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IBUJKAN AJITOPUTM BUSHAYEHHS BILIMBY HENOJIAJIOK EJJEMEHTIB
MEPEXI JOCTYIIY HA SAKICTb OBCJYI'OBYBAHHA KJIIEHTIB

Tenenux C.@., Ponix O.1., Acouxka M.B., Mamwozin /].B.

AHoTauis: PO3rIsgaeThest BayKINBA TS BEMKHX OMEPATOPIiB TEICKOMYHIKAIIIHHUX MOCTYr pobiieMa BU3HAYCHHS BIUIUBY BiJMOB
CIIEMEHTIB MEPEeXKi JOCTYIly Ha SIKICTb 00CIyroByBaHHs KJIi€HTIB. IIponoHyeThCs MiAXiA 0 MIBUIAKOTO PO3B’S3aHHS HPOOJIEMH B
YMOBaX OPCTKHX peaJbHUX BHMOI' ONEpPaTOpPIB 10 4acy pearyBaHHs Ha HEIOJA/IKH Y MEpEKax, B OCHOBY SIKOTO MOKJIaJeHa ijies
KOMOIHYBaHHS MPOJYKIIITHOTO i aITOPUTMIYHOTO MiaxoaiB. HaBoaUThCS BiAMOBIIHUI anropuT™, moOy10BaHUK Ha OCHOBI pPOOOTH
3 NPOAYKUIHHMMH CHCTeMaMu, sKi 3a0e3ledyroTh THYYKICTH MOJeNi PO3MOBCIO/DKEHHS 1 OLIHIOBAaHHS BIUIMBY HEINOJAI0K
@JIEMEHTIB Mepexi Ha SIKICTh 00CITyroBYBaHHS KII€HTIB, 1 mpuiiomMax poboTu 3 rpadamu, sKi 3a0e3MeUyroTh JOTPHMaHHS YaCOBHX
BuMor. Peanizauis anroputMmy Oa3yeTbcsi Ha 30€pekKEHHI JaHUX INPO Mepexy Ta iX O0OpoOJeHHI y omepaTHBHIN mam’sTi.
HaBosIThCst eKCIIepUMEeHTalIbHI IaHi JOCII[PKEHHS 3a[POIIOHOBAHOTO aJIFOPUTMY.

AmnHoTanms: PaccmarpuBaeTcst BakHas Ui GOJIBIINX ONEpaToOpoB HH(POPMAIMOHHO-TEIEKOMMYHHKAIMOHHBIX YCIyr Hpobiema
OIpE/ECICHUs BIMSHUSA OTKAa30B SJIEMEHTOB CETH JOCTYHa HA KadeCTBO OOCIyKMBaHMS KiHeHTOB. IIpemmaraercs moaxom K
OBICTPOMY PEIICHHIO IPOOJIEMBI B YCIOBHSX JKECTKHX PEAIbHBIX TPeOOBAHMI ONMEpPAaTOPOB KO BPEMEHH PEAKI[MH Ha OTKa3bl B
CeTsiX, B OCHOBY KOTOPOrO MOJIOXKCHA HJiesi KOMOMHHPOBAHHUS MPOAYKIMOHHOIO M aJrOPUTMUYECKOro MOAX00B. [IpuBomuTcs
COOTBETCTBYIOLIMH AJFOPUTM, MOCTPOCHHBI Ha OCHOBE PabOThl C MPOAYKIMOHHBIMHM CHCTEMaMH, KOTOpbIC OOCCICYMBAIOT
rUOKOCTh MOJENH PACIpPOCTPAHCHHUS M OLCHKH BIIMSHHUS OTKA30B JJIEMEHTOB CCTH Ha Ka4ecTBO OOCIY)KMBAHHS KIHCHTOB, U
npreMax paboTsl ¢ rpadaMu, KOTOpble 00ECIICYNBAIOT BBIOIHEHHE BPEMEHHBIX TpeboBanmil. Peannsanus anroputma 6asupyercst
Ha COXPAaHEHHH JaHHBIX O CETH M MX 00paboTKe B ONEepaTHBHOMN MamMaTh. [IpHBOAATCS SKCIIEPUMEHTAIIbHbIC JaHHbIC HCCIICAOBAHUS
[PEIOKCHHOTO alIrOPUTMA.

Abstract: The problem of estimation of net elements flow influence on client service quality at large communication operators is
considered. The approach based on available solutions review and analysis of influence factor structure-technology and service-
function intended for solving this problem at breakneck speed is proposed. The models of distribution and estimation of access net
elements flaw influence in form of tasks on special graphs is elaborated. The algorithm, based on production system and methods
of working with graphs, is proposed. Implementation of the algorithm is based on storing and processing access net data in
operational memory. The results of proposed algorithm experimental investigation are described.

Beryn

Crpimkuii  po3utok iHdopmauiiinux (IT) Ta xomynikaniiinux (KT) rtexHomoriii npussiB 10
miobaneHol  iHQopMaTm3amii cycminberBa [1]. OmamM i3 10 [poOsBIB € CTBOPEHHS TyCTOI CITKH
TENIEKOMYHIKallIiHUX ~MEpeX K BEJMKOMAcHITAa0HOrO CEepelioBHINA HAJAHHS ONeparopaMu 3B SI3KY
PI3HOMaHITHHX KOMYHIKAI[IfHUX TIOCIIYT CBOIM KIIi€HTaM. Y TaKUX MepekaX BHIUIAIOTHECS TPAHCHOPTHI MEpexi
Ta MEpEeXi JIOCTYILY.

VY Mepexax JOCTYIy BETHKHX OIEpaTOpiB 3B’SI3Ky MOYKE HATIUyBaTHCS NEKiNbKa MITbHOHIB KII€HTIB.
KoxxHuit 3 kJTi€eHTIB Ma€e MeBHUN HaOip mapaMeTpiB, HAJEKUTH JI0 TIEBHOTO KJIACy 1 Mae MeBHUN HaOip BUMOT JI0
piBHS 00CTYrOBYBaHHs, 3a(h)iKCOBaHMI B yroJi Mpo piBeHb oociyroByBanHs SLA (Service Level Agreement).

Komm y mepexi mocTyrmy 3°SBISIOTHCS HETOJAaJKH B KOMYHIKaIlIHHUX TMPUCTPOSIX YU cepBicax, y
KIIEHTIB 3HWKYIOTHCSI TIOKa3HUKU SIKOCTI oOciyroByBaHHs. [l TOoro, mo0 BU3HAYMTH IOJITHKY OIEpaTopa
I0JI0 B3a€MOAIl 3 KJIIEHTAaMHM Ha TEpiojl BIUIMBY HEMOJIQNOK, CIyXO1 0OCIyroByBaHHSI KII€HTIB MOTpPiOHI
MOKA3HUKHM 3MEHIICHHSI PiBHS OOCIYrOBYBaHHS JUIi KOKHOTO Kii€HTa. PO3paxyHKM 3a3HAUEHHMX ITOKa3HHKIB
3aJie’kaTh BiJ 0araThoX MapaMeTpiB, HACaAMIIEPE] CEPBICiB, TEXHOJIOTIH, SKi 3aCTOCOBYIOTBCS ONEPATOPOM, THITY
oOnagHaHHs, CTPYKTYypH Mepexi. [Ipu mpomy Jorini 31iHCHEHHST pO3paxyHKIB MPUTaMaHHa 3MIiHHICTh. A 4ac, 3a
SKAH HEOOXi/THO BUKOHATH 3a3HAYEHI PO3PAXyHKH, 3arajioM JIOCUTh 0OMEXEHHH.

ITocTae mpobaema mpeaCTaBICHHS MEpeX JOCTYITY 1 OpraHizamii po3paxyHKiB TOKa3HUKIB 3MEHIICHHSI
SIKOCTI 0OCJTYrOBYBaHHSI KJIIEHTIB BHACIIIIOK HETIOJAI0K B MEPEK] Y pealbHUX YMOBaX (QyHKIIOHYBaHHSI.

VY crarri mpomoHYeThCs MiAXiA 0 LIBMIKOTO pO3B’SI3aHHS 3a3Ha4YeHOI MNpoOJIeMH Ha OCHOBI
KOMOIHYBaHHSI TPOJYKIIHHOTO 1 alrOpUTMIYHOTO IiJXOJIB, HABOJHUTHCS alrOPUTM OJEp)KaHHS MOTPIOHMX
pPe3yJIbTaTIB y MEXKaxX YaCOBUX BUMOT 3 BI/IMOBITHUM PIBHEM TOYHOCTI.

CyTHicTh npodaemu

Mepexi omepaTopiB MOJUIAIOTECS Ha JBa OCHOBHUX KJIACH — MAariCTpallbHI Mepexi IeperaBaHHI
JMaHUX 1 Mepexi goctymy. [lepmri 3 HUX CTaHOBIATH SIIPO BEIMKHUX MEPEKHHUX iHPPACTPYKTYp 1 MpU3HAUCH] IS
3a0e3meueHHsT 3B’SI3Ky MK BEJIMKHMH TEJIEKOMYHIKAI[iIHHUMHU By3JdaMH a00 perioHAIbHUMH ITiIMEpPeKaMHu.
MarictpanbHi Mepeki BUKOPUCTOBYIOTh KaHAIH 3B 3Ky 3 BEIMKHUMH MPOMYCKHUMH 3IaTHOCTSIMH, 00’ €THYIOTh
iH(opMaIiiiHI MOTOKH 3HAYHOI KITBKOCTI MiMEPEeX 1 BIAPI3HAIOTHCS M1 IBUIIIEHOIO HAIHHICTIO.

Mepexi MOCTYyIly CTAaHOBJSTH OJWH 3 KJIFOUOBHX KOMITOHEHTIB iH(opMaIiitHoi iHppacTpyKTypH, 3a
JIOTIOMOTOI0 SIKHX a0OHEHTaM HAJAIOThCs PIZHOMaHITHI iH(OpMamiidHI Ta TeleKOMYHIKaliiHi mocayru. Y
Mepexax JOCTYIy JesKUX omepaTopiB Moxe HamiuyBaTucs a0 7-1000000 kimieHTIB, a BUTpaTH Ha CTBOPEHHS,
MOJICPHI3aLII0 1 MATPUMKY MPALE3JaTHOCTI TAKAX MEPEXK CKIIAJAI0Th BarOMy 4acTKy OrouKeTy omepartopis. LIi
Mepexi MalTh TEPEBAKHO i€papXidHy OyIOBY, KUTBKICTH PIBHIB SKOI 3aJI€KHUTH BiJl KUTBKOCTI KIIEHTIB 1 iX
po3TanryBaHHs, NPUUOMY KUIBKICTH PIBHIB MEpeX JOCTYIy NEsKHX oreparopiB Moxe nocsrata 10. s
3a0e3meueHHsI BUMOT 10 HaJiHHOCTI 0OCIYrOBYBaHHS KITIE€HTIB IM 3a0e3MeUyeThCs JOCTYI IO PECYpCiB Mepexi
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JeKibKOMa LLIIXaMK. 3aranbHa iepapxiyHa Oya10Ba MEpexi oepaTopa 3 OCHOBHHMH I PE3CPBHUMH JiHiAMH
3B’3Ky JIeTaIbHO OMHUCAHA y MomepeHiii npaui aBropis [2]. Ti BaxknuBuii pparment 6yae HaBeeHUI HIDKYE.

