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SCHIEDEL NbIMOXOOHbLIE

OCHOBHbIE MOJNOXEHUA OCHOBHbIE MOJNOXEHUSA
AbIMOXOA4HOU TEXHUKU AbIMOXOAHOU TeXHUKU
Pa3sButune Pa3sButue
MoBbileHue Tpe6oaa|-w|v'| PocT ucnonb3oBaHWs yCTaHOBOK, paboTatoLyx Ha HedpTenpoayKTax, Bbl3Bar B3rnag B npownoe B Te BpemeHa, Korja oroHb OTKPbITO FOPEN B 04are B LIEHTPE NOMELLEHNS,
BbI3Bano NosiBieHue MOSIBNIEHNE HOBbIX TPEOOBAHWIA K AbIMOXOHOM TEXHUKE. KpOME CTaTUYeCKOi AbIMOBbIe ra3bl 0TBOAWAM OT MeCTa Ux 06pa3oBaH1s NPK NOMOLLW UAYLLEN HABEPX
- ¥ NPOTMBONOXKAPHOK CTOUKOCTW BO3HUKIO TpeboBaHWe Nno yCTOWYMBOCTH bIMOBOV TPYObl. 3TV NepBble 06pa3Libl AbIMOXOAHON TEXHWKW CAENANM BO3MOXKHbIM
[BYXCOWHBIX AAbIMOBIX TPY6 poThiBonoxap P y A TPVt PBbIE 0LPASLIET ALIMOXOA A
K BO34EUCTBMIO KUCIIOT, YTO NPUBENIO K CO3LaHNI0 ABYXCIOUHBIX AbIMOBbIX W, N0 KpanHei Mepe, HaNomMOBUHY TEPNMMbIM NPebbiBaHWE B 0TaNMBAEMbIX
Tpy6. BHYTpeHHsas Tpy6a M3 wamMoTa BbiNonHAeT Tpe60BaHMs KacaTenbHo MOMELLIEHUSIX, KOTOPbIMU MO BONbLUEH YacTH BbINN KyXHS, XUNas uim cnanbHas
KMCNIOTOYCTOMYMBOCTH, HAPYXHAs 0060M104Ka - TpeboBaHNs N0 CTaTUYECKON KomHaTa. [lanbHeiwee pa3suTe AbIMOXOLHOM TEXHUKM BCEraa 6bIno TECHO
YCTOMYMBOCTH, a 06e BMeCTe 06eCcneumnBaroT noxxapobe3onacHoCTb. CBS3aHO C Pa3BUTMEM TEXHWUKM OTOMUTENBHOM.
CeropHs 3To yXe ycTtapeno OpHo- 1 iBYXCNOWHble [bIMOBble TPYObl CErOAHS eLLE AOMYLLUEHbI K aKCMnyaTaumm A cerogHa? CoBpeMEeHHble IbIMOX0/HbIE CUCTEMBI JOMKHbI BbITb Tak paccHMTaHbl, HTOOb
1 OMKCaHbI B CBOAE TEXHUYECKUX NPaBUN ANs 0AHOCNOMHBIX AbIMOBbIX TPY6. Tem UCKMIOYUTL BOSHUKHOBEHWE HEOMYCTUMbIX HApyLUEHWiA B paboTe bIMOBOro
He MeHee, Ans COBPEMEHHbIX AHEProcoeperatoLLnx YCTaHOBOK OHU MPaKTUYECKH TpakTa 1 onacHoCTH Ang 4enoseka. VX 0CHOBHOW 3afjayeit ABNSETCH HaaéxXHoe
ycTapenw. 0TBeJieH1e Yepes KPbILLy BPeLHbIX Ang 340P0Bbs YEI0BEKa KOMMOHEHTOB

MPOZYKTOB CropaHusi, KOTOPbIE 3aTEM PACCENBAOTCS B aTMOCEDE.

BnusiHue 3HepreTUyecKoro Kpusmuca OHepreTUYecKuin KpU3NC CEMUAECATBIX rOA0B NOBNEK 3a COB0M AanbHeuLee
Pa3BUTIE TEXHUKN CXMTaHns TONANBA. B KOHLE KOHLIOB 3TO MPUBENO K TOMY, 4TO
Ha PbIHKE NOSBUINCL OTONMUTENbBHBIE KOTIbI C 60NIEE BLICOKUM MCMOMb30BAHWEM M
9HepruM 1 6onee HU3KMMM TEMNepaTypaMm AbIMOBbIX ra30B. OTa TEHAEHLMS 3AaHUu
npuBena K Co3AaHnto TPEXCNOWHBIX AbIMOBbIX TPYO.

YcTba AbIMOBbIX TPYG CTapbiX

TpéxcnoﬁHble AbIMOBbI€ pr6bI B aTux cucTemax BHYTPEHHSAS Tpyba 13 waMoTa OKpY>KeHa cneunanbHbIM CloeM
TEennou3onsymm, kKotopas 3a60TUTCS 0 TOM, YTOBbI HU3KOTEMNEPATYPHbIE AbIMOBbIE
rasbl B AbIMOBOW TPY6e He TaK CUIMbHO OXNaXAanucb U OTBOAWUCH YEPES KPbILLY
6e3 yulepba Ans CTPOMTENbHbIX KOHCTPYKLUMA. [y 9TOM NPUMEHEHWe TenoBoi
M30MALUMKM [OMKHO rapaHTMpoBaTh TPEOyeMyHo NOABUXKHOCTb BHYTPEHHEH TPYObI
npu eé TEMNOBOM PACLUMPEHM.

CTyneHVI pa3BUTUA AbIMOXOAHOM [Mepexof OT OAHOrO BMAA TOMNMBA K APYrOMY, OT Yris K Ma3yTy, a 3aTeM rasy, a

Mopaya Bo3ayxa Ans ropeHus Hapy>Hble orpaxaaroLme KOHCTPYKLNM COBPEMEHHbIX 3aHNi CTAHOBSITCS BCE TeXHUKU TaKkXXe JanbHeiilee COBEPLUEHCTBOBAHNE YCTAHOBOK, CXXUraroLLMX TOMMUBO, WX

6onee NOTHbIMM, YTO NPEAbABNSET HOBbIE TPEOOBAHNS K AbIMOBbIM TPYOAM. pas3BUTHE OT OTAENbHbIX NEYEH K YCTAHOBKAM LIEHTPANbHOMO 0TONNEeHUs TpeboBanm

MomMUMO yaaneHus fbIMOBbIX ra30B COBPEMEHHbIE AbIMOXOAHbIE CUCTEMbI TakXX€ NOCTOSHHbIX U3MEHEHWIA B IbIMOXOAHOM TEXHUKE.

