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This paper reports a study into the dynamic loading and strength
of an improved carrying structure of the platform car. A special fea-
ture of the car is the presence of elastic elements in the main longitu-
dinal beams of the frame. This could improve the fatigue strength of
the carrying structure of the platform car under operational modes.

Mathematical modeling was carried out to determine the dy-
namic load on the carrying structure of the platform car. The
fluctuations of bouncing were taken into consideration. It has been
established that the vertical acceleration of the carrying structure of
the platform car without cargo is about 2.0 m/s? (0.2 g). In this case,
the vertical accelerations that act on the carrying structure of the
platform car are lower by 15 % as compared to the prototype wagon.

The main indicators of strength of the bearing structure of the
platform car have been determined. The calculation was carried
out using a method of finite elements employing the software suite
SolidWorks Simulation (France). When compiling the estimation
scheme, it was taken into consideration that the carrying structure
of the platform car was loaded with four containers the size of 1SS. In
this case, the maximum equivalent stresses occur in the region of in-
teraction between a pivot beam and spreads and are 254.0 MPa. That
warrants the strength of the carrying structure of the platform car.

The numerical values of acceleration of the carrying structure of
the platform car have been determined, as well as the fields of their
location, by applying computer simulation.

The fatigue strength and oscillation eigenfrequencies in the
carrying structure of the platform car have been investigated; their
designed service time has been estimated.

The reported research would contribute to building innovative
structures of platform cars, as well as to improving the efficiency of
combined transportation.

Keywords: platform car, carrying structure, dynamic load, struc-
tural strength, fatigue strength, transport mechanics, rail transport.
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An important role in the market of transport services belongs to
container transportation. Railroads, especially under the conditions
of increased competition from road transport, must respond quickly
to the needs of the market and the growing demand for container
transportation, including interstate traffic. Demand for container

transportation can vary significantly during the year, which testifies
to the expediency of introducing removable equipment on universal
railroad freight cars that are involved in the deliveries of containers.
This paper reports the design of a removable frame structure for a
universal platform that could carry two 20-ft or one 40-ft container.
The proposed technical solution does not require changes in the
structure of the car and changes in its model; with a decrease in the
demand for container transportation, it would allow this car to be
used for its main purpose.

According to the current methodology, the efforts that oper-
ate on the frame during the transportation of containers have been
determined. The strength of the proposed structure was estimated
by a finite-element method. The maximum stresses arising in the
proposed structure are 164.4 MPa; they occur in the corners of the
stops attached to the stand-up staples of the platform. The result-
ing stress values do not exceed the allowable ones. The results of
calculating the removable equipment indicate its sufficient strength.
Requirements for placing cargo on the rolling stock assume a manda-
tory check to fit the dimensions, which confirmed that the container
hosted by the frame does fit them. The proposed structure makes it
possible to abandon disposable fastening parts, improve the safety of
container transportation, and increase competitiveness in the con-
tainer transportation market.

Keywords: universal platform, container transportation, remov-
able equipment, strength, finite-element method.
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This paper proposes a method to experimentally study the
stressed state of the metallic structure of an overhead crane when
using running wheels of different designs. The study employed a
functioning electric, supporting, double-girder overhead crane with
a capacity of 5 tons and a run of 22.5 m. Strain gauges assembled in
a semi-bridge circuit and connected to the analog-digital converter
Zetlab210 (Russia) were used to determine the girder deformations
at the time of hoisting and moving cargoes of different masses. The
cargo was lifted and displaced under the same conditions, on the
regular wheels of a cargo trolley and the wheels with an elastic rub-
ber insert. The girder deformation diagrams were constructed. The
subsequent recalculation produced the stressed state’s dependences
at each point of cargo movement when using both regular wheels
and the wheels with an elastic rubber insert. Also established were
the dependences and the duration of oscillations that occur over
the cycle of cargo lifting and moving. The experimental study cycle
included cargo lifting in the far-left position by a trolley, moving the
cargo to the far-right position, and returning the trolley with the
cargo to its original position.

It should be noted that the application of a new, modernized
design of the running wheels of a cargo trolley with an elastic rubber
insert effectively dampen the oscillations in the metallic structure
of the crane.

The experimental study’s results helped establish an 18 % re-
duction in stresses in the girder of the overhead crane, as well as
a decrease in peak vibrations, by 20 seconds, at the same cycles of
cargo hoisting and moving. In addition, using wheels with an elastic
rubber insert reduces the period of oscillation damping at the end of
the cycle of cargo movement, by at least 30 %.

Keywords: strain-gauge testing, stresses, running wheel, elastic
insert, overhead crane, cargo trolley.
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This paper reports the dependences that have been derived to
determine the effective width of a free flange in a dangerous cross-
section of the wide-flange hull girder with the breaking of the wall/
edges/axis at elastic-plastic deformation depending on the applied
load for a perfectly plastic material without strengthening. Cur-
rently, there are no systematic dependences to determine the effec-
tive width of the free flange of girders of this type, except for certain
cases. The technique is suitable for use for both purely elastic and
elastic-plastic deformation. To calculate the stressed-strained state
(SSS), a finite-element method (FEM) was used to solve the three-
dimensional problem from the elasticity and plasticity theory. It has
been shown that the node is exposed to simple loading. The reported
results were derived within the framework of the deformation theory
of plasticity. The largest ratio of external load to the boundary of
fluidity is 0.9. The estimation scheme takes into consideration the
most unfavorable working conditions of the examined node when
the safest data are acquired. The dependences were built for the
theoretical coefficient of concentration in a dangerous cross-section,
which is used in the proposed procedure to determine the moment
of transition from the elastic stage of deformation to elastic-plastic.
When determining the effective width, the complex work of the
flange and its deplanation was taken into consideration by defining
the SSS components in the median plane. The feasibility of the idea
of designing the SSS components on the inclined plane of a free
flange has been proven. In this case, there is practically a (quasi)
flat stressed state, suitable for the application of classical methods to

determine the effective width. The proposed technique simplifies the
calculations of the strength of the examined girder.

