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MATEMATHYHA MOJEJIb CTPYKTYPH TH®OPALIMHOI MEPE’KT HA OCHOBI
HECTAIIOHAPHOI IEPAPXIYHOI TA CTAHIOHAPHOI I'TIEPMEPEXKI

Y emammi po3pobrena moodenvy cmpykmypu inmezpanvhoi inghopmayininoi mepesici Ha 0CHOGI He-
cmauionapnoi iepapxiunoi ma cmauionaphnoi zinepmepesici, 3 8pAXY8AHHAM PYUHIGHUX 6NIUGIE Pi3HO20
xapakmepy. Ili0 ¢hynkyionanvnoro cmiitkicmio inmezpanvHoi iHpopmauiiinoi mepexnci 6 pobomi pozymi-
€MbCA MOHCUBICHb PYHKYIOHYEAHHA CUCHEMU, HEXAU i3 3MEHUIEHHAM AKOCHI, RDOMAZOM 3A0AHO20 YaCy
nio 6naueoM 308HIWIHIX ma 6HympiuwtHix decmabinizyrouux gpaxmopie. I1io 306niwinimu ma enympimininu
decmadinizyrouumu hakmopamu posymiromocsa 6iomosu, 300i enemenmis cucmemu, HABMUCHI NOWKO-
0JceHHs, 00Il06I YPAICEHHA, eNeKMPOMAZHIMHI 360U, NOMUTKU 00C/IY206YI04020 nepconay. 3abesne-
YeHH 611aCMUBOCHI PYHKUIOHANbHOT cilIKocmi OY0b-aK0I CKN1a0HOT meXHIuHOoT cucmemu 30iHCHIOEMbCA
6 mpu emanu: ideHmugikayia Hewmamuoi cumyauyii, 10Kanizayia HewWmMamuoi cumyauii, 6iOH061eHH
dyukuionyeanns 3a paxynok nepeposnooiny pecypcie. Ilpu po3zenaoi inmezpanvrux ingpopmauiiinux me-
pedic 3 mouKu 30py pyHKuioHanvHoi cmitikocmi, 6uxio 3 n1aody ey3na Komymauii uu JiHii 36’ 3Ky msazHe 3a
C00010 pYIIHYGAHHA KAHAJIE nepeoayi 6MOPUHHUX MeEPeHc, AKI 8 2paghax yux mepexyc € HeCyMiHcHUMU.
Tomy mooenioeamu cmpykmypy makoi mepeiici 2paghom neoouinvHo. Y 36’A3Ky 3 yum, 66e0€HO HOGI no-
HAMMA | 6U3HAYEHHA 6 MeoPil0 PYHKUIOHANbHOI CIINKOCMI ma po3po0oieHo 8i0N0GIOHUIL MeMOOUYHU
anapam. /lana moodenv 6paxoeye yci HeoOXIOHI 0CHOBHI 3 MOUKU 30py (hyHKUionanbHol cmilikocmi napa-
Mempu mepedxci, iX 61acmueocmi ma 6iOHOUIEHHA, AKI 30IlCHIOIOMb 3HAYHUIL 6NJIUE HA CUHME3 ONMUMA-
bHOT cmpyKkmypu mepedici. Biominnicmo cinepmepesic 8io inuiux cmpykmypHux mooeneii noia2ac 6 momy,
W0 8 CIMEOPEHi CpYKmypu 2inepmepeici 6epe yuacms 6iibuie 080X MEIPHUX MHOMNCUH, W0 00360IAE 8PaA-
Xyeamu 6njiue MOMC/IUGUX NO3AUIMAMHUX CUMYAYiil, AKi 00YMO81eHI 6HYMPIWIHIMU | 308HIWIHIMU YUH-
HUKamu.

Kniouoei cnosa: zinepmepesica, Hecmayionapua zinepmepesica, inpopmauiiini mepesici, pynkuiona-
JbHa cmiliKicmy, pyiHieHI 6naueU.

Beryn. 3a ocraHHI JekiibKa JA€CATHIIITh B )KUTTI CY4aCHOTO CYCHUIBCTBA PI3KO 3pocia poJib
iHpopManiiHo-TexHIYHOT cepu. OgHaK 3 PO3BUTKOM 1H(POPMALIHHO-TEXHIYHUX CHUCTEM, MiJBH-
IIYETHCS 1X UyTJIMBICTh JO 30BHIIIHIX BIJIMBIB p13HOro Xapakrepy. Lli 1ii MOXyTh mopyiryBaTH HOp-
MaJIbHUH peXUM pOOOTH IIUX CHCTEM 1 HaBITh MPU3BOAUTH 0 OBHOT 3yIIUHKH iX poOOTH. Y TOH ke
yac craH 1H(OpMAaIlIiHO-TEXHIYHUX CHCTEM aKTHBHO BIUIMBAE€ HA CTaH MOJITUYHOI, EKOHOMIYHOI,
00OpOHHOI Ta 1HIIKUX CKJIaOBUX O€3MEKH HAIIOI KpaiHu.

