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BUKOPUCTAHHA METOAIB
MALLUHHOIO HABYAHH4
19 OLIHKW BAPTOCTI XXWUTJIA

Beryn. CyvacHi cuctemMu IPUAHSTTS pillieHb y O1TBIIOCTI
BUIIAJIKIB TOB’s13aHI 3 0OpOOKOI HewiTkoi iH(opmaii.
3aBAsIKM 3pOCTAaHHIO MTOTYKHOCTI O0YHCITIOBATHHOI TEXHI-
KW, 3’ SIBIJIMCH TIPOTpaMHi 3acodu Ta 0i0mioTexn (QyHKIIH,
SIKi peani3yloTh omeparii oOpoOKu HaJ HEYITKMMH MHO-
xuHaMd. [loTyxHi 06i0mMiOTeKHM METOMiB MAaIIMHHOTO
HaBYaHHS pealli3oBaHi B MOBI mporpamyBaHHs Python, 1o
JIO3BOJIIE PO3POOJSITH Ta BIPOBAIKYBATH aITOPUTMH
HEYITKOTO BUBOJY.

Metoro nmaHoi poOOTH — 3aCTOCYBaHHS METO[IB Ma-
IIMHHOTO HABYAHHA JJIS OIIHKH BapTOCTi JKHTIA Y MICTi
Kuegi. Ha chorognimHiii 1eHb AJ1s OI[IHKHA BapTOCTI KHUT-
Jla BUKOPHCTOBYETHCS MOPIBHSIIBHUN migxinm [1, 2]. Aue
CKJIAJIHICTh Mi00py 00’ €KTIB aHAIIOTIB JUIS MAPHOI OIiH-
KH 00MEXye 00NacTh 3aCTOCYBaHHS METONy. AJNbTepHa-
TUBHAMH METOJIAaMH € CTAaTUCTUYHI METOAM, 30KpeMa,
eKoHOMeTpuuHI Metonu [3, 4], MeToam aUCHepCiitHOTO
aHaymizy [5], MeToau He4iTKoi MaTeMaTuku [6], a TakoK
HelipoMepexeBi MeToau [7].

VY npaniii poOOTi PO3IJSIHYTO 3aCTOCYBaHHS METOIIB
HEYITKOI MAaTEMAaTHKH TSI OIIIHKYM BapTOCTI JKHTJIA.

MeToau HEediTKMX MHOXHH OCOOJIMBO KOPHUCHI 3a BiJI-
CYTHOCTI TOYHOI MaTeMaTU4YHOI MO (PYHKIIOHYBaHHS
cuctemu. Teopis HEUITKMX MHOXHH J1a€ MOXIIUBICTh
3aCTOCYBATH JUISl IPUUHSTTS PillleHb HETOYHI Ta Cy0’€K-
TUBHI €KCIIEPTHI 3HAaHHS TPO TNpeAMETHY oOiacTh 0e3
dhopmaizarii X y BUTIA TPaaUIiHHUX MaTeMaTHYHHUX
Mojeseld. 3 BUKOPHCTAHHAM TeOpil HEYITKMX MHOXHH
BUDIIIYIOTBCS MUTaHHS  y3TOJUKCHHS  CyNEpewIMBUX
KpUTEPIiB NPUUHATTA PillICHb.

Cucrema HEUITKOTO BUBOJy — II¢ HEJNiHilHE BijgoOpa-
JKEHHsI, sSIKEe MEePEeTBOPIOE JaHi 3 YITKHX BXOJMIB Yy YiTKI
pe3yibTaTH BHBEICHHS. Pi3HI aaropuTMu HEYITKOrO
BuBoay (Mawmpani, llykamoto, Jlapcena, CyreHo) Bin-
PIBHSIIOTBCSL  CITOCOOOM  OTPUMAHHSI YiTKOTO BHBOJY.
He3anexxHo Bij BHUIy alropuTMy BCi BOHH MICTSTh Taki
eranu (puc. 1):

