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Y cmammi pozensioacmuvca egpexmugnicmv SUKOPUCIMAHHA CAMOHANPYHCEHO20 OEemoH)y 5K
A0pa 015 cmanebemoHHUX KOJIOH K8AOPAMHO20 NONnepeuHo2o nepepizy. /s ybo2o Ha nepuiomy
emani 0y10 npogedeHo po3paxynox cmanedemonnoi kononu pozmipamu  100x100%3rm,
ooesoicunoio 500mm 3 euxopucmanmnam sk sopa nepepizy 6emony mapku C16/20. Ha nacmynnomy
emani OO0CHIOJCEHHs, BUXO0AUU 3 VMO8 OOHAKOBOI Hecywoi 30amHocmi KOJNOH, 0y8 nidiopanui
nonepeyHuil nepepiz 3 BUKOPUCMAHHAM CAMOHANpysiceno2o bGemony. Taxoxc 0y10 npogedeHo
NOPIGHAHHA XAPAKMEPUCMUK CMANeO0emoHHUX KOJOH 3 BUKOPUCAHHAM 5K A0pad nepepizy
36UUAIIHOO | caMOHanpydceno2o bemowny. Bcmanoeneno, wo npu oonaxositi Hecyuitl 30amuocmi
gapmicms KOJOHU 13 CAMOHANPYICEHUM OEeMOHOM MeHuwla 8i0 8apmocmi KOJOHU 30 36UYANUHUM
oemonom Hna 20.6 %, saca xononu 3menwunaco uma 8.67 %, niowa nonepeunoco nepepizy
smenwunacy na 36 %.

Knrwuoesi cnosa: camonanpysicenuil 6emon, cmaiebemon, KOJIOHA, HeCy4a 30amHiCmb.

The paper considers the efficiency of using sedfssed concrete as a core for steel-concrete
columns square section.

On the first step the bearing capacity for steatarete column square section 100x100x3
mm length 500 mm with concrete C16/20 as the caseabtained.

At the next stage we determine which cross-sediorecessary to obtain the same bearing
capacity when using self-stressed concrete as @ cor

To determinate bearing capacity of steel-concreaikirans the unified method for polygon
steel-concrete columns was used. For self-stressedrete, the prismatic strength of concrete
should be replaced with the reduced prismatic gjtientaking into account the compressive
stresses of concrete in the process of self-strgsand volumetric compressinghe minimum
required concrete self-stress ensures the conc@te and steel shell collaboration. To ensure the
collaboration the Poisson ratios of the self-stressicrete and steel shell should be equials is
necessary for optimal design of the constructioictviiakes in account, among other parameters,
the consumption of self-stress cement.

The same bearing capacity with using self-stressmatretewill be provided with cross
section 80x80x3 mm, length 500 mm. A verificatias werformed for the section 80x80x3 mm.
Bearing capacity for regular concrete was 440 kM d35 kN for self-stressed concrete.
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The concrete composition to produce self-stressret@ with specified characteristics was
selected. Portland cement M400, river sand, crussieme fraction 5-10, Alumina cement and
gypsum were used as components for concrete Toobtain the Sp-1.2 self-stress grade the
consumption of the self-stress cement was chosen.

As a result, the cost of a column with self-strdssencrete is less than the cost of a column
with regular concrete by 20.6 %, the weight of ¢tbeumn decreased by 8.67 %, the cross-sectional

area decreased by 36 %.

Keywords: Self-stressed concrete, steel-concrete, colummingeeapacity.

Beryn.  CraneGeToHHI  KOHCTPYKITii
BUKOPUCTOBYIOTh y PI3HOMaHITHUX OYAIBIAX 1
cropyzaax, 30KpeMa sK OMOpPHI KOHCTPYKIIiT
(komoHm). Y crarTi WOAAHO PO3paxyHKH
HECy4Oi 3JaTHOCTI CTajJeO0CTOHHOI KOJIOHU 3
BUKOPUCTAHHSM CaMOHAIMPYKEHOTO OeTOHY 1
CTale0ETOHHOI KOJIOHM 3 BHKOPUCTaHHSIM
3BHYAIHOTO OETOHY.

