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PASBPABOTKA AJITOPUTMMNYECKOI'O OBECIIEYEHUN A
AJId CUHTE3A TOIIOJIOTNYECKUX CTPYKTVYP
NMHOOKOMMYHUKAIINMOHHBIX CUCTEM

A.A. Copoxun, II.C. Pesznuxos

B pabore nokazano, 4ro omHa m3 mpoOEM CHCTEM TEJIEKOMMYHHUKAIIAN — 9TO HEOIPEJIeIeH-
HOCTb OTHOIIIEHHUS 3JIEMEHTa K OIPEJIEIEHHOM IOJICUCTEME CeTH Tepeadn MHMOPMAIH, JIEMEHT
MOKET HCIIOJIb30BAThCS KaK a0OHEHTCKOe OOOpYyJOBaHME M KaK IOJICUCTEMA YIpaBJeHuda. B pe-
3yabTare 3arpylHsercs BHeapenue ad hoc cereil B cTpykTypy cucreM MOOWIbHO# cBst3u. Jljs
yCTpaHeHusi MPOOJIEMbI Pa3pabOTaH METOJ, ONMMCAHWS CTPYKTYPLI CHCTEMbI MHMOOKOMMYHUKAIHIA.
Meto 1 ocHOBaH Ha TIPEJICTABIEHUNA CUCTEMbI KaK €IUHOM JIOrndeckoil crpykrypbl. OCHOBa CTPYK-
TYypbl — 9TO BUPTyaJibHble y3Jibl. COBOKYIHOCTH BUPTYAJBHBIX Y3JI0B 0Opa3yer BUPTYAJbHYIO
ceThb. IIpomnycknas CrocoOHOCTh BUPTYAJIbHOM CETH M3MEHSETCS 10 BEPOSTHOCTHBHIM 3aKoHaM. Be-
POSITHOCTHBIE 3aKOHBI OIPEJIETSIOTCS Ha OCHOBE CTATHCTHWKM TOCEIIEHUs] BUPTYAJIbHOTO y3/a (u-
sudyeckumu y3jaamu. O6JIacTb MCIHOIB30BAHUA JJIsd CUCTEM CBA3U 3aKJIIOYACTCH B IOBBIMIEHUU (-
(bEKTUBHOCTH yIPABJIEHUS 38 CUET MPOTHO3UPOBAHUS AJIHTEPHATUBHBIX MAPIIPYTOB IEePeIad UH-
dopMaI U CHHTE3a CHCTEM CBA3U PA3JIUYIHBIX CTAHIAPTOB. Pe3yIbTaThl MOYKHO WCIIOIL30BATDH
JJIST UCCJIEIOBAHUS B3AUMOJEHCTBUI CONMAIBHBIX U SKOHOMUIECKUX CHUCTEM perumona. s memon-
CTpAIUU Pe3yJIbTATOB MPOBEMEH SKCIEPUMEHT 10 MPOTHO3UPOBAHUIO KOJTUIECTBA (PUIUIECKUX Y3-
JIOB B 3aJI[AHHOM BUPTyaJbHOM y3ie. 1lo To/lydeHHbIM JaHHBIM PACCINTAHA BEPOSATHOCTH IMOSBJIE-
HUAS B BUPTYAJIBHOM y3je (DU3NIECKUX O0BHEKTOB. Pe3ysibTaThl pacuera MO3BOJAIOT OCTPOUTH
KapTy TOCENAaeMOCTH TEePPUTOPUU (PU3UIECKUMU Y3JIaMU U PACCIUTATH MAPIIPYTHI IepeIadn
TpaduKa MexK/Iy BUPTYAJbHBIMU Y3JIAMHU.

Knouesvie caosa: cucmema, GHAAU3, UHPOKOMMYHUKAUUL, MONOA02USA, CMPYKMYDPA, CUH-
me3, uHPoOpMaUUs, Ynpasierue, oopabomra, cems.

BBenenue

Cucrembl THPOKOMMYHUKAIMI UHTETPUPYIOTCS B Pa3HbIE BUIBI JESITEILHOCTH YeTOBEKA.
Ob61aCcTh MCTOJMBb30BAHUST CUCTEM WHMOKOMMYHHUKAIUN JTOCTATOYHO IMTUPOKA, HAYMHAS OT
obecrieueHuns TOJIOCOBOM CBSA3U W JIOCYTa W 3aKAHYMBAsl YIACTHEM B TPOIECCAX YIPABICHUS
TPAHCHAIMOHAJHLHBIMI KOPIIOPAIMAME. Y YATHIBasi (PaKTOPhI B3AMMHOTO BJIUSIHUSI COIUyMa, W
CHCTEM Tepeiadun U 00paboTKu MH(POPMAIINN, TOPOXKIAIOTCS HOBBIE PHIHOYHBIE HUIIU U TEX-
Huygeckue permenus. OHa u3 OOIECHCTEMHBIX YePT ceTell MHMOKOMMYHUKAIUN — B3aWMHAsT
uHTerpanys (MM KOHBEPIeHIWs) PA3IUIHBbIX [TPOIPAMMHBIX U ANMAPATHBIX CPEICTB Hepesia-
gn u 0bpaboTku mH(pOpMaIm. B pe3ybTaTe KOHBEPreHIMH TEXHUYIECKUX W MPOrPAMMHBIX
periennii  pa3pabaThIBAIOTCT HOBBIE METOMbI MOCTPOEHUS TEJTEKOMMYHUKAIMOHHBIX CHCTEM.
[Tpumep nom06HO# KoHBeprennuu — cozganue Kiacca ad hoc cereit. Cormacuo paboram [1-4]
tepmuH ad hoc ceTn o3HAYAET CAMOOPTaHU3YIONINECS PACIPEIEIEHHBIE CUCTEMbI TEpeIadn 1
obpaborku undopmanun (CPCIION). B cocras kmacca ad hoc cereit sxomsr MANET (Mo-
bile ad hoc networks) [1], VANET (Vehicular ad hoc networks) [2], Mesh u cencopubie ceru
[3, 4]. B pesysibrare B3auMOZEHCTBUSI CTPYKTYPHBIX JEMEHTOB IMOJOOHBIX CHCTEM ITPOUCXO-
JIUT CUHTE3 HEOOXOIMMBIX TOMOJOTHYECKUX CTPYKTYP B 3aBUCHMOCTU OT BHEITHUX YCJIOBHH.
Oyuknumonupopanue CPCIIOU npoucxont kak 6€3 MOJAKIIOUEHUS K CUCTEMAM CBA3U ODIIETro
MMOJTb30BAHUSI, TAK W COBMECTHO C HUMHU TIPU MOMOIIM B3anmMOJeHCcTBUsT dYepe3 mumo3bl. O6-

sactb ucnob3oBanus CPCIIOU pasnoobpaszna — 310 0OMeH mHMOpMAaIeil MexK 1y HeOOJIb-
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[IMMU TPYIIaMU TOJBIZKHBIX U cTaTudHbiX mnosb3oBareneit (MANET ceru); obmen ciryxkeb-
HOM wmH(MOPMaIMeil MeX/1y MOJBUXKHBIMU OOBEKTAMEU C IEJIbI0 aBTOMATU3AIMUA yIIPABJICHUS
rpancroprabivu morokamu (VANET cern); GbicTpo-pasBepThiBacMble CHCTEMBI JIOCTYTA K
cerun Uurepuer (Mesh cern); cucrembr c60pa JIAHHBIX ¢ TEXHOJIOTUIECKUX OOBEKTOB (CEHCOP-
HBIE CETH).

ITTupokoe mprMeHeHHE CaMOOPraHUI3YIOMMXCA CHUCTEM IIepenadn U obpaboTKu mHOpMa-
[ CAEPKUBAIOTCS OTHOCUTEJILHO HU3KUM KadeCTBOM Iepeliadu Tpaduka U CII0OKHOCTIMU
B3aUMOJIECTBUST C CUCTEMAMHU CBS3U OOIIEr0 MOJIBb30BAHUS, HAIIPUMED CETIMU MOOUJIBHOIM
cszu [1-5]. Uccoenosanue crnoco6os nosbimenust 3bdeKTuBHOCTH Tepenadn Tpaduka B cu-
CTeMax CBA3U C U3MEHAEMOI TOIIOJIOrMeid IToKa3aJiy, YTO IIEePBOIIPUYMHON OrpaHUYeHUl ABId-
IOTCS TIPUHITUIIBL (POPMAJBHOTO IPEJICTABICHUS TOTOJIOTUU CUCTEM JAHHOTO KJIACCa, TaK Kak
JIaHHDBIE TPUHITUIIBI TPUMEHAIOTCS BO BpeMs pa3pabOTKU IMPOTOKOJIOB, Pab0Ta KOTOPHIX BJIUsI-
er Ha KadecTBo mepenaun uahopmarumu [5, 6]. CiaenoBarenbHo, HEOOXOAUMO COBEPIIEHCTBOBA~
Hre (GOPMAJILHOTO AIllapaTa, Ha, OCHOBE KOTOPOTO pPa3pabdaThIBAIOTCS MPOTOKOJIBI YIIPABJIEHUS
CaMOOPraHU3YIOIUXCS CUCTEM Tepeadn U 006paboTKu MHMOPMAIMHU. Y YUThIBas TEHICHIUIO
ma uarerpamuio crpykryp CCIIOUN ¢ cersimu ¢BsI3M OOILEro IOJIb30BaHUS (DOPMAJILHBINA all-
mapar JOJXKEH IPEIyCMaTPUBATDL CTPYKTYPHO-TIAPAMETPUIECKUN CHUHTE3 JBYX KJIACCOB CHU-
CTeM U TO3BOJISTh MPOTHO3UPOBATH PA3BUTHUE CUCTEMBI C YUE€TOM PA3JIMIHBIX BHEITHUX BO3-
JIeiCTBUIA.

