Ceopa npaBus No NPOeKTUPOBAHUIO U CTPOUTENLCTBY
CI 41-103-2000
"lMpoeKkTupoBaHue TeNyI0BOM U3onsauum obopynoBaHusa u Tpyéonposonos
(onobpeH noctaHoBneHnem Nocctpos P® ot 16 aBrycta 2000 r. N 81)
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NPOKJIagKe Ha OTKPHITOM BO3OyxXe, B MNOMEUEeHMAX M IoIgbBajiax
30aHUM

MpunoxeHre I'. ToJsmmHa M30J4UMM IBYXTPYOHEIX TEIJIOBBIX CeTelM IIPpU [OO3EMHOM
NPOKJIAOKE B HENPOXONHEIX KaHajlax M OeCKaHaJIbHO

BBeneHune

Hactoswmn CBoa npaBun COOEPXKMT yKa3aHus MO MPOEKTUPOBAHMIO TEMIOBOM W30MAUUN HApPy>XHON
noBepxHOCTM obopynoBaHMs M TpyboNpoBOOOB, BbINOSIHEHWE KOTOPbLIX 0becneunT cobntogeHne obasaTtenbHbIX
TpeboBaHWA K TennosawmTe TEennoBbIX CeTeW, TEXHOMOrM4yeckux TpybonpoBOAOB Mpu CTPOUTENbLCTBE,
KanutanbHOM PEeMOHTE U 3KCnyaTaumm Tenon3oNnsLMOHHON KOHCTPYKLUMM, YCTaHOBMEHHbIX AencTByowmm CHul
2.04.14-88* "Tennoas nsonsums obopygoeaHunsa Tpybonposogos".

PelweHne Bompoca O nNpUMEHEHWW [OaHHOTO [AOKYMeHTa Mpu NPOEKTUPOBaHMU U  CTPOUTENbCTBE
KOHKPETHbIX 34aHUA N COOPYXXEHUN OTHOCMTCH K KOMMETEHUUW MPOEKTHOW WMW CTpOUTEnbHOW opraHusauun. B
criyyae ecnu MpUHATO pelleHne O NPUMEHEHWW HacToSAWero AOKYMEHTa, BCe YCTaHOBIEHHble B HEM npasuna
AaBnsaTca obasaTensHbIMU. YacTudHoe ucnonb3oBaHWe TpeboBaHWW W NpaBwn, MPUBEAEHHBIX B HacCTOSALEM
OOKYMEeHTe, He OoMyCKaeTCs.

B paHHbin  CBOA npaBun  BKAOYEHbl MeToAbl pacyeTa TenmnoBoW wm3onauum  obopydoBaHus,
TEXHOMNOrM4YeckMx TPyboNpoBOAOB M TPyOONPOBOAOB HAA3EMHbLIX U MOA3EMHbIX TEMMOBLIX CETEW, MPUBEOEHbI
Tabnuubl TOMWMHBI  M30NSAUMM, COCTABIIEHHbIE C OpUEHTauMen Ha MNpPUMEHEHUE BbICOKOIPEKTMBHBIX
yTENNUTENEN Ha OCHOBE HOBbIX HOPM MJIOTHOCTU TEMfIOBOrO MOTOKa Yepe3 WU30NMpPOBaHHY MOBEPXHOCTb
obopynoBaHus 1 TpybonpoBoaoB, BBeAEHHbIX NocTaHoBneHnem occtposa Poccum ot 31.12.97 r. N 18-80.

B paspabotke Csoga npaBun npuHumanu ydactue: B.[.[MeTpos-[deHucos (pykoBoauTtens paboThbl),
b.M.WorixeT, J1.B.CtaBpuukas, K0.B.MateeeB (AO "Tennonpoekt"), A.B.Cnagkos (HUWMmoccTpon), B.A.lMyxapes
(Focctpon Poceun), J1.C.Bacuneesa (M1 LHC).

1. O6nacTb NnpuMeHeHUs

Hactoawun Ceog npaBun crnenyet MNPUMEHSITb NMPU MPOEKTUPOBAHUM U MOHTaXe TennoBOn M3onaumm
Hapy>XHON NOBepxHOCTU obopyaoBaHMs u TpybonNpoBO4OB C TEMMNEPATYPON COAEPXaLMXCsa B HUX BellecTB OT 50
Ao 600°C mn pacnonoxeHHbIX B 34aHUSAX, COOPY>XEHWSX M Ha OTKPbITOM BO34yxe, a Takke Tpybonposodos
TENMOBbIX CETEN NPU HAL43EMHOMN NPOKMNaAKe U NOA3EMHOWN, BLINMOMIHEHHOM B KaHanax 1 6eckaHarnbHo.

2. PacuyeT TennoBon U3onsuum NpPOoMbILLNIEHHOro
o6opyaoBaHus, TPybonpoBOAOB U TEMJOBLIX CeTEN

Cm. makxe CI1 41-105-2002 "llpoekmuposaHue U CMpPOUMenbCmMeo mernsoebix cemel b6eckaHarbHOU
npoknadku u3 cmarnbHbix mpyb ¢ UHOycmpuanbHoU menaoeol u3onduuel U3 eHoronuypemaHa 8
nonuamurieHogoul 0bosioyke”, 0006peHHbIU nocmaHosneHuem foccmposi P® om 26 dekabps 2002 e. N 168

2.1. OcHOBHEIE PacueTHEIE 3aBUCHMOCTU JJIA OoripeneJyIieHnd TellJIO3allMTHBIX




CBOMCTB TEIJIOM3OJIAUMOHHEX KOHCTPYKUMUN
.2. PacueT TenJoOBOV M30NLSUMM TPyOONPOBOIOB U OOOPYINOBAHUA
.3. PacueT mMz0oa4AUMM TPYOOIPOBONOB TEIJIOBEHX CeTeM

2
2

2.1. OcHOBHbIe pac4yeTHblie 3aBUCUMOCTU ANA onpeneneHnsa
Tenno3awmuTHbIX CBOMCTB TeNSTION30NALMOHHbIX KOHCprKLIMVI

Ons TennoBoro pacyeTa M30MSUWMM WUCMONb3YIOTCA YPaBHEHUA CTaLMOHApHOW Tennonepeayn yepes
MoCcKMe N KPUBONUHENHBIE NOBEPXHOCTMY.

Tennonepenaya Nocko TENOU3ONALNOHHON KOHCTPYKLUM paccymTbiBaeTcs Mo opmyrnam: cocTosiLiei
13 N CINOEB M30NALMU
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roe g, — MNOBEePXHOCTHasA NNOTHOCTL TENI0BOrO NO-
TOKa Yepes NNOCKYD TENOU3ONALMOHHYIO
KOHCTPYKUMIO, BT/M?%;
t — Temnepatypa Cpefsl BHYTPU U3onupye-
smoro obopyaoeaHus, 'C,
t — Temneparypa okpyxawowein cpeasl, 'C;
— TEPMUHECKOe CONPOTUBNEHWE TENNooT-
aye Ha BHYTPEeHHEeN NOBEePXHOCTU CTeH-
K1 u3onupyemoro obwekra, m2."C/Br;
R — TO X€, Ha HAPYXHOW NOBEPXHOCTYU TEN-
nowaonauum, m2.'C/BT;

9L

R, — TepMuveckoe CONPOTMBNEHUE KOHAYK-
TUBHOMY NEPEHOCY TeNNOTbl CTeHKW
uzonupyemoro obvexra, m2.'C/BT;

R, — TOXe,nocKoro Cnos vaonsum, M- "C/Br,

n
Z Rl — NONHOoe TepMUYeCcKoe conpoTuenedne

=]
KOHAYKTUBHOMY NEepeHocy TennoTsl A-
CNOMHON NAOCKON N30NALUMK;

R — TEePMUHECKOEe CONPOTUBNEHUE (-0 CNOS,
m2.°C/BT;
q, — NWHEeNHas NNOTHOCTL TENI0BOrO NOTO-

Ka Yepes UWIMHAPUYECKYIO TENNON30-
NAUMOHRYIO KOHCTPYKUMIO, BT/M;

&f, — NWHEVHOE TEPMUYECKOE CONpoTUBNe-
HME TEeNNOOTAA4E BHYTPEHHEH CTeHKU
u3onupyemoro obvexra, m-"C/BT;

R,g — TO XE, HAPYXHON U30nauuu, M-"C/BT;

R — NUHEeNHOEe TePMUYEeCKOoe ConpoTuBne-
HUe KOHAYKTUBHOMY NepeHocy Tenno-
Thl WNMHAPUYECKON CTEHKWU U30NUPY-
emoro obwekra, m-"C/BT;

RE — toxe, UMIMHAPUYECKOTO CNOS U30Ns-~

umu, m-"C/Br;
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iwl
TUBNEHUE KOHOYKTMBHOMY NEPEeHoCY
TENNOTH! A-CAOHMHOW UMNNHAPUHECKON
W30NAUMM,

— NUHEWHOE TEPMUYECKOe ConpoTuene-
Hwe /-ro cnos, m-'C/Br.



"®opmynbl 1-4"

B ypaBHeHusax (1)-(4) TepMUYECKME COMPOTUBIIEHNSI TENMOOTAAYE U KOHOAYKTMBHOMY MEPEHOCY TEnnoThl
onpefenaTca no oopmMynam:
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PEHHER NOBEPXHOCTU CTEHKW WU30-
NMPYEeMOro 0B BEKTa U HAPYXHOW No-
BEPXHOCTM n3onaumm, BT /(m2.°C);

oy bk — KO3DUUMEHTLI TENNONPOBOAHOC-
TM COOTBETCTBEHHO marepuana
CTEHKM M30nupyemoro obwvexra
OOHOCNONHON M30ONAUMKM, WU30N5-
UuK i-ro CNos N-CRnomuHON nu3onsa-
umu, B /(m-"C);

8.,0.,8 — TONWWHAE COOTBETCTEEHHO CTEHKM
M30NMPYEMOro 0BbekTa, 0AHOCNOM-
HOW W3ONAUMKM i-r0 CNOR n-CNoW-
HOW M30N9UMN, M;

7 — BHYTPEHHWA W HApyXHbIA Qua-
METPbI CTEHKN U30NUPYEMOTO
obvexTa, M;

3 — HapYXHbit auaMeTp u3onsuum, m;

— HApPyXHbIA WU BHYTPEHHUA ana-

METPbI i-I0 CNOst n1-CNOUHOM N30-
NAUMA, M.
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"®opmynbl 5-7"

PacnpegeneHue TemnepaTtyp B MHOroOCnOMHON U30NALUUN paccunTbiBaeTCcs No hoopmynam:
TemnepaTtypbl Ha BHYTPEHHEW W HapPYXHOW MOBEPXHOCTSIX CTEHKM WU30MnMpyemMoro obbekta MiocKoun
rpmbI:
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Temnepartypa Ha HapyXHOW NOBEPXHOCTU i-CNOS
n-CNOVHOW CTEHKW:
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ANa uMNUHAPUYECKUX MHOMOCAONHBIX U30NAuUn-
OHHbIX KOHCTPYKUUIA CTPyKTypa hopmMyn ans pacuye-
Ta pacnpepenesus Temnepartyp umeeT Bua:
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"®opmynebl 8 - 15"

3HayeHnss MOBEPXHOCTHOW W JNIMHEMHOW MITOTHOCTU TEMSOBbLIX MOTOKOB, BXOAAWMX B dopmynbl (8)-(15),
onpegensatotca no (1)-(3), a TepMmuyeckme conpoTtusneHmns - no (5)-(7).

Mpun npumeHennn opmyn (1), (3) HeobxoaMMo 3HaTb KOIMPUUNEHTLI TENNONPOBOAHOCTU U3OMSALMOHHBLIX
cnoeB. MoCKONMbKY OHM 3aBUCAT OT TemnepaTtypbl, OIDKHbI ObiTb M3BECTHBI CpeQHMEe TEMMNEepaTypbl KXA0ro cros,
ONs onpefeneHnsl KOTopbiXx HeOOXoAMMO 3HaTb TemnepaTypbl Ha rpaHuuax crnoes. Ons ux pacyeta oObl4HO
ncnonb3yeTcs MeTo NOCrnefoBaTeNbHbIX NPUONKEHWIA NYTEM NPOBEAEHNSI HECKOIbKUX PacHeTHBLIX OrnepaLuii.

Ha nepBom aTane, npvHMMasi OAnNg BCEX CMOEB CPefHIon Temnepatypy usonauum obblMHO paBHYHO
nonycymMMe TemnepaTyp BHYTPEHHEW W HapPY>XHOW Cpefbl, HaxXOO4AT Mpu 3TOW TemnepaTtype TennonpoBOAHOCTb
BCEX Tennou3onsuMoHHbIX cnoes. 3atem, no (1), (3) onpegenstoT 3HadveHwus q_F wnm q_L v no (8)-(11) gns
nnockon n no (12)-(15) uMnMHOPUYECKOW CTEHOK paccyMTLIBAKOT TeMnepaTypbl Ha rpaHuuax CrioeB U cpegHue
TemnepaTypbl KaXgoro crosi.

Ha BTOpOM 3Tane no HangeHHbIM Ha NepBOM 3dTane CpefHUM TemnepaTypam CIIOEB BHOBb ONpeaensitoT
TEennonpoBOAHOCTb BCEX CIIOEB, 3aTEM HaxXOOAT MAOTHOCTM MOTOKOB Tenfa U CHOBa pacCUUTbIBAKOT MOCHONHbIE
TeMmnepaTypbl, U Tak ganee Ao Tpebyemom TOYHOCTM pacyeTa. Hanpumep, OO0 Tex nop, Noka MOCMOWHbIE
Temnepatypbl Ha k-m u (k-1)-m ware 6ygyt otnunyatbca He 6Gonee yem Ha 5%. OO6biMHO AnNSa aTOM Lemnu
HeobxoaMMo npoBefeHne He Gornee 3-4 pacyeTHbIX onepauui.

3HaunMTenbHoe MecTO B MPOMbILUNIEHHON MW30MSUMM  3aHMMAOT  TEMNOU3OMSLMOHHbIE  KOHCTPYKLIMM
NoA3EMHbIX COOPY>XEHUIN, OCHOBHOW OCOBEHHOCTLIO KOTOPLIX ABNAETCA KOHTAKT C MAacCUBOM OKPYXXatoLLero rpyHTa,




YTO B 3HAYMTENbHOW CTEMNEHW YCMOXHAET WX TEenroBOM pacyeT MO CPaBHEHWK C  KOHCTPYKUMSMM,
KOHTaKTUPYHOLMMN C aTMOCEPOM.

AHanu3 TemnepaTypHbIX MOMe’W W TEMMOBbIX MOTOKOB B TEMMOM3OMALUVNOHHBIX KOHCTPYKUUAX WU B
rpaHnyaLLmMx ¢ HAMM rPYHTOM MO3BOMMWA 3aKMNOYUTb, YTO HENOCPEACTBEHHO B TEMMOM30MALUN C AOCTaTOYHON Ans
WHXEHEPHBbIX pac4yeTOB TOYHOCTBbI TEMMepaTypHOe Mnofie MOXHO cyuTatb OAHOMEPHbIM. JTO MO3BONUT
onpenenuTtb NX TepMuyeckoe conpoTmaneHme no popmynam (5)-(7).

MNOTHOCTE TENMoBOro MNOTOKa 4Yepe3 TEennou3onsAUMOHHbIE KOHCTPYKLMMK, rpaHuMyallne C rpyHTOM,
onpefensieTca B 9TOM cnydae no dopmynam (1)-(4), B KOTOPbIX TEPMUYECKME COMPOTUBIIEHUS BHELUHEN
Tennootgavye RH M RH(L) 3ameHst0TCA TEPMUYECKMM COMPOTUBIIEHWEM FPYHTa, 3aBUCSLLUM OT KOHGUrypaumm
N30nMpyemMoro o6bekTa, pacnonoXeHns ero B MacCcMBe rpyHTa 1 TensionpoBOgHOCTM NOCNeaHero.

2.2. PacyeT TenyoBon U3onsaumm Tpyo6onpoBogoB U 060pyaoBaHusA

2.2.1. PacueT TeNJIOBOM M3O0JIALMM NO HOPMMPOBAHHOM IIJIOTHOCTM TEIJIOBOTO
I0TOKa

2.2.2. Pacuer wm30JI4LUNU 10 BamaHHOW BeJIMUMHE CHWXEeHUS (rmoBHIIEHMSA)
TeMIepaTyps BelleCTBa, TPaHCIOPTUPYEMOT'O TPpyDOOoIpOoBOIAaMMU

2.2.3. PacueT mM30J4LUMM IO 3aIaHHOM TeMIepaType e€e MNOBEPXHOCTU

2.2.4. PacueT TOJIUIMHEL WM30JALMM, [NpeloTBpallapliel KOHIeHCAalMo BJIATU
13 BO3OyXa Ha ee INOBEPXHOCTU

PacueT TennoBbIx NoTEpb Yepes N30NMPOBaHHYI0 NOBEPXHOCTb 060pyaoBaHMs 1 TpybonpoBoaoB B obLleM
criyyae criegyeT BbIMOMHATb ANA NIOCKMX MoBepxHocTerh no dopmynam (1), (2), a ANA KPUMBOMMHEWHBIX MO
dopmynam (3), (4). OpgHako aHanu3 ocobeHHocTen TennoobmeHa B TENNOM3ONAUMOHHBIX KOHCTPYKLUMSX
NPOMBbILLIIEHHBIX 0OBEKTOB NO3BOMSET CYLLECTBEHHO YNPOCTUTL pacyeTHble hopmynbl.

Tepmuyeckoe COMNpPOTUBIEHWE TennooTgade OT BHYTPEHHeW cpedbl K BHYTPEHHEW MOBEPXHOCTU CTEHKU
n3onupyemoro obbekTa ANns XUakMx n gaxe razoobpasHbix cpef No CpaBHEHMIO C TEPMUYECKMM COMNPOTUBIIEHNEM
KOHOYKTMBHOMY MEepeHOoCy TEennoTbl B M3ONALMU COCTaBMSieT BECbMa HE3HAUMTENbHYIO BENUYUHY U MOXET He
YUYNTBIBATHLCS.

