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Mpeancnoeue

1 PASPABOTAH AkuuoHepHbIM obllecTBOM «Hay4yHo-uccrneaoBaTenbCKMA U MPOEKTHO-KOHCTPYKTOP-
CKUI MHCTUTYT HedTaHoro mawwmHocTpoeHns «BHUMHEDGTEMALL» (AO «BHUNHE®TEMALL»), ABTOHOMHOMR
HEKOMMeEpYecKon opraHusaunein «IHCTUTYT HedTerasoBbiX TexHornorndeckux nHmymatme» (AHO «UHTW»),
denepanbHbIM rOCYAAPCTBEHHLIM OIOOXETHBIM yupexaeHneM «POCCUMCKUMIA WHCTUTYT CTaHgapTuM3auumn»
(PrbY «HCTUTYT cTaHOapTU3aumMm»)

2 BHECEH TexHuueckum komuteToMm no ctaHgaptuzauum TK 270 «Cocyael u annapaTtsl, paboTtawLme
nod AasneHuemM»

3 YTBEPXIOEH W BBEOEH B OEWCTBWE MMpukasom ®enepanbHOro areHTCTBa Mo TEXHUYECKOMY
perynupoBaHuio n Mmetponoruu ot 3 anpens 2025 . Ne 250-cT

4 BBE[JEH BIEPBbLIE

MNpasuna npuMeHeHUss HacmosAweao cmaHdapma ycmaHoereHbl 8 cmamse 26 @edepanbHO20 3aKoHa
om 29 uwoHs 2015 a. Ne 162-®3 «O cmandapmu3sayuu 8 Pocculickoli ®edepauuuy. MHgopmauus ob us-
MEHEeHUSsX K HacmosiweMy cmaHodapmy nybnukyemcsi 8 exe200HOM (M0 cOCMOsIHUK Ha 1 aHeaps mekyujeao
200a) uHghopMayUOHHOM ykazamene «HayuoHansHsle cmaHdapmel», a oghulyuansHbill mekem uamMeHeHul
U NOMpasok — 8 exeMecAayHo u3zdasaeMoM UHHOPMaUUOHHOM yKasamesne «HayuoHanmbHble crmaHiapmabiy.
B cnyyae nepecmompa (3ameHbl) UU OMMeHbl Hacmosueso cmaxHdapma coomeemcmayrujee yeedoM-
neHue 6ydem onybnukogaHo & brauxalileM 8bifyCKe eXeMecs4H020 UHGOPMalyUuoHHO20 yKkazamerns «Ha-
yuoHanbHble cmaHlapmel». Coomesemcmeyrowas UHgopmayus, yeedoMneHue U mekcmbsl pasmew,aromces
makxe 8 UHGghopMayUoHHOU cucmeme obuje2o nonb3oeaHus — Ha oguyuansHoMm calime @edepanbHo20
azeHmcmea 1o MexHU4YeckoMy pe2ynuposaHUo u Memponoauu 8 cemu MiHmepHem (www.rst.gov.ru)

© Odbopmnenue. OIBY «UMHcTUTYT cTaHgapTuaayumuy», 2025

HacToawmin ctaHgapT He MOXeT ObITb MOMHOCTLIO UMK YACTUYHO BOCMpPOU3BEJEH, TUPAXXNPOBAH U pac-
NMPOCTpaHeEH B Ka4vecTBe OCbMLI,VIElJ'IbHOrO n3gaHua bes pa3peweHusa CDe,qepaanoro dreHTCTBa no TeXHN4eckKo-
MYy perynmpoBaHvMi 1 METPOJIOrnn
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HAUMWOHANBbHBIA CTAHOAPT POCCUUCKON OEOEPALUMN

AMNMAPATbI BO3YLWHOIo OXNAXOEHWA
Tpe6GoBaHusa kK NpoBeAeHUIO TENNOBOrO, NTMAPaBNMYECKOro 1 a3apoAnHaMUYecKoro pac4eToB

Air-Cooled Heat Exchanger. Requirements for thermal, hydraulic and aerodynamic calculations

Oarta BeepgeHna — 2025—09—01

1 O6bnacTb NnpUMeHeHUs

HacTosui cTaHgapT ycTaHasnueaeT TpeboBaHUs K MPOBEAeHWI0 TENNOBOrO, MMAPABMMYECcKOro U aspo-
AMHaMUYECKOro pacyeToB NpU NPOeKTUPOBaHWMW annapaToB BO3AYLIHOIO OXNaxaeHws (ganee — annapartbl) B
cooTtBeTcTBUKM ¢ TOCT ISO 13706, FTOCT P 51364 B 3aBUCMMOCTU OT MPOUCXOOALLNX B HUX NPOLECCOB TENMo-
obmeHa.

2 HopMaTuBHbIe CCbINKK

B HacTosAwweM cTaHgapTe MCnoNb30BaHbl HOPMATUBHbLIE CChIMKW HA CNeayolwme JOKYMEHTHI:

FOCT ISO 13706—2011 AnnapaTsl ¢ BO34yWHbLIM oxnaxaeHueM. ObLmne TexHu4eckne TpeboBaHus
FOCT P 51364 (MCO 6758—80) Annapatkl Bo3ayLLHOrO oxnaxaenus. ObLiue TEXHUYECKNEe YCNoBUA
CIMn 131.13330 Ceopa npaeun «CHuWIM 23-01—99* CTponTenbHaa KNMMaTonornsa»

MpumevyaHune — [py NONL30BAHMM HACTOALLMM CTAHAAPTOM Liernecoobpa3sHo NpoBepuTh AEWCTBUE CChINIOYHBIX
cTaHgapToB (CBOLOB Npaeun) B MHOPMaLMOHHOM cucTemMe 0BLLero nonb3oBaHus — Ha oduuuansHom cante Pegepanb-
HOTO areHTCTBa N0 TEXHUYECKOMY PErYNIMPOBaHUIO U METPONOTMK B CETHU VIHTEPHET UK No exXerogHoMy MHhOPMAaLIMOHHOMY
ykazaTento «HaumoHanesHble cTaHaapTel», KOTOPLIM onyGnvKoBaH No COCTOAHWK Ha 1 AHBapsA Tekyllero roga, W no Bbi-
nycKkam exemMecsa4Horo MHOpPMaUMoHHOro ykaszaTtensa «HalumoHansHele cTaHaapTey 3a TekywWwmi rog. Ecrnv 3ameHeH cebl-
MOYHLIA JOKYMEHT, Ha KOTOpLIA JaHa HegaTUpOoBaHHAA CChINKa, TO peKOMEHOYETCs MCMOoNb3oBaTk AECTBYIOLLYIO BEPCUID
3TOro JOKYMEHTA C YYETOM BCEX BHECEHHbIX B JAHHYH BEPCUIO M3MEHEHWIA. ECnin 3amMeHeH CChINOYHbIA JOKYMEHT, Ha KOTO-
pblil AaHa OaTMPOBaHHasA CCbINKa, TO PEKOMEHAYETCS UCMONb30BaTh BEPCUID 3TOTO AOKYMEHTA C YKa3aHHbIM BbiLLE rO40M
yTBEpxAeHUA (NpuHATUA). Ecnu nocne yTBepXaeHWA HACTOAWEro CTaH4apTa B CChINOYHLIA [OKYMEHT, Ha KOTOPLIA AaHa
JaTUpoBaHHAaA CCbirka, BHECEHO M3MEHEHWe, 3aTparnBatoLlee NMofoXeHWe, Ha KOTOPOE AaHa CCbiflka, TO 3TO NOMOXKeHWe
pekoMeHOyeTcs NpUMeHATE 6e3 yyeta 4aHHOTO U3MEHEHWA. ECni cebinoYHbIN AOKYMEHT OTMEHEH 6e3 3aMeHsbl, TO Nonoxe-
HMEe, B KOTOPOM [aHa CChIJIKa Ha HEero, pEKOMEeHZYETCs NPUMEHSTE B YacTu, He 3aTparvBarllen aTy cebinky. CeeaeHus o
LEWACTBMN CBOZOB NpaBun LenecoobpasHo npoeeputs B PegepansHom MHgopmaumoHHOM (hoHae cTaHaapToB.

3 TepMuHbI 1 onpeaeneHus

B HacTosLwwem cTaHgapTe NpUMeHeHbl crnegylowme TepMyUHbl C COOTBETCTBYOLWUMK onpefeneHusMn:

3.1 rmapaBnuYyeckoe conpoTMBreHWe annapara: PasHocTe pabounx gaBNeHWin NoToKa ropsvero Te-
nnoHocuTens B TpybHOM MpocTpaHcTBe annapara OT WTYLEepoB BXO4a A0 WTYLEPOB BbIXOAaA.

3.2 KoHBeKums: [pouecc nepeHoca TennoThl NOCPEACTBOM NepemMeLLeHUs YacTuL, XUOKOCTU UK rasa
B MOTOKE TEMMOHOCUTENA U3 OAHON TOYKN B APYrylO.

3.3 koHaeHcauma: MNMpouecc TennoobmMeHa ¢ YacTUYHBIM UM NOMHLIM (PA30BLIM NEPEXOA0OM MapoBOK
pasbl NPOAYKTa B XUOKYIO (asy.

MapaHune ochbuumnansHoe

Pa3zpaboTka anekTpoHHOWN Bepcun - nopTan GostExpert.ru 5/36
CrpanHuua nokymeHTa - https://GostExpert.ru/gost/gost-72011-2025



https://gostexpert.ru?utm_source=pdf&utm_medium=70024
https://gostexpert.ru/gost/gost-72011-2025?utm_source=pdf&utm_medium=70024&utm_term=page

rOCT P 72011—2025

3.4 npoaykT; paboyas cpepa: TennoHocuTenb, KOTOPLI OXnaxaaeTcs UMM KOHAEHCHUpyeTcs B TpYGHOM
npocTpaHcTBe annapara.

3.5 TennoBoi noTok: KonuyecTBo TENnoTkl, KOTOPOE MPOXOAUT Yepes3 MoBEepXHOCTL annapaTa B efu-
HULLY BPEMEHMW.

3.6 TennoHocuTens: OgHodasHas (ras Unu XKUOKOCTL) UMK MHorodhasHasa cpeda, koTopasi ydyacTeyeT
B Tennonepenaye, BbICTynas B KayecTse NocpefHMKa Npy oxnaxkaeHun Ha OdHON CTOpoHe Mnpouecca, TpaHc-
NopTUPOBaAHWUM U XpPaHEHWUM TENNOBOW 3HEepPruk, Harpeee Ha ApYroi CTOpOHe npolecca.

3.7 Tennoo6meH: CamMonpon3BOnkHbIR HeoBpaTUMbIA NpoLecc nepeHoca TennoTbl B 06nactu ¢ He-
OOHOPOAHLIM NoneM TeMnepaTypbl OT Bonee HarpeToro y4acTka K MeHee HarpeTomy.

3.8 Tennootgaya: Mpouecc nepeHoca TENNOTL NOCPEACTBOM KOHBEKLMA MEXAY OBUXKYLLENCs cpenoi
1 OMbIBAEMOW €0 NOBEPXHOCTLI TBEpAOoro Tena.

3.9 Tennonepepgava: lMpouecc nepeHoca TENNOTLI OT FOPSYEro TeNIOHOCUTENS K OXNa)dalolemMy Bo3-
AyXy Yyepes pasgensiollmne x cTeHku TennoobmeHHbIx TpyD annapara.

3.10 TennonpoBogHOCTL: [polecc nepeHoca TennoThl NOCPEACTBOM Xa0TUYECKOro ABMKEHNSA W B3au-
MOLEMNCTBMSA MUKpoYacTul (Mornekyn, aToMOB, 3MeKTPOHOB, MOHOB), 0BYCMOBNEHHLIA Pa3HOCTLIO TeMnepaTyp
MeXy pPasnuyHbIMK YacTsiMK Tena.

4 O0wme TpeboOBaHMSA K NPOBEAEHUIO Pac4eTOB

4.1 B TpyOHOM MpocTpaHCcTBe annaparoB MOryT MPONCXo4uTb clegyoLlne npoLuecehl TennoobmeHa:
- OXNaKgeHWe rasos;
- OXNaXKOeHWe HEeBSA3KUX XWAKOCTEW CO CPeaAHEeMacCOBOW KMHEMaTWYEeCKOW BS3KOCTbH MOTOKa A0
2,5-107° m?/c (25 cCT);
- OXNaxAeHNe BA3KMX XKUOKOCTEW CO CpeaHEMAaCCOBOW KMHEMATUYECKON BA3KOCTBIO noToka go 1- 104
m2/c (100 cCT);
- OXNaXOeHne BbICOKOBA3KMX XKMOKOCTEN CO CpeqHEeMaCcCOBOW KWNHEMaTUYECKOM BA3KOCTEI NOTOKA CBbI-
we 1-10~4 m2/c (100 cCT);
- YacTU4YHAA KOHOEHCaLUMsa YUMCThIX BELLECTB U NaporaszoBblX CMecei;
- NonHasi KoHAeHcauu1s.
4.2 B 3aBMCMMOCTM OT Mpouecca TennoobmeHa K KOHCTPYKUWKM annaparta npedbsBnsioT cregylowue
TpeboBaHus:
a) Npuy oxXnaxgeHUK rasos:
1) 3Ha4yeHMe CKOpPOCTWM NPOAYKTa B TennoobmMeHHbIX Tpybax v natpybkax LWTyLepoB OOMKHO BbiTb He
Bonee 20 wm/c;
2) yknoH TennoobmeHHbIx Tpyb B HanpaBneHWn OBWXEHWS NOTOKA NpoAyKTa, Kak nNpaBumno, He Tpe-
byeTtcs;
6) Npy oxXNaxaeHUM HEBSAZKUX XKUOKOCTENR:
1) 3HaueHWe CKOpPOCTW NPOAYKTa B TeNNoobMeHHbIX TpyBax 1 naTpybkax LITyLLepoB OOMXKHO BbITh He
Bonee 3 M/c;
2) pekomMeHayeTcs NpUMeHeHWe NO4OrpeBarTens Bo3ayxa AN NpoBefeHus Nycka U OCTAHOBKKW anna-
paTa B XONoAgHbIA nepuog roga;
3) yknoH TennoobmeHHbIx Tpyb B HanpaeneHWn OBWXEHWS NOTOKA NPOAYKTa, Kak NpaBumno, He Tpe-
byeTcs;
B) NPV OXMaXKAEeHWW BA3KUX 1 BbICOKOBSA3KUX KNOKOCTEN:
1) 3Ha4yeHWe CKOpPOCTM MpoAykTa B TennoobMmeHHbix TpyBax u natpybkax WTyLepoB OOMKHO ObiTb
He bonee 1 Mm/c;
2) HeobXoaMMO NpUMEHEHWE MOOOrpeBaTens Bo3ayxa And NpoBeeHusa Nycka U OCTaHOBKK annaparta
B XONOAHLIN Nepuog roga;
3) pekoMeHOyeTCA NPUMEHEHWE BHYTPEHHErO NOAOrpeBaTens (3MeeBuKa) AN BA3KUX XUAKOCTER Co
CPEAHEMAaCcCOBOW KMHEMATUUECKON BS3KOCTbLIO NoToka cabilwe 5 - 1072 m2/c (50 cCT);
4) pekoMeHZyeTCA NPUMEHeHWe rmafKkux TennoobMeHHbIx Tpyb npu koadduuneHTe TennooTaaqu B
HUX He Bbilwe 30 BT/M2:°C;
5) Ans BA3KWUX XMAKOCTEN pacnpefdeneHne TennoobmeHHbIx Tpy6 no xogaMm B TennoobMeHHOW cek-
LMK JOIMKHO ObITh TakMM, YTODObl O4MH X0 3aHMMan He Oonee ogHoro psga Tpy0, ANs BbICOKOBA3KUX XUOKO-
ctell — 4Tobbl B 04HOM Xoay Bbino He Bonee Tpex Tpyb (Bce Tpybbl B 0gHOM pAdy);
r) Npy OXNaxaeHWU XUAKOCTEN C HanuuMemM TBepAbiX NpuMecer (C MaccoBoW Aonew ceoile 5 %) He-
06xoanmMo obecneunTs ONTUMANLHYHO CKOpPOCTh cpeabl B Tpybax, obecnevumBaroLLyo MUHUMAanbHYH CKOPOCTb

2
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obpasoBaHns ocagka Ha BHYTPEHHEN NOBEPXHOCTN TPyH, Npy 3TOM UCKMDYaoLWYH abpa3nBHbLIA M3HOC CTEHKM
Tpy6, NnpMyem gaHHOE 3HAYEeHWE 3aBNCUT OT PEONOINMYECKUX CBOMCTB XUAKOCTM 1 TpebyeT cneyunansHoOro pac-
CMOTpPEHNS;

4) Npu KoHOEeHcaLun:

1) onTMManbHOE KOMMYEeCTBO XOA4O0B MO TpyBGHOMY MPOCTPaHCTBY — OAWH XOA, PEKOMEHOYEMOE KO-
NUYecTBO XOO0B — [Ba X04a, MakCcMManbHOe KONMYecTBO XOA0B B TENNOOOMEHHON CEKLWM A0MKHO ObITh He
tonee yeTblpex;

2) yKnoH TennoobmeHHbIx Tpy® KaXaoro xo4a B HanpaeneHun ABWKEHWs NOToKa npoaykTa Tpebyetcs
He meHee 1:100 (B cny4ae BCTpeYHOro pedriioKCHOTO ABWKEHWs a3 B TennoobMeHHbix Tpybax Tpebyetcs
OTAENbLHOE PaccMOTPEHNE);

3) npu NonHoW KoHAeHcaunn HeobxoaAMmMo 06ecnedYnTb rapaHTUPOBaHHbIA ApeHaX KOHAeHcaTa B Bbl-
XO[HOW Kamepe 3a cyeT noabopa COOTBETCTBYHOLWErO AMaMeTpa BbIXOOHLIX LITYLEPOB BO uU3bexaHue 3aTo-
NNeHUs1 KOHAEHCATOM HWXHUX PAA0B TeNNo0obMeHHbIX TpyD TennoobMeHHOM Cekunm;

4) Npv NOSTHOM KOHAEHCALMM WU HANWYUK HEKOHAEHCUPYEMbBIX FA30B B OCHOBHOM MOTOKE NPOAYKTA He-
o0bxogmmo obecneynTs rapaHTMPOBaHHOE yaaneHne HEKOHOEHCUPYEMBIX ra30B.

