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JIOCJIJUKEHHS )KUTTEBOIO LUKJTY
KOMIT'FOTEPHUX BIPYCIB

B pooti nocaimkyerbess JMHAMIKA SKUTTEBOIO HHKIY KOMII'IOTEPHHUX
BipyciB, IKa ONUCY€THCS CHCTEMaMH 3 MiCJasAi€l0.

Kurouosi cioBa: SIR, inxybayiiinuii nepioo, anmugipyc, 3aniznio8anus, memoo
KpOKIs6.

B pa60Te uccjaeayercss AMHAMHUKA JKU3HEHHOI0 INHUKJ/Ia KOMIBIOTEPHBIX
BHPYCOB, KOTOpas ONMUCHIBACTCH CUCTEMAaMMU C nocJieeiicTBHEM.

KiroueBbie cnoBa: SIR, unxkybayuonuviii nepuoo, aHmusupyc, 3anasoviéaue,
Memoo uazos.

This article is devoted to the research of the dynamics of the spread of
computer viruses in the network. The model, which is considered in the article,
is based on the SIR model, which was proposed by Kermack W. and O.
McKendrick A.G. In accordance with this model, individuals are divided into
three groups: susceptible, infected, and cured. Individuals move from the first
group to the second, and from the second to the third. The total number of
individuals remains constant over time. The changes in individuals in groups
are described by a system of three differential equations. In the equations, there
are coefficients that are associated with the rate of infection and the rate of
treatment. The total rate of change in the number of individuals in the three
groups is zero. In this article, a modification of the SIR model was made. In
each equation was introduced deviating argument. The deviating argument
mathematically expresses the impact of the aftereffect of the processes of
infection and treatment. The impact of deviating argument on the dynamics of
the spread of computer viruses in the network is considered in the work.
Systems of three and of two equations are considered for different values of the
deviating argument. The initial problems for these systems with the help of
analytical methods are reduced to Cauchy problems, which are solved by
numerical methods using a fourth-order Runge-Kutta algorithm. The results
are presented in the form of graphs that express the dependence of the number
of computers on time. The article analyzes the results obtained and makes
conclusions. These studies are new and relevant now and can be used in
subsequent studies of computer viruses. The model can be modified and
improved. The article may be of interest to specialists who are engaged in
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research in the field of computer technology, as well as mathematicians who are
engaged in the construction and research of mathematical models.

Keywords: SIR, incubation period, antivirus, delay, step s method.

Beryn. ¥V Ham wac miobanbHOIO cTanma IpobieMa  3apajkeHHS
KOMIT'IOTEPIiB XaKepChKUMH, (IIIMHIOBUMH IIpOrpaMaMH Ta BipyCamH.
Boepertucst Big mboro CkiajHO HaBiTh npodeciiiHomy kopuctysady [1K,
HaBiTh 3 HalicyyacHIIMM aHTUBipycoM. Hampukian, nuine MUHYIOTO POKY
3’SIBIJIOCS JIBa TIIOOANIBHUX KOMIT 0TepHUX Bipycn WannaCry Ta Xdata. V
3B’SI3Ky 3 IUM JOCIHIJKCHHSI JHHAMIKH PO3IOCIOMKEHHS KOMIT IOTEPHUX
BipyCiB Y MEPEXKi € Iy’Ke KOPUCHAM Ta aKTyaJlbHUM.

AHnaniz  Jgireparypuux ganux. Illupokoro momymspHICTIO B
MaTeMaTUIHOMY MOJEIIOBaHHI emifgeMiii KopucTtyetbest pobdorta [1]. Lls
MOJIENTb BBAYKAETHCSI Y3araJIbHEHOIO, OCKUIBKH MiAXiJ M0 MOJCIIOBaHHSA,
SIKMH 3aIpOTIOHYBAJIM aBTOPH, BUKOPHCTOBYETHCS i CHOTOJTHI.

OpnHak, 3’sIBrnCst O11bII CydacHi poOOTH, SIKI TaKOX OIHCYIOTH IPOLEC
MOJIEJTIOBAaHHSI XBOPOO Ta emigeMill, IpudoMy B cucteMy AudepeHmiatbHuX
PIBHSIHB BBOJIUTHCS BIIXWIICHHS apryMeHTY, Hanpukiazi, [2] ta [3].

