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MATEMATHUYECKASA MOJEJIb PACITPOCTPAHEHUA
KOMIIBIOTEPHBIX BUPYCOB B 'ETEPOI'EHHBIX
KOMITBIOTEPHBIX CETSIX ABTOMATHU3UPOBAHHBIX
CHUCTEM YIIPABJIEHUSA TEXHOJIOTUYECKUM
MMPOINECCOM

YCoBepIICHCTBOBAaHBl ~MaTEeMaTHYECKHE MOJEIH  PACIpPOCTPAaHEHHS KOMIIBIOTEPHBIX
BUPYCOB B T€TEPOTCHHOI KOMIIBIOTCPHOH CETH, YUYHTHIBAIOIIME €€ TOIOJIOTHYECKHEe H
ApXUTEKTYpHbIC 0COOEHHOCTH. IIpoBeleHBI CpaBHHUTENIbHBIE HCCIEAOBAHUS pa3pabOTaHHBIX
MaTeMaTHYeCKHX MOJeNell W IOCTPOEHBI CPaBHUTENbHBIC I'PadHKU 3aBUCHMOCTH KOJIMYECTBA
3apaXCHHBIX Y3JIOB OT BpEMEHH (DYHKIMOHHPOBAaHHS KOMIIBIOTEPHOH CHCTEMBI IIpH
pacnpocTpaneHuu snuaemun. Mi.: 4. bubnuorp.: 8 HasB.

KnioueBble cjoBa: MareMaTHuecKas MOJENb, KOMIIBIOTEPHBIE BHPYCHI, TONOIOIHYECKUE
0COOEHHOCTH, T€TEpPOreHHas KOMIIBIOTEPHAs! CETb.

IlocranoBka 3amaun. Ha coBpeMEHHOM 3Tame pas3BUTHUS CPEACTB U
CHUCTEM YIpaBJEHUS B Pa3IUYHBIX OTpaciiiX TMPOU3BOJACTBA, OJHUM U3
OCHOBHBIX (paKTOPOB, BIHUAIONMNX HA 3()(HEKTUBHOCTh UX (PYHKIIMOHHUPOBAHMUSA,
SBIISICTCS CTEIICHB 3alIUIIEHHOCTH CYIIECTBYIOMINX CPEACTB aBTOMATH3AINH H
KOMIIBIOTEPH3allid B aBTOMATHU3HUPOBAaHHBIX  CHCTEMaX  YIpPaBICHUS
texHonmornueckumu mporeccamu (ACYTII). Kak mokazamm wcciieoBaHUs,
CYIICCTBYIOIIME  KOMIIBIOTEPHBIC  CHUCTEMBI  3a4acTyl0  ITOJIBEP>KEHBI
pPa3IMIHOTO pOJa aTakaM 3JIOYMBIILICHHOTO IIPOTPaMMHOTO 00eCHeUeHHS
(ITO). OcoOpIM OHAacHOCTSM IO/ABEPTaIOTCS KOMIBIOTEPHBIE CHCTEMBI,
WCIIOJIb3YEMBIE /IS KOHTPOJISL M yNPABICHHS TEXHOJIOTHUECKHUMH TPOIECCaMM
B CUCTEMaX KPUTHUECKOTO MPUMEHEHHUSI.

HccnenoBanue cuCTeM aTak M 3alIUThl HHOOPMAIMH NTOKa3aJId BEICOKYIO
CTENeHb MX B3aMMO3aBUCHUMOCTH, IPH 3TOM YPOBEHb TEXHUYECKOTO U
MPOrPaMMHOTO  OO€cledYeHus]  3JIOYMBIIUICHHUKOB B OOJIBITUHCTBE
MPaKTUYeCKUX CIy9YaeB BEHIIIE. B CBSI3M C 3THM CYIIECTBYIOIIUE CPEICTBA
3ammtel ACYTII He Bcerma CBOGBPEMEHHO CHPABIISIOTCS C HACHTU(UKAIHEH
snoymeiieHHoro [IO0 ® ero nokanm3amuedl B ciIydae paclpoCTpaHCHUS
smuneMun. VIMEHHO MO3TOMY BOIPOCHI Pa3pabOTKM W BHEAPCHHS HOBBIX
METOZOB, MOJEJNel, aJrOpUTMOB M CHCTEM 3allUThl HHPOPMAIMU OT
snoymeiinieHHoro 110 ocraeTcs akTyalbHBIM B B HacTosimiee BpeMs. Ocobo
OCTpOH B yKa3aHHOM TepedyHe MPeICTaBIsAeTCs MpodieMaTuka pa3padoTKh U
BHEIPECHUS aJeKBAaTHBIX MaTEeMaTHYECKHX MOJIEIeH  pachpOoCTpaHEHUS
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KOMIIBIOTEPHBIX BHPYCOB, YUYHTHIBAIOUINX CHEMU(HUKY WX 3TO0YMBIIUICHHOTO
BO3ACUCTBHS B TETEPOTCHHBIX KOMIBIOTEPHBIX CETAX.

