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OIIMCAHUE WM3OBEPETEHNA

2420-551302EA/045

N30JINPOBAHHASI TPYEA

Hacrosamas 3asaBKa OTHOCUTCH K  M30JUPOBaHHOM TpyOe, B
YaCTHOCTHU K TpyOe C BakKyyMHOM  M30JgaLUMeMn s JIOKaJIbHOT'O
TeIllJIOCHaDXeHN I .

CoBpeMeHHHE pelleHrd JIS JIOKAJIbHOTO TEeIJIOCHAOXeHUS OOJDKHE
COOTBETCTBOBATE XECTKMM TpeboBaHMAM K O0e30I0acHOCTHM, HaIeXHOCTH,
OIPOUHOCTU U 20PeKTUBHOCTHU.

3BeCTHO MCIIOJIE30BaHUE IpPeOBapUTEJIbHO M3O0JIMPOBAHHHX TPYyO
IOJIA PpacHnpelelJieHMS TeIJIOW IUTHLEeBOM BOOHE MWJIM OJS OTONMTEJIbHHX
ceTelM B 3IOaHMAX pPas3HOTO THUIla, CPelIy KOTOPHX MMEITCS TI'OCTUMHUUHBEE
KOMILJIEKCEI, I[IPOMEBIJIEHHEE 3IaHMAd WM MHOUBUIOYAJIbBHEE XUJIBEIE OOMa, a
TakXxe MHOT'ODTaXHBEe 3OaHuAa. Takue TpyOH MOTYT IIPMMEHATHLCH OJIA
nomauM TeIJIOTE OT JOKaJIbHOM KOTEeJIbHOM HEelOCPeICTBEeHHO B 3IaHue
WY TIO3BOJIAIT JIETKO COEeOIMHUTL IIPeOBapUTEJIbHO M30JIMPOBaHHEHE TPYOEH
C KOJIJIEKTOPOM CMCTEMEl HAllOJIBHOT'O OTOILJIEHUA.

o HacToAmero BpeMeHU TPy OLL c BaKyyMHOM U30JIALMeEN
IPMMEeHSAJIMCEh OJIS TIIePBUUYHOTO paclOpenesieHMsa TeIJIOTH M CcoIepXaln
BHYTPEHHKKD Tpy0Oy, B pes3yJbTaTe Uero TepsajJu I'MOKOCTh. Takue TpyOH
U3BECTHH, HamopuMmep, u3 WO 95/00797 Al.

Bamauen HaCTOAmMETO n3obpeTeHmUs ABJIAETCSA co3nmaHue
N30JMPOBaHHOM  TpYOH, VMeley  OoueHb HUBKYHD TellJIONPOBONHOCTE,
OCTaBafgCh KOMIIAKTHOM ¥ JOCTAaTOUYHO I'MOKOM, Tak, UTOOH ee MOXHO
OBJIO CBOpauMBaTh B OyxTy. IpyTroM 3ajadel HacToOAmero M300peTeHUs
ABJISeTCA CcO3OaHMe M30JUPOBAaHHOM  TPyOH, obBJlamanmel  BHCOKUMM
XapaKTepuCTUKaMMU COIIPOTHUBIIEHMSA CTapeHMI OaXe B CBEPHYTOM B OyXTy
COCTOSHUM .

9TY 3ajauM pemainTcd C IOMOMbI TpyYOH, comepxXamel:

- onoHy M 0OOoJlee BHYTPEHHOKD TpPpyOy, CoIepXalyn I1LJacTUK,

- BaKyyMHYK M30JMPYKIYK I[IaHeJb, OKpYyXaKllyl OIHY WM ©OoJee
BHYTPEHHIKL Tpyoy,

— BHENHKKD OOOJIOUKY, IMPEeNNOUTHUTEJIEHO, COIepXallyl I1JIaCTUK .

B mpenmnouTMTeJIbHOM BapMaHTe OJIHa WM ©OoJiee BHYTPeHHAS TpyOa
ABJISeTCA MHOTOCJIOVMHOM TpydoM, MNpellouTUTeJIbHO comepXxalel OIMH

i toJiee TUOPY3IMOHHEIX OapbepHHX CJIOeB, TaKMxX KaK CJIOM aJIloMUHUMA.



[MpennouTuTesbHO, IUGOY3UMOHHHYM Oapbep M3TOTOBJIEH U3 MaTepuana,
comepxamero MaTepuas, BHIOPaHHLM nus TPYIIIH, comepxamemn
STUJIEHBUHUJIOBHM CIOMUPT, aJioMMHMeBasd GoJibTa, M MX KOMOMHAUWM, WJIN,
IPeIlNOoUTHUTENIEHO, COCTOANMM M3 3TOTO MaTepuala.

B NpemnouTmuTesJIbHOM BapMaHTe OOHa WM ©OoJiee BHYTPEeHHAA Tpyda
COCTOUT M3 IJIaCTHUKA.

[MpennouTuTesIbHO, IUJIaCTUK ABJIAETCHI NOJMoJIedrMHOM. [loJsmoJiedmnH,
OpuMeHSIeMHY OJIS BHYTpeHHeM TpyOH, He oTrpaHMUMBaeTCa. MOXHO
IpUMEHATH HeCIUTHE [IOJIMOJIE QVHEL, [pennouTuTesIbHO, HeCUUTHE
IOJIMOJIEQUHEl BHOPAHHE M3 TPYIINIH, COOepXalley IOJUSTUIIEeH, I[IOJMUDTUJIeH
[IOBHIIEHHOM TEPMOCTOMKOCTHM, IOJUIIPONMJIEH, MNPedloudTHUTeJIbHO PPR,

(mpmubis. 5% nousTuiIeHa B MOJIEKYJSAPHOM IelloUKe CTaTUCTUUECKOTO

PaBHOMEPHOTO roJimMepa (CTAaTUCTUUECKOTO cornoJimMepa)
[IOJIMIIPONIMIIeHa) , [IOJIUOY TUIJIEeH Tepedragar u ux cMecu.
AL TEPHATMBHO,  MOXHO [IPMMEHSThL  CHIUTEI  [IOJIMOJIedMH.  IIpuMepoM

CHMTOTO NHoJMOJNedMHa HABJISETCS CHUTHM [IOJIUSTUIIEH, IPedlodTUTEeJILBHO
V3T OTaBJIMEAaEME ns3 [IOJIMBTUIIEHA BEHICOKOM [IJIOTHOCTH . ClIM THIL
[IOJIMBTUIIEH COLEPXUT IIOIIepedHble CBA3M B CTPYKType IIOoJMMepa, UYTOo
neJjaer TepMOTLJIaC TUUHHN MaTepural TepMOpEeaKTUEHEM. CuvpBaHMe
IPOUCXOOUT BO BpeMad DBKCTPY3UM TpyOH WM IOocCJie Hee. CTelleHb
CIIMBaHMA IMPelllOUTUTEeJILHO cocTabBjgeT oT 60% nmo 90%. BoJjiee BEHCOKas
CTelleHb CIIMBaHMA  MOXeT IIPMBECTM K XPYIKOCTM MaTepuaja U
pacTpeCcKMBaAHMI MaTepualla [I0I HalpsaXeHMeM, ToI'la Kak 0oJlee HHU3Kad
CTelleHb CHIMBaAHMA HOaeT BHYTPEHHOKR TpyOy C YXYIUEHHEMU OU3UUECKUMU
CBOMCTBaMM. BoJjlee TMIpPedlouTUTEeJIbHO, CTeleHb CHIMBaHMA 3amaeTcsad B
COOTBETCTBMM CO CTaHmapToM ASTM F876 wniam ISO 15875. CumunTeEM
IOJIM>TUIIEH ABJSETCSA TMPEeNIoUTUTEJIEHEM MaTepralioM OJIS ONHOM WM
BoJiee BHYTpeHHeN TPy OH Oraromapd CBOMCTBAaM MaTepmasa, B
YAaCTHOCTHU, THUOKOCTM M CTOMKOCTM K BHCOKOW TeMIepaType.

BaxkyyMHEHE MW3OJUPYRNMM HaHeJIM HABJIAITCS JMUCTaMM, B KOTOPHX
N30JMpyRIre MaTepuraJibl W VHEPTHEE HaIlOJIHUT eJIN [IOJIHOCTBIO
MHKAIICYJIMPOBAaHEL, n o00JIOUKa, obJiamamma g MaKCHMaJbHOM
I'a30HellpOHMIIAEMOCTEID, OUYEeHb CYIMEeCTBEeHHO BaKyyMypoBaHa. MaTepuall
OBOJIOUKKM TpedyeT OUeHb HU3KKX BeJIMuMH ouodysum T1ras0B, UTOOH
rocJje BaKyyMUPOBAaHUSI BaKyyM  COXpaHAJICA  MaKCHMaJIbHO OOJITO.

CorJiaCcHO HacToAdmeMy MN300peTeHND Tudrad M3oJIMpyKia4d IIaHeJIb



ABJISeTCA IaHeJbl, obJjamawnmel ©oJee BHCOKOM TMOKOCTLIO, UeM I[IaHeJb
C CepOeuyHMKOM M3 IIpeldBapuTeJIbHO CIPpeCCOBaHHOTO IMOKCHIA KpPeMHUI.
B wWacTHOCTHM, COIJIACHO HacTodAlleMy WM300peTeHMI, TubKasa BaKyyMHad
U3oJUpyKRIasa  IIaHeJb ABJISeTCA  IaHeJblo, B KOTOpOM cepIeuHMK
BaKyyMHOM MB0OJMPYKRIMEeN IIaHeJM COOEPXMUT IIOPOMKOoOOpa3HEM MaTepuall,
TakKoM KaK IIOPOmMOK HeopTaHMUeCKMX OKCHMIOB. IIpolleCCH M3TOTOBRJIEHUA
TakKMxX BaKyyMHBEX MI3OJMPYIINMUX IaHeJeu, VMERIMUX  CepleuHMK U3
IIOPOmMKOOBOPAa3HOTO MaTepualja, M3BECTHH, HaopuMep m3 WO 2014/183814
Al. Takasd BaKyyMHafd M30OJMPyKIas IIaHeJlb MMeeT TOJIIMHY oT 5 pmo 40
MM, BoJiee IpenrnouTUTeJIbHO oT 5 oo 35 MM, HauboJiee
OpennouTuTesbHo, oT 8 pmo 30 M. KosdduimeHT TerJioycBoeHusa U
TakoM BaKyyMHOM W3OJMPYIIEN I[IaHeJdM OPedlodTUTeJIbHO MeHbme 0,3
Br/ (M°K), OoJlee HpelnodYTUTeJIbHO, MeHbme 0,25 Br/ (M?K) .

