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Pedepar. Paspaboran aaropuT™ OLEHKH YpPOBHS HH)KEHEPHO-MHPPACTPYKTYPHOrO OOECHedeHHs TEpPUTOPHU TOpPOJOB
C UCIIOJb30BaHHEM I'eONH(OPMALOHHBIX CUCTEM B PaMKax CTEHKXOJIEPHO-UHTETPUPOBAHHOTO moaxoxaa. s JocTiKeHHs
TIOCTABJICHHON eI PEIICHbI CICAYIONIMEe 3a/aui: OXapaKTepPHU30BaH CTEHKXOJIEPHO-NHTETPUPOBAHHBIN ITOIXO0] K OLCHKE
YPOBHS MH)KEHEPHO-UH(PACTPYKTYPHOrO 00ECHEUEHUsI TOPOA0B; CUCTEMaTU3UPOBaHbl CYLIECTBYIOIHME MOJAXOIbI K OLEHKE
YPOBHS MHXEHEPHO-UH(PPACTPYKTYPHOTO OOECIeYEeHHsI TOpOJIOB; pa3paboTaH alrOpUTM OINpENeIeHUs NaHHBIX MPOCTPaH-
CTBEHHBIX MOJIEJICH; IIOCTPOEHB! NIPOCTPAHCTBEHHBIE MOJIEIH JUISl OICHKH YPOBHS HMH)KEHEPHO-HH(PACTPyKTypHOTO obecrie-
YEeHUs C UCIIOIb30BAHIEM I'€OMH(OPMAMOHHBIX CHCTeM. [IpensoxkeH KOMIUIEKCHBIH HMOAXO K MOJEIHPOBAHHUIO IIPOCTPAH-
CTBEHHBIX (HaKTOPOB UIsl OLCHKH HWHKEHEPHO-UH(PACTPYKTYPHOTO OOECIeUeHUs] ropojia, KOTOPBIA OTIMYASTCS OT CyIle-
CTBYIOIINX pa3pabOTKOH W IpUMEHEHHEeM TeOMH(OPMAIIOHHOTO WHCTpyMeHTapus. Pa3paboTaHBl NPOCTpaHCTBEHHBIE
MOJIETH MHXEHEPHO-UH(PPACTPYKTypHOTO oOecHedeHHs TEPPUTOPHU TOPOAa, BKIIIOYAIONINE TEPPUTOPHAIBHBIC, SKOJIOTHYE-
CKH€, JHepreTHYECKHe, COLIMaTbHO-9KOHOMUYECKHE U JPYTUe XapaKTepUCTUKH, YTO MO3BOIMIO PEATU30BAThH IPEAT0KEHHbIH
MOJIX0Jl K MOJCIMPOBAHHIO MPOCTPAHCTBEHHBIX (HaKTOPOB. 3aciay)XKMBAaeT BHUMAHHS HCIIOJb30BaHHE T€OMH(OPMAIIMOHHBIX
CHCTEM, YTO OTKPBIBAE€T BO3MOXKHOCTH 0oJiee AETaabHOTO PAaCCMOTPEHUSI MOJETeH BIHMSHUS MPOCTPAHCTBEHHBIX (PaKTOpOB,
TIO3BOJISIET TTOBBICUTH OOBEKTHBHOCTD PEIICHUSI IOCTABICHHOH MPOOIEMBI.
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(OpMAaIIMOHHBIX CHCTEM, OLICHKA YPOBHSI, TEPPUTOPHUSI TOPOIa
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Stakeholder-Integrated Approach to Assessment
of Level in Urban Engineering and Infrastructure Provision
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Abstract. An algorithm for assessment of level in engineering and infrastructure support of urban area has been developed
while using geographic information systems (GIS) in the framework of stakeholder-integrated approach. In order to achieve
the target goal the following tasks have been solved: description of stakeholder-integrated approach to assessment of level
in engineering and infrastructure support of cities; systematization of the existing approaches to assessment of level in engi-
neering and infrastructure support of cities; development of an algorithm for determination of data for spatial models; deve-
lopment of spatial models for assessment of level in engineering and infrastructure support while using geographic infor-
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mation systems. A comprehensive approach has been proposed to simulate spatial factors in order to assess urban engineering
and infrastructure support, which is different from the existing ones due to development and application of GIS tools. Spatial
models of urban engineering and infrastructure support have been developed in the paper. They include territorial, ecological,
power engineering, socio-economic and other characteristics. These models have made it possible to implement the proposed
approach for simulation of the spatial factors. It is necessary to point out the fact that geographic information systems have
been used and this approach provides a possibility to detailed consideration of models which reveal influence of spatial fac-

tors. So it is possible to increase objectivity of solving the problem.
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BBenenne

WNnxenepHas nHMpacTpyKTypa TOPOAOB Mpea-
Ha3HAYCHa JUIsl 00eCIICUeHHsI Ha KOHKPETHOU Tep-
pUTOpUH BceX IMOTpeOuTeneil BOMOU, dHEPrUeH,
TOTUTUBOM, BBIBO3a OBITOBBIX M TTPOMU3BOICTBEHHBIX
oTX0JI0B. MHXeHepHass MHPPaCTPyKTypa TOPOIOB
BKITFOYAET B ce0sI CHCTEMBI BOJIOCHAOKEHHUS, KaHa-
JIM3AIAH, TEIDI0-, DIEKTPO-, Ta30CHAOKEHHs, CBSI3H,
OCBELICHUS, CAHUTAPHOM OYUCTKU U JPYI'HX BUJIOB
OmaroyctporictBa. MmxeHepHOe 000pyIOBaHHE CH-
CTEM COJEP)KUT Ha3eMHBIE W TOJ3EMHBIE COOpPYKe-
HUs, THXKCHEPHBIC CCTH U KOMMYHHKAIHU.

YpoBeHb WHKEHEPHOTO OOECIIeYeHHsS TeppH-
TOpPUW HACEJICHHOTO ITyHKTa OKa3bIBaeT CyIle-
CTBCHHOC BJIMAHHUEC Ha KAYCCTBO KHU3HU HACCJIICHUA,
a TaKKe Ha MPUBJIEKATEITLHOCTh TOpOIa AJIs Hace-
nenus. OH Takxe SBISIETCS OMHUM M3 (PaKTOPOB,
KOTOpPBIM BJIMAET HAa OLEHKY IMPOCTPAHCTBEHHBIX
XapaKTePUCTHK, OOecTeunBaronmx (GopMupoBa-
HUE, paclpeielieHre U UCIIOF30BaHUE 3eMelb To-
POa0B. B Taknx YCIIOBUAX BAXXHOC 3HAUCHUC IIPU-
oOpeTaeT OIIGHKa YpPOBHS WHXEHEpHO-UH(ppa-
CTpYKTypHOro obecnieuenus ropogos. Kpome Toro,
Ha (OpMHpOBaHUE W pEANTH3AIUI0 WHXKEHEPHO-
WHPPACTPYKTYPHOTO OOECICUeHUsI TOPOJOB OKa-
3BIBAIOT BIIMSHHE TPYNITBI 3aUHTEPECOBAHHBIX JIUIT
(CTEWKXOIACpOB), KOTOPHIE B3aUMOICHCTBYIOT B
chepe 3eMENbHBIX OTHOIIECHUI TOPOJICKHX arjo-
Meparuii.

