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The object of the study was truss-type rod structures, which
were investigated for the purpose of finding the optimal design
solution in a mixed (continuous and discrete) space of variables.
The parameters of the geometric scheme of the truss, as well as the
dimensions of the cross-sections of its elements, were considered as
design variables. The stated optimization problem is represented as
a nonlinear programming task, in which the objective function and
nonlinear constraints of the mathematical model are continuously
differentiable functions of the design variables. The system of con-
straints includes strength and stability inequalities, formulated for
the design cross-sections of the rod elements of the structure, which
is subject to the effect of the design load combinations of the ultimate
limit states. As a part of the system of constraints, the displacement
constraints formulated for the specified structural nodes, which is
subject to the action of design load combinations of the service-
ability limit states, are considered. To solve the stated optimization
problem, a method of the objective function gradient on the surface
of active constraints was used, with the simultaneous elimination of
residuals in the violated restrictions. For design variables, the varia-
tion of which must be performed according to a given set of possible
discrete values, a discretization procedure for the optimal solution
obtained in the continuous space of design variables is proposed. A
comparison of the proposed optimization methodology with alterna-
tive metaheuristic methods and algorithms reported in the literature
was performed. On the considered problem of parametric optimiza-
tion of a 47-span tower structure, a design solution with a weight
of 835,403 kg was obtained, which is 1.53..4.6 % better than the
optimal solutions obtained by other authors.

Keywords: shape optimization, mixed variables, gradient meth-
od, finite element method, sensitivity analysis.
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The object of the research is the processes of occurrence, percep-
tion, and redistribution of loads in the load-bearing structure of an
open wagon body, taking into account the use of an intermediate
adapter.

To reduce the vertical dynamic loads acting on the supporting
structure of the railroad car, it is suggested to use an intermediate
adapter between the frame and the load. The dynamic load of the
supporting structure of the open wagon was modeled, taking into
account the use of an intermediate adapter. The research was carried
out in the vertical plane during the oscillations of the bouncing of
the car. The results of the calculations showed that the acceleration
acting in the center of mass of the supporting structure of the open
wagon is 4.2 % lower than that acting on the supporting structure of

the open wagon without using an adapter. The obtained acceleration
results are taken into account when determining the strength of the
supporting structure of the open wagon. It was established that the
use of an intermediate adapter contributes to the reduction of stress-
es in the supporting structure of the open wagon by 6 % compared to
the typical scheme of cargo transportation.

A feature of the results is that the proposed solution to reduce
the dynamic load of the supporting structure of the car can be imple-
mented without improving its design.

The field of practical use of the results is the engineering indus-
try, in particular, railroad transport. The conditions for the practical
use of the research results are the placement of the adapter over the
entire floor area of the car body.

The research will contribute to devising recommendations on
reducing the load on the load-bearing structures of cars, the costs of
their unplanned repairs, and to increasing the efficiency of railroad
transport operation.

Keywords: railroad transport, intermediate adapter, open wagon
strength, open wagon dynamic loading, cargo safety.
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The article presents the results of experimental research
conducted on a specially designed setup for pressurizing various
types of fluids through throttle orifices. To determine the optimal
operating mode of the thermal system, throttle nozzles of different
diameters, specifically 1.5 mm, 2 mm, and 3 mm, were utilized.

One of the primary advantages of vortex heaters is their high
heat exchange efficiency. This is attributed to the vortical motions
and turbulence generated within the device, which promote more
vigorous fluid mixing, thus enhancing heat transfer efficiency.

However, vortex heaters do have certain drawbacks. Vortical
components may experience wear and require regular maintenance
and replacement.

Subsequently, during the course of experimental work, an
alternative inertia-based hydrodynamic system for heating heat
carriers was developed and installed in a laboratory experimental
facility. The research focus was on technical water. The results
indicated that the static pre-pressure generated by the supply
of water from the water main into the system decreases as the
rotor’s angular velocity increases. Experimental investigations
demonstrated that rotor rotation leads to a redistribution of flow
characteristics in throttle orifices for both static and dynamic
inertial fluid discharge. Given that any static column of liquid
results in level flow through throttle orifices, their flow static
parameters were established.
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Furthermore, the research revealed that with the increase in ro-

tor angular velocity, the fluid pressure at the throttle orifices rises,
while the share of fluid discharge from the initial static pressure
decreases in the overall fluid flow.