06€eCneymnBaroT TakxKe Noaady NPUTOUHOTO BO3AyXa ANs NOAAEPXKaHMs npouecca

ropeHusi. B Takux cuctemax BHyTPEHHSS TOHKOCTEHHAs Kepamuueckas Tpy6ba -

OKPY>KeHa Cl0eM BO3/1yxa, KOTOPbI ABUXKETCS B MPOCTPAHCTBE MEX Ay OpHocnoiiHas AbiMoBas Tpy6a B TeueHe JONroro BpeMeHin B CTPOUTENLCTBE XKMSlbsi HanB0sIee BOCTPEOGOBAHHbIM

Kepamuieckon Tpy6on 1 Hapy>KHO 060I0UKONA 1 MPX 3TOM HarpesaeTcs. HapyxHas Bap“aHTOM OTBEAEHMS AbIMOBbIX ra30B OT MecTa 1x 0bpa3oBaHuns Gbina

060104Ka COCTOMT U3 NErKoro 6eToHa. OLHOCNOWHAs KMpnnyHas abiMosas Tpy6a. Mo3gHee e Ha CMeHy npuLLna

O[HOCNOWHas AbIMOBas Tpyba 13 rotosbix anemeHTos ([AVH 18150), 0CHOBHbIM
MPenMyLLECTBOM KOTOPOM Nepes NPeaLlecTBeHHULEN BbIn NPOCTOM 1 NErkuit
MOHTaX.
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OCHOBHbIe NOJN0XXeHUd
AbIMOXOQHOWU TeXHUKU

3awumTa oT orHs

Bbicokue Tpe6oBaHus
K AbIMOBO#M Tpybe

TpeboBaHus K AbIMOBbLIM Tpybam
Mo NPOTMBONOXXapPHOM 3awuTe

MpepoTBpaLieHne
pacnpocTpaHeHUs orHs

[biMOBbIe TPYObI OTHOCATCS K CTPOUTESNbHBIM KOHCTPYKLMSIM, UCTbITbIBAIOLLMM
BO3AENCTBUE HanbOoNee CUIbHbIX HArpy30K. 3TO 3aN0XKEHO B CAMOM Ha3HaYeHUN
9TUX KOHCTPYKUMIA. [bIMOBbIE TPYObl LOMKHBI ObITb CTATUYECKM YCTOMUUBLIMY,
CTOMKMMU K BO3[EUCTBUIO TEMNa, BbICOKWUX TEMMNEPaTyp AbIMOBbIX ra3os,
BO3rOPaHMI0 CaXKm BHYTPU bIMOBOM TPYObl.

3awwra 3gaHus 3awwmra 3gaHus
OT 136bITKOB TENNOTbI OT PacnpOCTPAHEHNS OTHS
11 BO3ropaHusi caxu MeXay aTaxamu
BHYTPY AbIMOBOA TPY6bI
H | 4
BosropaHue caxu ta=1000°C _
90 MUHYT CTATUYECKOM
10<100°C | 1 MPOTUBOMNO>KAPHON B
YCTOM4YMBOCTH
Moxap Ha
[biMoBble rasbl  ta=400°C OAHOM U3
| aTaxen |4
t0<85°C
e
1<

Mpu TemnepaType AbIMOBbIX ra3oB B AbIMOBOI Tpybe 6onee 400°C eé HapyHble
NOBEPXHOCTH, FPaHN4aLLme Co CTPOUTENbHBIMU KOHCTPYKLMSMM U3 FOPHOUNX
MaTepnanoB, He AOMKHbI HArpeBaThCs Bbille 85°C. Mpy BO3ropaHun caxxkn BHYTPU
AbIMOBO# TPYObI €€ HapY>KHble MOBEPXHOCTH, rPaHNYALLME CO CTPOUTEMbHBIMMU
KOHCTPYKLUMSMM U3 FOPHOUMX MATEpManos, He AOMKHbI HarpesaTbes Boiwe 100°C.

B cnyyae BO3HMKHOBEHMS NOXapa CHapy>Xu [biMoBas Tpy6a A0MKHA COXPaHUTbL
CTaTMYECKYH0 YCTOWUMBOCTD B TeUeHUe MUHUMYM 90 MUHYT, 4TOObI NPesoTBPaTUTL
pacnpocTpaHeHune OrHs Ha Apyrue ataxu. pu 3TOM HeNb3s [ONyCTUTL Nepefady
TENNOTbI MO HAPY>KHOW 0605104Ke AbIMOBOMN TPYOLI W NOBbILLIEHWE TEMNEPATYpPbl €€
NOBEPXHOCTW Ha JipyruX aTaxax [0 ONacHbIX 3HA4EHWN.
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OCHOBHbIe NONOXXeHUda
AbIMOXOQHOWU TeXHUKU

Pa3Butue

Pa3Butne AbIMOXOAHON TEXHUKU

[biMoxoaHas cuctema ¢

MHTErpupoBaHHOM LIAXTON ANA

noasoja Bo3ayxa
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CUCTEMBbI

Tpe6oBanus

Cuctema

MpenmywecTtea

Heuy TeNbHasi K Bnare

crarnyeckas )’CTOF\‘—IMEOCTB
noXapo6e3onacHocTb
rasonnoTHOCTb
KUCMOTOCTOVKOCTb

X0poLLast Tennou3onsiLs
HEUYBCTBUTENLHOCTb K Bflare

Pexxum npotusoToka

AbIMoBas Tpy6a / Tpyba ans
yAanexus AbIMOBbIX ra3os

N

YHUBEPCANHOCTb UCTIONb30BAHHS,
HEUyBCTBUTESIbHOCTS K BrIare,
PEX/M NPOTUBOTOKA,
VMHTErpUpOBaHHAs!

