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OCHOBHbIE NMOAOXEHUA
AbIMOXOAHOM TEXHUKMU

PaszsuTHe

MNoBbilweHWe TpebOBaHMI BbI3BAAO
NnosBAE€HUE ABYXCAOﬁHbIX AbIMOBbIX

Tpy6

CeroaHs 3To yxe ycTapeAo

BanaHue SHEpPreTn4ecKkoro Kpmsmnca

TpéxcaoliHble AbIMOBbIE TPyObI

I'IoAaqa BO3AYyXa AAA TOpeHUA

PocT 1cnoAb3oBaHKs YCTaHOBOK, paboTaloWMX Ha HEPTENPOAYKTaX, Bbi3BaA
NosBAEHME HOBbIX TPEOOBAHMM K AbIMOXOAHON TexHwke. Kpome cTaTuuieckon
1 NMPOTVBOMOXAPHOM CTOMKOCTW BO3HUKAO TpeboBaHmne Mo yCTONUMBOCTH

K BO3AEMCTBMIO KUCAOT, UTO MPUBEAO K CO3AAHMIO ABYXCAOMHBIX ABIMOBbBIX
TpY6. BHyTpeHHss Tpyba 13 KepamuKi BEIMOAHSET TpeboBaHWS KacaTeAbHO
KUCAOTOYCTOMUMBOCTM, HapyxHasi 0OOAOUKa - TpeboBaHKsA MO CTaTUYECKOM
YCTOMUMBOCTU, a 0be BMecTe obecneunBaloT noxapobe3onacHoOCTb.

OAHO- 1 ABYXCAOMHbIE AbIMOBbIE TPYObl CErOAHA eLLE AOMYLLEHbI K
3KCMAYaTaLMM M OMKCaHbl B CBOAE TEXHNYECKMX MPaBUA AAS OAHOCAOMHBIX
ABIMOBBIX TPYD. TeM He MeHee, AAt COBPEMEHHbIX SHeprocbeperaoLLmx
YCTAHOBOK OHM MPaKTUYECKN YCTapeAu.

DHEPreTUYECKMI KPU3NC CEMUAECATBIX FTOAOB MOBAEK 32 COOOM AanbHENLLIEE
pasBUTUE TEXHNKN COKMIraHKA TOMAMBA. B KOHLIE KOHLOB 3TO MPUBEAO K

TOMY, YTO Ha PbIHKE MOABUANCH OTOMNTEAbHbBIE KOTAbI C 6oAee BbICOKMM
MCMOAB30BaHWEM 3HEPTK 1 BOACE HU3KMMM TEMMEpPaTyPamMi AbIMOBBIX ra30B.
DTa TEHAEHUMA NPUBEAA K CO3ARHMIO TPEXCAOMHBIX ABIMOBBIX TPYOD.

B 3Tux crcTeMax BHyTpeHHAS Tpyba M3 KepamuKin OKpyKeHa
CneuUmanbHbIM CAOEM TEMAOM3OAALIMK, KOTOPas 3a00TUTCH O TOM, HTOObI
HU3KOTEeMMepaTypHble AbIMOBbIE asbl B AbIMOBOM Tpybe He Tak CUABHO
OXADKAIAVCH 1 OTBOAMAMCH Yepes Kpbillly 6e3 yllepba AA CTPOUTEABHBIX
KOHCTPYKUMI. [1pr 3TOM MpUMEHEHKE TEMAOBOMN M3OAALMM AOAKHO
rapaHTMpoBaTb TpebyemMylo MOABMKHOCTb BHYTPEHHEN Tpybbl Npu eé
TENAOBOM pacLUMPEHMM.

Hapy»Hble orpaxAaioLLme KOHCTPYKLMKN COBPEMEHHDBIX 3AaHMIM CTaHOBATCA BCE
6oAee MAOTHBIMM, YTO MPEABABASIET HOBble TPEOOBaHMSA K ABIMOBBIM TPyOaMm.
[MoMmmo YAQAEHNA ABIMOBbBIX Ma30B COBPEMEHHbBIE ABIMOXOAHbBIE CMCTEMbI
obecrneunBaloT Takxe NoAady MPUTOYHOIO BO3AYXa AAA MOAAEPKAHMA
npotecca ropenus. B Takmx cuctemax BHyTPEHHAS TOHKOCTEeHHas
Kepamuyeckas Tpyba OKpyXeHa CAOEM BO3AYXa, KOTOPbIN ABMXETCA B
MPOCTPaHCTBE MEXAY KEpaMMyecKor TpyOom 1 HapyKHOM OBOAOUKON 1 NP
3TOM HarpeBaeTcs. HapyxHas oboAouKka coCTOUT K3 Aérkoro HeToHa.
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OCHOBHbIE NMOAOXEHUSA
AbIMOXOAHOM TE€XHUKMU

PazsuTuHe

Bsrasia B npoLuroe

A ceropaHs!

VcTbs AbIMOBbIX TPY6
CTapbiX 3AaHMM

CryneHu passutus
AbIMOXOAHOM TEXHUKU

OaHocaolHas AbiMoBas Tpyba

Schiedel 2011

SCHIEDEL nbIMOXOOHbIE
CUCTEMBI

B Te BpemeHa, koraa OroHb OTKPbLITO FOPeA B o4are B LIeHTPe NMoMeLLeHus,
ABIMOBbIE [a3bl OTBOAVAM OT MECTa MX OOPa30BaHKs MPK MOMOLLM MAYLLEN
HaBepPX AbIMOBOM TPyObl. DTH NepBble 0OPasLipl ABIMOXOAHOM TEXHMKIN CACAAAW
BO3MOXHbIM 1, MO KparHeN Mepe, HarMoAOBKMHY TEPMKMbIM NpebbiBaHne B
OTanAMBaeMbIX MOMELLEHWAX, KOTOPbIMM MO BOABbLLIEN YaCTH BbIAM KyXHS, XIAas
WAV CMaAbHast KOMHATa. AaAbHellee passUTIE AbIMOXOAHOM TEXHWKM BCeraa
ObIAO TECHO CBA3AHO C Pa3BUTUEM TEXHMKN OTOMUTEABHOM.

