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This study investigates the finite-element and physical models
of railroad sleepers made of concrete with steel and composite pre-
stressed reinforcement.

Reinforced concrete sleepers withstand mechanical loads well
but have low electrical resistance, which contributes to traction cur-
rent losses, leakage currents and electrocorrosion of linear structures
on electrified railroads, as well as disruption of auto-lock. Since low
electrical resistance is due to the electrical conductivity of steel rein-
forcement, its replacement with composite makes it possible to solve
a number of problems in railroad operation. However, its use for
sleepers is complicated by the difference from steel reinforcement in
elasticity and remains insufficiently studied.

Sleeper models and a scheme for their testing have been devised,
which corresponds to the standard sleeper test. Calculation and full-
scale experiments with loading the models have been performed. It
has been established that as the models are loaded and the deforma-
tion moment increases, it evolves in three stages: crack formation;
their development to the formation of a plastic hinge; failure with
reinforcement slipping. In the model with composite reinforcement,
compared to steel reinforcement, the moments corresponding to these
stages are smaller by values that correlate with lower tension forces
and the modulus of elasticity of the reinforcement. The type of rein-
forcement affects all moments characterizing the strength and crack
resistance of the models less than the pre-tensioning forces.

The results from the calculated and full-scale experiments have
been compared. Correction factors were proposed for calculating the
moments of crack formation in sleepers. The results make it possible
to design sleepers with composite reinforcement of the required
crack resistance. Such sleepers could be implemented provided that
a positive result is obtained from their experimental operation on an
electrified section of the railroad.

Keywords: railroad sleeper, concrete, steel reinforcement, com-
posite reinforcement, pre-stress, crack.
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This paper presents the study of the mechanical performance of
finger jointed laminated timber beams, unreinforced and reinforced
with Carbon Fiber Reinforced Polymer, made from waste Merbau
wood as an alternative to conventional structural materials. The pres-
ent study focuses on the ultimate load capacity, modulus of elasticity,
modulus of rupture, and load-deflection behavior of laminated beams
with face butt and face finger joint orientations against solid beams.
Tests were conducted by the four-point bending method according
to ASTM D198-02. The results indicated that solid beams had the
highest load bearing capacity compared to finger-jointed laminated
beams. CFRP reinforcement increased the load capacity by 7.15% for
face butt orientation and 38.58% for face finger orientation. CFRP
reinforced face finger joints showed a significant increase in modulus
of elasticity (MOE) and modulus of rupture (MOR) compared to face
butt joints, indicating the effectiveness of CFRP reinforcement in
certain orientations. Load-deflection analysis shows that CFRP-rein-
forced beams exhibit better ductility than unreinforced beams, with
peak deflection increasing by 27.2% for face-butt and 26.0% for face-
finger. Results confirm that CFRP reinforcement can enhance finger-
jointed laminated beams; however, despite these improvements, the
reinforced laminated beams still do not reach the strength level of
solid beams, with the maximum load capacity and bending moment
being approximately 31% of the solid beam values. This study offers
insights into the development of robust, efficient, and sustainable
wood-based building materials. Furthermore, the findings indicate
that finger-jointed laminated wood, produced from waste cuttings
from the wood processing industry, possesses the potential to be
developed into structural building materials, thereby enhancing the
value of wood waste.

Keywords: laminated timber, finger joint, carbon fiber rein-
forced polymer (CFRP), modulus of elasticity (MOE), modulus of
rupture (MOR).
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This study investigates a capsule-type SGK 538/160-70M hy-
drogenerator with a rated power of 23 MVA. The task addressed
relates to crack initiation and failure of the damper winding in the
hydrogenerator in the presence of rotor static eccentricity.

A three-dimensional field-based mathematical model of the
electromagnetic-thermal-mechanical interaction has been con-
structed to evaluate the distributions of currents, temperatures,
and thermomechanical stresses in the damper winding segment
and in the brazed joints of rods.

It is shown that the occurrence and evolution of rotor static
eccentricity constitute one of the essential causes of catastrophic
damages and failures in hydrogenerators of this type. It has been
determined that, under rotor static eccentricity of ¢ = 0.83, the
local stresses in the joint of the central rod increase by a factor
of ~3.2 (up to = 540 MPa). This value exceeds the tensile strength

of copper and explains rod ruptures and avalanche-type failure of
the segment. In addition, it was established that the existence and
localization of cracks in brazed joints significantly affect the bend-
ing (deformation) behavior of the pole damper winding segment.

The results could be applied to estimate the service life and to
upgrade large slow-speed synchronous hydrogenerators (including
capsule types). Specifically, under the following conditions:

a) existing or expected eccentricities;

b) high thermal gradients in the end/short-circuiting parts of
the damper winding;

c) operation with frequent starts/stops or cooling modes close
to limiting values.

The effective engineering measures that have been proposed,
such as improving the mobility of rods in slots; revising the
number and diameters of rods; applying high-strength materials,
could be implemented in retrofitting projects and when repairing
the rotor.

Keywords: capsule hydrogenerator, rotor eccentricity, rods
damage, damper winding, thermomechanical stresses.
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This study’s object is the processes related to load acceptance
and redistribution within the frame of a railroad open wagon with
slings in the structure under operational loads. The task addressed
in the study is to reduce the loading on the open wagon frame dur-
ing operation by installing slings in its cantilever parts.

To substantiate this technological advancement, the strength
of an open wagon frame was calculated under the basic load
schemes in operation. The dynamic loads acting on the open
wagon frame were determined by mathematical modeling. The
strength calculations performed showed that the maximum stress-
es in the railroad open wagon frame occur under the first design
mode. However, these stresses are 6% lower than those that occur
in a typical frame structure.

