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HOBITHIA TEXHOJIOTTYHUIA MIAXIJ 3BAPIOBAHHSA «B 3AMKHEHOMY
OB’EMI» HAT'PITUM IHCTPYMEHTOM BCTHUK NOJIMEPHUX
BATATOIIAPOBUX KOMIIO3BUTHUX TPYb

Ilpu incmansyii mepedic eapsiuoco 6000nocmMavanHs I OnaiexHss 6 YKpaiwi i ceimi aKmueHo
3acmocosyioms  pisHi  6uoU  NONINPONiNeHO8UX mpyo, 30Kpema 0a2amowaposi, apMoBaHi CKI0B80JIOKHOM.
OCHOBHUM MemOOOM 3 €OHAHHS NONINPONINEHOBUX MPYO 8 OAHULL YAC € 386APIOBAHHS HASPIMUM THCIPYMEHMOM
6po3mpy6, sike nepedbavac GUKOPUCMAHHS CHeYianbHUx 3'€OHysanrvHux mygm. Pozmpybne 36aprosanus Oac
eapui  pezynomamu npu 3 €OHAHHI 20MO2EHHUX mpy0, ane, y 36’83KY 3 pISHUMU MEPMOMEXAHIYHUMU
Xapakxmepucmukamy mamepianie 6azamoulaposux KOMRO3UMHUX MpyOd ma ocobIueoCmsIMU Ybo20 Npoyecy
38apI0BaAHHS, He 00360 OMPUMYBAMU PIBHOMIYHT weu. Maxcumanbra Miynicme 3’ €OHAHHA MaKux mpyo modice
oymu OdocsieHyma npu OMPUMAHHI 36APHUX WIBIE 3 HE3MIHHOIO NOWAPOBOI0 CMPYKHYPOIO, AHALOIYHOIO
CMPYKMYPL OCHOGHO20 Mamepiany.

B pobomi pospobreno nosuti mexnonoziunuil nioXio 36apIOGAHHS «8 3AMKHEHOMY 00 €My Hazpimum
IHCIMPYMEHMOM BCTNUK HERPIMUM HASPIBOM 0A2amoulaposux KOMNOUMHUX NOLIMEPHUX mpyo, AKUll NOIAAE Y
NOWLAPOBOMY 36APIOGAHHI WUAPIE KOMNOZUMHUX MpPyO 6e3 meyii ma 3MIuy8aHHs NOJIMEPHO20 Mamepiany wapie
ma gopmyeanni 6e3ul061020 36apHo20 3'cOHanns. [Ipoeedeno MoOenbHi 36apI0BaHHs BCTMUK 0A2amouapo8ux
aApMOBAHUX NOJINPONIIEHOBUX MPYO HASPIMUM THCIMPYMEHMOM 3 MPAOUYIUHUM NPAMUM mMa pO3POOIeHUM
MEeXHONO2IUHUM NIOX000M 3 Henpsimum Haepisom. IlopieHsnivhulli ananiz mMop@onocivHux ocobiueocmerl ma
MEXAHIYHUX XAPAKMEPUCMUK CHOPMOBAHUX 36APHUX 3 €OHAMb NOKA3A6, WO NPU MPAOUYITIHOMY CMUKOBOMY
36apIOGAHHI (DOPMYBAHHS 36aPHO20 WBA BI0OYBACMbCS NO APMOBAHOMY WAPY, 4 U020 HANOBHIOSAY - CKISIHI
60JI0KHA He apMylOmb W08, d HaBNaKu eidizparoms pojib bazamouucerbhux degexmie. B motui sce uac nowapose
36apI0GAHHI 304 PO3POOICHUM MEXHONOZIYHUM RNIOX000M O00380JAE€ OMpUMamu CMpPYKmypy [ Mexauiumi
Xapakmepucmuky 36apHo20 wed I0eHMuUYHi OCHOGHOMY Mamepiany, a omoice 00Csiemu 1020 pPi6HOMIYHOCHII.
Chopmynb06ano mexHonO2IuHI peKoMeHOayii w000 SUKOPUCMAHHSL PO3POOIEH020 MEXHON02IYHO20 Ni0X00y Ha
nionpuemcmeax Yxpainu 6ionogioHoi 2ay3i npoMucio80cmi.