AHanu3 JUTepaTyphbl TOKaszad, uro B pabortax [l — 5] psam aBTOpoB
yISNAIT 0co00€ BHUMAaHHE OHOJIOTHYECKMM IIOIXO0JaM MaTeMaTHYeCKOTO
MonenupoBaHua. Tak, B paborax [3, 6 — 8] Obum HpOBENEHBl aHAIN3 H
CPaBHHUTEIbHBIE HCCIECJOBAaHMS CYIIECTBYIONINX OHOJOTHYECKUX MOJEINCH
pacnpocTpaHeHUsi KOMITBIOTEPHBIX BUPYCOB. DJTO IO3BOJMJIO BBIIBUTH Pl
XapaKTepHBIX OCOOEHHOCTEH paclpOCTpaHEHUs] KOMIBIOTEPHBIX BUPYCOB B
KOMITBIOTEPHBIX CETSX M IOJNyYUTh MAaTEeMaTHYECKYIO OIICHKY CKOPOCTH
3apa)KCHUs! OTIEIbHBIX 00BEKTOB B PA3IMUHBIX PeXXUMax (yHKIMOHHUPOBAHMSI.

OnHako ~ aHamM3  CYIIECTBYIOIIMX  MaTeMaTHYeCKHX  MoJjesen
pacnpocTpaHEeHUsl KOMIBIOTEPHBIX BHPYCOB IIO3BOJIMJI BBISIBUTH DS HMX
HEJIOCTATKOB, CBA3aHHBIX, B MEPBYIO OdYEpenb, C NPEHEOPS)KCHHEM YydeTa
TOIIOJIOTUYECKHX M APXUTEKTYPHBIX OCOOCHHOCTEH KOMIIBIOTEPHOH CeTH.
ITosTomMy  pa3paboTka  MaTeMaTHYeCKOM  MOJENM  PaclpOoCTPAHEHUS
KOMIIBIOTEpHBIX BUpycoB B ACVYTII ¢ y4eTOM TOMNOJOTMYECKUX U
APXHUTEKTYpPHBIX OCOOCHHOCTEH KOMIIBIOTEPHOH CETH SBIACTCS aKTyaJlbHOH
Hay4yHOM 3aadeil.

Henblo craThbu sBISETCS pa3pabOTKa MaTeMaTHYeCKOW  MOJEIH
pacnopoCTpaHCHNA KOMIBIOTEPHBIX BUPYCOB B I'€TCPOTCHHBIX KOMIIBIOTECPHBIX
CETAX C YUETOM TOMOJIOTHUECKHX OCOOEHHOCTEH KOMITBIOTEPHOM CETH.

B paGote [8] Obutu BbIIENEHBI CIIEAYIONIME MaTEMATHYECKHE MOJIEIH
komisroTepHbIx BUpycoB: S| (Suspected-Infected), SIR(Suspected-Infected-
Recovered), SEIQR (Suspected-Exposed-Infected-Quarantined-Recovered),
PSIDR (Progressive Suspected-Infected-Detected-Recovered). Amnamus wux
JIOCTOWHCTB M HEJIOCTATKOB 1M03BONIII onpenenuts moaenn Sl, SIR, PSIDR kax
HanOoiee aA€KBaTHO OIIMCBIBAKOIIUE nponecce pacnopoCTpaHCHHUA
KOMIIBIOTEPHBIX BUPYCOB.

