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2. Methods of seismic data intelligent analysis and forecasting based on the soliton approach

Pedepar:

1. lncepranist npucBsYeHa BUPIlIEHHIO aKTyaJbHOT0 HAyKOBOTO 3aBIAHHS BJOCKOHAJIEHHS [IPOrPaMHO-allapaTHUX

KOMIIJIEKCIB CEMICMiYHOTO MOHiTOpI/IHFy JIAXOM BPpaXyBaHHS JIOKami30BaHUX CO]IiTOHOHO,ILi6HHX 36ypeHb Ta

PO3POOKM HOBUX MiJXOiB 10 IPOTHO3YBaHHS iX TPA€eKTOPiil . V BCTyIi OGIPYHTOBAHO aKTyaslbHICTb JOCiIPKEHHS,

HaBeleHO 3B'SI30K POOOTH 3 HAYKOBO-JOCiTHUMU TeMaMH, BU3HAYEHO METY Ta 3aBAAHHS JOCJIIIPKEHHS, 00'€KT Ta

IpegMeT JOCIiIpKeHHs, HaBeJeHO MepeJsliK METOiB AOCiIpKEHHS, 110 3aCTOCOBYBAJIUCH [1JIs1 JOCSITHEHHS] METU

IycepTaliiiHoi poboTu. Y nepumomy po3saisni «Oriisn NporpaMHUX KOMILJIEKCIB CEMCMiYHOTO MOHITOPUHTY Ta



