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This study’s object is brick structures for multi-story residential
construction. In such buildings it is necessary to arrange built-in pro-
tective structures for civil defense. As a result of prolonged tempera-
ture and humidity exposure, wetting and destruction of brickwork
may occur. Solving this problem requires devising measures to isolate
brickwork from external influences, as well as, if necessary, options
for strengthening damaged structures.

One of the results of this work is the identification of princi-
pal damage based on analysis of the consequences of prolonged
temperature and humidity exposure to complexly loaded brick
structures (walls, partitions, columns) of a public facility. This is frost-
related damage up to 40% of the initial cross-section, which is mainly
associated with different porosity of the brick and the influence of
atmospheric precipitation.

The next result of the work is proposals for increasing the bearing
capacity of damaged brickwork using tie clips from rolled steel ele-
ments. A qualitative feature of the proposal is the recommendations
for installing these clips, which allow them to be included in joint
work with existing brick elements. This qualitative distinctive feature
was confirmed by mathematical numerical modeling of the increase
in the bearing capacity of reinforcement brick structures.

From a scientific perspective, different initial stress-strain states
of brick structures and steel elements at the time of ensuring their
joint operation were taken into account. After the installation of steel
clips, the maximum compressive stresses in the brickwork decreased
by 28.6%. The results could be applied when installing reinforcements
with steel clips for damaged compressed brick structures.

Keywords: protective structures, brick columns, frost damage,
reinforcement, modeling, finite elements.
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This study’s object is the processes of perception and redistri-
bution of loads in the supporting structure of a flat wagon for long-
length cargo during rail-ferry transportation. The task addressed
is to adapt a universal flat wagon for transporting long-length
cargo. In this case, it is proposed to improve the structure of a flat
wagon by equipping it with frame-type side walls reinforced with
sandwich panels.

The proposed technical advancement was substantiated by
mathematical modeling of the dynamic loading of the flat wagon
during transportation by rail ferry. The calculation results estab-
lished that the proposed improvement contributes to a reduction
in the dynamic loading of a flat wagon’s supporting structure by
15% compared to the typical structure. The findings were con-
firmed by computer simulation. The results of calculating the
strength of a flat wagon’s supporting structure established that its
strength is ensured.

A special feature of the technical advancement is that it does
not require intervening in the basic concept of a flat wagon’s sup-
porting structure since the side walls are removable.

The scope of practical application of the research results is
railroad transport. The practical use of the findings is subject to
the absence of a natural degree of freedom of the side wall frame.

The results of this study will contribute to improving the ef-
ficiency of railroad transport operation, including international
traffic. The results could also prove useful for designing modern
car structures with improved technical and operational charac-
teristics.

Keywords: railroad transport, flat wagon, design improvement,
structural loading, structural strength, railroad-ferry transportation.
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This study’s object is the flywheel as an energy storage device.
The task addressed is to devise a sequential approach to flywheel
shape optimization.

The analytical basis of flywheel shape optimization has been
reconstructed to reveal the source of contradictory results. It was
found that the product of radius and angular velocity of rotation is a
constant that depends on material properties for the ring-shaped disk
flywheel. It becomes somewhat more complicated for other flywheel
shapes. It is the reason for the contradictions in the flywheel shape
optimization results reported by researchers.

Comparative calculations for several flywheel shapes have been
performed using the finite element method. The results confirmed
that bringing material closer to the axis of rotation, including Laval
disk shape, does not give any advantages. Material choice has an
essential advantage in comparison with shape optimization. The
flywheel shape has to be optimized together with the material. A
ring-shaped disk flywheel is a good starting point for flywheel shape
optimization. The results are attributed to the nature of the flywheel
material behavior under the action of inertia forces.

A novel approach to combining different materials in flywheel
construction has been proposed. One material (high-strength steel)
was used for the flywheel ring. Another material with a lower elastic
modulus (high-strength aluminum alloy) was used for elements con-

necting the ring with the shaft. The bimetal flywheel has a mass three
times less than the base variant, with 24.6% underload for steel parts
and 17.3% underload for aluminum parts.

The findings reported here could be practically implemented in
the design and manufacturing of flywheel energy storage systems
with increased specific energy for use in vehicles and stationary
power units.

