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TpyOuaTbli  OBNMLUOBOYHBIN  MaTepuan ans
ynpoyeHus TpybonpoBoaoB, KOTOPbIA NMPUMEHSIIOT B
cnocobe 0o6nnLoBKK TpybonpoBoga, npv
OCYLLECTBMEHNN KOTOPOro TpybuaThbii o6nMLOBOYHbIN
mMaTtepuar, KOTOpblId WMeeT HaHeCeHHOe Ha ero
BHYTPEHHIOIO MOBEPXHOCTb CBA3Yylollee BeLecTBo,
BBOAST B TpybonpoBog, NpoABUraloT TpybuaTbii
o0nUUOBOYHbI MaTepuan BHYTpu Tpybonposoga u
BbIBOPAUMBAIOT €r0  HaW3HaHKy nod BIUSAHUEM
rMopocTaTtudeckoro pfaeneHusi, ©Gnarogaps 4emy
TpybuaTbIn 06N OBOYHBIN mMaTepwuan c
PacnonoXeHHbIM Mexgy HUM U TpyOonpoBOAOM
CBAI3YIOLMM BELLECTBOM HAHOCAT Ha BHYTPEHHIOH
NMOBEPXHOCTb TpyGonposoga. TpybuaTbii
00nMUOBOYHBI MaTepuan BKoYaeT BHELHWA Ccrion

U3 HENpPOHULEEMOro MaTepuana W pacnofoXeHHbI
Ha ero BHYTPeHHEN YacTu YKpennsitoWwuii BHYTPEHHUIA
TpyOuaTbIi KOXKYX, NPUYEM YKPENNAOWMIA BHYTPEHHUI
TpyOuaTbIli KOXYX BKMOWaeT MO KpaWHeln mMepe OBa
Crosi  BbICOKOMPOYHbLIX HA pacTsikeHue u/unm
BbICOKOMOAYSbHLIX ~ BOSIOKOH, MpW  3TOM  JIUCTbI
coefVHeHbl BHanycK no KpaHeln Mepe B ABYyX MecTax,
a HanyckHble 4acTW MpOCTMPalTCs B NPOAOSIbHOM
HanpaBreHUN BHYTPEHHETO Tpyb4aToro Koxyxa.

OdmuynanbcHein  GtoneTeHb  "lMpombilUneHHas
cobctBeHHoCTh". KHura 1 "M3obpeTeHnsa, nonesHole
Mogenu, Tonorpadun  MHTerpanbHblX  MUKpocxem",
2007, N 15, 25.09.2007. ["ocynapCTBEHHbIN
AenapTaMeHT  MHTENNeKTyansHoOW  COBCTBEHHOCTM
MuHucTepcTBa 06pa3oBaHNa U Haykn YKpauHbl.
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(54) TUBULAR LINING MATERIAL FOR PIPELINES

(57) Abstract:

A tubular lining material for reinforcing
pipelines, utilizable in a pipe-lining method
wherein the tubular lining material, having a

binder disposed on the inner surface thereof, is
inserted into a pipeline and is allowed to
advance within the pipeline as the tubular lining
material is turned inside out under fluid
pressure whereby the tubular lining material is
applied to the inner surface of the pipeline with
the binder being interposed between the pipeline
and the tubular lining material, said tubular
lining material comprising an outer layer of an
impervious material and provided on the inside

thereof with an inner reinforcing tubular jacket
wherein the inner reinforcing tubular jacket
comprises at least two sheets of high tensile
strength and/or high modulus fibers and wherein
the sheets overlap at least two locations and
wherein said overlap portions extend in the
lengthwise direction of the inner tubular jacket.
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(57) Pedbepar:

Tpybdactun obnuuyloBaneHUA MaTtepian Ans
3MiyHeHHa TpybonpoBofiB, SKAW 3acTOCOBYOTb B
cnocobi obnuutoBaHHa TpybonpoBody, Npu 34iCHEHHI
aKoro TpybyacTtuii obnuutoBansHUA MaTtepiarn, Wo Mae
HaHeceHy Ha noro BHYTpILLHIO NoBepxXHIo
3B'A3yBanbHy Pe4YoBUHY, BBOOATb y Tpybonposid,
npocyBatoTb TpybuacTnin obnuutoBansHWUIA MaTepian
ycepenuHi  TpybonpoBogy i BMBepTawTb  Moro
HaBMBOPIT Mig BNAMBOM TiQPOCTaTUYHOIO  TUCKY,
3aBASIKM YOMY TpyOYacTuin obnuutoBanbHUA MaTepian
3 po3TalloBaHOK MK HMM | TpybonpoBogom

3B'AI3YBaIlbHOK PEYOBUHOK HAHOCATE Ha BHYTPILLHIO
noesepxHio TpybonpoBoay, npu UbOMY Tpyb4acTuin
obnuutoBanbHUA MaTepian BKMOYae 30BHILLHIN Wwap 3
HEMPOHWKHOrO MaTepiany Ta po3TalloBaHWi Ha Noro
BHYTPIWHIA  YacTUHi  3MIiLHIOBaNbHWUIA  BHYTPILLHIRA
TpyO4acTMin  KOXyX, MNPUYOMY  3MiLHIOBaNbHUA
BHYTPILWHIA TpyO4acTUM KOXYX BKIOYAE NPUHANMHI
ABa NUCTW BUCOKOMILHUX Ha po3TAraHHa Ta/abo

BMCOKOMOLYMBHUX ~ BOJIOKOH, NpW  LbOMY  FIMCTU
3'eQHaHi BHaMycK nNpWHarWMHI y [OBOX Micusax, a
HanyckHi YacTMHU NPOCTAralTbCA Y MO3A0BXHEOMY
HanpsIMKy BHYTPILLHBbOrO Tpy64acToro koxyxa.
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Onuc BuHaxony

JaHuii BuHaxig BigHocMTbCA OO obnuuloBanbHOro Martepiany Ana TpybonpoBofiB, Takux sk TpybGonpoBogu Ans
BOAM, rasy abo iHWNX piauH, SKUA 30aTHUIA YTBOPIOBaTKM 00nuLtoBarnbHe NOKPUTTA Y BUMMAAI MiLHOT BHYTPILLHBOT Tpyou.

MpoTtsarom GaraTbox pokiB, TpyGuacTuii obnuuioBanbHUA MaTepian 3acToCOBYBaBCS A1l PEMOHTY Ta 3MiLHEHHS
ylwKomkeHnx abo sacTapinux Tpybonposogfis, Aki 6ynu CTBOpeHi i 3akonaHi B 3emri, Tak sk po6oTn i3 3amiHn Tpyo,
ocobrnuBo, WO CTOCYETbCA NiA3eMHUX TpybonpoBodiB, BUMarawTb BenWKWX BUTpaT i € TpygomicTkumu. Cnocobu
obnuutoBaHHs Tpybonposogy, po3pobneHi paHiwe, Hanpuknag, Bigomi 3 [nateHTiB CLLUA NeNe 3 132 062 i 3 494 813],
Oynn gocuTb NPMMITUBHUMU | Manu GaraTo HemonikiB Npy 34iMCHEHHI cnocobiB obnuutloBaHHA Tpybonposoay. B 3B'a3Kky
3 yum, 6ynum 3pobrneHi pisHi BOOCKOHANEHHs, K y cnocobax obnuuytoBaHHA TpyGonpoBogis, Tak i y obnuuioBanbHUX
MaTepianax, siki npy LbOMy 3aCTOCOBYBarnu.

Byno 3anponoHoBaHO Aekinbka noninweHnx cnocobie obnuuytoBaHHs, Hanpuknag, y [nateHtax CLLUA NeNe 4 368
091, 4 334 943, 4 350 548; 4 427 480] , aki 6ynu Big3HaYeHi Sk BiOMIHHI cnocobu obnuuloBaHHsA TpybonpoBoAis.
Mpn iX 3pgiicHeHHi, TpybvacTuin obnuutoBanbHUIA MaTepian, WO Mae HaHeCeHy Ha WOro BHYTPILWHIO MNOBEPXHIO
3B'A3yBanbHy peYoBUHY, BBOAATL Y Tpybonposig, npocyBaoTh BCcepeauHi TpybonpoBoay, i BUBEPTaIOTL MOro HaBMBOPIT
(peBepcif), 3a paxyHoK 4Yoro ob6nuuUloBanbHUIA MaTtepian 3 Po3TallOBaHOK MK HUM i TpybonpoBoOOM 3B'S3yBaribHOK
PEYOBMHOIO NMPUKPINIOETLCS HA BHYTPILLHIO NOBEPXHI0 TpybGonposoay.

B saranbHomy Bunagky, obnuuioBaneHWA MaTepian ansg TpybonposogdiB 3a HeobXigHOCTI 3abeanevyeTbca Ha Moro
BHYTPILWHIA NOBEPXHi NOBITPOHENPOHNUKHOK OBGOMOHKOK abo NOoKpUTTSAM, Wo6 HagaTu obnuutoBansHOMYy MaTepiany
BOLOHENPOHUKHI Ta/abo NOBITPOHENPOHWUKHI BI1aCcTUMBOCTI.