AHaJIi3 OCTAHHIX J0CJHiIXKeHb 1 my0.ti-
Kaniil. EkciepuMeHTalIbHUM Ta TEOPETUYHUM
JOCTIPKEHHSIM BUKOPHCTAHHS HANpPYKEHUX
O€TOHIB fK Aapa CTaJeOeTOHHUX KOHCTPYKLIN
NpucBATHIIM  cBOi  pobotu: Kpuman A. JI.,
Menbuunuyk A. C., [ITaxBopocTos A. 1.,
bounmapenko B. M. Ta iHmn BueHi. Ane HE BCl
MUTAaHHS JOCTAaTHHO BHUBYCHI. 30KpeMa HeIo-
CTaTHRO BHUBYCHOI € POOOTa CTaNeO0ETOHHUX
KOJIOH KBaJIPaTHOTO IONEPEYHOro mepepizy 3
SIIPOM 13 CaMOHAIPYKEHOTO OETOHY.

Bu3zHaueHHsi MeTM Ta 3aBJaHHS
OOCJTiIKeHHsl. MeTor  [OCHIKEHHS €

_ _ ¢
N = f, A, =|1+ o.5ckegl+—5 f f,08+ f,0A)

ne f, — ysarameHeHa MinmicTh cTaneGeToH-
HMX KOJIOH;

A, — mioma mnepepisy cranebeToHHOT
KOJIOHU,

Kk, — npuBenenuii koedinieHT epeKTHBHO-
cri, K, = K, [K;

K, — xoedinient edexTuBHOCTI MycTOT (Y
HAIIOMy BUMAJAKy IYCTOT HEMae, TOMY
k, =1);

K, — xoedilieHT MOTIroOHAILHOCTI, SKHUIA

BU3HaYaeThes 3riaHo 3 [1], K =0.33;

OTPHMATH PIBHSIHHS ISl BU3HAYCHHS HECYYOl
3IaTHOCTI CTaeOETOHHOI KOJIOHH 3 SAPOM i3
caMoHarnpyxeHoro Oerony. /s mocsTHEHHs
chopMyITbOBaHOT METH MOTPiIOHO: BU3HAYUTHU
HamNpy)KEHHsI, 10 BUHHUKAIOTh BHACIIJIOK
00’eMHOr0 OOTHUCKY OCTOHY, BH3HAYHUTHU
Halpy>XeHHsI OOTHCKY O€TOHy B IpoIrieci
CaMOHAINpPYXXCHHs; BU3HAYUTU  MiHIMaJbHE
HEOOX1IHE CaMOHAMNPYXEHHS IS 3aJlaHOTO
nepepizy; miaioparu ckiaa OETOHHOI cyMimri

Ul  OTpUMaHHA O€TOHY 13  3aJaHUMU
XapaKTePUCTHKAMHU CAMOHATIPY>KCHHS.
OcHOBHA YacTHMHA  JOCJiIKEeHHS.

BusnaueHHs Hecydoi 30aTHOCTI crane0eToH-
HUX KOJIOH BHKOHYEMO, BHKOPHCTOBYIOUH
yHi(ikoBaHUH MeTOoA [1] Ha NMpUKIaal KOJIOHU
nosxuao0 | =500MM i3 posmipamu more-
peunoro nepepizyl00x100x3um (puc. 1).
Hecy4a 31aTHiCTh cTaneOeTOHHUX KOJIOH
NOJITOHAIFHOTO  TOMEPEYHOro  mepepizy
3rigHo 3 [1] Bu3HavyaeThCst 3a HOPMYIIOL0:

(1)

fy — Meya TeKY4JOCTi CTa, fy =220MIla;

A, —nyoma nepepisy craneBoi 000I0HKH,

A =11.64-10 v*;

f, — npusmoBa MinHicTh OeroHY,
f. = 16MIla;

A - mioma mnepepizy OeTOHHOro spa,

A =88.36-10 v*;
AT,
A\: chk

¢ — koedilieHT npuBeaCHHs, & =

¢ =1.81
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t=3mMm

3vM
4
o

t=
a
S

&

b=100um

b=100um

Puc. 1.Tlonepeunwuii mepepiz KOJIOHU

BukoHaBIIM po3paxyHKH 3a (OPMYIIO0
(1), orpmaeMo 3HaYCHHS HECY4Ol 31aTHOCTI
CTaNIe0ETOHHOT KOJIOHH

