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AnHoOTanusa. AkmyaasHocmeb. [loTpe6yieHne 3Hepruu U 3gpPpeKTUBHOE UCII0Ib30BaHUE CeTeH IeHTPaJN30BaHHOIO TEMJI0-
CHAGXXeHHUS BJIHUSIOT Ha OKPY)KAIOLIYI0 Cpejy, 00IeCTBO U 3KOHOMUKY. Heo6X0JMMbI pellleHHs], KOTOpble MO3BOJIAT Cyllle-
CTBEHHO CHU3UTH y/ieJIbHble NIOTePH TENJ0BOM 3Hepruu. Mcrnosbp3oBaHNe TEXHUYECKH U 9KOHOMHUYECKH 1[eJ1eCO06Pa3HOro
crnoco6a oLleHKH 3HeproapPpeKTUBHOCTH MO3BOJIAT MJIAHUPOBATh MEPONPUATHSA MO PALOHAJbHOMY HCI0Jb30BAHUIO 3HEP-
reTHUYeCKUX pecypcoB. B HacTosilee BpeMs olleHKa 3HeproapPpeKTUBHOCTH 3/laHUH BbI3bIBaeT CyIlleCTBEHHbIE BONPOCH! ¥
crnieqaaucToB. COBpeMEHHOH ClelUaJu3upOBAaHHON JIMTEPATYPbI 10 JJAHHOMY HalpaB/IeHHI0 He Tak MHoro. [Ipo6seMa
3HeproapPeKTUBHOCTHU TPeOYyeT Gosiee CTPOroro BHUMaHUS K pellleHHI0 BOMPOCOB rPaJoCTPOUTENbCTBA. TakuM 06pa3oM,
YTOYHEHHbIE METO/bI OLleHKU 3HeproapPeKTUBHOCTH 3/JaHUH T03BOJISIOT OJJHOBPEMEHHO U 9KOHOMHUTDb KallUTaIOBJIOXKeE-
HUf, U 06ecriednBaTh 3G PeKTUBHOE NOTPEOIEeHHE TENIOBOH 3Heprud. Jeab: pa3paboTKa CHCTEMBI OLIEHKH PeaJbHOro Tell-
JIOTIOTPe6/IeHUS 3JaHUH J/1s1 0OecrieyeHrst ONTUMU3aL MU JUCTIeTYEPU3ALUY CUCTEM LIEHTPAIM30BaHHOTO TENJIOCHAGXKEHUS
B peXXMMe peaJbHOro BpeMeHU. Memodbl: KOMIIbIOTEPHOE MOJeJIMPOBAaHUE COCTOSIHUS TEMJIOBOIO MOTPe6IeHus 34aHUH ¢
pasJIMYHBIMU XapaKTEPUCTUKAMH U CXeMaMH UX IPHUCOEJUHEHHUS K CETSIM LeHTPAJM30BAHHOIO TEILJIOCHAGKEHUS]; METO/IbI
reouH$OpPMAIMOHHOTO aHaau3a. Pe3ysibmamel. [IpesoxeHa cUCTeMa MOHUTOPHUHTA TENJIONOTPeOJIeHUs 3JaHUH, T03BO-
JIAIOLAs OLleHUBATh 3HeProapPeKTUBHOCTb 3/aHUH 3a CYeT MAKCUMaJIbHOI'O HCIIOJIb30BAaHUS KOMIBIOTEPHBIX U IPO-
IrPaMMHBIX TeXHOJIOTHH. [loka3aHo, 4TO pacyeTHbIe TENJIOBble TOTOKH 3JJaHUH, UCIOJIb3yeMble JJIs IPOrHO3UPOBAHUS KO-
HOMMWH NPU MOJIePHU3ALMH 3/JaHUH, He BCerJja COOTBETCTBYIOT GAaKTHUECKUM TEIJIOBBIM HarpyskaM, 4TO MOXKET NPUBOJUTH
K HeBEPHOH OlleHKe WHBECTHIIMOHHBIX NMPOeKTOB. [losyyeHbl rpaduyeckre 3aBUCHMOCTH BeJWYHH, BIAUAIMX Ha yJe/b-
Hble TelJIOBbIe MOTEPH, OT PAa3/IMUHbIX IEPBUYHBIX HE3aBUCUMBIX GaKTOPOB. Bblgodsl. [locTpoeHHas cucTeMa MOHUTOPHH-
ra TemjonoTpebjeHus 3jaHUH NI03BOJISIET, BMECTE C UCMOJb30BaHUEM METO/0B reOMHGOPMALMOHHOTO aHA/IU3a, N10J1y4YaTh
JIOCTATOYHO IMOJIHYI0 KapTHHY COCTOSHUSA TEIJIONOTPe6IeHUs /I y4acTKOB ropoJia U OLleHKY S9HepreTHYecKUX XapaKTepH-
CTHUK 3JIaHUH.
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CUJIpaBIMYeCKUN PeXUM, aBTOMAaTU3MPOBAHHOE yIIpaBJeHUe, KOMIIbIOTEePHbI MOHUTOPUHT
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Abstract. Relevance. Energy consumption and efficient use of district heating networks affect the environment, society and
the economy. Solutions are needed that can significantly reduce specific thermal energy losses. Using a technically and eco-
nomically feasible way to assess energy efficiency allows these decisions to be made. Currently, assessing the energy efficien-
cy of buildings raises significant questions among specialists. There is not much modern specialized literature in this area.
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The problem of energy efficiency requires more rigorous attention to urban planning issues. Thus, refined methods for as-
sessing the energy efficiency of buildings make it possible to simultaneously save capital investments and ensure efficient
consumption of thermal energy. Aim. To develop a system for assessing the real heat consumption of buildings to ensure
optimization of dispatching of centralized heat supply systems in real time. Methods. Computer modeling of the state of heat
consumption of buildings with various characteristics and schemes for their connection to centralized heat supply networks;
methods of geographic information analysis. Results. The authors have proposed the system for monitoring the heat con-
sumption of buildings. This system allows assessing the energy efficiency of buildings through the maximum use of computer
and software technologies. It is shown that the calculated heat flows of buildings used to predict savings when modernizing
buildings do not always correspond to the actual heat loads, which can lead to an incorrect assessment of investment pro-
jects. The authors obtained graphical dependences of the quantities influencing specific heat losses on various primary inde-
pendent factors. Conclusions. The constructed system for monitoring the heat consumption of buildings allows, together with
the use of geoinformation analysis methods, obtaining a fairly complete picture of the state of heat consumption for city areas
and an assessment of the energy characteristics of buildings.

Keywords: heat consumption, geographic information systems, energy efficiency, heating point, thermal-hydraulic mode,
automated control, computer monitoring
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BBeaeHue

[ToBwimienne 3ddekTHBHOCTH 37aHUN  SBISETCS
KIIIOUOM K PEIICHUIO TPOOJIeM H3MCHEHHs KINMara,
YUYUTBIBas, 4TO Ha 31aHus npuxoxnurcs 40 % mMupoBoro
norpebnenus sHeprun [1]. CpodHas TOTpeOHOCTH B
MOBBINIICHUN ~ SHEProd(pPEKTUBHOCTH  TpeOyeT Ha
HAYAIbHOW CTAIMU BHEIPEHHs MOIXOMSAIIUX HHCTPY-
MEHTOB MOHHUTOpPHHTa JSHEPTETHUYCCKUX MapaMeTpoB
3nanuil. Takue CUCTEMBI OJDKHBI OBITh BHEIPEHBI IS
MOBBIIICHUST OCBEAOMICHHOCTH 00 3KCILTyaTaIl[HOHHBIX
XapaKTepPUCTHKAX 3/IaHHS CPEAW BIIAJCIBIEB U aAPCH-
JaTOPOB U JJIsI MOTHUBAIMH YJIYYIICHUS TIOKa3aTeleH, a
TakKe JUIg 00ecreyeHns TOro, YToObI HKCIUTyaTalluoH-
HBIC XapaKTEePUCTUKN CTPOUTEIHHOTO (DOHIA COOTBET-
CTBOBAJIM HAIIMOHAJIHHBEIM TPEOOBaHUSIM M OoJiee IIH-
POKOH dHepreTuYecKoi monutuke [2].

