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WCCNEOOBAHUE NOKA3ATEINEN KAYECTBA
®YHKUNOHUPOBAHUA UHTEJNJNEKTYAJIbHbBIX Y3510B
KOMMYTAUUUN B TENIEKOMMYHUKALUMUOHHBIX CUCTEMAX U CETAX

Ha ocnoee GERT-cemu paspabomana mamemamuyeckdas Mooelb UHMELIEKMYAIbHO20 Y3id KOMMYMAayuu ¢
06CyIAHCUBAHUEM UHDOPMAYUOHHBIX NAKEMO8 PA3IUYHO20 NPUOPUMEMd, OMIUYAIOWASICS OM U3BECTNHBIX YUEMOM
MAKCUMATLHOU NPUOPUME3AYUL UHDOPMAYUOHHBIX NAKEMO8 MEMAOAHHbIX NPU UX nepedaye 6 «0ONAUHbIeY) AHMU-
BUPYCHbIE CUCEMbL. DMO NO360AUN0 ONPeOerumb IKEUBaLeHmHY0 W-@yuxyuio, gynkyuio pacnpedeienus u niom-
HOCMb pacnpeodeneHuss 8pemMeru 00CTYHCUBAHUS UHPOPMAYUOHHBIX NAKEMO8 MeMAOAHHbIX 8 UHMELIEKMYAIbHbIX
V31aX KOMMYMAyuy npu ux nepeoaye 8 «001a4Hvley aHmMueupycHole cucmemsl. B pesyntomame npoeedeHHbIx uccie-
008aHULl OMMEYEHO, YMO MAKCUMYM HIOMHOCTU PACHpedeneHus: pemeni 06pabomKu UHGOPMAYUOHHbIX NAKEMO8
MEMAOAHHBIX 8 UHMELIEKMYATIbHBIX V314X KOMMYMAYUU NPUXOOUMCSL HA MAbLLL npomedcymok om 1 do 2 mc.

Knrwouessle cnosa: unghopmayuuoHHo-meneKoMMyHUKayuonmvle cemu, ooaaunvie anmugupycol, GERT-mooens.

NMocTaHoBKa npo6nembl uccnegoBaHuUA

CoBpeMEeHHOE pa3BUTHE TEIEKOMMYHUKAIMOHHBIX
CHCTEM U CeTel, a Takke MH(POPMAIMOHHO-TEJIEKOMMY-
HukanuoHHbIx cerer (MTC) u npruMeHsIeMBbIX KOMITbIO-
TEPHBIX TEXHOJIOTHH MPUBEIIO K MOSBICHUIO KaYEeCTBEH-
HO HOBBIX YCIYT M CEpBHUCOB B MH(OPMAIMOHHOH ce-
pe, BHEIPEHHIO MepeNOBhIX TEXHOJOrWi 00paboTKU U
nepeaud AaHHBIX M MX JAOCTYITHOCTH IIMPOKOH IOJIb-
30BaTenbckol ayautopuu [1 — 11]. B Toxe Bpems uH-
TEHCUBHOE DPAa3BUTHE COBPEMEHHBIX KOMIBIOTEPHBIX
TEXHOJIOTUH TIPUBEJIO K TOSBICHHUIO HOBBIX Yrpo3 0e30-
MAaCHOCTH WH(OpMAaIM{, BOZHUKHOBEHUIO HOBBIX (popM
U CrocO00B HECAHKIIMOHMPOBAHHOT'O JTOCTYIA K BBIYHC-
nutenbHbIM pecypcam UTC [1 —11].

OpHOMW M3 aKTyalbHBIX Yrpo3 B HH(OPMAIOHHO-
TEIEKOMMYHHUKAIIMOHHBIX CETAX, ABJSAETCS paclpocTpa-
HEHHE KOMITBIOTEPHBIX BUPYcoB. OJHUM U3 ITyTel Ipo-
TUBOJAEHCTBUSI KOMIBIOTEPHBIM BHPYCaM SIBJISETCS HC-
MOJIb30BaHNE OOJaYHBIX aHTHBUPYCOB KaK B TEJIEKOM-
MYHHUKAaIMOHHBIX CUCTEMax M CeTAX, TaK U B MH(pOpMa-
LIUOHHO-TEJIEKOMMYHUKALMOHHBIX ceTsX. [l aToro
IIpeJyIaraeTcst MOAXO0/ C UCIOIb30BAHUEM HHTEIJIEKTY-
aJIBHOTO y3J1a KOMMYTAIIMK ¢ OOCIy)KUBaHHEM HH(OP-
MAIMOHHBIX ITAKETOB Pa3IMYHOr0 IPHOPUTETA

Takum 00pa3oM, akTyaJlbHOW Hay4dHOW 3aaadei
SIBIISI€TCA MCCIENOBAHUS U aHAIM3 MOKa3aTenel KayecT-
Ba (ynkimonupoBanus MUTC, Ha ocHOBe Mojenu MHO-

rokaHaneHoii CMO  M; / M/V, /K, a Takxe paspabo-

tanHo GERT-Monmenu MHTENIEKTYaIbHOTO y3Jia KOM-
Mytaiwd. [Ipu 3TOM HEO0OXOIUMO ONPENSIUTh YKBUBA-
JIeHTHYI0 W-QyHKIHIO, (YHKIUIO paclpeneicHus U
IUIOTHOCTh PACHpEACICHUS BPEMEHH OOCITY)KUBAHUS
HH(POPMAIMOHHBIX TTAKETOB METaJaHHBIX B WHTEJLICK-
TyaJbHBIX y3JIlaX KOMMYTAIlMHU MIPH UX Iepenadye B «00-
JIAYHbIE) aHTUBUPYCHBIE CUCTEMBI.