In addition, within the framework of the study, the strength
of a railroad open wagon frame was calculated while transported
by railroad ferry. The calculation results showed that the strength
of the open wagon frame is ensured. The estimated stresses are 4%
lower than those in the typical structure of an open wagon frame.

A feature of the proposed technological advancement is that
its implementation is feasible at the stage of wagon modernization,
rather than only during the manufacture of new structures.

The area of practical use of the results is railroad transport.

A condition for the practical implementation of this study’s
results is to link the sling to the areas of arranging the front and
rear stops of auto couplers.

The results of the research will contribute to improving the
strength of the supporting structures in open wagons during
operation and reducing the costs of their maintenance. The find-
ings could also contribute to the design of freight wagons with
improved technical and economic indicators.

Keywords: railroad transport, railroad open wagon, open
wagon frame, frame improvement, frame strength, structural en-
ergy efficiency.
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This study’s object is the process of cargo movement along the heli-
cal surface of an oblique open helicoid under the action of its natural
weight. Such movement takes place in gravity chutes where the cargo
descends under the action of its natural weight. Gravity (screw) chutes
are used for transportation, separation, and enrichment of material.

For a given surface, the problem is solved by composing differ-
ential equations of motion of a mathematical point, which is condi-
tionally replaced by cargo, in projections onto the axis of the spatial
coordinate system. If the surface is helical, then after stabilization of
the motion, it is possible to find the parameters of the helical line -
the trajectory of cargo movement. The task implies solving the inverse
problem - constructing a helical surface along a given trajectory of
cargo descent, which is a helical line.

The results are attributed to the use of two accompanying trihedra
of the trajectory with a common vertex and tangent orts to the trajec-
tory, which coincide. One of them is a Frenet trihedron whose position
is determined by the differential characteristics of the curve, and the
second is a Darboux trihedron, the position of which depends on the
point of the trajectory on the surface. In addition to the two coincident
orts, the remaining four orts are located in the plane normal to the
trajectory. The use of these two orts makes it possible to compose dif-
ferential equations of motion of the load in projections onto a moving
Darboux trihedron, one of the planes of which is tangent to the surface.

A feature of the solution to the problem is that the trajectory of
the load, i.e., the helix, is given by radius r of the cylinder on which
it is located and velocity V of the load. Using these data, angle § of its
ascent is determined. For example, at r = 0.5m, V = 2.5 m/s, the angle
of elevation is 8 = 20.7°. Then, a helical linear surface is constructed
that passes through the given trajectory.

Keywords: Frenet and Darboux trihedra, arc length, applied
forces, differential equations, helix.
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The object of this study is the control of quadrotor. Unmanned
aerial vehicles currently in use often encounter various challenges and
limitations. When operating in environments affected by external dis-
turbances-particularly, when carrying suspended loads via cables, the
control problem becomes significantly more complex. As a result, the
quadrotor is unable to accurately follow the predefined flight trajectory.

Problem that was solved is the synthesis of a new controller
for the quadrotor with a cable-suspended load, ensuring that the
quadrotor accurately follows the predefined flight trajectory. The

proposed algorithm demonstrates a significant improvement over
existing methods by effectively suppressing the oscillation angle of
the suspended payload, treating the payload’s influence as an external
disturbance. Furthermore, it constrains the swing angle within an
acceptable range, thereby ensuring the stability and robustness of the
overall system during operation.

This study presents a novel control algorithm capable of guiding
the quadrotor precisely to the desired position, even under the condi-
tion of carrying a cable-suspended load in a varying environment. The
algorithm demonstrates a significant advantage, enabling the quadro-
tor to reach the desired trajectory within 2.6 seconds. The suspended
load exhibits only small oscillations, which gradually diminish as the
quadrotor transitions to a stable state. With its simple structure, high
stability, and fast convergence, this robust solution is essential for
unmanned aerial vehicles, significantly enhancing their operational
effectiveness under complex conditions.

A key strength of the proposed algorithm lies in its simple
structure. Furthermore, it demonstrates high convergence rates and
exceptional stability, crucial attributes for real-time applications. Its
design also ensures ease of practical implementation, making it a vi-
able solution for unmanned aerial vehicles.

The algorithm is developed based on modern control techniques,
combining a sliding mode controller with an extended state observer.
The SMC maintains system stability in the presence of disturbances
and uncertainties, while the ESO estimates unmeasured states and
aggregated disturbances affecting the system. This design ensures
accurate positioning of the quadrotor with a suspended load at the
desired location.

Keywords: sliding mode control, extended state observer, un-
manned aerial vehicle, trajectory.
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BU3HAYEHHSA OCOBJIMBOCTEM HAITPYKEHO-TE®POPMOBAHOI'O CTAHY IIIIIAJI I3 BETOHY 3
IIONEPEJHBO-HATIPYKEHOK KOMIIO3UTHOIO APMATYPOIO TA iX MOJEJIEM (c. 6-16)