1. Moaeanr SIT. HccnenoBanus mokasamu, 4ro mozens Sl [1, 2]
XapaKTepu3yeTcsl HAJTMYUEM JBYX THIIOB OOBEKTOB YIPABJICHHUS: 3apayKCHHbIE
(I) u me 3apaxennbie (S). XapakTepHOH OCOGEHHOCTHIO JAHHON MOJIEIH
aBIsieTca TpeHeOpekeHne aHtuBupycHbeIM IIO (;edamero ¢axropa), uTo
MNPUBOAMT K TOMY, YTO SMHJIEMHUSI HE MOXKET YracHYTh.

00001IeHHAs CTPYKTYpa KOMITBIOTEPHO#M CHCTEMBI Ha OCHOBE Moxeiu Sl
MOXeET OBbITh MPEICTABICHA C TIOMOIIBIO BHIPAKEHHUSI:

N=S{t)+I1(), (1)
rre: N — obmiee kommuecTBO 00BEKTOB B cucteme; S(f) — KomMuecTBO
ysI3BUMBIX 00bekTOB; |(t) — KOJIMuecTBO 3apaKeHHBIX OOBEKTOB.
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B nanHO# mMaTemaTH4YecKOW MOJENHM OTCYTCTBYET yU€T TOIMOJIOTHYECKUX
XapaKTepUCTHK. Takoi ydeT BO3MOXKEH IyTeM BBEICHHS (YHKIIUH CBA3HOCTU
f(c;),rme ¢; e C, C — MHOXECTBO TOIIOJOTHIA B CHCTEME.

B asTOoM cnyyae, C yd4eToM TOMNOJIOTHYECKHX  OCOOEHHOCTEH
KOMITBIOTEPHOW ceTH, Mojenb S| mperepneBaeT psiig  W3MEHEHMH U
tpancopmupyercs B mozaens SIT (SI-Topology), a nuHaMuueckoe H3MeHeHHE
XapaKTEePUCTUK TaHHOW MOZEIN ONKCHIBAETCS C IOMOIIBIO CHCTEMBI:

B0 __BENO
t N
AR _BrE)I® g
dt N )
dS(t) < dS; (t) @)
=> /K,
dt = dt
di(t) . ds(t) _o,
dt dt
rae: B — yactoTa 3apakeHWs; ¢; — TOIMOJOIMS KOHKPETHOW mojcetu; K —

KOJIMYECTBO TOIOJIOTUN B UCCIIETYEMOM CETH.

UccnenyeM BpeMeHHbBIE XapaKTEPUCTUKH IMOBEICHUS KOMITBEOTEPHBIX
BHPYCOB B COOTBETCTBHH C Moaeibi0 SIT.

I'padukn 3aBHCHMOCTEH M3MEHEHHS KOJIMYECTBA 3apaKCHHBIX Y3JIOB OT
BpEeMEHH (YHKIHMOHHPOBAaHHS KOMIIBIOTEPHOH CHCTEMBI B  YCIOBHSX
pacnipocTpaHeHus smugemun mo moxesim S| u SIT mpencrasiensr Ha puc. 1.
IIpennmomnaraercs, 4ro B paccmatpuBaemoii ACYTII  apxutekrypa
KOMIBIOTEPHON CEeTH MpeJCTaBlieHa OIpPEAeNICHHOM, 3apaHee W3BECTHOM,
tonojorueii (tun "3Be3ma™), rae f(¢;)=0.6.

Ananu3 rpadukoB Ha puc. 1 Mmokasai, 4TO B COOTBETCTBUHU C MOJEIBIO
SIT BpeMst pacrpocTpaHEHUs SNUAEMHH MEHbIIE 10 2 pa3 M0 CPaBHEHHIO C
MoOJIeNbI0 S|, TPy ATOM CKOPOCTH 3apakeHust B Mojenu S| Beime B 1.1 pas.

Cpenu  JOCTOMHCTB TPHUBEICHHOW MOJAENM  SBJISIETCS  IIPOCTOTA
peammzanmu. OnHaKo, mpeHeOpekeHWe HamuyueMm aHTUBUpycHoro [1O
OTpaHMYMBaeT MpPUMEHeHHe MareMmatudeckoii wmogenu SIT  craguei
3apaKeHUsL.