4.3 Mpw 3agaHny KpUTUYECKUX TeMNepaTyp NPOLIECCOB (Takux, Kak TeMnepaTtypa 3aMep3aHusa unu 3a-
CTbiBaHWA NPoAykTa, 0bpasoBaHUs rMApaToB, BbiNadeHusa TBePAOro ocajka HepacTBOPMMOIA CONK, KOHOEHCa-
LMK KaKow pasbl) HeobXxoAMMOo orpaHuYMBaTh NpeaerbHoe 3Ha4YeHne TemnepaTypbl CTEHKW Tenno0OMeHHbIX
TpyO, KOTOpPOE paccyYUTLIBAOT, UCXOAA M3 3TUX KPUTUHECKUX TeMnepaTyp NpoLeccoB M AONOMHUTENbHOTO 3a-
naca HagexHocTu cornacHo FOCT I1SO 13706—2011 (nyHkTel C.2.5, C.2.6, C.2.7).

4.4 Kputnuyeckme TemnepaTypbl NPOLECCOB Takke HEOOXOOMMO y4WUTLIBATL NMPU MPOEKTUPOBAHWK KOH-
CTPYKUWMW annapara, Npyu 3TOM B KOHCTPYKLMW annapara MoryT 6biTb NpeaycMOTpeHbl Xan3unHele yCTpom-
CTBa, CMCTEMbl BHYTPEHHEW UMW BHELIHEW peLupKynsLuMA HarpeToro BO34yxa; AOMNOMHUTENbHBIMU Mepamu
CHWXXEHWS NepeoxnaXaeHus cpegbl MOTyT CIYXWUTb:

- OrpaHWYeHne No CKOPOCTW BO34YXa,;

- CHUXeHue KoadhdmumneHTa opebpeHus (B TOM Ynicie NpMMeHeHWe rmagkvMx TennoobmeHHbIX Tpy6);

- NPUMEHEHNEe NPAMOTOYHON CXEMbI B TENNOOOMEHHON CEKLMM NPU YKucne XoaoB Bonblue O4HOro;

- yBENUYeHne CKOpPOCTW NOTOKa NpodykTa B Tpybax.

4.5 Ins npoRefeHnsi pac4yeToB HeobxoaMMOo 3adaTk UCXOAHbIE OaHHbIE MO yKazaHHbIM Janee napame-
Tpam 3Kkcnnyartauuy annapara.

4.6 MNpegenbHyo OONYCTUMYHO TeMnepaTypy NPo4yKTa Ha BXoAde B annapart, 3roToBNAeMblil U3 Herneru-
pOBaHHOW (YyrnepogucTon) MM NerMpoBaHHON MapraHLOBUCTON, MapraHLeBoOKPEeMHUCTON (HU3KONermpoBaH-
HOW) cTanu, pekoMeHayetca npuHumarts fo 400 °C, usrotoBnsiemMbln U3 HepxaeewLlen ctanu — ao 500 °C.

4.7 TpepenbHy OONYCTMMYHO TemnepaTypy NpoaykTa Ha BbiXode W3 annaparta gns cnefyoLlmx npo-
LleccoB TennoobMeHa pekoMeHayeTcsa NpUHUMaTh!

- ANS NPOLLECCOB OXINaXAEeHUs BOAbLI U APYTMX 3aMep3aloLlMX BOAHbLIX PACTBOPOB (KOHAEHCAL MW BOOAHO-
ro napa v nepeoxnaxaeHus KoHAeHcaTa), OXNaxOeHUs Napora3oBbiX CMeCcel Npu HanMyuu B cOCTaBe BOAbl
(cBbiwe 0,01 % mon.) — He meHee 15 °C;

- ONA MPOLECCOB OXNaXOEHWUA YrNeBoAOPOAHbIX rasoB (NMPUPOAHOro rasa, NonyTHOro HedTAHOro rasa,
CNaHLUEeBOoro rasa 1 T.M.) Npy BO3MOXHOCTHM 06pa3oBaHns rmapaToB — He MeHee 3Ha4YeHus, paBHOro Temnepa-
Type obpaszoBaHusa rugpatos nnwc 20 °C;

- ON5 NPOLECCOB OXNaXAeHWsl BA3KMX XKUOKOCTeN Npyu cpeaHeMacCcoBOA KMHEMAaTUYECKOW BA3KOCTK Mo-
ToKa cBbiwe 5-107° M2/c (50 cCT1) — He MeHee 3Ha4YeHWsi, PaBHOIO TEMMNEpaType 3acTbiBaHNA BA3KOW XXWOKO-
cTu nnwoc 25 °C;

- ONnSA NpOoLEcCOoB OXNaXOeHWs pacTBOPOB C BO3MOXHbLIM BbiNageHWeM HepacTBOPUMBIX COneil — He
MeHee 3Ha4YeHusl, paBHOro TemnepaType BbiNaAeHusl TBEpAOro ocaaka HepacTeopumoin conu nntoc 20 °C.

4.8 [Ins achpeKTUBHON KpyrnorogM4yHon paboTel annapaTta pekoMeHAyeTcs NMPUHUMATL PACYETHYH TEM-
nepaTypy NOCTYMaloLLlero B annapar BO34yXa, NCXOAs U3 YCINOBMWsA MonyyYeHus Tpebyemoi TemnepaTtypbl Ox-
na}gaemMoro npogykTa:

- B Hanbonee Tennbli Nepuog roga B 4aHHOW MECTHOCTU, NPWU STOM 3aHMKEeHWe pacyHeTHOoN TeMnepary-
pbl BO3YXa MOXET MPUBECTU K CHUXEHWNIO NPOU3BOAUTENBHOCTU TEXHONOMMYECKUX YCTAHOBOK, 3aBblLLeHNe —
K 3HaYUTENIbHOMY YBEMWYEHWIO MOLLHOCTW NMPUBOLOB BEHTUNATOPOB, NOBEPXHOCTH TennoobmeHa, pasmepos
annapara W, COOTBETCTBEHHO, KanuTankbHbIX 3aTpaTt, ocobeHHO B TeX crny4asix, Korga no ycrioBusiIM Mpous-
BOACTBA AOMYCTUMO MOBLILLIEHWE TeMMepaTypbl NPoAyKTa Nocne annapara UKW KpaTKOBPEMEHHOE CHIDKEHWE
NPOWM3BOAUTENBHOCTM TEXHOMOTMYECKON YCTaHOBKM B Hanbonee Tenneli nepuos roaa;

- B Hanbonee xonogHLIA Nepuo roaa B AaHHOW MECTHOCTU, B TOM YWUCIE OnpefensaTs HauMeHbLUIYH
BO3MOXHYI TeMNeparypy.
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4.9 Mpwv BbIGOpe 3HaA4YeHWsA pacyeTHOWM TeMnepaTypbl NOCTynarLlero B annapar Bo3gyxa Heobxogumo
YYNTbIBaTL Creayline gakTop.l:

- AONYCTUMOCTL KPaTKOBPEMEHHOTO MOBbLILWEHUS TeMMNepaTypbl NPpoayKTa Ha Bbixode U3 annaparta Ans
paccMaTpUBaeMoro TEXHOMNOrMYecKoro npolecca B Haubonee Tennslit Nepuo roaa;

- OOMYCTUMOCTb KPaTKOBPEMEHHOIO CHIKEHUA NPOU3BOAMTENLHOCTY annapara, HanpumMep, No KOH4eH-
caTy, Ha BbIXo[e W3 annapara Ans paccMaTpuBaeMoro TeEXHONOrMYeckoro npouecca B Hanbonee Tenneii ne-
puog roaa;

- BO3MOXHOCTb BIMSIHWA BPpeAHON peLunpKynsLuM HarpeToro Bo3ayxa, a Takke BHeLHWX UCTOYHUKOB TepMU-
4eCKOro 3arps3HeHusl OKpyXatLLero Bo3ayxa npy pacrnofioKeHWn annapata Ha MecTe aKcniyatauuu, npu aToM
MOTYT HazHa4aTb NpMBaBKy K 3HAYEHUIO pacyYeTHON TemnepaTypsl Bosayxa B npegenax ot 3 °C go 5 °C; Heobxoau-
Mas npubaska K 3HAYEeHUIO pacyeTHOW TemnepaTypbl BO3AyXa, CBS3aHHas ¢ TEPMUYECKUM 3arpsiaHeHMeM OKpyxa-
toLLIero Bo3ayxa npw pacronoXeHuy annapaTa Ha MecTe aKcrnyataunm, 4oMmkHa BbiTe COrnacoBaHa ¢ 3aKkas4yvKkoMm;

- BO3MOXHOCTb KPYrMOoroguMyHoii unu nepuoguyeckoi paboTel annapara.

MpumedaHue — BpegHas peUMpPKYNALMS — 3TO Heperynupyemble NOTOKW BbIXOASILLErO HArpeToro Boagyxa,
MOCTYNaLWMe Ha BXO4 BEHTUNATOPOB 3a CHET LMPKYNALUM BOKPYT TOTO e annapara wnu oT Opyroro obopyaosaHna, As-
NAKLWMECA OOHOW M3 NMPUYMH CHXKEHUS oXNaxgatoLlleid cnocobHOCTH annaparta BCNeacTBME NOBLILLEHUA TeMnepaTyphb
BXOOALLEro Bo3ayxa.

4.10 Ans nogaepxaHva 3agaHHbIX TEMNepaTyp CTEHOK TennoobMeHHbIX TpyD B annapaTte perynvpyroT
noTok Bo3gyxa. PerynuposaHue TemnepaTtypbl NPOAYyKTa Ha BbiXoAe 13 annaparta npu sKcnnyarauum B Xonog-
HbI NEPUOA rofa BO3MOXKHO NyTeM:

- U3MeHeHWs1 06 beMHOTo pacxoda Bo3ayxa (M3MeHeHVe yrna HakroHa nonacten BeHTUNATopa U ya-
CTOTHOE perynupoBaHue);

- NPUMEHEHUS CUCTEM PEeLIMPKYNALUK BO3OYXA,

- OTKIOYEHMS YaCcTU BEHTUISATOPOB;

- OTKITOYEHMS YacTh TeNNOOBMEHHBIX CEKLUA MU annapaTos.

4.11 B obLiem crny4ae ¢ y4eTOM KNMMaTUYECKUX JaHHbIX PErMoHa, rae Haxo4uTca MecTo 3KcnnyaTauum
annapara, B KauecTBe pacuyeTHOW TeMnepaTypbl MOCTyNakLero B annapaT Bo3gyxa cregyeT npuHuMaTh TeM-
nepaTypy OKpyXalLlero Bo3gyxa B TEMMbIA nepuog roga ¢ obecneveHHocTero 0,95 cornacHo CIM 131.13330.

4.12 [ns annapaTtoB, NpeaHa3Ha4YeHHbIX Ana paboThl B KOHTYpax OXMaXKOeHWsi QUHAMUYecKOro npo-
MbllUeHHOro obopynoBaHua (Hanpumep, NPUBOLHbLIE ABUraTtenu BHYTPEHHEro CropaHusi, aneKkTpoaBuraTenm
C KMAKOCTHBIM OXNaXOeHWeM, KOMMNpPeccopbl U T. 4.), rae He OONyCKaeTcs HeaooxNnax4eHwe cpelbl, NpuMBo-
Osllllee K Neperpery U Belxogy obOpyOoBaHWA M3 CTPOS, B KaUeCTBE pacyeTHOW TemnepaTtypbl NOCTynawLLlero
B annapaT Bo3ayxa MOXET DbITh NpuHATa abconTHaa MakcuMansHas TemnepaTypa Bo3ayxa.

4.13 lMNpu HasHayeHWUU pac4eTHOW TeMNepaTypbl Bo3gyxa npueMnemsie rabapuTsl U MOLLHOCTE NPUBO-
OOB annaparta obecneyvMBaloTCa Mpy KOHLEBOM TEMMepaTypHOM Hamnope MexXay 3HaudeHWemMm TemnepaTtyphbl
NPOAYKTa Ha BLIXOLE M3 annapaTa U pacdeTHOW TeMNepaTypol NOCTYNawLLEro B annapar Bo3ayxa He MeHee
15 °C. MNpwn HeoBXooUMOCTK B TeXHMYECKM 0DOCHOBaHHbIX Cry4asix KOHLEeBOW TemnepaTypHbIA Hanop MOXeT
ObITb CHWKEH o 5 °C.

4.14 B cnyyae 3aaHHOro KOMMOHEHTHOrO coCTaBa Ans OXNaXAaeMoro NnoToka BbIMOMHSAKT pacyeT
HeobxooMMOro MaccuBa AaHHbIX TENNogU3MYeCcKMX CBONCTB NPOAYKTA: MMOTHOCTM, Y4enbHOWM TenI0eMKOCTH,
kKoadduLmeHTa TENNONPOBOAHOCTH, BA3KOCTW, @ TAKKe B Cryyae KoHAeHcauuu NpuBOAAT rpaduk 3aBUCK-
MOCTW 3HTanbNUU NOTOKa U Maccol OoNW NapoBoi dasbl OT TEMNepaTypbl NpoaykTa B Tpebyemom pabouvem
avanasoHe.

415 lMNpwn Hanu4MW daHHbIX 0 TennodKuandecKnx CBOMCTBaxX NpoayKTa B TEXHUYECKOM 3agdaHuu Unm onpoc-
HOM NUCTE CrNefyeT BbINOMHATL NPOBEPOYHLIA pacyeT Tennon3M4ecknx CBOMCTB MO KOMMOHEHTHOMY COCTaBy
(npw ero Hanwuuk). B criydae oTKIIOHEeHWS OT pacyeTHbIX 3HadeHui bonee vyem Ha 20 % Heobxogumo nNpu danbHew-
LUIMX pacyeTax annapara NpuMeHUTb 3Ha4YeHUs1 CBOMCTB, onpeerneHHbIX N0 KOMMNOHEHTHOMY COCTaBy NpoayKTa.

4.16 3Ha4veHns KoadhPMLMEHTOB TEPMUYECKOTO COMPOTMBEHNS 3arpsa3HeHnn TennoobmeHHbIx Tpy6 no
NPOAYKTY NpUBEAeHbl B MPUMNOXEHUN A, COTMACcHO KOTOPOMY X pEKOMEHAYETCH NpUHUMaThL. PekomeHaoyemoe
3Ha4yeHue ko3 ULMEHTa TEPMUYECKOTO CONPOTUBIIEHUSA 3arpsA3HeHUA No BO3AyXxy AN opebpeHHbIX Tenno-
o6MeHHbIx Tpy6 coctaenset 3,44 - 10~ m2- °C/BT (npu perynsipHoil npombiBke opebpeHusi, B pacyeTe Ha
opebpeHHYH MOBEPXHOCTL), ECNN HE YKa3aHO MHOeE.

4.17 3HadyeHnsa OONyCTUMOrO rMApaBlMYecKoro CONpOTUMBIEHUSA annapaTtoB AMns CnefyrLlnx Npoucxo-
OAWNX B HAX NPOLECCOB PeKOMEHAYETCH NPUHUMATb:

- NpY OXNaXOEeHUU HEBA3KUX XUOKOCTENR CO CpeqHEMAaCCOBON KMHEMATWUYECKOWM BA3KOCTBI MOTOKa 40
1-10"°m2/c (10 cCT) — He Gonee 0,05 MMa;

4
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- MpW OXNaXOeHMN BA3KWMX XMOKOCTEA CO CpedHemMaCCOBOW KMHEMAaTUYeCKOW BA3KOCTbK MOTOKa 40
1-10~4 m2/c (100 cCT) — He Gonee 0,15 MMMa:

- NMpU OXNaXOeHWU BEICOKOBA3KMX Kuakocten — no 0,30 MlMa;

- NpU oxnaxaeHuu razos — He bonee 0,05 MIa;

- NPU KOHZAEHcauMn napoe npu aasnedn ao 0,2 MlMa abc. — He 6onee 0,01 MIMa;

- NpY NOMHOA N YaCTMYHOW KOHAEHCALUMM YUCTBIX BEWECTB 1 NaporazoBbix cMecein — He Bonee 0,03 MMa.

4.18 3HayeHWe MUHMMANbLHOrO TEMMOBOrO NOTOKAa AN annapaToB obLWero NpoMbIWMeHHOro HasHade-
HUSA pekoMmeHayeTcs npuHumaTth oT 5 go 10 kBT. [py MeHbLWKUX 3HAYEHUSAX MUHWMarnbHOTO TENIOBOrO NMNOTOKA
LenecoobpasHo paccMaTpuBaTh NMPUMEHEHMEe annapaToB ChelManbHbIX KOHCTPYKLUWMA, HA KOTOpble He pac-
npocTtpaxaTca TpedboeaHusa MOCT ISO 13706 n TOCT P 51364.

4.19 lMNMocne npegBapuTENbHOTO BbIBOpa KOHCTPYKUMKM annapara BbIMOMHAT TEennoBble, rmapaBnnye-
CKWE N adpOANHAMUYECKNe pacyeThl.

5 Kputepun npegBapuTenbHOro Bbibopa KOHCTPYKUMM annapara

5.1 Bblbop KOHCTPYKL WK TENNOOBMEHHOW CeKLUK

5.1.1 Tun n matepuan opebpeHus TennoobmeHHbix Tpyb cnenyeT BbIOMpaTe B 3aBUCMMOCTWU OT Ma-
Tepuana TennoobMeHHbIX TpyO 1 NapaMeTpOBR OXNaXAaeMoro npoaykTa ¢ y4eToM MakcuMankbHoi pabouen
Temnepatypbl cornacHo FOCT P 51364 v TOCT I1SO 13706—2011 (npunoxeHune A).

5.1.2 Tun v matepunan pacnpegenuTenbHoN KaMmepbl credyeTt BolbMpaTth B 3aBUCUMOCTU OT PacHeTHOro AaB-
neHusl B TpyGHOM MPOCTPaHCTBE C YY4eTOM 0CODEHHOCTER TEXHONMOMMYECKoro npouecca v TpeboBaHUiA 3akasquka.

5.1.3 Tpy©HbIA Ny4yoK NpegnovTUTENLHO BeIBMpaTE ¢ ANWHOM TeNnoobMeHHLIX Tpyb He Bonee 12 M, no
COrnacoBaHWK M3rOTOBUTENSA C 3aKa34yMkoMm — He Bonee 16 M.