Kniouosi cnosa: nonimepni 6azamowiaposi komnosumui mpyou, noiinponineH, CK1080J10KHO, NOUApO8e
36aPI0BAHHS HASPIMUM THCMPYMEHMOM 8CIMUK, MEXHON02IYHUY NioXiO.
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HOBEMIIHNMA TEXHOJOI' MYECKUI MMOAXO0/] CBAPKH «B 3AMKHYTOM OB bEME»
HATPETHIM HHCTPYMEHTOM BCTBIK OJIMMEPHBIX
MHOT'OCJOMHBIX KOMIIO3UTHBIX TPYB

Ipu uncmanaayuu cemeii eopsaueco 8000CHAONCEHUA U OMONJeHUA 6 YKpaune u Mupe axKmueHo
UCNONL3YIOM  pA3HblEe BUObI  NOIUNPONUNEHOBHLIX MPYD, 8 UACMHOCIU MHO2OCAOUHBIX, APMUPOBAHHYIX
cmeka08010KHOM. OCHOBHBIM MEMOOOM COeOUHEeHUs NOTUNPONUNEHOBLIX MPYO 8 OAMMbLL MOMEHm AGNAEMCA
C8APKA  HAZPembIM UHCHMPYMEHIMOM  6pacmpyb, KOmopas npeonoideaem UCNOIb306aHUe CHEYUATbHBIX
coeounumenvHuix Mygm. Pacmpybras ceapka oaem xopouiue pe3yibmamsl npu COeOUHEHUU 2OMOSEHHBIX MPYO,
O0HAKO, 6 CBA3U C PASHLIMU MEPMOMEXAHUYECKUMU XAPAKMEPUCTIUKAMU MAMEPUATO8 MHO2OCTOUHBIX
KOMNO3UMHBIX MPY6 U 0COOEHHOCMAMU HMO20 NPOYECca C8apKu, He NO380IAem NOAYHAMb PAGHONPOYHbIE ULBHI.
Maxcumanvras npounocms coeOunenull Makux mpy6 modxcem Ovimb OOCMUSHYMA NPU NOTYYEHUU CEAPHBIX
CcOeOuHeHUll ¢ HeU3SMEeHHOU NOCTIOUHON CIMPYKMYPOU, AHATOSUYHOU CIPYKIYPe OCHOBHO20 Mamepuad.

B pabome paspaboman HO8bIll mexHOIO2UYECKUU ROOX00 C8APKU «8 3AMKHYMOM 00bemey Hazpemuim
UHCIPYMEHMOM 6CTBIK HENpPAMbIM HAZPeBOM MHO2OCAOUHBIX KOMNOSUMHBIX NOAUMEPHLIX mpyd, KOMOpbli
OCHOBYIBAEMCA HA NOCIOUHOU C8APKe CN0e8 KOMNO3UMHBIX MpyO Oe3 meueHus u CMeuueanus NnoIuMepHO2o
mamepuana cioes u opmuposanuy 6eCUOBHO20 C8aPHO20 coedunenus. IIposedenvl MoOenbHble CEAPKU GCMBIK
MHOSOCIOUHBIX  APMUPOBAHHBIX NOAUNPONUTEHOBLIX MPYO HASPembIM UHCIMPYMEHMOM C  MPAOUYUOHHbIM
NPAMbIM U PA3PAOOMAHHBIM TEXHOIOSUYECKUM NOOX000M ¢ Henpamvim Hazpegom. CpasHumenvHvlil aHanu3
Mopghonozuteckux 0cobeHHoCmel U MeXaHUYeCKUX Xapakmepucmux c@OpMUpOSAHHBIX CEAPHLIX COeOUHEeHUll
NOKA3AA, 4MO Npu MPAOUYUOHHOU CMBIKOBOU C6apKe (QOpMUPOBAHUS CEAPHO20 WA NPOUCXOOUM HO
APMUPOBAHHOMY CIIOI0, 4 €20 HANOIHUMENb — CMEKIAHHbIe BOJIOKHA He apMUpYIOm Wos, a HA06opom uspyrom
POMb MHO2OYUCTEHHBIX deghekmos. B mo dice epemsa nociolinasa ceéapka no paspabomanHomy mexHoai02suieckomy
NOOX00Y NO360sleNm NONYYamb CMPYKMypy U MeXAHUYecKue XapakmepucmuKku CEapHO2O Wed UOeHMUYHbLe
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OCHOBHOMY MAMepuany, makum oopazom oocmuys e2o paghonpournocmu. Coopmyauposansl mexHoI0suyecKue
PEKOMEHOayuU UCHONIb308AHUA PA3PAOOMAHHO20 MEXHONIOSUHEeCK020 N00X00a HA npednpusmusax YKpautsl
coomeemcmeyloweil cghepvl NPOMbIULEHHOCTIU.

