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BCTynn

Mertoro BUBYEHHS JUCUUIUIIHU «PemaryBaHHsA Mepekiiaay TEKCTIB Yy HAyKOBO-TEXHIYHIH
rajy3i» € BJIOCKOHAJICHHS HaBUYOK 1 yMiHb MPAKTHYHOTO BOJIOJIHHS YCHOIO 1 MMCHMOBOIO MOBaMH

(IM ta MII), nomupeHHs 3HaHb 3 MPOOJIEM IEPEKIaay Ta CIIOCO0IB iX MOT0TaHHS.

3aB1aHHs KypcCy:

*  [OraMOWTH 3HAHHS 37400yBadiB BHIOI OCBITH MO0 TCOPETHYHUX OCHOB PEAAKTOPCHKOTO
aHaJi3y HayKOBO-TEXHIYHOT'O TEKCTY;

* HABYHTH PEJAKTOPCHKOMY aHaJIi3y CTHIIICTHYHUX MAapKepiB HAYKOBO-TEXHIYHOTO TeKCTY( Ha
MaTepialii pi3HOTally3eBHX TEKCTIB);

*  HaBYMTH OIIHIOBATH PE3YJIbTATH MEPEKIaay Ta peaaryBaHHs TEKCTIB.

PesynbTary HAaBYaHHSA:

* 3HaTH:

4 TECOPCTUYIHY 6213}/ oao peAaryBaHnHss MalliIMHHUX HepeKHaHiB;

<

METOJIM PEIaKTOPCHKOTO aHAIIi3Y;
v/ CyYacHi HanpPsAMM 100 METOAUKHU PENAKTOPCHKOrO aHaji3y IepeKIaay TEKCTIB 3
HAYKOBO-TEXHIYHOI raiysi;
* BMITH:
v\ BUKOHYBaTH 3ICTaBJIATH IUJIBOBHA TEKCT 3 BapiaHTaMM WOr0 TepeKiaay, 3 sSCOBYIOYH
CTHJTICTHYHI, JICKCUYHI, CHHTAKCUYHI 0COOJIMBOCTI;
v THIIOJOTi3yBaTH NOMMJIKM MAalIMHHOTO IIEPEKIIay HAayKOBO-TEXHIYHUX TEKCTIB;

v’ 0OIpYHTOBYBATH PEIaKTOPChKI MPABKH HAYKOBO-TEXHIYHOTO TEKCTY.



3ABJIAHHS IO CAMOCTIMHOI POBOTH

[Ipoanami3yiiTe BUXIAHUN TEKCT IIOAO TEPMIHIB Ta TEPMIHOJOTIYHHUX CIIONY4YeHBb (IIIKPECIiTh

3a3HayeHl JIEKCUYHI

€JICMCHTH,

BHU3HA4YTC

XapaKTEPUCTUKH , 3’ ICYWTE MOXOIKEHHS TEPMiHY)

ixHio Mopdosoriuny OyaoBYy Ta CEMaHTHYHI

[IpoananizyiiTe MaITMHHUN TIEPEKIIA]] IOAO aIeKBaTHOCTI BIITBOPEHHS TEPMIHOIOT].

KnacudikyiiTe mOMUIKE MaIIMHHOTO MEPEKIaay Ha a) JIGKCHYHOMY piBHI; 0) rpaMaTuyHOMY; B)

CUHTAKCUYIHOMY.

Binpenaryiite MamivHHUM niepekiiaa, OOrpyHTOBYIOUN BUIIPABIICHHS.

Buxigauii Tekct

MamvHHUN nepexia

BinpenaroBanuii TeKcT

Analysis and optimization of
torsion shafts in the context of
improving the strength and
durability of a light armoured
vehicle

Abstract. In the context of the
development of
and the
increasing requirements for the

continuous
armoured vehicles

strength and efficiency of
armoured vehicles, the study
and improvement of torsion
shafts becomes relevant to
ensure

high service life and optimal
functioning. The aim of this
study is to analyse the torsion
shafts of light armoured
vehicles to identify possible
areas of optimization to
increase the strength and
durability of these vehicle

elements. The methods

used include the analytical
method, classification method,
functional method, statistical
method, synthesis method, and

others. As a result of the study,
a comprehensive analysis and
optimization of torsion shafts

Amnaiis Ta OITUMI3Allis
TOPCIOHHHMX BaJiB Y KOHTEKCTI
HIIBUIEHHS  MIIHOCTI  Ta
JIOBTOBIYHOCTI

JIETKOOPOHBOBAHOI TEXHIKH

Awnorars. vy KOHTEKCTI

MOCTIHHOTO PO3BUTKY
OpOHETEXHIKM Ta 3pOCTAIOYHX
MILIHOCT1

BUMOT JO 1 Ta

e(eKTUBHOCTI, JOCIIiKCHHS
Ta BJIOCKOHAJICHHSI TOPCIOHHUX
BajiB HalOyBae aKTyaJlbHOCTI
JUis  3a0e3MeYeHHs] BUCOKOTO
pecypcey
(YHKIIIOHYBaHHS.

Ta ONTHMAJILHOIO
Mertoro
JIaHOTO JOCHIUKEHHS € aHami3
TOPCIOHHUX BaJIiB
JIETKOOPOHHOBAHOI TEXHIKU 3
METOIO BHUSABJIEHHS MOXKIHUBHUX
omnTuMizamii U

Ta

HanpsiMiB
MiIBUILEHHS  MIIHOCTI

JIOBIOBIYHOCTI IINX E€JIEMEHTIB.

Buxopucrani METOIU
BKITIOYAIOTh aAHATI TUIHHH,
kiacugikaliiHu,
(byHKILIOHATIbHUMA,
CTAaTUCTUYHUM, CHHTCTUYHUH
Ta 1HIII.

Y  pesynabrari JIOCHiKEHHS
MPOBEAEHO KOMIJIEKCHHUI
aHaui3 Ta OTNITHUMI3AIliI0
TOPCIOHHHX BaJIiB IS




for light armoured vehicles was
carried out to increase their
strength and durability. The

choice of  high-strength
material and weight
consideration

helped to reduce the weight of
the wvehicle, increasing its
efficiency. Geometric design
included the use of advanced

techniques to optimize the
shaft shape, and stress and
strain analysis helped
determine the optimum
parameters. The use of
computer  modelling  and
simulation  simplified the
analysis of the shaft’s

behaviour under load. The use
of safety factors

and consideration of impact
loads during operation helped
to improve the reliability and
durability of the structure. The
use of the latest materials and
manufacturing  technologies
allowed achieving the optimum

parameters of the transmission

of the
prototypes in real conditions
confirmed their efficiency and

element.  Testing

durability. The optimization of
weight

and weight distribution was
aimed at improving the
stability of the armoured
vehicle, taking into account the
requirements of a particular
application and manufacturer.
The the
potential for improving the
design of torsion shafts to

results indicate

JeTKOOPOHBOBAHOI TEXHIKH 3

METOIO IT1 IBUIIIEHHS ix
MIIIHOCTI Ta JOBIOBIYHOCTI.
Bubip BHCOKOMIITHOTO
Marepialy Ta  BpaxyBaHHs
BaroBHX XapaKTEPUCTUK

CIIpHsJIM  3MCHIICHHIO MacCHhu

TEXHIKH, IO MIABUINIIO 11
eexTuBHicTh. [eomerpuune
MIPOEKTYBAHHS BKJTIOYAJIO
BUKOPUCTAHHS CY4YacHHX
METOmIB  Id  OITHMIi3aril
dopmMu  Bamy, a  aHami3
HampykeHb 1 Aedopmarriii
JI03BOJIUB BH3HAYHUTH
ONTUMAaJThHI napameTpH.

3acTocyBaHHS KOMII FOTEPHOIO
MOJICTIIOBAHHS Ta CUMYJIAIIT
CIIPOCTHJIO aHaI3 TOBEIIHKH

Baly TiJ HaBaHTAKCHHSM.
Buxopucranns  koedilieHTiB
Oesrmekn  Ta  BpaxyBaHHSI

yIapHUX HaBaHTa)KEHb I11]] Yac

eKCIlTyaTanii CTpUSTIN
HIIBUINEHHIO HAMIAHOCTI Ta
JIOBrOBIYHOCTI KOHCTPYKIIIi.

3acTocyBaHHS HOBITHIX
MarepiajsiB 1 TEXHOJIOTiH
BUPOOHUIITBA JO3BOJIMIIO
JOCATTH ONTUMATLHUX
rnapameTpiB €JIEMEeHTa
TpaHcMicii. BunpoOyBanns
OPOTOTUIIIB Yy  pealbHUX

yMOBax  MIATBEPAWIM  iX

€(DeKTUBHICTD 1 IOBTOBIYHICTD.

OnTtumizais Macu Ta i
posnoniny Oyna chpsMOBaHa
Ha TOKpAalIeHHs CTIHKOCTI
OpOHETEXHIKH 3 ypaxyBaHHSIM
BHUMOT KOHKPETHOTO

3aCTOCYBaHHS Ta BUPOOHHKA.

Pesynpratu JIOCHIUKEHHS
CBIIUaTh po IMOTEHIIaI
YIAOCKOHAJICHHST ~ KOHCTPYKIIil




increase the performance and
stability of light armoured
vehicles. This study makes an
important contribution

to science, as the identified
optimizations and
improvements in the design of
torsion shafts of light armoured
vehicles

contribute not only to

TOPCIOHHHX BaJIiB IS
IIJIBUIICHHS] TTPOyKTUBHOCTI
Ta CTIMKOCTI
JIETKOOPOHBOBAHOI ~ TEXHIKH.
Ile mocaigKeHHS € BaXKIUBHM

Ile

poOUTH

BHECKOM Yy  Taiy3b.
OCIIKEHHSI

BAKJIMBUM BHECOK Yy HAyKy,
OCKIJIBKH BUSBIIEH]
OIITMMI3allil Ta BIOCKOHAIEHHS

KOHCTPYKIIil TOPCIOHHUX BaJIiB

increasing their strength and | 7erkoOpoHBOBaHOI  TEXHIKH
durability, but also to the | cpustors HE JvIIe
rational use of resources and | IIABUINEHHIO IXHBHOI MIIIHOCTI
increasing the overall | Ta  goBroBiyHocti, a #
performance of the vehicle parioHaIbEHOMY
BUKOPUCTAHHIO pPEcypciB Ta
Keywords: geometry; | . Y .
) ] 1 ABUILEHHIO 3arajbHO{
composite materials; .
. e(EKTUBHOCTI MAIITHHH.
suspension; smoothness of
movement; tension; | KirouoBi ciioBa: reomeTpis;
deformations KOMITO3HTHI Marepiany;
MiJBICKA; IUIABHICTH  PYXY;
Hanpy>XeHHs; aeopmarii
INTRODUCTION BCTVYII

A detailed study of the aspects
of torsion shafts, especially in
the context of their use in light
armoured vehicles, is an
important task. This is due to
the constant development of
modern armoured vehicles and
the growing require-

ments for their strength and
efficiency. Consideration of

this topic allows identifying the
most effective ways to im-
prove the design and use of
torsion shafts to ensure high
performance and stability of
armoured vehicles in modern
conditions. Torsion shafts, as
key components of the trans-

JleTanbHe BUBYEHHS aCIEKTiB
TOPCIOHHUX BaJliB, OCOOJIMBO B
KOHTEKCTI 1X BUKOPUCTaHHS Yy
JIETKOOPOHBOBAHIM TEXHII, €

BaXUIUBUM  3aBHaHHsIM. Lle
3YMOBJIEHO MOCTIHHUM
PO3BUTKOM Cy4acHOI
OpOHETEeXHIKH Ta

3pOCTAOYMMHM BUMOTaMH JI0 i1
MIIHOCTI ¥ €(EeKTUBHOCTI.