WcknioveHne cocTaBnsieT BecbMa pefKkuid crniyyai, korga BHYTpUM obbekTa HaxoauTcsi rasoBasi cpefa u
TENNOOOMEH MexXay HeN U BHYTPEHHEN NOBEPXHOCTLIO CTEHKU OCYLLIECTBISETCS 3@ CYET €CTECTBEHHON KOHBEKLUN.

CTEHKM M30MMpPYyeMOro npoMmbilLneHHoro obopynoBaHust U TpybonpoBOAOB OOGbLIMHO M3rOTOBMEHbLI U3
mMeTanna, TennonpoBogHoOCTL koToporo B 100 pa3 1 6onee npesbilaeT TENNONPOBOAHOCTb M30NSALUA, BCNEACTBUE
3TOro TEPMUYECKUM COMPOTUBIIEHNEM CTEHKM BE3 3aMeTHOro CHUXKEHUS TOYHOCTM pacyeTa MOXHO NpeHebpeyb.

Takum 006pa3om, OCHOBHbIMW pacyeTHbiMU hopMynamu [AOfsi  onpefderneHust TemmnoBbiX MOTepb
n3onupyemoro obopyaoBaHus SBNSATCA:

ONS NIIOCKNX MOBEPXHOCTEW M KPUBOMMHENHBIX AnameTpoM Bonee 2 M
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Ans TpybonpoBoAoB AVaMeTPOM MeHee 2 M
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roe K — xoadduumeHT nononHUTENbHbLIX NOTEPS,
YYUTHIBAIOLLMIA TENNONOTEPK Yepe3 Ten-
NONPOBOAHLIE BKNOYEHUA B TENNOW30NHA-
LMOHHbBIX KOHCTRYKUMAX, 0DYCNOBNEHHbIX
HanNVYMeM B HUX KPEnexHbiX aeranen v

onop (tabnuua 1).

"®opmyna 17"

3HauyeHusa KoadpuLUMeHTa [OoNONHUTENbHbIX NoTepb K

Crnocof MHNpOokKJIaIKM TPpyOOINPOBOLOB

Kosdpduument K

Ha OTKpEITOM BO3OyxXEe, B HENPOXOIHEIX KaHajlaxX, TOHHEJAX
¥ IOMENEHMAX: IJIS CTAaJIbHEX TPyDOONPOBOOOB Ha IONBVXHEIX
onopax, YCJOBHHM MIPOXOIOM, MM:

no 150

150 u BoJjee

Ha [OOIOBECHEIX OIlopax

OJid HeMeTaJUIMdeCKUX TpyOoNpoBOOOB Ha MOIOBMXHBEIX U
NOOBECHEIX OIlopax

BeckaHamnvHasa

Ta6nuua 1

Tepmunyeckoe COMPOTMBIIEHUE KOHOYKTUBHOMY MepeHoCYy CrOEB M30MSUUM M BHELLHei TennooTaade B
(16), (17) onpepensietca no dopmynam (5), (6), B KOTOPbIX TENnONPOBOAHOCTb M30NALMM MPUHMMAETCS Mo
NpUIoXeHuto A, a KoadpUUNEHT TennooTaaym Ha NoBEepPXHOCTU M30NSALUK - Mo Tabnuue 2.

3HaueHuns koadduumeHTa TennooTgaum anbda, Bt/(m2 x°C)

[loxpruiTrAa c |IIoxkpeITHA

MaJIEIM C BBICOKUM
xon3bouLIMe- | kKOnbOULIM-
HTOM €HTOM

U3JIy4YeHUa* |U3IydeHns
*

VI301MpOBaHHEIN B 3akpHTOM IIOMEUEeHUN Ha OTKpETOM BO3OyXe IIPU
oBBEeKT CKOpOCTM BeTpa *, M/cC

10

15

T'opMBOHTAaJIbHEE 7 10 20
TPYyOONIPOBOIEL

26

35

Taobnuua 2



BepTukanbHEE 8 12 26 35 52
TPpyOONPOBOIEL,

obopynosaHue,

JIOCKas CTeHKa

* K HMM OTHOCHATCSH KOXYyXM M3 OLMHKOBAHHOM CTajM, JMUCTOB aJIOMMHMEBEIX
CILJIaBOB U aJIOMUHMS C OKCMIHOM IIJIEHKOM.

** K HUM OTHOCSATCH MTYyKaTypKH, acOeCcTolLeMeHTHEE [IOKPEITUS,
CTEKJIONJIaCTUKM, pPasJIMUHbEe OKpPaCKkM (KpoMe KpacCKkM C aJIlOMMHMEBOM IIyOpPOM) .
*** Jlpy OTCYTCTBUM CBEeINEeHUM O CKOPOCTM BeTpa [NIPMHMMAT 3HAUYeHUd,
cooTBeTCTBylIMEe ckopocTu 10 M/cC.

2.2.1. Pacyet TennoBoun U3onfaumm no HOpMUPOBaHHOM
NJIOTHOCTU TENJIOBOIro NOTOKa

OnpegeneHue TOMWWHBLI U30NALMM NO 3adaHHON NOTepe Tenna ABnseTcs Hanbonee pacnpocTpaHeHHbIM
cryyaem pacyeTta TennoBoM u3onauun. PacdyeT MOXeT Npou3BOAMTLCS UCXOOA U3 HOPMAaTWMBHbLIX MIIOTHOCTEN
Tennosoro notoka (q_F(H), q_L(H)) n kak 3aBepLuatowuii atan 6onee CNoOXHOro pacyeTa, B pesynbTate KOTOPOro
onpenensiTcs TEennoBble MOTepW, YAOBNETBOPAIOLWIME MNPOU3BOACTBEHHO-TEXHUYECKUM U TEXHOMOrMYEeCKUM
TpeboBaHUSM.

[ns onpegeneHnsa TonwmMHbl OOHOCNONHON MAOCKON N LMANHOPUYECKOW NOBEPXHOCTU C AUAMETPOM 2 M U
bonee ncnonb3yeTcsa popmyna
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Ons uMnuHapuYecko MOBEPXHOCTU AUAMETPOM MeHee 2 M NpeABapUTenbHO U3 YpaBHEHUS
_ 9 l K(’u "’u) [ |
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3aTOM NPUBNMXKEHHBIE 3HaYeHUA R, cnenyer NpuHn-
MaTb no Tabnuue 3

onpeaensioT senkunHy In B, rae B = ; npwt

"®dopmyna 19"
Ta6nuua 3

OpueHTUpOBOYHbIe 3Ha4yeHus RH(L), m x °C/BT

Ycios- BHYyTpPHM [NOMeUeHUN Ha oOTKpeITOM BO3IOyXe
HBIV

oyaMeTp |na noBepxHocTey C |IIS IIOBEPXHOCTEM C
TpyOBl, [MajielM KO3QdULIMEeHTOM BEICOKUM

MM MNBJIy4YeHUA xkoabduLeHTOM
U3JIydYeHU I




npM TeMmmepaTrype TerjioHocurens, - C

100 300 500 100 300 500 100 300 500

32 0,50 0,35 0,30 0,33 0,22 |0,17 0,12 0,09 0,07
40 0,45 0,30 0,25 0,29 0,20 |0,15 0,10 0,07 0,05
50 0,40 0,25 0,20 0,25 0,17 0,13 0,09 0,06 0,04
100 0,25 0,19 0,15 0,15 0,11 |[0,10 0,07 0,05 0,04
125 0,21 0,17 0,13 0,13 0,10 [0,09 0,05 0,04 0,03
150 0,18 0,15 0,11 0,12 0,09 (0,08 0,05 0,04 0,03
200 0,16 0,13 0,10 0,10 0,08 [0,07 0,04 0,03 0,03
250 0,13 0,10 0,09 0,09 0,07 |0,06 0,03 0,03 0,02
300 0,11 0,09 0,08 0,08 0,07 |0,06 0,03 0,02 0,02
350 0,10 0,08 0,07 0,07 0,06 |0,05 0,03 0,02 0,02
400 0,09 0,07 0,06 0,06 0,05 [0,04 0,02 0,02 0,02
500 0,075| 0,065| 0,06 0,05 0,045(0,04 0,02 0,02 0,016
600 0,062| 0,055| 0,05 0,043 0,038|0,035| 0,017 0,015 0,014
700 0,055 0,051| 0,045 0,038| 0,035(0,032( 0,015 0,013 0,012
800 0,048 0,045| 0,042| 0,034 0,031|0,029]| 0,013 0,012 0,011
900 0,044 0,041 0,038| 0,031 0,028|0,026| 0,012 0,011 0,010
1000 0,040| 0,037| 0,034 0,028| 0,026(0,024| 0,011 0,010 0,009
2000 0,022 0,020| 0,017] 0,015| 0,014(0,013| 0,006 0,006 0,005

[lprMeuanns:

1. g npoMexyTOUHBIX 3HAYEHUM OMAMETPOB U TeMnepaTypsl BejuumHa R H (L)
OoNpenesyigeTCsa MHTEPIOJaluMel.

2. IOnsg TeMIepaTyph TEIJIOHOCUTEJIS HMXe 100°'C IPUHMMAKTCSA  OaHHBE,
cooreeTcTBRylmme 100°C.

3arem Haxogdart BenuunHy B n onpegensitoT TpebyemMyto TONWMHY M30nsLmMm no popmyrne
CT
- dH (B -1 )

. (20
5 (20)

Oys
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Mpn onpepeneHun TpebyemMol TOMWWUHBI ABYXCIOWHOM TEennons3onsaumMoHHOM KOHCTPYKLMK, KOTopas
00bIYHO MpUMeEHsieTCs Torga, Korga TEMNepaTypoCTOMKOCTb OCHOBHOMO M3OJSILIMOHHOIO MaTepuarna oka3biBaeTcs
HWXe TemnepaTypbl CTEHKM W30nMpyemMoro obbeKkTa M HernocpedcTBEHHO Ha W30MMpPYEMYK MOBEPXHOCTb
yKnagblBaeTcs npegoxpaHuTenbHbIA Cnov n3 6onee TemnepaTypoCTOMKOro Matepuana. PacyeT npoussBoguTcs
cnegyowum obpasom. TonwuHa nepBOro nNpefoXpaHUTENbHOMO Cros onpegensdeTca u3 ycrnoBws, 4YTOObI
Temnepatypa mMexagy oboumu cnosmu t1,2 He NpeBbillana MakcumarbHOW TemnepaTypbl NPUMEHEHNST OCHOBHOIO
N30NSAUMOHHOIro Matepuana.

[ns nnockon CTeHKU M LUMNNUHAPUYECKUX OOBEKTOB C AuameTpom 2 M u Gonee ansa pacyeTta TOMLUMHbI
nepBoro crnosi npumeHsaeTcsa opmyna

Kxﬁi_ILz)
H

~

0 . (21)

il = A w1l
qr

"®opmyna 21"
[nsa BToporo crnos npumeHsieTcsa dopmyna (18), B KoTopyto BMecTo 3HayeHus t_B nogcrasnsetca t1,2.

Ons pacyeTta UUINHAPUYECKNX 00BLEKTOB C anamMeTpoMm MeHee 2 M - aHanorM4yHo ogHOCNOWHOMN
KOHCTPYKUWM MO YpaBHEHUIO



K(’u '11.2)

In Bl =2n- }\."31 T‘ 2 (22)

d:T + 26H3|

B8 KOTOPOM B, = — rae onpenensioT Benn-
H
4uHy In B, 3aTem HaxoAAT B, n TONWWHY NEepsoro
cNnos, M:
d;" (B, -1)
6“3; T T

TonuwwmHa BTOPOro Cnos onpeaensieTcs ¢ NnoOMo-
wWoio hopmynel (19), B KOTOPON BMECTO 3HAYEHUS I,
NOACTABNAETCA 3HAYEHUE 1, , a BMECTO B — B,

3 dy;) + 20

274

M3 2

w3l
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Onpegenue In B2, HaxogaT B2, a 3aTeM TOMLWMHY M30MsLMM BTOPOrO Cros, M:

du:sl(BZ =)
2

6;432 = - (23)

"®dopmyna 23"

YuntbiBas WMPOKOE NPUMEHEHNE B MPAKTMKE WHXEHEPHbIX pacyYeTOB NMepcoHarbHbIX KOMMbTEPOB, A1
COCTaBMeHMs MporpaMMbl pacyeta Tpebyemon TOMWWMHBI TEMNMOBOM U30NAUUU MO HOPMUPOBAHHBLIM TEMMOBbLIM
notepsM LenecoobpasHo UCNonb3oBaTb MeTOo NnocrneadoBaTeNbHbIX NPUBNMKEHUIA, CyTb KOTOPOro Ang criyyas
OAHOCNONHOW LINNNHAPUYECKON TENMNON30MNSLIMM 3aKNOYaETCs B CrieayoLLeM.

3apaBascb HayanbHbIM 3HayYeHVeM TOMWMHbI m3onsaumm aenbtal, M, onpegendemon Tpebyemoin
TOYHOCTbIO pacyeTa, NPoM3BOAAT C NMOMOLLLIO NocneaoBaTenbHbIX Wwaros: 1, 2, 3, 4,..., i AN TONWWHbLI N30NSALUNK:
penvtal=genbtal1; penbta2=genbtal2; penbtad=genbtal3;...gaenvta_i=genbtal i BblYUCAEHWE  NIMHEWHOM
NNoTHOCTM TennoBbIx NoTokoB q_L(1); q_L(2); ...; g_L(i) no ypaBHeHuUto

n(t, — 1)K
cT .
. ‘ 1 g ] . ln dH +12601
a, (dS +280i) My de

q; = (24)

"®opmyna 24"



Ha kaxgom Liare BblMMCNEHN | npon3BoanTcsa cpaBHeHue q_L(i) ¢ 3agaHHbIM 3HAaYEHMEM HOPMAaTMBHOIMO
yoenbHoro notoka q_L(H). Mpu BbINOMHEHUN yCNOBMUS

i H
gL -gL<=20 (25)

BbIYMCIIEHNS 3aKaHYMBalOTCH, a HalgeHHas BenuuvHa penbta=genbtal i saBnsieTca MCKOMOW,
obecneunBaroLLel 3agaHHyH0 BENMWYMHY TEMMOBbLIX NOTEPD.

B kauecTBe pacyeTHbIX NapaMeTpoB, 00YyCNOBNMBAIOLLMX TEMNSIOBOE B3aNMOLENCTBUE OKpYXKatoLen cpeabl
C TEennou3oNsAUMOHHON KOHCTPYKUMEN, MpU onpedeneHMn TOMWUHbI U30MAUUM Mo HOPMUPYEMbBIM TEMSOBbLIM
noTepsm cnegyet NpUHMMaT:

TemnepaTtypy BHYTPEHHel cpefbl { B Kak CpefHK 3a rog TemnepaTtypy BellecTBa B W30NMPYEMOM
obbekTe;

TeMmnepaTypy Hapy>XHOW cpedbl t H npy pacnonoXeHun u3onupyemoro obbekTa B MOMELLEHUN Ha
OCHOBaHUN TEXHNYECKOrO 3adaHnsl Ha NPOEKTMPOBaHME, NPWU ero oTCcyTcTBUM - paBHor 20°C; Npu pacnonoXeHum
Ha OTKPbITOM BO34yXe Kak CPEAHIOK 3a rog Temnepartypy Hapy>KHOro BO3ayxa;

KoahpmuMeHT TenmnooTaaunm OT HapyXHOW MOBEPXHOCTM  TEMMOM30MAUMM  MpU  PacrofiokeHum
n3onupyemoro oobekta B NOMeELLEHMW, MPU PaCMONOXEHUN Ha OTKPbITOM BO3ayxe, Npu ckopocty BeTpa 10 m/c no
Tabnuue 2.

2.2.2. PacyeT u3onsiuuMm no 3agaHHoOM BenMYnHe CHUXEHUA (NOoBbILEHUSA)
TemnepaTtypbl BellecTBa, TpaHCNopTUpyemMmoro Tpyéonposogamm

Tpebyemoe nonHoe Tepmwuyeckoe conpotueneHne usonsauum R(L) = Rus(L) + R_H(L) Tpybonposoga
anvHon |,M, ons obGecneveHnss 3a4aHHOMO CHUKEHUS1 TeMnepaTypbl TPaHCMOPTUPYEMOro Mo HEMY BellecTBa OT
HadanbHoW t_B' fo kOHe4YHoM t_B" npu pacxofe BelectBa G, kr/y, TennoemkocTbio C, kx/(kr°C) onpegensietca us

BblpaXXeHUN:
npw I =l >2 R = 3'6[,« :
Iy =1y GC In ____;": _ j” (26)
T 'H

B

"®opmyna 26"

36K/ e "ln
>

H

'

by, OO

npn nZln o Rl \ , (27
r}x - tn GC(,B - tn)
roe f, — pacdeTHas Temneparypa okpyxXawoueu

cpenyt, C.

"®opmyna 27"

Onsa onpeneneHus Tpebyemow TOMWMHLI U30NAUUM AenbTa_u3, M, N0 HangeHHbIM 3HadeHusm R1(L) u
R2(L) ncnonbsyetcs chopmyna



In B, ; = 2mh, (R, - RD). (28)

MpuHuMasa npubnunxeHHble 3HavyeHus R no tab-
nvue 3 n onpepensasa no dopmyne (28) In B HaxogaT
BeNnYnHYy B 1 okoHyaTensHo no dpopmyne (20)

4 (B, -1)
u3l,2 — 2 '
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Mpn pacdeTe wm3onNsAUMM NO  3adaHHOW  BENUYMHE  CHWXKEeHMs  (MOBbIWEHWs)  TemnepaTtypbl
TpaHCMOPTUPYEMOrO BELLECTBA MPUHUMAIOTCA Crieayolne 3HaYeH s napameTpoB OKpy>KatoLLen cpeabl.

Mpwn pasmeweHnn Tpybonposoaa B NOMELLEHMI: TemnepaTypa HapyxHow cpeabl 20 °C;

KoadhpmumeHT Tennootaaym - no Tabnuvue 2.

Mpun pasmeLleHnn Ha OTKPLITOM BO3AyXe - CPeaHIo TemmnepaTypy Hanbornee XonoaHon NAaTUOHERBKN.

