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ANALYSIS OF APPLICATION BUILDING INFORMATION MODELING IN THE WORLD AND
UKRAINIAN REALITIES
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Ooecwkutl HayionanbHull Mopcokuil yHisepcumem, Odeca (Vkpaina)
Knosanuu Cepezin @edoposuu
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Bapmuncrko Mazypcokuii ynieepcumem 6 2. Onvwmun (Ilonvwua)

AHAJII3 BACTOCYBAHHS METOJY IHOOPMAIIMHOI' O MOJIEJTIOBAHHSI CIIOPY ]
Y CBITI TA YKPATHCBHKI PEAJITi

Summary. The paper presents an analysis of world experience in implementing technologies for building
information modeling. At present, in technologically developed countries (USA, Great Britain, Northern Europe,
France, Germany) in the practice of design and construction of buildings and structures for various purposes,
information modeling technologies are being intensively introduced. According to foreign experts, the introduction
of information modeling technology reduces the cost construction of facilities financed from the state budget by
25%. Reduction of operating costs is more than 35%. The basic principles of BIM implementation in Ukraine,
which is regulated by the Concept of implementation of construction information modeling technologies (VIM-
technologies) in Ukraine, are also considered. Based on the above, it should be noted that in Ukraine it is necessary
to change almost the entire structure of control in the field of urban planning with the development of methods for
determining the criteria of importance of information in creating an information model of the building.

AHoTtanis. Y po0OoTi HaBeJEHO aHalli3 CBITOBOrO JOCBiJy, IIOJO BIPOBaKEHHS TEXHOJOTIH
iHpopManiiHOro MoeNmoBanHs Oy/iBenb Ta copyA. B TenepimHiii 4ac B TEXHOJIOTIYHO PO3BMHEHMX KpaiHax
(CHIA, BenuxoOpwurawnii, kpaiHax IliBHiunoi €Bponwm, ®pannii, HiMeuunHn) B NpakTHUKy IPOEKTYyBaHHS i
OyniBHMITBA OyniBeNb Ta CIOPYJ pI3HOTO TPHU3HAYEHHS IHTEHCUBHO BIPOBAKYIOTHCS TEXHOJOTIi
iHpoOpManiiHOro MO/IeMIOBaHHS. 32 OLlIHKaMu 3apyOiKHUX (haxiBIliB, BIPOBAIKEHHS TEXHOJIOTI] iHopMaliitHOro
MOJICTIOBaHHsI 3a0e31euy€e CKOPOUEeHHs BUTpAT Ha OYZIBHUITBO 00'€KTIB, 10 ()IHAHCYIOTHCS 32 paXyHOK KOIITIB
Jiep>kaBHOTO O10KeTy Ha 25%. CKOpOUSHHS BUTPAT Ha eKCILTyaTallilo CTaHOBHUTH OHA[ 35%. Takox po3risHyTo
OCHOBHI 3acanu BrpoBaukeHHS BIM B VYkpaiHi, mo perymoerscsi KoHmeniiero BOpoBaKEHHS TEXHOJOTIH
OyxisensHOTO iH(OpMAariitHoro moxemoBanHsa (BIM-texHosmoriit) B Ykpaini. Criuparodrchk Ha HaBeJeHE CIiJ
3a3HAYMTH, 10 B YKpaiHi CIiJ 3MIHUTH MaiXe BCIO CTPYKTYPY KOHTPOJIIO B Trayry3i MiCTOOYIIBHOI TisSUTBHOCTI 3
PO3po0OKOI0 METOZIB BH3HAUYEHHS KPHUTEPiiB BaxIMBOCTI iH(opMaIii mpu cTBOpeHHi iH(popMariifHoi Momeni
CHOPYIH.

Key words: building information modeling, life cycle.

Kouosi crosa: mexuonoeis inpopmayitinoco Mooenosants 6 0yOIGHUYMET, HCUMMEGUU YUKIL.
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Beryn. 3a oninkamu 3apyOixkHuX  (haxiBLiB,
BIIPOBAIXKECHHS TEXHOJIOTI1 iHpopMariiHOTrO
MOJICTIIOBaHHs 3a0e3leuye CKOPOUYCHHS BHTpAT Ha
OyniBHULTBO 00'ekTiB [1], 1O (iHAHCYIOTBCA 3a
paxyHOK KOIITIB JAepxkaBHOro Owomkery Ha 25%.
CKOpOYEHHSI BHTpaT Ha EKCIUIyaTallilo CTaHOBUTH
noHap 35% [2]. 3aBasixu popmyBaHHIO iH(OpMAaIiiHOT
MOJIeNi - €TUHOTO iH(QOpMamifHOTO pecypcy Ipo
00'eKT KamiTaJdpHOTO OYyIiBHUIITBA Ha YCIX eTamax
JKUTTEBOTO UKy Oymimi Puc.l. - 3abesmedyeTbes
OimpI eeKTHBHE B TOPIBHAHHI 3 TPaTUIiHHIMHI

ITpoekr

fr

Eckiznuit
TIPOEKT
(TEO)

Texniune
3aBHAHHSN

el

Konnenrt

Y
&

Excnnyarauis
Ta PEMOHT ——

Puc. 1. 2Kummesuii yuxn 6yoieni
LDicepeno: [3].

3aBnaHHsl Po0OTH BUKOHATH aHANI3 CBITOBOTO
JIOCBiny, 11010 BITPOBAPKCHHS TEXHOJIOTIH
iH(hOPMAIIHHOTO MOJICITIOBAHHS Oy IiBE)Ib Ta CIIOPY/I.

OCHOBHA YaCTHHA.

B tenepimHiii yac B TEXHOJOTIYHO PO3BHHEHHX
kpainax (CILIA, BenukoOpuranii, kpainax IliBHi4HOT
€Bponv, Opanuii, HiMeyuunu) B  NpakTHKY
NpOEKTYBaHHs 1 OyAiBHUITBa OyJiBeJdb Ta CIOPY[
PI3HOTO TPU3HAYEHHS IHTEHCHBHO BIIPOBAJUKYIOTHCS
TEXHOJIOTI1 iH(pOPMAIIITHOTO MOICTIOBaHHS.

3 oy Ha 3HAUYHI NepeBark BiJl BUKOPUCTAHHS
JAHUX TEXHOJIOTIH ISl JIepXKaBu, B SKOCTI IEPIIOTro
KpPOKy, B psili KpaiH BCTAHOBJIEHO YMOBH IIOJO
00O0B'SI3KOBOTO 3aCTOCYBAaHHS 3a3HAUYCHHUX TEXHOJIOTIH
MY NIPOEKTYBaHHI 1 Oy IIBHUITBI 00'€KTIB 32 PaxyHOK
KOITIB JiepkaBHOTO Oromkery. [lomiOHi BuUMOTH
MOCJIZIOBHO  BBOJMIIMCS OKPEMHMH JIepPIKaBHUMH
3amoBHEKamMu: B CIHIA 3 2003 poky, B psnmi KkpaiH
€ppormn i A3sii 3 2007 poxy. Hdani kpoku 3 OOKy
JIep)KaBU  3a0e3NedniIn 3HaYHE IPUCKOPEHHS DIBHS
BIpoBapKeHHs BIM-TexHomorii. Y 2012 pomi B CLIA
6inpme 70% yyacHUKIB Oy/AiBEIFHOTO PUHKY 3asBHIIN
PO BHUKOPHCTaHHS TEXHOJOTIH iH(opMauiiHOTO
MOJICTIIOBaHHS B CBOiX NPOEKTaxX, B BemukoOpuranii B
2013 pori - 54% (3a marumu NBS [3]).

3a  JmaHMMH ~ CiHTamypchKOTO  JEep>KaBHOTO
areTctBa 1o OyxaiBaMiTBy (BCA, Building &
Construction Authority), B 2015 pori 6inbmie 80% Bcix
OyniBenbHMX TPOEKTIB BHKOHAaHO 3rimHo BIM-

MiIXOMAaMH  YOpPaBIiHHA mnpoekroMm. [lpu mpomy
BiIOYBA€THCS KapIWHAIBHE ITiIBUIICHHS MPO30POCTI,
3'IBJIIETECS  MOJKIMBICTH OUIBII  TOYHOI OLIHKH
e()eKTHBHOCTI Ta LIJILOBOrO BUKOPHUCTAHHS
OropxkeTHUX KowTiB [3]. BnpoBamkeHHto Oynb sikoi
HOBOI TEXHOJIOTII Tepey€e aHalli3 CBITOBOI'O JOCBIY,
OI0ZI0 TEMIIIB, €TalliB BIPOBAIPKEHHS Ta OTPUMaHHX
pe3yneTariB, ansa ctBopeHHs cuctemMu KPI (xrrouosi
moka3HuKN edektuBHOCTi). Came aHami3 CBITOBOTO
JIOCBiNy Ta cuTyalil B OyIiBenbHIH ramy3i poOHThH
po0oTy aKTyaJLHOIO Ta HA Yaci.

