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AHAJII3 BAXKJIUBOCTI ®AKTOPIB TA EOEKTUBHOCTI MO/JIEJIEM
MAIINMHHOT'O HABYAHHSA Y TIPOT'HO3YBAHHI BUTTAIKIB
TYBEPKYJIbO3Y B IH/II

Anomauia: Tybepkynvos (Th) 3anuuwaemocs 00HI€w 3 HAUCEPUOSHIWUX THHEKYITIHUX X80p0ob V c8imi, a
I10is € kpainow 3 HalGUWUM Ms2APEM YbO20 3AX80PI06ANHS 3a daHumu Bcecsimmnvoi opeanizayii oxoporu
300poe’ss (BOO3). Bucoxa winbHicms HaceneHHs, HepigHuil 00Cmyn 00 MeOUYHUX NOCHye, COYIANbHO-
EeKOHOMIYHI YMOBU MA CYNYMHI 3AX80PIOBAHHS, MAKI AK Oiabem, CMEoOpImMb CHpUsmMauge cepedosuiye OJis
noOwUpeHs myoepkyavosy. Y ybomy 00caiodceHni nposedeHo ananis 6axicaueoCcmi oaxmopis, wo Gniuearomy
Ha 3aX80PI06AHICL HA MYOepKYIb03 6 IHJIl, ma oyineHo ehekmusHicmsb MOOeneli MAUUHHO20 HAGUAHHS Ois
NPOCHO3YBAHHA UNAOKIE 3ax80proeanHs. Memorw pobomu € euANIeHHs KIIOHO8UX OemMEPMIHAHM NOUUDEHHS
my0OepKyib03y ma po3poOKa HAYKOBO OOIPYHMOBAHUX peKOMeHOayil Ol 3MEHUeHHSA enioemMionociuHozo
HABAHMAICEHHS 8 PE2IOHI.

Hocniosicenna 6azyemuvca Ha danux 3a 2019-2022 poxu, 3ibpanux i3 8ioxpumux odxicepen, 30kpema 6a3
BOO3 ma ypsaoosux 3simie Inoii. Habip oanux eéxmouac 126 3anucie i 25 3miHHUX, ceped AKUX NOKAZHUKU
diaenocmuxu (kinbkicms susenenux eunaokie Th, mynemupesucmenmuuii Th, TH-BIJI koingexyis), coyianvhi
Gaxkmopu (82cuU8aHHI MIOMIOHY, AIKO20JI0), THHPACMPYKMYPA MEOUYHUX 3aKAA0I8, A MAKONC Pe3yTbmamu
NMKy8auHa (VCRIWMICMb, CMepmHicb, nepepueanHs mepanii). [na ananizy 6UKOPUCMAHO ONUCOBY
CMAMUCMUKY, KOPEeIAYIUHULL AHAI3, MHOJICUHHY JIHIURY peepeciio 3 L1/L2 pecyaspuzayiero (Ridge, Lasso) ma
HeNIHIUHI Memoou MAawuHHOo20 HABYaHHA, 30Kkpema Oepesa piwenv (Decision Tree), memood Hatibaudxicuux
cycioie (KNN), memoo onopuux eexmopie (SVM) i eunaoxosuti nic (Random Forest). Tounicme mooenetl
OYIHIOBANACH 30 OONOMO20I0 KPOC-6anioayii, guxopucmosyiouu mempuxu R? (koeghiyiecnm demepminayii) ma
MSE (cepeonvoxsadpamuina noMuiKa).

Pesynomamu  xopensyitinozo amanizy nokazamu Gi0CYMHICMb CUNbHUX JUHIUHUX 36 S3KIG MidiC
Gaxmopamu ma 3az2anvHolo Kiabkicmiwo eunadkie Th, wo 6xazye Ha HeniMitHy npupooy 3aledHCHOCHEIL.
Mmuooicunna niniina pecpecis NPoOeMOHCMPYBANA HU3bKY NOACHIO8ANbHY 30amuicme (R? = 0.3), a
pecynsapuzosani memoou (Lasso 3 a = 0.01) oewo noxpawunu ysazanvhenns (R? = 0.1007). Haisuwy
MOYHICMb ceped MHIHUX MoOoeell NOKA3aau (hakmopu, noe sa3ami 3 KibKIiCmio 3apeccmposanux 6UunaoKis
cepeo Y00BIKi6 [ JHCIHOK, A MAKOoIC 0iacHOCMUKO0 Myabmupesucmenmnozco Th. Heninitini mooeni usgunucs
ehekmusHimUMU. NOYAMKOSULl ananiz noxasas, uwo Random Forest (R? = 0.4595 na mecmosux oawux)

© Hesgincoxuii /I.B., Mapmusnos /1.1., Buxniok A.1., Cem'snie 1.0O., Bepewax K.I'. 2025
33



ISSN 2412-4338  TenexomyHikaniini Ta indopmaniiini Trexnosorii. 2025. Ne 2 (87)

nepeseputye KNN i SVM, mooi ax Decision Tree cmpasicoas 6i0 nepenasuants (R?> = -0.3044 na mecmosux
Oanux).

s niosuwennss mounocmi 6y10 3anpPONOHOBAHO HOBY YINbOBY 3MIHHY — HOPMANI308AHY KilbKiCMb
sunaokie Th na 100 000 nacenenns (total_inf), wo 8paxosye yucenvHicmos Hacenrenus wmamis. Ilicnsa yvozo
mounicms mooeneti 3nauno 3pociaa: Decision Tree docse R? = 0.8724, a Random Forest — R’ = 0.8378 na
mecmosux Oanux. DaxmopHull aHAN3 NIOMEepous, WO KIHUOBUMU HPEOUKMOPAMU € OIlaeHOCTUKA
mynomupesucmenmuoeo Th (MDR/RR TB Diagnosed) ma ingppacmpykmypa yenmpis nikysauna (PMDT-
Infrastructure), wo 8idobpasicae 8axciugicms MeOUYHUX PeCypCi6 i CBOEUACHO20 BUABNEHHS PE3UCTEHMHUX
Gopm 3ax60proanms.

Knwouogi cnosa: mybepkynwos, IHois, mawiunne HaGYanHs, MHOJNCUHHA TIHIUHA pespecis, GUNAOKO8UL
qic, oepeso piwenb, SHAP-ananis, coyianbHo-eKOHOMIYHI (haKkmopu, Mylbmupe3ucmesmuull mybepKyivo3,
NPOCHO3YBAHHS 3AX80PIOSAHOCMII.
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ANALYSIS OF FEATURE IMPORTANCE AND EFFECTIVENESS OF MACHINE
LEARNING MODELS IN PREDICTING TUBERCULOSIS CASES IN INDIA

Abstract: Tuberculosis (TB) remains one of the most severe infectious diseases globally, with India
bearing the highest burden according to the World Health Organization (WHO). High population density,
unequal access to healthcare, socioeconomic conditions, and comorbidities such as diabetes create a
conducive environment for TB spread. This study analyzes the importance of factors influencing TB
incidence in India and evaluates the effectiveness of machine learning models in predicting cases. The aim is
to identify key determinants of TB spread and develop evidence-based recommendations to reduce the
epidemiological burden in the region.

The study utilizes data from 2019-2022, sourced from open databases, including WHO and Indian
government reports. The dataset comprises 126 records and 25 variables, encompassing diagnostic
indicators (e.g., detected TB cases, multidrug-resistant TB, TB-HIV coinfection), social factors (e.g., tobacco
and alcohol use), healthcare infrastructure, and treatment outcomes (e.g., success, mortality, treatment
interruption). The analysis employed descriptive statistics, correlation analysis, multiple linear regression
with L1/L2 regularization (Ridge, Lasso), and nonlinear machine learning methods, including Decision
Tree, K-Nearest Neighbors (KNN), Support Vector Machine (SVM), and Random Forest. Model accuracy
was assessed via cross-validation using R? (coefficient of determination) and MSE (mean squared error)
metrics.

Correlation analysis revealed no strong linear relationships between factors and total TB cases,
suggesting nonlinear dependencies. Multiple linear regression showed low explanatory power (R*= (.3),
while regularized methods (Lasso with o, = 0.01) slightly improved generalization (R? = 0.1007). Among
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linear models, factors related to case notifications by gender and multidrug-resistant TB diagnosis were
most significant. Nonlinear models proved more effective: initial analysis indicated Random Forest (R? =
0.4595 on test data) outperformed KNN and SVM, while Decision Tree suffered from overfitting (R? = -
0.3044 on test data).

To enhance accuracy, a new target variable—normalized TB cases per 100,000 population
(total_inf)—was introduced, accounting for state population sizes. This adjustment significantly improved
model performance: Decision Tree achieved R?> = (0.8724, and Random Forest reached R?> = 0.8378 on test
data. Factor analysis confirmed that multidrug-resistant TB diagnosis (MDR/RR TB Diagnosed) and
treatment center infrastructure (PMDT-Infrastructure) are key predictors, highlighting the critical role of
medical resources and timely detection of resistant strains.

Keywords: tuberculosis, India, machine learning, multiple linear regression, random forest, decision
tree, SHAP analysis, socioeconomic factors, multidrug-resistant tuberculosis, incidence prediction.