IIpo61ema 3HeproapPpeKTUBHOCTHU

Llenu sHepreTHyecKoi U KIMMATHYECKOW MOJIUTHU-
KH JUIsl CTPOUTEIIBHOTO CEKTOPa YacTO OCHOBBIBAIOTCS
Ha OIEHKE ¥ YIIyYIICHUH SHEPreTHUECKUX XapaKTepH-
CTUK 3JlaHWH, TaKuX Kak HopMmupyemas (0azoBas)
yaeJbHas XapaKTepUCTUKA pacxojia TEeMJI0BO SHepruu
Ha OTOIUICHUE W BEHTHJISAIMIO 37aHuid. [ToaTOMy OoueHb
Ba)KHO OIPEJICNIUTh, B KAKOW CTEIIEHH OHH MOTYT CUHM-
TaThCS HAJISKHBIMH WHCTPYMEHTAMH JUIS TOCTHIKESHUS
9TOW 1enu. Pa3phiB B DHEPTETUYCCKUX XapaKTEPUCTH-
KaX, IPHU YCJIIOBUU, YTO OHHU SIBIISTFOTCS] HAJICKHBIM HH-
JUKATOPOM M3MEPEHHOT0 DHEPronoTpedIeHus 3AaHuH,
00OBIYHO OmpeJIeNsieMblid KaK pa3HUIla MKy OXKHUjaae-
MBIM TOTpPEOJICHUEM SHEPTHH, PACCUUTAHHBIM IPH
oneHke 3G(HEKTUBHOCTU 3/IaHUs, U (PAKTUUECKUM TI0-
TpeOJIeHUEM, TPEACTaBIseT cOo00 Cephe3Hy TMpo-
OneMy Ui JIOCTHIKCHHS IeJIed B 00JIaCTH 3HEpProdd-
¢dextuBHoctu [3, 4]. Teopernueckoe mnoTpedICHHE
9HEPTHH HMCIOJIB3YETCS JJIsi MPOTHO3UPOBAHUS SKOHO-
MHH TIPH MOJICPHU3AINY 3JJAaHUH, YTO HE COOTBETCTBY-

eT (haKTHYeCKOMY HOTPEOJICHUIO SHEPTrUH U, B CBOIO
ouepesb, NPUBOJUT K HEBEPHOM OLIEHKE WHBECTHIIM-
OHHBIX ITPOCKTOB.

Ha »HeproagdeKkTuBHOCTh 3HaHHS BIHSIET He-
CKOJIBKO B3aMMOCBSI3aHHBIX (DaKTOPOB, YTO JAETAET
0COOCHHO TPYAHBIM OTIPECNICHHE U KOIMYCCTBCHHYTO
OLICHKY BIUSHHS KaKIOTO OTACIHHOTO M3 HuX. OOBIU-
HBIM MOAXO/ K OIeHKe YHeprod(GdeKTHBHOCTH 3aKIIto-
9aeTcsl B BHIITOJHEHUH TTOJICBBIX M3MEPEHHUH IS TIOITy-
YeHUs 3HAYCHUI MapaMeTpoB MOJEIN Ha OCHOBE (pak-
THYECKUX YCJIOBHH SKCILTyaTaldH, YTOOBI YJIydIINTb
MIPOTHO3UPOBAHUE  (PAKTHUECKOTO  HCIIOJIb30BAHUS
SHEPTUH, TEM CaMbIM CHIKAs YPOBCHb HEOIPEICICH-
HOCTH pe3yabTaToB [5]. UTOOBI 3HAYUTEIBHO CHU3UTH
SHEPronoTpedyicHne, BaXKHO YUHUTHIBATH YPOBEHH 00-
CITy>)KUBAHUS, KOTOPBIH TOJDKHBI 00eCTIeunBaTh 3IaHuUs
[6], To ecTh moanepxKaHUE MapaMeTPOB, COOTBETCTBY-
IOMAX ONTHMAIBHOMY TOTPEOJICHUIO U KaXKAOTO
3IaHUS, TIPU KOTOPOM NOoCTHTaeTcst 3()(HEeKTHBHOCTh U
KoM(OpT, IPUHUMAsi BO BHUMaHHE PEATMCTHYHOE HC-
MOJIb30BAaHME 3AAHUSL.

OntuManbHble JHEPreTUUSCKHE XapaKTEePUCTUKH
37@HHS 3aBHCST OT OIPENEeNICHHBIX IPOEKTHBIX JIOMY-
LICHUH, TaKMX Kak 3aJlaHHas Temreparypa, rpaduxu
PETYIUPOBAHMS W TPOU3BOJUTEIHLHOCTh TEXHHUECKUX
cucreM. OJlHaKO MHOTHE W3 3THX HPEINOIOKEHHH 3a-
YacTyr0 HCHOPUMCHUMBI H3-3a HCUCIPABHOCTH CUCTEM
3aHUS, HEONTHMAIBFHOTO WCIIONB30BAHUS SKIIIBIIAMA
TEIUIOBOM SHEPriH WIM MO APYrUM hpuuuHam. Hewc-
ImpaBHOE O0OpPYyIOBaHME HauOOJEe pPaCIPOCTpAaHECHHAsS
nmpoOnieMa, KOT[a pasHHId MEXKIYy TCOPETHUSCKUM U
(axTHyecKuM MoTpedIeHNeM BbI3BaHa He MpoOIeMaMu
MOJEINPOBaHNS WM cOOpa JAHHBIX, a PEabHOW Tex-
HUYECKOH mpobiemoii B 31anuu [7]. TlpuMepbl TexHH-
YeCKHX IPOOIIeM MHOTOYHCIIEHHBI U Pa3HOOOPA3HBI, YTO
MOAYCPKUBACT KPUTHUICCKYIO Ba’)KHOCTb MOHUTOPHHIA U
00CITy)KUBaHNSI HHKCHEPHBIX CUCTEM 3JIaHuH [8].
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Ha oHepreTHueckue XapakTepUCTHKH 3[aHHS B
3HAYUTEIILHON CTEIEHH BIUSET KA4eCTBO CTPOUTEIb-
CTBa, KOTOPOE TPYJHO YUECTh Ha dTare MPOSKTHPOBa-
HUS, YTO TPUBOAUT K OTKJIOHEHHUSIM OT IMPOEKTHBIX
crier@uKanuid, 0COOCHHO B OTHOIICHHH HM3OJSIUH U
repmernyHocTH [9]. CTpouTeNnbHBIE CHCTEMBI OTOILIE-
HUS, BEHTWIALMU M KOHAMLMOHUPOBAHUS, OCOOCHHO
JUTS. THHOBAIIMOHHBIX CUCTEM (HANpUMEp, HHTEIUICKTY-
QTPHOTO YIPAaBICHHUS 3JaHHEM), 9acTO CTPAJAIOT OT
c00eB CHUCTEM YMpaBJIEHUS W OTCYTCTBHS TOYHOMH
HaCTPOMKM cTpaTeruil ynpasiaeHus. ToHKas HacTpoiika
MOXET OBITh ONYyIICHa pa3pabOTYMKOM IPOEKTa, HO
JIa’Ke CJIM OHA BBIMIOJIHACTCS, PE3yJIbTaThl MOT'YT OBITh
Pa304apOBBIBAOIINMH, TIOTOMY YTO MPABUIBHOE BbI-
MOJTHEHUE TpeOyeT MHOTO BPEMCHH, a peaju3alus B
COOTBETCTBUU C COBPEMEHHBIM YPOBHEM TEXHUKH MO-
XKeT KOH(IMKTOBATh ¢ 3ampocamu xureneil. Headek-
THBHAs SKCIUTyaTalus 37JaHUs YBEITHMUNBaeT morpediie-
Hue ’Heprun Ha 50—80 % 10 CpaBHEHHUIO C UCXOIHBIM
YPOBHEM, B TO BpeMsI Kak 3((eKTUBHAS MPAKTHKA MO-
)KeT cOKoHOMUThL 15-30 %. OaHako 5TO 3aBHUCHUT OT
HAJIMYUST Y MCHEKEPOB JOCTyHa K WHPOpMAIMA U
WHCTPYMEHTaM JUI MPUMEHEHHs ONTUMU3AIH — 0e3
HUX OXWIAHWSA TO ONTHMH3AIMU BpAd T OyayT
onpasnansl [10].