A. A. ILtyrin, M. A. Mypwuris, [I. A. Iltyris, E. ®. Hampxados, C. M. Mycienko, O. B. JIo6s1kx

OG’eKT BOCITiKEHHS — CKiHYeHOoeleMeHTHi Ta (i3nuHi Mozesi 3a/1i3HUYHUX MIIasl i3 6eTOHY 3i CTaIeBOIO Ta KOMIIO3UTHOIO IOTIEPEIHBO
HAIpy>KEHOI0 apMaTyporo. 3a1i300eTOHH] MIaau fo6pe ONMUParoThCs MEXaHIYHUM HaBaHTa)KEHHSIM, ajleé MAalOTh HEBUCOKHI eJeKTPUIHHI
omip, 0 CIpUsie BTpaTaM TATOBOTO CTPyMY, CTPyMaM BUTOKY Ta €JIeKTPOKOPO3il JIiHIMHUX criopyf, Ha eeKTpU(iKoBaHUX 3ali3HULAX, 110-
PYILIEHHSIM aBTOOJIOKYyBaHHS. OCKiIbKY HEBHUCOKHI eJeKTPUYHHI OIip 06YMOBJIEHUH eJIeKTPOIIPOBIIHICTIO CTaJeBOi apMartypH, il 3aMmiHa
KOMIIO3UTHOIO I03BOJIsIE BUPIIINTH HU3KY ITPo06JIeM eKCIUTyarallii 3ayi3Hunb. Ase Ti BUKOPUCTAHHS I IIITAJl YCKJIAHIOETCS BifIMiHOIO
Bifl cTajieBoi apMaTypH 3a IPY)KHICTIO i 3aJIMIIAETHCS HEZOCTATHBO JOCTiKEHNUM. Po3po6eHO MojiesIi Inal Ta cxeMy iX BUIIPOOyBaHHS,
sIKa BiJITIOBi/jae CTaHJapTHOMY BHUITPOOYBAaHHIO IIMas. BUKOHAHO pO3pAaxyHKOBUI i HaTypHUII eKCIIEpUMEHTH 3 HaBaHTa)KEHHSIM Mojesieil.
BcraHoBJIeHO, 10 TI0 Mipi HaBaHTa)KeHHsS Mofesieil Ta 36LIbIIeHHs MOMEHTY /e OPMyBaHHSI PO3BUBAETHCS TPbOMa CTaJisIMH: YTBOPEHHS
TpilliuH; iX PO3BUTOK JI0 YTBOPEHHS ITACTUYHOTO IapHipy; pyHHYyBaHHA 3 IPOKOB3yBaHHSAM apMaTypu. Y MofiesIi 3 KOMIIO3UTHOIO apMaTyporo
TIOPiBHSAHO 3i CTaJIeBOI0 MOMEHTH, BifITIOBiZHI IIUM CTaZisiM, MEHIIi Ha BeJIMYMHH, 110 KOPEJIIOIOTh 3 MEHIINMU 3yCWLISAM HATATY i MOZy/IeM
TIpY>KHOCTi apMaTypu. Ha BCi MOMEHTH, 1110 XapaKTepH3yl0Th MillHIiCTh Ta TPIilIMHOCTiHKicTh MoZeel, BUJ, apMaTypy BILIMBAE MEHIIIE, HiX
3yCHJLIISL TIOTIEPeIHbOTO HATATY. [IOpiBHSAHO pe3y/IbTaTH PO3PaXyHKOBOTO Ta HATYPHOTO €KCIIEPHMMEHTIB. 3aIIpOIIOHOBAHI ITONPaBoYHi Koedi-
LIi€HTH /JIs1 PO3paxXyHKY MOMEHTIB yTBOPEHHs TPillluH B IInanax. OTpUMaHi pe3yJIbTaTi 03BOJISIIOT KOHCTPYIOBATH LITIaIHN 3 KOMIIO3UTHOIO
apMaTypoIo oTpi6HOI TpimuHoCTiHKoCTi. Taki Mmaarn MOXyTh OyTH BIIPOBa/KEeHi 32 yMOBH OTPUMAaHHSI ITIO3UTHUBHOTO Pe3y/IbTaTy iX JOCTif-
HOI eKCIITyaTanii Ha esleKTpr(iKoBaHil AUTAHIN 3asTi3HULI.

Korro4oBi cyioBa: 3a1i3HMYHA 11TT1asia, 6eTOH, CTajJeBa apMaTypa, KOMIIO3UTHA apMaTypa, MolepeJHe HallpyXKeHHs, Tpill[iHa.
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BU3HAYEHHS 3TTHAJIBHUX XAPAKTEPHUCTUK 3’€ THAHUX KJIEEHUX JEPEB’THUX BAJIOK,
APMOBAHUX ITOJIIMEPOM, APMOBAHWM BYIJIEIEBUM BOJIOKHOM (c. 17-27)

