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1. [Ina3amo-[yroBe 3BaplOBaHHS aJIIOMiHI€EBUX CIJIaBiB Pi3HOMOJSIPHUM aCUMETPUYHUM CTPYMOM.

2. Plasma-arc welding of aluminum alloys with multipolar asymmetrical current.

Pedepar:

1. Incepratist NpUCBsAYEHA AOCHIIPKEHHIO 0OCOOINBOCTEN NPOLECIB M1a3MO-IyTOBOTO 3BAPIOBAHHSI Pi3HOIOJISIPHUM
acumeTpudHuM cTpymom (I1713) amoMiHieBUX cIIaBiB. BCTaHOBJIEHO, O KPIM OCHOBHMX IIapaMETPiB, XapaKTEPHUX
17151 3BAPIOBAHHS MOCTIMHUM CTPYMOM, TaKMX SIK CHJIa 3BAPIOBAJILHOTO CTPYMY, MIBUIKICTh 3BapIOBaHHS Ta BUTPATH
I171a3MOYTBOPIOIOYOrO rasy, IIpy IJ1a3MO-/1yTOBOMY 3BApPIOBAHHI Pi3HOINOJIIPHUM CTPYMOM JJOAATKOBUMU 3aCO0aMU
30iIbLIE€HHS [TIMOMHY NPOIJIABJIEHHS € YaCTOTA Pi3HOMOJISIPHOTO CTPYMY Ta 06aslaHC Oyry (TPUBAJICTh POTIKaHHS
CTPYMy IIpU HPSIMill TONSPHOCTI). 36i7IbIIEHHS YaCTOTH Pi3HOIONSAPHOTO cTpyMy 3 50 1o 200 I'y mo3Bosisie
301bIIMTY IIMOMHY POIJIaBJIEHHS WBIB y 2 -2,5 pa3u. LIy anominiii- JiTieBUX CIyIaBiB, OTPUMaHi I71a3MO-
IyrOBAM 3BapIOBAaHHSM Pi3HOIOJISIPHMM CTPYMOM MaloTh, Ha 30% BUILi IOKa3HUKY MIIIHOCTI Ta yAapHOi B'SI3KOCTi
I[IpY MTO3aL€HTPOBOMY PO3TATYBaHHI y ITOPIBHAHHI 3i IIBAMY, OTPMMAaHNMU 3BUYaiHVM aprOHOAYTOBUM

3BApIOBAaHHSIM HEIJIaBKUM eJIeKTPOoAoM. Po3po6ieHo 3ax0au 60pOTHOH 3 Ta30BOI0 IIOPUCTICTIO MTPU 3BapIOBaHHI



