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Peztome. Bioomo, wo 8 exonomiyi npucymHi asuwye, Koau 6a308a 8apmicmv 0esaK020 MAmMepianibHO20 Hu
HeMamepianbHo20 aKmugy 3HAYHO GIOPISHAECMbCA Gi0 1020 PUHKOBOI 6apmOCmi, A 3pOCMAlONUll NONUM GUKTUKAE
3pocmanns yin. Taxum uuHoM mopeiens y 6i0uymuux o0csa2ax makumu akmueamu 30iCHIOEMbCA 3a 3A8ULYEHOI0 YIHOTO,
wo, 8 8010 yepey, nopooicye Qinarcosi Oynvoawiku. Ilpucymus 8 iHgopmayiiiHux Oxcepenax meopis epexmueHux
PUHKI@ CIMBEPOIICYE, WO HAABHI YIHU AKMUBIE € 3A62COU GIONOGIOHUMU BUMO2AM PUHKY 1 8Ce 8paxo8yiomb, dle npu
YbOMY 66AIICAEMBCS, WO YUACHUKU PUHKY, NPULIMAIOYY CE0I pilenHs, Oitomb payionanbro. OOHAK PUHKAMU NPAGIAMb
00U, i AK c8iOYams COYioN02iUHI OOCTIONCEHHS, 6CI ITOOU MIEI0 YU THULOIO MIPOTO 8 CBOIX NOCTHYNKAX € IPPAYIOHATbHI.
Ha cv0200Hi Hemae uimKkux eghekmugHux iHCmpyMeHmis, wo 003601510Mb 3 O0OCMAMHBOIO0 MOYHICIIO NPOSHO3Y6amU
ma nonepeoxcysamu ymeopenus Qinancogux 6yn6aulox, a paxisyi npononyions eKCHepmui CyOHCeHHs NPo PUsUKU
BUHUKHENHA OYTbOAWKY HA OCHOBI AHATIZY YACO8UX QIHANCOBUX PAJI6 A NOPIBHAHHA OYIKY8AHO20 PUHKY 3 HAAGHUMU
OaHUMU NONEPeOHIX KpU308UX cmatie. ¥ pobomi 3anponoHo68ano o2isao iHpopmayiiHux odxicepen, 8 AKUX NOCAIO08HO
npeocmagneHa CymHicms ma nepeoymosu noseu QiHancosux OyabOAuIoK, npoyec ix opmyeanus, ix eniugé Ha
EKOHOMIYHI NOKA3HUKU SK HA 2100AIbHOMY Pi6Hi, max i Ha ekoHoMiYyi okpemux Kpain. Taxkookc y posananymux pobomax
0emanbHO ONUCAHO NOBEOIHKOBY MOOeNb (PIHAHCOB0T OYIbOALKY, (DYHKYIIO RONUMY A NPONO3UYIL, 32aIbHe PIGHAHHS
YiHu axmugy ma OUHAMIKY NO0BEOIHKOB020 3apajicenHs nonyiayii Hacenenns puuky. OKpemo noodano 021510
no6edinKo8oi mamemamuyHoi Mmooeni (hiHaHCO80I OynbOAWIKY. Ap2yMEHMOBAHO AKMYANbHICMb CMBOPEHHS
IHGhOpMaYiiHUX Memooié NPOSHO3Y6AHHS NOSGU (DIHAHCOBUX OYILOAUIOK, A MAKONC NOOYOOBU MOOe, KA 30amHd
OeMOHCmpysamu meHOeHyii He MIbKU 36U4QUHUX OYIbbauiok, a U cepitimux Oynvbauiox. Buxopucmosyouu mosy
npozpamyeanns Python, donomisxcni bibniomexu i ghpetimeopku, i3 3aCMOCYS8aAHHAM 6KA3AHOI NOBEOIHKO80I MOOET
@inancosoi OybOaUIKY, NPOBeOeHO CUMYIAYII0 OAHUX | ROOYO0BAHO PO IHMEPAKMUGHUX Gizyanizayill npoyecy ix
VMBOpenHs, pO36UMKY ma 3HUKHeHHA. Taxodic ompumani pesyibmamu 0aroms MOICIUGICMb CMEEPOIICYBAMU, WO
00U, Haeimv 6e3 npo@eciinux 3HAHbL Y 2auy3l IHQOPMAYIIHUX MEXHON02I Ma NPOSPAMYSAHHS, MONCYNb
CMBOPHBAMU DOCMAMHbLO NPOOYKMUBHI IHGOPpMAYIIHI cucmemu 0151 AHANIZY OAHUX (DIHAHCOBUX PUHKIS.