Ilens paborer: paspaboTKa u TpOrpaMMHAasi Peau3alisd MATEMaTHIeCKOro O0ecledeHus
JIJIsi ONUCAHUS CUHTE3a, TOIOJIOTMIECKUX CTPYKTYP CUCTEM MH(MOKOMMYHUKAIINNA.

Crarhsi COCTOUT U3 CJEIYIONIUX Pa3/e/ioB. B mepBoM pa3ziese paccMOTPEHbI O0IIue TPUH-
Uikl (DOPMUPOBAHUS CTPYKTYP MH(POKOMMYHUKAITMOHHBIX CHCTEM, TPOAHAJU3UPOBAHBI TEH-
JIGHIINU WX Pa3BUTHsA. BO BTOPOM pasjiejie MOKA3aHbl OTPAHUYEHUsI COBPEMEHHBIX MOeseil u
METO/IbI OIMCAHWS TOIOJIOTUU cucTeM MH(POKOMMYHUKaluil. B Tperbem pasiese onucan HO-
BBIl MeTOJ, POPMUPOBAHUS TOTIOJIOTUHU CETU MH(MOKOMMYHUKAIIMOHHON cuCcTeMbl. B yeTBepTOM
pa3sesie onmMcaHa peaim3aliisi aJrOPUTMUYECKOr0 ODEeCIiedeHrst, KOTOpas IO3BOJIsieT CPOPMU-
POBaTH TOIMOJIOTUYECKYIO CTPYKTYPY W3 Y3JIOB PAa3JIMYHON CTENEHU IOJABMAKHOCTH. B 3akrro-
YEHUU MPUBOJIATCS B OOOOIIEHHOM BHJIe OCHOBHbBIE PE3yJAbTaThl PAOOTHI.

1. Ananus CTPYKTYPHBIX 3JIeME€HTOB I/IH(bOKOMMyHI/IKaI_(I/IOHHbIX

CCTEM

TermeHnuu pPa3BUTHS COBPEMEHHOTO PBIHKA WHMOKOMMYHUKAIMN MOKA3BIBAIOT 3P(eKT
B3aMMHOTO BJIUSHUS COIMATHLHO-IKOHOMUYIECKUX W TEXHUYECKUX COCTaBJAoNuX. K qucity mo-
JIOOHBIX COCTABJIAIONIMX MOXKHO OTHECTH: CIIPOC ITOJIb30BaTENIedl U TPEJJIOKEHNs CO3aTesei
KOHTEHTa, Pa3pabOTUYNKOB MPOrPAMMHOTO OOECIIEUEHNsI, PA3JIMIHbIE BUJIHI aDOHEHTCKOTO 060-
py/lOBaHusl, yPOBEHb pa3BuTus cereii oneparopos cesasu |1, 3|. IIpumepom 1o06HOrO BIUs-
HUsI CTAJIO TOSIBJIEHHE MOOUJIBHBIX yCTPONCTB (HOYTOYKOB M KOMMYHHUKATODOB) M DAa3BUTHE
cuCTeM MOOMJIBHON CBSA3U BTOPOTO W YETBEPTOrO TMOKOJeHUH. MOGHIbHBIE YCTPONRCTBA BHI3BAa-
JI1 OTPeGHOCTHL B JIOCTYIE ¢ HUX K ceTH Internet, 4To mpuBesIO K MHTEHCUBHOMY BHEJIPEHUIO
cereil MOOUIBHOM CBSI3M TPETHErO TOKOJIEHUs ¢ TAPHMHLIMU MJIAHAMHA U CPEJICTBAMU JIOCTYIIA
kK cetu Internet. /locTymubie TapudHbie TIAHBI YBEJIUIWIN CIIPOC W MPEIJIOXKEHNe cMapTdo-
HOB W IIJIAHIIETHBIX KOMIIHIOTEPOB, co3jaHue Internet TIOMAI0K JjIsi YCTAHOBKHU TPOTPAMM
(Apple Store, Google play u sp.), conuaabHbIX ceTeil, BUICOXOCTUHIOB. Bo3MozKkHOCTEl cereit
TEPTHETO TTOKOJEHUS CTAJIO HeaocTaTouHo. OmepaTophbl CTalu BHEAPATH CETH YETBEPTOTO TO-
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KOJICHWsI, HAYAJNCh U3BICKAHUSA B OOJIACTU CUCTEM CBSI3W HOBBIX MOKOJeHWit. Tarkum o6pasom,
HA Pa3BUTHE ONEPATOPa CBA3M OKA3bIBACT BIIMSHUE MOBEICHUE aDOHEHTOB CETH, & HOBBIE BO3-
MOYKHOCTH CETH TTOPOKJIAIOT HOBBIE TOTPEOHOCTH y TIOJIb30BATEEH CETH.

[IpuHIUIBL QYHKIMOHUPOBAHUS CUCTEMBI WH(MPOKOMMYHUKAIIA OMUCAHBI B KOHIIENITYAIb-
HBIX MOJesstX. K aucity momoGHBIX MOJEIel OTHOCSTCS: MOJIE/Th B3AUMOJIEHCTBUSA OTKPBITHIX
cucrem (OSI), momenb creka nporokosos TCP/IP, uerbipexypoBHeBasi MOJE/b YIPABICHUS
cerbto TMN (Telecommunication Management Network) [7]. Mogeau TCP/IP u OSI pac-
CMaTPUBAIOT CUCTEMY C TO3WUIMK pernteHus 3amad nepenadu tpaduka. Momens TMN opuen-
THUPOBaHA MEHEIKMEHT B YIPABJIEHUU OIMEPATOPOM CBS3M, HO HE COJEP’KWUT, B sIBHOM BUJE,
OIUCAHUE CPEJICTB TMOCTPOEHUs] OOPATHBIX CBA3€M MEXKJIy MPOTHO3UPOBAHMEM CIIPOCA ITOJIb30-
BaTesell ceTu U MPUHATUEM PEIIeHU B 00/IaCTH yIIPABJICHUS CETHIO.

OmbiT yrnpaBieHus WHMPOKOMMYHUKAITMOHHBIMU OU3HEC-TIPOIIECCAMHU  TTOKA3BIBAET, UTO
YCIIEX TIPOEKTa 3aBUCUT OT HPABUIILHOIO TapreruHra aboreHTos. Taprerunr, corsacuo (8], —
9TO BBbIJEJIEHNE TIEJIEBOM ay UTOPUU IO 38JaHHBIM KPUTEPUIM JIJIsI JIEMOHCTPAIUU IIPEJJIOXKe-
Huii. B paMKax MccaeqoBaHU 101, TAPTEeTUHIOM aOOHEHTOB MOHUMAETCs, BBIIEIEHUE IEIeBO
IPYIIbI, B 3aBUCUMOCTH OT BPEMEHH CyTOK, MECTa HAXOXKJIEHUsI, COIMAJIBHOIO CTATYCa JIJIs
IIPEOCTABIEHUS YKeIaeMoil MHMPOKOMMYHUKAIMOHHON yeayru. [loamepkka u mpuHsaTHE pe-
IIIEHUH 110 YIPABJIEHUIO OM3HEC-TIPOIECCOM B 00/1acTh MH(MOKOMMYHHUKAIIAN JTOJIPKHA ONMUPATh-
Cs HA CHUCTEMY Y€TKO BBICTPOEHHBIX OOpaTHbIX CBs3eil. OOpaTHbIe CBA3M JOJIKHBI II€PE/IaBATH
nHMOPMAIIMIO O OCOOEHHOCTSX pacIpeieieHns abDOHEHTCKON 6a3bl ceTu MH(MPOKOMMYHUKAIUA.

C yuerom paborsl [9] cucremy MHODOKOMMYHUKAIMHA MOXKHO IIPEJICTABATH B BHJIE COBO-
KYITHOCTH MHOYKECTB CTPYKTYPHBIX 3JIEMEHTOB UEThIPEX ITOJCUCTEM:

® MHOXKECTBa 3JIEMEHTOB abDOHEHTCKOro obopyloBaHUA — {Sb,}, Tne a e[0,A):A - ©

YUCJIO JIEMEHTOB MHOXKECTBa aDOHEHTCKOro 000PY/I0BaHUs,
® MHOYKECTBa 3JIEMEHTOB TOJICUCTeMbI JlocTynia — {Apg}, rie B e[0,B]:B # o HUCIO 3T6-

MEHTOB MHOXKECTBA, TIOJICUCTEMBI JTOCTYTIA,

® MHOYKECTBA IJIEMEHTOB TOJICHCTeMBI TpancroptHoit cern — {In,}, e y €[0,I']:T = oo

YHCJIO JIEMEHTOB MHOYXKECTBA MOJACUCTEMBI TPAHCIIOPTHON CETH,

® MHOXKECTBA 3JIEMEHTOB TOJcHCTeMbl ympasienns — {My}, tae ¢e[0,d]: @ =0 HmCTO

QJIEMEHTOB MHO2KeCTBa IIOACHUCTEMbI YIIDaBJICHUA.