Keywords: process water, pressure, angular velocity, throttle
nozzles, fluid flow, hydrodynamic heater.
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The object of the study in this paper is collecting perforated
drainage pipelines, in particular, the determination of the hydrau-
lic friction factor A4, which significantly affects the parameters
of the investigated pipes. Clarifying this issue will solve an im-
portant engineering problem — to develop a reliable method for
hydraulic calculation of collecting perforated drainage pipes.
As the main drawback of most of the available theoretical and
experimental works on this topic is the insufficient consideration
of the filtration characteristics of the surrounding soil and the
material of the pipeline walls. Experimental studies of pressure
drainage pipes with different design characteristics made it pos-
sible to find out the real picture of fluid flow in the pipe. Based
on the research results, experimental dependences of Ay on the
ratio of the fluid inflow velocity to the average flow velocity in
the corresponding section (U;/V), as well as on the design char-
acteristics of the channel were obtained. The maximum possible
flow that can be collected and passed by a collecting drainage
pipeline with the specified design and filtration characteristics is
determined. Tt is shown that a larger value of the specified ratio
corresponds to larger values of A4 This result can be explained
by the effect of the attached flow on the main flow. Obviously,
some energy is spent on the interaction of the attached and the
main flow in the pipe, which leads to additional head losses. In
the paper, dependencies were obtained for calculating the studied
factor for collecting drainage pipelines. Using them in the calcula-
tion of drainage pipes will increase the reliability and efficiency of
land reclamation systems, in which these pipelines are important
structural elements.

Keywords: collecting drainage pipeline, variable flow, filtra-
tion resistance, hydraulic friction factor.


https://doi.org/10.15587/1729-4061.2022.264227
https://doi.org/10.15587/1729-4061.2022.264227
https://doi.org/10.1615/heattransres.2022038753
https://doi.org/10.1051/e3sconf/202123601008
https://doi.org/10.1051/e3sconf/202123601008
https://doi.org/10.1016/j.icheatmasstransfer.2023.107040
https://doi.org/10.1016/j.icheatmasstransfer.2023.107040
https://doi.org/10.4236/eng.2010.26060
https://doi.org/10.4236/eng.2010.26060
https://doi.org/10.1051/matecconf/202236902008
https://doi.org/10.1051/matecconf/202236902008
https://doi.org/10.17559/tv-20131209081056
https://doi.org/10.7463/aplts.0216.0837432
https://doi.org/10.7463/aplts.0216.0837432
https://doi.org/10.1615/heattransres.2012005450
https://doi.org/10.15587/1729-4061.2022.255258
https://doi.org/10.15587/1729-4061.2022.255258
https://doi.org/10.15587/1729-4061.2022.254555
https://doi.org/10.1615/heattransres.2018021519
https://doi.org/10.1615/heattransres.2018021519
http://www.bcc.bas.bg/BCC_Volumes/Volume_52_Special_A_2020/BCC-52-A.pdf
http://www.bcc.bas.bg/BCC_Volumes/Volume_52_Special_A_2020/BCC-52-A.pdf

References

1. Valipour, M., Krasilnikof, J., Yannopoulos, S., Kumar, R., Deng, J.,
Roccaro, P. et al. (2020). The Evolution of Agricultural Drainage
from the Earliest Times to the Present. Sustainability, 12 (1), 416.
doi: https://doi.org/10.3390/su12010416

2. Castellano, M. J., Archontoulis, S. V., Helmers, M. J., Poffenbarg-
er, H.J., Six, J. (2019). Sustainable intensification of agricultural
drainage. Nature Sustainability, 2 (10), 914-921. doi: https://doi.org/
10.1038/s41893-019-0393-0

3. Cao, Y, Xu, M., Ni, P, Mei, G. (2021). Physical and numerical mod-
elling of infiltration from drainage holes for perforated storm sewer.
Acta Geotechnica, 17 (2), 527-543. doi: https://doi.org/10.1007/
511440-021-01247-0

4. Cherniuk, V., Hnativ, R., Kravchuk, O., Orel, V., Bihun, I., Cher-
niuk, M. (2021). The problem of hydraulic calculation of pressure
distribution pipelines. Eastern-European Journal of Enterprise Tech-
nologies, 6 (7 (114)), 93—103. doi: https://doi.org/10.15587 /1729-
4061.2021.246852

5. Li, P, Wu, J. (2019). Drinking Water Quality and Public Health.
Exposure and Health, 11 (2), 73-79. doi: https://doi.org/10.1007/
$12403-019-00299-8

6. Kravchuk, O. A. (2021). Particularities of hydraulic calculation of
collecting preassure drainage pipelines. Bulletin of Odessa State
Academy of Civil Engineering and Architecture, 83, 130—138. doi:
https://doi.org/10.31650,/2415-377x-2021-83-130-138