Knruosi cnosa: kpusa, ginancosi Oynvoawiku, puHox, nonum, yiua, ingpopmayitni memoou, Python.
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Summary. It is known that there is a phenomenon in the economy when the basic value of any tangible or
intangible asset differs significantly from its market value, and the growing demand causes an increase in prices. Thus,
trading in significant volumes of such assets is carried out at an inflated price, which in turn creates financial bubbles.
The theory of efficient markets, present in information sources, states that the available asset prices are always in line
with market requirements and take everything into account, but at the same time, it is assumed that market participants
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act rationally when making their decisions. However, markets are ruled by people, and as sociological studies show, all
people are irrational to one degree or another in their actions. To date, there are no clear and effective tools that allow
predicting and preventing the formation of financial bubbles with sufficient accuracy, and experts offer expert judgments
about the risks of a bubble based on the analysis of financial time series and the comparison of the expected market with
the available data of previous crisis situations. The work offers an overview of information sources, which consistently
present the essence and prerequisites of the appearance of financial bubbles, the process of their formation, their impact
on economic indicators both at the global level and on the economy of individual countries. Also, the considered works
describe in detail the behavioral model of the financial bubble, the supply and demand function, the general equation of
the asset price, and the dynamics of behavioral contagion of the market population. An overview of the behavioral
mathematical model of the financial bubble is presented separately. The article argues the relevance of creating
informational methods for forecasting the emergence of financial bubbles, as well as building a model capable of
demonstrating trends, not only of ordinary bubbles, but also of serial bubbles. Using the Python programming language,
auxiliary libraries and frameworks, with the application of the indicated behavioral model of the financial bubble, data
simulation was carried out and a number of interactive visualizations of the process of their formation, development
and disappearance were built. Also, the obtained results make it possible to assert that people, even without professional
knowledge in the field of information technologies and programming, can create sufficiently productive information
systems for analyzing financial market data.
Key words: crisis, financial bubbles, market, demand, price, informational methods, Python.
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IlocranoBka mnpodjemu. diHaHcoBi OynpOamiku B Cy4acHOMY CBITI BiZIrparoTh
3HaYHy pOJb Y (hOpMyBaHHI EKOHOMIUHUX KpU3 Ta BIUIMBAIOTH HA CTaOUIBHICTH (PIHAHCOBUX
puHKkiB. He3Bakaroum Ha YHCICHHI JOCTIDKCHHS, (QeHOMEH (iHAHCOBHX OyIh0amoK
3aIMIIAE€THCS CKJIAAHUM IS Mepel0ayeHHs Ta MOJIENIOBAHHSA, 1[0 BHUMAarae po3poOJeHHS
HOBHUX MiAXOMIB Ta IHCTPYMEHTIB JUIsl iX aHamizy. AKTyaJbHUM 3alIMIIA€TbCA JAOCTIIKEHHS
CTBOPEHHSI TOBEAIHKOBOI Mojeni (iHaHCOBOi OynpOamiku, siKa BpaxoOBY€ IWHAMIKY IIiH,
GyHKIT TOMUTY Ta MPOMO3UILii, @ TAKOXK MOBEIIHKOBI aCIIEKTH YYaCHHUKIB PHHKY.

AHaJi3 ocTaHHiX JocaiIKeHb i mydaikaniii. OCHOBHOIO €KOHOMIYHOIO MOJIEIUIIO, 110
BU3HAYa€ I[IHYy aKTHBY, € MOJIENIb MOMUTY Ta MPONO3HIIii, KA MiATBEPHKYE, IO MOMIUPEHHS
(iHaHCOBUX TPYJIHOLIIB cepel] Bpa3IMBOi TPy HACEIECHHS MOKE NMPU3BECTU A0 (PiHAHCOBOI
kpu3u. Huska cydacHMX JAOCHIPKEHb OIEpye MOHATTAM «COLIAJBHOIO 3apakKeHHs» Y
¢dinancoBux saBumax. LI dOCHIPKEHHS JIEMOHCTPYIOTh MOMIIHUBICTH 3aCTOCYBaHHS
MaTEeMaTUYHOTO eMiJeMIONOTIYHOTO MOJIENIOBaHHS 10 3a1a4 (iHaHCOBOI MaTeMAaTHKH.
Hanpuxknan, y nociipkesHi [ 1] BUKOPUCTOBYIOTH €M11€EMI0IOTIYHY MOJIEINb, 1110 CKIAIA€ThCS 3
CUCTEMHM JIBOX JU(EpEHIIaJbHUX PIBHSAHB AJIs ONMCYBaHHS JUHAMIKY I[IHU aKTHUBY.