COBpeMeHHbIe AbIMOXOAHbIE CMCTEMbI AOAXHbI ObITb TaK paccymTaHbl, YTOObI
MCKAOUMTb BO3HUMKHOBEHME HEAOMYCTUMbIX HapyLleHuit B paboTe AbIMOBOTO
TPaKTa M OMacHOCTM AASL UeAoBeKa. VX OCHOBHOM 3apauei seaseTcs
HaAEXKHOE OTBEAEHME Yepe3 Kpblilly BPEAHDBIX AAS 3A0POBbS YeAOBEKA
KOMIMOHEHTOB NMPOAYKTOB CropaHus, KOTOpblE 3aTEM pacCemBalOTCA

B aTMocdepe.

Dival

[epexoa OT OAHOTO BMAQ TOMAMBA K APYTOMY, OT YIAA K Ma3yTy, @ 3aTeM rasy,
a TaKke AaAbHellliee COBEPLIEHCTBOBAaHME YCTaHOBOK, OKMMaIOLLIMX TOMAMBO,
MX Pa3BUTLE OT OTABALHDBIX MEYel K YCTaHOBKaM LIEHTPAALHOTO OTOMAEHMA
TpeboBaAn Takke NOCTOAHHDBIX U3MEHEHMI B ABIMOXOAHOM TEXHMKE.

B TeueHre AOATOro BpemeHn B CTPOUTEALCTBE XMAbS Harboaee
BOCTpe6OBaHHbIM BapraHTOM OTBEAEHNA AbIMOBbLIX ra3oB OT MeCTa X
obpasoBaHKsa BblAa OAHOCAOWHASA KMPrMYHas AbiMoBas Tpyba. [lo3aHee el
Ha CMEeHY MpULLIAG OAHOCAOMHAS AbIMOBas TPYHa M3 FOTOBbIX IAEMEHTOB
(EN 1443, EN 1857), 0oCHOBHbIM NPEVMYLLECTBOM KOTOPOW MeEpeA
NpeALLeCTBEHHMLIEN ObIA MPOCTOM 1 AETKUIN MOHTaX.



OCHOBHbIE NMOAOXEHUA
AbIMOXOAHOﬁ TEXHUKMHN

3awimMTa OT OrHs

Bbicokue TpeboBaHus
K AbIMOBOI1 Tpybe

TpeboBaHUA K AbIMOBbIM TPy6am
Mo NpPOTUBOMOXAPHOM 3alumTe

[NpeaoTspalueHue
PacnpoCTpaHeHUs OrHs

AbIMOBbIEe TPYObl OTHOCATCS K CTPOUTEABHbBIM KOHCTPYKLMSAM, UCTIbIThIBAIOLLIMM
BO3AEVICTBME HAMOOAEE CHUABHBIX Harpy30K. DTO 3aA0XKEHO B CAMOM HasHauYeHMM
3TUX KOHCTPYKLUMIA, AbIMOBbIE TPYObl AOAXHBI ObITb CTATUUYECKM YCTOMUMBBIMM,
CTOMKMMM K BO3AGMCTBMIO TEMAA, BbICOKMX TeMMepaTyp AbIMOBbLIX ra30s,
BO3rOPaHMIO Caxu BHYTPU AbIMOBOI TPyObl.

3almTa 3paaHmns
OT PacrpoCTpaHeH s OrHs
MEXAY STaKamu

3alwmTa 3paHmUs

OT M36bITKOB TEMAOTbI
1 BO3TOPaHMs Caxu

BHY TP AbIMOBOW TPY6bl

Bosropanue caxun  ta=1000"C

90 MUHYT cTaTuUyeckom
1 NPOTMBOMOXAPHOM
YCTOMYMBOCTY

to<100°C

[Noxap Ha
OAHOM V13
STaxen

AbimoBble rassl ta=400°C

t0<85°C

[Npy TeMnepaType AbIMOBbIX ra30B B AbIMoBOM Tpybe 6oaee 400°C eé HapyxHble
MOBEPXHOCTM, FPaHMYaLLME CO CTPOUTEABHBIMU KOHCTPYKLIMSIMM M3 FOPIOUMX
MaTEePUAAOB, HE AOAKHbI HarpesaTbes Bbile 85°C. [Mpu BO3ropaHmn caxm BHyTpU
AbIMOBOW TPYObl €€ Hapy»KHble MOBEPXHOCTU, FPaHMUaLLME CO CTPOUTEABHbIMM
KOHCTPYKLMAMM 13 TOPIOUMX MATEPUAAOB, HE AOAXHBI HarpesaTsea Boiwe | 00°C,

B cAyyae BO3HMKHOBEHWMS NOXapa CHapyxu AbIMOBasi Tpyba AOAXHA
COXPaHWUTb CTATMYECKYIO YCTOMUMBOCTD B TeueHne MUHKUMYM 90 MUHYT, 4ToObbI
NPeAOTBPATUTL PACMPOCTPAHEHWE OTHA Ha APYrme 3Taxu. [1py 3TOM HeAb3s
AOMYCTUTb NEPEAAYyY TEMAOTbI MO HapPY»KHOM 0OOAOUKE AbIMOBOW TPYObI 1
MOBbILLIEHWE TeMNepaTypbl €€ MOBEPXHOCTH Ha APYIMX 3TaXax AO OMacHbIX
3HAYEHUM.
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OCHOBHbIE NMOAOXEHUSA
AbIMOXOAHOM TE€XHUKMU

Pa3zButue

PassuTtmne AbIMOXOAHOM TEXHUKMU

AbIMOXOAHas cuctema ¢

WHTErPUPOBAHHOM LUAXTOM AAS

MOABOAA BO3AYXa

Schiedel 201 |

SCHIEDEL nbIMOXOOHbIE

CUCTEMbI

TpebosaHus

Cucrema

MMpenmyLiectea

CTaTH4eCKas yCTOMIMBOCTL
noxapo6esonacHoCTy
ra30MAOTHOCTh
KUCAOTOCTOMKOCTH
XOpoOlUas TeNAOK30AALMA
HEYyBCTBUTEABHOCTb K BAAre

