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3AT'AJIBHA XAPAKTEPUCTHUKA POBOTH

AKTyaJbHicTh TeMH. [IuTaHHsIM poO3pOOKM I1HTENEKTyaJlIbHUX MPOOIEMHO-
OpPIEHTOBAHUX CUCTEM Ta iX 3aCTOCYBaHHS y MOMYJISAIIAHOT JUHAMIKM TIPUCBSYEHI CY-
gacHi poOOTH 0araTh0X BUCHHMX. YTIPaBIIHHS €MiJEMIYHUM MPOIECOM CHUCTEM IOIy-
JSALIMHOT TMHAMIKH € BaXXKJIMBOIO YacTHHY Li€l rany3i. HallBaxIuBIIIUM 1HCTpYMEH-
TOM BUBYEHHS LIUX CUCTEM € aJIeKBaTHI MaTEMaTU4YH1 MOJIENI IPOTHO3yBaHHS PO3IO-
BCIOJDKEHHS JTMHAMIKU €MiZIeMIiYHOro mporecy. Jlo TenepiumHboro 4acy CTBOPEHO
3HAYHY KUIBKICTh TaKMX TEOPETHMYHO OOIPYHTOBAHMX MOJENEH MOMYJSIINHOI AUHA-
Miki. BoHU cniMparoThCcsi HA MaTeMaTUYHUMN anapar CTAaTUCTHKU Ta T€Oopii HMOBIPHO-
CTi. 3araJlbHUM HENIOJIIKOM 1ICHYIOUHX MOJIEJIeH € Te, 10 BOHU HE MPUIIMAIOTh 10 yBa-
ru 6arathoX (paKTopiB, MO BIUTMBAIOTH HA JUHAMIKY €ITiIEMIYHOTO TIPOIIECY.

OpHi€r0 3 OCHOBHUX NPOOJIEM €MiIEMIYHOIO MPOLIECY B CUCTEMAX MOMYJISALIMHOI
JTMHAMIKUA € CTOXAaCTUYHUN XapakTep Moro moBeAIHKU. TaKoK B ICHYIOUHUX MOJEISAX
HE BpPaxOBYIOThCSI OCOOJMBOCTI BHYTPIIIHBOI MOBEAIHKM MOMYJIALIL, OI[IHKA 30BHIII-
HBOT'O cepefoBHUIa O0'€eKTaMH, JIOTIYHA TOBEAIHKA €K3eMIUIApiB mnomyisuii. [lpu
aHaJji31 emiIeMigYHOro MPOIleCy, Ha BIAMIHY Bl MOBEIIHKHA CUCTEM IOIMYISAIIHHOL q1-
HaMiKH, JOCTITHUKY IIKaBHH JIMIIIE OJWH IHUKJ «EHiaeMis-Criaay), TOMY IO MMOJ1ajlb-
UM PO3BUTOK JUHAMIKA MO’KE€ 3HAYHO 3MIHIOBATHCS B 3aJIe’KHOCTI BiJ HACIIJKIB
eMiIeMIYHOI MOBEIIHKHU, a TAKOXK BJ)KUTHX 30BHIINIHIX BILIMBIB.

Takum 4MHOM, HAYKOBO-NPUKJIAJHA 3aJa4a PO3pOOKH IHTENEKTyalIbHUX MY-
JHTUATCHTHUX TEXHOJIOT1M B AMHAMIYHUX CUCTEMAX 3 CIiIEMIYHUM XapaKTEepPOM € aK-
TyasibHOMW. [le m03BONMHMTH BpaxyBaTu 0a3u 3HAHb areHTIB, X KOMYHIKaIlli, a TaKOX
YHUKHYTH YCKJIaJHEHHS aHali3y MO BIAHOLIEHHIO 10 MOMYJSUIHHOI JUHAMIKH, MOB's-
3aHUM 3 TOBEAIHKOIO areHTiB, CXO0XOI0 3 PEAIbHHMMH CHCTEMaMH 1 iX MPUUHATTIM
pilIEeHb.

3B'A30K po00OTH 3 HAYKOBMMH NpOrpamMamMu, IUVIaHaAMH, TeMamMH. [{ucepra-
1iliHa poOOTa BUKOHAHA B pamkax AepxkOromxetHux HIP: «Mertonosnoriuybe 3a0e3-
MEYCHHS MiATOTOBKHM Ta YIPABIIHHSA KOMIUIEKCHUMH MPOEKTaMU PO3BUTKY MiIMPH-
€MCTB MaIMHOOYAIBHOI Ta TpaHcmopTHOI ramyseit» (P Ne 0108U011072); «Enep-
roeeKTUBHI Ta pecypco3depiraroui TEXHOJOTIi Ta 3ac00M BUMIPIOBAaHHS, MEPETBO-
PEHHSI 1 BUKOPUCTAHHS €HEPTrOHOCIIB JIITAJHUX arapariB 1 MaJMBHO-CHEPTETUIHUX
koMmruiekciBy (AP Ne 0109U001089); «Metomomnoris NPOEKTyBaHHS €JIEMEHTIB Ta
1H(MOpMaIITHO-BUMIPIOBAILHUX CHUCTEM KOHTPOJIIO MapaMeTpiB aBialliiHUX JIBUTYHIB
1 MPOMUCIIOBUX TMaMBHO-eHepreTnyHuXx KomruiekciBy (JIP Ne 0111U001072); «Po3-
pOOUTH HAYKOBO OOIPYHTOBAHY TEXHOJIOTIIO TIPOBEICHHS €I1i/IEMi0JIOTIYHOTO HATJIs-
Iy Ta IPOTHO3YBaHHS €MiAEMIYHOr0 NPOLECy MNP BipyCHUX 1H(MEKIISX B yMOBaX Ba-
KIIMHOMPO(P1IaKTUKH 3 BUKOPHUCTAaHHAM 1H(popMaIiitHuX TEXHOJIOT1i1»
(AP Ne 0112U002380); «MeToA0I0Tisl  YAOCKOHAJICHHS MPOMHUCIOBUX MaJUBHO-
€HEePreTHYHUX KOMIUIEKCIB 1 aBlallliHUX JIBUTYHIB 3 BUKOPUCTaHHS 1H(GOpMAaIliitHO-
BUMIPIOBAJIbHUX CHUCTEM MOHITOPUHIY 3MIHHUX CTaHIB B yMOBaX HEBHM3HAYEHOCTI
BxiHuX AaHux» ([P Ne 0115U000838). B pamkax 3azHauenux HJIP 3100yBau OyB
BUKOHABIEM 1 iM po3po0ieHi MeToau ineHTudikaiii 00'€KTiB MyJIbTHAr€HTHUX CHC-
TEM, 3aCHOBaH1 Ha 1HTEJIEKTYyaIbHIi B3a€MO/II1 areHTIB 1 YaCTKOBIN CIIOCTEPEkKYBAHO-



CTI1 CBITY.

Merta i 3aBAaHHs qUCEPTAMIAHOIO A0CTiIKeHHA. METOI0 TUCepTaIlitHol po-
O0TH € CTBOPEHHS Ta JOCTIKEHHS 1IHTEICKTYalIbHOI CUCTEMH MIATPUMKH TPUHHSATTS
pillieHb JUIsi OTPUMAaHHS JIOBFOCTPOKOBOTO MPOTHO3Y B CHCTEMax MOIMYJSIIHHOI -
HaMIKH 32 JIOTIOMOTOI0 MYJIbTHAr€HTHOT'O MOJICIIIOBAHHSI.

JIOoCSITHEHHSI TIOCTABJICHOT METH 3IIMCHIOETHCS TIUIIXOM BUPIIIEHHS TAKMX OCHO-
BHUX 3aBJIaHb:

— aHaJIi3 ICHYIOUHX IIJXOAIB 1 METOJIIB MOJCITIOBAHHS MPOIECIB MOMYJIAIIHHOT
TUHAMIKH;

— CHHTE3 MYJIbTUAreHTHOI1 MOJIEN, 110 BKJItoYae 0a3y 3HaHb Ta IHTEJIEKTyalbH1
KOMYHIKarlii 00'€KTiB CHCTEMH;

— po3poOKa METOY JIOT1YHOI B3a€EMO/Iii areHTiB B YMOBAaX JIOT1YHOT HEBU3HAY €-
HOCTI;

— BU3HAYEHHSI MEXaHI3MYy MEpPEBIPKU aJI€KBATHOCTI MOOYJOBaHUX METOJIB 3a
JOTIOMOTO0 HEUITKUX PEKYPECHTHUX MOJICIICH;

— 3a JIONOMOTOK0 PO3POONEHUX MOJENel 1 METOAIB BUPIMIWTHA MPAKTHYHI 3a-
BJIaHHS, MTOB'A3aH1 3 JUHAMIKOIO €II1IEMIYHOTO MPOIIeCY MOMYJISIIHHOT JUHAMIKH.

06'exm docniddcenHss — MPOIECH MOOYTOBU 1HTEJIEKTYaTbHUX MYJIbTHATCHTHUX
CHUCTEM.

Ilpeomem Oocniodcenns — METOAM IHTEICKTyaIbHOT B3a€MOJIIi pallioHaJIbHHUX
areHTiB B YMOBaX HEBU3HAYEHOCTI Ta MPOTHO3YBAaHHSA Ha OCHOB1 HEUITKUX PEKYPEHT-
HUX MOJICJIEN.

Metoau nociaigaxeHHsi 0a3yloThCsl Ha TEOpii OOYMCIIOBATBLHOTO 1HTEEKTY, a
caMe Ha METOJax Teopii HEUITKOI JIOTIKH JJIsl NOOYIOBH HEUITKUX PEKYPEHTHUX MO-
JeJIel, M0 T03BOJIAIOTH MPOBECTH AHAJI3 CUCTEMU HA XaOTHUYHY MOBEAiIHKY. s mo-
OyIOBU I1HTENEKTyaJIbHUX MOJENEH CUCTEM MOIMYJSiIHHOT NUHAMIKA BHUKOPHCTaHI
MYJIbTHAr€HTHI TEXHOJIOT1i IMITAIlIiHOTO MOJIETTIOBaHHSI.