1. Beryn

Ty6epkynbo3 (Th) € onnum 3 HaiOIbm cepilo3HNX iH(EKIIHHUX 3aXBOPIOBaHb Y CBITi, 10
3aJIMIIAE€THCS 3HAYHOIO 3arp03010 JUIsl TPOMAJICBKOT0 3710poB's. 3a JaHMMHU BceecBiTHBOI oprasizanii
oxoponu 310poB’ss (BOO3), Iuais € kpaiHOO 3 OJHUM i3 HAWBHINUX PIBHIB 3aXBOPIOBAHOCTI Ha
TyOepKy/Ib03, 110 POOUTh BHBUEHHsS HOro MOUIMPEHHS BKpail akTyalbHMM 3aBJaHHAM. Bucoka
NIUTBHICTh HACETICHHS, HEPIBHUM JOCTYII A0 MEIUYHHUX IMOCIYT Ta COMIAIbHO-CKOHOMIYHI YMHHUKHU
CIIPHUSIOTH IMOITUPEHHIO IT1€T XBOPOOH.

AHani3 gakTopis, MO BILUIMBAIOTH HA TIOMIUPEHHS TyOCPKYIIbO3Y, € KIIFOUOBUM TSI PO3POOKH
e(eKTUBHUX 3ax0JiB NpodigakTUKu Ta KoHTpoito. Cepen Takux (HaKTOpPIiB MOXKHA BHUALTUTH
COLIIaTbHO-KOHOMIYHI YMOBH, CYIyTHI 3aXBOpIOBaHHS (30Kpema, aia0er), MOCTYN J0 MEIUYHUX
HOCIYr Ta piBEeHb BAKIMHALIl HacesleHHS. BHUKOpHCTaHHS METOJIB MAalIMHHOTO HABYaHHA Ta
CTaTUCTHYHUX MOENEH I03BOJISIE HE JIMIIEC OLIHWUTH BIUIMB IUX (aKTOpiB, a W MPOTHO3YBaTH
MaifOyTHI TeHJIeHIIi] MOIUPEHHS XBOPOOH.

VY oMy JTOCIIKEHHI IPOBEJEHO aHalll3 MOIMKUPEeHHs TyOepKynbo3y B [HAIT 13 3acTOCyBaHHIM
perpeciiiHux mMozesnei. OCHOBHa MeTa pOOOTH — BUSBUTH KJIFOUOBI JE€TEPMIHAHTH 3aXBOPIOBAHOCTI
Ta OLIIHUTHU MOXJIMBOCTI MPOTHO3YBaHHS Ha OCHOBI 310paHuX gaHuX. Lle m03BoauTh po3poOuTH
HAYKOBO OOI'PYHTOBaHi1 peKOMEHalii /i 3MEHIIEHHs TArapsi XBOpoOu B pErioHi.

2. AHaJi3 JiTepaTypHUX JaHUX i IOCTAaHOBKA NMPod1eMHu

JocnipkeHHss npoOieMu TyOepKybo3y aKTHBHO BEAETHCS Yy CBITOBIM HayKOBIM CHUIBHOTI.
BOO3 y cBoix mopiyaux 3BiTax [1] Haromnoirye Ha 3pOCTaHHI KUTHKOCTI BHUIAJIKIB TYOEPKYJIbO3Y
cepel BpA3JIMBHUX TpYIN HAceNleHHs, a TaKOX Ha HEOOXIJHOCTI BIPOBA/KEHHS HOBHX METOIB
niarHocTuky Ta jdikyBaHHs. Lllopiuni 3BiTH HarionansHoi nporpamu nikBigaunii Tyoepkyiabo3y [Haii
(NTEP) [2] HamaroTh neTanbHHUM OTJIA[ €mifeMIONOTiYHOI CUTYyallii, mporpecy B JIarHOCTHII Ta
JTiKyBaHHI TyOepKyiIb03y, BKIIOUYHO 3 KO-1H(EKIISIMH, 30KpeMa IyKpOBUM JiabeToM. Y 3BiTax
y3arajJbHEHO KJIIOYOBI MOKAa3HUKM Ha HALIOHAJHHOMY Ta PErioHaJIbHOMY pIBHSX, IO JI03BOJISE
OLIIHUTU JUHAMIKY 3MiH, €()eKTUBHICTh BTpYUYaHb 1 3aJIMIIKOBI BUKIUKHU. J[aHI BUKOPUCTOBYIOTHCS
SIK OCHOBA JUIsI TUTAHYBaHHS MOJITHUK Ta MOHITOpUHTY peaiizauii ctpaterii "End TB" y mexax Llineit
ctanoro po3BuTKy. CydacH1 TOCHIIPKEHHS aKTUBHO PO3TJISIIAIOTH 3aCTOCYBAHHS METO/11B MAITUHHOTO
HaBYaHHS Y MEIUIIMHI, 30KpeMa y IPOTHO3YBaHHI Ta JA1arHOCTHII 1H(EKIIHHIX 3aXBOPIOBAHb.

IIpocno3ysanns ma oiaenocmuka iHQeKyiluHUX 3aX60PHO8AHb

VY pobori [2] nocaiakeHo MoeNl MPOrHO3yBaHHS JIEHTe, 3aCHOBAaHI Ha METO/IaX MAIIUHHOTO
HaBUaHHA. AHaI3 OXOMHWB TPU OCHOBHI TIAXOAHW: JJIarHOCTUYHUH, EIMIJIEMIOJOTIYHUA Ta
iHTepBeHIiifHni. HalOinpm momupeHuM MeTOIOM Yy IarHOCTUYHOMY IIJIXOJI € JIOTiICTHUYHA
perpecisi, TOJl SK y MPOCTOPOBOMY aHalli3l €miJeMIiOJOTIYHOro MiAXOMy — JIiHIMHA perpecis. Y
JOCTiIKeHHI [3] 3apONOHOBAaHO METOJI MAIIMHHOTO HABUAHHS JJIsl TIOKpAlIeHHs (DYHKIIH OMiHKU
JIOKIHTY B TIpolleci mepenpoditoBaHHS JIKapChKUX 3aco0iB. BUKOpHUCTaHHS METOJIB OMOPHHUX
BEKTOPIB JJO3BOJIMJIO MiJBUIIUTH €PEKTHBHICTH BiTOOPY MOTEHLIHHUX iHTiOiTOpiB Mycobacterium
tuberculosis.

Ananiz pezucmenmuocmi ma mepanesmuyHi nioxoou

Y poboti [4] BUKOpPUCTaHO aHCAMOJb aNTOPUTMIB INTYYHOTO I1HTEICKTY, BKIIOYAIOYH
BUIIA/IKOBI JIICH, JUI BUSBJICHHS KPUTUYHUX KOHIICHTPALIHHUX TOPOTiB JIKapChKUX MPeraparis, 110
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aCOINIOIOTHCS 3 HEBIAUeo Teparii ado JleTaaTbHUMHU HacaiakaMu. Y aociimpkerHi [10] po3risiHyTO
METOAMKH MIBUAKOTO Ta TOYHOTO MPOTHO3YBAaHHS pe3uCTEeHTHOCTI Mycobacterium tuberculosis no
aHTUO10TUKIB HA OCHOB1 TEHOMHHUX JJaHUX. BUKOpUCTaHHS MINOOKHUX 3rOPTKOBUX HEHPOHHUX MEpex
JIO3BOJIMJIO 3HAYHO MOKPALIUTH TOYHICTh KiIacu(ikarii.

Aemomamuzoseana diacHocmuka myoepKyibo3y

Y pobGoti [5] 3anpomoHOBaHO METOJA AaBTOMAaTHUYHOTO BHSBICHHS TyOepKyibo3y 3a
PEHTTEHIBCHbKMMH 3HIMKaMU JIeT€Hb 13 BHUKOPHUCTAaHHSM aHCAMOJIEBOIO HaBYaHHS Ta T10pUAHHUX
JECKPHUNTOPIB O3HAK, [0 JEMOHCTPY€E BUCOKY TOUHICTH IIarHOCTUKU. JloCTiKeHHSI [6] IpuUCBsiUeHe
BUKOPUCTAHHIO METOJIB MAIIMHHOI'O HABYaHHSA MJIA aHali3y pe3ucTeHTHOCTI Mycobacterium
tuberculosis. Byno mporecToBaHO KinbKa Kiacu(ikaTopiB, cepell SIKUX JIOTICTHYHA perpecis Ta
I'pafl€eHTHUM OYCTHHI 1€peB, 110 MOKPAIIMIIO TOYHICTh IPOTHO3YBaHHS.

LImyunuti inmenexm y pecnipamopHiu MeoOuyuHi

Y npocmipkeHHi [7] pO3IISHYTO 3aCTOCYBAaHHSA IITYYHOTO IHTEJEKTY VY pecHipaTopHii
MEIWIUHI, 30KpeMa B aHajli3i TOpaKaJIbHUX 3HIMKIB, TICTOJOTIYHUX IMpenapariB Ta JaHUX
(GYHKI[IOHANBHUX TECTIB JiereHb. BcTaHOBIEHO, mI0 INIMOOKI HEHPOHHI Mepexi MepeBepIIyIOTh
JIOJICHKUX €KCIEPTIB y pO3Mi3HAaBaHHI MaTOJOTiH. Y poOoTi [8] mopiBHAHO e(DEeKTHBHICTH METOMIB
MHOKHMHHOI JHIAHOI perpecii Ta HEHPOHHUX MEPEX y MPOTHO3YBaHHI aHTUMIKOOAKTEpiadbHOI
AKTUBHOCTI XIMIYHUX CIIOJIyK. ACOLIaTUBHI HEHpPOHHI Mepexi 3a0e3NMedmiii BHIIY TOYHICTb
MIPOTHO3IB.