a) (asudikanii. B KOHTEKCTI HEWITKOI JIOTIKM MiJ
(dasudikaifiero po3yMilOTh HE TUIBKM OKPEMHH €Tarl BH-
KOHAaHHSl HEYITKOTO BHMBEACHHS, a W BiacHe mpouec ado
MPOLEAYPY 3HAXOPKCHHS 3HaYeHb (DYHKIIIM HaJIeKHOCTI,
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0) HEUITKMX MHOXXHMH (TEpPMiB) Ha OCHOBI 3BHUalHUX (HE HEUITKHUX) BUXITHUX maHuxX. Dasudikariio
IIe Ha3WUBAIOTh BBEACHHAM HEWITKOCTI. MeTa etamy ¢aznudikarii — BCTaHOBIEHHS BiAIOBITHOCTI MK KOH-
KpEeTHUM (3a3BHYaii — YMCEIIbHUM) 3HAYCHHIM OKPEMOi BX1JTHOI 3MIHHOI CHCTEMH HEYITKOTO BHUBEICHHS
1 3HaYeHHAM (PyHKIIIi HaJIEKHOCTI BiAMOBIAHOTO 1 TepMa BXigHOI JiHTBicCTHYHOI 3MiHHOI. Ilicms 3aBep-
LICHHS LOTO €Tamy JUId BCiX BXIAHMX 3MiHHMX MalOThb OyTH BH3HA4Y€Hi KOHKPETHI 3HAUCHHS (QYHKIIiH
HAJIC)KHOCTI TI0 KOYKHOMY 3 JIIHTBICTUYHHUX TEPMIiB, SIKi BAKOPHCTOBYIOTHCS B MEPEAyMOBax 0a3u MpaBUII
CHCTEMH HEYiTKOTO BUBEACHHS;

B) arperaiisi — I IpoLeAypa BHU3HAYECHHS CTYIEHsI iCTHHHOCTI YMOB KOXKHOTO 3 MPABWJI CHCTEMH
HEYITKOIO BUBEIEHHS;

T) aKTHBI3allis B CHCTEMaX HEYITKOTO BHBEIEHHS — MpoIlexypa ado Mpolec 3HAXOKEHHS CTYIICHS
ICTHHHOCTI KOXXHOTO 3 TIPaBUJI HEYITKOTO BHBOJY;

M) aKyMyJISIlis B CHCTeMaxX HEJiTKOrO BHBEJEHHS — MpoIeaypa ado Mpolec 3HaXO/PKeHHS (PyHKIIi
HAJIGKHOCTI JIJIsl KOXHOI 3 BUXIJHHUX JIIHTBICTHYHUX 3MIHHHX. MeTa akyMyJsIii Mojsirae y Tomy, oo
o0'eqHat ab0 aKyMmyJlOBaTH BCi CTYIEHI ICTUHHOCTI BHCHOBKIB JJIsl OTpUMaHHs (PyHKIII HaleKHOCTI
KOXHOI 3 BUXITHMX 3MiHHMX. [IpMunMHa HEOOXITHOCTI BUKOHAHHS I[LOTO €TAIy IOJIAraE y TOMY, IO
BHUCHOBKH, SIKI BITHOCATBHCS JIO OJHIET 1 Ti€l 5k BUXITHOI JIHIBICTHYHOI 3MIHHOI, HaJIS)KAaTh Pi3HUM IpaBH-
JIaM CUCTEMU HEYIiTKOTO BUBOIY.

Yirkuit OngKa . Jloriunuii Kommo3zutist 3abe3nedyeHHs YiTKuit
pxin | HeuiTkocti, =N puBoz, —>| Axrtupizanis [ HiTKoCTi, pe3ynbTaT
basudixanis arperartist AKyMYJIAILis

PUC. 1. 3aranbHa cxeMa HEYiTKOTO BUBOAY

VY naniii po0OOTI I CHCTEMH HEYITKOTO BHBOJY 3aCTOCOBAHO ajroputM MawmaHi. [laHuii alroput™
OITKCaHO, 30Kpema, B [1].

Jani ans MonenroBaHHsS B3ATI 3a mepion juneHb — jxoBTeHb 2020 poky 3 enuHOi 0a3u 3BITIB
npo ominky MaiiHa [8]. Bubipka mictuth 2133 3amucu, sika 1mojIijicHa Ha HaBYaJIbHY Ta TECTOBY B MPOIOP-
ii 85:15, To6TO HaBuanbHa BUOiIpKa micTuTh 1813 3amucis, TpeHyBaibHa — 320. Jlani moka3aHa yacTHHA
TaOJINL 3 JaHUMU.

TABJIULIA
Jlata OniHo4Ha BapTicTh
Bug 00’ekTa OiHKHA JlaTta omiHku e 00’€KTa OLIHKH,
peecTpaii 3BiTy FpH.
OO0’ €KT KHUTIOBOI HEPYXOMOCTI 25.09.2020 25.09.2020 77500
OO0’ €KT KHUTIOBOI HEPYXOMOCTI 25.09.2020 25.09.2020 413275
OO0’ €KT KHUTIOBOI HEPYXOMOCTI 25.09.2020 25.09.2020 224000
OO0’ €KT KHUTIOBOI HEPYXOMOCTI 25.09.2020 25.09.2020 22000
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Tabmums micTuth Taki xomonkw: OTiHOYHA BapTiCTh 00’e€kTa omiHKH, T'pH; Craryc 3BiTy; Perion
00’exTa ouiHloBaHHA; Hacenenuii myHKT 00’ekTa ouiHIOBaHHSA; Tun Bynuui; Bymuus; 3oHa HaceneHoro
nyHKTy; Bug 06’exta Hepyxomocti; Tun Oynunky; Kiac 6yaunky; ['pyna xamitanbHocTi; Pik BBeneHHs
B eKCIUTyaTamito; 3arajipHa Iuioma, KB. M; [lioma >KuTnoBuX mpuMilmieHb, kB. M; Ilmoma momomix-
HUX/TiIcOOHUX TpUMIiIIeHb, kB. M; [loBepx y Oyaismi (mst kBapTupu)/IloBepxoBicTh Oyaisimi; [HxeHepHE
oOiannanHs; @iznunuii cran; HasBHICTS BOYy/TOBAaHOTO MAPKIHTY.