Taxkum umHOM, 3arajgbHa CTPYKTypa MEpExki HOCTyIly B TepMiHax Teopii rpadiB He € KOPEHEBUM
JIEPEBOM, a CTAHOBHUTH SIPYCHO-TIApAJIeIbHy (OPMY CIIeIiabHOTO BUIIISY: HA HAWBHUIOMY SIPYCi 30CEpeKeHi
pecypcH, a Ha HaWHMKIOMY, TOOTO Y JIMCTKaX — KIIIEHTH; KOKHA BEPIIMHA MOKE MaTH 72 0aTbKIBCHKUX BEPITUH
3 Pi3HHX SAPYCIB 1 m AOUIPHIX BEPINNH 3 Pi3HUX SAPYCIB. AJle MPUHIIUIIOBO BAXXIMBUM € TOH (hakT, mo uei rpad
MOJKHa 300pa3nuTH y BUTIIAAI 00’ €THAHHA BOX 1 OibIlIe KOPEHEBHX JEPEB, AKI MOXKYTh nepetuHatucs. [lepetnn
X rpa¢iB BU3HAYA€E Ti MPUCTPOT 1 JIiHIT 3B’ A3KY, 5IKI BUKOPUCTOBYIOThCA JUII HAJJAaHHSA OCHOBHUX 1 TOJATKOBHUX
NUISAXIB JOCTYITY KIIEHTaM.

VY KOXHOMY BY3JI0BOMY KOMYHIKaIliIfHOMY ITPUCTPOi KOXHA JIIHISI 3B’SI3KY 3a/110€ IIeBHUH NopT. Takum
YMHOM, Il IPUCTPOI CTPYKTYPOBAaHI i HEMOIAAKH MOXXYTh CTOCYBATHCSI YChOTO IIPUCTPOIO B IIJTOMY 200 NEBHOT
foro migcTpykTypu. IIpu 1mpoMy MoBa MOXe HTH TpO TOBHY BTpaTy (QYHKIIi MPUCTPOIO (MACTPYKTYPH), U
BTPATy YaCTUHH QYHKINIH MPUCTPOIO (MACTPYKTYPH).

Tomy omeparop I KOXXHOTO TIPHCTPOIO BBOJWTH CIIEIIadbHUI MapaMeTp OLIHKK piBHA HOTro
BiAMOBigHOCTI HOpMaM (YHKIIOHYBaHHs — severity level, sikuii HaOyBae 3HaueHp B aianazoni Big 0 mo 100.
3HaueHHSI KOXKHOI MO3MLIT IIbOTO MapaMeTpa JUls ollepaTropa 4iTKO BH3HAueHe, TOOTO OIepaTop 3HAa€ HACHIAKH
JUISL KJTIEHTA KOJKHOTO 3HAUYEHHS y 3a3HaYCHOMY Jliara3oHi.

IcHye Habip mpaBwi, 3a JONOMOIOIO SKHX, 3HAIOYM 3HAUEHHS IIbOTO MOKA3HMKA ISl KOXKHOTO
KOMYHIKaI[IfHOTO THPUCTPOIO MEpEeXi, CTPYKTYpY MEpexi, nmapaMeTpu TEXHOJOTiH, CepBiCiB 1 00JaJHaHHS,
MOJKHa pO3paxyBaTH 3HAUCHHS MOKa3HHUKa JJIs KIIieHTa. 3a3HayeHuil HaOip MpaBHII TOCUTH IpoMi3akuil. Mepeska
JIOCTYIy OTiepaTopa MOK€ HAIIYyBaTH MUTLHOHHM KIII€HTIB, SIKIi MOXYTh HallekKaTH JI0 PI3HHX KJaciB 3a
BaXKIIUBICTIO IS OTEpaTopa, HAMpPUKJIIAI, MOKHA TOBOPHUTH IIOHAWMEHIIE PO KIIEHTIB KiaciB platinum, gold,
silver, bronze. IIpu mboMy Ha pO3paxyHOK MOKA3HUKIB JJIsI YCIX KJIIE€HTIB BiIBOIUTHCS OOMEXEHUN Yac, SKU y
JISTKUX OTIepaTopiB CTAHOBUTH He Oinbine 15 XBuiauH Ha 1,5 MITH. KITIEHTIB.

HeoOxigHe BiAnOBiIHE MporpamHe 3a0e3meueHHs, sKe, Mo-Tepiie, Oyae BIAMOBIAATH 3a BEJACHHS
HEoOXiTHUX 0a3 TaHUX 1 BAKOHAHHS PO3paxyHKIB B 0OMEKEHHIl yac, a, Mo-Apyre, OyIe IHTerpOBAaHUM B CHCTEMHU
piBHs Operations Support System (OSS) i ynpaBiiiHHS MepeKaMu JOCTYITY OTIepaTopiB 3B S3KY.

[adopmaris momo Mepexi MoAETECA B HECTPYKTYPOBAHOMY B TepMiHax rpadiB BHIIIAMI. 3alar0ThCs
JIMIIE BY3JIOBI MPUCTPOI 1 PUCTPOi HACTYITHOTO PIiBHS, MPUENHAHI O IX BIAMOBIIHUX IMOPTIB, Ta iHPOpMAIIisS
II0/I0 TIPUCTPOIB, TIOPTIB 1 3B SI3KIB.

Komn B cucTeMi TparuistoThbesl HETONMAAKHY, iH(GOpMaLlis PO HUX HAAXOANTH Y BUIJISII HOBUX 3HaUYCHb
napaMeTpiB OLIHKK piBHA IX BianoBigHocTi HOopMaMm (yHkuioHyBaHHS. Toxai W HEOOXiJAHO BpaxyBaTH HOBI
3HAYEHHS TIOKa3HHUKIB 00CITYyrOBYBaHHS KIIIE€HTIB 3 ypaXyBaHHSIM HaBEJCHUX BHIIE YaCOBUX OOMEKEHb.

3 ypaxyBaHHSIM CYTTEBHX OCOOJMBOCTEH JIOTIKM BU3HAYEHHSI BIUIMBY HEIOJA0K Y MEepekax JI0CTyIly,
HassBHOCTI 3HAYHOI KIUJIBKOCTI YMHHHUKIB BIUIMBY, BEJIMKOI BUMIPHOCTI MEpEX, 3HAYHOI KUIBKOCTI KIII€HTIB i
JKOPCTKMX YacOBHUX OOMEXKEHb BUHHKAE CKJIaJHa MpakTH4YHa mpoliiema IpecraBiieHHs iHdopmauii mpo
CTPYKTYpPY MepexXi 1 NpaBWia IepepaxyHKy IIOKa3HWKIB 1 CTBOPEHHS IIPOrPaMHOIO IHCTPYMEHTapilo
OIIIHIOBAaHHS BIUTMBY HETIOJIAZIOK Y MEPEeXkax JOCTYITy ONepaTopiB 3B’ 3Ky Ha SKICTb 0OCITyrOBYBaHHS KIII€HTIB.

Ha mio nmpo6iiemy HakIafaloThCS JOJATKOBI 0OMEXKEHHS, OB A3aHi 3 THM, [0 TIEPiOMYHO ¢ pa3iB Ha
no0y moctymae iH(opMaris Bif IHMIWX KOMIIOHEHTIB cucTeM piBHS OSS ympaBmiHHA MEpeXaMu JOCTYILY
oTepaTopiB 3B 3Ky MPO 3MIHU B CTPYKTYPi MEpexi.

Tomy BHWHHMKAae HaykoBa TMpoOieMa po3poOJieHHS Mojesield 1 BiJNOBIIHUX METOJIB 1 aNTOPHUTMIB
nepepaxyHKy, 37aTHUX CKJIACTH OCHOBY MPOTPAaMHOTO IHCTPYMEHTApito, SKUH J03BOJIMTH BHPIIIMTH HABEACHY
NpaKTHYHY MPoOJIeMy B paMKax 3a3HauYeHNX YaCOBUX, TEXHOJIOTIYHUX T IHIIMX OOMEKEHb.

Orasj icHylo4nx pilieHn

Y mimomy, aHamizy BIUIMBY HETONAJOK Yy MepeaxX BEJIHKHX OIepaTropiB iH(opMariiiHo-
KOMYHIKaI[iifTHUX TOCIYT MPHUCBSIYCHO JOBOJI Oarato mpaib, Ha3BeMo xoda 0 mpami [2—6]. Bonu mpucsstaeHi
pI3HUM acrekTaMm po3B’s3aHHA M€l aKTyaldbHOI TpoOieMu. BimbHIiCTh Mpamb MPHUCBSYCHI aHANI3Y BIUIHBY
BIZIMOB y HaJaHHI cepBiciB Ha Oi3Hec-omeparii KOMMaHii, sKi Ha/lalTh cepBicH a00 BUKOPHUCTOBYIOTH 1T s
HiITPUMKH CBOIX Oi3Hec-mporeciB [3—4]. ABTOopH IMX Tpalb MEPEeBaKHO KOHIEHTPYIOTHCS Ha MOJEISIX 1
MeroJax e(EeKTHBHOTO YIPaBIiHHS IHIMJICHTAMU 1 IIpollecaMH BiJHOBJIEHHs cepBiciB. Ha ix ocHoBi
PO3pOOIIIOIOTECST CHCTEMHU, METOIO0 SIKMX € MiHIMi3alis BIUIMBY Ha Oi3Hec 3pMBIB HalBaXKJIMBIIIMX CEpPBICIB.
bazoBoio KoOHIEMIi€l0 TOOYMOBH IMX CHUCTEM € IHTErpamis YIpaBIiHHS BHKOHAHHSAM Oi3HEC-IIPOLECIB 3
YIPaBIiHHSAM CHCTEMOIO Y IITOMY 1 3a0e3mneueHHs ix BianoBinHOw IT-iHppacTpyKTypoOIO.

Jesiki mparii mpuCBsYEHI PO3pOOJIEHHIO MOJENeH, SIKi BU3HAYAIOTh 3aJIEKHOCTI CEPBICIB Bif 1HIIHUX
CepBiCiB 1 pecypciB, a TaKOX MapaMeTpiB SKOCTi cepBiciB y SLA KITI€HTIB i MOTOYHOTO PiBHA BHKOPHCTAHHSI
cepBiciB. Ha ocCHOBI mmx Mopenel poO3pOOIIIOIOTECS TPOLEAYPHU NPUHHATTSA pillleHb IS ePEeKTHBHOTO
BITHOBJICHHS cepBiciB [5]. 3HayHa 9acTka Ipallb MPUCBAYCHA MOJICNISAM aHAJi3y BIUIMBY HEIMOJAJ0K y TEBHUX
TUIAX MEepex, Hanmpukiaa [IP-renedowii [6].
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[Ile oHUM HAIIPSIMKOM JIOCIIIDKEHB € pO3pOOJICHHST MOJIeliel BIUIMBY Ha Oi3HEC onepaliiHiuX pU3UKiB,
SKi € pe3yJIbTaTOM 3MiH, ITOB’I3aHUX 31 3pMBaMM Y HaJlaHHI CEpBiCiB Ha HeBU3HAaUeHUH Jac [7].