O6bemunenne muoxects {Shy ), {Apgl, {Tn,}, {My} obpasyer Tomosormeckyro cTpyx-

TYpy UHMOKOMMYHUKAIIMOHHON CUCTEMBI:

IS 2 {Sh, } Uidpgy UiTn, } UMy} (1)

O630p pabor [1-3, 9, 10] u npakTHIECKHUii OUBIT IKCIUIyATAIMU CUCTEM MHMDOKOMMYHUKA~
Ui TTOKAa3bIBAET, YTO OOJIBINAA YACTb ODOPY/IOBaHUS BCEX IOJICUCTEM — 3TO IIPOrPAMMHO-
alrmapaTHble KOMILIEKChI. [IpuHIUIbEI paboThl anmapaTHOl YacTu ODOPY/IOBaHUsT Pa3IUIHBIX
ITOJICUCTEM WIEHTUYHBI. Pasjimdus o0Opy/IOBaHUs, KAK IIPABUJIO, 3aKJIOYATCA B (DYHKIHO-
HaJbHBIX OCODEHHOCTSIX OTIEJIbHBIX MOJyJjei. Hampumep, MOMHOCTH TIEPEAIONIEro 000pyI10-
BaHUsl WX OObEeMOM BCTpOeHHOU mamsiTu. OCHOBHBbIE OTJimuus OOODPY/IOBAHUSI PA3JIMIHBIX
nojicucTeM HabJIIOJAI0TC B obsactu nporpammuoro obecneuenusi (I10). B 3aBucumoctu or
Buga 11O ycrpoiicTBO BBITIOSHSET pa3Hbie (DYHKIUNA: 00padaThIBACT MPUIOKEHUS TOJTH30BATE-
Jieli, perraeT 3aJavu MOUCKA MapIIpyToB mepegadn uHdopmarmu. [IpuHimnbr GyHKIMOHUPO-
Banusi 11O pasHoro obopyoBaHUS MOTYT COBIAJATh, TAK KaK PEAJM30BAHBI HA OCHOBE WJICH-
TraHbIx oneparoHHbx cucreM (OC), nanpumep Ha ocroBe Unix mogo6usix OC (Linux, Free-
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BSD) uwnun Windows OC. O6mmumit npussak cucreM WHGOKOMMYHUKAIH — BO3MOXKHOCTH UC-
MOJTh30BATh OJIMH MTPOTPAMMHO-AIMMAPATHBIN KOMIIEKC B pasHbIX MojcucreMax. llomobnas
BO3MOXKHOCTB TTO3BOJIsTET OOOPYIOBAHUIO OJTHON TOICUCTEMBI PEIATh 3aa9HM JPYTUX TOJCHU-
CTeM, B 3aBUCHMOCTH OT COCTOSTHWsI CeTH. B pe3ysbTare HapyIaeTcs pacupejesenue (yHK-
Uit MeXJIy ToJjicucTeMaMu abOHEHTCKOTO 000pPYI0BaHUSA, YPOBHSI JTOCTYIA, TPAHCIIOPTHON
CeTH ¥ yIpaBJieHusA. B paMKax MpOBOIMMBIX HCCIEIOBAHUIN TIOIOOHOE SIBJIEHUE T1EIECO00PA3HO
HA3BaTh 3(PHEKTOM TepepacnpeeeHns (pyHKITMOHATBHBIX 3a0a49. J(dEKT mepepacipeaese-
Husi (PYHKIMOHAJIBHBIX 33724 0oDbopy/ioBaHus HaOsomaercs B cetu Internet. B ceru Internet
YCTPOHCTBO MOXKET OJHOBPEMEHHO BBINOIHATH (QYHKIMK cepBepa (MOJCHCTeMa YIPaBJICHNU ),
paboueii crannuu (mojgcucTeMa abOHEHTCKOTO OOOPY/IOBAHMsI) U MAPIIPYTH3aTOpa (IIOICUCTe-
Ma yIOpaBJIeHUsT ¥ TPAHCIOPTHON ceru). [IpakTudeckue TpUMeEpbl PEATU3aAlUU — 3ITO CETH
peer-to-peer, paznuuanbie Buabl VPN (Virtual Private Network).

fABHoe pacripenesieane QyHKIMI HAOIIOAAIOCHh B TeJIEMOHHBIX CETIX ODIIEro MOJIb30Ba-
HUsl, CUCTEMaxX COTOBOI CBs3U TIEPBOTO M BTOPOrO TOKOJieHui. ZIBHOe pacipejesienue (QyHK-
il MEXJy MojcucTeMamMu HWHMOKOMMYHUKAIIMOHHON CETH MOXKHO OIHMCATh COOTHOIIEHUEM
BUJIA

Sb= {Fpt ANAp S AF g} ATn S {Frp} AM < {Fy} (2)

rie  {Fgpf AFp AMF i AFy ) — MHOMXKECTBO (DyHKIMOHATBHBIX 337129, KOTOPBIE DeImaioT

9JIEMEHTBI TOJICHCTEM abOHEHTCKOTO 0OOpPYAOBaHMSA, TOCTYIA, TPAHCIOPTHOW CETH, YIIPaBJIe-
uusi. B ceru Internet nepepacupenenenue pyHKIMOHAIBHOCTH 000PYIOBaHUsT HAOJIIOIAETCS CO
CTOPOHBI MOJCUCTEMBI JOCTYIIA, YTO MOYKHO OTHMCATH COOTHOIITEHUEM BUIA:

Sb={Fsp} 0 {fir}: (far} € (Fur (3)
rae {fys} — 3To "acTh yHKIMIT 000PYIOBaHUA HOJCUCTEMBI yipaBienus. O630p psaja 3apy-
Gexxubix [1, 2, 11] u orevecrBennbix [5, 12| paboT moKasbIBaeT, YTO B CAMOOPraHU3Y IOIIUXCS
cucreMax mepegadn u 00paboTku wmHMOpPMaImu, IepepacupeaeaeHue (GyHKIMOHAIbHOCTH
MIPEJICTABJISIETCS B BU/IE:

Sh=A{Fgpy IS apt DU s DU} U aph SAF g3 A b Ak AU <M S (4)
rie {f4pt A} — 910 "acTh dbyHKIMit 060pyIOBAHMA TOICUCTEMbI JOCTYTA W TPAHCIOPT-
HOU CeTu.

O60b6m1enne coorHoreruii (2—4) MOKa3bIBAET MPOIECC IBOJIIONUK TPUHIUIIOB OCTPOEHUST
U yupaBjieHusl ceTsMu WHGPOKOMMYHUKaImii, a dyrknuonas (1) — npuHmmn obbeauHeHus
3aJa4 yIpaBJIeHus 10 mepeaade nHMOPMAINA B TeJIeKOMMYHUKAIIMOHHOI cucreme. V3 Teopun
YIIpaBJICHUA HM3BECTHO, YTO JJId pPelIeHUd OIITHMH3AIIMOHHBIX 3adaY IIPHUMEHAIOTCA MOJJE/IN
O6'beKTa. <<K.HaCCI/I‘{eCKI/Ie>> MOJe/In ceTell CBSI3U Pa3BUBaJIMCh HA OCHOBE IIPUHIIUIIA OIIMCAHHO-
ro ¢yukmmonaaom (2). s coBpeMeHHbIX ceTeil, chOPMUPOBAHHBIX C yU4E€TOM (DYHKIMOHAJIA
(3), kJaccuuecKue MOJEJIU MOJEPHU3UPOBAJIUCH JJIsd PelleHust 9acTHBbIX 3a1a4d. OcHOBHAas
npobJieMa O0IIEil METOMOJIOIMKM MOJICIUPOBAHUS CUCTEMbl TeJICKOMMYHUKanuil, cpopMupo-
BaHHOl ¢ yueToMm (yHKIMOHAIOB (3 1 4) — HEOIPEIEJIEHHOCTh OTHOIIEHUsI 3JIEMEHTa K OIIpe-
JIGJICHHON TIOJICUCTEME CeTH Teperadn WH(MOPMAIUU, YTO NPUBOIUAT K YBEJUYECHWUIO 3aTPaT
BPEMEHHU Ha MPOrHO3UPOBAHUE Pa3BuTUsi cucteMbl. Jlisi ycTpanenusi mpobjieMbl HEOOXOIUM
IIOMCK HOBOI'O ME€TOJa OIIMCAaHMA CprKTypr CceTu. HOBbeI METOJ, JOJIZKCH OIIMCBhIBATH TOIIOJIO-
TUI0O B BUIE erHI/IHOI‘/JI CprKTypr C y3JIaMI/I pa3JIHqHOﬁ CTCIICHU IIOABU>KHOCTHU W THUIIOM praB—
JICHUA. ,ZLOHOJIHI/ITGJH)HO METOJ, OOJI?KEH IIOKa3bIBaTb B3aI/IMO,Z[eI‘/JICTBI/Ie C COIlMaJIbHBIMU U 3IKO-

