COCTaBOB CIUIABOB, CBOMCTBAa KOHEYHBIX MArHUTOB pa3iudHbl. Kak BUAHO W3 TaOIHIIBI
2, MarHUTHBIC CBOMCTBA pas3inyaroTcs. MarHuTel U3 ciiaBoB A, b, B uMmeror oauHa-
KOBBIE XOpOIIIME CBOMCTBA NPU BBICOKUX 3HaueHusx jH¢ 6onee 17 k3, Torna kak mar-
HUT U3 CIIaBa I IMeeT HU3KYIO KOIPIIUTUBHYIO CHITY.
Ta0muma 2
Pe3ynpTaThl H3MepeHU MAarHUTHBIX CBOMCTB CILJIAaBOB

Ha3zga- Temneparypa MarauTHble CBOMCTBA
HUE paznuBkH, °C B, k['c pHe, kD iHe, X3 | (BH)max, MI'cD
CILJIaBa
CmaB A | 1520 10,9 10,1 18 21,7
CmnaB b | 1490 11,1 10,2 17,5 28,4
CmnaB B | 1460 11,1 10,2 18 28,5
CmmaB I' | 1430 11,1 6,0 6,7 26,8

B pesynbpTaTe mpoBeACHHBIX UCCIICIOBAHUNA MOYKHO C/IENIaTh BBIBO, YTO IS TIO-
JTy4eHUs CTaOMIBLHBIX CBOMCTB KOHEUHBIX MAarHUTOB, CIICYET MPOU3BOIUTH PA3TUBKY
criaBa B auana3oHe temrepatyp 1460-1520 °C u cTpeMuThes K MOAASpKaHUIO CTa-
owrpHOM TemmiepaTypsl 1460 °C.
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IHEpUIo. Onpedeﬂenue qbakmultecmtx menjoeblx nomepsb npu yCio6UAX 3amonjleHusl A6J1Iencil 6aiic-
HOU npakmuyeckou 3adadel. Tpancnopmuvle nomepu menia 8bi3bl8AOM NAOEHUe MmeMnepamypbl
menjionocumeii, 6ciieocmaeue dmo2o yaeﬂbele menjiosvle nomepu no OnuHe mpy60np0600a USMEHS-
tomes. B oannon paéome, HA OCHOB€E SKCNEPUMEHMATIbHBIX, HAYYHbLIX SKCNIYyamayuOHHblX OAHHbIX
npueodumcg cpasHumenlbHasl OUEHKa HOPpMAamueHbvlx menjio8blx nomeps u d)aKmulleCKuX nomepsv Ha
NOOMONJIAEMBIX YUACMKAX MPYOONP0o60008 ¢ MuHepanoeammuol usonayuei. Ilonyuennvle pesynb-
mamsl noKasvlearom, 4mo qbakmuqecmte menjioesble nomepu HaAMHO20 npesbluLaAom HOpMamuernbsle,
ymo eedem K 3HAYUMENbHbIM npAMbIM y6blm7<aM menzzocna6ofcai0u;ux opeanus’auuﬁ.

KiaroueBble cJioBa: s3amonjienue; menjioevle nomepu, menﬂonpoeodHocmb; U30JIAYUA.

Abstract

Transport heat losses are one of the main indicators of energy efficiency of operation of heat
networks and are included in tariffs for thermal energy. Determination of actual heat losses under
flood conditions is an important practical task. Transport losses of heat cause a drop in the temper-
ature of the coolant, as a result of which the specific heat losses along the length of the pipeline
change. In this paper, based on experimental, scientific and operational data is an assessment of
thermal losses on flooded pipeline sections with mineral wool insulation. The obtained results show
that the actual heat losses far exceed the normative ones, which leads to significant direct losses of
heat supply organizations.

Key words: flooding; heat losses; heat conductivity; isolation.

Poccust — 3T0 cTtpaHa ¢ HauOoJsbLIeH MPOTSHKEHHOCTBbIO CETH TPYyOONpPOBOJIOB
OTOIUICHHUS U ropsyero BojgocHaOxeHus. CyMMapHas MPOTSXKEHHOCTh TEIUIOBBIX Ce-
Tell B ABYXTpyOHOM ucuncieHun coctarisger okono 183 300 kM, cpemnuit mpoIeHT
n3Hoca Tertoceteit oneanBaetcsa B 60—70 %. [1o sxcniepTHO# onieHke, 15 % TernaoBbIx
ceTell TpeOyroT Oe30TyIaraTelbHOM 3aMeHbl. [ mpuBeaeHus: CUCTEMBbI TPaHCIOPTa
TETUIOHOCUTENISI B HAIC)KHOE COCTOSIHUE HEOOXOAMMO KamUTaIbHO OTPEMOHTHPOBATH
wiH ocTpouTh 3aHOBO 130 ThIC. KM TemoTpacc B IByXTpyOHOM ucuncienun. [lorepu
B TEIUIOBBIX ceTsx nocturarT 30 %.

