YK 004.89, 004.93, 004.94 DOI: 10.14529/cmse200401

KOHIIEIIIINS IIOCTPOEHMSI
[MI®POBOTO JIBOMHUKA T'OPOJIA

(© 2020 C.A. UBanos, K.}O. Hukousckas, I'.VI. Pag4denko,
JI.B. Cokomuuckuii, M.JI. IleiM01ep
FOotcro-Ypasvckuti 2ocydapemeernnuidl yrusepcumem
(454080 Yeanbunck, np. um. B.H. Jlenuna, 0. 76)

E-mail: saivanov@susu.ru, nikolskaiaki@susu.ru, gleb.radchenko@susu.ru,
leonid. sokolinsky@susu.ru, mzym@susu.ru
ITocrynuna B penakiuio: 15.09.2020

B mammoit crarbe mpecTaBiieHa KOHIIEIIINS TTOCTPOEHUsT IUMPOBOro IBOMHUKA ropoia. ['0poiackoe X03sIicTBO
pejcTaBisger cOOOi CJIOKHYIO MHOTOBEKTODHYIO CHUCTEMY, CO3JAaHUE €JIMHOrO IudpOBOTO JBOWHUKA KOTODOH B
HACTOsIIIee BPEMsI sIBJISIeTCsl TPY/IHO PeIraeMoii 3aadeil. ABTOpaMu MpeJjiaraercs SBOJIOIUOHHbBIN TOIX0J] K pere-
HUIO 3TOI 3a/1a9M, B COOTBETCTBUM C KOTOPBHIM Ha €IUHON IMPOrpaMMHO-AIMIAPATHON IIaTdopMe TOCIeI0BATETHHO
CTPOATCA MU(PPOBBIE IBONHUKNA OTIEIBHBIX JIEMEHTOB T'OPOJICKON Cpedbl. ITU IU(pPOBbIE IBOWHUKU CBI3LIBAIOTCS
B €JIMHYIO KOOIIEPATUBHYIO CUCTEMY, ITO3BOJISIIONLYIO OJTHUM I POBBIM JIBOMHUKAM UCIIOJIb30BATH JIAHHbIE, [IPOU3BO-
JIMble ApyruMu mudpoBbIMU IBOMHUKaMU. B crarbe JaeTcs omnpeiesieHre 1 apXuTekTypa Takoi cucreMbl. Ommcbi-
BaIOTCsl KJIACCHI MOJIEJIell, KOTOPbIe MOIYT MCIOJB30BATLCS It CO3MaHusl UMPOBbIX ABOHHUKOB. Ocoboe BHUMaHUE
VIIeJISIeTCS HeHPOCETeBBIM MOJIEJISM ¥ MOJIEJISIM JIJIsl aHAJIA3a, JAHHBIX. PaccMarpuBaercs nHdOpMaIMoOHHas nHppa-
CTPYKTypa IudPOBOro JBOMHUKA TOPOJIA, BKJIOYAONAs B cedsl CEHCOPHBIE CETH, MEXAHU3Mbl OYUCTKU JIAHHBIX U
TYMaHHBIE BBIYUCIIEHHUS.

Karouesvie caosa: yudposoti deotimurk, ymuoili 20pod, 20podckoe YynpasieHue, HeUPOHHbLE CEMU, UHMEALEKNY-
AALHBUL AHANU3 OGHHDBLIT, CENCOPDL, MYMAHHDBIE BHLYUCACHUA.
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BBenenue

CeroHs TJIABHOM JBVKYIIEH CHJTON COTMATEHO-YKOHOMUIECKOTO PA3BUTHSI CTAHOBITCS WH-
dopmarnmonnbie TexHosjornu. MHHOBaImonnbie criocodbbl cOOpa U aHAJN3a JTAHHBIX [TOCTEIIEHHO
3aHUMAIOT MECTO YCTOSIBIUXCS MEXaHU3MOB YIIPABJIEHUS TOPOJOM. B oT/imdme oT craTucTmde-
CKUX BBIDOPOK, KOTOPBIE YCIIEBAIOT YCTAPETh K MOMEHTY WX aHajm3a, «OoJbIre JaHHBIE» MO-
TyT 06pabaTBIBATHCS B PEXKUME PeabHOTO BPEMEHH, ITO MOBBIMIACT KATECTBO M CKOPOCTH TTPHU-
HATHUS perteruii. « Bosbimme Janape» B 00JIACTH TOPOICKOTO YIIPABICHUS JIOTOIHSIIOT TPaJIn-
[IMOHHBIE TUITBI UHMOPMAIUY O TOPOJIE U PACHIUPSIOT cepy ux npumenenus. Tak, 6aarogaps
«BOJIBITAM JIAHHBIM» CTAJI BO3SMOYKEH MOHWTOPWHT MOBEIEHUCCKUX MOJEIeH W aHa M3 TOPO/I-
CKOTO 00pa3a YKU3HU Ha MEPECETeHNN TAKUX MPUBLITHBIX KATENOPUl KakK HACETEHUE, SKOHOMM-
YecKoe Pa3BUTHE, 3aCTPOiiKa u nudpacrpykrypa u ap. [ludposast peBosorus u moBceMeCTHOE
pacrpocrpaHenne MHTEpHeTa nmopouin HoBbli (enomen — Data Driven City (ropog, yupas-
ageMblit ganubivu) [3] u Gimskuit emy tepmun Smart City (YMuBLE ropox). YMHBIA TOpo
MOYKHO OTIPEJICJTUTh KaK CTPATETMYECKUH TMOIX0I K WHTETPAIUN JAHHBIX U ITH(PPOBBIX TEXHO-
JIOTHH J11sT 06eCTIeveHnsT YCTONIMBOCTH, OJIAT0COCTOSTHUS TPAYKIAH ¥ SIKOHOMUIECKOTO PA3BUTHSI
ropogckoii cpeapl [40]. Konnenmus YMHOro roposa onpejesisier KOHIENIUIO IIPOCTPAHCTBA, B
KOTOPOM KJIIOU€BbIE KOMIIOHEHTHI TOPOJICKOH MH(pPACTPYKTYPhI — OKPYy2Kaloias cpejia, 60pbda
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C IPE3BLIYANHBIMUA CUTYAIUSIMU, YIPABJIEHWE TOPOKHBIM JIBUKEHUEM W JHEPTeTUKA — WHTE-
IPUPOBAHBI TAKUM 00Pa30M, ITO uX (PYHKIUMH U BOZMOXKHOCTH MOI'YT OBITH JIETKO O0beIMHEHbI
KaK JIPYT C JPYrOM, TAaK U C HOBbIME cucreMamu [33].

B Mumnucrepcrse crpourtesnbctBa Poccun coBmectrno ¢ MI'Y um. M.B. Jlomonocosa pa3spa-
0oTaH UHIEKC IUMPOBU3AIMI NOPOICKOro X03daiicTBa «I1(Q) ropomoB» B paMKax IPOeKTa (Y M-
HBII TOPOJT», KOTOPBIM peajnm3yeTcsd B paMKaxX JIBYX HAIMOHAJIBHBIX MPOEKTOB — «2Knibe n
ropoxckast cpemay u «LudpoBas skoHoMuKay. «IQ ropomoB» pacCUUTBIBAETCS 110 IECSITH
HanpasJyeHusiM (ropojickoe yipassenue, ymuoe 2KKX, unHoBamm j1j1st TOPOJICKON CPebl, yM-
HBII TOPOJACKON TPAHCIOPT, MHTEJLIEKTYAJbHBIE CHCTEMBI OOIIECTBEHHON U KOOI UIEeCKOi 6e3-
OTIACHOCTH, TYPU3M U CEPBUC, HHTEJIEKTYATbHBIE CUCTEMBI COITMAIBHBIX YCIYT, IKOHOMUIECKOE
COCTOSIHVME ¥ MHBECTKJIUMAT, MH(DPACTPYKTYpa cereii cBsa3u) u cojepxkut 47 nokasareneii [2].
OpavM W3 BaXKHBIX WHINKATOPOB «1(Q roposoBy sBisieTcst Hasm4ane 1MudpOBOTO JTBOWHUKA, TO-
poa.

Konuermus «I[ugposozo dsotinurxay (II1) obecrieunBaer co3manue u MOJAEPKKY BUPTY-
aJIbHBIX MOJIe/iell OObEKTOB U MPOIECCOB peasibHoro Mupa. I1oaxor mudpoBbix ABOIHUKOB OpU-
E€HTUPYETCs Ha BO3MOXKHOCTH IOJiydeHusi u 3PPeKTuBHON 06pabOTKM MOTOKOB JIaHHbBIX, COOU-
paeMbIX aBTOMATHYIECKN TIOCPEICTBOM PAaCIpPEIeIeHHbIX CEHCOPHBIX cucteM «MHTepHETA Be-
mieit» (Internet of Things, IoT). «Iludposoit (BORHUKY TOPOJIA MOCTENEHHO HAIIOJIHSIETCH JAH-
HBIMH pEaJbHOIO TOpOJa, COOMpaeMbIME B peajbHOM BpeMeHum u3 pasepuytoil l[oT-
nHOPACTPYKTYPHI U TOPOJACKHX MHPOPMAIMOHHBIX cucTeM. «IludpoBoit ABOMHUKY , aHaU3M-
Py HHPOPMAIIUIO O COCTOSTHUH TOPOJICKON MHMPACTPYKTYPHI, TUHAMUKE JTBUKEHUS JIOIEH 1
TPAHCIOPTA, WX B3aMMO3aBUCHUMOCTh, & TaKXkKe WX KOJeDaHWs BO BPEMEHU W TPOCTPAHCTBE,
CTI0COOEH TTPOTHO3UPOBATH U3MEHEHUsT COCTOSTHUST CHCTEM TOPOJICKOTO XO3AMCTBA U TIPEIaraTh
onTUMAaJIbHBIE pelnerns. Kpome Toro, He3aBUCUMO OT TEKYIIEro COCTOSTHUST, T(MPOBOit TBONHIK
MTO3BOJIUT OTBEYATH HA BOIPOCHI BUIA KITO, €CJINY , TOMOTas aHAJIUTAKAM TOHATH, KAK TOPOJIA,
OCHAIIEHHBIE UHTEJIJIEKTYAJbHBIMU TEXHOJOTUAME, Oy/1yT (DYHKIIMOHUPOBATH B TE€X WJIA MHBIX
SKOHOMUYECKUX, IKOJOTUIECKUX U COINMAJBHBIX YCJIOBUHAX, U OIPEJIEUTh (DAKTOPHI, CIOCOD-
CTBYIOIIE BO3MOXKHBIM c6osim [32]. B crarbe [4] paccMarpuBaioTcsi pe3y/ibTaThl aHAJIN3A, TPO-
BeIEHHOTO ['paIoCTPONTENIHHBIM HHCTUTYTOM TTPOCTPAHCTBEHHOTO MOJIEIMPOBAHNS U PA3BUTHS
«I'uniporop IlpoekT», B KoTOpoM 6bLIH paccMorpenbl 10 Hanbosee KOMIIEKCHBIX PEIIEHU 110
COBJIAHMIO TTU(MPOBBIX JTBOWHUKOB TOpooB. B crnmcok Bormm Cunramyp, Amapasatu, Bocrow,
Herokaci, Ixaitnyp, Xeascuuku, Porrepmam, Crokromsm, Penn n Autseprien. Kak ormeda-
ercd B pabote, Poccuio Tak:Ke »KIeT HEOTBPATUMBIN IIPOIECC I POBU3AIINN TOPOIOB, TAK KAaK
9TO BEJET K CYIIECTBEHHOMY POCTY KAadeCTBa KU3HU rpaxkman. Cpenyu poCCHUCKUX pEITeHMHH,
npubJIMZKAIONUXCH K BUJIEHUIO « Y MHOI'O TOPOJia» Kak IudPOBOr0 CEPBUCA, 0DECIIEINBAIONIErO
KA4YECTBEHHO HOBBIIl yPOBEHDb CEPBUCA JIJIst XKUTEJEH TOPOA, MOXKHO OTMETUTD ITPOEKT « Y MHBIE
ropozna Pocaromay [5]. B pamkax sroro mpoekra, na 6aze exunoii ['TIC-ttardopmbr ccopmu-
POBaHbI PEIIeHUs TI0 TPEIOCTABICHUIO 2KUTEJIsIM CEPBUCOB TI0 TOUCKY aKTyaJbHON mHMOpMA-
W, OTCJIEXKUBAHUIO PADOTHI TOPOJICKUX CIY2KO, cOopa 0OpaTHOIN CBA3U O TEKYIUX TOPOICKUX
npobjemMax u Jip.