Kntouesvie crosa: nonumepHoie MHOLOCIOUHbIE KOMNOUMHbLE MPYObl, NOTURPONUILEH, CIEKTOB0I0KHO,
NOCTOUHAS CEAPKA HASPEMbIM UHCIPYMEHMOM 6CMbIK, MEXHOL02UYECKULl ROOXO00.
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NOVEL TECHNOLOGICAL APPROACH TO BUTT WELDING «IN A CLOSED VOLUME» WITH
THE HEATED TOOL OF POLYMERIC MULTILAYER COMPOSITE PIPES

When installing networks of hot water supply and heating in Ukraine and in the world, different types of
polypropylene pipes, in particular multilayer, reinforced with fiberglass, are actively used. The main method of
connecting polypropylene pipes at the moment is socket welding with a heated tool, which involves the use of
special fittings. Socket welding gives good results when joining homogeneous pipes, however, due to the
different thermomechanical characteristics of materials of multilayer composite pipes and features of this
welding process, it does not allow to obtain equal strength joints. The maximum strength of joints of such pipes
can be achieved by obtaining welded joints with a constant layer-by-layer structure, similar to the structure of
the base material.

In this work, a new technological approach to butt welding “in a closed volume” with a heated tool by
indirect heating of multilayer composite polymer pipes has been developed. Model butt welding of multilayer
reinforced polypropylene pipes with a heated tool with a conventional direct and developed technological
approach with indirect heating were carried out. A comparative analysis of the morphological features and
mechanical characteristics of the formed welded joints showed that with conventional butt welding, the
formation of the welded joint occurs along the reinforced layer, and its filler - glass fibers do not reinforce the
weld, but even plays the role of numerous defects. At the same time, layer-by-layer welding according to the
developed technological approach allows to obtain the structure and mechanical characteristics of the welded
joint identical to the base material, thus achieving its equal strength. Technological recommendations are
formulated for application of the developed technological approach to Ukrainian enterprises of the relevant
industry.

Keywords: polymeric multilayer composite pipes, polypropylene, fiberglass, layer-by-layer butt welding
with a heated tool, technological approach.

IocTanoBka npodaemMu

VY Mepexax rapsoro BOAONOCTAYaHHS 1 ONalieHHs] B YKpaiHi 1 CBITI aKTUBHO 3aCTOCOBYIOTH Pi3HI BHIH
TMOMIMPOTIJICHOBUX TPYO 30KpeMa OaraTomapoBi, apMOBaHI CKJIOBOJIOKHOM. OCHOBHHMM METOIOM 3’€JTHAHHS
TIOJIMPOIIIJICHOBUX KOMITIO3UTHUX TPyO B JaHWW Yac € 3BApIOBaHHS HATPITHM IHCTPYMEHTOM BpO3TPYO, sKe
YacTO HE JI03BOJISIE OTPUMYBATH PIBHOMIIHI IIIBH caMe JIjIsl TAKUX TPYO.

