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NucrpymeHTapuii HIeHTUPUKANUYA U OLEHKHA PUCKOB B
KU3HEHHOM LHKJIE JOPOKHO-CTPOUTEIbHbIX 00bEKTOB YMHBIX
ropoaoB (Ha npumepe r. Omcka)

AHHoTanus. VMccnenoBanue MOCBALICHO BOIPOCAM YIMPABICHUS PUCKAMH B COBPEMEHHOM
yMHOM Tropone. Llemp wuccienoBaHus — WICHTUQHUIMPOBATH PUCKH B JKH3HEHHOM IIMKJIE
TOPOKHO-CTPOUTEIBHBIX OOBEKTOB C NPUMEHEHHEM TEXHOJIOTMH TIpaJMeHTHOro OycTHHTA.
Merononorusi HMCCIEAOBaHMS IIOCTPOCHa HAa NPUMEHEHHH METOJOB MAIIMHHOTO OOydYeHHsS K
MoKa3aTessiM, XapakTepU3yIOUM 0e30MacCHOCTh B COBPEMEHHBIX YPOAHUCTUYECKUX IPOCTPAHCTBAX.
C npumenenweM mapcepa c(HOPMHPOBAH [aTaceT, BKIIOYAIOIINA XapaKTEPUCTHKH JIOPOXKHO-
TPAHCHOPTHBIX NPOMCIIECTBUHN, TaKHe KakK MOKa3aTeIl CMEPTHOCTHM HAa aBTOMOOWJIBHBIX JOPOTax,
Ka4eCTBO  JIOPOXKHO-TPAHCIIOPTHOM  WHQPACTPYKTYphI, €€ OKCIUIyaTalldd W  BBIOJHEHHE
CTpoUTENbHBIX paboT. Mcmonb3oBanbl cratuctuueckue manuele caidta [MBJJ] 3a 2023 rox mo
r. OMcky. B pacuerax ncrosp3oBaHa BRICOKOIIPON3BOIUTEIbHAS ONOINOTEKa MAIIMHHOTO 00yYeHHS

! Caitr BBI'V: https://portfolio.vvsu.ru/education/dissertation/tid/9528/
2 Caitr Cu6AJIY: https://sibadi.org/about/staff/kodentseva-yuliya-viktorovna/
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C OTKpBITBIM Koj10M CatBoost, ocHoBaHHas Ha TPaJUEHTHOM OyCTUHTE, paboTaroIas ¢ YUCIOBBIMU U
KaTeropHalibHbIMUA Tpu3HakamMu OrpeaesieHne ONTUMAJIbHBIX 3HAY€HWM MOJENH BBIMOJHEHO C
npumeneHrem ajgroputma GridSearchCV. Jlns olleHKH BIMSHUS MapaMEeTPOB Ha PE3yJIbTUPYIONLYIO
nepeMeHHyto npuMeneH SHAP-anamms. Pa3zpabotan aBTOPCKUH MOIX01 K KOCBEHHOH OIEHKE PUCKOB
B JKU3HEHHOM IIMKJIE TOPOKHO-CTPOUTEIHHBIX OOBEKTOB B COBPEMEHHOM TOpo/ie, Oa3upyIoIIHiics Ha
TEXHOJIOTHSIX KOTHUTUBHOM BHU3yalM3allid W METOAOB MaIIMHHOTO oO0ydeHus. Ero ampoOarus
MO3BOJIWJIA BBISIBUTH, UTO HA BOSHUKHOBEHHE UYPE3BbIUaHBIX CUTYallUl B TOPOJE, U, CIEIOBATENLHO,
MOBBIIICHUE YPOBHS PHUCKAa, B TOM YHCIIE THOENM JIoJel, B ypOaHHCTUYECKOM MPOCTPAHCTBE
OKa3bIBAIOT BIUSHUE (DAKTOPHI, CBA3aHHBIE C (Da3aMH MPOCKTHUPOBAHUS U IKCIUTyaTalluu JOPOKHO-
CTPOUTEIBHBIX OOBEKTOB, a TAK)KE MX TEKYIIETO COCTOSHHS M KaUTAJIBHOTO PeMOHTA. Pe3ynbTaTel
UCCJIEIOBAaHUM MOTYT OBITh HUCIHOJB30BAaHBI MPHU pa3pabOTKe MPOTrpaMM U MPOEKTOB pPa3BUTHUS
ypOaHUCTHUECKON WHPPACTPYKTYPHI, COBEPIICHCTBOBAHMS TEXHOJOTHUH yIPABICHUS COBPEMEHHBIM
rOpOJIOM Ha PETHOHANBFHOM U (heJiepaabHOM YPOBHSX.

KiarwoueBble cjioBa: YIOPABJIICHUEC PUCKAMU, JKM3HCHHBIM ITMKII AOPOKHO-CTPOUTCIbHBIX
O6’beKTOB; IIPOCKTHOC YIPABJICHUE; YMHBIC TOpOJa, MalIMHHOC 06yquHe; JaTaceT, KOTHHUTHUBHAas
BU3yalin3alusd

BBenenune

B mnHacrosiiiee BpeMsi CTaHOBATCS aKTyaJdbHBIMH BOIIPOCHI Pa3pa0OTKM HHHOBAIIMOHHBIX
TEXHOJIOTH CTPOUTENHCTBA yYMHBIX TOPOAOB, OOecmedmBaromux KoM(OpT u 06e30macHOCTh HX
KUTEIICH.

