SCHIEDEL AbIMOXOAHLIE
CUCTEMBI

OCHOBHbIe NONOXXeHus
AbIMOXOAHOWU TEeXHUKMU

www.schiedel.ru




OCHOBHbIe NON0XXeHUd
AbIMOXOQHOW TeXHUKU

[

CopepxaHue CtpaHuua
Passutue 1
3awmTa oT OrHs 4
COOTHOLLEHNE NOTOKOB M AaBJIeHWiA 5
CooTHoLLEHVE TEMNEPATYP 10
HeuyBcTBUTENbHAS K BNare AbiMoBas Tpy6a 11
PacuéT nmameTpoB AbIMOBbLIX TPY6 12
PacuéT nonepeyHoro ceveHms 13
WTorm n nepcnekTusbl 14

M3nanve n pefakumsa

000 «lLnpens» Mocksa

[Meyatb 1 pasMHoXeHne

TOMBKO MO COrNaCOBAHMIO U C Pa3peLLEHms
000 «lLnpens» Mocksa nnm

Schiedel GmbH & Co. Miinchen

OvpmMa ocTaBnfeT 3a coboil Npaso

Ha BHECEHME TEeXHWHYECKUX N3MEHEHNIA
M3panme 2008 roga

Schiedel 2008



OCHOBHbIe NOJI0XKeHus
AbIMOXOAHOW TeXHUKU

Pa3Butue

B3rnag s npownoe

A cerogHa?

YcTbs AbIMOBbLIX TPYO
CTapbIX 3AaHNiA

CTyneHu pa3BuTus
LAbIMOXOAHOMN TEXHUKM

OpHocnoitHaa abiMoBasi Tpy6a

Schiedel 2008

SCHIEDEL NbIMOXOOHbLIE
CUCTEMbI

B Te BpemeHa, KOrja OroHb OTKPbITO FOPES B 04are B LEHTPE MOMELLEHNS,
[bIMOBbIE ra3bl OTBOAMMN OT MecTa ux 06pa3oBaH1s NPY NOMOLLM UAYLLEH HaBEpPX
[IbIMOBOA TPYObI. AU NepBble 06pasLbl AbIMOXOAHON TEXHWKM CAENaNM BO3MOXHbIM
1, Mo KpaiHeit Mepe, HanomoBIUHY TEPMMMbIM NPeGbIBaHUE B OTaNIMBAEMbIX
MOMELLEHNSIX, KOTOPbIMM MO GONbLLEN YACTY BbIN KyXHsl, Kunas unu cnanbHas
komHaTa. [anbHeiilliee pa3BuUTHe [bIMOXOHON TEXHWKM Beeraa Gbiio TECHO
CBSI3aHO C PA3BUTIEM TEXHUKM OTOMUTENBHOIA.

COBPEMEHHbIE [1bIMOXO/IHbIE CUCTEMbI JOSKHbI BbITh TaK PACCUUTaHbI, YTOGHI
WUCKIHOUNTb BO3HUKHOBEHIE HELONYCTUMBIX HAPYLLEHWiA B paGoTe [bIMOBOrO
TPaKTa 1 OMacHOCTY NS YesioBeka. VX 0CHOBHOM 3aaaqeit SBRseTCs HaaéxHoe
0TBE/IeHIE Yepes KpbILLly BPEAHbIX ANs 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
TaKKe fanbHeillee COBEPLIEHCTBOBAHIE YCTAHOBOK, CXUraroLLMX TOMMBO, UX
Pa3BUTUE OT OT/EMbHbIX MEYeit K yCTaHOBKaM LIGHTPANbHOrO 0TOMMEH!s TPe6oBau
TaKKE NOCTOSHHbLIX U3MEHEHUI B IbIMOXO/JHOM TEXHUKE.

B TeyeHne LoNroro BpeMeHu B CTPOMTENLCTBE XWNbs Hanbonee BOCTPeO0BaHHbIM
BapvaHTOM OTBELEHNS AbIMOBbIX ra30B 0T MeCTa ux 06pa3osaHus 6bina
O[IHOCNOWHAs KupnnyHas AsiMoBas Tpy6ba. Mo3aHee el Ha CMeHy npuLna
OZIHOCNOWHAs AbIMOBas Tpy6a 13 roTosbix anemeHToB (EN 1443, EN 1857),
OCHOBHbIM NMPENMYLLECTBOM KOTOPOW Nepes NpeaLlecTBEHHULEN BbiN MPOCTON U
NErKNA MOHTaX.
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MoBbiweHue TpeboBaHmit
BbI3Bano nosiBneHue
ABYXCNOiAHBIX AbIMOBbIX TPY6

CerofHs 370 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 CTaTUYeCcKoi
¥ NPOTMBOMOXKAPHOW CTOMKOCTW BO3HUKIIO TpeboBaHWe Mo yCTONYMBOCTH

K BO3[ENCTBUIO KUCNOT, Y4TO NPUBENO K CO3AaHNI0 ABYXCNOMHBIX [bIMOBbIX
Tpy6. BHYTpeHHss Tpy6a n3 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 9KCryaTaLum
1 ONMCAHbI B CBOAE TEXHUYECKMX MPABUI ANt OAHOCTOMHBIX AbIMOBbIX TPYE. Tem
He MeHee, [119 COBPEMEHHbIX SHEProcoeperatoLLnX YCTAHOBOK OHI MPaKTUUYECKH

ycTapenu.

OHepreT1Yecknin KpU3NC CeMUAECIThIX FOA0B MOBNEK 3a Co60i AanbHewnLlee
Pa3BUTME TEXHUKM CXXWUraHusi TONMMBA. B KOHLIE KOHLOB 3TO MPUBENO K TOMY, YTO
Ha pbIHKe MOSIBUNMCL OTOMUTENbHbIE KOT/bI ¢ 60Nee BbICOKMM MCMONb30BAHMEM
3Hepruv 1 6onee HU3KUMKU TemnepaTypamu AbIMOBbIX ra30B. OTa TEHAEHUMS
npuBena K co3aaHunto TPEXCNOMHBIX AbIMOBbIX TPYO.