Keywords: elastic-plastic effective width, girder with an axis/
edge/wall breaking, I-girder, concentration factor.
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Reduction of the complexity of production of articles from
composite materials is largely ensured by the use of reinforcing semi-
finished products in which fibers pre-form a framework. Among all
the variety of reinforcing systems, woven sleeves (preforms) occupy
a special place. The high degree of deformability in a nonimpregnated
condition makes it possible to lay this reinforcement on any surface
without folds and cuts that provide preservation of strand continu-
ity. This advantage of woven sleeves is accompanied by a change in
local reinforcement angles and, consequently, the variable nature of
physical and mechanical characteristics of the curved part surface. A
method for calculating physical and mechanical characteristics of the
composite based on preforms at any point of the part depending on
the pattern of laying strands on a curved surface has been developed.
The possibility of application of the rod model of the composite to
describe physical and mechanical characteristics of the composite
material with a woven reinforcement was analyzed. The model es-
sence consists in that the composite is modeled by a diamond-shaped
rod system. The rhombus sides serve as fibers and the diagonals as
the binder. To verify the theoretical results and substantiate practical
recommendations, a series of experimental studies were performed
based on the formation of material specimens from two types of
woven sleeves with different reinforcement angles. The experimental
study program included tensile, bending, and compression tests. A
fairly good convergence of theoretical and experimental data was
obtained. For example, a square of the correlation coefficient was
not less than 0.95 for the modulus of elasticity, not less than 0.8 for
the Poisson’s ratio, and not less than 0.9 for tensile and compressive
strengths. This is the rationale for using the rod model to describe
the considered class of composites. The use of the developed proce-
dure will make it possible to increase the perfection of the considered
class of designs and obtain rational parameters of the process of their
manufacture.

Keywords: sleeve, premix, reinforcement angle, rod model, fi-
bers, binder, test, stretching, bending, compression.
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Results of theoretical studies of dynamics of the machine-tractor

assembly taking into account the influence of a bearing surface pro-

file were presented. It was established that in the course of operation,

the machine-tractor assembly is exposed to a number of external

factors leading to a change of vertical loads on the chassis and the

engine. Mathematical models of dynamics of a tractor and a machine

and a tractor unit consisting of a tractor of pivotally connected ar-

rangement and a trailed sower were constructed. Such models make

it possible to study dynamics and oscillatory processes of multi-



element units. A mathematical model of tractor wheel dynamics was
formed. Speeds and angles of orientation of elements of the machine-

tractor assembly in space were determined. Influence of profile of
the bearing surface on the unit elements when moving in the field
prepared for sowing and the field after plowing was calculated.
Theoretical studies of the influence of the bearing surface profile on
dynamics of the machine-tractor assembly were performed on the
example of KhTZ-242K tractor and Vega-8 Profi sower (Ukraine).
When moving, the sower frame has a smaller amplitude of vibration
accelerations than that of the tractor. Accordingly, the tractor has
higher oscillation energy because it rests on the ground through
its wheels having appropriate stiffness. The sower moves with its
working bodies immersed into the soil which leads to a decrease in
the amplitude of oscillations. The highest energy of amplitude of
oscillation accelerations of the sower frame in the vertical direction
was observed at frequencies of 15.9; 23.44; 35.3 and 42.87 Hz. It
was found that the increase in working speeds of agricultural units
leads to the fact that oscillations of all components reach significant
values. This entails an increase in dynamic loads on soil and, as a
consequence, its compaction.

Keywords: machine-tractor assembly, oscillations of frame ele-
ments, mathematical model of the wheel, profile of bearing surface,
amplitude of vibration accelerations, spectral density of profile height.
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This paper has proposed a program analysis method over the
current state of the workspace of an anthropomorphic manipula-
tor using the Mathcad software application package (USA). The
analysis of the manipulator workspace helped solve the following
sub-tasks: to calculate the limits of the grip reach, to determine the
presence of “dead zones” within the manipulator workspace, to build
the boundaries of the manipulator workspace. A kinematic scheme
of the manipulator typically provides for at least five degrees of mo-
bility, which is why in the three-dimensional Cartesian coordinate
system the work zone boundaries represent the surfaces of a complex
geometric shape. The author-devised method makes it possible to
construct the projections of the boundaries of the manipulator’s
work zone onto the coordinate planes in the frame of reference as-
sociated with the base of the robot.

Using Mathcad’s built-in features makes it possible to effectively
solve the above sub-tasks without wasting time developing special-



ized software. The Mathcad software application package provides
for the possibility of a symbolic solution to the first problem of the
kinematics of an industrial robot, that is, the program generates
analytical dependences of the coordinates for special point P (pole)
of the grip on the trigonometrical functions of the generalized coor-
dinates. The resulting analytical dependences are used for kinematic
and dynamic analysis of the manipulator.