Keywords: flywheel shape optimization, specific energy, bimetal
structure, finite element method.
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This study addresses issues related to deformation processes in
crushed rock backfills, which are used to control the condition of sur-
rounding rocks in the extraction areas of coal mines.

The task under consideration is to maintain mine roadway stabil-
ity by preventing roof collapses in the gob area by ensuring the bear-
ing capacity of backfills.

Deformation processes were studied on model materials made of
crushed rock of various grain-size distributions and bulk densities.
The material was subjected to compression testing, which simulated
the complete backfilling of the gob area. It was shown that the en-
ergy characteristics of deformation and compaction of crushed rock
determine the bearing capacity of backfills. The deformation energy
density was determined by the grain-size distribution of the crushed
rock with a polyfractional composition. The maximum values of the
specific potential deformation energy were recorded during compres-
sion of crushed rock with a coefficient of uniformity C, = 5.99, which
has a stiffness 7-13% higher than that of polyfractional materials
with C,, < 4, which ensures the bearing capacity of the backfill mass.
It was established that with an increase in the compaction coefficient
of the backfill material, the relative volume change per unit of conver-
gence, AVk (m~1), occurs according to a hyperbolic relationship, allow-
ing the prediction of the ultimate compaction of the backfill material.

The stability of gob-side retained entries can be ensured by com-
plete gob backfilling. The expected settlement of the backfill material
determines the nature of the limitation of lateral rock movements in
the gob area, the bearing capacity of the artificial massif, and depends
on the grain-size distribution of the crushed rock.

Keywords: grain-size distribution, crushed rock, compressive
compaction, complete backfilling of the gob area.
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BHU3HAYEHHA MATEMATHNYHHUM MOJAE/JTIOBAHHAM EQEKTHUBHOCTI IIIJCUJIEHHA CTAJIEBUMHA
OBOMMAMM HEIVITHUX KOJIOH BEYIOBAHUX CIIOPY/I IIUBLIBHOTO 3AXHCTY (c. 6-14)

