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Pedepar:

1. Po60Ty NpUCBSIYEHO JOCIIIKEHHIO MO>KJIMBOCTEH BUKOPUCTaHHS L1-perysspusatiii B 1o6yj0Bi XeMOMETPUYHUX
MOJeJIEN «CTPYKTYPa-aKTHMBHICTb» i KBAHTOBOXIMIYHUX PO3PaxyHKax. [ljisi BAKOHaHHS 3aBIaHb JycCepTaLlii
PO3pO6JIEHO OpPUTiHANIbHU KOMIUIEKC IIPOTpaMm, 10 PeasisyloTh Pi3Hi CTaTUCTUYHI (XeMOMETPUYHI) MiAXoau 10
11o0yJ0BY perpeciiHux Mojiesieil i aHasizy ix IPOrHOCTUYHOI 31aTHOCTI. TakoK CTBOPEHO KOMILJIEKC
KBaHTOBOXIMIYHMX NIPOTPaM, y sIKUX L1-perysispusallis BUKOPHUCTOBYETLCS 117151 OOYJOBU XBUIbOBUX (QYHKIIIN
METO[IiB, 10 YPaXOBYIOTh €JIEKTPOHHY KOpeJIsLio. 30Kpema, Y AucepTaliliHiil po6OTi po3risganocs: BAKOPUCTAHHS
L1-perynspu3auii 11 100yJ0BY JiHIHHUX eMIIPUYHUX MOZeJel OUCY Pi3HUX (i3MKO-XiMIYHUX MTapaMeTpiB
MoJieKyJl. Ciupaloyuch Ha JOCiI)KeHi BUOIpKU MOJIeKyJl, 6YJI0 [10Ka3aHo, 10 3 BUKOPUCTaHHsM Ll-perysspusauii

