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(57) Hacrosmee wnsobperenue ornocures Kk Tpybe (P) st TpancmoptupoBanus Tekyded cpenst (8),

cofiepKaliel caMylo BHYTPEHHIOIO MoJMMepHyo TpyOy (1) s TpaHCIOpTHpOBaHUS TEKydeil cpens
(8), 3ammTHSBIH cinoit (3) oT MU PY3UN TEKyder cpenbl, OKpYKaloUHid mouMepHyo Tpyoy (1), mpudaem
3amUTHEIA ciod (3) ot auddy3un Tekyueill cCpembl COSAMHEH ¢ MOMUMEpHOHN TpyOoii (1) ¢ MOMOIIbO
MIEPBOTO KJIEEBOTO CI0A (2), YCUIMBAIOMINK CI0H (5), OKpy>Kalomui 3amuTHEIA cioit (3) ot auddy3un
TeKydell cpenpl. YcWIMBaromui cioil (5) comepxuT meperuieTeHHbIe BONOKHA (N) W COSIMHEH C
3amUTHEIM ciioeM (3) ot auddys3un Tekydel cpeasl ¢ MOMOIIbI0 BTOpPOro kieeBoro cios (4). Tpyoa
TaKXKe COACPIKUT CaMyI0 HaPY KHYIO MTOJIMMEPHYI0 0005104KY (7), OKpY>KaIOIIYIO YCHIUBAIOIIHUH ci1oi (5),
KOTOpasi COCIMHEHA ¢ YCIIUBAIOIIUM CJIoeM (5) ¢ MOMOIIBI0 TpeThero kieeBoro cios (6). Ilo mepBomy
aCIeKTy M300peTeHNns TPETUH KileeBol ciiol (6) M/uiam BTOpoi KieeBoit ci1oii (4) BBINOIHEHBI/BIOIHEH
C BO3MOXKHOCTBIO IPUKJICHBAHUS K IIeperuieTeHHBIM BostokHaM (N) ycunusarorero ciios (5). ITo Bropomy
ACTIEKTy HM300pETEeHUs JOTOIHUTEIBHBIC MPOAOIEHBIE BOJIOKHA (Na) HCIONB3YIOTCS B YCHIIHBAIOMIEM
cioe 1y GalaHCUPOBaHHUS OCEBOW M paJMajbHOW COCTABIIIOIIMX YCHJIMS, ISHCTBYIOIIMX Ha BOJIOKHA
W3-3a JABICHUS TeKy4ded cpempl. TpeTuil acmekT H300peTeHHs] OTHOCHTCA K H30JIMPOBAHHON Tpyde
JUI TPAHCIIOPTHPOBAHUS TEKy4eW Cpelbl, U YETBEPTHIM aCHEKT M300PETEHHS OTHOCHUTCA K CHOCO0Y
W3TOTOBJICHHS TPYOBI JUIsl TPAHCIIOPTUPOBAHUS TEKY4€H Cpeabl.
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TPYBA JIJII TPAHCITOPTUPOBAHWA TEKYYEM CPEJIBI,
N30JIMPOBAHHAA TPYBA, COJEPXAIIIAA TAKVYIO TPYBY,
H CTIOCOBb U3I'OTOBJIEHUW A TPYBbI

OOGnacTb TEXHUKH

Hacrosimee nzo0pereHne OTHOCHTCS K TPyOe [Jis TpaHCIIOPTHPOBAHMS TEKy4dell Cperbl, K
U30JIUPOBAHHON TPyOe, B HaCTHOCTH, AJISl LEHTPAIBbHOTO OTOIUICHUS, COAEpIKaIIel TaKylo TpyOy
IUIE  TPAHCTIOPTHUPOBAHMS TEKy4ded Cpeabl, U K Crnocody M3TOTOBJIEHUS TPyObl st
TPAaHCTIOPTHPOBAHUS TEKy4el CPeAbl O COOTBETCTBYIOIEMY HE3aBUCHMOMY IMYHKTY (OPMYJIbI
n300peTeHHs.

YPpOBEHb TEXHUKHU

TpyObl 1Ist TpaHCIIOPTHUPOBAHUS TEKy4eH Cpeabl MIMPOKO H3BECTHBI B PA3MYHBIX
00JacTsIX, HapUMep, B CEKTOPE LEHTPAJIBHOrO OTOMUIeHHs. Takue TpyObl BO MHOTHX CIIy4asix
SIBJISTEOTCSI. MHOTOCJIOMHBIMU TPYyOaMHu, KOTOpPBIE IOJDKHBI YIOBIETBOPSTH psiny TpeOOBaHWI B
3aBHCHUMOCTH OT Ha3HA4YeHMsI TPyOBl U TPAHCIIOPTHPYEMON TeKydel cpenbl. B wacTHOCTH, Takue
TpeOOBaHUS BKIIIOYAIOT B €05 CONPOTHBIICHHE BHICOKUM JIABJICHUSM, AEHCTBYIOLINM Ha CTEHKH
TpyOBl, 1 TPyObI TOJKHBI BBIIEPKUBATH BHICOKHE TEMITEPATYPbI TPAHCIIOPTUPYEMOH CPEIbl, UTO,
HUMEET MECTO, HAIPUMEP, a CEKTOPE LIEHTPAJIbHOIO OTOIJICHUSI.

B Hactosiimee Bpemsi Takue TpyOBI HACTO MPEACTABISIFOT COOOI ruOKMe MOJIMMEpHbBIE
TpyObl, OOJBINEN dYacThiO U3roTaBiaMBaemble u3 cumroro nommtmwieHa (PEX), uro
OOyCIIOBIMBAE€T OTHOCHUTENIPHO HECJIOKHOE M3TrOTOBJICHHE JUIMHHBIX CETMEHTOB TpyO W,
Onmaromapst X TMOKOCTH, HECJIOXKHBIH MOHTAXX IOCPEICTBOM pa3MaThIBAHUS C KATyIIKU WIN
Oapabana. B 4aCTHOCTH, B CEKTOpe IEHTPAJbHOI'O OTOIUIEHUS HECJIOKHBIA MOHTAX SIBJISIETCS
IJIaBHBIM TpeOOBaHHEM, 4YTO OOYCJIOBJICHO OYEeHb OOJBIIUMH PACCTOSHHUSIMH, Ha KOTOpBIC
NpOKIaAbIBAIOTCS Takue TpyOrl. Hecmotpst Ha To, yto PEX ynoBneTBopsier 5TOMy acmekTy, OH
HMMEET OrPaHUYEHHE, COCTOSALLEE B TOM, UTO OH HEIOCTATOYHO CTOMKUI K BO3JAEHCTBUIO BBICOKUX
temneparyp npudmusurenpbHo 95°C — 110°C, oOycnoBnuBas pa3MsrdeHue CTEHOK TPYyOBI H,
COOTBETCTBEHHO, MTOTEPI0 COMPOTUBIICHNS BBICOKHUM JABJICHUSM (PACUETHBIM AaBICHHSIM).

Kpome Toro, BO MHOTHX Ciy4asx 3TH TPyObl BXOIST B COCTaB HM3OJUPOBAHHBIX TPYO B
Ka4eCTBE TAK HA3bIBAEMBIX TPYO AJISI Cpenbl, KOTOPbIE OKPYIKEHBI H30JUPYIOIUM MaTEPHATIOM,
KaK TPaBHIIO, OTBEPIKIAEMON MEHOH, KOTOPBIM caM OKPYKEH MPOYHON HapyKHOW OOOJIOUYKOH,
3aImuamel TpyO0y OT BHEIIHEH Cpenbl. DTO co3maeT mpodiemMy, CoCTosIy o B ToM, 4To PEX-
marepuan TpyObl mnsi cpenbl nmoasepraercs AupQy3un pasIudHbIX 3JEMEHTOB M COCIUHEHUH,
Harpumep, KUCIopona, B TpyOy ans cpenbl. YkazanHas nudQysust sSBISETCS HEKeNaTelbHOH,

MOCKOJIbKY OHa, K IHIPHUMEPY, MOXET BbI3bIBATb YBCJIUMYCHHYI0 KOPPO3UIO METAJUIMYCCKUX
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AeTaneil, IpUCYTCTBYIOLIUX B BOASHOM KOHType. Takke M3BECTHO, UYTO KHCIOpPOJ BBI3bIBAET
OKHCIHUTENbHYI0 AecTpykunto PEX-Tpy0, TeM cambiM 00ycClOBINMBast CO BpEMEHEM pa3pylleHue
TpyOBl. Kpome toro, PEX-marepuan tpyOsI u1st cpensl moasepraercst nudys3un BOASIHOTO mapa
HAapyKy TpyObl Ui Cpedbl, YTO MOXKET OKa3blBaTh OTPULATENIPHOE BO3JEHCTBHE Ha
U30JIUPYIOLIHUE CBOMCTBAa W3OJHUPYIOLIEr0 MaTepuaja, KOTOpPbIH, Kak MpaBUIIO, SBIAETCA
nonuyperaHoBoit (PUR) nenoii.

Ucxonnble 00XOAHBIE PEIIEHUS IJIs TOBBILICHUS IPOUYHOCTH TPYOBI IS CPEAbI TOIBKO 32
CUET MPOCKTUPOBAHUS CTEHKU TPYObl OOJBIION TONIMHBI HE YCTPAHSIOT TOCJIEAHIO MPooieMy
U OOyCJIOBJIMBAIOT 3HAYUTENIBHO OOJNBIINI pacxon Matepuana. COOTBETCTBEHHO, CYyINECTBYET
TEHACHLMSI K MPOEKTHUPOBAHUIO TPYO AJIsi CPedbl CO CIOMCTBIMH CTEHKAMH, Pa3JIMYHbIE CJIOU
KOTOPBIX MpPEIHA3HAYEHbI IJIsI PEIICeHHUs] pPasJH4yHbIX mpoOneM. Hampumep, mis cBemeHus K
MHHHMYMY TpobsieM ¢ nuddysuei ObuT BHEAPEH CIIOH, BBIMOJHEHHBIN U3 COMOIMMEpPA STHUJIEHA
u BuHmioBoro crupra (EVOH), koTopeli, mOMHUMO mpouero, AeHCTBYeT KakK XOpPOIIWH
3aIUTHBINA Oapbep OT KUCIOPOAA.

JList perieHust paHee ynoMsiHyTOH mpoOjemsbl ¢ gaBieHueM B nokymente EP 2 574 833
NpEeAsIaraeTcsi HCIONb30BaTh CIOUCTYI0 TPyOy, KOTOpas COAEPKHUT YCHIIMBAIOIIUN CIIOH,
COCTOSIIIMHA M3 TEPEIUIETEHHBIX BOJIOKOH, BBIOPAHHBIX W3 MPOYHBIX MAaTEpUAJIOB, HANpUMeEp,
apaMHIHBIX BOJIOKOH. HecmoTpst Ha TO, 4TO ykas3aHHas cioucras TpyOa oOecmeuuBaer
HaJUIeXKalee COMPOTUBIICHUE OINpPENeNeHHOMY JaBJIEHHI0 UM B TO JK€ Bpems, Omaromaps
UCTIONIb30BAHHIO 3AIUTHOIO CJIOs, JEHCTBYEeT Kak XOPOIIMH 3aIiuTHBIN Oapbep oT nudpdysun
TeKyuel cpeapl, OHa TakXe MMeeT OmpeneieHHble HenoctaTku. llepBelii HemocTaTok
NPOUCXOAUT U3 TOTO, YTO YCUJIME, KOTOPO€ AOJUKEH BbIACPKUBATh YCUIMBAIOIIMNA MaTepUal,
IEUCTBYeT Kak B TMPOAOJbHOM (OCEBOM) HAmpaBieHUH TPYyObl, TaKk M B paJAHAJIbHOM
HanpaByieHuH. JKenarenbHO, 4TOOBl BOJIOKHA OOECIIEYHBANIN YCUJICHUE B OOOMX HAIPABJICHUSX
paBHBIM HaJieKHBIM oOpazom. B nokymenre WO 2009/013567 npuBoaurcsi onucanue crocoda
pacdera CxeMbl PACHOJIOKEHHs MEPEIUIETEHHBIX BOJIOKOH, OOpPa3yrOINX YCHIMBAIOIUN CIIOH,
TaK 4TOOBI 00ECIIEUNTD YCUIICHNE B 00OUX HAMPABIEHHSIX AJIS1 33JaHHOTO PACYETHOTO JIABJICHUS.
IlepennieTeHHbIE BOJOKHA PACIONOXKEHbI MO ONpEeAeNIEHHbIM 33aHHBIM YIJIOM OTHOCHUTENIBHO
NPOZIOJIBHON OCH TPYOBI IJIsl CPeAbl, COOTBETCTBEHHO UMEHYEMBIM YIJIOM PaBHOBECHS], MPHYEM
IIPU UCTIOJIb30BAHUH 33JJaHHOTO YIJjla pAaBHOBECHs pABHOBECHE MEXKIY CONPOTUBIIEHUEM BOJIOKOH
panuaibHOW M OCEBON COCTaBISIOLIUM YCUJIMSI B PE3YyJIbTATE JAABIIEHUs, SIBJSIETCS PaBHBIM.
3amanHbIl yron ompenenser nasieHue. OmHako TPyOBI ANt Cpembl MOTYT H3TOTABIMBATHCS
pa3MyHBIX pasmepoB (Hampumep, or 40 MM a0 160 MM), U pacueTHOe HaBJICHHUE, KOTOPOE
JOJDKHA BBIAEPXKUBATh TPyOa, MOXKET BapbHpOBaThCs (Kak mpasmio, oT 15 Gap mo 20 Gap).

HOCKOHbe YKa3aHHOC PCHICHUEC OTHOCHUTCA K OIPCACIICHHBIM IMOCTOSHHBIM MapaMeTpaM, OHO
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HMEEeT HEeIOCTATOK, COCTOSALIUI B TOM, YTO BapbUPOBAHUE OJJHOTO MJIM HECKOJBKUX MapaMeTpOB
o0ycioBinBaeT HecOANTaHCHPOBAHHOE COINPOTHBIICHHE pPaJMajbHbIM M OCEBBIM HArpy3kam Ha
BOJIOKHO W3-3a AABJICHUS, T.€. PAAMAIbHOE YCUJIEHHE MOXKET YBEJINYMBATHCS 34 CYET HU3KOIO
COTPOTHUBJIEHUS] COCTABJIAIOLIEN OCEBOrO yCHIINsA, AEHCTBYIOLIErO HA BOJOKHO M3-3a JABJICHUS.
DTO O3HAYaeT NOHIKEHUE PEe3yJbTHPYIOIIEro pa3pblBHOIO [aBJeHHs TPyObl, KOTOpOE
ONPENENseTCs] HU3KOM COCTABJIAIOIIEH U3 PaJUaIbHON U OCEBON COCTABJISIFOLIUX YCUJTHUSL.

Euie omaum TpeboBaHMEM K Takoi TpyOe st Cpebl sIBJSIETCS TO, 4TO TpyOa He HOJIKHA
MOAJABAaThCsl BO3ICUCTBUI0 U3MEHEHUI TeMIlepaTyp M BO3IECHCTBUI0 MEXaHUYECKOW HArpy3KH,
9T0 OOBIYHO HMMEET MECTO B pacCMaTpUBaeMOW OOJIACTH WCIOJNb30BAHUS HW3-32 BIIUSHUS
OKpy:karotmel cpenbl. Jlns BbImonHeHuMss >TOro TpeboBaHus B nokymente EP 2 574 833
NpeasiaraeTcsi 3aKJIIOYUTh YCWIMBAKOLIMKA CJIOH Mexkay OapbepHbIM CJIOEM M Hapy KHBIM
3aLIUTHBIM CJIOE€M, UCIIOJB3Ysl KJIEEBOU CIIOU, KOTOPBIN, C OHON CTOPOHBI, CBSI3bIBAET 3AIUTHBIN
CJION ¢ OapbepHBIM CIIOEM U, C APYTOW CTOPOHBI, HE CBS3BIBAECT BOJIOKHA yCHIIMBAIOIIETO CIIOS,
YTO TO3BOJIIET BOJIOKHAM JI0 OMNPEENIEHHON CTeNeH!U MepeMeIlaTbCsi OTHOCUTENBHO OCTaIbHOM
YaCTH TeJa TPYObI P TAKUX U3MEHEHHSIX TEMIIEPATyPbl HJIM MEXaHUYECKOH HAarpy3KH.

PackpeiTie cymHocTi n300peTeHus

Takum oOpa3om, of0mas 3amada HACTOALIETO HM300PETEHHS COCTOUT B TOM, YTOOBI
NPEAJIOKUTh TPYOy ANl TPAHCIOPTHPOBAHUS TEKyudel Cpebl, KOTOpas IO MEHbLIeH Mepe
CBOAUT K MMHUMYMY BBbILI€yKa3aHHbIE PoOJeMbl. B uacTHOoCTH, 3a1a4a N300peTeHNs COCTOUT B
TOM, 4YTOOBI MPEMIOKUTh TPyOy ¢ YJIy4IIEHHBIMH TEXHUYECKMMH XapaKTePUCTUKAMHU,
YBEJIMYEHHBIM CPOKOM SKCIUTyaTaluy U 00Jiee HaAEKHYI0 C TOYKHU 3PEHUs] U3MEHEHHs pabovnx
apaMeTpOB U BO3ACUCTBUS OKPY KAKOLIEH CPEMbL.