CoBpeMeHHBI yYMHBIH TOpOJ HCHOJB3yeT HWH(MOPMALMOHHBIE M KOMMYHHMKAI[MOHHBIE
TEXHOJIOTUM I YJIy4YLIeHUs KadyecTBa >KM3HM CBOUX TpakJaH, MOBBIIIEHUA 3(PPEeKTHUBHOCTU
TOPOJICKUX OTIepaIfii 1 KOHKYPEHTOCTIOCOOHOCTH YCIIYT, CJIEAYs OCHOBHBIM KOHLEMIUSAM OallaHCOBOM
YCTOWYMBOCTH W 3eieHod sKkoHoMuku [1; 2]. CremoBarenbHO, KITFOYEBBIMH (YHKIMOHAIBHBIMU
KOMIIOHEHTaMU YMHBIX TOpPOJOB SBJISIOTCS COLUAIbHO-3KOHOMHUYECKOE pa3BUTHE, YIpaBIICHUE
M3MEHEHHEM KJIMMaTa, YMHBIA TPaHCIIOPT, yCTOMYMBOE MOTpeOIeHHE U TPOU3BOJICTBO, YIIPABICHHUE
MIPUPOIHBIMU HE BO30OHOBIISIEMBIMU pECypcaMU, YNpaBiI€HHE OOIIECTBEHHBIM 3/IPaBOOXPAaHEHHUEM,
collalIbHasl MHTETpauus, JeMorpaduueckue U3MeHEeHus, r100aabHOe MApTHEPCTBO U ONTHUMAIbHOE
ynpasnenue [3]. DTo mocTuraercs 3a cueT MPOPBIBHBIX TEXHOJOTHH, B ToM uucie Wumyctpuu 4.0,
NPUOPUTETAMU KOTOPBIX CTAHOBSTCS HKOJOTHYHOCTh, CHU)KEHHE PHUCKOB U oOecreyeHue
MHUHAMAJIbHOM CTOMMOCTH JKU3HEHHOTO IMKJIa HHPPACTPYKTYPHBIX 00beKTOB [3-5].

bnarogapsi coBpeMEHHBIM TEXHOJOTHSIM TPAaHCHOPMUPYETCS >KU3HEHHBINH IHKJI JOPOKHO-
CTPOUTCIIBHBIX 00BEKTOB B YMHBIX TOpoaax, v, CJICA0BATCIbHO, ITIOAHUMAIOTCA BOIIPOCHI YITPABJIICHUA
pPUCKaMU B paMKaX UX CHIDKCHUS WU PACHpPEENICHUs MEXy BCEMU MX CTEHKXOIEpaMU MPOCKTOB
[6-8]. B coBpemeHHOl HayKe HE CYIICCTBYET €IMHOW YHHBEpPCAIbHOW TaKCOHOMHH PHCKOB B
KU3HEHHOM IIMKJIE HHPPACTPYKTYPHBIX 0OBEKTOB, UTO 3HAYUTEIBHO 3aTPYAHSIET pEIeHHE 3a/1a4 UX
uaeHTU(UKAMU U TporHo3upoBanus. Kak 1mokazanm Oubmuorpaduyeckuii  MOWCK, TPYJIbI
COBPCMCHHBIX YUYCHBIX TJIABHBIM 06p&30M COCPCAOTOYCHBI Ha aHAJIMU3€C PUCKOB, CBA3AHHBIX C
TEXHOJIOTHSMH, JCATCIBHOCTHIO OpraHm3alii ¥ u3MeHeHusimu B dkosoruu [9-11]. Takke
AHAIM3UPYIOTCS PUCKHU, CBS3aHHbIC CTAaHAAPTU3ALMEH, HOBBIMH TEXHOJIOTHSIMU U KHOEpOEe30MacHOCThIO
[12-14]. Do moBsImIaeT ypoBEHb CYOBEKTUBHOCTH U MPEAB3ITOCTH B IUIAHUPOBAHUN U PCATU3AIHH
YCTOWYMBBIX TPOEKTOB B CTPOUTENBHOM chepe YMHBIX TOPOIOB, YBEIUYUBAS TEM CAMbIM BEPOSTHOCTD
HACTYIUICHHUs] HEOJIarONMPUSATHBIX COOBITHH, HANpUMEp, CBSI3aHHBIX C TPAaBMaTH3MOM U THOEINbIO
Joe.

IIpu 3TOM OTCYTCTBHE BBIIICYKA3aHHON €IMHOW TAKCOHOMHUHU PUCKOB HE II03BOJISIET CO31aTh
€IMHBII peecTp CTAaTUCTHYECKUX [aHHBIX U1 DPEIIEHUs 3aJad NPEIUKTUBHONW aAHAJIUTUKH U
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MOHHUTOPHHIA OLEHKH 0€30MaCHOCTH CTPOUTENBCTBA U IKCILTyaTallud HHPPACTPYKTYPHBIX 00BEKTOB
B yMHOM ropojse. Kak mokassiBaeT omnbIT, HauOosiee OMacHBIMU C MO3MLIMHA NPUYMHEHUs yiiepoa
KHU3HM OKUTENIIM, B TOM 4YHMCI€ B YMHOM TOpOJAE SBIAIOTCA JIOPOKHO-TPAHCIIOPTHBIE
uHppacTpykTypHble 00BeKThI [15-17]. Y mOCKOJIbKY TEXHOJIOTHH YIPABJICHHUS PUCKAMH B YMHOM
ropofic B HAcTosIIee BpeMs elle TOIbKO pa3BUBAIOTCS, B HACTOsIEE BpeMs BO3HUKAET
HEO0OXOJUMOCTh CO3JJaHUsI SKCIPECC-METOUKH, TTO3BOJISAIONIEH HA OCHOBAHUU IPSIMbBIX U KOCBEHHBIX
JAHHBIX OLICHMBATh BIIMSHUE (DAKTOPOB MKHM3HEHHOTO IMKJIA OOBEKTOB JOPOKHO-TPAHCIIOPTHOM
MHPPACTPYKTYpHl, HA BO3HUKHOBEHHE PHUCK-00pasyrommux coOweiTuii. Ha pemeHne mocraBieHHON
3aJlauu HaIIPaBJIEHO JAHHOE UCCIIEI0BaHHE.