3aBXIM MO>KHA C(HOPMYJIIOBATH MOCTiOBHMI (YIOPSAKOBAHUI) HA0ip AeCKPUIITOPiB. CUCTEMATUYHO JOAAI0YN



IeCKPUIITOPH 3 LIbOTO HAbOPy 1O MOJeJe JIiHiIHOI perpecii ab0 ITy4YHNX HEMPOHHUX MEPEXK, MOKHA OTPUMATH
perpeciiiHi Mofesti 3 NOCIiLOBHO 3POCTAIOYMMHU BEJIMYMHAMY KPUTEPIiiB Bastiganii. OCKinbKY Micg paH>KyBaHHS
IleCKPUIITOPHOro Habopy 00paHi NpeJyuKTOPU MOKYTh BUKOPHUCTOBYBAaTUCS B Pi3HUX IifX0Aax 10 NOOYA0BU
JIiHINHO]I perpecii, Hamu 6yJI0 IPOBEIEHO BiANIOBigHE OOCIIIPKEHHS SIKOCTi IUX aJbT€PHATUBHUX Mogesel. byyo
[I0KA3aHO, 10 TOM YU IHIINI METOM, MOXKE MATH Kpallli IPOrHOCTUYHI BJIACTUBOCTI BiAIIOBIZHO O KPUTEPIiB
30BHIIIHBOI 200 BHYTPIlIHbOI Baslifaljii. [JokasaHo, 1110 METOOM LITYYHUX HEPOHHUX MEPEeX 3 BUKOPUCTAHHSM
BIIOPSIIKOBAHOTO JIECKPUIITOPHOIO HAbOPY, IKuil 6yB oTpuMaHuil Mmetogom Ll-perymnsipusaii, Takox moxe 6yTu
3pO0JIEHO SIKICHI IPOTHO3U BJIACTUBOCTEN PeYOBUHU. TaKoX 0yJIO IPOBENEHO CIiBCTABJIEHHS! OTPMMAHUX PiBHSHb
JIiHIAHO]I perpecii 3 aJibTepHAaTUBHUMMU MiIX0JAMU, 110 IIPALIOIOTh i3 HECKOPOYEHUMHU (HEONITUMI30BaHUMU)
IeCKPUIITOPHUMU Habopamu. Y BUBYEHUX NIPUKJIaAax Ll1-perysspusanis 1o3Bosansa cpopMyIoBaTy KOMIIAKTHI
OJIHO-, IByX- 200 TPbOX- apaMeTPUYHI MOAEI, SIKi 30aTHI 3a10BiJIbHO onMcaTy Habip gaHux. Takox, Mogeri
OTpMMaHi 3 ronepeaHiMm Bitoopom i3 BukopuctaHHIM LARS-LASSO BUSBUINCH KpAllMMU, HDK Pe3yJIbTaTu
po3paxyHkiB PLS ta PCR. [leBHy yBary B gucepralii IpuAiJIeHO METOJaM Balifalii i OLliHKaM SIKOCTi perpeciiHux
PiBHSIHB. 3 1li€l0 METOI0 OyJI0 BUKOPUCTAHO MOJIEJIbHY 337auy, y Ky BHOCUJIMCS IIOXUOKHU 5K B 3aJIEXKHY, TaK i B
HEe3aJIeXXHY 3MiHHI, IPY 1[bOMY PO3IJIAIaBCA HAUIIPOCTIIINI BUNIALOK — PETPECis 3 OAHIEI0 HE3AIEKHOIO 3MIHHOIO. 3
BHUKOPHCTaHHIM MOJIeJIbHOI 3a7ja4i O6yJI0 IPOJeMOHCTPOBAHO, 1110 BUNAAKOBE OJUHUYHE PO30OUTTS BUGIpKU Ha
TPEHyBaJIbHY Ta TECTOBY He € iHPpopmaTuBHUM. OTXe, 1J1s1 aleKBATHOI OL[iHKY perpeciiiHoro piBHsIHHS, a TaKOX
IOCJIiIKEHHS SKOCTi BXiJHMX JaHUX Y LIiJIOMY, HEOOXiJHO CTBOPIOBATH Ta BUBYATU SIKOMOTA 6isblile po361MBaHb Ha
TPEHYBaJIbHY I TECTOBY BUOIpKy. Takox 6ys10 LOCiIKEeHO BiloMi, 3aITpOIIOHOBAHI Ha CbOTOIHI, KpUTEPii Bastigauii.
BcTaHoBJIEHO, 1110 /1715 JaHUX i3 BUpaXXEHVM PO3KUIOM TUIIOBOIO KAPTHHOIO € 3BOPOTHA (CYTTEBO HEJiHiIHA)
3aJIEXKHICTb KpUTEPIiiB 30BHIlIHbOI Basifauii Bif BHYTPilHboi. IHIIA TiICHO NOB'I3aHa i3 T06Y0BOI0 CTATUCTUYHUX
Mogereii mpobsema 1e nobynosa knacudikaniitaoi GyHkii. 3 i€l MeTow B po60Ti BUKOPUCTaHO L1-
perysipu30BaHUI po3paxyHOK JIoricTUYHOI perpecii. Ha mocriimkenux 3agadax nodynosy Kiacu@ikaniiHux
(dyHKLil I0Ka3aHo, 10 3 BUKOPUCTAHHSIM L1-peryssipru3oBaHoi JOriCTUYHOI perpecii MOXKHa JOCSITHYTU
KOHKYPEHTHO-CIIPOMOXKHIX pe3yJbTaTiB Kiacu@ikallii 10 pe3ybTaTiB, OTPUMAHMX 3 BUKOPUCTAHHSIM {HIIMX, OiJIbII
CKJIaJHVX Y PO3PAaXyYHKOBOMY CEHCI, METOAiB. BUKOpUCTaHHA CIeLiasbHOro L1-peryaspru3oBaHoro ajirOpuTMy Jajo
MOXUJIMBICTb OTPUMATU JIOCUTH IIPOCTi Kacuikaliiini piBHSHHS, sKi € iHTepnpeTyeMuMu. Takox OTpUMaHi
PIBHSIHHS JIOTICTUYHOI perpecii € OHO3HaYHUMU 1 BigTBOpIoBaHUMU. [ToKa3aHo, mo merton Ll1-perynspusanii Moxxe
OyTy BUKOPUCTAHMM i B KBAHTOBIM XiMii. 3a monmomoroo npouenypu L1-perynsgpusatii MOKJIMBO CTBOPEHHS
BIIOPSIIKOBAHOTO (PaHKOBAHOTO) HA60PY €JIeKTPOHHO-30yIpKeHuX BinHocHO ['apTpi-®okiBChKOro cTany
KoHirypauiil. Bkitoyaiouu pisHy KisbKiCcTb KOHQIrypariii 3 CTBOpeHOro Habopy, MOKJIMBO OTPUMATHU
IIpOrpecrUBHUI Habip HAOIM>KEHUX PO3B'SI3KiB 4O TOUHUX JAHMX METOLyY. MeToz peani3oBaHO B paMKax Teopii
36ypeHb Mesnepa-Ilneccera gpyroro nopsanky (MP2) Ta pisHux piBHIB Teopii 3B’13aHUX KJ1aCTEPiB.
[IpoieMOHCTPOBAHO, 11O TaKi HAGJIVKEHi pPO3B3KU JAIOTh JOBOJI TOYHI 3HAYEHHSI eHEPTeTUYHUX XapaKTePUCTUK
MOJIEKYJI, IPU LIbOMY KiJIbKiCTb KOHQIrypaliil y po3paxyHKax MoXXe 6YTH 3HaYHO HAXKYOIO, HDK y pO3paxyHKax 3
BUKOPUCTAHHSM MTOBHOTO KOHPIrypauiilHOro Habopy TOUHOro MeToay. 17151 eeKTUBHOTO PO3B’sI3KY BiATIOBIAHUX
PiBHSIHB TeOopii 3B'93aHMX KJIaCTepPiB, peali30BaHO HMU3KY PO3PaXyHKOBUX aJITOPUTMIB 3 BUKOPUCTAHHSIM

6araTOKpOKOBUX METO/IiB IIEPILOTO [IOPSIIKY.

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 Ll-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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