Knacughikayis ma koumpons nowiuperuss mybepKyibo3y

Y pochimxenni [10] po3pobneno kputepii knacudikamii TyOepKyJIbO3HOTO YBEITY 3a
JIOTIOMOTOI0 MAIIMHHOTO HABYaHHSA, MO IJIBUIIMIO TOYHICTh Kiacu¢ikamii. Y poboti [11]
BUKOPUCTAHO JiepeBa pilIeHb A aHamidy (akTopiB pU3UKY TyOepKysabOo3y y BEIMKOi poraroi
Xynobu. Byno BCTaHOBIEHO, IO KIFOYOBUMH TPEAUKTOPAMH TIOMIMPEHHS 3aXBOPIOBAHHA €
HasIBHICTb 3apakK€HUX CYCI/IiB Ta KUIbKICTb ITepeBE3€Hb Xy 100H. Y ociikeHHi [ 12] 3anmponoHoBaHo
BUKOPUCTAHHS METOJIIB MAITMHHOTO HAaBYaHHS JUIsl TPOTHO3YBaHHS €(DEKTHBHOCTI MaJlMX MOJIEKYII
npotu Mycobacterium tuberculosis. Buxopucranus OalleciBCbKMX KiacH(iKaTOpiB 1 METOAIB
OTIOPHUX BEKTOPIB JTO3BOJWJIO BUSBUTH MEPCHEKTUBHI CIOIYKH IJIs TOJAIBIINX JOKIIHIYHUX
JOCTiJKeHb. Y po0oTi [14] po3riissHyTO poib BAOCKOHAJIEHUX METO/IB JAIarHOCTHKHM y 3HM)KEHHI
[J100abHOTO TATaps TyOepKyJb03y. 3alpONOHOBAHO BIPOBAIKEHHS MIBUAKUX 1 TOYHUX TECTIB, 1110
MOXYTb CYTTE€BO MOKPAILIUTH PAHHE BUABJICHHS T4 KOHTPOJIb 3aXBOPIOBAHHS.

[Tonpu 3HaUHY KUIBKICTb OCIHIJIKEHb, IPUCBSIUEHUX IPOrHO3YBAaHHIO TYOEpPKYIbO3Y B KpaiHax
13 BUCOKUM €MieMiOJOTIYHUM HaBaHTAXEHHSIM, OUTBIIICTh 13 HUX 30Cepe/HKEeHI a00 Ha KIIIHIYHUX
JaHuX, a0o Ha aHaii31 300paxkeHb (peHtreH, KT). 3HauHo MeHIlle yBaru NpuaiieHO KOMIUIEKCHOMY
aHaJIi3y collialbHUX, IeMorpadidHuX, IHPPaCTPYKTYPHHUX 1 MOBEIIHKOBUX (PAKTOPIB, 1110 BIUTUBAIOThH
Ha MOUIMPEHHS 3aXBOPIOBAHHS Ha MAaKpOpPiBHI (PErioHHU, IITATH).

VY KOHTEKCTI CydacHHMX JOCIHI/DKEHb y cdepl MEAUYHOTO MPOTHO3YBaHHSA I poboTa 3aiimae
HIITy MDK TPAIUIIAHOIO €MieMIOJIOTIEI0 Ta HOBITHIMHM TEXHOJOTISIMH 1HTEICKTYyaIbHOTO aHaJi3y
naHux. BoHa npomnoHye iHTepnpeToBaHi Ta MPUKJIaIHI pe3yabTaT, IKi MOXKYTh OyTH BUKOPHCTaH1
1151 GOpMyBaHHS IITHOBUX PEKOMEH/IAIlI Ha PIBHI CHCTEMH OXOPOHU 3/I0POB’51.

3. Mera i 3aga4i J0oC/TiIKeHHA

MeToto gocimpKkeHHs € aHam3 GakTopiB MOMUPEHHS TYOepKyIb0o3y B [HIIT Ta OIliHKa MOJIEIeH
MAIIMHHOTO HAaBYaHHS JUIi MPOTHO3YBAHHS BHUIAJKIB 13 PO3POOKOI0 PEKOMEHAALINd 1100
npodiTaKTUKH.

Jlist mocSATHEHHS TTOCTaBJICHOI METH BUPIIIIEHO TaKi 3aBIaHHS:

—3i0pano naHi npo TyoepKynbo3 B [uaii 3a 2019-2022 poku 3 BIIKPUTUX DKEPE.

—IIpoBeneno KopensAIiMHUNA aHai3 Uil BUSABICHHS 3B’S3KIB MDK (akTopamu Ta
3aXBOPIOBAHICTIO.

—IIpotecroBano moneni miHiiHOI perpecii (Ridge, Lasso) i mporuno3yBaHHs.

—3acrocoBano HemHiiHI Meromu (Decision Tree, KNN, SVM, Random Forest) mus
MOPIBHSHHS TOYHOCTI.
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— Y110CcKOHaNEHO MOJIENI IUIIXOM HOpMaJi3alii iJIbOBOT 3MiHHOI.

—BusHaueHo kitouoBi (hakTopH, Taki K MynbsTHpe3ucTeHTHUi Th, 3a JonoMororo GpaxTopHoro
aHaJyizy.

—Po3pobneno pekomenaanii 1yt mokpamieHHs MpogiIakTUKH TyOepKyIbo3y B IHmii.

HaykoBa HOBHM3HA IIi€i poOOTH IOJIATa€ B TOMY, IO BIEpINEe Ha MPHUKIAAI JaHUX PO
TyOepKyp03 B [Hi:

e 3aCTOCOBAaHO CHCTEMHMH MiAXiJ 0 aHAJI3y HEJTIHIMHUX B3a€EMO3B’S3KIB MK (pakTopamu 3a
JIOIIOMOI'0F0 MAIIMHHOTO HABYAHHS;

e 3alpPONOHOBAHO MeETOJ HopMaiizamii 1IboBOi 3MiHHOI (total inf), mo BpaxoBye
nemorpadivHi 0COOIMBOCTI PETiOHIB;

e 3JICHEHO MOPIBHSAHHA JIHIHHUX 1 HENIHIMHMX MOJIEJIeH Ta TPOBEICHO TIMOOKWH aHai3
Ba)KJIMBOCTI O3HAK;

e MPOJEMOHCTPOBAHO, K Cy4acHi ML-airopuTMu MOXyTh BUKOPUCTOBYBATHUCS SIK IHCTPYMEHT
JUTSL TPURHATTS YIPABIIHCHKUX PillieHb Y cepi OXOPOHH 3/10pOB 4.

4. MeTtoaoJorisi 10CJTiIZKeHHS
VY Mexax JaHOro JOCIKEHHs OyJ0 He JIMIIe MPOTECTOBAHO HU3KY MOJesiell MAlIMHHOTO
HaBYaHHS, a i 371iICHEHO MOPIBHSAJIBHUN aHaIIi3 MOXKIIUBUX IIIXO/IB 10 TOOYI0BU KIIacH(iKaTOpiB
Ta BHOOpY peneBaHTHUX oO3HaK. lle m03BonMiIO OOrpyHTOBaHO BHOPATH ONTHUMAJIbHI METOIH
IIPOTHO3YBAHHS Ta IHTEpPIpETAIlil pe3yIbTaTiB.
IDicepena oanux
Jani 1y aHanmizy OTpuMaHi 3 BIIKPHUTHX JKepel, 30kpema 0aszu ganux BOO3 ta ypspoBux
3BiTiB [Haii. [lo aHani3y BKIIIOYEHO TaKi 3MiHHI:
PiBenb 3axBOpIOBaHOCTI Ha TYOEPKYJIbO3;
YacTka XBOpUX Ha J11abeT cepesl Nalli€HTiB 3 TYOepKyJIb030M;
ConianbHO-eKOHOMIYHI (pakTOpH (piBEHb JOXONY, JOCTYI 10 MEIUYHHUX MOCIYT);
['eorpacdiuHi 0COOTUBOCTI PETIOHIB.
Metoau noOya0BHu Mojemeit
OmnucoBa CTaTUCTHKA — BUKOPUCTaHAa JJIs y3aralbHEHHs XapaKTepUCTUK BUOIPKH Ta IEPBUHHOT
OLIIHKY TeHJIEHIIN Y JaHUX.
Kopensuiiinuii anani3 — npoBeIeHO AJIs BU3HAUEHHS 3aJIe)KHOCTEH MK 3MIHHUMHU.
Perpeciiinuii aHani3 — BUKOPUCTaHO MHOXHHHY JIHINHY perpecito 3 Bukopuctanusm L1/L.2
perynspiizanii Anas BHUSBIEHHS HalOUIbII 3HA4YymMX (aKTOpiB, IO BIUIMBAIOTH Ha piBEHb
3aXBOPIOBAHOCTI.
MeToau MalIMHHOTO HABYAHHS — 3aCTOCOBAHO aJITOPUTMHU JiepeBa pimensb (Decission Tree) Ta
BumnaakoBux JiciB (Random Forest) /i migBUIIIEHHS TOYHOCTI MPOTHO3YBaHHS.
3arponoHOBaHO METO/I IEPETBOPEHHS JaHUX 10 JO3BOJIUTH MiTHATH TOYHICTH MPOIIOHOBAHUX
MOJIETIEH.
Kpim moneneit, HaBenenux y crarti (Decision Tree, Random Forest, SVM, KNN), nogarkoBo
PO3TISAAINCS TaKl aITOPUTMHU:
e I'panientauii Oyctunr (Gradient Boosting, XGBoost) — moTyxxHuii ancaMOieBuii METO/,
3IaTHUIA MOJIETFOBATH CKJIAIHI HEJIHIMHI 3aJIe)KHOCTI HAaBITh HA HEBEJIMKUX BUOIPKaX;
o JlorictuyHa perpecis — K 0a30BHiIl IHTEpIPETOBAaHUN MigXiq A Kiacuikauii cymyTHIX
3aXBOPIOBaHb Ta JeMorpadiyHuX KaTeropii;
o Heiiponni Mepexi — monpu CKJIaIHICTh IHTEprpeTanii, OyJu pO3MIISHYTI SK TECTOBa
aJTbTEPHATHBRA JIJIS TIEPEBIPKH TOYHOCTI.
Metoau BuOOpY Ta iHTepIpeTalii BaXKIMBOCTI 03HAK
3 MeTOI0 TIJBHINECHHS JOCTOBIPHOCTI BHCHOBKIB OyJIM 3acTOCOBaHI a00 MpoaHaTi30BaHi
HACTYIHI METOIH:
e JIiHiliHI CTATUCTUYHI METOIU:
o % (XM-KBamgpar) — I KaTeropialbHUX O3HAK;
o ANOVA F-ominku — aJ11 BU3HaYEHHS JUCTIEPCIHHOT 3HAYYIOCTI;
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o Mutual Information — Mipa CHiJIbHOT 3aJI€KHOCT1 3MIHHHUX.
o IurepnperoBani ML-meronu:

