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AHOTAILUS

babenko B.O. TexHomnoris iepapxigHoi kiacudikailli B 3a1a4ax 11arHOCTUKU
MaToJIOTIM 32 MEOUYHUMHU  300pOKEHHSAMH  PI3HUX  MOJAJIBHOCTEH. —
KBamidikamiitHa HayKoBa mparis Ha IpaBax pyKOIUCY.

Hucepraitiss Ha 3700yTTS HAYKOBOTO CTyIEeHs JOKTopa ¢iutocodii 3a
cunemianpHicTiIO 122 — «Komm’rotepHi Hayku». — HamioHanbHUN TeXHIYHUN
yHiBepcuTeT YKpainu «KuiBCbKUW TMOMITEXHIYHUH 1HCTUTYT 1MeHi Irops
Cikopcwkoro», Kuis, 2025.

HucepramiiiHa poOoTa CKIAAA€TbCSl 31 BCTYNy, YOTHPbOX PO3ALIIB,
BHUCHOBKIB, CIIUCKY BUKOPUCTaHUX JKEpEI 1 JOJATKIB, Ma€ 3arajibHuil oocsr 155
CTOpIHOK. Y po0oTi HaBeneHo 18 pucynkiB, 25 tabmuipb. CIUCOK BUKOPUCTAHUX
mkepen Hamiuye 117 HaiimeHyBaHb, 3 skux 16 — kupununero ta 101 — natuaumero.
Jlonatok A MICTUTh Tepenik MyOJikamii Ta jgaHl Npo ampoOarliio pe3ysiabTaTiB
aucepranii Ha 3 CTOpiHKAaxX, a B J0JaTKy b MOJaHO BiOMOCTI NPO aKTH
BIIPOBAKCHHS HAa 5 CTOPIHKAX.

00'exT HocaimKeHHss. AHaNI3 JIarHOCTUYHUX 300paXKeHb.

ine poGoru. BrockoHaneHHss MeTOMIB Kiacu(ikaiii s MiJIBUILCHHS
TOYHOCTI BUSIBJICHHS MATOJIOT1i 32 IU(PPOBUMH 300paKEHHSIMHU.

Metoan nociigxeHHsi. Y paMKax JOCHIIKEHHS BUKOPUCTAHO METOAM
rictrorpaMHoi 00poOKHM, MPOCTOPOBOi (DUIBTpaIlli, CErMeHTalii 3TOPTKOBUMHU
HEHPOHHUMH MeEpEeXaMH, TEKCTYpPHOTO aHaji3y (30KpeMa, CTAaTUCTHKU TEPIIOTO
nopsaaky, GLCM, GLDS, GLRLM, NGTDM, SFM, meton eneprii Tekctypu Jloy,
bpakranpuuii ananiz, LBP, o3Haku Ha OCHOBI rictorpamM, OaratoperioHaabHUX
ricrorpaM, BCHBJICT-TIEPETBOPEHh Ta  3FOPTKOBUX  HEHPOHHUX  MEPEK),
KOpEeJSLIMHUN aHajli3, a TaKoX aHcaMmOJieBl MIAXOAM MAIIMHHOTO HaBYaHHS
(BunagkoBuii jic, XGBoost, LightGBM). 3anpomnoHoBaHO METOJ BHMAJAKOBOTO
Jicy aepeB ontumanbHoi ckianHocTi (BJIAOC), mo noeanye npunnunu MI'VA,
TeHeTUYHUX aJTOPUTMIB 1 METOAy aHamidy lepapxiid. yis moOynoBu Mojenen

3aCTOCOBYBajacsi TEXHOJIOTISA 1€papXiyHoi kiacudikaili, a OIIHIOBaHHS iXHBOI
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SAKOCTI  3JIACHIOBAJIOCS HAa OCHOBI METPUK IPaBWIBHOCTI, YYTJHUBOCTI,
cnetuiuHOCTi, TOYHOCTI Ta F-mipu. OOuucieHHS TPOBOAMUIUCS  Ha
nepcoHanbHOMy Komil'torepl 3 mpoiecopom Intel Core 15-9300H, 16 I'b O3II,
SSD na 512 I'b i rpadiaanm nportecopom NVIDIA GeForce GTX 1660 Ti (6 I'b).
BukopuctoByBanocs mporpaMmue 3abe3nedeHns Ha MoBi Python.

Pe3yabTaTH Ta ix HoBU3HA. P03p00€HO HOBY TEXHOJOTIIO 1€papXIvyHOl
kiacudikarii 1y aHami3y MudpoBUX 300pakeHb, MO 0a3ye€ThCsl HA aHCAMOJIEBHX
METO/JaX MAalIMHHOTO HAaBYaHHS, PO3IIUPEHOMY Ha0Opi TEKCTYpHUX O3HAK Ta
metoni BJIJIOC. 3amnpomoHoBaHo MoOAM(IKAIKD METOAYy BHITQJAKOBOTO JIICY
(BJIIAOC), sxa inTerpye npuHuunu MI'YA, TeHETUUHUX AJITOPUTMIB T4 METOIY
aHami3y iepapxii. Ymepiie ajig crajitoBaHHs (GiOpo3y mNediHKd (YIbTpa3ByKOBI
sHiMmkn) Ta  igeHTudikamii COVID-acomiiioBaHMX  JIeTeHEBHX  MATOJIOTIN
(300paxkeHHsT KOMII'FOTEpHOI ToMorpagii) 3acTOCOBaHO pO3IIMPEHUN HaOIp
METOIB TEKCTYPHOTO aHaIi3y. Y JOCKOHAJIECHO METOAUKY KOPEIAIIMHOTO BIIOOPY
O3HaK y MyJIbTUKIJIACOBHUX 3a/ja4ax.

OCHOBHI XapaKTepUCTHKH Ta TNOKa3HMKH. Po3pobieHa TexHOJOTIS
3a0e3nedye MiABUILICHHS TOYHOCTI Kiacu(ikalli MOPIBHSIHO 3 TpajAULIHUMU
meroaamu. [{ns 3agadi cramitoBaHHs (10pO3y MEUYIHKH JOCSITHYTO MPABUIBLHOCTI
67% (95% noBipuuii iHTEepBan 3a Merogom OytcTpemny: [0.58; 0.76]) Ta F-mipu
0.68 Ha ex3ameHariiHii BuOIipIti, 1ist 3anadi ineHTudikarii COVID-acomiiioBanmx
narojoriid jeredb — 84% (95% noBipumii iHTepBai: [0.75; 0.92]) ta 0.84
BiMOBiIHO. [Ipu MakopuTapHOMY TOJIOCYBaHHI Ha PIBHI TAIlI€EHTIB TOYHICTh
3pocna 10 75% (Ppi6po3 neuinku) i 89% (marosorii JereHsb) Ha eK3aMeHaIliHIN
BHOIpIIi, a TaK0X 10 95% 1 94% BIAMOBITHO HA MTOBHIN KOTOPTI MAIIE€HTIB.

BnpoBamkennsi. Pesynbratu po6otu O0ynu BopoBamxkeHi B Y «IHcTutyT
SAJIEpHOI MEAUIMHU Ta TmpoMeHeBoi jiarHoctuku HAMH  Vkpainw» (akt
BIPOBADKCHHS Bl «3» mucrtomana 2022 poky), HAY «lHcturyT mnemiarpii,
akyuiepcTBa 1 riHekonorii iMeni akaaemika O.M. Jlyk’snoBoi HAMH VYkpainn»
(axT BpoBamkeHHs Big «13» uepBus 2024 poky), Y «HamionansHuili HaykoBuit

neHtp QrusiaTpii, myapbMoHoJOrii Ta aneprosorii iMm. ®@.I'. SnoBcekkoro HAMH
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VYkpainn» (akT BOpOBaKeHHS BiT «26» rTpyaHs 2024 poky) Ta IHCTHUTYT
iHpopMartiiaux TexHoyorid Ta cucteM HAH Vkpaiam (akT BIpoBaJpKEHHS BiJ
«10 ciyns 2025 poky).

3B's30k 3 iHmWIMMH podoramm. PoOoTa BHKOHaHa BHUKOHAHO B MeE¥Kax
HAYKOBO-JIOCIITHUX IIPOEKTIB Kadenpu O1oMeanYHO1 KiOEpHETUKH
KIII im. Iropss Cikopcbkoro 3a temamu Ne 01170006934 «Metoau Ta mojueni
ineHTudikamii craHiB OiomoriuHux 00’ekTiB» 1 Ne 0123U100866 «Meromu Ta
Moiei i1eHTUdIKaIlli CTaHIB 00’ €KTIB B 3a/1a4ax MPUUHSTTS MEIUYHUX PIIICHbY.

Pexomenmanmii 1mog0 BHKOPHUCTAHHS pe3yJabTaTiB. PekoMeHI0BaHO
3aCTOCOBYBATH 3alpONOHOBAHY TEXHOJIOTIIO ISl cTaiitoBaHHS (i0Opo3y MEUIHKU
Ha OCHOBI YJIBTPa3BYKOBUX 300paxkeHb Ta ifeHTHdikamii COVID-acomiiioBanux
JIETEHEBUX TMAaTOJIOTI 32 JaHMMHM KOMII FOTEpHOI ToMmorpadii y KIIIHIYHIA
MPaKTHIII.

Cdepa 3acrocyBaHHsi. MeauyHa 1arHOCTHKA, CHUCTEMH ITIATPUMKH
TMPUIHATTS PIllICHb, TEICMEAUIIIHA.

Exonomiuna edexkTuBHicTh. BrpoBamkeHHS po3poOJCHOT0 IMAXOMY
3MaTHE 3MEHIIUTH MOTpe0y B 1HBA3UBHUX MeTOAaX OOCTexeHHs (O1omcis),
CKOPOTHUTH 4ac 0OpOoOKH 300pake€Hb 1 MiABUIIATHA TOYHICTb J1arHOCTUKH, 1110 MOXKE
MO3WTMBHO BIUIMHYTH Ha 3arajbHl BUTpPATH Ha JIKyBaHHS W TMOKPAIIUTH
pe3yJIbTaTH Teparii NaIi€HTIB.

3HaunMicTh po6oTu. CTBOpEHA TEXHOJIOTISI CTAHOBUTH CYTTEBUI BHECOK Y
PO3BUTOK METOMAIB aHATI3y MEAWUYHUX 300paKeHb, CIPHUSIOUN TIiIBUIIECHHIO
€(EeKTUBHOCTI JIarHOCTUKU Ta MOHITOPUHTY 3aXBOPIOBaHb. P0OOTa Mae HayKOBY
HOBH3HY U IPAKTUYHY LIHHICTb.

BucHoBku Ta mnpomo3uuii. 3anpornoHOBaHa TEXHOJOTIS l€papXiyHOL
kinacudikamii Ha 06a31 meromy BJIOC 1 posmmpeHoro Habopy MeETOAIB
TEKCTYpHOTO aHami3y € e(EeKTUBHUM 1HCTPYMEHTOM OOpPOOKM MEIUYHHX
300paxeHnb. [loganbini AOCHIIKEHHS JOIIIBHO CHPSMYyBaTH Ha BJAOCKOHAJICHHS
METO/IIB TPYITyBaHHs KJaciB, ONTHUMI3AIliI0 TimeprnapaMeTpiB, pO3MUPEHHS cepu

3aCTOCYBaHHs, ABTOMATHU3AI[110 TIPOLIECY MPUNHATTS PillIEHb, a TAKOXX OpraHi3alliio
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MacIITaOHUX KIIHIYHUX BUNPOOYBaHb [JIs MIATBEP/DKCHHS €()EKTUBHOCTI Ta
Oe3meKkn BIPOBAHKEHHS Y KIIIHIYHY MpakTuky. OcobiMBa yBara Ma€ mpUaUISTHCS
CTHYHUM aCTIeKTaM 1 MPO30POCTi aJITOPUTMIB MAITMHHOTO HABYAHHS B MEIUIIUHI.
Kuo4oBi cjioBa: ancaM01eBi METOH, BaJTiallisi MPOTHOCTUYHUX MOJIETICH,
TeHEeTUYHUI alropuTM, AEPEBO MPHUUHSATTA pillleHb, 3TOPTKOBI HEUPOHHI MEpexi,
inentudikamis, COVID-19, meton rpyroBoro ypaxyBaHHsS apryMEHTIB, MallluHHE
HAaBUYaHHS, HAJIWHICT, NPOTHO3YBAHHS, TIpoleaypa OOpOOKHM 300pakeHb,

NPUIHATTS PillIeHb, TEKCTYPHUHN aHami3, (10po3 NEUiHKH.



ABSTRACT

Babenko V.O. Technology of Hierarchical Classification in the Diagnosis of
Pathologies from Medical Images of Various Modalities. — A qualification research
work presented as a manuscript.

Dissertation for the degree of Doctor of Philosophy in Specialty 122 —
“Computer Sciences”. — National Technical University of Ukraine “Igor Sikorsky
Kyiv Polytechnic Institute,” Kyiv, 2025.

The dissertation consists of an introduction, four chapters, conclusions, a list
of references, and appendices, totaling 155 pages. It contains 18 figures and 25
tables. The list of references includes 117 sources, of which 16 are in Cyrillic and
101 in Latin script. Appendix A (3 pages) provides a list of publications and
information on the approbation of the dissertation results; Appendix B (5 pages)
contains information on implementation statements.

Object of the study. Analysis of diagnostic images.

Aim of the work. To enhance classification methods for improved accuracy
in pathology detection using digital images.

Methods of research. The study employed histogram processing, spatial
filtering, segmentation with convolutional neural networks, texture analysis (first-
order statistics, GLCM, GLDS, GLRLM, NGTDM, SFM, Lowe’s texture energy,
fractal analysis, LBP, histogram-based features, multi-region histograms, wavelet
transforms, and convolutional neural networks), correlation analysis, and ensemble
machine learning methods (Random Forest, XGBoost, LightGBM). A Random
Forest of optimal complexity trees (RFOCT) was proposed, integrating the
principles of GMDH, genetic algorithms, and the Analytic Hierarchy Process.
Hierarchical classification technology was employed to build models, and their
quality was evaluated using accuracy, sensitivity, specificity, precision, and F-
measure. Calculations were carried out on a PC with an Intel Core i5-9300H CPU,
16 GB of RAM, a 512 GB SSD, and an NVIDIA GeForce GTX 1660 Ti (6 GB)
GPU, using Python software.
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Results and novelty. A new hierarchical classification technology was
developed for digital image analysis, based on ensemble machine learning
methods, an extended set of texture features, and the RFOCT method. A modified
Random Forest approach (RFOCT) was introduced, incorporating the principles of
GMDH, genetic algorithms, and the Analytic Hierarchy Process. For the first time,
an extended set of texture-analysis methods was applied to liver fibrosis staging
(ultrasound images) and the identification of COVID-associated lung pathologies
(CT images). A correlation-based feature selection technique for multiclass
problems was improved.

Main characteristics and indicators. The proposed technology increases
classification accuracy compared to traditional methods. In the liver fibrosis
staging task, accuracy reached 67% (95% bootstrap CI: [0.58; 0.76]) and an F-
measure of 0.68 on the test sample. In identifying COVID-associated lung
pathologies, accuracy reached 84% (95% CI: [0.75; 0.92]) with an F-measure of
0.84. Majority voting at the patient level increased accuracy to 75% (liver fibrosis)
and 89% (lung pathologies) on the test sample, and up to 95% and 94%
respectively on the full patient cohort.

Implementation. The research findings have been implemented at the
following institutions: State Institution “Institute of Nuclear Medicine and
Radiation Diagnostics of the National Academy of Medical Sciences of Ukraine”
(implementation certificate dated November 3, 2022), State Institution “O.M.
Lukyanova Institute of Pediatrics, Obstetrics and Gynecology of the National
Academy of Medical Sciences of Ukraine” (implementation certificate dated June
13, 2024), State Institution “F.G. Yanovsky National Scientific Center of
Phthisiology, Pulmonology and Allergology of the National Academy of Medical
Sciences of Ukraine” (implementation certificate dated December 26, 2024), and
Institute of Information Technologies and Systems of National Academy of
Sciences of Ukraine (implementation certificate dated January 10, 2025).

Relation to other works. This research was performed within the scientific
projects of the Department of Biomedical Cybernetics at Igor Sikorsky Kyiv
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Polytechnic Institute under topics No. 01170006934 “Methods and Models for
Identifying the States of Biological Objects” and No. 0123U100866 “Methods and
Models for Identifying Object States in Medical Decision-Making Tasks.”

Recommendations for using the results. It is recommended to apply the
proposed technology to stage liver fibrosis based on ultrasound images and to
identify COVID-associated lung pathologies from CT data in clinical practice.

Scope of application. Medical diagnostics, decision support systems,
telemedicine.

Economic efficiency. Implementation of the proposed approach can reduce
the need for invasive examination methods (such as biopsies), shorten image
processing time, and improve diagnostic accuracy. This can lower overall
treatment costs and enhance patient therapy outcomes.

Significance of the work. The developed technology makes a substantial
contribution to advancing medical image analysis methods, helping improve the
effectiveness of disease diagnosis and monitoring. The research has scientific
novelty and practical value.

Conclusions and proposals. The proposed hierarchical classification
technology, based on the RFOCT method and an extended set of texture-analysis
techniques, is an effective tool for medical image processing. Future studies should
focus on refining class-grouping methods, optimizing hyperparameters, expanding
the scope of application, automating decision-making processes, and conducting
large-scale clinical trials to confirm clinical effectiveness and safety. Special
attention must be paid to ethical considerations and algorithmic transparency in
medical machine learning.

Keywords: ensemble methods, validation of prognostic models, genetic
algorithm, decision tree, convolutional neural networks, identification, COVID-19,
GMDH, machine learning, reliability, prediction, image processing procedure,

decision-making, texture analysis, liver fibrosis.



OMYBJIKOBAHI POBOTH 3JI0BYBAYA 3A TEMOIO
JMCEPTAIIITHOI POBOTH

— IlepeJik myOaikamiii:

1. Personalized Clinical Treatment Selection Using Genetic Algorithm and
Analytic Hierarchy Process / [O. Nosovets, V. Babenko, |I. Davydovych et al.]. /
Advances in Science, Technology and Engineering Systems Journal. — 2021. —
Vol. 6, No. 4. — pp. 406-413. ISSN: 24156698. DOI: 10.25046/aj060446 [80]

2. [TopiBHJIBHUN aHaJI3 alropuUTMIB Kiacudikaiii mpu aHamizl MEIUYHHUX
300paxeHb 3a BIJCOJaHUMHU CHEKI-TpeKiHT exokapaiorpadii / [O. Ilerpynina, /[I.
llesara, B. badenxo Ta in.]. // Innovative Biosystems and Bioengineering. — 2021.
— Tom 5, N 3. - C. 153-166. ISSN: 2616-177X. DOIl:
10.20535/ibb.2021.5.3.234990 [15]

3. Hobposcbka JI. KombOiHariisi JIOKaqbHOI MOpPOroBoi OiHapu3aiii Ta
MaIlllMHHOTO HaBYaHHA JUIs KJjacudikamii TyxXJMH MOJo4yHoi 3ano3u / JL
JobpoBcrka, B. badenko, A. IBanueHko. // biomenuuHa 1HXeHepis 1 TEXHOJOT1s. —
2022. — Ne 8. — C. 40-47. ISSN: 2617-8974, 2707-8434. DOI: 10.20535/2617-
8974.2022.8.267793 [7]

4. Classification of Pathologies on Medical Images Using the Algorithm of

Random Forest of Optimal-Complexity Trees / [V. Babenko, I. Nastenko, V.
Pavlov et al.]. // Cybernetics and Systems Analysis. — 2023. — Vol. 59, No. 2. — pp.
346-358. ISSN: 15738337, 10600396. DOI: 10.1007/s10559-023-00569-z [18]

5. Bukopucrtanus rimb0KrX HEMPOHHUX MEPEX JJI MOPIBHSUIBHOTO aHAIII3Y
Hopmu, mHeBMOHII 1 COVID-19 / [P. FOxumriok, M. Illkenacrt, €. Hacrenko, M.
Jlinawk, 1. JlaBunoBuy, B. Bbaodenko]. // bioMmenuuHa iH)XEHEpis 1 TEXHOJIOTISA. —
2023. — Ne 12. — C. 56-64. ISSN: 2617-8974, 2707-8434. DOI: 10.20535/2617-
8974.2023.12.292729 [16]

6. Cardiomyopathy Prediction in Patients with Permanent Ventricular

Pacing Using Machine Learning Methods / [E. Perepeka, V. Lazoryshynets, V.
Babenko et al.]. // System Research and Information Technologies. — 2024. — No.
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1. — pp. 33-41. ISSN: 16816048, 23088893. DOI: 10.20535/SRIT.2308-
8893.2024.1.03 [85]

7. JaBugoBuu I. Metomomorii aHamizy 300pa)k€Hb JJIs J1arHOCTUYHUX

3actocyBanb (orysin) / 1. Jlasunosuu, B. babenkxo. // biomenuuna iHxeHepis 1
texHonoriga. — 2024. — Ne 14. — C. 54-63. ISSN: 2617-8974, 2707-8434. DOI:
10.20535/2617-8974.2024.14.302135 [6]

8. lepapxiunuii anroput™M MynbTHKIacHdikailii cramiii ¢pidpo3y MmediHKH 3
IHTETPOBAaHUM aHali30M obusactel iHTepecy / [B. babenxo, €. Hacrenko, B.
CononymieHnko Ta iH.]. // biomenuuna imxeHepis 1 TexHouoris. — 2024, — Ne 14, —
C. 63-73. ISSN: 2617-8974, 2707-8434. DOIl: 10.20535/2617-
8974.2024.14.301108 [3]

9. Po3poOka mporpaM Ha OCHOBI IITYYHOTO IHTENEKTY JJIS J1arHOCTHKHU
Mmiokapauty npu COVID-19 3a manummu Komm IOTEpHOI TOMoOrpadii rpyaHoi
kiitku / [€. Hacrenko, M. ['onuapyk, B. babenko ta iH.]. // YKpaiHChKHIA KypHAI
cepueBo-cyauHHOi Xipyprii. — 2024. — Tom 32, Ne 3. — C. 58-65. ISSN: 26645963,
26645971. DOI: 10.30702/ujcvs/24.32(03)/NH052-5865 [12]

10. EpexTHBHICTH aNrOpUTMIB MAIIMHHOTO HAaBYAaHHA IS Kiacugikarii
3MIH CTPYKTYpH JIET€Hb Yy MOCTKOBIIHUX Ta roctpux cramisix COVID-19 / B.
Jlytuenko, B. babenko, €. Hacrenko, M. Jlunnuk. // biomenuuna iHxXeHepis i
texuoiorist. — 2024. — Nel5. — C. 27-35. ISSN: 2617-8974, 2707-8434. DOI:
10.20535/.2024.15.306763 [8]

— Anpobauis MarepiajiiB qucepramuii:

1. Po3mi3HaBaHHS ~ MEAMYHHUX  300paK€Hb  AJTOPUTMOM  T'€HETHYHO-
iHayktuBHoro jicy / B. babenko, €. Hactenko, B. IlaBnos, O. Hocoseup. //
30ipHMK HayKoBHX mpaib [V MIXKHApOJHOI HAYKOBO-TIPAKTHYHOI KOH(MEpEeHIii
«Inpopmariiini cucreMu Ta TexHosorii B meauuuHi» (ICM-2021), m. Xapkis, 25—
26 mucronana 2021 poxy. — HamionaneHuit aepokocMiuHuil yHiBepcuTeT iM. M. €.
XKykoBcbkoro «XapkKiBChbKuit aBianinuuil inctuTy™, 2021. — C. 71-73 [2]

2. Babenko V. Improved Random Forest Algorithm in the Task of Liver
Pathology Classification by Medical Images / V. Babenko, I. Nastenko, V. Pavlov.


https://doi.org/10.20535/SRIT.2308-8893.2024.1.03
https://doi.org/10.20535/SRIT.2308-8893.2024.1.03
https://doi.org/10.20535/2617-8974.2024.14.302135
https://doi.org/10.20535/2617-8974.2024.14.301108
https://doi.org/10.20535/2617-8974.2024.14.301108
https://doi.org/10.30702/ujcvs/24.32(03)/NH052-5865
https://doi.org/10.20535/.2024.15.306763

11

[l CydacHuii cTaH Ta TEpPCICKTHBH OIOMEIMYHOI IH)KEHEpii: MaTepiaiu
MixHapoIHOT HayKOBO-TIPAKTUYHOI KOH(epeHIii, mnpucssdeHa 20-piayHOMY
toButero PakynbTeTy 61oMeanyunoi iHxkeHepii KIII im. Iropst Cikopcbkoro, M. Kuis,
15-16 rpyaus 2022 poky. — HamioHanbHUIl TeXHIYHHI YHIBEpCUTET YKpaiHu
«KuiBcpkuii momiTexHiyHui 1HCTUTYT iMeH1 Iropsi Cikopcskoroy, 2022. — pp. 18—
18. DOI: 10.20535/biomedconf.2022.15122022 [19]

3. Inferring Cognitive Load Level from Physiological and Personality Traits
/ [O. Shaposhnyk, S. Yanushkevich, V. Babenko et al.]. // Proceedings of The
International Conference on Information and Digital Technologies, Zilina,
Slovakia, 20-22 June 2023. — pp. 233-242. ISSN: 2575-677X, 2575-6753. DOI:
10.1109/IDT59031.2023.10194430 [93]

4. Unraveling Body Vitals as Traumatic Event-Caused Stress Indicators / [D.
Zahorska, V. Babenko, M. Chernykh et al.]. // IEEE Symposium Series on
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BCTYII

Ob61pynmyseanus 6ubopy memu OOCAIOHCEHH L.

Y cydacHHX yMoOBaxX TPUCKOPEHOI MH(poBi3amii 3aBAaHHA aHAI3y
mudpoBUX  300pakeHb Ha0yBalOTh MPIOPUTETHOTO 3HAUEHHS B  Taly3l
KOMIT IOTEpHUX HayK, 1110 3yMOBJIIO€ HEOOXI1THICTh PO3POOICHHS 1 yIOCKOHATICHHS
MeTomiB mry4yHoro iHTenekty (IIII) Ta MammHHOTO HaBYaHHS JIs BUPIIICHHS
CKJIAJHUX 3aBlaHb Kiacudikamii ¥ nporHozyBanHs. OcoOJIMBOI aKTyaJIbHOCTI
HaOyBa€ MiABUIIEHHS TOYHOCTI aJTOPUTMIB OOPOOKH MEIUYHHUX JaHUX, JUIS SIKUX
XapakTepHI 3Ha4YHa BapilaOeIbHICTh, OOMEXKEHUU O0OCSIT aHOTOBAHMX BHOIPOK,
HasBHICTh IIyMy ¥ apredakTiB, a Takox aucoOamanc kiaciB [30, 35]. IcHyroui
METO/JM MAIMHHOIO HAaBYaHHA, 30KpeMa aHcamOJieBl (HANpUKiIaJ, BUIAJAKOBUN
JIC), HE 3aBXKJU JOCTATHHO €(PEKTUBHI IJIs1 MYyJIbTUKIACOBUX 3a7a4 Y pa3l CyTTEBOI
MIXKKIac0oBOI ¢x0xocTi [60] Ta HasIBHOCTI 0OMEKEHHUX O0UYHMCIIIOBAILHUX PECYPCIB.
Cepen npukiaaiB moAi0HUX CIiEHapliB — cTaitoBaHHs (p10pO3y MEUiHKU Ha OCHOBI
yIbTPa3ByKOBUX 300paxenb [36] Ta imentudikamis COVID-acorifioBanux
NaToJIOTii 3a JaHuMu KoMl roTepHoi Tomorpadii (KT) [99, 112], sxi moTpeOyroTh
pO3pO0JIEHHST HOBHX METOJIB (popmMyBaHHsI Oulbll 1H(OPMATHUBHUX, apTe(akt-
1HBaplaHTHUX O3HAK Ta aJTOPUTMIB, 3[aTHUX J0 y3arajdbHEHHS Ha OOMEXEHHX 1
He30anmancoBanux BuOipkax [101].

Meroto mi€i naucepraniiiHoi poOOTH € TOAOJAHHS 3TaJaHux MpodseM
IUIIXOM pO3poOJieHHsT ¥ Bamijanii yHIBepCaIbHOI TEXHOJOTI aHami3y MU(PPOBUX
300pakeHb, 10 TMepeadadyae TMOE€JHAHHS HOBUX  METONIB  (opmyBaHHS
iHhOpMATHBHUX O3HAK Ha OCHOBI TEKCTypHOro anamizy [39, 55] 3 TexHojorierw
lepapxiuyHoi Kjacudikalii SK TMEPCIeKTUBHUM MIAXOI0M JI0 MYJbTHKIACOBUX
3aBnaHb [68]. OcHOBY 3ampoNOHOBAHOI TEXHOJIOTII CTaHOBUTH MOIM(IKOBAHUI
QITOPUTM «BUIIAJKOBHI Jic AepeB ontuMmanbHOi ckimamHocTi» (BJIOC), skwuii
IHTErpy€e MPUHIIUIIK METO/Ty TPYIOBOro ypaxyBanHs aprymentis (MI'VA) [17] mis
noOy/I0BH JIEpEeB ONTHUMAJBHOT CKJIQJHOCTI, TeHeTHuHi aiaroputMu [53] mis

onrtuMizamii HaObopiB 03HAK 1 MeToJ aHami3y iepapxii Caarti [86] mis 3BakeHOro
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rojIoCyBaHHs JepeB. Taka KOMOIHAIlS MMIABUILYE TOYHICTh, CTIMKICTh 1
y3arajpbHIOIUy 37JaTHICTh MOJENIC MAaITMHHOTO HaBYaHHS IIiJ 4ac poOoTH 3
BHUCOKO BaplaOeIbHUMHU Ta MOTEHI[INHO HE30aJaHCOBAHMMH JaHUMH MEIUYHUX
300pakeHb. 3ampOIOHOBAHI PIMIEHHS PO3MIMPIOIOTh MOYKIMBOCTI MAITUHHOTO
HaBYaHHS, KOMIT I0TEPHOTO 30Dy, IITYYHOTO 1HTENEKTY ¥ METO/AIB ONTUMIi3alii Ta
CIPHUSIOTH yJAOCKOHAJICHHIO MPOLIECIB aHalI3y MEAUYHUX 300paKeHb 1 MIATPUMKHU
J1arHOCTUYHUX PilieHb. JJOCATHEHHS MOCTaBIEHOT METH MiABUIIHUTH €(h)eKTHUBHICTh
MEJUYHOI JIIaTHOCTUKU W ONTUMI3YE MPOLIeC MPUUHATTA PIlIEHb HA OCHOBI aHAI3y
300paKeHb.

36’5130k pobomu 3 HAYKOBUMU NPOSPAMAMU, NIAHAMU, MEMAMU, SPAHMAMU.

JlocnmipkeHHsT BUKOHAHO B MEXKax JIBOX HAyKOBO-JOCTIAHUX TMPOEKTIB
kadeapu 6loMeMYHO1 KIOEPHETUKH:

1) HAP n/p Ne 0117U006934 «Metoau Ta mojenm iaeHTH]IKAIii CTaHIB
Oiomoriunux 00’ekTiBY (3apeectpoBano 22 mucrtomnana 2017 poky, 3aBepineHo 16
xoBTHs 2022 poky) [1].

2) HAP n/p Ne 0123U100866 «Metoau Ta mojmem igeHTH]IKaIii CTaHiB
00’€KTIB B 3a/Jauyax MPUUHATTS MEIWYHUX pillIeHb» (3apeecTpoBaHo 06 IHOTOro
2023 poxy) [11].

06 ’ekm 00cniOIHCeHHs.

AHai3 J1arHOCTUYHUX 300paKEHb.

IIpeomem Oocnioicenns.

Meroau Ta Moedl MaIIMHHOTO HaBYaHHS Il OOpoOKM ¥ aHamizy
U (poBUX 300paKEHB.

Mema docniodicernHs.

Bnockonanenns MeroaiB kiacudikamii I8 TIABUIIEHHS TOYHOCTI
BUSIBJICHHSI IATOJIOT1N 32 IU(PPOBUMH 300paKEHHSIMHU.

T'inome3a docnidcenus.

3acTocyBaHHS TEXHOJOTI iepapxiyHoi kiacuikarii, Mo O0a3yeTbcs Ha
aHCcaMOJICBUX MOJENsAX (30KpeMa, MOAu(IKOBAHOMY METOJIl BUMAIKOBOTO JICY

BJIJIOC) 1 nomoBHEHa MeETOJaMHM TEKCTYpHOIO aHamizy i (QopMyBaHHS
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iHQOpMAaTHUBHUX O3HAK, 3a0€3MEeUNUTh BHUIIY TOYHICTh Ta €(PEKTHBHICTH aHAII3ZY
1 poBUX 300pakeHb MOPIBHIHO 3 TPAIUIIHHUMHU METOIAMH.

3asoarHs 0ocnioHceH .

BiamoBinHo 10 chopmysboBaHOT MeTH Oy BU3HAYCHI TaKi 3a1adi:

1. BusButr HeBupimieHi a00 HEJOCTATHHO OMPAIbOBAHI MPOOJIEMHU B TaTy3i
1rdpoBoi 06poOKu ¥ aHasi3y 300paKeHb.

2. Po3poOutH mocaiioBHICTh (POPMYBaHHS MHOKMHH 1HPOPMATUBHUX O3HAK
13 300pakeHb METOJIaMU TEKCTYPHOTO aHaIi3y.

3. YIOCKOHAJIUTH METOJ] BUMIQJKOBOTO JIICY 3 METOIO IMiABUIIEHHS TOYHOCTI
MIPOTHO3YBaHHS.

4. Po3po0OUTH TEXHOJOTIO l€papxiyHOi Kiacudikamii st MyJIbTUKIACOBUX
3am1ad.

5. 3acTtocyBaTH pO3pO0JIEHY TEXHOJIOTIIO aHa3y HU(PPOBUX 300paKeHb JJIs
cTaairoBaHHs (10po3y neuiHku (yIbTpa3ByKoBi 3HIMKHK) Ta ineHTUudikamii COVID-
acorriioBanux narosoriit (KT-300paxeHHs).

6. BuzHaunTy HanmpsiMU MOJAJIBIITNX JOCIIIKEHb.

Memoou docrioxcenns

VY nucepTaniiHoMy JTOCHIIKEHHI OyB 3aCTOCOBaHUM IHTETPATUBHUM MIIXiJ,
mo mnependayaec BUKOPHUCTAHHS TMEPEIOBUX METOJIB KOMIT IOTEPHUX HAYK JIJIs
pPO3B’sI3aHHS 3aBJaHb JIIAarHOCTUKU TMATOJOTIM 3a MEAUYHUMHU 300pa’KCHHSIMHU.
Bubip Takux MeTOAIB 3yMOBJICHMH iXHBOIO 3IATHICTIO €(dEeKTHUBHO OOpOOISATH
CKJaJHI, TeTeporeHHl JaHi Ta 3a0e3meuyBaTH BHCOKY TOYHICTh 1 HaIIMHICTbH
MIarHOCTUYHHUX BUCHOBKIB.

JIJisi IomepeTHhOTO OMpAIllOBAaHHS 300paKeHb BUKOPUCTOBYBAIHCS METOIH
rictrorpaMHoi 00poOKH, MPOCTOPOBOI (uibTpauii Ta cermenrainii. ['ictorpamua
o0poOKa OXOruIoBajga HOpMasi3allito, eKBali3alliio Ta AU(QEpeHIiallio ricrorpam,
0 J1aJl0 3MOTY TMOKPAIIUTH KOHTPACTHICTh 300pa’K€Hb, BUPIBHATH PO3MOJILIT
IHTEHCUBHOCTEH Ta MIJACHUIUTH MEXI MDK pI3HUMH CTPYKTypamu. Meroau
IpOCTOPOBOI (iIbTpaLlli 3aCTOCOBYBAIMCS IS 3MEHILEHHS IIyMiB 1 apTe(akTiB.

Jns aBTOMaTHM4HOI cermeHTalii objiacTel 1HTepecy (30KpeMa, JereHb Ha 3pizax
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KT Tta cneuudiuaux auistHok Ha Y3/] nediHKM) BUKOPUCTAHO 3rOPTKOBY HEHPOHHY
mepexy U-Net.

Jlist BuiydeHHS 1HQOPMATUBHUX O3HAK 3aCTOCOBAHO IIMPOKUN CHEKTP
METO/IB TEKCTYpHOTO aHami3y. 30KpeMa, BHKOPHCTAHO CTATHCTHKU TIEPIIOTO
MOPSAIKY, MAaTPUIIl CYMIKHOCTI PiBHIB CIpOTr0, CTATUCTHKY PI3HHMIII PIBHIB CIpOTO,
MaTpHIIl PI3HHUII BIITIHKIB CIPOTO CYCIJICTBa, CTATUCTUYHY MATPHUIIKO O3HAK, METO/I
eHeprii Tekctypu Jloy, dpakrambHUN aHaNi3, MAaTPHUIll JOBKWH MPOOITIB PiBHIB
CIporo, CIieKTp MOTYKHOCTI Dyp’e, JoKaNbHUI O1HApHUHN 1A0JIOH, a TAKOXK O3HAKH
Ha OCHOBI TiCTOrpaMm, OaratoperioHajJbHUX TICTOTpaM, BEHBIET-NEPETBOPEHb Ta
3rOPTKOBUX HEUpOHHUX Mepex. g BiaOOpy HallOuUTbIl 1HPOPMATUBHHX O3HAK
3aCTOCOBAHO KOPEJSIIAHNN aHai3.

Mogeni knacudikariii mo0y10BaHO 3 BUKOPUCTAHHSIM aHCAMOJIEBUX METO1B
MaITUHHOTO HAaBYAHHS — aJITOPUTMY BHITAJIKOBOTO JIiCY, QJITOPUTMIB TPATIEHTHOTO
oyctunry XGBoost ta LightGBM, a Takox opuriHaabHOT Moaudikaiii METOILy
BunaakoBoro Jicy (BJIJIOC), po3pobiieHoi B MeX)ax IbOro JOCTIIKEHHS. MeTo
BJIIOC rpynTyeTbest Ha moeiHanH1 mpuHIUiB MI'Y A, reHeTHYHUX aJITOPUTMIB 1
METOAY aHai3y iepapxii mjisg noOylOBU JEpeB ONTUMAIbHOI CKIIAJHOCTI Ta
M1JIBUIIICHHS TOYHOCTI Kjacudikarii.

Y wMexax poOOTH HE 3aCTOCOBYBAIMCS METOAM TJIMOOKOTO HaBYaHHS
(30Kpema, B3rOpPTKOBI HEWpPOHHI Mepexi) s Oe3nocepeaHboi  kiacudikarii
300pakeHb. Take pimeHHs 0yJI0o 3yMOBJICHE KIIbKOMa YHHHUKAMU: HEOOX1IHICTIO
3HAYHUX OOUYMCITIOBAILHUX PECYPCIB 1 BEIMKUX OOCSTIB PO3MIUEHUX JaHUX, 10 HE
3aBXIM JOCTYIHI B MEIM4HIA cdepi; CKIAIHICTIO 1HTeprpeTanli pe3yibTaTiB
rTHOOKUX MOJENEH, 10 € KPUTHYHUM y MEIUYHIN J1arHOCTHIN, J€ BaKIUBa
MPO30PICTh PIlIEHb; @ TaKOX AaKIEHTOM Ha BUJIYYEHHI Ta aHali3l TEKCTYpHHX
O3HaK, SKi MPOJEMOHCTPYBAIH BUCOKY €(DEKTHBHICTh Y PO3B’I3YBAHMX 3aBIaHHSX.
BuxopuctanHs TIMOOKHX MEpeX Il aBTOMATUYHOTO BIUIYYCHHS O3HAK, XO0U 1 €
MEPCIIEKTUBHUM HAIPSIMOM, HE BXOJIUJIO JIO ITiJIeH 111€i poOOTH.

Takox He 3aCTOCOBYBAJIMCS I1HIN METOAW MAIIMHHOTO HaBYaHHS, SIK-OT

METOJI ONIOPHUX BEKTOPIB a00 KJIACH4YHI JiepeBa pillieHb, OCKUJILKU B IMOIEPEIHIX
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JOCITIDKCHHSX Ta B OPUTIHAJIbHIN POOOTI 3 TEXHOJIOTIEI0 1€papXivHOi Kiacupikariii
aHcaMOJIeBl MeTOIH (TIepeyCiM BUIIAIKOBHM JIiC) 3aCBITYIIIA BUIY €(PEKTUBHICTH
MOPIBHSHO 3 ITUMH IT1IXOJaMHU.

s po3B’si3aHHS 3aBJaHb MYJBTHKIACOBOI Kiacudikaiii BIPOBAIKEHO
TEXHOJOTII0 1epapxiuHoi Kiacudikaiii, mo mnepeadavae TPyMyBaHHS KIaciB 1
moOy1I0By OaraTopiBHEBOI CUCTEMH KJIaCH(1KaTOPIB.

OmuiHioBaHHA €(PEKTUBHOCTI 3apPONOHOBAHOI TEXHOJOTIT 31HCHIOBANIOCS 3a
JIOTIOMOTOI0  TOUIUPEHUX METPUK Kiacu@ikallii: MNpaBUIBHOCTI, YYTIUBOCTI,
cnernugiyHocTi, TouHocTi Ta F-mipu. 1li mokasHuku Aar0Th 3MOTY KOMILJIEKCHO
OLIIHUTH P13H1 aCEKTHU POOOTH MOJEIEM.

CratucTuyHy  3HAYyIIICTh OTPUMAHUX  pE3yJbTaTiB  OLIHIOBAIU 3
BUKOPUCTAHHAM 95% NOBipUOro iHTEpBaILY, PO3PAXOBAHOTO METOJIOM OYTCTpEIy.

Haykosa nosusna ompumanux pesyiomamis

1. Bmepmie 3amporOHOBAaHO TEXHOJIOTIIO Kiacu@ikailii mMaToJorid 3a
MHOXXHWHOIO MEIMYHHMX 300pa)ke€Hb OJHOr0 O00’€KTy IOCHIDKEHHS, B SKIH 1JIs
KOXXHOTO 300pa)kKeHHS 3a BEKTOPOM BH3HAUYEHMX O3HAK IUISIXOM TOJIOCYBaHHS
JIepeBaMH  PIIIEHb OOYHUCIIOETHCS PO3MOALT  WMOBIpHOCTEH it  OlHApHUX
KOMOIHAIIM KJIaciB 3 MOJAJBIIMM BH3HAYECHHSIM 3a aHCaMOJIEBHUMH METOJIaMU
OCTaTOYHOI MPUHANEKHOCTI KJacy,; 3a MHOXXHMHOIO BCIX BHU3HAUEHUX KIIACIB
JIarHOCTUYHUX TMOKAa3HUKIB 00’€KTY BiAOYBAa€TbCSI OCTATOYHE BU3HAYEHHS KJacy
MaToJjorii, Mo HaAa€ MOXJIMBICTh IarHOCTYBaHHS 3a MHOXXHHOK MEIUYHHX
300pak€Hbh Ta MIABUIIYE MOrO0 TOYHICTH IO BIJHOMICHHIO 10 Kiacugikarli 3a
OKPEMHUMH 3HIMKaAMH.

2. BnockoHaneno meron MammHHOro HasuanHs «Random Forest» 3a
paxyHok: 1) moOyaoBM MIHIMQJIBHO HEOOXIAHOI KIJBKOCTI JIEpEB pIIICHbD,
BHU3HaYeHUX Ha ocHOBI MI'YA; 2) BU3HaU€HHSI HA OCHOBI T€HETUYHUX AJITOPUTMIB
ONTUMAJILHOTO 3a KpUTepieM Kopensiii MerTproza HabOpy O3HAK ISl KOXKHOTO
JiepeBa; 3) BU3HAUCHHS Bar JIEPEeB METOAOM aHami3y iepapxiit Caarti, 110 JO3BOJIUIIO

M1BUIIUTH TOYHICTh Ki1acudikailii 3a BEKTOPOM BU3HAYEHUX O3HAK.
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IIpakmuune 3naueHHs OMPUMAHUX pe3yTbmamis

Po3pobniena TexHomoris iepapxiuHoi kiacu@ikamii Ha OCHOBI METOAY
BJIIOC 1 TekcTypHOro aHajiidy Mae€ CYTT€BE TMpAaKTHYHE 3HAYCHHS IS
MiIBUIIEHHS €()EKTUBHOCTI Ta TOYHOCTI MEIUYHOI JIarHOCTUKH, 30KpeMa IIiJT 4ac
ctaairoBanHs ¢Gi06po3y nedinku Ta ineHTudikaiii COVID-acomiiioBaHMX MaToI0TiH
JIETEHb.

PesynbraTtu poboTu BrpoBamxkeHO B Y «IHCTUTYT sliepHOT MEOUIIMHUA Ta
npomeneBoi  miarHoctukn  HAMH ~ Vkpainw»  (akT  BOpOBaJKEHHS — BiX
«3» muctomana 2022 poky Ha puc. b.1) ta 1Y «lHctutyT neniarpii, akymepcTsa i
rinekosorii iMeH1 akajgemika O.M.JIyk’snoBoi HAMH  Vkpainm»  (akr
BIpoBa/pkeHHS Bif «13» uyepBHs 2024 poky Ha puc.b.2); y mux ycraHoBax
TEXHOJIOT1s 3aCTOCOBYETHCS JUIsl BIIOCKOHAIIEHHS JIarHOCTUKH (PiOpO3y MEUiHKH 32
nanumu  Y30. Takox pe3yiabTatd poOoTu Oynu BropoBapkeHi B Y
«HarrionanbHuii HaykoBHM LEHTp (TU31aTpii, MyJILMOHOJOTI Ta ajleproJiorii iM.
@.I'. SAnoBcekoro HAMH Vxkpainm» (akt BrpoBakeHHs Bill «26» rpyans 2024
poky Ha puc b.3-b.4) Tta IncturyT iHpopMamiitHuX TexHoiorii ta cucreM HAH
Vkpainn (akt BrnpoBamkeHHs Bix «10» ciuns 2025 poky Ha puc. B.5), ne
TEXHOJOTIS 3aCTOCOBYETBhCS i BHOCKOHaneHHs imeHTHdikamii COVID-
acoriioBanux marojorii 3a ganumu KT. BignmoBigHi akTH BIpOBaIKCHHS
HaBeseHi y Jlonatky b.

[IpakTruHa peanizallis TEXHOJOTIi MOXJIMBA 3a KUTbKoMa Hampsimamu. Jls
cTalioBaHHs (iOpo3y MEUIHKU BOHA MOKE IHTETPYBATHUCS B KIIHIUHY MPAKTUKY K
IHCTPYMEHT CKPUHIHTY ¥ TEpBMHHOI JIarHOCTUKH, IIO 3MEHIIYE MOTpedy Yy
MPOBEICHHI 1HBA3WBHHUX JIOCHIIPKCHb Yy TAIEHTIB 13 HU3bKUM PU3HKOM.
ANTOpUTMHU 37aTHI OO €KTHBI3yBaTHM OIIHKY TEKCTYpPHUX XapaKTEPUCTUK 1
HMOBIPHOCTI Pi3HUX CTaAiil (p10po3y, a TAKOK JOTMOMOITH BIJCTEKYBATH AUHAMIKY
3aXBOPIOBaHHS Ta €(DEKTUBHICTH Teparii. 3 OISy Ha HEIHBA3UBHICTH METOMY, Y
MEBHUX CLEHAPISX MOMKIMBO 3HU3UTH NMOTPeOy B OIO0MCI MEUiHKU.

B 3amaui igentudikamii COVID-acomiiioBaHMX MaToONOTid TEXHOJOTIS

CIIpHUsSI€ OMEPATUBHOMY Ta TOYHOMY BHUSBJICHHIO Pi3HUX (HopM mnepediry XBopoou
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(roctpa ¢aza, koHcomigamiga 3 nojgaisimuM po3ButkoMm C3JI, Long COVID) nHa
ocHoBl KT-300paxens. Lle nae 3mory iHauBiqyanmizyBaTH MiAXiA A0 JIKyBaHHS,
ONTHUMI3yBaTH TMPOTHO3YBAHHS Ta CTBOPUTH JOJATKOBE HaBaHTaXKyBajlbHE
«(inpTpyBaHHA» A paAionoriB. TeXHOIOTiS TaKOXK MOXKE 3aCTOCOBYBATUCS IS
MOHITOPUHTY TAllI€EHTIB y JOBTOCTPOKOBI TEpPCIEKTHBI Ta MoOXe OyTu
IHTerpoBaHa B TEJIEMEAWYHI IIaTGOpMHU, IO BaXXJIUBO [JII PETIOHIB 13
O0OMEKEHUMH PECYPCAMHU.

BaxxnuBo BpaxoByBaTH, IO TOYHICTh KiacHdikallli MOYaTKOBUX CTaJll
¢16po3y (F1, F2) mmxya, HDK MIBHIX CTajld, M0 MOTpeOye OOEPEKHOCTI MpH
1HTepnperauli pe3ynbrariB. KpiM Toro, HailiiHICTh METOAY 3aJEXKHUTh Bl SAKOCTI
OTpUMYBaHUX 300pakeHb 1 PIBHS MIATOTOBKM (axiBIiB. TOYHICTE TaKoX
3HIKYEThC T 4ac aiarHoctuku Long COVID yHacmigok HEOJIHO3HAYHOCTI
nartepHiB Ha KT-300paxenHsax. [lomanpim KIiHIYHI JOCHIPKEHHS 3a Yy4acTiO
PO3UIMPEHUX 1 TETEPOTCHHUX BUOIPOK MAIIEHTIB COPUITUMYTh yJAOCKOHAJIEHHIO U
IMIMPOKOMY BITPOBAKECHHIO TEXHOJIOTIi B KIJIIHIYHY MPAKTHKY, & TAKOX JO3BOJISATH
pO3pOOUTH peKOMEeHaIlli Mmoo ii iHTerpaiii Ta HaB4aHHS mnepcoHany. OkpeMoi
yBaru noTpedyroTh €TUYHI ¥ npaBoBi acriekTy Bukopuctanus 111 B MenuimHi.

