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1. Tema poboTtn Po3pobneHHsi iHdbopmMaLinHoi cuctemmn
NPOrHO3yBaHHS LiiHM aBTOMOGINIB Ha OCHOBI iX XapaKTepVICTVIBVIKOpI/ICTaHH'iIM

eTOAiB MALUMHHOIO HaBYaHHS )
[ﬁepiBHMK po6otu, MauHbkiB X, B., K.T.H., gou. kad.ITTC I
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3aTBepAKeHi HakasoMm 3aknagy BULLOI OCBITU Bia “ 07 " kBiTHA 202 Ky No 163/7

. CTpok nogaHHs cTyaeHTom poboTu
2. BuxigHi AaHi oo po6otn IHdopmaLiiHa cuctema nNporHo3yBaHHs PUHKOBOT BapTOCTi
aBTOMODINiB MeTogamMun MalLMHHOTO HaBYaHHs; MoBa Python; BiakpuTuii Habip aaHux
Kaggle (10 000 3anwcis, 10 o3Hak); nepenobpobka o3Hak (One-Hot Encoding,
RobustScaler); nobynosa 11 NOpiBHAHHSA OANHAAUSTY perpecinHnx mofenei (scikit-learn,
XGBoost, LightGBM, CatBoost); onTumisauisi rinepnapametpis (GridSearchCV);
ouiHtoBaHHs 3a meTpukamn MAE, MSE, RMSE, R2; Be63acTocyHoOK Ha (hperiMBOpKY
Streamli
4. 3mic¥—nosicHIoBanbHOI 3anucku (mepenik NuTaHb, WO iX HaNeXuTb po3pobuTn)
[ocnifgkeHHs npegmeTHOT obnacTi, ornsia aHarnorie Ta NocTaHoBKa 3afadvi; ornsg
MeTOZIB | METPUK MALLUMHHOIO HABYaHHS Ta NPOEKTYBaHHA apXiTEKTYpu cucTemu;
nporpamHa peanisauisi: aHania AaHux, HaB4aHHS 1 NOPIBHSAHHA Mopaenewn, po3pobka

Be63aCTOCYHKY.

5. I'Iepeni@peaeHTauiﬁHoro matepiany (3 TO4HUM 3a3Ha4YeHHsIM 060B’I3KOBYX
npeseHTalLlin)

cxema navinnanHy nepenobpobkn AaHWX Ta HABYAHHA Mopenew; nopiBHANbLHa Tabnuus
TOYHOCTI perpecinHnx Mofenen 3a MmeTpukame 3 AE, MSE, RMSE Ta R2; apxitekTypHa
cxema Beb3actocyHky AutoPrice Al Ta iHTepdeiicn KOpMCTyBaHa.l

6. [lata Buaadi 3aBagaHHs: 07.04.2026 p.
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[ocniaXeHHsa NnpeaAMeTHOI o0bnacTi Ta NocTaHOBKa 3aBAaHHS
BepeseHb, 2026 BrkoHaHO
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Po3pobka cTpykTypu iHdbopmaLiiHoi

cuctemm

KBiTeHb, 2026 BMKOHAHO

3 Po3pobka nporpamHoro 3abesneveHHss TpaBeHb, 2026 BUKOHaHO
4 OdpopmneHHs NosicHoBarnbHoI 3annckn YepseHb, 2026 BUKOHAHO

CtyneHT Cntocapuyk M. T.
( nignwuc ) (npi3BuLLe Ta iHiLianu)
KepiBH1K po6oTu MaHbkiB X. B.

(nmignuc )  (npisBuLLe Ta iHiuianm)
PEGEPAT

Y pamkax 6akanaBpcbkoi kBanidikauiiHoi po6oTn po3pobneHo iHdhopmaLiiHy
CUCTEMY NPOrHO3yBaHHS PUHKOBOI BapTOCTi aBTOMODINIB HA OCHOBI iXHiX TEXHIYHMX
Ta eKkcnnyaTauiiH1X XapakTepUCTUK i3 BUKOPUCTAHHAM METOZIB MaLUMHHOIO
HaBYaHHS.

Y pesynbraTti CTBOPEHO NMOBHOMYHKLOHAMNBbHY CUCTEMY, LLO CKNaOaeTbes 3
NpeavKTMBHOIO siapa Anst o6pobku AaHuX i HaBYaHHS MoAernen Ta iHTepaKTUBHOIO
Be63acTocyHky AutoPrice Al ans B3aemogii 3 kiHLeBUM kopucTyBadem. Cuctemy
HaBYeHO Ha BigkpuTOMy Habopi AaHux obcsirom 10 000 3anucis, WO MICTUTb AECATb
o3Hak aBTomobins. MNpoBedeHo po3sigyBanbHUiA aHania gaHnx (EDA),
KOHCTPYIOBaHHS 1 kodyBaHHsi 03Hak MetogoM One-Hot Encoding Ta macitabyBaHHs
YMCNOBMX XapaKTepuCTUK 3a Aonomoroto RobustScaler. MobyaosaHo Ta NOPiBHAHO
oOVMHaaUATb PerpeciiHnx mogenen — Bif, NiHINHOT perpecii 1 meToay k-Hanbnux4mx
cyciaiB 4o aHcaMbneByx anropuTMiB rpagieHTHoro 6yctuHry (XGBoost, LightGBM,
CatBoost) — 3a metpukamu MAE, MSE, RMSE Ta R2.

CepBepHy YacTuHy peanizoBaHo MoBoto Python i3 3actocyBaHHsAM GibnioTek
pandas, NumPy Ta scikit-learn; HankpalLi 3a TOYHICTIO pe3ynsraTtu
NpoAEeMOHCTpyBanu aHcambnesi Mogeni, a AN PO3ropTaHHs Y 3aCTOCYHKY o6paHo
NiHiiHY Moaenb Lasso sik onTyMarnbHUIn KOMIPOMIC MK TOYHICTIO Ta
iHTepnpeToBaHicTIo. IHTepakTnBHUI BeGiHTepderic nobyaoBaHo Ha hpeliMBOPKY
Streamlit, Wwo 403BONMNO KOPUCTYBaYEBi BBOAUTU XapakTepUCTUKK aBToMobins Ta
MWUTTEBO OTPUMYBaTU NPOrHO3 MOro PMHKOBOI BapTocTi. Po3pobneHa cuctema ycysae
BNNMB cy6'eKTUBHOrO NIOACLKOro hakTopa Ta 3abesnevye LWBUAKY 1 0BrpyHTOBaHY
OLiHKY BapTOCTi TPA@HCMOPTHOro 3acoby.

KIMHOYOBI CINOBA: IHGOPMALIIVIHA CUCTEMA, MPOrHO3YBAHHA

LIHW, MALLMHHE HABYAHHS, PEFPECIA, ABTOMOEBINTbHUIA PUHOK,
BEB3ACTOCYHOK, PYTHON, SCIKIT-LEARN, CATBOOST, STREAMLIT.

ABSTRACT

Within the framework of the bachelor's qualifying work, an information system
for predicting the market value of cars based on their technical and operational
aracteristics was developed using machine learning methods.

[ﬁs a result, a fully functional system was created, consisting of a predictive core
for data processing and model training and an interactive web application, AutoPrice
Al, for end-user interaction. The system was trained on an open dataset of 10,000
records containing ten car features. Exploratory data analysis (EDA), feature
engineering and One-Hot Encoding, and the scaling of numerical features using
RobustScaler were performed. Eleven regression models were built and compared —
from linear regression and the k-nearest neighbors method to ensemble gradient
boosting algorithms (XGBoost, LightGBM, CatBoost) — using the MAE, MSE,
RMSE, and R2 metrics.
The back-end part was implemented in Python using the pandas, NumPy, and
scikit-learn libraries; the ensemble models demonstrated the best accuracy, while the
linear Lasso model was chosen for deployment as an optimal compromise between
accuracy and interpretability. The interactive web interface was built with the Streamlit
framework, allowing the user to enter car characteristics and instantly obtain a
prediction of its market value. The developed system eliminates the influence of
subjective human factors and provides a fast and well-grounded estimation of a
vehicle's value.
KEYWORDS: INFORMATION SYSTEM, PRICE PREDICTION,
MACHINE LEARNING, REGRESSION, AUTOMOTIVE MARKET, WEB
APPLICATION, PYTHON, SCIKIT-LEARN, CATBOOST, STREAMLIT.
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BCTYMN

AKTyanbHiCTb. ABTOMOOGINbHUI PUHOK 3anULLAETbLCS OAHUM i3 HanbinbLL
[OVMHaMIYHMX CErMEHTIB TOBApHOTO PUHKY, @ NMUTaHHsi 06'EKTUBHOMO BU3HAYEHHS!



BaPTOCTi TPAHCMOPTHUX 3aco6iB Mae KPUTUYHE 3HAYEHHS ANst MPMBATHUX NOKYNLUiB
i NnpoaasLiB, aBTOANUNEPIB, CTPAXOBKX Ta (iHaHCOBUX ycTaHoB. LliHa aBTomob6ins
opmyeTbCA Nig BNAIMBOM BEMMWKOI KiNbKOCTi B3aEMOMOB’I3aHNX YMHHWKIB: Mapku
1 mMogeni, poky BuUnycky, npobiry, 06’emy ABuryHa, Tuny nanuea Ta kopobku
nepefad, KinbKocCTi NONepeaHix BMAaCHWUKIB, i MOCTIHO 3MIHIOETLCA pPa3oM i3
PVHKOBOIO KOH'IOHKTYpOl. Maclutabu HalioHanbHOro aBTonapky Ta BUcoka
aKTUBHICTb BTOPUHHOTO PUHKY YHEMOXITUBIIOIOTH SIKICHY PYYHY OLLIHKY KOXHOI
npono3uuii, a TpaauLiiHi ekCcnepTHi MeToaw, Lo ClMpalTbCs Ha Cy0’eKTUBHUIA
[0CBIZ YM NOPIBHAHHS 3 KiNbKOMa OrofoLeHHsSIMU, NPU3BOASATL 40 3HAYHUX
noxmbok i dhiHaHcoBKX pusukis. Lie 3ymosntoe notpeby B aBTOMaTU30BaHUX
iHTenekTyanbHUX IHCTPYMEeHTaXx, 34aTHMX Ha OCHOBI BENMKMX MacuBiB AaHWX
HagaBaTu TOYHUI | NPo3opuiA NporHo3 BapTocTi. Came ToMy po3pobreHHs
iHcbopMaLiiHOi CUCTEMM NMPOrHO3yBaHHSI PUHKOBOT BApTOCTi aBTOMOGIiNiB Ha OCHOBI
MeTOZIB MaLUMHHOIO HaBYaHHS € akTyarnbHUM HayKOBO—MPaKTUYHUM 3aBAAHHSM.
MeTta poboT — po3pobneHHst iHpopMaLiiHOT CUCTEMU NPOrHO3yBaHHSI

PWHKOBOT BapTOCTi aBTOMOOIiB, sika Ha OCHOBI METOAIB MALLMHHOTO HaBYaHHS
3abe3neyye TOUHY Ta AOCTYMHY OLHKY LLiHX TpaHCMOPTHOro 3acoby 3a 1noro
TEeXHIYHUMU 11 eKcnnyaTauinHUMKN XxapakTepucTukamu, Ta ii npakTuyHa peanisauis
y BUMNsiAi iHTepakTUBHOrO BE63aCTOCYHKY.

[ns [OCSiIrHEHHS NoCTaBNeHol METU HEOOXiAHO BMPILLUTYK Taki 3aBAaHHS:

— [OCMIAUTN NPEAMETHY 06nacTb, YAHHUKM LiHOYTBOPEHHS HA PUHKY
aBTOMOGINIB Ta iCHyto4i NporpamHi aHanoru;

— nigrotyBaTn Habip AaHWX: NPOBECTW PO3BidyBanbHUIA aHarni3, OYULLEHHS,
KOHCTPYIOBaHHSA Ta KOAYBaHHS O3HaK, MacluTabyBaHHS YNCIOBUX
XapaKTepUCTUK;

@MH. Apk. No gokym. Mignuc Oata
Apk.
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— PO3IMISIHYTU I NOPIBHATU OCHOBHI METOAM MALUMHHOTO HABYaHHSA Ansi

3apadi perpecii Ta 06paTy HanTouHiLY Mofenb 3a meTpukamn MAE, MSE,
RMSE T1a R2;

— BMKOHAaTU HanawTyBaHHS rinepnapameTpis obpaHux mogenen,

npoaHanidyBaTy TOYHICTb MPOrHO3iB Ta BaXIMBICTb O3HaK;

— po3pobuTy Be63acTOCYHOK, L0 HaAae KOpUCTyBaYeBi 3pyYHUI iHTepderic

0151 BBEAEHHS XapakTepuCTUK aBTOMOGINs Ta OTPUMaHHS MPOrHO30BaHOT

UiHW;

— OLiHATU NpaKTUYHe 3HaYeHHs1 PO3POBNEeHOi cucTeMu.

O6’ekT AOCNIMKEHHSI — NPOLLEC BU3HAYEHHST (MPOrHO3YBaHHS) PUHKOBOT

BapTOCTi aBTOMOGiNs Ha OCHOBI CyKyMHOCTi NOTO XapaKTepUCTHUK.

MpenmeT gocnigkeHHs — MeToam Ta NporpamHi 3acobu MallMHHOTO

HaB4YaHHA Ana nobyaoBu perpeciinHoi Modeni NPorHo3yBaHHS LiiHK aBTOMObiNs Ta
il po3ropTaHHs y BUrnaai Be63acToCyHKy.

MeToau pocnigkeHHs. Y poboTi BUKOPUCTAHO METOAM aHanisy Ta

y3aranbHeHHs NniTepaTypHUX Axxeper, CTaTUCTUYHI MeToAM Po3BiAyBarnbHOro i
KOpensauiHoro aHanisy A4aHux, MeToan MallMHHOTO HaBYaHHS (perpecinHi Ta
aHcambneBi mogeni) Ta 06’eKTHO— OpPiEHTOBaHOro NporpamyBaHHsA AN peanisauii
3aCTOCYHKY.

MpakTnyHe 3HayveHHs. Po3pobneHa cuctema moxe ByTn BUKopucTaHa
yyacHvKamu aBToMoGiNbHOrO pUHKY — MOKYNUSAMMW, NpodaBLUsiMK, aBToaunepamu,
CTPaxoBMMM 11 (piHAHCOBMMMW yCTaHOBaMV — AS LUBUAKOI Ta 0BrPYHTOBAHOT OLiHKM
BapTOCTi aBTOMODINS, @ TakoX Sk OCHOBA A1 NOAASbLLOrO BAOCKOHAMNEHHS
NpeavKTMBHUX MoZEenei Ha WMpLIMx Habopax AaHuX.

CTpyKTYyp&—p0o60TH 0OyMOBNEHA METOD Ta NOCTaBNEHVMUN _3aBAAHHAMMU.
BakanaBpcbka kBanidpikauiiHa poboTa cknagaeTbes 3i BCTYNy, TPbOX PO3AIMIB 3 NiApo3ainamm Ta BUCHOBKaMU [0 KOXHOTO, 3aranibHUX BUCHOBKIB, CMINCKY
BUKOPUCTaHWX Akepen i gogatkis. Pobot L] icTUTb TaBnuui Ta pUCYHKM, LLO
iNOCTPYIOTb pesynsTaTt 4OCNIMKEHHS.

E}SMH. Apk. No gokym. Mignuc Oata
ApK.
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1 DOCNIIXXEHHHA MPEOMETHOT OBACTI



1.1 AKTyanbHiCTb NpoLecy NPOrHO3yBaHHS LjiHM aBTOMOGINIB

Y cyvacHux ymoBax po3BUTKY LMEPOBOT EKOHOMIKM aBTOMODBINbHUIA PUHOK
3anuWaeTbCsa OAHMM i3 HanbinbLl AVMHAMIYHUX CETMEHTIB TOBAPHOIO PUHKY.
MuTaHHA 06’€KTUBHOIO BU3HAYEHHS BapTOCTi TPAHCNOPTHUX 3acobiB Mae
KPUTUYHE 3HAYEHHS ANS LUMPOKOTO Koma yYacHUKIB: Bif MPMBATHUX MOKYMUiB Ta
npoaasLiB A0 NPOMECINHMX aBTOAMNEPIB, CTPAXOBUX KOMMaHI Ta GaHKIBCbKNX
yctaHoB. CknagHicTb 3apadi nonsirae y Tomy, WO LiiHa aBTOMOGINS He € CTaTUYHO
BEMUYMHOI; BOHA POPMYETLCA Mif, BNIMBOM BENMKOI KiflbKOCTi nepenneTeHnx
YMHHWKIB, LLO MOCTIHO 3MiHITbCA. OcobnMBOi Barn npobreMa To4HOro
OLiHIOBaHHs1 HabyBae Yepe3 MaclTabHiCTb HaLioHanbHOro aBTonapky. 3rigHo 3
aHaniTMYHMMKN JaHMK, CTaHOM Ha noyaTtok 2024 poky B YkpaiHi HapaxoByeTbCS
6nm3bko 10,5 MinbitoHiB aBTOMOGINIB, a piBeHb aBToMObGINi3aLii 4eMoHCTpye
cTabinbHe 3poCcTaHHsi, AOCATHYBLUM NokasHuka y 250 mawwmH Ha 1000 xuTenis [1].
Takui 06Csr pUHKY YHEMOXXITUBITIOE SIKICHY PYYHY OLIHKY KOXHOT

Npono3uLii, o CTBOPIOE rocTpy NoTpeby B aBTOMATU30BaHUX iHTENEKTYyanbHMX
iHCTpyMeHTax. BaxnusicTb po3pobneHHst NPeAUKTUBHUX MOAENe NiaKpinoeTbest
ANHaMIKO BTOPUHHOTO PUHKY. Monpu eKOHOMIYHI BUKINKW, aKTUBHICTb Y

CermMeHTi BXMBaHNX aBTO 3anu1LLAETbCsl BUCOKOK. 3a pesynbsratamu aHanisy
PUHKOBUWX TPEHAIB, CEPEAHS LiHa BXMBAHOTO aBTOMODINS Ha BHYTPILLHLOMY PUHKY
YkpaiHun Ha noyatky 2025 poky 3adikcyBanacs Ha piBHi 6nm3bko 6000 fonapis
CLUA. Ha pucyHky 2.1 306paxeHo 3MiHW cepeaHbOi LiiHM Ha PUHKY NPOTSIroM
poky[2].

@MH. Apk. No gokym. Mignuc Oata
Apk.
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PucyHok 1.1 — 3MiHa cepefHbOI LiiH1 NPONo3unLii Ha PUHKY

padik 4EMOHCTPYE KONMBAHHS BAPTOCTi 3 MOMITHUM NafiHHSAM Y NepLuii
MONOBUHI POKY Ta AOCATHEHHAM MiHIMYMY B MiTHBO—OCIiHHI nepioa. HanbinbLu
CYTTEBE 3pOCTaHHs 3aikcoBaHO HanpukiHLi 2024 poky, Konu LiHa cardyna
nosHaudku y 6 500 $, npote Leit TpeHa 3MiHUBCS KOPEKLEto y Gik 3HWXKEHHS B CiuHi
2025 poky.

MpoTe usa undpa € ycepeaHeHoto, OCKinbkn pearnbHa BapTiCTb KOHKPETHOro 06'ekTa
3anexuTb Bif NOro iHAMBIAyanbHUX NapaMeTpiB, @ PUHKOBI KONMBAaHHSA BUMaratTb
NOCTIHOT NEPEBIPKM aKkTyanbHOCTi LiiHW.

OCHOBHMMU hakTopamu, Lo BrnnBaTb Ha (DOPMYBaHHS LiHW Ta MatoTb OyTu
BpaxoBaHi MoJennto, €:

— TexHi4Hi xapakTepuCTMKN: Mapka Ta MOAernb, Pik BUNYCKY (Bik aBTo),

3aranbHKUi Npobir, 06’eM Ta NOTYXXHICTb ABUTyHa.

