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PE®EPAT

B nunnomuoit padore 48 ctpanui, 10 pucynkos, 12 tabnwi, 32 HCTOYHUKA, 2
TIPHJIOKCHUS.

KiroueBbie clioBa: COKpallleHHEe pPa3MEpPHOCTH [aHHBIX, Kiaccudukaims,
TCHOMHBIC JIaHHBIC, OKCIPECCHS TEHOB, OWOMH(POPMATHKA, aHAJU3 JaHHBIX,
MAaIIMHHOE 00y4YeHHE, IPECKa3aHne BO3pacTa.

Temmibl cTapeHus pa3IuvaroTCs Cpeaud JItoAe, a OMOJIOrMYecKHil BO3pacT
CIYKUT Ooniee HAAGKHBIM TIOKa3aTelleM, HEXEId XPOHOJOTHYECKHI BO3pAcCT.
[IpuMmeHeHre METOMOB HWHTEUIEKTYaJIbHOTO aHaliW3a JJAaHHBIX M MAlIMHHOTO
oOyueHust AJi1 pa3leeHus JIOJeH Ha BO3PACTHBIC TPYIIBI Mall0 M3Y4YCHO, TEM HE
MEHEe, OHO MOJKET YIIYYIIUTh TTIOHUMaHWE MEXaHU3MOB CTapeHHsS U 3PPEKTUBHOCTD
JIeYeHUS BO3PACTHBIX 3a00JICBaHUIA.

Llenp paboTel — pa3paboTaTh MOJEIH MAINTUHHOTO OOYYECHHS M pPEaii30BaTh
IpOrpaMMHOE TMPUJIOKEHHE I TMpeJcKa3aHus OMOJIOrMYEecKOro Bo3pacra 1o
T€HOMHBIM W/WJIHA KIMHUYECKUM JaHHBIM, a TaKXe pa3padoTaTh CUCTEMY 3alllUTHI U
0€30MacHOCTH MPUIIOKECHHUS.

OOBEKTOM  UCCIEOBAHUSA  SIBISIIOTCS  OMO(MU3MYECKHE XapaKTePUCTUKHU
OMOJIOTHYECKOTO BO3pacTa B3pOCIOr0 HACENEHUs, H3ydaeMble MO TEHOMHBIM U
KIIMHUYECKUM SKCIIEPUMEHTAILHBIM JaHHBIM 00 9KCIIPECCUU TE€HOB.

[IpenmeToM uccienoBaHus SBJISIOTCS METOBI MPEACKA3AHUSI OMOJIOTHYECKOT O
BO3pacTa MO TCHOMHBIM H/VJTH KJIMHAY €CKAM JTAHHBIM.

MopenupoBaHie JTaHHBIX BBHITIOJHEHO C TMOMOIIBIO HEOOBINX HCKaKEHUN
WCXOJHBIX NaHHBIX. [Ipu cokpaimieHnu pa3MEepHOCTH TAHHBIX NMPUMEHEHBI METOIbI
riaBHbIX kKomrnoHeHT W {-SNE. Pazmenenuss mronelt Ha BO3pacTHBIE TPYIIIBI 11O
JAHHBIM JKCIPECCHH T€HOB IMPOBEICHO ¢ momomsio MetogoB Random Forest (RF),
Elastic-Net, eXtreme Gradient Boosting (XGBoost) u onopabIx BekTopoB (SVM).

HawuBpicmiast TOUHOCTB pa3feneHus J0iei Ha BO3PACTHBIC TPYIIIHI IO TAHHBIM
IKCIIpEeCCUU TeHOB monydeHa g wMetoga XGBoost 70,35%. Breimenenst
nH(pOpPMATUBHBIC T€HBI, KOTOPBIC MOT'YT SIBISATHCS OMOMapKepaMu CTapCHHS.

Pazpaborano BEO-TIPUIIOKEHUE, MO3BOJISIOIIECE MPEACKa3bIBAThH
OMOJIOTHYECKHUIA BO3PACT IMOJIH30BATEINS IO €r0 TCHOMHBIM JTaHHBIM.

Pa3zpaborana cucrema 3amUThl 1 0€30MaCHOCTH BEO-TIPUIIOKEHUS.



PODEPAT

VY awimiomHait padoue 48 craponak, 10 imoctpanbiit, 12 Tadmin, 32 KpbIHILBI,
2 TIpaKIagaHHs.

KitouaBblsi CHOBBI: CKapay’HHE MaMEepHACIl JTaHbIX, Kiaci(iKabls, T€HOMHBIS
JAHBISI, DKCOpACis TeHay, OlgiHpapmaTbika, aHall3 JaHbIX, MallblHHAae a0yddHHE,
IpajJIka3aHHe Y3POCTY.