B KOHTeKCTe HaCTOAMEeIO OINMCAaHMA JIMCTH BaKYYMHHX W30JIMPYIIMX
naHeJyeu, B KOTOPEIX [IOJIHOCTBIO VIHKAIICYJIMPOBAaHH M30JIMpYyKIe
MaTepuraJib WM HaIlOJIHUTEJb, VMeHyeTCHA 0B0O0JIOUKOM . Hajee,
comepxmuMoe OOOJIOUKM MMeHYeTCsa CepIeUyHMKOM BakKyyMHOM WM30JMpYylIen
naHeJn. CepIedHNK IPEennouYTUTEJILHO COOEPXUT He CILJIaBJIEHHHM
CHIIIYUMM IIOPOMKOOOPA3HEIN MaTepuall.

BakyyMHasa U30JIMPYIoA S rnaHeJb IPenrnouYTUTEJILHO COOEPXUT
buIbTpYIOIMY  MaTepualyl. OuIbLTPYMUM MaTepuall MOXeT, HalpuMep,
COCTOATL M3 HETKAaHOTO TIOJUSOUPHOTO BOJIOKHA, KOTOPHIM MOXeT OHBTH
IpurJIeeH K  000JIouKe BakKyYyMHOV  U30OJIMPYIIEV  IaHeJH. OUIIL TP
obJieryaeT BaKyyMMpPOBaHMe OOO0JIOUKM BaKYyMHOM M3OJUPYKIEeN IIaHeJu,

3alrloJIHEHHOM He CILJIaBJIeHHBM CHIITYYVIM HOpOHlKOO@paBHBI_M MaTepHraJlOM.

Hampumep, MOXHO VCIIOJIL30BAThH UL TP, OTIMCaHHBM B DE
1020050045726. He CILJIaBJIEHHBIM CHITYyYNM MIOPOIIOK BBOOAT, B
YaCTHOCTH, 3acHIIanT, B OTBEepCTME MENKa, CcOOPMMPOBAHHOTO U3

BBICOKOHerOHMLLaeMOﬁ IIJIEHKIM n OTKPEITOTI'O C onoHOM CTOPOHEH,
(]_)I/IJIpryIOH_[Mﬁ MaTepral, HpOHMLLaeBABIﬁ IJIA BO3OyXa U’ HerOHMLLaeBABIﬁ
IOJI4 TIIBJIM IIOPOIKa, KpelldT K BHyTpeHHeIZ CTOPOHEe IIJIEHOYWHOI'O MelKa
TaK, YTOOEL BHYTPEHHAA IIOBEPXHOCTE MellKa OBLIa SaKpPEITa
HellpOHMIIaeMO -IJIA IIBEJIM, HO UYTOOE BO3OYX MOI' BHEHXOIOUTL; IIOCJE STOIO
SaKpBITBIﬁ HellpOHMIIaeMO IJIA IIBEJIN [IJIEHOUHHIM MEeIoK BakKyyMMpyKRT,; U
BaKyyM_T/IpOBaHHBIﬁ [IJIEHOUHEIM MeNOoK HaKOoHel] I'epMeTMYHO 3 aKpPEBAKT B

BaKyyMe.



B BapmaHTe 52TOoro crnocoba BakKyyMHYKD M3OJUMPYHIYH IIaHeJlb
M3TO0TaBJIMBAKT clenyomyM — 00pasoM: Memok  cBapMBawT  IIO TpeM
KpoMkaM. OuiabTp OpMBapuBalT TaK, UYTOOH OH IIOKPHBAJ UYeTBepTyK
KpOMKY. OCTaJIbHEIE KPOMKM He I[IpMBapMBawT M MEINOK MOXHO OTKPHTE.
OOHakKO OTBepCTUe IIOJIHOCTBK IIOKPHTO OGuiabTpoM. "Uniy oopcyHkmn"
BCTaBJIAT CKBO3b OQUIIBTP M MENOK 3alOJIHAKT He CIUJIaBJIEHHEIM CHITYYNM
[IOPOWIKOM IMOKCHIA KpeMHUsa udepes "uriny o¢opcyHkm". Takum obpasoM,

(]_)I/IJ'H::Tp nomBepraeTCc4d MMHVMMaJIbBHOMY BO3OeMCTBMIL. Ilociie 2TOT0 MeMoK

IoMemamnT B BaKyyM M, 3aTeM, UeTBepTyl KPOMKY OKOHUYATEJILHO
3aBapuBanT .

AJIbTEPHATHMBHO  MOXHO  MCIIOJIB30BaTh crioco®, OIMCaHHHM B
U520130149481 Al: OepyT He CIUJIaBJIEHHBI  CHIIYYMM  IIOPOUKOBHIA

CepIeuHMK, IIOMelleHHHY Ha I[IepByl OapbepHyl IJIEHKY Tak, UYTOOH 5Ta
DapbrepHasda [JIEHKa opencrasjaia coBomn IPOXOOAMUMA 1o BCel
OKPYXHOCTM  BHCTYIl OTHOCUTEJILHO IIepBOM IIpujleTapmel’ OCHOBHOMU
IIOBEPXHOCTY CepledHMKa; YKJIAOHBALT ILJIOCKUM OWIILETpyOIMM MaTepuall,
YJIOXKEeHHEM Ha HeTro Tak, UTOOH OMILTPpYyRIMM MaTepuall IpedcTaBJIAN
coBoM MNPpOoXOonAmWMM IO BCeM OKPYXHOCTM BHCTYII OTHOCUTEJILHO BTOPOM
OCHOBHOM IIOBEPXHOCTM CepleuHMrKa, Opuierawnmel K  OuiIbTpyoleMy
MaTepually; NOpM 5STOM ILJIOCKUM OMILTPYIUY MaTepuall COeIMHeH B
oBJlacTM BHCTYIIa C BHCTYIOM IIepBOV OapbepHOM IIJIeHKM TakK, UYTOOH
00BEM CepleuHMKa WM IIOpollka OBJI I'epMeTU3UPOBAaH; BaKyyMUPYIOT
CeplledyHMK B BaKyyMHOV KaMmepe OOJ IOaBJjeHusa <10 mBap,

HaAHOCAT BTOpyl OapbepHyl IIJIEHKY CHapyXxu Ha OWIIbLTpymmUi
MaTepuasl TakK, UToOH BTopas OapbepHas IUJIeHKa IIpedcTaBidja cobomn
IPOXOOAMUM IO BCeM OKPYXHOCTM BHCTYI, KOTOPHIM BHCTYIaeT 3a
BTOPYK OCHOBHYK IIOBEPXHOCTb cepliedyHMKa M  COeOMHAJAacCh non
IeViCTBMEM BaKyyMa C BBCTYIIOM OMJILTPYOIETo MaTepuaja u/uim C
BEHICTYIIOM TIIepBO¥ OapbepHOM IJIEHKM TakK, UTOOH BHYTPEHHUM o0O0LeM,
COCTOAMUN M3 IIOPOMKOBOTO CepleuHMKa U OQUIbBTPYKRMETro JMCTOBOTO
MaTepuala, OBJI YIUIOTHEH HeIPpOHMIaeMO -IJid BaKyyMa; U yIaJlsgoT
JMCTOBOM MaTepMaJl M3 BaKyyMHOM KaMepH I[IOoCJe aspauuu. IllocjIenHUM
crioco6 4ABJigeTCHd IIPEenIOUTUTEJIBHEM, I[IOCKOJIBEKY OH IOoIlyckaeT 0OoJiee
OHICTPOE BaKYyMUPOBAaHUE.

B OpennouTUTesJJEFHOM BapMaHTe IO MeHBIeM Mepe oOHa M3 CTOPOH

0BOJIOUKM BaKyyMHOM NB0JIMPYOIEn na”HeJsu MMeeT KaHaBKU nJjsa



I[IOBHINEHU I TUMOKOCTHA . STH KaHaBKU, HaopuMep, MOTYT ORITH
chopMMpPOBAHH THUCHEHMEM IIpedBapUTeJIbHO 3alloJIHEHHOM 0O0O0JIOUKM B
BaKyyMHOM TIeunr. O5TM KaHaBKM OPedloUuTHUTEeJILHO He IIPOHMKAT CKBO3b
M30JAIMKD  OJS [IPeOoTBpalleHus IOABJIeHUMA 200eKTa TepMMUYeCcKOT'O
MOCTHKA. KOJIMUECTBO M pPacCIOJIOKEHME KaHaBOK He OI'paHuuMBaeTCHd.
MpennouyTUTEeIbLHO, KaHaBKU PacCIIOJIOXEHH PaBHOMEPHO. BoJiee
NIPenlouTUTEJIbHO, KaHaBKM PAaCIOJIOKEHE Tak, YTOOB I[IPOXOIUTH B
HaopaBJleHUM HauOOoJblley OJMHE BaKyyMHOM MW3OJMpPYIIMeM HaHeJdu. B
YaCTHOCTM, PacCCTOSHMe MeXOy KaHaBKaMu paBHO oT 0,5 o 5 cM, OoJjee
NpenrnouTmuTesJibHo oT 1 mo 4 CcM, B 4YacTHOCTM, OoT 1 mo 3 CM.