AHanu3 pazpaboTok

Pemennem mnpoOneM B cdepe wucciaemnoBaHus
HaIlpaBJICHUN W OMNpeAeNICHUs OCOOCHHOCTEeH WH-
JKEHEPHO-WH(PACTPYKTYPHOTO OOECTIeUeHHs], €ro
OLIEHKH, WCIOJNB30BaHUA COBPEMEHHBIX TEXHOJO-
ruii 3anmMatorcs yuenole 1O. @. Jlextapen-
ko [1], A. A. JIsmenko [2, 3], K. A. Mamonos [4-6],
10. H. Tanexa [7, 8], B. [. unynuu [9] u gp.
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OmHAaKO OCTalOTCS HEPEIICHHBIMH BOIPOCHI,
CBSI3aHHBIC C OIICHKOW YPOBHS MHXCHEPHO-UH(pa-
CTPYKTYPHOTO OOCCIICUCHHUSI, YIUTHIBAsT OCOOEHHO-
cTH (OPMHUPOBAHUS, PACTIPEACTCHHUS] W HCIIONb-
30BaHUsl 3eMeJb TOPOJOB W B3aMMOOTHONICHUS C
Pa3TMYHBIMHA TPYNIIAMHA 3aWHTEPECOBAHHBIX JIHII
(cTeitkxomnepos).

Lenpto wuccrnenoBaHusi sBISETCA pa3pabOTKa
QIrOpuTMa OICHKU YPOBHS HWHXCHEPHO-UH(pa-
CTPYKTYPHOTO OOECIECUEHHUS TEPPUTOPHUH TOPO-
JIOB C UCIOJIb30BAaHUEM IeOMH(OPMAITUOHHBIX CHC-
TEM B paMKax CTEHKXOJIEPHO-WHTETPHUPOBAHHOTO
MOIX0/1a.

1 1oCTHKEeHMs MOCTaBICHHOW LEeIW penia-
I0TCA CIEIYIONINE 3a/1a4H:

e XapaKTEPUCTHKA CTEUKXOJIACPHO-UHTETPUPO-
BaHHOTO TIOAXOJa K OIICHKE YPOBHS HHXCHEPHO-
HHPPACTPYKTYpHOTO 0OECieueHHs TOPOIOB;

e CHCTEMATH3aIUs CYIICCTBYIOIIUX TIOAXO0I0B
K OIIEHKE YPOBHS HH)KEHEPHO-UH(PACTPYKTYPHOTO
o0ecIeYeHUs TOPOIOB;

e pa3paboTKa ajaropuTMa ONpeAeNeHHs JAHHBIX
MPOCTPAHCTBEHHBIX MOJIENIECH;

e TIOCTPOCHHUE TPOCTPAHCTBEHHBIX  MOJIEIICH
JUISL OTICHKHM YPOBHS MHXEHEPHO-UH(PPACTPYKTYP-
HOTO o0ecreueHus! ¢ UCIOIb30BaHHEeM reonHpOp-
MAaITUOHHBIX CUCTEM.

Pe3yJI]>TaTbI HCCJIeAOBAHNA

Jnst  pa3BUTUSL WHKEHEPHO-MHAPACTPYKTYp-
HOTro 00ecIeueHHs ropooB MPEIJIOKEHO CO3/aTh
WHPOPMALUOHHO-TIPOCTPAHCTBEHHBI 0a3uc, Ko-
TOpBIN (popMHUpYyETCs] HA OCHOBE PE3yJIbTaTOB HMH-
TerpajabHOM OLIEHKH. B 3TOM KOHTEKCTe JUIs perie-
HUS TTOCTaBJIEHHOHN 3aJa4n pa3padoTaH CTEHKXOI-
JEePHO-WHTETPUPOBAHHBIN MMOAXOJ, CyTh KOTOPOTO
COCTOMT B TOM, YTO ONPEAEIAIOTCS UHTErpaIbHbIC
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KPUTEPUU TIPOCTPAHCTBEHHBIX XapaKTEPUCTUK HH-
KEHEPHO-UH(PPACTPYKTYPHOTO OOECIICUSHUS TO-
polIoB, (hopMHPYIOTCS T'eOMHGOPMAIMOHHBIE MO-
JISJIA, YTO TIO3BOJSET NMPUHUMATh OOOCHOBAaHHBIC
pereHus s TMOBBIIEHUS 3G ()EKTUBHOCTH (yHK-
[IUOHUPOBAHUS TOPOACKUX arjloMepaliyii.

B [4, 7-11] onmpeneneHO, YTO OIEHKA YPOB-
HSl MHXEHEPHO-UHPPACTPYKTYPHOTO 00ECIeUeHHUs
TEPPUTOPHI TOpoja 0a3upyeTcss Ha OIpeNeICHUN
YCIIOBUI OIICHOYHBIX PaliOHOB, B IEPBYIO OYEpElb
TOPOJICKUMH WHXCHEPHBIMU ceTsaMu. Koaddu-
UCHT YPOBHS HWHXXEHEPHO-MH(PACTPYKTYPHOTO
obecrnieueHus TopoioB K; onpenenseTcss Ha OCHOBE
WCCIIEIOBAHNS BIMSAHUS DKCIUTyaTallMOHHBIX Xa-
PaKTEPHUCTHK CYIIECTBYIOIINX CETeH TeIlIo-, Ta3o-,
BOJOCHA0XKEHUS, KaHATN3aIINN (MECTOIIOIOXKEHHE,
JuaMeTp TpyO, JTaBICHHE B BO3MOXKHBIX TOYKaX
MOJIKITIOYCHHMSI, JIMHCWHO-Y3JIOBbIC HArpy3KH Ha
CeTh U T. JI.) HA MOTPEOUTEIIS, YUUTHIBAsI OCOOCH-
HOCTU (DOPMHPOBAHUS, PACTIPSACICHHUS W UCIIONb-
30BaHUs 3eMellb. 3HaYeHue K; HaXOJMTCs B Juarna-
3oH¢ OoT 1,0 (HamWBBICIIAs BEPOATHOCTH) a0 1,5
(HamMeHbITIast BEPOSTHOCTB ).

B ycnoBusix ropona CymecTBYIOT 3HAYHTENb-
HBIE CIIO)KHOCTH B TIONYYEHHWH W COBOKYITHOM
00paboTKe pacrpeneeHHBIX B IIPOCTPAHCTBE JaH-
HBIX WHXXCHEPHO-MH(PACTPYKTYpPHOTO obecreve-
Husl cucteM. [lodToMy /st OLICHKH YPOBHS HMHKE-
HEPHO-UH(PACTPYKTYPHOTO OOECIICUCHHST TEPPUTO-
puM ropoja oOmpeneneHo, 4to KodpduuueHt K;
3aBUCHT OT MECTOIIOJIOKEHUS, JJIMHBI M JTUAMETPOB
TPyOOTIPOBOIOB HHKCHEPHBIX ceTel [5, 6, 12—16].