AHani3yrouM BIUIMB CTaJHOI MOBEIIHKM Ha (opMyBaHHS I[iH (PIHAHCOBUX aKTHBIB y
JOCIIJKEeHH1 [2], cTBEp/UKYIOTh, 10 MO3UTHBHA OyibOallka BUHUKAE M XapaKTepPHU3YEThCS
HAJIMIIKOBUM IMOMMUTOM, SIKMW MiAIITOBXYE IIHU Bropy ¥ Bijaanse ix BiJ QyHAaMEHTaIbHOI,
panioHanbHOi BapTOCTl akTUBY. Lleit mepio] HECTIMKOro 3pOCTaHHs 11iH Ha3UBAIOTh PEKUMOM
OynbOammku. [lani ¥ine nmepion magiHHA LiHM, SKUH B1IOYBa€ThCs, KOJIM JIOBipa 1O BapTOCTI
aKTUBY IOYMHA€ KOJIMBATHCA 1 PUHKOBUM ONTHUMI3M ciabmae. TakuM YMHOM, PUHKOBHH
nucOaaHe 3MIHIOETHCS Ha TMPOTHIICKHHMA, MO0 MPHU3BOJUTH 10 HAUIMIIKY IMPOMO3MINT i
nedinuty monuTy Ha akTuB. Ll ¢asa HaUMIIKOBOI MPOMO3MILIi BBAXKAETHCS HETaTUBHOIO
OynbOamkor abo pexxumoM Komarcy. Jlami, sk mpaBwiio, e mpouec cTalumizamii IiH Ha
HOBOMY DIiBHI, KOJIM IliHA TIOYMHAE BIJHOBIIOBATHCA ¥ TOBUIBHO IMiJHIMATHUCS Ha3all 10
¢dbyHIaMeHTaIbHOI BapTOCTI 3aBIASKHU MOBEPHEHHIO PUHKOBOTO MOMUTY ¥ mpomo3uuii 10 ix
paiioHaqbHOI PIBHOBArH, 110 iICHYBaja 0 MOMEHTY BUHHUKHEHHS «OyIbOaIIKm.

OkpiM TOro, y AOCIDKEHHSX [3] omucaHO SBUIE CEPIMHUX OYyIhOAIoK, KOJIH
OynpOAaIIKKM TOCJI1IOBHO BUHUKAIOTh OJJHA 32 OJJHOIO HAa OJHOMY 1 TOMY X pUHKY. OfHi€0 3
NPUYMH YTBOPEHHS TaKUX cepiiHUX Oynbp0aIIok aBTOPU Ha3UBAIOTH T€, 1110 BUCX1/IHI LIHOBI
TEeHJIeHIIIl, SKi MarTh Micue y (a3i BiIHOBIEHHS (KONU I[IHM TOBEPTAIOTHCS 10
byHIaMEHTaIbHOI BapTOCT1), MOXYTh OyTH JOCTaTHHO 3HAYHHMMH, 1100 CIPOBOKYBATH
YTBOPEHHS HACTYMHOI OyJIb0alIku Ha pUHKY.
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Pusuk BHHUKHEHHS Ta pPO3BUTKY (piHaHCOBHX OynpOalIOK MOXXE MaTH Ceprho3Hi
HACJTIAKU JUIsl €KOHOMIKH, BKIIFOYAar0YH (piHAHCOBI KPU3H, CKOPOUYCHHS 3aHHATOCTI Ta 30UTKU
JUIs 1HBECTOpPIB Ta CHOXHBa4yiB. TakuM YHHOM, pO3pOO0JIeHHS e(EKTUBHUX CHUCTEM
MOJICIIIOBaHHSL Ta iAeHTUdiKanii QiHaHcoBUX OynpOalIOK € KPUTHYHO BAXKIUBOKO IS
3a0e3nedyeHHs (IHAHCOBOI CTAOLIHPHOCTI Ta 3MEHIICHHS PU3UKY KaTacTpohiYHUX HACIIJIKIB.

VY crarri [4] po3risHyTO TIpoOieMy BHSIBICHHS (DiHAaHCOBHUX OyibOaIlok y pexumi
pEeabHOTO Yacy, $Ki IICIs OCTAaHHIX CBITOBHX KpHU3 CTadd MpoOIEMOI0 EKOHOMIYHOTO
3aHEMOKOEHHS Ta BHUPIIMICHHS SKOI Ma€ 3HA4HI HACHiAKW i1 (DIHAHCOBOI CTaOUILHOCTI M
3aro0iraHHs Kpu3i. Y cTarTi [S] npencTaBieHo oris I0CiKEeHb y cepax BUSBICHHS Ta aHATIZY
¢inancoBux OynpOamok. Y poboti [6] 3ampornoHOBaHO BUKOPHCTOBYBATH TOTIOJOTTYHUM aHai3
JIAHUX JJIsI BUSBJIICHHS CHUTHAJIIB PAHHBOTO TOTEPEKEHHS MPO KPUTUYHI 3MiHHU Y (hiIHAHCOBUX
4yacoBUX psAax. LlikaBa i1es BUKOPUCTAHHS B PeaJIbHOMY 4acl aJlfOPUTMY MALIMHHOIO HAaBYAHHS
JUTSI IPOTHO3YBaHHS MOIH, IOB’I3aHKX 3 MOSIBOO (DiIHAHCOBHX OyJIBOAIIIOK, OnKcaHa B poOoTi [7].