o Permutation Feature Importance — oIliHIOE BIUIMB O3HAK HUISIXOM BHIAJIKOBOT
MEePECTAaHOBKY 3HAYCHB;

o SHAP (SHapley Additive exPlanations) — cyuyacHuii yHiIBEpCaJIbHHM MiIXia 0
MOSICHEHHS SIK JIIHIWHUX, TaK 1 HEHIHHUX MOJIEJIeH, 103BOJIsie OyyBaTH JIOKAIbHI Ta
ro0anbHi IHTEpIpeTaIlii BIUTMBY KOKHOI 3MIHHOI.

MeTpuKH OLIHKU MOJETNeH
JIns OIIHKM TOYHOCTI MOOYAOBaHMX MojeNield BUKOpUCTaHO Meroxa Kpoc-Bamimamii (k-fold
cross-validation). OuiHIOBaHHSI TOYHOCTI BUKOHYBAJIOCS 32 KUIbKOMa METPUKAMH, III0 BPAXOBYIOTh
Pi3HI aCHEKTH AKOCT1 MOJIEIICH:
e R? (xoedimieHT nerepMiHallii) — OCHOBHA METPHUKA JJIsl OI[IHKHU TOSICHIOBAJILHOT 3JaTHOCTI;
e MSE (mean squared error) — cepeIHbOKBapaTHYHA TOXUOKA;
e MAE (mean absolute error) — cepenHs abCOTIOTHA MTOXHOKA;
e RMSE (root mean squared error) — kBajapaTHuil KOpiHb i3 MSE, uyTnuBuil 10 BENUKHX
BiJIXHJICHb.
3acTocyBaHHS BUIIE3TaJaHUX MIAXOMIB Jajio 3MOTy HE JHIIE MiABUIIUTA TOYHICTh
NPOTHO3YBAaHHS, ajle H 3a0e3MeYUTH IPO30PICTh PE3yNbTaTiB, HEOOXIJHY A TOHAIBIIOTO
BUKOPHUCTAHHA y CHUCTEMaxX OXOPOHH 3J0pOB’s. 3 MipKyBaHb OOMEXKEHOro o0csry crarti Oyio
MPEJICTABJICHO JIMIIE Ti Pe3ylbTaTH, SKi JEMOHCTPYBAIM HaMKpally SKICTh MOJENI Ta HailKparry
IHTEpIPETOBAHICTh Y KOHTEKCTI MIOCTABJICHOTO 3aBaHHSI.

5. Pe3yabTaT T2 00rOBOpPEHHS

5.1. Txkepesia nanux

VY upoMy ociiKeHHI BUKOPUCTOBYIOThCS 0(illiiHI AaHi 11010 TyOepKynbo3y B IHAil, 310paHi
32019 nmo 2022 pik 1 BCixX WTATiB Kpainu. J[aHi BKIIIOYar0Th 1H(OPMALIiIO PO KUIbKICTh BUMAIKIB
TyOepKyJIb03y, CYyIyTHI 3aXBOPIOBaHHSI, COIliasibHI (DAaKTOPH Ta e()eKTUBHICTD JIKyBaHHS [2].

Crpyxkrypa HabOpY JaHUX

Habip mictuth 126 3amuciB Ta 25 BXigHUX 3MiHHUX. OCHOBHI MOJIS BKIIOYAIOTh:

1. 'eorpacdiyni Ta yacoBi JaHi:

* City — micTo abo perion [nmii

* Year — pik peecTpaliii BUMaIKiB

2. [Noka3HUKH A1arHOCTUKH Ta BUsABIeHHA Th:

* Active Case Finding TB cases diagnosed among tested — KUIbKICTb MiATBEPKEHUX BUNIAIKIB
Tb cepen nporecToBaHUX.

» Active Case Finding TB Presumptive TB cases tested out of those screened — KinbKiCTB
MPOTECTOBAHUX MAIIIEHTIB 13 mimo3poro Ha Th.

« MDR/RR TB DIAGNOSED MDR/RR patient diagnosed — KUIbKICTb BHIIaJIKIB
MYJIbTHUPE3UCTEHTHOTO TYOEPKYIHO3Y.

* Paediatric TB patients notified — kibKicTh 3apeecTpoBanux BumaakiB Th cepen miteid.

* TB-HIV co-infected patients Diagnosed — KibKicTh JIarHOCTOBAaHHUX BUMAJKIB KOiH(EKIil
Th-BLL

* TB-HIV co-infected patients Put on ART — kinbkicTh KOiH(}IKOBaHMX MAIIEHTIB, K1 OYAIH
AHTUPETPOBIPYCHY TEPAIilo.

3. ComiasibHi paKkTOpH Ta MOBEIIHKOBI OCOOJMBOCTI MAIIIEHTIB:

* TB patients with known Tobacco usage status — KiJIbKiCTh MAI[I€EHTIB 13 BIIOMUM CTaTyCOM
B)KUBAHHS TIOTIOHY.

* TB patients with known Alcohol usage status — KiJIbKiCTh MalLli€HTIB 13 BIIOMHM CTaTyCOM
BXKUBAHHS aJIKOTOJIIO.

* TB-COVID 19 patients detected — kinmbkicTh Bunankie Th cepen mari€eHTiB, sKi TaKox
xBopism Ha COVID-19.

* Pregnant TB patients identified — kinbpKicTh BariTHUX XiHOK 13 Th.

4. Iloka3HMKY JTIKyBaHHS Ta PE3yJIbTaTIB TEparii:
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* Treatment outcome of TB patients notified in (% Lost to follow up) — yacTka namieHTiB, sKi
MIPUITMHUAIIH JIIKYBaHHS.

» Treatment outcome of TB patients notified in (Death Rate) — piBeHb cMepTHOCTI cepen
narieHTis i3 Th.

* Treatment outcome of TB patients notified in (Success Rate) — piBeHb yCHiIIHOTO JiKyBaHHSI.

* Treatment outcome of TB patients notified in (Treatment Failure Rate) — piBens HeBranoro
JIKyBaHHS.

» Treatment outcome of TB-HIV patients notified in (Death Rate) — cmepTHICTH cepen
KOIH(1KOBaHMX TAIlI€HTIB.

* Treatment outcome of TB-HIV patients notified in (Success Rate) — piBeHBb ycCHIITHOTO
JTiKyBaHHS KOIH()IKOBAaHUX TAII€HTIB.

* Treatment outcome of Paediatric TB patients notified in (Death Rate) — cmepTHicTH cepen
miteit i3 Th.

* Treatment outcome of Paediatric TB patients notified in (Success Rate) — ycriniae ikyBaHHS
cepen aiTen.

5. [HdpacTpykTypa MEAMIHUX 3aKIQIB Ta CYITyTHI 3aXBOPIOBAHHS :

* PMDT- Infrastructure No. of Nodal DR-TB centres — KiIbKICTh LEHTPIB JIIKyBaHHS
JKapChKO-CTINKOTO TyOCpKYIIHO3y.

* TB- DM patients initiated on Anti-diabetic treatment — KiIbKicTh mamieHTiB i3 Th 1 giabeTom,
SIK1 TTOYaJIH JTIKYBaHHS /1ia0eTy.

« TB - DM Patients diagnosed among tested — KiIbKICTh MAIli€HTIB 13 AiabeToM cepen
nporecroBanux Ha Th.

6. LlinpoBa 3MiHHA (BUXiAHE TOJIE):

* TB case notification total — 3araipbHa KiJTbKICTh 3aPEECTPOBAHUX BUIIAIKIB TyOEpPKYIHO3Y.

Onucosa cmamucmuxa ma KOpeaiAyiuHu ananiz

Jlns OLiHKM BapilaTUBHOCTI BUIAJKIB TyOepKysbo3y Oyjio moOynoBaHO PO3MOIUT 3HAYEHb
1inboBoro nokasHuka TB case notification total, sikuii nmpeacrasneHo Ha Pucynky 1. Sk BuaHO 3
rpadika, HaliOLIbIIAa KUIBKICTh 3apEeECTPOBAHMX BUIAJKIB 3HAXOAUTHCA B JianazoHi 50-250 na 10
000 nacenenns. Lle Bka3ye Ha BiIHOCHO pIBHOMIPHUI piBEHb 3aXBOPIOBAHOCTI B OUIBIIOCTI PET1OHIB.

