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HarmioHanpHMI TEXHIYHUI YHIBEPCUTET YKpaiHH
«KwuiBcrkuit nomitexHiuauil iHCTUTYT iMeHi [rops Cikopchbkoro

METO/AU TA 3ACOBX MOIAEJTIOBAHHA PO3ITOBCIOAKEHHA
THOEKIIMHUX 3AXBOPIOBAHb

Y 0aniii pobomi suxnadeni pezyromamu wjo0o 0210y Memooie ma 3aco0ie MOOen08aHHsI OUHAMIKU PO3NO-
BCI00J#CeHHS THPEKYIUHUX 3AX80PIOGAHD.

byna 6ioiopana nimepamypa 3a memoio enidemionoeiunozo mooeniosanus y odxicepenax PubMed ma Google
Scholar 3a mezamu ’infection modeling’, 'disease modeling’, ’‘epidemiological modeling’, 'agent-based
model’, ’individual-based models’, ‘compartmental models’, 'epidemiology tools’, agent based modeling
tools’, ‘compartmental modeling tools’. 3anpononosani y nimepamypi memoou ma 3acobu 6ynu Kiacu@ikosari
30 MUNOM BUKOPUCIAHUX MOOeell Ha O8] Kame2opii: KOMNAPMMEHMHI Ma a2eHmui.

Komnapmmenmmui modeni 6ynu knacugixosani 3a munom, ceped axux oynu suoxpemieni mooeni SIR, SIS,
SEIR ma ix mooughixayii.

bynu npoananizosani npedcmasieni HaAyKosow CHIIbHOMOI 3acoOU ma IHCMPpYMenmu peanizayii Kom-
NAPMMEHMHUX MA A2eHMHUX MOOenell 3 Memoio OYIHKU SHYYKOCMI Ma 00CA2y MOJNCIUBOCHeEl, d MaAKoHiC 3
MEmMOK BUOKPeMIeHHs Ix nepesaz ma HedoniKie. AHANI3 NOKA3A8, HAAGHICMb 3HAYHOL KITbKOCHI NPOSPAMHUX
3aco06is peanizayii aeeHmHux mooenetl, ujo 003601510Mb 0080II SHYUKO ONUCYS8AmU Pi3HI cyeHapii ix noeedinKu
ma inmepaxyii, npome Maroyux CniibHUll HeOONIK — HeOOXIOHICMb 8I0 KOPUCMYBAYA B0L00IMU MIEI0 YU [HULOO
M06010 npoecpamysants. €Ounuil icmpymenm cepeod 3HaU0eHUxX, Wo He Nompedye 8i0 KOpUCmMysaud nepedosux
HABU4OK npozpamysanus — nram@popma NetLogo. Hamomicmsb 60na Haoae 61acHy npeomMemHo-opieHmo8any
MO8y NPOZPAMYBAHHS, 3a OONOMO20I0 SIKOI BUKOHYEmMbCA onuc azenmis. 1 xoua mooemosanns 6 NetLogo €
OOCMYNHIWUM OIS 3HAYHO OLILWIOT YACMKU OOCTIOHUKIB, 80HA 3HAYHO NPOSPAE THUUM NIOX00am 00 MOOeio-
6anHs y weuokoodii. Lleti haxm pobums it HenpuOamuoio 0Jist BUKOPUCMAHHSL Y PA3i 3HAYHOI KIIbKOCMI d2eHMIS.

LJooo npoepamuux iHcmpymenmis peanizayii Komnapmmenmuux mooenet, 6y10 npoananizogame cepeo-
osuwe Kendrick, wo exniouae @ cebe 00HOUMEHHY NPEOMEMHO-0OPIEHMOBAHY MOBY NPOSPAMYBAHHSL.

Buxoosuu 3 pezynvmamie nposedenozo aHanizy MONCHA 3pOOUMU HACMYNHI GUCHOBKU: A2eHmHi Modeni
CMPIMKO HAOUPAIOMb CE80I0 NONYISAPHICMb Y NOPIGHAHHI 3 KOMRAPMMEHMHUMU Yepe3 Oiibuly 00CmYnHiCmb
00UUCTIOBANILHUX PeCypPCie ma Oilbuly MOYHICMb, ceped NPeOCmMAasHUKIE8 NPOSPAMHUX ITHCMPYMEHMIE peanizayii
A2eHMHUX MOOeNell He ICHYIOMb Mi, W0 HA0amb NPOCMUlL iHmep@etic Kopucmysaia/npoepamHuil inmepgelc,
He 3A3HAI0YU NPU YbOMY SHAYHUX NPOOLeM 3 NPOOYKMUBHICHIO.

Knrouoei cnosa: enioemionozis, MoOeno8ants, deeHmu, a2eHmui MOOeii, KOMNAPMMEHMHI MOOei, MoOe-
JIOBAHHSL enioeMitl, IHpeKYiliHI 3aX80PIBAHHS, 3ACOOU MOOETIOBAHHSL.

IlocTanoBka mpodjemu. MopemoBaHHS Oyab-
SKUX SIBHII € HEBIATITHHOI YaCTHHOIO SIK Y TIPOIECi
NPOTHO3YBaHHs X mepediry, Tak i y IJIaHyBaHHI
cTparerii BIUIMBY Ha 1l sBuma. [laHgemis
COVID-19, cnpuunneHa xopoHasipycom SARS-
CoV-2[1, c. 536] moka3aia HEIiATOTOBICHICTE JIFOI-
CTBa IO Takux moOanpHuMX emimemii. HeBmami Tta
HECBOEYACHI cripoOu 60pOTHOH 3 1i PO3MOBCIOIKEH-
HSIM y M@XaX MICT, KpaiH Ta BChOTO CBITY IPU3BEIH SIK
JIO TIOTIPIICHHS EKOHOMIYHOTO W €I1i/IeMiOIOTIYHOTO
CTaHy OKpeMux KpaiH [2, c. 1], Ta 1 ICUXOIOTIYHOTO
crany HaceneHss [3, c. 1; 4, c. 1]. [lonpu 3HauHYy
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KUTBKICTh CIIPOO MOENIOBAHHS PO3TMOBCIOKEHHS
iHpeKIiHHNX 3aXBOPIOBaHb, OibIlIa YaCTHHA 3 HUX
Ma€ CXOXHH BUCHOBOK — CBO€YACHE BIPOBAKEHHSI
3aX0fiB OOpOTHOM 3 PO3MOBCIOMKCHHIM TaKHX
3aXBOPIOBaHb MPU3BOAUTEH JI0 YCIIIIHOTO <«3TJIa-
JOKYBaHHS KpPHBOI«JIWHaMIKH 3aXBOPIOBaHb, IO
Mae BHpilIallbHE 3Ha4eHHS y pa3i 0OMexeHOCTI
MeAWYHUX pecypciB. Tak sk  MareMarnyHe/
KOMIT FOTEpHE MOZCTIOBAHHS BIUIMBY TaKHX 3aXOiB
€ HalleQeKTHBHIIIMM METOJOM IOIIYKY ONTHMalb-
HOI cTpaTerii iX BIPOBAKCHHS, JIOCIIHKCHHS
y cdepi emigeMiorIoriYHOr0 MOJAETIOBAHHS € Haj-
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3BHYAIHO BaXXJIUBUMHU AJIs1 O0pOTHOU 3 MailOyTHIMH
emiieMisiMu.