Tennou3onsiLs,

Kepamuyeckas Tpy6a AnuHoi 1,33 M

CTaTNYecKas yCTORUMBOCTb
n0Xapo6e3onacHocTs
ragonnoTHoCTb
KHUCAOTOCTORKOCT
XOpoLLast Tennou3oNsLMs

HeuyBCTBUTENBHOCTS K BNare

HeuyscTauTenbHas K Bnare
M30/MpOBaHHas AbIMOBas Tpy6a

o,

YHMBEPCANbHOCTb MCMONb30BAHNS,
HeYyBCTBUTENBHOCTb K Biare

CTaTM4ECKas yCTo MBOCTL
noXapo6e3onacHocTb
rasonnoTHOCTb
KHUCAOTOCTONKOCT

Xopowwast Tennouaonsums

TpéxcnoitHas 30nMpoBaHHas
[NibIMoBast Tpy6a

paciuMpeHUe 0GNACTH NPUMEHEHNS,
UCTIONb30BAHHE 15 HU3KWX TemnepaTyp
[bIMOBbIX ra308

cTaTu4eckas yCToiumBoCTb
noXapo6e3onacHocTb
rasonnoTHOCTb

KucnotoycToiumsocTs

[iByxcnoiiHasi u30nMpoBaHHas
IbIMoBas Tpy6a

®

CTOMKOCTb K KUCAIOTAM,
HU3KWiA KOIPULMEHT CONPOTUBNEHMS TPEHMIO,
CBOGO/HO MEpeMeLLaIoLLAsCs BHYTPEHHSIS TpyGa

cTaTu4eckas yCToiumBoCTb
n0Xapo6e3onacHocTb
rasonnoTHOCTb

OpHocnoiiHas AbiMoBas Tpy6a
113 TOTOBbIX 3/IEMEHTOB C
VHTErpUpOBaHHLIMU KaHanam

CHIXEHVE Pacxofia Chipbs,
HE3HA4MTESbHbIA BEC,
yny4LweHHas Tennon3onsaumus

CTaTM4ecKas yeToumMBOCTb
noXapo6e3onacHocTb
rasonnoTHOCTb

OpHocnoiHas AbiMoBasi Tpy6a u3
rOTOBbIX 3NEMEHTOB

MPOCTOA 1 BbICTPbIA MOHTAX

CTaTM4ECKas yCTOMBOCTL
n0Xapo6e3onacHocTb
rasonnoTHOCTb

OpHoCnoVHAR KUpNMyHas
nbIMoBast Tpy6a

Camas COBPEMEHHAs AbIMOXOAHAA TEXHMKA B HACTOsILLEe BpEMA COHETAET B cebe
HEYyBCTBUTENbHYIO K BNnare AbIMOX0AHYK CUCTEMY C VIHTeI'pVIpOBaHHOVI LIAXTOM
AN noaa4un Bo3ayxa. K TaknMm AbIMOXOHbIM CUCTEMAM MOTYT NOAKNHYATLCA
TOJIbKO TONJIMBOCXKMUrarLne YCTpOVICTBa, pEiGOTaPOLLIVIe B HE3aBWCMMOM OT
BO3[yxa NOMELLEHUA peXxume. O6nactb NPUMEHEHUA 3TUX YHUBEPCASIbHbIX CUCTEM
0XxBaTtbiBaeT LIJVIpOKVIﬁ CNEeKTp OTONUTESIbHOI0 OﬁOpy,ﬂOBaHMﬂ Ha pasnnyHbIX BUAaX
TONNMBA - OT KOHAEHCALUMOHHbIX KOTJI0B 10 YCTAHOBOK 60/bLUION MOLLHOCTH.



OCHOBHbIe NON0XXeHUda
AbIMOXOQHOWU TeXHUKU

CooTHOLIEHMe NOTOKOB U AaBneHUM

MoavémHasa cuna BcneacTeue
pasHuubl TeMnepaTtyp

MoabémHas cuna B AbIMOBOIA Tpy6e

Liupkynsums Bo3gyxa 1
AbIMOBbIX a30B

/3-3a TENNOTLI, BbIAENSIOLLENCS B NPOLECCE rOPeHUs TONNUBA, AbIMOBbIE rasbl
UMetoT 6onee BbICOKYH TEMMepaTypy, YeM aTMOCepHbIiA BO3ayxX. B abimMoBom
Tpy6e 1 BOCXOASLUMX YaCTSX COEANHUTENbHbBIX SNEMEHTOB BO3HUKAET NOLbEMHASA
cvna, KoTopast CnocobCTBYET ABUXEHNIO AbIMOBbIX ra30B M CO3AaET B AbIMOBO
Tpy6e, COeAMHUTENbHBIX ANEMEHTAX, a TakKXKe B 60NbLUMHCTBE Cy4Yaes B CAMOM

KOTJIE U B TOM NOMELLEHUN, Tie OHa YCTAHOBJIEHA, PA3PEXEHME.

t
t
t
ﬁ

0,7

=
=

FopenKM, KOTNbl U IbIMOBbIE prﬁbl CBs3aHbl Apyr ¢ Apyrom cuctemamu noga4mn
NPUTOYHOr 0 BO3ayxa 1 yaaneHns AbIMOBbIX ra3oB. anTO‘-IHbIﬁ BO3A4yX 3a6MpaeT09|

13 aTMOC¢)epr ¥ BMECTE C TONMBOM NOLAETCH B TOMNKY Ans CXXUraHus.

O6pa30BaBLLMECS MPY CXUraHWM TONAMBA AbIMOBbIE radbl OTAAIOT CBOKO TENMOTY,
a 3aTeM Yepes COeAMHUTENbHbIE ANEMEHTBI U AbIMOBYH TPY6Y BbIGpAChIBAOTCS B

aTmocadepy.
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SCHIEDEL NbIMOXOOHBLIE

CUCTEMDbI
OCHOBHbIe NONOXXeHUsa
AbIMOXOQHOWU TeXHUKU
CoOoTHOLLEeHWe NOTOKOB U AaBneHUn
I |

B kaxaon YCTAHOBKE ANnd CXXuUraHus Tonnnea BCe COCTaBHbIE KOMIMOHEHTHI

- KOTEJ, COEAMHUTESbHbIE ANIEMEHTI, [bIMOBAs pr6a - [OJ1XHbI TOYHO
COOTBETCTBOBATL APYr Apyry. TonbKko B 3TOM Chny4ae rapaHTMpoBaHbl 6e3ynpeHHble
JKCnnyaTaunMoHHbIE YCNOBUA B TEYEHME ANNTENBHOIO CPOKa.