Distribution of Target Yarable

-
Puc 1. Po3noain BumaakiB Ty0epKyIb03y

OpHak y neBHHX 1Tatax [HAil 3adikcoBaHO 3HAYHO BUIMH PiBEHb 3aXBOPIOBAHOCTI, 1110 MOKE
OyTH TIOB’S3aHO 13 COIIaTbHO-CKOHOMIYHHUMH YMOBaMH, JOCTYITHICTIO /10 MEIMYHOI JOTOMOTH,
KIIMaTHYHUMU QakTopaMu abo iHIMKMMHU npuurHamu. Lli BIAMIHHOCTI BHMAararoTh MOJAJIBLIOTO
aHaJi3y, 30KpeMa JI0CI1HPKEHHS BIUIMBY OKPEMUX YNHHUKIB HA AMHAMIKY MOIIUPEHHS TyOEepKyIbo3y.

5.2. Kopeasiniiinuii anani3 gpaxkropis

Jlns BU3HAYCHHS MOXKJIMBHUX 3B’SI3KIB MIXK BXITHAMH 3MIHHUMH Ta IIJIOBHM mojieM TB case
notification total 6ys0 o0uKCIEHO MAaTPUITIO KOPENALIHN, 110 IpecTaBiIeHa Ha PUCYyHKY 2.

3 aHaIi3y KOPEAIMHOT TaOIHII BUIHO, 1ITO:

* BifcyTHi cuibHI TiHIHHI 3aJI€KHOCTI MK BXIJHAMH 3MiHHUMH Ta [[IJTbOBUM TTOKa3HUKOM. Lle
CBIIYUTH TPO TE€, IO JKOJACH 13 (aKTOPIB CAMOCTIMHO HE Ma€ MPSIMOTO MPOMOPIIHHOTO abo
00EpHEHOr0 BIUIMBY Ha PiBEHb 3aXBOPIOBAHOCTI.

a P no
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* He crocrepiraerbcsi ;K0 HOTO BiJl’€EMHOTO 3B’S3KY, 11O O3HAYa€, 110 BC1 3MiHHI MarOTh a0o
MO3UTUBHUH, a00 HEHTPATHHUI BIUIMB HA BUXIIHY 3MiHHY.

* OCKUIbKH JiHIMHI 3B’A3KM MDK ()aKTOpaMH Ta IUIbOBUM IOKa3HUKOM BIJICYTHi, MOXKHA
NPUITYCTUTH, [0 BIUIMB LMX (AKTOPIB € HETIHIMHMM, [I0 BHMarae€ 3acTOCYBaHHS METOIB
MaIIMHHOTO HaBYaHHS JUISI MOJEIIOBAHHS 3aJ€KHOCTEMH.

Feature Comelation Heatrap
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Puc. 2. KopensuiiiHa MaTpuist B3a€EMO3B’sI3KiB Mk (pakTopamu.

OTtpuMaHi pe3yJbTaTH MiATBEPKYIOTh HEOOXIIHICTD MOIATIBIIIOI0 BUKOPUCTAHHS HETIHIMHAX
Mojenel, [Ki MOXyTh Kpamle iJeHTH(IKyBaTH CKJIaJHI B3a€MO3B’A3KM MDK (akTopamMH Ta
MOLIMPEHICTIO TYOepKyIJIb03y B Pi3HUX perioHax [Haii. 3 iHmoro 60Ky HeBelIHKa KiJIbKICTh JaHUX Ja€
3MOT'y BUKOPHCTaTH He JIiHIIHI MOJeNl 32 paxyHOK BEJIMKOi KUIBKOCTI €MIpUYHUX MapaMeTpiB.
Tomy B pochimkeHHI Oyid BUKOPHCTaHI BIIHOCHO TPOCTI MOJENI MAIIMHHOTO HABYaHHS ISt
BCTAHOBJICHHS 3B’513Ky MK (paKTOpaMH Ta LIJIbOBUM ITOKAa3HUKOM.

5.3. Perpeciiinuii anaJis

Jlnis BUSIBIIEHHS HAalOUTBIN 3HAUYIUX (PaKTOPIB, 110 BIUTMBAIOTh HA PiBEHb 3aXBOPIOBAHOCTI Ha
TyOepKyJb03, O0yJI0 BAKOPHCTAHO MHOKUHHY JIHIAHY perpecito. JlocaimkeHHs nepeadavano OiHKy
epeKTUBHOCTI 6a30BO1 JiHIMHOT MOJIEINI, a TAKOXK BUKOPUCTAHHS PETyIsipu30BaHUX MeTo1iB Ridge Ta
Lasso 1 moKpamieHHs sIKOCTi POTHO3yBaHHSI.

OriHka MHO>KMHHOI JTiHIHHOT perpecii

JI1st OLIIHKM TOYHOCTI MOJIeNi AaHi Oyiu po3iieHi Ha TpeHyBaibHY (80%) Ta TectoBy (20%)
BUOiIpKu. J[onaTkoBo OyIi0 3aCTOCOBAHO KpOC-Balligallito i3 mapamerpamu n_splits=5, shuffle=True.

To4HICTh MOJIE1 OIIHIOBAJIACS 32 TAKUMHU METPUKAMH:

* Mean Squared Error (MSE) — cepenHboKBajpaTHyHa MOMHJIKA, IIO OILIHIOE CEPEIHIO
BEJINYMHY TIOMIJIOK MOJIETI.

* R-squared (R?) — koedimieHT merepminaiii, Mo MOKa3ye, sKa YacTKa Bapiallii 3aJiexHOl
3MIHHO] MTOSICHIOEThCS HE3aJI€KHUMH 3MIHHUMM.

PesynbraTu perpeciitHoi Mmoaeni nogano B Tabmui 1.

40



ISSN 2412-4338  TenexomyHikaniini Ta indopmaniiini Trexnosorii. 2025. Ne 2 (87)

Tabmns 1

OriHKa TOYHOCTI MHOKHMHHOI JIiHIMHOT perpecii
‘MeTpHKa HTpeHyBaani l[aHiHTeCTOBi ;[aHiHCepenHG 3HAYEHHSA (KpOC-BaJIiIIaI_IiSI)|
IMean Squared Error (MSE)|[0.6005 0.9802 15.1966 |
IR-squared (R?) 0.3097 03007  |-5.3676 |

Sk BuaHO 3 TAbMMIll, MOACIB IEMOHCTPYE HU3BKHI PIBEHb MOSCHIOBAIBHOI 31aTHOCTI (R? =
0.3), mo cBigUUTH MpO Te, L0 JiHiiiHAa perpecis HEe € €()EeKTUBHOIO JIsI MPOTHO3YBAaHHS DPIBHSA
3axBOpIOBaHOCTI. KpiM TOro, HEraTMBHHMI MOKa3HUK CEPEIHBbOI TOYHOCTI B Kpoc-Bamiaamii (R? = -
5.37) Bkazye Ha mepeHaBYaHHS MOJENI Ha TpeHyBalbHiKM BHOIpHi Ta i ci1albKy y3araJbHIOIOUY
3IaTHICTE.

5.4. Buxopucranus pery/jasipuzoBanux meroais Ridge Ta Lasso

Ockinpku 6a3oBa JiHIMHA MOJENb HE MPOJAEMOHCTPYBala 3aJOBUIBHUX PE3yJbTaTiB, OyIo
3aCTOCOBaHO peryisipu3oBani meroan Ridge ta Lasso. J{ns HamamryBaHHS TinmeprapaMerpiB Oyio
Bukopuctano GridSearchCV 3 nepe6opom 3nauens alpha:

{"alpha': [1, 0.1, 0.01, 0.001, 0.0001]}

OnTumalnbHi 3HaUYEHHS TapaMeTpiB Ta pe3yIbTaTH MOJICNIOBaHHs HaBeneH1 B Tabnuii 2.

Tabmuns 2

Haiikpami pesynbratu Ridge Ta Lasso
‘Moz[enLHBest Alpha (MSE)HBes‘[ Score (MSE)HBest Alpha (RZ)HBest Score (Rz)’
ILasso ]|0.01 |-0.8152 0.01 0.1007 |
Ridge |1.00 1-0.9429 11.00 1-0.0505 |

OTtpumaHi pe3yabTaTu CBi4aTh Npo Te, o Meroa Lasso-perpecii 3 mapamerpom a = 0.01
IIPOJIEMOHCTPYBaB HalKpallle y3arajJbHEHHsS cepes ycix mporectoBaHux mozened (R? = 0.1007).
Bonnouac Ridge-perpecist He 3MOriia MOKpALIUTH pe3ysIbTaTH 6a30BOi MOJEII.