A. B. T'aceHko, /1. B. Ycenko, II. O. Cemko, /I. M. OBciit

O6’eKTOM JJOCTiZPKEHHS] € LIeIVISTHI KOHCTPYKIIiT 6araToIOBEPXOBHUX XKUTJIOBUX Oy/iBesib. Y Takux Oy/iBJIsAX I10 Cy4YaCHUM BUMOraM HeoOXif-
HO BJIALIITOBYBATH BOY/[OBaHi 3aXMCHi CIIOPYAY LIMBITBHOTO 3aXKUCTy. BHACIi/[OK TPHBaIOro TeMIIepaTypHO-BOJIOTiCHOTO BIUIMBY MOXK/TBE Ha-
MOKaHHS Ta PyWHYBaHHS LEIVISTHOI KJIafKu. BupileHH 11i€l mpo6yieMu BUMarae po3po6KH 3aX0oziB i3 i30s1s11il 1ervIssHOI KJIQKY BiJ| 30BHIIIHIX
BILJIMBIB, a TAKOXX 32 HEOOXiZAHOCTI BapiaHTIiB MiJCUIEHHS ITOIIKO/PKEHNX KOHCTPYKIiil. OZHUM i3 pe3y/bTaTiB po6OTH € BUSIBJIEHHS Ha OCHOBI
aHaJIi3y HaCJIi/IKiB TPUBAINX TeMIIEPaTypPHO-BOJIOTICHUX BIUIMBIB Ha IEIVISHI CKJIQ/IHOHABAaHTAXKeHI KOHCTPYKIIii (CTiHM, IIeperopoziKy, Koso-
HU) IPOMAJICBKOI OyAiB/Ii OCHOBHHUX IX MOIIKO/KeHb. HUMM € MOpo306iiiHe pyliHyBaHHS 10 40% MOYaTKOBOIO MOIIEPEYHOro repepisy, 1o B
OCHOBHOMY TTOB>$13aHO 3 Pi3HOI0 IIOPUCTICTIO LIEIVIX Ta BILUTMBOM aTMoc(epHUX omnaiB. HacTyITHIM pe3y/IbTaToM pOoOOTH € MPOTIO3UILil 11070
MiZBUIIEHHS HECYJoi 3ZIaTHOCTI ITOLIKO/PKEHO] IIeTVITHOI KJIAZIKH 3a JOIIOMOTO0 CTSDKHUX 000IM 3 MPOKATHUX CTAJICBUX eJIEMEHTIB. SIKiCHOIO
0COOGJIMBICTIO ITPOIIO3UILLT € peKOMEH/AIIT 3 MOHTaXKy LINX 000#M, 1[0 {03BOJISIIOTH 3a6€e3M1eUNTH BKJIIOUEHHSM iX y CIIJIbHY pO6OTY 3 icCHyr04Iu-
MM LeIVITHUMU eJIeMeHTaMU. [laHy SIKiCHy BiIMiHHY pHUCy HiATBEPPKEHO ILIIXOM MaTeMaTUYHOTO YMCEIbHOIO MOAE/IIOBAaHHS IIi/|BULICHHS
HeCy4ol 3/JaTHOCTI Mi/ICUJIeHUX CTaJleBUMHU 000¥MaMU IeTVITHUX KOHCTPYKIIili. ¥ HayKoBOMY acIleKTi ITifi yac MO/le/TIIOBaHHs BPaXoBaHO pi3Hi
TIOYaTKOBI HAIPy>XeHO-Ae(OPMOBAHI CTAHM IETITHUX KOHCTPYKILiil i CTaseBUX eJIeMeHTIB ITiCHJIEeHHs Ha MOMEHT 3a0e3IeueHHs CyMiCHOI
ix po6oTu. BusHavyeHo, 1[0 ITicJIsl BJIAIITYBAHHS CTaJIEBUX 000UM ITiZICHIEHHS MaKCUMAaJIbHI HAIIPy)KeHHs CTUCKY Y IeIVISHIN KiaAli 3MeH-
muaucs Ha 28,6%. OTpuMaHi pe3y/bTaTé AOLIBHO 3aCTOCOBYBATH IIifi Yac BIAIITYBAaHHS Ii/[ICHIEHb CTAJIEBUMU 000/MaMH MOUIKOMKEHNUX
CTUCHYTUX LEIVITHUX KOHCTPYKIiA.

KurrouoBi coBa: 3aX1CHi CIIOpy/iY, LIEIVIAHI KOJIOHH, MOp0306iliHe pyiiHyBaHHS, Ii/ICUJIEHHS, MO/Ie/IIOBaHHS, CKiHUeHH] eJleMeHTH.
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BUABJIEHHA HABAHTAYXKEHOCTI HECYYO0I KOHCTPVKIIII BATOHA-IUTAT®OPMU JIJIA TOBTOMIPHUX
BAHTAXIB ITPU 3AII3BHUYHO-IIOPOMHUX ITEPEBE3EHHSIX (c. 15-22)

A. O.JIoBcbKa, A. M. OkopokoB, A. O. Mypax’saH, B. JI. Pomax, T. B. BoJiBaHOBCBbKa

OG6’€KTOM JOCTIi/PKEHHS € TIPOIIeCH CIIPUIHATTS Ta Mepepo3IofiIy HaBaHTAKeHb B HECYJill KOHCTPYKIIil BaroHa-TuiaTopMu /st JOBro-
MipHHUX BaHTaXXiB ITPY 3aJ1i3HUYHO-IIOPOMHHUX IepeBe3eHHsX. [Ipo6ieMa, 1110 BUPillyBaJach B paMKax JIaHOTO JOCIIi/IKEeHHs, TI0JIsrae y afarm-
Tarjil yHiBepcaJIbHOTO BaroHa-IaaT(opMu Zo rmepeBe3eHb JOBIOMiPHUX BaHTXKIB. [IpH 11bOMY IIPOIIOHYETHCS YAOCKOHATIEHHST KOHCTPYKIIiT
BaroHa-Iu1aT(GOpMH IUIIXOM OCHAIIEHHS O0OKOBUMH CTiHAMU KapKaCHOTO TUITY, AKPIIUIEHUX CeH/[BiU-TTaHEeISIMHU.