1.81

N = (1+ 0.5LD0. 3%][@ 2200100 11.62 10+ 16 A0 8836 ‘fI)O: 439kH)5

Ha HacTtymHOMy eTami JOCHIIKEHHS,
BUXOJAYA 3 YMOB OJHAKOBOI HECY4Ol 3/1at-
HOCTi KOJIOH, Mig0epeMo MOonepeyHuil nepepis
13 BUKOPUCTaHHSIM CaMOHAIPYKEHOTO OCTOHY.

st CaMOHAIPYXEHOTO OeTony
npu3MoBy MinHicTe Oetony f, HeoOximHO

N = f, A, =| 1+ 0.50k 3-—

HanpyxenHnst o0THCKy OeTOHY Oy Y

OpOIECi  CAMOHAMpPYXEHHS  BH3HAYAETHCS
srigHo 3 [3] 3a popmymoro:
Oy = Ry 1K, [K, (3)

3aMIHUTH Ha MPUBEJCHY MPU3MOBY MIIHICTD 3
ypaxyBaHHSIM HaIlpyXeHb OOTHUCKY OETOHY B
MPOIeCi CAaMOHAIPYKEHHS 3TiTHO 3 [2] Opp 1

06’ emuoro ootucky f, ., Toni dopmyna (1)
HaOy/e BUTIISY:

E@ f,O0A+ T JA). 2)

ne kS — Koe(iIliEHT TPUBICHOTO apMyBaHHS,
SIKUW TIpUMaeThes piBHUM 1.5;

k= — xoediuieHT, SKMii BH3HAYACTHCA

]
3aJeKHO Bl  CyMapHoro  koedimieHTa
apMyBaHHS, OTPUMAEMO 3a (GopmyIoro:
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‘= 1570 . @ ;[Jm BU3HAUEHHSI MIIIHOCTI OETOHY, IO
« =1 0.0057+ 1 "',U’ TBEpIi€ B OOMEKEHHX YMOBaxX, BHUKOPHC-
TOBYEMO METOJIMKY, HaBeJeHY y [2]:
M — CyMapHHH Koe(]illleHT apMyBaHHS, _
SIKUH BU3HAYAETHCSA 32 (HOPMYIIOIO: I%Pn B ka ta l’Af wbp’ ()
_ AS ne O — KoeilieHT, KU 3aJIeKHUTh B/ CKIIAIy
H= X; ®) 0eToHHOT cymii, & ~1;
Af  — nonpapkoBmii KkoedimieHT, KUt
5 BH3HAYAETHCS 32 (POPMYIIOO:
R, — BeimunHa CcamMOHANpPyKEHHS
HampykeHoro OeToHy s 3abe3nedyeHHs 0.44
CYMICHOI poOOTH OETOHHOTO sifpa 1 cTaneBoi A = —. (8)
00OJIOHKH 3TiHO 3 METOAMKOw0 [4]; cymicHa fck
pobora Oyzae 3abe3nedeHa, KOoau KOediliEHTH
[Tyaccona OeTOHHOrO siApa Ta CTaJIEBOI OCKiNbKM  CaMOHANPYXEHUH  OETOH,
00OJIOHKH CTaHyTh PIBHUMH. nepeOyBaroyn B 000iMi, HaOyBa€e CKJIAIHOTO
MinimManbHO ~ HeOOXifHa  BeJMYMHA 00'€eMHO-HANIPY»XEHUW CTaHy, TO HEOOXITHO
00THCKY OCTOHHOIO sApa BHU3HAYAETHCS 32 BU3HAUUTU  MIIHICTE  00'€MHO-CTUCHYTOTO
¢bopmysoro:

6erony R, sxuit pospaxoByeTbes 3rigHO 3

Opp(min) = 100L. (6) [5] 3a dhopmyoro:

— — 2
_1 _l —
Ry = fu 1+ &, 07,0 =+ | o= | +10 || (©)