3a ocTaHHI POKM CIIOCTEPIracThCsl 3HAYHE
301IBIIEHHS IHTEPECY [0 T IEMIONIOTIYHIX MOJIeNen
arceHTHOTO THITy, IO ITOKa3yIOTh OiBIIYy TOYHICTH
3a kiacuyHi Mopmem. Ilpum mpomy, ix peamizaitis
€ CKJIAJIHOI0 Yepe3 HeoOXiAHICTh MaTh 3HAYHI HABH-
YKH KOMIT IOTEPHOTO TIPOTpaMyBaHHS, IO MOXKE
OyTu mpoOIeMoro IS YacTKU JOCTITHUKIB y cdepi
eninemionorii.

AmHaJi3 icHyw4uX pimenb. Y gaHiii poOoTi mpes-
CTaBJICHUH OIVISIJ CY9aCHUX METOJIIB Ta IHCTPYMEHTIB
€Mi1eMi0IOTIYHOTO MOAETIOBAHHS 3 BHOKPEMIICHHIM
X mepeBar Ta HeJIOJIKIB.

3 MeTo MOMyKy JITepaTypd 3a O3HAYEeHOIO
MpenMeTHOI0  obmactio, Oyma  mpoaHadizoBaHa
OHJIAtH-0i0mioTeka HaykoBuUX pobitr PubMed Ta
Google Scholar. 3anuT Ha MOUIYK BHKOHYBAJIUCH
3a Teramu: “infection modeling’, *disease modeling’,
’epidemiological modeling’, ’agent-based model’,
’individual-based models’, ’compartmental models’,
’epidemiology tools’, ’agent based modeling tools’,
compartmental modeling tools’. Bbyna BuxoHana
kiacugikamis 3HalJeHnX poOIT 3a TUIIOM BUKOpPHUC-
TaHoi Mojienni. POOOTH Ha OCHOBI MoJieNnel KoMIapT-
MEHTHOTO THITy OyJIH PO3IiJieHI Ha TPYIH 3a THUIIOM
BHKOPUCTAHO! KOMIAPTMEHTHOI MOJIETI.

IlocranoBka 3aBnaHHs. OCHOBHMMHM 3aBJaH-
HSMHU JTaHOi poOOTH € aHami3 JiTeparypu y cdepi
€MiIeMiONOTIYHOTO MOJENIOBAHHS 3 LULII0 MOUIYKY
Ta BUOKPEMJICHHS OKPEMHX THIIIB BUKOPHCTaHHUX
SMiZIEMIOIOTTYHUX MOJIEJICH, 3aC00iB Ta IHCTPYMEH-
TiB MOJIETIOBAHHS, iX aHAJI3 i3 O3HAYEHHSAM TIepeBar
Ta HEJONIKIB; y3aralbHEHHS TI00ATBHOTO CTaHy Ta
BEKTOPY PO3BUTKY HAyKOBUX JIOCITI/DKCHb Y IaHid
00J1acTi Ha MOTOYHUN MOMEHT 4acy; BUHECEHHS MPo-
mo3arfii 1010 MOTCHIIHHO KOPUCHUX HAIPSIMKIB
JTOCITIKEHb.

Bukiaa ocHOBHOro marepiajy JOCTiIKeHHsI.
Cepen OKpecieHHX y 3HalIeHHX poOOTax METOIIB
MOZETIOBAHHS  PO3IMOBCIOMXEHHS  iH(EKIIHHNX
3aXBOPIOBaHb MOKHA BUIIUTUTH JIBI OCHOBHI TPYIIH:
METOOM Ha OCHOBI KOMIIQPTMEHTHHX MOJeNei
Ta Ha OCHOBI arcHTHWX. KokHa 3 Tpyn Mae 3Ha-
YHY KiIBKICTH TPEACTaBHUKIB, TOMY BOHH OYyIyTh
PO3IIISTHYTI OKPEMO.

Komnapmmenmni ~ mooeni.  KommapTMmeHTHi
Mozeni Oynu MepHIMMHU 3alpONOHOBAHI IS OIHCY
PO3MOBCIOMKYBAaHHS  1HQEKIIMHUX  3aXBOPIOBaHb
[3, ¢. 1]. LleHTpanbHOIO IOEEI0 IMHOTO TiAXOMY
€ PO3MOLT MOAEITFOBAHOTO HACENEHHS Ha TPYIH 3a
MIEBHOIO 03HAKOIO (HaiyacTime BChboro BAKOPUCTOBY-
€THCSI CTaH MPOTIKaHHA XBOPOOM), Ta OMHC AUHAMIKH

3MIHU KIUIBKOCTI TPEJCTABHUKIB KOXKHOI TpyIH
3 gacoM. Tak, kimacugHor € moxens SIR [5, c. 149;
6, c. 1; 7, c. 184] mo mepenbadae HaIBHICTH TPHOX
IpyII cepell MPeNCTaBHUKIB HAaCEJICHHS:

Susceptible (S) — rpyna, wienu sxoi He Oynu
iH}piKOBaHI Ta MOXYTh OyTH 1H(IKOBaHUMH y Maii-
OyTHBOMY;

Infectious (I) — rpyma, wieHnu sxoi Oynu iHdikoBaHi
Ta MOXYTh 1H(IKyBaTH MPEICTABHUKIB IpynH S;

Recovered/Removed (R) — rpyma, wieHu skoi
MepeHeC MOJICJIbOBaHE 3aXBOPIOBAHHS, HE MOXYTh
Oytn iH(]IKOBaHUMH TIOBTOPHO Ta HE MOXYTb
iHdikyBatn iHmUX. g rpyna mpezncrasise 4acTUHY
HaceJIeHHs, 0 Mpuadaia MOCTIHHWKA IMyHITET, ab0
rnoMepria.

VY pamkax mozemi SIR, koxHa rpyna posmisaa-
€TbCsl K (YHKUIS KiNBKOCTI MPEACTABHUKIB IIi€i
rpymu Bin uacy. Tak, S(¢), (), R(f) — KinmbKocTi
wieHiB rpyn S, I, R BiAmoBigHO OB’ A3aHI CHCTEMOIO
mudepeHITIHHNX PIBHSIHD:

as(t) _  BS(WIW)
aflty _ ssity

= ) )
dgt) = ’YI(t)

Jie f 1y — TEeMIT PO3MOBCIOMKCHHS Ta BlTHOBJICHHS
BiAMOBiIHO; N — 3arajbHa KUTBKICTh MPEIACTaBHUKIB
HaCeJCHHS.

Mogens SIR Oyna BUKOpHCTaHa AOCIITHUKAMHU
JUTSE MOJICITFOBAHHS IIIUPOKOTO CIEKTpa THQPEKIHHIX
3axBOpIOBaHb. Tak, aBropamu [8, ¢. 1] MogudikoBaHa
Bepcisa maHoi Moxeni Oyna BUKOPHUCTaHA I MOJIE-
moBaHHS po3noBciomkeHHss COVID-19 Tta anamizy
e(heKTUBHOCTI KapaHTHHHHAX 3aXOiB IMIONO HOro
oOMmexeHHsl. Moaudikamis monsraga y po30MTTI
3BHYHHMX TPyl HaceleHHs Ha miarpynu. [pyma I
Oynma po30uTa 3a 03HaKOW crocoly iH(iKyBaHHS Ta
TSOKKICTIO TIPOTIKaHHS 3aXBOPIOBaHHS, a 3 TPYIH
R Oyna BuaineHa okpema MiArpyma, MpenCcTaBHUKA
SIKOK0 MOTNIM iH(IKYBaTH IHIMMX, X04a i HE MaJH
CHUMIITOMIB.