2.2.3 PacyeT nsonsuum no 3agaHHon Temnepartype ee NoBepxXHOCTU

OnpegeneHne TOMNWMHBLI M30NAUMM MO 3adaHHOM TemnepaType e€ee HapyXHOW noBepxXHOCTU t_n
NPOM3BOAMTCA B TOM Crlyyae, Korga W30NsauMs HyXHa Kak CpeAacTBO, npedoxpaHsiowee o6CnyXvBatoLmn
nepcoHan ot oxoroB. [pu 3ToMm TemnepaTypa Ha NOBEPXHOCTU JOSMKHA NpuHMMaTbes He 6onee, °C:

Ons nM3onupyeMbix OOBEKTOB, PACMONOXEHHbIX B paboyen unm obecnykmBaemMon 30HE MOMELLEHUR U
copepallmx BelecTsa:

TemnepaTypoit Beme 100 °C. .t n i ettt ieeenenenn 45
TeMnepaTypolt 100 °C M HIMKE v v eereeenneneneenennn 35
TeMIepaTypoil BCIHLIKKY NapoB

HE BHIIE 45 C 1ttt ittt ittt et et eeeeeeneenns 35;

ANa n3onvpyemMbix 06bEKTOB, PaCMONOXEHHbIX HA OTKPLITOM BO3dyxe, B paboyen unm obcnyxmeBaemon
30He, npu:

METAJIIINUECKOM HOKPOBHOM CJIOE v v e v v o e oo oo s oosonnens 55
IJIS OPYTMX BUIOB MNOKPOBHOTO CJIIOS « v v v v v v v e eennnnnn 60

TemnepaTypa Ha MOBEPXHOCTW TEMNOBOW M30NSAUUM TPyGONPOBOAOB, PACMONOXEHHbLIX 3a Mpegenamu
paboyet wunum obcnyxuBaemMol 30Hbl, He [OSKHA MpeBblllaTb TemnepaTypHbiX MPeaernoB MpUMEHEHUs
maTtepuarnoB MOKPOBHOIO crosi, HO He Bbile 75°C. M3 ycnoBus paBeHCTBa MMOTHOCTU TEMSIOBbIX MOTOKOB:
KOHAYKTUBHOTO, MPOXOAALLEro Yepes Criov M3onsuuv genbTa_u3, M, 3a CYET pasHOCTM Temnepatyp t B -t n, u
KOHBEKTMBHOTO, YXOASLLEr0 C HAPY>KHOW NMOBEPXHOCTU 3a CYET pasHOCTU t_N - t_H, MOXHO HanucaTb:

t, —1
Rm =—H_H'Rn; (29)
tn _IH

"®opmyna 29"



L _ lLy—Ilg pL
R =—-——t”_t" Ry. (30)
I H

"®opmyna 30"

U3 (29), (30) nonyymm dopmMynbl ANs pacyeTa TOMWMUHBLI U30NALUN ncxoasa M3 Tpebyemon TemnepaTypbl
MOBEPXHOCTHU:
ANs NAOCKMX TEMNMON30NALMOHHBIX KOHCTPYKLNI

- A'm(tn —’n); (31)
a,(t, —t,)

U3

"®opmyna 31"

ONS UUNUHOPUYECKUX

InB=In-2

- e 3 L Ty~
4°T =2n- Aus °RH .?—TH' (32)
H

OTKyAa, npuHumas no trabnuue 3 OpueHTUPOBOY-
Hoe 3HaueHne R" v onpepenss In B, Haxoaum B, a
3aTem
CT
_ d;" (B-1)
2

6"3
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PaccmoTpeHHbIn MeToa siBndeTcsa npubnuxkeHHbiM. [ns 6onee TouHbIX pacdeToB ¢ npumeHeHuem [1K
cnegyeTt MUcnonb3oBaTb METOA MocrnefoBaTeribHbIX MPUONMXKEHUI, PAcCMOTPEHHbLIN B KOHLUe pasgena 2.2.1.
PacueTHoe ypaBHeHUe B 3TOM criyyae GyaeTt uMmeTb BUA



d::r + 260{

In T o, (dS" + 284i)
s =ln | _ H - (33)
I —tu i 2lu3

3anaBasCb HavYaNbHbIM 3HAYEHUEM TONLUHbI
n30naummn §,, M, onpeaensemMoiMm TpebyemMoin TOHHOC-
Tblo pacyeTa, Hanpumep, 0,001 M, ¢ nomoLwbio nocne-
posatenpHbix waros: 1, 2, 3, ..., i ANA TONWMH N30NK-
umn: 5, =9y1; 6,=98,2; 6;=29,3; ...; 8,= 9,/ NPON3BOAUM
BbIYUCNEHUE BEINYUH:

—F
=

Lot ) i

B
1

?
I — 1y | 1n

B 1n tB —tn

1 H /2 n H /|

HUo (33).
Ha kaXxaom ware BblYUCNeHun i NPon3BOAUTCSH

I, —1
B 1
cpaBHeHue g oo C 3a4aHHbIM 3HAYEeHUem
mn H/;
tu "tn
tn 2 tH )p.
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Mpw BbINOMHEHMN YCOBKA
[ \
[ tn"’uJ _{ﬁg"n} >0 (34)
k’n'ln i Iy =1 P
"®opmyna 34"

BbIYMCIIEHUS 3aKaHYMBAIOTCS, @ HaJeHHasa BenvunHa genbTa_i = genbTtal_i ABNSeTcs ¢ TOYHOCTbLO A0 1
MM 3aaHHoR, obecneymnBatoLLelt Tpebyemyto TeMnepaTypy NOBEPXHOCTU U3ONALMN.

Mpu pacuyeTe TONWMHbLI M30MNALUMM NO 3aaHHOW TemnepaType NOBEPXHOCTW NPUHMMAKTCA creayoLime
pacyeTHble NapameTpbl OKpY>KatoLen cpeabl:

Temnepatypa BHYTPEHHeN cpeabl t_B - N0 TEXHUYECKOMY 3a4aHUI0 Ha NPOEKTUPOBaHUE;

TemnepaTtypa HapyXHOW cpedbl t H - Kak cpedHsis MakcumarnbHasi Haubonee »apkoro Mecsua, npwu
pacnosioXXeHUn N3o5MpyemMoro o6bekTa Ha OTKPLITOM BO34yXe, NpW pacnosfiokeHun B nomeLleHmm - 20°C;

KO9(hPULMEHT TENNOOTAAYM HA HaPYXXHOM MOBEPXHOCTU M30oMsuMM OObekTa, PacroNOXEHHOro B
MOMELLEHNM M Ha OTKPbITOM BO3A4yXe, MPW MOKPOBHOM CMoe C ManbiM KO3(MUUNEHTOM UK3Ny4YeHus (CMm.
npymeYaHus k Tabnuue 2) - 6 Bt/(m2 x °C), ¢ 6onbwunm - 11 Bt/(M2 x °C).




2.2.4 PacyeT TONWMHbI U30NALUKU, NPeaoTBpaLLaloLLen
KOHAEHCcauuio Brnarv u3 Bo3gyxa Ha ee NoBepXHOCTHU

[aHHbI pacyeT NpoM3BOAMTCS ANsl M30NMPOBaHHbIX OOBLEKTOB, PACMONOXEHHBIX B 3aKPbIThIX MOMELLEHUSX
N codepallyx BellecTBa C TEMNEpPaTypon Hbke TeMMNepPaTypbl OKPY>KaloLLEero Bo3ayxa.

B oatom cnydyae wu3onauus  gomkHa obecneumBatb  Tpebyemblll  pacyeTHbI  nepenag Mexay
Temnepatypamm Hapy>XHOro BO3Qyxa W MOBEPXHOCTbIO u3onsuum (t_H - t n), npy KOTOPOM WCKMYaeTcs
KOHAeHcauusa Briaru u3 sosgyxa (tabnuua 4).

Ta6bnuua 4

PacyeTHbIn nepenagt H-t_n, °C

t H C OTHOCHUTEJIbHAs BJIAXHOCTH BO3IOyxa, OMUS
40 50 60 70 80 90
10 13,4 10,4 7,8 5,5 3,5 1,6
15 14,2 10,9 9,1 5,7 3,6 1,7
20 14,8 11,3 8,4 5,9 3,7 1,8
25 15,3 11,7 8,7 6,1 3,8 1,9
30 15,9 12,2 9,0 6,3 4,0 2,0

Mo aHanoruu ¢ dbopmynamm (28)-(31) MOXKHO HanucaTb:

Iy —t A (1, =1
R"3 =n_ 8 RH: 8y = w3 {ln n); (35)

' =1ty au(’n _’n)
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L In—1I pt. £ li—=l
Rz =—=—F R InB = Zn).wR,, 7. - (36)
by =ty A
"®opmyna 36"

Tpebyemasi TonwMHa M30NSUMM ONS1 MAOCKMX KOHCTPyKUMn onpegensietca no dopmyne (34), ons
LUUIMHOPUYECKMX - no (35), N0 MeTOAMKE, U3NOXEHHOW B pasgerne 2.2.3.

B pacyeTax npuHumatoT:

TemrnepaTypy HapyXHou cpefbl t_H_ paBHOW Temnepartype NoMeLLeHns;

TemnepaTtypy BHYTpeHHen cpefbl t B U OTHOCUTENbHYKO BMaXHOCTb BO3gyxa (hv B COOTBETCTBUU C
TEXHUYECKNM 3afaHNeM Ha NPOEKTMPOBaHNE;

KoabuUMEHT Tennootaaun anbia_, ANd NOBEPXHOCTEN C BLICOKUM KOIMPMULMEHTOM U3NYyHEeHUs (CM.
npumMeydaHus k Tabnuue 2) - 7 Bt/(M2 x °C), ¢ manbim - 4 BT/(M2 x °C).

2.3. PacueT usonsiumm Tpy60onpoBoAoOB TeNnnoBbIX ceTen

2.3.1. Ham3eMHas OPOKJIAIKA
2.3.2. Tlog3eMHas NpOoKJlaIKa B HENPOXOIHEIX KaHallax
2.3.3. Nlon3eMHasa OeckaHallbHAs NpPOKJaIKa

2.3.1. Hap3semHas npoknagka



TennoBble MNOTEPU 4Yepe3 W30NMPOBAHHYID MOBEPXHOCTb MNodawwmx M obpaTHbiX TpybonpoBogos
TEeNnoBbIX CeTerd NpW Hag3eMHOW MPOKnagke, MPU W3BECTHOM TOMWMHE W30nAuuW denbTa_wus, M, crnegyet
onpenenaTtb no dopmyne (17), a TepMnyeckme ConpoTUBIIEHUS], BXoadwme B 3Ty dopmyny, - no (6). B kayecTtBe
TemnepaTtyp BHYTPEHHEN U HapyxHow cped t B n t_H NpuMHUMalOT pacyeTHble TemnepaTypbl TEMMOHOCUTENS U
OKpYXXatoLero Bo3gyxa, a koapuumeHT Tennootaayum anbga_H - no Tabnuvue 2.

Mpn onpegeneHnn TONWMHBI N30M5UMM TPyBONPOBOAOB TEMNSOBLIX CETEN MO HOPMUPOBAHHBLIM 3HAYEHUSM
NAOTHOCTU TEMSOBbLIX MOTOKOB OT MoAarwmux U obpaTHbIX TEMMNONPOBOAOB WUCMONb3YeTCA MeToauka pacyeTos,
n3noxeHHasi B pasgene 2.2.1. MNpu 3TOM B ka4eCcTBe pac4eTHbIX TeMMNepaTyp BHYTPEHHEN cpenpbl t B NpuHUMAIOT
cpenHerofoBble TeMMepaTtypbl TENSIOHOCUTENS Mo Tabnuue 5;

3a pacyeTHy TemnepaTypy HapyXHOW cpeabl Mpu  KpYrnoroguMyHow paboTe TensoBoW ceTn -
cpegHerofoByt0 TemnepaTypy HapyXHOro Bo3gyxa, npu paboTe TONbKO B OTONMUTENbHBLIN NEPUOL - CPEAHIo 3a
OTONUTENBHbLIN Nepuod. PacyeTHbIN koahdULMEHT TennooTaaun anbda_H - no Tabnuue 2.

Ta6nuua 5

CpepHerogoBble TeMnepaTypbl TeNSIOHOCUTENA
B BOAAHbIX TennoBbIX ceTsXx, °C

TpybonpoBon PacueTHEE TeMIepaTypHEE pexmumel, - C
95-70 150-70 180-70

ITonaroummi 65 90 110

OBpaTHEIL 50 50 50

2.3.2. Nop3emMHas npokKnagka B HeNPOXoAHbIX KaHanax

Tennosble NoTepy Yepes U30NUPOBAHHYO MOBEPXHOCTb ABYXTPYOHbIX TENNOBLIX CETEN, NPOKNaabiBaeMbIX
B HEMNpOXOOHOM KaHarne LuMpuHon b n Beicoton h, M, Ha rnybuHe H, M, OT NOBEPXHOCTWN 3emMnu OO OCW KaHana
onpegensiTcd no opmyrne

[ —
gt +qf = LanZIR gy,
RK'dH LS Rrp
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a TemMneparypa Bo3ayxa B KaHane t kaH

Ty li2 "

- K
kav T Rrp

+
R;{.ﬂ + R}Il'l R[- + R}{-2 R
A~ [ 1 | " (38)

32
L L. pk L K
le t Rnl Ru32 + RHZ Rxan + Rm

{
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I} l dl + 261«13] )
rae R = In ,
27N, d,
RI_ s l ] dZ > 261132 .
M32 — 2 ) n d ’
T3 2
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vatll = l ;
21[(1,(((11 + 26"3')
(40)
le?. = l

2no, (dy +28,55)
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(39)



]
Rxau =

il 2bh (41)
b+h
qr. q! — NWHERHbIE NNOTHOCTW TENNOBOro

noToka OT nopawwero n obpar-
Horo Tpybonposonos, Br/m;
d, d, — HapyXHble AnamMeTpsl NoAAKWero
v obpartHoro Tpybonposoaos, M;
l,, — Temneparypsl NOAAOWEro n 06-
patHoro Tpybonposonos, ‘C;
K — KO3DPUUMEHT O0NONHUTENBbHbBIX
noteps (tabnuua 1);
RE . RL, — Tepmuyeckue conpoTtusnenus
u3onauuv nogawwero u obpar-
Horo Tpybonpoeoaoe, m - 'C/Br;
R:,. Rulz‘ — TepMuyecKkue ConpoTUBNEHUs Ten-
nooTaaYe OT NOBEPXHOCTU U30ONS-
uMm noaawwero n obparHoro Tpy-
Bonposoaos, m - ‘C/Br;
R .. — TEePMU4ECKOE CONPOTUBNEHWE Ten-
nooTAaye OT BO34yXa K NOBEPXHO-
CcTu kaHdana, m - ‘C/Br;

!

al*

@, — KO3 PpUUMEeHT TenNooTAAYM B Ka-
Hane, npuHuMaeTcs pasHbiM 11
Br/(m2 °C);

Ao — TennonpoOBOAHOCTbL U30NALUMM B
KOHCTPYKUMu, Bt/(m - °C);

O, 15 0402 — TONWMHBI M30NALMU NOAAKOLLEro
” v obparHoro Tpy6onNpoBOA0S, M;
Rm — TEpMUYECKOEe COonpoTuBnexHune

rpyHra, m- ‘C/Br, onpeaensercs no
dopmyne
"®dopmyna 41"

Il(h 0,25
33—
3545 ]

RY = el
T b. (42)
5.7 + 0,5 h )'A p
bp — TENNoNpoOBOAHOCTL MPYHTA,

Br/(m-"C), Tabnuua 6.

"®opmyna 42"

Onsa onpepeneHvns TOMWWHBI M30MNAUMM Nogawrowero u obpatHoro TpybonpoBogoB MO 3adaHHOWM,
HOPMMPOBaHHOW NuHEenHon nnoTHoctu notoka qi1(-L) n q2(-L), BT/m, npegBapuTenbHO onpenenstT Mo HUM
TemnepaTypy Bo3ayxa B kaHane no gpopmyre



Leaw =1y + K(;]ll +(-];.)'(Rxau + Rrp)' (43)

3aTtem BbINMCAAIOTCA ANa Kaxaoro Tpybonposo-

d + 28
l B _l | u3l
Aa BEMUYMHbI nb, = n"—d "
|
N By = IN——— no ¢dopmynam:
d,
"®opmyna 43"
Tel'l]'lOHpOBO,CI,HOCTb rPyHTa
InB, =2 Iyt — Ixan R[_ "
n 1 = ﬂ}\",' — 7 —Ru1 | (44)
q,
Bun TpyHTa CpenHsasa BecoBoe Kosdouument
JIOTHOCTL, KI'/M3 BJIaTOCOIEepXaHre |TernjonpoBOOHOCTH,
TpyHTa, % Bt/ (M °C)

Ilecok 1480 4 0,86
1600 5 1,11

15 1,92

23,8 1,92

CyTJIMHOK 1100 8 0,71
15 0,9

1200 8 0,83

15 1,04

1300 8 0,98

15 1,2

1400 8 1,12

15 1,36

20 1,63

1500 8 1,27

Tabnuua 6



15 1,56

20 1,86

1600 8 1,45

15 1,78

2000 5 1,75
10 2,56

11,5 2,68

T'IMHUC TEIE 1300 8 0,72
18 1,08

40 1,66

1500 8 1,0
18 1,46

40 2,0
1600 8 1,13
27 1,93
"®opmyna 44"
In B, =2k, - IlL_-,tK;H -Ri | (45)

92
L L
B KOTOPbIX NpubnuxeHHble 3Hadverua R, v R;»
nNPUHMMaIOTCA No Tabnuue 3.

Onpepenas no Tabnuue HaTypanbHbix norapudmos
B, v B,, no dpopmyne (20) BbIMUCNRIOT 3HAYEHUA TONLMH

_di(Bi=0, ¢ _, =281

n3onaummu 5 = 5 2 ,
obecneuyusawmx Tpebyembie HOPMaTUBHbIE NOTe-
pvu Tenna.

"®opmyna 45"

Mpu pacuyete n3onsaumMn OBYXTPYOHbIX KaHarbHbIX MPOKMAOOK TEMMOBLIX CETEW B KadecTBe Temnepatyp
BHYTPEHHEN cpeabl MPUHUMAlOT CpegHerofoBble TeMnepaTtypbl TENIOHOCMTENs B MoJalowWwmx U obpaTHbIX
TpybonpoBogax no 1abnuue 5.

