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BbISBJIEHUE NMOTEPb TEMJIOHOCMHUTENSA B CUCTEMAX
LLEHTPAJIMSOBAHHOIO TEMNMOCHABXXEHUA

B. FO. I'poxoToB, A. . Muxainos, U. A. CTenaliKkuH

OMCKHI rocyaapCTBEHHbIN TEXHUHYECKMIH YHUBEPCUTET,
Poccus, 644050, r. Omck, np. Mupa, 11

CUCTEeMBbI LLeHTPanM30BAaHHOIO TeMNOCHAGYKEeHUsI BbIMOMNHSIOT BaXKHYIO COLMaNbHO-3HEPreTMYecKylo
pOnb, B KOTOPOH YTEYKM TENNOHOCHTENS, Bbi3BaHHbIE €CTECTBEHHbIM M3HOCOM TENNOBbIX ceTei U 060-
PYAOBaHKS, SIBASIOTCS OCHOBHOM NPpo6GneMoH, Biusiiowei Ha 6e30MnacHOCTb M HA@XHOCTb €€ (PYHKLMO-
HUMpOBaHuMs. B cTaTbe NpefcTaBneHa aKkTyanbHas MHOPMALMA O COCTOSIHMM CUCTEMbI TEMNOCHAGKEH!S,
PacCMOTPEHbl OCHOBHbIE HAMpPAaBJIEHUS] PA3BMTHSI METOAOB NOKANM3aLMM MECT yTeYeK, BO3MOXHOCTb
MX MCNOMb30BaHMS C YYETOM PErMoHanbHbIXx OCOGEHHOCTEH, a TaKKe NPefCTaBNeHbl OMNbITHbIe AaHHble
MX MPMMEHEHMS HA MCTOPMUYECKOM AaPXMBE BbISIBJIEHHbIX paHee npobnem.

KniouyeBble CnoBa: cMCTeMbl TENNOCHAGKEHHS], YTEUYKa TEMNNOHOCHTENS, TENNOBbIe CeTH, MeToAbl OOHa-
PY)KeHus yTeuyeK, ceTM TpybonpoBoAOoB, LM(PPOBM3aLMA TENNOCHAGKeHMS, aHanu3 AaHHbIX NPMO6OpPOB

y4eTa, aBapMHHOCTb TEMIOCETEeMN.

BBepenue

Poccurickasg @Depepaliysi TePPUTOPHUAABHO PACIIO-
AOKEHa B TpeX KAMMATHYeCKMX 30HaX: YMepeHHOH,
APKTUYECKOW, CyOapKTUYECKOM CO CPEAHErOAOBOU
TeMIepaTypor — 95,5 °C, cpepHSs IPOAOAKUTEABHOCTD
OTOIIUTEABHOTO Iepuopa 213 CyTOK, B CB43U C 4YeM
obecrieueHre HAAEKHOCTU TEIIAOCHAOKEHUs SIBASIETCS
IPUOPUTETHOMN 3aAauei.

IMo panuBIM OTueTa Munsuepro Poccum 3a 2022 rop,
O COCTOSTHUM TETAODHEPTeTHUKU U IeHTPaAN30BaHHOTO
TenaocHaOReHust B Poccurickort Mepepariuu 3a MEPUOA,
¢ 2015 o 2022 rop moTepu Ha TENAOBBIX CETSIX BBIPOC-
A Ha 13,1 %, MakKCUMaAbHBIE 3HAUEHUSI AOCTUTAAUCH
B 2021 roay, pocT 1o oTHoIleHuIo K 2015 roay coctaBUA
21,4 % (132,7 mau I'ran). IlpepcTaBAeHHBIE 3HAUEHUA
HEe COOTBETCTBYIOT IIeAe€BLIM ITOKasdaTeasM Kommnekc-
HOro maaHa — 9,4 %, XapakTepHU3YyIOTCS yCTOMYHUBBIM
TIOAOKUTEABHBIM POCTOM.

