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SCHIEDEL NbIMOXOOHbLIE
CUCTEMbl

B Te BpemeHa, KOrja OroHb OTKPbLITO FOPES B 04are B LEHTPE MOMELLEHHS,
[IbIMOBbIE ra3bl OTBOAMMN OT MecTa Ux 06pa3oBaH1s NPY NOMOLLM UAYLLIEH HaBEpPX
[IbIMOBO TPYObI. AU NepBble 06pa3Lb! AbIMOXOAHON TEXHIKM CAENANM BO3MOXHbIM
1, Mo KpaiHei Mepe, HanomnoBIUHY TEPNMMbIM NPeGbIBaHNE B OTaNIMBAEMbIX
MOMELLEHNSIX, KOTOPbIMM MO GOMbLUEN YACTY BbIN KyXHsl, XKunas uiu cnanbHas
komHaTa. [anbHeiilliee pa3BuUTHe bIMOXOHON TEXHWKM Beeraa Gbiio TECHO
CBSI3aHO C PA3BUTIEM TEXHUKM OTOMUTENBHOI.

COBPEMEHHbIE [1bIMOXOfIHbIE CUCTEMbI JOMKHbI BbITh TaK PACCUUTaHbI, YTOGHI
WUCKHOUNTb BO3HUKHOBEHIE HELONYCTUMBIX HAPYLLEHWiA B paGoTe [bIMOBOrO
TPaKTa 1 OMacHOCTY NS YesioBeka. VX 0CHOBHOM 3aaaqeit SBRseTCs HaaéxHoe
0TBE/IeHIE Yepes KpbILLly BPEAHbIX ANst 340P0BbS YEN0BEKa KOMNOHEHTOB
MPOAYKTOB CropaHusi, KOTOPbIE 3aTeM PaccenBaoTes B aTMocdepe.

Mepexon OT 0AHOMO BIUAA TONMMBA K APYTrOMY, OT YrNs K MasyTy, a 3aTeM rasy, a
TaKXKe fanbHeillee COBEPLIEHCTBOBAHIE YCTAHOBOK, CXUraroLLMX TOMMBO, UX
Pa3BUTHE OT OT/EMbHbIX MeYeit K yCTaHOBKaM LISHTPANbHOrO OTOM/EH!S TPe6oBaM
TaKKE NOCTOSHHbLIX U3MEHEHUI B IbIMOXO/JHOM TEXHUKE.

B TeyeHune LONroro BpeMeHu B CTPOMTENLCTBE XWNbs Haubosee BOCTPeb0BaHHbIM
BapvaHTOM OTBELEHNS AbIMOBbIX ra30B OT MeCTa Ux 06pa3osaHus 6bina
O[IHOCNOWMHAs KupnnyHas AbiMoBas Tpy6a. Mo3fHee el Ha CMeHy npuLna
OfIHOCNOWHAs AbIMOBas Tpy6a 13 rotosbix anemeHToB (EN 1443, EN 1857),
OCHOBHbIM MPENMYLLECTBOM KOTOPOW Nepes NpeaLlecTBEHHULEN BbiN MPOCTOMN U
NErKNA MOHTaX.



OCHOBHbIe NOJN0XXeHUd
AbIMOXOQHOWU TeXHUKU

Pa3Butue

MoBbiweHue TpeboBaHmit
BbI3Bano nosiBneHue
ABYXCNOWAHBIX AbIMOBbIX TPY6

CerofHs 3T0 y)Xe ycTapeno

BnusHue dHepreTu4eckoro Kpusuca

TpéxcnoiHble AbIMOBbIE TPYObI

Monaya Bo3ayxa Ans ropeHus

PocT ncnonb3oBaHus yCTaHOBOK, paboTatoLLMx Ha HedpTENPOaYKTax, BbI3Bar
MosIBNIEHNE HOBbIX TPEOOBAHWIA K AbIMOXOHOM TEXHUKE. KpOMe CTaTUYeCKoi
¥ NPOTMBOMOXKAPHOU CTOMKOCTW BO3HUKIIO TpeboBaHWe No yCTONYMBOCTH

K BO3LENCTBUIO KUCTOT, Y4TO NPUBENO K CO3AAHNI0 ABYXCNOMHBIX [bIMOBbIX
Tpy6. BHYTpeHHss Tpy6a M3 KepaMuKm BbINONHSET TpeBOBaHNS KacaTenbHo
KUCNIOTOYCTOMYMBOCTH, HAPYXHas 0060M104Ka - TpeboBaHNs N0 CTaTUYECKON
YCTOMYMBOCTH, a 06e BMeCTe 06eCneumnBatoT noxxapobe3onacHoCTb.

OfIHO- 1 ABYXCAOMHbIE [bIMOBbIE TPYObI CEroaHS eLIE AONYLLIEHsI K SKCryaTaLum
1 ONKCaHbI B CBOAE TEXHUYECKMX MPABUI ANt OAHOCTOMHBIX AbIMOBbIX TPYE. Tem
He MeHee, 1719 COBPEMEHHbIX SHEProcOeperatoLLnX YCTAHOBOK OHI MPaKTUYECKH

ycTapenu.

OHepreT14ecknin KpU3NC CEMUAECITbIX FOA0B MOBNEK 3a Co60I AanbHewnLlee
Pa3BUTME TEXHUKM CXXWUraHusi TONMMBA. B KOHLIE KOHLOB 3TO MPUBENO K TOMY, YTO
Ha pbIHKe NOSIBANMCL OTOMUTENbHbIE KOT/bI G 60Mee BbICOKMM MCMONb30BAHMEM
SHepruu 1 6onee HU3KUMKU TemnepaTypamu AbIMOBbIX ra30B. 3Ta TEHAEHLMS
npuBena K co3aaHunto TPEXCIOMHBIX AbIMOBbIX TPYO.