5.1.4 Hecywwe TennoobmeHHble Tpybbl NpeanoyYTUTENbHO BbiBMpaTh C HAPYKHLIMU OMaMeTpaMmu: 25;
28; 32; 38 MM, — ¥ C TOMLLMHOW CTEHKM He MeHee 2,0 MM ONS HENErMpoBaHHOW (YrnepoauMCcTOn) unv nermpo-
BaHHOW MapraHLoOBUCTON, MapraHUeBOKPEMHWUCTOW (HW3KONErmpoBaHHONM) cTanu, He MeHee 1,6 MM Ons He-
pXKaBerLLEen cTanu UM CNnaBoB Ha Xene3oHUKeneBon, HUKeNeBo OCHOBaXx.

5.1.5 TpyBHbINA Ny4oK NPeanodYTUTENLHO BLIOUPATL C KONMMYECTBOM pALOB TeNNoobMeHHbIX Tpyb He Bo-
nee BOCbMU BO M3bexaHue cHkeHus 3dekTUBHOCTU NpY YBENWYEHUN METaNnNoeMKOCTA U HEBO3MOXHOCTM
NPOMbIBKU opebpeHusa TennoobmMeHHbIX Tpy6 OT 3arpsisHeHuin. B cnyyae nonHom KoHAeHcauWM1 v npy npyume-
HEHWWM B KOHCTPYKLMMK annaparta TennoobMeHHOW CeKUuMM ¢ OOHMM Xogom Tpy6 no TpyBHOMY npocTpaHcTBy
NpeanoyYTUTENEHO MPUMEHSATE TPYOHbIA NyYOK C KONMM4YeCTBOM PSAAOB TennoobmeHHbIX Tpyb He Donee veThbl-
pex. Mpwu yncne xogos Tpyb Gonee ogHoro HeobXxoAMMO NPeAYCMOTPETh YMEHbLUEHWE MPOXOAHOMo CeYeHuns
no xogam BCreACTBME YMeHbLLeHna 06beMHOro pacxoia nNpoaykTa B NpoLuecce KoHAeHcauumu.

5.1.6 Mpw oxnaxgeHun BA3KNX NpoayKToB Heobxoaumo abecneynTs MUHKYMAanbHOE NPOXOAHOE CeYeHre
KaXJoro xoda, Npu 3TOM KaXabll X0 AOMKeH pacnonaratbcs B 04HOM psay TennoobMeHHOoN ceKkunu.

5.1.7 Tpu HanWU4MM HEKOHAEHCUMPYEMbIX ra30B MPEANOYTUTENLHO MPUMEHATb KOHCTPYKUMIO Tennoob-
MEHHOWN CEKL MW C OOHMM XOO0M Mo TPYOHOMY NpOCTPaHCTBY ANSA rapaHTUPOBAHHOIO MX yaarneHus.

5.1.8 lNpwn KoHOeHcauMmM U NPUMEHEHUN B KOHCTPYKUUKW annaparta pasbeMHOW pacnpenennTtenbHon Ka-
mMepbl ¢ 0ObLEMHOW NMTOW KPbILKOW, ¥ KOTOPOW OTBEPCTMA LUTYLIEPOB COOCHbI TeN00OMeHHbIM Tpybam, He-
obxognmo obecneynTs rapaHTMPOBaHHbLIA APeHax KoHgeHcara.

5.2 BbiGop 211eMeHTOB CUCTEMbI MOGAa4YM M LUPKYISALMK BOo3gyXa

5.2.1 HarHeTaTenbHbIA MAK BBITSXKHOW TUM NO4aYvM BO34yXa BEHTUNATOpaMu cregyeT BelOvpaTe cornac-
Ho FOCT ISO 13706—2011 (nyHKT A.8).

5.2.2 Tun npvBoda BEHTUNATOPOBR crefyeT BbibupaTb B 3aBUCUMMOCTUM OT YCMOBWIW 3KCNnyaTta-
uuum, TpebyeMon MOLLHOCTM BEHTUMNATOPA, PacnoNOXeHUs annapaTta Ha MecTe 3KchnyaTtaluuu cornacHo
FOCT ISO 13706.

5.2.3 Bug cuctembl peLMpKynAL MY BO3Oyxa B annaparte (BHeLHen W BHYTPeHHe) cnegyeT BbIbupatb
B 3aBMCUMOCTU OT TEXHOMOrM4Yeckoro npouecca, TpeboeaHuin K paboTe annapaTa B XONoAHbIN Nepuog roaa,
TpeboBaHWIA K KOHCTPYKUMM annapaTta M SOCTYNHbIX rabapuTHbIX pa3MepoB 3KCMMyaTauWoHHON nnowanku
ANns pasmelleHus annapata cornacHo MOCT ISO 13706—2011 (npunoxexue C).
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5.2.4 BHeLUHIOW CUCTEMY PELMPKYNALMK BO3OyXa B annapaTe cnefayeT BbibupaTth ¢ y4eToM cregyowmnx
haKkTopOB:

- ANs NPOLLeCCOB OXMaXAeHUs WM KOHAEeHCAUMW cpef C KpUTUYEeCcKUMW TemnepaTypamu npouecca —
TakUMK, Kak TeMnepaTypa 3aMep3aHuns, 3acThIBaHWs, KpUCTannM3auuu, BbinageHns TBepaoro ocagka Hepac-
TBOPUMbIX CONEN;

- ons obecnedveHunst Tpebyemoro guanasoHa TeMneparypbl npoaykTa Ha Beixoge (go 10 °C);

- Ans obecneyeHns HanbonbLlUeln CTENeHW 3allMTel annapaTta npu 3KCnnyaTauun B XONO4HbLIA nepuog
roaa;

- MpW 3HaYUTEnNbHLIX kKonebaHUsax pacxoda NpPodyKTa U TeMnepaTypbl NPoayKTa Ha BXxoae B annapar.

5.2.5 BHYTpPEHHIOIO CUCTEMY peLupKynsaLMn Bo34yxa B annapate cnegyeT BbibupaTe Ona cregylowmnx
crnydyaee:

- ANA NPOLEeCcCoB OXNaXJeHWs rasa ¢ BO3MOXHOCTbIO 00pa3oBaHns rmapaTos;

- Ansa obecne4eHna MUHUMAanNbHbLIX raDapUTHbLIX pasMepoB NpU CTECHEHHOCTW NMNOWaAKK AnA pasMelle-
HWSA annapara;

- MpW OTCYTCTBMM HeoBpaTUMbIX NPOLLECCOB NpU NepeoxnaxaeHnn npoaykra.

5.3 BbiGop AononHUTenbHbLIX CUCTEM annapara

5.3.1 HeobxogMMOCTb YCTaHOBKM Xarnto3MiHbIX YCTPOWCTB B annapare onpefensier 3aka3dnk B TexHu4e-
CKOM 3afaHuni unv onpocHoM nucte. Ecnu gaHHoe TpeboBaHWe He onpegeneHo 3akas4mMkoMm, TO CneayeT yuu-
ThiBaTb, 4TO HANM4YMeE Xan3uAHbLIX YCTPOMCTB B annaparte obecnednBaeT MUHUMATbHbLIA YPOBEHb 3aLLUTHI
0T NepeoxnaXkgeHus NpoayKkTa Npu nycke MM ocTaHOBKe annapaTa, YTo 0coBeHHO BaXKHO Mpu oxnaxOeHum
NPOAYKTOB, UMELLMX KpUTUYEeCKMe TeMnepaTyphl.

5.3.2 BuZ v KOHCTpPYKUWIO MoporpesaTens Bosgyxa Ans obecrnedeHnsa npensapuTensHOro nogorpesa
BO34yXa, NOCTynawLwero B TennoobMeHHbIE CEKLUMN C LEMNbIO NPefynpeXxaeHns nepeoxnaxaeHus npoaykta B
annapare, cnegyet BblbupaTte cornacHo MOCT ISO 13706—2011 (npunoxeHue C). NogorpesaTtens Bo3gyxa
MoeT BbITb B BuZe TPyBHOro ny4ka ¢ ogHUM paaom TennoobmeHHbix Tpy6 C rpetoen cpenoi (Hanpumep,
nap, aHTudpus, Macrno) unu B BuAe pana anekTpuueckux nogorpesateneil unu kanopudepa nepeg Tenno-
0BMEHHBLIMK CEKLMSMIA NO X0y BO3ayXa.

5.3.3 Bua 1 KOHCTPYKUMIO YBMaXXKHUTENA BO3gyxa Ana obecneyeHus CHUXKEHWSI TeMnepaTypbl NOToKa
aTMoCEepHOro Bo3ayxa 40 TemnepaTtypbl aguabatHoro ucnapeHus (TemnepaTtypbl « MOKPOro TEpMOMETPa )
B Hanbonee Tenneli nepuog roga (kak npaewo, Npu TeMnepaTtype okpyxatwLlero Bosgyxa Beiwe 25 °C) cne-
ayet Bolbupatb cornacHo FOCT ISO 13706. Mpu npumeHeHWW yBRaXHUTeNs Bo3ayxa B annaparte Tpebyemble
napaMmeTpbl OxNax4eHWs NpodykTa B annapate obecneynsaioTcs Npu TemnepaTtype aTMocdepHOro Bosayxa
Bbllle pac4eTHOW TeMnepaTyphl.

MpumMmevyaHne — AagvabaTHoe UCMapeHWe — 3TO NPOLIECC MCMapeHUst Kanenb BoAbl, NogaBaeMoi hopcyHKkamMu
YBMaXHUTENS, B NOTOKe Bo3ayxa 6e3 noasoaa unu oTBoLa TENMOBOMO NMOTOKA K BHELUHEMY MCTOYHMKY.

5.3.4 BHyTpeHHWe BCTaBKW B TEMNOOBMEHHbIE TPYObl — MHTEHCU(PUKATOPLI (Takne, Kak HEMPEPLIBHbIE
TNEHTOYHbIE 3aBUXPUTENM, MPOBOMOYHbLIE BCTABKW, BCTABKM TWUMA «EMNOYKay) AN MOBLILLEHWUA MHTEHCUBHOCTM
TennooThga4qn, Kak npaBuno, NPUMEHST ANS NPoLecCcoB oxXnaXaeHnsa BA3KUX cpel ¢ KoadduLmeHToM Tenno-
oTaauun He Gonee 100 BT/M2-°C 1 AN HEKOTOPLIX NPOLIECCOB KOHAEHCALIMM NaporasoBbIx CMecei — ¢ Koad-
uuMeHTamMM Tennootaadn He Gonee 1000 BT/m2-°C. KpuTepueM HeoBXoaMMOCTM YCTaHOBKW BHYTPEHHUX
BCTABOK B TENNOOBMEHHbIE TPYDbI SIBNAETCH BLINOMNHEHWE YCIOBUS

Nu

TP.BCT

Nu
Tp.rnag > 1, (1)

éTp.BCT

E.va. rnag,

roe Nu N

Tp.BCT qu.rnan — Yucna Hycceana (I'IpI/IMeHEHbI KakK KOSquJMLWIEHTbI Tennootaayun npuv paBHbIX 3Ha-

YeHUsIX AuamMeTpa TennoobMeHHbIX TpyG 1 koadhuLmMeHTax TennonpoBogHOCTH)
Ansa TennoobMeHHbIX TpyS ¢ BHYTPEHHUMW BCTABKAMU U IMaaKUX TennoobMeHHbIX
Tpy6 COOTBETCTBEHHO;

— k03hPULMNEHTLI TPEHUSA ONs TennooOMeHHbIX TPyG C BHYTPEHHUMKW BCTaBKaMu W

E«‘Tp.BCT" ‘thp.rna,q
rmagknx TennoobMeHHbIX TDYG COOTBETCTBEHHO.
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6 TennoBoun pacuer

6.1 nOBepOHHbIﬁ TEennoBoun pac4yeT NpoBOOAT AINA TOro, 4TOObLI HA OCHOBaAHWUK CpaBHEHWA BbIMUCTTIAEMbIX
napameTpos C TDEGyBMbLMM 3Ha4YeHaAMK napamMmeTpoB annaparta noareepaunTb NpaBUIBHOCTb Bbl6paHHOb7I
KOHCTPYKUMKX 1N NapaMeTpoB annaparta Ui BbiABUTb HEOGXOEMMOCTI: X U3BMEHEHWHA.

6.2B pe3ynbTate TeNNOBOro pacdHeTa annaparta BblHUCIAKT TEenSI0BOW NMOTOK, KOTOPbIN crnocobeH nepe-
0aTbk annapat, U TeMnepaTypy NpoAyKTa Ha BbiXoae M3 annaparta npu 3afaHHON TeMmneparype npoaykKTta Ha
BXOoOe B annapart.

6.3 Pacuer nPoOBOOAT MEeTOOO0M nMocnenoBatTeribHOro ﬂpI/I6HVI}KeHVIF|.

6.4 CornacHo 3aKOHY COXpPaHeHUA SHEPTKK, NPU 3KCNNyaTauuk annapaTta BCerga BbiNMONHAESTCH yCIoBue
TENMNOBOIo Gancha, KOTOpOe BbIHMCNAKT No cbopmyne

Q1 = Q2 ¥ Qnov (2)

rae Q — TennoBsoil NOTOK CO CTOPOHbLI NpoAyKTa B TennoobmeHHbIx Tpybax, BT;

Q, — TennoBo NOTOK CO CTOPOHbI BO3AyXa B MeXTpybHoM npocTpaHcTBe, BT;

Q,,o; — Tennossie notepu, BT.

6.5 Mpw aTom Tennoebie notepu Q, ,,, kak npaenno, coctaenaT oT 1 % A0 2 % OT 3HaYeHus TennoBoro
noToKa CO CTOPOHLI NpoAyKTa B TennoobmeHHbIx Tpybax Q.

6.6 Tennosoit MOTOK CO CTOPOHLI MPOAYKTa B TennoobmeHHbIx Tpybax Q4, BT, npn cnefytowmnx npouec-
cax BblYWUCMAT No hopMynam:

- MpW OXNakoeHW ogHoda3Horo NoToka

Q1 = ancp.np(tax.np - tBbe.I'Ip)’ (3)
- NMpW KOHAEeHCaUWUW NMpoaYyKTa
Q1 = an(hsx.np - hsblx.np)' (4)
roe an — MaccCOoBbIA pacxod npogdykTa, Kr/c;
Cp.l‘lp — CpefHAA yaelbHaa TennoeMKOCTb MPOoAYKTa B WUHTepBare pacyeTHbIX TemMmnepartyp,
x/kr - °C;
tax.nps fawx.np — PACHYETHBIE TEMMEPATYPbI NPOAYKTA Ha BXOAE U BBIXOAE COOTBETCTBEHHO, °C;
h h — YAenbHaA aHTanbnmAa NpoaykKkTa Ha BXo4e W BbiXO4e COOTBETCTBEHHO, ,D,)KJ’KI'.

BX.Mp? " 'BbIX.NP
6.7 TennoBo NOTOK CO CTOPOHBLI BO3AyXa B MeXTpy6GHOM npocTpaHcTee Q,, BT, BbiumMcnaioT no hopmyne

Cp. BOS,El(tBbIX.BOSLI, -

roe Vioaq — OOBEMHBIN PACXOA BO3AYXA, NPOKAUNBAEMbIi BEHTUNATOPaMM YEPes TennooGMeHHbIe
cekumu, m3/c;

Q= gosn Peoan’ BX.BOB,D,)’ (5)

Paosy — TMIOTHOCTb BO3AYXa ANs MapameTpoB, K KOTOPbIM MpuBeaeH 00beMHbIN pacxon
BO34yXa, Kkr/m3:
Ep_aom — cpedHasa yaenbHas TEMMOEMKOCTb BO3AyXa B WMHTepBane pacyeTHbIX TeMnepaTyp,
x/kr - °C;
t t — pacyeTHble TeMnepaTypbl BO34yXa Ha BXO4E W BbIXOAE COOTBETCTBEHHO, °C.

BX.BO3[' BbIX.BO3[
6.8 Tpebyemyto nnowanb NOBEPXHOCTM TennoobmeHa F

!
dopmynam:
a) KnaccM4eckuM MeToaoM

M2, BLIYVMCASIOT OAHUM U3 ABYX METOAO0B Mo

Q

Frp = —, 6
™ aton (6)

roe  Q — TennoBoW NOTOK B annapare, BT;
k — koacbdULMEHT Tennonepedayn B annapare, Br/m2 - °C;
Zfacb — apbeKTUBHBIM TemnepaTypHbIi Hanop B annapate, °C;
6) meTogom pa3bueHnsa NOBEPXHOCTY annapaTa Ha MacCKB KOHEYHbIX 3MEMEHTOR (YYaCTKOB, 30H), Npu-
BEEHHbLIM B NPUNOXeHUn b

N
FTp = zFi,Tp! (7)
=1
roe Fr- ™ Tpeﬁyewiaﬂ nnowanb NoBepxXxHOCTU TennoobmeHa anga otaenbHoro i~-anemMeHTa.
7
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6.9 Pacuet achheKTMBHOTO TemnepaTypHoro Hanopa B annapare Aty KNacCU4ecKM METOAOM C npu-
MEHeHMeM MonpaBoYHOro KO3 MULMEHTa BLINOMHSAIOT MO CregyolemMy aanee anropuTmy.

MpumMedyaHne — BPdekTMBHLIM TEMMNEPATYPHLIM HANOPOM B annaparte CHMTalT CPeaHee UHTerpanbHoe Mo
MOBEPXHOCTK annapara 3HaYeHue pasHoCTH MeXay TEMMepaTypamMu ropsayero NpoaykTa v OXNaXkaarLlero Bo3ayxa.

6.9.1 3dhheKkTBHLIN TeMNepaTypHLIA HAanop B annapaTte Atacb, °C, C y4eTOM NepekpecTHOro Toka Tenno-
HocuTenen BbIYMCAST no dopmyne

Atacp = Afrlp.nor “EAp (8)
roe Enp Hor — CPemHenorapudMmYeckiit TeMnepaTypHbiid Hanop Ans NpoTueoToka, °C;
€, — TIONPaBOYHBIN KO3 HULIMEHT 115 NEPEKPECTHOro ToKa.
MpumeyaHme — [na annapaToB BO3AYLIHOMO OXMNAKAEHWA XapakTepHa MepeKkpecTHas CXema [BUXKEeHWs

TENIMOHOCUTENEN, MPK KOTOPOW NPOAYKT COBEPLUAET KaK OAHOKPATHbLIN, TAK U MHOTOKPATHBIM TOK BHYTPU TPYBHOro nyyka,
npy 3TOM BO3AYLUHBIA NOTOK COBEPLUAET B MEKTPYOHOM NPOCTPAHCTBE OAHOKPaTHBIA TOK.