HOMMUYECKHMU IIpOoIeccaMu, KOTOPbIC 3aTparuBaroT aOOHEHTOB.
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2. Ananus MeTOoa0B (bOpMaJII)HOI‘O ONMCAHUSA TOIIOJIOTNYEeCKOI

CTPYKTYyPbI

MeTtombl popMasIbHOTO ONMUCAHUS CTPYKTYP MHPOKOMMYHUKAIIMOHHBIX CUCTEM 0a3upyIoT-
cd Ha Teopun rpadoB, COTJIACHO JIAHHON TeopuH, CeTh NpejcTaBsiercd B Buje rpada [9):

G=(V.E), ()
rae V' — MHOXKeCTBO BepHIUH {v;}:i€[2,1]:]1 > o0, pagmuyHoe 00OPyIOBaHUE CBIA3U: aDOHEHT-

CKM€ TEPMUWHAJIbI, TOYKH JIOCTYIA, 0A30BbI€ CTAHIIUU, CEPBEPHI, MAapIIPYyTU3ATOPhI, KOMMYTa-
TOpPBL U Jp. 00OpPYyI0BaHUE, KOTOPOE CO31AeT MOTOK WH(MOPMAIMOHHBIX JTaHHBIX WJIM KaHAJIU-

supyer ero. E — wmuoxectBo pebep rpaca {e;}:j€[L¥Y]:Y —>w — xaberpubie mimm Gecrpo-
BoJHbIe KaHabl cBsA3u. llpu stom, Vv;AVe; 3 M tne M — Bec Bepimubl unu pebpa rpada

ceTu, KOTOpoe UMeeT YUCJIeHHOe 3HadeHue. /[anHoe 3HAUEHME OMUCHIBAET IMapaMETPhI JJIEMEH-
Ta cer, ecqii M =0voo, 3HAYUT MPOU3OIIIA ABAPUNHAS CATYAIMS WU MEXKJy y3JaMu OT-
CYTCTBYeT KaHAJ CBA3U (B HEKOTODPBIX OTJEJIbHBIX ciydasx M =0, O3HAYaeT, YTO BEPIINHA
«3aMKHyTa Ha ce0s», 9TO M3HAYATHLHO OTOBAPUBAETCS BO BPEMsl WCIIOJIb30BAHUS MOJIENIN).
IIpu momoru Teopun rpadOB OMUCAHBI CUCTEMbI MOOUJIBHON W IPOBOIHON CBS3U, CUCTEMbI
KOCMUYECKOM CB#A3U, Pa3UYHbIE KJIACCHI CAMOOPIaHU3YIOIIUXCS CUCTEM Teperadu u obpaboT-
ku mHbopmanyu. s KaXkI0ro Kjacca CHCTeM pa3paboTaHbl Mojesn. Paznuauns Mojeseit
00y CJIOBJIEHBI OCODEHHOCTSIMY TOTIOJIOTHIECKO CcTPYKTypbl cucrembl. Ad hoc cetn omuchBaeT-
Csl MOJIEJISIMM, OCHOBAHHBIMU Ha Teopuu ciaydaiiHbix rpados [6]. Cucrembl MOOHIBHON CBsI3M
OIHUCHIBAIOTCS PA3HOBUIHOCTAMU KJIACCUIECKOU T'padOBOil MOJEIN, KOTOPBIE JIOMOJHSIOTCS
Merojamu Teopun BepositHocTu [11]. Hacro mjist 0fHOrO KJlacca CHCTEM, B 3aBUCUMOCTH OT
BHUJIA MOJIEJIMPYEMOIl MTOJACUCTEMBI, UCIOIb3YIOTCS pa3jindHble BUAbI Mojeseii. Hampumep, mrs
CHUCTE€M COTOBOW CBS3W I OIUCAHUS TOMOJIOIMYECKON CTPYKTYPBI 3JIEMEHTOB MHOXKECTB

{Apg}, {Tn,} m {My} ncronb3yloTCs MOJIEN, OCHOBAHHbIE Ha KJTACCHIECKHX METOJIaX TeOPHH

rpacoB, yYHTBIBAIOIINX BEPOATHOCTH OTKa3a OOOPY/IOBAHULA, & ONUCAHHE IIOJCACTEMBI {Sh, }

BBIIIOJIHSIOT MOJIEJIN NO/BUKHOCTH aborenTos [11, 13-17].
Mogenmn NOABHKHOCTU IIOJICUCTEMBI aDOHEHTCKOro oOopynoBaHus {Sh,} pa3lejeHbl Ha

JIBa KJTacca, KJIACC JIJIs OTMCAHUS TTOIBUYKHOCTH TPYIIT aDOHEHTOB U KJIACC JIJIST OTIMCAHWS WH-
JIMBUTYaJbHON MOBUXKHOCTH aboneHTa. Onucanre TPYMIIOBOM MOJBUKHOCTH TPOU3BOTUTCS
mogesismu: «IToroka» (Fluid Flow Model); «Pacnpocrpanenusi» (Diffusion Model); «['paBu-
ranuonnoity (Gravity Model); «Ilepememenusi abornentos 1o ropoay» (City Area Model); u
ap. [11]. Ommcanne WMHIMBHIYAJIBHOIO IepeMelnieHrsi abOHEHTa I[IPOU3BOJSATCS MOJICJISIMU
«Cayuaitnoit nporysnku» (Random Walk Model) [11] u «CuaywaiiHoro mnepememnieHust»
(Random way point mobility model) [13], a Tak:ke mMomesnsivu, IIpeJCTaBIEHHBIMU B paboTax
[14-17], KoTOpBIE HAIIpABJIEHbI HA NPOIHO3MPOBAHUE TIEPEMEIECHNs] aOOHEHTa BHYTDH CETH MO-
OowibHOM cBsi3u. Mojien TpyIIoOBOH TOBUXKHOCTH TTPUMEHSTIOTCS JIJIsT  TIPOTHO3UPOBAHUST
HATPY3KM B Pa3JIUYHBIX MECTaX 30HBI ODC/Iy:KMBaHUs ceTH. llepepacmpeesienne Harpy3Ku B
CETU TIPOUCXOJUT W3-3a TepeMereHns aboHeHTOB. Mojienn onucaHusl WHAUBUIYAJHHON ITO-
JIBUYKHOCTH OPHEHTUPOBAHBI Ha PEIeHre 3aJ1a9 «Iepeadmy aDOHEHTa MEXKIY TOYKAMHU J0-
cryna win 6a30BbIMu cTaHiusMu [11], onuchIBaIOT NOBejCHNUST A00OHEHTOB BO BPEMsl YCTAHOB-
nenust «peer-to-peer» ceszeil B ad hoc cersix [13] niam nporHO3UpYIOT MOCIEA0BATEIHBHOCT COT
10 KOTOPBIM OyieT mepemeniarbest abouent [14-17].
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Hampasiiennocts Ha pereHue 3a7iad, CBS3aHHBIX UCKJIOYATEIBHO C IIPOTHO3MPOBAHUEM
[IEPEMEITIEHUsT OT/ACTBHOIO abOHEHTa WJIW TPYIIbl aDOHEHTOB O 30HE ODCyKUBaHUs HHMO-
KOMMYHUKAIMOHHOW CUCTEMBbI, SIBJISIETCH OOOOIIEHHBIM OTPAHUYEHUEM ITPUMEHEHHUS MHOXKE-
CTBa TPOAHAJM3UPOBAHHBIX MOjieseit. KnuHoit mMeromosiornu, KOTOpas MO3BOJISIET U3ydaTh W
cucteMy WH(MOKOMMYHUKAIMNA W MEXKCTPYKTYPHBIE B3aMMOCBSA3U C JPYTUMH CHUCTEMaMU PETH-
OHA, B IPOAHAJIU3UPOBAHHBIX MOJIEJISX, HE BBIABICHO. Ba’KHOCTH BbISIBIEHUS U (HOpMaIn3a-
IHsT MEXKCTPYKTYPHBIX B3aMMOCBsI3el MH(MPOKOMMYHUKAIIMOHHONW CHCTEMBI C JPYTUME CHCTE-
MaM¥ PeruoHa oOyCJIOBJIEHA Te€M, YTO MHMOKOMMYHUKAIMHU SIBISIOTCH HEPBHON» CHCTEMOI

pAda SKOHOMHUYIECKUX W COMHAJIBHBIX ITPOIECCOB.