OcCHOBOIO IIMX CUCTEM € IHTerpajibHi iHhopmaniiini mepexi (IIM). 3natuicts [IM npotucrostu
pyiHiBHUM 1isiM (P/]) 1 mpooBKyBaTH BUKOHYBATH MEBHUM 00cAT (YHKIIIH, MOXKIIMBO 3 MOTipIIEH-
HSIM SIKOCTI, € iX BJIACTUBICTIO, SIKY Ha3UBAIOTh (DYHKIIOHAIBHOIO CTIHKICTIO.

ITocTanoBka npodJjemu. Peamnizanis ¢GyHKIIOHATBHOI CTIMKOCTI T0CIATAETHCS 3aCTOCYBAHHSAM
B CKJIa/IHIM TEXHIUHINA CUCTEMI PI3HUX YK€ ICHYIOUHMX BUIB HAJMIPHOCTI (CTPYKTYPHOi, 4aCOBO1, 1H-
¢dopmariiiHoi, (yHKIIOHATBHOI Ta 1H.) HUIAXOM IMEPEepPO3NOALTYy PECYpCiB 3 METOI0 MapHpyBaHHS
HACJIJKIB TO3alITaTHUX CHUTyariii. Pazom 3 TuMm, HeducieHHI poOOTH B Taimy3i 3a0e3reueHHs
(bYyHKIIOHATTBHOT CTIKOCTI CKIaJHUX TEXHIYHUX CUCTEM HE Jal0Th 3MOTH BUPOOMTH €IMHI MiAXOIH
Ta 3aMo4YaTKyBaTH TEOPETUYH1 OCHOBH 3a0e3neueHHs PyHKI1oHaIbHOI cTitikocTi s [IM. [IpoGnema
MOJIATAE Y BIACYTHOCTI MiAXOQy Ta BIAMOBIIHUX MOJENEH MIOJ0 OMHUCY CTPYKTYpH CydacHOi iHTe-
rpaibHOi 1HPOPMAIlIITHOT Mepexi, apaMeTpiB ii eTleMEHTIB Ta 3B’A3KIB, a TAKOXK BIJACYTHICTIO MOX-
JIMBOCTI BpaxyBaTH PYHHYIOU1 BIUTUBU PI3HOTO XapakTepy.

AHaJi3 ocTanHix nyoJaikaniii. Marematnyna popmanizauis GyHkioHansHoi cTiikocTi [IM €
MEepIIiM HAyKOBO-OOIPYHTOBAHMM KPOKOM CTBOPEHHSI METOJOJIOTIYHHUX OCHOB 3a0e3MleueHHs
¢byukmioHansHOI criiikocTi [IM [1 — 6]. AHani3 Teopii GpyHKI[IOHATBHOT CTIKOCTI 111010 METOIB MO-
JICITIOBaHHS CKIIQIHUX TEXHIYHUX CHCTEM IOKa3aB, IO ICHYIOTH BiAMOBIIHI HAYKOBI Tpalli AJis JIH-
HaAMIYHUX CHCTEM, 5IKi 0a3yloThCs Ha BHUKOpHUCTaHi Teopil rpadis [7 — 9]. 3okpema, y pobori [3]
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3ampoOIOHOBAaHO MaTeMaTUYHY MOJENb CTPYKTYpH 1H(DOopMaliiiiHoi Mepexi 5 mokomiaHs (5G) Ha oc-
HOBI Teopii BUMaaKoBHX rpadis, a B ctarti [10] po3risiHyTo Mozenb CKIaIHOI i€papXidYHOT CUCTEMH,
0 IPYHTYETHCS Ha MpeACTaBiIeHHl y BUIIAAl K-rimepmepeski. OcoOIMBOCTI IPHUHIUITY POOOTH CY-
gacHux [IM 1103BOJISIFOTH 3pOOUTH BUCHOBOK TIPO T€, 110 HE3BAXKAIOYH HA CEPHO3HI HAYKOBI PE3yIib-
TaTu Teopii PYHKIIIOHAIBHOI CTIMKOCTI JOCIIKYBaH1 B HIil MaTeMaTH4YHI MOJCII CKIaJHUX CHCTEM
HE 3/1aTHI aJIeKBaTHO onucatu npoiec ¢pyHkuionyBanus [IM.