2. Mopean SIRT. Hccnenosanust mnokazanu, yro momens SIR [1, 2]
XapakTepu3yercss  HaIM4MeM TpeX THUIOB  OOBEKTOB  YNPaBIICHHMS:
sapakeHHble (1), He 3apaxenHble (S), BbUICUCHHBIE OOBEKTHI, OOJamarolne
umMmyHuTeToM (R).
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BpEMs, MUH
Puc. 1. Tpaduku 3aBUCHMOCTEl H3MCHEHHS KOJIMYECTBA 3apaKECHHBIX Y3JI0B OT
BpeMeHH (HYHKIHOHUPOBAHUS KOMITBIOTCPHON CHCTEMBI B YCIIOBHSX PACIPOCTPAHCHHS
sruaemun mo Mozensm Sl u SIT, npu koaddunnente 3apaxenus § = 0.2

O06o00meHHast CTPYKTypa KOMITBIOTEPHOW CHCTEMBI Ha OCHOBE JIaHHOU
MOJIETIH MOXKET OBITh IIPE/ICTABICHA C TIOMOIILIO BEIPasKCHUS:

N =S(t)+ 1(t)+R(t), 3)
rme: N — obmee kommdecTBO 00bekTOB B cucteme; S(f) — KkoamuecTBO
ys3BUMBIX 00bekTOB; I(f) — KonmdecTBO 3apaxeHHbIX 00BekTOB; R(t) —

KOJINYECTBO BBUICUYCHHBIX 00BEKTOB, 00JIaJAIOIINX HIMMYHHTETOM.

C y4eroM TOMONOTHYECKHX 0COOCHHOCTEH KOMITBIOTEPHOM ceTH ((hyKunu
cesHoct  f(C;)), Momens SIR mperepmeBaeT psig  H3MEHEHHH W
tpauchopmupyercs B mojerab SIRT (SIR-Topology), a muHamuueckoe
WU3MCHEHNE XapaKTePUCTHK JAaHHOW MOJEIM OTHMCHIBACTCA C IMOMOIIBIO
CHCTEMBI:

ds,(t) _ B (c)1(t)

Si(v),
dt N
dit) _ BEE)IM) oy
N S(t) -8l (t),
dR(t)
- =3l (t), (4)

dS(t) Z ds, (t)

ds(t) dl(t) , 4R

= O’
dt dt dt
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rae: f — yacrora 3apaeHHs; ¢j — TOIOJOTHS KOHKPETHOW MOJCETH; O —
Y4acToTa JICUCHUs, "CKOPOCTh UMMyHHM3auuu'; K — KOITHMYECTBO TOMOJOTHH B
HCCIIETyEMOH CETH.

JaHHass MoJiellb MOAPa3yMEBAET, YTO JMUACMHS BO3MOXHA JIHIIb MPH
B>3a.

HccnenyeM BpeMEHHbIE XapaKTEPUCTHKH IMOBEACHUS KOMIIBIOTEPHBIX
BHPYCOB B COOTBETCTBHH ¢ Mozenbio SIRT.

I'padukn 3aBUCHMOCTEN M3MEHEHHs KOJIMYECTBA 3apa)KEHHBIX Y3JIOB OT
BpeMeHH (YHKIMOHUPOBAHUS KOMIIBIOTEPHOH CHCTEMBI B  YCIOBHSX
pacnpoctpanenus snuaemuu mo mozaensM SIR u SIRT npeacraBnensr Ha
puc. 2. Tonosornyeckue NOMYIIEHHUS YCIOBHH MOJEIUPOBAaHHS aHATIOTHYHBI
monenu SIT.

N
T T T
2x10%+ — SIR |
----- SIRT
1x10% -
0 =
1 1 1
0 50 100 150 200
BpeMsl, MUH

Puc. 2. I'paduku 3aBECHMOCTEl H3MEHEHNUS KOJTMYECTBA 3aPaKEHHBIX,
HE3apa)XKEHHBIX U BBIJIEYEHHBIX y3JI0B OT BpeMeHH (YHKIHOHHPOBAHUS KOMITBIOTEPHOM
CHCTEMBI B YCIOBHUSX pacnpocTpaHeHus smuaeMuu mo moaensm SIR u SIRT mpu
ko durmente 3apaxenus 3 = 0.25 u vacrore nevenus 6 = 0.02

IIpoBenennsie uccnenoBanus Mmomenu SIRT mokasamu, 9TO BBeICHHE
JIOTIOTHUTEIBHOTO THNA OOBEKTa YIpPaBICHHAS U Y4eT BO3MOXHOTO (akTopa
JICYSHS, TIO3BOJIHIIO TIOBBICHTh TOYHOCTh KOHEYHOTO pEe3yJIbTaTa B YCIOBHUIX
HaIM4us 00HOBIIEeMOTO aHTHUBHpYycHOTO [10.

