O0Js1ikoBa KapTKa aucepTaii

I. 3arasibHi BimOMOCTI

Jep>kaBHHH 00J1iIKOBHI HOMep: 0822U100191
Oco006J1uBi TO3HAYKH: BinKpura

JaTa peectpauii: 14-01-2022

Craryc: 3axumeHa

PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. bepgHuk Muxaiino IropoBuy

2. Berdnyk Mykhailo I.

KBasmigikamis:

InenTudikarop ORCHID ID: He sactocoyerbcs
Bupg, pucepranii: nokrop dinocodii
AcnipaHTypa/JIOKTOpPaHTypa: Tak

IIndp HayKoBOi ceniaJabHOCTI: 102

Ha3Ba HayKOBOIi CIIeNiaJIbHOCTI: Ximis
T'anyss / ranysi 3HaHb!

OcBiTHBO-HayKOBa Mporpama 3i creniaJbHOCTI: He 3acTocoByeTbCs
Jara 3axucCTy: 28-12-2021

CreniaJbHICTh 32 OCBITOIO: Ximis

Micue po6oTu 3400yBayva:

Kop 3a €IPIIOY:

Micue3HaxoaKeHHS:

dopma BaacHOCTI:

Cdepa ynpasiriHHS:

ImenTudikarop ROR: He zacrocoyerbcs



I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT

Iudp cnenianizoBaHoi BYEHOI pagH (pa30Boi CleliaJi30BaHOi BYE€HOI pagu). 1O 64.051.041
IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI OCOOHM: XapKiBChbKUil HALOHAJIBHMIT YHiBepcuTeT imeHi B. H. Kapasina
Kopg 3a €IPIIOY: 02071205

Micueanaxo;pxeunn: Mmaiipan Ceobonu, 6y1. 4, M. XapkiB, XapKiBCbKUI P-H., XapKiBcbKa 001, 61022, YKpaina
dopma ByracHoCTI:

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKK YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

IV. BimomocTi Ipo niznpueMcTBO, YCTaHOBY, OpraHi3alliio, B sIKi# 0yJ10

BHKOHAHO JHCEPTaIlilo

IloBHe HaﬁMeHyBaHHﬂ IOPUIHUYHOL 0COO0M: XapkiBCchbKMil HalliOHAIbHUI YHiBepcuTeT iMeni B. H. Kapasina
Kopg 3a €IPIIOY: 02071205

Micue3HaxoaKeHH: maiinan CBo6ou, 6yn. 4, M. XapkiB, XapKiBCbKUM p-H., XapKiBcbKka 0071, 61022, Ykpaina
dopma ByracHOCTI:

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

V. BizomocTi npo gucepraniio
MoBga guceprariii:
Koau TemaTHyHHUX PyOpHK: 13.31.21.15, 31.21

Tema gucepranii:
1. Merop L1 perysnsgpusauii 15t onucy ¢isuKo-xiMivHUX BJIACTUBOCTEN MOJIEKYJI

2. L1-regularization method for the description of the physical and chemical properties of molecules

Pedepar:

1. Po60Ty NprCBSI9EHO JOCIIIKEHHIO MO>KJIMBOCTEH BUKOPUCTaHHS L1-perynspusatii B o6y 0B XeMOMETPUIHUX
MOJIE€JIEN «CTPYKTYpPa-aKTHMBHICTb» i KBAHTOBOXIMIYHUX pO3PaxyHKax. [ljisi BAKOHAHHS 3aBIaHb JyCepTallii
PO3p006JIEHO OpUTiHATBHUI KOMIIEKC ITPOTPaM, 110 pPeai3yloTh Pi3Hi CTaTUCTAYHI (XeMOMETPUYHI) MiAX0au 1o
no6y10BY perpeciiHux Mojiesiel i aHasizy iX IPOrHOCTUYHOI 31aTHOCTI. TakoK CTBOPEHO KOMITJIEKC
KBaHTOBOXIMIYHHUX IIPOTPaM, y SIKUX L1-perymnspusanisi BAKOPUCTOBYETLCS IJ1s1 TOOYN,0BY XBUIbOBUX (PYHKILi
METO/IiB, 110 YPaXOBYIOTb €JIEKTPOHHY KOpeJIslilo. 30Kpema, y AUcepTaLiliHill poOOTi po3risganocs: BAKOPUCTaHHS
L1-perynspusauii 1y no6yqoBY JiHIMHAX eMIIIPAYHMX MOZEJIEN OUCY Pi3HUX (Pi3MKO-XiMIYHUX NTapaMeTpiB
moJiekys1. Criupaioyuch Ha JOCiIKeHi BUOipKY MOJIeKyJ1, OyJI0 [1I0Ka3aHo, 0 3 BUKOPUCTaHHAM Ll-perymnspusanii
3aBXI1 MO>KHA CHOPMYJIIOBATH IOCHiTOBHUN (YIOPSAKOBAaHMI) HAbip fecKpunropis. CUCTEMATUYHO J0al041
IeCKPUIITOPH 3 LIbOTO HAbOpy [0 MOJeJiel JiHilHOI perpecii a60 ITy4YHNX HEMPOHHUX MEPEX, MO>XKHA OTPUMATH
perpeciini Mmogesi 3 NOCIiOBHO 3pOCTAIOYMMU BEJIMYMHAMY KPUTEPIiiB Basigawii. OCKiNIbKY Miciig paHKyBaHHS

IleCKPUIITOPHOrO Habopy 0OpaHi MpeJyuKTOPU MOKYTh BUKOPHUCTOBYBAaTHCS B Pi3HUX IiZIX0ax [10 OOYA0BU



