Ministry of Education and Science of Ukraine

Khmelnytskyi National University

Ukrainian-Polish Scientific Dialogues

International Scientific Conférence

16 - 19 October 2019

Khmelnytskyi - Kamianets-Podilskyi



VIII Yxpainceko-Ilonscoki Haykoei /ianoeu VIII Ukrainian-Polish Scientific Dialogues
BBC 30

VI Ukrainian-Polish Scientific Dialogues: Conference Proceedings. International Scientific Con-
ference, 16-19 October 2019, Khmelnytskyi (Ukraine). — Khmelnytskyi National University, 2019.
- 179 p.

Conference Proceedings are presented in the author’s original version. Autors are responsible for
materials and interpretation.

EDITORIAL BOARD:

Bilyi L. (Ukraine, Khmelnytskyi), Bonek M. (Poland, Gliwice), Buratowski T. (Poland,
Krakow), Burmistenkov O. (Ukraine, Kyiv), Chornyi O. (Ukraine, Kremenchuk), Debinski A.
(Poland, Lublin), Drapak H. (Ukraine, Khmelnytskyi), Dykha O. (Ukraine, Khmelnytskyi),
Dzenis L. (Poland, Bialystok), Gonchar O. (Ukraine, Khmelnytskyi), Herhel M. (Poland,
Krakow), Hryshchenko I. (Ukraine, Kyiv), Kalaczynski T. (Poland, Bydgoszcz), Karmalita A.
(Ukraine, Khmelnytskyi), Katseiko P. (Poland, Lublin), Kazior Ya. (Poland, Krakow), Krotofil
M. (Poland, Torun), Lenik K. (Poland, Lublin), Maievski V. (Poland, Bydgoszcz), Matiukh S.
(Ukraine, Khmelnytskyi), Matsko M. (Poland, Bydgoszcz), Matushevski M. (Poland, Bydgoszcz),
Mazurkevich A. (Poland, Bydgoszcz), Miezhyk A. (Poland, Gliwice), Misiats V. (Ukraine, Kyiv),
Musial Ya. Muslewski L. (Poland, Bydgoszcz), (Poland, Bydgoszcz), Oleksandrenko V.
(Ukraine, Khmelnytskyi), Panasiuk I. (Ukraine, Kyiv), Radek N. (Poland, Kielce), Roshchak S.
(Poland, Torun), Sadovyi B. (Poland, Warsaw), Shorobura I. (Ukraine, Khmelnytskyi), Skyba M.
(Ukraine, Khmelnytskyi), Slomka T. (Poland, Krakow), Sniadkovskyi M. (Poland, Lublin),
Sorokatyi R. (Ukraine, Khmelnytskyi), Syniuk O. (Ukraine, Khmelnytskyi), Tomaszuk A. (Po-
land, Bialystok), Topolinski T. (Poland, Bydgoszcz), Trampchynski V. (Poland, Kielce), Tretyn
A. (Poland, Torun), Voitsitska—Mihasiuk D. (Poland, Lublin), Voinarenko M. (Ukraine, Khmel-
nytskyi), Vozny Ya. (Poland, Bydgoszcz), Yokhna M. (Ukraine, Khmelnytskyi), Zashchepkina
N. (Ukraine, Kyiv), Zduniak A. (Poland, Poznan), Zlotenko B. (Ukraine, Kyiv), Yashchuk I.
(Ukraine, Khmelnytskyi), Zhurba I. (Ukraine, Khmelnytskyi).

REVIEWERS:

Binytska K. (Ukraine, Khmelnytskyi), Bojar P. (Poland, Bydgoszcz), Bromberek F.
(Poland, Bydgoszcz), Charlak M. (Poland, Lublin), Gadomski A. (Poland, Bydgoszcz),
Januszewski A. (Poland, Bydgoszcz), Horiashchenko S. (Ukraine, Khmelnytskyi), Landowski B.
(Poland, Bydgoszcz), Maidan P. (Ukraine, Khmelnytskyi), Mrozinski A. (Poland, Bydgoszcz),
Paraska O. (Ukraine, Khmelnytskyi), Podlewska N. (Ukraine, Khmelnytskyi), Rybak R. (Poland,
Torun), Smutko S. (Ukraine, Khmelnytskyi), Zaremba O. (Ukraine, Khmelnytskyi).

