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HCCJEIOBAHHME OBIINX 3AKOHOMEPHOCTEM PA3BUTHUA T'OPOJCKHX
HEPI'OCHUCTEM B PA3JIMYHbLIX COIUAJIBHO-OKOHOMMNYECKHUX
N INIPUPOJHO-KIINMMATHYECKUX YCJIIOBUAX

E.I'. I'ammo, C.B. I'yxxoB, C.B. Makpymun

B nacmoswee epemsa naubonrvuiuii 00vEM pabomuvl npedcmoum ocywecmeums 6
PAMKAX NOBbIULEHUS KAYecmed (BopMUupo8anus UHGOPMAYUOHHBIX MoOeell cXeM Menyiosblx
cemetl, Ymo 00YCNI08NIEHO UPE38bIYANIHO HUSKUM UX Kauyecmeom. B nacmoswel pabome pac-
cMompena npoyedypa Gopmuposanus KOMIIEKca 2eonpoCmpancm8eHHbIX OAHHbIX 0 20pPO0-
CKOU cucmeme CHAOICeHUs: nompedumeinel meniogou suepeuetl. Iloxazansvl UCMOUYHUKU OAH-
HbIX, NPedNodceHa Memoooaozus ux oopabomxu. Ha npumepe mezanonruca Huocnuu Hoseo-
poo chopmuposan epagh mennoeou cemu. Ilokazvl nepcnekmugvl NpUMEHeHUs. NOLYYEHOU
Kapmosl Menio8ol NI0OMHOCMU NOMEWEeHUI HENPOMBIUIEHHO20 XapaKkmepd.

Kniouesvie cnosa. cucmema mennocHabicenus, NpocHoO3Uposanue, epag, meniosas
Kapma.

1. Beegenue

3amada (OpPMHPOBAHHS MAaCCHUBA T'E€ONPOCTPAHCTBEHHBIX JAaHHBIX CHUCTEME TEILIo-
CHaOXEHUS U O KIIFOYEBBIX TI'CONMPOCTPAHCTBEHHBIX (AaKTOpPax B COBPEMEHHBIX YCIIOBHSX
OTIpeIeNIIeTCSl aKTyaJbHOCTBIO aHaIM3a U TEHACHIIMEN Pa3BUTHS CIIpOca Ha TEIJIOBYIO dHEp-
TUIO 7S psfa KPYMHBIX POCCHUHCKHUX TOpPOJIOB, HAXOMAIIMXCA B Pa3IMYHBIX HPUPOJIHO-
KJIMMaTHYeCKHUX 30Hax [1].

HauOonpmmii uHTEpEC MpeacTaBiseT mpolenypa GopMupoBaHus HUPPOBON Moje-
JH, COJAEprKalled JaHHbIE, MO3BOJIIONINE KaK aHAJIM3MPOBATh MPOCTPAHCTBEHHYIO HH(ppa-
CTPYKTYPY CHCTEMBI TEIUIOCHAOKEHUS TOPOJIOB [2], TaK M OIICHUBATh CIPOC Ha YHEPTOpeCcypc
B MPOCTpPaHCTBEHHOM mpuBszke. CHOpMUPOBAHHBIE MOJENU SBISIOTCS MHCTPYMEHTOM JJISt
CPaBHHUTEIBLHOTO HCCIIEIOBAHMS OOIIMX 3aKOHOMEPHOCTEH pPa3BUTHUSL FOPOJCKUX SHEPrOCH-
CTEM B PA3JIMYHBIX COLMATBLHO-3KOHOMMYECKUX M MPUPOJHO-KIMMATHYECKHX YCIOBUSX. B
YaCTHOCTH, TIOJTYYEHHBIE MOJIEIH MO3BOJIAIOT YUUTHIBATh TEHACHIIMN U3MEHEHUS pa3mepa ro-
poJa, LHEeHTPaIU3alMI0 PACCEICHUS U JIpYTHe MPOCTPAHCTBEHHBIE XapaKTEPUCTHKHU paccele-
HUS W UX B3aUMOCBSI3b C IMPOCTPAHCTBEHHOM CIENU(PUKON TeruiodHepreTuyeckon uHpa-
CTPYKTYpBI TOpPO/JIa, a TaKkKe Apeid kinmaTrudeckux paktopos [3,4].

