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MeTon 3BaproBaHHSI HATPITUM IHCTPYMEHTOM BCTHUK BUKOPHCTOBYETHCS IS
3BapIOBaHHA TIOJIIETWIEHOBUX TpyO0 B mpoueci OyAiBHULTBA BOAO- Ta
razonpoBoaiB. CraHmapTHa TEXHOJOrIs Iepeadadae  3BAPIOBAHHS  JIMILE
MOJIIETWJICHIB OJHAKOBUX MapoK. BogHouac, icHye HEOOXIJHICTb PEMOHTY
«CTapux» TPyOONpPOBOMAIB, SIKI CTBOPEHI 13 MapoOK IMOJIETUIICHIB, sIKI Hapa3l He
BUpOOIISIIOTHCS. e mependavae 3BaproBaHHs PI3HOTUITHUX MapoOK MOJIETUJICHIB. Y
3B’A3KYy 3 IWM, aKTyaJbHUM € JOCHIDKEHHS OCOOJHBOCTEH CTPYKTYpH Ta
BJIACTUBOCTEH 3BApHUX 3’ €IHAHB TPYO 13 PI3HOTUITHUX MOJTIETUIICHIB.

Po6ora IIPUCBSYECHA JOCITIIKEHHIO CTPYKTYpH, MOp@oJIorii,
TEII0(PI3UYHUX, TEPMOMEXAHIYHMX Ta EKCIUTyaTalliiHUX BIIACTUBOCTEM 3BapHUX
3’€lHaHb PIBHOTUIHUX TIOJIETWIEHIB, C(HOPMOBAHMX MIJISXOM 3BapIOBAHHS
OJIHO30HHUM HArpIiTUM 1HCTPYMEHTOM BCTHK, @ TaK0X PO3POOJIEHHIO JOCIIIHOTO
3pa3ka JBO30HHOTO HAarpiBaJIbHOTO IHCTPYMEHTY I 3BaproBaHHA TpyO 13
PI3HOTUITHUX MOJIIETUIICHIB.

Bynu mpoBeaeHi  JOCHIIKEHHS  BIUIMBY  HapamMeTpiB  3BaplOBaHHS
OJTHO30HHUM HAarpiTUM 1HCTPYMEHTOM BCTHK, dYacy Ta (akTopiB poOOUYOTro
CepeZIOBUIIA HAa CTPYKTYPY Ta BIACTUBOCTI 3BapHUX 3’ €JIHAHb TPYO 3 PI3HOTHUITHUX
TEXHIYHUX TOJIETHICHIB. Bylo po3pobiieHO po3paxyHKOBO-EKCIIEPUMEHTATBHY
METOJIMKY MPOTHO3YBAaHHS TPUBAJIOCTI HAMIMHOI eKCIUTyaTallii 3BapHUX 3’ €THAHb
TpyO 13 PIZHOTUIHUX TMOJIETUICHIB, PO3POOJEHO Ta BUIPOOYBAHO JOCIIITHUM
3pa30K JBO30OHHOTO HArpiBalbHOTO I1HCTPYMEHTY Yy CKIaJl TpaaHIiiHOl

3BapIOBAJIbHOI YCTAHOBKH 13 (DYHKIIIEI0O aBTOHOMHOTO PEryJIOBaHHS TeMIEpaTypu



Ha KOXHIA 3 JBOX pPOOOYMX TMOBEPXOHb [JIsI PEMOHTY TpPYyOOIpPOBOAIB i3
PI3HOTUITHUX TIONICTWICHIB JJI TIOJOBXKEHHS I1X TEPMIHIB eKCILTyaTarii.
[IpoBeaeno mocmimkeHHs MOP(OIIOrii Ta eKCIUTyaTalliliHMX XapaKTePUCTUK 3pa3KiB
PI3HOTUIHUX TOJTIETUIIEHIB, C(POPMOBAHUX JBO30HHUM HArpiBaJIbHUM IHCTPYMEHTOM.