SIKIIO JUTs yIpaBliHHS BUKOHAHHSM 3aIIPOTIOHOBAHO 0arato Mo/iesiell 3arajibHOT0 BUTJISILY, HAIPUKIIA/
[8—9], sxi 3HalmIM BTUIGHHS y peanbHUX cucteMmax ympasninas IT-inppactpykryporo [10], To iHpOpMaris
[IOI0 3aralbHUX MOJENeil OIHIOBAHHS BIUIMBY HEMOJNAZO0K y MEpeXax BEIHKUX oIeparopiB iH(opmariiiHo-
KOMYHIKaI[iIfHIX MEpEeX Ha SKICTh 0OCIYrOBYBaHHs KIIIE€HTIB y JITCPATypHHUX JPKEpelax BiICYTHS. Y cTarTi [2]
3alpPONIOHOBAHE PIICHHS JUTS 3a7a4yi BU3HAYCHHS BIUIMBY HETIONAI0K Y MEPEXi JOCTYIY Ha SKiCTh CEpBIiCiB, SKi
HaJaloThCsl OIeparopaMu 3B’A3Ky KiieHTaMm. lle pimeHHs 0a3yeTbCsi Ha BHU3HAYCHHI CHUCTEMH IPaBUII
HOIIMPEHHS BIUIMBY HEMOJAJ0K y MEpPEsKi Ha SIKICTh CepBICiB 1 3aTalbHOI CXeMH 3aCTOCYBAHHS 1€ CHCTEMH, sIKa
BPaxXOBY€E CTPYKTYPY MEPEKi i 0COOIMBOCTI CEpBICiB.

Ane BUHHWKae TOTpeba y PO3BUTKY 3a3HAUYEHHX IOJIOXKEHb, JOBEJICHHI 1X JI0 PIBHS 3aBEPIICHOTO
MiIX0/ly JI0 OLHIOBAaHHSI SIKOCTI CEepBICIB Ha OCHOBI BUKOPHCTaHHS npaBuil. KpiMm Toro, HeoOXiHO po3poOUTH
KOHKPETHHH aJITOPUTM PO3PaxyHKIB apaMeTpiB BILUIUBY 1 €KCIIEPUMEHTAJIBHO MEPEBIPUTH HOTO Mpare3/1aTHICTb
Ta MOJKJIUBICTb OJICPXKAHHS MOTPIOHUX PE3yNbTATIB y MPUHHATHUN JUIS PEAIBHUX MEPEX JOCTYITy Yac.

IMocTaHoBKa MpodIeMH TOCTiTIZKEHHS

Hexaii 3anana indopmMarist mpo CKJIaJoBi MepesKi IOCTyIy 1 IXHI B3a€MO3B’SI3KH, 4ac M 3MiHAMH B
iHpopMmanii mpo ckiagoBi Mepexi AOCTyIy i iXHI B3a€MO3B’SI3KH 1 4ac MK HaJIXOJUKEHHSIM IMOBIIOMIIEHb MPO
HETOJIAJIKU B MEPEeXi 1/a00 3armuTamMu Bijl KOPUCTYBAYiB 100 BU3HAYEHHS PiBHsI IXHLOTO OOCITyTOBYBaHHS.

HeoOxigHO po3poOutn cmoci® mpexacTaBieHHS iHGOpMAaIii MPo Mepexy MOCTYIy, PO3poOHTH i
eKCIEPUMEHTAIBHO JOCITITUTH AITOPUTM PO3PAaXyHKY MOKA3HHUKIB PiBHSA 00CIYrOBYBaHHS KJIIEHTIB BiATIOBIIHO
JI0 33JJaHNX 3MiH y TOKa3HUKaX (YHKIIOHYBaHHS BY3IiB.

Mixxix 10 po3B’si3aHHs NPodaIeMHu

OueBnaHO, €pEKTUBHO PO3B’S3aTH MOCTABICHY MPOOJIEMYy MOXKHA JIMIIE 3a HAIBHOCTI IPOAYMAHOTO
MPE/ICTABICHHS MEPEeXi JOCTYIy 1 BIAMOBIIHOTO croco0y BH3HAUCHHS CTYIEHS BIUIMBY HETOJAJIOK HA SIKICTh
00cIyroBYBaHHS KIIIEHTIB OTIepaTopa.

BpaxoByroun 3MiHHICTE MEpEeK, IX 00JIaHAHHS 1 TEXHOJIOT1H, MiHIHBICTh MOJITHKH OMEPATOPIB MO0
0a30BMX TPUHIHWIIB OIIHIOBaHHS BIUIMBY, CIIOCIO OIliHIOBAaHHS HE [OIUIBHO 0a3yBaTH Ha OCHOBI
ANTOPUTMIYHOTO MiIX0My. BapTo BHUKOPHCTOBYBATH CHCTEMH, TOOYZOBaHI Ha MpaBHUIaX — MPOXYKIIiHHI
cucremu. [IpaBuia Takux cuctem (mpoaykuii) GopmyroTh 6a3y 3HaHb, @ MEXaHi3M BUBEJICHHS! BU3HAYAE MTOPSIIOK
3aCTOCYBaHHS IIPaBHJI, BUKOPHCTOBYIOUH POO0OUYY 00J1aCTh, y SKili HAKONMYYIOTHCS AaHI II0JI0 TOTOYHOTO CTaHy
cucreMu. TakuM 4MHOM, JaHi (paBmiIa i poboya 00acTk) BiJOKpEMIIEHI BiJ polenyp (MexaHi3M BUBEJICHHS) 1
HEOOXi/THICTh IepenporpaMyBaHHs CUCTEMH TIPH 3MiHI OKPEMHX ITPAaBUJI HE BUHUKAE.

3 iHImoro 60Ky, OCKUIBKM MPOAYKIIHHI CHCTEMH 3arajoM 1noOy/10BaHi Ha CHMBOJILHHUX I1€PETBOPEHHSX,
iX 3acTOCYBaHHS HE MOXKE 3a0€3M1eUNTH BUKOHAHHS PO3PAXYHKIB B YMOBaX JKOPCTKHX 4acOBUX oOMexeHb. Tomy
HaWNEePCTIEKTUBHIIMINM BHIA€THCSI BUKOPUCTaHHS CIPOIIEHOTO IPEICTABICHH MEPEXi, SIKE MICTUTh PE3ylIbTaTH
OTIPAIIOBAHHS MPABWII MPOAYKLIHHOI CHCTEMHU y BHTJIAAI, TOTOBOMY Ui MPSAMHUX po3paxyHKiB. Hafikpamim
BapiaHTOM BHUJAETHCA TaKe ONPAIIOBAHHS MPAaBMUJI, KOJM YMOBHI YAaCTHHHM MPOAYKIIH TepeBipsAIOTHCS
3a3/1aJeriib, BUPIMIYIOTHCSA MOKIMBI KOH(IIKTH 1 HAa BIIMOBITHOMY IUIIXY Yy rpadi 30epiratoTbcs MOTpiOHI 11t
PO3paxyHKy BIUIMBY 3HAa4eHHsS KOC(IIIEHTIB MOIIMPEHHS BILIMBY HEMOJAJOK. Y LLOMY BHIIQJIKy BH3HAYCHHS
BIUTUBY 3BOJIUTHCS JI0 MEperisiay rpady Bil BEepIIMH BEPXHIX SPYCiB A0 JIMCTKIB, PO3MOYMHAIOYH 3 BEPIIMH 3
HeTIoJIaJIKaM ¥, 1 BAKOHAHHI ITOCTITOBHOCTI apru(METHYHUX Oreparliii HaJ KoeQillieHTaMy TOIIHPEHHS.

JiiicHO, BUXOASIYU 3 Pi3HOIUIAHOBOCTI BHMOT, JOIULIBHO MPEJCTABICHHS MEpeXi PO3OUTH Ha TOBHE i
CIpOIIeHEe TMpEeICTaBICHHA. llepiie BIAMOBimaE 3a CKIAA 1 CTPYKTYpy MeEpexi, KOPHCTYBadiB, CepBicH,
oOJyiasiHaHHS 1 TEXHOJIOTII, XapaKTePUCTUKK EJIEMEHTIB MepeXi. 3BUYaifHO, BOHO CTAHOBHTH SIAPO MiJACHCTEMH
IHBEHTapH3allii — [NEHTPAJIbHOTO KOMIIOHEHTa CHCTEMH YIPABIIIHHS orepaTopa. Y BEJMKHX 0a3zax JaHUX Iie€i
mijcucTeMu JaHi 30epiratoteest 1 00podIsioThes 3a nonomororo npomuciosux CKBJl. Byaemo BBaxkaru, 1o
iH(opMalis Ipo CKIIa, 3B’13KH 1 XapaKTEPUCTHUKHU €JIEMEHTIB MEPEXki 3HAXOJUTHCS Yy TAaKMX TAOIHIIX:

Objects (moss, sIKI BAKOPUCTOBYIOTHCSI QJITOPUTMOM BU3HAYECHHS BIUIMBY HEIOJIAIOK: ieHTH(IKATOP
00’ekTa; iM’s1 00’ €KTa; THIT 00’ €KTA);

Reference (moss, siKi BHUKOPHCTOBYIOTHCS — aJAFOPUTMOM  BH3HAUYEHHsS BIUIMBY  HENOJAJIOK:
ineHTH(IKaTOp 00’ €KTA; TIOCUIAHHS Ha OB SI3aHMH 3 HUM 00’ €KT; ineHTH(DIKaTOp aTprdyTa);

Parameters (mosisi, sKi BHMKOPHCTOBYIOTHCSI aJrOPUTMaMH BHM3HAUEHHS BIUIUBY  HEMOJAJOK:
inenTudikaTop 00’ekTa; ineHTU(IKATOp aTprOyTa; 3HAUCHHS aTpUOyTa).

CrpoiieHe TIpeCTaBICHHST MepeXi MOTpiOHe sl MBUAKOTO aHAI3y 1 OIIHIOBAHHS BIUIMBY CTaHy
Mepexi Ha PiBeHb SKOCTI 00CIYroByBaHHs KIi€HTIB. OOCAT CHPOIIEHOTO MPEACTaBICHHS MOBUHEH JIO3BOJSATH
[IJIKOM 3aBaHTaXyBaTH HOTO B ONEPATHUBHY IaM’STh IS BUKOHAHHS y HiM YCiX HEOOXiIHUX pO3paxyHKIiB.
CrpotieHe MpeCTaBIeHHs Y BUTIISIL IepeBa PO3MOBCIOKEHHS CKIIaa€ThCsl 3 IBOX YaCTHH:
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1) ommc CTpyKTypu Mepexi JOCTYIy 1 CTPYKTYpH CepBiciB Ta ciyxk0, sKi 1X MiITPUMYIOTh: Mepeka
OIUCYETHCS CUCTEMOIO €JIEMEHTApPHUX 1€papXiuHKX HiaArpadis, MO J03BOJISE 3aCTOCYBaTH e()EeKTHBHI B yMOBaxX
3MiHH CTPYKTYpP (pOpMaibHi 3aCO0M 1 CTPYKTYPH JaHUX;

2) ommc OCOONMMBOCTEH BpaxyBaHHS BIUIMBY HETONAJOK y MepexXi JJOCTylly Ha piBeHb SKOCTI
00CITyTOBYBaHHS KIIIEHTIB: 33JIal0THCS €IEMEHTH MEPEXKi, SKi BIUIMBAIOTh HA AKICTh (QYHKIIOHYBaHHS HACTYITHUX
€JIEMEHTIB, CerMEHTIB 200 CepBiCiB MepeXki 1 BU3HAYAIOTh HAIPAM i 00’ €M HEOOXiTHUX 0OUYUCICHD (TTOTepeTHIM
3aJaHHAM KOE(]iIi€HTIB MOIIMPEHHS BIUIMBY HEMOJIQAOK JJIs BHKOHAHHA O€3MOCepenHix OOYHCIeHb y pasi
BUHUKHEHHS HETMOJAI0K).