Taxox HE0OX1AHO BiA3HAUYUTH 0COOIMBY yBary B cekTopi [T 10 CTBOpEHHS MPUKIIAAHUX
MporpaMHUX MPOAYKTIB JJIs aHATI3Y pU3HKIB, TakuX, K SAS Risk Modeling, FactSet Portfolio
& Risk Analytics Ta HiddenLevers, a Takox craructuunux nakeriB Power Bl 1 Tableau. Lli
IHCTPYMEHTH JI03BOJISIIOTh €(EKTHUBHO aHAI3yBaTH BeNUKI oOcsirH MaHux Ta OymyBatd
IPOTHO3M WLIOAO JUHAMIKM PUHKIB. PO3IJISIHYTI CepBIiCHM 3aCTOCOBYIOTHCSA JJIsl yIpPaBIIHHA
1HBECTHUIISIMU Ta PU3UKAMU [UIIXOM MPOBEICHHS MOTTUOIEHOr0 aHamizy, GopMyBaHHS 3BITiB
Ta MOJICJIIOBAHHS 1HBECTUIIHUX CIEHAPIiB, IO JO3BOJISE PO3POOIISATH ONTUMAIIBHI CTpaTeTii
YHUKHEHHs1 pU3UKiB. ['padiku pyxXy IiH Ta AiarpaMu BIUIMBY € IHTYITHBHO 3pO3yMUIMMHU
IHCTPYMEHTaMH, K1 J103BOJISIFOTh MPUHMATH €(PEKTUBHI PillICHHS.

Po3pobnennro  iHpoOpMamiHHUX CHCTEM WIATPUMAHHS TNPHUHATTS pIMICHb 13
3aCTOCYBaHHAM Cy4YacHHMX 1H(OpPMamiiHO-KOMYHIKAllIHHUX TEXHOJIOTiH MPHUCBSIYEHI POOOTH
aBTOpiB cTaTTi [8, 9].

MeTo0 0CTi/IKEHHI € BCTaHOBJICHHS XapaKTEPUCTUK (DIHAHCOBOIO PHHKY, SKi
JI03BOJISITUMYTBH IIPOTHO3YBATH Tporec GopMyBaHHs (piHaHCOBHX OyIhOaIIOK.

IToctanoBka 3aBaaHHs. [l JOCATHEHHS IIOCTaBJIEHOI METH BUKOHYIOTBHCS Taki
3aBJIaHHS: BCTAHOBIIOETHCS CYTHICTH (DiHAHCOBHX OYJIHOAIIOK, OMUCYIOTHCS TEHMAEHIT iX
PO3BUTKY; PO3IIISAAIOTHCS ACTIEKTH BUHUKHEHHS Ta «CXJIOIMYBaHH» (P 1HAHCOBHUX OYyJIbOAIlIoK;
JOCTIKYIOThCS METOIU BIACIIIKOBYBaHHS Ta IPOrHO3YBAaHHA (DIHAHCOBUX OYJIbOAIIOK.

Buxknaa ocHoBHoro matepiany. OuH 3 HOCTYJIATIB rinoTe3n eeKTUBHOIO PUHKY CTBEPIUKYE,
0 «IiHA BPaxoOBYIOTh Bce». HuHIimHS curyaris B cdepi iHGOpMaliiHUX TEXHOTJIOTIH Ta aHaJi3y
JAHHUX CTIPHsIE JeNlaii BIIIyTHIIIOMY BIUIMBY iH(pOpMaIliiHoro (oHy H CTaaHOT MOBEAIHKH YYaCHUKIB
pUHKY Ha pyX miHH (piHaHCOBMX akTHBiB. llommpeHHs cTamHOI MOBENIHKA MOXe OyTH HACTIIBKH
3HAYHUM, IO CIIPOBOKYBATH YTBOPEHHS «(PiHAHCOBOI OYIIbOAIITKIY.

3a OCHOBY JOCHIJPKEHHS B35ATO IOBEIIHKOBY MaTeMaTH4HY MOJENIb (iHAHCOBUX
OynbOarok, mo nodyosana y [1].