— EkcnnyatauiiHi napameTpu: TMn nanuea, BUA TPaHCMICIT, KinbKiCcTb

nonepefHix BNacHUKIiB Ta icTopis 06cnyroByBaHHS.

— PUHKOBI YyMOBW: MNOTOYHWIA MONWUT Ha KOHKPETHY MOZenb, CE30HHICTb

Ta 3aranbHa eKOHOMiYHa cuTyaLllist B KpaiHi.

E]SMH. Apk. No gokym. Mignuc Oata
ApK.
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TpaaunuinHi MeToam ouiHKK, LWo 6a3ytoTbes Ha Cy6’eKTMBHOMY AOCBIAi

ekcnepTiB abo NOPIBHSAHHI 3 KiNbKOMa aHanoriYyHMMM OroNoLLEHHSMM, YacTo
npu3BOASATL A0 3HaYHMX Noxnbok. Lie 3ymoBnioe chiHaHCOBI pusuku: npoaaseLib
MOXe BTPaTUTV KOLUTU Yepes 3aHMKeHy LiiHY, @ NoKyneLb — nepennaTuti 3a aBTo
B HE3aJ0BiNIlbHOMY CTaHi.

OTxe, po3pobreHHs iHhopmaLiiHOi cucTemu, 30aTHOT Ha OCHOBI BENUKUX MacuBiB
[aHUX MiHIMi3yBaTy BMNMUB NIOACLKOrO (hakTopa Ta HagaBaTh TOYHUIA NPOrHO3
BapTOCTI, € aKTyanbHUM HayKOBO—NPaKTUYHUM 3aBAaHHSAM. BukopuctaHHs
cyyacHUx MeTofiB aHanidy fo3Bornsie 3abea3neynTy NPo3opiCTb LHOYTBOPEHHS Ta
ONTUMI3yBaTV NPOLECU NPUAHATTS pPilleHb Ha HACUYEHOMY Ta MIHMMBOMY
aBTOMOBINBHOMY PUHKY YKpaiHu.

BpaxyBaHHS B3aEMO3B’A3KIB Mi>K LIMMU napameTpamu TpaguuiitHuMm
€KCNepTHUMN METOAAMMN YacTo € CYD'EKTUBHUM, LLIO 3HUXKYE TOYHICTb OLiHKK Ta
npu3BoAUTb A0 (PiIHAHCOBUX BTPAT YYaCHWKIB PUHKY. Y 3B’3KY 3 LIMM 3pocTae



iHTEpEC A0 BUKOPUCTAHHA METOAIB MALLUMHHOMO HAaBYaHHS, sKi JO3BONSIOTH
aBTOMAaTUYHO BUSIBNATU NPUXOBaHi 3aKOHOMIPHOCTi y BEMUKMX 0BCcsrax AaHux.
3apaya NporHo3yBaHHS LHM Y LibOMY KOHTEKCTi (hOpMYIIOETLCS sIK 3adava perpecii,
e LinbOoBOK 3MiHHOIO € BapTiCTb, @ BXiAHMMW NapamMeTpamMmn — TEXHIYHI
XapaKTepucTukm ob'ekTa.

HaykoBi gocnimkeHHs NiaTBEpAXY0Tb ePeKTUBHICTb 3aCTOCYBaHHS

anropuTMmiB MiHINHOT perpecii, AepeB pilleHb Ta BUNagKoBOro nicy Ans MiHimisauii
NOXMBKN NPOrHo3yBaHHSA. ABTOMaTK3aLis LibOro npouecy 3a A40MoMOrow
iHTenekTyanbHNX iHPOPMaLiNHUX CUCTEM CMIPUSIE 3MEHLLEHHIO BNVBY MOACHKOr0
dakTopa Ta NiABULLEHHIO NPO30POCTi PUHKY.

TakvM YMHOM, po3pobneHHst iHpopMaLinHOT CUCTEMM Ha OCHOBI MaLUMHHOTO
HaBYaHHS € akTyarnlbHUM HayKOBO-NPaKTUYHUM 3aBAaHHAM. Bpaxosytoun
MacLuTabu ykpaiHCbKOro aBTomnapky Ta cTabiflbHuiA MONUT Ha BTOPUHHOMY PUHKY

3i chopMOBaHUMW LIHOBUMUW TPEHAAMW, CTBOPEHHS IHCTPYMEHTY AN BUCOKOTOYHOI
OLiHKM BapTOCTi BignoBigae cyyacHum notpebam L poBoi eKOHOMIKM Ta 3anMTam
GisHecy.

ELMH. Apk. No gokym. MNignuc Aata
Apk.
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1.2 OCHOBHi NOHATTA aBTOMOGINbHOI rany3i

ABTOMOGINbHUIA PUHOK — Lie Haa3BM4YanHo baratonnaHosa cdepa. KoxHoro

[OHS TPaHCMOPTHI 3acobu nepexoasThb B NPOAaBLIB A0 MOKYNUiB 3a LiHO, L0
BCTAHOBIIOETLCA Mif BNNIMBOM BESMKOI KiNlbKOCTI YNHHUKIB. BapTicTb MalLnHu He

€ CTaTU4YHOI: BOHA hOPMYETHCS HA OCHOBI HU3KWM NapameTpiB i MOXe 3MiHloBaTHCA
3 Yacom nig Aieto TMx cammx pakTopis. [N KpaLoro po3ymiHHS LIiHOYTBOPEHHS B
aBTOIHAYCTpIi BapTO AeTanbHO PO3rMAHYTH KIOYOBI TEPMIHWN Ta XapaKTepUCTUKN.
Mapka aBToMOGins — Le HalMeHyBaHHsi BUPOOHWKa, sikuiA CTBOPUB
TpaHcnopTHUi 3acib. BoHa cryrye ronoBHWUM igeHTUMIKaTopoMm, OCKinbKK BTiNOE

B c0obi kKoprnopaTMBHY CTpaTerito, 3aranbHy KOHLEenNLo, AM3aiiHEPCbKy MOBY,
dhipmMOBWMIA CTUMb Ta YHikanbHi iHxXeHepHi 3006YTKY KOHKPeTHOI koMnaHii. Cepen
HanbinbLu BnisHaBaHUx 6peHAiB moxHa HasBaTk—B8MW, Toyota, Ford, Mercedes—
Benz, Honda, Audi, Chevrolet Ta 6araTo iHwux. KoxkHa Mapka 3a3suyan
OPIEHTYETbCS Ha NEBHI PUHKOBI Hilwi abo cneuianisyeTbCA Ha KOHKPETHUX TUnax
aBTO: Bifl CNOPTKapIB Ta NO3aLUNSAXOBUKIB 40 BOXKETHUX MICbKMX MOZENen Yn aBTo
npemiym cermeHTa. PenyTauis 6peHay, nobyaoBaHa Ha SIKOCTi, JOBrOBIYHOCTI,

cTuni, NerkocTi B 06CnyroByBaHHi Ta BNpoBaXXeHHi iHHOBaLii, € OAHUM i3
BM3HaYarnbHWUX KpUTEPIiB Nig Yac Bubopy malumHu.

Mogenb aBToMO6iNs npeacTasnsie coboto KOHKPETHY Bepcito abo NiHilky
MalLLVH, WO BUNyckaTbcs 6peHaoM. Mogeni pisHATLCS Mixk COBOL0 30BHILLHIM
BUIMAA0M, TEXHIYHUMM AaHUMK, rabapytamu, MaTepianamu 03406neHHs Ta
KOHCTPYKTUBHUMY pilleHHAMU. KoxHa Moaenb 3a3Buyalt Mae BfacHy HasBy, sika
nigkpecnioe ii NpU3HayYeHHs Ym ocobnueocTi. Hanpuknag, y mogensHoMy psigy
BMW e Taki pisHi npeactasHuku, sk BMW 3 Series, BMW X5 un enektpokap
BMW i8. Kpim Toro, ogHa mogenb Moxe NpornoHyBaTUCS B Pi3HUX TUMax Ky3oBa
(sik— OT cefaH, XxeT4bek Un Kyne), 3 pisHUMM TUNamu ABUTYHIB (€NeKTPUYHI,
Am3senbHi, 6eH31HOBI) Ta BapiaHTaMu npmeogy (noBHUI abo nepepHin). Bubip
mMogeni 3yMOBMEHNIn 0cOBUCTUMU NOTpe6GamMm NOKyNLUS, afxe KoXHa 3 HUX
OpieHTOBaHa Ha CBOIO LiNbOBY rpyny: MOMOAb YacTile obupae AnHaMiYHi i LBUAKI

E]BMH. Apk. No gokym. Mignuc Oata
Apk.
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aBToO, TOAI SK CTapLui Noav BiAAaTb Nepesary HaAinHOCTI Ta NPaKTUYHOCTI.
Po3ymiHHs BigMiHHOCTe MiX MofensMmn [o3Bonse obpaTy onTuMarnbHWiA BapiaHT,
Lo Bignosigae OloaxeTy Ta cnocoby XKuTTs.

Pik BUNycky — Le Aata BUrOTOBINEHHSI KOHKPETHOT OAMHULI TPaHCMNopTY

Ha 3aBogij. Liei nokasHuk € KpUTUYHO BaXKIMBUM OS5t BUSHAYEHHSI LiHW. OCKinbku
CBiTOBi aBTOBMPOBHWKM 3a3BMYali OHOBMIOKOTL TEXHONMOTIT Ta An3aliH LLOPOKY abo
Yyepes NeBHi LMKNK, HOBILLI MaLWMHK € BinbLl JOCKOHANMMU TEXHIYHO, MatloTb
Kpallle OCHALLEHHs Ta CyvacHWn BUMsAA. BaxxnuBum acnekTom € Takox cepBicHa
nigTPUMKA: YMM CTapille aBTo, TUM CKNaAHille 3HaWTV AN HbOro OpUriHanbHi



3an4acTuHK Ta KBanitikoBaHNX MaNCTPIB, 30aTHUX BUKOHATU AKICHWUIA PEMOHT
3acTtapinux cuctem. BignosigHo, HOBi aBTOMOGINI KOLWTYOTb Aopoxye. BuHaTkom
€ KOmneKLUinHi abo nimiToBaHi cepii MUHYNMX POKiB, BAPTICTb SKUX 3 YACOM MOXe
TiNbKM 3pocTaT Yepes iXHI0 PiAKICTb Ta iICTOPUYHY LiHHICTb.

TexHiYHi xapaKTepuCTUKN — Lie KOMMIEKC NapameTpis, L0 ONUCYTb

6ynoBYy Ta MOXNMBOCTI aBTOMOGINS. BoHu BkntovatoTh:

- [BuryH: BU3Hayae Bua nanuea (6eH3uH, an3enb, enekTpuka,

ribpma) Ta pobounii o6’em (Hanpuknag, 2.0 ).

— MOTyXHiCTb: BUPaXaETbCA B KIHCbKMX cunax (k.c.) abo

Kinosatax (kBT), Binobpaxarouun rpaHn4Hi MOXKIMBOCTI CUIOBOI YCTaHOBKM.

— KpyTHWUIA MOMEHT: BUMIPIOETLCS B HbOTOH— MeTpax (Hm); Bia

HbOrO 3anexuTb TAra ABUryHa Ta IHTEHCUBHICTb NPUCKOPEHHS.

- TpaHcmicia: Tun kopobkn nepefay (MexaHiyHa, aBToMaTuyHa

abo poboTrn3oBaHa 3 €NEKTPOHHNUM YMPaBMiHHSM).

- ManuBHa cuctema: Bkasye Ha nanbHe (ra3, 6eH3vH, An3ernsb,
eneKkTpoeHeprist) Ta cnocib “oro nogaui.

— Poamipu: AoBXMHa, BUCOTa, LUMPUHA Ta Maca aBTo, Lo

BMNMBAOTb Ha NPOCTIP y CarnoHi, MAHEBPEHICTb Ta CTINKICTb.

- MMigBicka: TMN KOHCTPYKLIT (He3anexHa, NHeBMaTUYHa, 3anexHa

TOLLO), Bif, SIKOi 3aNeXuTb NNaBHICTb XOA4Y Ta KEPOBaHICTb.

EIKMH. Apk. No gokym. MNignuc Aata
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- [IMHamika Ta WwBmnakicTb: Yac po3roHy Ao 100 km/rog Ta

MaKkcMmarnbHO MOXMBA LUBUAKICTb PYXY.

- Tun npuBoay: nepeaHin, 3aaHin abo NOBHWUIA, LLO BU3HaYae

noBeiHKy MaLUVHW Ha [0pO3i Ta ii NPOXiAHICTb.

— BuTpata nanuea: cepeHin NoKa3HUK CMOXNBaHHS NanbHOro B

pi3HUX pexnmax (MicTo/Tpaca), Wo € KIo4YOBMM AS1s1 OLIHKM EKOHOMIYHOCTI.

- Tun ky3oBa: popma aBTO (KpOoCcoBep, ceaaH, BaHTaxiBka, kyne

TOLLO), iKa BU3HaYae NMoro yHKLiOHanbHe Npu3HaYeHHs.

— Cuctemu Gesnekun: HasiBHICTb JOMNOMIXKHUX TEXHONMOTIN, TaKnX

K noayLwkn 6e3nekn, ESP, aganTvBHWUIA KPYi3—KOHTPOSb, NapKyBasibHi

aCWCTEHTU Ta CUCTEMU EKCTPEHOTO raribMyBaHHS.

CyKyMnHICTb X AaHWUX AO3BONSE NOTEHLINHOMY BIaCHUKY OLLIHUTY

peanbHy BapTiCTb TPAHCMOPTHOIO 3acoby, fie NPIOPUTETHICTb KOXHOT
XapakTepPUCTUKN 3anexuTb Big 0COBUCTUX BUMOT.

[loaaTkoBO Mifg Yac OLiHIOBaHHS Ta NPOrHO3yBaHHS LiHW BapTO 3BaXaTu Ha
3aranbHuin cTaH, Npobir Ta icTopito BonogiHHA. CTaH aBToMo6ins Bigobpaxae oro
BidyanbHWUIN BUMMSAA, CNPaBHICTb arperartiB Ta CTyMiHb 3HOLLEHOCTi KOMMOHEHTIB.
Mpo6ir (BiacTaHb y KinoMeTpax Yv MUMAX) CBIAYNTL NPO IHTEHCUBHICTD
ekcnnyarauii: 3a3Buya MeHLLUI Npobir € 03HaKoK KpaLLoro 36epexeHHs pecypcy
MaLwwmHK. KinbkicTb NnonepeaHix BMAaCHUKIB TAaKOX Mae 3HAYEHHS, OCKINbKM Le
BNNMBAE Ha NPO30piCTb icTopii 06¢cnyroByBaHHS. ABTOMOGINI, siki Hanexxanu ofHii
TOAMHI, YacTo BBaXatloTbCs NpuBabnuaiwmMmmn, 60 NPOCTilLe BIACTEXUTK, siK 3a
HUMW gornagany.

MigcymoBytoum, I'pyHTOBHe 3HaHHSA 6a30BUX MOHSATL aBTOMOGINBLHOT ranya3i

€ HeobXiQHUM ANst aAeKBaTHOI OLiHKM BapTOCTi MaLMHK. AHani3 ycix nepenivyeHnx
napameTpiB JonoMarae npunMaT BUBaXKEHI PiLLIEHHS nig Yac Kynieni, Npoaaxy,
CTpaxyBaHHsi abo OTpUMaHHs piHaHCYBaHHA Ha NpuaGaHHs aBTo.

ELMH. Apk. No gokym. MNignuc Aata
Apk.
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1.3 AHanis icHyto4Mx aHanoris

Y cyvacHux ymoBax rnobanbHoi LmdpoBisaLii npouecn NpURHATTS pilleHb
Ha aBTOMOGINbHOMY pUHKY Aeaani 6inbLue cnuparTbCa Ha aBToMaTU30BaHi
aHaniTU4Hi iIHCTpyMeHTU. Bucoka AvHaMiYHICTb BTOPUHHOTO PUHKY Ta Benvka
KinNbKiCTb 3MiHHUX NapameTpiB KOXXHOro OKPEMOTO TPaHCMOPTHOrO 3acoby
3yMOBUIY NOSABY HWU3KN NOTYXXHWUX BeO—pecypciB, siki cnewianisytoTbea Ha
NPeavKTUBHOMY aHanisi LjiH.



3rigHO 3 aKTyanbHUMU AOCHIKEHHSMU NPOBIAHWUX aBTOMOBINbHUX

eKcrnepTHUX NnaTtdopm, A0 CUCKY HaMKpaLLMX CBITOBUX CEPBICIB ANs OLiHKM Ta
KyniBni BX1BaHNX aBTOMOGINIB BXxoasTh Taki pecypcu, sik CarGurus, Autotrader,
Cars.com, Edmunds Ta Carvana [3]. KoxeH i3 Lumx cepBiciB BUKOPUCTOBYE BracHi
iHTeneKTyarnbHi anropuTMu:

- CarGurus 3006yB nonynsipHicTb 3aBasku cuctemi «lnstant Market

Value» (IMV), sika B pexumi peanbHOro 4Yacy aHaniaye MinbioHu

OrofioLLeHb AN BU3HAYEHHS TOro, HaCKinbKW 3anpornoHoBaHa LiHa

BiAMNOBifae cepefHbOPUHKOBIN.

- Autotrader Ta Edmunds cokycytoTbCst Ha HagaHHi MakcumarbHO
[eTanisoBaHux 3BiTiB LWoAO ouiHkv BapTocTi (Trade—In Value),

6asytouncb Ha KOMOBiHaLiT PUHKOBUX TEHAEHLN Ta ICTOPUYHUX AaHMX

npo hakTuyHi TpaHsakuii [3].

MatematnyHum pyHaameHToM BinbLIOCTi Ly Nnatdopm € perpeciiHmi

aHani3. fk 3a3Ha4YaeTbCs Y HAYKOBO—METOAUYHMX J)Kepernax, perpecinHuii aHania —
e CTaTUCTUYHUIA MeToA, AOCNIAXEHHS, AKUIA N03BONSE KiNbKICHO BU3HAYMTU BB
ofHiei abo Aekinbkox He3anexHuUx 3MiHHKUX (Takux sk pik BUNYCKy, Npobir, 06’em
[OBUryHa) Ha 3anexHy 3MiHHy, SIKOK0 y JaHOMYy BUNaAKy € LiiHa aBToMobins [4].
Cawme 3aBAsikM MaTeMaTUYHOMY MOZESOBaHHIO B3aEMO3B'A3KIB MK LMK
akTopamMm cTae MOXIMBUM He NULLE NPOrHO3yBaHHSI KOHKPETHOI BapTOCTi, a i
PO3YMIHHS CTYNeHsi BNeBHEHOCTi Y KOXHOMY 3 hakTopis.

E]KMH. Apk. No gokym. MNignuc Jata
ApkK.
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[Monpu BUCOKY eheKTUBHICTb Ta MiNbAOHHI ayaUTOpIi 3a3Ha4YeHnX aHanoris,
[eTanbHe BUBYEHHS iXHbOT cneundiki BUSIBNSE HU3KY KPUTUYHUX OOMEXeHb, AKi
pobnsATh Po3pobKy BNAcHOi CUCTEMU HE MPOCTO anbTEPHATUBO, @ HEOOXIAHUM
KPOKOM 1151 BUPILLEHHS KOHKPETHUX NPUKNagHuX 3agay.