Cy1iecTByeT MHOKECTBO CITOCOOOB OIPEACIICHUS YASTbHON U TTOJTHOM BEIMYUHBI
TEIUIOBBIX MOTEPh OT TEIIOHOCHUTENS K OKpPY)KarolleW cpeie, Mpu ero TpaHCHOpTH-
POBKE OT MCTOYHHKA TEIUIOBOM 3HEpruu K e€ morpedurento. YeM MeHbIIEe BeIHMUMHA
JAHHBIX TIOTEPb, TeM d(PdeKTUBHEN paboTaeT TpaHCIOPTHAS CUCTEMa, a 3HAYUT, TO0-
TpeOyeTCsl C’KeUb MEHBIIIEE KOJIMYECTBO TOIUIMBA, YTOOBI 00eCTIeunTh CHAOKEHUE T10-
TpeOuTENsT HEOOXOAUMBIM KOJMYECTBOM TEIUIOBOM sHepruu. Exeroano m3-3a Heco-
BEPIIIEHCTBA TETIJIOU3OJISIIMOHHBIX KOHCTPYKIMI (OTCYTCTBHSI LIEJIOCTHOCTH TIOKPHI-
TUSl, 3aTOTUICHHUSI KaHAJIOB U HAMOKAHUS M30JISAIIMN) TPYOOIPOBOAOB TEPSETCS 3HAUM-
TEJIBHOE KOJIMYECTBO TETUIOBOM SHEPTHH, CIIEOBATEIBHO, U JICHEKHBIX CPEICTB.

OCHOBHBIM OMPEEISAIONINM MOKa3aTeJIeM KaueCTBAa COBPEMEHHBIX TETUIOM30JIS-
[IMOHHBIX MaTEPUAJIOB SBJISETCS WX HU3KAs TETJIONMPOBOIHOCTD. TeImIonpoBOIHOCTD —
ATO CMIOCOOHOCTH MaTepHaa MPOIyCKaTh TEIJIOTY CKBO3b CBOIO TOJIITY, XapaKTepU3y-
fo1masicst K03QGUIMEHTOM TEIUIONPOBOTHOCTH A, Bm [ (m-K) .

B pa6ore [1] Oblu ipeacTaBieHbI SKCIIEPUMEHTAIbHBIC 3HAUCHHUS Y ICTbHbIX JIH-
HEWHBIX TEIJIOBBIX MOTEPh TEIUIOMPOBOAOB B YCIOBUSX 3aTOTUICHHS U PACCUNTAHBI
3HAYEHUs] SKBUBAJICHTHOTO Ko3(uIMeHTa TemmonpoBogHOCTU A,Bm/(m-K), mipu

IIOJTHOM HaMOKAHHUM TEIIJIOBOM M30JISILIUH. HpI/I IMIOJIHOM HaMOKaHHUH TCIIJION30JIAIIMOH-
HOTO CJIOS YACJIbHBIC TCIJIOBBIC ITOTCPH BO3PACTAIOT 110 OTHOICHHWIO K HOPMATHBHBIM
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3Ha4YeHusIM B ~10+20 pa3, corsacHo pacuetam. Hanpumep, npu temreparype noBepx-
HOCTH CTaJIbHO# TPYOHI t,, =65°C U UCIIOIB30BAHIH MHUHEPAIOBATHON U30JISIINH (aK-

TUYECKHE 3HAYCHUS yACIbHBIX JIMHCWHBIX TETUIOBBIX MOTEPh Bo3pacTaroT ¢ 15 Bt/m B
cyxoMm cocrosinuu A0 300 Bt/M npu noiiHoM HaMokaHuu. BennuuHa Takux moTeps siB-
JISI€TCSL OJTHUM U3 OCHOBHBIX (haKTOPOB SKOHOMUYHOCTH TEILJIOCHAOKEHUS MOTpeOuTe-
nen. [Ipu nepegave TEMIOBOM SHEPTUU B CETIX UX IPEAEIBHBIN YPOBEHh HOPMUPYETCS
[2]. CBepxHOpMATHBHBIE ke 3HAYCHUS TEIUIOBBIX MOTEPh SBJISIOTCS MPSMBIMU YOBIT-
KaMH TETUTOCHA0KAIOIIMX OpTaHU3aIlHii.