UccnepoBaHMA nokasarteneun KayecTBa
(byHKLl,MOHMPOBaHVIH UHTeNeKTyalrlbHbIX
y3510B KOMMyTaLluu

s uccnenoBaHus NokasaTtenel kadectBa (DyHK-
LIMOHUPOBAHUSI HHTEIUIEKTYAIBHBIX y3JI0B KOMMYTAILlUH
M:/MV, /K,
crpykrypHo-noruueckoro GERT-monenupoBanus. Pac-
CMOTPHM €€ OTJINYUTEIbHbIE OCOOEHHOCTH.

B cooTBercTBHM C MOIENBIO TEXHOJOTWH (YHK-
LIMOHUPOBAHUSI MHTEJUIEKTYAJILHOTO y3J1a KOMMYTalluH
UTC c oTHOCHTENBHBIME [TPUOPUTETAMH M PE3EPBHUPO-
BaHHEM pecypcoB [l — 6] U3MeHeHe COCTOSIHUN JaHHO-
ro y3na mpeacraBuMm GERT-cerbio (puc. 1). Kaxnmas

THIIA BOCIIOJIB3YEMCsL MeTOI[HKOﬁ

BETBb I, I, =2,], 1r; =J+1,R nanHol cetu ycioBHO
OIMUCBIBAET OTJCIBHYI0O MHOTOIIOTOKOBYIO CHCTEMY 00-
CIYKUBAHUS C BbIJCIEHHBIMU (Vr,Kr) U COBMECTHO

HCTIONB3YEMbIMU (VR) pecypcaMu. DTa MOJETb MOXKET

OBITH OMKCaHa CIETYIOIINM 00pa3oM.

V3en 1 oTpakaeT COCTOSHUE CUCTEMBI B IIEPBOHA-
YaJbHbI MOMEHT TOJydeHUs] HH(OPMAIIOHHBIX TaKe-
toB (MIT) mo6oro u3 BO3MOXHBIX KIIACCOB IPHOPUTE-

TOB 1, I, =2,J, 1 =J+1,R. ¥3en 2 duxcupyer co-
CTOSIHUE CHCTEMBI, IpH KoTopoii noctynusime WIT 06-
pabaThIBalOTCS B COOTBETCTBUU C AITOPUTMOM YIpPaB-
JIEHUsI IOCTYIIOM K «OOJIaYHBIM» TEJICKOMMYHUKAIMOH-
HBIM pECypcaM B PEKUME COBMECTHO HCIIOJIB3yEeMBIX
(VR) pecypcoB. Y3en 3 HHTEPHPETHUPYET COCTOSHUE

CHUCTEMbI B MOMCHT, KOraa Ha I/IHTeHHeKTyaJ'H)HHﬁ y3€i1
KOMMYTAalluH IOCTYIIACT IMAKET I; Kjlacca IPUOPUTETHO-

CTH, U TPU 3TOM B COOTBETCTBHHU C aJTOPUTMOM YIIpPaB-
JICHHUSI TOCTYIIOM K «OOJTaYHBIMY TEJICKOMM YHUKAIIHOH-
HBIM PeCypcaM CYIIECTBYET HEOOXOMUMOCTh (hUKCAIUH
U BBIIETIEHUSI OTAETBHBIX BBHIUUCIUTEIBHBIX PECYPCOB.
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Puc. 1. CtpykrypHo-norudeckass GERT-moznens TexHomorun GpyHKIMOHUPOBAHUS HHTEIJIEKTYaIbHOIO y3J1a
kommyTanuu UTC ¢ oTHOCUTENBHBIMH IPHOPUTETAMU U PE3EPBUPOBAHUEM PECYPCOB

V316l 4 1 5 ONUCBIBAIOT COCTOSIHUE CUCTEMBI B MO-
MEHT, KOTJa Ha WHTEUICKTyalbHBIA Y3 KOMMYTAIlHMU

HOCTYNAIOT NaKeTsl I, =2,J u 1; = J+1,R xmacca npu-

OpPUTETHOCTH COOTBETCTBCHHO M, AHAJOTMYHO Y311y 3,
CYIIECTBYET HEOOXOMUMOCTh (DUKCAIMH W BBIICICHHS
OTJIENbHBIX BBIUUCIUTENBHBIX PECYpPCOB. Y3el 6 oTpaxka-
€T COCTOSIHHE HMCCIEAyeMOro o0beKTa, Korjua B HHTE-
JIEKTYaJIbHOM Y3JIe KOMMYTAIlMU 00padaThIBalOTCsl OJTHO-