B aTux cucTeMax BHyTPeHHsIst Tpy6a u3 Kepamukn OKpY>KeHa crieLmarbHbIM Crioem
TENNou3onsuMn, KOTopast 3a60TUTCS O TOM, YTOBbI HU3KOTEMMEPaTyPHbIE AbIMOBbIE
rasbl B IbIMOBOI TPy6e He Tak CUNbHO OXMaXKAannCh 1 OTBOAMIMCH Yepes KpbILLy
6e3 ywlepba ANs CTPOUTENbHbIX KOHCTPYKLUMIA. [pn 3TOM NpUMeHeHUe TenmnoBoi
W30NSLMM JOMXKHO rapaHTMPOBaTh TPEGYeMyto MOABMXKHOCTb BHYTPEHHET TPYObI
Mpy €€ TennoBOM PacLUMPEHUH.

Hapy>Hble orpaxaaroLLme KOHCTPYKLMNA COBPEMEHHbIX 3LaHW CTAaHOBATCS BCE
6ornee NNOTHbIMK, 4TO NPEABSBISAET HOBbIE TPEOOBAHNSA K AbIMOBbIM Tpy6aM.
[ToMUMO yaaneHns LbIMOBbIX Fa30B COBPEMEHHBIE AbIMOXOAHbIE CUCTEMDI
06ecneumBaroT TakXKe Nofady NpUTOUHOr0 BO3ayXa ANis noAaepKaHus npouecca
ropeHus. B Takux cuctemax BHyTPEHHSS TOHKOCTEHHAs Kepamuyeckas Tpyba
OKpY>XeHa CNoeM BO3Lyxa, KOTOPbIii ABUXKETCS B MPOCTPAHCTBE MEXAY
Kepamu4eckoil Tpy6om 1 Hapy>XHOW 060NOYKON 1 NPK 9TOM HarpeBaeTcs. Hapy>xHas
060704Ka COCTOMT U3 NErKoro 6eToHa.
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Pa3Butue

Pa3sBuTue AbIMOXOHON TEXHUKK

[biMoxoaHas cuctema ¢

WHTEerpupoBaHHOM LWAXToi Ansa

noaBsoaa Bo3gyxa
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SCHIEDEL ObIMOXOOHbLIE

CUCTEMBbI

Tpe6oBanus Cuctema lMpenmywectsa
= Heuy K Briare
CTaTn4eckas yCToiMuMBoCTb [bIMOBas Tpy6a / Tpy6a Ans
110Xap06e30NacHoCTL YAaneHs AbIMOBbIX rasos
rasonnoTHOCTb YHMBEPCanbHOCTb MCMOMb30BaHMS,
KUCMOTOCTOMKOCTb H He4yBCTBUTENbHOCTL K BNare,
Xopowas Tennonsonaums PEXUM NpOTUBOTOKA,

He4yBCTBUTENbHOCTb K BNare

Pesxvm npoTusoToka

4 -

A

UHTErPUpOBAHHAst
Tennou3oNsiLMs,
Kepamuyeckas Tpy6a AnuHow 1,33 M

CTaTMecKas yCToiuMBOCTb
noXapo6e3onacHocTb
rasonnoTHOCTb
KHCNIOTOCTOAKOCTb
XOpowWas Tennou3onsuus

HeuyBCTBUTENLHOCTH K Bare

HeuyBcTauTENbHas K BNare
M30MMpoBaHHas ibIMoBas Tpy6a

9,

YHVBEPCATIBHOCTb UCMOfb30BaHMS,
HEUYBCTBUTENBHOCTb K BNare

CTaTMueckas ycToiuMBOCTb
n0Xapo6e3onacHocTb
rasonnoTHOCTL
KUCNOTOCTOAKOCTb

Xopowas Tennon3onaums

TpéxcroiiHas u30nMpoBaHHas
[bIMOBast Tpy6a

pacLuVpeHue 06NACTH NpUMEHEHIS,
UCTI0Nb30BAHME ANS HU3KWX TEMNepaTyp
[bIMOBBIX 3308

cratn4eckas ycmﬁwuaucn:
N0Xapo6e3onacHoCTb
rasonnoTHOCTb

KucnotoycToiiumsocTb

[iByxcnoiiHasi u30nmpoBaHHas
IbIMOBas Tpy6a

®

CTOMKOCTb K KUCTIOTaM,
HU3KWiA KOIDEULMEHT CONPOTUBNIEHNUS TPEHMUIO,
CBOGOAHO NEPEMELLIaIOLLIAsCS BHYTPEHHSIS Tpy6a

OpHocnoiiHas AbiMOBas Tpy6a
V3 FOTOBbIX 3MEMEHTOB C

rasonnoTHOCTb

- VHTErPUPOBAHHbIMM KaHanamm
CTaTU4ecKast yCTOM4MBOCTb CHUXEHME PaCXOAa CbIpbS,
noxapo6e3onacHocTb He3HauTeNbHbIA BEC,
rasonnoTHOCTL YAy HLIEHHAs TENOM30SLMS
OpHocnoiHas AbIMoBas Tpy6a u3
TOTOBbIX AMIEMEHTOB
cTatiyeckas yCToiumMBOCTb TIPOCTOMA W GbICTPbIA MOHTAX
110Xapo6e3onacHoCTb