Anpobayis mamepianie oucepmayii

OCHOBHI  TIOJIOKEHHSI Ta  pe3yJbTaTH poOOTH  JomoOBigamuci U
0OrOBOPIOBAHCS HA TAKUX HAYKOBO-TIPAKTUYHUX 3aX0aX:

1. IV wmixHapogHa HaykoBO-TIpakTH4YHa KoHpepeHmis I[udopmarriiini
cucTeMHd Ta TexHousorii B MeaunuHi» (ICM-2021), m. Xapkis, 25-26 nucromnazaa
2021 poky, 3aouHa popma ygacri [2]

2. MixxHapoHa HayKoBa-TIpakTH4YHa KoHGepeHiis «CydacHuUW CcTaH Ta
NEpPCHEKTUBH  OIOMEIUYHOI 1HXKEHepli», mnpucBsueHa 20-piuHOMY HOBUICIO
®axkynbrery 6lomennunoi iHxeHepii KIII im. Irops Cikopcebkoro, m. Kuis, 15-16
rpyans 2022 poky, OHJIAWH y4acTh 3 A0HOBi0 [19]

3. Mixnaponna IEEE koudepenuis 3 iHdopmamiinux Tta 1udpoBUX
texHosori, Xumina, CrnoBayumna, 20-22 uepBHsa 2023 poky, 3aouHa ¢opma

y4acri 3 myOJikaiiero B Scopus [93]
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4. 911 HarionanpHuii KOHTpeCc 3 MDKHApoOJHOW YyyacTio «Pamionoris B
Ykpaini», KuiB, Ykpaina, 19-21 sxoBtHa 2023 poky, ouna ¢opma ydacTi 3
JTIOTIOBIIIO.

5. Mixkunapoana cepist cummno3diymiB |IEEE 3 o0uuciaioBaabHOrO iHTENEKTY
(SSCI), Mexiko, Mekcuka, 5-8 rpyans 2023 poky, 3aodHa ¢opma ydacTi 3
nyO:rikariero B Scopus [116]

6. Ceminap 3 mpobnemu «OO0pa3Huii koMm’1oTep», M. Kuis, 26 nucromana
2024 poky, ouHa ¢opMa y4acTi 3 JOMOBIIIO.

Cmpykmypa ma oocse oucepmayii

Hucepraniitna po6ota noOyAoBaHAa 3a KJIACUYHOK CTPYKTYpOIO, IO
BKJIIOYAE: BCTYI, YOTUPH PO3/IIN, BUCHOBKMA JO KOXXHOTO 3 HHUX, 3arajbHI
BHUCHOBKHM, CIIHCOK BHUKOPHUCTAHUX JDKEpEN Ta JOJaTKU. 3araabHuil o0csr
qucepTalii  CTaHOBUTh 155 CTOpPIHOK MAaMIMHOMUCHOTO TekcTy. Cnucok
BUKOPHUCTaHUX JKepen Hamiuye 117 nalimeHnyBaHb, 3 akux 16 xupwmmiero ta 101

natuHUIE0. Pobota MicTuth 18 prcyHkiB Ta 25 Ta0IuUIS.
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PO3/ILI 1
OTJISAJ METOIIB IU®POBOI OBPOBKHU TA AHAJII3Y 306PAKEHbD

Cepen xmo4oBMX 3aBHaHb y cdepi oOpoOku Ta aHamizy IUGPOBUX
300paXCHb BHJIUIAIOTH IABHMINEHHS sKocTi [42] ¥ jmeramizarii 300pakeHb,
3HWKCHHs piBHSA mymy [83], BUOKpEMJICHHS XapaKTEPHUX O3HAK, PO3Ii3HABaHHS
00’ekTiB Ta iXHIO KiIacu(ikaIifo, a TaKOX CETMEHTAI[ll0 Ha OCHOBI TIEBHUX
KpUTEPIiB (KOJIip, TEKCTypa, IHTCHCUBHICTH) [74]. ICHY€e MMPOKUI CIIEKTP METOJIIB
1 aJIropuTMmiB, SKi JalOTh 3MOTY aBTOMATHU3YBaTH BIANOBIAHI TIPOILIECH Ta
3a0e3neuyBaTi BUCOKY TOYHICTh OTPUMaHUX pe3ynibTaTiB [45, 58].

AKTYanpHICTh JOCIHIJKEHHS METO/AIB OOpOOKHM 300pak€Hb 3yMOBJIEHA SK
HAayKOBHMH, TaK 1 MPAKTHYHUMH TIEPETyMOBaMU. Y Taly3l MEAUYHOI 1IaTHOCTHKH,
IpUMIPOM, aBTOMAaTW30BaHa MornepeaHss oOpoOka Ta aHal3 MEIUYHUX 3HIMKIB
(30Kpema, yJIbTPa3ByKOBOTO OOCTEKEHHS a00 KOMIT I0TepHOT ToMorpadii) CyTTeBO
NPUCKOPIOIOTH 1 TIOJIETIIYIOTh BUSIBIICHHSI TATOJIOTIYHUX 3MiH [66, 96].

Y 1mpoMy po3auli 30CEpPEMKEHO yBary Ha BIIACTUBOCTIX HU(PPOBUX
300pakeHb, a TaKOX Ha METOJlaX iXHbOTO aHalli3y METoJaMU Kiacu(ikallli.
OcHoOBHa MeTa MOoJISTaE y BU3HAUCHHI 3a/lad 1 MpoOJieM, siKi J10C1 3aJUIIal0ThCs
HEPO3B’SI3aHUMHU a00 HEJOCTATHHO OMpPaIlbOBAHUMHU, IO JACTh 3MOTY PO3POOUTH

BJIACHY METOJIUKY JTIOCTIIPKEHHS B MeXax 1€l poOOTH.

1.1 BaacTuBocTi unpoBux 300pakeHb

300pakeHHsI € MacUBOM JaHUX, C(HOPMOBAHUM YHACHIJIOK IAMCKPETH3AIi
(ananoro-1udpoBOro MEepPeTBOPEHHs) OpuTiHaIbHOrO 00’ekTa. Ilicas koxyBaHHS
CrieLIAJIbHUM aJITOPUTMOM 1 3aIIMCy Ha HOCIH 11ei MacuB CTa€ OKpeMHUM (haitsioM.

[MudpoBe 300paskeHHS MOCTA€ Yy BUTJISAI JBOBUMIPHOI MATPHIll MIKCEIIB
(eleMeHTapHUX TOYOK), SIK I1e MpoiatocTpoBaHo Ha puc. 1.1. Koxen mikcens mae
NEBHY I1HTEHCHUBHICTh a00 (y pa3l KOJbOPOBOrO 300paskeHHs) HAOIp KOJIIPHHUX

KOMITOHEHTIB.



25

53 /55 /56|61 67 6/ 65
521525257 62 62 58
60 60 59|60 61 58 54
66 /70 70|69 66 60 54
68 74 7472 66 61 58
68 7217269 67 6767
6868 68 68|70 75 74
6768 68 69|71 7475
6568 717373 73|73
66|72 76 |76|74 73 74

Pucynok 1.1 — CipomikanbsHe 1uppoBe 300paxkeHHs Ta HOro NpeCTaBIECHHS y

BUTJISA/II IBOBUMIPHOT MaTPHIII MIKCEIIIB

JluckpeTHa mpupoga 300paKeHb O3HAYa€, M0 MK IMKCEISIMH BIICYTHS
noaaTkoBa 1H(opMallisi, a BCi onepailii 00poOKH 31MCHIOIOTHCS Ha PiBHI OKPEMHUX
touok [71]. TIpocTopoBa po3iabHa 3aTHICTh BU3HAYAETHCS KUIBKICTIO IMIKCEIiB
y3JI0BXK KOXKHOro BuUMIpy (Hampukiaan, 1920x1080); 31 30UIbIICHHAM KiIBKOCTI
niKceNiB (32 He3MIHHUX (PI3MYHHUX PO3MIPIB) MIABUULYETHCS PO3/ALIbHA 3IaTHICTD 1
netamizaiisg. Y peambHUX YMOBax, AK-OT TPH KOMIT IOTEpHiM Tomorpadii ado
dbopMyBaHHI CyMyTHUKOBUX 3HIMKIB, PO3JIUIbHA 3/IaTHICTH ICTOTHO BILUTMBA€E Ha
3JIATHICTH BUSABJIATH OpiOHI Aetani [89].

['mubuna KoOJIBOpYy BKa3ye, CKUIBKM OIT BUAUICHO JUIS KOJYBaHHS
IHTEHCUBHOCTI (200 KOJIIPHUX KOMIIOHEHTIB) KOXHOro mikcens. Hampukian, 8-
OiTOBE 300pakeHHS y I'pajallisix CIporo MOXe BIATBOPUTH 256 BIATIHKIB, TOJI K
24-6iTHe KoJIbOpOBE 300pakeHHs (8 OiT Ha kaHain RGB) mae 16,7 MiIH BiATIHKIB.
30uTblIeHHsT TJIMOWHU KOJBOpPY 3a0e3neuye TOYHIIIE BIATBOPEHHS ILJIABHUX
NEePEXOiB, MPOTE CYMPOBOIKYETHCS OUTBHIIUM 0OCSITOM JaHUX.

OmauM 13 HAWMOMUpPEHIMMX KOJIpHUX mpocTopiB € RGB, sxuii
BUKOPUCTOBYETHCS B MOHITOpax Ta Kamepax. BoaHouac s anamizy abo

CTHCHEHHS HEpIAKO OOWparoTh I1HII KOJIPHI MOAEINI, OCKIJIbKA BOHH Kpalle



26

BIJIMOBIJIAIOTh  OCOOJIMBOCTSIM ~ JIFOACBKOTO  COPUUHATTS ab0 JaloTh 3MOTY
e(eKTUBHIIIE BUIUTSITH 00’ EKTH.

JluHamiuHME fiana3oH BiJoOpa)kae 37aTHICTh 300pakKeHHs Iepe/iaBaTh
iH(bOpMaIlito BiJ HAWTEMHIMNAX 0 HAWCBITIIMUX JUTHOK. BiH 3aleXuTh BiAg
ceHcopa (y pasi QoTokamepu) UM PO3PSATHOCTI MKCETIB (1T CKaAaHOBAHOTO
300paxkeHHs). Hampukman, y MeauuHiil Bizyasizallli 3aCTOCOBYEThCS 301IbIIICHA
po3psaHicTh (12-6iT, 16-61T) 33471 Kpamoi AeTaizarii B TEeMHUX 1 CBITJIMX 30HaX.

[udposi 300pa>keHHS MOXKYTb OyTU 30€pekeHi y pi3HUX (opmaTax, KOKeH
13 SIKUX Ma€ BIJIACHI aJTOPUTMU CTUCHEHHS M MOMKIIMBOCTI 3alHUCy METaJIlaHuX
(po3aiyibHA 37aTHICTH, KOJipHHMHA mpodins Tomo) [51, 102, 106]. o ocHOBHHUX
dbopmariB HaJEKaTh:

— JPEG (JPG). Peanizye anropuTMu CTUCHEHHS 3 BTpaTaMu, 110 CYTTEBO
3MEHIIYIOTh 00CsT (aiiiy NUITXOM anpoKcUMallii KOJIpHUX 00JlacTed 1 3HMKEHHS
JeTani3ari.

— PNG. 3a0e3neuye cTrucHeHHs1 6€3 BTpaT, 3aBAsSKA YoMy 30epirae BCi JaHi
BUXITHOrO 300paxkeHHA. [linTpumye rinmbuny no 16 OIT Ha KaHad 1 MPO30PICTh
(anmbda-xanan).

— BMP (Bitmap). 3a3Buuait 30epirae 300pakeHHS 0€3 CTHUCHEHHS, IO
MPU3BOAUTH JI0 BEJIMKUX PO3MIpiB (aililiB 1 YCKIATHIOE 0OpOOKY BEITUKHUX O0CSTIB
JAHUX.

— TIFF (TIF). IlinTpumye sik Oe3BTpaTHE, Tak 1 3 BTpaTaMU CTUCHEHHS, LI0
poouTH 11eH hopMaT THYUYKUM JJI 30epiraHHs 300pakeHb 13 BUCOKOIO PO3/1TILHOIO
3patHicTio. TIFF moxe mictuti 10 32 OiT Ha KaHal, 3a0e3Mevyloud MIUPOKUIN
Jiarma3oH KOJipHUX Tpajiallii.

— DICOM. VHuiBepcanpHuil cTaHmapT uisi 30epiraHHs Ta mepenadi
meanunux 300paxkens [40]. Jo3Bousse 30epiratu sIK KOJOPOBI, TaK 1 YOPHO-O1
300pakeHHs 3 TimMOuWHOIO 10 16 OiT Ta Oinbmie. MicTuth Benukuil HaOIp
CTaHJIapTHU30BAHUX METAJaHUX, IO OXOILTIOITh HE JIWIE TEXHIYHI MapaMeTpH

CKaHyBaHHs, a ¥ BIJOMOCTI MPO Malli€eHTa, 00JaHAHHA Ta CHEU(IKy MPOLETypH.
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3aBASKM 1bOMY MOKJIMBO TOYHO BIATBOPIOBATH YMOBHM JOCHIJDKEHHS U
3a0e3neyyBatu  cyMicHicTh  ganux. DICOM  BUKOpPHCTOBYE  pacTpoBe
MPE/ICTABICHHS 300pa)Ke€Hb, IO TApaHTye€ 30€PEKEHHSI 1HTEHCUBHOCTI CUTHAITY
KOkHOTO Tikcens. KpiM Toro, y HbOMY MiIATPUMYETHCS KiIbKa alTOPUTMIB
ctucHeHHs, y tomy uuciai JPEG 2000 (Oe3BTpaTHe CTHCHEHHS, KPUTHYHE IS
JMIarHOCTUYHUX 3HIMKIB). CTUCHEHHsS 3 BTpaTaMu InependadeHe e Yy
BUHSATKOBUX BHIIaJKaX, OCKUIBKM BOHO MO>KE€ TOTIPUIYBATH SIKICTh 1 MPU3BOJIUTH
710 BTpaTH BKJIMBUX JIarHOCTUYHUX JIETAJIEH.

Bynp-sikuit npuctpiid, mo dopmye 300pakeHHs (kamepa, Tomorpad ToIio),
MOX€ TEHepyBaTH WIyM 4epe3 pi3HOMAaHITHI (i3WYHI YUMHHUKHA (TEILJIOBI,
enexTpoHHi). KpiMm Toro, miji yac CTUCHEHHS a0o IepeaBaHHs JaHUX BUHUKAIOTh
apreaktu (Hampukian, (parmeHTamis OJOYHHUX CTPYKTYp ab0 «pPO3MHUTTSI»
koHTypiB y JPEG) [52]. XapakTepucTuky nrymMy Ta HOTrO THITA CYTTEBO BIUTHBAIOTH
Ha BHOIp METOJIB MOJANbIIOI O0OpoOKM (30Kpema, (uIbTpalii 4u MiABUIICHHS

PI3KOCTI).

1.2 Texkcrypumii anaji3 unppoBux 300pakeHb

[udposi 300paxeHHss MOXKYTb OyTH TPEICTaBIICHI Yy BHUIJISAI TiCTOrpam

IHTEHCUBHOCTEH, SIK 1€ OKa3aHo Ha puc. 1.2.

2004

-
w
o

KinbkicTb nikcenis
=
o

501

Jaa, o . .
0 100 150 200 250
fickpagicTb (0-255)

Pucynok 1.2 — OtpumanHs ricTorpaMu rpajaiii ciporo
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Y mpoMy miaxojail TicTorpama poO3TJIAA€ThCA SK eMIIpU4Ha (QYHKIS
pPO3MOLTY WMOBIPHOCTI IIUTBHOCTI JJIi IHTEHCUBHOCTEH IMIKCENIB Y 300paKeHHI.
Takuit Meron mae 3MOTY BHSBIATH 3arajbHl 3aKOHOMIPHOCTI B PO3MOILII
IHTEHCUBHOCTEH, M0 € BU3HAYAIBHUMH JJIsI OIIHKA TEKCTYPH Ta KOHTPACTHOCTI
300paxeHHs, a TakoX [ (QOpMyBaHHS JIarHOCTMYHUX BHCHOBKIB. Lle
MIJKPECIIIOE TIOTEHITAa 3aCTOCYBaHHS TEKCTYPHOI'O aHali3y i KiJIbKICHOTO
OTHKCY MOAIOHUX XapaKTEPUCTUK HU(POBUX 300paKEeHb.

TexcTypHuii aHanmi3 € KOMIUIEKCHUM METOJAOM OOpOOKHM 300pa’keHb,
OpIEHTOBAaHUM Ha JIOCHDKEHHS CTPYKTYpHUX MapaMeTpiB IMOBEPXOHb YH
MartepialiB, 30KpeMa iX OJHOPITHOCTI, HIOPCTKOCTI, 36PHUCTOCTI U PEryJsIpHOCTI.
[e#t miaxia OXOIUTIOE HU3KY TEXHIK, Cepell SKUX BUAUISIOTh aHalll3 CTATUCTUYHUX
pPO3MOIIB 1HTEHCUBHOCTEH TIKCENIB, CHEKTPAJbHUM aHali3, JIOCHIIKEHHS
IIPOCTOPOBHX B3a€EMO3B’SA3KIB MDK MIKCEISIMU, a TaKOX (pakTaJbHUN aHaII3.
3acToCyBaHHS TEKCTYpPHOTO aHalli3y pPOOUTh MOKJIMBUM BHUSIBJICHHS TOHKHX
Bi3yaJbHUX BIJMIHHOCTEH, SIKI HE 3aBXIW TMOMITHI MiJ 4Yac CTaHJIAPTHOTO
Bi3yasibHOTO orysany. CydacHi JOCHIDKEHHS CBiA4aTh Mpo €(GEeKTUBHICTh
MOEAHAHHSA TEKCTYPHOIO aHajidy 3 IHIIMMH METOoJaMH OOpOOKH 300pakeHb 1
QITOPUTMAMH MAIIMHHOTO HaBYaHHS I PO3B’SI3aHHSA IIMPOKOTO CIEKTpa
3aB/IaHb.

Y MeauuHiil miarHOCTUIl Ta OIOMEIWYHUX JOCHIIKEHHAX TEKCTYPHHM
aHai3 3aJUIIA€ThCSl OJHUM 13 KIIOUOBHUX 1HCTPYMEHTIB. BiH aKTHBHO
BUKOPUCTOBYETHCS JUIsl BUSIBICHHS M Kiacudikailii 3aXBOPIOBaHb HA OCHOBI JIAHUX
MenuuHux 300pakeHb (peHtreH, Y3Jl, KT Tomo). Ockinbku 3MiHH B TEKCTYpI
TKaHUH MOXYTbh OyTH paHHIMHM O3HaKaMH IaTOJIOTii, TEKCTypHUHN aHali3 CIyrye
YYTJIUBUM METOJOM JUJII PaHHBOI JIarHOCTUKH Ta MOHITOpHHTY. Hampukman, y
nociimkenni [94] 3acTocoBaHO TEKCTypHMI aHaii3 Ha 0a3i TIMOOKOro HaBYaHHS
JUTsl aBTOMATH4YHO1 Kiacudikailii paky jereab 3a KT-300pakeHHSIMH, MO a0
3MOTy JTOCSTTH BHCOKOT TOYHOCTI Ta 3aIllpOIOHYBajI0 MEPCIEKTUBHE PIIICHHS IS
KIIIHIYHOI TPaKTHKHU. [HIEe mocimimpkeHHs [27] npoaeMoHCTpyBaio e(eKTUBHICTD

TEKCTYPHOTO aHaJli3y Yy MO€EHAHHI 3 PaJIIOMIKOIO JIJI MPOTHO3YBAaHHS BIAMOBII Ha
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XiMIOTepamilo y XBOpPUX Ha paK MpsAMOI KHUIIKM, HAroJiolylo4yd Ha HOro
NPOrHOCTUYHIN LIHHOCTI. KpiM TOro, TEeKCTypHHI aHami3 CIpHs€ BHCOKOTOUYHIN
CerMeHTallll Ta OIliHIIl TKAHWH, 110 € BAXXJIUBUM JIJIs1 KUTbKICHOTO aHaJli3y OpraHiB i
BUSIBIICHHSI aHOMaJiil (HampuKIan, MpU cerMeHTallii ypaxkeHp nedinku Ha KT-
300pakeHHsX [41]). ¥V ricromaromnorii METOAM TEKCTYpHOTO aHalli3y, 0COOJIMBO B
MO€/IHAHHI 3 TIIMOOKUM HAaBYAHHSM, 3aCTOCOBYIOTH JIJIsl aBTOMaTU30BaHOI'O aHAJI3y
MIKPOCKOMYHUX 300pa)Ke€Hb, MiATPUMYIOYH J1arHOCTUKY pakKy Ta I1HIINX
3aXBOPIOBaHb Ha KJIITHHHOMY piBHI [46].

VY ramy3l JIUCTAaHIIMHOTO 30HJYBaHHA Ta TEOIHPOPMALIMHUX CHUCTEM
TEKCTYpHUN aHalli3 CYTTE€BO BIUIMBAE Ha KIACH(IKALII 3€MHOI IMOBEPXHI 3a
CYIyTHUKOBUMH Ta aepopoTOo3HIMKaMH. TeKCTypa € OJHUM 13 BU3HAYAJIbHUX
JECKPUNTOPIB  JJIsI  PO3PI3HEHHS OO ’€KTIB 31 CXOXHMH  CIEKTPAIbHUMU
XapaKTEPUCTUKAMU, aJl€ PI3HOK CTPYKTYPOIO, SIK-OT Pi3HI TUIIM POCIMHHOCTI a0o
MiChKUX 3a0ymoB. Y nociipkeHHi [26] Oys0 3acToCOBAHO TEKCTYPHHA aHaTi3 Ha
ocHoBi GLCM (Matpuilb CyYMIDXKHOCTI PIBHIB CIpOro) s Kiacudikali THIIIB
3eMJICKOPUCTYBaHHSA 3a 300pakeHHsMHU  Sentinel-2, TPoOaEeMOHCTPYBaBIIU
NOETHAHHS €(PEKTUBHOCTI TPAaAUMUIMHUX METOMIB 13 CYYaCHUMHU JaHUMHU
JUCTAaHUIAHOTO 30HAYBaHHS. TEKCTypHHUI aHali3 TaKOX BUKOPUCTOBYETHCA IS
MOHITOPUHTY CTaHy JOBKIJUISI, HAPUKIIAJ, 3 METOIO BUSIBJICHHS HE3aKOHHHUX PYOOK
JICy UUISIXOM aHami3y 3MIH TEKCTYpHUX XapaKTepUCTHUK Yy YacOBHX psaax
cynyTHUKOBUX 300pakeHb [100]. V reosoriyHMX MOCHIIPKEHHSX BIH A€ 3MOTY
BU3HAYATH Ta Kiacu(ikyBaTd TeojoridHi ¢opmairii, aHami3ylouu TEKCTypHI
TIOKa3HHUKH TIPCHKUX MOPiJ Ha aePOKOCMIYHHX 3HIMKax [48].

Y mpoMHCIIOBOCTI Ta cCHCTeMaxX KOHTPOJIO SIKOCTI TEKCTypHHM aHaii3
3apEKOMEH/IyBaB ce0e K BaXKJIMBUM IHCTPYMEHT JJI1 aBTOMAaTUYHOI JIe(peKToCKOMiT
 OLIHIOBaHHA BIJMOBIIHOCTI MPOAYKIII cTaHgapTam. 3MIHM TEKCTYpPHHX
XapaKTEPUCTHK MOXYTh CBIIUYMATH TPO HASBHICTH JE(PEKTIB, 30KpeMa TPIIIUH,
noJpsAnuH abo HeomHopigHocTed. Y mocmimkenHi [104] Oyio 3ampornoHOBaHO
CHUCTEMY aBTOMATUYHOTO KOHTPOJIO SIKOCTI MOBEPXHI KEpamiuyHOl IUIMTKH, sKa

0a3yeTbCcs Ha TEKCTYpHOMY aHaji3l 1 BUSBIISIE PI3SHOMAHITHI TUMM JIe(PEKTIB
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Oe3mocepeHbO B Ipolieci BAPOOHUITBA. TeKCTypHHI aHalli3 TaKOX 3aCTOCOBYIOTh
st kinacudikamii MaTepiaiiB, HAIPHUKIAA, MiJ 9ac aBTOMATHYHOTO COPTYBaHHS
PI3HUX BU[IB IJIACTHKY 32 IXHIMH TEKCTYPHUMH XapaKTEPUCTUKAMH ISl MOTPeO
nepepoOkw [76].

1.2.1 Cunepris 3 ancamM0JieBUM HABYAHHAM

VY1po1I0BkK OCTaHHIX POKIB 3HAYHA yBara JOCIITHUKIB OyJia 30cepeKeHa Ha
MOE€JHAHHI TEKCTYpPHOTO aHamizy nudpoBux 300paxkeHb 13 METOJaMHU
aHCaMOJICBOTO HABYaHHS 3 METOI0 MIJBUIICHHS TOYHOCTI W y3arajJbHIOHYO1
3maTtHOCTI anroputmiB. Konmemiis ancamOneBoro HaBuanHs [91] mepenbauae
BUKOPUCTAaHHS KUIBKOX 0a30BHX Mojened (Tak 3BaHUX «Y4YHIB») Ta MOJAJbIILY
IHTErpallil0 iXHIX MPOTHO3IB B €IUHUNA pe3yibTaT. Takuil miaxij Aa€e 3MOTy
copMyBaTH 3BEICHUN MPOTHO3, SIKUH Y CEPEAHBOMY XapaKTEPU3YETHCS BHIIOIO
NPaBUIBHICTIO TOPIBHSHO 3 OKPEMHUMH MOJEISMH, 332 YMOBU BIJACYTHOCTI
KOPEJIbOBAaHUX MOMUJIOK Ha IIJIOBUX HAOOpax JaHUX.

Ha puc. 1.3 npoaeMoHCTpOBaHO, MO 31 3pOCTAHHAM CKJIAIHOCTI Mojeni ii
3arajbHa MOXUOKA 3MEHIIYETHCS JI0 TIEBHOTO MIHIMYMY, TICJS YOTO BiJI0OYBAETHCS

pi3Ke 30UTBIICHHS TOXUOKH, SKE CBIAYUTH PO PU3HK MEepeHaBYaHHS [22].

Total Error

Variance

Optimum Model Complexily

Error

Bias

- -
Model Complexity

Pucynok 1.3 — Komnpowmic Mixk 3MIIIEHHsM Ta Iuctiepciero [22]
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Sx mokazano Ha puc. 1.3, mig yac moOyJoBU Mojelied MpPOrHO3yBaHHS
BUHHUKAE KIIOYOBA MpOoOJIeMa KOMITPOMICY MIX 3MIMICHHSM Ta aucnepciero [22].
Bona mnonsrae B ToMy, 0 31 30UIBIICHHSAM CKJIATHOCTI MOJEIl 3MIIICHHS
3MEHIIIYEThCS W 3IMINAETHCS CTa0ITLHUM, TOJI SIK JUCTIEPCisi, HABITAKHU, 3POCTAE.
3MilleHHs BU3HAYA€ BIAMIHHICTD MDK CepeAHiM (O4iKyBaHMM) IPOTHO30M 1
peaIbHUMU 3HAYCHHSIMHU, K1 MOJENIb Ma€ nepea0avyuTH, TOM1 K AUCTIepCisd BKa3ye
Ha BapiaTUBHICTH MPOTHO3IB AJISl OKPEMHUX TOYOK JaHUX. OTKe, A MOKpaIeHHS
OPOAYKTUBHOCTI ~ MOJENI  CIiA  3HaXOAUTH OajaHC MDK LHUMH  JBOMa
XapaKTEPUCTUKAMHU, OCOOJIMBO 31 301IBIIICHHSM 11 CKJIQHOCTI.

Y pobGoTi [33] 3ampornoHOBaHO MiaXia i3 BUKOPHCTAHHSAM KOMITOHEHTHHX
KJacu(ikaTopiB, 110 HABYAIOTHCS HAa PI3HOPITHUX KaTEropisx, ajs GopmMyBaHHS
edeKTUBHIIIOI cucTeMu Kiacu@ikamli B 3agayax iaeHTu(ikamii. 3roaoM y mpai
Hlamipa it PoGepra [91] po3rasHyTO MOXKIUBICTH 00’ €THAHHS CIAOKMX MOJEIeH
HABYaHHSA B OJIHY BUCOKY TOYHY aHCaMOJIEBY MOJIEIb.

KnacuuHi MeToIM TEKCTYpHOrO aHami3y MaroTh TEHJEHLIID JIErKO
aJanTyBaTUCS 0 CydacHUX oOcsTiB iHGOpMaIlli 1 BUCOKOT PO3IIIbHOI 34aTHOCTI
300paxeHb, a TaKOXX IHTETPYIOThCS 3 aHCAMOJIEBUMH MOJEISMU. Y JTOCITIKEHHI
[35], 1me posrasmamucs  aBTOMATHM30BaHI  MIAXOAW  JO  Kiacuikarii
riCTONATOJIOTIYHUX 300pakeHb, BCTAHOBIICHO, IO 3aCTOCYBaHHS aHCaMOJIIO
BUIAJIKOBUX JICIB Ta OYCTHMHIY Ha OCHOBI TEKCTYPHUX JAECKPUITOPIB IiIBUILYE
cnenu@ivHICTh BUSIBJICHHS MIKPOCKOIIIYHUX O3HAK MYXJIMHHUX TKaHUH.

VY cdepi AUCTaHIIHHOTO 30HAYBaHHS TaKOX MOMITHA aKTHUBHA €KCIUTyaTallis
ILOTO TIOEHAHHS, KOJW TEKCTYpHI O3HAKH aepo- Ta CYMyTHHUKOBUX 300pa’keHb
IHTETPYIOThCSI 3 aHCaMOJIEBUMU METOJaMH ISl TIOJIMIICHHS PO3Mi3HABaHHS
POCIMHHOTO TIOKpWMBY U aHamizy 3MiH JaHamadTiB. 3rilHO 3 pe3yjbTaTaMH
nocmimkenHs [21], ancamOneBa MOeIb, sika TOEIHYE TPATIEHTHUN OYCTHHT Ta
BUITAJIKOB1 JIicH, BUsIBUJIAcs €(QEKTHBHINIOK B Kiacu(dikaiii TEKCTyp JICOBHX
MacHBIB TIOPIBHSHO 3 OKPEMHUMH METOJaMHU. Y TPOMHUCIOBOMY CEpEIOBHIII, €
CUCTEMHU KOHTPOJIO SKOCTI 3HAYHOI MIPOI0 3aJIeKaTh BiJ aHANIi3y 300pakeHb

KOHBEEPHUX JIHIN, IHTErpalis TEKCTYpPHHUX JIECKPUIITOPIB 3 aHCaMOJIEBUMU
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METOJIlaMU Jlajla 3MOT'y BUSBIISATH MiKpOJAe(hEKTH MOBEPXHI 00 €KTIB 13 BHCOKOIO
TOYHICTIO, IO CIIPUSIIO 3HIKEHHIO BUPOOHUYIOTO Opaky [57].

3aranoMm, CHHEprisi TEKCTYpHOIO aHajlidy Ta aHcamOJIeBOrO HaBYaHHS
MIPOJIEMOHCTPYBaJia TEPCTICKTUBHI PE3yibTaTH, IO IMAKPECIIOE HEOOXiTHICTh
MOJATIBIITUX JTOCIIKEHb y HAIPsIMi CTBOPEHHS YHIBEPCATLHUX MOJIEICH, 3MaTHIX
e(eKTUBHO TIOEAHYBAaTH JIOKaJdbHI ¥ TJ00aJbHI TEKCTYpHI O3HAaKU 3
PI3HOMaHITHUMH TIiaX0JaMu 0araToMOJeIbHOTO HaBUaHHS. Taka 1HTerpartis,
WMOBIPHO, CTaHE MOTY>KHUM PYIIEM PO3BUTKY METO/IIB IHTEJIIEKTYaJIbHOTO aHaJI3y
300pakeHb Y HAaHOIMKY1 POKH.

1.2.2 Cunepris 3 riiu00KUM HABYAHHAM

['muboke HaBuyaHHS Oa3yeTbcs Ha OaraTOpIBHEBUX IITYYHUX HEUPOHHUX
Mepekax, 10 37aTHI aBTOMAaTUYHO BUSBIIATH PEJICBAHTHI O3HAKHU y BXIJHUX JTaHUX
0e3 mpsAMOoi yyacTi JroauHU. [ onpamoBaHHs HU(PPOBUX 300paxKeHb 3a3BUYAM
3aCTOCOBYIOTh 3TOPTKOBI HEHPOHHI MEPEXKI, 5Kl JaI0Th 3MOTY CYTTEBO 3MEHIIUTHU
KUIBKICTh ~ MapaMeTpiB  MOPIBHAHO 31  3BUYAaHMMHU  OaraTolIapOBUMH
nepuentponamu [63]. 3ropTkoBi mapu Jar0Th MOXKIHMBICTh €(EKTHBHO HABYATHCS
BUSIBJISITU HAWBaXJIMBIII CTPYKTYpPH MIKCENIB Ha PI3HUX PIBHAX TJIMOWHM, IO
CHpHSIE TOYHILIOMY PpO3MI3HABAHHIO BI3yaJIbHUX OO0’€KTIB Yy CKJIAQJHHUX CLEHAaX.
Xo4a anropuTMHU TITMOOKOTO HaBYAHHS BUMAraroTh MaclITaOHMX HAOOPIB JaHUX 1
3HAYHUX OOYHUCITIOBAJIBHUX PECYPCIB IS JIOCATHEHHS BHUCOKOI TOYHOCTI, Ha
MPaKTUIll BOHU 3a0€3MeuyloTh MOOYAOBY MOTYXHUX MOJEIeH s aHamizy u
kinacugikamii 300paxkeHb, a TaKOX CIYTYIOTh OCHOBOIO IS iX TeHeparlii Ta
penaryBaHHsL.

[IpyHnEmoBa pI3HHMIS MDK TJIMOOKMM HABYaHHSAM 1 aHCAMOJICBUM
HAaBYAHHSAM TOJISITA€ y BIAMIHHUX MiAX0OAaX 10 MOOYAOBU Mojeliei. Y pamkax
rIMOOKOTO HABYAHHS 3a3BMYail BUKOPUCTOBYEThCS OJHA (XOo4a M OaraTopiBHEBA)
MOJeNb, 3AaTHa (OpMyBaTH OaratopiBHEBI TPEICTABICHHS JaHUX 13 BUCOKUM
pIBHEM y3arajibHeHHs. AHCaMOJIieBe HaBYaHHS, HATOMICTb, Mependadae MmoeIHaHHs
KUIBKOX OKPEMHUX MOJIEeH, KOJKHA 3 SIKHX MOKe OyTH BITHOCHO TPOCTOIO, TIPOTE

iX 00’enHaHUN MPOTHO3 YACTO BUSBISETHCS TOYHIIIMM 1 OUIBII CTIMKUM [0
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nepeHaB4yaHHs. Y TOW yac SIK aHcamOJIeBI METOJH, 30KpeMa BUIIAJIKOB1 JIICH YU
rpagieHTHUI OYCTHHT, 3a3BWYail MOTPEeOyIOTh MEHILIOTO0 OO0CSTYy HallallTyBaHb
rineprnapamMeTpiB, HIXK TJTMOMHHI HEUPOHHI MEPEXi, BOHHM MOCTYNAIOThCS OCTaHHIM
3a 3JATHICTIO JO CKJIQJHOTO HENIHIHHOTO Yy3araldbHEHHA Ta poOOTH 31
CTPYKTYpOBaHUMH BXI1JTHUMHU TaHUMH, TAKUMU SIK OaratroBUMipHi 300pakeHHs abo
3BYKOBI curdamu [62].

VY cyyacHMX JOCHIIPKEHHSX CIOCTEPIra€ThCsl 3pPOCTAaHHS 1HTEpECy JI0
MOETHAHHS METOJIB TEKCTYPHOTO aHali3zy HUGPOBUX 300pa)Ke€Hb 13 TITUOOKUMU
HEHPOHHUMH MeEpexaMu, 110 Ja€ 3MOry CYTTE€BO MIABUILUTH TOYHICTh
Kjacu@ikamli Ta cerMeHTaulli B PI3HOMAHITHUX Taly3sX. AHalll3 3acBIIUY€, IO
OIMBIIICT, MIAXOMIB 0a3yeThCs Ha BHJIYYCHHI BHCOKOPIBHEBHUX O3HAaK 3a
JIOTIOMOTOI0  TMTMOOKMX  3TOPTKOBUX MEpEX, JOMOBHEHUX TPAAUIIHHUMU
JECKpPUNTOPaMH TEKCTYp, 30KpeMa JIOKaJbHUMH TMaTepHaMHu OilHapu3aiii Ta
BEUBJIET TMEpPEeTBOPEHHsSMU. Taka cTpaTeris JomoMarae MiHIMI3yBaTh BTpaTy
JeTalbHOi 1H(pOpMaIlli MPO CTPYKTYpy OO’€KTIB, IO OCOOJIMBO BAXKIUBO IS
MEJIMYHOI Bi3yaizarlii Ta IPOMHUCIOBUX CUCTEM MOHITOPHUHTY 300pa’KCHb.

Y pob6oti [98] mpoaeMOHCTPOBaHO, IO 3rOPTKOBA MeEpeka, MiJACHIICHA
TEKCTYPHUMH JECKPUNTOpPaMH, MIABUIIYE TOYHICTh Kiacu(ikalii MaToJOrTYHHX
3MIH Yy PEHTTEHIBCHKUX 300paxkeHHsX Ha 15-20% mOpIBHSHO 3 TpaguIliiHUMU
rITMOOKUMU apXiTekTypamu. ABTopH [59] 3ampornoHyBaiy CHHEPreTUYHY MOJECIb,
y K1 momnepeaHe (UIbTPYBaHHS TEKCTYPHUX O3HAK IMOKPAIIWio €(heKTHUBHICTh
Mepexxi ResNet mnpu BUABIECHHI 3HOIIEHUX JIOPOKHIX TOKPUTTIB  Ha
aepoOTO3HIMKAX, [0 JO3BOJWJIO TIJABUINUTH Yy3arajJibHIOIOYY 3/JaTHICTh
anroputMy 110 93% Ha TeCcTOBUX BHOIpKaXx.

Pesyabratn [37] cBiguarh, IO MOEIHAHHSA CTATUCTHYHHX JCCKPHUITOPIB
Xapaiika 3 TiuOuHHuM miaxoaoM U-Net 3HUKY€E KUTBKICTh MOMHJIOK CEeTMEHTAIlli
TKAaHUH Ha 300pa)KEHHAX MO3Ky MpuOim3Ho Ha 12% TOpIBHIHO 3 TUMOBUMU
TITHOOKUMHU MOJICIIAIMU 0€3 BHUKOPUCTAHHS TEKCTYPHUX iHIEKCIB. Y poboti [92]
ONMUCAaHO KOMOIHOBaHY CTpAaTerito, 3a SKOI MOIMEpelIHbO OOYMCICHI TEKCTYpHI

BEKTOpPU MOAAIOTHCA JI0 TNIMOOKOT apXiTeKTypu TpaHchopmepa sIK TOAATKOBUMN
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Bx17. Takuii MeTon nae 3MOry THYYKO afanTyBaTH MOJIEb JJII KOHTPOJIIO SIKOCTI
JPYKOBaHUX IUIAT Y PEXHUMI pPEATbHOTO dYacy, 3MEHIIYI0Ud OOYHCITIOBAIbHE
HaBaHTAXXEHHS 3aBJISIKU CEJICKTHBHIN yBa3l J0 NUISHOK 13 BUCOKOKO CKJIQJIHICTIO
TEKCTYPH.

[TornubOnenunit aHanmi3 BIUIMBY PI3HUX METOMAIB TEKCTYPHOI KBaHTH3aIlli Ha
3JIaTHICTh IIIMOOKUX MEPEeX IHTepIpeTyBaTH ApiOHOMAcIITaOHI AeTall 300paxeHb,
a TaKoX po3poOKa yHIBEpPCATbHUX MOMAYIMIB, SIKI JIETKO 1HTETPYIOTbCA y CydYacHi
apXITEKTYpH TJIMOOKOTO HAaBYAHHS, BBAXXKAIOTHCA MEPCHEKTUBHUMH HANpIMaMH
JTOCHiKeHb. Takud MiAXiJg BIAKPUBAE JOJATKOBI MOXJIMBOCTI B MEIMYHHX
CHUCTEMAaX KOMIT IOTEPHOI JIIarHOCTUKH, BUSIBJICHHI JE(PEKTIB y ramy3i KOHTPOJIIO
AKOCT1 Ta aHali3l CKIAaJHUX TPUPOJAHHX CIIEH, Ji€¢ HEOOXITHO BpaxoBYyBaTU

BOJHOYAC JIOKAJIbHI i I100aNbH1 aCIEKTU TEKCTYPH.

1.3 3apaui kiaacudikanii 300pakeHsn 3 0iJiblIe HiK IBOMA KJacaMH

[IpoTsiroM OCTaHHIX POKIB CIOCTEPITAEThCS BIAYYTHUM TIporpec Yy
3aCTOCYBaHHI TJIMOMHHUX HEMPOHHUX MEpEeX ISl MyJbTUKIacu(ikaiii u@poBUx
300pakeHb. 3HAYHOIO MIPOIO 1€ 3YMOBJIEHO PO3BUTKOM APXITEKTYpP 3rOPTKOBHX
MEpEeXK 1 BIOPOBAKEHHSAM TpaHCPOPMEPHUX MOJENEH A 3a1ad KOMIT IOTEPHOTO
30py. Y poboti [56] mpencraBieHo BIOCKOHAJIEHY MOJEIb Ha OCHOBI TNIMOOKHX
3TOPTKOBUX MEPEXK, 1110 ONTUMI3y€e (QYHKIIIIO BTPAT 13 BUKOPUCTAHHSM aJall TUBHUX
METOMIB peryJspusaiii. ABTOPH MPOJAEMOHCTPYBAIM IMiJBUICHHS TOYHOCTI
kiacudikamli ckIagHuX HAOOpIB 300pakeHb, SKI OXOIUIIOITH PI3HI KaTeropii
00’€KTiB, 30KpeMa NPUPOJHI, TEXHIYHI Ta MEAWYHI. AHAJIOTIUHI ITIXOIU
PO3BUHYTO ¥ IHIIMMHU JOCHIIHMKAMH, LIO0 30CEPEIKyBajUCs Ha €(PEKTUBHOCTI
Mojienel 1 3a0e3neueHH1 iX CTIMKOCTI 0 MepeHaBYaHHS.

[TapanenbHO aKTHBHO PO3POOISIOTHCS  TpaHCHOPMEpPHI  apXITEKTYpH,
cOpsiMOBaHI Ha aHami3 300paxeHb. OIHUM 13 KIIOUYOBUX KpPOKIB CTaJlo
3aCTOCYBAaHHS IPOCTOPOBUX «BIKOH» 1 MexaHi3MiB camoyBaru (anri. Self-

attention), sk onucano B po6ori [70], ne iepapxiuni TpaHchOpMEPH JAIOTh 3MOIY
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JOCsITaTH BUCOKOT1 TOYHOCTI Ha Habopax gaHux ImageNet 1 COCO. Takuii miaxis
3abe3nedye 0O0poOKy 300pakeHb PI3HOI PO3MUILHOCTI W CKIAAHOCTI CIEHH 3a
MIHIMaJbHUX OOYHCIIIOBAILHUX BUTPAT 0€3 BTPATH SIKOCTI.

AKTyanbHI JOCHIJKEHHS TaKOXX JIEMOHCTPYIOTh IHTErpariio TIHOMHHUX
Mepex 13 OJIOKUEHH-TEXHOJIOTIAMU JUIsl HaJliHOI mepeaayl i 30epiraHHs JaHuX y
YYTIMBHUX 3aCTOCYBaHHAX, 30KpeMa B MeanuHiil cdepi. Y podoti [95] posristayTo
MOJIeJIb, IO TOEAHY€E MEXaHI3MU TTTMOMHHOTO HaBYAHHS JJIsi MyJIbTHKIacu(iKarii
300paxKeHb 13 PO3NOALICHOI0 0a3010 JaHUX Ha OJIOKYEIHI, TUM CaMUM T'apaHTyIOUuu
3aXMCT IUTICHOCTI Ta KOH(DIACHIINHOCTI JaHWX MallieHTiB. ExcrnepumeHTH
NIATBEPAWIIN, O T1IOPUAHUIN MIAX1A AEMOHCTPY€E BUCOKI IMOKA3HUKH TOYHOCTI Ha
METUYHUX Habopax 300pakeHb, 30KpeMa MpH kiacudikaiii peHTreHiBchbkux 1 KT-
3HIMKIB.

Okpema yBara JOCHIJIHUKIB 30CEpeKeHa Ha THYYKOCTI MOAENeH Yy
peaTbHUX YMOBax, KOJIM Opak BEJIMKOi MapKOBAaHOI BHOIPKM HABYAJIBHUX JaHUX
YCKJIQJIHIOE TIpoliec TpeHyBaHHS. Y poOoti [115] HarosomreHo Ha BaKIMBOCTI
METOJIB JIOMEHHOI ajamnTarlii Ta MonepeaHhO0 HABYECHUX MEPEX I BUPIIICHHS
3a1a4 MyJibTUKIAacudikalii. ¥ 1[bOMy KOHTEKCTI BU3HAYAIBHUMHU 3aJIUIIAIOTHCS
MUATAHHS ONTUMAJIBHOI 1HIIIaMi3allii Bar 1 Jo000Opy apXIiTeKTyp, 3/aTHUX €(EKTUBHO
OXOMUTH HIUPOKHM CHEKTp KaTeropid 3a MiHIMAJIbHMX BUTPAT Ha MEpEHaBYAHHSI.
3aranom HaBeJleHI Mpalll TATBEPAXKYIOTh, 1[0 CY4acHI TJIMOOKI Ta TpaHCPOpMEpHI1
MOJIeNl 3a0e3MeuyloTh BUCOKI TOKa3HHWKW Kjacudikallii CKIagHux HaO0piB
300paxeHb,  JEMOHCTPYIOUM  HAJeKHY  y3arajbHIOIOYY  3JaTHICTH 1

MacmTaboBaHICTh JIS 3HAYHOT KIJIBKOCTI KJIacClB.

1.4 O0meskeHHSI iCHYIOUHX MeTO/IiB 00POOKM Ta aHAJIi3y 300pakeHb

Tpanuiitai MmeTonu 00poOKU 300paxeHb, X04ua 1 3aTHUIIAIOTHCS KOPUCHUMU
B OKpPEMHX BHUNAJKaX, BHUSBIAIOTH OOMEXEHY 3MaTHICTh [0 Yy3arajdbHCHHS.
31e01IbIIOr0 BOHU PO3pOOJIeH] AJii KOHKPETHUX THUIIIB 300paxeHb abo 3aBlIaHb 1

CYTTEBO BTPavarOTh €(h)eKTHBHICTh, KOJHM 3aCTOCOBYIOTHCS A0 iHIIMX gaHux [114].
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Kpim Toro, mi metoam 4YyTJIWMBI 10 IIyMy, 3MIH OCBITJEHHS, T€OMETPUYHHX
CIIOTBOPEHb Ta 1HIUX Bapialliif, Mo YacTO TPAIIISIOTHCS Y peallbHUX yMOBax [67].
3HayHa IXHS YacTHHA 3/laTHA OINUCYBaTH IMEPEBAXKHO 3arajbHI CTATUCTUYHI
XapaKTePUCTHKHU MIKCENIB 1 HE BPAXOBY€E CKIIaJHUX MPOCTOPOBUX B3aEMO3B’S3KIB,
K1 MalOTh KPUTUYHE 3HAYCHHS JUIsI PO3PI3HEHHS TEKCTypHUX ocobmuBocTeit. s
O1TBIIOCT] KJIACUYHUX IMIAXOAIB MOTPIOHE TPYAOMICTKE PyUHE HaJallITyBaHHS, IO
notpedye eKCIepTHUX 3HAaHb Ta BHUTPAT vacy. Y BHUIAAKYy CKIAQIHHX 3a7a4
kiacudikariii 3 BUCOKOIO BHYTPIIIHbOKIJIACOBOIO BapiabENbHICTIO Ta M1kKKIACOBOIO
CXO0’KICTIO TaKi MiJIXOU 3a3BUYall BUSABISAIOTHCS HEAOCTATHBO A1EBUMH.

Meroau MalIMHHOTO Ta MIMOOKOro HaBYaHHS, 30KpeMa 3rOpPTKOB1 HEHPOHHI
Mepexi, X04 1 IEMOHCTPYIOTh CYTT€EBI 3100yTKH, BCE K MAIOTh MEBHI OOMEXEHHSI.
[To-nepiue, BOHM BUMAratoTb MaclITAOHUX AKICHO PO3MIYEHUX HAOOPIB JaHUX, IO
YTPYJIHIOE iXHE 3aCTOCYBaHHS B MEJAWYHIN J1arHOCTHII, /e popMyBaHHs MOIIOHUX
HaOOpiB JaHMX € pecypcHoMicTkuM [117]. Tlo-mpyre, HaB4YaHHS MoOjEJCH
IJTMOOKOT0 HaBUaHHS € OO0YMCIIOBabHO JoporuMm mporecom [107]. Takox
3QIUIIAETHCS BIIKPUTUM TUTAHHS «YOPHOI CKPUHBKH» Ta 1HTEPHPETOBAHOCTI,
OCOOJIMBO y BUNAAKY MEIWYHOI cepH, A€ MNPO30PICTh MNPUUHATTS pPILIEHb €
KPUTHYHO BaxmBow [65]. OkpiM 11Or0o, pU3HMK TEpeHAaBUAHHS Ta OOMEXKEHa
3MaTHICT, J0 €(EeKTUBHOI ajamnTamii Ha JaHuX 13 PI3HUX JOKEpen dYepes
BapiaOENbHICTh 300pakeHb, a TaKOX MpobjeMa aucOanaHCy KJaciB, 1CTOTHO
YCKJIQIHIOIOTh X 1HTErpariito B peayibHy mpaktuky [20].