BPEMEHHO HH(OpPMAallMOHHBIE MAKeThl I, U I, =2,]
KJIACCOB TPUOPUTETHOCTH. AHAJIOTUYHO, Y3JIbI 7 U 8
(UKCHPYIOT MOMEHTBI 00paOOTKH HWHTEIUICKTYaIbHBIM
y3JIOM  KOMMYyTaIlid  MHGOPMAIMOHHBIX  ITAKETOB
r,=2J, 5=J+LR u r, r; =J+1,R xmaccos npu-
OpUTETHOCTU COOTBETCTBEHHO. Y3ed 9 omuchiBaeT co-
CTOSIHME CHUCTEMbI B MOMEHT, KOTJla WHTEIEKTyaIbHbII
y3e HUMEET BO3MOYKHOCTH OOCCIICUMBATH BBIJICIICHHBIC
PeCYPCHI IS TIOCTYIMHUBIINX MH()OPMAIMOHHBIX TAKETOB
BCEX KJIACCOB MPUOpUTETHOCTH. Y3en 10 orpaxaer Mo-
MEHT COCTOSIHHSI CHCTEMBI, Korja il 00paOOTKH TOCTY-
MMUBIIMX HHGOPMAIMOHHBIX TTAKETOB 33JICHCTBOBAHBI BCE
(Vr + Kr) KOMMYHHUKAIMOHHBIE PECYPCHI.

Betru (1, 2), (2, 3), (2,4), (2,5), ..., (9, 10) u co-
orercTBytome UM W-dyHkiu (W,, Wy, Wy,

Wys, ..., Wy, o) OIUCHIBAIOT MapaMeTphl (Bpems 00-

paboTku MH(OPMAIMOHHBIX MAaKeTOB I, T, =2,J u
r; =J+1,R KiaccoB NPHOPUTETHOCTH, KUTTEP 3a-
JEepKKH 00paboTkM HMHGOPMAIMOHHBIX MAKeTOB I,
r, =2,] n r; =J+1,R KIaccoB npuOpUTETHOCTH, Bpe-

MsI BOCCTaHOBJIEHHSI OTAEIBHBIX 3JIEMEHTOB Y3Jla KOM-
MYTalll{ B CJIy4ae UX BBIXOJA U3 CTPOsI U Jp.) XapaKTe-

PH3YIOIINE MEePeXObl UHTEIUICKTYAbHBIX Y3JI0B KOM-
MyTalllM M3 OJHOTO COCTOSHHUS B Jpyroe B Hpolecce
ero (pyHKIIMOHUPOBAHHUS B OMHCAHHBIX BBIIIC PEKUMAX
(manpumep, BeTBb W, oOTpakaeT BpeMs 00padoTKu

HOCTYNHBIINX MH(QOPMAILMOHHBIX MIAKETOB I;, I, =2,]

u r;=J+1,R xmaccoB mpuopuretHoctu B V,; 00-
CIIY)KUBAIOIIUX YCTPOWCTBAX, U T.1.).

Crnenyer 3aMeTHTh, UTO NpEACTaBJICHHAs Ha PUC.
crpykrypHo-norndeckass GERT-monmens  yuuThiBaer
(akTOpBl BHEIIHUX BO3JCHCTBUI (COOTBETCTBEHHOTO
BO3MOXKHOH IOTE€pH WHPOPMAIMOHHBIX MAaKEeTOB) U pe-
aJbHON HAJEKHOCTH (BO3MOXKHBIX OTKa30B 00OpYI0Ba-
HUSI) TIyTeM BBEJICHUsI BETBEH 00paTHBIX CBs3€i C COOT-
BETCTBYIOIIMMH UM XapaKTePUCTUKAMHU (HampuMep
Wy, Wy, ,Wou ,uT.).

[IpencraBnenHas Ha puc. 1. CTpyKTypHO-JIOrHYe-
ckass GERT-mozens, a Takke aHaiau3 psua pador [5, 7,
8], MOCBAIIEHHBIX HCCIEIOBAHUIO INPOLECCOB MPEBEH-
TUBHOTO W KOHEYHOTO YIpaBJICHUS MH(POPMAIOHHBIX
MIOTOKOB B MHTEIJIEKTYaJbHOM KOMMYTaIlHOHHOM 000-
PYAOBaHUH MO3BOIMIN C(HOPMUPOBATH XaPAKTEPUCTHKH
BETBEH W MapaMeTpbl paclpelesieHus B BUjE, Npe.-
CTaBJICHHOM B Ta01. 1.