HaykoBa HOBHM3HA 0/1ep:KaHMX pe3yJbTaTiB. /[0 HOBUX, OJIep:KaHUX OCOOUCTO
aBTOPOM, HaJIC)KaTh TaKi pe3yJbTaTH:

1. Bnepuie po3po0JICeHO IMITAIIITHY MYJIbTHAT€HTHY MOJIEIbh MOMYJISIIMHOI TH-
HaMIKH, 3aCHOBaHYy Ha IHTEJEKTyaJIbHUX PaIllOHAIBHUX areHTax, 1o (yHKIIOHYIOTh
B YMOBax JIOTIYHOI HEBU3HAUYEHOCTI, SIKa Ha BIIMIHY BiJl ICHYIOUUX, BPaXOBY€E 3HAHHS
areHTIB B 3aJlaHUX YMOBAaX, 110 JI03BOJISIE OJIEPKATU JOBITOCTPOKOBUH MPOTHO3 IUHA-
MIYHOI CHCTEMH;

2. Bnepwe opepxaHo MaTeMaTHYHHA OMHUC MOJENl Nyisi dopMaiizalii Kjiacy
eniEMIYHUX MPOIECIB MOMYJISIIIHHOT AUHAMIKH, 3aCHOBAaHUN Ha (paKTOpax Ta Xapak-
TEPUCTHUKAX, 1110 BIUIMBAIOTh HA JUHAMIKY MOMYJIALI1, IKUI Ha BIIMIHY B1J] ICHYIOUHX,
MOIIMPIOETHCSI HA HOBI Taly3i 3HAaHb, IO J03BOJISIE PO3POOUTH IHTEIEKTYAIbHY CHC-
TEMY MIITPUMKUA TPUUHSTTS PIlIeHb AJI TPOrHO3YyBaHHS PO3MOBCIOIKEHHS €MiieMi-
YHOTO TIPOIECY B CHUCTEMax TMOIMYJAIIHHOT JUHAMIKM Ta CBOEYACHOTO IPOBEICHHS
MIPEBEHTUBHUX 3aXO/I1B.

3. Yoockonaneno meron inenTudikaiii 00’€KTIB 1HTEICKTYaJIbHOI MYJIbTHATCH-
THOI CHUCTEMH, 3aCHOBAaHMU HA YACTKOBIM CHOCTEPEKYBAHOCTI MPOCTOPY CTaHIB,
SKUH, Ha BIAMIHY BiJl ICHYFOUMX METO/IB, BAKOPHUCTOBYE aJalTOBAaHUIN aJTOPUTM pe-
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TYKITii MOKJTUBUX CTaHIB JIJISl TOBIIBHOT KITBKOCTI areHTiB, 110 T03BOJISIE€ 301IBIIATH
a/ICKBaTHICTH MOJIEJIl MOMYJISIIIIHOT JUHAMIKY;

4. Jlicmano nooanvuiutl po3eumox METOJ 1HTEIEKTYaJIbHOTO aHATI3y TOITyJIs-
IIHHOT IMHAMIKH, 3aCHOBAaHMM Ha HEUITKUX PEKYPEHTHUX MOJEAX, SKUH Ha BIAMIHY
BiJl ICHYIOUHX METO/IIB BUKOPUCTOBYE HeuiTKl cucteMu CyreHo I Tumy, 1o 103BoJise
OLIIHUTH MOKJIMBICTb BUHUKHEHHS XaOTHUYHO1 AUHAMIKA MOJIEIIbOBAHOI CHCTEMHU.

HaykoBi pesynbratu, ojepxaHi aBTOPOM OCOOMCTO, € TEOPETHUHOIO OCHOBOIO
JUTIsL BUPIIICHHS MPaKTUYHUX 3aBliaHb, MOB’S3aHUX 3 MOJEIIOBAHHSM €IiJeMIYHUX
IPOIIECIB B CUCTEMAaX MOMYJIAIIHHOT JUHAMIKHY.

I[IpakTHyHe 3HAYEHHS OJEpP:KAHUX Pe3yJbTaTiB. 3alpornoHOBaHA B POOOTI
iMiTaIiiiHa MyJIbTHATr€HTHA MOJIENb TOMYJIALIIMHOT TUHAMIKH, 3aCHOBaHA Ha 1HTEJIEK-
TyallbHUX PalliOHAJIBHHUX areHTax, M0 (PYHKIIIOHYIOTh B YMOBax JOTIYHOI HEBHU3Ha-
YEHOCTI, IpU3HaYeHa JIJIsl MOO0Y/I0BU aIEKBATHOI'O POrHO3Y B CUCTEMAXx IOIYJISALIH-
HOI JUHAMIKU 3 €HieMIYHUM XapakTepoM. Po3poOieHa Mojens BUKOPUCTOBYE Oa3u
3HaHb 1 KOMYHIiKalli 00'ekTiB cucteMu. BukopuctanHus po3poOiaeHux mMojeneit i me-
TOJIB JI03BOJIMJIO 30UIBIIUTH TPUBAIICTH MPOTHO3Y €MIAEMIYHOTO MPOIECY CUCTEMU
MOMYJISIIMHOI TIMHAMIKH, & TAKOX MIIBUIIUTHA HOTO TOYHICTh B MPUKIAAHUX 3a7a4ax
enieMioorii Ta 11eHTudikaiii mKiAJIMBOro MPOrPpaMHOTO 3a0€3MeUeHHs B HETOMO-
TeHHUX KOMITIOTEPHUX Mepexkax.

PesynbraTtu aucepraniiHoi poOOTH BIPOBAIKEHO Ha MiJMPUEMCTBAX YKpaiHU
Ta y HaBYAJILHUI MPOIIEC, 1O MiATBEPKYETHCS BIAMOBIIHUMH aKTaMU:

1. lep>xaBHa yctaHoBa «XapKiBChbKUW oOjacHUi mabopaTopHuii 1ieHTp MiHic-
TEepPCTBa OXOPOHHU 3/10pOB’s»» (aKT BrpoBapkeHHs Bl 08.11.2016 p.);

2. KomyHaneHuil 3akian oxopoHu 3710poB’st OOnacHa KiTiHIYHA JIKapHS (aKT
BripoBapxkeHHs Big 02.12.2015 p.);

3. TOB «IIpotextmactep ComrortHey (akT BpoBamkeHHs Big 30.11.2016 p.);

4. KoMmyHalbHHUI 3aKi1aj OXOpOHU 370poB’sa «OO0nacHUM creliani3oBaHuid Oy-
TUHOK MUTUHM «3enenuit ["ait» (akt BopoBamkenHs Bix 05.09.2016 p.);

5. YV HaykoBO-IOCHIAHUIBKY poOoTy HallioHanmbHOro aepoOKOCMIYHOIO YHiBEp-
cutety iM. M. €. J)KykoBcbkOTro «XapKiBChbKUN aBlalliiHUNA 1HCTUTYT» (aKT BIIpOBa-
moxeHHs Big 14.12.2016 p.)

6. Y naBuanbHuii npornec kadeapu iHbpopmarnku HaiioHansHOTO aepokocmiy-
HOorOo yHiBepcutTeTy iM. M. €. XykoBcbkoro «XapkiBChbKUM aBilalliiHUN 1HCTHTYT
(axT BrpoBamkeHHs Bix 16.12.2016 p.) y pamkax kypciB «CucteMu MTYIHOTO 1HTE-
nekTy», «IMiTamiitHo-TIoAiiiHE MOAEIOBaHH», «3axucT iHopmarii B IKC» ta «Pro-
gramming and numerical methods»;

/.Y HaBuanbHM npouec kadeapu enigemMionorii XapkiBCbKOro HaliOHaAJIbHOTO
MEJIMYHOTO yHIBEpCUTETY (aKkT BHpoBaxkeHHs Big 17.11.2016 p.) y pamkax KypciB
«Enmigemionorisy, «Bubpani nutaHHs emigemMioorii iHQeKmii AuXaibHUX HMUIIXIBY,
«EnigeMionoriuHi JOCHiKeHHS B KIHIYHIN Ta npodinakTuuHii Meauiuui. OCHOBH
JIOKa30BO1 MeAUITMHN» Ta «EmigeMiosnoris Ta mpodinakTuka iHOEKIi, SKi MoB’si3aHi
3 HaJIaHHSM MEIUYHOT JIOTTOMOTHY.