OAHMM U3 OCHOBHBIX (PaKTOPOB, OIPEAECASIONIUX
BEAUYMHY IOTEPH, ABASIETCS (PU3UYECKUM H3HOC Te-
IIAOBBIX CeTeld. 3HAUUTEABHBI OO0BEeM KOTOPBIX —
20 80,5 % cocTaBAsitOT ceTu AnaMmeTpom Ao 200 MM, nme-
Iole HauOOABIINe YAeAbHEBIe NToTepu. AaHHas Ipymnna
TENAOBBIX CeTel TakykKe UMeeT HauOOABIIYIO IIOBPEK-
AAEeMOCTh, UYTO CBUAETEABCTBYeT O BBICOKOM M3HOCE
KBAPTAABHBIX TEIIAOBBIX ceTell. HanpoTus, IOBpeskAa-
eMOCTh MaruCTPaAbHBIX TEIAOBBIX CeTeM AMaMeTpOM
ooree 600 MM — HauWMeHBINasg, YTO CBUAETEABCTBYET
00 UX YAOBAETBOPUTEABHOM COCTOSIHHU [1].

3HAUUTEABHBIM M3HOC TENAOBBIX CeTel NPUBOAUT
K BO3HUKHOBEHWUIO QABAPUMHBIX CHUTyalldl, OCTAHO-
BaM TelAOCHaOXeHHs. CpepHUN POCT YMUCAA aBapUU
3a nepuop, ¢ 2018 o 2022 rop B cucteMe TenAOCHaOKe-
Husti 10-tTu HauboAee aBapUMHBIX PETMOHOB COCTABUA
287 % [2]. ITo pamaBIM Poccrata 3a 2022 roa ypoBeHBb
U3HOCA TPeTH TEIAOBBIX CeTel IIpeBbIlIaeT KPUTHUe-
ckue oTMeTKU. [Ipu aTOM HepopUHAHCUPOBaHUE MEepPOo-
OpUATUU II0 3aMeHe TENAOBBLIX ceTel AocTuraeT 60—
70 % [1].

3a 2022 rop aBapuiiHbIe CUTyallUU IPUBEAU K IIpe-
KpallleHuIo TenaocHaoxenus 1327 teic. yea. B 2023 ro-

Ay OCTQHOBEI TEIIAOCHAO>KeHus 3auKcupoBaHsl B Ho-
Bocubupcke — 500 paomoB, B Caskrt-IleTepOypre —
642 o6bekTa, [Topoabcke — 40 TwIC. XKUTeAel, Caparto-
Be — 28 ThvIC. XXUTeAel [2].

OCHOBHBIEe TIPHUYUHBI — IOPBIBHI TPYOOIPOBOAOB,
TIOBPESKACHUSI OOOPYAOBAaHUSI M TEMAOBLIX CeTeH, U3-
HOC O0OPYAOBaHUS, AUTEABHOE yCTpaHeHue O0OHapy-
SKEHHBIX Ae(DEKTOB Ha TEIIAOBBIX CEeTSX.

CpepHee BpeMsi AUKBHAAUMU aBapuu B 2021 ropy
cocTtaBAsIAO 9 4. 29 muH., B 2022 ropay — 11 4. 13 MuH.
YBeauueHHe BpeMEHU YCTPAHEHUS HMOBPEKACHUM CO-
craBuro +18,3 % [1].

PerteHve 3apauu CHUKEHUSI aBAapPUUHOCTU HOCHUT
KOMIIAeKCHBIM XapakTep. C IIeAbl0 AOCTH)KEHHd Ile-
AEBBIX ITOKa3aTeAell KOMIAEKCHOTO IAaHa HeOOXOAM-
MO COBMECTHOe IIpuMeHeHue Mep KakK (PHUHAHCOBOTO
XapakTepa: IMapTHEPCTBO C OW3HECOM, AOATOCPOYHAS
TapudHas MOAUTHUKA, TaK W TEXHUYECKOTO: pPa3BUTHE
CUCTEM IPOTHO3WPOBAHUS, COBPEMEHHBIX METOAOB
AUArHOCTUKN M PEMOHTOB, LM(POBU3ALUUA CHUCTEMBI
TeNAOCHaOKeHUsI.

OCTaHOB TEIIAOCHAOKEeHUsI, OCOOEHHO B OTOIU-
TEeABHBIU TIEPUOA, SBASIETCS HauboAee OMacCHBIM TI0-
CAEACTBUEM HEWCIIPaBHOCTENM B paboTe CHUCTEMEL.
C IIeABI0 HepOUyIIeHUsI KPUTHUYECKUX CHUTyallul, Tpe-
OyIOIIMX OIlePAaTUBHBIX M 3HAUUTEABHBIX MaTepHaAb-
HBIX, YeAOBeUeCKUX U (PUHAHCOBEIX pecypcoB, He-
00XOAUMO BHEAPSTH MEeTOALI paHHero oOHapy>KeHUs
HE3HAUNUTEABHBIX, He3aMEeTHBHIX TOBPEKAEHUU TEeIAO-
BBIX CeTel, KOTOpble M3HAYaAbHO IIPUBOASIT K YBEAH-
YEHUIO N0TepPhb TEIIAOBOM JHEPIuH, TEIAOHOCUTEAd, U
B AAAbHEMIeM, IIPU BAUSHUU PsIA@ (PAKTOPOB, MOIYT
MIPUBECTU K aBapHUsIM.