JiHilHO]I perpecii, Hamu 6yJI0 IPOBENIEHO BiANOBiTHE NOCTIIKEHHS IKOCTi UX albTEePHATUBHUX Mogesel. Byno
MI0Ka3aHo, 110 TOM YU iHIIUI METOM, MOXKe MaTHU Kpallli MPOrHOCTUYHI BJIACTUBOCTI BiANIOBIHO 1O KPUTEPIiB
30BHIIIHBOI a0 BHYTPIlIHbOI Baslifaljii. [JokasaHo, 1110 METOOM LITYYHUX HEMPOHHUX MEPEX 3 BUKOPUCTAHHSM
BIIOPSIIKOBAHOTO I€CKPUIITOPHOrO HAOOPY, KUl 6yB OTpUMaHuil Mmetogom Ll-perymnspusanii, Takox moxe 6yTu
3p006JIEHO SKiCHI IPOTHO3M BJIACTUBOCTEN PeYOBUHU. TaKoXK OyJI0 IPOBEAEHO CIiBCTaBJI€HHS OTPUMAHUX PiBHSIHb
JIiHiNHO]I perpecii 3 asibTepHAaTUBHUMMU MiX0JaMU, 110 IIPALIOIOTh i3 HECKOPOYEHUMHU (HEONITUMI30BaHUMU)
IeCKPUIITOPHUMU Habopamu. Y BUBUEHUX NPUKJIaAax L1-perysspusanis 103Boana cpopMyIoBaTy KOMIIAKTHI
OZIHO-, IByX- 260 TPbOX- MapaMeTPUYHi MOAE, SIKi 30aTHI 33/10BisIbHO onucaTy Habip maHux. Takoxk, Mogei
OTpUMaHi 3 ronepenHim BifdopoM i3 BukoprctaHHsIM LARS-LASSO BusiBuInCh Kpaliumu, HK pe3ysibTaTu
po3paxyHkiB PLS ta PCR. IleBHy yBary B guceprauii IpyaiJIieHO METOJaM Balifalii i OLiHKaM SIKOCTi perpeciiHux
PiBHSIHB. 3 LIi€l0 METOI0 OyJI0 BUKOPUCTAHO MOJIEJIbHY 3aauy, y Ky BHOCUJIMCS IIOXUOKH SK B 3aJIEXKHY, TaK i B
HEe3aJIeXXHY 3MiHHi, IIPY [[bOMY PO3IJIAJaBCA HAUIIPOCTIIINI BUNIALOK — PETPECis 3 OAHIEI0 HE3aIEKHOIO 3MIHHOIO. 3
BHUKOPHCTaHHSIM MOJIEJIbHOI 3a7ja4i 6yJ10 IPOJeMOHCTPOBAHO, 1110 BUNIAAKOBE OJMHUYHE PO30UTTS BUGIpKU Ha
TPEHyBaJIbHY Ta TECTOBY HE € iHPpopmaTUBHUM. OTXe, 1J1s1 aleKBATHOI OL[iHKY PErpeciiHOro piBHSIHHS, @ TAaKOX
IOCJIiIPKEHHS SIKOCTI BXiTHUX IaHUX Yy L[iIOMY, HEOOXiHO CTBOPIOBATH Ta BUBYATH SIKOMOTA biJblile pO30UBaHb Ha
TPeHyBaJIbHY 11 TeCTOBY BHOipKy. Takoxk 6yJI0 HOCIIIPKEHO BifloMi, 3alIpOTIOHOBAHI Ha CbOTOMHI, KpUTepii Basizarii.
BcTaHoBJIEHO, 110 171 JAaHUX i3 BUPpaXXEHVM PO3KUIOM TUIIOBOIO KAPTHHOIO € 3BOPOTHA (CYTTEBO HEJiHIHA)
3aJIEXKHICTb KpUTEPIiiB 30BHILIHbOI Basifawii Bil BHYTPilIHbOI. IHIIA TiICHO NOB’I3aHa i3 T06YJ0BOI0 CTATUCTUYHUX
Mogerieii mpobema 1e nobynosa knacudikaniitaoi GyHkiii. 3 i€l MeTow B po60Ti BUKOPUCTaHO L1-
peryJsipu30BaHUI po3paxyHOK JloricTUYHOI perpecii. Ha nocnimkeHnx 3agadax nodynosu KiacugikaniiHux
(YHKILil I0Ka3aHo, 10 3 BUKOPUCTAHHSIM L1-peryssipu3oBaHoi JIOTiCTUYHOI perpecii MOXKHa JOCITHYTU
KOHKYPEHTHO-CIIPOMOXKHIX pe3yJIbTaTiB Kiaacudikallii o pe3ysbTaTiB, OTPUMAHUX 3 BUKOPUCTAHHSIM iHIINX, Gi/IbII
CKJIQJHUX Yy PO3PaxXyHKOBOMY CEHCi, METOAiB. BUKOpUCTaHHS CllenianbHOTO L1-peryasprn3oBaHoro ajiroputmy Jajao
MOXJIMBICTb OTPUMATH JOCUTDb NIPOCTI KyacudikallifiHi piBHSIHHS, sKi € iHTeprpeTyeMuMu. Takox oTpuMaHi
PIBHSIHHS JIOTICTUYHOI perpecii € OIHO3HaYHUMU 1 BigTBOpIoBaHUMMU. [1oKasaHo, mo merton L1-perynspusanii Moxxe
OyTy BUKOPMCTAHUI i B KBAaHTOBIM XiMii. 3a monomoroto npoueaypu L1-perymnspusanii MOKIMBO CTBOPEHHS
BIIOPSIIKOBAHOTO (PaHKOBAaHOTO) HA60PY €JIeKTPOHHO-30ypKeHuX BitHoCcHO ['apTpi-PokiBCbKOro cTaHy
KoH@irypauiil. Bkitoyaiouu pi3Hy KilbKiCTb KOHQIrypatiil 3 CTBOpeHOro Habopy, MOKJIMBO OTPUMATHU
IIPOrpeCcUBHUI HAGip HAGIMKEHUX PO3B’SI3KiB 40 TOYHUX JAaHUX METOoLy. MeToq, peasnizoBaHO B paMKax Teopii
30ypeHb Mensepa-Ilneccera gpyroro nopsnky (MP2) Ta pisHux piBHIB Teopii 38’13aHUX KJIaCTEPiB.
[IpoeMOHCTPOBaHO, 110 TaKi HAGJIVKEHi pO3BA3KU JAIOTh JOBOJI TOYHI 3HAYEHHSI €eHEPTeTUYHUX XapaKTePUCTUK
MOJIEKYJI, IPYU LIbOMY KiJIbKiCTb KOH(QIrypaliil y po3paxyHKax MoOXXe 6YTH 3HaYHO HAXKYOIO, HDK y pO3paxyHKax 3
BUKOPUCTAHHSM MTOBHOTO KOHPIrypauiiHOro Habopy TOUHOro MeToay. 17151 eeKTUBHOrO PO3B'sI3KY BiATIOBIAHUX
PiBHSIHB TeOPii 3B'93aHUX KJIaCTepPiB, peali30BaHO HU3KY PO3PAaXyHKOBUX aJITOPUTMIB 3 BUKOPUCTAaHHSIM