3a pacuyeTHyl TemnepaTypy HapyXHOW cpefbl NPUHUMAOT CpedHIo 3a rof TemnepaTtypy rpyHTa Ha
rnybuHe 3anoxexusi TpybonpoBoga. MNpu paccTosiHMM OT MOBEPXHOCTU FPyHTa OO MepekpbiTvs kaHana 0,7 M n



MEeHee 3a pacyeTHyl TemrnepaTypy HapyXHOW cpeabl AOMKHA MPUMHMMATLCA Ta Xe TemrepaTypa Hapy»KHOro
BO3AyXa, YTO M NPV Haa3eMHON NpoKnagke.

2.3.3. NoasemHasn 6eckaHanbHasi Npoknagka

TennoBble noTepu OBYXTPYGHBLIX TEMnoBbIX ceTeil Npu GeckaHanbHOM MpoKnadke, PacrnofioKeHHbIX B
FPYHTE Ha OOMHAKOBOM PacCTOSIHUM OT MOBEPXHOCTU 40 ocu Tpyb H, M, onpeaensitotcs no hopmyram:

gt (ty —1,)(Ryyp + R0 = (15— 1,) - R
;=
(le rpl)(RmZ rpz) Ro2

K (46

"dopmyna 46"

qL:(tuz ’)(R 1+ R -ty 1) Ry
: (R 2+R"2)(R ,+R ()= Ro

K; (a7

"®opmyna 47"



9 (fy2 — 1y )(RLI*”RKI)—(’BI—’ ) Ry
’ (RmZ rpZ)(le rpl) ROZ

roe RK — TepMUYECcKOe CONPOTUBAEHNE rPYHTa Npu
6eckaHanbHOW npoknaake, m - ‘C/BT, on-
pepensercs no opmyne

1 2H  |(2H
RX = 5 =
”’ 2nxml"d+[d) d

K; (a7)

(48)

roe d — HapyXHbii guameTp Tpyo, M; nogaouen —

d,, obpatHoi — d,;

A_— TennonpoBOAHOCTL rpyHTa, BT /(M - °C);

H — rnybuHa 3anoxeHus — pacCcTosHue OT
ocu Tpy® A0 NOBEPXHOCTU 3eMNu, M.

R,— Tepmuuyeckoe conpoTueneHme,06ycnosneH-
HOE TerVioBbLIM B3aMMOAEVICTBMEM ABYX TPYD,
M- ‘C/BT, onpepensercs u3 BbIpaXXeHUs

2
2H

1+| —
Ro _ In Kl.z , (49)

2N

B KOTOPOM K| , — pacctosiHue mexay ocsmu Tpy6
NO rOPU30HTANU, M.

"®opmynbl 48 - 49"
OcTtanbHble 3Ha4YeHnsa BeNUYMH B (46), (47) Te Xe, 4To 1 B chopmyne (39) ans kaHanbHOW NpoKnagku.

d)OpMyJ'IbI Ona pacdeta TONWMHbI  U3onauumn ©eckaHarnbHbIX TennonposoaoB Mo HOpMMpOBaHHOVI
NMNOTHOCTU TenJ1oBbIX MOTOKOB MMEKT BUA:



)
B 27[}"}132}%[3 Ly, =1y —q RO 5 ] (51)
p—s o aa 2 .
A -sz q; ®

p

Onpenenus ¢ nomowsio (50), (51) 3HaueHus

dl g 26;131 d2 x 26:432
I 2

NAUMU BbINUCNKIOT Tak Xe, KakKk U AN KaHanbHOMN
npoknagkun 8 paspene 2.3.2.

"®opmynsl 50 - 51"

MapameTpbl TEMNOHOCUTENS U HAPYXKHOW cpedbl ONs pacdeTa m3onsauumM TpyGonpoBoaoB GeckaHanbHOM
NPOKNaaKM NPUHUMAIOTCS TaKUMU Xe, KaK 1 AN KaHarnbHOW.

3. Tabnuubl TONWMH U3ONALMU TEMNTTOU3ONALMOHHBLIX KOHCTPYKLUN
TEXHOJIOrM4YecKkoro o6opyaoBaHusi, TPyoonpoBoAOB M TENNOBbLIX ceTen

3.1. Tabnuubl TOMWWH WU30MAUMM COCTaBMEHbl Ha OCHOBE HOPM MMOTHOCTM TENSIOBOro MoTOKa 4vepes
MOBEPXHOCTb WM30MNSALUMM TEeXHOMOornyeckoro obopyaoBaHus, TpyboOnpoBOOOB W TEMMOBbIX CETEeN, BBEAEHHbIX
noctaHoBneHnem flocctpoda Poccum ot 31.12.97r. N 18-80 (U3smeHeHne N 1 k CHull 2.04.14-88), n
npegHasHaveHbl Ana peanusauny noBbIWEHHbIX TpeboBaHW K TennosawuTe npyu CTpouTenscTee, KanutanbHOM
PEMOHTE W 3KCMyaTaummn TensioBon N3onsauumn.

3.2. TennosalwMTHble XapakKTEPUCTUKN UIONAUMOHHBIX MaTepuanoB B KOHCTPYKUUSX, pacyeTHble
napameTpbl TemnepaTypHbIX PexMmMoB obopyaoBaHus, TpybonpoBOOOB M HAPYXHOMO BO34yxa, a Takke yCroBui
TennoobMeHa KOHCTPYKUMA C OKpyxalllen cpedonm npu paspaboTtke Tabnuy MNpuHATBI B COOTBETCTBUM C
ykasaHuamu pasgena 3 CHull 2.04.14-88.

3.3. TonwuHbl TENMOBON M30NALMN TEXHOMOMMYecKoro obopyaoBaHus u TpybonpoBoAOB MpuBedeHbl B
npunoxenun b. TonwmHbl n3onauum ABYXTPYOHbIX TEMMOBbLIX CETeN MpU Hag3eMHOW MpokKnagke Ha OTKPbITOM



BO3Ayxe, B MOMELLEHVAX U Nnoasanax 3aaHuii - B npunoxeHun B. TOnWmMHbI U30NSUun OBYXTPYOHbLIX TEMNOBbIX
ceTel Npu NoA3eMHoON NpoKnaake B HENPOXOAHbIX KaHanax 1 6eckaHarnbHO - B NPUIoXKeHun .

MpunoxeHue A

PacyeTHble TexHU4Yeckue XapaKTepuUucTukum
Tennou3onsAUuMOHHbIX MaTepuanoB U nsgenumn

I ]
| MaTepwnaJs, msnejmne | CpenHasa |TeHﬂOHpOBOHHOCTb TEIIJIOM3O0JIAUVMOHHOI'O

Temneparypa | T'pynna |
| |morHocTs | Marepmana B koHcTpyxumyu nambna uzs, |
npuMmenenmusa, °C | ToprouecTn |
| B | Bt/ (M x°C) Ijd NOOBEpPXHOCTEM C |
|
| koncTPY®R- | TeMneparypoit, °C |

|uMM, KP/M3| |

| 20 u Bhe | 19 um HuUxe
| i i I I
I |
|HHMTH MMHepaHOBaTHHel 120 |0,045 + 0,00021 t_ml 0,044-0,035 |OT MUHYC
180 mo 450|Heropmqme |
| npouEHEIE | 150 |o,049 + 0,0002 t m | 0,048-0,037 | nna
MaTOB, Ha TKaHM,l
| | | | cerxe,
XoJICTe M3| |
| | |
CTEKJIOBOJIOKHA ; no|
| | | 700 -
Ha |
| | |
METAJININYECKOV CeTKe | |
. —| | | |
I ]
|HHMTH TEeJIOU30JISLMOHHEE M3| 65 |0,04 + 0,00029 t m | 0,039-0,03 |OT MUHYC
60 mo 400 | |
|MMHepaanoﬁ BATHL Ha| 95 |0,043 + 0,00022 t_m| 0,042-0,031 |OT MUHYC
180 mo 400 | |
CUHTETUUYECKOM CBSA3YyIIleM | 120 |0,044 + 0,00021 t_ml 0,043-0,032 |
|
| 180 |o,052 + 0,0002 t m | 0,051-0,038 |
| ] ] ] ]
| | | | | | |
I ]
TenJIon30JI9LMOHHEE MSHGHMH| 60 |0,034 + 0,0002 t m | 0,033 OT MHMHYC
57 mo 125 |Cﬂa60ropm— |
us3 BCHeHeHHOPol | |
une |

OTUIIEHIIOJIUIIPOIIMIIEHOBOTI'O | | |

xayuyka "Aspobiexc" | | | |




[MOMYyUMIIMHOPE U uMﬂManml 50 |0,04 + 0,00003 t_ml 0,039-0,029 |OT MMUHYC
180 mo 400 |Heropmqme |

MMHEpaJIOBaTHEHE | 80 |o,044 + 0,00022 t m| 0,043-0,032
|
| 100 |0,049 + 0,00021 t m| 0,048-0,036 |
|
| 150 |o,05 + 0,0002 tm | 0,049-0,035 |
|
| 200 |0,053 + 0,00019 t m| 0,052-0,038 |
| | | | |
| |
|MHyp TEeIJIOM30JISLVOHHEIN M3| 200 |0,056 + 0,00019 t_ml 0,055-0,04 |OT MUHYC
180 mo 600|B ceTanmxl
|MMHepaanoﬁ BaTH | | | |B
3aBUCKMOCTHU OT|pr6KaX M3|
| | | | MaTepnana
ceTanoﬁ|MeTananec—|
| | | |pr6KM
KOM |
I | | |
IPOBOJIOKM Ml
| | | I
HUTU |
I I I I
CTEKJIAHHOM |
| | | I I
| | | I
Heropouue, |
| | | I
OCTaJIbHEIE |
| | | I
cyaboropo- |
| I I I
ure |
| | | |
| | I I I I
I |
MaTker us CTeKﬂHHHOPOl 50 |0,04 + 0,0003 t m | 0,039-0,029 OT MMHYC
60 mo 180 |Heropoume |
ITaNesEHOTO BOJIOKHA Ha | 70 |o,042 + 0,00028 t m| 0,041-0,03 |
|
CUMHTETUMYECKOM CBA3yHleM | | |
| | | |
[ I I I I I I
MaTet u BaTa ns | 70 |0,033 + 0,00014 t m| 0,032-0,024 OT MuHyC
180 mo 400 | |
CYIepTOHKOTI'O CTeKHHHHOPol | | |
|
BOJIOKHa 0e3 CBA3YyKIeTro | | | |
| | | | |
I I I I I I
Ma T u BaTa us | 80 |0,032 + 0,00019 t m| 0,031-0,24 OT MuHYC

180 mo 600 | |
CYyIEepTOHKOI'O 6a3aHbTOBOPO| | | |

BOJIOKHa 60e3 CBA3yKIEeIO | | | |




Ilecok nepnMTOBmﬁ,| 110 |0,052 + 0,00012 t m 0,051-0,038 OT MMHYC
180 mo 875 |

BCIIYUEHHEI, MEeJIKUMI | 150 |0,055 + 0,00012 t_ml 0,054-0,04 |
| 225 |o,058 + 0,00012 t m| 0,057-0,042 |
| | I I I I
I I
TenjIon30JSLUOHHEE Msnenmg| 30 |0,033 + 0,00018 t_m| 0,032-0,024 |OT MMUHYC
180 mo 70 |Popmqme |
M3 [IEHOMIOIMCTUPOIIA | 50 |8,036 + 0,00018 t m| 0,035-0,026
| 100 |0,041 + 0,00018 t m]| 0,04-0,03 |
| I I I I
I |
Tenjyon30JSLUNOHHEE MBHeHMH| 40 |0,030 + 0,00015 t m 0,029-0,024 OT MHMHYC
180 mo 130 |" |
13 [eHOoNoJMypeTaHa | 50 |0,032 + 0,00015 t m| 0,031-0,025
| 70 |0,037 + 0,00015 t m| 0,036-0,027 |
| I I I I
I |
|TeHﬂOMBOHHHMOHHHe MBﬂeﬂMHl 60-80 | 0,036 | 0,034 |OT MUHYC
40 mo 105 |Cna6oropm— |
|M3 6yTanmeH—aKpMHOHMTpMHa| 60-80 | 0,036 | 0,034 |OT MMUHYC
70 mo 130 |qme
"KamMaubiexc (K-flex)"| 60-95 | 0,040 | 0,036 |

Mapox: EC ST ECO | | |

TenJIon30JISLMOHHEE MBHeHMH' 50 |0,035 + 0,00018 t7m| 0,033 OT MMHYC
70 mo 70 |" |
13 INEeHONOJIMDTUIIeHa | | |
] ] ] ]
| |
I o

IpuMeuwanus 1. CpenHada TeMIepaTypa TEJIOM3OJIALMOHHOTO cJjo4, C:
t m=(f w+40)/2 - Ha OTKPEITOM BO3IyXe B JIeTHee BpeMHd, B I[IOMElEeHUY, B KaHajJjax,
TOHHEJIAX, TEeXHNUECKMX
IIOONOJIbAX, Ha Jepnakax " B nomBajax 3OaHUM,
t_m:t_w/2 - Ha OTKPEITOM BO3Iyxe, BO3AOyxXe B 3MMHEe BpeMmsa, rae t w - TeMIepaTrypa
cpensl BHYTPU MsonmpyeMoro|
|O@OpyHOBaHMH (Tpybomnposozna) . 2. Bosbuee 3HaUeHMEe  pPacyeTHOM  TEeNJIONPOBOIHOCTMU

TEMION30NALUMOHHOTO MaTepuana B

|KOHCprKuMM IJIS TOBEpxXHOCTelM c TeMmrnepaTypoi 19°C u Hmke OTHOCUTCH K TemIeparype
V30JUPYEMOM MOBEPXHOCTU OT|

MUHYC 60 1o 19°c, MeHbllee - K TeMmnepaType MUHYC 61°C u HIIXE .

MpunoxeHune b



TonuwmHa TensIoBoM U3ONALUN TEXHONOITMYECKOro oGopy.qoaaHml n prGOHpOBO.CIOB

TepputopuaneHbli parioH: EBponenckun panoH PO

Tun npoknagku: Ha OTKPbLITOM BO3yxe

Bug nsonsaumm: maTel MMHepanoBaTHble npowmeHble M-100
TennonpoBogHocTb: 0,04500 + 0,00021 t, Bt/(m x °C)

Ta6nuua B.1



HapyXHbBIN TeMIepaTypa M30JIMPYyeMOM HoBepxHOoCTHM, C
oyaMeTp
Tpy6r, MM| 50 75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500 525 550 575 600
TonmyHa M30JIAUUM, MM
18
25
45
57 50 63 79 117 94 100 107 114 122 127 129 135 139 144 149 155 161 166 170 176 179 183 188
76 60 72 82 87 96 106 116 122 126 134 140 146 150 154 160 165 169 176 181 184 188 195 200
89 58 69 81 89 100 112 120 125 131 138 142 147 179 159 166 171 174 180 184 191 195 209 221
108 60 74 86 93 103 113 121 129 134 140 144 152 157 163 170 176 182 187 192 198 204 209 214
133 ol 75 86 100 109 119 129 132 135 141 148 156 161 167 172 179 185 191 195 201 205 211 216
159 64 78 90 103 115 124 131 134 138 145 151 159 166 172 179 184 190 196 201 207 213 219 224
219 67 81 95 108 120 129 139 142 147 154 161 168 176 182 188 195 201 208 214 220 226 232 238
273 69 85 99 113 124 134 145 150 155 164 172 179 186 194 202 208 214 221 227 234 242 248 254
325 70 88 102 115 127 137 147 153 160 168 175 184 192 201 208 214 221 228 235 242 249 255 262
377 70 90 105 119 130 140 150 157 162 171 181 189 197 204 212 220 227 234 241 248 255 263 270
426 72 90 105 119 132 143 152 159 165 175 184 193 201 209 216 224 231 238 246 253 260 268 274
480 74 93 110 125 137 148 158 164 171 180 189 199 208 217 224 232 239 248 255 263 270 277 283
530 74 94 110 123 135 148 161 166 171 182 191 200 209 218 227 234 241 249 258 265 273 281 287
630 76 96 111 125 139 151 163 169 175 185 195 205 214 223 232 240 248 256 264 272 279 287 294
720 75 97 113 127 140 153 166 172 178 188 198 208 217 226 235 244 252 261 268 276 284 292 301
820 77 98 114 136 156 162 167 174 180 191 201 211 221 230 240 248 257 265 273 282 290 298 306
920 77 99 115 130 143 157 170 176 183 194 204 214 224 234 243 252 261 269 277 286 295 303 312
1020 77 99 115 130 144 158 171 178 185 196 206 216 227 236 246 255 264 272 281 297 314 314 316
KpuBomm-— 80 103 120 139 154 171 186 196 205 219 232 245 258 271 281 293 306 318 330 344 356 367 379
HeMrHasda
HOoBEepPxX-—
HOCTbBb
IraMeTpOoM
Bosiee
1500 MM m

IIJIOCKa#Ad




TeppuTopuranbHbIv panioH: EBponenckun panoH PO

Twun npoknagku: B noMeLLeHnn

Bug nsonauuun: maTtel MMHEpanoBaTHbIe NpoLwmvBHble M-100
TennonposogHocTk: 0,04500 + 0,00021 t, Bt/(m x °C)