Ha ocHOBaHMM BBIIIECKAa3aHHOTO C(l)OpMyJ'II/IpOBaHa Ociib, THIIOTE3a H MCTOAOJIOTrHUA
HUCCICIOBaHUA.

Heas ucciaenoBanusi — chopMUpOBaTh MHCTPYMEHTAPHI UACHTHU(PHUKAIIMN U OIICHKHA PUCKOB
B JKU3HEHHOM LIMKJE JOPOKHO-CTPOMTEIbHBIX OOBEKTOB B YMHBIX TOpPOAAX C INPUMEHEHHEM
TEXHOJIOTMI MHTEIIEKTYaJIbHOTO aHAJIN3a JaHHBIX.

CrnenoBarenbHO, TUIOTE3a HCCIEAOBAHUS MOXET OBbITh C(HOPMYJIUpPOBAHA CJEIYIOIUM
00pa3oM: 0COOCHHOCTH CTPOHUTENBCTBA M IKCIUTyaTallUH 3JIEMEHTOB JOPOXKHOM MHQPPACTPYKTYpHI
SBJISIIOTCS IPEIMKTOPAMH PHUCKOB B COBPEMEHHOM T'OPOJIE.

MeTom010rus HCCJIET0BAHUSA

MeToosI0THsT UCCIeIOBaHUS TTOCTPOCHA HA MPUMEHEHHH METOJ0B MAIIMHHOTO O0yUYeHHS K
MoKa3aTessiM, XapaKTepU3yIOIIMM 0e30MacHOCTh B COBPEMEHHBIX YPOAHUCTUYECKUX MPOCTPAHCTBAX,
1 BKJIIOUaeT crieayromue stamsl: (1) GopmupoBanue naraceta; (2) mapuuanbHas 00pabOTKa JaHHBIX;
(3) xomupoBKa KaTeropualbHbIX AaHHBIX; (4) mocTpoenue monenu CatBoostClassifier u onpenenenue
¢e ONTUMAITbHBIX MapaMeTpoB; (5) pacyer MeTpHK KauecTBa kiaccudukanuu; (6) pacyer 3HaYUNMOCTH
BKJIaJIa TOKa3zaTelied B pelicHue 3aaaun kiaccudukanuu; (7) Bu3yanu3anus pesysbraToB. Ha
pucyHke 1 mpejcraBieH mo3Tamntoe (GOpMUPOBAHKE ATOPUTMa METOI0JIOTHH MCCIICIOBAHNUS.
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MarepuaJbl 1 METO/bI

C npumeHeHueM mapcepa CcQOpPMHpPOBAH JaTaceT, BKIIOYAIOIMINNA  XapaKTEPUCTUKH
JOPOKHO-TPAHCIIOPTHBIX MPOUCHIECTBHM, TaKWe KaK MOKa3aTeld CMEPTHOCTH HAa aBTOMOOMIIbHBIX
Joporax, Ka4ecTBO JOPOXKHO-TPAHCIIOPTHOW WHEOPACTPYKTYPHI, €€ IKCIUTyaTallid U BBIMOJTHCHUE
CTpOUTENBHEIX paboT. Mcrons3oBaHsl cTaTHCTUYECKUE qanHbIe ¢ caiita TUBIJI® 3a anpenb-ceHTA0ph
2023 rox mo T. OMcky. B pacuerax mcmoiap30BaHbI IOKA3aTeNN, XapaKTEPU3YIOIINE 00CTOSTEILCTBA

JITII:

o spems npoucuecmeuss — (Time);
. 6u0 npoucutecmeust (CTOIKHOBEHHE, Hae3/] Ha mpensaTcTBue u mp.) — (X_0);
o Kamezopus yauysl (MaruCTPaTbHBIEC TOPOTH, MATUCTPATBHBIE JIOPOTH OOIIETOPOJICKOTO

Ha3HAYEHUs, MarHCTPAIbHBIE JIOPOTH PAfOHHOTO 3HAYCHU S, TIPOE3/IbI, YIIHUIIBI U IOPOTH
MECTHOT'O 3Ha4YCHUSI B KHJIOHN 3acTpoiike, nHble MecTa) — (X_1);

o 00beKmyl YIUUHO-00podicHOU cemu Ha mecme [TII (aBTOCTOSIHKA, BHYTPH JIBOPOBast
TEPPUTOPHS, BBIC3]] C MPHIICTAIOIICH TEPPUTOPHH U 1Ip.) — (X_2);