PisHi Buan Tpybuyactmx obnuuoBanbHUX MaTtepianiB 3acToCoBYBanucs AM1s1 PEMOHTY BHYTPILUHBOTO NOKpUTTA Tpyo
abo TpybonpoBoaiB. 3asBuyali obnuuloBanbHWN MaTepian BUrOTOBRSIOTb 3 HeTKaHoro martepiany Ta/abo TkaHoro
maTepiany Ta/abo iHLWOoro nopucToro, enactudHoro abo niHMCToro matepiany, i Ueln maTepian Mae BOOOHENPOHWUKHY
Ta/abo NoBITPOHENPOHMKHY 0BONOHKY abo NOKPUTTS.

BacTtocyBaHHsi TpybyacToro obnuuoBansHoro matepiany € 6axaHum Aonst 3MiuHeHHs TpyGonpoBofiB NpU3HaqYeHnx
Ana TpaHCNopTyBaHHA PiOUHWM BUCOKOTO TUCKY, TaKUX §IK, Hanpuknag, rasonposin (pobouni TUCK Npy hakTUHHOMY
3acTocyBaHHi A0 64kr/cm?), TpyGonpoBsin BoAcONpoBiAHOI BoAW (PoBoumii TMCK MpU hakTUMHOMY 3acTOCYBaHHI A0
18kr/cm2), i T.4.

Y BuUnNagky Micbkoro Tpy6onpoBogy BOAONPOBIAHOI BOAM, YacTO 3aCTOCOBYOTb TWMN TpybonpoBogy, WO crnovaTky
mMae onip TMcky Ao 3O kr / cM?, ane NocTyNoBO MOrPLLYETHCSH i3 4acoM TakK, WO Oro omip TUCKY B OCTATOYHOMY
nincyMKy nagae Ao Aekinbkox Kr/ cm?. KpiM BRacTWBOCTI onopy TUCKY, CUIbHWI Onip po3TpickyBaHHIO abo pyiiHYBaHHIo
Tpy6Gonposoay, Lo BUKIMKaHI 30BHIWHIM yaapom abo HaBaHTaxKeHHsIMU abo HaBiTb 3eMneTpycamm, TakoX € BaxkaHuMm
ONs Takux Tunie TpyGonposogie, BKMYakYn TpyGonposoau BogonpoBigHO! Boau. Y Bunagky Tpybonposogie Ans
PIOVHU BUCOKOTO TWCKY, MOLUKOOXKEHHS, BUKINUKaHi pynHyBaHHAM TpyGonpoBogis, OyayTb MaTu Ceplo3Hi Hacnigku.
Taknum YnHom, TpybyacTuin obnuutoBansHUA MaTepiarn, SKUid 3acTOCOBYIOTb ANA TakMxX TpybonpoBoaiB, NOBUHEH MaTu
Taki yHKUiOHanbHI MOXIMBOCTI, ki 3abeanedyBann © WOro CTIMKICTb OO PYWHYBaHHA | MOXIMBICTb BMKOHaHHS
yHKUiT TpyGonpoBoay, HaBiTb Yy BUNaAKy pynMHyBaHHS ab0 MOLKOOAXKEHHS OCTaHHbOro. TOYHO Tak camo, TpybdacTui
obnuutoBanbHUIA MaTtepian caMm NOBUHEH 3a HeOoOXiOHOCTI NigTPUMyBaTW (OYHKLiO KaHany Ans NPOXOMAXKEHHs piauH
BUCOKOFO TWUCKY, HaBiTb SKWO TpybonpoBoau 3acTapinM Ta B 3HaudHii Mipi anamaHi abo 3pyiHOBaHi. Y Takomy
BMNagKy, obnuuioBanbHWN MaTepian cam NOBUHEH BUTPUMYBATM TUCK PIOWHU, IO TPaHCMOPTYETbCH, i BUMOra go
obnuutoBansHOro marepiany crae ocobnvBo CepirosHolo, fAKLWO AiameTp TpybonpoBopis 6yae Benukum. HAKLo
TpyGonpoBogn namatwTbcs abo o00puBalTbCA Yepe3 CUMbHWIA  30BHILWHIA  BRANWMB, BUKIUKAHWA, Hanpuknag,
3emMreTpycomM, TpybyacTe obrnmuioBaHHA MOXe BigwapyBaTuca Bif YLKOOAXEHUX TpyOGonpoBoOAiB, NMpU LpOMY caMme He
PYVHYOUNCh, WOo6 NigTPUMyBaTU YHKLiI0 KaHary s NPOXOMKEHHS PiQUHA BUCOKOTO TUCKY.

TepMmiH "CTPYKTYpHa CTilKiCTb", SKWA 3aCTOCOBYETbCS Y LIbOMY OMWCI, O3Ha4Yae MNeBHIi MeXaHiYHi BrnacTMBOCTI
TpyOuactoro obnuuyloBanbHOro Matepiany. |Hakwe Kaxydu, TepMiH "CTpyKTypHa CTiliKicT" y LbOMY OMWUCI
3aCTOCOBYETLCH B 3Ha4YeHHi koMGiHauil BNacTUBOCTI 30BHIWHLOT amopTu3auii HaBaHTaXKeHb | BracTMBOCTI CTIMKOCTI
[0 BHYTPILIHBbOTO TUCKY, AKi 3abe3nevytoTe yHKLil0 KaHamny ONs NPOXOAXEHHS PiAMH BMCOKOTO TWUCKY, 3aCTOCOBYHUM
Tinbkn TpyOdacTuin obnuutoBanbHUn MaTepian, y Bunagky 3namy abo obipy Tpybonposogy. [nsi HapgaHHs
TpybdacTtomy obnuutoBanbHOMY Matepiany CTPYKTYPHO! CTIMKOCTI, BiH MNOBMHEH MaTW [OCTaTHbO BENUKY Cuny
34YEnneHHsA, SK Yy NO3AOBXKHBOMY, TaK i y NOMNepe4vHOMYy HanpsMKy, | 3a00BiNbHY CTIiMKICTb HacTinbku, Wo6
obnuutoBansHUA MaTepian He 6yB 3naMaHui BHACMIAOK 30BHILWHIX HaBaHTaxeHb Ta / abo 3pyLUyUUX PYRHYOYMX CUI
Yepes BTpaTy 3B'A3yBaHHA Mk TpybonpoBogamu Ta obnuuloBanbHUM MaTepianom. Y Bunagky sikwo Tpybonposoau
3akonaHi B crnabkomy IpyHTi abo MeniopoBaHii ainaHui 3emni, Tpybonposia Moxe 6yTn anamaHuin abo obipBaHuii Yepes
YTBOPEHHsI BnaguH y 3emni abo 3emneTpyc. Hagitb akwo Tpybonpoeoan 3snamadi abo obipeaHi, TpyGuacTuit
obnuutoBanbHUIA MaTepian, Wo Mae CTPYKTYPHY CTiliKicTb, Moxe OyTu BigaineHun Big ywkomxeHux TpybonpoBoais
LINAXOM PYMHYBaHHSI MpW 3CyBi 3aTBepAinol 3B'A3yBanbHOT PeHOBUHN | MOXe yce e hyHKUIOHYBaTU SK KaHan ans
NPOXOOKEHHS PIOVUHM BMCOKOrO TUCKY. TakMM YMHOM, CTPYKTYpHa CTIMKICTb obnuutoBanbHoro martepiany € ogHiel 3
HanBaXNMBIWLNX XapaKTepuCTUK Tam, Ae Ha AoOaToK A0 (OyKe) BUMCOKOT BHYTPILWHBOI CTiKoCTi o pobodoro Tucky
o6HoBneHi TpybonpoBogW 3akonaHi B TUX MIiCLUAX, e TakoX MOXYTb 3ycTpidaTUCS 30BHIWHI HaBaHTaxeHHs Ta / abo e
€ cnabkui rpyHT abo MmeniopoBaHa AinsHka 3emni Ta/abo B paioHi, e MOXYTb odikyBaTucs 3emnetpycu. OpHak, y
nonepenHLOMy PiBHI TEXHIKK, NOB'A3aHOMY i3 TpyOG4acTUMK obnuuoBanbHUMKY MaTepianamm, Taka CTPYKTYpHa CTIMKICTb
HISIKM YMHOM He po3rnsiganacs.

Ockinbku TpybyacTuin obnuutoBanbHUA MaTepian HaHOCATb Ha BHYTPILLHIO MOBEPXHIO TpyGonpoBodiB LUMAAXOM
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peBepcii, Ayxe BaxnuBo, Wob TpybyacTuin obnuutoBanbHUn maTtepian OyB THYY4KMM | He BMMaraB BUCOKOIO
rigpocTaT4HOro TUCKY AN 3asHadeHoi onepauii pesepcii. 3aranom, onepauia pesepcii cTae Ginblle BaxKo Mpu
306inbLUeHHi TOBLWUHK TpyB4acToro obnuutoBarnsHoro matepiany. OTxe, Ana Tpybyactoro obnuuoBansHOro Matepiany,
AKUWA NioOaTb OTBEPAIHHI0, 4O OTBEPAIHHS TaKoX HeobXigHa rapHa rHyYKicTb, Ha Ao4aTOK 4O CTPYKTYPHOI CTIAKOCTI.