2. Metoaoaorusi GopMUpPOBaHNsSI MATEMAaTHYECKOH MOIeTH

enpro mocTpoeHUs MPOCTPAHCTBEHHOM MOJENIM KIIIOYEBOI'O ApaiBepa crpoca Ha
TETUIOBYIO SHEPTUIO SIBJISETCS MOTyYSHHE B MEPBOM MPUOIMKEHUH MTPOCTPAHCTBEHHOTO pac-
npeeNieHus CIpoca Ha TEIJIOBYIO SHEPTHIO B Ipejeiax ropona. BBumy HenocTtaTO4HOCTH
OTKPBITBIX JTAHHBIX, OTPAXKAIOUINX (haKTUYECKOe MOTpeOIeHnEe TEMIOBOM YHEPTUU B TOPOIax
C BBICOKOTOYHOM reorpaduieckoil mpuBsS3KoM, Obls1a pUHATA paboyas THIOTE3a O TOM, YTO
KIIIOYEBBIM JIpaiiBEpOM CIIpOca Ha TEIUIOBYIO SHEPTHIO HEMIPOMBIIIJIEHHBIX MOTpeOUTENeH sB-
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JsieTCsl TUIOIIAAb OTAIIMBAEMBIX 3/1aHui. Moenb GopMUpyeMbIX MAaCCUBOB JAHHBIX COCTOUT
U3 JIBYX OCHOBHBIX OJIOKOB [5]:

- MOJIENTb IPOCTPAHCTBEHHOM TOMOJIOTUHU TOPOACKUX TEIIOCETEH;

- IPOCTPAHCTBEHHAs] MOJENIb KIIIOUEBOIO JpailBepa cIpoca Ha TEIJIOBYIO 3HEp-
ruo[6].

Mogaens npoCTpaHCTBEHHOW TOIMOJOTMM TOPOJCKUX TEIJIOCETEN MPEACTaBISET CO-
0oii rpad, B KOTOpPOM y3jaMH SIBISSOTCA KorenbHble u TOII, a cBs3siMu — KiroueBbie (B
HEPBYIO OYEpelb MO0 HOMHUHAIBHON MPOIMYCKHOW CIOCOOHOCTH) TPYOOIIPOBOIBI, COCTUHSIIO-
e y3ael. Jlms y31oB rpada peanusyercs NpHBsA3Ka K KOHKPETHBIM TOIl M KOTenbHBIM,
BKJIIOYass MHQpopManuio o0 ux reorpapuueckux KoopanHaTax. [I0CKOJBKY I€NbI0 TaHHOTO
rpada SBISIETCS ONpeIeNIeHNne TOMOJIOTHH TOPOJICKOM TEIUIOCETH, TO MapLIpyThl TPyOOIpoOBO-
JI0B B MOJIeNH He (uKcupyroTcs. Takum o0pa3zoMm, Ui KaKA0ro TpyOOIpoBoia UMEeTcsl UH-
dbopMarus TOJILKO O €ro Ha4aabHOW M KOHEYHOU TOouKe. JlaHHas 4yacTh MOJIENU MPEACTABISET
co0Oi MaccuB TOUYEK, OTPAKAIOIIUX XapaKTEPUCTUKU OTACIbHBIX 31aHui. s Kax/10i TOUKu
B MOJIETIU XpaHUTCS MHGOpMAIUS O MPOCTPAHCTBEHHOW MPUBS3KE 3[aHUs, IO 3JaHUS B
€ro MpOEeKINH Ha MOBEPXHOCTh 3eMJIM M MH(pOpMaIus 0 ero 3TaxxHocTu. Ha ocHOBaHuM 3THX
JTAHHBIX PACYETHBIM CIIOCOOOM JIJISl KKJOM TOUYKH IOJIy4aeTcsl OIleHKa CyMMAapHOI uiomanm
IIOMEIIECHUN 3aHusl.