MeTo1o cTaTTi € po3poOKa MOJIeNi CTPYKTYPH 1HTETpaibHOT iH(POpMAaIIiitHOT Mepeki Ha OCHOBI
HECTAaIlIOHAPHOI 1€PapXiYHOI Ta CTAILlIOHAPHOI TiEepMEpexKi, 3 BpaXyBaHHIM PYWHIBHUX BIUIUBIB
PI3HOTO Xapakrepy.

Buxiax ocHoBHOro Mmarepiaiy. /[ Toro mo6 mpoBoaUTH BCEOIUHMM aHa3 (YHKIIOHATb-
HO{ cTiiiKocTi iH(pOopMaLiiHUX MEpex, HE0OX1THO PO3IIIAaTH OKPEMO HE TUIBKH MEpBUHHI a00 BTO-
PHHHI MEPEXKi, ajie 1 BC1 Mepexi mepeaavi JaHUX B CYKymHOCTI. Taki 00'eqHani Mepexi Oyaemo Ha-
3MBATH IHTErPATbHUMH 1H()OPMALITHIMU MepeKaMu.

[Ipu posrasai iHTerpaabHUX 1HGOPMAIIHHUX MEPEX 3 TOUKH 30py PYHKIIOHATBHOT CTIMKOCTI,
BUXI1JI 3 JTaly By3Jla KOMYTallii 9¥ JiHil 3B’53Ky TATHE 32 CO00I0 pyiHYBaHHS KaHAJiB nepeaadi BTO-
PUHHHUX MEPEK, SKi B rpadax uxX Mepex € HECyMDKHUMU. ToMy MOJIETTIOBATH CTPYKTYPY Takoi Me-
pexi rpadoM HeTOIITHHO.

Takum YMHOM BHHHMKA€ HEOOXIAHICTh BBECTH HOBI IMOHATTS B TEOPiH0 (YHKIIOHAIBHOI CTiii-
KocTi iH(popMmatiiftHux Mepex. Ex30TeprudHa Mepeska — Iie Taka TEeOpeTHIHa MOJICNb MEPEexKi 3B A3KY,
B SIKiif IPOCTOPOBE MOJIOKEHHS KaHAJIIB Nepeadl He BIUIMBAE HA PO3B’s3aHHS MTOCTABICHUX HEpe]
JOCIITHUKOM 3aBAaHb. E30TepuyHa Mepeka — TeopeTHYHa MOJIENIb MEPEKi 3B’SI3KYy, B SIKii SBHO
PO3IIISIIAE€ThCS peasizaiiisi BTOpPUHHOI MEepeki B IEPBUHHIN 1H(QOpMAITIHHIA MEepexi.

[lepmiit TeopeTnuHild Mozeni iHGOpMaIiifHOT MepeXi BIAMOBIAAE MOHATTS «rpad» IK MOJeNi
CTPYKTYPH, a APYTiii — MOHATTS «TilepMepexay, siKe Briepiie 0yio 3armponoHoBaHo B poooTi [11].

[TpuHIIMTIOBA BIAMIHHICTH TIMEPMEPEXK B/l IHIIMX CTPYKTYPHUX MOJIENIEH TOJISTae B TOMY, 110
B CTBOPEHI CTPYKTYPH TilepMepexi 6epe ydacTsb OiIble ABOX TBIpHUX MHOXHH [12].

Tak sk METOIU BIIOMHUX TEOPIM HE 3aBXKIM JT03BOJISIOTH JTOCHIKYBATH TIEPMEPEXKi, TO TO-
TpiOHO PO3POOUTH BIAMOBIIAHUNA METOAOJIOTIYHUIA arapar i CTBOPUTH HOBI HOHATTS 1 BU3HAYECHHS.

I'inepmepesxeBi Moneni. PopMaiabHO aOCTPaKTHY TIHEPMEPEKY MOMXKHA OMUCATH IIICTKOIO

AS =(X,V,R;P,F,W), sika Bxiroyae HacTymHi 00’ ektu: X = (Xl, Xo, ... Xn) — MHOKHMHA BEPIIIUH;
V= (vl,vz, Vg )— MHOJKHHA rinok; R= (rl, MM rm) — MHOXHHa pedep; P:V — 2% BizloOpa-
KEHHS, SIKE KOXKHOMY eJIeMEeHTY V €V CTaBHUTh y BiAMOBITHICTh MHOXHHY P(v) 3 X #ioro BepmuH.