Special features in constructing mathematical models when us-
ing the Mathcad software application package have been revealed.
Simulating the manipulator movement taking into consideration
constraints for kinematic pairs, the drives’ power, as well as friction
factors, makes it possible to optimize the parameters of the manipula-
tor kinematic scheme.

An example of the analysis of the working space of an anthropo-
morphic manipulator with five degrees of mobility has been considered.

The reported results could be used during the design, implemen-
tation, modernization, and operation of manipulators.

Keywords: kinematic scheme, grab pole, coordinate conversion,
workspace, reach limits.
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BU3HAYEHHS HABAHTAKEHOCTI JIOBTOBA3HOI KOHCTPYKIIII BATOHA-TUIATOOPMH 3 IIPY ;KHUMHA
EJIEMEHTAMM B II0B31OBJKHIX BAJIKAX (c. 6-13)

C. B. ITanuenko, O. B. @owmin, I'. JI. Batyxs, O. B. Ycrenko, A. O. JloBcbka

TIpoBeeHO AOCTIKEHHS IMHAMIYHOT HABAHTAKEHOCTI Ta MIITHOCTI YI0OCKOHATIEHOI HeCydoi KOHCTPYKIIl BaroHa-miatdopmu. Ocobm-
BICTIO BaroHa € HasiBHICTh B OCHOBHIX TOB3/IOB/KHIX OaKaX paMi MPY:KHUX eleMeHTiB. Lle 103BOMUTD MABUIINTYA BTOMHY MiI[HICTD HECYYOl
KOHCTPYKIIii BaroHa-11aT)opMu 1py eKCIIyaTaliiiHuX PeKNMax.

Jl1s Bu3HaueHns AMHAMIYHOI HaBaHTAKEHOCTI Hecydoi KOHCTPYKIii BaroHa-TiaT(opMu MpoBe/ieH0 MaTeMaTHyHe MojenioBanis. 1o
yBaru NpUITHATI KOJMBAHHSA I1iICKaKyBaHHA. BCTaHOBIIEHO, 1110 BepTHKAIbHE IIPUCKOPEHHS HeCy4ol KOHCTPYKILii BaroHa-1aart(opMu y 11o-
POKHBOMY cTaHi ckanae 6m3bko 2,0 M/c? (0,2 g). Ilpn boMy BepTHKaTbHi TTPHCKOPEHHS, AKi Aif0Th Ha Hecydy KOHCTPYKIIIO BarOHa-TIaT-
opmu, Hyk4i Ha 15 % y TOPIBHSIHHI 3 BATOHOM-TIPOTOTUIIOM.

BusHaueHO OCHOBHI IMOKa3HUKM MIITHOCTi HeCcy4oi KOHCTPYKIlil BaroHa-1aTdopmu. Po3paxyHoK IpoBe/ieHMiT 32 METO/IOM CKiHYEHHUX
eneMeHTiB B niporpamuomy komrrekci SolidWorks Simulation (@pawniis). Tlpu ckiaganii po3paxyHKOBOI CXeMH BPaxoBaHO, 1O HeCyda
KOHCTPYKIIisi BaroHa-1maart@opmMy 3aBaHTa)keHa yotupma KoHrteitnepamu tunopoamipy 1CC. MakcuMmaiibHi €KBiBaJI€HTHI HAPYKEHHS IIPU
[bOMY BUHHUKAIOTD Y 30Hi B3a€MO/III MIBOPHEBOT GATKHU 3 PO3KOCaMu Ta cKIafaioth 254,0 MITa. To6To MilHicTh Hecy4oi KOHCTPYKILi BaroHa-
rarhopMu 3a6e3MedyeThest.

BusnaueHno uncesbHi 3HAYEHHS IPUCKOPEHb HECYUYOi KOHCTPYKILI BaroHa-1s1atopMu Ta 1oJist X AMCIIOKAIlii IIISIXOM KOMIT I0TEPHOTO
MOJIETIOBAHHS.

JlocutizzkeHO BTOMHY MII[HICTB Ta BJIACHI YACTOTH KOJIMBAaHb HECY4YOI KOHCTPYKILI BaroHa-1aT(opmu, a TakoX po3paxoBaHO MPOEKTHHI
CTPOK ii CITysKOM.

IIpoBezeni 1ocmiKeHHST CIIPUATUMYTH CTBOPEHHIO iIHHOBAITITHIX KOHCTPYKITiIT BaroHiB-1u1aTdhopM, a TAKOXK MiBUIIEHHIO e(eKTUBHOCTI
eKCIUIyaTallii KOMOIHOBAHKX TIePEBE3EHb.