B peasibHBIX YCIOBHSX IS JICUCHHUS KOMIIBIOTEPHBIX CUCTEM CYIIIECTBYET
HEOOXOMUMOCTh HACHTUGHUKAIMK M JIOKAIM3aluy 3j0yMeinuieHHoro I10.
JanHas mponienypa TpedyeT ompeaeneHHBIX (OT JOJMM CEKYHIBI JO JeCiITKa
4acoB) BpeMeHHbIX 3aTpar. Jlanublii Gpakrop B monenu SIRT He yuuTbIBaeTCS,
YTO TAK)KE CHIKAET 00J1aCTh NPUMEHEHHUS JaHHOU Moenu [8].

3. Moaeas PSIDRT. Mogens PSIDR [5] xapakTtepusyercsi HaIM4neMm
YeThIpeX THIOB O0BEKTOB ympapieHus: 3apaxeHHsle (I), He 3apaxeHHbIe (S),
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BBUICUCHHBIE OOBEKTHI, oOnamatomue wuMMmyHuTeToM (R) W HalizeHHbIE
3apakeHHbIe 00BeKTHI (D).

Orta Mojenb, OIUCHIBAIONIAs [OBEJCHUE CHCTEMBbI B  YCIOBHSX
BO3AEUCTBH 3moyMbIieHHOTO [10, BRIAENsAeT 2 STamna:

1) Tomsko 3apaxenne 00beKTOB (MOEND HaeHTHYHA Moaenn Sl);

2) HobGaenenwe (¢akropa JeUCHHs, NMPHU OTOM BBUICUCHHBIC Y3JIbI HE
3apa)karoTcsi MOBTOPHO.

O0o001eHHast CTPYKTYpa KOMIBIOTEPHOH CHCTEMBl Ha OCHOBE MOJEIHU
PSIDR mosxeT ObITh Ipe/icTaBiIeHa ¢ IOMOIIBIO BEIPAYKEHNUS:

N =S(t)+ 1 (t) + D(t) + R(t), (5)
roe: N —obmee komuuectBO 00BeKTOB B cucteme; S(f) — KoJIM4ecTBO
ya3BUMBIX 00BekTOB; |(f) — KonmuecTBO 3apakeHHBIX 00BeKkTOB; R(t) —

KOJIMYECTBO BBUICUCHHBIX OOBEKTOB, obnamaromme umMMmyHuterom; D(t) —
KOJINYECTBO OOBEKTOB, B KOTOPBIX OOHAPYKEH BHPYC.

C yd4eToM TOIOJOTHYECKHX OCOOEHHOCTEH KOMIIBIOTEPHON CETH
(pynxumn cessroctn f(C;) ), Mmomens PSIDR nperepnieBaeT psix M3MCHEHHH H
tpancopmupyercs B mozaens PSIDRT (PSIDR-Topology), a munamuueckoe
HU3MCHEHHME XapaKTePUCTHK JaHHOW MOJEIM OTHUCHIBACTCA C IMOMOIIBIO
CHCTEMBI:

dsd O __gs o)1) - uf (c)5; (1),

di (t) —BS()1 (1) -l (1),

@ =3D(t) + uf (¢;)S (1),

dD(t) _ ©
= =kl (©-8D(),

dS(t) Z ds, (t)

ds(t) dI (t) , 4RO _dD@

= 0’
dt dt dt dt

rae: f — vyacrora 3apaxkenus; |(t) — KoJIMYECTBO 3apakeHHBIX OOBEKTOB; |L —
BEpPOSATHOCTh BBUICUMBaHHS (Mepexon B cocTostHMe R); ¢; — Tomosorns
KOHKpeTHON mozacetn; S(f) — komuyecTBO ys3BUMBIX 00bekToB; R(f)

KOJIMYECTBO BBUICYCHHBIX (¢ MMMyHHTeTOM) 00BekToB; D(f) — konmuectBO
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O0HapyKEHHBIX 3apaX€HHbIX 00beKTOB (Ha mepBoii cramuu D(t) = 0); k —
KOJIMYECTBO TOIOJIOTHH B HCCIIEyEMON CETH; O — 4YaCTOTA JICUECHHSI.