enbio maHHOM CTAThbU ABJIAETCH UCCIEIOBAHUE CYIIECTBYIOIMIMX TEXHOJIOTHI ITOCTPOEHUS
1 POBBIX JIBOMHUKOB ropooB. [y 3Toro HaMm HEOOXOIMMO OIPEIEJIUTh MOHATHE TTU(POBOro
JIBOWHWKA TOPOIA, TPOAHAIM3NPOBATE METOIBI MOJEIMPOBAHNUS, KOTOPbIE MOTYT OBITH ITpUMe-
HEHBI JJTs TIOCTPOEHMST M(PPOBBIX JTBONHUKOB, & TAK¥Ke CUCTEMATH3NPOBATH MH(MOPMAIMOHHYTO
nHMPACTPYKTYPY, KOTOpas J0/KHA 0beciiednBaTh (DyHKIIMOHUPOBAHUE 1TU(POBOro JBOMHUKA
ropozia. CTaTbst UMeEeT CJEIYIONIYI0 CTPYKTYpy. B pasmene 1 maercs ompemesenne mudpoBOTO
JIBOWHWKA TOPOJA, OMMUCBHIBAETCS €r0 apXUTEKTypa W (pyHKIMOHA bHBIE TpeboBamus. B pas-
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Jiesie 2 pacCMATPUBAIOTCS KJIACCHI MOJIEeH, TpUMEHsIeMble TP CO3/IaHUN TTH(PPOBBIX TBOWHM-
k0B. B pazzesne 3 nano onucanve mHGOpPMaIMOHHON MHMPACTPYKTYPbI UMPOBOIO JIBOMHUKA
ropojia, BKJIIOYAONIee B ceOsT CEHCOPHBIE CETH, OUNCTKY JAHHBIX W TyMAHHBIE BBIYUC/ICHUS.
B zaxsodennn cyMMUPYIOTCS Oy I€HHBIE PE3YIbTATHI.

1. ITudpoBoii ABOMHUK ropoja: omnpeaejieHne, CTPYKTypa,
dbyHKIITOHAIT

Lugposoti dsotinux (I[/I) — 510 UHTErpupoOBaHHAsT MYJbTU-DU3NIECKA, MYJLTU-MAC-
mTabHasg BEPOSITHOCTHAST CHUMYJIANNS CJIOYKHOTO O00BEKTa, KOTOPash MUCIOJb3yeT (hU3WIeCKue,
MaTeMATHIeCKNe, NMUTAIMOHHBIE W JIPYTHE MOJETH, JJIg TOTO YTOOBI TMOJIYINTh KaK MOXKHO
6oJTee TOCTOBEPHOE TPEICTABICHIE O COOTBETCTBYIOIEM PEATBHOM OOBEKTE Ha OCHOBE aHAJIM3a,
JIAHHBIX, TOCTYIAIONIMX U3 CEHCOPHBIX ceTeil U APyTrux UCTOYHUKOB [21].

Hugposoti deotinuk 20poda — 9TO KOMILIEKC B3aNMOCBI3aHHBIX IH(MPOBBIX JTBOWHUKOB,
TMPEICTABJISIONINX OMPEeETIeHHBIE ACTIEKTHI (DYHKITMOHUPOBAHWS W PA3BUTHS TOPOJICKON CPEIIDI.
OTi nudpOBbIe TBOWHUKA TMOIIEPKUBAIOT BOZMOKHOCTH TOHKOM TMOJCTPOMKNA M CHHXPOHU3A~
AN C PEATBHBIM COCTOSTHUEM TOPOJCKON MHMPACTPYKTYPHI TOCPEICTBOM JIAHHBIX, MTOCTYTIA0-
[IUX M3 PA3JIMYHBIX UCTOYHUKOB B PEKMMeE peajbHOro BpeMmenu [32, 38|. Ocuosoii mjist adbdek-
TUBHOTO (DYHKIIMOHUPOBAHUS THUMPOBOro IBOMHUKA TOPOJIA SBJISETCS HEMPEPBIBHBIN MOTOK
JIAHHBIX, TEHEPUPYEMBIX PA3IMIHBIMA UCTOTHUKAME B IIU(PPOBOH MHPPACTPYKTYPE YMHOTO TO-
poza. Kak npumep Takux MCTOYHUKOB MOYKHO BBIJEIUTDH CJeayiomue (M. puc. 1).

Lindposoir gBoiiHUK ropoga
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Puc. 1. Apxurekrypa 1iudpoBoro IBOMHUKA ITOPOIA

—  Jlannwie o nepedsusiceruy, scumeneti 20p00a, BKITIOUasT HHPOPMAIIAIO O TTEPEMETEHUN TaCT-
HOTO, KOMMEPYECKOTO M ODITIECTBEHHOI'0 TPAHCIIOPTA, & TAKYKe 3arpyKEHHOCTH YJIUI, CO-
fupaeMble MOCPEICTBOM PA3IMYHBIX MEXAHU3MOB (JaHHBIE O TPAH3AKIUAX KEUHOIO MIPO-
€37IHOT0 OuJieTay , Pe3yJIbTaThl MOHUTOPUHTA JIOPOYKHOIO JIBUXKEHUST U JIP. ).

—  Hngopmayua o Puauteckur napamempar 20podckoti cpedot, TOIYIAEMbIX B PEATHHOM Bpe-
MEHU C MACCUBOB MHTE/UIEKTYAJbHBIX JATYMKOB (KAK YACTHBIX, TAK U ODIIECTBEHHBIX ),
MTO3BOJISIET OCYIECTBJISITH MOHUTOPHUHT W AHAJN3 TaKUX MAapaMETPOB KaK TEeMIepaTrypa u
BJIAYKHOCTH BO3/IyXa, KOJIMIECTBO B3BEIMIEHHBIX TACTUIL U XUMUIECKU COCTAB BO3IyXa, IITy-
MOBas 3arPsI3HEHHOCTD, PAJMAITNOHHBIN (DOH, XUMUIECKUI COCTAB BOJBI U JIP. B MPUBSI3KE
K TeorpaduIecKoil MO3UIIH.
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Jlannuvie ¢ Kamep HapysHcrozo Habatodenus TO3BOJISIOT IPOBOJANTD NHTEJUIEKTYAJIbHbLIA aHa-
JIM3 TAKUX XapPAKTEPUCTUK IOPOJICKOI CPeIbl, KOTOPbIE HEBO3MOXKHO MJIM 3aTPYHUTEIHHO
cobpaTh JIPYyrUMH CPEJICTBAMU (3arpy?KEeHHOCTb ABTOMOOMJIBHBIX M IIENIEXO/HBIX J0pOT,
3arPsI3HEHHOCTH M KAIeCTBO JOPOXKHON CeTH, UIEHTH(MHUKAIUA OTAEIbHBIX OOBEKTOB U CO-
ObITHii B 0OIIEM TIOTOKE).

Jannvie u3 omrpomuT uemourukos (Takue Kak OTKPBIThIE MOCY/IApCTBEHHbIE OPTAJIbL 1
CtyK0Bl, JAHHBIE O METEOPOJIOTMYECKUX YCJOBHUSX, OTKDBITAs OTYETHAsi MHQPOPMAIUs
cyObeKTOB OHM3HECA M JIp.) MO3BOJISIIOT OOOATHTh MOJIEIN MHTEUIEKTYAJHHOIO AHAJIN3a
JIAHHBIX.

Cobpamuble JaHHBIE TO3BOJIAT 06ECTeYNTh (DYHKIIMOHMPOBAHNE KOMILIEKCA IH(PPOBBIX

JBOMHUKOB ropoja. IIpumepamu Takux 1udpoBbIX JBORHUKOB MOIYT CIyKuThb [13]:

YuPPosoti 08otHUK 20podckot unGpacmpyrmypsl, TPEACTABIAIOMNN cO60l MHTEPAKTUB-
uyio 3D-Mozenb 3mannii, COOPY2KeHNit, NH2KEHEPHbIX KOMMYHUKAIUN U APYTOi TOPOJCKOIA
nHPPACTPYKTYPHL;

YuPposoti dsotiHuK Mpancnopmmoli cemu, 0OECTIeIMBAIONINN MOHUTOPHHT W TTPOTHO3UPO-
BaHNE PA3BUTHA CHUTYAIMH TPAHCIOPTHOM AOCTYITHOCTH, 3(MPEKTUBHOCTH pPabOTHI 00IIe-
CTBEHHOTO TPAHCIIOPTA U JIp.;

YuPPosoti d6otiHUK 20p0dckotl IK0A02UN, TIPETOCTABIAIONIAN MEXaHU3Mbl MOHUTOPUHTA, 1
MPOTHO3UPOBAHUS IKOJOTHIECKOTO COCTOSIHUST TOPOJCKOHM CpEIbl, BKJIOYAsd KATIECTBO
MMOYBBI, BOJIBI, BO3yXa U JIP.;

UUPPosot d80UHUK SHEPLEMUKY U JIP.

ITudposoit aBoiHKUK rOpo/ia 0becIeunBaeT CJAEIyIONNe BO3MOXKHOCTH:

MOHUTOPWHT TEKYIIEr0 COCTOSHUS TOPOJICKON CPEIbI;

OTIepaTUBHOE pearnpoBaHUe HA BOSHUKHOBEHUE UPE3BBIYANHBIX CUTYAIIHIN;
OIleHKY 3 PEKTUBHOCTU MPOEKTHBIX PEITEHNI;

BBISIBJIEHAE UCTOYHUKOB MTOTEHIINAIBHBIX PUCKOB;

IIPOI'HO3UPOBAHUE PA3BUTHUA CUTYAIIUU C YI€TOM MCTOPUYECKUX JAHHBIX.