KmouoBi cioBa: Baron-mimatdopma, Hecydya KOHCTPYKILS, TUHAMIYHA HABAHTAKEHICTh, MIIIHICTh KOHCTPYKILii, BTOMHA MiI[HICTh, TPaH-
CIIOPTHA MeXaHiKa, 3a/1i3HUYHUI TPAHCIOPT.
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BU3HAYEHHS MO’KJIMBOCTI BUKOPUCTAHHSI 3HIMHOT'O OBJIAJTHAHHS /111 IEPEBE3EHHST
BEJIMKOTOHHAKHUX KOHTEIHEPIB JIOB;KAHOIO 20 TA 40 ®YTIB HA YHIBEPCAJIbHII1
ILIAT®OPMI (c. 14-21)

B. IO. Illanomnuk, O. A. Illukynos, O. I'. Peiinemeiicrep, JI. A. Mypaasu, O. O. Iloranenko

Baxkjuse Micile Ha PUHKY TPaHCIIOPTHHUX TOCAYT 3aiiMalOTh KOHTEHEpHI INepeBeseHHs. 3aJisHUYHUI TpaHCHopT, 0coOJUBO B
YMOBax 3pOCTar0¥0i KOHKYPeHIIil 3 60Ky aBTOMOGIJTBHOTO TPAaHCIOPTY, MOBUHEH ITBM/IKO PearyBaTh Ha MOTPeOM PUHKY Ta 3POCTAIOUMIA
MOTUT HAa KOHTEHePHi NepeBe3eH s, B TOMY YKCJi, 1 B MiXKZep:KaBHOMY crioydyedHi. [lonut Ha KouTeiiHepHi mepeBe3eHHs MPOTITroM
POKY MO’Ke 3HAYHO 3MIHIOBATUCS, [0 CBIIYUTH PO AOUITbHICTh BIPOBA/UKEHHS] 3HIMHOTO O0JIaJIHAHHS HA YHIBEPCAJIbHUX BATOHAX SIKi
3aJ1y4aioThCs JI0 TepeBe3eH s KoHTelHepiB. Po3pobiieHa KOHCTPYKIlis 3HIMHOI paMu Uil YHiBepcasbHOI MIaThOpMU siKa J03BOJUTh
nepesosutu aBa 20-dyTosi abo oaun 40-pyToBuil KoHTeiiHep. 3anpornoHoBaHe TeXHIYHE PillleHHs He TOTpeOye BHECEHHsT 3MiH B KOH-
CTPYKIIIIO BaroHa Ta 3MiHN HOTO MoOjieJii, a PN 3MECHIIEHHI TTONMNTY HAa KOHTEHHEPHI MepeBe3eHHs JT03BOJIUTh BUKOPUCTOBYBATH Iei
BaroH 3a HOT0 OCHOBHUM IIPU3HAYEHHSIM.

3TiiHO 3 109010 METOAMKOI0, BUBHAYEHI 3yCUJLIIS, SKi AII0Th HA paMy IIPU IlepeBe3eHHI KOHTeiHepiB. 3aporoHOBaHa KOHCTPYKILis
GyJsta po3paxoBaHa Ha MII[HICTb METOJIOM CKiHUYEHHUX eJeMeHTiB. MakcuMaabHi HAMPY/KEHHs, 0 BUHUKAIOTH B 3alIPOMOHOBAHIN KOH-
cTpyKIii, ctanoBaaTh 164,4 MIla Ta BUHMKAIOTh B KyTax YHOPIB, sKi KPilIAThCs 3a cTOAKOBI ckobu maatdopmu. OTpumani 3Ha4eHHA
HATPYIKEHb HE TIEPEBUINYIOTH JONMYCTUMHX. Pe3yjbraTi po3paxyHKiB 3HIMHOTO 00JIaiHaHHS CBifYaTh PO HOTO HOCTATHIO MII[HICTh.
BuMoru 10 po3MillleHHsT BAHTAXKY Ha PYXOMOMY CKJIajli mepeadadaoTs 0008’ I3K0BY T€PEBIPKY BIMCYBAHHS ¥ rabapuT, sSIKa MiITBeP/IIIa,
10 KOHTEHHep, po3MillleHnil Ha paMi, 3HAXOAUTHCS B rabapuTi. 3anponOHOBaHA KOHCTPYKIIisS I03BOJISIE BI/IMOBUTHUCS BiJl OHOPA30BUX
PEKBI3UTIB KPiTJIEHHs, MABUIIUTH Oe31eKy MepeBe3eH st KOHTeiTHepiB Ta crnpusie 30iIbIIeH 0 KOHKYPEeHTlii Ha PUHKY KOHTEHEepHUX
1epeBe3eHb.

Kiouosi cioBa: yHiBepcaibHa matgopma, KOHTEHHEPHI epeBe3eHHst, 3HIMHe 00JIaIHaHHsI, MiIlHICTh, METO/[ CKIHYEHHUX €JIEMEHTIB.
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BU3HAYEHHS HAIIPYKEHb B METAJIOKOHCTPYKIIIi MOCTOBOTO KPAHA ITPY BUKOPUCTAHHI
XOJIOBUX KOJIIC HOBOI KOHCTPYKIIIT (c. 22-31)

H. M. ®iaposcopka, €. JI. Caeny:kuikos, I. C. Bapuenko, C. B. Tap6ys, C. M. IlleBuenxo, M. A. Yupkina, B. B. Hecrepenko

3alpOIOHOBAHO METOJ EKCIEPHMEHTANbHOIO JOCIIPKCHHS HAIIPY)KEHOIO CTAaHy METaJOKOHCTPYKIII MOCTOBOrO KpaHy IIPU BU-
KOPHCTaHHI XOMXOBUX KOJic pi3HOI KOHCTPYKIii. [OCTiIIKEHHST TPOBOAMIOCH HA AIIOYOMY €JIEKTPHUIHOMY, OTIOPHOMY, ABOOATKOBOMY