cTaT4eckas ycToumMBoCTs
NoXapo6e3onacHocTL
rasonnoTHOCTb

OpHocnoiHas KupnuuHas
IbIMoBas Tpy6a

u

Camas COBPEMEHHAs AbIMOX0AHAA TEXHUKA B HACTOsLLIEE BPEMSA COHETAET B cebe
HEYyBCTBUTEJIbHYIO K BNare AbIMOXOAHYK CUCTEMY C VIHTeI'pVIpOBaHHOVI LLIaXTO
Ina noga4vu Bosayxa. K Takum [bIMOX0OAHbIM CUCTEMAM MOTYT NOAKNHOYATLCA
TOJNIbKO TONJIMBOCXKMUraroLime YCTDOHCTBa, paﬁoTaroLume B HE3aBWCMMOM OT
BO34yXa NOMELLEHUA peXXUMe. O6nactb NPUMEHEHUA 3TUX YHMBEPCAJIbHbIX CUCTEM
0XBaTbIBAET LI.IVIpOKVIVI CMNEKTP OTONUTENIbHOr O OGODYH,OBaHVIﬂ Ha pasfinyHbIX BUOAX
TOnNMBa - OT KOHAEHCALMOHHbIX KOTJI0B 10 YCTAHOBOK 60bLLION MOLLHOCTU.
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3awumTta oT OrHs

Bbicokue Tpe6oBaHus
K AbIMOBO# Tpybe

TpeboBaHus K fbIMOBbLIM Tpybam
Mo NPOTMBOMNOXApPHOM 3awuTe

MNpenoTspalieHue
pacnpocTpaHeHus OrHs

[bIMOBbIe TPYObI OTHOCATCS K CTPOUTESNbHBIM KOHCTPYKLMSIM, UCTbITHIBAIOLLMM
BO3AENCTBUE Hanbonee CUIbHbIX HAarpy3oK. 3TO 3aN0XKeEHO B CAMOM Ha3HaYeHUN
9TUX KOHCTPYKUMIA. [bIMOBbIE TPYObl LOMKHBI ObITh CTATUYECKM YCTOUNBLIMM,
CTOMKMMM K BO3LEUCTBUIO TEMa, BbICOKWUX TEMMNEPaTyp AbIMOBbIX ra30s,
BO3rOPaHMI0 CaXKm BHYTPU bIMOBO# TPYO6bl.

3awwra 3naHus 3awwra 3naHus
OT 136bITKOB TEMNOTbI 0T PacnpoCTpaHeHus orHs
11 BO3ropaHust caxn MeXay aTaxamu
BHYTPY AbIMOBOA TPYObI
_ x
E
BoaropaHue caxu ta=1000°C .
90 MUHYT CTaTM4ecKon
t0<100°C - 11 MPOTUBOMNO>KAPHON 1
YCTOM4YMBOCTY
T ilE
Moxap Ha
[biMoBble rassl  ta=400°C 0HOM 13
. aTaxen ) ]
10<85°C
—

Mpyn TemnepaType AbIMOBbIX ra3oB B fibIMOBOI Tpy6e 6onee 400°C eé HapyXHble
NOBEPXHOCTY, FPaHN4aLLme CO CTPOUTENbHBIMU KOHCTPYKLMSMM U3 FOPHOUNX
MaTepnanoB, He IONMKHbI HarpeBaThest Boille 85°C. TMpyu BO3ropaHun Caxu BHYTPH
AbIMOBO# TPYObI €8 HapY>KHble MOBEPXHOCTH, rPaHNYaLLME CO CTPOUTEMbHBIMM
KOHCTPYKLMSIMU 13 FOPIOYNX MATepUaros, He JOMKHbI HarpesaTbes Boiwe 100°C.

B cnyyae BO3HMKHOBEHMS NOXapa CHapy>Xu [ibiMoBas Tpy6a A0SKHA COXPaHUTL
CTaTMYeCKyHo YCTOWUMBOCTD B TeUEHUe MUHUMYM 90 MUHYT, 4TOObI NPeaoTBPaTUTL
pacnpoCcTpaHeHue Orus Ha Apyrue ataxu. pu 3ToM HeNb3s [ONYCTUTL Nepeaady
TENNOTbI MO HAPY>KHOW 060104Ke AbIMOBON TPYObI W NOBbILLEHWE TEMNEPaTypPbl €€
MOBEPXHOCTU Ha pyriX aTaxax [0 OnacHbIX 3HA4EHWN.

Schiedel 2008
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CooTHOLIEHMe NOTOKOB U AaBneHUM

ToyHo cooTBETCTBYIOWME APYr
APYTrY KOMMOHEHTDbI

Ycnosus no Temnepatype
U AaBJIEHUIO B COOTBETCTBUU C
EN 13384

YcnoBus no AaBneHuio:
Pz 2 Pze (H/M® nm Ma)
[ Pz=Py —Pr(HM® um Ma) |
[ Pze = PL—Pw —Pry(HiM® unu Ta)|

YcnoBus no Temneparype:

Te>TL
H —o6Lwas adeKTUBHAs BbICOTa AbIMOBOWA TPY6b!
Prv — Tpebyemoe AaBneHne B COeMHNTENbHOM 3NIEMeHTe
PH — MOJIHOE AaBNeHMe B AbIMOBOW TPy6e
PL —Tpebyemoe AaBneHune NpuTo4HOro BO3AyXa
Pr — adpOoANHaMMYECKOE COMPOTUBAEHME AbIMOBOM TPYObI
Pw —Tpebyemoe [aBfeHNne [bIMOBbIX ra3os B
Tennoo6MeHHOM annapare
Pz — pa3peskeHue bIMOBbIX ra30B Ha BXOAE B AbIMOBYIO Tpyby
Pz —Tpebyemoe pa3pexxeHme AbIMOBbIX Fa30B Ha BXOAE B
IIbIMOBYIO TPYOY
Te —Temneparypa fbIMOBbIX ra30B Ha BXOAe B bIMOBYIO Tpyby
Tio —TemnepaTypa BHYTPEHHEN CTEHKM YCTbst IbIMOBOI TPyObl
Tios — TemrepaTypa BHYTPEHHEN CTEHKM YCTbst AbIMOBOI
TPY6bl B MHEPLMOHHOM COCTOSHUN
T —Temnepartypa Hapy>XHoro Bo3ayxa
To —TemnepaTypa AibIMOBbIX ra30B B YCTbe AbIMOBOW TPY6bl
Tp — TemnepaTypa TO4K/ POChI bIMOBbIX ra30B