st hopMHUpOBaHHsST MOJENH 1EeeCO00pa3HO HCIOIb30BaTh TeOMH(OPMAITHOHHYIO
cucremy. KimiodeBbIM TpeOoBaHMEM K reonH(OpPMAIMOHHON cHcTeMe sBIIseTCs padboTa ¢
OpenStreetMamak ¢ cepBucoM reogannsix.llocie paccMOTpeHUs: JOCTYIHBIX albTepHATHUB
BBIOOp OBLT clienan B nojb3y ucnonb3oBanus [MC QGIS (Quantum GISYMutepdeiic QGIS
HaMHOTO OoJiee y0OHBII, 4YeM y albTepHAaTUBHBIX CBOOOIHO pactpocTpansembix [ UC, Takux
kak GRASS,a B HEKOTOPBIX acmeKkTax Jake MPEBOCXOJIUT MOMYJISIpHbIE KOMMEpPUYECKHE pe-
menusn.QGIS obmagaeT BceMu BO3MOXXHOCTSMH MOITHOW COBPEMEHHON HHCTPYMEHTAIbHOMN
['UC: paborta ¢ pacnpocTpaHeHHBIMU (GopMaTtamMu (HAJIOB C BEKTOPHBIMU M PaCTPOBBIMH
MPOCTPAHCTBEHHBIMH JaHHBIMHU, paboTa ¢ MPOCTPAHCTBEHHBIMU JTaHHBIMH, XPaHSIIIUMUCA B
CVYB/l, a Takxe B myOIMYHBIX TeocepBucax, B ToMm uucie OpenStreetMap.

JInisi OATOTOBKM JTAaHHBIX K MOCJIEAYIOIIEMY aHaau3y HUu(poBas MOJENIb CONEPKUT
naHHbIE B BHIE Tpada, chopmupoBanHoro nocpenctsom Gephi.C nmomormpto nanaoro 10
IIPOM3BOIUTCS AaHATUTHUKA TI0 CTPYKTYpe rpada TeII0BOM CeTH, BBISBISIOTCS KIIIOUYEBBIE Y3IIbI
TEIJIOBOM CETH.

PazpaboranHyio B paMKax HCCIEAOBAHHUS TEXHOJIOTHIO (GOpPMHpPOBaHUS OJIOKa JTaH-
HBIX, OTBEUYAIOLINX 3a MOJEJb IPOCTPAHCTBEHHOM TOIOJIOTMH FOPOJICKUX TEIIOCETENH, MOKHO
IPEJCTaBUTh B BUJIE 6 I1aros.

1. B pamkax nepBoro mara popMHUpYETCsi MACCHB KOOPAMHAT KOTeIbHBIX U TOLI.

2. Ummopt maccuBa koopauHat B [ UC QGIS.

3. ®opmupoBaHue cBs3eil MeKAy 00BbeKTaMU UH(PACTPYKTYpPBl HA OCHOBAaHHM KapT-
CXEM.

4. Oxcniopt manabix u3 [ MMC QGISB rpad cucteMbl TemiocHa0KeHUS.

5. ®opmupoBanne (HAKTHIECKON CBSI3M MEXKAYy 0OBEKTaMU MapKepoOB U OOBEKTAMH
OTPE3KOB.

6. 3arpyska nansabeix B Gephic mocnenyronmm anannzom rpagos.