Pexum npoTreoToka

HeuyactauTensHas k Brare
AbiMoBasi Tpy6a / Tpyba aast
YABACHWA AbIMOBBIX ra3oB

2

YHVMBEPCAABHOCTb UCTIOAB3OBAHM,
HEUYBCTBUTEABHOCTD K BAAre,
PEXVM MPOTUBOTOKa,
VIHTErpupoBaHHast

TENAOU3OAALNS,

Kepamuieckasl Tpy6a amHon 1,33 M

CTaTuyecKas yCTOMMBOCTD
MoXapo6e30macHOCTL
rasorAOTHOCTL
KUCAOTOCTOMKOCT
XOPOLLAs TEMAOMBOAALISA

HeuyBcTBUTEABHOCTD K BAGre

HeuyscTanTesHas k Brare
M30AVPOBaHHas AbiMOBas TPy6a

9,

YHVMBEPCAALHOCTb MCMOAL30BAHNS,
HEUYBCTBUTEALHOCTb K BAAre

CTaTU4eckas yCToMYMBOCTb
noxapobe3onacHocTs
ra3oMAOTHOCTL
KMCAOTOCTOMKOCTb

Xopoluas TENAOU3OAALIMA

TpéxcAoiHas U30AUPOBaHHas
AbIMOBas Tpy6a

paclmperme 0bAACTH MPUMEHEHNS,
VICTIOAb30BAHNE AAS HI3KIX TEMMEPaTyp
ABIMOBBIX 3308

CTaTuyeckas yCTOMMBOCTD
noxapo6e30nacHoCTL
rasonAOTHOCTb

KucroToycronuneocts

/ABYXCAOIIHas M30AIPOBaHHAA
AbIMOBast Tpy6a

®

CTOMKOCTb K KMCAOTaM,
HU3KN KOSGUUMEHT COMPOTMBACHWA TPEHMIO,
CBOGOAHO MepemeLLaIoWancs BHyTpeHHAS Tpyba

CTaTuyecKas yCTOM4MBOCTD
roxapo6e30macHoCTb
rasonAOTHOCTh.

OpaHOCAOMHas ApiMoBas TPyba
V3 FOTOBbIX SAEMEHTOB C
VHTErPYPOBAHHBIMM KaHaAaMM

CHUXEHME PACcXOAA Chipbs,
HE3HauMTEAbHbIN BEC,
YAYHWEHHaA TENAOM3OAALIMA

CTaTU4eckas yCTOMYMBOCTL
noxapo6e30nacHoCTb
rasonAOTHOCTb

OarocaoiiHas AbiMoBas Tpy6a 13
TOTOBBIX SAEMEHTOB

MPOCTOM U GbICTPBIN MOHTaX

CTaTu4ecKas yCTOMUMBOCTD
MoXapobe30macHOCTL
ra3onAOTHOCTL

OAHOCAOHas KMPMHHas
AbiMoBasi Tpyba

Camas coBpemeHHas AbIMOXOAHAS TEXHMKA B HACTOSLLEE BPEMSI COYETAET B
cebe HeYyBCTBUTEABHYIO K BAGre AbIMOXOAHYIO CUCTEMY C MHTErPUPOBAHHOM
WAXTOMN AT MOAQUM BO3AYXA. K TaKMM ABIMOXOAHBIM CUCTEMAM MOTYT
MOAKAIOUATHCS TOABKO TOMAMBOCKMIAIOLLIME YCTPOMCTBA, paboTaiolme B
HE3aBMCMMOM OT BO3AyXa MoMetleHrs pexmme. ObAaCTb NpUMEHeHHS

3TUX YHMBEPCAAbHBIX CUCTEM OXBATHIBAET LUMPOKMIA CMIEKTP OTOMMUTEABHOIO
060PYAOBAHMA Ha PA3AMUHBIX BUAAX TOMAMBA - OT KOHAEHCALIMOHHBIX KOTAOB
AO YCTaHOBOK GOABLLOM MOLLHOCTM.



OCHOBHbIE MOAOXEHUSA
AbIMOXOAHOﬁ TEXHUKHN

CoOTHOLLUEHME NOTOKOB U AABAEHUM

MoabEéMHas cuAa BcaeaCTBUE
PasHULIbI TeMMepaTyp

NoabEéMHas cuAa B AbIMOBOM Tpybe

LiMpkyAsiLmns Bo3ayxa u
ABIMOBbIX ra3oB

[/13-3a TENAOTBI, BbIAGASIIOLLENCS B MPOLIECCE FOPeHMs TOMAMBA, AbIMOBbIE rasbl
MMeIOT DOAEe BLICOKYIO TEMMEPATYPY, YEM aTMOCHEPHbIN BO3AYX.

B abIMOBOV TPybHe 1 BOCXOAALLMX HaCTAX COEAMHUTEABHBIX SAEMEHTOB
BO3HMKAET MOABEMHAA CMA], KOTOPAs CNOCOOCTBYET ABMXKEHMIO ABIMOBBIX
ras’oB W CO3AAET B AbIMOBOW TPYOe, COEAVHUTEABHBIX SAEMEHTAX, @ Takxe

B DOABLUMHCTBE CAYYaeB B CAMOM KOTAE W B TOM MOMELLEHMM, TAE OHa
YCTaHOBAEHa, pa3pexeHe.

[OpeAKu, KOTABI U ABIMOBbIE TPYObI CBS3aHbl APYT C APYTOM CHCTEMaMM
NOAAYM MPUTOUHOTO BO3AYXA M YAAAEHUA ABIMOBbIX ra30B. [ IPUTOUHBIN BO3AYX
3abMpaeTCs 13 aTMOCPHEPDI M BMECTE C TOMAMBOM MOAAETCS B TOTMKY AAS
oxuraHms, Obpa3oBaBLUMECA MPU OKMUraHWM TOMAMBA AbIMOBbIE Ta3bl OTAIOT
CBOIO TEMAOTY, @ 3aTEM YEPE3 COEAVHUTEABHBIE SAEMEHTbI M ABIMOBYIO TPYOY
BbIOpachbiBalOTCSA B aTMOChEpY.
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OCHOBHbIE NMOAOXEHUSA