6.9.2 CpegHenorapudmnyeckuini TemnepaTypHbiA Hanop Ans NpoTuBoToKa At °C, BbIYNCNAOT Mo

np.nor:
dopmyne

—  (Atg = At
Atnp.nor = %! (9)
In=%
Aty
rae Atg n Af,, — HanBonbLIKA M HaUMEeHbLLMIA TeMNepaTypHbIi Hanop, °C, COOTBETCTBEHHO.

6.9.3 MNpepgenbHble 3Ha4eHns TemnepaTypHoro Hanopa Atg 1 At,, BbIMUCMIAIOT MO NOCTPOEHHOMY rpaduKy
dyHKUMM At = f(F), KaKk MoKka3aHo Ha pucyHke 1.

t A

tax.rlp 'S

tEHX.BDSﬂ

taux.np

At,

R —

F

PucyHok 1 — Mpaduk M3MeHEHUs TeMMNepaTyp ropsaYero v XonogHoro TENNOHOCUTENEN Mo NOBEPXHOCTU TennoobmeHa
npu NPOTUBOTOKE AN 0AHO(azZHOro TeYeHUs
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6.9.4 3HaueHne NONPaBOYHOTO KO3 dULMEHTa ANA NEPEKPECTHOrO TOKA €, BEIMUCMAIT MO NOCTPOEH-
HOMY rpaduky dyHKuMK €, = (P, R). BcnomorartensHele napametpbl P 1 R BbIMUCNAKOT Mo dhopMynam:

tEhIX.BOS,ﬂ - tax.aosp,

B = , (10)
th.np - tBX.BOS,EI,
th.np - tBbIX.I'Ip
R= ; (11)
tsblx.aosﬂ, - tsx.soa,u
o .
roe tBbIX.BOS,D, n tax.Boaﬂ, — TeMmnepartypbl BO34yXa Ha BblXxo4e U BXoae, C, COOTBETCTBEHHO;
t nt — TemnepaTypbl NPOAYKTa Ha Beixode v Bxoae, °C, COOTBETCTBEHHO.

BbIX.Np BX.Mp
6.9.5 lNpn ogHOM xoae no TpyBHOMY MPOCTPAHCTBY MOMPaBOYHbIA KO3AhPUUWEHT ANS NepekpecTHOoro

TOKa EAt,n=‘I BLIYMCIIAT MO gnarpaMmme, NpeactaBiieHHOW Ha PUCYHKE 2

1 ]
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PucyHok 2 — [uarpamma onpefeneHns nonpaBovHoro KoapguuneHTa gnsa nepekpecTHoro Toka Nnpyv ogHoM xode rno
TpyOHOMY NpPOCTPAHCTBY B TEMNNOOBMEHHON CEKLUN

6.9.6 MNMpw KoNU4YecTBe XOO0B MO TPYOHOMY NPOCTPAHCTRY N
MUMEHT £, ANA NEPeKPecTHOro TOKa BbIYUCIAKT No dpopmyne

xon OT ABYX [10 YETBIPEX MOMPABOYHbIN KOI(-

1-¢
Af,n=1
= (Pon = 1). (12)

6.9.7 MNpw KonuuecTBe XO40B NO TPYDHOMY NPOCTPAHCTRY N
UMEeHT Ons NnepekpecTHOro Toka paseH 1.

6.9.8 [ins annapaToB C KOMMYECTBOM XOAOB Mo TpyOHOMY NMpoOCTpaHCTBY - Sonee OBYX, UMEKOLLUX
nepexKpecTHY CXeMY ABMMKEHWUS NPOAYKTa W BO34yXa, NONpaBoYHbIi KO3 PULMEHT ANA NepekpecTHOro ToKa
£,; PABEH 3HAYEHWNIO Eatn=1-

6.9.9 MNpy nonHoM KoHAEHCAUWMW NPOAYKTa B TEMNOOOMeHHbIX Tpybax MOryT BO3HWKaTL TPWU 30HbI, Kak
MoKasaHo Ha pucyHke 3. B aTom cnydyae HeobXoAMMO BLINONHATE pacdeT 3 eKTUBHOIO TEMNEepaTypHOro Ha-
nopa v onpepnenaTs TpebyeMylo NOBEPXHOCTL TENNOOOMEHa OTAENbHO ONA KaXA0W 30HbI.

Eat = Eatn=a T

xon ©onee YeTblpex NMonpaBoYHbIR Koaddu-
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t
A
tax.np
\ thI.‘l.
|
tsux.acmp, — | 1l taux.np
i
\ tmw
F
| — 30Ha oxnaxaeHus neperpetoro napa; || — 3oHa KoHaeHcauwm ¢ pasoseiM Nnepexogom; Il — 3oHa nepeoxnaxaeHus KoHaeHcaTa

PucyHok 3 — Mpaduvk M3MeHEHUs TeMnepaTyp ropaqero 1 XonogHoro TENNoHOCUTENEN Mo NOBEPXHOCTU TennoobmeHa
npu NPOTUBOTOKE [ANA NpoLecca MoMHoN KoHAeHcaUmMm

6.10 KoadpcdhuumneHT Tennonepenayu k, Bt/m2 - °C, XapakTepusyLw il MHTEHCUBHOCTL NpoLecca Tenno-
nepegayu, BeIYUCANAOT No opMmyne
1
k=— 1 : (13)
—-\p+RHH-w+(RTp+ROD+RKOHT)-(p+0[ +R

BH H.Mp

H

rae o, — KO3MAULMEHT TeNnooTAauu BHyTPH TENNOOGMEHHBIX TPY6, BT/mM2-°C;
\ — KO3(PPULMEHT YBEMUUEHUS NMOBEPXHOCTU TENNOOBMEHHBIX TpYD;

Ry, — K03hULMEHT TEepMUYECKOro COMPOTUBMNEHWUA 3arps3HeHUA BHYTPWU TennoobMeHHbIx Tpyb,
m2-°C /BT;

RTp — KO3(DULUEHT TEPMUYECKOrO CONPOTUBMEHNSI CTEHKM TennooBMeHHbIx Tpy6, M2 - °C /BT;

Rop — KO3(PULMEHT TEPMUYECKOrO CONPOTUBREHNS opeBpeHus TennoobMeHHbIX Tpy6, M2 - °C/BT;
Ryonur — KO3 MULMEHT TEPMUYECKOro CONPOTUBIIEHNS KOHTaKTa TennoobMeHHbIX Tpy6, M2 - °C/BT;

R,, — k03(hMUNEHT TEPMUYECKOTO COMPOTUBNEHUS CHAPYXK TennoobMeHHbIX Tpy6, M2 - °C/BT;
¢ — KoahpuLneHT opebpeHns TennoobMeHHbIX Tpyb;

Brip KO3 PMLMEHT TENMOOTAAUM CHAPYXM TENNOoBMeHHbIX TpyD, NpuBeLeHHbIN K opeBpeHHol no-

BEPXHOCTU C y4eToM 3pdekTMBHOCTU pebpa.
6.11 MNonHbiA koadhduumMeHT Tennonepefadn Ansa opebpeHHON NOBEPXHOCTU TennooObMeHHbIX Tpy6
k, BT/M2-°C, Ha ocHOBaHWUM YCPEeAHEeHHbIX 3HaYeHU TemnepaTypbl BO34yXa Ha Bbixode, Tennoduanyecknx
CBOWCTB NPOAYKTa W BO34yXa, BbIYWCIIEHHBIX KpUTepuWeB Nogobusa BeIYMCASOT No dopmyrne

— 1
k = 7 7 i (14)
_—-\p+RBH-w+(RTp +Ryp +Reour ) 0+=——+R,
OlgH OH.np
roe EBH — KO3((PULMEHT TENNOOTAAYUM BHYTPM TeNnoobMeHHbIx Tpy6, BT/m2-°C;
EH_np — KO3hhMUMEHT TENMNOOTOAUYN CHAPYXKW TeNnoobMeHHIX Tpy6, NpuBeaeHHbIA K opebpeHHoR no-

BEPXHOCTU C y4yeToM ahdekTuBHOCTM pebpa.
6.12 KoadhpuumneHT yBenmyeHns NoBepXHOCTH TennoobMeHHbIX TpyD W BbIYMCHAKT No dopmyne
FD
P
— _’ 1 5
v=z (15)

BH

roe FOp — nnowaab opebpeHHo NOBEPXHOCTU TennoobMeHHbIX Tpy6, MZ;

Fg,, — nnouiaab BHYTPEHHEN NOBEPXHOCTW TennoobmeHHbIX Tpy6, M2,

10
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6.13 KoadpdpmumeHT opebpeHua TennoobmMeHHbIx Tpy6 @ BbIYMCNAKT No dhopMyne
_Foo

F

rn

¢ ; (16)

rae Fm — nnowagb HapymHoﬁ NMOBEPXHOCTU rMaaknx TennoobMeHHbIX pr6 Y OCHOBaHWA pe69p, M2.

6.14 PacueT kputepueB nogobus npusefeH B NpunoXeHnn B, cormacHo KOTOpOMY BbIMUCTIAKT KPUTEPUN
nogodusa 4N KOHKPETHBIX YCIOBUIA.

6.15 PacueT k03dpUUNEHTOB TEMIOOTAAYN N TEPMWYECKOrO CONPOTMBMEHUSA ANnA opebpeHHoi TpyObl
npuBegeH B NPUMNOXeHUWU [, COrmacHO KOTOPOMY BbIMUCAAT KO3MMUUUEHTLl TennootaadyvM BHYTPU Tenno-
0BMeHHBIX TpYD 01y, M CHapYXK TennoobMeHHbIX Tpy6 O p? KO3h(PULUNEHTBI TEPMUYECKOTO CONPOTUBNEHMNS
Ry RTp, Rop, Ryour Fy C YHETOM KOHKPETHbIX YCMOBWK 1 MPOVCXOAALLNX NPOLECccoB TennoobmeHa.

6.16 [Ina npeaBapuTenbHO 3aJaHHON KOHCTPYKUKMKM annaparta 3anac noBepxHocTH TennoobmeHa z, %,
BbIYUCAAOT Mo opmyne

(=)
an T
=2 T Bl 400, (17)
™
roe Fan — nnowadb NoBepxHOCTU TennoobmeHa annaparta, MZ;
FTp s Tpe6yervla;| nnowanb NoOBEepPXHOCTU TennoobmeHa annaparta, M2.

6.17 lNo okoH4YaHWW TENMOBOro pacyeTa CPpaBHUBAKT NNoLabL NOBEPXHOCTU TenrnoobmeHa annaparta
F,n, € Tpebyemoi nnowaaso nosepxHoCcTy TennoobMeHa annapara Frp:

6.18 OkOHYaHMEeM TEenmoBOro pacHeTa CYUTAeTCs BbIMOMHEHWE YCMOBMWA, MNP KOTOPOM 3anac noBepx-
HOCTWM TennoobmeHa z GygeT Gonblwe Hyna wnu Gonblue Tpebyemoro no TEXHWHYECKOMY 3a4aHuio WIK No
ONPOCHOMY NUCTY 3Ha4YeHMA, HO He Bonee Tpebyemoro 3HaveHust oT 10 % po 20 %.

6.19 Ecnu Tpebyemblin 3anac NOBEpPXHOCTWU TennoobMeHa He 3afaH, TO peKoOMeHAyeMoe 3HadeHue 3a-
naca noBepxHOCTK TennoobmeHa z onsa npolecca oxnaxaeHus coctaensaet ot 5 % go 10 %, ang npouecca
kKoHOeHcauuu — ot 15 % go 20 %.

6.20 Ecnu ycnoewe He BbINOMHAETCS, TO He0BX0AMMO BHECEHWE M3MEHEHWI B KOHCTPYKUMIO annaparTa:

- YBENUYEHWE UMW YMEHbLUEHWE NIoWaan NnoBepxXHOCTH TennoobmeHa;

- \3BMEHEHWE MOLLHOCTUW 3MNeKTPoABUraTenen BEHTUNSATOPOB.

6.21 [Ina bonee getaneHoro aHanuaa tennoBon 3 eKTUBHOCTU KakK OTAENBHOro yana, Tak 1 annaparta
B LIENOM B HEKOTOpPLIX cry4Yasix npuMmeHsoT CFD-TennoBol pacyeT, NO3BONSALMIA CMOOENUPOBAaThL TENNO06-
MEHHbIE U a3pOAMHAMUYECKUE MPOoLECcCHl Npy TpebyembIX YCNOBUSIX YMCMNEHHLIMU MeTogaMu. PekomeHgaumm
no nposegeHuto CFD-TennoBoro pacyeTta npyMBeaeHbl B NpUnoxexHun .

7 AspoavHaMu4eckuin pacuyer

7.1 MNoBepoyHbl aspoanHaMWYecKUid pacyeT NPoBOAAT ANA Toro, 4Tobbl onpeaennTb MOMHOe aspo-
AVHaMU4Yeckoe cOnpoTUBrieHMe annapaTa M obbLeMHbIA pacxod Bo3fyxa, npoxogdilero Yepes BbiGpaHHyO
TennoobMeHHYH NOBEPXHOCTL annapara, UNu BbiIBUTb HEOBX0AMMOCTE U3MEHEHWUS MapaMeTpOoB.

7.2 B pesynbTate pacyeToB YCTAHABMNMBAKT COOTBETCTBUE MEXAY KOHCTPYKUMEN TennoobMeHHOn no-
BEPXHOCTU WM BEHTMMATOPaAMU, BbIYUCMSAT NPOUIBOAUTENBHOCTE BEHTUNATOpa, AMamMeTp paboudero koneca
BEHTUNATOPA, KONMUYECTBO BEHTUNATOPOB, KO3(hMULMEHT NONE3HOro AeMCTBUA M MOLLHOCTb 3NeKTpoaBUra-
Tenei BeHTUNATOPOB.

7.3 PacyeT npoBoasT MeToAOM NocneaoBaTenbHOro NpubnumkeHus.

7.4 TIpoU3BOAUTENBHOCTL BEHTUIATOPA — OBbeMHbIN pacxod Bo3ayxa V.., — Onpeaensercs aspo-
AWHAMUYECKOW XapaKTepUCTUKON BEHTUNATOpPA U 3HAYEHWEM MOMNHOro a’poAnHaMUYEcKOro ConpoTUBMNEHUs!
annapaTa Ana npeaBapvTenbHO BIOpaHHO KOHCTPYKLMK annapaTa.

7.5 AspoanHaMuyeckas xapakTepucTika BeHTUNATopa npeacTaenset coboi 3aBMCUMOCTb NOMHOMo Ha-
nopa (4aBneHust) BeHTUNATOpa oT 06bLEeMHOro pacxoda Bosgyxa:

P,=fV_...) (18)

v BO3[

7.6 OGbEMHbIN pacxop, BO3Ayxa Yepes BEHTUNATOP V., BbIMUCTIAIOT O4HUM W3 iBYX METOL0B!
a) rpacbMYecKMM MEeTOOOM MPU HANWYMK rpadika pacxoQHO-HAMOPHOW XapakTePUCTUKK,

6) meTogoM UTEepauuil.

11
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7.7 B cnyyae, korga Ans BeHTUNATOpa NPegocTaBneH rpauk pacxogHO-HaNopHOM XapakTepUCTUKIN pa-
Bouero koneca P, = f(Vyo,,) Unn Py, = f(V, ), 06bemHbIi pacxon Bo3ayxa Yepes BEHTUNATOp V.., Bbl4ncns-
0T Kak TOYKY nepecedeHust rpaukoB hyHKUUKU aspoanHaMUYECcKOro ConpoTUBNEHUs annapaTta U pacxogHo-
HanopHOM xapakTepuUcTUKKM pabodero koneca BeHTUnATopa. Mpu 3ToM pelleHne MoXeT BbiTb rpaduyecknm
UMW aHANUTUYECKUM NPU HANMUYUU MHTEPMNONSALMOHHOIO YpaBHEHUs1 ANA PACXOLHO-HAMOPHOM XapakTepucTu-
Kn. PYHKUMIO aspoaMHaMUYECKOro COMPOTMBMAEHUS annaparta BblYMCMAKT Kak CyMMY BCEX COMpPOTUBIEHWUH
BO3[YLLUHOrO TpakTa annapaTa ANns HECKONMbKUX 3Ha4YeHnin o6beMHOro pacxofa Bo3gyxa Yepes BEHTUNATOP B
obnacTtu paboyero guanasoHa BbibpaHHoro pabodero koneca BeHTunATopa. [ina pabo4vero koneca BeHTUNS-
TOpa C BO3MOXHOCThH U3MEHEHWUS Yrma YCTAHOBKWU ronacTei rpaduk pacxofHO-HAMOPHON XapaKTEPUCTUKM
pabouero koneca BeHTUNsITopa npuobpeTaeT BUMA NOAMHOXeCTBA rpadpuKoB 3aBucumocTelt nubo maccuea
[AaHHbIX ¢ ONONHUTENBHON NepeMEHHOW — YIMOM YCTaHOBKW fonacTtei.

7.8 OnpepeneHne 06beMHOro pacxoga Bo3ayxa Yepes BeHTUNATOP METOAOM WTepaUui BbINOMHSAIOT No
crnefywLwemy fanee anroputMy, Npu aTOM 3a4aloT war u3MeHeHws o6beMHOro pacxoaa Bosayxa, npeaenb-
HOE 3HayeHue ¢ y4eToM 3anaca no MOLWHOCTK. YCNoBMeM BbIX04a U3 MTEPALMOHHOIO LUKNa ABMNAETCSA NPEBbI-
LeHWe NpedensHOro 3HavyeHusi Ha N-Lware, Npu 3TOM 3HaYeHue, nonydeHHoe Ha (N — 1)-ware, NpuHUMatOT 33
pac4yeTHoe 3HaYeHue.