TOYHO COOTBETCTBYHOLWME APYT
APYrYy KOMMOHEHTbI

OwmbkM B Nof6ope 060pyA0BaHNS MOTYT MPUBECTY K HAPYLLEHWIO PeXXiMa
aKCnyaTauuu TOMMMBOCXKMraloLLeii yCTaHOBKM, HANPUMEP, K HEMOMHOMY
CrOpaHyo TONNMBA M 06PA30BaHNI0 OTNOXEHMA CaXKK Kak BHyTPH yCTAHOBKM,

TaK v B [IbIMOBOY TPy6e C 0MacHOCTbIO HEKOHTPONMPYEMOT0 BO3ropaHusi CaXiu B
no6oi MoMeHT. Kpome Toro, Mpu HenpaBnibHOM pacyéTe NapameTpoB AbIMOXOAA
CyLLECTBYET BO3MOXHOCTb TOTO, YTO XMIbLbl JOMA MOTYT ObITb NOABEPTHYTI
0MacHOCTY BCNeACTBME BbIGPOCa AbIMOBbIX ra30B U3 TEMoreHepaTopa.
CreACcTBMEM HEMpaBMIbHOTO NOAGOPa 060PYAOBAHNS MOXET CTaTb Takxe
061nbHasi KOHAEHCALMS BNaru, MPOHUKHOBEHHE €6 Yepes KOHCTPYKLMIO AbIMOBOIA
TPY6bl, 06pa30BaHue NOATEKOB M MOCTENEHHOE PaspyLLEHHE.

Ycnosus no Temneparype Heobxoavmble Ans HaAEXHOM paboTbl TONIMBOCKMIAOLLMX YCTAHOBOK YCIIOBMS MO
W [aBJIEHMIO B COOTBETCTBUM C TeMnepaType 1 aBNeHNo B AbIMOXO/HbIX CUCTEMaM OMMCHIBAOTCS B Hopmax EN

EN 13384 13384.

Ycnosus no AaBJIeHUIO: T
Pz > Pze (H/M? unu MMa) \(‘ 0

[ Pz =P — Pr(HM? wn Ma) | I
[ Pze = PL— Pw — Prv(HM® unm Na)| //TA\\
Ycnosus no Temneparype: / j |
H — o6Lwas ahdeKTUBHAS BbICOTA AbIMOBOWA TPYObl I
Prv — Tpebyemoe AaBNeHne B COeAMHNTENBHOM 3fIEMEHTE
PH — MOHOE A1aBAIEHME B bIMOBON Tpybe H
PL — Tpebyemoe AaBneHIne MPUTOHHOrO BO3AYXa Q
Pr — a3poAMHaMMYECKOE CONPOTUBIEHNE AbIMOBON TPYObI H
Pw — Tpebyemoe AaBnexne AbIMOBbIX ra3os B
TennoobMeHHOM annapare
Pz — pa3pexxeHue AbIMOBbIX Fa30B Ha BXOAE B ibIMOBYIO TPpy6y
Pze — Tpebyemoe pa3pexxeHne AbIMOBbIX ra30B Ha BXOAE B I
IbIMOBYIO Tpy6y
Te — Temneparypa AbIMOBbIX Fa30B Ha BXOAE B ibIMOBYIO Tpy6y .
Tio — TeMnepartypa BHYTPEHHei CTEHKM YCTbs bIMOBO TPY6b TW P, :
Tiob — TemnepaTypa BHYTPEHHEN CTEHKM yCTbs AbIMOBOI !ﬁ:Y
TPY6b! B MHEPLIMOHHOM COCTOSHMM / R Pry ﬁ
T — TemrepaTypa Hapy>Horo Bogyxa - P | |
To — TemnepaTypa AbIMOBbIX Fa30B B YCTbe AbIMOBON TPY6b! -
Pp — Temneparypa TO4KI POChl
Schiedel 2005



OCHOBHbIe NON0XXeHUda
AbIMOXOQHOWU TeXHUKU

CooTHOLIEHUe AaBMEeHuIi U HaNopoB

KOTbl ¢ N36bITOUHBIM IABNEHNEM JOSKHbI GbITh XOPOLLIO M30MIMPOBAHbI, HTOObI
NpeaoTBPATUTL MOMaaaH1e [AbIMOBbIX Fa308 B MOMELLEHNE, B KOTOPOM OHM
YCTAHOBJIEHbI.

Takve TennoreHepuUpyHoLLMe YCTAHOBKM, KaK, Hanpumep, aTMOctepHbIe KOTrbl,
KOTOPbIE AKCMYaTUPYKOTCS TONBKO B PEXUME Pa3peXkeHusi, HeT HE0BXOANMOCTH
MONHOCTbIO M30MMPOBATL OT OKPYXXAtOLLEN cpedbl U AenaTb aBCONOTHO MNOTHBIMM.
B Takux ycTaHoBKax BO3yX U3 MOMELLEHMS MOXET YaCTUYHO MOACAckIBATLCS B
KOTEN Yepe3 UMEIOLLMECs HEeMNOTHOCT. TPy 3TOM AbIMOBbLIE rasbl He MoNajaoT B
OKpy>XatoLLyto cpepy. Tem He MeHee, COBPEMEHHbIe aTMOCCEPHBIE KOTMbI UMEHOT
04eHb XOPOLLYHO U30NSLMIO, Tak KaK HEMMOTHOCTM KOHCTPYKLMM MOBbILIAIOT NOTEpU
TENNoreHepUPYIOLLEA YCTAHOBKM U yXyALWAIOT €8 K.N.4.