B [pennouTuTeJIbHOM BapMaHTe  M30JIMpOoBaHHasa TpybGa  malee
comepxuT IUGOY3MOHHEM Oapkep MeXOy OIHOM wuiIu 0o0Jiee BHYTPEHHeN
Tpy®or m THUOKOM BaKYyyMHOM M30JUpyoMelr OaHesblo. Iuddy3MOHHEM
Bapbep IpeniIouTUTeJIbHO ABJIIEeTCH BJIATOCTOVKHUM. Hanpumep, B
KauecTBe IUOGOY3MOHHOTO Oapbepa MOXHO MCIOJBL30BaTh AJIOMUHUEBYIO
dpoyeTy. AJIETepHaTUBHO VI OOIOJIHUTEJILHO, B KauecTBe

onbdy3MoHHOTO Oapbepa MOXHO MCIOJB30BATE CJOM BSTUJIEHBUHUIIOBOTO

crnmpTa, KOTOPHI  gaBjigeTcd  (GopMaJIbHEIM  COIIOJIMMEPOM  STuJleHa U
BUHMJIOBOTO cCIMpTa. CJOM DSTWUJIEHBUMHMIIOBOTO CIMPTa IIPelNsSTCTBYeT
monagaHuio KHMcJiopona B TeKYyUyIlo cpeny BHYTPU TPYOH, uTo

IIOTeHIIMaJIEHO BH3EBaeT KOPPO3IMK palrMaTOopoOB. MOXHO SKCTPpYyIMpOBaTh

o1ddy3MOHHEN ©Oapbep Ha BHYTpeHHeW TpyOe. AJILTEepPHATHMBHO WM
OOIOJIHUTEJIbHO, MOXHO OOepTHRATH BaKYYMHYID M3OJUPYRIYD [IaHeJb
I1OOY 3MOHHEIM BapTepoM, HalpuMmep, AJIIOMVHU EBOM bonpToOM.

O6epTHBaHME BaKyyMHOM M3oJHMpPyWIelN HaHe i OIudPYy3MOHHEIM OapbepoM
[IOBHIMAET CTOMKOCTL BaKYyYMHOM MUBOJMPYOIMEelM HaHeJM K CTapeHMo.
[IpendnouTuTeJIbHO, IUGOYSUMOHHHM Oapbep MI3ITOTOBJEH U3 MaTepuaa,
comepxamero  WIu, NpenrnouTUTEJILHO, COCTOLAMeTrO ™3 MaTepualua,
BEIBPAaHHOT'O "3 TPYIIEL, comepxamen STUIIEeHBVHMIIO BEIM CIIVpPT,
AJIOMUHMEBYD QOJIBETY UM UMX KOMOMHALIMM.

B KauecTBe MaTepuala oJis BHeMHeN ODOJIOUKMU MOXHO
MCIIOJILE30BATL TOT Xe IJIaCTMK, YKas3aHHBM BHIIE, UYTO UM OJS OOHOM WU
BoJjiee BHYTpeHHel TpyOH.

B OpeOnouTHUTeJIEHOM  BapMaHTe  M30JMpOBaHHAadg TpyOa  malee

COmepXuT TUOKMM CJIOM IIoI BHemHel oB00JIOUKOM, NIPennouTUTEJIbEHO



VM3TOTOBRJIEHHHM M3 OPEeOlOUTUTEJIbHO CIMTOTO BCIEHEHHOTO IMIOJUDTHUIIeHAa
WM HoJMypeTaHa.

B IOpennouTHUTeJIbHOM BapMaHTe  M30JMpoOBaHHasa Tpyba  majee
COmepXuT TUOKMM CJIOM oI BHemHel o00JIOUKOM, MNIPeIOlouTUTesILHO
VM3TOTOBJIEHHHM M3 OPEeONOUTUTEJIbHO CIMTOTO BCIEHEHHOTO IMIOJUDTHUIIeHAa
WM ToJuypeTaHa. BBUIY VYMEHBIEHHOMW XPYIKOCTM NIPedlouTUTeJIbHBEM
ABJISETCA CHIMTHM WMJIM HECHUTHEM BCIEHEHHBM I[IOJUDTUIIEH. 3TOT TUOKUM
CJIOM IIpemoTBpallaeT Upe3MepHOe IIOBHIeHMe TeMIepaTyph BaKyyMHOM
U30JMPYKIer I[aHeJu BO BpeMa 00pa®oTkKy BHemHer  OOOJIOUKM U
obecrneurBaeT MexXaHMUEeCKYyKn 3allUMTy BaKyyMHOM M30JMPYKINeV IIaHeJn.
Bojilee  KOHKPETHO, TUOKUM  cJgou obecrneuMBaeT  TEIJIOUM3OJIALMID U
MEeXaHMUECKYD 3alMTy BaKyyMHOM M30JMpPYyKIeM I[IaHeJlM BO  BpeM4
06paboTKM (T.e., OT BHCOKOM TeMIepaTyph, KOoTopasd BO3IeVCTBYyeT Ha
BaKYYMHYD M30OJUPYKIYH I[HaHeJlb BO BpeMa BKCTPY3UM BHEMHEI'O CJIOA
[JJaCcTMKa Ha BHEMHKK I[IOBEPXHOCTL TPYOH). 3TO »HaeT BO3MOXHOCTB
HEeIPEePHBHOTO IMPOM3BOIOCTBa TPyOH. B OoTJMUMe OT 2TOI'O, B M3BECTHHX
crniocobax, OCHOBAHHEIX Ha MeTaJUIMueckux Tpybax, MCIOJb30BaJIiCAa
IakeTHHY MeTol, IIPM KOTOPOM IIOJMypeTaH OTJIMBAJICA IO MecCcTy.
[losTOMYy IJIS TakKMX MUIOeJIUM OTCYTCTBYET PUCK BO3IOEMCTBMSA BHCOKOM
TeMIepaTyphl Ha BaKYyMHYIO V30JIUP YOO rnaHeJlb BO BpeMs
U3TOTOBRJICHUS (koTopas MoIJila OB YXYIONUTL  M3OJISLUIO) . CHI THIV
BCIIEHEHHEM I[IOJIMBTUIIEH ABJISeTCS OCOOeHHO MOPedlouTUTEeJILHEIM WM3-3a
ero TepMHMUeCKOM CTabMJILHOCTHM, KoTopasa obJerdyaeT M3ITOTOBJIeHUE
TpyBr. IpyroM o(yHKLMEeM ABJISeTCsS MexXaHMuecKas B3allyTa  BakKyyMHOM
n30JMpYIen naHeJsn u TellJIOU30JIALINA . Kpome TOTO, CHIVI THIV
BCIIEHEHHEM I[IOJMDTUJIEH MeHblle BIMTHBaeT BJarly, UYeM BCIeHeHHHM
IOJIMB TUJIEH .

B IOpennouTuUTeJILHOM BapMaHTe  M30JMpOoBaHHasa Tpyba  majee
COOEepPXMUT OOHY WM O0o0Jiee TIPOCTaBKY MeXOIy BaKyyMHOM M30JMPYIMeNn
maHeJIblo M BHemMHeV o000JIOUKOM, IMNIPenOlNoUTUTEeJSIbHO M3TOTOBRJIEHHYID U3
BCIIEHEHHOT O IoJMMepa.

B OpemOnouTHUTeJIbHOM BapMaHTe CepIeUHMK BakKyyMHOM W30JMpYomeN
naHeJu COOEPXUT HeopTaHMUeCKUue OKCHUIOH B bopme IIopomKa,
OPenrnouTUTEeJIbHO IIOpOoMKa OMOKCHUIAa KpeMHMa, O0oJee NpellouTUTeJILHO,
IopomKa IVPOTEeHHOTO OIVOKCHUIAa KpeMHUS . Takomn TIIOPOIMOK

HeOpT'aHMYEeCKMX OKCHMIOB ABJIA€eTCA IIpeldllIOYTUMTEJIEHEIM IIOTOMY, UWTO OH



yaydmaeT IMOKOCTE BaKyyMHOM WM3OJUPYKMEeM IIaHelM, B UYaCTHOCTH, IO
CpaBHEHMI C IIpelBapUTeJIbHO CIPeCCOBAaHHEIM IOUMOKCUIOM KPEMHUS.
OIVOKCHUO KpeMHHUSA HABJISAeTCA IIPeOlNOoUYTUTEJILHEM, I[IOCKOJIBEKY OH 0OoJiee
CTOeK K CTapeHMBO (T.e. yBeJIMUeHMe HOaBJIeHUS M3-3a OpaMou auddysumu
Ta30B yBeJIMUMBaeT JIAMOOYy C MeHBIEM CKOPOCTBI IOJId IIOPOIKa
IVMOKCHUOa KpeMHMA OJjlaromaps €U0 HaHOCTPpyKType). IOINOJHUTEJILHO,
OVMOKCHUI KpPEeMHMS UuMeeT MaJlel pasMep IIop M, I[HO2TOMYy, He CTOJb
UyBCTBUTEJIeH K HOaBJIeHMI, Kak, HallpuMep, CTeKJOBOJIOKHO. IlosToMy
OVMOKCUI KPEeMHMS MIOOXOIMUT HOJIA IOJUTEJILHOTO IIpMMeHeHUs, OCOOeHHO
npu IIOBEIIEHHEIX TeMIlepaTypax, KoTma onddby3us YCKOpAEeTCH.
[ImaBJIeHEM KBapll, TakKXe WM3BEeCTHHI KaK OIMPOTEeHHBM IMOKCHUI KpPEeMHUI,
IIOCKOJIBKY OH MU3TOTaBJIMBaAETCH B JlaMeHHU, COCTOUT nus
MUKPOCKOIMUECKUX KalleJlb aMOpOHOTO IMOKCHUIAa KPEMHUS, CILJIaBJIEHHEX
B pasBEeTBJIEHHHE LEIOUKOOOpa3HEle TpexXMepHble BTOPUYHEE YaCTULEL,
KOTOPHE 3aTeM aIlJIOMepUPYTCS B TPEeTUUHHE YaCTHUH. I[lOJIydeHHHN
IIOPOWOK MMeeT Upe3BHUYaMHO HU3KYK OOBEeMHYK IIJIOTHOCTE U OOJIBIYIO
Iomanb I[IOBEPXHOCTM. IIMPOTEeHHEM OMOKCUI KPEeMHMS MW3TOTaBJIMBAIT
METOIOOM  ILJIJAMEHHOTO oMpoJmnsa TeTpaxJjiopula  KpeMHUud WM U3
KBaplleBOTO IIecKa, MCIapsaeMoTo BJIeKTPpHMUeCcKOoM OyToM C TeMlepaTypou

3000°C. OCHOBHBEIMM TJIOOAJILHEIMM IIPOMBBOOUTEJIAMM SBJISIOTCS Evonic

(Aerosil®), Cabot Corporation (Cab-0-Si1®), Wacker Chemie (HDK®)