Tudposoit 1BOIHUK TOpoOJia — ITO YPE3BBIMANHO CJI0KHOE, KOMILJIEKCHOE Delienue, gpop-

MHPOBaHHNE€ KOTOPOI'O MOZKET M JOJI2KHO PeaJIM30BbIBATLCA IIO3TAITHO, IIYTEM 3BOJIIOIIUMOHHOI'O

pPa3BUTHUS M WHTEIPAIMYM YACTHBIX DEIIEHW, HAIIPABJIEHHBIX HA pelleHne HauboJiee OCTPBIX

(«ToYeuHBIX» ) TPOOJIEM. AHAJN3 TOKA3BIBAET, YTO TAKOIO POJIA PEIIeHUs CErOjHsl HAYMHAIOT

IPUMECHATHCA ITOBCEMECTHO BO BCEX CTPaHaX MHPa, HE TOJIBKO B II€PEAOBLIX MEraloJimcax, HO U

B TOpoJiax OOJIBIIIOrO U CpeJHero pasmepa. Vcmosip3oBanue TaKUX CUCTEM COBMECTHO C TEXHO-

JIOTUSIMUA «UHTEPHETA BeIeil» M03BOJIET PEIIATh MEJbli PsiJi TPOOJEM HA KaueCTBEHHO MHOM

yposee [1]:

KOHTPOJIb HaJ[ YPOBHEM 3arpsi3HEHUs] U aHAJM3 PEryJUPYIONIEro BO3JAEHCTBUS IIyTEM O0-
CJICJIOBAHUS COCTOSTHUS OKPY2KAIOIIEH CPEJIbL;

MUKPOKJIMMATHYECKUE TTPOTHO3BI IIOT'OJIBI ¢ OMOPOii HA MOPOJICKYIO CETh JIATYUKOB,;
noBbIeHne 3pPEKTUBHOCTH U CHUKEHIE PACXOI0B 328 CIET BhIBO3a U IIEPEPAbOTKI MyCopa
110 HeOOXOINMOCTH, & He IO IpaduKy;

yJIydIlleHue CUTYalluW Ha JO0POrax M SKOHOMUS TOIJIMBA 33 CYET YMHBIX CBETO(MOPOB U
pa3MeTKn

palmoHaJibHOE TOTpedJIeHre JJIEKTPOIHEPrun OJIAr0Iaps TOPOJICKOMY OCBEIEHUIO 110 HEeOD-
XOJIMMOCT;
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—  ONTUMHU3AIUsS CHErOYOOPOYHBIX paboT Oyrarogapst MOCTYIAKOIIMM B PEATbHOM BPEMEHH JIAH-
HBIM O CUTYAIIMU Ha JIOPOrax, MOrOJHBIX YCJOBUAX U OJIMKARIINX CHErOyOOPOYHBIX MAIllu-
HAX;

—  yMHag CHCTeMa IOJIMBa B IapKaxX U ODIIECTBEHHBIX MECTAaX, YIUTHIBAIOIIASI [IOTOIHBIE YCJIO-
BUsI M TEKYIIIEe COCTOSTHUE;

—  YMHBIE KaMepbl HaOJIIOJEeHUs JIJIsi OTCIEKUBAHUS TTPECTYITHBIX JIeSTHUI U aBTOMATU3UPO-
BanHas cucrtema omosemennit AMBER Alert B peanbHoM Bpemenw;

—  YMHBIE TAPKOBKHY, IIOMOTAOIIIe aBTOMATHIECKH 10100paTh JIydIlee IMapKOBOYHOE MECTO;

—  MOHHUTOPHHI U3HOCA M COCTOSIHUSI MOCTOB, YJIAI[ U TOPOJCKON MH(MPACTPYKTYPhI, HAIIPaB-
JIEHHBIN HA CBOEBPEMEHHOE OOCITyKUBAHIE U TPOJJIEHIE CPOKA CJIY ZKOBI.

OparM 13 TpuMepoB POPMUPOBAHUS TH(PPOBOTO JBONHUKA MOXKET CJIYKUTh MPUMED TO-
pozna Takamaiy (dmonus, vacenmenne 420 Toic. yesioBeK). B KauecTBe MUIOTHOTO IIPOEKTA, Ba-
CTH TOpOJia BHEAPUIH 2 1u(POBBIX ABOMHUKA: IM(MPOBO# JBORHUK MOHUTOPUHIA U TIPETOTBPA-
IEHUs] YPEe3BbIYAHBIX cuTyanuil (B 4aCTHOCTH, HABOAHEHUH) u 1udpPOBOil IBOWHUK TYPUCTHU-
YeCKOIl IIPUBJIEKATEILHOCTH TOpoa. [26).

ITudposoit ABOIHUK JjiT MOHUTOPUHTA U MIPEIOTBPAIIEHUS YPE3BbIYARHBIX CUTYAIIUi OC-
HOBBIBaeTCs Ha cOOpe M aHaJu3e JAHHBIX C JIATYUKOB YPOBHS BOJbI, PACIIOJIOXKEHHBIX 110 BCE
ILIOIIAJIA TOPO/JIa, U 00EeCIIednBAET MOHUTOPUHT PUCKA HABOTHEHUS KAXK/IOT0 U3 PAOHOB IOpojia
B peabHOM BpeMenu. CucreMa TakyKe 00eCITeInBaeT MOHUTOPUHT COCTOSTHUST YOEIKUII, JIJ1sT YK~
TeJiell TOpoJia myTeM cOopa nHMOPMAIUH € JATINKOB BJIAXKHOCTU U TIOTPEOIEHNS SJIEKTPOIHED-
I B KaXKJ0M u3 yoexkurn. MobujabHoe NpujoKeHne, JOCTYITHOE KaXKJIOMY YKUTEJIO Nopo/ia,
[I03BOJISIET HE TOJILKO 3a0JIATOBPEMEHHO OIOBECTUTDH KUTEJIEil pailoHa, HAXOJANINXCH B 30HE
PUCKa, HO U IIPEJOCTABUTD BCIO HEOOXOMMYIO NH(MOPMAIIAIO HA CJIydail SKCTPEHHON CUTYyaIlnH,
BKJIIOYad IIyTh J0 OJmzKaiiiiero (byHKIMOHUPYIOIIEro YOeKUIIA.

B 1urane nudpoBoro JBoMHUKA TYPUCTUYECKON MPUBJIEKATEIHLHOCTH IOPOJa ObLI BHEIPEH
MOHHUTOPUHT [IEPEMEIIEHUsT aDEHIOBAHHBIX BEJIOCUTIEOB (KaK HAnbosiee IMPUBJIEKATETHHOTO Me-
TOJIA TIEPEMEIIeHNs 110 TOPOLY Jijist TypucToB). ComocTaB/ieHne reo-TpeKa MepeMeIeHnsT apeH-
JIOBAHHBIX BEJIOCUIIEJIOB C JIAHHBIME O TypucTe (BO3PACT, MOJI, IPAXKIAHCTBO U JIP.) TO3BOJISIIOT
chopMupoBaTh KapTy HamnboJjiee Ba’KHBIX TYPUCTUYECKUX JIOKAITUH TOPOJia, CIIAHUPOBATDL U
OTeHUTH 3PPEKTUBHOCTH MAPKETUHIOBBIX KAMIIAHUH 110 MIPOJBUKEHUIO TYPUCTUIECKUAX JOCTO-
IPUMEYATeIbHOCTEN (BKIIIOUast TIOJIEPIKKY MYJIbTU-SI3bIYHON CPEeJIbl U . ).

2. Kaaccel moaeJiein

LI ncriosib3yioT pas/imaHble MOJXObI I MOJICJIMPOBAHNS PEAJbHBIX 00BEKTOB U TEXHO-
JIOTUYECKUX IIPOIECCOB, BKJIIOYAS METOJIbI CTATHUCTUYECKOTO W WHTEUIEKTYAJIHLHOIO AHAJIM3A
JIAHHBIX, METOJ/bI BBIYUC/IUTEIHHOTO MOJIEIMPOBAHNUS, TAKNE KAK METOJ[ KOHEYHBIX JIEMEHTOB
u sip. [29]. Kaxkapiit u3 3TuX METO/IOB IPEbsBIIsieT 0cOOble TPeOOBAHUS K HEOOXOIUMBIM BbI-
YUCJIUTEIBHBIM pecypcaM. Hampumep, MeTo bl MHTEUIEKTYAIbHOIO aHAJIN3a JAHHBIX TPEOYIOT
XpaHWIUIL OOIBIITOr0 00beMa C BBICOKOW MPOIYCKHON CITOCOOHOCTBIO Jjisi cOOpa U IOJIyueHUs
JIOCTYIIa K AHAJMTAYECKUM JAHHBIM, a TaKyKe BBICOKOW MAaCIITAOUPYEMOCTU BBIYUCIUTEIHLHOMN
CUCTEMBI JIJIst X 00pabOTKY; /I IPUMEHEHUs] METO/IOB MAIIMHHOTO 00y YeHusT TPEOYIOTCS y3JIb
C YCTAHOBJICHHBIMU I'PAMUYIECKUMU YCKOPUTEJISAMU, a JJIsi MOJEJIeH, NCIOJIb3YIONIe MeTo I, KO-
HEYHBIX 3JIEMEHTOB, TPEOyIOTCH IEHTPAJIbHBIE MIPOIECCOPBI C BHICOKOW MPOU3BOIUTEIHHOCTHIO
u Gosbine 00beMbl oneparuBHoOil namaru [9]. B aTrom paszene paccMaTpuBaioTCs pasindHbIe
KJIACCHI MOJIeJIEll, TPUMEHSIeMble JIJIsi CO3/IaHus ITU(PPOBBIX JTBORHUKOB.
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Qusuneckas modeab 00ECIEUNBAET KOMITBIOTEPHOE MOIEIUPOBaHNE (PU3MIECKUX IIPOIEC-
COB, MMPOTEKAIOMNX BO BpeMeHu. [locTpoerne Takux Mojieneil Ha TPAKTUKE CBA3AHO C UCITOJIh-
30BAHNEM COBPEMEHHBIX MAKETOB MOJEIMpPOBaHust, HampuMmep, Takux, Kak ANSYS. Ocnosmbre
dusndecKme MOJEN, UCIOIb3yeMbIe IS TTOCTPOEHHUsT TIMMPOBBIX JBONHUKOB:

—  Mojesu Ha ocHOBe ypaBrenust Hasre—Crokca (MojiesiupoBaHue ruIpo-ra30iuHaMIIecKuX

[IPOLIECCOB ) ;

—  MOJIeJIM HA OCHOBE METOJ[a KOHEUHBIX 3JIEMEHTOB (MOJIeJMPOBaHNEe KOHCTPYKIMI U3 TBEp-

JIBIX MATEPUATIOB ).

IIpumep mpumenenns GU3NIECKONH MOIENN JisT HMOCTPOEHUA IM(PPOBOrO IBOMHUKA MOYKHO
HaiiTu B craTbe [31]. B nanHoii cTaThe npecTaBIeHbl Pe3yJIbTaThl YUCJIEHHOIO MOJIEIMPOBAHMS
paccemBaHUs B aTMocdepe 3arpsasHuTeell BO3/IyXa, 00pa3yoMnXcs MPH OTBOJIE JBIMOBBIX Ta-
30B, obpasytormxcs npu croparuu TormBa Ha TIC. Monens ucnonb3yer ypasaerne Hapbe—
Crokca u peanmmzoBana ¢ ucmonb3oBanaueM makera ANSYS CFX-CFD.