Oco0ucTuii BHecok 3100yBaua. Bci OCHOBHI HayKOBI MOJIOKEHHS, pe3yJIbTaTH,
BHCHOBKH Ta PEKOMEHJIaIlii TUCePTaIliiHOT pOOOTH OTpHMaH1 aBTOPOM CaMOCTIIHO Ta
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omy6sikoBaHo y po6orax [1-30]. ¥V myOmikarisix, siki HanmucaHO y CIIBaBTOPCTBI,
3100yBaveBl HaIEXaTh Taki pe3ynbTatu: [1] — apXiTekTypa Ta mporpamHa peasizaris
1HGOpMaIIHHOT TEXHOJIOTIT MyJIbTHar€HTHOI MOJIEN1 eMiAEMIYHOTO MPOIIECY MOIyJIs-
IAHOT AUHAMIKY; [2] — CTpyKTypa JIOT14HOI B3a€MO/Iii areHTiB MyJIbTHAIr€HTHOI CHC-
TEMU TMOMYJSALINHOI JUHAMIKH PO3MOBCIOIKEHHS HIKIJIMBOTO MPOrpaMHOro 3abes-
NeYeHHs TUIy xpoOak; [3] — MeToa aHali3y CUCTEeMH Ha HAsIBHICTh XaOTUYHOI JUHA-
Miki Ha ocHOBI Mmojeni Takari-Cyreno I tuny; [4] — apxiTekTypa 1HTEIEKTyaIbHOI
MYJIbTUAr€HTHOT MO MOMYJISIIHHOT JUHAMIKH, 110 3aCTOCOBaHa 10 PO3MOBCIO-
JOKEHHS €M1JIeMIYHUX 3aXBOPIOBaHb; [S5] — METOM ONTHUMI3AIlI] IHTEIEKTyalIbHO1 B3a-
€MOJII1 parlioHaJILHUX areHTIB B YMOBaX JIOT1YHOI HEBU3HAYEHOCTI; [6] — mporpamHa
peastizallisi 1HTEJIEKTYalIbHOI CUCTEMHU MPOTHO3YBaHHS €MiJIEMIYHOrO mpotecy; [7] —
apXiTEeKTypa 1HTEJIEKTyaIbHOI MyJIbTHAT€HTHOT MOJIENI MOMYJIAIiHOI quHaMiky; [8]
— aNTOPUTM PO3pPaxyHKy MPOTHO3HOI JMHAMIKH €MiieMiqHOTo nporecy; [9] — meron
HAJTAIITYBaHHS yHIBepcaabHOI MyJbTHAareHTHOI Mojeni; [10] — cTpykTypa yHiBepca-
JBHOT IHTENIEKTYaTIbHOI MYyJBTHATEHTHOT MOJIEN emigeMivyHoro mporecy; [11] — me-
TOJI TOOYTOBH CTPYKTYPH Ta JIOTIKH paIliOHATBHUX areHTiB; [12] — MeTos iHTeneKTy-
aJIbHOT B3a€MOJIIT NMPH KOHTAKTHOMY ermizeMiuHoMy miporieci; [13] — meron aHamizy
NOOYZI0BAaHOTO MPOTHO3Y CHCTEMH MOMYJISIIHHOI AuHaMiky; [14] — cTpykTypa iHTe-
JIEKTYyaJIbHOTO PaIliOHAJIBHOTO areHTa; [15] — MylnpTHAareHTHa MOJIEIb CITiIeMiYHOTO
poIieCy, HaJallTOBaHA Ha 3aXBOPIOBaHICTh Ha renaTuT B; [16] — apxiTekTypa aHaiti-
3y BXIJHOI CTaTUCTHKH JUIsI MOOYIOBH MOJEI emigemiunoro mporecy; [17] — myib-
THAreHTHa MOJIENb EMIIEMIYHOrO MpOIleCy, HaJllalITOBAaHA HA 3aXBOPIOBAHICTh HA
IPUI Ta TOCTPi pecripaTopHi BipycHi iHdpekil; [18] — MeToan HEWiTKOT JOTIKH ISt
MYJIBTHAr€HTHOTO MOJICITIOBaHHS eImiieMidyHuX TporieciB; [23] — crmoci6 emigemMioso-
IYHOI 1arHOCTUKU 3aXBOPIOBAHOCTI HA OCHOBI MOOYIOBAHOTIO MPOTHO3Y emijeMiy-
HOTO Tporiecy; [24] — cnoci6 moOyA0BU MPOTHO3Y €MiJEMIYHOIO MPOIECy Ha OCHOBI
PO3p00JIEHOI MYJIBTUAreHTHOI MOJIeNl; [25] — apXITeKTypa 1HTEepaKTUBHOTO 1HTEJEK-
TyaJbHOT'O IMITAIIHOTO CEPEeIOBUIIA JJIsl MYJIbTHUAr€HTHOTO MOJIEIIOBAHHS €IieMi-
YHOro mpoluecy; [26] — apxXiTeKkTypa 30BHIIIHIX BIUIMBIB Ha MOJENb €MiAEMIYHOIO
MPOIIeCy, 110 A03BOJISE€ BpaxoByBaTH (hakTopu pusnkKy; [30] — MeToIM 1HTEICKTYalb-
HOT B3a€MOJIi1 areHTIB B JIETEKTYBaHHI IIKIJIMBOTO IPOrpaMHOro 3ade3nedeHHs. Po-
6otu [19-22, 27-29] onybnikoBaHO 0€3 CIiBaBTOPIB.

Anpobauia pe3yabraTtiB Auceprauii. OCHOBHI pe3ynbTaTH POOOTH JOIOBIIA-
mucs Ta obrosoproBaniics Ha 13th, 19th Ta 20th East West Fuzzy Colloquium “Zittau
Fuzzy Colloquium” (Ilutray, Himewumna, 2006, 2012, 2013); ISDS Annual
Conference “New Frontiers in Surviellance: Data Science and Health Security” (AT-
nanta, CIIA, 2016); ISDS Annual Conference “Challenges and Solutions for the
Road Ahead” (®inagensdis, CIIA, 2014); ISDS Annual Conference “Expanding
Collaborations to Chart a New Course in Public Health Surveillance” (Can-/liero,
CIIA, 2012); 59th American Society of Tropical Medicine & Hygiene Annual
Meeting (Atnanta, CILA, 2010); MixHapoaHiii HayKOBO-TIPaKTUYHINA KOH(EpEHIIiT
«Teopis 1 npakTHUKa pO3BUTKY CydyaCHUX HaykoBHX 3HaHb» (Kuis, 2016); Mixxnapo -
HI HAyKOBO-TEXHIUHIA KOH(]epeHIii «[HTerpoBaHi KOMIT IOTepHI TEXHOJOTIi B Ma-
muHoOyayBandl IKTM» (Xapkis, 2007, 2014, 2016); MixuapoaHii HayKOBO-
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npakTU4HIA KoH(pepeHmii «MaremaTrndHe MOJETIOBAHHS TPOIECIB B €KOHOMIIN 1
ynpasiiHH1 TpoekTamu 1 nmporpamamu (MMII-2016)» (Mukonais, 2016).

Ilyoaikanii. OCHOBHI TOJIOKEHHS AMCEpTaIiifHOi poboTu omyOiikoBaHi y 30
HayKoBHX pobotax: 1 moHorpadis, 9 crareit, 3 sskux 5 crareil y axoBuX BHIAHHIX
VYkpainu 3 TeXHIYHUX HayK, 2 CTaTTl y 3aKOPAOHHUX BUJAHHAX (5 cTareil BXOJATh 10
MDKHApOJIHUX HayKO METpUYHUX 0a3), 12 Te3 momoBijel Ha MKHAPOIHUX HAYKOBUX
KoH(pepeHIsax, 1 marenrt, 1 iHdhopMaliifHUN JTUCT PO HOBOBBEJICHHS B chepl 0X0po-
HU 3JI0pOB’s1, 6 CBIJOLITB MPO pEeCTpaIlito aBTOPCHKOro MpaBa Ha TBIP.

Ctpykrypa Ta obcsar aucepramii. /{ucepTraliiss MICTUTh aHOTAIIi0, BCTYII, YO-
TUPHU PO31IM, BUCHOBKH M JOJATKHU. 3arajabHUi o0caT nuceprallii ckiaagae 289 cro-
piHKK (OCHOBHOTO TEKCTYy 166 cTOpiHOK), y TOMY uucii 47/ pUCYHKIB 3a TEKCTOM (3
HuX 23 pucyHka Ha 12 okpemMux CTOpiHKax), 5 TabIuIls 3a TEKCTOM, aHOTallig Ha 15
cTopiHkax, cnucok 3 203 HalilMeHyBaHb JITepaTypHUX JDKEpen Ha 28 OKpeMux CTopi-
HKax, 11 nomatkiB Ha 84 cTOpiHKaX.

Ioasika. ABTOp BHCIIOBIIOE IIMPY MOASAKY Yy BUOOpPI HANpPSIMKY AOCHIDKEHbB 1
BCEOIYHOI MIATPUMKHU Ha BCIX €Talax HaBYaHHS Ta MiJrOTOBKHU JUCEPTAIIHHOTO J0C-
JHKSHHS TIEPIIOMY BUMTEINIO B HAYKOBUX JOCIIKEHHSX 1 MeJaroriyHoi MaicTepHo-
CT1 IOKTOPY TEXHIYHUX HayK, npodecopy kadeapu npukiaaHoi iHpopMaTuku axy-
apTeTy (hi3uKH, acTpoHOMIi Ta iHGopmaTuku YHiBepcuteTy Mukonu KomnepHuka B
M. Topynsb, [lonbema CokonoBy Onekcanpy FOpiiioBuay.

OCHOBHMUM 3MICT POBOTH

Beryn aucepraniiiHoi poOOTH MICTUTh OOTPYHTYBaHHS aKTyaJIbHOCTI TEMH, Me-
Ty 1 3aBAaHHS JOCIIKEHHS; 00'€KT, MPEAMET 1 METOJIU JOCTIKEHHS; XapaKTepHrc-
THKHW HAYKOBO1 HOBH3HU Ta MPAKTUYHOTO 3HAYCHHS OJICP)KaHUX PE3YJIBTATIB, a TAKOXK
0COOMCTHI BHECOK 3/100yBaya; JlaHi Mpo peasizailiio, ampolaiiito Ta myOsiKallito
OTPUMAHHUX PE3YyJIbTATIB.

VY nepmomy po3aijii mpoaHaaizoBaHO CTaH MPOOJEMHU 1HTENEKTYalIbHOTO 1MiTa-
IIMHOTO MOJICTIOBAHHS MOMYJISIIIIHHOI JMHAMIKH, PO3TJSHYTO OCHOBHI IIPUHIIUITH 1H-
TEJEKTYaJIbHOTO IMITAI[ITHOTO MOJIETIOBAHHS 1 MOTO Kiacudikallis, po3riasHyToO ic-
HYI0Y1 METO/IM THTEJIEKTYabHOTO IMITAI[ITHOTO MOJIETTIOBAaHHS CUCTEM TMOIYJISIIIHHOT
TuHaMiKd. BUSBIIGHO Ta IpOaHaIi30BaHO iX HEJOJIKH, cepell SKUX MOYKHA BHIUIMTH
Te, 0 B MOJCIISIX Mepen0avacThCsl OHOTUITHICTD 1 Oe3nepepBHa Ta piBHOMIpPHA Tie-
PEMIIIIAHICTh 1HIUBIJIIB HA TEPUTOPII, IO MOJIETIOETHCS; BUCOKY CKJIAJIHICTh MOJIEIICH
Ta HEMOKJIMBICTH 1X 3aCTOCYBAaHHS 10 HEBEJIIMKHUX MOMYJIALIH (B paMKax MicTa 4 00-
JacTi).