JUis peuieHusi 3TUX W APYTUX 3a4a4 HACTOSLIEr0 M300pETeHHsi, KOTOpPbIe HETPYIHO
MIOHSTh M3 HUKETIPUBEIEHHOTO OMUCAHUS, TI0 TIEPBOMY aCMEKTy M300peTeHus: Tpyda ComepskuT
CaMyr0 BHYTPEHHIOIO MOJIMMEPHYIO TPyOy IUIsl TPAaHCIIOPTUPOBAHUS TEKYUeH Cpelbl, 3aIUTHBIHI
cioit ot auddysun Texkyueil cpeabl, OKPYKAOIIHMNA MOJUMEPHYIO TPyOy, YCHIIMBAIOIIUN CJIOH,
OKPY’KaIOIIUK 3aIqUTHBIA CIoH oT nuddy3un Tekydell cpeapl, W CaMyK HapyKHYIO
MOJIUMEPHYIO O0O0JIOUKY, OKPYKAIOIIYIO yCHIMBAIOIIUN CIOW. 3alUTHBIA CJIOH OT auddy3un
TeKyuell Cpeapl COCOUHEH C IOJIMMEPHOW TPyOOH € IMOMOINBIO IEPBOrO KIEEBOrO CIOS.
YCeunuBaOIUK CIOH CONEPKUT TEPEIUICTEHHbIE BOJIOKHA, OOECIEeUYHBAOIIEe OCEBOE U
pamuanpHOE YCHIIEHHE TPYObl, M COSAMHEH C 3aIIUTHBIM cioeM OT audy3un TeKkydel cpensl ¢
MOMOIIBIO BTOPOTO KJyieeBoro cios. [lonnmepras o00I04Ka COEUHEHA C YCUIIMBAIOIIUM CIIOEM
C TIOMOIIBI0 TPETHEro KJIEEBOTO CJIOsi. TpeTwil KJIeeBOH CIION W/MiM BTOPOW KIIEEBOW CJIOU
BBITTOJIHEHBI/BBIOJIHEH C BO3MOXKHOCTBIO IPHUKJIEUBAHHUS K IEPEIJIETEHHBIM BOJIOKHAM

YCUITUBAOETO CJIOA.
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ITockonbKy MpPOEKTUPOBAHUE MEPEMJIETEHHBIX BOJOKOH, KOTOpPbIE MOTYT ME€pPEMEeIaThCs
MEKAY 3aIUTHBIM CJIOEM M 3aLIUTHBIM CiIoeM OT Au(y3un Tekydel Cpenbl, MOXKET BbI3bIBATH
ONpeNieNieHHble HM3MEHEHUs pa3MepoB TpPyObl, Hampumep, H3-3a PACTSDKEHHUS, TaKoe
nepemMeleHne MOXeT OOyCJIOBIMBATh TPEHHE C COCEIHUMH BOJIOKHAMH M, COOTBETCTBEHHO,
HOBPEXIEHNUE 3AIMUTHOTO CJiosi OT nuddy3un Tekyueil cpeapl W/WiM BTOPOrO WM TPETHETO
KJIEEBOTO CJIOsl, TeM CaMbIM, ociabisisi TpyOy B II€JIOM, B YaCTHOCTH, KOTJia IeperIeTeHHbIE
BOJIOKHA BBITMOJTHEHBI M3 BBICOKOMPOYHBIX MAaTEPHUAJIOB, TAKUX KaK apamujl, KOTOPBIH 3aBEIOMO
UMEET BBICOKYIO CTOHKOCTb K HCTHpaHUIO. JIpyruM HEZOCTaTKOM MPOEKTHPOBAHUS
MEPETJIETEHHbIX BOJIOKOH, KOTOpbIE MOTYT MEpeMelaTbCsl MEXIy 3allUTHBIM CII0OEM U
3aIUTHBIM CJI0eM OT MudQy3un TeKydel Cpenbl, SBISETCS TO, YTO MEPEIUICTEHHbIE BOJIOKHA
MOTYT TOJIKO JIO ONPEAEJICHHONW CTENEeHU BOCIPUHUMATD JABJICHUS, HCXOMSIIUE OT TPyObl Is
Cpeabl, €Ci 3TO BOOOINE MPOUCXOIUT, MOCKOJIBKY OHM HE OOpPa3yrOT JKECTKOE COCTUHEHHE C
npuieraromuMi cinosiMi. COOTBETCTBEHHO, HACTOsIIee N300peTeHne BHEAPSET APYTrO MOAXON,
3aKTIOYAIOINMICA B KpPEIJIEHMM I[eperuieTeHHbIX BOJOKOH M HE TMO3BOJSIIOLIIMM UM
nepememiatbes. [lockonbky Takue BOJOKHAa OU€Hb yIpPyIrue, OHM BBIAEP)KUBAIOT YKa3aHHBIE
M3MEHEHUs OKPY>KaIoLIel Cpebl, NCKII0Yasi OMaCHOCTh MOBPEKACHUsI COCETHUX BOJIOKOH M3-3a
uctupanus. COOTBETCTBEHHO, KPUTEPHUIl BBIOOpPAa TPETHEro KIEEBOrO CJIOs, KOTOPBIA TakKKe
COEIMHSET BOJIOKHA, OOYCIIOBIMBAET CO3/IaHUE OUEHb NMPOYHOrO OOBEKTA, YTO YBEIMYUBAET
IPOIOJIKUTEIBHOCTD 3KCIUTYaTal[H TPYObI B LIEJIOM.

ITo BTOpOMY acmekTy u300peTeHHMs TpyOa A TPAHCIOPTUPOBAHUS TEKy4deH Cpenbl
CONEPKUT IO MeHbLUIEH Mepe CaMyl0 BHYTPEHHIOIO IOJIMMEpHYK  TpyOy st
TPAHCTIIOPTHPOBAHMUS TEKy4del Cpeabl, 3aluTHBIA ciod oT auddysum Tekyded cpembl,
OKPY’KAIOIIUN TMOJUMEPHYI0 TPyOy, YCHIMBAIOIIMHA CJIOW, OKPY KAIOLIUI 3aIMUTHBIA CJIOH OT
middy3un Tekyueil cpenmbl, W CaMyK HApYKHYH MOJUMEPHYI OOOJIOUKY, OKPYIKAarOIIYFO
YCHJIMBAIOIIUN CIIOW. 3alUTHBINA C10i OT nudy3un Tekyder cpeibl COeNUHEH C MOJMMEPHON
TpyOOIl C TIOMOINBIO TEPBOrO KJIEEBOTO CJIOS. YCHUJIMBAIOIIMKA CJION COIAEPKUT TEPEeIICTeHHbIE
BOJIOKHA, 00ECTIeUNBAOINEe OCEBOE U PATUAIbHOE YCHIICHHE TPYObI, U COSOUHEH C 3aLIUTHBIM
cnoeM ot aupdy3um Tekydel cpembl ¢ MOMOINBIO BTOPOro KieeBoro cios. llommmepnas
000JI0YKa COeTMHEHA C YCHIIMBAIOIINM CJIOEM C TIOMOLIBIO TPETHETO KIEEBOTO CIIOS.

[lepereTeHHbIE BOJIOKHA, O0Opa3yroIIne CETKY B KaXKAOM HAIPABICHUH, PACIOJIOKEHBI
NOJ YIJOM . OTHOCHUTEJIbHO TMPOAOJIbHOM OCH HENapauleIbHO CEYEHHUI0 TPYObl W
HemnapajuieIbHO IPOAOIBHON OcH TPpyOBL Yo o onpenensiercst o ¢popmyie (I):

_ 2Nsin’a R

-~ nD2%cosa (1+L)2
100

(D

rae N — ofmee KOIMYECTBO MEPEIUIETEHHBIX BOJIOKOH, P — pacueTHoe paspbIBHOE
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naBieHue, R — MakcumanbHas Harpyska Ha MEpeIuIeTeHHOE BOJIOKHO B HBIOTOHax, D —
HAPY KHBIH THAMETpP CaMOW BHYTPEHHEH MOMMMepHOi TpyObl 1 € — yIMHEHHEe MeperuIeTeHHOTO
BOJIOKHA IIPU Pa3pbIBE.

YeunuBaromui  CJIOH  COAEPKUT HEKOTOPOE  KOAMYeCTBO Na JAONOJHUTENbHBIX
IPOJOJBHBIX BOJIOKOH, KOTOpPbI€ OPHEHTHPOBAHbI MApajuIeNIbHO NPOAOJIBHOH OCH TpPYyOBL
KonnuectBo N, MpoaosIbHBIX BOJIOKOH paccuuThiBaeTcs o ¢popmye (I1):

R
T e 2
(1 + 100)

Ry

(1+165) (1D

N, = (0.5 Nsin < tana — Ncos a)

7€ €, — YJIMHEHNUE MPOIOJIbHOTO BOJOKHA NPHU pa3pbiBe U Ra — MakcHMabHas Harpy3ka
Ha MPOAOJILHOE BOJIOKHO B HBIOTOHAX.

brnaromapst MCIONB30BAHUIO OTOJIHUTENbHBIX MPOIOJBHBIX BOJIOKOH TPYyOy MOJHO
POEKTHPOBATh OoJIee THOKUM 00pa3oM MPUMEHHTENBHO K TPeOyeMOMy PacyeTHOM yAaBJIEHHIO,
B TO K€ CaMO€ BpeMsI MTOANEPKUBAst PABHOBECHE MEXTy OCEBOW U PAAHAIbHON COCTABJISIOLIMMHU
ycunusi. JIpyrumu CloBaMH, Kak B PaJdalIbHOM, TaK U B OCEBOM HAIPABJIEHUSX JOCTUTAETCS
OJMHAKOBAsl CTENEHb YCHJICHHs, AK€ €CIIM 3aJaHHbIe PACUeTHbIE MABIEHHS IJISI Pa3IHYHBIX
TpyO HeonuHakoBble. TakuM 00pa3oM, yBeIUINBAETCs O0Mas MPOYHOCTH TPYOBI.

Tperuii  acmekt u300peTeHHWs] OTHOCUTCS K  HW3OJHMPOBAHHOW  TpyOe  muis
TPAHCIIOPTUPOBAHUS TEKydel Ccpenpl, B YAaCTHOCTH, HArpeTodl BOABI ISl LEHTPAJIBbHOTO
ororieHust. M3omupoBaHHas TpyOa comepkuT TpyOy HO HEpBOMY WM BTOPOMY AaCHEKTy
M300peTeHNsl, UCTIONB3YEMYIO B KadeCTBe TPyObl Ul CPeAbl I TPAHCIIOPTUPOBAHMS TEKy4eH
Cpenbl, B YaCTHOCTH, TIOpsiYel BOJbL, TEIUIOU3OJUPYIOIIUN CJIOM, OKPYKAIOIIHUN CaMylo
HAPY KHYIO MOJUMEPHYIO 00OJIOUKY YKa3aHHOH TPyObl, M HAPY KHYIO OOOJIOUKY, OKPY KAIOLIYIO
TETUIOU30JIUPYIOIIHI CIIOM.

UzonupoBanHas Tpyba MMeeT mpeuMyLiecTsa TpyObl MO MEPBOMY HJIM BTOPOMY aCIIEKTy
300 pETEHHSI.

UeTBepThlii acmeKkT H300peTeHUss OTHOCUTCS K CMOCOOy W3TOTOBJIEHUS TPyOBl TO
NIEPBOMY HJIH BTOPOMY acrekTy n3odperenus. Criocol BKIIOUaeT B ceOs CIEAYIOLINE STAIbI:

a) SKCTPY3Hs CAMOH BHYTPEHHEH MOIMMEPHOH TPyOBI,

b) HaHEeCceHUe MEePBOro KJIEEBOTO CJIOS Ha CAaMYI0 BHYTPEHHIOIO MOJIMMEPHYIO TPyOy,

C) HaHECEHHE 3aIUTHOTO ¢Jiost OT nuPy3un TeKyUdel Cpeabl Ha EPBBIN KICSBOU CIIOH,

d) HaHEeceHHne BTOPOro KJIEEBOTO CJIOS Ha 3aLIUTHBIN CII0H OT muddy3un TeKy4ei cpemsl,

€) HaHeCeHHe yCIIMBAOIIEro CJI0sl Ha BTOPOU KJIEEBOM CJIOH,

f) HaHeceHHe TPeThero KJIeeBOro CJIOS Ha yCUIIMBAIOIIHN CJION, U
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g) SKCTPY3Hsi CAMOT0 Hapy>KHOH MOJMMEPHOI 000JIOYKU HA TPETUH KJIEEBOMH CIIOM.

Kpatkoe onucanue ueprexen

Hzo0peTenne u mpeaMeTbl M300peTeHHs, MOMHUMO ONHMCAHHBIX BBIIIE, CTaHYT Oosee
NOHATHBIMH U3 HIDKENPUBEIEHHOIO IMOAPOOHOrO OMMCAHUS CO CCHUIKOM Ha IPHJIOKEHHBIE
4epTeXkKH, HA KOTOPBIX:

¢ur. 1 — nmepcrekTUBHBIA BHI B paspese TPyObl MO MEPBOMY WM BTOPOMY AaCHEKTY
u300peTeHusI,

¢ur. 2 — mecto u3 Qur. 1, roe MokazaH yCUIMBAIOLINI CIION,

¢ur. 3 — neranbHbBIN BUA COOKY CEKLIUU YCHITUBAIOIIETO CIIOS, U

¢ur. 4 — uzonupoBaHHAs TPyOa MO TPETHEMY ACHIEKTY U300PETEHUSI.

OcymecTBiieHne H300peTeHUs

B nocnenyromeMm OnmMCaHWH TEPMUHBI «TpyOa» WM «Tpyba Uit Cpenbd» SIBISTFOTCS
SKBHUBAJECHTHBIMH M OTHOCSITCS K IEPBOMY M BTOPOMY acreKTaM H300pETeHHs], B TO BPeMsI Kak
BBIPAKEHHE «M30JMPOBAHHAS TPyOa» OTHOCUTCS K TPETbEMY aCIEeKTy M300PETEHHS.

ITo Bcemy 0OBEMy ONMHUCAaHUS MPENIONAraeTCs, YTO PA3IMYHbIE BAPUAHTHI BBITIOJTHEHUS
TpyOBI OTHOCATCSI KaK K MEPBOMY, TaK U KO BTOPOMY aCIIEKTy M300pETeHHs, €CIU HE yYKa3aHO
HHOE.

ITo BcemMy 00BEMy ONMUCAHUS TEPMHUH «CJIOH» HUCHOJB3YETCS B KAYECTBE BBILIECTOSIIETO
TEPMUHA JUIS CJI0€B TPYObI MM U30JIMPOBAHHON TPYObI. B oTiIMUME OT 3TOro TEPMUH «ITOICIION
OTHOCHTCS K IJAMUHUPOBAHHOM CTPYKTYp€ UJIH COHABUY-CTPYKTYPE ONHOIO CJIOSI.

BrlpakeHne — «Tekydas  cpena», UCHOJb3yeMOE€ B HACTOSALIEM  JTOKYMEHTE,
pacnpocTpaHseTcsi Ha SKUAKHE U ra3o00pasHble COENUHEHUS, B TO BpeMs Kak TEepMUH
«KUAKOCTB» OTHOCHUTCSI TOJIbKO K JKUIKUM COCIUHEHHsSM. B IensiX omucaHus, K MpUMEPY,
UCTIONIb3YETCS BOAA, HO CJIENYET MPHUHATh BO BHUMAHUE, YTO U300pPETEeHNE PaCIpPOCTPAHSIETCS Ha
psI APYTHX TEKYYHX CpeJl, HAIPUMEpP, MUHEPAIbHOE MaCIO.

B HacTosllIeM KOHTEKCTE BbIpa)k€HHE «IIeperieTeHHble BOJOKHA» OTHOCUTCS TOJNBKO K
NPOAOJIKAIOIUMCS 10 OKPYKHOCTH BOJIOKHAM, B TO BpeMsl KaK BbIpaXXEHHE «IIPOJOJIbHBIE
BOJIOKHa» OTHOCHUTCS K BOJIOKHAM, KOTOpBIE MapajuieIbHbI TPOAOIBHON OCH TpyObl, HECMOTPSI Ha
TO, YTO B BAaPHAHTAaX BBIMOJIHEHUS MPOAOJIBHBIE BOJIOKHA TaKXK€ MOTYT OBITh MEPEIICTEHBbI B
BUJI€ YKA3aHHBIX NE€PETIETEHHBIX BOJOKOH.

B xoHTekcTe HacTOsIIEro OMHCAHMsS TEPMHUH «aBJIEHHE» OTHOCUTCS K JaBIIEHUIO,
KOTOpOe, B O0IeM, SIBISIETCS TMEPEMEHHOW BEIWYMHON. BbIpakeHne «pacueTHOe NaBJICHHE»
OTHOCHUTCSI K MAaKCHUMAaJbHOMY JaBJIEHUIO, KOTOPOE€ IOJUKHBI BbIAEPKUBATb COOTBETCTBEHHO
BOJIOKHA MJIM TpyOa MpH HOPMAaJbHON SKCIUTyaTallMd B TEYEHHE BCErO CPOKa CIy>KObI TPYyOBI.