AHaJi3 ocTaHHIX JocaiKeHb i myOaikanii

[NonimponisieH € OAHWUM 13 TEPMOIUIACTUYHHMX TIIOJNIMEPIB, SKUH IIMPOKO 3aCTOCOBYIOTH JIJISI
BUpOOHMIITBA HamipHUX TpyO. el MaTepian 3HAXOAUTHCS HA TPETHOMY MICIIl Y CBITOBOMY 00’ €Mi BUPOOHHUIITBA
Tpy0 micis [IBX ta momiermneHy. Bijbll MMpoOKOMY pO3MOBCIOMKEHHIO MOJIMPONUIEHY y TpyOHIW ramysi
3aBa)ka€e Horo BUCOKA BapTICTh Y MOPIBHIHHI 13 MaTepiajlaMu — JIiJilepaMu PUHKY. 32 (i3HYHUMH BIACTHBOCTSIMH
TIOJITPOIIiJICH MOAIOHUH IO TONieTHIEHY, OMHAK TEPMOCTIHKICTh HOTO BHINE, IO 3YMOBIIIOE BHKOPHCTAaHHSI
IIOTO MaTepiany y TpyOormpoBomax uIs mojaadi rapsuoi Boau Ta onajeHus [1]. OcHOBHUMHE HemomikaMu TpyoO 3
OIHOPIAHOTO TONimpomijeHny Oynm Bucoka anu(y3is KUCHIO Kpi3b Iel Marepial Ta BETUKHA Koe]imieHT
JHIAHOTO po3MMpeHHs TpyO [2], 1110 PU3BOAMIIO 0 3HAYHUX 3MiH iX PO3MIpIB IPH KOJMHUBAHHIX TEMITCPATYpPH.
ToMy Ha IeBHOMY €Tarti pO3BUTKY TEXHOIOTii BUTOTOBIIEHHS MOMIIMIPONIIIEHOBUX TPYO ITOYAIH 3aCTOCOBYBATH iX
apMyBaHHS QIIOMiHI€EBOIO (ONBrOI0 Ta pPYOIEHMM CKIIOBOJIOKHOM 32 JOMOMOIOK0  CHEIiallbHUX
criBeKcTpy3iiHuX TexHomorii [3]. e MOSCHIOETHCS MOKITHBICTIO BapiFOBAaHHS IXHIX BIIACTHBOCTEHN 3a PaxyHOK
BHOOpPY CKIIaAy KOMIIO3HIIIHHOTO MaTepiary, BCTAHOBJICHHS MOPSIKY YepryBaHHS IIapiB, BHOOPY ONTHMAaIBHOL
TEXHOJIOTII Ta OOJNAAHAHHS IS OTPMMAaHHS KOHKpETHOro Mmarepiany [4, 5]. PyOmeni ckistHI BOIOKHA 3a3BHUaif
MaroTh Kpyriry GopMy MOIEPEYHOro Mmepepizy, Xoua 3aCTOCOBYIOTh, TAKOXK BOJIOKHA TPUKYTHOI, IPSIMOKYTHOI Ta
mecTUKyTHOI (popM. Taki BOIOKHA KOPHCHI TpW HEOOXiTHOCTI 3a0e3IeYeHHs] BUCOKOTO CTYIIEHIO HATIOBHEHHS
TIOJIIMEPHOT0 KOMITO3UINIHHOTO Matepiany. OKpiM BOJIOKOH, IUIsi HANIOBHEHHS KOMIIO3WINIMHHX MatepiaiiB
BHKOPHCTOBYIOTH, TAKOK, CKJISIHI ITOPOIIKH 3 MOHOJITHAMH Ta ITyCTOTLTAMH rpaHyiamu [6, 7].

Jns 3’emqHaHHSA 3BHYAHHUX Ta apMOBAHHUX IMONIMPOIUICHOBHX TPYyO TPaAWIiiHO PEKOMEHIYIOTh
BUKOPHCTOBYBATH 3BapIOBAHHS HArPiTUM IHCTpyMeHTOM Bpo3Tpyd [8]. s TexHosorist cama mo cobi Mae Iinuit
pPAA CYTTEBHX HEIONIKiB. BUKOpHCTaHHS TpH 3BapIOBaHHI CIIEMiaTbHUX (ITHHTIB — JUTHX MY(PT abo iHIINX
JieTaliell i3 CyIIFHOTO IMOJIMNPONJIEHy YCKIaJHIOE Ta 3I0POKYE MPOIeC BUKOHAHHS 3’ €AHAHHA. J[1s KOXHOro
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CTHKY (paKTHYHO HEOOXiTHO BUKOHATH JIBa 3BapIOBaHHS, ITiJl €JHABIIN TPyOy 3 000x OokiB ¢itunry. Kpim Toro,
OCKIJIBKM TIpH 3BapIOBaHHI BPO3TPYO NPOTpiBalOTHCS JOCHUTH 3HA4YHI IUTOMII JeTaneii, BHHHKAae HeOe3leka
3HAYHUX yCaJlOK pO3ILUIaBICHOr0 Marepiairy Myt Ta Tpyou. 1o moBepxHi CrutaBIeHHS MOXKYTh YTBOPIOBATHUCS
Topy Ta OLTBII BENMUKI MMOPOXKHUHM, SIKI IPH 00’ €HaHHI (OPMYIOTh HACKPi3HI HECIUIABJIECHHS, 110 MOPYIIYIOTh
TePMETHUYHICTh CTHKY [9].
D opMYJTIOBAHHA METH J0CTiTKEHHSA