OTKpbITHE OKOH, yIpaBlieHHE 3aTEeHEHHEM, OCBELIe-
HHEM W TEMIIEpaTypoil B MOMENICHHH CYIIECTBEHHO
BIMAET Ha 5HEprodp(ekTUBHOCTh 3MaHUN B LEJIOM.
HarisimaeiM ipuMepoM sIBIISIETCSl TPOTHBOPEUHMBOE HMC-
MOJIb30BaHUE TEPMOCTATHUYECKHUX KJIIAaHOB, YCTAHOB-
JICHHBIX Ha MaKCHMYM, IIPH OTHOBPEMEHHOM COXpaHe-
HUM OKOH B HAKJIOHHOM TMOJIOYKEHUH B TEUCHHE BCEro
JIHSI, B OCHOBHOM JUISI TPOTHBOJICHCTBHUSI TIEPETPEBy B
MIOMEIICHUH, YTO MPUBOAWT K YBEIMYCHHIO (paKTHUe-
cKoro motpebseHust o AByx pa3 [11]. Ognako nosene-
HHE JKUIBIIOB U €r0 BIMSHAC HAa MOTPEOIICHNE YHEPTHU
npesnickazats ciokHo [12]. Bombmas wacte motpebie-
HUS SHEPIUM B I0OMax, o(pUCcax U KOMMEPUECKUX MOMe-
IICHUSX CBS3aHA C YCTPOMCTBAMHU OTOIUICHHUS, BEHTUIIS-
UM ¥ KOHIWIIMOHUPOBAHMS BO3AyXa. UTOOBI CHU3HUTH
9HEPronoTpedsieHe CUCTEM OTOIUICHUs], BEHTWIALUHN U
KOHJIUIIMOHUPOBAHUS HEOOXOJMMO TOYHO MPOTHO3UPO-
BaTh OBITOBBIC TEIUIONOCTYIUICHUS. BHenpeHme Takmx
MOJIeNIEl MOYKET MPUBECTH K CO3IaHHIO TEOPETHUECKON
0a3bl IS YYCHBIX U WHXKEHEPOB JUISl yIYYIICHUS MPO-
THOCTHYECKOTO YIIPABICHHUS CHCTEMaMH OTOILICHIS,
BEHTWISIIIMU U KOHIHUIIMOHUPOBAHS, YTO WIPACT Bax-
HYIO POJIb B TIOBBIIICHUH TEIJIOBOIO KOMGOpTa U dHEP-
rocOepeXKeHUH KIIIBIX 3nanni [13].

IIporHo3upoBaHue

D¢ hexTUBHBIA U TOUHBINA MPOTHO3 PHEPromnoTpeo-
JICHUS 3[aHMS MOXET YIyYIIUTh YIpaBJICHHE YHEPro-
cucremaMu. B [14] Teopusi TpyObIX MHOXKECTB HCITOJb-
30Bajlach Ul YMEHBIIEHHs] H30BITOYHBIX (DaKTOPOB,
BIMSIONINX HA YHEPronoTpedsicHne 3JaHusl, U HaX0XK-

JCHUST KPUTHYCCKUX (PAKTOPOB DHEPromnoTpeOsIcHUs
3/IaHUSI.

DddexTuBHAsT paboTa CETeH IICHTPAIN30BAHHOTO
TEIIOCHA0KEHUSI TaKXkKe TPeOyeT TOYHOTO MPOTHO3M-
pOBaHMs TEIUIOBBIX HArpy30K M ONTHMH3UPOBAHHOMN
CTpaTeruy IUCIIETYEPU3ANN IS AOCTYITHOTO IIOPT-
¢ensa remepanuu U XpaHeHus. YToObl 00eCIeuuTh OM-
TUMH3ALUIO TUCIICTUCPU3ANU B PSIKUME PEATLHOTO
BpeMeHH, B [15] Obln pa3paboTaH W OIICHEH METOJ
MPOTHO3UPOBAHMUS TCIUIOBOW HATPY3KH HAa OCHOBE Ma-
[IMHHOTO OOy4YeHUsI. DKOHOMHYECCKOC BIIMSHHC HE-
OTIPEIIETICHHOCTEH MPOTHO3a JODKHO aHAIN3HPOBATHCS
C MOMOIIBIO YHCICHHOTO HMHCTPYMEHTA ONTUMH3AIUU
JIUCTICTYCPUBAITUH.

MeTomonoruy MPOTHO3UPOBAHUS YHEPromoTpedIIe-
HUSI 3IQHUH, WCIOJB3YeMble MYHUIIMIAIBHBIMEA BJIa-
CTSIMHU, KaK MPaBUJIO, B 3HAYUTEIHHOIN CTCIICHU OPUCH-
THPOBaHbl Ha OTOOpakeHHEe OoJiee MIMPOKHX Kade-
CTBCHHBIX TPEJICTABICHUN PETHOHATBHBIX M3MCHCHUN
U HYXXJAIOTCSI B TOMOJHUTEILHBIX MOJICIISIX, OCHOBAH-
HBIX Ha JAHHBIX, KOTOPBIC MOTYT OOECIIEUUTh KOJIHYe-
CTBCHHBIC JOCTOBEPHBIC HM300paKCHHsI OyHyIIero
sHepronoTpeOiieHns: Ha ypoBHe paiioHa [16]. Moaens
KOMMEPUYECKOTO HCIIONB30BAHUS YHEPTUH MOXKET OBITH
pa3paboTaHa Ha OCHOBE HAOOPOB JAHHBIX T€OWH(OP-
ManonHbix cucteM (I'MC), naHHBIX ucclegoBaHUs
HHEPrOMOTPEOICHUST KOMMEPUECKUX 3IaHUN W TaHHBIX
0 KOMMEpHYECKOW HEIBIKAMOCTH. B Momenn Taxke
WCTIOJIB3YIOTCS Pe3ysIbTaThl 00CTIeOBaHHUS IHEProINo-
TpeOICHNS B JKWIBIX MOMCHICHUSIX, BBIOOPKH MHKPO-
JAHHBIX U OOIIECTBEHHOTO ITOJB30BAHUS U OICHOK
oOcnenoBanus mepenucu HaceieHus. [lamee HeoOxo-
JUMO TIPOBECTH aHAIU3 JJISI TOYHOTO OIPECIICHHUS
BKJIaJla TPU3HAKOB B OLICHKH PE3yJIETATOB MOJICIIH.

IloaroToBKa JaHHbBIX

B mocnennee pecstuietne B 3HEProd(QexTus-
HOCTh CHCTEM TEIUTOCHAOKEHUsS OBUIHM BIIOKCHBI 3HA-
YHUTENbHBIC YCHIHsI. BBUIO OMyOJMKOBAHO HECKOJIBKO
HaOOpOB MaHHBIX O MOTPEOJCHUH SHEPTHH, HMPUUEM
KaXKIbI HaOOp JaHHBIX pa3Myayics IO CBOWCTBaM,
UCIIONIb30BAHUIO M OrpaHndeHus M. Hampumep, Mogenu
SHEPronoTpeOIeHUsT 3JaHUK TIOJIYYaroT JaHHbIC W3
HECKOJIbKAX MCTOYHHUKOB, BKIIOYAsl YCIOBHS OKpY)Ka-
IONICH Cpeabl, 3aHATOCTh II0JIb30BATEINICH, ITOTOTHBIC
yCIIOBUS M IIPENouTeHns noTpeduteneil. Takum obpa-
30M, TIPABWIBHOC IIOHHMAaHHE HMEIONINXCS HaOOpOB
JAHHBIX CO3/aCT IMPOYHYIO OCHOBY IUIS MOBBIINICHUS
sHeprodddexktuBHOCTH. Ha OCHOBE aHaIMTUYECKHX
HCCTICIOBAaHMHM MOKHO MPEACTABUTH HAOOp TaHHBIX
U1 OOHApYXKCHUS aHOMAJIH{ DHEPromoTpeONICHUs
[17]. [locnennee OyaeT OouYeHb IMOJIE3HO AJISI TECTHPO-
BaHUS U OOYYCHHS ajrOPUTMOB OOHApPY)KEHHUSI aHOMa-
T ¥, CIIEIOBATEIFHO, COKPAIICHHS OTEPh YHEPTUHL.

B memnom pocT CTpOMTENbHOW OTpaciu Cephe3HO
OTPaHWYCH TEM, UTO OHA SIBIIIETCS OMHOM M3 HAMMCEHEe
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onr(ppoBaHHBIX oTpaciel B mupe [18], uro 3aTpyaHser
pemieHne mpodsIeM, ¢ KOTOPhIMH OHa CTAJIKUBACTCS B
Hacrosee Bpemst. [lepenoBrie dpoBBIe TEXHOIOTHH,
HanpuMmep UcKyccTBeHHbIH uHTemekT (W), B HacTod-
miee BpeMsl PEBOJIFOLIMOHU3UPYIOT MHOTHE OTPAacid U
YCIICITHO TPUMEHSFOTCS IUISl TIOBBIIICHHST ITPHOBLTHHO-
ctu, 3pdexTUBHOCTH U Oe3omacHocTH. Hecmotps Ha
MIPU3HAHKUE TPEHMYIIECTB TAKOTO POAa TEXHOJIOTHH, B
CTPOUTENILHOI OTpPaciii BCE €IIe CYILECTBYIOT MHOIO-
YHCJIEHHBIE TPOOJIEMBI, CBSI3aHHBIE C MX BHEIPEHUEM.
B cratee [19] BemonHeH 0030p NMpUYMH M PEIICHUI
po0JIeM ¢ OTCTaBaHUEM B 3HEProdpeKTUBHOCTH KH-
JIBIX 3JaHUH JUIs TIOMCKA ONTUMAIbHOTO TTIOTPEOICHUs.