Schiedel 2008

B kaxxgon YCTAHOBKE ANA CXuUraHua Tonnnsa BCe COCTaBHbIE KOMMOHEHTHI

- KOTEN, COeAMHUTESbHbIE ANIEMEHTI, [bIMOBAs pr6a - [OJ1XHbI TOYHO
COOTBETCTBOBATL APYr Apyry. TonbKo B 3TOM Clny4ae rapaHTMpoBaHbl 693ynpequle
9KCnnyaTauMoHHbI€ YCII0BMA B TEYEHNE ANNTENIBHOIO CPOKA.

OwmbKu B Noa6ope 060pyA0BAHIS MOTYT MPUBECTY K HAPYLLEHWIO peXuMa
aKcnyaTauuu TOMMMBOCXKMratoLLEeiA YCTaHOBKM, HANPUMEP, K HEMOMHOMY
CTOPaHyI0 TOMMMBA U 06PA30BAHMI0 OTNOXEHUA CaXU Kak BHyTPU yCTAHOBKM,

TaK 1 B IbIMOBOW TPYGe C 0MacHOCTbI) HEKOHTPOMMPYEMOr0 BO3ropaHusi Caxiu B
no6oit MOMeHT. Kpome Toro, Mpy HempasnibHOM pacyéTe napameTpoB AbIMOX0Aa
CyLLECTBYET BO3MOXHOCTb TOTO, YTO XKMIbLbI JOMA MOTYT BbITb NOABEPTHYTI
0MacHOCTY BCNeACTBME BbiGPOCA AbIMOBbIX Fa30B M3 TEMoreHepaTopa.
CrefcTBMEM HEMpaBMITbHOTO NoAGOPa 060PYAOBAHNS MOXET CTaTb Takxe
06unbHasi KOHAEHCAUMS Bnaru, MPOHUKHOBEHME eé Yepe3 KOHCTPYKLMIO AbIMOBOM
TPy6bl, 06pa30BaHe NOATEKOB U MOCTENEHHOE Pa3pyLUEHHe.

Heo6xoaunmble Anst HanéXHoi paboThl TOMMBOCKMI aIOLLMX YCTAHOBOK YCOBHSI MO
TEMNepaType U AaBEHNHO B AbIMOXOAHbIX CUCTEMAX OMMCHIBAKOTCS B HOPMaX
EN 13384.

Tos Te
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CooTHOLIEHMe NOTOKOB U AaBneHUM

MNoavémHasa cuna BcneacTeue
pa3Huubl TeMnepaTyp

MoabémHas cuna B AbIMOBOIA Tpybe

Lipkynsiums Bosgyxa u
AbIMOBbIX ra3oB

3-3a TENn0TbI, BbIAENSIOLENCS B NPOLECCE FOPEHNS TONNWBA, AbIMOBbIE rasbl
UMEtOT B0MEee BbICOKYO TEMNepaTypy, YeM aTMOCEPHbIA BO3AyX. B AbIMOBO
Tpy6e 1 BOCXOAALLUMX YACTSX COEAMHUTENMbHbIX 3NIEMEHTOB BO3HMKAET NOAbEMHAS
cuna, KoTopas cnocobCTBYET ABUMXKEHWHO AbIMOBBIX Fa30B U CO34AET B A1bIMOBOM
Tpy6e, COBAMHUTENMbHbIX 3NIEMEHTAX, @ TakXKe B B0MbLUMHCTBE CAly4aeB B CaMoM
KOTJIe W B TOM NMOMELLEHUM, Tie OHA YCTaHOBMEHA, PA3PeXXEHHeE.

t
t
t

A

t

t
it
2|
_'h

rOpF}J'IKVI, KOTJIbl U 1bIMOBbIE TDYGbI CBs3aHbl Apyr ¢ Apyrom cuctemamu noga4um
NPUTOYHOr0 BO3yxa 1 yaaneHns AbIMOBbIX ra3os. anTO‘-IHbIﬁ BO31yx 3a6MpaeT09|
13 aTMoc¢)epb| 1 BMECTE C TOMNNBOM NMOAAETCA B TOMKY AN1S CXKUraHus.
O6pa303aBLumecsa npn CXnuraHun Tonnnea AbIMOBbIE radbl OTAAKOT CBOKO TEMNOTY,
a 3aTeM 4Yepe3 CoeAnHUTESIbHbIE 3JIEMEHTbI U IbIMOBYHO TDYGY BblﬁpaCbIBa}OTCH B

aTMocdepy.

Schiedel 2008
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CooTHoOLIEHUe AaBAEeHWIi U HaNopoB

ATMmocepHble KOTNbl M KOTNbI C Ha cooTHOLeHWe faBneHuii B TOMNMBOCKMratoLLeii yCTaHOBKe 0Ka3blBaKT BIMSIHUE

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

CooTHoLLeHWe JaBneHui B
AbIMOBOW Tpybe

|
=

Coort B ii L
Tpy6e Ans KOT/I0B PasnuYHON
KOHCTPYKUMK
Cxema -
é 1 PZ PZ PZ

o I
KoTén c e¢TecTBekiHo# TAroi g

L N [E—

: [ SR i [P P, ra3os npu

B g 1 B ALIMOBYIO TPY6Y
Pw PZe PL =
pebyemoe AaBNeHNe NPUTOYHOr0 BO3AyXa
\_ Pev P,, Tpebyemoe aaBneHue KoTna

Koténc uéﬂmoqu:blm naaneuueui

K i & KOT/IbI C
(K M36bITO4HOMY AABNIEHMIO)
COEAVHNTENbHBIMY 3NeMeHTaMu |

—~— T P =P..