[IpoBeneHo aHami3 ICHYIOUHUX MIIXOJIB J0 1HTEIEKTYaIbHOTO MYJIbTHUAreHTHOTO
MOJICTIOBaHHS, PO3TJISHYTO MOJEIl 1 METOAM IHTEJICKTYyaIbHOTO MYJIbTUAreHTHOTO
MOJICITFOBAHHS CUCTEM TOMYJISAIIHHOI JUHAMIKH, SIKi BUKOPUCTOBYIOTHCS JJIST PO3B's-
3aHHS 3a/1a4l IPOTHO3YBaHHS €MiIEMIYHOTO POLECY, BUSBICHO HEAOMIKH ICHYIOUUX
IHTEJICKTyaIbHUX MYJIBTHAT€HTHUX MOJICICH €MiIEMIYHOTO IMPOIECY CHUCTEM IOMy-
nstiiHo1 nuHaMiku. Cepel OCHOBHHMX HENOJIKIB ICHYIOUMX MOJENIEeH MOYKHA BUIIIIHU-
TH X BUCOKY OOYMCITIOBAIbHY CKJIQJHICTh, PO3POOKY IMiJi KOHKPETHI TepuTOopii, Bhik-
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COBaH1 KPOKU AMCKPETU3allii Ta HU3bKY TOYHICTh MPOTHO3Y.

Ha ocHoBi mpoBeeHoro anami3y 0yino chopMyI»0BaHO 3a1a9y JOCIiHKCHHS.

OCHOBHI pe3yJIbTaTH PO3/iTy OIy0JIiKoBaHO B mparsix [1, 6, 10].

Jpyruii po3aiji IpuCBSYCHO pO3pOOIll IHTEIEKTYaIbHOI MYJIBTHAI€HTHOT MO/IE-
JI1 eMiIEMIYHUX MPOIECIB CUCTEM MOMYJISAIIHHOT JUHAMIKH, Ta METOJaM 1HTEJIEKTya-
JLHOT B3a€MO/IiT areHTIB OJIUH 3 OJHUM Ta 3 OTOYYIOUUM CEPEIOBUIIIEM.

Kiacuysi emijgemidHi MoJiell HE BpaxOBYIOTh 0araThb0X YMHHHUKIB, 10 3HUXKYE
TOYHICTh MOJICJIFOBAHHS Ta JOCTOBIPHICTh JMHAMIKH €I11IEeMIYHOTO MIPOIIECY, IO PO3-
risnaerbesd. Cepen TakuX MOKHA BUAUIUTU: BEPTUKAIBHY Mepeady, BEKTOpHY Iepe-
Ja4dy, HeOJHOPIIHICTh MOMYJIAIi, BIKOBI TPYIH HACEJIEHHS, MIHJIUBY 1H(QEKIIHHICTD,
HEOJTHOPITHICTh HABKOJIMIITHHOTO CBITY, HAOYTUN IMYHITET, TOLIO.

Takum yrHOM (hOopMaTi30BaHO KJIAC €MiEMIYHUX TMPOIECIB MOMYJIAIINHOT qu-
HaMIKH, 3aCHOBAaHHUI Ha (paKTOpax Ta XapaKTEPUCTHKAX, 110 BIUIMBAIOTh HA TUHAMIKY
MOMYJISALIi, SIKAM, HA BIAMIHY BIJ ICHYIOUMX, IMOUIMPIOETHCS HA HOBI Tally3l 3HaHb.
Kracy, 1o BuAiIEHO, BIIACTUBI HACTYIHI XapaKTEPUCTUKHU: ITUKIIYHICTD €ITiIeMidHO-
r'0 TIPOIIECy, HePETYIISAPHI MiTHOMH 1 CIIay 3aXBOPIOBAHOCTI, CE30HHI Ta Mi>KCE30HHI
nepioau. OTxke, 3po0JeHO BUCHOBOK, IIO MPU JOCTIHKEHH] €MiIEMIYHOTO POLecy
[[IKaBUM € JIMIIE MPOTHO3YBAHHS €MiJEMIYHOTO CHaiaxy, TOOTO Meploay «enioemis-
cnaoy. lle moB's3aHo 3 TUM, IO JUHAMIKA MPOIIECY MOKE TIOMIHATH MpaBuiia po3Io-
BCIOJIKCHHSI MMICIIA Crajaxy BHACHIAOK BXXUTHX MPOTHUEIIIEMIYHUX 3aXO0/I1B, a TAKOX
MPUPOTHOTO BUMHUPAHHS 3apaKEHOT MOIYJISIIII.

Ha miacraBi ¢opmainizoBaHOro KJacy €miIeMiYHUX IMPOIIECiB pO3pOOJICEHO YHI-
BEpCaJbHy IHTENEKTyalbHYy MYJIBTHATCHTHY MOJCNb JUHAMIKH PO3MOBCIOIKECHHS
eniJEMIYHUX MPOLECIB CUCTEM MOMYJISLINHOI AMHaMiKU. EminemionoriyHa Mojelnb
3aCHOBaHAa Ha KOHIeMIii emigeMiyHoro npouecy JI. B. 'pomaieBcbkoro, 3riiHo 3
SKOIO CIMiJIEMIYHUN TIPOoIieC ICHYE Mpu Oe3mepepBHIA B3aEMOil TPHOX OCHOBHHUX
KOMITOHEHTIB — JpKepena iHQeKIIii, MexaHi3My Tepeaadi 1 CIpUHHATINBOTO OpraHi3-
MYy.

AreHTa npeICTaBICHO SIK Ha0lp BIACTUBOCTEM:

a=(s,8;,Cta,1)ac AseS,ceC,ty €Ty, (1)

ne S;—uac nepeOyBaHHS B CTaHi S,

A — MHO>KHHA BCIX areHTIB,

S — MHOXHMHA PI3HUX CTaHIB areHTIB,

C — MHOXUHA KOMIPOK po0o4oi 001acTi,

T, — MHOXXWHA THIIIB, 710 SKUX MOXYTh HAJIC)KATH arcHTH,

| — TpuBaITICTh KUTTS.

MHOXHHA CTaHIB areHTa BH3HAYCHA IONEPEAHBO 1 € MOCTINHOIO. 3aJIeKHO Bij
JOCIIIKYBAaHOTO TIPOIIECY MHOKHUHA MOK€E JOTIOBHIOBATUCS PI3HUMHU CTaHAMU, MOYa-
TKOBAa MHOKHHA SIBJISIE COOO0IO:

S = {Susceptible, Exposed, Infected, Convalescent, Recovered, Dead} (2)

— Susceptible — arent 3q0poBHii (MOKe OyTH CXHJIBHHMM J0 3apakeHHs). B na-
HOMY BUTIAJKY TIiJ] 3T0POBUM MA€THCS HAa yBa3i areHT, IKUH € CIPUWHATINBHAM JI0 3a-
XBOPIOBaHHS TOTO €IM1IEMIYHOTO MPOIIECY, 110 MOACTIOETHCS.

— Exposed — arent 3a3HaB 3axBoproBaHHs. [laHuii ctaH sBisie co00I0 1HKyOa-
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uiiHui nepioa. [IpoTsaroM 1poro yacy areHT Ie HE € XBOPUM, ajie BXKE Ma€ IIaHCU
nepeaaBaTu iHGEKITiTo.

— Infected — arent xBopuii. ATeHTH B IbOMY CTaHi € HaWOUIbII WMOBIPHUMHU
JoKepenamMu 1H(EKIii 11 1HIINX areHTIB.

— Convalescent — arent oxyxye. JlaHuii ctaH XapakTepu3ye Mepioj, KOJIU 3HHU-
KJIM KJTIHIYHI CUMIITOMH 3aXBOPIOBaHHS, aJIé areHT SIK 1 paHilIe MOXe OyTH HOCIEM
3aXBOPIOBaHHS 1 JKkepenoM iH¢ekuii. HasBHICTh Takoro cTany xapakTepHO I TeB-
HUX 1H(QEKIIHHIX 3aXBOPIOBaHb.

— Recovered — areHr BumyxkaB (mpua0aB iMyHITET). ATEHTH B I[bOMY CTaHi
O1IBII HE CXHMJIBHI IO MOYKJIMBOCTI 3aXBOPITH.

— Dead — arent MepTBHii BiJ CTApOCTI a00 BHACIAOK 3aXBOPIOBAHHS.

Jlexomrmo3uiiist po0o4oi 00JacTi MPU3BOAUTH O BUHUKHEHHS MHOXHHU KOMI-
POK, SIK YMOBHHX a0OcTpakTHUX 00'ekTiB. [lepenbayaeThcs, 110 0JjHA KOMIpKa OJIHO-
YacHO MOX€E MICTHTH B cOO1 MHOXHWHY areHTIB, a TaKOXX OJHUH 00'€KT-IEPEHOCHUK
1H(ekii (Ha3BeMo HOTo IHCTpYMEHTOM). ToMy KOMIpKa onucaHa TaKUM YUHOM:

C=<Z,/Z\,i>,ZEZ,/Z\CA,iE|, (3)

ne | — MHOKHMHA BCIX IHCTPYMEHTIB,
Z — MHOKMHA BCIX pOOOUYUX 00IacTei.
Po6oua obOnacTe onrcaHa HACTYITHUM YHHOM:

Z:<6,tz>,6cc,tz eT,, 4)

ne T, — MHOXXKWHA THIIIB, IO SIKUX MOXYTh HajexaTu oosacTi. [lepenbavyaeTnes 1o, B
3aJIEKHOCT1 BiJ] TUIy 00JacTi, B SIKI 3HAXOJIUTHCS areHT, 3MIHIOEThCA crienudika
€M1JEMIYHOTO TPOIIECY.

Jiist exciepuMeHTIB OyJi0 BU3HaueHOo 3 00JacTi:

— JlomarnHs o6macTe. Y 11 006J1aCTi JOMYCKAIOThCS TUTBKH KOHTAKTH MIXK areH-
TaMH.

— OO6nactp pu3uKy. Y naHiit o0JacTi, KpIM KOHTaKTIB M1 aréHTaMu, MOKJIMBE
3apakeHHs BiJ 1H(PIKOBAHOTO IHCTPYMEHTY.

— O6nacte «Jlikapas». Y gaHiit 00JaCTI MOKJIUBUNM YaCTKOBUNM KOHTaKT MIX
areHTam# 1 iHGIKyBaHHS Bia iHCTpyMeHTy. [Ipu momnaganHi B 110 00J1acTh areHT mij-
JAETHCS JIIKYBAHHIO, 10 3HUKYE TPUBATICTH 3aXBOPIOBAHHS.