Mertoro pobotu Oynma po3poOka TEXHONOTIYHOrO MiIXOAY [UIS 3BaprOBaHHSA OaraTomapoBHX
KOMITO3UTHHX TPYO 3 OTPUMAaHHSIM PIBHOMIIHMX IIBIB 3 HE3MiHHOIO TOMIAPOBOI0 CTPYKTYPOIO, aHAJIOTIYHOIO
CTPYKTYpi OCHOBHOTO Marepiaiy, Ha OCHOBI KOHTaKTHOI'O TEIUIOBOTO 3BaploBaHHs mporuiasieHHsaM [10], skuit
1l HA3UBAIOTh MPECOBUM 3BAPIOBAHHSIM HATPITUM IHCTPYMEHTOM 3 HEMpsSMHUM Harpisom [11].

BukiaieHHsi 0OCHOBHOI0 MaTepiay I0CTiaKeHHs

KomriekcHi  mocmiypkeHHST Ta pPO3POOKY TEXHOJOTIYHOrO IiAXOAy MPOBOAWIM Ha 3pa3kax
TIOMIMPOIIIJICHOBUX apMOBAaHMX TPyO 30BHINIHIM jgiamerpoM 63 MM. BukopucroByBamu OaraTomaposi
KOMITO3UTHI TpyOM Ha OCHOBI TOJIIPOIJIEHY Ta MOJPiOHEHOr0 CKJIOBOJIOKHA 3 IIEHTPAJbHUM apMOBaHUM
urapom KOMPOZIT BORU PP-R / PP-R-GF / PP-R 63x10,5 SDR 6 Bupo6uuTa komnanii FIRAT [12], siki
BHITYCKAIOTHCS Y IBOX KOJILOPOBHX BapiaHTax — OLJIOro Ta ciporo Koibopy (puc. 1, a).

a) 0)

Puc. 1. Tpumaposi apMoBaHi CKJIOBOJOKHOM MoJiinponijieHoBi Tpyou BupodHunTBa Kommnanii Firat (a) Ta
YCTAHOBKA JIJIfl 3BAPIOBAHHA MOJTiMepHUX TPYO, OCHAIIEHA KiJIbleBUM HArpiBaJbHUM iHCTpyMeHTOM (0)

st excrniepuMeHTaNbHUX poOIT Oyia BHKOPHMCTaHA YHIBEpcaJllbHa YCTaHOBKa Ha 0a3i amapaty st
3BaproBaHHs HarpiTuM iHCTpymeHTOM BCTHK CAT-110P BupoOHunTBa «JlOCHiIHOrO 3aBOJY 3BapOBAIBLHOTO
obnannanns IE3 im.€.0.Ilatona HAH VYkpainm». YcraHOBka JaBana MOXJIMBICTh BHKOHYBATH 3BaprOBaHHS
TpyO BCTHK 3a JJOIIOMOr'OI0 TPAMIIITHOTO MIIACKOr0 HArpiBAIbHOTO IHCTPYMEHTY Ta OyJa OCHAIeHa CIeliabHO
PO3pO0JICHUM 30BHILIHIM IMITIHAPUYHUM HATrpiBAJIbHAM IHCTPYMEHTOM 3 BHYTDILIHIM JAiaMeTpoM 63 MM 3
OKpeMHuM JpKepenoM skuBlieHHs. Ha puc. 1,0 moka3aHi OCHOBHI CKJIaJ{OBI YaCTHHU 3BapIOBAIBHOI YCTAHOBKH.
TpyOu, 1m0 3BapilOIOTBCS 1 3aKpIIUIIOIOTBCS Yy 3aTHCKayax 5 LEeHTpaTtopa 2 3a JONOMOIOI PYYHHX
eKCIIEHTPUYHUX BaXkeliB 6. 30BHI Ha CTHK TpPYO OJATraeThCsl KINBIEBUI HArpiBalbHUKM 1HCTPYMEHT 3,
eNeKTPUYHUMH APOTaMHU 3’ €JHAHHUIT 3 pKepenoM >kuBlieHHs 4. OcboBe IepeMillleHHs 3pa3KiB TpyO Ta CTBOPEHHS
HEOOX1THOrO 3yCHIUIS OCa/PKEHHS 3/IIHCHIOETHCS BPYYHY MEXaHIUYHMM IMPHUBOJIOM 3@ JOIMOMOTOK PYKOSTKH 7.
Bennuuna 3ycuiuis OCaUKEHHS BHM3HAYA€THCS MAHOMETPUYHHMM JATYUKOM Ta (IKCYETHCS 3a JOMOMOTrOI0
MaHOMETpYy 8.