3 orisAy Ha 11l OOMEXEHHS MOCTae moTpeda y po3poOiIeHH] HOBUX, OUIBII
e(EeKTUBHUX METOJIB 00OpOOKH Ta aHai3y HUPPOBUX 300pa’KeHb, 3IATHUX:

1) 3a0e3meuyBaT BHCOKY TOYHICTh Ta HaAIHHICTB Kiacudikalli, 30KpeMa
JUTS CKITAITHUX MEAWYHUX 3aBaHb;

2) 3MEHIITYBaTH 3aJICXKHICTh BiJl BEIUKUX 0OCSTiB MAPKOBAHUX JaHUX;

3) rapaHTyBaTH IHTEPIIPETOBAHICTh Ta MPO30PICTh PE3YJILTATIB,;

4) OyTH CTINKMMHU JIO IIyMYy i PI3HOMaHITHHX BapiaIliii 300paxcHb;

5) amantyBaTuCs 10 Pi3HUX TUIMIB BXIJHHUX JaHUX 1 JPKEPET,;

6) BpaxoByBaTH MOXJIMBHI JrcOaIaHC KIIaCiB.
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O3naueHa HpO6JI€MaTI/IKa € HaHSBanﬁHO dKTYaJIbHOIO B ranysi MCIUIIMHHA

Ta J1arHOCTUYHOI Bi3yasi3ailii, /¢ BUSABICHHS MPUYMHHO-HACIIIKOBHUX 3B’S3KIB

YCKJIaIHIOETHCS 0araTopiBHEBOIO CTPYKTYPOIO YHHHHUKIB (puc. 1.4).

BTopuHHI
Hacnigku

Hacnigkn
npo6nemu

HeonTtumanbHa
TpaTta Jacy Ha
npoBepeHHA

DiarHOCTUKKU
A
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HEeHaBMUCHOI
WKOAM NalieHTy
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BUTpPaTH Ha
AiarHoCTyBaHHA

nauieHTa
A
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MMoOBIipHOCTI
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xubHoro giarHosy

Kniovoea
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Mpu4nHn
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BTopuHHI
NpUYUHA

1

Heob6xigHicTb
BUKOPWUCTaHHSA
iHBa3MBHOI
aiarHocTmMkmn

3pocTaHHsa WwaHcy
YCKNapgHeHHsa
CTaHy naujieHTa

A

]

HeobxigHicTb

HepocTtaTHs
epeKTUBHICTb
BisyanbHOro
piarHocTyBaHHA

i

CYTTEBOIO CTaxy

cneuianicTie

HepockoHanicTb
YKpaiHCbKOi
CUCTEMMU OCBITH

T

3acTapinicTb
iHpacTpyKkTypH
MepUYHUX
3aKknagis

Bpak

diHaHcyBaHHSA
cdepun OXOpPOHU
300pOB's

Pucynok 1.4 — JlepeBo mpo0siemM A1arHOCTUYHOI Bizyaumi3arrii

Ile mepeBo mpoOiaeM CHCTEMATHYHO BiJoOpakae B3a€MOIIOB’sI3aH]1 aCIIEKTH,

10 BIUTUBAIOTh Ha €(EKTUBHICTH AIarHOCTUYHOI Bizyamizaiiii. OcTaHHI KpH30Bi

nonii, 3okpema mangemiss COVID-19 Ta BilicbkkoBa arpecisi 3 00Ky pOCiiCbKOT

dbenepartii, TOJATKOBO MOCHIMIIM BUKJIMKH, SKI IIOCTalOTh TIEpPEe] CHCTEMOIO

OXOpOHM 370poB’s Ykpainu. OCHOBHAa CKJIQAHICTh ISl MEPECIYHUX T'POMaIsH

BUHUKAE TIiJ] Yac JJIarHOCTUKMU TMATOJIOTIH, IO 3yMOBJICHO, 30KpeMa, TaKUMHU

dakTopamu:

1) 3actapina iHGpacTpyKTypa 1 HH3bKA SKICTb IOCIYr Yy JCpKaBHUX

3aKJ1a/1aX OXOPOHU 3/I0POB’4;
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2) nedinuT kBamidikoBaHux (axiBIiB, 0COOIMBO y BiJJaICHUX PEriOHaX Ta
CUIBCHKIN MICIIEBOCTI;

3) BuCOKa BapTicTh cydyacHuX aiarHoctndaux metomaiB (Y30, KT rtomro), ski
Y4aCcTO € KJIIFOUOBHUMH JJIsI BUSBIICHHS MTaTOJIOT 1.

HesanoBibHMIA piBEHb AOCTYIMHOCTI MEPEAOBUX METOJMIB JIATHOCTHKU Ma€
HEraTHBHI HACHIJKUA [JI BUSIBJICHHS 3aXBOPIOBaHb, OCKUIBKMA 3MEHIIYE IIAHC
BUYACHOTO pearyBaHHS Ta JIiKyBaHHSA. lle MpU3BOAUTH 10 MOTIPIICHHS 3arajbHOTO
CTaHy 3J0pOB’sl HACEJICHHs, 3ali3HUIOl JIarHOCTUKH Ta 3POCTAaHHA PIiBHS
CMEPTHOCTI. EQEeKTUBHICTh M1arHOCTMYHOI Bi3yami3alii Oe3Mocepe/IHbO BIUIMBAE
Ha TOYHICTh 1 ONEPATUBHICTh BCTAHOBJICHHS J1arHO3Yy, a OTXKE€ Ha pPe3yJbTaTu
JIKYBaHHS 1 piBEHb MEAUYHOI JOMOMOTH. Y 1i KOHTEKCTI MOXXHA BHUJUIATH TaKi
OCHOBHI PUYMHU HU3bKO1 €(PEKTUBHOCTI:

1) BHCOKI BUMOTH J0 €KCIIEPTHOTO PIBHS Ta JOCBIAY CHEIIaliCTIB — Opak
HAJEXHOI MIATOTOBKKM a00 BIJACYTHICTh JIOCTATHBOTO MPAKTUYHOTO JOCBiAY
HETaTUBHO BIUIMBAE HA TOYHICTb J1arHOCTUKH,

2) 3actapina iHppacTpyKTypa Ta OOMEXEeHI TeXHIYHI pecypcu — y 6araTbox
MEIMYHUX 3aKJIaJlax 3aCTOCOBYIOTHCSI 3acTapijii TEXHOJIOTIl, 10 YHEMOXXJIUBIIIOE
BIIPOBAPKEHHS CYYaCHUX METO/IIB 13 BULIOIO TOYHICTIO Ta OE3MEYHICTIO;

3) HeIOCKOHAJIa CHCTEMa IMiITOTOBKHM KaJapiB — HE BCi HaBYAJIbHI MPOrpaMH
BIJINOBIJIAIOTh ~ HOBITHIM  CTaHAapTaMm, 30KpeMa Yy cdepl A1arHOCTUYHHX
TEXHOJIOT1H;

4) memoctaTHe (HiHAHCYBAHHS CHUCTEMH OXOPOHH 3I0POB’ST — OOMEKEHI
(b1HAaHCOBI peCypcH YCKIAIHIOIOTh OHOBIIGHHS OOJIaqHaHHsA W mpodeciiiHuii
PO3BUTOK MEPCOHAITY.

Cepenl BTOPMHHHUX NPUYMH BUIUISIOTH HEJOCTAaTHIO KOOPIWHALIID MIXK
PI3HUMH PIBHSIMHU MEIUYHOI JIOMOMOTH ¥ Hee(EeKTUBHE YNpaBIiHHA 3HAHHIMU Y
MEIUYHIN CHUIbHOTI. BiACYTHICTH €AMHOTO MiAXOAy [0 Tepenadi JOCBiay
norIUOJII0E HAsIBHI MPOTaJIMHU B JIIarHOCTHIIL.

JI0 OCHOBHMX HACIHiJKIB HU3bKOi €()EeKTHUBHOCTI JIarHOCTHYHOI Bizyami3arii

HaJICKAaTh.
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1) miABHINEHHS WMOBIPHOCTI XHOHOrO  JiarHo3y, IO 3YMOBIIIOE
HEIpaBUJIbHE JIIKYBAaHHS 1 MOYKE TIPU3BECTH JI0 3HAYHUX PHU3UKIB JJIA 3I0pPOB’S Ta
JKATTS NAI€HTIB;

2) HeOOXITHICTh BJABATHUCS 10 1HBA3MBHUX METOIIB JIarHOCTHUKH, OCKIIBKU
HEIHBAa3WBHI TEXHOJOTII BHSBJISIOTHCS HEAOCTATHHO TOYHUMH — II€ 30LIBIIYE
PU3HUK YCKJIQJIHEHB 1 HeOa)KaHUX HACIIJIKIB;

3) miABMINEHUH PU3HMK PO3BUTKY YCKJIAJIHCHb, aJKEC HEBUACHE Ta HETOYHE
BUSIBJICHHSI MATOJIOT1i CIIPUsiE€ IPOTPECYBAHHIO 3aXBOPIOBAHb;

BropunHuMu HacnmigkamMu € 3aTSryBaHHS 4Yacy Ha J1arHOCTHKY, PHU3UK
HEHAaBMMCHOI IIKOAM MAaILEHTY (Yepe3 HEKOPEKTHI peKoMeHAallli abo BTpy4YaHH:),
a TaKOX J0JaTKOBI (piHAHCOB1 BUTPATH 5K JJIS 3aKJIaJlIB OXOPOHH 370POB’s, TaK 1
IS TIAIIIEHTIB.

MeTtoau MamMHHOTO Ta TJIMOOKOTO HABYAHHS MOXXYThb iCTOTHO JOTIOMOTTH
MEHII JJOCBIAYEHUM CTHEeIlialicTaM y MpoIect IHTepIpeTallii MeIuIHIUX 300paKeHb,
nependayaroyd BHUKOPUCTAHHSA 1HTEJIEKTYaJbHUX AaCUCTEHTIB Uil MIATPUMKHU
J1arHOCTUYHUX PIlIeHb. AJITOPUTMU MAIIMHHOTO HABYAHHS, HABYCHI HA BEIUKOMY
aHOTOBAaHOMY HaOOpl 300pakeHb, 3[aTHI PO3MI3HABATU XapaKTEpHI MaTEpHHU W
O3HAaKH pI3HUX 3axXBOpPIOBaHb. Pe3ynbTaroM iXHbOI POOOTHM € MTPOrHO3 Kiacy
(MITKH) 300pa’KE€HHS 3 BIJAMOBIIHOIO HMOBIPHICTIO HAJIEKHOCTI 710 1IbOTO Kiacy. Lle
CIpHUsi€ OOIPYHTOBAaHUM JIIarHOCTUYHUM DPIIICHHSAM, aJ)Ke MOJECNbh CIIUPAETHCS Ha
3HAYHUN MACUB ICTOPUYHHX JaHUX.

3a ymoBHM ycyHeHHs a00 MiHIMI3allli mepenideHnx oOMexeHb y cdepi
o0poOKM Ta aHami3zy IU@POBUX 300paxKeHb 3 SBISETbCS 3MOra IMpPUHANMHI
MiIBUIUTH €(DEKTUBHICTH JIarHOCTUYHOI Bizyamizaiii. Xoda mpobiieMa Mae CyTo
MEIUYHUI XapakTep, ii po3B’si3aHHS 4Yepe3 «e(eKT IOMIHO» MOXKe TaKOoK
MO3WTHUBHO BIUTMHYTH Ha PO3B’SA3aHHS IHIIWX HarajibHUX 3aBJaHb, 10 TOCTAIOThH
nepes YKpaiHOW, BKIIOYHO 3 IMHTAHHSAMH COLIAJIBHOTO Ta EKOHOMIYHOTO

PO3BUTKY.
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1.5 ®opmy10BaHHA METOAUKH J10CJTiKEHHSI

3 ypaxyBaHHSM IONEPEIHIX pe3yJIbTaTiB 0yJI0 3alPOINIOHOBAHO TEXHOJIOTIIO
aHamizy uudpoBux 300pakeHh y BHIIAAI Onok-cxemm (puc. 1.5), mo €

yHIBEpCanpHOIO i OyAb-IKUX THIIB IUPPOBUX 300paxeHb (3okpema Y30 Ta

KT).

e B
dopMyBaHHA KaTanory
uMppoBUX 306paxeHb
~ o . 'ﬂocm;qosnicrb PopMyBaHHA
| MHOXMHM IHOPMaTHBHMX O3HaK
p ¥ s
BupineHHs o6nactei ! _ KoHcTpyloBaHHA X
Frepecyve Torepen o609 |y o | S |
306paxeHHAX paxe 306paxeHHs P '
AN
¥
OujiHKa cTaHy Pospo6ka '
H ob'exra aHaniTMYHKUX Mopleneit

TexHonoris iepapxiyHoi knacugpikayii _,:

Pucynok 1.5 — [IponnoHoBaHa TeXHOJOT1S aHaTI3y HU(PPOBUX 300paKeHb

s cxema omnucye mnpouec, 3aCHOBAaHMM Ha (OPMYBaHHI MHOXHHU
1H(QOPMATUBHUX O3HAK 1 TMOJAJIBIIOMY BHUKOPHUCTAaHHI TEXHOJOTI Kiacudikari
00’exTiB. PO3risiHeMO OCHOBHI €Tanu TeXHOJIOT1i:

1) bopmyBanHs karanory uudpoBuX 300paxeHb, MPU3HAUCHUX AJIA aHAII3Y,
1o nepeadavae 30upaHHs, OpTraHi3alliio Ta 30epiraHHs BiJIMOBITHAX JTaHUX.

2) BHWOKpeMJICHHsS oOjacTedl iHTepecy Ha 300paKCHHSX, SKi MICTSTh
KJIFOYOBY JUIsl aHai3y 1H(oOpMaIliio — 1€ Ja€ 3MOry CYTTEBO 3MEHIIUTH OOCST
00pOoOIIFOBAaHUX JIAHWX Ta 30CEPEIUTHCS Ha HAWOLIbII BarOMUX JiISHKAX.

3) Osok mocmioBHOCTI (opMyBaHHS 1HGOPMATUBHUX O3HAK OIHCYE
MPOLIETypH BUIYUYEHHS KIFOUOBUX XaPAKTEPHUCTHK 300pakKeHb ISl MOAAIBIIOTO

aHamizy M kinacudikamii — TMigeTanyd IoNepeaHboi  00poOKM  300pakeHb,
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pO3pOOJICHHST JECKpPUNTOPIB Ta BiAOOpy HaHOLIbIT 1HPOPMATUBHUX O3HAK
PO3TIIAIAI0THCS B HACTYITHOMY PO3JILII;

4) y Mexax TexHoJorii iepapxiunoi kiacudikarii [3] po3poOsioThes
MOJIEJIi, 110 BUKOPHCTOBYIOTh C(POPMOBaAHI O3HAKU JJII aBTOMATHU30BaHOI OIIHKU
cTaHy 00’ekTa abo oro kiacudikamii — ASTATBHUA OMUC MiIXO0IB J0 MOOYI0BU
aHAJTITUYHUX MOJIeJIe 1 TpoIlecy OIiHIOBAaHHS CTaHy OO0’ €KTa HaBEJIEHO B
po3mim 3.

Takum 4MHOM, 3aIPONOHOBAHA TEXHOJIOTISI OXOIUTIOE MOCIIIOBHUMA TIPOIIEC
Bl (OopMyBaHHS BUXIAHOTO HaOOpy 300pa’keHb, 4epe3 BWIYUYEHHS Ta BiAOIp
1H()OpPMATUBHUX O3HAK, O CTBOPEHHSA AHAIITUYHUX MOJIEJNEH, 110 AAal0Th 3MOTY
aBTOMAaTU3yBaTU OLIHKY ¥ kiacudikamiro o006’ektiB. Takuii miaXig Moxe
3aCTOCOBYBaTUCS B  PI3HOMAaHITHUX cdepaxX, BKIIOYHO 3 MEIULHUHOIO,
MPOMUCJIOBICTIO Ta CUIBCHBKUM TOCHOJAPCTBOM, ¢ MOTpiOHa To4yHAa OOpoOKa

1uppoBuX 300paKeHb.

BucnoBku 10 posaiay 1

VY naHoMy JOCHIIKEHHI 0yJIO CUCTEMATHU30BaHO KIIFOUOBI aCleKTH U(poBOi
0o0OpoOKM Ta aHali3zy 300pa)KeHb, a TAKOX OKPECICHO HAMpPSIMH IS MOJAIBIINAX
HayKOBUX po3BifoK. CyyacHl MeToau 0OpoOKH Bi3yaJbHUX JAHUX € HAJ3BUYAHO
BOKJIMBUMHU JUISI MEAWYHOI JIIarHOCTUKH, TIPOMHMCIIOBOCTI, JIHUCTAHIIIHHOTO
30HJyBaHHS Ta HH3KH IHIIUX Trajgy3edl. 30KpeMa, aBTOMATH30BAaHUW aHaTi3
MenuuHux 300paxkensb (Hampukiaa, KT ta Y30) 3HayHO MiABHUIILYE TOYHICTH
BCTAHOBJICHHS JIIaTHO3Y Ta CKOPOUYYE 4Yac OOpOOKM JaHUX, IO MA€ TMEPIIOPSTHE
3HAQYECHHS JIsl CHCTEM OXOPOHU 3JI0POB’SI.

OCHOBHI XapaKTEpUCTUKHU 300paKe€Hb, TaKl K MPOCTOPOBA PO3ALIbHA
3MIaTHICTh, TIMOMHA KOJBOPY, AMHAMIYHUU Jiama3oH 1 ¢popmat 30epiranus (JPEG,
PNG, DICOM rto1110), BU3HA4YalOTh MOTEHIIMHI MOMKJIMBOCTI Ta OOMEKEHHS ITiJ

yac ix mnomaneiioi 00poOku. 3actocyBanHs ¢opmary DICOM y menuuHii



42

MPaKTHIN JIa€ 3MOTy 30epiraTd KpUTHYHI J1arHOCTUYHI JeTall, TOAl SK aJlfTOPUTMHU
CTHCHEHHS 3 BTpaTaMH MOXXYTbh CIPUYMHHUTH BTPATy BaXJIMBOI 1H(pOpMAIIii.

O06’ennannsa TexkctypHux aeckpunrtopiB (GLCM, craTucTUYHUX PO3MOILIIB,
dbpakTaaTbHOTO aHaATI3y) 3 aHCAMOJIEBUMH METOJAMHU Ta TEXHOJIOTISIMHU TJIMOMHHOTO
HaBYaHHS Ja€ 3MOTY CYTTE€BO MIABUINUTHA e€(EeKTHBHICTh Kiacudikamii ¥
cerMeHTaii 300pakeHb. CuHeEpris WX IMIJIX0A1B HaOyBae 0OCOOJMBOI Baru B
3aJa4ax BHSIBJICHHS IATOJIOTiM, MOHITOPUHTY HAaBKOJIMIIHBOTO CEpPEOBHINA Ta
KOHTPOJTIO SIKOCTI.

TpanuiiiiHi METOM 4acTO BPa3JMBIi JI0 IIyMiB, TEOMETPUYHUX CIIOTBOPEHD
Ta TOTpeOyIOTh pydyHOro HamamtyBaHHs. HaTtomicTe TIHMOMHHI Mepexi
JEMOHCTPYIOTh BHCOKY NPOAYKTHUBHICTb, aj€ BHUMAararoTh MacIITa0HUX OOCSTiB
pPO3MIYEHUX AAHUX, 3HAYHUX OOYMCIIOBAJIBHUX PECYPCIB 1 MAlOTh CKJIAJHOIIL 3
IHTEpIPETALIEI0 PE3YIIbTATIB.

Y po6oTi MPOMOHYETHCS METO/AMKA, 110 THTErPYE TEXHOJIOTIIO 1€papXidHOi
kjacugikamii, BUAIIEHHS 1HQOPMATUBHUX O3HAK Ta MOENHAHHS TEKCTYPHOIO
aHaI3y 3 MAllTMHHUM HAaBUYaHHSM, CTIPSIMOBAaHA HA YCYHEHHS ICHYIOUUX OOMEXKEHb.
[lepenbaueHo po3poOJICHHSI YHIBEpCATIbHUX MOJENEH, 3aTHUX aJanTyBaTUCS 10
PI3HHUX THUMIB 300pa)K€Hb, MIHIMI3YBAaTH BIUIUB IIYMY 1 3a0€3Me4yBaTH MpO30pICTh
YXBAJICHHS PIIIICHb.

3anponoHoBaHi MiAXOIM MOXKYTh CTaTH OCHOBOIO [IJIsl aBTOMAaTH30BaHUX
CUCTEM MIATPUMKHU JIarHOCTUYHUX pIIIEHb, 30KpeMa y MeAW4YHii cdepi, 110
HaOyBae 0cCOOJMBOi aKTyaJIbHOCTI 3a yMOB JAE(IIUTY BHCOKOKBaIi(PiKOBAHUX
¢daxiBLIB Ta HEAOCTATHHO OHOBJICHOI 1H(PPACTPYKTYpU. 3aCTOCYBAHHSI TaKUX
CUCTEM CIPHUSATHUME 3HIDKCHHIO PU3UKY XMOHMX J1arHO31B, ONTHMI3aIli BUTpAT Ta

IMOKpAIICHHIO ,Z[OCTyrIHOCTi MCINYHUX ITOCIIYT.



43

PO3JLI 2
MOCJIIOBHICTH ®OPMYBAHHSA MHOKVUHU THOOPMATHBHUX
O3HAK [IU®POBUX 30BPAKEHD

Jlauuii po3ain AeTanbHO PO3IIIAJAE €Tam TEXHOJOTIl aHamizy HnudpoBUX
300pakeHb, Ha SKOMY BIJIOYBa€TbCS EKCTPAKIlisl KOJEKTHUBY 1H(POPMATUBHHUX
O3HaK, SKi JIO3BOJIAIOTH 3MIMCHUTH KUIBKICHY OIIHKY XapaKTEPUCTHK 300pakKeHb.
Takuii mijaxia 3a0e3neuye MOKIUBICT CTBOPEHHSI CTAHIAPTU30BAHUX METPUK, K1
MO>KHa CIHIBBIJIHOCUTH 3 TPaJAMIINHUMU JTA0OPATOPHUMHU TOKA3HUKAMHU, SK-OT
piBEHb TJIIOKO3M a00 KUIBKICTh TPOMOOLMTIB y KpoBl mnaimieHTta. Ile cTBoproe
BOXJIIMBE MIAIPYHTA JUIsl 1HTErpamii pe3ysbTaTiB BI3yaJbHOTO aHami3y Yy
KOMILJIEKCHY CHCTEMY [JIarHOCTHKHM, MIJBUINYIOYM ii OO'€KTUBHICTH Ta

BIJITBOPIOBAHICTb.

2.1 T'icrorpamua 00po0ka 300pakeHb

Buxopucrani B podorax [7, 12, 13, 13-16, 18, 77, 78] meauuHi 300pakeHHs
Oynu 310paH1 3a JOMOMOTrOI0 PI3HUX CKaHEpPiB, KOXKEH 13 SKMX BUKOPHCTOBYBAB
IHIUBITyaJIbHI MapaMeTpu KaniOpyBaHHs, KOHTPACTHOCTI Ta 1HIIKUX HAJIAIITyBaHb,
aJanTOBaHUX J0 KOHKPETHUX OCOOJMBOCTEH mariieHTa. lle mpuszBeno 1o 3HayHOl
Bapia0eIbHOCTI TICTOTpaM MIKCEIbHUX IHTEHCUBHOCTEH Yy 300pa)K€HHSX, IO
MOTEHI[ITHO BIUIMBA€ HA HAJIWHICTh Ta SKICTh MOMAIBIIOTO aHamizy. Tomy st
cTaHAapTu3alii 300paxeHb 1 MiIBUILIECHHS €()EKTUBHOCTI MOPIBHSUIBHOTO aHATI3y
Oy70 BUPIIIEHO 3aCTOCYBAaTH METOJU TICTOTPAMHOI OOpOOKH, SIKI JIO3BOJISIOTH
yHI(IKyBaTH XapaKTePUCTUKH MIKCEIbHUX 3Ha4eHb Y BU3HaueHux Ol.

[ictorpamHa o00poOka 300pa)keHb, SK OJMH 13 METOJIB MOKpAIlECHHS
KOHTPACTHOCTI, CTajia BAXJIMBUM €JIEMEHTOM IOIMEpPeaHboi 00poOKku nanux. byio
oOpaHO KUIbKa MIAXOMAIB, 30KpeMa HOpMali3allilo 1HTEHCHUBHOCTI, €KBali3allil0
rictrorpaMd Ta AuQepeHIiaIio MiKCeNniB, KOXKEH 3 SKUX Ma€ CBOI YHIKaJbHI

nepeBari.
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2.1.1 HopmaJi3anisi iHTEHCMBHOCTI miKkceJ1iB

PesynbraT 3actocyBaHHs Max-min HopMaizaiii HaBeaeHu# Ha puc. 2.1.

2004

-
w
o

KinbkicTb nikcenis
=
o

501

0 50 100 150 200 250
fAckpaeicTb (0-255)

Pucynok 2.1 — CipomkanapHe 300paykeHHs Ta HOro ricrorpamMa Iiciis HopMatizarlii

Hopmanizanis € BaxJIMBOIO ONEpalli€lo B MiATOTOBII JaHUX, J€ MOYAaTKOBI
3HAYEHHA MIKCEJIbHOI 1HTEHCUBHOCTI MEPEBOAATHCS 10 CTAHJAPTHOTO [1ala30HYy,
3a3puvail Big 0 mo 1. Ile 3abesmeuye yHidikaiiro Macmrady TaHHX, IO €
KPUTUYHO BAXXJIMBUM, OCKUIBKM 0Oarato ajaropuTMiB MAIIMHHOTO HaBYaHHS €
YYTJIMBUMH 70 3HA4€Hb IHTEHCHBHOCTI. SIK BHIHO Ha puc. 2.1, HOpMali3oBaHe
300pakKeHHsI IEMOHCTPYE MOKPAIIEHUH KOHTPACT, 13 MOCUJICHUMH BIIMIHHOCTSIMU
MDK TEMHUMH Ta CBITJIMMH JUISHKaMH, LI0 JIO3BOJISIE Kpalle Bi3yalli3yBaTu
CTPYKTYPH, K1 paHiiie Oy c1abo MOMITHUMH.

®dopmyJiia HopMaizallii Mae BUTIISL:

I1(x,y) —min
I'(x = (21)
(x,7) max — min ’
e | (X, y) — opurinanbpHe 3HaYEHHS iIHTCHCUBHOCTI ITIKCEJI;

I” (X, Y) — HOBe 3HauUCHHS IHTCHCHUBHOCTI;
mMin Ta Max — BiAMOBIAHO MiHIMaJIbHE Ta MAKCUMAJIbHE MOKJIMBI 3HAUCHHS

iHTeHcuBHOCTI (0 1 255).
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2.1.2 ExBadni3zauis ricrorpamu

Pesynbrar 3actocyBaHHs eKkBai3allii HaBeICHUIA Ha puC. 2.2.

2004

-
w
=}

KinbkicTb nikcenie
=
o

504

0 50 100 150 200 250
AckpaBicTb (0-255)

Pucynok 2.2 — CipomrkanbHe 300paskeHHs Ta HOTo TicTorpama Imiciis eKBasi3amii

ExBamizamiga ricTorpamM J03BOJISIE BUPIBHATH PO3NOJAUT 1HTEHCHUBHOCTEM,
M1JBUIIYIOYM KOHTPACTHICTh, OCOOJIMBO B 30HAX 13 HU3bKOIO BapiadenbHICTIO. Ha
puc. 2.2 BHIHO, IO TICIsA €KBami3allli 300pa)KeHHS CTaJ0 3HAYHO OUIBII
KOHTPACTHUM, 13 PIBHOMIPHUM PO3MOJLJIOM SICKPaBOCTI, IO MOJIIIIY€E BUIUMICTb
TOHKUX CTPYKTYp, 0COOJIMBO B 00JIACTAX 13 paHillle HU3bKOIO KOHTPACTHICTIO.

dopmyiia ekBajizallli BUTJIsA1a€ HACTYITHUM YHHOM:

_ k
max — min
I'(x,y) = min + —N " Z n;, (2.2)
i=min
e N — 3arajgbHa KiTbKICTh MKCEIIB 300payKeHHS;

k — piBeHb sICKkpaBOCTI, 110 JOPiBHIOE iHTeHCUBHOCTI | (X, Y);

Nj — KUTBKICTh MKCEJIB 13 pIBHEM IHTEHCHUBHOCTI |.

2.1.3 Nudepenuianis nikcesiB 300pakeHHs
Merton audepenuiaiii OyB 3anponoHOBaHWM K 3aci® MiJBUIICHHS
1H(OpMaTUBHOCTI 00pOOJIEHUX 300pakeHb, M0 TO3BOJSE BUIAUIMTH OCOOIUBOCTI

Ha MeXax MUK pi3HUMHU 30HaMu. SIk OyJio MOKa3aHO B MOMEpeAHiX poOoTax
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nucepranta [5, 9, 10, 78], wHaiOinpmr KopucHa iH(OpMAIS MICTHTBCS B
KOMOIHAIIISIX CYCITHIX MIKCENiB, 0COOIMBO B KOHTEKCTI 300pakeHb, OTPUMAHUX 13
PI3HUMHU PIBHIMU KOHTPACTHOCTI.

Judepeniiaiis 3MIHIOE 300paXXeHHS LUIIXOM OOYMCICHHS PI3HUII B
IHTEHCUBHOCTI MK CYCITHIMH ITKCEISIMH IO TOPU30HTaIl a00 BEpTHUKAT, IO
JI03BOJISIE€ BUIUTUTH KOHTYPH i MexXi cTpykTyp. Ha puc. 2.3 mokazaHo pe3yabTaTu
TOPU30HTANBHOI AudepeHIiamnii, sKa MIJACUIIOE KOHTYpH, POOJISYM OJHOPIMIHI

00J1aCTi TEMHUMU Ta aKIEHTYIOUH yBary Ha Mepexoaax MK Pi3HUMU 30HAMH.

700 1

600 1

KinbkicTe nikcenis
w s w
=] o (=]
o o (=]

N
=]
=]

-
o
=]

0 50 100 150 200 250
fickpasicTb (0-255)

Pucynok 2.3 — CiponikanabHe 300payKeHHs Ta HOro ricrorpaMa micis

TOPU30HTAJIBHOI Iudepeniianii

300pakeHHs Tic/IA BepTUKAIBHOI qudepeHniialii, mpeacraBieHe Ha puc. 2.4,
JEMOHCTPY€ MIACUJICHHS! TOPU30HTAIBHUX CTPYKTYp, IO MOXE OyTH KOPHUCHUM
JUISL @aHA13y BUTSTHYTUX TOPU30HTAIBHO €JIEMEHTIB.

dopmyJia rOpU30HTAIBHOT AU epeHIiallii:

I'(x,y) = 1(x,y) = 1(x = 1,y) (2.3)

®opMyIa BepTUKaIbHOI JudepeHIiarii:

I'(x,y) =1(x,y) —I(x,y — 1) (2.4)
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Pucynok 2.4 — CipomkansHe 300pakeHHs Ta Oro ricTorpama micis

BEPTUKAIBHOI AU(EepeHIialii

[Ticnsa oGuucnenns audepeniianii, adu YHUKHYTH HETaTUBHUX 3HAY€Hb, Bij
KOKHOTO IIIKCEIbHOIO 3HAYE€HHS BIIHIMAETbCS MIHIMAJIILHE 3HAYEHHS, IO

JT03BOJISIE€ 30€perTi KOPEKTHUH J11ara30H iHTEHCUBHOCTEH.

2.2 KoHCTPYIOBaHHSA 1€CKPUNITOPiB 300paskeHHsA

[lepBuHHUM eTanoM uis OyAb-SIKOTO QJITOPUTMY MAIIMHHOTO HaBYaHHS,
CHPSMOBAHOTO Ha PO3B'A3aHHS 3a]1a4 KOMII'FOTEPHOIO 30pY, € BUIYUYEHHS O3HaK 13
3aaHuX 300paxkeHsb. [Iporec BUTydeHHs O3HAK € KPUTUYHUM KOMIIOHEHTOM Oy /1b-
aKoi cuctemu kiacudikaiiii 300pakeHb, OCKUIBKU BiH 0€3M0CEpeIHBO BIUIMBAE HA
SAKICTh TIOJAJIBIIOTO po3mi3HaBaHHs. JJisi 3a0e3MmeueHHs] MOXJIMBOCTI YCITIIIIHOTO
pO3Mi3HaBaHHA HEOOXI1MHO TpaHCPOPMYBATH BHUXIJHI 300paKe€HHS B iXHI
BIJMOBIAHI JECKpUNTOPH (O3HAKM) — CTUCHEHI MPEACTaBICHHS, M0 30epiraroTh
Juiie  HaOutbln — peneBaHTHY — iHGopmamito. O3HaKM  BHUCTYNAOTh  SIK
XapaKTEPUCTHKU 300pakeHHs B (OpMi, KA MAJIATAE aHATITUIHOMY TTOPIBHSHHIO,
110 J103BOJISIE 31MCHIOBATH Kiacudikaiito. [Ipoliec BuiydeHHs! 03HAK MOXe OyTH
peanizoBaHui K BPYUYHY, TaK 1 aBTOMaTHU30BaHO.

Pyune BupineHHsi o3HaK mnoTpedye ineHTUdIKALil Ta ETAIBHOTO OMHCY

PCICBAHTHUX O3HAK, 4@ TaAKOX CTBOPCHHA MCTO,Z[OJ'IOI‘ﬁ X BUJTYUYCHHS. V Garatpox
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BUMAJKax TJIMOOKE PO3YMIHHSI KOHTEKCTY abo MpeaMeTHOi 00J1acTi € HeoO0XiJHOIO
YMOBOIO ISl OOIPYHTOBAHOTO BHOOPY KOPUCHUX O3HAK. [IpoTsirom Garathox pokiB
JOCITIKeHb 1H)XKEHEPHU Ta HAYKOBII PO3pOOMIIM HU3KY METOIB BHJIIYUCHHS O3HAK
s 300pakeHb. Cepesl HUIX MOKHAa BHOKPEMHUTH Taki THUIHM O3HAK, SIK TEKCTYpHI,
O3HaKM Ha OCHOBI ricTorpam, GararoperioHaJpHUX TicTorpam, OaraTomaciTaOH1
O3HaKH, a TAKOXK Ha OCHOBI 3TOPTKOBOT HEMPOHHOT MEPEXKi.

2.2.1 TekcTypHi 03HAKH

2.2.1.1 CratHcTuku nepmoro mopsiaky. Hexait mosnaummo f(X, y) sk

300pakeHHs B rpajailisx ciporo. ['icrorpama mnepioro nopsiaky Hi BusHauaeTbcs

AK:
n;
H i = N} (25)
ne N — KIIIBKICTh MIKCENIB 13 piBHEM ciporo Bcepeauni Ol,

N — 3arasipHa KUIbKICTH mikcelniB B Ol.

s ricrorpama siBjisie co00I0 eMIipUYHy (YHKLIIO IIIJIBHOCTI HMOBIPHOCTI,
10 OTMUCY€E PO3MOJILT PIBHIB CIPOTO JJIsI OKPEMHUX IMIKCENIB y BUOpaHiit odiacti. Ha
il ocHOBI1 00unCIIOIOTECA FOS 00UnCTIOIOTHCST HA OCHOBI TICTOTPamMy 300pa’KEHHS.
Jlo Habopy o3nak FOS Hanexars:

1) cepemHe 3HAYCHHS, SIKE XapaKTEPU3Y€ CEPEIHIO ICKPaABICTh 300pakeHHS:
p=f= Z LH; (2.6)
i

2) cTaHIapTHE BIJIXWJICHHS, II0 BU3HAYA€ PO3CIIOBAHHS 3HAYCHD SICKPABOCTI

BIJTHOCHO CE€PETHBOTO:

o=f= | ) (—wH @)

l
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3) MemiaHa, 110 CIIYT'y€ MOKa3HUKOM LIEHTPAIbHOI TEHACHIIT PO3IOILIY

f3
fis. t.z H, =05 (2.8)
i=0
4) mona, ska BijoOpakae HalJacTIIe 3yCcTpiuaroue 3HaueHHs SICKPaBOCTI:

fa = argmax{H;} (2.9)
O) acuMeTpis, 0 XapaKTEPHU3y€e CUMETPIIO PO3MOALTY ICKPABOCTI

3

fs = z (i ;“) H; (2.10)

L

6) ekciiec, AKul OLIIHIOE TOCTPOTY MiKa PO3MOALTY:

4

fo = z (i ;“) H; (2.11)

L

/) eHepris, 10 € MIPOIO OJTHOPITHOCTI 300paKEHHS .

fr = z H;? (2.12)

8) eHTpomis, ska BigoOpa)ka€ CTYIIHb HEBU3HAYEHOCTI a00 CKJIAJAHOCTI

po3noiny:

foe=— z H; In[H;] (2.13)

9) MiHIMaNbHUM PIBEHB CIPOTO:
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fo = min{f (x, y)} (2.14)

10) MmakcuMagbHUM PIBEHB CIPOTO:

fro = max{f (x,y)} (2.15)

11) koedimieHT Bapiallii, III0 BHUMIPIOE BIJHOCHE PO3CIIOBAaHHSA PIBHIB

SICKPaBOCTI:

fi=2 2.16
n= (2.16)

12-15) mepuentwai (10, 25, 50, 75, 90), ski NpenCTaBISIOTH MOPOTOBI

3HAYEHHSA P1BHIB SICKPABOCTI JJI BIAMOBIIHUX YaCTOK BUOIPKHU:

fa
fus.t. z H =c (2.17)
i=0

16) mupuna rictorpamu (pizaunsg Mixk 90-m Ta 10-M TEPUESHTHIISIMH), IO

BH3HAYAE J1a11a30H 3HAUYEHD ICKPABOCTI B 300paKEHHI:

fie = fis — f12 (2.18)

2.2.1.2 Martpuus cyMikHOCTi piBHiB ciporo. Ouinka QyHKIII HIUIBHOCTI
yMOBHOI HMoBipHOCcTI apyroro mopsiaky p(i, j; d, 6) 6asyiorbcs Ha GLCM,
3ampononoBanux XapamikoMm [44]. Tyt p(i, J; d, ) — e EMOBIpHICTH TOTO, IO JBA
mikcenm (X1, Y1) Ta (X2, Y2), sIKi 3HAXOAATHCS HA BifAcTaHi d B HAMpsAMKY, 3aJaHOMY
KyTOM 6, MarOTh IHTEHCUBHOCTI PiBHIB ciporo I Ta | BianoBigHo. OIiHeHI 3HAYCHHS
X (YHKIIHA MIUTEHOCTI KIMOBIpHOCTI TTo3HauaroThest sk P(l, ; d, 6).

HaGip TexctypHux mip, siki MOXyTb OyTr oTpumani 3 GLCM, Bxitouae:

1) kyTOBHMIi APYTUIl MOMEHT:



N-1N-1
fiz = [p(i, j)]
i=0 j=0
2) KOHTPAcT:
N-1 N-1N-1
= Tl p(l,]),|l—]| =n
n=0 i=0 j=0

3) KopesIis:

Y e GNP ) — ety

fi9 = 0,0,
4) cyma KBajIpartiB (qucrnepcis):
N-1N-1
fao= ) D (= w*p(i))
i=0 j=0
5) MOMEHT 00€pHEHOT PI3HULIL:
N-1N-1
f Z z (l )
21 — 2
i=0 j=0 1+@=))

6) cepenHe cymu:

2N
f22 = Z kpx+y(k)
k=2

7) nucriepcisi CyMHu:

o1

(2.19)

(2.20)

(2.21)

(2.22)

(2.23)

(2.24)
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faz = Z(k - .ux+y)2px+y(k)

k=2

8) enTpomis cymu:

fro == ) Prery (O In[psy (0]
k=2

9) enTporis:

N-1N-1

fas == > p(i.)Inlp(, )]

i=0 j=0

10) nucriepcis pi3HUILII:

N-1
fao = ) (e = thrsy)Pey (O
k=0

11) entpormist pi3HUILIL:

frr == Peey (O In[pyy (O]
k=0
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(2.25)

(2.26)

(2.27)

(2.28)

(2.29)

Jlns obpanoi Bigcrani d maemo votwpu kytoBi marpuii GLCM. Orxke,

OTPUMYEMO HaOIp 3 HOTUPHOX 3HAYEHD ISl KOXKHOT 3 HaBeAeHUX Mip. CepenHe Ta

po3Max KOXHOI 3 IIUX Mip, yCepeaHEeH] M0 YOTUPHhOX 3HAUCHHSX, CKJIaIal0Th HAOIp

TEKCTYPHHUX O3HAK.

2.2.1.3 Cratucruka pisHuni piBHiB ciporo. Amnroputm GLDS [64]

BUKOPHUCTOBYE CTaTHUCTUYHI XapaKTEPUCTHUKU TMEPIIOr0 TMOPSAKY JIOKaJIbHUX

3Ha4Y€Hb BJIACTHUBOCTEH, 0a3yr0UMCh HA aOCOJIFOTHUX PI3HUIISIX MIXK MapaMH pPiBHIB
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ciporo abo cepelHIMH PIBHAMHU CIpOro, Jyisi BUIYYEHHS Mip TekcTypu. Hexait
f(X, y) — dbyHKIisI iIHTEHCUBHOCTI 300paskeHHsI, 1 sl OyAb-SIKOTO 3aJIJaHOTO 3CYBY

0 = (AX, Ay), Hexai:

f506¥) = 1f(,y) — f(x + Ax,y + Ay)| (2.30)

Hexaii ps — miinbHicTh WMoBipHOCTI f5(X, ). Skmo € N piBHIB ciporo, e Mae
¢dbopmy N-BHMipHOrO BEKTOpa, J¢ I-Ta KOMIIOHEHTAa € WMOBIPHICTIO TOTO, IO
fs(X, y) matume 3HadeHHs 1. [I{inbHICTH HMOBIPHOCTI Ps MOKHA JIETKO OOYHCIIUTH,
HiApaxyBaBIlIK KiUTBKICTh pa3iB, KOJU KOoxHE 3HadeHHs fs(X, Y) 3ycTpivaeThcs, ae
AX 1 Ay — 1 yuca.

Y rpy6iit Tekcrypi, skmo d wmame, fs(X, y) Takoxk Oyae Maiaum, TOOTO
3HAYCHHs Py MOBUHHI OyTH 30cepempkeHi moomusy | = 0. HaBmaku, y TOHKIi
TEKCTYpl 3HAYEHHsS Ps MOBUHHI OyTH OUIBII PO3MNOAUIEHUMHU. TaKUM YHHOM,
XOpOLIUM CIOCOOOM aHamizy rpy0oCTI TEKCTYpU € OOYMCIEHHS, ISl PI3HHUX
BEJIMYMH O, TIEBHOI MIpPH PO3CIIOBaHHS 3HA4Y€Hb Yy Ps, BIAJAJICHUX BiJI TOYATKY
KOOpJMHAT. TakuMH MipaMH €:

1) oMHOPITHICTE:

f28 = . ﬁ‘sf)l (2.31)
2) KOHTpACT:
fao = ) %ps(D) (2.32)

L

3) eHepris (KyTOBHI IPYyTUii MOMEHT):

fio = ) s (2:33)

l
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4) eHTpoIIIs:

fir == ps(®nlps(D)] (2.34)

D) cepellHE 3HAUCHHS:

f32 = 2 ips (0) (2.35)

L

2.2.1.4 Marpunus pizHui BiaTiHkiB ciporo cyciqnix Touox. NGTDM [69]
BIJIMIOBIIa€ Bi3yalbHUM BJIaCTUBOCTSIM TekcTypu. Hexaii f(X, y) — BiaTiHOK ciporo
mikcens B touri (X, Y), SKMM Mae 3HaueHHS BinTiHKY ciporo I. Tomi cepemmiii
BIITIHOK CIPOTO B OKOJI, 30CE€pEKEHOMY B (X, Y), ajie BUKIIIOYAIOUU CaMy TOUKY

(X, Y), MOHa 3HAHTH 32 (HOPMYJIOIO:

a

d

1

A; =A(x,y) =W—1 z z fx+x",y+y"), (2.36)
x'=—d yr=—d

re (X, y)#(0,0);
d — po3mip okoy;

W = (2d + 1)2

HaGip texctypHux mip, sixki MoxxyTb 0yt otpumani 3 NGTDM, Bkitouae:

1) rpy0icTs:

-1

Gn
fis = e+ ) pis® 237)
i=0

2) KOHTPACT:
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Gn Gp 1 Gn
faa = 1)2210@0 D[z 2,5 (238)
i=0 j= 1=0
3) aKTUBHICTb:
Sty Pis (D)
f35 = Opl )pi * in] * O (239)

Gn - Gn -
Zilotipi— X 0Jp;
4) CKIaHICTD:

Gp Gp

Jo = Z 2, {nz(pl

)}{pls(l) +p;s(N}pi #0,p; #0  (240)
i=0 j=

pj

5) cuna:

Yot ot (v + py) (= )
foy = ( + 1)) ,p; 0, p; #0 (2.41)

£+ Zi:o s(i)

2.2.1.5 Craructnyna matpuius o3Hak. SFM [113] Bumiproe ctaTHCTHYHI
BJACTUBOCTI Map TIKCENIB Ha JEKUIbKOX BIACTaHSIX Yy 300paXeHHl, Kl
BUKOPHUCTOBYIOTBCSL ISl CTaTUCTM4YHOTrO aHamizy. Hexait f(x, y) — ¢yHKmis
IHTEHCUBHOCTI 300paxkeHHs B ToduIi (X, Y), 1 Hexait d = (AX, Ay) npeacraBise
BEKTOp BiJcTaHi MK 3paskamu, e AX, Ay — mim unciaa. Kontpact (CON) 6,
koBapiaiiis (COV) 6 ta HecxoxicTh (DSS) ¢ o6uncroroThes 3a hopmyaamu (2.42),
(2.43) Ta (2.44) BiANOBITHO.

SFM (M) — e matpurs posmipy (Lr + 1) x (2L¢ + 1), enemenr (i, j) sixoi €
CTaTUCTHYHOIO O3HAKOI J 300paxeHHs, ae 0 = (j — L, 1) — BekTop BifcTaHi Mix
spaskamu i 1 =0, 1, ..., L, J =0, 1, ..., 2L, a Ly, Lc — KoHCTaHTH, M0

BU3HAYAIOTh MAKCUMAJIbHY BiJICTaHb MIXK 3pa3KaMHU.
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CON(8) = E{[f(x,y) — f(x + Ax,y + Ay)]*} (2.42)
cov(d) = E{[f (x,y) —n]lf (x + Ax,y + Ay) —n]} (2.43)
DSS(8) = E{f(x,y) — f(x + Ax,y + Ay)} (2.44)

Amnanoriuyno, matpuii koHTpacty (Mcon), xoBapiaitii (M) Ta HECXO0KOCTI
(Mgss) MOXKHAa BHU3HAYUTH SIK MaTpuil, enemeHtH (i, |) SKAX € BIiJIOBIIHO
KOHTPAacTOM J, KOBapiall€r o Ta HECXOXKICTIO O.

Ha ocnoBi SFM MosxHa 00YHCIUTH HACTYITHI TEKCTYPHI O3HAKH:

1) rpy0icTh:

i nen. DSS(i, j
f38 —c. Z(l,])ENrn (i ]), (2.45)
ne C — HOpMaJi3yrouui haxTop;
N — MHOXHHa BEeKTOPIB 3cyBy, BusHadueHa sk Ne = {(i, ) : lil, |jl <r};
N — KIJIBKICTh €JIEMEHTIB Y MHOKHHI.
2) KOHTPACT:
1/2
fio=| D [CONGNI* (2.46)
(lI])ENT
3) nepioANYHICTb:
Mys — M i
f40 — dss _ dss(mln) (2.47)
Mdss
4) MOPCTKICTH:

41 2
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2.2.1.6 Metoa eneprii Tekcrypu Jloy. LTE [32, 61] moxoasTe Big TphOX

IPOCTUX BEKTOPIB AOBXKUHU 3:

-L3=(1,2,1);
-EBE3= (_17 Oa 1);
_S3=(-1,2,-1).

BoHu mpeacTaBisroTh  OMHOMIpPHI  omepariii  IIEHTPOBAHO-3BAKEHOTO
JIOKAJIBHOTO YCEPEIHEHHS, CHUMETPUYHOro IMepmioro AudepeHIliioBaHHS s
BUSIBJIICHHS KpaiB Ta APyroro qudepeHIlitoBaHHS ISl BUSBICHHS TIISM.

SAKio 11 BEKTOpU 3ropTaTd camMi 3 co00I0, OTPUMYIOTBCS HOBI BEKTOpHU
JIOBXKUHH S:

-L5=(1,4,6,4,1);

-E5=(-1,-2,0,2,1);

-S5=(-1,0,2,0,-1).

[TopanpIo caMO3ropTKOI0 OTPUMYIOTECS HOBI BEKTOPHU JOBKHUHHU 7:

- L7=(1, 6,15, 20, 15, 6, 1);

-E7=(-1,-4,-5,0,5,4, 1);

-S7=(1,-2,1,4,1,-2,-1).

L7 3HOBY BUKOHY€E JIOKaJdbHE ycepeaHeHHs, E7 mie sk perekTop kpais, a S7
JI€ SIK JETEKTOP IJIISIM.

SIKIIO CTOBMIIEBI BEKTOPH MOBXHHH | MHOKHTH Ha PSAIKOBI BEKTOPH TI€T 3K
JOBXUHH, OTpUMYIOThCS Macku Jloy posmipy | x |. Hactymui komOinarii

BHUKOPUCTOBYIOTBCS [Tt OTpUMaHHs Macok (st | = 7):

— LL=L7"L7;
— LE = L7"ET;
— LS =L77S7;
— EL=E7L7;
~ EE=E7'ET7;
— ES=E7'S7;

—SL=S87"L7;
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— SE = S7'E7;

— 8§ =387757.

JUiis BUITy4eHHS! TEKCTYPHUX O3HaK 13 300pakeHHs, 111 MACKU 3TOPTYIOTHC 13
300paXe€HHSM, 1 CTATUCTUYHI XapaKTePUCTUKU (HAMPUKIAA, CHEPTis) OTPUMAHOIO
300paX€HHs] BUKOPUCTOBYIOTBCS JJISL ONKCY TEKCTypu. Bynu BMIIydeHI HACTYIHI
TEKCTYpPHI O3HAKU:

1) LL — enepris TekcTypH 3 siapa LL;

2) EE — enepris Texctypu 3 siapa EE;

3) SS — enepris TeKCTYpH 3 sAzapa SS;

4) LE — cepenns eHepris TekcTypu 3 siaep LE ta EL;

5) ES — cepenns eneprist rekctypu 3 suep ES ta SE;

6) LS — cepenns enepris Tekctypu 3 sipep LS ta SL.