OnMmumudayuoHHaA Modeas 0BECTIETMBAET TTIONCK ONITUMYMOB TEJIEBOM (DYHKIMY TIPY HAJIV-
YU OTPAHWYEHUN C WCIOJB30BAHUEM MaTEeMATHIECKHX MeTo0B. CTPYKTypa ONTUMU3AI[HOH-
HOM MOJIENT COCTOUT M3 TEJeBOi (DYHKIIMU, OOJACTH JOMYCTUMBIX DEIIeHU W CHUCTEMBI Orpa-
HUYIEHUHN, OMpeIeAoNnX 3Ty 00macTh. ['1aBHOM 3a1ateil ONTUMU3AIIMOHHOTO MOIETHNPOBAHU ST
SBJIAETCS HAXOXKIEHNE SKCTpeMyMa (pYHKIUN P OrpaHnYeHns X B pOpMe yYpaBHEHU U Hepa-
BEHCTB.

OcCHOBHBIE I1OJIXO/IbL:

—  JUHEHHOe IPOrPaMMUPOBAHUE;
—  cMemanHoe 1nesouncientoe nporpamvuposanue (Mixed Integer Programming);

—  HeJITHeHOe IIporpaMMUpPOBAHUE.

IIpumepom npuMeHEHUS ONTUMUSAIMOHHBIX MOJIEJIEN SIBISETCS ONTUMU3AINS [TPOIPAMMBI
ozesieHeHus ysui roposa [43]. B naHHOM nCcIei0BaHUM [IPEIIPUHUMAETCS TIOIBITKA OIIPEJIe-
JINTH MOJIEJIb IIJIAHUPOBAHUs, KOTOPAas OIPEJIEISIeT MECTOIOIOXKEHNE U TUII 3€JIeHbIX HACAXK/Ie-
HUI HA OCHOBE WX MHOYKeCTBEHHBIX 3 HEKTOB (HAIpUMep, OXJIAXKIEHUE U YJIYUIICHNEe CBA3HO-
CTH), U PACCIUTHIBAET CTOMMOCTH PEAJM3AIUNA C UCIOJIH30BAHUEM METa-IBPUCTUYECKUX AJITO-
PUTMOB onTuMHU3aIu. KIe OJlHIM TPUMEPOM MOZKET CJIY?KUTh ONTUMUZAIMUS JOPOKHOTO CTPO-
uresbersa [10]. B crarbe perraercst 3a/1a4a MOUCKa HAMJIYYIIETO [IJIAHA CTPOUTEJIHCTBA C yUe-
TOM TIPEIBAPUTEIBHBIX YCJIOBUI W B3ANMO3aBUCUMOCTEH TTOIB3bI OT 3aBEPITEHUsT TPOEKTOB. 3a-
Jada GoOpMyJIMpyeTCs KaK JBYXyPOBHEBasd 1pobiieMa, r7e 00beKTuBHAS (DYHKIINAA 3aKII0YAETCS
B MUHUMM3AIUU 0000IEHHBIX 3aTPAT, & HUKHUN YPOBEHb YIMTHIBAET BHIOOD MAapIIPyTa BOU-
TEJISAMU.

Hmumayuornoe modesuposarie IPpeICTABIIET COOOM METOT, NCCIEIOBAHUS, TIPU KOTOPOM
usydyaemMas CUCTEMa 3aMEHACTCA KOMIIBIOTCPHOU MOE/IbIO, UMUTUPYIOIIEH C JJOCTaATOYHON TOY-
HOCTBIO ITPOIECCHI, TPOUCXO/IAIINE B PEAJILHON CUCTEME, C KOTOPOH IMPOBOJIATCS SKCIIEPUMEHTHI
¢ nesbio nosydenus undopMaimu 06 3roit cucreme [28]. dprumu npejacraBuTeseM UMHATAII-
OHHBIX MOJIeJIEll MOT'YT CJIY?KUTb MOJIEJIA PACIIPEIETICHUsT SHEPIOPECYPCOB KOHEYHBIX MOTPeOu-
resieii [25]. Eie ogHUM SpKUM IIPUMEPOM MOKET CJIY?KUTh [IPOTOTUII CUCTEMBI, [IPEJICTABIICH-
Hblit B crarbe [14]. [Ipororun BKIOUYaer B cebst TPEXMEPHYIO MOJIEJb 3aCTPOEHHOM CPEJIbl, MO-
JieJIb YJUYHON CeTH C MCIOJIb30BAHUEM TEOPUU U METOa KOCMUYECKOI'O0 CUHTAKCUCA, MOJIEJIHU-
pOBaHuE TOPOJICKOI MOOHILHOCTH, MOJIEJIMPOBAHUE BETPOBOIO MOTOKA U P IMITMPUIECCKUX
KOJIMIECTBEHHBIX U KAYECTBEHHBIX JAHHBIX C UCIIOJb30BaHUEM JI0OPOBOJIbHON Teorpaduieckoi
uadopmaruu (volunteered geographic information). Kpome Toro, ropomckoit nudposoit 1Boii-
HUK ObLJI peaju30BaH B 1aTdopMe BU3yaAJU3aIUN JJId BUPTYAJHHONU PeabHOCTH.
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2.1. MO,D;e.J'II/I Ha OCHOB€ MHTEJIJIEKTYAJbHOT'O aHa/JIn3a JaHHBbIX

Moiesin Ha OCHOBE UHMEAAEKMYAALHO20 aHaau3a dannoix (Data Mining) npuMensiroTCst
JIJIsT OOHAPYIKEHWS B JAHHBIX paHee HEM3BECTHBIX, HETPUBUAJIBHBIX, TPAKTUIECKHU TOJIE3HBIX 1
JIOCTYTTHBIX MHTEPIIPETAIINN 3HAHWH, HEOOXOMUMBIX I TIPUHITHASA CTPATETTIECKN BayKHBIX pe-
mieHnit B pasimaHbIxX cdepax desioBedeckoit gesresnbnoctu [19]. B pamkax nocrpoenust udpo-
BOTO JIBOWHWKA TOPOJA MOJEIh Ha OCHOBE WHTE/IEKTYAJHHOTO AHAJIN3a JAHHBIX MO3BOJISIET
pernaTh CaeIyIolne OCHOBHBIE 38 aYN:

—  BbldBJIeHHUE BiusHuA (HPAaKTOPOB JPYT HA JAPYTa;
—  BbISIBJIEHHUE CTEIeHU BJMAHUSA (PAKTOPOB HA ITOKA3ATEIb;

—  TPOrHO3UPOBAHUE 3HAYEHUN (PAKTOPOB M IMOKA3ATEJIS.

Tabauia
ITokazanusa naTankoB
Hara MeTteodakTopst Buyrpenune dakropbt Buemnne gpakrops ...| Tlokazarennb
Cwia | Buax- t° | Uurenc-tob | Bwibpocsr | Hucrora | Bweibpocsr | Bwbesxk-it | ...| Kownnenrp-s
Berpa,| HOCTHb | BO3- rOpO/I. [POMBIIILI. | YJIAI, | HPOMBIILI. | TPA3HBINA MEJIKO
Mm/c | Bo3myxa, | myxa, | TpaduKa, | mpemmp-it 1..10 [peIp-it | TPAHCIIOPT, JIACTIEPCHBIX
% °C 1..10 ropoJa, obJracru, % B3BEIIEHHDBIX
moLc. MOHH MoLc. MOHH, YACTHIIL,
1K
10 5 40 12 5 1,3 4 4 65 2
arp
11 7 60 14 4 0,6 8 2,1 40 1
arp
12 8 65 13 3 0,5 9 1,2 30 0,3
arp
13 10 80 16 10 1,6 3 3,9 85 3
arp

PaccmoTpum MeToibr perennst yKa3aHHbIX 33189 Ha TTPIMEPe aHAJN3a KOHTIEHTPAITIN MeJT-
KOJIMCIIEPCHBIX B3BEIIEHHBIX YaCTHUIL B TOPOJICKOM BO3JyXe (J1ajee JaHHbIi moka3areab 0603Ha-
qaeTcsd KaK N U B KAYEeCTBe eIMHUI] n3Meperusa ucroab3yercs [IJIK — mpenenbao momycrumast
KoHIeHTpalws ). Ilycrh umeercs: 6a3a JAHHBIX, COJEPKAIlasl MOKA3AHUs, IPUBEJICHHBbIE B Ta0-
JITIE.

Bruigsienne Bimsanus pakTOpOB JPYT HA IPYTra OCYIIECTBISETCS ¢ TIOMOIIBIO METOIOB M0-
ucka wabaonos (pattern mining) [6]. Llabaon npeacrasiser coboii yCTONYNBO BBITOIHSIOIIE-
ecsg npasuwio Buga «ECJIN anmeuedenm, TO xoncexsenmy, Toe B KadecTBe aHTELEIEHTA U
KOHCEKBEHTa (PUTYPUPYIOT HEIYCThIE W HEIePeCeKarommecs MeXKIy cobOit MHOXKECTBa (DaKTO-
poB. Ilpumep AByX TaKWX MPABUJ TMPEJICTABIICH HUKE:

— ECJIM Cuna serpa > 10 m/c U Braxuocrs > 65% TO T'pasusiit Tpanctnopr > 75%;
—  ECJIN Hara = Iorenensank TO Bwibpock! mpom. npeanpusituii ropoga > 1.5 Teic. TOHH
U Bwibpocs! nipoM. npeanpudTuit 00JacTu > 3 ThIC. TOHH.

YV CTOMYUBOCTD BBIOJTHEHUS] TTPABUJIA OIPEIENIAETCH OCPEICTBOM JIBYX OCHOBHBIX MEDP:
HOJJIEPIKKA U JI0OCTOBEPHOCTH. [Toddeporcka npasusa (rule support) npencrasisier coboii Bepo-
ATHOCTb HAJMYUs B 0a3e JIAaHHBIX 3aIHCel, B KOTOPBIX IPUCYTCTBYET KAK AHTEIEIEHT, TaK U
KOHCEeKBeHT. Jlocmoseprocms npasuaa (rule confidence) npencrasisier coboii yCIOBHYIO BEPO-
ATHOCTDb HaJIMIWs B 0a3€e JAHHBIX 3aIUCE, B KOTOPBIX IPUCYTCTBYET AHTEIIE/IEHT, DU yCJIOBUHI
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IPUCYTCTBUsL B 9TUX 3allUCAX KOHCEKBEHTA. B KavecTBe mA0JOHOB HA NPAKTUKE BBIOMPAIOT
IPaBUJIA, TOJJIEPKKA U JOCTOBEPHOCTH KOTOPBIX IPEBBIINIAIOT IIOPOrOBbIe 3HAYEHUs (Minsup u
minconf COOTBETCTBEHHO), HAIIEPEJ] 3a/I[AaHHBIE SKCIIEPTOM B JAHHON TIpeMeTHON obmactu. s
[OKCKa Ia0JIOHOB OCHOBHBIME aJjiropurMamMu sBisiorcs Apriori 7], FP-Growth [22, Eclat [45],
a TaKyKe UX MHOIOYHMCJIeHHbIe MOIMUKAIUY, U TAPAJIIEIbHBIE 1 PACIPEIEIeHHbIE BEPCUM.

