. s mepiioro Ty, Ha BiMIHY BiJl IPyroro, XapakTepHUI MEHIIHi
00’ eM CITy’)kOOBHX NaHMX, OCKLIBKH MPOIEC OalaHCYBaHHS MOYMHAETHCSA TUIBKM B MOMEHT IICPEBHIICHHS
MOPOrOBOrO 3HAYEHHsS IMOBIpHOCTI OJOKyBaHHS 3amuTiB. 30kpema, y [8] y Bumaaky moCATHEHHs
MOPOrOBOr0 3HAYEHHS IMOBIPHOCTI ONOKYBaHHS 3alUTIB PO3MOJUT HABAHTAKEHHS MK KOMIpKaMH
MPOBOIATE, 3MEHINYIOUM pajiyc MepeBaHTa)KEHOI Ta 30LIBIIYIOUN Paliyc CYCIIHIX 3 HEH KOMIPOK depes
peryJtoBaHHS MOTY)KHOCT1 BUIIPOMIiHIOBaHHS 0a30BUX CTAHIIIH.

Hpyruii Tun OalaHCyBaHHS HABaHTAXKEHHS € KpalluM 3 TPaKTHYHOTO MOTJISAY, OCKUTBKH BiH
BpaxoBY€E MPOIYCKHY 3[aTHICTh 1 CTYIMiHb OaNaHCYBaHHS HaBaHTAKEHHS 1 y BHOOPI KOMIPKH, 1 B Iporieci
BUKOHAHHS XeHmoBepy. Tak, y [9] mporec GanaHCyBaHHS HaBaHTaXXCHHs TMOYMHAETHCS 3 Haii3aBaHTa-
KEHIIOT KOMIPKH 3 METOIO JIOCSATHEHHS PIBHOMIPHOTO 3aBaHTAXCHHS Y MEPEXKIi.

[Ipote choroaHi BiZIcyTHI MexaHi3MH OanaHCyBaHHS HaBAaHTaXXECHHS, SKi BUKOPUCTOBYIOTh HE TLTBKH
CyCiTHI KOMIpKH, a ¥ BifmajieHiIn BiJ I[LIBOBOI, OCKUIbKH II€ MOTPeOye IeHTpamizaiii 30MpaHHs CTa-
TUCTHKH Ta MPUHHATTS pillieHb MO0 TepeJaBaHHs KePyBaHHS OKPEMUMH a0OHEHTCHKHUMH MPUCTPOSMH.

O1xe, po3poOIcHHS MojeiciH OalaHCyBaHHs a0OHEHTCHKOTO HABaHTaXKCHHS B MeEpeXax KOMip-
KOBOT'O 3B’ 13Ky 3 BUKOPHUCTAHHS TIOBHOI KOMIPKOBOT CTPYKTYPH 32 PaxyHOK [IEHTPAJi30BAHOTO YIPABIIHHS
XEH/IOBEPOM € aKTyallbHUM HAyKOBUM 3aBJaHHAM. VIoro po3s’ s3yBaHHs 0Tpebye ypaxXyBaHHS CTPYKTYPH
KOMIPKOBOI Mepexi, 0COOIMBOCTEH MepeMillieHHs] a0OHEHTIB Ta IX aKTUBHOCTI, 110 MOYKHA 3IMCHUTH Ha
MIiZICTaB1 3aPOIMOHOBAHOI Y CTATTI IMiTalliiHOT MaKpOMO/IE/Ii MOBEAIHKH a0OHEHTIB.

@opMyBaHHS CTPYKTYPH Mepe:Ki KOMipKOBOT0 3B’ 13Ky
Jist MoJienTFoBaHHsI MPOIeciB OalaHCYyBaHHS a0OHEHTCHKOT'0 HABAHTAXKCHHS B KOMIPKOBHX MEpeKax
MOOIUTEHOTO 3B’ 513Ky CIIOYATKYy IMOTPIOHO pO3B’A3aTH 3a/lady aBTOMaTH30BaHOTO ()OPMYBAHHS CTPYKTYPH
Mepexi pamiofoCTyIy, MEepIIMM €TaroM SKOi € 3HaXOMKEeHHs KoopauHaT OasoBux craiid (BC). s
CTIPOIICHHS MPUIMEMO, 1110 TEPUTOPIs € PIBHUHHOIO Ta MPSIMOKYTHOIO, po3MinieHHs1 bC — piBHOMIipHE, a
KOMIPKH TI0IaMO Y BUTJISII MIECTUKYTHHKIB (puc. 1).
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Puc. 1. @pacmenm cmpyxmypu mepedsici KOMIpKOBO20 36’ 513Ky
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Sk BUAHO 3 puC. 1, TaKUi CHOCIO MOKPUTTSI 0a30BUMHM CTAHIIISIMU € MEPIOUYHUM 3 TepiogoM 3XR
o ropu3oHTadi. Bincranp Mk cycimHiMu BC, 110 po3TainoBaHi Ha OJHii TOPU3OHTaI, CTAHOBUTh 3XR.