DHepreTHYecKoe MOJICIUPOBAHUE TOPOJICKHX 3J1a-
HUH TIpUBIICKaeT Bce OoJbIliee BHUMAHHE B 00JACTH
9HEPreTUYeCcKOro MOJEIMPOBAHUS H3-3a MPHUCYLIUX
€My BO3MOXKHOCTEW MOJETUPOBAHMS IIENBIX TOPOJOB
WM CTPOUTENILHBIX (DOHIIOB, a TAK)KE IMOTCHIIMANA pa3-
JIUYHBIX BXOJHBIX JAHHBIX, MOJXOI0B M NPUIOKEHUN
[20]. [nst manmpHEHIIEro coOBEpIIEHCTBOBAHUS MOJIETH-
pOBaHUS TakXKe IpeAaraercsi MPOBECTH HOIOJIHU-
TEJIbHbIE MCCIENIOBAaHUA COLMAJIBbHO-DKOHOMHUYECKUX
MapaMeTpoB, TaKUX Kak JOXOJ JOMOXO3SICTBa U Jie-
Morpaduyeckue JaHHbIC.

71t IpOrHO3UPOBAHUST BEPOSITHOCTH H30BITOYHOTO
noTpeOIeHUs: PHEPTUU IS PA3IUYHBIX (DYyHKIIMOHAb-
HBIX IIEPEMEHHBIX BO3MOXHO I[PUMEHEHUE MOJEIU
MIPONOPIMOHAIBHBIX PUCKOB. Pe3ynbTaThl mccieaoBa-
HUSL MOJIENIH JIAIOT HEOOXOAUMYIO MH(POPMAIIHIO, 1M03-
BOJIAIOIIYIO YCTAHOBUTHh KPUTEPUHU TIPOCKTHPOBAHUS U
peKOHCTpyKIMH 31aHui [21].

MOHUTOPUHT

Onenka d3pGEKTUBHOCTH 3JJaHUS C TIOMOIIBIO SHEP-
TETUYCCKUX CEPTHU(PHUKATOB Ba)KHA IS OTCICIKUBAHUS
U MOBBINICHUS SHEPTro3(h(HeKTUBHOCTU (DOHAA 3MAHHA.
ToYHOCTh ATHX OICHOK MMEET pellaroliee 3Ha4YeHUE
JUTS JIOCTHDKEHHsI OYyJyIIHMX IIeJied B 0OJIaCTH DHepre-
Tukd. OJHOM U3 TAaKUX OLEHOK SIBJISICTCS MOHATHE «OI-
THMAJBHOTO» TOTPEOJICHUS, B OTIMYHE OT «TECOPETH-
9ecKoro» (T. €. pacCYMTAaHHOTO MO CTaHAapTam) Hu
«paxTuueckoro» (T. €. U3MEPEHHOI0) MOTpeOsIeHus,
OHO TO3BOJISIET Oo0Jiee CTPOTO KIACCH(PHUIUPOBATH IO-
TEHIMAIBHBIC PEUICHUS IS MOBBIMICHUS dHEPTeTHYe-
ckolt 3(h(PpeKTUBHOCTU. DTOTO MOKHO JOOUTHCS 33 CUET
yIIy4IIeHUs] MOHUTOpPUHTA, OOCIY)XHBaHUS W 00IIero
HCIIOJIE30BAHUS 3IAHHUS.

OnTuManbHOE YIPaBICHHE CUCTEMOH OTOIUICHUS,
BEHTWISIIIUU ¥ KOHIUIIMOHUPOBAHUS B 3[JAHUIX MOIKHO
paccMaTpuBaTh KaK HEMPOCTYIO 3amady. OTcyTcTBHE
JaHHBIX HE TIO3BOJISICT MTOHATH, KAK Pa3IMIHBIC CTpaTe-
UM BIUSIOT Ha TEIUIOBOM KOMGOPT M TOTpeOsieHue
sHepruu [22], a Takke Kak dHeProdPPeKTHBHOCTh CH-
CTEMBl OTOIUICHUS YYBCTBUTCIbHA K CTPATCTHSIM
ynpasieHus. UToOb! OLEHUTh (PAKTUUECKYI0 paboTy U
SHEPrornoTpedsieHHe CUCTEM 3AaHMs B PEabHBIX YCIIO0-

BUSIX MOXXHO BOCIIOJIb30BAaThCS MMHUTALIMOHHOW Mojie-
JIBIO 3/IaHUSL M €r0 CHUCTEM C TIOMOIIBI0 HMUTAIIMOHHO-
ro MOAETUPOBAHUS IHEPronoTpedIeHus, KOTopas Mo-
JKET OBITh OTKATMOPOBaHA B COOTBETCTBUM C PEaNIbHBI-
MU JIaHHBIMH MOHUTOPHHTA.

MOHUTOPHUHT TEIUIOBBIX MOTEPh 3aHUI U ObICTpOe
oOHapy)XeHUE 37aHUH C BBICOKMM JHEPronoTpeOIeHu-
€M B ONpe/IelICHHON 00JacTH MMeeT OOoJIbIIoe 3Hade-
HUE JUIA OTJEJIOB TOPOJCKOTO YIPaBJICHUS, YTOOBI
mpejyiaratb Mepbl TOPOJCKOTO YIPABJICHUS U yIpaB-
JICHHSI ¢ TOYKH 3pEHUS II100aIbHON onTuMu3anuu [23].

B [24] npexacraBieHbl pe3ysibTaThl aHAINU3a JaHHBIX
MpUOOPHOTO y4eTa TEIUIOBOM DHEPTUU B CYIIECTBYIO-
IMX 3MaHusX. Pa3paboTaHbl MpeNokKESHUS 10 COBEp-
LIEHCTBOBAHUIO PEKMMOB TEILUIONOTPEOJICHUS B Cyllle-
CTBYIOILIEM XKWJIOM (OHJE, BKIIOYasi HAMpPaBJICHUS CO-
BPEMEHHOT'O HMHTEJUICKTYaJIbHOTO YIPABJICHUS WHXKE-
HEPHBIMH CHCTEMaMH 3JIaHHW C TIeJIBI0 CO3JIaHus pa-
[MOHAJIBHON CTpaTeTuH Pa3BUTHS YHEPTOCUCTEM: CH-
CTEeMBbl aBTOMATH3MPOBAHHOTO ydYeTa, MOHUTOPUHTA H
YIpPaBJICHHUS.

B [25] mpemioskeH MOAXOM K aHAJIHU3Y CTPYKTYpPBI
9HEPronoTpeOICHNS U KOMIZICKCHOMY PEIISHHIO 3a/1a4
9HEProCOCPEIKECHUST OTAIUTUBACMBIX 3JaHW TOCPE]I-
CTBOM KOMITBIOTEPHOTO MOHUTOPUHIA PEXKUMOB pado-
ThI AeMCcTBYIOMIEH TeroBoi ceTu. [IpousBenen ananus
nokaszatesieii dHeprod(HEeKTUBHOCTH PEabHOTO 00b-
€KTa TETUIONOTPeOIeH!s, HA OCHOBE KOTOPOTO Mpej-
JIOKEHa METOJIMKA OIPEIICHUs BO3MOKHOCTEH TI0-
BBIIICHUSI KavyecTBa pabOThI CHUCTEM aBTOMATH3HUPO-
BaHHOTO yIPABJICHUS B TCILIOCHA0KECHHH.

T'C u ceTn

['pamocTponTteny W MOMUTUKHN CTAIKUBAIOTCS C Ce-
PBE3HBIMHU MPOOJIEMaMH TIPH TOCTHKCHHH IIEJIeH B 00-
JaCTHU YCTOWYMBOM PHEPTETUKU U KIIMMAaTa, CBA3AHHBIX
C COKpAaIlleHHEM JHEPrornoTpeOIeHHs U, CIIEA0BATENb-
HO, BBIOpocOB [26-28]. MopaenupoBaHHe TMOTOKOB
SHEPrUHM B TOPOJAAxX SIBJISIETCS OJHUM W3 BO3MOXKHBIX
peHJeHHﬁ, TMO3BOJIAIOMINX HCIIOJB30BaTh OI'pPaHUYCH-
HBIE PECYPCHI JIJISl OLIGHKH dHEPronoTpeOICHUs 3MaHui
U TOJEPKKH (POPMUPOBAHUS COOTBETCTBYIOIIEH IO-
nutuku [29, 30].