7.8.1 MNepeoe npubnuxeHne o6bLEMHOIO pacxoda Bo34yxa Yepes oauH BeHTunaTop V m3/c, 3agatoT

BO3A’
no goopmyrne
VBoa,u = VBos,u..1-wTepauwﬂ' (1 9)
7.8.2 CkopocTb BO34yXa B CAMOM Y3KOM cevyeHunu TpyBHoro nydka Wyak soay m/c, BEIYMCNST Nno chopmyne
Ngent *Vaoan
Wyak.gosp = f—’ (20)

CB

roe n

eyt — KONMWYECTBO BEHTUNATOPOB B anmnapare,
f

cg — Nnowaab nonepe4yHoro ce4eHnsa B CaMoM Y3KOM MecTe TDyﬁHOFO ny4yKa, M2.

7.8.3 Yucno PeiiHonbaca Ans notoka Boayxa Afs XxapakTepHoro pasmepa ansa TpybHoro nyyka Re, Bbl-
yncnaT no dopmyne

w -1
Re,: Y3K.BO3[, ! (21)

BO3[,

roe | — xapakTepHblil pasmep ans TpybHoro ny4vka ns opebpeHHbIX Tpyo, M, BEIYUCISEMbIA Mo hopMyrne

je

F. F
2 || 2|2
F F)\4

2 2
dgy - d2), (22)

F — nornHas noBepxHoOcTb opeGpeHHoi Tpy6bl, MZ;
FTp — MOBepXHOCTL y4acTkoB Tpy6hl 6e3 opebpenuns, M2,

F,, — noBepxHoCTb OpeGpeHHom YacTn TpyGebl, MZ;

o‘op — gwameTp Tpybbl No opebpeHnto, M;
d, — onameTp Tpybbl B KopHe pebpa, M.

7.8.4 CpefHiolo TeMnepartypy Bo3ayxa B TPYOHOM nyuke to, ooq..

Q
tcp.aoa,q = tBX.BOB,D, + 2.C Vv ) (23)

p.BO34 “Peoan Meent *VBoan

°C, Bbl4MCASAOT Mo hopmyrne

y o
rae foy gogny — TEMMepaTypa Bo3ayxa Ha Bxofe B TpyGHbIN ny4ok, °C;
o,
Cp posn — YAEMbHAS TenﬂDEMKOCTb3BO3ﬂ,yXEi, Dox/xr - °C;
Peosy — MMIOTHOCTb BO3AYXa, KI/M”;

Q — TennoBoW NoTok, BT.
7.8.5 MNonHoe fasnexue (NOMHbLIA Hanop) BenTunaTopa P, MNa, BeluUcnsoT no dpopmyne

PymP o Py (24)

rae Py, n Py, — cTatuyeckoe u AnHaMnieckoe Aasnexue (CTaTiecknin n AVHaMUYecKnii Hanop) BeHTunaTopa, Ma.
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7.8.6 Ctatnyeckoe gaeneHve BenTunaTtopa P, MNa, npeacraensiolwlee cymMmMapHoe aspoguHamnyeckoe

conpoTuerieHMe annapara (notepu) B paboyei To4Ke, BLIYUCIAT Mo hopmyne

P., = AP AP AP AP AP, (25)

BX.BO3[ i Kopn.sosn + Tp.BO3A, " *an.so3f, i nn.sosa’

rae APy sosn: APyopn.soans APrp.sosyy — 82POAMHAMMYECKNE CONPOTUBNEHWA (noTepwn) Ha BXoge B annapaT
(no nepumeTpy annapara), B Koprnyce BeHTUnsTopa, TpyGHoro nyu-
Ka, Kano3WiHOro YCTpOWCTBA, NMapoBOro MoAOrpesaTens Bo3dyxa
(Npv ero HanNW4KMK) COOTBETCTBEHHO, MMa.

7.8.7 uHamu4eckoe faenexHne seHTunsaTopa Py, Ma, BbIYMCHA0T no hopmyne

P)Kan.aoap.’APnn.Boa,q

2
_ psoaﬂ, 'WKDpn.EeHT.Bozﬂ

By= 26
dv 2 ( )
7.8.8 CkopocTb BO3Zyxa B KOpMnyce BeHTUNsATOpa Wyopn.seHTsoan’ M/C, BBIMMCIAT No hopmyne
Veoa
_ 11
Wyopn.eenT.s03a = 2 ' (27)
TD5er
4

roe D — AnaMeTp pa6oqero Koneca BEHTUNATOPA, M.

BEHT
7.8.9 AapogvHamuyeckoe ConpoTUBNEHWE Ha BXO4e annapaTa 3aBuCUT OT BbICOThI annapara f1,, U He y4u-
TbIBAET BO3MOXHOE pasMeLLeHWe Xarosu B NpoeMax no nepuMeTpy npu Hanuimm cucTemMsl peumprynaumnm.

7.8.10 AspoguMHaMmndeckoe COMPOTUMBREHMe Ha Bxoge annapata AP Ma, B obwem cnyyae Bbi-

BX.BO34’
YUCAAKT No opmyne
p W
BX.BO3[4 KOPN.BEHT.BO3[,
APBX.BO3,D, = Kgy - 2 3 (28)
7.8.11 OTHOCUTENbHYK BLICOTY annapara Ean 1 KoathpULMEHT K, BbIUACTAT Mo dopmMynam:
- h
han = —20—, (29)
DBEHT
ecnm han < 0,1, T0 Ky, =19,7;
ecnmn 0,1< han < 2,0, To K, = 0,1448 — LA 0'_2209; (30)
han han

ecnu han > 2,0, T0 Kgy = 0.

MpumevaHne — Tpebyemas BbICOTA OT CMMOWHOMO OCHOBAHWA annapara 40 KOpnyca BeHTUINATOPOB 418 an-
maparta HarHetaTternbHOro TUMa K OT OCHOBAHWUA [0 BXO4a B CeKUMW ANd annapaTa BuITSKHOMo TMna gdorkHa obecneunTs
CKOPOCTb BO3QyXa B CEMEHMsIX MO NMepuMETpY annapaTta (CKOpOCTb BO3AyXa Ha BXOAEe B annapar) He Bbilwe 3,6 M/c ans
annapaTta HarHeTaTensHOro TUNa U He Bbilwe 4,0 M/c Ans annapara BuITSXHOTO TUNa.

7.8.12 lNpw pacyeTte cBoBOOHOrO ceYveHUA Ans NOABOAA BO34yXa K annaparty HeobXxoOumo y4nTbiBaTb
3aropaxuBaHve NPOXOAHOro CeYeHus pasmelleHHbIM panoM oBopyaoBaHMEM UMM COOPYXEHWEM, Hanuyue
CMMOLHOro UNu NPOCEYHOrO Nosa, Hanuuue NIOKOB UMK Kana3u B nony.

7.8.13 A3pogmHamu4ecKkoe COMpPOTUBMNEHWE B Kopnyce BeHTunatopa AP
dopmyne

kon.soszy 118, BEIMUCTIAKT MO

2
psx.Boa,a ) WKOpn.BeHT. BO3M,

AFxon.e,oa,n. = KKOJ‘I . 2 (31)

3HaueHns koadpuumnenTa K, | B 3aBUCUMOCTH OT POPMbI BXOAHO KPOMKM KOPMyca BeHTMNATOpa npef-
cTaBneHbl Ha pUcyHke 4.

7.8.14 AspognHamuyeckoe conpoTuBneHne TpybHoro nyyka APTp.Boa,q’

MNa, BbMMCAAT N0 hopMyne

2
Pcp.sozn  Wysk.sozgn

APrp 803n = Stp.sosa > : (32)
13
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Kon
0,90 0,50 0,13 0,06 0,05
] 1] ‘
NpAMOiA Kpail ¢ oTEOPTOBKOW KOHMYECKMIA  KOHWYEBCKMIA nnaeHbIl BXOA

Bxog 15 rpag. Bxop 30 rpag.

PucyHok 4 — 3HaveHus koaddmumeHTa K, B 3aBUCMMOCTH OT (POPMbI BXOAHOW KPOMKM KOpryca BeHTUnATopa

7.8.15 KoadhpuuneHT aspogmMHaMUYecKoro COMpOTUBMEHMA TPyOHOro nydka E_.Tp_aosn BbIYMCNSAT MO
dopmyrne
/ 03
-0,25
érp_soa,u. =54-Cy-C, “Npan [d_J 'Ref ’ (33)
3
rae Cy — KO3(PULIMEHT NOMPaBKM Ha yron ataku;

Npap — KOMUYECTBO PAACB Tpy©G B TPYOHOM MyuKe.
7.8.16 3KBMBANEHTHbIVA AMaMeTpP CeYeHuUs d,, M, ANA ABWKEHWS NOTOKA BO3A4YXa BbIMUCAAT No hopmyre

2 [tpeﬁp (s1-d¢)-2- hoesp 'Aper]

dy = (34)
2 hpe6p + tpeﬁp
roe tpe6p — war pebpa,;
§, — rnonepeyHbIn Wwar Tpyo;
d, — anameTp Tpybbl B ocHOBaHWK pebpa, M;
hpegp — BbICOTA pebpa, m;
Apepp — CPEOHSAR ToMlMHa pebpa, M.

7.8.17 AspoguHaMmuyeckoe conpoTUBIIEHNE Kank3MMHOro yCTponcTea AP}Kan_Em‘El BbIYMCAAOT NpU pac-
4yeTe C y4eToM TOro, YTO Kanw3uAHOEe YCTPOWMCTBO MOXET BbITe pacnonoXeHo Kak Hag TennoobMeHHbIMU
CEeKLMAMK, TaK U Ha BXOA4e B annapaT, MO3TOMY HeOoOXOAMMO CKOPOCTb M MIIOTHOCTb BO34yxa MPUBOOUTH K
COOTBETCTBYHOLLMM NapameTpam.

7.8.18 AspoauHamuyeckoe ConpoTuBneHne naposoro nogorpeeatens AP, ,.,, BbIYUCIIAIOT Kak a3apo-
OVUHAMUWYECKOE COMpOTUBRMNEHWE TpyBHOro nyyka APTD_B(WJ C OQHWM psiioM TennooBbmMeHHbIX Tpyb.

7.8.19 Mo 3Ha4YeHUaAM a3poanuHaMUHEeCKUX CONPOTUBNEHUI, onpefeneHHbIM COrnacHo BhlllenpueeieH-
HbIM chopMynam, BbIYMCNAKT CTaTUMECKOE U AMHAMWYecKoe AaBneHue, NonHoe AaBNeHUe BEHTUNATOPA.

7.8.20 Tpebyemyto MoLHOCTL BeHTUnsATopa N BT, BbluMcniAOT No hopmyne

Tp.BEHT'
(Psv +Pdv)'vaos,u,
NTp.BeHT = , (35)
nﬂOﬂH

T8 MNpony — NOMHbBIA KO3MMULMEHT NONe3Horo AenCTBUsA BEHTUNATOPA.

7.8.21 MoTtpebnsaemMyio MOLLHOCTb aneKkTpoaBuratens seHTunsaTopa N BT, ona npsmoro npueoga

BbIYMCHIAT No dopmyne

noTp.aa’

N.

TP.BEHT
NHOTp.s,ﬂ, = n—’ (36)
an

rae My, — KO3 hULMEHT NOMNE3HOro OeACTBUA aneKkTpoasuraTens.

7.8.22 B cnyvyae Hanu4Ms NpoMexyTO4YHOW nepefadu MOMEHTa OT JMeKTpoaBuraTens K BeHTUNATOpY
HeobXxoQMMO YYUTbIBATL OOMOMHUTENBHbLIE MOTEPU MOLLHOCTW, MPX 3TOM NoTpebnaemMy MOLLHOCTL 3MeKTPo-
nsuratens seHtunatTopa N BT, BbluncnsoT no hopmyne

(Psv +Pdv)'vac>3,q

otp.ag ’ (37)
rioTp-aa Nnonw 'na,q ’ T1r|p

noTp.ag’

N

rae Ny, — KO3 UUMEHT NONE3HOro AENCTBUA Nepenadun.
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7.8.23 3Ha4veHne nonHoro koadgpduuneHTa none3Horo AeNcTBrA BEHTUNATOPA BbIYMCASAIOT N0 Xapakte-
pPUCTUKe, NpeaoCcTaBneHHON 3roToeuTenemM pabodero koneca BEHTUNATOPA.

7.8.24 Kak npaBmno, 3aHadeHne KoadguureHTa None3Horo AeNCcTBUs 3nekTpoaBuratens Mgy HAXOOUTCS
B onanasoHe 0,82—0,98, koathduumeHTa nonesHoro JencTeusa nepegaqu Npp ANA BEHTUAATOPA C MPAMbIM
NpMBOLOM paBHO 1, AN BEHTUNATOPa C KNMHOPEMEHHOM nepefave — B avanasoHe 0,94—0,96, ong BeHTu-
naTopa ¢ peaykropHoi nepefadein: 0,87—0,95.

7.9 Mo OKOHYaHWMM a3poAMHAMMYECKOr0 pacyeTa CpaBHMBAKT Tpebyemyk (pacyeTHyH) MOLLHOCTb
SMeKTpogBMraTensa BeHTunsaTopa N,ElB.Tp M HOMUHAaMNbLHYH MOLHOCTb 3MeKTpoaBUraTenst BEHTUNATopa Nﬂﬁ.HOM
C y4yeTom KoadpduumeHTa 3anaca MOLLHOCTU anekTpoaeuratens seHtTunatopa k. KoadhduuyneHT 3anaca mMou-
HOCTW 3NeKTpoABUraTens BeHTUNATopa kK NpuHUMaloT paBHbiM 1,1, ecnn 3aka34ynkom He yKa3aHo MHoe.

7.10 OKkoH4aHWeM aapoauHaMmU4eCcKoro pacyeTa CHMTaeTCHd BbINOJIHEHWE YCITOBUA

N < N,D,B. HOM

ang.Tp = K (38)

7.11 Ecnu ycnoewWe He BLINOMHAETCA, TO HEOBXOAMMO BHECEHUE U3MEHEHWI B KOHCTPYKLIMIO annapara:
- YBEMWYEHNE HOMUHAMNBHOW MOLLHOCTK 3MNeKTpoABuraTens;

- YBENMYEHNEe NonepevHoro wara TennoobmMeHHbIX Tpy6 B TennoobMeHHoW cekuyum;

- YMEHbLUEHWE YKcna pAgoB TeNNO0BMeEHHbIX TPY6 B TENNOOGMEHHON CEKLMN;

- CHMKeHWe koadhuumeHTa opebpeHns TennoobMeHHbIX Tpyo;

- CHXXEHWE OONONMHUTENbHbLIX a3p0AUHAMUYECKUX NOTEPb.

8 NmaopaBnu4eckun pacyer

8.1 HOBepO‘-!Hb[PI FMﬂpaBJ’IH‘-IECKMﬂ pac4eT npoBo4AT And TOro, 4706kl HA OCHOBAHWUK CpaBHEHWNA BbIHNC-
NnAeMbIX napamMeTpoB C Tp96yEMbIMM 3Ha4YEeHNAMUN pacHeTHOro 1 4oNyCTUMOro rmgpaesnmy4eckoro conpotmene-
HUA annaparta noaTteepdnTb NpaBUIIbHOCTb BbIGOpa KOHCTPYKUWMK annapaTta Ui BbIABUTb HeOﬁXO,EI,VIMOCTb ee
M3MEHEHNA.

8.2 Pacuet npoBOoOAT MEeTOOO0M nMocnenoBateribHOro FIDMGJ'IM)KE‘,HMH.

8.3 lNonHoe rmgpaBnu4eckoe ConNpoTUBNEHWe annapara APrmp, Ma, BbivyMcnaT No hopmyne

AP s = ZAPL # EAP; (39)
roe EAPTp — CyMMapHble rvmgpasiny4ecKkne CoOnpoTuBneHnda TpeHnsa y4acTKkoB TENNO0BMEHHbIX pr6, Ma;

ZAP — CyMMapHble rnapasin4eckne MecTHble COMNMpoTUBNeHudA, Bbi3BaHHble CyXeHnem U paclunpe-
M
HWEM MOTOKa NpoayKTa, M3MeHEeHWeM HarnpaBlneHnA ero TedeHnd, BX040M U BbIXO4OM MOTOKa
npoAykTa B pr6Hoe NPOCTPAaHCTBO, a TaKXKe B WTylepax BXo4a 1 BbiXxo4a, Ma.