KinbKicTh IOBHMX IEpioAiB MO TOPU30HTAIII N, CTAHOBUTHME!

é X 1
nx = 1 (l)
3Rl
ne X — IOBXKWHA TEPUTOPii MOKPUTTS, R — paniyc KoMipKkH;
X
=~ .-n, 2
2=, @

1€ Z, — 3aJIUIIOK Iepiomy.

Axmo X >R, To KUIBKICTh CTOBMIIB Ta KOOPAMHATY X 0a30BMX CTaHI[H IEPIIOro CTOBIIISL
00YHUCITIONOTH 3a criBBigHomeHHsMH (3) Ta (4)

i 1
22X, £=
: K« Z, 3
i 1 5
n=lon L leze?, €
|
;me+2, 7z 52

Ae N, —3aranbHa KUIbKICTb CTOBIILIB,;
165
i R ﬁ+1.5>§3;(- —f ;(EE
" 65 3

i
r
!
xl:}_ RX.5%z, %<zx£g, (4)
|

[e22 &)

i .
i R>§[+1.5>§z;( A PRS-
f 620

ne X, —KoopauHata X 0a30BUX CTaHIIHM MEpIIOro CTOBIIIS.

Axmo X £ R, To cripaBeIMBI Taki TBEPIKCHHS:
n =1. (5)

X, =15R>, =§. ©)

Jlyis 0a30BUX CTaHINM KOXXHOI'O HACTYITHOT'O CTOBIIIS KOOpJAWHATa X BH3HAYAETHCS 3a CIIIBBIIHO-
treHasM (7)

X, =X, +1.5RXn- 1), n=2,n @)
ne X, —KoopauHata X 0a30BUX CTaHILIN N-TO CTOBII.

Ha puc. 2 HaBeaeHO TeOMETpPUYHI Bigdani MDK CyCigHIMH 0a30BHMH CTAHIIIMM TIEK-
CaroHallbHOI CITKH, PO3MINICHUMH Ha PI3HUX TOPU3OHTAIBHHX OCsX. Lle BUKOPHCTOBYETHCS IS
oOYMCIeHHs OpArHAT 0a30BHX CTAHIIK y mporeci GopMyBaHHSI KOMIPKOBOI CTPYKTYPH Ha 3aJlaHOMY
nepuMeTpi.

Sx BUAHO 3 pHC. 2, KUIBKICTh 0a30BHX CTaHIIl y MapHUX Ta HEMapHHUX CTOBIIIIX
Bipi3HsAeThCs Ha 1

D
c/

Y
n, = T (8)
' &R3l
ne Y — mMpHUHA TEPUTOPIi MOKPUTTS; N, — KinbkicTh BC y mapuux cromisx (N, - 1 — kinkkicts BC y

HEMapHUX CTOBIIIISX).
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R/3

V3

Puc. 2. Biooani migic cycionimu 6azoeumu cmanyisimu
Ha PI3HUX 20PU3OHMATLHUX OCSIX

N
Z,=n, Rx\/:? 9)

Jie Z, — 3aJIHUUIOK TEPiozy.
[NoyaTkoBa KoopauHaTa Y 0a30BHX CTAHIN y TAPHUX CTOBIIIISX:

V3
Y, =R><?>(l- z,). (10)
[NowyaTkoBa KoopauHaTa Y 0a30BHX CTAHINN y HETTAPHUX CTOBIIIISX:
V3
Y1H=R><7>(2- z,). (11)
Koopaunara y mjis ycix iHIIMX 0a30BUX CTaHI[IH BU3HAYAETHCS:
JUTS TAPHKUX CTOBIII[IB
® -16 U
Ynn:Rx\/éx(;n- % b n=2n,, (12)
e (%)
JUTSL HEMIAPHUX CTOBIIIIIB
A uuuuuuuuwr
(13)

Yo =R&3gn- 22 n=2,(n, - 1),
é 2p

ne Y, Y, —KoopmauHaTH Y N-X 6a30BHX CTaHMLiH mapHoro ( ;) Ta HemapHoro ( ,, ) CTOBIIIB, BiAMOBIIHO.