B craree [31] omuchBaroTCS MpPUYUHBI CO3IAHHS
WHCTPYMEHTapusi AN UCCIENOBaHHS >KUBYYECTH CH-
CTeM DYHEPreTUKU C MOMOIIbI0 BO3MOXKHOCTEH T'€OMH-
(hopMarMoOHHBIX TexHoNoruid. OnuchiBaeTCs MeTaMa-
TeMaTH4YecKasi MOJIENIb CUCTEMbI M €€ pa3felicHHe Ha
OCHOBHBIE COCTABIISIIONIME: TOMOJOTHYECKYIO U (DyHK-
[IMOHAJIbHYIO, T/IC CTPYKTYpHAas MOJEIb OTpa)kaeT TO-
TOJIOTHIO DHEPTeTUYECKOM ceTH B BHJE Tpada, a QyHK-
noHaJIbHAasA MOJCIIbL OUCHUBACT NMPOU3BOAUTCIIBHOCTD
C YYETOM KakK TOIOJIOTHYECKUX BO3MOXKHOCTEH, TaK U
(yHKUMOHANBHBIX OrpaHuYeHuil. PaccmarpuBaroTcs
IpUMEpBl HCIOIb30BAHUS T'€OMH(OPMALMOHHBIX CH-
CTEM B HMCCJICJIOBAHUHU JKMBYYECTH M OMKCAHUS TpeOO-
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BaHUH MpH pa3padOTKe MHCTPYMEHTApHs Ui HOBOM
MeTamareMaTuueckod monenu. Hoblil uHCTpymMeHTa-
puil mpeanoaaraeT UCHOIb30BAHNE APXUTEKTYPBl «MO-
JIeNb—TPeCTaBICHUe—KOHTPOIIEP», YTO TO3BOJISIET
MOJIU(DUIIUPOBATH KAXK/IbIi KOMIIOHEHT HE3aBUCUMO OT
npyroro. /laHHas apXUTEKTypa TakkKe MOMOIaeT «OT-
BA3aThb» TOMOJOIMYECKYI0 W (PYHKLUMOHAJBHYIO CO-
CTaBJISIOIINE MOCPEACTBOM HHKAICYIISIIIUN TOIOJIOTH-
9YeCKOM MOJIETH B BUIE OTACIBHOTO Tpada, a st CBSI3U
¢ (YHKIMOHAIBLHOW COCTAaBIISAIONIEH HCIIOJIB30BaTh
KOHTpOJJICp. DTO JaeT BO3MOKHOCTH HCIIOJIB30BATh
pasHbIe TUTBI PYHKIIMOHAIBHBIX MOJEIICH 0e3 n3MeHe-
HUS TONOJIOTHYECKON MOJIEIH.

[Iponomkatonuiicss epexoa ropojoB K o0e3yriie-
POKEHHBIM JHEPreTUYECKUM CHCTEMaM IpHUBJIEKaeT
BHUMaHHE K METOAaM SHEPreTHYEecKOro IJIaHUPOBa-
Husi. CJIOXXHOCTh TOPOJCKUX HHEPreTUYECKUX CHCTEM
TpeOyeT 00pabOTKN Pa3HOPOIHBIX JAHHBIX M IPHBIIC-
YeHHs MHOXECTBAa YYaCTHUKOB IIpoliecca IJIaHUPOBa-
Hud [32]. DHepreTHueckasl MPOCTPAHCTBEHHAs! Xapak-
TEPUCTHKA TEPPUTOPHHU, KOTOpask MOKET OBITH Mpea-
craBieHa ¢ nomoupto I'MC TexHosoruii, sBisercs
OCHOBOIl /I aHajIM3a KPaTKOCPOYHBIX M JOJTOCPOU-
HBIX crieHapues [33].

B wuccrnenoBanuu [34] mpesiaraercsi MpUMEHEHUE
MOJICIM JIJIsl OIICHKH OOIIEro 3HEPrornoTpeOsieHUs Cy-
LIECTBYIOLIMX TOPOACKHUX KBApTalOB, KOTOpas MOXKET
OBITh I0JIC3HA PH TUIAHUPOBAHUH CTPATETHH MOBBIIIIC-
HUsI 3HEpromnorpedieHus B TOPOACKHX MacIITadax.
[Ipumenenne Takux Mojeneld MOXKET OBITh B3aUMOCBS-
3aHO C MCHOJb30BAaHUEM MPOrPaMMHOI0 MHCTPYMEHTa-
pus I'MIC, 40 maeT BO3MOXKHOCTh BBINOJNHSTH 3HEPre-
THYECKOE KapTorpaupoBaHUE TOPOICKUX KBAPTAJIOB.

I'pagocTpourenu, MecTHbIE OpraHbl BIACTH U JIMLA,
ONpeAeTSIoNINe OJIUTUKY B O0JIACTH SHEPreTUKHU, Ya-
CTO pa3padaThIBAIOT CTPATETUYECKUE IIIAHBI yCTOWIH-
BOW HHEPreTHKH IS TOPOACKOTO (POHIA 3TaHHA, UTO-
OBl CBECTH K MUHUMYMY 00liee MoTpeOIeHrne SHEPruu
u BBIOpOCHL. [lmanmpoBaHme B Takux Macmrabax Mo-
KeT OBbITh OCHOBaHO Ha MOJEJIUPOBAHHUM 3aracoB 37a-
HUH C WCMOJNB30BaHUEM CYILIECTBYIOUIMX JIaHHBIX O
3IaHUSAX U KapTorpadupoBaHUs Ha OCHOBE reorpadu-
Yyeckod nHpopMaIMoHHOH cucteMsbl [35]. OnHako pea-
JMU3alsl ATHX IPOLECCOB CBs3aHA C HECKOJIbKUMHU
mpolOieMamMu, a UMEHHO C JIOCTYITHOCTBIO JIJAHHBIX, He-
COTJIACOBAaHHOCTBIO  JAHHBIX, MAacCIITaOMPyEeMOCTHIO
JIAaHHBIX, MHTErpaluel JaHHBIX, T'€OKOJUPOBAaHUEM U
KOH(UICHIIMAILHOCTBIO JaHHBIX. MoJenupoBaHue Ha
OCHOBE Teorpaduieckoil HHPOPMAIIMOHHONH CHCTEMBI
MIOMOT'aeT 3aMHTEPECOBAHHBIM CTOPOHAM OIPEIEIUTh
MIPUOPHUTETHBIE 00JAcTU Ul peaau3aluyd Mep MO Mo-
BBIIIICHUIO 3HEProdhHeKTHBHOCTH.

B [36] mpencraBiieHa HOBas METOJOJIOTHSI OICHKH
SHEPreTHYCCKOW M AKOHOMUYECKOH Ieecoo0pa3HOCTH
HOBBIX CETEH IEHTPAIM30BAHHOTO TEIUIOCHAOKCHUS B
CYLIECTBYIOLIMX TOPOJACKUX pailoHax. Merononorus

COCTOHMT W3 WHHOBAIIMOHHOH MHOTOCTYIICHYaTOH MpO-
LEeIyphl C UCIOIb30BaHUEM reorpaduieckux nHpopma-
IUOHHBIX CUCTEM U UHCTPYMCHTOB aHa/IM3a JaHHBIX.

B [37] craBar 3amady OonTUMaNIBHOTO pacIpeaerne-
HUS TEIUIOBBIX PECYpPCOB IO IMPOCTPAHCTBEHHO-
pacripesiesieHHOUM ceTH. PerieHne 3Toi mpolOiiembl ra-
paHTHpYeT A(P(PEKTUBHOE WCIOIH30BAHNE TEILIOBBIX
peECYypcOB U CHOCOOCTBYET CO3[aHUIO YTIIEPOIHO-
HEUTPaJIbHBIX YHEPreTUUECKUX CUCTEM.