ToMIIBI CTapIHHS aJIpO3HIBAIOIIA CSAPOJA JIOJ3E€H, a OlslariyHbl Y3pocT
CIIY)KBIIIb OOJIBIIT HAI3CHHBIM IMaKa3dblKaM, YbIM XpaHAJIATI9HBI Y3pPOCT. Y KbIBaHHE
MeTaZay 1HTAJNEeKTyajlbHara aHajii3y JaHbIX 1 MalllbIHHAra a0y4sHHS JUJIs pa3a3siieHH S
aroA3ed Ha Y3pOoCTaBblsi TpPyHbl Majia BbIBydaHa, ThIM HE MEHIN, SHO MOXa
NaJENIIbIb Pa3yMEHHE MEXaHI3May CTapaHHS 1 3PEKThIYHACIb JITYIHHS Y3POCTABBIX
3aXBOPBAHHAY .

Mbra mpainbl — pacmpariaBailb Majdii MallblHHara a0y4ysHHS 1 plaii3aBailb
nparpaMmy i mpajakKazaHHs OisylariyHara y3pocTy ma NeéHOMHBIX 1/a00 KIIIHIYHBIX
JaHBIM, a TaKcama pacriparaBailb CicTaMy a0apoHbI 1 OSICTIEK] Tparpambi.

Al'ektam  macienaBaHHS ~— 3'syssionma  OisipI3IYHBIA  XapaKTapbICTHIKI
OistariyHara Y3pocTy Japocjara HacelbHIITBA, SIKisl BhIBYYaloIllla Ma T€HOMHBIX 1
KJITHIYHBIX SKCIIEPHIMEHTAIBHBIX JaHBIX a0 dKCIPACii reHay.

IIpagmeram nacnmenmaBaHHs 3'SYJSIONIIA METaabl IpajKa3aHHS OisiariyHara
Y3pOCTy I1a TeHOMHBIX 1/a00 KIIIHIYHBIX JaA3CHBIX.

MampnipaBaHHEe JaHBIX BbIKaHAHA 3 JlallaMorail HEBSUIIKIX — CKaXIHHSY
3BIXOJHBIX AaHBIX. [Ipbl cCKapausHHI MaMepHACIll JAHBIX Y)KBITHISI METabl TAIOYHBIX
kammaneHTay 1 t-SNE. Pasmssuienns momzeil Ha Y3poCTaBbIS TPYMbl TMa JaHBIX
AKCIIPACii TeHAY MpaBea3eHbl 3 qanamoraii Mmeragay Random Forest (RF), Elastic-Net,
eXtreme Gradient Boosting (XGBoost) i amopusix Bektapay (SVM).

HaiiBpimsiimmas makimagHacp Na3eily JHOJ3€H Ha Y3pOCTaBbis TPyNbl Ia
JTAHBIX OJKCIpAcil TeHay aTtpbiMana s Merany XGBoost 70,35%. Breimywansr
1H(hapMaTBIYHBISA T€HBI, AKis MOTYIb 3'1yIIdla OiiMapKepamMi CTapIHHS.

PacrmpaniaBana B30-mparpama, sikas Ja3Bajisic MpajKa3Bailb OissIariuHbl Y3pocT
KapbICTAJIbHIKA T1a STO0 TEHOMHBIX JTaHBIX.

PacnpaiaBana cictaoma abapoHsbl 1 0SCeK] BYO-TPHIKIIAJaHHI.



STRUCTURAL ABSTRACT

The thesis contains 48 pages, 10 illustrations, 12 tables, 32 sources, 2
appendices.

Key words: data dimensionality reduction, classification, genomic data, gene
expression, bioinformatics, data mining, machine learning, age prediction.

Aging rates vary among people, and biological age is a more reliable indicator
than chronological age. The usage of data mining and machine learning methods for
age group classification is understudied. However, it can improve the understanding
of aging mechanisms and the effectiveness of age-related disease treatment.

The goal of the work is to develop machine learning models and implement a
software application to predict biological age from genomic and/or clinical data, as
well as to develop a protection and security system for the application.

The object of the study is the biophysical characteristics of the biological age
of the adult population, studied using experimental genomic and clinical gene
expression data.

The subject of the study is methods for predicting biological age from genomic
and/or clinical data.

Data modeling is performed using small distortions of the experimental data.
For data dimensionality reduction principal component analysis and t-SNE were
applied. Age group classification based on gene expression data was carried out using
Random Forest (RF), Elastic-Net, eXtreme Gradient Boosting (XGBoost) and
support vector machines (SVM) methods.

The highest accuracy of 70.35% of age group classification based on gene
expression data was obtained using the XGBoost method. Informative genes that may
serve as aging biomarkers have were identified.

A web application has been developed. It allows predict the biological age of a
user using their genomic data.

A protection and security system for the web application were developed.



