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BMBIP 3ACOBIB ANAPATHO-NMPOrPAMHOIO
KOMMJIEKCY OBYUCIIOBAJIbHUX MEPEX
HA OCHOBI HEMITKMX MOAEJEN

Briepwe 0ns nobydosu modeni aHanizy piueHb 8ubopy arnapamHo-rpoepamMmHO20
KoMmririekcy ob4ucrioeanbHUX MEepEeX 3acmocos8yembcsi Hedimkul nidxid, skul imimye
IH)XeHepHy Hmyiuito U 0038055€ pobumu po3paxyHOK MPUUHAMHOCMI MPOEKMHO20
pilueHHs1, aHanisyeamu pi3Hi eapiaHmu, eubpamu Halbinbw Kpawy KombiHayito
napamempie mepexxHoi OC ma ii anapamHoi pearizauii.

Knroyoei crnoea: anapamHo-ripoepamMHuUli  KOMIIIIEKC, KOMITlomepHa Mepexa,
Heuimka fioeika, onepaujltiHa cucmema.

Bnepsbie 0Ons nocmpoeHuss Modeniu aHanulda peweHull eblibopa arnnapamHo-
rpo2paMMHO20 KOMIIIEKCa 8bIHUCTIUMESIbHbIX cemell MpUMeHsIemcsi Heyemkutl rnodxod,
KomopbIl  uMumupyem UHXeHepHY0 UHMyuuyuro U paspewaem Oenamb pacyem
npuemeMocmu MPOeKMHO20 PewWeHUs], aHanu3uposams pasHble sapuaHmbl, 8blIbpams
Haubonee nyqwyro KoMbuHayuto napamempos cemeeol OC u ee annapamHou
peanusayuu.

Knroyeeble cnoea: arnnapamHo-rpoepaMMHbIl KOMIIIEKC, KOMIMbOmepHasi cemsb,
Heuyemkasi fioeuKa, oriepayUuoHHas cucmema.

First for the construction model analysis decisions choice complex of soft and hard
wear computer networks fuzzy approach, which imitates engineering intuition and allows
fo do the calculation acceptability of project decision, analyses different variants, choose
the best combination of parameters network OS and it hardware representation, is used.

Key words: hardware, software, computer network, fuzzy logic, operating system.

MepekHa ornepariiiiHa cucTeMa OOYMCITIOBATBHUX MEPEXK, € KOMIUIEKC B3a€EMO3AJIEKHUX MPOTpaMm,
mo 3abe3nedye 3pydHicTh POOOTH KOPHCTyBayaM MEpPEeXi IUIIXOM HaJaHHS IM JIesIKOI BipTyaibHOI
O00YHCITIOBATIbHOI CHCTEMH Ta peajizye eQeKTUBHHHA CIOoCi0 MOAUTy pecypciB Mik Oe3liddro
BUKOHYBAaHUX Y MEpEXi MPOIIECIB.

[Ipy yxBajeHHI CTPATEriyHOro pIIICHHS IIOJ0 BHUKOPHCTOBYBAaHHMX Y KOPHOpPATHBHIH Mepexi
MepexHux omepamiitanx cucteM (OC) HeoOXimHO BpaxoByBaTH, 10 Bci MepexHi OC IisaThes MO
CBOIX ()YHKITIOHATHPHIX MOJIMBOCTSX Ha JBA YiTKO MOMITHHX Kiach: MepexHi OC macmTaly Bigairy
Ta KopropaTtusHi MepexxHi OC.

[Ipu cunTe3i kopnopaTuBHOi Mepexauit OC HeoOXiTHO MOO MajIo MicIie:

e MacmTaboBaHICTh y HIMPOKMX MeEXax NPOAYKTHBHICTb, 3aCHOBaHa Ha TapHIM miaTpuUMIi
0araToIpoIEeCOPHUX 1 KIIACTEPHUX TIATPOPM.

e MosxuBicts BukopuctaHHs pgaHoi OC sk cepBepy nopnatkiB. Jms mporo OC mnoBuHHA
HiATPUMYBAaTH TPOXHU MOMYJAPHUX yHiBepcanbHuX APl — Takux, siki 103BOJSUTH O, HampHKIas,
BUKOHYBatucs B cepenosuli miei OC nogarkam Unix, Windows, MS DOS, OS/2.

