ISSN 1993-3517 online

[lonbacckan HaunoHanbHaA aKapgemua [lonbacbKa HauionanbHa akagemia Donhas National Academy of
CTpoNTENbCTBA 11 apXNTEKTYPbI GyniBHNLTEA i apXiTeKTYpN Civil Engineering and Architecture

ﬁ\ﬁatal’

‘ Ql:nnstru gions

B TTHSHTET 8, Tom 24, o, \luuma 24, Number 3

: WﬁénaKTopu

T'opoxoB EBrenwii
KasaxeBnu NMvxann
Ksenapac Aynponuc




PEAAKUMOHHbIN COBET

TopoxoB EBreHnin BacMAbeBMY, NaBHbBIM PEAAKTOP, AOKTOP TeXHUYeCKUX HayK, Npodeccop
My1waHoB BAaanmMnp PHAMNNOBKMY, 3aMeCTUTEAL TAGBHOTO PeAaKTOPa
(Hay4YHbIM PeAAKTOP), AOKTOP TeXHUYeCKUX Hayk, Mpodeccop
TaHacorAo AHTOH BAAAMMMPOBMY, OTBETCTBEHHbIN PDEAAKTOP,
KaHAMAQT TeXHUYeCKUX HayK, AOLIeHT

PEAAKLUMOHHAS KOAAETUS

BeAbliit Tpuropun,

AOKTOP TeXHUYECKMX HayK,
npodeccop

BaAaba dpaHTHILeK,

AOKTOP TeXHUYECKMX HayK,
npodeccop

BacbiAeB BAaanmup,

KAHAMAQT TeXHUYECKMX HayK, AOLEHT
fapd dAyapa,

AOKTOP TeXHUYECKMX HayK

TOAOAHOB AAeKCAaHAP,

AOKTOP T@XHUYECKMX HayK, C. H. C.
TopoxoB EBreHmn,

AOKTOP TeXHUYECKUX HayK, NPodeccop
ly6aHoB BaAmM,

AOKTOP TeXHUYECKUX Hayk, AOLIEHT
AakoB Aummtap,

KAHAMAQT TeXHUYECKUX Hayk

310AKO EdxH,

AOKTOP TeXHUYECKUX HayK, NPodeccop
KasakeBn4 Muxama,

AOKTOP TeXHUYeCKUX HayK, NPodeccop

KBeaapac AyApoHuc,

AOKTOP TeXHUYeCKuX Hayk, Npodeccop
KuHaw PomaH,

AOKTOP TeXHUYeCKuX Hayk, Npodeccop
KyAbbax Baaaek,

AOKTOP TeXHUYeCKuX Hayk, Npodeccop
MywaHoB BAaammup,

AOKTOP TeXHUYeCKuX Hayk, Npodeccop
Ha3um fipocaas,

KQHAMAQT TeXHUYeCKUX HayK, AOLEHT
Mnyyrun Cepre,

AOKTOP TeXHUYeCKuX Hayk, Npodeccop
PomeHckuit Uropb,

KAHAMAQT TeXHUYeCKUX HayK, AOLHT
CroaHoB BAaaummp,

AOKTOP TeXHUYeCKuX Hayk, Npodeccop
CB@HTMKOB AHApPEH,

AOKTOP TeXHUYECKUX HayK, AOLEHT
TaHacorAO AHTOH,

KAHAMAQT TeXHUYeCKUX HayK, AOLHT
LLie6aHnH BayecAas,

AOKTOP TeXHUYeCKuX Hayk, Npodeccop

2018 ¢ TOM 24 « HOMEP 3

YKypHaA «MeTarAuUeCKHe KOHCTPYKLMMU»

OcHoBaH AOH6ACCKOM HALMOHAABHOM aKaAEMME CTDOUTEABCTBA M APXUTEKTYPbI

Peakoanermst KypHaAa «MeTaammyeckime KOHCTRYKLMM»
AOHHACA, 2, YA. AepaBuHa, . Makeeska, AHP, 86123.
Teredakc: +38 (062) 338-03-96, +38 (0623) 22-06-16.
CBMARTEALCTBO O [PerMCTPALMM CPEACTBA MACCOBOM MHDOPMALIM
cepus AAA N200O0093 BbiaAGHO MUHMCTEPCTBOM MHPopMaLmm AHP 17.01.2017 .

Mpmkazom MOH AHP Ne464 ot 02.05.2017 . XypHaA BKAOYEH B NepeydeHb PeLeH3UPYeMbIX HayYHbIX M3AaHMM, B
KOTOPbIX AOAKHbI GbiTb OMYBAUKOBaHBI OCHOBHbIE HayUHble [Pe3yAbTaThl AMCCePTaLMI Ha COMCKaHME YYeHOM CTerneHn

KaHAMAQTA HayK, Ha COMCKaHWE Y4YeHOM CTerneHM AOKTOPa HayK MO TeXHUYECKUM HayKam.
BbinyckaeTcs no petueHmio ydeHoro coseta FOY BIMO «AOHHACA»
MpoTokoA Ne 1 ot 24.09.2018.