Posmstn el temu 1103BOIAE

BU3HAYUTHU HaWO1IBIIT
e(heKTuBHI HMUTSIXH
BJOCKOHAQJIEHHS  KOHCTPYKIIii

Ta BUKOPUCTAHHA TOpCiOHHI/IX

BaJIiB s 3a0e3meueHHs

BHCOKOI TPOAYKTHBHOCTI Ta
CTIMKOCTI ~ OpOHETEXHIKM B

CYy4aCHHX yMOBax.




mission, are important parts
that carry a significant part

of the mechanical load. Their
role is to transmit rotational
and the
overall performance and stabil-
ity of the
Improvements in their design
can lead

motion influence

vehicle.

to significant improvements in
strength, durability, and

weight and size characteristics.

Considering the aspects of the
study, an important

task is to address specific
challenges, namely, improving
the configuration of torsion
shafts for light armoured ve-
hicles. One of the key issues is
to achieve an appropriate
balance between the strength
and weight of torsion shafts

to ensure high durability and
efficiency under heavy loads.

Another important issue is the
selection of a suitable ma-
terial for the shafts that has
high strength and endurance

under  various  operating
conditions. These problems
define

the current research objectives
aimed at improving the de- sign
and functional characteristics
of torsion shafts in the context
of the requirements of modern
armoured vehicles.

According to the study by
M. Manziak et al. (2021), the
importance  of  optimizing

TopcioHHi Banmm, K KIIOYOBI
€IeMEHTH  TpaHCMIcIi, €
10

CHpUIMMAIOTh 3HAYHY YacCTHHY

BaXJIMBUMHN  ACTAJIAMU,

MEXaHIYHOTO HABAHTAKCHHS.
Ixus pons monsrae y nepenaui
00epTabHOrO PyXy Ta BIUIMBI
Ha 3araJibHy IPOXYKTUBHICTb 1
CTIHKICTh MaIIUHH.
BrnockoHaneHHsT KOHCTPYKIIii

TOPCIOHHMX  BajJiB  MOXe
MPU3BECTH  JIO  CYTTEBOTO
T IBUILIEHHS MIIIHOCTI,
JIOBI'OBIYHOCTI, a TaKOX

MOKpAIllEHHsI MacorabapuTHUX

XapaKTEePUCTHUK.

3 ommay  Ha  aclekTd
JOCIiKeHHS, Ba)KJIMBUM
3aBJaHHAM €  BUPILICHHS

KOHKPETHUX TpoOJieM, a came
— YIOCKOHAJICHHS
KOoHpiryparii TOPCIOHHHUX
BajJiB JJs JETKOOPOHBOBAHOI
TexHiki. OIHUM 13 KIIOYOBHX
MMUTaHb € JIOCSATHEHHS

ONTHUMAJILHOTO OajaHCy MIiX

MIIHICTIO Ta Macoxo
TOPCIOHHHX BaJIiB IUIA
3a0e3IeueHHS BHCOKOI
JIOBTOBIYHOCTI Ta
€(eKTUBHOCTI MpH 3HAYHUX
HaBaHTA)KEHHSX. [Hmmm

BXXJIMBUM THTAHHIM € BHOIp
BIIMIOBITHOTO MaTepiaiy st
BaliB, AKHH OM MaB BHCOKY
MIIHICTh 1 BUTPUBAJICTH 3a

pI3HUX YMOB eKCILUTyaTarii.
Came i npobieMu
BU3HAYaIOTh aKTyaJbH1
3aBJaHHS JOCTI/IKeHHS,

CprIMOBaHi Ha BJOCKOHAJICHHS

KOHCTPYKTHBHUX i
(GyHKII1OHATBHUX
XapaKTEePUCTUK  TOPCIOHHHX




torsion shafts for light ar-
moured vehicles is gaining
special emphasis due to the
increasing technical

requirements for armoured
person- nel carriers. The need
to improve these elements to

meet

modern  requirements  for
vehicle efficiency and
durability

is emphasized. The study does
not consider aspects re- lated to
the impact of the operating
environment on the strength of

torsion shafts and their possible
adaptation to different
operating conditions of

armoured vehicles. In the

work by 1. Polyak et al. (2023),
the authors emphasize that

of the
geometry and materials used in

a detailed analysis

torsion shafts is a key step in
finding optimal solutions to

their and
reliability. The importance of a

systematic analysis of these

ensure strength

parameters to achieve optimal
shaft characteristics in the
context of their operation in ar-
moured vehicles is indicated.
The paper does not address
issues related to the dynamics
of torsion shaft operation and
the possibility of their optimal
adaptation to different modes
of operation of armoured
vehicles.

According to the study by
I. Kyrychenko et al. (2021),

BaiB Y KOHTEKCTI BHUMOT

Cy4acHO1 OpOHETEXHIKH.

3rifHo 3 IOOCHIIKEHHSIM M.
Mamn3ska (2021),
oInTUMi3arii

Ta 1H.
Ba)KJIMBICTH
BaJIiB

TOPCIOHHHUX I ¢

JeTKOOPOHBOBAHOI ~ TEXHIKH
HaOyBae 0COOIMBOTO 3HAYCHHS
4yepe3 3pOCTaHHS TEXHIYHUX
BHAMOT bi (0]
OpoHEeTpaHCIOPTEPIB.

[TigkpecnroeThest HEOOXITHICTD
YAOCKOHAJICHHS [TUX €JICMEHTIB
JUI BIATIOBIAHOCTI Cy4YacCHHUM

BHUMOTraM 70 €(EeKTUBHOCTI Ta

JIOBIOBIYHOCTI  TEXHIKA. Y
JOCIIKEHHI HE
O3S IAI0THCS ACIIEKTH,
OB’ sI3aHi 3 BILUTUBOM
EKCILTyaTaIliifHOTO
CepeIoBHUIla HA  MIIHICT
TOPCIOHHHMX BaJiB Ta ix
MOXXJIMBOIO  aJalTaIli€l0 10
PI3HUX YMOB pobotu
OpOHETEXHIKH.

Y poboti 1. Ilonska Ta iH.
(2023) aBTOpPHW HAroJOUIYIOTh,
110
reoMeTpii Ta MarepianiB, sKi

JeTalbHUN aHai3
BHKOPHUCTOBYIOThCS y
TOPCIOHHHX Bajax, €
KITFOYOBHM €TariOM Y TOIIYKY
ONTUMAIbHUX  pIllIEHb  JUIS
3a0e3medyeHHs] iX MIIHOCTI Ta
HaJliHOCTI. Bka3yerbcs Ha
BaYKJIUBICTh CUCTEMHOTO
aHai3y LUX THapaMeTpiB Uis
JOCSITHEHHS ONTUMATILHUX
XapaKTEePUCTUK BaIy B yMOBaX
eKCIITyaranii y OpoHeTeXHIIll.

VY crarTi He PO3TIIAAA0OTHCA

MMUTaHHS, OB’ s13aH1 3
JIIMHAMIKOIO pobotu
TOPCIOHHOTO BaJTy Ta




the
computer modelling to
estimate stresses and strains at
different points of the shaft
empha- sizes the need for

importance of using

modern approaches to studying
this topic.

The need to apply modern
methods in the study of this
topic to achieve more accurate
and comprehensive results in
ana- lysing the behaviour of
these elements is highlighted.
The study does not take into
account the impact of external
fac- tors, such as temperature
changes

or exposure to

aggressive environments, on

the strength and service life of
these el-

ements. Researchers
M.V. Sklyarov &

O. Shapovalov (2021)

note that improved geometry
and the use of high-strength
composite  materials are
becoming key factors in

reducing

shaft weight and improving the
efficiency of an armoured

vehicle. The importance of
these aspects for achieving
opti- mal transmission element
parameters was emphasized.
The researchers do not
consider the possible effects of
operating conditions, such as
wear or abrasion, on the
strength and service life of the
torsion shaft and composite
materials.

1oro
70
PI3HUX PEXUMIB EKCILTyaTaii

MOXJIUBICTIO

ONITUMAIBHOI  ajmarrramii

OpOHETEXHIKH.

3rifHo 3 [JOCHiKEeHHAM .
(2021),

BUKOPHUCTAHHA

Kupnuenka ta iH.
BaXKJIUBICTH
KOMIT FOTEPHOT'O MOJICITFOBAHHS
JUIS  OIIHKH HAMpPYXEHb 1

nedopmariiii y pisHHX TOUKax

BaIy i AKPECIIoE
HEOOXiHICTh  3aCTOCYBaHHS
CY4YacHHX M IXONIB bi (o)
BUBYEHHS el TEMH.

Haronomryerscst Ha moTpebi
BUKOPHUCTAHHS Cy4acHUX

METOMIB IS  JOCSATHCHHS
OLIBII TOYHUX 1 KOMILICKCHHX
pe3yabpTaTiB  MpU  aHa31
HOBEIIHKA IIUX €JIEMEHTIB. Y
JOCHIKEHHI HE BPaXOBYETHCS
BIUIUB 30BHIIIHIX (DaKTOPIB,
TaKUX K 3MiHU TeMmIepaTypu
qu

BIIJINB arpe€CuBHUX

CEepeIoBHIN, Ha MIIHICTh 1

TEPMIH cityx0u X

€JIEMEHTIB.

Hocninnukn M.B. Cxisipos 1
(2021)
3a3HAYA0Th, 1110 BIIOCKOHAJIEHA

0. [ITamoBanos

reoMeTpisi Ta BHUKOPUCTAHHS
BHUCOKOMIITHUX  KOMITO3UTHHX
Marepiaiis CTaroTh
KIIOUOBUMU  (akTOopamu y

3MEHIIIEHHI Mach Bally Ta

T IBUIIIEHH] e(heKTUBHOCTI
OpOHETEeXHIKH.
[TigkpecTroeThCcsl  BaXKIIUBICTh

IIUX aCIIEKTIB I JOCATHEHHS

ONITUMAITEHUX napameTpiB
elleMeHTa  TpaHcMicii. Y
OCIIHKEHHI HE
PpO3ITIAAETHCS MOMJIUBUAN
BIUIUB yMOB  €KCILTyaTarlii,

10




A study by M. Hrubel et
al. (2023) emphasizes that pro-
totype testing plays a crucial
role in confirming the effec-
tiveness of proposed changes
and their impact on durability
and sustainability. The
of  conducting
compre- hensive testing to
reliably assess the response and

importance

practical

of the
modifications is highlighted.
The paper

effectiveness

the
possibility of adapting the test

results to different operating
of

does not  consider

conditions armoured

vehicles in

real-life scenarios. The paper
by M. Tkachuk et al. (2022)

raises an important question
about the potential for im-
proving the design of torsion
shafts as a way to increase the
performance and sustainability
of light armoured ve- hicles in
the modern military context.
The researchers identify the
of  developing
to opti-
shafts in order to improve their

relevance
technologies mize
functionality with- in current
military requirements. The
study does not take into
account ergonomics and safety
in the design of shafts,

which is significant in military
use. This study aims to analyse
torsion shafts used in light
armoured vehicles. To achieve
this goal, the following tasks

TaKUX SK 3HONIYBaHHS YH
aOpa3WBHE HaBaHTAKCHHS, Ha
MIIHICTE 1 TEpPMIH CIyKOH
TOPCIOHHOTO BaJIy Ta

KOMITO3UTHUX MaTepiaib.