Hcxonst w3 TOro, 9T0 MHKEHEPHO-WH(PPACTPYK-
TypHOE OOECTIeYeHre CUCTEM IPECTaBISIETCS T€0-
MIPOCTPAHCTBEHHBIMH OOBEKTaMH, OIEHKa YypOB-
HSl BBITIOJHAETCS C WCIIOJIb30BaHWEM TeonH(pOp-
MAaIlMOHHBIX CHUCTeM. [l MoJenupoBaHUs TIPO-
CTPaHCTBEHHBIX (DAKTOPOB TIO KaXKJAOMY BUAY
TPYOOIPOBOJHOTO WHKEHEPHO-UH(PPACTPYKTYPHO-
ro o0ecreueHus] TEPPUTOPUM TOPOJa OmpeseicHa
MIOCJIeI0BATEIILHOCTD:

1-it aTan: co3manne MUGPOBOTO aHAIIOTA WHKE-
HEPHOM ceTu;

2-§ Tam: ONpeAeNiCHUE AAHHBIX ISl MOZIEIH
YPOBHSI WHXEHEPHO-UHPPACTPYKTypHOTO obecte-
YEHUS TEPPUTOPHH ITyTEM:

— TIOCTPOCHUS DJIEMEHTOB WH)XCHEPHOU CETH B
€JMHYI0 CHCTEMY C MOMOIIbIO MOKa3aTelield CTOM-
MOCTHU CTPOUTEILCTBA TPYOOITPOBOIOB PA3INIHOIO
JMameTpa;
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— pacuera rayOuH OydepoB oT Tpyd WHXKEHEp-
HO-MH(PaACTPYKTYpHOTO 00YCTpOWCTBAa HA OCHOBE
€/IMHOU CHCTEMBI;

3-ii 3Tam: co3maHue reonH()OPMAIMOHHONW MOJe-
TM  WHKEHEpHO-UH(PPACTPYKTYpHOrO  obecriede-
HUSL TEPPUTOPHM HA OCHOBE Oydepuzauuu TpyO HH-
KEHEPHBIX CEeTed 10 ONpEACNICHHBIM TITTyOMHAM
Oydepos.

CornacHo yCTaHOBIICHHOH MOCIIEIOBATEIbHOCTH
IUIsl MOJEJIMPOBAaHMS YPOBHS HHXEHEepHO-uHppa-
CTPYKTYpPHOTO OO€CIEUYEHHs] TEPPUTOPUU IOpoja
pa3paboTaH  CIEOYIOIINA JIMHEHHBIA  aIrOpUTM
onpeieNIeHHs TaHHBIX TPOCTPAHCTBEHHON MOJIEITH:

1) uauano: atpuOyTHl TEOMH(DOPMAITHOHHOTO
CIIOSI MHXKCHEPHOHM CETH IyTeM pacdera cymmap-
HOMW TPOTSHKEHHOCTH TPYO

LZ:ZLi; (1)

2) pacdeT CTOMMOCTH TPyO OmpeaeracHHOro
JaMeTpa

Vpi = ViL;; (2)

3) ompeneneHHEe CyMMAapHOW CTOMMOCTH BCEX
TpyO

Vs = 2ViLs; 3)
4) pacuet cpenHeit ctoumMoctd 1 M Tpyo
Vep = Vs/Ls; Q)
5) onpenencaue ko3 durnenta oydepa
K=S/Ls/V./2; %)
6) pacuer riryouHsl 0ydepos
R:= KV (6)

KOHey: aTpuOyThl TeONH(POPMAIMOHHOTO CIIOS
WHXXCHEPHOU CeTH ¢ TIyonHamu 0ydepos.

B mpencraBieHHBIX MOJENSX aIropuTMa IpH-
HATBL clenyronpe oOo3HaueHus:: D; — nuamerp
Tpy0; V;— croumocts 1 M mor. TpyO onpeaeraeHHo-
ro auaMeTpa; L; — mnmHa TpyO OIpenesieHHOTO
IraMeTpa; S — IIoNaas TePPUTOpHH;, R — rTyOrHa
Oydepa.

CormnacHo YCTaHOBIIEHHOH MOCJeq0BaTENbHO-
CTH DTamoB JJIsi MOJCITUPOBAHUS YPOBHS WHIXKE-
HEpHO-MH(PACTPYKTYpHOTO OOECeUeHHsl Teppu-
TOpUM pa3paboTaH JIMHEHHBIH alropuTM pacdera
JAHHBIX ITPOCTPaHCTBEHHON Moaenu (puc. 1).
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( ATpuOyTHI IIapa MHXXEHEPHOI ceTn )

y

1. Pacuer cymmapHOii AIMHBI BCeX TPYO ¢ HCTIOIB30BaHUEM MOJIeIIeH
Ly =Z%L;

\4

2. Pacuet ctoumMocTu TpyO ONPENEIICHHOTO JHaMeTpa
Vpi=ViLi

A 4

3. Pacuet cymMmMapHO# CTOMMOCTH 00LIero KoJnyecTBa Tpyo
Vs =2V

A

4. OnpeneneHue CpeIHEB3BEILICHHON CTOUMOCTH 1 M mor. TpyO
ch = VZ/LZ

A 4

5. Pacyer cpeHEB3BEIIEHHON HIMPUHBI 30HbI
Zcp = S/LZ

\ 4

6. Pacuer ko3 punmenta oydepa
K=2Z,/Vyl2

y

7. Onpenenenue riryouH Oyhepos
Ri = KV,

Puc. 1. AnropuT™ pacdeTa JaHHBIX IPOCTPAHCTBEHHOH Moaenn

Fig. 1. Algorithm of data calculation for spatial model

Juis MogenupoBaHusl IPOCTPAHCTBEHHBIX (ak-

Okonuanue maba. 1

TOPOB TPEAJIOKEHa METOJMKA OCYIIECTBICHHS pac- 1 2 3 4 5
yeTa TITyOMH 30H CEeTH BOJOCHAOXKEHUS T. XapbKo- 400 78618 39 3066102 159
Ba, PE3yNbTATHl KOTOPOU MPECTABIIEHHI B Ta0. 1. 500 20183 > 2089516 o
Tabmuya 1 600 62874 64 4023936 262
Pacuer l“.]'[yﬁl/IH 30H CE€TH BO}.‘lOCHaﬁ)KeHI/ISl 700 6004 68 408272 278
Calculation of depth in water network zones 800 36597 7 2634984 294
00 2516 86 2164362 352
Nuawmerp | Juuna L;, | 3uadenue | 3HaueHHe 61"J1y61/11{1§1 0 ’
D;, M MM Virpu | ViL, rpaMm y‘i’;‘:&a b 1000 | 55733 100 5573300 409
) 5 3 4 5 1200 37417 126 4714542 515
150 5460 19 103740 78 1400 33912 154 5222448 629
200 12956 23 297988 94 1600 46098 195 8989110 797
250 3563 28 99764 114 Ilo paspaboranHomy anroputmy (puc. 1) co-
300 100884 34 3430056 139 3[aHbl TPOCTPAHCTBEHHBIC MOJCIU HHXEHEPHO-
Hayka
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UH(PACTPYKTYPHOTO OOCCIICUCHUSI TEPPUTOPHU
r. XapbkoBa (puc. 2-5).

Puc. 2. IIpocTpaHCTBEHHAs MOJIEIIb YPOBHS HHKEHEPHO-
HH(PACTPYKTYPHOTO 0OECIIeUeHNUs TEPPUTOPHH T. XapbKOBa
CYILIECTBYIOIIEH CEThIO BOIOCHA0KEHUS
(pa3paboTaHo aBTOpaMH)

Fig. 2. Spatial model of engineering and infrastructure support
level for territory of Kharkiv
by existing water supply network (developed by authors)

Puc. 3. IIpoctpancTBeHHast MO/IEb YPOBHS MHXKEHEPHO-
HHPPACTPYKTYPHOTO 0OCCIICUCHNS TEPPUTOPHH T. XapbKoBa
CYIIECTBYIOIIEH CEThIO TEINIOCHAOKECHHS
(pa3paboTaHo aBTOpamMmu)

Fig. 3. Spatial model of engineering and infrastructure
support level for territory of Kharkiv
by existing heat supply system (developed by authors)

A A\

Puc. 4. IIpocTpaHCcTBeHHas! MOJICNIb YPOBHS HH)KEHEPHO-
HHDPACTPYKTYPHOTO 0OECIICUSHNUs TEPPUTOPHH T'. XapbKoBa
CYIIECTBYIOMICH CEThIO Fa30CHA0KEHHS
(pa3paboTaHo aBTOpaMH)

Fig. 4. Spatial model of engineering and infrastructure support
level for territory of Kharkiv
by existing gas supply system (developed by authors)
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Jlns MozmenupoBaHus NPOCTPAHCTBEHHBIX (ak-
TOPOB 3€Melb MEranojuca IpeIoKeHO oIpese-
JUTh ypPOBEHb OOECIEYEHHS TEPPUTOPHU HHKE-
HepHOU MH(PPACTPYKTYPOH 3MEKTPOCHAOKEHUS.