Bpra)KeHI/Ie «pa3pbIBHOEC MHABJICHUEC» OTHOCHUTCA K MAKCUMAJIbBHOMY [HJaBJICHHUIO, KOTOPOC
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TOJDKHBI BBIIEPKUBATh COOTBETCTBEHHO BOJIOKHA UM TPYOa, T.€. NaBJIEHHIO BBIIIE PACUETHOTO
JABJICHUs] B TEYEHUE yCTAaHOBJICHHOIO MEPUOJA BPEMEHHU. BrIpakeHHe «pacueTHOE pa3pbIBHOE
JaBJIEHHE» OTHOCHUTCS K TpeOyeMOMY pa3pbIBHOMY AABJICHHIO, KOTOPOE OJDKHBI BBIIEPKUBATh
COOTBETCTBEHHO BOJIOKHA WJIM TPyOa B T€UEHUE YCTAHOBJIEHHOIO MepHoaa BpeMeHu. PacueTHoe
paspbIBHOE  JABJICHUE  ONPENENseTCs KaKk pPAacueTHOE  JaBJIEHHWE, YMHOXEHHOE Ha
COOTBETCTBYIOILIME KO3 PHULUMEHT 3amaca MPOYHOCTH U pacyeTHbIN KO3 PHULIHeHT.

Co ccputkoii Ha ¢ur. 1 TpyOa CORep>KUT YIOMSHYTYIO CAMYIO BHYTPEHHIOIO MOJIMMEPHYIO
TpyOy 1 st TpaHCTIOPTHPOBAHUSI TEKy4el Cpenbl, 3allUTHBIN cjok 3 oT auddys3uu Tekyuei
CpeIbl, OKPY KAIIIHIA MOJIUMEPHYIO TPyOy, YCHJIMBAIOIIUNA CIOW S, OKPY KAFOIIMIA 3aIUTHBINA
cinoit 3 or muddysum Tekyuell cpenbl, M CaMyK HAPYXKHYIO IOJUMEPHYK 000JIOuKy 7,
OKPY>KaroIyI0 YCHJIMBAKOIIHNHI CIIOM.

Huxe npuBoguTcst onucanune noimMepHoi TpyOst 1 u cioes 3, S u 7 U 3aTeM OnHcaHue
TOrO, KaK COENUHSIOTCS YyKasaHHble ciou. Jlamee mnpuBoguTcs mMOnpoOHOE ONMUCAaHUE
YCHUJIMBAKOLLETO CJI0s S.

ITonmumepnast Tpyda 1 mpenmoururenvHo siBisiercss PEX-tpy6oii (Tpy0oit u3 cruuToro
nommaTiieHa) win PE-RT-tpy6oii, roe PE-RT o0o3nauaer TNOMUATHIIEH C TMOBBIMIEHHBIM
TEMIepaTypHbIM conpoTusieHneM. PEX xopolno u3BecTeH crienmainctaM U He OyaeT ommcaH
noapoOHo. PE-RT wusBecten u, k mpumepy, omucan Ha caiite https://plasticpipe.org/building-
construction/bed-pe-rt.html. Onnako nonmumepHas TpyOa 1 Takke MOXKET H3rOTABIMBATHCA,
OMHUMO Tpouero, u3 nonudytunena (PB) unu nonukeroHa.

B BapuaHTe BBINONHEHUS 3amUTHBIA ciod 3 ot auddysum Texydel cpenbl
U3rOTABIMBAETCSl W3 TEPMOIUIACTHUYECKOrO MaTepuana, MPUrOAHOIO MAJid  OrpaHUYEHHUs
middysun mo MeHbInel Mepe OTHOW M3 TEKYyUHMX Cpell, K KOTOPBIM OTHOCSATCSl KHCJIOPO,
nenraH, CO2, HFO, cHapyxu B caMyr0 BHYTPEHHIOKO MOJUMEPHYIO TpyOy M JUIsl OrpaHHYSHUS
middy3un mo MeHbIeH Mepe BOASHOTO Mapa U3HYTPU CaMOW BHYTPEHHEH MOJUMEPHOH TPyObl
HApY’Ky 3alIUTHOTO ciosi oT auddysum Tekyueidl cpenpl. B 3TOM BapuaHTe BBINOIHEHHS
NPEANOYTUTENbHBIM TePMOIIaCTHYeCKUM MatepuanoM sisiisiercs EVOH wmm anudarudeckuii
MOJINKETOH.

B npyrom BapuaHTe BBINOJHEHMs 3aLIUTHBIA CIOH OT auddy3um Teky4der cpenpl
COIEP KUT METAJUI, U3rOTOBJIEHHBIH ¢ BO3MOXKHOCTBIO OCTAHOBKH (P y3un Mo MeHbLIeH Mepe
OHOM M3 TEKy4YuX Cpeld, K KOTOpbIM OTHOCsTCs kuciopon, neHtaH, CO., HFO, crapyxu B
CaMyI0 BHYTPEHHIOK TOJUMEPHYI TPyOy U Iyisi OCTaHOBKH nudy3um MO MEHbIIeH Mepe
BOJISTHOTO Tapa U3HYTPU CAMOUW BHYTPEHHEH MOJMMEPHON TPyObl HAPY3Ky 3aLIUTHOTO CJIOSI OT
mddysunm Tekydeli cpensl. B 3ToM ciiyuae nmpeanoYTHTENbHBIM METAJIOM SIBIISIETCS ATFOMUHUH.

HeCMOTpH Ha TO, YTO HUCIHOJB30BAHUEC TCPMOIIIACTUYCCKOrO Martepuajia sBJSCTCA
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MPEUMYLIECTBOM C YYETOM CTOMMOCTH MATEPUAJIOB U U3TOTOBJICHUS], YKA3aHHOE UCIOJIb30BAHUE
UMeeT HEAOCTATOK, COCTOSIIIUN B TOM, UTO TaAKOI MaTepual MOXKET pa3pyLIaTbCsl IPU BBICOKUX
TEMIIEpaTypax BOIbI, TPAHCIOPTHPYeMOH 1O mosuMepHoi TpyOe. C npyroil CTOPOHBI,
AJTIOMUHUNA HMEET MPEUMYILECTBO, COCTOsIIEE B TOM, YTO OH HE MOANAETCS BO3ACUCTBUIO
BBICOKUX TemIeparyp u Onokupyer audQysHro, Tak U4TO yYKa3aHHbIE TEKy4He CPeIbl COBCEM HE
NPOXOAAT uepe3 3aluMTHBIN cioil. Kpome Toro, amoMuHUI He paspyliaeTcs ¢ TEYEHHUEM
BPEMEHHU B OTJIMYHE OT TEPMOIUIACTHUECKUX MaTepuasioB. M, HakOHel, MpoLecc U3rOTOBJIECHUS
ANIOMHHMSI MEHee CJIOXKHBIA. B oTimune oT 3TOro U3BeCTHbIE TEPMOIUIACTUYECKHE MaTepHabl,
KOTOpbIE MOTYT HCIIOJIb30BAaThCSI B KaYECTBE 3ALIMTHOrO Cosi OoT Auddy3un Tekydeh cCpenbl,
W3TOTABIIMBAIOTCS C TOMOINBI Oojiee CIIOKHOTO MpoIecca, MPUYEM IapaMeTphbl MpoLecca
JOJUKHBI TLIATENbHO peryiupoBaTees. Ilepen ucrnonb3oBaHMeM Takue MaTepuaibl AOJKHBI
NOJTHOCTBIO ~ BBICYINIMBATBCS, W OHH TPEOYIOT CIEUUANbHBIX YCJIOBHHA XPAaHEHUS JUIA
NPENATCTBOBaHMUs paspyuieHuo. 1lo 3TuM mpuyuHaM HCHOJIb30BaHHE ANIOMHHMSI B KauecTBe
3amuUTHOrO Cinost 3 ot auddy3uu Tekyudell Cpenpl SIBJISETCS MPEANOYTUTENBHBIM BapUaHTOM
HACTOSIIETO N300PETeHHUSI.

Ilpn wucnonp3oBaHMM aNIOMUHUSA B KayecTBE OCHOBHOIO MaTepHala B KadecTBe
3aIIUTHOTO ¢ OT AU Py3Uu TEKyUeH cpenbl STOT CIOH MOXKET UMETh Pa3JINYHbIE CTPYKTYPHL
B mnepBoil CTpPyKType MOIYT MCIOJB30BAaThCsl ONMH CJIOM W3 AJOMUHHEBOrO CIUIaBa WIIU
HECKOJIBKO MOACI0eB u3 amomuHus. Cinoil U3 alOMHHHMEBOIO CIIJIaBa WJIM MHOTOYHCIIEHHBIE
MOJICJION U3 aJFOMHHMEBOTO CILJIABAa UCIOJB3YIOTCA, €CJIN TOJIIHUHA Kaxaoro ciost 6onbuie 0,1
MM. DTO CBSI3aHO C T€M, YTO TOHKHE cJou Al CIOXXHO HAHOCHUTh, MOCKOJBKY CYINECTBYET
OMAaCHOCTb, YTO OH MOTYT MOPBAThCS BO BpeMsl B Npolecce HaHeceHus. JlOKa3aHO, 4TO CIIOU
TONMUHONU Oosbiie 0,1 MM SIBISIFOTCSI JOCTATOYHO MPOYHBIMH ISl HAJEKHOTO HAHECEHUs Ha
MOJIUMEPHY1O TPyOy 1.

Bo BrOpoll cTpykType, KOTOpass OTHOCUTCS K MHOTIOYMCIEHHBIM BapUaHTaM, cam
3aIUTHBIA clioil 3 oT auddy3un Tekyded cpenbl MOKET COCTOSTh W3 MHOTOYHCIIEHHBIX
MOZCJIOEB, KOTOPbIE TAaK)K€ MOTYT COAEPKAaTh NOJUMEPHBbIE MOACION MOMHUMO CJIOE€B U3
AJFOMHUHMEBOTO CILIaBa. 3/1€Ch MPEUMYLIECTBO COCTOUT B TOM, YTO B TaKHUX JJAMUHHUPOBAHHBIX
3aIUTHBIX CIOSIX OT AU Gy3un TeKydel cpelbl TOMIINHA KaKa0ro noacios u3 Al MoxkeT ObITh
MeHbIle Oyarofgaps IOMOJHHUTENIBbHOW yCTOHYMBOCTH, OOECIEeUMBAa€MON  MOJUMEPHBIMU
noncinossMu. Takum oOpa3om, MOKeT ObITh COepekeH aJFOMUHUHN, IS U3TOTOBJICHHSI KOTOPOTO,
KaK M3BECTHO, TpeOyeTcsl BBICOKUH pacxoi 3Hepruu. M3 mpeanodTuTenbHbIX BapHAHTOB HIDKE
OynyT mepeduclieHbl BapHaHThl JAMUHHUPOBAHHOIO CIJIOS, €CIM CMOTPETh B PaJAHAIBHOM
HApY’>KHOM HAaINpaBlIEHUH OT TNPONOJbHOW ocu TpyObl. Crenyer OTMETHTb, YTO BBIOOD

JAMUHUPOBAHHOTO 3AIIUTHOrO cjosi OT aupdy3unm Tekyudeill cpenbl HE OrpaHHUYMBAETCA [0
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yKa3aHHbIX BapuaHTOB. ClenyeT OTMETUTD, YTO AJIsl MPOU3BOACTBA MHOTOCIOMHOIO 3aIllUTHOTO
cnost ot auddysunu Tekyden cpeabl MOXKET HCIONb30BaThCs JH00as MPUTOAHAS TEXHOJIOTHS
NOMUMO JIAMMHUPOBaHMs. YKa3aHHblE BapHAHTbl MHOTOCJIOMHOM (MHOTOIOJCIIONHOIN)
CTPYKTYPBbI BKJIFOUAOT B CEOSI:

1) anroMUHUEBBIN MOCION U TOJUMEPHBIH MOACIION;

2) mepBBINl ANIOMUHUEBBIA IOACIOHN, MOJMMEPHBIN NOCION, BTOPOH aFOMHUHHEBBIH
MOJZICJIOM, KJI€EBOM ITOJICIION;

3) aNMrOMUHHUEBBIN TIOCIION, MOJTMMEPHBIH MOACION, KJIEEBOU MOICIION;

4) KJIeeBOU MOACIION, aJFOMUHUEBBIN MOCIION, TIOJMMEPHBIH MOACIION;

5) mepBbIii KJIEEBOH MOJCIION, aTFOMHHUEBBIA MOACIONW, MOJUMEPHBIN MOACION, BTOPOH
KJICEBOU MOACIJION, MPUYEM, B HACTHOCTH, MEPBBIN KJIEEBON MOACION U BTOPOH KJIEEBOW MOACION
COCTOSIT U3 OJJHOT'O U TOTO K€ MaTepuana;

6) mepBbIi KJIEEBOW IMOJCIION, aJFOMHHUEBBIA MOJCION, MOJUMEPHBIN MOCIION, BTOPOIl
AJFOMUHUEBBIN MOJCJION, BTOPOM KJIEEBOU MOCIIOHN,

7) O MeHbLIEH Mepe, 1Ba ATFOMUHHUEBBIX MOJCIIOS.

Hecmotpss Ha TO, uTO (PONBIU C MOACIOSAMHU IO BBHIIENEPEUNCICHHBIM BapUAHTaM,
coZiepKallfe TMOJUMEpPHBbIE CJIOM, MOTYT OBITh IIOJyY€Hbl B BHUAE YK€ IMPEIBAPUTENHHO
M3rOTOBJIEHHBIX (OJIBT, B JPYTHX BAPUAHTAX BBIMOJHEHUS Takue (POJBbru I 3aLIUTHOTO CIIOS
oT muddy3un Tekydel cpenbl TakKe MOTYT U3rOTaBIMBAThCA IO Mepe HagoOHocTu. Hampumep,
OHM MOTYT U3TOTABIIMBATLCSA C MOMOILIBIO HAHECEHUS MOKPBITUS 3KCTPY3UEH. DTOT mpouece, K
npumepy, onucaH Ha caiire https://en. wikipedia.org/wiki/Extrusion_coating. pyrum crnocobom
W3TOTOBIIEHHS] TAaKUX (OJNBI SBISIETCS JTAMUHMPOBAHME IMOJCIOEB. JTOT IPOLECC, K MpUMeEpy,
onucaH Ha care https://en.wikipedia.org/wiki/lamination.

[IpennoutureabHO, YTOOBI BO BCEX BapUAHTAX, COACPIKAIIMX IOJUMEPHBIA MOJCIIOH,
yKa3aHHbIN nosmMepHbIid noacnoi 6eu1 PET-nmoncnoem ninn PE-noacinoem.

B cnywae, korma 3amuTHbIA choii  or aupdysum  TeKydeH Cpembl COMEpPIKUT
MHOTOYHUCJICHHBIE IOACJIOHN, TOJIIMHA KaXXAOrO AJOMHUHHUEBOIO IOACIOS MNPEANOYTUTEIBHO
coctasnsier 0,005 — 0,2 MM, HanGonee nmpeanourutenbao 0,025 mm. Hampumep, B Bapuante 3)
AFOMUHHUEBBIN MOACION uMeeT ToamuHy 0,025 MM, momumepHsld moacnoi (Hampumep, PEX)
umMeet toauuny 0,012 MM, u kieeBoil noacaon umeet ToamuHy 0,025 Mm.

IIpenmy1ecTBO UCHOIB30BAHUS JJAMUHHUPOBAHHOTO CJIOSl COCTOUT B TOM, YTO 3allUTHBIN
cioit ot nudy3un TeKydel cpeasl MOXKET OBbITh CAETaH elle 0oJiee MPOYHBIM MO CPABHEHHUIO CO
CTPYKTYPOH, B KOTOpPOH HCIONB3yeTcss TONbKO cioli Al. Eciu cpaBHUBATH CO CTPYKTYpOM, B
KOTOPOI HCHONB3YIOTCS MHOTOYHCIEHHbIE MOACHON Al, CTpykTypa ¢ JaMHHUPOBAHHBIM

3alUTHBIM  cjoeM oT auddys3un Tekyuell cpenbl HMMeeT NPEUMYINeCTBO, TaK 4TO
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JTAMUHUPOBAHHBIN CJIOH MOXeET ObITh MPEABAPUTENHHO M3TOTOBJICH M HAHECEH Ha OJTHOM 3Talle,
B TO BpeMsl KaK MHOTOUHCIIEHHBIE MOACION Al TOJKHBI HAHOCHUTBCS Ha OJJHOM 3Tare B pacueTe
Ha IOJICJION, TEM CaMbIM JieJasl MPOLECC U3TOTOBIEHHs 0OJIee CIOKHBIM.

B eme onHOM BapuaHTe BBINOJIHEHHUs CYLIECTBYeT BO3MOXHOCTb HAHECEHUs
MHOTOYHUCJICHHBIX JJAMHHUPOBAHHBIX 3AIUTHBIX CJIOEB JUIS 3aIUTHI OT AU(GQY3UH, MpUIEeM BCe
YKa3aHHbIE JIJAMUHUPOBAHHBIE CJIOM MOTYT MMETh OAMHAKOBYIO CTPYKTYPY NPUMEHUTENBHO K
OTHOMY U3 BBILIEYKAa3aHHBIX BAPUAHTOB, WM KAXIbII U3 yKa3aHHBIX JIAMUHUPOBAHHBIX CJIOEB
MOKET UMETb OTJIMUHS B 00bEMe BBIIIEYKa3aHHBIX BAPUAHTOB.