Responsible Secretary: Romanets T., Maidan P.
Technical Secretariat: Lisevych S., Lukasiewicz M.

ISBN: 978-617-7600-61-8

© Copyright by Khmelnytskyi National University, 2019

Khmelnytskyi National University

Instytutska Str., 11, 29016, Khmelnytskyi, Ukraine

Printed by PolyLux, Zarichanska Str 22/3, 29017, Khmelnytskyi, Ukraine, tel. 067-307-09-76



VIII Yxpainceko-Ilonscoki Haykoei /ianoeu VIII Ukrainian-Polish Scientific Dialogues

3MICT / CONTENT

CEKIIIA 1/SECTION 1
VKPATHA — €BPONIEMCHKH COI03 CTAH, IIPOBJEMMW TA MIEPCIIEKTHBU
UKRAINE - EUROPEAN UNION: STATE, PROBLEMS AND PROSPECTS
TTPOBJIEMHW BUBOPY METOJOJIOT THHOI'O ATTAPATY JUTA JOCJIKEHHA COLIIAJIBHO-
EKOHOMIUYHHX IMPOLIECIB OB YMOBJIEHUX I'JIOBAJII3ALIEIO TA IHOOPMATH3ALIEIO (Moxua M.A.)
YKPATHO-TTIOJIbCHKI BITHOCHUHU HA MO AUIbCEKOMY ITPHKOP JOHHI B 20-x pp. XX cT.
(Omitiauk M.)
€BPOITEVCHKI IJIEAJTIM TA HAITTOH AJIbHO-IIJISIXETCHKI IIIHHOCTI, SIK PVIIII ITOJILCEKOI' O
JIMCTOITAJABOI'O TIOBCTAHHA 1830 — 1831 POKIB (3emchiuii 10.)
TPAHCO®OPMALIIA YMOB 3ABE3IEUEHH S BE3ITEKH EKOHOMIYHUX CUCTEM (Spemenko O.0.)
YMHHWKY BITPOBA DKEHHSI MIXXHAPOJHOI JIOT'ICTUKH B AISUIBHICTE MIAITPUEMCTB
(Bacumbkischkuit JI.M., Matiox C.A)
ARMIA UKRAINSKIEJ REPUBLIKI LUDOWEJ W WALCE O NIEPODLEGEOSC W 1919 R. —
SPOJRZENIE PO 100 LATACH (Maciej Krotofil)
CBSITUM 3UTMYHT-IEHCHUH GEJITHCHKUU — ITOJIbChKHIM APXIEITUCKOIT HA YKPATHCEKIN
3EMJII (Mopuenskuii B., YopHenbkuii C.)
AHAJI3 JMHAMIKY IHO3EMHHX IHBECTHLII B EKOHOMIKY XMEJIbHULIBKOI OBJTACTI (Xpym H.)
PEMTUHI YBAHHS XMEJIbHULIBKOI OBJIACTI 3A TIOKA3SHHUK AMHU EKOHOMIYHOI'O PO3BUTKY
(I"'puropyk IT.)
[MOJIbCbKA MEHIIIMHA HA TIOJAUIJIL B PO3PI3I ICTOPII (Byaneupkuit O., YopHeHbKHit B.)
ACTIEKTH YKPATHCBHKO-TIOJIbChKMX B3AEMHWH HA TTOAIVII B KOHTEKCTI ITPALTL FOXHMMA
CILIHCBKOI'O HA TIPUKJTA I CTAPOBHMHHOI'O HAAJJHICTPSHCHKOI'O CEJIA BIJIbXOBEILb
(Knumuyx B.)
3BEPEXEHH I MUCTELIBKMX TTAM'SITOK HA YKPATHCBKO-TTIOJIbCBKOMY TTOI' PAHUYUI
(OmpexiBcnkmii P.)
PEAJIBALIA TTPOTPAMU TPAHCKOPJOHHOI'O CITIBPOBITHHUIITBA YEPE3 ITPU3MY