3ajayM cTaThbU

CypoBbie KnuMathdeckue ycious Poccum 00y-
CJIOBIIMBAIOT BBICOKYIO COLMAJIBHYI0 M JKOHOMHYE-
CKyI0 3HAaUMMOCThb TEMJIOCHAOKEHHUS MOTpeOuTemei.
B cootBeTcTBHM € 3THM KaueCTBEHHBI MOHUTOPWUHT
COCTOSIHMST M TUUIAHWPOBAaHUE PAa3BHTHS TEIUIOCHAOXe-
HUS CTpaHbl U €€ PCTUOHOB SBJISAIOTCA CTPATCTUICCKUM
BEKTOPOM HAyYHBIX HCCIICJIOBAaHUI W TIpoliecca BhIpa-
OOTKM W TPUHSTHS PELICHHUI MO OpraHu3anuu 3Pdex-
TUBHOT'O SHEprocHaOxeHust morpedureneii [38].

PaspaGoTaHHble npej0KeHHs

CucreMbl MOHHTOPHHTA MMEIOT pelIaroliee 3Hade-
HUE JUIA BBIIBICHHS TpoOieM ¢ 3HEprodpQeKTHBHO-
CTBIO 37aHui. [ MOHHMTOpHHTA TIoKazaTenel 3ddek-
THBHOCTH OOBEKTOB TEIUIONOTPEOJICHUSI B peabHOM
BpeMeHH ~ Obuia  paspaboraHa  MH(OPMAIMOHHO-
AQHATNTHYECKasl CHCTEMa, OCHOBAaHHAS Ha OOJAYHBIX
TEXHOJIOTUAX C JOCTYyIoM dYepe3 BeO-unrtepdeiic. Cu-
cTeMa MOHHTOPHHTA ITOCTPOCHA C HCIIOIB30BAHUEM ap-
XHUTCKTYPBI «MOACTb—TIPEICTABICHHE—KOHTPOIIIEPY», ITO
MO3BOJISIET UCIIOIB30BATh PA3INYHbIC HCTOYHUKH JTAHHBIX
TIPY aHaJIM3e MoKazaTeneil SHeprodHHeKTHBHOCTH.

Jns mpuMmepa pacCMOTPUM JTaHHBIE HE3aBUCHMOU
3aKpBITON CHCTEMBI TETUIONIOTPEOICHHS 3JaHuS 32 TOJI.
I'padpuk cytouynoro TemnoBoro morpedneHus Q pac-
CMaTpHUBaeMOIl CHCTEMBI 3TaHUsI COBMECTHO C CpEIHe-
CyTOYHOW TEeMIlepaTypoll Hapy’>KHOro BoO3Ayxa THB
IIpeJCTaBIIEH Ha puc. 1.

Jlyist BEIOpaHHOW CHUCTEMBI TETUIONOTPEOJICHHS TIPE]I-
CTaBUM aHAIM3 TEMIIepaTypHOro pexxumma. Ha pue. 2
MIPUBE/ICHBI CPEAHECYTOUYHBIE TEMIIEPATYPhI TOAAIOIIE-
ro Tl wu oOparHoro T2 TpyOONpPOBOIOB CE30HHON
Harpy3ku (OTOIUICHHS M BEHTIJIAIHNH), a TAK)KE TEMIIe-
paTtypa oOpaTHOro TpyOOIpoBOJa B COOTBETCTBUH C
3aJlaHHBIM TpadukoM Temreparyp — T2 mo rpaduky.

B cooTrBeTcTBUE C TIpaBMJIAMH TEXHHUYECKOW IJKC-
IUTyaTalluy TEIUIOBBIX SHEPrOyCTAHOBOK CpETHECYTOU-
Hasl TeMIlepaTypa oOpaTHON CeTeBOil BOJBI HE TOJDKHA
NpPEBBIIATh 33JaHHYI0 TEMIICPATYPHBIM TpapuKOM
Temrneparypy Ooiee ueMm Ha 5 %. Ha puc. 3 npexacras-
JIeH rpaduK MPEBBIIICHUS TEMIIEPATypP TEIUIOHOCHUTEIS
o0paTHOTO TPYOOIPOBOAA 3aJaHHOW CHUCTEMBI, U3 KO-
TOPOTO BUIHO, YTO 33 BBHIOPAHHBIN MEpUOJ HaOII0Ia-
JIOCh HApYIICHNUE TEMIIEPATypHOTO PEKUMA.
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Puc. 1. T'paguk mens08020 nompeb.ieHusi paccmMampusaeMoli cucmembl 30aHUs.
Fig. 1.  Graph of heat consumption of the building system under consideration
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Puc. 2. T'pagux memnepamyp paccmampusaemotl cucmemvl 30aHus1
Fig. 2. Temperature graph of the building system under consideration
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Puc. 3. T'paguk npesbluieHus memnepamyp menjioHocumes obpamHo2o mpybonposoda paccmampugaemoti cucmembl 30aHUs
Fig. 3.  Graph of excess temperatures of the coolant in the return pipeline of the building system under consideration

Ha puc. 4 npencraenen rpaduk pacxosia TEIIOHO-
cutens B mojaroried V1 u oOparHoi V2 JIMHUM CH-
CTEMbI OTOIUJICHUSI M BEHTHIIALWU 31aHus. U3 rpaduka
BUIHO, YTO pa3HHUIA MEXIY PacXoiOoM B MOJAIOIIEM U

oOpatHOM TpyOONMPOBOAAaX HE MPEBBIIIACT JOMYCTH-
MYIO, TIPH y4€Te OTCYTCTBHUS TEILIONMOTPEOICHUS B CH-
CTeME OTOIUICHHS M BEHTHJISILIUY B JICTHUN TIEPHOI.
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Fig. 4.

YcpenHeHHYIO yCNbHYIO XapaKTEPUCTHKY pacxoaa
TEIUIOBOM PHEPTUH HA OTOIUICHHWE M BEHTIUIAIHIO 37a-
HUS A7 AEUCTBYIOIEr0 OOBEKTa MOXKHO OHPEAEIUTh
Ha OCHOBAHUM MOKa3aHUH mIpuOOpa yueTa TEIIOBOM
SHEPTUH, YCTAaHOBIECHHOTO Ha 3MaHuU. /[l 3ToTro
HEOOXOJMMO OTHECTH KOJIHYECTBO TEIUIOBOW DHEPTHHU,
MOTY4YEHHOH OOBEKTOM 3a MEepuoJ]| YCPEAHEHHS, K
YCPEIHEHHON pa3HMIE MEXAYy TeMIepaTypoll BHYT-
PEHHETO BO3/yXa 3[MaHUs M TeMIIepaTypoil Hapy KHOTO
BO3/lyXa, a TAKXKe K OTallJIMBaeMOMY 00beMY 3aHUS:

qu. Nk'F
(tow — tuap) V-7  V

q= )
IJie ¢ — yAeTbHas XapaKTEPUCTUKA PacXo/a TETIOBOH
SHEPTUM HA OTOIUIEHHE W BEHTWIALMIO 3IaHWS,
Br/m* K; Qyy, — MHTErpabHBIC MOKA3aTENH TEIIOBOIO
norpebienus Ui mepuona ycpeanenus, Jx; Vo —
OTaIJIMBAEMBbI 00BEM 37aHus, M ; T — NIEPUOJT yCpe-
HEHWs, ceK; F — IUIoIaab OrpakJaronieid HOBEPXHOCTH
snanms, M k — Kod(QUIMEHT Teruonepexaym,
Br/m-K.

OnHaKo ecTh CyIIECTBEHHBIE Pa3HOYTEHUS MO II0-
BOJAY ONpeAeNeHHs] OTAIUIMBaeMOro o0beMa 3aHusl.
BazoBric 3HaueHus YACIBHBIX T'OJOBBIX pacxodo0B OT-

¥aensHas Tennosan IHepran, MKan /K

Graph of coolant consumption of the building system under consideration

HOCSITCS Ha 1 M IUIOIIAH, HE OTHECEHHOH K 00IIeMy
UMyLIeCTBY 31aHusl, koropas Ha 30-50% wmenblue
OTaIUIMBaeMO TuIomaau. B cBs3u ¢ BbIlIECKa3aHHBIM,
a TaKKE€ H3-3a CJIOKHOCTHU IOJYUYCHUSA JOCTOBEPHBIX
JAHHBIX O (PAKTUYECKOM 3HAYCHUH OTAILIHBAEMOTO
o0beMa 3HaHUs, HCKIIOYMM OTAIUTUBAEMBIH 00BEM
3/IaHUs U3 YpaBHEHUS, BBE/S MOHATHE YAEIBHOTO Tell-
JIOTIOTPEONICHHUS

q= qu.
(tBH - tHap) : T.