MaTEeMaTU4YHVX MOJEJIEN CEMCMIYHUX ITPOLIECIB» [IPOAHAI30BAHO iCHYIOYi IPOTPAMHI KOMILJIEKCU CEMCMIYHOTO Ta
XBUJIbOBOTO MOHITOPHUHTY 3 TOUYKU 30PY MOXJIMBOCTEN IIPOTHO3YBaHHS CEMICMIYHUX ITOMTOBXiB. PO3IIsSHYTO
OCHOBHI MiZX0Y Ta MOZEJI, 0 BUKOPUCTOBYIOTbCS IJIs1 aHAJII3y CEeMCMIYHUX npoueciB. Cepex, Teopii, gKi
MOSICHIOIOTh BUHVMKHEHHS N€PeIBiCHUKIB, BULISETbCS AUIaTaHTHO-IUPYy3iliHa MOZEeJIb, MOZEJIb JIABUHHO-
HECTIIKOro YTBOPEHHS TPIilllMH, MOZEJb “KPUIN’, B PAMKaX SIKOI PO3IJISJA€ThCsl BAHUKHEHHS 3€MJIETPYCY Yepes
IIPUCKOPEHHSI pyXy 60PTiB iCHYyI04Oro possomy. B nunatanTHO-auQY3iiiHil Mozesi I0sIBa epe]BiCHUKIB
3€MJIETPYCiB IIOSICHIOETHCSI HAIXOIKEHHSIM BOJY B 30HY MaliOyTHBOTO 3€MJIETPYCY IiCJIs1 TOTO, K Yepes pizke
3POCTaHHS TEKTOHIYHUX HaNPYr TaM MOYMHAETHCS MAaCOBE YTBOPEHHS MIiKpOTpiluH. CyTh MOJeJli JJABUHHO-
HECTIMIKOr0 YTBOPEHHS TPILMH I0JIAra€e B TOMY, 110 Pi3Hi cTaii yTBOPEHHS TPIMH IPU3BOIATD [0 3MiHU Pi3nyHuX
XapaKTEPUCTUK CEPEIOBUILA i MOKYTb PO3IJISIATUCS SIK JOBTOCTPOKOBI [1IE€PEIBICHUKMY. Y IPYroMy po3nisi «Metonn
ineHTHikauii TpaeKTOPiil JI0KaIi30BaHMX 30YPEHb B 00JIACTSIX CEMCMIUYHOI aKTUBHOCTI» PO3IJISHYTO MeTog, T-
[IpeJCTaBJIeHb OJ1s1 LOCIIiIPKEHHS BTACTUBOCTEN TPAEKTOPIl JIOKaIi30BaHMX COJIITOHONOIOHNX 30ypEeHb B
CYLIJIBHUX CcepenoBullax. JleTasbHO PO3TJISIHYTO MOJEJI TUITY MiJIKOI BOIM Ta TPAEKTOPIi JI0Kasi30BaHUX
COJIITOHONIOMIOHUX 30yPEHD B TBEPVMX aHI30TPOIHUX TijlaX. 3acToCyBaHHS MeToy T-IpeACcTaBeHb 103BOJINIIO
IIPOBECTH JOCJIIPKEHHS TPAEKTOPIi JIOKAII30BaHMX COLITOHONONIOHUX 30ypEeHb B 00J1aCTSIX 3MiHHOI TYCTUHMU.
BusiBiieHO BJIaCTHUBOCTI JIOKaJIi30BaHUX COJIITOHOIIOIOHUX 30ypeHb, 30KpeMa, II0Ka3aHo, 1110 JIOKaJli30BaHi
COJIITOHONO/iOHI Bif'eMHi 30ypeHHsI IpU B3aeMOZi 3 0671aCTsSIMU MaJloi I'YCTUHU Pi3KO 3MIHIOIOTh CBOi TPa€eKTOPIi,
Mae Micle eeKT Ha 3pa30K BiIOMBAHHS HA KBAHTY CBiTJIa HAa IPaHMULIi CepelOBULL, 3 Pi3HOIO TYCTUHOIO. Y TPETbOMY
PO31isi «AJITOPUTMU TPOTHO3YBaHHS TPAEKTOPIN JIOKAIi30BaHUX 30yPEHb, 110 I'PYHTYIOTHCS HA OCHOBI
IHTEpHOJISALiHUX MHOTOYIEHIB» PO3TJISHYTO METOJ, [IPOTHO3YBAaHHS HA OCHOBI MHOTOYJIEHIB 3 ONTUMAaJIbHUM
BHUOOpOM cTeneHs. OCHOBHaA ifies 1oJ1sirae y po3pooli METOIMKHY, sIKa O3BOJIsIE 3[1iICHIOBATU aHali3 IPOTHO3HUX
3HAQYE€Hb HA OCHOBI iHTEPIOJISALIMHUX MHOTOYJIEHIB Ta BUSIBJISITY BUIAJIKY, KOJIY BIAETHCS 3HAUTU HAUKPALMI
CTEIiHb iIHTEPIIOJISLINHOTO MHOTOYJIEHA [J1s1 eKCTpanosLii. Takox 3HilCHIOEThCS TOCTII)KEHHS BIaCTUBOCTEN
MIPOTHO3IB SIK cepeIHbOro apudMeTUYHOT O TPOTHO3HUX 3HAYEHb Ha OCHOBI iHTEPHOJSIiIHUX MHOTOYJIEHIB Ta
IOBOIATLCA AesKi rPaHUYHI BJIACTUBOCTI iHTEPIOJISALIMHUX MHOTOYJIEHIB. Y YeTBepTOMY po3ini «IlipamimanbHum
asropuTM Ta ioro Mmoaudikauii» po3rsHyTO HOBUH MifXif, 0 BUPilIeHHs 3a1a4i ekcTpanonsnii. OcCHOBHa inest
METOJy IIPOrHO3YBaHHS, IIOJISITA€ B pO3poO1Lli epeKTUBHOI MeTOAMKY 3HAXOKEHHS IPOTHO3HOI'0 3HaY€HHs QPYHKIIii
Ha OCHOBI TOYKOBUX JaHUX 6€3 IPSIMOTO BUKOPUCTaHHSI Oy1b-SIKUX KOHKPETHUX KJIaCiB €KCTPaIOJISLiHIX
(yHK1UiN. PO3rasHyTO BigMoBigHI HEOOXiAHI Ta JOCTAaTHI YMOBHU, KOJIM 3aCTOCYBaHHS KPUTEPIIO € €(PEKTUBHUM.
3anporoHOBaHO aJTOPUTM €KCTPAIOJIAL|i, 0 NoJIsrae y Ho6ynoBi Tabuli po3niieHnx pi3HUIb, iIHTePIIOJIIOBAHHI
3Hau€Hb B CEPE/IHIX TOUKax, BUOOPY psiaKa Tabauli y BiATIOBITHOCTI 0 KPUTEPiI0 ONITUMAIbHOTO BUGOPY Ta