Moabop COOTBETCTBYHOLIETO AMaMETPa AbIMOBOIA TPYObI U COBAMHUTENbHBIX
9NIEMEHTOB, a TaKXe TOYHOE COOTBETCTBUE bIMOBOI TPYObI TUMY TENIO0GMEHHOr0
annapara rapaHTUpyeT, YTO JOCTUraeTcst HeobxoauMas ANs 0TBEAEHHS
06pasyHoLLMXCS AbIMOBbIX Fa30B MOALEMHAS Chfa.
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SCHIEDEL NbIMOXOOHBLIE

CUCTEMDbI
OCHOBHbIe NOJNIO)XXEeHus
AbIMOXOQHOWU TeXHUKU
CooTHOLIEHMe JaBIEHWA U HAaNnoOpoB
I |
ATMOCCI)eprIe KOTNbl U KOTNbI C Ha COOTHOLLIEeHne ,El,aBJ'IeHVIﬁ B TOI'IJ'IVIBOC)KVIFa}OLLleVI YCTaHOBKe 0Ka3bIBakOT BiUdHUE
M36bITO'~|HbIM naBneHMeM Takune CbaKTOpr Kak T4ra ,ElblMOBOI7I prﬁbl, KOHCprKLlVIFI TennoreHepaTopa, da

TakXxe Tin VICI'IOJ'Ib3yeMOI7I FOPENKHU. anI MCNoNb30BaHUN rOPEJIKK C HaaayBOM B
TensioreHepupytoLemM annapate MOXXeT BO3HUKHYTb 136bITOYHOE fAaBNEHNe.

CoOTHOWEHWe AaBNeHUn B
AbIMOBOW Tpybe i

///\\

Coor i B ] i
TpyGe Ans KOTNOB Pa3nuyHOM
KOHCTPYKUMM
Cxema -
w4
== | B R I
: h P, P, P,
o : I 1l I P,z Py
- e i
KoTén ¢ e¢TecTBetHoM TAroi 3
v ' -
by H 1 P, ra3oB npu
"""""""""""""""" T . P. B AbIMOBYI0 TPY6Y
PP
' v Pz P tpe6yemoe pasnenme nputouHoro Bosayxa
;_ Pry Pw TpebyeMoe AaBneHue KoTna

KoTténc uéﬁblTO'lH:bIM uaaneuuemi

P Prv anementax
PZE
V.

P;. Tpebyemoe AaBneHue AbIMOBbIX ra3os

KOHAeHCalMOHHbIE KOTNbI C MAOTHBIMM
(K M36bITOYHOMY AABNEHMIO)
COEANHNTENbHbIMKY 3NeMeHTaMu |

i ——T P =P,
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OCHOBHbIe NON0XXeHUda
AbIMOXOQHOWU TeXHUKU

CooTHoLIEeHMe TeMnepaTyp

BHuMaHue npu npeogoneHuun
TOYKM POCbI

3aBMCMMOCTb TeMnepaTypbl
AbIMOBbIX ra30B OT BUAA TOMNMBA U
KoachpuumeHTa n3bbITKa Bo3ayxa

Hu3kue TeMnepaTypbl AbIMOBbIX
ra3oB COBPEMEHHbIX KOT/OB

Pacyét TemnepaTypbl TOUKM pOCbI
no EN 13384-1

10

[bIMOBbIE ra3bl OXNaXKAAKTCS TaK CUITbHO, YTO NPEO0NEeBaeTCs TeMnepaTypa
TOYKM POCbI [IbIMOBbIX a30B, YTO BEAET K 06pa30BaHNI0 KOHEHCATA KaK B
COBMHUTENbHbIX ANEMEHTaX, TaK W B [IbIMOBO Tpybe.

60\

[MpupoaHbii ra3 H
T |

k\’
\ [usenbHoe Tonnmso EL

50

\

40

KameHHbIi yronb
30 =~
~—__

Temnepatypa Toukm pockl tp °C

\

20

1.0 1.2 1.4 1.6 1.8 2.0

KoathpuumeHT n3bbiTka Bo3ayxa

["padhuk nokasbIBaET 3aBUCUMOCTL TEMMEPATYPbI TOUKW POCHI AbIMOBLIX Fa30B OT
BWAa TonnvMBa v koadpduumeHTa n3bbiTka Bo3ayxa. CoBpEMEHHbIE YCTAHOBKM,
CXXMratoLLme TONAMBO, UMEHOT B 60MbLUMHCTBE CBOEM HU3KIME TeMMNepaTypbl
[bIMOBbIX ra30B W XapakTepu3ytTCs BbICOKUMU 3HAYEHUAMU TEMMEPATYPbI

TOUKM POChI U3-3a COLEPIKALLEerocs B TONMMBE BOJOPOAA U HU3KUX 3HAYEHMI
K03hhMLMEHTOB 136bITKA BO3AYXa. [Tpu Takux ycnoBusix 0CO6EHHO BbICOKa
0MacHOCTb BbiNafeHnst KOHAEHcATa BCNEACTBUE OXNAXXAEHUS [IbIMOBbIX ra30B.

OxnaxaeHue AbIMOBbIX ra30B BHYTPU COEAMHUTENbHbIX 3NIEMEHTOB AbIMOBON
Tpy6bl pacCUMTLIBAETCS MO YPABHEHUAM, MPUBEAEHHBIM B EN 13384-1 (DIN 4705 u.1).
OTU HOPMbI TPEBYHOT, UTOGLI A5t YYBCTBUTENbHbIX K BAAre AbIMOBbIX TPy6
TeMnepaTypa BHYTPEHHEN CTEHKMU HA BEPXHEN TPaHM YCTbs AbIMOBOW TPYOb
nexxana Bbllle TeMnepaTypbl TOUKM POChI AbIMOBbIX ra30B.