VYiaenpHas XapaKTEPUCTHKA pacxoia TerIOBOH
SHEPTUM Ha OTOTUICHHE W BEHTHIIAIIMIO 3aHUS TPHHHU-
MaeTcsi BEJIWYMHOW TIOCTOSIHHOW, MPU STOM KJAcc
9HEProcOEPEeIKEHUS JKUIBIX W OOIICCTBEHHBIX 3IaHUI
MIPUCBAWBACTCSI U TMOJATBEPXKAAETCS HE Yalle OJHOTO
pasa B roi. PaccMOoTpuM HM3MEHEHHUE YAETBHOTO TeTl-
JIOTIOTPEOTICHHS PacCMaTPUBAEMON CHCTEMBI, KOTOPOE
KaueCTBEHHO OIpECIsieT YACIbHYI XapaKTePUCTUKY
pacxojia TEMJIOBOW SHEPrUU HA OTOIUVIEHHE U BEHTHIIS-
U0 37[aHUS TIPU HEM3MEHHOM OTaIlIMBaeMOM 00beMe
3nanus. ['paduk yJIenbHOro TEIonoTpedieHus q pac-
CMaTpUBAEMON CHCTEMBI IIPECTaBIICH Ha PUC. 5.

Puc. 5. T'pagukydenvHozo mensonompebaeHus: paccmampueaemoll cucmembl 30aHUs

Fig. 5.

Graph of specific heat consumption of the building system under consideration
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W3 rpaduka MOKHO 3aMETUTh, YTO yJENbHOE TeM-
JOTOTpeOIeHHe pacCMaTPUBAEMOM CHCTEMBI 3JIaHUs
HETNOCTOSIHHO. boublivie KoyeOaHus 3HAYCHUH YIIeNb-
HOT'0 TEIUIOMOTPEOICHU 3aHHSI TOBOPAT O TIpodIIeMax
B HACTPOWKE CUCTEMbI YIPABICHHS TEIJIONOTPeOICHH-
€M JIaHHOTI'O 3J]aHMs, YTO HEraTMBHO BIUSET Ha €ro
oburyto sHeproapdexTuBHOCTh. Ha puc. 6 mpezacras-
JneH rpaduK OTHOCHUTEIBHOTO YACIBHOTO TEIJIOMNo-
TpeONleHHsT ( paccMaTpUBAEMOH CHCTEMBI 3IaHHS.
JaHHbIH rpadMK MOCTPOSH OTHOCUTEIBHO HEKOTOPOTO
CpE/HET0 3HAYEHHs MOKa3aTessl yAEIbHOTO TEIUIOINo-
TpeOJICHNs, KOTOPBIA MOXET B ITOJIHOM Mepe YIOBJIe-
TBOPUTH MoTpeduTeNeii B TeIUIoBoi sHeprun. 13 rpa-
(rKa BUJHO, YTO BEJIMYMHA OTHOCUTEIHHOTO yIEIhHO-
r0 TEIUIONOTPEONICHUSI paccMaTpUBAEMON CHCTEMBI
3/1aHUs B HEKOTOPBIX CIIydasx U3MeHsAeTcs Ooiee ueM B
[IOJITOpa pasa.

Koneuno, ne ans Bcex 3MaHUI XapaKTEpHO TaKoe
MOBeJIeHUEe JaHHOTO TOKa3aTels, HO, K COXKaJICHHUIO,
OOJIBIITMHCTBO 3;131{1/1171 HEC MOXECT IIOXBacTaTb IJ0CTa-
TOYHOW HACTPOMKOM CHCTEMBI yHpPaBIEHHUS TETIONO-
TpeOlieHreM I 00eCIieUeHHs TapaMeTpOB, COOTBET-
CTBYIOIIMX ONTHUMAIbHOMY HOTPEOJICHUIO, MPH KOTO-
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100 Hopmansxas pabora

YaenbHan Tennogan IHEPrua, ¥

Hizkoe noTpebnexue

pOM mocTuraeTcs BbICOKas 3HEprod(pQexkTHBHOCTL U
koMdopT Takux cucteM. Ha puc. 7 mpuBeneH rpadux
OTHOCHTEIIBHOTO YJEIBHOTO TEINIONOTPeOJICHNS  CH-
CTEMBl QJIBTEPHATUBHOTO 3JaHMUS C IOXOXKEH KOH-
CTPYKIHMEl M OTaluBaeMbIM 00beMOM 3maHusA. M3
rpaduka BUAHO, YTO JaHHAs CHCTEMa MMEET ropasio
MCHBIIEEC 3HAYCHHE KOJICOAHWH OTHOCHTEIHLHOTO
YIETBHOTO TEIUIONOTPEOIeHHs, YTO CBHAETEIbCTBYET
0 JIy4Illed, 110 CPaBHEHHIO C paccMaTpUBaeMOH CHCTe-
MO, HaCTpONKE yIpaBiICHUs.

Pa3paboranHas cucTeMa MOHHTOPMHTAa W aHAIN3a
napamMeTpoB MO3BOJISET I KQXK/JJOT0 3/1aHHs NOITy4UTh
BEIMYMHY OTKJIOHEHHUSI TOKAa3aTelsl YAEIbHOTO Tell-
JTOTOTPEONICHNUS 3AaHUA OT HEKOTOPOTO «ONTHMAabHO-
ro» NOTpedJeHHUs, YTO, B CBOIO OUepeib, IOMOraeT npu
HOPUHITUU PELICHUH 1O MOBBIMICHUIO 3((EKTUBHOCTH
9HEprocHa0KeHUs MoTpeOuTeNeit.

CucreMa MOHHMTOPHHTA Taroke BKJIIOYAeT B ceOs
CHCTEMY TPOTHO3HPOBAHMs TEMIONOTPEOICHUS Ha
OCHOBaHUH MCTOPUYECKHX JAHHBIX C UCIIOIb30BAHUEM
cucteM WU, 9T0 MO3BOMIAET YIPOCTUTH TIpOIIecc 0OHa-
PYKEHUsI aHOMaNUH, a TaKkXkXe JEMOHCTpUpYET 3Pdek-
THBHOCTH YHEProcOeperaroinx MepoIpusITH.

Puc. 6.
Fig. 6.
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I'paguk omHocumenvHo20 ydenbHo20 menaonompe6aeHust paccmampueaemou cucmembsl 30aHust
Graph of the relative specific heat consumption of the building system under consideration

Puc. 7.
Fig. 7.

I'paguk omHocumenvHo20 ydenbHo20 menaonompe6aeHuUs CUCmeMbl A/1bMePHAMUEH020 30aHUsl
Graph of relative specific heat consumption of an alternative building system
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Fig. 8. Distribution of heat load of multi-apartment housing stock
l'eoundopmanioHHbIE CHCTEMBI TO3BOJISIOT B

HarJsiIHOM BHJIE Ha KapTorpaduueckod MOIJIOKKe
0TOOpaXXaTh PEXUM TEIUIOBBIX CETEH M TEMaTHIECKH
BU3YaJIU3MPOBATh OT/CJIbHBIE apaMeTpbl (TEIUIOBbIE
Harpy3KH, pacxoJl U CKOPOCTh TEIJIOHOCHUTEJIs, TeMIIe-
paTypHbIi Tpaduk u npyrue). C HCIOIb30BaHUEM T'e0-
HH(POPMAIIMOHHBIX TEXHOJOTHH MOXKHO JAeiaTh 0000-
IICHHBIC BBIBOABI IO TCIJIOBBIM KapTaM, OBepHeﬁHLIe
OTICpally TSI MapKUPOBAHUS 30H TEIUIOCHAOKCHUS,
rpadoBbIe AITOPUTMBI C HHTEPHOSLUCH Ui 0TOOpa-
JKCHHUA pacnupeaeICHUs TCIIOBOM OHCPIruu U CpaBHC-
HUS C pacdeTHbIM 3()()EKTUBHBIM PATUYCOM TEIIO-
CHAaOXKEHHsI, @ TAKIKE BO3MOXKHO aOCTparMpoBaHHE Ye-
pe3 oBepJieliHbIe ONEpaluy HaJ Pa3IUYHbBIMU CETKAaMU
(x TpuMepy, Hall Tekcougamu). Takke OBepiciHbIC
OTICpAIlH ITO3BOJISIOT MOJYYaTh CYMMAapHYIO CTaTH-
CTHKY IO Pa3lIWYHBIM TEPPUTOPHSIM (ILUIOMANb 3a-
CTpPOWKH B TIpeAeiax 30HBI TEIUIOCHAOXKEHUS, Ipe-
NENBHBIC OTMETKH penbeda, aIMUHUCTPATHBHEBIC CIHU-
HHIBI) U TIPOBOJMTH TEXHHYECKUH aHaNU3 dYepe3 I10-
ctpoeHre Oy(hepoB TpeaebHOW OIM30CTH OT KHIIBIX
3JJaHUH, KPOMOK TIPOE3KEeH YacTH U JPYTHX OOBEKTOB.

