Tpy6bl n3 nonnbyteHa. Mudbl N peanbHOCTb

H. B. BonoauH, pyKoBoauTesb UcnbiTaTesibHON nabopatopuu, icnbitaTenbHbIA LEHTP
«lMonutecr»

Tpy6bl s nonnbyreHa (nonmbyrTuneHa) nossBUINCb HAa MUPOBOM pPbiHKE OTHOCUTESIbHO
HeAaBHO MO CPpaBHEHUIO C APYrMMM NOIMMEpPHbIMU Tpy6onpoBoaamu. EBponeickuin onbIT
npMMeHeHUs Takux Tpy6 HacuuTbiBaeT Bcero-to okosio 50 net. NosiBieHMe HOBOro
MaTtepuasia c caMoOro MOMeHTa ero nsobpereHus cpasy o6pocno HeBepoATHbIMMU C/TyXaMM.
HauuHas oT TOro, YTo NpomsoLusia peBoJiloLUs B XUMUYECKOW NMPOMbILUJIEHHOCTU U
pa3paboTtaH yHUKaNnbHbli MaTepuan, NPeBOCXOASLNA NO CBOMM CBOWCTBaM BCE U3BECTHbIe
nonmMMmepbl, NpUMeHsieMble B TPY6HO NMPOMbILLZIEHHOCTM U 3aKaHUYMBaA paccy>kaAeHusamMmu ob
OMacHOCTU ero NpMMeHeHUs 1 T.M.

Llenb HanucaHua 3Tol cTaTbu — AaTb 06BHEKTUBHYHO OLIEHKY 3TOMY HOBOMY MaTepuasny, OCHOBbIBasiCb Ha
XUMUYECKNX N DU3nNYecKknx ceoncrteax nonnbyteHa, Hopmax DIN u FOCT, a Takxe pacCMOTpeTb
NepCcneKkTMBbl ero NPUMEHEHNs B MHXEHEPHbIX CMCTEMAaX Tena0- U BOAOCHabxeHus.

MonnbyTen-1 (MB-1, PB-1), kak n nonnatunex (N3, PE), cwntbin nonnatuneH (MN3-X, PE-X) n
nonunponuneH (MM, PP), asBnaeTcs 4neHOM ceMencTBa noamoneduHoB.

Mo XMMUYECKOWN CTPYKTYpe nonnbyteH-1 oTnnyaeTcs oT Apyrux nonanonedmnHoB YACIOM aTOMOB
yrnepoga B MOMeKyJsie MOHOMepa.

MonvoneduHbl — 3TO BbICOKOMOJIEKYNSAPHbIE COeAnHeHnsa obLwel dopMysbl, obpasyrowmecs npu
nonnuMepusaumm nnm conoMMepmusaunm HeHacblWeHHbIX yrinesogopoaos — onedpuHos (R, R’'=H, CHs,
CaHs 1 T.n.). OHM OTHOCATCA K YNCNY pacnpoCTpaHEHHbIX TEPMONIAcToB, Hanbonee TUNNYHbLIMK
npeacTaBUTENSMWN KOTOPbIX SABASKOTCA MNOAUSTUMEH, CLUUTBIA MOAUSTUNEH, NOUMNPONUIEH N UX
cononumepsl.

HecMoTpsa Ha To, UTO NONNBYTEH yXe yCneLwHo npuMeHsieTcs B EBpone 6onee 50 net, B oTanumne oT
BblLLEHAa3BaHHbIX MAaTEPMANOB OH ABMSETCA Hanbosiee MoMoAbIM YNIEHOM CEMENCTBA, T.K. 6bin
pa3paboTaH Mo3xe HuX.

[nsa nydwero NOHWMaHMS CBOWCTB BbllleyKa3aHHbIX MaTepmnanoB ocTaHoBUMCSA 6onee noapobHO Ha ux
MONEKYNAPHON CTPYKTYpe.