ITo mepBOoMy acmekTy W300pETEHHs] YCHJIMBAKOIIMHA CIOW CONEPKUT HAHECEHHBIE IO
OKPY’KHOCTH TeperuieTeHHble BOJIOKHAa N, KOTOpble 00pa3yroT cxemy BOJIOKOH. [lo BTOpOMYy
acTeKTy H300peTeHHs YCWIMBAIOLIUKA CJIOH COAEPIKUT BBIIICYOMSHYTBhIE NEpPEIUIETCHHbIC
BOJIOKHA N U pAonojgHUTENnbHBIE NPOROJbHbIE BOJNOKHA Na. IlepernnerenHble Bonokna N
NPEANOYTUTENIbHO BBIOMPAIOTCA W3 TPYIIbL, BKIOHaromed B ceOs HeWnoH, rpadur,
cBepxBbICOKOMOJIEKYJsipHbId nommaTiieH (UHMWP), GF, apamun, napaapamun, MeTaapamun,
CTEKJIOBOJIOKHA WJIM KakKyro-muO0 ux koMOwmHarmio. OMHAKO Takke MOTYT HCIIOJNb30BATHCS
ApPyrue BOJIOKHA, UMEIOIINE KOHKPETHYIO TPeOyeMylo MPOYHOCTDb Uil MPOLECCOB BBIMOJTHEHUS
ONPENETICHHBIX ONEePALIUN.

ITonumepHast o6o04ka 7 MPEeANOUYTHTEIBHO COAEPKUT nonuoieduH. B onpeneneHHbIX
Cllydasix, Harmpumep, eciau Tpyda HCmosb3yercs: cama 1o cede 0e3 Apyrux HapyKHBIX CJIOEB,
Hanpumep, 0e3 oObeNUHEHUs C W30JUPOBAHHOI TPyOOH IO TpeTbeMy acmeKkTy H300peTeHus,
nojuMmepHass 00OJIOUKAa MNPEANOYTHTENBHO MOJKET JOMOJHHUTENBHO COAEeP)KaThb BOJIOKHA, B
YACTHOCTH, CTEKJIOBOJIOKHA HJIM I'paduTOBbIE BOJOKHA WIM MX KOMOMHauumio. Takue BOJOKHA
MOBBIIIAIOT TPOYHOCTh MOJUMEPHOH OOOJIOYKH, €CIHM MOJIMMEpHas O00O0JIOUKa IOJBEPraeTcs
IPSIMOMY BO3JE€HCTBUIO OKPYKAIOIIEH Cpesbl.

IMonumepHast Tpyba 1 coenuHeHa (TpuUKIeeHA) C 3aUIUTHBIM ciioeM 3 oT auddy3uu
TeKyuell cpenbl C MOMOIIBI0 TMEPBOro KJeeBOro cyosi 2. 3ammurtHbId cinoit 3 ot auddysum
TeKyuell cpeibl COSANHEH (IPUKIIEEH) C YCHIMBAIOIINUM CJIOEM S5 ¢ MOMOIIBIO BTOPOTO KJIEEBOTO
cinost 4. YcunuBaromuii cioi 5 coenuHeH (MPUKJIEEH) ¢ TOJUMEPHON 000I0YKON 7 ¢ MOMOIIBIO
TPETBETrO KJIEEBOIO €105 O.

Kak ynoMsiHyTO BBIIIE, IO IEPBOMY aCIIEKTy H300pETeHUS TPETHH KIIEeBOU CJIOHN 6 1/UiH
BTOPOH KJIeeBOW CIOW 4 BbIMOJHEHBI/BBIIIOJHEH C BO3MOXKHOCTBIO TIPUKJIEMBAHUS K
NEepEeIyIeTeHHbIM BOJNIOKHAM N M, UCXOJs U3 KOHKPETHON CUTyallMH, K IPOAOJIbHBIM BOJOKHAM
Na ycunuBaromero ciiosg 5. 910 npu HEOOXOAUMOCTH TaKKe€ OTHOCUTCS K TPyOe Mo BTOpOMY
acniekTy uzoOpereHusi. Kpome Toro, TpeTtuil KJieeBOW CJIOW W/WIM BTOPOH KJI€eBOW CJIOH mpu

HeO6XOI[I/IMOCTI/I BBINIOJIHEHBI/BBIITOJIHEH C BO3MOXXHOCTBIO BBICTYIIAHUA MEXKOY
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NEPEeIUIETEHHBIMUA BOJIOKHAMH, TaK YTO BTOPOH KJIEEBOM CJIOM M TPETUH KIEEBOU CJIOU
NPUKJIEUBAIOTCS APYT K Apyry. B uwacTHOCTH, OHM TeM cambiM OOpa3yIOT KOMIIO3MLIMOHHBINA
MaTepual, Tak 4YTO MepeIUIeTeHHbIE BOJIOKHA (PUKCHPYIOTCA MEXIY BTOPHIM KIIEEBBIM CJIOEM H
TPETbUM KJIe€BbIM cioeM. Takoe coeAuHEHHE [ABYX KJEEBBIX CJIO€B 4epe3 sS4YeHKH
YCUJIMBAIOIIETO CJIOSl CO3AaeT MPEHMYIIECTBO, MOCKOJbKY OHO OO€CIeYMBAET AOMOTHUTEIBHOE
KPEIUIEHUE NEPEeNJIETEeHHbIX BOJOKOH MEXIy BTOPbIM M TPETbUM KJIEEBBIMHU CJOSIMHU, T.€.
HeperyIeTeHHbIe BOJIOKHA 3aKJIIOYAIOTCS B O0OJOYKY MEXAY IBYMSl KIJIEEBBIMU CIIOSIMH, a HE
TOJIBKO CO€IUHSIIOTCS] C OTHUM U3 KJIEEBBIX CJIOEB.

JlpyruM npeuMyIecTBOM KpeIUIeHUs NeperyieTeHHbIX BOJOKOH N U, HCXons U3
KOHKPETHOH CHTyallMH, MPOIOJBHBIX BOJOKOH Na MEXAy 3aIllUTHBIM ciioeM OT auddys3un
TEeKy4ell Cpelabl U TMOJUMEPHONW OOOJIOUKOW SIBJISIETCS TO, YTO OHO MPOTHBOIEHCTBYET TaK
Ha3biBaeMOMy 3(PQeKTy «BbUIE3aHUS». ITO O3HAYAET, YTO MEPEIUICTEHHbIE BOJIOKHA IPH
OTIpENEeNIEHHBIX O0CTOSTENbCTBAX MOTYT BBICTYNATh 3a Tpeneisl TPyObl HAa €€ KOHIax B
pe3yabraTe HeOONBIINX U3MEHEHUH IJIMHBI H3-3a BO3EHCTBUS OKPYIKAIOLIEH Cpelbl, HAIpumep,
u3-32 TeMIepaTypHbIX HW3MeHEHUN. Takoe BblIe3aHUE SIBJISETCS HEXeNaTeIbHbIM, MOCKOJbKY
OHO 00yCIIOBJIIMBAET MPOoOJIEMBI BO BPeMsl COCIMHEHMsI CEKLM TPyOBbI IPyT € IPyroM H JeNaeTr
NPOIECC COeNMHEHHs 0OJIee CIIOKHBIM C BOCIIPUUMYNBOCTBIO CEKIIUI TPYOBI K TOJIOMKaM.

JUist yIpoIIeHus: COeNUHEHNsT MEXXY BTOPBIM M TPETbUM KJIEEBBIMU CIIOSIMH AJIsi 000UX
CJIOEB IMPEATNOYTUTENBHO BBIOUPAIOT OJUH U TOT K€ Marepuai kies. Takxke MpeanoYTUTENbHO,
9YTOOBI TEPBBIA KJIEEBOW CIIOH TakXe COCTOSI M3 TAaKOro k€ Marepuaia, Kak U JABa JIPYyrHx
KJeeBbIX cyos. Pasymeercs, B ApyrMX BapUaHTaxX BbIIIOJIHEHUsS MAaTepUasbl KJes MOTYT
paznyaThesi. B 4acTHOCTH, MEPBBIN KJI€eBOW CIIOW MOYKHO BBIOMPATh TAKUM 00pa3oM, 4TOOBI OH
OTJIMYAJICST OT BTOPOIO U TPETHErO KJIEEBBIX CJIOEB, MOCKOJIbKY OH JOJDKEH YJIIOBJIETBOPSTH
TOJIbKO TPEOOBAHHIO K HAICKHOMY MPHUKJICUBAHUIO MOJMMEPHOH TPYyOKH K 3aIIUTHOMY CJIOK OT
i dysun. BeiOpaHHbI MaTepuat MOKET BAPbUPOBATHCS B 3aBUCUMOCTH OT BBIOOpa MaTepHuaia
3aIUTHOTO CJI0s1 OT Auddy3un, T.€., COOEPKUT WK 3alUTHBIN cok oT auddy3un EVON wnu
ATIOMUHUNA. B ciyyae MCnonb30BaHUs JIAMUHHPOBAHHOIO MaTepuasa i 3alUTHOIO CJOS OT
mddy3nun, Kak OMUCAHO BBINIE, MEPBBI KJIEEBOH CIIOH TaKKe MOXET BapbUPOBATHCS B
3aBHCHUMOCTH OT COCTaBa MOCJIETHEro IMOACIOs, OOPAIleHHOro K MOJMMEPHOH TpyOe, KOTOphIi
MOXeT ObITh WJIM aFOMHUHHMEM MU KiieeBbIM moacioeM. Co CChUIKOW Ha BapHaHTHI JUJIsl BTOPOH
CTPYKTYpBI 3aLIUTHOrO Cyosi OT Au((y3uu MepBblil KIEeBOH CIOH MOXKET OBbITh HAEHTUYEH
KJIEEBOMY TIOZCJIOI0 BapHaHTa 4) WM MEPBOMY KJIEEBOMY IOZACIOK BAapHAHTOB 5) u 6). ITO
HCKJIFOYAET 3Tall HAHECEHUs AOMOJHUTENBHOIO MIEPBOrO KJIEEBOrO CJIOSI.

BTtopoiil u Tpernii kieeBble CIOM TAKK€ MOXKHO BBIOMPATh TaKUM 00pa3oM, 4TOOBI OHH

OTJIMYAJINCh IPYT OT APYTra, MPH YCIOBUH, YTO OHHU UMEIOT CIIOCOOHOCTh K CKJICHMBAHHIO JIPYT C
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ApyTOM.

IIpennodTuTeNbHBIM  MaTE€pPUaAIOM Ul KIIEEBBIX CJIOEB SIBISETCS KJIEH Ha OCHOBE
nojuosneprHa, OTBEPXKIAEMbIHl MaJeMHOBBIM AHTHIPHUIOM, B YaCTHOCTH, KJIeH Ha OCHOBE
COmoJuMepa  MOJMIPONUIICHA, OTBEPKAAa€MbId  MAJEMHOBBIM  aHTHAPUAOM. Jlpyrum
INPEANOYTUTENBHBIM MAaTEPUAIOM SIBJIAECTCS OSMOKCUIAHBIM KJIeW WIN TMONMYpPETAHOBBIM KJIEH.
Takke MOTYT HCIIONB30BAThCSA KJIEM APYTHX THIIOB, €CIM OHH O0ECHeYMBAIOT TpeOyemyro
IIPOYHOCTb COEAUHEHHS.

Ha ¢ur. 2 peranbHO mOKa3aH yCHJIMBAIOIIMK CIOH w3 ¢ur. 1 ¢ meperuieTeHHbIMH
BOJIOKHaMU N U, B KauecTBe MPUMeEPa, C TOMOJHUTEIbHBIMU NPOJOJIbHBIMUA BOJIOKHaMU Na.

B 3aBuCHMOCTH OT MpUMEHEHUs], B YACTHOCTH, OT PacueTHOTO AaBJIEHUS, KOTOPOE, Kak
npearnonaraercs, Oy1eT BO3AEHCTBOBATh HA TPYOy, YCHIIMBAIOIIMHA CJIOH TaKKe MOXKET COCTOSTD
13 MHOKECTBEHHBIX IOJICIOEB, MPUUEM KaxAbIH MOJCION MOXKET COCTOSITh U3 NEepPEereTeHHbIX
BOJIOKOH W/WJIM JTOTIOJIHUTEIIbHBIX MPOIOJIbHBIX BOJIOKOH Na. OHAaKO TOKa3aHO, YTO OJUH CIIOH
NEPEIJIETEHHbIX BOJIOKOH SBJSIETCSl JOCTATOYHBIM JJIsl IIMPOKOTO JHana3oHa 3aJaHHbIX
JaBJICHUH, YTO MOAPOOHO OMUCAHO HUXKE CO CCBUIKOM Ha ¢ur. 3.

Ha ¢ur. 3 ngeranpHO moOKa3aH BuA COOKy ceknuu ycuimBaromero cios. Cumson D
o0O3Ha4aeT Hapy>KHBIH AMAMETP CaMOH BHYTPEHHell mnonmMepHO# TpyObl. [l ymporneHus
gyepTeska 3alUTHBIN ciol 3 oT nuddys3un Texkydeil cpennl He nokasad. OHAKO C LEJBIO pacyeTa
B HACTOsIIEM NOKyMeHTe auameTp D1 samuTHOro cnos ot auddys3um Tekydeld cpenbl Takxke
MOT ObI HCIIOJIB30BATHCS, TOCKOJIBKY Pa3JIMune AUAMETPOB sIBJIETCs MpeHeOpexxumo ManbiM. Ha
¢ur. 3 cumBoN X 0003HAYAET MPOAONBHYIO OCh TPyObI P, U cuMBOJ r 0003HAYAET PagUalIbHYIO
ock TpyOb! P. CuMBON N OTHOCHUTCS K MEPEIUIETEHHBIM BOJOKHAM, M CUMBOJ Na OTHOCHUTCS K
JOTIOJIHUTEIbHBIM ~ MPOJOJIBHBIM ~ BOJIOKHAM,  KOTOPbI€  OPHEHTUPOBAHBI  MapaJUIeNIbHO
MIPOAOIBHON OCH TPYOBI.

Kak mMoxHO BHIeTh Ha (urype, nepervieTeHHble BOJIOKHa N, oOpasyrolnue CeTKy B
KQKJOM HAIpPaBJICHUM, PACIOJOXKEHbl MOJA YIJIOM ¢f OTHOCUTENIBHO MPOAOJIBHON OCH
HeTapaJuleJIbHO CEYSHUIO TPYObI U HeMapauIebHO MPOIOJIBHON OCH TPYOBI.

B BapuanHTax BBINOJNHEHUs MEpPEIUIETEHHbIE BOJOKHA WMMEKT BenuuuHy DTEX,
ommyaromyrocst o BenuuuHbl DTEX mpoponbhbix BosokoH. Bemmunna DTEX (meumrexc)
SBJISIETCS] BEIMYUHON B rpaMmax Ha 10000 mMeTpoB NpsKU U SIBJIAETCS MPSIMBIM MOKa3aTesieM
JMHEHHON IUIOTHOCTH BOJIOKHA. JTO M3BECTHO CIIELHUAINCTAM B pacCMaTpuBaeMoi 00JacTH.
IIpeumyiiecTBOM HCNOAB30BaHUs oTandaromuxcss BeauunH DTEX nansg  nepensieTeHHbIX
BOJIOKOH M TPOJAOJBHBIX BOJOKOH SIBJISIETCS OOJdbIIasi THOKOCTh B CTPYKType Ui TpeOyeMbIxX
napameTpoB TPYObl ¥ ONTUMH3ALMU PACXOOB HA MaTepHaJIbl U U3TOTOBJICHHUE.

Yron o Berumcisiercs: mo ¢dopmyne (I), ynmomsiHyToil B Hayane OMHCAHUS B KOHTEKCTE
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BTOpPOTO acrekta u300pereHus. OHAKO MOCIEAyoIlee OMUCAaHUe 3TOH U APYyTUX HOpMYIT TaKKe
OTHOCHTCSI K BapUaHTaM BBITMIOJIHEHHS 110 MEPBOMY acnekTy nzobpereHus. COOTBETCTBEHHO, TO
K€ CaMOe OTHOCHTCSI K ONPENeNICHHOMY KOJHYECTBY IOIMOJHHUTENBHBIX MPOJOJBHBIX BOJIOKOH,
kotopoe Bbruucnsercs no gopmyne (II). s ynobersa dpopmyana (1) mosropsiercs Hinke:
2Nsin’a R
~ nD2cosa (1+ € )2
100/ ... (D

rae N — ofmee KOJIMYECTBO IEPEIUIETeHHBIX BOJIOKOH, P — pacueTHoe paspbIBHOE

nasjaeHue, R — MakcumanbHas Harpy3ka Ha MEpPEIUIETEHHOE BOJOKHO B HBIOTOHax, D —
HAPY KHBIA JUAMETP CaMOU BHYTPEHHEH MOJIMMEPHOHN TPYObI U € — yATMHEHNE MEPEIUIETEHHOTO
BOJIOKHA MPHU Pa3phIBeE.

VY anuHeHue npu paspelBe sIBISAETCS XapaKTEPUCTUKON BOJIOKHA U ONHUCHIBAET OTHOLIEHUE
MEKIy U3MEHEHHOH JUIMHOW M UCXOAHOW AJMHOM MOCJE pa3pyLUEHHs B MPOLEHTaxX. Y IJINHEHUE
MIPU pa3pbiBE€ U MaKCUMaJbHas Harpys3ka 3aBucaT oT BeanuuHbl DTEX BonokHa.

KonnuecTBo nepemyieTeHHbIX BOJIOKOH 3aBUCUT OT KOJUYECTBA HUTEBOAUTENEH JIs
BOJIOKOH B MAlllMHE, KOTOpas YKJIaAbIBACT BOJOKHA, HAlNpUMEp, OIUIETOYHOM MalluHEe, U
KOJINYECTBA BOJIOKOH, PACIOJIOKEHHBIX MapajuIelbHO Ha Kakaol OOOMHE MAaIluHBI, YHCIIO
KOTOPBIX COCTaBjsieT, Hampumep oT 1 1o 4. B 3aBUCMMOCTH OT OIUIETOYHON MAaIUWHbI
KOJINYECTBO MEPEIJIETEHHBIX BOJOKOH MOXET, Hampumep, paBHsaTbesa 24, 48, 72, 96, 120, 144,
168 nnu 192.