. 00beKmbl  YIUUHO-00pOdCHOU — cemu  6oausu mecma J{TII (kuible 3maHMS,
aJIMUHUCTPATUBHBIC 3/IaHKs, TAPKOBKHU U 11p.) — (X_3);

o HeOOCMAamKu MmMpaHCROPMHO-IKCHILYAMAYUOHHO20 COOEPACAHUSL  YIUYHO-O0POANCHOU
cemu (1e(eKTHI TIOKPBITHS, OTCYTCTBHE PAa3METKH, OTCYTCTBHE JIOPOKHBIX 3HAKOB U
mp.) — (X_4);

o gaxkmopwi, oxkazviearowue GIUAHUE HA pedcuM Osudcenus (TMPOBENEHUE JTOPOKHBIX
paboT, MEPEeKpHITHE TPOTyapoB, MpoeKel vacTu, Hepaboure cBeToQOphl U Tp.) —
(x_5);

o 8pemMsi CYmok (ceemioe, memHoe) U HAIUYUE/OMCYMCMEUE OCBEWeHUsI Npoe3dicell
yacmu — (X_6);

. cocmosinue no2oowl (10K1Ib, SCHAS IIOro/1a, SKCTpeMajbHas xkapa u up.) — (X_7);

. cocmosnue npoesoicetl yacmu (Cyxoe, Bnaxkaoe) — (X_8).

VYKkazaHHbIE MOKa3aTeau SBISIOTCS KaTeropualibHbIMM, W JJIA KCIOJNB30BAaHUS B pacyeTax
BBINOJHEHA UX KOAUPOBKA C MPUMEHEHUEM METOJA YaCTOTHOTO KoaupoBaHuA. [I0CKOJIbBKY Ha caiite
I'MBJJ1 umeercs unpopmanus tonbko o JTII ¢ mocTpamaBmvMu, NMPU BHIIOJHEHUH PacyeTOB
pasielieHbl 1Ba Kilacca M0 HAIWYHIO/OTCYTCTBHIO TOTHOMMX. BpImosHeHa OWHapHAs KOJIUPOBKA
BBIXOAHOU nepeMeHHoi: «1» npucBauBanace kiaccy JATII ¢ Hannyrem noruGmmx.

B pacuerax ucnonb30BaHa BHICOKONPOM3BOIUTENbHAS OUOIMOTEKAa MAITMHHOTO OO0YYEHHUs C
oTKpeITBIM KomoM CatBoost [18-20], ocHoBaHHas Ha TpaaueHTHOM OyCTHHre, paboTaromias c
YHUCJIOBBIMH M KAaTErOpUAIBHBIMH TNpH3HaKaMH. OMNpeieieHue ONTHMAIbHBIX 3HAYCHUI MOJCIH
BBINOJIHEHO ¢ puMeHeHneM aiaroputma GridSearchCV [19; 20]. s ONCHKY BIMSHHUS MapaMeTpOB
Ha pe3yJbTHPYIONLYIO epeMeHHyto npuMmeHern SHAP-ananus [20; 21].

Hns moctpoenust kapthl pacnpeneneHus TII B ropoae ucmons3oBaHbl reorpaduyeckue
KOOPJAMHATHI TOYEK, II€ MPOU30IILIA aBapHUsL.

Pacuersl BbIONMHEHBI ¢ MpuMeHeHuem Oubmmorek Pandas, CatBoost, Geopandas, Folium
sI3bIKa IporpaMmmupoBanws Python.

3 TUBJJ: CseneHus o MOKA3aTelIAX COCTOSHMS OE€30MACHOCTH JOPOKHOIO IBMxkeHHsS — Pexum poctyma: URL:
http://stat.gibdd.ru/ (mata obpamienus: 02.11.2024.).
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Pe3yabTarsl HCC/IeIOBAHUA U UX 00CYKIEHUE

B kauecTBe 00bBeKTa HCCIIEOBAaHUS BBIOpAH THIIOBOW KpPYMHBIM NPOMBINUICHHBIA LEHTP
¢denepanbHoro nentpa Poccum 1. OMCK, B KOTOpPOM aKTHMBHO B MOCJEIHHE TOAbI BHEIPSIOTCS
TEXHOJIOTUU YMHOTO ropona [21-24]. B npakTuky ynpasicHuss HHPPACTPyKTypoil u oOecrieucHue
0€30I1aCHOCTH B TOPOJICKOM Cpejie MOCTENEHHO BHEIPSAIOTCS «yMHbIE CBETO(OPHD, HHTEIUIEKTYaIbHbIE
CHCTEMBl MOHHUTOPHHTA JOPOXXHOTO JBWXEHHs M 1p. Bce 310 cmocobctByer 1mdpoBoit
TpaHchopMaIuu ropoACKoil Cpebl U CO3aHNI0 HOBOTO YPOaHUCTUIECKOTO pocTpaHcTBa [25; 26].