B r. OMcke cucreMa TeNAOCHAOKeHUA (DYyHKIIUO-
HaABHO pasjpereHa MeKAY PasHBIMH IOPUAMYECKUMU
AMIIaMU: TTPOU3BOACTBO TEMAOBOUW SHEPIUM U TPAHC-
IIOPTUPOBKY €€ IO MAaruCTPaAbHBIM TEIIAOBBIM CETAM
ocymectBasieT AO «TT'K-11», AO «Omck PTC», TpaHc-
MIOPT TellAa A0 TOTPeOUTEeAel II0 paclpeAeAUTEeAbHBIM
(kBapTanbHBIM) TeIAOBBIM ceTaM — AO «TenaoBas
KoMIIaHuA». [IpOeKTHBIU TeMIlepaTypHBIN IpaduK 3a-
paH 150/70 °C, opAHAKO B CBsI3W C (PAKTUUYECKUM CHU-



JKeHIeM AQHHBIX IapaMeTpoB A0 116—122 °C, ana
obecrieueHus1 TpeOyeMOro KOAUUECTBA TellAa YBEeAUUeH
00beM LUPKYASIIUU TEIIAOHOCUTEAS B CHUCTEME, IIAO-
LIaAb TeIIAOOOMEHHBIX alnaparos [3].

[TpyHrMas BO BHUMaHUE DaHee IIPEACTaBAEHHYIO
CTQTUCTUKY MUHHEPro O CTEeleHU IIOBPEe’KAaeMOCTH
KBapTaAbHBIX TEIIAOBBIX CETeH, CTPYKTYPHYIO oOpra-
HM3all1IO0 CHCTEMBI TeHAOCHa67KeHI/IH, yBeAH‘IeHHLIﬁ
pacxop TEIAOHOCHUTEAs, OTCYTCTBHe NIPHUOOpPOB ydYéTa
Ha TPaHUIAX pa3perd TENAOBBIX CeTel, IIpeuMyllle-
CTBEHHO IIOA3EMHYIO IIPOKAAAKY TPYOOIIPOBOAOB pas-
BUTHE CHUCTEM NPEAUKTUBHON aHaAUTHUKHU, UCIIOAB30Ba-
HHE CHUCTeM HIU(POBU3AIUU SBASETCS HEOOXOAWMBIM
YCAOBHUEM DPA3BUTHUA U obecIrieueHus HAQAE>XHOCTHU CH-
CTeMBI TeIAOCHAOKeHU .

Pa3BuTne cucrteM omnpepeAeHHs
MOBPEKAEHUI TPyGOIIPOBOAOB

CHCTEMBI U METOABI IIOMCKA IOBPEXAECHUI TPYyOO-
TIPOBOAOB IIIMPOKO IIPEACTaBAEHBI B HAYYHOM COOO0IIe-
CTBe Pa3BUTHIX U pa3BUBAIOIIUXCA cTpaH Mupa: KHP,
CLIA, 'epmanusg, Kanapa, bpasuausg, Utaaus, Aaraus.
Boaee 1000 HayuHBIX cTaTel B 6a3ax AQHHBIX HayYHBIX
U3AQHUM OIyOAMKOBAHO Ha AQHHYIO TeMY C KAIOUEBHI-
MH CAOBaMHU «OOHapy’>KeHHe yTedeK B TPyOOIPOBO-
pax». Haubonee akKTUBHBIM POCT YUCAQ UCCAEAOBAHUU
B 00AAQCTH IIOUCKA MOBPEKAEHUM NMPUXOAUTCS Ha BTO-
poe pecaruretre XXI Beka, 4TO OOYCAOBAEHO Pa3BU-
THEeM TEeXHOAOTUM 0OpabOTKU OOABIINX MacCUBOB AQH-
HBIX, MAIIUHHOTO 0O0yueHHUs. B mepBrIX padoTax, B 60-e
roppl XX BeKa, M3y4arOCh HM3MEHEHUe HAIpSKEeHUU
B CTEHKaX AaMHHApHOTO IIOTOKA, & TaKyKe eTro CpepHewr
CKOPOCTH.