[Tpu3moBy MilHICTE OETOHY BHUPA3UMO
yepe3 MIIHICTh OeTOHYy, IO TBEpAHE B
0OMEKEHUX yMOBaxX Ropn, TOmi:

o-1 [[o-1)
+

fow = Ropn 11+ & 00, 5 +10Ly ||, (10)
ne y, — Koe(illieHT, KU BPaXxOBYE yMOBU @, — xoedilieHT, IO BU3HAYa€ YacCTKy
poboTH cTaneBoi OOOJIOHKH CTajJeOETOHHOI P03THFyBaJ}BHOT 'CKHaIIOBO'l' BIJ  3arajbHOI
KOJIOHH KBaJIpaTHOTO MOIMEPEYHOro mepepizy: nedopmarii  CTIHKM — TpyOH-OOONOHKH B

rpanu4HoMy ctasi, d; = 0.84;
Y, = a, |__d72; (11) @', — xoe]ilieHT, IO BPaxoOBye BEIUYUHY
3MILIHEHHSI ~ XOJIOJHOTHYTHX  NpodiniB i
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po3paxoBanmii 3a (opmynoro K. Kapena i
Jx. Binrepa [2] 4, = 1.1.

¥, =0.84(1.1= 0.92;

J — BiTHOCHA BeMYnMHA OOKOBOTO THUCKY 3
00Ky cTaneBoi 00OJOHKH Ha OETOHHE SIIPO B

TpaHUYHOMY  CTaH,  BH3HA4YaeThCI 32
¢bopmysoro:
— 3
g=_SP (12)
6.67+ p
Ie 0 — KOHCTPYKTHMBHHUH KOEQILI€HT
TpyOOOETOHY,  sSKHMI  BHU3HA4YaeThCS  3a
dhopmyroro:
f, CA
p:y—, (13)
I:ehpn DA%k
ne &, — KoediuienT, 1w BpaxoBye
HEOHOPITHICTh po3mnoaiTy TOJIOBHUX

HampyXeHb 32 HOPMAJIBHHUM IE€pPepi3oM sIpa,
SIKU BU3HAYAETHCSA 32 (HOPMYIIOIO:

& = (1— o.oﬂj.

(14)

[TimcTaBuBIIM BCl 3HAYCHHS B PIBHSHHSA
(2), orpumaemo Tpadik 3aJEKHOCTI IIUPUHU
0OOJIOHKH BiJ TOBIIMHU CTiHKH (pHcC. 2) s
Hecyuoi 3matHocti 440 kH 3 3abe3neueHHsIM
MIHIMQJIFHOTO CAMOHAIPY>KCHHS.

Buxonssun 3 yMOB OJHaKoBOI HeCy4ol
30aTHOCTI 1 3 3a0e3leyeHHsIM MiHIMaJIbHOTO
CaMOHAIpPYXEHHS BUOHPAEMO nepepi3
80x80x3mm 3rigHo 3 [6].

Bukonyemo mepeBipky Ta BU3HAYaEMO
CaMOHANpPYXXEHHs, SKe  HeoOXigHe It
3a0e3neueHHs 3a/1laH0i HEecydol 37aTHOCTI 3a
bopmysoro (2), BpaxOBYIOUH XapaKTEPHUCTUKU

miaiopanoro MONEPEYHOTO nepepizy
(A =9.24-10 v, A =54.76-10v7,
& =0.968).

1, MM

10
9.5
9+
8.5¢
8+
7.5¢
7+

\
\
! -
o owmn

2 @mob,MM

75+

L0
0

1

Puc. 2.T'padik 3a1e:kHOCTI IUPUHU 00OJIOHKU
BIJI TOBILWHM CTIHKHU

BukopucroByroun bopmymy (6),
BHU3HAYa€MO MiHIMAJIbHO HEOOXITHY BETHUUHY
00THCKY O€TOHHOro  s1apa, i  IbOTO
HEO0OX1THO po3paxyBaTu KoeirieHT
apMyBaHHs 32 popmyioro (5).

_9.24[10*

=———=0.16
H 54.76(110"

O =100D.16= 1.€MIla.