ITockonbky B HacTosiee BpeMs B Poccnn B HETOCTaTOYHOM CTENEHU Pa3BUTHI M IPUMEHSFOTCS
TEXHOJIOTUM KOMIUIEKCHOTO MOHHUTOPHMHIA CTPOMTENbCTBA M HKCIUTyaTallMM HHQPPACTPYKTYPHBIX
00BEKTOB B YCJIOBHUSAX TOPO/IA, B MCCICIOBAHUN MIPUHATO PEUICHUE UCTIOIB30BAHUS CTATUCTUIECKUX
JAHHBIX, XapaKTePU3YIOIINX YaCTOE BOSHUKHOBEHHE PUCKOBBIX CUTYallUi B ypOaHUCTHUECKOM cpeae,
takux Kak J[TII, mOCKOJBKY B CTPYKType 4Ype3BBIYAaHHBIX CUTYallM OHU 3aHUMAIOT JUAMPYIOIINE
no3unuu [27]. AHanu3 NaHHBIX TOKa3aTelneil B PEXHMME HIKCIPECC-aHAI3a MO3BOJHUT KOCBEHHO
OLIEHUTH  BIUSHHE  (PAKTOPOB  KU3HEHHOTO I[HKIA  OOBEKTOB  JOPOKHO-TPAHCIIOPTHOM
MHPPACTPYKTYpbl Ha BO3HMKHOBEHHME PUCK-00Pa3yIOMIMX cOObITUH. /Iy perieHus NTaHHOM 3a1auu
HEOOXOJUMO MPUMEHEHHE METOJ0B MAIIMHHOTO OOY4YEHHMs, CIOCOOHBIX BBISBISATh CKpPBIThIC
3aKOHOMEPHOCTH B OOJBIIMX MAacCUBaX JAaHHBIX PAa3IUYHOM pa3MEpHOCTH, B Pa3IMUHBIX ILIKajax
[28; 29]. TlpennoxkeHHass aBTOpaMH B CTaThe METOJOJOTHS aHAM3a MOXCET ObITh NMPHUMEHEHAa B
HKCIPECC-OIIEHKE B JKU3HEHHOM IUKJIE OOBEKTOB JOPOXKHO-TPAHCIIOPTHOM HMHQPACTPYKTYpHI Kak
MHCTPYMEHT NMPOTHO3UPOBAHNS BOBHUKHOBEHUS PUCK-00pa3yIOIUX COOBITHIA.

[Tocne popMupoBaHHs OKOHYATEIHHOTO BapuaHTa JaraceTa i MpOBEIEHHs UCCIIEOBAHUS
BBITIOJTHUM TPYIIHPOBKY BXOJHBIX TapaMeTpoB, xapakTepusytonmx JTII, mo npudnHe X BIUSHUS
Ha *KU3HEHHBIHA IIMKJI 0OBEKTOB JOPOKHO-TPAHCIIOPTHON HHPPACTPYKTYPHI B COBPEMEHHOM T'OpPOJIE.
[MapameTper X_1-X_3 xapakTepu3ylOT 3Tal TMPOCKTHPOBAHUS M CTPOUTEIHCTBA BHINICyKa3aHHBIX
00BEKTOB, TapaMeTpbl X_4—X_6 ompenenstoT yCIoBUS UX dKCIUTyaTaluu, napamerpsl X_7, X_8, X_0,
Time sBJIAIOTCS BCIIOMOTATEIbHBIC U OMUCHIBAIOT BIMSHUE (DAKTOPOB BHEIIHEW CPelbl U HEKOTOPhIC
xapakrepuctuku npousowenmero ATIL

OrnuieM pe3yiabTaThl MPOBEICHHBIX pacueToB. B pacuerax ucnonb3oBansl nanneie o JATII 3a
anpesb-CeHTAOPh C LENbI0 MCKIIOUEHUS BIUSHUS CHEXKHOTO MOKPOBAa Ha BO3HMKHOBEHHUE JAHHOTO
BUJA YPE3BBbIYAWHBIX CHUTYAllMd, ITOCKOJbKY MPUPOJAHO-KIMMATHUYECKUE XAPAKTEPUCTHKUA B
3HAYUTENLHON CTENEHU MOBBIIAIOT aBAPUMHOCTH HA JOPOTax W 3a4acTylo TPeOyIOT MPUMEHEHUs
JOTIOJTHUTEIBHBIX METOAOB UCCIIECOBAHHS.

Ha pucynke 2 nokaszano pacnpenenenust JTII B ropoae B ucciemayemblii mepuos B BHJIE
TEIJIOBOM KapTBhl.

AHanu3 pucyHKa 2 MO3BOJIMI CIeTaTh BBIBO, YTo Haubonbmas konneHtpamus JATIT B Omcke
OTMEYaeTcs B LIEHTPAJIbHBIX paliloHaX (Ha PUCYHKE 3TO MPEICTABICHO Haubosee IPKO BbIPAXKECHHBIM
L[BGTOM), YTO CBSA3aHO HE TOJBKO C BBICOKOUW HHTEHCHUBHOCTBIO AOPOXKXHOI'O0 ABHUKCHUA 4 )41
BO3pACTAIOIIUMU CKOPOCTSIMH JBM)KECHHUS, MPEACTaBIAONIME cOO0N BHEIIHUE (DAKTOphl, HO U X
COBOKYIIHOE BIUSHHE B COUYETaHMU C (paKTOpaMH BHYTPEHHErO XapakTepa, uTo (OpMHUpPYeT Ha
oporax 00pa3oBaHUE pa3IMYHBIX BUAOB AehekToB. [Ipu 3TOM K BHYyTpeHHUM (hakTopam 0Opa3oBaHUs
neEeKTOB MOXHO OTHECTH T[OKa3aTenu (PU3NKO-MEXaHUYECKUX XapaKTEPUCTUK JOPOKHBIX
KOHCTPYKUHUH, TOJBEPKEHHBIX BIHSHUIO TMPUPOIHO-KIMMATHUECKUX (AKTOPOB: KOJeOaHUAM
TEMIIEpPATyp BO3/yXa U MOKPBITUS JOPOT, a TaKXke MOBBIIICHUIO BIAXKHOCTH OCHOBAHWH JOPOT B
BECCHHE-JIETHE-OCEHHeM Tniepuoje. B xonme mpoBenenus corpyanukamu PI'BOY BO «CubAIN»
Hay4YHO-HcciaeoBaTeabckux padbot [30] Obutn coOpaHbl dKCIIEPUMEHTAbHBIE JaHHbBIE BU3YaIbHOTO