OTxe, BUKOHAHHS pO3PaxyHKIB 3MIACHIOETBCA y aBi (asm. IlinrotoBua ¢asza mpusHaueHa IS
(opMyBaHHS HEOOXIZHMX IJISi BHKOHAHHS PO3paxyHKIB AaHMX. BoHa BuKOHyeThcs MozaysieM (opMmMyBaHHS
CIIPOIIEHOTO TPEJICTABICHHS, KNI 3aCTOCOBYETHCS OJJHOPA30BO Il (popMyBaHHS 3a3HAUEHOTO TPEJICTABICHHS
i3 moBHOTO. CrieIiadbHUI MOYJb 3MIiHHM CHPOIICHOTO TPEJICTABICHHS 3aCTOCOBYETHCS KOXHOTO Pasy, KOJIHU Y
Mepexi BinOyBatoThCs 3MiHH. OCKITBKU OpraHi3alis po3paxyHKiB 3iHCHIOEThCS HA OCHOBI CHCTEMH MPOIYKIIIH,
Ha [iif a3i mpaBmiIa 3a3aJeriab MPUB’ A3YIOTHCA 10 CTPYKTYPH MEPEKi y CIIPOIICHOMY TPEACTaBICHHI.

[TpaBuna y norauii bexyca-Haypa mMaroTh Takuii BUrIIsia:

<cucTeMa TIpaBWIL>::=[<IpPOIyKIIisr>]

<mpoayKiis>: :=<kyac>P<Ha3za><ymoBa>—<HaCIig0K>

<xmac>::=propagation rule|severitylevel rule

<yMmoBa>::=[{-} <mpocTa ymMoBa>|

<mpocrta_ yMoBa>::=<wJlac_00 eKTy><iM s><aTpHOyT><NpeauKaT><3HauCHHSI>

<kiac o0'ekty>::= client | service | technology | device | port | resource

<HACHIIOK>::= [<koMaHIa>|<(hopMyia>|<mporpama>|

<mpemukaT>::=#=|<|>|<|>

<arpuOyT>::=<iM’s_cepBicy>|<iM’sl_TEXHOJOTI{>|<THII IPUCTPOIO>|<mapaMeTp>|<TUM_KIieHTa>|<iM’
a_KIT€HTa>

[Tapamerpamu MOXyTh OyTH Oyab-sIKI XapaKTEpPUCTHUKH CEPBICIB, TEXHOJIOTIH, MPUCTPOIB KIIEHTIB.
3HAauYEHHAMH MOXKYTh OYTH KOHCTaHTH i iMeHa. KoMaHau BUKOHYIOTH Jii Haj eneMeHTaMu po6o4oi obiacti. x
CHUHTAKCHUC 3alIekuTh Bij THiy (modify, remove, add).

Enementn pob6ouoi o6macTi (BOHU 3a1af0ThCs KOPTEKaMH TIOBHOTO TIPEICTABICHHS MEPEeXi JOCTYIY i
€JIEMEHTaMH CHPOIICHOTO MPEICTABICHHS):

<enmemeHT>::=(<Kiac 00’ekta>Name<im’ s> [<aTpuOyT><3HaAUeHHST>])

CemaHTHKa TPOAYKIIHHUX CHCTEM TpajuIliifHa, TOOTO JiBI YaCTHHH NPOIYKIH PO3TIANAIOTHCS 5K
YMOBH, a TIPaBi YaCTHHH — SIK JIii.

a) 0) 6) 2)

Pucynox 1 — MoxiBi ciocoOu 3’ €THAHHS BY3J1iB MEPEKi TOCTYITY i BiNOBITHI B ITPaBHII

Ha npyriit ¢asi, y mnponeci Oe3mocepeaHix OOYHCIEHb MIATOTOBIEHE 3a34alleriJb CIPOILICHE
TIPEACTABICHHS OIPAIbOBYETHCS AJITOPUTMIYHO ITICJIST HAIXOJDKEHHS MTOBIOMIICHHS IPO Hemousaaky. [ist iporo
MO>XHA BUKOPUCTOBYBATH LIBH/IKI aJITOPUTMH 00X0.1y Tpadis.

Oco01MBOCTI 3aCTOCYBaHHS MPaBWII JUJIsL aHANI3Y BIUIMBY HEINOJAJ0K MPOJEMOHCTPYEMO Ha MpaBUIIax
NOIIMPEHHSI BIUIMBY HETOJIAJ0K, KOJIM B SKOCTI IIOKa3HHMKIB SIKOCTI BHUKOPHUCTOBYIOTbCS IapaMeTpH
npoayktuBHOCTi [2]. Ili mpaBmma HaBeneni Ha puc. 1. BoHHM anexkBaTHO BpaxoBYIOTh CTPYKTYPY Mepexi
JIOCTYIy, OCHOBHI CTPYKTYpHI crmocoOu 3’e€qHaHHS ii BY3J]iB, OCOOJMBOCTI KOMYHIKAI[ITHUX TEXHOJOTIH,
HaJalITyBaHHs O00JIaHAHHS, 3aJEKHICTh BiJl BEJIMYMHU KOC(IIIEHTIB 3HMKEHHS IIBUJIKOCTI NepelaBaHHs Y
BXIJJHMX JIIHISIX, HasBHICTb pe3epBYBaHHs Ta IHII mnapamMeTpu. 3poOJeHI MaKCHMMaJbHO IPOCTUMH JUIS
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T IBUTIICHHS MBUIKO/IT, i paBwia (OPMYIOTh OCHOBY BiIOBIIHUX MPOIYKITiA. Y HaBeNEHUX MpaBUIIAX JIIs
(hopMabHOTO OIIHIOBAHHS BILTUBY HEIOJIAJIOK HA BY3JTH 1 aDOHEHTIB Mepexki TOCTYIy BBEICHI:

1) xoe(ilieHT 3HUKEHHS IIBUAKOCTI NIEPE]aBaHHs K;j(,), AKMI BU3HAYAE, Y CKIJbKH Pa3iB 3MEHINYEThCS
IIBMJIKICTh NEpeJaBaHHs B 7-i JiHii 3B’A3Ky, fKa BUXOAMTH i3 Bysna U;; (j-i By3onm mepexi Ha i-My piBHi ii
iepapxii), BITHOCHO HOPMaTHBHOTO TIOKA3HUKA, 1 HaOyBae 3Ha4eHHS y Aiana3odi [0, 1];

2) xoediuieHT K, AKUii 3a71€KUTh BiJl 00yMOBIIEHOTO HEMOJaAKaMu CTaHy Bysnia U;; i BU3Hauae CTyIiHb
3HHKEHHs MIBUJIKOCTI Nepe/laBaHHs Ha BHXoJax Bysna U;; BITHOCHO HopMmartuBHOrO. Lle# koedillieHT Takox
HaOyBae 3Ha4yeHHs y AianasoHi [0, 1], mpuuomy K;; = 0 o3Hauae, IO HEMOJNAJKH YHEMOXKIHUBIIOTL Tpadik
yepe3 Byson U;;, a K;; = 1 roBoputh 1po Te, WO HENOJaAKW y Bys3mi U;; He BIUIMBAIOTH HA IIBHJKICTh
nepelaBaHHsL.

[Ipu BUABICHHI HETIONAZOK ¥ MEpPEKi BUKOHYETHCS iX JIOKAJi3aIlisl 1 BH3HAYAE€THCS BIUTMB HA a0OHCHTIB
NUISXOM TiApaXyHKY 3a JOTIOMOTOO BiIMOBIAHUX MPaBHI 3HaU€Hb KOe]illieHTiB K ; 11 MOTPiOHUX BY3IiB.
Cnoci6 a). Ilpu cnpaBHOMYy By3mi U, HMIBHIKICTH JOCTYIYy y BHUXIiAHIH JIiHII BU3HAYa€ThCS BX1IHOIO
MIBUJKICTIO 1 0OMEXEHHAMH Ha HMIBUAKICTH NEpelaBaHHs 1 NPUIAMAaHHA, BCTAHOBICHUMH AJIs IOPTiB By3na U,
npu Horo koHpirypyBanHi. SIkio x By3osn U, HeCIpaBHUI, TO MOKIIUBI J[Ba BUMAAKH. Y IEPLUIOMY BHIAJKY,
xomu koediieHt Kp; = 0, MBUAKICTb y BUXIIHIN Iinani AopiBHIoe (0 HE3aJIeKHO BijJ IIBHAKOCTI Ha BXomi. Y
apyromy — K,;# 0 1 Hemomaika y By3mi U, IpU3BOOUTH 10 MaiiHHA WIBMAKOCTI y BUXIAHIM niHIl Ha
koe(inienT K; ;. Toxni koedimieHT MagiHHA MBUAKOCTI BIZHOCHO HOMIHAJBHOI y BHXIAHIN JiHII 3B 53Ky By3ia
U, Oyzne BU3HAYATHCS TAKUM YHHOM
ko 1y = Ko X k. (D
VY cBolo yepry, koeQilieHT k 3¢y MajiHHA MIBUAKOCTI Ha BUXOMi Bysna Us,; Oyne BH3HAayaTHcs 3a
JIONIOMOT'O}0 TAKOT'0 BUPa3y
k3 )= Kz % ko iy = K3 1% Ko 1% k. 2
BinmoBigHi bOMY CIIOCO0Y TpaBUIIa TIOMIMPEHHS P03i0’€MO Ha TaKUX JIBi TPYIIA:
a) IpaBHJIa IPSIMOTO MOIIMPEHHSI BIUINBY HETOIAI0K:

IF tt.nod = 1 A type.nod = °...° A class.nod = “..." A type.child.nod = “...” THEN tt.child.nod = 1

IF ttnod = 1 A type.nod= ..."” A class.nod = °...” A type.reference.nod = “...” A type.nod.reference =
‘... A attribute.nod.reference = °...” THEN tt.reference.nod = 1

6) MmpaBuIIa 3BOPOTHOTO TIONMIMPEHHS BIUTUBY HETIOIAI0K:

IF tt.nod = 1 A type.nod = “..." Aclass.nod = *..." A type.parent.nod. = “...” THEN tt.parent.nod = 1

IF ttnod = 1 A type.nod = “...” A class.nod = °...” A type.nod = “..." A type.nod.reference = “...” A
attribute.reference.nod = “...” THEN tt.reference.nod = 1

JI1st cIpoTIeHHs y IUX TIpaBHIaX He BU3HAYAIOTHCS IMEHA Ki1aciB 00 €KTIiB 1 3HaUeHHs aTpuOyTiB. TyT
npocti ymoBu ttnod = 1, tt.child.nod = 1, tt.parent.nod = 1 i tt.reference.nod = 1 o3Ha4aroTh, IO O3HAKA
HAsSBHOCTI HETOJAJKU MPUIKICAHA BiAMOBIIHO BY31Iy, MOUipHiH BepIIMHI By3ia, 0aThKIBCHKIA BEpIIWHI BYy37a,
BEPIINHI, Ha AKY Y BYy3Jli € MOCWIAHHSA. [HIIII IPOCTiI yMOBH 3p03yMii 13 KOHTEKCTY.