Mo—neple — npobnema perioHanbHOI AeTepMiHOBaHOCTI Ta

«iHdopMaLiiHOro Bakyymy» Ha rnokanbH1UX puHKax. binbLicTb TONOBUX pecypcis,
Takux gk Edmunds un Carvana, opieHToBaHi BUkMo4HO Ha puHkm CLUA Ta 3axigHoi
€sponu [4]. IxHi Mmogeni HaBueHi Ha creundiYHIX AaHNX LMX PerioHiB, Ae
CTPYKTYpa LiHOYTBOPEHHS 3anexuTb Bi NOAATKOBUX Nifbl, BAPTOCTI CTpaxyBaHHsI
Ta NOriICTUYHNX BUTPAT, WO € aBCONIOTHO HepeneBaHTHUMUN ANS iHLINX PUHKIB.
Hanpuknag, mogens, Wo ycniluHo nporHo3ye LiHy B KanidopHii, npogeMoHcTpye
KPUTUYHY MOXMOKY Npn cnpobi oLiHUTK aBTO Ha puHKax IHAIT un YkpaiHm yepes
pisHuLU0 y npiopuTeTHOCTI 6peHais, Tunax nanvea (LPG, ausens) Ta
komMmnnekTauisx. BnacHa po3pobka, Lo 6a3yeTbcsi Ha perioHanbHO OpiEHTOBAHOMY
fartacerTi, 4O3BONSE BpaxyBaTH YHikanbHi O3HaKW, Taki SK «TUM BRacHuka» abo
cneumndivHi 0ANHULI BUMIPIOBAHHSA NOTY>KHOCTI Ta KPYTHOrO MOMEHTY, 5iki YacTo
irHopytoTbCs rnobansHUMKU nnatopmamu.

Mo—Aapyre — BiACYTHICTb NPO30POCTi Ta IHTEPNPETOBAHOCTI anropuTMIB.
KomepuiiiHi aHanorn HaaatoTb KopucTyBady nuiie iHanbHy umdgpy — NporHo3
BapTocTi. [TpoTe AN HaykoBOro AOCNiMKEHHs Ta NpodeCiiHOT aHaniTUKN BaXNNBO
pO3yMiTV CTPYKTYpY mMogeni. 3rigHo 3 3acagamu CTaTUCTUYHOTO aHaniay,
perpeciiHiii MmeTog Aae 3Mory BU3HaYMUTK, SKi 3MiHHI AiiCHO MatoTb BNAVB Ha
pesynbTar, a ki € CTaTUCTUYHO He3HaYvyLMMK Ta MOXYTb ByTu irHopoBaHi [4].
mo6anbHi cepBicy NPUXOBYIOTH Lii Barv Sk KOMePpLiiHy TaeMHUL0. BnacHa
cucTema, HaBnaku, 3abesneyye NoBHY NPO30PICTb: PO3POBHUK MOXKE HAaOHHO
NPOAEMOHCTPYBATH, HACKINbKM KOXXHa OAMHULS Npobiry abo KoxeH pik Biky aBTO
3MeHLUye oro BapTicTb. Lle cTBOptoe AoaaTkoBy LHHICT ANst KOPUCTYBaYa, SKWi
OTPVMYE He NPOCTO YUCIO, a OBrPYHTOBaHY aHamniTuky.

[Mo—TpeTe — ekoHOMIYHa Ta TexHororiYHa 6ap'epHicTb. [MpodeciitHi

iHCTpymeHTM ouiHku Big CarGurus abo Autotrader yacTo iHTerpoBaHi B nnaTHi

ELMH. Apk. No gokym. MNignuc Aata
Apk.
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ekocvcTemu Ansa avnepis. Ans iHAMBIAyanbHOro kopuctysada abo manoro 6isHecy
[0CTyn A0 rmMMbokoi aHaniTUKK Lnx cepaiciB 3akpuTuin. CTBOPEHHSI BACHOMO
NporpamHoro pilleHHsi Ha 6asi BigkpuToi MoBY nNporpamyBaHHs Python Ta
6ibniotekn Streamlit f03BONSIE AEMOKPATM3YBaTU AOCTYN A0 CKNAaAHUX METoAIB



MaLLWHHOTO HaB4YaHHs. Taka cuctema He nNoTpebye CkNafHOro BCTAHOBIIEHHS, €
KpocnnatopMeHo Ta Moxe ByTu po3ropHyTa Ha nokanbHux cepeepax 6e3
HeobXiAHOCTI cnnadyBaTtu 3a AoOpori NiANUCKM Ha 3akopaoHHi API.
AprymeHTauis nepesaru BnacHoi po3pooku:

1. THyYKiCTb HaB4aHHA: Ha BigMiHy Big CTaTU4HUX CanTiB—aHanoris,
apxiTekTypa BnacHOro NpoeKTy AO3BOMSE MUTTEBO KNEPEHABYUTUY

MoZernb Ha HOBUX AaHWUX Y pasi piskoi 3MiH1 pUHKOBOT cuTyauii

(Hanpuknag, cTpmbok Kypcy BantoT abo 3MiHa MUTHUX NpaBuI).

'mo6anbHi aHanoru pearytoTb Ha Taki NOKanbHi 3MiHW 3 BEMUKOIO

3aTPUMKOH.

2. ApanTauisi BXiogHux napameTpiB: BnacHa po3pobka nossonsie
eKCcnepuMeHTyBaTi 3 03Hakamn. Mu Mmoxemo Bknodatn abo

BMKMOYATU NapameTpu Ha KwtanT «torque» (KpyTHUIA MOMEHT) abo
«seller_type», cnocTepiratoum 3a 3MiHOK TOYHOCTI, LLO HEMOXIMBO

3pobuTn B 3akpuTUX iHTepdencax Edmunds un CarGurus.

3. MNpakTuyHa cnpsiMoBaHicTb: BukopuctaHHs Streamlit nepetoptoe
TEOopeTUYHEe AOCHIMKEHHS Ha rOTOBUIM NPOrpamMHUii NPOAYKT, AKUN

MOXHa BUKOPUCTOBYBaTH SK MOBINbHWI [OAATOK ANS LWBUAKOT OLHKM

aBTO «Ha MicLji», L0 3HAYHO MiABULLYE 3PYYHICTb AN KIHLEBOro

KopucTyBava.

Takum YMHOM, PO3pOBMEHHS BNACHOI iHhOpMaLiiHOT cUCTeMU € HayKOBO
06rpyHTOBaHMM KPOKOM. Lle He MpocTo KomitoBaHHS iCHYUMX yHKUINM, a
CTBOPEHHS cnewjianiaoBaHoro, Npo3oporo Ta perioHanbHO aganToBaHOro
iHCTPYMEHTY, SIKMI 32 paxyHOK MeToZiB perpeciiHoro aHanisy 3abeaneyye BUCOKY
TOYHICTb NPOrHO3YBaHHS Y CneLmndiYHNX PUHKOBUX CEFMEHTAX, HEAOCTYMHUX ANs
rnobanbHUX aHanoris.

3mH. Apk. No gokym. Mignuc Oata
ApK.
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1.4 Ornsag MeTOAIB MaLLMHHOMO HaBYaHHS ANs BUPILLEHHSA 3agadvi
NPOrHO3yBaHHs!

Yepes BUCOKY AMHAMIYHICTb aBTOPUHKY, CKraaHy CTPYKTYpY LiHOBMX

dakTopiB Ta NoTpeby 06pobnATN 3HaYHI MacKBY AaHMX HaNBINbLL NepcnekTUBHUM
iHCTPYMEHTOM AN OLjiHKM BapTOCTi € MalUnHHe HaB4YaHHs (Machine Learning, ML)
- MIAMHOXMWHA LUTY4HOrO iHTENEKTY, L0 JO3BOSISIE CUCTEMi CAMOCTINHO BUSIBNATU
NPUXOBaHi 3aKOHOMIPHOCTi MiXK XapakTepucTMkaMu aBToMobins Ta 1oro LiHoto 6e3
YKOPCTKOro NporpamyBaHHs KOXHOro Kpoky [5]. Ockinbkv B 3agavi HasiBHi i BXiaHi
XapakTepuCTWKK, | BidoMWUI pe3ynkTaT (UiHa), BOHa HanexwTb 40 napagurmu
HaByaHHs 3 yunTenem (Supervised Learning) i hopmanisyetbcs sk 3agaya perpecii
[6]. Cepen ocHOBHMX rpyn mMeTodiB Ansi i po3B’i3aHHsI PO3MMSIHYTO MiHINHY
perpecito (LIBUAKY Ta MOBHICTIO iHTEpNpeToBaHy, ane obmexeHy B onuci
HeniHinHoCTel), aHcambreBi MeEToAM Ha OCHOBI AepeB pilleHb - BUNAAKOBWIA FiC i
rpagieHTHUI ByCTUHT (CTilKi 4O aHOManiii, 30aTHI BNOBMIOBATW HENiHilHI
3anexHocTi Ta 36epiraT MOXNMBICTb aHanidy BaXIMBOCTI 03HAK), @ TAKOX LUTYYHi
HEMPOHHI MepeXxi (MOTY>KHi, ane MeHL NPo30pi Ta CXWMbHI A0 NepeHaBYaHHsA Ha
manux Bubipkax). 3 ornagy Ha notpeby NoegHaT BUCOKY TOYHICTb i3 MPO30pICTHO
OLiHKM, Y po6OoTi 3pobreHo akUeHT Ha perpeciiHix Ta aHcambneBnx Mogensix, siki
[eTanbHO PO3rNSHYTO y ApYromMy po3Aini.

1.5 MocTaHoBKa 3apgavi

Ha ocHoBi npoBefeHoro aHanisy npeamMeTHoi obnacrti, cuctematusawii
MOHSATINHOrO anapaTty aBTOMOBINbHOI ranysi Ta ornagy iCHy4Mx MeToais
MaLLWHHOTO HaB4YaHHsI CCHOPMYNbOBAHO NOCTAHOBKY 3aJayi AOCNIAKEHHS.

MeToto po6oTn € po3pobreHHs iHpopMaLinHOT CUCTEMU, sika HA OCHOBI TEXHIYHMX
Ta ekcnnyaTauiiHux xapakTepuctu
PVHKOBY BapTICTb i3 BUKOPUCTaHHAN

BTOMOGINS NPOrHO3ye MOro OPiEHTOBHY

ELMH. Apk. No gokym. MNignuc Aata
Apk.
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TOAIB MaLLUMHHOMO HaB4aHHS. 3 dhopMarnbHOT TOUKM _30pYy.3aAada HanexuTb [0 Kracy 3agad

perpecii B mexax



napagurMm HaB4aHHs 3 yuyutenem (Supervised Learning): 3a BEKTOpOM BXigHUX
03Hak aBToMobins HeobxigHO nepenbdayunTy HenepepBHE YUCNOBE 3HAYEHHS — LIiHY.
BxigH“MuK AaHumun ansi cuctemm € Habip xapakTepucTuk aBToMobins, wo
cknafjaeTbes 3 AecaTy o3Hak: Mapka (Brand), mogenb (Model), pik Bunycky (Year),
o6'em gsuryHa (Engine_Size), Tun nanusa (Fuel_Type), Tvn kopobku nepegay
(Transmission), npo6ir (Mileage), kinbkicTe ABepelt (Doors), KinbkicTe nonepeaHix
BrnacHukiB (Owner_Count) Ta uiHa (Price), sika BUCTynae LinboBO 3MiHHOM. Ak
HaBYanbHWUIA MaTepian BUkopucTaHo Habip aaHux obesrom 10 000 3anwcis, Wo
MICTUTb SIK YACIOBI, TaK i KaTeropianbHi O3HaKu.

[ns gocsirHeHHs nocTaBrieHoi METU HEOOXIAHO PO3B'A3aTU Taki 3aBAaHHS:

- NpOBECTM po3BigyBanbHWUi aHanis gaHux (EDA): gocnigntun posnoginu

03HaK, BUSBUTMW 3aNeXHOCTI MiX XapakTepucTnkamm aBTomobins ta noro

LiHoto, nobyayBaTu KopensLiinHy MaTpuLo Ta NpoaHanisyBaTy HasiBHICTb

BMKMAIB | NPONYLLEHNX 3HaYeHb;

— BMKOHaTW nonepeaHio 06pobKy AaHuX: KoAyBaHHSI KaTeropiaribHUX 03HaK
meTogom One—Hot Encoding, rpynyBaHHs HenepepBHUX 03HaK (06'emy

ABWryHa, npobiry Ta poky BUMycKy) y BiAMOBigHI Aiana3oHu, a Takox
MacLuTabyBaHHs YMCMOBUX O3HaK 3a fonomoroto RobustScaler, crilikoro fo
BNAMBY BUKWAIB;

- nobyayBaTy Ta NOPIBHATN HU3KY pPerpecinHux Moaenen MallumHHOro

HaBYaHHA — NiHiHY perpecito, perpecito 3 perynspusadieto (Ridge, Lasso,
ElasticNet), meTon k— Hanbnwxymx cycigis, AepeBo pilleHb, BUNaAKoBMiA Nic,
rpagieHTHUI BYCTUHN, a Takox cydacHi 6ibniotekn BycTuHry XGBoost,

LightGBM Ta CatBoost;

- 3AiINCHUTK ONTMMI3aLito rinepnapameTpis Modenew i3 3acToCyBaHHAM

meToay notuyky no citui (GridSearchCV) Ta kpoc—Banigauii;

— OLiHWNTYM SIKICTb MPOTrHO3YyBaHHS 3a METPUKaMKN cepeaHboi abConmtoTHOI

noxnbku (MAE), cepeiHbokBaapaTuyHOi noxmbkm (MSE), kopeHst i3
cepeaHbokBagpatuyHoi noxnbkn (RMSE) Ta koediuieHTa aeTepmiHauii (R2),

Ha nigcTasi Yoro o6paTi Moaenb 3 HalKpaLLMMK NoKasHUKaMu;

E}BMH. Apk. No gokym. Mignuc Oata
ApK.
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— peanidyBaTu NPOrpamMHuin 3aCTOCYHOK i3 rpaddivyHNM iHTepencoMm Ha OCHOBI
6ibniotekn Streamlit, skuit fO3BONSIE KOPUCTYBaYeBi BBOAUTM

XapaKTepyCTVKM aBToMOBins Ta oTpMMyBaTH NMPOrHO3 MOro BapToCTi B
iHTEpPaKTUBHOMY PEXUMI.

KpuTepieM ycnillHOCTi po3B'A3aHHs 3afadi € JOCSATHEHHS BUCOKOT

TOYHOCTI MPOrHO3y, WO NiATBEPAXYETLCS 3HAYEHHAM KoedilieHTa AeTepMiHaLii
R2, 6nnsbkumM 0o oavHULi, Ta MiHiManbHUMK 3HaYeHHAMKU noxubok MAE i1 RMSE
Ha TecToBil BUBIpL;.

PesynbTaTtoM BUKOHAHHSA NMOCTaBeHWX 3aBAaHb Mae cTaTi npauesgatHa
iHbopmaLliiHa cuctema, 3aaTHa 06'eKTMBHO OLiHIOBATY PUHKOBY BapTiCTb
aBTOMODiNs Ha OCHOBI Oro XapakTePUCTUK, L0 [AO3BOMSE MiHIMi3yBaT BMVB
cy6'eKTUBHOrO NOACHKOro (hakTopa Ta CKOPOTUTU Yac Ha OLiHIOBaHHS.

E]BMH. Apk. No gokym. Mignuc Oata
Apk.
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2 METOOM TA METPUKM NMPOrHO3YBAHHA BAPTOCTI
ABTOMOBGIIB

2.1 Ornsp anroputmis perpecii

Sk Byno nokasaHo y NepLIoMy pPo3Aini, BU3HAYEHHS PUHKOBOT BapTOCTi
aBTOMODGINs dhopmanisyeTbes sk 3agadya perpecii — BiAHOBINEHHSI HenepepBHOT
3anexHoCTi LinboBoi 3MiHHOT (LiHW) Big Habopy BXiAHWX o3HaK. KoxxeH aBToMOGinb
Habopy AaHKX ONUCYETbLCSt BEKTOPOM O3HaK, L0 MOEAHYE YMCIOBI XapaKTepUCTUKM
(pik BUNYCKY, 06’'eM ABWUryHa, Npobir) Ta kaTeropianbHi (Mapka, Mogenb, TN
nanuea, TMn Kopobkn nepeaau, KinbkicTb ABEPEN, KinbKiCTb nonepeaHix
BracHukiB). LlinboBoto 3miHHOIO € UiHa, BupaxeHa y gonapax CLUA.

dopmManbHO 3aBAaHHA 3BOAUTLCSA A0 NOLLYKY YHKLIT, ika 32 BEKTOPOM



03HaK KOHKPETHOro aBTOMOGINS NOBEPTaE NPOrHO30BaHy LiHY, MiHIMi3ytouu
PO36KHICTb MiXk MPOrHO30M i pearnbHUM 3HAa4YEeHHSIM Ha HaBYanbHi BUGIpLL.
HarnnpocrTiwoto Takoto yHKUiE € NiHiiHa perpeciiHa Mogernb, 3aranbHuii BUrMsg
AKoT nogaHo dopmynoto (2.1):

Y = w0 + ¥ (wixi
n

i=1
+ €,

(2.1)

ne Y - nporHo3oBaHa LiHa aBToMobins;

X1 ... XN - 3HAYEHHSA BXiOHMX O3HaK;

w0 - BifIbHNI YneH (3MiLLEHHS);

w1 ... @ - BaroBi koediLlieHTy, L0 BU3HAYat0Tb BHECOK KOXHOT 03HaKM;

€ - BUNagKkoBa noxunbka, sika BpaxoBye BNIVB HEBPAXOBaHMX YMHHUKIB

NiHinHa moaenb € 3py4HnM 6a30BK1M OPIEHTUPOM 3aBAsIKM CBOI MPO30POCTi,
NpOoTe 3anexHicTb LjiHW Bif, O3HaK Ha BTOPUHHOMY PUHKY He 3aBXxau NiHinHa. Tomy
nopsiA i3 NiHiiHMMKM MeTogamu B pobOTi 3acToCOBaHO aHcaMbreBi Mofeni Ha OCHOBI
[epeB pilleHb, 30aTHi aBTOMATUYHO BIOBIIOBATY HENIHIMHI 3B’A3KN Ta B3aeMOgIi
03HaK. 3aBAaHHs 0BYNCIIOBaNbHOMO EKCNEPUMEHTY NONSArae He NULLE B HAaBYaHHI

E]KMH. Apk. No gokym. Mignuc Aata
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okpemoi MoZeni, a 'y NOPIBHSAHHI KiNbKOX NPUHLUMNOBO Pi3HUX MiAxoais, Wwob
obpaTu ToW, SIKMIN Aae HAWTOMHILLWIA NPOrHO3 Ha He3anexHil TecToBil BUOBIpLi.

2.2 Ornsig 3acTocoBaHMX METOAIB MaLLMHHOIMO HaBYaHHS

[ns BcebivYHOro NopiBHAHHA peani3oBaHO 0AVHAALATL perpecinHnx

anroputmiB, SiKi YMOBHO MOAINATLCA Ha TPU rpynu: NiHiNHI Mogeni, METPUYHI Ta
nepeBonofibHi MeToau, a Takox aHcambni rpagieHTHoro 6ycTuHry. Takuii Habip
OXOMJE BECH CMEKTP NOLIMPEHUX MiAXOAIB — Big HAMMNPOCTILLMX i NIerko
iHTepnpeToBaHNX A0 CKNagHWX aHcambnesmx, Lo TPaAWLiNHO AEMOHCTPYOTL
HalBWLLY TOYHICTb Ha TABNUYHUX JaHUX. YCi KNacuyHi anropuTMu B3[TO 3
6ibnioteku scikit— learn [7], a cydacHi meToam BycTuHry — 3i cneuianizoBaHux
6ibniotek XGBoost, LightGBM i CatBoost.

2.2.1 Nininni mogeni. NininHa perpecis (Linear Regression, LR) BigHoBMt0E
NpsAMY 3anexHiCTb LiHM Bif, 03HaK LUNSXOM MiHiMi3awii Cymu KBagpaTiB BiAXUNeHb.
Ii ronoBHa nepeeara — NoBHa iHTEPNPETOBAHICTb: KOXeH KoediLieHT NpsiMo
nokasye, sik 3MmiHa Bi4noBiAHOI 0O3HAKWN BNMMBA€E Ha NPOrHO30BaHy UiHy. BogHouac
NiHiHa Mmoadenb Mae obMexeHy 34aTHICTb ONUCyBaTU CKNaaHi HeNiHiNHI npouecy,
XapaKTepHi A5t peanbHOro aBTOPUHKY.