Amnanis

PoGoua
JIOKYMCHTAIlist

i

A A
s

Bupobuuurso
7

ByniBHHIOTBO

Jlorictnka

texHomoriii. Y Cidramypi cdopmoBaHUi  (HOHT
MATPUMKH  TIEPEeXOQy Taimy3l Ha  iHHOBamidHI
TEXHOJIOTII, M0 HAJa€ OMOMOrY IIiAIPUEMCTBAM
rajaysi 3 nepexoay Ha iH(opMmaliiiHe MOJENOBaHHS.
CrBOpeHa cucrema eKCIIEePTH3H MPOEKTHOT
JOKyMEHTAI[il HA HOBOMY Cy4aCHOMY piBHI.

Y ciuni 2014 poky Oyino 3ampoNOHOBAaHO
HONPaBKH B €BPONEUCHKY AMPEKTUBY MPO JEpiKaBHi
3aKyIiBIi, A€ BCIM KpaiHaM-y4acHHISIM €BPOCOIO3Y
JUIL  TIABHIICHHS TIPO30POCTI Ta e(eKTUBHOCTI
BHUTpPaYaHHS KOINTIB OFOIKETy OyJI0 PEeKOMEHIOBaHO
3aCTOCOBYBAaTH €JICKTPOHHI (DOpMH, IO BKIIOYAIOTH
iHpopMamifHEe  MOJICNIOBaHHA B  OYHiBHHIITBI.
Ictopuuni nmaHmi, momo BmpoBamkeHHs BIM B
TEXHOJIOTIYHO PO3BHHEHUX KpaiHax Puc.2. [4]:

2006 CIIA. O6os's3x0oBe BuKopucTtanus BIM nHa
paHHIX eTamax BCiX OyAiBeTbHHUX MPOEKTIB 33 YJIaCTIO
JIepIKaBH;

2007 @immsHAis. BIM B crammapti  IFC
000B's13K0BO JyIsl Oy IIBHHULITBA 32 JIEPK3AMOBIICHHSIM;

2008 Cinramyp. PeamizoBana mepma B CBITI
CJICKTPOHHA cHcTeMa Oy/iBEeIbHOI EKCHEepTH3HW Ha
ocHoBi BIM. Ha ekcmeprusy mnoTpiOHO HalaBaTh
MPOEeKTH TUTbKH B BIM-BuTIIs1];

2010 Hopgeris. Bci OyniBenbHi 00'€ekTH  3a
yYacTIO Jiep’kaBU BUKOHYIOThcS B BIM B ¢opmarax
IFC / IFD;

2011 BenukoOpuTasis. O060B's13K0BE
BuKopuctanHa BIM mns rpomanacekux OyziBens, a 3
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2016 poxy - i Bcix OyaiBenbHI 00'€ekTH 32
JIep>K3aMOBJICHHSIM;

2012 [anis. bararo ypsmoBi areHTcTBa
BUMaralotTh BukopuctaHHs BIM B OyaiBenbHHX
MPOEKTaXx;

2014 Tonkonr. BIM  o6oB's3koBuil 110

3aCTOCYBaHHS JJIS BCiX HOBUX OYHiBEIHHUX IPOCKTIB;

2016 ITiBgenna Kopes. BIM o00oB's3koBuid st
BCiX OyAiBeNbHUX MPOEKTIB BapTicTio moHan $ 50 muH,
i mns BciX, 0e3 BHHATKY, NMPOEKTIB MO YpPSJIOBUM
3aMOBJICHHSIM;

2017 Iranis. IpuitaaTo 3akoH, 3a skuM B 2019
poui BIM oOoB's3koBuii ans  BCiXx  00'eKTiB
JiepK3aMOBJIEHHS BapTicTio Bix 100 MitH €BpoO;

2015 @panmis. BIM  3actocoByeTbes Ui
JIePIK3aMOBJICHb;
Mpennangmn
DuHnsHAUA
WUcnanana Luuouvm.
.. P
. ®
P Nonbwa
PMAHUA Yipanua b
mpmw.m. Mokronna
w I
fesign W —Y

Anxup

Mexcuxa

Manu  Hurep

Bewecyana
Konyména

Bpaswma
Tlepy 2

Bonusws

Yunu

AprexTina

Hurepua

Adrawmcran Kopen
Vipan
Makucran
Caynoscxan
Apaeus WHgun

Mpak

Nwens E0ET

Taunaug

Admonua

ViHaoHeann NanyaHost
Tangaiun ony&-Hosse

KeHun
AP Kowro o

Anrona

Hamuous

Magaracka
Borcasua ¥ P
Ascrpanin

10xHas
Adpika

Puc. 2. Kpainu 3 0608'a3x06um 3acmocysannsam BIM-mexnonociti npu npoexmysanti i 0yoignuymsi o6'ekmis 3a
PAXYHOK Koumie Oepaicasnozo brodacemy Ha 2019 pik.

LDicepeno: [3, 4].

Ha VYkpaiHi BifjliK IepkaBHOTO PEryJIOBaHHS Ta
BIIPOBAIKCHHS TEXHOJIOT1i OyiBEJIILHOTO
iHpopMaliiHOro MozentoBaHHs ciifg Bectd 3 2020
pOKy, a came 3 OOrOBOpPEHHS Ta 3aTBEPKECHHS
«KoHnrmemnii BOpoBaPKeHHS TEXHOJOT1H Oy 1iBeIbHOTO
iHpopmauiiHoro moxemoBanHs (BIM-texHounoriit) B
Ykpaini».

Konmemnmito [6] mependavaeThcs peanizyBaTH
gotupMa Qazamu (eTanamu) :

1. ®a3za [ (2020 — 2022 poku) — MOYATOK
cUcTeMHOTo BHKOpucTaHHS BIM-texHomoriii Ta
nepexony o «BIM-piBeHb 1» 1o 3aBepuieHHIO (a3,
CTBOPEHHST yMOB 3aKOHOJaBYOr0, HOPMAaTHBHO-
MIPaBOBOTO peryoBaHHS Ta BIiZINOBITHOTO
HOPMATHBHO-TEXHIYHOTO 3a0€3MEYeHHS 3 METOI0
3all0YaTKyBaHHS CHUCTEMHOrO BIpoBajkeHHs BIM-
TeXHoJoTii B YKpaiHi [6].

ITepenbavaerses CTBOPEHHS YMOB JUTST
BuKkopucTaHHs  BIM-texHonorii  Ha  00’ekTax
Oy/iBHHUIITBA IIPUBATHOTO Ta JIEP>KABHOTO 3aMOBJICHHSI.
HaBuaHHs  3aMOBHHUKIB, IPOEKTYBAJIbHUKIB  Ta
eKcrepTiB BHKOpHcTaHHI0 BIM-TexHouorii, nmoyarox
BIPOBAKEHHSI «IUIOTHUX» TPOEKTIB Yy YacTHHI
MPOEKTYBaHHSI Ta OyMIBHUITBA OO’€KTIB PI3HOTO
Mpu3HaYeHHs [6].

2. ®asza II (2023 — 2024 poku) — po3sutok BIM-
TexHoJori# B Ykpaini 70 «BIM-piBHS 2.

ITepenbavaeThes 3apoOBaHKEHHSI 000B’ I3KOBOCTI
BukopuctanHs BIM-texHomoriii mpu OyIiBHUITBI

OKpeMHuX O00’€KTiB, sIKi MaloTh TIEBHI IapaMeTpu
(BapTicTs, CKJIaTHICTb, KJ1ac HACIIIKIB
(BiINOBINANBHOCTI)), B TOMY 4HMCII TNpH peasizauii
NpoekTiB  OyIiBHMITBA, IO  3/IHCHIOETBCS 3
BUKOPHUCTAHHSM JICPKABHOI M ATPUMKH [6].

[Mommpenus mocBiny BrpoBamkeHHs Pazu | Ha
OUTBII ITUPOKE KOJO JIEPXKABHUX 3aMOBHHKIB,
eKCTIEPTHHX Ta IPOEKTHHUX opraHizamiid. [IpogosxeHHs
peamizamii  «HOUIOTHHX»  TPOEKTIB Y  YacTHHI
MIPOEKTYBaHHS Ta Oy IiBHUIITBA, IPOBEACHHS aHAII3Y TX
peauizarmii [6].

3. ®aza III (2025 — 2030 poku) — PO3BUTOK
BIpoBapkeHHss BIM-TexHosorii B Ykpaini 10 «BIM-
piBHS 3».