OG6I'PyHTYBaHHS 3aIIPOIIOHOBAHOTO YAOCKOHAJIEHHH 3/1iiCHEHO MaTeMaTUYHUM MO/e/II0BaHHAM AMHAMiYHOI HaBaHTa)KEHOCTi BaroHa-
11aT(OPMH TIPY TIepeBe3eHHi 3ali3HUYHNM TIOPOMOM. Pe3ysibTaTy po3paxyHKy BCTAHOBHUJIY, IO 3aIIPOIIOHOBAHA peaJli3allis CIIpHsie 3MeH-
LIEHHIO IMHaMi4HO] HaBaHTaXKEHOCTi HeCy4oi KOHCTPYKIIii BaroHa-TuiaTopMu Ha 15% y NMOPiBHSAHHI i3 TUIIOBOIO KOHCTPYKIiero. OTpuMaHi
pe3y/IbTaTy MiATBEpKEHO KOMITIOTEPHUM MOJENTIOBaHHS. Pe3ysbTaTi po3paxyHKy Ha MIIHICTh HeCydoi KOHCTPYKILi BaroHa-IuiaThopMu
BCTAHOBWJIY, 1110 11 MiITHiCTh 3a6€311euyeThCs.

Oco6MBiCTh 3a3HAYEHOTO YAOCKOHAIEHHS I0JIATae Y TOMY, 1110 BOHO He IoTpefye BTpyYaHHs B OCHOBHUIi KOHIENT HECY40i KOHCTPYKIil
BaroHa-1u1aTopMH, OCKLILKH GOKOBi CTIHU € 3HIMHUMH.

Cdepa mpaKTUUHOTO BUKOPUCTaHHSA Pe3y/IbTaTiB JJOCIi/KEHH — 3ali3HUYHUI TPAaHCIIOPT. YMOBA MPAKTUYHOTO BUKOPUCTAHHSA Pe3y/IbTa-
TiB — BiICYTHICTb BJIaCHOTO CTyIIeHs BITbHOCTI KapKaca GOKOBUX CTiH.

Pe3ysibTaTH ZAHOTO JJOCJI/HKEHHS CIPUSATHUMYTD IiJBUIEHHIO e()eKTUBHOCT] eKCILIyaTalii 3a/Ii3HUYHOI0 TPAHCIIOPTY, B TOMY YMCJI, B
MDKHApOZHOMY CIIOJTy4eHHi. Tako)K OTpUMaHi pe3y/IbTaT MOXYTbh OYyTH KOPUCHUMU HAIPALIOBAHHSMU IIPH CTBOPEHHI Cy4aCHUX KOHCTPYK-
IIiif BaroHiB i3 MOKpaIleHMMH TEXHIYHUMH Ta €KCIUTyaTalliiHUMU XapaKTepUCTUKAMU.

KirouoRi cioBa: 3a1i3HUYHMI TPaHCIOPT, BaroH-MJIaTGOpMa, YJOCKOHAJIEeHHsI KOHCTPYKILii, HaBaHTaXeHiCTh KOHCTPYKILil, MillHiCTh
KOHCTPYKIIii, 3aJ1i3HUYHO-TIOPOMHI IIepeBe3E€HHS.
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OBI'PYHTYBAHHS OIITUMAJIbBHOI ®OPMHU BIMETAJIEBOTO MAXOBHUKA (c. 23-31)

C. JI. Parin, P. B. OHuieHko, B. I. Illepuenko, C. O. IIlymMukix

OG6’eKTOM JOCJIi/[KEHHSI € MaXOBHK SIK IIPUCTPili Z/I1 HaKONIMYeHHs eHeprii. Bupinrysasacs npo6sema mo6yfoBU MOCIiI0BHOTO MiAX0LY
JI0 onTUMi3alii popMu MaxoBUKa.