BusHauaemo  HEOOXiHY  BEIHYHUHY
caMOHamnpyXeHHs 3 piBHsHHS (3), 1e
Koe(iIieHT, SIKMii BU3HAYAETHCS 3QJICKHO BiJ
CYMapHOIo Koedirienra apMyBaHHS,
po3paxoByeThCs 3a hopmyioro (4):

K = / 1.57(10.16 —1 0%

“ 0.0057+ 0.16

E:l—'G:O_SGMHa.
1.231.5
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R, = 0.86MIla, wo 3rixuo 3 [2] Bigmo-
BiZla€ Mapli 3a caMOHamlpyXeHHAM $1.2 3

BEJIMUYMHOIO CaMOHAIPYKEHHS R,s = 0.96MI]a.
Toni BenmmunHa 00THCKY OETOHY:

0,, =0.96[1.2311.5 1.7 MIla.

Jlyis BU3HAUYEHHS MIIHOCTI OETOHY, IO
TBEP/Ii€ B OOMEKEHUX YMOBAX, CKOPUCTAEMOCS
bopmynamu (7)1 (8):

220016 09.24117 _

_0.44

V16
Ry =16+ 13/0.1T11.7% 16.4MITa.

Af =0.1%

Jlns  BH3HAYEHHS MIITHOCTI 00 €MHO-
CTHCHYTOTO0 OETOHY BHKOPHCTAEMO (POPMYILY

(10), me neBigomi 3Haiizemo 3 Gopmyin (11-14):

= =1.93;
p 16.4416 064110
o= LB _a7
6.67+ 1.93
2
£ :(1—0.01E|%j - 05
P 0.003
2
f,, =16.440 1+ 0.5410.92 0'627_ 1+\/( 0-67 ﬁ + 10 0.67= 36. Mila.

Tomi Hecywya 37MaTHICTH CTajaeOETOHHOI
KOJIOHU KBaJPaTHOTO MOMEPEYHOTO Mepepizy 3

SIPOM 13 CaMOHAINpPYKEHOTO OETOHY MapKu
Spl.2:

N :(1+ O.SED.SC{-Iij[Q 2201100 9.23 10+ 36.86 10 54U6A1)@= 435.044

0.968

1+ 0.968
JUIs ~ OTpUMaHHS  CaMOHAIPYKEHOTO
O0eTony MapKu Spl.2, 3T1IHO 3

pekoMeHaamisMu [7], BH3HAYUMO HEOOXimHy
KiIbKICTh HampyxkeHoro uementy (HL[) 3a
dhopmyroro:

1] ﬂ%[ﬁ%} + 45(, (15)

p

— HOPMATHBHE CaMOHAIPYXEHHS

ne Ry,

OCTOHY, IO JOPIBHIOE HOTO MPOEKTHIA Mapili

32 CaMOHANPY)KCHHSIM, 3 ITOMHOXXEHHSIM
nonpaBkoBuii koedimieHT 1.2;

Ry

KEHHSIM, OTPUMaHa IpU BUNPOOYBaHHI 3T1THO

3 [8], ch= 4 MI1a.

Ha

— axtuBHicTh HII 3a camonampy-

HeoOximHa  KUIBKICTR  BOOM IS
3aMilIyBaHHS ~ BU3HAYA€ThCS  OPIEHTOBHO
3QJIEKHO  BiJl  KIIBKOCTI  IIEMEHTY  3a
bopmysoro:

B=0.1817 + 13, (16)
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Pemra KOMIOHEHTIB OGETOHHOI CyMiri
BHU3Ha4YaeThCs  BimmoBimuo g0 [9]. s
OTpPUMaHHS 1n® CaMOHAIPYXEHOTO OCTOHY
Mapku Spl.2neobxigHo: Boau — 2245, HII —
496«kr, micky piukoBoro — 1042xr, mebeHro

Butpara marepianiB mis orpumanss HIL
srigao 3 [8]: moprnananement M400 — 83 %,
rinuHo3emuctuii neMmenT I'1[-40 — 10 %,rimnc
OyniBenbauit — 7 %.

[TopiBHSIHHS BapTOCTI 1 XapakTEPUCTUK

¢bpakmii 5-10 — 193Zr. crajie0EeTOHHNX KOJIOH IToxaHo B Tadi. 1.