KinbleBuii HarpiBaJbHUN 1HCTPYMEHT BMKOHAHMW Yy BUIIISI IHUIIHIPUYHOrO Xomyrta (puc. 2.a), y
BEpXHIl YacTHHI SKOrO Ha CIelialbHOMY KPOHIITEWHI pPO3TAIIOBaHI ENEKTPUYHI KIEMH JUIs i’ €JHaHHS
KUBJIeHHs. HYoKHS YacTMHA HarpiBada € pO3HIMHOIO 31 CHellialibHUMHU METalleBUMHU T'yOKaMu Ui 3aTUCKaHHS
Hioro Ha TpyOi 3a JOMOMOroI pi3b0OBOro KpimieHHs. KOHCTPYKTHBHO KiJbIIEBUI HArpiBajbHUIA THCTPYMEHT
BUTOTOBJICHUI Yy KOpIIyCci 3 TOHKOIIMCTOBOI HepkaBitouoi cram (puc. 2,0) Ta sBIsS€ COOOIO eNeKTPHUYHHIA
PE3UCTHBHUII HArpiBay, CrEliadbHO IPUCTOCOBAHMUIT /ISl HATPIBAHHS LIWIIHIPUYHUX OBEpXOHb. HarpiBanbHum
€JIEMEHTOM CIIY)KUTh Pe3UCTUBHA MeTajeBa crpiuka kommanii RESCAL - RESISTHOM 135, i3o1p0Bana mapom
TEPMOCTIHKOr0 MiKaHITy. MIKaHIT — 11 eJeKTpOoi3oIALiiHUN MaTepiai, BUpOOICHHH 31 CIOASHHUX IUIACTHH, 110
3’€/IHaHI MiXK COOOIO 32 JIONIOMOr 00 CHIIIKOHOBHX CMOII, MTi()TaneBuX ab0 KpeMHIHOpraHIYHUX JIAKIB.
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IHCTpYMEHTOM BCTHUK. B mpomeci mporpiBy CTHKY BiZOyBarOThCsS JIMIIE HEBENWKI JIOKAIBHI MEpeMilleHHS
po3miaBy. Y pe3ylbTaTi yTBOPHIIOCS CTUKOBE 3’€MHAHHA 3 CYIUIBHUM HEBEIUKHM TPATOM Ha 3OBHIITHIM
noBepxHi mBa (puc. 6,a). Beepenuni 3BapHOro 3’€IHAHHS 3aJIMIIANACSI HE3pYHHOBAHOIO IOIIAPOBA CTPYKTYpa
CTiHKHU TPYyOH, 1IeHTHYHA CTPYKTYpi OCHOBHOrO Marepiainy (puc. 6,0).

Puc. 6. 3oBHimmii Burasj (a) Ta nonepeyHuii nepepis (0) 3BapHOro 3’€AHAHHA TPUILIAPOBUX MOJTiMePHUX
KOMIIO3UTHHX TPY0, BUKOHAHOIO 32 PO3P00JeHHM TeXHOJIOTYHHM HiAX0A0M