Co ccbuIKON Ha CYIIECTBYIOIIMHM YPOBEHb TE€XHMKH, YIOMSHYTBI B Hadajle OMUCAHMS,
pacueTr, HCIONb3YEMBbI [JIs1 ONPENeNeHHOrO KOJIMYeCTBA IEPEIUIETEHHBIX  BOJIOKOH,
BBITIOJIHSIETCSI, UCXOMs M3 TOTO, YTO TaK Ha3blBa€MbIN YroJl pPaBHOBECHS COCTaBisieT 54°44".
Heobxonumoe pacueTHOe paspbiBHOE naBiieHue U nuametp D 3amarotcs. Takum oOpasom,
napamerpsl N, R, € morytr perynupoBaTbCsi [JIs1 JOCTHXKEHHS MAKCHUMAJIBbHO BO3MOXKHOIO
OIMHAKOBOTO COMPOTHUBJICHUS PAIHAIbHON M OCEBOM COCTAaBJSAOUIMX ycwius. B oriauuue ot
3TOTO, B HACTOSIIEM W300PETEHUH YTOJ O TAKXKE PACCMATPUBAETCS KaK NMEPEeMEHHAasl BEJIHMYUHA.
B mepBom BapuaHTe yrox ¢. BeIOMpaeTcs TakuM oOpa3oM, 4ToObl OH ObUT OOJbIIE yKa3aHHOTO
yIjia paBHOBECHSI, TEM CaMbIM OOecreunBas OOJBLIYIO FMOKOCTh BHIOOpA APYTUX MEPEMEHHBIX
napamerpoB N, R, € Bo BTOpoM BapuaHTe€ yroj O pacCUUTHIBAETCA B 3aBUCUMOCTHU OT
YKa3aHHbIX JAPYTUX IEePEMEHHbIX MapaMmeTpoB. JlpyruMu CjOBaMH, OAWH WM HECKOJBKO
napamerpoB u3 ¢opmynsl (I) Moryt amantupoBaThbcs TakuM 0Opa3oMm, 4YTOOBI yroi o ObLI
Oosblie yria paBHOBECHs], paBHOTO 54°44''. O0a BapuaHTa MO3BOJSIFOT MIPOEKTHPOBATH TPYyOy P
TakuM 00pa3oM, 4ToObl OHa OblIa MAaKCHUMajbHO cOalaHCHMpPOBAaHA IO OTHOLIEHHUIO K €€

CONIPOTUBJICHHUIO pannaanoﬁ 1 OCEBOM COCTaBJISIFOIIIUM yCUJivss B BOJIOKHAX, 4TO O6yCJ'IOBJ'IeHO



14

JaBJIEHHEM, ISl BapbHPOBAHMS PACUETHBIX PA3PBIBHBIX JaBJICHUN. BBIIO yCTaHOBJIEHO, 4YTO
TaKAM IIyT€M AOCTHraercs Jy4yIInid OalaHC MO CPaBHEHUIO C TEXHUYECKHM pEIIeHHEM U3
YIOMSIHYTOTO CYIIECTBYIOLIEr0 YPOBHS TEXHHKH, UTO IO3BOJIAET YBEJIWYUTh CONPOTHUBIIEHHE
paguanbHON COCTABJISIFOIIEH YCHIIMS 32 CUET CONPOTUBJIEHUS] OCEBOM COCTABJIIKOIUECH YCHIMS U
HaoOOpoT. [l KOMIEHCcaluu OCTaroIerocst nucdanaHca MO OTHOLICHUIO K PagHajbHOM U
OCEBOM COCTABJIAIOLIUM YCHJIUSL HCIIONB3YIOTCS JIONOJIHUTENbHbIE IPOJOJIbHBIE BOJIOKHA.
bnaronapst MCHOSIB30BAHUIO PACCUMTAHHBIX WJIM BBIOPAHHBIX yIJIa O M MapaMeTpoB R, € B
dopmyne (II) BbMUCTAIOT KOMMUECTBO N, JONOJHUTENbHBIX MPOJOJBHBIX  BOJIOKOH,
HEOOXOaUMOe /Il KOMITCHCAIlMHM YKAa3aHHOTO OCTaBIIerocs: nucbananca. B 1ensx MOJHOTEHI
u3joxkeHus: marepuana ¢opmyna (1) monyuena u3 HuwxenpuseneHuoi gopmyier (IV), koTopast
otoOpaxkaer nucOajaHC MeXIy MaKCHMaJbHBIMH OCEBOM M pPagHalbHOH COCTaBJISIFOLIAMH

YCHITUSI, YTO OOYCIJIOBJICHO AAaBIEHUEM:

AP—ZNR'(' t 2 + Ng/N))
r=-pzR(sinatan a - {cosa 2/N) v

rae AP; — pasHHIA MEXAy pa3pbIBHBIM JaBIEHHEM, BBIYHCICHHBIM IO PagualIbHON
COCTABIISIFOLIEH YCHJIMSI B BOJIOKHAX, W Pa3pbIBHBIM MAABJICHHEM, BBIUHUCIEHHBIM IO OCEBOU
COCTaBIISIFOIEH yCHIIMsSI B BOJIOKHaX. B cmiy BblmeckazanHoro ¢opmyna (II) momyuena wus
ycraHOBIeHHOro 3HadyeHuss APs = 0, uro oroOpakaer 3anmady oOecneueHust OanaHca
MaKCHMaJIbHBIX PaJMaJbHON M OCEBOI COCTABJISAIOLINX ycuius. B ciydae, korna npomosbHbIe
BOJOKHA HE€ MHCHOJb3yHOTCA (M, TakuM obOpasoM, N. = 0), NOMy4arOT H3BECTHBIN U3
CYLIECTBYIOLIEr0 YPOBHsS TEXHUKU BBILIEYKA3aHHBIA yroj paBHOBecus, paBHbI 54°44") uro
SIBJISIETCSI HEOOXOAMMBIM /TSI Y IOBJIETBOPEHUs paBeHCTBA APs = 0.

Ucnonw3yst popmyiay (IV) ¢ N, = 0 u Bapbupyst yrosi o, MOKHO HAWTH, KaKOH THII
nucOanaHca ycuiuid OyeT MojydeH, T.e. Kakash MaKCHMaJlbHasi COCTaBJSFOINAs ycwiusi Oynaer
HIDKE, U, TEM CaMbIM, OyeT ONpeneNiTh pa3pbIBHOE AaBlIEHHE, PUKIIAIbIBAEMOE K TpyOe.

Ecnmu o > 54°44", panuanbHasi COCTaBISIFOLIAS YCUJIUSL YBEJIMYUBACTCS, W OCEBas
COCTaBIISIFOLIAST YCHIIMSL YMEHbIIAEeTCs. boee HU3KOe OCeBOEe YCHUIIME MOXKHO KOMIIEHCHPOBATH
(utoOBl pocTHub, TO cymectBy, APs = 0) Onaromapsi HCHOJB30BAHUIO OMPEAEICHHOTO
konmmuecTBa N, POIOBHBIX BOJIOKOH, paccuuTbiBaemMoro 1o gopmye (II).

Ecnmu o < 54°44", oceBasi COCTaBIAMOINAs yCWUJIHS YBEJIUYHUBACTCS, U paguaibHas
COCTABISIIOLIAS YCHJIMSA ~YMEHbINAeTCs. bojiee HU3KOE pagualbHOE YCHIIME  MOKHO
KOMIIEHCHPOBaTh (YTOOBI JOCTHYb, 1O cymecTBy, AP; = 0), Hampumep, MOCPEACTBOM
UCTIOJIb30BAHMsI BTOPOTO JOTOJHUTENBHOTO MOJCIOS TEPEIUIETEHHbIX BOJIOKOH HIIM BBIOOpA
OoJiee MPOYHBIX NMEPEIUIETEHHBIX BOJIOKOH /ISl yCHIIMBAIOIIETO CJIOS.

Takum oOpazom, oOmiee koauuecTBO N, JOMOJHUTENBHBIX MPOJOJBHBIX BOJOKOH
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PacnoyIOXKEHO C BO3MOKHOCTBIO YPAaBHUBAHUSI CTEIICHH YyCUJIEHHS MO OTHOLUCHHUIO K YCHUIIUSM,
AEUCTBYIOIUM Ha TpyOy B paAMajbHOM HANpPAaBICHUU U B MPOAOIBHOM HAmpaBieHUH TPyObI P,
TEM CaMbIM JOMycKas Ooyiee BBICOKOE pACUETHOE pa3pbIBHOE MABJIEHHE IO CPABHEHUIO C
pa3pbIBHBIM AaBJIEHUEM, KOTJa yroj paBHOBecHs coctaBisieT 54°44”. Cnenyer OTMETUTb, UYTO
kosuecTBa N, Na, Nai, Na2 10/KkHBI ObITh LenmbiME ynciamu. ClienoBaTeNnbHO, B Cllydae, KOraa
dopMysibl, TpeACTaBIEHHbIE B HACTOSALIEM JOKYMEHTe, HE [alT LeJoro YHCia,
COOTBETCTBYIOIIIEE KOJUYECTBO BOJIOKOH OKPYTJISIETCS A0 CIAEAYIOLIETO LEeJIOro YUCa.

B BapuanTax BBINOJHEHUS MPOAOJIbHBIE BOJOKHA COIEPKAT HEKOTOPOE KOIMUYECTBO Nai
NEPBBIX MPOAOJIBHBIX BOJOKOH ¢ mepBoil BenuunHOM DTEX u Hexotopoe konmmuecTBO Nao
BTOPBIX NPOAOJBHBIX BOJOKOH cO BTOpoi BenuunHoi DTEX. IlepBble mpononbHbIe BOJIOKHA U
BTOPBIE TNPOAOJBHBIE BOJOKHA PACHOJOXKEHbI noouepenHo. OOiiee KOINYECTBO MPOIOJIBHBIX
BOJIOKOH ompenesiercs o Gopmyne (1I1)

R R R
al Naz a2 o

(1+58)  (+8) (i) ... (TII)

rae Ra1 — MakcumanbHas Harpy3ka Ha NepBO€ NPOAOJIbHOE BOJOKHO B HBIOTOHAX, Rax —

Nal

MaKCHMaJbHasi Harpy3ka Ha BTOPOE MPOIOJIbHOE BOJIOKHO B HBIOTOHAX, €41 — YIUIMHEHHE MPHU
paspbiBe Ui MEPBOTO MPOJOJBHOIO BOJIOKHA M €q2 — YAJMHEHUE TPHU pa3pbiBe AT BTOPOTO
NPONOJNIBHOTO BOJIOKHA. TakuMm o00pa3oM, B O5TOM Cilydae BCE€ WCHOJb3ye€Mble BOJIOKHA
(mepernyieTeHHbIE BOJIOKHA, IEPBBIE MPOAOJIBHBIE BOJIOKHA, BTOPBIE IPOAOJIBbHBIE BOJIOKHA)
umeroT pasHble BennunHbl DTEX. Takas ruOkocts B BbiOOpe BenmunH DTEX obecneunBaer
Jqydllee CONpsDKEHHE KOMIIOHEHTOB M ONTHUMH3ALMIO PAcXOl0B Ha MPOEKTUPOBAHHUE U
U3TOTOBJICHUE.

Ecnu B BapwaHTax BBINOJHEHHS MO TIEPBOMY AaCIHEKTy H300PETEHHs HCIIOJIb3YHOTCS
JOTIOJHUTEIbHbIE BOJIOKHA N, KOTOpbIE, HANpUMep, MEPeIVIeTeHbl C MeperyIeTeHHbIMU
BOJIOKHAMH, WJIM B Cly4Yae, KOrJa CaM YCWJIMBAKOUIMHA CJIOH COCTOMT M3 MHOTOYHCIICHHBIX
NOJICNIOEB, HW300peTeHHe TakXKe PpACHpPOCTPAHSETCS HAa COCOMHEHHWE U, TaKuM o0pasom,
(ukcanmo BCEX BOJIOKOH OTHEIBHOTO CJIOSI FJIM BCEX TIIOACIOEB YCHJIMBAIOIIErO CJIOS,
COOTBETCTBEHHO, MEXIY 3alIUTHbIM cioeM OT aupdy3un Tekyded cpenbl U TOITUMEPHON
00O0JIOUKOH.

O600mas ckazanHoe, Onaromapst ucronbzoBanmo Gopmynsl (I) u Gopmynsr (1) u, npu
HeoOxomumocTH, popmyiner (III) MOXKHO CIpoeKTHPOBaTH YCHIIEHHYIO TPyOy P, ycroitumsyro k
BO3ACHCTBHIO OCEBOW WM PAaTUAIBHON COCTABJISIOIIUX YCHJIMS HAa BOJIOKHA, 4TO OOYCJIOBJIEHO
JaBlieHHeM, cOaJaHCHUPOBAHHBIM O0pa3oM C OUY€Hb HE3HAUYMTENIbHBIM KOMIIPOMHCCOM MEXKIY
paauanbHON MPOYHOCTBHIO U OCEBOM MPOYHOCTHIO, TEM CaMBIM MOJy4ast Ooyiee IPOUHYIo U Ooree

yCTOWYMBYIO M JOJrOBe4Hyr0 TpyOy. Kpome Toro, mcrnonb3oBaHue YCHIHBAIOLIErO CIIOf,
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CIIPOEKTUPOBAHHOIO, KAaK OMNHCAHO BBINIE, MO3BOJISIET 3HAYUTENBHO YMEHBLIUTH TOJILIUHY
CTEHKM CaMOil BHYTpPEHHEH INOJIMMEpHOW TpPyObl MO CpaBHEHHI0O ¢ TpyOamu Oe3 Takoro
YCUJIMBAIOIIEro cosi. B ¢BsA3M ¢ 5TUM Huke B TabMUIAX NPHUBENEHBI NMPUMEPHI BBIYHCICHUHN.
CnenyeT OTMETUTD, YTO 3TO TEOPETUYECKHE BBIYUCICHUS, UCXO[s U3 ONPEAEICHHBIX PeabHbIX
NapamMeTpOB TUIIOBOTO NMPUMEHEHHUsI LEHTPAJIbHOIO OTOIUICHMs], 8 UMEHHO, TPAHCIIOPTUPOBAHMUS
ceTeBOi BOnbI mpu paboueit Temneparype 115°C u naBnenun 1,6 MIla. B Tabnuuax mokasaHsbl
pa3uuMs MEXIy WCIONIb30BAHHEM YCHJIEHHBIX TPYO MO H300PETEHHIO M TEOPETUUYECKUM
ucnonb3oBanreM TpyO u3 umcroro PEX. B nHacrosimee Bpemsi MoHoauTHble PEX-TpyOnI mmst
YKa3aHHBIX YCJIOBUM HE HUCMOJb3YIOTCA UMEHHO IO TOW MPUYMHE, YTO BBIYUCIEHHBIE TOJILIUHbI
ux creHok (t.e. SDR = 335) nHempurogHel. DTOT NpUMEp MOKA3bIBAET NPEUMYIIECTBO
n300peTeHHs.

Kaxxnprit psin B Tabnune 1 cCOOTBETCTBYET TakoMy ke psiny B Tabnuue 2. CokpameHus B
TaOIMLaX O3HAYAIOT CIIEAYIOIIee:

riPEX = ycunennas nonumepnast PEX-tpy6a 1

PEX = neycunennas nomimepsas PEX-tpyba

ID = BHYTpeHHUI IUaAMETP MTOJTUMEPHOH TPy ObI

AD = Hapy:XHbII TUAMETP MOJUMEPHON TPYOBI

S = TonIuHA CTEHKHU
T 2 2
Area = Z(AD —ID%)

Area reduction = ymenbinenne oobrema PEX-matepuaa

E/J, C/ = oTHOCUTCA K COOTHOLIEHHIO BEJIMYMH M3 COOTBETCTBYIOLIMX KOJIOHOK B
Tabnnwe

SDR = «CraHpmapTHOE OTHOLIEHHE pa3MEpOB» OTHOCUTCS K reomerpuu TpyObl. SDR
OTpeNeNsAeTCsl KaK OTHOIIEHHE HOMUHAJIBHOTO HAPYIKHOTO TUaMeTpa K HOMHHAJIBHOW TOJIIIHE
CTEHKH.

Takum oOpa3om, Oonee Bbicokas BeamuuHa SDR ykaspiBaeT Ha TOHKOCTEHHYIO TpPyOy

npH JIFOOOM 33/JaHHOM JIHaMETpe.