Tum camum BigoOpaxkenuss P BusHauae rineprpad PS =(X N P); F:R —)2\F/>S — BIZJOOpaKeHHH,

SIKEe KO)KHOMY eJIeMeHTy I'€ R cTaBUTh y BiIIOBIAHICTS MHOKUHY F () oro rinok, mpudomy cimen-
CTBO IIAMHOXHH TLJIOK 2\|45 MICTUTH TaKl MIAMHOXXAHHU, TUIKU SKUX CKJIAJA0Th 3B’SI3HY YaCTUHY

rineprpada PS ; Binoopaxenns F Busnauae rineprpap FS=(V,R;F);W:r > 2P(FI) v reR
— BIZOOpaXKeHHs, sIKe 3iCTaBisie KOXKHOMY enleMeHTy I e Rmigmuoxuny W (r)3 P(F(r)) itoro Bep-
mmHamu, ae P(F(r)) — muoxuna Bepmuda B PS |, iHnuaeHtHux rinkam F(r)i3 V. Takum duHOM,
BinmoOpaxenns W BusHauae rineprpap WS = (X,R;W).
Imeprpad PS Ha3zBemMo mepBHHHOIO MeEpeXkero rinepmepesxki, a rineprpad WS — BTOpuHHOIO.
HeBaxkxko momitutH, mo Bimobpaxenus P, F, W € BigHOmeHHAMH IHIUACHTHOCTI ¥y

BinnmoBigHMX rineprpadax PS, FS, WS i, BinnoBiAHO, BOHH BU3HAYAIOTH 1HIIUIEHTHICTH €IEMEHTIB B
abcTpakTHil rimepmepexi AS. Ha puc. 1 HaBeeHa giarpama BiIHOIICHHS IHIIUJCHTHOCTI.
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Pucynok 1 — Jliarpama BiHOIIEHHS IHIUASHTHOCTI TiepMepexi
IHTerpaJIbHOI 1HPOPMALIIITHOT Mepexi

[HmmMu cnoBamu BepmmHa x€ X iHIUACHTHA Tt veV Toail 1 TUbku Toi, Komu x€ P(v) ;
rinka veV inmuaenTHa pedpy I eR Toxi 1 numie Toxai, komu v € F(r); pedpo r eR inmmnenTne
BepIiKHI x€ X TOI 1 JInIe Toji, Ko x € W (r).

BaxxmuBHM NOHATTSAM € TaKOXK BIJHOIICHHS CJIA0KOI 1HITUACHTHOCTI €JIEMEHTIB aOCTPaKTHOT
rimepmepexi. A came, JBa €JIEMEHTH 13 Pi3HUX MHOXKHH c1a00 HIMIEHTHI, SKIIO 3HAHIEThCS elle-
MEHT i3 TPeThOi MHOKWHHY, IHIUACHTHUH iM 00oM. Hanpukian, BepmmHaa x€ X crnabo iHIUASHTHA
pebdpy r eR, skmo 1 TUIbKH SKIIO icHYE eneMeHT VeV, takuid, mo xe€ P(v) 1 v e F(r), Tooro

xe P(F(r)). 3po3ymiso, mo cinabo IHIMICHTHI €JIEMEHTH MOXYTh OYTH TaKOX IHIMICHTHHUMH,

HaBIaK{ HEBIPHO.

3 puc. 1 BUIHO, IO AJISl €IEMEHTIB TilepMepek MO)KHA BU3HAYUTH IIICTh MTOHATh CYMI>KHOCTI
eneMeHTiB. [lificHo, aHamoriyHo 3 rpadamu i1 rineprpadaMu 1Ba €JIEeMEHTH 13 OJHI€] MHOXXWUHU
CYMIXHI TOJI 1 JIUIIE TOM1, KOJIW 3HAMCTHCS €IEMEHT 13 IPYroi MHOKUHU, 1HIIUACHTHUI iM 000M.
AJne Tak SK B TinepMepekax Uil eJeMeHTa i3 Oyab-skoi MHOKHHHM MOXXYTbh OyTH 3Hal7eHi 1HIU-
JICHTHI1 €JIEMEHTH 3 JIBOX PI3HMX MHOXMWH, TO BIANOBIJHO MaeMO JBa MOHATTS cyMmikHOCTI. Hanpu-

KJIaJl, BEPIIMHU X; 1 X i3 X V-cymikHi, sikuio v € Vi xy € P(v)ix, € P(v), 1 i BepumHu r-cyMixHi,
skmo 3r € R: x e W(r)i xp € W(r). AHanoriyouM 4MHOM BH3HAYAETHCS CYMDKHICTh 1HIIMX €lle-

MEHTIB AS.
AoGcrpaktHa rinepmepexa S =(X,V,R; P, F,W) Ha3uBaeThcs TinepMepekero, SKIIo:

1) |P(v)|=2WveV,|W(r)|=2VreR,

2) muoxwuna F(r) i3 V cknamae mapmipyt B rpadi PS = ( X ,V) VreR.

Taxum ynHOM, nepBuHHa PS 1 BTopraHa WS Mepexi rinepmepexi S € rpadamu, a F Bigoopaxae
pedpa WS =(X, R) B Mapuipytu rpaga PS =(X, V).