IepenbavaeTncs PO3LIMPEHHS KpHUTEpiiB
000B’s13k0BOT0 BHKOpHcTaHHS BIM-Texnomoriii mpu
peaizanii npoekTiB OyAiBHUIITBA, 10 3AIHCHIOETHCS 3
BUKOPHCTAHHSIM JiepIKaBHOT MIATPUMKH.
3anpoBaKeHHs eKCIITyaTarii 00’€eKTiB 3
BukopuctaHHs M  BIM-texHonoriii. = MoHITOpUHT
pe3yibTariB  peaiyizamii «IUIOTHHUX» TPOEKTIB Y
YaCTHHI  INPOEKTyBaHHs, OyIiBHMITBA 00 €KTIB,
MMOYATOK peallizallisi «IUIOTHUX» MPOCSKTIB Ha CTasuii
eKcruTyararii 00’ exTiB[6].

4. ®aza IV (2030 — 2035 poku) — MOBHOIIHHE
BukopuctanHs BIM-texHomoriii mnpm  peamizarmii
OyAiBeTbHUX MPOEKTIB.

[TepenbavaeTscst 3ampoBaKEeHHST 000B’ I3KOBOTO
BuKopuctanHi BIM-texHOmorii Is BCiX IPOEKTIB
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OymiBHHMLTBA, IO 3IMCHIOETHCS 3a  JEpiKaBHOL
HIiATPUMKH, 3 BpaxyBaHHSIM )KUTTEBOTO LIUKITY 00’ €KTIB
Ta 3aCTOCYBaHHAM 0a3 JaHUX 00 €KTiB-aHAJOTIB.
Po3mmpenHs kputepiiB 000B’ I3KOBOCTI BUKOPHCTaHHS
BIM-TexHomorii ans 00’€KTiB, CIOPYIKCHHS SKHX
3IIHCHIOETHCS 32 paXyHOK IPUBATHUX KOWITIB [6].

Takox [6] mepenbaueHO BHECEHHS HANPAMY
«BnpoBamkenns  OyniBenbHOTO  iH(OpPMAIIITHOTO
MonemoBaHHS (BIM-TexHomOrH) y OyAiBHHITBI» 10
MEepeNiKy TMPIOPUTETHHX TEMATHYHHX  HAINpsIMiB
HayKOBHX  JTOCTIi/IKCHb i HaYKOBO-TEXHIYHHAX
po3pobok. Brecenns mmanyetbes Ha [V kBapranm 2021,
T00TO 3 2022 pyKy MOXKE pO3MOYATHCS JCpIKABHE
(iHaHCYBaHHS HAayKOBHUX JOCIIDKEHb 3  LBOTO
HarpsMmy.

BucHoBoK.

VY poOoTi HaBEeICHO aHali3 CBITOBOTO JIOCBiIY,
IIOAO0 BIPOBAPKEHHS TEXHOIOTIH iH(OpMAIITHOTO
MojemioBaHHs ~ OyniBens Ta  cmopyn.  Takox
PO3TIISIHYTO OCHOBHI 3acaau BrpoBamkeHHs BIM B
VYkpaiHi, 1110 PETYIOETHCS Konnemnmiero
BITPOBAKCHHS TEXHOJIOTiH OyaiBeITbHOTO
iHpopmamniiHoro MonxemoBanHs (BIM-TexHoOTIH) B
VYkpaini. Couparovnch Ha HaBEICHE CIIiJ 3a3HAYUTH,
mo B YKpaiHi ciij 3MIHUTH Maibke BCIO CTPYKTYpYy
KOHTPOJIIO B Trajy3i MICTOOYAIBHOI MisIIBHOCTI 3
pO3pOOKOI0  METOMAIB  BH3HAYEHHS  KPHUTEpiiB
BaXKJIMBOCTI iHpopmarii pu CTBOPEHHI
iHpopManiiHoi Mozeni ciopyau [7].
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JIABEPHBIN IATUMK AKYCTHUYECKHX KOJEBAHUM C UCIOJIb30BAHUEM
CBETOBO3BPAIIAIOIIENA HOBEPXHOCTH CO CTEKJIOIIAPUKAMU

Abstract. A method for detecting acoustic oscillations of a medium using laser radiation and reflective
surfaces based on micro glass beads is considered. A mathematical model that describes all stages of the detection
process has been created. A computer simulation model has been developed, which makes it possible to study the
detection system providing ability to vary a wide range of parameters. The model was verified by comparing the
simulation results with those observed during a physical experiment. Some simulation results are presented. The
prospects of using the developed model are outlined.

AHHOTanus. PaccMOTpeH MeTOI ICTEKTUPOBAHNS aKyCTHIECKUX KOJIEOAHUH CpelIbl C TIOMOMIBIO JIa3epHOT0
H3JIy4Y€HHA U CBETOBO3BpAIAIOIINX HOKpLITI/Iﬁ Ha OCHOBE MHUKPONIIAPHUKOB. COSﬂaHa MareMaTudeCckKkasa Monacib,
OMMCBIBAIOIIAsA BCE DTAIlbl IpoHecca ACTECKTUPOBAHUA. Pa3pa60TaHa KOMIIBIOTEpHAsT MMHUTAITMOHHAsA MOJEIb,
MO3BOJIAIOIIAA HMCCICAOBATH CUCTEMY JACTCKTUPOBAHUA TIPU BapbUPOBAHUU IHNHUPOKOro psla IMapaMETpoOB.
HpomBe,ueHa BepI/I(l)I/IKaHI/IH MoAeIM MYTEM CpPAaBHCHUSA PCE3yJIbTAaTOB MOJACIUPOBAHUA C HaGJ'HOILaeMI;IM npu
(bPBI/I‘IGCKOM OKCIICPCMCHTE. HpeﬂCTaBﬂeHH HCKOTOPBIC PE3YJIbTAaThl MOACIUPOBAHNA. OqepquLI TNEPCICKTHUBLL

HCIIOJIB30BaHUA pa3pa60TaHH0171 MOACIIN.

Key words: lasers, acoustics, detectors, retroreflective surfaces, micro glass beads, simulation, specklometry.

Knioueswvie cunoea: Jasepul, akycmuka,

OemeKmopbwi,

pempopeprekmoprvle  NOGEPXHOCMU,

MUKpoCcmeKaoutapuku, umumayuoHHoe ModeﬂupoeaHue, CHEKTIOMempUsl.

Introduction

Currently, laser detectors are widely used. These
devices allow solving a wide range of tasks - vibration
control, laser ranging, velocimetry, turbulence control,
as well as registration of acoustic oscillations and
others [1-8]. This article focuses on acousto-optic
detectors.

One of the key parameters of such systems is the
power of the received signal and, accordingly, the
signal-to-noise ratio during detection. Retroreflective
surfaces (RRS) allow to increase the power reflected in
the direction towards the light receiver. The most
widespread use of retroreflectors is in the manufacture
of signs and transport markings. Such surfaces are a set
of miniature reflectors (prisms or glass beads (GB)) put
on some base (plastic, paint, etc.) [9, 10]. Due to these
design features, retroreflectors have some useful
properties. For example, much like in case of the rough-
surfaced objects, speckle pattern is formed in the far
zone when they are irradiated with laser radiation,
which can be used for laser ranging. It is also possible
to vary the microstructure, which opens up an
opportunity  to influence the transformation
characteristics of the light field and intensity
distribution form of the reflected laser radiation in the
far zone (receiving plane). The latter of these features
is of particular interest and is the subject of research [8,
11-13], since it makes it possible to optimize the RRS
when used as part of the specific optical subsystems to
improve the target useful applied properties of systems
that include them.

Acousto-optic detectors are actively exploited and
have the potential for use in various industries, and the
use of retroreflectors in addition to them makes it
possible to create new promising types of detectors [3,
4]. Earlier, in [8, 10], a study was carried out showing
the possibility of creating such detectors using corner
reflectors. Task of current interest is to study the
features of acoustic oscillations detection systems
consisting of a laser sensor and a reflective surface
based on the glass beads. In contrast to the regular space
lattice structure of retroreflectors, the location of beads

on the surface and their size are random, which means
that to solve such a problem, it is practical to develop a
simulation model of the system. This article is devoted
to the description of such a model and the results of its
use.

Method description

The method of detecting sound in air by probing
the medium of its propagation with a laser beam and
analyzing the characteristics of the laser radiation
reflected after that from the RRS was first described in
[8]. The principle of detecting acoustic oscillations in
air using a laser is based on the fact of optical density
modulation of air during acoustic wave propagation. In
essence, such modulation is inextricably linked with the
nature of the mechanical deformations of the substance
during the acoustic vibration, and, therefore, carries
information about the properties of the sound signal.
This makes it possible to use a laser beam to detect
oscillations: in the general case, the amplitude-phase
distribution (APD) of its field changes when it passes
through an optically inhomogeneous medium of an
acoustic wave, which means that by observing the
change in the APD of the light field in time, it is
possible to restore the acoustic signal that modulated it.

