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Anomauin. B cmammi po3ensinymo euxopucmanus pisHOMAHIMHUX CIMAmMuCmu4Hux nioxooie
i Memoodié MawuHHO20 HABYaHHA 6 Meouyuni. [Iposedeno MmoOenvbHUll aHANi3 HA NPUKIAOL
nayicHmie, oOe 6U3HAYEHO (OAKMOPU, WO 6NIUBAIOMb HA UMOBIPHICIb BUHUKHEHHS IHCYIbmY.
30iticneno ananiz oanux, wjob 6CMAHOBUMU B3AEMO36'I30K MIdC QI3UYHUMU XAPAKMEPUCUKAMU
nayienma, 1020 WKIOMUBUMU 36UYKAMU, CHOCOOOM JHCUMMS MA UMOGIDHICMIO GUHUKHEHHS
incynomy. /s oyiHKu 63A€EMO036'3KY YUCI08UX OaHux OYau noOy0oeari mooeni NiHilHoi pecpecii ma
MOOeb 102icmUu4Hoi peepecii 015 NPOSHO3Y8AHHS UMOGIPHOCHI IHCYIbMY.

Knwuoesi cnosa:. cmamucmuunutl ananis, MAQUUHHe HABYAHHS, JIHIUHA pe2pecis, N102ICMUYHA
pezpecisi.

Abstract. The article explores the application of diverse statistical approaches and machine
learning methods in medicine. A model analysis was conducted using patient data, where factors
influencing the likelihood of stroke occurrence were identified. Data analysis was carried out to
establish the correlation between the patient's physical characteristics, harmful habits, lifestyle, and
the probability of stroke occurrence. Linear regression models and a logistic regression model
were constructed to assess the correlation of numerical data and predict the probability of stroke
occurrence.

Keywords: statistical analysis, machine learning, linear regression, logistic regression.

Beryn.

30inbmmeHHs 00’eMy iHdopMalii B MeIMIIMHI Ta O010J0rii IoKa3ajio, 10
CTaTUCTHKA € TIOTYXHUM 1HCTPYMEHTOM KOHLIEHTpAIli 3HaHb, OCKUIBKH MEIUIMHA €
MOJIEJIBIIEPII 32 BCE HAYKOIO eKCcriepuMeHTaabHo0. CydacH! MEAUYHI JOCITIKCHHS €
MDKJIUCIUIUIIHADHUMHA 1 TOMY BHMararoThb OOOB’S3KOBOi Yy4acTi crHerjanicra-
OlocTaTUCTHKA.