7. Kravchuk, A., Kochetov, G., Kravchuk, O. (2020). Improving
the calculation of collecting perforated pipelines for water treat-
ment structures. Eastern-European Journal of Enterprise Tech-
nologies, 6 (10 (108)), 23-28. doi: https://doi.org/10.15587/
1729-4061.2020.216366

8. Clemo, T. (2006). Flow in Perforated Pipes: A Comparison of Models
and Experiments. SPE Production & Operations, 21 (02), 302—-311.
doi: https://doi.org/10.2118/89036-pa

9. Murphy, P, Kaye, N. B, Khan, A. A. (2014). Hydraulic Performance
of Aggregate Beds with Perforated Pipe Underdrains Flowing
Full. Journal of Irrigation and Drainage Engineering, 140 (8). doi:
https://doi.org/10.1061 /(asce)ir.1943-4774.0000740

10. Kravchuk, A., Cherniuk, V., Kravchuk, O., Airapetian, T. (2022).
Assessing the value of the hydraulic friction factor in pipelines
working with a flow connection along the path. Eastern-European
Journal of Enterprise Technologies, 5 (7 (119)), 61-67. doi: https://
doi.org/10.15587/1729-4061.2022.265670

11. Liu, H, Zong, Q., Lv, H., Jin, J. (2017). Analytical equation for outflow
along the flow in a perforated fluid distribution pipe. PLOS ONE,
12 (10), €0185842. doi: https://doi.org/10.1371 /journal.pone.0185842

12. Krogstad, P--A., Kourakine, A. (1999). The Response of a Turbulent
Boundary Layer to Injection through a Porous Strip. Proceeding of
First Symposium on Turbulence and Shear Flow Phenomena. doi:
https://doi.org/10.1615/tsfp1.700

13. Qin, Z., Liu, H., Wang, Y. (2017). Empirical and quantitative study
of the velocity distribution index of the perforated pipe outflow-
ing along a pipeline. Flow Measurement and Instrumentation, 58,
46-51. doi: https://doi.org/10.1016 /j.flowmeasinst.2017.09.010

14. Oleinyk, A. Ya., Poliakov, V. L. (1987). Drenazh pereuvlazhnennsikh
zemel. Kyiv: Naukova dumka, 279.

15. Oyarce, P, Gurovich, L., Duarte, V. (2017). Experimental Evalu-
ation of Agricultural Drains. Journal of Irrigation and Drainage
Engineering, 143 (4). doi: https://doi.org/10.1061/(asce)ir.1943-
4774.0001134

16. Zhang, Q., Wang, Z. (2014). Modeling Study on Fluid Flow in
Horizontal Perforated Pipes with Wall Influx. International Journal
of Fluid Mechanics Research, 41 (6), 556—566. doi: https://doi.org/
10.1615/interjfluidmechres.v41.i6.80

17. Kravchuk, A., Kravchuk, O., Lomako, A., Kravchuk, O. (2022). Vari-
ation of the collective drainage pipelines parameters when passing
the transit flow. Problems of Water Supply, Sewerage and Hydraulic,
41, 52-58. doi: https://doi.org/10.32347/2524-0021.2022.41.52-58

DOI: 10.15587/1729-4061.2023.293007

DETERMINING THE ENERGY OF IMPACT OF A
RAILROAD ROLLING STOCK WHEELSET WHEN
DERAILING OVER REINFORCED CONCRETE SLEEPERS
USING IMPACT TRACE PARAMETERS (p. 39-46)

Yaroslav Bolzhelarskyi
Lviv Polytechnic National University, Lviv, Ukraine
ORCID: https://orcid.org/0000-0002-4787-1781

Josyp Luchko
Lviv National Environmental University, Dubliany, Ukraine
ORCID: https://orcid.org/0000-0002-3675-0503

Olena Bal
Lviv Polytechnic National University, Lviv, Ukraine
ORCID: https://orcid.org/0000-0003-2188-4098

Vitalii Kovalchuk
Lviv Polytechnic National University, Lviv, Ukraine
ORCID: https://orcid.org/0000-0003-4350-1756

The object of research is reinforced concrete sleepers that are
subjected to the impact of a wheel in a railroad rolling stock.

A procedure is given to theoretically estimate the energy at the
impact of a wheel into a reinforced concrete sleeper when a rolling
stock wheelset derails.

Experimental studies of the geometric parameters of impact
traces that occur on reinforced concrete sleepers, depending on
the height of the center of mass of the striker above the impact
site, were conducted. Based on the results of the experiments,
the average geometric parameters of the impact traces were ob-
tained. It was established that the dependence of impact traces
on the height of the center of mass of the striker above the place
of impact into the reinforced concrete sleeper has a non-linear
distribution.