Based on this principle of detection, in order to
create a real detector, it is necessary to choose a
registration method for a modified optical signal. In this
study, for this purpose, a retroreflector based on micro
glass beads is added to the optical system. Located on
the other side of the acoustic wave from the laser, the
reflective surface reflects the power of the optical
signal back to the emitter, which makes it possible to
spatially combine the photodetector with the emitter,
making the detection system much more compact.
Basically we are talking about the RRLS
(retroreflective laser sensor). In addition, the RRS also
have such useful properties as a low coefficient of
reflection loss, a high degree of spatial concentration of
reflected laser radiation in the direction of the emitter,
the formation of a speckle pattern in the far zone, the
possibility of parametrization of the surface
microstructure during creation (the meaning of these
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advantages is disclosed later in the article). After
reflection from the RRS, the light passes back through
the sound wave and its power is integrated using a lens
on the photodetector. The regularities of the
photocurrent change due to the changes of the scattered
radiation pattern in the receiving plane is the
consequential response to the acoustic vibrations.

The proposed detection scheme is useful in that it
does not require mechanical interaction of the sensor
with the medium for propagating acoustic vibrations -
the detector can be located outside of this medium. Due
to the fact that the observation is carried out by means
of an optical medium, a number of advantages arise. It
becomes possible to avoid distortion of the acoustic
properties of the observed system by introducing a
sensor into it, if we consider the heating and ionization

of air by laser radiation to be insignificant. Also, there
is no need to place the sensor close to the source of
acoustic oscillations - the sound power is observed
indirectly, which means that the degree of the detector's
remoteness is limited not by the power of the observed
object, but by the properties of the optical system.

In this regard, it is of interest to study the
relationship between the parameters in the system, as
well as the effect of changing the parameters of the
RRS on the quality of detection. For this purpose, it is
practical to develop a simulation model and investigate
its behavior under various conditions of detection.

Physics simulation

During the research, a number of physical
experiments were carried out.

Fig. 1. — Experimental setup scheme

Shown in Fig. 1, the setup diagram includes the
following elements: a source of laser (monochromatic)
radiation with an external focusing device (not shown),
a source of sound vibrations - a speaker (acoustic
column), a reflecting surface with a reflective coating
of micro glass beads applied to it, a radiation collector,
a diaphragm, and a photodetector.

The light emitted by the laser initially has the form
of a diverging Gaussian beam and passes through the
beam expander/focusing device, which forms a light
spot of variable diameter with a Gaussian intensity
distribution in the cross section on the light reflective
surface. When propagating from the emitter to the
surface, the beam passes through the optically
inhomogeneous thickness of the acoustic wave, i.e.
traveling sound wave. The latter plays the role of a
deflector [14, 15], since when choosing the frequency
of sound vibrations, the condition of smallness of the
width of the light beam relative to the length of the
acoustic wave is ensured. The laser beam formed in this
way illuminates a specific area on a stationary screen
with a RRS. After the transformation of the amplitude-
phase distribution of the light wave in the elements of
the RRS, the "reflected" wave is directed back to the
source, repeatedly passing through the sound wave,
forming a characteristic speckle pattern in the far
diffraction zone (which is true with selected
parameters). In the receiving plane, the intensity

distribution formed as a result of diffraction is spatially
scaled and integrated within the area of the receiving
diaphragm of a given shape on the sensitive surface of
the photodetector, while the obtained photocurrent is
studied using a spectrum analyzer. Dynamic changes in
the structure of the air refractive index profile in a
sound wave lead to deflection of the focused spot over
the surface with micro beads, which leads to periodic
changes in the structure of the speckle pattern in the
receiving plane and corresponding changes in the
temporal structure of the photocurrent.

Simulation stages

In accordance with the above method, simulation
modeling can be broken down into main stages:

1) Generation of the original light beam structure.

2) Interaction of the light field with an acoustic
wave.

3) Transformation of light field APD on the RRS.

4) Finding the APD of speckle pattern in the
receiving area (far zone).

5) Converting the
photocurrent.

Note that stages 1, 3, and 4 are included in the
model for the transformation of laser radiation on the
RRS GB, described in detail by the authors in article
[16], and therefore details regarding these items are
omitted in this article.

resulting APD into a
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1. Generation of the original
structure.

A single-mode monochromatic laser generating a
polarized wave is assumed as a source. The radiation of
such a laser can be described by a Gaussian beam, for
which we turn to the works of Kogelnik and Lee [17],
as well as Marcuse [18]. A detailed analysis of how it
works in the model and the transition to geometric
optics can be found in the article [16].

2. Interaction of the light field with an acoustic
wave.

In this work, it is assumed that the condition of the
smallness of the laser beam width relative to the
acoustic wavelength in air is satisfied. This is quite

light beam

justified, since at sound frequencies in the part of the
spectrum audible to the human ear - say from 100 Hz -
10 kHz - the wavelength range in air at a propagation
speed of 330 m/s will be approximately 3.3 m - 0.033
m. Since the diameter a laser beam an order of
magnitude less than 3 cm is easily achievable, the
condition is quite feasible in practice. And this means
that the sound wave can be represented as an acousto-
optic refractive deflector - the mechanical propagation
of a sound wave is accompanied by a change in the air
density, which creates a gradient of optical density and
causes the beam to deviate from the axis of its initial
propagation.

a3

Fig. 2. — Acousto-optic refractive deflector

Then the following formula is applicable for the
deflection angle [14]:

2mAnD
nA

B= sin(2r(ft + ¢)), 1

where

An - modulation amplitude of the refractive index
of the medium;

D - acoustic wave thickness;

n - refractive index;

A - acoustic wavelength;

f - acoustic frequency;

t - time;

@ - phase shift;

For application in the model, the acoustic wave is
assumed to be a plane with the wave propagation axis
indicated on it. At the zero point of the axis, the phase
is assumed to be zero.

The simulation begins with the fact that we select
a point on the plane of the acoustic column through
which we want to pass the tracing ray. Let the refractor
plane be specified by three points M;, M,, M, in this
case, and let the axis of wave propagation be
{My, M; M3}, (M,) = 0.

M,

Fig. 3. — Transition to a point on a plane

The sampling rate determines the number of points
that will be traced. It is introduced as W - number of

points per vector module M; M. The number of points
will be calculated inside the model, let's call it H, for

MM, in such a way, that ratio W/|M;M;| =

H/|MM,| is satisfied. At the first stage, a discrete
point is selected on the plane (m,n):me
[012,....W—-1];n€[0,1,2,..., H—1]. It gets
converted to a point in space P(x,y, z), for which the
parameters of the emitter field will be calculated. To do
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this, it is enough to calculate its radius vector 7 (fig.
3.):

—_  —>

Tp =Ty + o MMy + = MM, . (2)

In this case, the phase at a point is determined
elementarily, taking into account the speed of sound
propagation in air. It is enough to divide the projection
7p on the propagation axis {M,, M; M5} by acoustic
wavelength:

—> _ TPp-MiM3
?(P) = Tt - 3

So we got a point in space and the phase of the
acoustic wave. Substituting into the equation for a
Gaussian beam, we obtain vectors indicating the
direction and polarization of the light field of the
emitter. An important note - since the planes of the
emitter and the acoustic column are set parallel, and
since the distance from the emitter to the plane of the
wave is relatively large, the curvature of the Gaussian
beam can be viewed large enough to consider the vector
perpendicular to the plane - it is not difficult to calculate
the vector, but there is no necessity in this case.
Substituting the phase in formula (1), we obtain the
deflection angle. It is now possible to calculate a new

unit vector _I:’, coinciding with wave vector after

deflection:
L MM
X = ;
|M, M|
> MlMZ
Yy = ;
|M; M, |
. XXy
7 =—5—>5;
|% %y
k' = Zsin B + Z cos B. 4)

And the new polarization vector E7 can be easily
restored because it lies in the same plane with the

previous vector E and is perpendicular to the direction
vector of the light field k":

()

_ | | (k ><E)><k
|(k xE)xk’ '

3. Transformation of light field APD on the RRS.

In view of the fact that the actual dimensions of
the beads correspond to 50 um in diameter or more, and
the laser wavelength in the long-wavelength part of the
visible spectrum is only 0.7 um, the approximation of
geometric optics can be used to calculate the field
transformation inside a single microsphere.

In the developed model, the RRS is assumed to be
two parallelepipeds with a common side located in
space. They represent the cover layer and the substrate,
both layers are dielectric. Enclosed between
parallelepipeds are beads. The latter in this model are
considered ideal spheres of a dielectric, with a given

radius, as well as a center for each of them. As
mentioned above, the RRS is supposed to be a kind of
parallelepiped made up of two with a common face.
This means that we will be looking for the APD on a
plane - on one of the faces. The substrate, however, is
assumed to be thick enough so that none of the balls go
beyond it and its thickness is not indicated separately,
since this does not affect the simulation.