Tabnuua B.2



HapyXHbBIN TeMIepaTypa M30JUpyeMOM HoBepxHocTH, 'C
oyaMeTp
Tpy6r, MM| 50 75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500 525 550 575 600
TonmyHa MI30JAAUUM, MM
18
25
45
57 44 61 73 85 90 96 103 111 115 124 129 136 139 144 149 154 158 165 169 174 178 184 188
76 44 61 73 84 94 105 111 118 122 115 132 142 148 153 158 163 167 174 179 184 188 192 197
89 47 66 76 89 98 106 114 120 123 133 140 148 153 159 164 166 171 177 184 188 194 199 203
108 51 70 79 91 99 110 117 125 123 137 144 151 156 162 169 175 180 186 190 197 202 207 211
133 48 67 81 93 104 114 122 127 133 140 1406 151 157 163 170 175 180 186 193 199 205 209 214
159 50 69 83 98 108 119 129 131 135 142 149 156 163 170 174 181 187 184 200 206 212 218 223
219 55 75 89 103 114 124 134 138 142 151 158 165 172 180 186 192 198 205 212 219 225 230 236
273 56 79 92 106 118 129 141 146 150 158 167 175 184 191 199 206 212 218 225 232 239 245 252
325 57 79 92 107 120 132 143 150 155 164 173 181 189 197 205 211 218 226 233 240 247 254 260
377 57 81 96 111 123 135 146 152 157 161 175 184 193 202 210 217 224 232 239 246 252 259 266
426 59 82 98 112 125 137 148 154 160 170 179 188 197 212 214 222 228 236 243 251 258 265 272
480 60 84 99 115 129 141 153 160 167 177 186 196 204 213 222 229 236 245 252 260 268 275 282
530 60 84 100 116 130 143 154 161 167 177 187 196 205 214 223 231 239 248 256 263 270 277 285
630 59 84 101 118 131 145 156 164 171 181 191 201 210 219 228 236 244 253 262 269 277 284 292
720 62 86 103 119 132 146 159 167 174 184 194 203 213 223 232 240 249 258 267 274 282 290 298
820 61 87 104 120 134 148 161 168 175 186 197 210 217 227 236 245 253 262 270 278 287 296 304
920 62 87 105 122 135 150 163 171 178 189 200 210 219 229 239 248 257 277 274 283 292 301 309
1020 ol 88 105 122 136 145 152 166 180 191 201 213 224 233 243 251 259 268 277 287 296 305 313
Kpusomnm- 64 93 110 130 146 164 180 190 197 211 225 239 252 264 277 290 299 314 326 338 350 364 376
HeMHas
IoBEepx-—
HOCTbBb
IOVaMeTPOM
BoJee
1500 MM m
nJjockas




TeppuTopuranbHbIv panioH: EBponerickui panoH PO

Tvin Nnpoknagku: Ha OTKPLITOM BO3ayxe

Bua nsonaumn: maTbl U3 CTEKNAHHOTO LUTanenbHoro BonokHa M-35, 50
TennonposogHocTk: 0,04000 + 0,0003 t, Bt/(m x°C)

Tabnuua B.3



HapyXHbBIN TeMrnepaTypa M30JUPYyeMON HOoBepxHoCTM, -C
oyaMeTp
TPyOBI, MM 50 60 70 80 90 100 110 |120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270
TonmyHa M30JIAUUM, MM
18
25
45
57 46 54 57 64 71 78 92 108 116 103 100 103 106 114
76 56 60 64 73 77 81 85 89 93 97 102 106 111 120
89 54 60 65 70 76 80 85 90 96 101 106 111 117 123
108 56 63 70 72 79 85 87 93 96 102 108 115 121 124
133 57 62 70 74 81 85 93 (100 104 111 115 119 127 131
159 60 67 73 78 84 89 94 102 107 116 121 126 131 137
219 62 69 75 82 87 95 102 107 114 118 125 130 135 142
273 64 73 80 85 92 98 104 111 117 123 129 135 141 146
325 65 73 82 88 96 102 107 115 120 127 133 138 143 149
377 66 75 83 90 98 104 111 118 124 129 135 141 146 152
426 68 76 83 92 98 104 112 117 125 130 137 143 148 154
480 70 79 87 95 102 109 116 |123 129 136 142 149 155 160
530
630
720
820
920
1020
Kpueosmuen—-| 76 87 97 103 111 119 129 |136 146 153 159 168 175 183
Hasa
IOBEPXHOCTH
OyaMe TpOoM
Bomee 1500
MM 12
mjockas




TeppuTopuranbHbIv panioH: EBponenckun panoH PO

Twn Nnpoknagk1: B noOMeLLeHun

Bua nsonaumn: maTbl U3 CTEKNAHHOTO LUITanenbHoro BonokHa M-35, 50
TennonposogHocTb: 0,04000 + 0,00030 t, Bt/(m x°C)

Tabnuua B.4



HapyXHbBIN TeMIepaTypa M30JMUpyeMoOM HoBepxHocTy, "C
ouaMeTp
TPyOBI, MM 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270
TonmyHa M30JIAUUM, MM
18
25
45
57 41 52 55 64 66 74 83 85 93 95 98 101 104 112
76 42 49 55 65 70 74 79 83 93 97 102 106 111 116
89 44 52 59 66 71 77 83 88 94 99 105 111 116 118
108 49 59 67 70 77 80 87 93 96 103 106 112 119 122
133 46 53 63 69 77 82 87 94 99 107 111 115 123 128
159 48 57 65 72 78 84 90 99 104 110 115 121 127 132
219 52 61 69 78 84 90 98 103 111 116 121 126 131 138
273 54 65 74 80 88 93 100 107 112 118 125 131 138 142
325 55 65 74 81 87 93 100 108 113 121 127 133 140 146
377 55 67 75 84 91 97 104 111 118 123 130 137 142 148
426 57 68 77 84 91 98 105 112 119 126 132 137 143 151
480 57 68 78 86 93 100 107 115 122 129 136 142 149 154
530
630
720
820
920
1020
Kpueosmuern—| 62 76 88 95 105 111 120 128 138 145 152 162 168 178
Hasg
IIOBEPXHOCTH
oraMe TPOM
Bomee 1500
MM 1z
iockasa




TeppuTopuranbHbIv panioH: EBponenckun panoH PO

Twun npoknagKku: Ha OTKPbITOM BO3ayxXe

Bug usonauuun: nNntel MMHEPanoBaTHbIE HA CUHTETUYECKOM cBA3yolwem M-75
TennonposogHocTk: 0,04300 + 0,00022 t, Bt/(m x °C)

Tabnuua B.5



HapyXHbBIN TeMnepaTypa M30JUPYEeMON HOoBepxHOoCTM, - C
oyaMeTp
TPyOBI, MM 50 75 100 125 150 175 200 225 250 275 300 |325 350 375 400 425 450 475 500 525 550 575 600
TonmyHa M30JIAUUM, MM
18
25
45
57
76
89
108 57 71 82 89 100 110 118 126 132 138 143 |151 156 163 170
133 58 71 83 96 106 116 126 129 133 140 147 154 160 167 172
159 62 75 86 99 112 121 128 132 136 143 150 |158 166 172 179
219 64 78 92 105 117 126 136 140 145 152 159 |167 175 182 188
273 66 82 95 109 120 131 142 148 152 162 170 178 185 193 202
325 67 85 99 112 124 134 144 151 158 166 174 183 191 200 208
377 67 86 102 115 126 137 148 154 160 169 179 188 196 204 213
426 69 87 101 116 129 140 150 157 163 173 182 191 200 208 216
480 71 90 107 121 133 145 155 162 169 178 188 197 207 216 224
530
630
720
820
920
1020
Kpueosmuerni—| 78 99 116 136 151 168 184 193 203 217 231 (244 257 270 281
Hasa
IOBEPXHOCTH
OyaMe TpOoM
Bomee 1500
MM 12

IIJIOCKa#Ad




TeppuTopuranbHbIv parioH: EBponerickun panoH PO

Twun npoknagku: B NoMeLeHnn

Bug usonauuun: nNntel MMHEPanoBaTHbIE HA CUHTETUYECKOM cBA3yolwem M-75
TennonposogHocTk: 0,04300 + 0,00022t, Bt/(m x °C)

Tabnuua B.6



HapyXHbBIN TeMrnepaTypa M30JUPYyeMON HOoBepxHoCTM, -C
oyaMeTp
TPyOBI, MM 50 75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500 525 550 575 600
TonmyHa M30JAAUUM, MM
18
25
45
57
76
89
108 49 67 76 88 96 107 115 123 121 135 143 150 156 162 169
133 46 65 78 90 101 112 119 125 131 |138 145 151 157 163 170
159 48 67 80 95 105 116 126 129 133 |140 147 155 163 169 175
219 53 72 86 100 111 121 131 135 140 |149 157 165 171 180 187
273 54 76 90 103 115 127 138 144 149 157 165 174 183 191 200
325 55 76 90 104 117 130 140 147 153 |163 172 180 189 197 205
377 55 78 93 108 120 132 143 150 156 |165 174 183 192 202 210
426 57 79 95 109 122 134 146 152 158 169 178 187 197 212 214
480 58 81 96 112 126 138 151 157 165 |175 185 195 204 213 222
530
630
720
820
920
1020
Kpueosmuern—| 62 90 108 127 143 161 178 188 195 210 224 238 251 264 277
Hasa
IOBEPXHOCTH
OyaMe TpOoM
Bomee 1500
MM 12

IIJIOCKa#Ad




TeppuTopuranbHbIv panioH: EBponenckun panoH PO

Twun npoknagKku: Ha OTKPbITOM BO3ayxXe

Bug nsonauuun: nnntel MMHEPanoBaTHbIE HA CUHTETUYECKOM cBA3ytoLem M-125
TennonposogHocTk: 0,04400 + 0,00021 t, Bt/(m x °C)

Tabnuua B.7



HapyxHBl1
ouaMeTp
TpyOBl, MM

TeMrepaTypa M30JIMPYEMOM IOBEPXHOCTH,

°C

50

75

100

125

150

175

200

225

250 275 300 |325 350 375

400

425

450

475

500

525

550

575

600

TonmyHa M30JIAUUM, MM

18
25
45
57
76
89
108
133
159
219
273
325
377
426
480
530
630
720
820
920
1020

72
74
74
75
75
76

92
94
95
96
97
97

107
109
110
112
113
113

121
123
125
134
127
128

132
136
137
153
140
141

145
148
151
159
154
155

158
160
163
164
167
168

163
166
169
171
173
175

168 179 188 (197 205 214
172 182 192 (201 211 220
175 185 195 (205 214 223
177 188 198 |208 218 227
180 190 201 | 211 221 231
182 193 203 |213 223 233

223
229
232
236
240
243

KpuBonmuen—
Hasd
IIOBEPXHOCTHb
oaMe TpoM
Bonee 1500
MM n
nJjiockas

79

101

117

137

152

168

183

193

202 216 229 (242 255 268

278




TeppuTopuranbHbIv panioH: EBponenckun panoH PO

Twun npoknagku: B NoMeLeHnn

Bug nsonauuun: nAntel MMHEPanoBaTHbIE HA CUHTETUYECKOM cBA3ytoLem M-125
TennonposogHocTb: 0,04400+0,00021 t, Bt/(m x °C)

Tabnuua B.8



HapyxHBl1
ouaMeTp
TpyOBl, MM

TeMrepaTypa M30JIMPYyEeMOM IIOBEPXHOCTM,

°C

50

75

100

125

150

175

200

225

250 275 300 325 350 375

400

425

450

475

500

525

550

575

600

TonmyHa M30JIAUUM, MM

18
25
45
57
76
89
108
133
159
219
273
325
377
426
480
530
630
720
820
920
1020

58
58
60
60
60
60

83
82
84
85
85
86

98
99
101
101
103
103

114
116
116
118
119
120

127
129
130
132
133
134

140
142
143
145
147
142

151
154
156
158
160
150

158
161
164
165
168
164

164 174 184 193 202 211
168 178 188 198 207 216
171 181 191 200 210 220
172 183 194 207 214 223
175 186 197 207 216 226
177 188 198 209 220 230

219
224
229
233
236
239

KpuBonmuen—
Hasd
IIOBEPXHOCTHb
oaMe TpoM
Bonee 1500
MM n
nJjiockas

63

91

108

127

144

161

177

187

194 209 222 236 249 261

274




TeppuTopuranbHbIv panioH: EBponenckun panoH PO

Tvin Nnpoknagku: Ha OTKPLITOM BO3ayxe

Bug nsonauun: maTbl U3 CynepTOHKOrO CTEKNOBOSIOKHA 6e3 CBA3YHLLEro
TennonposogHocTk: 0,03300+0,00010 t Bt/(m x°C)

Tabnuua B.9



HapyXHbBIN TeMrnepaTypa M30JUPYyeMON HOoBepxHoCTM, -C
oyaMeTp
TPyOBI, MM 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270
TonmyHa MI30JAAUUM, MM
18
25
45
57 30 33 34 37 40 42 47 52 55 49 47 47 47 49 49 50 50 51 53
76 36 38 39 43 44 45 46 47 48 49 50 51 52 54 55 56 57 58 58
89 36 38 41 42 44 46 47 49 50 52 53 54 56 57 58 59 59 61 61
108 38 41 44 44 477 49 50 52 52 54 56 58 59 60 61 62 62 64 64
133 38 41 45 46 49 51 54 56 57 60 60 61 64 65 67 68 67 67 68
159 41 45 47 50 52 54 55 59 60 63 65 66 67 69 69 70 71 71 70
219 44 47 49 53 55 58 61 63 66 67 70 71 72 74 76 77 77 77 78
273 45 50 54 56 59 62 64 67 69 71 73 75 77 78 80 82 83 83 84
325 46 51 55 58 62 04 67 70 72 74 76 78 80 81 83 84 85 86 87
377 47 52 56 60 64 67 69 72 75 76 78 81 82 84 86 88 88 89 90
426 48 53 57 61 64 67 70 73 76 78 81 82 84 86 88 90 91 92 93
480 50 55 60 64 67 71 74 76 79 82 84 86 89 90 92 94 94 95 97
530 50 55 60 64 68 71 73 77 79 81 83 86 89 91 93 96 96 97 98
630 52 57 61 66 69 72 76 78 81 84 87 89 91 94 96 98 99 100 101
720 52 58 63 66 71 74 77 80 83 86 88 91 93 96 98 101 101 103 103
820 53 59 63 68 71 75 80 85 90 94 98 99 100 100 101 102 103 104 105
920 53 59 64 68 73 76 79 82 85 88 91 94 97 99 102 104 105 106 107
1020 53 59 64 69 72 76 80 83 86 89 92 95 98 100 103 106 107 108 109
KpuBommuen-| 57 63 69 73 77 82 87 91 96 100 103 107 110 114 117 |121 123 126 126
Hasa
IOBEPXHOCTH
OyaMe TpOoM
Bomee 1500
MM 12
mjockas




TeppuTopuranbHbIv panioH: EBponenckun panoH PO

Twn Nnpoknagk1: B noOMeLLeHun

Bug nsonauun: maTbl U3 CynepTOHKOrO CTEKNOBOSIOKHA 6e3 CBA3YHOLLEro
TennonposogHocTb: 0,03300+0,00010 t, Bt/(m x °C)

Tabnuua 5.10



HapyXHbBIN TeMrnepaTypa M30JUPYyeMON HOoBepxHoCTM, -C
oyaMeTp
TPyOBI, MM 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270
TonmyHa M30JIAUUM, MM
18
25
45
57 26 31 31 35 35 38 41 41 43 43 44 44 44 46 47 47 47 48 48
76 27 30 32 37 39 40 41 42 46 47 48 49 50 51 52 53 54 55 54
89 28 32 36 38 40 42 44 46 47 49 50 52 53 53 54 56 56 57 57
108 32 37 41 41 44 45 477 50 50 52 52 54 56 57 58 59 59 61 60
133 31 34 39 42 46 47 49 52 53 56 57 58 60 61 62 63 64 64 65
159 32 37 41 44 47 49 51 55 57 58 60 62 63 65 66 68 68 68 68
219 36 41 44 49 52 54 57 59 62 64 65 67 68 71 72 73 74 74 74
273 37 43 49 51 55 57 60 63 64 67 69 71 73 75 77 79 80 80 81
325 38 44 49 52 55 58 60 64 66 69 71 73 76 78 79 81 82 83 84
377 38 45 50 55 58 60 64 67 70 71 74 76 78 80 82 84 85 86 87
426 40 46 52 55 59 62 65 68 71 73 76 78 80 82 84 86 87 88 89
480 40 46 52 56 60 63 67 70 73 76 78 81 84 85 88 90 91 91 93
530 40 47 53 57 61 64 67 71 74 77 80 82 85 87 89 91 92 93 94
630 40 48 53 57 62 65 70 73 76 79 81 84 87 89 91 93 95 96 97
720 42 49 54 59 63 67 70 74 77 80 83 86 88 91 93 96 97 99 99
820 42 49 55 60 64 67 72 75 78 81 84 87 90 93 95 98 99 100 101
920 42 50 55 61 65 69 73 76 79 83 85 88 91 94 97 99 101 102 103
1020 42 50 56 61 65 69 73 77 80 83 86 88 90 91 92 94 97 100 102
KpuBonmuen-| 45 54 62 66 72 75 79 84 89 93 96 102 105 109 112 116 |119 121 122
Hasa
IOBEPXHOCTH
OyaMe TpOoM
Bomee 1500
MM 12
mjockas




TeppuTopuranbHbIv panioH: EBponenckun panoH PO

Twun npoknagKku: Ha OTKPbITOM BO3ayxXe

Bua nsonauuun: unnuHapbl MMHEpanoBaTHbIE Ha CUHTETUYECKOM cBsasytowem M-100
TennonposogHocTb: 0,04900+0,00021 t, Bt/(m x °C)

Ta6bnuua B.11



HapyXHbBIN TeMrneparTypa M30JUPYyeMON HoBepxHOoCTM, - C
oyaMeTp
TPyOBI, MM 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270
TonmyHa M30JIAUUM, MM
18
25 57 59 o0l 04 76 78 80 83 85 88 91 94 97 101 104 108 111 115 119
45 59 66 65 71 71 77 82 82 88 88 94 99 100 106 106 112 113 114 121
57 57 66 67 75 83 90 105 121 128 112 107 108 110 117 118 120 122 125 132
76 68 72 76 86 89 92 95 98 101 104 108 111 114 122 126 129 133 137 136
89 65 72 77 82 86 91 95 99 104 108 112 116 120 125 129 133 134 139 139
108 67 75 82 84 90 95 97 102 104 109 114 120 125 126 132 134 136 141 143
133 67 72 81 85 92 95 102 109 112 118 121 124 130 133 140 143 143 143 146
159 71 78 84 89 94 99 104 111 115 123 127 131 135 139 140 144 146 147 147
219 73 80 85 93 98 105 112 115 122 125 131 135 138 144 148 151 153 154 156
273 75 84 91 96 102 |108 114 119 125 130 135 140 145 148 153 157 160 161 164
325
377
426
480
530
630
720
820
920
1020
KpuBomm-— 87 98 107 113 121 128 138 144 153 159 164 173 178 185 190 197 202 206 208
HelHas
HOoBEepPxX-—
HOCTbBb
IraMeTpOoM
Bomee 1500
MM 128
nJjockas