3[US 5 186 987] Binomii obnuutoBanbHMin MaTepian ans TpybonpoBoaiB, KU BKIOYAE FHy4Ky Tpybyacty nnisky,
JIACT, LO NOKPUBAEE 30BHILLHIO NOBEPXHIO TpyGuacTol NNiBkK, | Apyry NMiBKy, WO NOKPUBAE 30BHILLHIO MOBEPXHIO NUCTA,
aKka Moxe ByTun 3HATa. Llel nucT cknanaeTbea 3 TKaHUHW Ta NOKPUTTS 3 BONIOKOH BMCOKOT CUIN 34YEMNIIEHHS1, TPOCOYEHOro
3aryLeHo pigKow CMOMoK, WO TBEPAHE MNPV HarpiBaHHi, Ans Toro, Wwob cchopMyBaTU YKpINMEHWA BOSOKHaMM i
TKaHWHOK KOMMO3WUUIMHUIA MaTepian 3aBAsKW BUCOKIA CUNi 34ENreHHs NncTa, SKuiA Mae SOCTaTHIO AOBXWHY i LUMPUHY,
Oinblly HiX BHYTpPILIHA KinbueBa OoBXWHa TpybonpoBoay, sikuii HeobxigHo obpobutn. O6uasi GiYHI KiHUEBI YacTMHK
OfHOrO NMCTa BUCOKOI CUMKM 34enneHHs HaHYCKaloTbCA OfHa Ha iHWWY 3 MOXIMBICTIO KOB3aHHS, Wob cdopmyBaTtu Tpyby
HaBKOMo TpyO4acToi NMiBKWA, MPUYOMY 30BHILLHS KiNbLeBa OOBXMHA TPyOW € KOPOTLLIOK, HiXK BHYTPIWHS Kinbuesa
AoBXuWHa Tpybonposody.

Konn obnuutoBanbHWMin  MaTepian, BCTaBreHMn Yy Tpybonposig, posgyBaloTb AnA  Toro, Wo6 npyBecTu
obnuutoBanbHUA MaTepian piBHOMIPHO B OMM3bKUIA KOHTaKT i3 BHYTPILLHLOI noBepxHeto Tpybonposody, HamnyckHa
YacTuHa obnuLoBaHHSA KOB3ae ofHa Mo iHWIl i KinbLueBa AoBXKWHA obnuuloBanbHOro matepiany 36inblyeTbcs Takum
YMHOM, W6 obnuutoBanbHUA MaTepian yBIALWOB Y TICHMIA KOHTAKT i3 TpybonpoBoaoMm.

OpHak, 36inblUeHHs KinbLeBoi JOBXUHM 06NULoBanbHOIO Matepiany € obMeXeHuM, i Moxe 3HagobuTucs 4ocuTb
CUNbHWUIA TUCK ANSA NOAONaHHS Onopy TepTio obnuLioBanbHOro Matepiany B HanyckHii YacTuHi.

3 [WO 91/14896] Bigomuii nogiGHUn Tpybuactmuini obnuuoBansHUin matepian, gk onucaduin B [US 5 186 987], 3
oaHuM abo Binblue wapamu cmonucToro abcopbyroyvoro, apMoBaHOro Marepiany, Lo HanyckaeTbCcsl B OQHOMY Micli Ha
wap. Micna posgyBaHHs obnuUloBanbHOrO MaTtepiany, apMoBaHi wapn OyoyTb CKOB3aTW B X BiOMNOBIQHIN HaAHYCKHIM
YacTUHi Ana 3abeaneyeHHs pPo3LWNPeHHs apMOBaHNX LWapiB.

B [DE 44 45 166] Takox onucaHuii nogibHuin TpybyacTuin obnuyoBansHuin matepian, sk poskputo B [US 5 186 987],
3 fekinbkoma Wwapamu cmonmcToro abcopbytodoro, apMoBaHOro Martepiary, Lo HanycKaeTbca B OAHOMY MicLi Ha Lwap.

HanyckHi 4aCTMHKM KOXHOro Lapy € 3MilleHuMyu oauH BigHOcHO opgHoro. [licna po3gyBaHHA o6nuutoBarbHOrO
mMaTepiany, apMoBaHi wapun OygoyTb CKOB3aTW B X BigNOBIOHIA HaHYCKHI 4YacTuHi ans 3abe3neyveHHs po3LIMpeHHs
apMOBaHMWX LUapiB.

B [DE 44 27 633] Takox onucaHuin nomibHuii Tpybuactuii obnuutoBanbHUA maTtepian 3 aekinbkoma Liapamu
cMonucToro abcopbytoyoro, apMoBaHoOro mMarepiany, KU HaHyckaeTbCs B OAHOMY Micli Ha wap. HanyckHi YyacTuHu
KOXHOTO Lapy 3MilleHi oanH BigHocHO opgHoro. ObnuuioBanbHWIA MaTepian 4oOaTKOBO BKIOYAE ABA He HanylieHWX
30BHILLHIX LWapn apMoOBaHOro maTtepiany, Lo NOKpUMBAE TiNbKW YacTUHY OKPYXXHOCTI obnuutoBanbHoro matepiany. Lli gsa
30BHILLHIX LWAapXu apMoBaHOro MaTtepiany NpUKPINSOTECA B MEBHUMX Micusx [0 OBOMOHKM Tpybyactoro
obnuutoBansHoro Matepiarny.

Lline BuHaxogy

Lline gaHoro BMHaxogdy nonsirae B CTBOPEHHi HOBOrO TWHY obGnuutoBansHOro mMatepiany Ans TpyGonpoBoaiB, sKui
Moxe OyTW pIBHOMIPHO HaHEeCeHUM Ha BHYTPILHIO MNOBepXxHio TpybonpoBodiB Ta 34aTHWW YTBOPKOBATU MilHe
KOMMO3ULiiHE NOKPUTTS.

Onuc BuHaxogy

[ns BuMpilleHHA 3a3Ha4YeHnX BULLe 3agad, AaHui BMHaxid NpornoHye TpybuyacTuin obnuuioBaneHWiA mMaTtepian ans
3MilUHeHHa TpybonpoBoAiB, WO 3acTocoByeTbCd B cnocobi obnuutoBaHHs Tpybonposogy. Llen TpybyacTui
obnuutoBanbHUA MaTepian, KWW Mae HaHeceHy Ha Woro BHYTPILLHIO NMOBEPXHIO 3B'A3yBarbHYy PeYoBUHY, BBOOATb Y
TpyGonposig, npocyBawTb TpybuacTuil obnuuloBanbHUIn MaTepian ycepeguHi Tpybonposoay, i BUBeEpTaTb WOro
HaBMBOPIT MiA BNMBOM FOpOCTATUYHOMO TUCKY, 3aBOSKM YOMY TpyBuyacTui obnuuoBarnsHUn MaTtepian 3 po3MilleHoo
MiX HUM | TpyGonpoBOoAOM 3B'A3YBaribHOK PEHOBUHOK HAHOCATE Ha BHYTPILLHIO NMOBepxHIO Tpybonposoay. 3asHaqeHni
mMaTepian Mae Ha MOoro BHYTPILWHIA YacTUHI 3MiLHIOBarNbHUA BHYTPILLHIA TpyB4YacTuin KOXYX, MpUHOMY 3MilHIOBaNbHURA
BHYTPILWHIA TpyGYaCTUIA KOXYX BKIOYaE NPUHaNMHI ABa NIUCTa BUCOKOMILHUX | BUCOKOMOAYMBbHUX BOJSIOKOH, NPW LbOMY
nucTu 3'egHaHi BHanyck NpuHarMHI Y ABOX MICUSIX, @ HanyCckHi YaCTUHW NPOCTAraloTbCA B MO3O0BXHLOMY HanpsMKy
BHYTPILUHBOrO TPyG4acToro KoXxyxy.

3anponoHoBaHWi TpybyacTuii obnuutoBanbHMIn MaTtepian ans 3miyHeHHs TpybonpoBogiB Mae rapHy abcopbytody
3[aTHICTb 3B'A3YBarfibHOI PEYOBUHW, 3aNMLIAETLCA OYXKe MHYYKUM A0 OTBEPAIHHS ANA NONerweHHs pesepcii, i Mae rapHi
BNacTMBOCTI KiNbLEBOro poslmnpeHHs ans Toro, Wwob BignoeigaTn ocHoBHIM Tpy6i TpyGonposoay.

Micns oTBepAiHHA 3B'A3yBanbHOT pevyoBMHKU, 0OnUUoBanbHWUI MaTepian ctae TBEPAWUM, NPUIAMae CTiKy opMmy i
CTPYKTYPHY CTabinbHIiCTL Ta onip TUCKY, Wob nioTpuMyBaTh (OYHKLiO KaHamy ons npoxody, HasiTb AKWO Tpybonposoau
abo ixHi cnonyyHi YacTMHM 3namaHi abo obipBaHi, a TakoXk y BUNagKy BigwapyBaHHS Tpyb4yacTtoro obnuutoBanbHOro
matepiany Big Tpy6onpoBogy abo MOro cnonyyYHux 4acTuH npu Ginbll CUMIBHOMY 30BHILUHBOMY BMAMBI, HiK cuna
34ensneHHa BMKOPUCTOBYBAaHOI 3B's13yBaribHOI PeHOBUHN.