C pa3BuTHEM TeXHOAOTUM pa3pabaThIBaeTCs METOAO-
aorusa LLP (localize, locate, pinpoint). Aokaaruzanusa —
OoIlpeAeAeHMe ydacTKa CeTH, OOHapysKeHHe — BBISIBAe-
HHEe MeCTa YTeUKH, TOYHOEe OIIpeAeAeHHe — yKa3aHue
MecTa papuycoM 20 cM. B panpHelNIIeM MeTOAOAOTUSA
yTOo4yHseTcsl, AoOaBAeHHEM a3kl HAEHTHU(PUKALUU
(Identify) — onpeaenreHUe CyIeCTBOBaAHUS IOBPESKAE-
HUN U PUABTPALIEN AOKHBIX CUTHAAOB.

Hcnoar3syeTcs crenjuarbHOe 000PYAOBaHAE — YyB-
CTBUTEABHBIE CEHCOPHI, TUAPO(OHBI, TeUYeHCKATeAU.
PaspabaTbIBalOTCA METOABI, HCIIOAB3YIOIIHE He3Ha-
YUTeAbHBle HM3MeHeHUs IlapaMeTpoB AAd (buKcanuu
MOBPe>KAEHUM: 3BYK, BHOpaluu, TeMIeparypa, Ipu-
MEHSIIOTCS ~ CIeIlMaAbHble  AO0OaBKU-CUTHAAM3ATOPEI
K TEIIAOHOCHUTEAIO (TPACCHUPYIOLIME rasbl), HCCAEAYIOT-
Csl AQHHBIE DAEKTPOMArHUTHBEIX BOAH, B TPYOOIIPOBOAEI
BBOAAT CIleIlMaAbHBIE BEICOKOUYBCTBUTEABHEBIE SAeMeH-
THI (smart ball).

Hauboaee Ba>KHBIM 3TAllOM IIPU IIOUCKe yTedek sIB-
AdeTCd OIIpeAeAeHHe HaAWdmus IIOBPeKAeHUU. Pa3su-
THe CHCTeM aHaAm3a OOABIIMX OOBEMOB AGHHBIX (Big
Data), BHepApeHUEe TEeXHOAOIMU MALIMHHOIO OOy4YeHUSA
OKa3aAM 3HAUUTEABHOE BAMSHUE Ha BEKTOD Pa3BUTHUS
MAHHOM oOnacTu [4].

ITocTaHoBKa 3apauu

B macrosiiiiee BpeMsi 3HAaUUTEABHOE YHUCAO pPabOT
CBSI3@HO C CO3AAHHEM CAOXKHBIX MaTeMaTUYeCKUX MO-
AeAed U aATOPUTMOB, 0O0pabdaThIBaIOMINX NHGOPMAIIUIO
[5—28]. Co3panHBIe CHUCTEMBI UMUTUPYIOT PabOTy ceTel
TPyOOIIPOBOAOB, 0OPA0ATHIBAIOT 3HAUUTEABHBIM O00OBEM
UCTOPUYECKUX AQHHBIX IIPM aBAPUMHOW U LITATHOM
pabore cucteMbl. OOyueHHass MOAEAb, Ha OCHOBAHUU
u3MepsieMbIX [1apaMeTpPOB, OIIPeAeAsieT MeCTa IIOBPesK-
AEHUM TPyOOIIPOBOAOB C 3aA@HHOM TOUHOCTBIO [4].

[MpepcTaBAeHHBIE aKTyaAbHBIE METOABI OOHapy-
JKeHUsI IIOBPeXAEHHU TpyOOIpOBOAOB, HECMOTPS
Ha 3HAYUTEAbHYIO 3aBA€HHYIO aBTOPAaMU TOUHOCTh, —
ooree 90 %, UMEIOT psiA 3HAUUTEABHBIX OTPaHUYEHUMN:
BBICOKasi CTOMMOCTBL pearusallui HeUPOHHBIX CHUCTEM
U CHCTEeM MAaUIMHHOTO OOyYeHHSs, HCKAIOUUTEAbHAs
TPeOOBaTEeABHOCTb K HPO(eCCUOHAALHLIM KOMIIETEH-
IMAM CIEeIHaANCTOB, HaAMYHMEe apXWBa UCTOPHUYECKHUX
MAHHBIX AL OOy4YeHUs CUCTeMBI, CTPOTHe OIrPaHUYeHUs
K TOIIOAOTHUU CUCTEMBI TPYOOIIPOBOAOB.