Experimental studies of the effect of the location of the rein-
forced concrete sleeper base on the geometric parameters of impact
traces were conducted. It was established that the location of the
reinforced concrete sleeper on a solid base and on crushed stone
ballast does not exert a significant effect on change in the geometric
parameters of impact traces. The obtained experimental values are
within the limits of 3¢ determined for the rigid abutment of the
sleeper.

It was established that when testing a reinforced concrete
sleeper in a crushed stone box, the amount of energy depends on the
height of the striker. At a height of 0.95 m, the amount of energy
absorbed by the sleeper together with the ballast was 475 J, and at a
height of 1.42 m — 710 J.

Analytical dependences were obtained between the length of
the face of the impact trace and the amount of absorbed energy, as
well as the depth along the direction of the force and the amount
of absorbed energy. It was established that the length of the impact
trace has an extremum, which does not allow recommending this
parameter for estimating the amount of absorbed energy for energy
values E<200 J. To determine the amount of energy absorbed by
the sleeper, it is recommended to use the parameter of the depth of
the impact trace.

Keywords: reinforced concrete sleepers, impact traces, derail-
ment, railroad rolling stock.
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I. . Ileremxo, B. B. IOpuenko, II. P. Pycun

OG6’€KTOM MOCIKEHHST BUCTYTIAIM CTEPKHEBI KOHCTPYKILT THITY (epM, SKi JOCTIKYBATICh HA MPEAMET MOUIYKY ONTUMAIBHOTO TIPO-
€KTHOTO PillleHHsI y 3MilTaHoMy (HelepepBHOMY Ta ANCKPETHOMY ) MPOCTOPi 3MiHHUX. B sKOCTi 3MiHHUX MTPOEKTYBAHHST PO3TIISIIAINCH Mapa-
MeTpH reoMeTpHYHOI cxeMu hepMH, a TAaKOK Po3MipH oliepedHux nepepisis ii esiemenTtis. ChopmysboBana 3a/1aua onTuMisarnii mpejcrasaeHa
SIK 3ajladya HeJIHIHOTrO TporpaMyBaHHs, B AKiH (QYHKINST METH Ta HeJiHiiiHI 0OMeKeHHsT MaTeMaTHIHOI MOJIeJIi € HerepepBHO udepeHiri-
HoBaHuMU QYHKINIAMEU 3MIHHUX MPOEKTyBaHHs. [lo cucteMu oOMexeHb 3amyderi oOMeKeHHsA MIIIHOCTI Ta cTiiKocTi, chopMyIboBaHi s
PO3PaxyHKOBHX [EPEPI3iB CTEPIKHEBUX eJIEMEHTIB KOHCTPYKIILIL, 110 Ii/UISATAE il pO3paXyHKOBUX KOMOIHAIli{l HABaHTaKEHb I1EPIIO] IPYIIN Tpa-
HUYHUX CTaHiB. Y CKJaJli cucteMu 0OMeKeHb PO3IJISHYTI 0OMesKeHHsI IiepeMillieHb, chOpMyJIboBaHi /U BUBHAYEHUX BY3JIiB KOHCTPYKILI, 110
iuIsTae Ail pO3paxyHKOBUX KOMOIHAIIII HABAHTasKEHb APYTOi IPYNU TPAHUYHUX CTaHiB. [/t po3B’s13Ky chOPMYIbOBAHOI 3a1aui O TUMI3aIlil
BUKOPUCTOBYBABCsI METO/I TPAiEHTY (DYHKIN METH Ha MOBEPXHIO aKTUBHUX OOMEKEHb 3 OJ[HOYACHOIO JIKBIZAIIEI0 HEB'SI30K Y MOPYIIEHUX
obMeskeHHsIX. Jl7ist 3SMIHHUX TTPOEKTYBaHHsI, Bapiallis IKUX MOBMHHA BUKOHYBATHCh BIOBIHO /10 33/IaHOT MHOKIHY MOKJIMBIX 3HAYEHD, 3a-
MIPOTIOHOBAHA METO/IMKA AMCKPETH3AIlii ONMTUMAIBHOTO PIillIEHHS, OTPUMAHOTO y HElePEePBHOMY IIPOCTOPi 3MiHHUX ITPOEKTYBaHHS. BukoHane
MTOPiBHSTHHS 3aIPOITOHOBAHO1 OTITUMI3aIliiHOi METO/I0JIOTii 3 AIbTePHATUBHUMMU MTPEICTABICHUMU B JIiTEPATYPi METAEBPiCTUMHUMU METOAMU
Ta anropurMamu. Ha posraisiHyTiii 3a1a4i napaMeTpiudaHOl OnTUMi3altii 47-MUCTEP;KHEBOI KOHCTPYKIIT OAIlTH OTPUMAHE MPOEKTHE PillleHHs
macoio 835.403 r, mo Ha 1,53...4,6 % € kpaimM 3a ONTUMAJbHI PillleHHsT, OTPUMAaHi IHIITUMU aBTOPAMH.