_ peby
[ P Prv anemenrax
PZe

.PFV

Pz Tpebyemoe faeneHie AbIMOBbIX ra3os

Schiedel 2008
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CooTHOLIEHUe AaBMEHWIi U HaNopoB

KOTbl C M36bITOUHBIM JABNEHNEM [OMXKHbI GbiTh XOPOLLO U30/IMPOBaHBI, YTOGH!
NpeaoTBPAaTUTL MoMaaaH1e AbIMOBbIX Fa30B B MOMELLEHNE, B KOTOPOM OHM
YCTAHOBJIEHbI.

Takue TennoreHepypytoLLMe yCTaHOBKM, KaK, Hanpumep, aTMOCepHble KOTHb,
KOTOPbIE AKCMYaTMPYKOTCS TONBKO B PEXUME Pa3pekeHusi, HET HE0BXOANMOCTH
MONHOCTbIO M30MMPOBATL OT OKPYXKAKOLLEN cpedbl U AenaTb aBCONMOTHO MIOTHBIMM.
B Takux ycTaHOBKax BO3AYX 13 MOMELLEHUs! MOXET YaCTUYHO MOACAChIBATLCS B
KOTEN Yepe3 UMEroLLMecs HeMNOTHOCT. TPy 3TOM AbIMOBbIE rasbl He MonafaroT B
OKpy>XaroLLyto cpepy. Tem He MeHee, COBPEMEHHbIe aTMOCEepHbIE KOT/bI UMEtoT
04eHb XOPOLLYHO M30NSLMIO, Tak Kak HEMMOTHOCTW KOHCTPYKLMW NOBbILIAIOT NOTEpH
TENNoreHepUPYHOLLEN YCTaHOBKM U yXyALAIOT €8 K.n.A.

Moabop COOTBETCTBYHOLIETO AMAMETPa AbIMOBOI TPYObI U COBAMHUTENbHBIX
9NIEMEHTOB, a TAKXE TOYHOE COOTBETCTBUE [IbIMOBOI TPYObI TUMY TEMI006GMEHHOMO
annapata rapaHTUpyeT, YTO JOCTUraeTcst Heo6xoauMas ANsi 0TBEAEHHS
06pasyHoLLMXCS AbIMOBbIX Ta30B MOALEMHAS Chfa.

[ Schiedel 2008



SCHIEDEL ObIMOXOOHbLIE

CUCTEMbI
OCHOBHbIE NOJI0)XeHUs
AbIMOXOAHOW TeXHUKU
O6nactb NpUMeHeHUN
E——— |
[lbIMoBbIe ra3sbl oxnaxpawTcs Ha cBOEM nyTu OT TeNnOreHepUpyHLLEN YCTAHOBKM YEPE3 COBAMHUTENBHBIE

ANEMEHTbI 1 BCHO KOHCTPYKLMIO bIMOBOIA TPY6bI [bIMOBbIE ra3bl
oxnaxgatoTcs. MoTtepu Tenna ¢ AbIMOBbIMY ra3aMu B bIMOBOI Tpy6e
CYLLECTBEHHO 3aBWCST OT CliedytoLumx (haKTOpoB:

Motepu Tenna * Yepes Tenmosyto M30MSLMIO AbIMOBO TPYGbi
+ [0 BbICOTE AIMOBOM TPYObI
* Yepes BHYTPEHHIOK NOBEPXHOCTb AbIMOBOW TPYObI
* C ABVXYLUMMCS MOTOKOM AbIMOBbIX ra3oB

U3MeHeHue TemnepaTypbl T, T 1.7,
B AbIMOBOIA TpyGe n TeMnepaTypa ?—
Hapy>XHOW NOBEPXHOCTU

e

AbIMOBbIE ra3bl

BHYTpeHHsIs CTeHKa

|‘ D
BbICOTa AbIMOBOA TPy6bl

]

s
sy T.
Te = Temnepatypa AbIMOBbIX Fa30B Ha BXOAE B bIMOBYtO TPy6y
To = Temnepatypa [bIMOBbIX Fa30B B YCTbe AbIMOBOM TPyObl @ ! I I
Tio = TemnepaTypa Ha BHyTPEHHEN NOBEPXHOCTW BEPXHEN rpaHm Tpybbl - R >
BoasHo# nap AoMKeH 0TBOAUTLCSA [py Cxxuraxm TomnmBa ¢ 60MbLIMM COLEep)KaHneM BOAOPOAA, HaNMPUMED,

MPUPOAHOr0 ra3a unn MasyTa, BblaenseTcs 60bLI0e KONMMUYECTBO BOASHOMO
napa. Bo n3bexanve ywepba 0T BO3AEHCTBIS BNark Ha CTPOUTENbHbIE
KOHCTPYKLMM AIMOBOW TPYObI 3TOT BOASHOM Nap [O/KEH U3 Heé
0TBOANTLCA. [lbIMOBbIE ra3bl, PABHO Kak 1 BO3AyX, Npu TemnepaTypax 4o
100°C MOryT COfiep>KaThb TOMbKO OrPaHNYEHHOE KOMMYECTBO BOASHOIO napa.
OTO KOSIMYECTBO CHUXXAETCS CO CHUXKEHNEM TeMNEPATypbl.

Schiedel 2008 T TTEN—
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OCHOBHbIe NON0XXeHUd
AbIMOXOQHOW TeXHUKU

CooTHolueHue TemnepaTyp

|
BHumaHue npu npeogoneHuu [lbIMOBbI€ rasbl OXNTAXAAKOTCA TaK CUIIbHO, YTO NMPEOJONIEBAETCS Temneparypa
TOYKM POCHI TOYKM POCbI IbIMOBbIX Fa30B, YTO BEAET K 06pa30BaHuMi0 KOHAEHCaTa Kak B

COeVNHNTENbHbIX 3IeMEeHTax, Tak ¥ B bIMOBOM pr6e.