Tabmums 1
[TopiBHSHHS cTaNe0ETOHHUX KOJIOH
Crane0eTOoHHA KOJIOHA Crane0eToHHA KOJIOHA 3
o 3 SIIPOM 31 3BUYANHOTO SIIPOM 13 CaMOHaIIpy-
HaiimerysanHs 6€TI([)II){y 100%x100%3vim, Hp}KeHOFO 6eT0Hypy A, %
I=0.5m 80x80x3mm, |1=0.5m

Hecyua 3gatHicTs, kKH 440 435 1,14
Bapricts 6eTony, rpH* 8.07 10.66 32.09
Baprictb 06050HKH, TPH* 130.8 99.60 23.85
BapticTh K0JIOHH yChOTO, TPH 138.87 110.26 20.6
Bara xosonu, xr 14.99 13.69 8.67
TT1011a KOJNOHH M° 1-10° 0.64-10° 36

* 11inum B3sTO 3 MEpexi iHTepHET cTaHoM Ha 25.03.201%.

BucHoBKH. vy CTaTrTl  HaBEIEHO 3QJIEKHOCTI IMUPUHA OOOJIOHKU BiJ TOBUIUHU

pe3yNbTaTH PO3PaxXyHKY HECydol 3IaTHOCTI CTIHKM 13 3a0€3MEYCeHHSM MIiHIMAILHOTO
KOJIOH TIPH BUKOPHCTAaHHI CaMOHAIPY>KEHOTO CaMOHANpyXXeHHs 1  3amaHoi  Hecydoi
Ta 3BuYaitHoro  Oetony. Komona i3 3J1aTHOCTI. Takox Oymo MIPOBEICHO
cCaMOHaNpPY>XeHUM OETOHOM PO3paxOByBaIacCs MOPIBHSHHS  BapTOCTI Ta  XapaKTEPUCTHK

Tak, OO0 T Hecyda 3maTHICTH Oyna
€KBIBaJIEHTHA KOJIOHI 31 3BMYaliHUM OETOHOM.
Jns uporo B pobori moOymoBaHO Tpadik

cTajge0eTOHHUX KOJIOH 31 3BUYaiHOr0 OETOHY
Ta CaMOHAIPYKEHOTO.

Cnucok eukopucmanux osxcepe

1. Min Yu, Xiaoxiong Zha, Jiangiao Ye. A unified fortation for circle and polygon
concrete filled steel tube columns under axial casgion Engineering Structure2013. Ne 49,
P.1-10.

2. Kpumran A. JI. TIpouyHOCTh TpyOOOETOHHBIX KOJOHH C MPEIBAPUTEIHLHO 00KATHIM SIPOM:
auc. ... 1-pa TexH. Hayk . 05.23.01Maruuroropck. 2011. 33%.

3. lMocionuk go CHull 2.03.01-84. TlociOHUK 3 TPOEKTYBaHHS CaMOHANPYXEHUX
3amizo0eTonHux KoHcTpykiii (mo CHull 2.03.01-84). funuwmii Bix 1985-05-08].Mocksa, 1986.
49 c. (Indopmariist Ta JOKyMEHTALIisI).

4. MaxBopoctoB A. M. MHccnenoBanue HanmpspKEHHO-1e(DOPMUPOBAHHOTO — COCTOSTHHS
TpyO0OeTOHA Ha HAMPATAIONIEM IIEMEHTE: JucC. .. KaHAd. TexH. Hayk: 05.23.01Mockga. 2000. 15%.

5. Menbanuyk A.C. IIpoyHOCTP KOPOTKHMX TPYOOOETOHHBIX KOJOHH KBaJapaTHOTO
MONIEPEYHOT0 CEYEHUS: TUCC. ... KaH. TeXH. HayK . 05.23.01Maruautoropck. 2014. 19%k.

6. TOCT 8639-82 Tpyou craneBi kBaaparHi. Copramenrt. [Umnnmii Big 1983-01-01].
Mocksa, 1982. 7c. (Indopmariis Ta TOKyMEHTAITiA).

7. PexoMeHaaMM MO MPUMEHEHHIO OETOHOB Ha HANPSATAIONIEM IIEMEHTE B MOHOJUTHOM U
coopro-mononutHOM crpoutenseTBe / HUMKB Mocksa. 1987. 17c.