OcepenHeHHs Map y3roJKeHHX MIp eHeprii 3a0e3nedye 1HBaplaHTHICTh /10
oOepTaHHs.

2.2.1.7 Ananiz Tekcrypu 3a ¢pakranbHow po3mipuictio. FDTA [32]
Oa3yerbcsi Ha Mozem (pakiiiiHoro OpoyHIBChKOro pyxy. Jlana woaenb
BUKOPHCTOBYETHCSI JJIi ONKUCY IIOPCTKOCTI NPHUPOJHUX TOBEpXOHb. BoHa
pO3JIsiae MPUPOIHI MOBEPXHI K KIHIICBUN pe3yJIbTAaT BUIIAIKOBUX OJIyKaHb, K1 €
0a30BUMHU (I3UMYHUMHU TIPOLIECAMH Yy HAIIOMY BCeCBITI. OAHUM 13 HalBaKJIMBIIIMX
napamMeTpiB Il MpEACTaBIeHHS (pakTaabHOI TMOBEpXHI € dpakKraabHa

po3MipHicTh. TeopeTnuHo (PpakTasbHa PO3MIPHICTH Df OIIHIOETHCS 32 PIBHSIHHSIM:

E(AI?) = ¢ - (Ar)®2Pr, (2.49)
ze E(-) mo3Hadae oneparop MaTeMaTHYHOTO CIIOAIBAHHS;
Al = 1(Xz, Y2) — (X1, Y1) — Bapialist IHTCHCMBHOCTI MiX IBOMA ITIKCEJISIMH;
C — KOHCTaHTa;

Ar = ||(X2, y2) — (X1, Y1)|| — mpocTopoBa Bincrass.

binpmr mpoctuit Meton mossirae B omiHii mapamerpa H (koedirienta

XepcTa) 3 BITHOIICHHS:
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E(JAI]) = k - (Ar)H (2.50)

3acToCOBYIOUH JIOTapUPMIUHy (YHKIIIIO, OTPUMYEMO:

logE(|AIl) =logk + H - log(Ar) (2.51)

3 HaBEJICHOrO0 pIBHSIHHSA MOXXEMO BHBECTH TIPOIEAYpPY JUIS OIIIHKH

napameTpa H, 1 ppakranbHa po3MIpHICTH JIETKO OOYUCITIOETHCS 3 BITHOMICHHS:

Df=3—H (2.52)

Maute 3HaueHHs ¢GpakTaabHOi po3mipHocTi Dy (Benmuke 3HaUCHHS HapameTpa
H) o3nauae rnaaky moBepxHio, a Beymke Dy (Mane H) — mopcTKy moBepxHIo.
Jist 3aanoro 300paxeHHs po3Mipom MxM BekTop pi3HHMII IHTEHCUBHOCTEH

BHU3HAYA€THCA K.

IDV = [id(1),id(2),...,id(s)], (2.53)
ne S — MAaKCUMAJILHUM MOYKJIMBUM MacIlITao;
1d(k) — cepenne abcomOTHE 3HAYCHHSI PI3HUII IHTEHCUBHOCTEH yCiX map

MIKCEIIB 3 BEPTHKAILHOIO 200 TOPU30HTAILHOIO BiJICTaHHIO K.

3HaueHHs mnapameTpa H MoXHa OTpUMAaTH, BUKOPUCTOBYIOUM JIIHIMHY
perpecito HaWMEHINKUX KBaJpaTiB JuIs OliHKKA Haxwiay kpuBoi id(K) BimHOCHO K y
Jorapu@MIvHUX MaciiTadax.

Akmio 300pakeHHST PO3TIISAETHCS HA  PI3HUX  PO3IUIBHOCTSIX, TO

Oararopo3nuibHul (ppakTanbHul BeKTOp 03HaK (MF) Bu3HaYaeThCS SIK:

MF = (Hm; Hm—lr---'Hm—n+1)' (2_54)
ne M = 2™ — po3mip OpUTIHAIBHOTO 300paKCHHS,
Hy — mapameTp H, ominenuti 13 300paskeHHs ly;

K — KiJIbKiCTh BUOPAHUX PO3AUIBHOCTEH.
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MF Takoxx oOIMCye JaKyHapHICTh 300paxeHHs. BiH Moxe OyTtu
BUKOPHUCTAHUHN JIJISI PO3IIJICHHS] TEKCTYP 3 OJTHAKOBOIO (DpaKTaIbHOIO PO3MIPHICTIO
Dy, posrasinaroun Bl KOMIOHEHTH BekTopiB MF, kpiM mepioi.

2.2.1.8 Martpuus 10oB:xKUH NpodiriB piBHiB ciporo. IIpobir ciporo — e
HaOlp TMOCTITOBHHUX, KOJIHEAPHUX TOYOK 300paKEHHS, $KI MalOTh OJHAKOBE
3Ha4YeHHS PiBHs ciporo. J[oBknHa MpoOiry — 1ie¢ KUIbKICTh TOYOK 300pakKeHHS B
poMy Tipo6iry [87]. s 3amaHOro 300pakeHHS MOXKHA OOYHCITHTH MATPHIIO
JIOBKUH MPOOITiB PiBHIB CIpOTo JUIsl MPOOIriB y OyAb-SIKOMY 3aJJaHOMY HAINPSMKY
6. Yacto HanpsMok & BctaHoBmoeThes sk 0°, 45°, 90°, 135°. EnemenT marpuiii
Po (1, ]) BU3HAYA€e KUTBKICTH pa3iB, KOJIM 300pakeHHS MICTHTh MPOOIT JOBXUHH | Y
3aJ]aHOMY HAINpPSIMKY, SIKHH CKJIQIa€Thcs 3 TOYOK 3 piBHeM ciporo I (abo B
Jiarma3oHi piBHS Ciporo i).

OO0uuclieHH ITUX MaTpHIlb € Jyke MpocTuM. KiIbKicTh OOYHUCIEHb TPSIMO
MPOMOPIIiiiHA KUTBKOCTI TOYOK Yy 300pakeHHI. Takoxk Hemae moTpebu 30epiraTu
BCE 300pa)K€HHSI B OMEpPATUBHIN Mam'sTi; 1 OOUMCIEHHS MaTpUllb B OyIb-sIKUAN
MOMEHT 4Yacy MOTpiOHI JMIe JABa PSAKK 3HaUYeHb 300paxkeHHs. 1106 oTpumaTtu
YUCJIOBI TEKCTYpHI XapaKTePUCTUKH 3 MaTpUllb, MOXHAa OOYMCIMTH (PYHKIIII,
aHAJOTIYHI TUM, 110 BUKOPUCTOBYBaB XapadiK Il MAaTPULb CYMICHOCTI PIBHIB
ciporo.

Xapakrepuctuku GLRLM € HactynHuMH:

1) miaKpecieHHs] KOPOTKUX MPOOITiB:

Ng=1 5N—1Pg (L, ])
faz _ iz 2o T (2.55)
N,
2) T IKpECICHHS TOBTUX MPOOITiB:
Ng_l Ny—1 .2 ..
f43 =Zi=0 Zj=0 ] p@(l']) (256)

N,



3) HEpIBHOMIPHICTH PIBHIB Ciporo (PO3MOIiia piBHIB CIporo):

Ny—1 — ..
Yl (s pe(i))?
N,

faa =

4) HEepIBHOMIPHICTh IOBXHH MPOOITIB (PO3MOILI TOBXHUH MPOOITiB):

XX pe i)
fas = N

5) B1ICOTOK TIPOOITiB:

N,
fae =
Ny

6) migkpeciaeHHs HU3bKUX PIBHIB CIPOro B MpoOirax:

ZN!J‘lZNrﬂM

i=0 &j=0 ;2

faz = N,

/) maKpecaeHHs] BUCOKUX PIBHIB CIpOTO B MpoOIrax:

N

-1 - .o
AR I M (§)15
N,

fag =
8) migkpecaeHHs KOPOTKUX MPOOIriB 3 HU3bKUMU PIBHSMHU CIPOTO:

Ng—1

Ny—1Pg (l'])
2ito Xjlo “i2j7

fag = N,

9) migkpecieHHs: KOPOTKUX MPOOITiB 3 BACOKUMH PIBHSIMH CIpOTO:
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(2.57)

(2.58)

(2.59)

(2.60)

(2.61)

(2.62)
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Ng=1 oNr=1Pp (L))
s 2jso 2 (2.63)
N,

fso =

10) migkpeciieHHs: AOBTUX MPOOITiB 3 HU3bKUMHU PIBHSAMU CipOTO:

Ng=1 <Ny—1Pg (1, J)
f51=2i=° Eivo 2 (2.64)
N,

11) minkpecieHHs JOBIMX MPOOIriB 3 BACOKUMU PIBHSMH CIPOTO:

Ng—1

N,—1 . N2 2
Zi=1 Zj:]}vpe(llj)l ] (265)
VA

fs2 =

2.2.1.9 Cunekrp mnoryxHocti ®Dyp’e. IleperBopenns ®Dyp’e [32, 64]

300paxkeHHs (X, Y) BU3HAYA€THCS SK:

F(u,v) =j j e 2mMWx+vy) £(x ) dx dy (2.66)

*

Cnektp noryxnocti dyp’e — ne |F|> = FF (1e * nmo3Hayae KOMILIEKCHO
crpsixene). Jlo6pe Bimomo, Mo pagiansHuii pos3nonin 3Ha4dens y |F|? ayTnuBuii 1o
rpy6octi Tekctypu B f. I'pyba TekcTypa MaTuMe BHCOKI 3HaueHHa |F[?,
30Cepe/KEeH] MOOIN3Y MOYaTKy KOOPAMHAT, TOAl SIK Y TOHKIN TEKCTypl 3HAUEHHS
|F|> 6ynyts Oinbmn posmogineni. OTxke, AKIO 0a)XkaHO aHAII3yBaTH TIpyOicTh
TEKCTypH, KOpPHCHUM Oyne Habip oO3HaK, sKi € cepenHiMu 3HadeHHsMu |F[%,

B3STUMH IO KIUTBLENOJIOHUX 00JacTiX, 30CEpeKEHUX Yy MOYaTKy KOOpPAMHAT,

TOOTO O3HAKH BUY:

2T
%=f F(r,0)[2 do (2.67)
0
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AHasoriubo, BioMo, 110 KyTOBHMH po3Nojin 3HadeHb y |F[> uyTmuBuii 10
HanpaBieHocTi Tekctypu B f. Tekcrypa 3 Oaratbma kpasimMu a0o JiHISIMH B
3aJJaHOMy HanpsMKy € MaTuMe BHCOKiI 3HaueHHs |F|°, 30cepemkeHi HaBKOJIO
TIEPIEHNKYIPHOTO HAIIPAMY, TOJI K y HEHampasJeHil TexcTypi |F|[*Takox maec
OyTH HeHampaBieHUM. ToMmy XOpomHMM HaO0OpOM O3HAaK [JJs  aHaji3zy
HAIpaBJIEHOCTI TeKCTypH OyayTh cepesHi 3HaueHHs |F[%, B3aTi o KanHOMOMIOHUX

001acTAX, 30CEPEIKEHUX Y MOYATKy KOOPAMHAT, TOOTO O3HAKU BUIY:

Py = fIF(r, 6)|* dr (2.68)

Jis  uudpoBux 300paxeHp po3mipoMm NxN, 3amicTe 0e3mepepBHOTO
neperBopeHHs @Dyp’e, BHU3HAUYEHOI'O BHILE, BHUKOPUCTOBYETHCS IUCKPETHE

NSPETBOPCHHA, BUBHAYCHC SK:

N-1
1 o
Fluv) =13 Z f (i, e 2m uriv), (2.69)

i,j=0
ne 0<u;

V<N-1.

OpHak 1€ TEpPETBOPEHHS pO3risaae BxigHe 3o0paxkenHs f(X, y) sk
nepioanyHe. SAKIo Hacmpas/i 1€ HE Tak, MEPETBOPEHHS 3a3HA€E BIUIMBY PO3PHBIB,
SKi ICHYIOTh MK OJHMM KpaeMm f Ta mpoTunexxHum kpaem. Lle mpus3BOAUTH 10
MOSIBA TTOMUJIKOBUX TOPU30HTAIBHUX Ta BEPTUKATHHUX HAIMPSMIICHOCTEH, TaK IO
BHMCOKi 3HaueHHs npucyTHi B |F|? B31oBxk oceii U Ta V.

CranpaptHuii HaOlp TEKCTypHUX O3HAK, OCHOBAaHUM Ha KiJIbIEMNOIIOHUX

BUOIPKaX AUCKPETHOTO CIEKTPY MOTYKHOCTI Dyp’e, Mae BUTIIS;

Orir, = Z |F(u,v)|? (2.70)

r<u+ visr,
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AHaJIOT1YHO, O3HAaKH, OCHOBaHI Ha KJIMHOMOMIOHMX BHOIpKaX, MarOTh

BUTJIAL:

boo, = ) IF@P 27

elstan—l(%)sez

2.2.1.10 JlokanbHuii 6inapHuii madaon. LBP, Haniiinuii Ta e)eKTUBHUI
JECKPHIITOP TEKCTYpH, OyB BIiepiie npeactapiennii Osuta [81, 82]. BekTop o3Hak
LBP y maiinpocrimiiii opmi BU3HAYAETHCA 3a JIOMOMOIOI0 HACTYITHOTO METOJY:
HABKOJIO MIKCENSl PO3IIISIAETHCS KPYTroBe OKoJii. Ha okpy»XHOCTI Kojia 3 pajilycoM
R BuOuparoThcs P TOYOK TaKMM YHMHOM, III0 BOHU BC1 3HAXOATHCS Ha OJHAKOBIM
BiZicTaHl Bix neHTpanbHoro mikcens [105]. Hexaii gc — 3HadeHHs piBHS Ciporo
LEHTPAJILHOTO MIKCeNs, a gy, Ae P = 0, ..., P — 1, BiANOBiAat0Th 3HAYEHHSIM PiBHIB
ciporo mux P Touok. [{i P Touok nepeTBOoprotoThCsA Yy KpyroBuil 6iToBHil OTIK 13 ()
Ta | 3a1€KHO BIJl TOTO, Y 3HAUYEHHS PIBHSI CIPOTO MIKCENsI MEHIle a00 OLIbIIe, HIXK
3HAYEHHS PIBHS CIpOTr0 UEHTPAIBHOIO MIKCES.

Astopu [82] BBenM MOHATTSA OJHOPIAHOCTI B aHai3 TekcTyp. OmHOpIiAHI
(dyHAaMEeHTaJIbHI MaTepHU MarOTh OJHOPIIHY KPYTOBY CTPYKTYpY, SKa MICTHUTb
oy’)Ke Mayio mpocTtopoBux mnepexofiB U (KUIBKICTh MPOCTOPOBHUX IMOOITOBUX
nepexoniB 0/1). ¥V miit poboti Oyna oburciieHa iHBapiaHTHA 10 OOepTaHHS Mipa,
Ha3BaHa LBPpRr, 3 BUKOopuctanusam mipu ogHopigHocti U. LBP-konx npucBoroBaBcs
mumie narepHam 3 U < 2, ToOTO SIKIO KUTBKICTh OITOBUX MEPEXOJIB Y KPYTOBOMY
01TOBOMY MOTOIll MeHIe abo JOPIBHIOE 2, NEHTPAIbHUM MIKCEIh MO3HAYABCS SIK
OJTHOP1THHUH.

MynbTUIIKaNbHUN aHaji3 300pakeHHs 3 BUKopucTanHsiM LBP Bukonyerbcs
NUISIXOM BHOOPY KT 3 PI3HUMHM PajilycaMy HaBKOJIO IEHTPAJbHUX MIKCENIB, TAKUM
yuHOM Oyayioun okpeme LBP-300paxenns ans koxkHoro maciiraly. Enepria Ta
entpornis LBP-300paxenns, moOygoBaHoro Ha pizHux macmradbax (R =1, 2, 3 3
BIJIMOBIHOIO KUIBKICTIO TiKceniB P = 8, 16, 24 BinNnoBiAHO), BUKOPUCTOBYBAJIUCS

SAK JCCKPUITTOPU O3HAK.
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2.2.2 O3HaKH HA OCHOBI ricrorpam

[icrorpama piBHiB ciporo Ol 300pakeHHS OMSAIIKH OOYUCTIOETbCA A 32
O1HIB PIBHOI IIMPUHU 1 BUKOPUCTOBYETHCS SIK HaOlp o3Hak. He3Bakaroum Ha CBOIO
MPOCTOTY, TICTOTpaMa HaJa€ XOPOLIE OMUCAHHS CTPYKTYPH OJISIIKH.

2.2.3 O3HaKH Ha OCHOBI 0araToperioHaJIbHHX ricrorpam

Tpu piBHoBiganeni Ol Oynau BHU3HAYEHI MLUIIXOM €po3ii  KOHTYpY
300paxkeHHsI OJIAIIKA Ha (pakTop, 3aCHOBaHWN Ha po3Mmipi Omsmku. [icrorpama
Oyna obuuncieHa Juisl KOKHOI 3 TpbOX 00JIacTeil, K ONucaHo BHILE, 1 96 3HaUYEeHb
CKJIaJId HOBUM BEKTOp O3HakK. L1 o3Haka Oyna oO4uclieHa 3 METOIO JOCIIIKEHHS,
YU Ma€ J1arHOCTUYHY LIHHICTb PO3MOALT CTPYKTYPH OJIAIIKH B PIBHOBIIATIECHHUX
ROI, 1 OimbIl KOHKPETHO, YW € CTPYKTypa 30BHIIIHBOI 00JIACTI OJISIIKU
KPUTUYHOIO JJI1 BU3HAYEHHS, YA PO3IPBETHCA OJISAIIKA UM Hi.

2.2.4 BaratomacmTadHi 03HAKHU

2.2.4.1 JIuckperHe BeiiBiaeT-neperBopeHnsi. DWT curnany X[n]
BU3HAYAETHCS SIK HOTO CKATSIPHUIA JOOYTOK i3 cimeiicTBOM QyHKIIH @jx(t) Ta wik(t),
K1 YTBOPIOIOTH OPTOHOpMOBaHuit HaOip BekTopiB [110]. KomGiHamis ux dyHKIii
MO’K€ TOBHICTIO OINWCATH CHUTHAJ, LI0 JO3BOJIAE TPOBOAMTH HOTO aHami3 Ha

0araThOX PIBHIX PO3IILHOI 3IaTHOCTI |:

@ (0) =212 (27t — k) (2.72)
() = 272 (27t — k) (2.73)

Oynkmii @jk(t) Ta wjx(t) € Bepcisimu 6a30BUX GyHKIIH MacmTaOyBaHHS P(t)
Ta BelBieT-QyHKIii w(t), TMCKpETH30BaHUX HA PiBHI | Ta 31 3cyBoM K. OmHak s
peamizaiii DWT mnotpiOni numie koedimieHTH JBOX HAMIBCMYTOBUX (UIBTPIB:
nusbkouactotHoro h(k) Ta Bucokouacrotnoro g(k) = (-1)* h(l - k), sxi
3aJI0BOJIBHSIOTH yMOBaM dopmyd (2.74) Ta (2.75).

Taxum yunom, DWT BuzHauaetbes 3a hopmynamu (2.76) Ta (2.77)
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Bja10(0) = Z K] by e (6) (2.74)
IRNOE Z PILITO (2.75)
Ajrin = zk: Ajje - hyjlke = 2n] (2.76)
Djsin = Zk: Djy - gjlk = 2n] (2.77)

Aj n Ta Dj n HasuBaroTbcAd Koe(dillleHTaMM anpoKCcHMalii Ta aerasizamii
BIATIOBiIHO Ha piBHI | Ta mo3uwii N. Pedynprat Aj n Ta Dj, n 3ropTku miggaroTbes
JUCKpETHU3allii 3 KoedilleHTOM JIBa Ha KOXKHOMY PiBHI aHalli3y, 0 MPU3BOAUTH 10
3MEHIIEHHS YacOBOI PO3AIIBLHOCTI BJBIYl Ta MOJBOEHHS YacCTOTHOI PO3IiILHOI
3JIaTHOCTI.

Jist  300pakeHb, TOOTO JBOBUMIPHUX CHUTHAJIB, BUKOPUCTOBYETHCS
JBOBUMIpHE AUCKpeTHE BelBieT-neperBopeHHs (2-D DWT). BoHo ckiiagaeTses 3
3actocyBanHd DWT no psakiB 300paxenns Ta DWT no cToBmiiB oTpumaHOro
micis  1poro 3o0paxkeHHs. Pesynabrar kKokHOro DWT  cympoBOIKyeEThCS
JIMCKPETU3AIlIEI0 TI0 CTOBIIAX Ta pAAKax BiAmoBigHo. Po3kian 300pakeHHs
MPU3BOJUTH JI0 OTPUMAHHS YOTUPHOX (hparMeHTIiB Ha KOKHOMY PiBHI.

2.2.4.2 Crauionapne BeiiBjeT-neperBopenHnsi. /[soBumipue SWT cxoxe
Ha gBoBuMipHe DWT, ame nauckperusarliss He BHUKOHyeThcs. Haromicts
3MIMCHIOETHCS  MEPEAMCKpPETH3allil  HU3bKOYACTOTHUX 1  BHCOKOYACTOTHHX
¢binpTpiB. T'onoBHoro mepeBaroro SWT wHan DWT € ioro BIacTUBICTb
1HBapiaHTHOCTI 110 3cyBy. OjHak, BIH € HEOPTOTOHAJBHUM 1 BHCOKO

HAJIJTMIIIKOBUM, a OTKe, 00UHCITIoOBaJIbHO 3aTpatHuM [110].
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2.2.5 O3HAKH HA OCHOBI 3rOPTKOBUX HEHPOHHUX Mepex

3ropTKOBI HEHPOHHI MEPEXKi MPOAEMOHCTPYBAIN BUCOKY PE3YJIbTaTHUBHICTD
y IIMPOKOMY CHEKTPl 3aBllaHb KOMIT IOTEPHOTO 30pYy, 30KpeMa B Kiacuikarlli,
CerMeHTallii Ta BUSBJICHHI 00’€KTiB. IXHS 3MaTHICTb aBTOMATHYHO 3aCBOIOBATH
lepapXiyHi YSBJICHHA JaHUX pOOUTH iX OCOOJMBO KOPUCHUMH I aHaji3zy
CKIAAHUX IM(GPOBUX 300paKEHb, JI€ pPY4YHE BHIYYCHHS O3HAK MOXe OyTH
TPYJAOMICTKHM Ta MaO€()EKTUBHUM.

JUis CTBOpEHHS NOJATKOBUX JIECKPUNTOPIB LU(MPOBUX 300paxKeHb 0O0paHO
apXiTeKTypy 3ropTkoBoi HelpoHHOi Mepexi ResNet-50 [45], mo micTuTh 14T
0JI0KIB 3ropTKOBHX I1apiB. KokeH 070K CKIaaeThesl 3 KUIbKOX 3rOPTKOBHUX LIAPIB,
3a sgkuMu po3rtamoBadi mapu aktuBaiii (ReLU) i maketHoi Hopmamizarii.
KitouoBa ocoOnuBicTh ResNet nosisirae y BUKOPUCTAaHHI 3aIMIIKOBUX 3B’ S3KIB, 110
JAI0Th 3MOTY YHUKHYTH TpOOJEMU 3HHMKAIYOro Trpaji€eHTa MijJ 4ac HaBYaHHS
IIIMOOKUX MEPEX 1, BIJIMOBITHO, MiIBUIIUTU €(DEKTUBHICTH MOJIEI.

Jlnst inTerpanii ResNet-50 y mpouec ¢popmyBaHHS 1HOOPMATUBHUX O3HAK
300pak€Hb 3aCTOCOBAaHO Taky MeToAuky. CroudaTtky 300paXeHHS MPOXOIATh
NONepeIHI0 00pOOKyY, 10 BKIKOYAE 3MIHY IXHBOTO PO3MIpY 10 224224 miKceniB.
[ToTiM BOHM MOAAOThCA Ha BX1J NONEepeaHbO HaBuyeHid Ha ImageNet mepexi
ResNet-50. Buxoau mnepenoctaHHbOro Mmapy (ycepeaHiooue arperyBaHH:)
CIYTYyIOTh BEKTOpaMH O3HaK, 5Kl BIJOOpa)KarOThb BHUCOKOPIBHEBI CEMaHTUYHI
MpeIcTaBlIeHHs 300pakeHb, CPOPMOBaHI B MPOIIECi HABYaHHS.

Otpumani Bektopu o3HaKk 3 ResNet-50 00’eqHyl0TH 13 BEKTOPOM
TEKCTYpHUX O3HAK, BU3HAYCHHUX MUIIXOM PYYHOTO KOHCTpyroBaHHs. Lle mo3Bosse
chopMyBaTH PO3IMHMPEHUN HAOIP O3HAK, MO MOEAHYE HU3BKOPIBHEBI TEKCTYpHI
XapaKTEPUCTUKW W  BHUCOKOPIBHEBI CEMaHTH4YHI MPEJCTaBJICHHS, BHBYEHI
3rOPTKOBUMHU HEUpOHHUMHU Mepexkamu. [loniOHe KOMOIHYBaHHSI BpaxoBYye€ pi3HI
acreKkTH 300pakeHb, y pPe3yJbTaTl YOro MiJBULIYETHCS TOUHICTH 1 HAJIIHHICTDH

KkJacudikarii.
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2.3 Cenekitisi HaliOLIb1II iHOPMATUBHUX 03HAK

Bin6ip indopMaTUBHUX O3HAK € KJIIOUOBUM €TalloM y Mpoleci moOyaoBU
MoJieJieil MalIMHHOTO HAaBYaHHS, OCKUIBKHA BIH JI03BOJISIE 3MEHIIUTH PO3MIPHICTH
BXIIHMX JlaHuX, 30epiralouyd Mpu LbOMY JIHMIIEe HAMCYTTEBII O3HAKU IS
MozentoBaHHsA. lle BaxknuMBO He JuIIe A8 3MEHIICHHS OOYHMCIIOBAILHOT
CKJIQJHOCTI, aje 1 JUId TOKpAIIEHHS IHTEPIPETOBAHOCTI MOJAENI Ta 3HUKCHHS
pU3HUKY mepeHaBYaHHs. Bi10ip o3HaK Ciijf BIAPI3HATH BiJl «BUIIJICHHS O3HAK», SKE
nependayae CTBOPEHHS HOBUX, MOX1JHUX 03HAK HA OCHOBI ICHYIOUHX.

VY 3agayax MyJbTUKIAcOBO1 Kiacudikaiii nuiboBa 3MiHHA Y MOXKe
npuiiMaTi 3HadeHHs 3 MHOxHHH KiaciB {Ci, Cp, ..., Cn}. s oTpumaHHS
ONTUMAJIBHOI MIJIMHOXUHHU O3HAK OyJIO IPUIHATO pIIIEHHS KOpPEISUIMHUNA BiaOIp
o3Hak [75], 3acHOBaHMI Ha aHali3l CTATUCTUYHHMX 3aJIEKHOCTEH MIXK KOKHOIO
03HAKOI0 Ta IJIbOBOIO 3MIHHO0. OCKIUJIBKHY 3a3BHYal PO3IOIiI JaHUX € BIAMIHHUM
Bi1 HOpMasibHOTO (I"ayCiBCHKOIO), JJIsi BU3HAYEHHS KOPEJslii BUKOPUCTOBYEThCS
koedimienT CrmipMeHa, KM 3/1aT€H BUSBISATA MOHOTOHHI, aje He OOOB'A3KOBO
JIHIMHI 3aJIEKHOCTI.

OcHoBHMI TiaXiAg mnoJyisrae y OiHapu3aiii IIJIbOBOI 3MIHHOI IIJISXOM
CTBOpEHHsI M OiHapHUX 3MIHHUX Yy, 1€ Yk = 1 sxmo kmac Cy 1 Yx = 0 B iHIIOMY
Bunaaky, st K =1, 2, ..., m. JIns KoxHOT 03HaKU X; pO3paxoBY€EThCS KOSDIIiEHT

kopemsii CripMeHa 3 KOKHOI O1HapHOIO 3MIHHOIO Y

p;x = Spearman(X;,Y;,) (2.78)

[Ticns oOuucienHs koedirieHTiB  kopensmii s Beix map  (Xi, Yy),

BU3HAYAETHCS cepeiHE aOCOMIOTHE 3HAUYCHHS KOPEJAIi /ISl KOKHOT 03HAKH X;:

1 m
5=~ lpul 2.79)
k=1
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Ile cepenHe 3Ha4YeHHsS XapaKTEpU3YE 3arajibHy BaXKJIMBICTb O3HAKU IS
knacudikanii Mixk ycimMa kimacamu. O3HaKd 3 BUIIMM 3HAYEHHSM 32 (HOPMYIIOIO
(2.79) BBaxkaroThCs OLIBII 1HHOPMATHBHUMHU.

BxrodueHHsT O3HAK, fKi JEMOHCTPYIOTH CHIIbHY KOpPELiI0 MiX c000io,
MOKE CIIPUYMHHUTH MPOOJIEMy MYJIbTHKOJIIHEAPHOCTI, 0 HETaTMBHO BIUIMBAE Ha
CTaOUIBHICTh Ta I1HTEPHPETOBAHICTh Mojemi. Jlas 3amoOiraHHs IbOMY CIIJT
OITIHIOBATH KOPEJISAIII0 MI’K CAMUMH O3HAKAMU.

Kopensuiga Mixk o3HakamMu Xj Ta Xj TaK0XkK pO3paxoBY€eTbCS 3 BUKOPUCTAHHSAM

koedimienta CripmeHa:

pij = Spearman(Xi,X]-) (2.80)

SIkuto abcomroTHe 3HaYeHHS 3a (hopMmyJioro (2.80) mepeBuiiye 3a1aHuid OPIr
0 (manpukinaz, 0.7), To o3Haku X Ta Xj BBaXKaKOThCS CWIBHO KOPEIbOBAHUMH, 1 B
TaKOMY pa3i JOIUIBHO 3aJMIINATH JIUIIE OHY 3 HUX — Ty, KA Ma€ BUIIC 3HAYCHHS
3a opmysioro (2.79).

Takum YMHOM, KOpensidHUN BiAOIp o03HaK 3a0e3nedye e(EeKTUBHE
3MEHIIICHHS] PO3MIPHOCTI JaHUX NUISIXOM BUKIIIOYEHHS SK MaJlO3HAYYIIUX, TaK 1
HAJUTMIIIKOBUX O3HAK, IO JO3BOJIAE€ TOKPAIIUTH MPOAYKTHBHICTH MOJENI Ta
YHUKHYTH HETaTUBHHUX €(EKTIB MYJbTUKOJIHEapHOCTI. Lle 0coOnmMBO BaKIUBO y
3a/1ayax 3 BHUCOKOK PO3MIPHICTIO, JI€ 3MCHIICHHS KIUIBKOCTI O3HAK € KPUTHYHO
BOKJIMBUM JIJIs TIIJIBUILICHHS SIKOCTI Kjacuikarlii Ta 3MEHIIIEHHS 00YHUCIIIOBAIbHO1

CKJIAQTHOCTI.
BucnoBku 10 po3ainy 2

B nanomy po3aini Oysio mpencTaBieHO METOAOJIOTIIO Ta JCTaIbHUN OIUC
MOCJIJIOBHOCTI  (DOpMYyBaHHSI CYKYyHHOCTI 1H(GOPMATHBHUX O3HaK LUPPOBUX
300paxeHb. [lokazaHO 3HAUyIIICTh €Tanmy BWIYYEHHS O3HAK SK MOYaTKOBOTO

KpPOKY y TIpoiieci iX oOpoOJIeHHs Ta aHai3y.
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[IpoanainizoBaHO ¥ CHUCTEMATU30BAHO IIMPOKUN CHEKTP CYYaCHUX METO/IIB
BUJIYYCHHS O3HAK: BIJl TIONEPEIHBOTO ONPAIIOBAHHS, CIPSIMOBAHOTO Ha
CTaHJapTHU3AIlII0 300paKeHb, 10 PI3HOMAHITHUX MIAX0/11B (DOPMYBaHHS OMHCOBUX
XapaKTEPUCTHK (30KpeMa TEKCTYPHHX, TICTOrpaMHUX 1 OaraToMacmTaOHUX).
Oco0nuBy yBary MpUAICHO METOIaM, IO JA0Th 3MOTY KUTBKICHO OIIHIOBATH
pI3HI acleKTH 300pakeHb, CTBOPIOIOYM 0a3y [JIs TOJAIBIIOr0 aHal3y Ta
kiacudikarii.

OkpeMo pO3IJIIHYTO METOAM BiIOOpY HaWOUIbII 1HGOPMATHUBHUX O3HAK,
KPUTHYHO BAXJIWBI JUIS 3MEHIICHHS PO3MIPHOCTI JIaHMX 1 IIIJIBUIICHHS
e(eKTUBHOCTI MailOyTHIX MoOJeJied MalIMHHOTO HaByaHHA. B oOrpyHTyBaHHI
BUOOPY KOPEJSIIAHOTO BiAOOPY O3HAK HArojOlIEHO Ha MOro JI€BOCTI SIK 3aC00y
3a0€3IeUeHHS SIKOCTI Ta CTaOUIBHOCTI aHai3y.

TakuM YMHOM, Yy PO3ALN 3aKJIAJE€HO METOAOJOTIYHE MIAIPYHTA s
MOJAJIBIINX €TariB AUCEpTaliiHOro AocipkeHHs. HaBenennit koMIjieke MeTo 1B
dbopmyBaHHs Ta BiIOOpy 1HGOPMATUBHUX O3HAK OyJe BUKOPUCTAHO B aHai3l

1dpoBuX 300pakeHb 1 pO3POOICHHI CUCTEMH IATPUMKH TPUHHSATTS PIIICHb.
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PO3JLI 3
PO3POBJIEHHS METOJNK JJISI KITACUGIKAILT IM®POBUX
30BPAKEHD

Ha puc. 3.1 naBemeHo mpuKkian peanizamii MOCTIAOBHOCTI (HOpMyBaHHS

MHOXHHH 1HGOPMATUBHUX O3HAK Ha OJHOMY 31 300paxkeHb Ol.

lMecrorpamua
obpobka
lopu3oHTansHa BepTukanoHa
Hopmanisauis Exsanizaujs AvbepeHLiaLia AndbepeHuiauis

Y
AnroputMm
KopensjiitHoro
ein6opy

A 4
dopMyBaHHA
KONEeKTURY HaW6inbLL
iHndopmaTMBHMX
03HaK

Pucynok 3.1 — OTrpumaHHs KOJIEKTUBY 1HHOPMATUBHUX O3HAK 300pasKCHHS

Cxema 3 pUCYHKY BHIIIE BiJJoOpakae Taki KJIFOUOB1 €Tanu 00OpoOKH:
1) mogaHHs MEPBUHHOTO HHU(POBOrO 300pa)KECHHS HA BXiJ IIOCIIIIOBHOCTI;
2) mapajielibHa TicTorpaMHa o0poOKa 300pakeHHsT METOIaMH HOpMaJTi3allii,

eKBasTizallii Ta AudepeHiianii (ropu30HTAIBHOI i BEPTUKAIIBHOI);
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3) dhopMyBaHHS HOBHX 300pa)eHb 13 MOAU(DIKOBAHUMHU XapaKTEPUCTHKAMHU
MiCTIsl KOXKHOTO eTarry 00poOKwH;

4) reHepyBaHHS YHCJIOBUX TEKCTYPHHUX XapaKTEPUCTHK 3a JIOIOMOTOO
«KOHCTPYKTOPA O3HAK» JIJIsl KOKHOTO 3 OTPUMAHUX PE3yJIbTaTIB,

5) 3BemeHHS OTPUMAaHUX YHWCIOBUX XapaKTePHCTUK Y €IMHUN HaOip i
MIPOBEJICHHSI KOPEJISIIIIHHOTO BiAOOPY O3HAK;

6) 3aBepmieHHs mporecy 3 (QOpMYyBaHHSIM HAOOPY HAMOLIBII 3HAYYITUX
O3HAK JJIs TOJIAJIBIIIOT0 BUKOPUCTAHHS.

BiniOpani iHpopMaTHBHI O3HAaKM HaJajdl BHUKOPUCTOBYIOTBCS MiJ Yac
PO3pOOIEHHS aHAITHYHUX MOJENIeH TPOTHO3YBAaHHS 3 METOIO OI[IHIOBAHHS CTaHy
o0’exra. J{ms mporo OyIio peanizoBaHO TEXHOJIOTIIO 1EpapXivyHoi Kiacudikali, mo
nepeadadae BUKOpHCTaHHSA Moju@ikarmii Meroay BumagkoBoro Jjicy [18] sk
onHoro 3 miaxomaiB. Jlani wmertoguku kiacudikamii UU@POBUX 300paxeHb

JeTaJIbHIIIE OIIMCaHl HUKYE.

3.1 Po3pobiennst MmoaugikoBaHOI Bepcii MeToy BUIIAJKOBOIO JIiCY

AHcamOneBe HaBUaHHA 0a3y€eThbCs Ha KOHILIEMIIT BUKOPUCTAHHS CYKYITHOCTI
MOJIeIeH, K1 Ha3UBAIOTh «CIA0OKUMH YUHSIMWY, JUISI BUPIIIICHHS MIEBHOI MPOOIEMHU.
OcHOBHa TINOTE3a MOJIATa€ B TOMY, IO ONTHUMAaJbHE MOEAHAHHS TPOTHO31B
aHCaMOJII0 MOJIEJIeH J03BOJISIE JAOCATTH OLIBIN TOYHMX Ta HAIIMHUX PE3yJIbTATIB.
Meta-anroput™M aHcamMOJEBOr0 HaBUaHHS BKJIIOYa€E TPU OCHOBHI METOJHU
00’€THaHHSI CJIA0KUX YUYHIB: OET1HT, OyCTHUHT Ta CTEKIHT.

BunaakoBuii nic € TUIMOBMM TPHUKIAJAOM peamizamii Oeridry, ae uis
pO3B'sI3aHHA 3a/1aul 3aCTOCOBYIOTbCS OIHOPIAHI CiHaOKl Y4HI, SIKI HaBYAKOThCA
napajienbHO Ta HEe3aJIeKHO OJUH BiJ OJHOTO. IX pe3ysbTaTH arperyioThcs uepes
nporenypy ycepennenus. lLleii migxim OyB pospobOsenuit B poboti [109] i
3QJIMIIAETHCS OJHUM 3 MPOBIJTHUX METOMAIB Y CYYaCHHUX KJIACHU(PIKALINHUX 3a7a4ax.
[IpoTe, kiIacuyHMil BUTMIAIKOBUI JIIC Ma€ MEBHI OOMEXEHHS, 10 CTalu 00'€KTOM

JOCITIKEHHS Ta ONTUMI3allli y ToAaIbIINX poOOTaX.
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VY monepenHixX IOCHIKEHHSAX JUCEpTaHTa Oyio 3amporOHOBAaHO HOBHIMA
HIiIXIT IO YIOCKOHAJICHHS KJIacy aJlfOPUTMIB BHITAIKOBOTO Jicy [5, 77]. B ocHOBY
OyJ0 TOKJIAJIEHO BUKOPUCTAHHSA MPUHIIMIIB METOAY TpPYNOBOIO YypaxXyBaHHS
aprymentiB (MI'YA) [17] mim ywac HaBYaHHS JEpPEeB pillleHb, IO JO3BOJISIIO
OTpUMATH JiepeBa ONTHUMAJBHOI CKJIAJHOCTi. 3ampONOHOBAaHUMN aldroputM OYB
YCHIIIHO 3aCTOCOBAHMM [l PO3MI3HABaHHS MAaTOJOrii Ha 300pakeHHsXx Y30
MEYiHKA, J€ TpaBWIBHICTH Kiacudikarii mocsrama Bim 96% mo 99%. Ilpore,
MOTepeIHIA BapiaHT aJICOPUTMY MaB Psii HEJOJIKIB, SIKI B JAHOMY JOCIIJIKEHHI
OyJu yCyHEHI.

OpHi€l0 3 KIIOUOBUX XapaKTEPUCTHK AaITOPUTMY BHUIMAAKOBOTO JICY €
3acTOCyBaHHs MeTOoAy OyTcrpern-arperaiii (Oerinry), mo nepeadaydae napaieibHe
HaBYaHHS PI3HUX JIEPEB, HE3AJCKHUX OJIHE BiJl OJHOTO, 3 TOJAJIBIIOI0 arperarier
JUIsl OTPUMAaHHS y3arajlbHeHoOro pesynbrary. KoHuemnuis OeriHry copsiMoBaHa Ha
3MEHIIICHHS BIUIMBY MIHJIMBOCTI BHACIIJIOK BapiaTUBHOCTI BXIAHUX JIaHUX, IO
JO3BOJISIE 3MEHIIWTH 3arajibHy MNOXUMOKY Kiacudikauii. 3aBasku OyTcTper-
arperarfii MoJieJib Ma€ MOXJIMBICTb MEPETBOPUTH CBOI BIACTHUBOCTI 3 JIOKAJIHHOI
anpokcuMmalnii Ha TJIOOAJbHE  y3araJlbHEHHs,, MIJBUIIYIOYM  CTIMKICTh 1
PaBUIBHICTh TPOTHO3IB.

KinbkicTe nepeB y BHUNAAKOBOMY JIICI € BaXKJIUBUM IapaMeTpPOM, IO
BU3HAYAETHCS MIHIMI3AIIEI0 MOXMOKM HAa KOHTPOJBHINA BUOIpII. Y KIaCHUYHIN
peasizallii BUMAIKOBOTO JIICY MeH miaxia 3a0e3neuye eeKTUBHUIM MEXaHI3M JJis
3aro0iraHHsl MEpEeHaBYaHHIO, 3aBISKH YOMY MOJENb 3aJHINAEThCS CTIMKOI 10
MepeHaByYaHHs MiJg dYac poOOTH 3 BEIUMKUMHU JaHUMH. [[Is MiABUIIEHHS
eheKTHUBHOCTI 3a7a4 KJIacu(ikailii MpONMOHY€EThCA Pl TOJATKOBUX MEXaHI3MiB, 1110
BKJIIOYAIOTh ONTHUMI3allll0 [MapaMeTpPiB MOJENTI, CTPYKTYpH JI€peB, a TaKOXK
MOKpAIIeHHs] METOMIB arperamii pe3yjbTaTiB, 30KpemMa aJanTHUBHUN BHOIp
KpUTEPIiB PO3OUTTS Ta PEryJspU3allii0 CKIAIHOCTI IEpeB y aHCaMOTi.

3.1.1 YaockoHa/ieHHs iepeBa NPUITHATTSA pillleHb

AdroputMu moOyJOBH BUIIAJKOBUX JICIB 3a3BUYail BUKOPHCTOBYIOTh MipH

HEOIHOPIHOCTI, Taki sk iHgekc J[xuni [38] abo enrpomist [34], 11 BU3HAYECHHS
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ONTUMAJBLHUX TOPOTIB TOAUTY B KOXHOMY BY31Il JepeBa. Y I poOoTi
IIPOIIOHYETHCSI BUKOPUCTaHHS KoedirienTa kopemsiii Merbto3a (KKM) [29] sk
KPUTEPIIO JIl BU3HAYCHHS MOPOTiB pO3OUTTS Jiana3oHiB 3HaueHb o3Hak. KKM e
y3arajJbHEHOI0 MIpOIO SIKOCTI Kiacudikairii, sika BpaXxoBYy€ BCi acIeKTH 3ajadi Ta
3a0e3nedye 30ajaHCOBaHy OIlIHKY, OCOOJMBO Yy BHIIaJKaxX 31 3HAYHUM
naucOamaHcoM Mix Kimacamu [29].

[ToOymoBa cTpyKTypH JepeBa pillieHb, BKIIOYAIOYH BUOIp 3MIHHUX y By3jax
Ta BU3HAYEHHS 1X TIOPOTIB, 3/IIMCHIOETHCS Yepe3 ITePaTUBHUM MOIIYK THX 3MIHHUX

1 IOPOTiB, SIKI MAKCUMI3YIOTh 3HaueHHs (yHKIii BapTocTi W:

~ TP X TN — FP X FN
J(TP + FP)(TP + FN)(TN + FP)(TN + FN)

(3.1)

ne TP (True Positives) — kiIbKiCTh PaBUIBHUX MPOTHO31B IS TO3UTHBHOTO
kiacy; TN (True Negatives) — KiTbKiCTh IPAaBHJIBHUX MTPOTHO3IB JUIsl HErAaTHBHOTO
knacy; FP (False Positives) — kinbKicTh XUOHHX MO3UTUBHUX MPOTHO3IB (TIOMUIIKA
nepiioro poxay); FN (False Negatives) — kijbKicTh XUOHMX HETaTUBHUX MPOTHO3IB
(momuiika gpyroro poay) [10].

UucenpHUK dbopmynu (3.1) BioOpaxae KOBapiallio M1XK
CIIOCTEPEKYBAaHUMU Ta Mepe0aueHUMU 3HAYCHHSIMH, TOM1 SIK 3HAMEHHUK HOPMYE
W no nmiamazony [-1, +1], 3a0e3neuyroun ajgekBaTHy 30aaHCOBAHICTh HABIThH Y
BUIA/IKAX 13 CHUIBHOI aCHUMETPI€IO KIIaCiB.

[Tporiec cuHTEe3y jAepeBa pilieHb 0azyeTbess Ha nmpuHimnax MI'YA [17], i3
BUKOPUCTAaHHSAM JBOX BUOIpOK: A (HaB4asibHa BUOipKka) Ta B (mepeBipHa BuOipka).
Takuii 1HAYKTUBHUHN T1IX11 TI03BOJISIE CTBOPIOBATH MOJIENI 3POCTAI0YO0I CKIATHOCTI
Ta O0UpaTH Ty MOJIENIb, SIKa I0CATAaE HAMBUIIOT TOYHOCTI Ha TIepeBipHiit BUOipii B,
TUM CaMHM 3a0€3Meuy04YH ONTUMAJIbHY CKJIaHICTb.

VY KOXXHOMY BY3J]i JepeBa ONTUMAJIbLHUM MOPIT i I KOXKHOI HEe3aleKHOL
3MIHHOI Xj BU3HAYAEThCS HA OCHOBI HABUaJbHOI BUOIPKU A NIISAXOM MaKcUMIi3allli

¢ynxuii Baprocti W 3a popmynoro (3.2):
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t; = argmax W (X;, t;; A) (3.2)

[Ticns mporo BuOip 3MiHHOI Xj ISl PO3OHTTS 3MIWCHIOETHCS HA OCHOBI i

e(heKTUBHOCTI Ha TIepeBipHIK BUOipI B:
X" = argrr}(axW(Xi, t;;B) (3.3)

Takum ymHOM, BukopucTanHs ¢ynkmii Baprocti W (3.1) y moenHanHi 3
IHAYKTUBHUM TmiaxoaoM MI'YA no3Bosise OTpUMatd MOJENl ONTHUMaIbHOT
CKJIQHOCTI, SIKI JEMOHCTPYIOTh BHUCOKY 3JATHICTh 1O y3araJbHEHHS Ta BUCOKY

TOYHICTb (UB. puc. 3.2).

X, <0.705
Wy =0.610
Wy =0.476

True False

Xp< 1444
Wy = 0.633
Wg=0.859

X; < 4220
W, = 0.618
Wz=0.500

True False

X, <504 X; <3951 X <0
W, = 0.593 W, = 0.654 W, =1.000
Wg= 0.556 Wp=0.722 W =1.000

False True False

X3<0 Xy <3.887 Xs < 0.865
Wy =1.000 W4 =1.000 Wy =1.000
W= 1000 Wg=1.000 Wg=1.000

Pucynok 3.2 — I[Ipukiaa nepeBa onTUMaIbHOI CKJIATHOCTI.

Ha pumc. 3.1 moka3zaHo mpHKIag JepeBa ONTHUMAJIBHOI CKJIAJHOCTI,
noOyI0BaHOTO IS 3ajJadi  pO3MI3HABAaHHS MMATOJIOTIM Ha  YJIbTPa3ByKOBHUX
300pakeHHsX neuinku [77]. TlpaBuibHICTh KiIacudikallii Ha KOHTPOJIbHIA BUOIpPIIi
cknana Big 94% mo 97%, mo miarBepkye e(OEeKTHUBHICTH 3alpOrOHOBAHOTO
METOJY.

3.1.2 OnTumi3zanisi HaOOpPy 03HAK /iepeBa reHeTHYHUM AJITOPUTMOM

[lobynoBa Jicy JepeB ONTHUMAIbHOI CKIAQAHOCTI IPYHTYEThCS Ha
3aCTOCYBaHHI mpuHIUny Oerinry (puc. 3.3), BIepiime 3ampornoHoBaHoro Jleo

Bbpeitmanowm [23, 25].
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Pucynok 3.3 — JleMoHCTpaIllis IpUHLIUITY OCTiHTY

OcHoBHa MeTa O€TIHTrY MOJSTae y MIJIBUIIEHHI TOYHOCTI MPOTHO3YBaHHS
IIUISIXOM arperyBaHHs PE3ybTaTiB, OTPUMAHUX 3 PI3HUX BUMAJIKOBO 3r¢HEPOBAHUX
miABHOIPOK HABYAIBHUX JaHUX. Sk Oynmo moBeneHo bpeiimanom [24], mei migxin
CYTT€EBO MOKPAILY€E PE3YNbTaTH JUIsl HECTAOUIbHUX alITOPUTMIB, TaKUX SIK J€peBa
pillieHb Ta HEWPOHHI Mepexi. BeriHr BHUKOPUCTOBYE KOHIEMIIO «MYIPOCTI
HATOBIY», TOOTO KIHIEBHM TIPOTrHO3 (OPMYETHCSI HA OCHOBI KOJEKTHBHOTO
pillIeHHs MHOKMHU MojeNied, a He okpemoi mozeni. lle nae 3Mory 3MeHIIUTH
BIUIMB BUITQJKOBUX ITOMUJIOK, 32 yYMOBH, IO Il ITOMHJIKH HEKOpPEIhOBaHI MIXK

pizHUMHU MojiesiMu. DopMyIia arperoBaHoOro MPoOrHo3y HacTyIHa:

1 N
9= i) (34)

ae Ti (X) — nmporuo3 i-ro nepeBa ais 00'ekta X, N — 3araibpHa KiJIbKICTh JepeB
y JIiCl.