Tabnuua 1
A B C D E
ID; riPEX AD; riPEX s; riPEX SDR; riPEX Area; iPEX
32,6 37,6 2,5 15,0 275,67
40,8 470 3,1 15,2 427,54
51,4 58,6 3,6 16,3 622,04
61,4 69,2 3,9 17,7 800,07
73,6 82,6 4.5 18,4 1104,11
90,0 100,0 5,0 20,0 149226
1022 112.8 5,3 21,3 1789,92
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114,6 125.8 5,6 22.5 2114,67
130,8 143 4 6,3 228 2713,49
Tabmuna 2
F G H 1 J K L 1-K 1-L

SDR, ID; AD; S; Area; naARen] Area S;
PEX | PEX=nPEX | PEX PEX PEX reduction reduction
3,35 32,6 80,90 | 24,15 | 4305,12 |64 ] 10,4 93,6 89.6
3,35 40,8 101,24 | 3022 | 674327 | 6,3 |10,3 93,7 89,7
3,35 51,4 127,55 | 38,07 | 1070228 | 5,8 | 9,5 94,2 90,5
3,35 61,4 15236 | 4548 | 1527168 |52 | 8.6 94 8 91,4
3,35 73,6 182,64 | 54,562 | 2194350 | 50 | 83 95.0 91,7
3,35 90,0 22333 | 66,67 |32812,19 (45| 7,5 95.5 92.5
3,35 102,2 253,61 | 75,70 | 4231087 42| 7,0 95.8 93.0
3,35 114,6 28438 | 84,89 | 5320096 | 40| 6,6 96,0 93 4
3,35 130,8 324,58 | 96,89 | 6930518 |39 | 6,5 96,1 955

Kak MOXHO BHIETh M3 TaOJHWIL, YMEHBIIEHHE TOJIIWHBI CTEHKH cocTaBisieT 89,6% -
93,5%, B TO BpeMs KaKk YMEHBLICHHE KOJUYECTBA MaTepraia OOJiblle YKa3aHHOTO HAna30Ha U
coctaBysieT 93,6% - 96,1%. Kak ynoMsiHyTO BbIlllE, 3TO CPaBHEHUE SIBJSIETCS] TEOPETUUECKUM
CpaBHEHHEM, NPEAHA3HAYEHHBIM ISl AEMOHCTPALNU penMyLiecT n3odperenusi. PEX-tpy0sl ¢
orHoweHueM SDR, paBHbIM 3,35, He npearatoTcst n3-3a TEXHOJIOTHYECKUX OTPaHUUCHUH.

Ha ¢ur. 4 nokazana tpy0Oa IP mo Tperremy acnexry nsoOperenus. HM3onuposannas Tpyda
COIEPIKUT, €CIIM CMOTPETh B PaAHAIbHOM HAlpaBieHUH Hapyxky, TpyOy P mo mepBomy wmim
BTOPOMY AacCIeKTy H300peTeHus, M0 KOTOpOiHl TedeT cpena 8, Hampumep, ropsidas BOA,
TEIUIOU3OJIMPYIOIIMI CJIOW 9, KOTOpBIM MNPeanodTuTenpbHO sBisgercs ciaoemM PUR-nensl, u
HapyXkHY10 000504ky 10, KOTOpas MPEAOYTUTENbHO H3rOTOBJIEHA W3 TEPMOIUIACTHYECKOTrO
marepuana. OObrdHO M30nmMpoBaHHast TPyOy IP m3roraBiamBarOT TakuMm oOpa3oM, YTO CHavaia
TpyOy P LEeHTpHpYIOT BHYTpPU Hapy»kHOU 000jouku 10 ¥ BBOAST B 3a30p Mexay TpyOou u
HApY>KHOW 00O0JIOUKOH M3OJSILIMOHHYIO MEHY, KOTOpasi paCIIupsieTCs] U OTBEPAEBAET, TEM CaMbIM
MOJTHOCTBIO  3AMOJIHSIST 3a30p. DTO HM3BECTHO CIELMAIMCTAM B paccMaTpUBAaeMOW 00JacTu
TEXHUKH U HE OMHCHIBAETCS MOAPOOHO B HACTOSIIEM JOKYMEHTA. B IeNsiX MONHOTHI U3JI0KEeHUS
naercs ccbuika Ha mateHT EPO0897788, B KOTOpPOM OMMCHIBAETCS CHOCOO H3TOTOBJICHHUS
TETJIOU30JIUPOBAHHON TPYOBI B TOPUPOBAHHOM 0OOJIOUKE.

Hwumxe mnpuBeneHo mnonpoOHOE ONMUCaHWE MPOLEcCa H3TOTOBICHHSI IO YETBEPTOMY
acTieKkTy U300peTeHusl.

Ha mnepom »sTame a) camas BHYTPEHHss TIOJMMEpHas TpyOa SKCTPyAHPYETCs
MOCPEACTBOM HCIOJIb30BAHUS U3BECTHOIO COOTBETCTBYIOLLETO SKCTPYAEPA.

Ha Btopom sTame b) mepBeIii KiieeBOH CiIOH 2 HAHOCHUTCS Ha CaMyH BHYTPEHHIOKO
NOJMMEPHYI0 TpyOy C IOMOIIBIO M3BECTHBIX CHOCOOOB, HANPUMEp, SKCTPY3UH, PACIIbUICHUS,

HAHECCHHUS MOKPbITUA, MNPUYEM MPEANOYTUTCIIBHBIM CIocoOOM HAHECEHHSI KJIEEBOTO CJIOS
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ABIsieTCs SKCTPy3usi. Crenyer OTMETUTh, YTO KaKIBIHA 3Tall, TOCHE 3Tara HAHECEHUs KIIEEBOTO
CJIOSI BBITIOJIHSIETCSL B HAJIEXKALee BpeMsl Iiepes] OTBEPASHUEM Kiiesl. DTOT BPEMEHHON WHTepBal
MOXET BapbUPOBATHCS B 3aBUCHMOCTH OT HCIIONIb3yEMOTO KJIesl.

Ha tpetbem stame c) 3amutHbiil cinoi 3 ot auddy3un Tekydel cpenbl HAHOCUTCS Ha
nepBbIil KJieeBOW cioil. B ciydae, xorma 3amurHbil ciaoit oT nuddysun Tekydend cpemsl
COAEP>KUT MeETaJlJI, 3Tall C) IPEANOUYTUTENIbHO BBIMOJHAETCS IOCPEACTBOM CIHUPAJIBHOTO
00epThIBaHUSI WJIM HAMATBHIBAHUS 3ALIMTHOrO CjIosi OT Auddy3um Tekydeil cpenpl Ha MEpPBbIA
KJIEeBOH CJION WJIM TOCPEACTBOM OKpPYIKEHHS TEePBOrO KJIEEBOTO CJIOSl 3AIMUTHBIM CJIOEM OT
i dy3um Tekyde cpeapl U MOCIEAYIOMIEro CIUIaBIeHUs (HanpuMep, ¢ TOMOIIBIO CBAPKH) IPYT
C IPYyroM KpaeB 3amuTHOrO ciosi oT nuddysuu Tekyueit cpenpl. B ciaydae, xorma 3aiquTHBINA
cioit ot nuddy3un TeKyuei cpeasl COCTOUT U3 MHOXKECTBA AJIFOMUHUEBBIX TOACIOEB, BCE CIIOH,
HampuMmep, MOryT OOepThIBaTbCSI B OAHOM HampasieHHH. Kak BapHaHT, MOACIOW MOTYT
HAMAaTBIBATHCS B MPOTHUBOIIOJIOJKHBIX HAMPABICHHSX, B YACTHOCTH, TOOYEPETHO.

B cnyuae, korma 3amuTHbIA ciaod OoT 1audQy3un TEeKyded Cpeapl CONEPIKUT
TEPMOIUIACTUYECKUI MaTepuasl, 3Tal C) MPEATOYTUTENbHO BBINOJIHIETCS MOCPEICTBOM
SKCTPY3UHU 3AIMUTHOrO cjosi oT auddy3uu Tekydel cpenbl Ha NepBblil kieeBod cioi. Kak
YIOMSIHYTO CO CChUIKOW Ha ¢ur. 1, ecnu 3amutHbi ciod oT auddysum Texyueil cpensl
COAEPKUT MHOTOUYHUCIIEHHBIE TMOJCJIOH, OH YK€ MOXeT OBbITh TOJy4eH IOCPEACTBOM
NPEABAPUTEIHLHOIO U3TOTOBJIEHUS WIM OH MOXKET ObITh U3TOTOBJIEH MPEIBAPUTEIBHO 10 OJJHOMY
U3 OIHMCAHHBIX MPOLIECCOB.

Ha uerBepTom sTame d) BTOpOH KJieeBOW CJIOH 4 HAHOCHUTCS HAa 3ALIUTHBIA CIIOW OT
¢ dy3un TeKyuel Cpeabl aHAIOTHYHO C 3TanoM b).

Ha msTtom sTame €) yCWIMBAIOIIMIA CIOW 5 HAHOCUTCS HAa BTOPOW KIIEEBOM CIIOH,
NPEANOYTUTENIFHO MOCPEICTBOM OIUIETEHHs WJIM HABUBKHU WJIM OOCPTHIBAHUS WJIM HAMATBIBAHHSI
yCHJTUBAFOIIETO CJIOS.

B BapuaHTe BBIOJIHEHHS JOTIOJHUTEIIbHbIE MPOJOIbHBIE BOJIOKHA N, IPUCOSAHHSIOTCS K
NepeIUIeTeHHbIM BOJIOKHaM. Hanpumep, OHU MOTYT ObITh BIUIETEHBI B MEPEIUICTEHHBIE BOJIOKHA
B TO JK€ BpEMsi, KOTJa MeperuieTeHHbIE BOJIOKHA HAHOCATCS Ha TpyOy. DTO, KaK MPEeUMyLIeCTBO,
YCKOPsIET HAHECEHHE YCHJIMBAOLIETO CJIOS, MOCKOJBKY BCE BOJIOKHA YKJIAIBIBAIOTCS 33 ONWH
3Tarl.

B npyrom BapuaHTe BBINIOJIHEHUS JOTOJHUTENbHBIE TIPOIOJIbHBIE BOJIOKHA HAHOCSATCS B
Ka4eCTBE HE3aBHUCHMOTO TOACIOS Ha NMEPerUIeTeHHbIE BOJIOKHA WIIM HIDKE HHX, €CIIU CMOTPETh
CHAapy>XH B paJuaJbHOM HampaBieHHH. B 3TOM BapwaHTe BBINOJHEHHs YCHUJIMBAIOLIUI CIIOH
MIOCJIEIOBATENILHO 00pa3yercs ¢ MOMOIIBIO IO MEHbIIeH Mepe AByx nojacnoeB. Hecmotpst Ha TO,

YTO AJisI HAHCECCHUs MEPBOro IMOACJOsS, COCTOALICTO M3 MEPCITUICTCHHBIX BOJIOKOH, U BTOPOTO
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MOJICNIOS, COCTOSIIEr0 W3 TPOJOJBHBIX BOJOKOH, TpeOyroTCs [1Ba 3Tama, CIOXHOCTb
000pyAOBaHUs, UCIIONB3YEMOTO AJIsl HAHECEHHs], KaK IMPEUMYILECTBO, SBIISIETCS HU3KOM.

B eme onHOM BapuaHTe BBITOJHEHHMS MOXET HCIIONb30BAaThCSI KOMOWHAIMA ABYX
BBIIIEYKA3aHHbIX BapUAaHTOB BbINONHEeHUsA. Ha mnepBoMm »3Tame cHavana BellIeyKa3aHHBIM
oOpasoM MoxeT OBITh HAHECEH CJIOH, COCTOSIIMIA W3 TEPeIUIETeHHBIX BOJIOKOH U
NPUCOSTUHEHHBIX MPOAOJBHBIX BOJOKOH, W 3aT€M MOIYT OBITh IOCIIENIOBATENbHO HAHECEHBI
OJIMH WUJIM HECKOJIbKO JOMOJHUTENIBHBIX MOACIOEB WIH TOJBKO AONOJHUTENbHBIX IMPOAOIbHBIX
BOJIOKOH HJTH KOMOMHALIUH MEPETJICTEHHBIX BOJIOKOH U MPOJOJIbHBIX BOJIOKOH.

B BapuaHTax BBINOJHEHUS MPEANIOYTUTENILHO JTAIl €) Croco0a BKIIOYaeT B ce0st moadTan
el) pacTaruBaHHMs M HATSDKEHHsI BOJOKOH (NEPETUIETEHHBIX BOJIOKOH H/WUIM JIOTIOJTHUTEJIbHBIX
NPOZOJIbHBIX BOJIOKOH) C TIOMOLIBIO MO MEHbLIEH Mepe OAHOH NPYKHUHBI NMPH HAHECEHHH,
HanpuMep, MeperuieTeHuy BOJIOKOH A MONydeHus ycuiuBaroiero cios. IlpeamodrurensHo
BBIOMpATh pasHble NPYXXHUHBI A pasHbIXx BenmdMH DTEX BONOKOH € WENbIO JOCTHIKEHUS
Ha/JIeXKALEero HaTsDKEHUs BOJIOKOH pasjMYHbIX TUIOB. B ciyuae, korja yCUIMBArOLui CIOH
COAEPKUT KOMOWHAIIMIO BOJIOKOH C pa3HbiMU BeqmunHamu DTEX, 1y BOJOKOH € pasHBIMH
BesnunHamu DTEX npennoyTuTenbHO UCHONB3YIOTCS pasHble NMpykuHbl. Kak npenmyIuecTso,
Onmaromapss WCIONB30BAHUIO OJHOM WM HECKOJBKHX NPYXXKHWH, C TIIOMOIIBIO KOTOPBIX
HaTATUBAIOTCS MIPY KUHBL, YIIyUIIA€TCs PACTATMBAHUE YCUINBAOLIETO CIIOS.

Ha mecrom srane f) Tpermii kieeBoil cioil 6 HAHOCUTCS HAa YCHUJIMBAIOLIMM CIIOH 5.
HecMmotps Ha TO, 4TO 1151 JOCTUXKEHUS JIyULIErO COCAUHEHHUS] MEKAY ABYMs KJIEEBBIMU CJIOSIMU
IPENOYTHTENIBHO BBINONHTE dTanel ¢ d) mo f) B mpemenax Takoro BPEeMEHHOrO MHTEpBaa,
4yTOoOBI BTOPOH KJIEEBOH CJIOW HE OTBEpHAeBa)l IO TeX IOp, NMOKa He OyJdeT HaHeCeH TpPeTHH
KJIEeBOI CIIOM, TaKe IOCTATOYHO BBIMOJHATH B MpeAeNnaX TaKoro BPEMEHHOTO HHTepBalia
TOJIBKO 3Tarl €).

Ha cempmMom osrtame g) camas HapykHas oOojo4ka 7 HM3BECTHBIM O0pa3oM
SKCTPYAHUPYETCS HA TPETHUI KJIEEBOM CJIOM.

Hacrosimee n3o0perenue npemiaraeT MHOTOYHCICHHBIC PELICHUS ISl YCHUIIEHUS TPYOBI C
LEJII0 TPAHCIIOPTHPOBAHUS TEKy4Yell Cpeabl, NMPUHUMAas B pacyeT pa3jMyHble NpPOOJIEMBI,
BBI3BIBAIOIIME paspylieHne oObMHbIX TpyO. Ilo mepBomy acmekTy H300peTeHusl yCHIIEHHE
JOCTUTAaeTCsl MOCPEACTBOM KPEIUIEHUs BOJIOKOH K TPUMBIKAIOLIUM CIIOSIM M, TEM CaMbIM, C
OJHON CTOPOHBI, OJYy4YEHUS TPYObI C YCUIIEHHOH «OJIOUHON CTPYKTYPOI» U, C IPYTOil CTOPOHBI,
UCKJIFOUEHHSI TIOBPEXKICHUS CJIOEB B pe3yibrare TpeHus. 1o BTOpoMy acmekty u300peTeHwHs
UCTIONIb30BAaHNE YTOYHEHHBIX (POPMYJI AJIsi pacyeTa rnapaMeTpoB yCHIIMBAIOIINX CIIOEB, a TAKXKe
NPUCOEAMHEHHUE JTOTIOJHUTENbHBIX POIOJIbHBIX BOJOKOH, 00€CIIEUNBAIOT ONTUMANIBHBIN OallaHc

TpyOBl C TOUKH 3pPEHUS] PAJAMAIBHON U OCEBOW COCTABISIOLIMX YCHJIUS, NEHCTBYIOIIUX HA
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BOJIOKHA, 4TO 00YyCIIaBJIMBAETCS AaBIEHHUEM Ha TPyOy BO BpeMsl SKCILTyaTaLluH.