MOCTOBOMY KPaHi BaHTaKOTIHOMHICTIO 5 T, Ta IPOroHOM 22,5 M. 3a I0TIOMOr0I0 TeH30PE3UCTOPIB, 3i6PaHKX B HAMIBMOCTOBY CXEMY Ta
MAKITI0YEeHNX /10 aHagoro-iudposoro nepersopiosada Zetlab210 (Pocist), 6y Busnaveni gedopmaitii rooBHOT 6K B MOMEHT T1i/I-
ifoMy Ta mepemimerns BanTaxy pisnoi Macu. ITiziioM Ta nepeminienns: BaHTaxy, 0yJI0 IPOBEACHO MPU OJHAKOBUX YMOBAX Ha INTaTHUX
KOJIecaX BAaHTaKHOTO Bi3Ka Ta Ha KOJIECAX 3 €JTaCTUYHOIO TYMOBOIO BCTaBKOI0. Bysu orpnmani rpadikn gedopmarii rososuoi 6ankn. B
M10/IAJTBIIOMY ITePepaxyHKy OTPUMAaHI 3aJIe)KHOCT] HAIPY’KEHOTO CTaHy B KO)KHOMY MOMEHTI IlepeMillleHHs BAaHTaKy [IPY BUKOPUCTAHI K
HITATHUX KOJIC TaK i KOJIIC 3 €JIACTHYHOIO TYMOBOIO BCTaBKOIO. Takos OyJin BUSIBJIEH] 3aJ€KHOCTI Ta TPUBAJIOCTI KOJUBAHb, SIKi BUHM-
KaloTh B MPOJIOBXK IUKJIY TiHiOMY Ta mepeMimenHs BanTaxy. LIk ekcriepnMeHTalrbHOTO JOCTI/IKeHHS CKIa/aBCs 3 MiAIOMY BaHTaXy
B KpallHbOMY JIiBOMY IOJIOKEHHI BaHTa)KHUM Bi3KOM, IlepeMillleHHI BaHTaXXy B KpailHE IpaBe I0JI0KEHHS Ta IOBEPHEHHS BAaHTAKHOTO
Bi3Ka 3 BaHTa’KEM B TIOYATKOBE MOJOKCHHS.

OcobJIMBO CJTi/T BiZIBHAYKTH, 110 3aCTOCYBAHHSA HOBOI, MOAEPHIZ0BAHOI KOHCTPYKILT XOA0BUX KOJIC BAHTasKHOTO Bi3Ka 3 €JaCTHYHOIO I'y-
MOBOIO BCTaBKOIO €(heKTUBHO TacsTh KOJMBAHHS B METAJIOKOHCTPYKILi KpaHa.

3a miIcyMKaMi eKCIiepUMEHTATBHUX JOCITIKEHb OYII0 BHSIBJIEHO 3MEHIIEHHs HAMPY/KeHb B TOJOBHIi Gastiti MocToBOTO Kpany Ha 18 %
Ta 3MEHIIECHHS THIKOBUX Bibpariii Ha 20 cekyH/I IIPK OHAKOBUX IMKJIaX MiAHOMY Ta nepeMinieHns BanTtaxy. TAKOK 1pyu BUKOPUCTAHHI KOJIC 3
€JIACTUYHOIO TYMOBOIO BCTABKOIO 3MEHIITYETHCST TIEPIO/] 3TaCAaHHSI KOJIMBAHb 3aKiHUEHHST IIUKJTY TIEPEMITIeHHsT BaHTaxy mioHaiimentne Ha 30 %.

KomioyoBi cioBa: TeH30MeTpis, HAPYKeHH:, KOJIeCO X0/I0Be, eJaCTUYHA BCTaBKa, MOCTOBHIT KPaH, BAaHTKHUIT Bi30K.
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BU3HAYEHHS ITPY KHO-TIVIACTUYHOI EOEKTUBHOI IIMPUHU BIJIbHOTO ®JIAHITIO CY/THOBOI
BAJIKH 31 3JIAMOM CTIHKH (c. 32-40)