OxnaxaeHue AbIMOBbIX ra30B 0Ka3bIBAET BIMSHUE HA COOTHOLLEHWNE AABAEHNI U
COOTHOLLIEHME BAAXHOCTY B IbIMOBO Tpybe.
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OCHOBHbIe NONOXXeHUsa
AbIMOXOQHOWU TeXHUKU

O6nacTb NPUMEHEHUS

[biMOBbIe ra3bl oxnaxaarTcs

MoTepu Tenna

WU3meHeHne TemnepaTypbl
B AbIMOBOIA TPy6e U TemnepaTypa
Hapy>XHO1 NOBEPXHOCTU

Te = Temneparypa AbIMOBbIX ra30B Ha BXOAE B AbIMOBYHO TPy6Y
To = TemnepaTypa AbIMOBbIX Fa30B B YCTbe AbIMOBOW TPYOb!
Tio = Temnepatypa Ha BHYTPEHHEN NOBEPXHOCTM BEPXHEN rpaHu TpyObl

BopasHoii nap gosmxeH 0TBOAUTHLCA
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SCHIEDEL NbIMOXOOHbLIE
CUCTEMblI

Ha cB0EM MyTu OT TEN/OreHepUPYHLLEH YCTAHOBKY Yepes COeAMHUTENbHbIE
9MIEMEHTbI 1 BCIO KOHCTPYKLMIO [bIMOBOI TPYOb! AbIMOBbIE ra3bl
oxnaxgarotcsi. MoTepu Tenna ¢ AbIMOBLIMM ra3ami B AbIMOBO Tpy6e
CYLLECTBEHHO 3aBUCST OT CNieyHOLMX (haKTOPOB:

+ Yepes Tennosyto U30NSLMI0 AbIMOBOIA TPYObI

+ o BbICOTE AbIMOBOW TPYObI

+ Yepes BHYTPEHHIOK NOBEPXHOCTb AbIMOBOM TPy
+ C ABMXXYLUMMCS NOTOKOM [AbIMOBbIX ra30B

AbIMOBbI€ ra3bl

BHyTpeHHSIA CTeHKa

BbicoTa AbIMOBO# TPYOGbI

m

Temnepatypa ——p»

Mpw cxxuraHum TonnmBa ¢ 60MbLIMM COfepXXaHneM BOAOPOAA, HaNPUMEP,
MPUPOAHOrO ra3a unu MasyTa, BblAenseTcs 60MbLLOE KONMYECTBO BOASHOMO
napa. Bo n3bexanue ywepba 0T BO3AEACTBNS BNArv Ha CTPOUTENbHbIE
KOHCTPYKLMM AbIMOBOW TPYObI 9TOT BOASHOM Nap [OMKEH U3 Heé
0TBOANTLCS. [IbIMOBbIE rasbl, PaBHO Kak 1 BO34yX, NPK Temnepatypax Ao
100°C MoryT Cofep>XaThb TONMbKO OrPaHNYEHHOE KOMMYECTBO BOASHOMO Napa.
OTO KOMMYECTBO CHUXXAETCS CO CHUXKEHNEM TeMNEPaTypbl.



OCHOBHbIe NON0XXeHUda
AbIMOXOQHOWU TeXHUKU

PacuyéTt guameTpoB AbIMOBbLIX TPY6

MpaBunbHbIA pacyéT AuameTpoB

03HayaeT 6e3ynpeyHoe
(byHKLUMOHMPOBaHWe

W3MeHeHe aaBneHns B bIMOBOM

TpaKTe TennoreHeparopa
B 3aBUCUMOCTM OT AnameTpa
AbIMOBOIA TPYObI

BnusHue guametpa
AbIMOBOIA TPYObI

3aHmKeHHbl guameTp,
pacTyLiee paspexeHue (TAra)
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[paBuNbHbI PACYET AMAMETPOB AbIMOBOW TPYObI U COEAMHUTENBHBIX 3IEMEHTOB
B COBOKYMHOCTYU C pacuéTom no EN 13384-1 (DIN 4705 u.1) sBnsioTCs BaXHEULLENH
NPEANOCHINKONA Ans 6e3ynpeyHoro (yHKUMOHUPOBAHMUS TENoreHepaTopa.

3— 5

© U36bITOYHOE fAaBNEHNEe —>©

1 O6nacTb M36bITOYHOIO _

AaBneHus
2 MuHuMmanbHO AOMYCTUMBIA

AnameTp AbIMOBOI TPYObl |
1 / 3 Pa6ouas obnactb

4 MakcumanbHO AONYCTUMBbIA |
/ AnameTp AbIMOBO# TPY6bI

5 3aBblleHHOe cevyeHune

AbIMOBO# TPYO6bl —

I I

[vameTp AbIMOBOI TPY6bI —> D

<«— PaspexeHue

[pachvk NoKasbIBaET, KaK BAMSET AMaMeTp AbIMOBOW TPyObl HA BENNUMHY AABNEHNS
(vnv TArY) ObIMOBOrO TPAKTa TENoreHepaTopa.

Mpu BbIBOPE O4EHb BOMBLIOrO AMaMeTpa AbIMOBOW TPYObI 3@ TEMNOreHEPaToOPOM
yCTaHaBNMBAETCS OTHOCUTENBHO HU3KOE Pa3pexxeHne, Tak Kak bIMOBbIe rasbl
CUITbHO OXNXKAATCS.

Mpy yMeHbLUEHUM fnaMeTpa AbIMOBOMN TPYObI paspexxeHne yBennumnsaeTcs,
BO3pacTaeT NOAbEMHAS CUNa NOTOKA BCNEACTBME HE3HAUUTENBHOO OXNaX AEHMS
AbIMOBbIX ra308. A3p0OAMHAMUYECKOE COMPOTUBIIEHWE MOTOKA HEBENIMKO, TaK KaK
CKOPOCTb CaMoro noToka mMana.

Mpu ganbHeiwem yMeHbLUEHUN imaMmeTpa Tara pacTéT 04eHb MeANEHHO. ITO
06BSCHAETCS TEM, YTO C YBENUYEHNEM NOABEMHON CUITbl 3aMETHO YBENMYMBAETCS U
a3pOoAMHAMUYECKOE CONPOTUBIIEHNE MOTOKA.
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OCHOBHbIe NONOXXeHUsa
AbIMOXOQHOWU TeXHUKU

SCHIEDEL NbIMOXOOHbLIE
CUCTEMBI

He'-IyBCTBMTeHbHaﬂ K Bnare ibiMmoBas pr6a

Hu3skue Temneparypbl
AbIMOBbIX ra3oB

Ycnosus no TeMmnepartype u
AaBJ1IeHUI0

O6paTtuTe BHUMaHue
Ha cneyuanbHble TpeboBaHus
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TemnepaTypbl AbIMOBbIX Fa30B TEMNOreHepaToOpPoB MOrYT ObiTb 3HAUUTENBHO
MOHVUXKEHbI MPX UCMOMb30BaHNW HEYYBCTBUTENbBHbIX K BNare [bIMOBbIX Tpy6, B
KOTOPbIX [OMYCKAEeTCs KOHAEHCAUMS BOASHbIX NapoB. B aToM cnyyae 60bLue

He TpebyeTcs NOAAEP>KMBATL BbICOKYHO TEMMEpaTypy AbIMOBbIX a30B B yYCTbe
AbIMOBOM TPYO6bI BO M36eXKaHWe NPeodoNeHns TeMnepaTypbl TOUKK poChl 1
MPOHUKHOBEHMS BNaru Yepe3 KOHCTPYKLMIO AbIMOBOM Tpy6bl. OAHAKO YCroBMe Mo
cobnoaeHuo TpeboBaHmMii No LaBNEHUIO OCTAETCS.