Byna pexoHcTpylioBaHa aHaIiTMYHA 6a3a omTuMiszarii opMHU MaxoBHKa JIJIT PO3KPUTTS JpKepesa CylepedsMBOCTI pe3y/IbraTiB. Bysio
BHCBITJICHO, III0 /IS KL/IBIETIOA[i6HOr0 MaxoBHKa 00y TOK pajiiyca Ta KyTOBOI IIBU/IKOCTi 06epTaHHS € KOHCTAHTOIO, III0 3aJIeXKUTD BiJ| BJIACTH-
BocTeit MaTepiaiy. Lle cTae iemo CKIafHIIIMM /714 iHIMX (opM MaxoBUKiB. Lle € MPUYMHOIO CyIIepedIMBOCTI Pe3yIbTaTiB onTuMizallii hopmMu
MaxOBMKa, 1110 OTPUMAaHi AOCTiIHUKAMU.



Bysnu BUKOHaHI MOPiBHANBHI PO3paxXyHKH 3 BUKOPMCTAHHAM METOJY CKiHUEHHMX €JIEMEHTIB JId KibKoX (hopM MaxXoBUKiB. OTpuMaHi
Ppes3y/IbTaTH IiATBEPAIIH, 10 HAGIMDKEHHS MaTepiaty 1o oci o6epTaHHsl, BIUIIOYarou (opMy AucKa JIaBass, He Jla€ )KOJHUX IepeBar. Bubip
MaTepiasly Mae CyTTEBY IlepeBary IOpiBHSHO 3 oNTHMi3alieto popmu. PopmMa MaXoBHMKa Ma€ ONTHMI3yBaTHCS pa3oM 3 MaTepiasom. Kinbre-
MOAIGHUIT MaXOBHK € IPABUJIBHOIO BUXIiZIHOIO TOYKOIO /IS ONTUMI3aLil hopMu MaxoBuKa. OTpUMaHi pe3y/IbTaTH MOSICHIOIOThCS IIPUPOZOI0
TIOBeJ[iIHKM MaTepialy MaXOBHKa IIPH il CHJI iHepIil.

Bys10 3aIpOIIOHOBAHO HOBUM IiJXiJ| 0 MOEHAHHS Pi3HUX MaTepiayiB y KOHCTPyKIil MaxoBuka. OfuH Marepian (BUCOKOMII[HA CTaIb)
BUKOPHCTOBYBABCS /IJIs1 KijIbI[Sl MaXOBHKa. [HITNIT MaTepias 3 HIDKYUM MOZY/IEM IIPY>KHOCTI (BUCOKOMILIHHMI aTIOMiHi€BUIi CILJIaB) BUKOpPHC-
TOBYBABCs JIJIS €IEMEHTIB, 1[0 3'€/IHYIOTh KiJIbIle 3 BaJIoM. BiMeTasieBIit MaXOBHK ITPY PiBHI HelOBaHTAXKeHH 24.6% JIsI CTAJICBUX JleTasieil Ta
17.3% g anoMiHieBUX fieTaeil MaB Macy BTpHUYi MeHIIy TOPiBHAHO 3 6a30BUM BapiaHTOM.

Cdeporo MpaKTUYHOTO BUKOPUCTAHHS OTPUMAHMX PE3y/IbTATiB € MIPOEKTYBAHHS Ta BUTOTOBJIEHHS MaXOBUKIiB-aKyMyJ/IATOPIB 3 MiBHUINe-
HOIO ITMTOMOIO €HEepTi€r0 JIJIs1 TPAHCIIOPTHHX 3aC00iB Ta CTAl[iOHAPHUX €HEPreTUYHUX YCTAHOBOK.

KorrouoBi cioBa: ontuMizanist popMHu MaxoBHKa, IUTOMA €Heprisi, 6iMeTaseBa KOHCTPYKIisl, METOZ CKIHYEHHUX €JIEMEHTIB.
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BU3HAYEHHS JEPOPMAIIIMHUX XAPAKTEPUCTHK TA OIITHKA TPUMKOCTI 3AKJIAZAJIBHUX
MACHBIB I3 TOAPIBHEHOI ITIOPO/IX PISHOI'O TPAHYJIOMETPUYHOI'O CKJIAJZY (c. 32-42)

A. A. Yemira, O. M. Tkauyk, JI. JI. Bauypin, . II. BauypiHa, €. C. Ilogkonaes, A. C. Beiikos, O. O. Bicun, C. B. Ilogkormnaes,
JI. ®. BoHgapuyk, I. B. AHApoOIIyK