[lix 1HCTpYMEHTOM B JlaHIi MOJIENI MalOThCA Ha yBasl pi3HI MPEAMETH, SKI Tak
YM 1HAKIIE 3[]aTHI MEPEHOCUTH 1H(EKLIIO B/l OJHOTO areHTa /0 1HIIOro. [HCTpyMeHT
OTIMCaHUM sIK HaOIp:

i=(sc,l). (5)
TaxuMm urHOM, IMITaLIIHHY MOJIENb MIPEICTABICHO Y BUIJIISAL (PYHKIIIT:
sim(Imean.| Ay, P.T), (6)

1€ Imean — CEpPEIIHS TPUBATICTD KUTTS,
|A]o — mouaTKOBa MOTYKHICTH MHOKHHHU arcHTIB,
P — BekTOp IIMOBIpHOCTEIA, SIKi BpaXOBYIOTHCA B iMIiTaLiHOT MOIEII.
Jlist 301IbIIeHHS AeTai3alii MOyl 3 TOYKM 30py il HAJEKHOCTI JI0 YMOB-
HUX COLIAJBbHUX Tpyl Oynu BUALUIEHI TUIM areHTIB, K1 MPEICTaBISIOTHCS HACTYII-



HHUM YMHOM:
t=(P.7), (7)

ne P, — BeKTOp HMOBIPHOCTEH, AKI XapaKTEPHI1 [JIs TUILy arcHTa,
Ty — BEKTOP KOHCTaHT MOJIEIBHOIO Jacy.

[ToGynoBana MojieNb JOMYCKA€e PO3MIMPEHHS, MOB'sI3aHE 31 301IBIIICHHIM PO3Mi-
pHOCTI BEeKTOPiB. B paMkax gaHoi 3aa4i 00MEKUMOCS HACTYITHUM HabOpPOM:

Rt =By Prs P Pors Pop), (8)
ne Py, — IMOBIpHICTh HAPOXKEHHSI areHTa 3 3aJIaHUM TUIIOM,

Ppr — IMOBIpHICTB TOTO, 1110 areHT B 3JJ0POBOMY CTaHI Mepeiiie B 001acTh PU3HKY,

Pph — IMOBIpHICTB MEpEXOy 3I0pPOBOTO areHTa B 00sacTh «JlikapHs»,

Psr — IMOBIpHICTH TOTO, IO ar€HT B XBOPOMY CTaH1 Nepeiiie B 001acTh pU3HKY,

Psp — IMOBIpHICTB MEPEXOY XBOPOIO areHTa B 001acTh «JIikapHs».

7t =(th.7r Tm), )
1€ 7, — KUIbKICTh MOJEJIBHOTO Yacy, IKMM areHT MOTOYHOI'O THUILY NPOBOJUTH, MEpe-
OyBatouu B o0aacti «Jlim»,

Ty — KUIBKICTh MOJENFHOTO Yacy, SIKUW areHT MOTOYHOTO TUITYy MPOBOIUTH, MEpe-
OyBaro4u B 00JIaCTI pU3UKY,

Ty — KUIBKICTh MOJIETIBHOTO Yacy, IKUM areHT MOTOYHOI'O THUILY POBOJIUTH, IIEpe-
OyBaroun B o0acTi «JlikapHs».

Jli1st B3a€MOJIii MisK areHTaMH BUKOPMCTOBYETHCS BEKTOP HMOBipHOCTEH P :

P=R,P, Py, Ps,Py), (10)
ne P; — iMoBipHICTB nepeaadi 1H(EKIIT Bl XBOPOro areHra abo 3a J0MoMOroro 3apa-
KEHOTO THCTPYMEHTY,

P, — liMOBipHICTB mepenadi iH(EKIii Bij areHTa, Mo 3HaXO0AUThCSA Ha CTadiil 1HKY-
OarriitHoro mepioay abo Ha cTajli craay 3aXBOpPIOBaHHS (HA3BEMO 1€ «3HIKEHOIO Bi-
POTITHICTIO 3aPAKEHHS),

Py — WMOBIpHICTh TOTO, L0 y areHTa B JIKapHI OyJe BUSIBICHO 3aXBOPIOBAHHS,
gKe nepeOyBae Ha cTajli IHKyOaliitHOro nepioxy,

Ps — IMOBIpHICTb TOTO, IO TPU B3a€MO/I1 IBa areHTa BCTYIUISTh B KOHTAKT,

P, — IMOBIpHICTh BUIIAAKOBOI Mepenayl iH(EKii 310pOBOMY areHrty BiJl areHTa-
HOCISI.

PosrnsiHyTO 3324y ONTUMANBHOTO MPUUHSATTA PIllICHh areHTa: K areHT MOXKe
BUOpATH HallKpallly 3 MOKJIMBHUX Jiil HA KOKHOMY KpOIIi Yacy, BUKOPUCTOBYIOUH CBOI
3HAHHS MPO HABKOJUIIHIN CBIT. [IoKa3HUK TPOIYKTUBHOCTI, SK MPAaBUIO, BU3HAYA-
€THCSI KOPUCTYBaueM (PO3POOHUKOM areHTa) 1 BimoOpaxae Te, o KOPUCTYBay OUIKYy€
BIJI areHTa B 3a1a4l.

SIKIIO MO3HAYUTH yepe3 6, CIOCTEpeKEeHHSI areHTa B MOMEHT 4acy 7, TO 1100
areHT BUOpaB ONTUMAaJbHY JIIF0 B MOMEHT 4acy t, BIH MOBUHEH B LILIOMY BUKOPHUCTO-
BYBaTH MOT0 MOBHY 1CTOPIIO CIIOCTEpekeHb O, 1 Aii a, ans 1<¢t. OyHKI1s

7(6. 89,01, 81,....6) = &, (11)
sAKa BUMAarae BiJI0OOpa)K€HHsI TTOBHOI 1CTOPIi CIIOCTEPEKEeHb-Nap il 1 yacy t 10 onTu-
MaJIbHOI i1 @, € MOJITHKOIO areHTa.
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OyHaaMeHTalbHA BIACTUBICTb, SIKA XapaKTePU3Y€E CBIT 3 TOUKH 30py areHTa Io-
B's3aHa 31 CIPUUHATTAM areHTa. by/ieMo roBopuTH, 1110 CBIT MOKE IMOBHICTIO CIIOCTE-
piraTtucsi areHToM, SIKIIO MOTOYHE CIIOCTEPEXKEHHsI ¢ areHTa MOBHICTIO PO3KPHUBAE
MOTOYHUH CTaH CBITY, TOOTO S; = 6. 3 1HIIOTO OOKY, B CBITI, III0 CIIOCTEPITa€ThCs Ya-
CTKOBO, TMIOTOYHE CIIOCTEPE)KECHHA € areHTta 3abe3rneuye TUIbKH YacTKOBY iH(opma-
I[IF0 TIPO MOTOYHUM CTaH S; Y BUIJISAL JACTEPMIHOBAHOI a00 CTOXaCTUYHOT MOJEII CIIO-
CTepPEIKEHHS, HAITPHUKIIAA, YMOBHUH po3mojin WMoBipHOCcTed P(Si| ). OcranHe 0o3Ha-
qao 0, 110 TOTOYHE CIIOCTEPEXKEHHs € HE B MOBHIM Mipi BUSBISE AIMCHUNA CTaH CBi-
Ty, ajle KO)KHOMY CTaHy S; areHT Mpu3Hadyae WMoBipHICTh P(S¢| &), Taky, mo Sy — aikic-
HUI cTaH (pH SKOMY BUKOHYIOThCS yMoBH 0<p(Si| &)<l i zs. cs P(st | 6) =1). Tyt s

PO3TISAAETHCSA K BUTIAJKOBA BEIMUMHA, sIKA MOKE MTPUIMATH BC1 MOXJIMB1 3HAYCHHS
B S. CTOXacTUYHUH 3B'SI30K MIXK S; U & MOxe OyTH albT€pHATUBHO BU3HAUYCHUN MO-
JCITIO CIIOCTepekeHH y BUTIAl P(E|Sy), 1 amocTepiopHuii ctan po3noauty P(Si &)
MOKe OyTH OOYHCIIEHO 3 TMOYAaTKOBOTO PO3mojaiiay P(Sy) 3 BUKOPHUCTAHHSIM IpaBUia
bareca:

o(s; | &) = PG [st)p(st) (12)
p(6)

YacTkoBa CIIOCTEPEKYBaHICTh HA0AraTo CKJIaaHIa B 00Iry, H>XK TOBHA CIIOCTE-
PEXKYBAHICTh 1 AITOPUTMH JJII ONTUMAJIBHOTO MPUUHSTTS PIllIEHb B CBITI, IO CIO-
CTEPIraeThCs YaCTKOBO, YACTO MOXKYTh CTaTH BaKKOOOpoOIoBaHMMU. YacTkoBa CIio-
CTEPEKYyBaHICTh MOKE BIUIMHYTH HE TUIbKM Ha T€, II0 KOKEH areHT 3HAa€ Mpo CTaH
CBITY, aJie 1 Ha Te, 110 KO>KEH areHT 3HA€ MPO 3HAHHS OJIMH OJHOTO.

[Tpunyctumo, 110 iCHy€ TUTBKM OJIUH areHT B CBITI, 1 CBIT CTOXaCTUYHUH 3 mepe-
X0a0M Mozeli P(Si+1|Suay). [IpumycTumo, 110 MOTOYHHUI CTaH Sy, 1 areHT AyMae, K BU-
Opatu miro a;. Hexait U(S) Oyae (yHKIIIE0 BUTOAM 11 KOHKPETHOTO areHTa. 3acHo-
BaHE HA BUTOJAX MPUUHSATTS PIllIEHb BUXOAUTH 3 MEPEAYMOBH, IO ONTUMAJIbHA Jis

* . .
at arcHra B CTaHl1 S; IOBUHHA MAKCHUMI3YBAaTHU O4YIKyBaHY BUTO4Y, TO6TO,

a; —argmax Y p(st.1 | st.a0)U (St41) (13)
s, +1

i€ M1ICyMOBYIOTBCSI BC1 MOKIIUBI CTaHH St 1 € S NPH SIKHX CBIT MOX€E NEPENTH B HO-
BUI CTaH, BPaXOBYIOUH, L0 TEMEPIIIHIN CTaH S; U 1 areHT BuOupae aito a;. o6 mo-
0aynTH, HACKIIBKH ONTUMAJILHOIO € Jlisl, aT€HT MOBUHEH MOMHOXUTH BUTOY KOXKHOT
MO>KJIMBOI [I1i B pe3yJIbTaTi CTaHy 3 HMOBIPHICTIO JOCSTHEHHS IIbOTO CTaHy, 1 CKJIACTH

BcCi cTanu. [1oTiM areHT MoBUHEH BUOpATH 110 a»: , SIKa J1a€ HaOJIbIITy CyMYy.