3aBucUMOCTb TemMnepaTypbl

AbIMOBbIX ra30B OT BUJa TomnJsiuBa u \

60
KoachpuumeHTa n3bbITKa Bo3ayxa

[Tp1poaxbii ra3 H
T~ |

\’\\
\ [usenbHoe Tonnmso EL

50

40

KameHHbIi yronb

Temneparypa To4Ku 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 TEMNEPATYpPbl TOYKM POChI AbIMOBLIX ra3oB OT
ra3oB COBPEMEHHbIX KOTNOB BMAa TONAMBA M KO3pdmumeHTa n3bbiTka Bo3ayxa. COBPEMEHHbIE YCTaHOBKM,

CXXMraroLLme TONAMBO, UMEHOT B 60MbLUMHCTBE CBOEM HU3KIE TeMMNepaTypbl
[bIMOBbIX ra30B W XapakTepu3ytTCs BbICOKUMU 3HAYEHUSMU TEMMEPATYPbI
TOYKM POCbI U3-3a COLiEPIKALLerocs B TONMMBE BOAOPOAA U HU3KUX 3HAYEHMi
K03hhmLMeHTOB 136bITKa BO3AyXa. [Tpu Takux ycnoBusix 0CO6EHHO BbICOKa
0MacHOCTb BbiNafieHnst KOHAEHcaTa BCNEACTBUE OXNaXXAEHUS [bIMOBbIX ra3oB.

Pacuér TeMmnepartypbl TOYKU POChI OxnaXxfieHne AbIMOBbIX ra30B BHyTPYU COEAMHUTENbHBIX SNEMEHTOB [bIMOBOA

no EN 13384-1 Tpy6bl pacCcUMTLIBAETCS MO YPABHEHWAM, MPUBEAEHHBIM B EN 13384-1 (DIN 4705 u.1).
OT1 HOpMbI TPEBYHOT, UTOGLI ANt YYBCTBUTENbHBIX K BAAre AbIMOBbIX TPy6
TeMnepaTypa BHYTPEHHEN CTEHKM HA BEPXHEI TPaHM YCTbs AbIMOBOIA TPYOb
nexana BbllUe TemMnepaTypbl TOUKKU POChI bIMOBbIX ra30B.
OxnaxaeHue AbIMOBbIX ra30B 0Ka3blBAET BAIMSHUE HA COOTHOLLEHWNE AABEHNI U
COOTHOLLIEHVE BAAXHOCTY B IbIMOBO Tpybe.

[ — Schiedel 2008
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SCHIEDEL NbIMOXOOHbLIE

CUCTEMBI
OCHOBHbIE NONOXeHUs
AbIMOXOAHOWN TEXHUKMU
HeuyBcTBUTENbHAA K BNare AbiMoBas Tpy6a
|

TemnepaTypbl AbIMOBbIX Fa30B TEMNOreHepaToOPoB MOTYT ObiTb 3HAUUTENBHO
MOHWXXEHbI MPX UCTIONb30BaHUN HEYYBCTBUTENbHbIX K BNare AbIMOBbIX TPy, B
KOTOPbIX OMYCKAETCS KOHAEHCAUMS BOASHbIX NapoB. B aToM cny4ae 60bLue

He TpebyeTcs NOAAEPXMBATb BbICOKYHO TeMMNepaTypy AbIMOBbIX ra30B B YCTbe
AbIMOBOW TPY6bI BO M36EXXaHWE NPE0A0NEHNS TeMnepaTypbl TOUKM POChI 1
MPOHWKHOBEHMS Baru Yepe3 KOHCTPYKLMIO AbIMOBOW Tpy6bl. OfHaKO ycnoBue no
co6M0AeHN0 TpeboBaHMii N0 [ABNEHUO 0CTAETCS.

Hu3skue TemMnepatypbl
AbIMOBbIX ra3oB

Ycnosusa no Temneparype YpaneHve abIMOBbIX ra3oB

W AaBneHunio |

Yepes KpbiLy

[biMoBas Tpy6a

He'-IyBCTBVITeHbHaiI K Bnare

OG6blyHas AbiIMoBas Tpy6a

AbiMoBas Tpy6a

Ycnosue no AaBneHUI0
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° go 100°C. Mpu NPOEKTUPOBAHMM 1 YCTAHOBKE
TaKow AbIMOBOW TPyObl 06paTUTE BHAMAHWE HA JOMOJIHUTESNbHbIE TPEOOBaHK,
U3NI0XEHHbIE B COOTBETCTBYHOLLEM [OMYCKe K akcrnnyaTtaunm Hemeuxoro MHcTuTyTa
CtpoutenbHoi TexHuku (DIB). 311 TpeboBaHWs NOSBUNUCH Kak CReaCcTBue
0CO0bIX HArpy30K, BO3HUKAKOLLMX NPK OTBELEHUN [IbIMOBbIX 2308 C 3KCTPEMASIbHO
HWU3KUMKM TeMnepaTypamu. K Takum TpeboBaHnsmM 0THOCUTCS, HanpuMep,
06ecneyeHre BOMOXKHOCTH 0TBEEHUS KOHLEHcaTa B 0CHOBaHUM [bIMOBOW
Tpy6bl, ONONHUTENBHAS repMeTU3aUmns B 061aCTV NOAKKOUEHUS aNeMeHTa A
OCMOTPA W 04MCTKM AbIMOBOM TPYObI, @ TaKXXe NpesnucaHune no SOMOSTHUTENbHOM
TEMOM30MLMU B HE OTaNIMBAEMbIX MOMELLEHUAX 1 HAL KPbILLEH.