36ipauk HaykoBux npans YKp/AY3T, 2019, sun. 184
43



30ipHUK HAYKOBHX Npanb Y KPaiHCHKOI0 Aep:KaBHOI0 YHIBEPCUTETY 3aJi3HHYHOI0 TPAHCTIOPTY

8. Casenst /I. H., ConoBeeB /I. A., IlmockornocoB B.H. Oco0eHHOCTH TPOYHOCTHBIX U
neGOpMaIMOHHBIX XapaKTEPUCTHK HAIMPSTAIONIET0 I[IEMEHTa, MOAUMDUIIMPOBAHHOTO H00aBKOU
HUTpaTa Kanblus. Becmuuk [lonoyxozo eocyoapcmeennozo ynusepcumema. 2009.Ne 6. C. 53-56.

9. ACTY b B.2.7-215:2009byniBensni Mmatepianu. beronu. IlpaBunma migbopy ckiany.
[Uuanawuii Big 2010-09-01]Kwuis. 2010. 1&. (Iudopmaiiis Ta JOKyMEHTAIIis).

lanaryps €Breniii IBaHOBUY, KaHA. TEXH. HAYK, IOLEHT Kadeapyu OyiBeabHOI MeXaHiKM Ta TiApaBIiiki Y KpaiHCHKOTO
JIEP)KaBHOTO YHIBEPCUTETY 3ai3HHUHOro Tpancmnopty. Ten.: (067)9384346. E-mail: evgeniygalagurya@gmail.com
KoBanboB Makcum OnekcaHIpoBHY, KaHJI. TEXH. HAYK, AOIEHT Kadeapu OyaiBeIbHOI MEXaHIKH Ta TiApaBIiku
VKpaiHCHKOTO JEPKABHOTO YHIBEPCHTETY 3a1i3HUYHOrO Tpancnopry. Tei.: (050)633-50-81.

E-mail: maks_kov@ukr.net.

Kpagui Jlapuca bornaniBHa, kaHj. TeXH. HAyK, TOTCHT Kadeapu OymaiBeIbHOT MEXaHiKH Ta T1IpaBIiKu Y KpaiHCHKOTO
JeP)KaBHOTO yHIBEpCUTETY 3anizHu4dHOro Tpancnopty. Ten.: (050)160-62-24. E-mail: Laura_Kravtsiv@ukr.net.
[Merpenko [Imutpo I'puropoBud, KaHj. TEXH. HAYK, aCUCTEHT Kadenpu Oy1iBeJbHOT MEXaHIKH Ta T1JpaBIIiKu
VKpailHCBKOTO Iep>KaBHOTO YHIBEPCUTETY 3aji3HUUHOrO TpaHcnopty. Ten.: (099)467-58-46.

E-mail: petrenko_dmytro@ukr.net.

Buuenoxk Irop Bonoaumuposny, aciiipant xadenpu OyaiBeiabHOT MEXaHIKU Ta TiApaBIiKK YKPaTHCEKOrO AE€PKaBHOTO
yHiBepcuTeTy 3anizHudHoro tpancnopty. Ten.:(063)706-07-22. E-mail: igorbuchenok2111@gmaihco

Galagurya Evgeniy, PhD (Tech.), Associate Profeddepartment of Structural Mechanics and Hydrauliigainian
State University of Railway Transpoitel.: (067)9384346.E-mail: evgeniygalagurya@gmail.com

Kovalov Maksym, PhD (Tech.), Associate Profess@p&tment of Structural Mechanics and Hydraulidgathian
State University of Railway Transpoiftel.: (050)633-50-81. E-mail: maks_kov@ukr.net.

Kravtsiv Larysa, PhD (Tech.), Associate ProfesBapartment of Structural Mechanics and Hydraulilgainian
State University of Railway Transpoftel.: (050)160-62-24. E-mail: Laura_Kravtsiv@ukr.net.

Petrenko Dmytro, PhD (Tech.), Assistant lecturep@rtment of Structural Mechanics and Hydraulidggihian State
University of Railway Transportel.: (099)467-58-46. E-mail: petrenko_dmytro@ukr.net

Bychenok Ihor, Postgraduate Student, DepartmeS8troictural Mechanics and Hydraulics, Ukrainian &taniversity
of Railway TransportTel.: (063)706-07-22. E-mail: igorbuchenok2111@gneaimn.

CratTio npuiiasaro 13.03.2019.

36ipauk HaykoBux npans YKp/AY3T, 2019, sun. 184
44