Dow Corning and OCI (Konasil®). I[IMPOTeHHHN IOUMOKCHUI KPEMHUSI
ABJISIETCHA 0CcoBeHHO NPpenloUTUTEJBEHEM  IIOTOMY, UuTo BaKyyMHHE
M3oJMpYyKRIMe  [IaHeJw, comepXxamye NOUPOTEHHHM  IMOKCUI  KpPEeMHUSH,

pazjarawnrca OpubiansuTesibHO B 100 pas MemjleHHee, UYeM IIaHeJM CO
CTEKJIOBOJIOKHOM U, IIO3TOMY, SBJIAITCA  OPEeONOUTUTEJILHEMU  IJIS
IPVMEHEeHM S B YCJIOBUAX IIOBHIIEHHHX TeMIIepaTyp. HanpuMmep, CepOeuHUK
BaKyyMHOM MBOJMUPYWOIEN IIaHeJM MOXeT COIOePXaTh IIMPOTEeHHHN IMOKCUI
KpeMHMU S, BemecTBa, o TJIoMAakIMe MHbpaKpacHoe UBJIyYeHUe n
HeBOoJIbIIOEe KOJMUECTBO OPITaHMYEeCKMX BOJIOKOH. MaTepmralsyl CcepOedHMKa
NPenlIouTHUTEeJILHO ABJISETCH HeTOpPoYMM. OH IPenIIoUTHUTEJILHO
TepMe TUYHO yrnakoBaH B IJIEHKY, 006JIaIanyo BEICOKOM
Ta30HENPOHMIIAEMOCTEID M B HOINOJHMTEJLHYI TKaHb M3 CTEeKJIOBOJIOKHA

IOJIA 3allUTEL OT MeXaHMUEeCKMX YyIOapoB.



B [IpeXlouTHUTeJJELHOM BapMaHTe BaKyyMHasd M30oJupyklllasd IIaHeJlb
najiee COHOEPXUT  BHENHUM  KOXYX, M3TOTORJIEHHEM U3  BJIEMEHTa,
BHIOPAaHHOTO M3 TPYINH, COIepXallel MeTaJJIMUYecKyln OQOoJbTY, MIOJIU3dUp
WM [IoJIMaMMO M UMX KOMOMHaLMM, I[IPelllOUTUTEJIEHO, MeTaJlJIM3UPOBaHHYIO
TOHKYI IUIeHKY. ClleyeT OTMETUTH, YUTO aJIoMMHMEeBad QoJibI'a COLEPXUT
Ha eIuMHMUOy I[mjomanu B 21 pas3 OoJiblle aJIlOMMHUA IIO0 CPaBHEHMID C
METAaJIJIM3UPOBAHHOM  TLJIEHKOM. [IosTOMYy  MOXHO  OXMUIOATH BoJIBIEeTO
KOJIMUEeCTBa TeIJIOBHX MOCTMKOB B BaKyyMHOW M30JUPYKIEN [IaHeJH,

comepxamel aJlloMMHMEeBYH (QOJILTY, I[I0 CPaBHEHUI C MeTaJJIM3UMPOBAaHHOM

TOHKOM IIJIEHKOM, UTO HDaeT MeHBIYI BeJIMUMHY JaMOOoa BaKyyMHOM
UBOJIMPYIMEeN  IIaHeJu. CllemoBaTeJIbHO, MeTaJIJIM3UPOBaHHAS  TOHKASA
IJIeHKa ABJISETCH NPennouTruTeJIbHOM c TOUKMU 3peHus
TeIlJIOTIPOBOOHOCTH .

B [OpennouTUTeSIEHOM BapMaHTe BakyyMHad M30oJupylllad [IaHeJb
COOEPXUT CJIOM COIOJIMMEPpa DSTUIIEHBUMHMIIOBOT'O CIMPTa, PAaCIOJOXEeHHEE
BHYTPM BaKyyMHOM M30JUPYIIEN IaHeJu. Taxkue cJjiou coliojiMMepa
STUJIEHBUHUIIOBOT'O crompTa ABJIAIOTCA NPenrIouTUTeJIbHEIMU n3-3a
XapaKTepUCTUK CTOMKOCTU K CTaAPEeHMUO.

B [IpednodTUTeJSIEHOM BapMaHTe BakKyyMHasd M3oJupyolasd I[IaHellb
COINEPXUT MINIYHTOBHE COeOMHEHMS OJId MBOB 0e3 3a30poB.

B T[pednouTUTeJIEHOM BapMaHTe M30JIMpOBaHHad Tpyda COOepXUT
OIOHY BHYTPEeHHKLD TpyOy, YCTAHOBJEHHYK COOCHO C Heob043aTellbHBEM
InbdY3MOHHEIM OapbepoM, BaKyyMHOM M30OJUPYKIEM IIaHeJbld ¥ BHemHeMl
000JIOUKOM. B 5»TOM BapMaHTe BakyyMHas M30JUPpyKIas I[IaHeJlb MOXeT
OHITE ODepHyTa 0OoJiee UeM OIMH pas, IIPellouTUTEJIbEHO OBaXOH, BOKPYT
BHYTpeHHeM TpyOe. Takasd KOHCTPYKIMSA ABJSETCHS IPeONoUTUTeNILHOM
OJIS M30JMPOBAHHHIX TpyO, cCcomepXallMX BHYTPEHHKK Tpyody IMaMeTpOoM
MeHee 100 wmM, ©OoJilee NPenOlNoOUYTUTEJEHO MeHee 75 MM, B UYaCTHOCTH,
MeHee 50 MM.

B [pednouTUTEeJSIEHOM BapMaHTe M30JIMpOBaHHad Tpyda COOepXUT
OBe BHYTPeHHMe TpyOH, PAaCIOJIOXEHHEIe He COOCHO OTHOCUTEJIBHO
BHemHeM o00JIOUKM. B 2TOM BapuaHTe KaxXIasd BHYTPeHHSd Tpyda MoOxXeT
OBITEL OKpPyXeHa Heo®g3aTeJIbHEM IMOOY3MOHHEM OapbepoM UM BaKyyMHOM
U30JUpYIer OaHeJblh. AJLTEepHaATMBHO TOJIBKO OIOHa W3 BHYTPEHHUX
TpyD MOXeT OBTE OKpYyXeHa HeoOA3aTeJIbHEM IIUOIY3IMOHHEIM OapbepoM U

BaKyyMHOﬁ I/IBOJ'H/IpyIOU.[eﬁ IIaHeJIB. A.]'H::TepHaTI/IBHO obe BHYTPEHHNE



TpyOE MOTYT OHTbL OOEePHYTH OOHOV BaKYyyMHOM M3OJMPYIIMEN IaHeJbo.
[IpednouTUTeJIbHO OBe BHYTPeHHMe TpyOe O0O0epHYTH OOHOWM BaKyyMHOMU
U30JMpPYIen [aHeJbo Tak, YTOOH BHYTPEHHSA TpyOa OJIs
TPaHCIOPTUPOBKM TeKyuel cpenn c 0o0Jiee BHCOKOM TeMlIepaTypolr Obvlia
JIydlle WM30JIMPOBaHa. boJiee IMPenlouTUMTEJIbHO, BHYTPEeHHAS Tpyba IJid
TPaHCIIOPTUPOBKKM Tekyuel cpenu C 0oJiee BECOKOM TeMIepaTypon
IIOJIHOCTBhIO 0O0epHyTa BaKyyMHOM M30JMPYKIMEeV IIaHeJblo, ToT'Ja Kak
BaKyyMHOM M3OJIMPYIINEV I[IaHeJblo o00epHYyTa TOJIbBKO UYacTb OKPYXHOCTU
BTOPOM BHYTpPeHHel TpyOH IJIS TPAHCIOPTUPOBKM TeKyder cCcpens C
BoJjiee HMBKOM TeMIepaTypol, obpalleHHasd K II€pPBOM BHYTpPeHHeM Tpyode.

B HOpemnouTHUTeJILHOM BapuaHTe cuja g musrmba Ha 90° oTpeska
TPy OH, VMenmen BHYTPEHHIOn TpyoOy OMaMe TPOM 20-60 MM,
opennouruTesbHo 25-50 MM, B 4YacTHocTM 25-40 MM, 3aXaToro Ha
paccrTogdHMM 1 M, BOKpPYI' OIOPH OTJMYaeTCsa MeHee uyeM Ha 120 H,
OPenrnouTUTEeJIbHO MeHee uyeM Ha 40%, ©OoJjiee MNPEedlIoOdTUTEJILHO MeHee
yeM Ha 30% 10 CpaBHeHUMIO C To¥ xe Tpybon ©0e3 BakyyMHOM
UBOJIMPYIMeN HaHeJu.

B OpemnouTHuTesIbHOM BapMaHTe cuila Jid usrmba Ha 90° oTpeska
TPYOH, MMelIen BHY TPEHHI TPYyOyYy OMaMe TPOM 60-120 MM,
npenmnourmuresbHo 65-100 MM, B dYacTHocTM 65-90 MM, 3axaToro Ha
paccrogHMM 1 M, BOKpPYI' OIOpPH OTJMUYaeTCcd MeHee deM Ha 20%,
OpenrnouTuTeJIbHO MeHee ueM Ha 10% IO CpaBHEHMIO C TOM Xe Tpyodon
Bes BakKyyMHOM M3OJMUPYKIEN IaHeJIu.

B [OpennodTuUTEeNIEHOM BapMaHTe  M30JMPpOoBaHHas Tpyba  UMeeT
KOBQOULIMEHT TEeIJIOIIPOBOOHOCTHA A MeHee 0,02 Bt/ (M*K),
OpennouTnuTesibHo, MeHee 0,015 BT/ (M*K) .

B [OpennodTuUTeIEHOM BapMaHTe  M30JIMPpOBaHHasa  Tpyba  UMeeT
KOBbPMLIMeHT TemoycBoeHusa U MeHee 0,35 Br (M?*K), OpemOnouyTUTeEIILHO,
MeHee 0,3 Bt (M?*K), O6oJjiee NpennodTUTesIbEHO MeHee 0,25 BT/ (M°*K), B
yacTHOCTM MeHee 0,2 Bm (M2*K).

B [OpennodTuUTeNIEHOM BapMaHTe  M30JMPpOBaHHas Tpyba  UMeeT
JIMHEMHYID TeIlJIONPOBOOHOCTE A MeHee 0,08 Br/ (M*K), OpedlodTUTEJILHO
0,07 Bt/ (M*K) .