IIpaBuna ¢opmyBanHs severity level MaiTh Ty X CTPYKTYypy, ajie JTOJATKOBO BCTaHOBIIOIOTH
Koe(]ilieHT BIUIMBY HETIOJIAAKH y BiAMOBITHOMY BY3JI (ZOUipHHOMY UM OAaTBKIBCBKOMY, TOMY, IO TIOCHJIAETHCS,
YH TOMY, Ha SIKHH MOCUITAIOTHCS).

Cnoci6 0). SIxmo y By3oun, Hanpukiagi, Us,, BeyTh A€KilbKa JIiHii 3B’ 3Ky, SIKi BAKOPUCTOBYIOTBCS IS
POBIIOJIINICHHS] HABAHTAXKCHHS, a HE JUIs pe3epBYBaHHsA, TO NMpu K3, = | Ul OWIHIOBaHHS BIUIMBY HEOOXiTHO
3aCTOCOBYBATH BHpa3

k _ k2,2(1> + k2,3(1)’ SIKINO k2.2(1) +k2,3(1) <1,
3.2(1)
1, sIKII0 k2¢2<1) + k2,3(1) >1.

Sxmo xoedinienT K3, He AOPIBHIOE 1, TO BUKOHYEThCS BiAMOBITHA KOPEKIlis KoedilieHTa k3 5(1).

BignoBinHi 11boMy criocoOy NpaBuiia HOILIMPEHHS MAOTh TaKUH K€ BHIIIS, SIK 1 JUISl TIOIEPEIHBOrO
Bunazaky. [IpaBuna gopmysanHs severity level moBHHHI MaTu Takuil BUTIIA:

IF ttnod 1 =1 A severity.nod 1 =k A type.nod 1 ="°..." Aclass.nod 1 ="°..." A type.childnod ="*...” A
severity.nod 2 = m A type.nod 2 = °...” A class.nod 2 = “...” THEN tt.child.nod = 1 v severity.child.nod =
fk+m).

TyT BUKOPHCTOBYIOTBCS Ti 3K IPOCTI YMOBH, 110 1 s coco0y a, ane nod 1 i nod 2 mo3HayaroTh ABOX
pi3Hux OatbkiB. 3MiHHI severity.nod 1 i severity.nod 2 HaOyBaioTh 3HaueHHs severity level mis qBOX pi3HHX
6atpkiB. TyT 1 Hamami 3a gomomororo (GyHKIMIT f{X) MiAKPECTIOEThCS HEOOXITHICTE PO3PAXyHKY KOCQIIi€HTIB 3a
HaBeJCHUMH BHIIE POPMYIIaMHU.

Cnocio 6). Hexaii R; ;i) — L€ Koe(ilieHT, AKMi BH3HAYac PO3MOILI MOJIOCH IIPOIYCKAHHSA MK 7
BUXITHUMHM JIiHIIMH 3B’A3Ky j-TO By37a i-ro iepapxigHoro piBHA. Lle#l koedimienT HabyBae 3HaYeHHS i3
niamazony [0, 1], mpuaomy, SKIIO MBUAKICTE JOCTYITY Y BXiIHIN JiHIT HOBHICTIO PO3MOALISETHCS MK IOPTAMHU
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BUXIIHUX JiHIH O3 10ZaTKOBUX OOMEXeHb, fKi BCTAHOBIIOIOTbCSA NpU KoH(DIrypyBaHHI By3na U,4, TO
npUiMaeThCs

Ni./
ZRf,m =1
n=1

Toni xoediumieHT mafiHHA mBUAKOCTI y 1-i Ta 2-i miHiAX 3B’s3Ky Ha Buxoni Bys3ma U,s Oyne
BU3HAYATHUCS TAKUM YHHOM:

k. a0y = Roay Ko 4 ki a1),
k.40) = Raa) Ko ki a1),-

BinmoBigHi 11bOMY €IIOCOOY IpaBHIiIa MOIIUPEHHS MAOTh TAKHHA K€ BUTJIAN, SK 1 JIJISI TOMEpPeIHIX
Bunankis. [IpaBuira ¢popmyBaHHS severity level MOBHHHI MaTH TaKUH BUTIIS:

IF tt.nod = 1 A severity.nod = k A typenod 1 = “...> A class.nod 1 = ... A type.child.nod = “...” A
type.child.nod = “...” A class.child.nod = “...” THEN tt.child.nod = 1 v severity.child.nod = f{k).

Cnoci6 2). Jlna migBWIIEHHS HAAIHHOCTI y MepeXaxX MOCTYITy BHKOPHUCTOBYIOTBCS PE3epBHI JiHii
3B’s13Ky. Ha puc. le Takumu niHisIMU € 1iHiT 2, AKi BUXOAATS i3 By31iB U, 5 1 Uy, TOAI 5K NiHIT 1 € OCHOBHUMHU.
[lepemukanHs Ha pezepB B IP-mMepekax BUKOHYETHCS aBTOMATHYHO IPH BUXOJI 3 JIaly OCHOBHOI JIiHIT 3B’SI3KY
YM OCHOBHOTO BY3Jla, a PO3MOJAUI IIBUAKOCTEH B OCHOBHIM 1 pE3epBHIH JIHISIX NPOMMCYETHCS y BY3JIOBUX
efeMeHTax npH iX koHdirypysanHi. Tosi ans oniHIOBaHHS KoedillieHTa & 3 1) HEOOXiHO 3aCTOCOBYBATH BHPa3

K, ¢ xky gy, AxWO K, ; nopisHioe 1,
ks 60y =1 K6 X Ky 6)» KO K, ¢ mopisrioe 0, a K, 5 nopisuioe 1,
0, sxmo K, o = K, =0.
V cBoOIO Yepry, Ajs OLiHIOBaHHS KOe(illieHTa k 5 52y HEOOXIJHO 3aCTOCOBYBATH BUPa3

RZ’S(Z) ><K2’5 xkl’s(l), sxuo K, , =0,
k2,5(2) =

0, sxmo K, ; # 0.

[IpupoaHO, M0 BUKOPHCTAHHS YaCTHHU KaHAIBHUX PECYpCiB Ha MIATPUMKY Pe3epBHOI JIiHIT MOXKe
IPU3BECTU N0 NAAiHHA IIBUIKOCTI B OCHOBHIW miHii. Toxi ans ouiHroBaHHSA KoedilieHTa k ,s() HEOOXigHO
3aCTOCOBYBATH BHpa3
. szs(l) x K, xkl)s(l), akmo K, o = 0,

2,5(1)
K, 5%k, 5, axkmo K,  # 0.

Takum 9WHOM, CTaH OJHOTO 3 BY3IiB, Hampukiag, U, MOXe 3HIHCHIOBATH BIUIMB Ha KOeQili€HTH
HaiHHS MBUIKOCTI y BUXIJHMX JIIHISX IHIIUX BY3J]iB, y HaIoMy BUMAAKy U, s, sIKi 3HAXOAATHCS HA TOMY K UM
Ha BUIIUX 1€papXiuHUX PIBHAX BIIHOCHO BY3Ja, PO KK /16 MOBa, 1 HE 3B 3aHUX 3 HUM (Pi3UIHO.

BiamosigHi 1boMy criocoOy mpaBuiia MOBUHHI HAJIEKATH TaKiii MHOKHHI:

IF ttnod = 1 A severity.nod = k A type.nod = °...” A class.nod = *...” A type.child.nod = “...” A
sign.reserve parent = 1 A output.nod.reserve parent = m A type.reserve parent = ‘..." A class.reserve parent =
“...7 A type.child.reserve parent = ‘...’A output.child.reserve parent = n THEN tt.childnod = 1 v
severity.child.nod = f(k,m) — six110 € pe3epBHa JiHisA 3B 3Ky 1 U1 HEl BUIUICHNH 3a1ac MPOAYKTUBHOCTI;

IF ttnod = 1 A severity.nod = k£ A type.nod = °...” A class.nod = “...” A type.child.nod ‘... A
sign.reserve_parent = 1 A output.nod.reserve parent = m A type.reserve parent = ‘..." A class. reserve parent =
‘... A type.child.reserve parent = ‘... A output.child.reserve parent = n THEN tt.childnod = 1 v

severity.child.nod = f{k+m) v tt.child.reserve parent = 1 v severity.child.reserve parent = f(n-m) — sxmo €
pe3epBHa JIiHis 3B’I3KY, ane /i Hel He BUJUICHUH 3amac MPOAYKTHBHOCTI 1 pe3epB MIATPUMYEThCS 38 PaXyHOK
JIOYIpHIX BEPIIMH Pe3epBHOTO OaTbKa.

Tyt momaTkoBi mpocTi yMoBH sign.reserve parent = 1 i tt.child.reserve parent = 1 BiamosimHO
O3HAYalOTh, IO ICHYE 3B’S30K 3 PE3epPBHUM OaTHKOM 1 O3HAaKa HAasBHOCTI HEIMOJIQJKW IpUIHMCAHa JOYipHIN
BEpIINHI pe3epBHOro Oartbka. 3MiHHI severity.nod, severity.child.nod, severity.child. reserve parent HaOyBaroTh
3HaueHHs severity level /s Bysna, JOYipHBOT BEpIIMHM 1 JIOYIPHBHOI BEpIIMHHM PE3epBHOTO OaTbka. 3MiHHI
output.nod.reserve_parent i output.child.reserve parent HaOyBaloTh 3HAaYeHHS KOEQIIIEHTIB 3HUKCHHS
IIBUKOCTI MepeIaBaHHs, SKi BU3HAUEHI BUIIIE.

[IpuB’s3aBImIM TpaBmiIa 10 CTPYKTYPH MEPEkKi TOCTYIy, TOOTO BH3HAUMBIIH 3aJisHI MpaBHiIa IS
BEepmIMH Tpady 1 BKIOYMBIIN BiANOBIAHI KOCQIIIEHTH MOMMPEHHS BIUIMBY HEMOJAIOK Y CHPOIIEHE
NpEeACTaBICHHA, APYTY a3y MOKHA 3BECTH 0 INEpepaxyHKy BIUIMBY HEIOJAJOK HAa OCHOBI o0xomy rpadis
CHeIaIbHOTO BUIIISAY. JlepeBo pO3MOBCIOJDKEHHS BIUIMBY CTAHOBHUTb, II0 CYTi, CTPYKTYpPY JHaHUX JUIs
opraizamii poOOTH anropuTMy 00x0xy rpadiB CIEIaTbHOrO BUTISAAY. Y Tporeci o0Xomy 3a3HavYeHUI
QITOPUTM TOBHHEH TaKOXX BHKOHATH PO3PAaxXyHOK OILIHOK BIUIMBY HEMOJAAOK Ha PiBEHb OOCIYroBYBaHHS
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KJIIEHTIB Omeparopa Ha OCHOBI 30epeXeHHWX Yy BEpIIMHAX CIPOIICHOTO MPEICTaBICHHS KOeQiIieHTIB
HOIINPEHHS.