Lilis Nurhayati, Sri Murni Dewi, Wisnu Murti, Devi Nuralinah

V miif cTarTi MpeACTaBICHO AOCTiPKEHHS MEXaHIYHIUX XapaKTepUCTHK 3’€JHAHNX IIUIIAMH KJICEHHX JIePeB>STHUX 6aJloK, HeapMOBAHNX
Ta apMOBaHUX IOJIiIMEPOM, apMOBaHUM ByIJIEIleBUM BOJIOKHOM (ITABB), BUTOTOBJIEHHUX 3 BiIXOZiB IEpEBUHU Mep6ay, sIK aJIbTepHaTHBA Tpa-
IULIHUM KOHCTPYKIIIHUM MaTepiazaMm. [laHe JOCTiPKEHHS 30cepe/KeHO Ha TPAHNYHI BAHTaXKOIIZHIOMHOCTI, MOAY/Ii TIPYXKHOCTi, MOZAYJTL
PO3pHBY Ta IOBe/iHIli HABAHTA)KEHHSA-IIPOTMHY IIAPyBaTUX 0AJIOK 3 OPi€HTAI[i€}0 TOPLIEBOTO CTHKY Ta TOPILIEBOTO LIMIIOBOTO 3’€/IHAHHS BiJ-
HOCHO CyLIBHUX GaJIOK. BUIIpOGYyBaHHS NPOBOAMJIMCS METOOM YOTMPUTOYKOBOrO 3TMHAHHS BifmoBigHo 10 ASTM D198-02. Pesysnbratu
TIOKa3aJId, IO CYIIbHI GaJIKM MaIi HaiBUILy HeCydy 37aTHICTh TOPIiBHSHO 3 MIApyBaTHUMH OaTKaMH. ApMyBaHHS 3 BYIJIEIIEBOTO BOJIOKHA
36LIBLIMIIO BAHTAXKOMIANOMHICTb Ha 7,15% /11 OpieHTallii TOPLIEBOTO CTUKY Ta Ha 38,58% JyIs1 opieHTawil TopueBoro muiy. Topriesi mmmosi
3’eiHaHHs ITABB moka3zanu 3Ha4He 36i/IbIIeHH MOZY/IS IPY>KHOCTI Ta MOAY/ISL PO3PHBY ITOPiBHSAHO 3 TOPIIEBUMU CTUKOBUMHU 3’ €IHAHHSAMU,
110 CBi[MUTH PO e(peKTUBHICTh apMyBaHHS 3 BYIVICIIEBOI'O BOJIOKHA B TIEBHUX OPi€HTALisIX. AHAJI3 3a/Ie)KHOCTI HAaBaHTAXKEHHS Bifl IPOTHHY
rokasye, 1o ITABB 6ajiki IeMOHCTPYIOTh Kpallly IJIaCTUYHICTh, Hi’K HeapMOBaHi, IPUUOMY MiKOBUH MPOTUH 306iblIyeThcsl Ha 27,2% AN
6aJIoK, 3’€JHAHIX TOPIIEBUM CTHUKOM, i Ha 26,0% /7151 6aJI0K, 3’€ JHAHNX TOPIIEBUM CTHKOM. Pe3ysibTaTy miATBEpAXKYIOTb, 1[0 apMyBaHHS ByTJIe-
IJIACTIKOM MOYKe ITOKPAIIUTH MIIIHICTh IIapyBaTHX 6aJI0K, 3’€JHAHMX IIUIIaMH; O/{HAK, He3Ba)KAIOUH Ha Ii IOKPallleHHs, apMOBaHi IIapyBarti
6aJIKH Bee I1ie He ZOCATaI0Th PiBHS MII[HOCTI CYIIIBHUX 6AJI0K, IPUUOMY MaKCUMaIbHa BAHTAXKOIIJHOMHICTb i MOMEHT 3THHAHHS CTAHOBJISATD
pu6M3HO 31% Bij 3HAYeHb CYLITBHMX 6asIOK. e IOoCiKEeHHS IIPOIIOHYE PO3YMiHHS PO3pOOKYU MillHUX, e(heKTUBHUX Ta €KOJOTIYHUX Oyi-
BeJIbHUX MaTepiasliB Ha OCHOBI ZiepeBUHU. KpiM Toro, pesysbraTi AOCTi/pKeHHs MOKa3yIoTh, 110 IIapyBaTUil 3’efHAHUI JlepeBHUI MaTepiai,
BHUTOTOBJIEHU 3 BiZIXOZiB JIlepeBOOGPOGHOI IMPOMHUCIOBOCTI, Ma€e MOTEHIiAT I ITepepo6KM B KOHCTPYKIiiHI OyAiBeIbHI MaTepiaau, TUM
CaMUM IIiZIBULYIOYU LiHHICTb JJePEBHUX BiJIXO/iB.

KorrouoBi ciroBa: mapyBaTuii iepeBHUI MaTepias, 1iapyBaTe 3’€JHaHHs, I0JIiMep, apMOBAaHUM BYIVIEI]EeBUM BOJIOKHOM, MOZYJIb IIPYK-
HOCTi, MOJY/Ib PO3DUBY.
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BHUABJIEHHA MEXAHI3MIB IIPOITECIB ®OPMYBAHHS TPIIIUH I PYHYBAHHA TEMII®EPHOT
OBMOTKMH I'I/IPOTEHEPATOPA KAIICYJIBHOI'O THUILY ITP HAABHOCTI CTATUYHOI'O
EKCIOEHTPUCHUTETY POTOPA (c. 28-39)

0. A. T'epackim, 0. A. T'aiigeHko, B. B. Yymak, B. B. MuxaiiieHko, €. O. TporjeHKo

OG6’eKTOM JIOCJIi/KEHHS € Kalcy/IpHuUI rigporeHeparop Ty CI'K 538/160-70M moTyskHicTio 23 MBA. Bupimryerscs mpo6iema gopmy-
BaHHsA TPilUH i pyliHyBaHH: JleMII(pepHOI 0OMOTKHU rifjporeHepaTopa IMpU HasBHOCTi CTATUYHOT'O eKCIEHTPUCUTETY POTOPA.

Po3po6s1eHO TPUBHUMipHY TOJILOBY MaTeMaTUIHY MO/e/Ib €JIeKTPOMArHiTHO-TeTIO-MeXaHiTHOI B3aeMO/|l, 1[0 OLIiHIOE PO3IIOZLIN CTPYMIB,
TeMIIepaTyp i TepMOMeXaHIUHUX HAIIPy>KeHb Y CerMeHTi JieMIipepHoi 0OMOTKHM Ta B ITAHUX IIIBaX CTEPIXKHIB.