Hnst MonenmoBaHHs iH(EKLil, IMyHITET A0 SKHX
HE € JIOBITOCTPOKOBHUM (HampHUKJIal TPUI, 3acTyaa),
BHKOPHUCTOBYETbCST Momenb SIS. 3 Hazeum Momerni
MOXHa OMITHTH, 110 Ipyna R 3amMiHIOETHCS IPyTIOF0
S, mo o3Havae, Mo iH(IKOBaHI y MUHYJIOMY Hpea-
CTaBHUKU MOJENLOBAHOI MOMYJISILIl Micsl OyKaHHS
MOXYTh OyTH iH(}piKoBaHi 3HOBY. DopmymtoBaHHS
MOJIeJNI MPECTaBIEHE CHCTEMOIO PIBHAHB 2.

ds(t BS(¢)I(t

d%;—ﬁﬂ)%;)+vﬂﬂ )
t t t

dat = N *Vl(t)

JIe TapaMeTpH y Ta ff aHajoriuni mozeni SIR.
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ABtopu [9, c. 1] 3anpomoHyBaqu pPEIIiTKOBY
mozenb SIS aast gocHimKeHHS BIUIMBY MPOCTOPO-
BOi KOH(irypaiii perioHiB AONIAY 3a XBOPUMH Ha
JUHAMIKY PO3MOBCIOMKEHHA 1H()EKIIHHOTO 3aXBO-
proBarHs. Y poboti [10, c. 1] momens SIS Oyna
BUKOPHUCTaHA AJISl MOJEIIOBAaHHS PO3MOBCIOMKEHHS
iH(EKIIMHNX 3aXBOPIOBaHb aBiapelcamH.

Xoua moneni SIR Ta SIS € goBouti mpocTuMu, BOHU
HE 3JaTHI TOYHO MOJCIIOBATH PO3MOBCIOIHKEHHS
iHQEeKIiHHNX 3axXBOpIOBaHb. Tak, 3 pIiBHAHHA |
BUHO, 110 TEMIIH PO3IIOBCIOMKECHHS Ta BiJHOBJICHHS
3aJUIIAIOTHECS HE3MIHHUMH NPOTITOM 4Yacy. ABTOPH
[11, c. 3279] noka3anu, mo ypaxyBaHHA f Ta y SIK
GyHKLIM Bix yacy H03BOJSIE OB TOYHO MOJAEIIO-
BaTH po3noBciomkeHns enigemii COVID-19.

VY OurbIIOCTi PO3MIIHYTUX POOIT, cami TpymnH
HAaceJIeHHS TAaKkoX 3a3HaloTh 3MiH. Tak 3Ha-
YHa YacThHa podiT BukopucToBye Mozaens SEIR,
0 BIAPIZHAETHCSA BiJl po3mIsiHYTOI Mojaenb SIR
JIOJIATKOBOIO KaTeropiero HaceleHHs — Exposed
(E). IlpeacraBHukm mi€i Tpymu BiApi3HAIOTHCS
Bil TPEACTaBHHKIB Tpymu | TUM, IO HE MAarTh
CHUMITOMIB MOJEJIbOBAHOI'O 3aXBOPIOBAaHHS Xoua i
Oynu indikoBani. Knacuune gpopmymntoBaHHs Moneni
SEIR mpencTaBiieHe CHCTEMOIO PiBHSHB 3.

as(t) _ _ BS()I(t)

dgt(t) _ ﬁs(t)%t) — oE(t)

a0 _ g ®)
S =oE(t) —~I(t)

W =1 (t)

ne f, y, 0 — TeMN pO3NMOBCIOIKEHHS, BiTHOBICHHS
Ta Tmepexony Bim crany E go [ BigmosigHO; N —
3arajabHa KUTbKICTh TPEACTaBHUKIB HACCIICHHSI.

Agropu [12, c. 1] Buxopuctanu moaudikoBaHy
Monens SEIR miist MomenroBaHHS PO3TOBCIOIKCHHS
COVID-19. Moaudikarris moisrae y po30oHuTTi Tpyu
IHa [, — acuMmniToMaTHIHUX 1H(IKOBaHUX Ta [ — CHMII-
TOMaTUYHUX 1H(IKOBAaHMX Ta ypaxXyBaHHI JAWHAMIKH
UX TPym OKpeMo. 3a JOMOMOrOK po3poOIeHOT
MoJieli Oyino o0uKciieHe 0a30Be PErpoaYIiiHE YUCIIO0
(Ry)[13, c. 813], Ta, OTprMaBIIN BETUYNHY PiBHY 2.3,
aBTOPH 3pOOMITH BUCHOBOK, 110 0€3 3aX0iB IPOTHIIT
naHgeMis He 3HUKHE. [IpoctopoBa momens SEIR Ha
OCHOBI rpadiB Oysia BUKOpPUCTaHA JAJIsl MOJICJIFOBAHHS
po3noBcromkerHs kokmomy [14, ¢, 120] y mrari
HebOpacka aBropamu [15, c. 388]. [locmigHuku
BHUKOHAJIM TIOPIBHSHHS TOYHOCTI MOJICTIOBAHHS PO3-
MOBCIOJDKEHHST I[hOTO 3aXBOPIOBAaHHS KIIACHYHOIO
momemro SEIR Ta mommdikoBaHO 1 TOMITHIIN
3HaYHE 3aBHINCHHS KIIbKOCTI XBOPHX, MPUTaAMaHHE
KJIACUYHIA MOJeNi, aje BiJICYTHE y pa3i BUKOPHC-
TaHHS MOAH(DIKOBAHOI.
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Mopnens SEIR Oyna BuKOpHCTaHa Ui MOJEIIO-
BaHH# po3noBcrompkeHHss COVID-19 y 6ararbox kpa-
fHax Ta perioHax ciry [16, ¢. 1160; 17,¢. 1; 18, ¢c. 1;
19,c.1;20,c.1].

Juis MonenroBaHHS TIEBHHX 3aXBOPIOBaHb MOXKE
OyTH BHKOPHCTaHa CIICIialIbHO aJalTOBaHa ITiJ 1
3aXBOpIOBaHHA Mojenb. Tak, aBropu [21, c. 743]
angantyBanu Mmonenb SEIR mig mexaHism po3mo-
BCIOKeHHs Bipycy 3ika [22, c. 601]. Po3pobnena
MOJIENTb OKpIM TPyT HacelleHHS ypaxoByBasa CTaHU
JKUTTEBOTO IMKITY KOMax, MO € PO3MOBCIOIKYBa-
yamu Bipycy. Posmmpena monens SEIR Oyna Buko-
pucTaHa [yl MOZAEJNOBAHHS po3noBcromkeHHs BLJI
[23, c. 1764] cepen roMOCeKCyalTbHUX YOJIOBIKIB, 110
€ 3HaYHOI0 TPYIIOI0 HOCIiB ITHOTO BIpyCY cepen Hace-
nenns KHP [24, c. 1].

OpmHAMU 3 4aCTO BUKOPHCTOBYBAaHUX MOAHQiKaIliif
monenmi SEIR, € mMozerni, 10 ypaxoBYIOThCS MPOLEC
BakiuHalii. Tak, nogiOHa Mozesb Oylia BUKOPUCTaHA
JUIS. OIIIHKU BIUIMBY BakKIMHYBaHHS Ha PO3IOBCIO-
mwxerass COVID-19 asropamu [25, c¢. 1], rpumy —
aBTopamu [26, c. 1].