LL{o6 3MeHLIMTN pUsnK NnepeHaB4yaHHs 3a HasIBHOCTi KOPenbOBaHUX 03HaK,
3aCTOCOBYHOTb perynsipusoBaHi Bepcii niHiiHoi Mmoaeni. MpebeHesa perpecis
(Ridge) nonoBHioe 6a3oBy moaenb L2—perynsipusadieto, sika wrpadye Benmki
3Ha4YeHHs koedilieHTiB. Perpecia Lasso BukopuctoBye L1-perynspusadiio, Lo
3paTHa 06HYNATU KoediLieHT HaMEHLL 3HAYYyLLMX O3HAK | PaKTUHHO BUKOHYE iX
aBTOMaTU4HMiA Biabip. MeTtoa enactuuHoi citTku (ElasticNet) noegHye obuasa tvnu
perynsipusadii, Kepytouu ix CriBBiAHOLLEHHAM Yepe3 OKpeMuii napameTp.
Peanizauii Bcix 4oTMpbox Mogenen Hagae bibnioteka scikit— learn [7].

@MH. Apk. No gokym. Mignuc Oata
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PucyHok 2.1 — FeomeTpuyHa iHTepnpeTaLis niHinHoT perpecii

eomeTpuryHo poboTa niHiiHOI perpecii nonsrae y NpoBeAeHH Yepes xmapy
TOYOK NPSIMOI (a Y BUNazKy KiflbkOX O3HaK rinepnnoLLyHu), sika HavKkpalle onvcye
3anexHicTb LinboBoi 3MiHHOI Big npeaukTopis [17]. MeToa ouiHtoe koediuieHTn
NiHIWHOrO PiBHAHHSA Tak, W06 MiHIMI3yBaT po3BiKHOCTI MiDK NPOrHO30BaHMMM Ta
haKTUYHUMK 3HAYEeHHAMM, TOBTO Byaye NiHilo HaKPaLLOro HAbNVBKEHHs 3a



KpuTepiem HaiMeHLWwux kBagpaTtis. Came 3aBAsKu NPOCTOTI Ta MPO30POCTi Takol
mogeni KoxeH i koedilieHT Mae 3po3yminy iHTepnpeTadito, Lo pobuTb NiHiiHy
perpecito 3py4Hot0 BiANPaBHOK TOYKO AJ1si MPOrHO3yBaHHS LiiHWM aBTOMOGIns.
2.2.2 MeTtpuyHi Ta fepeBonogibHi metoam. Metoa k Hanbnwkymx cyciais

(KNN) nporHosye LiHy aBToMO6iNns sik ycepegHeHe 3Ha4YeHHst LiiH HaibinbLu
CXOXWX Ha HbOro 06’eKTiB HaB4anbHOI BUGIpKW. BiH NpOCTMiA KOHLENTYyanbHo,
npoTe YyTNMBMIA A0 MacLuTaby 03HaK Ta iX KiflbKOCTi, Lo 0O6MeXye Moro TOUHICTb
Ha 6araToBUMIpHMX AaHWX.

[epeB.o piweHb (CART) Byaye iepapxito noriyHmMx npasur, NocnifgoBHO
po36uBatoumn BUGIpKY 3a 3HaYEHHSIMU 03HaK. BoHo fo6pe BnoBnoe HeniHiiHOCTI,
ane okpeme OepeBo CxXurbHe 10 nepeHaByaHHs. Lielt Hegonik ycyBae BUnaakoBuii
nic (Random Forest, RF) — aHcambnesuin meTog, 3anpornoHoBaHuii J1. bpenmaHom
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[8], siknit noegHye NporHo3n GaraTtbox AepeB, HABYEHUX Ha Pi3HWX BUNAAKOBUX
niaBubipkax AaHnx Ta o3Hak. YcepeaHeHHs pesynsTaTiB OKpeMux AepeB MiaBuLLYE
CTiIKICTb MOZeNi 4O aHOMani | 3HVKYE AUCMEepCito NPOrHo3y. Y3aranbHeHy cxemy
po6oTV B1NAAKOBOrO MiCy NOAaHO Ha PUCYHKY 2.2.

PucyHok 2.2 — 3aranbHa CTpykTypa AepeBa pilleHb

[epeBo pilleHb Mae iepapxiyHy CTPYKTYpY: NMOYMHAKYM 3 KOPEHEBOTO By3na,

[AaHi NocnifoBHO Po3bMBalOTLCH Y BHYTPILLHIX By3nax 3a 3Ha4eHHAMM 03HaK, ax
NOKN He JOCAralTbCA NUCTS, WO MICTATb NiACYMKOBUIA NPOrHo3. Ha KoxxHOMY

KpoLi 03Haka Ansa po3butTs obupaeTbes Tak, Wob MakcuMarnbHO 3MEHLINTN
HeoAHOpIAHICTb NiABMGIPOK; AN 3afad perpecii sk Mipy HeogHOPIAHOCTI
BMKOPUCTOBYIOTb AMCNepCito LinboBoi 3MiHHOI [18]. MepeBaroto aepeBa € 3aaTHICTb
BMOBIOBATU HEMIiHINHI 3anexHocTi 6e3 MaclTabyBaHHsI 03HaK, NPOTe OKkpemMe
rmnboke AepeBo CXWUMbHE A0 NepeHaB4aHHs, Lo 1 MOTUBYE nepexia Ao
aHcaMbneBux MeTopiB.
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PucyHok 2.3 — Cxema poboTu anropuTmy BUMaAKOBOrO flicy

Ha nepwomy etani oopmyeTbcs Habip AepeB Ha OCHOBI BUNAAKOBUX

NIAMHOXWH HaBYanbHWX AaHWX, Ha OPYroMYy — KOXHe AepeBo Aae BnacHWUM
NpPOrHo3, a NiACYMKOBUWI pe3ynsTaT perpecii 064UMCIIOETLCA K YCepeaHEeHHSs LinX
nporHosie. Taka apxiTekTypa NoeaHye rHy4kicTb OKpeMoro Aepesa 3i CTIlKICTIO
aHcambnio [19]. LLle BULLY TOYHICTb Ha TabnMYHKX AaHWX 3a3BuYan 3abesnedyoTb
METOAM rpafieHTHOro BYCTUHY, PO3rnsHYTI Aani.

2.2.3 Metoau rpagieHTHoro 6ycTtuHry. Okpemy rpyny cknagatwTb

aHcambni rpagieHTHOro BYCTUHTY, y SKUX AepeBa 40AaA0TLCS MOCMILOBHO, | KOXHE
HacTynHe AepeBo BUMPAaBISiE MOMUIIKM NMONEPESHIX, PyXatounch y Hanpsimky
aHTurpagieHTa dyHkuii BTpat [16]. Y poboTi 3acTocoBaHO YoTupKW peanisauii
LbOro MigxoAy: KNnacu4Hui rpagieHTHuin 6yctunr (GBM) 3 6ibniotekm scikit—

learn [7] Ta Tpu cyyacHi cneujianioBaHi 6ibniotekn. XGBoost BUpi3HsaeTbCA
MacLUTaboBaHICTIO i1 perynspusalieto, Lo KOHTPOSE cknaaHicTe mogeni [9].
LightGBM npuckoptoe HaB4aHHsi 3@ paxyHOK ricTOrpaMHOro MoLLyKy

po36buTTiB Ta BUpOLLYBaHHs AepeB 3a nuctkamu [10]. CatBoost 3acTocoBye
BMopsAKOBaHUA BYCTUHT | BMAcHWI MexaHi3aM 06pobku kaTeropianbHUX 03Hak, Lo
3HWXYE 3MiLLeHHs nporHody [11]. Monpw BigMiIHHOCTI B peanisalii, Ui metoan
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o6’eHaHi CninbHOLO ife€eto NOCTYNOBOrO 3MEHLLEHHSI MOXUOKK, | came BOHW, K
3acCBiQYMB €KCNIEPUMEHT, lanu HavKpalLli pesynstaTu.



Mepexia Big onncy mMeToziB A0 iX KiNbKiCHOrO NOPIBHAHHS NOTPedye HiTKMX
KpUTEPIiB AKOCTI, SIKi PO3rMAHYTO B HACTYMHOMY NiApPO3Aini.

2.3 Bubip apxiTekTtypu goaatky

[Ins 06’eKTUBHOIO NOPIBHAHHSA MOAENEN 3aCTOCOBAHO YOTUPW CTaHAapTHi

METPUKM perpecii, peanisosaHi B Moayni metrics 6iGniotekm scikit— learn [7]. Tx
cninbHe BUKOPUCTaHHA [03BOISE OLIHUTU TOYHICTb NPOrHO3Y 3 Pi3HNX BOKIB: sk
CepeSiHIo BENUYMHY NMOMUIKK, SIK YyTNMBICTb [0 BENUKMX BIAXUMNEHD i SK YacTKy
nosicHeHoI Aucnepcii.

CepenHsi abcontotHa noxubka (MAE) o6umcnioeTbest ik cepeHe

apudmeTnyHe abComnTHNUX BiAXUNEHb NPOrHO3y Bif peanbHOro 3HavyeHHsi. BoHa
BMPAXaETbCA B TUX CAMUX OAMHULAX, LLO 1 LiHa, i NTerko iHTEprpeTyeThCA: NOKa3ye,
Ha CKinbku gonapis y cepefHboMy nomunsieTbecst Mmogensb. MNepesaroto MAE €
CTIMKICTb 1O OKPEMUX aHOMaSIbHMX 3HaYeHb.

MAE =

1

m

Slyj - il
m

=1

(2.2)

e m - KinbkicTb 06’ekTiB BUGIpKY;

yj - peanbHa LiHa j-ro aBTomobins, USD;

@j - MporHo3oBaHa LiHa j-ro asTomobins, USD.

CepepnHbokBagpaTyHa noxmbka (MSE) ycepenHioe kBaapaTtu BigXuneHs i
TOMY CUnbHilLe WTpadye Benuki nomunku (dopmyna 2.3).

MSE =
Tmm
>i=1
(vi - )

2

(2.3)
[e m - kinbkicTb 06’ekTiB BUGIpKY;
yj - peanbHa ujiHa j-ro aBTomobins, USD;
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@ - NporHo3oBaHa LjiHa j-ro aBTomobins, USD.

KopiHb i3 cepeaHbokBagpaTnyHoi noxmdkm (RMSE) nosepTtae meTpuky Ao
OAMHMLUb LiHW 1 YaCcTO BUKOPUCTOBYETBHCSA SIK OCHOBHUIA NMOKa3HWK Npy onTuMisauii
(cbopmyna 2.4).

RMSE =V
1

m

¥ (vi - )
2

j=1

(2.4)

[ie m — KinbKicTb 06’ekTiB BUBIpKY;

yj — peanbHa uiHa j-ro aBTomobins, USD;

@j — nporHo3oBaHa LjiHa j-ro aBTomobing, USD.

KoediuieHT getepmiHauii (R2) nokasye, siky YacTky po3kuay LiH Moaenb

nosicHioe (chopmyna 2.5). Moro 3HaueHHs NexuTb y Mexax Bifl Hynst A0 OAVHNLL:
4nMm Bnvikye OO OAMHULI, TUM TOYHIWa Mogdenb. Came 3a Ljieto METPUKOK y poBOoTi



obupaeTbCs Haiikpalla Mogerb, OCKINbKM BOHa Aa€ y3aranbHeHy OLHKY SKOCTi
HesanexHo Bif macLuTaby LjiH.

R2=1-
¥ (vi - )
2m
=
Y-
2m
j=1

(2.5)

e yi — peanbHa UiHa i — ro aBTomobins;
@— NporHo3oBaHa LiHa;

@ — cepefHs uiHa no Bubipui;

N — KinbKiCTb 06'eKTIB BUBIPKN.

2.4 I'IpKT@B@HHﬂ iHTepdeiicy kopucTyBaya Ta HanaluTyBaHHs!
rinepnapameTpis

CnepLuy BUKOHYETBCSH PO3MEXYBaHHS O3HAK Ha YMCIOBI Ta KaTeropianbHi 3a
nornomoroto doyHKLii grab_col_names, sika aBTOMaTU4HO BU3HAYa€E TUM KOXKHOI
KOMOHKWN Ha OCHOBI TUMY AaHWX Ta KiNlbKOCTi YHiKanbHUX 3HaYeHb.
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Ha eTani KOHCTpYylOBaHHSI 03HaK TPW YNCOBI XapaKTepPUCTUKM po3brTo Ha
iHTepBanbHi rpynu metogom pd.cut: 06’em aBuryHa — Ha kateropii Small, Medium
i Large; npo6ir - Ha Low, Medium i High; pik Bunycky - Ha nepiogm 2000s, 2010s

i 2020s. Take rpynyBaHHa gogae Mofeni y3aranbHeHy iHpopmauito npo knac
aBTOMODGINS nopsiA i3 TOYHHUMM YNCTOBUMU 3HAYEHHAMMU.

KateropianbHi o3Haku kogytoTbes metogom One-Hot Encoding i3

napametpom drop_first=True. Lieit napameTp Bigkvaae no ogHii 6a3oBin karteropii
B KOXHIl1 03HaLli, LLIO [O3BONSAE YHUKHYTW MYNBTUKONIHEAPHOCTI (Tak 3BaHOI NacTku
hIKTUBHMX 3MiHHUX). Ba3oBMMKM (ONyLLEHMI) KaTeropisimy BUCTYNakoTb: ANS TUMY
nanuea - Diesel, 4ns kinbkocTi BNacHukiB - 1, Ans mapku - Audi, Ans kopobku
nepepady - Automatic, ans kinbkocTi ABepen - 2, a Ansa rpyn o6’emy, npobiry Ta poky
- BignosigHo Small, Low i 2000s. Micns kogyBaHHA Habip 03HaK PO3LIMPHETLCA 10
59 KOMOHOK.

3aBepLuanbHUM KpokoM nepenobpobku € maclutabyBaHHs. Yncrosi o3Haku
MatoTb CyTTEBO Pi3Hi Aiana3oHu (pik BUMYCKY BUMIPIOETLCS TUCSYamu, Npobir -
COTHSIMM TUCSY), TOMY [10 TPbOX 03HaK — POKY, 06’eMy ABUryHa Ta npooiry -
3actocoBaHo RobustScaler 3 6ibnioteku scikit-learn [7]. Ha BiamiHy Big
cTaHgapTHOro macltabyBaHHs, BiH CMMPAETLCS HA MediaHy Ta MibKKBapTUIbHUI
po3max i ToMy CTikui Ao Buknaie. KateropianbHi o3Haku nicns One-Hot
KoQyBaHHS BXe nofaHi HynsMu Ta OAMHULAMM 1 MacluTabyBaHHS He NoTpebytoTh.
Micns 6a3oBoro NOPiBHAHHA MOAENEN 3 NapaMeTpamy 3a 3aMOBYYBaHHAM
npoBeeHO HanalTyBaHHS rinepnapaMeTpiB METOAOM MOBHOrO nepebopy 3a
citkoto GridSearchCV i3 n’aTupa3oBoto nepexpecHoto nepesipkoto [7]. Ansa
KOXHOI MoAeni 3aaHo BnacHy CiTKy 3HadYeHb: Ans rpebeHeBol Ta Lasso-perpecii
nepebupanucs 3Ha4yeHHst koedilieHTa perynapusadii, Ans metogy k cycigis -
KiNbKICTb CyCiaiB, Ans aepesonofibHunx i BycTuHroBrx mogene - rmmbuHa nepes,
KinbKiCTb AepeB Ta Temn HaB4aHHS. [epexpecHa nepesipka po3brBae HaB4YanbHy
BMBIPKY Ha M'ATb YaCTUH i MO Yep3i BUKOPUCTOBYE KOXHY 3 HUX A1 KOHTPONIO, WO
[ae HafiHiLLy OLiHKY SIKOCTI, Hixk ogHopa3oBe po3buTTs. Halkpalya moaens
obupaeTbes 3a koedilieHTom aeTepmiHauii R2 Ha TecToBil BUGIpL.
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OnucaHi y UboMy po3gini MeToau, MeTPMKU Ta npoLeaypy nepenobpobku



NOBHICTIO peanizoBaHo nporpamHo. KoHkpeTHi 3acobu peanisadii, pesynsratu
ob4ymcnoBanbHOro eKCnepuMeHTy Ta po3pobrneHuii 3acTOCYHOK PO3rMsSHYTO B
HacCTynHoOMy po3Aini.
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3 NMPOIPAMHA PEANI3ALIA IHGOPMALLIMHOI CUCTEMM
3.1 3acobu nporpamHoi peanisauii

Bun6ip MOBM nporpamyBaHHs € BaXNvBUM Ans ycnixy 6yab—sKoro npoexTy,
OCKinbky 6e3nocepeaHbO BNVMBAE Ha LWBMAKICTb PO3pobKK, JOCTYNHICTb GibnioTek
i noganbLUy NiATPMMYBaHICTb NpoaykTy. CucteMy peanisoBaHo MoBoto Python —
BMCOKOPIBHEBO iHTEPMNPETOBAHO MOBO 3 aBTOMATUYHUM YNpaBniHHAM
nam’saTTio, fika € (PaKTUYHUM CTaHAAPTOM Y ranysi Hayku Npo AaHi 3aBaskv
PO3BUHEHIN ekocucTemi GibnioTek.

O6pobKy Ta aHani3 AaHnx BukoHaHo 3acobamu pandas [12] i NumPy [13],
nobynoy rpadikis — 3a gonomoroto matplotlib [14] i seaborn [15]. KnacuyHi
anropuTMy MalLMHHOTO HABYaHHS! Ta IHCTPYMEHTY OLiHIOBaHHS B3ATO 3 6ibnioTeku
scikit-learn [7], a cyyacHi meTtoau rpagieHTHOro 6ycTuHry — 3 6ibniotek XGBoost
[9], LightGBM [10] i CatBoost [11]. Po3po6ky Ta npoBeAeHHs1 064ncnoBanbHOro
ekcrnepumeHTy 3aincHeHo B cepepouLi Jupyter Notebook, sike noeaHye ko, roro
pe3ynsTaTi Ta NOSICHIBANbHWUIA TEKCT B OAHOMY [IOKYMEHTI. IHTepakTuBHUI
BebiHTepderic Ans KiHLEeBOro kopuctysada nobynosaHo Ha dperimBopky Streamlit,
L0 AA€ 3MOTY LUBWAKO NEPETBOPUTU MOAENb MALLMHHOIO HaBYaHHS Ha
NOBHOLIIHHWI Be63acToCyHOK 6e3 HanmcaHHsA cepBepHOro koay. HaB4eHa mopenb
Ta fonoMixHi 06’ekTn 36epiratoTbes y popmarti pickle.
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PucyHok 3.1 — Cnncok 6ibniotek

Matouun BU3HaYeHW Habip iHCTPYMEHTIB, Nepeinaemo A0 XapaKTepUcTukm
[aHunX, Ha SKUX HaByanacs cuctema.

3.2. Onuc Habopy faHux

IHdbopMaUiiHUM hyHAAMEHTOM Arsi TPOEKTYBaHHS Ta HABYaHHSA

NpeavKTMBHOIO siapa cuctemu € Biakputuii Habip aaHux «Car Prices Prediction
Data», ony6nikoBaHuii Ha nnatdopmi Kaggle [20]. Habip nowmpioeTbes y dopmari
CSV i npusHayeHuii came ons 3afay perpecii Ta HaB4aHHs NpeavKTUBHUX Mogenei
LiiHoyTBOpPEeHHS. 3aranbHuii obear chopmoBaHoi BUGipkM cTaHoBUTL piBHO 10 000
3anuciB NpPo Npono3uLii Ha aBToMOBINbHOMY pUHKY. CTPYKTYpHa PO3MIpHICTb
no4aTkoBoOi MaTpuui cknagaetbes 3 10 03Hak, 3 AKMX 9 BUCTYNAOTb K He3anexHi
3MiHHI (BXigHi NnpeaukTopw), a 1 - Ak LinboBa 3anexHa BenuymHa (LiHa).