[IpoBeneHHbIE UCCIIENOBAHMS TO3BOJWIN BBISIBUTH
PAA 3aKOHOMEPHOCTEH B Tporiecce (yHKIIMOHUPOBAHUS
HHTEJUIEKTYyalbHbIX y3710B KoMmmyrtaumu UTC, cBsa3an-
HBIX C TNPaKTHYECKW WACHTUYHOCTBIO IIOKa3aTened |
COOTBETCTBEHHO MNPOM3BOMMINX (YHKIUA MOMEHTOB
Ha OTJENBHBIX dTalax U B psAe PESKUMOB (YHKIIMOHH-
poBaHMs. DTO B KOHEYHOM HWTOTe BBUTHIOCH B YMEHB-
LIEHHE MPOM3BOAAMIMX (YHKIMH MOMEHTOB (Tabi. 1).
Tak BerBu (1, 1) u (2, 1) xapakTepu3yloTCs MPOHU3BO-
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mmeil gyHkuueid MomeHToB A, /(A —s), BeTBH (2,9),
(3,6), (3,9), (5,7), (5,8) u (5,9) npousBomste GyHKIHU-
eit MoMeHTOB A /(Mg —s), BetBu (3.,2), (4,2), (5,2) u
9,2) MIPOM3BOIAIICH ¢dbyHKIIHCH
Aq /(Ag —s), a BeTBH (6,3), (7,4) 1 (8,3) nponsBoasIIeit

MOMCHTOB

¢byHKIMEH MOMEHTOB A, /(A, —S) .
Tabnuna 1

Xapaxrepuctuku BetBeit GERT-moznenu
TEXHOJIOTUH ()YHKIIMOHUPOBAHUS
HHTEJUIEKTYyaJIbHOro y3ia kommyrarmu UTC

Ipowns-
1']1\;911 Bersbp |W-0ynkuus| BeposTHocTh :;(;iiu:iz
MOMEHTOB

1 2 3 4 5
Ly | Wy I-py A /(A =)
2.1 (1,2) Wi, pi Ay /(hy —5)
3.1 @D Wa L-pop3-psps | A /(A —5)
423 | W P Ay /(05 —5)
5.0 24 Way P3 Ay /(hy —5)
6. | (2.5 Was P4 s /(A5 —s)
7.1 (29 Wao Ps A /(hg —5)
8 | (3.2) Wi, 1-pe-p7-ps Ay /(A7 —5)
9. | (3,6) Wie Ps A /(hg —5)
10.] 38) | W p7 g /(g —5)
L] GY | Wy Ps A /(hg —5)
12.| (42) Wi 1-po-pro-pi1 Ay /(hq —5)
13. | (4,6) Wi Py Ag /(g —5)
14.1 (47) Wiy Pio Mo /(o —9)
15.| 4,9 W P A /(M —9)
16. | (5,2) W52 1-p12-p13-pl4 | A_ /(h, —5)
17.1 (5,7) W57 pl2 Ag /(A —9)
18. | (5,8) W58 pl3 Ag /(A —5)
19.1 (5,9) W59 pl4 Ag /(A —5)
20. | (6,3) W63 1-p15 Ay /(Ajp —9)
21.| (6,9) W69 pl5 A3 /(hy3 —s)
22.| (7.4) W74 1-p16 Ay Iy =)
23.1 (7,9) W79 plé Mg /(M —9)
24. | (8,3) W83 1-p17 Ay Iy =)
25.1 (8,9) W89 pl7 Ars /(M5 —s)
26. | (9,2) W92 1-p18 Ay /(hqy —5)
27.1(9,10) | W9Y/10 pl8 A /(Mg —9)

B cooTBeTCTBUM € XapaKTEpUCTUKAMH BETBEH
GERT-cetn ompenenuM >KBUBaJCHTHYIO W-()YHKIIHIO
BpeMeHH 00pabOTKH WH(OPMAIMOHHOIO IaKeTa B HH-
TEJUIEKTYAIbHOM Y3J1€ KOMMYTAllUH KakK:

WiaWo 10
1-Wy; = Wp,

Wag + W3 (W36 Weo + Wag Wag + Wig ) +
+Way (Wa7 Wag + Wy Weo ) +
+Wos (Wsg + Ws7 Wg + Wsg Wy )

Wy —Wo3

X( W35 — W36 We3 — W3gWg3 — J_
~Woy (W36Wg9 — W3gWgg —Wi3g)

(W42 —Wy7 (Wog = Wr9Wo, ) — j
24 -
~Wa6 (We3 — Weo Wop ) — Wag Wo,

(Wsz — Wsg (Wg3 — WggWoy ) - j
~Wos _
~Ws7 (Wyg = W9 Woy ) = Wsg Wo,

— W9 Wo,

Takum 00pa3oM, paspaboTaHHas MaTeMaTHUCCKas
GERT-Monenp orauyaercss OT W3BECTHBIX yYETOM Ta-
KUX (haKTOpOB:

— HCIHOJNB30BaHUS «OOJIAYHBIX» AHTHBUPYCHBIX
pPECYpPCOB B Cllydae BO3MOXKHBIX 3JIOYMBIIUICHHBIX BH-
PYCHBIX BTOP)KEHHH, YTO XapaKTEepPU3YeTCS BETBSIMHU
(2,3,6,9),(2,3,8,9),(2,4,6,9),(2,5,8,9);

— BBIXOJA M3 CTPOSI OTIENBHBIX DJIEMEHTOB HH-
TEJUIEKTYaIBHOTO y3Jla KOMMyTauuu ((akropa peab-
HOM HAJEKHOCTH TEXHUYECKOTO H3JENHs), YTO Xapak-
Tepusyercs BeTBaMH (3, 2), (4, 2), (5, 2), (9, 2).