Acenmni moodeni. 3a OCTaHHI pOKH cepen
MPEJICTABHUKIB HAYKOBOI CIUILHOTH CIIOCTEPITa€ThCs
301IBLICHHS] TOMYJSPHOCTI areHTHUX abo iHAu-
BiIyaTbHUX MOJIEJICH PO3MOBCIOKCHHS 1H(EKITIN-
HHAX 3axXBOproBaHb. L[i Momemi BiApI3HAIOTBCS BIf
KOMITAPTMEHTHUX THM, IO 3aMiCTh MOJIEITIOBAHHS
JUHAMIKY TI€BHOI TPYIMU TOMYJNSIii, PO3IISAa0Th
KOKHOTO 11 IpeAcTaBHHUKA (areHra) okpeMo. Takum
YUHOM, JUISI MOJIEJIeH areHTHOTO THITy XapaKTEPHOIO
€ MHOXHWHOIO IHIWBIAyyMiB (HaldJacrilie JIOneH,
X04a MOXKYTh OyTH MOIEILOBAaHI W IHII TpPEaCTaB-
HUKHA Oiocdepu, y pas3i Koiau BOHH OepyTh ydacTb
y TMpoleci po3MOBCIOMKEHHS 3aXBOPIOBAHHS), IO
MaloTh NMeBHUI Halip mapameTrpiB. ATEHTH MOXYTb
KOHTaKTyBaTH, iH(QIKYIOUH OJMH OTHOTO, TIPU3BOASTUH
JI0 PO3IMOBCIOMKEHHS 1H(EKITIHOTO 3aXBOPIOBAHHS.

OCHOBHAM CTPUMYIOYHM (PAKTOPOM PO3BUTKY
areHTHUX MOJeJel Yy MHUHYIOMY € 3Ha4HHH 00csT
00UYHUCITIOBAILHUX PECypCiB, HEOOX1THUX IS iX BUKO-
pucranHs. Tak, BUKOPHUCTaHHS MOZETI 3 KUIBKICTIO
areHTiB piBHOIO N Oyme BHMarard OOpaxyHKY
KOHTaKTiB Ha KOKHIH iTepartii, 1o 3HaYHO YCKIIATHIOE
MOJICITFOBAHHS BEIIMKUX HACEJIEHUX 00JIacTel peaib-
HOTO CBIiTY. | X04a 1151 O1liHKa MOXe OyTH 3MEHIIIEHA 32
JIOTIOMOTOF0 TIEBHUX ONTHMI3alIlii, peaizallis ix Oyme
BHMAratH BiJl JOCIIJHHKA HAaBUYOK Yy cepi mporpa-
MYyBaHHS Ta KOMII' FOTEPHHX HayK.

[Tompu Te, M0 areHTHI MO 3HAYHO CKJIAIHIIT
y peai3alii Hi>k KOMITApTMEHTH1, BOHHU 37[aTHI Mojie-
JIIOBaTH CKJIAJIHI CTOXaCTHYHI MPOLIECH, MPUTAMaHHI
CICHApiAM pEalbHOTO CBITY, IO pOOHUTH iX
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e(DeKTUBHIMIMMH 32 MOJIETI KOMIIAPTMEHTHOTO THITY
[27, c. 415, 28, c. 1].

SK 1 KOMIIAPTMEHTHI MOJENI, MOJIEN areHTHOTO
Ty Oy BUKOPUCTAHI MOCTIAHUKAMH JJISI MOJE-
JIIOBaHHS IIMPOKOTO CIIEKTpa CIIEHApiiB PO3MOBCIO-
JOKEHHS THQEKIIHHIX 3aXBOPIOBaHb, TAKUX SK: BiCTIH
y pasi 6iorepopuctuyHoi artaku [29, c. 1428], Tybep-
kynabo3y [30, c. 1538], nrammunoro rpumy (HS5NT1)
[31, c. 209], 3Buuaiinoro rpumy [32, ¢. 61], xopi
[33, c. 1], mamspii [34, c. 1], COVID-19 [35, c. 1352;
36,c.1;37,c. 1].

Agropu [35, c. 1352] BuUKOpUCTanM areHTHY
MOJIETb AJI MOJIETIOBaHHS PO3MOBCIOmKeHHS SARS-
CoV-2 cepen HaceneHHS ABCTpamii Ta 3pOOHIH
BHCHOBOK, III0 MOMPH JESKI CIIPOIICHHS MPUTaMaHH1
areHTHUM MOJEISIM, 1X €(EeKTUBHICTh JTO3BOJISIE
JIOCTaTHRO TOYHO MOJIEIOBATH PO3IIOBCIOIKEHHS
iH(peKmiifHNX 3axBoproBaHb. [lofiOHI BHCHOBKHU
3pobwnu ¥ aBropu [36, c. 1], m0 HOCHigMIN PO3-
noeciomkeHHs: COVID-19 y pa3i mepeOyBaHHS
areHTiB y MeXax CIUIBHOTO NMpHUMIIIeHHSI. ABTOpHU
[37, c. 1] mocainnmy BUKOPUCTAHHS areHTHUX MOJIe-
neit qist mogemtoBanHs COVID-19 cepen HaceneHHs
cronmui Komym6ii — micra Borora, Ta edexTuBHOCTI
KapaHTUHHUX 3ax0MiB. J[JIs MOIEIOBaHHS TIPOIIECY
MPOTiKaHHS 3aXBOPIOBAaHHS, Oyia BUKOPHUCTAaHA JIUC-
KkperuszoBaHa moneib SEI I -RMD, mo sBise co6oro
MonudikoBany momens SEIR. AHami3 YyTIHMBOCTI
MO/IeNi TTOKa3aB, o 3akpuTTsa 40% myOmigyHNX ycTa-
HOB TIpU3BEJIe 10 3HAYHOTO 3MEHIICHHS TEMITY PO3-
MTOBCEOJDKEHHS 3aXBOPIOBAHHS.

Astopu [34, c. 1] Bukopuctamu MoAu(DIKOBaHY
areHTHY MOJCNIb JUIA OMNKCY IIPOIECY PO3IMOBCIO-
JDKeHHSI Masipii. Mozens Oyia moOymoBaHa Ha OCHOBI
KIITACHYHOTO TAX0MY A0 MPOCTOPOBOTO MOJIETIOBAHHS
PO3MOBCIOKEHHS  1HQEKIIHHNX Mojeneld, TpoTe
y HpoLecC MOAENIOBAaHHS Oyiau JoAaHi Taki akTopu
SIK TeMITepaTypa HaBKOJIUIIIHLOTO CEPEIOBHIIA, OTIa/IN
Ta JJaHamadT. 3 NpeACTaBICHUX Pe3yJIbTaTiB OyB 3po-
OJICHMIT BUCHOBOK, 10 MOJIETh MA€ BUCOKHH CTYITiHb
Y3TODKEHOCTI 3 pealbHUMH  eITiIeMiONIOTIYHIMHA
JAaHWMU, 3HAYHy POJIb Y SKOMY T'pa€ ypaxyBaHHS
napaMeTpiB HaBKOJIUIITHBOTO CEPEAOBHIIA.