The face plane of the reflector is defined by three
points. The vectors of incidence and polarization at the
input are obtained from the previous step. Now we can
find the intersection of the ray deflected at the last stage
with the plane of the RRS - we get a point on the plane.
After that, one can calculate the phase change from the
distance between the obtained one and the point on the
plane of the deflector. Then the transformations
described in [16] take place and we get a point where
the beam exits back to the surface of the RRS with the
amplitude, phase and polarization vector. Each ray has
its own polarization at the point of exit to the surface.
To apply the scalar theory of diffraction, it is sufficient
to decompose the polarization vector for each of the
rays into a common basis, so that is parallel and
perpendicular components are in the same basis.
Orthogonal components do not interfere with each
other, which means that one can calculate their images
in the far zone separately.

4. Finding the APD of speckle pattern in the
receiving area (far zone).

After the APD has been found on the surface of
the reflector, one can start calculating the speckle
pattern formed in the far zone. For this, let us turn to
the basic concepts of diffraction theory. APD on a plane
can be considered as a set of point radiation sources, the
coherence of which is provided by the nature of the
laser illuminating the surface. As shown in the article
[16], the superposition integral can be represented as
the Fourier transform.

The resulting Fourier transform is the far-field
diffraction pattern. As applied to the model, it should
be noted that two Fourier transforms are calculated - for
the parallel and perpendicular components of the
intensity vector relative to the common basis.

5. Converting the resulting APD
photocurrent.

The resulting pair of Fourier transforms represents
the far-field APD for the perpendicular and parallel
polarization components. To convert into a
photocurrent, a few simple steps are enough. To begin
with, let's translate the amplitude into intensity - by
squaring. The resulting intensities for the components
can be added. At this stage, one can simulate a different
receiving aperture by imposing a bit mask on the
resulting distribution - multiplying the distribution with
an array of zeros and ones of the same size - this way
we can cut out the central aperture, make it circular, etc.
Further, it is enough to sum up all intensities for each
of the polarizations - this is equivalent to the operation
of integration over the area, which, in fact, is produced
by the lens - the result will be the power. The obtained
instantaneous energy characteristic can be represented
as directly proportional to the photocurrent - the

into a
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characteristic of the photodetector can be considered
linear and the sensor is infinitely sensitive because this
does not apply to detection and is solved in applied
cases by typical methods.

Further, one can trace the dynamics of the
photocurrent in time by simulating the behavior of the
system at successive discrete moments in time. Thus,
we receive a photocurrent. Now we need to get the
spectral characteristics of this sampled signal. To do
this, first we find and subtract the average - this is how
we get rid of the constant component. Next, we apply
the Fourier transform and obtain the spectrum of the
photocurrent - it carries information about the detected

acoustic vibrations, since the optical signal that formed
it was modulated by a sound wave.

Results of physical and simulation modeling

An important characteristic of an acoustic
vibration detector is the amplitude of the useful signal
(current) at the output of the photodetector, which is
convenient to analyze in the spectral domain in the case
of detecting a monochromatic sound signal. At the
same time, it was noticed that in some situations, in
addition to the fundamental frequency, the second and
higher harmonics are observed. Fig. 4 shows the
spectrum of the photocurrent recorded on the
experimental setup, containing the second harmonic of
the audio frequency.

— 30 —
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Z — —
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e
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Fig. 4. — Photocurrent spectrum recorded at the experimental setup

Here, the abscissa shows the frequency in Hz, and
the ordinate shows the power level of the spectral
component of the photocurrent in decibels.

The contribution of harmonics to the registered
signal can be measured using the coefficient

2.2 2
[uf+ud+.+u}

1

/u% +ud+ud+.+ud

where U; - effective value of the i - th signal

(6)

ks

harmonics. Obviously, the larger the value of the
coefficient, the worse, because it means more influence
of harmonics on the quality of detection of a
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monochromatic signal. We will call such a coefficient
the harmonic coefficient and use it as one of the metrics
for assessing the quality of the detected signal.

The dependence of the photocurrent on the
frequency of sound vibrations (frequency response
(FR)) is also of practical interest. The linearity of such
a characteristic would mean the transmission without
distortion of a complex audio signal consisting of a set
of frequencies. The form of such a characteristic,
measured  experimentally by analyzing the
photocurrent with a sequential change in the frequency
of the sound signal, is shown in Figure 5 (a). It shows
that the characteristic has a maximum in the frequency
range of 9 kHz and decreases in the region of lower and
higher frequencies.

Frequency response of the detected signal :
Simulation
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Puc. 5. — FR of the detected signal: a) physical experiment, b) computer simulation
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A similar dependence was studied by means of
simulation with the values of the parameters
corresponding to the physical experiment; the results
are shown in Fig. 5 (b). Let’s pay attention to the
similarity of the shape of the frequency response
curves, which indicates the adequacy of the simulation
model to real physical processes occurring during
detection.

The type of frequency response in figures 5 (a) and
5 (b) can be explained as follows. All other things being
equal, an increase in the frequency of the sound wave
entails an increase in the deflection of the light beam
(relation (1)). At a small angle and a small distance
from the acoustic column to the RRS, the beam spot

Frequency response of the detected signal :
Simulation with distance D
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periodically deviates from the axis along the RRS
surface insignificantly - by an amount comparable to
the diameter of the beam itself. Very small deviations
(down to zero) create small fluctuations in the detected
power.

As the frequency increases, the amplitude of the
displacement of the beam over the surface increases. At
a fixed sampling rate, the approximation of the
photocurrent change curve becomes more and more
rough, which is adequate to an increase in the power of
harmonics of the fundamental frequency and,
consequently, to a decrease in the contribution of
oscillations at the fundamental frequency to the
alternating component of the photocurrent.

Frequency response of the detected signal :
Simulation with distance D/2
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Fig. 6. — FR obtained by simulation with the distance (D) between acoustic wave and RRS
a) D, = const,b) D, = D, /2

Figure 6 shows the results of calculating the
frequency response by simulation for two different
cases of the location of the sound wave in the space
between the emitter and the RRS. The absolute maxima
of the amplitude for both cases presented in the graphs
coincide. Figure 6 (b) corresponds to the situation when
the sound emitter is located twice as close to the RRS
as compared to the case in Fig. 6 (a). It can be seen from
the above figures that the shape of the frequency
response does not change, however, its maximum shifts
to the region of higher frequencies as the acoustic
column approaches the RRS. This is due to the fact that
with a fixed value of the angle of deflection of the beam
by the sound wave, as it (the column) approaches the
RRS, the amplitude of the displacement of the light spot
over the surface decreases. In this case, the amplitude
of the useful signal grows slower with increasing
frequency, while the harmonic distortion also grows
slower.

Next, let us pay attention to the simulation
modeling results of the effect of the diameter of the
beam hitting the RRS (Fig. 7), while average bead size
is fixed. Here, the abscissa shows the ratio (in percent)

of the half-width of the Gaussian beam to the mean of
the bead diameter, and the ordinate shows the harmonic
coefficient for the spectral component of the
photocurrent at the frequency of sound vibrations.

It is obvious from the graph that the ratio of the
beam diameter to the diameter of the bead is of great
importance: it is possible to reduce, and therefore to
improve, the value of the harmonic coefficient, since
when it increases, the sine wave observed in the
photocurrent, corresponding to the scanning frequency
of the acoustic deflector of the sound wave, is smoothed
due to the illumination of a larger the number of micro-
reflectors.

Note that in the case when the beam diameter is
commensurate with the size of the bead, a situation is
created in which the beam first completely covers the
bead, and then - when the beam does not cover any bead
at all. In this case, in addition to the periodicity of the
process due to sound oscillations, additional
frequencies will appear in the spectrum of the output
signal due to the (quasi-)periodic nature of the beads
arrangement on the RRS.



. |

14 Wschodnioeuropejskie Czasopismo Naukowe (East European Scientific Journal) #11(63), 2020 EESIL

Relation of the harmonics coefficient (as detected signal quality metric)
to the change of the beam half width
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Fig. 7. — Change in harmonics coefficient with increasing beam half width

If the beam diameter is too large relative to the
diameter of one bead, then the variable component in
the detected light power becomes small compared to its
average value. The average stays near mean value since

the number of illuminated balls is large and does not
change significantly when the beam is moved.