Metow po0oTH € JOCHIKEHHS CTPYKTYpU Ta BIACTHMBOCTEM 3BapHUX
3’¢qHaHb  pizHOTMNHMX — nojietwieHiB  TIE-63/T1E-80 Ta  TIE-63/T1E-100,
c(OopMOBaHHX IIJISTXOM 3BAPIOBAHHS OJHO30HHUM HArpiTUM 1HCTPYMEHTOM BCTHK,
a TakoX po3poOJeHHS AOCHIAHOTO 3pa3ka JIBO3OHHOI'O  HarpiBajibHOTO
IHCTPYMEHTY JJIs1 SKICHOTO 3BaplOBAaHHS PI3HOTUITHUX MOJIIETUJIEHIB JIJISl PEMOHTY
MOJIIMEPHUX TPYOOITPOBO/IIB.

O0’exkTOM JOCTIIKEHHSI € TIPOLIECH 3BapiOBaHHS 1 3aKOHOMIPHOCTI
(opMyBaHHs 3BaApHUX 3’ €IHAHB TPYO 13 PI3HUX MAPOK MMOTIETUIICHIB.

IIpeamerom pgociaigxeHHsl € 3BapHi 3’€IHAHHS TpPyO 13 PISHOTUITHUX
nomerwieHiB 'y komOiHamisix [1E-63/I1E-80 Ta IIE-63/T1E-100, cdopmoBani
IUITXOM 3BapIOBaHHs OJHO30HHUM Ta TBO30OHHUM HarpiBaJIbHUM 1HCTPYMEHTOM.

HaykoBa HOBH3HA olep:KaHUX pe3yabTaTiB. Y poOoTi Oyau mpoBeneHi
KOMIUIEKCHI JOCIIJKEHHSI CTPYKTYPH Ta BJIACTUBOCTEW 3BApHUX 3’ €AHAHb PIZHHUX
MapoK TMOJIETHICHOBUX TpyO, siki Oynmu copMoBaHI INUISIXOM 3BapIOBaHHS 3a
JIOTIOMOTOI0 OJTHO30HHOTO Ta JBO3OHHOTO HATPiBaJIbLHOTO IHCTPYMEHTY.

1. Bmepmie po3paxyHKOBMM IIUISIXOM BCTAaHOBJIEHO IO TMPH 3BapIOBAaHHI
OJIHO30HHUM HArpiBaJbHUM THCTPYMEHTOM BCTHUK PI3HOTHUIHUX TonieTusieHiB [1E-
63/I1E-80 1 ITE-63/T1E-100 mae miciie HEpIBHOMIPHICTh TEMIEPATYpPHUX MOJIB Y
30H1 (hOpMyBaHHS 3BapHOTO 3 €JHAHHS, a CaMeE:

- npu HarpiBaHHi komOiHarii [1E-63/ITE-80 pi3Huist temmeparyp TOPIIB
Tpy0 13 TIE-80 1 TIE-63 cranoButh A=9...10°C y MOMEHT 3aKiHYEHHS TPOIIECY
HarpiBaHHs nipu t=75 ¢, A=8...9°C y MOMEHT 3’€qHaHHS TOPIIB Ha IMMOYATKY
cTuckanus TpyO mpu t=78 ¢, 1 A=5...6°C micas oxonomxeras npu t=200 c;

- npu HarpiBaHH1 komOiHamii [TE-63/I1E-100 pi3Huus TemmepaTyp TOpLIB

Tpy6 13 I1E-100 1 I1E-63 cranoButh A=10...11°C y MOMEHT 3aKiHUEHHS IPOLECY



HarpiBanus npu t=75 ¢, A=9...10 °C y MOMeHT 3’€lHaHHS TOPIIIB Ha IMOYATKY
ctuckanHs Tpy0 npu t=78 ¢, 1 A=7...8°C micas oxonomxenns npu =200 c.

2. BcraHoBiieHO 0COOIMBOCTI aMOP(PHO-KPUCTATIYHOT CTPYKTYPH 3BapHUX
3’enHaHb pizHOoTUNIHUX nomietuseHiB [1E-63/ITE-80 Ta I1E-63/T1E-100, sxi Oymu
OTpUMaHiI 3 BHUKOPUCTAHHSM OJHO30HHOTO HAarpiBaJIbHOTO 1HCTPYMEHTY Ta
nepedyBajau B poOOYOMY CEPEIOBHII NPOTIATOM JBOX POKiB. BusBICHO 3MiHY
IHTEHCUBHOCTEH T paKIitHIX MaKCHMYMIB, AK1 BIJIMIOBIAAIOTh
kpuctasiorpadiyHuM I1UiomuHaM 3 iHaekcamu (111) ta (200) s 3BapHHX
3’eaHanb [1E-63/I1E-100, sixi 3HaX0AMJIMCh HA MOBITP1 Ta Y TPYHTI.