1. IlocranoBka 3agaui

[IpoTsiroM OCTaHHBOTO YBEPTHCTOJITTS BiNOYBCS 3HAYHHWIA MPOTPEC B raiysi
HAayKd Ta TEXHIKW. JIFOJCTBO MOCATIIO YCIIXiB y CTBOPEHHI POOOTIB, SKI MOXYTh
BUKOHYBATH PI3HOMaHITHI 3aBJIaHHS HAJAl04YU JIOTIOMOTY y Pi3HUX cepax JIF0IChKO1
nistmpHOCTI. CydacHi TOCSTHEHHS BXKE€ HE BPAKAIOTh HIKOTO TYPUCTUYHUM TOJIHOTOM
y KOCMOC YH TMOJOPOXIKI0 MDKKOHTHHEHTAJIBHOIO PAaKeTOK HaBKoJo 3emuii. 3
HEAOUSKUMHU TEXHOJOTIYHUMHU JOCSTHEHHSMHM JIFOJHW, Ha JKajb, MPOJOBXKYIOThH
CTUKATUCS 3 PI3HUMH 3aXBOPIOBaHHSAMU. J[pyrow 3a 4acTOTOI MPUYMHOIO CMEPTI
MICIIsA paKky € 1HCYJIBT. 3a CTaTUCTUKOK BCecBITHROT opraHizallii OXOpOHH 3710POB'S,
11% Bcix cMepTell MoB'sI3aHi 3 KPOBOBUJIMBOM B MO30K — 1HCYJBTOM. Binomo, 110
KJIITAHHUANA pIBEHb OPraHi3My JIOAWMHU 3aJMIIAETHCS MAOAOCTIIHKeHUM. Takum
YUHOM, 3aCTOCYBAHHSI CTATUCTUYHOTO aHali3y AAHUX MOXE JOMOMOITH BHUSBHUTH
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3B'30K MK (PI3MUHMMHU XapaKTEPUCTUKAMH TMAIEHTIB, MIKIJJIUBUMH 3BUYKAMHU,
BIKOM Ta IHIIMMH (PAKTOPAMH 1 BUTIAJAKAMU 1HCYIIBTY.
OcHOBHaA MeTa BOTO AOCIIIKEHHS MOJISITa€ B MOILIYKY BIANOBIIeH Ha HACTYIHI
MATAHHS:
e Uy BruiMBae KypiHHS Ha UMOBIPHICTh 1HCYJIBTY?
e Uy BrumMBae rinepToHis Ha HMOBIPHICTh 1HCYJIBTY?
¢ Uu BrumMBae Bik Ha UMOBIPHICTh 1HCYJIBTY?
e Uwu icHye niHiliHA 3aJIEKHICTh MIXK 1HEKCOM MAcCH Tijla Ta CepeaHIM piBHEM
TJIFOKO3U B OPTaHi3Mi, BIKOM MaIfi€eHTa?
JIyist BUpIIICHHS X 3aBJaHb PO3TIISTHEMO MOJIENI 3BHUYAHOI JTHINHOI perpecii
Ta MOJENb JIOTiICTHUHOI1 perpecii. OCHOBHA PI3HHUIIS MOJSATAE B TOMY, IO 3aJIe)KHA
3MiHHA IS JIIHIHHOI perpecii MOBHWHHA OyTH YHCJIOBOTO THITY, TOMI SK IS
JOTICTHYHOI perpecii - ¢akTopHoro. JlorictuyHa perpecisi A03BoJIsi€ KiIacu(PiKyBaTH
namieHTiB 3a WMoBipHicTio Ha aBi rpynu (0 - HI, 1 - TAK). [To3a pobororo Haf
OCHOBHUMH YOTHPMa THUTAHHSIMH JOCHIDKECHHS PO3TIISTHEMO OIMHMCOBY CTaTUCTHKY,
00poOKy  BIJICYTHIX 3HaueHb Ta  BUKOPHUCTAHHS  CTAaTUCTUYHHUX  TECTIB.
InTenextyanbHuil anamiz GakTopis, Kl BILIMBAIOTh HA MMOBIPHICTh 1HCYJIBTY, MOXKE
JOTIOMOTTH KOXHOMY POOMTH BHCHOBKM Ta PO3YMITH BaXKJIUBI AaCMEKTH I[bOTO
JIOCIIJKEHHS.
Hani Oynu otpumani 3 muardpopmu Kaggle 3a HacTymHUM MOCHIAHHSM
https://www .kaggle.com/datasets/fedesoriano/stroke-prediction-dataset. Jani
ckianaTbes 3 12 croBomiB 3 5110 3anucamu. [Hopmartist mpo aTpuOyTH MICTUTB:

1) id: yrikansHUN 17eHTUDIKATOD;

2) gender: «HomoBik», «KiHkay;

3) age: BIK MaIfi€eHTa;

4) hypertension: 0 - Hemae rinepToHii, 1 - € rinepToHis;

5) heart disease: 0 - Hemae 3aXBOpIOBaHb ceplis, 1 - € 3aXBOPIOBaHHS CepIIs;
6) ever married: "Hi" a6o "Tax";

7) work _type: "mitu", " nepxkaBHa ", " HIKOJIM He TIpaitoBaB ", "'mpuBaTHa";
8) Residence type : "Cinbcbkuit" abo "Micbkuii";

9) avg glucose level;

10) bmi (inaexc macu Tija);

11) smoking status : "panime kypuB", "Hikonu He KypuB", "Kyputb " abo
"HeB1IOMO'";

12) stroke (iucynbT): 1 - OyB iHCYNIBT, 200 0 - AKIIO Hi.

Jlnst Bizyamizaiii CBITOBOI KapTu piBHS cMepTHOCTI Bij iHCynbTy Ha 100 000
HaCEJICHHS MU BUKOPHUCTOBYEMO 11e OJIUH HaOIp JTAHUX 13
https://www.worldlifeexpectancy.com/cause-of-death/stroke/by-country/.

[ToOyxyemo kapTy CBiTY, Ha SKii BIJOOPa)K€HO PiBHI CMEPTHOCTI Bif 1HCYJIbTY
1t kpain (183 kpainm), siki BKa3zaHi B IIbOMY HaOopi nanux (puc. 1).