IMocranoBka 3agaui. B ocHOBY mocuimxkenHs Oymo B3sito SIR-monens
Kermack and McKendrick [1], B skiif momymsmis iHOUBiAiB (Y HAIIOMY
BHITAJIKy — Mepeka KOMIT FOTEepiB) PO3/IiieHa Ha NEKiIbKa TPy

rpyna cnpusAiITAMBHUX iHAMBIAIB: S(t) — dymmBiI iHAMBIIH, B TIEBHHI
MOMEHT 4acy MOXXYTb 3aXBOPITH;

rpyna indikoBanux inwauBigiB: I1(t) — 3apaxenHi, BOHW 37aTHI
nepenaBaTy iHQEKIiIo CIPUATINBUM 110 Hel IHIUBIIaM;

rpyna pe3ucTeHTHHX iHaMBiAiB: R(t) — e MoXxXyTh OyTH iHIMBIAN, SIKi
TIEpEeXBOPIIM Ta HAOYIM IMYHITETY 10 XBOPOOM ab0 1HIMBIIM HECTIPUSTINBI
1o indexkuii. Bonn He 31aTHi nepenaBati XBopoOy iHIINM Ta XBOPITH 3HOBY.

B 1iit po6oti Oyi1o mocTaBIeHO 32 METY TPOJOBKHUTH JOCIIIKCHHS, SKi
MIPOBOJMIINCEH paHimie [5], Ta JOCTIIUTH 3aJICKHICTh MPOXOKCHHS eITieMil
BiZ 1HKyOaliifHOTO Tmiepiomxy 3apakeHHS ¥ dYacy 1ii aHTHBipycy Ta
CIIBBiTHOIIECHHS MK HIMH.

OcHoBHuii MarepiaJj. byno po3pobneHo mporpamy, sika Oymye rpadikm,
10 BiTOOpaxaroTh KUTTEBUN IUKIT BIpyCiB TI0 TPpyHax KOMII IOTEPiB, 3 SIKUX
MOXKHa TMOOAYUTH ITOYATKOBI KUTBKOCTI KOMIT'IOTEPIB y Tpylax Ta IXHIO
3MiHY i3 9aCOM TIiJl BILTABOM BipyCiB.

PosrnsHEMO Momenb 3 «iHKyOaliiHAM IepioJloM» Ha JBOX Tpymax
iHAMBINIB, KA OMUCYETHCS TaKOK CHUCTEMOIO 3 JIBOX IU(pEPCHINATBHIX
PIBHSHB!
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By AN s it of)

d N
% - M — At —(t) - (¢ - =(t)),

ne [ — dactota 3apakeHHs, Y — CEpelHs TPUBAIICTh Ail aHTHBIPYCHOI
nporpam, /L — Koe(ilieHT BIXKUBAHHSL.

MopundikyeMo IF0 MOAETb, a caMe OymeMO BBaXKaTH, IO BEIUYHMHA
3ali3HIOBAaHHS, IO BIANOBiZae iHKyOaliifHOMY Mepioxy, Yy 3arajibHOMY
BUMAJKy HE JOPIBHIOE BCIWYHMHI 3alli3HIOBAHHS, IO BiAmoBimae mii
aHTUBIpycHOI nmporpamu. OTPUMAEMO TaKy MOJIENb:

@5 _M-ﬂm(f—rz@»

% :M—ﬂ(r —22(0)- (=71 0))

B miii moneni masemi 2 THmM BimxwieHs: 7)(f) — BimxwieHHs, sKe
IHTepIpeTyeThCs, K iHKyOauiifHuil nepiox Bipycy, 77 (t) — BIIXWJICHHS, LII0

CTOCY€ThCSI pOOOTH aHTUBIPYCHOI mporpamu. Po3riisHeMo, K 3MIHIOETHCS
IUHAMiKa PO3IIOBCIOKCHHS BipyCy y BUIIAIKaX, KON

D al)>o2();
2) n()=220):
3) r()<r2l).
Bubepemo Taki napamerpu:
B =0.04,y =0.008,5(0) =1000,7(0) =0
Posrnanemo Bunanok, komu 7; =20, 7,=5
OTpuMaeMo Taki pe3ylIbTarTy, sK I0Ka3aHo Ha puC. 1.
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I 1 - pesncrenTHi
I 2 - indicoBani

Pucynok 1 — 3anexHicTb KilbKOCTi cIpHITHATIIMBUX Ta iHdikoBaHUX
By3ais Bin wacy is 7, =20, 7,=5
3minumo Bemmuuny. Hexall 7, =20, 7,=5
OTpuUMaEMO Taki pe3ylbTaTy, K Ha puc.2.

I | - pesucrenTHL
I 2 - indikosani

Pucynok 2 — 3anexHicTh KiTbKOCTI cIpHITHATIIMBUX Ta iHdikoBaHUX

By3.iB Bin wacy i3 71=20, 7, =20

3H0BY 3MiHMMO Benmuuny. Hexait 7, =15, 7, =20

UncenbHH pO3B’30K y TAKOMY BHIAJIKY Oy/e TaKMM, SIK IPEICTABICHO
Ha puc. 3.