TeppuTopuranbHbIv panioH: EBponenckun panoH PO

Twun npoknagku: B NoMeLeHnn

Bug nsonauuun: uunuHapbl MMHEpanoBaTHbIE Ha CUHTETUYECKOM cBsasytowem M-100
TennonposogHocTb: 0,04900+0,00021 t, Bt/(m x °C)

Tabnuua B.12



HapyXHbBIN TeMnepaTypa M30JUPYyEeMON HoBepxHOCTM, - C
oyaMeTp
TPyOBI, MM 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270
TonmyHa M30JIAUUM, MM
18
25 40 45 o0l 04 67 69 72 75 78 81 84 88 91 95 98 102 106 110 114
45 38 48 56 64 64 71 78 77 84 84 90 96 97 103 103 104 111 123 123
57 50 62 64 74 75 83 91 92 100 101 102 103 105 112 114 116 119 121 123
76 50 57 63 74 78 82 86 90 99 102 106 109 113 116 120 124 128 131 131
89 52 61 68 74 80 85 90 95 100 104 109 113 118 118 123 127 128 132 133
108 57 58 77 79 86 88 94 100 102 108 109 115 121 122 128 130 132 137 136
133 53 61 72 77 86 90 94 101 104 111 115 118 125 128 131 134 138 138 141
159 55 65 73 80 86 92 97 105 110 115 119 124 128 132 137 141 142 144 143
219 60 69 77 87 92 97 105 109 116 120 124 128 132 138 142 146 147 149 150
273 62 73 83 89 97 101 108 114 117 123 128 134 139 142 147 153 156 157 160
325
377
426
480
530
630
720
820
920
1020
Kpueosmuern—-| 69 84 96 103 113 118 126 133 143 149 155 164 170 178 183 191 195 200 202
Hasa
IOBEPXHOCTH
OyaMe TpOoM
Bomee 1500
MM 12
mjockas




TeppuTopuranbHbIv panioH: EBponenckun panoH PO

Tvin Nnpoknagku: Ha OTKPLITOM BO3ayxe

Bua nsonauumn: noNOTHO XONCTONPOLUMBHOE, UrnonpobnBHoe
TennonposogHocTb: 0,04700+0,00023 t, Bt/(m x °C)

Tabnuua B.13



HapyxHBl1
ouaMeTp
TpyOBl, MM

TeMrepaTypa M30JIMPYEMOM IOBEPXHOCTH,

°C

50

75

100

125

150

175

200

225

250

275

300

325

350

375

400

425

450

475

500

525

550

575

600

TonuyHa M30JIALUUN,

MM

18
25
45
57
76
89
108
133
159
219
273
325
377
426
480
530
630
720
820
920
1020

50
54
56
54

61
60
66
69

72
75
74
87

83
82
83
131

95
89
92
105

99
98
102
112

104
108
112
120

111
119
119
129

112
123
126
139

122
130
134
145

132
137
138
148

137
146
143
156

143
149
150
161

151
154
157
157

153
160
161
173

157
167
166
181

167
171
172
189

173
175
179
194

174
180
183
201

182
186
188
208

185
193
193
212

KpuBonmuen—
Hasd
IIOBEPXHOCTHb
oaMe TpoM
Bonee 1500
MM n
nJjiockas

85

108

126

147

163

181

198

208

218

233

247

262

276

289

300

314

327

340

353

369

382




TeppuTopuranbHbIv panioH: EBponerickun panoH PO

Twn Nnpoknagk1: B noOMeLLeHun

Bua nsonauumn: noNOTHO XONCTONPOLUMBHOE, UrnonpobnBHoe
TennonposogHocTb: 0,04700+0,00023 t, Bt/(m x °C)

Tabnuua B.14



HapyxHBl1
oaMeTp
TPyOBI, MM

TeMrepaTypa M30JIMPYyEeMOM IOBEPXHOCTH,

°C

50

75

100

125

150

175

200

225

250

275

300

325 350

375

400

425

450

475

500

525

550

575

600

ToJsmmHa

UB0JISLUUN,

MM

18
25
45
57
76
89
108
133
159
219
273
325
377
426
480
530
630
720
820
920
1020

37
38
37
48

53
60
58
67

66
67
69
81

79
75
79
94

92
83
89
101

96
93
99
109

101
103
105
117

108
114
128
126

117
126
124
131

127
132
142
142

130
140
136
149

134 140
148 151
141 147
157 162

148
156
155
167

156
162
159
174

159
169
163
181

164
171
169
185

169
175
176
194

170
180
183
200

178
186
187
207

186
192
193
211

Kpmsosm-
HeMHas
IOBEPX—
HOCTb
IOVaMeTPOM
BoJee
1500mMmM
nJjockas

nu

67

98

117

137

155

174

191

202

210

225

240

255 269

283

296

310

321

336

350

363

375




TeppuTopuranbHbIv panioH: EBponenckun panoH PO
Tvin Nnpoknagku: Ha OTKPLITOM BO3ayxe

Bua nsonaumm: WHyp MmHepanosatHblii M-200
TennonposogHocTb: 0,05600+0,00019 t, Bt/(m x °C)

Tabnuua B.15



HapyxHBl1
ouaMeTp
TpyOBl, MM

TeMrepaTypa M30JIMPYEMOM IOBEPXHOCTH,

°C

50

75

100

125

150

175

200

225

250

275

1300

325

350

375

400

425

450

475

500

525

550

575

600

TonuyHa M30JIALUUN,

MM

18
25
45
57
76
89
108
133
159
219
273
325
377
426
480
530
630
720
820
920
1020

69
72
72
69
82
78
80

83
79
83
86
97
91
97

96
98
93
108
109
107
111

108
104
102
163
114
116
119

122
111
111
126
125
130
131

123
119
121
132
136
143
143

126
129
131
139
148
152
151

132
139
135
147
155
157
159

129
141
141
155
158
162
164

138
146
147
159
166
169
170

147
151
150
160
171
172
173

149
158
153
166
176
177
180

153
159
158
169
179
214
185

158
161
163
173
183
187
191

158
165
165
177
187
194
196

159
170
168
183
193
198
203

167
170
172
188
196
200
207

170
172
176
192
202
205
212

168
174
178
196
206
209
216

173
178
181
200
208
215
222

174
182
184
202
211
217
226

176
187
188
205
217
231
231

175
189
190
209
221
244
234

KpuBonmuen—
Hasd
IIOBEPXHOCTHb
oaMe TpoM
Bonee 1500
MM n
nJjiockas

97

122

141

162

178

195

211

220

229

243

256

269

282

294

303

315

327

338

350

363

374

385

396




TeppuTopuranbHbIv panioH: EBponenckun panoH PO
Twn Nnpoknagk1: B noOMeLLeHun

Bug nsonaumm: WHyp MmHepanosatHbii M-200
TennonposogHocTk: 0,05600+0,00019 t Bt/(m x °C)

Tabnuua 5.16



HapyxHBl1
ouaMeTp
TpyOBl, MM

TeMnepaTypa M30JMPYEMONM NOBEPXHOCTH,

°C

50

75

100

125

150

175

200

225

250 275 300 325 350 375

400

425

450

475

500

525

550

575

600

TonmyHa M30JIAUUM, MM

18
25
45
57
76
89
108
133
159
219
273
325
377
426
480
530
630
720
820
920
1020

25
29
33
33
41
40
42

44
45
51
54
62
60
65

60
64
65
77
79
79
83

75
74
76
123
88
91
94

90
84
87
100
101
106
108

95
94
98
109
114
120
121

101
105
109
117
126
130
130

108
116
115
126
134
137
140

108 117 127 130 135 140
120 125 132 139 141 144
122 129 133 137 142 148
135 141 143 149 153 157
139 148 153 160 163 168
144 151 155 160 196 172
146 153 157 165 170 176

141
148
150
162
173
179
182

143
153
154
168
178
183
189

150
155
158
174
181
186
193

154
157
162
177
188
191
199

153
160
165
182
192
195
202

158
163
167
186
195
202
208

160
168
171
189
198
204
213

162
173
175
192
204
218
218

161
175
177
196
208
230
221

KpuBonmuen—
Hasd
IIOBEPXHOCTHb
oaMe TpoM
Bonee 1500
MM n
nJjiockas

62

94

117

141

159

177

194

204

214 228 242 255 268 281

291

303

315

326

338

351

363

374

385




TeppuTopuranbHbIv panioH: EBponenckun panoH PO

Tun Npoknagkn: Ha OTKPLITOM BO3ayxe

Bug nsonauumn: maTel MMHEpanoBaTHbIe NOTHOCTLIO 80 kr/mM3
TennonposogHocTb: 0,03410+0,00030 t, Bt/(m x °C)

Tabnuua B.17



HapyXHbBIN TeMrnepaTypa M30JUPYyeMON HOoBepxHoCTM, -C
oyaMeTp
TPyOBI, MM 50 75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500 525 550 575 600
TonmyHa MI30JAAUUM, MM
18
25
45
57 38 49 64 98 83 92 102 112 124 133 139 150 159 168 179 190 203 213 224 235 245 255 266
76 46 57 67 74 86 97 110 120 128 140 150 161 169 179 189 200 209 222 233 242 251 265 276
89 45 55 67 77 90 103 115 123 133 144 152 162 202 183 195 205 213 225 235 248 257 281 303
108 477 60 72 80 92 105 116 127 136 146 154 166 176 186 198 210 221 232 241 254 265 277 287
133 48 ol 73 87 99 111 124 130 137 147 158 169 179 190 199 211 222 233 243 253 262 274 285
159 51 64 76 90 104 116 126 133 140 150 161 172 184 195 206 216 227 238 248 259 270 282 292
219 53 67 82 96 109 121 134 141 149 159 170 181 193 204 214 226 237 248 259 270 281 294 305
273 55 71 85 100 113 126 140 148 156 169 181 192 204 216 228 240 251 262 273 285 298 310 321
325 56 73 88 103 117 129 142 152 162 173 184 197 210 223 234 245 257 269 280 293 305 316 328
377 57 75 91 106 119 132 145 155 164 177 190 202 214 226 239 250 263 274 286 298 310 323 335
426 58 76 91 106 121 135 148 158 167 180 193 206 218 230 242 254 266 278 290 303 315 328 339
480 60 79 96 112 126 140 153 163 173 185 198 212 226 239 251 262 275 288 301 313 326 338 349
530 60 79 96 111 124 140 155 165 173 187 201 213 226 239 253 265 277 289 302 315 328 340 352
630 62 81 97 113 128 143 158 167 177 191 204 218 231 245 258 271 283 296 309 321 333 346 358
720 62 82 99 115 129 1406 161 170 180 194 208 221 235 248 261 274 287 300 312 325 337 351 364
820 63 83 100 123 145 153 162 172 182 196 210 224 238 251 265 278 291 304 316 330 343 356 369
920 63 84 101 117 133 149 165 174 185 199 213 227 241 255 268 282 295 308 321 334 347 361 374
1020 64 84 101 118 134 150 166 176 186 201 215 229 243 257 272 285 298 311 324 346 370 373 378
KpuBomm-— 67 89 106 127 144 163 182 194 207 224 241 257 274 291 304 321 337 353 369 388 404 420 436
HeMrHasda
HOoBEepPxX-—
HOCTbBb
IraMeTpOoM
Bosiee
1500mm "
nJjockas




TeppuTopuranbHbIv panioH: EBponenckun panoH PO

Tun npoknagku: B NoMeLLEHUN

Bug nsonauumn: maTel MMHEpanoBaTHbIe NOTHOCTLIO 80 kr/mM3
TennonposogHocTb: 0,03410+0,00030 t, Bt/(m x °C)

Tabnuua 5.18



HapyXHbBIN TeMrnepaTypa M30JMPYyeMOM NOBepxHOCTM, -C
oyaMeTp
TPyOBI, MM 50 75 100 125 150 175 200 225 250 |275 300 325 350 375 400 425 450 475 500 525 550 575 600
TonmyHa M30JIAUUM, MM
18
25
45
57 34 49 61 73 81 90 100 111 119 132 142 154 162 171 182 193 202 215 226 238 247 261 271
76 35 50 62 74 86 98 108 118 126 122 145 159 171 180 190 201 210 223 234 246 255 265 276
89 37 54 65 79 89 100 111 120 127 141 153 165 175 187 196 202 213 225 238 248 259 272 282
108 41 58 68 81 90 104 114 126 127 145 156 168 178 188 200 212 222 233 243 256 266 278 288
133 39 56 70 83 96 109 119 128 137 |147 158 167 177 188 199 209 219 231 243 255 266 276 286
159 41 58 72 88 100 113 126 132 139 149 160 171 183 194 203 215 226 225 249 261 272 284 294
219 45 63 78 93 105 118 131 138 146 |158 169 181 191 203 215 225 236 247 259 272 283 294 304
273 47 67 81 96 110 124 138 146 154 |166 178 191 204 216 228 240 250 261 273 285 297 309 321
325 477 68 82 97 112 127 140 150 159 |171 184 196 209 221 233 244 256 269 281 293 305 317 329
377 48 70 85 101 115 129 143 152 161 |174 186 199 212 225 238 249 262 274 286 298 310 321 334
426 49 70 87 102 117 131 145 154 164 177 190 203 216 236 242 254 265 277 289 302 314 326 339
480 50 72 88 105 121 136 150 160 170 |184 197 211 223 236 250 261 273 287 300 313 325 337 349
530 50 73 89 106 122 137 151 161 171 |184 198 211 224 238 250 263 276 289 303 315 327 339 352
630 50 73 90 108 123 139 154 164 175 188 201 216 229 242 255 268 281 294 308 320 332 345 358
720 52 75 92 109 124 140 156 167 177 191 205 218 232 246 259 272 285 299 312 325 337 350 363
820 52 75 93 110 126 142 158 169 179 193 208 225 236 250 263 276 289 302 315 328 342 356 369
920 52 76 94 112 127 144 160 119 181 |196 210 225 237 252 266 279 292 320 318 332 346 360 373
1020 52 76 94 112 129 139 150 167 183 198 212 227 242 256 270 282 295 308 322 336 350 364 377
KpuBommuen-| 54 82 100 120 139 158 177 190 201 (218 235 252 269 285 302 318 332 351 367 383 399 418 433
Hasa
IOBEPXHOCTH
OyaMe TpOoM
Bomee 1500
MM 12

IIJIOCKa#Ad




TeppuTopuranbHbIv panioH: EBponerickun panoH PO

Twun npoknagKku: Ha OTKPbITOM BO3ayxXe

Bug nsonauun: matel MMHepanoBaTHble NoTHOCTbO 100 kr/m3
TennonposogHocTb: 0,03600+0,00026 t, Bt/(m x °C)

Ta6bnuua 5.19



HapyXHbBIN TeMrnepaTypa M30JUPYyeMON HOoBepxHoCTM, -C
oyaMeTp
TPyOBI, MM 50 75 100 125 150 175 200 225 250 275 300 |325 350 375 400 425 450 475 500 525 550 575 600
TonmyHa M30JIAUUM, MM
18
25
45
57 39 50 64 96 80 87 95 104 113 120 124 133 139 146 153 162 171 178 185 194 200 207 214
76 47 57 67 73 83 93 104 112 118 127 135 |143 149 156 164 172 179 188 196 202 208 218 226
89 46 56 67 75 87 99 108 115 122 131 137 |145 178 161 170 178 183 192 199 209 215 233 249
108 48 60 71 79 89 100 109 118 126 134 140 |149 157 165 174 183 191 199 206 215 223 232 239
133 49 61 72 85 96 106 117 122 127 135 144 153 161 169 176 185 193 202 209 217 223 232 240
159 52 65 76 88 101 111 120 125 130 138 147 |156 166 174 183 191 199 207 215 223 231 240 248
219 54 68 81 94 106 116 127 133 139 147 156 |166 175 184 192 201 210 219 227 235 244 253 262
273 56 72 85 98 110 122 133 140 147 158 167 |176 186 195 206 215 223 232 241 250 260 269 278
325 57 74 88 101 113 124 135 143 152 161 171 182 192 202 212 221 230 239 248 258 268 277 286
377 58 76 91 104 116 127 139 147 154 165 176 |187 196 206 216 226 236 245 254 264 273 284 293
426 60 77 91 105 118 130 141 150 157 169 179 190 200 211 220 230 239 249 259 269 279 289 298
480 62 79 95 110 123 135 147 155 163 174 185 196 208 218 228 238 248 259 269 279 289 298 307
530 62 80 95 109 121 135 149 156 164 176 187 197 208 219 231 241 250 260 271 281 292 301 311
630 63 82 97 111 125 138 152 159 167 179 191 |202 213 225 236 246 256 267 278 288 297 308 318
720 63 83 98 113 126 141 154 162 170 182 194 205 217 228 239 250 261 271 281 292 302 313 324
820 64 84 100 121 141 148 156 164 173 185 197 1209 221 232 243 255 265 275 286 297 308 318 329
920 62 85 100 115 129 144 158 166 175 187 200 (212 224 236 247 258 269 280 290 301 312 324 335
1020 65 85 101 116 131 146 160 168 177 190 202 214 226 238 250 261 272 283 294 313 333 335 338
Kpueosmueri—| 68 89 106 126 141 159 175 187 197 213 228 243 258 272 285 299 313 328 342 358 372 386 400
Hasa
IOBEPXHOCTH
OyaMe TpOoM
Bomee 1500
MM 12

IIJIOCKa#Ad




TeppuTopuranbHbIv panioH: EBponenckun panoH PO

Twun npoknagku: B NoMeLeHnn

Bug nsonauun: matel MMHepanoBaTHble NoTHOCTbO 100 kr/m3
TennonposogHocTb: 0,03600+0,00026 t, Bt/(m x °C)