IHWa nepeBara ob6nuuloBancHOro MaTtepiany BignoBigHO OO BMHaxogy Monsirae B TOMy, WO MOro Kinbuese
PO3LWNpPEHHS BUMarae BMKIOYHO HWU3bKOTO TUCKY ANsi NOAONaHHA HeoBXiQHOCTI B KOB3aHHI HAaMyCKHUX YaCTUWH.

HasaBHICTb NpMHaNMHI ABOX HaMyCKHUX YacTMH 3HAYHO 36iNblUye 30aTHICTb 4O PO3LUMPEHHS, OCKINbKM BOHO MOXe
3[iMCHIOBATMCS Y ABOX OKpeMMX MicUsiX | Jo3Bonsie po3pobnaTtn TpybyacTe NOKpUTTS 3 AOCUTb MariMM NoYaTKoBUM
KinbLEeBMM po3MipoM.

Mpn UbOMY, PU3NK YTBOPEHHSI CKMagoK y MPOLECi 3aMiHW MOKPUTTS MiHiMi3oBaHWliA abo oro HaeiTb BAAETLCA
YHUKHYTK.

Kpim TOro, Tak €K HanyckM MpoCTAraloTbCsl MO ABOM NPOTUNEXHUM KpasiM  cnroljeHoro Tpy6yacToro
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obnuutoBanbHOro Matepiany, HaBiTb NiCNs PO3WNPEHHS fiameTpy, nonepenHi CNioLeHi CKNnagku 3anmiaTbcsl B 30HaX
Hanycky noABiliHOro Lapy.

JopatkoBa nepeBara nonsirae B TOMYy, WO Ui ABa HaMycKW, WO MPOCTAraloTbCsl NO OBOM MPOTUNEXHUM Kpasm
cnroleHoro Tpybyactoro matepiany, 4o3BonaTb 30epiraT 3aranbHy TOBLUWMHY, THYYKICTb | Bary obnuvutoBarbHOro
mMaTepiany Ha JOCUTb HU3bKOMY pPiBHI HAa A4oOaTOK A0 ONTMManbHOI OAHOPIOHOI CTIMKOCTI KOMMO3ULiMHOrO MaTepiany
nicna nNpocodeHHs1 | oTBepAiHHA. Lis xapakTepucTuka npu3BoauTb A0 BaXIIMBOro 36epexeHHs cMonu, i pobuTe Takui
obnuutoBanbHUIA MaTtepian Binbll KOHKYPEHTHO3AaTHUM i Ginblu Nerkum B o6pob.

3aBOsAkM AOBOLIAPOBUM YKPINSEHWM 30HaM, Lo MNOKPMBaKOTb CMSIOLWEHi CKragku, NogonaHi HeraTuBHI edhekTn
i3NYHOrO YTBOPEHHs1 CKMagoK Ha BUCOKOMILHI/BUCOKOMOAYSbHI  XapaKTepuCTUKM TEeKCTUNbHOro Martepiany, a
TpybyacTe obnuUIOBaHHS 3axullae WOro CTPYKTypHe YHKLIOHYBaHHA MO BCbOMY WOrO KOSy He3Baxaloun Ha
3aCTOCYBaHHS YyTNIMBUX A0 CKNaAoK i 3CyBY 3MiLHIOBANbHUX BONOKOH @bo HUTOK Y KOMMO3ULIHIN CTPYKTYPI.

Ha npaktuui 6yno BCTaHOBMEHO, Wo obnuuoBanbHi Matepianu, Taki sk Bigomi 3 [US 5 186 987], Wwo MaTb TirbkK
OOHY HaAHYCKHY 4YacTUHY He BWTPUMMYIOTb [AyXe BUCOKMX TWCKIB, HaBiTb MNpW 3aCTOCYBaHHi BUCOKOMILHUX /
BMCOKOMOAYSbHUX MaTepianis B obnuuoBanbHOMy MaTepiani.

HeouikyBaHo ©6yno BCTaHOBMEHO, WO O6NWUoBanNbHUA MaTepian 3 [BoMa fiamMeTpanbHO NPOTUNEXHUMM
HaHYCKHUMMW YacTUHaMW BUCOKOMILHOIO i BUCOKOMOAYIbHOrO MaTtepiany abo nokpuTTa MakwTb Habarato Ginbliunii onip
TUCKY, Hi>X NOPIBHSHHUA 0OnMLOBaribHUIA MaTepian TiNbKW 3 O4HIE HAaHYCKHOK YacTUHOLO.

Takui HecnodiBaHWn edeKT BMSABIAETLCA, MOXIIMBO, BHACMigoK TOro, Wo obnuuyoBarnbHU MaTepian cknagawTb y
npoueci noro BMpobHMLTBA, NOTIM 30epiraloTb i TPAHCNOPTYIOTh Y CNSloWweHoMy CTaHi. Tinbku konu obnuutoBanbHUi
MaTepian BBoAsATb ¥ TPYOONpPOBIA i HAHOCATL Ha MOro BHYTPILLHIO NOBEPXHIO BiH NOBEPTAETHCA A0 CBOET KPYrnoi hopmMum.
3HangeHo, WO BUCOKOMILHI Ha pO3TAryBaHHS | BMCOKOMOLYMbHI BOMIOKHA, SIKi 3aCTOCOBYOTb B 3MiLHIOBarbHOMY
BHYTpPILWHEOMY TpyBuacToMy KOXYCi, Mpu CnMoLleHHi obnuuioBanbHoro mMatepiany mMaoTe TeHOeHLlo OO pyWHYBaHHS.
Tow chakT, Wo 3MiYHIOBaNbHUA BHYTPILLHIA TpyOYacTUn KOXyX BKIOMae MNpUWHaWMHI gBa nucta abo noKpuTTs
BMCOKOMILHMX Ha pO3TAryBaHHsl i BMCOKOMOOYSBHUX BOMOKOH abo HUTOK, AKi 3'eQHaHi BHAHYyCcK Yy MO3AOBXHBOMY
HanpsiIMKy B MicLsX CnroLleHoCTi obnuuoBansHoro matepiany, 36inbLlye YMCno BOMOKOH, SiKi 3anuvlualTbes yce Lie
MOMITHO HEYLUKOIKEHUMW, i, TAKUM YMHOM, 30inblUye CTPYKTYPHY MILHICTb i onip TUCKY oTBepainoro obnuuytoBansHoro
MaTepiany.

Hanpuknag, 6yno BMKOHaHO BUNPOOYBaHHSA MILHOCTI Ha po3puB M4 Ai€l BHYTPIWHBLOrO TWUCKY, 3 BiNbHWM,
NPOCOYEHUM i OTBEPAINUM NOKPUTTAM, WO Mae AoBXuHy 1,20m i DN (HomiHansHuM giameTpom) 400mMMm. Lle nokputtsa
Oyno opep)aHo 3 MOKPUTOrO MOSIECTEPOM HETKAHOrO MaTtepiany ToBLMHOW 6,25MM, i nrockoi amiyHoBansHoi E-CR
cKroTKaHWHU 1500r\m2 (500r\m2 B ocHoBi i 1000r\M2 B yTouMHI), chopMoBaHe TakiMM YMHOM, LWOG 3a6e3nednTi KaHan,
O Mae 3 30BHIHLOI CTOPOHM OAHY HanyCkHy 30HY OiYHUX ckrageHux kpaiB. KopoTkodacHWidi po3puBarunii TUCK
craHoBuB 1,6MlMa, wo 3abeaneyye QOBrocTpokoBUn pobounin Tuck +1-0,53MMa (goBrocTpokoBa CTiliKicTb AopiBHIOE YT
KOPOTKOYACHOI CTIMKOCTI, i kKoediuieHTy 6eanekn = 1,5).

[MokpuTTA Takoi camoi popMuK, ane 3 KaHanom 3i CKNsSHOro marepiany, WO CKNnagaeTbea 3 ABOX OKPeMUX LiapiB
CKIMOTKaHWHK, 3 Hanyckamu B 160MM no obuasa Gokm obnacTi cknageHux KpaiB, BUTPUMYE KOPOTKOYACHUN PO3pUBHUN
Tnck B 3,7 5MlMa, Wwo rapaHTye 4OBrOCTPOKOBMIA pobounin Tuck B 1,25MrMMa.

MpuHaimHi ABa nMcTa TkaHWH abo MOKPUTTIB BMCOKOMILHOMO Ha PO3TAryBaHHA i BMCOKOMOAYJSIBHOTrO MaTepiany
3'eQHYI0Tb BHaNyCcK NepeBaxHO NPUHanNMHi Ha 5CM KOXHUN.