3a 0MOMOro po3pobneHnx aBTOMaTn3oBaHNX anropuTMiB ekcrpec—
[iarHOCTUKN CTPYKTYP A@HUX Ha NoYaTKOBOMY eTani 6yno BUKOHAHO CKaHyBaHHS
mMacuBy 3 MeTOl BepudikaLii TMniB AaHWX, BUBHAYEHHSI MOBHOTW 3aMOBHEHHS Ta
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NePBMHHOIO KBaHTWUMBLHOrO aHaniady. PesynsraTtu TectyBaHHs nigTeepannu 100%
3arMoBHEHICTb HABOPY AaHUX: Y XOAHI 3 KONOHOK He BUSIBNEHO NPOMYLLEHNX
3HayveHb abo aedekTiB CTpykTypu. MefiaHHe 3Ha4YeHHst LinboBoi 3MiHHOT
3adhikcoBaHo Ha piBHI 9322 yMOBHUX OAMHULIL, @ MeAiaHHWIA Npobir ctaHoBUTb 152
341 km, LWo Bigobpaxae peanicCTUYHWIN cTaH 06'eKTiB HA BTOPUHHOMY PUHKY.

[Ins 3abe3neyeHHst MOXNMBOCTI MaTeMaTUYHOrO MOAENIOBAHHS BCi O3HAKK

6yno knacudikoBaHo 3a TMnamMm 3MiHHUX. MOBHUIA CUCTEMHUIA OMUC KOXHOT



03HaKW, ii CUCTEMHUIA TUN Y CepeaoBULLI PO3POOKY Ta rpaHNYHi Mexi 3HaYeHb
HaBeneHo B Tabnuui 3.1.

Tabnuus 3.1 — IHKeHepHO—TexHiYHa cneundikaLis o3Hak Habopy AaHMX
Hassa

O3HaKu

Kateropis

3MiHHOT

Onunc xapakTepucTuku Ta giana3oH

3Ha4eHb

Brand KateropiansHa Mapka aBTomo6ins (10 mapok)

Model KateropiansHa Mogenb (30 moaenein)

Year Yncnosa Pik Bunycky (2000-2023)

Engine_Size Yncnosa O6’em asuryHa, n (1.0-5.0)

Fuel_Type KateropiansHa Tun nanuea (Petrol, Diesel, Electric, Hybrid)
Transmission KateropiansHa Tun KIMM (Manual, Automatic, Semi—
Automatic)

Mileage Yncnosa Mpobir, km (25—-299 947)

Doors KateropiansHa KinbkicTe aBepeit (2-5)

Owner_Coun

t

KaTeropianbHa KinbkicTb nonepeaHix BnacHukis (1-5)

Price LlinboBa PuHkoBa ujiHa, USD (2000-18 301)

MepeBipka Habopy AaHWX nokasana Noro BUCOKY SKICTb: MPONyLLeHi

3HaYeHHs BIACYTHI MOBHICTIO, @ NepeBipKa Ha BUKMAN 3a MiXKKBAPTUNbHUM
METOLOM He BUSIBUIIA aHOMarbHMX 3Ha4YeHb Y YMCNOBKX O3Hakax. Lle fo3sonse
3BECTU eTan OYULLEHHS AaHUX A0 MiHIMyMY, 8 OCHOBHY yBary npuainuti aHanisy
3anexHoCTel Ta KOHCTPYIOBaHHIO O3HaK.
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PucyHok 3.2 — Pe3ynbratv aBToMaT3oBaHoOro ayamTy CTPYKTYpu Ta TUniB AaHuX

MpencTaBneHnin CUCTEMHUIA PO3MNOAIN AaHUX CBIAYMTb MPO BUCOKY
iHcbopmaLiiiHy 36anaHcoBaHicTb BUBGIPKM, LLO CTBOPIOE HaAilHI yMOBY Anst
nepexogy Ao eTany po3ssigysanbHoro aHanisy (EDA) Ta noganbLioro HaB4aHHS
MateMaTU4yHMUX Moadenen.

3.3 PosBigyBanbHuin aHania gaHux (EDA)

Mepen 6e3nocepeqHim HaBYaHHAM MoAenein MalMHHOTO HaBYaHHs Byno
npoBefeHo po3BiayBanbHUA aHania aaHux (Exploratory Data Analysis, EDA) —
KOMMMEKC NpoLieayp, CNPsSIMOBaHUX Ha BUBYEHHS CTPYKTYPU HABopy AaHuX,
CTaTUCTUYHMX XapaKTEPUCTUK O3HAK, BUSIBNIEHHS 3aKOHOMIPHOCTEW, aHOManiwn i
B3aEMO3B'A3KIB Mk 3MiHHUMUK. MeToto Lporo etany € hopMyBaHHS LiifiCHOro
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YSIBNEHHS NP0 NpUpoay AaHUX, Lo A03Bonse obrpyHToBaHO 06paT MeToau
nonepeaHboi 06pobku Ta NiABULLMTY SKICTb NOAANbLUOTO MPOrHO3yBaHHS.

3.3.1 Bu3aHayeHHs TuniB o3Hak. Ha nepLuomy Kpoui aHanisy BCi 03HaKu

Habopy AaHux Byno knacudikoBaHo 3a iXHbLOK NPUPOAOIO Ha KaTeropiasnbHi Ta
YMCNOBI, OCKINbKM i ABI rpynu NOTpedyoTb NPUHLIMMOBO Pi3HWUX MiAXOAIB A0
Bi3yanisauii Ta 06pobku. [insg aBTOMaTM30BaHOrO po3noiny po3pobrneHo dyHKLto
grab_col_names, sika BigHOCUTb O3HaKy [0 KaTeropiarnbHux abo YMCnoBKX Ha
OCHOBI Ti TUMY AAHUX Ta KifbKOCTi YHiKanbHMX 3Ha4eHb. YMCroBi 3MiHHI 3
HEBEMUKOH KiNbKIiCTIO YHiKanbHUX 3Ha4eHb (MEeHLLE 3a4aHoro nopory)
po3rnsAaanTbCa AK KaTeropianbHi 3a 3MiCTOM, TOAi K TEKCTOBI 3MiHHI 3 HAAMIPHO
BESVKOLO KiMbKIiCTIO YHiIKanbHUX 3HAYEHb BUAINSATLCS B OKpEMY rpyny sik Taki, Lo
MatoTb BUCOKY KapAMHanbHICTb.

Y pesynbrarti 3acTocyBaHHs (PyHKLii BCTAHOBMNEHO, LLO Habip AaHUX MICTUTb



KaTeropiasnbHi 03Haku (Mapka, MoAerb, TUM nanvea, kopobka nepegad, KinbkicTb
OBepen, KiNbKiCTb BMACHUKIB) Ta YUCMOBI 03HaKW (pik BUMYCKyY, 06'eM ABUryHa,
npobir, uiHa). Taka knacudikaLis ctana ocHOBO AN NOAAsnbLIOro
AndepeHLinoBaHoro aHaniay KoxHoi rpynu. Ha pucyHky 3.3 BkasytoTbes
pesynbTaTh aBTOMaTU30BaHoOi knacudikauii o3Hak Habopy AaHKX.

PucyHok 3.3 — Pe3ynbraTti aBTomMaT3oBaHoi knacudikauii o3Hak Habopy aaHux
3.3.2 AHani3 kaTteropianbHux o3Hak. [Ina AocnimkeHHs kaTeropianbHmX

03Hak po3pobrneHo dyHKLio cat_summary, sika Ans KOXXHOT 03HaKv BUBOAUTL
po3nodin 3Ha4yeHb 3a KaTeropisMu Ta iXHI0 YacTKy y BiAcoTKax Bif 3aranbHOro
obcsry Bubipku, a Takox Byaye ctoBnumkoBy giarpamy (countplot). Lle nossonsie

ELMH. Apk. No gokym. Mignuc Oata
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OLHMTM 36anaHCcoBaHICTb KaTeropii i BUSBUTU PiAKICHI 3HAYEHHS, LLO
TPannsTbCS NULIE B HE3HAYHIN YaCTUHI CNnoCcTEepeXeHb.

AHani3 nokasas, Lo kaTeropii 6inbLIOCTi 03HaK po3nogineHi BigHOCHO PiBHOMIPHO,
LLIO CBiAYMTb NPO AOCTATHIO Penpe3eHTaTUBHICTb BUGIPKM Ta BiACYTHICTb CyTTEBOTO
ancbanaHcy knacis. PesynsraTv aHanidy po3noginy kateropianbHuUX 03Hak
HaBeOeHO Ha PUCYHKY 3.4.

PucyHok 3.4 — YacToTHuiA po3nogin aBToMobinis 3a Mapkoto

Ha pucyHky 3.4 npeacTaBneHo CTOBMYMKOBY Aiarpamy, sika Bigobpaxae
YaCTOTHMI PO3NOAIN TPaHCMOPTHUX 3acobiB 3a Mapkoto BUpobHMKa (Brand) y
[ocnigkysaHoMmy Habopi gaHux. Ak BUAHO 3 Bidyanisauii, Bubipka e
penpe3eHTaTMBHOK Ta 36anaHCcoBaHO B PO3pi3i aBTOMOBINbHUX GpeHAiB: KOXHa 3
necatn npeactasneHux mapok (Kia, Chevrolet, Mercedes, Audi, Volkswagen,
Toyota, Honda, BMW, Hyundai, Ford) mictuTb npubnuaHo piBHY KinbkicTb
cnoctepexeHb (6nm3bko 1000 3anuciB Ha KOXHY kaTeropito). Takuii piBHOMIpHWUIA
PO3MOAIN CBiAYNTL NPO BiACYTHICTL AncbanaHcy knacis 3a uieto o3Hakoto. Lie €
BKpal CNpUSTIMBOIO YMOBOK ANSi NOAANbLIOrO HaBYaHHS MoAenei MalluuHHOro
HaBYaHHS, OCKiNnbkM 3anobirae 3millieHHto anroputmie (bias) y 6ik AoMiHyto4Oro
OpeHay Ta rapaHTye 06'eKTUBHICTb MPOrHO3yBaHHS AN BCiX Mapok aBToMobiniB.

E]KMH. Apk. No gokym. MNignuc Aata
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PucyHok 3.5 — YacToTHWIA po3nodin TpaHCnopTHMX 3acobiB 3a TMMOM nanvea

Ha pucyHky 3.5 HaBegeHo pesynstaTy aHanidy kateropianbHOi O3HaKM

Fuel_Type (Tvn nanvea), Lo € 0OHWM i3 KIN4YoBMX hakTopiB, SKi BNNMBaOTb Ha
hopmyBaHHS pUHKOBOI LiiHM aBToMOGiniB. MpadiyHa Bidyanisauis 4eMoHCTpye
po3nogin YacToT 3a YoTMpMa OCHOBHMMM KaTeropisimu: Diesel, Hybrid, Electric Ta
Petrol. Ak BugHO 3 giarpamu, knacu po3noaineHi Maxke piBHOMIpHO, LLO
NiATBEPAXYE LUMPOKE OXONIIEHHS Pi3HMX TUMIB ABUMYHIB y AOCHIIKYBaHil BUGIpL.
Taka 36anaHcoBaHiCTb AaHWX 3a TUMNOM ManuBa € BaXIMBOI AJ1s1 KOPEKTHOT po6oTun
Mopenen MalMHHOIO HaBYaHHS, OCKIfNIbKN [O3BOMSAE anropuTMam BUBYUTU
cneundiky LiIHOYTBOPEHHS ANs KOXHOro Knacy 6e3 nepesary (3milLeHHs) B 6ik
OfHOTO 3 HUX.

@MH. Apk. No gokym. Mignuc Oata
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PucyHok 3.6 — YacToTHWIA po3nodin TpaHCNopTHMX 3acobiB 3a TUMOM TpaHCMiCiT

Ha pucyHky 3.6 npeactasneHa CTOBMYMKOBA Aiarpama, Lo inocTpye

po3nogin TpaHCMopTHMUX 3acobiB y BUBIpLi 3a TNoM TpaHcmicii (Transmission). Ak
cBigvaTb pesynsraTy Bidyanidauii, Habip AaHWX 4EMOHCTPY€E BUCOKUIA CTYMiHb
36anaHcoBaHOCTI: YacTka aBTOMOGINIB, OCHALLEHNX MEXAHIYHOK, aBTOMATUYHOK



Ta HaniBaBTOMaTUYHO Kopobkamu nepefad, € NPakTUYHO iAEHTUYHOIO i
CTaHoBUTb NpubnuaHo 33,3% Ans KoxHOI kaTeropii. Taka piBHOMIPHICTb
po3nogifny 03Haku CBiAYUTb NPO 06’EKTUBHY NPEACTABMEHICTb YCiX TEXHIYHMX
KOHdpirypauivi Ha pyHKY, L0 AO3BOMSE YHUKHYTU 3MILLEHHSA NPOrHO3HMX
pesynbTaTiB nif Yac HaB4YaHHsI perpecinHMx Moaenen i 3abesneyye ixH BUCOKY
y3aranbHioBasnbHy 34aTHICTb.

3.3.3 AHani3 uMcnoBux o3Hak. [ns ymcnoBux o3Hak nobyaoBaHo yHKLi0
num_summary, ska BUBOAWUTL PO3LUNPEHY ONUCOBY CTAaTUCTUKY (MiHIMYM,
MaKkcMMyM, CEPEAHE, CTaHAAPTHE BiAXWUNEHHS Ta Habip kBaHTWUMIB BiA 5 % [0 99 %),
a TakoXx rictorpamy po3noginy 3 HaknageHo KPUBOKD LLiNMbHOCTI MIMOBIPHOCTI
(KDE). AHani3 kBaHTWMiB 40O3BOMSIE OLHUTU (DOPMY PO3MoAiny, CTYniHb oro
CYMETPUYHOCTI Ta HasIBHICTb NMOTEHUIMHNX BUKUAIB y KparHiX dianasoHax 3Ha4YeHb.

@MH. Apk. No gokym. MNignuc Aata
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3a pesynbratamy aHanisy BCTaHOBMEHO XxapakTep PO3noAiny Taknx o3Hak, sk
pik BUNycky, o6'em ABUryHa Ta npooir.

PucyHok 3.7 — Po3nogin kinbkocTi aBTOMOGiNiB 3a poKom BUMycKy

Poku Bunycky oxonntotoTe gianasoH Big 2000 go 2023 i po3noaineHi
BiJHOCHO piBHOMIpHO. HacTynHa o3Haka — 06’eM ABUryHa — nokasaHa Ha pUCYHKY
3.4; BOHa 30cepekeHa y MPOMiXKY Bif, OQHOTO A0 M'STU MiTPiB.

PucyHok 3.8 — Po3nogin aBTomob6inis 3a 06'emom aBuryHa

@MH. Apk. No gokym. MNignuc Aata
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Hanbinblwunii npakTUYHWIN iHTEPEC cTaHoBUTL Npo6ir, agxe BiH
6e3nocepeaHbO NOB’A3aHUIA 3i 3HOLLEHICTIO aBTOMODINS. Moro po3nogin HaBeaeHo
Ha pucyHKy 3.9.

PucyHok 3.9 — Posnopainy aBTomo6inis 3a npobirom

[Mpo6ir oxonntoe LWMpoKKI AianasoH — Bif, KiNbKOX AeCATKIB KinoMeTpis Ao

Maiike TPbOXCOT TUCSY, LLIO BiANOBiAae peanbHOMY PUHKY BXVBaHVX aBTOMOGINIB
Pi3HOrO CTyNeHs BUKOPUCTaHHs. 3po3yMiBLUM, SIK pO3MoinieHi OKpeMi 03HaKw,
nepenaemMo [0 rofloBHOrO NUTaHHS — Ik BOHW MOB’sI3aHi 3 LIiHO0.

3.3.4 3anexHicTb LjiHM Big kaTeropianbHux o3Hak. OCKinbku KiHLEBOK

MeTot pob0TK € NPOrHO3yBaHHs LiHM aBTOMOGINS, OKpeMy yBary npuaineHo
[OCHIAKEHHIO BNMBY KOXHOT O3HaKM Ha LiNboBy 3MiHHY. [N kaTteropianbHUX
03Hak 3a gonomoroto yHkuii target_summary_with_cat o6uncneHo cepegHe
3HaYeHHs LiHM B po3pi3i KOXXHOI KaTeropii Ta nobyaoBaHo BiANOBiAHI CTOBMNYMKOBI
fiarpamu.

Takui aHani3 JO3BOMNSE HAOYHO BU3HAYNUTK, SAKi KaTeropii NoB'A3aHi 3 BULLOK

abo HWx4Oo0 BapTicTio aBTOMODGINS. 30Kkpema, BUSIBNEHO NMOMITHY Pi3HULO B
cepeaHi LiHi Mk aBTOMOBINAMY 3 Pi3HXMMU TUNamu Nanvea, Todi sk Aesiki 03Haku
(Hanpuknag, KinbKicTb NonepeaHix BNACHWKIB) AEMOHCTPYIOTb MaXe o4HaKoBY

@MH. Apk. No gokym. Mignuc Aata
Apk.
39
KPB.ICT- 17.00.00.000 M3

cepefHIo LiHy B yCixX KaTeropisix, Lo BKa3ye Ha iXHili HE3HaYHWI BNAMB Ha
LiiHOYTBOPEHHS. 3anexHicTb cepeaiHboi LiHU Bif TNy nanvea nogaHo Ha pUCYHKY
3.10.

PucyHok 3.10 — CepepnHs UiHa aBTOMOGInNS 3anexHo Bifg Tuny nanvea

[iarpama BusiBNsie LikaBy 3aKOHOMIPHICTb: GEH31HOBI Ta An3enbHi aBToMobini



KOLUTYIOTb Y CEpeaHbOMY Maiixe ofHakoBo (npubnuaHo 8071 i 8117 nonapis
BiANoBigHO), ToAi SK ribpuaHi (6nmabko 9113 gonapis) i 0COOGNMBO eNEKTPUYHI
(6nusbko 10 032 gonapis) € NOMiTHO Aopoxkunmu. Lle Bignosigae puHKOBIN noriui
— enekTpomoBini Ta ribpyuan siK HoBILLA TEXHOMOTIA MaloThb BULLY BapTicTb. Ha
npoTmBary LibOMYy, 3aNeXHiCTb LiHW Bif KiNIbKOCTi MonepeaHix BNacHukKiB, nokasaHa
Ha pucyHky 3.11, BUrNsAae NPUHLMMNOBO iHaKLLe.

E]SMH. Apk. No gokym. Mignuc Oata
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PucyHok 3.11 — CepefiHs LiHa aBTOMOGINS 3anexHo Bif, KinbKOCTi BMacHUKIB

CepefHs LiHa Maiixe He 3MiHIOETbCS 3i 3pOCTaHHSAM KiNlbKOCTi BNACHUKIB: Ans
BCIX M'ATW rpyn BOHA KONMMBAETLCS Y By3bkOMY Kopuaopi 6nunsbko 8840-8870
nonapis. MNonpu TeopeTuyHi O4iKyBaHHSA (adxe icTopis BONOAIHHA TpaauLinHo
BBaXXaE€TbCHA BAKIMBUM YNHHUKOM LIHOYTBOPEHHS, LLIO BiA3Havanocs B nigpo3aini
1.2), y ubomy Habopi AaHuX KinbKiCTb BNacHWKiB Mae cnabkuii BNnvB Ha uiHy. Liewn
pesynbTaT CTAaHOBUTb CaMOCTIHWUIA @aHaNiTUMHUIA BUCHOBOK, SIKWIA Aani
NiATBEPAXYETLCA KOPENALINHUM aHani3oM Ta aHaniaoM BaXn1BOCTI O3HaK.
BogHoyac napameTp 36epexeHo y cknagi mogeni Ta B iHTepdeiici 3acTOCyHkY,
OCKiNbKM BiH € MPUPOOHOI0 XapaKkTepUCTUKO aBToMObiNs i Moxe HabyTn Barn Ha
iHLWKX, Binbl penpe3eHTaTMBHUX Habopax gaHuX.