3arajibHa KUIBKICT 0a30BHX CTaHI[IH CTAHOBUTE:
_ énd
Ny =n. =, - 8_2 H. 14

Ha puc. 3 mogano pe3ynbTaT aBTOMATH30BaHOTO (OPMYBaHHsS KOMIPKOBOI CTPYKTYpH MeEpexi Ha
OCHOBI OITUCAHOTO BUIIIE METOJY 3 BXIIHUMH MapamMeTpaMu:

noxuHa Teputopii mokputts — 1000 m;

mmpuHa Teputopii mokputts — 1000 m;
pauniyc komipku — 100 M, 1110 BiATIOBIa€ yMOBaM IILIBHOI 0araTOMOBEPXOBOI MiCHKOI 340y I0BH.

Bapro 3a3HaunTH, 1m0 Ha puc. 3 HasiBHI HEMOKPHUTI (parMeHTH TEPUTOPii Ha TPAHUISX TIEPHUMETPA,
0 € OCOOJHMBICTIO 3allPONIOHOBAaHOI METOIMKH. BBaxkaemo, 1m0 Ii1 TepuTOpis 3abe3leueHa pajiio-

MOKPHUTTSIM 13 CYCiJTHIX TIEpHUMETPIB.
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Puc. 3. I[Ipuxnao komipkosoi cmpykmypu
Mepedici 3a0ano20 nepumempa

MopesiroBanHs nepeMilieHHsI A00HEHTIB
MopnentoBanHss pyXy aOOHEHTa 3ifICHIOIOTH, 3aJaf0dd BETMYMHU TMepeMillieHHs I (M) Ta KyT
nepemimenns f (panian). [lepemirnenHs 3anexuTh Big mBUIKOCTI aboHeHTa V, ; (M/C), sSiKa BU3HAYAETHCS

Tax:
Va6 :Vmax >4( ' (15)
ne V,, — MakCHUMAIbHO MOKJIMBA IIBHIKICTH TepeMillleHHs a0OHeHTa (3a 3amoBuyBaHHAM V,, =33 m/c);
k — Oe3po3mipHuil KoeillieHT, 10 BU3HAYAETHCS K J00yTOK K BHIAJKOBUX YMCEN, 3TCHEPOBAHMX 32
JIOTIOMOT'00 PIBHOMIPHOTO 3aKOHY PO3MOALTY Ha mpoMikky Bix O mo 1.
CepenHe 3HaUCHHS OTPUMAHKX IMBUAKOCTEH MPsIMyBaTUME JI0 3HAYCHHS
Vv
A L (16)

a6_cep — 2K

3MiHa HampsMy pyXy a0OHEHTa BU3HAYAETHCS KYTOM MEpPEMIICHHS, SKHH CKIaJa€Thes 3 KUTbKOX
CKJIAJIOBHIX:

f =a +b»05- b), (17)
Je a — IMOCTiiiHa CKJIajoBa KyTa IepeMillleHHs a0oHeHTa, pamiaH; b — BennuwHa miamasoHy IOMYCTHMOT

3MIHH KyTa MEPEeMIIlIeHHs, pajiiaH; b — piBHOMIPHO PO3MOiICHE BUIIAAKOBE YMCIIO HA MPOMDKKY Bix O mo 1.

a =px1- 2xd), (18)
ne d — piBHOMIPHO PO3IOALICHE BUIIaIKOBE YMCIIO Ha MPOMDKKY Big O mo 1.
b =2 g4, (19)

ne g — piBHOMIPHO PO3NOALIEHE BUIAIKOBE YUCIO Ha MPoMiKKY Bix O mo 1; f,, — koediuieHT BBy
IIBUJIKOCTI Ha 3MiHY HaImpsMy IepeMilieHHs, 3HaueHHs f,, Hanexats npomikky Bix 0 mo 1. Ilo Ginbie

3Ha4eHHs V ,, TO MeHIle 3Ha4YeHHs f,, i, BIANOBiAHO, MEHIIa JOMMyCTHMa 3MiHA KyTa IepeMillleHHS

f, fﬁ Vo 8 (20)
Vmax (%)
Ae M — CTENEHEBHH IOKa3HHMK, 3POCTAHHS SKOrO IPH3BOJMTH JIO MEHINOI MIHJIMBOCTI HAmpsmy
TepeMileHHSI.
[TepemimieHHs1 I BH3HAYAETHCS SIK:
r=Dtv, {(1- p)+2xpa), (21)

ne Dt — imTepBan wacy, 3aKiafeHH#l y OAMH KpPOK MojemoBaHHsA (¢); P — KoedillieHT, 110 BHpaKae