MepeBaxHo, ocobnneo konu "DN" (HOMiHanbHUA giameTp) cTaHoBUTL Oinblue Hix 320MM, NpuHanMHI ABa nucTa
TKaHWH abo NMOKpUTTIB BUCOKOMILIHOIO Ha po3TAryBaHHs i BUCOKOMOAYBHOrO MaTtepiany 3'eAHyloTb BHaHYCK NpubnmnaHo
Ha 2 X 0,10DN - 2 X 0,30DN «koxeH, i Halkpalwe npubnuaHo Ha 2 X 0,20DN KoxXHWW, BigNoBiAHO A0 po3Mipy
obnuutoBaHHS B MOPIBHSIHHI 3 AiameTpom Tpybonposogy. Cneuianictv, kBanidikoBaHi B AaHii ranysi TexHiku, npu
peanisauil BUHaxony 3AaTHI BU3HaYUTWM ONTUMaribHy BENWYUHY Hanycky B 3anexHoOCTi Big AiameTpy Tpybonposoay,
AKUA HeoOXigHO BIOHOBUTW, BMXOOAYM 3 OYiKyBaHOro poboqoro TUCKY, TUHY Ta AKOCTI NUCTiB abo NOKpUTTIB, i
O4iKyBaHOro posLuMpeHHst Tpyb4yacToro obnuuloBaHHs.

BignoBigHo Ao noganbLlIOro Kpawloro BMKOHAHHS, Tpy64yacTuin obnuutoBanbHUIn MaTepian [onaTKoBO BKIOYae
THYYKWIA TpyOuacTuii KOXKYX MidK MOBITPOHEMPOHUKHUM 30BHILIHIM LIAPOM | BHYTPILLHIM 3MiLHIOBaNbHUM TpyG4acTum
KOXXYXOM abo THYYKMIA TpyO4acTuii KOXYX Ha BHYTPILWHBOMY 3MiLHIOBanbHOMY TpybuacTomy koxyci, abo neplumi
THYYKWIA TpyO4acTMii KOXKYX MidK MOBITPOHEMPOHWKHUM 30BHILIHIM LUAPOM i BHYTPILLHIM 3MiLHIOBaNbHUM TpyG4acTum
KOXKYXOM | OPYrMiA THYYKUIA TPYOHaCTUI KOXKYX Ha BHYTPILLHBEOMY 3MiLHIOBanbHOMY TpyO4YacToMy KOXYCI.

Takui rHy4YKkUn TpyBYacTUii KOXKYX NepeBaXHO Mae TEKCTUIbHY CTPYKTYpPY, LLO AOCTaTHbO PO3TArYETbCs, Taky AK
HeTKaHa BaTka abo HeTKaHU maTtepian (ginbl), B'a3aHnin Wwap abo enactuyHa TEKCTUNbHE TKaHUHA.

Binbw goknagHo, rHy4vkuin(i) TpybuacTuia(i) Koxyx(n) BKMOYae(l0Tb) TEKCTUIbHUA HETKaHWIA MaTepian, HeTKaHWui
BiONMTUIA maTepian abo TeKCTUrbHE NOMOTHO 3 NYCTUM BOPCOM, abo TkaHy, nreTeHy abo B'a3aHy TeKCTUNbHY CTPYKTYpY
abo rHyYKuin, NOpUCTUi i abcopbytoumnii Wap, Takui Sk NiHa 3 BiOKpUTUMKU Nopamu.

HenpoHWKHUI MaTepian 30BHILLHLOrO LWapy BKIOYaE NepeBaXHO BUCOKOENacTUYHUN abo rHy4kuii HaTypanbHuin abo
CUHTETWMYHWUIA MaTepian, BUOpaHWA 3 rpynu, sika BKMOYae NPUPOAOHI i CUHTETUYHI KayHyKW, MONiecTepoBi enacTu4Hi
nonimepu, nonionediHoBi noniMmepu, nonionediHosi cniBnoniMepn, noniypetaHosi noniMepu ado ix cymiw. MNepeBaxkHo
Ui maTepianu saBnatoTe cobolo MaTepianu "cxBaneHi AN BUKOPUCTaHHS B KOHTAKTi 3 Xap4oBMMU npodyKkTamun”.

B 3anexHocTi Big npuaHadeHHs obnuuloBanbHOro Marepiany, 30BHIlLHIA Wwap € MNOBITPOHENPOHWKHUM Ta/abo
BOOOHENPOHUKHUM.

B 3aranbHOMy BUMNaAKy, 30BHILLHIA Wap Mae TOBLYUHY B Mexax 0,2 - 2,0mm, nepeBaxHo 0,5 - 1,5Mm.

BHyTpIWHIN 3MiyHIOBanbHWUIA TpybyacTuii koxyX i HeoboB'askoBUA(i) rHy4kuiA(i) TpybyacTuii(i) koxkyx(n) nepeBaxkHo
NpocoYeHnii(Hi) 3B'A3yBanbHOK PEYOBUHOMD, WO YTBOPHOE MiCNs OTBEPAIHHS ab0 BMCUXaHHS TBEpOU KOMMO3ULINHWUA
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marepian.

3B'A3yBarbHa peydoBrHa MOXe BKNoYaTu cMony abo knei, BUGpaHuii i3 rpynu, Wo cknagaeTbes 3i 3MiLHI0BaNbsHOro
mMaTepiany, Skun TBepAHe Npu HarpiBaHHi, abo 3MiLHIOBaNbHOrO MaTepiany XoriogHOro OTBEPAiHHsl, Takoro K
noniypeTaH, HeHacu4eHWn cknagHWi noniedip, cknagHWin edbip ; BiHINOBOro cnNWpTy, €noKcHaHa CMona, akpurioBi
BOSOKHA, edip i3oLiaHOBOT KNCMOTKN, KOHKPET (eKCTpakTe edipHe MacTuso) abo pigke ckrno abo ix cymilw.

Micns oTBepaiHHA abo BUCMXaHHA 3B'A3yBanbHa pPe4YoBMHA CKPINMOE HanyckHi Kpal BUCOKOMILUHUX i
BMCOKOMOLYIBHUX 3MiLIHIOBarbHUX FIUCTIB.

BignosigHo O Kpalloro BTIMEHHs NpWHaNMHI ABa NUCTa BUCOKOMILHOMO Ha PO3TATryBaHHS i BUCOKOMOAYSBHOMO
mMaTepiany BKIOYaTb TKaHy, NreTeHy abo B'A3aHy CTPYKTypy abo nokpuTTa abo HeTKaHW NUCT, BUKOHAHWUW 3i ckna,
napa-apamigy, ByrreLo abo iHWWX BOMIOKOH abo BUCOKOMOAYbHUX HUTOK.

[MepeBaykHO BMCOKOMILHWI | BUCOKOMOAYMBHUA MaTepian BubupatTb 4nsa Toro, wob nogonat B NEBHIR Mipi BTpaty
MILHOCTi Yepes onepauilo YTBOPEHHS CKMadoK NpoTaroM npouecy BUpobHUUTBa TpybyacToro obnuutoBaHHs. Ona uiel
uini gobpe nigxogate "E" abo "E-CR" cknosonokHo Ta "E" abo "E-CR" enemMeHTapHe CKMOBOJIOKHO, WO Mae
nonepeYHMin nepepia OKpemoi HUTKM fK Makcumym 17 MiKpoHiB, i BMOpaHa knelka peqoBMHA ONsi CYMICHOCTI 3
€MOoKCMOHOK CMOro. TakoX MOXYTb 3acTOCOBYBATUCS Napa-apamifHi BOSIOKHA i eneMeHTapHi HUTKW, NPUCYTHI Ha
PUHKY nig ToprisensHuMn Mapkamun Kevlar®, Twaron® abo Technora®, abo ByrneLeBi BONOKHA Ta eneMeHTapHi HATKK.

|HWI Yini, ocobnMBocCTi i nepeBary AaHoro BUHaxony CTaHyTb O4eBUAHMMM Binbll NOBHO 3 NOAANbLUOMO OMUCY.

KopoTkuii onuc MantoHkis

[aHnii BUHaxig Moxe OyTn Oinbll NOBHO MOSICHEHUM 3 MNOAANbLUOrO ONUCY, AAHOrO B MOEQHaHHI i3 CYyHYTHIMMK
MartoHKaMu, Yy SKUX:

Ha ®ir.1. nokasaHo nonepe4YHnii Nnepepia CTPYKTYPHOro obnuuoBansHoro Matepiany oo peeepcii.

Ha ®ir.2. nokasaHo nonepeYHWii Nepepis Mo KpawoMmy BTINEHHI CTPyKTypHoro obnuutoBanbHOro martepiany ao
peBepcii.

Ha ®ir.3. nokasaHo nonepe4vHnin nepepia CTPYKTypHOro obnuuoBansHoro martepiany nicns pesepcii.

Ha ®ir.1. nokasaHo nonepevyHUin nepepis CTPYKTYpHoro obnuuioBanbHOro MaTepiany Ao pesepcii, Wo BkNo4ae
rHy4Ky GaraTollapoBy CTPYKTYpY, BUKOHaHy AFsl NOro 3acTOCyBaHHSA Npu OGHOBMEHHI obnuuoBaHHA Tpybonposopis.
Llel obnuutoBanbHUM MaTepian 3pobrieHuii Ans CTPYyKTYPHOro 3MiLHEHHA Tpy6onpoBoay, Nicrs NPOCOYeHHsI CMOSIoH,
o oTBepaiBae, abo 3B'A3yBaribHO PEYOBUHOW, peBepcii Ta OTBepAiHHA B TpybonpoBodi, nNpuaHavyeHoMy ans
BiHOBMEHHSA.