B aTux cucTeMax BHyTpeHHsIst Tpy6a 3 Kepamukn OKpY>KeHa crieLmarbHbIM Crioem
TENNou3onsuMK, KOTOpast 3a60TUTCS O TOM, YTOBbI HU3KOTEMMEPaTyPHbIE AbIMOBbIE
rasbl B IbIMOBO/ TPy6e He Tak CUNbHO OXMaXKAannch 1 OTBOAMIMCH Yepes KpbILLy
6e3 ywlepba ANs CTPOUTENbHBIX KOHCTPYKLUMIA. [pn 9TOM NpUMeHeHUe TenmoBoi
W30NSLMM JOMKHO rapaHTMPOBaTh TPEBYeMyto MOABUXKHOCTb BHYTPEHHET TpYObI
Mpy €€ TennoBOM PacLUMPEHUM.

Hapy>Hble orpaxaaroLLme KOHCTPYKLMNA COBPEMEHHbIX 3[aHW CTAaHOBATCS BCE
6ornee NAOTHbIMK, 4TO NPEABSBISAET HOBbIE TPEOOBAHNSA K AbIMOBbIM Tpy6aMm.
[MToMUMO yaaneHns LbIMOBbIX ra30B COBPEMEHHBIE AbIMOXOAHbIE CUCTEMDI
0becneymBaroT TakXKe Nofady NPUTOUHOr0 BO3ayXa ANis noAaepKaHus npouecca
ropeHus. B Takux cuctemax BHyTPEHHSS TOHKOCTEHHAs Kepamuyeckas Tpyba
OKpY>XeHa CNoeM BO3Lyxa, KOTOPbIiA ABUXKETCS B MPOCTPAHCTBE MEXAY
Kepamu4eckoil Tpy6om 1 Hapy>XHOW 060NOYKON 1 NPK 9TOM HarpeBaeTcs. Hapy>kHas
060104Ka COCTOMT U3 NErKOro 6eToHa.
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Pa3Butue

Pa3sBuTue AbIMOXOHON TEXHUKK

[biMoXxoaHas cuctema ¢

WHTErpupoBaHHOM LIAXToi Ansa

noaBsoja Bo3gyxa
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SCHIEDEL ObIMOXOOHbLIE

CUCTEMBbI

Tpe6oBanus Cuctema lMpenmywecTtea
= Heuy K Briare
CTaTn4eckas yCToiMuMBOCTb ZbIMOBAs: TpyGa / TpyGa Ans
noXapo6e3onacHocTb VIANEHS [IMOBbIX Fa308
rasonnoTHOCTb YHMBEPCanbHOCTb MCMOMb30BaHMS,
KUCMOTOCTOMKOCTb ” He4yBCTBUTENBHOCTL K BNare,
Xopowas Tennonsonaums PEXuM NpoTUBOTOKA,

He4yBCTBUTENbHOCTb K BNare

Pesxvm npoTusoToka

4 -

A

UHTErpUpOBAHHAst
TEnnou3oNSLMs,
Kepamuyeckas Tpy6a AnuHow 1,33 M

CTaTMueckas yCToiuMBOCTb
n0Xapo6e3onacHocTb
rasonnoTHOCTb
KMCNIOTOCTOAKOCTb
XOpowas Tennou3onsuus

HeuyBCTBUTENLHOCTH K BRare

HeuyBcTBuTENbHas K BNare
M30nMpoBaHHas ibIMoBas Tpy6a

9,

YHVBEPCATIBHOCTb UCMOSb30BaHMS,
HEUYBCTBUTENBHOCTb K Bare

cTaTMueckas yCToiuMBOCTb
n0Xapo6e3onacHocTb
rasonnoTHOCTb
KUCNOTOCTOAKOCTb

Xopowas Tennon3onaums

TpéxcroiiHas u30nMpoBaHHas
[bIMoBast Tpy6a

pacLupeHie 06NACTH NPUMEHEHIS,
UCTI0Nb30BAHHE ANS HU3KWX TEMNepaTyp
[bIMOBBIX 3308

cratn4eckas ycmﬁwuaucn:
N0Xapo6e3onacHoCTb
rasonnoTHOCTb:

KucnotoycToitumsocTb

[iByxcnoiiHasi u30nmpoBaHHas
IbIMOBas Tpy6a

®

CTOMKOCTb K KUCOTaM,
HU3KWiA KOIDULMEHT CONPOTUBNIEHNS TPEHMUIO,
CBOGOAHO NEPEMELLIaIOLLIAsCS BHYTPEHHSIS Tpy6a

OpHocnoiiHas AbIMOBas Tpy6a
V3 FOTOBIX 3MEMEHTOB C

rasonnoTHOCTb

- VHTErPUPOBAHHbIMM KaHanamu
cTaThyeckas yCTonuMBoCTs CHUXEHME PACXOAa CbIPbS,
110Xapo6e3onacHoCTs He3HauTeNbHbIA BEC,
rasonnoTHOCTL YNydllieHHas Tennou3onaUms
OpHocnoiHash AbIMoBas Tpy6a u3
TOTOBbIX ANIEMEHTOB
cTaThyeckas yCToiuMBoCTb TIPOCTOM M GbICTPbIA MOHTAX
n0Xapo6e3onacHocTb

cTaT4eckas ycToumMBoCTs
NoXapo6e3onacHocTL
rasonnoTHOCTbL

OpHocnoiHas KupnuyHas
IbIMOBas Tpy6a

u

Camas COBPEMEHHAs AbIMOX0AHAA TEXHUKA B HACTOsLLIEE BPEMSA COHETAET B cebe
HEYyBCTBUTEJIbHYIO K BNare AbIMOXOAHYK CUCTEMY C VIHTeI'pVIpOBaHHOVI LLIAXTOM
Ona noja4vu Bosayxa. K Takmm [bIMOXOAHbIM CUCTEMAM MOTYT NOAKNHOYATLCA
TOJNIbKO TONJIMBOCXKMUraroLime YCTDOHCTBa, paﬁoTaroLume B HE3aBWCMMOM OT
BO34yXa NOMELLEHUA peXXnUMe. O6nactb NPUMEHEHUA 3TUX YHMBEPCAJIbHbIX CUCTEM
0XBaTbIBAET LI.IVIpOKVIVI CMNEeKTP OTONUTENIbHOr O OGODYH,OBaHVIﬂ Ha pasfinyHbIX BUAAX
TOnNMBa - OT KOHEHCALUMOHHbIX KOTJI0B 10 YCTAHOBOK 60IbLLION MOLLHOCTH.