3. Brepiiuie BUSIBIIEHO 3MIHM TEPMOMEXAHIYHOI Ta TEMIO(Q13UYHOI OBEIIHKU
3BapHUX 3’€JHaHb PI3HOTUIHHUX TMOJIETHIICHIB, $KI OyJauM OTpuUMaHi 3
BUKOPUCTAHHSAM OJHO30HHOTO HArpiBaJIbHOTO 1HCTpyMEHTY. IIpoaHanizoBaHo
TEMIIEpaTypHI TMEpPEeXOJu CKIyBaHHS Ta IUIABJICHHS, a TaKOoX MpolecH
TEPMOOKHCIIIOBATILHOT ~ JACCTPYKIII y 3BapHUX 3 €IHAHHSAX  PI3HOTUITHUX
MOJTIETUJICHIB.

4. Briepiiie po3po6JsieHO MaTeMaTUYHy MOJIEh MPOIIECY 3BapIOBaHHS TPYyO 13
PI3BHOTUITHUX MOJTIETUIICHIB CeKLIIIHUM (IBO3OHHHM) HarpiBaJIbHUM
IHTCPYMEHTOM, SKHUH CTBOPIOE TEIUIOBI MOTOKHU PI3HOI IHTEHCHUBHOCTI KPi3b TOPII
KOXKHOI 3 TpyO 1 3abesreduye poO3IUIABICHHS OJHAKOBOTO 00’eéMy Marepiairy,
HEOOX1AHOTO JJIsi (pOpMYBaHHS CUMETPUYHOTO Tpary y 3BapHOMY 3’€JIHAHHI.
Po3paxyHKOBUM HUIIXOM BHU3HA4Y€HO, 110 jyIs 3BaptoBaHHs [IE-63 ta I1E-100 s
yMOBa 3a0e3IeuyeThbesl IPU pO3TallyBaHHI 130J1iHI1, SKa BIANOBIIAE TEMIIEpaTypl
MakcuMyMy TertoeMHocTi (138°C), Ha ogHAKOBIM BiJCTaH1 BiJ TOPIIB B MOMEHT

MOYaTKy OCaPKEHHS TPYO.

I[IpakTuyHe 3HAYEHHS] OTPUMAHUX pe3yabTaTiB. OTpuMaHi pe3yabTaTU
Ta 3BapIOBaJbHE OOJIAIHAHHSA JO3BOJISIIOTH 3a0€3MEUUTH MOMKIUBICTH PEMOHTY
MOJIIETUJIEHOBUX TPYyOOINPOBO/IIB, BUTOTOBJICHUX 13 «CTAPUX» MAPOK MOJIETHICHY

6e3 HeoOX1JHOCTI epedyI0BH BCHOTO TPYOOTIPOBOTY.



Po3pobiena po3paxyHKOBO-EKCIIEpPUMEHTaIbHAa METOJUKA MPOTHO3YBAHHS
TPUBAJIOCTI €KCIUTyaTallii 3BapHUX 3’ €THAHb TPYO 13 PI3SHOTUITHHUX MOJIETUIICHIB.

Po3pobiieno meTon BUNPOOYBaHHS CTIMKOCTI J0 TPIIIUH 3pa3KiB CTHKOBHUX
3BApHUX 3’€JIHAHb TOMIETHJICHOBUX TpyO [i€I0 TOCTIMHOTO  JIOKaJIbHOTO
HABAHTAXKCHHSL.