An important advantage of simulation is the ability
to change the parameters of the RRS (Fig. 8), which is
not always possible to provide in a physical model.
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Fig. 8. — Examples of generated GB distributions with a) SD of the bead radius 0%,
SD from the grid node 12%, b) the bead radius 18%, SD from the grid node 0%

Figure 9 presents the results of simulation of the
effect of the standard deviation (SD) of the size of the
bead at a fixed average size. Here, the abscissa shows
the values of the relative standard deviation as a

percentage of the average bead size, and the ordinate
shows the power of the useful signal (blue line) and the
value of the harmonic coefficient (red line).
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Dependency of the signal detection quality on the beads
radius deviation
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Fig. 9. — Dependency of the signal detection quality on the beads radius deviation

It can be seen from the obtained dependence that
a random bead size is more preferable than a
deterministic one. This is due to the fact that, with a
deterministic size of the beads, the variable component
carrying information about sound oscillations is
relatively small compared to the average value of the
detected light power.

Figure 10 shows the results of simulation of the
influence of the irregularity of the arrangement of balls
on the surface. Here, the abscissa shows the values of
the position standard deviation of the beads displaced
from the nodes of an ideal square lattice.

Dependency of the signal detection quality on the beads
center deviation from the grid node
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Fig. 10. — Dependency of the signal detection quality on the bead center deviation from the grid node

The ordinate is the power of the useful signal (blue
line) and the value of the harmonic coefficient (red
line). It can be seen from the results obtained, that the
use of an ideal lattice is less advisable than a
randomized one up to a certain value of SD. The

reasons for such a change in the useful component of
the photocurrent are similar to those discussed above
when analyzing the effect of randomization of the bead
size.
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Conclusion

The paper considered some of the features of the
method for detecting acoustic oscillations using laser
radiation and retroreflective surfaces. On the basis of
the mathematical description of the physical processes
occurring during detection, a flexible simulation model
of the process of laser detection of acoustic oscillations
in air using a reflective surface with glass beads has
been created. The developed model was verified by
comparing the results of the frequency response
measurement modeling with the results of a physical
experiment. In particular, the FR was obtained in the
form of a curve containing a maximum in the central
region of the audio range and decreasing at its edges.

A number of experiments were carried out to
reveal the dependence of the detection quality on the
variation of the RRS parameters. In the course of
analyzing the results of these experiments, the
relationships between the parameters of the system
were revealed, and recommendations were formulated
for their selection to improve the quality of detection. It
is shown that for practical applications it is advisable to
maintain a rational ratio of the diameter of the light
beam to the diameter of the bead and to the period of
their location on the surface. It was shown that the
randomization of the size of the glass beads and the
spatial period of their location is desirable to increase
the power of the detected signal.

The obtained results can be wused in the
construction of specific acousto-optic detectors for
solving applied problems, helping to select the
appropriate parameters of the RRS. It is possible to
develop the work in the future in the direction of
applying the created model to the detection of a
complex (multifrequency, composite) acoustic signal,
as well as carrying out computationally intensive
studies to determine the rational parameters for the
detector of acousto-optic oscillations.
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Abstract. This article discusses the basic principles and techniques of forming transport hubs with a
developed public service structure. Multifunctional buildings are new type of industrial and public areas. It allows
to create functional zones that have a large number of intersections, emphasizing the unity and subordination of
the spaces of the project. As a result, the quality of the urban environment and the standard of living of the
population are improving. Important aspects of design are environmentally friendly construction and also efficient
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AHHoTanusi. B 1aHHOM cTaThe pacCMOTpPEHBI OCHOBHBIE NPHHLIMIB W MpHUEMBl (POpPMUPOBAHHA
TPAHCHOPTHO-TIEPECAAOYHBIX  Y3JIOB €  Pa3BUTOW  CTPYKTypoH  OOIIECTBEHHOIO  OOCITy>KUBaHHS.
MHoro(yHKIIMOHATIbHbIE KOMIUIEKCHl (OPMHUPYIOT HOBBI THIT ITPOMBIIUICHHO-O0OIIECTBEHHBIX —3/IaHHH,
IIO3BOJIAKOT CO31aBaTh (byHKHI/IOHaJII)HBIe 30HbI, UMCHOIINC 0O0JIBIIOE KOJIHMYECTBO nepecequI/Iﬁ, NoaUYCpKUBas
€JIMHCTBO M COMOJAYMHEHHOCTh MPOCTPAHCTB O00BEKTa MPOEKTHPOBaHMs. B pe3ynbTare, yiaydlllaeTcsi KaueCTBO
FOpOI[CKOﬁ Cp€abl U YPOBCHb KM3HU HACCIICHHA. BaxHpIMU acriekTaMu IMPOCKTUPOBAHUA ABJIAIOTCSA BOIPOCHI
SKOJIOTHYECKH 0€30I1aCHOTO CTPOUTCIILCTBA U 3(1)(1)6KTI/IBHOFO HCIOJIB30BaHUA MPUPOAHBIX PECYPCOB.

Keywords: transport hub, community services, multifunctional building, architectural solution.

Kniouegvie cnoea: MPAHCROPMHO-NEPECcadO U bl y3er, obwecmeaennoe obcnysicusanue,
MHO2OQYHKYUOHATLHBLIL KOMALEKC, ApPXUMEKMYPHOE peuleHue.
ApXWUTEKTypHass TEOpUsl W TPAKTHKA, AKTUBHO  MPEICTABISIOT coboi MHOTO(]YHKIIMOHAJIbHBIE

pa3BHBasiCh,  CO3/JAIOT  THIIOJOTHYECKH  HOBBbIE  OOBEKTHI, B KOTOPHIX TPAHCHOPTHAS (DYHKLHS SIBISICTCS
HMHTEPECHBIE 00BEKTHI TOPOJICKON Cpelibl. B KpYITHBIX 1 OCHOBOMONAraromie, HO  HE  ONpeAessiomein
KPYIHEHIINX Topoxax Bcero Mupa KadecTBO JKM3HHM  NPOCTPAHCTBEHHOE  COAEp)KAaHME  BCEro  y3ia.
HAaCCJICHUA BO MHOI'OM OIICHHBACTCA yllO6CTBOM HO]’IOJ’[HI/ITGHBHBIMI/I (byHKHI/IS[MI/I ABJIAKOTCA
TPaHCIIOPTHOM HHPPACTPYKTYPHI " CHCTEMBI ~ KOMMYHHKAIIHS, TOPTOBII, KyJbTYyPHO-
oOmecTBeHHOTO  OOCHyXmBaHMA. YeM  MeHbIIE  pa3BiIeKaTEIbHBIC MEpPOIPUATHS, COIMANBHON

BPEMEHM TPATUT KXKIBIA KUTEIh HA MEpEeMEIlEeHUE B
«TOPOACKUX JIKYHIISIX», IEPECaKy C pa3HbIX BUIOB
TPAHCIOPTa U OCYMIECTBICHHE OBITOBBIX, KYJIbTYPHO-
00pa30BaTEeNBHBIX U JPYTUX COLUANBHBIX (YHKIIHH,
TeM KoM(OpTHEE YCIIOBHS KU3HH B TOPOJIE, ISl 3TOTO
TPAHCHIOPTHO-TIPOM3BOJICTBCHHAS (QYHKIMS 30aHUA U
COOPY)KE€HUH MOXeT OBITh JOIMOJIHEHAa CHCTEMOM
OOIIIECTBEHHOTO ~ NHWTAHUS, Mara3pHOB, ITyHKTOB
OBITOBOTO 00CITY)KHBaHUSI.

CerogHss  TPaHCHOPTHO-TIEPECAJOYHBIE  Y3JIBI

AKTUBHOCTH, a TaK e YKOHOMHYECKasl, IKOJIOrHYecKast
u acreTHdeckas. Bce QyHKIMH JODKHBI  OBITH
peanu3oBaHbl B ILEJIOCTHOH CHUCTEME IPOCTPAHCTB,
HOCAIINX HE TOIBKO TEXHOJIOTMYECKHH XapaKTep, HO U
TYMaHHOE JuIs YyesoBeKa COOTHOILICHUE
MTPOU3BOJICTBEHHBIX M HKOJIOTHUECKUX XaPAKTEPHCTHUK.
Bonbiioe 3HaueHHe NPHOOPETAET BUACOIKOIOTUS U
BHYTPEHHSA JIOTUCTHKA OOBEKTA.

IIpuctymass x  pa3paboTke  apXUTEKTypHO-
IUTAHUPOBOYHOTO PEIICHUST 00BEKTa MPOCKTHPOBAHUS
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BAXHO (OPMHPOBATh IPOCTPAHCTBO HCXOAS U3

CTPOUTCIILCTBE. PaCCMOTpI/IM HCCKOJIBKO IIOJAXOJ0B K

0COOCHHOCTE MeCTa NPOEKTHUPOBaHMS, a Takke (OPMHUPOBAHUIO OOIIECTBEHHBIX 3IaHUH Ha IpUMeEpe
OCHOBBIBaTbCSI ~ Ha  TNPHMEHEHHHM  MEPEJOBBIX  CYIIECTBYIOLIMX 00BEKTOB u MIPOEKTHBIX
TEXHOJIOTHH  SHEeprodeKTUBHbIX  pemeHHd B  npemioxeHuid (Tadu.1):
Tabmuua 1.
1 2 3
OOIIIECTBEHHBIH IICHTP IS

MHoroyHKIMOHAIBHBIN KOMILIEKC
«entp Bankey. lllenpwkens (Kuraif).
Apx. CtueH Xoin

OducHoe 31anue. XEHITIMHL
(Amonns).