Jlist nocsarHeHHs e(pEeKTUBHOCTI TAKOTO MiIX0Ty HE0OX1JHA PI3HOMAHITHICTh
1 cremiamizaiiss MOJejiel, 0 Y BUMAIKY JIEPEB PIIICHb JOCATAETHCSA MIISIXOM

HaBYaHHS HA PI3HUX MmiABHOIpKax naHuX. OCKUIBKH JiepeBa pillieHb € YyTIUBUMU
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0 Bapiaiiid y BXiAHUX JIaHMX, HaBITh HE3HAYHI 3MIHM Y CKJaJl HaBYAIbHOI
BUOIPKHA MOXYTh IMPU3BOJIUTHU 70 TIOOYIOBYU PI3HUX CTPYKTYP JIEPEB.

IIpu popmyBaHH1 Jicy JAepeB ONTUMAIBHOI CKJIATHOCTI OeriHr reHepye N
HaBYAJIbHUX MiaBuOipok Dj, me 1 = 1, 2, ..., N, OuIIXoM BHITaJKOBOTO BHOOpPY 3
nmouatkoBoi BuOipku D; 3 moBepHenHsM. Koxna HaBuanmbHa miaBuOipka D
BignoBimHO 1m0 mnpuHimmieB MI'YA [17] mnoxinserbes Ha miaBuOipku A
(rpenyBanmbHa BHOipka) Ta B (mepeBipHa BHOiIpKa), IO MPOJEMOHCTPOBAHO Ha

puc. 3.4.

MNigenbipka A,

e
<

MNipenbipka By

T

Migenbipka A>

Hepeso
° - onTUManbHol
BUGipKa < cKKnagHocrti T

HaevanbHa

R 4

NipeuGipka B,

A J

)

Mipsnbipka A,

N e

Mipsu6ipka B,

— AN /

Pucynok 3.4 — Y3arasibHeHuUH Jic AepeB ONTUMAIIbHOI CKJIaJHOCTI

Sk 1 y BUNAAKy KJIACHUYHOTO BMIIQJKOBOTO JICY, 3alpONOHOBAaHUMN MiAXiA
COpsAMOBaHMN Ha (opMyBaHHS aHCcamOJIIO0 JEpeB pillleHb, KOXHE 3 SKHUX

HaBYaeThcad Ha miaBHOipkax Aj Ta Bj, 110 4acTKOBO MepeTHHAIOTHCS MK COOOIO



78

pu N — oo. BukopucroByroun npusiunu MI'YA pa3om 13 6eriHrom, GopMyeThes
BUITAJIKOBUM JTic nepeB omtuManbHOi ckiaagHocti (BJIAOC), mo 3abesmeuye
ebexkTuBHy Kiacugikamio. OcoOMMBICTIO LBOr0 MIAXOAY € 3aCTOCYBaHHS
BUTIAJIKOBOTO TiIIIPOCTOPY O3HAK st KoskHOTO jaepesa [109]. [l koxHOro By3na
nepeBa BHITaJTKOBO BHOWPAETHCS 1 IMHOKHHA O3HaK
F < {Xi, X2, ..., Xu,}, aI¢ M — 3aranpHa KiJbKICTh O3HAK, a PO3MIp ITiAMHOKHHH
|[F| = m << M. Lle mo3BoJsie 3MEHIIUTH KOPEISIiI0 MK OKPEMHMH JIEpEBaMU B
mici. Ilpore, mpoOiema ONTHUMAIBHOCTI MOOYJOBAaHUX JIEPEB 3AJIMIIAETHCA
aKTyaJbHOI0, OCKUIBKH pe3yJbTaTH MOXXYTh BaplloBaTUCS MPU TOBTOPHOMY
3alycKy ainroput™My. [l BuUpilIeHHS 1€l TpoOJEeMU BHKOPUCTOBYETHCS
reHeTHuHuit anroput™ [4, 5, 53, 80]. Ontumisaiiis peanizyeTbes Yepe3 TaKi KpOKu:

1) renepaiist mo4aTkoBoi momysismii 3 N xpoMocoM, j1e koxHa xpoMocoma C;

npeJCTaBise MiAMHOKHUHY o3HaK Fi (3.5) mis migBuGipok A; ta Bi;

Ci - (Fi), l == 1,2, ,N (35)

2) ns koxHOT Xpomocomu Ci OyayeThes TepeBO ONTHUMAIBHOI CKIATHOCTI
Ti, TpeHoBaHe Ha miABHOIpIl Aj 3 BAKOPUCTAHHSIM O3HaK 3 Fi.

3) olLliHKa MPUCTOCOBAHOCTI KOKHOTO JiepeBa T Ha BamifariitHii BuGipmi Vi
3a JIOMOMOro  IiIboBOiI  (pyHKIii reHetuunoro amroputmy W (3.1);
npucTocoBaHicTh Xxpomocomu Cj BusHauaeTbes sk Wi =W (Ti, V)

4) BimOip HaWKpamxX XpOMOCOM Ha OCHOBI 3HAYEHb MPHCTOCOBAHOCTI, IO

3MIIHCHIOETHCS METOJIOM TIPOTIOPIIIITHOTO BIAOOPY (pyJIeTKa):

P(C) = =2
i) T SN .
W

(3.6)

5) 3acTocyBaHHs omepaTropa KpOCOBEpY IS Map XPOMOCOM Ui OOMiHY
iH(opMaIlier0 Ta CTBOPEHHS HOBUX IJIMHOXHWH O3HAK, BUKOPHCTOBYETHCS

OJTHOTOYKOBHH Kpocosep Mix xpomocoMamu C; ta Cj:
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¢/ = (Fi[1:k] U F;[k + 1:m]), (3.7)

¢/ = (F;[1:k] U Fi[k + 1:m]), (3.8)

ne K — Touka kpocoBepy, M — TOBKHUHA XPOMOCOMH.

6) 3acrocyBaHHsS oOmepaTopa MyTamii JUII OKPEMHX XPOMOCOM JUIs
BUMAJKOBOI 3MIHM O3HaK y miAMHOXHUHI Fi. IMoOBipHicTh MyTamii pPm 3a3BUYAl
obupaerbcs Manoro (Pm = 0.01). MyTariis nojdrae y BUIAIKOBINA 3MiHI 3HAYCHHS

I'CHa.

F =F &35, (3.9)

Jie 0 — BUMAAKOBA 3MiHA.

7) dopMyBaHHS HOBOTO TIOKOJNIHHS XPOMOCOM i3 HaIIaJKiB Ta Kpaliux
OCOOUH MOMNEPETHHOr0 MOKOJIIHHS (€TITHA CEIeKIIis);

8) S4KIIO MOCATHYTO MaKCUMyMy IIUIbOBOI (yHKII abo TMepeBHUINEeHO
3aaHui JTiMIT enox G, anropuT™M 3yNUHSIETHCS; 1HAKIIIE TOBEPTAEMOCS JI0 KPOKY 2.

[ineoBa Qynkiis renernyHoro anroputmy W BusHadaerbes sik KKM.
PesynpraTom mporo npomecy € ancam6ib moaenei BJIJIOC, mo ckimamaerbest 3 N
JIepeB 13 ONTUMAJILHUMHU MiBUOIpKAMU HE3aJICKHUX 3MIHHUX.

3.1.3 BukopucTaHHs MeTOAY aHAJI3y iepapxiii Ajsl r0J10CyBaHHS

OnTuMizaliss KOJEKTUBHOTO NPUUHATTS pIIIEHb Yy 3aJa4axX MAaIIWHHOIO
HAaBYaHHS MOXe OYTH JIOCATHYTa IUISIXOM 3aCTOCYBaHHSI 3BOXKCHUX MIAXOIB J10
MPOLIETypHU TOJIOCYBaHHS. 30KpeMa, OAWH 13 €(PEKTUBHUX CIOCOOIB MOKPAIICHHS
arperaiii pe3yJbTaTiB PI3HUX MOJEJNEH TNOJIArae y BUKOPUCTaHHI 3Ba)KEHOTO
roJIoCcyBaHHs, 0a30BaHOTr0 HAa METO/Ii aHami3y iepapxii Caari [4, 5, 80, 86].

3anponoHoBaHUM MiaXiA mnependavae HaJaHHS KOXXHOMY JIEpeBY B MOJENI
BJIJIOC BaroBoro koedirieHTa Wi, SIKWi BH3HA4Ya€ MPIOPUTET Kpaliux Mojesen

M 4Yac ToJIOCyBaHHsA. BaroBi Koe(illiEHTH BU3HAUYAIOTHCS YEPE3 MEXaHI3M
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IIOMAPHOTO MOPIBHAHHSA KpuTepiiB (Tada. 3.1), 1m0 peami3zyeThcs 3a JTOIOMOIOIO

METOJIy aHaIi3y iepapXii.

Tab6amnusa 3.1 — 3aransHa Gopma MonapHOro NOPIBHAHHS KPUTEPIiB

Y1 Y2 Yn
U1 U3 Un
Y1 V_1 U_1 e 17_1
U1 VU2 Un
Y2 77_2 U_z ... 17_2
U1 U2 Un

e Vi € pauroM Mozeii (Vi BIANOBIa€ HAWKpaIilii MojieNi, Vy — HalT1pIiii).
[Ticns BU3HAYEHHS Vi JUISI KOKHOI MOJENI, MAaTpUls IMOMNAapHUX MOPIBHAHb
3alOBHIOETHCS, 1 JUI KOXKHOTO psAKa | OOYMCIIOETBCS CEPEIHE TEOMETPUYHE

3HayeHHs Gi:

1
n n

Gi = 1_[ al-j , (310)

j=1

7ie 8jj — eIEMEeHT MaTpHIli MOMAapHUX MOPiBHIHB 3 Tab. 3.1.

[ToTiMm 3HaYEHHSI CEPE/IHIX TEOMETPUUHUX HOPMYIOTHCA 3a (DOPMYII0I0:

Gi

Wi =S
k=1 Gk

i=12,..,n (3.11)
7€ Wi — BaroBuii Koedirient as i-ro aepesa, 0 <w;< 1.
AxicTe Mojzeni BuU3HAyaeThbesl 3a 3HadeHHAMH (yskuii W (muB. 3.1) Ha
BaJIiIalliiHINA BUOIpIIi.

IIpuknan:



81

[Tpunyctumo, o nodyaosano moaens BJIJIOC i3 n = 11 nepeB, a 3HaUeHHS
¢bynkii W Ha Banimaninii Bubipii HactymHi: {0.821, 0.766, 0.749, 0.747, 0.766,
0.745, 0.575, 0.808, 0.749, 0.821, 0.823. PamxkoBanwuii psa Burisagae tak: vV = {2, 4,
56,4,7,8,35,2, 1}

[Ticas moOynoBU MaTpulli MOMApHUX MOPIBHSAHB Ta OOYHMCIIEHHS CEpeIHIX
reOMEeTPUUHUX 3HaYeHb Gi s KOoKkHOTO psaka 3a (opmyioro (4.10) BUKOHYeMO
iXHIO HOpMaTi3allito 3a opmysioro (4.11).

Otpumani BaroBi koedimientu: {w; = 0.14, w, = 0.093, w; = 0.07,
ws = 0.047, ws = 0.093, ws = 0.047, w7 = 0.023, wg = 0.116, wy = 0.07, wip = 0.14,
w1 =0.163}.

OtpumaHi Koe(DilliEHTH BUKOPUCTOBYIOTHCS SIK Baru JUisl JIEPEB MOJENi
BJIJOC mix yac ronocyBaHHs.

OcraTouHa kiacuikauis 3A1IMCHIOETbCA 3a TONOMOTro0 (yHKIII aJUTUBHOI
3ropTKH Fauc:

n
Fe= ) wi-v (3.12)
i=1

ae Yi pe3ynbrat kinacudikamii (—1 abo +1), orpumanuii i-uM JepeBOM MO
BJIIOC.

3naueHHs (QyHKIIT Fac Bapiroerbes B inTepBaii [-1, +1]. Ocrarounwuii
pe3ysbTaT Kiacu@ikaiii BU3HAYAEThCA 3a MpaBuioM: «Skmo Fge < 0, To 00°€kT
HAJICKUTH JI0 TIEPIIOTO KJIACy; 1HAKIIE — JI0 IPYTOTO KIaCy».

Takum YUHOM, 3aCTOCYBaHHSI 3BaKEHOTO TOJIOCYBaHHS 13 BUKOPHUCTAHHSIM
MeTony aHamizy iepapxii Caari J03BOJISE€ MIIABUIIUTH TOYHICTH KOJEKTUBHOTO
pIIIICHHS, OCKUIbKU HaJa€ OUIBIY Bary MOJEJSM, IO MPOJAEMOHCTPYBAIU BUIILY
AKICTh Ha BaJiaIiiHii BUOIPIII.

3.1.4 TlopiBHSAHHSI 3 AaHAJIOTIYHMMH METOIAMHU AHCAMO0JIEBOT0 HABYAHHSA

Haii6inpm  BimoMUMH ¥ IIMPOKO  3aCTOCOBYBAaHMMH  METOJaMU

aHcaMOJIEBOrO HaBYaHHS €:
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1) BumagkoBuii mic [25, 79, 109] — me Meron, 1110 BUKOPUCTOBYE MHOMKHHY
JIepeB pillleHb 13 MOJAJBIIUM TOJIOCYBaHHSAM OUIbIIOCTI (Kiacudikaris) abo
ycepeqHeHHsIM (perpecisi). ['oJoOBHUMH HOTO OCOOJHMBOCTSMH € 3aCTOCYBaHHS
OyTCTpemn-3pa3kiB 1 BHUIIAIKOBOTO BHOOpPY MIAMHOKHHU O3HAK, IO 3HUXKYE
KOPEJISIIIiI0 MK JepEeBaMU i MABUIIYE y3arajJbHIOIOUY 3AaTHICTh MOJICTII.

2) XGBoost [28] — 1ie onTHMi30BaHHI alrOpUTM IPaai€HTHOrO OYCTHHIY,
KU 0a3y€eThCS HA TTOCTAITHOMY JIOJIaBaHHI JepeB I MiHIMI3allii IeBHOT QPYHKITIT

BTpat. LlinboBa Qynkiii anropurmy XGB0oOoSt mae Burs:

N
L= () thk) (3.13)
i=1
ne: | — ¢yHkis BTpar (Hanpukiaa, KBaapaTudHa), hy(X) — mepeBo, momane

Ha K-my kpomi, a Q(hy) — dyHkiis perynspusaiii, M0 KOHTPOIIOE CKIATHICTH
nepeB. KokHe HacTymHe JepeBO JOMAE€ThCS 3aBISKU TPAIEHTHIN MiHIMIZaIli
BTpAT, 1110 /1a€ 3MOTY IBHUJKO i €(DEKTUBHO 3HAXOIUTH ONTUMAIbHI PO3OUTTS.

3) LightGBM [54] — mie oxuH MeTox rpali€eHTHOrO0 OYCTHHTY 3 HH3KOIO
ontuMizami. Moneiab ¢opmyeTrbes sk cyma gaepeB hy(X). Cepena OCHOBHHX
ocoommBocteit LightGBM — BukopucTanHs rictorpaMHOi alipoKcUMaIltii O3HaK Jjist
JUCKpEeTU3allil 3HaueHb, METOJY OJHOCTOPOHHBOI BHMOIPKM Ha OCHOBI T'pPaJi€HTY
JUTSl 3MEHIIIEHHS OoO0cCsATy BHOIpKM Ta arperaiii mMajo KopenaboBaHUX o3HakK. Lli
pIIlICHHST TIABUIIYIOTh €(PEKTUBHICTH, TOOYJAOBH TIHMOOKHX JEPEB Ha BEIMKHX
Ha0bopax JaHUX.

Meton BJIJIOC BusiBnsie HHU3KYy TmiepeBar y TOpPIBHSAHHI 3 1HIIUMH
aHcaMOJIeBUMH TIiJIX0JIaMH, MPOTE BOJAHOYAC Mae€ MeBHI oOMexeHHs. KirouoBoro
ocobnuBicTio BJIIOC € Bukopuctands npuniumnis MI'VA nns noOynoBu nepes
ONTUMAJbHOI CKJIQJHOCTI, IO Ja€ 3MOTy MIHIMI3yBaTl TIE€pEeHaBYaHHS Ta
MIJBUIIUTH y3araJIbHIOYY 3JaTHICTh Mojeli. Ile iCTOTHO BUPI3HSIE METOI BiJ
KJIACHYHOTO BWIIAJIKOBOTO JICYy, J€ CKJIAAHICTh JEpPEeB HEPITKO BU3HAYAETHCS

CBPUCTHUYHO.
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Baxmueum enementom BJIZIOC € 3acrocyBanns KKM sk kpurepito
po30uTTS By3miB. Takuwii Kpurepiid 3abesmeuye 30aqaHCOBAHY OIIHKY SKOCTI
kiacudikali HaBiTh y CUTYyallisX 31 3HAUHUM JIUCcOalaHCOM KJIAciB, IO ITiJIBUIIYE
e¢eKTHBHICTh METOAY B 3aBAaHHSAX MEIWYHOI JIarHOCTUKA YW BUSBIICHHS
nraxpaiictea nmopiBHsHO 3 XGBoost 1 LightGBM, siki 3a3BUuail BUKOPHUCTOBYIOTh
iHaexe Lxuni abo entpomito. Kpim toro, y BJIJIOC pe3ynbraTtu arperyrorbes 3a
JIOTIOMOTOI0 3Ba)KEHOT'O TOJIOCYBAaHHS 3 BUKOPUCTAHHAM METOMAY aHaJi3y lepapXii
Caari, 110 J1a€ 3MOT'Y HaJaBaTH BHWIIl Bard J€peBaM 13 Kpailoio SKICTIO MPOTHO3Y
Ta TIJBUIYBAaTH 3arajbHy TOYHICTh Kiacu(iKalii TOPIBHIHO 3 MPOCTUM
yCepEIHEHHSIM.

Ontumizaniss Habopy o3Hak y BJIJIOC 3miiicHIOETBCS 3a JOMOMOTOIO
TeHEeTUYHOTO aJTrOpUTMYy, KM HaJa€ 3MOTY aJanTHBHO BIIOMpATH O3HAKH 3
ypaxyBaHHAM MiHIMI3alli Kopessuii MK AepeBamu. Llel miaxig BiAPI3HIAETHCS BiJl
TPaJMIIIITHOTO BUIAJIKOBOTO JIICYy, J€ MIAMHOXKHUHHU O3HAaK (PopMyroThCs
BUMAJKOBO, Ta Bija rpaaientHoro 0yctunry (XGBoost, LightGBM), mo migbupae
O3HAKM Yepe3 MiHiMi3alilo BTpaT. BoaHoYac BUKOPUCTaHHS TEHETHUYHUX
ornepaTtopiB (KpocoBep, MyTallis) ¥ 1TepaTUBHA OIlIHKA SIKOCTI JEPEB 1CTOTHO
30UTBIIYIOTh OOYUCITIOBANIbHI BUTPATH, YHACIIIOK Yoro macmradoBanicts BJIJJOC
oOMe)KeHa y 3aBJIaHHSAX 13 BEJIMKOIO KIJIBKICTIO JTAHMX.

Cepen neponmikiBe BJIJIOC BapTo Big3HauuTH MNOTpeOy B pPETEIBHOMY
HaJalITyBaHHI TineprnapamMeTpiB (AMOBIPHICT, MyTalliid, KUIBKICTh IOKOJIHb
TOIO), II0 MOE YCKJIQJHIOBAaTH BUKOPHUCTAHHS METOAY TMOPIBHSIHO 31
CTaHJApTU30BaHUMH pileHHsAMH, $K-0T XGBoost. Kpim Toro, edexTuBHICTH
3B@XCHOTO TOJOCYBAaHHS 3HAYHOK MIPOKO  3aJIeKUTh B SIKOCTI Ta
pEenpe3eHTaTUBHOCTI BalliJaliiHOT BUOIPKM, 1 3a HEIOCTaTHIX JIaHUX MOXYThb
BUHUKATH MOXUOKHU.

Takum ynnoMm, BJIIOC € mepcnekTUBHUM 1HCTPYMEHTOM Yy 3ajadax, SKi
noTpeOyIOTh BHCOKOI TOYHOCTI W CYHpPOBOKYIOTHCS TUCOATaHCOM KJIaciB
(HampuKIIan, y MEIWYHINA AIarHOCTHUII YW BUSBIICHHI piAKicHUX Tomii). [lepeBaru

METOAY POOJSATH HOr0 KOHKYPEHTOCIPOMOKHHUM Yy HillIaX, € KPUTUYHOIO € came
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TOYHICTh. HaTomicTh i1 BelMKOMacIITaOHUX abo0 TMOTOKOBUX 3aBllaHb
norinpHIIIe 3actocoByBatd XGBoost ta LightGBM, mo mpomonyioTs Kparry
MacIITabOBaHICTh Ta HIDKYI OOYMCITIOBaIbHI BHUTpaTH. [lomanmeii JOCTiHKEHHS
MOXXYTh OYTH 30CEpeKeHI Ha TMIABUIICHHI OOYHMCIIIOBAIBHOI €()EKTUBHOCTI
BJIIOC Ta aBTOMaTH3a11ii BUOOPY HOTO MapaMeTpiB.

Kpim TOro, excrnepuMeHTaJbHI pe3yibTaTH, HaBEJACHI B TOMEPEIHIX
nociipkenusx [3, 7, 8, 18, 93, 116], cBiguaTh Npo BUCOKY €PEKTUBHICTH METOY
BJIJOC y po3B’s3aHHi 3a1a4 kiacudikaiiii, OCKIJIbKH CIHOCTEPITAEThCS 1CTOTHE
MOKpAIICHHS] TOYHOCTI Ta Y3arajibHIOIOYOi 3AaTHOCTI Mojened. Sk mpukian, y
Tab. 3.2 HaBeAEHO pe3ysbTaTu OlHApHOI Kiacu(iKalli TUIY «HOPMa-IaToIOT1s»,
OTpUMaHI 3a JOTOMOT0I0 MOojelei jorictudHoi perpecii, AdaBoost, BunaakoBoro

aicy ta BJIJIOC, moOyaoBaHUX Ha MHOXKHHI TEKCTYpHHUX 03HaK [18].

Ta6auus 3.2 — Pesynbratu kiacudikaiiii « HOpMa-maToiaorisn

Merton kinacudikarii ‘ TouHICTb ‘ F-score | KKM
JlaH1 KOHBEKCHOT'O JATYUKY

JloricTnyHa perpecis 0.71 0.66 0.33

AdaBoost 0.71 0.64 0.32

Bumnaakoswuii jtic 0.74 0.63 0.44
BJIAOC 0.90 (0.87)" 0.89 (0.788) 0.80 (0.69)

JlaH1 TIHIAHOTO JATYUKY

JloricTnyHa perpecis 0.88 0.87 0.78

AdaBoost 0.75 0.75 0.50

Bumnaaxoswuii jtic 0.88 0.87 0.78
BJIAOC 1.00 (0.88) 1.00 (0.87) 1.00 (0.78)

JlaH1 TOCUJIEHOTO JIHIHHOTO AaTUUKY

JlorictnyHa perpecis 0.92 0.90 0.82

AdaBoost 0.62 0.58 0.16

BumnaakoBuii jtic 0.62 0.38 -0.19
BJIIOC 1.00 (0.92) 1.00 (0.90) 1.00 (0.822)

3 HaBeJIeHUX Pe3yJIbTaTIB BUJIHO, 110 B 33/1a4l BUSBJICHHS NATOJIOTI] IEUiHKH

Ha OCHOBI YJIbTPa3BYKOBUX 300pa)K€Hb TOYHICTH Kiacudikaiii moaeneidr BJIJJOC

N . . . .
B Iy’KKax HaBe/IeHi pe3ynbTaT 3actocyBaHHs BJIJIOC i3 rosiocyBaHHsM 3a OLTBIIICTIO.
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konuBanacs Bix 90.3% nmo 100% nHa tectoBidi BuOipii. Cepen 1HIIUX METOJIB
HaNOUThII e(EeKTUBHUMH BUSBUJIMCS MOJENI JIOTICTHYHOI perpecii, siKi JOCSTIU
TOYHOCTI B Aianazoni Big 71% 1o 92.3%. OkpiM TOroO, 3aCTOCYBaHHS 3Ba)KEHOT'O
TOJIOCYBaHHS Ha OCHOBI METOAY aHajii3y l€papXiii 03BOJMIO OTPUMATU
MaKCHMaJjbHy TOYHICTh Ha BHOIpKax JHIHHUX JaT4uKiB 000X TumiB. Takuit
pe3yabTaT 4acTKOBO MOSICHIOETHCSI HEBEIMKHM OOCSTOM LUX BUOIPOK, MPO IO
CBIAUMTH 3HWXKEHHS TouHOCcTi 10 90.3% sms Oinbmioi BUOIPKHM  00’€KTIB

I[OCJ]iI[)KCHH}I, OTpI/IMaHO'l. 3a JOIIOMOI'0OI0 KOHBCKCHOI'O JdTYHKA.

3.2 Po3po0JieHHsI TEXHOJIONII iepapXiyHOol Kiacupikawii

[IpuHuun TexHOJOrli 1epapXiyHoi Kiacu@ikamli MOAAHO Y  BUIJIAL

nipaMigHoi giarpamu (puc. 3.5).

MyneTHknacudikalia Ha Mertaknacudikatop
pieHi o6'exTiB Ha piBHi oG'exTiB
A

QpuH 3 n
Knacie

Metaknacudikatop
Ha piBHi 3paskiB

A

Mynsmunacudikauia Ha
pieHi 3paskis
A

WMoBipHiciTh WmosipHiciTs MmoBipHiciTe
knacy G* knacy G*p knacy G*,

s /"/ t ] { ] t ] { 1 ‘\
Knacugikatopis Ha pisi .’ Knacudikarop B, Knacudikarop B, Knacudikatop B,
3paskis

Pucynok 3.5 — TexHosoris iepapxiuHoi kinacudikarii

[Tonpana Osok-cxema BimoOpaxkae Tmporiec OaraTopiBHEBOI Kiacudikallii

00’eKTiB Ha OCHOBiI aHcamOmro kimacudikatopiB [3]. Cucrema mpusHadeHa Iist
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eeKTUBHOTO  pO3B’SI3aHHS  MYJbTUKIACOBUX  3aJa4, BHKOPHUCTOBYIOUU
XapaKTepUCTHKH, OTpuMaHi 3 300paxkenp OI. TexHonoris iepapxidHOi
Kkiacudikalli 3aCTOCOBY€ IpyNOBY TEXHIKY MOOYJ0BH MojieNiel SK albTEpPHATUBY
KJIACMYHUM TIAXO0AaM «OJWH TPOTH BCIX» 1 «OAWH TIPOTH OJHOTOM.
[lepenbavaeTbcsi 00’€IHAHHA CXOXMX KJAaciB y TPyNH 3 METOK 3MEHILICHHS
KUTBKOCTI MOJENeH 1 MiHiMI3aIlli mpoOiieMu aucbanaHcy kiaciB. Huwkue HaBeeHO
JeTaTHHUI MOKPOKOBHI aHAJII3 II€1 CXEMHU.

3.2.1 ETan 1 — no0y10Ba MHOKMHY IPynoBuX Kjiacudikaropis

Ha nepmiomy erami OynyeThcsi MHOXKHHA N OiHapHUX KiacudikaTopiB B;,
KOXEH 13 SIKMX PO3pI3HsIE€ MK ABOMA IpylaMu KJaciB, 00'€THAHUX 33 CXOXKICTIO.
s muoxkunu kiacie C = {Co, Cy, ..., C«} rpynosi kinacugikaTopu AUIATH KJIACH
HACTYyITHUM YHHOM:

1) xnacudikarop Bi: pospisase rtpymy G = {Co} Bim rpymm
G+1 = {Cl, Cz, cees CK}

2) xnacudikatop By pospizase rpyny G, = {Co, Ci} Bim rpymm
G+2 = {Cz, C3, . CK}

3) xnacudikarop Bs: pospizase rpyny G = {Co, Ci, C,} Bim rpymm
G+3 = {Cg, C4, ceey CK}

Le#t mporiec MpoAOBKYETHCA, TOKK HE OyAyTh BpaxoBaHi Bci kiacu. Koxken
kiacudikaTop B i€ 3riiHO 3 HACTYMHOIO (DYHKIIIEIO:

[TepeBaru mo1iIGHOTO MAXOMY:

1) MeHia KiTbKICTh MOJIECH Y MOPIBHAHHI 3 TPaAUIIHHUMH CTPATETisIMU
noOynoBu. lle mo3Boisie MeHIIE HaBaHTAXKyBaTH CHUCTEMY 1 CIIPOIIY€E MPOIIEC
MO/ICITFOBAHHS, 1110 CITPHSIE TiABUIIICHHIO 3arajibHOl ehekTuBHOCTI [22].

2) Minimizalliss BIUTMBY AMCOANIaHCY KJIaciB: O0'€MHAHHs KJIAaciB y TpyIH
JI03BOJISE€ 30aJIaHCYBATH PO3MOALT TaHUX MK MTO3UTUBHUM 1 HETATUBHUM KJIaCaMH.

3) IligBuIeHHs y3araabHIOIYO0i 3aTHOCTI: 3MCHIIICHHSI KiJTbKOCTI MOJEICH
3MEHIIY€E PU3UK IMEPEeHaBYaHHS, 110 POOUTH MOJIENIb OUIBII CTIMKOIO JI0 3MIH Y

JAaHUX Ta MiJABUIYE i 3MaTHICTD 10 y3araJlbHEHHS.
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Hapuanns 06a3zoBux KiIacupiKaTOpiB 3AIMCHIOETHCS IUIAXOM MIHIMI3ZAIli

6iHapHoi pyHKI1IT BTpaT, a caMme — JOTICTHYHOI BTPaTH:

N
L, = —% [yij log P; (x]) + (1 — yij) log(l — Pi(x]-))], (3.14)

=1

ne Pi (Xj) — AMOBIpHICTh MMO3UTHUBHOTO KJIacy, nepeadadeHa Kiacudikatopom
B nist 3paska X;, a Yij — ictuHHa MiTKa (1 abo 0).

3.2.2 Etan 2 — myJabsTUKIacupikaliss Ha piBHI 3pa3kiB

Buxonu 6a3oBux kinacudikaTopis A koxHoro 3paska (Ol) 00'eqnyroThes y

BEKTOp NMOBIPHOCTEW MO3UTUBHUX KJIACIB!

ps = [P1(x), Py (x), ..., By(x)]" € [0,1]" (3.15)

Mera-knacudikatop Ha piBHi Ol, mo3nauenuit sik Ms, BUKOPUCTOBYE IIeii

BEKTOp WMOBIPHOCTEH 7151 porHo3yBaHHs kiacy Ol:

s = Ms(ps) = argmax P (c | ps) (3.16)

Hapuanus wmeta-knacudikaropa Moxke OyTH 3IIHCHEHO 3a JOIMOMOTOIO
MYJIbTHHOMIAJIBHO1 JIOTICTUYHOI perpecii, HeHpOHHUX Mepex abo 1HIIMX METO/IB,

MIHIMI3yI0ud (QYHKIIIO BTPAT:

N K
1
L = N Zyjc log P (c | Ps; ), (3.17)

j=1c¢=0

e Yjc € IHAMKATOPHOIO (QYHKIIIEFO, IO TOPIBHIOE 1, SIKIIO 3pa30K | HAJCKUTh
KJjacy C, 1 0 B iHIIOMY BHUIAJIKY.

[lepeBaru BUKOpUCTaHHS MeTa-KiacugikaTopa:
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1) o0poOka CKIAQAHMX 3aJCKHOCTCH:  MeTa-Kiacu(pikatop  MOXKe
BPaxOBYBAaTH 3aJIGKHOCTI MIDK BHXOJaMH OKpeMHX KjiacudikaTopiB, IO
3abe3reuye OUIbIIT TOYHUM 1 HAIMHUHN pe3ybTarT.

2) TMIIBUIICHHS CTIHKOCTI JIO IIyMIB: 3aBIIKH BUKOPHUCTAHHIO y3arabHEHUX
XapaKTepUCTHK BiJl 0a30BUX Mojenel MeTa-kiacupikatop Mae MiABHUILEHY
CTIHKICTb JIO HABHOCTI IIIYMIB Ta BUKHUJIIB Yy JaHUX.

3.2.3 Etan 3 — myabsTuKjIacu(ikaiis Ha piBHI 00’€KTiB

Jlist Ko)kHOTO 00’ekTa (TmarieHTa) 30MpaloThCsi BEKTOPU WMOBIPHOCTEH 13
ycix #oro OI, ToOTO KOXeH perioH, Mo OyB BU3HAYCHHM 1 MpOaHaIi30BaHUI Ha
NONEPEIHIX eTamnax, nepeaae iHGopMalio, sika y3araabHIOeTbes A1 (OpMyBaHHS

€IMHOTO BEKTOpa UMOBIPHOCTEH 17151 00’ €KTa:

N
Py = [P51;P52; ---»Psm] € [0,1]™*" (3.18)

Ile 3abe3neuye ypaxyBaHHS BCIX MOXMJIHMBHUX IPOSIBIB MATOJIOTiI B MeXax
3pazka. Mera-kinacudikaTop Ha piBHI 3pa3ka BUKOPHUCTOBYE I1I BEKTOPH IS
OCTATOYHOTO MPOTHO3Y, 3[IMCHIOIOYM 1HTEerpauito iHdopmailii 3 pi3HUX 00JacTeH,
10 103BoJIsi€ (popMyBaTH O1IBINT HAMIHHUKA AlarH03. KojkeH BeKTOp MMOBIpHOCTEH,
oTpuMaHuid Ha piBHI Ol, € IHIUKATOPOM MOTEHIIHHUX MATOJOTIYHUX O3HAK, 1 LIeH
MIJIX1J] JTO3BOJIIE KOMOIHYBAaTH iX JJIsl OTPUMaHHS KOMILJIEKCHOI OIlIHKH CTaHy

MarcHra;

Yo =Mo(Pp) = argrgleacxP (clPy) (3.19)

BaxnuBo 3a3HauuTH, M0 MeTa-Kiaacu(ikaTtop Ha piBHI 00 €KTIB MpHUiiMae
BXITHUH BEKTOpP HMOBIPHOCTEH, M0 JI03BOJISIE BpaxyBaTh HE TUIBKH cami
MPOTHO3M, ajie 1 CTYMIHb iXHbOI BIEBHEHOCTI. lle o3Hauae, M0 Npu TPUAHSATTI
pILIEHHS BPaxOBYETbCS HEBU3HAYEHICTh Ta BIPOTIHICTH MNPOTHO31B 0a30BUX
KJacu(ikaTopiB, M0 OCOOIUBO BAXKIMBO y BHUIAJKaX, KOJIM JIarHOCTHKA MOBUHHA

OyTH JTy’e TOYHOIO.
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Mertoau iHTerpartii:

1) arperamisi iMOBipHOCTEH: OOYHCICHHS CepeNHBOTr0 a00 MAKCHMAaJIbHOTO
3HauUE€HHA WMOBIPHOCTI IJisi KOXKHOro kiacy. Lleit meron [o3Bojisie OTpuMaTH
3arajpbHy OIlIHKY, siKa 0a3yeThbCs HAa CEPENHBOCTATUCTUYHIN a00 HaWOUTBII
BIPOT1/THIH OITIHIII KOXKHOT 3 00J1acTell iHTepecy.

2) WMOBIpHICHI Mojeni: MmoOyaoBa MOJENEH, 10 BPaXOBYIOTh KOPEIISIIIO
Mix nporHo3amu pizHux Ol. Lle mo3Bossie BpaxyBaTH MOXKIIMBI 3aJI€KHOCTI MIXK
00JacTsIMH, SIKI MOKYTh MICTUTH TOJIIOHI UM B3a€MO3aJICKHI MMAaTOJOTIYHI O3HAKH,
110 MiJIBUIILY€ 3arajibHy €()EeKTUBHICTh J1arHOCTUKH.

3.2.4 llopiBHAHHSA 3 TPAAUMLIHHUMH METOAAMHU MYJIbTHKJIACHPikawil

3anponoHOBaHa TEXHOJIOTIS 1€papXiyHOi Kiacudikailii Ma€ HU3KY CYTTEBHX
nepeBar MOpiBHSAHO 3 KJIACUYHMMH MIJIXO0JaMHU Ha KIITalAT «OAWH MPOTH BCIX» Ta
«oauH mpoTH ogHoroy. [lo-mepiie, BoHA 1ae 3MOTY 3MEHIIUTH KIJIBKICTh MOJENeH
3aBJISIKA CTpaTerii rpylyBaHHS CXOXHUX KiaciB. Ha BiAMIHY BiJl METOJy «OJUH
IPOTH BCiX», 110 OTpeOye cTBOpeHHs K mMoxaeneit s K kiiaciB, abo «0IuH IPOTH
OJTHOTO», 1 1X KibKicTh csirae K (K — 1) / 2, iepapxiuHwuii miaxin o0’ €Hye KiIacu B
IpyInu, TOMITHO CKOPOYYIOUH OOUHCIIIOBAIbHI BUTPATH 1 CIIPOIILYIOUN YIPABIIHHS
MozaensaMH. Take TpymyBaHHS TakoX JornoMarae 30ajaHcyBaTH JlaHl 3a
MO3UTHUBHUMH Ta HETaTUBHMMH IPHUKIAIaMH, [0 BAXKIWBO I PiAKICHUX abo
MaJIONPEICTABHUIIBKUX KATETOPI.

Cepen KJIIOYOBUX IEpeBar BapTO BIAZHAYUTH MiJBUIIEHHS Yy3arajibHIOI0YO01
3IATHOCTI CUCTEMU. 3MEHIIICHHS KITBKOCTI MOJIeTIeH 3HIDKY€E PU3HUK TTepEeHAaBYaHHS,
CHPUSIIOYM Kpallliil CTIMKOCTI 10 HIyMy Ta Bapialliil y BXiJIHUX aaHux. Kpim Toro,
BUKOPUCTAaHHSA MeTa-Kiaacu(ikaTopiB Ha PiBHI 3pa3kiB 1 00’€KTIB J1a€ 3MOTY
IHTETpyBaTH MPOTHO3M 0A30BUX MOJETCH 3 ypaxyBaHHIM CKIIATHUX 3aJICKHOCTEH
MDK HUMHU. Hanpuknaa, y MeIMUHIN A1arHOCTHUIN TaKUH MIIX1]] M1IBUIIY€E TOYHICTh
BU3HAYCHHS CTaHy IMAIllEHTa 3aBISKH arperaimii AMOBIpHOCTEW 13 pi3HUX cdep
nociikeHHss. Merta-kiacuikatopu B TakOMy pa3l BHUSBISIOTH CTIMKICTh [0
IIYMy, OCKUIbKM BHUKOPHCTOBYIOTH y3arajJbHEHI XapaKTepUCTHUKH, OTPUMaHI BiJ

aHcamOJ1r0 0a30BUX KJ1acU(iKaTOPIB.
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YTiM, gaHa TexXHOJOTIS He TMo30aBieHa HemodikiB. Hacammepen 1i
e(EKTUBHICTh 3HAYHOIO MIPOIO0 3aJEKUTh BiJ] KOPEKTHOCTI TPYIMyBaHHS KJIaciB:
NOMIWIKOBE 00’€/IHaHHS MOKE IMPHU3BECTH 10 BTpaTd iHMOpMAIi Ta 3HKCHHS
TOYHOCTI Kimacudikamii. [le gacto Bumarae 3aiydeHHS €KCIEPTHUX 3HAHb a00
MIPOBEICHHSI TIMOOKOTO aHaJi3y MaHUX JUIsl BU3HAYCHHS ONTUMAIBHUX rpym. Kpim
TOT0, peajizallisg MeTa-kiacudikaTopiB (30KpemMa, Ha OCHOBI HEHPOHHUX MEPEXK Uu
MYJIBTHUHOMIAIBHOT JIOTICTUYHOI perpecii) yCKJIaJHIOE MpOIEeC HaBYaHHA Ta
IHTepHpeTallii pe3ysibTaTiB MOPIBHSHO 31 CHPOIIEHUMU METoJaMU. TexXHOJOoris
TAKOXX MEHIIEe MIAXOAUTh I 3ajady 13 HECTPYKTYPOBAaHHUMH ab0 XaOTHYHO
PO3MOIJICHUMH KJIacaMu, JIe TpaAulliiiHI aHCaMOJIeBl METOIN MOXYTb BUSIBUTHUCS
Outbll MpakTUYHUMU. OKpeMy CKIIAJIHICTh CTAHOBIISITh OOYMCIIOBAJIbHI BUTpaTH
Ha TPCHYBAHHS MeETa-MOJICJICH y BUMAAKY BEIMKUX HAOOPIB AaHUX, MO MOXKE
00OMeKyBaTH MOKJIMBOCTI 3aCTOCYBaHHS B pe€ajJbHOMY Yacl.

3aranoMm, TEXHOJOTIA iepapxiyHoi kjacu@ikaiii € TNepCreKTUBHOIO
METOJUMKOI IS PO3B’s3aHHsS  0araTOKJIacoOBUX 3ajlad, Yy SKUX YITKO
MIPOCTEKYETHCS CTPYKTypa abo CXOXICTh MK Kiacamu. Bona mnpomnoHye
30alaHCOBaHUN KOMIIPOMIC MK 3HUKEHHSM OOYHUCITIOBAJIBLHOTO HABaHTaKEHHS,
BUPIBHIOBAHHSIM  KJIaCiB 1 MIJABUIIEHHSIM CTIAKOCTI MoOJeiei. YcCIiliHe
3aCTOCYBaHHs I11€1 TEXHOJIOTIT BHMara€ peTeNbHOTO MPOEKTYBAHHA 1€papXiduHOl
CTPYKTYpHU Ta BpaxyBaHHs crienudiku naHux. MalOyTHI MOCTIKEHHS MOXYTh
OyTH 30cepeKeH1 Ha Po3po0JIeHHI aBTOMAaTH30BaHUX METO/IIB IPyIyBaHHS KJIaciB
1 BIIOCKOHAJICHH] apXiTEKTyp MeTa-KIacu(pikaTopiB 3 METOIO PO3IMIHUPEHHS cdhepH ii

BUKOPHUCTAHHA.

BucHoBku 10 po3uiny 3

B nmanomy po3ain Oyiu po3TasHYTI TEOPETHYHI Ta METOJIOJIOTIYHI 3acaau
pO3pO0JIEHHSI BIOCKOHAJEHUX METOJIB Kiacudikaiii UUPpOBUX 300pakeHb.
HaykoBa HOBH3HA 3alpONOHOBAaHUX pIlIEHb MOJSrae B IHTErpamli Cy4acHHX

Hi,Z[XO,Z[iB MAalIMHHOI'O HaB4YadHHA 3 aJallTUBHUMU aJII'OPUTMAMHU OHTI/IMiBaHﬁ,
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OpIEHTOBAHMMHU Ha MIJBUILEHHS TOYHOCTI Ta y3arajJlbHIOI0UO01 3/JaTHOCTI MoJieTiel B
yMOBax IUCOaTaHCy JaHUX.

Bbyno po3pobneno moaudikaiiro aHcamOJeBUX METOJIB, IO 0a3yeThCcsl Ha
MO€THAHHI 1TepaTUBHOTO BIOOPY O3HAK, KPHUTEPiiB Kiacudikalii Ta MeXaHi3MiB
KOJICKTUBHOTO YyXBaJIeHHS pilieHb. Takuil Mmiaxix Ja€e 3MOry MIiHIMI3YBaTu
NepeHaBYaHHs, 3MEHIIMTH KOPEJALiI0 MDK KOMIIOHEHTaMH aHcamOiio ¥
3a0e3neynTH 30a7aHCOBaHE OI[IHIOBAHHS pE3yJbTaTiB HaBiTh 3a CYTTEBOI
HEPIBHOMIPHOCTI po3MoiLTy KiaciB. OcoOiMBY yBary MpHUAUIEHO BIPOBAIKEHHIO
l€EpapxigyHOTO TMIAXOJy, IO TMepeAadadae cTpaTeriuHe TpyNyBaHHS KIaciB 1
OaratopiBHEBY IHTErpaifito MPOTHO3iB. Taka METOMOJOTIS CHpPUSE 3HUKECHHIO
OOYHMCITIOBAJILHOTO HABAaHTAXKEHHS, MIJABUIICHHIO CTIMKOCTI MOJENel 0 IIyMy Ta
e(heKTUBHOMY BUPIBHIOBAHHIO JUCOATAHCy TaHUX.

[TopiBHANBHUI aHaM3 po3pOOJEHUX METOAIB 13 TPAAULIMHUMH IM1IXO0JAMH
MITBEPAUB iXHIO I€BICTh Y KOHTEKCTI CKIIQIHUX 0araToKIacoBUX 3ajay, 30KpemMa
THUX, 1110 BUMararoTh BUCOKOI IHTEPIIPETOBAHOCTI pe3ybTaTiB. BogHOoUac BUSBIEHO
OOMEKEHHsI, IOB’A3aHI 3 OOYHMCIIOBAJILHOK CKJIAAHICTIO Ta HEOOXIIHICTIO
peTenpHoro A000py TinmeprapamMerpiB, IO 3YMOBIIIOE BaXKJIMBICTh MOAAIBIIOL
ONTHUMI3alli aITOPUTMIB.

VY mepcriekTuBl mependayeHo po3poOSIEHHS aBTOMATH30BAHMX MEXaHI3MIB
HaJAIITyBaHHS MOJIEICH, YIOCKOHAJICHHS METOJIB TPYIMyBaHHS KJIACiB y MEKax
lEpapxXigyHUX CTPYKTYp Ta aJamnTallilo 3alpOrNOHOBAHUX IMIIXOJIB J0 poOOTH 3
TUHAMIYHUMHU 200 BeIMKoMacITabHuMu Habopamu nanux. OTpuMaHi pe3yJbTaTi
MOXXYTb CIyTYBaTH TCOPETHYHHUM TMIATPYHTSAM JJIS BIPOBAHKCHHS PO3POOICHHX
METOAMK Yy cdepax, ne HaA3BUYAWHO BAXKJIMBUMHU € TOYHICTh, HAJIAHICTh Ta
3IaTHICTh JI0 1HTEpIpeTallii, 30KpeMa y CIeliaai3oBaHii Bizyaiizallii Ta aHai3i

CKIIaAHUX MYJIbTUMOAAJIbHUX JaHUX.
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PO3/LT 4
3ACTOCYBAHHSI PO3POBJEHOI TEXHOJOTTi AHAJI3Y
[APPOBUX 30BPAKEHD B TPUKJIATHUX 3AJTAYAX

VY mboMy po3aiTi MPeACTaBICHO peaTi3alliio 3aIpPOIOHOBAHOT YHIBEPCATBHOT
TEXHOJIOT1I aHami3y HU(PPOBUX 300paKeHb, KA JO3BOJISIE PO3B’S3aTH JBI OCHOBHI
3amayi, chOpMyITHLOBaHI B MEXKaX JTAHOTO AOCIIHKCHHS:

1) craniroBaHHs (HiOpO3y MEUIHKH;

2) inentudikairiss COVID-acoriifioBaHiX TaTOJIOTIH JIETCHb.

Peanmizamis 1ux 3aBHaHb  JacTb  3MOTY  OLIHUTU  €(EKTUBHICTH
3alpPOMOHOBAHOI TEXHOJIOTIT Ta BHU3HAYMTH 11 MOTEHIIIWHE 3aCTOCYBaHHS B
aHAJOTIYHUX JIOCHIIHULIBKUX 1 MpakTUYHUX 3a7adax. BojgHoudac, mepm HIX
nepenTr 10 06e3MmocepeIHLOr0 PO3TIIALY CIOCO0IB PO3B’A3aHHS 3a3HAUYCHUX 3aj1ad,
HEOOX1JTHO JIETAIbHO OMKMCATH YMOBH, 32 SKUX 3/IIMCHIOBAIIUCS €KCIIEPUMEHTAIbHI

JOCII1IKEHHS.

4.1 YMoBH npoBeIeHHSI eKCIIEPUMEHTAJIbHUX J0CTi/’KEeHb

B namiii poGoti s po3poOKM Ta HaBYaHHS MoJeiei kimacudikaii
BUKOPUCTOBYBAJIaCh MOBa IporpamyBaHHs Python, mo maBHO € 3010THM
craggaproM. OOYUCICHHS 3IIMCHIOBAIKNCS HAa TMEPCOHAIBHOMY KOMI'IOTEPI,
ocHaienomy mporecopom Intel Core i15-9300H (4 siapa, 2.4 I'T'n). Cucrema mana
16 I'b onepatuBHoi nam'sti Tuny DDR4, mo n03Bossio 3a0e3nedntu eeKTUuBHY
00poOKy BENMKHX OOCSTIB JaHUX 0€3 CYTTEBUX BTPAT MPOAYKTUBHOCTI. Jls
MIPUCKOPEHHs Omepalliii MOJEIIOBaHHS BUKOPUCTOBYBABCs IpadiuyHUM TMPOIIECOp
NVIDIA GeForce GTX 1660 Ti 3 6 I'b nam'sti. 30epiranHst AaHuX Bin0yBajaocs Ha
SSD o6'emom 512 I'b, 1o 3abe3nedyBano BUCOKOIMIBHIKICHUNA JOCTYH 0 JaHUX.
Oneparniitna cuctema Windows 10 22H2 ciayryBania ctabuibHOIO T1aTHOPMOIO JJIs

CKCIICPUMCHTAJILHOT'O I[OCJ'IiI[)KeHHH.
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4.1.1 Po30UTTS JaHUX Nepel MOJAeTI0BAHHIM

JIyist aHamizy MEIUYHUX 300paKeHb 0YyJI0 po3p00JIEHO METOOJIOTIIO TOILITY
JIaHUX, sIKa 3a0e3Meuye YHIKaJIbHICTh BITHECEHHS 300pakeHb OJHOTO MaIll€eHTa 0
neBHoi BUOipku (ab0 HaBuaibHOi, a00 mepeBipHOi, a00 KOHTPOJBHOI). Takuii
miaxin 3amobirae ¢eHomeHy BUTOKY naHux (anrin. data leakage) [90], sxwmid
BUHUKAE, KOJIM MOJIEIb OTPUMY€E AOCTYN A0 1H(pOpMAIlii, 110 B pealbHUX YMOBax
HE € JOCTYIHOI0O Ha MOMEHT BHUKOPHUCTaHHS. BUTIK AaHMX O3Hauae, 10 MOJETH
«rependadae» pe3ysibTaTh Ha OCHOBI HempsiMoi iHdopMmallii, Ky He Majia 6 mMaTu
i Yyac HaBYaHHS, 10 NMPU3BOAUTH JO 3aBUILEHUX MOKA3HUKIB TOYHOCTI HA eTaml
TPeHyBaHHS, aj€ IOTaHol Y3TO/KEHOCTI 3 pEalbHUMHU JJaHUMH IIiJ 4Yac
IPAKTUYHOTO 3acTocyBaHHA. Ll mpoGieMa CyTTe€BO BIIMBA€E Ha y3arajbHIOIOUY
3IaTHICTh MOJEII, 3HIXKYIOUH ii €(EKTUBHICTh Y pEAIbHUX YMOBAX €KCILTyaTallli,
110 € KPUTUYHO BAKIMBUM Y KITHIYHOMY CEPEIOBHILIL.