AbIMOXOAHOM TE€XHUKMU

SCHIEDEL nbIMOXOOHbIE
CUCTEMbI

COoOTHOLUEHME NOTOKOB U AABACHUM

ToYHO COOTBETCTBYIOLUUE APYT APYTY
KOMMOHEHTbI

VcAoBus no Temnepatype
U AQBAEHMIO B COOTBETCTBUU C
EN 13384

YcAoBMSA MO AaBAEHMIO:

[ P22 Pz (HW wan Ma)]

[ P2 = Py — Pa(H/M v Ta)]

| Pzt = PL— Py — Prv(H/m? vian I_Ia)l

YcAaoBus no Temnepatype:

H - 06uwan 3 dexTrBHASA BbICOTA AbIMOBOI TPY6bI

Prv - Tpebyemoe AaBAeHME B COEAUHUTEABHOM SAEMEHTE
P - NoAHOE AaBAEHME B AbIMOBON TPybe

Py - TpebyeMoe AaBAeHYE MPUTOUHOTO BO3AYXa

Pr - aspoavHammyeckoe conpoTuBAEHME AbIMOBOWI TPYObI

Py - TpebyeMoe aaBAEHME ABIMOBBIX ra30B B TENMAOOOMEHHOM annapaTe

P7 - paspexeHyie AbIMOBbIX ra30B Ha BXOAE B AbIMOBYIO TpyOy

PzE - Tpebyemoe paspexeHie AbIMOBbIX Fa30B Ha BXOAE B AbIMOBYIO TPyOy

Te - TemnepaTypa AbIMOBbIX Fa30B Ha BXOAE B AbIMOBYIO TPyOy

Tio - TemnepaTypa BHyTPEHHEN CTEHKM YCTbs AbIMOBOM TPY6b

Tiop - TemMnepaTypa BHyTPEHHEN CTeHKM YCTbA AbIMOBOW TPYObl B
MHEPLMOHHOM COCTOSAHMM

T\ - TemnepaTypa HapyHOro Bo3ayxa

To - TeMnepaTypa AbIMOBBIX Fa30B B YCTbE AbIMOBON TPyObi

Tp - TeMnepaTypa TOUKM POChI AbIMOBbIX ra308

Schiedel 2011

B kaxxaol yCTaHOBKE AAS OKMMaHKS TOMAMBA BCE COCTABHbBIE KOMMOHEHTbI
- KOTEA, COEAMHUTEABHbIE SAEMEHTBI, AbIMOBas TPyba - AOAXHbI TOYHO
COOTBETCTBOBATb APYr APYrY. TOABKO B 3TOM CAyYae rapaHTMpPOBaHbI
Be3yrnpeyHble 3KCMAYaTaUMOHHbIE YCAOBUS B TeYEHME AAUTEABHOMO CPOKa.

Owmbkn B nopdbope 060pyAOBaHMS MOTYT MPUBECTH K HAPYLUEHMIO pexIMMa
3KCMAYaTaLMM TOMAMBOCKMIalOLIEN YCTaHOBKM, HANPUMEP, K HEMOAHOMY
CrOpPaHMIo TOMAMBA 1 OOPA3OBAHMIO OTAOKEHMI CaXM Kak BHYTPU YCTaHOBKM,
TaK 1 B ABIMOBO TPyDe C OMacHOCTbIO HEKOHTPOAMPYEMOrO BO3ropaHus
Caxu B Abol MOMeHT. Kpome Toro, mpu HempaBMAbBHOM pacyéTte
MapaMeTpoOB AbIMOXOAA CyUWECTBYET BOSMOXHOCTb TOIrO, YTO XUAbLbI AOMa
MOryT ObITb MOABEPIHyTbl OMNMacHOCTU BCAEACTBME Bb|6poca AbIMOBbBIX a30B
13 TenaoreHepaTopa. CAEACTBMEM HEMPaBMALHOMO NoAbopa 0OOpYAOBaHHS
MOXET CTaTb Takxe 0bWAbHAsA KOHAEHCALMA BAArk, MPOHMKHOBEHME eé yepes
KOHCTPYKLIMIO ABIMOBOW TPYObl, 0Opa3oBaHe MOATEKOB M MOCTENEHHOe
paspylueHue.

HeobxoanMble AAA HAAEXHOM PabOTbI TOMAMBOCKMIAIOLIMX YCTAHOBOK
YCAOBMS MO TEMMNEPATYPE M AABAEHMIO B ABIMOXOAHBIX CHCTEMAX OMMCHIBAIOTCS
B Hopmax EN 13384

Tion Te




OCHOBHbIE NMOAOXEHUA
AbIMOXOAHOM TEXHUKMU

CooTHOLLEeHne AaBA€HUM U HANopoB

KoTAbI € M3ObITOUHBIM AGBAEHUEM AOAXKHBI ObITh XOPOLLIO M30ANPOBaHbI, YTOObI
NPeAOTBPaTUTL MoMnasaH1e AbIMOBBIX Ma30B B MOMELLEHNE, B KOTOPOM OHMU
YCTaHOBAEHDI.

Takve TenAoreHepu1pyioLLme YCTaHOBKM, Kak, HanpuMep, aTMOCPepHble
KOTAbI, KOTOPbIE 3KCMAYATUPYIOTCS TOABKO B PEXMME PaspexeHus, HeT
HEOOXOAVMOCTM MOAHOCTBIO M30AMPOBATL OT OKPYXAIOLLEN CPeAbl U AeAaTb
abCOAIOTHO MAOTHbBIMK. B Takmx ycTaHOBKax BO3AYX W3 MOMELLEHWA MOXET
YaCTUYHO MOACACHIBATLCA B KOTEA Yepes nMeloLmecs HeNAOTHOCTW. [ 1pu
3TOM ABIMOBbIE Ta3bl HE MOMAAAIOT B OKPYXAIOLLYIO Cpeay. TeM He MeHee,
coBpeMeHHble aTMOCPEpHbIe KOTAbI MMEIOT O4EHb XOPOLLYIO M3OAALIMIO, Tak
Kak HEMAOTHOCTM KOHCTPYKLIMM MOBbILIAIOT MOTEPU TeNAOreHepupyioLLe
YCTAHOBKM M1 YXYALLAIOT €€ K.M.A,