4 ITpo6xu B OMcke — Pesxxum noctyna: URL: https://yandex.ru/maps/66/omsk/probki/ (nara o6pamenus: 02.11.2024).
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OCMOTpa JOPOXHBIX IOKPBITUHA TOPOACKUX yiul TI. OMCKa C HCIOJB30BAHUEM CIELMAIBHBIX
puOOpPOB AJIs U3MEPEHMS UX COCTOSIHUM. [10 pe3ynbrary sKciepuMEHTAIbHBIX JaHHBIX HauOoJbIlIee
KOJINYECTBO Je(PEKTOB 3a()UKCHPOBAHO B IEHTPAJBHBIX pailoHaX ropoja, YTo CBUAETENIBCTBYET O
BBICOKOW CTEMEHH CXOJMMOCTH C IMIUPUUYECKUMU JAHHBIMHU aBTOPOB. DTO JOKA3bIBAET, YTO MOJIEINb,
OCHOBAaHHAs Ha MCIIOJIb30BAaHMM METO/a MAIIMHHOTO 3pEHMs], CIIOCOOHA JOCTaTOYHO TOYHO
Ipe/cKa3bIBaTh 00pa3oBaHKe 1e(EKTOB HA JOPOTE.
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Pucynok 2. Kapma pacnpedenenus J]TII 6 2. Omcke 6 b6eccredrcHblii nepuoo
6 2023 200y (cocmaeéneno asmopami Ha OCHO8aHUU cmamucmuyeckux oaunwix ¢ catima I UBIT)

Kpowme 3toro ommbku, chopMUpOBaHHBIE HA IPYTHX CTAAUIX KUZHEHHOTO IIHKIJIA TOPOKHBIX
00BEKTOB, TAK)KE€ MOTYT OKa3bIBaTh 3HAYUTEIIHHOE BIUSHUE HA TPAHCIIOPTHO-IKCILTyaTAIMIOHHOE MX
COCTOSIHUE Ha CTajuM OJKCIuTyaranuu. B pabore [31] Ha ocCHOBe mapaMeTpH4YecKOro MOAXO0Ja
ompenereHa 3aBHCUMOCTh MEXIy OOOCHOBAaHMEM KOHCTPYKTHMBHBIX M OpPraHU3alMOHHO-
TEXHOJIOTUYECKUX PELICHUH, OCHOBAHHBIX HA JECTAJIBHOM AaHAJIU3€ HCXOJHBIX H3BICKATEIbCKUX
JTAHHBIX, W KauyeCTBOM pEIICHWH B Tporecce pa3pabOTKM TEXHUYECKOW JOKyMEHTAIlMHu Ha
MIPOEKTUPOBAHKE U CTPOUTEIHCTBO AaBTOMOOMIBLHBIX JOPOT.

Takum o00pa3oMm, pe3yabTaThl aHaAlW3a M CPaBHEHUH MOATBEPX)AAlOT A(P(PEKTUBHOCTH
WCIIONIb30BAaHUSl METOJOJIOTUU aHajiu3a >KU3HEHHOTO IHMKJIE OOBEKTOB OPOKHO-TPAHCIOPTHOU
MHPPACTPYKTYPHI JJISI MOJCIUPOBAHHS IPOIECCOB, CBSI3aHHBIX C OOpa3oBaHUEM Je(pEKTOB Ha
JTOPOXKHBIX MOKPBITHAX. [Ipu 3TOM OHa MOXeT OBITh IOJIE3HA IS Pa3pabOTKH CHUCTEM PaHHEro
MPEIYIIPEKACHUS O BO3ZMOXKHBIX ITPOOIIEMax ¢ TOPOKHBIM MOKPBITHEM, YTO ITO3BOJIUT CBOEBPEMEHHO
IIPUHUMATB MEpBI [10 UX YCTPAHEHUIO U NIPEJOTBPALLECHUIO ABAPUIMHBIX CUTYALUH.

C npumenenueM OmoOmmorexk CatBoost m SHAP-ananm3a aBTOpamu BBITIOJHEHO pPEHICHHE
3ajaun  KiIacCU(UKAMM U BBIACICHUS 3HAYMMBIX (DAKTOPOB, BIMSAIOIMIUX HA aBApUHHOCTH B
PETHOHAIBHOM LIEHTPE.

KomuyectBo urepauuii npu nocrpoenuu moaenu — 3 999. TouHOCTh MOJEIUPOBAHUS TPU
pemenuu 3anaun kiaccupuxamun — 1,00.
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Ha pucynke 3 npuBeneH rpaduk, ONpeneNsionuil 3HAYMMOCTh BIHUSHHUSA MCCIETYEMBIX
¢dakTOopoB Ha BeposATHOCTh BO3HUKHOBeHHWs J[TII (ucmonb3oBaHa BU3yanu3alus, NpeiaraeMas
SHAP-anamm3om).
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Pucynok 3. I'pagux, onpedenarowuii 3HauUMOCms GIUAHUSA
uccneoyemvix pakxmopos Ha eepossimnocms 6o3Huxknosenus /[T11 (cocmaeneno asmopamu)