B. M. Coxkos, JI. I. Kopoctuinsos

P03p06eH0 3ame5KHOCTI T BU3HAYeHHs e(heKTUBHOI IMMPUHU BiTbHOTO (hJIaHIIO B HEGE3METHOMY Iepepisi IMPOKOOJIoi Cy THOBOT
GasIKu 31 3J1aMOM CTIHKH/KPOMOK,/OCI TIPH MPY/KHO-TIACTUIHOMY Ae(hOPMYBAHHI B 3a/1€KHOCTI Bijl IPUKIAJEHOTO HaBAHTAKEHHST ISt
ileabHO-TIACTUYHOTO MaTepiany 6e3 3minHenHs. Hapasi He iCHY€e cMCTEeMaTHUHUX 3aJI€KHOCTEl /1T BUSHAYEHHS e(peKTUBHOT IMUPUHU
BIJIBHOTO (hTaHII0 6ATOK TTOAIOGHOTO THITY, KPIM OOANHOKIX BUTTaKiB. MeTOAMKA TPUAATHA [IJIsT 3CTOCYBAHHSI SIK [Tl IHCTO MPYKHOTO,
TaK 1 11 TPYKHO-TIacTUIHOTO AedopmyBants. /lys pozpaxynky Hanpysxkeno-aedopmosanoro crany (H/IC) BukopuctoByBaBcs MeTO/
ckinyennux exementis (MCE) st Bupintennst 06’ eMuoi 3a1aui reopii npyskHocTi Ta mmactuanocti. [Tokazano, mo y BysJii peaizy€erbest
pocTe HaBaHTa)KeHHs. Pe3ysbraTv OTpUMaHO B paMKax 3acTocyBaHHs AedopMaliiiinoi Teopii miactuunocti. Haitbinbime BigHomeH s
30BHINIHBOTO HABAHTAXKEHHsI /10 IPaHulli miuHHOCTI nopisHoe 0,9. PozpaxyHKOBa cxeMa BPaXOBY€ HaiiGijblll HECTIPUATIUBI yMOBU
Po6OTH JTOCIIZKYBAHOTO BY3JIa, KOJIM OTPUMYIOThCST Hallbiabin Gesreuni gani. OTpUMaHO 3aJeKHOCTI UIST TEOPETHYHOTO KoedimieHTy
KOHIIEHTpAIlil B HeOe3IeuHOMY Hepepisi, IKUil BAKOPUCTOBYETHCS B 3aIIPONIOHOBAHIN METOAMII IJIsi BUBHAYEHHSA MOMEHTY MEPEXO/y Bij
npysKHOI cTazil 1eopMyBaHHS 10 MPYKHO-TIACTUYHOL. [Ipn BusHaueHHI e(heKTUBHOI MMPUHU BPaXOBAaHO CKIAAHY PoOOTY (hJIaHI0
i iforo merranariio, musixoM Busnadenust kommnonentiB H/[C B cepepmnmiit muontuni. /loBeieHo JKUTTE3AATHICTD ilel TPOEKTYBAHHS
kommonenTis H/IC na noxuiy mronuny BisibHOTro (utaniyo. [Ipu nbomy npaktudHo mae micie (-KBasi) IJIOCKMIT HAIPYKeHUI CTaH,
TIPUIATHUI [T 3ACTOCYBAHHA KIACHYHNX METOANK BU3HAYeHHA e(DeKTUBHOI IMNPUHN. 3alPONOHOBaHa METO/INKA CITPOIIY€E PO3PaXyHKN
MIIHOCTI OCHIKYBAHOT Ak,

Kiouosi cioBa: npyskHo-mactiyna eekTuBHa mupnna, 6ajaka 3i 3J1aMoM 0ci/KPOMOK/CTIHKH, ABOTaBPoBa Oaska, KoedilieHT KoH-
TeHTpaIii.
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BU3HAYEHHS MEXAHIYHUX XAPAKTEPUCTUK KOMIIO3UIIMTHUX MATEPIAJIIB HA OCHOBI
INIETEHUX IPE®OPM (c. 41-50)

A. B. Konapatses, O. B. Aunpees, M. A. IlleBiioBa

3HWKEHHS TPYIOMICTKOCTI BUPOOHUIITBA BUPOOIB 3 KOMITOZUIIIFHIX MaTepiadiB B 3HAYHIN Mipi 3a0€3MeUyEThCs 3aCTOCYBAHHSIM apMy-
10YrX HamiBGaGPUKATIB, B IKWX BOJOKHA MOTIEPEAHBO YTBOPIOIOTD Jiesikuil Kapkac. Cepell yehoro PisHOMAHITTSI apMYyIOUHX CHCTEM 0COOIIBe
Miclie 3aiiMaioTh 1eTeHi pykasa (1pedopmu). Bucoknii cryninb 1epopMoBaHOCTI B HEIIPOCOYEHOMY CTaHi /I03BOJISIE YKJIAJATH 110 apMaTypy
Ha Oy/b-sIKy TOBEPXHIO 6e3 CKJIAJIOK i po3pisiB, 10 3abesnedye 36epeskeHHs MiTicHoCTI KTy TiB. LI mepeBara niereHnx pyKaBsiB CyIPoOBO-
JUKYETHCSI 3MIHOIO MIiCIIEBUX KyTiB apMyBaHHS i, SIK HACJIZIOK, 3MIHHUM XapakTepoM (hi3nko-MeXaHiYHUX XapaKTEPUCTUK MO KPUBOJIHIMHIN
noBepxHi getani. Po3apoieHo METOANKY PO3PaXyHKIB (Hi3MKO-MeXaHIYHMX XapaKTEPUCTHK KOMIIO3UTA Ha OCHOBI 1pedopM y Oyab-sKiii Toutti
JleTasi 3aJIeKHO Bifl CXeMU YKJIaJaH s KTy TiB HAa KPUBOJIiHIITHY moBepxHio. [IpoananizoBana MOKINBICTD 3aCTOCYBAHHS CTPUKHEBOI MOl
KOMIIO3UTA /ISt oncy (Di3MKO-MeXaHIYHUX XapaKTepPUCTHK KOMIIO3HIIIHOTro MaTepiay i3 miereHoo apmarypoo. CyTb MoJiei OJISITAE B TO-
MY, 1[0 KOMITO3UT MOJIETIOETHCSI POMOOBHIHOIO CTPIKHEBOIO crcTeMO10. CTOpOHI poMba 3aMiHsIIOTh COG0I0 BOTOKHA, & [IIarOHAJ — 3B'SI13y109e.
Jlnst Bepudikallii TeOPeTUYHNX PE3YJIBTATIB i OOIPYHTYBAHHS MPAKTUYHUX PEKOMEH/IAIIN BUKOHAHO PsIJl €KCIIEPUMEHTATILHUX JOCIIIKEHD
Ha OCHOBI (hopMyBaHHsI 3pa3KiB Marepiasy i3 [BOX THIIIB IJIETEHNX PYKAaBiB 3 PisHUMN KyTaMu apMyBaHHs. [Iporpama ekcrepiMeHTaIbHIUX
JOCTiKeHb Trepebavyana BUMPOOYBAHHS HA PO3TATYBAHHsI, BUTUH Ta CTHCKaHHs. OTpUMaHa TOCHTH TapHa 36iKHICTh TEOPETUYHUX i €KC-
MeprMeHTATbHUX JaHuX. Tak, /Ui MOJLYJIst IPYKHOCTI KBajgpaT Koedimienra kopessiii ne € mermmm 0.95; st koedinienra [lyaccona ne €
MentmuM 0.8; /7151 TpaHuIlb MIITHOCTI TIPK PO3TATYBaHHi i cruckanui — #e € MeHumM 0.9. e € oOrpyHTYBaHHIM BUKOPUCTAHHS CTPUKHEBOI
MOJIEJT JIJIS1 OTIUCY POBTIISTHYTOTO KJIACy KOMIIO3UTIB. BUKOpPUCTAHHS PO3POOIEHOT METOAMKHU T03BOJIUTD MIABUIIMTH TOCKOHATICTD PO3TIISHY-
TOTO KJIacy KOHCTPYKIL Ta OTPUMATH PaIiOHATbHI TapaMeTPH TEXHOJIOTIYHOTO TIPOIeCy X BHPOOHHUIITBA.