30BHIWHIM Wwap 1 BUKOHaAHWI i3 NOBITPOHENPOHUKHOMO NOKpUBaK4Yoro martepiany 1.a., WO HaHECEHUA Ha 30BHILLHIO
MOBEPXHIO FHy4YKol NopucToi Ta abcopbytovoi ocHoBM 1.b. MHy4ka nopucta i abcopbytoda ocHoBa 1 .b. HanbinbLe Yacto
BUKOHaHa i3 HeTKaHO| TEKCTUIbHOI CTPYKTYpW, Takoi K dinbl, NOBCTb, HETKAHWMI BIONUTUIA MaTepian abo , NonoTHO
3 OesnepepBHUMU efneMeHTapHUMW BOSIOKHaMK abo LiTanenbHMMK BOSIOKHaMK. Y AeAKUX BMnagkax, BoHa mMoxe OyTu
TakoOXX BWKOHaHa 3 TKaHOI, nneTeHoi abo B'A3aHOi CTpyKTypu; abo Oyab-SKoro iHWOro TUHY FHYYKOro MOPUCTOro
abcopbytodoro matepiany, Takoro Ak niHa 3 BiOKPUTMMU nopamu. Y BUNafKy 3acTOCYBaHHS TEKCTUNBHOMO Matepiany
Ana nopucToro, abcopOyto4oro wapy, 3acToCoBYHTb CUHTETUYHI abo LWTY4YHi BorokHa abo ernemeHTapHi HUTKKW, Taki K
noniamig, nonionediH, akpuoBi BOMOKHA, CKMO, LITYYHUIA LWOBK, apamign abo Hambinbl 4Yacto noniectep. Y NeBHUX
BMNagKax, MOXHa TaKoX 3acTOCOBYBATW HaTyparbHi BOMOKHA, OCOGMMBO POCMMHHOTO MOXOMXKEHHS, Taki SIK FbOH,
KOHOMMSA, AXYT, keHad (Ny6'sHe BONMOKHO) abo pamB (BOMOKHO 3 pami). CTPYKTYpPY i TOBLLMHY HYYKOro NOPUCTOrO Wapy
1 BMKOHYIOTb BignoBigHUM A0 BU3HAYeHWX BMMOr, 3 ypaxyBaHHAM MiKHApOAHWX cTaHaapTiB, Takux Ak ASTM F. 1216
(AMepurKkaHCbKe TOBapUCTBO BUNPOOYyBaHHA MaTepianiB) Ans Toro, Wob rapaHTyBaTW CTPYKTYPHE 3MiLHEHHSI BCbOro
koMnosuuiHoro obnuutoBaHHsa BIBHOCHO MiLHICTHMX Brnactueocten (Mogynb E) cmonu abo 3B'A3yBanbHOT peyoBUHN,
AKi 3aCTOCOBYIOTb AN NPOCOYEHHS.

Hanpuknag: 4acTkoBO MNoLKomkeHa Tpyba 3 HOMIHanbHUM gdiameTpom piBHUM 500MM, koedilieHTOM 3MEHLUEHHSI
oBanbHocTi 2 %, nigoaHa Tucky 1,5m BogHoro.ctoBnua i Gepyun 0o yBark koediuieHT poswmpeHHs 3emni K=7,0 i
koedpiuieHT ©e3snekn N=1,5, BigHOBNeHa 3a [OMNOMOrold KOMMO3WLUiHOrO obnuutoBanbHOrO MaTtepiany, Wo Mae
kopoTkodacHu Moaynb-E pisHuin 3500MIMa, Bumarae wap aK MiHiMym S5mMm.

Hydka nopucta Ta abcopbytoda ocHoBa 1 Moxe OyTW BMKOHaHa 3 opHoro wwapy abo 3 AeKinbKox LapiB TOro X
camoro abo iHworo maTtepiany.

B cepenuHi uiei rHy4koi nopucToi Ta abcopOytoyoi OCHOBW, ANS YTBOPEHHSI BHYTPILWHLOMO KaHarny nomiwarTs ABa
OKpeMi NIMCTN BUCOKOMILHOTO i BUCOKOMOLYSbHOMO TEKCTUIbHOrO MaTtepiany 2 i 3 i 3ropTaloTb 3 BiflbHUMU HaHyckamu
Ha obox kpasx. [lBa HaHycku po3MiljaloTb OAUH HaBMPOTU IHLIOro, CTBOPIOKYM NOABIMHWMIA LWap MaTepiany y3aoBx
obnuutoBarnbHoro matepiany. MoagiiHi Wapn po3MillieHi TakMM YMHOM, oG OXONWUTK CRMOLLEHi kpai obnuutoBaHHs 4
a-a'i4 b-b.

[Ba nncta BMCOKOMILHOMO i BUCOKOMOAYSbHOrO matepiany 2 i 3 MoXyTb OyTn 3pobneHi 3 HeTKaHux abo TKaHMX,
nneTteHnx abo B'A3@HUX CTPYKTYP, BUKOPUCTOBYIOYM LUTANESbHI BOMOKHA, Ge3nepepBHi enemeHTapHi BornokHa abo
HUTKK. [epeBaxHO BUKOPUCTOBYIOTb CTPYKTYPU, Taki Ik TKaHU abo OCHOBOB'A3aHWI i YTOYHOB'A3AHUIA TpUKOTaX, y
AKMX NO3OOBXHI Ta NonepeyHi HUTkM abo enemMeHTapHi BONOKHa po3TalloBaHi B NepneHauKynspHOMy Hanpsmky. Take
po3TallyBaHHS [O3BOMAE OAEPXKYBATU MakCUMaribHUA epekT 3MiLHEHHS Y BiHOLIEHHI CTIKOCTi 4O BHYTPILLIHBOIO TUCKY
CTPYKTYpHOro obnuutoBanbHoro matepiany. Ha npaktuui, 6e3nepepBHi, BUCOKOMILHI i BMCOKOMOOYSbHI KOMMMEKCHI
HUTKA 3aCTOCOBYIOTH Y nucTtax 2 i 3, y SIKUX OCHOBOB'AI3@Hi HWTKW pO3TalLOBaHi B MO3OOBXHBOMY HanpsiMKy
obnuutoBanbHOrO MaTepiany, a yToYHi HUTKM B NonepeyvHoMy HanpsmMKy. KoHCTpykuis nuctie 2 i 3 poapobrnieHa ans
Toro, Wob fgocartn B ABa pasun BinbLIoi po3pnBHOT MILHOCTI NpW PO3TAraHHi Ans NONepeYHoro HamnpsMKy B MOPIBHSHHI
3 NO3[OBXHIM HaNPAMKOM. TakMM YMHOM, rapaHTYeTbCsl ONTUMarbHUIA PO3PUBAOYNIA TUCK AN KIHLEBOro CTPYKTYPHOrO
obnuutoBansHoro Matepiany.
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Jlnctn 2 i 3 BUroToBMNAKOTb 3 BUCOKOMILHOMO i BUCOKOMOAYSBbHOrO Marepiany, Takoro K Byrneupb, napa-apamig,
BUCOKOeeKTUBHMI nonietuneH (HPPE), i 3 eKOHOMIYHMX NPUYMH NepeBakHO 3i ckna.

Y BMNagKy 3acTOCYBaHHS Ckna ONsi BUTOTOBSIEHHS NUCTIB 2 i 3, BUBMpalTh XiMIYHO | MEXaHIiYHO HanMiLHIWi Tunm
ckna 3 MeTow 3abesneqeHHs TpMBaroro CTPoKy criy»kOum, MiHimisauii BTpaT MiLHOCTI NpoTarom npouecy BUpOGHULTBA
obnuutoBaHHs, a Takox npoTsarom 3b6epiraHHs. [na uboro nepesaxHo BubupatoTb E ckno abo nepesaxHo E-CR ckro,
abo copTu, Wo He MicTaTb Bop.

INnctn 2 i 3 3a3BMYali BUTOTOBMSOTL i3 OQHAKOBUX BOSMIOKOH abo HWUTOK, ane MoXyTb OyTW cCkOMOGIHOBaHi i pisHi
MaTepianu.

PosaTallyBaHHA HaHyCKiB i iX WWMpUHA Ha nucTax 2 i 3 3a3Bu4ai piBHIi Ha 060X CTOpoHaX, ane MoXyTb i Biopi3HATUACS.

Ha ®ir.2. nokazaHo nonepe4yHuii nepepi3 Kpawloro BUKOHAHHA CTPYKTYpPHOro obnuuloBanbHOro matepiany go
peBepcil.

HopnatkoBunia(i) Tpybdactun(i) wap(n) rHy{koro, nopucroro i abcopbytodoro matepiany 5 Moxe(MoxyTb) 6yTn
BBeaeHwWi(i) y kaHan, yTBopeHuii nuctamm 2 i 3.