B Mopmeni nepenlauvaroThecs Taki MPUIYIIEHHS: CTajla KUIbKICTh YYaCHHUKIB MOJIENI;
OJTHOPIJIHICTH (yCl 1IHBECTOPH MarOTh OJHAKOBY KYIIBEJIbHY CIIPOMOXKHICTh Ta BIUIMB Ha CBOIX
KOJIET); ICHYBaHHS 3-X BH3HAYEHUX TIPYN YYAaCHHKIB: HEMTpanu, ONTUMICTH Ta IECHUMICTH;
JIOIYCKAETHCSI MOMJIMBICTh BUXOJY 3 PUHKY; ITHOPYETHCS MPOLIEC KOPOTKOTO MPOaXy (KyIiBis
Ta BOJIOAIHHS aKTHBOM € HEOOXiTHOI MEepeayMOBOIO AJis Horo mpojaxy); (GyHIamMeHTaabHa
BapTICTh aKTUBY 3aJIMIIAETHCSI HE3MIHHOIO MIPOTATOM YacCy «GKHUTTS (JiHAHCOBOI OYIIbOAIIIKI.

BuxopuctoByeThcsi Mozienb 1iHOBOI piBHOBaru EBanca [1], sfika omucye HMIBHUIKICTH
3MIHM LIHU 3 9YacOM SIK (PYHKIIIIO PI3HULI MIXK MOMUTOM Ta IPOMO3HIIIELO:

dp _ _
5~ @ D) =S()

ze k1 > 0, a QyHKUIT HiHK HONMTY Ta MPONO3MIIiT BUPAKAIOTHCS SK
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D(p(t)) =d, +d,p(t) S(p(t)) =S, +5,p(1),

ne d;>0 rta d, <O nossavaroTe aBTOHOMHHMI MONMT i WIHOBY ENACTHYHICTH MOIMTY,

BIANOBIZHO, a S <0 Ta S, >0 mno3HayalTh AaBTOHOMHY IPONO3MIII0 Ta LIHOBY

€TACTUYHICTH MPOIIO3HUIIii BiIOBIAHO.

3rimHo 3 [1] TakuMm piBHEM IIiH BHU3HaA4ae (yHIaMEHTaJIbHY BapTICTh aKTUBY U
MPUHAMAETHCS K MOYATKOBA I[IHOBA TOYKA, 3 SKOi BMHUKAE OyspOaimika (TOOTO moyaTKOBa
yMOBa JJIs IIIHH), @ TAKOXK 5K PIBEHb IIiH, JI0 SKOTO PUHOK IOBUHEH MOBEPHYTHCS IICIISA TOTO,
K OynbOanika Buuepmae ceoe.

BpaxoByrouu BITUB CTaaHOI MOBEIIHKA ONTHUMICTIB Ta IMECHMICTIB cepell pPUHKOBOTO
HACEJICHHsI, OMUCaHO IMHAMIKY COIIaThHOTO 3apakeHHS BCHOTO HACEIICHHS CKOHOMIKH Ii]] 4ac
BUHUKHEHHA OyJnbOAalIKK 3 TOYKM 30py OCHOBHUX TpaBI[iB Ha PHHKY, a TaKOX TpYIHU
HEUTpaJbHUX Ta TUX, XTO BUMIIOB 3 PUHKY.

AHaJi3 oTpuMaHuMX pe3yJbTaTiB. BapTo mpuragatu, mo OyJp0aliku yTBOPIOIOTHCS B
pe3yJbTaTi BBEICHHsI IIEBHOI iH(OpMAIlii, sika CTBOPIOE OYIKyBaHHS 1100 MalOyTHIX MEPCIIEKTUB
MIEBHOT'O aKTUBY. TaKiM YMHOM, 11100 BCTAHOBUTHU ITOYATKOBY YMOBY JIJIsl MOZieNi Oy b0aliiku, mpu-
MYCKAa€EThCS, 110 JI0 MOSBH 11i€T iH(opMaliii I1iHa aKTHBY 3HAXOAUTHCS Ha PiBHI HOro GhyHAaMeHTalb-
HOI BapPTOCTI, a BCE HACEJICHHS B €KOHOMIIII € HEUTpaTbHUM (TOOTO HA TO MOMEHT HEMAE Hi ONTHMi-
CTiB, Hi MIECUMICTIB, Hi THX, XTO BHHIIOB 3 PHHKY). KpiM TOro, mpHITyCKaeThCs, Mo iH(opMariis
3’SIBIISIETHCS B TIOYATKOBHI MOMEHT 4acy, 10 MPHU3BOAUTH A0 MEPETBOPEHHS YaCTUHU HEHUTpalib-
HOT'O HAaCeJICHHS Ha ONTHMICTIB; 115l YaCTUHA BU3HAYAE TIOYATKOBHUIA CTaH MOMYJISIIii ONTHUMICTIB.