VY nocmimxenni M. ['pyGens ta
iH. (2023) HaromomryeTbes, 110
MIPOTOTHITHE TECTYBaHHS
BiJlirpae BHpIMIAJIbHY POJIb Y
MiATBEPHKCHHI €(DEKTUBHOCTI
3alpOMOHOBAHUX 3MIH Ta iX
BIUIUBY Ha JIOBTOBIYHICTH 1
HaJiliHICTh. [liAKpecroeThes
BaYXJIUBICTh MIPOBEACHHS
KOMIUIGKCHUX  BHIIPOOYBaHb
TUTSt OIIIHKHU

peakitii Ta

JIOCTOBIPHOL
MPAKTAYHOT
edexTuBHOCTI MOUpiKarliid. Y
CTaTTi

HEC POIIIAAAETHCA

MOXJIUBICTb ajarrranii
pe3yabTaTiB  TECTYBaHHS [0
pi3HHUX

YMOB  eKCILTyaTawii

OpOHETEeXHIKM B  peaJbHHUX

CLICHapIsX.

VY poboti M. Tkauyka Ta iH.
(2022) nopy1ryeTbes BaxIUBe
MUATAHHS TIOJ0 TOTEHIlaTy
BIOCKOHAJIEHHS ~ KOHCTPYKIIT
TOPCIOHHHMX BaJIiB K CIOCOOY
TIJIBUIIEHHS] TTPOyKTUBHOCTI
Ta HaJIMHOCTI

JIETKOOPOHBOBAHOI TEXHIKH B

Cy4acHOMY BiliCbKOBOMY
KOHTEKCTI. Jlocmi THAKH
BH3HAYAIOTh aKTyaJbHICTh
pPO3pPOOKM  TEXHOJOTIH IS

onTuMizamii BajiB 3 METOIO
IIOKpAILCHHS X
(hyHKII10HAJTEHOCTI BITTOBITHO

0  CyYacHMX  BIMCHKOBHX
BUMOI. Y JIOCIHIIKEHHI HE
BpaxoBaHO MATAHHS

EproHOMIKH Ta Oe3MeKu NpHU

MPOEKTYBAaHHI BajiB, IO €
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have been identified:

1. To conduct a safety analysis,
considering the rele-
safety factors and assessment

vant

of impact loads

operation.

during

2. To determine a high-strength
material for the tor- sion shaft,
providing high strength and
endurance under heavy loads,
considering the lightness of the
selected ma- terial to reduce the
overall weight of the vehicle.

3. To analyse in detail and
evaluate the possibilities of

using modern technologies
such as composite as or high-
tech alloys, and implement

advanced manufacturing meth-

BOXJIUBUM Y  BifICBKOBOMY

3aCTOCYBaHHI.

MeTor0 1aHOro JTOCIIKEHHS €
aHaJi3 TOPCIOHHHMX BalliB, IO
BHKOPHCTOBYIOThHCS y
J1erKOOpOHbOBaHI TEXHII.
Jlnst MOCSATHEHHS 1Ili€l MeTH

BU3HA4YCHO HaCTyrIHi 3aBJAaHHA:

[IpoBectn aHamiz Oe3meku 3
ypaxyBaHHSIM BiJITOBITHIX
koe(dimieHTiB ~ Oe3mekn  Ta
OIIHKY Y/IapHUX HAaBaHTAXCHb

IiJ] Yac eKCIuTyararii.

Buznauntu BI/ICOKOMiI_IHI/Iﬁ

Marepiasl Ui TOPCIOHHOTO
Bally,  SAKUH

BUCOKY

3a0€3MeYnTh
MILHICTE 1
BUTPHUBAIICTh MPHU 3HAYHHUX
HABaHTAXXCHHSX, BPaXOBYIOYU

JICTKICTh OOpaHOTrO Marepiamy

ods, including additive 8
technologies “nd e 3Me}.IHIeHH$I 3araJbHOT
machining. MacH TeXHIKH.
JleTanbHO TpoaHami3yBaTH Ta
OI[IHUTH MOJKJIUBOCTI
BUKOPUCTAHHS CY4acHHUX
TEXHOJIOTIH, TaKUX SIK
KOMITO3UTH abo
BHCOKOTEXHOJIOT14YH1 CIUIaBH, a
TAaKOXK BIPOBAIWTH TEPEOBI
METOIIU BUPOOHUIITBA,
BKJIFOYAKOUYU aUTHBHI
TexHoJorii Ta o0O0poOKy Ha
Bepcrarax 3 UIIK.
MATERIALS AND | MATEPIAJIN TA METOIU
METHODS . .
AHaJTITUYHUN METOA JOTOMIT
The analytical method helped | BusiBuTH mnoTeHuiiiHi cnadki
to identify potential weak- | micis Ta BU3HAUYUTH
nesses and determine the | onTuManbHi napameTpH,
optimal parameters, including | BkIrouaroun TOYKHU

stress concentration points and
other possible problems.

KOHIICHTpAIlil HampyXeHb Ta
IHIII ~ MOXJIMBI  TPOOJIEMHU.

JlocmikeHHs BUOODPY

12




The study of material selection
contributed to the selection of a
that
meets the requirements for
sustained loading, thereby
ensuring increased strength and

high-strength  material

service life of the torsion
shafts.

Using a statistical method, the
critical parameters and their

interaction were identified,
which allowed the devel-
opment of  optimization

strategies to achieve the best
re- sults in the production of
torsion shafts. The study of
safe- ty factors proved to be
key to ensuring the reliability
and durability of the design in
real-world operation. The de-
duction method helped to
formulate general principles
and approaches to optimizing
torsion shafts. Determining the
cause-and-effect relationships
between the shaft parame- ters
and its characteristics made it
possible to consider the
influence of various factors on
its functionality. The func-
tional method was used to
determine the parameters and
configurations of torsion shafts
aimed at achieving max- imum
strength and optimal
performance. The functional

method made it possible to take
into account the influence

of various factors, such as load,
rotational speed and tem-
perature conditions, on the
operation of torsion shafts.

MarepiajiB CHpusuio minbopy
BHCOKOMIITHOTO Marepiaiy,
SIKUU BIJIOBiIa€ BUMOTaM [0
TPHUBAJIOTO HaBaHTaXCHHS,
3a0e3neuy0dn IiIBUIICHY
MIIHICTE 1 TEpPMIH CIyKOH

TOPCIOHHHUX BaJIiB.

3a JOIIOMOI'0OX0 CTaATUCTUYHOI'O

Metony ~ Oynu  BHU3HAYCHI
KPUTHYHI TlapamMeTpu Ta ix
B32€MO3B’SI30K, 110 JIO3BOJIHIIO
po3pobutu cTparerii
omnTuMizarii Uil IOCATHEHHS
pe3ynbTariB -y

TOPCIOHHHUX

HaWKpamux
BHPOOHUIITBI
BaJIiB. JocmimKeH s
Koe(DiIieHTIB Oe3neku
BUSABUJIOCS  KJIIOYOBHUM IS
3a0e3MeueHHsT HaaiMHOCTI Ta

JIOBTOBIYHOCTI KOHCTPYKILIi B

YMOBax peanbHOl
ekcrutyarauii. Meton nemykiii
JIOTIOMIT c(hopMyItOBaTH
3arajbHi MPUHLUITN Ta
M IXOIHU bi (o) ornrruMizargi
TOPCIOHHUX BaJliB.
BusnaueHnns MPUYUHHO-
HACHIAKOBUX 3B’S3KIB  MIXK

rnapamMeTrpaMu Bally Ta MOro
XapaKTEpPUCTUKAMU JT03BOJIUIIO
BpaxyBaTH

BIUIUB  PI3HUX

¢bakTopiB Ha 1oro

(YHKITIOHATTBHICTb.

OyHKITIOHATBEHUI METOJ

BHUKOPHCTOBYBABCS ISt
BU3HAUEHHS  MapaMeTpiB 1
KOHpIrypatiii

CIIpAMOBAHUX

TOPCIOHHHX
BaJiB, Ha
JOCSTHCHHS MaKCHMaJIbHO1

MIIIHOCTI Ta  OOTUMAaJbHOI

nponyktuBHocTi. Lleit meron
JIO3BOJIMB  BPAaxXyBaTH BIUIUB
TaKHX

¢baxTopis, K

HaBaHTaXXCHHA, I_HBI/I)II(iCTB
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synthesis
and

By applying the
method, new concepts
strategies ~ for  optimizing
torsion shafts were developed,
considering a comprehensive
approach to their improve-
This
combining various

method allows
aspects,
such as material properties,
geometrical parameters, safety

ment.

fac- tors and the use of the
latest technologies, to achieve
opti-

mal results. The classification
method helped to define the

main characteristics of torsion
shafts and their properties,
considering the various factors
that affect their function- ing.
The study of a large amount of
data using this meth-

od allowed creating a
classification system that takes
into

account different types of
shafts, materials, geometry and
The
induction method was used to
generate ideas and

operating  conditions.
new
concepts aimed at improving
tor- sion shafts in light
This
method pro- vided new insights
into  potential areas of
shaft
and

armoured vehicles.

improvement in

geometry,  materials,
manufacturing techniques.
The use of the generalization
method in the context of the
study of torsion shafts in light
armoured vehicles al- lowed
systematizing and

summarising  the  results

o0epTaHHis Ta TeMIepaTypHi
YMOBH, Ha pOOOTY TOPCIOHHHX
BaJIiB.

3acTOCYBaHHSI METO/IY CUHTE3Y
JO3BOJTJIO  pO3pOOUTH  HOBI
KOHILIETT Ta cTparerii
OINTUMI3aIlil TOPCIOHHUX BaJIiB,
BPaxoOBYIOUH KOMIUICKCHHH

OiaXig A0 iX yIOCKOHAJCHHS.

Len METON JI03BOJISIE
MOEJHYBAaTH pi3HI  ACHEKTH,
TaKi SIK BJIACTUBOCTI
Marepiaiis, TreOMETpUYHI
rapameTpH, koedimieHTH
OC3MeKn Ta BHUKOPUCTAHHS
HOBITHIX  TEXHOJOTIH, IS
JOCATHEHHS ONTUMAJIbHUX
pe3yabTariB.