Puc. 5. IIpocTpancTBeHHast MOJENb YPOBHS HHKEHEPHO-
HH(PACTPYKTYpHOro 00ECIeUeH s TEPPUTOPUH T. XapbKoBa
CYIIECTBYIONIEH CETHIO BOJOOTBEACHHS
(pa3paboTaHO aBTOpaMHM)

Fig. 5. Spatial model of engineering and infrastructure
support level for territory of Kharkiv
by existing water drainage network (developed by authors)

[lokaszarenp oOecrie4eHUs] TEPPUTOPHH HHXKE-
HepHOU MH(QPACTPYKTYpO#l snekTpocHabxeHus H;
JUISL KaKI0TO U3 PAaifOHOB ropoJia OIpeesnsieTcs 1o
CJIEAYIONIMM NpUHIUNAM. B wactHOCTH, IpH paB-
HOMEPHOH IJIOTHOCTH HArpy3KH YCIOBHUS 3JIEKTPO-
CHAOKeHHUS SBIAIOTCS (YHKINEH yIaJeHHOCTH OT
HUCTOYHUKOB (UeHTpa) nuTanusd. OueHka BiIUs-
HU (aKTopa SIEKTPOCHAOKECHHUS XapaKTepU3yeTcs
YCJIOBHBIM TIOKa3aTesieM, Il KOTOPOTrO MaKCHMallb-
HOe 3HaueHue (Hanbosee OJIarompusITHBIE YCIOBHS)
paBHo 1,0 ¢ mociemyronMM YMEHBIICHHEM €ro IT0
Mepe YAAJICHHOCTH OT WMCTOYHMKOB MNHTAHHSI H C
YCIIO)KHEHHEM CXEMBI JIeKTPOCHA0KEHHS.

AHanu3 3HAYNTEIBHOIO KOJHMYECTBa pa3pado-
TaHHBIX TPOEKTOB, @ TAKXKE CHELUUAJIBHO BBITIOJ-
HEHHBIX PacyueTOB MOKa3bIBAET, YTO B 30HE Paauy-
coM 10 1,0 KM OT McTOYHHMKA (LEHTPA) HMUTAHUSI
3TOT TNOKa3zarenb coctasisieT 1,0, mpu ynaneHuu
1o 2,5 km — 0,85, npu ynanenuu 1o 5,0 km — 0,77
(ecnn mpu 3TOM He TpedyeTcsl CO3AaHHE HOBOTO
neHTpa nuTtanus). [1o 3TuM gaHHBIM myTeMm Oyde-
pu3anyy TpaHC(HOPMATOPHBIX ITyHKTOB CO3/aHa
MOZIeTb YPOBHSI MH)KEHEPHO-MH(PACTPYKTYPHOTO
o0ecrieyeHnsl TEPPUTOPUH CYLIECTBYIOIIEH CEThIO
ANEKTPOCHAOKEHUSI.

Pazpaborana Mozenb, XapakTepU3yrOIascst JIu-
HHEH TpeHJa MO Mepe yJaJeHHOCTH OT MCTOYHH-

W Hayka
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KOB muTaHus (puc. 6), KoTopas IpecTaBiieHa Jio-
rapupmMuueckoi QyHKIHen

E =-0,1441n(x) + 0,9946. 7)

Bonpmoe 3Hayenne kodpQuuueHTa ACTEPMH-
natpn (R*=0,9912) CBUIETENBCTBYET O Cylie-
CTBCHHOW CTENCHH BJIMSHUS HE3aBUCHMOTO (akx-
TOpa Ha Pe3yIbTUPYIOMINI TOKa3aTeb.

1,2
1,0
0,8 ‘T—
0,6 . }
0 1 2 3 4 5 6
y=-0,144In(x) + 0,9946
R*=0,9912

Puc. 6. [Tnarpamma 1 MozieNs yIaNeHHOCTH OOBEKTOB
OT HCTOYHHUKOB MUTaHUs (pa3paboTaHO aBTOPAMHM)

Fig. 6. Diagram and model showing distance from project
objects to sources of supply (developed by authors)

C wucnonb3oBaHHEM pa3pabOTAaHHON Moeny,
reonH(GOPMAIIMIOHHOTO WHCTPYMEHTApUsl, JaHHBIX
Mo 00BbEKTaM HCTOYHHMKOB IMHTAaHHUA U CETH JJIEK-
TpocHaOkeHus T. XapbhbKoBa MMOCTPOCHA MPOCTPaH-
CTBEHHAsT MOJENb YPOBHS HMHXEHEPHO-WH(]pa-
CTPYKTYpHOT'O OO€cCIieueHHs] TePPUTOPHH CyIle-
CTBYIOIIIEH CETHIO IEKTPOCHAOKeHUs (puc. 7).

Puc. 7. IIpocTpaHCcTBeHHas! MOJICNIb YPOBHS HH)KEHEPHO-
HHDPACTPYKTYPHOTO 0OECIIeUeHNUs TEPPUTOPHH T'. XapbKOBa
CYILIECTBYIOILIEH CEThIO 3IEKTPOCHAOKEHUS
(pa3paboTaHo aBTOpaMH)

Fig. 7. Spatial model of engineering and infrastructure
support level for territory of Kharkiv
by existing electricity supply network (developed by authors)

Ompenenenne BINSHUSA HH)KEHEPHO-UH(DPa-
CTPYKTYPHOTO O0€CIeUeHHs] TEPPUTOPHU T. Xapb-
KOBa Ha OLIEHOYHbIE PalOHBI OCYILECTBIIICTCS ITy-
TEeM HAJIOXKEHUSI OIPEAENICHHOIO BHAA IPOCTPaH-

P Hayka
wTexHuka. T. 17, Ne 2 (2018)

CTBEHHOH MOJIENIM MHKEHEPHO-MH(PACTPYKTYPHOTO
o0ecrieyeHus TEPPUTOPUH HA OLICHOYHbIE PaliOHBI U
pacuera MHJIEKCOB MHKEHEPHO-HH(PPACTPYKTYPHOTO
obecriedeHNs OLIEHOUHBIX PAOHOB C OIpe/IeIICHUEM
iomaei 0y(hepoB B KaXI0M palioHe.

Pe3ynbraTel pacdera HOPMHUPOBAHHBIX HHICK-
coB obecrieyeHns1 MH)KEHEPHOH HHPACTPYKTYpPOit
TertocHab)eHus (A4,), razocHabxenus (B,), BOIO-
cHaOxenus (F,), xanammzammu (G,) M DIIEKTPO-
cHaOxeHus (H,) paiioHOB TOpoOJa TPEATIOKEHO
UCTIONB30BaTh JUIS ONPENICNICHUS HHTETPAbHOTO
WHJAEKCA YPOBHA HHXXEHEPHOTO OO0YyCTpoicTBa
OIIEHOYHBIX paifoHOB ropoja (U;) ¢ momoIsio Beca
KaXI0M W3 COCTaBIAIONIMX HHXXEHEPHOro 00Y-
CTpOMCTBA B 00OIIEH OIIEHKE 110 MOAETH

U= Aua+Byb + Ff + Gouge + Grug, + Hih, (8)

rae a, b, f, g., g, h — COOTBETCTBYIOIIHUI BEC KaX-
JIOTO U3 PaKTOPOB.