Y pobori [38, ¢. 1] DOCHiAHUKY 3a3HAYMIIH, IO
OUTBIITIICT, TIPENCTABICHUX B HAYKOBIH CIIIHHOTI
areHTHUX MOJeJNel MafoTh CIIBHUN HETOMIK — MPH-
MyIEeHHS, M0 PO3MOIT BPa3IMBHX 10 3aXBOPIO-
BaHHA AareHTiB € PIBHOMIpHUM. ABTOpHM 3aIpoIlo-
HYBaJId METPUKY JUIS OI[IHKUA CTYIEHS TPYITyBaHHS
Bpa3JIMBUX areHTiB y MeKaxX MPUMILIEHHS Ta, BUKO-
PHUCTABIIKM MOJENIb AareHTHOrO THITY, OTpPUMAJIU
pe3yIbTaTH, 110 CBiAYaTh PO Te, IO BUCOKHUHA PiBEHB
TPYIyBaHHS TPHU3BOIUTH N0 OLIBIIOTO0 3HAYEHHS

0a30BOr0 penpoAyKLiHHOTO YKcia, 10 Ma€ HeraTHB-
HUI BIUIMB Ha AMHAMIKY TIpOOiraHHs emijemii.

3HAUHOK TEepeBarold areHTHUX MOJIeNie Hajl
KOMITAPTMEHTHHUMH € X 3aTHICTh JO MOJIENIOBaHHS
Y paMKax MpUMIIIEHb, i TPOCTOPOBa iX KOH]Irypartis
rpae 3Ha4yHy poJib Y JUHaMiLi iHGiKyBaHHsS. ABTOpH
[39, c. 1] 3ampomoHyBaaM NPOCTOPOBY areHTHY
MoJIe b Ha OCHOBI rpadis, M0 MOXKe OYyTH BHKOpPHC-
TaHa JJI1 MOJCITIOBaHHS KOHTAaKTIB 3 1H(MIKOBAaHUMH
areHTaMH y MeXax CylepMapKeTy. ABTOPH BUKOPHC-
TajJd II0 MOJENh Ha CHHTETUYHOMY CylepMapKeTi
JUIS1 OLIIHKK TPUBAJIOCTI KOHTAKTY 3 iH(iKOBAaHUMHU Ta,
BIIMOBiTHO, IMOBIPHOCTI 1H(IKYBaHHS.

Astopowm [40, c. 463] areaTHa MOAEIb Oylla BUKO-
pHUCTaHa 71l MOJISIOBAHHSA PO3MOBCIOPKEHHS 3aXBO-
PIOBaHb, 110 TIepeIatoThCs KililaMu. byio 3a3aaveHo,
IO JMHAMIL] PO3MOBCIOKEHHS TAKUX 3aXBOPIOBAHb
XapaKTepHI CKJIaJHI CTOXAaCTUYHI MPOIECH, MOJIe-
JFOBAHHS SIKUX METOJOM KOMIIApTMEHTHHX MOJelei
Ma€ TMeBHI CKJIAJHOCTI. 3 OTPUMaHUX pe3ysbTaTiB OyB
3po0JIeHUH BUCHOBOK, ITI0 TIPH BUKOPHUCTAHHI y JaHiH
MIpeIMETHIH 00JIacTi, arTeHTHI MOJIEI MalOTh MEHIITY
CXWJIBHICT JI0 TIEPEOUTBIICHHS MIBUAKOCTI pPO3MO-
BCIOIDKCHHSI 3aXBOPIOBAHb.

Bucoka rHydKicTh, XapakTepHa areéHTHUM MOJie-
M, Mae cBoi Hemoimiku. Amtopu [41, c. 3071]
3a3HA4YMIIM, IO JJIS BUCOKOI TOYHOCTI MOJIEINIO-
BaHHS areHTHI MOJEIi MalTh TPOWTH Yepe3 Mporec
MPUCKITUIMBOTO KalliOpyBaHHS Ha pealbHHUX JaHHX.
Tak, 3 3ampONOHOBAHOI aBTOpaMH MOjei, OyB 3po-
OJIeHW# BUCHOBOK IIIO IIEPKBU MAIOTh 3HAYHU BILINB
Ha TIBUJKICTh PO3MOBCIOKEHHS 3aXBOPIOBaHHS. I,
y pasi SAKIIo JaTeHTHHUH 1epiox XBopoOr BHUIATae Ha
HEAUTI0 (KOJM 3HAYHA YacTHHA HaceleHHS BiJBinye
LIEPKBU), CIIiJl OYIKyBaTH 3HauyHe 3OLUIbIICHHS
BUMAAKIB iH(iKyBaHHs. Takox, aBTopamu OyJIu BUCY-
HYTa Ti1oTe3a, 10 MepIui iH(iKOBaHHI areHT TaKOX
Ma€ BIUTUB Ha MPOTIKAHHS eIiaeMii.

[lonpu Te, 1O areHTHUM MOIENSIM Xapak-
TepHa OiNbIIa TOYHICTH MPU MOJIEIIOBAHHI PO3IMO-
BCIOIDKEHHS 1H(QEKIIMHUX 3aXBOPIOBaHb, AaBTOPH
[42, c. 1] mopyminy nuTaHHs e()EKTHBHOCTI 3aX0/iB
MIPOTH/IIT IIHOMY TIPOIIECY, IO Oyu IPOTECTOBaHI Ha
areHTHUX MOoAeNsIX. AJke, Aoci He OyJIo IpUBEICHO
HISKHX JO0Ka3iB €(EeKTUBHOCTI TaKHX 3aXOMiB, IO
Hae Bcynepeu 3 MPUHLUUIIAMH JI0OKa30BOi MEIULIMHHU.
JOCHiTHUKKY TakoX 3ayBakKWiM, IO aBTOPU KOII-
HOT POOOTH 3 areHTHUX MOJEJICH B €IieMIoNorii He
JIOBEJIM BIZICYTHICTH (haKTOPiB, TPUTAMAHHUX Peallb-
HOMY CBITY, III0O MOXKYTh BIUIMHYTH Ha €EKTHBHICTH
TaKUX MOJIEJIEN.

Tlpoepamui 3acobu modentosans. OKpiM METOJIIB
MOJICJTIFOBAHHST ~ PO3MOBCIO/DKCHHS  TH(EKI[IHHIX
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3aXBOPIOBaHb, OyB BHKOHAHHMH MOIIYK MPOrPaMHUX
3aco0iB ix peamizamii. Jlami mpuBeAEHUH KOPOTKHIA
OTMC 3HAWJICHNUX 3aCO0iB.

Swarm [43, c¢. 1] aBnse coboro Habip OibmioTeK
IUISL MOBH TIporpaMyBaHHs Java. SIk ciimye 3 Ha3BH,
Moflenb c(opMynbOBaHa SK MHOXHHA AareHTiB,
II0 MOXYTb KOHTAKTyBaTd OAMH 3 OIHUM, pO3-
KJajJ oAl Ta OuHaMiKa eBOJIONII areHTiB. I xoda
JaHa TuiaTgopMa € JOCUTHh MOTYXXHOI Ta THYY-
KO0, HEOOX1AHICTH BOJIOMITH MOBOIO Java oOMexye
il BUKOPHUCTAHHS cepel emiaeMioNoriB. Swarm
Ma€ CBO€E IJ€OJIOTiYHE MPOJOBKEHHS — Ascape
[44, c. 212], mo Mmae gemio crpoileHul inTepdeiic
KOpPHCTyBa4a, Ta MEHII >KOPCTKI BUMOTH 0 PiBHS
BOJIOJIIHHS MOBOIO Java.