IToxa3aHo, 1110 MOsIBa i PO3BUTOK CTATUYHOIO €KCLEHTPUCUTETY POTOpa € OAHI€I0 i3 CyTTEBUX IPUYMH aBapiliHUX YHIKO/XKEHb i BUXOLY
3 JIaZly TifiporeHepaTopiB TaKOro TUITy. BU3HaueHo, 110 3a CTATUYHOI'O €KCLIEeHTPUCUTETY POTOpa BEJIUUYUHOK £=0,83 JIOKa/IbHI HaIIPy>KEHHS
y IIBi I[EHTPAJIBHOTO CTEP)KHSI 3POCTAIOTh Y ~3,2 pa3u (1o ~ 540 MIIa). Take 3HaYEeHHs IIepEBUIIye MEXy MIITHOCTI Mifi i mosicHI0oe 06pHBU
CTEPIKHIB Ta JIABUHOIO/i6HE pyiTHYBaHHS cerMeHTa. /[0JaTKOBO BCTAHOBJIEHO, 1110 HASIBHICTD i JIOKasTizallisl TPil[MH y MaifHUX LIBaX iCTOTHO
BILIMBAIOTh HA XapaKTep BUTHHY (JedopMariiro) cerMeHTa AgeMIiepHoi 0OMOTKH TIOJTOCA.

Pe3y/bTaT MOXKYTb OyTH BUKOPUCTaHI 151 OLiHIOBAaHHS Pecypcy Ta MOZepHi3allii BeJIMKMX MOBLIbHOXIZIHUX CHHXPOHHHUX IijporeHepaTo-
piB, y T. 4. KanCyJIbHUX. 30KpeMa, Iie Moxke OyTH 3po6sIeHO 3a HACTYITHUX YMOB:

a) HasIBHUX 200 O4iKyBaHUX €KCI|eHTPUCUTETIB;

6) BUCOKHX TEIUIOBUX I'PaJIiEHTIB y JI0600BHUX/KOPOTKO3aMUKAIOYHUX YACTUHAX ieMII)epHOI 0OMOTKH;

B) €KCILIyaTallii 3 YaCTUMU ITyCKaMH/3yITMHKaMH Y1 HaOJIMKEHNMH /10 TPAHMYHUX PEKUMaMH OXOJIO/PKEHHSI.

3anponoHoBaHO eeKTHUBHI iHXKeHEePHi 3aX0/lu: MiJIBUILEHHs PYXJIMBOCTi CTEPXKHIB y Ma3ax; Meperia/ KiJIbKOCTi Ta JliaMeTpiB CTep)KHiB;
3aCTOCYBaHHSI MaTepiajiB MiBUIIeHO] MiITHOCTI, sIKi MOXKYTh OyTH BIIPOBa/PKEHI B IIPOEKTAX MOJIEPHi3allil Ta I1iJ| yac peMOHTY poTopa.

KUrro4oBi c10Ba: Kancy/IbHUN Ti[poreHepaTop, eKCIIeHTPHUCUTET POTOPa, YIIKO/PKEHHS CTEpPIKHIB, ieMIiepHa 0OMOTKA, TepMOMEXaH{uHi
HAaTIPY>KeHHS.
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BUABJIEHHA MIITHOCTI PAMU HATIIBBATOHA I3 POTATKAMH B KOHCTPYKIIII /1A IIIABUIITEHHA
EHEPTOE®EKTHUBHOCTI MOI'0 EKCILIVATAIIII (c. 40-47)

A. O. JIoBcbKa, 1. I. CranoBCBKa, €. C. IleauneHko, I'. B. Bapcykosa, O. IO. FOpuenko

OG6’€KTOM JIOCJTiIPKEHHS € TIPOI[eCH CIPUMHATTS Ta IePepo3MNo/iTy HaBaHTAXKeHb B paMi HaIliBBaroHa i3 poraTkaMy B KOHCTPYKIIii Tpu
eKCILTyaTal[iiHUX HaBaHTaXeHHsIX. IIpo6iiema, 1110 BUpilllyBaach B paMKax JOCJIi/PKEHHs, II0JIsirae y 3MEHIIeHH] HaBaHTa)KeHOCTi paMu Ha-
MiBBaroHa B €KCIUIyaTallil HUIIXOM BCTAHOBJIEHHS Y 11 KOHCOJIBHUX YaCTMHAX POTaTOK.

JI1s1 OGT'PYHTYBAHHS JAHOTO Y/JOCKOHAJICHHS ITPOBEZIEHO PO3PaxyHOK Ha MIiI[HICTh paMH HalliBBaroHa IIpy OCHOBHUX CXeMaxX HaBaHTaXKEeHb
B eKCILIyaralil. BusHaueHHsl JUHAMIYHUX HABaHTAXKEHb, AKi [iI0Th HA pPaMy HaIliBBaroHa, IIPOBEJEHO MAaTEMATUYHUM MOJEII0BaHHAM. Pe-
3yJIBTaTH PO3PAXyHKIB Ha MII[HiCTh II0KA3aJIH, 1[0 MAKCUMaJIbHi HAIIPY>KeHHS B paMi BUHUKAIOTh ITpH I po3paxyHKOBOMY pexxuMi. OfHaK Ii
HaIpy)XeHHs Ha 6% HIDKUi 3a Ti, 1[0 MalOTh MiCIle B TUIIOBill KOHCTPYKIIil paMU.

TakoX B paMKax /IOCJIi/PKEHHs IIPOBEJIEHO PO3paxyHOK Ha MIIlHiCTh paMU HalliBBaroHa IpU IepeBe3eHH] 3aji3HUYHUM IT0poMoM. Bera-
HOBJICHO, III0 MiIlHICTh paMU HamliBBaroHa 3abesredyerbcs. OTpUMaHi PO3PaxXyHKOBI HaIpyXeHHS Ha 4% HIDKYe 3a Ti, 110 BUHUKAIOTDH Y
TUTIOBil KOHCTPYKIIii paMu HarmiBBaroHa.

Oco6IMBICTIO 3aITPOTTOHOBAHOTO YAOCKOHAJICHHS € Te, 1[0 OT0 peasri3alis € MOXKIMBOIO Ha CTafii MofiepHi3aliil BaroHis, a He TiJIbKU BH-
TOTOBJIEHHSI HOBUX KOHCTPYKIIil.