3. Paspaborka MeTojia onmMcaHusi cUCTeMbl MTHPOKOMMYHUKAIAN
OJIS peain3anuy aJITOPUTMHUYECKOT0 obecrieueHns CUHTe3a

TOITIOJIOTNY9EeCKUX CTPYKTYD

OcCHOBBIBasICh Ha, pe3yIbTaTaxX WCCIETOBAHUN MOJIETeHl TOMOJOTHIeCKUX CTPYKTYP WH(O-
KOMMYHUKAIITMOHHBIX CUCTEM, IIpe/JjlaraeTcsd METOJl, OCHOBAHHBIM Ha MCIOJb30BAHUU IOHATHUA
BUPTYAJbHOI'O CETEBOrO y3ja. Meros 3akK/4daeTcss B Pa3/e/IeHMH 3€MHOU ITOBEPXHOCTU HA
YYaCTKH §; OIPEJIEJIEHHOIO pa3Mepa. YYacTOK umeeT (OpMy NIPsSIMOYTIOJIbHHKA JuOO mpa-
BUJIBHOI'O MHOTOYTOJIbHUKA. B paMKax ONUCHIBAEMBIX MUCCAEIOBAHUI BHIOPAH yYaCTOK IIPSAMO-
yroabHoit hopmbl. COBOKYITHOCTH NMPSIMOYTOJIBHUKOB {s;}, IJe i — 3TO HOMEp 3JIeMeHTa, 00-
pasyer cerb. B KaXIoM TpPAMOYTOJIbHUKE, B TEYEHHE JUCKPETHOIO MOMEHTa BPEMEHU
AT =const, HAXOUTCs ONPEIEJIEHHOE MHOYKECTBO CETEBBIX y3JI0B {V j}, j — 9TO HOMED:

vlcs;. (6)
B pesyabrare cymmbr AT obpasyeT yCIOBHBII MEPUO/T TOBTOPEHUS COCTOSIHUSI BUPTYAJIb-

HOro y3na — I':
T=const:ZATn =T:n#oAneN, (7)

n
rje n — nopaakoBblii HOMep AT, ne N, o3Ha4YaeT, 4YTO K — OTHOCHUTCH K MHOXKECTBY HATy-
panbHbIX unces. Ha MoMeHT mpoBejieHust uccienoBanuii mojaraercs, uro T =88400 cexkyny (1
cyrku). Cumraercs uro, VAT Mexjy KaxKIOH Mapoil y3JI0B MHOXKECTBA {v;}, cymecrsyer

MHOKECTBO KaHAJIOB {€; LINE} repeJiady JIaHHBIX. TOmNOoJIOrus ceTW BHYTPH S§; CTPEMHUTCH K

CBSI3AHHOCTH MO TIPUHIMITY KayKIblii ¢ KaxkabiM. C ydyerom Bbipaxkenus (6), oObeauHeHue

MHOXKECTBO {v;} 1 {e; LINE} obpazyeT BUPTyaJsbHbIi y3ea1 Vg;:

Vi = [{Vj} o {ejLINE} s (8)

Cosoxymnocrs Vg;, mus Beeit mosepxuocTd u VAT, obpasyeT MHOXKECTBO BUPTYaJIbHbBIX
y3noB {Vg;}. AHamorndno OOBIMHOMY CETEBOMY Y3Jy, OJIHOI M3 OCHOBHBIX XapaKTEPHCTHK
BUPTYAJIbHOTO Y3J1a SBJIAETCS MPOIYCKHASA CIOCOOHOCTL — u;. VI3MeHeHuMe IPOIyCKHOMN CIIO-
cobnoctu ysna Vg;, B redenne T — nuckpernasd dynkius U;. 3nadenue dbynximu U; 3aBu-
CUT OT cocTasa y3sia Vg; B MOMeHTEI BpeMenu AT :

U= f(Vg;,AT). (9)

O6o6miast Beipazkenust (8) u (9) MOKHO CJlieJaTh BBIBOJ, Y4TO 30HA OOC/IY’KUBAHUS CETH
VAT npeicTaBiseT IOBEPXHOCTb S, IOKPBITYIO MHOXKECTBOM BHUPTYaJIbHBIX y3710B {Vg;}.
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Kaxxomy snementy muoxkecrsa {Vg;}, COOTBETCTByeT 3JIEMEHT MHOMKECTBA {u;} — IIPOITyCK-

HbBIE CIIOCOOHOCTHU BUPTYAJIbHBIX Y3JI0B:
VAT 3 [{Vg;} < u;b]cS. (10)
VAT coornomenue (10), Ha npuMepe JeBATH BUPTYaJIbHBIX y3JI0B MOKA3aHO HA pucC. 1.

Tlepenada wHOpMaIMu MeEXK/Iy BUPTYAJbHBIMH Y3JIaAMUA CETHU OCYIIECTBJISICTCS B3aUMO-

JleiicTBueM MHTEPdEicOB OTJEIBHBIX 3JeMEHTOB Vg, ¢ mHTepdeiicaMn 3JeMEHTOB COCEHIX
Vg;s - IIpornos smadenmit 3aBucumoctu (9) peanmsyercss cbopoM u 00pabOTKON TeKyeil n
PETPOCIIEKTUBHON MHMOPMAIMHU O CTATUCTUKE IOCeIIeHnsi (PU3NIeCKUMHU y3JIaMU TEPPUTOPUN
S;. TounoCcTh NMPOTrHO3a KOPPEKTHPYETCS HAKOIJIEHHMEM CTATUCTHKH IIOCENIEHUS TEPPUTOPHUH

BUPTYAJILHOIO y3J1a (PU3NIECKUMU y3jgaMu. [IporHos MoxKer ydnThbiBaTbh WHQPOPMAIUIO O T0-
HOJIHUTEJIbHBIX BO3IEHCTBUAX BHEIIHEH COIMAJbHON, IKOHOMUYECKOU U IKOJOTMYECKOU Cpe-

Abl, KOTOPpad BJNUAET Ha IIOCEIIaEeMOCTb TEPPUTOPUU BUPTYaJIbHOI'O y3JIla.

I 4 JS‘]_ T 7 15‘2 I 4 15‘3

E1 E92 E3
Hl 112 ”3
r SAT” Se|17 S
YA 3
H4 ”5 ”6

H7 ”8 ?!9

Puc. 1. Onucanue COBOKYITHOCTU BUPTYaJbHBIX y3/10B VAT

DopmupoBanue u 06paboTka 6a3bl crarucrudeckux Janubix (BJ1) npoucxomut mosramHo:
1. TlpenBapurebHBII MOHUTOPWHI' CETH JJIsi HAKOIJICHUS CTATUCTUKU IOCEIEHUs] TepPH-
TOPUM BHUPTYaJIbHBIX Y3JI0B (DU3NIECKUMU (CETEBBIMU) Y3JaMU PA3HONU CTENEeHU I10-
JBIKHOCTH. B pe3yJsibrare BBIOJHEHUS OIEPAIINN HAKAIJIUBAETCs 0a3a JTaHHBIX COCTO-
sIHAsI BUPTYaJILHOTO y3Jia. [ljist 1ocTOBEepHOro mporuo3a o0beM BBIOOPKU 0a3bl JAHHBIX
Upp JOJIKEH ObITh HE HU2KE OIPEJIEJIEHHOTO 3HAYUEHUST Uppmin , HA (POpMUpOBaHHE KOTO-

pOfI 3aTpavruBacTCAd OHpe,ZLeJIeHHbII'/JI HHTEepBaJI BpeMeHUu 7 3Ha4YCHUuEe KOTOPOIro MAOJIZ2KHO

ObITH HE MEHEE Tppmin (MHTEPBAJ BDEMEHU HEOOXOIMMOTrO JJisi (DOPMUPOBAHUS Uppmin )-

JTUTeTbHOCTD  Tppmin 33BUCAT OT CTAOMIBHOCTH TOBTOPSIEMOCTH KOJIMYECTBA Y3JIOB B

30HE Pa3BEPTHLIBAHUS CETU:

Upp, Z Uppin * T 2 T ppmin (11)

2. Ompenenenne BEPOATHOCTHU, TOTO, YTO KOJUYECTBO CETEBBIX Y3JI0B {v;} OyJer ue meHee
¢ B MOMeHT AT, , KOTODBIil HACTyIIaeT C 3aJaHHOU NePUOJUIHOCTBIO T .

3. C yuerom KommdecTsBa y310B Vp;, Beipaxkenus (9) COCTABIAIOTCA KAPThI (TOMNOIOIMH)

IIPOIYCKHBIX CIIOCODHOCTEH PAa3IUYHBIX BUPTYAJbHBIX y3JI0B Jjis1 Bcex AT .
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4. Ha ocHOBe MOJIy4YeHHOI TOMOJIOTUA (DOPMUPYETCST MATPHUILHI [M n] COCTOsIHUST 30HBI 00-

cayxkuBanust VAT .

5. IIpu momoru maTpuis [M n] OIpEEJISIOTCA MTapaMeTPhl /I YIIPaBJIE€HUs CETbIO: MapIll-

pyThI nepenatn TpaduKa MEXK/y aDOHEHTCKUMU TePMUHAJAMHU 0€3 y4acTUs CETH OIle-
paropa, cobupaercs uHMOPMAIHA O COCTOSHUHU 30HBI MOKPBITHS CUCTEM MOOWIBHOM
CBA3U U JIP.

6. Koppextuposka BJI 0 mpomycknbix crocobHocTax Vg; m onTHMHU3aIUd JJIATeLHOCTH

T 110 KpUTEPHUIO TIOBTOPSIEMOCTH MPOIYCKHON COCOOHOCTU BUPTYAJBHBIX Y3JIOB.