TakuM 4MHOM, MMOCTA€ MOTpeda y aNroOpuTMi, KU MOBWHEH 1HTETPYBATH TaKi y3arajbHEeHI MPOIETypH:
CTPYKTYpH3allisl TOBHOTO MPECTABICHHSA MEpexi i mo0y1oBa KapKacy JepeBa pO3MOBCIOKEHHS BIUTUBY; BHOIp
NPOAYKIH AJIsT BY3JIiB JiepeBa PO3MOBCIOKCHHS BIUIMBY; BU3HAYCHHS KOCQIIIEHTIB MEpepaxyHKy A BY3IiB
JiepeBa PO3IOBCIO/DKCHHS BIUIMBY; O€3MOCepe/iHii nepepaxyHoK BIUIHBY. [0 TOTro XK, LEH alropuT™M IOBHHECH
3IIMCHIOBATH PO3PAXYHKH B YMOBAaX )KOPCTKHX YaCOBUX OOMEKEHb.

HIBuAKMIi aJITOPUTM OL[iHIOBAHHS BIJIMBY

PosrnsHeMoO izei, sKi MOXHA MOKIJIACTH y pealli3allifo KOXKHOI i3 IIUX MpOIEayp, 3 METO MiHiMi3aril
Yyacy po3paxyHKiB, HE BUITYCKarOUM MOXJIMBOCTI 37IMCHHUTH i€ 3 BHKOPHCTaHHSAM SKOMOTa MEHIINX OOCATIB
mam’sTi.

[Tpu3HaueHHsT npoLEAypH CTPYKTYpH3alii MOBHOIO NPEICTABICHHS Mepexki 1 modyaoBa Kapkacy
JiepeBa PO3MOBCIO/PKEHHS BIUIMBY TOJISITa€ y ()OPMyBaHHI Ha OCHOBI ITOBHOTO IIPEJCTABICHHS MEPEXIi JOCTYITy
cremiagbHOl spycHO-mapanesibHoi Gopmu. Takum uymHOM, Oyne 3AIHCHEHO MeEpexiJ 10 CTPYKTYpOBaHOTO
CIIPOIIEHOTO MpPEJCTaBJICHHS, Y SIKOMY Mepeka JOCTYIy 3a/1a€ThCsl y TepMiHax mijyiepeB 1 numsixi. BoHo €
OCHOBOIO Bi3yaJizallii Mepex J0CTYIly 3 TOUKH 30pY aHalli3y BIUIMBY HEIOJIa I0K.

OCKUIbKH y alropuT™Mi nepeadadaeTbess BUKOPUCTOBYBATH TOPIBHEBHH 00Xia rpada, y uwiid npoueaypi
noOymoBU Tpada KOKHOMY By3Iy HEOOXiTHO NMPHUMHCATH NEBHUH PiBEHb, BUXOISIUN 13 KITBKOCTI MPOMIKHUX
eJIEMEHTIB M HUM 1 KopeHeM. Takwuii rpad 300paxenuii Ha puc. 2. OgHe 13 00MEXKEHb TAKOTO MiIX0Y HOJsTae
B TOMY, II[0 HA KO’KHOMY IIUISIXY BiJ piBHS | IO BEpIIMH PiBHSA KOPUCTYBadiB MOBHHHI OyTH BU3HAUYCHI BY3JIH Ha
KO)KHOMY TPOMDKHOMY piBHi. TakuM 9MHOM, Ui 3B’SI3KiB, SIKI TMOEIHYIOTH BEPIIMHHA HECYMDKHHX PiBHIB,
HANpPHUKIAL, A1 BiToOpakeHHs 0e3MocepeHbOro 3B’ A3Ky MK By3JaMH piBHA 1 1 piBHA N, HEOOXiTHO BBOAUTH
(bIKTUBHI By3/IM Ha KOXKHOMY IIPOMDXKXHOMY piBHI (Ha puc. 2 diktuBHi By31u U, 1 U, s 300paxeHi MyHKTUPHUMHU
niHisiMu). Po3paxyHKu 171 WX BY3J1iB HE BUKOHYIOTHCS | BOHH HE BIUIMBAIOTh HA TIOKA3HUKH MEPEXi JOCTYITY.

I'pad momimeHO 30epiraTu B OMEpaTHUBHIN MaM’STi y BUTISAALI CITUCKY pebep, KOKHUH eNEeMEHT SKOTO
MICTHTh iH(OpPMAII0 PO MOYATKOBY 1 3aK/OYHY BEPIIMHH BIATIOBIAHOTO pebpa, a TaKOXK JOJATKOBY
iHpopMarito (TUM, KOSPImieHTH 1 T. I.), HEOOXIAHY I po3paxyHKiB. [y By3miB OyneMo BHKOPHCTOBYBAaTH
OKpEMUI MacUB, KOXKHHIA €JIeMEHT SIKOTO MICTHTB iH(pOPMAIIif0 PO PiBEHB, SKOMY HAJIC)KUTH BY30JI, KOSPIi€eHT
HETIOJIAJIKH 1 MICIIe [T TUMYAcOBOT iH(OpMAIlil, sika 3’ SIBJIETHCS [IPU BUKOHAHHI PO3PaXyHKIB JIJIs By3J1a.

PiBeHb maricTpani

PiBeHb
pecypciB 1

PiBeHb , [
pecypcis 2 U2 2)\\@& UZ % ) Q@\\@

V V

PiBeHb L.
pecypcis N

|
PiseHb \
KopucTyBadiB

Pucynok 2 — 3aranbHuii BUIIA rpada po3nOBCIO/DKEHHS BIUIMBY HEIOJIAT0K

B ocHOBYy 3ailicHeHHsI BUOOpPY NPaBWII MOKJIAJEMO MEXaHi3M BHUBEJCHHS Yy NPOJYKIIIHUX CHCTEMaX.
@OyHKIIOHYBaHHS MEXaHI3My BHMBEAEHHS 3BOJUTHCS JIO MOCIHIJOBHOTO BUKOHAHHS OMepaliil NMepeBipkH yMOB
MpaBWI, JOKKA He OyJe BH3HAUCHO 3aJisHI MpaBwia JUII KOXKHOI BepmmHHU rpady. [IpaBmma po30duti Ha mpocTi
YMOBH, KOXHIiH 3 SIKMX TpUNUCaHuil yHiKanpHui inenTrdikatop. CaMi K npaBuia CTAHOBIISATH COOOI0 KOJEKIIIT
MPOCTUX yMOB, MO€AHAHUX JIOTIYHHM OMNEPaTOpoM KOH IOHKMIi. TakuM YMHOM, MPH 3YUTYBAHHI YEProBOTO
aTpulyTa By3Jla 3HAYCHHS aTpUOyTa MOPIBHIOETHCS 3 MPOCTOK YMOBOK BIAMOBIAHOTO THIy. [Ipu BHKOHAHHI
YMOBH BIANOBIAHMHN ineHTH(]IKATOp JomaeThCst y Kojekuio By3ia. [Ipu npoMy mnepeBipsieTbCs, YU He
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CIPALOBAJIO SIKECh NPABWJIO. Y BHIIQJIKY CIPALIOBAHHS NpaBHJIa KOJEKIIs 00’ €KTa OUMIIYETHCS, @ Ha BUXIJHUX
pebpax By3jia MPOCTABISIOTHCSA KOCQIIIEHTH BIAMOBIAHO 10 3a3HAYCHOTO MpaBwia. Takuil mimxil T03BOJISIE
BUKOHATH HEOOXiTHI pO3paxyHKH 3a OJHMH MEPeryisiL TaOMuIli aTpuOyTiB, a TAaKOK MiHIMI3yBaTH BHKOPUCTAHHS
orepaTtuBHOI mam’aTi. s BUpImIeHHS KOH(IIIKTHUX CHUTYAIlill 3aCTOCOBYETHCS MEXaHi3M MPIiOPUTETY NPaBHIL
[IpaBuiia neperisigaroThes y MEBHOMY MOPSIIKY, TEepIIe 3 HUX, YMOBA SIKOTO BUKOHYETHCSI, 3ACTOCOBYETHCS.

BusnadueHHs Koe]imieHTIB MepepaxyHKy Ul BY3IiB JepeBa PO3MOBCIOPKEHHS BIUIUBY 31HCHIOETHCS
NUIIXoM (OpPMYBaHHS HEOOXIAHUX ISl BHU3HAUCHHS BIUIMBY KOe(ili€HTIB MOMIMPEHHS 3TiTHO 3 TPaBUMHU
YaCTHHAMM 3/1ITHUX JUIsl BEPILIUHU MTPABUIL

Po3paxyHOK BIUIMBY HEIOJIAJ0K 3/ICHIOETHCS OPIBHEBO. TaKMM YMHOM, IPH BUKOHAHHI PO3PaxXyHKIB
JUIL TIOTOYHOTO BYy3Ja MU BIIEBHEHI, II0 BHKOHAHI PO3PaxXyHKH JJS YCIX BY3JIB IONEPEIHBOTO DIBHSA, SIKi
BIUIMBAIOTH HA TIOTOYHUH BY30JI.

Otrxe, 3arambHa ifes 3a0e3medeHHS €(QEKTUBHOCTI IEPEepaxyHKY ITOKAa3HUKIB BIUIMBY HEIMOJAI0K
€JIEMEHTIB MepeXi OCTYyIy Ha iHIII eNeMEHTH MepeXki i, HacaMKiHeIlb, Ha SIKICTh OOCIyrOBYBaHHS KII€HTIB
orepaTopa 3B’SI3Ky MOJSATAE y TOMY, MO0 MEepeiTH BiJ MOBTOPIOBAHOTO IOCHIZOBHOTO Meperysigy podouoi
obuiacti 1 001aCTI MPaBHJII 10 KOMOIHOBAHOT'O 3aCTOCYBaHHS TAKUX TPHOX MPUHOMIB:

1. impmexcamisi eneMeHTIB poOouoi obusacTi: Iie JO3BOJHUTH IIJKIIOYHTH JIO YCIX MPOCTHUX YMOB Ti
eJIEMEHTH POO0YO0T 00IaCTi, O iM 3a0BOJBHSIOTH, 1 MICIS [[LOTO MEPETTISIATH TIIBKH Il CIUCKU. J{Js KOXKHOTO
NpaBUa CTBOPIOETHCS JIYMIBHUK KIJBKOCTI MPOCTUX YMOB, MOYAaTKOBUM 3Ha4eHHsAM sikoro € 0. Ilpum 3wmini
pobouoi obyacTi A0 HOro 3HAYCHHs JOAAEThCS ab0 BiAHIMAETHCS | B 3aJEKHOCTI BiJl TOTO, NOJAETHCS YK
BHJAIISETHCS CIEMEHT POo00Y0i 00JIacTi, MO 3a0BOJIBHSIE SKIHCh MPOCTi YMOBI BIAIIOBIIHOTO MpaBuia. Takum
YHUHOM, TIOPIBHSAHHS JIYMIBHHUKA 3 KUIBKICTIO NMPOCTHX yYMOB MPaBWJI JO3BOJISIE IIBHIKO BimiOpaTH mpaBmia,
YMOBH SIKHX BUKOHYIOTHCSA. 3 KOXKHOIO IPOCTOI0 YMOBOIO 30€piraeThCsi CIUCOK eleMEHTIB poOouoi obsacTi,
SAKUM BOHa 3am0BoibHs€E. [Ipum 3MmiHI enemMeHTiB poOouoi o6macTi CMCKH KOpUTyIOThCs. [lpum iHTepmperarii
MEePeryIsIal0ThCS TIIBKHU CITUCKH 1 TOTYEThCS MEpeNiK KOHGIIKTHAX MTPAaBUI,;