[Ipu MOCTPOCHUU MOJENH ANTOPUTM JNEHCTBUN HEOOXOAMMO HECKOJIBKO KOPPEKTH-
pOBaTh, MPEXk/IE BCETO B CBS3U C HIOAHCAMH IPECTABICHUS UCXOJHBIX JaHHBIX 00 00BEKTax
TEIIOPHEPTETHUECKON HHPPACTPYKTYPHI.

3. PesyabTaThl co3nanusi HudpoBoii Moae U reonpoCTPAHCTBEHHBIX JTaHHBIX 0
TenjodHepreruyeckoid nHPppacrpykrype aias I'. Huxxnanit HoBropoa

Jlnst cOopa nmanHbIX ObUT BbIOpan ropox Hwxuuit HoBropos ¢ HacenenueMm Ooiee
MUJUTMOHA 4YeoBeK. [laHHBIE TIOMyUeHBI U3 CXEMBI TeIIocHa0keHus ropojaa Hmkuaero Hos-
ropoza Ha nepuos ¢ 2012roga 1o 2027roaa (MPOEKT) U SIEKTPOHHONM MOJIEIIA CUCTEMBI TEII-
nocuabxenus r. Huwxuaero Hosropoma (OAO «I"a3mpom mpomras»). B cooTBeTcTBHH €O cXe-
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MOH TETUIOCHA0KEHUSI B MOJEIW MPOCTPAHCTBEHHOW TOMOJOTUUA TOPOJICKUX TEIUIOCETEH
Hwmxuero Hosropoma orodpakeno 525 y3mos. 13 uux 2 TOII (ABro3zaBoackas u CopMOB-
CKasl), OCTaIbHbIC — KOTE/IbHBIC UM TETIOBBIC HACOCHBIC CTAHIIHH.

[Tonmy4yennsie agpeca koTenbHbIX U TOLl 06paboTaHbl CKPUIITOM Ha SI3bIKE MPOTpaM-
mupoBanust Python,kotopslit 3ampaimBaeT KOOpIHHATH 00BEKTOB C CEPBHCA TEOKOINPOBA-

Hus Sunexc.Kapr(tadmiuima). [TonyueHHbIE KOOPIUHATHI MIEPEHECEHBI HA KapTy B T€OUH(OP-
marronHo# cucteme QGIS puc. 1).

Ilpumep Koopounam, nonyueHHbIX C ROMOWbIO cepeuca 2eoxoouposanus Anoexc.Kapm
ona TII u komenvnvix Husrcnezo Hoezopooa

Id Anpec Lon Lat

1 Axanemuka baxa ymuia, 43.93784 56.28922
2 AHKYIHHOBCKOE mocce, 24-A 44.000857 56.263747
3 ApXuTeKTypHas yiauna, 1-A 43.945512 56.280012
4 benunckoro ynuia, 106-A 44.017494 56.316729
5 benaunckoro ynuia, 102 44.013892 56.315785
6 benunckoro ynuia,85 44.027977 56.31892
7 benunckoro ynuia,89 44.027914 56.318251
8 bepesoBckas yauia,82 43.874796 56.32532
9 Boroposackoro ynuia,15 44.052061 56.293911
10 Boroposackoro yiuia,9 44.0473 56.294106

22P-0159

Puc. 1. TII] u komenwvuvie Huscnezo Hoszopooa na kapme

Jlanee ObUTM COEAMHEHBI Y3JIbl COTJIACHO JTOKYMEHTY «DJEeKTpOHHAs MOJENb CHUCTe-
MBI TertocHadxkenus r. Huwkuero Hosropona» OAO «"a3mpom npomras». B urore 6110 1mo-
ay4ueno 567 cBs3eit Ha kapre (puc. 2).