Knacudikamiiauit METO]I

JIOTIOMIT BU3HAYUTH OCHOBHI
XapaKTEPUCTUKH TOPCIOHHUX
BaJiB Ta iX BIJIACTUBOCTI 3
ypaxyBaHHSIM pi3HHX
(akTOpiB, 1110 BIUIMBAIOTH HA 1X
(YHKIIIOHYBaHHS.
JlocmiKeH s BEJIMKOTO
0o0csry NaHux 3a JOMOMOTOIO
METOY

CTBOPUTH KkiacudikauinHy

ObOro JO3BOJINIIO

CUCTEMY, fKa BpaxoBY€ pi3HI

THIIN BaJIIB, Marepiaid,
TeOMETPII0 Ta YMOBU
eKCIUTyaTaii.

IHnyxTrBHUIA METOJ OyB
BUKOPUCTAaHUU JUISL

TeHEpyBaHHS HOBUX 1€ Ta
KOHIICTIIIiH, CIpPSMOBaHUX Ha
BIIOCKOHAQJICHHSI  TOPCIOHHHX

BaiB Yy JIETKOOPOHBOBaHIN

Leit

HOBEC

TEXHIII. METOJT

3a0e31eynB OaueHHs
MMOTEHI[ITHAX HaTpsMiB

MOKpAIeHHsI TEeOMETpii Baiy,
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the
chosen optimization path. This
method allows for a detailed

obtained to determine

study of a large amount of data
and

takes into account the various
influences of factors on

shafts.  Geometric
design, based on advanced

tech- niques, helped to achieve

torsion

the optimal shaft shape, ensur-

ing efficient load distribution,
and increasing its stability.

The use of computer modelling

and simulation software

ensured high accuracy in
assessing the performance of
torsion shafts under various
operating conditions. The use
of the latest technologies in
production, such as additive
technologies and computer
numerically controlled ma-
chines (CNC), contributed to
the accurate implementation of
the designed parameters and
ensured the high quality of the

manufactured torsion shafts.

This comprehensive approach
to the study and opti- mization
of torsion shafts for light
armoured vehicles takes into
account important aspects
the

and

necessary to
performance,

improve
strength,
durability of vehicles in a mil-
itary context.

MarepiajiB  Ta  TEXHOJIOTiH
BHPOOHUIITBA.

3acTocyBaHHs METOIy
y3arajlbHeHHsST B  KOHTEKCTi
OCIIKEHHSI TOPCIOHHHUX
BaiB y JIETKOOPOHBOBaHIN
TEXHIIIi JT03BOJIMIIO
CHCTEMaTHU3yBaTh Ta
y3arajJbHUTH OTpUMaHi

pe3yibTatd s BU3HAYCHHS
00paHOro MUIIXY ONTHUMI3aLlii.
Lleit meToa D03BOJISIE ACTAIBLHO
JOCIIHKYBaTH BEIUKUNA 00CsT
JaHUX i BpaxoByBaTu
pi3HOMaHITHI (H)aKTOpU BIUIUBY

Ha TOPCIOHHI BaJIH.

I'eomerpruHe nPOEKTYyBaHH,

3aCHOBaHE  HA  CYYacHHX
METO/aX, TOMOMOIVIO JOCSTTH
dopmu  Baiy,

e(heKTUBHUI

ONTUMAJIBHOI
3a0e3neuyroun
pO3MOAI HABAHTAKEHHS Ta
1 ABUILYI0YH foro
cTalbuIbHICTh. BukopucranHs
KOMIT FOTEPHOTO MOJICITIOBAHHS
Ta MPOTrPAMHOTO 3a0€3MeUEeHHs
JUTSL  CUMYJISIIT  3a0e3Meunio
BUCOKY  TOYHICTh  OIIIHKH
MIPOYKTUBHOCTI

3a

TOPCIOHHUX

BaJiB pI3HUX  yMOB

eKkcIulyaranii. 3acTocyBaHHs
HOBITHIX TEXHOJIOT'1H y

BUPOOHUIITBI, TaKUX AK

aIUTUBHI TEXHOIOTIT Ta

BepCTaTu 3 YHCIIOBUM
IPOrpaMHUM
(4IK),

BTUICHHIO

KepyBaHHAM
CIIpUATIO  TOYHOMY
MIPOEKTHUX
napaMeTpiB 1 3a0e3Mmedusio
BHCOKY SIKICTb BHUTOTOBIIEHHX

TOPCIOHHHX BAJIiB.

Takuii KOMIUIEKCHUI HIIX11 10

BHBYEHHSI Ta  OITUMI3aril
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TOPCIOHHHX BaJIiB IS
JIETKOOPOHBOBAHOI  TEXHIKH
BpaxoBy€ BAXKIUBI aCIHEKTH,
HeOoOXigHl JUIA IIABHUILEHHS
MPONYKTUBHOCTI, MIIIHOCTI Ta
JOBIOBIYHOCTI ~ TEXHIKH Yy
BIMICbKOBOMY KOHTEKCTI.

PE3VJIbTATHU TA
OBI'OBOPEHHA

Ontumizanis KOHCTPYKLIN 1
XapaKTePUCTUK MiJIBICKH
JETKOOPOHBOBAHOI ~ TEXHIKH
JUISL TIOKPALICHHS MPOXiTHOCTI
Ta JIMHAMIYHUX BIACTUBOCTEH

Tpanumiitao OCHOBHI
KOHCTPYKTHBHI IapamMeTpu Ta

XapaKTePUCTHKHU MiJBICKH
TPAHCIIOPTHUX 3ac00iB
3araJibHOTO NPU3HAYCHHS

¢dbopmyBasics 3 ypaxyBaHHSIM
HOMIHAJIbHUX HAaBaHTaXXCHb 1
yMOB pyxy mo poporax I ta II
Kareropii 3 acpaabTo0eTOHHUM
MTOKPHUTTSIM. Bonmnouac
MOBHOMIPUBIIHI Moaudikaii,
BIIOM]I  SK Oararorijab0Bl
TPAHCHOPTHI ~ 3aco0M,  sKi
3aJIAIIAIOThCS OCHOBOIO
aBromapky 30poiHux Cun
VYkpaian me 3 waciB CPCP,
OazyBaHCst Ha
MaKCUMaJTbHOMY  OCHAIIECHHI
0a30BUX Moeiell 3arajbHOIO
MpU3HAYEHHS 3 HE3HAYHUMHU
Mo QiKaIisIMu. i
Monudikaiii BKIOYATH 3MiHU
B MPUBOJHUX OCSAX, 3HUIKCHHS
Jiana3oHy TpaHcMicii,
OJTHOCXMJIy KOMIIOHOBKY JUJIS
BIIIOBIAHOCTI BHMOTaM
OC3MOPIKKSA Ta MOMKIMBOCTI
KoH(iryparii 6x6,
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LEHTPaTi30BaHy CUCTEMY
PETYIIOBAaHHSA THCKY B IIMHAX
ta iHm 1momiOHi 3miHm. Ili

JIOTaTKOB1 3MIHU Oy
3arpoBaKCH1 JUTSt
MIOKpAaILEHHs IPOX1AHOCTI
TEXHIKH.

OnHak y BHUIAIKy pyXy IO
0e3I0pIXIKIO, OKPIM MpoOIeM

3YeTJICHHS, (baxTHuHa
MaKCcUMaJbHa IIBHIKICTh
00MEXy€eThCS HITY4YHO

BCTAaHOBJICHUMH IapaMeTpaMu
eKilMaXxy, M0 BIiINOBIIAIOTH
KOJIICHUM TPAHCIIOPTHUM
3acobam. Ile  oOmexeHHs
MOB’s3aHe 3  JOCATHCHHSM

KpaiiHbOro auckoMpopTy
BOJIIHHS yepes 3HaYHI
BiOpartiiiHi KOJIMBaHHS,
BUKJIMKAHI HEPIBHOCTSAMU

noporu. Mexi BiOpamuiiHOro
HABaHTAXEHHs Ta JOIyCTHMA
TPHUBAJICTh iX BIUIMBY Ha
eKiMaXk BXKe BIJOMI Ta ONHUCaH1
B CyyacHiit HayKOBI1#
JmiTeparypi IIOA0  KOJNICHUX
TPAHCIIOPTHUX 3ac00iB
(Nussupbek Ta i1., 2023).

Po3poOka HOBOro MOKOMIHHS
TaKTUYHUX  MamuH  Oyna
3yMOBJICHA 3HaYHUMH
BUMOTaMH JI0 IMPOTHUMIHHOTO
Ta 0aNiCTUYHOTO 3aXHUCTY, fKI
BpaxoByBaJMCid Ha eramax
KOHLIENTYaJIbHOTO Ta po60YOro
MIPOEKTYBAHHS HOBHX
MOJEIIEH. TpaaumiitauM
CIOoCOOOM 3axXHUCTy BiJl MIH 1
Kydb Oyl0 BIOCKOHAJCHHS
ICHYI0UHX MaIlIiH
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MONEePeTHHOrO MTOKOJTIHHS
LIJISIXOM BCTAaHOBJICHHS
CY4acCHOTO 3aXUCHOI'O
oOlamHAaHHSA Ta  BHECEHHA
BIJIMOBITHHUX 3MiH JI0 CEPIHHUX
KOHCTPYKIi  maci, pamu,
M1IBICKHA Ta IHIIUX
KOMIIOHEHTIB. OpHak  1e#
MIIX1J YCKIQJIHIOETBCS THM,
0 CYTTEBO BIUIMBAE Ha
JMHAMIKY PyXy MalluH, sIKi He
oy CIIPOEKTOBaHI 3
ypaxyBaHHIM 301TBIICHHS
3arajbHOI MacH.

e OJTHUM BOKIIUBUM
ACTICKTOM CTaJi0 TiABUIICHHS
MaKCHMaJIbHOT IIBHJIKOCTI
PYXY, 0COOJIMBO o
oe3mopixokio. Lle moB’si3aHo 3
THUM, 1110 TIPY PYCI MO I0porax 3

TBEPIAUM MTOKPUTTAM
MaKcuMallbHa MIBUAKICTH
00MEXYy€eThCS HEePEeBaXHO

MOTY>KHICTIO JIBUTYHa, 1 B
LBOMY napamerpi
CIIOCTEPITaeThCA CTiliKa
TeHJEHIisl 10 3pocTaHHs. Lle
TaKO)K CTOCYETBCS ~ BaXKHX
TAKTUYHUX MAIIAH 3 TOBHOO
macoro (GVWR) Bix 12 no 40
TOHH.

[IpoTsirom OCTaHHIX
I’ ATAECATU pOKiB
MaKCHMaJibHa IBUIKICTh

TaKkuX MamuH 3pocna 3 70—-80
km/rox o 105-120 km/rox i3
BIPOBAHKCHHIM Mozel
KAMA3-4310 (Krainyk Ta iH.,
2022).
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v Cy4acHOMY CBITI
JIETKOOPOHBOBAHI MAaIIuHU
CTalOTh JeNalll BaKJIMBIIIHM
€JIEMEHTOM  TPAHCIIOPTHOTO
CepenoBHINa, OCOOIMBO B
YMOBax 3pOCTal0doro MOIMUTY
Ha Oe3neKky Ta MOOUIBHICTh
(puc. 1). EdextuBHa
eKCIUTyaTalliss TaKuX MaIlliH
3aJICIKHUTh Bif Oararbox
YUHHUKIB, cepen SIKUX
KJIFOYOBE 3HAYEHHS Mae

KOHCTPYKITist Ta SKICTh
BHUKOPUCTOBYBaHHX
KOMITOHEHTIB, 30KpeMa

TOPCIOHHHMX BamiB. AHAII3 1
OITUMI3alisd [UX BaJiB CTAIOTh
HEB1J]’ €MHOIO YaCTUHOIO
nporiecy PO3pOOKH JUISt
MMIBUILEHHSA  MIOHOCTI Ta
JIOBTOBIYHOCTI
JIETKOOPOHBOBAHOI TEXHIKH.