HecmoTtpst Ha TO, YTO NMOKA3aHbI M OMHMCAHBI MPEANOYTUTEIbHbBIE BAPHAHTHI H300pETEHNS,
CJIElyeT OTYETIMBO NMOHUMATh, YTO U300pETeHHE MO HUX HE OrPAaHMYUBAETCS, M MOTYT OBITH
BHEJIPEHbI M UCIIOJNb30BAThCS HAa MPAKTHKE APYTHE BApPUAHTHI B paMKax oObeMa NMpPUBEAECHHON
HIDKe (opMyJibl mM300peTeHust. B uwacTHOCTH, clieqyeT NMOHMMATh, YTO TaKUe TEPMHHBI, Kak
«TIPEATIOYTUTEIbHOY, «B YaCTHOCTHY, «B BapUAHTAX BBIMOJIHEHUS» U T.J., 0003HAYAIOT TOJBKO

HEOOs13aTeNbHbIE IMPU3HAKH.
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DOOPMVIJIA U30BPETEHMA

1. Tpyba (P) nns TpaHcmopTupoBanus Tekydel cpeasl (8), mpuuem Ttpyda (P) mmeer
MPOAOIBHYIO OCh (X) M COIEPIKUT MO MEHbIIEH Mepe CIEAYIOLINE CIIOH:

CaMblil BHYTPEHHHMN NOJMMEPHBIN ci10# (1) ans TpaHCIOpTUPOBaHUS TeKydel cpensbl (8),

samuTHBIA cio (3) ot auddysum Tekyuei cpenbl, OKPYIKAOLIMHA MOJMMEPHYO TpyOy
(1), mpuyem 3amuTHbIH c0# (3) OT nuddy3un TeKyueil cpenbl COeqUHEH ¢ MOJTUMEPHON TpyOoii
(1) ¢ MOMOIIBIO TIEPBOTO KIIEEBOTO CJ1ost (2),

yCHIUBAOIUK cyoi (5), okpykaromuii 3amutHbil ciaod (3) ot muddysum Texyuei
Cpenbl, mMpuYeM ycuiauBaromuil ciaod  (5) comepkuT meperuieTeHHble BOJokHA  (N),
obecrieunBaroe oceBoe (X) u paauaibHoe (r) yeusaenue TpyOs! (P), n ycunusaromuii cioii (5)
COEIMHEH C 3aIIUTHBIM cyioeM (3) oT audQy3un TeKydei cpeanl ¢ MOMOIIBI BTOPOTO KJIEEBOrO
cnosi (4),

CaMyI0 Hapy KHYIO MOJTUMEPHYI0 000J10uKy (7), OKPY KAy YCHIUBAKOIIUN clioi (5),
npuveM NoJuMepHast 00onouka (7) COeqMHEHA C yCHITMBAIOIINUM CJIOEM (5) ¢ MOMOIIBIO TPETHETO
KJieeBoro c¢jios (0),

npudeM TPeTUd KiieeBOH cioi (6) w/wim BTOpPOW KieeBOW cioi (4) BBINONHEHBI C
BO3MOKHOCTBIO COSIUHEHHSI C MeperieTeHHbIMU BOJIOKHAMU (N) yCHITUBarOero ciiost (5).

2. Tpyba mo m. 1, B xoropoi 3amuTHbl cinoil (3) or nuddys3um Tekydel cpernbl
BBINIOJIHEH M3 TEPMOIUIACTHYEeCKoro marepuana, B 4dactHoctd, EVOH wumm amudarudeckoro
NOJIMKETOHA, NMPHUTOIHOrO Ul orpaHuyeHus audQy3un 1no MeHblIed Mepe OJHOW M3 TeKy4HX
cpen, K KOTOpBIM OTHOCSTCS kuciopon, nentaH, COz, HFO, cHapyxu B camyl0 BHYTPEHHIOIO
nonmumepHyto TpyOy (1) u mnst orpanmuenust audysuu 1O MeHbIIEH Mepe BOASHOIO Mapa
U3HYTpPH CaMOW BHYTpeHHeH nmojauMepHoit TpyOsr (1) Hapy:ky 3amuTHOTO ci1osi (3) ot auddysun
TeKy4el cpenbl, Win

B KOTOPOH 3ammTHbIA cioi (3) or auddys3um Tekyded Cpeapl COAEPKUT METall, B
YaCTHOCTH, AJIOMHHUH, BBINOJHEHHBIH C BO3MOKHOCTBIO OCTAHOBKH TU(PQPY3UH MO MEHbIIEH
Mepe OIHOM M3 TEKy4YHX CPel, K KOTOpbIM OTHOCSTCS kucnopon, nenrad, COz, HFO, crapyxu B
CaMyr0 BHYTPEHHIO nonuMepHyro TpyOy (1) m anst ocraHoBkH nuddy3unu MO MeHbIIEH mepe
BOJISIHOTO Tapa M3HYTPH CaMOil BHyTpeHHel nojumepHoit TpyOsl (1) HapyKy 3aIMUTHOTO CIIOSI
ot nuddy3un TeKyuel cpenpl.

3. Tpy0Oa mo . 2, B KOTOpOH 3amuTHBIN cioii (3) ot nuddy3un Tekyueit cpenbl COOepKUT
MO MEHBIIeH Mepe OAWH AJFOMHUHHUEBBIM Cjok TojmuHON Oonbme 0,1 MM, WM B KOTOPOU
3amuTHbIA ciod (3) or muddy3um Tekyder Cpembl COACPIKUT, €CIH CMOTPETh B PaAHAIIbLHOM
HApY>KHOM HampaBJIEHUHU OT MPOIOJIBHON OCH TPyObl IO MEHbIIEH Mepe OMH JJAMUHUPOBAHHBIN

CJIOH, cofiep Kalfii MHOTOYHCIIEHHbIE MTOJICIION, BEIOPAHHBIE U3 CIENYIOIIUX BAPHAHTOB:
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- QIFOMUHUEBBIN MOACION U NOJUMEPHBIN NOCIION;

- TNEPBbIM AJTOMHUHMEBBIM IOACIOH, MOJUMEPHBIA MOACION, BTOPOM aAJTFOMHUHHUEBBIN
TOJICIION, KJIEEBOM MOACION;

- QAIFOMUHUEBBIN MMOJCION, TOJIMMEPHBIN NOACION, KJIEEBOMN MOACION,

- KJIEEBOM MOJCIION, aTFOMUHHUEBBIN MOACIION, MOJIUMEPHBIN OCIION,

- TEepPBBIA KJIEEBOW IOACIOHN, aJIOMUHUEBBIN MMOMACIOHN, MOJUMEPHBIN MOACION, BTOPOU
KJICEBOU TMOACJION, MpUYeM, B HACTHOCTH, TIEPBbIN KJIEEBOMN MOJCION U BTOPOH KJIEEBOW MOJCIOMN
COCTOSIT U3 OAHOTO U TOTO XK€ MaTepuala,

- TIEPBbIN KJIEEBOM MOACIION, aJIFOMUHUEBBIN MOACIION, MOJUMEPHBIN MOACION, BTOPOM
AJFOMUHUEBBIN MOJICJION, BTOPOIl KJIEEBOU MOCIION,;

- 110 MeHbIIIeH Mepe ABa aIFOMUHUEBbIX MOJICIION;

npuyeM, B YACTHOCTH, BO BCEX BapUaHTax, COAEp KAIllUX MOJHUMEPHBIH MOJCIOMN,
yKa3aHHBII noauMepHblii noacnon seiserca PET-noacnoem nnu PE-noncnoem,

npyUYeM, B YaCTHOCTH, B Clly4ae, KOTrJa aJFOMHHHEBBIH CJIOH COAEp:KUT OOJNbIIEe OJHOTO
MTOZCIIOSL, TOJIIMHA KaXXAOTO aJFOMUHHMEBOIO Moxciaos cocrasisier 0,005 — 0,2 MM, Haubojee
npeanoutuTenabHo 0,025 Mmm.

4. Tpyba nmo mobomy u3 nm. 1-3, B KOTOpOH TpeTuil kieeBoi cioii (6) w/mim BTOPOIt
KJI€eBOI CIOW (4) BBINOJHEHBY/BBINOJHEH C  BO3MOXHOCTBIO — BBICTYNAHUS — MEXKIY
neperuieTeHHbIMU BosiokHaMu (N), Tak 4TO BTOPOI KiieeBoi cioii (4) u TpeTtuii KieeBoil cioii (6)
NPUKJIEUBAIOTCS IPYT K APYTY, B HACTHOCTH, TEM CaMbIM 00pa3ysi KOMIO3ULIMOHHBIA MaTepua,
TaK 4TO neperuieTeHHble BOJOKHA (N) (QUKCHPYIOTCS MEXOy BTOPBIM KJEeBbIM cioeM (4) u
TPETHUM KJI€eBbIM clioeM (0).

5. Tpy6a no mobomy u3 mm. 1-4, B KOTOPOI BTOPOIl Ki1eeBOi ciioli (4) U TPETHil KiIeeBOil
CJIOH (6) COCTOSIT U3 OAHOTO M TOTO K€ MaTepuaia, IPU 3TOM, B YaCTHOCTH, MEPBBIN KJIEEBOM
cioii (2), BTOpoU KJjieeBoil Cjiou (4) v TpeTHil KJieeBOU CJIoi (6) COCTOSIT U3 OHOTO M TOTO K€
Marepuaa, MPHYEM YKa3aHHBI Marepwaj SBJSIETCS KJIeeM Ha OCHOBE MoyuojeduHa,
OTBEP>K/a€MbIM MAaJIEMHOBBIM AHTHJIPUAOM, B YacTHOCTH, KJIE€EM Ha OCHOBE COIOJuMEpa
MOJUNPONMIEHA, OTBEPKIAEMbIM MAJEMHOBBIM aHTHAPUAOM, WIM MaTepuan sBJsIeTCs
SMOKCU/IHBIM KJIEEM WJIM MaTepHall sIBJISIETCS TOJINY PETAHOBBIM KJIeeM HIIN

BTOPOIl KiieeBOM cyiolt (4) U TpeTull KJeeBOW CJIoM (6) BBINOJHEHBI W3 PAa3HBIX
MaTepuasos.

6. Tpyba mo mobomy u3 mm. 1-5, B xoTopoil momumepHast oOonouka (7) COmepKHT
nojuoneduH, MPU 3TOM, B YAaCTHOCTH, MOJUMEpHas 00oyouka (7) AOMOIHHUTEIBHO CONEPIKUT
BOJIOKHA, B YACTHOCTH, CTE€KJIOBOJIOKHA UJIH YTJIEPOAHBIE BOJOKHA MJIN MX KOMOMHALIUIO.

7. Tpyba mo mobomy u3 nm. 1-6, B koTopoil mneperuieTeHHble BoJIOKHa (N)
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ycunuBaomero cinoss  (5) CTPyKTYypUpOBaHBI B OAWH MJIM HECKOJIBKO TIOACIOEB U3
NEPETIETEHHBIX BOJIOKOH.

8. Tpyba no mobomy u3 nm. 1-7, B KOTOpPOi neperieTeHHble BoJIokHa (N) BBIOHpArOT 13
TPYIBL, BKJIOYAOLIeH B ceOs HEoH, rpadur, CBEPXBBICOKOMOJIEKYJISPHBIN IONU3TUIIEH
(UHMWP), GF, apamun, mapaapamu, MeTaapaMuj, CTEKJOBOJOKHA WM KakKyr-JTHOO HX
KOMOHMHALHIO.

9. Tpyba no mrobomy u3 mm. 1-8, B koTOpoil meperuieTeHHbIe BOJIOKHA (N) B KaxI0M
HarnpaBJIeHUH, 00Pa3yIOLIEM CETKY, PACIIONIOKEHbI IO YIJIOM (L OTHOCHTEIBHO MPOAOIBHOMN OCH
HeTapaJuleJIbHO CEYSHUIO TPYObl M HeMmapayuIeIbHO NPOJOJIBHON OCH TPYOHI,

NpUYEeM YCUIIHBAKOLIHHA CJIOH (5) COOepKUT CyMMapHOE KOIHYeCTBO Na OTIOJHUTENbHBIX
NPOZOJIbHBIX BOJIOKOH, KOTOPBIE OPHEHTHUPOBAHBI MApPAJUIENIbHO MPOAOIBHONH OCH TPYOBI,
NpUYeM JIONOJHHUTENbHbIE BOJIOKHA OOBEIUHEHBI C TEperuieTeHHbIMU BoJoOkHamMu (N) wiu
HAHECEHbI B KaUeCTBE OT/IEJIbHOIO CJIOS Ha MepeIUieTeHHbIe BOJIOKHA.

10. Tpyba mo m. 9, B KOTOpOH yroj o meperuieTeHHbIX BOJOKOH (N) 1 3amaHHOTO
CYMMAapHOTO KOJIMYECTBA MEPEIUIETEHHBIX BOJIOKOH (N) 3aBUCHUT OT PAacUETHOTO DPa3pbIBHOTO
nasienus P, neiictByromiero Ha TpyOy, u onpenensiercs mo ¢popmyie (1):

_ 2Nsin’a R

- mD2%cosa (1+L)2
100

(D

rae:

N — of1mee KOJIMUECTBO MEPEIIETEHHBIX BOJOKOH,

R — MakcumanbHas Harpy3ka Ha NeperjieTeHHOE BOJOKHO B HBIOTOHAX,

D — Hapy KHBII AHAMETP CaMOil BHY TPEHHEH MOJMMEPHOH TPyObI U

€ — YJIMHEHUE MePeryIeTEHHOTO BOJIOKHA MIPU Pa3phIBe.

11. Tpyba mo m. 10, B koTopoii oOlIee KOJUYECTBO MOMOJHUTENBHBIX MPOAOIbHBIX
BOJIOKOH JUIsI yTJIa O, paccuuTeiBaemoro no ¢popmyiie (I), onpenensercs no ¢popmyte (I1):

R

T e 2
(1+100)
N, = (0.5 Nsin < tana — Ncos a) —5——

rue:

N — of1iee KOIUYeCTBO MEPETIIETEHHBIX BOJIOKOH,

R — MakcumanbHas Harpy3ka Ha NepenjeTeHHOE BOJIOKHO B HBIOTOHAX,
Ra — MakcuManpHas Harpy3ka Ha NpOJ0JIbHOE BOJIOKHO B HBIOTOHAX,

€ — YAJIMHCHUEC NICPCIICTCHHOI'O BOJIOKHA MMPU Ppa3pbIBE, U
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€¢ — YIUIMHEHUE NTPOJOJIBHOIO BOJIOKHA IIPH Pa3PBhIBE,

IIpUYeM, B YaCTHOCTH, MPOAOJBbHBIE BOJIOKHA COAEPKAT KONUYECTBO Nai MNEPBBIX
MIPOJOJIbHBIX BOJIOKOH C mnepBoil BenuuuHoM DTEX u xomuuectBO Naz BTOPBIX IMPOAOJIBHBIX
BOJIOKOH CcO BTOpou BenuuuHoM DTEX, mpuueM mnepsele NpOAOJIBbHBIE BOJOKHA U BTOPBIE
IPOJOJIbHBIE BOJIOKHA PACIIONOXEHBI MOOYEPEIHO, MpuueM oOInee KOJNYECTBO IMPOIOJIbHBIX
BOJIOKOH ormpeznensiercs 1o ¢popmye (I11)

R R
5+ Nay 22 >N, &

(1+755) (1+58) (+ig) .. (1)

Ray

N

rae:

Ra1 — MakcuManbHas Harpy3Ka Ha MepBOe MPOJOJIbHOE BOJOKHO B HBIOTOHAX,

Ra2 — MakcuManbHast Harpy3Ka Ha BTOPOE MPOAOJIbHOE BOJIOKHO B HBEOTOHAX,

€1 — YIUIMHEHNE TIPU Pa3pbIBE JUIS IEPBOTO MPOJOJBHOTO BOJIOKHA, H

€42 — YIUIMHEHNE TIPU Pa3pbIBE ISl BTOPOTO MPOAOIBHOTO BOJIOKHA.

12. Tpyba mo m. 11, B kOTOpOIi 0OIIee KOMUIECTBO Na JOTOJHUTEIBHBIX MPOAOJIBHBIX
BOJIOKOH BBINIOJJHEHO C BO3MOJKHOCTBIO BBIPABHHBAHHUSI CTENEHW YCHJIEHUS OTHOCHTEJBHO
YCHIIMH, NeHCTBYIOIIUX Ha TPyOy B paguaJbHOM HANpPABICHWH W MPONOJBHOM HANpPaBIEHUU
TpyOBl, TeM cambiM oOecneunBasi Oojiee BBICOKOE pa3pbIBHOE J[ABJIEHHE, YE€M pPa3pbIBHOE
JlaBJICHUE, KOTAa YroJl paBHOBecusl paBeH 54°44') mpudeM OIMH WM HECKOJBKO IapaMeTpPOB U3
dopmysl (I) aganTupoBaHbl TAKMM 00pa30M, YTO Yrod o, OoJbIle yria paBHOBecus 54°44'.

13. Tpyba no mobomy u3 mm. 1-12 u . 11, B koTOpoli meperieTeHHbie BOJOKHA (N)
umeroT sennunHy DTEX, otnnyaromytrocs ot sennunabl DTEX npogonbHbBIX BOJOKOH.