YpaneHue AbIMOBbLIX ra3oB

Yepes Kpbiwly

[biMoBas Tpy6a

HequcTBuTeanaﬂ K Bnare

06bI4Has AbIMoBas Tpy6a AbIMOBAA TpYGa
YcnoBue no faBneHunto
Ycnosue no agaBneHuto P.<P;
Pz < P; Pa3spexeHue

Ycnosue no Temnepatype Ycnosue no Temnepatype
tiob 2 tp tob > 0°C

Pabovas 06nactb TeMnepatyp AbIMOBbIX ra30B AN HEYYBCTBUTENbHBIX K

Bnare AbiMoBbIX TpY6 - ot 30° go 100°C. Mpu NPOEKTMPOBaHMM 1 YCTAHOBKE
TaKoW AbIMOBOW TPy6bl 06paTUTE BHUMAHWE HA JONOSIHUTENbHbIE TPe6oBaHKS,
W3N10XKEHHbIE B COOTBETCTBYIOLLEM [OMyCKe K akcryaTaumn Hemeukoro NHCTUTYTa
CtpoutenbHoi TexHukw (DIBt). OTv TpeboBaHMs NOSBUANCH Kak CNeAcTBUe
0COBbIX HArpy30K, BOHUKAIOLLWX MPX OTBELEHNM [bIMOBbIX 308 C 3KCTPEMASIbHO
HU3KUMK Temnepatypamu. K TakiuM TpeBoBaHWsM OTHOCUTCS, HANPUMEP,
o6ecreyeHre BO3MOXHOCTW O0TBEAEHNS KOHAEHCcaTa B OCHOBaHUN [bIMOBOM
Tpy6bl, JONONHUTENBHAS repMeTU3aumns B 061aCTV NOAKNKOYEHUS aNeMeHTa Ans
0CMOTpA W OYUCTKM AbIMOBOM TPYOBbI, @ TaKXXe npeanucaHne no JON0oSHUTENbHONM
TENIOU30MALMM B HE 0TarnIMBAEMbIX MOMELLEHUAX 1 HAL KPbILLEH.
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OCHOBHbIe NOJN0XXeHUd
AbIMOXOQHOW TeXHUKU

Utorn u nepcneKTuBbl

OTcyTcTBME NPOGNEM NPKU BbICOKMX
TeMnepaTypax AbIMOBbIX Fa30B

CHuXeHue TeMnepaTypbl
- pocCT yuwepba

CHWXXeHne TeMnepaTyp AbIMOBbIX Fa30B
- yBENM4eHue KonuyecTaa npobnem

BbinageHue KoHAeHcaTa
Aa)ke Npu XopoLuen Tennom3onauum

MHoroo6pa3sue ycTaHOBOK Ans
C)XUraHus Tonnmea

TpeboBaHus

[lbiMoBble Tpy6Obl AN cerogHs v 3aBTpa
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[o Hauana 60-x rofos NpoLLNOro Beka fbIMOBbIe TPYObI 6blnK B 60NbLUNHCTBE
CBOEM OHOCNONHBIMM. TENNOMCMONb3YIOLLME YCTAHOBKM TOTO BPEMEHM
XapakTepu3oBanuCh BbICOKUMU TeMMepaTypamu AbIMOBbIX ra3oB. Takon pexum
He co3AaBal Kaknx-NM0 3HAUMTENbHbBIX MPOBMEM B AKCTyaTaunm AbIMOBbIX
Tpy6. OpHaKo, yBenMyeHne KONMUeCTBa KOTNOB, paboTatoLLMX HA XXMAKOM
TON/MBE, NPUBENO K POCTY CNyyaes yiepba v paspyLUeHnst KOHCTPYKLMA
[bIMOBbIX TPYO.

CHI/I)KeHVIe TeMI'IepaTypr [bIMOBbIX ra30B, yMeHbLIJeHI/Ie MaccoBOro pacxona
AbIMOBBbIX ra30B W CBA3AHHOE C 3TUM BbiNafieHue B [bIMOBON Tpy6e koHAeHcaTa
W KUCNOT, BENMN K MPOHMKHOBEHWIO BNArk Yepes CTeHKM Tpy6bl M 06pa30BaHmI0
NOATEKOB.

[1ByXCroiHble 1 TPEXCNONHbIE KOHCTPYKLIMK AbIMOBLIX TPYO6 Gbini pa3paboTaHs!
Kak CpencTBo NPOTUBOCTOAHUA BO3HUKLLMM TPYLHOCTAM.

MocreaHue HOBMHKM B pa3paboTke KOTENbHOI TEXHWUKM XapakTepuayoTes ewwé
6OMbLUMM CHUXEHWUEM TEMMEPATYP AbIMOBbIX ra30B. KOHAEHCALMOHHbIE KOTIb
WUCMOMb3YHOT CKPbITYHO TEMNOTY Napoo6pa3oBaHust AbIMOBbIX ra30B U UMEHT
04eHb HI13KWE TEMNEPATYpPbl AbIMOBLIX ra30B Ha BbIXOAE W3 KOTNa.

370 03Ha4aeT, 4TO TEMNEpaTypPbl AbIMOBbIX ra30B B AibIMOBOW Tpy6e MoryT
OMycKaTbCS HUXe TEMMEPATYPbI TOUKW POChI U NO3TOMY HENb3S UCKIKOUUT
BbiNa/eHu1e KOHAEHcaTa Aaxe Npu XOPOLLEH TENNONU3oNsLmu.