AHanu3 JaHHBIX, MPEICTaBJIEHHBIX B Ta0n. 1, mo-
Ka3aJl MHOTOYPOBHEBOCTb M BBICOKYIO CTPYKTYPHYIO
CIIOXKHOCTB pa3padateiBaeMoit GERT-monemnu.

Oco0eHHO OCTpO AaHHas mpodieMa (UKCUpYeTCs
Ha y4acTkaxX, CpOpMHPOBAHHBIX y3iamMu 2-3-4-5-5-6-7-
8-9 (BerBeit (2, 3,6,9), (2,3,8,9), (2,4,7,9), (2,5, 8,
9)). IToaTroMy B nmanbHeiieM B paboTe, UCHONB3YA Me-
TOJ| IEKOMIIO3UIINH, MCCIIEAyeM Hauboiee BaKHbIE I1a-
paMeTpsbl, XapaKTepHbIE PeXUMaM pabOThl HHTEIUIEKTY-
anbpHBIX y370B KoMmytammun WTC B ycrmoBusax 3i0-
YMBIIIIEHHBIX BO3JIEHCTBUI KOMIIBIOTEPHBIX BUPYCOB.

®DaxkTop BHEIIHHUX 3JIOYMBILIUICHHBIX BO3JEHCTBUI
0co0eHHO veTKo 3adukcupoBaH B Toil yact GERT-cerw,
KoTopas xapakrepusyercs y3namu (1, 2, 3, 6, 8, 9, 10).

Nmennoit moatomy mpeodpasyem obiryro GERT-
MOJIETIb TEXHOJIOTHH (YHKIIMOHUPOBAHUSI MHTEIUIEKTY-
anpHoOro y3ia kommyranuu UTC (puc. 1) B ymporien-
Hyto GERT-cers y3ma komMMmyranmuum B pexume oOpa-
0OTKM MeTaJaHHBIX Uil «OOJaYHBIX» AHTUBUPYCHBIX
cucreM (puc. 2) (B ckoOkax Homepa y3J10B u3 puc. 1). B
COOTBETCTBUU C XapakTepuctukamu BetBeit GERT-cetn
(Tabmn. 1.), a TaKke C y4eTOM TOT0, YTO (PYHKIUH

x  Dehe N Polg P7hs +p]37\‘6
Ag —S Ag—S Ag—s
BBIYUCISUTICH B COOTBETCTBHHM C METOJHMKOH 3KBHBa-
JICHTHBIX YIPOIIAIOIIUX TPeoOpa3oBaHU, ONMPeacTUM
9KBHUBAJICHTHYIO W-(YHKIMIO BpEeMEHH OOpaOOTKH HH-
(OpMaIMOHHBIX MTAKETOB METAJaHHBIX IIPU UX Tepera-
4e B «00JIa4YHBIC» aHTUBHPYCHBIE CUCTEMBI KaK:

%
u W38=
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Wi Weo + WigWeo + Wi _
1- W36W63 - W38W83

PePisheriz (Ag —s)(ho = 5)(Ays5 —s) +

+Popisholiz (e —s)(hg =) (A5 —s) +
pghe (g —5)(ho = 8)(Aiz —s)(hy5 =) +

We(s) =

+p7P17hghis (R —5)(Ro —s)(R13 —s) +
+P13P17heMs (g =) (o —8)(Mi3 =)
I x(klz - s) |
(k9 - s)(kw - s)(kls - s) X

8 (}\‘6 —S)(}le —S)(}Lg —S)—
—pedireMa (Ag —s) — praatghiz (he —s)
rae q; =1-pys, 4, =1-py7.

ws3

Puc. 2. Ynpomennas GERT-ceTs HHTEIEKTYaIbHOTO
y3na kommytaiuu UTC B pexxume 06paboTKH
MeTaJ[aHHBIX JJIs «00JIaYHBIX» aHTUBHPYCHBIX CHCTEM

Hcxonst u3 Toro, uro B ciaoxHbix GERT-ceTsix ¢
BO3MOXHBIMU ITUKJIAMH OTCYTCTBYIOT MPOCTHIE METOIBI
HAXOXKJICHHUS OCOOBIX TOYEK ()YHKIMU (I)E(z) 3aMEHBI

I[eﬁCTBPITeJ'IBHLIX TIEPEMCHHBIX (Z = —ig), rge ¢ —

JEHCTBUTENBHAS TIEPEMEHHAS, BBIMONHSIS KOMIUIEKCHOE
npeoOpa3oBaHue, B XOAE MOAEITUPOBAHUS MO YIHM:
Iz° +pz* +uz’® +kz® +wz+h
0(z)= 3 2
(kg + Z)(k]3 + Z)(k]5 + Z)(Z +vz° +rz+ c)
A =pgh,

PePisheh3 + PoPishorz +

p=|+pghe(hg +ho + A3+ As5) + |,

+p7p172gh15 + P13P17heM s

> (D)