JNOMIiHIN-JITiEBUX CIUIABIB 32 PaXyHOK 3MiHM TUCKY Ha PiIKUI MeTaJl BHACILOK MOYJIALil 3BapIOBAJIbHOTO CTPYMY
a0 iMITyJIbCHOTO MOJJABAaHHS T1J1a3MOYTBOPIOIOYOrO razy. BctaHoBIEeHO, M0 6i/bill €()EKTUBHUM, TIOPiBHSHO 3
MOJYJISILIIEI0 CTPYMY, € iMITyJIbCHE ITOJABaHHS (3 YacTOTO0 4-6 I'11) 1171a3MOYTBOPIOIOYOrO a3y i3 CIiBBiHOIIEHHIM
MaKCHMMAaJIBHUAX BUTPAT A0 MiHimanbHux 10:1 npu piBHI MiHiManbHUX BUTpaT nopsgxy 0,1 1/xB. IIpu nbomy 3i
30i7bIIEHHSIM MIBUAKOCTI 3BapioBaHHs 10 200 ¢M/XB He CIlocTepiraeTscs rnoripmenHs: GOpMyBaHHS IOBEPXHi MIBa,
gKe MMpUTaMaHHE 3BAPIOBAaHHIO 3 MOAYJIALIEI0 CTPYMY. BU3HaY€HO BIIJIMB MIBUIKOCTI HA TOKA3HUKYU MIIJHOCTI
3BapHUX 3'€JHAaHb aJIIOMiHi€BUX CIJIaBiB 3 Pi3HUM XiMiYHMM CKJIaZIOM. BUsIBI€HO €(EeKT «IiKOBOI» BUAKOCTI
3BapIOBaHHS — 3pOCTAHHA [TOKA3HUKIB MIIJHOCTI 3 pOCTOM LIBUAKOCTI 3BapIOBAaHHS 10 [I€BHOI BEJIMYMHU MIBUAKOCTI
3BaproBaHHi. [lics1s1 BOCATHEHHS «ITiIKOBOI» MBUIKOCTI CIIOCTEPIraeThCs 3HWKEHHS MMOKA3HUKIB MilTHOCTI. 1151
TepMidyHO 3MIIJHIOBAaHUX CILJIaBiB TOBUIMHOIO 2,0 MM IIsI BeJIMYMHA 3HAXOOUTHCS B Hiarna3oHi Big 120 1o 200 cMm/xB.
I[Ipy IbOMY 3MEHIIEHHS KiJIbKOCTi MiJli B OCHOBHOMY METaJli 30i/IbIlye 3HaYEHHS «I1iIKOBOI» IBUIKOCTI 3BaPIOBAHHSL.
3anponoHOBaHO KOMOIHOBaHE BUKOPUCTAHHS I1J1a3MO-AyTrOBOTO 3BapPIOBAHHS Ta 3BapPIOBAHHS IIJIABKUM €JIEKTPOIOM
IIJIs1 3BAPIOBAHHS aJIIOMiHi€EBUX CIIJIaBiB TOBIIMHOIO 110 16 MM 32 OJIMH MPOXiJl 3 pO3POOKOI0 Kpaiiok. BukoHaHO
IIPOMUCJIOBE BIIPOBA/I)KEHHSI Pe3yJIbTaTiB poOOTU NIpU BUTOTOBJIEHHI [1]]3 es1leMeHTiB eJ1IeKTpUYHOi apMaTypu Ha
[TAT «Motop-Ciu» (YkpaiHa), a TakoxX y cepiitHomy BupoOHULTBi B TOB «HBI] «ITJIABEP» (YKkpaiHa) o61agHaHHS
17151 Py4HOT0, aBTOMaTU4YHOr0 (PO60TU30BAHOr0) [171a3MO-1yTOBOTO 3BapIOBAHHS, i3 SIKUX [jBa KOMILJIEKCU B JAaHUI
4yac eKCIIyaTyIoTbCA Ha MiANprueMCTBax Ta opratisdanisgx KHP. Kio4oBi ¢iioBa: 1a3mMmo-1yrose 3BaploBaHHSA

ACUMETPUYHUM Pi3HOMOJISIPHUM

2. The thesis is devoted to research features of processes of plasma - arc welding by multipolar asymmetrical
current (PAW) of aluminum alloys. It is established that in addition to the basic parameters that are typical for DC
welding, such as welding current, welding speed and plasma gas flow, in plasma-arc welding with multipolar
current, additional means of increasing the penetration depth are the frequency of multipolar current and arc
balance (flow duration of direct polarity). Increasing of the frequency of multipolar current from 50 to 200 Hz
allows to increase the penetration depth of the welds in 2 -2.5 times. Welds of aluminum-lithium alloys obtained
by plasma arc welding with multipolar current have 30% higher strength and toughness in eccentric tensile
compared to the welds obtained by conventional tungsten inert gas welding. Measures to eliminate gas porosity in
the welding of aluminum-lithium alloys were developed by changing the pressure on the liquid metal due to
modulation of the welding current or pulsing supply of plasma gas have been developed. It was found that pulse
supply (with a frequency of 4-6 Hz) of plasma gas with a ratio of maximum flow to minimum 10: 1 at a level of
minimum flow of the order of 0.11 / min is more efficient than current modulation. In this case, with the increase
of welding speed up to 200 cm / min, there is no deterioration in the formation of the weld surface, which is
inherent in welds with current modulation. The influence of welding speed on the strength of welded joints of
aluminum alloys with different chemical composition is determined. The effect of "peak” welding speed is revealed,
consist in the increasing of strength indexes with increasing welding speed to a certain value. After reaching the
"peak” speed, there is a decrease in strength. For heatstrengthened alloys with a thickness of 2.0 mm, this value is
in the range from 120 to 200 cm / min. The decrease in the amount of copper in the main metal increases the
value of the "peak" welding speed. The combined usage of plasma arc welding and gas metal arc welding for joining
aluminum alloys up to 16 mm of thickness at one pass with the treatment of edges is proposed. The industrial
implementation of the results of work in the manufacture of plasma arc welding of elements of electrical fittings at
PJSC "Motor- Sich" (Ukraine), as well as in serial production in LLC "RPS "PLAZER" (Ukraine) equipment for manual,
automatic (robotic) plasma arc welding, including two complexes which are currently operated by enterprises and
organizations of the PRC.