Ha ocHOBaHMU MHTETpaibHBIX HHAEKCOB ypPOB-
HSl MH)KEHEPHOTro 00ycTpoiicTBa OLIEHOYHBIX paiio-
HOB cpeactBamu [ MC-texHomormii co3maercs
CJIOH OLIEHKU 0OecTieyeHusl TEPPUTOPUHN WHIKEHED-
HOU WH(PACTPYKTYpOH, KOTOPBIA SIBISETCS IMPO-
CTPaHCTBEHHOW MOJIENBIO (pHC. 8).

Puc. 8. TIpocTpaHcTBEHHAs! MOJEIb OLCHKH 00eCeYeH s
TEPPUTOPHU HHKEHEPHOH HHPPACTPYKTYpOit
(pa3paboTaHo aBTOpaMHM)

Fig. 8. Spatial model for evaluation of engineering
and infrastructure support (developed by authors)

B cucreme reonmH(pOpMalMOHHOIO MOAEIUPO-
BaHMS TPOCTPAHCTBEHHBIX (DAKTOPOB 3eMEb TO-
ponOB OOIBIIOE 3HAYEHUE MMEET HKOIOTHUECKOEe
COCTOSIHUE TeppUTOpHUil. Ero oneHka ocyIecTBis-
€TcsA Ha OCHOBE OIPEAEICHNs] KOHLEHTpaluu (UH-
TEHCHBHOCTH JIEHCTBHS) TOTO WJIM UHOTO (akTopa
CO ClenyIoLeld XapaKTEpUCTUKON €ro UHTErpupo-
BaHHOTO MPOSIBIICHHS (pacyeT WHTETPAITbHOTO HH-
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nekca). Hanbomee BIUATENHHBIMH JKOJOTHIECKHU-
MU (paKTOpaMH SIBIISTFOTCS:

« aTMOoc(hepHOe 3arps3HEHHE;

e aKyCTHUYECKOE 3arpsi3HEHUE;

e 3JIEKTPOMArHUTHOE 3arpsA3HEHHE;

e 3arPA3HEHNE TIOYBHI.

Craenmyer OTMETUTh, YTO OCHOBHBIE MCTOYHUKHU
3arpsi3HEHsT aTMoc(epHOro BO3AyXa ropoja —
MOOWJIbHBIC (aBTOTPAHCIOPT) W CTAlMOHAPHBIC
HUCTOYHUKH (TIPEINPHUATHS) TeppuTOpru. BEIXOI-
HBIE JTaHHBIE 00 00beMax BEIOPOCOB B aTMochepy,
o0muii BBIOPOC 3arps3HAIONIMX BEIIECTB U pac-
TIpeJieieHne BEIOPOCOB OT CTAI[MOHAPHBIX U Tepe-
JIBUKHBIX MCTOYHUKOB aKKyMYIHUPYIOTCS 00JacT-
HBIM TOCYJApCTBEHHBIM YIIPaBICHHEM OXPaHbI
OKpY>Kalolllell NPUPOJHOH cpelbl W OONACTHBIM
HEHTPOM MO Tuapomereoposorud. JlanHele 3a-
TpSI3HEHHUS aTMOC(epHOTO BO3AyXa OMPEAEISIOTCS
HaTypHbBIMHA H36HIOI[CHI/I$IMI/I.

KomrutekcHast xapakTepruCcTHKa SKOJIOTHIECKO-
IO COCTOSIHHSI OTpENeNseTcsi Ha OCHOBE WHJEKCa
3arps3HeHust atMocdepsl [,, KOTOPBIA PacCUHUTHI-
BaeTCs 1O MOJENN

=

Isa L Ci’ (9)
o \AK

rae ¢; — kouuentparus, mr/m’; TJIK — rpaHndsHas
JOmycTHMas KOHIeHTpauus, Mr/M’; C; — kodhdu-
[IUEHT MTPUBEICHUSI.

Ha ocHOBe pacmonoxeHusi MCTOYHHKOB 3a-
IpS3HEHHS TPEANPHUATHSIMH TOopoja U COOTBET-
CTBYIOIINX 00BEMOB BEIOPOCOB B HUX CPEICTBAMHU
npoctpancTBeHHoro anamusa ['MC, meTomom mo-
crpoenusa noBepxHoctedt IDW cozmaercst mpo-
CTpaHCTBEHHass MoJeNb (CJOH) 3arps3HEHust at-
Moc(hepHOro Bo3Iyxa OpeAnpustusiMu (puc. 9).
Jns mpencTaBieHUsT paclpeeNieHusl 3arpsa3HeHus
aTMOC(EepHOro BO3AyXa MO TEPPUTOPHH BHIOPAHEI
YPOBHHM 3arpsi3HEHUs Ui Hamboiee 3arps3HAro-
meit cocrapmtomeit: 1K, 2,5TIK u ST'IK.
Kaprtuna 3arpsizHeHUS] OT MPOMBIIUIEHHBIX UCTOY-
HUKOB OTpakaeT HamOoliee BEpPOSTHBIE W BIHA-
TCJIbHBIC 30HbI 3arpsA3HCHUA.

Ha ocHoBe MecTONOI0KEHUS MTPOEIKUX YacTeil
MarucTpajieii ropoja OOIIEropoACKOro W patoH-
HOTO 3HaueHWH Oydepuszanmeir co3maercs Mpo-
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CTPaHCTBEHHAs MOJEIb 3arpsS3HEHUs] aTMOC(epsl
OT aBTOTPAHCIIOPTA.

Puc. 9. IIpocTpaHcTBEHHAs: MOJEIIb 3arPA3HEHUS
aTMoc()epHOT0 BO3/1yXa, IIOCTPOCHHAS METO/IOM 00PATHO
B3BELICHHBIX paccTostHui IDW (pa3paboTano aBTopamu)

Fig. 9. Spatial model of air pollution built with the help
of IDW method (developed by authors)

LlenocTHY!0 TPOCTPAaHCTBCHHYIO MOJIENb 3a-
TpSI3HEHUST aTMOC(ephl MPEIoKEHO pa3paboTaTh
MMyTeM B3BEIIEHHOTO CYMMHPOBAHHS IPOCTPaH-
CTBEHHOH MOJICIM 3arps3HeHUs aTMOC(HEPHOTO
BO3/yXa MPEANPHUATHIMA U OT aBTOTPAHCIIOPTA.

st MojenupoBaHusl MPOCTPAHCTBEHHBIX (Dak-
TOPOB B KOHTEKCT€ WX HHTETPAJbHON OLEHKH
HEO00XO0JIUMO YUYUTBIBAThH 3arps3HCHUSI TIOYB TSKE-
M MeTaiamu. OCHOBHBIMH MCTOYHUKAMH XH-
MHYECKOTO 3arpsS3HEHUS TIOYB SIBIISIOTCS BBIOPOCHI
B arMocdepy NPOMBIIUIEHHBIX TPEATPULTHIA,
KUJIKUE U Ta3000pa3HbIe BEUIECTBA (TBEP/ABIC BbI-
Opocsl: caxka, cBuHen Pb, kammmit Cd, muHK Zn,
Hukenb Ni, xene3o Fe, xpom Cr, ko6ansT Co, Menb
Cu, mapranen Mn, ptyte Hg , psin apyrux meran-
JIOB U OpraHuyeckas mbeuib). KpymHble (pakiun
(21 mMmM) ocemaroT BOJIM3M UCTOYHHUKOB BHEIOPOCOB,
HAKaIlJIMBasICh B BEPXHEM CJIOC TIOYBBI, MEIKHC
yacThllbl (MeHee 1 MM) 00pa3yroT a’3po30Ju U pac-
MPOCTPAHSIOTCS C BO3AYIIHOM Maccod Ha J0CTa-
TOYHOE PACCTOSTHUE.