Ccbeporo MpaKTUIHOTO BUKOPHCTAHHS OTPUMAHUX PE3YJIbTATIB € 3aJIi3HUYHHUIN TPAHCIIOPT.

YMOBOIO IPAKTUYHOT'O BIIPOBA/KEHHS Pe3y/IbTaTiB JOC/IHKEHHS € CIIOJly4eHHs pOraTKU i3 30HaMU po3MillleHHs IlepeiHiX Ta 3aHiX yIio-
piB aBTO34YeIIiB.

PesysibTaTi MIPOBEIEHOrO JOCII/PKEHHS CIPUATUMYTh IOKPAIleHHI0 MIiIIHOCTI HeCy4MX KOHCTDYKIIii HaIliBBaroHiB B eKCILTyaTalii Ta
3MeHIIIeHHIO BUTPAT Ha iX yrpuMaHHs. Takox IIpoBesieHe JOCIiPKeHHsI CIIPUSITHME CTBOPEHHIO HAIIPaI[l0BaHb 11[0/I0 IPOEKTYBAHHS BaHTAXK-
HMX BaroHiB i3 MOKPALIEHUMHU TEXHIKO-eKOHOMIYHMMH ITOKa3HUKAMU.

KurrouoBi c1oBa: 3ay1i3HIYHUI TPAaHCIIOPT, HAIIIBBAaroH, paMa HalliBBaroHa, y[0OCKOHAJIEHHS paMH, MiIIHICTb paMH, eHeproe(eKTUBHICTh
KOHCTPYKIIii.

DOI: 10.15587/1729-4061.2025.340389
KOHCTPYIOBAHHSA I'PABITAIIITHOT'O CITYCKY 3A 3ATAHOIO TPAEKTOPIEIO PYXY BAHTAXY (c. 48-55)

T. M. Bouina, B. M. HecBigomis, C. ®. ITruinnaka, M. B. Kanenuk, B. O. ILtockuii, H. M. Aymesa, B. M. Ba6ka, O. O. HasoGiHa,
C. JI. Auapyx, O. M. ITaBJIeHKO

OG6’eKTOM JIOCJIi/IKEHHS € IIPOLieC PyXy BaHTAXKy 110 TBUHTOBII ITOBEPXHi KOCOTO BiZIKPUTOrO reJIiKoiza ITift /ii€o CYuin BJIacHOI Bary. Takuit
Pyx Mae Miclje B IpaBiTallilflHUX CITyCKaXx, /ie BAHTAX OIyCKA€ThCA TTifL [li€1o cruiy BiacHoI Bary. I'pasiTariiiii (rBUHTOBI) CITyCKU 3aCTOCOBYIOTh
JUIs. TPAaHCIOPTYBaHHS, ceraparii i 36aradeHHss Matepiasy. IIpy 3amaHiil MOBEepXHI 3a7iada po3B’sI3yeThCs CKIAJaHHAM AndepeHI[iabHIX
PiBHSIHb PyXy MaTe€MaTU4YHOI TOYKH, IKy YMOBHO 3aMiHIOIOTb BaHTaXXeM, B IPOEKIiAX Ha OCi IIPOCTOPOBOI CUCTEMU KOOPAUHAT. SIKILO I10-
BepXHsI TBUHTOBA, TO Iicjs cTabimizaril pyxy Mo)kHa 3HAHTH MapaMeTpy I'BUHTOBOI JIiHii — TpaekTopil pyxy BaHTaXy. [Ipo6ieMa mossirae B
po3B’si3aHHI 06epHeHo] 3a/ja4i — KOHCTPYIOBaHHI 'BUHTOBOI ITOBEPXHi 32 33JaHOI0 TPAEKTOPI€I0 OITyCKAHHS BAHTAXY, SIKOIO € 'BUHTOBA JIiHisI.

OTprMaHi pe3y/IbTaTH MOSCHIOIOTLCA 3aCTOCYBAaHHSM ABOX CYIIPOBIIHUX TPUI'PAHHUKIB TPAEKTODII i3 CITIJILHOIO BEPIIMHOIO i JOTUYHUMU
OpTaMHU JI0 TPAEKTODI, sTKi 36iratoTbcsi. OMH i3 HUX € TpUTpaHHUKOM DpeHe, ITOJI0KEHHST TKOTO BU3HAYAETHCS U (PepeHIiaTbHUMU XapaKTe-
PUCTUKAaMU KPUBOI, a JPyruil — TpurpaHHUKOM JJapOy, MOJI0KEHHS! SIKOTO 3aJIeKUTh BiJf TOUKM TpaeKTopii Ha moBepxHi. Kpim aBox opTiB, 1110
36iraloThCsl, peliTa YOTUPH OPTH PO3TAIIOBaHi B HOPMAaJIbHIl /10 TPaeKTOpil IJIOMIMHI. 3aCTOCYBaHHS IIUX IBOX OPTIB Zla€ MOXUIMBICTD CKJIACTH
nudepeHIiaTbHi pIBHAHHS PyXy BaHTaXy B IIPOEKIisIX HA PyXOMUil TpUrpaHHUK /lapOy, OfiHA i3 IJIOIIMH SIKOTO € JOTHMYHOIO /10 IIOBEPXHi.

Oco6MBICTIO PO3B’sI3aHHS 3a/adi € Te, 1110 TPAEKTOPisl pyXy BaHTa)Ky, TOOTO I'BUHTOBA JIiHis, 3a71a€ThCs pazilycoM r LIMIIHAPA, Ha SIKOMY
BOHA PO3TAIIOBAHA, i MBHU/KICTIO V pyXy BaHTaXy. 3a /JOMOMOTOI0 IIUX JaHUX BU3HAYAETHCS KyT (B i1 migiiomy. Hampurutaz, mpu r = 0,5 M,
V'=2,5M/c KyT nififioMy ctaHoBUTb 3 = 20,7°. Ilic/s 1poro BijGyBaeThCs 1100Yy/[0Ba TBUHTOBOI JIiHIlT4aTOl MOBEpPXHI, sIKa IIPOXOAUTH Yepe3
3a7laHy TPAEKTOPit0.