Ha puc. 2 300paxxeHa rinepMeperka Ta BCi i CKJIaJ10B1 YaCTHHH.

JIiist KOJKHOTO 3Ha4YeHHs Xj € X Bu3Ha4yeHi QyHKIs [ (t), sKa B MOJANbIIOMY OyJie TpakTy-

BaTHCs SIK €MHICTh Oydepa Ha BIANOBIAHUNA MOMEHT 4acy, (QYHKIIiS }j (t):1, AKIIO BEPIIMHA X;
3HAXOJIUTHCS B poOOYOMY cTaHi (TOOTO cripaBHUII 1i MpooOpa3 B Mepeki) B MOMEHT 1, 1 QyHKIis
7i (t) =0 B inmomy Bumazky.

Jlnst KOKHOT Timk|  V j €V nmocraBuMo y BiAmoBimHICTE (YHKIIT j (t) >0 (mpormyckHa
3JaTHICTh BIAOBIHOI iH(pOpMAIiiHOT Mepexi) i O (t) >0 (mpomyckHa 31aTHICTh KaHAy 3B'I3KY
MiX JIBOMa TepMiHAIaMH B MEPExi), mpuaomy O (t) BiAnoBinae pebpy I € R.

OueBHIHO, [0 Y BUMAAKY V j eV Vt>0
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2 o) <),

r.eF(v)
TOOTO MPOIMYCKHA 37aTHICTh 1H(POPMAIIIIHOT Mepexi B Oyab-SIKHI MOMEHT 4acy HE MEHIIA, HIXK Cy-
MapHa MPOITYCKHA 3/IaTHICTh KaHATIB, pealTi30BaHUX B JaHii Mepexi. Takum 4uHOM, BU3HAYCHA HE-
cramionapHa rimepmepexa AS (t) = ( XV, R;P,F.W ) , B SIKifl MIXK BEPIIIMHAMM X Ta Y MOYKHA 3HAWTH

MaKCHMaJIbHUH MOTIK 32 4ac | MOYMHAIOYUH 3 fo.

X1 X2
S:
X1 Vi X2
V3 V4
X3
ps: V2 Vs
Ve V7
Vs
Xa X5
0
X1
r
X3
r2
WS:
6
X4 X5
8
FS:

Pucynok 2 — I'imepmepeka i ii ckiamosi:
a — rinepMmepexa; 6 — nepBuHHa Mepexa PS; 6 — BTopunna mepexa WS; 2 — rinepmepexa FS

Iepapxiuni rinepmepexi. Haifuactinie rinepmepexi OyBae HEAOCTaTHRO IS TOTO, MO0 OMH-
caTH 1€epapXidyHy CTPYKTYpY, SKa Ma€ OlIbIN HIK JABa piBHSA. [|JIsI IbOTO MOXXYTh OYTH BUKOPHUCTaHI
iepapxivHi TinepMepexi.

lepapxidna rimepMepexa — BIOPSAIKOBaHA MHOXKHHA TpadiB, CyCiHI €IEMEHTH SIKO1 YTBOPIO-
I0Th TinepMepexy [5]:
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HS =(PS,WS, WSy, ...,WSy).
[HIIMMH CIIOBaMH, SIKILO B3ATH TilEpMEPERy SP ( X,Rp_1,Rp ) , yrBopery WSy 1iWSp, To
WS _1 — nepeunna mepesxa S, WS, — Bropunna, Ry 1 — muoxuna pebepWS_1, Ry — Muoxuna pe-
6epWS,, .
MoskHa TOBOpHTH TIPO Tinepmepexi p-ro pisus, ae WS p—1— MCPBUHHA MepesKa, sKmo p >1,

PS — nepBunrHa Mepexa, ko p =1.

CdhopmynroeMo MOHATTS BUJAICHHS P-TO piBHS. BHYTpinIHe (30BHIIIHE) BUAATICHHS P-TO PiBHA
— 1€ BUJIAJICHHS BEPIIMHHM TiIIEpMEPEKi PiBHSA P, TP SKOMY BUIAISIOTHCS IHIIMICHTHI pedpa, cTporo
cnabo IHIMAEHTHI pedpa, a TAKOXK caMa BEpIIMHA 1 TJIKHU rinepMepexi p-ro piBHS.

OueBuHO, IO BUIAICHHS P-TO PiBHs BIUTMHE HA BCI TiIEpMepexi, piBeHb AKUX BUIE P. Takum

urHOM, Ko posrisHyTH rpadu WSp_1, WS iWS 1, To Bunanenns Gynb-snxoro pedpa r 3 WSy,
CpHYMHEHe Oyab-SKUM BHJIOM BUJAJICHHS BEPIIMHHU 3 TillepMepexi Sp, IpU3BE/IE 10 BUIAJICHHS
BCix pebep WS p+1, IHIMICHTHEX peOpy I' B rinepMepexi S p+1 - SIKILO napameTpy iepapXidHoi rinep-

MepeKi 3aJIeXaTh BiJl 4acy, TO BOHAa HA3UBAETHCS HECTAIIOHAPHOIO.

