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1. Inceprauiiiny po60Ty IPUCBSIYE€HO BUBYEHHIO APOOOBUX MOJeel (piHaHCOBOI MaTEMATUKU Ta PO3BSI3aHHIO
NOB'13aHUX 3 HUMU CTaTUCTUYHUX 337a4. 30KpeMa JOCIiIKeHO IpoOboBy Mojiesib Baciyeka Ta Moesib 3MilIaHOTO
Ipo60BOro OPOYHIBCHKOI'O PYXY 3 TPEHIOM. B pupogi icHye 6araTo pisHOMaHITHUX SBUIL, SIKi MOXYTb OyTU
IIpeJCTaBJIeHI SIK ITPOLLECH BUIIAJKOBOI €BOJIOLLI B yaci. TpaauLiiiHo AJ1s1 MaTEMAaTUYHOTO MOJEJIIOBAHHS TaKUX
4aCOBMX PSZiB BUKOPUCTOBYIOTh CTAaHIAPTHUI OPOYHIBCbKU pyx. OfHaK, Pi3Hi SOCHIIPKEHHS TOKa3aly, o NesKi
[IPOLIECH AEMOHCTPYIOTh BIACTUBOCTI CAMOIIOZi6HOCTI, LOBFOCTPOKOBOI 3aJIESKHOCTI Ta MalOTh CKJIAZHI CTPYKTypU
KopeJsisLiil. BUKkopucTtanHs Apo60BOro 6pOyHiBCBKOTO PyXY [A03BOJISIE MAJI€JII0BATH TaKi IPOLLECH, OCKIJIbBKY BiH Mae
KOpeJIbOBaHi IPUPOCTH, SKi JAI0Th KOPOTKOCTPOKOBY 3aJI€XXHICTb IIPY iHAeKc XiopcTa MeHIomy 3a 1/2 ta
IOBrOCTPOKOBY 3aJI€XHICTb NIpU iHAeKci XiopcTa 6inbmomy 3a 1/2. IMOBipHiCHA MOJieIb, 3alTPONIOHOBaHA Y 1977 potii
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eKoHoMilli Ta PpiHaHCOBIiI1 MaTeMaTulli, a i1 y 6araTbox iHIIKX rany3sx. [jis MoAe I0BaHHS IIPOLECiB 3 BIACTUBICTIO
IIOBrOCTPOKOBOI 3aJI€5KHOCTI, SIKi BUHMKAIOTh Y iHaHCax, €EKOHOMILIi, Timposiorii Ta TesiekoMyHiKauisx, 6y1o
3aIpPOIIOHOBAHO y3arajJbHEHHS 1iiel Mogeri, Apo6oBy Mmogenb Baciueka, sika BuByasnace y poborax P. Cheridito et al.
(2003), F. Comte et al. (2012), W. Xiao et al. (2014) ta inmux. Hapa3i Teopis napaMeTpUYHOr0 OLiHIOBaHHS f06pe
PO3BUHEHA B YaCTKOBOMY BUIIAIKy MOZEJIi 3 OGHUM HEBiOMUM IapameTpoM. [JuB., HAIpUKiaj, po6otu M.
Kleptsyna and A. Le Breton (2002), Y. Mishura (2008), Y. Hu and D. Nualart (2010), K. Es-Sebaiy (2013), K. Tanaka
(2013), K. Kubilius et al. (2015), Y. Kozachenko et al. (2015), K. Kubilius et al. (2017), A. Kukush et al. (2017). OgHak B
IIPUKJIAJHMX 33/1a4aX BUHMKAE [IOTPeO6a B OiIbLI FHYYKIiN fBOIapaMeTpUYHili Mozeri. BinnosigHi nocainkeHHs 6yau
nposezeHi Y. Kutoyants (2004), asne nins knacuyHoi mozeri Baciueka, mopomkeHoi npouecom Binepa. ¥
IMCepTalliliHill po6OTi PO3IIsAAAEThCS 3a/1aUa OLiHIOBaHHS 11 4po60Boi Mozesi Baciueka 3 1BomMa HEBIOMUMU
napamerpamu. [lsig gpo6oBoi Mmogesi Baciyeka noby0BaHO TaK 3BaHi OL[iHKM €ProgM4HOro TUILY SIK [AJIS
HeMepepBHUX, TaK i 17151 AUCKPETHUX CIIOCTEPEXKEHb TPAEKTOPIi mpouecy. B 060x BuMaaKax goBeeHa ix crpora
KOHCHCTEHTHICTb. [IJ151 IMCKPETHOTO BUMAIKY [IPOBENEHO YMCEJIbHE MOJIE/IIOBAHHS HAaBEIEHUX OLiHOK. OKpim
1[bOT0, 33 HEIIEPBHUX CIIOCTEPEXXEHb [1J151 HEBiIOMUX [TapaMeTPiB NOOYJOBAaHO OLiHKA MaKCMMAaJIbHOI BipOTiAHOCTI:
111 KOSKHOTO NTapamMeTpa OKpeMO, KOJIY iHIUI BBaXKa€ThCS BiJOMUM, Ta BEKTOPHA OLIiHKA [1J1S1 OTHOYACHOTO
OLiHIOBaHHS. JJ0Be1€HO KOHCUCTEHTHICTh Ta 3HAWEHO aCUMTOTUYHI PO3NOAiNAN TPEeACTaBIeHUX OLiHOK.