e HasgBHICTH TOTYXHOI IIEHTpaATi30BaHOI TOBiAKOBOI Ciry:kOm. [loBigkoBa ciyk0a MOBHHHA MaTH
MacmTa0oBaHICTh, TOOTO A0Ope MpaimoBaTH INPH YK€ BENUKIA KiJIBKOCTI KOPUCTYBayiB i
NOJIUTIOBAHUX PecypciB, a Ui [bOro HeoOXimHOo, mo0O Oa3a JOBIAKOBUX JaHMX Oya
PO3MOIIICHOO.
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IcHye 1€ psia He MEHII BaXKJIMBUX XapaKTEPHUCTHK, sKi Tpeda BpaxoBYBaTH MPpU BUOOPI MEpEKHUIM
OC, Takux, HampuKial, SIK CTyHiHb cTadinmbHOCTI Ta Oesmekn OC, HasABHICTH MPOrpaMHUX 3aC00iB
BHJTy4EHOTO JOCTYIY, 3MaTHICT MIPAMIOBATH B TETEPOTCHHOMY CEPEIOBHIII i TaK JaTi.

3 iHmoro 0OKy, He3BaKar0YM HAa HACTUILKH IPO30PY OUYEBHIHICTH, ITIOpa3 IMPH NPOEKTYBaHHI
KOPIOPAaTUBHOI Mepeki CHUCTEMHI IHTETpaTOpH Ta aIAMIHICTPaTOpPH BCTAIOTh Tepenl MpoOIeMOI0
BHOOpY MepexHoi omepamiitHoi cuctemu (OC). Ilpm mpoMy 3aTpadaroThbes KOJOCATBHI 3yCHILIA 1
MaTepiaibHiI 3aco0M 1Mo (OPMYBAaHHIO Ta KOPEKIlii Mepesiky KPUTEpiiB OIIHKH SK TEXHIYHUX, TakK 1
€KOHOMIYHHX ITOKa3HUKIB, IO BILUTMBAIOTH y TiM a00 1HIIOMY CTYIIeHI Ha €(EKTUBHICTh TEXHITHOTO
pimmeHHs i i KOMepIiiHY BUIPaBIaHICTh, BUPOOISIFOTHCS 30ip BiAMOBIAHOI BIZKPUTOI CTATHCTHIHOI

VY migcyMKy, pe3ysbTaToM € JOCHTH HAOJIDKeHE Ta MIIKOM 33J0BOJIBHSIOUE SIK NMPOCKTYBATbHUKA
TaK 1 3aMOBHHKA DIllIEHHS, IO Tojsrae y Bubopi mepexuuit OC i1 croiryku 3aco0iB i1 amapaTHOl
peamizanii. Take pileHHS TPUIAMAETbCS B OCHOBHOMY Ha JIOCBiJi CHCTEMHOTO IHTErparopa, o
npuiiHsB (a00 He MPHUHHSAB) B yBary MHOXKHHY KiUIBKICHHX Ta SIKICHUX TOKa3HHWKIB, OTPUMaHUX Y
pe3yabTaTi JOCHIJPKEHHST MHUTaHHS OLIHKKA TEXHOJOTIYHOI pallioHaJbHOCTI MPOEKTHOTO PillIeHHS,
CKOPEKTOBAHE BiMIOBIHO A0 OCUTH PO3IUIMBYACTUX BUMOT 3aMOBHHUKA. €AMHUM MOMEHTOM, IIO HE
3a7I0BOJIbHSIE OOWIBI CTOPOHH, € mpoOiema OIiHKK (0akaHO KUIbKICHOI) pPIBHS NPUIHATHOCTI
OTPUMAHOTO PIllICHHS, @ TAKOX yMKa MPO MOTEHIIHHY MOXJIHBICTh JOCSATHEHHS Kpamoro (Oijbiie
BHUCOKOTEXHOJIOTTYHIH 1 MEHII JOpOroi MporpaMHo-anapaTHOI peasisailii) BapianTa [2].