3a pe3ynbraTaMu eKCIEepUMEHTAIbHO-I0CTIIHUX POOIT CTBOPEHI TEXHOJOTiYHI PEeKOMEHJAL] MI0N0
NpolLiecy IMiATOTOBKU Ta IPOBEICHHS 3BApIOBAHHS 332 PO3POOJCHUM TEXHOJOIIYHMM IiaxoJoM. Tak 3pasku
TIOJIMTPOIIJICHOBUX TPUIIAPOBUX KOMIO3UTHUXTPYO MOBUHHI OYTH 3aKpiIJIeHI B EHTPATOPl TAKUM YUHOM, 1100
Y 30HI CTUKY B IpOIIECi MPOrpiBy HE BUHUKAJIO JIOJATKOBUX HANpyxeHb. OChOBE 3YCHIUIS HA OCaKEHHS TPYO
MIPUKIIAJA€ThCSl TIIBKA HA Yac 3aKPIIUICHHs KiJIbIIEBOIO HATPIBAILHOTO IHCTPYMEHTY 3 METOI 3a0e3nedyeHHs
Ha/IIHHOTO KOHTAKTy TOpIIB TpyO. [Ticns 3akpiruieHHs: HarpiBaya OChbOBE 3YCWILISL 3HIMAEThCS JUIS 3aro0iraHHs
Ha/IMIPHOTO TEpEeMIIIeHHs TOMIIMEPHOro MaTepiaiy mija dac mporpiBy. HarpiBajbHuil iHCTpyMeHT HEOOXiqHO
BCTAHOBUTH Ha CTUK TaKMM YHMHOM, 1100 3a0€3MEeYMTH NIUTbHE MPUISTAHHS HOro BHYTPINIHBOI MOBEPXHI 10
TpyOu 0e3 miiiuH Ta 3a30piB. HarpiBaui Benukux aiamerpiB OakaHO JOMATKOBO 3a(iKCyBaTH, 1100 BOHH CBOEIO
Baroro He aedopMyBasii po3irpiTHii MaTepial B 30HI 3BapIOBaHHSI.

BukoHaHHs yCixX IepeniueHrx yMOB TapaHTye, 0 MPU 3BapIOBaHHI HATPITUM IHCTPYMEHTOM BCTHK 32
HOBUM TEXHOJIOTTYHUM MiIXOIOM MOJIMEPHUX TPUIIAPOBHX KOMIIO3UTHUX TPYO Oyzae cOpMOBaHO 3’€HAHHS 3
HE3MIHHOIO TOIIAPOBOI0 CTPYKTYPOIO, aHAJOTIYHOK CTPYKTYpi OCHOBHOrO Matepiany. Ha puc. 7,a npuBeneHo
MONepeYHni  TIepepi3 TaKoro 3BapHOro 3’€IHAHHs, ske Oya0 cpOopMOBAaHO 3a ONTUMAIBHUX MApaMETPiB
3BApIOBAHHS Ta BUTPHUMII yCIX BUIIE3a3HAYEHUX YMOB, Ta MiATOTOBJICHHUN Ui MEXaHIYHUX BHUIPOOYBaHb Ha
postar. [l OTpuMaHHS aJIeKBaTHUX JAHUX MO MIIHOCTI CTiIHKU TPYOW Ha 3pa3ky OyJjo BHIAJCHO MiJICHICHHS,
10 YTBOPIOETHCS B LIEHTPI 11Ba. BHYTPIIIHINA apMOBaHUiA IIap MOIMPOIIIEHOBOI TPYOH MPAKTUYHO HE 3MIHHB
¢dbopMy Ha yciii JOBXHHI 3BAPHOTO 3’ €HAHHS, OKPIM HEBEIMKOr0O 301NIbIICHHS TOBIIMHY B MPaBiii YaCTHHI 30HU

MPOTpPIBY.
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Puc. 7. Ilonepeynnii nepepiz oNTHMAJBLHOI0 3BAPHOIO 3’ €IHAHHSA NOJIINPONIJICHOBHX TPHILAPOBHX
KOMIO3UTHUX TPYO (2), BUKOHAHOI0 32 PO3P00JIeHUM TEXHOJIOTIYHUM MiIX00M, Ta HOro
MikpodoTtorpadis (0)