OckiTbKH poOOTa MPUCBSYCHA OIIHIN BapTOCTi *UTIIa B KueBi, To maHi BinduIbTpoBaHi 3a pEeriOHOM
00’exta. Takox A0 yBaru OynM B3ATi TiINBKH 3BiTH 3i cTatycoM «llepeBipeHo». Pe3ynbTyrouoro 3MiHHOIO
Oyzae OniHOYHA BapTICTh 00’ €KTA OIIHKH.

[IporpaMua peaxizamis Mozesi Oyna BHKOHaHa Ha MOBi mporpamyBaHHs Python 3 BHKOpHCTaHHSM
6i6miorexu sklearn (6e3xomToBHa MporpaMHa 610Ti0TEKa MAIIIMHHOTO HABYAHHS JJI1 MOBH IPOTPaMyBaH-
Hs Python, sixka Hagae QyHKIIOHATBHICTH IS CTBOPEHHS Ta TPEHYBAHHS PI3HOMAHITHHX aJTOPUTMIB KJa-
cudikarii, perpecii Ta Kiactepusarii, TaKUX sIK: JiHiltHa perpecis, random forest, rpagieHTHUIT OyCTHHT).
JIyis BU3HAYCHHS JIIHTBICTUYHHMX 3MIHHMX BHKOPHCTaHO Kiac Antecedent, jJis BU3HAYEHHS JIOTIYHOTO
BUCHOBKY — kjac Consequent. /[yiss BU3HAYCHHS TEPM-MHOXHHHA Ta (YHKI[IM HAIEKHOCTI BUKOPUCTAHO
¢ynkuito trapmf mis noOynosu QyHKuii Tpanenii. s moOynou npaBui BUukopuctaHo kinac Rule. [{ns

moOyIOBY JIOTIYHOTO BUBOAY BHKOpHUCTaHO Kinac ControlSystem.

PeanizoBaHa cucTemMa MiCTUTh HACTYITHI TApaMeTpH: S — TUIOIIA KHUTIa; Z — 30Ha HACEIIEHOTO ITyHKTY;
Y — pik 3124l B eKCIDTyaTalliro; T — BU )KUTIIA; P— BapTicTh KATIA.

CrBopeno 50 HEUiTKHX MpaBHJ y TEPMiHAX 3MiHHHUX BHIY:

I11: sxmio S gyxe Mana, T TypTOKUTOK, TO P Ty’ke HU3bKA;

I12: sxmo S mysxe mana, T rypToxuToK, Z nepudepiiina abo cepeuHHa, To P 1yxe HU3bKa,

I13: saxmo Y myxxe crapuii OynuHOK, S Mana, To P Hu3bKa;

[14: sxmio Z nenTpanbHa, S Maja abo cepenHs, P cepenns;

[HII1 TpaBHIIa OMTUCYIOTH PIK 34a4i B €KCIUTyaTallito, BU XKUTIIA, BapPTICTh KHUTIA TOIIO.

[ToOymoBaHi GyHKIIIT HAIEKHOCTI W(X) TEPM-MHOKUH BXIJJHUX Ta BUXIJIHUX 3MiHHHX (puc. 2 — 5).

1(S): S — rroma xuria, kB. M, S € [10, 400].

Tepm-MHOXHMHA: {IyXe Majia, MaJia, CEpeAHs, BEJIUKa, Ay>KE BEJINKA }.
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PUC. 2. dyHKIis HATICKHOCTI IJIOIII 10 TEPM-MHOXHH

(Z): Z — 3ona HaceneHoro nmyHkry, Z € [0, 5].

Tepm-muoxkuHa: {no3a mictoM (1), npumickka (2), nepudepiiina (3), cepennnna (4), nenrpansHa (5)}.
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PUC. 3. ®yHKUis HaNEXXHOCTI 30HU HACEIEHOT0 MYHKTY O TePM-MHOXHH

n(Y): Y — pix 31aui B excrutyaraniro, Y €[1865, 2020].