Repast [45, c. 1] — ocHOBaHMIT Ha MOBI TIPOTpaMy-
BaHHS Java makeT mporpam IS peaizallii areHTHIX
eMiIEMIONIOTIYHIX MOjIeNiell HaJa€ KOPUCTYBaueBi
mUpoKui Habip 3aco0iB aHAMITHKH iX pOOOTH.
[pore, sk 1 y Bunaaky 3 Swarm, norpedye HaBUIOK
NporpaMyBaHHS JIJIsl ONKCY MOBEIIHKH areHra, IIo
TaKOX JIMITy€ HOTO BUKOPUCTAHHSI.

NetLogo [46, c. 16] sBisie coboro mnardopMy s
OIMCY areHTHUX MOJEJeH, IO CKJIAJAEThCA 3 BOX
OCHOBHHUX KOMIIOHCHTIB:

e [IpenMeTHO-Opi€HTOBaHA MOBa IPOTpaMy-
BaHHS, 3a JOIOMOIOI SKOi 3IIMCHIOETHCS OIIMC
areHTiB, eBOJIOII] IX BHYTPIIIHIX CTaHiB, MOBEIIHKH,
IHTEpaKIIii OJTMH 3 OHUM;

e bi0nioTeka iIHCTPYMEHTIB aHAJIITHKH JUIsI BUKO-
HaHHS aHalli3y JAaHUX, OTPUMAHUX SIK pPe3yJbTar
MOJICTTFOBaHHSI.

MogensoBaHE CEPENOBHINE Ma€ IMPOCTOPOBY
CTPYKTYpPY Y BHUDISII KBaJpaTHOI CITKH, KOMipKH
SIKOT MOXKYTh OyTH 3aliHATI areHTaMH. ATeHTH 3JaTHi
nepeMillyBaTHCh MK KOMIpKaMd CiTKH Ta KOHTaK-
TYBaTH 3 areéHTaMH CYCIJHIX KOMIPOK BIJIIMOBIIHO JI0
OIMCaHHUX KOPHCTYBaueM IPABHUIL.

Ilpoctuit  rpadiuamii  iHTEepdehc  mO3BOIISIE
KOPHUCTYBa4deBi OMUCYBaTH CKJaaHi Moxeni [47, c. 1,
48, c. 1564], He mMarouu NpH LBOMY HAaBHYOK IIPO-
rpaMyBaHHA, a MIMPOKUH CHEKTP 3aC00iB aHATITHKH
JO3BOJISIE POOUTH TIMOOKWH aHami3 OTPUMaHUX
pEe3yNbTaTiB.

I xoua NetLogo mo3Bomse ommcyBaru mOBOJI
CKJIa/IHI ar€HTHI MOJIETI, ii THY4YKiCTh TATHE 32 CO0010
TOJIOBHUH 11 HEOTIK — MIBUIKICTH poOOTH. Y poOoTi
[49, c. 425] aBropu mokazanM, 10 4Yac OOpaxy-
BaHHS OJHI€l iTeparlii emieMioJoriYHOT MO,
peamnizoBanoi Ha NetLogo mporpae peamizaiii 3a
nmoriomoroto CYPB/] Oracle y 5-100 pasiB (3anexuts
BiJl KUTBKOCTI areHTiB Mojeni), mo poouts NetLogo
HETPUIATHOIO UISl OMUCY BENHMKHUX Moznesed. OkpiM
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IOT0, 3HAYHUM HezrolikoM NetLogo y BUKOpHCTaHHI
JUTSL SITiIEMIOJIOTIYHOTO MOJEIIOBAHHS € TPYTHOIIII
B OMHCY B3a€MOJii areHTiB, [0 HE pPO3TaIIOBaHi
Y CYCiIHIX KOMipKax cepeIoBHIIA.

Oxpemoi yBaru 3aciiyroBy€ MoBa Ta Iuiatdopma
s emigemionorivHux — pocaimkedb  Kendrick
[50, c. 1]. Bynyuu mpenMeTHO-OPi€EHTOBAHOIO MOBOIO
nporpamyBanns, Kendrick Hamae MOXIHBICTH
KOPUCTYBadeBi MOJIEIIOBATH TPOILEC PO3MOBCIO-
JOKEHHS 1HQEKIIHHUX 3aXBOPIOBAaHb BUKOPHCTO-
Bytoun abcTpakuii BHCOKOro piBHs. Takuii piBeHb
MOBHOI aOCTpaKIIii J103BOJISE IIBUIKO peaji30ByBaTu
MOJIeTIb, HE 3BEPTAI0YH YBaru Ha TOHKOCTI porpam-
HOI peamizallii YHCETbHUX METOIIB, XapaKTCPHUX
MPOrpaMHUM peai3allisiM KOMIApTMEHTHHX MOJe-
neii. Jlictunr nporpamu Ha MoBi Kendrick npexncras-
JIsi€ COOOI0 OMUC HACTYITHUX CYTHOCTEH:

e Mopgeni — omuc SIR-momibHUX Momeleit
JOCTIJIKYBaHHX 3aXBOPIOBAHb;

o Kommoswuriii Mmoneneii — KOMOiHAIliS OTIMCaHUX
BUIIIE MOJICIIEH;

e CreHapii — oITMC MOYaTKOBOTO CTaHy CUMYJISILIIT;

o Cumynsiis — onuc napaMmeTpiB CUMYJISALIT;

e Bisyanizamii — omnucyroTh Halip BHXIJIHUX
JIAaHUX Ta METOI iX TpadhiIHOTO MPeICTaBICHHS.

ABropamu po0oTH OyB IMOKa3aHWH MPOIIEC MOE-
JIIOBaHHS 3aXBOPIOBaHHS BipycoM kopy [51, c. 420]
Ta YMOBHOTO 3aXBOPIOBaHHsS 3 KOMaxaMH B SIKOCTI
HOCIiB Ta IBOMa BUIaMU Uy TIHBHX /IO 3aXBOPIOBAHHS
oprasi3miB 3a gonomororo MoBu Kendrick.

Bapro 3a3zHaunTtn, mo pobota [50, c. 1] € exuHOIO
CrpoOOI0 BUKOPUCTATH MPEAMETHO — OPIEHTOBAaHY
MOBY MOJEJIIOBAHHS [JIsl OMHCY PO3MOBCIOMKEHHS
iHQEeKIIMHNX  3aXBOPIOBAaHb CEpel  ONpalboBa-
HUX pOOIT. ABTOpH 3a3HAUWIIM, LI0 BHKOPHCTAHHS
MOmiOHUX MOB JUIS JaHOi TpeaMeTHOI 007acTi
€ TIEPCIIEKTUBHUM HaNpPSIMKOM JOCHIJDKCHHS, aJpKe
3BUIBHSE NOCHIIHUKIB Bix HEOOXITHOCTI BIIACHO-
py4 TporpaMyBaTH alTOPUTMHU YHCEITHHUX METOJIB,
IO JIeKaTh B OCHOBI KOMITAPTMEHTHUX MOJIEIIEH,
mo noTpedye 3HAYHMX HABUYOK MNpPOrpaMyBaHHS.
Takok, Takwii MiOXiA 3HAYHO 3MEHIINYE Yac IIpo-
rpaMHOi peaizamii Mojenel Ta 301IbITy€e MBHIKICTh
iTepyBaHHS y MPOIIECi JOCIiHKEHHS.