Takuii(i) wap(n) 3asBu4an € nogibHMM(MK) nopucTii abcopbytodii ocHoBi 1.b. OpgHak, Ue Moxe Takox OyTu
BOOOHENPOHWUKHWIA Ta/abo NOBITPOHENPOHWKHWIA Lap, 30aTHUA 3aXUCTUTU CMONY, WO OTBepAiBae npu HarpiBaHHi, abo
3B'A3yBanbHy PeYOBUHY Bif 3MOYYBaHHS NPOTArOM MpoLecy BBEAEHHS B OCHOBHY TpyGy TpybonpoBoay.

Ha ®ir.3 nokasaHnii nonepeYHUin nepepis CTPYKTYPHOro ob6nuuoBanbHOro Matepiany nicns peeepcii.

Micns peepcii, WwWap 1 BUBEPHYTUIA ycepenmHy obnuutoBanbHOro Martepiany CBOIM BOOAOHENPOHUKHUM NOKPUTTSIM
1.a. B KOHTaKTi 3 piAMHOIO, NPU3HaYEHO Ans TPaHCNOPTYBaHHA MO BigHOBMNEHIA Tpyoi.

Micns oTBepaiHHA cMonu, WO OTBepAiBae npu HarpiBaHHi, abo 3B'A3yBanbHOI peqoBUHU, wap (u) 1.b.
cnpusie(loTb), FOMIOBHUM YMHOM, CTPYKTYPHOMY 3MiLUHEHHI0 o6nuuloBanbHOro marepiany, 3aBOsku MOro TOBLUMHI i
Mogynito-E.

[OBa nuctn 2 i 3 BMCOKOMILHOMO i BMCOKOMOAYSbHOMO TEKCTUIbHOrO MaTepiany, Tenep po3TalloBaHi HaBKOSO
BHYTPILLIHBOT TPYOU 1, | yce We 3'edHaHi BHanycKk Ha X Kpasx Ans 3MmilHeHHs nonepegHbo CnnoweHux 3oH 4 a-a' Ta
4b-b'. 3asHaueHy cmony, WO oTBepAiBae Npu HarpisaHHi, abo 3B'A3yBanbHa peYoBUH NPU3BOAATL, NiCNS OTBEpAiHHS
3a JOMOMOroK Mapu, rapsyoro noBiTps, rapsaqoi Bogu abo yrbTpadioneToBoro CBiTMa, A0 CTIMKOro 3'eqHaHHS MiX
ABOMa HaHyCKHUMK 0bnacTamMu i CTBOPIOKOTb YKPINseHy, CTiMKY OO TUCKY, KOMNO3ULINHY Tpyby.

3aBOsfkM BUCOKOMILHUM i BMCOKOMOZYSMbHMM 3MiLHIOBanbHUM nuctam 2 i 3, oTBepAaine obnuutoBaHHs 3gaTHe
NPOTUCTOATU BUCOKOMY BHYTPILLHBEOMY TUCKY Ta NigTPUMYBATK CBili pO3Mip i popMy B Takmx yMoBax.

Ha BigMmiHy Big BigOMWX 3 nonepemHbOro PiBHA TEXHIKM OTBEPLINMX Ha Micyi obnuutoBaHb, LA chneyundivHa
BMCOKOMOLYIIbHA, CTPYKTYPHA KOHCTPYKLiA Ao3Bonse obnvutoBansHOMy MaTtepiany TOYHO BignoBigatu BigHOBIEHOMY
Tpybonpoeoay, a TakoX CTPUMYyBaTW TUCK BCEPEAMHI CAaMOro KOMNO3ULiNHOro obnumLioBaHHS.

3aBadkM Takum cneundidHMM BNAcTMBOCTSAM, Jlamka Ta/abo nolwkomkeHa ocHoBHa Tpyba nicns 3asHadeHoro
CTPYKTYPHOTO NepeobnuuoBaHHs € 3aXMLLEHOO Bif BNIMBY TUCKY.

Mpu 3acTocyBaHHi Tpyb4yacToro obGNMUIOBaNbHOrO Matepiany [aHoro BMHAxody Ha BHYTPIWHIO MNOBEPXHIO
TpybonpoBogiB BigNoBigHO Ao OyAb-AKOro NPURHATHOrO cnocoby obnuuloBaHHA TpybonpoBoais, po3KpuUTOro,
Hanpuknag, y [MatenTti CLUA Ne 4 334 943], Tpyb4actuii obnuutoBanbHUA MaTepian npocoYyoTb Ha MOro BHYTPILLHIN
NoBepXHi AOCTATHLOK KiNbKICTIO 3B'A3YBanbHOI PeHOBUHU, WO YTPUMYETLCA B MOPUCTOMY MHYYKOMY Liapi, i 4ns Toro,
o6 3abe3neunTy NOBHe 3'€QHaHHA PI3HWMX YKPINmo4MX IUCTiB TpybyacToro obnuvuoBansHoro Mmartepiany, i ana Toro,
Wob NpUKPINUTU MOro Ha BHYTPILLIHIO NOBEPXHIO Tpybonposoais. MoXyTb 3aCTOCOBYBATUCS Pi3Hi BUOWN 3B'A3yBanbHUX
PEYOBUH, TaKi Ik HEHaCMYEHUA cKnagHui noniedip, cknagHUMin edip BiHINOBOrO CNMpPTY, ane Ui Cnosnykn enoKCUgHOro
TUHY € Kpawymu. Y BUNagKy 3acTOCyBaHHS 3B'A3yBaribHOI PeYOBUHM €MOKCMOHOrO TUHY, SK OTBepaXyBay Moxe 6yTu
BUOpaHnii apomaTnyHuiA abo anidaTU4HUA noniamiu.

KoHcTpykuis Tpybuactoro obnuuioBanbHOro MaTtepiany AaHoro BuHaxopdy gani 6yde npointoctpoBaHa bBinbLu
AOKIagHO Ha KOHKPEeTHOMY Mpuknagi Wwoao Tpybyactoro matepiany Ana obnuutoBaHHsA TpybonpoBoay, Lo npautoe pu
poboyomy Tucky 15HIIM nig 6-mMeTpoBMM BOGHUM CTOBMOM, | Mae HoMiHaneHun giametp 400MMm:

MoBITPOHENPOHNKHWIA TPYBHacTUn KOXYX BUPOBRsOTb 3 MIOCKOrO HEeTKaHOro nosiecTepoBoro dinbLy TOBLYUHOW
7MM 3 Barolo 1400\M?, NOKPUTOrO 1MM MOBITPOHENPOHUKHUM LapoM nonieTuneHy (LLDPE). Micns poapisaHHa npu
WKnpuHi 1159MM, nokpuTKiA dinbL, popmMytoThb | CKpinnoTe AN TOro, Wob ogepxaTu pykaB, ycepenuHi akoro ABa Lwapu
CKIMOBOMOKHWUCTOT TKaHWHM No 788 MM LUMPUHN KOXHWUIA 3 Barolo 1500r\M2 aropTaloThb | CTBOPIOIOTE BHYTPILLHIO Tpy6y 3
i gBOMa KpasiMu, WO 3'edHaHi BHANYyCK NO BCil AOBXWHI 3 MiHIManbHOK WNpUHOK 80 MM y3O0BX CKNagoK ChroleHoro
o0nUUOBaHHS.

CkroTkaHuHy pobnatb i3 100%-ux Ge3nepepBHUX KOMMIEKCHUX e€nNeMeHTapHUX HWUTOK, Lo He MicTaTb Gopy,
00pobreHnx 3a 4ONOMOrOK CTIRKOT 40 CTUPaHHS, EMOKCU-CYMICHOIT KINENKOT pe4oBMHU.

Micna uporo obnuuoBanbHWIi MaTepian npocodyioTs 10,35kr\M 2 enokcuaHOi cMonun, Wo MICTUTb anidaTuyHni
noniaMmiHoOBUI oTBEpPOXKYBau.

Micns peBepcii CTUCHYTUM MOBITPSAM, Y Tpybi, NpuaHadeHin ans OOHOBMNEHHS, MPOKaYyloTb Map y KOHTaKTi i3
BHYTPILUHBOK MOKPUTOK NMOBEPXHEK BUBEPHYTOrO OGNULIIOBAHHA NpoTAarom 5 roanH npu Temnepatypi 85 - 90°C. Micns
MOBHOIO OTBEPAXEHHSI CMOMMW, TUCK NOBITPSA NIATPUMYIOTE A0 oxoromkeHHa Ao 30°C. Micnsa yboro obnuuyoBaHHA MoXe
BUTpUMaTK 386ap (KOPOTKOHYACHOIO) PO3PUBHOIO TUCKY, | 30BHILLHE HABAHTaXKEHHS, IO BignoBigae 6-MeTpoBOMY PIBHIO
'PYHTOBUX BOA.