MaKCHMaJIbHy Bapiallifo MIBHIKOCTI aboHeHTa mporsaroM dacy Dt (3a 3amoBuyBamusm P =0,1, TobTO
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MaKCHMMaJibHa Bapiarlisi ImBHUAKOCTI aboHeHTa craHoBuTh +10%), a — piBHOMIpHO po3mOgiIcHE
BMITaJIKOBE YKCJIO HAa MPOMDKKY Big O mo 1.
[TouatkoBi koopauHaTH aboHeHTa X, Ta Y, 3aJal0Th BUIMAJKOBHMH 3a JOINOMOTOI PiIBHOMIPHOTO
3aKOHY PO3IMOALTY B MEXKaX TEPUTOPIT TOKPUTTS.
HacrynHi koopanHatn aboHEHTa BU3HAYAIOTHCS Ha KOXXHOMY KPOIli MOJIENIOBAaHHS 31 3HAYEHb
rraf:
X, =X, ,+rxos(f ). (22)
Y, =Y, , +rssin(f). (23)

Bemuuunu V, V.

e K, @, b T1af, BU3Ha4aroThCs OIMH pa3 HA MOYATKY MOJEIIOBAHHS OKPEMO

I KO)KHOro aboHeHTa, a BenuuuHu r, T, X Ta Y, BU3HAyaloTh Ha KOXKHOMY KPOL MOJEITIOBAHHS
OKpEMO Il KOYKHOI'O a0OHEHTA.
Takosx 3anpONOHOBAaHO MOALT AOOHEHTIB Ha TPYIH 3a MIBUAKICTIO epemimenHs V,,, M/C [10]:

I'pyna 1(V,, <0.25).

I'pyna 2 (0.25<V,, £0.5).

I'pyna 3(0.5<V, £1).

I'pyna 4 (1<V,, £ 2).

I'pyna5(2<V,, £4).

I'pyna 6 (4<V,, £8).

I'pyna 7 (8<V,, £16).

I'pyna 8 (V,, >16).

Ha puc. 4 nogaHo npukiaaad po3nodiay aOOHEHTIB 3a MIBUIKICTIO mepeminieHHs. L1 npukmaau
BimoOpaxkaroTh crenudiky MOBeNiHKH abOHEHTIB B pI3HHA dYac mpoTsaroM mpobu. Haiibinpma
KiJIBKICTh aOOHEHTIB 3aBXKJAM HAJCKHTh NEpIIid Tpymi, M0 BIiAMNOBIJAaE KBa3iCTATUYHOMY
nonoxkenHto. Koym crnocrepexerns Beaerhes y nepion 3 8:00 no 10:00 ado 3 16:00 o 19:00, to
CYTTEBO 3pOCTa€ YacTka a0OHEHTIB y rpymax 3 2 10 6, II0 BiANOBiZae Mepiogy aKTHBHOTO
nepeMimieHHss aOOHEHTIB MK ToMOM i Micuem mpani (puc. 4, a). B iHmmii yac, OKpiM HI4HOTO,

po3monis abOHEHTIB BiANOBiAae cuTyallii Ha puc. 4, 6. Y TeMHHH mepioa H00M CIOCTEpIraeThes
3MEHIIICHHS IUHAMIKH TIepeMinieHHs: aboHeHTiB (puc. 4, 6).

3000

in
i
i

Kb cre alionesT
Kb cre alionesTi
Kb oo alionesTi

2 ] 2 5 6 7 8 1 2 ] 2 5 6 7 8 1 2 ] 2 5 6 7 8

Hauep rpynu 38 wewkicTio Hauep rpynu 38 wewkicTio Hauep rpynu 38 wewkicTio

a o 8
Puc. 4. Bapianmu po3nodiny abonenmis Ha epynu 3a wieuokicmio nepemiwents ons pisnux K :
a—K=4,6-K=5,6-—K=6

3a3HauMMoO, 110 B MPOIlECi MOJECITIOBAaHHS PyXy aOOHEHTIB He 3MIMCHIOBalach IPUB’sI3Ka 110
KOHKpeTHOI MicieBocTi. [Ipuknagu BapiaHTiB TpaekTopii pyxy aOOHEHTIB mojgaHo Ha puc. 5. Y
a0OHEHTIB 3 OINBIIOK MIBUIKICTIO CIIOCTEPIra€Thcsi JOBIIA TPAEKTOPIS MepeMillleHHS MPOTATOM
iHTEepBaly MOJICTIOBAHHS.
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Puc. 5. Ilpuxaaou mpaekmopii nepemiwyennss aboHeHmie Ha 3a0aHOMy nepumempi y npoyeci MOOeI08aAHHsL.
a — ons abonenma epynu 2; 6 — ons abonenma epynu 4; ¢ — ons abonenma epynu 6