OCHOBHbIe NON0XXeHUd
AbIMOXOQHOWU TeXHUKU

3awuTta oT OrHs

Bbicokue Tpe6oBaHus
K AbIMOBO# Tpybe

TpeboBaHusA K AbIMOBbLIM Tpybam
Mo NPOTMBONOXXAapPHOM 3awuTe

MpenoTspalieHue
pacnpocTpaHeHus OrHs

[bIMOBbIe TPYObI OTHOCATCS K CTPOUTESbHBIM KOHCTPYKLMSIM, UCTbITbIBAIOLLMM
BO3AENCTBUE Hanbonee CUIbHbIX HAarpy3oK. 3TO 3aM10XKeEHO B CAMOM Ha3HaYeHUN
9TUX KOHCTPYKLMIA. [bIMOBbIE TPYObl LOMKHBI ObITb CTATUYECKM YCTOUNBLIMY,
CTOMKMMM K BO3[EUCTBUIO TEMa, BbICOKWUX TEMNEpaTyp AbIMOBbIX ra30s,
BO3rOPaHMI0 CaXKm BHYTPU bIMOBO# TPYyO6bl.

3awyra 3aaHus 3awyra 3aaHus
OT U36bITKOB TEMNOTbI OT PACcMpOCTPaHEHHNSs OTHsI
11 BO3TOPaHHs Caxu MeXZy aTaxamu

BHYTPY AbIMOBOA TPYObI

BosropaHue caxu ta=1000°C

90 MUHYT CTATUYECKOM

t0<100°C 11 MPOTUBOMNO>KAPHOM
YCTOM4MBOCTY
©
|
Moxap Ha
[biMoBble rasbl  ta=400°C 0JHOM 13
n aTaxen .
t0<85°C

Mpu TemnepaType AbIMOBbIX ra30B B AbIMOBOI Tpybe 60nee 400°C eé HapyHble
MOBEPXHOCTY, FPaHN4aLLMe CO CTPOUTENbHBIMU KOHCTPYKLMSMM U3 FOPHOUNX
MaTepnanoB, He AOMKHbI HarpeBaThes Bbille 85°C. MMpy BO3ropaHun caxkn BHyTpU
AbIMOBO# TPYObI €€ HapY>KHble MOBEPXHOCTH, rPaHNYALLME CO CTPOUTEMbHBIMM
KOHCTPYKLUMSMM U3 FOPHOUMX MATEpPManos, He AOMKHbI HarpesaTbes Bbiwe 100°C.

B cnyyae BO3HUKHOBEHWS MOXXapa CHapy>u [bIMOBast Tpy6a [OMKHA COXPaHNTb
CTaTMYeCKyto YCTOWUMBOCTb B TeUEHUe MUHUMYM 90 MUHYT, 4TOObI NPesoTBPATUTL
pacnpocTpaHeHne Ors Ha Apyrue ataxu. pu 3ToM HeNb3s [ONYCTUTL Nepeaady
TENNOTbI MO HAPY>KHOW 060/104Ke AbIMOBON TPYObI W NOBbILLEHWE TEMNEPaTypbl eé
MOBEPXHOCTU Ha JpyriX Taxax [0 ONacHbIX 3HA4EHWN.

Schiedel 2008
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SCHIEDEL ObIMOXOOHbLIE
CUCTEMblI

CooTHOLIEHMe NOTOKOB U AaBneHUM

ToyHo cooTBETCTBYIOWME APYr
APYTrY KOMMOHEHTDbI

Ycnosus no Temnepatype
U AaBJIEHUIO B COOTBETCTBUU C
EN 13384

Ycnosus no Aasnexuio:

B kaxxgon YCTAHOBKE ANA CXXuUraHua Tonnnsa BCe COCTaBHbIE KOMIMOHEHTbHI

- KOTEN, COeAMHUTESbHbIE ANIEMEHTI, [bIMOBAs pr6a - [OJ1XHbI TOYHO
COOTBETCTBOBATL APYr Apyry. TonbKo B 3TOM Chny4vae rapaHTMpoBaHbl 693ynpequle
9KCnnyaTauMoHHbIE YCII0BKA B TEYEHNE ANNTENIBHOIO CPOKA.

OwmbKu B Noa6ope 060pyA0BaHIS MOTYT MPUBECTY K HAPYLLEHUIO peXuMa
aKcnyaTauuu TOMMMBOCXKMratoLLeid YCTaHOBKM, HANPUMEP, K HEMOMHOMY
CrOPaHyIo TOMMMBA U 06PA30BAHNIO OTNOXEHUA CaXU Kak BHyTPU yCTaHOBKM,

TaK 1 B IbIMOBOW TpYGe C 0MacHOCTbI) HEKOHTPONMPYEMOr0 BO3ropaHusi CaXxiu B
no6oit MOMeHT. Kpome Toro, Mpyu HempasnibHOM pacyéTe napameTpoB AbIMOX0Aa
CyLLECTBYET BO3MOXHOCTb TOTO, YTO XKMIbLbI JOMA MOTYT BbITb NOABEPTHYTI
0MacHOCTY BCNeACTBME BbiGPOCA AbIMOBbIX ra30B U3 TEMoreHepaTopa.
CrefcTBMEM HEMpaBMITbHOMO NOAGOPa 060PYAOBAHNS MOXET CTaTb TakxXe
06unbHast KOHAEHCAUMS Bnaru, MPOHUKHOBEHME eé Yepe3 KOHCTPYKLMIO AbIMOBOW
TPy6bl, 06pa30BaHe NOATEKOB U MOCTENEHHOE Pa3pyLUEHHe.

Heo6xoaumble Anst HAAEXHo paboThbl TOMMBOCKMI aIOLLMX YCTAHOBOK YCOBHSI MO
TEMNepaType U AaBIEHNHO B AbIMOXOAHbIX CUCTEMAX OMMCHIBAKOTCS B HOPMaXx
EN 13384.