Kurrouosgi cioBa: TpurpanHuxy ®pene i [lap0y, ZOBKUHA AyTy, IPUKJIaJeHi CUIHN, AXdepeHIialbHi piBHSHHS, TBUHTOBA JIiHis.
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PO3POBKA IMITAIIIMTHOTMO/IEJII CUCTEMU«BOMOK-IHCTPYMEHT-OBPOBJIIOBAJILHE CEPE/JOBUIIE»
(c. 56-64)

B. M. Cixigenko, O. M. Cirigenko, O. B. 3amapaeBa, A. O. HoBukos, B. O. TkaueHKO

OG’EKTOM JIOCTI/PKEHHST € TIPOLIEC IMITY/IhCHOI B3a€EMOZIi eJIEMEHTIB yapHOTO MPUCTPOO0 Ta 06pobitoBaibHOrO cepegosuina (OC). Bu-
piuryBasack mmpo6seMa IoeHaHHS iMITal[ilfHOrO Ta MaTeMaTUYHOTO MOJIeJIOBaHHS ITporiecy. Po3pobiieHa imitariiiHa Mozesp yjapHUKa i3
3aCTOCYBaHHSIM CHCTEMHU ITporpaMyBaHHs Ansys. Y Mozysti Design Modeler mo6ysjoBaHi OCHOBHi eJIeMeHTH yapHUKa B FeOMeTpUYHii opmi,
HaOGIIKeHiH 10 muuTiHApuYHOI, Ta iMiTarop OC. CTereHi cBOGOAN eJIEMEHTIB, TX (hi3MyHi BJIACTUBOCTI Ta 30BHIIIHI (haKTOPH MPUUHSATI Bif-
TIOBi/{HO /IO KOHCTPYKTHBHOI CXeMU Ta PeXUMiB po6OTH yaapHuKa. OIjiHKa aJjleKBaTHOCTI iMiTaniiiHoi Mojesi ImpoBeJjeHa IOPiBHSHHSM 3
JIUCKPETHUMM Ta JUCKPETHO-KOHTUHYaTbHUMH MOAIeTAMU. PO3B’s130K cucTeMu AudepeHIiiaJbHIX PiBHAHD IPU TI0YaTKOBUX Ta KpailoBHX
yYMOBaX OTPUMaHO METOJOM CKiHYEHHUX pi3HULIb. IIOpiBHAHHA IIPOBOAUIIOCS 3a IlapaMeTPaMu yJapHOI B3a€EMOZII: yacy clliByzapy, KOJIMBaHb
KOHTaKTHOTO i y/JapHOTO TOpIiiB iHCTpyMeHTy. Posrisanucsa 60oiiku Ta iHCTpyMeHTU Pi3HUX PO3MipiB MpPHU IJIOCKUX KOHTAKTHUX TOPIIAX.
Yac criByfapy BU3HauaBCs 3a Pi3HUIIEIO MIBUJKOCTEH Ta IepeMilljeHb KOHTAKTHUX TOPIiB 60iiKa Ta iHCTpyMeHTY, BiH cTaHOBHUB 0,1-0,5 MC.
ITpu 1pOMy IIBUAKICTH GOKa 3MiHIOBaJach B Jiama3oHi 3-20 M/C. BUCOKOYACTOTHI KOJIMBAHHS TOPIB iHCTPyMEHTY CKJIQaId BeJIUYHHY
3000-6000 'y i BU3HAYAIHCh po3MipaMu 60iiKa Ta iHCTpyMeHTy. PO361)KHICTh TapaMeTpiB BiJHOCHO CHCTEMH ANSyS CTAHOBUTH He 6istbiie 10%.
ImiTarifina MoziesTb /103BOIMIA OLiHUTH TpaHc(hOpMallito eHeprii B cucreMi «60iiok-iHcTpyMeHT-OC». KoedirienT nepegaui eneprii go OC
Bifl iHCTpyMeHTYy cTaHOBUTb 0,55-0,65, Biff 6oiika 0 iHCTpymMeHTY —0,75-0,8. OTprMaHi pe3y/IbTaTi € 0CHOBOI BUKOPHCTaHHS iMiTallifiHoi Mo-
JieJTi J71s1 TIPOBe/IeHHsI YHC/IOBHX eKCIIEPUMEHTIB 3 eJleMeHTaMHU YZIaPHOTO IPUCTPOIO CKJIAZHOI TeOMeTpHYHOI hopMu. IMiTanifiHa Mojesb Ta
JIMCKPETHO-KOHTHUHYaJIbHI MOZIEeJi MOYKyThb 3aCTOCOBYBATHCS /IJIs1 BUOODY pallioHaJIbHUX ITapaMeTPiB ITPH NMPOEKTYBAHHI ylapPHUX IIPUCTPOIB.