HcxogHpIMU TaHHBIMH IS OIEHKH 3arps3He-
HUSl TI0YB JIOJDKHBI OBITh JaHHBIE 00JIACTHOTO IICH-
Tpa MO THAPOMETEOPOIIOTHH B KOHTPOJIBHBIX TOY-
KaX Ha TEPPUTOPUU TOPOJia MO0 OCHOBHBIM BHJIAM
Tsokensix MetamwioB (Cd, Fe, Mn, Cu, Pb, Zn, Cr,
Ni). [1o 3TUM naHHBIM CO3/1a€TCSl TOYCUHBIH CIIOW
Touek u3MepeHuil. Ha ocHoBe mecTopacmoioxe-
HUS TOYCK W 3HaYeHui ZC B HUX CPEJCTBAMH IIPO-
crpancTBeHHOTO aHayim3a ['MIC meTtogom mmocTpoe-
HuUs moBepxHocTer Spline pa3zpaboraHa mpocTpaH-
CTBEHHas MOJIENb 3arpsS3HEHUS] TOYB TSDKEIBIMU
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MeTaJlJIaMH C IUIOCKOCTHBIMUA OOBEKTaMH YPOBHEH
3arpszHenus menee 16 ZC, 16-32 ZC, 32—-128 ZC,
6omee 128 ZC (puc. 10).

“ > 7 “
- . () y Ut
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\
|

)

(
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Puc. 10. IlpocTpaHcTBeHHAs! MOJIEJIb 3arPSI3HEHUS [T0YB
TSDKEJIBIMU METaJUIAMH, CO3aHHas METOJJOM ITOCTPOCHHUS
noBepxHocreit Spline (pa3paborana aBTOpamn)

Fig. 10. Spatial model of soil pollution
by heavy metals built with the help of method
for constructing Spline surfaces (developed by authors)

OneHKa 3arps3HEHUs] MOYB TSKEJIBIMU METal-
JaMi parioHOB I'. XapbKOBa BBIMOJHSIETCS MYTEM
HAJIO)KEHUS TPOCTPAHCTBEHHONW MOJENH 3arps3He-
HUS MTOYB TSDKEIBIMU METallJIaMH Ha OLIEHUBaeMbIe
paiioHbI, pacueTa HMHAEKCOB CpEIHEB3BEIICHHOMN
KOHLICHTpAaIlUU 3arpsA3HEHUs] MOYB TSKEIBIMU Me-
TaJulaMd Ha OCHOBAaHUU OIPEICICHUS IIOIANeH
30H 3arpsi3HEHUS 10 MOJIETH

M = Z(Sl] ° ZCj)/S[, (10)

rae M; — cpeHEeB3BEIICHHBIN 1TOKa3aTelh CyMMap-
HOTO 3arpsi3HeHust mouB (ZC;) i i-TO OIEHOYHO-
ro paiioHa ropoaa; Sj; — 10714 j-30HbI i-TO paioHa,
uMeromas onpeaenenHoe sHayenue ZC;; ZC; — co-
oTBeTCTBYIOIIee 3HadeHne ZC j-30HBI.

B pamkax MonmenrpoBaHHS MPOCTPAHCTBEHHBIX
(akTopoB 3eMenb TOPOJOB MPEIUIOKEHO OCY-
IIECTBIISATh MPOCTPAHCTBEHHOE MOJIEIHPOBAHNE
AKyCTHUYECKOTO 3arpsI3HCHHUSL.

CrnenyeT OTMETUTh, YTO IIYM — OJHMH U3 CYIIle-
CTBEHHBIX (DAKTOPOB HETaTHBHOTO BIMSHUS Ha
3I0pOBbe YenoBeka. OCHOBHBIM MCTOYHHUKOM aKy-
CTHYECKOTO 3arps3HEHUsI TOPOJICKOW Cpellbl SIBIIsI-
eTCsl TpaHCIopT. XapaKTePUCTUKKA TPAHCIIOPTHOIO
nryma — 3kBuBajieHTHbIN (LA,,) 1 MaKCUMaIbHBIN
(LA,xc) KOppEKTHpPYEMBIE YPOBHH 3BYKa, 1bA, Ha
paccYUTaHHOM PACCTOSIHUU:

e OT OCH TOJIOCHI IBIXKCHHS aBTOTPAHCIIOPTA K
TOYKE pacyera, WM OCH ONMKHEH MOJOCHI, — AJIs
MHOTOITOJIOCHBIX aBTOTPAHCIIOPTHBIX IOTOKOB;

Hayka
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® OT OCH ITyTH JOBW)XCHHS TPaMBaWHOTO TpaHC-
MOpPTa K TOUKE PacyueTa;

e OT OCH TIYTH JABIDKEHUS KEJIE3HOJAOPOKHOTO
TPAHCIIOPTa K TOUKE pacyeTa;

e K TOYKE pacuera OT TPACKTOPUHU JBUKCHUS
BO3IYITHOTO TPAHCIIOPTA.

[TepeuncrieHHbIE XapaKTEPUCTUKU YUUTHIBAIOT-
CSi TpPH TIOCTPOEHHUH COBPEMEHHOW IPOCTpaH-
CTBEHHON MOJIENN aKyCTUYECKOrO 3arpsi3HEHUs
TOPOJICKOM TeppHUTOpHH. 30HBI aKyCTHIECKOTO 3a-
TPA3HEHHS OT aBTOTPAHCIIOPTA, JKEJIE3HOW TOPOTH
M a’pomnopTa MHTETPUPOBAHBI B OJHY IPOCTpaH-
CTBEHHYIO MOJENb aKyCTHYECKOTO 3arps3HEHUs
ropoja U mpeacTaBieHbl Ha puc. 11.

OreHKa aKyCTHYECKOTO 3arps3HEHMs OIIEHUBa-
E€MBIX pPalOHOB BBIMOJTHEHA IIyTEM HAJIOKECHUS
MIPOCTPAHCTBEHHOW MOJENN aKyCTHYECKOTo 3a-
TPA3HEHUS Ha COOTBETCTBYIOIME PaiOHBI, pacyera
CPEIHEB3BEIICHHBIX HMHACKCOB aKyCTHYECKOTO 3a-
TPA3HEHHS NJIs1 OIICHOYHBIX PalOHOB Ha OCHOBa-
HUU ONPEACIICHUA HHOHIaI[Cﬁ 30H 3arpA3HCHUA 110
MOJeTHN

X,= 38, - KIS, (11)

rie X; — CpelIHEeB3BEIIEHHBIN MOKa3aTeslb aKyCTH-
YECKOT0 3arpsi3HEHMSI ISl i-TO OLIEHOYHOTO paiioHa
ropoja; S; — 10N j-30HBI i -T0 palioHa, UMEroLas
omnpeneneHHoe 3HadeHne Kj; K; — COOTBETCTBYIO-
uiee 3HaueHue K j-30HBI.