Agropu [50, c. 1] Takox 3a3HAUMIIM, IO BUKO-
pHUCTaHHSI MPEIMETHO-OPIEHTOBAHOT MOBH MOJIEITIO-
BaHHS € MMEPCIEKTHBHAM HAIPSIMKOM Y JOCHiHPKEHHI
1 areHTHUX MOJIEJIeH PO3TOBCIOMKEHHS 1HPEKITIHHIX
3aXBOPIOBaHb.

BucHoBkn. byna mnpoanamizoBana miteparypa
3 METOK) aHaJi3y METOJIB Ta 3acCO0iB MOJICITFOBAHHS
PO3MOBCIOMKEHHS 1HPEKIIMHUX 3aXBOPIOBaHb. byna
3HaWJeHa 3Ha4yHa KUIBKICTh POOIT MPHUCBIYECHUX
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K KOMIIAQPTMEHTHHMM, TaK W areHTHUM METOAaM,
a TakoK NpPOrpaMHHMM IHCTpyMEHTaM peaizamii
uX Mojelied. ATEHTHI MOjemi, MOMyJsSpHICTh
SIKUX 3a3HA€ PICT, TOKa3ajau cebe OULThIT ePeKTHB-
HAMH 32 KOMIITAPTMEHTHIi, X04a 1 OB BUMOTJIMBI
0 00CSTY JNOCTYIMHHX OOYHCIIOBANIBHUX PECYpCIB.
[IporpaMui 3acobu peamizalii areHTHUX MoJe-
JIE MaroTh CIIUIBHUM HENOJIIK — 3HAYHI BUMOLH
1IO/I0 HABMYOK NPOrpaMyBaHHS Yy KOPHCTyBaua,
mo oOMeXye TOTeHIIWHy aymutopito. [lmardopma
NetLogo, mo He 3a3Ha€ MBOTO HEMOJIKY OCKIIBKH
Mae mpoctuil rpadiuHmii iHTepderic, MICTHTH pPsiI

3HAYHMX MIpoOieM 31 mBHAKoAi€r0. byB 3Halinenuii Ta
MpoaHaji30BaHUi €IMHUH 3aci0 peanizaiii Kommnapr-
MeHTHUX Mozeneii — miatgopma Kendrick, 1o Buko-
PHCTOBYE CITEIIaJIbHO PO3POOIEHY MOBY MpOTpamy-
BaHHS IS ONKCY MOJIENel, Ta Ma€e JOCHUTh HH3BKI
BHMOTH JI0 HABUYOK MPOrpaMyBaHHS Y KOPHCTyBaya,
Ta JIONYCTUMUI PiBEHb MIBUIKOIII.

ATeHTHI Mojeli MalTh 3HA4YHI  IepeBaru
y TOpIBHSHHI 3  KOMIIAPTMEHTHHMH, TIPOTE
BIICYTHICTh IOCTYITHHX TWIPOTPaMHHUX 3aco0iB ix
peanizariii mokasye HeOOXiIHICTh Y AOCIIKEHHSX Ta
PO3po0OKax y ILOMY HAIPSIMKY.

Chucok aiteparypu:

1. Coronaviridae Study Group of the International Committee on Taxonomy of Viruses u ap. “The species
Severe acute respiratory syndrome-related coronavirus: classifying 2019-nCoV and naming it SARS-CoV-2«. B:
Nature microbiology 5.4 (2020), c. 536. doi: 10.1038/s41564-020-0695-z.

2. Raj Dandekar u George Barbastathis. “Quantifying the effect of quarantine control in Covid-19 infectious
spread using machine learning”. B: medRxiv (2020).

3. Fatma Altuntas u Mehmet Sahin Gok. “The effect of COVID-19 pandemic on domestic tourism: ADEMATEL
method analysis on quarantine decisions”. B: International Journal of Hospitality Management 92 (2021), c.
102719.

4. Yunhe Wang u mp. “The impact of quarantine on mental health status among general population in China
during the COVID-19 pandemic”. B: Molecular psychiatry (2021), c. 1-10.

5. David G Kendall. “Deterministic and stochastic epidemics in closed populations”. B: Contributions to
Biology and Problems of Health. University of California Press, 2020, c. 149-166.

6. Ross Beckley u ap. “Modeling epidemics with differential equations”. B: Tennessee State University Internal
Report (2013).

7. Tiberiu Harko, Francisco SN Lobo 1 MK Mak. “Exact analytical solutions of the Susceptible-Infected-
Recovered (SIR) epidemic model and of the SIR model with equal death and birth rates”. B: Applied Mathematics
and Computation 236 (2014), c. 184-194.

8. Konstantin S Sharov. “Creating and applying SIR modified compartmental model for calculation of COVID-
19 lockdown efficiency”. B: Chaos, Solitons & Fractals 141 (2020), c. 110295.

9. Shipeng Nie u Weide Li. “Using lattice SIS epidemiological model with clustered treatment to investigate
epidemic control”. B: Biosystems 191 (2020), c. 104119.

10. Alberto Ceria u np. “Modeling airport congestion contagion by heterogeneous SIS epidemic spreading on
airline networks”. B: Plos one 16.1 (2021), €0245043.

11. Yi-Cheng Chen u ap. “A time-dependent SIR model for COVID-19 with undetectable infected persons”.
B: IEEE Transactions on Network Science and Engineering 7.4 (2020), c. 3279-3294.

12. Samuel Mwalili u gp. “SEIR model for COVID-19 dynamics incorporating the environment and social
distancing”. B: BMC Research Notes 13.1 (2020), c. 1-5.

13. George Macdonald. “The analysis of equilibrium in malaria”. B: Tropical Disease Bulletin 49.9 (1952), c.
813-8209.

14. James D Cherry. “The history of pertussis (whooping cough); 1906-2015: facts, myths, and misconceptions”.
B: Current Epidemiology Reports 2.2 (2015), c. 120-130.

15. Kimia Ameri u Kathryn D Cooper. “A Network-Based compartmental model for the spread of whooping
cough in Nebraska”. B: AMIA Summits on Translational Science Proceedings 2019 (2019), c. 388.

16. Hee-Young Shin. “A multi-stage SEIR (D) model of the COVID-19 epidemic in Korea”. B: Annals of
Medicine 53.1 (2021), c¢. 1160-1170.

17. Suwardi Annas u zmp. “Stability analysis and numerical simulation of SEIR model for pandemic COVID-19
spread in Indonesia”. B: Chaos, Solitons & Fractals 139 (2020), c. 110072.

18. Zubair Ahmad u ap. “A report on COVID-19 epidemic in Pakistan using SEIR fractional model”. B:
Scientific Reports 10.1 (2020), c. 1-14.

19. Wenning Li u mp. “An evaluation of COVID-19 transmission control in Wenzhou using a modified SEIR
model”. B: Epidemiology & Infection 149 (2021).

105



Bueni sanucku THY imeni B.1. Bepnaacbkoro. Cepis: Texniuni Hayku

20. Michael W Levin, Mingfeng Shang u Raphael Stern. “Effects of short-term travel on COVID-19 spread:
A novel SEIR model and case study in Minnesota”. B: Plos one 16.1 (2021), e0245919.

21. Eva K Lee, Yifan Liu u Ferdinand H Pietz. “A compartmental model for Zika virus with dynamic human
and vector populations”. B: AMIA Annual Symposium Proceedings. T. 2016. American Medical Informatics
Association. 2016, c. 743.

22. Anthony S Fauci u David M Morens. “Zika virus in the Americas—yet another arbovirus threat”. B: New
England journal of medicine 374.7 (2016), c. 601-604.