Tos Te

Pz 2 Pze (HM= nmm Ma) \
[Pz =Py — Pr(HM wm TTa) | I
[ Pze = PL—Pw — Pry(HiM® unu Ma)| /\
Ycnosus no Temneparype: | \

Te>T.

H — o6Lwas adeKTUBHAs BbICOTA AbIMOBONA TPY6b! I

Prv — Tpebyemoe AaBneHe B COeMHNTENbHOM 3NIEMeHTe

PH — MOJIHOE aBMeHMe B AbIMOBOW Tpy6e

PL — Tpebyemoe [aBfeHne NPUTOHHOTO BO3AyXa [:j

Pr — adpOoANHaMMYECKOE COMPOTUBAEHME AbIMOBOM TPYObI ey

Pw — Tpebyemoe [aBeHNe [bIMOBbIX ra3os B
Tennoo6MeHHOM annapare

Pz — paspeskeHue bIMOBbIX ra30B Ha BXOAE B AbIMOBYIO Tpyby

Pz — Tpebyemoe pa3peXKeHme AbIMOBbIX Fa30B Ha BXOAE B 1
IIbIMOBYI0 TPyOY

Te — Temneparypa fbIMOBbIX ra30B Ha BXOAe B bIMOBYIO Tpyby . p, I

Tio — TemnepaTypa BHyTPEHHEl CTEHKM YCTbst AbIMOBOIA TPYObI ! Py

Tios — TemrepaTypa BHYTPEHHEN CTEHKM YCTbs AbIMOBOI n | ¢57
TPY6bl B MHEPLMOHHOM COCTOSHUN / Pey

T — Temnepartypa Hapy>Horo Bo3ayxa ) e |‘H |

To — Temrepatypa AibIMOBbIX ra30B B YCTbe AbIMOBOW TPY6bl

Tp — TemnepaTypa TO4K/ POChI AbIMOBbIX ra308 i

Schiedel 2008




OCHOBHbIe NON0XXeHUd
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CooTHOLIEHMe NOTOKOB U AaBneHUM

MNoavémHasa cuna BcneacTeue
pasHuubl TeMnepaTyp

MoabémHas cuna B AbIMOBOIA Tpybe

Linpkynsiums Bosayxa u
AbIMOBbIX ra3oB

3-3a TennoThI, BbIAENSIOLENCS B NPOLECCE FOPEHNS TOMNWBA, AbIMOBbIE rasbl
MMEtOT B0Mee BbICOKYO TEMNepaTypy, YeM aTMOCEpHbIA BO3AyX. B AbIMOBO
Tpy6e 1 BOCXOAALLUMX YACTSX COEAMHUTENMbHbIX ANIEMEHTOB BO3HMKAET NOAbEMHAS
cuna, KoTopas cnocobCTBYET ABUMXKEHWIO AbIMOBBIX Fa30B U CO3AAET B 1bIMOBOM
Tpy6e, COBAMHUTENbHbIX 3NIEMEHTAX, @ TakXXe B B0MbLUMHCTBE CAly4aeB B CaMoM
KOTJe W B TOM MOMELLEHUM, Tie OHA YCTaHOB/EHA, PA3PeXXEHHeE.

i
\

[Openku, KOTNbl 1 AbIMOBbIE TPYObl CBA3aHBI [PYr C APYTOM CUCTEMAMI NOAAYM
MPUTOYHOIO BO3AyXa W YAANEHNS [bIMOBbIX ra3oB. [TpUToYHbIA BO3AYX 3abupaeTcs
13 aTMOCeps! M BMECTe C TOMMBOM NOJAETCS B TOMKY AN CXKUTaHMS.
O6pa30BaBLUMECS MPU CXXUraHUW TONNMBA AbIMOBbIE ra3bl OTAAT CBOKO TENNOTY,
a 3aTeM Yepes COeMHUTENbHbIE 3MEMEHTHI 1 [bIMOBYIO TPyOy BbIGpackIBAIOTCSA B
aTMocdepy.

Schiedel 2008
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OCHOBHbIe NOJI0XKeHus
AbIMOXOAHOWU TeXHUKU

CooTHOLIEHUe AaBAEHWIi U HaNoOpoB

AtmocepHble KOTAbl U KOTJIbI C Ha cooTHoLLIEHWe JaBNeHuii B TONAMBOCKMT oL/ YCTAHOBKE OKa3bIBAKOT BINSHME

N36bITOYHBIM JaBNEHNEM TaKue hakTopbl Kak Tsra AbIMOBOIA TPY6bl, KOHCTPYKLMS TeNoreHepaTopa, a
TaKXXe TUN UCTONb3YeMOii ropenki. Mpu UCromnb3oBaHWM FOPenku ¢ HadyBOM B
TeNnoreHepUPYHOLLIEM annapaTte MOXeT BO3HUKHYTb M3BbITOUHOE AaBNEHME.

CooTHOWEHWe paBnewwns
AbIMOBOW Tpybe {1

Coort B i T
Tpy6e Ans KOT/I0B PasnuYHON
KOHCTPYKUMM
Cxema L 3
E ] ) PZ PZ PZ
: I | 1 I P, = Pz
o 3
KoTén ¢ e¢cTecTBetiHoi TAroi 8
' H H | P, P, rasos npu
PR prTTTTTees . B [1bIMOBY!0 TPY6Y
P
i v P PL rpe6yemoe nasnenvie nputouroro soayxa
‘_ Pev P, Tpebyemoe AaBneHue KoTna
Koténc uéﬂmoqu:blm naaneuueui a
[ P P anemenrax
; Pz
€ KOT/Ibl C P
(K M36bITO4HOMY n.asneumo) L T P,. Tpebyemoe gaBneHme AbIMOBbIX ra3oB

COEAMHUTENbHbIMY ANeMeHTaMU |

—s—— T P =P,

Schiedel 2008



OCHOBHbIe NON0XXeHUd
AbIMOXOQHOWU TeXHUKU

CooTHOLIEHUe AaBMeHuIi U HaNopoB

KOTrbl C M36bITOYHBIM AABNEHNEM [OMXKHbI GbiTh XOPOLLO U30/IMPOBaHbI, YTOGHI
NpeaoTBPAaTUTL MoMaaH1e AbIMOBbIX Fa30B B MOMELLEHNE, B KOTOPOM OHM
YCTAHOBJIEHbI.