Bunu Bunanenns eneMeHTiB. i Toro, mo0 MpoBOMUTH BCeOIUHMI aHai3 (YHKIIIOHATBHOT
CTIMKOCTI Ta OI[IHIOBATH BIIMB PYHHIBHUX (haKkTOpiB Ha iH(QOpMAIIHY MEpexy, MOTPIOHO TaKOX
OIMCATH TIOHATTS BUJAJICHHS €JIEMEHTIB TIIepPMEPEKEBUX MOJICIICH:

1) Bunanenus pedep: pedpo r Oyne BunaneHo, sxuio 3 rpadga WS Oyae Bunaneno pedpo rI;

2) BUJAJICHHS TUIOK: TiKa V Oyie BUAaJIeHa, SKIIO BOHA Oyje BHIalIeHA 3 Tpada MepBUHHOT
Mepexi PS, a 3 rpada BTopuHHOI Mepesxi OyayTh BUIAJICHI BC1 IHIIMIEHTHI i rinmi pedpa (puc. 3).

X1 X1

Pucynok 3 — [Ipuknaa BuganeHHs riiky V7 13 TiepMepexi:
a — 10 BUJAJIEHHS T1IKH; O — HiCIsI BUTAJIEHHS

Ji1 rinepMepeski po3pi3HAIOTh TPU CIOCOOU BUJIAJIEHHS BEPIIUH (puc. 4):

1. Bepmnna x 6yze BHYTpPILIHBO BUAJIEHA, SIKIIO OyAyTh BUAAIEHI BCl IHIMACHTHI il peOpa,
T00TO B Tpadi WS BepimHa x BUSIBUTHCS 130JIbOBAHOIO.

2. BepmmHa x Oyne 30BHI BHJaJIeHa, KO OyayTh BUAAJeHI Bci ci1abo iHIMACHTHI (aje He
iHnuaeHTH1) i pedpa. Ha rpadi WS e Bianoizae BugaieHHIO nesIKOl MIIMHOXHHE pedep, a Ha
rineprpadi FS — crabkomy BuaanaeHHIO MiMHOXXUHU pedep.

3. Bepmnna x Oyne BumaneHa, sikio OyayTh BUAaeH1 BCl IHITIACHTHI 1 TUTKH 1 BOHA cama.
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Pucynok 4 — Pi3H1 Buau BUJIaIeHHS BEPIIMHH X3 13 TIIEPMEPExKi:
a — BUXI1/IHa TillepMepeka; 6 — rinepceTs Micis BUAAICHHS BEPUIMHU; 6 — TepMepexa Mmicis
30BHIIIHBOTO BHIAJIEHHS BEPIINHU;
2 — rinepMepexa Miciisg BHyTPIlIHbOTO BUAAJICHHS BEPIIUHU

BucnoBku. JlocnimkeHHs mporecy (QyHKIIOHYBaHHS Cy4YacHUX I1H(POPMALIHHUX Mepex
HaJaJli MOXJIMBICTb pO3poOUTH MaTeMaTuuHy Mojiens [IM Ha OCHOBI HeCTaI[lOHApHOI rinepMepexi.
Metoau BIIOMHUX TeOpii HE 3aBX/AU J03BOJISIOTH JOCIIKYBATH rinepmepexi. ToMy gaHa Mozenb
BpaxoBye yci HEOOX1/JHI OCHOBHI 3 TOUKH 30py (DYHKIIOHAJIBHOI CTIMKOCTI MapaMeTpu MEepexl, ix
BJIACTMBOCTI Ta BIJIHOIIEHHS, SIK1 3/{1CHIOIOTh 3HAYHHUM BIJIUB HA CUHTE3 ONTUMAJIBHOI CTPYKTYpHU
Mepexi.

BinMiHHICTB TimepMepesx BiJl IHIIUX CTPYKTYPHUX MOJENEN MOJsrae B TOMy, II0 B CTBOPEHI
CTPYKTYpHU rinepmepexi 6epe ydacTb OuTbIIE ABOX TBIPHUX MHOXKHH, 1110 JJO3BOJISIE€ BpaXyBaTH BILTUB
MO>KJIMBUX TI03AIITaTHUX CUTYaIliH, K 00yMOBJIEH1 BHYTPIIIHIMY 1 30BHIIIHIMA YHHHUKAMU. Takum
Y1HOM, 3a0e3nedenHs [IM BnacTUBOCTI (PYHKIIOHATIBHOI CTIKOCTI CTHKAETHCS 3 HOBOIO TEOPETHY-
HOIO MPOOJIEMOI0, 1110 BUMArae s ii pillleHHsI po3pO0OKH a/IeKBaTHOIO MAaTEMaTHYHOI'O arapaTy CUH-
T€3Y CUCTEMH.