Po3poGieno Ta BunpoOyBaHO JBO30OHHUM HArpiBAIbHUM  1HCTPYMEHT 3
MOMKJIMBICTIO QBTOHOMHOTO PETY/IIOBaHHS TEMIIEparypyd Ha KOXKHIA 3 JBOX pOOOUMX
MOBEPXOHb. P03p0o0eHO TEXHOMOriuHI PEeKOMEHAAIll 3 BUKOPUCTAHHS JIOCIIIHOTO
3pa3ka JBO30HHOIO HarpiBaJIbHOTO IHCTPYMEHTY B CKJIAJIl YHIBEPCAILHOIO YCTATKYBaHHS
JUTs1 3BAPIOBAHHSI TPYO 13 OTHOTUITHUX Ta PI3HOTUITHUX MOTIETUIICHIB.

XapakrepucTuka po00TH. Y BCTyNmi BHCBITICHO CTaH MPUKIATHUX
npoOsieM, sKI BUHUKAKOTh NPH CTUKOBOMY 3BapIOBaHHI IMOJIETUJICHOBUX TPYyO
HArpiTUM 1HCTPYMEHTOM, OOIPYHTOBAHO AaKTyaJIbHICTh TE€MH, C(HOPMYIHLOBAHO
METy Ta 3ajayl JOCTI/PKCHHS, BHUCBITJICHO HAayKOBY HOBH3HY Ta IpaKkTU4YHE
3HAYCHHS OJEpKaHUX pe3yhbTariB. IlpencraBneHo iHpopMalio Tpo 3B’A30K
poOOTH 3 HAyKOBUMM T€MaMH Ta ampoOailito pe3ysibTaTiB AMCEpTallii, HaBeICHO
nyOJiKallli aBTopa, B SKUX BUKJIaJEHO OCHOBHHUI 3MICT JUCEPTALiitHOI poOOTH.

Y po3mimi 1 mnpoaHamizoBaHO ICHYHOYl JITEpaTypHl JOKEpena, 1o
BUCBITJIIOIOTh ~ CyYaCHMM  CTaH  JOCHI/PKeHb  3BapIOBaHHS  PI3HOTUITHHX
noyeTusieHiB. HaBeeHO OCHOBHI — XapaKTEpUCTUKH MOJIMEPIB, 30KpeEMa,
MOJIIeTUIEHIB. PO3IMISIHYTO TEpPCHNEKTUBY BUKOPUCTAaHHS OTPUMAaHUX B POOOTI
pe3yNbTaTIB ISl TOAANBIIOI MOKIMBOCTI PEMOHTPY TpyOOmpoBOIIB Ta iX
BUKOPHUCTAHHS I TPAHCTIOPTYBAaHHS BOJIHIO.

Y posmimi 2 HaBeAeHI BIJOMOCTI TpO Marepiadd Ta METOAH, SKi
BUKOPUCTOBYBAJIKCS B IIPOLIECI BUKOHAHHS AMCEPTALIMHOI POOOTH.

Y po3aim 3 mpencTaBieHl pe3yqbTaTH MAaTEMAaTHYHOTO MOJCITIOBAHHS
TEMIIEpATypHUX TIOJIB TMPHU 3BAPIOBAHHI 3pa3KiB 13 PI3HOTHITHUX TOJIECTUICHIB
HArpiTUM 1HCTPYMEHTOM BCTHUK Ta 3alpOMOHOBAHO METOJ MPOTHO3YBaHHS ix
EKCIUTyaTallfHuX XapaKTePUCTUK B 3aJEKHOCTI BijJ TMapaMeTpiB 3BapIOBaHHS.

HaBezneHni ekcriepuMeHTaIbHI pe3ysbTaTH, OTPUMaHI 13 BUKOPUCTAHHSAM METOJIIB



PEHTTEHOCTPYKTYPHOTO Ta  TE€pMOMEXaHiuHOro anHamizy. [IpoanamizoBaHo
CTPYKTYpy Ta T€pMOMEXaHiuHl BIacTHBOCTI 3BapHuX 3’enHanb [1E-63/T1E-80 Tta
ITE-63/TIE-100, sixi TpuBanuii yac (2 poku) nepedyBaau B poo04oMy CepeIOBHIII.
HaBeneno  pe3ynpTaT  JOCHiKeHb  Mopdoiorii,  Teriopi3uuyHuX  Ta
EKCIUTyaTallliHUX BJIACTUBOCTEN TEXHIYHUX IOJIETHJICHIB PI3HMX MapoK Ta ix
3BapHUX 3’€qHaHb. BUABIEHO CyTTEBI BIAMIHHOCTI Y  TemIO()i3UYHUX
XapaKTepUCTHKaX 3pa3kiB, SKI MalThb OyTH BpaxoBaHI TMpPH PEMOHTI
MOJIBICTHJICHOBUX TPYOOIIPOBO/IIB.