o6y 0Bl 00YMCIIIOBAIbHOI TPOLIEAYPH [1JIs1 3HAXOIKEHHSI IPOTHO3HOTO 3HauyeHHs!. [1oka3aHo, 1o 6a30Buil
nipamifanbHUNA METO], €KBiBaJIeHTHMIA OOYA0BI Ky6iYHOTO IIPOTHO3Y IO BiANOBIIHOMY PSIIKY TabMLi PO3AiTeHNX
pi3HULIb. Y II'SITOMY PO3ZiJi pO3IJsIHYyTO NPUKJIAAN IPOrPpaMHOi peasidaliii BiAlOBifHUX aJIrOPUTMIB.
3anpornoHOBaHO CTPYKTYPHY CXeMY PO3POOKH iHPOPMaLiliHUX CUCTEM CEMCMIYHOIO MOHITOPUHTY, 5Ki 6
BPaxXOBYBaJIY JIOKAJII30BaHi COJIITOHONOiOH] 30ypeHHS Ta BiANOBiIHI Mozesi ceiicMidYHUX ITpoleciB. Po3po6yeHo

online-10#aTOK AJ1s1 OCTIiIPKEHHS! JIOKaJli30BaHUX COJIITOHOIOAIOHNX 36YpeHb B 06J1aCTSIX CEHCMIYHOI aKTUBHOCTI.

2. The dissertation is devoted to the solution of the actual scientific problem on improvement of software and
hardware complexes of seismic monitoring by taking into account localized soliton - like disturbances and
development of new approaches to forecasting their trajectories. The introduction explains the relevance of the
study, discovers the connection between the work and the research topics, sets the purpose and defines the
research object and subject, lists the research methods used to achieve the goal of the thesis. The first section
"Review of mathematical models and software systems of seismic monitoring" analyzes the existing software
systems of seismic and wave monitoring in terms of the ability to predict seismic shocks. One of the scientific
directions that underlies the development of programs that have forecasting subsystems is neural network
technologies based on the so-called Kohonen maps. In particular, networks learning the Feedfoward Back
Propagation method and the Guttenberg-Richter function to determine seismic activity are used to construct
medium-term forecasts. Among the theories that explain the origin of the precursors, we can distinguish the



dilatant-diffusion model, the model of avalanche-unstable crack formation, the “creep” model, which considers the
occurrence of an earthquake due to the acceleration of the existing fault. The essence of the avalanche-unstable
crack formation model is that different stages of crack formation lead to changes in the physical characteristics of
the environment and can be considered as long-term precursors. In the second section "Approximate methods for
studying the trajectories of localized soliton-like perturbations in continuous media based on T-representations”
the method of T-representations for studying the properties of trajectories of localized soliton-like perturbations
in continuous media is considered. Models of shallow water type and trajectory of localized soliton-like
perturbations in solid anisotropic bodies are considered in detail. The application of the T-representation method
allowed to study the trajectories of localized soliton-like perturbations in the regions of variable density. The
properties of localized soliton-like perturbations are revealed, in particular, it is shown that localized soliton-like
negative perturbations in interaction with low-density regions change their trajectories sharply, there is an effect
like reflection on a quantum of light at media boundaries of different densities. The proposed method of
forecasting is to select from the total set of earthquakes subsequences caused by the same soliton-like wave and
construct a hypothetical trajectory for each such wave. Knowing the distance between the individual shocks along
the trajectory, you can estimate the speed. Knowing the individual points of the trajectory, you can estimate the
trajectory itself. Having estimates of the speed and trajectory of each soliton-like wave, you can estimate its
position at any time. Then you can estimate the set of positions of soliton-like waves at any time and specify the
probability of shock. The third section "Special algorithms for predicting the trajectories of localized soliton-like
perturbations" discusses the method of forecasting based on polynomials with optimal choice of degree. The main
idea of this work is to develop a method interpolation polynomial for extrapolation. The properties of predictions
as the arithmetic mean of predicted values on the basis of interpolation polynomials are also studied and some
limiting properties of interpolation polynomials are proved. The fourth section "Pyramid method of forecasting and
its modification” discusses a new approach to solving the problem of extrapolation. The main idea of the
forecasting method is to develop an effective method of finding the predicted value of a function based on point
data without direct use of any specific classes of extrapolation functions. The relevant necessary and sufficient
conditions for the application of the criterion are effective. An extrapolation algorithm is proposed, which consists
in constructing a table of separated differences, interpolating values at midpoints, selecting a table row according
to the optimal selection criterion, and constructing a computational procedure for finding the predicted value. It is
shown that the basic piramidal method is equivalent to the construction of a cubic forecast on the corresponding
row of the table of separated differences. In the fifth section examples of software implementation of narrative
algorithms are considered. The structural scheme of development of information systems of seismic monitoring
which would consider the localized soliton-like disturbances and corresponding models of seismic processes is
offered. An online application for the study of localized soliton-like perturbations in areas of seismic activity has
been developed.
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JoparkoBa inpopmamnist:

ITloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOM: [13BO "IT CTEII YHiBepcurer"
Kopg 3a €IPIIOY: 40570842

Micue3HaxoaKeHHS: ByJI. 3aMapCTUHIBCBKA, 83a, JIbBiB, 79000, YKpaina
dopma ByacHOCTI: [lepxkasna

Cdepa ynpaBriHHS: MiHicTepCTBO OCBIiTH | HayKK YKpaiHu
InenTudikarop ROR:

CeKTOop HayKH: YHiBepPCUTETCHKUIL

BaacHe IlpizBume Im's I1o-6aTbKOBI:
1. Jyna Onekcit MuxaitnoBud

2. Oleksii Duda

KBasigikamis: . . u., gou., 05.13.06
InenTudikarop ORCHID ID: 0000-0003-2007-1271
JoparkoBa iHdpopmamnist:

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0COOH: TepHOMiNbCHLKMT Hal[iOHATILHUI TeXHIYHMIT yHIBEPCUTET iMeHi
IBana Ilymos

Kog 3a €IPIIOY: 05408102

Micue3HaxoO KeHHS: By Pychka, 6y1. 56, TepHorib, TepHOMiNbChKUil p-H., 46001, Ykpaina
dopma ByacHOCTI: Jlepxkasna

Cdepa ynpaBriHHS: MiHicTepCcTBO OCBITH | HayKK YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHIBEpCHTETCHKUI

Penensentu

Baacue IlpizBuuie Im's Ilo-6aTbKOBI:
1. XykoBcbka Harasist AHaTosiiBHa

2. Natalia Zhukovska



KBasigikanis: . . u., gou., 01.05.02
InenTudikarop ORCHID ID: 0000-0001-7839-0684
JoparkoBa iHdpopmamnist:

IloBHe HaiMEeHYBaHHSI IOPHUAHUYHOI 0COOM: HauioHanbHMIl yHIBEPCUTET BOLHOTO rOCIIOAPCTBA Ta

MIPUPOIOKOPUCTYBAHHS
Kog 3a €IPIIOY: 02071116

Micue3HaxoKeHHS: ByJ1. Co6opHa, 6yx. 11, PiBHe, PiBHeHCchKuil p-H., 33028, Ykpaina
dopma ByacHOCTI: [lepxkasna

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH | HayKK YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHIBEpCUTETCHKUI

BiacHe IIpi3Buie Im'sa I1o-6aTbKOBI:
1. IBanuyk Harasnis BiraniiBHa

2. Ivanchuk Natalia V.

KBasigikamis: . r. 1., gou., 01.05.02
InenTudirkarop ORCHID ID: He 3actocoyerbcs
JopaTrkoBa inpopmamnist:

IloBHe HaliMEeHYBaHHSI IOPHUAHUYHOI 0COOM: HauioHanbHMil yHIBEPCUTET BOLHOTO rOCIIOAAPCTBA Ta

IPUPOLOKOPUCTYBaHHS
Kopg 3a €IPIIOY: 02071116

Micue3HaxoaKeHHS: ByJ1. CobopHa, 6yx. 11, PiBHe, PiBHeHChKui1 p-H., 33028, YkpaiHa
dopma BracHOCTI: JlepxasHa

Cdepa ynpaBitiHHS: MiHicTepcTBO OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHIBEepCUTETCHKUI

VIII. 3aKkJII04Hi BiZoOMOCTi
BaacHe IlpizBuie Im's [10-6aTbKOBI Cadonnk Annpiii [lerposuy

TOJIOBH pajgu

BaacHe IlpizBume Im's I10o-6aTbKOBI Caonuk Annpiii [lerpoBuy

TOJIOBYIOYOrO Ha 3acCiiaHHi

BiamoBigaibHHUH 32 MiZTOTOBKY Bonpapesa Tetsna I'puropisHa

00JIiKOBUX JOKYMEHTIB

PeecTparop VkpIHTEI



KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZAIBHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

IisiIbHOCTI