J1J1st TOYHOTO ONpe/EIeHHs TEIUIOBBIX MOTEPh U MacilTada BCeX BEJIMYMH, BhITE-
KaIOIIMX U3 YCIOBUM MPU 3aTOIJICHUU KaHalla ¢ TPyOOIIPOBOIOM, HEOOXOAUMO BECTH
MOCTOSIHHYIO MPOBEPKY YCIOBUN AKCIUTyaTallMu TPYOOIPOBOJIOB U YUET 3aTOIJICHUN
MIPH TJIAHOBOM 00X0/I€ pPEMOHTHBIMH OpHUTajaMu 3aKpeIUIEHHBIX 3a IPEANPUITHEM Ka-
HaJIOB.

Onpenenum (pakTUUECKUE TEMIOBBIE TOTEPU MPU MOCTOSHHOM MOJTOIJICHUH Ka-
HaJjia ¢ yyacTkoM TpyoonpoBojia L=100m . PacueT mpon3BOAUTCS AJisl CPETHETOAOBBIX
3HAUEHUI TEMIIEpaTyphl CETEBOM BOJBI B IOjarolieM Tpybonposoe t, =65°C, B 06-

patHOM t, =50°C MHTErpalbHBIM METOJOM C YYETOM CHIDKEHHS TEMIIEPATYpPHI ceTe-

BOI BO/JIbI, 00YCIIOBJICHHBIM TETUIOBBIMU MTOTEPSMHU.

HopMupyemas BenmndnHa yAETbHBIX TEIUIOBBIX MOTEPH C TOBEPXHOCTH U30JIHPO-
BAaHHOTO TPYOOIMPOBOAA UMEET MECTO OBITH TOJIBKO B TOM Ciy4ae, KOTJa MOphl MaTe-
pHaJia HalOJHEHbI BO3yXOM. B peanbHBIX IKCIITyaTallMOHHBIX YCIOBHIX BO3MOKHO
MPOHUKHOBEHHUE TPYHTOBBIX BOJ K MOBEPXHOCTH M3OJIMPYIOIIETO CIIOSI MJIH BHYTPEH-
HUE MOBPEXKIEHUS CUCTEMBI TPYOOTIPOBOIOB.

Omnpeneaum MacCoBbIi pacxo/1 TEIIOHOCHUTEINS B TpyOomnpoBoe npu d=89 mm
-d? _7r~0,0892

o=

KoadduimenT TemmonpoBoAHOCTH TEIIOM30JSLMOHHOIO MaTepuala, OIrpeje-
JICHHBIN SKCIIEPUMEHTAILHBIM 00pa30oM MIPH CpeIHEH TeMIepaType TerI0oBONH H30JIs-
LM JJIS CIIy4asi ITIOJHOI0 HaMOKaHus — A, =1,253, Bm/ (m- K).

G= -0,492-1000 = 2,275ke/ c . 1)

PaccunThiBaeM yzenbHbBIC TETIIOBBIE TTOTEPU C METPOBOTO y4acTKa TPyOOTIpoBOa
BHEITHUM AuaMmeTpom d, =0,089 M, uepe3 TEnI0n30IALUOHHBIA CII0M C HOPMATUBHOM

TOJIIUHON & =0,084 M ¢ y4ETOM pacyeTHOTO 3HaYeHUs K03 DUITMEHTA TETUIONPOBOI-

HOCTH CJIOSI U3OJISILUH.
t 65-20

_tH
W= _In(dl+7) T T 0.089+2.0,084,
2.7, d’ 2.7.1,253 0,089

[ToTepu TeNnOTH YEPE3 U3OJALMIO TPUBOIAT K YMEHBUIEHUIO TEMIIEPATYPHI TEIT-
JIOHOCUTENS, TTO3TOMY YTOYHSIETCS TeMIieparypa BoIbl mocie npoxoxaeHus 10-tu
METPOBOI0 y4acTKa TpyOOmnpoBoaa.