3.3.6 KopensuiiHuii aHania. [ns KinbKiCHOrO OLiHIOBAHHSI CUMKU NiHINHNX
B3aEMO3B'A3KIB MiXX YMCNOBMMU 03HaKamy NobyaoBaHO KOpensLiiHy MaTpuLiio 3
BMKOpUCTaHHAM ¢pyHKUii high_correlated_cols2. ®yHkuis obuncnioe koedilieHTn
kopensauii MipcoHa Mix yciMa napaMu YNCnoBKX 3MiHHUX, (DOPMYE MaTPULID
abcontoTHMX 3HaveHb Ta Bidyaniaye ii y Burnagi tennosoi kaptu (heatmap).

@MH. Apk. No gokym. Mignuc Aata
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KopensuinHuii aHani3 BUKOHy€e ABi Baxknuei yHKUii. [Mo—nepLue, BiH

[103BOSISI€ BUSIBUTWN O3HAKW, LLIO MaloTb HANBINbLUUIA NiHIMHWIA 3B'A30K i3 LiNbOBO
3MiHHO, TOBTO € HaWbinbLL iIHPOPMATUBHUMM AM1St NIPOrHO3YBaHHS LiiHW.
Mo—apyre, BiH Aae 3Mory BUSBUTM SIBULLIE MYSIBTUKOMIHEAPHOCTi — HAsiBHICTb
CUIbHO KOperboBaHUX Mixk COBOI0 03HaK, L0 MOXe HeraTMBHO BMnnBaTh Ha
CTIMKICTb NiHIMHMX Moaenen. TennoBy KapTy Kopensuii HaBe4eHO Ha PUCYHKY
3.12. 3a pesynsratamu aHarnisy He BUSIBNEHO nap O3HaK i3 HaAMipHO BUCOKUM
KkoediLieHToM kopensuii, Skui nepeBuLLyBaB 61 BCTAaHOBMNEHWIA NOPIr, L0 CBIiAYUTL
npo BiACYTHICTb CYyTTEBOT MynbTMKONiIHEAPHOCTI B HAabopi AaHuX.

PucyHok 3.12 — Tennoa kapTa KOpensLin Y1CNoBMX O3HaK

AHani3 kopensuii i3 LiHow Aae YiTky iepapxito BnnuBy o3Hak. HancunbHiwmmn
[o[aTHWUIA 3B'A30K Mae pik BUMYycKy (koediuieHT kopensuii 6nuabko 0.663): HoBiLwi
aBTOMODinNi ovikyBaHO AopOoXxUi. [MPobir AeMOHCTPYE NOMITHWIA Bif'€EMHWIA 3B’130K
(6nm3bko —0.551) — ynm GinbLumnii Npobir, TUM HWxYa UiHa. O6’em gBuryHa
KOpentoe 3 LiHOK NoMipHO AofdaTHo (6rnmsbko 0.357). HaTtomicTb kinbkicTe ABepen
(6nunsbko 0.0005) i kinbkicTe BnacHukiB (6rnmabko 0.0027) npakTnyHO He
KOPEntoloTb i3 LiiHO, LLIO Y3roKy€eTbCS 3 BUCHOBKOM NonepeAHboro niapo3ainy
npo cnabkuii BNIuB icTopii BONOAiHHA B LboMy Habopi AaHuX.

@MH. Apk. No gokym. Mignuc Oata
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3.3.7 AHani3 po3noginy uinboBoi 3MiHHOT. OKpeMM BaXMBUM eTanom €
[0CnigKeHHst po3nogdiny LinboBoi 3MiHHOT — LiHK aBTomMo6ins. Ansi uboro
nobyaoBaHo ricTorpaMmy po3noginy 3HadeHb LjiHW. AHani3 nokasas, Lo po3nogin
LiHM € aCUMETPUYHMM i3 NPaBOCTOPOHHIM 3MileHHsM (right—skewed): BinbLuicTb
aBTOMODINiB 30cepeskeHo B HKHBOMY Ta cepedHbOoMY LiiHOBOMY AianasoHi, ToAi
51K aBTOMOGiNi BUCOKOI BApTOCTi TPANNATbLCA 3HAYHO PiALLe 1 yTBOPIOKOTh



BUTArHYTUI «XBICT» po3noainy. Po3noain uiHW npoaHanisoBaHo 3a JOMNOMOroo
ricTorpamu, NogaHoi Ha pucyHky 3.13.

PucyHok 3.13 — Po3nogin uinboBoi 3MiHHOT (LjiHK)

Ockinbkv acumeTpist LinboBoi 3MiHHOT MOXe NoripLlyBaTh sKiCTb po6oTH
perpeciiHnx Mogenen, 4oAaTKOBO PO3IsHYTO NlorapudMiyHe NepeTBOPEHHS LiHW
3a chopMyroto HaTypanbHoro norapudma Bif 36inNbLUEHOro Ha OANHULIIO 3HAYEHHS
(log1p). Ak BUAHO 3 pucyHka 3.14, norapudmoBaHe 3Ha4YeHHS LiiHKM Mae po3noain,
HabnMxeHW 4O HOPManbHOro, L0 € CPUATAMBILLOK YMOBO AN No6ynoBM
mozenein. Llei pedynbstat BpaxoBaHO Ha noganbLlumx etanax poboTu.

E}SMH. Apk. No gokym. Mignuc Aata
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PucyHok 3.14 — Po3nogin norapudgpmMoBaHoi LjiH1 aBToMoGinis

TakvM YMHOM, NPOBeAEHU PO3BiAYBanbHUIA aHani3 403BONMB chopmyBaTh

NOBHE YSIBNIEHHS NPO CTPYKTYpY Habopy AaHUX, OLIHUTU CTaTUCTUYHI
XapaKTEPUCTVKM Ta PO3MOAINMU 03HaK, BU3HAYUTK XapakTep IXHbOro BNMBY Ha LiHY
1 BUSIBUTW acUMETPIto LinboBoi 3MiHHOI. OfepykaHi BUCHOBKM CTanm MiarpyHTam
[ONs HACTYNHOro eTany — nonepeaHeoi 06pobkK Ta iHxeHepii 03HaK.

3.4 Mepenopobka 03HaK Ta HABYHHS 3 MOPIBHSAHHAM

BucHoBKM po3BigyBanbHOro aHanisy peanizoBaHo NporpaMHo y BUMMsAj
nocnifoBHOCTI NepeTBopeHb. CnoyaTKy TPy YMCNOBI 03HAKM PO3BUTO Ha rpynu
chyHkuieto pd.cut. O6’em ABUryHa NofineHo Ha Tpu iHTepBanu 3 Mexamu
npunbnusHo 2.33 i 3.67 nitpa (kateropii Small, Medium, Large), npo6ir — 3 mexxamu
6nm3bko 99 999 i 199 973 km (Low, Medium, High), a pik Bunycky — 3 mexamu
2007.7 1 2015.3 (nepiogn 2000s, 2010s, 2020s). Lli mexi Bu3HavaoTbCs
aBTOMaTUYHO SK PiBHI NOAINM Aiana3oHy KOXXHOI 03HAKM Ha TPY YacTUHM.

[ani Bci kKaTeropianbHi 03HaKW, BKIMOYHO 3 KiMbKiCTIO BNACHWKIB, 3aKO40BaHO
meTogom One—Hot i3 napameTpom drop_first=True, nicns yoro Habip o3Hak
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po3wmpuBcs 4o 59 KONoHOK. HapelwuTi, 40 TpbOX YMCMOBUX O3HAK 3aCTOCOBAHO
RobustScaler. Baxxnuea getanb peanisadii: MacltabysanbHuk HaB4aeTbes (fit)
nvLwe oAuH pas i noTim 36epiraeTbesa y dann, Wwob nig Yyac poboTn 3acTOCYHKY HOBI
[AaHi kopucTyBada mMaclutabyBanucst TO4HO 3a TUMM XX NapameTpamu, Lo 1
HaB4arnbHa BuGipka.

PucyHok 3.15 — BuBegeHo 5 psagkiB gaHunx

MigroTyBaBLUN 03HAKM, MOXHA NEPEXOAUTU A0 HABYAHHS Ta NOPIBHSAHHS

mopenen.

Habip paHux posnineH@ HaBYanbHy Ta TecToBy BMGIpkM y cniBBigHoWeHHI 80 Ha 20 i3 dikcoBaHUM 3epHOHepaTopa BUNaZAKOBUX Yncen _
(random_state= 17),_
_LLI0 rapaHTye BiATBOPIOBaHICTb pe3ynbratiB. HaeyanbHa Bubipka mictutb 8000
3anucie, TectoBa — 2000. Ha umx gaHnx HaBYEHO BCi 0OAMHAAUSATL Moaenen i3
napameTpamu 3a 3amMOoBYYBaHHAM, @ IX SKiCTb OLHEHO 3a YOTUPMa MeTpUKaMu.
3BefeHi pesynsTaTy NOpiBHAHHS nodaHo B Tabnuui 3.2.

Tabnuus 3.2 — MNopiBHAHHS TOYHOCTI perpecinHMx Mofenel Ha TecToBil

BMGipUi

Mogens RMSE R2 MAE MSE

LR 115.96 0.9986 23.72 13 446

Ridge 115.76 0.9986 25.20 13 399

Lasso 115.67 0.9986 26.40 13 380

ElasticNet 1691.36 0.7012 1365.03 2 860 705

KNN 1240.59 0.8392 993.20 1 539 064

CART 849.36 0.9246 636.81 721 420



RF 532.74 0.9704 433.43 283 814
GBM 229.07 0.9945 180.35 52 474
XGBoost 234.52 0.9943 185.29 54 998

[I}SMH. Apk. No gokym. Mignuc Oata
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MpopoBxeHHs Tabnuui 3.2

Mogens RMSE R2 MAE MSE
LightGBM 180.55 0.9966 142.92 32 598
CatBoost 55.55 0.9997 31.22 3086

Pesynsrati nopiBHAHHSA [03BONSATb 3p0OUTY Kirlbka Ba)KNMMBMX BUCHOBKIB.
Hansuwuii koedpiuieHT aetepmiHauii nokasana mogens CatBoost (R2 = 0.9997 npu
RMSE 6nusbko 55.6 gonapa), Tomy came ii o6paHo sik Halkpally 3a OCHOBHUM
KpuTepiem. [lyxe 6nu3bki 3a SKiCTIO pe3ynbraTi fgan iHwi 6ycTuHrosi mogeni —
LightGBM i GBM. LikaBo, wo niHiiHi mogeni (LR, Ridge, Lasso) Takox nokasanu
HaA3BMYariHO BUCOKY TOYHICTb (R2 = 0.9986) i HaBiTb HAaNMEHLLY cepefiHio
abcontoTHy noxubky (Ans niHiHoi perpecii MAE ctaHoBuTb nuwwe 23.7 gonapa).
MomiTHo ripwe Bnopanucs ElasticNet i metoa k cycigis, L0 NOACHIOETLCS
HaZMipHOI perynspuaaLielo NnepLioro Ta YyTnmBicTio Apyroro Ao macwtaby 1
PO3MIpPHOCTi O3HaK.

Bucoka ToYHiCTb NiHINHMX MOAENen He BUNaakoBa: po3BidyBanbHUA aHani3
nokasaB NepPEBaXHO MiHIHWUI XxapakTep 3anexHOCTi LiHW Bif KIOYOBKX O3HaK (PiK,
npob6ir, 06’em ABuryHa). Lie pobuTb niHiHy Moaens Npuabnmneoio 3 NpakTU4HOTO
nornsAy — BOHa NPoCTa, WBWAKA Ta Nerko iHTepnpeTyeTscs. Tomy, nonpu
dopmanbHy nepuicte CatBoost 3a R2, anst po3roptaHHs y 3acTOCyHKY obpaHo
Moaenb Lasso sk onTMMarnbHUI KOMIPOMIC MiXK TOYHICTHO, iIHTEPNPETOBAHICTIO Ta
KOMMaKTHiCTIo 36epexeHoro dainny. HaouHe NopiBHSHHSA Mogenen 3a MeTpukamm
RMSE T1a R2 nogaHo Ha pucyHky 3.16.
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PucyHok 3.16 — MopiBHAHHA Moaenen 3a meTpukamm RMSE T1a R2

Micns Binbopy Harkpalux Mmodener NPoBeAEeHO HanalTyBaHHS ixX
rinepnapameTpiB, O A03BONUIIO e TPOXM NIABULLMUTM TOYHICTb. AKICTb hiHanbHOT
mogeni Halikpalle B1aHo npu 6e3nocepeHbOMY NMOPIBHSHHI NPOrHO3iB i3
peanbHUMM LiHamu.

3.5 AHania To4HOCTi NporHo3iB Ta 36epexeHHs moaeni

[ns ouiHky sikocTi chiHanbHOT Moaeni Ha TecToBil BUOipLUi chopmoBaHo

Tabnuuto, Wo 3icTaBnsie NPOrHo30BaHi Ta pearnbHi LiHW 3 064UCNEHHSAM Pi3HULI MK
HUMK. TporHo3n MoAeni BiApPI3HATLCA Bif peanbHUX LiH Nue Ha AecsTku, pialue
— Ha KinbkacoT gonapis. Hanpuknag, ans asTomo6ins 3 peansHoto LiHowo 10 308
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ponapis mogenb cnporHodyBana 10 503 gonapu, a Ans aBTomobins BapTicTio 5447
nonapis — 5432 ponapu. Kinbka xapakTepHux npuknagis 3sefeHo B Tabnumui 3.3.
Tabnuus 3.3 — MNpuknagn sicTaBneHHs NPOrHO30BaHWX | peanbHUX LiH

MporHos, USD PeanbHa uiHa, USD PisHnus, USD

10320.297 10308 — 12.297

5470.990 5447 — 23.990

8726.907 8732 5.093

7878.234 7871 - 7.234

9143.260 9144 0.740



Takuii piBeHb TOYHOCTI Anst 6inbLlocTi 06’ekTiB € Ay’Ke BUCOKMM: BiIHOCHa
noxvbka NPorHo3y 3a3Buyai He NepeBULLYE KiNlbKOX BiACOTKIB Bif BapTOCTi
aBTOMObins. Lle niaTBepaxye, Lo obpaHi o3Haku Ta Moaernb Ao6pe onucyoTb
MeXaHi3M LiiHOyTBOPeHHS B Habopi AaHuXx.

PucyHok 3.17 — Bisyanisauis nporHo3Hux ta hakTUYHMX 3Ha4YeHb LinboBoi
3MiHHOT

3po3yMiBLLM, HACKINbKM TOYHI NPOrHO3MW, NPUPOAHO NOCTaBUTY 3aNUTaHHSA —
SKi caMme 03HaKkv MoAenb BBaXKae BM3HavanbHUMW. Bignosige Aae aHani3
Ba)XNMBOCTi O3HaK.

LL|o6 HaBueHy moaenb MoxHa 6yno BUKOPUCTOBYBATH NO3a CepeoBULLEM
Jupyter, Tpu knto4oBi 06’ekTn 36epexeHo y chopmari pickle: camy mopens
(model.pkl), HaB4eHuit macluTabyBanbHuk (scaler.pkl) Ta nepenik HaB4anbHUX
KOMOHOK y npaBunbHoMy nopsiaky (model_columns.pkl). OctaHHin dain e
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KPUTUYHO BaXIMBUM: BiH rapaHTye, Lo BEKTOP O3HaK, CChOPMOBAHUI 3aCTOCYHKOM
i3 BBEIEHVX KOPUCTYBaYeM [aHuX, MaTMMe TOYHO TakKy caMy CTPYKTYpy Ta Nopsiaok
KOMOHOK, 51K i HaB4anbHa BMbipka. bes Lporo nporHo3 6yB 61 HEKOPEKTHUM.

PucyHok 3 .18 — YcniwHe 36epexeHHs
36epexeHi apTedakTy cTaloTb OCHOBOK ANt pobOTU KIHLEBOTO 3aCTOCYHKY.

3.6 Beb3acTocyHOK ANs NPOrHO3yBaHHSA BapTOCTi

MpakTnyHum pesynstatom poboTun € Beb3acTocyHok AutoPrice Al,

nobynosaHui Ha penmaopky Streamlit. Came BiH nepeTBOpOE AOCNIAHULBKMIA
NPOTOTUM Ha rOTOBU 40 BUKOPUCTAHHSA IHCTPYMEHT i € FONIOBHOK NPaKTUYHOO
nepesaroto po3pobneHoi cuctemu. 3acTOCyHOK Halae KOPUCTyBayeBi 3pyYHWIA
rpadivHuii iHTepdeiic, y SkoMy JOCTaTHbO BKa3aTu XapaKTepUCTKM aBToMobins,
o6 MUTTEBO OTPUMAaTK NPOrHO3 MO0 PUHKOBOT BApTOCTI.

Mpwn 3anycky 3acTOCyHOK OAHOPa30BO 3aBaHTaxye 3b6epexeHi apTedaktu

Mozeni 3a JONOMOrol0 MexaHi3My KellyBaHHs, Lo 3abe3nevye LBUAKUIA BiAryk
iHTepdpericy. KopuctyBay 3agae napameTpu aBTomobins yepes 3pyyHi enemeHTn
KepyBaHHS: MapKy Ta MoAenb obupatoTh 3i CNUCKiB, NOB’A3aHMX Mibk coboto (ans
KOXHOI MapKu JOCTYNHi nuLue ii moaeni), Tun nanuea, kopobky nepeaad, KinbKicTb
[Bepen Ta KinbKiCTb NonepeaHix BNacHUKIB — TEX 3i CNUCKIB, a pik BUNYCKY, 06’em
OBUryHa Ta npobir — 3a J0NOMOrot NoB3yHKIB. 3aranbHuii BUrNsA iHTepdency
nogaHo Ha pucyHky 3.19.
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PucyHok 3.19 — IHTepdelic BBeAeHHS NnapameTpiB aBToMobins

IHTEepdenc oxonntoe NoBHUIA Habip 03HaK, Ha SKMX HaB4anacs Mogensb,

BKITHOYHO 3 KiNbKiCTIO NonepeaHix BNacHUKIB. Xo4a po3sigyBanbHUi aHani3a
nokasas crnabkuil BNnuB LibOro napamerpa Ha LiiHy B HasiBHOMY Habopi AaHuX, Noro
3anueHo B hopMi SK MPUPOAHY Ta 3pO3yMirly KOPUCTYBaYveBi XapaKTePUCTUKY;
MoZernb KOPeKTHO 0bpobrisie Oyab—sike 3 M'ATU MOXIUBUX 3HAYEHb, e BapiaHT
«OAMH BriacHMK» Bianosigae 6a3oBil kaTeropii KoAyBaHHS.