SIKIIIO KOKHHM CTaH CBITY Ma€ BEJIMYWHY BHTOJH, ar€HT MOXKE 3pOOWTH BUIIIE-
3rajiaHi po3paxyHKH 1 OOYMCIUTH ONTUMAJIbHY 110 JUISI KOXKHOTO MOXJIMBOTO CTaHy.
Lle 3a0e3neuye areHta MojiTHKOIO, SIKa MOB'SI3y€ CTaHU 1 Jii B ONTUMAILHOMY CEHCI
(onTUMaNbHOMY 3 ypaxyBaHHSM JaHUX BUTOJ). 30KpeMa, Maruu HaOip HaHOUIbII
nocsokaux Burig U*(S) B mawiii 3agadi, «okaaiOHa» MOJTITHKA, SIKA TIPEICTABIISIE COO0I0

7 (s)=argmax ¥ p(s'|s,a)U " (s') (14)
a s’
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€ ONTUMAJIbHOIO TIOJIITHUKOIO JIJISl areHTa.
B po3znini 3HaiiaeHo edextruBHICTh 3a Herewm:

7 (6) =argmax Y. p(0_i 16)Q; (6,17 (&), 7~ (0_)]) (15)

7(0) 6,
Taxox po3paxoBano [lapeto ontumansHy piBHOBary Hemna 7= (7z]’_c : 7[; ) Tpu:
7 im(0)=a,7(6) = (16)
7, i 7,(6,) =§2,7z;(§2) =a, (17)

Lle pimeHHs 1a€ KO)KHOMY areHTY O4YiKyBaHUN BUTpAII.

Po3pobieno mporpamHy peaizailito iHTEICKTyaIbHOI TTOBEAIHKUA 00’ €KTIB MY-
JBTHATEHTHOI CHCTEMH 3a Jonomororo cepenosuia NetLogo ta MoBu mporpamyBaH-
Hs1 Prolog. 3ampomonoBana iHdopMaliiiiHa TEXHOJIOTIsS iHTErpalii JeKIapaTUBHUX
MOB 13 CEpEIOBHILEM MYJbTUAreHTHOro MojentoBaHHs NetLogo moxe Oytu 3acro-
COBaHa JJIs MIUPOKOTO KOJia 3aBJaHb: €KCIIEPTHI CUCTEMH, aBTOMAaTHU3allisl TEXHOJIOT1-
YHUX HPOLECIB 3 BUKOPUCTAHHAM POOOTOTEXHIKH, CUCTEMHU €KCTPEHOTO pearyBaHHs
B HAJ[3BUYAMHKUX CUTYAIlISX, COI[10-€KOHOMIYHI MOHITOPUHTOBI CUCTEMH, TOIIO.

[IpoBeneHO eKcHepUMEHTANIbHI JOCIHIJKEHHSI YHIBEPCAIbHOI 1HTENEKTYyalbHOI
MYJIbTHAr€HTHOI CUCTEMHU eMiieMIYHMX mpolieciB. HamamryBaHHs Mojeni moka3zaHe
Ha MPUKIIAJIl 3aXBOPIOBAHOCTI HA BIpyCHUM renaTuT B, B sikiil BpaxoBaHo crienugiky
€MJIEMIYHOTO TIPOLIECY BIPYCHOTO renaTuTy B, po3moi Ha BIKOBI Ta COIiaJIbHI TPY-
Y, HUJISXHU 3apakeHHA. Po3paxoBaHMil 3a JOMOMOIOI0 MOOYI0BaHOT MOJENI MMPOTHO3
MEPEBIPEHO HAa CTATUCTHUYHHUX JAHUX MO 3aXBOPIOBAHOCTI Ha BIPYyCHMI rematutr B B
XapkiBcbkilt 0011, (puc. 1). TouHicTh MOOYI0BaHOTO MPOTHO3Y CTaHOBUTHL 97,06 %.

150

100]

Absolute values
=
g

[1) 0
2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
Y Y

Years Years

a 0
Pucynox 1 — IlopiBHsIHHA aOCOIIOTHUX (a) Ta IHTEHCUBHUX (0) MOKA3HUKIB MO 3aXBO-
pIOBaHOCTI BipycHUM renatuToM B B XapKiBchKiil 00s1acTi Ta TOOYA0BaHOTO MPOTHO-

3y. CyI1iipHa JIiHIS — CTaTUCTUYHI JIaHl, TIepepuBYacTa — MoOyJ0BaHUN TIPOTHO3.
OCHOBHI pe3yJbTaTH PO3aiay omy0sikoBaHo B npamsx [1, 4-6, 9-11, 14-16, 20—
21, 23-26].

B Tperbomy po3aisi hopmanizoBaHO 3aJI€KHOCTI B JUHAMII TOBEAIHKUA CHUC-
TeM TMOMYJIAIINHOI TUHAMIKH, MAaKCUMATHHO MOXJIMBY KiJIbKICTh OCOOMH TOIYJIAIT B
3aJIEKHOCTI BiJl BXIIHUX JIaHMX, Ta 3B'SI30K MalOYyTHIX Ta MOTOYHUX CTaHIB CHCTEMH.
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BusiBiteno, mo kinbKicTh 0coOUH Nyi; (K+1)-ro poky moB’s3aHa 3 KiJIbKICTIO OCOOMH
Ny k-ro poky HacTyITHUM YHHOM:

Xn+1 = AXn(1 — Xn) = fa(Xn), (18)
1e Xp — 1€ TOMYJISIsS B N-oMy poili, 4 —Koe]illieHT, 10 3aJeKUTh BiJl YMOB HaBKO-
JUIIHBOTO CEPEIOBUIIIA.

Po3risHyTO HM3KY MEPEIKo i P MepeBipIll IMITAIIMHUX MOJIENIeH Ha TOYHICTh
Ta aJIcKBaTHICTh, @ TAKOXK IMPHU 3aJTy4eHH1 €KCIEPTIB 3 001acTi, 110 MojemtoeThes. L1
poOJieMH MOKYTh OyTH YCHIIITHO BUPIIICH] 3a JOIIOMOTOI0 BUKOPUCTAHHS MOJIEICH,
3aCHOBAHMX Ha 3aCTOCYBaHHI HEUITKUX JIHTBICTUYHHMX MPABUIIL, SIK1 JI03BOJISIIOTH Bpa-
XOBYBAaTH HEBU3HAYEHOCTI, MOB'sI3aH1 31 3MIHHUMH, TapaMeTpaMu, TPaHUYHUMH yMO-
BaMH 1 TTOYATKOBHMH CTaHAMH 1 MOJICTIOBATH 1X €BOJIIOIIIO, JOTPUMYIOYHCH OCHOB-
HUX MPaBUJI 1 3aKOHOMIPHOCTEH TUHAMIKA CUCTEMH.

Po3po06ieHo JTIHTBICTUUHY HEUITKY MOJENb, III0 3aCTOCOBAaHA J0 MYJIbTHAreHT-
HOI MoJell, onucaHid B po3aim 2. OCHOBHA 1€l TaKOro MiAXOAY IMOJSArae B TOMY,
[0 CUCTEMHA JIMHAMIKA OMUCYETHCS HAOOPOM IpaBuUJI, SIKI 3aCTOCOBYIOTHCS 1TE€paTH-
BHO. KoxHe npaBuiio nependavae BXij 1 BUXiJ y BUIJISAI HEUITKMX MHOXKHH a00 He-
YITKUX (QYyHKIIH. 3 eMIIPUYHOTO TOCBITY TPYMH €KCIEPTIiB MOXKIMBO CTBOPUTH HEUi-
TKY (YHKIIIIO HAJIEKHOCTI JIJIs1 KO>KHOI 3MIHHOI 1/a00 mapaMeTpa, a TaKoX JIHTBICTH-
YHI TpaBuUia, sIKI PEryIIOI0Th JUHAMIKY CUCTEMHU. TakuM 4YMHOM, HEYiTKa MOJEIb
CKJIQJIAETHCS 3 HA0Opy MpaBUJI 1 BIMOBITHOTO JOTIYHOTO BUBOJIY KIHIIEBOTO aBTOMa-
Ta. JIIHrBICTUYHA MOJIENb PUHMAaE HACTYHY (hopmy:

IFU=B; ANDW; =A1{ AND ... AND W, = A,

THEN W, = Aj; AND ... AND W,, = A, AND V =Dy
IF U =By ANDW; = Ay AND ... AND W, = Ay,
THEN W; = Ayy AND ... AND W,, = Ay, AND V =D, (19)

IF U =B, AND W, = Ay AND ... AND W, = A

THEN W = Ay AND ... AND W,, = A, AND V =D,
ne U — BxinHa 3miHHa, W; — 3M1HHI CTaHIB cucTeMH, V — BUX1HA 3MiHHA, W — 3MiHHI
CTaHIB CHCTEMH IICIIs KOKHOI iTepauii, B; 7 Ajj — BX11H1 HeuiTKi MHOXHHHY, D; 1 Aij —

BUXI1IH1 HEYITK]I MHOKHUHHU.

Tomy, BUOMparO4Yu BiAMOBIIHUM METO/I JIOTIYHOTO BUBOJY 1, TPHU HEOOXI1THOCTI,
MetoJ aedasz3udikarlii, Ha KOXKHOMY KpPOIIl MICISA 3allyCKy MOJEl PO3PaxOBYETHCS
3HAYEHHS 3MIHHOI CTaHy, ke Oyae BXIAHUM IMapaMeTpOM CHCTEMH Ha HACTYIHOMY
KpOIIi, 1 TaK AaJii, ITepaTUBHO. 3B1JICU BUILTMBAE, HACTYITHE:

Ul+2)=V(l) (20)
Wi (I +1) =W (1) (21)
ne (1+1) — mHacTymHuM Kpok michs .