Taxke nmoJyoxeHHs1 00yMOBJICHE JIeKiIbKOMa MPHYMHAMHU:

1. Bimpmicte kputepiiB ouiHkd wmepexxHux OC HaleXHuTh A0 Kareropii, THX IO CIa0bKo
(hopMai3ylOThCs TOHATH, HANPHKIAJ: MAaclITabOBaHICTh, PO3IIMPIOBAHICTh, 3aBaJI03ATHICTD,
Oe3neka TOINO, BHMIp SIKUX 3JIHCHIOETBCS 3 BHUKOPHCTAaHHSAM BepOaTbHUX (CIOBECHHUX,
JMIHTBICTUYHHUX) OI[IHOK THUITy «XOpOIa», «IOTaHa», «CEPeAHs», «BiIMIHHA», SKi CKJIQJIHO
IHTErpyBaTH B 3arajibHy MOJEJb ONTUMI3alii.

2. VY cuiy TOro, mo B CKJIaJHOMY IpOLECi yXBajeHHs pilleHHs Oepe ydacTb 3BHYallHO Tpyma
¢daxiBUuiB — rpymoBa ocoba, mo mnpuiiMae pimenHs (OIIP), Te arperyBaHHa iXHIX IyMOK 3a
JOTIOMOTOI0 KJIACHYHUX (AEeTepMiHOBaHMX a00 CTOXAaCTHYHHMX) METOMIB, BUPaXEHUX y (opmi
JIHTBICTUYHUX OLIHOK, CTAa€ MPAaKTUYHO HEMOXKJIMBHM, SKIIO TPU LBOMY LIe BPaxoBYBaTH M
PiBEHb KOMIIETEHTHOCTI WwieHiB rpynoBoro OITP.

3. binpuictes ¢axiBUiB, apryMeHTYIOUM CBOi JOBOJIM, HaHyacTille TMOCHIAIOTBCS Ha CBild
npodeciiiHuii  OCBiJ, OMEpyIYH MNpPH IBOMY SIKAMHCh, THX MO clIabko (opMami3yrThes
MpaBUJIAMH THITY: «SIKIIO TpW BENWKIM KUTBKOCTI KIEHTIB MEpexi, IO OOCIyTOBYHOTh, IMpPH
BUCOKHMX BHUMOTax IO ii HPOIYKTHBHOCTI 3aKJIaJaTH HEBEIMKY CyMy Ha 3arajbHy BapTiCTh
BOJIOJIIHHSI MEPEXer I OOMEXHTHCS CEepeIHBOI0 BapTiCTIO Ha amapaTHy peanizamito OC, To
NPUHHATHICTE TAKOTO PillleHHs Oyie HIKYe cepeaHboi». DyHKIIOHATBHO BUPA3UTH TaKi IPaBHIIa,
THUM OuTbIIe M0 X MOXe OyTH He OJMH JECATOK, y BUIIAAI CTPOTUX MAaTEMAaTHYHHUX CTPYKTYP
HPaKTUYHO HEMOXKIIHBO.

4. BuxopuCTOBYBaHI iIGHTWYHI JIIHTBICTHYHI OWIHKH THX caMUX (QyHKHiOHaNBHUX mapamerpiB OC
BiJIPI3HSIOTHCS CBOIM CEMAaHTUYHHUM 3MIiCTOM y CHJIY BiJICYTHOCTI YHi(piKOBAaHOI IIKadH BHMipy
HaBiTh y (haxiBIB OJHIET TPEIMETHOT 00JACTi, HANIPHUKIIA] CUCTEMHUX iH)XKEHEPiB, HE TOBOPSYH
BXke mpo wienn rpynooro OIIP, mo mpencTaBmsitoTs, HaMpUKIAL, MEHEDKEpIB 1Mo (iHaHCAM 3
0OKy 3aMOBHHKA.