Monusatunen (N3, PE)
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ObnapaeTt NMHENHON MONEKyNSPHOWN CTPYKTYPOM U, KakK CNeacTBUE,— HAaUMEHbLUEN
TEMNepaTypOCTONKOCTbIO (TEPMOCTabUNbHOCTbIO) N3 BCEX BbllLEHa3BaHHbIX MaTepPUasnos, HO U
HaMMeHbLUEN CTOMMOCTbIO Cbipbs. [103TOMY BO MHOroM 6narofaps nocnenHemy akTopy 3TOT MaTepuan
NpaKTUYECKM MOJIHOCTLIO 3aHSA HULLY NONUMEpPHbIX TPY6ONpoBOAOB A8 XONOAHOrO BOAOCHabXeHus n
rasocHab>xeHus, T.e. B CUCTEMaX, FAe HeT BbICOKUX TemnepaTtyp. TpybonpoBoabl ABASOTCS

3N1aCTUYHbIMU (TMBKMMM) N XOPOLLO COEANHSAIOTCS NOCPEeACTBOM CBapHbIX HEPA3beEMHbIX FTOMOIMEHHbIX
COeIUHEHWUM.

Monunponunen (MM, PP)
H H

¢
H

C
C

H/n

[E8]



https://www.abok.ru/?controller=articleAuthorView&id=2410

B oTnuuymne oT cTapwero npeacraBuTens nonnonedunHoOBOro ceEMencTea 3ToT Matepuan obnagaet 6onee
pa3BeTB/IEHHON MONEKYNSIPHON CTPYKTYPOW C yrneBoAOpPOAHbIMU COEANHEHNSIMU, YTO 0BYCNOBMIIO
6051ee BbICOKY TEPMOCTONKOCTb. Kak 1 Tpy6bl U3 nonunaTuieHa, 3tm Tpybbl NErko CoeanHSII0TCS
NOCPEeACTBOM CBapHbIX FOMOreHHbIX coeanHeHnn. OaHaKo Tpybbl Masioa1acTUYHbI U MO3TOMY
M3roTaBanBalOTCA B BUAE NpAMbIX OTPE3KOB. BCJ‘Ie,EI,CTBVIe XOpOUJeVI TepMOCTa6VIJ1bHOCTI/I n
TEXHOJIOMMYHOCTM MOHTaXxa TpyObl M3 NOAUNPONMAEHA HalW WMPOKOE NPUMEHEHME B CMCTEMAX
OTOoMJIEHUNA, XONOAHOIo U ropayvero BO,CI,OCHaﬁ)KeHVIﬂ.

Cwntbinn nonuatunel (M3-X, PE-X)
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YunTbiBas HU3KYO TEMMNEepaTypoCTOMKOCTb NoaMaTUIEHa, 66110 HeobxoaAnMo HanTu cnocob ee
NOBbIWEHNS U €ro Hawan, 1 gaxe He oauH. Onsa npuaaHms 6onbluen TepMoCcTabuibHOCTU NMHENHbIE
MOIEKYbl MONAMITUEHA HAYUUTUCh «CLUMBATb» nonepedyHo mexay coboi. CywecrtsyeT 4 cnocoba
CLUMBKW NONM3TUMIEHA: nepokcnaHasa cwmeka (PEX-a), clumBka opraHocunokcaHamu (PEX-b),
paanaumoHHas cwmska (PEX-c) u cwmBka a3ocoeamHeHmnsamn (PEX-d). Bce ueTbipe cnocoba
pas3finyaloTcsa Mexay coboi, HO HanpasfiieHbl HA AOCTMXKEHWE O4HOM0 U TOro Xe pesyfbrata —
NoMepeyYHol CLUIMBKM MONEKY NoNMaTUIeHa. B pesynbTaTe NOANSTUEH NONYYNI NOBbILLEHHYHO
TeMnepaTypOCTONKOCTb, HO NMOTepsa CNOCOBHOCTb K CBapUBaHWUIO NOCPeACTBOM MOMOrEHHbIX
(o4HOPOAHBIX) CBApHbIX COeaMHEHWN. [To3ToOMy AN coeanHeHus Tpy6 M3 CLuMTOro noanaTuaeHa
NPUMEHAIOTCS, B OCHOBHOM, MeXaHn4eckne KOMNpeCcCUoHHbIE N Npecc-OUTUHIN. ToAN3TUIEH MOXHO
BapwuTb TOJIbKO B Clly4ae, €C/iM OH HECLUUT UM «HeAOCLUT» — UMEHHO 3TO CBOMCTBO N1ersio B OCHOBY
3N1eKTPOCBapPHbIX MGUTUHIOB, KOTOPbIE B OrPaHNYEHHOM KONM4ecTBe npeanaratTcs Ha pbiHke. Kpome
TOro, CLUMBKA NOMMITUNEHA TpebyeT AOMOTHUTENBHOrO0 KOHTPOS KayecTBa, T.K. «HeAOCLUNTbIN»
MoNMaTUNEH He 6yaeT obnagaTbh HY>XHOW TEMMEPATYPOCTONKOCTbIO, @ «MepPECLUNTbIN» 6yaeT XpYynKUM.
MMEeHHO C HapyLleHWeM npouecca CLUMBKU CBS3aHbl MHOTOYMUCIEHHbIE @aBapuK, KOTOPbIE MPOU30LLIIN C
BbIXOAO0OM Ha PbIHOK HU3KOKA4YeCTBEHHOM KUTaMCKOM MpoayKUMn.
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Monun6yten (NB, PB)