Hcxopa 13 H3A0KEHHOro, Tpedyercss pas3paboTKa
cnoco0a BBIIBA€HUSA IIOBPEKAEHUN TPYOOIIPOBOAOB
TEIIAOBBLIX CeTeM B YCAOBUSIX OTpaHWYEHHOro (puHaH-
CUPOBaHUS C UCIOAB30BAaHUEM HUMEIOIUXCSI PeCYypPCOB.

Teopusa

B cootBercTBHM € 3akoHopaTeAbcTBOM POD ycra-
HOBKa NPHUOOPOB y4€Ta KOHEUHBIMU IIOTPEeOUTEeAIMU
TENIAOBOM JHEPTUM SBAJIETCI B paMKaxX TpeOOBaHUU
Cratbu 13 depeparbHOTO 3aKOHA 00 3HEprocbeperke-
HUU 00s13aTeAbHBIM MeponpustueM. CoraacHo [ocy-
DAPCTBEHHOMY AOKAAAYy [9], ypoBeHBL OCHaIeHHOCTHU
npubopaMu yuéTa TellAa COCTaBAsdeT 66,2 %.

KoHrIlemnuyelr TeXHOAOTMYECKOTO pas3Butusi PO
20 2030 ropa IpepAyCMOTPeHO BHeApPeHUe CUCTeM Iud-
pOBHU3AIIUY, B TOM YHCA€ B O0AACTU KUAUITHO-KOMMY-
HaABHOTO Xo3siicTBa. COBpeMeHHBIEe CPEeACTBa HU3Me-
PEeHHUs y3A0B y4é€Ta TENAOBOM 3HEPruu OOOPYAYIOTCSA
CHUCTeMaMM AHWCIIeTUYepU3allUH, I[O3BOASIONIUMHU OCY-
IIeCTBASITh AUCTAHITMOHHBIN cOOp CBEAeHUU O Iapame-
Tpax M PacxXxoAax TEMAOHOCUTEAs] B CHCTeMax TeIlAo-
CHaOXeHus.

Taxum 0Opa3oM, yUUTHIBass 3HAUUTEABHBIN YPOBEHb
ONIpUOOPEHHOCTH KOHEYHHIX IIOTpeOuTeAel, Haanuue
CHCTeM AUCIeTYepU3allui, aHaAM3 H3MeHeHHUM IIOKa-
3aTenell CPEACTB M3MepeHHUs Y3A0B y4éTa A 0OHapy-
SKeHUsI IOBPEKACHUM TPYOOIIPOBOAOB TEIIAOBBIX ceTel
SIBASIETCSI OIITUMAABHBIM pellleHueM AAHHOW 3aAauu.

MeToaMKa OIIpepAeAeHUsT TOBPEKACHUN Ha OCHOBE
aHaAM3a MOKAa3aHUM y3AOB yuéTa KOHEUYHBIX NOTpebu-
TeAel TEeIIAOBOU 3HepTuu IpeAcTaBAeHa B padore [10].
[To pe3yAbTaTaM HCCAEAOBAHUM pacUeTHBIX 3aBUCHU-
MOCTeM UM aHaAu3a pe’kuMa paboThl TENAOBBIX CeTed
OoIlpepAeAeHEBl 6e3pa3MepHBIe IapaMeTpPhL:

-2 _ t11 _t12
O A
T — tH
yuyacTka TpyGOIpoBOAa, Tae il — TemmepaTypa Te-
TIAOHOCHUTEASI B IIOAQIOIEM TPyOOIPOBOAE B y3Aax 1
u 2, °C; t — dakTuyeckas TeMnepaTypa Hapy>KHOTIO
BO3Ayxa, °C;