B [OpennodyTuUTEeNIEHOM BapMaHTe  M30JMpOBaHHas Tpyba  UMeeT

JVHEMHY TellJIONPOBOOHOCTE A, YMEHBIIEHHHM o 60%, OpeOlouTHTeJIbHO
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no 65% 1o cpaBHeHHMIO C TOM Xe Tpybor ©es BaKyyMHOM M30JMpPYKIeN
naHeJm.

Tpy®H  IIO HacTodmeMy  M300peTeHMI  MOXHO COOTBETCTBEHHO
NPYMMEHATE OJIS PacHpeneJIeHMs  TeIlJioM IIUTLEeBOM BOOH WM  IJIA
JIOKAJILHOTO TeriocHabxeHMUd, B YAaCTHOCTU IJIs JIOKAJILHOTO
TerJIoCHaOXeHMI KOHEUHHX I[oTpeduresiel (BTOPMUHEIE CceTu). TpyOH
oBJylamalnT OUeHL XOPOolel TeIJIOM30JISlMelr, ¥ COOTBETCTBYIOT BCEM

OeMCTBYKRIYM HOPMaTUMBHEM TpeboBaHMAM B EpBpomne. TpyOn uMmeiT ©Oojiee

KOMITaKTHEIE pasMepH 10 CpaBHEHU c M3BECTHEMA TpydaMu,
oBJIamanmyMmI TaKUMU xe CBOMCTBAaMM TeIJIOM30JIALNNA (HUBKOM
TeIJIONPOBOOHOCTHEI) .  Kpome  ToOTO, TpyOe  oB6JlamaiT  OOCTaTOUYHOM

TMOKOCTLIO, HalpuMmep, dYToOH CBOpauMBaTh M3 B OyXTH OTpe3KaMi,
HanopuMep, o 200 M. HakoHel, TpyOH I[IO HaCTOAMEeMy M300peTeH
ofJlamalT IIpeKpPacHOM COIPOTUBISAEMOCTBHI0 CTapPeHMI IaXe CBEepHYTHE B
BYyXTH. 39T0 0OCOOeHHO HEOXMIOAHHO, IIOCKOJBKY BHAUMTEJILHHEM U3THUO
TpyOE 0O3HadaeT, UTO BaKyyMHas M30oJuUpykllasd I[HaHeJlb u3rubaeTcsa B
OBYX HalpaBJIEHMAX, IepBHM M3 KOTOPHX ABJSeTCd oOopadMBaHue
BOKPYT TpyOH, a BTOPHEM - MU3TUO, IOBTOPALIUN M3TUO TPYOH.

B pmajbHelmeM M300peTeHMe II0OSACHAEeTCS OIMCaHMeM BapMaHTOB eTro
oCymeCTBJICHUST, IPUBOIMMOTO co CCHIJIKaMM Ha COTIPOBOXIAKIME
UepTexy, Ha KOTOPHX :

dur. 1 wuzobpaxaeT TpPy®y C BakKyyMHOM M30JALUMEeN C OIHOM
BHYTPEeHHelV TpyOoM M3 CHIMTOTO IOJMDTUIIEeHA.

dur. 2 - Tpyby C BaKyYyMHOM M30JIALMEeN C OIOHOWM BHYTPeHHeMl
TpyBo¥ M3 CHMTOTO IIOJUBSTUIIEHA C aJIbTePHATUMBHEM PAaCIIOJIOXEeHMEM
BaKyyMHOM M30JMPYWIEeN IaHeJIN.

dur. 3 - IOBOMHYID Tpy0Oy, cCcoIepxalyld IBe BHYTPeHHUe TpyOH C
BaKyyYMHOM MB0OJISLMEeN M3 CHIMTOTO II0JM3TUIIeHAa.

dur. 4 - OBOMHYID Tpy®y C IOBYMSA BHYTPeHHUMMM TpyOaMu U3
CHIMTOTO IOJMDTUJIeHa, B KOTOPOM OIOHa BHYTPeHHAsS Tpyba uMmeeT
BaKYyYMHYIO M30OJIALINID.

dur 5 - OBROMHYI TpyOy, cCcoIepXalyl IBe BHYTPeHHMe TpyOH U3
CHIMTOTO IIOJUATUIIeHa, B KOTOPOM OIHa BaKyyMHafd M30JUpymasd IaHel b
oBepHyTa BOKPYTD 00erX BHYTPEHHUX TpyO.

dur. 6 - IOBOMHYI Tpydy, coIepxalyld OBe BHYTpPpeHHNEe TpPpyOH U3

CIIMTOI'O IIOJIMSTHWIIEHA, B KOTOpOIZ OIo0Ha BaKyyMHaAd M30OJIMpyKlaAd IIaHeJlb
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obepHyTa BOKPYI IIepBOM BHYTpeHHeM TpyOH, o00pa3ys U-obpas3Hoe
ceueHMe, a JIpyras BaKyyMHasg M30JUpyomas I[IaHeJlb obepHyTa BOKPYT
BTOPO¥ BHYTpeHHeM TpyOr, o00paszysa U-obpa3Hoe cCceueHMe TakK, UTOOH
OTKPHTHEEe uYacTu U-oOpa3HHX ceueHUM OBJIM B KaxXxIoM cJyuae oOpalleHH
K IOpyTOo¥M BHYTpeHHel Tpyde.

Ha dbur. 1 moxkasaHa M30JIMPpOBaHHasa Tpyda, comepxamas
BHYTPpeHHOKL Tpydy (1) ™3 CIMTOTO IIOJIMASTUIIeHa, HeoOsa3aTelsIbHHM
Inddy3MOHHEM Oapbep (2), BaKyyMHasd M30JMUpPyKIlasa IIaHeJb (3),
BCIIeHEeHHHN CUIM TEI [IOJIMB TUJIEH (4) u TpyBa-o6oJiouKa (5),
PacIioJIOXeHHHE COOCHO.

Ha o¢ur. 2 T1noka3aH aJIbTEePHATHMBHEM BapMaHT M30JIMPOBAHHOM
TpyOB, CcoOIepXallMy BHYTPEHHKIL Tpydy (1) M3 CIOMTOTO NOJMUDTHUIIEHA,
HeoBsa3aTelJbHEY IUOOY3IUMOHHEM Oapbkep (2), BaKYyMHYD UW30JIMPYIOMYIO
naHeJb (3), BCIEeHEeHHHM CHUTHEM TOJIUSTUJIeH (4) u TpyOy—-o000JIO0UuRy
(5), PacIOJIOXeHHEHE COOCHO. B 5»TOM aJIbTEPHATMBHOM  BapMaHTe
BaKyyMHas M30JMpYyKMasa I[HaHeJlb oO0epHyTa ©0o0Jiee UyeM Ha OIMH 0O0O0pOoT
BOKpPYT BHYTpPEHHeN TPy OH ns CIILTOTO [IOJIMBTUJIEHA .« Takasda
KOHCTPYKLUMA ABJIAeTCHS NPEeOlNouTUTEJIbLHOM MOJIS M30JUMPOBAHHOM TPYOH C
HapyXHBHM OMaMeTpoM MeHee 100 mm.

Ha o¢mr. 3 1mokasaHa »OBOMHas Tpyda, coIepxamas IBe BHYTPEHHUE
TPyOE M3 CHIMTOTO IIOJUDTUIIEHa C BaKyYyMHOM M30JISLMelN, CcoIepXalmx
BHYTPeHHIL Tpydy (1) ™3 CHMTOIO IIOJUATUIIeHAa, HeoOsa3aTelbHuHM
InbOY3UMOHHEM Oapbep (2) ¥ BakKyyMHYID MU30JUPYIIYID IIaHeJbs (3),
COOTBETCTBEHHO. OTM IBe BHYTPEHHMEe TPyOH OKPYXEHH BCIeHEeHHEM
CHIUTEIM TIOJIMDTUIIeHOM (4), KOTOPHM Takke OKPYXeH TpyBoM—000JIOUKOM
(5). B »TOoM nOBOMHOM Tpyde MCIOJIbL3YyeTCsa He COOCHOe PacIoJIoXeHUe
IBYX BHYTPEHHUX TpyO.

Ha ¢ur. 4 moxaszaH IMepBHEM aJIbTEepPHATUBHEM BapMaHT »OBOMHOM
TpyBOH, coIepXxallell OBe BHYTPeHHMe TPpyOH M3 CHUTOTO IIOJIMSTUIIeHa, B
KOTOpPOM ToIakmas Tpyda (6) (C HaMBHCIIEV TeMIepaTypoM) CONepXUT
BHYTpeHHL Tpydy (1) ™3 CHIMTOTrO IIOJMSTUIIEeHa, Heob®a3aTelbHHM

Inbdy3MOHHEM Oapbep (2) ¥ BakKyyMHYID MW30JUMPYIIYID IIaHeJb (3) U B

KOTOPOM  BO3BpaTHAad TpyBDa (7) (c TIOHVXEeHHOM TeMIIepaTypon)
COOEPXUT BHY TPEHHIK TpyoOy (1) n3 CIIUTOT'O NOJIUBTUIIEHa U
HeoBdA3aTeJbHEY IUOOY3UMOHHEN Oapbep (2). 2TM IBe BHYTpPeHHMe TPYOH

OKPYXEHEL BCIIeHEeHHEIM CIIMTEIM IIOJIMS TVIIEHOM (4) 7 KOTOpBIﬁ Takrxe
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OKpYyXeH Tpybdor-obojioukom (5). B »ToM @OBOVMHOM Tpybe BHYTpeHHUE
TPyYOHE PaCIOJIOXKEHE HEe COOCHO.