Fnaas Ha MONEeKyNSApHY CTPYKTYpy nonmbyTeHa, MOXHO cpa3y OTMETUTbL ee HanbonbLuyto
pa3BeTBJ/IEHHOCTb MO CPAaBHEHMIO C APYTMMU MaTepuanaMu noamoneduHoBon rpynnsl. B cTpykType
nonubyTteHa Hanbosnbllee KOMYECTBO aTOMOB yrnepoja B coOCTaBe MOHOMepa. MonnbyteH asnsetcs
BbICOKO M30TaKTUYHbBIM NMOSYKPUCTANIMYHBIM NOJNONEMUHOM C XOPOLIO KOHTPOIMPYEMOW
CTEpPEOpPEerynspHOCTbO, OAHAKO AOMNOSIHUTENbHbIN aTOM yrinepoga B 60KOBbIX OTBETB/IEHUSX,
ob6pasyrwmx 3TuNbHbIE rpynnbl, 06ycnoBaAMBaeT 3Ha4YNTENbHOE OT/In4YmMe cBoMcTB NbB-1 oT cBoOMCTB
APpYruxX 4neHoB ceMencTea nonvonedunHos. Tak, nonnbyteH obnagaet Hambonbluen 4ONTOBPEMEHHOM
npoyHocTbio (MRS) 1 TeMnepaTypoCTOKOCTbO, 06N1adaeT HaMMEHbLUEN «TMON3YYEeCTbO» MO CPaBHEHUIO
C ApYrMMW MaTepuanamu rpynnbl, COXpaHsaeT pusnyeckmue CBOMCTBa Npu TemMnepatypax, 6am3kux K
TeMmrepaType nnasneHus, obnagaeT NOBbILLEHHON MOBKOCTbIO, BbICOKOIM CTOMKOCTbIO K
pacTpeCcKUBaHUIO, XOPOLUEen XMMUUYECKOM CTOMKOCTbIO, SIEFKO CBapMBaeTcs C o6pa3oBaHMeM



FOMOre€HHbIX COEAMHEHUN N YCTONYMB K MEXAaHNYECKOMY UCTMPaHuto. Takoi Habop CBOMCTB aenaeT
nonnbyTteH-1 LUeHHbIM MaTepuanoM Afs NPOM3BOACTBA HANOPHbLIX TPY6 OTOMSIEHUS U TEMIOCHAbXeHMUs,
ropsiyero u Xono04HOro BoAOCHabxeHusa, kaHanusauum (Cpok akcnayaTaumm Tpybonposoaos u3
nonubyTeHa yxe ceiyac coctaBnsieT okono 50 net). XecTtkme Mapku nonmbyTteHa-1 HOBOro NOKoONEHUS
MOryT HAaWTN NPUMEHEHME B NPOM3BOACTBE EMKOCTEN AN XPAHEHNS N TPAHCMOPTUPOBKN arpeCcCUBHbIX
XMAKOCTE U abpasnBHbIX PacTBOPOB.

B XxnMnyeckoin NpoMmbiNeHHOCTM NonmbyTteH PB-1 LWUIMPOKO NpUMEHSIeTCS ANS CO3AaHUa KOMNayHAO0B
AN yny4lweHna CBOMUCTB nonustuneHa PE n nonunponuneHa PP u TepMoniacTUyHbIX 3nactomepos. Ero
He3HaunTenbHoe BBeAeHne B SEBS-koMnayHAbl (CTUPON-3TUNEH-6yTUNIEH-CTUPOSIbHbIE) CYLLECTBEHHO
YAy4LIAeT XEeCTKOCTb NMpU BbICOKMX TemnepaTtypax. [1pn cMewmBaHnm ¢ TepMoniacT4yecKMmum
nonvonedunHOBbLIMK 31acTOMepaMn HabnhaeTcs 3HauUnTeNbHOe yy4lleHne nokasaTenern ocTaTouHomn
AedopMauunm oxaTnsa Npu BbICOKMX TeMnepaTtypax.