PePishez(Ag +ho + Ay +Ays) +
+PgPrshoris (Mg +hg + App + Ays ) +
Aghia + Aohiy + Apphy3 +
+AhoMs + Aghg + Aghyz +
+hohi3 + Aghys + Aohys + Aizhys
+p7P17hghis (e + Ao + hpp + Ag3) +

+Pghe

+p13P17heMs (Ag + Ao + Ap +Ay3)

V=Ag +hhp A+ A5,
r=MAghg +Aghip —Ahis —Prdatghia s
¢ =Aghghy —Pedirehia —P7d2A6hsh s -

b

eZX(I)(Z)z

k =
Aghg + Aghis + Aghyp +
+hahs + Aghys + 7»9’%5}
+PoPisholy3 [ki};:k; }f};:k; }:2361;;} + Pghe X
Mohizhs + Aghiphys + Aohpphys +
+hghioh3 + ohiphiz + Aghohyy +
+Aghi3his + hohizhys + Aghokys + Aghodys
MM + hohin + Aiphy3 +j N
+Agh3 + Aol + Aghg

PeP1sh6M3 [

X

+p7p17Aghs [

Aghip + hohin + Aiphyz +
W =

Agholys + Aghiahys +J .
+hohiahs + Agholyy

AeMoAs + Aghiohs +
+p9P157h97h13[ o T2 J+ Pghe X
X(k8k9}“13}“15 + Aghiphizhs + Aohinhishys +J .

+hghoraMs + Agholiohys

+P13P17r6M s [

pﬁpls%kw[

ehohisz + Aokiohys +j N

+ Ao
P7P17A8 15[%6%9%]2 T hgholrs

Aghiohi3 + AoApphyz +
+Aghohiy + Aghohis

h =
[ Pp1sherizhghoriohis + Poprshorishehehiohs +

+p13P17Ah6Ms [

+pghehsrorinAizhis + P7p17Aghishehoriohiz + |,
| +p13P17h6h shgholioh3
[I0THOCTL pacnpe/esieHUs BEpOSTHOCTEH BpeMe-

HU 00pabOTKM WH(pOPMAIIMOHHBIX ITAKETOB METajIaH-
HBIX:

1

= —X

2mi

6(x)
J‘ 2x

—ico

(7’ +pz +uz’ +kzZ + wz+h

dz, (2)
}\49 + Z)(}Ll3 + Z)(}L]S + Z)

><(Z3 + V22 + 17 + C)

7€ MHTErPUPOBAHUE BEHIMOJIHAETC 1O KOHTYPY Bpom-
BHYA.

Crioco6 MHTETPUPOBAHMS 3aBUCUT OT TOTO, UMEET
i dysximst D(z), TONBKO MPOCTBIE MOMOCHI, HITH TIO-
JHOCKI  HEKOTOPOro mopsaka. B ToMm cnydae, korma
dyuxums d(z) MMeeT TONBKO MPOCTHIE MOMIOCHI, BbI-
paxcenne e”®(z) MOXKHO PEACTABHTH B BHJIE:
e™ (lz5 +pzt +uz +kz? +wz + h)

28 +20gs +2tg, + 20, +27g, v 28 + g,

»(3)

rac:

93



Hayxa i mexuixa [losimpsanux Cun 36poinux Cun Yrpainu,

2014, Ne 4(17) ISSN 2223-456X

g5 =V+Yyy,

gy =r+v(y; +y,),

g3 =C+I'y1 +Vy2 +y3 ,

g, =cly, +1y; +vy3),

g =Cy, +1y3,

g0 =°CY3,

Vi =g +hi3+As,

Y2 =hohiz +Aohis + Aizhys

Y3 =Aohizhs -

TOFI[a IUIOTHOCTDb pacCpeACICHUs BPEMCHU II€PC-

naun (aiina:
6
0(z) = D, R_es[ez"(b(z)J =
k=17"%k

(4)

e’kX ((zi + pzﬁ + uzi + kzﬁ + Wz + h)

6
=23 4 3 2 :
k=10z + 5785 + 4zigq + 32ig3 + 278 + g
OyHKIHA (D(z) KpOMe€ IIPOCTBIX IIOJIOCOB, OIpe-

JACIAEMBIX KOpHAMH  YpaBHCHUSA Z3 + VZ2 +rz+¢=0 ,

MOKET UMETh M TOJIIOCHI BTOPOT'O HJIU TPETHEro MOpPsI-
Ka. DTO BO3MOXHO B T€X CIy4yasX, KOr[a 3HAYECHUS A,
Al3 M A5 WIN COBNANAIOT MEXAY COOOM, MM PaBHBI
3HAYeHHAM KOpHel z,, Zs, Z4.