O6’exToM focaimpreHHs1 Oyau AedopmMaliiini mpoiecy y 3aiIafiaIbHUX MacuBax 3 MOZpiOGHEHOI IMOpoAy, siKi BUKOPHCTOBYIOTBCS [Tt
yIIpaBJIiHHS CTAaHOM OGiYHMX ITOpiJ Ha BHIMKOBHUX JUISHKAaX BYTIJIBHUX IIaxT. JlociipKyBasace mpob6ieMa 36epeyKeHHs CTiFKOCTi BUPOOGOK
3a pPaxXyHOK 3ar106iraHHsi 06BajleHb MOKpIiBJIi y BUPOOIEHOMY IIPOCTOPi BYIJIEIOPOZHOIO MACUBY IIUISIXOM 3a6e3IeueHHs TPUMKOCTI 3aKJia-
JlaIbHUX MacHBiB. [ledopmariiiiHi mpormecy 10CIiHKyBaIICh Ha MOZAEIBHUX MaTepiaiax 3 MoApiGHEeHOI TOPOAY Pi3HOTO IPaHYIOMETPUIHOTO
CKJIaJly Ta HAaCHUITHOI TYCTHHU. Marepias miiiaBaay KOMIIPECiifHOMY CTUCHEHHIO, IO iMiTyBaJIO ITOBHE 3aKJIafIaHHsI BUPOOJIEHOTO IIPOCTOPY
ropozioto. ITokasaHo, 1110 eHepreTUYHi XapaKTepuCTHUKU JedopMariii Ta yIiibHeHHs o/[piGHEeHO MOPOoY BU3HAYAI0Th TPUMKICTb 3aK/Ia/ia/Ib-
HMX MacuBiB. ['ycTuHa eHeprii fedopmartiii 06yMOBIIIOETECS IPAaHYJIOMETPUIHUM CKJIaJIOM TIOAPiGHEHOI TOpoAN MoTipaKIiiifHOTo CKIamy.
MaxkcrMaJIbHi 3HaYeHHsI MUTOMO] IoTeHIialbHOI eHeprii gedopmanii 3adikcoBaHi Ipyu CTUCHEHHI NoApPiGHEHOI mopoAu 3 KoedilieHToM
HeozpHOpigHOCTI Cyy = 5.99, sIKa Mae KOPCTKicTh Ha 7-13% 6inblre, HiX y moidpakuiiiHux Marepiais 3 C, < 4, 0 3a6e3Ieuye TPUMKICTb 3a-
KJIa/IaJIbHOTO MacUBY. BcTaHOBIIEHO, 1110 3i 3pocTaHHAM KoedillieHTa yIliTbHeHHS 3aK/Ia/JaJIbHOT0 MaTepiary 3MiHa H0ro 06’eMy Ha O/[MHUIII0
KOHBepreHuii AVy (M~!) BiOyBaeThcst 3a TiNepGOIYHO 3aJIEXKHICTIO, 1[0 03BOJISIE TIPOTHO3YBATH IPAHUYHE YUIIbHEHHS 3aK/IaJaIbHOTO
Marepiaiy.

CrifikicTb BUPOOOK, MiATPUMYBAaHUX Y BUPOOIEHOMY IIPOCTOPi BYIVIETIOPOJHOTO MAaCHUBY, 3[aTHE 3a0e3IIeYUTH TIOBHE HOro 3aKJIaJjaHHSI.
OuikyBaHa yca/Ka 3aK/IafaJbHOTO MaTepiaJly BU3Ha4Yae XapaKkTep oOMeXXeHHs IepeMillieHb 6iYHMX 1opi/ y BUpOGJIeHOMY IIPOCTOpi, TPUM-
KiCTh ITYYHOI'O MACUBY i 3aJIEXKUTB Bifl TPaHyJIOMETPUYHOIO CKJIAAY MOAPiGHEHOoi Ioposu.

KUrro4oBi croBa: rpaHyJIOMeTpUIHUN CKJIaJ], TIoApiOHEeHA TOPo/ia, KOMIIpECiiiHe CTUCHEHHS], ITOBHE 3aKJIaJJlaHHsI BUPOOJIEHOT'O IIPOCTOPY.