M3 puc. 1 BugHo, uto MNMb-1 o6napaeT BbICOKOM CTOMKOCTbIO K AedopMaumn nNoa BO3L4ENCTBUEM
ANUTEeNbHbIX HAarpy3o0K, 3Ha4YMTeIbHO NPEeBOCXOASLEeN NoKasaTenum Apyrux noamoneduHoBbIX
MaTepuanos.
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PucyHok 1.

CromnkocTb K gedopMaumm noa Harpy3skon MNb-1 no cpaBHEHWIO C APYTrUMK
nonnoneduHOBbLIMKM MaTepranamm

Mo cpaBHeHWIO C ApyrMMK MaTepuanamum nonuonedpuHoson rpynnel Nb-1 obnagaet HanbonbLien
AONrOBPEMEHHON NPOYHOCTBLIO NOA BO3AENCTBMEM BbICOKMX TeMnepaTyp (puc. 2).
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PucyHok 2.



MakcumanbHasa agnuTenbHas NpoYyHOCTb — MRS (MakcuMManbHOe ANUTENbHOE HanpsXXeHne B
CTeHke Tpybbl) MaTepmnanos NoanosedrUHOBOWN rpynnbl

Monb3ysicb eBponeickum ctaHgapToM ISO 10508, MOXHO paccumMTaTb MakCMManbHO AOMYCTUMMOE
HanpshXeHne B CTeHkax Tpybbl MPa ans pasHbix MaTepmnanos NosmonedmnHoBOM rpynnbl 458 pasandHbIX
CTaHAapTU30BaHHbIX hakToposB 6e3onacHoCcTM npumeHeHusa Tpy6. PesynbTaThl pacyeTa npeacraBneHbl B
Tabnuue Huxe. M3 Tabnnubl BUAHO, YTO MaKCMMasibHOe AOMNYCTMMOE HanpsXeHne B CTeHKe Tpybbl Ans
PB-1 Ha 35% Bblwe, 4eM Ans cwMToro nonunatuneHa PE-X Tpy6bl, Ha 45% Bbliwe, 4em ans
nonunponuneHa PP-R n 6onee yeM Ha 50% Bbiwe, yeMm ana 1py6 PE-RT. ®dakTUyeckn 3TO O3HAYaET,
YTO Ha 3KBUBAJIEHTHYIO TONLWMHY CTeHKN Tpy6bl PB-1 nmeet 6onbwinii paktop 6e3onacHoCcTn no
CpaBHeHWo ¢ TpybamMu 13 Apyrnx mMatepuanoB nonvoneduHoBon rpynnsl (tabn. 1).

Tabnuua 1
MakcuMasbHO AOMNYCTUMOE Hanpsi>keHMe B CTeHKax Tpy6bi, MPa
DakTop 6e30MaACHOCTH PB-1 PE-X PE-RT(*) |PP-R
1 5,73 3,85 3,30 3,09
2 5,06 3,54 2,70 2,13
4 (UFH) 5,46 4,00 3,26 3,30
5 4,31 3,24 2,4 1,90

Mpy oAMHaKOBbIX 3KCMyaTaLUMOHHbIX NapameTpax, Tpybbl M3 nonmMbyTeHa MOXHO MCNOMb30BaTh C
MeHbLUEN TOSILWMHON CTEHKW, 3@ cHeT H6osbliel NpOYHOCTM MaTepuasna npu pacHeTHOM Cpoke Cyxbbl
50 net (Tabn. 2).

Tabnuua 2

PB-1 PP-R(1) PPP-R(2) PPE-X  PVC-C
Buenrnuit nuametp 40 40 40 40 40
TpyObI, MM
BryTpennwuii tnamerp 326 26.6 24 29 31
TpyObI, MM ’ l
TommuHa CTEHKN
TpyObl, MM 37 o ° - +
SDR 11 6 5 L& S
BHyTpeHHSIS IO b 835 556 452 661 755
TpyOBI, MM?
CKOpOCTb NOTOKA TIPH 24 36 4.4 3 2,6

nepeznade 2 n/c, M/c

IloTepu naBnenus npu 18 50 81 33 o4
nepenade 2 yi/c, mbar/m

MNb-1 obnagaeT HaMMeHbLWUM KO3DULNEHTOM NIMHENHOrO pacwmpeHns (puc. 3) 1 HaMMEeHbLWNM
KO3(pnUMEHTOM TennonpoBoaHocTu (puc. 4).
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PucyHok 3.
KoadhdnUMEHT NMHENHOIO paclunpeHUs
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PucyHok 4.
KoadhdurumeHT Ten1onpoBOAHOCTH