Ha ¢ur. 5 mokxaszaH BTOPOM aJIbTEepPHATMBHEM BapMaHT OBOMHOMN
TpyOH, cCcoIepXxalel OBe BHYTPeHHMe TpyOH M3 CHUMTOTO IOJIMITUIIeHa, B
KOTOPOM Iojapmas Tpybda (6) (C HaMBHCIIEV  TeMIepaTypou) u
BO3BpaTHad Tpyba (7) (C TIOHWXEHHOW  TeMIepaTypou) comepxart
BHYTPpeHHL Tpydy (1) U3 CIOMTOTO IMOJUITHUIIeHa, U HeoOa3aTeJIbHHM
Inddy3MOHHEM Oapbep (2), COOTBETCTBEHHO. BakKyyMHasd MW30JMpPYIas
rnaHeJib (3) obepHyTa BOKPYI o00erx BHYTPEHHUX TpyO Takx, uTo
nojamomas Tpyba (6) (Cc HauBHCIEeM TeMIepaTypoM) ([IouTM) I[IOJIHOCTHIO
IIOKPHTAa BaKyyMHOM M3OJMpPpYyKIeM HaHeJbkl (3), a BO3BpaTHasa Tpyba
(7) (C TIIOHMXEHHOM TeMIIepaTypOoM) IOKPHTa BaKyyMHOM M30JIMPYIMEN
[IaHeJbo (3) YaCTUYHO. ST OBe  BHYTPeHHMEe TpyOH  OKPYXEeHEH
BCII€HEHHEM CHMTEM  IIOJIMUDTUIIEHOM (4), KOTOPEM BHOBL  OKpPYXeH
Tpybor-obosoukor  (5). B sTOM InOBOMHOM Tpyd®e BHYTPEeHHUe TPpyOH
PacCIIOJIOXKEHE He COOCHO.

Bruta mnpoBemeHa IIpOoBepKa TEIUIOIPOBOOHOCTU M TIHOKOCTH TpyO B
BapMaHTax, IIOoKasaHHHEX Ha our. 1 m 2.

V3MepeHUsa TeIllJIONPOBOOHOCTHU

B kadvecTBe TecTOBOTO oOOpa3la MCIOJIB30BAaJICA OTPEe30K TPyOH B
BapuaHTe, IIoKasaHHOM Ha o¢ur. 1, mamHoM 2600 MM, comepxamel TpyOy

M3 CHMTOTO IIOJUSTUIIEHA IMaMeTpoM 32 MM, BaKYyMHYD W3OJIMPYIOIYIO

naheyi  (Va-Q-plus® xonanum va-Q-Tec), CJoOM BCIEHEHHOTO CHUTOTO
[IOJIM3TUIIeHa M BHENHKL ILJIaCTUMKOBYK 0O0O0OJIOUKYy. B KauecTBe 5»TajJloOHa
MCNOJb30Bajlack TakKasa Xxe Tpyda, HO 0e3 BaKyyMHOM MW30JUPYKIeN
aHeJn.

MeTonmka MCIHETaHM A OCHOBaHa Ha CTaHmapTax SEFS-EN
253:2009+A1::2013 m EN ISO 8497. TemmnepaTypa OvJIa YCTaHOBJIEHa Ha
70 (+5)°C.

IInacTukoBasdg oboJlouka of0paslla [IpOoCBepJiMBajlaCk OO BHEMHeN
[IOBEPXHOCTM M3OJAUMM OJS YCTAaHOBKM HOaTUMKOB BOKpPyI' ofbpas3la.
TeMmInepaTypa BHeEMHeM IIOBEPXHOCTM M30JALUMM M3Mepsajach B 14 Toukax
BOKpYT ofOpasla. CpeIHAd TeMIepaTypa BHUMCIANIack 1o 10 mnocienHMM

ToukaM. CpenHss TeMIepaTypa [IpelcTaBJieHa B TabJMile pes3yJIbTaToB.



Oba KOHIla OB M30JINPOBAaHE [IOJINype TaHOBEMI KPBIIK MM
[TommuuoM] > 10 cM 1OJsa NOpedoTBpalleHMsa OCEBOTO TEIJIOBOTO IIOTOKa.
[TocKOJBbKY TOPLIEBEE IoTepu OB HeCylleCTBEeHHEH, OHU
UTHOPUPOBAJMCE . MeXxIy TOPLEBHMM KpPHIIKaMM B CepeOuHe IPOTOUYHOM
TpyOH KpPenOWJICA HaTpeBaTeJIbHHEM pPe3UuCTop. TeMlIepaTypa IPOTOYHOMU
TPy O [IonOepXmuBajiach B ouarasoHe 70 (+5)°C. Tpy0Oa
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cTabuamM3MpoRajlack IpM TEeCTOBOM TeMIlepaType B TedeHue >10 yacos.

ODaTumMky TeMIepaTyph OBJIM
3aKpPHITE KepaMMUyeCKVMM SKpaHaMu’.
CTaHOapPTHOM. IToTomy OBLIIO

CONPOTUBJIEHME TPYOH

TpyOu BeJMurHu d=0,0044 M g TOJMMHHE CTeHku u A=0,35 BT/MK.

IIOMEIleHE B IIPOTOUHYK Tpydy H
STa MeToIMKa OTJiMuaeTcsd oT
NIPUHATO pacueTHOE TEeIJIOBOE

M3 CHMTOTO IIOJIMSTUMIIEHa MCIOJBL3YS IOJ9 32-MM

TaBmuua 1. Pes3yJbTaTH M3MEPEHUN TeIlJIONIPOBOIHOCTHU

Enuuny | VIP32/14 | 3TajioH

a 0 (D140)
OKPYyXHOCTE M3OJIALUU M 0,33395 00,3708
IraMeTp MOPOTOUHOW TpPYyOH M 0,0323 0,323
TeMmneparypa OPOTOUHOM TpPYOH °c 68,80 67,46
TeMIepaTypa M30JIALUN °c 10,37 13,80
MOIHOCTH BT 8,84 17,67
TelJIONPOBOOHOCTE, A Br/MK 0,011 0,034
JIMHelMHad TeIJIONPOBOOHOCTE, A Br/MK 0,058 0,165
PasHylla C BTaJOHOM (A) & 65 0

Kpome TOTO,

TarkXxe IIPOBOIMIIMCE M3MEPeHMA Ha 75-Mvm prée B

BapMaHTe, IIOKas3aHHOM Ha oouTr. 2. O5TU U3MepeHMs CpPaBHUBAJIUCH C
PaACUeTHOM BEeJMUMHOM TpyOH 06e3 BaKyyMHOMW M3OJUPYKRIEN TaHeJu.
IramMeTp TommmeE | ToJmuHa Nsompyoma | IuaMeTp | BenmumH
BHemHeM a BaKyyMHOM a eHa | TpyOBI— a §)
[JIACTUKOBO | CTEHKU | M3OJUPYIIe (M) 0BO0OJIOUK (BT /M2K)
17 TPyOH | TPy OH 17 naHeJmn n (MM)
(MM) (™ (™M)
75 6,8 12 20,5 140 0,155
75 6,8 0 32,5 140 0,386
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PesyJbTaTH DTUX V3MepeHum IIOKa3HBAaT, yTo IpuMeHeHUe
BaKyyMHOM M30JUPYIIMEN IIaHeJM I[1I03BOJISeT YMEeHLIMTL TOJIMUHY CTeHKU
BHemHeN TpyOEH-000JIOUKM, COXPaHgsa OUeHb BHCOKYID BeJuuuHy U.

VzMepeHusa TUOKOCTHU

V3jarasa KpaTKo, OIMH KOHell TpyOH 3aduKCUpOBaH, a BTOpPOM
KOHell TAHYJM IJIS Cco3OaHudag u3rmuba. Tpyda OwJla COTHYTa C pamuyCcoM
u3ruba 0,5 M Ha omope. Tpy®y THYJIM IO Tex IIOpP, I[IO0OKa OBMXEHMIO He
Melmajia oIopa, YTO TeopeTHUUeCKM cocTaBjajo 90°.

BoJjlee KOHKpPEeTHO, MCIOJIb30Bajlachk cJenylimad IIpolieaypa.

- Cofupaam YCTPOMCTBO Tak, UYTOOH pPacCCTOAHME MeXOy MKMBOM U
3aXVMHEIM [IPUCIOCOBJIeHMEM COCTAaBJIAJIO 1 M.

- BaxmMalM TpyOy TakK, UYTOOH pacCTOSHMEM MexOy 3aXMMaMM
cocraBaaso 1 M. TakuMm oOpa3oM, OJIMHa obOpas3lla OoJDkHa OHTE OoJiblle

1 M.

(YTON mpoBOJIOKM/TpyOH paBeH 45°)

- PerynuporajiM OIOPY TakK, UYTOOE OHa KacajlaCb TpPyOH.

- CoenoMHANIM 3BaXyM M KpPaHOBHEHE BEeCH CO CTaJIbHOM IIPOBOJIOKOM U
INOoOHMMAJM KpaH, I[IO0Ka IMPOBOJIOKAa He HaTSHeTCHd.

- TapupoBaJIM 2JIEKTPOHHEE KpPaHOBHE BECH.

- HaumHaJM 3aoMchk Ha KaMepy Tak, UYToOH Ha BUOEO OBJIM BUIHE
KpaHOBEE BECH.

= HaumMHaJXM [NOIOHMMAaTL KpaH C HaVMeHbIleM CKOPOCTLIO.

[looeeM ¥ 3alMch MOXHO OCTaAHOBUTH IIOCJIE TOTO, KaK olopa
[IOJIHOCTBI BOCHOPeNATCTBYeT UM3TMbOy U TIIoKa3aHMsa KpPaHOBHEHX BeCOB
HauHYT YBEJIMUMBATLCHA 3HAUMUTEJBLHO OHCTpee.

Hmxe OpMBeOeHH pe3yJLTAaTH M3MEepeHUM I'MOKOCTH.

"TepMo omHa" - O0O3HauaeT, UYTO BHYTPM HaAXOOUTCSA TOJBKO OHOHAa
TpyBa, a He IOBe.

75 mam 32 - guaMeTp TpyYOE M3 CHIMTOTO IMIOJMBTUIIEHa, a IpyIroe
UMcJIO — IOMaMeTp HapyXHOM 0O0O0JIOUKMU.

"VIP mauMHHasa" - BaKyyMHBE M30JUpYIIMe HaHeJdu oamHoum 1300 M

"VIP kopoTkad" - BakyyMHHE M30JMPYINMe IaHeJ M IOJIuHOM 313 MM

Ecim "Vip" He yKas3aHo, MMeeTCH TOJIBKO M30JIALUNSA nus
BCIIEHEHHOTO CIIMTOTO  I[OJMU3TUIIEHA, Bes BaKyyMHOM  M30JMpYIOIEeN

ITaHeJIM .