; Apx. Taiixsit MarymMoTo WAU Design
Uctounuk: .
https://archi.ru/world/20878/gorizontalny Verourmu: Htps:/fww.g- HicTodmmk:
' ' i-neboskreb mark.org/award/describe/49438 https:/Awww.archdaily.com/24309
1

JKuTenel paiioHa r. 3arpe6
(Xopsatus) «Badel Block» . Apx.

Mo UCKYCCTBEHHBIME XOJIMaMH
CKPBIBAIOTCSI KOH(EPEHII-3aJ1, Cra-LeHTP
1 Tapax, a B CAMOM 3/IaHUU
PACIIONIOXKEHBI ITA0-KBapTUPA
pmanrepckoii kommannu Vanke Co. Ltd,
0(HChI, )KUIbE U TOCTUHHLIA.

Crpareruueckuii MPOEKT paiioHa
Urxyxaii roposia X>HIUHD,
KOTOPBIi CTaHeT 0a30¥ 1711 POeKTa
Bonbimoro 3anusa ['yanayn-
I'onkonr-Makao. OH BKJTIOYa€eT B
ce0s ICHTPAITBHYTO TOPOACKYIO
IUIONIA b ¥ 31aHUS C KaHaJIaMH 1
rOpOii, COEIMHEHHBIMU 3€JICHOU
TOPOJCKOH IUIOIIABIO.

Komrutekc 3manmii CTaHET MECTOM
CO3JIaHUST HOBOH KPBITOM
00IIIECTBEHHOM IUIOILAN, TIE
Pa3IMYHBIC 10 PYHKIIUH OOBEKTHI
OyIIyT CMEIIIaHbl BMECTE,
obecrieurBast OOJBIIHE BEIOOD
BO3MOYKHOCTEH 17151 OOILEHMS 1
B3aUMOJICHCTBHSL.

OneproaddeKxTrBHOE peleHue:

OHeproaheKTHBHOE pellIeHHe:

OHeproaeKTHBHOE pellieHHe:

3nmaHue COOTBETCTBYET CTaHIapTaM
iatuHoBoro ceprudukara LEED: ee
OXJIQK/IAIOT CIICIUATIbHBIE BOJOEMBI,
HAIOJTHSIEMbIC BTOPHYIHO
HCIOJIb30BaHHOM BOJIOM, Ha KPbILLIE
YCTaHOBIICHBI COJTHEUHBIE OaTaped,
CTEKJISTHHBIE (bacajTbl 3aKPHITHI
COJTHIIC3aIIUTHEIMH 3KPAaHAMH.
3manve pacKpheIBaeTCs Ha BCE CTOPOHEI
CBETa U OPUEHTUPOBAHO HA 3HAUYMMEIE
OKpPY>KalOIl1e BUIOBBIE TOUKH.

B nentpe xyOmdeckoe 31aH1eE C
«UEHTPOM YIPABICHID U
MyCTOTAMH B 3/IaHHH, Ky/a

HaIlpaBJIeH CUITBHBIH BeTep (Opu3
CO CTOPOHBI 3aJIMBA).
OrnnunTenbHas 0COOCHHOCTb
3maHus — Oenast pereTka u
TIO/IBECHBIE TePPACHL.

31aHre aKTUBHO UCTIONB3YEeT
COJIHEYHYIO JHEPTHIO 32 CHET
YCTAHOBKH COJIHEUHBIX MaHeJ el U
coOupaeT BO.Iy, MOMAJIAI0NIyI0 Ha
TIOBEPXHOCTH 3eTIEHOM
KPOBJIA.JTH H IPYTHE SHEPTO-
3¢ heKTUBHBIEC pelIeH s TI03BOJIAT
Ha 15% coxpaTuTh BEIOPOCH
CO2, na 23% cHU3UTH
MOTpeOJICHHE TEKTPOIHEPTHU U
Ha 23% CHU3HTH pacXoJ1 BOJIO-
HOTPEOICHUSL.

[5]

6] [1

CnenoBaTenbHO, LENbIO  CO3JAaHUS  JaHHBIX
00BEKTOB MOXHO Ha3BaTh pPa3pabOTKy MPOEKTHOTO
IPEIJIOKEHUST y4acTKa IPOCKTUPOBAHUS MCXOAS U3
HOPUHIUNOB YCTOMYMBOTO pa3BUTHS TEPPUTOPHUU.
3agaun, CTOSIIME NepeA  NPOEKTUPOBILUKAMU,
3aKIIIOYAIOTCS B aHAIM3€ MecTa MpPOEKTHPOBaHUS,
BBISIBIICHHH npoGiiem u MOTEHIMATIbHBIX
BO3MOXKHOCTEH yuacTKa; W3y4eHUH WHHOBalUN B
MPOEKTUPOBAHUU MHOTO(YHKIIMOHAIIBHBIX
OOIIIECTBEHHBIX 3/aHUil, a TaKke TPAHCIOPTHO-
MEPECAIOUHBIX Y3JI0B M a3pOINOPTOB; OINPEIEICHUH
OCHOBHOI1 KOHLEIIUHN IIPOEKTA, €ero
(DYHKIMOHATIPHOTO  HAIMONHEHHSA,  apPXHUTEKTYPHO-
IJIAHUPOBOYHOI'O PEILIEHUS.

ExatepunOypr sBnsSeTcs OIHUM M3 KpyIHEHIINX
ropogoB Poccum, rme e€XerogHo IMOBBIIIAETCS

TPAHCHOPTHAs MOOWJIBHOCTh HACENCHHS, BO3HHKAET
MOTPeOHOCTF B MOJEPHHU3AINH CYIISCTBYIOUINX U
CTPOMTEIIECTBE HOBBIX TPAHCIIOPTHBIX y3JIOB, PAa3BI30K
U Maructpaiei. CornacHo CTpaTEeruuecKon
nporpamme  «EkatepuHOypr —  eBpoa3HMaTCKHi
TpaHCHOPTHO-NOrucTHUecKuil y3em» k 2030 romy
ExarepuHOypr mpeBpaTHTCSI B  «CyXOH  mopT»
MHPOBOTO 3HAUCHHUs, JUHAMHYHO IpeoOpa3yromunit
XKHU3Hb B ropoje. [l OCBOEGHHUS BO3PACTAIOLINX
00BEMOB  BHEIIHETOPTOBOH  NEATEIBHOCTH U
YKPEIUIEHUSI POJIM TOpoJia B XO3AHCTBEHHOW CHCTEME
CTpaHBl  HEOOXOAMMO  JanbHEHIIee  pa3BHTHE
COBPEMEHHOI'O TPAHCIIOPTHO-JIOTUCTUYECKOTO Yy3I1a,
HHTETPUPOBAHHOTO B MHPOBYIO cHCTEMY
TOBAPOJBIDKEHUS, M YCIOBUH Ui 0OCTyKMBaHUS
YBEJIMUMBAIOLIETOCA MacCakKUpONoToka. bmarogaps
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reorpauuecKoMy pacnojoxkeHuto B CBepUTOBCKOU
obnactu ropon ExatepunOypr yxe ceroiHs sBIsSeTCS
MECTOM TMEPECCUYCHHUs] W B3aMMOJCHCTBHS MHOTHX
obnacTeil JKM3HM COBPEMEHHOrO uesoBeka. [Ipexne
BCEro, OTpaciieii SKOHOMUKH U TPOMBIIIIEHHOCTH,
Ou3Heca, KyJIbTYPhI U UCKYCCTBA, HAYKH ¥ TEXHOJIOTUH.