14. TpyGa nyisi TpaHCHOPTHUPOBAHUS TEKy4YeH Cpeabl, IpUUeM yKa3aHHas TpyOa mmMeer
MPOZIOJIBHYIO OCh U COAEPIKUT IO MEHBLICH Mepe CIENYIOIINe CIIOH:

CaMblil BHYTPEHHHI NOJMMEPHBIH ¢10H (1) A7 TpaHCTIOPTUPOBAHUS TEKYUEH Cpembl,

3amuTHbIA cioi (3) ot auddy3un Tekyder cpenbl, OKpy KAIIUI MOIUMEPHYO TPYOy,
NpUYeM 3aLUTHBIA ciol (3) ot quddy3uu Tekydel cpeasl COSANHEH ¢ moauMepHon Tpy6oit (1)
C TMOMOIIBIO MEPBOTO KJIEEBOTO CJIOS,

YCHJIUBAIOIIUH CJIOH (5), OKpY KarOIUi 3alUTHBIN ciol oT auddy3un Texydei cpemnsl,
npUYeM YCHIMBAIOIUI cioi (5) comepkut meperuieTeHHble BosiokHa (N), obecrieumnBarorue
OCEeBOE M paguaibHOE yCWICHHe TPyObl, W yCHIMBAIOIIUN CJIOH (5) COEAMHEH C 3aIUTHBIM
cinoem (3) ot nuddy3un TeKydel Cpeabl ¢ TOMOIIBIO BTOPOTO KJIEEBOTO CJIOS,

CaMyI0 Hapy»KHYIO MOJTHMEPHYI0 000J104Ky (7), OKpYy KAy YCHIUBAKOLIUN clioi (5),
npyuYeM NoJuMepHast 00onouka (7) COeMHEHa C yCHIIMBAIOIINM CJI0eM (5) ¢ TOMOIIBIO TPETHETO
KJIEEBOTO CJIOS,

npu4eM TeperuieTeHHble BOJOKHA (N) B KaKIOM HaInpaBleHUMM OOpPa3OBaHMs CETKH
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pacmoioKeHbl MMOJ YIJIOM L OTHOCHTENBHO TPOAONBbHOW OCH TpPyObl HemapauieabHO
MOTIEPEYHOMY CEUYEHHMIO TPyObl M HeNapajuleNbHO MPOAOJIBHOM OCH TPYyOBI, NMpUYEM Yron o
onpenensiercst o ¢popmye (I):

_ 2Nsin’a R
" mwD2cosax (

£ \2
1+700) . (I
rue:
N — of1mee KOIMUeCTBO NMEPEIIETEeHHBIX BOJOKOH,
P — pacdeTHOE pa3prIBHOE NABJICHUE,
R — makcumanpHas Harpy3ka Ha NEeperuieTeHHOE BOJIOKHO B HBIOTOHAX,
D — Hapy KHBII AHaMETP CaMOi BHYTPEHHEH MOJMMEPHON TPyOBI U
€ — YJIMHEHUE NIEPEIUIETEHHOrO BOJIOKHA P Pa3phIBE,
npu4YeM YCHIMBAIOIMNA clIod  (5) comepkKuT KOJM4ecTBO Na JIOTMOJHUTENBHBIX
NPOZOJIbHBIX BOJIOKOH, KOTOPBIE OPHEHTHUPOBAHBI MAPAIIETBbHO MPOAOJBHOW OCH TpPYyOBI,

npuydeM KOJIM4ecTBO N, MTPOAOIBHBIX BOJIOKOH Bhaucsiercs o gopmyie (1I):

R

T e 2
(1+ 100)
N, > (0.5 Nsin < tana — Ncos @) ————"—

rue:

Ra — MakcuManpHas Harpy3ka Ha NpOJ0JIbHOE BOJOKHO B HBIOTOHAX, U

€q — YUIMHEHUE TIPOJOJIBHOIO BOJIOKHA IIPU Pa3phIBe.

15. Tpy6a no . 14, B KOTOPOH MPOAOJbHBIE BOJIOKHA COAEPIKAT KONIUYECTBO Nai MEPBBIX
MIPOJOJBbHBIX BOJOKOH ¢ mnepBoil BenmunHo DTEX u xonnuectBO Naz BTOPBIX IPOAOJIBHBIX
BOJIOKOH cO BTOopod BenmunHOW DTEX, npuueM mnepBble NpOAOJbHBIE BOJOKHA U BTOPBIE
IPOJOJIbHBIE BOJIOKHA PACIIONOXKEHBI IOOYEPENHO, MpuueM oOInee KOJNYECTBO IPOIOJIbHBIX

BOJIOKOH ormpeznensiercs 1o popmye (110)

Ry Rao Re
N N =N,
e O 0y

rae:

Ra1 — MakcuMasbHast Harpy3ka Ha NepBoe MPOAOJbHOE BOJIOKHO B HBIOTOHAX,
Ra2 — MakcuManbHast Harpy3ka Ha BTOpO€ MPOJI0JIbHOE BOJOKHO B HBIOTOHAX,
€41 — YAJIMHEHNE NIPYU pa3pbiBe I IEPBOTO MPOJOJIBHOIO BOJIOKHA U

€42 — YJIMHEHNE NIPU pa3phiBe AJ1sl BTOPOrO MPOAOIBHOIO BOJIOKHA

16. Tpyba mo m. 14 wmm 15, B xoTopoii oOmiee KOmmuecTBO Na TOMOJHUTEIbHBIX
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NPOAOJBHBIX BOJIOKOH BBIIOJHEHO C BO3MOXKHOCTBIO BBIPABHUBAHUS CTENEHU YCUJICHMUS
OTHOCUTEJIbHO YCWJIMH, NEHCTBYIOIIMX Ha TPyOy B paaMajbHOM HAIPABICHUU U MPOAOJIBHOM
HarpaBJIeHUH TPYyObl, IPUUEM OJMH UM HECKOJIbKO mapameTpoB u3 ¢popmyJsl (I) agantupoBaHsl
TaKM 00pa3oMm, YTO yroJ o OOJIbIIe yriia paBHOBeCcHs 54°44"

17. Tpyba mo mobomy u3 mmn. 14-16, B xoTopolt 3amutHbl cioit (3) or nuddysuu
TeKyuell cpeabl BBINOJHEH W3 TEpMOIUIaCTU4Yeckoro marepuana, B uyacTHoctd, EVOH wunu
ann(paTHYECKOro TOJHMKETOHA, MPHUTOJHOrO sl OrpaHudeHus mud@y3uu Mo MEHbLIeH Mepe
OIHOM M3 TEeKy4uX Cpea, K KOTOpbIM OTHOCcsTcs kuciopon, neHtaH, CO,, HFO, cHapyxu B
CaMy0 BHYTPEHHIOK MOIUMepHY0 TpyOy (1) u mist orparnyenust 1udy3uu no MeHbInel mepe
BOIISIHOTO Tapa M3HYTPH CaMOU BHYTpPEHHEH mojmmepHOoil TpyObl (1) HapysKy 3alIUTHOTO CJIOS
(3) ot nuddy3un Texyden cpeasl, UK

B KOTOPOH 3ammTHbIA cioil (3) or auddys3um Tekyded cpeabl COAEPKUT METall, B
YaCTHOCTH, AJIOMHMHUH, BBINOJHEHHBIH C BO3MOKHOCTBIO OCTAHOBKH TU(PQPY3UH MO MEHbIIEH
Mepe OIHOM U3 TEKy4YHX CPell, K KOTOPbIM OTHOCSTCS kuciopon, nenran, COz, HFO, crapyxu B
CaMyr0 BHYTPEHHIO monuMepHyto TpyOy (1) m mist octanoBku muddys3un mo MeHbIuei mepe
BOJISTHOTO Tapa M3HYTPH CaMOil BHYTpeHHel nojuMepHoi TpyOsl (1) HapyKy 3alIUTHOTO CIIOSI
ot nudpdy3un TeKyuei cpenpl.

18. Tpyba mo m. 17, B koropoi 3amuTHblil cinoit (3) or auddysun Tekyudel cpenbl
COIEPKUT IO MEHbIIeH Mepe ONWH AFOMHUHUEBBIM CJION TonmmHON Oojbime 0,1 MM, wiu B
KOTOPOH aTIOMHMHUEBBIH Cioi (3) cOmepkuT, €ciu CMOTPETh B paAMaIbHOM HapyKHOM
HANpPaBJIEHUH OT MPOIOJBHONW OCH TPyObl, MO MEHbLIeH Mepe ONMH JAMUHUPOBAHHBIN CJIOH,
COZIepIKALIII MHOTOYHMCIIEHHBIE MTOJICIION, BBIOPAHHBIE U3 CIEAYIOIINX BAPHAHTOB!

- QJIFOMUHUEBBIN MOACION U MOJTUMEPHBIN MOJCIION;

- TEPBBbI AJTIOMUHMEBBIM IOACION, MOJUMEPHBIA MOACIONH, BTOPOM aJTIOMHUHMEBBIN
MMOJICJION, KJI€EBOM ITOJICIION;

- QIFOMUHUEBBIN MOACIION, MOJIUMEPHBIN MOACIION, KJIEEBOH MOACION,

- KJIEEBOW MOJCIJION, aJFOMUHUEBBIN MOCJIOHN, MOJIUMEPHBIN MOACION,

- TIEPBBbIN KJIEEBON MOACIION, aJIFOMUHHUEBBIN MOACION, MOJUMEPHBIN MOACION, BTOPOM
KJICEBOU MOACJION, MPUYEM, B HACTHOCTH, MEPBBIN KJIEEBON MOACION U BTOPOH KJIEEBOW MOACIION
COCTOSIT U3 OAHOTO U TOTO K€ MaTepuala,

- TIEPBBbIN KJIEEBOM MOACION, aJIFOMUHHUEBBIN MOACION, MOJUMEPHBIN MOACION, BTOPOM
AJIFOMUHUEBBIN NOCJION, BTOPOM KJIEEBOU MOCIIOHN,

- 110 MEHbILIEN Mepe, 1Ba aIFOMUHUEBBIX MOJCIOS;

IIpU4eM, B YaCTHOCTH, BO BCE€X BapHaHTax MOJUMEpHBbIM mnoaciou sieusiercss PET-

TIOJICIIOEM,
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npyUYeM, B YaCTHOCTH, B ClIy4ae, KOTrJa aJIOMHHHMEBBIH CJIOH COAEPKUT OOJbIIE OJHOTO
MOZCIIOSI, TOJIIMHA Ka)KIO0ro aJlOMUHHEBOro mopaciost cocrasiasier 0,005 — 0,2 mm, Oonee
npennoututesibHo 0,05 — 0,075 MM, Haubonee npeanoyTutensHo 0,025 MM,

19. Tpy0Oa no mobomy u3 nm. 14-18, B koTopoli TpeTuil kiieeBoi cioi (6) u/nunmu BTOpoit
KJIeeBOW CJIOH (4) BBIMOJIHEHBI/BBINOIHEH C BO3MOJKHOCTBIO NMPHUKJIEUBAHUS K MEPETUIETEHHBIM
BosiokHaM (N) ycumBaromero cyiost (5), mpu4eM, B HaCTHOCTH, TPETUH KJieeBOU cJiok (6) u/uim
BTOPOU KJIeeBOH CJIOH (4) BBIMOJIHEHBI/BBITIOJHEH C BO3MOKHOCTBIO BBICTYTAHHS MEKIY
neperuieTeHHbIMU BoJIokHaMu (N), Tak 4TO BTOPOH KiieeBO# Cioii (4) u TpeTuii KieeBoil cioi (6)
NPUKJIEUBAIOTCS IPYT K APYTy, B YACTHOCTH, TEM CAMbIM 00pa3ysi KOMIIO3UIIMOHHBII MaTepHal,
TaK YTO mnepervieTeHHble BOJOKHA (N) (PUKCHUPYIOTCS MEKAY BTOPBIM KJI€EBbIM cilioeM (4) u
TPETHUM KJIEEBBIM clioeM (0).

20. Tpyba mo nmobomy u3 mm. 14-19, B kOTOpOil BTOpPOH KiieeBOW cioil (4) u TpeTuit
KJIEeBOH cJIOH (6) COCTOAT M3 OJHOrO M TOrO K€ Marepualia, MPUYeM, B YaCTHOCTH, IMEPBBIH
KJIEeBOM CJIOH (2) U BTOPOU KJI€eBOH CIOW (4) U TpeTHil KJieeBoi Cioil (6) COCTOSIT U3 OHOTO U
TOTO K€ MaTepHala, MPUUeM YKa3aHHbIH MaTepual sBISIETCS KJIeeM Ha OCHOBE MonuoieduHa,
OTBEP)KAAEMBbIM MAJICMHOBBIM AHTHIPHIOM, B YaCTHOCTH, KJIE€EM Ha OCHOBE COMNOJMMEpPa
NOJIMIPOITMJIEHA, OTBEP)KAAEMBbIM MAJIEMHOBBIM ~AHTHUAPUAOM, WIM MaTepuai  SBISETCA
STOKCUIHBIM KJIEEM WUJIH MaTepHUal sIBJISIETCS ITOJINYPETAHOBBIM KJIEEM HITH

BTOPOIl KiieeBOM cyiolt (4) u Tperull KieeBOW cJoi (6) BBIIOJHEHBI U3 Pa3HBIX
MaTepHaoB.

21. Tpy6a no mrobomy u3 mm. 14-20, B KOTOPO#i yCHITUBAIOIIUN CI0# (5) COmEepKUT OUH
WA HECKOJIbKO TOZCIIOEB M3 NEPEeIUIETeHHbIX BOJIOKOH, NPUYEeM IeperuieTeHHble BoJokHa (N)
BBIOMPAIOT M3 TPYMIbI, BKIKOYAOLIEH B ceOs HEWNOH, rpaduT, CBEPXBBICOKOMOJIEKYJISIPHBIN
nommytuiieH (UHMWP), GF, apamua, napaapamuza, MeTraapamMua WU KaKyr-TuOO UX
KOMOHWHAIHIO.

22. Tpy6a mo mobomy u3 mm. 14-21 u n. 15, B koTtopoit neperieTeHHble BOOKHA (N)
nMmeroT BennuuHy DTEX, ornugarontyrocst ot BenuunHbl DTEX npoaoabHBIX BOJOKOH.

23. UzonmpoBaHHast TpyOa ANl TPAHCIIOPTHUPOBAHUS TEKy4deH Cpeabl, B YaCTHOCTH,
HarpeBaeMoi BOJIBI JJISl LIEHTPAJIBHOTO OTOIJICHUS, COZlepIKalias

TpyOy 1o modomy u3 mm. 1-22,

TEIUIOU3OJIMPYIOLIUMN CJIOHW, B 4YacTHOCTH, cJoM PUR-meHbl, OKpyXKamOIUi CaMyro
HAPY KHYIO MTOJMMEPHYI0 0005104Ky (7) yKa3aHHOH TpyOsl, U

HApY>KHYIO O0OJIOUKY, B YACTHOCTH, BBITIOJHEHHYIO M3 TEPMOIUIACTUYECKOrO MaTepHuaa,
OKPY KarOIy 0 TEMIOU3OIUPYIOLIUHN CIOM.

24. Cnocob wusroroBieHuss TpyObl mo yrobomy u3 mm. 1-22, BKIOYAOmMUA B ceOst
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CJIEAYIOLINE TAIIBL.

a) SKCTPY3Hs CAMOW BHYTPEHHEH MOIUMEPHOH TPyOBbI,

b) HaHeceHue MepBOro KJIeeBOro ciios (2) Ha caMyr0 BHYTPEHHIOKO MMOJIMMEPHYIO TPyOy,

C) HaHECEHHE 3aIUTHOTO ¢Jiost OT nuPy3un TeKyuel cpeanl Ha ePBbIi KIEeBOH CJIOMH,

d) HaHeceHHe BTOPOro KJeeBOro cios (4) Ha 3alUMTHBIA CI0M OT nAuddy3un Texyuen
cpensl,

€) HaHeCeHHEe Y CHUJIMBAIOIETro CJI0s (5) Ha BTOPOU KJIEEBOM CJIOH,

f) HaHeceHHe TpeThero KiieeBoro cios (6) Ha ycunuBaromui cioi (5), u

g) SKCTPY3Hsi CaMOI Hapy KHOM mojrMepHoi 000ouku (7) Ha TPETUI KIICEBOM CJIOH.

25. Cnocob mo m. 24, B KOTOPOM 3Tam €) crnocoda BBIMOJHSIIOT MOCPEICTBOM OIHOM U3
omepauuii, K KOTOPbIM OTHOCSTCS OIUIETEHHE, HaBUBKA, OOEpThHIBAaHHE, HaMaThIBAHHE
ycuuBaromero cios (5).

26. Cniocob o 1. 24 unu 25, B KOTOPOM 3Tam €) crocoba BKIIOUaeT B ceds moaatamn el)
paCTSATMBaHUS U HATSDKEHUS TEPEIIETEHHBIX BOJIOKOH W/WJIM JTOTIOJIHUTENBHBIX MPOAOIBbHBIX
BOJIOKOH C TOMOLIBIO IO MEHbINEH Mepe OMHON MpPYyKWHBI TNPU HAHECEHWH, Hampumep,
NEepPEeIUIETeHNH BOJIOKOH, JUISI TMOJYYeHHs YCWIMBAIOLIEro cios (5), mpudeM, B YaCTHOCTH,
BBIOMPAIOT NPy KHUHBI 111 pa3Hbix BennuuH DTEX BONOKOH, mpuueMm, B 4aCTHOCTH, B CIIy4ae,
KOTJla YCHJIMBAIOIIUK CJIoH (5) COmep:KUT KOMOWHAIIMIO BOJIOKOH C PasHBIMH BEJIUYHHAMU
DTEX, nnst BosokOH ¢ pa3sHpiMu BenuuuHaMu DTEX ucnonb3yroTest pa3sHble NPy KUHBL

27. Cniocol o yirodomy u3 mir. 24-26, B KOTOPOM B Cliy4ae, KOraa 3aluTHbIHN ¢ioil (3) ot
mupdy3un TeKyded Cpembl COAEPKUT METaJll, 3Tal C€) Ccrnocoda BBIMOJHSIOT MOCPEICTBOM
CIUPATILHOTO 00epThIBaHUS 3amuTHOrO cios (3) or muddysun Texydeld cpeapl Ha HEPBOM
KJIeeBOM CJjioe (2) MM TOCPENCTBOM OKPY KEHUsI MEePBOTO KJIeeBOro c¢jiost (2) yCHIMBAIOIIUM
cyoeM (5) v moCIeayoero CIUTaBISHHs APYT C APYTOM KPaeB 3aIUTHOTO CJIOS, WIIH

B Ciydae, Korjaa 3amuTHbli ciod (3) ot auddy3uu comepKUT TEPMOIUIaCTUYECKHMA

MaTepua, MOCPEACTBOM SKCTPY3HH 3aIUTHOTO ¢Jios (3) ot auddy3uu Ha MepBbIid KJICEBOU CIIOH

).



1/3

6 5 4 3 2

Fig. 1
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Fig. 3
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Fig. 4
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