[NoaGOp COOTBETCTBYIOWLErO AMamMeTpa AbIMOBOM TPYObl 1 COEAMHUTEABHBIX
3AEMEHTOB, 2 TaKXXe TOYHOE COOTBETCTBME AbIMOBOM TPYObl TUMY
TENAOOOBMEHHOTO annapata rapaHTUPYET, YTO AOCTUIaeTCA HEODXOANMAS AAS
OTBEAEHMS 0OPA3YIOLLMXCSA ABIMOBbIX ra30B MOAbEMHASA CHAQ.
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SCHIEDEL nbIMOXOOHbIE
CUCTEMBI

OCHOBHbIE NMOAOXEHUSA
AbIMOXOAHOM TE€XHUKMU

CooTHOLLEeHne AaBA€HUM U HaNnopoB

ATMocdepHbie KOTAbI U KOTAbI Ha cooTHOLWeHVe ABBAGHMIN B TOMAMBOCKMIAIOLLIEN YCTaHOBKE OKa3blBaloT

C U36bITOYHBIM AABAEHUEM BAMSHME Takme $akTOopbl Kak TAra AbIMOBOWM TPYyObl, KOHCTPYKUMS
TenAoreHepaTopa, a Takke TN MCMOAb3yeMowt ropekn. [py MCroAb3oBaHMM
FOPEAKM C HAAAYBOM B TEMAOTEHEPHPYIOLLEM anMnapaTe MOXET BO3HWKHYTb
V3ObITOYHOE AaBACHME.

CooTHoweHWe paBA€HMM
B AbIMOBOW Tpybe i

CooTHOLEHWE AABACHUI B AbIMOBO ==
Tpy6e AAA KOTAOB PasAUYHOM
KOHCTPYKLMM

Cxema

KoTéa c etTecteerHoi Taron

PL PZ paspexeHie AbIMOBbLIX ra3soB Npu NonasaHn
""""""""""""""" 1 8 AbIMOBYIO TPYGY
f Py
! Pz P Tpebyemoe AaBAeHWE MPUTOYHOTO BO3AYXa
i Prv Py TPebyemoe Aasnetine koTAa

KoTéA ¢ ns6biTouHbIM AaBACHMEM:
' ! ! Tpe6yeMoe A3BAEHME B COEAMHNTEABHbBIX

[ P Prv 3AeMeHTax
Pz
L PFV

P;. Tpebyemoe aasaeHie AbiMoBbix rasos

KOHAEHCALMOHHBIE KOTABI C MAOTHBIMM
(K M36bITOYHOMY AABAEHMIO)
COGAVHUTEALHBIMM 3AEMEHTaMU !

“:[ P.=Pz
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OCHOBHbIE NMOAOXEHUA
AbIMOXOAHOM TEXHUKMU

CooTHOLUeHUue TeMneparyp

BHuMaHWe npu npeopoAeHUM
TOYKHU POChI

3aBMCMMOCTb TeMMepaTypsbl
AbIMOBbIX Na30B OT BMUAQ TOMAUBA U
KoapPpuLMeHTa U3bbITKA BO3AYXa

Huskune TemMnepaTypbl AbIMOBbIX ra30B

COBpPEMEHHbIX KOTAOB

PacuéT TemnepaTypbl TOUYKM pOChI
rno EN 13384-1

/AbIMOBbIE ra3bl OXAKAAOTCA Tak CUABHO, YTO NMPEOAOAEBAETCA TemrnepaTypa
TOUKM POChHI ABIMOBbIX 3308, YTO BEAET K 0OOPA30BaAHMIO KOHAEHCATa Kak B
COEAMHMTEABHbIX SAEMEHTaXx, Tak 1 B AbIMOBOW Tpybe.

60

[

["pvpoaHbI ras H
~ |

k\
\ AvzenbHoe Tonaveo EL

50

40

KaMeHHbINM yronb
30 T~
~——_

TemnepaTypa Toukm pocsi tp °C

\

20

1,0 1,2 1,4 1,6 1,8 2,0

KoapduumeHT 13bbiTka Bo3Ayxa

['Paduk MoKasbIBaET 3aBMCMMOCTb TeMMEPaTypbl TOUKM POChI AbIMOBBIX

rasoB OT BMAQ TOMAMBA U KO3bdULIMEHTA M30bITKa BO3AYXa. CoBpemeHHble
YCTaHOBKM, OKMraioLLMe TOMAMBO, MMEIOT B DOABLUMHCTBE CBOEM HU3KME
TemMnepaTypbl AbIMOBBIX Fa30B W XapaKTEPU3YIOTCS BbICOKMMM 3HAUEHMAMM
TeMnepaTypbl TOUKM POChl 13-3a COAEPXALLErOCs B TOMAVBE BOAOPOAR U
HU3KMX 3HaYEHMIN KOSPPULIMEHTOB 130bITKA BO3AYXa. [ 1pW TakmX yCAOBMSX
OCOBEHHO BbICOKA OMACHOCTb BbIMAAEHNS KOHAEHCATA BCACACTBUE OXAKACHNA
AbIMOBbBIX ra30B.

OxA@KAEHNE ABIMOBBIX ra30B BHYTPU COEAMHUTEABHBIX IAEMEHTOB AbIMOBOM
TPYObl PAcCUMTBIBAETCA MO YpaBHeHMsM, MpuBeAéHHbIM B EN 13384-1 (DIN
4705 u.1).

DTU HOPMbI TPEBYIOT, UTOOBI AAT UYBCTBUTEABHBIX K BAGre AbIMOBBIX TPYO
TemnepaTypa BHYyTPEHHEN CTEHKW Ha BEPXHEN MPaHn YCTbsi ABIMOBO TpyObl
AEXaAa BbllE TEMMEPATYPbI TOUKM POChI ABIMOBbIX ra30B.

OxAaxAEHME ABIMOBBIX ra30B OKa3blBae€T BAVISIHME Ha COOTHOLUEHWE AAQBAEHMI
M COOTHOLLUEHWE BARXKHOCTW B AbIMOBOM TpYOe.