Puc. 11. IlpocTpaHcTBEHHAs MOJENb 30H aKyCTHYECKOTO
3arpsA3HEHUS OT aBTOTPAHCIIOPTA U JKEJIC3HOM TOPOTrH
r. XappKoBa (pa3paboTaHa aBTOpaMH)

Fig. 11. Spatial model of acoustic pollution zones caused
by road transport and railway
on the territory of Kharkiv (developed by authors)

B pamkax momennpoBaHUs MPOCTPAHCTBEHHBIX
(akTOpOB aBTOpaMH HPEAJIONKECHO ONPEICIUTD
WCTOYHUKH M (PAKTOPHI BIEKTPOMArHUTHOTO 3a-
TPA3HEHNUS.
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K ncroyHnkam 35eKTpOMarHUTHOTO U3JIyYeHHUs
B ropoJiax NMPHUHAIJIEKAT Paguo-, TEICBU3MOHHbIC
U PagUOJIOKAlMOHHbIE CTAaHLIMU PAa3JIM4YHOTO Ha-
3Ha4YeHus, paboTalolle B I0JIOCE PaauovyacTor,
a TaKKe CeTh JIMHUH 3JIeKTpoIepeaay, KOTopas
COCTOUT W3 BO3AYIIHBIX BBICOKOBOJIBTHBIX JIMHHUH
3NEKTPONEepENayl U DIEKTPUUECKUX MOJACTaHLIUN
(pacmipenenurenbHbIe  YCTPOWCTBA, MpeoOpa3oBa-
TENN 3JEKTPOIHEPTUH, TPAHCHOPMATOPHI, BBIIPS-
MUTEJH U IPYTUE COOPY>KEHHUS).

Ucxonnas unbopmanus uid pacdera ypOBHSA
9NEKTPOMArHUTHOTO 3arpsi3HEHUST MOXET OBITh
IPEIOCTaBIeHa CAHUTAPHO-3MHIEMHOIOTHIECKOM
craHuuen. Mcnonap3yercst TakKe CaHUTapHBINA I1ac-
MOPT O0BEKTA.

CpenctBamu ['MC 10 00BekTaM 3arps3HEHUs
CO3/1a10TCS 30HBI 3arPSA3HEHUS cpefbl. DKOJIOoTrnye-
CKO€ KayecTBO PAalOHOB OLIEHUBAETCS C IMPUMEHe-
HUEM OBEpJIEHHOro aHanu3a (MEpeKpHITHS) TeppU-
TOPUH PaOHOB C 30HAMH 3arPA3HEHUS CPEIbI.

OreHKa ANIEKTPOMArHUTHOTO 3arpsi3HEHUs Olle-
HOYHBIX PalOHOB BBINOJHEHA IYyTEM HAIOXKCHUS
NPOCTPAHCTBEHHOW MOJIENH  3JIEKTPOMAarHUTHOTO
3arpsiI3HEHUS Ha OLIEHOYHBIE palioHbI, pacueTa Cpea-
HEB3BEIICHHBIX WHIEKCOB AJIEKTPOMAarHUTHOIO 3a-
TPSA3HEHHSI Ha OCHOBAaHMM OTIPENENIeHUs IUIOIIaen
30H 3arps3HEHUs] B KaXI0M paiioHe MO MOJEIH

Z;=2(S; - K)/S:, (12)

rae Z; — CpeAHEB3BEIICHHBIN MOKA3aTEeNb AIEKTPO-
MarHUTHOTO 3arpsi3HEGHUSA I i-TO OIICHOYHOTO
paiioHa ropona; S; — JONS j-30HBI [-I'O palioHa,
UMEIoIIas onpeaenacHHoe 3Havenne Kj; K; — coor-
BETCTBYIOIIEe 3HaUeHNE K j-30HBI.

B cucreme o1ieHKM MPOCTPAHCTBEHHBIX (haKTO-
pPOB 3eMelb TOPOJIOB IS OCYIIECTBICHHUS IIPO-
CTPAaHCTBEHHOTO  MOJECIHUPOBAHUS  MPETIOKEHO
OTIPEZICTISATE YPOBEHHb AKOJIIOTHYECKOTO COCTOSHUS
TEPPUTOPHH.

Crnenyer OTMETHUTD, YTO SKOJIOTUYECKOE COCTO-
SHAE TEPPUTOPHH OTJENBHBIX YYacCTKOB TOpoja
XapaKkTepU3yeTcsl HHTETpalbHbBIM HHAECKCOM E;. OH
arperupyer B ce0Oe TOoKa3aTelnH, OMPEICIIIONTIe
JICUCTBUSI Pa3IUYHBIX SKOJIOTHYECKUX (DaKTOPOB
Ha KauecTBO TeppuTopuu. OLIEHKa UHTETPATLHOTO
HWHJIEKCa DKOJOTHIECKOTO COCTOSHUS TEPPUTOPHH
OCYIIECTBIISIETCS. Yepe3 B3BEIIMBAHUE OTICIBHBIX
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(hakTopoB. 3HAUEHUS BECOBBIX KOA(DPHUITMECHTOB
MOJTyYeHBI IO PE3yJIbTaTaM KOPPENSIUMOHHO-PET-
PECCHOHHOTO aHalM3a BIUSHHUS DKOJOTHYECKOTO
COCTOSIHUSI Ha 3a00JIeBaHMA JIIOCH C HCIONb30Ba-
HUEM 3KCIIEPTHBIX OIICHOK.

Pacder wWHTErpanbHOrO HHIEKCA DKOJOTHYE-
CKOTO KayeCTBa TEPPUTOPHH KAXKIOTO M3 BhIJIC-
JICHHBIX PAaliOHOB OCYIIECTBIISETCS C Y4eTOM KO-
3¢ (HUIUEHTOB IO MOJIEIH

Ei=X W+ Y, W, + Z,W, + M,W,, (13)

rae X,, Y,, Z, — uaaekc atMoc(epHoro, aKycTuie-
CKOTO M 3JIEKTPOMAarHUTHOTO 3arpsi3HEHUs] COOT-
BETCTBEHHO; M, — WHIEKC 3arpsi3HEHUsI IPYHTAa;
W — Bec ¢akropa.

Ilo 3TMM naHHBIM CO3[A€TCS MPOCTPAHCTBEH-
Has MOJIETIb UHTETPAIbHONW OLIEHKH 9KOJIOTHYECKO-
ro KauecTBa TeppuTopuu I. Xapbkosa (puc. 12).

IIpocTpancTBeHHOE MOnenupoBaHue (HaKTOPOB
HaIpaBJ€HO Ha pEaJu3alfI0 OLEHKU IpHBIIEKA-
TEJIBHOCTH TEPPUTOPUHU TOPOIOB. B 3TOM KOHTEK-
cTe oco0oe 3HaueHHe MpuoOpeTaeT ompenaeneHue
COIMATBFHON MPHUBIEKATEIBHOCTH (TIPECTHKHOCTH)
TOPOZICKOM Cpelibl, KOTOPasi OTpa)kaeT yIOBJICTBOPE-
HHUE JKUTENEH apXUTEKTypHO-3CTETUYECKUMH, COLH-
IBHO-MH(PACTPYKTYPHBIMHU, TPAHCTIOPTHBIMHU YCIIO-
BUSIMH TIPOKUBAHUS, Pa3HOOOpa3MeM MeCT MpHUIIo-
KEHUS TPy/a, YPOBHEM O3€JICHEHUS! MUKPOPaOHOB,
HAJIMYUEM YCJIOBHIA JUIS Pa3BHUTHs JIETEH, OOIIMM
KyJBTYPHBIM YPOBHEM OKpPYKEHHUS U T. 1. [12].

Puc. 12. IlpocTpaHCTBEHHAS MOJENb OLIEHKH YKOJIOTMYECKOTO
Ka4yecTBa TEPPUTOPHH T. XapbKoBa (pa3paboTaHO aBTOPAMH)

Fig. 12. Spatial model for ecological quality evaluation
on the territory of Kharkiv (developed by authors)

OneHka IPUBIEKATEIBHOCTU CpPEeAbl B TOPOJIE
OCYIIECTBIISIETCS METOJIaMH TIPSIMBIX H3MEPEHUH,
AKCIIEPTHBIM, KOMOMHUPOBAHHBIM.