[TapagokcambHUM € TOW (akT, MO TPH HAIBHOCTI HACTUTBKM CEPHO3HUX YTPYMHEHb IIIHOIO
HEHMOBIPHUX 3yCWJIb, TPOEKTHI pIMIEHHSA TMPUHAMAIOTECS Ta YCHIIIHO peami3oByroThCsa. OTxe,
MOJKIIUBICTh JTOCSTHEHHS KOJIETIaIBHOTO OOOIIIBHO, IO BIAMITOBYE CYIDKEHHS, peaabHO ICHYE, 1
BHHHKAE MUTAHHS PO HEOOXITHICTh CKOPOYCHHSI BHTpPAT MaTepialbHUX PECYpCiB 1 9acy Ha OIHKY
THX a00 IHMKMX MPOSKTHHX PIIICHb 3a YMOBH KOPEKTHOTO Ta €(DEKTMBHOTO BHKOPHCTAHHS 3HAHB 1
JIOCBIAY TPOEKTYBAIBHUKIB 1 00JIiKy MOOakaHb 3aMOBHHKAa B yMOBaX OOMEKEHb, IO HAKJIATAIOTh
TexHiyENM 3aBmaHHAM (T3) mpoekTy. AKTyalbHUM CTa€ CTBOPEHHS IHTEIEKTYyaJIbHOI CHCTEMH,
3aTHOI aBTOMAaTH3yBaTH IIPOIleC T'€HEpYBaHHSA pIMIeHh B yMOBaX HEUITKOI BHXiTHOI iH(opMAIrii.
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TepMiH «HEediTKHID» BUKOPHCTAHUM, OCKUTLKY JIIHTBICTHYHI OIiHKY mapameTrpiBe OC, iXHS ceMaHTHKa,

a Tako)X TpaBWja, BUKOPUCTOBYBaHI (axiBIsIMH, y CydacHI Teopil iHTENEeKTyalbHUX CHCTEM

MiIIagal0Th caMe IiJ KaTeropild KOHIENTYalbHUX IOHATH, UIS JOCHIDKCHHS SKHUX Y CepeauHi

60-x pokiB XX cTopiuds CHeIiaTbHO OyJia po3pobiieHa Teopis HETITKUX MHOXKHUH [2].

Sxmto gomep)kyBaThcs iei OCHOBOITOJNIOKHHUKA Teopii HediTkumx MHOXKUH JI. 3axe: «Slkmio mist
mpoOeMu po3po0JIeHI METONWKH ii PINIeHHS Ha OCHOBI KJIACHYHOI MAaTeMAaTHKH 1 BOHU MalOTh
PEe3yJIbTaTH, IO BIAIITOBYIOTh, IPU PO3YMHHUX BHTPATaX 4acy Ta CHJI, TO HE CIIiJ BUKOPHCTATH TaM
HEJITKI-MHOXHHHI METOAM. Y peaahbHOMY CBITI 3aHAATO 0arato 3aBAaHb, U SKUX KIACHIHI METOIH
abo 3aHAATO TPOMI3NKi, a00 MPOCTO HE 3aCTOCOBHI», TE€ CTA€ OYCBHIHUM, IO HE CIJl 3alMaTHCS
pPO3pOOKOI0 OCHOB MEPEKHHMX TEXHOJIOTiH Ha OCHOBI HEUITKOi JIOTIKH, a OT Yy NMUTaHHSIX iXHBOTO
MIPOCKTYBAHH JTaHA TEOPisT MOXe OyTH TOCUTH KOPHUCHA.

IIlo crocyeThcs 3aBHaHHS OINIHKA TPUAHATHOCTI MPOEKTHOTO PIllleHHS Ha BHOIp MpOTpamMHO-
anapaTHOrO KOMIUIEKCY KOPIIOpaTHBHOI Mepexi, TO cxema ii pilieHHs Moxe OyTH peani3oBaHa B
TaKui crocio:

e cdopMyBaTH TMeEpeNik KPHUTEPiiB OMMIHKH pamioHambHOCTI MepexxHux OC, mpopaHXKyBaTd I
KpuTepii 1O BaXKIWUBOCTI Ta OJEpKaTH IHTETPOBAaHY OINHKY paliOHATHHOCTI HANWO1IBII
nonyJisIpHUX Mepexxanx OC;

e 3reHepyBaTH KUIBKICHI 3HaYCHHS! NPUHHATHOCTI MPOEKTHUX PillleHh B YMOBAaX HEYITKOI BUXiZHOI
iH(opMarlii, MOPOKYyBaHUX CHCTEMOIO0 OOMEXeHb, 110 BUHUKAIOTH i3 yMOB T3 i mpiopuTeTiB
3aMOBHHUKA 3a JIOTIOMOTOR0 (hopMaizallii BXiTHHX 1 BUXiIHUX MapaMeTpiB HEWITKOi CHUTyaIlil Ta
(hopmyBaHHS 0a3u 3HAHH HEUITKOT MOJIETII;