Schiedel 2001 |



OCHOBHbIE NMOAOXEHUSA
AbIMOXOAHOM TE€XHUKMU

O6AacTb NpUMeHeHuUs

AbIMOBbIe rasbl OXAaXAQOTCA

MoTepu Tenaa

MN3meHeHWe TemnepaTypbl
B AbIMOBOM Tpybe u TemnepaTypa
Hapy>KHOW NOBEPXHOCTU

Te = TemnepaTypa AbIMOBBIX Fa30B Ha BXOAE B AbIMOBYIO TpyOy
To = TemnepaTypa AbIMOBbIX ra30B B yCTbe AbIMOBOM TPyObl

Tio = TeMmnepaTypa Ha BHyTPeHHE MOBEPXHOCTY BEPXHEN rpaHm
TpybbI

BoasiHOM map AOAKeH OTBOAMTBCS

Schiedel 2011

SCHIEDEL nbIMOXOOHbIE
CUCTEMBI

Ha cBo&M MyT OT TenAoreHepupyioLLen YCTaHOBKM Yepes
COEAVMHUTEABHbIE SAEMEHTbI 1 BCIO KOHCTPYKLIMIO AbIMOBOM TPYOb!
AbIMOBbBI€ ra3bl OXAAXAAOTCA. |_|OT€pl/I TernAa ¢ AbIMOBbIMM Fra3aMm B
ABIMOBOV Tpybe CyLEeCTBEHHO 3aBUCAT OT CACAYIOLIMX GakTOPOB:

* Yepes TenAoByio M30AALMIO ABIMOBOW TPYObl

* ['lo BbicOTe AbIMOBOW TPYObl

* Yepes BHyTPEHHIOIO MOBEPXHOCTb AbIMOBOM TPYyObl
o C ABVXYLLMMCA NMOTOKOM AbIMOBBIX ra30B

To o T, T,

ApIMoBbIe rasbl

BriyTpeHHsaa cTetika

BbicoTa ApiMoBOW TPYBbl

]
T
- Temneparypa ——P»

[pu CKMraHMM ToMAMBa C BOABLLMM COAEPKAHWUEM BOAOPOAR,
Hanp1Mep, MPMPOAHOTO rasa WAV Ma3yTa, BbIAEASETCS BOAbLLOE
KOAMYECTBO BOASHOrO Mapa. Bo m3bexarue yuiepba oT BO3AENCTBUS
BAATM Ha CTPOUTEABHbIE KOHCTPYKLIMM ABIMOBOM TPYObl 3TOT BOASIHOM
nap AOAKEH U3 HEE OTBOAMTBCA. AbIMOBbIE ra3bl, PABHO KaK W BO3AYX,
npu Temnepatypax A0 100°C MoryT coaepxaTb TOABKO OrpaHMyeHHoe
KOAMYECTBO BOASHOMO Mapa. DTO KOAMYECTBO CHUXKAETCSA CO
CHWKEHWEM TEMMEPATYPbI.

T ee——
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OCHOBHbIE MOAOXEHUSA
AbIMOXOAHOM TEXHUKMU

Pacuér AmamMeTpoB AbIMOBbIX TPY6

[NpaBMAbHbIN pacyéT AMameTpoB
O3HavaeT b6e3ynpeyHoe
¢byHKLMOHMpPOBaHWe

M3mMeHeHMe AaBAEHUS B ABIMOBOM
TPaKTe TenAoreHepaTopa

B 3aBUCMMOCTU OT AMaMeTpa
AbIMOBOW Tpy6bI

BAnsHue anameTpa
AbIMOBOW TpY6bI

3aHMKeHHBI AMaMeTp,
pacTyliee paspexeHue (Tara)

['paBUABHBIN PaCUET AMAMETPOB AbIMOBOW TPYObI 1 COEAMHUTEABHbIX
3AEMEHTOB B COBOKYMHOCTU ¢ paciétom no EN 13384-1 (DIN 4705 u.1)
ABAAIOTCA BAXKHENLLEN NMPEAMNOCHIAKON AAS BE3YNPeUHOro GYHKLUMOHMPOBaHMS
TenAoreHepaTopa.

Paspexerne —>o
N

o

O6AacTb N36LITOYHOTO

AABAEHMA

2 MUHUMaABHO AOMYCTUMBIN

AVIaMETP ABIMOBOM TPYObl  —

Paboyasi obracTb

4 MakciManbHO AOMYCTUMBIN
AVIaMETP AbIMOBOM TPYObl

5 3aBbllUEHHOE CeYeHme

ABIMOBOW TPYOb! |

AviaMeTp AbIMOBOM TPYObl — D

w

<— |[/136bITOUHOE AaBAEHME

[paduk NMOKA3bIBAET, Kak BAUSET AMAMETP AbIMOBOM TPYObl Ha BEANUMHY
ABBAEHUS (A TATY) ABIMOBOrO TPakTa TernAoreHepaTopa.

[pu BoIGOpE OYeHb BOABLLIOTO AVaMeTpa AbIMOBOM Tpybbl 3a
TEMAOreHepaTOPOM YCTaHaBAMBAETCA OTHOCKHTEABHO HW3KOE paspexeHue, Tak
KaK AbIMOBBIE Ta3bl CUABHO OXADKAMOTCS.

[pK yMEHBLLEHVN AMAMETPA AIMOBOW TPYObl paspexeHMe YBEANUMBAETCS,
BO3PACTaeT MOABbEMHAS CMAA MOTOKA BCACACTBME HE3HAYUTEABHOTO
OXADKAEHMS ABIMOBBIX ra30B. A3POAMHAMMUECKOE COMPOTUBAEHWE MOTOKA
HEBEAMKO, Tak Kak CKOPOCTb CaMOro MOTOKa MaAa.

[pK AGAbHEMLIEM YMEHBLUEHWW AVAMETPa TAra PacTET OYeHb MEAAEHHO.