XKyPHaA M3AaTCS Ha PYCCKOM, YKPAUHCKOM M @HFAMIMCKOM S3bIKaX.
MNepeneyaTka, KOMUPOBAHKWE M BOCTPOM3BEACHWE BCEX MATEPUAAOB XYPHAAE BO3MOXHbI
TOABKO C MUCbMEHHOTO Pa3pelleHus PeAaKLmM.
e-mail: mc@donnasa.ru; http://mc.donnasa.ru

BépcTka AaekcaHapa AIXOBa, AM3aMH OpUrMHaA-makeTa faBeHko Ceprent.
Koppektopsl: A. M. AeleHko, E. B. THe3aMAOBa.
© 2018 TOY BMNO «AOHHACA». Bce npaBa 3allmLLeHbl.
MoanucaHo k Bbinycky 08.10.2018 roaa.



PEAAKLIIMHA PAAA

TopoxoB €BreH BacMAbOBHMY, FOAOBHMIN PEAGKTOP, AOKTOP TeXHIYHMX HaYK, NPodecop
MyLwaHoB BoAoaMMMp MMAMNOBKY, 33CTYMHMK FTOAOBHOTO [PEAAKTOPA
(HayKOBMIt PEASKTOP), AOKTOP TeXHIYHMX Hayk, Mpodecop
TaHacorAo AHTOH BOAOAMMMPOBMY, BiAMOBIAGABHWI PEAAKTOP,

KaHAMAQT TeXHIYHMX HayK, AOLIeHT

PEAAKLLIMHA KOAETIS

BeAni Mpuropin,

AOKTOP TeXHIYHMX HaYK,
npodecop

BaAba PpaHrilek,

AOKTOP TeXHIYHMX HaYK,
npodecop

BacuaeB Boaoanmup,

KAHAMAQT TeXHIYHMX HayK, AOLEHT
fapé$ EAyapa,

AOKTOP TeXHIYHMX HAYK

ToAOAHOB OA@KCaHAP,

AOKTOP TeXHIYHMX HaYK, C. H. C.
fopoxoB €BreH,

AOKTOP TeXHIYHUX Hayk, Npodecop
ly6aHoB BaAmM,

AOKTOP TeXHIYHMX HayK, AOLIeHT
AakoB Aummtap,

KAHAMAQT TeXHIYHMX HayK

3I10AKO €XM,

AOKTOP TeXHIYHUX Hayk, Npodecop
KasakeBny MumxaiAo,

AOKTOP TeXHIYHUX Hayk, Npodecop

KBeaapac AyApoHic,

AOKTOP TeXHiYHWX HayK, Npodecop
KiHaw PoMmaH,

AOKTOP TeXHiYHWX HayK, Npodecop
KyAbbax Baaaek,

AOKTOP TeXHiYHMX HayK, Npodecop
MyLaHoB BoAoaummp,

AOKTOP TeXHiYHWX HayK, Npodecop
Haszim fipocaas,

KaHAMAQT TeXHIYHMX HayK, AOLeHT
MivyriH Ceprin,

AOKTOP TeXHiYHMX HayK, Npodecop
PomeHcbkui Irop,

KaHAMAQT TeXHIYHMX HayK, AOLeHT
CrosaHOB BoAoanmmp,

AOKTOP TeXHiYHMX HayK, Npodecop
CBEHTIKOB AHADIH

AOKTOP TeXHiYHWX HayK, Npodecop
TaHacorAo AHTOH,

KaHAMAQT TeXHIYHMX HayK, AOLeHT
LLie6aHiH B'auecaas,

AOKTOP TeXHiYHWX HayK, Npodecop

2018 ¢ TOM 24 « HOMEP 3

YKypHaA «MeTaAeBi KOHCTPYKUii»

3aCcHOBaHMI AOHHACHKOIO HALIIOHAALHOIO aKaAEMIEIO BYAIBHMLITBA | apXiTEKTYPH
Peakonerisi XypHaAy «MeTaAeBi KOHCTRYKLYji»,
AOHHABA, 2, ByA. AepxaBiHa, M. MakiiBka, AHP, 86123.
Tenedakc: +38 (062) 338-03-96, +38 (0623) 22-06-16.
CBIAOLITBO MPO pPeecTpaLliio 3acoby MacoBOi iHbOPMALLT cepis
AAA N2 000093 BmaaHO MiHictepcTtBom iHpopmaLii AHP 17.01.2017 p.

Hakazom MOH AHP Ne 464 Bia 02.05.2017 p. XypHaA BKAIOYEHO AO MePeAiKy HaYKOBMX BHUAAHD, LLIO PeLIeH3YIOTbCS,
B SIKMX MAIOTb OYTM OMyOAIKOBaHI OCHOBHI HaYKOBI Pe3YATaTHI AMCePTaLLM Ha 3A0DYTTS BYEHOTO CTYrMeHs KaHAMAATa Hayk,

Ha 3A00YTTS BYEHOrO CTyrMeHs! AOKTOPA HayK 3 TEeXHIUHMX Hayk.