Po3po6ieno Metos BUMPOOYBaHHS CTIMKOCTI 10 TPILIMH 3pPa3KiB CTUKOBUX
3BApHUX 3’€JHaHb TMOJNIETWICHOBHX TpyO JI1€l0 MOCTIMHOIO  JIOKAJbHOI'O
HABaHTAXCHHSL.

Y po3nuti 4 MeToaoM KIHIIEBUX €JEMEHTIB MPOBEACHO MaTEeMAaTHYHE
MOJIEJIOBAaHHS TEIUIOBUX MPOLIECIB NIPHU 3BAPIOBAHHI PI3HOTUITHUX TPYO JBO30HHUM
HarpiBaJIbHUM 1HCTpyMEHTOM. lIpencraBieHo iH(opMaliio MO0 pO3pOOICHHS
JIBO3OHHOTO  HAarpiBaJIbHOTO  1HCTPYMEHTY 3  MOJKJIMBICTIO aBTOHOMHOIO
peryJifoBaHHs TeMIepaTypd Ha KOXHIM 3 JBOX pOOOYMX TMOBEPXOHb, SKHM
NPU3HAYEHUMN JIs 3BapIOBAaHHA MOJIIMEPHUX TPYO 13 PI3HOTUITHUX MOJIIETUJIEHIB.
ChopMynboBaHO KpHUTEpil ONTUMAIBLHOCTI (hOpMYyBaHHS 3BAPHOTO 3’€HAHHSA 13
PI3HMX TOJIETHJICHIB Ta BU3HAYEHO ONTUMAaJbHI 3HAYECHHS TeMIEpaTypu poOouoi
MOBEPXHI JIJ151 KOKHOTO 3 HUX.

VY pozaini 5 HaBe[eHO pe3yabTaTH cepii eKCIIEPUMEHTAIbHUX 3BapIOBATIbHUX
poOIT 3 BUKOPUCTAHHSIM JOCIHIJIHOTO 3pa3ka JIBO3OHHOTO HarpiBajbHOIO
iHCTpyMeHTy. JlocnmimxkeHo ocoOnuBocTi (OpMyBaHHS 3BApHUX 3 €HAHb MpU
pi3HHX yMOBax 3BaproBaHHs. [IpoBeseHo mociimkenHs Mopdosorii Ta MexaHiuHi
BUNPOOYBaHHS 3pa3KiB Ha po3rar. ONTUMI30BaHO MapaMeTpu  Mpolecy
3BapIOBaHHS, 110 3a0€3MeUyI0Th ONTUMAalIbHE (POPMYBaHHS Ta MEXaHIUHY MILHICTh
PI3BHOTUIIHUX CTUKOBHUX 3BapHUX 3 €JIHAHBIONICTHICHOBUX TpyO0. Ha ocHOBI
MOPIBHSUIBHOTO aHAMI3y OTPUMAHUX €KCIEPUMEHTAIbHUX JaHUX OYyJI0 OCTaTOYHO
JIOTIPAIlbOBAHO JBO30HHUI HArpiBaJbHUN 1HCTPYMEHT JJiS 3BaproBaHHS TpyO 13

PI3BHOTUIIHUX TOJIIETWICHIB. P03p00JICHO TEXHOJIOTIYHI peKOMEeHMallli 11010



BUKOPHUCTAHHSA JOCHIAHOTO 3pa3ka HarpiBaJlbHOTO 1HCTPYMEHTY B CKJIaJIl
YHIBEPCATBHOTO YCTaTKYBaHHS JUIS 3BapioBaHHS TpyO 13 OJHOTUIIHUX Ta
PI3HOTUITHUX TTOJTIETUIICHIB.