O6paTtuTe BHUMaHue
Ha cneunanbHble TpeboBaHus

Schiedel 2008 e
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OCHOBHbIe NON0XXeHUd
AbIMOXOQHOW TeXHUKU

PacuyéTt guameTpoB AbIMOBLIX TPYO

MpaBunbHbIA pacyéT auameTpoB
o3HayaeT Ge3ynpeuHoe
(hyHKUMOHMPOBaHHe

WU3MeHeHUe paBneHUsi B AbIMOBOM
TpaKTe TennoreHeparopa

B 3aBUCUMOCTM OT AnameTpa
AbIMOBOIA TPYObI

BnusHue guametpa
AbIMOBOIA TPYObI

3aHmKeHHbI guameTp,
pacTyLiee paspexeHue (Tara)

12

[paBuNbHbIA PACYET AMaMETPOB AbIMOBOM TPYObI U COEAUHUTENBHBIX 3IEMEHTOB
B COBOKYMHOCTYH C pacyéTom no EN 13384-1 (DIN 4705 y.1) sBnsioTCs BaXHEMULLEN
NPEANOCHINKON Ans 6e3ynpeyHoro (YHKLMOHUPOBAHUS TeMnoreHepaTopa.

PaspexeHne —»—o
~

3— 5

1 O6nacTb M36bITOYHOTO

AaBneHus
2 MuvHuMmanbHo fOMYCTUMBIiA

AvameTp AbIMOBOW TPY6bl —

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

<+— UN36bITO4HOE JaBneHue

I I N

[vameTp AbIMOBOI TPY6bI —> D

['pachvk NOKasbIBaET, KaK BAMSET AMaMeTp AbIMOBO TPyObl HA BENNUMHY LABNEHNS
(mnm TAry) BIMOBOTO TpakTa TeMNoreHepaTopa.

[pu BbIGOPE 04EHb BOMBLIOrO AMaMeTpa AbIMOBOW TPYObI 3@ TEMNOreHEPaToOPOM
yCTaHaBNMBAETCSA OTHOCUTESNBHO HU3KOE PaspexxeHne, Tak Kak [bIMOBbIe rasbl
CUITbHO OXNAXAAKTCS.

Mpy yMeHbLLEHNM fnaMeTpa AbIMOBOM TPYObI paspexxeHne yBennumneaeTcs,
BO3pacTaeT NOAbEMHAS CUNA NOTOKA BCNEACTBUE HE3HAUUTENBHOO OXNaX AEHMS
AbIMOBbIX ra30B. A3pOAMHAMNYECKOE COMPOTUBIIEHNE MOTOKA HEBEJIMKO, TaK Kak
CKOPOCTb CaMoro noToka mMana.

Mpu fanbHeiilemM yMeHbLUEHUN maMmeTpa Tara pacTéT 04eHb MeANEHHO. JTO
0OBSCHAETCS TeM, YTO C yBENUYEHNEM NOABEMHOI CUITbl 3aMETHO YBENMYMBAETCS U
a3pO0AMHAMNYECKOE COMPOTUBIIEHME NOTOKA.

Schiedel 2008



SCHIEDEL NbIMOXOOHbLIE

CUCTEMbI
OCHOBHbIE NOJI0)XeHUs
AbIMOXOAHOW TeXHUKU
PacyéT nonepey4yHoOro ceyeHus
T
MakcumMmanbHas Tara Tdra LoCTUraeT CBOEro HamBbICLLIEro 3Ha4eHus TOra, KOrAa npu yMeHbLUakLLeMcs

nonepeyHOM CEHEHNN bIMOBO TPYObl YPABHOBELLNBAIOTCS N3MEHEHUS MOBEMHOM
CUIbl ¥ @3POJMHAMUYECKOE CONPOTUBAEHKE. [TpK AanbHENLLIEM CHIKEHN fuameTpa
TAra CHUXXaeTcs CHauana MeaneHHo, a 3aTem BCE 6onee KpyTo (PUCYHOK Ha cTp.12).
PaBHoBecue aaBneHuwii fOCTUraeTcs, ecnm NoAbLEMHas cuna u aspoAuHaMuyecKoe
CONpOTUBIEHNE COOTBETCTBYIOT APYr APYry.

PocT n36bITOYHOrO AaBneHna [p1 CANLLIKOM 3ay>XEHHOM NONEPEYHOM CEYEHUN B AbIMOBOM TPYOE BO3HUKAET

NP1 yMeHbLLAoWEMCS 136bITOYHOE AaBneHue. BenuunHa n3bbIToUHOro AaBNEHUS NpK 3aHUXKEHHBIX
AnameTpax Bo3pacTaeT, Tak Kak aapoAuHaMUyecKoe conpoTUBeHNe 3HaYnTeNTbHO

nonepe4HoM ce4yeHuu yBenuuMBaeTcs ¢ pOCTOM cKopocTH. OHNM 13 BTOPOCTENEHHbIX 3hHEKTOB 3TOr0
npoLiecca SBNSETCA CHUKEHNE OXNaX[eHNs AbIMOBbIX ra30B.

Tpy BO3MOXHBIX pexxuma Mpy BLIGOPE NOMNEPEUHOr0 CEeUEHMS AbIMOBON TPYObl BO3MOXKHbI TPU BapuaHTa:

aKcnnyataluu AbIMOBO#A pr6bl

+ 06nacTb 3aBbIWEHHbIX AMaMETPOB. XapakTepuayeTcs B 60MbLUMHCTBE Cly4YaeB
B 3aBUCUMOCTH OT nonepeyHoro [0CTaTO4HOMN TArOM, HO BOSHMKAET NPO6IEMA CUbHOMO OXNaXKAEHNS bIMOBbIX
ceyeHud rasos.