Bbibpocbl
ropog,

Puc. 2. IIpumep ucnosib30Banns KIacCuDUKAIMOHHON MOJIEN WHTEJIEKTYAIbHOIO aHAIM3a
JAHHDBIX

Buiasaenue cmeneny 8AUANUA HAKMOPOS HA NOKA3AMEAD MOYKET ObITH BBITOJHEHO KaK
IOCTpOeHne mepapxuu (pakTOpPOB, OTPAXKAIOIIEH CTEIeHb BJUsAHUs (DAKTOPA HA [TOKA3ATE Ib:
4eM BbIllle PaKTOP B MEPAPXUU, TeM OOJIbIIIE €ro BJIMSHUE Ha TOKa3aTesb. Penienve JaHHOM
3a/1a91 CBA3aHO C KJlacCupUKaIiell JTaHHbIX B 6a3e JIAHHBIX CEHCOPOB HA OCHOBE JIEPEBLEB Pe-
mennit [36]. Ha puc. 2 npuseien npumep moCTPOEHHOTO JepeBa, PEIIeHuit, TO3BOJISIIONIIEro KJIac-
cuduIUpoBaTh JHA, B KOTOPbIE IPON3BO/IMJINCH HADJIIOJIEHNSI, 110 3HaYEHNIO ToKa3arets «Kou-
[EHTPAIS MEJIKOIMCIIEPCHBIX B3BEIMIEHHBIX YACTUIL» CO CJEIYIONUMU KJIACCAMU 3HAYEHUIA: KHE
6oJiee HOPMBI», «IIpeBbIleHne HoOpMbI 10 omuoi II/IK» , «mpesbitmerne HOpMbI 10 aByx TLJTK»,
«rpeBbIlieane HOpMbI 6oJtee aByx TI/TK>».

)
10ceH BuiGpocs!
L ropoa
Cwna e PR Cuna 7
BeTpa BeTpa A00.3 Kv> 0.5..1.5 Kr {i._,,(,
- /;' < 1\ ‘ Cuna > 3
BABKHOCTD & o e e BnaxHocTb | 40 \_nak _J serpa n;u( 10 ceH
) N\
TopoACKoi lopoackon | 7 N, 10ew ~<1ome
Tpad)MK Tpad)“l'( / BraxHocTs I'opo,qcxou
Bo3ayxa ) TPapuk
Bbi6pocbl Bbibpocbl |1.2 -
<75% >75% 6.10
qMCTOTa --------- -.w""""r """""" qMCTOTa 4 /< n <\ 2 =n< 3 1 =n <\ Yucrora
ynuy, yau, \ naK % \__nax oK / yauy
% &
1AHB 10anp 8.10

CadC nz:)

Puc. 3. Mogens npeackazanus IpeaesbHO JOIyCTUMON KOHIIEHTPAIIIN
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Bagada npozHO3UPOSAHUA 3HANEHUT PAKMOPO8 U NOKA3GMEAs MOXKET ObITh peIlleHa Kak
Ha Ga3e HelipoceTeBbIX MoJIeJiell (M. pas3zen 2.2), Tak U B paMKax MOJIeJiell MHTeJIEKTYaJIbHOrO
aHaIM3a JAHHBIX. B 10ocseHeM ciiydae pelleHne 3a1a9u Ipejrnoaraer asa srama (CM. puc. 3).
Ha nepBom sTalie BbIIOJHAETCA TPOrHO3 3HAYEHU (DAKTOPOB HA OCHOBE PEIPECCUOHHBIX MO/IE-
et [15]. Ha Bropom srare, uCioib3ys MOy YeHHbIE TPOTHO3HbIE 3HAUEHUsI [IOKa3aTeseil 1 pa-
Hee MOCTPOEHHYIO KJIACCU(MUKAIMOHHYIO MO/IEJIb, BHIMUCJISAETCH MIPOrHO3HOE 3HAYEHHE TT0Ka3a-
TeJId.

2.2. HeiipocereBbie Moaeu

Hexycemeennas netiponnan cemv (MHC) — maremarndeckasi MOJIENb, & TaK¥Ke ee MPO-
rpaMMHOE WJIU allllapaTHOE BOILIOIIEHNE, IIOCTPOEHHBIE 110 TPUHIIAILY OPraHu3au U QyHKIU-
OHUpOBaHUs Ouosiornyeckux Hefipouubix cereii [47]. THC npempcrasisier coboii cucremy coeu-
HEHHBIX W B3aWMOIEHCTBYIOIINX MEXKIY COOOM MCKYyCCTBEHHBIX HEHpOHOB. KaxkapIit HEHpOH mo-
JIOOHOI CEeTU MMEET JIeJIO TOJIBKO C CUTHAJIAMU, KOTOPbIE OH ITEPUONYECKHU TIOJIy9aeT, U CUT'HA-
JlaM#, KOTODBIE OH II€PUOJIMYECKN IOChLIAET JPYyruM HelipoHam. B pesysibrare o0ydeHus
HEWPOHHAS CETb CIIOCOOHA BBISIBJIATH CJIOXKHBIE 3aBUCUMOCTU MEXKJY BXOIHBIMU JIAHHBIMA U
BBIXOJIHBIMH, & TAKXKE BBIMOJHATH ODODIEHNE U CMOXKET BEPHYTh BEPHBIN PE3yJIbTaT HA OCHO-
BAHUM JIAHHBIX, KOTOPblE OTCyTCTBOBAJIM B 00ydarolleil BHIOOPKE, a TakyKe HEIOJIHBIX U /UJju
«3aIIyMJIEHHBIXY , YACTUIHO UCKAXKEHHBIX JIAHHDBIX.

Csepmounasn netiponnas cemv (CHC) — cnenuajbHas apXUTEKTYPa MCKYCCTBEHHBIX
HEHPOHHBIX CeTell, HalleJeHHas Ha aHaam3 m3obpaxkenmnit. CBepTOUYHbBIE HEHPOHHBIE CETH CO-
CTOSAT U3 HECKOJIBKUX CJIOEB: CBEPTOUYHBIE CJIoU, CyOnuckperusupyiomue (subsampling, moaBbi-
6opka) U cJIon «OObIYHOIY HEeHPOHHOI ceTn (MOJHOCBsI3HBIE) — HepcenTpona. Ilepsbie jiBa cjiost
(cBEpTOUHBIH U CyOMCKPETU3UPYIONIHNIL ), YepelysiCh MeXK Ly coboii, (hOPMUPYIOT BXOIHON BeEK-
TOp TPU3HAKOB Jyist epcentpona [8]. Ceeprounblii cjiol BKoOYaer B cebsl pa CBEPTKHU, KO-
TOPBIE ABJSIOTCH MATPUIIAMU BECOB, 00pabaThIBaIOIINE IIPEIbLLyIue cjion 1o (pparmentam. Ha
JAHHBIA MOMEHT CYIIECTBYeT MHOXKECTBO peasin3aliiil CBepTOYHBLIX HEAPOHHBIX ceTeil Jjid pe-
HmIeHusl 337149 YMHOro roposa. Ilpusenem HekoTopbie ipumepsl. Detectron2 [42] — nporpamm-
nag cucrema Facebook AI Research [16], B KOTOpOil peajm30BaHbI COBPEMEHHBIE AJITOPUTMbI
obHapy:kenust oobekToB Takue, Kak Faster R-CNN, Mask R-CNN, RetinaNet, DensePose u
apyrue. YOLOv3 [37] — cucrema obHapy»KeHusi 0GbEKTOB B peaJibHOM BpeMeHu. Biaromapst
[IUPOKOMY JIMAIIA30HY JOCTYITHBIX BAPDHAHTOB MOXKHO BhIOpATh BEPCHUIO, HANDOJIEE TIO/IXOISAIILYIO
qis ipusioxkenust. Hamnpumep, Tiny YOLO [17] — 310 caMblii «<KOMIIAKTHBIRY BapuaHT, KOTO-
PBIif MOXKeT paboTaTh Jarke Ha CMapT@OHAX.

HeitpocereBbie Moie/i TPUMEHSIOTCH JIJIsi PEIIEHUS 33124 CJIEIYIONUX KJIACCOB.

—  Jlerekrmus 00beKTOB Ha n3obpazkennu. Hampumep, 1eTeKTUPOBaHIE TUIIA ABTOTPAHCIOPTA
1 HAJAYNAA IPA3K HA HEM MJIM MycOpa, B TOM YHCJIEe M HECKOJbKHX OOBLEKTOB Cpa3y Ha
OJITHOM M300pParKEHUM.

—  DBoigBieHus CI0XKHBIX HEJIUHEHHBIX 3aBUCHUMOCTEH MEXKIy MCXOMHBIMU JAHHBLIMU ¥ IieJie-
BBIMH ITOKa3aTeasaMu. HampuMmep, mocrpoenne Mozeseil 3aBUCHMOCTH KOHIIEHTPAIIUKA MeJI-
KOIUCIIEPCHBIX YaCTHI OT PA3JIMIHBIX (PAKTOPOB, OLIEHKA CTEIIEHN BJIMSHUS (DAKTOPOB.

— Iocrpoenne pekoMeHIaTEIbHBIX cucTeM. HanpumMep, cucTeM HOMIEPKKI IPUHATHAS Pellle-
HUIi JJIsT yIpaBJIEHUS TOPOIACKUM TPapUKOM C IEJIbI0 YMEHbIIEHNST BPEIHBIX BHIOPOCOB B
aTrmocdepy.

IIpumepom HelipoceTeBoi MOIE N JIst OLEHKH MOPOICKOro TpaduKa Ha IEePEeKPECTKE sIBJIs-
ercsa «VHTe/UIeKTyaIbHasl CUCTeMa MOHHTOPHHIA TPAHCIOPTHBIX IOTOKOB U JIOPOXKHO-TPAHC-
noprraoit undpacrpykrypsl AIMS (Artificial Intelligence Monitoring System)» [39]. Lesbio
[IPOEKTa, ABJISIACh Pa3pabOTKa U BHEAPEHUE CUCTEMbI OLIEHKH 3P(MEKTUBHOCTH HUCIOIb30BAHMS
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Puc. 4. Ilpumep paborbl HEHPOHHON CeTHU JJisd PACIIO3HABAHUS aBTOMOOUJIEH

JOPOKHON MHMPACTPYKTYPHI, IIPOTHO3UPOBAHUS TPAHCIOPTHBIX 3aTOPOB U CYMMAapHBIX TOK-
CHUYHBIX BBIOPOCOB OT aBTOTpanciopra. Vcroib30Banre HEMPOHHBIX CeTell TJIyOOKOro 00ydeHns
[I03BOJISIET B PEXKUME PEAJbHOIO0 BPEMEHU OCYIIECTBIATH COOP, MHTEPIPETAIMIO U arPEraluio
JIAHHBIX 110 MHTEHCUBHOCTU U KJIACCU(DUKAIMHU JIOPOKHOTO TpaduKa.