pacxopHasi XapaKTepHCTHUKa

max

0
kF,, = 7@ -
2 n
3AQHHSA, KOTOpas OINpeAeAsieTcs KaK CyMMa IIpOu3Be-
AeHUM KO3(PMUIMEHTOB TeNAOIepeAadr OTAEAbHBIX
OTrpaskAAIOIINX KOHCTPYKIMN 3panus KF, =) kF,
TAE Q) — MaKCHUMaAbHasi OTONUTEAbHAasi Harpyska,
Ikanr/4, Gt — pacyeTHBIE TeMIEPaTyphl TEIAOHO-
CUTeAsl B IIPIMOM U 00OpaTHOM TpyoOompooae, °C, Ko-
TOpBIe B YCTAHOBUBIINXCS pe’KMMaXxX IITaTHOM pabOTE
CHUCTeMBI TeIIAOCHAOKeHUsI OCTAIOTCSI TOCTOSTHHBIMU.
bes3pa3MepHEBIN apameTp kFag XapaKTepusyeT Te-
NAO(PU3NIECKHE CBOMCTBA OOBEKTA, €r0 KOHCTPYKTHB-
HbIe JIAEMEHTHI, Byq — Pe>XuM PabOTHI TEIIAOBBIX CETEN.
BaugnHue napamerpa szg Ha PacxXoAHYIO XapaKTepu-
CTUKY y4acTKa TpyOOIIpOBOAA IOAPOOHO PacCMOTPEHO
B pa6ote [10].

TeIIANOBAad XapaKTepUuCTUuKa
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Puc. 1. Cxema y4yacTKa TE€IAOBOM CeTH
Fig. 1. Scheme of the heat network section
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Puc. 2. I3MeHeHHne PacXOAHON XapaKTePUCTHUKU ydacTKa
TeNAOBOM ceTH 00beKTOB 1 u 2
Fig. 2. Changes of flow characteristics of the heat network

section of the 1 and 2 objects
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B cayuae BO3HUKHOBEHUS IIOBPEXKAEHUM, Ilepe-
XOAHBIX IIPOLIECCOB, M3MEHEHUA (PU3NYECKUX XapaK-
TEPUCTUK TPYOOIPOBOAOB U IOTpPeOUTEAEN, AAHHBIE
rnapaMeTpbl MOT'YT BapbUpPOBATHCH, IPU 3TOM, IIO pe-
3yAbTaTaM aHaAM3a, UX HU3MeHeHHe MOJKeT OCYIecT-
BAATBCSI HE3aBUCUMO APYT OT ApyTa.

[MTpeacTaBAeHHBIE Ge3pa3MepHbIe ITapaMeTPhl ITPeA-
AOJKEHO HCIIOAB30BaTh HA CIIEIIUAABHO BBIOPAHHBIX
Y4YacTKaX, PACIOAOKEHHBIX MeXXAY Y3AaMHU y4éTa KO-
HEYHBIX ITOTpeOuTeAel.

[TpeproskeHHBINM B paboTe IIpUMep 3KCIIEpUMEH-
TAaABHOTO TIOATBEPIKAEHUS CBUAETEALCTBYET O BO3MOJXK-
HOCTM TIPUMEHEHUS AQHHOU METOAWUKH AAST AOKaAU-
3allUU MECT IIOBPEXKAEHUsS TPYOOIPOBOAOB TEIIAOBOU
CeTH.

OO0cy>KkAeHHne pe3yAbTaToB

PaccMoTpenHas BBIIIe METOAMKA OIPEAEACHUs II0-
BPEKAEHUY B TEIIAOBBIX CETSIX TEIIAOCHAOKeHUs Ha OC-
HOBAHUU I[IOKA3aHUU NIPUOOPOB y4€Ta, B CBA3U C IIPO-
CTOTOM e€ peaAmsaluy, IpUMeHeHa Ha UCTOPUUYECKOM
apxuBe paHee 3a(UKCHUPOBAHHBIX HanubOoOAee KPYIIHBIX
TIOBPE’KAEHUSX TEMAOBLIX ceTel B I. OMcKe.

[ToBpekpeHHe ydacTKa TEINAOBOM CeTH BOAU3U
xuaoro poma Ne 16 mo ya. B. VBaHOoBa (oTMeueHO
Ha puc. 1). [Tpubope! yuéTa yCTAHOBAEHEL Ha O0BEKTaxX
no ya. MapkoBa, A. 1 (o6bekT Ne 1), ya. B. BaHOBa,
A. 18 (o6wekT Ne 2) m ya. MpThinickas HabepeskHasd,
A. 40 (0oO6bekT Ne 3). AHaAM3UpPYyeMBIM HHTepBaA IIO-
Ka3aHUU IpUOOPOB y4éTa — OTOIUTEABHBIA IIEPUOA
2023/24 ropa.
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Puc. 3. I3MeHeHUe PAaCXOAHOH XapaKTePUCTUKHU y4acTKa
TENAOBOM CeTH 00BEKTOB 2 1 3