[Micns HaTUCKaHHS KHOMKM pO3paxyHKy 3aCTOCYHOK BiTBOPIOE Ty caMy
MOCMiAOBHICTb MepeTBOPEHb, LLO 1 Nif Yac HaBY4aHHS: (POPMYE BEKTOP YMUCIOBUX
03Hak, MacLuTabye oro 36epexeHnM maclTabyBanbHukom, gogae One—Hot
0O3Haku 3a BUOpaHMMM KaTeropisMmn (3okpema 3a KinbKicTio BacHUKIB) Ta BUPIBHIOE
CTPYKTYPY BEKTOpa Nig HaB4asnbHi KONOHkU. CchopmMoBaHUMiA BEKTOP NOAAETLCS Ha
BXif, Mogeni, i OTPMMaHui NPOrHo3 BUBOAUTBLCS KOPUCTYBaYeBi y BUIMSALI PUHKOBOT
BapTOCTi pa3oMm 3i 3BeleHHsIM 3aJaHuX xapakTepucTuk. Mpuknag pesynesrary
NPOrHO3yBaHHSA NokasaHo Ha pucyHky 3.20.
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PucyHok 3.20 — PesynstaTt nporHo3yBaHHs BapToCTi aBToMobins

Y3rompKeHicTb NOriku 3aCTOCYHKY 3 NMOTiKOK HaBYaHHS MOAenNi rapaHTye, Lo
MPOrHO3M y 3aCTOCYHKY 36iraloTbCcs 3 TUMU, SKi A€ MOAENb Y CepeaoBULLi
PO3pO6KM, 3 TOUHICTIO [0 KiNbKOX AonapiB. TakvM YMHOM, po3pobneHuii
Beb3acToCyHOK NOBHICTIO pearnidye MeTy poboTn — Hagae KiHLeBOMYy
KOPUCTYBaYeBi MPOCTUIA | TOYHUIA IHCTPYMEHT OLliHKM PUHKOBOT BapTOCTi
aBTOMODiNs Ha OCHOBI METOAIB MALLMHHOIO HaBYaHHS.
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BNCHOBKW

Y AvnnoMHin po6oTi po3pobneHo iHhopMaLiiHy CUCTEMY NPOrHO3yBaHHS

PVHKOBOT BapTOCTi aBTOMOGiNiB Ha OCHOBI METOAiB MALLMHHOIO HaBYaHHS, sika

OXONIoE NPeanKTUBHE AP0 ANs 06pobKkM AaHWX Ta iHTepaKTUBHWIA BEOKNIEHT Ans
32EMO/Ii 3 KIHLEBMM KOPUCTYBaYeM.

@/ nepLUOMy po3Aini NpoaHanisoBaHo NpeaMeTHy _0brnacTb BTOPUHHOIO
aBTOMOOGINBLHOrO PUHKY._Ta PO3rMAHYTO iCHYHOMI  MiAXoAW 1 aHanorv 4o OLiHBaHHS
TpaHcnopTHUX 3acobiB. AHania nokasas, Wo GinbLWiCTb TpaaMuinHUX MeToais abo
cnupatTbes Ha cyB'ekTUBHY eKCnepTHY OLiHKY, B0 BUKOPUCTOBYHOTH KOPCTKI
CTaTUYHi NpaBuna, siKi He 30aTHi OQHOYaCHO BPaxoByBaTW CKMaAHi HEMiHINHI
B3aEMO3B'A3KN MiXX AeCATKaMM TEXHIYHUX XapaKTepucTuk. Ha ocHOBI Liboro
06rpyHTOBaHO HEOOXIAHICTb PO3PO6KM BNacHoOi cuctemun Ha H6asi anroputmis
LUTYYHOrO iIHTENEKTY, Lo 3AaTHa aBTOMaTUYHO BUSIBISITU 3aKOHOMIPHOCTI
LiHOYTBOPEHHS Yy BEMUKUX MacuBax peanbHUX PUHKOBUX AaHWX.

Y opyromy po3gini BUKOHaHO NPOEKTYBaHHSA MaTeMaTU4HOI Ta

apXiTEKTYPHOI CKMafoBmnx cucteMu. Po3rnsHyTo KOMNMEKC anropuTMmiB perpecii —
Bif 6a30BUX MiHIMHUX MoZenen Ao cydacHux aHcambneBux dpenmaopkis (Random
Forest, CatBoost, XGBoost). BusHa4yeHo cucremy meTpuk Ans 06'eKTMBHOro
ouiHoBaHHA TouHocTi (MAE, MSE, RMSE, R2). CrnipoekTtoBaHo nannnanH

06pobku faHux, Wo nepenbayae pobactHe macluTabyBaHHS YMCNOBMX O3HaK Ta
GiHapHe KoAyBaHHs kaTeropianbHux napameTpiB. OBrpyHTOBAHO KIiEHT— cepBEPHY
B3aEMO/I0 Ta apXiTeKTypy Be63aCTOCYHKY 3 iHKancynboBaHUM NPeanKTUBHUM
mMoaynem.

Y TpeTboMy po3aini onucaHo NpakTUYHy peanisadito BCiX nigcucrem B

ekocuctemi moBu Python. MNpoBegeHo rmmubokuii po3sigyBanbHuUii aHanis (EDA)
Habopy aaHux i3 10 000 3anwucis, BidyanizoBaHO pPO3NOAiINM Ta BUSBNEHO KIHOYOBI
dakTopy BNNMBY Ha LiHY. IHXeHepilo 03HaK peanizoBaHO 3 BUKOPUCTAHHAM
iHcTpymeHTiB RobustScaler Ta One— Hot Encoding. HaBuaHHa Mopeneit nposeaeHo
i3 3aCTOCYBaHHAM KpOC— BanigaLiiHOro noLuyKy onTMmarbHUX rinepnapameTpis,
e HaWBuLLYy NpeauKTUBHY TOYHICTb NPOAEMOHCTPYBany aHcambnesi anroputmu Ha
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OCHOBI iepeB pilleHb. HaB4eHy maTemaTuyHy MoAernb iHTErpoBaHo y
Beb3acTocyHOK Ha 6asi chperimBopky Streamlit, Wo rapaHTye MUTTEBUI BIAryK
CMCTEMM Ta 3pYyYHE BBELAEHHS XapaKTepuCTMK aBToMoGinNs Yepes cyyacHui
afanTVBHUI iHTepdenc.

pakTU4yHe 3Ha4YeHHs po3pobneHoi cUcTeMU Nonsirae B TOMY, LLO BOHA
3abe3neyye KOpMCTyBaYy LWBMAKWIA, 06'EKTUBHUI Ta MaTemMaTUYHO OBI'pyHTOBaHWIA
iHCTPYMEHT ANsi BU3HAYEHHS PUHKOBOI BapTOCTi TPAHCMOPTHOrO 3acoby. Takuii
nigxig ycysae BNAvB NIOACLKOrO hakTopy, HiBENoe pU3nKK LIHOBOTO LLaxpancrea
Ta € aKTyanbHUM SIK ANs pAAoBKUX NOKYNUIB | NPoAaBLiB, Tak i ANS aHaniTUKIB
aBTOMOBINBHOIO PUHKY.

ncTema € apxiTekTypHO LiniCHO i MpuaaTHOK A0 NOAANbLLIOMo
PO3LIMPEHHS — 30KpEMA, AoAAaBaHHS (DyHKLioHany Ans aBTOMaTU4HOro NapcuHry



CBIXXMX OronoLleHb 3 aBTOMaaHuYvKIB Ans perynspHoro JoHaBYaHHsA Mogenen,
BNpoBagXeHHs1 06pobku NPUPOAHOT MOBYM AN aHanidy TeKCTOBMX onucis, abo x
iHTerpauii HeMPOHHUX MepeX KOMM'OTEPHOIO 30pY AJ1s OUIHKM CTaHy aBTOMOGIins
3a choTorpadisamu.
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NOLATOK A NICTUHI KOAY HABYAHHSA MOLENEN
JTICTUHr NporpamMHOro Kogy HaBY4aHHS mMopenew
A.1 IMnopT GibnioTek Ta HanalTyBaHHs CepefoBMILLA
port numpy as np _import _pandas as pd import atplotlib.pyplot as plt
_import seaborn as sns import plotly.express as px

import itertools
impootly.graph_objects as go

import time

m catboost import CatBoostRegressor from lightgbm _import LGBMRegressor
_from sklearn.ensemble import RandomForestRearessor, GradientBoostingRegressor from sklearn.exceptions import ConvergenceWarning from
sklearn.linear_model import LogisticRegressior,zﬁnearRegression, Ridge, Lasso, ElasticNet from _sklearn. neighbors import KNeighborsRegressor
from sklearn.svm import SVR from sklearn.tree import DecisionTreeRegressor from boost import XGBRegressor
from sklearn. preprocessing import LabelEncoder

om sklearn import metrics
i
om skleaetncs import mean_squared_error, mean_absolute_error,—2_score
om skleark—+near_model import LinearRegression from sklearn.model_selection import _train_test_split, _cross_val_score, GridSearchCV
om sklearn.preprocessing import MinMaxScaler, LabelEncoder, StandardScaler, RobustScaler

import warnings
arnings.simplefilter(action="ignore")_

_pd.set_o op_tion(mmy,ﬂ)_
_pd.set_option('display.u idth‘,one)

pd.set_option('displa“. ax_ rows', 20) pd.set_option(‘display.float_format', lambda x: '%.3f % x)

A.2 3aBaHTaxeHHs Habopy AaHWX Ta YHKLiS NepBUHHOTO ayauTy
df = pd.read_csv('car_price_dataset.csv')

f check_df(dataframe, head=>5):
Print(HHHHHHHHHHHHHHHH Shape FHHHHHHHHHHHHHARAEE)
print(dataframe.shape)
print( AT TYPes HHHHHHHHHHHHHRTHHHIT)
print(dataframe.dtypes)
print(HHHHHHHHHHHHHHEHHEE Head SHHHHHHHIHFHHHIHHHE)
print(dataframe.head(head))
print(HHHHEHHHHAHHAHT TR Tl AR print(dataframe.tail(head)) _print(“tHEHH#HHEFHHHATHHAAR NA
fidizisiaiaisiaiaisiaiaisiaiaisiaiaisiaiai )i
___print(dataframe.isnull().sum()) print( "####HHHHHFHHHHEHTE Quantiles #HHHHHHHHHHHHHHRAE)

numeric_df = dataframe. select_dtypes(include="number")
quantiles = numeric_df.quantile([0, 0.05, 0.25, 0.50, 0.75, 0.90, 0.95, 0.99, 1]).T
print(quantiles)

check_df(df)

A.3 ABTOMaTU4YHE BU3HAYEHHS TUMIB O3HAK
«ef grab_col_names(dataframe, cat_th=10, car_th= 31):
Returns the names of categorical, numeric and categorical-but-cardinal variables.
Works with pandas 3.0 where text columns have dtype 'str' (not object 'O").
# A column is "categorical-looking" if it is NOT numeric (text/str/object/category/bool)
def is_cat_like(col):
return not pd.api.types.is_numeric_dtyp m taframe[col])_



__cat_cols = [col for col in dataframe.columns _if is_cat_like(_col)]_

num_but_cat = [col for col in dataframe.columns if dataframe[col].nunique() &lt; cat_th and
pd.api.types.is_numeric_dtyp“. «ataframe(col])]_

___cat_but_car = [col for col in dataframe.columns if dataframe[col].nunique() &gt; car_th _and is_cat_like(_col)]

cat_cols = cat_cols + num_but cat cat_cols = [col for col in cat_cols if col not in cat_but_car] num_cols = [ col for col .in _dataframe.columns if
pd.api.types.is_numeric_dtyptaframe[c_ol])]_

num_cols = [col for col in num_cols if col not in num_but_cat] print(f "Observations: {dataframe.shape[0l}")

print(f"Variables:.{dataframe.shape[1]}")

print(f'cat_cols: {len(cat_cols)}")

print(fnum_cols: {len(num_cols)}')

print(f'cat_but_car: {len(cat_but_car)}')

print(fnum_but_cat: {len(num_but_cat)})

= = ==

return cat_cols, num_cols, cat_but_carm_but_cat

cat_colsm_cols, cat_but_car,_ _num_but cat = grab_col_names(df)

A4 AHanis kaTeropianbHWUX i YUCNOBUX O3HaK
f cat_summary(dataframe, col_name, plot=False):
print(pd.DataFrame({col_name: dataframe[col_name].value_counts(),

"Ratio": 100 * dataframe[col_name].value_counts() / len(dataframe)})) print("#H#HHHHHEHHEHHHEHHEHEHEHHPHEHHEHAHAHA) if plot:
sns.countplot(x=dataframe[col_name], data=dataframe, palette="Set2")_

plt. xticks(rotation=45)
t.show( block=True)_
_for col in cat_cols: cat_summary(df, col, plot=True)

dif num_summary(dataframe, col_name, plot=False):

19, antiles = [0.05, 0.10, 0.20, 0.30, 0.40, 0.50, 0.60, 0.70, 0.80, 0.90, 0.95, 0.99] _print(dataframe[ col_name]. describe(quantiles).T) if plot:
sns.histplot(data=dataframe, x=col_name, bins=20, kde=True, color="blue")

plt.xticks(rota45)
plt.show(bloc m ue)_

for col in num_cols: num_summary(df, _col,_plot= True)

A.5 AHani3 3anexHoCTi LjiHKX Big 03HaK
«ef target_summary_with_cat(dataframe, target, categorical_colot=FaIse):
print(pd.DataFrameRGET_MEAN': dataframe.groupby(categorical_col)[target].mean()}),
end="n\n\n")
if plot:
sns.barplot(x=categorical_col, y=target, data=dataframe, palette="Set2")
plt.xticks(rotation=45)
plt.show(block=True)

r col in cat_cols: target_summary_with_cat(df, "Price", col, plot=True)

A.6 KopensuiiHui aHania Ta po3nogin uiniboBoi 3MiHHOT

def high_correlated_cols2(dataframe, plot=False, corr_th=0.70):
# Sadece sayisal situnlari segelim
numeric_df = dataframe.select_dtypes(include=[np.number])

# Korelasyon matrisi olustur
corr = numeric_df.corr()
cor_matrix = corr.abs()

# Ust liggen matrisini seg (gereksiz tekrarlar kaldirmak igin)
upper_triangle_matrix = cor_matrix.where(np.triu(np.ones(cor_matrix.shape),
k=1).astype(bool))

# Korelasyonu esikten yiiksek olan sutun ciftlerini segelim
high_corrs = [(col, row)

for col in cor_matrix.columns

for row in cor_matrix.index

if not pd.isna(upper_triangle_matrix.loc[row, col]) and abs(



upper_triangle_matrix.loc[row, col]) &gt; corr_th]

if plot:
# |si haritasini giz
olt. figure( figsize=(_ 10, 6))
_____sns.heatmap(_corr, annot=True, fmt=".2f",__cmap="RdBu")
plt.title("Korelasyon Isi Haritas!")
plt.show()

return high_corrs
high_correlated_cols2(df, plot=True)

df["Price"].hist(bins=100)
plt.show(block=True)

np.log1p(df['Price').hist(bins=50)
plt.show(block=True)

A.7 MepeBipka BUKMAIB i NPONYyLLEHNX 3HaYeHb
___quartile1 = dataframe[col_name].quantile(q1) quartile3 = dataframe[col_name].quantile(q3) interquantile_range = quartile3 - quartile1 up_limit =
quartile3 + 1.5 * interquantile_range low_limit = quartile1 - 1.5 * interquantile_range return low_limit, up_limit

f check_outlier(dataframe, col_name):
low_limit, up_limit = outlier_thresholds(dataframe, col_name)
if dataframe[(dataframe[col_name] &gt; up_limit) | (dataframe[col_name] &lt;
low_limit)].any(axis=None):
return True
else:
return False

r col in num_cols:

print(col, check_outlier(df, col))

n_miss = dataframe[ na_columns].isnull().sum().sort_values(ascending=False) ratio = (dataframe[ na_columns].isnull().sum()_/ dataframe.shape[0] *
100). sort_values(ascending=False)

missing_df = pd.concat([n_miss, np.round(ratio, 2)], axis=1, keys=['n_miss', 'ratio'])

if na_name:
return na_columns

missing_values_table(df)

A.8 KoHcTpytoBaHHsi 03Hak (rpynyBaHHsi) Ta One-Hot kogyBaHHs
df["Engine_Size_Group"] = pd.cut(df["Engine_Size"], bins=3, labels=["Small", "Medium",
"Large"])

df["Mileage_Group"] = pd.cut(df["Mileage"], bins=3, labels=["Low", "Medium", "High"])
df["Year_of_Registration_Group"] = pd.cut(df["Year"], bins=3, labels=["2000s", "2010s",
"2020s"])

f one_hot_encoder(dataframe, categorical_cols, drop_first=False):
dataframe = pd.get_dummies(dataframe, columns=categorical_cols, drop_first=drop_first)

# get_dummies returns bool columns in modern pandas; cast to int for models/scaler
bool_cols = dataframe.select_dtypes(include="bool").columns

dataframe[bool_cols] = dataframe[bool_cols].astype(int)

return dataframe

df = one_hot_encoder(df, cat_cols, drop_first=True)

A.9 MacwwtabyBaHHs YUCNOBUX O3HaK Ta nogin Ha BUbipku
num_cols = [col for col in num_cols if col not in ["Price"]]



scaler = RobustScaler()

dffnum_cols] = scaler.fit_transform(dfinum_cols])

y = df["Price"]

X = df.drop(["Price"], axis=1)

X_train, st, y_train, y_test = train_test_split(X, y, test_size= 0.20, random_state=17)

A.10 HaB4aHHs Ta NOPIBHAHHSA OAMHAALATM Mogenew
models = [("LR", LinearRegression()),
("Ridge", Ridge()),
("Lasso", Lasso()),
("ElasticNet", ElasticNet()),
("KNN", KNeighborsRegressor()),
("CART", DecisionTreeRegressor()),
("RF", RandomForestRegressor()),
("GBM", GradientBoostingRegressor()),
("XGBoost", XGBRegressor(objective="reg:squarederror")),
("LightGBM", LGBMRegressor(verbose=-1)),
("CatBoost", CatBoostRegressor(verbose=False))]

rmse_scores = []
r2_scores =[]
mae_scores =[]
mse_scores =[]
execution_times =[]

for name, regressor in models:

iart_time = time.time()
gressor.fit(X_train, y_train) y_pred = regressor.predict(X_test)

# RMSE yepes cross_val_score

rmse = np.mean(np.sqrt(np.abs(cross_val_score(regressor, X, y, cv=5,
@oring:"neg_mean_squared_error")_)))

rmse__scores. append(rmse)

@ = metrics.r2_score(y_test, y_pred)
r2_scores.append(r2)

mae @etrics.mean_absolute_error(y_test, y_pred)
mae_scores.append(mae)

mse li_fiv]etrics.mean_squared_error(y_test, y_pred)
mse_scores.append(mse)

execution_time = time.time() - start_time
execution_times.append(execution_time)

print(f"RMSE: {round(rmse, 4)} ({name})")

print(f"R"2 Score: {round(r2, 4)} ({name})")

print(f"MAE: {round(mae, 4)} ({name})")

print(f"MSE: {round(mse, 4)} ({(name})")

print(f"Execution Time: {round(execution_time, 2)} seconds\n")

A.11 OnTumisauis rinepnapameTtpiB (GridSearchCV) Ta Bubip
HawvikpaLyoi mogeni
# Initialize the models
models = [('LR', LinearRegression()),
("Ridge", Ridge()),
"Lasso", Lasso()),
"ElasticNet", ElasticNet()),
KNN', KNeighborsRegressor()),
CART', DecisionTreeRegressor()),
RF', RandomForestRegressor()),

(
(
(
(
(



('GBM', GradientBoostingRegressor()),

("XGBoost", XGBRegressor(objective="reg:squarederror')),
("LightGBM", LGBMRegressor(verbose=-1)),

("CatBoost", CatBoostRegressor(verbose=False))]

rmse_scores = []
r2_scores =[]
mae_scores =[]
mse_scores = []
execution_times =[]

param_grids = {
LR {3,
'Ridge': {"alpha': [0.1, 1.0]},
'Lasso": {"alpha": [0.1, 1.0]},
'ElasticNet": {"alpha": [0.1, 1.0], 'I1_ratio": [0.1, 0.9]},
'KNN': {'n_neighbors'": [3, 5]},
'CART": {'max_depth': [None, 10], 'min_samples_leaf" [1, 2]},
'RF": {'n_estimators": [10, 50], 'max_depth': [None, 101},
'GBM": {'n_estimators': [10, 50], 'learning_rate": [0.01, 0.1]},
'XGBoost": {'n_estimators": [10, 50], 'learning_rate": [0.01, 0.1]},
'LightGBM'": {'n_estimators'": [10, 50], 'learning_rate": [0.01, 0.1]},
'CatBoost" {'iterations': [10, 50], 'learning_rate": [0.01, 0.1], 'depth": [4, 6]}