[cHYIOTH 1Ba OCHOBHI MMiJIXOJIU JI0 MOAUTY JaHUX:

1) moxin Ha HaBYAJIBbHY, IEPEBIPHY i KOHTPOJIbHY BHUOIPKH,

2) mepexpecHa mepeBipka.

Tpaaumiiinuii miaxia nependayae BumaiieHast 60%, 20% ta 20% nanux s
HAaBYaHHS, NEPEeBIPKA Ta KOHTPOJIO BIAMOBIIHO. Y LBbOMY MPOLECT MOJEIb
TPEHYEThCSI HA HAaBYAJIbHIM  BHOIpII, a ONTUMI3AIls TilneprnapaMeTpiB
3MIACHIOETBCS 3 BHUKOPHUCTAHHSM TMepeBipHOi BHOIpkHW. Ilicns BU3HAYEHHSA
ONTUMAJIbHUX TiMeprapaMeTpiB, MOJelb JIOTPEHOBYETbCS Ha  00'€qHAHIN
HaBUYaJbHIA 1 TepeBipHIA BUOIpKAax, a OCTATOYHA OIlHKA i1 e(EeKTUBHOCTI
MPOBOJUTHCA HA KOHTPOJBHIN BUOIpLII, sika HEe Oepe ydacTi B HaBYaHHI Mojeni. Lle
MO’KHA TIOPIBHATHU 3 MIATOTOBKOIO CTY/EHTA /10 €K3aMEHY: CIOYaTKy BiH BHUpIIIY€
3aBJIaHHS HA OCHOBI BUBUEHHUX MPUKJIAAIB (HaBUajJbHA BUOIPKA), TOTIM TPEHYETHCA
Ha CXOKMX 3aBJIaHHSX (MepeBipHa BUOIpKa), a HA €K3aMEH1 BHPIIIY€E HOBI, I1Ie HE
3HAMOMI 3aBJaHHs (KOHTPOJIbHA BUOIpKA).

Ilepexpecna mepeBipka mnepeadadae TMOAII JaHUX Ha HaBYAJIBHY 1
KOHTposbHY BHOIpku (Hampukian, 80/20), 3 mnoxanbliMM HAaBYaHHSAM 32

JIOTIOMOT010 TiepexpecHoi nepeBipku. [1ig yac nmepexpecHoi nepeBipky HaBYaJIbHA
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BUOIpKa MOIISETHCS Ha HaBUaJIbHI Ta MepeBipHi miABHOiIpkH K pa3iB, 110 103BOJISIE
MOJENII TPEHYBaTHUCh 1 TECTYBAaTHCh Ha pi3HMX HaOopax maHux. OcrtaTouHi
rinmeprnapamMeTpy OOMPArOThCS IUIAXOM YCEPEIHCHHS pe3yJbTaTiB Ha BCiX K
nepeBipHUX BHOIpKAax, a OCTaTOYHAa TIEpeBipKa MOJENl BUKOHYETbCA Ha
KOHTPOJIbHIM BUOIPIII.

3 ypaxyBaHHSIM CKJIAJHOCTI 3aja4il MyJbTUKIacu]ikalii, o po3B'sI3yeTbCs
B I[bOMY JOCTIIPKCHHI 3a JOMOMOTOI0 1€papXigyHOTO TMIAXOMy 13 3-piBHEBOIO
CTPYKTYypOI0 MojemoBanHs (puc. 3.5), Oysio MPUIHATO PIlICHHS MMOEIHATH J1Ba
BUIlleHaBeeHl migxoau. CroyaTkKy 3arajbHa BHUOIpKa JaHUX IOJIISETHCS Ha
HaB4yayibHy BUOIpKY (T), kouTponbHy (Ci) Ta apyry xoHtposibHy (C2) BUOIpKH.
[lepexpecHa  mepeBipka  3aCTOCOBYETbCS  JJisi  MiIOOPY  ONTHUMAIbHHUX
rinepnapaMeTpiB KOKHOI MoOJeNl 3 BUKOpHCTaHHSAM BuOipku T. Iliciga uporo
MHOXMHA MoOjenei oriHoeTbes Ha Cp; mims BUOOpy HaMKpamioi, a OocTaToyHa
OIliHKa iepapxii Mojieelt BUKOHY€EThCs Ha Co.

3 orysiny Ha crienu@iky JaHuX (MEAUYHI 300pa)KeHHsI MAaIlEHTIB), BAXJIUBO,
mo0 HaBYaJbHA, TEPEeBIpHA Ta KOHTPOJbHA BUOIPKM MICTWJIM JaH1 B PI3HHX,
He3aJIeKHUX rpyn mnauieHTiB. Crtpartudikaiis BUOIPOK rapaHTye 30epeKeHHS
MIOYAaTKOBOT'O PO3MOJILTY KJIACIB, IO MIABUIILYE PEIPE3CHTATUBHICTh Ta HAAIMHICTh
MoJiel.

JUiss miabopy ONTUMAalNbHUX TiIepHapaMeTpiB  MoOJENIl PEKOMEHI0BAHO
BUKOPHCTOBYBATH METOJI CTPATU(PIKOBAHOI TPYNOBOi MEPEXPECHOl MEPEBIPKH, i€
cTpatudikoBaHe TPYMyBaHHS 3AIMCHIOETHCS 32 1IeHTU(]IKaTOpaMu MAIIE€HTIB, 1100
3ano0IirT NepeKpUTTIO 1H(OopMaIii Mixk BUOIpkaMu. Takok HEOOX1HO PETEIbHO
BIJICTeXKYBATH 1ACHTU(IKATOPH TAINIEHTIB MPOTIATOM YCHhOTO TMPOIECY MOALTY
JaHUX, 11100 3a0€3MeYUTH BIJICYTHICTh MEPETUHY MK HABYAJIbHOIO, MEPEBIPHOIO T
KOHTPOJIbHOIO BUOIPKAMH.

4.1.2 Tlo6ynoBa MojeJii NPOrHO3yBAHHS

Byno nmpuiiHATO pillIeHHs] CKOPUCTATUCS T1IX0I0M aHCAaMOJIEBOTO HaBYaHHS,
SKUW HaJa€e 3MOTy TOEIHYBATH TPOTHO3M KUIBKOX MOJENEH JUIsl TiBUIIECHHS

HAJIHHOCTI Ta MpaBWIbHOCTI Kiacudikaii. [lomepenni AOCIIKEHHs TUCEepTaHTa
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CBIlYaTh MPO BHUCOKY €(GEKTUBHICTh I[LOTO IIAXO0ay, IO OOIPYHTOBYE MOTO
JOUUTBHICTD JIJIS1 TaHOTO KOHTEKCTY.

B Mexxax maHoro AOCIHIKEHHS OKpiM BUKopucTaHHs anroputmy BJIJIOC,
OMMMCAHOTO Yy po3aiiai 3, Oymo oOpaHO HU3KY IHIIMX AJITOPUTMIB aHCaMOJIEBOTO
HAaBUYaHHS JJI1 PO3B'S3aHHS TOCTABIICHUX 3aBAaHb, a CaMe. BUITQIKOBHH JIiC,
XGBoost ta LightGBM. /lani MeToau aHcaM0JIeBOro HaBYaHHS 3[aTHI IIBUAKO Ta
e(peKTUBHO OOpOOIATH BENWKI JaHi, OCKUIbKM peani3oBaHl B HUX aJITOPUTMHU
noOyJI0OBH JIEpeB MOXKYTh OyTH Mapaleii3oBaHi Ta ONTHUMI30BaHI IiJi arapaTHi
apxitektypu. KpiMm Toro, nepeBomoniOHi CTPYKTypH TiJi 4ac MOJEIIOBaHHS
JIO3BOJIAIOTh €(EKTUBHO 3HAXOJUTH BAXJIMBI O3HAKUM Ta BPAaXOBYBATHU CKJIAJHI
B3a€MO/I1i 0€3 HeOOX1THOCTI CHeliaabHOI 1HXKEHEpli 03HaK.

JIJIT KO’)KHOTO 3 YOTHPHOX METOJIB aHCaMOJICBOr0 HaBYaHHS (BHITaJIKOBHI
aic, XGBoost, LightGBM Ta BJIAOC) O0ynu npuidHATO pimieHHs oOpaTu JBa
KJIFOUOBI TineprnapaMeTpy i ONTUMIZAIli MiJ Yac cTpaTU(IKOBAaHOI TpyMoOBOl
MepexpecHO] MepPEeBIPKU: KIJIBKICTh JIEPEB Ta MaKCMMaJlbHA TJIMOWHA JepeBa. Bubip
[IUX TileprapaMeTpiB Ma€ Ha MeTi 30ajlaHCyBaTH 3aTHICTh MOJICI 10 HaBYaHHS
Ta 1i y3arajipbHIOIOUY 3AaTHICTb, II0 € BAXJIUBUM JJIsi TOOYJOBU CTIMKUX 1
edekTUBHUX Mojeieil. OnTumizaiis HUX NapaMeTpiB J03BOJIAE€ JOCITTH Kpaloi
y3TOJIPKEHOCTI MK TOYHICTIO MOJIET Ta ii 3MaTHICTIO YHUKATH MepeHaBYaHHS, 110
0COOJIMBO KPUTHYHO JIJIsl aHCaMOJIEBUX METO/IIB.

4.1.3 Ouinka pe3y/bTaTiB MO/1eJI0BAHHSA

[Tpu moOynoBi moneneit kimacudikarii 1 iXHBOT OIIHKKA YaCTIIE 3a BCE
BUKOPUCTOBYIOThCS HACTyIHI Mipu [111]:

1) IpaBunbHicTh (aHria. Accuracy), GopmMyiia sKoi:

TP+TN

(4.1)
TP+TN+FP+FN

ne TP (True Positives) — kibKiCTh MPaBUIBHUX MPOTHO31B IS MO3UTHBHOTO

kiacy; TN (True Negatives) — KiIbKiCTh IPaBHJIBHUX IIPOTHO3IB ISl HErATUBHOI'O
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kiacy; FP (False Positives) — kiibkicTh XHOHHMX IMO3UTUBHUX IIPOTHO3IB (TTOMHUJIKA
nepmoro poxay); FN (False Negatives) — xiabKicTh XHOHMX HETaTHBHUX IPOTHO3IB
(momusika apyroro poay) [10].

[IpaBunbHICTh BigoOpakae 3arajibHy YacTKy MPaBWIIBHO KiacH(iKOBaHUX
MPUKIAAIB (K TO3UTUBHUX, TaK 1 HETATUBHKUX ) BiJI 3araJIbHOI KiIJTBKOCTI JaHuX. Lls
Mipa € KOPUCHOIO y BHUIIaJKaX, KOJIM Kiacu y BUOIpI 30anmaHcoBaHl. OgHaK BOHA
MOK€ BBOJWUTH B OMaHy NpU CHJIBHOMY AuMcOanaHCi KJaciB, HANPUKIA[, SKIIO
MO3UTUBHUI KJIac € 3HAYHO PIAKICHIIIMM 3a HETaTUBHUH. Y TaKOMy BHITaJIKy
BHCOKA MPaBUJIBHICTh MOXKE MPUXOBYBATH 3HAUHY KUIBKICTh IOMHJIOK B OJTHOMY 3
KJIaciB, 30KpeMa, HE BUSBJICH] TO3UTUBHI MPUKIAIHN.

2) UytnuBicTh (200 OBHOTA), 110 PO3PaXOBYETHCS 3a (HOPMYIIOHO:

TP

- 4.2
TP+ FN (4.2)

UyTnuBiCTh TOKa3ye€, SKY YaCTKy MIMCHO MO3UTHUBHUX MPHUKIAIIB MOJENb
3MOIJIa MNPaBWIbHO 11€HTU(]IKYBAaTH AK NO3UTUBHI. Ll MeTrpuka € 0coOnmBO
BAXKJIMBOIO, KOJIU KPUTUYHUM € Tpornyck no3utuBHuX Bunaakis (FN), nanpuknan,
B JIlarHOCTHUII HEOE3MEYHNX 3aXBOPIOBaHb, JI€ MPOITYCK XBOPOOU MOKE MaTH BaXKI
HACIAKY IS Malll€HTA.

3) CrneruiunicTh, hopMyJia sKOi:

TN

—_— (4.3)
TN + FP

CrenugiyHicTh BimoOpaxkae, SKy 4YacTKy [JIHCHO HEraTUBHHUX 3pa3KiB
MOJIEJIb MPABIIIBHO KiIacu(iKyBaia sk HeTaTUBHI. Brucoka crernudiuHicTh 03Havae
HU3BbKY YacTOTy IMOMMJIKOBHX TPHBOT, IO € BAXKJIWUBHUM Yy 3ajladaX, /¢ Ba)KIUBO
3MEHIIIUTH KUIBKICTh HEMPAaBHIBHO 1ICHTHU(IKOBAHUX IIO3UTHUBHUX BHUIIAJIKIB.
Hampuknan, y (iHaHCOBMX 3aCTOCYBAaHHSIX, TaKMX SK BHSBJICHHS IIIaXpaicTBa,

BHCOKA CTIEUU(IUHICTH T03BOJISIE MIHIMI3YBaTH KUIBKICTh MOMUJIKOBHX MO3HAYEHB
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HOPMaJbHHUX TPAH3aKII SK MIaXpaiChbKUX, IO 3MEHINYE HE3PYYHOCTI st
KOPHCTYBaYiB.

4) TouHicTh (aHIJI. Precision, BijoMa TaKOX SK BIYYHICTb, IPELU3IHHICTD,
IPOrHOCTUYHA 3HAYYIIICTh MO3UTHBHOTO pe3yibTary). Jlana mipa kmacudikarii

O0YHUCITIOETRCS 32 (POPMYIIOI0 HIKYE:

TP

—_— 4.4
TP + FP (4.4)

TouHicTh BKa3ye, sKy 4YacTKy cCepel YCiX MepeadadyeHux IO3UTHBIB
CKJIa/Ial0Th J1MCHO MO3WUTUBHI NMpUKIaaAU. Bucoka TOUHICTH O3Hayae€, 0 MOJEIb
Maibke He nomyckae mommikoBux TpuBor (FP). UyTnuBicTh i TOYHICTH YacTo
BUKOPHCTOBYIOTBCSL pa3oM JUIsl OLIHKM OajaHCy MK XMOHMMHU TO3UTHBaMH Ta
XHMOHUMU HETaTUBaMHU.

5) 3Baxkena F-mipa. 3BuuaitHa F-mipa € TapMOHIMHUM CepeHIM MiX

YYTIUBICTIO Ta TOYHICTIO:

2-TP
2:TP+FP+FN

(4.5)

Jist 3BaxkeHoi F-Mipu BHKOpPUCTOBYIOTHCS Baru, MPONOPUINHI KUIBKOCTI

MPUKIIAAIB Y KO)KHOMY KJaci:

Fweighted = z wke, (4.6)
c

3BaxxeHa F-mipa BpaxoBye aucOaiaHCc KiaciB, 3a0e3Meuyrouu, 0 KOXEH
KJIaC pOOUTHh BHECOK Yy 3arajibHUi pe3yibTaT, MPOMOPILINHUN 10 CBOEI 4aCTOTH B
nanux. Ile € 0coOMMBO KOPUCHUM Yy BHIaJIKaX, KOJU JaHl MalOTh HEPIBHOMIPHUHN
PO3MOALT MIX KJacamMH, OCKUIBKH MpocTa F-Mipa abo npaBMIIbHICT MOXKYTh OyTH

MeHII 1HPOPMATUBHUMHU Yepe3 TOMIHYBAaHHS OJHOTO 3 KJIaciB.
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4.2 CranivoBanasi  ¢iOpo3y me4iHKH 32  yJIbTPa3BYKOBHMM

00CTEKCHHAMM

Kniniyamii Matepian a7 BUKOHAHHS JaHOi 3afadl OyB OTpUMaHHUil B
peabHUX YMOBaxX, IO BKJIIOYA€ SK IUIAHOBI, Tak 1 EKCTpEHI O0OCTeKEHHS
namieHTiB. IlaiieHTH, 3HIMKH SKAX BUKOPHUCTOBYBAIMCH Y JOCHIIKEHHI, OyJu
aHOHIMI30BaHI JUJIsl 3a0€3MEYEHHS 3aXUCTYy iX MEPCOHANBPHUX MaHUX 3TITHO 3
MDKHApPOJIHUMU €TUYHUMU CTaHAapTaMU Ta HOpMaMH KOH(1IEHIIHHOCTI.

4.2.1 1ani 3HIMKIB yJIbTPa3ByKOBOI'0 00CTeKEeHHS NMEeYiHKU

baza 3HiMkiB Y30 neuinku (puc. 4.1), 10 BUKOPUCTOBYBAJIACh Yy JTaHOMY
JOCIIIIKEHH1, OyJia Ha/laHa 3T1JIHO JIOTOBOPIB MPO CIIBIPAILIIO:

1) NeJ1/0002.01/0105.01/273/2022 Big 13 rpyans 2022 poky mix KIII im.
Irops Cikopcbkoro ta Y «IHCTUTYT saepHOI MEIMIMHH Ta IPOMEHEBOI
miarnoctrikd HAMH VYkpainn» [3, 5, 9];

2) NeJ1/0002.01/3400.02/291/2023 Bix 27 xoBtHS 2023 poky mix KIII im.
Irops Cikopcekoro ta 1Y «IncTtuTyT memiaTpii, akymiepcTBa 1 THEKOJOTIi 1IMeH1

akagemika O.M. JIyk’saoBoi HAMH VYkpaiun» [3, 5, 9].

WNAT HAMHY

Y 60%
MM XY 3
8/2/1 NPC 4
0 C 0

Pucynok 4.1 — [Ipukiian yabTpa3ByKOBOTO 300paK€HHS MEUiHKU
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®i6po3 MeUiHKM — 1€ CKIAQJHUM TATOJOTIYHUM TIpoIec, KU
XapaKTepU3y€EThCsl 3aMIIICHHSIM HOPMAJIbHOT MapeHXIMU MediHKK (HiOpo3HOIO
TKaHWHOIO Y BIJIOBIAL Ha TpHBasie moiukokeHHs oprany [103]. Lle cupuuunse
MOCTYTOBE 3HIKEHHS €JIACTUYHOCTI Ta (DYHKIIOHAJIBHOI 3AaTHOCTI MEYiHKHU, IO
HiABUILYE PHU3UK PO3BUTKY TIEUYIHKOBOI HEJOCTATHOCTI Ta TeMaTOLEITIOISIPHOT
KapuuHoMHu. BusnaduenHs cramii ¢iOpo3y Ha paHHIX eTanax € KPUTHYHO
BOXUJIMBUM, CaMe€ TOMY, JJiI MOXJIMBOCTI TPOBENCHHS JaHOTO JIOCIHIHKEHHS,
pagioniorn [HCTUTYTY siIEpHOT MEIUIIMHU Ta MPOMEHEBO1 JIarHOCTUKHU HaJalH
3HiMKA Y30 nediHkd, oTpuMaHux BiJl 162 mari€eHTiB.

KontponrHa rpyna ckiaganacs 3 63 oci0, y SIKMX HE BHSIBICHO >KOJHUX
KIHIYHUX a00 O10XIMIYHMX O3HaK, [0 CBIAYMJIM O MPO HASABHICTH MATOJIOTII
neyiHku. Y 99 maiieHTiB 3 OCHOBHOI Tpynu OyJIO A1arHOCTOBaHO Ju(dy3He
3aXBOPIOBAHHS MEYIHKHU, SIKE CIPOBOKYyBano (hiOpo3. 3okpema, y 7 mHaIll€HTIB
criocTepiranacs mnepiia cramis ¢ioposy (F1), y 17 — apyra cragis (F2), y 21 —
tpets ctamis (F3), ay 11 — gerBepra cramis ¢piopo3y (F4) [3]. V 43 narienTiB Ha
MOMEHT YJIbTPa3ByKOBOI'O TOCIIKEHHS cTadist (pibpo3y He Oyia BuzHaveHa [3].

Konkperna cramis (iOpo3y NEHiHKM OI[IHIOBAJIACh KJIIHIIMCTAMU 34
noromororo Oioncii [31] pasom 31 mkazoro METAVIR [50]. Biomncist mevinku €
1HBa3UBHOIO TMPOIIEAYPOIO, IMiJ Yac SKOi Yyepe3 MIKIPY 3a JOMOMOTOI0 CIeHiabHOT
TOJIKM BIIOMPAEThCSl HEBEJNMKUM 3pa30K MNEYIHKOBOI TKaHWHU. [laHuil meton
BBAXKAETHCS «30JI0TUM CTaHAAPTOM» Y BU3HaUEHHI cTyneHs (pidpo3y, OCKIIbKY BIH
JI03BOJISIE€ TIPOBECTH JIETAIbHY MOP(OJIOTIYHY OIIHKY YPa)KEHHS TKAHUHH.

Opnak, 6101cCisi Ma€ HU3KY CYTTEBUX HENIOMIKIB, TAKMX SIK TUCKOMQOPT AJis
narieHTa, 0ib, pU3UK yCKIAAHEHb (30KpeMa KpoBoTeua, 1H(EKITis, TOMKOHKEHHS
CYMDKHHMX CTPYKTYp), @ TaKOXX MOKIIMBICTb HEPENPE3EHTATUBHOCTI OTPUMAHOTO
3pa3ka, 10 MOXE MPU3BOAUTH 10 MOMUJIOK y BHU3HA4YeHHI cTajli pidposy yepes
HEOJTHOPITHICTh YPa)KEHHS MEUi1HKH.

Y 3B’a3ky 3 moAaiOHUMHM TpobOiieMamu, JiKapli Ta TMAaIlieHTH BiAJarOTh
nepeBary HEIHBa3WBHHM METOJIaM OIIHKU CTaHy mediHku, TakuM sk Y30. [lani

METOJIM JTIO3BOJISIOTH OLIIHUTH CTYIIHB (h10po3y 0e3 000, 6€3 pU3nKy yCKIagHEHb
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Ta 0e3 MOTpeOHu y CTallioHapHOMY CIIOCTepeKeHHI. TuM HE MEHII HEiHBa3WBHI
METO/M, BKJIIOYHO 3 YIBTPa3ByKOBUMH METOJWKAMH, MAalOTh CBOi OOMEKEHHSI.
OcHoBHa mpoOiieMa TMOJATa€E Yy TMOCEPENHIM MNPaBUIBHOCTI BCTAHOBJIIEHHS
KOHKPETHOI cTajii ¢idpo3y, 0coOIMBO y BHUMaAKax, KOdu cTafaii GpiObpo3y maroTh
HE3HauYHI MOP(OJIOTIYHI BIAMIHHOCTI. 3T1MHO 3 JOCIIPKCHHSIMH, YyTIWBICTH Ta
cnenudiyHICTh  HEIHBA3WBHUX  METOIB, 3aCHOBAaHMX Ha  CTaHJIAPTHUX
yJIbTPa3ByKOBUX 300paKEHHSIX, y PO3Mi3HABaHHI OKpeMHUX cTaaii ¢ibpo3y He
nepesuinyoth 70% [47, 72, 84, 97, 108]. Lle Bka3ye Ha HEOOXIAHICTH ITOAAJIBIIIOIO
BIOCKOHAJIEHHSI HEIHBA3UBHMUX TEXHOJOIIH Ta IX KOMOIHAIN] 3 1HIIUMH METOJaMU
JUISL THIBUILICHHS JIarHOCTUYHOT TOYHOCTI, YOMY 1 IPUCBSAYCHE JIaHE TOCTIKEHHS.

VY30 neviHku 3A1MCHIOETHCS 13 BUKOPUCTAHHSAM CIICIiali30BaHUX araparis,
[0 TEHEPYIOTh 300paKEHHS Yy CIpid MiKami. 3ajeXHO BiJ KIIHIYHHUX IIJIeH
3aCTOCOBYIOTBCA PI3HI THIH YJIbTPAa3BYKOBHUX JAaTUMKIB, 30Kp€Ma KOHBEKCHI Ta
miHidHI. KoHBEKCHI matuuku 3a3BuYail (DyHKIIIOHYIOTH Ha YacToTax Big 3 10 5
MI'1, mo 03BOMsiE OTpUMATH IIMOOKE MPOHUKHEHHS YJIbTPa3BYKOBUX XBHIIb 1
3a0€3IeUnTH MUPOKE T0JIe 30pY, HEOOX1JHE ATl Bi3yauni3allii 00'€eMHUX CTPYKTYP.

JliHiiiH1 JaT4YMKW, $K1 TpaIolTh Ha BUIMX 4actotax (8-10 M),
3a0€3MeuyoTh OUIbIlY PO3JIIBHY 3JaTHICTh, IO JIO3BOJISIE OUIBII JI€TaIbHO
OIIIHIOBATH TIOBEPXHEBI Ta MIKPOCTPYKTYpPHI 3MIHA Oprany. Y JlaHOMY
JOCHIKeHH] /il BUKOHaHHA Y30 Me4iHKM BUKOPHUCTOBYBABCS TAKOXK JIHIMHUM
JaTYUK y TOCHICHOMY pekuMi [3], 110 3a0e3medynsio TOYHICTh IarHOCTHYHOT
1H(dopmartii oo crauii Gidbpo3sy.

KoHBekcHI aTyuku, 3aBISKH CBOIM BUTHYTIH BHUIPOMIHIOIOYiN MOBEPXHI,
OIITUMI30BaH1 I JOCHIIKEHHS BEIUKUX 00'€éMIB TKaHUH, TOAI SIK J1HIMHI JaTYNKU
3 IUJIOCKOK TIOBEPXHEK 1JI€aJIbHO TMIAXOMSTh I JACeTaJbHOI  Bi3yasizari
MOBEPXHEBUX Ta APIOHOCTPYKTYPHUX 00'€KTIB.

VY wMexax JocHmipKeHHs OyJio MPOBEACHO aHami3 585 yIbTpa3BYyKOBHUX
3HiMKiB miedinku [3]. KoxHe 300pakenHs mano po3mip 800x608 mikceniB, o
BiZmoBigae crangaptTaomy dopmary 4:3 [3]. 3 KOHTpoIIbHOT TPYIH, SKa BKIFOYAIa

namieHTiB 0e3 MaToJIOTIYHUX 3MIH y TeviHil, Oyjno orpumano 241 3Himok. [[s
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HAIlEHTIB 3 JIarHOCTOBAHUMH TIATOJIOTISIMU TICUiHKU OyJ10 3i0pano 344 3HimMkH [3].
3okpema, 19 3HIMKIB BiAMOBIIaMM niepiiid ctafdii ¢pidpo3y, 63 — apyriit crazii, 70 —
Tpetiii cramii, a 33 — werBepTiit cramii [3]. dua 159 3uiMkiB cragiro (idpo3y
MIEYIHKA HE BJIAJIOCS BU3HAYUTH.

Sk Oyno 3a3HadyeHO  paHimie, pPO3AUIBHA  3JaTHICTH  KOXKHOTO
yIBTPa3BYKOBOTO 300pakeHHs Tedinkun ckmagana  800x608 mikceniB  [3].
3o00paxkenHs Oynu 30epekeni y ¢opmari BMP, mo € omHuM 31 cTaHgapTHHX
dopmariB g MeauyHOi Bisyamizamii [3], OCKUIbKHM J03BOJISIE 3a0€3MECUUTH
30epexeHHs] OpUriHAIBHOI sIKOCTI 3HIMKIB. ®Popmar BMP He BukopuctoBye
YKOJTHUX METOIB KOMIpECii, 0 J03BOJISIE YHHUKHYTH BTpPAaTH JaHUX, BaKIWBHX
JUTSl TOYHOTO JIIarHOCTUYHOTO aHaJ3Yy.

Ha puc. 4.1 HaBeAeHO yIbTpa3BYKOBE 300pakKeHHS ICUIHKH, /1€ BUIUICHI
cnenudiyHi perioHy y BUTIISIL MPSIMOKYTHHUKIB 13 4epBOHUMH Mexkamu. Lli perionn
npeacTaBisgioTh cobor Ol, axi Oynu BicerMeHTOBaH1 Bpy4HY KBaji(hiKOBaHUMU
daxiBOIMH 3 METOIO aKICHTYBaHHS Ha HAWOULIBII pPEICBAaHTHUX IUTSHKAX IS
niarHocTuku. KokHe ynbTpa3ByKoBe 300pakKeHHS MICTHTH BiJ OJHIEI O M'ATH
takux Ol [3]. Byno mnpwitHaro pimenns Bupizatu Ol s moAambIIOTO
BUKOPUCTAHHS SIK OCHOBHMX 00'exTiB anamizy [3]. Ha puc. 4.2 mpencrapneni
npuKIaan noaioHux cermeHToBaHux Ol, sSKi BUKOPUCTOBYBAIUCH Y TOMATBIIIOMY

aHai31 MeIUIHUX 300paKCHb.

a)

Pucynoxk 4.2 — Ilpuknan upizanux Ol: a) Hopm#u; 0) maTosorii
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Ol, oTrpuMaHi 3 yJbTPa3BYKOBUX 300pak€Hb IEUIHKH, Oyiau 30€epekeHi y
dopmari PNG. dopmar PNG 3abesneuye Oe3BTpaTHY KOMIIPECIIO JAHHX, IO
JTIO3BOJIIE 3HAYHO 3MEHIIUTH POo3Mip (dailiy mpu 30epekeHH1 BCIX HEOOX1THHX
niarHocTaHUX Aetaneit [3]. 3aramom Oyno BuumineHo 1059 OI, cepenni po3mipu
SKUX CTaHOBWIU 88.6 mikceniB y mmpuHy Ta 113.5 mikceniB y Bucory [3]. 3 miel
cykynHocti, 480 Ol HanexxaTh 4O KOHTPOJIbHOI T'PYIU MAIllE€HTIB 3 BIACYTHICTIO
NaTOJOTIYHUX 3MiH meuinku. Pemra 579 Ol Oynu moB'si3aHi 3 MaTOJOTTYHUMU
3MmiHamu, BKimovaroun 44 Ol, mo BignmoBiganu nepumii craaii ¢pioposy, 103 Ol —
npyrii craxaii, 129 Ol — tpetii cramii, 50 Ol — gyeTBepriit cTaxii, Ta 253 OI, mo
HaJIeXaju J0 BUMAJKIB 3 HE BUBHAYCHOIO HA MOMEHT aHalli3y cTafi€eo Gpioposy.

Panionoramu IHCTUTYTY siiepHOT MEAMIIMHU Ta MPOMEHEBOI J1arHOCTUKH
Oyna mocTaBjieHa 3ajJaya BUKOHATH CTaJllOBaHHS (10pO3y IMEYIHKM Ha OCHOBI
BUpPI3aHUX 3 YJIbTPa3BYyKoBUX 300paxkeHb Ol. [[ns BupimeHHs wLi€i 3agadi Oyso
YXBAJICHO PIIICHHS BUKIIOYUTH 3 3arajibHOi BHOIPKM Ti 300pa’K€HHA, CTaJis
$10po3y Akux Oyiia HEB1IOMOIO.

BpaxoByroun 3naunuii aucOananc y kigbkocTi Ol MK pi3HUMH CTaIisIMH
G10po3y B Mexkax KOKHOTO AaTduKa, OyJio BUPIIMIEHO 00’ €aHATH BCl 300paxeHHS,
OTpUMaHI 3 Pi3HUX JATYUKIB, B OJIHY CIUJIbHY BUOIPKY AJi HaB4yaHHs mojenei LI
[[lo6 He BTpaTuTH 1H(OpPMAIII0O TPO BIUIMB KOHKPETHOTO JaT4YMKa Ha SKICTh
JIarHOCTUYHOI Bi3yalli3alli, TUM JAaTYMKA BKIIOUMIU SK OKpeMy IHQOpPMAaTUBHY
o3HaKy. OCKUIbKM I O3HaKa € KaTeropiajibHO, IS 1 MPEeACTaBICHHS OYJO0
3aCTOCOBAHO MeTOj «Oone-hot encoding», 110 103BOJIMB PO3IUIATH O3HAKY Ha TPH
OiHapHI1 3MIHHI, CIPOLLYIOYH TAKUM YMHOM IPOIIEC HABYAHHS MOJIEI.

B Tab6n. 4.1 HaBeneHa CTAaTHCTHKA IO OCTAaTOYHIN (71 JTOCIIIKEHHS)
BuOipii 300paxenb Ol B Mexax cragiit ¢giopo3y meuinku Big 0 (Hopmu) no 4
(uposy).

JucOanaHc AaHMX MDK cTafgissMd (PiOpo3y MOKe CYTTEBO BIUIMHYTH Ha
TOYHICTh TporHoctuunux mozeneit I, oco6auBO B KOHTEKCTI Kiacudikarllii,
OCKIJTbKM HEJIOCTaTHS KIJIbKICTh MPHUKJIAAIB MMEBHUX KJIACIB MOXE MPU3BOJUTHU 10

3MIIIIEHHS Pe3yJIbTATIB Ta MOTIPIICHHS SKOCT1 epea0adueHHs.
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Ta6auus 4.1 — Poznonin 306paxens Ol no cragism pidposy

Cragmis ¢idpo3y Kinpkicts Ol
0 (Hopma) 480 (59.55%)
1 44 (5.46%)
2 103 (12.78%)
3 129 (16.00%)
4 50 (6.20%)
Cyma 806

Jnsa BuaineHoi Bubipku 3 806 306paxens Ol OyB 31iiiCHEHUN TEKCTypHUI
aHaji3 JJIs OMIHKM cTaaik (gpiopo3y. OmucaHuii B IpyroMy po3aili KOHCTPYKTOP
O3HaK, 1110 BUKOPUCTOBYE YOTUPH P13HI METOM TICTOTPaMHOI 0OPOOKH 300pakeHb,
JTI03BOJIMB BUIUIMTH 1OYaTKOBUM HaO1p 13 720 o3Hak (mo 180 o3HaK Jyisi KOKHOTO
METOY).

3riIHO peKoMeHaallii 3 myHkTy 4.1.1, manieHTu nepea MoJETIOBaHHIM OyJn
crpaTr(diKoBaHO po3aisicHi Ha Tpu BHOIpkH: HaBuaibHy (80%), koHTpoabHY (10%)
ta ek3aMmeHariiny (10%).

HapyanpbHa BuOipka BHUKOPUCTOBYBaJach JIst

TPEeHYBaHHS MoOjeJiel, KOHTPOJbHA JUIsl MEPBUHHOI MEpPEBIPKU pe3yJIbTaTiB, a

eK3aMeHaIllifHa — JUIsi OCTaTOYHOI OIIHKH MPOJYKTUBHOCTI MOJIENICH Ta MEePEBIpKU

y3arajabHIO40i 37aTHOCTI. CHiBBIIHOIIEHHS cTaalid (i0po3y B pi3HUX BHOIpKax

HaBezeHe B Ta0. 4.2.

Ta6anus 4.2 — CriBBiZHOIIECHHS MAIIEHTIB B PI3HUX BHOIpKax JJIsl MOJCITIOBAaHHS

: KisIbKiCTh Mali€HTIB

Cranis =
bi6posy Hngaana KongonLHa EK:@MeHaumHa
BuOipka (80%) BubOipka (10%) BuOipka (10%)

0 (Hopma) 51 (53.68%) 6 (50.00%) 6 (50.00%)

1 5 (5.26%) 1 (8.33%) 1 (8.33%)

2 13 (13.68%) 2 (16.67%) 2 (16.67%)

3 17 (17.89%) 2 (16.67%) 2 (16.67%)

4 9 (9.47%) 1 (8.33%) 1 (8.33%)

Cyma 95 12 12
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Ha ocHoBi HaBuanbHOI BUOIPKU (3 METOI0 YHUKHEHHSI BUTOKY JaHHUX) OyJi0
BUKOHAHO aJITOPUTM CeJeKIlii HaiOiIb iHPOpMAaTUBHUX O3HAK, AKUi chopmyBaB
¢biHanbHy MHOXKUHY 3 178 03HaK, 110 cTanu GpyHIaMEHTOM /IS OOy I0BU Mojiemnei
aHCaMOJIEBOTO MAIIMHHOI'O HaBYaHHS.

MonentoBanHsi cTafiii ¢iOpo3y TeEUiHKH MPOBOAMIOCA y TpU €Tamu
BIJIMOBITHO JI0 1€papXi14HOTO MiAXO/Yy, ONMUCAHOTO Y MOMEPETHBOMY PO3ILIi.

4.2.2 Etan 1 — rpynoBa kiaacudikauisi craaiii ¢piopo3y

Jist moOGynoBu Mojeneil Ha JaHOMY e€Talll BUKOPUCTOBYBAJIWCH JIUIIE
HaBYaJlbHA 1 KOHTpoibHa BHUOIpku. Mogeni BumaakoBoro mgicy, XGBoost,
LightGBM ta BJIIOC Oyiu po3poOieHi s po3B'S3aHHS YOTHPHOX OKPEMHUX
3as1ay O6iHapHO1 Kiacudikaiii cramaiit Gidpo3sy:

1) «FO mporu F1-4» [3]. Jamum 3 HyJIbOBOIO cTamiero (hidpo3y
npucBorOBanaca MiTka kiacy «0» (HeratuBHUI), a BciMm 1HIUM (ctanii Big F1 no
F4) — miTka «1» (IO3UTHUBHUI).

2) «FO0-1 mporu F2-4» [3]. Jamum 3i cramissmu ¢ibposy FO ta Fl
pHUCBOIOBasiacs MiTka kiacy «0» (HeraTuBHMIA), TOMI K pemmTa (ctazii Bix F2 mo
F4) orpumyBanu MiTKy «1» (MO3UTUBHUI).

3) «F0-2 npotu F3-4» [3]. Jauum 3i cramgismu ¢idbposy FO, F1 ta F2
npucBoroBasiaca Mitka «0» (HeratuBHmit), a cramiam F3 ta F4 — mitka «1»
(mo3uTHUBHUI).

4) «F0-3 mporu F4y» [3]. Hanum 3i cramismu ¢ioposy FO, F1, F2 ta F3
nmpucBoloBasiacs MiTka kimacy «0» (HeraTtuBHuWii), a cramii F4 — wmitka «1»
(MO3UTUBHUI).

CmiBBITHOIICHHS] CIIOCTEPEXKEHb B PI3HHUX 3aaadax OiHapHO1 Kiacudikarrii
HaBejgeHe B TaOu. 4.3. Jlanuii miaxia 103BOJIsI€ BpaXOBYBAaTH OCOOJIMBOCTI KOXKHOI
ctazii ¢p10po3y Ta MOCTYNOBE YCKIIAJHEHHS 3aB/aHb, 10 CIPHUIE OLIBII TOYHOMY 1
JeTaTbHOMY aHami3y e(QEeKTHBHOCTI MOJeNel y po3pi3HEHHI cTaiiil marojorii. B
KOXKHIM 3ajaul BUKOHYBajiach 10-kpaTHa cTpaTtudikoBaHa TpyIloBa MepexpecHa
nepeBipKa 3 METOI0 3HAXO/DKEHHS ONTUMAIbHUX TileprapaMeTpiB s KOXKHOT

MOJIEJl aHCaMOJIEBOIO HABUYAHHS.
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Taboauusa 4.3 — CHiBBIIHOIIIGHHS CIIOCTEPEKEHb B YOTHUPHOX 3ajayax OiHapHOI

kiacudikarrii

HagpuanpHa BUOIpKa KonTpoarHa Bubipka

K-ctp K-c1p K-ctp K-ctp

3agadya | CHOCTEPEKEHBb | CIIOCTEPEIKEHB y | CIIOCTEPEIKECHb | CIIOCTEPEIKCHD Y

y HETaTUBHOMY | TMO3UTHBHOMY | Yy HETaTUBHOMY | ITO3UTHBHOMY
Kiaci KJaci KJaci KJaci

FO mpotu

crg | 384(5972%) | 250(4028%) | 48(63.16%) | 28(36.84%)

FO-1
mpotn | 420 (65.32%) | 223 (34.68%) | 49 (64.47%) | 27 (35.53%)
F2-4

FO-2
npotn | 501 (77.92%) | 142 (22.08%) | 60 (78.95%) | 16 (21.05%)
F3-4

FO-3
npotu F4

604 (93.93%) | 39 (6.07%) 73 (96.05%) 3 (3.95%)

Kpim Toro, nmpu HaB4aHHI MOJEIl BUKOPUCTOBYBABCS METOJ aJIallTUBHOIO
cuaretrnuHoro cemmuiinry (ADASYN) [43]. Ile meron reHeparlii CHHTETHYHHX
3pa3KiB JJIsi MIHOPUTAPHOTO KJacy y 3ajaudax kiacudikarii 3 He30aJaHCOBAaHUMU
HaOopamu naHux. OCHOBHA iesl MOJsira€e B aJalTUBHOMY CTBOPEHHI HOBHUX
MPUKIAAIB JIJI1 MIHOPUTApHOI Tpynu 3 (OKYCOM Ha MIJKJIACH, IO € HAMOUIbII
CKJIQAHUMU JJI KiIacu(ikallii, THAM caMUM MOKpAIlyIOUuH 3/1aTHICTh KJIacu(pikaropa
BIJIPI3HATH IIi CKJIQJHI 3pa3K Ta 3HUKYIOUH 3arajibHy yHEpeKEeHICTh MOEIN 10
MaKOPUTAPHOTO KJIAcy.

B T1abn. 4.4 wnaBeneHi pe3ynbTaTH MOJCIIOBaHHS B 3ajadl OiHapHOI

knacudikarii «FO mpotu F1-4» Ha KOHTPOJIBbHIN BUOIpIII.

Ta6auus 4.4 — Pesynbratu 3amadi «FO nmpotu F1-4» Ha KOHTpOJIBHIM BUOIpII

MeT?’H .. | [IpaBunbHicTh | YyTnuicts | Cieuudiunicts | TouHiCTh I.:-
Kkiacudikaiii Mipa
BumnaakoBuit jic 0.70 0.68 0.71 0.58 0.70
XGBoost 0.82 0.79 0.83 0.73 0.82
LightGBM 0.79 0.79 0.79 0.69 0.79
BJIAOC 0.80 0.71 0.85 0.74 0.80
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[TopiBHSBIIM TTOpaxoBaHI Ha KOHTPOJIbHIN BHUOIpii F-mMipu KOXKHOT Mojei

MiX c000r0, JIJIs JTaHOl 3ajayi HalWKpamnry Mmojenb 3 mnpaBwibHICTIO 82% (95%

JOBIpuMii iHTepBay, po3paxoBanuii Oyrcrpen wmetomom: [0.72, 0.89]) Oymo

OTPUMAaHO 3a AonoMorow meroay XGBoost.

B Tabn. 4.5 wnHaBeneHi pe3ynabTaTH MOJICTIOBAaHHS B 3ajadi  OlHApHOI

kiacudikaiii «FO-1 nporu F2-4» Ha KOHTPOJIBHIN BUOIpIIL.

Ta6auus 4.5 — Pesynbratu 3amaui «F0-1 npotu F2-4» Ha KOHTpOIBHIN BUOIPIT

MeTfm .. | [IpaBunbHicTh | YyTnuicts | Cieuudiunicts | TouHICTh I.:-
Kjacugikamii Mipa
Bumnaaxoswuii jtic 0.76 0.67 0.82 0.67 0.76
XGBoost 0.75 0.59 0.84 0.67 0.75
LightGBM 0.78 0.63 0.86 0.71 0.77
BJIAOC 0.79 0.74 0.82 0.69 0.79

[TopiBHSABIIM MOpaxoBaHI Ha KOHTPOJBHIN BUOIpLi F-Mipu KOXHOI Mojaeni

MK 00010, I JaHol 3amaul HaWkpaily moneib 3 mpaBmibHicTIO 79% (95%

noBipuwuii inTepai: [0.70, 0.87]) Oyino orpumano 3a gormomororo metoxy BJIZIOC.

B T1abn. 4.6 HaBeneHi pe3ynbTaTH MOJCIIOBAaHHS B 3a7adl OiHapHOI

knacudikarii «F0-2 mporu F3-4» Ha KOHTPOJBHINA BUOIPIII.

Ta6auus 4.6 — Pesynbratu 3amayi «F0-2 npotu F3-4» Ha KOHTpOIBHIN BUOIPIT

MeT.OH .. | [IpaBunbHicTh | YyTnusicts | Cieuudiunicts | TouHICTh I.:-
Kiacudikaiii Mipa
BumnaakoBuit jic 0.79 0.44 0.83 0.50 0.78
XGBoost 0.82 0.63 0.87 0.56 0.82
LightGBM 0.78 0.63 0.82 0.48 0.79
BJIAOC 0.70 0.44 0.77 0.33 0.71

[TopiBHSBILIKM MOpaxoBaHI Ha KOHTPOJIBHIN BUOIpLi F-Mipu KOXHOI Mojeni

MK c000r0, IS JaHOi 3a1adi Haikpaily Mozenb 3 npaBuiabHicTIO 82% (95%

nopipunit intepBan: [0.70, 0.89]) Oyno oTpumaHO 3a JIOIMOMOIOIO METOIY

XGBoost.
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B T1abn. 4.7 wHaBeneHi pe3ynbTaTH MOJCIIOBaHHS B 3adadl OiHapHOI

knacudikanii «F0-3 mpotu F4» Ha KOHTPOJIBHIM BUOIPIII.

Tab6anus 4.7 — Pesynsratu 3anadi «F0-3 mpotu F4» Ha KOHTpOIBHIN BHOIpIT

Mesz[ .. | [IpaBunbHicTh | YyTnuicts | CienudivnicTs | TouHiCTh I.:_
Kiacudikairii Mipa
BunankoBwuii stic 0.97 0.67 0.99 0.67 0.97
XGBoost 0.95 0.67 0.96 0.40 0.95
LightGBM 0.92 1.00 0.92 0.33 0.94
BJIAOC 0.93 0.67 0.95 0.33 0.94

[TopiBHSBIIIM TOpaxoBaHI Ha KOHTPOJBHIN BUOIpIl F-Mipu KOXHOT Mojeni
MIXK c000r0, JJI JIaHOl 3ajJayi HaWKpairy Mojaeiab 3 mnpaBwibHicTIO 97% (95%
noipunii iHTepan: [0.93, 1.00]) Oyi0 oTpuMaHO 3a JOMOMOIOK METO.Y
BUIIAKOBOTO JIICY.

Buxoan 4oTHphOX HaMKpalMxX MOJENEH y BUIJIAl 3HAUEHb WMOBIPHOCTEH
MO3UTHUBHUX KJIACIB BUKOPUCTOBYBAJIUCH IS HACTYITHOTO €Tary.

4.2.3 Etan 2 — myasTuRIacupikauisi craaiii ¢piopo3y 3a 300pakeHHIMU

Jlist moOynoBu MeTakiaacupikaTopy Ha OCHOBI BUXOJIIB YOTUPHOX MOJIEICH
OiHapHOi Kiacudikailii 3 MOMEPEAHBOTO €Taly TaKOXX MOPIBHIOBATUCH METOAU
BunagkoBoro Jjicy, XGBoost, LightGBM Tta BJIJIOC. Ha HaB4anmbHiii BUOipIIi
3MIICHIOBAJIOCH TPEHYBaHHS MeTaksacu(ikaTopis, a KOHTpOJIbHA
BUKOPHUCTOBYBaIach JUisi BUOOpY Haikpaioi 3 Hux. B Tabn. 4.8 HaBeneHa oliHka

noOyJ0BaHUX MOJIEJIe MipaMH MPABUIILHOCTI Ta 3BaXKeHO1 F-Mipu:

Tabamua 4.8 — Pesynpratu 3amaui  MyiabTUkIacudikamii ctagiii  ($idposy

TPYNOBUM METOJIOM Ha KOHTPOJLHIN BUOIPIT

Meton knacudikairii [TpaBuUnBHICTD F-mipa
Bunankowuii jtic 0.68 0.70
XGBoost 0.70 0.70
LightGBM 0.70 0.71
BJIIOC 0.70 0.70
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[TopiBHSBIIM TTOpaxoBaHI Ha KOHTPOJIbHIN BHOIpii F-mMipu KOXHOT Mojenl
MiX c000r0, JIJIs JTaHOl 3ajaui Halkpamnry mojuenb 3 npaBwibHicTIO 70% (95%
noBipumnii intepBax: [0.59, 0.79]) Oyio oTpuMaHO 3a JOMOMOIOI0 METOIY
LightGBM.

[IpaBunbHICTh TAXOAY 3 TPYINOBOIO Kiacuikaiiero BusiBuBCs Ha 6%
OIMBIIOI0 HDK CTaHAApTHA CTpaTerisi «OJAWMH TIPOTH BCIX», PE3yJbTaTu

3aCTOCYyBaHHS K01 HaBeeHi B Tab. 4.9.

Ta6nuua 4.9 — Pesynbratu 3amaui MynbTukiIacudikaiii cramii ¢idposy 3a

CTpPATETIE0 «OJIUH MPOTH BC1X» HA KOHTPOJIbHINA BUOIPII

Mertoa knacudikarrii [TpaBUIBHICTD F-mipa
Bumnankoswuii jic 0.54 0.55
XGBoost 0.64 0.64
LightGBM 0.53 0.52
BJIAOC 0.53 0.55

Cnix Bigmituty, o moxaenb LightGBM mpu Ttakiii crpaterii BHSBHIACH
HAWTIPIIOIO y OPIBHSIHHI 3 MOJIEIISIMU 1HIIIUX METO/IIB.