[lepmie yncenpbHE MOJCIIOBAHHS JUHAMIKH I[IH 300paXeHO Ha puC. 1, OTpUMaHe TpH
3aJIaHIi YMCEIBbHOCTI HACEIICHHS B €KOHOMIIIi. SIk MOXHa T00aYuTH, IIIHOBI TPEHIU, OTPUMaHIi
Ha puc.l, 4iTko BimoOpaxkaroTh ¢a3zy «OynbbOamkm», ¢dazy obBamry W (azy crabimizarmii.
30kpema, IiHa aKTUBY Taja€ HIKYe (PyHIaMEeHTaIbHOI BapTOCTI Mg vac (a3 odBay mepen
TUM, K BIIHOBUTBCS 10 cTabuIbHOI (pyHIaMeHTaIbHOT) BapTocTi. MokHa mobauuTy, o ¢asza
0o0Baly MOYMHAETHCS MICIS TOTO, SIK I[iHA CATa€ MAaCKMUMAalbHOTO 3HAYeHHs, a Janmi (dasa
crabimizaril IHN TOYMHAETHCS ITICII TOTO, SIK I[IHA JOCITa€ MIHIMAJILHOTO 3HAYECHHS.

S Pt ComtiesiciFax Segulsion iz ot p Comtioniz Tave

Pucynok 1. I{iHoBuii rpadik nmepioro YuceabHOT0 MOICITIOBaHHS OyIh0anTku

Jani noOynoBaHo cBIUKOBUH rpadik, sIKMM 300paKeHO Ha pUC. 2, JIe KOXKHY CBIUKY
npescTanisie yncio B 50 iTepaiiii, Ta Ha OCHOBI HbOTO OOUUCIICHO PSJT 1HAUKATOPIB.

Ingukatop RS| mokaszye IMBHAKICTH 1 3MiHY LIHOBHX pYXiB, BIH KOJHMBA€THCS B
niamasoni Big 0 10 100 1 BAKOPUCTOBY€ETHCS JJIs1 BUSIBIICHHS MEPEKYIUIEHHS a00 MepenpoiaHHs
akTuBy. B nmaHomy Bunaaky 3 rpadika mMoxHa moOaquTH, 10 1HAMKATOP CUTHAJIZYE PO
NEePEeKyIUICHHSI aKTUBY KOJH I[iHA aKTUBY JOCATIIA iICTOPUYHOTO MaKCUMyMYy, IICIS YOTO
noyasnacs (asza kpaxy OyapOalIKy i 3HaYeHHS 1HAUKATOPA IIOBEPHYJIOCS B HOPMY.
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3 rpadika inaukaropa ATR MoxHa mOGauUTH piBEHB BOJIATHIILHOCTI LIIHU HA YaCOBOMY
BiJIpi3Ky. B manoMy Bumanky 6aunmo, 1o mijg yac ¢aszu Oyiap0amku ta Ga3u Kpaxy npuUCyTHI
BUCOKHMI pIBEHb BOJATWIBHOCTI I[iHHM, a Ticis movatky ¢(asum crabimizamii 1iHM piBeHb
BOJIATHJILHOCTI MIOBEPHYBCS JI0 CTA0UIBHILIOTO PiBHA.

Inaukarop MACD ckitamaetses 3 Tppox ckimanoBux: MACD miHis, CUTHaNIbHA JTiHIS Ta
ricrorpama. [Tepetun minii MACD Haj CUTHAJIBHOIO JIIHIEIO0 € OWYa4rM CUTHAJIOM, IO BKa3ye
Ha MOTCHUIWHUN BUCXITHUIA TPEHJI, IO MOXHA TO0AYUTH Ha MoYaTKy (a3u OyIbp0aniku Ta Ha
nmovarky ¢a3u crabimizamii minu. | HaBmaku, nepetus aiHii MACD HuX4e CUTHAJIBHOI JIiHIT €
BEIMEKHM CUTHAJIOM, 110 BKa3y€ Ha MOTCHIIHHUN CITaJHUIA TPEHI, IO CIIOCTEPIraeThCs, KON
MOYMHAETHCS (Pa3a Kpaxy OyIbOamiKy.

Pucynok 2. CiukoBuii rpad)ik Mepioro YNCeI-HOr0 MOJCITIOBAHHS OYIbOaIIKu

I'padix auHamikd mOMyNsAii HAaceleHHs PHUHKY 300pakae 3MIHM B KOXHIA rpymi
HaceJIeHHs pUHKY Ha pHc. 3. Y TaHOMY BUINIaAKy 0auuMo, 1110 rpyna OMKiB pUHKY Pi3KO 3pOCTaE,
i dac (a3u OynbOaniky, miciis Yoro Ha MovaTky (a3 Kpaxy, YUCENIbHICTh HAacelIeHHs OUKIB
pi3KO Majae, a HaCeJIeHHs BeIMeIiB 3pOCcTae, MICisl MOYMHAEThCs (a3a cTaluiizalii iHH, Bce
HaCeJIeHHs PUHKY MePeX0IuTh Y TPYIy HACEeJIeHHS THX, XTO 3aJHIIUB PUHOK.