Jep>kaBHH peecTpaniiiHuii Homep JiP:
IIpiopuTeTHHI HaNpSIM PO3BUTKY HayKH i TEXHIKH:
CrpareriyHui NpiopUTETHHUI HAIIPSIM iHHOBaLiHHOI AiS/ILHOCTI:

ITiZCyMKH JOCTiI>KEHHS:



Iy6sikaii:

HaykoBa (HayKOBO-TE€XHiYHa) IPOAYKILis:
ConiasibHO-€KOHOMIYHA CIPSIMOBAHIiCTh:

OxopoHHi gJokymeHTH Ha OIIIB:

BnpoBazkeHHS pe3yJIbTaTiB AHCEpPTaIii:

3B's130K 3 HAYKOBUMH T€MaMH:

VI. BizomocCTi Npo HayKOBOr0 KepiBHHKA /KEPiBHUKIB (KOHCYJIbTaHTA)

Baacwue IlpizBumie Im's Ilo-6aTbKOBI:
1. Kopxuk Bonopyumup Mukonanosny

2. Korzhyk Volodymyr M.

KBasigikanis: x. r. 1., 05.03.06
ImenTudikarop ORCID ID: He zactocoyerbcs
JonaTkoBa iHdopmanist:

TloBHe HaliMEeHYBaHHS IOPHIHYHOI 0COOH:
Kop 3a €IPIIOY:

Micue3Haxoa KeHHS:

dopma ByTacHOCTI:

Cdepa ynpasiiHHS:

InenTudikarop ROR: He zacrocosyerscs

VII. BizmomocTi npo odiliiHuX OTIOHEHTIB Ta pelleH3€eHTiB
OdiuiiiHi OIOHEHTH
Baacue IlpizBume Im'a Ilo-6aTbKOBI:

1. [lepemitbko Banepiit BikropoBnud

2. Peremitko Valeriy V.

KBasigikanis: n. 1. n., 05.03.06
InenTudikarop ORCID ID: He 3acrocosyerscs
JopaTrkoBa iHdpopmamnist:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI OCOOH:
Kopg 3a €IPIIOY:

Micue3Haxoo KeHHS:

dopma ByracHoCTI:



Cdepa ynpasiriHHS:

InenTudikarop ROR: He zacrocosyerscs

Baacue IlpizBuuie Im's Ilo-6aTbKOBI:
1. Kocrin Onekcangp Muxainnosuy

2. Kostin Alexander M.

KBasigikamis: . 1. 1., 05.03.06
Imentudikarop ORCID ID: He zacrocosyerbes
JoparkoBa indopmamnist:

IloBHe HaliMeHYBaHHS IOPHIHNYHOI 0COOH:
Kopg 3a €IPIIOY:

Micue3HaxoaKeHHS:

dopma BaacHoOCTI:

Cdepa ynpasiiHHS:

InenTudgikarop ROR: He zacrocosyerscs

PeuenzeHTu

VIII. 3ak1104Hi BiZOMOCTI
Baache IlpizBuie Im's ITo-6aTbKOBI

TOJIOBH pajgu

BiiacHe IIpizBuine Im'sa Ilo-6aTbKOBI

TOJIOBYIOYOrO Ha 3acCiaHHi

BignoBigasibHUI 3a MiATOTOBKY

00JIiIKOBHX JOKYMEHTIB

PeecTpaTtop

KepiBnHuKk Bigginy YKpIHTEI, mo €
BiZIOBiZaJIbHUM 32 peecTpallilo HayKOBOi

OisiIBHOCTI

[Taton bopuc €BreHoBuy

KpisuyH Irop BitanifioBuy

IOpuenko T.A.