JIns  JOCATHEHHS IIi€l METH
BaXUIUBUM KPOKOM € BHOIp
BIJIMOBIAHUX MaTepiaiB JUis
BUTOTOBJICHHSI ~ TOPCIOHHOTO
BaIy. Buxopucranus
BHUCOKOMIIIHMX CIUIaBiB a0o
CHEIIaIbHUX ~ KOMITO3UTHUX
MarepiajliB  MOXe€  CYTTEBO
MOKPAIUTH MILHICTE 1
JIETKICTh Bally, 3a0e3nedyoun
ONTUMAaJbHUI OamaHC  MiX
(YHKI[IOHAJIBHICTIO Ta
tepmiHoMm ciyx6u (Feyye Ta
iH., 2021).

OnTumizanis reomeTpii
TOPCIOHHOTO ~Bally Bifirpae
KJIFOUOBY POJIb Y JOCATHEHHI
BHUCOKHX eKCIUTyaTalifHIX
XapaKTepUCTHUK. YpaxXyBaHHS
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TOYOK KOHIICHTpaIlii
HaIpy>XCHb, aHai3
HAaBaHTAXCHb Ta  BIUIUBY
30BHIIIHIX YAHHUKIB T03BOJISE
CTBOPHUTH ONTUMAJIbHI (HOpMHU
Ta TEOMETPHYHI mapaMeTpu
BaJliB, po3paxoBaHi Ha
MaKCHUMaJbHy  MILHICTh 1
JIOBIOBIYHICTb.

Bukopucranns

KOMIT FOTEPHOTO MOJICITIOBAHHS
Ta IPOrpaMHOro 3a0e3MeYeHHS
TUTS CUMYJISILIIH BiJlirpae
BXUJIMBY pOJIb Yy pPo3pooiri
TOPCIOHHHUX BaJIiB. Lle
JI03BOJISIE BIpTyaJbHO
TECTYBaTU Pi3HI KOHCTPYKIIii
Ta  MaTepiajgd, BHU3HAYaTH
ONTUMANIbHI ~ MAapaMeTpu  Ta
MIPOTHO3YBaTH MOBEJIHKY Bally
3a pi3HUX YMOB HaBaHTAXKCHHSI.

IIle OJIHUM BaXKJINBUM
aCmeKToOM €  BpaxyBaHHSA
koedilieHTiB  Gesmeku.  Ix
BUKOPUCTAHHS JI03BOJISIE
rapaHTyBaTH, 10 TOPCIOHHHIMA
BaJl BHUTPUMAE He JIMIIE
CTaHJapTHI YMOBU
eKCILTyaTaii, a 171
HenepenoadyBaHi CUTYyallii, sSKi
MOXYTh BUHUKHYTH B
eKCTpEMaIbHUX YMOBAX.

3aBeplIaIbHUM  €TalloM €
po3poOka mpoToTHMmIB 1 iX
IHTEHCUBHE BHUNPOOYBaHHS B
peanbHuX yMoBax. llen eran
J03BOJISIE NEepeBIpUTH
(dakTHYHy  e(QEeKTHUBHICTh 1
MIIHICTD OIITUMI30BaHOTO
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TOPCIOHHOTO Bajly, BHSBHUTH
MOXJIMBI HEIOJIKA Ta BHECTU
HEOOXi/1HI KOPEKTHUBH.

Awnanis i OIITUMI3allis
TOPCIOHHHUX BaJIiB VIS
JeTKOOPOHBOBAHOI TEXHIKH €
MDKIUCIUATITIHAPHUM
3aBIaHHSAM, 10  MOTpedye
B3a€MOJII1 PI3HUX IHKEHEPHHUX
rajgy3ei. [HTerpywouu acekTu
MaTepiajJo3HaBCTBa,
TeOMETPUYHOTO
MIPOEKTYBAHHS, MPOrPAMHOTO
MOJICITFOBaHHS Ta
BUNIPOOYBaHHA  IPOTOTHIIIB,
1HKCHEPU MOXKYTh CTBOPIOBATH
TOPCIOHHI BaJy, SIK1
BIIIIOBIJAIOTH BUCOKHUM
CTaHgapTaM  MIIHOCTI  Ta
JIOBTOBIYHOCTI, 3a0€3Mevyoun
ONTHUMAJbHI  eKCIUTyaTallliHi
XapaKTEePUCTUKH
JIeTKOOPOHBOBAHOI TEXHIKU.

Bubip Martepiainy TUISt
onTUMizalii TOPCIOHHOTO
Bajgy: OamaHC MIIIHOCTI Ta
JIETKOCTI

Y  cywacHomy  CBiTI, [€
TEXHOJIOT1{ IO/THS
BJIOCKOHAJIIOIOTBCS, PO3poOKa
TPAHCHOPTHUX 3aco0iB,
0COONMMBO  JIETKOOPOHBOBAHOI
TEXHIKM, € 3aBIaHHSIM, IO
BHMAara€ BHMCOKOI 1HXKEHEPHOI
Ta  HAyKOBOI  EKCIIEpTHU3H.
Onrumizaris TOPCIOHHHUX
BaJIiB SIK KJIFOYOBHX €JIEMEHTIB
TpaHCMICIi CTa€ BaXXJIMBUM
acrieKToM Juisd 3a0e3redeHHs
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e(heKTUBHOCTI, MIITHOCTI Ta
JIOBrOBIYHOCTI TEXHIKH. Y
BOMY  KOHTEKCTI BUOIp
Marepiany JUisi  TOPCIOHHHX
BaJiB BU3HAYAETHCS HE JIUIIIC
HMOro MIIHICTIO, a M JIETKICTIO,
ne 0ajaHC MUX XapaKTEPUCTHK
CTa€ 3aIMopPyKO0 YCITiXYy.

MilHICTh TOPCIOHHUX BaliB €

BHpIIIATLHAM dakropom,
OCKITBKH i €JIEMEHTH
1K THCSI 3HAaUHUM

o0epTaJIbHUM HaBaHTAXKEHHSAM
mig 4ac pyxy OpOHBOBaHOI
mamunu (Huda, 2021). Anani3
HampyXeHb 1  Jedopmamiid
JI03BOJISIE IH)KeHepaM
BU3HAUUTH, K  Marepian
BUTPHUMYE I1i HABaHTA)KEHHS Ta
YHUKHYTH MOXJTUBUX
nedeKTiB 9u BTpaTH
epextuBHOCTi. Tomy BHOIp
Marepiairy 3 BHUCOKOIO
MILHICTIO Ta CTIAKICTIO [0
BTOMH € TpiopuTeToM. OnHaK
MMUTAHHS JIETKOCTI Marepiaiy €
HE MEHII BaXIUBUM. Y
Cy4yacHi  aBTOMOOUIbHIA 1
BIMCHKOBIH TEXHILll BeJIMKa

yBara OPUIUISAETHCS
3HUKEHHIO Macu IS
MOKpAaIEHHs BUTpATH

NaJbHOTO Ta MaHEBPEHOCTI.
Onrumizartis TOPCIOHHOTO
Baly, IO BKJIIOYae BHUOIp
JIETKUX, aje MIIHUX
MarepialiB, MOXKe BiairpaBaTu
KJIFOUOBY POJIb Y JTOCATHEHHI
LUX LiIEH.

BaxxnmBum acnexkToMm BHOOpY
Mmarepialy €  iHXEHepHa
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3[IaTHICTh BPAaXOBYBAaTH YMOBH
peanbHO1 eKCILTyarartii.
BpaxyBaHHs TeMIieparypHUX
KOJINBaHb, arpecUBHUX
CEepeoBUII Ta IHIINX (AKTOPIB
€ HEOOXiTHUM TUISt
3a0e3leyeHdsT HaaiMHOCTI Ta
JIOBTOBIYHOCTI TOPCIOHHHUX
BaJIiB y pi3HUX yMoBax. Bubip
Marepiany Ui ONTUMIi3amii
TOPCIOHHHX BaJIiB TAKOXK MOXKE
BKJIIOYATH BUKOPUCTaHHS
CY4YaCHHX KOMITO3UTHUX
MarepiajiiB, SKi MOETHYIOTbH
BHCOKY MIITHICTb 1 JIeTKiCTb. Lle
BiJIKpHUBA€ HOB1 TOPU3OHTH JISI
IHXKEHEepIiB 1 KOHCTPYKTOPIB,
JTO3BOJISTIOYH CTBOPIOBATH
TEXHIKY 3  ONTUMAaJIbHUM
MO€THAHHSAM BJIACTUBOCTEH.

3riJiHO 3 pe3yabraTaMu
oCTaHHIX  gochimkeHnr  H.
Bankar Ta im.  (2013),
ONTHUMI3aIlsl  Marepiany Ta
3HIDKEHHSI Macu TPUBOHOTO
BaJy 3a JIOITOMOT OO
KOMITO3UTHUX MaTepiaiiB €

BaXXJIUBUM HanpsiMoM
PO3BUTKY TEXHOJIOT1M.
Komno3urhi Mmarepianu

CKJIaJaloThcsl 3 1OBOX abo
OlIbIIe KOMIIOHEHTIB 13
pi3HUMHU GbiznuHIMEI
BJIIACTUBOCTSIMH, K1
B3aEMOJIIIOTh ISl CTBOPEHHS
Marepiady 3 MOKpaleHUMH
XapaKTEePUCTUKAMHU.

BukopucTaHHS KOMITO3UTIB Y
MPUBOJHUX Bajdax JO3BOJISE
JIOCATTH ONTHUMAJIBHOTO
O0ajlaHCy MDK MIIHICTIO Ta
macoro. KommosuTu dacto
MaroTh BHCOKHHA BIJHOCHHUH
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MOJyJIb IpPY>KHOCTI Ta
MIIHICTB ITPU HU3BKIH Maci, 110
pobuts  ix  mpuBabIMBUM
BHOOPOM JIJISl 3aCTOCYBaHb, 1€
Ba)XJIMBa Maca 0O0JaJHaHHS.
OnTumizaiiiss  Martepiamy Ta
MacH IPHBOJHOTO BaJIy TaKOX
MOXKE CHOPHSTH  3HUKCHHIO
BHUTpaTH aJILHOTO Ta
MiJBUIICHHIO  €(EKTUBHOCTI
CUCTEMH, 1110 € KPUTHUYHUM JIS
TPAHCIIOPTHUX  3ac0o0iB  Ta
IHIINX MEXaHIYHUX CHCTEM.