Pucynok 3. I'padix nruHamMiku MOMyJISIiT HACETEHHS
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Hami, Ha OCHOBI MJaHMX NOMYJALIi PHUHKOBOIO HACeJlIeHHA M00YyJ0BaHO
TerioBy Mamy (puc. 4), mo0 Kpaiie 3po3yMiTH B3a€EMO3B 30K MiXK KOXXHOIO TPYIOIO
HACEJICHHS.

Price Pict Candiastick: Ploe Pepulation Plet Comelstion Msp Candlestick Teble

Pucynoxk 4. Kopensuiiina Mamna nomyJisiiii HaceJIeHHS! pUHKY

Ha ocranniii Bkimaami BUBEAEHO TaOMULIO 3 YUCIOBUMH JaHUMH, SKI Oyiu
3T€HEepOBaHi B pe3yJIbTaTi IPOBEICHOT CUMYJIALIT Ta 33 JOMTOMOTOI0 SIKUX 0yJI0 TOOy10BaHO
CBIYKOBUM Tpadik Ta psja 1HIAMKATOPIB, SKI OMUCAaHO paHime. Takox pearizoBaHO
MOJKJIMBICTh 30€perTH I1i 3reHepoBaHi aani y daitni popmary .Csv (puc. 5).

Price Plot Cantiestck Plot Populaticn Plet Correlaticn Map Candieusck Table

Ester CSV Sesame andestcs s
Dowrload CSV

Pucynoxk 5. Tabnuris 3i 3reHepOBaHUMHI YHUCIOBUMH JaHUMHU

Y xomli mpoBeneHHS JpYyroi CUMYJAMIl, 3MEHIICHO 3HA4YeHHS aKTUBHOCTI
ONTUMICTIB CTOCOBHO HEWUTpalbHHUX 1HBECTOPIB, WO MPU3BOAUTH JO TPEHIY,
300pakeHoro Ha puc. 6. Xoua IiHOBa OWHAMIKa BimoOpaxae (a3um «OyapOamKmy,
Kpaxy Ta BHCXIJHOTO BiJIHOBJICHHS, 32 HUMH OJIpa3zy X 11¢ HOBHH IUKI «OyIbOAIIKN»
Ha puHKY. lle y3romxkyerbcs 3 ¢eHomeHoMm, onmcanuMm KucenpoBum 1 Puxukom mpo
aBUIle cepiiHux OynpOamok [1], sKi BKazywoTb, o ¢a3za BiAHOBIEHHS IMicCIs
Kpaxy Oynp0amkw MoOXKe OyTH JIOCTaTHHOIO IS TOTO, a0W CIPOBOKYBATH HACTYITHY
Oynp0alky.
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Frice Plot Casdlestick Flez Population Plot Comelation Mg Candlesick Table

Candlestick Chart

ATR Indicator

A 4

Pucynok 6. CiukoBwii rpadik Apyroi CHMYJISIIl

Leti denomen cepiiHUX Oynp0aIIOK OYCBHAHIMIMKA HA PUC. 7. SKUH OTPUMAHO,
30UIBIIYIOYM aKTUBHICTh ONTHMICTIB. Ik 6aunMoO 3 pUCYHKa, 1IHOBAa JTUHAMIKa JEMOHCTPYE
pi3HI OybOAIIKOBI UK, IO CKJIAAAIOTHCS 3 TPhOX (Da3: yTBOPEHHs, KPaxy Ta BiHOBIICHHS,
B SIKHX 32 KOXKHOIO OyIB0AaIIKOI0 0/Ipa3y K He HacTymHa (3 JAe/1aii MEHILIOK aMILTITy1010).

Prico Fiar Canorick Bt Bopslsion Fiot Coneimion Msp Contieciok Table

MACD Indicator

i, LT — T — S
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Pucynox 7. CiukoBuii rpadik 3 iIHIUKaTOPaMH ISl TPETHOT CUMYJIALIT
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3aranom, yncesibHE MOJICTIOBaHHs, 300paXkeHe Ha pHc. 6 Ta 7 BKa3zye Ha Te, 110 cepiitHi
OyJIbOAIKA € WMOBIPHIIIMMH JIJI1 HUKYOTO PIBHS MOIIMPEHHSI ONTUMICTUYHOT MOBEIIHKH Ta
BUIIIOTO PiBHS MOUIMPEHHS NECUMICTUYHOI MOBEIIHKH.