® BHJUICHHS IPOEKTHOTO PIMIEHHS 3 MAaKCUMAIbHOK TMPHUHATHICTIO J0 HEYiTKOI CHTyalii,
nopomkenoi T3 i ¢pyHkuioHanbHUMH napamerpaMu MepeskHux OC.

CTpYKTYpPHO KOHLENILi0 PO3pOOIEHOr0 HEWITKOrO0 MiIXOoAy A0 pilleHHs NpobieMu BUOOpPY
pOrpaMHO-aapaTHOr0 KOMIUIEKCY MOKHA MPEJCTABUTH, SIK MOKa3aHO Ha PUCYHKY 1.

ITapamerpun Mepexunx OC

Kpurepii oLiHKH Mep exHIx OC

ExcriepTH1 OLIHKIT

.

IModyaoBa HewiTKOT Moge T

BisHauensa agep PI1
1 HEUITKHX 3SMIHHHX

N HEUITKA MOJIEJIb
(rpaBIiIa HEYITKOIO JTOT1MHOI0 BHBOAY)

Y

Oninka
npHiiHATHOCTi OC

Puc. 1. CtpykTypHa cXeMa BHOOPY allapaTHO-NPOrPaMHOro KOMILIEKCY

Jns peamizanii cucteMu BBOAY-BHBOAY B MPOIMOHOBAHOMY HEYITKOMY KOHTPOJIEPI BUKOPHCTAHO
anroput™ Mampanu. Sk BXiAHI TapaMeTpu CHCTEMH HEUiTKOrO BHUBOAY OyAeMO pO3IisaaTé
7 HEUITKUX JHTBICTHYHUX 3MiHHHX: «KigbKiCTh 0OCHyXEHHX KII€HTIBY», «MacmTaboBaHICTbY,
«KepoBanicte», «MepexkHa NpPOAYKTUBHICTHY», «besneka», «CobiBapricTh», «BapTticTe amapatHoi
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peamizamii». Ilpm 1pOMy SK BUXIIHUH TmapamMeTp BHUCTYINAE€ HEYITKa JIHTBICTHYHA 3MiHHA
«IpuitHATHICTEY.

Jns pimenns 3amadi azzudikarii MpomoOHYIOTECS KOJOKOIEHOMOMIOHI (YHKITI MPUHAIECKHOCTI
(®IT), ockimbKHM BXiTHI BEIMYUHA MOXKYTh CTaBUTHCA IO NEKUTBKOX OINIHOK, 3 PI3HUM CTyIEHEM
YIIEBHEHOCTI (IIUB. pHC. 2).

Ha pucynky 3 maBenena ®II jrs MmexaHisMy BuBOIY (nedas3udikariii).

VS | \ / N N
'.”,’ | / \\ /' N, ,/ AN /
r"l"| 'x" //\ / N A
.l’ll \ j \ & “ rd ,
AR / A\ y /. S / \
SN N L 4 S 2
irpud variable Uprnt o;lmlvu»aﬂe%w
Puc. 2. ®II BxigHoi JiHrBicTH4HOI 3MiHHOT Puc. 3. ®II suxinnoi JiHrBicTHuHOI 3MiHHOI
«KepoBaHicTb» «IIpuiiHATHICTH)

3 ypaxyBaHHSAM 3pOOJICHHX YyTOYHEHB, PO3TIAHyTa Cy0’€KTWBHA iH(GOpMAIsl TIPO BXIiTHI
X =(x,,x,,...,Xx,) Ta BUXinHi Y mapamerpu cucTemu aHamizy BHOOpY pillleHb, 6a3a MpaBUI IS

HEYIiTKOTO JIOTIYHOTO KOHTPOJIEpY MOXKe OyTH TpeicTaBieHa y Qopmari 27 TpaBWUI HEUITKUX
MpoAyKiii [3, 4].