B sTHX cimyyasX IDIOTHOCTH paclpenesieHUs Bpe-
MeHH 00pabOTKKM WH(POPMAIMOHHBIX IMAKETOB METa aH-
HBIX MPHU WX [epeaade B «00JauyHbIe» AHTHBHPYCHBIE
CHUCTEMBI (pb(x) HAXOmUTCs IO (popMylie HaXOXKIACHHUS

BbIUCTOB t_] OT ITOJIFOCOB Z; TIOpAJKa 1N @

1. a4 l(z—zk ) eZk(D(Z)J

ty= lim ;
(n - 1)! 77, dz""
Beipaxxenne (1) mpencraBiser coboi IpoOHO-
paIMOHaNBHYI0 (QYHKIMIO OTHOCHUTEIBHO Z CO CTelle-
HBIO 3HAMEHATessl OONbIIEH, YeM CTEMeHb YHCIHUTENs,

MO3TOMY [JId HErO0 BBINOJHAKOTCA YCIOBUA JIEMMBI

Kopnana. OyHKIUSA (D(z) HAMEET TOJIOCHl B TOYKAX

Z, =—Ahy, Z, =—M\i3, Zy=—A;5s.  MHorouiexn

23 +vz? +rz+c (opMupyerT elue TPH MONHOCA.

Pemenue YpaBHCHUA

22 +vzt+rz+¢c=0 (5)

MOXeET OBbITh HaliZIEHO JIFOOBIM YMCIICHHBIM METOIIOM. B
UTOre MOTy4UM €Ille TPH 0COObIE TOUKU (Z,, Zs, Zg).
Hcnonp3yst crienuanu3upoBaHHBIA MaTeMaTH4e-
ckuii maker Mathcad, onpenenum mpocThie MOMIOCH Z
GbyHKIIMN (D(z) U HaiileM IUIOTHOCTh pacrpeaeieHus

BeposTHOCTEH ((X) BpeMeHH o0paboTku mHpopmaruy-

OHHBIX MAKETOB METAJIaHHBIX TPH HX Iepeaadye B «00-
JIa4YHbIe» aHTUBUPYCHbIE CUCTEMBI. [IpH 3TOM B KaudecT-
B€ HAyYaJbHBIX JAaHHBIX OMNpENeNUM CleAyIoIlHe Hapa-
Metpsl BeTBeit GERT-cetu:

ps = 0,9995, p; =0,9995,
ps = 0,9, py = 0,9995,

p13 = 0,9995, pis = 0,9,

pi7 = 0,9; L¢ ={0,47,0,57,...,0,97}
Ay = 0,37, My = 0,6,

M3 = 0,6, A5 =0,87.

Ha puc. 3 u 4 npencraieHsl rpagyku KpHBBIX
¢ynkmu pacnpenenenus O(X) W mWIOTHOCTH pacmpe-

neneHust @(X) BEpOSTHOCTEH BpeMeHH 0OpabOTKU HH-

(OpPMaIMIOHHBIX TAKETOB METAJaHHBIX B HHTEIIEKTY-
aJBHOM Y3JIe KOMMYTAIlMH TP UX INepeaade B «odiad-
HBIE)» aHTHUBUPYCHBIE CUCTEMBI JJIs IPUBEICHHBIX BBILIE
ycnoBuid. BHemHuil Bu KpuBBIX rpadukoB puc. 3 u 4
JTaeT OCHOBAHUs NPEAIONOXKUTh, YTO ClIy4aiiHas Belu-
YMHA BpeMeHH 00pabOTKH MH(POPMAIMOHHBIX MAaKETOB
METaJlaHHBIX B HHTENJIEKTYaJIbHOM Y3Jieé KOMMYTal[UH
NIpU X Tepefade B «00JauHbIe» aHTHBUPYCHBIE CHUCTE-
MBI IME€ET TaMMa-pacrpeielieHUe.

@(x)

0.8 .
0.6 .
0.4 .

0.2 .
i L1 |
04 05 06 0.7 08 09 A6

Puc. 3. I'paduk dynkiym pacnpenenenuss O(x)

MNOTHOCTb pacnpeaeneHua
0.8 T T T

0.6 ]

0.4 ]

0.2 ]

0 10 20 30 40
Bpems 06paboTkm MHGOPMALMOHHBIX NAaKeToB,

Puc. 4. IInoTHOCTH pacnpeneneHus BpeMeHn 00paboTKH
MH(OPMAIMOHHBIX ITAKETOB METAIaHHBIX ITPU HX
nepeqayue B «00IaYHbIE) aHTUBUPYCHBIE CHCTEMBI

Kpome Toro, xak BUAHO U3 pucC. 3. MaKCUMaJIbHOE
3HAYE€HHE TPOW3BOJBHOW (YHKIUH paclpeeneHus
O(x) a1 3aaHHBIX YCIOBHU JIOCTUTAeT EIUHHUIIBI.

[Tpu sTOM puc 6. puUKCHUpyeT, YTO MAKCUMYM IUIOTHO-
CTH pacrpe/esieHns] BpeMeHH o0paboTku uHpopmaru-
OHHBIX TIAKETOB METaJaHHBIX NPUXOIAMUTCS HA MaJIbIA
MIPOMEXYTOK 0T 1 110 2 Mc.