5.5. Ouinka Baromocrti ¢gaxkropis

Fealure importance from Lasso, Ridige, and Lnear fegression

[
Ridge
TH-COAD 19 patients detecing Lirsar Hegrevuon

TH patiefits with kivdams Alahal USage Slates

TH - 08 Palents disgeirked asong Lesled

Pregrant TH pabents denliled 1

Featrme il gubisime of Feedalre TS pabenls rerlibed B |Seoekd Rate) 5
Featrmersl culiose of Pasdualng TB patients nobdhied n (Death Aate) 4
TH- DM pabesls ifilialed on Asl-thabetx lreatment 5

PHDT- wirastruciuie B of Medal DR-TH centres 4

Fralranl auldsimes o TH-HIV pabenls feslited i |Sedceis Late)
Teatsmenl culiome of TE-HN palients sotfed n {Dwalh Bate) 5
Testment ouicome of TR patients sofifed 0 [Theatment Faibire Rabe) 4

Teatment putcorss of TH pabents: natifed in [Sucoess Batel -

Features

Teptment suicome of TB patients sotified in {Death Sate)
Teptment puirome of TS patients. rotifed in (% Lost b Soliow ugh

THHIW co-infected patients Put on ART

TELHAF poirdected patients Disgrosad

TR patients with known Tohsoon ussge siabu

TH Cases Riotifed Hale

T® Cages Motified Female

Pasdiatric TH patients notified

MCARR TH MAGHDSED MDA/RR patient disgrosed

Active Case Fnding TH Fresemptive TH cases tested out of those sorened
krzive Case Firding TH cases daqnossd smang tesbed

war

2 H

Puc. 3. Ouinka BaxJIMBOCTI (PaKTOPIB U1 MOJIENII MHOXKHHHOI perpecii
JInst OLIHKY BaXKJIMBOCTI (DAaKTOPIB BUKOPUCTOBYBAIHCS KOC(IMIEHTH PErPEeCIMHUX MOJCIICH.
OCKUTbKH BCi BXiIHI 3MiHHI Oy HOpMAJTi30BaHi, 11e 103BOJIsIE O€3M0CePEIHHO OPIBHIOBATH iXHIO
Bary Ta BIUITMB Y Me&XaX pi3HHX Mmojenei. [lanuii aHami3 103BOJIsI€ BUSHAUYUTH KJIKOYOBI (hakTOpH,
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10 BIUIMBAIOTh HA PIBEHb 3aXBOPIOBAHOCTI, @ TAKOX MOPIBHATH 11l PE3YJIHTATH 3 IHITUMU METOAAMHU
MAIIMHHOTO HABYAHHS Y MOJATBIITNX JOCIIKEHHSX.

Ha Pucynky 3 mpeacraBieHo rpadidHe mOpiBHIHHS 3HAUYIIOCTI PaKTOPIB y Pi3HUX MOJIEIAX,
a pe3yJbTaTH KUIbKICHOTO aHai3y HaBeneHo y Tabmwmmi 3.

Tabmuus 3
BaxuuBicTh akTopiB Mojieneld MHOKHHHOI perpecii
Feature Lasso Ridge Linear Regression

Coefficient Coefficient Coefficient

TB Cases Notified Female 2.419684 2.107322 5.267556

TB-HIV co-infected patients Put on ART 0.000000 0.270044 3.208259
Treatment outcome of TB patients notified ... 0.000000 0.183351 0.480899
TB patients with known Tobacco usage status 0.065768 0.140842 0.403452
Treatment outcome of TB-HIV patients notified -0.000000 0.108874 0.306359
Treatment outcome (I)lgPaedlatrlc TB patients 0076777 0175554 0296422
Treatment outcome of TB patients notified in (... -0.034294 -0.135819 0.292421
TB- DM patients initiated on Anti-diabetic tre... 0.008892 0.098152 0.270214
Active Case Finding ”lt"f Presumptive TB cases ~0.000000 0037047 0143527
TB-COVID 19 patients detected 0.057069 0.167566 0.105165
Paediatric TB patients notified 0.300905 0.545590 0.062164

TB patients with known Alcohol usage status 0.000000 0.061360 0.041262
Treatment outcome of TB patients notified in (... 0.056771 0.083941 0.008838
Pregnant TB patients identified 0.021074 0.011369 -0.060003

TB - DM Patients diagnosed among tested -0.021035 -0.165178 -0.065678
Year -0.077361 -0.095665 -0.166723

PMDT- Infrastructure No. of Nodal DR-TB 0367928 _0.403824 0204416

centres
Treatment outcome of TB-HIV patients notified ~0.000000 -0.167968 0253432
Active Case Finding T]t?) cases diagnosed among 0311439 -0.2936%6 -0.414591
Treatment outcome (I)lf)Paedlatrlc TB patients -0.038630 -0.158344 L0.445773
MDR/RR TB DIAGNOSED MDR/RR patient 0.553758 0.510831 1288347
diagnosed
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Feature Lassg Ridg; Linear Reg.ression
Coefficient Coefficient Coefficient
Treatment outcome of TB patients notified in (... -0.401312 -0.449354 -1.494065
TB Cases Notified Male -1.231524 -1.271014 -3.061572
TB-HIV co-infected patients Diagnosed 0.000000 -0.268894 -3.250397

5.6. IlopiBHSIHHSI Ba:KJIMBOCTI (paKTOPiB y Pi3HUX MOJeIAX

Sk BUIHO 3 TAOJNMI Ta PUCYHKY, pO3MOALT (haKTOPIB 3aJUIIAETHCS OJHAKOBUM JUIS BCIX
MoOJIeJIeH, MpoTe iXHs aOCOJIOTHA BEIMYMHA JACMIO 3MiHIO€Thes. lle moB’si3aHo 3 TUM, IO Pi3HI
metou oninku (Lasso, Ridge, Linear Regression) BUKOpUCTOBYIOTH Pi3HI MiAXOIH O peryspusarii
Ta BHOOpY BaroBUX KOeQilli€HTIB.

Haii6inpi BaroMumu (pakTopaMu JJ1sl IPOTHO3YBAHHS PIBHS 3aXBOPIOBAHOCTI Ha TYOEPKYIIbO3 €:

* “TB Cases Notified Female” Tta “TB Cases Notified Male” — 11i 3MiHHI MalOTh HaWOLIBII
MO3UTHUBHI Ta HEraTWBHI KOCQILIEHTH BiIMOBIIHO. Y MoJeNi JiHIMHOI perpecii 1XHI KoedilieHTH
MaroTh HallOUIbII 3HaYeHHs (5.27 Ta -3.06), M0 CBIAYMTH PO 3HAYHUH BIUTUB HA BUXIIHY 3MiHHY.

* “MDR/RR TB DIAGNOSED MDR/RR patient diagnosed” ta “Treatment outcome of TB
patients notified in (...)” — TaKOX MarOTh 3HAYHI HETATHBHI KOE(ILIEHTH y BCIX MOJEISAX, 110 MOKE
CBIJTUUTHU TIPO 3B’A30K 13 BACOKUM PIBHEM CMEPTHOCTI a00 CKIIAJHICTIO JIIKYBaHHS.

* “TB-HIV co-infected patients Diagnosed” — y Momeni IiHIHOI perpecii Ma€ BHCOKHU
HeratuBHUU BIUTUB (-3.25), mpote B Lasso ust 3miHHa Oyiia BindiabTpoBaHa, 1[0 MOXKE BKa3yBaTH Ha
il HU3BKY CTIHKICTB 10 peryJsipu3alii.

Hesxi 3minHi, Hanpukian, “TB-COVID 19 patients detected” abo “Treatment outcome of
Paediatric TB patients”, MatoTh MEHIINWH BIJIUB y MOPIBHSHHI 3 OCHOBHUMH (haKTOpamu, MpoTe
MOXYTb BIJIrpaBaTH BaKJIMBY POJIb Y MOJIEJIIOBAHHI 3aJI€XKHO BiJl BUOOPY aJlTOPUTMY.

3aranom, pe3yJibTaTi MOKa3yoTh, 110 X04a Pi3HI METOAM OLIIHKU KOe(Dilli€EHTIB MOXKYTh AaBaTH
TPOXH Pi3HI 3HAUEHHS, CTPYKTYpa BayKJIMBOCTI 3MIHHUX 3aJIUIIAEThCA HE3MIHHOM0. L{e cBiIuuTh MMpo
CTaOUIBHICTh BIUIMBY KIIIOUOBUX (aKTOpiB 1 J103BOJISE BUKOPUCTOBYBAaTH Il PE3YyJbTaTH IS
MOJAJIBIIOTO JOCIIIPKEHHsI OLIbII CKJIQAHUMHU MOJIEISIMA MAIIMHHOTO HAaBYaHHS.

5.7. MeTroan MalIMHHOI0 HABYAHHS

JUis mporHO3yBaHHS PIBHS 3aXBOPIOBAHOCTI Ha TyOepKyJib03 Oysin 0OpaHi HACTYINHI METOAU
MAIIMHHOTO HAaBYAHHS:

* Jlepeo pimens (Decision Tree)

* Meton nanommkunx cycini (K-Nearest Neighbors, KNN)

* Metoz onopaux BekTopiB (Support Vector Machine, SVM)

* Bunagkoswii sic (Random Forest)

OCHOBHOIO IPUYMHOIO BUOOPY LIUX AJITOPUTMIB € HEBEIMKHM po3mip BuOipku. JIiHilHI Mozeni,
Takl K MHOXHMHHA JIiHIHA perpecis, MoKa3aldu HU3bKY TOYHICTh Yepe3 BIACYTHICTb JIHIHHUX
3aJIe)KHOCTEH MK (DakTOpamMH Ta LTbOBOIO 3MiHHOIO. ToMy Oyi0 NpUHHATO pillIeHHS BUKOPUCTATH
HENIHIMHI METOAM, K1 MOXYTh Kpallle BUSBIISATH CKJIa/IHI B3a€MO3B’SI3KM MK 3MIHHUMH HaBITh MpU
0OMEXeH1M KUTBKOCTI 3aMHCiB.

 JlepeBo pimieHb — A00pe Mpaloe Ha MaluxX Habopax JaHWX, OCKUIBKM BOHO HE MOTpedye
MaciITadyBaHHS 03HAK 1 MOKE BUSBIISATH HEJNIHIMHI 3aKOHOMIPHOCTI.

* Meton KNN — miaxoauTh 1711 HEBETMKUX BUOIPOK, aJke HOro e(eKTUBHICTh 3HAYHO MaJIa€
Ha BEJMKHX Ha0Opax JaHWX Yepe3 HeoOXi1aHICTh 30epiraT BCi 3pa3Ku JJIs MOPIBHSIHHSL.