HaubGonee 3HaunMbIMu puCKOOOpasyomuMu  (aktopamu Bo3HukHOBeHus JITII B
COBPEMEHHOM TOpOJie, TPAaHCHOPMHUPYIOIMIEMCS B pe3ybTaTe MPUMEHEHHUS HU(PPOBBIX TEXHOJIOTHH,
CBsI3aHS ¢ (pa3amMHM MPOEKTUPOBAHUSA M HKCIUTyaTallMH JOPOXKHO-TPAHCIIOPTHOM HHQPACTPYKTYPHI,
BpeMeHeM H BuIOM mnpoucmectBus (puc. 3). HemoctaTku TpaHCHOPTHO-3KCILTyaTal[HOHHOTO
COJIEp>KaHusl YIIMYHO-TOPOKHOM CETH, K KOTOPBIM OTHOCSTCS Je(EKThl JOPOKHOTO TMOKPBITHS, SIMBI,
OTCYTCTBHE TOPH3OHTAJbHOW pPAa3METKH M JOPOXKHBIX 3HAKOB, WCKYCCTBEHHBIE NPENATCTBUSA,
CO3/1aBa€MbI€ B TOM YHUCJIE P BBITIOIHEHUU PEMOHTHBIX paboT, B 3HAUUTEIHHON CTENIEHU MOBBIIIAIOT
BEPOSTHOCTh BOSHUKHOBEHHMSI HEOIArONPHUATHBIX COOBITHI 1 THOENH Joei. Bropoii o 3HaunMocTu
MIPEIMKTOP BOZHUKHOBEHUS YpEe3BbIUaHBIX CUTYAIMil B TOPOJIE, CBA3AHHBIN TOPOKHO-TPAHCTIOPTHON
UHPPACTPYKTYPOH, — 3TO OOBEKTHI YIMYHO-I0pOKkHOU ceTd BOMM3u mecra JATII (xuible 3maHus,
aJIMMHUCTPATUBHbBIE 3[JaHUS, TAPKOBKH U TIp.), YTO HEOOXOIUMO YUUTHIBATh B (pa3e MPOEKTUPOBAHUS
OOBEKTOB BBINMICYKA3aHHON WHQPPACTPYKTYphl. BKIIOUeHHEe B PUCKOOOPA3yrOIIHE MPEAUKTOPHI
Ype3BhIYAHBIX cUTyanuii B ropoae Bpemenu [TII, mo HamemMy MHEHHUIO, CBA3aHO C JMHAMHUKOM
M3MEHEHHUSI MHTEHCUBHOCTHU TPAHCIIOPTHBIX IOTOKOB.

[TonyyeHHble B UCCIIEAOBAHUM PE3YIbTATHI TOITBEPHKAAIOTCS U Psijie TPYIOB IPYTHX YUCHBIX,
KOTOpBIE IOKa3aJld, YTO COOTBETCTBUE OOBEKTOB JOPOKHO-TPAHCIIOPTHON HHQPPACTPYKTYpHl U
Ka4eCcTBO MX JKCIUTyaTalluM SIBJISIOTCS IVIABHBIMM IPUYMHAMH MOJYUYEHUs TpaBM U ruOeiu Jitojeil B
JTII [32; 33].

3akjaouyeHue
Ha ocHOBaHMM ITPOBEACHHBIX PACUETOB MOTYT OBITh CICJIaHbI BBIBOJIBI.

B Hacrosmee BpeMst B paMKax [P POBU3AIMNA SKOHOMUKH U TPOSKTUPOBAHHS YMHBIX TOPOIOB
OCTpPO CTOUT BOMNpoc obOecreyeHuss Oe30MacHOCTH HAaCEIeHUs M CHUXKEHHS BEpPOSITHOCTU
BO3HMKHOBEHHs 4YpE3BbIYAWHBIX cuUTyauud. Ho cymiecTByromme TEXHOJIOIMM MOHUTOPHUHIA B
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COBPEMEHHBIX YpOaHMCTUYECKHUX MPOCTPAHCTBAX, B YAaCTHOCTH, B Poccum, emie B HEIOCTaTOYHOM
CTETIEHH Pa3BHUTHI M HE TIO3BOJISIIOT HA BEICOKOM YPOBHE YIPABIISITh TOPOJCKONW HHPACTPYKTYPOiA, YTO
ABJISICTCSA OJJHON U3 MPUYMH U30BITOYHON CMEPTHOCTH HaceJleHHs B ypOaHUCTUYECKOM IPOCTPAHCTBE.
Ot0 TpeOyeT pa3pabOTKH HOBBIX MHCTPYMEHTOB aHAIN3a MPEAUKTOPOB BO3HHUKHOBEHHSI PHCKOBBIX
cuTyauuil B ypOaHHMCTHYECKHUX MPOCTPAHCTBAX, CIIOCOOHBIX pabOTaTh B COBPEMEHHBIX YCIIOBHSX U
BBISIBIIATH CKPBITHIE 3aKOHOMEPHOCTH, BBITIOHATH HACHTH(HUKANIO (aKTOPOB PUCKA, pa3padaThiBaTh
ONTUMAaJIbHBIE YIIPABJICHUECKUE PEILIEHHs Ha PErMOHAILHOM U (peliepaibHOM YPOBHSIX.