Qakruuecku ycsosue (11) o3HAYAET OrpaHUYEHHE UCIOJIb3YeMOro (hbopMaJIbHOTO METOJIa
[P ONKUCAHUU TOIOJOTUN ceTeil MHMPOKOMMYHKHUAIMA U TO, YTO JJIsi PaOOTHI MOJIEJIN HEOOXO-
JIUM TIePBOHAYAJIbHBIN aHAJN3 TOBTOPSIEMOCTHA KOJIUYECTBa, (PU3NIECKUX Y3JI0B HA TEPPUTOPUHU
BUPTYAJIBHOI'O y3J1a 338 HEKOTOPBIM ITPOMEXKYTOK BpeMenu. Kak cjecTBue, Mo 100HasT MOJIEIb,
B IPECTABJIEHHOM BHUJE, HE MTOJXOJNT JJis onucanusi Kjiaaccuieckux ad hoc cereii, pa3Beprbi-
BaHWE KOTOPBIX IMPOUCXOJUAT CIIOHTAHHO, 8 CTATUCTUKA MEPEMEIEHUs Y3JI0B, 0 00JIacTH pas-
BepThIBaHUsl, HE COOPMUPOBAHA.

HpOBe,ZLeHI/Ie 9KCIICPHUMEHTOB II0 MOHUTOPHHIY HAJIMYUA a6OH€HTOB IIOKa3aJ10, 9TO B OT-
JesibHble AT 9HCIIO 9JIEMEHTOB MHOXKeCTBa {v;} (dbusuueckux ysznos) pasao Hyso. CiemnoBa-

TeJIbHO, IPOITyCKHAsl CIIOCOOHOCTb BUPTyaJsIbHOrO y3jia Vg, cranoBuiach pasHoit mysmo. s

BBITIOJIHEHUST HAJIUYINST MUHUMAJILHOM IIPOITYCKHOM CITOCOOHOCTH:
VAT :U; i 20, (12)

1

HEeoOXOAMMO, YTOObI B BUPTYAJLHOM y3je Vg; HaXoauics XOTs Obl OJUH CTaTHYeCKHil y3es

@, , KOTOPBII MOYKET BBIMOJHATH (PYHKIIMIO KOHTpoJuiepa. KOHTpOJLIED, B COOTBETCTBUU C

Vs

HOMepoM AT IPOM3BOAUT PACCHLIKY MHMOPMAIUKM O HACTPOWKax ysna Vg, BHOBb IpPUOBIB-
muM  busndeckuM y3iaM. COBOKYIHOCTb @, 00pa3yeT MHOXKECTBO Y3JI0B-KOHTPOJLIEPOB
{®,,}. Y37Ibl KOHTPOJJIEPEI CBA3AHBbI OTJEIbHBIMY KaHAJIaMU CBA3U e, . lIpu srom e, c {E,},
rae {E,} — MHOXKECTBO KaHAJIOB CBA3W MEXKIy y3JaMu KOHTposurepaMu. MHOXKecTBO y3/10B-
KOHTPOJLIEPOB {®,}, COEUHEHHBIX KaHAJIAMU CBA3U {e,} 00pa3ylOT BUPTYaJbHBIA y3esq Qp

6oJiee BBICOKOT'O yPOBHS UEPAPXUU U T.II.:

{wvs} o {ea)} < QE . (13)

B pesynbraTte BupTyas bHAS TOMOJOTHUS CETU MOJYYaeT CBOMCTBA MEPAPXUIHOCTU W CAMO-
monobusi. B 3aBucuMocTr OT TeXHUYIECKUX 0COOEHHOCTEN (DU3UUECKUX Y3JIOB, BXOIAIIUX B CO-
CTaB BUPTYAJbHOIO y3Jia, POJib KOHTPOJIJIEPOB MOXKET BBITIOJIHIATH ODOPY/IOBAHUE: AHAJIOTUY-
HOEe 0DOPYIOBAHUIO TOJCUCTEM JIOCTYIIa OECIPOBOHBIX CETEl Iepeadu JIAHHBIX, CHCTEM MO-
OUJIBHOI CBSA3M 2-T0 W IIOCJIEIYIOIIUX IMOKOJIEHUM, CeTell CIlyTHHMKOBOU CBsA3U. Pacriosioxkenue
HOJI06HOrO  0OOPY/IOBaHMsT PEATU3yEeTCsl Ha BBIIKAX (3aHUIX), adpomiardopMmax, HCKYC-
CTBEHHBIX CIlyTHUKaX 3eMiiu. OOOOIIEHHO MTPOIECC MOJEIUPOBAHUS TOMOJOTUN CETU Peasin3y-
eTcs TIPU MOMOIIM [IPEJICTABJICHUS B BHUJIE MHOT'OCJIOWHOIO Trpada, COCTOLAINIEr0 U3 MHOXKECTBA
BUPTYAJIbHBIX y3JI0B PA3/INUHbIX YPOBHeW uepapxun. s ciaydasi Korja, BUPTyaJbHbIE Y3JIbI
He obJiaslaroT oOIIell TpaHulieil, nepemada UHOOPMAIMA MEXKJy HUMHU OCYIIECTBJIAETCS 10
MapIIpyTy, CPOPMUPOBAHHOMY U3 ITPOMEKYTOUHBIX BUPTYAJIbHBIX y3JI0B.

Takum obpazom, ocHOBa MeTOJa (POPMUPOBAHUS TOIMOJOTUU CETH 3aKJIIOUAETCH B IOJY-
YEHUU CUCTEMbI CBSI3U C €JIMHON JIOTMYECKOW CTPYKTypoil. B cocraB crpykTypbl BxomdT ¢u-
3UYECKUE Y3JIbl C PA3/JIMIHONU TOJBUXKHOCTHIO M TPOIYCKHON CIIocOOHOCTRIO. [lpm momoru
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dyukuuonanmos (6-10) mporaosupyercsi MpoIyCKHAasl CIIOCOOHOCTH CETH U3 BUPTYAJIbHBIX y3-
J0B. BupryasbHble y37bI 00pa3yroTcs 3a CYeT HAXOXKJCHWS Ha OINPEIeJICHHON TeppUTOpUn
dusnaeckux y3710B. HeOOXOMUMBIM yCIOBHEM MPUMEHUMOCTH TMPEJTIOKEHHOTO METOA SIBJIS-
eTcsl HAJIU9Ine HAKOILIEHHOW 6a3bl JAHHBIX TI0 CTATHUCTKE MEPEMEIIEHUs Y3JI0B B 30HE OOCTY-
JKUBAHUS CEeTH, YTO OINUCHIBaeTCs Bhipaxkenuem (11). Yemosuem nocrarodnoctu paboTOCIIO-
cobHOCTH, sIBJIsieTcsl BbIpazkenue (13), Koropoe Tpebyer Hajudusi y3JI0B 00Jiee BBICOKOIO
YPOBHST MEPAPXUHU, KOTOPDHIE BBITOJHSIIOT (DYHKIMIO KOHTPOJIIEpa U TPH HEOOXOIUMOCTH 06ec-
MEYNBAIOT MUHUMAJIHHYIO TTPOMYCKHYIO CIIOCOOHOCTH Y3JI0B O0JTee HU3KOTO PAHTA.

B 1nienom obutacte mcmoib30Banus pa3paboTaHHOW MOJIEN PACIPOCTPAHAETCS HA Pa3/ind-
Hble MH(MOKOMMYHUKAIIMOHHBIE CHUCTEMbI CETH COTOBON CBSI3WM, IIPOBOJIHBIE U OECIPOBO/IHBIE
CeTH Tepeadn JaHHBIX, PACHPEIEJIEHHbIE BBIYUCIUTEIbHbIE KOMILJIEKCH U cucTeMbl. 1107100-
Hasl MUPOKAs MPUMEHUMOCTb METO/a JOCTUTAETCH 3a CUET MPE/ICTABJICHUS TOIOJIOIUU CETH He
B BHJIE OTJEJbHBIX CEIMEHTUPOBAHHBIX CTPYKTYD, & B BHJIe CHHTE3UPOBAHHOU BUPTYaAJHHOM
Torojiorun. B 1o00HOM BUPTYAJIBHOM TOIMOJJIOTHN MMPOCTPAHCTBEHHBIE M3MEHEHUS TOJIOXKEHUS
3JIEMEHTOB B PEaJIbHON CETU IMPEJCTABJAIOTCS B BHUIE U3MEHEHUS MPOIYCKHOW CIOCOOHOCTH
HEIOIBUXKHBIX BUPTYAJIbHBIX Y3JIOB.