Bubip marepiaimy ISt
ONTHUMI3aIlil TOPCIOHHOTO Bajy
y JIETKOOPOHBOBAHIM TEXHIII
BUMAara€e peTelpHOro OallaHCy
MDK MILHICTIO Ta JIETKICTIO.
[mKeHepy TMOBHHHI  yYBa)KHO
aHaJi3yBaTH YMOBU
eKCIUTyaTarii Ta
BUKOPHUCTOBYBaTH  TepeaoBi
Marepiajio3HaB4l  TEXHOJOTI]
JUISE CTBOPEHHSI ONTHUMAIbHUX
KOHCTPYKIIii, 110
BIIIIOBIJAIOTH BHCOKUM
BUMOTaM [0 MPOTYyKTUBHOCTI
Ta 6€3MEKU CYy4acHOTO CBITY.

I'eomerpyuyHe NpoOEKTyBaHHSA
TOPCIOHHHMX BalliB: MHUIAX [0
omnruMizamii Ta MIJBUIIECHHS
edexktuBHOCTI  [eomerpuune
MIPOEKTYBAHHS TOPCIOHHHX
BaJIiB y Cy4acHOMY
MaIrMHOOYlyBaHH1 BU3HAETHCS
KIIFOYOBHUM €TaroM y po3pooiri
ehexTMBHUX 1  HaIIWHHUX
TPAHCMICIHHUX CHCTeM JIf
JIETKOOPOHKOBAHOI ~ TEXHIKH.
Bukopucranus Cy4acCHUX
METONIB  TPOEKTYBaHHS €
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HEOOXITHUM IS JOCSATHCHHS
ONTUMAJIbHOI TeOMETpii Baiy,
o 3a0e3nedyye MaKCHUMaJbHY
MIIHICTh 1 €(EeKTHBHICTh Yy
peanbHUX yMOBax
eKcruryatamii.  3acTocyBaHHS
MepeaoBUX METO/IiB
MPOEKTYBAHHS € Ba)JIMBUM
KPOKOM Y T€OMETPUYHOMY
MIPOEKTYBAHHI TOPCIOHHHX
BaJiB.

[mxeHepn  BUKOPHCTOBYIOTH
KOMIT'IOTEPHI  IpOorpamMH  Ta
IH)KeHepHI  pilleHHs s
CTBOpPEHHS TPUBUMIPHUX
MoOJIeTieil BaJliB, BPaXOBYIOUU
pI3HI  acleKkTH, Taki  SK

reoMeTpHUYHI1 napameTpu,
Marepiaan Ta YMOBU
eKCILTyaTalii.

Amnani3 Harpy>KeHb i

nedopmariii €  BaXJIMBUM
eTanom y BU3HAYCHHI
ONTUMAaIIbHOI (popMU Bairy TIpu
reOMETPHYHOMY TPOEKTYBaHHI
TOPCIOHHHX BaJiB.
BuxkopucroByroun
MaTeMaThJHi Moenl Ta
oOuuciaOBajIbHE  MPOTpaMHE
3a0e3neyeHHs, 1HXXEHEepHU
MOXYTh BHM3HAYUTH, SIK PI3HI
¢bopMu  TOPCIOHHOTO  Bajy
BIUIMBAIOTh ~ HA  PO3MOILI
HampykeHb 1 naedopmauiii y
koHCTpykMii. Ile mo3Bomse
oOpat  reoMmerpito,  sKa
MiHIMI3y€ KOHIICHTPAIIIIO
Hanpy>KeHb 1 migBuILye
CTIMKICTh Bajdy [0 BTOMHU
Marepiary.
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OnmHuM 13 HalCy4acHIIIMX
METOIIB € METOJ CKIHYEHHUX

enementiB  (FEM),  sxuit
JI03BOJISIE IHKeHepam
BipTyaabHO MOJIEIIIOBAaTH

HanpyXeHHs Ta nedopmanii B
YMOBaX peajbHOI eKCIUTyaTaIii
(Kushwah Ta im., 2021). Lei
METOJl BPaxOBY€ DPI3HOMaHITHI
dakropw, Taki SIK
HABaHTAXCHHA, TEMIIEpaTypHi
3MIHM Ta  1HOI  YMOBH
eKCIUTyarTaiii, MO0 JJO03BOJISIE
OUIBII  TOYHO  BU3HAYHUTH
ONITUMAIIbHY TeOMETPifo.
BaxmmBo  3a3HauuTH, IO
MIPOEKTYBAHHS TOPCIOHHHX
BaJliB HE € CTaTUYHHM
3aBIaHHSAM. I3  pO3BUTKOM
TEXHOJIOT1 Ta MOSBOK HOBUX
MarepialiiB iHKEHEpH MOBHHHI
MOCTIIHO  BJIOCKOHAJIIOBATH
METOH TEOMETPHYHOTO
MPOEKTYBAHHSI. Perynsapue
OHOBJIEHHS Ta  ajarTaris
reoMeTpii Bajly MOXYTb HE
JUIIEe TOKPAIIUTH MIIHICTB,
aje ¥ 3MEHIIUTH Macy, W0 €
BaYXJIUBUM TUTST
JIETKOOPOHBOBAHOT TEXHIKHU.

3riggo 3 BusHaueHusM D.E.
Osakue Ta iH. (2015),
BUIIPOOYBaHHS BaJliB HA BTOMY,
3 ypaxyBaHHSM 3THHY Ta
KpY4YeHHs, €  KJIIOYOBUM
eTarnom y po3pobIIi
MEXaHIYHUX cucTeM. Bau,
SKAW IIIa€ThC MMOCTIMHUM
HaBaHTAXCHHSIM, MTOBHHEH
OyTH peTeabHO MPOTECTOBAHUI
Ha MOXJIMBICTH Aedopmarii Ta
BToMH Martepiany. Ilig wdac
BUINIPOOYBaHb HA 3TMH BaXKJIMBO
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BpPaxoOBYBaTH HAaBaHTAKCHHS,
SIKI MOXKYTh BUHHKATH IIiJ1 4ac
eKCIUTyaTalii, Ta HepeBipuTH,
YM 3JaTCH BaJl BUTPUMATH IIi
HaBaHTaKEHHS oe3
TMOIIKO/KEHB 200 nedopMartiii.
BunpoOyBaHHsS Ha KpydeHHS,
CBOEI0 YEPror0, € BAXJIMBHUMH
JUIsL BU3HAYCHHS BUOIPKOBOI

obepranbHOl cTabimbHOCTI
Bally Ta 3arob6iranHs
MOYKJIUBUM npoOieMawm,

MOB’S3aHUM 13 TOPCIOHHHMH
HaBaHTAXCHHSMHU. LT
BUIIPOOYBAaHHS JIOTIOMAararoTh
MIATBEPIUTH  HAMIWHICTD 1
CTabUIBHICTh KOHCTPYKIIIT Bay
B yMOBax peaybHOI
eKCILTyaTauii, a TaKOX
BUSIBUTH MOXJIMBI HampsMu
JUISL BIOCKOHAJICHHS 3 METOIO
onruMizarii Horo
MPOAYKTUBHOCTI Ta TEPMIHY
CITyKOH.

leomeTpuuHe MPOEKTYBAHHS
TOPCIOHHUX BaJliB € KIIFOYOBUM
eJIEMEHTOM omruMizari
TPaHCMICIHUX CUCTEM
JIETKOOPOHBOBAHOI  TEXHIKH.
Buxopucranus CY4YacHHUX
METOMIB 1  MaTeMaTHYHHX
MoOJIeNiel TO3BOJIsE THXKEHEepaM
CTBOpIOBaTM  €(EeKTHBHI Ta
CTIiKI 0 BTOMH KOHCTPYKIIii,
SKi BIAMOBIJAIOTH BHUCOKUM
BHMOTaM CY4YacHOTO
TEXHIYHOTO PO3BUTKY.

MogentoBaHHS Ta CUMYISAIS y
MMPOEKTYBaHHI TOPCIOHHHX
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BaJiB: aHajgi3 MIHOCTI Ta

BJIOCKOHAJICHHS

v Cy4acHOMY
IIBUAKO3MIHHOMY
TH)KEHEPHOMY CepeIOBHIIII
BUKOPUCTaHHS

KOMIT FOTEPHOT'O MOJICITIOBAHHS
Ta IPOrPaMHOT0 3a0e3MeYCHHS
JUTSL CHMYJISIIIIN € HEeB1Jl'EMHOIO
CKJIaJIOBOIO mporecy
MIPOEKTYBAHHS TOPCIOHHHX
BamiB. lleii eram He nwiIe
JI03BOJISAE aHaJi3yBaTH
MTOBEIIHKY BaJy i
HaBaHTAXEHHAM, aje U Jae
3MOTY iHXCHEpaM BUSBISATH Ta
BUpIIIYBaTH [MOTEHLIH1
npobnemu, 3a0e3neuyroun
ONTUMAIIBHY  MIOHICTH 1
Oe3rmexy.

ITpornec NOYMHAEThCA 3
BUKOPUCTAHHS  TPOTPAMHOTO
3a0e3neueHHs TSt
KOMIIT’ FOTEPHOTO
MOJIEJIIOBAaHHS, SKE Ja€ 3MOry
1H)XXeHepaM CTBOPIOBATH
BIpTyaJibH1 MOZIE€I TOPCIOHHUX
BaJliB. Ie BKJIIOYAE
BpaxyBaHHsS T€OMETpii Baiy,
MarepiajiB Ta Takux (pakTopis,
K HABaHTAXEHHS Ta YMOBHU
eKCILTyaTalrii. [Iporpamue
3a0e3neueHHs I CUMYIISLIN
J03BOJISIE 1HXXeHepam
BIITBOPIOBaTH YMOBH PeajbHOI
eKcIuTyaTamii B pexumi
peanbHOTO Yacy Ta OI[IHIOBATH
BIUIMB pI3HUX (aKTOpiB Ha
MIIHICTH 1 HATIHHICTH Bay.

28




Cumynsiiisi, CBOEIO Yeproro, €
KJIFOYOBUM ~ €TaroM  aHamii3y
MOBEIHKM TOPCIOHHOTO Baiy
(Wang Ta im.,  2022).
BukopucroByroun  CTBOpEHi
MoJIeNi, 1H)XKEHEpU MOXKYTh
MIPOBOJIUTH BipTyaJibHi
BUIIPOOYBaHHS, IMiJJIal04N BaJl
pI3HMM HABaHTAXEHHAM Ta
yMOBaM eKCILTyaTarii.
Cumynsitist 103BOJISIE BUSBUTH
TOYKHU KOHIICHTpaIii
Hanpy>XeHb, BHU3HAUYUTH 30HU
MaKCHUMAaJIbHOTO

HAaBaHTAXCHHA Ta BHSBHUTHU
MOXJIMBI  TpoOiemu,  siKi
MOXKYTh BUHUKHYTH BHACTI0K
nedopmariii - marepiaiy  abo
BTOMH. Ouminka TOYOK
KOHIICHTpAIlil HampyXeHb €
0COONMHMBO  BaXIUBOIO  TIPU
MIPOEKTYBAHHI TOPCIOHHHX
BamiB. Ili TOukM MOXYTb
CBITUUTH  TpOo  Mmicusd 3
HaNlOUIbIIUMU HaNPy>KEHHSIMU,
oo B MaillOyTHbOMY MOXe
MIPU3BECTH JIO MOLIKOKECHHS

abo BTOMH Marepiaiy.
Cumynsiis JI03BOJISIE
1HXXEeHepam e(eKTUBHO

yCyBaTH 11l TPOOJIEMH UISIXOM
onTUMI3aIlil TeoMeTpii Baiy,
BHOODY HalKpanmx
MmarepiajiB  a00  BHECEHHs
IHIIMX KOHCTPYKTUBHUX 3MiH
(Hajiyev & Damirov, 2023).