[Ticns  Toro, sk Oyiao obOpano wmoaens LightGBM B sxocrti
MeTtakiacudikaropa, ii Oyjo mepeTpeHOBAHO Ha KOMOIHAIll HaBYaJIbHOI 1
KOHTPOJIbHOT BHOIpOK 3 METOI0 BUKOHAaHHA (iHaIbHOI 1 OIIHKK Ha
exk3ameHarliiiHii Buoipmi. B Tadn. 4.10 HaBeneni pe3yabTaTd OIIHIOBaHHS MOJEII

Ha eK3aMeHaIlliHIi BUOIPIII.

Taoamua 4.10 — Pesynprat 3amadi mynbTuKIacudikaiii crtamiii  ($idposy

rpyNoOBUM METOJIOM Ha eK3aMeHallliHii BHOipIIi

Cranisa pi6po3y UyTnuBicTh TouHicTh [IpaBunbHICTH F-mipa
FO 0.71 0.87 0.78
F1 0.71 0.38 0.50
F2 0.64 0.47 — 0.54
F3 0.62 0.50 0.55
F4 0.50 1.00 0.67
Ycworo — — 0.67 0.68
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PesynpraTn, momaHi B TaONMIN BHINE, CBiIYaTh NpPO pI3HUNA pIBEHBb
e(peKTUBHOCTI MOJENI sl KOXKHOT 31 ctaaii. g craaii FO BcTaHOBIEHO BUCOKY
touHicTh (0.87) Ta momipHy uyTiauBicTh (0.71), 1m0 BKazye Ha HajAlliHE BUSBJICHHS
BiACyTHOCTI (iOpo3y; 3HauenHs F-mipu (0.78) 1momaTkoBO MiATBEPIKYE
30a1aHCOBAHICTh MK IUMHU TOKa3HUKAMHU.

s craaii F1 TounicTs pizko 3HmKyeThes 10 0.38 3a uwytimBocTi 0.71, mo
MOJKE€ CBITYMTHU TMPO 3HAYHY KUIBKICTh XMOHOMO3UTHMBHUX pe3yibTariB, F-mipa
(0.50) mipkpecntoe TpyaHoull B kiacudikamii mporo kiacy. Cramis  F2
xapakTepusyerbest uyTiauBicTio 0.64 1 Tounictio 0.47, a F-mipa (0.54) Bkaszye Ha
oOMexxeHy e(eKTUBHICTh MOJEII IJI JaHOI KaTeropii.

Jnst cranii F3 moka3HUKU 4yTAUBOCTI ¥ TouHOCTI € momipHumu (0.62 Ta
0.50 BigmomimHO), 1O pasom i3 F-miporo 0.55 cBiguuTh Npo HEOOXIAHICTH
IMOJAJbIIOr0 BAOCKOHaAJeHHS. Bomnouac, F4 Bi3HayaeThCs 1€ IbHOI0 TOYHICTIO
(1.00) 3a memocrarupoi uyTiuBocTi (0.50), TOOTO MOAENb MPAaBWIBHO BU3HAYAE
Bunaaku F4, olHaK Npomyckae MOJOBUHY CIHpaBXkHIX BumajkiB;, F-mipa 0.67
BiIoOpakae HassBHUH AucOanaHc.

3arasibHa MpaBWIbHICTG Mozenl ctaHoBUTh 0.67 (95% mnoBipunii iHTEpBaI:
[0.58, 0.76]), mo BiamoBimae KopekTHiM kiaacudikamii 67% yciX BHITaIKiB.
3nauennss F-mipu (0.68) 3acBimuye mnomipHHil OajmaHC MK TOYHICTIO Ta
YYTJIUBICTIO I BCiX cTafiii. BogHouac 3anummaroTbes NpoOieMH 3 HU3BKOIO
tTouHicTio s cramii F1 1 F2, BigcyTHICTIO AaHUX 11010 TpaBmibHOCTI Juist F2, a
TaKOX JUCOAJIAaHCOM MK BHCOKOIO TOYHICTIO Ta HU3bKOIO 4yTiuBicTIO mis F4.
IMOBIpHO, BOHM 3yMOBJIEHI HEPIBHOMIPHICTIO PO3MOAUTY JaHUX a00 CKIaJHICTIO
nudepenItiaiii OKpeMux CTafii.

4.2.4 Etan 3 — myabTukiaacudikauisa cragii ¢piopo3y 3a nanieHramMu

Ha wnpomy erami 3pailicHIOBaJlach OIlIHKA CTaHy Talll€HTa [UIIXOM
MaKOpPUTAPHOTO rOJIOCYBaHHS 3a MIPOTHO3YBAHHAMHU ¢biHaTBEHOTO
MeTakiacudikaropa Ha KkoxxkHomy 300pakeHHl OI. Ha mnonepegnromy etari
MalliiHa BUKOHAJIa TIPOTHO3YBaHHS Ha KOXHOMY 300pakeHHi Ol okpemo, B TOH

qac sdK Ha ObOMY eTami BOHA BHUKOHYE arperaui}O BJIACHUX IIPOTHO3YBAdHDb, HIO6
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OTpUMATU JOCTATHIO BIICBHCHICTh y I[i&l“HOBi, 10 BCTAHOBJIIOETHCA HaHiEHTy. L[G

MO’KHA TTOPIBHATH 3 MPOLIECOM MHCIIECHHS JIIKaps, IKU aHai3ye pi3HI 300paKeHHs

OI nnst Toro, 100 CKJIACTH MOBHY KApTUHY.

B T1abn. 4.11 wnaBegeHi pe3yiabTaTH Ma)KOPUTApPHOTO TOJOCYBaHHS Ha

NaIi€eHTax 3 eK3aMEeHaliiHOT BUOIPKH.

Ta6anus 4.11 — Pe3ynpTaTi Ma)kOpUTApHOTO ToJ0CyBaHHS 1Mo 300pakeHHsM Ol

Ha eK3aMeHaIlliHii BUOIpIIll MaIliEHTIB

Cranisa pi6po3y UyTnuBicTh TouHiCTh [IpaBUIBHICTD F-mipa
FO 0.67 1.00 0.80
F1 1.00 0.50 0.67
F2 0.50 0.50 — 0.50
F3 1.00 0.67 0.80
F4 1.00 1.00 1.00
Yceporo — — 0.75 0.76

B tab6un. 4.12 naBeneHi pe3yiabTaT MaKOPUTAPHOTO TOJIOCYBAaHHS HA KOTOPTI

yCIX TAIlI€HTIB.

Ta6auus 4.12 — Pe3ynpTaTi MaKOpPUTAPHOTO TOJOCYBaHHS 1Mo 300paskeHHsM Ol

Ha KOTOPTI yCiX MaIll€HTIB

Cranis pi6po3y UyTnuBicTh TouHicTh [IpaBunIBHICTH F-mipa
FO 0.97 0.99 0.98
F1 0.86 0.75 0.80
F2 0.88 0.94 — 0.91
F3 0.95 0.91 0.93
F4 1.00 1.00 1.00
Ycworo — — 0.95 0.95

4.3 Inentudikanis COVID-acomiiioBanux mnaroJjioriii Jerenn 3a

KOMII’FOTEPHOI0 TOMOTpadicro

Sk 1 B monepeHii 3aaa4i, KJIIHIYHUN MaTepiana OyB OTpUMaHUI B peabHUX

yMOBaX, IO BKIIOYA€ SK IUIAHOBI, TaK 1 EKCTPEHI OOCTE)KCHHS TAaIll€HTIB.
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[TaiieHTH, 3HIMKH SKAX BUKOPUCTOBYBAIHMCH Y JIOCIKEHHI, OyJIM aHOHIMI30BaH1
JUIsl 3a0€3MEUYCeHHS] 3aXUCTY iX TMEPCOHAIBHHUX JaHWUX 3TITHO 3 MIKHAPOIHUMU
CTUYHUMHU CTaHapTaMH Ta HOpMaMHu KOH(1AEHIIIHHOCTI.

4.3.1 lani 3pi3iB koM’ r0TepHOi TOMOTrpadii 1ereHn

baza 3pizie KT nerens (puc. 4.3), 010 BHUKOPUCTOBYBaJlach y JaHOMY
JOCITIKeHH1, OyJia HaJlaHa 3T1HO JIOTOBOPIB MPO CITIBIIPAIIO:

1) NeJ1/0002.01/3400.02/5/2023 Big 05 ciunst 2023 poky mixk KIII im. Irops
Cikxopcbkoro Ta 1Y «Hamionanbauil 1HCTUTYT GTU31ATPIi 1 MyJIBMOHOJIOTIT IMEHI
®. I'. STnoBcbkoro HAMH VYkpaian» [8];

2) NoJ1/0002.01/4047.01/34/2023 Bin 02 mororo 2023 poky mixk KIII im.
Irops Cikopcekoro Ta JIY «HatioHanbHui 1HCTUTYT CEPIEBO-CYIMHHOI XIpyprii

imeri M.M. AmocoBa HAMH VYkpainn» [8].

Brilliance 64
9-July-2020 18:19:16

Pucynok 4.3 — Ilpuknan 3pi3y KT nerens
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JIns mpoBeIeHHS JTAaHOTO JOCHIKEHHS BUKopucToBYBainuch 19321 3pi3 KT
JereHb, OTpUMaHi Big 48 aHOHIMI30BaHMX maiieHTiB. KoHTponbHa rpymna
BKJIOYajga 12 malieHTiB 3 JIEreHsSMHM, SKI HE MICTHIM O3HaK 1HQUIbTpaIlii,
KoHcomigamii abo ¢i0po3Hux 3MiH. Y 14 mamieHTiB, siki Oy 00CTEXEH1 uepe3 Tpu
a6o Oumpmie micsriB micis roctpoi dhasu COVID-19, ma KT nerens 36epiramucs
o3Haku cuHapoMmy «Long COVIDy [88], 1m0 nposBiasixncs y BUMISAAI TOMIPHHX
3aJUIIKOBUX 3MiH, TaKMX fAK Jerki (iOpo3Hi CMYXKH Ta MOOJWHOKI MaTOBI
3aTeMHEHHs, aje 0e3 BHUpaxeHOi JUHAMIYHOI KoHcomigamii abo 00'eMHHX
KaBITAIIMHUX TOpOoXHUH. [Himm 22 mamientn Oynm miarHoctoBani Ha COVID-
acolliiioBaH1 JIEreHeBl MaTojorii, 30kpema: 16 mamieHTiB 00CTeXyBalIUCh M1 Yac
roctpoi ¢azu COVID-19, Tomi sx y 6 mamieHTiB OyJio J1arHOCTOBAHO
KOHcouAamio, nos'szany 3 COVID-19, mo B nojansuioMy npu3Beia 10 PO3BUTKY
cuHapomMy 3Hukarouoi yereni (C3JI) [73].

C3JI xapakTepHa BTPaTOI HOPMAaJbHOI JIETEHEBOI CTPYKTYpH ((aKTUUHO,
«3HUKaHHs» 4vacTuHM JereHi). Ha Biaminy Bin Long COVID, ne mnepeBaxkHO
criocTepirarotbes Jierki (iOpo3Hi 3anuiku, abo roctpoi a3, A€ AOMIHYIOThH
3ananbHl 1HQUIBTpaTH, npu C3JI BiaMIYatoTh OUIBII CTIMKI Ta MACUBHI CTPYKTYpPHI
pyiiHyBaHHS 3 (POpMyBaHHSIM OYyJI, KICT Ta AepopMalii€ro OpOHXIB.

BpaxoByrourn BHCOKHIT OOCAT JOCTIDKCHb Ta CKJIATHICTh OLIHKA TOHKHX
PEHTICHOJIOTIYHUX O03HAK, PaJiojord NOCTaBWIM 33Ja4y MPOBECTH 11EHTU(DIKALIIO
IIUX CTaHIB 3a JormoMororw metois 1.

Takum duHOM, IS JOCHIIKEHHS BHUKOpUCTOBYBanmuch KT-3pizu, 110
B1JI00pakajay YOTUPH PI3H1 CTaHU JIETEHb.

3pizu KT nerenp posmipom 512x512 mikcemB Oynu Hamani B Qopmari
DICOM. 1leit d¢opmar 3abesneuye 30epexkeHHs 300pakeHb 13 16-0iTHOIO
PO3JIUIBHOKO 3JaTHICTIO, IO JO03BOJISIE OXOIUTIOBAaTH IMHPOKUM JUHAMIYHUM
Jlara3oH BiJITIHKIB CIpOT0, BAKIIMBUX JIJIS TOYHOI JiarHOCTUKUA. KpiM 300pakeHb,
DICOM wmictuth uuciaeHHi metaaani — Tak 3BaHi DICOM Tteru, ski HecyThb
1H(pOpMaLIiI0 PO MapaMeTpu MPOBEIEHHS MPOLEIYpPH, TEXHIYHI XapaKTEPUCTHUKU

CKaHYBaHHS Ta IHII PEJIEBAHTHI aCMEKTH, 10 HEOOXIIHI JJI1 KOPEKTHOTO aHaII3y
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nanux. Takl MeTalaHi € KPUTUYHO BaXJIMBUMU JIsi 3a0€3MEUYEHHS] TOYHOCTI Ta
y3TrOJKEHOCTI mpu 00poOIi MeTUYHUX 300paKeHb 1 JTO3BOJIAIOTH JOCIITHUKAM
Kpalie po3yMITH KOHTEKCT OTPUMAaHHS JaHUX, 10 € HEBIJEMHOIO CKJIaJIOBOIO
CYy4acCHOT'O MEAMYHOTO aHaJi3y.

Cepen xmouoBux DICOM TeriB Citiji BUIUTATH HACTYIIHI:

— «Bits  Stored» (0028,0101) — Bu3Ha4Yae KUIbKICTH OITIB, IO
BUKOPHCTOBYIOTHCS I 30epeKeHHs 3Hadymol iHpopMmairii mikcemB. Hampukian,
JUTsl 300payKeHHS BUAUIEHO 16 01T, ane (akTUYHO BUKOPUCTOBYETHCS JIHIIE 12, 1110
oOMeXy€e Jiana3oH 3HA4eHb, 3 SKUX CKIAJMaeThcsi 300pakeHHs. Lleit mapamerp
3abe3reuye po3yMiHHS MOTEHUINHOT TIMOMHU 300paK€HHS Ta BIUIMBA€E HA SIKICTh
Bi3yamizanii. Y neB’stu marieHTiB Ter «Bits Storedy» mopisaioe 12 0it, y 0QHOIO —
13 61T, y iHmmx 38 marieHTiB — 16 OiT.

— «Body Part Examined» (0018,0015) — Bu3Hauae aHATOMIYHY OO0JIACTh
JTOCHiKeHHs, Taky sk rpynHa kimitka (‘CHEST’) abo depeBHa mNOpOXKHUHA
(‘ABDOMEN"). Ileit Ter n03BoJIsIE aBTOMAaTU30BAaHUM CHUCTEMaM abo pajioyioram
11eHTU(PIKyBaTH THUN CKAHOBAHOi 00JIaCTl, 10 € BAXJIMBUM JUIS HAJICXKHOTO
HaJIAIITyBaHHS aJITOPUTMIB aHAJI3y Ta 30€PEKEHHSI BIJTIOBIIHOTO KOHTEKCTY.

— «Convolution Kernel» (0018,1210) — omucye o¢inerp abo  sapo
PEKOHCTPYKIIii, K€ BHKOPHUCTOBYBAJOCS IJIi TIEPETBOPEHHS CHPUX JaHUX ¥
diHanpHe 300paxkeHHS. 3aJeKHO BiJ OOpaHOTO s/Apa, MOXHA MIJICUIUTH YU
3TJaJIUTH TIEBHI CTPYKTYPH: BiJl KICTKOBOI TKAHWHHU JI0 M'SIKUX TKaHUH. Takum
YUHOM, THUIl 3aCTOCOBAHOTO fAJipa BHU3HAYAE XapPAKTEPUCTUUHI OCOOJIMBOCTI
OTPUMaHUX 300paKEHb.

— «Exposure» (0018,1152) — BimoOpaxkae 3arajibHy 103y PEHTI€HIBCHKOTO
BUINIPOMIHIOBaHHS, Ky OTpPUMaB MAalllEHT TMiJ Yac NPOLEIypU, BUMIPIOETHCS B
Mimiamrep-cekyHaax. llei mapamerp Mae  Oe3locepenHii  BIUIMB — Ha
CHIBBIJIHOLIEHHS CUTHAILY /10 ITyMY Ta, BIATIOBIAHO, HA SIKICTh 300paKeHHSI.

— «Exposure Timey» (0018,1150) — TpuBamicTh €KCMO3MUIIIT, sSIKa BU3HAYAE YaC

BIUIMBY PEHTICHIBCHKOTO BHUIIPOMIHIOBAaHHS Ha JETEKTOp, BHUMIPIOETHCS B
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MUTICeKyHaX. TpHUBaNICTh €KCIO3MUINI BIUIMBAE Ha SKICTh 300pa)KeHHs, PIBEHb
mIryMy Ta €e(QEeKTHUBHY 03y, SIKy OTpUMY€ MaIl€HT. 3HAYEHHS OAHOTO TEry Yy
namieHTiB BapiroeTbes Big 250 g0 1000 MuticekyHI.

— «Image Type» (0008,0008) — MICTUTh MHOXMHY 3HA4Y€Hb, III0 OMHUCYIOTh
XapaKTEPUCTUKN 300paKeHHS, Taki sk Tunm naHux (Hampukian, 'ORIGINAL',
'PRIMARY', 'AXIAL'"). Ile no3Bossie ineHTH(IKYBAaTH, YU € 300paKCHHS
NEPBUHHUM a00 B)Ke 00pOOJIEHNM, 1110 BIUIMBAE HA BUOIp METOJUKHU aHAII3Y.

— «KVPy» (0018,0060) — mikoBa Hampyra peHTTE€HIBChKOi TPYOKH TiJ Yac
CKaHyBaHHS, BUMIPIOEThCA B KiUJIoBoJIbTax. llelt mapameTp BH3Hayae EHEPriio
BUIIPOMIHIOBaHHS, 1110, Y CBOIO YEpry, BIUIUBAE Ha KOHTPACTHICTh 300pa)KEHHS Ta
HOro NMpPOHUKHICTh Yepe3 TKAaHWHU PI3HOI IIUIBHOCTI. 3HAYEHHS NIaHOTO TEry y
naiieHTiB BapitoeThes Bif 100 10 150 KiJ0BOJBT.

— «Manufacturer» (0008,0070) — MicTUTh Ha3By BHPOOHHMKa OOJIaTHAHH,
BUKOPUCTAHOTO Il CKaHyBaHHS. L{g iHpopmaris BakmuBa s 3a0e3MeYeHHS
CYMICHOCTI amapaTypu Ta PO3yMIHHSI XapaKTEPUCTHK 300pa)K€Hb, OCKUIBKH Pi3HI
BUPOOHHMKM MOXYTh 3aCTOCOBYBATH PI3HI TEXHOJOTIYHI PIIEHHS Ta alrOPUTMHU
00pooku. Cemu mariearam KT nerens BukoHyBaiu Ha ckanepax Bin «GE Medical
Systems», ogHoMy marlieHTy — Ha ckaHepax Bin «Hitachi Medical Corporationy,
ceMH TallieHTaM — Ha ckaHepax Bim «Philipsy, omuHamsThOM malmieHTaM — Ha
ckaHepax Bim «Siemens Healthineersy, inmmM 22 mamieHTaM — Ha CKaHepax Bij
«Toshibay.

— «Pixel Spacing» (0028,0030) — ¢i3uuHa BiACTaHb MIXK IIECHTPAMH CYCIIHIX
MIKCENIIB y HampsSMKYy pSJAKIB Ta CTOBIIIIB, BUMIPIOEThCS B MimiMerpax. Lls
BETMYMHA BaXXJIMBa JJII BU3HAYEHHA MacIiTaly 300pa)keHHS Ta BHKOHAHHS
TOYHUX AHATOMIYHMX BHUMIPIOBaHb, OCOOJMBO TMpH aHamizi 3D-peKOHCTPYKIIiii.
3HaueHHs 1aHOTO TETy y MaiieHTiB BapitoeThes Big 0.595 no 0.977.

— «Rescale Intercept» (0028,1052) ta «Rescale Slope» (0028,1053) — mi aBa
napaMeTpy BUKOPHCTOBYIOTHCS ISl TIEPETBOPEHHS CHPUX MIKCEIbHUX 3HAYCHDb Y

G13M4HI ONMHUIN BUMIpIOBaHHS, Hampukian, B oauHuil XayHchinga (HU) s
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KT-300paxkensb. BoHn 3acTOCOBYIOTBCS I JIIHIMHOTO MEPETBOPEHHS MIKCEIbHUX
3HA4YCHb, IO JTO3BOJISE OTPUMATH AJCKBATHI YHUCIIOBI TTOKA3HHUKH, SIKI € KPUTHYHO
BKJIMBUMU JUIsl TOYHOTO JIIarHOCTUYHOTO aHaJI3y.

— Slice Thickness (0018,0050) — ¢i3uyna TOBIIMHA 3pi3y, BUMIpIOBaHA B
mimimMerpax. lleii mapameTp Bu3Hayae TIMOMHHY pO3IAUIbHY 3IaTHICTh, IO
Oe3nocepeIHbO BIIMBAE HA SKICTh TPUBHUMIPHUX PEKOHCTPYKINIH 1 MOXKJIMBOCTI
00'eMHMX BHMIPIOBaHb, TaKWX SIK OOYHCIEHHS OO0'€MIB ypaXX€HHX TKaHUH.
3HaYeHHs TaHOTO TETy y Mall€HTIB BapitoeTbes Big 0.5 10 5 MuTiMeTpiB.

B mili xonkperHid 3amaui imeHTudikamii ctaHiB jereHb 3a 3pizamu KT
CErMEHTAIlisl BUKOHYBaJIach aBTOMaTHYHO. [yt 11b0T0 Oyito Bukopuctano CNN U-
Net (R231CovidWeb) [49]. /lana HelipoHHa Mepexa J03BOJISIE BHUKOHYBAaTH
BUCOKOTOYHE BHJIJICHHS MEX JIeTeHb, 0 € HAJ3BUYAHO BaXXJIUBUM IS
noaanemoro ananizy KT-300paxens, 0co0gMBO NpH 11eHTU(]IKALIT MATOJIOTTYHUX
nporieciB [49]. Apxitektypa U-Net 0a3yeTbcs Ha 0araToOIIapOBHUX 3TOPTKOBUX
mapax, 110 J03BOJISIIOTh EKCTParyBaTH sIK JIOKAJIbHI, TakK 1 TJI00aabH1 0COOIMBOCTI,
3a0e3Meuyourd Mpu bOMY BHCOKY TOYHICTh Ta y3arajibHIOBAHICTh MOJENl MpHU
pOoOOTI 3 MIUPOKUM CIEKTPOM MeIUYHUX 300paxens. Kpim toro, U-Net edekTrBHO
BUpILIY€E 33J]a4y CErMEHTAIlll 32 paXyHOK CUMETPUYHOI apXITEKTypH, 10 BKIIIOUAE
mapu JEKOJAyBaHHS Ta KOJYBaHHs, 3a0€3MeUyroud MaKCUMAaJbHY JeTai3alliro
pe3ynbTaTy HaBiTh IS CKJIQJAHUX Ta HEOJHOPITHUX CTPYKTYyp JereHb. JlaHa
MpoleIypa CETMEHTAIlli T03BOJMIa BUIIIMTH 2355 Macok JiereHb, 30epekeHUX Y
dopmati PNG. Ha puc. 4.4 npencraBicHO IPUKIAT OAHIET 3 TaKMX MAaCOK, IO
JIEMOHCTPY€E KOHTYpPH JIETEHEBOI TKaHUHHM, BUALIEHI 3 KT-3pizy.

KinpkicTh CErMEHTOBAaHMX MACOK BHSBUJIACS MEHIIOIO TOPIBHAHO 3
3arajabHOI0 KimbKicTiO 3pi3iB KT. Ile moscHioeThCS TUM, 11O HE BCl 3pi3u B cepii
MICTATh 300paK€HHSI JIET€Hb, a JESKI 3pi3M BiIOOPaXKalOTh JIUIIE aHATOMIYHI
CTPYKTYpH, SKI HE BXOIATH 10 30HHW IHTEpeCy HJisi JaHOTO JOCHTIIKEeHHA. B
Tabn. 4.13 npencraBieHO JIETAIBHUN PO3MOAUT KIIBKOCTI CETMEHTOBAaHUX MAaCOK

JIJIS1 KOYKHOTO 13 CTaHIB JIETEHb, 1110 OYJIU JOCIIKEHI.
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Pucynok 4.4 — [Ipukinan cerMeHTOBAaHOI MAaCKH JIET€Hb

Taoauusa 4.13 — Po3moiir Macok 1o cTaHaM JereHb

CraH 5iereHb KisbKicTh Macok
Hopwma 565 (23.99%)
I"octpa ¢aza COVID-19 841 (35.71%)
Koncouigarist, mo npussena o C3J1 315 (13.38%)
Long COVID 634 (26.92%)
Cyma 2355

Takum 49uHOM, Ui TOAAQIBIIOTO aHaIi3y MEAUYHUX 300pakeHb
BuKopucToByBanucs Ol, mpencraBiacHl y BUTJISAII MAacOK JIETeHb, CECTMEHTOBAHUX 13
KT-3piziB. Lle# miaxin 103BoJIsI€ 3M1HCHIOBATH OLIBIT TOYHUN aHAI3 CTPYKTYPHUX
3MIH y JIET€HSX, IO € OCOOJMBO BAXJIMBUM IS 1eHTU]IKAIT MaTOJOTii Ta

OIIHKY JUHAMIKH 3aXBOPIOBAHb.
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BpaxoByroun Toit daxT, 1o a1 otpumanus 3pi3iB KT merenb, BUgiACHI 115
JTAaHOTO JTOCIIPKEHHS, BUKOPUCTOBYBAJHNCH Pi3HI CKaHEPH Ta pi3HE KaliOpyBaHHS
HaJalllTyBaHb, OyJIO BHUPINIEHO BUKOHATU HACTYIIHI €TalM IO MONEPEIHbOMY
nepeTBopenH:o 3piziB KT:

1) Buxopucranas DICOM reriB «Rescale Intercept» Ta «Rescale Slope»
JUIS JTIHIKHOTO MaciTa0yBaHHsS mikcemiB, 100 3HadeHHs HU Biamosigamm
(b13MYHUM BIACTUBOCTSIM TKaHUH.

2) KopuryBaHHs sICKpaBOCTI Ta KOHTPACTy 3a JOIOMOTOI0 Ofeparlii «BiKHO-
piBeHb» (3HaueHHs BikHa craHoBuio 1500 HU, a piBens cranoBuB -600 HU). Ls
omepailisi € HeOoOX1THOK [JIsi 3a0e3MeUeHHs aJIeKBaTHOI Bi3zyasisallii JereHeBUX
CTPYKTYD, a TAKOK BOHA JI03BOJIAE OUIBII YITKO 17IeHTU(IKYBATH aHOMAJTI].

3) Hopmamizariss 300paxeHpb 10 8-O0iTHOro ¢opMary Ta 30CpeKeHHS Y
dopmari PNG gns 3meHumeHHs obOcsary nanux. IleperBopenHss 3 16-OiTHOro
dbopmary g0 8-0ITHOrO 3HAYHO 3MEHIIYE po3Mip (haliiB, M0 € KPUTUYHUM Yy
KOHTEKCTI MAaCHBHOTO 30€peeHHs Ta mnepedadi JaHux. lIpore BaxIMBO
3a3HAYUTH, 10 HOpMAai3aiisl 3IIACHIOETbCS TAaKUM YHHOM, I100 30epertu
HaWOUIBII JIarHOCTUYHO 3Hauyili ocobnuBocTi. dopmar PNG obOpanuii yepes
1oro 0e3BTpaTHHI XapaKTep CTUCHEHHS, 1110 J103BOJIsiE€ 30epiratu 300paxeHHs 0e3
MOTIPIIEHHST SKOCTI, SIKE MOXXE€ MAaTh KPUTUYHE 3HAYEHHS I TMOAAJIBIIOTO
JI1arHOCTUYHOTO aHaJII3Yy.

Takum uynHOM, TepeniueHl omeparii HajJ 300paKeHHSIMH 3a0€3MeUyI0Th
OTITUMI3allil0 TaHUX IS MOAAJIBIIOTO JIarHOCTUYHOTO aHAJI3Y.

Jlns BuaineHoi BUOIpku 3 2355 300paxkeHb OyB 3[1MCHEHUN TEKCTYPHUM
anam3 s inentudikamii COVID-acormifioBanux maToJoriid. Sk 1 B monepeaHpoMy
M1pO3/11J11, BAKOPUCTAHHA KOHCTPYKTOPA JI03BOJIMIIO OAEPKATH MOYATKOBUIN HAOIp
13 720 o3HaK.

Jami, mamieHTH mepes; MOACIIOBaHHAM Oy CTpaTudikoBaHO PO3AUICHI Ha
Tpu BUOIpKU: HaByambHy (60%), koHTpONBHY (20%) Ta ex3amenaniiiny (20%).

CHiBBITHONICHHS]  CTaHIB  JIETEHb B PI3HUX  BUOIPKaX  HaBEICHE B

tabin. 4.14.
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Tadaumua 4.14 — CHoiBBiAHOIICHHS TAIIEHTIB B PI3HUX BHUOIpKAX A
MO/JIETIOBAHHS
KipKicTh HaljieHTiB
CraH JiereHb Haguanbna KontponsHa Ex3amenarriiina
BuoOipka (60%) | BubGipka (20%) BuoOipka (20%)
Hopma 8 (26.67%) 2 (22.22%) 2 (22.22%)
['octpa daza 10 (33.33%) 3 (33.33%) 3 (33.33%)
COVID-19
Koncodmigaris, 1o 4 (13.33%) 1(11.11%) 1(11.11%)
npusBea 10 C3J1
Long COVID 8 (26.67%) 3 (33.33%) 3 (33.33%)
Cyma 30 9 9

Ha ocHoBi HaBuanbHOT BUOIpKM OyJI0O BHKOHAHO aJTOPUTM CEJEKIIii
HalOUIbII 1HGOPMATUBHUX O3HAK, SIKUKA cPopMyBaB (iHATBLHY MHOXHHY 3 26
O3HaK, $KI cTand (QyHIAMEHTOM JUisi MOOYJOBHM MOJENEeH aHcaMOIeBOro
MaIIMHHOTO HaBYaHHSI.

AHAQJIOTIYHO /10 MOMNEPEIHbOr0 MiAPO3AUTY, MOJIECIIOBAHHS PI3HUX CTaHIB
JieTeHb IPOBOAMIIOCS Y TPH €TaIlH.

4.3.2 ETan 1 — rpynoBa kjaacudikailisi CTaHiB JereHb

JUiss moOynoBu Mofenel Ha JaHOMY €Tanl BUKOPHCTOBYBAJIMCH JIUIIE
HaBYaJlbHA 1 KOHTpoibHAa BHOIpkU. Mogmeni BumaakoBoro mgicy, XGBoost,
LightGBM Ta BJIIOC Oynu po3poOsieHi st po3B'si3aHHS TPhOX OKPEMHUX 3a/1ad
OiHapHO1 Kinacudikarii craaii Gpioposy:

1) «N mpotu LCV». JlanuM 3 HOPMOIO IPHUCBOIOBANAcs MiTKa Kiacy «0»
(ueratuBHuii), a Bcim iHmmMM (long COVID, roctpa ¢aza COVID-19 ta C3JI) —
MiTKa «1» (MO3UTHUBHUIA).

2) «NL npotu CVy». Jlanum 3 Hopmoro ta long COVID npuceoroBamacs
MiTKa Kjacy «0» (HeraTuBHHI), TOdl K pemra (roctpa daza COVID-19 ta C3JI)
OTPUMYBAJU MITKY «1» (MTO3UTUBHUIN).

3) «NLC mporu V». Jlanum 3 "Hopmoro, long COVID Ta rocrporo ¢a3zoro
COVID-19 npucsoroBanacsa Mitka kiacy «0» (HeratuBnumii), a C3JI — mitka «1»

(Mo3uTHUBHUI).
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ITix «N» posymierscst HOpMa, mmig «L» — long COVID, mig «C» — roctpa
daza COVID-19, ta migx «V» — koHcomimamis, mo mnpum3Bena po C3JL
CriBBiAHOIIICHHS KJAaciB B PI3HUX 3ajadax OiHapHOi Kiacudikailii HaBeICHE B

tadun. 4.15.

Tabdauusa 4.15 — ChiBBiAHOIICHHS CIOCTEPEKEHb B TPhOX 3ajadax OIHApHOI

kiacudikarrii
Hapuanbhna Bubipka KonTponrHa Bubipka
K-ctp K-cth K-ctp K-ctp
3agada | CIOCTEpPEKEHb | CIIOCTEPEKEHb | CIOCTEPEKEHb | CIIOCTEPEKEHD
HETaTUBHUX MO3UTUBHUX HETaTHBHUX TTO3UTHUBHUX
KJIaC1B KJIaC1B KJIaC1B KJIaC1B
N mpotu 0 0 0 0
LCV 361 (24.08%) | 1138 (75.92%) | 100 (24.88%) 302 (75.12%)
NL

npotn | 744 (49.63%) | 755 (50.37%) | 205 (51.00%) | 197 (49.00%)
cV

NLC

0 0 0 0
—. 1265 (84.39%) | 234 (15.61%) 347 (86.32%) 55 (13.68%)

Jlanuit migxig A03BOJIE€ BPaXOBYBAaTH OCOOJIUBOCTI KOKHOTO CTaHY JIET€Hb
Ta TIOCTYIIOBE YCKJIQJIHEHHS 3aBJaHb, 10 CIPUSE OLIBII TOYHOMY 1 JIE€TaTbHOMY
aHami3y epeKkTUBHOCTI Mojenel y po3pizHeHHI COVID-acoriifoBaHrX MaTOJIOTIH.

B koxHIii 3amaui BHUKOHYyBaJlachb 5S-KpaTHa cTpaTu(dikoBaHa TpymnoBa
nepexpecHa MmepeBipka 3 METOI0 3HAXOHKCHHS ONTHMAIBHHX TilleprapaMeTpiB s
KOKHO1 MOJiesIi aHcaMOJieBoro HaBuaHHsl. Takox, K 1 B TONEPeAHLOMY MiAPO3ALIL,
py HaBYaHHI Mojieneit BukopuctoByBaBcs Mmetogq ADASYN.

B Tabn. 4.16 naBenmeHi pe3ysibTaTH MOJCIIOBaHHSA B 3ajadl OlHApHOI
knacudikaiii «N mporu LCV» Ha KOHTpOJIBHIM BHOIPIII.

[TopiBHSBIIM TIOpaxOBaHI Ha KOHTPOJBHIN BUOIpII F-Mipu KOXHOT Mojeni
MIXK c000r0, JJIs JaHOl 3aaaul HaWkpairy mojeib 3 npaBuibHicTIO 94% (95%
JOBipuMii iHTEpBaj, po3paxoBanuii Oytctpenm Mmeromom: [0.88, 1.00]) Oymo

oTpuMaHo 3a gonomoroto metoay BJIJIOC.
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Ta6auus 4.16 — PesynsraTu 3agaui «N npotu LCV» Ha KOHTpOJIbHIN BUOIpIII

Mesz[ .. | [IpaBunbHicTh | YyTnuicts | Cienudivynicts | TouHiCTh I.:_
Kiacudikairii Mipa
Bunankosuii nic 0.94 0.99 0.79 0.93 0.93
XGBoost 0.93 0.93 0.91 0.97 0.93
LightGBM 0.88 0.88 0.88 0.96 0.88
BJIAOC 0.94 0.93 0.97 0.99 0.94

B Ta6n. 4.17 wnHaBenmeHi pe3ysibTaTH MOJCIIOBAaHHSA B 3ajadi OlHApHOI

knacudikamnii «NL mporu CV» Ha KOHTPOIBHIN BUOIpIII.

Ta6auus 4.17 — Pesynsratu 3agaui «NL npotu CV» Ha KOHTPOJIBbHIN BUOIpIIi

Meng[ .. | [IpaBunpHicTh | YyTnusicts | CienudivynicTs | TouHiCTh I.:_
KJacudikarii Mipa
Bumnaaxoswuii jtic 0.91 0.85 0.97 0.97 0.91
XGBoost 0.84 0.76 0.91 0.89 0.83
LightGBM 0.75 0.74 0.77 0.75 0.75
BJIAOC 0.81 0.68 0.93 0.90 0.80

[TopiBHSBIIM TIOpaxoBaHI Ha KOHTPOJBHIN BUOIpIi F-Mipu KOXHOT Mojeni

MIXK c000r0, JJIs JaHol 3aaaui HaWkpairy mojenb 3 npaBuibHicTIO 91% (95%

noBipumnii intepai: [0.86, 0.99]) Oyno oTprMaHO 3a JOMOMOIOK BHIIAIKOBOTO

Jicy.

B T1abn. 4.18 nHaBenmeni pe3yabTaTH MOJEITIOBAHHSA B 3adadi OiHApHOI

knacudikarii «NLC npotu V» Ha KOHTpOJBHIM BHOIpIII.

Ta6auus 4.18 — Pesynbsratu 3agaui «NLC npotu V» Ha KOHTpOIIBHIN BUOipII

MeT?’H .. | [IpaBunbHicTh | YyTnuicts | Cieuudiunicts | TouHICTh I.:-
KJacugikamii Mipa
Bumnagkoswuii jtic 0.97 0.84 0.99 0.94 0.97
XGBoost 0.94 0.89 0.95 0.73 0.94
LightGBM 0.95 0.78 0.97 0.83 0.95
BJIAOC 0.92 0.71 0.95 0.71 0.92
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[TopiBHSBIIM TTOpaxoBaHI Ha KOHTPOJIbHIN BHOIpii F-mMipu KOXHOT Mojenl
MiX c000r0, JIJIs JTaHOl 3ajayi HaWKpamnry Mmojenb 3 npaBwibHicTIO 97% (95%
noBipumnii intepBax: [0.92, 1.00]) Oyio oTpuMaHO 3a JOMOMOIOI0 METOY
BUITaJIKOBOTO JIICY .

Buxonu Tphox HaliKpampx MoOJeNed y BUIJSAAI 3Hau€Hb HMOBIpHOCTEH
MO3UTHUBHUX KJIACIB BUKOPUCTOBYBAJIUCH JJII HACTYITHOTO €Tary.

4.3.3 Etan 2 — myabTUKIacHpikalisi cTaHIB JiereHb 3a 300paskeHHSIMU

st moOynoBu MeTakiaacu(ikaTopy Ha OCHOBI BHUXOIB TPbOX MoJEJeH
OiHapHOi Kiacudikailii 3 MONEPEAHBOr0 €Taly TaKOXX MOPIBHIOBAIUCH METOAU
BunagkoBoro Jicy, XGBoost, LightGBM Tta BJIJOC. Ha naBuanbpHiii BUOIipII
3M1IICHIOBAJIOCH TPEHYBaHHS MeTaksacuikaTopis, a KOHTpOJIbHA
BUKOPHUCTOBYBaIAch AJisl BUOOpY Haiikpamioi 3 Hux. B Tabn. 4.19 HaBenena orinka

noOyJOBaHUX MOJEJEe MipaMH MPAaBUIILHOCTI Ta 3BayKe€HO1 F-Mipu:

Tab6anus 4.19 — Pesynpratu 3ama4i MyabTHKIacH(]IKaIlii CTaHIB JIETEHb TPYTIOBUM

METOJ/IOM Ha KOHTPOJIbHIM BHOIpII

Meroa knacudikarii [TpaBUnBHICTD F-mipa
Bumnaaxoswuii jtic 0.86 0.86
XGBoost 0.88 0.88
LightGBM 0.85 0.85
BJIIOC 0.82 0.83

[TopiBHSBIIM TIOpaxoBaHI Ha KOHTPOJBHIN BUOIpIi F-Mipu KOXHOT Mojeni
MK c00Or0, IS JaHOi 3aaadi Haikpaily Mozens 3 npaBuiabHicTIo 88% (95%
noBipunit intepBan: [0.79, 0.94]) Oyno oTpumMaHO 3a JIOIMOMOIOIO METOIY
XGBoost. IlpaBunpHICTh MiAX0AY 3 TPYHOBOIO Kiacu@ikalliero BusiBuiach Ha 4%
O1JIBILIOI0 TOPIBHSIHO 31 CTAHAAPTHOIO CTPATETIE0 «OJUH MPOTH BCIX», PE3yIbTaTH
3aCTOCYBaHHS K01 HaBeAeH1 B Ta0. 4.20.

[licns Toro, sk Oymo oOpano wMozenbr XGBoost B skocTi

MeTakiacudikaropa, ii Oyjo NEepeTpeHOBAHO Ha KOMOIHAIli HaBYAJIBHOI 1
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Tadamua 4.20 — Pesynbratu 3agadl MyJbTUKIacU(ikallii CTaHIB JEereHb 3a

CTpATETi€I0 «OJIMH MPOTH BC1X» Ha KOHTPOJIbHIHN BHOIPII

Merton kinacudikariii [TpaBuIBHICTD F-mipa
Bunankowuii stic 0.84 0.84
XGBoost 0.82 0.82
LightGBM 0.78 0.77
BJIAOC 0.66 0.64

B 1a6n. 4.21 HaBeneHi pe3ysabTaTH OIIHIOBAHHS MOJENI Ha €K3aMEHAIlHHIN

BHOIpIII.

Tab6anus 4.21 — Pesynpratu 3a1a4i MyJIbTHKIacU(]IKaIlil CTAHIB JIETEHb TPYTIOBUM

METOJIOM Ha eK3aMeHaIlliHIi BUOIpII

Cran niereHb Uytnusicte | Tounicte | IlpaBunpHicTh | F-mipa
Hopma 0.76 0.91 0.83
["octpa daza COVID-19 0.91 0.94 - 0.93
C3J1 0.90 0.76 0.83
Long COVID 0.79 0.72 0.75
Ycworo — — 0.84 0.84

Pesynbraty MynbTHKIacU(IKaIli CTaHIB JIET€Hb TPYNOBHM METOJOM Ha
eK3aMeHaIlliHIi BUOIpIl CBIAYATH MPO BUCOKY €(PEKTHBHICTH MOJEII, OCOOJIUBO
n1st BusiBiieHHsT roctpoi ¢dazu COVID-19. [Ins craHy «HOpMa» CIOCTEPIraeThCs
touHicTb 0.91 Ta wyyrnusicts 0.76, MmO BKa3dye Ha HaJlHE pPO3MI3HABAHHS
HOPMAaJIbHUX CTaHiB, a F-mipa 0.83 migkpecitoe 30a1aHCOBaHICTh IIUX MOKA3HUKIB.
«roctpa gaza COVID-19» BuainseTbcss HaWBUILIMMU pe3yJbTaTaMU: YYTIMBICTh
0.91, Tounicts 0.94 ta F-mipa 0.93, mo niaTBepKy€e BUCOKY HAIIWHICTH MOJENI
JUTSL LILOTO KJIacy.

s ctany «C3JI» uyTinuBicTh cTaHOBUTH (.90, ajie TOUHICTH 3HUKYETHCS J10
0.76, 10 MOXe CBITYUTH MPO HASBHICTH XUOHO MO3WUTHUBHUX MPOrHO3iB. F-Mipa
0.83 Bce mie 3anumiaerbest BUcokoro. «Long COVIDy mae HallHMX4Y1 TTOKa3HUKHU:
gytnuBicth 0.79, Tounicte (.72 Ta F-mipa 0.75, mo Bkazye Ha moTpeldy

BJIOCKOHAJICHHSI Kiacudikarlii el kareropii.
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3aranpHa MpaBWIbHICTH Mozeni cTaHOBUTH 0.84 (95% noBipuuii iHTEpBa:
[0.75, 0.92]), a F-mipa — 0.84, mo migkpecitoe 30a1aHCOBaHICTh MiX TOYHICTIO Ta
YYTJIUBICTIO Ha TJI00aTbHOMY piBHI. OCHOBHI MpOOJEMHU MOB’SI3aHI 3 HUKYOIO
edextuBHIcTIO 11 ctaHy Long COVID, a TakoX MOXIWBHM IHUCOATaHCOM Y
TaHuX a0 TPYAHOIIAMH Y PO3PI3HEHH1 OKPEMHUX KIIACIB.

4.3.4 Etan 3 — myabTuKjIacu(ikalis cTaHiB JiereHb 3a NamieHTaMu

Ha wnpomy erami 3ailicHIOBanach OILlIHKa CTaHy TMalli€eHTa M[UISIXOM
MaKOpPUTAPHOTO roJIOCYBaHHS 3a MIPOTHO3YBAHHIMHU ¢biHaTBEHOTO
MeTrakiacudikaropa Ha KoxkHOMY 300paxkenHi Ol. B Tabn. 4.22 HaBeneHi
pe3ynbTaTH MaXOPUTAPHOTO TOJIOCYBAaHHS Ha TMali€eHTax 3 eK3aMEHAIHHOi

BUOIPKH.

Ta6anus 4.22 — Pe3ynpTaT Ma)KOpPUTAPHOTO TOJOCYBaHHS 1Mo 300paskeHHsM Ol

Ha eK3aMeHaIlliHii BUOIpIIl MAIIEHTIB

Cran siereHp Yytnusicte | Tounicte | IlpaBuibHicTe | F-mipa
Hopma 1.00 1.00 1.00
["octpa daza COVID-19 0.67 1.00 - 0.80
C3J1 1.00 0.50 0.67
Long COVID 1.00 1.00 1.00
Ycboro — — 0.89 0.90

B 1a6:. 4.23 HaBeneHi pe3yabTaTH MaXKOPUTAPHOTO TOJIOCYBAHHS HA KOTOPTI

yCIX TaIlI€HTIB.

Tabanus 4.23 — Pe3ynpTaT Ma)kOpUTApHOTO TOJIOCYBaHHS 1Mo 300pakeHHsM Ol

Ha KOTOPTI yCiX Malll€HTIB

Cran niereHp Yytnusicte | Tounicte | IlpaBuibHicTh | F-mipa
Hopwma 1.00 0.92 0.96
Long COVID 0.93 1.00 0.96
["octpa daza COVID-19 0.88 0.93 - 0.90
C3J1 1.00 0.86 0.92
Ycporo — — 0.94 0.94
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4.4 IlpakTHyHi pexkoMeHJalii mI0A0 3acCTOCYBaHHS PO3pP00JIeHOL

TEXHOJIOTII aHAJII3Y HM(POBUX 300pazkeHb y MeANYHIH NPAKTHI

OTtpumaHi pe3yJabTaTH MIATBEPUKYIOTH MEPCIEKTUBHICTH 3allpOIIOHOBAHOT
TEXHOJIOTIi aHamizy mu(poBHX 300pakeHb [JIsI PO3B’S3aHHS JIBOX BAKIMBHX
MEJIMYHUX 3aBJaHb: CTajAitoBaHHA (10po3y medinku Ta iaeHTtudikamii COVID-
acollfOBaHUX MATOJIOTIN JIETeHb. TEXHOJOTII0 MOKJIMBO 1HTETPYBAaTH B KIIIHIYHY
MPAKTUKY K 1THCTPYMEHT JUIsl CKPUHIHTY Ta MEPBUHHOI JIarHOCTUKH MAIlIEHTIB 13
nigo3poro Ha (idpo3 meuinku. Cuctema 3abe3nedye BUCOKY TOYHICTh BHUSIBICHHS
BiicyTHOCTI (piOpo3y (F0), mo mnoTreHuiiHO 3HMXKYE MOTPeOy B 1HBA3UBHUX
METO/1aX, 30KpemMa O10TICIi MEeUiHKH, Y TPYIIl NAIl€HTIB 13 HU3bKUM pu3ukoM. Kpim
TOro, TEXHOJIOTISI MOXE CJIyryBaTH JOMOMDKHUM 3acOo00M JJIsl CTaHAAPTHHX
yIbTPa3BYKOBUX METOJIB. AHaNI3 TEKCTYPHUX XapaKTEPUCTUK 300pa)k€Hb HaJae
JIKapsM J0JIaTKOBY 00’ €KTUBHY 1H(OpMAIIil0 NMPU BCTAHOBJICHHI CTafii (iOpo3y,
OCOOJIMBO Yy KIIHIYHMX BHUMAAKaxX 13 YCKJIAQJHEHOI a00 HEYITKOI Bi3yalbHOIO
iHTepnperaiicro gannx Y3Jl. BukopuctaHHsS CHCTEMH TaKOX € MEPCHEKTUBHUM
JUISL MOHITOPUHTY TMporpecyBaHHs (iOpo3y NpH XPOHIYHMX 3aXBOPIOBAHHSX
nevyiHkd. PerynspHuil aHami3 yJabTpPa3ByKOBHX 300paKeHb 13 3aly4EHHSIM
TEeXHOJOr1i 3a0e3neuye 00’€KTHBHE BIICTEXKCHHS IUHaAMIKK ¢Gi0po3y, IO Jae
3MOTYy OIEpPaTUBHO OLIHIOBATH €(EKTHUBHICTH Teparii Ta CBOEYACHO KOPHUIYBaTH
JIKyBaJdbHI MIAXOAHW. 32 YMOBH IOAQIBIIOI PO3POOKH METOIOJIOTIi, TEXHOJIOTIsS
MOK€ 3MEHIIUTH MOTpedy y OIlomcii MEeYiHKH y ACSIKUX KIIHIYHUX CHEHapifix
(Hampukiaa, OpU PYTUHHOMY MOHITOPUHIY a00 CKPHUHIHTY), BpPaxOBYHOYM il
HEIHBA3WBHUM XapakTep Ta 3HWKEHHS PH3UKIB, TOB’S3aHUX 13 1HBA3UBHUMH
POIEAYPaMH.