WNuresutekryasbHas CHUCTEMa MOHUTOPUHIA TPAHCIOPTHBIX ITOTOKOB U JOPOYKHO-TPAHC-
MOPTHON MHMPACTPYKTYPHI MO3BOJISIET PEIIUTH CPa3y PsiJi CJAOXKHBIX 33Jla4, TaKUX Kak cOop,
MHTEPIIPETAINs U arperaius JaHHBIX JIOPOKHOrO TpapUKa, BbIsIBJICHUE HEIOUCIIOIb30BAHHBIX
PECypCOB B TPAHCIOPTHONH MHMPACTPYKTYPE, 9TO MO3BOJISET COKPATUTH KAIMTAJIbHBIE M IKC-
TyaTannonube 3aTpaThl. CrcreMa TO3BOJIAET OMEHUTDh (P MEKTUBHOCTD PEITEHUt TI0 OPTaHu-
3aIMU JIOPOYKHOIO JIBUKEHUsI B PEKUME PeaIbHOrO BpeMeH! (M3MeHeHUs! IUKJIOB PabOThbI CBe-
TOOPHBIX 0GBEKTOB, IEPEHOC MECTa HAHECEHUsI PA3METKH U JIP. ), IPOIHO3MPOBATH CyMMAapHbIe
BBIOPOCHI TOKCUYHBIX BBIXJIOMHBIX I'a30B OT aBTOTPAHCIIOPTA C YI€TOM aTMOCHDEPHBIX U KJINMA-
tugeckux ycyopuit. Takzxke nporpamma npemynpeaut o npepbimnennu [T/IK B y3nax (mepekpect-
KaX) yJMYHO-IIOPOYKHON CETH, YTO IIO3BOJIUT HE JIONYCTUTh HEMATUBHOIO ClieHapusi (YBEJIUYUB
IPOIYCKHYIO CIIOCOOHOCTD y3J1a, OTPAHUYKE JBUYKEHUS JIJI TDY30BUKOB).

Texmosiorusi ¢ UCIOIHL30BAHUEM ODYYEHHBIX Heiipocereii, He TpedyeT OOJIBbIINX 3aTpaT Ha
cepBepHOe 000Dy I0BaHue U BujeoKaMepbl. J[jisi MOHUTOPUHIA KPYITHOTO MEPEKPECTKA, 3ada-
CTYI0, JOCTATOYHO YCTAHOBKU OJHOI Kamepbl yJudHOro Bujeonabsmozenus [39]. Ilpumep pa-
0OTBI TAKOI CHCTEMbI IPUBEEH Ha PuC. 4.

Eiie osrM puMepoM UCIIOIb30BaAHUS HEHPOCETEBBIX TEXHOJIOT U ABJISETCS 3a/1a4a JeTEK-
TUPOBaHUsI Mycopa Ha ysumiax ropoja [44]. O6mast crpykTypa cxeMbl pabOThbI MOJIENH TIOKA3aHA
Ha puc. 5.

Ob6s1acTb TEpeHero MmiIaHa, COBMECTHBIE TEIJIOBbIE KAPTHI U COBMECTHBIE TTO3UIMH Oy Ia-
FOTCS TTyTEM BBIYUTAHUS (DOHA W COBMECTHOMN OIEHKHU. 3aTeM AJITOPUTM OTCJIEIKUBACT TEITeX0-
JIOB 1 ODHAPY2KUBAET O0HEKT, KOTOPLI oHU HecyT. [lociie obHapyKeHus 00bEeKTa OH OTCJIEYKU-
BAaETCsd C MOMOINBIO Tpekepa (PUIbTPA KOPPEIAIn, KOTOPBI paboTaeT B peKUMe PeasibHOro
Bpemenn. QIHOBPEMEHHO, PACCTOSHUE TTOCTEIIEHHO MOIETUPYETCS MEXKIY CYyCTaBOM KarKI0To
YeJIOBEKA U OTCJIEXKUBAEMBIM 00beKTOM. Eciin 0O0HAPYKEHO n3MeHeHrne PACCTOSHUS MEXKY 00b-
€KTOM ¥ YeJIOBEKOM, AJITOPUTM BBIJIACT MPEAYIPERICHUE 0 cOPOce Mycopa. DKCITEPUMEHTAIb-
HbIE PE3YJIbTATHI TOKA3AJM BBICOKYIO 3(PDEKTUBHOCTD MIPEII0XKEHHOI'0 METO/Ia.
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Puc. 5. IIpumep paboTbl HEHPOHHOI CeTHU JJid ONPEJIE/IEHN MyCcOopa Ha N300paKeHUN

3. NnudopmaimonHnast nuHdpacTpykKrypa 1udpoBoro JABOITHNKA
ropoja

Ilon mudopmanmonHoit MHPPACTPYKTYpPOit mudPOBOro ABOMHUKA TOPOJA IIOAPA3YMEBA-
IOTCS CJIEJIYIONIE KOMIIOHEHTHI:

—  JIATYUKH, KOTOPBIE cOOMPaioT HHAMOPMAIIUIO;
—  CeTH, KOTOpbIe 3aHUMAIOTCS Tepeadeil JTaHHbIX;
—  TpOrpaMMHBIE CHCTEMBI, KOTOPBIE 3aHUMAIOTCST OUMCTKOMN JAHHDBIX;

- IporpaMMHbIE KOMIIJIEKChBI, KOTOPbIE 3aHUMAIOTCA NHTEJIJIEKTYaJIbHBIM aHaJIM30M JaHHbIX.

st Toro, urobnr IIJI Mor obecriednTh CHHXPOHU3AIUIO MEXKJYy COCTOSHUEM IIPOIECCa B
peajibHOM MUDPE U €r0 BUPTYaJIbHON KOIHEeH, MbI JOJZKHBI O0ECIIEYUTh €My BO3MOXKHOCTD I10JIY-
4aTh, IEPEJABATh W AHAJU3UPOBATHL I[OTOK JIAHHBIX OT WHTEJJIEKTYAJbHBIX KOHEYHBIX
yerpoiicrs UnrepHera Bereii.

3.1. Cencopsblie cetu

Hutst cbopa nudopMaIi MOIYyT IPUMEHATHCS KAK CYIIECTBYIOINE HHPPACTPYKTYPHI JIaT-
YUKOB, TaK ¥ Pa3BOPAYUBATHLCS HOBBIE CEHCOPHBIE KJacTepa. MOXKHO BBUIEJUTH CJIEIYIOIIIe
TUTIOBBIE BUIBI UCTOYHUKOB JTAHHBIX:

—  BUJIEOKAMEPHI;
—  JATYUKU JIABJICHUSI;
—  JATYUKHU BJIA’KHOCTH;
—  JATYUKHU TEMIIEPATYPBhL;
—  JATYUKU 3aI'PA3HEHUs BO3/IYXa;
—  T'€OJIOKAIIMOHHBIE JIAaHHbIE TPAHCIOPTHBIX CPEJCTB;
—  uHdOpMaIUs C MPOE3IHBIX KAPT IMACCAXKUPOB U JIP.
Boiensior HECKOJIBKO YpPOBHEH CBsI3M, Yepe3 KOTOPbIe MPOXOJIAT JIAHHBIE, COOMPAEMbIe C
CEHCOPHBIX ceTeit. OTHIM M3 BAPUAHTOB TAKOW KJIACCU(DUKAINN SIBJISTETCS pa3OneHne KaHaJoB

CBSA3U 110 30HE OXBATA HA YPOBHH IIOJIEBBIX, JIOKAJIBHBIX U IJVIOOAJIBHBIX BBIYMCIUTEIBHBIX Ce-
Teit [13].
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Puc. 6. I'paduk cpaBHeHUs CKOPOCTH U JAJBHOCTU MIEPEIAYN JTAHHBIX
Pa3IMYIHBIMU KaHaIaMu CBsA3u [13]

IHonesoti yposens cea3u 0beCTIEUNBAET TIEPEIATy JAHHBIX HA PACCTOSHUS OT JIECSITKOB CAH-
TUMETPOB IO COTHU METPOB, OT MECTa WX MEHEPAINHN 0 MEPBOTO y3JIa HA KPAlO CeTH, OTBEIAI0-
IIEro 3a ux cOOp u JajbHelnyo perpancisnuio. g obMena MaHHbIME HA 9TOM yPOBHE IPU-
MEHSIOTCST HU3KOCKOPOCTHBIE MAJIOMOIITHBIE WH(MDOPMAIMOHHBIE KaHa bl. Cpean KOMMYHUKAIIN-
OHHBIX TIPOTOKOJIOB JIAHHOTO YPOBHSA MOYKHO OTMETHUTB TTPOTOKOJIBI JJI TTPOMBIIIIEHHBIX CeTel
Modbus w HART, koTopble OpHMeHTHPOBAHBI Ha paboTy Ha 6a3e MPOBOIHBIX cereil Tuma RS-
232/RS-485 u «TokoBas nersisiy. B mocsieinee jecsaTuieTe TakyKe 3HAYUTEIHHO PACIIUPUIICS
HabOpP TEXHOJIOTHI, 0OECIIEINBAIOIINX BO3MOXKHOCTH OECIIPOBOIHON MEPEIadn JAHHBIX OT CEH-
copubix cucreMm. Cpeanm Hambojiee M3BECTHBIX OECITPOBOJHBIX ITPOTOKOJIOB TIOJEBOTO YPOBHS
MOKHO HazBaTh: Bluetooth; WirelessHART; ZigBee (cranmapr IEEE 802.15.4); Z-Wave; NFC;
RFID u apyrue (cMm. puc. 6).

Vposenv A0KAABHOIT BBINUCAUMEADHBLT cemetll 0DeCTIeTnBaeT Tepeady JaHHBIX B PAMKAX
JIOKAJIbHOI CeTH, PA3BEPHYTOl B HEIIOCPECTBEHHON BJIM30CTH OT UCTOYHUKOB JIAHHBIX (HA Pac-
CTOSIHUSAX OT COTE€H MeTpOB J10 KuyoMerpa). CerojHsi Ha 3TOM ypPOBHE Hallle BCEro UCIHOJIb3Y-
IOTCST CTAHIAPTHBIE CETEBBIE PEITIeHNsT, OA3UPYIOTNECs Ha CTEKe KOMMYHUKAITMOHHBIX TTPOTOKO-
goB TCP/IP. JIyis opranusaiy MpoOBOHBIX CeTell MCIOIb3yI0TCs peleHns Ha 6a3e ceMeicTBa
rexunosioruit Kthernet, a 6ecripoBoiibie ceTn peajn3yioTcs Ha 6a3e cemeiicTBa TPOTOKOJI0B Wi-
Fi (IEEE 802.11).