6aI‘aTOKpOKOBI/IX MeTO,HiB MNepuoro 1nopAaaKy.

2. This thesis focuses on the study of the possibilities of L1-regularization application in the construction of
"structure-activity" chemometric models and quantum chemical calculations. To perform the tasks of the thesis,
an original set of programs has been developed that implement various statistical (chemometric) approaches to the
construction of regression models and analysis of their prognostic properties. A set of quantum chemical
programs has also been created, in which L1-regularization is used to construct wave functions of methods that
take into account electronic correlation. In particular, in the thesis we consider application of L1-regularization to
obtain linear empirical models for describing various physicochemical parameters of molecules. Based on the
studied samples of molecules, it was shown that with the use of L1-regularization it is always possible to form a
sequential (ordered) set of descriptors. By systematically adding descriptors from this set to linear regression
models or artificial neural networks, it is possible to obtain regression models with successively increasing values
of validation criteria. Due to the fact that after ranking of the descriptors set, the selected predictors can be used
in different approaches to construct linear regression models, we conducted a corresponding study of the quality
of these alternative models. It has been shown that the different methods can have better prognostic abilities



according to the criteria of external or internal validation. It is shown that with the use of artificial neural
networks, based on the preliminary ordered by the method of L1-regularization descriptor set, high-quality
predictions of the properties of matter can also be made. The obtained linear regression equations were also
compared with alternative approaches that work with non-shrinked (non-optimized) descriptor sets. In the
studied examples, we used Ll-regularization to formulate compact one-, two- or three-parametric models that are
able to satisfactorily describe the data set. According to the studied examples, the models obtained with pre-
selection, using LARS-LASSO, turned out to be better than the results of PLS and PCR calculations. In the proposed
PhD thesis some attention is paid to validation methods and quality of regression equations estimates. For this
purpose, a model problem was used in which errors were introduced in both the dependent and independent
variables. We considered the simplest case regression with one independent variable. It has been shown that
random single sampling on the training and test sets is not informative. Therefore, in order to adequately estimate
the quality of the regression equation, as well as to study the quality of the input data in general, it is necessary to
create and study as many samplings into a training and test sample as possible. The known validation criteria
proposed to date were also investigated. It is established that for data with substantial scatter the typical picture is
the inverse (essentially nonlinear) dependence between external and internal validation criteria. Another problem
that is closely related to the construction of statistical models is the construction of the classification function. For
this purpose, the L1-regularized calculation of logistic regression was performed in this work. It is shown with the
studied classification tasks that with the use of L1-regularized logistic regression it is possible to achieve
classification results that are competitive with those obtained using other, more complex in the computational
sense, methods. The use of a special L1-regularized algorithm made it possible to obtain fairly simple classification
equations that are interpretable. Also, the obtained logistic regression equations are unambiguous and
reproducible. It is shown that the L1-regularization method can be used in quantum chemistry. Using the L1-
regularization procedure, it is possible to create an ordered (ranked) set of electronically excited configurations
relative to the Gartree-Fock state. By including a different number of configurations from the created set, it is
possible to obtain a progressive set of approximations to the exact calculations of the methods. The method is
implemented in the framework of Meller-Plessett's theory of second-order perturbations (MP2) and different
levels of the coupled clusters theory. It has been shown that such approximate solutions give fairly accurate values
of the energy characteristics of molecules, and the number of configurations in the calculations can be much lower
than in calculations using a complete configuration set of the exact method. A number of computational
algorithms using first-order multi-step methods have been implemented to effectively solve the corresponding
equations of the coupled clusters theory.
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