Ha puc. 7,6 npuBeneno mikpogororpadiro Mopdororii npencraBieHoro Ha puc. 7,a 3BapHOro IIBa.
Jlerko mobayuTy, O CTPYKTYypa LIBA € IJEHTHYHOI OCHOBHOMY Matepially, Py IbOMY TOBHICTIO 30epiraeThcs
Opi€HTAllisi HAMOBHIOBaYa — pYyOJEHOTO CKIOBOJOKHA. PyiiHyBaHHS 3BapHOrO 3’€JHAHHS TPHIIAPOBUX
TIOJIMTPOTIIJIEHOBHUX TPYO 3 HE3MIHHOIO MOMIAPOBOI0 CTPYKTYPOIO BiIOYBA€THCS IO OCHOBHOMY Matepiainy (puc.
5, a), a omke 3BapHI MIBM PIBHOMIIHI Matepiany TpyOu. OCKinbKM BHYTpIIIHINA mmap TpyOM apMoBaHHA
KPUXKUMH CKJISHUMM BOJIOKHAMH, TO YBECh 3pa30K, BHpPi3aHMH 3 TpPHUIIAPOBOI CTIHKUM TpyOU pyHHYeThCS 3
MiHIMaJIBHUM BiJJHOCHHUM TIOJIOBXXECHHSIM. MaTepiall apMOBaHOI0 apy NpH PyHHYBaHHI CBITIIIIAE OOIU3Y JIiHIT
371aMy, [0 BUKJIMKaHO MiKpoaedopMallisiMy MOJTIMEPHOr0 MaTepiaiy MpH MOYeproBOMY PO3PUBAHHI CKISIHUX
MO3/IOBXHIX BOJOKOH. Yepe3 1ie mpu pyiHyBaHHI BHYTPIIIHBOTO IIapy MOJIMPOIiJIEHY Ha IOBEPXHI 3jJaMy
¢dopmyeTbcsi HepiBHa rybuacra crpykrypa [loBepxHsi pyiHYBaHHS Marepiany HIKHBOTO (BHYTPIIIHBOTO)
TOMOT€HHOT0 TMOJMIMPOMIJIEHOBOr0 MIiapy TPyOM Mae HEpiBHUM CTYNMIHYaCTHH XapakTep, WLIO BiJIOBiJae
KPUXKOMY 3JlaMy 3 JEKiJbKOMa KOHIIEHTpAaTOpaMM HampykeHb. HaBnaku, npu pyiiHyBaHHI 30BHIiIIHBOTO
TOJIMIPOIIJIEHOBOTO 1IAPY YTBOPIOETHCS pPIBHA IMOBEPXHS 3JIaMy, SK Pe3yJIbTaT DPO3MOBCIOJDKEHHS OJHIET
CyLIBHOT TpinuHU. BoyeBub, IpH OTHOBICHOMY HaBaHTa)KEHHI HA PO3TAT IPU MEXaHIYHUX BUIPOOYBaHHSX,
MaTepiaj 30BHILIHIX MIAPIB TPYOU IIACTHYHO JeOpMYEThCS Ha NEsKY BETHMUYMHY, MICIS YOro HANpYKEHHs Ha
BHYTPIIIHBOMY apMOBaHOMY Ilapi CATA€ KPUTUYHOTO PIiBHS 1 BiH pyiiHyerbes. [licnst 1bOro 3a KpUXKUM
MEXaHi3MOM PYHHYIOThCS 1 30BHIIIHI MMOJIMPOMIJICHOBI IAPH.

BucHoBku

B po6oTi po3pobiieHO HOBHI TEXHOJOTIIYHME MiJXiJ 3BapiOBaHHS «B 3aMKHEHOMY 00’€Mi» HarpiTuMm
IHCTPYMEHTOM BCTHK MOJIMEPHUX OaraTomiapoBUX KOMIIO3UTHUX TPYO, 3a SIKUM MOXJIMBE iX IOIIAPOBE
3BaproBaHHs. [IpoBeseHI MoOJIeNbHI 3BApIOBAaHHS HArpITUM I1HCTPYMEHTOM BCTHK MOJIMPOIMiJICHOBUX
TPHIIAPOBUX KOMIIO3UTHHUX TPYO TPaUIiHHUM TPSIMUM HArPiBOM Ta 32 PO3pOOJICHUM TEXHOJIOTTYHUM ITiXO0I0M
HenpssMuM HarpiBoM. [lokaszaHo, 1110 po3poOsieHH TEXHOJIOTIUYHHUN MiaXif € OLIbII e()EeKTUBHUM 3 TOYKH 30pY
CTPYKTYpH Ta MEXaHIUYHHX XapaKTEPUCTHK, &, OTXKE, 1 IKOCT1, 3BApHUX 3’€JJHAHb Y MOPIBHIHHI 3 TPaJUIiHHUMU
IIX0/IaMH JI0 3BApIOBAHHS TMOJIIMEPHUX 0araTomapoBUX KOMIIO3UTHHX TPYO.
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