KnawuoBi cjgoBa: TexHIYHMH  TONIETHICH, 3BaplOBaHHSA  HAarpiTum
IHCTPYMEHTOM BCTHK, CTPYKTYpa, BJIACTHUBOCTI, JTOCTITHUNA 3pa30K HarpiBaJibHOTO
IHCTPYMEHTY.

ANNOTATION

Kovalchuk M.O. Structure formation and properties of welded joints of
various types of polyethylene and development of polyethylene pipeline repair
technology. — Qualifying scientific work on manuscript rights.

Dissertation for obtaining the scientific degree of Doctor of Philosophy in
specialty 132 "Materials Science" (13 - Mechanical Engineering). - E.O.Paton
Electric Welding Institute of the National Academy of Sciences of Ukraine, Kyiv,
2024,

The method of heated tool butt welding is used for welding of polyethylene
pipes in the process of building water and gas pipelines. The standard technology
involves welding only polyethylenes of the same brand. At the same time, there is
a need to repair "old" pipelines, which are made of polyethylene brands that are not
currently produced. This involves welding of various types of polyethylene. In this
regard, it is relevant to study the peculiarities of the structure and properties of
welded joints of pipes made of various types of polyethylene.

The work is devoted to the study of the structure, morphology,
thermophysical, thermomechanical and operational properties of welded joints of
different types of polyethylene, formed by butt welding with a single-zone heated
tool, as well as to the development of a prototype of a two-zone heating tool for
welding pipes from different types of polyethylene.

Studies on the influence of welding parameters with a single-zone heated
butt tool, time and factors of the working environment on the structure and
properties of welded joints of pipes made of various types of technical

polyethylenes were conducted. A calculation-experimental method for predicting



the duration of reliable operation of welded joints of pipes made of various types
of polyethylene was developed, a prototype of a two-zone heating tool with the
function of autonomous temperature regulation on each of the two working
surfaces was developed and tested as part of a traditional welding equipment for
repairing pipes made of various types of polyethylene to extend their service life.
A study of the morphology and operational characteristics of samples of various
types of polyethylene formed by a two-zone heating tool was conducted.

The aim of the work is to study the structure and properties of welded
joints of PE-63/PE-80 and PE-63/PE-100 polyethylenes of various types, formed
by butt welding with a single-zone heated tool, as well as to develop a prototype of
a two-zone heating tool for quality welding of various of polyethylenes for
polymer pipelines reparation.

The object of the study is welding processes and patterns of formation of
welded joints of pipes made of different types of polyethylene.

The subject of the study is the welded joints of pipes made of different
types of polyethylene in PE-63/PE-80 and PE-63/PE-100 variations, formed by

welding with a single-zone and two-zone heating tool.

Scientific novelty of the obtained results. In the work, comprehensive
studies of the structure and properties of welded joints of different types of
polyethylene pipes, which were formed by welding using a single-zone and two-
zone heating tool, were carried out.

1. For the first time, it was established by calculation that during welding
with a single-zone heating tool, of different types of polyethylene PE-63/PE-80
and PE-63/PE-100, uneven temperature fields in the zone of formation of the
welded joint are taking place, namely:

- when heating the PE-63/PE-80 combination, the temperature difference
between the ends of PE-80 and PE-63 pipes is A=9...10°C at the end of the heating
process at t=75 s, A=8...9°C at the moment of joining of the ends at the beginning
of pipe compression at t=78 s, and A=5...6°C after cooling at t=200 s;



- when heating the PE-63/PE-100 combination, the temperature difference
between the ends of the PE-100 and PE-63 pipes is A=10...11°C at the end of the
heating process at t=75 s, A=9...10 °C at the moment of joining of the ends at the
beginning of pipe compression at t=78 s, and A=7...8°C after cooling at t=200 s.

2. For the first time, the features of the amorphous-crystalline structure of
welded joints of different types of PE-63/PE-80 and PE-63/PE-100 polyethylenes,
which were obtained using a single-zone heating tool and were in the working
environment for two years, were established. A change in the intensities of the
diffraction maxima corresponding to crystallographic planes with indices (111) and
(200) was revealed for PE-63/PE-100 welded joints that were in air and in soil.