Ax BuAHO 3 puc. 1, KpaiHU 3 HAWHWKYUM PIBHEM CMEPTHOCTI BijJ IHCYJBTY
BKirO4aroTh ABctpanito, CIIIA, Kanany ta kpainu €Bpomnu.
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Pucynok 1 - CmeprHicTh Bix incyabTy Ha 100 000 HaceieHHs

2. PesyabTaTn

Habip manux mictuth uncioBi Ta ¢akTtopHi 3MiHHI. Hanpukinaz, 3minHa gender
€ ¢pakTopoM THUITY (YOJIOBIUMMA, KIHOUUMN, HITUH).

Ha puc. 2 mpencraBiieHO 1HIEKC Macu Tijla B 3aJeXHOCTI Bif Biky. I[licms
nocsrHeHHS 40 poKiB JOAMHA OY/b-SIKOTO 1HJAEKCY MAacH TiJla MOXE CTUKHYTHCS 3
PU3UKOM 1HCYJIbTY. TaKuM YMHOM, UMOBIPHICTh BUHUKHEHHSI 1HCYJIBTY 3pOCTA€E MICs
40 pokiB mnst BCiX rpyn HaceneHHs. [likaBo BiA3HAYMTH, IO HA TOMY XX PUCYHKY
1HJIEKC MacH TiJla He Ma€ YiTKOI B3a€MO3B'sI3KYy 3 iHCYibTOM. llarieHTH 3 pi3HUMHU
3HaYEHHSIMU 1HAEKCY MacH TiJla MOXKYTh YHUKHYTH PU3UKY 1HCYJIBTY.

Age by body mass index
for stroke
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PucyHnok 2 - Ingexkc macu Tijia 3a Bikom

brmi

Ha puc. 3 mpencraBiaeHa kopenorpama pgaHuxX. CXEMaTHYHO BHUAHO, IIO
aTpuOyTH a00 CTOBMIIl B IOYATKOBOMY HAOOpI JaHWUX HE BUSBISIOTH 3HAYYILOT
Kopessiii Mik coboro. Kopesiiiis po3risgaeTbes sSK ciladka, SKIO0 KOedIIieHT
KOpEeJISIIii 3HaxXoAuThest B Mexkax Bin -0,3 1o 0,3.
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Tenep cTBOpuMO MOAENb JIIHIHHOI perpecii, 100 BU3HAYWTU, YU ICHYE JIiHIHHA
3aJIEKHICTh MK 1HJIEKCOM Macu Tijla Ta CEpelHIM piBHeM mimoko3n. Ha puc. 4
BIIOOPaKEHO IO B3a€MO3AJICKHICTh, JI€ 1HAEKC MACcH Tijla BHCTYIA€ 3aJIEKHOIO
3MIHHOIO, @ CEpEAHIN PiBEHb TMIIOKO3HM — HE3AJIEKHOI0 3MIHHOIO.
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Pucynok 3 - Kopenorpama

PiBHsHHS NiH1HHOT perpecii Ma€e TaKUil BUTJISIA:
bmi = 25.63 + 0.03*avg glucose level.

Simple Linear Regression Model
The relationship between average glucose level and body mass index
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PucyHnok 4 - MopgeJs JiHiiiHOI perpecii i BMI

Tenep posrisiHeMo, SIK BIK BIUIMBA€ Ha CEpeAHId PIBEHb TJIIOKO3H. 3 IIIEI0
METOI MU MOOYAY€EMO 1HIIY MOJIEJb JIIHIMHOI perpecii Ta npeacTaBuMo ii Ha rpadiky
(puc. 5). 3 pucyHKy 5 BUIHO, IO 31 30UTBIIEHHSM KUTBKOCTI POKIB TAI[I€EHTA CEPETHIM
PIBEHB TIIIOKO3H TaKOXK 3POCTAE.

PiBHsHHS NiHIHHOT perpecii A i€l 3a1eKHOCTI Ma€ HACTYTHUIN BUTIISA:

average glucose level = 85.53+0.47*age.
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Simple Linear Regression Model
The relationship between average glucose level and age

Average glucose level
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Pucynok 5 - MopeJnb JiHiiiHOI perpecii 1Jis 3MiHHOIL average glucose level

BaxxnuBo Big3HaunTH, 1110 00WIB1 TOOYI0BaH1 MOJIENI € HEPETPE3CHTATHBHUMU.
[HmIMIME cioBamu, ICHYIOTS iHII (PaKTOPH, K1 BIUIMBAIOTH HA 3MiHHY Biamosimi. [lei
BHCHOBOK CTaB OYCBHIHUM IIICJIS aHam3y 3HaueHb KOe(IIli€HTIB aeTepMiHAIlii.
3BUYAHO IPUAHATO BBAXKATH MOJICIb IPUHHATHOIO, SKIIO KOSOIMIEHT JAeTepMiHAIli
nepesunrye 80%. Y HamoMmy BUNAAKY 1M MOKAa3HUK CTaHOBUTH mpuOim3Ho 10% B
000X BHUITQJKAX.