Bt mpoBeseH CpaBHUTENBHBIN aHamM3 0000IIeH-
HOM TENJIOBOM Harpys3ku XKWJIOW 3acTpOMKM, paccuu-

TaHHOW Ha OCHOBE OTKPBITHIX JAHHBIX M JAHHBIX CH-
CTEMBI KOTOpPBI TIPENICTAaBICH Ha
puc. 8.

3a kapTorpadu4ecKyro OCHOBY ObLIH B3SThI MaTEPH-
aJTbl HEKOMMEPUYECKOTO BeO-KapTOrpapuueckoro mpoek-
ta OpenStreetMap, OoTKya ObUTH BBITPYXKEHBI TOJIUTO-
HBI 3acTpoiiky. Tabau4yHoe mepeceyeHUe C OTKPBITEIMU
JTaHHBIMU MHOTOKBApTUPHOU KWjon 3acTpoiiku doHna
pPa3BUTHUSl TEPPUTOPUI MAET MOJMTOHAIBHBIA CIIOH ¢
TEONPUBSI3KOW W CIEIYIOUIMMU aTpUOYTUBHBIMH JIaH-
HBIMH: TOJI TIOCTPOMKH, OOIIast II0Iab, STAKHOCTh. B
CBOOOJIHOM KpoccriaTGopMeHHOM TeornH(DOpMAINOH-
Hol cpenie QGIS ObUTH BBIMOJIHEHBI PACUYEThl TEIUIOBOM
HArpy3KH KAIBIX MHOTOKBAPTUPHBIX 3MaHUH C 3aIHCHI0
B TaOJIHITY pe3yIIbTaTOB.

B pesynbrare BBIIOJIHEHHOTO T'€OKOAMPOBAHUS
JlaHHBIE OBUIM HAHECEHBI Ha KapTOrpa(uuecKyro OCHO-
By U BBIIOJIHCHO MPOCTPAHCTBEHHOE IEPECCUCHHE CO
CJIOEM TEeKCAarOHHOM CeTKH. BbImonmHeHsbl cieayronme
pacueThl: ylenbHas TEIUIoBas Harpys3ka, IMOKa3aHHas
Ha puc. 9, ynenbHas rojoBasi MOTPeOHOCTH B TEILJIOTE,
yAeTIbHast SHEProdPPEKTUBHOCTH 3/IaHUM, a TaKKe I0-
JYYEHO paclpefeiiCHHe CHCTEM TeIIOCHAOKEHMS,
npejcTaBieHHoe Ha puc. 10.

MOHHTOpPHHTA,
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Puc. 11. Cucmema mMoHUmopuHaa 30aHutl
Fig. 11. Building monitoring system

Puc. 12. CosmeujeHue 0GHHbIX MOHUMOPUH2A C pACYEMHbIMU 0AHHbIMU
Fig. 12. Combination of monitoring data with calculated data
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KapTocxemsbl pacnipesienieHust TeIUIOBOM HArpy3Ku U
TUIOTHOCTH TEIUIOBOW HArPY3KH JEMOHCTPHUPYIOT, YTO
HauOOJbIIast yaeNbHasl TeIUIOBasl Harpy3ka MPUXOIHUT-
Cs Ha HOBbIE JKMJIbIe pallOHBI BBICOTHOTO JOMOCTpOE-
HUSL.

B pesyipraTe comoctaBieHUs NTAaHHBIX O (pakThde-
CKOM YJEIIbHOM M PAacyeTHOM TeJIONnoTpeOIeHun u
pacdeTHOM  OOHApy)XeHO, 4YTO TMOTpeduTeNnn ¢
HaWOOJBIINM OTKJIOHCHHEM OT HOPMAaTHBHOTO TeIl-
JONOTPeOIeHU HE BXOAAT B TEPPUTOPUM MaKCUMab-
HOH IJIOTHOCTH TEIUIOBOM Harpy3KH.

JanpHeimuit ananu3 HeoOXOAMMO BECTH C YUIETOM
TOTIOJIOTMHU TETJIOBBIX CETEH.

CucremMa MOHUTOPHHTA HCIIOJIB3YETCS JJISl 3HAYH-
TEJIbHOI'0 KOJMYECTBA 3JaHUU, A KOTOPHIX PacCuu-
THIBaeTCsA IMOKa3aTelb OTHOCUTENILHOIO YAEJIbHOIo
Terutonotpednenus ¢ BeiBogoM Ha GIS-cucremy B pe-
anbHOM BpemeHu. Ha puc. 11 nmokaszaHo mpencrasiie-
HUE MoKa3aTeNsi OTHOCUTEIBHOIO YAEIbHOIO TeIIONo-
Tpebaenus s 3nanuid r. KpacHospcka. 3eneHbiM OT-
MEUEHbl 3JaHus, IZe II0Ka3aTreilb OTHOCUTEIbHOIO
YACITBHOTO TEIUIONOTPEOICHUST HE TPEBBIMIACT ITOPOT
HU3KOH 3HEpro’pQeKTUBHOCTH, XEATHIM — IJE Tpe-
BBIILIAET HA JAHHBIH MOMEHT.

WuTerpauus cucteM peajbHOro BPEMEHU M I'€OMH-
(hopMalIMOHHBIX CHCTEM MO3BOJSET MOIYYUTh peajib-
HbI KOHTEKCT Ul PELICHUS MaKpOIKOHOMHYECKHX
3aJa4 U co3JjaHus 0oJiee SKOJOTHUYECKH PALlMOHATIBHON

CITUCOK JIMTEPATYPBI

W HajexHoW mHppacTpykTyphl. Iloka3zaHHOe Ha puc.
12 coBMmemIeHNe TaHHBIX MOHUTOPUHTA C PAaCUCTHBIMHU
JIAHHBIMHU TIO3BOJISIET ONEPATHBHO NMPUHUMATh TEXHH-
geckn 000CHOBAaHHBIC M Ha JAHHBIM IEPHOJ BPEeMEHH
BO3MOJ)KHBIC, & TAK)KE IKOHOMHUYECKH IEIIECO00pa3HbIe
pemieHuss Mo aktyanu3anuu CXeMbl TEIIOCHA0KEeHUS
ropona.

3ak/04yeHue

OHeprodh(HeKTUBHOCTH 3JaHHUI OCTAETCS CIOKHOU
U HE JI0 KOHIIa U3yyeHHOU TeMoil. CBA3aHHBIE C 3TUM
BOTIPOCHI TPEOYIOT TOCTOSIHHBIX YCHIJIHUH BO MHOTHX
obnactsax wuccienopanus. Bece kiaccuuuupoBaHHbBIE
MPUYUHBI MOTYT BIIMATH Ha SHEProdPPeKTUBHOCTH
3aHMsI, HO 3a4acTyIO0 CJIOXHO KOJIWYECTBEHHO OIIe-
HUTH HE3aBUCUMOE BIIMSIHHE KaXJ/I0TO BO3/ICUCTBHS U3-
3a B3aMMHOWM KOppENAlUU M BapuaOeIbHOCTH B Kax-
JIOM KOHKPETHOM cliydae. MacmTaOHble KOJTHUECTBEH-
HbIE MHOTONApaMETPUYECKUE aHAIU3bl OCTAIOTCS He-
MHOTOYHUCIICHHBIMU M MMEIOT 3HAYUTENbHbIE OrpaHu-
YeHUs, YTO 3aTPYJHSET BBIHECCHHE OKOHYATEIHHBIX
CYy)XJIeHUH 00 ONTHMAaJbHBIX JHEPreTHUECKHUX IIapa-
MeTpax 3aaHuil. Cpenu cTpaTeruii, HampaBJIEHHBIX Ha
Ty4lliee TTOHUMaHHUE CIIOCOOOB TOBBIIICHUS SHEPTod (-
(heKTHBHOCTH, MOXKHO BBIICIHMTH YTIyOJICHHBIA MOHH-
TOPUHT W aHAJM3 JOCTaTOYHO OOJBIINX BHIOOPOK 371a-
HUH, 4TO MO3BOJIIET CJEIaTh BHIBOJBI JUISI 3HAYMTEIIb-
HOHM 4aCTH COBPEMEHHBIX 3aHUM.
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