Bonnouac TouHicTh kinacudikaimii cramiii  GpiOpo3y € HWKYOW s
nouatkoBux (F1, F2), anix mms mi3HiX cTaaiil Ta BUMAIKIB BiICYyTHOCTI (iOpo3y.
ToMmy 3a HasIBHOCTI CyYMHIBHHMX pe3yJbTaTiB ab0 3a BHCOKOi KJIIHIYHOI MiT03pH

peKOMEH/I0OBaHO  0a3yBaTH  JIarHOCTMYHI ~Ta  JIIKyBajbHI  pINICHHS  Ha
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KOMIUIEKCHOMY aHali31 KJIIHIYHUX JaHUX, PE3YJIbTaTIB Ja00paTOPHUX JTOCTIIKEHb
1, 32 TOTpeOu, Ha TaHUX O10TICIi MEYIHKH.

3anponoHOBaHa TEXHOJOTIS aHamizy UUu(poBUX 300pakeHb e(PEeKTUBHO
3aCTOCOBYETBCS JUId omepaTuBHOI iAeHTU(ikamii pizHomaHiTHHX COVID-
acolifoBaHUX TMaToyIoTii Jerenb (roctpa ¢aza COVID-19, xoncomimamis 3
noganeiuM po3BuTkoM C3JI, Long COVID). IlIBuaka Ta ToyHa aiarHOCTHUKA
HA/Ja€ MOXJIMBICTh ONTUMAJIBHOTO PO3MOALTY MAIll€HTIB, BU3HAUEHHS TAKTHKU
JIKyBaHHS Ta MPOTHO3yBaHHS Nepediry 3aXBOPIOBAHHS, 1110 € OCOOIUBO BaXKJIMBUM
y KOHTEKCTI maHaemii. CucTemMa TakoX MOKE€ BUKOHYBATU JOMOMDKHY (DYHKIIIIO
JUTSL paioJIoTiB MMijl Yac iHTeprpeTanii Beaukoro MmacuBy KT-300paxkeHb, 30kpeMa
3a MIJBUIIEHOIO pPOOOYOro HABAHTAXEHHS HAa MEIUYHUN NepcoHal. AHai3
TEKCTYpPHUX O3HAaK, KM BUKOHYETHCS aBTOMATH30BAHOIO CHUCTEMOIO, 3MEHIIY€E
CyO’€KTHUBHICTh OLIIHKM Ta MOJIIIIYE TOYHICTh J1arHOCTUYHUX BHCHOBKIB. Kpim
TOT0, TEXHOJIOTII0O MOKJIMBO 3aCTOCOBYBATHU JUIsl IOBTOCTPOKOBOTO MOHITOPUHTY
COVID-acorifioBaHuX MAaTOJIOTIH JIET€Hb, IO Tependavyae aHalli3 JUHAMIKH 3MiH
Ha KT-300paxeHHsX, a TaKOX OIlIHIOBaHHS €(PEKTUBHOCTI JiKyBaHHS. Cucrtema
Ma€e TOTEHIal ISl BIPOBA/KEHHS B TeJIEMEIUYHl MIaTGOpMHU W y BIIJATICHHUX
perioHax, 3a0e3meuyyr4u JOCTYyN 10 CIEeliali30BaHOi JIarHOCTUKA B YyMOBax
0OMEKEHHUX pecypciB Ta Opaky kBamigikoBaHHUX (HaxiBIIiB.

Cnin ypaxoByBaTH, 110 TOYHICTh KJIacu]ikalii 3HUKY€ETbCS NMPU A1arHOCTHUIII
Long COVID, iMOBipHO uepe3 MEHII BHpPaXXEHI Ta HEOJAHO3HAYHI MPOSIBU
natosiorii  Ha KT-300pakeHHsIX. YJIOCKOHAJEeHHS aJrOpUTMIB aHai3y Ta
KOMILJIEKCHA 1HTErpaiis pe3ysbTaTiB 3 IHIIUMHU KIIHIYHUMH JaHUMH MOXYTh
nokpammtu aiarHoctuky Long COVID.

[lepenq ™MacoBMM yOPOBAIKEHHAM VY KIIHIYHY MpPaKTUKY pPO3poOIIeHI
TEXHOJIOT1i MOTpeOyIOTh MOAANBINOI KIIHIYHOI Balijalii Ha pO3IIMPEHUX Ta
reTepOrCHHNX BUOIPKaX MAII€HTIB y PI3HUX KIIHIYHUX YMOBAX, 00 MiATBEPAUTH
iXHIO HaJIMHICTh Ta €(QEeKTUBHICTh. [HTerpailiss HOBUX pilleHb Y YHHHI poOOUYl
IPOLECH MEIUYHUX YCTAHOB MA€ BPaXOBYBATU MOTPEOH Ta MOKIUBOCTI METUUHHUX

npaiiBHukiB. [HTepdeiic cucremu Mae BIANOBIAATH BUMOTaM  IHTYITHMBHOI
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3pO3YMUIOCTI Ta 3pPYyYHOCTI KOpuUCTyBaHHsA. KpiM Toro, HeoOXiJHE HaBYaHHS
MEAMYHOTO TIEPCOHAy BUKOPHCTAHHIO PO3POOJICHOT TEXHOJOTil, MpaBUIbHIN
1HTeprpeTalii OTPUMAHUX pPE3yJIbTaTIB Ta 3aCTOCYBAaHHIO IIUX pE3YyJbTATIB Yy
KIHIYHIA TpakTuii. PerynspHe OHOBIEHHS alropuTMiB 1 MOJENEH IITYy4HOTO
IHTENIEKTY 3 ypaxyBaHHSIM CyYaCHUX HAYKOBHX JAHUX, KIIHIYHUX PEKOMEHJAIH 1
TEXHOJIOTIYHUX  JIOCSTHEHb €  BU3HAYAJIbHUM  YMHHUKOM  30€epe’KeHHs
JIOBTOCTPOKOBOT €(PEKTUBHOCTI Ta aKTYaJIbHOCTI TAKMX TEXHOJIOT1M.

BrpoBamykeHHsT 3alIpONOHOBAHUX METOJIB aHANI3y LHUQPPOBUX 300pa)Ke€Hb
MOX€ ICTOTHO IIIJIBUIMUTH €()EKTUBHICTH JIIarHOCTUKH Ta MOHITOPUHTY (HiOpo3y
neuinku 1 COVID-acoiiioBaHUX NaTOJOTH JeTreHb, HOIIIIINTA SAKICTh MEIHMIHOI
JIOTIOMOTH Ta KJIIHIYHI Pe3yJIbTaTH JIIKyBaHHSI.

Boanouac mpakThyHe 3aCTOCYBaHHSI TEXHOJIOTII CYMPOBOIKYETHCS HU3KOIO
OoOMEKEeHb, 110 BUMAararoTh JOJATKOBHX AOCHIIKeHb. [lo-nepiie, epeKTUBHICTh
MOJIeJIel IITYy4YHOIO IHTEJIEKTY 3HAYHOI0 MIPOI0 3aJIEKHUTh BIJl XapaKTEPUCTHK
JaHUX, BUKOPUCTAHUX U1l HaBYaHHA. SIKICTh 1 pempe3eHTaTHBHICTh HAaBUYAIHHOI
BUOIpKM BHU3HAYAIOTh 3JIaTHICTh MOJEIl JIO0 y3araJbHeHHsA. HemocraTHs
peINpe3eHTATUBHICTh (Yepe3 OOMEXKEHHs Yy pO3MAiTTI KJIIHIYHUX CHUTYyalii,
neMorpaiuHux rpyn abo TEXHIYHUX XapaKTEPUCTHK YCTAaTKYBAaHHS) 3YMOBIIIO€
MOTEHI[IITHE 3HWKEHHS TOYHOCTI Kiacudikarii. J(ucOamaHc KiIaciB y MEIMYHUX
JIAaHUX, JI€ JIeSIKl CTaHU a00 MaTOJIOTIi 3yCTPIYalOThCS 3HAYHO PIAIIE, MOXKE TaKOXK
MIPU3BOIUTH JIO TIOTIPIIECHHS 3/TATHOCTI MOJIEJ PO3Mi3HABATH PIAKICHI Kiacu. Xoya
y JOCIHIJKEHHI 3aCTOCOBYBAJIMCA METOMU KOMIIEHcallii aucbamancy (30kpema
ADASYN), ixHsa aieBicTb MOXe OyTH HEIOCTaTHHOIO. ICHy€ pU3MK BUHUKHEHHS
«BUTOKY JIaHUX», KOJIM TPUXOBAHI KOPENAIii MK BHOIpKaMH TpPEHYBaHHS W
TECTYBaHHS IITYYHO 3aBUIIYIOTh TOYHICTh MOJENi, II0 YHEMOXKJIHBIIOE
BIJITBOPEHHS PE3YyJIbTATIB 32 PEAIbHUX KIIIHIYHUX YMOB.

[To-npyre, BaXJMBUMU € TEXHIYHI Ta  QITOPUTMIYHI  ACHEKTH
(GyHKIIOHYBaHHS PO3p00JIeHOT TeXHOoOor1l. AHCaMOJeBl METOIM HaBYaHHS 4acTo
CKJaaHI JUIsl 1HTepIpeTalii, 1m0 3HIKYE MPO30piCTb POOOTH CHCTEMHU 1 MOXKE

BUKJIMKATH CYMHIBU y KJIHIIMCTIB MO0 ii BUCHOBKIB. KpiM TOr0, BIIpOBaHKEHHS
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Takoi CHCTEMU BHMarae HaJCKHHMX amapaTHUX Ta MPOrPaMHHUX PECYPCIB.
EdextuBHicTh poOOTH MOXeE 3ajekaTd BiJ BHOOpY TimeprapaMeTpiB; HaBITh
onTUMI3allisg, MpPOBEJCHAa B JaHOMY JOCIHIPKEHHI, HE TapaHTye CTaOlIBbHOTO
pe3yNbTaTy 3a IHIIUX YMOB a00 Ha 1HIIOMY Ha0Op1 JaHHX.

[To-TpeTe, iICHYIOTH MEPEUIKOAM, MOB’si3aHI 3 KJIIHIYHUM YNPOBAIKEHHSIM
TexHoJsorii. [lepm HiX OTpUMATH MIMPOKE MOIIMPEHHS, CUCTEMa Ma€ MPOWUTH
peTeNbHY KIIHIYHY BaJIiJaIlifo0, 0aKaHO HE3AJICKHUMU JTOCITITHUIILKUMHE TPYIIaMH,
00 MIATBEPAUTH 11 €(EKTUBHICTD 1 0e3MeKy. Y pI3HUX IOPUCIUKIIAX HEOOXiaHE
pEryisiTOpHE CXBAJCHHsI, IPOLIEC OTPUMAHHS SIKOTO CKJIAAHUM 1 TpuBanuil. Kpim
TOTO, YCHIIIHE BIPOBAKEHHS MOXKE YCKIIQJHIOBAaTUCS OpraHi3allliHuUMU W
MICUXOJIOTIYHUMU UYWHHUKaMU. [HTerpanis 1HHOBAIIWHUX PINIEHh y TOTOYHUI
pobounii mporec MNOTpeOye IUJIaHyBaHHS, HABUYAHHS TIEPCOHANY W JIOJaHHS
MOXJIMBOTO OMopy cepen (axiBiiB. Y 3acTOCYBaHHI IITYYHOIO I1HTENEKTY B
MEIUYHIN TMPaKTUIll MOCTAIOTh €TUYHI Ta IOPUAMYHI MUTAHHS, 30KpeMa MI0JI0
BIIMOBIJAILHOCTI 3@ J1arHOCTUYHI TMOMWIKH, 30€peXeHHs KOH(D1ACHIIIHHOCTI
JAHUX Ta TMOTEHIINHOT 3MIHM POJIi JIIKapsl B YXBaJCHHI KIIHIYHUX PIlIeHb. TaKox
BUCOKY aKTyaJbHICTh Ma€ THUTaHHS BapTOCTI BIPOBAHKCHHS, BKIIOYHO 3
BUTpaTaMy Ha amapaTHe Ta MpOTrpaMHE 3a0e3NedYeHHS, MATPUMKY W HaBYaHHS
nepcoHany. s 3amoOiraHHs TOCHJICHHIO HEPIBHOCTI B HaJaHHI MEIWYHOI
JIOTIOMOTH 0axaHo 3a0€3MEUUTH JOCTYMHICTh TEXHOJIOTIT JIA 3aKIaiB 13 PI3HUMU
(Gh1HaHCOBUMH MOJIHUBOCTSIMHU.

3 ornAay Ha mepeniueHi 0OMeXeHHs, MOJaNbIl JOCTIIKEHHSI MaloTh OyTH
CIpsIMOBaHI Ha iXHE TIOJOJIAaHHS ¥ MIHIMI3aIlll0 HEraTUBHOIO  BILIUBY.
KputnuyaumMu Kpokamu y IIbOMY HAmNpsSMKy € He3aje)kHa KIIIHIYHA Bajigarlis,
MOKpAIIeHHs]  IHTEPIPETOBAHOCTI  MOJENeH,  pO3pOONEHHS  MPAKTUYHHUX
peKoMeHJaIli Jyuis 1HTerpamii y KIHIYHUA poOoYuid mpolec, a TaKoxX
YPETYJIOBaHHA €TUYHUX 1 PETYJSITOPHUX IHTAaHb. 3IACHEHHS TaKUX 3aXOiB
cupusiTUME O€3MeYHOMY, BIANOBIAIBHOMY W €(PEKTUBHOMY 3aCTOCYBaHHIO

TEXHOJIOT1] aHaJi3y HUPPOBUX 300paKeHb Y MEAUYHINA MPAKTHIII.
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BuchoBkmu a0 po3ainy 4

B nanomy posmini Oyna HaBejeHa OIIHKA Pe3yibTaTiB 3acTOCYBaHHS
po3po0ieHoi TexHojorii aHamizy U(POBUX 300pakeHb, CHPSIMOBAHOI Ha
pO3B’s3aHHS JBOX NPHUKIAAHUX 3a7a4 MEAUYHOI JIarHOCTHKHU: CTaJIFOBAaHHS
¢10po3y TEYiHKM Ha OCHOB1 YJIBTPa3BYKOBHX 300pa)keHb Ta iJeHTHQIKAI]
COVID-acomiitoBaHMX MaTOJNOTIH JereHb 3a JaHUMHU KOMIT IOTEpPHOI ToMorpadii.
[IpoBeneHi eKCHepUMEHTANIbHI JOCHIDKEHHS 3acBIMUWIM  PE3yJIbTATUBHICTh
3aMpPOMOHOBAHOIO MIIXO0TY JiJisi 000X 3a3HaYEHUX 3aBJIaHb.

Jis  cragitoBanHs  (iOpo3y  MEUYIHKM  IPOJEMOHCTPOBAHO  BHUCOKY
e(deKTUBHICTh aHCaMOJIEBUX METOJ[IB MAIIMHHOTO HaBuaHHA, 30kpema XGBoost,
AKUU 3a0e31eunB HalKpanll MoKa3HUKU TOYHOCTI Ta F-mipu mig yac kimacugikamii
cTamii piOpo3y Ha MiACTaBl TEKCTYPHUX O3HAK YJIbTPA3BYKOBUX 300paKEHb.
Bukopuctanns  TexHoJorii  iepapxiuHoi  kiacudikaiii, IO  OXOIUTIOE
MeTakiaacu(dikatop, 1aao 3MOTY OTpUMAaTH 3aJ0BUIbBHHUI pIBEHb TOYHOCTI Ha
KOHTPOJIbHIM 1 eK3aMeHalliiHii BUOIpKaX, OCOOJWBO y BHUIAJKY BHIBICHHS
BizicyTHOCTI P16po3y (FO).

VY 3apanni igentudikamnii COVID-acomifioBaHMX MaTosiorid JEreHb Ha
OCHOBI  KOMIT'IOTepHOT  Tomorpadii  po3poOsieHa  TEXHOJOTIA  TaKOX
MPOJIEMOHCTPYBaJIa TEPCIEKTUBHI pe3yJbTaTU. 30Kpema, aHcamOJieBl METO[IH,
cepen sxkux BumnangkoBuii Jic Ta XGBoost, BUSBUINCS BUCOKOS()EKTUBHUMHU W
30a7aHCOBAaHUMU TIPU PO3PI3HEHHI CTaHIB JiereHb: HOpMH, rocTpoi dazu COVID-
19, xoHcomigaiii, M0 NPU3BOJIUTH 0 CHUHAPOMY «3HHUKarouoi jereHi», ta Long
COVID. 3acrocyBaHHs TPyHOBOTO MIAXOAY 3 BUKOPUCTAHHSIM MeTakiIacudikaropa
a0 3MOTY JIOCSATTH BHCOKOiI TOYHOCTI PO3MEXKYBAHHS 3a3HAYCHUX CTaHIB,
oco0uBo 1 TocTpoi hazu COVID-19 ta HOpMalbHUX JIETEHb.

Pesynbratu EKCIIEpUMEHTATbHUX JOCITIIKEHB MTBEPIKYIOTh
NEPCHEKTUBHICTh YHIBEPCAIbHOI TEXHOJOTIi aHalizy IUGPOBUX 300paKeHb Yy
MEAWYHINA A1arHOCTHUIl. 3alpolOHOBAHUU MIAXIA MOXe OyTH IHTErpOBaHHUM y

KIHIYHY TPaKTUKy SK JONMOMIXHUNA IHCTPYMEHT JUIsi CKPUHIHTY, TEPBUHHOI
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JIarHOCTUKU Ta MOHITOpUHry (idbpo3dy mneuinku u COVID-acoriiioBanux
NaTOJIOTiH JiereHb. BiH 34aTeH CIpHUsTH MIABUIICHHIO 00’ €KTUBHOCTI Ta TOYHOCTI
JIarHOCTUKHU, BOJHOYAC 3MEHIIYIOYM MOTpeOy B 1HBa3WBHHUX NpolLEaypax 1
MOJITIIITYIOYH SKICTh MEAMYHOI IOTIOMOTH.

[Tonpy MO3UTHBHI PE3yNbTaTH, OKPECICHO HHU3KY HAIPSMIB TOJAJIBIIOTO
PO3BUTKY Ta BIIOCKOHAJICHHSI:

— JlomaTkoBa KIIIHIYHA Baijallisl Ha IIUPIIMX Ta TE€TEPOTeHHHUX BHUOIpKax
MaLI€HTIB JUIs MATBEPKEHHS HAIIMHOCTI Ta €()eKTUBHOCTI.

— [ligBUIlIEHHST 1HTEPNPETOBAHOCTI MOJENEH 3a[isi 3MIIHEHHS JIOBIpU
(axiBIIiB 1 MPO30POCTI YXBAJICHHS PIIIICHb.

— Po3po06iieHHsT TIpakTUYHUX PEKOMEHMAAIN Juisi 1HTerpaiii TeXHOJOrii B
KJIIHIYHUNA pOOOYUi MpOIEC, a TAaKOXK YPETYJIIOBaHHS €TUYHUX Ta PEryJSTOPHUX
MUTaHb.

— IlogonanHst 0OMeEXeHb, MOB’SI3aHUX 13 AUCOATAHCOM JIaHUX, CKIIAJIHICTIO
nudepeniianii okpeMux CTaAiii 1 CTaHIB, a TakKoX 13 TEXHIYHUMH Ta
OpraHizaiiifHIMH aCTIEeKTaMU BIIPOBAKEHHSI.

HesBaxatoun Ha 3a3HadeHl OOMEKEHHS, MpPOBEACHE MOCHIIKEHHS €
BaroMMM KpPOKOM Yy PO3pOOJICHHI Ta BIPOBAKEHHI 1HHOBAIIMHUX TEXHOJOTII
HITYYHOTO IHTEJEKTY B MEIWYHY MpPaKTUKY, MO 3JaTHI ICTOTHO TMOJIMIIUTH

J1arHOCTUKY Ta JIKyBaHHS IIMPOKOTO CHEKTPa 3aXBOPIOBAHb.
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3AT'AJIBHI BUCHOBKHA

Mertoro aucepTaiiiHoi poOOTH € MiABUILCHHS SKOCTI MPUUHSATTS PIlIEHb Y
3amayax aHamizy OU(PPOBUX 300paKEHb NUILIXOM PO3POOJIICHHS TEXHOJOTI1
iepapxiuaoi xmacudikamii. J[ns mocsarHeHHs 1i€i Metn Oyino BH3HAYEHO HH3KY
3aB/IaHb, BAKOHAHHS SIKMX JJAJI0 3MOTY OTPUMAaTH HACTYIIHI HAyKOB1 pe3yJIbTaTH:

1. BusBneHo oOMEXKEHHS CydacCHHX METOMIB OOpOOJICHHS Ta aHami3zy
MEAMYHUX 300pakeHb. 30KpeMma, TpaJMliiHI METOAU XapaKTepU3yIThCS
HEJOCTaTHBOIO 3/IaTHICTIO J0 y3arajibHEHHsI, 8 METOAU MAIIMHHOTO Ta TIIMOO0KOTO0
HABYAHHS BIJ3HAYAIOTHCS BUCOKUMH BHUMOTaMH 10 OOYHMCIIOBAIBHUX PECYPCIB,
BEIUKUMHM OOCsraMu JaHMX 1 CKIAIHICTIO 1HTeprperamii pe3ynbrariB. Lle
MIJKPECIIIOE HEOOX1THICTh PO3POOIECHHS HOBUX MIAXOMIB, sIK1 3a0€3MeUyI0Th BUIILY
TOYHICTb. TE€OpeTUUHE 3HAYEHHS MOJSATa€ y BHUSBIEHHI KIIOYOBHX MPOOJEM Yy
cdepi aHaIizy MEIUYHUX 300paxeHb, 10 BU3HAYAE HAIPSM MOAAIBIINX HAYKOBUX
MOIIYKIB.

2. Po3pobiieHo mocCniIoBHICTH (POPMYBaHHS MHOXXWHU 1H()OPMATUBHUX
O3HaK Ha OCHOBI TEKCTYPHOTO aHali3y. byso 3anponoHoBaHO KOMOIHAIlIIO METO/I1B
nonepeaHbLo0i 00poOku (HOpManizallis, ekBamizaiis, audepeniiaiis), mToOyI0BU
JECKPUTITOPIB (TEKCTYpHI Ta OaraToMaciiTaOHI O3HaKM, a TaKOXX Ha OCHOBI
rictorpam, 0araroperioHajlbHUX TiCTOrpaM, BEHBIET-IEPETBOPEHD Ta 3rOPTKOBHUX
HEHPOHHMX MEpeX) 1 CeNeKIil HaWOUIbIl 3HAYYIIMX O3HAK 3a JIOMOMOTOI0
KopeJsiiiitHoro ananizy. HaykoBa HOBHU3HA TOJISITae y PO3pOOJICHHI KOMITJIEKCHOT
METOAMKK (OpPMYBaHHS NPOCTOPY O3HAK LUPPOBHX 300paxeHb. TeopeTuuHe
3HAUEHHS TIOJIATA€ Yy PO3IMIUPEHHI 1HCTPYMEHTAapito JUIsl aHaji3y TEeKCTypPHUX
0COOIMBOCTEN 300paKeHb, & MPAKTUYHE — Y CTBOPEHHI iXHHOTO OLIBII MOBHOTO U
PEIpe3eHTaTUBHOIO OMUCY, 11O MMIJIBUILYE TOYHICTh Kiacuikallii.

3. YaockoHaIeHO METO/ BHUIAJAKOBOTO JIICY HMUISIXOM IHTErparlii MpUHIIUITIB
MI'VA, reHeTUyHUX aJIrOpUTMIB 1 METOAY aHami3y iepapxiid. HaykoBa HOBU3HA
3arpornoHoBaHoro wmeroay BJIJIOC (BumaakoBOro Jicy J€peB ONTUMAIbHOI

CKJIQJIHOCT1) MICTUTh KiJIbKa KJIIOYOBHX ACICKTIB:
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— [TobynoBa aepeB onTUMaNbHOI CKJIagHOCTI Ha ocHOBI MI'YA nae 3mory
YHUKHYTH TI€pEHABUAHHS Ta MOJIMIIMWTH y3arajbHIOIOUY 3/[aTHICTH MOJEJEH, Ha
BIIMIHY BiJ] TPAAWIIIHHUX MITXOIB 31 3/1€01IBIIOT0 EMITIPUYHUM PETYIIOBAHHIM
CKJIATHOCTI.

— BuxkopucTanHs T€HETUYHUX aJITOPUTMIB Il ONTHUMI3allli HaOOpiB O3HAK
MIBUIIY€ TOYHICTH Kiacu@ikarlii B cepeqabomy Ha 10% MOPIBHSAHO 3 BUITAIKOBUM
J000pOM 03HAK y KJIACHYHOMY BHUITaJIKOBOMY JIICi.

— 3acToCcyBaHHS METOJly aHali3y l1€papXiil JUisi 3Ba)KEHOTO TOJOCYBAaHHS
BpPaxOBY€ I1HAMBIAYAJbHUA BHECOK KOXHOTO JiepeBa aHcamMOJII0 Ta 30UIbIIyE
3arajbHy TOYHICTH Kiacudikamii Ha 5-10% y TOpIBHSHHI 3 TPOCTUM
yCEpEIHEHHSIM.

— 3anpononoBanuii Meroa BJIJIOC npoaeMOHCTpyBaB BHILY TOUYHICTh, HIK
KJIACUYHUN BUMAJAKOBUN Jic 1 mpoBigHi aHcam6OieBi wmeromu (XGBoost,
LightGBM), ocob6iuBo 3a yMoBH JucOalaHCcy KIaciB, W0 MIATBEPIKYE
KOPEKTHICTh CPOPMYIILOBAHOI TIOTE3H.

— TeopetuuHe 3Ha4YeHHS TONSTa€ Yy CTBOPEHHI HOBOTO  METOAY
aHCcaMOJICBOTO HABYaHHS, SAKUW TMO€AHY€ TME€peBard pi3HUX MIAXOAIB JUIs
MIJBUIIICHHS TOYHOCTI Ta CTIMKOCTI mojesneld. [IpakTuuHe 3HAYEHHS MOJSATae y
dbopMyBaHHI 1HCTPYMEHTY JJIS BHCOKOTOYHOI Kjacu@ikaiii, BKIOYHO 3
PO3B’sI3aHHM 3a/1a4 13 TUCOAIAHCOM KJIaCiB.

4. Po3po0iieHO TEXHOJIOTiI0 1€epapxXiyHOi Kiacudikaii, 1mo O6a3yeTbcs Ha
rpynyBaHHI CEMAHTHYHO CIIOPIIHEHUX KJIACIB 1 MOOY/10BI OaraTopiBHEBOI CUCTEMU
kiacudikaropiB (6a3oBi kiacudikaropu, MerakiaacudikaTop piBHSA 3pa3KiB Ta
MeTtakiacudikarop piBHsS 00’ekTiB). HaykoBa HOBM3Ha momsirae y (opmyBaHHI
HOBOI CXEMHU 1€papXiuHoi Kkiacudikaiii, 00 3MEHIIy€e KUIbKICTb Mojenen
MOPIBHSHO 31 CXeMaMHU «OJWH TPOTH BCIX» 1 «OJWH MPOTH OJHOTO» Ta 3HIKYE
HETaTUBHUW BIUIMB  aucOamancy kimaciB  (Ha 5-10%), migTBepmKeHHi
MOJIMILIEHHAM TOKAa3HUKIB 3BakeHOi F-Mipu. TeopeTuuHe 3HaUeHHS MOJSATAE y

dopmaiizariii  HOBOrO MAXOAY JO PO3B’SI3aHHA 3a/lad  MYJbTHUKIIACOBOT
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kiacudikaili 3 ypaxyBaHHSM CEMaHTHYHOI CIOpITHEHOCTI KiaciB. [IpakTtuune
3HAUCHHS TIOJIATAE y 3HIKCHHI OOYMCIIOBAILHOI CKJIQJHOCTI Ta TiABUIICHHI
CTIMKOCT1 MOJIEJIEN.

5. 3anporoHOBaHY TEXHOJIOTIIO YCIIIIHO 3aCTOCOBAHO JJIS BHPIMICHHS
NPUKIATHUX 3a/1a4:

— VY craniroBansi (iOpo3y medinku Ha piBHI 3paskiB (OI) mocsrayto 67%
npaBmiIbHOCTI Kiacudikaiii (95% nosipunit intepsain [0.58; 0.76]) Ta F-mipu 0.68
Ha HE3&IeKHIA eK3aMeHaliiHiil BuOipml. Ha piBHI Mali€eHTIB NPaBUIBHICT
craHoBmIa 75% Ha ex3aMmeHaliiHii BUOIipIi ta 95% y mexax yciel KOTOpTH.

— B igentudikamii COVID-acorifioBaniX NaToJIOTiH JIETeHb MPaBHIBHICTD
kiacudikaiii Ha piBHI 3pa3kiB csarana 84% (95% nosipuuit intepsain [0.75; 0.92])
3a F-mipu 0.84. Ha piBHI maii€HTIB MOKAa3HUK MPAaBHJILHOCTI CTaHOBUB 89% Ha
exk3ameHaliHii BuOipil ta 94% y Mexax yciel KOropTH.

[IpakTHuHE 3HAYEHHS PE3YJIbTATIB MOJSATAE Y CTBOPEHHI IHCTPYMEHTY IS
aBTOMAaTH3allli Ta IMiJABUIICHHS TOYHOCTI MEAUYHOI A1arHOCTUKH. 3arpOIOHOBaHY
TEXHOJIOT1I0 MOYKHA 1HTErPyBaTH B KIIIHIYHY MPAKTUKY JUIsl CKPUHIHTY, IEPBUHHOT
J1arHOCTUKHU, MOHITOPUHTY 3aXBOPIOBAHb 1 MATPUMKH JIKAPCHKOTO pimieHHs. J1is
MIHIMI3alli PU3UKIB HENpaBWIbHOI  Kiacu@ikamii ciii BHUKOPUCTOBYBATH
3alpPONOHOBAHY CHUCTEMY SIK JIOMOMIXHUN 1HCTPYMEHT IJsl JiKapiB, a HE K
OCTATOYHHI 1arHOCTUYHUM 3aCi0.

Takum 4yuHOM, y POOOTI JOCSATHYTO METH JOCIHKEHHS, MiITBEPIXKEHO
BHUCYHYTY TIMOTE3y Ta BUKOHAHO BC1 MOCTaBJeHI 3aBnanHsg. OTpuMaHi pe3yabTaTH
XapaKTEePU3yIOThCSI HAYKOBOIO HOBU3HOIO, TEOPETHYHUM 1 MPAKTUYHUM
3HayeHHsIM. KpiM Toro, 3ampornoHOBaHa TEXHOJIOTiS MOXXE€ BHKOPHUCTOBYBATHCH
st TTUGPOBUX 300pakeHb OyAb-SIKOTO THUIY, BKIIOYHO 3 TAKUMHU SK MarHiTHO-
pe3oHaHcHa ToMorpadis, peHTtreH Tomo. [loganmeun gociimkeHHs OyayTh
COpsIMOBaHI Ha aBTOMATHU3AIlI0 IMPOLIECY TIPyIMyBaHHSA KIJACIB, ONTHUMI3alll0
rineprmapaMeTpiB, po3muUpeHHs chepu 3aCTOCYBaHHS TEXHOJIOTIT Ta i1 KIHIYHY

BaJTi 1AL FO.
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®axkynbrery 6lomennunoi iHxeHepii KIII im. Irops Cikopcebkoro, m. Kuis, 15-16

rpynHs 2022 poKy, OHJIalH y4acTh 3 JONOBIIIO Ta myOumikamieto Te3 [19]


https://doi.org/10.20535/SRIT.2308-8893.2024.1.03
https://doi.org/10.20535/SRIT.2308-8893.2024.1.03
https://doi.org/10.20535/2617-8974.2024.14.302135
https://doi.org/10.20535/2617-8974.2024.14.301108
https://doi.org/10.20535/2617-8974.2024.14.301108
https://doi.org/10.30702/ujcvs/24.32(03)/NH052-5865
https://doi.org/10.20535/.2024.15.306763
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3. Mixunaponna |EEE xondepenmis 3 iHbopmaiiiHuX Ta I1U(POBHUX
texHosori, Xwumina, CrnoBauunna, 20-22 gepBusa 2023 poky, 3aouHa ¢opma
ydacTi 3 myOJikarieto Te3 B Scopus [93]

4. 9% HamionanbHMII KOHTpeC 3 MDKHApoAHOK YyuacTio «Pamiomoris B
VYkpaini», KuiB, Ykpaina, 19-21 sxoBtHsa 2023 poky, ouna ¢opma ydacTi 3
JTIOTIOBIIIO.

5. Mixunapoana cepist cummnosiymiB |IEEE 3 o0uuciaioBambHOrO 1HTENEKTY
(SSCI), Mexiko, Mekcuka, 5—8 rpymus 2023 poky, 3aouHa ¢opma ydacTi 3
nyOuikartiero Te3 B Scopus [116]

6. Ceminap 3 mpobnemu «Ob6pa3znuii komm’'otep», M. Kuis, 26 nucronana

2024 poky, ouHa ¢opMa y4acTi 3 JOMOBIIIO.
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JIOJATOK B
AKTH BIIPOBAJUKEHHS

7 \ IMcTuTyT Sigepsol
& )\ |Menuumrinta
[/ Npouvereol QiarHocTuiu

«3ATBEPIKVIO»
AV «Incmumym s10epHOT Meouyunu
eeoi Oiaznocmuxu HAMH Yxpainu»
JAMH VYkpainu, npod.Jukas L.M.

__Hupexrop
: \’8‘ R

BIIPOBA’KCHHSA B
MaTepiajiiB HaYKOBHX-AOC/IIMKEeHb

HaiivMeHyBaHHS IPONO3HIIT /ISl BIIPOBA/KEHHSL:
CHcTeMa IATPUMKH TIPUIHATTS AiarHOCTHYHKX PillleHb «HOPMa-NATONOTis» MPH AUDY3HHX
3aXBOPIOBAHHSIX IIEUIHKH 32 JaHUMH Y3 300pakeHb
KuM 3a1IpoImoHoBaHo:
HTVY «Kuicbkuii momitexniunuii incrutyt iMeni Irops Cikopeskoroy, ®akyisTeT GiomMenuaHoi
irpkeHepii, kadenpa Giomeauunof kiGepnernku, Hactenko €.A., TTasnos B.A., babenko B.O., lomuapyk
M.O., Binommnupka O. K., Toponenpka O.K., BoscyHosebka K. C., Asep’snosa O.A., Kopuienko I'A.
Jlxepeno indopmanii:

1. Jlpikas W H. Pa3HOCTHBIE THCTOrpaMMbI MATPHII CMEXHOCTH H300pakenni V3 B 3a1aye THATHOCTHKH
3a6oneanuit newenw / M. H Jpikan, B. B. Kpyrustii, E. A. Hacrerko, B. A. ITaeios, B. B. Cononymenko //
Mex /Ity Hapo 1HbIH HayqHBI KypHan "MHTeprayka”. - 2019. - Nel 1.

2. Ievgen Nastenko, Olena Nosovets, Vitalii Babenko, Marina Dyba, Vitalii Maksymenko, Boris Tarasiuk,
Vladyslav Kruhlyi, Vitalij Umanets, Irina Dykan, Volodymyr Pavlov, Volodymyr Soloduschenko / Liver Pathological
States Identification in Diffuse Diseases with Self-Organization Models Based on Ultrasound Images Texture Features.
// Proceedings of the XV IEEE International Conference CSIT-20& International Workshop on Inductive Modeling.
Zbarazh Castle, UKRAINE, 23-26 September, 2020 —314 p./P. 21-26, DOL 10.1109/CSIT49958.2020.9321999

3. Hrishko D., Trofymenko O., Nosovets O., Bovsunoskaja K., Dykan L., Tarasiuk B. Pavlov V., Nastenko le. Optim
al Complexity Structures of Ultrasound Image Models in Diagnostic Decision-Making System// Proceedings of the XVI
IEEE International Conference CSIT-21& International Workshop on Inductive Modeling. Lviv, UKRAINE, 23-26 Sep
tember, 2021 P. 390-393. DOI: 10.1109/CSIT52700.2021.9648686

4. Isargenko A.C. Kirachpikatop audepenmiambHoi AiarHOCTHKH ayTOIMYHHOTO TenaTuTy Ta Xeopobu Binbcona Ha
OCHOB aHani3y ysTpasByKoBHX 306panens neuinku / A.C. Isanuenko, K.C. Boscynoscska, L M. Jlukan, B.A.
Tapaciok, B.A Iasno, €.A. Hactenko // Biomeanuna imKenepis i Texuonoris —2021.—Ne 6. —C. 62-73

5.ITatent YKpaiHm Ha KOpUcHY Moxenb Ne 139916 «Crioci6 miarHocTnku 1udy3HUX 3aXBOPIOBAHb ICYiHKH Y JiTe.
Bunaxigaukn: Jlukan Ipraa Mukonaisna, Hacrenko EBren ApHonmbiosud, Makcumerko Buraniit Bopucosu, Ilasnos
Bomozumup Amatoniiiosud, Kpyrmmii Bramucrmae Bomomumuposuu, Tapaciox Bopuc Ammp ifioBr4, BepeseHko
Banentnna Cepriigra, Conozyienko Bonoxumup B’suecnaBoBrd. 3apeecTpOBAHO y JEPKABHOMY peecTpi maTeHTiB
Vkpaiiu Ha KOPHCHY Mozens 27.01.2020

6. MaiiHoBi ipaBa Ha TBip HAYKOBOro Xapaktepy: «CHCTEMa MiATPUMKY NPUHHATTSA PilleHb NP JiarHoCTHI
i6po3nux 3MiH nediHky y Aiteii» apTopis Iukan Ipnaa Mukonaina, MakcHMeHKO Biraniit Bopucosny, Hacrenko
EBren ApHoubosmd, Tapaciok Arpilt Bopucosud, [Tasnos Bonomuvup Amnaronitiosua, Kpyrnnit Bragucnas
Bonoaumuposru, Hocoseup Onena Koncranrunisna, BaGaenko Bitanitt Onerosnd, I'onyapyk Makcnm
Onexcanzposi, Bepeserko Banenruna Cepriipua, Cononymenko Bononumup Bsuecnasosud. JIIT «VipaiHcskuit
iHCTHTYT JepaBHoi BracTHocTi» Peectpariitamii Homep 6461 Bim 29 rpymns 2021 poky.

PexomeHn/10BaHO BIPOBATUTH:
CrcTeMa IiATPUMKY PUHHATTS JarHOCTHYHKX PillleHh HOPMA-NIATONOTi) NP AU(Y3HHX 3aXBOPIOBAHHAX
MeviHKH 3a JaHUMH Y3 300paskeHb

CTpOoKH BOPOBAUKEHHs: 3 TpaBHA 2022p.

<
3acTymHUK JUPEKTOPA 3 HAYKOBOT e
poGotu Y «ISAMII]]», mokTop (iznwc)
MEIUYHHIX HayK

Tapacrok B.A.

Pucynok b.1 — Akt BripoBajpkeHHs B 1Y «IHCTUTYT simepHOT MEAUIIMHM Ta

npomMeHeBoi niarHoctuku HAMH VYkpaiam»
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BATBEPIDKVYIO»
3acTyMHHK AMPEKTOPA 3 HAYKOBOT poboTn

JIOKTOp MeAUY j/ ;

AKT
BIPOBAKEHHS B TIPAKTHYHY 0XOPOHY 310pOB’sl
MaTepia/liB HAYKOBUX A0CHTiIKEeHb

HajimenyBanHsl IPOTIO3MLIT 1151 NPOBa/LkenHst: «CucTema M ATPAMKH IPHHHATTA JArHOCTUYHHX
pimens netanizoBaHoro cTynenro ¢iGposy y AiTei mpu ayTOIMyHHOMY TeMaTUTi 32 CTAHOM CY[IMH Ha
V3 s06paxensax nedinkmy y 1Y «lHeruryT neajatpii aywepcrsa i rinekonorii imeni axazemixa O.
M. Jlyc'smooi HAMH Vkpainm», po3poGieHoi —3riflHo A0roBopy — npo CHiBIpaLio
1/0002.01/3400.02/291/2023 Bin 27.10.2023 poxy 3 HTTY «KuiBcrkuii NONITeXHIYHUI IHCTUTYT iM.
Iropst CixopchKoro»

Kum sanpononosano: JIY «IHCTUTYT menjatpii akymepctsa i rinexonorii iMeri akagemika O. M.
Jlyx'snosoi HAMH Vipainm, Quba M.B., HTTY «Kuiscbkuit TIONITEXHIUHUK IHCTHTYT iM. Irops
Cixopeskoroy, Ypey 1O, Wepuenxo 0.0., Byanix }0.C., baGenxo B.O., Hacrenko €. A, [Tasso B.A.,
IV «IHCTHTYT sifiepHOT MeTMIWHY Ta nipoMeneroi tiarocTnin HAMH Vipaism, Tapactox B.A.
MaxepeJio indopmanii:

1. Ypey LO., Bymsik 0.C., Ilesuenxo 0.0, iuGa M.B., Tapaciok b.A., IMasnos B.A. Cucrema
BH3HAUEHHS CTYTIEHIO Hi6pO3Y MO yILTPa3sByKOBUM 300P@KEHHSM [CiHKH niTel rpu ayTOiMyHHOMY
renaruti. Control Systems and Computers. 2024 No 2.

2. B. Babenxo, €. Hacrenko, B. Conozymerko, B. TTasnos, 1. JluKaH. IepapxiuHu¥i anropuT™
MymsTUKnacubikanii cragiif ¢ibposy mewinku 3 iHTErpOBaHUM aHanizom obnactedl iHTepecy.
Biomedical Engineering and Technology. Issue 14 (2024).

CTpOKH BIPOBA/KEHHsI: TpaBeHb-uepBens 2024 p.

3aranbHa KUILKICThL CIOCTEpPEKeHb: B MEXaxX KIH{YHO-KOHCYIBTATHBHOI POOOTH BiZULiNICHHA
reraTonorii i koMopGiIHMX 3axBoproBaHb y Aiteli JIY «lHCTHTYT nemiatpii, aKyuepersa i TiHeKoJoTil
imeni akanemixa O.M. JIyk’sHoBoi HAMH VipaiHi» o6cTexerno 34 IMTHHY 3 IPOBEAEHHIM OLiHKH
crynens GiGpo3y NpH ayroiMyHHOMY IeNaTUTi 3a CTAHOM CY/IMH Ha Y3-300paxeHHsIX.

Pe3yibTaTH BIPOBa/UKEHHs: 3a Pe3yJIbTaTaMH HPOBEJCHOTO BIPOBAKEHHS Gya0 MOKpAamIeHo
miarHocTHKy cTyness ¢ibposy mpu ayToiMyHHOMY TeTIaTHTI 33 CTAHOM CY/IMH Ha V3-300pakeHHAX
meuinku y 34 pireil. Pesympratm cramd MiNIPYHTAM UM HOJANBIIOTO  BAOCKOHAICHHA
JIArHOCTHYHOTO TIPOIECY Y AiTe 3 ayTOIMYHHHM IemaTHTOM.

TIponosunii Ta 3ayBaxkeHHs: BiICYTHI.

Crapmuii HayKoBH# CTIiBPOOITHHK BIIIINSHIL
remaTonorii i KoOMOpOiTHUX 3aXBOPIOBAHE Y
JiTel, KaHaugaT MEeIMYHMIX HayK

Mapuna [JUBA

(miarmc)

Pucynok Bb.2 — Axt BupoBajpkenns B /1Y «lHctutyT neniatpii, akymiepcrsa i

rinekosiorii iMeHi akagemika O.M. Jlyk’saoBoi HAMH VYkpainn»
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«GATBEPJIAYHO»

3aCTYNHHK refepalibHOIO JIMpeKTopa

3 naykosoi podotu JIY «Hauionansnuit
nayKoBii uenrp.prusiaTpii, nyisMoHonorii
Ta él"HC]JT"C-):J'IG‘I;if_'j\l\-l. @. . SlnoschKoro»

7\ HAMH VYkpairn

260 12 o

> 2024 p.

AKT BITPOBAJUACEHH$I

1. Hasma 3anponosoranoero snposakenus: «Texnonoris sustavenns Kopin-
acolioBaHHX 3MIH JICICHE 32 JIRHUMH KOMII'I0TepHoT ToMorpadiin na ocHoBi

li.’ll'()pl‘i'FE\.’IiB MalIruHHOro HapYaHHsd.

12

Yeranopa-po3po6uuk:  Hanjonansuuii  rexniuumil  yHiBepcuteT YKpainu
"KuiBebkHMH modiTexHivHMi  iHctuTyT iveni lrops Cixopenkoro' MOH
Ygpaiau

3. Jimepeaa indgopmanii:

3.1 .Buxopuctanng rubokux HelpoHHUX MEPEH JUIS MOPIRHSILHONO anallizy
nopmu, ieesMonii 1 COVID-19 /Biomedical Enginecring and Technology.
Issue 12, 2023. P. 56-64. // IOxumiok P., [Ikenact M., Hacrenko €., JInHHuk

M., Hasunosnu ., babenko B./ http://biomedtech.kpi.ua/article/view/292729

(apropu: Hactenxo C.A., Makenmenuxo B.b., Jlunnuk M.L., babenxo B.O.,
Jlasunonuu 1.B.)

3.2, ErexTHBHICTE aJI'OPUTMIB MAILIMHIOIO HABYaHHs JUIS KacH(ikanii 3min
CTPYKTYPH JIETeHb Yy IOCTKOBiMUX Ta roctpux cragisx COVID-19 / B.
Jlvraenxo, B. baGenko, C. Hacrerko, M. Jiunnnk. — 2024, — Nel 5. - C. 27--35.

ISSN: 2617-8974, 27,()7 8434. DOIL: 10.20535/.2024.15.306763

4. Jle i koum Buposaukeno: Biain cniemioloritigx ta opramizaiinux

1pobieM hTHU3i0NyIIEMOHOIIOTT ;

Pucynok Bb.3 — Akt BnpoBamkenns B 1Y «HarionanbHuil HayKOBUH LIEHTP
¢dTu3iatpii, myabMoHOJIOTIT Ta aneprosorii iMm. @.I". SIHoBchkoro» (mepia

CTOpIHKA)
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5. EdexTuBHicTL  BOpOBA/UKEHHS Y BIANOBIAHOCTI 3 xpurepisviu,
BRHKJIAJAeHUMU Y jsrepesti indopmauil: BIPOBAJIKENHA TEX1OIO0TIT 103BOJIHIIO
NIABMIIMTH TounicTh jlarnoctuku  Konis-aconiifoBannx 3mil JicrcHb  Ha
OCHOBI QIITOPUTMIB MAIlIMHHOIO HABYAHHA.

6. 3ayBakenns, Nponozuiii: 3anponoHoBana MCTOMHKA BiJUT10Biac notpebam

IHHIYHOT TPAKTHKHA.

// oo Jlunaus M./

Bi; 1II\)E>1 LJILHMI 38 BIPOBAIKCHHS !

26 Yepgud s .

Pucynok b.4 — Axrt BnpoBakenns B JIY «HamionansHuii HayKOBUH TIEHTP

drusiatpii, myiapmMoHoJ0rii Ta aneprosorii im. @.I'. IHoBchKOTO» (IpyTa CTOPiHKA)
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«3ATBEPIKYIO»

T.B.0. 3acTynHyKa mupekTopa
[HcTHTYTY inpOpManifiHEX TeHOMOTIH
ta cucreM HAH Vipainu

o Ry, Bostomeniox/1.0.
X L

4 —
IHeTuryr ;
ki
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=

B = WA/
by TexHonoriir ra ¥

cugrem /oy |

oHrudikauianmn 4

.
=
|

gooend 2025

B2

1. Haspa 3ampomoHOBaHOT0 HAYKOBOI'0 MNPOXYKTY: <<;§(;riﬂ Bu3HaueHHs Kogiz-
acOIifOBaHMX 3MiH JICICHB 3a JaHUMH KOMIT I0TEpHOI ToMorpadii» Ha OCHOBI airopuTMiB
MAaIIUHHOTO HaBUaHHA.

2. VYcrasoBa-po3podHuk: HamionaneHuil TexHiyHMH yHiBepcuTeT Ykpainm "KuiBchKuit
noJiTexHiuHME iBCTHTYT iMeHi [rops Cikoperkoro" MOH Vkpainn

3. Jxepena indopmanii:
3.1.BukopuctanAs TiMO0OKAX HEHPOHHHX MEPEX JUls HOPIBHSUIBHOIO AaHANi3y HOPMH,
nueBMonil i COVID-19 /Biomedical Engineering and Technology.

Issue 12, 2023. P. 56-64. // HOxumiok P., Illxemact M., Hacrenxo €., Jlunnuxk M.,
Jasunosud 1., babenko B./ http://biomedtech.kpi.ua/article/view/292729

(aBTopm: Hactenko €.A., Makcumenko B.B., Jlunnuk M.IL., Baberko B.O., launosmy [.B.)
3.2. EdexTHBHICTE aNTOPUTMIB MAIIMHHOIO HABYaHHS IS KIacHpikamil 3MiH CTPYKTypH
JereHb y MOCTKOBIIHHX Ta roerpux cragisx COVID-19 / B. Jlyruenxo, B. BaGenko, €.
Hacrenxo, M. Jluanuk. — 2024, — NelS. — C. 27-35. ISSN: 2617-8974, 2707-8434. DOI:
10.20535/.2024.15.306763

4. Jlei xonu BukopucTano: Bimwiin Me1nynmx iH(QOPMAIiHEX TEXHOIOTIH;

5. EdexrusHicTs TeXHoJIOTII y BiXNOBITHOCTI 3 KpHTEPisAMH, BHKIaIeHAMH Y JKepeTi
iHopmanii: BHKOPHCTAHHS TEXHOJIOTI] JO3BOJIUTH IiABAIIUTH TOUHICTE AiarHOCTHKH
Kogig-aconifoBaHKX 3MiH JIEreHb 3a JaHHMH KOMII'1oTepHoi Tomorpadii. ExemenTn

TEXHOJIOTIT OYAYTH 3aCTOCOBaHI B HAYKOBHX JOCHTI/DKeHHSX Bijaimy MIT

/S
BinmoginanbHu# 32 BHKOPUCTAHHS: 7 L é, > /_O.Kosanenxo /
10 A 2025 p.

Pucynok B.5 — Akt BipoBaukeHHs B [HCTUTYT 1HGOpMalliiHUX TEXHOJIOTIH Ta

cucreM HAH VYkpainun