Hccnenyem BpeMEHHbBIE XapaKTEPHCTHKH ITOBEACHUS KOMIIBIOTEPHBIX
BHPYCOB B COOTBETCTBHH ¢ Moaenpio PSIDRT.

I'padukn 3aBucMMOCTEll HM3MEHEHHUsI KOJIMYECTBA OOHAPYKCHHBIX
3apa)KCHHBIX y3JI0B OT BPEMEHH (DyHKIIHOHHPOBAHNS KOMIIBIOTEPHOI CHCTEMBI
B YCJIOBHAX yTacaHHA dIHIeMHH (BTOpoit 3tam) o monemsiMm PSIDR u PSIDRT
npencTaBiaeHsl Ha puc. 3. I'padukm 3aBucMMOCTell M3MEHEHHUsS KOJIHMYECTBA
3apa)KCHHBIX y3JIOB OT BpeMEHH ()yHKIIHOHHPOBAHUS KOMITBIOTEPHOI CHCTEMBI
B YCIOBHSAX yracaHus osmuaemuu 1mo wmogensm PSIDR wu  PSIDRT
npesacTaBiaeHsl  Ha  puc. 4. Tomojornyeckue — AOMYIICHUS  YCIOBHIA
MOJICTIMPOBaHMUS aHAOTMYHEI Mojenu SIT.

Ananu3 rpadukoB puc.3 u puc.4 moxazajg, 4TO B COOTBETCTBHU C
Mmozenbsio PSIDRT mpoucxomut 3ameieHue nporecca 0OHapyKeHHUs BHpyca B
1.65 pa3 u yMeHbUIEHHE MaKCHMAaJIBHOTO KOJHMYECTBA OOHAPYKCHHBIX
00bekTOoB B 1.1 pa3z. DTO NPUBOAMT K 3aMEIUICHHIO IpoIecca JICYCHUS
KOMIIbIOTEepHOU cucTeMsl a0 1.01 pas.

N
2103k — PSIDR[1] |+
- PSIDRT[I]
1><103 _
| e
I 1
| \\20 - 60

BpeMs, MUH
Puc. 3. I'paduku 3aBuCHMOCTEH U3MEHEHHS KOJINYECTBA OOHAPYKEHHBIX 3apa)KEHHBIX
Y3JIOB OT BpeMeHH (hYHKIMOHHPOBAHHS KOMITBIOTEPHON CUCTEMBI B YCIIOBUSX YracaHHs
snuaeMud (BTopoit atam) o moaenu PSIDR u PSIDRT, npu xos¢dunnente
3apaxenus B = 0.25, gacrore neuenust 6 = 0.02, BepositHOCTH BhUTeunBaHus | = 0.2

[TpoBenennslit ananuz moaenu PSIDRT nokasan, yto pazoueHue Moaenu
pacnpocTpaHeHHs: KOMITBIOTEPHBIX yrpo3 Ha JBa JTama JaeT BO3MOXKHOCTh
HE3aBHCUMOI0 aHAJIN3a [IPOLecca 3apaXeHUs U JleueHus. BBeneHue 3anepxku
MEXAy HadaJaMHM O3THUX JBYX OTaloB, HACHTH(UKAIWH, JOKAIU3AUUS U
nedyeHue 3noymbiieHHoro I10, mo3BoIMIIO yCTpaHUTh OJMH U3 HEOCTaTKOB
mozaenu SIRT. BBenenune kod(duiieHTa CBS3HOCTH CETH HE MOBIHSIO Ha
BpeMs BBUICUMBAHUSI CHCTEMBI. MaKCHUMalbHOE KOJIMYECTBO OOHAPY)KEHHBIX
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3apakeHHBIX OOBEKTOB YMEHBIIMIOCH B 1.1 pa3, 94TO HEraTHMBHO BIMSACT HA
MPOIIECC JICUCHUSI.