KmouoBi cioBa: onTrMizariis ¢Gopmu, 3MillaHi 3MiHHI, TPaJiiEHTHUIT METOJI, METOJI CKIHYEHHUX €JIEMEHTIB, aHAJII3 Yy TJIMBOCTI.
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BUABJEHHS BIVIUBY IPOMIKHOTO AJTATITEPA HA HABAHTAMKEHICTh HECYUYOI KOHCTPYKIIIT
HAITIIBBATOHA (c. 19-25)

A. O. JIoBcbKa, Jan Dizo, 1. B. IIpokonosuy, O. B. JKaposa, C. B. Boponenko

OG6’€KTOM JIOCIIPKEHHS € IPOIeCH BUHUKHEHHST, CIIPUITHATTSI Ta Mepepo3Io/Iily HaBaHTaKeHb B HECYdill KOHCTPYKIIIT Ky30Ba HalliBBaro-
Ha 3 ypaxXyBaHHSM BUKOPHCTAHHS IIPOMIDKHOTO ajiarrepa.

J17151 3MeHIIeHHST BePTUKAJIBHUX AINHAMIYHIX HABAaHTAKEHb, SIKi AI0Th Ha HECyUy KOHCTPYKINIO 3a/Ii3HUYHOTO BaroHa, IIPOIIOHYETHCS BH-
KOPUCTAHHS MPOMIKHOTO ajanTepa MiXk paMoIo Ta BanTakeM. IIpoBeziero Mo/iesrioBanHs ANHAMIYHOI HaBaHTa)KEHOCTI HeCy4oi KOHCTPYKILil
HaliBBaroHa 3 ypaxyBaHHAM 3aCTOCYBaHHS IIPOMIKHOrO agantepa. JlociikeHHs IPOBeJeHO Y BepTUKAIbHIN IJIOMMHI IPU KOJTUBAHHAX
TMiZICKaKyBaHHs BaroHy. Pe3yssTaTil MpoBeleHIX PO3PaxyHKiB MOKA3AJIH, IO TIPUCKOPEHHS, SIKe /i€ B IIEHTPI Mac HeCy4doi KOHCTPYKIIii HAITiB-
BaroHa, Ha 4,2 % HuUsKYe 3a Te, 1[0 /i€ Ha HeCcydy KOHCTPYKIIitO HamiBBaroHa 6e3 BUKopuctants afanrtepa. OTpuMaHi pe3yJIbraTi IPUCKOPEHD
BpPaxXOBaHO IIPN BHU3HAYEHHI MIITHOCTI HeCy4ol KOHCTPYKIIii HamiBBarona. BcTaHOBI/IEHO, 1O BUKOPHCTAHHS MPOMIPKHOTO ajlanTepa CIPHsIE
3MEHIIEHHIO HAPY)KeHb B HeCy4iil KOHCTPYKILT HaniBBarona #a 6 % y MOPiBHSIHHI 3 TUIIOBOIO CXEMOIO TIePeBe3eHb BAHTAXKIB.

OcobMUBICTIO OTPUMAHUX pes3yJILTaTiB € Te, 110 3aIIPOIIOHOBaHe PIllleHHS 1[0/I0 3MEHIIeHHS JUHAMIYHOI HAaBaHTa)KEHOCTI Hecyuoi KOH-
CTPYKIIii BaroHa € MOKJIMBUM peasiizyBaTi 6e3 yIOCKOHAIEHH HOr0 KOHCTPYKITI.

Cdepoto IpaKTUYHOr0 BUKOPUCTAHHS OTPUMAHUX PE3YJIBTATIB € MAIMHOOYAIBHA Taly3b, 30KPEMa, 3aJli3HUYHUI TPAHCIIOPT. YMOBAMU
MIPAKTHYHOTO BUKOPUCTAHHS Pe3YJIBTaTiB IOCTI/PKEHHS € PO3MIIIEHHS aalTepa 3a BCIi€Io IIIOIIEI0 Mi/IJIOTH Ky30Ba BaroHa.