Takum obpasom, Ha ocHoBe GERT-cetn pa3pabo-
TaHa MaTeMaTH4YecKasi MOJIEb MHTEUIEKTYaJbHOrO Y3-
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Jla KOMMYTaluk ¢ OOCITy)KMBaHHUEM HH(MOPMAIIMOHHBIX
MAKETOB Pa3IMYHOrO MPUOPUTETA, KOTOpask OTIHYAETCS
OT M3BECTHBIX YYETOM MaKCHMAJbHOH MPUOPUTE3alNH
nH(pOPMAIMOHHBIX MAKETOB METaIaHHBIX IIPH UX Tepe-
Jlaue B «00JIavHbIe) aHTUBUPYCHBIE CHCTEMBL.

BbiBOoAabI

Takum obpasom, Ha ocHoBe GERT-cetn pa3pabo-
TaHa MaTeMaTH4yecKasi MOJIEb MHTEUIEKTYaJbHOrO Y3-
Jla KOMMYTaluk ¢ OOCITy)KMBaHHEM HH(MOPMAIIOHHBIX
MAKETOB PA3JIMYHOrO MPHOPHUTETA, OTIUYAIOIIAsCS OT
W3BECTHBIX YYE€TOM MAaKCHMaJbHOH MPUOPUTE3ALUH
nH(OPMAIMOHHBIX MAKETOB METaIaHHBIX IIPH UX Tepe-
Jade B «0OJIa4yHbIC» aHTUBUPYCHBIE CHCTEMBIL. JTO MO-
3BOJIMJIO ONPENENIUTh SKBHBAICHTHYIO W-(yHKIHIO,
(GYHKIMIO pacripeielieHust U IIOTHOCTh paclpelelieHus
BpeMeHH O0OCITy)KHBaHUS HH()OPMALMOHHBIX MaKETOB
METaJIaHHbIX B MHTEJUICKTYaJIbHBIX Y3J1aX KOMMYTaIllUH
NIpU HUX Tepefade B «00JauHbIe» aHTHBUPYCHBIE CHUCTe-
MbL. B pe3ynbTare mpoBeAEHHBIX HCCIEJOBAaHUN OTMe-
YEeHO, YTO MAaKCUMyM IUIOTHOCTH pacIpelesieHus] Bpe-
MeHU 00pabOTKH MH(POPMAIIMOHHBIX MAKETOB METajIaH-
HBIX B MHTEJUIEKTYaIbHBIX y3JlaX KOMMYTAIMU IIPUXO-
JIUTCS Ha MaJIbI MPOMEXYTOK OT 1 10 2 Mc.
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HaJIbHBIN TexHU4Yecknid yHuBepcuTeT «XIIW», Xapbkos.

AOCNIAXEHHA NOKA3HUKIB AKOCTI ®YHKLIIOHYBAHHA IHTENEKTYAITIBHUX
BY3/IB KOMMYTALIT Y TENEKOMYHIKALIMHUX CUCTEMAX | MEPEXAX

Moxaman A6y Taam I'ani, O.A. CmipHoB, M.C. SJxumenko, C.A. CmipHOB

Ha ocnosi GERT-mepedici po3pobreno mamemamuiny mooeib iHMeNeKmyaibHo20 8y3id KOMymayii 3 06cny208y8aHHM
inghopmayitinux naxemie pizHo2o npiopumenty, w0 GiOpPi3HACMbCA IO BIOOMUX YPAXYBAHHAM MAKCUMATbHOI npuopumesayii i-
Gopmayitinux nakemie memaoanux npu ix nepeoaui 8 «xmapHiy anmusipycni cucmemu. Lle 0o3sonuno eusnauumu exeiganenmmuy
W-ghynxyiro, gynxyiio po3nodiny i winbricms po3nooiny wacy o6ciy208y8anHs iHopMayitinux nakemie Memaoanux 6 inmenex-
MYanbHux 8y31ax Komymayii npu ix nepedaui @ «xmapHiy anmusipycui cucmemu. Y pesynomami nposedenux 00caiodcels 8io-
3HAYEHO, WO MAKCUMYM WiTbHOCHI pO3N00Jiny 4acy 00pobxu ingopmayiiinux nakemie mMemaoanux 6 iHMmeneKmyaibHux 8y31ax
Komymayii npunadac Ha manui npomigicox 6io 1 0o 2 mc.

Knrouogi cnosa: inghopmayitino-menexomynixayitini mepeaici, xmapni anmusipycu, GERT-mo0ens.

RESEARCH INDICATORS PERFORMANCE OF THE INTELLIGENT SWITCHING NODES
IN THE TELECOMMUNICATION SYSTEMS AND NETWORKS

Mohamad Abou Taam, A.A. Smirnov, M.S. Yakimenko, S.A. Smirnov

Based on GERT-network developed a mathematical model of intelligent switching node with service information packets
different priorities, different from the known into account the maximum prioritizing data packets during transmission of metadata
in the "cloud" anti-virus system. It is possible to determine the equivalent W-function, distribution function and the density of the
service time distribution of information packages metadata in intelligent switching nodes when they are transferred to the
"cloud" anti-virus system. These studies indicated that the maximum distribution density of the processing time information in
metadata packets intelligent switching nodes accounts for a small interval of 1 to 2 ms.

Keywords: information and communication networks, cloud antivirus, GERT-model.
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