8.4 M'mgpaBnvyeckoe CONPOTUBMEHWE TPEHWA 3af0aHHOro yyacTka TennoobMeHHbIX Tpyb APTp, Ma, BbI-
YUCNAKT No opmyne
2
’T Prp W
p Prp Wnp
AP e = —_— (40)
P T 4
an 2
roe é;Tp — K03 ULMEHT CONPOTUBNEHNS TPEHUSA B TEMNOOBMEHHbIX Tpybax;
ITp — AnNWHa yvacTka TennoobMeHHbIX TPy, M;
Ppp — MIOTHOCTL MPOAYKTa B TennoobMeHHbIX Tpybax, Kkr/m>;
Wpp — CKOPOCTb NoTOKa B TennoobmeHHbIX Tpybax, M/c;
dy,, — BHYTPEHHWIA AnameTp TernnoobMeHHbIX TpyB, m.
8.5 CKopocTb NMOTOKa npogykTa Wop, m/c, B TennoobmMmeHHbIX TpyDax BLIMMCAAKT Mo popmMyne
G
_ np
Wnp = s (41)
Pnp “©xon
roe an — MacCOoBbI pacxoq npoaykra, Kr/c;
Sxon — nnowanb NonepeyHoro ceveHusa TennoobmeHHbIX Tpyb B xony TennoobmeHHoW cekuun, M2,
15
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8.6 lMnowaAb nonepeyHoro ceveHusi TennoobMeHHbIX Tpy6 B xofy TennoobmeHHon cekuun S, ., M2,
BbIYMCAAT No hopmyne
2
- dgy
Sxo,u, = NTp.xo,u, : 4 (42)
rae Npj won — KONMWM4ECTBO TennoobmeHHbIx Tpyb B xoA4y TENNOOBMEHHON CeKUMK.
8.7 Yncno PenHonbAca no npoaykTy BHYTpU TennoobmeHHbix Tpy6 Rey,, BLIMUCNISKOT No hopmyne
Wy, - d
_ BH BH
Ry =—_—=, (43)
Vip

rae Wy, — CKOPOCTb MOTOKa NPOAYKTa BHYTPY TeNNoo6MeHHbIX TpyB, M/c;
Vpp — KMHEeMaTudYeckas BA3KOCTb NPOAYKTa, m2/c.
8.8 KoathmumneHT conpoTMBNeHNst TPEHUS B TeNNoobMeHHbIX Tpybax im B 3aBMCMMOCTU OT 3HAYEHMSA
yucna PenHonbAca BbIMUCASAT MO popMynam:

- npu Reg,, < 2300

64
= ; 44
10 = Re (44)
- npu Reg,, > 2300
1
ETp - _ 2.1 (45)
2.51 A

2lg] —=22_+ 2
ReBHJE 3,7

rde A — OTHOCHTESbHas LepOoXoBaTOCTb BHYTPEHHEN NOBEPXHOCTH TeNNO0OMEHHbIX Tpy0.
8.9 OTHOCMTENbHYIO LIEePOX0BaTOCTb BHYTPEHHEN NOBEPXHOCTH TEMNMOOOMEHHBIX TPYO A BEIMMCAAT MO
dopmyne
= A
A=—ro, (46)
dBH
rae A — 3KBUBaANeHTHas LUepPOXOBATOCTL BHYTPEHHEN NOBEPXHOCTU TENMOOOMEHHLIX Tpy6.
8.10 N'mapasnuyeckoe CONPOTUBIIEHWE TPEHUSA NOTOKA NPOoAYKTa B WTyuepax AP,
BbIXO4e BbIYMCIAKT No dpopmyne

wryy [1a, Ha Bxoge 1 Ha

o pnp.mTyu : WED.LUTVLI,
APLLITyLJ, - &LUTYLI. . 2 ' (47)

rAe Prp iy NIIOTHOCTb NPOAYKTA B LWUTYLEpPaXx, Kkr/m3;
Wip.wryy — CKOPOCTb NpOAyKTa B WTYUepax, Mm/c.
8.11 KoahpnumeHT conpoTUBNEHUA TPEHWUA NOTOKAa NpoayKra B LWTyLepax ‘ngyu NPUHUMAKT pPaBHLIM
1,0 Ha Bxoge 1 0,5 Ha BbIXxo4e Npu UX pacnonoXeHun napannensHo ocam Tpyb, 1,1 Ha Bxofe u 0,7 Ha BbIXO-
Oe — Mpu UX pacnonoXxeHun nepneHanKkynapHo ocsam Tpyo.
8.12 Onpepenenvne rmapaBnNUYecKoro COMPOTUBIIEHUS ONS ABYX(asHbIX rasoXKUOKOCTHbLIX MOTOKOB

(Mpu KOHZAEHcauuW) NPOBOANAT MO CreaylleMy fanee anropuTmy.

MpumeyvyaHne — PacyeT rMapabBnUYECKOro CONPOTUBIIEHWA OCHOBaH Ha NMPMMEHEHWW FTOMOFEHHOW MOAENW
noToKa, Npy aToM UCNoMb3yT opMynbl, NpeacTasneHHble B 8.3—8.11, ¢ y4eToM KoppeKkuMy 3Ha4YeHnA NnoTtHocTh Pei-
HOmMbACA U BAZKOCTM AN AByxasHoro noToka.

8.12.1 MNOTHOCTL rOMOrEHHOTO MOTOKA P, kr/m3, ons sagaHHoro y4acTka TpyBHOro nyyka BbIMMCASIOT
no goopmyne

p)K ’ pn
Prn = 1 ) ’ (48)
XPx +( —X) Pn
- - 3.
rae py., P, — NINOTHOCTM XUAKOW, NapoBOWM a3kl NOTOKA COOTBETCTBEHHO, Kr/m>;
X — Maccosas gons napos, %.
MpumMmedvaHne — 3Ha4YeHUA NNOTHOCTU XNOKOW hasbl p,, 1 NNIOTHOCTX NAPOBOMA hasbl p,;, MACCOBOW O0MK na-
poB x Ans ypaBHeHWs (48) ycpedHeHbl AN paccMaTpuBaeMoro yyactka Tpy6GHoro ny4ka.
16
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8.12.2 uHamuyeckyio BA3KOCTb ABYXda3HOro noToka Moy Ma-c, Bbl4MCnAT No dopmyne

-1
Hao = |2t (L:) , (49)
rae U, i, — AMHaMUYecKne BA3KOCTW XUIKOW, MapoBoi pasbl NOTOKa COOTBETCTBEHHO, Ma-c.
8.12.3 Hucno PenHonbaca Ans AByxdrasHoro noToka Rem) BbIYMCIIAOT Mo hopmyne
an 'dBH
Mag S

rae S, — nnoulafb CeYeHnsa KaHana ansa AeyxdasHoro notoka, M2,

Reﬂq) = 1 (50)

8.13 lNo okoH4YaHuK rmapaBnmnMyeckoro pacydeTa CpaBHMBAKOT pacHeTHOe rnapaBrnnydeckoe conpoTtuene-

HWue APFM,CI,p.paCH 1 gonyctumoe rmgpasnuydeckoe conpoTtuerieHue API‘H,D,D.,E[OI‘I'

8.14 OkoH4aHneMm rmapasnn4ecKkoro pac4deta CHUTaeTCA BblNONHEeHWe yCnoBUA

APFHﬂ,p.pBC‘-I = APFH,E[,D.,D,OI’I' (51)

8.15 Ecnn yCcnoeume He BbINOMHAETCA, TO HeobxoanMo BHECEHWE U3MEHEHWIA B KOHCTPYKUWIO annapara:
- YMeHblLUeHWe Konn4ecTBa Xo40B B TennoobMeHHON Cekunu;

- YBEITM4EeHWEe BHYTPEHHETO OnamMeTpa TENNOOOMEHHbLIX TDY6;

- YBEITM4EeHEe WNPUHbI TEeNNOoOMEHHOM CEeKUUN,;

- YBEIM4eHe Konn4ecTea annapartoB NMpy CoOKpaweHn arnnHbl TEennoobMeHHbIX TDYG.
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MpunoxeHune A
(cnpaBo4Hoe)
TepMu4yeckue cOnpoTUBIEHUA 3arpA3HeHU TennoobmMeHHbIX Tpy6 annapata

PexoMeHOyeMble 3HaYeHMS TEPMMYECKUX COMPOTMBMEHWI 3arpasHeHwii, M2 - °C/BT, TennoobmeHHbIx Tpy6 anna-
pata ¢ paznuyHbIMK NpoaykTaMu npueedeHsl B Tabnuuax A.1—A.3 npu NpoBegeHnn perynsapHon YUCTKW TpyBHOro npo-
cTpaHcTBa annapaTa.

Tabnuuya A1

3Ha4eHne TepMUYEeCcKoro
[pynna npoaykta HaumeHoBaHue nponykra COMNPOTUBIEHUS
3arpsiaHeHus, M2 - °C/BT

TexHwdeckue macna | Tono4Hble MasyTbl 8,6-104
YucTble UMpKYNUpyoLwve Macna 1,7-107%
MalmnHHBle 1 TpaHcopMaTopHele Macna 1,7-104
KpekuHr macna 6,9 104
PactutensHble macna 6,9-10™
TexHu4eckue rasbl U | a3 KOKCOBBIX Never U gpyrue abpuyHble rasbl 17,2-104
=t BbIxnonHble rassl Agu3enemn 17,2-10~4
[Mapbl opraHu4ecknx BeLlecTs 8,6-104
Mapsbl cnvpTa 0-104
BogsiHon nap (He 3aMacneHHbIR) 0-10™%
BogsHoi nap (3amMacneHHblin, oTpaboTaHHbIA, U3 NOPLUHEBLIX Ma- 1,7-104
LLIKH)
XonogunbHble Napel (3aMacneHHsie U3 NOPLUHEBOrO KOMMpeccopa) 34-104
Boagyx 3,4-104
TexHudeckue xua- | OpraHuyeckue 1,7-1074
RORTH XonogureHble XUOKOCTH, rpeloLye, oxnaxgarLwme n ucnapsarLime 1,7-10™4
Paccon (oxnaxgatoLmm) 1,7-10%
MpoaykThbl atmo- | lMapbl BepxHeit hpakumm 25-104
ORERHEIC YETBHOBOK Mapbl BepxHen hpakumn, He noaseprasluMecs 0bpaboTke 2,5-104
[Mapbl BepxHel hpakuun, nogeepraemvecs obpaboTke 5,0-107%
BokoBble thpakumm 25-10™4
Mpooyktel  BakyyMm- | [lapbl BepxHel pakuMm N3 pekTUUKaLMOHHOM KOMOHHbI 1,8-104
Hblx. YeTaHOBDK Mapbl BepxHel hpakuum U3 onsawnHr-KonoHHbI 7.2-104
BokoBble hpakumu 2,5-10
BokoBble thpakuMu B XONoaUnbHUKax 36-104
Ocrtartok (rygpoH) npu d420 6onee 0,93 9,0-10™
[ectunnatHeii octatok npu d,2° meHee 0,93 3,6-104
[Mpoayktel  yctaHo- | Coipbe — [@3owne ¢ Temnepatypon go 238 °C 36-104
POEADE M Chblpbe — [@3oiinkt ¢ Temnepatypoi 238 °C v Bhilwe 50-104
Cblpbe — JlurponH c Temnepartypoi go 238 °C 36-104
Cblpbe — JlurpouH ¢ Temnepatypoi 238 °C u Bblwe 7,2-107
Mapbl U3 cenapatopa, pRAWNHI-KONOHHbI, UCNapuTensa 10,0- 10
Mapbl N3 pekTMUKaLMOHHOW KONMOHHEI 36-10
OcraTtok 1,8-10™
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[pynna npoaykTa

HaumeHoBaHue npoaykTa

3HaveHne TepMn4eckoro
conpotuveneHus
sarpasHeHus, m2 - °C/BT

Mpooyktel  abcopb- | Mas 3,6-10™*
LUMOHHbBIX YCTAHOBOK T R—— 18 104
Tolwee macno 3,6-104
[Mapbl BepxHeR hpakuun 0,9-1074
BeHaunH 0,9-10*
Mpoayktel  yctaHo- | Ceippe — HectabunbHbin 6eH3MH 0,9-107%
gg:m:;aﬁnnmaunm [Mapbl BepxHen hpakumm 0,9-104
[MpoayKT XonogunbHWKOB M TeNNo0BMEHHVKOB 0,9-107%
MpoaykT pubonnepos 1,8-104
MpoaykTtei rasodpak- | Ceipee 1,8-10~
E:s:s&;;zu::x vy1c:aTja1: [Mapbl BEpxHER hpakuun 1,8-10~
HOBOK [MpoaykT xonogunsHWKOB 1,8-10~
MpoaykT pubonnepos 36104
Chipbe 3arpy3ky peaktopa 36-10%
Mpooyktel  macno- | Ceipbe — CMeCb Macrna ¢ pacTBOpUTENEM 36104
OHUGTRERCjeTanaHbE Mapbl BepxHen hpakuun 1,8-10%
OuumueHHoe Macno 1,8-10%
MpogykT TennoobMeHHWKOB OYMLLEHHOTO Macna, oxnaxaaeMoro Bogon 5,0-104
Cwmonkl B TennoobMeHHWKax 1 naporeHeparopax 0,9-107%
CmMonbl B XOoNoaWUNbHUKaX 5,0-107%
PacteopuTens 1,8-10%
MpoaykTel  ycTaHo- | Chipbe — mMacno 3,6-10%
33: HeagthentTisa: Pacteoputerns 1,8-104
AcdhanesTt 1 cMmornbl B TENNOOBMEHHMKAX U NaporeHepartopax 0,9-10*
AcanksT 1 cMorbl B XONOAWUMbHUKaxX 5,0-10~4
Mapbl pacTBOpUTENSA 1,8-107*
OuyMLLIEHHOE Macno 1,8-104
OuulLEeHHOE MAcno, OXNaxKoaeMoe Boaon 50-107%
MpooykTel  ycTaHo- | Cmaso4yHoe macrno 1,8-10~
Eﬁ: AETERARARISS- Pacteoputerns 1,8-104
Cmecbk macna ¢ napadMHOM HarpeeBaemas 1,8-107*
Cmecb mMacna c napadmHoOM oxnaxaaemMas 50-104
Mponyktel obecce- | Napbl BEpxHen pakumm 1,8-107%
Eg:arol.u,mx YRTERES [MpoayKkT xonogunbHWKOB pacTeopa 2,5-10%
[pogyKT xonoaunsLHUKOB puboinepa 2,5-104
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Tadbnuua A2

HaumeHoBaHue npoaykta

Temnepatypa npoaykTa, °C

m2 - °C/BT

3HayeHne TEPMUYECKOro CONPOTMBIIEHWUA 3alPA3HEHWS,

Nnpu CKOPOCTKM NoToKa, M/C

0o 0,6 BkMoY. ce. 0,6 oo 1,2 Bknwou. ce. 1,2
O6e3BoxeHHas HedTb (obec- | OT Munyc 17 o 93 BKMtoy. 501074 36-10™ 36-10™
SAnERRh) Ce. 93 A0 149 BKrion. 50-10-4 36104 3,610~
Ce. 149 go 260 BknroY. 7.2-1074 50-10% 3,6-10%
Ce. 260 0,910 7.2+1p™ 50107
O6BoaHeHHan HeTh (HeoBec- | OT MuHyc 17 4o 93 BKMHoY. 50 104 36104 3,6-10%
i Ce. 93 go 149 skriiov. 0,9-10~4 1215+ 7,2-107*
Cs. 149 go 260 BKnto. 10,0104 0,9-10™4 7,2-10™
Cs. 260 10,0- 104 10,0- 104 0,910

Tabnuua A3

3Ha4YeHne TEPMUHECKOro CONPOTUBNEHNS 3arpasHeHns, M2 - °C/BT
HauMeHoBaHME NPoaYyKTa npu Temnepatype Bogsl Ao 52 °C kY. npu Temnepartype BoAbl cBhille 52 °C
NPV CKOPOGTK BoAbl | NpW CKOPOCTM BOoAbl | NpW CKOPOCTM BOAbI | NpW CKOPOCTW BOObI
no 0,9 m/c sknioy. cebiwe 0,9 m/c 0o 0,9 m/c Bknioy. cebiwe 0,9 m/c
Mopckas Boga 0,9-10% 1,0-104 1,8-104 2.0-107%
OB60opoTHan BoAa NOArOTOBNEHHAS 1,8-104 2.0-10% 3,6-104 40 - 104
OB6opoTHas BoAa HEMOATOTORMNEHHASR 5,0-10% 6,0- 104 9.0-104 5.0-10%
PeuHas Boga uMcTan 3,6-1074 1,8-104 50-10~4 3,6-104
Peynas Boga cpeaHei YicToThl 5,0-10~4 36-10% 7,0-10~% 50-104
PeuHasi BOAA CUMbHO 3arpsisHEHHas 14,0-107% 10,0104 18,0- 10~ 14,0-1074
PeuHas Boga ecTkas 50-10~% 6,0-10~% 9,0-10~% 10,0- 104
JuctunnupoeaHHas 0,9-104 1,0-104 09-10% 1,0-10
MuTtaTtensHas (ANs KOTnoBs) 1,8-1074 1,0-107% 1,8-107% 2,0-10™%
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MpunoxeHune b
(pekomeHgyeMoe)

Anroputm pacueTta achpeKTUBHOro TeMnepaTypHOro Hanopa MeTo4oM pa3GueHusi NOBEPXHOCTH
annapaTa Ha MacCUB KOHEYHLIX 3NIeMEeHTOB

B.1 Ong pacyeTta adppekTUBHOro TemMnepaTypHOro Hanopa B annaparte Mexay NpoayKTOM W BO34YXOM KO3adduLn-
€HT Tennonepegayn JomkeH BbiTe 0QHOPOAHLIM. Y4UTBIBASA 3Ha4MTENbHbIE M3MEHEHUS TennoduU3nyeckux CBOMCTB Npo-
AyKTa B NpoLecce OxnaxgeHWa Wi KOHOeHCaUWMM U BapuaTMBHOCTL KoadhduuMeHTa TennonepenaqYn B pasHbix TOHKax
TennooBMEHHON CEKLMM, MOBEPXHOCTEL annapaTta Heobxoaumo pasbuTe Ha MacCUB KOHEYHbBIX SMEMEHTOB (Y4aCTKOB, 30H)
i=1... Nno gnvHe TpyBbl ANs KaXQoro psaa v Ans pasHbiX CEHEeHWA No wrpuHe TpyBHOro nyyka, y4ecTs NONEpeyHyo
CXeMy x0[oB no TpybHoMy npocTpaHcTBy. [1py 3TOM A0MKHBI ObITh BEIMOMHEHEI CedyoLLMe YCIOoBUS:

- KO3 PULMEHT Tennonepesadu ANs -r0 KOHEYHOTO aneMeHTa k; NOCTORHEH;

- 9(hheKTMBHBIN TEMNEPATYPHBIN HAMNOP AN i-F0 KOHEYHOTO ANEMEHTa Alyy, PaBEH CPeAHENorapuPMU4EcKoMy Tem-
nepaTypHOMY Harnopy Ans i-ro KOHEYHOTO AnemeHTa Aty oo

5.2 B xoge uTepaumoHHbIX LMKNOB pacyeTa KaX4oro KOHEYHOro aneMeHTa BhIYUCHAKT 3Ha4eHns credyoLyx na-
pameTpoB:

- TeMnepaTypbl BO3AyXa Ha BbIXOAE W3 annapata fy... .. . i
- K0O3hdMLMEHTa Tennonepeaadn Ana i-ro KOHEYHOro anemexTa kj; _

- 3 PeKTUBHOrO TeMNEePaTYPHOTO Hanopa Ans i-ro KOHEYHOTO aNemMeHTa Al

= Ppac4eTHOW TENNOBOW HArpPy3KW OI5A /-0 KOHEYHOIo anemMeHTa Qpacq‘i-

MpumedaHune — VTepalMOHHbLIW UUKN — 3TO METOA peLleHUs YpaBHEHUS U (UMW) CUCTEMbI YPaBHEHUIA NyTEM
nocnefoBaTtenbHOro NpUBMMKEHNa 3aaHHON NepeMeHHOW BeNWYMHEl B LIMKITMYECKOM npouecce. PesynsTatom gaHHoro
mMeToAa ABNAETCA AOCTWMKEHUE HeoBX0ANMON TOYHOCTW MMKW BbINOMHEHWE NOCTAaBNEeHHOro YCNOBUA.