KoadpdurumeHT anactmyHocTn (Moayb YNpyroctm) — dusnyeckas BeIMYMHa, Xapakrtepuaytolias
CBOWCTBa MaTepuana ConpoTMBAATLCS pacTsX)XeHMo/okaTuo npu ynpyron aedpopmaumn. U3 puc. 5
BMAHO, YTO nonmbyTeH obnagaeT HauayyLweN 31aCTUHHOCTbIO.
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PucyHok 5.
KoadhdunumeHT anacTtmyHocTm

WTak, noaBoas UTOr NpOBEAEHHOr0 KPaTKOro aHanmnsa, Mbl MOXeM 06paTuTb BHMMaHWe Ha TO, YTO
nonnbyTeH, HECMOTPS Ha CBOW OHbI BO3pacT, MUMeeT CyLleCTBEHHbIE NPeEUMYLLECTBA Nepes CBOUMU
«CTapwumm cobpaTtbsamm» (Tabn. 3).

Tabnuua 3
CpaBHeHMe CBOMCTB pa3/IN4HbIX MaTepuarsos,
NPUMEHSAIIOLWMNXCA AJIA NPOU3BOACTBa TPY6
(UcTouHuK)

ne-1 MM pang. | N3 caume. | NBX xnop.

¥aaponpoyHOCTE / WECTHOCTh

XWUMMYECHAA CTORHOCT

TMBKOCTH

MonzyyecToRKOCTh

YCTOMYMBOCTE C TEMNEpaType
H A3BNEHHIO

CLTE-npuAacHeHHAA HArpYy24Ka

- Xopowee ¥aosneTeOpHTEABHOE

Mudbl 0 nonnbyrteHe

C nosiBIeHMEM NONMBYyTEHA Ha MEXAYHAapPOAHOM N POCCUMICKOM PbIHKE OH 6bICTPO 06pPOC pas3MUHbIMU
cnyxamu n Mucdamu. MNMpocMaTpmBas poccuiickoe MHPOPMaLMOHHOE NPOCTPAHCTBO, S CMOr BbIAENUTb
cneaytowme Hanbonee MHTEPECHbIE.

1. XpynkocTtb nosnimbyteHa Nno cpaBHEHMUIO C Tpy6amMmn U3 CLUMTOro NOJIN3TUJIEHA U PUCK
o6pa3soBaHuA TPELUMH.
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B kauyecTBe NepBONCTOYHMKA yKa3aHa CTaTbsli HEM3BECTHOrO aBTopa B XypHase, BbllelWweM B
CeBepHont AMepuke B 2010 roay. B kauectBe apryMeHTa B CTaTbe rOBOPUTCSH, UTO «[16-Tpy6bI COCTOSAT
M3 171aCTUKOBbIX CMOJ1, YTO OOBbSICHSIET BO3HUKHOBEHME TPELLMNH C BO3PACTOM> .

3abaBHoe 3akntoyeHne! OcobeHHO € y4eToM TOro, YTo NonbyTEH, TaK Xe Kak U NONNSTUIEH,
noslyyaeTcs NyTeM nosMMepusaumnm cMosl... K TepMoniacTMYHbIM NjacTMaccaMm Ha OCHoBe
nosIMMEPU3aUMOHHbIX CMOJT OTHOCUTCA NOJINSTUNEH, CLUNTBIN NONINITUNEH, NONTMBUHUNXNOPUA,
nonnTeTpadToOp3TUIEH, NOAUCTUPON, NonnbyTeH. Cneays florMke aBTopa 3TOW CTaTby, MPUMEHEHME
TaKMX pacnpocTpaHeHHbIX NONMMEPHbIX TPY6ONpOBOAOB, KaK MOMNITUIEHOBbIE, U3 CLUUTOrO
NnosINaTUMEHA, NOSIMMPONWUIIEHOBbLIE U AP., MPOCTO KpaliHe onacHo. [Janble KOMMEHTUPOBaTb 3Ty
MHdOpMaLUNIO HE UMEET CMbIC/a, T.K. BCE 3T MaTepuanbl yxe 6onee 50 neT ycnewHo npuMeHatoTcs B
Poccun 1 3a py6exom.