JliniiiHa perpecis HE MOXE€ CIY>KUTH 1HCTPYMEHTOM i1 BH3HAYCHHS
WMOBIPHOCTI TOrO, UM CTAHE TMAIllEHT >XEPTBOIO I1HCYIBTY. Y HAIIOMY BHMIAAKY
BIJINOBIHA 3MiHHA Stroke MOXe TIpUHMMATH JIMIIIE JIBA MOXJIMBI 3Ha4YeHHs. TyT Ha
JIOTIOMOTY TIPUXOJUTH JIOTICTHYHA perpecis, ska M03BOJSE OTPUMATH BiJIMOBIAb Y
BUTJIsA1 iMoBipHOCTI Bij 0 110 1.

OTxe, NOTICTUYHA peErpecis - 1€ MEeTOA, SKUA BUKOPUCTOBYETHCS JIS
MIPOTHO3YBAHHS 3aJIKHOT 3MIHHOI (1IHCYJIBT), 3a/1aHOI HE3ICKHUMHU 3MIHHUMU (BIK,
1HJIEKC MacH Tijia TOIIO), TaK, IO 3aJIe’KHA 3MIHHA € KATETOPiaIbHOIO.

dopmyna MOJeNi JOTICTHYHOT perpecii:

g(Bo + LX)
E{Eo + B X) + 1

VY joricTuyHiN perpecii, KOJau 3HaAYCHHS HE3aJeKHOT 3MIHHOI 30UIBIIY€ETHCS Ha
OJIMHUIII0 BUMIPIOBaHHS, TOKA3HUK 3MIHIOEThCS 3 JorapupmMoM koedirieHTa Po.

Tabmum 1. moka3ye pesyiabTaTH MOJIENl JIOTICTUYHOI perpecii. Mu He
nepepaxoByeEMO BCl HE3aJICKH1 3MiHHI B TaOJuIll, 1100 HE OOTSXKYBAaTH 3BIT. 3MiHHI,
HE 3a3Ha4eHl B TaOJIMII, € CTATUCTUYHO He3HAYymMUMHU. TOOTO BOHM HE BIUIMBAIOTh
Ha 3MIHHY stroke.

P(X) =

Tabauus 1. - PesyabTaTu perpecii

Orinka Pr(>t)
(Intercept) -5,922908 2.14e-13 ***
age 0,072741 <2e-16 ***
hypertensionl 0,563302 0,00348 **
heart_diseasel 0,342615 0,13270
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ever marriedYes -0,233803 0,37770
Residence typeUrban -0,102680 0,53266
avg_glucose level 0,002709 0,06287.

" work type Self -employed -1,438607 0,09906
‘smoking_status never smoked -0,244233 0,20289
smoking_status smokes -0,074173 0,77644

Tomy 3MiHHI age Ta hypertension € CTaTUCTUYHO 3HAYUMHUM ISl HMOBIPHICTI
OTPUMATH 1HCYJIBT.

BucHoBkwu.

VY ma"HoMmy AOCIHIPKEHH] MTPOBEICHO MOJICIbHUI aHalli3 MaIlle€HTIB, ¢ BU3HAUCHI
(dakTopH, 10 BIUIMBAIOTh HAa WMOBIPHICTb BHHUKHEHHS 1HCYJILTY Yy TAaIll€HTIB.
[IpoBenenuii aHami3 MaHUX CTOCYEThCSI BCTAHOBJICHHS 3B'SA3KYy MK (DI3UYHHMHU
XapaKTepUCTHKAMH TAIllEHTa, WOro IIKIJIMBUMH 3BHYKAMH, CIIOCOOOM JKHTTS Ta
WMOBIPHICTIO 1HCYJIBTY. {711 YUCIOBUX MaHWX BUKOPUCTOBYBAIUCH MOJIENI JIHIHHOT
perpecii. OckiIbKH 3MiHHA BiAmoBial "IHCYIbT" Mae (aKTOpHHM Xapakrtep, Oyla
po3po0ieHa MoOJAeNb JIOTICTHYHOI perpecii s TPOTHO3YBaHHS WMOBIPHOCTI
BUHUKHEHHS 1HCYNbTy. Bci aHamisu Ta oO0poOka JaHUX BHUKOHAHI 3a JOMOMOIOIO
cepenosuia R.
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