[cHYIOTB 1 1HIII HEYITKI AMHAMIYHI CUCTEMH, 1 BUOIp KOHKPETHOI MOJEII 3ae-
KUTh B1J] TUITY HAasIBHOT 1H(OpMaIlii Mpo cucteMmy. [HOA1 YacThHA paBUI MOBEIIHKH
CUCTEMHU BiJIoMa 3a3/1aJIeriib, TO1 MpaBmiia Oy 1yTh IPUIMATH HACTYITHUIA BUTIISI;
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IFU() =By, AND Wi(l) = Ay AND ... AND W, (1) = Aqn (22)
THEN y(I+2) = f U 1),Wy(1),... Wy (1));
ae Y(I+1) — nesika anpiopHa QyHKIIiS, BiJoMa 3 CHCTEMHOT TUHAMIKH.
dopmMaiizoBaHe HEHITKE PEKYPEHTHE BiIOOpaKEHHS, SIKE BU3HAYAETHCS MHOXKH-

HOO HabopiB npaBui R={ry, ry, ..., Iy}, M0 3B'I3yI0Th 3HAUCHHS 3MIHHHUX CTaHy (X1,
..., Xn) IMHAMIYHOI CUCTEMH B IMMOTOYHHMMA 71 MaHOyTHIH t MOMEHTH Yacy:

X1 n X1

X2 ) X2

XN Jt \INJ \XN /,
Ha6opu npasun (19) maroTs BUTIISA
IF x,=Al AND x,=Al..
[AND x, =AL]..x, =A]
THEN x,=B!|

IF x,=A2 AND x,=Al..
[AND x, =A2]..x, =A}
f{THEN x,=B?|

IF x,=AN AND x,=A% .
AND X, =Al|..x, =A%
THEN x,=B%|

: (24)
ne Kj — KIIpKIiCTh MpaBuil B Ha0OPI j; €IEMEHTH B KBAJPATHUX IYKKax € HE0OOB'd3-
KOBHMH, TOOTO HE BC1 3MiHHI CTaHy MOXYTh OyTH 3aJiiH1 B npaBuJi; A;, B — 3Hauen-
HS JIIHTBICTUYHUX 3MIHHUX 3 BIATMOBIIHUX TEPM-MHOMKHUH.

[TokazaHo, 0 KIJIBKICTh MPABUII HAOOPY 3HAXOUTHCA B Jl1alla30H1

N
0< Kj <[Jcard(S(x)), (25)
i=1

ae card(S(X;)) — MOTY>HICTh TEPM-MHOKHUHHU JIHTBICTHYHOT 3MIHHOT X;. JlonmycKaroTh-
Csl TAKOXK 1 MOPOKH1 HAOOPH MPaBUII.

Po3po6iieHy MOJelb HOCTIKEHO Ha XaoTHuHicTh B cerci JIi — Mopke. Jlictas
NOJAJbIIUKA PO3BUTOK METOJ 1HTENIEKTYaJIbHOTO aHaji3y MOMYJISILIHOI TUHAMIKH,
3aCHOBAHMI HA HEUITKUX PEKYPEHTHUX MOJCIISX, IO JO3BOJISIE OIIHUTH MOKIIUBICTh
BUHUKHEHHS XaOTHYHOI JUHAMIKHA CHCTEMH, 1110 MOJCIIOEThCS. BuzHaueHo, mo wi-
HIMaJIbHA KITBKICTh MPaBUJI B 1HTEICKTYaIbHIN MO CUCTEMU TMOMYJSAIINHOT qu-
Hamiku Takari-CyreHo nepiioro Hopsaxy Jjisi MpoyKyBaHHs XaoCy JOPIBHIOE JIBOM.
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3anponoHOBaHMA MIAX1 A0 AOCTIIKEHHS CUCTEM MOMYJISIINHOI AUHAMIKU J10-
3BOJISIE 3aCTOCOBYBATH YHI1()IKOBaHMI OMHUC MPOIIECIB PI3HOMAHITHOI MPUPOJIU Y BU-
Il TPORYKIIHHUX TpaBuil. KpiM TOro, BOHU Jal0Th MOXIIMBICTh BU3HAYUTH Biac-
THUBOCTI IMHAMIYHUX PEKYPEHTHHX HeuiTKuX mojeneil Takari — CyreHo HyJabOBOTO
MOPSIIKY, 1O BOJIOAIIOTh XaOTHYHOIO JIMHAMIKOIO B ceHcl JIi — ropKe, Ha IJICTaBI
3Ha4YeHb KOe(]III€HTIB B KOHCEKBEHTaX MpaBUJl, a HE Ha TPAAUIIHHOMY I1IX0/1, 10
0a3yeThCs Ha TOCIIKEHHSIX Mepex1THuX QYHKIH a0 4YaCOBUX PSIIB.

OcCHOBHI pe3yJibTaTH PO3.idy onmy0ikoBaHo B mparsx [1, 3, 18, 19, 22].

Y 4erBepromMy Ppo3auIi  po3po0JIEHO  IHTENEKTyallbHYy 1H(OpMaIiiHO-
aQHAJIITUYHY CHUCTEMY IIJITPUMKH TPUUHATTA PIIICHb JIIKaps-emijaemMiosnora, o
BKJIIOYA€E 1HTEJEKTyalIbHI MYyJIbTHAr€HTHI MOJIEN1 JUHAMIKH 3aXBOPIOBAHOCTI Ha AU-
TepiiiHy 1H(EKI0, TPUMI Ta TOoCTpi pecmipaTopHi BipycHi iHpekmii, cudimic, BLJI-
1H(eKito, BIpyCHUM renatut B, MeTon onepaTUBHOIO aHai3y Ta NOOYI0BH MPOTHO-
3y 3aXBOPIOBAHOCTI Ha TPUII Ta TOCTP1 pecHipaTOpHI BIpyCHI 1H]eKli, crnociO emiae-
MIOJIOTIYHOI J1arHOCTUKHM BIPYCHOIO Tematuty B y nikyBagbHO-TIPO(DIIAKTUYHOMY
3aKJaji, MOJieJIb JUHAMIKK 3aXBOPIOBAHOCTI Ha 1KCOJOBI KJIIIOBI OOppenio3u, eKc-
MEPTHY CUCTeMY IudepeHIiaabHOl JIarHOCTUKKA 1H(GEKIIA CEYOBHUBIIHUX IIUISXIB,
nporpaMHAN TPOAYKT Thly «Reminder» s KOHTPOJO TPUBAIOCTI 3aCTOCYBaHHS
CEYOBUX KaTeTepiB, CIOCIO eIiIeMIONIOTIYHOI JIIarHOCTUKU KaTeTep-acolliiioBaHO1
1H(DEKIlT CeYOBUBIIHUX NUISAX1B, MPOTPAMHUN MPOJIYKT Il aBTOMaTU30BaHOTO aHa-
73y piBHS 3HaHb MEIMYHOTO MEPCOHAITY MPO MPOPUIAKTUKY 1H(EKIIIH, OB’ SI3aHUX 3
HaJJaHHSM MEIUYHOI JIOTIOMOTH. YHIBEPCAIbHY 1HTEIEKTYalIbHY MYJIbTHATCHTHY MO-
JIeJTb 3aCTOCOBAHO JI0 MOJCIIOBAHHS IIKIIJIUBOTO MPOTPAMHOTO 3a0€3MEUCHHS THITY
KOMIT 0TepHU Xpobak Ha mpukiaai enigemii Code Red.

[IpoBenene iMiTalliiine MOJEITIOBaHHS pO3pOOJIECHUX MOJIeNiel MoKa3aio ixX Ie-
peBaru B MOpPIBHSHHI 3 METOJIaMHM, 1[0 ICHYIOTh. BHpillleH1 akTyanbH1 NpaKTUYHI 3a-
Ja4l 1HTEJEKTYaJIbHOTO MOJICJIIOBAHHS €MIJIEMIYHUX MPOIECIB MOMYJIAIiiHOT AUHA-
MIKH.

OCHOBHI pe3yJbTaTH PO3IiTy OnmyOIiKoBaHO B mpansx [2, 7, 8, 12, 17, 27-30].

VY aopaTtkax HaBeJEHO IepesiiK IMyOJKalii 3a TEeMO JHMcepTallii, BiOMOCTI
po ampoOariito pe3ysabTaTiB JUCEPTaIlii, aKTH MPO BIPOBAKEHHS JUCEPTALIHHOTO
JOCIIIKEHHS, BITOMOCTI MPO 1HTEJNEKTyallbHE MPaBO Ha pe3yJbTaTH, BUKOPUCTAHI B
po0OTI, Ta IeAK1 pe3yabTaTh JOCIIHKEHHS.

BUCHOBKHA

VY nucepTallii HaBeI€HO BUPIIIEHHS HAYKOBO-TIPUKIIAIHOI 3a/layl po3pOOKH 1H-
TEJEKTYyaJIbHUX MYJbTHAr€HTHUX TEXHOJOT1M B JMHAMIYHUX CHUCTEMax 3 emijeMid-
HUM XapaKkTepoM, 110 J03BOJIsI€ BpaxXyBaTh 0a3u 3HaHb areHTIB, iX KOMYHIKallii, a Ta-
KOX YHUKHYTH YCKJIQJIHCHHSI aHaIi3y IO BIJIHOILIECHHIO JI0 MOMYJISIIIHHOI JUHAMIKH,
MOB’S13aHOTO 3 MOBEIIHKOIO areHTiB, CXOXKO0I0 3 PEAIbHUMU CUCTEMaMH 1 iX MPUIHHST-
TAM pILIEHb.

1. [IpoBeneHo aHami3 ICHYFOYMX TMIIXOJIB 1 METOJMIB MOJEIIOBAHHS MPOIIECIB
MOMYJISAIIMHOI AUHAMIKH, PO3MVISHYTO OCHOBHI MPHUHIIMIH IHTEIEKTYaJIbHOTO 1MiTa-
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IIHHOTO MOJCIIOBAHHS 1 HWOro Kiacudikarlis, ICHyr0Yl METOJU 1HTEIEKTYyaIbHOTO
IMITaIIfHOTO MOJIEITIOBAHHS CUCTEM MOMyJIsAMiitHOI quHamiku. Ha ocHOBI mpoBeje-
HOTO aHai3y cpOPMOBAHO METY Ta 3aBAaHHS AUCEPTALIMHOTO TOCIIKEHHS.