2. Huskasi yCToMuMBOCTb NONMGyTEeHa K XJIOPpUPOBaHHOW BopAe.

B cuctemax BogocHabxeHus B page cTpaH, B TOM yncne n B Poccumn, soay obpabaTbiBatoT
Ae3MHPUUMPYIOLWKUM CPeACTBOM — X/1I0PpOM. UN3BECTHO, YTO XJ10p ABASETCA CUJIbHbIM OKUCUTENEeM gaxe
B CpaBHUTENbHO HeboAbLINX KONNYecTBax, MCNonb3lyeMbix Ans 06paboTkm nuTbeBOoW BoAbl. Boaa,
cojepxallas xsop, Bcerga okasblBaeT HeraTMBHOE BO34ENCTBME Ha CPOK CYXObl MpakTUYecKn Bcex
MaTepuanoB rpynmnbl NOAMONEePUHOB (MOANITUIEH, CLUUTBIA NOAU3TUNEH, NONUBYTEH, NOAUMNPONUIEH U
Ap.). To eCTb rOBOPUTb O KAKNX-TO CEPbE3HbIX OT/INUYNAX CTOMKOCTU NonmnbyTeHa K XJ1I0pupoBaHHOM
BOJE NO CPaBHEHWUIO C APYrMMUK MaTepuanamu He NpuxoaunTcs. Tak, CLKTbIA nonmaTuned PE-X, kak un
apyrue nonvoneduHbl, 6e3 kaknx-nmbo nobasok He obnagaeT 4OCTAaTOYHOM COMPOTUBIAEMOCTLIO
OKWCMIEHWIO N OKUCMSETCA B NPUCYTCTBUM 06bIYHON X/TOPUPOBaHHON NNTLEBOM BOAbI. 10 3TOM NpuUYnHe
BCE NPOM3BOAUTENN CLUMTOro nonuaTtuieHa PE-X n apyrnx Mmatepuanos NpUMEHSIOT creyunasnbHble
pobaBku, cogepxalime aHTUOKCUAAHTbI, KOTOpble CAyXaT AN 3aWmTbl NOSIMMEPOB OT OKUCAEHUS. DTa
npobnema ocobeHHO ocTpo cTosna B 1960-e roabl, Koraa 3TM NOSIMMEpPHbIE MaTtepuasnbl TONbKO 6biin
pa3paboTaHbl. B HacTosLee BpeMs BCe BbllenepeyncrieHHble Matepunansl, 6e3 kakmx-nmbo
OrpaHNYyeHn NPUMEHSIOTCSH B KOMMYHasbHbIX CUCTEMaxX BOAOCHabXeHus.

B Poccum TpeboBaHMsa K KayecTBY BOAbI AN XO3ANCTBEHHO-MUTBEBLIX HYXA onpeaenstTca FTOCT
2874-82 «Bopa nutbeBasi», B cootBeTcTBUM C MK, cornacHo HopMmaTMBaM dM3MONOrMYEecKom
NOJIHOLLEHHOCTU MUTbLEBOWM BOAbI M rMrMeHnyeckmm Hopmam CatluH 2.1.4.559-96, CaHlluH
2.1.4.1074-01.

MonumepHblie Tpy6bl, NpuMeHsieMble B Poccmn (B TOM yuncne ns nonmbyteHa), AO/KHbI COOTBETCTBOBATb
FOCT P 52134-2003 «Tpy6bl HanopHble N3 TEPMONIACTOB U COEANHUTENbHbIE AETaNN K HUM ANS
cucTeM BoAoCHabxeHus 1 oTonneHus». Tpybbl n3 nonnbyTeHa, npepsaraeMble Ha POCCUMINCKOM pbIHKE,
COOTBETCTBYHOT AaHHoMy TOCTy.