Ha yposte 2400040HBLT 8DIMUCAUMENDHBLT cemeti 00eCTIeanBAETCS TIepeiada JAHHBIX B PAM-
kax ceru MuaTepuer. 3a HYHKIMOHTPOBAHUE TAHHOTO YPOBHST OTBEYAIOT TEJIEKOMMYHUKAIHMOH-
HbIC OIIEPaTOPbI, B TOM YHCJIE OIEePaTOPLI CeTeil COTOBOI CBA3MU, CILlyTHUKOBOU CBA3U, MaJIOMOIII-
HbIx ry10basbubix cereii (Low-Power Wide-Area Network, LPWAN, cum. puc. 6). Tisa opranu-
zamuu nepeadu u 3HPEKTUBHON 00pAbOTKH JAHHBIX B TJIOOAIBHBIX CETHAX OOBIYHO ITPUMEH -
FOTCST TPAHCIOPTHBIE MTPOTOKOJIBI nHTepHeTa st 10T u ceTeBBIX yCTpO#CTB, obecredanBaonme
BO3MOYKHOCTU CHHXPOHHON JTMOO aCHHXPOHHOM 06paboTku maHubrX, Takue Kak MQTT, CoAP,
HTTP [1]. Jyst npoBOmHO# mepesiavn JaHHBIX PUMEHSAIOTCS PEIIEeHNsT MAruCTPAJIbHBIX TeJle-
KOMMYHUKAIMOHHBIX JMHEH, Takne Kak Gigabit Ethernet, EPON u GPON. JIa 6ecripoBomHoit
nepeaan JaHHbIX 10T MOTYT OBITH OPraHN30BAHBI MAJIOMOIITHBIE TJIOOABHBIE CETH, B TOM UHCJIE
Ha O6aze nmporokosa LoRa. OTaessHo cTOUT OTMETUTH BO3MOYKHOCTY MCIIOTH30BAHUS CETEl CO-
TOBOM CBsI3M JJTsT 0OecedeHuns mpsMoro coenuaennst yerpoiicts loT ¢ y3mamu B cern UnTeprer

Ha ocuose texunosoruit 2G (GSM), 3G, LTE, 5G.
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3.2. OuucrTKa JaHHBIX

Ha mpotrskennn »KU3HEHHOTO IUKJIA CEHCOPOB JIaHHbIE, BbIJIaBA€MbIE MU, MOI'YT «3arpsi3-
HATHCA» . 3arPsA3HEHNe MTOCTYIAIONINX JTAHHBIX MTPOSBIIAETCSI B BUIE HEKOPPEKTHBIX, AHOMAJIb-
HBIX WJIM MPOIYIIEHHbIX 3HadeHuil. [Ipuaunnoit 3arpsasnenns MOTYT ObITh 4YesioBedecKuii (hak-
TOP, OTKA3 CEHCOpa, COOM B JIMHUAX CBSI3W, TJIAHOBOE TEXOOCIYKUBAHNE CEHCOPA U JIp. 3arpss-
HEHHbIE JJAHHbIE OOECIIEHNBAIOT UX IOCJIEYIOIIee TPUMEHEHNE B MOJIEJISAX HA OCHOBE UHTEJIEK-
TYaJIbHOI'O aHAJIM3a JAHHBIX M HEMPOHHBIX ceTeil. [Ijig ucrnosb3oBanus B 1u(POBOM JIBOMHUKE
ropoJia JIaHHbIe HyXK1aoTcs B ounctke [41]. OuncTra JaHHBIX, MOCTYIAIONMX C CEHCOPOB, MO
pasyMeBaeT CJICAYIONe OCHOBHBIC OIIEPAIAN: ITONCK AHOMAJIMHA W BOCCTAHOBJICHUE ITPOITYIICH-
HBIX 3HAYECHUN.

Houck anomanruti TpeaIoaraeT HaxX0XK JI€HNE ITPOMEXKYTKOB U COOTBETCTBYIOIIUX 3HAYEHUIH
BPEMEHHOT'O PAJa, KOTOPBIE CYIIECTBEHHO HE IMMOXOXKM Ha 3HAYEHUS BO BCEX OCTAJIBHBIX IIPOMeE-
JKyTKax 31oro pszaa [12]. Bocemanosaerue nponyuernor 3Haerud IPeInoaaraeT TeHepaIuio
CUHTETUYECKNX 3HAYEHUI BPEMEHHOI'O Psi/ia BMECTO OTCYTCTBYIOIIMX MJIA OMIMOOYHBIX ITOKA3a-
HUI Ha OCHOBE PETPOCIIEKTUBHOTO aHAJIN3a 3HAUYEHUIT BDEMEHHOIO Psijia JAHHOIO CeHCOPa U /1Jin
3HAYEHUI BPEMEHHBIX PSAJOB CEHCOPOB, reorpadudecku /Jorundecku O6Ju3Kux K Jganaomy [11].
Pemrenve ykazaHHbIX 33/1a4 MOYKET ObITH BBIITOJHEHO KAK METOJIAMU MHTEJJIEKTYaJHLHOTO aHAa-
JI3a JAHHBIX, TaK U Ha OCHOBE HefpoceTeBbIX Moeseit 27, 35].

IIpu coznanum nudpoBoro ABORHUKA rOPO/Ia BaXKHOW KOMIIOHEHTOH CUCTEMBI SBJIAETCS MO-
dYab 0NUCTKY JGHHDLT, KOTOPBIH 00ECTIeanBAET TONCK AHOMAJIMI ¥ BOCCTAHOBJIEHUE TIPOIYITEH-
HBIX 3HAYEHWI B IIOTOKAX JAHHBIX, I[MOCTYIAIONMX C CEHCOPOB cucreMmbl. Pabora momys
OYMCTKHN [JTAHHBIX OPraHU3yeTCd B COOTBETCTBAM CO CJICAYIOIIMMA OCHOBHBIMM IIPUHITAIIAMU.
Bo-niepsoix, mepen mocrymtenunem B 110/l ToTOK maHHBIX KasKIOM TPYNITBI CEHCOPOB JOJIZKEH
00pabaThIBATHCH B COOTBETCTBUY CO CBOMMU IIPABUJIAMY OYUCTKUA. BO-BTOPBIX, OUUIIEHHBIN 110~
TOK JAHHBIX KazKJI0M I'PYNIIBI CECHCOPOB JOJIZKEH PEryJISpHO KOHTPOJINPOBATHCA B COOTBETCTBUN
CO CBOMMU IPABUJIAMU BEPUMDUKAIIAH.

IIpasuao owucmxu orpeesisier 06/1aCTh KOPPEKTHBIX 3HAYEHUH JJI KaXKJIONH I'PYIIIbI CEH-
COpPOB (HAIpUMep, MUHUMAJIHHOE U MAKCUMAJIbHOE 3HAYEHNs [IOKA3AHWI, 3aBICUMOCTD [10KA3a-
HUI CEeHCOPa JAHHON IPYIIILI OT OKA3AHUI CEHCOPOB APYIrux rpyni u ap.). IIpasuro sepudu-
Kayuy JJIs TAHHON T'PYIIIBI CEHCOPOB OIPEJIENISET EPUOIUIHOCTD U CIOCOD OIEHKH MPAaBJIONO-
JI00M S 3HAYEHU N, TeHEPUPYEMbIX CHHTETUIECKH, BMECTO ITPOITYIIEHHBIX UM AHOMAJIbHBIX. [y
OIEHKHU TIPABJIONOI00UsT UCIOJIb3YIOTCS PA3JIMIHbIE MePbI (HAIIPUMED, HOPMAJIM30BAHHAS CPE/I-
Heasi abCOIOTHAS OMMOKA, CPeJHsAs KBajparudeckas omubka u jp. [23]) u coorsercrBytoniue
IPYIIIIe CEHCOPOB Ipe/ie/IbHbIE 3HAYEHUS ITUX Mep. Hu3Kkas creneHb mpaBionoodus CHHTETH-
YeCKUX 3HAYEHWI, BBbIABJIEHHAs B Pe3yJibTaTe BePUMUKAIUU, SBJILAETCHA ITOBOJOM JIJIs Iepe-
CMOTpPa COOTBETCTBYIOIINX METOAOB U aJITOPATMOB, PEAJIN30BAHHBIX B MO/IYJIC OYUCTKY JIAHHBIX.

3.3. TymaHHbBIE BBIYUCJIEHUSA

Iutst 06paboTKy mHGOPMAIUH, TOCTYAIONIEH OT MHO2KECTBA UCTOYHUKOB UHTEPHETA Beleit
(IoT) 1enecoobpasHo NpUMeHeHne KOHIENIMHA TYMAHHBIX BBIYUCJICHUIA.

Tymarnvie evvwucaenus (TB, anza. fog computing) — 910 MHOTOYPOBHEBAs MOJIEJIb-PAC-
mpenue 06Ja9HbIX Bbraucjaenuit (anrii. cloud computing), obserdaonias passepTbiBAaHUE PAC-
MPEIESIEHHBIX PUIOYKEHNH U YCIYT, YIUTHIBAIONINX CETEBbIE 3a/I6PKKHU, HA, TAK HA3BIBAEMBIX,
mymannor ysser (aHri. fog nodes) (pusmdeckux WM BUPTYaJbHBIX), PACIIOJATAIONIAXCSI
MEXKJIy YMHBIME KOHEYHBIMU YCTPOHCTBAMU U HEHTPAJIU30BAHHBIME (OOJATHBIME) CEPBUCAMM.
Tymanrvie Y346, SIBISAIOTCS KOHTEKCTHO-3ABUCHMBIMUA W TIOJIEPKUBAIOT E€IUHYIO CHCTEMY
VIpaBIeHUS JTAHHBIMA W opranm3anuu cBs3u. OHH MOTYT OBITH OPTaHW30BAHBI B KJIACTEPHI
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BEPTUKAJIBHO (JJIs MIOJJIEPIKKYU U30JISIIUN ), TOPU3OHTAJILHO (J1J1s1 OJiepxkKu (esiepariuii cep-
BUCOB) WJIM B IPUBsI3KE K CETEBON OJIM30CTH OT KOHEYHBIX YMHBIX YyCTPOHCTB. TyMaHHbBIE BbI-
YHUCJIEHNS MUHUMU3UPYIOT BPEMS CETEBOT'O OTKJIMKA IOJJIEPKUBAEMbBIX TPUJIOYKEHNUN, a8 TAKXKe
00ecrevnBaioT KOHEYHbIE YCTPONCTBA JIOKAJIHHBIMY BHIYUCIUTEIbHBIMI PECYPCAMU U, TP HEOD-
XOJIMMOCTH, CETEBBbIM ITIOJK/IIOYEHIEM K [eHTPAIN30BAHHBIM cepBucam [24].

B 10 Bpems kax obaaunvie viuucaerus 00ECIIEINBAIOT TOTEHINAILHO Oe3rpaHuvIHbIE Pe-
CYPCBI JIJIsl PEIIeHus 33/1a4, TPEOYIOIINX CyIECTBEHHBIX BHIYUCIUTEIbHBIX PECYPCOB, TyMaHHbBIE
BBIYUCJIEHUST O0ECIIEYNBAIOT:

—  TIPEJOCTABJIEHNE BBIYUCIUTEIHHBIX PECYPCOB B HEIIOCPEJICTBEHHON OJIM30CTH OT KOHEYHBIX

YCTPOICTB;

—  1penobpaboTKy JAaHHBIX HEPE] UX OTIPABKON B 00JIAKO;

—  pellleHue 3aJa4, KOTOPble TPEOYIOT MUHUMAJBHOI'O BDEMEHU OTKJIUKA.