B.3 TemnepaTypy BO3Oyxa Ha Bbixode M3 annapara tacan B °C, BblUMCTIAOT No opMyne, Npy 3TOM B MepBOM
npubrvskerun Q; = Q/N
Q.
= taoa,u,.ax,.i +C—"' (6.1)
p "“Bo3ap,i

¢

BO30A.BbIX,/

5.4 KoadhchrumeHT Tennonepenaqu Ans /-ro KOHEYHOTO aNeMeHTa K; BblMMCNsoT no dopmyne (13).
B.5 3hdeKkTUBHEIN TeMnepaTypPHbIA Hanop AN /i-ro KOHEYHOro aremMeHTa /_\.tam BLIYUCIIAOT No hopmyne (9).

" 1
B.6 PacyeTHyr TENNOBYH Harpysky 45 j-ro KOHEYHOrO 3remMeHTa Qpacw, BT, BBIMMCOAKT Mo dhopmyne

Qpacy,i = Ki° Fi'macp (.2)

1
B.7 CpaBHeHWe pacyeTHOW TeNMOBOW Harpysky NpoBoAAT AnS /-ro KOHeYHOro aneMeHTa Qpacq,,- W 3afaHHoro npu-
ormkeHus Q;. Mpu pacxoxaeHun Gonee 0,2 % UTepaLUOHHbIA LMK pacyeTa NOBTOPSAETCH A0 BbIMOMHEHWA YCIOBUS, NpK
3TOM MpeablayLllee pacyeTHOE 3Ha4YeHNe NPUHUMAETCA Kak HOBOE NpubnumkeHue.
B.8 MNpw 3aBepLlUeHK pacyeTa MaccuBa KOHEYHbIX 2N1EMEHTOB (y4acTKOB, 30H) MPOBOAAT CpaBHEHWe 3agaHHown 0b-
el TENMOBOW HAarpy3ku U CyMMapHOW pacyeTHOW TEMMOBOW HArpy3kn Ha annapar Ans BCEX KOHEMHbIX 31eMeHToB Q

cym.p’
BT, koTOpylo onpedensiot no opmyne

N
QcyM.p = ZIQ.' (B.3)
i=

B.9 Pesyneratamu pacyera ABNAKTCA MacCKBbl CriedyLnx napameTpoB:

- Tpebyemoit nnowaan NnosepxHOCTK TennoobmeHa F. o7

- KO3 PULNEHTOR TENNOOTAAYM BHYTPU 1 CHapYXu Tpyb o

- koahdmUMeHTa Tennonepegayn k; _

- 3h(HEKTMBHOTO TEMMNEPATYPHOTO Hanopa Af, .

B.10 Ha ocHoBaHuK 3Ha4eHuin 3TUX NapamMeTpPOB NMPOBOAAT onpeneneHve CpedHUX UHTerpanbHbIX 3HAa4YeHWI Koad-
duumeHTa Tennonepenayn k n ahheKkTMBHOMO TEMNEPATYPHOIO Hanopa no NoBepxXHOCTU annapaTta B LEMNOoM.

B5.11 CpegHuii MHTerpaneHsIi 3dhdekTUBHbBIN TEMMNEPaTYPHLIN Hanop B annapare an) BbIYMCNAKT Mo hopmyne

1

1% Q
Q 5\ Atag,

BH.J O:H.I']D.."’

Atog = (B.4)

B.12 BHyTpeHHUEe UTepaLMOHHBIE LMKMLI B anropuTMe TEMNMOBOro pacyera npu pacyete koadduureHTa Tenno-
nepenady 3akn4alTcaA B ONpeaeneHun TemnepaTypbl BHYTPEHHE NOBepXHOCTU TpyD, KOTopas KOPPeKTUPYETCa npu
KapkOol uTepauvmn OonyckaeMoW NorpeLlHOCTLIO NPY YCNOBUM CXOOMMOGTH. [lonyckaemas norpellHocTb B npedenax oT
5% 0o 10 %.
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5.13 TemnepaTypy CTEHKW Ha BHYTPEHHEl NOBEPXHOCTU TEMNOOBMEHHbIX TPY6 T °C, BblMMCNAKT No hopmyne

CT.BH’

o

, (5.5)

tCT.BH = tcp.np -

2

BH

rae tcp_np — cpegHAs Temnepartypa npofaykTa B TennoobmerHbix Tpybax, °C;
g — CpedHeuHTerpankHoe 3Ha4yeHWe pacyeTHOW NNOTHOCTU TENMOBOMO NOTOKA;

0O, — CPEeAHEeWHTerpanbHoe 3HadeHue koaduumeHTa TennooTgaqmn BHyTpu Tpyb.

B.14 WMTepaunoHHBIA UMK pacyeTa TemMnepaTypbl BHYTPEHHEN NOBEPXHOCTH TennoobMeHHbIX TpyO BbINOMHAKT Mo
creaytoLemy anropuTmy:

a) BbIYMCISIOT NepBoe NpubnuieHue T,

6) BEIMMCNAIOT Uy,,;

B) YTOMHAKT Temnepatypy f . ..;

r) BINOMHAOT CAEAYIOWYI0 UTEpauuIo.

B.15 Ycnoeuem BbIXxoga M3 UTEPALMOHHOMO LMKNa pacdeTa SBNAETCH OTKMOHeHWe OT npeablaylein utepauun B
npegenax [onyckaemoi NorpeLuHocTy.

B.16 B cnyyae Hannumnsa B MUCXOAHbIX OaHHbLIX KOUTUYECKWX 3HAYEHWIA TeMNepaTypbl CTEHKU NPOBEPSIOT BbINOMHEHWE
yCrnoBus

CT.BH!

. >T (5.6)

CT.BH CT.BH.KpWUT"®

B.17 [Ina pacyeTHoOro avana3oHa Temneparypbl B XONOAHbIA NEpPUO roga MaccuB 3HAYEHWIn TEMMEPATYpPbl CTEH-
KW Ha BHYTPEHHEW MOBEPXHOCTM TEMMOOOMeHHbLIX TpyD BbiMMCRAT no dopmyne (B.5), npyu 3ToM Kaxgoe 3HadeHue
OOMKHO BbITh BbILWE NPEAENnbHOro 3Ha4YeHUs (MPU HanNMyYyMu KpUTUYECKOW TeMnepaTypsl nNpouecca) ¢ y4eToM 3anaca no
MOCT ISO 13706.

B5.18 [MonHbIi KoaghULMEHT Tennonepenayun K Ans opebpeHHOR NOBEPXHOCTU TENNOOBMEHHBIX TPY6 BbIYMCTISIIOT
no chopmyne

N
- 1
k = F—Zk,-F,-, (B.7)
™ j=1
B.19 Tpebyemyto noBepxHOCTE TennoobmMeHa FTp BEIYMCNAIT No popmMyne
N
FTp = ZF.i,Tp' (b.8)
i=1
22
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MpunoxeHune B
(cnpaBo4yHoe)

PacueT kputepueB nogobus

B.1 B pacuyeTtax NpoLEecCOB KOHBEKTUBHOIO TenrnoobMeHa UCnonb3yrT Teopuio nogobusa hranyecknx npoLeccos
nyTem o6benMHEHNS pasMepHbIX hU3MYECKUX BENMYMH B 6e3pasmMepHble KOMMMEKCh!, Tak HA3bIBaEMblE KPUTEPWUKM NOLO-
6us. PaBeHCTBO BCEX OAHOTUMHbLIX KpUTEPUEB Noaodusa Ans AByX U3NYECKUX ABMEHWA M CUCTEM ECTb HEOBXOAUMOE 1
JOCTaToqHOE yCcrnoBue ux dnanyeckoro nogobus.

B.2 B HacToAwWweM cTaHdapTe UCNonsL3yloT cnefytowue Kputepun nogobus:

- ycno Manuneq, xapakTepuaytollee COOTHOLUEHWE MEXOY CUNamu rpaBuTaLn U CUNami BA3KOCTU B CPeae;

- yucno Mpacrodha, xapakTepuayioLlee Npouecc nogobusa TennoobMeHa Npy KOHBEKLMK B None TAXecTu (rpaBuTa-
UMK, YCKOPEHUS) WU ABMAIOLEECS MEPOI COOTHOLWEHUS apXMMeN0BOIA BbITankWBaloWed CUMbl, BEI3BAHHOW HEpaBHOMEpP-
HbIM pacnpegeneHuemM NNoTHOCTH XKUOKOCTHW, ra3a B HEOAHOPOAHOM rone TeEMNepaTyp, U CMNamMu BA3KOCTH;

- yucno JlokxapTa-MapTuHennu, xapakTepu13ayloLuee XKUAKY0 40N B NOTOKE TEKyYei cpeabl, MCNons3yeMoe BO BHY-
TPEHHUX pacyeTax AByxasHoro noToka 1 B pacyetax AByxdasHoro nepenaga AaBneHus 1 Tennonepegady npu KUneHnm
WK KOHAeHcauuu;

- yncno Hyccenkbta, xapakTepusyrLee COOTHOLLEHWE MEXIY MHTEHCUMBHOCTLIO TENNOOBMEHa 3a CHET KOHBEKLIMK W1
MHTEHCUBHOCTbLIO TENNOOBMEHa 3a CHET TENNONPOBOAHOCTY;

- yucno lMekne, xapakTepuayoLee COOTHOLUEHNE MEXOY KOHBEKTMBHBIMW M MOMEKYNAPHBIMK NpoLeccamm nepe-
Hoca Tenna (NPUMECEN, KOMUYECTBA ABWKEHWUA, XapaKTEPUCTUK TypOYNEHTHOCTW) B MOTOKE XKWUAKOCTH (COOTHOLLEHWE KOH-
BEKUUW M Andhdysun), a Takke NPOLECCOB KOHBEKTMBHOIO TENNOOOMEHa;

- yncno MNpaHaTns, xapakTepuaylolee BNMsHUE (PU3NYEeCcKMX CBOMCTE TEMNOHOCUTENA HA TENNOOTAAYY;

- yncno PelHonbAca, XxapakTepuaytolee rmapoaMHaMUYECKiA PEXXUM ABVKEHWA, MEPA OTHOLLEHWUSA CUN MHEPLUK K
CUNam BA3KOTO TPEHWA B BA3KUX XKUAKOCTAX M ra3ax; Npu mManbix cunax UHepUMn M BoMbLUMX CUNax BA3KOro TpeHUsa OBu-
KEeHMe CHUTAIOT NaMUHapPHbIM, Ha06opoT — TypBYNEeHTHbIM;

- yucno ®pyna, xapakTepusyrLlee COOTHOLLEHWE MEXAY CUIMOA MHEPLIMKA U CUMOI TSKECTH;

- Yyncno Jinepa, XxapakTepuaytoLllee OTHOLUeHWe MEXAY CUMamu JaBneHus Ha eaMHWYHBLIA 06beM HKUOKOCTH (UK
rasa) 1 MHEPUMOHHBIMKM CUNaMM.

B.3 Yucno MNanvnes Ga BblMUCIIAKT Mo hopmyne

Ga- g‘px'(px(*pn)'dgri
2
M

; (B.1)

rae i, — AMHaMUYecKas BA3KOCTb NpoaykTa, H - c/m?.

B.4 Yucno Npacroda Grq_BH BbIYMCNAKT Mo dopmMyne
4
Gry en =S e e [32 o Gons (B.2)
Vip -)an

rme g — yckopeHue ceoboaHoro nageHus, m/c?;
B — koadhhmumeHT 06bEMHOro pacluMpeHna NpoayKTa;

dg,, — BHYTPEHHWI JuameTp TennoobMeHHON TpyBel, M;
Gy, — NNOTHOCTb NOTOKA NPOAYKTA MO BHYTPEHHE NMOBEPXHOCTM TPY6, kr/m3;
Vpp — KMHeMaTudeckas BAKOCTb NPOAYKTa, H - c/mZ;
knp — k03O PULMEHT TENNONPOBOAHOCTU NPOAYKTA.
B.5 Yucno JlokxapTta-MapTuHennu X, BbIYMCNAIOT no dopmyne
1 09 0,5 0,1
Xu=( VJ .["_n [“_m , (B.3)
Yy P Hn
roe y — MaccoBas Jons napoeow dasbl.
B.6 Yuncno Hyccensta Nu BelMMCAKOT Mo hopmMyne
o-d
Nu = _7«_ s (B4)
roe o — KoadhdUUMeHT TennooTtaayu;
d — XapaKkTepHbli AuaMeTp (pasmep), M;
A — KO3(hULMEHT TENMONPOBOLHOCTH.
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B.7 Yvcno MNekne Pe,,, BLIYMCNSAKT No chopmyrne

PeBH — Wey - Doy , (B.5)
anp
roe a,, — koapULMEHT TeMMNepaTyponpoOBOOHOCTM NPOAYKTA, BbIYMCAAEMbIA Mo hopmMyne
?\‘H
P
a,=———. (B.6)
" PpCo.np
B.8 Yucno MpaHatna Pr BBIMMCAAKT Mo hopmyne
A%
Pr=—, B.7
= (B.7)
roe a — KoadhOUUMEHT TEMNEPATYPONPOBOAHOCTH, BbIMUCNAEMEIA No dpopmyne
A
a= ) (B.8)
p'Cp
B.9 Yucno PeiHonbaca Re BeldvcnsaoT no cdopmyne
-d
Re=29 (B.9)
A%
roe w — CKOpPOCTb MOTOKAa NpogykTa, M/c;
d — xapaKkTepHbli AUaMeTp (pasmep), M;
vV — K/HeMaTn4eckan BA3KOCTkL NpoaykTa, M2/c.
B.10 Yucno ®pyaa Fr BeYMcNAT No dopMyne
2
"
Er = (sz ) : (B.10)
g Px- dBH
rae p, — NMOTHOCTb KUAKOCTW, kr/m3;
g — ycKopeHue ceoboaHoro nageHus, pasHoe 9,81 m/c?;
gy, — BHYTPEHHWI gnameTp TpyGbi, m;
W, — MpUBedeHHasA CKOPOCTb XWAKOCTH (And AByXchasHOro NoToka), M/c, Bulvucnsaemas no dopmyne
G
wy=—F"1"° (B.11)
P - pr 'N'rp
rae an — MaccCOoBbII pacxof NpoaykTa, Kr/c;
pr — nnoLiagb cevyeHua TennoobmeHHon Tpybel, M2;
NTp — KonuyecTBo TpyO B X0y TennoodMeHHOW CeKUNU.
B.11 Yncno Gnnepa Eu BoIMMCHAKT No hopmyne
AP
Ei= i (B.12)
p-w
roe AP — rumgpasnu4eckoe conpoTuBneHve annapara, a;
p — MAOTHOCTb NOTOKA NPOAYKTA, Kr/M3,
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MpunoxeHue I
(pekomeHgyemMoe)

PacueT ko3t ULMeHTOB TENNOOTAAYM U TEPMUYECKOrO CONPOTUBINEHMUA Ana opebpeHHol Tpy6bl

1 Pacuet koadhduumeHTa TennooTaayu B TennoobmerHbix Tpybax oy, Br/m2-K, npy oaHOMA3HOM TeYeHUn no-
TOKa npogyKTa (KMOKOCTW WMWK rasa) Npy OXnaxaeHWW BeIMWUCNSAKT MO 3a4aHHbIM reoMeTpUYecknM pasmepam TpyGHoro
MpocTpaHCcTBa TENNOOBMEHHON CeKUMM M CBOWCTBaM OXMaXK4aemoro NpogykTa no crnegyroweMy anroputmy.

1.1 MNpoBogaT pacyeT KpuTepmeBs noaobus cornacHo npunoxeHuio B.

I.1.2 [o COOTBETCTRBYIOLLMM 3HAYEHUSIM KpUTEpPUEB NoAoBUs BEIMMCIISIOT PEXMM TeHYeHWA NOTOoKa NpodyKTa B Tenno-
0BMeHHbIX Tpybax:

- NaMUHAPHbIN BA3KOCTHLIA pexim npu Re, < 2300, (Grq_BHPrnp) <3-105

- NaMUHaPHbIN BA3KOCTHO-TPABUTALIMOHHEIN pexim npu Rey,, < 2300, (Gr, 4. Pr,,) > 3+ 10%;

- nepexoaHbIi pexum npu 2300 > Re,, > 10000;

- TypByneHTHbIA pexum npu Re,, > 10000.

1.3 C yyeToM OnpeaeneHHoro pexuma Te4eHus notoka npoaykTa B TennoobMeHHbIX Tpybax BelMMCIAT CpeaHni
kKoachchrumeHT TennooTaaqM no grnvHe TennoobmMeHHbIX TPy no dhopmynam:

- ANs NaMWHapHOTO BA3KOCTHOIO pexuma npu LTp <L,

A 1 L,Y3 s
EEH=1,5{ﬂJ 4,36+1,31( i] ‘exp| 13 Peroo | (r1)
dBH eBH BH unp
= A4nA NaMUHapHOro BA3KOCTHOIO peXxKnma rnpu LTp > LH_T
-0,14
— A u '
Ol = 4,36-(ﬂ} £ (r2)
BH unp
= AnA NnaMmMHapHoOro BA3KOCTHO-rpaBUTaUuMOHHOIO peXxnMa
-1
npw (L.i]sw.m—?’; B=5.103[L-iJ
PeBH BH PeEIH dBH
1L 1L -17
npu ( ~£]>1,7.10—3; B=18-10* +55(—-£)
PeBH dBH PeBH dBH
G P 4 0,045
—_ —_ I T
Olgn = UgH.0 - 1+(MJ . (F3)
B
NpyYeM O, o BeidvcnstoT no dopmyne (C1);
- Ansa TypbyneHTHOro pexuma
0,25
- A P ’
gy =0, 021-[ﬂ].Re§f -Pr043 {—rs” ] : (F4)
BH PrBH.CT
- AnA nepexoaHoro pexuma
Oy = ©- 01¥P8 + (1- @) o JEMMHAD (r.5)

npu4eM AN NepexoqHoro pexnma BelYMCNaoT Ko3ahuLIMEHT NepeMeXxaeMocTu.