CrnemyeT OTMETHTH, YTO JaHHAs MOJENb Oblla OBl TOYHEE, eclii Obl OBUTH Tpeno-
craBneHbl kKaptel U3 ['MC Zulu uau eii mog00HBIX, IPU MOMOIIH KOTOPBIX CTPOHJICS MPOEKT
CUCTEMBI TeTIOCHA0XKEHUS TOPO/a, TaK KaK BCE CBSI3U OBUTH OBbI OJTHO3HAYHO OTIPECIICHBI.

Jlnst onmcanus crienuduku nmorpedienus remwia B QGIS ¢ momompro OpenStreetMap
nojydeHa nHpopmarus 000 Beex 3AaHusAX ropoa; Tum 3aanus (pased NULL, ecinu nmosuroxn
HE SBJISICTCS 3[AHUEM), STAKHOCTh U KOOPAMHATHI BEPIINH MOJUTrOHA. C MOMOIIBIO KOOPIH-
HAT 3/1aHUK OBUTM BBIYMCIICHBI LIEHTPBI MacCc KaXKIOro 3[aHus W uX Iuiomank. [locie Bcex
npeoOpa3oBaHuil KaxJ0e 37aHHe MEePEeHEeCeHO Ha KapTy B IeoMH(OPMAIMOHHOHN cucreme
QGISB Buze Touek. Ha xapre Bcero noiydeno 51 74906bexToB.
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Puc. 2. I'pagp mennocemu Huswcnezo Hoszopooa na kapme, coenannulii
npu nomouwgu QGIS
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Puc. 3. 30anus Huscnezo Hoszopooa 6 éude mouex (npuodnusicenue)

ITocae MEpCHOCA JAHHBIX O 3AAHUAX HA KAPTY IO 3TUM JAHHBIM INOCTPOCHA TCILJIOBAA
KapTa JuIs 0TOOpaXKeHHs MOTPEOHOCTH YIacTKOB B oOecrieuenuu teriom (puc.4). Uem temuee
Ha KapTe oToOpakaeTcs 30Ha, TeM OOJIbIlIe OHA HYXK/IAeTCs B MIOCTaBKE TEIJIOCHA0KEHHUS, T.K.
Ha JIaHHYIO 30HY MPUXOIUTCS OOJIbINas TUIOIIAAh IIOMEICHH Ha €AMHUILY TUTOIIAIH TOBEPX-
HOCTHU 3E€EMIJIN.

i J
\ % /| 2z

22F \ S/
/ 7

2200159

\ 7 \
o9 \
/ D
‘ 52 . . gty

x
v’ ¥ n o
{

.

== K

\ e ‘ . 22K-00%0
Cpusi
g - 2¢ 5

a1

Puc. 4. Tennokapma naomnocmu nenpomviutieHnvlx nomeuwienuii Huscnezo Hoezopooa
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Kak M0XHO BHAETH MO MOTYYEHHON TeryiokapTe, 0oJbinas yacTb NOTPeOICHUS Tell-
JIOBOM SHEPruU JOJIKHA MPUXOJUTHCS Ha CEBEPO-BOCTOK M BOCTOK ropoja Ommke K Oepery
pexu. Ecnu cpaBHUBaTh MOJTy4YeHHbIE Pe3yIbTaThl TEIIOCETH U TEIUIOBOM KapThl, TO MOKHO
3aMETUTh CBA3b MEXKIY 3TUMHU IBYMs Mojensmu. Kak BugHO U3 rpada TemnoceTy, Ha JaHHOM
y4acTKE PacrojoKeHO OOJIbIIOE KOJIMYECTBO KOTEIbHBIX, KOTOpPhIe 00ECIEUUBAIOT 3Ty 30HY
TEIUIOBOW SHEPTUEHN

B ciydyae nomonHUTENHHON 3arpy3Kd B MOJIENb HHPOPMAIIUU O CTPOSIIIUXCS 3/1aHU-
SIX, a TaKKe KBapTaliax, MOJJISKAIINX K MPOIEIype PEHOBAIMH, TO MOXET OBITh MOTYy4YeHA
MPOTHO3HAS TEIUIOKApTa ropojia, KoTopasi OyJIeT UCTIOIb30BaThCS MPH COCTABICHHUH TEPCIEK-
TUBHBIX CXE€M TEIJIOCHA0XKEHHUS TOpoJa.