33



ISSN 2312-119X. AKTYAJIbHI [IPOBJIEMU ABTOMATH3ALIIT TA IHOOPMAILIHMX TEXHOJIOTTI. Tom 22. 2018

I 1 - pesncrenTHi
1 I 2 - indikosani
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Pucynok 3 — 3asexHicTb KiJIbKOCTI cIpHITHATIIMBUX Ta iHdikoBaHHUX

By3uiB Bix wacy i3 7, =5, 7, =20

Po3missHEMO Takok MOAENb 3 TPHOX MU(PCPCHINATBHUX PIiBHSIHB, SKa
BiJIPi3HSIETHCS BiJ TMOMEPEIHBOI THM, IIO0 BOHA MICTHUTH II¢ ¥ IIBUAKICTH
3MiHH KiJJbKOCTI PE3UCTEHTHUX 1HAMBIAIB Ta THUM, IO 3aMi3HEHHS BBEICHO i
B 1HIIII BEJIMYHHU.

dflgt) - Blt-7 (2)50 —71(1)) +u(N(t—71(2) - S(t - 71 (2)))
dfj Et) _pilt—7 (t])\)/S(t -71(t) At =12(0) - (e = 71 (1))
df;_@ (= )+ (e =11 (1)

B wiii Mozieni 3HOBY K TakH HasiBHI 2 TUIH BiJIXHJICHb.
Sk 1 B momepeaHbOMY BHUIMAJKY, 3pOOMMO IOCIIIDKEHHS 3aJIeXKHOCTI

JMHAMIKM IPOXOJDKEHHS eIieMii Bil BENMYUH 7, Ta 7,
Bubepemo Taki mapameTpu:
B =0.04,7 =0.008,5(0) =900, 7(0) =100 .
Posrsanemo Bunanox, komu 7; = 20, 7, =35
OTprMaeMo Taki pe3yabTaTH:
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Pucynok 4 — 3ajexHicTb KiJIbKOCTi cIPHITHATIIMBUX Ta iHdikoBaHHUX
By3J1iB Bix yacy i3 71=20, 7p=5

3minnmo Benmuuny. Hexait 7, =20, 7,=5
OTpuMaeMo pe3ynbTar sK Ha pHc. 5.
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Pucynok 5 — 3ajexkHicTb KiJIbKOCTI cIpHITHATIIMBUX Ta iHdikoBaHHUX
By3JiB Bix vacy i3 71=20, 79 =20
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3HoBY 3MmiEmMO BenumumHM. Hexaét 7,= 5, 7,= 20 YucenpHuii
PO3B’A30K y TAaKOMY BHIIJIKy OyIe TaKuM, sSIK Ha puc. 6.
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Pucynok 6 — 3aje:kHicTh KiTbKOCTI CIPHITHATINBHX Ta
indikoBanux By3Juis Bix vacy iz 7,=5, 7,=20

Takum umHOM, MM 0aunMo, O edeKTH Mmichasaii mpouecy 3apakeHHS
BIpyCOM Ta JIIKyBaHHS AaHTHBIDYCOM Ma€ pi3HMH BIUIMB Ha JHHAMIKY
PO3HOBCIODKEHHS BIPYCY 3aJIEAKHO BiJl TOTO, SIK BEIMYUHY 3alli3HEHHS 7] ()
Ta7)(t), AKUMH 1 XapaKTepU3yeTbCcsi e e(eKT, CIiBBITHOCITHCS MiX
coboro. V Bumanky, ko 71(¢)>172(f), rpadix sanesxmocti 3apakenmx
KOMII IOTEpIiB He JI0CATa€ TAKOTO IiKY, K Y BUIAJKY, KO 7] (t) <7y (t)
Are cnmij 3a3HauYMTH, IO 3arajbHa TEHJCHLIS MPOXOPKCHHS emijeMii
3aJIUIIAETHCS TAKOIO XK.

BucnoBku. Y poGori Oyno mnpoBeaeHe MOCHIKEHHs JAWHAMIKA
PO3MOBCIO/KEHHSI  KOMIT FOTEPHUX  BIpYCiB, OyJO pO3MISHYTO 3MiHY
XapakTepy MPOXOKCHHS eImiJeMil MpH Pi3HUX 3HAYCHHAX 3aIi3HIOBAHHS.

Byno BcTaHOBIEHO, IO YMM MEHIIE 3HAYESHHS 3aIli3HIOBAHHS, THM MEHII
AKTUBHO MPOXOIUTH IIPOIIEC 3apakeHHs BIpyCOM CHCTEMHU.
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