Tepm-MHOXMHA: {Iy’Ke CTapHii OyIUHOK, cTapuii OyANHOK, HOPMaJILHUI OyIMHOK, HOBHI OyJHHOK,

Iy’Ke HOBHUH OyJTUHOK } .

Pik 3pnaJi B eKkcnnyaTauio
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PUC. 4. ®OynKIlis HATEKHOCTI POKY 3/1adi B €KCIUTYaTalli0 10 TEPM-MHOXHH

w(T): T —Bun xutna, T €[0,5].
Tepm-muOXHHA: {rypToxuToK (1), maunuii OyauHOK (2), KBapTHpa B MAJOIMOBEPXOBOMY OYIMHKY
(3), kBapTupa B 6araTonoBepxoBomy OyauHKY (4), iHauBIAyanbHuil OyanHOK (5)}.

Tun xuTtna
1.0 ! ! ; ;
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PUC. 5. OyHKIIis HATEKHOCTI BUAY KHTIIA IO TEPM-MHOXHH
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u(P): P — BapricTs sxwurina. OmuHEHLS BUMIpY — THCSYI TpuBeHb, P <[100, 10000].

TepMm-MHOXUHA: {Iy’Ke HU3bKA, HU3bKa, CEPEIHS, BUCOKA, AyXKe BICOKA, HAI3BHYAITHO BUCOKA } .

BapTicTb

Loy — :
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PUC. 6. dyHKIIis HaJIEeAKHOCTI BApTOCTI XKUTIIA JI0 TEPM-MHOXKHH

IIporpamua peanizanis Mojeni Ha MOBi porpamyBanHs Python po3paxoBye xoedinienTu o, mozern,

3rigHO anroputMy MamaHi, OIIIHIOE TOXHOKY MOJIENi Ta O3BOJISIE POOHWTH MPOTHO3 BApTOCTI KUTIA

Ha OCHOBI BBEJICHUX XapaKTEPUCTUK.

CepenHs BimHOCHA TTOXUOKa po3pobieHoi Moxaerni craHoBuTh 4.22 %. Ha puc. 7 mokasaHo BigHOCHI

MMOXMOKK MOJIeNi /Il BCiX 3amuCiB TeCTOBOi BMOIpKH. BinmbmricTe MOXMOOK 3HAXOAATHCS B JIiara3oHi
Bix 0 o 50 %. Hesnauna kibKicTh MOXnUOOK nepeBuiye 75 %.
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PUC. 7. Tloxubku anpokcumarii moseni, %
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BucnoBok. Y po6oti moOymoBaHa HediTKa MOJAETH OIIHKH BapTOCTi XKUTIA y Micti Kuesi, po3pobire-
Ha mporpama Ha MoBi Python, sika 103B0oIIsSIE IPOTHO3YBATH BapTiCTh KUTIIA 0a3yFOUMCh HA OCHOBI aHAIIZY
0a3u JaHuX MOMEPEeaHIX MPOAaXKIB.
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Introduction. Nowadays, the state has enshrined at the legislative level the definition of appraised value
for tax purposes in sales of real estate as mandatory. The comparative approach most often used by appraisers
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has disadvantages such as the inability to find analogues in some cases and the need to make corrections, which
affects the reliability of the results. The module of electronic determination of appraisal value (Module) similar
to the object of property appraisal of the Unified database of appraisal reports works on the same approach and
quite often overestimates appraisal value that leads to increase in the size of the tax during sales as the real
estate cannot be sold for the price less than the estimated cost.

Today to determine the price of an automated system correctly, it is necessary to fill the Unified Valuation
Database in the State Property Fund with large knowledge bases - a huge IT system. So far, the thoughtless
machine still determines the price by the average value. Currently there are often situations when the appraised
value of real estate, determined by the Module, exceeds its real market value. Given that the approach used by
the Valuation Module does not always give the correct result, there is a need to find a better method to deter-
mine the value of housing that could be used by the Module.

The purpose of the paper. In this paper, an approach based on fuzzy logic was used to estimate the cost
of housing in Kyiv. Fuzzy methods allow to apply a linguistic description of complex processes, to establish
fuzzy relationships between concepts, to predict the behavior of the system, to create a set of alternative ac-
tions, to formally describe fuzzy decision-making rules.

Results. The software implementation of the model in Python programming language was performed.
Data for modeling were taken for the period July — October 2020 from a single database of property valuation
reports. The sample contained 2133 records, it was filtered, divided into training and testing in the proportion
of 85:15. To assess the quality of the program, the average relative error of the developed model was
calculated.

Keywords: fuzzy logic, machine learning, Python programming, linguistic variables, predictive model.
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