Fig. 3. Changes of flow characteristics of the heat network
section of the 2 and 3 objects
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Puc. 4. VI3aMeHeHNe pacXOAHOW XapaKTePHCTUKHU ydacTKa
TEMAOBOI ceTh 00beKTOB Boarorpapckas 4/A
u Boarorpapckas 4/B
Fig. 4. Changes of flow characteristics of the heat network
section of the Volgogradskaya 4/A
and Volgogradskaya 4/B objects

C IeAblO OIpepAeAeHUsl NMOBPeXKAeHUs IIpUMeHseT-
Ccsl OTHOCUTEABHOe H3MeHeHUe Oe3pa3MepHBIX Iapa-
MeTPOB, BBIPA’KEHHOE B IIPOLIEHTax. TakuMm 00pasoM,
HUCIIOAB3yeM OTHOCHUTEABHYIO BEAMYHMHY aOCOAIOTHOTO
U3MEeHEeHUs IlapaMerpa B;Z MeXAy i-mu U (i+1)-mu
CYTKaMH, IIPUBEAECHHYIO K CPEAHEMY 3HAUeHHUIO BeAU-
YMH 3TUX IIapaMeTPOB:

(1)

Ha punc. 2 mnpeacTaBAeHa AHarpaMma H3MeHe-
HUSI BEAWUYMHBI KO3 PuiueHTta KMP, OIIPEAEAEHHOI'O
no copmyae (1) o6bekToB 1 u 2. Ha AOIOAHUTEABHOMU
ocHu OTOOpa>keHO M3MeHeHUe TeMIlepaTyphl Hapy>KHO-
TO BO3AyXa.

[To pesyabraTam aHaausa rpaduka (puUc. 2) Ipea-
noroxxuTeAbHO 04.11.2023 ropa BO3HHMK II€pPEXOAHBIN
nporecc. [lokasateas K, =~ HpeBEICHA 60 %. [To ume-
IOUIUMCS aPXUBHBIM AQHHBIM O BBISIBA€HHBIX IIOBPEiK-
ACHUSIX B IepUOop C HOsIOpsi mo aAekabpb 2023 ropa
pUKCUpOBaraCh yTeUKa TEIIAOHOCUTEAS, TIOBPEKACHUE
TpyOonpoBopa. [Ipy IOAOKUTEABHBIX TeMIlepaTypax
IIpuMeHeHHe MeTopa He oOeclleurBaeT pe3yAbTaTa,
B CBSI3U C OTCYTCTBHEM 3aBUCHUMOCTH TeMIlepaTyphl
B T0oAQlollleM TPyOOIPOBOAE OT TeMIepaTyphl HapyiK-
HOTO BO3AyXa (oOeclieueHWe MMWHMMAABHOM TeMIlepa-
TYDBI AASL HYJKA TOPSIUETO BOAOCHAO KEHHUS).



OAHOBpeMeHHO C 3THM, paccMaTpuBas aHAAOIMY-
HBIM pacueT AASL IPYHIBI OOBEKTOB 2 U 3, TAe Hapylile-
HUN B HOBPEXXACHUU TPYOOIIPOBOAOB B 3TOT IIEPUOA HE
3a(pUKCUPOBAHO, OTKAOHEHHE PACXOAHOU XapaKTepH-
CTHUKM y4acTKa B CpepHeM He npesbiaeT 20 % (puc. 3).

B skcrpemyme Ha 07.03.2024 ropa B AO «Omck
PTC» nmoctrynuaa nHgopmanus ob yredyke TEIAOHOCHU-
Teast, akT oT 06.03.2024 ropa Ne MO-121 o mocTymae-
HHUU BOABI B KAMEPY CO CTOPOHEI JKUAOTO AOMa.

[TopOOHBIM aHaAWM3 IIPOBEAEH TakK’Ke B OTHOIIe-
HUU APYTUX TPYII OOBEKTOB, TA€ CAy4Yal HM3MeHeHUs
Oe3pa3MepHBIX NTapaMeTPOB COOTBETCTBOBAAU 3aperu-
CTPUPOBAHHLIM CAYYasIM IIOBPEXXAEHHU TPyOOIPOBO-
AOB (puc. 4).

BbIBOA M 3aKAIOUEHHE

Vcxopsa M3 NMOAYUYEHHBIX AQHHBIX, PAacCMOTpPeHHast
MEeTOAUKA YAOBAETBOPsieT TpeOOBAaHUAM ITOCTaBA€HHOMN
3apaul — OOHapy’>KeHUe IOBPEeKAEHUM B TENAOBBIX
CeTsIX CHUCTEeM TEeNAOCHAOKEeHWS aHAAUTUYECKUM CIIO-
coboM Oe3 TpPUBAEUYEHUST AOIIOAHUTEABHBIX PECYPCOB.