2 PacyeT koathchmumeHTa TENNooTAa4M B TENIO0OMEHHbIX TRYGax o, NP1 ABYX(hasHOM TEYEHWW NOTOKa NPogyK-
Ta (NapoXWaKOCTHAA CMECK) MPY KOHOEHCAUUW BLIYUCTIAIOT C YYETOM PEXVMOB TEYEHUS MOTOKA, YKa3aHHbIX HA PUCYHKEe
1, No cnegyoLemMy anropuTmy.

MpumeyaHue — lpu KOHOEHCALMU MPOAYKTA B TENNOOOMEHHLIX TpyDax HabniogarTcs HECKONMBKO PEeXUMOB
TEYEeHUA NOTOKa NpoayKTa: KONMbLUEBOW, AWMCNEPCHO-KOMbLEBOW, KOMbLUEBOW C CUMbHOW cTpatudukaunen, cHapsiaHbIA,
3MYMBCUMOHHBIA, NY3bIPbKOBLIA, pacCcnoeHHbIR, BONHOBOW. KonbLeBon, OAMCNepPCHO-KOMbLUEBOW peXnMbl Te4eHns obycrnos-
NEHbI BITUAHWMEM CUIN MeXha3Horo KacaTenbHOro HanpsKeHWs, BONTHOBOW U PACCIOEHHbIA — CUI TSXKECTH, a Takke pas-
TNWYHOW NapoBOW HAarpy3KowW.

2.1 MpoBoaaT pacyeT KpuTepmnes nogobus cornacHo nNpunoxeHuto B.
2.2 Maposas Harpyska B TpyGHOM NpPOCTPaHCTBE XapakTepuayeTcs MacCOBOW NMPUBEOEHHOW CKOPOCTBIO p, W,
kr/(M2 - ).
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(Smmmmss? CHIHTIITHTITHTITITITT IR LA L LR
—

B N Y

a) paccrnoeHHbIn

AR A A A A A LA A A A LA LA A LA A A AL AL R R e e N
B) Ny3blpLKOBbIA r) cHapaaHbIn
LS S S A N R S A S R S R A T RS A T R A R R R S R R A
o7 S B o e S
o o = 0 S0
o0 a0 o° o= o f
—_— —— r——— e e e i ]|
A A A A A A A A A A A A A LA A LA LA LA LA LA AL LA AL L R LY B Y
[) 3MYNbCUOHHBIA €) oucnepcHo-KonbLEeBOR

PucyHok 1 — Pexumbl Te4eHusa noToka B TennoobmMeHHbix Tpybax npu koHgeHcaumm

2.3 B 3aBUCHMOCTM OT 3HAYEHWUA MAcCOBOW NMPUBEOEHHON CKOPOCTU U MO COOTBETCTBYIOLLUMM 3HAYEHUSIM KpUTe-
pyeB Nogobust BLIYUCTSIOT PEXUM TEYEHUS NMOTOKa NPOAYKTa B TEMNNOOBMEHHbIX TpyBax 1 koaduUMEHT TENNOOTAAYN B
TennoobmMeHHbIX Tpybax no dopmynam:

- npu p, w, < 500 Kr/(M2-c) (T. ©. BONHOBOW, paccroeHHbIN PeXxUM TeyeH!s)

159 0.039
0,025-R :
ecnu Rey <1250 Fr,,, = B[ 1+108 -2

GEO‘S Xn
104 0.039 \'® ; s
126-Re;™" [ 1+1,09. X
ecnm Reg > 1250 Friyg, = ———0 | u
Ga™ Xit
- npu p,w, > 500 kr/(M2-c) (T. €. KOMbLEBOW, ANCNIEPCHO-KOMNBLIEBON PEXUM TEYEHUS )
1 1/2 12
O = 500 (px ] +(p_”(} g TR (r.7)
2 Pem Pem Jgux | Pem Pn

BX

TO€ Py Py Poyy — MIOTHOCTH XWOKOCTH (KOHOEHCaTa), napa, MapoXuaKOCTHON CMeCH COOTBETCTBEHHO;
oy — KOIhPULMEHT TennooTaayn Ans ofHohasHoro TypByneHTHOro MOTOKa KWOKOCTW B AaHHOW Tpybe,
npuU4em pacxop 3TOW KNAKOCTW paBeH G .
I"2.4 KoachdhmymeHT Tennootaaqm Ana ogHopazHoro TypByieHTHOro NoToKa KMAKOCTH Oy BEIMUCTIAIOT Mo hopmyne

A pr, "%
0 = (—*] 0,021-Red® . Pr243 -{—Pr ® ] . (r:8)
BH

X.CT

2.5 B 3aBUCMMOCTM OT 3HAYEHWS MaCCOBOW NPUBEOEHHOW CKOPOCTW W MO COOTBETCTBYIOLUMM 3HAYEHWAM 4uncna
Ppyaa BLIMUCHAIOT PEXUM TEYEHWA NOTOKA NPOAYKTa B TeNnoobMeHHbIX Tpybax 1 koadpuUMeHT TennooTgaqym B Tenmo-
0bmeHHbIX TpyBax no dpopmynam:

- npu p,w, < 500 kr/(mM2-c) n FrMOH > 20 Takke, Kak 1 ANs KOMNbLEBOro pexmma;

- NpU P, W, < 500 kr/(M? - c) u Fry, o, < 20

0,25

012

— (2 d, ) n

. :(_*) L {p*WO BH] nap Ga®25pr25 + A Nuy, |. (r9)
dan N\ 1+111X2 Hig Gl b )
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[.2.6 MNapameTp A, 3aBUCALLMIA OT yrna, KOTOpbiA 3aHUMAET KUAKOCTb B CEYEHMM TENNooOMEHHOM TpyObl, BbIYMC-
nawT no dopmyne

Hoe arccos(2-v,, 71),

T

C
- Re08 . pro4 ’ 1.
Nuge =0,0195-Reg® - Pro®. 1376+~ (F10)
tt

{ecnm Fr=0,7, C,=7,242;, C, =1,655

ecnu Fr <07, C; =4,172+5,48.- Fr — 1,564 Frz; C, =1773-0,169 - Fr.
I3 Pacuet koachpuymneHTa TennooTaaqm B MexTpyOHOM NpocTpaHcTBe o Br/m2-K, BbIMCIIAIOT C y4ETOM a3po-
OVHaMWYeCcKoro pacyeTa annaparta no cregylowemMy anropuTmy.

3.1 TemnepaTypy Bo3goyxa Ha Beixo4e U3 annaparta  A—

H.np?

°C, BbIUMCNAT No dopmyne
t t +

L Q
BbIX.BO3A, — 'BX.BO3[ b= .
Vsos,n ‘Peoag * CD-BOBA

(r11)

3.2 CpegHioto TemnepaTypy Bosayxa t, °C, BbIMUCNAOT No hopmyne

p.BO3A?
Q
th.BOB,El = tBX.EOS,ﬂ, + 2.V 6 E (r'12)
"VBoapg 'psosn ‘~p.BO34

3.3 CkopocTb BO3AyXa B Y3KOM CeYeHuM TpyOHOro nyyka W,k Bosn’ M/C, N0 3HAYEHWO cpedHel TemMmnepaTypbl BO3-

RYXa fe, goan BEIMMCTIAIOT MO copmyne

VBOS
e n

Wysx‘sas,u - f 3 (r13)

ce

roe fCB — nnoLagb NPoXo4HOro CeveHus ONA NoToKa BO34yXa B Y3KOM ce4YeHun TpyBHOro nyyka, M2.

3.4 Yucno PeliHonbaca ons notoka Bo3dyxa B Y3KOM cedeHuu TpyBHoro nyqka .R’ema‘,:l BbIMUCIIAIOT No dhopmMyne

B WyaK.Boa,ﬂ. i dHap )

BO30, =

(r.14)

BO3A

3.5 KoaghdpnumeHT TennooTgaym BO34yLIHOMO NoToKa EHap Onsa annapata ¢ TennoodMeHHbIMK TpyBamMu ¢ HaBu-
TbIM, HAKaTHbIM UMK MPUBaPHLIM TUMOM OpebpeHns BbIMWCTIAKT No chopMyne

= A
Onap = 1,182 C; - C; - Regogy - Prigsa. (r.15)
Hap
I".3.6 MNonpasky Ha pacnonoxeHwe TennoobmerHbIx Tpy6 C B TpyGHOM Nyyke BLIMMCMSAOT No dhopmMyne
11 sy 126

-2 (r.16)
p+8 Sz ®

CS=(1,36Y)-[ 0,014], Y =th(X), X =

I.3.7 MNokasaTtens cTeneHu n npu Re BbIMUCTISAOT No hopMyne

BO30

n=0,7+0,08-Y+ 0,005 ¢. (r17)
3.8 MNonpasky Ha pAOHOCTL Tpy6 C, BLIMUCNAIT No dopmyne

C, <8150 -5 8 (r.18)

3.9 MNMpuBeneHHbI KOSMDULMEHT TENNOOTAAYM BO3AYLIHOTO NOTOKA ¢, ., BEIMUCIAT NO hopmMyne

p

Fy Fip | =
Qpy.np = F‘Ep'u'e‘*‘? *Olnap, (r.19)
roe Fp — nnolaas NoBepxHocTH opeBpeHuns TennooBmeHHbIX Tpy6, MZ;
FTp — nnollaak NoBEpPXHOCTM rMaakux Tpy6 (MOBEPXHOCTH, He 3aHATOI pebpamu), M2;
F — nonHas nnowjaas NoBepxHOCTW annapara, M2,

I.3.10 KoadbpuumeHT adchekTuBHOCTU pebpa Ep TennoobmeHHol TpyOkl BEIMUCIAIOT No opmMyne

= - th(m- Besp )

’ (r.20)
P m~hpe6p
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roe hpeﬁp — BbicoTa pebpa TennoobmeHHon TpyOLI, M;

m — BcnoMoraTenbHbIA KOMMNMEKCHBIA NapaMeTp, BeIMUCTSEeMbIi No hopMyne

m= % Mheop r21)
7“9969 'fpefm

kpeﬁp — KO3MPUUMEHT TENNONPOBOAHOCTU MaTepuana pebpa TennoobmeHHol Tpy6sl, BT/m-K;
I'Iper — nepumeTp pebpa TennoobMeHHON TpyBbl, M;
fpeﬁp — nnowiaak ceverus pebpa TennoobMeHHoN TpyBbl, M2,

[.3.11 KoadhchmumeHT L, YYUTLIBAKOLWMWIA YBENUYEHMEe TOMWMHBI pebpa K OCHOBaHUK, BLIMMCNAKOT No rpadmky, npea-
CTaBneHHoOMY Ha pucyHke 2.

1,2

1,1
1,0
2d,
0 1,0 2,0
Ay
<> — OTHOLLIeHVe TONUMK PEGPA B CEHEHMN Ha KOHLE 1 B OCHOBAHMM

1

PucyHok .2 — Mpadhuk onpegeneHna koadpuumeHTa

[13.12 KoadpdpnumeHT adpchekTMBHOCTU pebpa TennoobMeHHon Tpybbl € BIYUCAAKT Mo hopMyne

e=1-0,058-m-h (r22)

peGp*

4 KoathhuumeHTsl TEPMUYECKOro CONPOTUBMEHNA CTEHKKN RTp, M2 - °C/BT, 1 opebpeHus Rop, M2 - °C/BT, Tennoo6-
MEHHOI TpyObl COOTBETCTBEHHO BbLIYUCNSIOT Mo hopMynam:

R (de In dHaD

= ; (r.23)
2- A‘CT dBH
-d d
RDD =(P—K‘|n_'<! (I.24)
2 QLpeﬁp dHap
rae @ — KoadhdpuuneHT opebpeHuns TennoodMeHHon Tpybbl;
d, — nuameTp TennooGmMeHHoi TpyGel B 0CHOBaHWK pebpa, M;
her — KOIPDULMEHT TENNMONPOBOAHOCTH MaTepuana cTeHkn Tpybel, BT/M - K;
lpeﬁp — Ko3dhpMLMEHT TENNonpoBOoAHOCTY MaTepuana opebpenus, Bt/m - K;
dHap, dg,, — HapYXHbI, BHYTPEHHWUIA OUaMeTp TeNnooBMeHHO TpyBbl, M.
28
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.5 KoathhMUMEHT TEPMMUYECKOTO COMPOTUBIEHNSA KOHTaKTa R, M2, °C/BT, opeBpeHHbIX TennoobMeHHbIX Tpy6
BbIGMpAIOT B 3aBUCMMOCTM OT MaTtepuana TennoobMeHHsIX Tpy6:

- ans Tpy6 U3 HenerupoaHHoW (yrnepoauncToit) ctanm — 1,83 - 1074;

- ansi TpyB U3 NerupoBaHHoi cTanu Mapku 15X5M — 2,5 1074

- ans Tpy6 U3 HepxasetoLwei ctann — ot 3,2 1074 no 3,7 - 107%;

- ans Tpy6 u3 natyHn — 0,7 - 1074

- Ans Tpy6 ¢ HaBUTLIM opeGpeHnem — 0,004185 - g 1115;

- Ansa Tpyb ¢ HaKaTHbLIM MW NprUBapHbIM opebpeHmem — Q.

KOHT
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Mpunoxexwe [
(pekomeHpyemoe)

CFD-tennoBow pac4yeT annaparta

0.1 CFD-tennorou pac4eT (aHrmn. «computational fluid dynamics») annapata npefcrasnaeT coboi YNCrneHHoe Mo-
OEenuMpoBaHne MeToA0M KOHEYHbIX 3MeMeHTOB hM3M4eCcKnX NPOLECCOB NepeHoca B annapare, Ansg KOToOporo B npeaenax
kaxgoro N-ro anemeHTa pewaeTtca cuctema gudpdepeHuManbHbIX YpaBHEHWIA 3aKOHOB COXPaHEeHWsl MacChbl, IHEPTUW,
VMMynsca, MOMEeHTa MMMynbCa.

[.2 na npoeeneHns CFD-TennoBoro pacyera ycTaHaBNUBaT CriefyoLlne rpaHnYHbIe YCNoBKUs:

- NEpPBOro pofa — 3aJaHHble 3Ha4YeHUst TeMnepaTypbl CTEHKM NOBEPXHOCTN TennoobmeHa;

- BTOpPOro pofa — 3aAaHHble 3Ha4YeHWUs NNOTHOCTM TEMNOBOMO NOTOKA Ha NMOBEPXHOCTK TeNnoobmeHa;

- TPETLENO poAa — 3a4aHHbIe 3HAa4YeHUA TEMMEepPAaTypbl NOTOKA NPOAYKTa, OMBIBAIOLLETO MOBEPXHOCTL Tennoobme-
Ha, U KoadhbduLMeHTa TENNOOTAAYM K JaHHOW NMOBEPXHOCTH.

0.3 Ona npoeegenusa CFD-TennoBoro pacyeta NPUHAMAOT CNeayoLlmMe OonyLWeHus:

- CKOpPOCTb MOTOKa Ha NOBEPXHOCTU TennoobmeHa paBHa Hynio;

- CUMMETPUYHOE pacnpefeneHne NOTOKOB (Mo BO3MOXHOCTK);

- SST-Mogene TypbyneHTHoOCTU (aHrn. «shear stress transport model») npu TypByneHTHOM pexuMe TeYeHUs npu
MOZENMMPOBAHWUKN NOKANBHBIX XapaKTepUCTMK TENMNOOTAAYM;

- TENMNOBOW NOTOK OT U3MYy4YEHUS HE YYUTLIBAETCA.

[.4 Pesynsratom CFD-TennoBoro pac4eTta ABMASETCA none TeMnepaTtyp M CKOpOCTel Bosayxa U (Mnu) npogykra B
rpaHuLax paccMaTpyMBaeMOoro NpoCcTpaHCTBa annapara.

0.5 [Ins ka4yecTBEHHOWN OLEHKM NpoLeccoB TennoobMeHa MOryT UCMonb3oBaTh rpadukm v AvarpamMmMel AN nonen
Temnepartypbl U CKOPOCTW B 3a4aHHOM CEYEHUMN pacHeTHON oBnacTu, BEKTOPHLIE AUarpaMmbel CKOPOCTU, ANs OLEHKW Npo-
CTPaHCTBEHHbLIX HaMpaBneHWn TeYeHW BO3ayxa UM NpoaykTa MoryT BbiTb paccmMoTpeHsl rpadukmn 3D-nnHKIA ToKa.

0.6 na KkonuyecTBEHHON OLEHKW MOMYT UCMOMNb30BaTh CpedHne UHTerpanbHble (Mo NOBepxXHOCTWM TennoobmeHa)
3HA4YeHUs MIIOTHOCTU TEMNMOBOrO MOTOKA, KOAMMMULMEHTOB TENMNOOTAAYM, TEMNEPATYPbI CTEHKKA, MPU 3TOM MOMYYEHHbIE
3Ha4YeHua HeobXoQMMO COMOCTaBNATL C peaynsrataMy 3MMUPUYECKUX BLIMUCTIEHWIA.
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rOCT P 72011—2025

YOK 697.1:006.354 OKC 71.120.01

75.180.20
75.200

Kntoyesklie criosa: annapar BO3OYLWHOIO OXINnaxKOaeHud, TENIIOBOW pacyeT, azpogMHaMnYecknin pacyeT, rugpas-
NUYECKMA pacyeT, METOA KOHEYHbLIX aNIEMEHTOB
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Pepaktop E.FO. MumpogbaHosa
TexHunyeckui penaktop B.H. lNpycakosa
Koppektop O.B. flazapeea
KomneloTepHas BepcTka E.O. AcmawiuHa

CpaHo B Habop 07.04.2025. [MoanucaHo B nedatb 10.04.2025. ®opmar 60%84%. [apHutypa Apuan.
Ycn. ney. n. 4,18. Yu4.-u3a. n. 3,35.

MoaroToBneHo Ha OCHOBE ANEKTPOHHOW BEPCUM, NPEaoCcTaBneHHo paspaboTyMkoM cTaHaapTa

CosgaHo B eANHWYHOM ncnonHednn B PIBY «MHCTUTYT cTaHaapTuaauumn»
ans komnnekroBaHus ®enepanbHoro MHGoOpMaLMoHHOro hoHAa cTaHaapTos,
117418 Mockea, Haxumogscknia np-1, 4. 31, K. 2.
www.gostinfo.ru info@gostinfo.ru
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