[IpoBezeni mocizKeHHs CIPUATUMYTH CTBOPEHHIO PEKOMEHIAIiii MO0 3MEHTIeH s HaBaHTAKeHOCTi HeCyuYnX KOHCTPYKILH Baromis,
BUTPAT Ha iX I103aIJIAHOBI BN PEMOHTIB Ta Ii/IBUIIEHHIO e(heKTUBHOCTI eKCITyaTallii 3a/1i3HHYHOTO TPAHCHIOPTY.

KimouoBi cioBa: 3aTi3HIYHNN TPAHCIIOPT, TPOMIKHUI a/laniTep, MIiIHICTh HAIiBBAaroHa, AMHAMIYHA HABAHTAKEHICTh HAITIBBATOHA, CXO-
POHHICTb BAaHTAXKY.
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BUSABJIEHHSA 3AKOHOMIPHOCTEI1 JIPOCEJIIOBAHHSA PIJIMHU IHEPIIITHOI TTI/IPOIMHAMIYHOL
YCTAHOBKM (c. 26-32)

Bekbolat Nussupbekov, Yerlan Oshanov, Michael Ovcharov, Bayan Kutum, Moldir Duisenbayeva, Aitkul Kongyrbayeva

Y cTaTTi HaBeEHO PE3YJIBTATH €KCIIEPHMEHTAIBHUX OCHI/KEHb, TPOBEEHNX Ha CIEIalbHO PO3POOIIEHiil YCTAHOBIN VTSI HAULYBY
PI3HUX TUIIB PiUH Yepe3 ApocebHi oTBopu. [l BUSHAYEHHSI ONITUMATBLHOTO PEKUMY POOOTU TEIIOBOI CUCTEMU BUKOPUCTOBYBAIUCS [IPO-
cesibHi (DOPCYHKH Pi3HOTO JliameTpy, a came 1,5 MM, 2 MM, 3 MM.

OpHi€Io 3 TOJIOBHUX MepeBar BUXPOBUX 00IrpiBaviB € iX BUCOKa eheKTUBHICTD TernooOMiny. Ile moB’sa3aHo 3 BUXPOBUMHU PyXaMH Ta Typ-
GyJIEHTHICTIO, CTBOPEHUMU BCEPE/VHI TIPUCTPOIO, SIKi CHIPHUSIOTH GilIbII €HEPTIHHOMY MePeMillyBaHHIO PIMHI, TAKUM YHHOM TIBHIYIOUN
eeKTUBHICTD TeIIonepe1adi.

Opnak y BUXPOBUX 0GIrpiBauiB € meBHi HEIOMIKU. BUXPOBI KOMIIOHEHTH MOKYTb 3HOITYBATUCS Ta BUMATATH PETYJISIPHOTO 0GCIyTOBY-
BaHHS Ta 3aMiHH.




¥V noganbuiomMy B X07ii €KCIIEPUMEHTAIBHUX POOIT B JTab0paTopHill A0CTiHii ycTaHOoBI Oysia po3pol6JieHa i BCTAaHOBJIEHA aIbTePHATHBHA
iHepIfiiiHa rizpogrHaMiuHa crcTeMa HArpiBy TErIOHOCiTB. OCHOBHUM HATIPSIMKOM JIOCJI/UKeHHs OyJia TeXHiYHa Boja. PesysbraTy mokasasm,
1110 CTATUYHUIA MOTIEPEHIN THCK, IKUIT CTBOPIOETHCSI TIOIAY€EI0 BOJIU 3 BOJIOMPOBO/Y B CUCTEMY, SMEHINYETHCS 31 301/IbIIEHHSIM KYTOBOI MIBH/I-
KocTi poropa. ExcriepnMenTanbHi OCTIKEHHST TTOKA3aJIH, 10 00epTaHHsI pOTOpa MPU3BOANUTD 0 HEPEPOMOALNY XapaKTEPHUCTUK MOTOKY B
JPOCEJILHUX OTBOPAX SIK JUIsl CTATHYHOTO, TaK 1 I AMHAMIYHOTO iHEPIHiHOTO po3psy piautu. BpaxoByiouu Te, 110 OyAb-sKHiA cTaTHYHUN
CTOBII PI/IUHH IPU3BOJUTD /10 PIBHA Tedii uepe3 ApocesbHi 0TBOPU, BCTAHOBJICHO X IOTOKOBI CTATUYHI TapaMeTpu.

Kpim Toro, gocmipKkenHs mokasaiu, 1o 3i 301bIIeHHsIM KyTOBOI MIBUAKOCTI POTOpA THCK PIZAMHKA Ha IPOCETLHUX OTBOPAX 3POCTAE,
YacTKa PiJIFHY, 1[0 BUILYCKAETHCS Bijl TOYATKOBOTO CTATHYHOTO THUCKY, 3MEHIIYETLCS B 3araJIbHOMY ITOTOILI PiZANHMU.