15

Tabauila 2. Vsrmubawomas cuia [H]/90°

Vzrubawomas cuiaa B H npwm 90°

TepMmo onHa 75/D200 688

Tepmo omuHa 75/D175 (VIP pmiauuHasdg) | 677

TepMmo omHa 75/D140 (VIP pmyamuHasg) | 703

Tabauila 3. Vsrubawomas cuia [H]/90°

Vzrubawomas cuiaa B H npm 90°
TepMo omHa 32/D140 76
TepMo OIoHa 32/D140 (VIP | 97
OJIMHHAaA)
TepMo OnOHa 32/D140 (VIP | 94
KOpOTKas)
TepMo onHa 32/D90 (VIP | 69
KOpOTKas)
TepMmo onmHa 32/D90 (VIP moiaMHHaL) 76

yCKOpeHHOG CTapeHle

Breuin IIPOBeIeHE 4YeThlpe OSKCIIepMMeHTa HIJIAd OILeHKM YCKOPEeHHOTI'O
CTapeHnAa BaKYyYMHEIX M3OJIMPYIIIMX rnaHeJien. Bce VCIIBITaHM A
IIPOBOIOMIIVICE B SaKpPEITOM IIOMelleHNM . oiiga MMHVMM 3 a1 M3MeHeHUM
TeMIIepaTyYyPEl OJOCTYII B IIOMelleHMe OBLII OTPaHMUEeH. B nomemeHun OBIIU
CMOHTHMPORBAHE IBa OXJIaIuTeJld (Kylma) IOJI4 IIoOIOepXaHMA IIOCTOSHHOM
TeMIIePpaTyPHL.

TecT N 1
TpyBa 32x2,9 wMMv Uponor Radi ©OwJla M30JMPOBaHa BaKyyMHBIMM
U3OJUPYIYMM IHaHeJIAMM B KOpOoTKOoM (300x313x6 mMM) (TpyBa 32 MM) UB

oamuHHoM  (1300x313x6 wMM) BepcHuax. MexOy BakKyyMHOM M30JHUpPYIeN
IaHeJIblD UM CHMTHEM I[IOJIM3TUIJIEHOM aJIOMUMHMEBHM Oapbep OTCYTCTBORBRAJI.
TpyOu OB [IOMEMEeHE B VCTIEIT A T eJIb HEM CTeHI. Vcrnojyib30BaJic A
BCTPOEHHHY BOIOHaTpeBaTeJlb. TeMIepaTypa BOIH ObJla yCTaHOBJIEHa Ha
100°C ¢ HenpepwBHOMW LMPKYJSALMEel BOIH. TpyOa OmJIa WM30THYyTa C
pamuycom r-350 mMm. CraunmapTHas Tpyda Ecoflex 32/140 MM OomycKaer
n3rub c pamgumycoM Jpgo r=300 wmM. BeUIM M30OTHYTH WM KOPOTKasg, U
OJIMHHA A BaKyyMHEE M30JIMpyRIINE aHeJn. TemMmIiepaTtypa

PeTUCTPUPOBAJIACE PEeIMCTPaTOPOM TeMIepaTypH Expert L.
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TecT N 2
TpyBa 75x6,8 Uponor Radi ¢ IOJMHHEMMY BaKYYMHHMM W3OJIMPYOIMMA

naHegsamu 1300x313x6 wM. IloslHag mJmHa 3,9 M. Tpyba M3 CIMTOTO
[OJINB3 TUJIeHA OrlIIa CIIMpaJibHO oBepHyTa aJIIOMMHMEBOM bosbTOM.
AmoMrHMEeBasda ¢QoJibTra uMmeJsia ToJumHy 0,1 MM m mumpumHy 6700 MM. Ha
KaxgoM ofopoTe MMEeJIOCH HaJIoOKeHMe mupuHOM npubi. 50-100 wmM.
VCrioJIb30BaJIMCE TPU BaKyyMHHE M30JUMPYKRIMEe IIaHer. JBe IaHeJu ObUIM
NpaMBEIMM, & TPeThS IIaHeJlb OvJla M30THYyTa C pamuycoM 400 MM, dYTO
apisgeTca 0oJiee arpPeCcCCHUMBHHM M3TMOOM I10 CpPaBHEHMI CO CTaHOapTHOM
Tpybor Ecoflex 75/200, xoTopyn paspemaeTcs THYTH C PaIUycoM IO
700 mMm.

TeMnepaTypa BOIH cocTabjgsayga 110°C. [yig TI[oJgydeHUs TakKon
BHICOKOM  TeMIepaTyph  IIPMIJIOCH  MCIOJL30BATL OBa  HaT'peBaTesd,

YCTaHOBJIEHHHE TIapaJuiesbHo. OIMH HarpeBaTeJlb OBJI HaCTpOeH Ha
110°C, a BTopoM - Ha 105°C. BTopol HaTpeBaTeJlb IIPUIIJIOCH
YyCTaHOBMTEL Ha 105°C, MOCKOJBKY 3amMTa  OT IIepelpeBa OTKJOUAJa

HarpeBaTeynbs npu 110°C. D3TOoT HarpeBaTeJb TakXe MCIOJbL30BaJICA B
TecTax NN 3 um 4.

TecT N 3
TpyBa 32x2,9 MM Uponor Radi ¢ IOJMHHOM BakKyyMHOWV M30JIMPYIIOMEN

naHeJblo 1300x313x6 MM M BCIEHEeHHBM CIMTHEM IIOJIMDTUIIEHOM HaxXOIWUJIMCDh
BHyTpr 90 MM BHemHel o6oJouku. OOmas mnjauHa OwJla paBHa 1,3 M,
T.e., MCIOOJBb30BajlaCk TOJBKO OIOHa BaKyyMHasd M30JMpylmas I[IaHelb.
TeMmnepaTypa OpaMOM TpyOH peruMcTpUpoOBaJlaCch B TedeHMe 1 HeOeJwu,
mocjie dyero Tpy0Oy WM30THYyJIM C pamounycoMm r-300 MM, T.e. C TeM Xe
pammycoMm, KOTOPHEM paspemeH s Tpyow Ecoflex 32/140.

TecT N 4

TpyBa 75x6,8 wmMm Uponor Radi ¢ BakyyMHBEMM MW3OJIUPYOIMMA
naHeJiaMy BHYyTpM 140-MM BHemHelM ofoJouku. TpyBa M3TOTOBJIeHA B
Nastola. Of0masd OjauHa cCcocTabBjgsaja 1,2 M. Illpouenypa WUCIHETaHMA OBJIa
Takom ke, UTO M B TecTe N 3. Tpy®y corHyJu c paiuycom 200 MM,
uTo ABJISETCSH BoJee arpecCcUMBHEM  M3TUOOM  IIO CpaBHEHUD co
CTaHmapTHOM Tpyboi Ecoflex 75/200, KOTOPYKH MOXHO ITHYTH TOJBKO IO

paonyca 700 mMm. TpyOa npu ms3rmube 0OoJiee WM MeHee Cy3UJach.
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B clydae BO3HMKHOBEHMSA sbhdpexTa crapeHud, U30JIMpyIme
CBOMCTBa BaKyyMHOM M3OJUPpYIIEN I[IaHeJM IOOJDKHE CHUBUTLCSI, UTO
[IPUBENET K IIOCTEIIeHHOMY IIOBHIIEHVK  TeEMIIEPATYPH  CHaAPYXWM oT
BakKyyMHOM M30JUPYyKIEeN ODaHedr, Kak O(OyHKUMS BpeMeHM. OnHa Tpyba
noneeprajlack CTapeHuK B TedeHre 1 1oma M 1 MecHdla, a OCTaJIbHHE
TpM TpPyOH IIOIOBEepraJIMCh CTapeHuK B TedeHMe IouTm 11 MecsleB.
TeMIepaTypa OrlIIa 3HAUUTEJBEHO BHIIIE, uyeM DKCILIyaTallMOHHAa A
TeMIIepaTypa, UYTO YCKOPWMIIO cCTapeHMe. ClenyeT OTMETUTHL, UTO IIPU
TaKMxX IIOBBIIEHHEIX TeMIIepaTypax cTapelJ TakXe U CHOUTHNY [IOJM2TUJIEH.
Tpou M3 UeTHpe Tpyd crapwanck opu 110°C. Ilpu TakKoM TeMIepaType
TpedyeMbll CPOK CIHyXOH TpyOH M3 CIMTOIO IIOJMITHUIIEHa paBeH 1 Trony.
BakyyMHEIe M30JIMpyolme aHeJu, TaKVM oBpasoM, B DTUX
SKCIIEpPUMEeHTaxX IIOIOBepTaliMCh IelMCTBUTEJIEHO DKCTEeHCHMBHOMY CTapeHMO.
PesynbTaTeH He HajiM CYWMEeCTBEHHBX YKaszaHMda Ha CcTapeHre. IlloToMy
CTapeHre He [ABJSAeTCHA KPUTUUECKMM ©O(aKTOpOM IJId TaKKMX BapMaHTOB
IIpMMEeHEeHMA HeCMOTpS Ha TO, UYTO BaKyyMHEE M30JMPYKIMe IIaHeJ M OBUIU
M30THYTE B OBYyX HalpaBJIeHMAX. OTU DKCIEPMMEeHTH He YyKasbEBalT Ha
HeoBXOOVMMOCTE IIPMMEHeHMS aJlloMMHMEeBOM GOoJbTM IJId [OIpedoTBpaleHus
cCTapeHus.

[lo3uLMM Ha dYepTexax

— BHYTPeHHAd Tpyba M3 CHIMTOTIO IIOJMBTUIIEeHa
- HeoOsa3aTelJbHHY IMOOY3MOHHEM Oapbep

— BaKyyMHaAd M30OJIMpyKlad IIaHeJlb

— BHeHAA IJIacTHUKOBad oOOOJIOUKa

1

2

3

4 — BCIIEHEHHHM CIMTH IIOJIMSTUIIEH

5

6 - nopjammasa Tpyba (HaMBHCHIAsS TeMIepaTypa)
.

— BO3BpaTHaA préa (MoHMXeHHas TeMHepaTypa)
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$OPMYJIA MBOEPETEHNA

1. MzosmpoBaHHasa Tpyba, comepXamasd:

- IO MeHBIIe Mepe, OIHY BHYTPEeHHOL TpyOy, COINepXallylo
JIacTUK,

-  TuOKyHn BaKyyMHYD M3OJUPYRINYK IaHeJjlb, OKPpYyXallyl, IO
MeHBIIEM Mepe, OOHY BHYTPeHHKK Tpyody,

— BHEMHKD OOOJIOUKY.