KmouoBi cioBa: pykas, IpeMiKc, KyT apMyBaHHsl, CTPUKHEBA MOJIENb, BOJIOKHA, 3B's13yi04ue, BUIIPOOYBAHHS, PO3TATYBAHHSI, BUTHH,
CTUCKaHHS.
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OIIHKA JIMHAMIKU MAIIMHHO-TPAKTOPHOTO ATPETATY 3 YPAXYBAHHSIM BILIUBY IIPO®LIIO
OIIOPHOI ITIOBEPXHI (c. 51-62)

I. B. Tamuy, P. B. Antonienkos, B. M. Antomenkos, I. M. JIyk’sinos, C. M. [Jionauk, O. B. Kics

Hageneno pesymbraTyt TeOPETUYHUX AOCTI/PKEHb ANHAMIKY MAIITHHO-TPAKTOPHOTO arperaTy 3 ypaxyBaHHAM BIUINBY MPOQIIIo omopHOi
noBepxHi. BcTaHOBJIEHO, 1110 B IpoIieci poOOTH MATMHHO-TPAKTOPHUI arperar miaIaeThest BIUIUBY Oe3itiul 30BHilIHIX GakTopiB, 110 IPHU3BO-
JISITH /10 3MIHN BEPTUKATbHNX HABAHTAKEHD Ha XO/IOBY YaCTHHY Ta ABUTYH. CKIIa/IeHO MaTeMaTHYHi MO/IeJIi AMHAMIKI TPAKTOPA Ta MAITHHHO-
TPAKTOPHOTO arperary y CKJa/i TPaKTopa MIAPHipHO-3'€IHAHOI KOMIIOHOBKU 1 MPUUINHOI ciBamku. Taki Mojiesti 03BOJSIOTH TOCTiKYBATH
JMHAMIKY Ta KOJMBaJIbHI 11poriecu GaratoenemeHTHuX arperatiB. C(hOpMOBaHO MaTeMaTUYHY MOJIENb AMHAMIKH KOJIeca TPakTopa. BusHaueHo
MTBU/IKOCTI PyXY Ta KYyTH OPi€HTAIlii €JIeMeHTiB MAITIHHO-TPAKTOPHOTO arperaTy y mpoctopi. Pozpaxosario BImB mpodiTio oTopHoi TOBEpXHi
HA eJIEMEHTH arperaty [pu pyci Mo 1oJIo, o0 MATOTOBJIEHO i/ ciBOY Ta Moo micyist opaHku. TeopeTHuHi 10CTiKeH s BIUIUBY TPOMLIO 0110~
PHOI MOBEPXHi Ha ANHAMIKY MAITMHHO-TPAKTOPHOTO arperaty BUKOHaHO Ha mpukaaxi tpaktopa X T3-242K Ta ciBanku Vega-8 Profi (Ykpa-
ina). IIpu pyci pama ciBajaky Mae MEHIIY aMILITYy BiOPOIPUCKOPEHb HiK TpakTop. Bianosigno, TpakTop Mae Gijiblily eHepriio KoJuBatb
TOMY, IO TPAKTOP CIIUPAETHCS HA IPYHT Yepe3 KoJeca, siki MaloTh BiAOBiAHY sKOPCTKicTh. CiBalka pyXa€Tbes i3 3armmbaeHuMu pobounMu
opraHaMu y TPYHT, [0 TIPUBOAUTD 0 3HUKEHHS aMILTITYAd KoJuBaHb., Haiibibima eHepris aMIuiTyam BiOpONpUCKOPEHb paMul CiBaIKK Y
BEPTHKAILHOMY HAIPSIMI CIIOCTEpiraeThest Ha yactorax 15,9; 23,44; 35,3 ta 42,87 Tit. Busnaueno, 1o migBuinenHs pooourx MBHAKOCTEN PyXy
CITTbCHKOTOCIIOIAPCHKUX arperaTiB MPU3BOIUTD /10 TOTO, II[0 KOTMBAHHS BCIX CKIATOBUX eJeMEHTIB [0CATaloTh 3HaunuX Besnyni. Ile tarmne 3a
€o00IO TiABUIEHHS IMHAMIYHUX HABAHTAKEHb HA IPYHT, 1 K HACJIAOK, HEePEYIiIbHEHHSI.