STO OOBLACHAETCSA TEM, YTO C YBEAMUYEHNEM MOABEMHON CHABI 3aMETHO
YBEAVUMBAETCA U a3POAMHAMUYECKOE COMPOTUBAEHWE MOTOKA.
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SCHIEDEL nbIMOXOOHbIE
CUCTEMBbI

OCHOBHbIE NOAOXEeHMSA
AbIMOXOAHOM TEXHUKMU

HE‘-IYBCTBMTEAbHaﬂ K BAare AbimoBasn pr6a

Huskue TemnepaTypbl TemnepaTypbl AbIMOBBIX ra30B TEMAOrEHEpPaTOPOB MOTYT BbiTb 3HAUYMTEABHO

AbIMOBbIX Ma308 MOHWMXEHbI MPU UCMOAB30BaHWM HEUYBCTBUTEABHBIX K BAGre AbIMOBbLIX TPYO, B
KOTOPbIX AOTYCKAeTCst KOHAGHCALWIS BOAAHBIX MapoB. B 3Tom cayvae 6oablue
He TpebyeTca NOAAEPXKMBATL BLICOKYIO TEMMNEPATYPY AbIMOBLIX ra3oB B yCTbe
AbIMOBOW TPYDbl BO M36eXaHWe NPeoAOAEHS TeMNepaTypbl TOUKM POChl K
MPOHUKHOBEHMS BAArM Yepe3 KOHCTPYKLMIO AbIMOBOM TPybbl. OAHaKO ycAoBme
no COBAIOAEHMIO TPEOOBAHMIN MO AABAEHWMIO OCTA&TCA.

YcAoBus o Temnepatype

U AABAEHUIO
O6patuTe BHMMaHUe Pabouas 06AaCTb TEMMNEPATYP ABIMOBBIX Fa30B AAS HEUYBCTBUTEABHBIX K
Ha creuuaAbHble TpeboBaHMA BAare AbiMoBbix TpYO - oT 30° ao 100°C. Npu npoekTMpoBaHMM 1 ycTaHoBKe

TaKoW AbIMOBOW TPYObl 0OpaTUTE BHUMAHME Ha AOTIOAHWTEABHbIE TPebOoBaHMS,
M3AOXKEHHbBIE B COOTBETCTBYIOLLEM AOTYCKE K SKCMAyaTaumm Hemeukoro
MHctutyTa CrponTensHon TexHukn (DIB). DT TpeboBaHms NosBUAMCS Kak
CAEACTBIME OCODbIX Harpy30K, BO3HMKAIOLLWX MPU OTBEAECHMM ABIMOBBIX ra308

C 3KCTPEMAABHO HM3KUMK TemnepaTypamu. K Takim TpeboBaHmsm OTHOCKTCS,
Hanpumep, obecrneyeHne BO3MOXHOCTHN OTBEAEHMS KOHAEHCATa B OCHOBaHMM
AbIMOBOW TPYObl, AOTIOAHUTEABHAS FEPMETH3ALMS B OOAACTM MOAKAIOUEHMS
IAEMEHTA AAF OCMOTPA M OUMCTKM ABIMOBOM TPYOb, a TakKe NpeAnmcaHme no
AOTIOAHWUTEABHOM TEMAOM3OAALYMM B HE OTANAMBAEMBIX MOMELLEHWSX M HaA
Kpbllwem.
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OCHOBHbIE MOAOXEHUSA
AbIMOXOAHOM TEXHUKMU

MTOorm n nepcneKkTusbl

OrTcytcTeue npobaemM npu BbICOKMX
TemnepaTypax AbIMOBbIX a30B

CHukeHue TeMnepaTypsl
- pocT yuiepba

CHukeHMe TeMnepaTyp AbIMOBbIX ra30B
- YBEAMYEHME KOAMYECTBa NMpobAem

BbII'IaAeHMe KOHA€HCaTa
Aaxke npu xopomeﬁ TEMNAOU3OAALUA

MHOFOO6P33ME YCTAaHOBOK AAA CXKUIaHUA
TOMNAUBA

TpeboBaHus

AbiMoBbIe Tpy6bI ceroaHs 1 B 6yayluem

Ao Havana 60-X rOAOB MPOLLAOTO BeKa AbIMOBbIE TPYObl OblAK B
BOABLIMHCTBE CBOEM OAHOCAOMHBIMU. TEMAOUCTIOAB3YIOLLME YCTaHOBKM
TOrO BPEMEHM XapakTEPU30BaAUCh BbICOKMMM TeMMepaTypamMit AbIMOBbIX
rasoB. TaKoM PexmM He CO3AaBaA KakUX-AMOO 3HaUMTEABHBIX MPOBAEM B
3KCMAYaTaLmm AbIMOBbIX TPYO. OAHaKO, yBEAUUEHME KOAMYECTBA KOTAOCB,
paboTaoLLMX Ha KUAKOM TOTAVBE, MPUBEAO K POCTY CAydaes yliepba u
paspyLLEHWst KOHCTPYKLIVIKM AbIMOBbIX TPYO.

CHKeHMe TemnepaTypbl AbIMOBBIX ra30B, YMEHbLLEHWE MAcCOBOrO
PacxoAa AbIMOBbBIX Ta30B W CBSI3aHHOE C 3TWM BbINAAEHWE B ABIMOBOW
Tpybe KOHAEHCATA UM KMCAOT, BEAU K NMPOHUKHOBEHMIO BAATM Yepes
CTEHKN TPYObl 1 0OPa30BaHMIO NOATEKOB. ABYXCAOMHbBIE 1 TPEXCAOMHbIE
KOHCTPYKUMM ABIMOBBIX TPYD OblAK pa3paboTaHbl kak CPEACTBO
NPOTMBOCTOSHMS BO3HUKLLMM TPYAHOCTSIM.

|_|OC/\eAHI/le HOBWHKN B pa3pa6OTKe KOTEAbHOM TEXHMKM
XapaKTeEpPU3YIOTCA ewe OOABLLMM CHIKEHNEM TEMNEPATYP AbIMOBbIX
rasos. KOHAeHCaLLI/IOHHbIe KOTAbI MCMOAB3YIOT CKPbITYIO TEMAOTY
I‘IapOO6pa3OBaHVIF| AbIMOBbBIX MA30B N MMEIOT OYE€Hb HU3KME TEMMNEPATYPbI
AbIMOBbIX Ma30B Ha BbIXOAE M3 KOTAA.

STO O3HauaeT, YTO TemrnepaTypbl AbIMOBbIX ra30B B AbIMOBOW Tpybe
MOFYT OMyCKaTbCA HWXKE TEMNEPATYPbl TOUKM POChI 1 MOITOMY HEAb3A
NCKAIOUMTD BbINMAAEHME KOHAGHCATA AKE MPY XOPOLLEN TEMAOU30AALIMM.