23. Kent A Sepkowitz. “AIDS—the first 20 years”. B: New England Journal of Medicine 344.23 (2001), c.
1764-1772.

24.Z Lu u ap. “A mathematical model for HIV prevention and control among men who have sex with men in
China”. B: Epidemiology & Infection 148 (2020).

25. Ernesto P Esteban u Lusmeralis Almodovar-Abreu. “Assessing the impact of vaccination in a COVID-19
compartmental model”. B: Informatics in Medicine Unlocked 27 (2021), c. 100795.

26. JOzden O Dalglc u ap. “Deriving effective vaccine allocation strategies for pandemic influenza:
Comparison of an agent-based simulation and a compartmental model”. B: PloS one 12.2 (2017), ¢0172261.

27. Dirk Eisinger n Hans-Hermann Thulke. “Spatial pattern formation facilitates eradication of infectious
diseases”. B: The Journal of applied ecology 45.2 (2008), c. 415. doi: 10.1111/j.1365-2664.2007.01439 x.

28. Steven F Railsback u Volker Grimm. Agent-based and individual-based modeling: a practical introduction.
Princeton university press, 2019.

29. M Elizabeth Halloran u ap. “Containing bioterrorist smallpox”. B: Science 298.5597 (2002), ¢. 1428-1432.

30. Megan Murray. “Determinants of cluster distribution in the molecular epidemiology of tuberculosis”. B:
Proceedings of the National Academy of Sciences 99.3 (2002), c. 1538-1543.

31. Neil M Ferguson u ap. “Strategies for containing an emerging influenza pandemic in Southeast Asia”. B:
Nature 437.7056 (2005), c. 209-214.

32. Philip Cooley u np. “Protecting health care workers: a pandemic simulation based on Allegheny County”.
B: Influenza and other respiratory viruses 4.2 (2010), c. 61-72.

33. Wayne TA Enanoria u ap. “The effect of contact investigations and public health interventions in the
control and prevention of measles transmission: A simulation study”. B: PloS one 11.12 (2016), e0167160.

34. Md Zahangir Alam u ap. “A spatial agent-based model of Anopheles vagus for malaria epidemiology:
examining the impact of vector control interventions”. B: Malaria journal 16.1 (2017), c. 1-20.

35. Mariusz Maziarz u Martin Zach. “Agent-based modelling for SARS-CoV-2 epidemic prediction and
intervention assessment: A methodological appraisal”. B: Journal of Evaluation in Clinical Practice 26.5 (2020),
c. 1352-1360.

36. Erik Cuevas. “An agent-based model to evaluate the COVID-19 transmission risks in facilities”. B:
Computers in biology and medicine 121 (2020), c. 103827.

37. Jonatan Gomez u np. “INFEKTA-An agent-based model for transmission of infectious diseases: The
COVID-19 case in Bogot/la, Colombia”. B: PloS one 16.2 (2021), €0245787.

38. Elise Kuylen u ap. “Clustering of susceptible individuals within households can drive measles outbreaks:
an individual-based model exploration”. B: Scientific reports 10.1 (2020), c. 1-12.

39. Fabian Ying u Neave O’Clery. “Modelling COVID-19 transmission in supermarkets using an agent-based
model”. B: Plos one 16.4 (2021), e0249821.

40. Holly Gaff. “Preliminary analysis of an agent-based model for a tick-borne disease”. B: Mathematical
Biosciences and Engineering 8.2 (2011).

41. Lisa Sattenspiel, Jessica Dimka u Carolyn Orbann. “Using cultural, historical, and epidemiological data
to inform, calibrate, and verify model structures in agent-based simulations”. B: Mathematical Biosciences and
Engineering 16.4 (2019), c¢. 3071-3093.

42. Mariusz Maziarz u Martin Zach. “Assessing the quality of evidence from epidemiological agent-based
models for the COVID-19 pandemic”. B: History and Philosophy of the Life Sciences 43.1 (2021), c. 1-4.

43. Swarm. 2021. url: http://www.swarm.org/wiki/Main_Page.

44. Padmavathi Patlolla u ap. “Agent-based simulation tools in computational epidemiology”. B: International
Workshop on Innovative Internet Community Systems. Springer. 2004, ¢. 212-223.

45. Repast. 2021. url: https://repast.github.io/.

46. Seth Tisue u Uri Wilensky. “Netlogo: A simple environment for modeling complexity”. B: International
conference on complex systems. T. 21. Boston, MA. 2004, c. 16-21.

106 Tom 33 (72) N2 2 2022



InpopmaTuKa, 06uKCII0BAIbHA TEXHIKA Ta aBTOMAaTH3aLlis

47. Supercomputing Challenge u ap. “Epidemiology model of Covid-19”. B: — (2021).

48. Clara Prats u ap. “Individual-based modeling of tuberculosis in a user-friendly interface: understanding
the epidemiological role of population heterogeneity in a city”. B: Frontiers in microbiology 6 (2016), c. 1564.

49. KK Avilov u O Yu Solovey. “Institute of numerical mathematics of Russian Academy of Sciences Moscow
Institute of Physics and Technology (State University)”. B: ().

50. Mai Anh BUI T u gp. “The Kendrick modelling platform: language abstractions and tools for epidemiology”.
B: BMC bioinformatics 20.1 (2019), c. 1-13.

51. Fiona M Guerra u ap. “The basic reproduction number (R0) of measles: a systematic review”. B: The
Lancet Infectious Diseases 17.12 (2017), e420—e428.

Sarnatskyi V.V., Baklan .V. METHODS AND TOOLS FOR MODELING THE SPREAD
OF INFECTIOUS DISEASES

This paper presents the results of a review of methods and tools for modeling the dynamics of the spread of
infectious diseases.

The literature on epidemiological modeling in PubMed and Google Scholar was selected under the tags'
infection modeling '," disease modeling ',' epidemiological modeling ',' agent-based model '," individual-based
models', 'compartmental models'," epidemiology tools’, 'agent-based modeling tools',' compartmental modeling
tools'. The methods and tools proposed in the literature were classified according to the type of models used
into two categories: compartmental and agent-based.

Compartment models were classified by type, among which the SIR, SIS, SEIR models and their modifications
were singled out.

The tools presented by the scientific community for the implementation of compartmental and agent-based
models were analyzed in order to assess the flexibility and scope of posibilities, as well as to highlight their
advantages and disadvantages. The analysis showed the presence of a significant number of software tools
for implementing agent-based models, which allow to flexibly describe different scenarios of their behavior
and interaction, but have one aspect in common — the need for the user to know a programming language.
The only tool found that does not require the user to have advanced programming skills is the NetLogo
platform. Instead, it provides its own domain-specific programming language, which is used to describe
agents. And while modeling in NetLogo is more accessible to a much larger proportion of researchers, it lags
far behind other approaches to modeling in performance. This fact makes it unusable in the case of a large
number of agents.

Regarding the software tools for the implementation of compartmental models, the Kendrick environment
was analyzed, which includes the domain-specific programming language of the same name.

Based on the results of the analysis, the following conclusions can be drawn: agent models are rapidly
gaining in popularity compared to compartment models due to greater availability of computing resources
and greater accuracy, Among the representatives of software tools for implementing agent models, there
are no ones that provide a simple user interface / software interface, without experiencing significant
performance issues.

Key words: epidemiology, modeling, agents, agent models, compartment models, epidemic modeling,
infectious diseases, modeling tools.
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