BcraHoB€HO BaskIMBUI (DaKT aCUMIITOTUYHOI HE3aJIeXKHOCTI OLiIHOK MaKCUMAaJIbHOI BipOTiAHOCTI [1J1sI IBOX
HEBiJJOMUX ITapaMeTpiB. ¥ nucepTalii TakoXX po3risaaeTbCst MOLeJIb 3MilIaHOTO IPO6OBOrO OPOYHIBCBKOTIO PYXY 3
TpenpoM. Lis mognens, BBepeHa B P. Cheridito (2001), 3aCTOCOBY€EThCS, HAIIPUKIIAL, Y MOZEJIIOBaHHI Tpadiky
KOMITIOTEpPHOI Mepexi Ta 6ibl mupoko y pinaHcax. [Tpobsiema oLiHIOBaHHS IapaMeTpiB y 3MillIaHOMY IpOOGOBOMY
OpOyHiBCBKOMY pycCi 6€3 TpeHly BUBUasacs B IEeKiJIbKOX poboTax, Hanpukiazn, M. Dozzi et al. (2015), D. Filatova
(2008), W.-L. Xiao et al. (2011), P. Zhang et al. (2014). ¥ crarri C. Cai et al. (2012) po3srisganocs OLiHIOBaHHS
rapaMeTpa 3CyBY, [IpUITycKalouy, 1o iHgeKkc Xopcra Ta koedillieHT IIpy BiHepiBCbKOMY IIPOLieCi BimoMi, a
KoediljieHT npu gpo6oBOMYy OGpPOYHIBCBKOMY PyCi JopiBHIOE 1. 3ayBaXkuMo, 110 L€l Mifxin norpedye 3HaHHS
PO3B’3Ky iHTErpajIbHOTO PiBHAHHS. TOMy 110 OLIHKY Ba’KKO IUCKPETHU3YBaTH, & OCOOJIMBO CKJIAIHO aAANTyBaTH ii 10
BUIIAJIKy HEBiOMUX iHZeKca XiopcTa Ta KoedillieHTa Ipu BiHepiBCbKOMY Ipoueci. Hackisbky HaM Biiomo,
O/IHOYaCHe OLiHIOBaHHS YCiX YOTHPbHOX ITapaMeTpPiB MoJeJli 3MillIaHOTo IpOOOBOT0 6POYHIBCHKOTO PyXy 3 TPEHIIOM
BUBYasocs juie B J. Dufitinema et al. (2020), ane 3 Tpoxu iHLIO0 napamerpu3alieto. OLiHIOBaHHS TapaMeTpa 3CyBY
B aHAJIOTIYHUX MOZEJISIX i3 6ibIl 3araJIbHUMU LIyMaMy BUBYAIOCh y po6oTtax Y. Mishura et al. (2015-2018). V
IYcepTauiiiHiil poboTi LOCHIIPKYETHCS ABA MITXOAU 10 OJHOYACHOTO OLiHIOBAaHHS YCiX YOTHPHOX [1apaMeTpiB
MoJeJli 3MilIaHOT0 IPO6OBOTr0 6POYHIBCHKOTO PYXy 3 TpeHAOM. [lepinii — 6iblll KIaCUYHUMI. Y HbOMY CIIOYaTKy
IOBOJIUTBLCS CTPOra KOHCUCTEHTHICTh Ta aCHMIITOTUYHA HOPMAJIBHICTD BilOMO] OL[iHKM ITapameTpa 3cyBy. [IoTim y
Hel MifCTaBIAgI0TLCS CTPOr0 KOHCUCTEHTHI OL[iHKY IHIIMX ITapaMEeTPiB, SKi OCHOBaHI Ha KBaJlpaTUYHUX Bapiallisx.
JJoBeJeHO CTPOr'y KOHCUCTEHTHICTh OTPMMaHOI oliHKU. OflHaK, JaHUH NifXin Mae neBHi ooMexeHHs. Tomy
PO3p0o06J1€eHO HOBUH MiJXiZ HA OCHOBI €profgnyHoi TeopeMu. BiH 103B0JIsIe OHOYACHO OLiHUTH yCi HEBimoMi
napaMeTpu 3a Kyau 6iJbll 3arajJibHUX YMOB. Y pOGOTi JOBEEHO CTPOry KOHCUCTEHTHICTh IOOYA0BAHUX OLIiHOK.