2. CTpPYKTYpyBaHHS CHCTEeMM MpPaBWJI: B TaM sTi OyIOyeTbcs JEpEeBO OMMCAHHS TPOCTHX YMOB,
BEpIINHY SKOTO BIiANOBIJAIOTH O3HaKaM MHPOCTHX YMOB, & JIMCTKH — THM HPOJYKIISIM, HIPOCTI YMOBH SKHX
BUKOHYIOTbCS Ha IUIAXY BiJ KopeHs. CucreMa MiATPUMYE Nam'sTh MPO Ti BY3JIH, 11O BiJIOBINAIOTH JAAHOMY
cTaHy po0040i 00macTi, i MOIH]IKyeThCSA P HOBUX eIEMEHTax poOodoi o0racTi;

3. TpuB’sA3yBaHHS MpPaBWI A0 BY3JIB CIPOIICHOTO MPEICTABICHHS MEPEeXi JOCTYIy: IMOCWIAHHS Ha
MpaBHJIA i TIYUIEHUKHI 30€piraloThCsl y KOXKHOMY BY3IIi CIIPOIIEHOTO TPEICTABICHHS MEPEXKi TOCTYITY.

Komn nepeBo po3MOBCIOKEHHS BILIMBY MOOYyIOBaHE, TUM CAMUM BH3HAYECHUH 3arajlbHHUN XapakTep
BUKOHAHHS PO3paxyHKiB. AJie iCHYIOTh aJbTEpPHATHBU BHKOHAHHS PO3PaxyHKIB 1 micis moOynoBu jepesa. Ilo-
TriepIe, CHiJibHe BUKOPHCTAHHS CIUCKIB, JIEPEB 1 CIPOIICHOTO IIPEJICTABICHHS MEpEXi JOCTYIy MOTEHIIHO
MOJKe 3a0€3MeYNTH BUCOKY €()eKTHBHICTh NepepaxyHKy NOKa3HHKIB BIUTMBY Herousaaok. [lo-apyre, me Oinbiie
MJIKPECIIOE CIIOJIBaHHS HA BHCOKY e(EeKTHBHICTb Ta OOCTaBHMHA, IO CHPOLICHE IPEACTAaBJICHHS MOKHA
po3TamryBaTH y omepartuBHiN mam’sti. OTxe, 3HUKAE HEOOXITHICTh Yy TOCTIHHOMY 3BEpTaHHI 10 3HAYHO
MOBUIBHIIIOT 30BHIIIHBOI MaM’sTi 1, SK HACHIJOK, MIIHINIAIOTh CHOJIBAaHHS Ha BHCOKY €(EKTHBHICTh
nepepaxyHky. TOMy JOLIIBHO HABECTH 3arajbHUM OMKMC METO/AY PO3paxyHKy BIUIMBY HEMOJAJOK, SKUH Oyne
BTUIGHUH y IpOrpamMHii peamizarii.

JImsi mBWAKOTO aHamidy BIUIMBY CTaHy Mepexi Ha SKICTh OOCIyroBYBaHHS KOPHCTYBadiB OyB
po3polbsieHuit anroput™, mNoOymOBaHWN Ha 30epeKEeHHI 1 OMpaIloBaHHI CIPOLIEHOTO TPEJCTABICHHS Y
omepaTuBHill mam’aTi. BiH ckimamaeTbed i3 ABOX MIAANTOPUTMIB — (HOPMYBAHHS 1 BHKOHAHHS CIIPOILICHOTO
HPE/ICTABICHHS.

Higanroput™m BS1 dopMyBaHHS CIIPOIIEHOTO TIPEICTABICHHS.

Bxin: [ToBHe npeacTaBieHHs (TaOMUIN iHBEHTapHOI 0a3w) i cHCTeMa TPOIYKITiH.

Buxin: CriporieHe npencTaBIeHHs.

Kpox 1. IlocminoBHuii meperman xopTexiB Tabmumi Objects i ¢opMyBaHHS BIAMOBITHUX BEPIIUH i
pedep CIPOILIEHOTO PEICTABICHHS.

Kpoxk 2. IlocninoBHuit neperisy koprexiB Taduuni Reference i ¢popMyBaHHS BiIOBIAHUX BEPILUH i
pebep CrpoIeHoro NpeICTaBICHHS.

Kpoxk 3. Bubupaemo ueprosuii koprex Tadnuii Parameters.

Kpok 4. 3HaxoauMo 1 1Mo3Ha4aeMo y CIPOILEHOMY IPEICTaBJICHHI Y BIANOBIAHIH BEPIIUHI HPOCTY
YMOBY, sIKa MICTHTBCSI y KOpTesKi Tabimii Parameters.

Kpok 5. 3Haxoanmo i mo3HavyaeMo y TaONuI MPOAYKIIH y BIAMOBITHNUX MpaBMWIaX MPOCTy YMOBY, sKa
MICTHTBCS Y BHOpaHOMY KOpTexki Tabmuri Parameters.

Kpox 6. IlepeBipsieMo yMOBY: 9H € IPOIYKIIisl, yCi MPOCTi YMOBH SKOi BUKOHAH.

SIKmo Tak, TO peani3yeMO IPaBHUIIO y CIPOIICHOMY HpPEACTABICHHI, (OPMYIOYH B HHOMY BiJMOBIIHI
MoJIsl y BIATIOBIAHMX pedpax 1 BepIIMHAX, 3HAUEHHS KOCQIIEHTIB I PO3paxyHKY BIUIMBY HEIOIAJOK, KOJIHU
BOHH TPAIUIATHCS. BuiyyaeMo mo3Hauky MPOCTHX YMOB Y BiATOBiAHIN BEpIIMHI CHPOIIEHOTO MPEACTaBICHHS.
BuityuaeMo no3HauKu MPOCTUX YMOB Y BIANIOBIHOMY ITPaBUIIL.
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SIKIo Hi, TO MEPEXOIUMO Ha KPOK 5.

Kpox 7. Slkmo yci kopTexi Tabmmii Parameters po3TisiHyTi, TO BHJAEMO TTOKa3HUKH BILTUBY
HEeTIONIaJI0K Ha SIKiCTh 00CIyTOBYBaHHS KIIIEHTIB 1 KiHEI[b POOOTH, iHAKIIIe — Mepexia Ha KPoK 3.

IIpu 3miHI KOH}Iryparii Mepesxi i3 iHBeHTapHO1 0a31 HaJAXOIUTh BiAIOBITHUN CUTHAI (HATIPUKIIAM, Bif
tpurepa B CYBJI). V npomy Bunaaky OyayTh BUKOHAHI BiAIIOBiAHI 3aIHCH y CHHCKY pebep i MacuBi BepIIHH,
3MIMCHEHUH TIepepaxyHOK MIANOPSIKOBaHUX BY3JiB. Yac mepepaxyHKy HE IEPEBHIINTh 4acy PO3PAXyHKY
BIUTUBY Hemnosaaku. [Ipyu mosaBaHHI HOBOTO KOPUCTYBa4a PO3PAXyHOK 3/IHCHIOETHCS TUTBKHU JUIST HHOTO.

Hioaneopumm BEI euxonmanus cnpowenozo npedcmasnents. PO3TIITHEMO alTOpUTM Ha TMPHKIAMI,
HaBezieHoMY Ha puc.2. Hexaii Byzon U, 5 Buiios 3 nagy Ha 50%. Pobora anropurmy:

Kpok 1. Po3paxoByemo Bxignuit koedinmieHT must Bysna Uy 3. OCKUIBKH By30J1 3HAXOJUTHCS HA PiBHI 1,
TO BXiHUH KoedirieHT Oy1e 3aBXK a1 TOpiBHIOBATH 1.

Kpok 2. I{lboMy By3ily BCTAaHOBIIOETHCSI HOBUH KOE(ili€HT HETIOIaKH, IKUii gopiBHIOE 0,5.

Kpok 3. [lepebuparorbest BUXiZHI pedpa MOTOYHOTO By3Jia i pO3paxoBYIOThCsl KOS(DILIEHTH NPOITyCKHOT
3IaTHOCTI 3a Gopmyior: k= P * K, ne P — nmpomnycKHa 3[aTHICTh Ha BXO/i By3na, K — koe(illieHT HEIOIa KN
By3na. Takox, npu o0Xxozi peOpa, Ha HacTyIHOMY (JpyroMy) piBHI IO3HAYArOTHCS BY3JIM, Ha SIKi BIUIMBAE Iisl
Hemnonajka. Y HaloMy BUIaky ue oyze Bys3oin U, 4 1 GpiktuHuUi By301 Uy s.

Kpok 4. Po3paxyHok nepiioro piBHs 3akiH4eHUH. Jpyruii piBeHb pOOUMO TOTOYHHM.

Kpoxk 5. ¥V nuxni nepebuparotscs By3nu, mo3HadeHi y 1. 4. Ockinbku By301 U, s — (GIKTHBHUH, TO
pPO3paxyHKH B HbOMY HE BHMKOHYIOTHCS, @ TUIBKM IO3HAYAIOTHCS BY3JIM HACTYIHOTO pPIiBHSA, Ha AKI MOXe
BIUIMHYTH 115 HETIOJa KA.

Kpok 6. PozpaxoByemo Henonanxy y By3ii U, 4. IlepeOupaemo macus BXigHUX pebep 1 MmiacyMOBYyeMO
Koe(ilieHTH MPOMyCKHO1 31aTHOCTI (S). BXigHuit koedimieHT y By31i pO3paxoByeThCs 32 GopMysior: u = min(S;
1). SIkmo mis BCiX MOCTpaXKAAINX BY3IIB IMOTOYHOTO PIBHS U = 1, TO PO3paxyHKH NPHUIUHAIOTHCS, OCKIJIBKH
HWKHI PiBHI OYIyTh3HAXOIUTHCS y TIOBHICTIO (YHKIIIOHATHPHOMY CTaHI 1 HEMOJaIKa «3racHey.

Kpox 7. Ilepexomumo m0 Kpoky 1, ame Ha Kpomi 2 BCTaHOBIIOEMO KO€(illi€HT HEMOJAaTKh YKe
MIOTOYHOTO By3Ja. Y Hamomy Bunazaky st U, s BiH fopiBHIOE | (By30J1 MOBHICTIO (DYHKIIOHAIBHUH).

Kpok 8. /1ii moBTOproeMo 10 THX Mip, TOKH HOTOYHUM HE CTaHE PiBEHb KOPUCTYBAIB.