5. 3ak/a04eHue

[IpennoxxeHHass MOZENb MO3BOJISIET YUCICHHO YY€CTh HECKOJIBKO M3 OCHOBHBIX (paK-
TOPOB, OMPEIEISIIONINX CICHH(PUKY Pa3BUTHS TOPOJCKUX SHEPreTUIECKUX CHCTEM: (DaKTOPHI
MPOCTPAHCTBEHHOTO pACIpeAeNieHUs] JHEPreTUYeCKNX MOIIHOCTEH, (aKTOphl MPOCTPaH-
CTBEHHOT'O PACIIOJNIOKCHHS PACTIPEACTUTENBHBIX TEIUIOCETeH M MPOCTPAHCTBEHHOTO pactpe-
JeJIEHUs CIIPOca, TEHASHIIMHN Pa3BUTHS FOPOJICKUX TIPOTpaMM.

[Ipumenenne npearaeMoil METOIOJIOTHH COCTABJICHUSI TEIJIOBOM KapThl CUCTEMBbI
TEIUIOCHA0KEHHUsI TOpoJia Ha OCHOBE MOJIENEH IeolpOCTPAHCTBEHHBIX JAHHBIX O TEIJI0IHEP-
reTUYecKoil MH(PACTPYKType W MPOCTPAHCTBEHHOM PpACHpPEEICHUU CIpoca Ha TEIUIOBYIO
DHEPrUI0 OMpPENesieT COOTBETCTBHE TOIMOJIOTHUTEIIOIHEPTeTHIECKOUNH(PACTPYKTYPBI U
MPOCTPAHCTBEHHOE pacIipesie]ieHre cpoca. PaboTy MOXKHO HCIIONB30BATh I METOIOJIOTHIO
aHaynm3a crneuuuky Tonoaoruit rpad)oB TEIJIOBBIX CETEH M OMpPENEICHHS KIIIOUEBhIX Xapak-
TEPUCTUK MPOCTPAHCTBEHHOTO paclpeeNieHus Cripoca Ha TEIJI0 B Pa3HbIX TOPOJax COMoCTa-
BHMOTO pa3Mepa, HaXOAAIIUXCSI B Pa3IMUHbIX TPUPOIHO-KIMMATUYECKUX YCIOBUSX.

Pabota BeimonHeHa npu noanepkke Poccuiickoro Hayanoro ®@onma, mpoekt Ne 16-
19-10568: ccnaenoBanue o0MMX 3aKOHOMEPHOCTEH M OCOOCHHOCTEH Pa3BUTHS TOPOACKHX
YHEPrOCHUCTEM B PA3IUYHBIX COIMATHLHO-IKOHOMUYECKUX U MPUPOTHO-KIUMATHIECKUX YCIIO-
BUSI».
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A STUDY OF THE GENERAL LAWS GOVERNING THE DEVELOFPMBF URBAN
ENERGY SYSTEMS IN VARIOUS SOCIO-ECONOMIC AND NALWURMATIC
CONDITIONS

E.G. Gasho, S.V. Guzhov, S.V. Makrushin

At present, the greatest amount of work is to beedwithin the framework of im-
proving the quality of information models for he&twork designs, which is due to their ex-
tremely low quality. In this paper, we consider grecedure for the formation of a complex
of geospatial data on the city's system of supglgimnsumers with thermal energy. The data
sources are shown, the methodology of their pracgss proposed. On the example of the
metropolis of Nizhny Novgorod, the graph of thethesiwork is formed. Demonstrations of
the prospect of using the obtained heat density fmapon-industrial premises.

Key words: heat supply system, forecasting, grapht map.
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