Takue TennoreHepupytoLLMe yCTaHOBKM, KaK, HanpuMep, aTMOCepHbIe KOTHbl,
KOTOPbIE AKCMYaTMPYKOTCS TONMBKO B PEXUME Pa3peskeHusi, HeT HE0BXOANMOCTY
MONHOCTbIO M30MMPOBATL OT OKPYXXAKOLLEN cpedbl U AenaTb aBCONMOTHO MNOTHBIMM.
B Takux ycTaHOBKax BO3AYX 13 MOMELLEHUs! MOXET YaCTUYHO MOACAChIBATLCS B
KOTEN Yepe3 UMEeIoLLMeCs HeMMOTHOCT. TPy 3TOM AbIMOBbIE rasbl He MonajaroT B
OKpy>XaroLLyto cpepy. Tem He MeHee, COBPEMEHHbIe aTMOCEepHbIE KOT/bI UMEtoT
04eHb XOPOLLYHO M30NSLMIO, Tak Kak HEMMOTHOCTW KOHCTPYKLMM NOBbILIAIOT NOTEpH
TENNoreHepUPYHOLLEN YCTaHOBKM U yXyALAOT €8 K.N.A.

Moabop COOTBETCTBYHOLIETO AMaMeTPa AbIMOBOI TPYObI U COBAMHUTENbHBIX
9NIEMEHTOB, a TaKXXe TOYHOE COOTBETCTBUE bIMOBOI TPYObI TUMY TEMI00GMEHHOMO
annapata rapaHTUpyeT, YTo JOCTUraeTcst Heo6xoauMas ANsi 0TBEAEHHS
06pasyHoLLMXCS IbIMOBbIX Fa30B MOALEMHAS Chfa.

[ Schiedel 2008



OCHOBHbIe NOJI0XKeHus
AbIMOXOAHOWU TeXHUKU

O6nacTb NpUMeHEHUS

[bIMOBbIe ra3bl oxnaxpaarTcs

MoTepu Tenna

WU3meHeHne TemnepaTypbl
B AbIMOBOIA TpyGe n TeMnepaTypa
Hapy>XHO NOBEPXHOCTH

Te = Temnepatypa AbIMOBbIX Fa30B Ha BXOAE B bIMOBYtO TPy6y
To = Temnepatypa AbIMOBbIX Fa30B B YCTbe AbIMOBOM TPyObl
Tio = TemnepaTypa Ha BHyTPEHHEN NOBEPXHOCTW BEPXHEN rpaHm Tpybbl

BopasHoii nap goskeH OTBOAUTHLCSA

Schiedel 2008

SCHIEDEL ObIMOXOOHbLIE
CUCTEMblI

Ha cB0EM myT OT TENoreHepUPYHLLEH YCTAHOBKM Yepes COeANHUTENbHbIE
ANEMEHTbI 1 BCHO KOHCTPYKLMIO bIMOBOIA TPY6bI [bIMOBbIE ra3bl
oxnaxgatotcs. MoTtepu Tenna ¢ AbIMOBbIMU ra3aMu B bIMOBOI Tpy6e
CYLLECTBEHHO 3aBUCST OT CIeAyHoLLMX (haKTOPOB:

* Yepes Tennosyto M30NSLMI0 bIMOBONA TPY6bI

+ o BbICOTE AbIMOBOM TPYObI

* Yepes BHyTPEHHIOK MOBEPXHOCTb AbIMOBOM TPyObl
* G ABMXXYLUMMCS NOTOKOM [AbIMOBbIX ra30B

—N\

[lbIMOBblE ra3bl

BHyTpeHHsA cTeHKa

| G
BbICOTa AbIMOBOVA TPy6bl

s Ik

Temnepatypa ———p

[py CXxUraHm ToMnMBa ¢ 60MbLIMM COLEp)KaHneM BOAOPOAA, HaNMPUMED,
MPUPOAHOr0 ra3a unn MasyTa, BblaenseTcs 60bLI0e KONMMUYECTBO BOASHOMO
napa. Bo n3bexxanve ywepba 0T BO3AEHCTBIS BNark Ha CTPOUTENbHbIE
KOHCTPYKLMM AbIMOBOW TPYObI 3TOT BOASHOM Nap [OMKEH U3 Heé
0TBOANTLCA. [lbIMOBbIE rasbl, PABHO Kak 1 BO3AyX, Npu TemnepaTypax 4o
100°C MoryT COfiep>KaThb TOMbKO OFPaHNYEHHOE KOMMYECTBO BOASHOIO Napa.
OTO KOIMYECTBO CHUXXAETCS CO CHUXKEHNEM TeMNEePaTypbl.

9



OCHOBHbIe NON0XXeHUd
AbIMOXOQHOWU TeXHUKU

CooTHolueHue TemnepaTyp

N
BHumaHue npu npeogoneHum [lbIMOBbI€e rasbl OXNTAXAAKOTCA TaK CUIIbHO, YTO NMPEOJONIEBAETCS TemnepaTypa
TOYKM POChI TOYKM POCI IbIMOBBIX Fa30B, YTO BEAET K 06pa30BaHMio KOHAEHCaTa Kak B

COeVNHNTENbHbIX 3IeMEeHTax, Tak ¥ B 1bIMOBOM pr6e.