O6nauHble BbIUMCIIEHUS
(Cloud computing)
O [Ins xpaHeHuns 60nbLUMX AaHHLIX

O [nsa aHanuTnyeckor 06paboTkn AaHHbIX U
hopMM1pOBaHMs NPOrHO308B

. O6nako l

~ O6nauHbIi
w03

l TymaHHble BbluUCTEHUS
(Fog computing)
O cepBepbl pSAOM C KaMepamu Ans
npeasapuTenbHoi 06paboTku AaHHbIX

O cepBepbl PSOOM C KnacTepamu ycTpoiicTs 10T 1
[laT4MKoB — Ans Npef-o06paboTKy nokasaHui

(x'x)

{ \ | L[ Towa
Tymauuble AocTtyna
y:mu o

YcTponcTBa MHTepHeTa Bellen
o (Internet of Things - 10T) u ceHcopbl

‘ O O6ecneuynBatoT reHepaLmio MOCTOSIHHOMO NOTOKa
A [JaHHbIX ANst aHanusa

n @ m . L D O MoryT nofaepuBaTh BO3MOXHOCTb
a y[1aneHHOro yrnpaBneHns
Puc. 7. Mojenb TyMaHHBIX BbIYUCJIEHUT

IIpumepom ucosib30BaHus TyMAHHBIX BHIYUCJIEHUI Jj1s opranu3anuu 3hpeKTuBHON 00pa-
OOTKM JAHHBIX, MOXKET CJIYKHUTHb 3aj1a4a Mpeso0pabOTK JaHHBIX C KAMEp BUICOHAOJIIOICHMSI.
CeroHs B ropojie MOI'yT pa3MeIIaThbCs COTHA KaMep Hapy»KHOIO HaOJIOIEHHs, 0DEeCIIeUnBAIO-
1€ TIOKPBITHE CEPBUCAME BUACOMOHUTOPUHIA OOJIBIION ILIOMAIN 00 bEKTOB, MMEIOIIIX 0COOBII
WHTEPeC [Jisi YIIPaBJIEHUS TOPOJICKUM XO03siicTBOM. Ecim id mx aHa n3a TPUMEHSIIOTCS pe-
CYPCBI €JIMHOTO IEeHTPa 00paboTKu JaHHbIX (06JaKa), TO 3ajada MepeIadn IOTOKA BUIEOIAH-
HBIX 110 MaruCTPAJbHBIM KaHAJaM OT TaKOI'0 OOJIBIIOI0 MACCHBA KAMEP MOXKET OBbITh 3HAUM-
TeJIbHO 3aTpyaHeHa. Jlis pereHnsa 3Toi mpobeMbl IPUXOMUTCA TPUOEraTb K OIPEIeIeHHBIM
KOMIIPOMUCCaM, BKJIIOYAIONINM B CeOst:

—  CWJIbHOE CXKaTHUe BUJEOIIOTOKA;
—  yMeHbIIIEHUE Pa3pelleHns MePeaBaeMoil BiAeonH(MDOPMAIINH;
—  OrpaHMYEHHE KOJIMYECTBA IlepejlaBaeMblX KaJIpOB B CEKYHIY U JIp.

Taxkwue pereHusi IPUBOJAT K TOMY, UYTO MHTEJUIEKTYaJbHAT MOJE/b, IPUMEHAeMasi B 00JIaHO
cUCTeMe JJId aHaJIM3a HOCTYIIAIOMIUX JAHHBIX, MOXKET HUCIBITHIBATHh HEJOCTATOK KadyeCTBEHHOMU
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nadopMaru s obecredenns dPPEKTUBHON pabOThl. BO3MOXKHBIM perreHueM 3TOH MMpo-
6JIEMBI SIBJISIETCST PA3BEPTHIBAHNE CETH TYMAHHBIX y3JIOB B HEMTOCPEICTBEHHON OJIM30CTU C WC-
TOYHUKAMU BUIECOJAHHBIX. DTU y3JIbI MOTPEOISIIOT W MPOBOAAT TIPEIBAPUTELHBIN aHAJNS3 BU-
JIEOMIAHHBIX B OPUTMHAJIHLHOM KAdeCTBe, OOeCTedmBasi peIleHre TaKUX 33Jad9 TperodpaboTKn
BUJICOIAHHBIX, KAK:

— CEerMEHTAINs ¥ BbIIEJIeHNe 00bEKTOB MHTEPECA,;
—  ynaJsieane poHa;

— HHTEJUIEKTYyaJIbHOE C2XKaTue BUACOIIOTOKA.

DTO TTO3BOJISIET 3HAYUTETHHO CHU3UTH 0OHEM ¥ TOBBICUTH KAYECTBO JTAHHBIX, TEPEIABAEMBIX B
00JIaKO, TIOBBIIIAsi KA4YeCTBO pabOThl CHCTEMbl WHTEJJIEKTYyaJbHOIO aHaJu3a  JIaH-
ubix [20, 30, 34].

Ha puc. 7 uzobpaxkena o0ias MOJeIb Iepeadu U OOpabOTKU JAHHBIX OT CEHCOPOB U
ycrpoiicrs unreprera Bemeil (IoT) npu peasmsanuu KoOHIENMU TyMaHHBIX Bbraucienuii. Ha
HI2KHEM YPOBHE Mojiesin pactiosiaraiorcs ycrpoiictsa 10T, obecrieanBaroliie reHeparuio moTo-
KOB JIAHHBIX. JTO JTAHHBIE PA3THIHON TTPUPOILI, PA3IUTHOTO (POPMATA W PAIUIHON CKOPOCTH
reuneparuu. YcrpoiicrBa loT HampsMyio cBsA3aHBI ¢ TOYKAMU JOCTYIA, OOECIEIUBAIOITUMA X
coeuHeHnE C ceThio VIHTepHeT.

B memnocpencrentoit 6iM30cTH K TOYKAM JIOCTYIIa Pa3BepHyTa MHMPACTPYKTYypa KJacTre-
POB TYMAHHBIX Y3JI0B, 0DECTIETUBAIONNX MPEI0OPAbOTKY MOCTYTAIONINX TIOTOKOB JaHHbIX. Co-
rytacao [18], nopsaka 40% BBIYMCIUTEIBHONW HAIPY3KH 10 0OpabOTKe JAHHBIX CUCTEM WHTEP-
Hera Belei Oymer obecrieueHo Ha TYMaHHBIX y3jax. Takzke, B Cuily reorpaduyeckoit 6,im30cTu
K y3iaam [oT, Tymannbie y3/1b1 00€CI€YNBAIOT HU3KYIO JIATEHTHOCTH MIPU HEOOXOIMMOCTH JIBY-
CTOPOHHEN KOMMYHUKAIMM C KOHEYHBIMU Y3JIAMU.

IIpenobpaboramuble JaHHBIE TTEPEIAIOTCA /I JdaJjbHelneil oopaboTku B 0b61aKko. B orim-
4Yre OT TYMaHHBIX y3JI0B, UHMPACTPYKTYpPa O0JIAYHBIX BHIYUCIECHUN [T0JPA3yMEBAET [IPEI0CTAB-
JieHre 110 TPeODOBAHUIO TPAKTUYECKN OE3rPAHUYHBIX PECYPCOB LI PEAJIM3AINNA BBHIUYUCIATEb-
HBIX 3371a4.

3akJIroueHue

B pamkax pmanmoil crarbu 6bUIM TPOAHAJM3UPOBAHBI CYIIECTBYIONINE TEXHOJIOTUN TTOCTPOE-
HUS TUPPOBBIX JBOMHUKOB IOPO/IOB. BBHIIO paccMOTpEHO OmpeseieHrne U KJII0YEBbIE KOMIIO-
HEHTBI, COCTABJISONNE MUMPOBOil JIBOWHUK rOPOJIA, IIPUMEPHI PEIIEHU, KOTOPbIE YK€ CErOJIHS
MOKHO CYMTATh MEPBBIMU IMIAraMy K MOCTPOEHUIO ITOJIHOIEHHOTO g poBoro JBoitnnka. Hamu
OBbLIM PACCMOTPEHBI KJIIOYEBBIE METOJIHI MOJICJIMPOBAHUS, PEAJIbHBIX O0HEKTOB U TEXHOJIOTUYe-
CKHUX TPOIECCOB, KOTOPBIE HAXOMAT CBOE TMPUMEHEHHWE TPY CO3JIAHUHN IUQPPOBBIX JIBOWHUKOB.
OtenpHO, HA TPAKTUIECKAX TTpUMepax, ObLIN PACCMOTPEHBI MOJIEIN Ha OCHOBE WHTEJLIEKTY-
aJbHOTO aHAJIM3a JAHHBIX, U HEPOCeTeBbIe MOJIe/n. TaKKe, HaMu ObLIO JaHO OIUCAHUE KJIIO-
YEBBIX JIEMEHTOB MH(OPMAIMOHHON MHMPACTPYKTYPhI IMU(MPOBOro JABOMHUKA TOPOJA U ObLIN
PaCCMOTPEHBI KJIIOYEBBIE JIEMEHTBI 3TOi MHGMPACTPYKTYPbI, TAKHE KAK CEHCOPHbBIE CETH, COB-
MEITIEHHBIE C CHCTEMAMU OYMCTKY CHIPBIX JAHHBIX. OTAeIbHO OBLIO OTMEUYEHO, 9TO JJI yCIIel-
HOI'O ITOCTPOEHHsT TAKOH crcTeMbl HEOOX0arMMO (POPMUPOBAHIE MH(POPMAITMOHHON CpeIbl Ha OC-
HOBE KOHIIEIIIIMY MOJIEJIM TYMAHHBIX BBIYUCJIEHUH, TaK KAaK 33/Ia9M PEJIBAPUTEILHON 00pa-
OOTKM ITOTOKOB JIAHHBIX YaCTO TPEOYIOT CYIIECTBEHHBIX BHIYUCIUTEHLHBIX PECYPCOB HA MPET00-
pabOTKy JAHHBIX, PACIOJIOXKEHHBIX B HEMOCPEICTBEHHON OJIN30CTU OT UCTOYHUKOB.

Heenedosanue evinoanerno npu unancosoti noddepocke Munucmepemea HayKY U 8viciue20
obpasosarus PO (20cydapemesennoe sadarue FENU-2020-0022) u Poccuiickozo donda dymda-
MeHmaavHur uccaedosaruds (npoexmo, NeNe 20-07-00092-a, 20-07-00140-a v 18-07-01224-a).
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The urban economy is a complex multi-vector system. Creating a single digital twin of such a system is now a
difficult task to solve. This article presents the concept of a digital twin of a city. The authors propose an evolu-
tionary approach to this problem, according to which digital twins of individual elements of the urban environment
are consistently built on a single hardware and software platform. These digital twins are linked in a single cooper-
ative system that allows one digital twin to use data produced by other digital twins. The article gives the definition
and architecture of such a system. It describes the classes of models that can be used to create digital twins. Special
attention is paid to neural network models and models for data analysis. The information infrastructure of the
digital twin of a city, including sensory networks, data cleansing mechanisms and nebulous calculations, is considered.

Keywords: digital twin, smart city, urban management, neural networks, data mining, sensors, fog computing.
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