Mopes1l0BaHHSI AKTHBHOCTI a00HEHTCHKUX TepMiHAJIIB
MopnenroBaHHS aKTUBHOCTI a0OHEHTCHKMX TEPMIHATIB IPYHTYEThCS Ha IMITAI[IHHOMY CTaTHCTH-
YHOMY MOJIEITFOBaHHI MPOIECY HAJXO/PKEHHsS Ta 00CIyroByBaHHS 3aIMTIB HA KOMYyHiKailiitHi ceancu [11].
B mnporieci MonentoBaHHS KOXXHOMY a0OHEHTY Ha OCHOBI posmoxiny IlyaccoHa 3reHepoBaHO MacHB
tpuBanocreii (Length) xomymikariinux ceamncie Ta intepsamiB (Interval ) Mk mumu. BimnosigHo, mis
OJIHOT'0 KOpUCTYyBaya MOMeHTH movatky ( art) ta 3aBepuienns (End ) n-ro ceancy cTaHOBISTS!

Sart, =End,,_; + Interval,,, ni [2N]
End; = Sart, + Length,, ni [LN]

Ie N — HOMep KoMyHiKalliiiHoro ceancy; N — MakcuMalbHa KUIBKICTh CEAHCIB OIHOIO KOPUCTyBaya
HPOTATOM iHTepBay MojentoBanus; art; = Interval, .

(24)

Ha xoHOMY KpOIli MOJIEITIOBAaHHS | TPOTATOM iHTEpBaITy [i - l'i] BHM3HAYA€EMO TaKi MapamMeTpu:

KUIBKICTh 3aIIMTIB Ha II0YaTOK KOMYHiKamiiiHoro ceancy — Arrival _density; ;
KUIBKICTh po3rovaTx ceaHciB — Start _density; ;
KUIBKIiCTh 3aBepuieHHX ceaHciB — End _density; ;
KUIBKICTh BTpaueHHX ceaHciB — LOSS_ density; ;
KUIBKICTh aKTHBHUX ceaHciB — Load; .
KinbkicTh 3aluTIiB Ha TOYAaTOK KOMYHIKAI[IHHOIO CEAaHCY BHU3HAYCHO SIK KIUIBKICTh CEaHCIB, IO
MOBHHHI PO3MOYATHCS B | -if MOMEHT 1HTEpBATY MOJICITIOBAHHS:

Sart °ib Arrival _density. = Arrival _density; +1, (25)

ne Sart,'ﬁk — MOMEHT IIOYaTKy HAaCTYIHOro KOMYHIKaIliiiHOoro ceancy aboneHta Kk; nk — Homep
HACTYITHOTO CEaHCYy.
KinpkicTs 3aBeplieHNX ceaHCiB B | -H MOMEHT iHTEpBATy MOJCTIOBAHHS BHU3HAYCHO SIK KiUIBKICTh
CeaHCiB, MOMEHTH 3aBEpIICHHS SIKUX JAOPIBHIOIOTH | :
i End _density; = End _density; +1
EndX °ib {nk=nk+1 : (26)
%Loadi =Load; - 1

ne End,'fk — MOMEHT 3aBepIlIeHHS HACTYITHOTO KOMYHIiKaIiiHOTro ceaHcy aboneHTta K .

KinbkicTh KOMYHIKallIHHUX CEaHCIB, pO3MOYaTHX B |-H MOMEHT IHTEpBaly MOJCIIOBAHHS,
BHU3HAYAIOTh SIK KUTBKICTh CEaHCIB, MOMEHTH MOYATKY SKUX JOPIBHIOIOTH i, 3 ypaXyBaHHSIM MaKCHMAJIBHO
MOXKJTMBOI KiJTBKOCTI akTUBHHUX ceanciB Max__Load :

[ —

| Start _density, = Start _ density; +1
7 Load; < Max_Load b i
T 1 Load; =Load; +1