YKPATHCHKO-TTIOJIbCbKUX B3AEMOBIJIHOCHUH B IT'AJTY3I TYPU3MY (Tanarup B.)
IMPOBJIEMHU TA YMHHUKU BIUTMBY HA PO3BUTOK 30BHIIITHOEKOHOMIUHOI AISIJIbBHOCTI
VYKPATHU V CIIBITPALII 3 €BPOITEMCHKHMM COKO30M (Tropina H., Kapsanka H., Hazapuyk T.)
AJTATITUBHE CTPATEI'TUHE TNTAHYBAHHS PO3BUTKY PET'TOHY (Coxupauk 1.)
TOJIbCHKI HALIIOHAJIbHI PAJU HA KAM’ SHEYUMHI ¥ MIXBOEHHUI IMEPIOJ (Hectepenko B.A.)
ITOJIbCBKA TA YKPATHCBKA EJIITU B YMOBAX JIPYT'OI'O ITOJALTY PEUI ITOCTIOJMTOI (diraox B.)
CEKIIIA 2/ SECTION 2
CYUYACHA TEXHIKA I TEXHOJIOI'T
MODERN ENGINEERING AND TECHNOLOGY
LASER WELDING OF STEELS USED IN THE AUTOMOTIVE INDUSTRY (Radek N., Pietraszek J.)
AZOTEK GALU - POLPREWODNIK XXI WIEKU (Sadovyi B., Porowski S., Sitnik A.)
IMPUHIIUAITA ®OPMYBAHHS AHAJIITUYHOI MOJEJII BA30BOI OCHOBHU JJIS ITPOEKTYBAHH S
JIETAJIEN BEPXY B3VTTS (Conruk 1)
OJEP2KAHHSA HAHOHAITOBHEHHMX MIKPOBOJIOKHUCTHUX HETKAHUX MATEPIAJIIB
(Imeuxo O.B., Jimmoxk 1.0O., bymam F0.0.)
EXPERIMENTAL RESEARCH OF SPRIN-BACK EFFECT DURING SEQUENTIAL FORMING WITH
DIFFERENT INNER ANGLE, THICKNESS AND BENDING WIDTH OF BLANK (Kukhar V., Nahnibeda M.,
Radushev O., Markov O.,Anishchenko O., Prysiazhnyi A.)
KOHTPOJIb SIKOCTI ®PUTIOPHUX OJIIM BUBPAHWMH OIITUYHUMHU METOJAMU AHAJII3Y
(Bamenkina H., Tapanos B., Hakoneunuit O.)
STUDY OF THE INFLUENCE OF TECHNOLOGY FOR THE PREPARATION OF WOOLEN FABRICS ON
THE LIGHT FASTNESS OF COLOURS WITH ACID DYES (Semeshko O., Asaulyuk T., Saribyekova Yu.)
TIIABUIIIEHHSA HAZ[IPIHOCTI TA JOBI'OBIYHOCTI POBOTHU 3YBUYACTOI'O PEAYKTOPA
(Py6arka M., Micsaup B., Micsams O.)
[IPOrHO3YBAHHSI TIOK A3HUKIB PO3BUTKY BYIIBEJIBHOI FAJTY3I (Tprropyk C.)
MATEMATHUYHE ®OPMYJIIOB AHH S TDIOCKOI 3A JAUI JIUISI MATEPIAJIIB 3 CYTTEBUM
BIUIMBOM BHYTPIIIHLOI'O TEPTS HA IX IEGOPMYBAHHS (Barpiit O.)
BU3HAUEHHSI JE®OPMALII IHOCKIB 3AXHUCHOT'O B3VTTS (Bypmicrerkos O.I1., 3noterko B.M..
Kymix T.1.)
JOCHI/DKEHHA E@EKTUBHOCTI BUKOPUCTAHHSA I'OJIOK B’ A3AJIbHUX MAIIIHWH 3 BIAT MTHAMU
ITSATKH (ITnemko C.A., Kosamsos FO.A.)
JOCHIKEHHS TTPOLIECY CHYBAHHSA CKJISITHUX HUTOK (Kypracosa O.I1., 3akopa O.B.,
Pssanosa O.10.)