3. Tpy6b1 s nonnbyrteHa He npumMmeHsatotTca B CLUA n KaHape.

3To He coBceM Tak. B 1970-e roabl nonnbyTteHoBble Tpy6bl NpakTUYeCKn NOSTHOCTbIO BbITECHWUAN CTOJb
nonynspHble MegHble Tpybbl Ha CeBepo-aMepmnKaHCKOM pbiHKe. Tpy6bl n3 nonnbyteHa NpuMMEHAIOTCS B
CeepHon AMepuke ax ¢ 1976 roga. Tak, B KaHage Tpybbl 3 nonmbyteHa yctaHoBuan B 6onee yem B
700 TbIC. gOMOB, a B CLUA nonmnbyTeH «nponncanca» B HECKONbKUX MUISIMOHAX AOMOB. To ecTb obuias
NpOTSXXeHHOCTb Tpybonpoeoaos cocrasnseT 6onee 400000000 m(!), a onbIT akcnnyaTaumn — 6onee 40
net. OQHaKo NoXkKa AerTs B Takolh 6onblioi bouke Meaa BCe e Hawnacb. B 1990-e roakl, T.€.
npaktmndecku cnyctsa 20 net, B CeBepHoil AMepuke 6bi1 3adMKCUMPOBaH psa KPYMHbIX NpoTeyek BO
BHYTPEHHUX MHXXEHEPHbIX CMCTEMaX AOMOB. B uncne HenpoBepeHHbIX CIYXOB O NMPUUYMHAX npoTedek
66151 M oNncaHHbIe Bbiwe nNpobaembl C XJIOPOM, U NpexaeBpeMeHHoe cTapeHme Tpyb u 1.n. Ho Bce aTun
AOMbIC/bl HE HaLWIM AOKYMEHTaNbHOro NOATBEPXKAEHWS U HOCUIM NPEANONOXKUTENbHbIN XapakTep, a
AOKYMEHTaNbHO NOATBEPXAEHHbIM (pakTOM NpmnynH obpasoBaHms npoTedek, NOAKPENIEHHbIM
peleHneM CyaoB, SBMIOCh UCMOJb30BaHNE KIEEBbIX NosMaleTaTHbiX GUTUHIOB, KOTOPbIE LUMPOKO
NpUMeHAINCcb Ha Tepputopun CeBepHoli AMepuKmn, HO HMKoraa B EBpone. To ecTb noteknu He Tpyb6hl, a
KfneeBble coegnHeHns Tpy6 n uUTUHros. MpoTeukn 6binn 3adnKCUpPOBaHbI B ornpeaeneHHbI BpeMeHHOoM
WMHTEepBan v 6bINKn Bbl3BaHbl, NPEANOOKUTENbHO, HECOOTBETCTBMEM MrEOMETPUYECKNX NapaMeTpoB
(PUTUHIroB NoCTaBfsieMblX OA4HO BPEMS Ha pbIHOK. KneeBow cnol npy AMHaMUYECKOM U3MEHEHUU



TeMmnepaTyp He CMOr A0JIr0e BpeMsi KOMMEHCMPOBaTbL reOMeTpMYECKOe HECOOTBETCTBUE TPY6 U
(OUTUHIOB.

PucyHok 6.
MonvaueTaTHbIA QUTUHT

OTUM 06bsicHSeTCS U TOT bakT, YTo B OT/Inumne oT CeBepHoli AMepuku, B EBpone Tpy6bl 13 nonnbyrteHa
YCMEeLWHOo NpuMeHstoTcs yxe 6onee 50 net n nx 4ons Ha pbIHKE HEYKNOHHO pacTeT. Mo gaHHbIM KWD
2006, B BennkobputaHum obvem notpebnenus Tpyb u3 nonnbyrteHa npesbicun notpebneHne Tpyb ms
CLUMTOrO NONMATUNEHA, KOTOPbI MOSIBUICS Ha PblHKE 3HA4YMTeNbHO paHblue. Bce aeno B TOM, UYTO B
EBpone, paBHO Kak 1 B Poccuun, He NpuUMeHSAOTCA KfeeBble coeanHerus. Tpybbl n3 nonmbyrteHa
COeAMHAITCA NoCpeaCcTBOM FOMOreHHon (04HOPOAHOM) cBapku Tpy6 n GUTUHIOB U3 TOro Xe
MaTepuana, 4to n camu Tpybbl, T.€. MecTo coegmHeHuns Tpybbl n puTuHra aensetca Hanbonee
HaZeXHbIM, T.K. B 3TOM MecTe Hanbosbluas ToNwmMHa O4HOPOAHOrO MaTepmana, KpoMe Toro, Takme
GUTUHIN He 3ay>XXaloT BHYTPEHHUI Npoxoa TpyObl, TeM CaMbIM CHUXas NOTepU AaBJ/IEHUS CUCTEMBbI.