[lepcneKTHBHIMH NUITXaMU TOJANBIIHAX JOCIIKEHb Y 3a3HAYCHOMY HANpPSIMKY MOXe OyTh
IIMPOKE KOJIO MUTaHb 11010 PO3pOOKH HOBHX Ta YIOCKOHAJIECHHS ICHYIOUMX METOJUK Ii/IBUILCHHS
piBHA (YHKIIIOHAIBHOI CTIHKOCTI 1HPOPMALIITHUX MEpekK, AKi MalOTh aBTOHOMHO (DYHKI[IOHYBAaTH B
YMOBax BILIMBY 30BHIIIHIX Ta BHYTPIIIHIX 1eCTa01Ii3yl0YnX (aKTOpiB.
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K.(.-M.H., Jo1. Coduyk B.B., k.T.H., c.H.c. JlanTeB A.A.,
k.T.H. Cananga UIL, k.¢p.-m.H. Cauyk 10.B.
MATEMATHYECKASI MOJEJIb CTPYKTYPbI HHOOPALIMMHOU CETH HA OCHOBE HE-
CTAIIMOHAPHOM HUEPAPXUYECKOU U CTAIIMOHAPHOU I'MIIEPCETH

B cmampue paspabomana mooenb cmpyKmypsl UHmMeZpaibHOu UHGOPMAUUOHHOU CemU HA OCHOgE
HeCMayuoOHApHOIl UepapxuiecKol U CMayuoOHAapHOU 2ZUNEPCEenb, C YYEemom pa3pyuiumenbHblX 6030¢il-
cmeuil pazniuunozo xapaxkmepa. 1100 yHKuuOHANBbHOU YCMOUUUBOCMbIO UHMEZPATIbHOU UHpOpMayuoH-
HOUl cemu 6 padone NOHUMACMCA 603MONHCHOCHLL PYHKUUOHUPOGAHUA CUCHIEMbL, NYCHLL C YMEHbULEHUEM
Kauecmea, 6 meyenue 3a0aHHO20 6PEMEHU HOO GTUAHUEM GHEUIHUX U 6HYMPEHHUX 0eCIaOUIUIUPYIOUUX
gaxmopoe. I100 enewnumu u 6HympeHHUMU 0ECAOUAUSUPYIOUUMU PYAKMOPAMU ROHUMAIOMCA OMKA3d,
cOou Inemenmos cucmembol, ymvluiieHHble NOBPeHCOeHUs, D0esble NOPad CeHUA, ITEKMPOMAZHUMHbLE NO-
mexu, oumuokKu obcyycusarouiezo nepconana. Obecneuenue ceolcmea YyHKYUOHATbHOU YCMOUYUEOCU
000U CIIOIHCHOI MEXHUUECKOU CUCIEMbL OCYULeCMEACHCA 6 MPU IMANA: UOCHMUPUKAUUA Heuimam-
HOUl cumyayuu, JOKAIU3AUUA HEUWMAMHOU CUMYAyuu, 60CCHAHOBICHUA (YHKYUOHUPOBAHUA 3a4 CUem
nepepacnpedenenusn pecypcos. Ilpu paccmompenuu unmezpanbHolX UHGOPMAUYUOHHBIX cemell ¢ MOYKU
3penusn YyHRKUUOHAIbHOU YCMOUYUBOCHIU, 8bIX00 U3 CIPOA Y314 KOMMYMAyUU Ulu JUHUN C6A3U 6/edem
3a coboii pazpyuienue KaHAaa08 nepeoaiu 6mOPUYHBIX cemell, 8 2paghax Imux cemeil A6AAEHCA HECMeEMHC-
noimu. Iloamomy mooenuposame cmpykmypy maxou cemu zpagom neyenecooopasno. B ceasu ¢ smum,
66€0€Hbl HOGblE NOHAMUSA U ONPedeleHUs 8 MeOPUIO PYYHKUYUOHAIbHOT YCHMOUYUBOCINU U PA3PAOOmMaH co-
omeemcmeyowuil Memoouueckuil annapam. /[annaa mooens yuumovléaem ece Heo0xXoo0umvle OCHOGHbIE C
MOoYKU 3peHus GYHKYUOHAIbHOU YCMOUYUEOCHU RAPDAMEMPbL CEMU, UX CEOUCMEA U OMHOULEHUS, KOMO-
Pble 0Ccyuiecmenaiom 3HaUumebHoe 6UAHUe HA CUHME3 ONMUMATbLHOU cmPYKmypol cemu. Omauuue 2u-
nepcemp om Opyzux cmpyKmypHuIX Mooeieil 3aKa04aemcsa 6 mom, Ymo 8 cO30aHUU CHPYKmypsl 2unep-
cemp yuacmeyem 0osee 06yxX 00pa3yIouiux MHONHCECHE, NO36OACH YUECMb GAUAHUE 603MOMNCHBIX GHe-
WIMAMHBIX CUMYayUil, 00YC106/1€HHbIX 6HYMPEHHUMU U 6HEWHUMU (DAKMOpaAMU.