[IyreM mpsMBIX H3MEPEHUN NPOU3BOIUTCSA
OIICHKA TPUBIEKATEILHOCTH CpENbl IO OIpese-
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neHHbIM (hakTopam. [IJist TOr0 Ha OCHOBAHHH JIaH-
HBIX TOMOTPaUUecKOl ChEMKH M CIIPaBOYHUKOB
CO3JIAI0TCS 4-TOYEUHBbIE TEMAaTHYECKUE CIIOU Clie-
JYIOIIUX OOBEKTOB:

— MarasvHOB U 3aBejicHul nutanus (V,);

— TIOJIMKJIMHUK ¥ anTek (O));

— IIKOJ ¥ AeTcanoB (P;);

— YUpeXACHUN KyIbTypsI U HcKyccTBa ().

OneHKa MpUBIEKATEIBHOCTH TOPOJICKOM CpeIbl
IIPH HAJTMYUU KOKAOTO U3 3TUX (PAKTOPOB BHIMOJI-
asaercs cpenctBamu [ MIC myTeM HajoXeHHS Tema-
THUYECKUX CJIOEB Ha OLICHOYHBIE PaliOHBI U BBIYHC-
neHust ux mwiotHoctH (puc. 13) [13].

Puc. 13. Buj HajnoKeHUs CI0s «Mara3suHbl U 3aBEICHUS
MMUTaHU, TOJUKIMHAKA U alITCKW» Ha OLICHOYHBIC PAlOHBbI,
«yUpexIeHHs KyJIbTYphl U HCKYCCTBA, Mara3uHbI M 3aBEICHUS
nutanus (pparMeHT)» Ha OLICHOYHbIE PAiOHBI
(pa3paboTaHo aBTOpaMH)

Fig. 13. View of “shops and culinary options, polyclinics
and pharmacies” overlay for evaluating districts,
“institutions of culture and art, shops
and culinary options (fragment)” overlay
for evaluating districts (developed by authors)

Ilo mpexncraBleHHBIM [aHHBIM CpPEICTBAMH
T'IC-TexHonoruil co3gaH CiIOW MPUBICKATEIBHO-
CTH Cpeabl U OIIEHOYHBIX paifioHoB (puc. 14).

Puc. 14. IlpocTpaHCTBEHHAs: MOZAEb OLIEHKH COLMAIBHO-
IPaOCTPOUTEIILHON IIPHUBIIEKATEIILHOCTH CPEIbl TEPPUTOPUH
r. XapbKkoBa (pa3paboTaHa aBTOpaMH)

Fig. 14. Spatial model for evaluation
of socio-urban environment attractiveness
on the territory of Kharkiv (developed by authors)
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O000MAIUM 3TallOM MOJICIIUPOBAHHS TIPO-
CTPaHCTBEHHBIX ()aKTOPOB Ha 30HAJIBLHOM YPOBHE
SIBJISIETCSL OIIPEJENICHHE 3KOHOMHUKO-IIAHMPOBOY-
HBIX 30H M 30HAJIBHBIX Kod(duumentos K,, Ha
OCHOBE aHalU3a KBAJIMMETPUUECKUX IOKa3aTeneH
OLICHOYHBIX PailOHOB.

Brluncnenre KOMIJIEKCHBIX HHIEKCOB IEHHO-
CTH TEPPUTOPUM Topona [; OCYLIECTBISIETCS IO
MOJEIH

I,=S;Ps + E.Py + UPy + CPc, (14)

rae S; — UHTErpaibHBIA HHACKC TPaHCIOPTHO-
(hYHKITMOHATBHOTO yI00CTBA TEPPUTOPHU TOPOJIA;
E; — vHTErpanbHbIil MHIEKC 3KOJIOTMYECKOro Ka-
yectBa Tepputopuu; U; — MHTETpANbHBIN HHIEKC
WH)KEHEPHO-MHDPACTPYKTYPHOTO
tepputopun; C; — UHTETpPAIbHBIA HHIEKC COLU-
aJTBHO-TPAIOCTPOUTENHBHON  TPUBJIEKATENFHOCTH
cpensl; Ps, Pg, Py, Pc — COOTBETCTBYIOLIUI BeEC

oOecrieueHust

Ka)KIOr0 U3 OTJEJIbHBIX HHTErPajIbHBIX HHAECKCOB.

Ha ocHoBe mnpemioxeHHOW MOJenH, oInpese-
JIEHHBIX IPOCTPAHCTBEHHBIX IOKa3aTeleld cpea-
ctBamu ['MIC co3maercss TpOCTpaHCTBEHHAs MO-
Jienb SKOHOMUKO-TIJIAaHUPOBOYHBIX 30H ropoja Mo
koadpurmentam K, (puc. 15).

Puc. 15. IlpocTpaHcTBeHHas! MOJIEIIb KOMIJIEKCHON OLIEHKU
9KOHOMHKO-TIAHUPOBOYHBIX 30H I'. XapbKoBa
(pa3paboraHa aBTOpamu)

Fig. 15. Spatial model of complex assessment
of economic-planning zones on the territory of Kharkiv
(developed by authors)

BbIBO/IbI

1. [IpemyioxkeH KOMIUIEKCHBIM MHOAXOM K MO-
JIETMPOBAHUIO TPOCTPAHCTBEHHBIX (PAKTOPOB IS
OIIEHKH HMHKEHEPHO-WHPPACTPYKTYPHOTO OOecte-
YeHHSI TOpPOJa, KOTOPBIA OTJIMYAETCS OT CyIIe-
CTBYIONIMX pa3pabOTKOW M MPUMEHEHHUEM TCOWH-
(hopMaIrMoOHHOTr0 WHCTpyMeHTapus. PazpaboTanbl
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Cmpoumenvcmeo

HPOCTPAHCTBEHHBIE MOJCIN HWHXECHEPHO-HH(]pa-
CTPYKTYpHOT'O obecrieueHuss TEPPUTOPUU TOpoJa,
BKJTIOYAIONINE TEPPUTOPHATBHBIE, SKOJIOTHYECKHUE,
9HEPreTUYECKHE, COLUAIbHO-IKOHOMHYECKHE U
JIpyrue XapaKTEPUCTHKH, YTO MO3BOIMIO PeajIn30-
BaTh INPEIOKEHHBIM ITOIXO0J K MOJCIUPOBAHHIO
MPOCTPAHCTBEHHBIX (PaKTOPOB.

2. OmpeneneHsl MOAXOABI W pa3paboTaH ai-
TOPUTM MOJECIMPOBaHUs, KOTOpPBIE TO3BOJISIOT
CO37aTh TEOMH()OPMAIMOHHYIO MOJENb OLECHKH
YpOBHSI WHXEHEPHO-UH(PPACTPYKTypHOTO obecte-
YeHUS 7151 ONpEeACTICHHOW TEPPUTOPHH B YCIOBHUAX
OTPaHWYEHHOTO JIOCTYNA K JaHHBIM HMHXCHEPHBIX

cucreM. Ucnonb3oBaHnue reonH(GOPMALUOHHBIX

CHCTEM OTKPBIBAE€T BOSMOXKHOCTH 00JIee JIeTalIbHO-
0 PaccCMOTpEHHsT MOJeNiell BIUSHUS TPOCTpaH-
CTBEHHBIX ()aKTOPOB, MO3BOJISIET MTOBBICHTH OOBEK-
THBHOCTH PEUICHUSI OCTABICHHON TPOOIIEMBI.
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