Tak sk Moxe OyTn 3pobneHa Benuvka KinbKicTb pPi3HUX BUKOHaHb OAHOMO BUHaXOAy, He BiACTynaw4u Big Woro cyTi
Ta ranysi, BapTo BpaxoByBaTW, WO OaHUN BUHaxXig He OOMeEXeHUN NOro KOHKPETHWMMW BMKOHAHHAMU, OKpiM TOro, fiK
BU3Ha4YeHo B NpuknageHin Gopmyni BuHaxoay.
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dopmyrna BMHaxony

1. Tpybuactuii obnuutoBansHUin MaTepian gna 3MilHeHHs TpybonpoBogdiB, SKWMIA 3aCTOCOBYOTL Ast O6NMLoBaHHSA
TpyGonposogy, Npu LbOMy TpyGuacTiini o6nuuUoBanbHUin MaTepian BKIYae 30BHILHIN Wap 3 rasoHenpoHnkHoro Ta/abo
PIOVHOHENPOHMKHOIO MaTepiany Ta po3TalloBaHM Ha WOro BHYTPIWHIA 4YacTUHI  3MiLHIOBarbHUA  BHYTPILLHIA
TpyO4acTMn KOXYX, MNPUYOMY 3MILHIOBaNbHUIA BHYTPIWHIA TPyOYacTUR KOXKYX BKMOYMae MpUHaWMHI OBa JMCTK
BMCOKOMILHWX Ha pO3TAraHHa Ta/abo BMCOKOMOAYMbHUX BOSOKOH, NPW LbOMY JIUCTW 3 BiflbHUMU Hamnyckamu Ha obox
Kpasx 3'eQHaHi BHanycKk npuHaiMHi y ABOX MicUAX, @ HanyCckHi YacTUHK Ha 060X KpasX NpoCcTAralTbes B NO30OBXKHBOMY
HanpsiIMKy BHYTPILLHBOrO TPyB4acToro Koxyxa i po3TalloBaHi B AiaMeTparibHO MPOTUMIEXHUX MiCUAX, Lo OXOMMoTh
cnrolleHi cknagkm Tpyb4acTtoro obnuutoBarnsHoOro marepiany.

2. Tpybyactuin obnuutoBanbHWA MaTepian 3a n. 1, SKMA  BiOPI3HAETbLCA  TUM, WO MPUHAWMHI OBa fMCTK
BMCOKOMILJHOTO Ha po3TsiraHHs Ta/abo BMCOKOMOLZYbHOrO MaTtepiany 3'eqHaHi BHanyck npuHanMHi Ha 5 cm.

3. TpybyacTuii obnuuloBansHUin MaTepian 3a n. 1 abo 2, SKMN BigPI3HAETbCA TUM, WO 3MiLHIOBaNbHI NMCTU
BUCOKOMILHOTO Ha po3TaraHHs Ta/abo BUCOKOMOAYNBHOrO MaTtepiany 3'egHadi BHanyck Ha 2 « 0,10 DN - 2 « 0,30 DN,
ae DN — HomiHanbHWiA giameTp Tpybonposogy.

4. TpybyacTuin obnuutoBanbHWiA MaTepian 3a Oyab-akuM 3 nonepenHiX MyHKTIB, SKMA Bigpi3HAETbCS TUM, LLO
OOOaTKOBO BKIOMAE THYYKUA Tpyb4YacTUi  KOXKYX MK NOBITPOHENPOHMKHWM 30BHILLIHIM WAPOM i BHYTPIWHIM
3MiLHIOBarbHUM TPYGHacCTUM KOXYXOM.

5. TpybuacTuii obnuuoBanbHUA MaTepian 3a 6yab-sSkuM 3 NyHKTIB 1-3, kUi BigpisHAETbCA TUM, WO OOAATKOBO
BKMIOYAE NEPLNA THYYKUA TpyO4acTMd  KOXYX MK MNOBITPOHENPOHUKHWM  30BHIWHIM  LWIApPOM | BHYTPILLHIM
3MiLHIOBarnbHUM TpyGYacTUM KOXYXOM i OPYrMA THYYKUA TPyO4YacTUi KOXYX Ha BHYTPILLHBOMY 3MiLHIOBarbHOMY
TpyG4acToMy KOXYCi.

6. Tpybuactuii obnuutoBanbHMin MaTepian 3a Oyob-aKUM 3 NYHKTIB 4-5, SkMin BigpIi3HAETLCA TUM, WO TFHYYKURA
TpybyacTum koxyx TpybdacToro ob6nuuoBansHOro Martepiany BWUIOTOBIIEHWMIA 3 TEKCTUIBHOMO HeTKaHoro Matepiany,
HeTKaHoro BignMTOro marepiany abo TEKCTUSbHOro MorioTHa 3 rycTUM BOPCOM, abo TkaHoi, nneteHoi abo B'A3aHol
TEKCTUIbHOT CTPYKTYpH, abo rHy4koro, nopucroro i abcopbytoHoro wapy, Takoro sk niHa 3 BigKpUTUMU nopamMu.

7. TpybyacTuii obnuutoBanbHUin MaTtepian 3a Oyab-AKMUM 3 NonepenHiX MNyHKTIB, SKUA Bigpi3HAETbCA TUM, WO
HEMPOHUKHUIA MaTepian 30BHILIHBOrO Lapy BUrOTOBMIEHO 3 BUCOKOENacTMYHOro abo rHy4yKoro HaTtypanbHoro abo
CUHTETWYHOrO Matepiany.

8. TpyOudactuin obnuutoBaribHUA MaTepian 3a n. 7, SKWA BiApPI3HAETbCA TUM, WO HENPOHWKHUA MaTepian
30BHIiWHLOrO Wapy siBnge cobot maTepian, BMOpaHuW 3 rpynu, WO BKMAKYAE NPUPOAOHI i CUHTETUYHI Kay4yku,
noniecTepoBi enacTuuyHi nonimepu, nonionediHoBi nonimepu, nonionediHoBi cnisnonimepu, noniypetaHoBi nonimepun
abo ix cymiLw.

9. TpybyacTuin obnuutoBanbHUn MaTepian 3a Oyab-AKMM 3 NOMEpenHiX MYHKTIB, SKMA BiOpPIi3HAETbCA TUM, LLO
30BHILWLHIN Wap Mae TOBLMHY B Mexxax 0,2-2,0 MM, nepeBaxHo 0,5-1,5mm.

10. Tpy6uacTuii obnuutoBanbHWiA MaTepian 3a Oyab-SkMM 3 nonepenHix NyHKTIB, SKUA Bigpi3HAETbCA TUM, WO
BHYTPILLHIA 3MiLHIOBaNbHUA TpybyacTuii KoxKyX i rHyqkui(i) TpyOuactuin(i) koxyx(u) npocodeHuii(i) 3B'A3yBanbHO0
PEYOBMHOLO, LLIO YTBOPIOE MiCNsi OTBepAiHHA abo BUCUXaHHA TBEpAUA KOMMNO3WLiIAHUIA MaTepiar.

11. TpybyacTtuii obnuutoBanbHWii MaTepian 3a n. 10, AKMIA Bigpi3HAETLCA TUM, LIO 3B'A3yBaiibHa peyoBMHA €
cmMorolo abo kneem, BuGpaHUM 3 rpynu, WO CkNagaeTbesd 3i 3MiLHIOBanbHOrO marepiany, kMW oTBepgiBae npu
HarpiBaHHi, abo 3MiLHIOBanNbHOrO MaTtepiany XOflogHOro OTBEpPAiHHS, Takoro sk noniypeTaH, HeHacu4eHUn cknagHui
nonieip, cknagHWi edpip BIHINOBOrO CNMPTY, €NOKCMOHa CMofna, akpuioBi BOMOKHAa, edip isouiaHoOBOI KMCROTH,
KOHKpeT abo pigke ckIo.

12. Tpybyactuii obnuutoBanbHWii MaTepian 3a Oyab-sikMM 3 MonepenHiX NyHKTIB, SKMA BiOgpi3HAETbCS TUM, WO
3B'A3yBanbHa peYoBMHA CKPINSOE HanyckHi Kpai BUCOKOMILHMX i BUCOKOMOAYSIbHUX 3MiLHIOBaNbHUX NUCTIB nicns
oTBepAiHHA abo BUCUXaHHS.

13. TpybyacTuii obnuutoBanbHWiA MaTepian 3a Oyab-sikMM 3 MonepenHix NyHKTIB, SKMA Bigpi3HAETbCS TUM, WO
BMCOKOMILHi i BUCOKOMOAYIbHI NIUCTU € HETKaHOoW, TKaHOo, MreTeHolo abo B'A3aHOK CTPYKTYypolo, abo MoKpuTTAM 3i
ckna, napa-apamigy, Byrneuto abo iHWKNX BONOKOH, abo BUCOKOMOAYMbHUX HATOK.

14. TpybuacTuin obnuutoBanbHUMin MaTepian 3a n. 13, SKMA Bigpi3HAETbLCA TUM, WO BOMOKHA ab0 HUTKW €
0e3nepepBHUMI KOMMNIIEKCHUMW eneMeHTapHUMK BOSIOKHaMuK 3i ckna, Takoro sk E, E-CR Ta/abo ckna, Wo He MicTUTb
6op.
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OdbiliiHnii GtoneTteHb "lMpomucnosa BrnacHicTe". KHura 1 "BuHaxoau, kopucHi Mogeni, Tonorpadii iHTerpansHux
mikpocxeM", 2007, N 15, 25.09.2007. [epxaBHWUi OenapTameHT iHTeneKkTyanbHOi BracHocTi MiHicTepcTBa ocCBiTU i
Hayku YkpaiHu.
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