O60OIIIEHHO OTTHYME TIPEJIIOKEHHOTO METOIA OMUCAHUS CUCTEMbBI MH(MPOKOMMYHUKAIANR OT
METOJIOB M MOJIeJIeH, IIPeICTaBIeHHbIX B paborax [6, 13-17|, a Takxke MOIEIAX, ONUCHIBAIO-
[IUX MHIMBUJYAJIBHYIO HOJIBUXKHOCTE aboHeHTOB B pabore [11], 3akiouaercss B OTCYyTCTBUM
HEOOXOIMMOCTH MOHUTOPUHIA U HENPEPBIBHOIO ITPOTHO3UPOBAHUS IIEPEMEINEHUS KaXKI0TO
y3aa (abonenra). IIpomecc MOHUTOpPHHIA W MTPOrHO3UPOBAHUS WHIUBUJLYAJBLHOIO HEepeMele-
Hrsg aDOHEHTOB 3aMEIIAeTCs HAKOILIEHHEM, 00pabOTKON M CHCTEMATH3AINN PETPOCIEK TUBHOMN
uHMOPMAIIMU O MOCEIAEMOCTH OIMPE/IEJIEHHBIX YIACTKOB 30HbI TIOKPBITHS CeTH (BUPTYaJbHBIX
Y3JI0B), 9TO COKDPAIIAET 0ObEM BBIUYUCIUTEIBHBIX pecypcoB. Orimuane or MoJeseil, OnuchiBa-
IOIUX IPYINIOBYIO HOJBUXKHOCTH abOHEHTOB, NpeJCTaBIeHHbIX B [11], 3akiouaercs B mpes-
CTaBJICHUU 30HBI OOC/IY>KUBAHUSA CETH B BUJE IMOKPBITUS W3 KOHEYHOTO MHOYKECTBA JIEMEHTOB
orpeJiesIeHHO (hOPMBI (BUPTYAJbHBIX Y3JI0B) MEHBIIEr0 pa3Mepa, B CPABHEHUH C Pa3MEpOM
yJur, wim paitonoB. [loobHOe mipesicTaB/ieHre 03BoJIeT 60JIee TOYHO OIPEJIENIATh U ITPOTHO-
3UPOBATH COCTOSIHUE CETH B 33J[aHHON 30HE OOC/TY>KUBaHUS.

YuaurbiBasg, YTO HAYAJBHBIM 3JIEMEHTOM WEPApPXUU SBJISETCH MOOWIHHBIE YCTPOUCTBA
[oJIb30BaTeN e, To cbop m 0bpaboTka MHMOPMAINK, O IIOJb30BATEE IIO3BOJSIET JIOIOJIHU-
TEeJIbHO TI0Ka3bIBATH M 0DOOIIATH COIUAJIBHBIE M IKOHOMHUYECKHE WHTEPEChl aDOHEHTOB Ha 3a-
nanHoil Teppuropuu. Takum obpa3oM, mpeijiaraeMblii METOJ MOJEIUPOBaHUS MH(POKOMMYHU-
KaIlMOHHON CETU 3aKJIaJbIBAeT IPUHITUIILI JIJIs CO3/IAHUs €IUHOU METOJIOJIOTUU, KOTOpas IM03-
BOJISIET M3yYaThb HE TOJILKO CUCTEMY HWH(POKOMMYHUKAIUN B OTIEIBHOCTH, HO U MEXKCTPYK-
TYPHbBIE B3aMMOCBSI3U B CUCTEMaX PErMOHA, HA OCHOBE MH@OpMAaIUu cOOUPAEMOil O ITOJIb30Ba~

TeJIAX TeJIeKOMMYHHKaL[HOHHOﬁ CeTH.

4. HpaKTI/I‘-IeCKaH peajsm3anusd aJJropuTMmUIeCcKoro obecrnieueHus

g (popMUPOBAHUA BUPTYAJbHON TOIOJOTUYECKON

CTPYKTYPbI

Jns peanusanum Merona GOPMUPOBAHKS TOHMOJIOTUIECKON CTPYKTYPBI B KAYECTBE UCTOY-
HUKA CBEJIEHUH O MeCTe DACIOJIOXKEHNsT (PU3NUECKUK y3JI0B HCIOJIb30BAJICI PECYPC
FlightRadar24 (URL: http://www.flightradar24.com). FlightRadar24 nossossier mabsomaTh
HepeMeIeHne BO3/LyIIHBIX CyI0B. B 4mcsio mosrydaeMbIx ¢ pecypca CBEJICHUI BXOIAT: KOOP/U-
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HATBl BOZIYIIHOI'O CyJHA, CKOPOCTH MepeMeIeHUs, HOMED pelica, HAaYaJIbHbIA U KOHEYHDLIN
IIyYHKTBHI HA3HAYEHUsI, TUIl © OOPTOBOIl HOMEp. B KadecTBe MOMyIIEHUS TPUHATO, 9TO yIacCTHUE
B BUPTYaJILHOM y3JI€ HE 3aBUCUT OT BBICOTHI TIOJIETA U THUIA 00bekTa. IlepBbIM STAIOM sIBJIs-

eTcd 3ajlaHue IIPU IOMOIIM I'PAJIyCHOU CETKU I'DAHMI] BUPTYAJbHOI'O y3Ja, X, AXp U Vo AVp,

AHAJIOTUYHO MIPUMepY, MOKa3aHHOMY Ha puc. 2.

Puc. 2. [Ipumep BbIfeIeHNsT BUPTYAJIBHOTO y3Jia Ha TEPPUTOPUU TIOBEPXHOCTH 3eMJIN

Ilocne ompenenenus rpaHul] Ha OCHOBe TeKymieil uHbOpMaIMu O GHU3NIECKUX y3JIax
dopmupyercs B/l cocrosinus BUpTyaabHOrO y3ja:

Db={&}:&(t5x;5v1,3)AE€(0,E]: E£onEeN (14)
rae ¢ — Tapamerp, ONHUCHIBAIONTMI CBOHCTBA (U3MIECKOTro y3na, ! €[tyqyls oyl — MoMenT

BPEMEHN NpPHeMa JAHHBIX O COCTOAHMH (DUBHIECKOTO Y318, lygn W lypy — BPEMd Hadajla u

OKOHYAHUS HaOMIONeHus, X; AY;:X; €[Xy,Xp]AY; €[V Vp] — KoOpauHATE HaxXOXKeHUS (DU3U-
YECKOTO CETEBOTO y3na, & — yHUKAJIbHBIA WIEHTU(PUKATOP (DU3UIECKOTO CETEBOro y3Ja
(manpumep, GOPTOBOI HOMED CaMOJIeTa).

IIpu momoru cooTHOIIEHMST (7) 3aJ1aeTCsl MHTEPBAJI JTUCKPETU3AIINH:
AT=const:ZAT=T:n¢00/\n eN,

n
rae T=86400c (1 cyrku), a AT =900c (15 mun).

HpI/I 9TOM JOJIZKHO BBIIIOJIHATHCA yC.HOBI/Ie HpOHOpILI/IOHaJI])HOCTI/I:
sz=Tobs:Tobs=tst0p_tstartAm¢°O/\m€N7 (15)
m

e m — HOMEpP YCJIOBHOTO MEPHUOJIa MOBTOPEHUsT COCTOSTHUSI BUPTYATbHOTO y3Jia B MPOIECCe
Becero Habonenust Iy, — Bpemst Habonenus (obs. or anr. observation — nabsozenue). 3a-
TeM MPOU3BOJINTCS BBLIEICHHE HelepeceKaomuxcs MuoxkecTs BJI mo kaxmomy 1 u3 obmero
muoxkecrBa B/ 3a Bech mepuos uabmonenus. Hanpumep, BJ1 3a T} (nepsbie cyTku HabII0/1€6-
HUsI) UMEET BUJL:

Dby, ={Db}np U {Db}pg, U..d (Db} T, -
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3a Bech nepuo, HaboaeHs 6a3a JAHHBIX IPUMET BUIL:

DbT :{Db}AT U{Db}AT U““U{Db}ATn
2 ! : %[tstop:tstart] (16)

B 3aBepiiennn pu oMoty UHANKATOPHOH (PYHKIMM PACCIUTHIBACTCSI BEPOSITHOCTD, UTO

B coctase {Dbjar, uncno dpusznyeckux y3j0B 1 OyJeT He MeHee OIPEIeJeHHOIO YHucia ¢ .

1 &
Pr2¢)=— 2 2002 8): x(n 2 8)=1n iy <) =0 (17)
i=¢
Pacuer npoussogurcs s Kaxkaoro 3HaYeHUA & €[, ], A€ Cpax MAKCUMAaJIBHOE KO-

JITYECTBO (PUBUYIECKUX Y3JI0B BHYTPH BUPTYAJIBHOrO y37a 3a nepuoj Habionenus T, . Ha

ocuoBauuu dopmy (14-17) u ¢ ucnonb3oBaHmeM cooTHorteHnin (6-8) cocTaB/ieH aJropuT™M U
nporpaMMa  (CKpUITOBbIi  ailn) s TmosydeHusi W O0OpabOTKM JIAHHBIX C  pecypca
FlightRadar24. Vcnonp3oBanne pa3paboTaHHON IIPOrpaMMBbl IIO3BOJIMIO CIPOTHO3UPOBATEH KO-
JITYeCTBO (pU3MYIeCKUX y3JI0B B KBaJpaTe, MOKA3aHHOM Ha PUC. 2 B PA3/IMIHbIE MOMEHTHI Bpe-
MeHn AT pe3yIbTaThl IPUBEIEHbI B TaOJIUIIE.