KimouoBi ciioBa: TeXHOJIOTIUHA BOJIA, TUCK, KYTOBA IIBUKICTb, IPOCcesbHI (hOPCYHKH, MOTIK PiNHY, TiZIPOAMHAMIUYHMIT HArpiBaY.
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BI3HAYEHHA OCOBJINBOCTEN 3MIHU BEJIMYNHU I'/IPABJIIYHOTO KOE®INIEHTA TEPTA 35IPHUX
JAPEHAKHHUX TPYBOIIPOBO/IB (c. 33-38)

A. M. KpaBuyk, B. B. Uepniok, I'. M. Koueros, O. A. KpaBuyk, T. C. Aiipanersu

OG6’exTOM JOCTIIKEH s B aHiil poboTi € 36ipHi apeHaxkHi nepdoposani TpyOGONPOBOIM, 30KpeMa BUSHAYEHHST IipaBIidHOro Koedirri-
€HTA TePTS Ayp, AKHII CYTTEBO BIUIMBAE HA MAPAMETPHU JIOCI/IKYBAHUX TPYO. 3'SICYBAHHS IAHOTO IUTAHHS JIO3BOJIUTH BUPININTH BAsKIHBY
IHKEeHepHY 3a/1ady — PO3POOUTH HAAIITHY METOINKY TiZPABIIYHOTO PO3PaXyHKY 30ipHUX APEHAKHIX MephOopoBaHiX TPYO. AlKe OCHOBHUM
HEZIOJIKOM OLIIbIIOCT] ICHYIOUMX TEOPETUYHUX TA EKCIIEPUMEHTAIBHIX POOIT 3 IAHOT TEMATHKM € HEJIOCTATHE BPpaXyBaHHs (ilbTpariiHux xa-
PaKTEPUCTUK HABKOJIMIITHBOTO IPYHTY i MaTepiary CTiHOK TpyOonpoBoy. IIpoBeeHi ekcriepuMeHTaIbHI TOCTiKEHHS HATIIPHUX PEHaKHIX
Tpy6 3 PIBHUMHU KOHCTPYKTHBHUMIE XapaKTEPUCTHKAMU JO3BOJIMIIN 3'sICYBATH PeaIbHy KapTUHY MOTOKY pimuHu B TpyGi. 3a pesyssratamu
nocaipKens Gy10 OTPUMAHO eKCIIEPUMEHTATIbHI 3aJIeKHOCTI Ay BiJl Be/IMUMHY CIIIBBIAHOIICHH S IBUIKOCTEH BTiKAI0401 Pifiim 10 cepeboi
MTBUIKOCTI PyXY TOTOKY Y Bianosigaomy mepepisi (U,/V), a TakoX BiJl KOHCTPYKTUBHUX XapaKTePUCTUK KaHaTy. BusHaueno MakcuManbHy
MOJKJIUBY BUTPATY, IKY MOsKe 3i0patu i nporycruty 36ipHUii ApeHaKHUIT TPYGONPOBI i3 3alaHUMU KOHCTPYKTUBHUMH 1 (DiTbTpariiiHumu
xapakrepuctukamu. ITokazano, 1o 6iIbIIOMY 3HAYCHHIO BKA3aHOTO CIiBBiZHONIEHHS BiNOBiAAI0TH Oi/biii 3HaueH A Ayp. Jlanmii pesyasrar
MO’KHA TTOSICHUTH BIJIIBOM IIPUEHYBAHOI BUTPATH HA OCHOBHUIT NOTiK. O4eBU/IHO, 1110 HA B3AEMO/IiI0 IIPUEHYBAHOTO i OCHOBHOTO IIOTOKY B
Tpy6i BUTpAYa€eThCsI IIEBHA €HEPTist, a Iie TIPU3BOUTH /10 JOJATKOBUX BTPAT HAMOPY. B po6oTi OTpUMAHO 3a/1€5KHOCTI 7SI PO3PAXYHKY JOCIIi-
JUKyBaHOTO KoedilienTa s 36ipHIX ApeHa kHuX TPyOONpoBoiB. X 3acTocyBanHs Ip1 po3paxyHKy ApeHasxkHuX TpyO A03BOINTD THABUITUTI
HaZIiiiHICTh 1 eheKTUBHICTD POOOTH MEMOPATHMBHUX CHCTEM, B IKUX JIaHi TPYOOTIPOBO/Y € BXKJIUBUME KOHCTPYKTHBHUMHU €JI€MEHTAM.