« Tara B COOTBETCTBUM C PacyYETHbIMU NapameTpami. [1py 9TOM JOCTUraeTcst
6e3ynpeyHoe COOTHOLLEHWE TAMM U TeMnepaTypbl NOTOKA AbIMOBbIX ra30B.

+ 06nacTb M36LITOYHOrO AABREHMS. JKCTyaTauns B 3TOM PEXMME BO3MOXHA
TOMBKO MPU WUCTONb30BaHNM CrieLManbHOM [bIMOBOI TPYObI OMpeAeNnEHHO
KOHCTPYKLUMM, YTOBbI MPEAOTBPATUTL NOMaAaHue AbIMOBbIX ra30B B MOMELLEHME.

IL|,l'1al'paMMI>I ans paclléTa Pa3paboTaHHble Komnanueit Schiedel auarpammbl Ansg pacyéra nonepeyHoro ceveHns

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

n3bexarb oGOk

Schiedel 2008 e
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OCHOBHbIe NON0XXeHUd
AbIMOXOQHOW TeXHUKU

Utorn u nepcrneKTuBbl

OTcyTcTBME NPOGNEM NPKU BbICOKMX
TeMnepaTypax AbIMOBbIX Fa30B

CHuXeHue TeMnepaTypbl
- pocCT yuwepba

CHWXXeHne TeMnepaTyp AbIMOBbIX Fa30B
- yBENnM4eHue KonuyecTaa npobnem

BbinageHue KoHAeHcaTa
AaXke Npu XopoLuein TennomM3onauum

MHoroo6pa3sue ycTaHOBOK Ans
C)XUraHusa Tonnmea

TpeboBaHus

[biMoBble Tpy6bl ceroaHs u B GyayLiem

14

[o Hauana 60-x rofoB NpoLLNOro Beka bIMOBbIe TPY6bl 6blnK B 60NbLUNHCTBE
CBOEM OHOCNONHBIMM. TENNOMCMONb3YHOLLME YCTAHOBKM TOrO BPEMEHM
XapaKTepu3oBanuch BbICOKUMU TeMMepaTypamu AbIMOBbIX ra30B. Takon pexxum
He co3faBan Kakmx-Mbo 3HAUMTENbHbIX MPOBIEM B AKCMyaTauum AbIMOBbIX
Tpy6. OpfHaKo, 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 BNAru Yepes CTeHKM Tpy6bl M 06pa3oBaHmio
NOATEKOB.

[1ByXCroiHble 1 TPEXCNONHbIE KOHCTPYKLIMM AbIMOBLIX TPYO Gbin pa3paboTaHs!
Kak CPeACTBO NPOTUBOCTOAHMA BO3HUKLLNM TPYLHOCTAM.

MocreaHue HOBMHKM B pa3paboTke KOTENbHOI TEXHWUKM XapakTepuayoTes ewwé
6OMbLUMM CHUXEHWUEM TEMMEPATYP AbIMOBbIX ra30B. KOHAEHCALUMOHHbIE KOTIbI
WCMOMb3YHOT CKPbITYO TEMNOTY Napoo6pa3oBaHust AbIMOBbIX ra30B U MMEHT
04eHb HI3KWE TEMMepPaTypbl AbIMOBLIX ra30B Ha BbIXOAE W3 KOTNa.

970 03Ha4aeT, 4TO TEMNEpaTypPbl AbIMOBbIX ra30B B AbIMOBOW Tpy6e MoryT
OMycKaThCs HUXe TeMNEePaTypbl TOUKN POCHI 1 MOITOMY HENb3S UCKIOUNTD
BbiNazeHu1e KOHAEHcaTa axe Npu XOPOLLEi TeNNon3onsiLmuu.

B nocnefHve rofbl 3Ha4nTenbHO pacLLnpunica acCOPTUMEHT npeanaraeMblx Ha
PbIHKE YCTAHOBOK ANs CXUraHua Tonnuea. TennoreHepaTopaM Ha yrne, aposax
n Topcpe, NPOTUBOCTOAT CerofHsA COBPEMEHHbIE KOHAEHCAUWUOHHbIE KOTIbI

C MakcuMmasibHO BO3MOXXHbIM UCMONb30BAHMEM TEMNOThLI CropaHusa Tonnanea.
[biMoBble Tpy6bl A1 06CNYXXMBaHUS TAKOro poja Harpy3oK 0T pasHoobpa3Horo
Tennosoro 060pynosava NOJKHbI OblITb CTOAKUMM K BO3ropaHunto OTIOXEHMIA
Caxwu, 6bITb YCTOVILIVIBbIMVI K Q4YeHb BbICOKMM TeMnepaTtypam, HO Npu 3TOM Takxe
cnpaBnAaTbCA C I'Ip06J'IeMaMI/I, CBA3aHHbIMW C 0NTOBPEMEHHBIM BOS,quICTBMeM
HU3KUX TemnepaTyp AbIMOBbIX ra3os.

YT06bI rapaHTUPOBaThb AONTOCPOYHYH SKCMNyaTaUMOHHYH HAAEXHOCTD,
[bIMOBbIE TPYObI JOMKHbI:

* MoaxoouTb ANs BCEX BUAOB TONNMBA

* BbITb yCTOWUMBBIMM K BO3LEUCTBUIO KNCNOT

* Hapé><Ho npoTMBOCTOSATb BO3rOPaHUIo CaXxu

* BbITb HEUyBCTBUTENbHBIMY K BRare

[biMoBas Tpy6a LoMmKHa COOTBETCTBOBATL 9TUM TpeboBaHusM. [10aTomy
Kaxaas HoBas ibIMoBast Tpy6a BhINONHSET HE TOMbKO TPEOOBAHMS
CETOAHSILUHEr0 AHS, HO AOMKHA TAKXKE PAacCUUTLIBATLCS C YHETOM
MPOrHO3MpyeMoro GyayLLero pa3snTus.

Schiedel 2008
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