Startf o ip TEndK =i-1 (27)
T |
+Load; © Max_Load b ink=nk+1
] i

1

Loss = Loss +1

—_—— —— —

—_——
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Ha nouatky MozemoBaHHs, TOOTO I KPOKY MOJEIIOBAHHS | =1, MpUMArOTh, 1110 MOYaTKOBE 3HAYCHHS
napamerpa Load, nopiBaroe O, a nk =1. J[is KOXKHOr0 HAaCTYIHOTO KPOKY | IOYAaTKOBE 3HAYCHHs Iapamerpa
Load, npuiimaroTs TakuM, 110 TOPIBHIOE OOUMCIIEHOMY Ha HOIEpeIHbOMY Kpolli 3Ha4yeHHto Load, , .
BxinHi mapameTpu MOJICNIOBaHHS MEPEXKEBOI aKTHBHOCTI aOOHEHTIB TaKi:
Cepe/IHE 3HAUCHHSI IHTepBally Mk ceancamu, | =200¢;
MaKCUMaJIbHA KIUIBKICTh CEAHCIB U1 KOKHOro abonenta, N =50;
CepeIHE 3HAUCHHS TPUBAJIOCTI BUKIUKIB, T =8lc;
MaKCHUMaJIbHa KIIbKICTh BUKIUKIB N =50;
MaKCHMaJlbHa KUTBKICTh OJIHOYACHUX KOMYHIKAI[IHHUX ceaHciB y cucremi Max_Load =40;
TpUBAJCTh iHTEpBany MonentoBanns Time_life=10000 c;
3arajibHa KiibKicTh KopuctyBadie N _user =1000 .

Pe3ynbraTtu MojenoBaHHs aKTHBHOCTI AOOHEHTIB MMOIaHO Ha puc. 6, 7.
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a o 8
Puc. 6. Inmencusnicms Ha0X00XCEHHA 3anUmMi6 HA CMAHOGICHHS KOMYHIKQYIUHUX ceancie (@),
nouamxy (0) ma 3aeeputenns (8) ix obcyosyeanis

[HTEHCHBHICTh HAJIXOIDKEHHS, TIOYAaTKy OOCIYrOBYBaHHS Ta 3aBEpPIICHHS KOMYHIKAIIMHUX CEaHCIB
HaBeJCHO Ha puc. 6, a, 6 Ta ¢, BianoBigHO. [TIopiBHIOIOYHN IX 3HAYCHHS y NMEBHUHA MOMEHT MOJCITIOBAHHS,
BU3HAYAIOTh KUIbKICTh aKTHBHUX Ta BTPAuCHUX KOMYHIiKaliiiHUX ceaHciB (puc. 7, a).

Ha puc. 7, 6 momaHo 3arayiibHi TOKa3HUKW (YHKIIOHYBaHHS MeEpPEXi KOMIpPKOBOT'O 3B'sI3KYy 3a
KOMYHIKaI[IHHAMH CeaHCaMH Y KO)KEH MOMEHT 1HTEpBAITy MOJICIIIOBAHHSI.
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Puc. 7. Pesynomamu mMo0eno8anHs mepeiceoi akmusHoCmi abOHeHmia. a — Mummeeol, 6 — cymapHol

AHaJi3 pe3yJbTaTiB MOJeJTIOBAHHS TA 10CTiTKEeHb
Ha ocHOBiI 3amponoHOBaHOIO METOAY ABTOMATH30BAHOrO (OPMYBaHHS KOMIPKOBOI CTPYKTYpH
Mepexi MOOUTLHOrO 3B’ 3Ky OTPUMAHO CYILIBHE I'eKCaroHajbHE MOKPUTTS 3aJaHOl TEPUTOpIi 3 MaKCH-
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MajJbHMM BiJUIaJICHHSIM CYCiIHIX 0a30BHX CTaHI[IHl BIIHOCHO 3aJlaHOTO pajiyca KOMIPKH Ta MiHIMaabHO
MOXIIUBUM MIDKKOMIPKOBUM TeEpeKpUTTAM. lle ngae 3Mory BH3HAYMTH KUTBKICTH 0a30BHX CTaHIH, iX
KOOPJMHATH Ta 00CAT HEOOXiIHOro O0JIaHAHHS i1 00CIyrOBYBaHHS aOOHEHTCHKOI'0 HaBaHTAYKCHHS, 1110
MOTPAILUISAE Y 30HY 1X TOKPUTTSL.