Kpoxk 9. [Iyist K0)KHOTO KOpHCTyBaua IepednpaeMo MacuB BXiJHHX pedep i BUKOHYEMO Uit HBOTO Jii
KpOKY 6.

Kpoxk 10. ®opmyeMo MacuB MocTpaxalnx KOPUCTYBaYiB 3 KOS(DILIEHTOM HEIOJIA/IKH.

PesepBHI By31HM BpaxoBYEMO 3a JIOIIOMOTIOIO NPAaBHJ, HABEJICHUX BHUILE JUIA CHOCOOY T) 3’€JHaHHS
BY3JIIB MEpeXi J0CTyIy. SIKIIO Y TMOCTpa)JaJloro By3ja € BXiJHI pe3epBHI pedpa, TO BIUIMB HEMOJAJAKH MOXKeE
OyTH 3MEHIIEHMH 3a pPaxyHOK MOTYXKHOCTI pe3epBHOro pedpa. [Ipm mpomy, y AesKknX BHIAJKaX, BILUIMB
HEII0JIa/IKi MOJKe MOLUTMPUTHUCS Ha J0YipHI BEPIIMHU PE3epBHOTO OaThKa.

PiBeHb
pecypcis 1

PiBeHb
pecypcis 2

Pucynok 3 — [puxmax metii

Ockinpku HampsiM pedpa BKasye Ha 3pOCTaHHS PiBHA, a Tpadik MOKe MepeiaBaTHCS i B 3BOPOTHOMY
iepapxii HampsMi, TO MOK€ BUHHUKHYTH ITPpo0JieMa po3paxyHKy nerenb. [Ipukian meTini HaBeieHui Ha puc. 3.

Tyt metns nozHayeHa myHKTUpoM. 3B 130K Ha oxHoMy piBHI (Mik U, 1 Uy,) Oyne peanizoBaHuil 3a
JOIOMOro1o BoX pedep. 3’30k Burisany U, <> U,, peani3yBaTH IPaKTUYHO HEMOXKIUBO. ToMy HEOOXigHO
3aMiHMTH HOTO Ha eKBiBaJeHTHUH. ExBiBaJIeHT parMeHTy Mepexi 3 IeTICI0 HaBeICHUH Ha puc. 4.
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PiBeHb
pecypcis 1

PiBeHb
pecypcis 2

Pucynox 4 — ExBiBaneHTHE epeTBOPEHHS METII

Takum 9uHOM, y Hamiiii mMozeni OyAyTh iCHYBaTH 3B’S3KH TiTbKH BHH3 a00 Ha OIHOMY piBHI, IO
JIO3BOJIUTH YCIIIIHO 3aCTOCOBYBAaTH OIMCAHWN BWINE anroputM poOoTu. [l eKBiBaJeHTHOI 3aMiHM [iIs
nepepaxyHKiB 3HanoouTbest koedimienT R mst pedbpa mixk Bysmamu Uy 1 U',,, gxkuit Oyzne BKa3yBaTH HA 4acTKy
3arajbHOi BUXiAHOI moTyxHocTi By3ina U,,, mo Oyne mepekiodeHa Ha ne pedpo. Takok HaM 3HAOOMTHCS
crieliaJbHAN exkBiBasieHTHUH By3ost U'p,, sikuid Oyzne komiero Bysna U,,, aje juime 3 OJHUM BUX0A0M. Baprto
3a3HAYUTH, 10 OJHOPIBHEBI 3B’ A3KH y rpadi MOXKYTb OyTH TLIBKK pE3epPBHUMHU.

PesyanaTn CKCNICPUMEHTAIBbHUX JOCJIiIKEHb

ExcriepuMeHTH TNpOBOAWINCS HaJ pI3HUMH BapiaHTaMH CTPYKTYp MEpeX JOCTYIy, CEpBiCiB,
KijbKkocTeil KimieHTiB. IIpu 1bOMy XapakTepUCTHKH OOJIQJHAHHS 1 TEXHOJIOTII 3MiHIOBaJMCA. AJNTOpuT™M OyB
OIIIHEHWH CTOCOBHO Yacy i ImaM’sTi, HEOOXITHUX IS OAEp)KaHHS PO3B’sA3KiB. EXCIEpHMMEHT MPOBOAMBCS LIS
JIBOX I JAJITOPUTMIB, peali3oBaHUX Y BUIIIAAI OKPEMHUX MOJYIIIB OJHI€] MPOTpaMu, OKpeMo.

IIpu TectyBaHHI mepuIoro MoAynst OyayBaimcs JepeBa 3 PI3HOIO KUIBKICTIO eneMeHTiB. Koxxnuit
€JIEMEHT ONUCYBaBcs 2 aTpuOyTaMu — iM’sIM 1 THIIOM. BukopucTOBYBajach 0OMexeHa KiIbKICTh ITPaBUIL.

[Ipu TectyBaHHI JPyroro MoOJyjs €KCIIEPUMEHT MPOBOAMBCS HA BHIIAJIKOBO 3T€HEPOBAHUX JEpeBax
pi3HKX po3MipiB. [1ix yac ekcriepuMEHTy BUIAAKOBUM YHHOM €MYJTIOBAJIMCSI BUXOH 3 JIaJly BEPXHBOIO By3Ja i,
TaKUM YMHOM, IIEPEPaxoByBaIoCs yce JepeBo.

PesynbraTi ekcriepuMeHTy 3 i aIropuT™MoM BS/ (mepimuM MoLyaeM MporpaMu) HaBEACH! y BUTILII
rpacgiky, 300pakeHOro Ha puc. 5,1y Tabmumi 1.

Tabmmis 1 — Pe3ympTaTi JOCTIHKSHHS IEPIIOTO MOIYIIS
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KinbkicTb By3nis

476268

Kitbkicts Byaiis Yac reneparii Yac ynraHHs Yac 006poOku 3aranpHUI yac
y nepesa (2.), Mc aTpuOyTiB (,), MC rpaBuI (7,), MC (tsar), MC
13620 876 613 12 1501
65025 3873 2737 58 6668
270645 10853 11616 106 22575
476268 32905 24432 3236 60573
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Pucynok 5 — I'padik 3a1exkHOCTI Yyacy MoOyI0BH CIPOIIEHOTO MPEACTABICHHS BiJl KITBKOCTI €JICMEHTIB

Pe3ynbraTi eKCHEpUMEHTY 3 MigaaroputMoM BE! (ApyruM MoJIyJjeM MpoTrpaMM) HaBEICHI y BHUTIIAMI
rpadikiB, 300paxkeHUX Ha puUcyHkax 6, 7, 1 y rtabmuui 2. [lpm 1poMy MakcuManibHa KiIbKICTh pebep He

nepesuiyBana 1,5 miH.
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Tabmuns 2 — Pe3ynbTaTu JOCTIDKEHHS IPYTroro MOYJIS

KinmpkicTh By37iB 1007 9977 270645 476268
06’em mam’4rti, mo norpedyetnes, K 5332 10240 99288 200384
Yac obuucienns (7,), ms 5 41 155 633
Ob6’em
nam’aTi, K

200000 /
150000 /
100000

__ 7

0 T T
1000 10000 250000 500000

KinbkicTb By3nis

Pucynok 6 — I'padik 3a1exkHOCTI 00’ €My ONIEepaTHBHOT ITaM’sITi, IO MOTPEOYETHCS, Bill KUTBKOCTI €JIEMEHTIB
Mepexi

t.g, MC
600 /
500 /
400 /

300 /

200 /
100

1000 10000 250000 500000

KinbkicTb By3nis

Pucynox 7 — I'pacdik 3a51eXHOCTI 4acy po3paxyHKy MMOKa3HUKIB 00CITyroByBaHHS BiJl KITbKOCTI
€JIEMEHTIB Mepexi

ExcrniepuMeHTabHI 1aHI HaBECHI 0€3 mepepaxyHKy MeTelb.

PesynbraTH eKCIIEpUMEHTIB MPOJIEMOHCTPYBAIN MPAlEe3/IaTHICTh 3alPONOHOBAaHUX anroputMis. [Ipu
bOMY HEOOXiTHI Ui pO3paxyHKiB MaM’sTh i Yac HE MEPEeBUIIYIOTh JOCTATHHO KOPCTKI BUMOTH OIEPaTOPiB
3B’SI3KY.

BucHoBkn

VY craTTi 3ampoIOHOBAHO MiAXiX O MIBHIKOTO PO3B’S3aHHS MPOOJIEMHM BH3HAUYCHHS BIUIMBY BiIIMOB
eIIEMEHTIB MepeXi IOCTYImy Ha SKICTh OOCIyrOBYBaHHS KII€HTIB BEIMKHX oOIepaTopiB iHpopmarriiitHo-
TEJCKOMYHIKAIIMHUX MTOCIYT Ha OCHOBI KOMOIHYBaHHS MPOAYKIIIHOTO 1 aIrOpUTMIYHOTO TiaAX0/aiB. Peamizartis
nigxony OasyeTbcsi Ha rpado-OpieHTOBaHIM MOJENI IPEACTaBICHHS MEPEeXi 1 cepBiciB, cucTeMi MPORYKLiH i
BIJIMIOBITHOMY MEXaHi3Mi BUBCJCHHS], a TaKOX alTOPUTMI OpraHi3amii mpoliecy BU3HAYCHHS BIUIUBY BiJIMOB
€JIEMEHTIB MEpexki JAOCTYyIy Ha SIKICTh OOCITyrOBYBaHHS KIIIEHTIB Ha OCHOBI cxeM o0Oxony rpadis. Peamizamis
IropuTMy 0a3yeTbest Ha i/1el 30epe)KeHHs 1 OIPaIfOBAHHS CIIPOIIEHOTO MPEICTABICHHS MEPEXi Y OllepaTHBHIN
am’sTi.

[IpoBeneHi ekcliepuMEHTabHI JOCHTIHKEHHS PO3pO0IICHOT0 BapiaHTY peali3allii 3amporoHOBAHUX
Mojeni 1 anroputMy. BOHHM TpOAEMOHCTpYBaIM Tpale3qaTHICTh 3ampoNOHOBAHOTO BapiaHTy peasizamii
anroputMy. Butparu wacy i mam’sTi, HEOOXiJqHI JUIsi OAEPIKAaHHS MOTPIOHMX ONepaTopaM pe3yJbTarTiB, He
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HEePEBHIIYIOTh peaJbHUX OOMEKEHb (HaraJaeMo, 10 4ac PO3pPaxyHKIB y JIESKUX OIEPaTOPiB MEPEeX JOCTYITy
CTaHOBUTH He Oinblie 15 XBuiMH Ha 1,5 MIIH. KITI€HTIB).

ITomampmivii PO3BHTOK JOCIHIHKEHb TIOB’S3aHWA 3 PO3POOJICHHSIM MOJENe 1 alaropuTMmiB, sKi
BPaxOBYIOTH iHII OCOOJIMBOCTI MEPEX TOCTYITy, TEXHOJIOT], IO TO3BOJHUTH PO3MINPUTH MHOKUHY CHUTYaIlil, B
SIKUX MO’K€ 3aCTOCOBYBATHUCS PO3POOICHUN TAXII.
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