Knwouesvie cnosa: zunepcems, HeCMayuOHApHAs Zunepcems, UHGoOpmayuonnvie cemu, Qynkyuo-
HAIbHAA YCHIOTUYUBOCHIb, PDA3PYUIUMETbHBIE 6030€UCHEUSL.

Ph.D. Sobchuk VV, Ph.D. Laptev A.A., Ph.D. Salanda I.P., Ph.D. Sachuk Yu.V.
MATHEMATICAL MODEL OF INFORMATION NETWORK STRUCTURE ON THE BASIS OF
NON-STATIONARY HIERARCHICAL AND STATIONARY HYPERSLETS

The article developed a model of the structure of an integrated information network based on a non-
stationary hierarchical and stationary hypernetwork, taking into account the destructive effects of various
kinds. The functional stability of the integrated information network in the work is understood as the ability
of the system to function, albeit with a decrease in quality, for a given time under the influence of external
and internal destabilizing factors. External and internal destabilizing factors are understood as failures,
malfunctions of system elements, deliberate damages, combat defeats, electromagnetic interferences,
maintenance personnel errors. Ensuring the functional stability of any complex technical system is carried
out in three stages: identifying abnormal situations, localizing abnormal situations, restoring operation due
to the redistribution of resources. When considering integrated information networks from the point of view
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of functional stability, the failure of a switching node or communication line entails the destruction of the
transmission channels of secondary networks, in the graphs of these networks are non-adjacent. Therefore,
it is impractical to model the structure of such a network by a graph. In this regard, introduced new concepts
and definitions in the theory of functional stability and developed an appropriate methodological apparatus.
This model takes into account all the necessary basic parameters from the point of view of functional sta-
bility of the network, their properties and relations, which have a significant impact on the synthesis of the
optimal network structure. The difference between a hypernetwork and other structural models is that the
creation of a hypernetwork structure involves more than two generating sets, allows you to take into account
the influence of possible emergency situations caused by internal and external factors.

Keywords: hyper-network, non-stationary hyper-network, information networks, functional stability,
destructive effects.

Ph.D. Khmelnitsky Y.V., prof. Selyukov A.V., Kovpa D.M.
ANALYSIS OF MODELS AND PROGNOSTICATION OF RISKS OF FUNCTIONING OF
CONTROL SYSTEM OF SDN OF ARCHITECTURE

The article deals with the analysis of models and algorithms of the system control SDN of architecture
for providing of more quality work of network. Great diversity of most hardware implementation of the data
devices SDN architecture leads to the fact that different switches may not support some features or support
them with limited performance. In the process network, this can significantly affect the throughput of an
individual data flow or whole network domains. Routing flow transfer is carried out by criterion of quality
of service and the criterion of balanced loads of network resources the network. Improving the quality of
service is subject to the classification of the flow that greatly restricts the ability of flow control. Most models
of such networks do not take into account the characteristics of multi-service data flow, which leads to
deterioration in the quality of service and increase the likelihood of blocking the channels of transmission
network. The inability to implement differentiated management for individual data streams for individual
clients and take them into account quality requirements, leads to low efficiency of channel routing, sub-
optimal distribution of network load, the deterioration of the quality of service high-priority data streams.
Tools control over the process of transmission of individual data flow do not exist, whereby the control
system has the ability to determine service degradation for these data streams, and therefore will not be able
to guarantee the necessary level of control. New models and algorithms of functioning of a software —
managed network will allow for routing data streams of network, differentiating them according to the
sensitivity to mixing of packet and connection drops. At created networks try to dissociate C-plane from the
plane of transmission and put considerable efforts to overcoming of the nascent problems related to com-
plications of migration from traditional networks to architecture of SDN.

The aim of this article is realization of analysis of models and algorithms of functioning of control
system of architecture of SDN for more reliable work of network. It gives possibility to the users to get
services with necessary quality, by authenticity and will allow overcoming the nascent problems related to
complications of migration from traditional networks to architecture of SDN.

Keywords: software driven networks SDN control of network devices, SDN architecture, models and
algorithms of the control system, the level of functioning of the network.

132