# Track the genuinely best model across all candidates (by R*2 on test set)
best_model = None

best_r2 = -np.inf

best_name = None

for name, regressor in models:

print(f"Hyperparameter Tuning for {name}:")
start_time = time.time()

if param_grids[name]:
id_search = _GridSearchCV( regressor, param_grid= param__grids[name],_cv=5, n_jobs=-1)

grid_search.fit(X_train, y_train)__
current_model = grid_search.best_ estimator_
o 2 . W
print(f Bei—ggl.r.amgte.rﬁ.:.{gnd,‘saa.r.ch..be.s.t“p.a.r.amsﬂ}.,)
else:
current_model = regress(X_train, y_train) y_pred = current_ model.predict(X_test)

se = np.sqrt(mean_squared_error(y_test, _y_pred))_
se_ scores.append(_rmse)
i -
=r2_score(y_test, y_pred)_
ti scores.append( r2)
ae = mean_absolute_error(y_test, y_pred)_
mae_scores.append(_mae)
‘ se = mean_squared_error(y_test, _y_pred)_

execution_time = time.time() - start_time
execution_times.append(execution_time)

@ &&{iest_rz
best—=2 =r2

best_ model = current_model
best_name = name

print(f"RMSE: {round(rmse, 4)} ({name})")

print(f"R*2 Score: {round(r2, 4)} ({name})")

print(f"MAE: {round(mae, 4)} ({name})")

print(f"MSE: {round(mse, 4)} ({name})")

print(f"Execution Time: {round(execution_time, 2)} seconds\n")

print(f"BEST MODEL: {best_name} (R"2 = {round(best_r2, 4)})")

# Plot RMSE scores



plt.figure(figsize=(10, 6))

plt.bar([name for name, _ in models], rmse_scores)

plt.xticks(rotation=45)

plt.xlabel("Model"); plt.ylabel("RMSE"); plt.title("Model Performance (RMSE)")
t.tight_layout(); plt.show()

# Plot R"2 scores
t.figure(figsize=(10, 6))
plt. bar([name for name, _ in models], r2_scores)
plt.xticks(rotation=45)
plt.xlabel("Model"); plt.ylabel("R*2 Score"); plt.title("Model Performance (R*2 Score)")
plt.tight_layout(); plt.show()

A.12 AHani3 TOYHOCTi MPOrHO3iB Ta BAXMUBOCTi O3HaK
# Final Prediction Model
final_model = best_model

# Make predictions on the test set using the finodel
y_final_ pred = final__model.predict(X_test)
final_y_pred = (y_final_pred)

final_y_test =(y_test)

# Create a DataFrame with the predicted prices and true prices

results = pd.DataFrame({'Predicted Price": final_y_pred, 'True Price": final_y_test})

# Calculate the difference between the true prices and predicted prices and add a new column
results['Difference'] = results['True Price'] - results['Predicted Price']

# Display the results
print(results)

def plot_importance(model, features, num=50, save=False):
if not hasattr(model, "feature_importances_"):
print(f"Mogens {type(model).__name__} He nigTpumye feature_importances_.
Mponyckaemo.")
return
feature_imp = pd.DataFrame({"Value": model.feature_importances_, "Feature™:
features.columns})
plt.figure(figsize=(10, 10))
sns.set(font_scale=1)
sns.barplot(x="Value", y="Feature", palette="Set2",
data=feature_imp.sort_values(by="Value", ascending=False)[0:num])
plt.title("Features")
plt.tight_layout()
plt.show(block=True)
if save:
plt.savefig("importances.png")

plot_importance(final_model, X)

A.13 36epexeHHs apTedakTiB mogeni
import pickle as pk

# 36epiraemo Halkpally mogernb
pk.dump(best_model, open("model.pkl", "wb"))
print("model.pkl 36epexeHo")

# 36epiraemo scaler
pk.dump(scaler, open("scaler.pkl", "wb"))
print("scaler.pkl 36epexeHo")

# 36epiraemo cnmMcok KormoHok X

pk.dump(list(X.columns), open("model_columns.pkl", "wb"))
print("model_columns.pkl 36epexeHo")

print(f"KinbkicTb 03Hak: {len(X.columns)}")



# Mepesipka

test_pred = best_model.predict(X_test[:1])
print(f"TecToBui NporHos: {test_pre,,\._?.f}‘_‘) _print(f"PeanbHa uiHa: _ {y. test.iloc[0];,.2f}")
print("Bci channu 36epexeHo ycnilwHo!")

OOOATOK B NICTUHI KOOY BEBE3ACTOCYHKY
BwmicT channy app.py

3 port pandas as pd

import numpy as np

import pickle as pk

import streamlit as st

# 1. HATTAWUTYBAHHA CTOPIHKU TA MOJEI
.set_page_config(
age_title="AutoPrice Al",
[—Epl)age_iconf'
layout="wide",

initial_sidebar_state="collapsed",

# - Cyy4acHuWin KaCTOMHUIA CTUSb ----------
st.markdown("""

&lt;style&gt;

@jmport

urknttps://fonts.googleapis.com/css2?family=Inter:wght@300;400;500;600;700; 800&amp;display=swap'

)

:root {
--bg-0: #0ale1a;
--bg-1: #111726;
--bg-2: #18203200;
--card: rgba(255,255,255,0.035);
--card-border: rgha(255,255,255,0.08);
--accent: #36e2b4;
--accent-2: #4f8cff;
--text: #e9eef7;
--text-dim: #93a1b8;

.stApp {

rgba(54,226,180,0.14), transparent 55%),
var(--bg-0);
color: var(--text);
font-family: 'Inter', sans-serif;

}

[* CxoBaTu gedonTHi enemeHTn Streamlit */
ainMenu, footer, header {visibility: hidden;}
—olock-container {padding-top: 2.2 rem; padding-bottom: 3rem; max-width: 1180 px;}

.hero {
text-align: center;
padding: 1.2rem 0 0.4rem;
}
.hero h1 {
font-size: 3.0rem; font-weight: 800; line-height: 1.05; margin: 0;
background: linear-gradient(90deg, #ffffff 10%, var(--accent) 55%, var(--accent-2) 100%);
‘/ebkit-background-clip: text; -webkit-text-fill-color: transparent;
background-clip: text;
}
.hero p{
color: var(--text-dim); font-size: 1.08rem; font-weight: 400;
max-width: 620px; margin: 0.9rem auto 0;



[* e KapTku-cekuji ---------- */
.section-card {
background: var(--card);
border: 1px solid var(--card-border);
border-radius: 20px;
padding: 1.6rem 1.7rem;
backdrop-filter: blur(12px);
margin-top: 1.4rem;
}
.section-title {
@L)nt-size: 1.05rem; font-weight: 700; color: var(--text);
isplay: flex; align-items: center; gap: 10px; margin-bottom: 0.3rem;

}

.section-sub { color: var(--text-dim); font-size: 0.88rem; margin-bottom: 1.1rem;}

e Mons BBOAY ---------- */

.stSelectbox label, .stSlider label {
color: var(--text-dimﬁmpor‘tant; font-weight: 600 limportant;
font-size: 0.82rem limportant; letter-spacing: 0.02em;

iv[data-baseweb="select"] &gt; div {
background: rgba(255,255,255,0.04mportant;
border: 1px solid var(--card-border) limportant;
border-radius: 12px limportant;

iv[data-baseweb="se|ect"] &gt; div:hover { border-color: var(--accent) limportant; }
/* Cnangepw */

.stSlider [data-baseweb="slider"] [role="slider"] { background: var(--accent) limportant; }
div[data-testid="stSliderThumbValue"] { color: var(--accent) limportant; font-weight: 700; }

[* Yinu-terun rpyn */
.chips@iisplay: flex; gap: 10px; flex-wrap: wrap; margin-top: 4px;}
.chip {

color: #bcd2ff;

}
.chip b { color: #fff; }

/* KHonka */

.stButton &gt; button {
width: 100%; border: none[,E])order-radius: 14px;
padding: 0.95rem 1rem; font-size: 1.02rem; font-weight: 700;
color: #06231b;

ackground: linear-gradient(90deg, var(--accent), #5fe0c2);
pox-shadow: 0 10px 30px rgba( 54,226,180,0.28);
transition: transform .15s ease, box-shadow .15s ease;

}
.stButton &gt; button:hover {

ransform: translateY(-2px); box-shadow: 0 14px 38 px rgba(54,226,180,0.4);
color: #06231b;

result {
argin-top: 1.5rem; text-align: center;
[_E[Eackground: linear-gradient(135deg, rgba(54,226,180,0.12), rgba(79,140,255,0.10));
border: 1px solid rgba(54,226,180,0.30);
border-radius: 22px; padding: 2rem 1.5rem;
}
.result-label { color: var(--text-dim); font-size: 0.9rem; font-weight: 600;
text-transform: uppercase; letter-spacing: 0.08em; }
.result-value {

I



t-size: 3.2rem; font-weight: 800; margin: 0.3ret®b 0; background: linear-gradient(90deg, var(--accent), var(--accent-2));
ebkit-background-clip: text; -webkit-text-fill-color: transparent;

}

.uIt-grid {
7isplay: grid; grid-template-columns: repeat(_auto-fit, minmax(_150px,_1fr));_

___gap: 12px; margin-top: 1.5rem;
}
.spec {
background: rgba(255,255,255,0.04order: 1px solid _var(-- card- border);
order—radius: 12px; padding: 0.8rem 1rem; text-align: left;
}
.spec .k { color: var(--text-dim); font-size: 0.72rem; text-transform: uppercase;
letter-spacing: 0.05em;}
.spec .v { color: var(--text); font-size: 1.0rem; font-weight: 700; margin-top: 2px;}
&lt;/style&gt;
""" unsafe_allow_htmI=True)

# e 3aBaHTaxeHHs1 apTedakTiB Mogeni ----------
@st.cache_resource
def load_artifacts():

model = pk.load(open('model.pkl’, 'rb'))

scaler = pk.load(open('scaler.pkl', 'rb'))

model_columns = pk.load(open('model_columns.pkl', 'rb"))
return model, scaler, model_columns

try:
model, scaler, model_columns = load_artifacts()
except FileNotFoundError:
st.error("®aiinu mogeni (model.pkl / scaler.pkl / model_columns.pkl) He 3HaigeHo! "
"Cnouatky 3anyctiTe Jupyter Notebook ans ix reHepauii.")
st.stop()

#2. HERO
st.markdown("""
&lt;div class="hero"&gt;
&lt;h1&gt;AutoPrice Al&lt;/h1&gt;
&lt;p&gt;IHTEnekTyansHe NporHo3yBaHHsS PYHKOBOI BapTOCTi aBTOMOGINs
Ha OCHOBI NOT0 TeXHIYHMX xapakTepucTuk&lt;/p&gt;
&lt;/div&gt;
""" unsafe_allow_htmI=True)

# 3. OAHI NS IHTEPOENCY

brand_models = {
'Audi”: ['A3', 'Ad",'Q51,
'BMW" ['3 Series', '5 Series', 'X5',
'Chevrolet": ['Equinox’, 'Impala’, 'Malibu'],
'Ford": ['Explorer', 'Fiesta', 'Focus'],
'Honda": ['Accord', 'CR-V', 'Civic'],
'Hyundai': [Elantra’, 'Sonata', 'Tucson'],
'Kia": ['Optima’, 'Rio', 'Sportage’],
'Mercedes': ['C-Class', 'E-Class', 'GLA'],
'Toyota":  ['Camry', 'Corolla’, 'RAV41,
'Volkswagen': ['Golf', 'Passat', 'Tiguan'],

}

brands = sorted(brand_models.keys())

# 3HayeHHs ans mozeni (aHrniicbki TEXHIYHI KMtodi) Ta iX BigoGpaXKeHHs YKPaiHCLKOH.
# Y cnuckax kopucTyBay 6a4nTb yKpaiHChKi Nignucy, a B MOAENb NEPEAATLCA KOPEKTHI
# aHrMOMOBHI KaTeropii, Ha siIkKMx BOHa HaBYanacs.

fuel_ua ={

'Petrol': 'BeH3uH',
'Diesel: 'Ousens',
'Electric': 'EnekTpo’,
'Hybrid": 'Ti6pua’,



trans_ua = {
'Manual'": 'MexaHiyHa',
'Automatic': 'ABTOMAaTUYHA',
'Semi-Automatic': 'HaniBaBTomatnyHa’,
}
# 3BOPOTHI Manu: yKpaiHCbK1i Nianuc -&gt; TeXHIYHUIA KoY
fuel_ua_inv = {v: k for k, v in fuel_ua.items()}
trans_ua_inv = {v: k for k, v in trans_ua.items()}

# MNepeknapg rpyn (Feature Engineering) Ans BigobpaxeHHs B yinax
engine_group_ua = {'"Small': 'Manwuit', 'Medium': 'CepegHii', 'Large": 'Benukuii'}
mileage_group_ua = {'Low": 'Manuit', 'Medium": 'CepegHiit’, 'High': 'Benukuin’}

fuel_types = list(fuel_ua.values())
transmissions = list(trans_ua.values())

ENGINE_EDGES = (2.333, 3.667)
MILEAGE_EDGES = (99999.0, 199973.0)
YEAR_EDGES = (2007.667, 2015.333)

# 4. POPMA BBOLlY

’s .markdown('&lt;div class="section-card"&gt;', unsafe_allow_htmlI=True)

st.markdown("""

&lt;div class="section-title"&gt; MapameTpu aBTomobinA&lt;/div&gt;

&lt;div class="section-sub"&gt;BkaxiTb xapakTepucTnkun — Moaesnb po3paxye OPiEHTOBHY BapTiCTb&|V&gl;

, unsafe_allow_html=True)
I1, col2, col3 = st.columns(3)

with col1:
brand = st.selectbox('Mapka', brands)
model_name = st.selectbox('‘Mogens', brand_models[brand])
fuel_type_ua = st.selectbox('Tun nanuea’, fuel_types)

with col2:
transmission_ua = st.selectbox('Kopobka nepegay’, transmissions)
doors = st.selectbox('KinbkicTb aBepeit', [2, 3, 4, 5], index=2)
year = st.slider('Pik Bunycky', 2000, 2023, 2018)

with col3:

engine_size = st.slider("O6'em geuryHa (n)", 1.0, 5.0, 2.0, step=0.1)
mileage = st.slider('Mpo6ir (km)', 0, 300000, 50000, step=1000)

# TexHivHi (aHrMOMOBHI) kntodi Ans mogeni
fuel_type = fuel_ua_inv[fuel_type_ua]
transmission = trans_ua_inv[transmission_ua]

# Owner_Count He BUHOCUTBCSA B iHTEPCENC: Y HABOPi AaHNX LS 03HaKa He KOPEstoe 3 LiHO
# (kopensuisa = 0). Mogenb HaB4anacs 3 drop_first=True, ae Owner_Count=1 — 6a3oBa

# kateropisi, Tox chikcyemo 3HayeHHs 1 (reindex yce ogHO 0BHYNsE BiANOBIAHI KOMOHKM).
owner_count = 1

# I'pynu (Feature Engineering sik y HOyTOyLi)
engine_label = ('Small' if engine_size &lt; ENGINE_EDGES|0]
else ('Medium' if engine_size &lt; ENGINE_EDGES[1] else 'Large'))
mileage_label = ('Low' if mileage &lt; MILEAGE_EDGES|0]
else ('Medium' if mileage &lt; MILEAGE_EDGESI1] else 'High"))
year_label = ('2000s' if year &lt; YEAR_EDGES[0]
else ('2010s' if year &lt; YEAR_EDGES[1] else '2020s'))

st.markdown(f"""

&lt;div class="chips"&agt;
&lt;div class="chip"&gt;dBuryH: &lt;b&gt;{engine_group_ua[engine_label]}&lt;/b&gt;&lt;/div&gt;
&lt;div class="chip"&gt;Mpobir: &lt;b&gt;{mileage_group_ua[mileage_label]}&lt;/b&gt;&lt;/div&gt;
&lt;div class="chip"&gt;Mepioa: &It;b&gt;{year_label}&lt;/b&gt;&iv&gt;

&lt;/div&agt;

""" unsafe_allow_html=True)



st.markdown('&liv&gt;', unsafe_allow_htmI=True)
st.write("™)
predict = st.button(" Pospaxysatu BapTicTb")

# 5. MPOrHO3YBAHHA
if predict:
# Yuncnosi o3Haku (MacwTabyloTbes nuLLe Ui Tpu)
input_df = pd.DataFrame([{
'Year'": float(year),
'Engine_Size": float(engine_size),
'Mileage":  float(mileage),
i)
scale_cols = ['Year', 'Engine_Size', 'Mileage']
input_df[scale_cols] = scaler.transform(input_df[scale_cols])

# One-Hot (drop_first=True; reindex BupiBHSE Nig HaBYanNbHi KOMOHKN)
input_df[f'Brand_{brand}] = 1

input_df[f'Model_{model_name}] = 1
input_df[f'Fuel_Type_{fuel_type}] =1
input_df[f'Transmission_{transmission}'] = 1

input_df[f'Doors_{doors}] = 1
input_df[fOwner_Count_{owner_count}] = 1
input_df[f'Engine_Size_Group_{engine_label}'] = 1
input_df[f'Mileage_Group_{mileage_label}'] = 1

input_df[f'Year_of Registration_Group_{year_label}'] = 1

input_df = input_df.reindex(columns=model_columns, fill_value=0)
car_price = float(model.predict(input_df)[0])

st.markdown(f"""
&lt;div class="result"&gt;
&lt;div class="result-label"&gt;OpieHToBHa puHKoBa BapTicTb&lt;/div&gt;
&lt;div class="result-value"&gt;${car_price:,.0f}&lt;/div&gt;
&lt;div class="result-grid"&gt;
&lt;div class="spec"&gt;&lt;div class="k"&gt;ABTo&lt;/div&gt;&lt;div class="v"&gt;{brand}
{model_name}&lt;/div&gt;&lt;/div&gt;
&lt;div class="spec"&gt;&lt;div class="k"&gt;Pik&It;/div&gt;&lt;div class="v"&gt;{year}&lt;/div&gt;&lt;/div&gt;
&lt;div class="spec"&gt;&lt;div class="k"&gt;dBuryH&lt;/div&gt;&lt;div class="v"&gt;{engine_size}
n&lt;/div&gt; &lt;/div&gt;

&lt;div class="spec"&gt;&lt;div class="k"&gt;MannBo&lt;/div&gt;&lt;div
class="v"&gt;{fuel_type_ua}&lt;/div&gt;&lt;/div&gt;

&lt;div class="spec"&gt;&lt;div class="k"&gt;KMM&lt;/div&gt;&lt;div
class="v"&gt;{transmission_ua}&lt;/div&gt;&lt;/div&gt;

&lt;div class="spec"&gt;&lt;div class="k"&gt;Mpobir&lt;/div&gt;&lt;div class="v"&gt;{mileage:,}
km&lt;/div&gt; &lt;/div&gt;

&lt;div class="spec"&gt;&lt;div class="k"&gt;Bepen&lt;/div&gt;&lt;div class="v"&gt;{doors}&lt;/div&gt;&lt;/div&gt;

&lt;/div&gt;
&lt;/div&gt;

, unsafe_allow_htmI=True)

E}:'>i6r|iorpaqaqua nosigka
Tema poboTu: Po3pobneHHs iHdhopMaLiiHOi cMCTEeMU NPOrHO3YBaHHS LiiHW
aBTOMODINiB Ha OCHOBI iX XapaKTePUCTUK 3 BUKOPUCTAHHSAM METOAIB MaLLUMHHOMO
HaBYaHHS.
6car 6akanaBpcbkoi _pobotu 75 cTopiHok. Mepenik rpadivHoro matepiany: 1. KPB.ICT - 017.00.00.001. MNporpamHi BikHa iH(opMaLiiHOT cuctemm
NPOrHO3yBaHHS LiiHN.

2. KPB.ICT - 017.00.00.002. AHani3 niHiiH1NX B3aEMO3B'sI3KiB MiXK TEXHIYHUMM
XapaKTepucTvKamu Ta BapTiCTo aBToMOGiniB.

3. KPB.ICT - 017.00.00.003. NpadhiuHa Bidyanisauis BxinHoro Habopy AaHux
[ata 3akiH4eHHs BP
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