3aBucUMOCTb TemMnepaTypbl

AbIMOBbIX ra30B OT BUJa TomnsiuBa u \

60
KoachdpuumeHTa n3bbITKa Bo3ayxa

[MppoaxbIi ra3 H
T~ |

\’\\
\ [vsenbHoe Tonnmso EL

50

40

KameHHbI yronb

Temneparypa To4Ky pochl tp °C

30 \\
\\
20
1,0 1,2 1,4 1,6 1,8 2,0
KoathpuumeHT n3bbiTka Bo3ayxa
HM3KV|e TeMnepaTypbl AbIMOBbIX FpacpMK NOKa3bIBaeT 3aBUCMMOCTb TEMMEPATYpPbl TOYKM POChI AbIMOBbIX ra3oB OT
ra3oB COBPEMEHHbIX KOTNOB BMAa TONAMBA M KO3pdmumeHTa n3bbiTka Bo3ayxa. COBPEMEHHbIE YCTaHOBKM,

CXXMraroLLme TONAMBO, UMEHOT B 60MbLUMHCTBE CBOEM HU3KIE TeMMepaTypbl
[bIMOBbIX ra30B W XapakTepu3ytTCs BbICOKUMU 3HAYEHUSMW TEMMEPATYpbI
TOYKM POCbI U3-3a COLEPIKALLerocs B TONMMBE BOAOPOAA U HU3KUX 3HAYEHMi
K03hhMLMEHTOB 136bITKA BO3AyXa. [Tpu Takux ycnoBusix 0CO6EHHO BbICOKa
0MacHOCTb BbiNafieHnst KOHAeHcaTa BCNEACTBUE OXNaXXAEHUS [bIMOBbIX ra3o0B.

Pacuér TeMnepartypbl TOYKU POChI OxnaxxfieHne AbIMOBbIX ra30B BHyTPU COEAMHUTENbHBIX SNEMEHTOB [1bIMOBOA

no EN 13384-1 Tpy6bl pacCUMTLIBAETCS MO YPABHEHWAM, MPUBEAEHHBIM B EN 13384-1 (DIN 4705 u.1).
OTW HOPMbI TPEBYHOT, UTOGbI ANt YYBCTBUTENbHbIX K BAAre AbIMOBbIX TPy6
TeMnepaTypa BHYTPEHHEN CTEHKM HA BEPXHEN TPaHM YCTbs AbIMOBOI TPYOb
nexana BbllUe TemMnepaTypbl TOUKKM POChI bIMOBbIX ra30B.
OxnaxaeHue AbIMOBbIX ra30B 0Ka3blBAET BIMSHUE HA COOTHOLLEHWNE AABEHNI U
COOTHOLLIEHVE BAAXHOCTY B IbIMOBO Tpybe.

[ — Schiedel 2008
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SCHIEDEL NbIMOXOOHbLIE

CUCTEMBI
OCHOBHbIE NONOXEeHUS
AbIMOXOAHOW TEXHUKU
HeuyBcTBUTENbHAA K BNare AbiMoBas Tpy6a
B |

TemnepaTypbl AbIMOBbIX Fa30B TEMNOreHepaToOPOB MOTYT ObiTb 3HAUUTENBHO
MOHWXEHbI NMPX UCTIONb30BaHUN HEYYBCTBUTENbHbIX K BNare AbIMOBbIX TPy, B
KOTOPbIX OMYCKAETCS KOHAEHCAUMS BOASHbIX NapoB. B aToM cnyyae 60bLue

He TpebyeTcs NoAAEPXMBATb BbICOKYHO TEMMNepaTypy AbIMOBbIX ra30B B YCTbe
AbIMOBOW TPY6bI BO M36XXKaHWE NPE0A0NEHUS TeMnepaTypbl TOHKM POChI 1
MPOHWKHOBEHMS Baru Yepe3 KOHCTPYKLMIO AbIMOBOW Tpy6bl. OfHaKO ycnoBue no
co6M0AeHN0 TPeboBaHMiIA N0 [aBNEHUO 0CTAETCS.

Hu3skue Temnepatypbl
AbIMOBbIX ra3oB

Ycnosusa no Temneparype YpaneHve gbIMOBbIX ra3oB

W faBneHunio |

Yepes KpbiLy

[biMoBas Tpy6a

He'-IyBCTBVITeﬂbHaiI K Bnare

O6blyHas AbiIMoBas Tpy6a

AbiMoBas Tpy6a

Ycnosue no AaBReHUIO
Pz < P
Pa3spexeHue

Ycnosue no AaBneHuo
Pz< P:
PaspexeHue

Ycnosue no Temnepatype
tiob 2 tp

Ycnosue no Temnepatype
tiob > 0°C

Paboyas o6nactb Temnepartyp AbIMOBbIX ra30B AN HEYYBCTBUTENbHbIX K

Bnare AbIMoBbIX TPY6 - o1 30° Ao 100°C. Mpu NPOEKTMPOBaHMM 1 YCTAHOBKE
TaKow AbIMOBOW TPyObl 06paTUTE BHAMAHWE HA JOMOJHUTESNbHbIE TPeOOBaH!,
U3NI0XEHHbIE B COOTBETCTBYHOLLEM JOMyCKe K akcrnnyaTtaunm Hemeuxoro MHcTuTyTa
CtpoutenbHoii TexHuku (DIB). 311 TpeboBaHWs NOSBUUCH Kak CReaCcTBue
0COBbIX HArpy30K, BO3HUKAKOLLMX NPK OTBELEHUN [IbIMOBbIX 2308 C 3KCTPEMASIbHO
HWU3KUMKM TemnepaTypamu. K Takum TpeboBaHnsmM 0THOCUTCS, HanpuMep,
06ecneyeHre BOMOXXHOCTH 0TBEEHUS KOHAEHcaTa B 0CHOBaHUM [bIMOBOW
Tpy6bl, ONONHUTENBHAS repMeTU3aUMs B 061aCTV NOAKKOUEHUS aNeMeHTa AN
OCMOTPA W 04MCTKM AbIMOBOM TPYObI, @ TaKXXe Npesnucaque no SONOSHUTENbHOM
TEMNOM30M5LMN B HE 0TaNIBAEMbIX MOMELLEHUAX 1 HAL KPbILLEH.

O6paTtuTe BHUMaHue
Ha cneunanbHble TpeboBaHus

Schiedel 2008 T

11



OCHOBHbIe NON0XXeHUd
AbIMOXOQHOWU TeXHUKU

PacuyéTt guameTpoB AbIMOBLIX TPY6

lMpaBunbHbIA pacyéT AuameTpoB
o3HayaeT Ge3ynpeuHoe
(hyHKUMOHMPOBaHHe

WU3mMeHeHUe paBneHUsi B AbIMOBOM
TpaKTe TennoreHeparopa

B 3aBUCUMOCTM OT AuamMeTpa
AbIMOBOIA TPYObI

BnusiHue guametpa
AbIMOBOIA TPYObI

3aHmKeHHbI guameTp,
pacTyLiee paspexeHue (Tara)

12

MpaBuNbHbIA PACYET AMaMETPOB AbIMOBOW TPYObI U COEAUHUTENBHBIX 3IEMEHTOB
B COBOKYMHOCTYH C pacyéTom no EN 13384-1 (DIN 4705 y.1) sBAsioTCS BaXXHEMLLENH
NPEANOCHINKON Ans 6e3ynpeyHoro (yHKLUMOHUPOBAHUS TeMnoreHepaTopa.