CAepyeT OTMeTUTh, BBIOOpKA OOBEKTOB AAS aHa-
AW3a OCYIEeCTBASAACh UCXOAS U3 y’Ke HMelolllerocs
apxmuBa MOBPEXXAEHUN TPYOOIPOBOAOB CHUCTEM TeIAO-
CHaO>KeHus.

AASL TIOAHOM OLIEHKHU AOCTOBEPHOCTH IIOAYYEHHBIX
PEe3yAbTAaTOB HCCAEAOBAHUS HEOOXOAMMO IIPOBECTU
BepU(UKAUI0O MEeTOAUKU Ha OOABIIeM O0beMe e’Ke-
AHEBHO TIIOCTyHaroled HHMOPMAIUU O IOKa3aHMUAX
npubOpPOB yueTa M, B CAydae BLIIBA€HUS aHOMaAUY,
KOHTPOABHOTO BBIE3AA Ha OOBEKT AAS TTOATBEPIKAECHUS
HaAWUYMSA IOBPEXAEHUN TPyOOIIPOBOAOB C HCIIOAB30Ba-
HUEM CIIeIMaAbHOIO OOOpPYAOBAHHS — TeueHCcKaTeAsd,
IIPOBEPKHU OAMIKAUIINX TEIIAOBBIX KaMep.

C 1eAbIO aBTOMATHU3alluU IIPOIeCCOB, B HACTOSAIIee
BpemMsi B AO «Omck PTC» ocyuiecTBASeTCSI TTOAKATIO-
YeHre MPpUOOPOB Y4YETa, YCTAHOBACHHEIX y aOOHEHTOB,
K eAMHON cUcTeMe AuclieTdepusaruu Ha 0aze AVNC
«DAMUCY», CO3AAHME TPYNI CBA3AHHBIX OOBEKTOB, Ha-
AAAKA pPacyeTHOM MOAEAH, OCYIIeCTBASIOUIEN eXke-
AHEBHBIV aHAAU3 [IapaMeTpPOB M HAIIPABASIOLIEN peKo-
MEHAQIIWU CIEIUAaANCTaM TI0 MPEeAIoAaTaeMbIM MeCcTaM
TOBPEXKAECHUN.

OpraHu3zaiusi CHUCTEMBI AOKAAU3allMUd MecT IIO-
BPEKAEHHUM IO IIPEANOKEeHHON MeTopauKe B T. OMCKe
B HACTosilllee BpeMsl MMeeT psp OrpaHuYeHul, CB-
3@HHBIX C HM3KHM YyPOBHEM OCHAIeHUS KOHEYHBIX
norpedburenrer npubopaMu y4éTa TEeIIAOBOM 3HEPIuy,
CAOJKHOM CHCTEMOM OpraHM3alluu CeTH TPyOOIIpOBO-
AOB pPapuaAbHO-KOABIIEBasi cxXema C IepeToKaMu
1 OOBOAHBIMU AUHUSIMU.

Tak>ke HeOOXOAUMO OTMETUTH CYIIEeCTBYIOUIYIO
HEBO3MOXHOCTb WCIIOAB30BaHUS AAHHOW METOAWKU
B ME>XOTOIIUTEABHBIN, IIEPEXOAHBIN OCEHHEe-BECEHHUU
nepuop, HEOOXOAUMOCTh ITOADOpPa AAST KaXAOM Maphbl
00BEKTOB MHAUBUAYAABHOTO ITIOPOTOBOTO 3HAUEHUSA W3-
MeHeHust apamerpa K, .
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DETECTION OF HEAT CARRIER LOSSES IN CENTRALIZED
HEATING SYSTEMS

V. Yu Grokhotov, A. G. Mikhailov, I. A. Stepashkin

Omsk State Technical University,
Russia, Omsk, Mira Ave., 11, 644050

Centralized heating systems are widely used for providing heat to residential, commercial, and industrial
buildings. However, one of the significant challenges in these systems is the loss of heat carrier (usually
water or steam), which can lead to inefficiencies, increased operational costs, and environmental
impacts. Detecting and addressing these losses is crucial for maintaining the efficiency and reliability of

the heating system.

Keywords: heat supply systems, heat carrier leakage, heating networks, leak detection methods, pipeline
networks, digitalization of heat supply, metering device data analysis, heating network failure rate.
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