MosxnuBOCTI Bi3yaiizallii pe3yJbTaTiB MOJIEIIOBAHHS JIO3BOJIIIOTH TaKOX MPOBOJIWTH aHaIi3
JUHAMIKH PIBHS TPHUHHATHOCTI y B3a€MO3B’S3KYy JBOX SKHX-HEOYIb MapameTpiB Mpu (PiKCOBaHUX
3HaueHHsX iHmmMX. Ha puc. 4a HaBeneHa MOBEPXHS NMPUIHATHOCTI 3aJIe)KHO BiJl 3arajbHOI BapTOCTI
BosomiHH OC 1 KINBKOCTI KIIEHTIB, SIKi OOCIyroByHOTh, Tpu (HIKCOBAaHHX 3HAYCHHSIX
MacmTaboBaHOCTI — 4 Oayn, KepoBaHOCTI — 3 6amu, MEPEKHOT IPOYKTUBHOCTI — 5 OaiiB, Oe3meku — 5
OautiB, BapTOCTi amapatHoi peanizarii — 500 yMOBHUX OJUHUIT [5, 6].

Hriemlemost
Priemlemost

1010

1000 -
Pl 400

Sekest KalCksklient Stoimbpare 200 p 0o SetevaProcukt
a) [IpuifHATHICTH 3aJIEXKHO BiJ] 3arainbHOT 0) [IpuitHATHICTH 3aJIe)KHO BiJ BapTOCTI
BapTocTi BojoaiHHsA OC 1 KiTBKOCTI amapaTHOI peaizallii Ta MepeKHO1
1110 00CITyTOBYIOTh MPOXYKTHUBHOCTI

Puc. 4. IloBepXHs1 HeYiTKOr0 BUBOAY JIsl PO3p00JIeHOT HeYiTKOI MoeJIi

OTpumaHa HEYiTKa MOIETh IMITye IHKCHEpHY IHTYIMiI0O Ta J03BOJIIE POOUTH PO3PAXYHOK
MPUHHATHOCTI TPOEKTHOTO pIIeHHS, aHaTi3yBaTH pi3HI BapiaHTH, BHOpaTH HAHOUIBII Kpamry
KoMOiHaIlito mapamerpiB Mmepexkaoi OC Ta 1i amapatHoi peamizamii. Taka Momenb, 0€3CyMHIBHO,
TOJICTIIY€E TIPOIIeC aHai3y pillleHb BHOOPY amapaTHO-TIPOrPAMHOTO KOMIUIEKCY OOYMCIIOBATLHUX
MEpEeK, JO03BOJISIE 3a0IaINTH MaTepialbHI peCcypcH 1 Jac.

Ha wMopenmbHOMy TpHKIami ITOKa3aHO XapakTEpHI HEWITKI BUMOTH 10 (YHKIIIOHATBRHUX Ta
€KOHOMIYHHX TIapaMeTpiB IMPOEKTHOTO pimeHHs Ha BUOip MepexxHoi OC Ta ii amapatHoi peamizaiii, a
TaKOX KUTbKiCHE 3HAYCHHS MPUHHITHOCTI TAKUX PillleHb. 3aJICKHO BiJl 3arajlbHOT BAPTOCT1 BOJOMIHHS
OC — 454 yMOBHUX OIWHUITH 1 KITBKOCTI KIieHTIB — 500 MTYK, SKi 0OCIyTOBYIOTH, TIPH (PiKCOBAHUX
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3HAYEHHIX MacITabOBaHOCTI — 4 Oanm, KepoBaHOCTI — 3 Oayu, MEPEXHOI MPOTYKTUBHOCTI — 5 0ariB,
Oesnexu — 5 OaiiB, BapTOCTi anapaTHoi pearnizamnii — 500 yMOBHHX OIWHUIl, PUHHATHICTE BHOOPY
pimenss mozao Mepexkanii OC piBHsAETHCS 0.48 Oaa.
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