PaspexeHne —»—o
~

3— 5

1 O6nacTb M36bITOYHOIO

AaBneHus
2 MuHuMmanbHO fOMYCTUMBIA

AvameTp AbIMOBOM TPY6bI —

1 / 3 Pa6ouyas obnactb
4 MakcumanbHoO AOnyCTUMbIi
AvameTp AbIMOBOW TPY6bl |
/ 5 3aBblleHHOE ceyeHre
AbIMOBO# TPYO6bI |

<+— U306bITO4HOE JaBneHue

I I N

[vameTp AbIMOBOI TPY6bI —> D

[pachvk NOKasbIBaET, KaK BAMSET AMaMeTp AbIMOBOW TPyObl HA BENNYMHY AABNEHWS
(mnm TAry) BIMOBOrO TpakTa TEMNoreHepaTopa.

[pu BbIGOPE 04EHb BOMBLIOrO AMaMeTpa AbIMOBON TPYObI 3@ TEMNOreHEPaToOPOM
yCTaHaBNMBAETCS OTHOCUTENBHO HU3KOE PaspeXxeHne, Tak Kak [bIMOBbIe rasbl
CUITbHO OXNAXAAKTCS.

Mpy yMeHbLLEHNM JnaMeTpa AbIMOBOM TPYObI paspexxeHne yBennumneaeTcs,
BO3pacTaeT NOAbEMHAS CUNA NOTOKA BCNEACTBUE HE3HAUUTENBHOO OXNaX AEHMS
AbIMOBbIX ra30B. A3pOAMHAMNYECKOe COMPOTUBIEHNE MOTOKA HEBEIMKO, TaK Kak
CKOPOCTb CaMoro noToka mana.

Mpu fanbHeiiemM yMeHbLUEHUN maMmeTpa Tara pacTéT 04eHb MeANEHHO. JTO
00BSCHAETCS TEM, YTO C yBENUYEHNEM NOABEMHON CUITbl 3aMETHO YBENMYMBAETCS U
a3p0AMHAMNYECKOe COMPOTUBIIEHUE NOTOKA.

Schiedel 2008



SCHIEDEL NbIMOXOOHbLIE

CUCTEMbI
OCHOBHbIE NOJI0)XeHUs
AbIMOXOAHOWU TeXHUKU
PacyéT nonepeyHoro ceyeHus
T
MakcumMmanbHas Tara Tdra LocTUraeT CBOEro HamBbICLLIEro 3Ha4eHus TOr4a, KOrAa npu yMeHbLUakLLEeMCs

nonepeyHOM CEHEHNN [bIMOBO TPYObl YPABHOBELLNBAIOTCS N3MEHEHNS NOJBEMHOM
CUIbl ¥ @3pOJMHAMUYECKOE CONPOTUBAEHKE. [TpK AanbHENLLIEM CHIKEHN fuameTpa
TAra CHUXaeTcs CHauana MeaneHHo, a 3aTem BCE 6onee KpyTo (PUCYHOK Ha cTp.12).
PaBHoBecue aaBneHuwit fOCTUraeTcs, ecnm noAbLEMHas cuna u aspoauHaMuyecKoe
CONpOTUBIEHNE COOTBETCTBYIOT APYr APYry.

PocT n36bITOYHOrO AaBneHuns [pn CANLLIKOM 3ay>XEHHOM NONEPEYHOM CEYEHUN B AbIMOBOM TPYOE BO3HUKAET

NP1 yMeHblLAoWEMCS 136bITOYHOE AaBnexune. BenuunHa n3bbIToUHOro AABNEHUS NpK 3aHUXKEHHBIX
A1ameTpax Bo3pacTaeT, Tak Kak aapoAAuHaMUyecKoe conpoTUBeHne 3HaYnTeNIbHO

nonepe4HoM ce4yeHuu yBenuuMBaeTcs ¢ pPOCTOM cKopocTH. OHNM 13 BTOPOCTENEHHbIX 3DDEKTOB 3TOM0
npoviecca SBNSETCA CHUKEHNE OXNaX[eHNs AbIMOBbIX ra30B.

Tpy BO3MOXHBIX Pexxuma Mpy BLIBOPE NOMEPEUHOr0 CEeUEHMs AbIMOBON TPYBbl BO3MOXHbI TPU BapuaHTa:

aKcnnyataluu AbIMOBO#A pr6bl

+ 06nacTb 3aBblEHHbIX AMaMETPOB. XapakTepuayeTcs B 60MbLUMHCTBE Cly4YaeB
B 3aBUCUMOCTH OT nonepeyHoro [O0CTaTO4HOMN TArOM, HO BO3HMKAET NPO6EMA CUIbHOMO OXNaXKAEHNS bIMOBbIX
ceyeHud rasos.

« Tara B COOTBETCTBUM C PacYETHbIMU NapameTpami. [1pu 9TOM JOCTUraeTcst
6e3ynpeyHoe COOTHOLLEHIE TAMM U TeMnepaTypbl NOTOKA AbIMOBbIX ra30B.

+ 06nacTb M36LITOYHOrO AABREHMS. JKCTyaTauns B 3TOM PEXMME BO3MOXHA
TONBKO MPU UCTONb30BAHNM CrieLManbHOM [bIMOBOI TPYObI OMpeAenEHHO
KOHCTPYKLUMM, YTOBbI MPEAOTBPATUTL NOMaaaHue AbIMOBbIX ra30B B MOMELLEHME.