Jlanee i 3TUX TEMIOEPATYpP CUUTAIOTCS yIEJIbHBIEC IMHEWUHBIE TEIIOBBIE TIOTEPU
JUTSI TIOCTIEAYIOIIMX METPOBBIX Y4acTKOB TpyOompoBoaa. [locie, no manHoMmy 3Haye-
HUIO TETUIOBBIX NOTEPH ONPEIEIAETCS TEMIIEPATypa Ha YETBEPTOM METPE U TakK Jlajee.
Pacuétel nprobpeTaroT mocaeaoBaTeAbHbIN IUKIMYECKUM XapaKTep.

= 344,82, Bt/™m. (2)
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Korna ynenpHble TEIOBbIE NOTEPU PACCUUTAHBI HA KAXIOM METPOBOM Y4YaCTKE
IpsIMOTO ¥ 0OpAaTHOrO TPYyOOIPOBO/Ia, 3HAYEHUSI CYMMUPYIOTCS.

np np np _ NP .

quOM + quO,\z + ql30.\1 to.= qleMM ’ (3)
0bp 0bp 0bp _ NOOp .

qllO.u + quOM + ql3OM t..= q[CnyL'Ll ' (4)
np obp

qlcy.»m + qlcwm - q/cy.w,w ' (5)

CyMMapHbI€ TEIIOBBIC TIOTEPH C IIPSAMOTO M oOpaTHOro TpybompoBoaa, BT, me-
PEBOAATCS B TOJIOBOC 3HAYCHUE TEIUIOBBIX MOTEPh C JAHHOTO y4acTKa TpyOOIpoBo/Ia,
I'kan/rox.

Q.oonom. = (q,cym ‘n,)-n,.-n. /(4187 -10°) =511226,51-3600) - 24- 240/ (4,187 -10°) = 249, 38..

| (6)

rae n, — KOJIMYECTBO CEKYHJ B 9ace,; N, — KOJUYECTBO YacOB B CyTKax; n,, — KOJH-

YECTBO JHEH OTOMMUTEILHOTO ce30Ha [3].
B Tabnuiie npeacTaBieHbl HOPMAaTHBHBIC i CBEPXHOPMATHBHBIC 3HAYCHHS YICITh-
HBIX JIMHEHHBIX TCILIOBBIX IMOTEPh, PACCYMTAHHBIX IS KIUMATHYECKON 30HbI T. Exa-
TepUHOYpra ¢ pacueTHON TeMIIEPATypoll HAPYKHOTO Bo3ayxa t, =-32°C U MOCTOSIH-
HBIM TIOTOIUIEHUEM TEIUIOBBIX CETEl B T€UEHHE OTOMUTEIBHOTO ce30Ha N = 221 cyT.
Tabauma
TemmoBbie MOTEPHU C YIACTKOB TPYOOMPOBO/IA PA3IMYHOIO JHAMETPA
B pe3yJIbTaTe KPYrjIOroAUYHOr0 3aTOIUICHHUS

I'onoBrle TENIIOBLIE
Hapyxubie | CpenneB3Be- MOTEPH C T_py60np0- PA3HHIA TOTOBBIX B 3a-
IUaMeTphl | IICHHAS CKO- Boja (L=100 m)
TOIUIEHHOM COCTOSIHUU U
TpyOONIPOBO- | POCTH TEILIO-

Hopma- | ®aktude- | HOpMATUBHBIX TEIIOBBIX
JIOB HOCUTEIIS

TUBHBIC CKHE noteps, Q, I'kan/ron
MM M/C I'kan/ rox | I'kan/ rog
38 0,192 10,41 95,63 85,22
57 0,538 12,39 184,19 171,8
89 0,492 15,36 249,38 234,02
108 0,539 16,85 286,73 269,88
133 0,764 19,33 343,57 324,24
159 0,608 20,82 370,94 350,12
219 0,699 25,77 473,62 447,85
273 0,641 29,74 563,31 533,57
325 0,922 33,21 647,02 613,81
377 1,083 37,17 741,32 704,15
426 0,779 40,14 809,18 769,04
480 0,703 44 11 904,03 859,92
529 1,235 47,58 989,83 942,25

Tax ke JaHHbIE HOPMATUBHBIX U (PAKTUUYECKHUX MOTEPH MOKa3aHbl B BUIE rpadu-
YEeCKOM THCcorpaMMbl Ha pUCYHKe 1.
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Puc. 1. IIpeBocXoaCTBO (DAaKTHUECKUX TEILIOBBIX MOTEPh HAJl HOPMATHBHBIMU
U1 ygacTka Tpyoomnposoaa L = 100 m
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