TakoXX OTpUMaHO aCUMIITOTMYHY HOPMAJIbHICTh OL[iHKU IapaMeTpa 3CyBy. [1icss 1boro npoBeneHo NOPiBHSIHHS
eeKTUBHOCTI ABOX OLiHOK 1751 TapaMeTpa 3CyBY. HaBeJieHO pe3yibTaTy YUCEeIbHOIO MOJEJIIOBAHHS YCiX OLiHOK,
no6yJ0BaHMX JBOMA METOAMU.

2. The thesis is devoted to the study of fractional models of financial mathematics and the solution of related
statistical problems. In particular, the fractional Vasicek model and the mixed fractional Brownian motion with
trend were investigated. Nature is full of various phenomena which can be represented as processes with random
evolution through time. Traditionally a standard Brownian motion is used to mathematically model such time
series. However, different studies have shown that some processes exhibit self-similarity, long-range dependence
and complex correlation structures. Usage of fractional Brownian motion allows to model such processes, since it
has correlated increments which imply short-range dependence for Hurst index less than 1/2 and long-range
dependence for Hurst index greater than 1/2. Probabilistic model, proposed in 1977 by O. Vasicek for modeling
interest rates, is widely used not only in economics and financial mathematics, but also in many other fields. To



model processes with long-range dependence property that arise in finance, economics, hydrology and
telecommunications, a generalization of this model, fractional Vasicek model, was proposed. It was studied in P.
Cheridito et al. (2003), F. Comte et al. (2012), W. Xiao et al. (2014) and others. Currently, theory of parametric
estimation is well developed in the partial case of the model with one unknown parameter. See e. g. M. Kleptsyna
and A. Le Breton (2002), Y. Mishura (2008), Y. Hu and D. Nualart (2010), K. Es-Sebaiy (2013), K. Tanaka (2013), K.
Kubilius et al. (2015), Y. Kozachenko et al. (2015), K. Kubilius et al. (2017), A. Kukush et al. (2017). However, in applied
problems there is a need for a more flexible two-parameter model. Relevant studies were conducted by Y.
Kutoyants (2004), but for a classical Vasicek model driven by Wiener process. In the thesis the study of estimation
problem for the fractional Vasicek model with two unknown parameters is considered. For the fractional Vasicek
model so called ergodic type estimators are constructed for both continuous and discrete trajectories of the
process. In both cases strong consistency of estimators is proved. Numerical simulation of the ergodic type
estimators is performed for the discrete case. In addition, maximum likelihood estimators of unknown parameters
are constructed in the case of continuous observations: the estimators of each parameter when another one is
assumed to be known, and the estimator of vector parameter for simultaneous estimation. For considered
estimators consistency is proved and their asymptotic distributions are found. The important fact of asymptotic
independence of maximum likelihood estimators for two unknown parameters is established. The thesis is also
devoted to the study of the mixed fractional Brownian motion with trend. This model, which was introduced in P.
Cheridito (2001), found its applications, e.g., in computer network traffic modelling and more widely in finance.
Parameter estimation problem in the mixed fractional Brownian motion without trend was studied e. g. in M. Dozzi
et al. (2015), D. Filatova (2008), W.-L. Xiao et al. (2011), P. Zhang et al. (2014). C. Cai et al. (2012) considered
estimation of the drift parameter assuming that Hurst index and coefficient by the Wiener process are known and
coefficient by the fractional Brownian motion equals 1. Notice that this approach requires to know the solution to
an integral equation. Hence, it is difficult to discretize the estimator, and especially, to adapt it to the case of
unknown Hurst index and coefficient by the Wiener process. To the best of our knowledge, simultaneous
estimation of all four parameters of the mixed fractional Brownian motion with trend was studied only in J.
Dufitinema et al. (2020), but with a slightly different parametrization. Estimation of drift parameter in similar
models with more general noises was studied in papers Y. Mishura et al. (2015-2018). In the thesis two approaches
to simultaneous estimation of all four parameters of the mixed fractional Brownian motion with trend are
investigated. The first algorithm is more traditional. First, strong consistency and asymptotic normality of known
estimator of the drift parameter are proved. Then, it's components are replaced by strongly consistent estimators
of other parameters, which are based on quadratic variations. Strong consistency of obtained plug-in estimator is
proved. However, this approach has several limitations. Therefore, a new approach based on the ergodic theorem
is developed. It allows to estimate simultaneously all unknown parameters under much more general conditions. In
the thesis, strong consistency of constructed estimators is proved. Also asymptotic normality of the estimator of
the drift parameter is established. Finally, effectiveness of both estimators of the drift parameter is compared.
Results of numerical simulations for all estimators constructed by two methods are shown.
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