2. Tpyba mno mn. 1, B KOTOpOM IO MeHbBIIEYM Mepe OHOHa

BHYTPOEHHAA préa COOoepxmT, IIpeliouTmMTEeJIEHO, CIIM THIN HOHMOH@@MH,

NPenouTUTEJIEHO  BHOPAHHHY M3 TPYIINHE, CcoIepXxallel IIOJIMSTUIIEH,
NPpenlouTHUTeNIbHO [IOJIUB TUJIEH TIOBHINEHHOM TEepPMOCTOMKOCTH,
IOJIUIIPONIMUIIEH, MNIPenlouTHUTeIbHO PPR, (mpmbi. 5% T[noJIMSTUIIEHa B

MOJIEKYJISPHOM Lernouke CTaTUCTUUYECKOTO PaBHOMEPHOTO moJiMmMepa
(CTaTUCTUUECKOTO COIOJMMepa) MIOJUIIPONMIIeHa), IMNOJIUOYTUIIEH, CIIWTHIA
INOJIMATUIIEH UM MX CMeCU, OCOOeHHO, CHMUTHI IOJIM3TUIIEH.

3. TpyBa 1O OOHOMYy W3 IIPeImeCTBYIMX IIYHKTOB, COIepXallasd

o1ddy3MOHHEN Oapbep Mexny OOHOM wuiIM ©0oJiee BHYTpeHHeM Tpydou u

TUOKOM BaKyyMHOM U3OoJIMpYymen IaHeJIbIo n/Uim comepxalas
Inbdy3MOHHEM  Bapbep, OOEPHYTHIM BOKPYI BaKyyMHOM M30JMpPYIeN
naHeJun.

4, TpyBa 0o omHOMY M3 IIpellleCTBYOIMX IIYHKTOB, cCcoIepxamas
TUOKUY CJIOM IIon BHemHelM o000JIOUKOM, MNIPeldloUuTUTEJILHO COCTOANUN U3
BCIIEHEHHOTO CIHIMTOTO MJIM HEeCHMTOTO IOJUITUIIeHa, WM IIoJuypeTaHa.

5. Tpyba 10O OOHOMYy M3 IMIPEeONecCTBYIMX IIYHKTOB, B KOTOPOM

CeEPIEUYHNK BaKyyMHOﬁ MBOHMpymmeﬂ ITaHeJIN COIOEePXUT IIOPOIMOK
HeOpT'aHM4YeCKMX OKCHMIOOB, IIpedliouTrUTEeJIEHO IIOPOIOK IVMOKCHIOa
KpeMH1A, foJiee InIpenliouyTrTEeJIBEHO, IIOPOIOK IIMPOI'eHHOTI'O IVMOKCHIOa
KpeMHNMA.

6. TpyBa 10O OODHOMY M3 IIPedleCTBYONMX IIYHKTOB, B KOTOPOMU
M30JIMPpOBaHHAa A TpyOa COIEepPXUT OIHY BHY TP EHHIK TpyOy,
PACIIOJIOXEHHYK COOCHO C HeoOga3aTelIbHEM IUOOYy3MOHHEM OapbepoM,
BakKyyMHOM M30JMPYKIEeN IaHeJIblo M BHemHeM OD0JIOUKOM.

7. Tpyba mo m. 6, B KOTOPOM BakyyMHas M30OJUpYyKIas I[IaHeJb
obepHyTa BOKPYT BHYTpPeHHeHN TPy OH boJjiee, yeM OIIVH pras,

IIpenliouyTrMTeJIEHO, IBa pa3a.
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8. Tpyba 1o OIJHOMYy M3 II.I. 1-5, B KOTOpPOW MU3OJIMPOBaAHHAL
TpyOa COOEpPXUT IBE BHYTPeHHMe TpPpyYyOH, PAaCIIOJIOXEeHHEIE He COOCHO C
BHemHeM OBDOJIOUKOM.

9. Tpyba mno 1m. 8, B KOTOPOM KaxIas BHYTpeHHasa TpybOa
OKpyXeHa HeoOsa3aTeJIbHEM OGOy 3MOHHEIM apbepoM u BaKyyMHOM
M30JUPYKRIEeN IIaHeJblo.

10. TpyBa no m. 8, B KOTOPOM TOJBKO OIOHa BHYTPeHHAd Tpybda
OKpyXeHa HeoOA3aTeJIbHEM OGOy 3MOHHEIM OapbepoM u BaKyyMHOM
V30JMUPYKRIEeN IIaHeJIblo.

11. TpyBGa mo m 8, B KOTOpOM oO0e BHYTpeHHMe TPYOH OOepPHYTH
OOHOM BaKYyMHOM M30JMPYKIMEeN I[IaHeJIblo, OPedlodTHUTeJIbHO TakK, UYTo
BHYTpeHHsaa Tpyba IJId TPaHCIOPTUPOBKM 0OoJjiee TopdUuel TeKyden
Cpelr, M30JMpOBaHa Jiydlle.

12. Tpyba 1[I0 OIOHOMY M3 IIpellleCTBYIIMUX IIYHKTOB, B KOTOPOM
nsrnbamomas cwia ajag  m3rmuba Ha 90° oTpeska TPyYyOH, UMeKmen
BHYTPEHHKK TpyOy ImamMerpoM oT 20 mo 60 MM, OPedlodTUTEeJIBHO, OT
25 nmpo 50 MM, ocoBenHHo oT 25 mo 40 MM, 3BaxaToM Ha PACCTOSHUM 1 M
BOKpPYT OTIOPEHI, oTJIMYaeTcsa MeHee yeM Ha 40%, HoJiee
OpenrnouTuTeJIbHO, MeHee ueM Ha 30% IO CpaBHEHMIO C TOM Xe Tpyodon
Bes BakKyyMHOM M3OJMpPYKIEN IIaHeJIu.

13. Tpyba IO ODHOMY M3 IIPeIlleCTBYIOIMUX IIYHKTOB, B KOTOPOM

usrubawomas cuja nJas  us3rruba Ha 90° oTpeska TpyOH, MMemeM
BHYTPEHHKK TpyOy ImamMerpoM oT 60 mo 120 MM, OPEeOIOYTUTEJIBHO OT
65 mo 100 MM, ocoBenHo oT 65 mo 90 MM, BaxaToM Ha PacCTOSHUM 1 M
BOKPYI OIIOPH OTJIMUaeTCsd MeHee ueM Ha 20%, OoJjlee NPemlIOUTUTEJIBHO,
MeHee uYeM Ha 10% 1O CpaBHEHMIO C TOM Xe Tpydon 0e3 BaKyyMHOU
WBOJIMPYKIMeN MHaHeJu.

14. Tpy®a 1[I0 OIJHOMYy U3 IIPedlleCTBYKIUX I[IYHKTOB, B KOTOPOM
U30JIMPOBaHHAad Tpyda MMeeT TeIllJIONPOBOOHOCTL A MeHee 0,02 Br/ (M*K),
npennoururenasHo mMeHee 0,015 BT/ (M*K) .

15. Tpy®a IO OIJHOMYy U3 IIPEedlleCTBYKIUX I[IYHKTOB, B KOTOPOM
M30JMpPOBaHHasa Tpyba MMeeT JIMHEMHY TeIllJIONPOBOOHOCTEL A MeHee 0,08
BT/ (M*K), OpennoururesibHO MeHee 0,07 Br/ (M*K) .

16. Tpy®a IO OIHOMYy U3 IIPEellleCTBYKIMUX I[IYHKTOB, B KOTOPOM

M30JIMPOBaHHaA préa mMeeT J'H/IHeﬁHyIO TEeIlJIOCIIPOBOOHOCTE, KOTOpad
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CHMXeHa Ha 60%, OpellodTUTeJIJbHO Ha 65% IO CpaBHEHUMI C TaKOoM Xe
Tpyboy 6e3 BaKyyMHOW M3OJUPYIIEeN HaHe M.

17. Tpyba 0o m. 8, B KOTOPOM OIHa BaKyyMHad MW30JMUpYyIasd
naHeJib 00epHYyTa BOKPYI IIepBOM BHYTpPeHHelM TpyOH Tak, UTOOH
noayuuTts U-oBpal3Hoe CceueHMe, a JOpyras BakKyyMHasd M30JMpyolas
naHeJib 00epHyTa BOKPYI IIepBOM BHYTPeHHelM TpyOH Tak, UTOOH
noJdyuuTtk U-obpasHoe ceueHMe, IIPU STOM OTKPHTHEe udacTu U-oBpa3HHX
CeueHMM B KaxXIoM clydae oOpalleHH K IpyTo¥M BHYTpPeHHelN Tpyde.

18. Tpyba O OIOHOMYy M3 IIPedleCcTBYKRMNMX IIYHKTOB, B KOTOpPOMU
BakKyyMHas M30JUpyKIasd IIaHeJb VMeeT cepmeuyHuk M OOOJIOUKY,
OKPYyXaKnIylD CepleUHUK .

19. TpyBa 1o . 3, B KOTOPOM  CeplIeuyHMK  BaKyyMHOM
UBOJIMPYIMEN I[IaHeJM COOEePXUT He IJIABJIEHHM, CHIIYUMY MOPOIKOBHIM
MaTepmall.

20. Tpyba 1o II. 18, B KOTOPOM oboJIouKa BaKyyMHOM
UBOJIMPYMEeN NaHeJM MMeeT KaHaBKU.

21. TpyBa 0O OOHOMY M3 MNPeONecCTBYMMX IIYHKTOB, B KOTOPOMU
BaKyyMHasa M30JMPYyoIas DaHeJb COINEPXUT OOUJIIbLTPYMIUN MaTepra.

22. Tpyba mno n. 3, B koTopo¥M IubOOY3MOHHEM Oapbep MITOTOBJIEH
nus3 MaTepuaa, comepXxamero, npednoudTUTEeJIbBHO CoCTOAmMero nus3
MaTepuraa, BHOPAHHOTO M3  TPYIIIH, comepxamer STUJIEHBUHUIIOBHI
CIIMPT, aJioMMHMEeBYID QOJIbBTY M MX KOMOMHALIUM .

I[Io mDOBepeHHOCTH
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