IL|,l'1al'paMMI>I ans paclléTa Pa3paboTaHHble komnanueit Schiedel auarpammbl ansg pacuéra nonepeyHoro ceveHns

MONEepeyHoro CeYeHUs NOMoraioT AbIMOBO#A TPYObI NOMOryT Bam n3bexatb owmboK. ITn auarpammbl Gbinn paspadoTaHbl
B co0TBETCTBIN C Tpe6oBaHuamu EN 13384-1 (DIN4705 u.1).

n3bexarb oWn6oK

Schiedel 2008 e
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OCHOBHbIe NON0XXeHUd
AbIMOXOQHOWU TeXHUKU

Utorn u nepcneKTuBbl

OTcyTcTBME NPOGNEM NPU BbICOKMX
TeMnepaTypax AbIMOBbIX Fa30B

CHuXeHue TeMnepaTypbl
- pocCT yuwepba

CHMXXeHne TeMnepaTyp AbIMOBbIX Fa30B
- yBENnM4eHue KonuyecTaa npobnem

BbinageHne KoHAeHcaTa
Aa)ke Npu XopoLuen Tennom3onauum

MHoroo6pa3sue ycTaHOBOK Ans
C)XUraHusa Tonnmea

TpeboBaHus

[biMoBble Tpy6bl ceroaHs U B GyayLiem

14

[o Hauana 60-x rofoB NpoLLNOro Beka fbIMOBbIe TPY6bl 6blnK B 60NbLUNHCTBE
CBOEM OHOCNONHBIMM. TENNOMCMONb3yHOLLME YCTAHOBKM TOrO BPEMEHM
XapakTepu3oBanuch BbICOKUMU TeMMepaTypamu AbIMOBbIX ra30B. Takon pexxum
He co3faBan Kakux-Mbo 3HAUMTENbHbIX MPOBIEM B AKCMyaTauum AbIMOBbIX
Tpy6. OpHaKo, yBenM4yeHne KONMYeCTBa KOTNOB, paboTatoLLMX Ha XXMAKOM
TON/MBE, MPUBENO K POCTY CNy4aes yiiepba v paspyLUeHnst KOHCTPYKLMA
[bIMOBbIX TPYO.

CHI/I)KeHVIe TeMI'IepaTypr [bIMOBbIX ra30B, yMeHbLIJeHI/Ie MaccoBOro pacxo,ua
AbIMOBBbIX Fa30B W CBA3AHHOE C 3TUM BbiNafieHue B IbIMOBOI Tpybe koHaeHcaTa
W KUCNOT, BENMW K MPOHMKHOBEHWIO BNArK Yepes CTeHKM Tpy6bl M 06pa3oBaHmio
NOATEKOB.

[1ByXCroiHble 1 TPEXCNONHbIE KOHCTPYKLIMW AbIMOBLIX TPYO Obin pa3paboTaHs!
Kak CPenCcTBO NPOTUBOCTOAHUA BO3HUKLLNM TPYLHOCTAM.

MocreaHre HOBUHKM B pa3paboTke KOTENbHOI TEXHWUKM XapakTepuayoTes ewwé
6ONbLUMM CHUXEHWUEM TEMMEPATYP AbIMOBbIX ra30B. KOHAEHCALUMOHHbIE KOTIbI
WCMOMb3YHOT CKPbITYO TEMNOTY Napoo6pa3oBaHust AbIMOBbIX ra30B U MMEHT
04eHb HI3KWE TEMMEPATYpPbl AbIMOBLIX ra30B Ha BbIXOAE W3 KOTNa.

970 03Ha4aeT, 4TO TEMNEpaTYpPbI AbIMOBbIX ra30B B AbIMOBOW Tpy6e MoryT
OMycKaThCS HUXe TeMNEPaTypbl TOUKN POCHI 1 MOITOMY HENb3S UCKIOUNTL
BbiNazeHue KOHAEHcaTa Aaxe Npu XOPOLLEei TeNnon3onsiumm.

B nocnefHve rofbl 3Ha4nTenbHO pacLLpunica acCCOPTUMEHT npeanaraemMblx Ha
PbIHKE YCTAHOBOK ANs CXUraHua Tonnmea. TennoreHepaTopaM Ha yrne, aposax
n Topcpe, NPOTUBOCTOAT CerofHsA CoOBPEMEHHbIEe KOHAEHCAUWOHHbIE KOTIbI

C MakcuMmasibHO BO3MOXXHbIM UCMOb30BAHMEM TEMNOThLI CropaHusa Tonnanea.
[biMoBble Tpy6bl AN1s 06CNYXXMBaHUS TAKOro poja Harpy3oK 0T pasHoobpa3Horo
Tennosoro 060pynosava AOJIKHbI ObITb CTOAKUMM K BO3ropaHunto OTIOXEHMIA
Caxwu, 6bITb YCTOVILIVIBbIMVI K Q4YeHb BbICOKMM TeMnepaTtypam, HO Npu 3TOM Takxe
cnpaBnAaTbCA C I'Ip06J'IeMaMI/I, CBA3aHHbIMW C ONTOBPEMEHHBIM BOS,qu7ICTBMeM
HU3KUX TemnepaTyp AbIMOBbIX ra3os.

YT06bI rapaHTUPOBaTh AONTOCPOUHYH SKCMNyaTaLUMOHHYH HAAEXHOCTD,
[bIMOBbIE TPYObI JOMKHbI:

* MoaxoouTb ANs BCEX BUAOB TOMNMBA

* BbITb yCTOWUMBBIMM K BO3LEUCTBUIO KNCNOT

* Hapé><Ho npoTMBOCTOSATb BO3rOPaHMIO CaXxu

* BbITb HEUyBCTBUTENbHBIMY K BRare

[biMoBas Tpy6a LoMmKHa COOTBETCTBOBATL 9TUM TpeboBaHusM. [10aTomy
KaXxaas HoBas ibIMoBast Tpy6a BbINONHSET HE TOMbKO TPEOOBAHMS
CETOAHSILUHEr0 AHS, HO AOMKHA TAKXKE PAaCcCUMTLIBATLCS C YHETOM
MPOrHO3MpPyeMoro Gy ayLLero pa3snTus.

Schiedel 2008
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