BunyckaeTbes 3a pilleHHIM BYeHO! paar AQY BIMNO «<AOHHABA»
MpoTtokoA N2 1 Bia 24.09.2018.

JKYpPHaAA BUAGETBCS POCIMCHKOIO, YKPAIHCKOK | @HIAIMCHKOIO MOBaMM.
MepeaApyKyBaHHS, KOMIOBAHHS Ta BIATBOPEHHS BCIX MATEPIaAIB XXYPHAAY MOXAMBI
TIABKM 3@ MUCbMOBOIO 3rOACIKD PeAAKLLIMHOI KOAETI.
e-mail: mc@donnasa.ru; http://mc.donnasa.ru

BepcTtka OAekcaHapa A9XOBa, AM3aiH OpuriHaa-makeTy laseHko Cepriit.
KopekTopu: A. M. AeweHko, O. B. THE3AMAOBA.
© 2018 AQY BMNO «AOHHABA». Bci npaBa 3axuLLUeHi.

MianmncaHo A0 sunycky 08.10.2018 poky.



EDITORIAL TEAM

Yevgen Gorokhoyv, Editor-in-Chief, DSc (Engineering), Professor
Yolodymyr Mushchanov, Deputy Editor-in-Chief (Scientific Editor),
DSc (Engineering), Professor
Anton Tanasoglo, Executive Editor, PhD (Engineering)

EDITORIAL BOARD

Alexander Golodnoy,

DSc (Engineering),

Senior research officer
Anton Tanasoglo,

PhD (Engineering),
Associate Professor
Audronis Kvedaras,

DSc (Engineering), Professor
Dimitar Dakoy,

PhD (Engineering)

Edward Garf,

DSc (Engineering)

Frantisek Wald,

DSc (Engineering), Professor
Hryhoriy Beliy,

DSc (Engineering), Professor
Igor Romenskii,

PhD (Engineering), Associate Professor
Jerzy Ziulko,

DSc (Engineering), Professor
Mykhaylo Kazakevich,

DSc (Engineering), Professor

Roman Kinash,

DSc (Engineering), Professor

Sergiy Pichugin,

DSc (Engineering), Professor

Yadim Gubanoy,

DSc (Engineering), Associate Professor
Valdek Kulbah,

DSc (Engineering), Professor
Yolodymyr Mushchanoy,

DSc (Engineering), Professor
Yolodymyr Stoyanov,

DSc (Engineering), Professor
Sventikov Andrey,

DSc (Engineering), Associate Professor
Yolodymyr Vasyleyv,

PhD (Engineering), Associate Professor
Vyacheslav Shebanin,

DSc (Engineering), Professor

Yaroslav Nazim,

PhD (Engineering), Associate Professor
Yevgen Gorokhoy,

DSc (Engineering), Professor

2018 ¢ VOLUME 24  NUMBER 3

«Metal Constructions» Journal

Has been established by
Donbas National Academy of Civil Engineering and Architecture

Editorial Board of «Metal Constructions» journal
DNACEA, 2, Derzhavin Str., Makiyivka, DPR, 86123.
Telefax: +38 (062) 338-03-96, +38 (0623) 22-06-16.

The mass media resgistration certificate series AAA Ne 000093

issued by the Ministry of information of Donetsk People‘s Republik on January 17, 2017.
By order of the Ministry of Education of Donetsk People’s Republik from 02.05.2017 the journal is included

in the list of peer-reviewed scientific publications in which the main
scientific analysis of Ph. D. thesis and Doctor of Science thesis must be published.

Minutes Ne 1 from 24.09.2018.

Make-up Aleksandra Lyakhova, layout design Sergey Gavenko.
Correctors: L. M. Leshchenko, E. V. Gnezdilova.

Copyright © 2018 Donbas National Academy of Civil Engineering and Architecture. All rights reserved.

The journal is published in Russian, Ukrainian and English.
No part of this publication may be reproduced, reprinted or copied without
a prior written permission of the Editorial Board.
e-mail: mc@donnasa.ru; http://mc.donnasa.ru
Passed for the press 08.10.2018.



ISSN 1993-3517 online

AoHOaCCKas HaLMOHaAbHAS aKaAEMMSI CTPOMTEABCTBA M aPXMTEKTYbI
AOHOACHKA HaLLIOHAABHA aKaAeMis OYAIBHMLITBA | aPXITEKTY oM
Donbas National Academy of Civil Engineering and Architecture

METANMYHECKME KOHCTPYKLIMN
METAAEBI KOHCTPYKLII
METAL CONSTRUCTIONS

2018, TOM 24, HOMEP 3
2018, TOM 24, HOMEP 3
9018, VOLUME 24, NUMBER 3



	
	Page 1



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /OK
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /UKR ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