B nocaeaHMe roabl 3HAUMTEABHO PaCLUMPUACA aCCOPTUMEHT MpeAAaraeMblxX
Ha pblHKE YCTaHOBOK AASt OKWMIaHWsA TOMAMBA. | enAoreHepaTopam

Ha yrae, ApoBax 1 Topde, MPOTUBOCTOAT CErOAHA COBPEMEHHbIE
KOHAEHCALMOHHbIE KOTABI C MaKCMMaAbHO BO3MOXHbBIM MCMOAL30BAHMEM
TEMNAOTbI CropaHust TornAMBa. AbIMOBbIE TPYObl AAS OOCAYXKIMBaHMS Takoro
pOAa Harpys3ok OT pa3HOObpa3HOro TEMAOBOro 0OOPYAOBaHUS AOAXHbI
6bITb CTOMKMMU K BO3rOPaHMIO OTAOXKEHMI CaXU, ObITb YCTONUMBBLIMIU

K OY€Hb BbICOKMM TemrepaTypam, HO MPpyW 3TOM TakXe CrpaBAATLCA C
npobAeMamu, CBS3aHHbIMU C AOATOBPEMEHHBIM BOSAEMCTBMEM HUBKMX
TemnepaTyp AbIMOBbIX ra3os.

YT06bl rapaHTUPOBaTb AOATOCPOUHYIO SKCMAYATALMOHHYIO HAAEXHOCTb,
AbIMOBbIE TPYObl AOAXHbI:

* [ToaXoANTbL AN BCEX BMAOB TOMAMBA

* BbiTb YCTOMUMBBLIMM K BO3AEMCTBUIO KMCAOT

* Hap&xHO NpOTUMBOCTOATL BO3rOPaHMIo Caxu

* BbiTb HeYyBCTBUTEABHBIMI K BAAre

AbIMOBas Tpyba AOAKHA COOTBETCTBOBATb 3TUM TpeboBaHMAM. [ 1oaToMy
KakAas HOBast AbIMOBasi Tpyba BbINMOAHAET He TOABKO TpeboBaHMs
CErOAHALLHErO AHS, HO AOAXHA TaKXXe PacCUMTbIBATLCA C YHETOM
MPOrHO3MPYEMOro BYAYLLEro PasBUTHS.
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SCHIEDEL nbIMOXOOHbIE
CUCTEMBI

OCHOBHbIE NMOAOXEHUSA
AbIMOXOAHOM TEXHUKMU

Pacuét nonepeyHoOro ceueHus

MakcmmanbHas Tara TAra AOCTUraeT CBOErO HavBbICLIErO 3HAYEHMA TOMAR, KOTAR MPY YMEHbLLIAIOLEMCS
MOMNEPEYHOM CEUYEHUM ABIMOBOW TPYObl YPaBHOBELMBAIOTCS M3MEHEHMS
MOABEMHOM CUABI M a3POAMHAMMYECKOE COMPOTUMBAEHME. [TpU A3AbHERLLIEM
CHUXXEHWM AMaMETPa TAra CHXKAETCA CHaYana MEAAEHHO, @ 3aTeM BCE BoAee KpyTO
(pmcyHok Ha cTp.12).
PaBHOBECKE ABBAEHUIN AOCTUMAETCS, ECAM MOABEMHASA CUAA U @3POAMHAMMYECKOE
COMPOTUBAEHUE COOTBETCTBYIOT APYT APYTY.

PocT u3bbiTouHOro AaBAeHUs Mpu [Py CAMLLKOM 3ay>XeHHOM MOMEPEYHOM CeUYEHMMN B ABIMOBOW TPybe BO3HMKaeT
YMEHbLUAIOWEMCA NOMNepeYHOM 136bITOUHOE AaBAEHME. BeandnHa M3BbITOYHOTrO AaBAEHMS MPK 3aHMXKEHHbIX
ceyeHMM AMAMETPax BO3PACTAET, TaK Kak adpOAMHAMUYECKOE COMPOTUBAEHNE 3HAUMTEABHO

YBEAMHYMBAETCA C POCTOM CKOPOCTU. OAHIAM M3 BTOPOCTEMEHHbIX 3CIDC|D€KTOB 3TOro
npouecca ABAAETCA CHVIKEHNE OXAAKAEHWA AbIMOBbIX Ma30B.

Tpu BO3MOXHbIX peXnmMa 3KCMAyaTaLuum [pyv BEIGOpE MonepeyHoro ceveHus AbIMOBOW TPyObl BO3MOXHbI TPK BapWaHTa:
AbIMOBOM TP)’6bI B 3aBUCMMOCTHU OT

.
MOMepeyHOro ceveHus O6AaCTb 3aBbllLEHHbIX AMAMETPOB. XapakTepr3yeTcs B OOAbLUMHCTBE CAyYaeB

AOCTATOYHOWM TArOW, HO BO3HWMKAET I'IpO6/\€Ma CMABHOTO OXAQXKAEHMA ABIMOBbIX
ra3os.

* TAra B COOTBETCTBIM C PaCYETHbIMM NapameTpamu. [1pn 3Tom pocTuraeTcs
6e3ynpeyHoe COOTHOLWEHME TAMM 1 TeMrepaTypbl MOTOKA AbIMOBBIX Ta30B.

* O6AACTb M3OBITOUHOTO AABAEHMS. DKCMAYaTaLMA B 3TOM PEXVME BO3MOXHA
TOABKO MPK UCMOAB30BaHWM CMELMAAbHON AbIMOBOM TPYObl ONPeAEAEHHOM
KOHCTPYKLMM, YTOObI MPEACTBPATUTDL MomasaHMe AbIMOBbBIX ra3oB B MOMELLEHME.

Anarpammel A pacyéTa nonepeyHoro PaspaboTaHHble komnaHmel Schiedel aMarpammbl AAS pacyéTa NornepeyHoro
ceyeHUs NOMOraloT u3bexkaTb owmnbokK ceyeHusi AbIMOBOV TPyDObl MomoryT Bam n3bexaTb olmbok. STu AMarpammbl ObiAu
pa3paboTaHbl B cooTBeTCTBUM C TpebosaHusamm EN 13384-1 (DIN4705 u.l).
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