Hocnigaukn M. Liang Ta iH.
(2022) BU3HAUMJIIH, 10
MOJIETIOBAHHS TOPCIOHHO1
CTIHMKOCTI By MaJjoro
JiamMeTpa 3 MOpPOKHUHOIO 3a

JOTIOMOTOFO POTPaMHOTO
3abesneyennss ABAQUS €
Ba)KJTMBUM eTanom y
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MPOEKTYBaHHI ~ Ta  aHami3i
MeXaHIYHUX CHCTEM.
ABAQUS — ue mnotyxHuit
IH)KEHEPHUH 1HCTPYMEHT ISt
YHCEIHHOIO MOJICNIOBAaHHS Ta
CUMYJISIIII1 MOBEIIHKH
MarepiaixiB 1 KOHCTPYKIIH 3a
pPI3HHX YMOB HaBaHTaXKEHHSI.
[Ipu MonenroBaHHI TOPCIOHHOI
CTIMKOCTI MOPOKHUCTOTO BTy
HEOOXiTHO BpaxoByBaTH
pPI3HOMaHITHI TTapaMeTpH, TakKi
SIK reoMeTpis BaJy,
BJIACTUBOCTI MaTepialy, yMOBH
HAaBaHTAXCHHS Ta TPaHUYHI
ymoBu. ABAQUS no3Bomsie
1HXKEeHepam CTBOPIOBATH
CKJIaIH1 Mozen, SIK1
BpPaxoBYIOTh YMOBHU pealbHOI
eKCIUTyaTallii. AmHani3
TOPCIOHHOT CTIMKOCTI
MOPO’KHUCTOTO ~ Bally  MOXKeE
HaJIaTH BaXXJIMBI JIaHi PO HOTO
MIIHICTh 1 XapaKTepUCTUKU
nedopmariii, mo  crpuse
BJOCKOHAJICHHIO KOHCTPYKIIii
Ta 3a0€3MEUeHHI0 BUCOKOTO
piBHS HaIIHHOCTI B
excrutyaramii. Takuil minxia
J03BOJISIE 1HXXeHepam
ONTUMI3yBaTH KOHCTPYKIIi Ta
MIIBUIIMTA X e(EeKTUBHICTH
me 10 (bhi3ugHOTO
BUTOTOBJICHHS TIPOTOTHITIB.

Y cywacHii  iHXEHEpHIH
MIPaKTHII BUKOPUCTaHHS
KOMIT FOTEPHOTO MOJICITFOBAHHS
Ta IPOrPaMHOTO 3a0€3MeYCHHS
TS CUMYJISTIINA crae
KJIFOYOBUM €JICMEHTOM
ONTHUMI3aIli] TOPCIOHHUX BaJIiB.
Ile nmo3Bodse He  JIMIIE
MIBUIMUTA TXHIO MIHICTE 1
JIOBTOBIUHICTbh, & 1 €()EKTUBHO

30




BUPILIYBaTH NOTEHIIIHHI
npobiemu, 3a0e3neuyodn
Oe3neky Ta HAIIAHICTH B
eKCILTyaTalii.

VYpaxyBaHHS Koe(illi€HTIB
Oe3mekn Tpu TMPOEKTYBAaHHI
TOPCIOHHHUX BaJliB:
3a0e3leyeHdsT HaaiMHOCTI Ta
JIOBTOBIYHOCTI

VY ramy3i MammHOOYTyBaHHS,
Ie BHCOKI MMOKa3HUKHU
HaIIMHOCTI Ta JOBrOBIYHOCTI €

KITFOUOBUMH napameTpamu
YCIIIXY, ypaxyBaHHS
koe(dimieHTIiB  O€3MeKku  IMpu
MIPOEKTYBAHHI TOPCIOHHHUX
BaJIiB € 000B’I3KOBUM

KOMIIOHEHTOM. 3aCTOCYBaHHs
koedimieHTiB  Oe3meku  Ta
peTenbHUI  aHali3  yaapHUX
HaBaHTaXEHb JI03BOJISIOTH
3a0e3neynTu HE JuIe
ONTHUMAJbHI  eKCIUTyaTalliifHi
XapaKTEpUCTHUKU BaIly, a i KOro
Ha/AIHHICTh B YMOBAX peajbHOI
ekcruryatanii (Nuraliyev Ta iH.,
2023).

[TepmM KpokKOM y BpaxyBaHHI
KoedilieHTiB Oe3mekn € iX
BCTAHOBJICHHS  JUIT  BCIX

KITIOUOBHX napameTpiB
KOHCTPYKIIIT TOPCIOHHOTO
BaJy. i KOeQIIIEHTH
BpPaxOBYIOTh pi3Hi

HEBHU3HAYEHOCTI Ta Bapiailii,
SIKI MOXKYTh BHUHUKATH TIiJI 4ac
MIPOEKTYBAHHS Ta
BHpoOHUITBA. KpiM TOTO, BOHU
3a0e3MevyoTh JOJATKOBUI
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3amac MIIHOCTI IUIS
rapaHTyBaHHS HaJIIHHOCTI
Bajly B EKCTpEeMaJbHUX yMOBaX
Ta npu BILJIUBI
HernepenoadyBaHUX (aKTOPiB.

BpaxyBanus BEJIMYUHU
yIapHUX HABAaHTAKEHb € IIIe
OJIHMM Ba)KJINBUM aCIIEKTOM Y
MIPOEKTYBAHHI TOPCIOHHHX
BaJsiB. B ymMoBax ekcruryarartii
JeTKOOPOHBOBAHOI ~ TEXHIKH
MOXYTh  BHHUKaTH  pi3HI
CUTyallil, Taki SK IOIITOBXH,
nepemkoa abo HeCHoiBaHi
BUOYXH, SKI CIPUYHHSIOTH
yIapHi ~ HaBaHTaXKEHHS  Ha
topcionni Banmu (Chovnyuk Ta
iH.,, 2022). Amnamiz Takmx
CIICHApIiB JI03BOJISIE
1HXKEeHepaM BpaxoByBaTh IIi
dakropu Oe3mneku Ta
IHTErpyBaTH iX Y KOHCTPYKIIIIO
Baly, 3abe3medyroun  HOro
HaIHWHICTH 1 JOBTOBIYHICTb.

Bapro HAaroJIOCHUTH, 110
KoeiIieHTH Oe3neKu
BU3HAYAIOTHCSI ~ HE  JIMIIE
TEOPETUYHO, aje U IIIIXOM
eKCTIEPIMEHTAIbHUX
JOCTIPKEHb Ta BHUIPOOYBaHb
MPOTOTHIIIB. BpaxyBanus
pealbHUX YMOB eKCIDTyarTarlii
Ta 3JaTHOCTI  KOHCTPYKIIl
BUTPHUMYBATH HECIO/IiBaH1
HABaHTAXCHHS € BAKIMBHUMU
i 3a0e3neueHHst Oe3neku Ta
HaJIIHOCTI Bally B peajbHOMY
CBITI.

Hocniguuku A. Koch Ta im.
(2023) 'y cBoiii  poboTi
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MOKa3ajau, 1[I0 BUSBJICHHS
npo0semM Oe3MeKu, OB’ I3aHUX
13 TOPCIOHHUMH OOKOBHMH
BaJlaMU B €JEKTPU(DIKOBAHUX
TPAHCHOPTHUX 3aco0ax,
BiJlirpa€ B@XJIMBY pOJIb Y
3a0e3reyeHdl  HamiHOI Ta
0e3meuHoi pPOOOTH CHUCTEMH.
Bokosi BaJiu B
eneKkTpudikoBaHUX

TPAHCIIOPTHUX 3ac00aX, TAKUX
SIK eJeKTpoMOoO1Ti abo
riopuaHi aBTOMOOLII,
HIIIAK0THCS 0CO0IMBUM
IUHAMIYHAM 1  TEIUIOBUM

HABaHTAXCHHSAM qyepes
B3a€EMOJIIIO 3
enekTpoaBuryHamu. Cucremu
BUSIBIICHHS npobnem
TOPCIOHHOTO  HaBaHTaXCHHS
OOKOBUX BAJIIB MOXYTb
BKJIIOYATH  JIaT4YUKH,  IIO
BUMIPIOIOTh TOPCIOHHI

napameTpu, Ta aJIroOpUTMHU
MOHITOPHHTY, $IKI aHaJi3ylOTh
111 JaH1 HA MPEIMET BIAXUJICHBb
Bi HOpPMajJbHOI  POOOTH.
CBo€yacHe BUSBIEHHS TaKUX
npobiaeM  J103BOJISIE  BYACHO

BXKUTU 3aXO0I1B 1A
3arnoo6iraHHs aBapisim 1
1 IBUILIEHHS Oesmnexu

MacaXupiB Ta TPAHCIIOPTHOI'O
3aco0y 3arajaom.

Po3poOka Ta BHpOBaJKEHHS
e(eKTUBHUX CUCTEM
BUSIBIICHHS TOPCIOHHUX
npobieM OOKOBUX BajiB B
eJeKTpu(IKOBaAaHUX
TPAaHCHOPTHUX  3acobax €
BaKITUBUM aCTIEKTOM
imKeHepHoi poboTH B Tramysi
€JIEKTPOMOOUIBHOCTI,
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CIpSIMOBAaHOI Ha TiIBUIICHHS
Oe3meKu Ta HaIIMHOCTI HOBUX
TEXHOJIOTIH.

VYpaxyBaHHs KOe(IIiEHTIB
OC3leKu TIpH TMPOEKTYBaHHI
TOPCIOHHHUX BaJIiB €
KPUTUYHUM €JIEMEHTOM JUIS
3a0e3leyeHdsT HaaiMHOCTI Ta
JIOBIOBIYHOCTI ~ KOHCTPYKIIi.
3actocyBaHHS  KOe(DIiIi€EHTIB
Oe3rneKn Ta peTeNbHUN aHami3
yIapHUX HaBaHTaKEHb
JIO3BOJISIFOTH  CTBOPIOBATH HE
JHIIE TEXHIYHO JIOCKOHAII
Baldd, a M Taki, IO 3[aTHIi
eEeKTUBHO  TpalfoBaTd B
peanbHUX yMOBax, 1e Oe3mneka
€ MIPIOPUTETOM.
Buxopucranns HOBITHIX
TEXHOJIOTI y MPOEKTYBaHHI
TOPCIOHHUX BaJliB: 1HHOBAII]
U1 €PEeKTUBHOCTI Ta SKOCTI

Y cyyacHOMY MPOMHCIOBOMY
CepEeIOBHIIII BUKOPHUCTAHHS
HOBITHIX TEXHOJIOT1H € KIIFOUeM
hi (e} JIOCSATHEHHS BHCOKOL
e(EeKTUBHOCTI, JOBTOBIYHOCTI
Ta SKOCTI mponmykmii. VY

KOHTEKCTI MIPOEKTYBAHHS
TOPCIOHHHX BaJliB
3aCTOCYBaHHS CY4YacHHX

MarepiajgiB 1 BUPOOHMYUX
TEXHOJIOT1M BiAirpae BaXXIIUBY
poib y  WIABHINEHHI  iX
eKCILTyaTaliiHuX
XapaKTEepPUCTUK 1
(YHKIIIOHAaJIbHOCTI.