ABTOpaMH CTaThH pa3paboTaHa METOTUKA IKCITPECC-OIECHKHU ICHTU(UKAIIMN PHCKOOOPa3YIOIIHX
(GakTOpoB, CBSI3aHHBIX C (ha3aMU JKU3HEHHOIO IMKJIAa OOBEKTOB JOPOXKHO-TPAHCIOPTHOM
MHPPACTPYKTYPHI, KOTOpPBIE CHOCOOCTBYET YBEIHMUYCHHIO KOJUYECTBA TAaKUX YPE3BBIYAIHBIX
curyaruii, kak [[TII. IlpumeHeHMe MeETOAOB MAIIMHHOTO OOYYEHHsI TMO3BOJIWIO pPadOTaTh C
KaTerOpHAJIbHBIM TUIIOM JAHHBIX, MOCKOJIBKY 3HAYUTEIBHOE KOJWYECTBO CTATHUCTHYECKUX JAHHBIX
cobupaercs B TakoM ¢opmare, UTO 3aTpyJHSET MPUMEHEHHE TPaJUIHMOHHBIX METOJIOB
CTaTUCTUYECKOTO aHAIN3a.

IIpruMeHeHre aBTOPCKOM METOAMKH IO3BOJIMIIO BBISIBUTH, YTO Ha BO3HMKHOBeHue JITII B
COBPEMEHHOM TOpOJIE OUYEHb PEIKO BIMSHUE OKAa3bIBAET OJWH IapaMeTp, OOBACHSIONIUN €ero
HACTyIUIeHHe. B GONBIIMHCTBE Clly4aeB HACTYIUICHHE aBapUWHOW CUTyalluu SIBISETCS CIEICTBUEM
KOMIUIEKCa (paKTOPOB, HO M3-32 HEJOCTATKa METOJIOB MX KOMILICKCHOTO y4eTa Mpu (PUKCUPOBAHUN
ciydaeB oOpazoBanus JITII yka3eiBaeTcst TUIIb OHA TPUYNHA — BIIUSHUE POJU JOPOKHBIX YCIOBHIA,
KOTOPOM MO CTaTUCTUYECKUM JJaHHBIM HEJ0CTATOYHO JUIs 00bsAcHeHus: npuuuH oopazosanus ATII. B
pasHBIX CTpaHax JaHHBIA mapameTp Bapbupyercs oT 2 o 20 %, B Poccum B KaxaoMm MATOM
MpoucecTBUN (UKCUPYETCS JaHHAs MpUYWHA, HO mpu 3ToM paccienoBanus [ MBJIJ] mpoucxomut
0e3 KOMILIEKCHON METOAMKH COBOKYITHOT'O yueTa MO JaHHBIM MOHUTOPUHTA COCTOSHUS JIOPOKHOTO
MTOKPBITHS M KX OTKJIOHEHHUIO OT MPOTHO3HOM MOJIEH, CPOPMUPOBAHHOM HA CTAIUH C/IaYl OOBEKTA B
JKCIUTyaTallMl0, a TakK€ COCTOSAHMS Ha TEKYL[YK) CHUTYalUI0 IOTOAHBIX YCIOBUM M JPYrUX
napameTpoB. JlaHHasg KOMIUIEKCHAsT METOJMKA IIO3BOJIMT BHECTM M3MEHEHHS B TMOIXOAbI K
MIPOEKTUPOBAHUIO, CTPOUTEIBCTBY M COJEPKAHUIO JOPOr B YACTH MOBBILIEHUS OTBETCTBEHHOCTH
YYaCTHHUKOB JIOPOKHBIX OpraHu3alvui I KaXI0M CTaIuy )KU3HEHHOTO [IUKJIA CO3IaHus TOPOKHOTO
OoOBEKTa JJs TIOBBIIICHHUS OE30MACHOCTH WM CHUKCHHSI aBapUHHOCTH B TOPOJCKUX YCIOBHSAX
OpraHMu3alfy JOPOKHOTO JIBUKEHUS.

Pe3ynbraThl uccneaoBaHus MOTYT OBITh MCIIOJIB30BaHbI MPH PELICHUH 3a7ad MPOEKTHOTO U
IPOrpaMMHOI0 YIIPaBJICHUS Pa3BUTHEM COBPEMEHHOIO ropo/ia, CO3/1aHus 0e30MacHON ypOaHUCTHUYECKON
cpenbl, B KOTOPOH HE TOJIBKO O€3011acHO, HO M YI00OHO XKHTb JIFO/ISM.
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Tools for risk identification and assessment
in the life cycle of road construction projects of smart
cities (on the example of Omsk)

Abstract. Subject — The article is devoted to the issues of risk management in modern smart
cities. The aim of the research — To identify risks in the life cycle of road construction projects using
gradient boosting technologies. Research methodology — The research methodology is based on the
application of machine learning methods to indicators characterizing safety in modern urban spaces.
A dataset was formed using a parser, which includes characteristics of road traffic accidents, such as
mortality rates on highways, the quality of road transport infrastructure, its operation, and the execution
of construction works. Statistical data from the traffic police website for the year 2023 were used for
the city of Omsk. High-performance open-source machine learning library CatBoost, based on gradient
boosting and capable of working with numerical and categorical features, was utilized for the
calculations. The determination of optimal model values was carried out using the GridSearchCV
algorithm. The SHAP analysis was employed to assess the influence of parameters on the resulting
variable. Results — An authorial approach to indirect risk assessment in the life cycle of road
construction projects in modern cities has been developed, based on cognitive visualization
technologies and machine learning methods. Its testing revealed that the occurrence of emergencies in
the city, and consequently the increase in risk levels, including human fatalities, is influenced by
factors related to the phases of design and operation of road construction projects as well as their
current state and capital repairs. Application — The research findings can be used in the development
of programs and projects for the enhancement of urban infrastructure, improving management
technologies for modern cities at regional and federal levels.

Keywords: risk management; life cycle of road construction facilities; project management;
smart cities; machine learning; dataset; cognitive visualization
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