2. dopMasizoBaHO KJac €MiIEMIYHUX MPOIECiB MOMYJAIINHOT JUHAMIKH, 3a-
CHOBaHUM Ha (aKkTopax Ta XapaKTEPUCTHUKAX, [0 BIUIMBAIOTh HA TUHAMIKY IOIYJIs-
1111, AKUH Ha BIAMIHY BiJl ICHYIOUHMX ITOIITHPIOETHCS HA HOBI rajy3i 3HaHb.

3. Po3po06iieHo yHIBepcallbHY 1HTEJICKTyalIbHY MYJbTUAreHTHY MOJIEIb JUHAMI-
KM PO3MOBCIOKCHHS €MiAEMIUYHUX IMPOIECIB CUCTEM IMOMYJISIIAHOI JUHAMIKH, 3a-
CHOBaHY Ha IHTEJIEKTYaJbHUX PAIIOHAJILHUX areHTax, Mo (PyHKI[IOHYIOTh B yMOBaxX
JIOT1YHOT HEBU3HAUYEHOCTI. MoeNb 103BOJIsi€ BpaXOBYBATH THIH Ta CTPYKTYPY IOITY-
T, 10 MOJCIOETHCS, OCOOTMBOCTI PO3MOBCIOKEHHS CIJIEMIYHOTO TIPOIIECY.
Omnucana y3arajJbHEHa MOJIEIb pealli3y€e BCl 0COOJMBOCTI MYJIBTHATEHTHOTO TIXOIY
1 € HAMOUTBII YHIBEPCAJIBHOIO 1 CIIPUMHATIMBOIO JI0 TUITY €MIJEMIYHOTO IPOLECY.

4. Po3po0sieHO METO/ JIOT1YHOT B3a€MO/IIi 00’ €KTIB 1HTEIEKTYyaJIbHOI MYJIbTHA-
T€HTHOI CUCTEMH, 3aCHOBAaHMM Ha YACTKOBIM CIOCTEPEKYBAHOCTI MPOCTOPY CTaHIB,
SKUH BUKOPUCTOBYE aIaITOBAHUI JITOPUTM PEAYKITi MOKITMBUX CTaHIB JIJIS JOBILTb-
HOT KUJIBKOCTI areHTiB. 3Haineno I[lapeto ontumanbHy piBHOBary Hema rpu baiieca
JUTSI IHTEJIEKTYaJIbHUX areHTIB.

5. [ToGynoBaHO MOEINb €IMiJIEMIYHOTO MPOIIECY, 3aCHOBAHY Ha 3aCTOCYBaHHI
HEYITKUX JIHTBICTUYHHX MPABUJI, sIKa TO3BOJISIE BPaXOBYBAaTH HEBU3HAYEHOCTI, MOB'sI-
3aHi 31 3MIHHUMHU, MapaMeTpamMy, TPaHUYHUMH YMOBaMH 1 MOYaTKOBUMHU CTaHAMHM 1
MOJICIIIOBATH iX E€BOJIOIII0, JOTPUMYIOUHCh OCHOBHHMX IPABUJ 1 3aKOHOMIPHOCTEH
TUHAMIKH cucTeMU. PO3po0ieH0 METO/1 IHTENEKTYalbHOTO aHaJi3y CUCTEMH MOITyJIs-
LIAHOT TMHAMIKM, 3aCHOBAHMI HA HEYITKUX PEKYPEHTHUX MOJEIAX, L0 J03BOJIE
OILIIHUTHU MO’KJIUBICTh BUHUKHEHHS XAaO0THUYHOI JHUHAMIKA B ceHcl JI1 — 1710p1<e CHUCTE-
MU, 10 MOJIEJIIOETHCS, Ta 3aCTOCOBYBATH YHI(PIKOBAHHMI OMUC MPOLECIB P13HOMAHIT-
HOT IPUPOJH Y BUTIISII MPOAYKLIHHUX MPaBUJL.

6. [IpoBeacHe imiTariiiHe MOJEIIOBAHHS PO3POOJICHUX MoOJeNel ToKaszalo ix
nepeBard B MOPIBHSAHHI 3 METOAAaMU, L0 ICHYIOTh. BUpillleHi akTyanbH1 MpaKTHUYHI
3a/1aul IHTEJIEKTYaJIbHOTO MOJICTIOBAHHS €MiJEMIYHUX MPOIIECIB CUCTEM MOIYIISITi-
HO1 JTuHaMmiku. Pe3ynbratu mocmipkeHHs BupoBamkeHi B JIY «XapkiBcbkuid o0jac-
HUM J1abopatopHuii 1eHTp MiHicTepcTBa 0xopoHu 370poB’si», K303 O6nacHa kiiHi-
yHa nikapus, TOB «lIporexktmactep Comomnce», K303 «O6nacHuii cremiaiizoBa-
Hul OyauHOK nutuHU «3enennit ['aity», y HJIP HamionansHoro aepokocmMigyHOro yHi-
BepcuteTy iM. M. €. KykoBcbkoro «XAl», a Takox y HaBUaIbHUMN mporiec kadeapu
iHdopmaTiku HarioHaIbHOTO aepOKOCMIYHOTO YHIBepcuTeTy iM. M. €. JKykoBchbko-
ro «XAl» Ta xadgeapu emnigemionorii XapKiBCbKOro HaI[lOHAILHOTO MEIUYHOIO YHi-
BEPCHUTETY.
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ABSTRACT

Chumachenko D.I. Intelligent multiagent technologies in epidemic processes of
population dynamics systems. — Manuscript copyright.

The thesis of awarding the academic degree of the Candidate of Technical sci-
ences by specialty 05.13.23 — systems and means of artificial intelligence. — Kharkiv
National University of Radio Electronics MES of Ukraine, Kharkiv, 2017.

The aim of the thesis is to create and research the intelligent decision support
system for long-term forecast in population dynamics systems using multiagent mod-
elling.

The analysis of existing approaches and methods of population dynamics model-
ling was carried out; the basic principles of intelligent simulation modeling and its
classification, existing methods of intelligent simulation modeling of population were
analyzed. Based on the analysis, tasks and a goal of the thesis were defined.

The mathematical description of the model of formalization of the class of epi-
demic processes of population dynamics was described. It is based on the factors and
characteristics that affect the dynamics of the population, which, unlike existing, ex-
tend to new areas of knowledge, which allows developing intelligent decision support
system for forecasting the spread of the epidemic process in population dynamics
systems and implementing the preventive measures in timely manner.

A universal intellectual multiagent model of the dynamics of spread of epidemic
processes of population dynamics systems was built. It is based on rational intelligent
agents operating in conditions of logical uncertainty that takes into account the
knowledge of agents in the defined conditions, allowing obtaining a long-term fore-
cast of the dynamic system, unlike existing ones. The model allows taking into ac-
count the types and structure of the modeled population, the features of the spread of
the epidemic process. The described generalized model realizes all the features of the
multiagent approach and is the most universal and susceptible to the type of epidemic
process. The advantage of this model construction is the ease in improving and com-
plicating the structure of the simulated system. You can add new control parameters
without changing already defined modeling patterns, significantly complicate and ex-
pand the area under investigation, and move to higher or lower abstraction levels.

The structure of intellectual rational agents functioning under conditions of logi-
cal uncertainty is developed. The structure, unlike existing ones, takes into account
the knowledge of agents under given conditions. This allows obtaining a long-term
forecast of the dynamic system. The policy of agents, their intellectual decision-
making and optimal actions depending on the knowledge base was developed.

The method of identification of objects of an intelligent multiagent system based
on partial observability of the state space is improved. The method, unlike existing
methods, uses an adapted algorithm for reducing possible states for an arbitrary num-
ber of agents.

A software implementation of the intelligent behavior of multiagent system ob-
jects using the NetLogo environment and Prolog programming language has been de-
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veloped. The proposed information technology for the integration of declarative lan-
guages with NetLogo's multiagent modeling environment can be applied to a wide
range of tasks: expert systems, automation of technological processes using robotics,
emergency response systems in emergency situations, socio-economic monitoring
systems, etc.

A model of the epidemic process based on the application of fuzzy linguistic
rules is constructed, which allows taking into account the uncertainties associated
with variables, parameters, boundary conditions and initial states and simulate their
evolution, adhering to the basic rules and regularities of system dynamics. The meth-
od of intellectual analysis of the system of population dynamics based on fuzzy recur-
rent models is developed. The method makes it possible to estimate the possibility of
the appearance of chaotic dynamics in the sense of Li — Yorke of the modeled sys-
tem, and to apply a unified description of processes of various nature in the form of
production rules.

An intellectual information and analytical system for decision-making support
of an epidemiologist has been developed. It includes an intelligent multiagent model
of diphtheria infection morbidity, an intelligent multiagent model of the dynamics of
the incidence of influenza and acute respiratory viral infections, the method of opera-
tive analysis and the construction of the prognosis of the incidence of influenza and
acute respiratory viral infections, model of the dynamics of the incidence of syphilis,
an intellectual multiagent model of the dynamics of the incidence of HIV infection,
an intelligent multiagent model of the dynamics of the incidence of viral hepatitis B,
a method for the epidemiological diagnosis of viral hepatitis B in the treatment and
prophylactic institution, a model of the incidence of ixodes tick-borne borreliosis, an
expert system for differential diagnosis of urinary tract infections, a Reminder-type
software product for monitoring the duration of urinary catheters, a method for the
epidemiological diagnosis of catheter-associated urinary tract infections, a software
product for automated analysis of the level of knowledge of medical personnel on the
prevention of infections associated with the provision of medical care. A universal
intelligent multiagent model is applied to the modeling of malicious software such as
a computer worm using the example of the Code Red epidemic.

The simulation of the developed models showed their advantages in comparison
with existing methods. The actual practical problems of intellectual modeling of epi-
demic processes of population dynamics systems are solved. The results of the re-
search are implemented in the Kharkiv Regional Laboratory Center of the Ministry of
Health, the Regional Clinical Hospital, Protectmaster Solutions, Ltd., the Regional
Specialized Orphanage “Zeleniy Gay”, to R&D of the National Aerospace Universi-
ty, as well as in the educational process of the Department of Informatics of the Na-
tional Aerospace University and of the Department of Epidemiology of Kharkov Na-
tional Medical University.

Keywords: artificial intelligence, multiagent simulation, epidemic process, pop-
ulation dynamics, fuzzy data analysis, chaotic dynamics.