* Meroa onopuux BekTopiB (SVM) — edekTHBHUI y po3Mi3HABaHHI CKIIQJHUX B3a€MO3B SI3KiB
MDK 3MIHHUMU Ta TIPAIO€e T100pe HaBITh HA HEBEITUKUX BUOIPKaX.

* BumagkoBuit mic (Random Forest) — ancamOneBuil MeTon, SKUM TMOETHYE KiTbKa JEpeB
pilIeHB, 10 JO3BOJISIE OTPUMATH OUIBII CTiHKI pe3yIbTaT, YHUKHYBIIW NIEPEOOYyICHHS.

5.8. IlopiBHSIHHA TOYHOCTI MOAeJIeH
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Oninka Mojele MPOBOAMIACS 3a JOTIOMOTOK PO30UTTS MaHWX Ha HapuainbHUU (80%) Ta
tectoBuil (20%) Habopu. OCHOBHUMH METPUKAaMHU JJIsi TIOPIBHSAHHA OyJlM CepeIHbOKBAIPAaTHYHA
nomuika (MSE) ta koedimienT nerepminartii (R?). Pesynbratn HaBuaHHS OI[IHKH TOYHOCTI HaBEICHI

B TaOnui 4.

AHaJi3 TOYHOCTI MOJIeJIer MAlLIMHHOTO HABYAHHS.

‘Model HTrain MSEHTrain RzHTest MSEHTest RZ‘
IDecision Tree [0.0000  |[1.0000 |1.8285 ]-0.3044]
IKNN 0.6984  [0.1971 |[1.5141 ]}-0.0802]
ISVM 07383 0.1513 [1.3040 [0.0697 ]
IRandom Forest|0.1184  [0.8639 ]0.7577 ]/0.4595 |

Sk BuaHO 3 Ta0uLl 4:

Tabmuus 4

* JlepeBo pilreHb OKa3ajo iealibHy TOYHICTh Ha HaBYaIbHUX HaHuX (R? = 1.0), mo cBiquuth
npo nepeoOydeHHa. OfHAaK Ha TECTOBUX JaHUX HOro MPOIYKTHBHICTH 3HAYHO 3HIKYEThCs (R? = -
0.3044), o miaATBEepIKY€E MOTO HECTIHKICTB.

*« KNN ta SVM MarTh Kpallly reHepanizaililo, ajie Bce IIe MOKa3yloTh HU3bKY TOYHICTh Ha

tectoBux aanux (R?<0.1).

* BunaakoBuil Jic TOKa3aB HaWKpally 30aJlaHCOBAHICTh MK HaBYAJILHUM Ta TECTOBHM
Habopamu, Marouyu HaiiBuIle 3HaueHHs R* Ha TecroBux naHux (0.4595).

Ha ocHOBi oTpuMaHUX pe3ynbTaTiB HAOUIBII TOUHUMHU MojessMu BusiBuiucs Decision Tree
ta Random Forest. [[ist HuX Oys10 IpoBeeHO OIIHKY BaKIUBOCTI (hakTopiB (Tadmmis 5).

Ta6mmms 5.
BaxxnusicTts o3Hak st mojneneit Decision Tree Ta Random Forest
Factors Factors Decision Random
Tree Forest
Active Case Finding TB Presumptive TB | Active Case Finding TB
cases tested out of those screened Presumptive TB cases te... 0.142213 0.105245
PMDT- Infrastructure No. of Nodal DR-TB | PMDT- Infrastructure No. of Nodal 0.164667 0.080200
centres DR-TB centres
MDR/RR TB DIAGNOSED MDR/RR | MDR/RR TB DIAGNOSED
patient diagnosed MDR/RR patient diagnosed 0.229570 0.069238
TB patients with known Alcohol usage status | 0 Patients with known Alcohol | o 495353 | ¢ 065410
usage status
Active Case Finding TB cases diagnosed Actlve Case Finding TB cases 0.013359 0.065153
among tested diagnosed among t...
Paediatric TB patients notified Paediatric TB patients notified 0.000015 0.051710
TB Cases Notified Female TB Cases Notified Female 0.054874 0.050110
TB - DM Patients diagnosed among tested tTeE’te dDM Patients diagnosed among | 179079 | 0 045450
TB-HIV co-infected patients Put on ART g'THW co-infected patients Puton | 047919 | 0043398
Treatment outcome of Paediatric TB | Treatment outcome of Paediatric
patients notified in (Death Rate) TB patients no... 0.044695 0.041242
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Factors Factors Decision Random
Tree Forest

TB- DM patients initiated on Anti-diabetic TB— DM patients initiated on Anti- 0.005879 0.039743

treatment diabetic tre...

Treatment outcome of TB-HIV patients | Treatment outcome of TB-HIV

notified in (Success Rate) patients notified ... 0.000309 0.038289

TB-COVID 19 patients detected TB-COVID 19 patients detected 0.009624 0.035245

TB-HIV co-infected patients Diagnosed TB-HIV -+ co-infected  patients | ) 50759 | 0034660
Diagnosed

Treatment outcome of Paediatric TB | Treatment outcome of Paediatric

patients notified in (Success Rate) TB patients no... 0.001263 0.033024

Treatment outcome of TB patients notified | Treatment outcome of TB patients

in (Death Rate) notified in (... 0.000081 0.030597

Treatment outcome of TB patients notified | Treatment outcome of TB patients

in (Treatment Failure Rate) notified in (... 0.022098 0.028695

Treatment outcome of TB-HIV patients | Treatment outcome of TB-HIV

notified in (Death Rate) patients notified ... 0.002000 0.026186

TB Cases Notified Male TB Cases Notified Male 0.005229 0.024557

Treatment outcome of TB patients notified | Treatment outcome of TB patients

in (% Lost to follow up) notified in (... 0.013722 0.022722

Year Year 0.012904 0.019632

TB patients with known Tobacco usage | TB patients with known Tobacco 0.048023 0019236

status usage status

Treatment outcome of TB patients notified Tregtmept outcome of TB patients 0.008883 0019016

in (Success Rate) notified in (...

Pregnant TB patients identified Pregnant TB patients identified 0.000034 0.011243

5.9. llopiBHsIHHA 3 JiHIHHUMH MOEAAMU

1. Mopeni nepeB pillieHb BUSBHIIM 3HAYHO OUIBIIMN BIUIMB TaKUX 3MiHHHX, K “MDR/RR TB
DIAGNOSED” ta “PMDT Infrastructure”, 1o Bifpi3HA€TbCS Bl JTIHIHHUX MOJIETIEH, 1€ HAOUIbII
BaroBi koedimientu manu “TB Cases Notified Male” Ta “TB-HIV co-infected patients Diagnosed”.

2. JliniitHi Mozeni He BUAULIN Takl pakTopH, sk “Active Case Finding TB Presumptive TB
cases tested”, To1i SIK y IEpEeBOBUIHUX MOJEIAX LieH GakTop 3aiiMae OHY 3 MPOBITHUX MO3HUIIIH.

3. Random Forest BUSIBUB HIKUYMIT BIJTUB OKPEMHUX 3MIHHUX, 1110 CBITYUTH PO PIBHOMIPHUN
PO3MOLT BaXKIMBOCTI MiXk (pakTopamu, Tosi ik Decision Tree Mae OiIbI BUpakeHe paH>KyBaHHS.

5.10. AnaJgi3 yrouHeHoi Moaei

3 MeTO0 MiABHUILEHHS TOYHOCTI MOJIEN1 OyJI0 3alIPONOHOBAHO BUKOPUCTATH 3MIHEHE BUXI1JIHE
noJje:

data['total inf'] =100 000 * data['TB case notification total'] / data['population']

Jis nporo Oysio CTBOPEHO JOJATKOBE MOJIE 3 KIJIBKICTIO HACENIEHHS U1 KOXHOIO IUTaTy
3ajexHOCTI BiA poky. [lami orpumani i3 craructuuHuxX kepen. Lg ¢opmyna no3Boisie
HOpPMaJTi3yBaTH KUTbKICTh BUIAIKIB TyOEepKYIb03y BiJTHOCHO 3arajbHO1 YHCEIbHOCTI HACEICHHS, 1110
CIpusi€ Kpalliil y3araJbHeHOCTI MOJEII.
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Kopemsimiiinuii aHami3 micyisi BHECEHUX 3MiH MMOKa3aB, 10 KOS(IMIEHTH KOPEISIIIii MPaKTHIHO
HE 3MIHWJIMCS, 110 CBITYUTH MPO CTaOLIBHICTh (PaKTOPHHUX 3AJICKHOCTEH y BUOIpII.

OHoe6eni pe3yromamu moyHoCmi

Mopueni Oyiu MOBTOPHO MPOTECTOBAHI:

- Decision Tree:

- Train - MSE = 0.0000, R? = 1.0000
- Test - MSE =24.4366, R> = 0.8724

- Random Forest:

- Train - MSE = 5.9059, R? = 0.9606
- Test - MSE = 31.0507, R = 0.8378

AHaI3yr04Yl OHOBJICH] PEe3yJIbTaTH, MOXHA 3pOOUTH HACTYITHI BUCHOBKHU:

- BuxopucranHs HOBOI LIIbOBOI 3MIHHOT MPU3BENIO /10 CYTTEBOTO MOKPAILCHHS TOYHOCTI Ha
TECTOBHX Ta HaBYAIbHHX JIAHUX.