N

210°+ — PSIDR[D] |+
----- PSIDRT[D]

1x10%F :: \\ i

ok i

1 1 1 1
0 20 40 60 80 100
BpeMs, MUH

Puc. 4. I'paduku 3aBUCUMOCTEI H3MEHEHHUS KOJIMYECTBA 3aPAYKEHHBIX Y3JIOB OT
BpeMeHH (YHKINOHHPOBAHUS KOMIIBIOTEPHOH CHCTEMBI B YCIIOBHSX yracaHus
snuaemMun (BTopoi stam) no MozaemnsiM PSIDR u PSIDRT, npu koaddunmente

3apaxenus 3 = 0.25, gacrore neuenust 6 = 0.02, BepositHOCTH BhUTeunBanus | = 0.2

BeiBoasl. B pesynpraTe mpoBeneHHOW pabOTH OBUTH pa3paboTaHBI
MaTeMaTHYECKHEe MOICTH PAacHpOCTPaHEHHUs KOMITBIOTEPHBIX BHPYCOB B
TeTEPOTCHHBIX  KOMIIBIOTEPHBIX  CETAX C  YYETOM  TOIOJOTHYECKUX
0CcO0EHHOCTE! KOMIBIOTEPHON CeTH. AHAIN3 U CPABHUTENBHBIE HCCIIEIOBAHUS
pa3paboOTaHHBIX MaTeMaTHYECKHUX MOJEJIeH IO3BOJIMIM CHEeNaTh BBIBOJ O
MOBBIMIEHNH UX TOYHOCTH IO CPAaBHEHMIO C M3BECTHBIMH MaTeMaTHYECKHMU
MOJIEJIIMH JI0 JBYX pa3, YTO MO3BOJIMIIO CIAENaTh BBIBOJ O LIEIeCO00pa3HOCTH
MPUMEHEHHUs pa3paboTaHHBIX MOjieNiel B KOMIbIOTepHBIX ceTsix ACYTII.
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VK 004.49.5

MaremMaTH4YHa Mo/eJb PO3NOBCIOUKEHHS] KOMII'IOTEpHHX BipyciB B TreTeporeHHHX
Mepe:kax aBTOMATH30BAHHX CHCTeM KepyBaHHsI TexHosoriynum mpouecom / Cemenos C.I.,
Jasunos B.B. // HTY "XIII". Cepis: Inpopmarrka ta mopemoBanus. — Xapkis: HTY "XTIII". —
2012. — Ne 38. - C. 163 - 171.

VYnockoHaleHi MaTeMaTH4HI MOIETi PO3MOBCIO/DKCHHS KOMIIIOTPEHHX BIPYCiB B
TeTeporeHHill KOMII TepHii Mepexi, 10 BPaxoBye ii TOMOJOTIYHI Ta apXiTeKTYpHI OCOOIMBOCTI.
Byno npoBeneHo NOPiBHSUIBHI JOCIIPKEHHS! pO3pO0IeHNX MaTeMaTHYHUX MOZieNel Ta HoOyHoBaHi
NOPIBHSIBHI Ipadiku 3aleKHOCTI KITBKOCTI 3apa)KCHHX BY3MiB Bif 4acy (YHKI[IOHYBaHHS
KOMII‘IOTEpHOI Mepexi IIPH PO3MOBCIOPKEHHI emifemil. In.: 4. bibmiorp.: 8 Ha3B.

Kumo4oBi ciioBa: MaTeMaTHdHa MOJENb, KOMII IOTEpHI BIpyCH, TOIOJOTiYHI OCOONHBOCTI,
reTeporeHHa KOMII I0TepHa Mepexa.

UDC 004.49.5

Mathematic model of computer virus spread in heterogeneous computer networks of
SCADA systems / Semenov S.G., Davydov V.V. // Herald of the National Technical University
"KhPI". Subject issue: Information Science and Modeling. — Kharkov: NTU "KhPI". — 2012. —
Ne. 38. - P. 163 - 171.

Improved mathematical models of computer viruses spread in heterogeneous computer
network, taking into account its topological and architectural features. Comparative analyses of
mathematical models developed and built by comparative graphs of the number of infected nodes
on a computer system operating time during propagation of the epidemic. Figs.: 4. Refs.: 8 titles.

Keywords: mathematical model, computer viruses, topological specifics, heterogeneous
computer network.
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