PucyHok 7.
SnekTpody3noHHas (anekTpoMmydToBas) cBapka Tpyb 13 nonnbyTteHa-1




PucyHok 8.
PacTtpybHas (MydToBasi) cBapka Tpy6 ns nonmbyTteHa-1

4. MNonnbyTeH Mmano npuMmeHsaercsa B EBpone.

B EBpone pbIHOK pa3HbiX CTpaH, 6e3ycnoBHO, MMeeT pasnununs. [na oueHkn notpebneHmns nonmbyTteHa
BO3bMeM OZIHY M3 CaMblX Pa3BUTbIX CTPaH, ABASOWYOCS cepauem Esponbl — Benmkobputanuio. Ana
Nosy4YeHns AOCTOBEPHbIX 0ULMaNbHbIX AaHHbIX 06paTnMca K Hanbosee aBTOPUTETHOMY
€Bpornenckomy aHanutnyeckomy areHtctey KWD. Mo nx aaHHbIiM, B Bennkobputannum B 2006 roay
NponoXxeHo okono 11 mnH M Tpy6 M3 nonmbyTteHa, 4To Ha 4% npeBbiwaeT 06bEM COBOKYMHOMO
notpebneHns Tpyb M3 CLUMTOro NosmMaTuneHa, nonuatuneHa PE, PE-RT. To ecTb Tpyb6bl U3 nonnbyTeHa
ABNAOTCA B BennkobputaHnn Hanbonee pacnpocTpaHeHHbIMU.

BbiBOoAbI

MpoaHanusnpoBaB UCTOUHUKM MPUBEAEHHON MHMOPMALMMN, MOXKHO YBUAETb, UTO BCE OHU MO CTPAHHOMY
cTeyeHuno 06CTOATENbCTB OKa3aNCh CBA3aHbl C MPOMU3BOAMTENSAMU U NOCTABLINMKaMKN TPy6 13 CLUMTOrO
noauMaTuNeHa... BuamMmo, nosieneHne HOBOro NepcnekTMBHOro Matepuana BCEpbe3 03a4aunsio
Npon3BoOAUTENEN M MOCTABLMKOB TPAAULIMOHHbIX MOJIMMEPHbIX MAaTeEPUanoB, YTO 06bEKTUBHO
YyKa3blBaET Ha Ha/uuMe NpeuMyLLecTs y nonmbyTeHa. B MpoTMBHOM ciyyae He 6b110 6bl
Heo6X0AMMOCTM NCKaTb U3bsAHLI B APYrOM Matepuasne, a 4OCTAaTOUHO 6b1/10 6bl MONYNAPU3MPOBaTL
COB6CTBEHHYIO NPOAYKLIMIO, OCBELLAs ee MoMoXUTeNbHble CBOCTBA. M03TOMY HaaeeMcs, UTo
N3M0XEeHHasa B 3TOM Matepuane nHdopMaums NoMOXeT NOTpebuTenam caenatb CaMOCTOATENbHbINA U
0CO3HaHHbI BbI6OP, OCHOBAHHbIN Ha 06BEKTUBHOM CPaBHEHWNWN CBOWCTB BbllleyKa3aHHbIX MaTep1asnos u
BbI6GpaTh TOT Matepuasn, KOTopblii HEO6X0ANM ANSA BbINOMHEHNS 33434 B TEX UM UHBIX UHXXEHEPHbIX
cucTemax.

B Poccum yxe HakomnseH AoCTaToYHbIA ONbIT NpuMeHeHusa Tpy6 n3 nonmbyrteHa. Tpybamm 3
nonmbyTeHa CMOHTUPOBaHbI COTHN KUJTOMETPOB MHXXEHEPHbIX KOMMYHMKaUMN, Kak B YaCTHOM, Tak 1 B
MYHMUMNANbHOM cTpouTenbcTBe. OgHako Tpybbl HALWAW WMPOKOE pacrnpocTpaHeHne noka ToNbKo B
Hapy>XHbIX KOMMYHMKaUNAX, rAe AEACTBYIOT NOBbIWEHHble TpeboBaHMSA K HaAEXHOCTU MHXEHEPHbIX
cucteM. Tpy6bbl 13 nonmbyTteHa Bk/OUeHbl B «KOMMNAEKCHbBIN NPOEKT MOBbIWEHNS
3HeproapHeKTUBHOCTM M HAAEXKHOCTK TennosBbix ceTen HIM «Poccuiickoe TennocHabxeHue».

ABoK/BubnnoreKka HayuHbIx ctateit/CaHtexHuka Nel 2013/BoaocHabkeHue