KorrouoBi ciroBa: Ansys Mechanical, yzapuuii npuctpiit, gac crmiByzapy, izeHTudikaris Mozgesti, eHepreTUIHi XapaKTepUCTHUKU.
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CHUHTE3 KOHTPOJIEPA /11 KBAZIPOKOIITEPIB 3 IIIABIMMTEHNMUW KOPUCHNMU HABAHTAYKEHHAMUAU
(c. 65-71)

Nguyen Thi Dieu Linh, Nguyen Van Bang

OG6’€KTOM IHOT'0 IOCTiZPKEHHS € KepyBaHHS KBaZIpOKOIITepoM. be3misoTHi JiiTabHi arrapary, 1110 BUKOPUCTOBYIOTECS 3apa3, 4acTO CTHKA-
IOTHCS 3 PI3HUMU TPYJHOLIAMU Ta 00MeXeHHSIMHU. I1iJ] yac po60TH B cepeZoBUIIAX, L0 MiaI0ThCsl 30BHIIIHIM 30ypeHHM, 30KpeMa, ITif| Jac
TIepeHeceHHs MiBilIeHNX BaHTAXXiB Ha Tpocax, IMpo6IeMa KepyBaHHS CTa€ 3HAYHO CKJIAIHIION. B pe3ysbraTi KBa/[pOKONTEp He MOXKE TOYHO
CTiyBaTH 3aJaHiil TpaekTopii MOIBOTY.

Bupimena mpo6;ema mosisirae B CHHTE31 HOBOTO KOHTpoOJIepa Il KBaZIpOKOIITepa 3 BaHTAXKeM, IIi/[BIlIEHNMM Ha TpOCi, 1[0 3abe3meuye
TOYHE CJIi[yBaHHS KBaZpOKOIITepa 3a/laHiil TpaeKkTopii MOIbOTY. 3aIIPOIIOHOBAHU aJITOPUTM /IEMOHCTpPYE 3HAUHe ITOKPALeHHs TOPiBHSIHO 3
iCHYFOUMMU MeTOAAMU, e(peKTUBHO IIPUTHIUYI0OIM KyT KOJTMBaHb Ii/[BilIEHOr0 KOPUCHOTO BaHTaXXy, PO3IISA/Ial0ul BIIJIMB KOPHCHOTO BAaHTAXY
SIK 30BHIIIIHE 30ypeHHs. KpiM Toro, BiH 00Me)Xye KyT pO3roiiflyBaHHs B IPUITHATHOMY Zialla30Hi, TUM CaMHUM 3a6e3Iedy0qn CTabiIbHICTh Ta
HaJilHiCTb Beiel cucreMu mif yac po6oTH.

VY 1poMy ZOCIIi/PKEHHI ITpe/iCTaBIeHO HOBUM aTOPUTM KepyBaHHS, 3JaTHUM TOYHO HAIIPABJIATH KBAaJPOKOINTED Y MOTPiOHE MOI0XKEHHS,
HaBiTh 32 YMOBHU IIepeHeCeHHsI BAHTAXYy, IIi/IBillleHOro Ha TPOci, y 3MiHHOMY cepe/lOBUILi. AJITOPUTM JeMOHCTPY€e 3HAYHY IIepeBary, J03BOJIs-
F0YM KBa[POKOIITEPY JOCATTH 6aXkaHOI TpaeKTopil MpoTsarom 2,6 cexyHs. ITiBirmeHMii BaHTaX A€MOHCTpYE JIMIIIe HEBEJINKi KOJMBAaHHS, SIKi
TIOCTYTIOBO 3MEHIIYIOThCS, KOJIM KBa/[POKOIITEP MEPEeXOAUTh Y CTaGLIBHUI CTaH. 3aB/AKU CBOII IIPOCTill CTPYKTYPi, BUCOKIH cTabisbHOCTI Ta
LIBUAKIN KOHBepreH1iil, e HafiliHe pillleHHs € BXUIMBUM JJ1s1 6€3MIOTHUX JIiTAJIbHUX allapaTiB, 3HAYHO MiZBUIIYIOYH IXHIO eKCILTyaTaliliHy
e(eKTUBHICTh Y CKJIA/[HUX YMOBAX.

Ki11040B010 ITepeBaro0 3aIpoloHOBAHOI0 AJITOPUTMY € Horo Impocra cTpykTypa. Kpim Toro, BiH ieMOHCTpye BUCOKI TOKa3HUKU KOHBEP-
TeHIii Ta BUHATKOBY CTaGLIBbHICTB, 10 € BXIMBUMU aTPUOYTAMH JJIs 3aCTOCYBaHb Y PealbHOMY uaci. loro KoHCTpyKIjis Takox 3abe3mnedye
JIETKICTh IIPAKTUYHOTO BITPOBA/PKEHHS, 110 POOUTH MO0 KUTTE3AATHUM PillIeHHSIM /151 Ge3IIOTHUX JITATBHUX arapariB. AJITOPUTM pO3po-
6JIeHO Ha OCHOBi Cy4YaCHHMX METO/IiB KepyBaHHsI, [IOEAHYIOUN KOHTPOJIEP KOB3HOTO PEXXUMY 3 PO3LUIMPEHHM CIIocTepiradeM craHiB. KepyBaHHS
KOB3HUM PEXHMMOM IIATPUMYE CTaOlIbHICTD CHCTEMH 32 HasIBHOCTI 30ypeHb Ta HEBU3HAUYEHOCTeH, TOfi SIK PO3LIMPEHUI CIIoCTepirad CTaHiB
OIIiHIOE HEBUMIPSIHI CTAHM Ta CyKyITHi 30ypeHHS, 110 BIUTMBAIOTh Ha cucTeMy. Taka KOHCTPYKIlisl 3a6e3Ieuye TOYHe I03UIiOHyBaHHS KBa/Ipo-
KOIITepa 3 MiJBillIeHNM BaHTaXKeM y ITOTPi6HOMY MiCIiji.

KurrouoBi c1oBa: KepyBaHHS KOB3HUM PEXKHMMOM, PO3IINPEHMH CIIocTepirad CTaHiB, 6e3MiIOTHN JTiTa/IbHUI armapar, TpaeKTopis.