Ha ocHoBi MozenmtoBaHHsI MepeMillieHHs] a00HEHTIB OTPUMaHO Habip KOOpAUHAT MiCIE3HAXO/KEHHS
KO)KHOTO abOHEHTa y KOXKEH MOMCHT MOJICNIOBAaHHS, 3/IHCHEHO pO3MoJil abOHEHTIB Ha TPpyHmH 3a
MIBUAKOCTSIMH, 110 HEOOXIHO JUTSI MOAAJIBIIOr0 IEHTPaTi30BaHOI0 MPUHHATTS PIllICHb 100 YIPABIIHHS
MOOIUTBHICTIO B MOMEHTH JIOKAJILHUX TepeBaHTaxeHb. OTpUMaHO cIieHapii nepeminieHHs: abOHEHTIB, M0
CKJIAJIAFOTHCS 3 THAMBIAYabHUX TPAEKTOPiM JUIS KOXKHOTO aboHEHTa, siKi (POPMYIOTBCS 3 ypaxyBaHHIM
MIBHJIKOCTI Ta HAMPSAMY X pyXy.

VY pe3ynbpTati MOJEIOBAHHS aKTHBHOCTI aO0OHEHTCHKUX TEPMIHAJIB Ha MiJICTaBi JaHUX MPO MOYATOK
Ta 3aBEPIICHHS KOMYHIKAI[IHUX CEaHCIB OACP)KaHO IHTEHCHMBHOCTI HAAXO/DKCHHS 3alUTIB Ha iX
BCTAHOBJICHHS, a TaKOXK — MOYATKy Ta 3aBepllieHHs i1x oOciyroByBaHHs (puc. 6). Ha orpumanumx
XapaKTepUCTHKaX MHUTTEBUX 3HAYCHb 3aBAaHTaKCHHS Ta BTpAT y cucTeMi (puc. 7, @) YiTKO BHpaKeHi
JIOKaJbHI TEpEeBAaHTAKEHHS, Ha TIOMOJAHHS SIKMX 1 CHPSIMOBAHO METOAW OallaHCYBaHHS aOOHEHTCHKOT'O
HaBaHTaxeHHs, 30kpema [10]. Ha OCHOBI CymMapHHMX Ta MHUTTEBHX 3HAUCHb 3aBAHTAKCHHS Ta BTpaAT
CUCTEMH € MOXJIMBICTh BHU3HAUUTH IMOBIPHICTH BTPAaT CEAHCIB, a TaKOX JOCTYIHICTh CHCTEMH, IO
BAXKJIMBO JJI1 IPOrHO3YBAHHS il CTaHy.

HanpsMu noganbmux AocaiIxKeHb

Y Mexax c@OopMyJIbOBAHOTO HAYKOBOTO 3aBIaHHSA — PO3POOJICHHS Mojeieil OallaHCyBaHHS
a0OHEHTCHKOTO HABAaHTAXCHHS Y MEpeXax KOMIPKOBOTO 3B'SI3Ky 3 BHUKOPHCTaHHS TMOBHOI KOMipKOBOT
CTPYKTYPH 3a PaxXyHOK I[EHTPaIi30BaHOrO yNPaBIIHHSI XCHIOBEPOM — Yy CTATTi 3A1IMCHEHO MOJCIIOBAHHS
MOBEJIIHKH a00OHEHTIB Y MEpeXi KOMIPKOBOTO 3B’ 53Ky, a caMe X MepeKeBOT aKTUBHOCTI Ta MEPEMIlIeHHS y
MEKaxX 3TeHepOBaHOI KOMIPKOBOI CTPYKTYpH Ha 3aJaHOMy IepuMerpi. HeBupileHUMH 3aluiiaroThes
3aBJIaHHS PO3POOJICHHS MOoJeNi () YHKIIIOHYBAaHHS Mepexi Ha OCHOBI MOAM(]IKOBAHOTO METOIY YIPABIiHHS
MOOUIBHICTIO, MOCTIIKEHHS Tpolecy OajgaHCyBaHHsS a0OHEHTCHKOI'O HABAaHTAXEHHS y MeXaX 3amporio-
HOBaHOI MoOjeNi, PO3POOJICHHS CHUCTEMH [EHTPAIi30BAHOTO YIPABIiHHS XEHIOBEPOM Ha OCHOBI
MOHITOPHHTY CTaHy 0a30BHX CTaHIIi Ta aDOHEHTChKOI aKTHBHOCTI [12].

Po3B’si3aHHS  c(OpMyIbOBAaHHMX 3aBAaHb MOJANBIIMX JOCHIDKEHb JacTh 3MOTY 30LIBIINTH
MPOAYKTUBHICTh MEPEXKi 32 a0OHEHTCHKUM HaBaHTAXKCHHSIM, 3MECHIIMTH IMOBIPHICTh BIIMOBH B 0OCIIYro-
BYBaHHI, MIABUIIATH CTYIiHb OajaHCyBaHHS aO0OHEHTCHKOTO HAaBaHTAXXCHHS Ta, SIK HACIIOK, JOCATTH
PO3B’ si3aHHS chOpMYITBOBAHOTO HAYKOBOT'O 3aBJAHHSI.