Takox MOJIeNIb CIPOMO’KHA J1IaBATH BEJIUKY KIJIbKICTh 1HIIUX LIHOBUX TPEHIB 3aJI€KHO
BiJl BUOOPY 3HAUYEHB MTapaMeTPiB, 0 OMHUCYIOTh AUHAMIKY COLIaJIbHOTO 3apakeHHS HACEJICHHS.
3aranom, 4MCIOB1 Pe3yJIbTaTH Y3TOJKYIOTHCS 3 LIIHOBUMHU TPEHIIAMU «OyIb0alIok», Kpaxy Ta
cTabumizaiii, mo crnocrepiratloTbes B icTopuyHuX naHux iHaekciB Jloy-/lxonca Ta NASDAQ.
Kpim Toro, puc. 6 Ta 7 y3ropKyroThCsl 3 TOBEAIHKOIO CepiiHUX Oyah0aIiok, B KX (iHaHCOBI
OynbOAIIKK BHHUKAOTH ITOCITIIOBHO ITiCIIsl BITHOBJICHHS TIONIEPEIHBOTO ITHKITY.

MosxHa 3poOMTH BHCHOBOK, IO pPO3po0JeHa MOBEAIHKOBA MOJENb, CIPOMOXKHA
JEMOHCTPYBAaTH TEHJACHI Oynb0amiok, sKi BIANOBIIAIOTh HE JHINE 3BUYAWHUM, ane WU
cepiiitnum Oyip0arikam, onrcanuM KrcenboBum ta Prkukom [ 3].

BucHoBku. IlpoBeneHwii anami3 Cy4acHHMX TEHICHLIH Ha (IHAHCOBUX pPUHKAX
MIATBEPAUB HEOOXITHICT, 3aCTOCYBaHHS CydacHHUX 1H(OPMAIlIHHUX TEXHOJIOTIH Ta
porpaMyBaHHS SIK €()eKTUBHOTO IHCTPYMEHTY aHaji3y, Bi3yasi3allii Ta MpOrHO3yBaHHS JaHUX.

Y mpencraBieHiii poOOTI 3amporoOHOBAaHO TMOBEAIHKOBY Mofelnb (iHaHCOBOT
Oynp0aIKy, MO BPAXOBY€E NWHAMIKY aXiOTaXy YYaCHHKIB PHHKY. BUKOPHCTOBYIOYH MOBY
nporpamyBaHHs Python, nomomixkni 6i6mioTexu i GpelMBOPKH, i3 3aCTOCYBaHHAM BKa3aHOT
MOBEIHKOBOI MOiei (hiHAHCOBOT OYIH0AIIKH TPOBECHO CUMYJISIIIIO TaHUX 1 TOOYI0BAHO Psilt
IHTEpaKTUBHUX Bi3yali3allii MpoIlecy CTBOPEHHs, PO3BUTKY Ta JIOMaHHS (PIHAHCOBUX
OynpOamok. Ha OCHOBI OTpUMaHMX pe3ynbTaTiB, y XOJi MPOBEACHHS YHCEIHLHOTO
JOCTIIPKeHHS, TPOaHalli30BaHO OTPUMaHi J1aHi, Mo0ya0oBaHO rpadiku psaLy 1HIUKATOpPIB Ha
OCHOBI LIMX JaHUX Ta BU3HAYEHO, 110 PO3pOOIJIEHA MOJIENb 3AaTHA JEMOHCTPYBATH TEHACHIIIT
HE TUIbKH 3BUYANHUX, a i cepiiHUX OyNIb0aliox.

OxpeMo mpencTaBlieHi pe3ylbTaTH MOXYTh CBIIYHTH, IO JIFOAW, HaBiTh 0e3
npodeciiHuX 3HaHb y ramy3i iHGOpPMAIIHHUX TEXHOJOTIH Ta MpOrpaMmyBaHHS, MOXYTh
CTBOPIOBATH JIOCTaTHHO MPOIYKTHBHI iHPOPMALIIHI CHCTEMH JUTSI aHaJIi3y JaHUX 3 (PiIHAHCOBUX
PHUHKIB.

Conclusions. The analysis of modern trends in financial markets confirmed the need to
use modern information technologies and programming as an effective tool for data analysis,
visualization and forecasting.

The presented paper proposes a behavioral model of the financial bubble that takes into
account the dynamics of the excitement of market participants. Using the Python programming
language, auxiliary libraries and frameworks, with the application of the specified behavioral
model of the financial bubble, data simulation was carried out and a number of interactive
visualizations of the process of creation, development and bursting of financial bubbles were
built. On the basis of the obtained results, in the course of conducting a numerical study, the
obtained data were analyzed, graphs of a number of indicators were constructed based on these
data, and it was determined that the developed model is capable of demonstrating trends, not
only of ordinary bubbles, but also of serial bubbles.

The separately presented results may indicate that people, even without professional
knowledge in the field of information technology and programming, can create sufficiently
productive information systems for analyzing data from financial markets.
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