- BumankoBwii Jic 3aNHMINAETHCS HAWOUTBIN y3arajJbHIOIOUOI MOJEIUII0, XO4Ya JesKe
nepeobuncienns (30u1biieHHss TecToBoi mommikn MSE) Bkazye Ha HEOOXiIHICTh MOJANIBIIOL
onTUMI3alii rineprnapamMmeTpis.

- JepeBo pimieHb JeMOHCTpYye Haiikpamuii koediuieHT aerepminamii (R? = 0.8724), mo
HiATBEPKYE HOTO XOPOITY alanTaliio 10 HOBOI 3MiHHOI.

Ananiz paxmoproi easciusocmi

3 METO0 TAMONIOro po3yMiHHS 3HAUYIIOCTI (PaKTOPIB y MOJIENI MPOBEACHO (PaKTOPHUN aHAI3
13 BUKOPUCTAHHSIM JIBOX MOJEJCHl: JepeBa pillleHb Ta BUIMAIKOBOro Jicy. [lopiBHsibHA TaOmHUIIsL
¢baxTopHOI BaKIMBOCTI HaBeAeHa B Tabumui 6.

Tabmuis 6
Baxnusicth o3Hak mig moneineii Decision Tree Ta Random Forest 11 OHOBJIIEHOTO HUIBOBOTO
OJIs
Decision Random
Factors
Tree Forest

Factors

Active Case Finding TB Presumptive TB cases | Active Case Finding TB Presumptive

tested out of those screened TB cases te... 0.142213 0.105245

PMDT- Infrastructure No. of Nodal DR-TB | PMDT- Infrastructure No. of Nodal

centres DR.TB centres 0.164667 | 0.080200

MDR/RR TB DIAGNOSED MDR/RR patient | MDR/RR TB DIAGNOSED

diagnosed MDR/RR patient diagnosed 0.229570 0.069238

TB patients with known Alcohol

0.095303 0.065410
usage status

TB patients with known Alcohol usage status

Active Case Finding TB cases diagnosed | Active Case Finding TB cases 0.013359 0.065153

among tested diagnosed among t...
Paediatric TB patients notified Paediatric TB patients notified 0.000015 0.051710
TB Cases Notified Female TB Cases Notified Female 0.054874 0.050110

TB - DM Patients diagnosed among

tested 0.077079 0.045450

TB - DM Patients diagnosed among tested

TB-HIV co-infected patients Put on

ART 0.047919 0.043398

TB-HIV co-infected patients Put on ART
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Factors Decision Random
Tree Forest
Factors
Tre.atmer.lt outcome of Paediatric TB patients Tre.atment outcome of Paediatric TB 0.044695 0.041242
notified in (Death Rate) patients no...
TB- DM patients initiated on Anti-diabetic TB- DM patients initiated on Anti- 0.005879 0.039743
treatment diabetic tre...
Treatment outcome of TB-HIV patients | Treatment outcome of TB-HIV
notified in (Success Rate) patients notified ... 0.000309 0.038289
TB-COVID 19 patients detected TB-COVID 19 patients detected 0.009624 0.035245
TB-HIV co-infected patients Diagnosed TB-HIV - co-infected  patients | 530759 | 0.034660
Diagnosed
Trgatmept outcome of Paediatric TB patients Trqatment outcome of Paediatric TB 0.001263 0.033024
notified in (Success Rate) patients no...
Treatment outcome of TB patients notified in | Treatment outcome of TB patients
(Death Rate) notified in (... 0.000081 0.030597
Treatment outcome of TB patients notified in | Treatment outcome of TB patients
(Treatment Failure Rate) notified in (... 0.022098 0.028695
Treatment outcome of TB-HIV patients | Treatment outcome of TB-HIV
notified in (Death Rate) patients notified ... 0.002000 0.026186
TB Cases Notified Male TB Cases Notified Male 0.005229 0.024557
Treatment outcome of TB patients notified in | Treatment outcome of TB patients
(% Lost to follow up) notified in (... 0.013722 0.022722
Year Year 0.012904 0.019632
TB patients with known Tobacco usage status TB patients with known Tobacco 0.048023 0.019236
usage status
Treatment outcome of TB patients notified in Tregtmept outcome of TB patients 0.003883 0.019016
(Success Rate) notified in (...
Pregnant TB patients identified Pregnant TB patients identified 0.000034 0.011243

[TopiBHsAHHS (paKTOPHOT BaXKJIMBOCTI
@dakTopHUN aHami3 s JepeBa pillleHb Ta BHUMAJKOBOIO JICY MIC/sS OHOBJIEHHS MOJei
IPOIEMOHCTPYBAB CTAOUIBHUN PO3MOJUT BaXJIUBOCTI (PAaKTOpiB, NMpoTe B JEAKUX BHIAJKaX

CIIOCTEPITaeThCA MEPEPO3NOILT 3HAUYIIOCTI. 30KpeMa:

- @akrop "MDR/RR TB DIAGNOSED" 3anumaeTscst OJHUM 3 HaWBaXIUBIIIUX y BCIX

MOOCIAX.

- "PMDT- Infrastructure No. of Nodal DR-TB centres" Takox cTa0iibHO BXOJUTH 10 CHUCKY

HaWBaKJIUBIIMNX (HaKTOPIB.

- Posis "TB cases notified female" crana Tpoxu MeHII BaXXJIMBOIO B TOPIBHSAHHI 3 IIOYaTKOBUM

AHAITI30M.

VY minomy, pe3ysbTaTd MiATBEPIKYIOTh, IO MePeXi 10 HOPMaIi30BaHOI METPUKH (KiITBKICTh
BumaakiB Ha 100 000 HaceneHHs) TO3BOJMB IMIJBHINUTH 3arajlbHy TOYHICTH MOJENEH 1 3pOOHTH
aHaii3 (akTopiB OUIBII IHPOPMATUBHUM.
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6. BucHoBKHM

Byno mpoBeneHo aHami3 BaXIMBOCTI (DakTOpiB 3a J0omoMOror JiHidHHX Monenel (Lasso,
Ridge, Linear Regression), mo mago0 MOXJIHWBICTh OIIIHUTH BHECOK OKPEMHUX 3MIHHUX Y
NPOTHO3YBAaHHS IUILOBOrO MokasHuKa. OnHak, xkoediuieHTH aerepminanii R? mnms mmx mozeneit
BUSIBWINCS 3HAYHO HIDKYMMHU 32 QHAJOTIYHI MOKA3HUKU HENMIHIMHMX METO[IB, IO CBITYUTH IMPO
cJ1a0Ky 3/IaTHICTB JIHIHHUX MOJIeNIeil KOPEeKTHO BioOpakaTH 3aJIe)KHOCTI y BUOIpII.

2. JInst moOy0BY IPOTHO3HKUX MOJIEIICH BUKOPHCTAHO METOIM MAIIMHHOTO HABYaHHS (JIEPEBO
pilieHb, METOA HAMOMMKYMX CYCifiB, METOJ OINOPHUX BEKTOPIB, BUIAIKOBHH Jic), IO Ao
MO>KJIUBICTB IMOPIBHATH iXHIO epeKTUBHICTH 32 KpuTepismu MSE ta R?. TlouaTkoBuii aHai3 MOKa3aB,
1o Hairipmi pesyabtatd Mamn KNN (Train R? = 0.1971, Test R? = -0.0802) ta SVM (Train R? =
0.1513, Test R?=0.0697), y Toii yac sk Decision Tree Ta Random Forest Manu kpary y3rokeHiCcTh
Ha TecToBii BuOip1i. 30kpema, Random Forest maB Train R?=0.8639 Tta Test R* = 0.4595, mo Bkazye
Ha MEHIIy nepeo0yuyBaHicTh y nopiBHsaHHI 3 Decision Tree (Train R? = 1.0000, Test R? = -0.3044).

BukonaHo yTOYHEHHS MOJIEN IUISIXOM BBEICHHS HOBOT'O TIOKa3HUKa (total inf) 3a jomomororo
METOJIB iHKeHepii o3Hak. [IpoBeneHe MOBTOPHE HABUAHHS MOJEICH ICINs 3aCTOCYBaHHS HOBOTO
MOKa3HMKA TI0KA3aJI0 3pOCTaHHSI TOYHOCTI MOJIENIe iepeBa pillieHb Ta BUIAIKOBOTO JICY, IO JAJI0
MO>KJIUBICTB IMATBEPUTH JOIIIBHICTh BUKOPUCTAHHS 3MIHEHOI IIbOBO1 3MiHHOI. ITicas BBeaeHHS
total inf Decision Tree 3Hauno mokpamuscs (Test R? = 0.8724 3amicts -0.3044), a Random Forest
oTpuMasB 11e Oinbir cTabinbHi pesyabTatu (Test R? = 0.8378 3amicts 0.4595).

®dakTopHUH aHaNi3 JUIS JACPEBONOMIOHMX MOJENeH JT03BOJIMB BHU3HAYWTH HAWBILIMBOBIII
NPEIUKTOPH, M0 JAJI0 MOXIIUBICTH Kpaile 3pO3yMITH TNPUPOAY 3B’S3KIB MK O3HAKaMu Ta
IIPOTHO30BaHMM NoKa3HUKOM. HaiiBrmBoBimumu gakropamu st Decision Tree 6ynu MDR/RR TB
DIAGNOSED MDR/RR patient diagnosed (0.229570) Ta PMDT- Infrastructure No. of Nodal DR-
TB centres (0.164667), 110 BiANOBIIAa€ KIOYOBUM MEIUYHUM NapaMmerpam. AHaJIOriyHi (pakTopu
MaJii HaiBMIIi 3HaueHHs 1 111 Random Forest, 1m0 miaTBeppkye iXHIO BaXKJIUBICTb.
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