12

13

15
18

20

22

23
24

26
27
29
32
33
35
37

39
41

45
45

46

48

50

52

54

55
57

58

60

62

63



EXPERIMENTAL RESEARCH OF SPRIN-BACK EFFECT DURING SEQUENTIAL
FORMING WITH DIFFERENT INNER ANGLE, THICKNESS AND BENDING WIDTH
OF BLANK

Kukhar V.1, Nahnibeda M., Radushev 0.}, Markov 0.2, Anishchenko O.%, Prysiazhnyi A.!
! Pryazovskyi State Technical University, Ukraine
2Donbas State Engineering Academy, Ukraine

A significant factor, which leads to the discrepancy of the final sizes of the bent sheet parts
to their drawings is the springing of the sheet blank during bending. At the same time, the springing
during multi-pass bending is not sufficiently studied. The purpose of the work is to obtain the
graphical and mathematical dependencies for descriptions of the resultative spring-back angle of the
blanks at the multi-pass bending, taking into account the width of the blank, number of passes, and
pre-bending angle at each preliminary pass.

Investigations of bending at the bending of Steel 3 grade (0.14...0.22% C; 0.15..0.3% Si;
0.4...0.65% Mn; < 0.3% Ni; < 0.05% S; < 0.04% P; ~ 97% Fe) blanks were carried out on the
crank-press model K116G (0.125 MN force). As a working tool, were used bending die of U8 grade
tool steel (0.76...0.83% C; 0.17...0.33% Si; 0.17...0.33% Mn; < 0.25% Ni; < 0.027% S; < 0.03%
P; ~ 97% Fe) with heat-treated to hardness HRC 40...44. They were made for different angles of
bending: 72°, 91° and 109° (Fig. 1). Radii : (i) — for die with a bending angle of 72°: upper die rin =
3 mm, lower die rout =4,0 mm; (ii) — for die with a bending angle of 91°: upper die rin = 4 mm,
lower die rout = 5,0 mm; (iii) — for die with a bending angle of 109°: upper die rin = 4 mm, lower die
rout = 5,0 mm. The lower and the upper dies were fixed in the die block installed on the specified
press. Measurement of the shape parameters of the blanks was carried out by an angle-meter and a
caliper, which has undergone metrological checking in due time. The length of the blanks were used
isL =60 mm (Fig. 2).

upper die

lower die

(b)

Fig. 2. Scheme of spring-back effect during
blank (a) bending in die (b)

72°45° a=109°30" a=91°3(

Fig. 1. Bending dies
The blanks were divided into two groups with same sizes and quantity: the thickness of the

blank — S = 1 mm: the width of the blank — B =20 mm (5 samples), 40 mm (5 samples) and 60 mm
(5 samples); thickness — S =1,5 mm: the width of the blank — B =20 mm (5 samples), 40 mm
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(5 samples) and 60 mm (5 samples); thickness — S =2 mm: width of the blank — B =20 mm
(5 samples), 40 mm (5 samples) and 60 mm (5 samples). The first group of blanks was exposed to
one-pass bending. Bending of the blank was carried out in a die at a predetermined bending angle of
72°,91°, and 109°, and the spring-back angle Aa = (o/ — o)) was measured (see Fig. 2).

For the case when only the data of one-pass bending (n = 1) are taken into account, the
logarithmic model has been found to be the most adequate and correct:

In(A@)|, mog1 = —3-09683 +0.5481-In(B / S)—4.5735 - In(p).

In.mod

For the case of multi-pass bending (n =1, 2, 3), the logarithmic model was also found to be
the most adequate and correct.

In(Acr) 3 =—39.3727 +0.2121-In(B/ S )+ 43.8989 - In(3) —14.2823 - In(n).

In.mod 1-

For the case when the data of one-pass and multi-pass bending (n = 1, 2, 3) are taken into
account, it is found that the result is the most adequately and correctly describes the exponential
model:

In(Ax) 3.8389 +0.0115 -exp(B / S)—2.3813 - exp(/3) + 0.1182 - exp(n).

exp.mod —

Thus, there are describes the basic information about the difference between the spring-back
angle for one-pass or multi-pass bending. In the course of the study it is shown that during
calculations of forming and preventive prediction of the geometric quality of bending shapes it is
necessary to take into account properties of the blank material, as well as the angles of the prebends
and the width to thickness ratio of the blank. A methodology of experimental research was
developed for determining the spring-back angle during multi-pass bending in three bending dies
with 109°, 91° and 72° pass-by-pass reducing angles. The methods of direct measurements of
geometric sizes of blanks after bending to different angles were used, taking into account the
thickness and width of the blank, as well as statistical methods and methods of regression analysis
for obtaining the analytical dependencies. From the analysis of the obtained graphs we can conclude
that the spring-back angle decreases with increasing of number of prebends. The magnitude of the
spring-back angle rising with increasing of relative geometric parameters of the workpiece. With
the help of regression analysis, mathematical models were obtained that we canpredict the bending
angle during designing technological processes at the stage of calculations and designing technical
documentation.
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