Tabnuua B5.20



HapyXHbBIN TeMnepaTypa M30JUPYyEeMON HoBepxHOCTM, - C
oyaMeTp
TPyOBI, MM 50 75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500 525 550 575 600
TonmyHa M30JIAUUM, MM
18
25
45
57 35 49 60 71 78 85 93 102 108 118 126 134 140 147 154 163 169 178 186 194 200 209 217
76 36 50 61 72 82 93 100 109 115 110 129 140 149 156 163 172 178 187 195 203 210 217 224
89 38 54 64 76 85 94 104 111 116 127 137 147 154 163 169 174 182 190 200 207 215 224 231
108 42 58 67 78 87 98 107 117 116 132 141 150 157 165 174 183 191 199 206 215 223 231 238
133 40 56 69 81 92 103 112 119 126 134 143 150 158 166 175 182 190 199 208 217 225 232 239
159 42 58 71 85 96 107 118 123 129 137 145 155 164 173 180 189 197 195 214 224 232 241 248
219 46 63 77 91 102 113 124 129 136 146 155 164 172 183 192 200 208 217 226 236 245 252 260
273 47 67 80 94 106 118 130 138 144 154 164 174 185 194 205 214 222 230 239 249 259 267 277
325 48 68 81 95 108 121 133 141 149 159 170 180 190 200 210 219 228 238 248 257 266 276 285
377 49 70 84 99 112 124 136 144 151 162 172 183 194 205 215 224 234 244 253 263 272 281 291
426 50 70 86 100 113 126 138 146 154 165 176 187 198 215 219 229 238 248 257 267 277 287 297
480 51 72 87 103 117 130 143 151 160 172 183 194 205 216 227 236 246 257 267 278 288 297 306
530 51 73 88 104 118 132 144 153 161 172 184 195 206 217 228 238 248 260 270 280 290 299 309
630 50 73 89 106 120 134 147 156 165 176 188 200 211 222 233 243 254 265 276 286 296 306 317
720 53 75 91 107 121 135 149 159 167 179 191 202 214 226 237 248 258 270 281 291 301 311 322
820 52 75 92 108 123 137 152 160 169 181 194 209 218 230 241 252 263 273 284 295 306 317 328
920 53 76 93 109 124 139 153 163 171 184 197 209 220 232 244 255 266 290 288 299 311 322 333
1020 52 76 93 110 125 134 144 158 173 186 198 211 224 236 248 258 269 280 291 303 314 326 337
KpuBomm-— 55 82 99 118 135 153 171 182 191 207 222 237 252 267 282 296 308 325 339 353 367 384 398
HelHas
HOoBEepPxX-—
HOCTbBb
IraMeTpOoM
Bomee 1500
MM 128
nJjockas




TeppuTopuranbHbIv panioH: EBponenckun panoH PO

Tvin Nnpoknagku: Ha OTKPLITOM BO3ayxe

Bug nsonauuun: maTbl MMHEpPAnoBaTHbIE MIIOTHOCTLIO 55 kr/M3
TennonposogHocTb: 0,03400+0,00028 t, Bt/(m x °C)

Ta6bnuua B.21



HapyXHbBIN TeMrnepaTypa M30JUPYyeMON HOoBepxHoCTM, -C
oyaMeTp
TPyOBI, MM 50 75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500 525 550 575 600
TonmyHa M30JIAUUM, MM
18
25
45
57
76
89
108
133
159
219
273 54 69 83 97 109 121 133 141 148 160 171 181 291 202 213 223 |233 242 253 263 274 285
325 55 72 86 99 112 124 135 144 154 164 174 186 197 209 219 229 239 250 260 271 282 292
377 56 73 89 103 115 127 139 148 156 168 180 191 201 212 224 234 1245 255 266 277 287 299
426 57 74 89 103 117 130 141 151 159 171 183 194 205 217 227 238 249 259 270 282 292 303
480 59 77 93 108 122 135 147 155 165 176 188 200 213 225 236 246 | 257 269 281 291 303 313
530 59 77 93 107 120 135 149 157 165 178 190 202 214 226 238 249 1259 271 283 294 305 316
630 ol 79 95 110 124 138 152 160 169 182 194 206 219 231 243 255 266 278 289 300 311 322
720 61 80 96 111 125 140 154 163 172 185 197 210 222 234 246 258 270 282 293 304 315 327
820 62 81 98 119 140 148 156 165 174 187 200 213 226 238 251 263 274 285 297 309 321 333
920 62 82 98 114 128 144 158 167 177 190 203 216 229 242 254 266 |278 290 301 313 326 338
1020 63 82 99 115 129 145 160 169 179 192 205 218 231 244 257 269 (281 293 305 325 347 350
Kpueosmuern—-| 66 87 104 124 140 158 176 187 199 215 231 247 263 278 291 306 322 337 352 370 385 400
Hasa
IOBEPXHOCTH
OyaMe TpOoM
Bomee 1500
MM 12
mjockas




TeppuTopuranbHbIv panioH: EBponenckun panoH PO

Twn Nnpoknagk1: B noOMeLLeHun

Bug nsonauuun: maTbl MMHEpPanoBaTHbIE NIIOTHOCTLIO 55 kr/M3
TennonposogHocTb: 0,03400+0,00028 t, Bt/(m x °C)

Tabnuua b.22



HapyXHbBIN TeMrnepaTypa M30JMPYyeMOM MNOBepxHOoCTM, -C
oyaMeTp
TPyOBI, MM 50 75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500 525 550 575 600
TonmyHa M30JIAUUM, MM
18
25
45
57
76
89
108
133
159
219
273 46 65 79 92 105 118 131 139 146 156 167 179 190 201 212 223 232 241 252 262 273 283
325 46 66 79 94 108 121 133 |143 151 162 174 184 196 207 218 227 237 249 260 270 281 292
377 47 68 82 98 111 124 136 |145 153 165 176 187 199 211 222 233 244 255 265 276 286 297
426 49 69 84 99 112 126 139 147 156 168 180 192 204 222 227 237 248 258 269 280 291 302
480 49 70 85 102 116 130 144 153 162 175 187 199 211 222 234 245 256 268 279 291 302 312
530 49 71 87 102 117 131 144 |154 163 175 187 200 212 224 235 247 258 270 282 293 304 315
630 49 71 88 104 119 134 147 (157 167 179 191 204 217 228 240 252 263 275 288 299 310 321
720 51 73 89 105 120 135 150 |160 169 182 194 207 219 232 244 256 268 280 293 304 315 326
820 51 74 90 107 122 137 152 |16l 171 184 197 214 224 236 249 261 272 284 295 308 320 332
920 51 74 91 108 123 139 154 |164 173 187 200 213 225 238 252 263 275 301 299 312 324 337
1020 51 74 92 109 124 134 144 |160 175 189 202 216 230 243 255 266 278 290 303 316 328 341
Kpueosmuern—-| 53 80 97 117 134 153 171 |184 193 209 226 242 257 273 289 304 317 334 350 365 380 397
Hasa
IOBEPXHOCTH
OyaMe TpOoM
Bomee 1500
MM 12

IIJIOCKa#Ad




TeppuTopuranbHbIv panioH: EBponenckun panoH PO

Twun npoknagKku: Ha OTKPbITOM BO3ayxXe

Bug nsonauuu: unnuHapel MMHEpanoBaTHble MNNOTHOCTLIO 80 Kr/m3
TennonposogHocTb: 0,03500+0,00023 t, Bt/(m x °C)

Tabnuua B5.23



HapyxHBl1
ouaMeTp
TpyOBl, MM

TeMrepaTypa M30JIMPYEMOM IOBEPXHOCTH,

°C

50

75

100

125

150

175

200

225

250 275 300 325 350 375

400

425

450

475

500

525

550

575

600

TonmyHa M30JIAUUM, MM

18
25
45
57
76
89
108
133
159
219
273
325
377
426
480
530
630
720
820
920
1020

37
37
44
44
45
46
49

43
46
53
52
56
57
61

49
58
61
62
66
67
70

56
86
66
69
72
78
82

62
72
75
78
81
87
92

69
77
83
88
91
96
101

77
84
92
96
98
106
108

82
91
98
102
105
109
112

87 94 98 102 108 113
98 103 106 113 117 122
103 111 116 123 127 133
108 114 119 125 152 138
111 117 122 130 136 142
113 120 127 134 140 147
116 123 130 138 145 152

117
128
138
145
149
152
159

122
134
145
150
156
159
165

127
141
149
154
162
166
171

133
146
157
161
168
172
178

137
152
162
166
173
178
184

141
158
167
174
181
184
190

146
162
171
178
187
189
197

151
167
179
192
193
195
203

155
172
184
204
198
201
209

KpuBonmuen—
Hasd
IIOBEPXHOCTHb
oaMe TpoM
Bonee 1500
MM n
nJjiockas

65

85

100

119

133

149

164

174

184 198 211 225 238 251

262

275

288

300

313

328

340

353

365




TeppuTopuranbHbIv panioH: EBponenckun panoH PO

Twun npoknagku: B NoMeLeHnn

Bug nsonauuu: uunuuapsl MMHEpanoBaTHbIe MNNOTHOCTLIO 80 KT/M3
TennonposogHocTb: 0,03500+0,00023 t, Bt/(M x °C)

Tabnuua b.24



HapyxHBl1
ouaMeTp
TpyOBl, MM

TeMnepaTypa M30JMPYEMONM NOBEPXHOCTH,

°C

50

75

100

125

150

175

200

225

250

275

300

325

350

375

400

425

450

475

500

525

550

575

600

TonummHa

VB0JISLUNN,

MM

18
25
45
57
76
89
108
133
159
219
273
325
377
426
480
530
630
720
820
920
1020

25
32
34
35
39
38
39

39
45
46
50
54
53
55

46
55
56
59
61
64
66

53
64
65
69
72
74
78

60
69
74
77
78
84
88

67
75
83
84
88
93
97

72
81
89
92
96
100
106

87
88
95
98
103
106
110

86

93
100
102
103
112
114

98
101

96
111
115
119
121

96
107
111
118
122
125
128

100
113
120
126
130
131
136

106
118
127
132
135
137
143

111
122
132
138
142
144
150

115
128
137
143
148
151
155

120
134
144
146
156
156
163

125
138
148
152
161
162
169

130
146
155
159
168
169
168

136
151
161
166
172
176
183

140
157
167
171
180
183
190

145
161
171
177
185
189
196

150
168
176
184
192
194
203

154
173
182
189
197
200
209

KpuBonmuen—
Hasd
IIOBEPXHOCTHb
oaMe TpoM
Bonee 1500
MM n
nJjiockas

53

78

94

111

127

144

159

170

178

192

206

219

233

246

259

272

283

298

310

323

335

350

363




TeppuTopuranbHbIv panioH: EBponenckun panoH PO

Twun npoknagKku: Ha OTKPbITOM BO3ayxXe

Bug nsonauuu: unnuuapsl MMHEpanoBaTHbIE MNNOTHOCTLO 40 Kr/m3
TennonposogHocTb: 0,03100+0,00033 t, Bt/(m x °C)

Tabnuua B.25



HapyxHBl1
ouaMeTp
TpyOBl, MM

TeMrepaTypa M30JIMPYEMOM IOBEPXHOCTH,

°C

50

75

100

125

150

175

200

225

250 275 300 325 350 375

400

425

450

475

500

525

550

575

600

TonmyHa M30JIAUUM, MM

18
25
45
57
76
89
108
133
159
219
273
325
377
426
480
530
630
720
820
920
1020

35
35
42
42
44
44
48

43
46
53
52
56
57
61

52
61
64
64
68
70
73

61
94
72
74
78
84
87

71
81
84
88
90
97
102

82
91
96
102
104
110
115

94
102
110
114
115
124
126

103
113
122
124
128
131
134

114 126 135 145 157 170
127 137 145 158 168 180
131 144 156 168 179 190
136 148 158 169 214 194
138 150 160 173 184 197
139 151 163 176 188 200
142 154 166 179 192 205

180
192
202
208
210
211
218

191
206
216
221
225
225
230

203
221
227
231
238
238
242

217
234
243
245
251
251
256

228
247
256
257
263
263
268

KpuBonmuen—
Hasd
IIOBEPXHOCTHb
oaMe TpoM
Bonee 1500
MM n
nJjiockas

63

85

103

125

142

162

181

195

209 227 245 263 281 299

314

332

349

367

384




TeppuTopuranbHbIv panioH: EBponenckun panoH PO

Twun npoknagku: B NoMeLeHnn

Bug nsonauun: unnuHapbl CTEKNOBOMOKHUCTbIE MOTHOCTLIO0 40 Kr/m3
TennonposogHocTb: 0,03100+0,00033 t, Bt/(m x °C)

Tabnuua B5.26



HapyxHBl1
ouaMeTp
TpyOBl, MM

TeMrepaTypa M30JIMPYEMOM IOBEPXHOCTH,

°C

50

75

100

125

150

175

200

225

250 275 300 325 350 375

400

425

450

475

500

525

550

575

600

TonmyHa M30JIAUUM, MM

18
25
45
57
76
89
108
133
159
219
273
325
377
426
480
530
630
720
820
920
1020

24
32
33
35
39
37
39

40
46
47
52
55
54
56

50
59
60
62
65
68
70

59
71
72
77
79
81
85

70
80
84
88
89
94
99

82
90
98
99
103
108
112

90
101
108
112
115
120
126

114
113
120
122
128
129
133

115 137 136 146 158 171
122 137 149 162 172 184
129 126 151 167 181 192
130 146 159 173 186 199
129 150 162 176 187 200
140 152 164 175 186 199
142 153 165 178 192 205

180
196
204
210
213
212
215

191
210
218
218
228
224
229

204
221
229
232
240
236
242

217
238
245
246
254
250
242

232
251
258
261
265
264
269

KpuBonmuen—
Hasd
IIOBEPXHOCTHb
oaMe TpoM
Bonee 1500
MM n
nJjiockas

52

79

97

118

137

158

178

192

203 222 240 258 276 294

312

330

345

365

382




TeppuTopuranbHbIv panioH: EBponenckun panoH PO

Twn Nnpoknagk1: B noOMeLLeHun

Bug nsonauun: TennomsonsaumMoHHbIe U30enusa U3 BCMEHEHHOMO Kayyyka
TennonposogHocTb: 0,03500+0,00018 t, Bt/(m x °C)

Tabnuua B.27



HapyXHbBIN TeMnepaTypa M30JUPYyEeMON HoBepxHOCTM, - C
oyaMeTp
TPyOBI, MM 50 60 70 80 90 100 110 120 130 140 150 |160 170 180 190 200 210 220 230 240 250 260 270
TonmyHa M30JIAUUM, MM
18 16 17 21 21 24 24 24
25 18 19 25 25 26 27 27
45 19 23 26 29 29 31 34
57 25 30 31 34 35 38 40
76 26 29 32 36 38 39 41
89 28 32 35 37 40 42 44
108 31 36 40 41 44 44 47
133 30 34 39 41 45 46 48
159 31 36 40 43 46 48 51
219 35 40 44 48 51 53 57
273 36 43 48 50 54 56 59
325 37 43 48 52 54 57 60
377 38 45 49 54 57 60 63
426 39 45 51 54 58 61 64
480 39 46 52 56 59 62 66
530 39 46 52 57 60 63 67
630 39 47 53 57 61 65 69
720 41 48 54 59 62 66 70
820 41 48 55 59 63 67 71
920 41 49 55 60 64 68 72
1020 41 49 55 60 65 68 72
Kpueosmueri—| 44 53 61 65 71 74 79
Hasa
IOBEPXHOCTH
OyaMe TpOoM
Bomee 1500
MM 12

IIJIOCKa#Ad




TeppuTopuranbHbIv panioH: EBponenckun panoH PO

Tvin Nnpoknagku: Ha OTKPLITOM BO3ayxe

Bua nsonauumn: TennomsonaumMoHHble U30enus U3 BCNEHEHHOMO Kayyyka C 3aLUTHbIM ClOeM
TennonposogHocTb: 0,03500+0,00018 t, Bt/(m x °C)

Tabnuua B5.28



HapyXHBIN TeMrnepaTypa MU30JMPYyeMOM NOoBepxHoCcTMu, -C
oMaMeTpP
TPpyOBI, MM 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270
TonmyHa M30JASUUM, MM
18 22 21 25 25 28 27 27
25 25 25 26 27 30 31 31
45 29 31 31 33 33 35 36
57 29 33 33 36 39 41 46
76 35 37 38 42 43 44 45
89 35 37 40 42 43 45 47
108 37 40 43 44 46 48 49
133 37 40 44 45 49 50 53
159 40 43 46 49 51 53 55
219 43 46 48 52 54 58 61
273 44 49 53 55 58 61 63
325 45 49 54 57 61 63 66
377 46 51 55 59 63 66 69
426 47 52 56 60 63 66 70
480 49 54 59 63 66 70 73
530 49 54 59 63 67 70 72
630 51 56 60 65 68 71 75
720 51 56 62 65 70 73 76
820 52 58 62 67 70 74 79
920 52 58 63 67 71 75 78
1020 52 58 63 68 71 75 79
KpusonmHeMr—-| 56 62 68 72 76 81 87
Hasd
IOBEPXHOCTH
IraMeTpOoM
Bomee 1500
MM 128

IIJIOCKa#Ad




TonwmHa nsonsauum AByXTPYOHbIX TENMOBLIX CeTer NPM HaA3eMHOMN Npoknaake

Ha OTKPbITOM BO34yxe, B MOMeLeHNUAX U noaBanax 34aHumn

TepputopmanbHbiv panoH: EBponenckun painoH PP
Twn npoknagk1: Hag3emHas
Bua nsonaumm: matbl MMHEpanoBaTHble NpowunBHble M-100
TennonposogHocTb: 0,05500 BT/(m x °C)

HapyXHBIN Tpybonposon
oaMeTp
TPpyOONPOBO— |Hojanmmy |obpaTHEM |HDonawnumy|obpaTHEM |nDomawnumi |obpaTHEM
na, MM
CpenmHeromoeasa TeMmrnepaTypa TemnjioHocuTens, °C
65 50 90 50 110 50
TonumyHa M30JI4AUUM, MM
25
45
57 59 59 50 50 46 46
76 68 68 53 53 51 51
89 68 68 54 54 51 51
108 64 64 59 59 56 56
133 70 70 67 67 63 63
159 75 75 66 66 69 69
219 80 80 78 78 85 85
273 84 84 86 86 94 94
325 82 82 89 89 95 95
377 83 83 92 92 95 95
426 84 84 91 91 102 102
480 87 87 95 95 104 104
530 89 89 95 95 101 101
630 93 93 98 98 104 104
720 88 88 97 97 102 102
820 90 90 99 99 105 105
920 90 90 99 99 104 104
1020 86 86 99 99 105 105
1440 116 116 133 133 140 140
TeppuTopuanbHbIv parioH: EBponerickun panoH PO
Tun npoknagku: B NOMELLEHNSAX 1 NoAaBanax 3gaHumn
Bug nsonauumn: maTtel MMHEpPanoBaTHbIe NpoLwmBHble M-100
TennonpoeogHocTb: 0,05500 BT/(m x °C)
HapyXHBIN Tpy©OonpoBOn
ouaMeTp
TpyOONpOBO— |nojamommi |OoOpaTHE |IoJanuMi |ODOPAaTHEM |HDoJanuMil |oO0paTHBIM
na, MM
CpemHeromoeasa TeMIepaTypa TemjoHocuTens, °C