OtpumaHi Ta OYiKyBaHI pe3yabTaTH MOXYTh BUKOPHCTOBYBATH IMIAPO3IUIN YIPaBIiHHS 0a30BOIO
MEpEKEI0 OIMepaTopiB KOMIPKOBOrO 3B'sI3Ky il 30UTBIIEHHS JOCTYITHOCTI paliopecypciB y pasi
BUHUKHEHHS JIOKaJbHUX TIepeBaHTaKeHb (MICIISI MAacOBOI'O CKYITUEHHs aOOHEHTIB, TOIMHM HaWOiIBIIOro
HABaHTaKEHHS TOIIO), 301TbIIEHHS Tapr(HUX JOXOIIB, TOMIIIIEHHS SKOCTI HaJaHHs ITOCTYT 3MEHIIEHHIM
IMOBIPHOCTI BiZIMOBH B OOCITyTOBYBaHHI.

BucHoBok

3anpornoHOBaHO METOJ aBTOMAaTH30BaHOTO (POPMYBAaHHS KOMIPKOBOI CTPYKTYpH MEpPEXi, IO Jae
3MOTY MAaKCHUMI3yBaTH IUIOIIY pamionoKputTsa. Lled Meron BiApIi3HAETbCS BiA BIAOMUX THM, IO
nependavae po30OUTTS TEPUTOPIi Ha TNPSIMOKYTHI 30HHM 3 KOMIPKaMH OJIHAKOBOTO pajiyca, Ha SKHX
peanizyeTbcss aBTOMATH30BaHE po3MilleHHs ©OazoBux craHmi. Lle 3abe3neuye orepaTopoBi 3MOry
BUKOPHUCTaHHS MiHIMAJIbHO MOYKITUBOI KUTBKOCTi 0a30BHX CTaHIIIH.

Mogenb pyxy aOOHEHTIB Ja€ MOXJIMBICTH pealizyBaTH pi3HI cIeHapil X mepeMilleHHs, Mo
3a0e3medye THYYKICTh Ta 3arajibHICTh Pe3y/IbTaTiB MOJAENOBaHH:A. L[ Mojenb BiIpI3HAETHCS Bil BIIOMHUX
THM, IO 3a/1a€ KOOpAWHATH aOOHEHTIB HE TUIBKM IIiJ Yac X aKTUBHUX KOMYHIKAIIHHMX CEaHCIB, a
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MPOTATOM YChOT'O IHTEpBally MOJEIIOBAHHS, Ta BpaxoBye crenudiky MoBeqiHKH aOOHEHTIB B Pi3HHN Yac
YIPOAOBXK J00W. YpaxyBaHHS TpaekTopil pyxy aOOHEHTIB Ja€ 3MOry MPOrHO3YBaTH 3aBaHTaKCHHS
OKpPEMHUX 30H KOMIPKOBOI Mepexi, 110 3a0e3MmeunTh IMiIBUIICHHS CTYIeHs OallaHCyBaHHsS aOOHEHTCHKOT'O
HaBaHTaXCHHS.

Mozenb akTHBHOCTI aDOHEHTCHKUX TEpMiHAIIB Ja€ 3MOry chopMyBaTi abOHEHTChKE HaBaHTAKEHHS
Ha PaJioMEpPeKy 3 JOKAJIbHUMH IepeBaHTaXCHHAMH. Llsi MOjenb BiApi3HSAETbCSA Bi BIIOMHX THM, IO
3aBaHTA)KEHICTh CHCTEMH, a BIJMOBIAHO 1 BTPaTH, BH3HAYAIOTHCS 3 OJHOYACHWUM ypaxyBaHHSM TpHUBa-
JIOCTEH KOMYHIKAIIMHUX CEaHCIB, IHTEHCMBHOCTI HAJIXO/DKCHHS 3aIlUTIB Ha iX MOYAaTOK, IHTCHCHMBHOCTEH
MOYaTKy Ta 3aBEPIICHHS iX 00CIyroByBaHHS, Ta MaKCHMaJIbHOI OJHOYACHOI KUIBKOCTI CE€aHCIB Y CUCTEMI,
0 Ja€ 3MOTy IIJBHIIUTH aJCKBaTHICTh MOJCIIOBAHHS a0OHCHTCHKOI'O HAaBaHTAXXCHHS MEPESKI KOMIp-
KOBOTO 3B’ SI3KY.
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