B Tabsuie mokazaHa BEpOSATHOCTH TOsIBJIEHUS B BUPTYaJbHOM y3j€ (pU3NIeCKux O0beK-
TOB B BHJIe caMojieTOB B Tedenrne 20 CyTOK HAOJIOIeHUsA. AHAJOTHYIHAST CUTyaIus HabJroma-
JIaCh B COCEJTHUX BUPTYAJbHBIX y3jax. Ha oCHOBaHMM 9KCIIEPUMEHTa MOXKHO yTBEPK/IATh, 9TO
006001IeHNE TAHHBIX O COCTOSHUU COCEIHUX BUPTYAJBHBIX Y3JIOB ITO3BOJISET ITOCTPOUTH ODIILYIO
KapTy MOKPBITHAsI TEPPUTOPUM, aHAJOTUYIHO ONMUCAHHONW HA puc. 1 n chOpMUPOBATH MaTPUILY

BEPOSITHOCTEN HaJMUMe 33JaHHBIX MPOITYCKHBIX CIOCOOHOCTEN MEXKIy HapaMy BUPTYaJIbHBIX

Y3JI0B.
Tabauia
Bepogrnocrs HaxoxKaeHnsa HE MEHee OIPEIeIEHHOIO KOJUIECTBA
(Gu3nIecKux y3JI0B B 3aJaHHOM KBaJIpaTe
Ne AT =900 c Bpems P(n21) P(n=2) P(n=3) P(n=4)

4 1:00 0,952 0,905 0,857 0,81
5 1:15 0,952 0,905 0,857 0,81
6 1:30 0,952 0,905 0,857 0,81
7 1:45 0,952 0,905 0,857 0,857
8 2:00 0,952 0,905 0,857 0,857
9 2:15 0,952 0,905 0,857 0,857
10 2:30 0,952 0,905 0,8577 0,857

OcobEeHHOCTh AJITOPUTMa — OTCYTCTBUE IMPUBASKU K OCOOEHHOCTSIM TPAEKTOPHH II€peMe-
IIeHns OOBEKTOB, BaXKHOM COCTABJISIONIEN ABJIgeTCd (PAaKT HAJUUINs (PU3MIECKOro OObEKTa Ha
TEPPUTOPUU BUPTYAJBHOTO Y3JIA.

3akJiroueHue

B pabore nokazano, 4TO OIHOI U3 TPOOJIEM MOJIEUPOBAHUS CUCTEM TEJIEKOMMYHUKAIIUT,
SIBJISIETCST HEOTIPEJIEJICHHOCTh OTHOIIEHUST JIEMEHTa K OTPEIETCHHON MOJICUCTeMEe CETH Tepe-
maun undopManun. HeolpemeseHHOCTh BO3HUKJIA M3-3a OCOOEHHOCTEH PabdOThl COBPEMEHHBIX
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CHCTEM TEJIEKOMMYHUKAI. B COBpeMEHHBIX CHCTEMaX OJWH 3JIEMEHT MOYKET BBICTYNATb KakK
abOHEHTCKOE O0OPYIOBAHME, MOJCUCTEMA JIOCTYTA, IMOJICUCTEMa YIPABJICHUS ¥ TOJICHCTEMA
TpaHCIOPTHOM ceTu. B pesymbrare 3aTpymHsercs BHEIpeHWE WHQOPMAIMOHHBIX TEXHOJOTHIA,
OCHOBAHHBIX Ha WCIOJB30BAHUN CAMOOPTAHUIYIONINXCS PACIPEICTCHHBIX CUCTEM TepeIadn U
00paboTKu MH(MOPMAINY, MPETHASHAYEHHBIX JIJIS YBEJWYEHUs] JOCTYIHOCTH CUCTEM CBSI3U
OOIIero MoJIb30BaHUS W ABTOMATH3AINY YIIPABICHUST TPAHCIIOPTHBIME CPEICTBAMU.

st ycTpaHeHUsT OMMCAHHON TPOBJIEMBI pa3pabOTaH METOJ OMUCAHUSA CTPYKTYPbI CHCTE-
MBI WHPOKOMMYHUKAIMA. MeTo1 3aKII09aeTCsl B MPEJICTABICHUN WH(MPOKOMMYHUKAIMOHHON
CUCTEMBI KaK eJMHON JTorndeckoil cTpyKTypbl. OCHOBY CTPYKTYPBI COCTABJISIOT BUPTYAJIbHBIE
y3JIbl — YACTH 3€MHOM TOBEPXHOCTH, HA KOTOPOW HAXOIATCS (puzmdeckne y3ybl. Ousndyeckue
Y36l — 3TO 0bOpyaoBaHMe abOHEHTOB W TpoBaiizepoB. COBOKYIHOCTH BUPTYAJbHBIX Y3JI0B
obpasyeT MHOTOCTOMHYIO MEePapXUUIeCKyI0 BUPTYAJbHYIO CeThb. [IpomyckHast CcroCOOHOCTD TO-
JIYIEHHOM CETH M3MEHSETCs TI0 BEPOSITHOCTHBIM 3aKOHAM, KOTOPBIE OMPEJIENITIOTCS CTATHCTU-
KOM TOCEITeHnsT BUPTYAJbHOTO y3ia usmdeckuMu yamamu. O6JacTh MCIMOJIH30BAHUS TOJTY-
YEHHBIX CTATUCTUYECKUX JIAHHBIX pasindHa. |[pUMEHUTETbHO K CHCTeMaM CBA3H — 9TO TIO-
BhbIIeHNE Y(PMEKTUBHOCTH YIPABIEHUsI CTPYKTYPOl CETH 3a CYET MPOTHOZUPOBAHUS AJIbTEP-
HATUBHBIX MApPIIPYTOB TEpeIavdn WHPOPMAINA MeXK Iy abOHeHTaMU, pelreHus 3a1ad OasiaH-
CUPOBKU TPa(pMKOBOII HATPY3KH, IepepacipeiesieHnsi KaHaJbHOro pecypca. Pesysibrarsr ana-
JIN3a 30HBI ODCJIY>KUBAHUS CUCTEM WH(POKOMMYHUKAIUN MOYKHO WCIOJIB30BATH IS UCCTIEI0-
BAaHUsI B3aMMOJIEHCTBHUM COMMATBHBIX U SKOHOMUYECKUX CHCTEM PErnoHa.

Jist 1IeMOHCTpaIuu Peasin3yeMOCTH pa3pabOTAHHBIX TIOJIOYKEHUN MTPOBEJIEH SKCIEPUMEHT
M0 TMPOTHO3WPOBAHUIO KOJMYECTBA (PU3UUIECKUX Y3JIOB B BUPTyaJbHOM y3ie. McTouHmKoM
nuadopmanuu BeiOpan uaTepHeT pecypc FlightRadar24 — Live AIR Traffic. Tlo momydyennbim
JIAHHBIM PACCYUTAHA BEPOSITHOCTH TOSIBJIEHUST B BUPTYAJHHOM y3J€ (DU3MIECKUX OOHEKTOB.
O06o0I1IeHNEe JTAHHBIX O COCTOSHUY TEPPUTOPUU HAOJIIOJIEHUsI TIO3BOJISIET MOCTPOUTH KapTy II0-
CEIaeMOCTH TEPPUTOPUN BUPTYAJbHBIX V3JI0B (PU3NUECKUMU Y3JIAMH, a 3aTeM pacCUNTaTh
MAaTPHUIIHI BEPOSITHOCTEH MPOMYCKHBIX CIIOCODHOCTENH MEXKTY MapaMu BUPTYaJbHBIX Y3JI0B.

PesynbraThl ucciaenoBaHuii OTKPBIBAIOT BO3MOXKHOCTH TOBBIMIEHUsT 3(PPEKTUBHOCTH WC-
MTOJTb30BAHUST COBPEMEHHBIX TEJIEKOMMYHUKAIINN, 38 CYET CUHTE3a JIOTUYECKOH CTPYKTYDPhI U3

Pa3IUIHBIX 0OBEKTOB Iepeadu u 00paboTKu MHMOpPMAaIUH.
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The paper shows that one of the problem of telecommunication systems is indeterminacy of
relation of a system's element to a particular subsystem of informational network, when the ele-
ment could be used either as a user equipment or a management subsystem. The result is the dif-
ficulty of re-introduction of ad hoc networks into the structure of the mobile communication sys-
tems. To solve this problem a method of describing the structure of information communications
has been developed. The method is based on the presentation of the system as a single logical
structure. The base of the structure are virtual nodes. A set of virtual nodes forms a virtual net-
work. The capacity of a virtual network varies according to the laws of probability. Probability
laws are determined on the basis of statistics of virtual host attendance by physical nodes. The
sphere of application of communications systems is the improvement of management efficiency
due to anticipating alternative routes of data transmission and different standards of communica-
tion systems synthesis. The results can be used to study the interactions of social and economic
systems of the region. To demonstrate the results the experiment on the prediction of the number
of physical nodes in a given virtual host has been carried out. The probability of occurrence of
physical objects in the virtual site has been calculated on the bases of the obtained data. The cal-
culation results enable us to construct a map of the area attendance by physical nodes and to cal-
culate traffic routes between virtual hosts.

Keywords: system, analysis, infocommunications, topology, structure, synthesis, information,
management, processing, network.
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