MpunoxeHne B

Ta6bnuua B.1

Ta6bnuua B.2



65 50 90 50 110 50
TomyHa M30JASUUM, MM
25
45
57 48 48 57 57 60 60
76 51 51 60 60 62 62
89 54 54 62 62 61 61
108 60 60 65 65 68 68
133 59 59 04 04 71 71
159 60 60 67 67 72 72
219 65 65 73 73 75 75
273 67 67 76 76 80 80
325 67 67 76 76 81 81
377 68 68 78 78 83 83
426 70 70 79 79 85 85
480 70 70 80 80 86 86
530 71 71 80 80 86 86
630 70 70 88 88 88 88
720 73 73 83 83 90 90
820 72 72 81 81 84 84
920 73 73 84 84 89 89
1020 74 74 84 84 91 91
1440 97 97 108 108 119 119
TepputopuanbHbI panioH: EBponenckuin panoH PO
Twun npoknagku: HaasemHasi
Bua nsonsuum: matbl N3 CTEKNAHHOIO LUTaNenbHoro BosiokHa M-35, 50
TennonpoBogHocTb: 0,05400 B1/(m x °C)
HapyXHbBI TpybonpoBon
oraMeTp
TPpyOONpPOBO— |Hnonmamommi |OoOpaTHEM |nomammyy|oDpaTHEM |Iomalumil |obpaTHBM
oa, MM
CpemHeromoBad TeMIepaTypa TemjioHocuTejysd, -C
65 50 90 50 110 50
TonmyHa M30JAAUUM, MM
25
45
57 58 58 48 48 45 45
76 67 67 51 51 50 50
89 66 66 53 53 50 50
108 62 62 58 58 55 55
133 68 68 65 65 61 61
159 74 74 64 64 68 68
219 78 78 76 76 82 82
273 82 82 84 84 92 92
325 80 80 87 87 93 93
377 81 81 90 90 93 93
426 83 83 89 89 99 99
480 86 86 93 93 102 102
530 87 87 93 93 99 99

630

Ta6bnuua B.3



720
820
920
1020
1440

TepputopuanbHbI panioH: EBponenckun panoH PO
Twun npoknagku: B NOMELLEHNAX U noABanax 3gaHumn
Bwua nsonsuum: matbl N3 CTEKNAHHOIO LUTanNenbHoro BosiokHa M-35, 50
TennonpoBogHocTb: 0,05400 B1/(m x °C)

HapyXHBIN TpybonpoBon
oaMeTp
TpyOONpPOBO— |nomamommi |OoOpaTHEM |nomamoumyy|OoOpaTHEM |Iomalumil |oOpaTHBM
na, MM
CpemHeromoBas TeMnepaTypa TerjoHocurensa, °C
65 50 90 50 110 50
TonmyHa M30JIAUUM, MM
25
45
57 46 46 56 56 59 59
76 49 49 58 58 60 60
89 53 53 60 60 59 59
108 59 59 63 63 66 66
133 57 57 62 62 69 69
159 58 58 65 65 70 70
219 63 63 71 71 74 74
273 65 65 74 74 79 79
325 66 66 75 75 80 80
377 67 67 76 76 81 81
426 68 68 77 77 83 83
480 69 69 78 78 84 84
530 69 69 79 79 85 85
630
720
820
920
1020
1440

TepputopmanbHbiv panoH: EBponenckun panoH PP
Twn npoknagk1: Hag3emHas
Bua nsonaumm: nantel MMHEpPanoBaTHbIE HA CUHTETUYECKOM cBA3ytowem M-75
TennonposogHocTb: 0,05700 B1/(m x °C)

HapyxHBl
oaMeTp
TPYyOONIpPOBO—

na, MM

Tpy6Gonposon
nojammmMy | o0paTHBM | momanmMy |oOpaTHEM |nomanoumit | oOpaTHEIM
CpenmHeromoBad TeMmrepaTypa TemnjioHocuTresnd, °C

Tabnuua B.4

Tabnuua B.5



65 50 90 50 110 50
TonmyHa M30JASUUM, MM
25
45
57
76
89
108
133 74 74 70 70 66 66
159 79 79 69 69 73 73
219 83 83 82 82 89 89
273 88 88 90 90 99 99
325 86 86 93 93 99 99
377 86 86 96 96 99 99
426 88 88 95 95 106 106
480 91 91 99 99 109 109
530 92 92 99 99 105 105
630
720
820
920
1020
1440
TepputopuanbHbI panioH: EBponenckun panoH PO
Tun npoknagku: B NOMeLLeHNax 1 noaesanax 3gaHum
BI/ID, n3onAaumn: NnnTbl MMHEpPanoBaTHble HA CUHTETUYECKOM CBA3YIOLLIEM M-75
TennonpoBogHocTb: 0,05700 BT/(m x °C)
HapyXHbI Tpybonposon
IVaMe TP
TPpyOONpOBO— |momalboumit |oOpaTHBI |HDomanmMly |O0OpaTHHEM |nDomjaumit |oOpaTHBIL
na, MM
CpenmHeromnoBasa TeMmrepaTypa TernjioHocuTessa, °C
65 50 90 50 110 50
TonurHa M30JASUUM, MM
25
45
57
76
89
108
133 62 62 67 67 74 74
159 63 63 70 70 75 75
219 68 68 76 76 79 79
273 70 70 79 79 84 84
325 70 70 80 80 85 85
377 71 71 81 81 87 87
426 73 73 82 82 88 88
480 73 73 83 83 90 90
530 74 74 84 84 90 90

Ta6bnuua B.6



630
720
820
920
1020
1440

TepputopuaneHbI panioH: EBponenckun panoH PO
Tun npoknagku: HaasemHasi

Bua nsonaumm: TennonsonsaumMoHHbIe U3Aenns N3 BCNeHeHHOro Kay4yKa C 3alUTHbIM CIloeM

TennonpoBogHocTb: 0,04000 B1/(m x °C)

HapyXHbBI TpybonpoBon
IVaMe TP
TPpyOONpOBO— |momaboumit |oOpaTHEI |Homalmmy|OoOpaTHEM |nDojaoumii |oOpaTHBIL
na, MM
CpemHeromosas TeMnepaTypa TemoHocurend, °C
65 50 90 50 110 50
TonmyHa M30JIAUUM, MM
25
45
57 36 36
76 42 42
89 43 43
108 41 41
133 46 46
159 50 50
219 53 53
273 57 57
325 56 56
377 57 57
426 59 59
480 61 61
530 62 62
630 65 65
720 62 62
820 64 64
920 64 64
1020 62 62
1440 83 83
TeppuTopuranbHbIn panoH: EBponeickuin paioH PO
Twun npoknagku: B NOMELLEHNAX U noABanax 3gaHumn
Bua nsonaumn: TennonsonsaumMoHHbIe N30enns U3 BCNEHEHHOro Kay4yKa
TennonposogHocTb: 0,04000 B1/(m x °C)
HapyxHB1 Tpybonposon
IVaMe TP
TPpyOONpPOBO— |nonmamommi |oOpaTHBEM |IoJanuMy |ODpaTHEM |IoZalumil |obpaTHEM

na, MM

Ta6bnuua B.7

Ta6bnuua B.8



CpenHeronoBas TeMIepaTypa TeIlJIOHOCUTENS,

°C

65 50 90 50 110 50
TonurHa M30JASUUM, MM
25
45
57 29 29
76 32 32
89 34 34
108 39 39
133 38 38
159 40 40
219 44 44
273 46 46
325 47 47
377 47 47
426 49 49
480 49 49
530 50 50
630 50 50
720 52 52
820 51 51
920 52 52
1020 53 53
1440 69 69
TeppuTopuranbHbIn panoH: EBponeinckuin paioH PO
Tun npoknagkun: Haag3emHasi
Bug nsonauun: nonmmepbeToH € 3alMTHBIM CrioemM
TennonposogHocTb: 0,06000 BT/(m x °C)
HapyXHBINM Tpy©onpoBOn
ouaMeTp
TPpyOONpOBO— |nomamommi |oOpaTHE |IOoJanuMi |OOPATHEM |IDomanuuil |oO0paTHBIM
na, MM
CpemHeromoBasd TeMIepaTypa TemnjioHocuTend, °C
65 50 90 50 110 50
TonurHa M30JASUUM, MM
25
45
57 69 69 57 57 53 53
76 79 79 60 60 59 59
89 78 78 61 61 58 58
108 73 73 67 67 63 63
133 79 79 76 76 71 71
159 85 85 74 74 78 78
219 89 89 87 87 95 95
273 94 94 97 97 106 106
325 92 92 99 99 106 106
377 92 92 103 103 106 106
426 94 94 101 101 113 113
480 97 97 105 105 116 116

Ta6bnuua B.9



530
630
720
820
920
1020
1440

98
102
97
99
99
95
127

98
102
97
99
99
95
127

105
108
107
109
109
109
146

105
108
107
109
109
109
146

111
115
113
116
114
115
154

111
115
113
116
114
115
154

TonwwuHa nsonAauMmn ABYXTPYOHbIX TENNOBbIX CETEN NPU NOA3EMHOWN
nNpokKnagke B HENPOXOAHbIX KaHanax u 6eckaHanbHO

TepputopuanbHbIv panoH: EBponerickun panoH PO

Twvin NpoKknaaku: nogsemMHasa B HenpoXoAHbIX KaHanax

Bug nsonauun: maTtel MMHEpanoBaTHble NpoLlwmBHble M-100
TennonposogHocTb: 0,05500 BT/(m x °C)

HapyXHBI Tpy©onpoBoOn
OaMeTp
TpyDOONpPOBO— |momatumit |oOpaTHEI |Homalmmy|oOpaTHEM |Nomalumit |oOpaTHEI
na, MM
CpenmHeromoeasa TeMmrnepaTypa TemjioHocuTens, °C
65 50 90 50 110 50
TonmyHa M30JIAUMM, MM
25
45
57 55 55 55 55 56 56
76 59 59 56 56 61 61
89 62 62 58 58 62 62
108 60 60 59 59 64 64
133 66 66 67 67 76 76
159 74 74 70 70 80 80
219 75 75 78 78 82 82
273 80 80 88 88 88 88
325 82 82 88 88 96 96
377 85 85 93 93 95 95
426 86 86 92 92 96 96
480 89 89 90 90 103 103
530 91 91 92 92 100 100
630 88 88 95 95 100 100
720 90 90 98 98 104 104
820 88 88 98 98 105 105
920 91 91 99 99 107 107
1020 88 88 97 97 105 105
1440 92 92 98 98 99 99

TeppuTopuranbHbIv parioH: EBponenckun panoH PO

Tun npoknagku: NoA3eMHasi B HEMPOXOAHbIX KaHanax
Bua nsonaumn: maTbl U3 CTEKNAHHOTO LITanenbHoro BonokHa M-35, 50
TennonposogHocTb: 0,05400 BT/(m 4 °C)

MpunoxeHue I'

Tabnuua I'.1



HapyXHBIN Tpy©onpoBoOXn
oraMeTp
TPpyOONPOBO— |Hojanmmy |obpaTHBM |nomaluwuy|obpaTHEM |I10IOalWmi oOpaTHEN
na, MM
CpenmHeromoeasa TeMmrnepaTypa TemnjioHocuTens, °C
65 50 90 50 110 50
TonummHa M30JI4AUUM, MM
25
45
57 54 54 53 53 55 55
76 57 57 54 54 60 60
89 60 60 56 56 60 60
108 58 58 57 57 62 62
133 65 65 65 65 74 74
159 72 72 68 68 78 78
219 74 74 76 76 80 80
273 79 79 86 86 86 86
325 80 80 86 86 93 93
377 83 83 91 91 93 93
426 84 84 90 90 94 94
480 87 87 88 88 101 101
530 89 89 90 90 98 98
630
720
820
920
1020
1440
TeppuTopuanbHbI paroH: EBponerickun panoH PO
Tun npoknagku: NoA3eMHasi B HEMPOXOAHbIX KaHanax
Bug nsonauun: nnntebl MMHEpanoBaTHbIE HA CUHTETUYECKOM CBA3yowwem M-75
TennonpoeogHocTb: 0,05700 BT/(m x °C)
HapyXHBINM Tpy©onpoBOn
oraMeTp
TPpyOONpOBO— |nomamommi |oOpaTHEI |Iomammyy | OOPAaTHEM |IDomaluuil |[o0paTHEIM
na, MM
CpenHeromoeasa TeMmrnepaTypa TemnjioHocuTens, °C
65 50 90 50 110 50
TonumHa MI30J4ALUUM, MM
25
45
57 59 59 58 58 60 60
76 62 62 59 59 65 65
89 66 66 61 61 66 66
108 63 63 62 62 68 68
133 70 70 71 71 80 80

Tabnuua .2

Tabnuua .3



159
219
273
325
377
426
480
530
630
720
820
920
1020
1440

78
79
84
86
89
90
92
94

78
79
84
86
89
90
92
94

73
81
92
92
97
96
94
96

73
81
92
92
97
96
94
96

84
86
93
100
100
101
108
104

84
86
93
100
100
101
108
104

TepputopmanbHbiv panoH: EBponenckui paioH PP

Tvn npoknagku: NoasemMHas B HENPOXOAHbIX KaHanax
Bug nsonaumm: nAntbl MMHEpanoBaTHbIE HA CUHTETUYECKOM cBA3ytoem M-125
TennonpoeogHocTb: 0,05400 BT/(m x °C)

HapyxHBl1
oaMeTp
TPyDONIPOBO—

na, MM

Tpybonposon

nfePafoheliniZizi

oOpaTHEM

nfePafoheliniZizi

oOpaTHEN

nfoPafcheliniZazi

oOpaTHEM

CpeﬂHeI‘OHOBaH TeMIlepaTypa TeIllJIOHOCUTEeJIA,

°C

65

50

90

50

110

50

TonumHa M30JIAUUNU,

MM

25
45
57
76
89
108
133
159
219
273
325
377
426
480
530
630
720
820
920
1020
1440

86
88
87
89
86
90

86
88
87
89
86
90

93
96
96
97
95
96

93
96
96
97
95
96

98
102
103
105
103

97

98
102
103
105
103

97

TeppuTopmanbHbiv panoH: EBponenckun panoH PP
Tvn npoknagku: noaseMHasa 6eckaHanbHas ¢ KOHTPOMEM BAaXXHOCTK

Bua nsonauun: neHononuypeTaH B XKECTKOM NOSIMITUIIEHOBOW 060so4Ke
TennonpoeogHocTb: 0,03300 BT/(m x °C)

Tabnuua .4



HapyXHbBIN Tpybonposon
oaMeTp
TpyOONpPOBO— |HNomamomyui |OoOpaTHEM |nomamumyy|oDpaTHEM |Iomalumi |oOpaTHEI
na, MM
CpemHeromoBas TeMnepaTypa TerjoHocurensa, °C
65 50 90 50 110 50
TonummHa M30JI4AUUM, MM
25
45
57 28 28 28 28
76 31 31 30 30
89 34 34 32 32
108 34 34 34 34
133 37 37 37 37
159 42 42 40 40
219 45 45 46 46
273 48 48 52 52
325 51 51 54 54
377 54 54 58 58
426 56 56 59 59
480 57 57 58 58
530 60 60 61 61
630 61 61 65 65
720 61 61 65 65
820 62 62 68 68
920 65 65 70 70
1020
1440
TepputopmanbHbiv panoH: EBponenckun painoH PO
Tun npoknagku: noaseMHasi 6eckaHanbHas
Bug nsonaumn: nerknin neHobeTtoH
TennonpoeogHocTb: 0,05000 BT/(m x °C)
HapyXHBIN Tpybonposon
oaMeTp
TPpyDOONPOBO— |Hojamnmmy |obpaTHEM |nomawnuuy|obpaTHEM |nonanumi |obpaTHBM
na, MM
CpenHeromoeasa TeMmrnepaTypa TemnjioHocuTens, °C
65 50 90 50 110 50
TonumyHa MUI30JALUUM, MM
25
45
57 53 53 52 52 54 54
76 57 57 54 54 59 59
89 61 61 57 57 61 61
108 60 60 59 59 64 64

Tabnuua .5

Tabnuua I'.6



133 64 64 65 65 73 73
159 73 73 69 69 78 78
219 76 76 79 79 82 82
273 80 80 87 87 87 87
325 84 84 89 89 96 96
377 88 88 95 95 98 98
426 91 91 97 97 101 101
480 93 93 95 95 107 107
530 97 97 98 98 106 106
630 98 98 105 105 109 109
720 97 97 104 104 110 110
820 99 99 108 108 115 115
920 103 103 110 110 118 118
1020 103 103 112 112 120 120
1440 116 116 122 122 123 123
TepputopuanbHbI panioH: EBponenckun panoH PO
Twn npoknagku: noaseMHasa 6eckaHanbHas
Bug nsonaumm: nonnmep6eToH
TennonpoBogHocTb: 0,06000 BT/(m x °C)
HapyXHBIN TpybonpoBon
oraMeTp
TpyOONpPOBO— |nomamomyi |OoOpaTHBEM |IoJanuMy |ODpaTHEM |Iomalumil |oOpaTHBIM
oa, MM
CpemHeromoBad TeMIepaTypa TemjioHocurejysd, -C
65 50 90 50 110 50
TonmyHa M30JAAUUM, MM
25
45
57 73 73 72 72 74 74
76 77 77 73 73 80 80
89 82 82 76 76 82 82
108 79 79 78 78 85 85
133 84 84 85 85 97 97
159 95 95 89 89 102 102
219 98 98 101 101 106 106
273 102 102 111 111 112 112
325 106 106 113 113 122 122
377 111 111 121 121 124 124
426 114 114 122 122 127 127
480 116 116 118 118 134 134
530 121 121 123 123 132 132
630 121 121 130 130 136 136
720 120 120 129 129 137 137
820 122 122 134 134 142 142
920 127 127 136 136 146 146
1020 127 127 137 137 148 148
1440 142 142 150 150 151 151

Taobnuua I'.7