B nocnefHue rofbl 3Ha4nTenbHO pacLLMpunCca acCOPTUMEHT npeAanaraemMbix Ha
PbIHKE YCTAHOBOK ANA CXUraHua Tonnuea. TennoreHepaTopaM Ha yrne, aposax
n Topcpe, NPOTUBOCTOAT CerofHsA CoOBPEMEHHbIE KOHAEHCAUWUOHHbIE KOTIbI

C MakcumasibHO BO3MOXXHbIM UCMONb30BaHMEM TENNOThLI CropaHusa Tonnnea.
[biMoBble Tpy6bl AN1s 06CNYXXMBaHUS TAKOro pojia Harpy3oK 0T pasHoobpa3Horo
Tennosoro 06opynosava [OJIKHbI ObITb CTOAKUMM K BO3ropaHunto OTIOXEHMIA
Caxwu, 6bITb YCTOVILIVIBbIMVI K Q4YeHb BbICOKMM Temnepatypam, HO Npu 3TOM Takxe
cnpaBnAaTbCA C I'Ip06J'IeMaMI/I, CBA3aHHbIMW C ONTOBPEMEHHbIM BOSﬂeﬁCTBmeM
HU3KUX TemnepaTyp AbIMOBbIX ra3os.

YT06bI rapaHTUPOBAaThb AONTOCPOYHYHO SKCMNyaTaUMOHHYH HAAEXHOCTb,
[bIMOBbIE TPYObI LOMKHbI:

* MoaxoouTb ANS BCEX BUAOB TOMNMBA

* BbITb YCTOWUMBBIMM K BO3LEUCTBUIO KNCNOT

* Hapé>XHo npoTMBOCTOSITb BO3rOPaHMIo CaXxu

* BbITb HEUyBCTBUTENbHBIMY K BRare

[biMoBas Tpy6a [omKHA COOTBETCTBOBATH 3TUM TPebOBaHMAM. [103TOMY
kaxxaast Hoas AbIMOBast TPy6a BbIMONHSET He TOMbKO TPeboBaHMS
CErOAHSLLHEro OHS, HO A0MMKHA TAKXKE PacCUMTbIBATHCS C YHETOM
y3HaBaeMOoro 6y fyLLero passuTys.
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OCHOBHbIe NON0XXeHUsa
AbIMOXOQHOWU TeXHUKU

PacyéT nonepeyHOro cevyeHus

MakcumanbHas Tara

PocT 136bITOYHOr0 AaBneHus
NPy yMeHbLLAKOLWEeMCS
nonepeyHoOM ce4yeHuu

Tpu BO3MOXHbIX pexuma
aKcnnyaTauuu AbIMOBOIA TPYObl
B 3aBMCMMOCTM OT NonepeyHoro
ceyeHus

JvarpaMmbl ans pacyéTa
nonepe4yHoro ce4eHns NOMoratT
n3bexartb owmboK
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SCHIEDEL NbIMOXOOHBLIE
CUCTEMblI

Tara pOCTUraeT CBOEro HaMBbICLLIErO 3HAYEHMS TOoraa, Korpa npu yMmeHoLUaroLemes
nonepeyHOM CEYEHUM AbIMOBOIA TPYOb! YPABHOBELLNBAIOTCS U3MEHEHNS NOABEMHOM
CWnbl M a3poAMHaMmn4eckoe ConpoTuBIIeHKE. |_|pVI JanbHENLIEM CHUXKEHNN anameTpa
TAra CHUXXaeTcs CHauana MeJsieHHo, a 3aTem BCé 6onee KpYTo (PUCYHOK Ha cTp.12).
PaBHoBecHe AaBneHWn OCTUraeTcs, eCNu NOAbEMHAA cUna u a3poauHaMuyecKoe
COMPOTHBAEHNE COOTBETCTBYIOT APYr APYrY.

[Py CANLLKOM 3ay>KEHHOM MOMNEpeYHOM CEUYEHUN B ibIMOBON TPYOE BO3HUKAET
W36bITOYHOE AaBreHune. BennunHa n3bbIToYHOro faBneHust npi 3aHXXEHHbIX
AMameTpax Bo3pacTaeT, Tak Kak a3apoAuHaMnuyecKoe ConpoTUBAEHNEe 3HaUYUTENbHO
yBeNnuuMBaeTCcs ¢ pOCTOM CKOPOCTH. OfHNM 13 BTOPOCTENEHHbIX ADDEKTOB ITOr0
npoLiecca SABASETCA CHUXEHWE OXNaXAEHNS AbIMOBbIX ra3oB.

Mpv BbIGOPE NOMEPEYHOr0 CeUeHs AbIMOBOM TPYGbI BO3MOXHbI TOM BapuaHTa:

+ 06nacTb 3aBblWeEHHbIX AUAMETPOB. XapakTepuayeTcs B GONbLUMHCTBE Cly4aes
[OCTaTOYHOM TArOMA, HO BO3HWKAET MPOBGNEMa CUIbHOTO OXMaXKAEHUS bIMOBbIX
rasos.

« Tra B COOTBETCTBUM C pacYéTHbIMU MapameTpamu. [1pu aToM focTuraeTcs
6e3ynpeyHoe COOTHOLLIEHWE TATW 1 TEeMNepaTypbl NOTOKA [bIMOBbIX Ta3oB.

+ 06nacTb M36LITOYHOrO AaBREHUs. JKCTyaTauysi B 3TOM PEXUME BO3MOXKHA
TOMbKO MPU MCTONb30BaAHNM CNeUManbHOM AbIMOBOI TPYGbI ONpeAenéHHOI
KOHCTPYKUMM, 4TOBbI MPeAoTBPATUTh MONAZaHNe AbIMOBLIX ra30B B NOMELLEHME.

Paspa6oTaHHble komnanueit Schiedel anarpammsl Ans pacyéra nonepeyHoro ceveHus
AbIMOBOW TPY6bI NomoryT Bam u3bexarb owmboK. ATu Anarpammbl 6bin paspadoTaHb!
B c00TBETCTBUM C Tpe6oBaHuamn EN 13384-1 (DIN4705 u.1).
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