Kmo4oBi ciioBa: MalmHHO-TPAKTOPHIIT arperar, KOJIMBAaHHS eJIEMEHTIB PaMi, MaTeMaTHIHa MOJIETb KoJieca, Tpodisib OTIOPHOI TOBEPXHI,
aMILTITy/1a BIGPOIPUCKOPEHb, CIIEKTPa/IbHa MIIJIbHICTD BUCOTH TIPOMIIIIO.
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PO3POBKA METO/IY AHAJII3Y IIOTOYHOTI'O CTAHY POBOYOTIO ITPOCTOPY MAHIITYJIATOPA (c. 63-74)

H. C. AmenkoBa

3amporoHOBaHO METOJI TPOTPAMHOI0 aHAM3Y TOTOYHOTO CTaHy POOOYOTO TPOCTOPY AHTPOTIOMOPGHOTO MAHIITYJIATOPA 3 BUKOPUCTAHHSIM
nakera npukiaagaux nporpam Mathcad (CIITA). TIpu aHastizi po6o4oro IPOCTOPY MaHIIyIATOPa BUPINIEHI HACTYIHI Mi3a1aui: po3paxoBaHi
MeXi IOCSIKHOCT] CXBaTa, BU3HAYEHO HASIBHICTD «MEPTBUX 30H» ¥ POGOYOMY MPOCTOPI MaHimyJsiTopa, moGy0BaHO TPpaHuIli pobodoro mpo-
cropy Maninyssrtopa. Kinemarnuna cxema MaHiMyJIsaTOpa MiCTUTb, SIK [IPABUJIO, HE MEHII I'SITU CTYIIEHIB PYXJUBOCTI, TOMY B TPUBUMIPHIiit
JeKapTOBIfl cucTeMi KOOPAMHAT IPaHUIl POOOUOI 30HU SBISIOTH COOO0I0 MOBEPXHI CKIaAHOI TeoMeTpuynol dhopmu. Pospobiennii aBropom
METOJI I03BOJIsIE TIOOYAYBATH MPOEKILii TpaHuIlb POOOYOT 30HU MAHIIyAATOPa Ha KOOPAMHATHI TUIONMHNA B CUCTeMI BiUIIKY, TIOB’I3aHOIO 3
OCHOBOIO poboTa.

Burkopucranus BoynoBanux dynkiiii Mathcad nossosisie ehexTrBHO BUPilyBaTH IiepepaxoBaHi Ii/3a1adi, He BATPAYa0un yacy Ha po3-
POOKY cIeriaabHOTO IporpaMHoro 3abesnedents. Ilaker npukaanaux nporpam Mathcad nepeabauae MOKINBICTD CUMBOJIBHOTO PO3B’A3KY
nepioi 3a/1a4i KIHeMaTHKK TPOMHCIOBOTO Po6OTa, TOOTO MPOrpaMa reHepye aHalTHYHI 3aJIeKHOCTI KOOPAMHAT 0c061BOI TOUKH P (Totioca)
CXBATy Bijl TPUTOHOMETPUYHUX (PYHKILiIT y3araabHenux koopaunar. OTpuMani aHaliTHUHI 3aJI€KHOCTI BAKOPUCTOBYIOTBCS IS KiHeMaTy-
HOTO ¥ IMHAMIYHOTO aHAJII3y MaHIIYyJITOpA.

Busiiieno 0co6JIMBOCTI CKITaIaHHsT MaTEMATHYHIX MOJeJIell TTPU 3aCTOCYBaHHI TTakeTa MpHKIaAHuX mporpam Mathcad. Mopemosanms
PYXY MaHiIyJIATOpa 3 ypaxyBaHHsIM 0OMEKeHb y KiHeMaTUUHUX T1apax, MOTYKHOCTI IPUBOAIB i KoedilieHTiB TepTs J03BOJISAE ONTUMI3YBATH
TapaMeTpu KiHeMaTHYHOI CXeMH MaHiImyIsaTopa.

Po3riistHy TO PUKJIA aHATI3y POOOUOro MPOCTOPY aHTPOIIOMOPGMHOTO MAHIMYJIATOPA 3 I'SATbMA CTYHEHSIMI PYXJIUBOCTI.

I[IpescTaBieHi pesyabTaTn MOKYTh OyTH BUKOPUCTAHI HA eTari POeKTYBaHHsI, BIPOBAJKEHHsI, MOJIEPHI3AILi i eKcrTyaTanii MaHimyJis-
TOPIB IPOMHUCIIOBHUX POOOTIB.

KiouoBi ciioBa: KireMaTHuHa cxeMa, TI0JII0C CXBaTy, IEPETBOPEHHA KOOPAUHAT, POOOUYMI MTPOCTIP, MEKI JOCAIKHOCTI.