3. Changes in the thermomechanical and thermophysical behavior of welded
joints of various types of polyehtylenes, which were obtained using a single-zone
heating tool, were revealed. The temperature transitions of vitrification and
melting, as well as the processes of thermo-oxidative destruction in welded joints
of various types of polyethylene, were analyzed.

4. A mathematical model of the process of welding of pipes made of
different types of polyethylene with a sectional (two-zone) heating tool was
developed, which creates heat flows of different intensity through the ends of each
of the pipes and ensures the melting of the same volume of material necessary for
the formation of a symmetrical grid in the welded joint. By calculation, it was
determined that for welding PE-63 and PE-100, this condition is ensured when the
isoline is located, which corresponds to the temperature of the maximum heat
capacity (138°C), at the same distance from the ends at the time of the start of pipe
deposition.

Practical significance of the obtained results. The obtained results and
welding equipment make it possible to repair polyethylene pipelines made of "old"
polyethylene types without the need to rebuild the entire pipeline.



A calculation-experimental method for predicting the duration of operation
of welded joints of pipes made of various types of polyethylene has been
developed.

A crack resistance testing method of samples of butt-welded joints of
polyethylene pipes under the action of a constant local load has been developed.

A two-zone heating tool with the possibility of autonomous temperature
regulation on each of the two working surfaces has been developed and tested.

Technological recommendations for the use of a pilot sample of a two-zone
heating tool as part of universal equipment for welding pipes made of the same and
different types of polyethylene have been developed.

Characteristics of work. The introduction highlights the state of applied
problems that arise during butt welding of polyethylene pipes with a heated tool,
substantiates the relevance of the topic, formulates the goal and objectives of the
research, highlights the scientific novelty and practical significance of the obtained
results. Information on the connection of the work with scientific topics and the
approval of the results of the dissertationis presented, the author's publications,
which outline the main content of the dissertation workare given.

Chapter 1 analyzes the existing literary sources, highlighting the current
state of research on the welding of various types of polyethylene. The main
characteristics of polymers, in particular, polyethylenes, are given. The prospect of
using the results obtained in the work for the further possibility of pipeline repair
and their use for hydrogen transportation was considered.

Chapter 2 provides information on the materials and methods used in the
dissertation work.

Chapter 3 presents the results of mathematical modeling of temperature
fields during welding of samples from different types of polyethylene with a
heated tool, and a method of predicting their operational characteristics depending
on the welding parameters is proposed. The experimental results obtained using X-
ray structural and thermomechanical analysis methods are given. The structure and
thermomechanical properties of PE-63/PE-80 and PE-63/PE-100 welded joints,



which were in the working environment for a long time (2 years), were analyzed.
The results of studies of the morphology, thermophysical and operational
properties of technical polyethylenes of various types and their welded joints are
presented. Significant differences in the thermophysical characteristics of the
samples were revealed, which should be taken into account when repairing
polyethylene pipelines.

A crack resistance testing method of samples of butt-welded joints of
polyethylene pipes under the influence of a constant local load has been developed.

In Chapter 4, mathematical modeling of thermal processes during welding of
various types of pipes with a two-zone heating tool was carried out using the finite
element method. Information on the development of a two-zone heating tool with
the possibility of autonomous temperature regulation on each of the two working
surfaces, which is intended for welding polymer pipes from various types of
polyethylene is presented. The optimality criteria for the formation of a welded
joint from different polyethylenes is formulated and the optimal values of the
temperature of the working surface for each of them are determined.

Chapter 5 presents the results of a series of experimental welding works
using a prototype of a two-zone heating tool. The peculiarities of the formation of
welded joints under different welding conditions were studied. Morphological
studies and mechanical tensile tests of the samples were carried out. The
parameters of the welding process are optimized, which ensure optimal formation
and mechanical strength of various types of butt-welded joints of polyethylene
pipes. On the basis of the comparative analysis of the obtained experimental data, a
two-zone heating tool for welding pipes made of various types of polyethylene was
finalized. Technological recommendations for the use of a trial sample of a heating
tool as part of universal equipment for welding pipes made of the same type and
different types of polyethylene have been developed.

Key words: technical polyethylene, heated tool butt welding, structure,

properties, prototype of a heating tool.
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