[HHOBAIIHHUM  HAMpPSMOM €
BUKOPUCTaHHS nepeIoBUX
Marepiaiis, TaKuX K
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KOMOO3uTH abo CIulaBd 3

BHCOKHMH EKCILTyaTalliiHUMH
BnacTuBoCcTAIMU. KoMno3zuTHi

Marepian, SKi TOE€IHYIOTh

pi3Hi KOMITOHEHTH JUISL

JOCATHCHHA OIITUMAJIbHHUX
BHaCTI/IBOCTCI;'I, MOXYTb
BUKOPHUCTOBYBATUCH 1A

CTBOPEHHs  JIETHIMX,  ajie
MIIHIIINX TOPCIOHHHUX BAJIB.
BucokominHi cIrutaBu  311aTHI
BUTPUMYBATH BEJINKI
HaBaHTA)XECHHs, 3a0e3Meuyoun
BHUCOKY O€3MeKy Ta HaJiiHICTb

(Pavlikov Ta in., 2019).

CONCLUSIONS

The analysis and optimization
of torsion shafts in the context
of improving the strength and
durability of a light armoured
vehicle is an important step in
the develop- ment of vehicles
designed to operate in high-risk
envi- ronments. It is a key
aspect of the engineering
approach, as torsion shafts play
an 1important role in the
of
vehicles, providing torque
transmission and supporting

mechanical structure

loads during movement. The
analysis of tor- sion shafts
involves the study of their
geometry, material properties,
and operating conditions. This
process allows engineers to
identify potential problems,
such as stress or strain points,
that could lead to damage or
material ex- haustion of the
shaft. The detailed analysis is
also aimed at determining the

BUCHOBKUA

Amnanis i OIITUMI3allis
TOPCIOHHMX BajiB y KOHTEKCTI
HIIBUINEHHS  MIIHOCTI  Ta
JTIOBTOBIYHOCTI

JIETKOOPOHBOBAHOI TEXHIKH €
BaYUIMBHM €TarioM y po3pooiii
TPAHCHOPTHUX 3aco0iB,
MpU3HAYEHUX i1 poOOTH B

YMOBax IiIBUIIIEHOTO PHU3HKY.

Le KITIOUOBHH acIeKT
1HXKEHEPHOTO M1IXOY,
OCKUIBKM  TOPCIOHHI  Balld

BIJIIFPAIOTh BAXJIUBY pOJb Yy

CTPYKTYpi
3a0e3mnevyoun

MEXaHIYHI’
TEXHIKH,

nepegadyy KpyTHOTO MOMEHTY
Ta MIATPUMKY HaBaHTaXEHb
1 pyxy.  AmgHami3
TOPCIOHHHMX BajJiB BKIIIOYA€

111 gac

BUBYECHHS ix reoMeTpii,
BJIACTUBOCTEH Marepiany Ta

Ien

MpoIieC J03BOJIE 1HXKEHEpaMm

YMOB  eKCIUTyaTarii.

BUSIBUTHA [MOTEHIIIHI

npoOieMu, Taki SK TOUYKH
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optimal shaft design for
maximum

strength and efficiency.

The use of the Ilatest

technologies in the design of
tor- sion shafts is a key stage in
the development of transmis-
sion systems and mechanisms
for light armoured vehicles.

Innovations in this area are
aimed at improving the effi-
ciency, durability, and overall
quality of shafts to optimize
their performance in the high-
risk conditions and require-
ments of military operations.
Prototype testing of torsion
shafts is a critical step in their
development process to

ensure high efficiency and
durability. This process allows

engineers to evaluate the actual
performance of the shafts when
operating under conditions that
most closely repli- cate real-
world operating conditions.

Optimization of torsion shafts,
in turn, involves the use of
advanced engineering methods
such as topological

optimization or finite element
analysis. These methods

help reduce shaft weight while
maintaining  the  required
strength and stability. The use
of new materials such as
composites or high-strength
alloys can also make a signifi-
cant contribution to improving
the performance of torsion

shafts. This analysis and

HanpyxeHHs1 abo nedopmarii,
SAKI MOXYTb HpPHU3BECTH JIO
MOILKOJKEHHS abo
BUCHa)XGHHSI Marepiajiy Basa.
aHawi3

JeranbHuii TaKOXK

CHpSIMOBaHI/Iﬁ Ha BH3HAYCHHI

ONTUMAIIbHOT KOHCTPYKIIiT
Baja Ui 3a0e3MeYCHHS
MaKCUMaJIbHOI ~MIIIHOCTI  Ta
€(heKTUBHOCTI.

Buxopucranns HOBITHIX

TEXHOJIOTI y MPOEKTYBaHHI
TOPCIOHHHUX BaJIiB € KIIFOYOBUM

eTarnom y PO3BUTKY
TPAHCMICIHHMX  CHCTeM 1
MeXaHI3MiB JUISt
JIETKOOPOHBOBAHOI ~ TEXHIKH.
[nHoBamii B mill  ramysi

CIpsSIMOBaHI Ha TIiIBUIICHHS
€(EeKTUBHOCTI, JOBTOBIYHOCTI
Ta 3arajbHOI SIKOCT1 BaJIiB IS
ontumizamii  ix pobotm B
yMOBaX BHCOKOTO PH3UKY Ta
BUMOT BIMCHKOBUX OII€paIliid.
BumnpoOyBaHHs ~ HpPOTOTHUIIIB
TOPCIOHHHUX BaJiB €
KPUTHUYHHM €TarioM Mpolecy
iX po3poOKH, IO JO3BOJISIE
OLIIHUTHU (bakTuuHy
e(eKTUBHICTH BaJliB B yMOBaX,
Kl MaKCHUMaJIbHO HaOJIMKeH1

A0 pCaJIbHUX.

Onrtumizaris TOPCIOHHHUX
BaJliB, CBOEIO 4eproro,
nepeadayae BUKOPHCTaHHS
Cy4acHUX 1H)KEHEpHUX
METO/IB, TaKuX SIK

TOIOJIOTIYHA oITUMi3alst ado
METOJI CKIHYEHHUX E€JIEMEHTIB.
i

SMCHIIUTHU Bary BaJla IIpU

METOOHU JormoMararoTb
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optimization are important
steps in ensuring that armoured
vehicles are as strong and dura-
ble as possible, with a high

level of safety for their crews.

This helps to improve the
design and functionality of the
vehicles, ensuring they have
the optimum parameters for
optimal performance in the
causal environment.

When developing the next
generation of tactical vehicles,
the importance
protection and tor- sion shaft

of mine
optimization for improved
strength should be considered.
Changes in the suspension
design of gener- al-purpose
vehicles and all-wheel drive
are aimed at
the off-road

capability, but the limitation of

modifications
increasing

the artificially installed crew of
military vehicles arises when
driving  off-road due to
vibration.

This aspect, together with the
increase in maximum speeds,
defines 1mportant areas of
research and im- provement in
the development of transport
for combat operations.
Additional areas of research
include study- ing the
interaction of torsion shafts
with other elements of the
transmission system and the
impact of various operating
conditions, such as temperature
fluctuations or high humidity,
on their
addition,

performance. In

the interaction of

30epekeHH1 HeoOXiTHOT
MIHOCTI Ta CTaOLIBHOCTI.
Buxopucranus HOBUX
Marepiaiis, TaKUX K

KOMIO3UTH ab0 BUCOKOMILIHI
CIUIaBH, TAKOXK MOXE CYTTEBO
MOKPAIUTH  XapaKTEPHUCTUKH

TOpCIOHHMX  BajiB.  Takwii
agaiiz 1 omTUMisamia €
BOXJIMBUMM  €TalaMH IS

3a0€3MeUeHHsT MaKCHUMaJlbHOI
MIIHOCTI Ta JIOBILOBIYHOCTI
OpOHETEXHIKH 3  BHCOKHM
piBHEM Oe3meKu AJsl eKilmaxy.

e copuse BAOCKOHAJIEHHIO

KOHCTPYKIIiT Ta
(YHKIIIOHATBHOCTI  TEXHIKH,
3a0e3rmeuyour  ONTUMAJIbHI

napamerpu Ui eeKkTHBHOI
poOoTu B 60HOBUX YMOBAX.

[Ipu  po3poOii
MOKOJMIHHSI TAKTUYHUX MAIIUH

HACTYITHOTO

CJIiJ] BPAXOBYBAaTH BaXJIUBICTh

MPOTUMIHHOTO  3aXUCTy Ta
OINTUMI3AIli] TOPCIOHHUX BaJiB
UIS  TIABHMIEHHS  MIIHOCTI.
3MiHU B KOHCTPYKILIi MiZBICKH
YHIBEpCAIbHUX  MalIMH 1
Monudikarii 3

IPUBOIOM  CIPSIMOBaHI

IIOBHUM
Ha
MIIBUIEHHS MPOX1HOCTI,

OJHAaK BHHHKAE O0OMEKEHHS

TUTST eKiMaxy BIMCBLKOBOI
TEXHIKM  HOpU  pycl 1O
0e3I0PIKIKI0 Yepe3 BiOpallito.
Ileit  acmekt, paszom i3

301IBIICHHSIM MaKCHUMAaJIbHUX
IIBUIKOCTEH, BH3HA4ae
BaYJIMB1 HaNpPSMU JTOCIIIKEHb
1 BIOCKOHAJICHHS Yy po3po0iii
TpPaHCIOPTY 111 OOHOBUX Iiii.
JlomatkoBi HaNPSIMH

IOCIIKEHD BKJIIOYAIOTh
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torsion shafts with external
factors, such as impacts or
explosions, should be analysed
to develop technologies for
increased durability and safety
in ex- treme conditions.

BUBYEHHS B3aeMOIi1
TOPCIOHHUX BajiB 3 I1HIIUMHU
€IIEMEHTaMU  TPaHCMICIHHOT
CHCTEMH Ta BIUIMB PIi3HHX
YMOB €KCIUTyartailii, TakuxX sK

KOJIMBAaHHS Temreparypu ado

BHCOKAa BOJIOTICTh, Ha IXHIO
nponykTuBHicTh. Kpim TOTO,
CITI aHaT3yBaTH B3aEMOJIIIO
TOPCIOHHHX BaJiB 3
30BHIIIHIMU ¢bakTopamuy,
TaKUMU 5K yaapu abo BHOyXH,
JUISS  PO3POOKH  TEXHOJIOTIi
OiIBUINEHOT  MIIHOCTI  Ta
0e3neKkr B EKCTPEMaJIbHUX

yMOBaXx.
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