KiiouoBi caoBa: 36ipHuii [peHaskiuii TpyOOnpoBi, 3MiHa BUTpaTa, (hisbrpaniitnuii omip, rigpaBaidyauii KoeilieHT repTst
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BU3HAYEHHS EHEPTII YIAPY KOJIICHOI IIAPU PYXOMOTO CRJIAAY 3AJI3HUIID ITPU CXOAI 13
PEMOK IO 3AJIIBOBETOHHUX IIIMAJIAX 3A IAPAMETPAMU CJIIIIB YIAPY (c. 39-46)

4. B. Boixkenapcbkuii, . 1. Jlyuko, O. M. Baxs, B. B. KoBanbuyk

OG6’ e€KTOM I0C/IIIKEHD € 3a/1i300eTO I IITIAJIH, SKi 3a3HAIOTH il yaapy KoJieca pyXOMOTO CKJIaLy 3aJi3HHUIL.

HaseieHo MeTOAMKY TEOPETUYHOT OIIIHKN eHeprii pu yapi Koseca B 3a/1i300€TOHHY HITIATY TIPU CXO/Ii KOJICHOT Mapy PyXOMOTO CKJIAIy
i3 peiiku.

[TpoBe/ICHO EKCIIEPUMEHTaIbHI OC/IZKEHHST TEOMETPUYHUX [TAPAMETPIB CJI/IIB yAapiB, siKi BUHUKAIOTh HA 3a/1i300€TOHHUX TIMAIaxX y
3aJIEKHOCTI Bil BUCOTH TiAOMY TieHTpa Mac Goiika, Haji MiclieM yaapy. 3a pe3yJsraTaMi eKCIIEPUMEHTIB OTPUMAHO CePeIHbOCTATUCTIHYHI
reoMeTpUYHI MapaMeTpu CaiAiB yaapy. BeranoBieHo, 1o 3a1eKHICTh CaAIB yaapiB Bif BUCOTH MifloMy 1leHTpa Mac GoiKa Hajl MicIleM yaapy
B 311300 TOHHY IITIATY MA€ HEJMIHITHIN po3mozi.

[IpoBeieHo eKCIepUMeHTaIbHI A0CAIKEeHHS BILIMBY OCHOBYM PO3TAIllyBaHHs 3aJ1i300€TOHHOI IINaJN Ha TeOMETPUYHI apaMeTpu CJIiIiB
yZapis. Beranosiieno, 1110 posTairyBaHis 3a/1i300€TOHHO] AN Ha TBepAiil 0cHOBI i Ha mebeneBoMy 6anacTi He Ma€ CYTTEBOrO BILIMBY Ha
3MiHy TEOMETPHUYHIX MapaMeTpiB cifiB yaapy. OTpuMani eKcriepiMeHTaTbHi 3HAYeHHS 3HAXOAAThCSA Y MesKaX 36, BU3HAYEHNX /11T SKOPCTKO-
O OOTIUPAHHS TITTAJIH.

Beranosiieno, 1o npy BUIPoOyBaHHi 3a/1i306eTOHHOT IINMAIK Y 1eGeHeBOMY SIMKY BEJINYMHA CHEPTil 3a1e5KUTh Bijl BUCOTH MigHOMY
6oiika. [Tpu Bucoti migiiomy 6oiika 0,95 M BeJmuKHA €Heprii, IKa IOTIMHAMACH MITIAJT00 Pa3oM 3 basactoM, cranoBuaa 475 JIk, a npu Bu-
cori 1,42 m — 710 JIx.

OTprMaHo aHATITHYHI 3aJIeKHOCTI MiZK IOBXKMHOIO TPaHi CJIiLY yIapy Ta BETHYHMHOIO TIOTJIINHOI €Heprii, a TAaKOK — TIINOHUHOIO MO HAIPSIM-
Ky /il CUJIM Ta BEJIMYUHOIO TIOMJIMHOI eHeprii. BetaHoBeHO, 110 I0BKUHA CJILY y/apy Mae eKCTpeMyM, 110 He JI03BOJISIE PEKOMEH/IyBaTH 11eit
TIapaMeTp IS OIIHKY KiJTBKOCTI OTJIMHYTOI eHeprii 711 3Hadens eHeprii E<200 [[3k. /L5 BU3HAUEHHS BeITYNHY HOTJINHYTO] ITAJIO0 eHeprii
PEKOMEHIYETHCST BUKOPUCTOBYBATH [APAMETP IIIMOUHU CJIY YAAPY.

K040Bi c10Ba: 3a1i300€TOHHI NINAJH, CITiU YAAPIB, CXi/ 3 PEHOK, PYyXOMUI CKIa/ 3a/i3HUIIb.