[IpoekT CeBepHOTO TPaHCHOPTHO-TIEPECATOTHOTO
y31a WMEeT 3HAYUTENbHBI  MOTEHIMAN Ui
JMAIbHEHIeTo pa3BUTHA paiioHa OipMam B 0OmmIel
cTpykType ropona ExarepunOypr. TpaHCHOPTHBIN Xa0
CTaHET MECTOM COCPEIOTOYCHHS IPAKTHYECKH BCEX
BUIOB OOIIECTBEHHOTO TPAHCIIOPTA: METPO, TPaMBaH,

aBTOOYC, TOpoJCKast JNEKTPUUKA. VYuacTok
MPOEKTUPOBAHUS PACIOJI0XKEH B CEBEpPHOH dYacTu
ropona  ExarepuHOypr, mNpOTSHYBIIUCH  BIOJIb

npocnekra KocMOHaBTOB OT IEpeKpecTKa ¢ yIHuueid
ledckas no passsizku y Bepxueii [Tb1mmel.
AKTyanmpHOCTh JaHHOH pabOTHl 3aKIF0YacTCs B
Pa3BUTHH TOPTOBO-pa3BIEKATENbHON, XUIMLIHOW U
COIMANBbHON UH(PACTPYKTYPHI, OpTaHM3aIN
B3aMMOCBSI3H PA3JIMYHBIX TPAHCHOPTHBIX CPEICTB M
OOIIECTBEHHBIX, IIOCYTOBBIX HPOCTPAHCTB, KakK IS
TPaH3UTHBIX ACCAXKUPOB, TAK U [ )KUTENEH pailoHa.
B xoze mpeanpoeKTHOro aHajiu3a TEPPUTOPUU

ObUT TMpOBENEH HMHTEPHET-ONPOC O TpodieMax U
MOTEHIMaJaX pa3BUTUS MeCTa IPOEKTUPOBAHUS.
AHanu3upysl JaHHblE aHKET, MOJy4YeHHble oT 215
PECIIOH/IEHTOB MOXKHO COCTaBUTh OPHEHTHPOBOYHBIN

MOPTPET HOTPEOUTENS: STO YEIOBEK CpEeIHEro
Bo3pacta oT 36 10 50 ner (Tabmn. 2).
«On» coctour B Opake, WUMeeT BEICIICE

o0Opa3oBaHme (MarucTp/CHCHHUANNCT). DTO BEPYIOIINI
YEJIOBEK, MPUEPKUBAIOIIUICS KOHLICTIIUH
XPUCTUAHCKOM pEenuruy, IMpoKUBAaeT B pailoHe
Ypanmam yxe 6onpiie 20 JeT U ITIaHAPYET Iepees I B
JIpyroid pailoH ropona, MOTOMYy YTO €ro HE BIIOJIHE
yCcTpauBaeT cyllecTByomas HH(pacTpykrypa. Yaime
BCETO TOT YEJOBEK UCIOJIB3YET JIMYHBIH aBTOMOOWIIB,
4YTOOBI JOEXaTh /10 LIEHTpa ropoja, Chbe3auTh B [1bimy
win Onmxkanime nepeBHU u nocénku. Ho, ecnm ecth
MOTPEOHOCTD, BBIOEpET aNbTEPHATHBY -
OOIIECTBEHHBI TpaHCHOPT (METpo, TpaMBail WU
aBTOOyC, Tpomeiidyc). OH mpoBOAWUT CBOOOIHOE
BpeMs, TyJIsIsl Ha CBE)KEM BO3yX€E WM OCTaBasCh AOMA,
a Take JOOHUT paboTaTh Ha CBOEM CaJIOBOM YYacCTKE.
3HAYNTETHHO PEXE ITOT YEIOBEK «OKUBET KyIbTypHOI
XHU3HBIO TOPOAA» — TOJBKO MHOTAA IOCEHIAET KHUHO,
TeaTpbl, My3€H WIIU BHICTABKH.

Tabuya 2.

>eMeiHoe nonoxexune
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Penurus
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B HacTosulee BpeMA Bbl Npoxueaerte
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Ton Bospacr
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Penurus

Kak pnasHo Bbl npoxusaere B 3ToM mecre?
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B memoM, TeppHUTOpPHIO IPOCKTUPOBAHUS OH

OIICHMBACT, KaK JOCTATOYHO OJarompuatHyoo (m3-3a
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0IM30CTH JICCOI'[apKa), HO HCYOOBJICTBOPUTCIIBHYIO U3~ OPUPOAHBIX U aHTPOIIOTCHHBIX (baKTOpOB, MBI MOXEM

3a OTCYTCTBUS TOProBO-pa3BlICKaTeJIbHOM  HepelTH K dJrtamy  (opMmupoBaHus  00BEMHO-
uHdpacTpykTypsl. Ha y4acTke mpoeKTUpOBaHHS 3TOT  IUIAHUPOBOYHOU CTPYKTYPBI o0bekTa
YEJOBEK pPEIIMTEJFHO HE XOYeT BHIETh OOBEKTHl  MPOEKTHPOBAHMS.
PEUrHO3HOTO Ha3HAa4YeHUs (IPaBOCIABHBIA XpaM WU PaccMOTpUM TpW MPOEKTHBIX HPEIUIOKEHUS T10
MeueTb), HO CYHMTAeT HEOOXOIUMBIM OpTraHHM3aIlMI0  ONTHMH3ALWH BHIPA3UTEIBHOCTH ()OPMBI U ITOJI0KEHHS
MECT JJI 3aHATHH Pa3INYHBIMU BUAAMH CIOPTA. ApXUTEKTypHOIO OOBEKTa HCXOAA W3 IPHHIHUIIOB
Hcrons3ys naHHble, TIONYYEHHBIC TPH aHamuse  dHeprodddexruBHocTH (Tabm.3, 4):
TPAHCIIOPTHOH  MH(PACTPYKTYPHI, a  TaKxe,
1 2 3
«DKCIuTyaTupyemMa
«"opH30HTAIBHBI HEGOCKPED, MAPSIITHii HaJl pebedoM» «Kyb —nenoctHoe o KpOBJIA —
(DYHKIMOHATIEHOE SIPO» cTIooar
Ha3eMHOT'0 ITaXKay
Ta6muua 3.

CxeMbl BADHAHTOB KOHLIENTYAJTbHOI Mo/eJ I (POPMOOOPA30BAHHUS:

Bapuanr 1 pa3smemieHus  apXMTEKTypHOTO  OTMETKaM. B Takux mMectax oOpa3yloTcs 30HBI 110 THITY
00beKTa MpPEANojaracT AaKkTUBHOE MCIONb30BaHHE  OMO-00JI0Ta — Ba)KHOM YacTH JKOCUCTEMBI B KUIOH
BETPOBOH SHEPTHUH. Ha MOBEPXHOCTH  CpeJE.
paccpeoTOUeHHBIX B TPOCTPAHCTBE OJIOKOB MOTYT WtoroBenii BapmaHT. AHamm3upysa ¢opmy
OBITh  yYCTAQHOBJICHBI ~ BETPOr€HEpPAaTOpbl, 4YTOOBI  MOJIOKEHHE B  IMPOCTPAHCTBE  IPOEKTHPYEMOTO
MOJIy4YaTh MAaKCHMaJbHYIO DSHEpPIUI0 JaXe Korja  OOBeKTa, ObUIM BBISBICHBI OCHOBHBIE INPEHMYIIECTBA
HarpaBjeHHUe BeTpa OyleT N3MEeHSThCS. Ka)XJ0ro BapHaHTa, 0a3MpPYIOLIErocss Ha NMPUHIMNAX

Bapuanr 2. brokupoBaHHbIE 00BEMBI 374aHUS  SHEProdPQEeKTUBHOW apXHUTEKTyphl. Tak, B pamKax
o0ecrieuynBalOT MEHbBIIE TEIUIONOTEPH B 3WMHHH  NPEANPOEKTHOIO aHalM3a, BBIIBJICHO CIEyIolee
MEPHO/I U TEIUIONOCTYIUICHHS B JIETHUH NMEpUOA Tojla.  NPEJUIOKeHHWE 110 OpraHu3aiu  (QOpMbl  00BEKTa

3HAUNTENbHOE KOJMYECTBO TIOBEPXHOCTEH 3MaHUS  MPOEKTUPOBaHWS —  pa3lenuth ero Ha 4
MOeET OBITH OCHAIICHO COJIHCYHBIMU ITAHCIISIMU. (byHKHI/IOHaJ'IBHBIX YPOBH:A:

Bapuant 3. TlokpeiTHe «3en€HONW  KpPOBIM» VYposenb 1 — TpaHcmopTHO-TIEpECaOTHAS,
MPOM3BOIUT COOP JOXKAEBOM BOABI M OpraHM3yeT €€  KOMMYHHKAI[MOHHAas 30Ha — MPOCTPAHCTBO IO

pauOHAJIbHOC BTOPUYHOC HUCIIOJIB30BAHUEC. YyacTku ¢ «3eIEHOMN KpOBJ’Ief/'I», BKJIFOYAKOIICC 30HbBI OXKWMIOAHHUA U
YKIIOHOM Ha OTKPBITOM MPOCTPAHCTBC 00ecreynBaT oTAbIXa, Ka(be u Maras3uHbl, 000c00IeHHBIE
CCTCCTBCHHOC JBH)XXCHHUC BOJAbl K IIOHHMKCHHBIM PEKPCAMOHHBIC TMPOCTPAHCTBA, [JACTCKUC HUI'POBLIC
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TUIOIAAKH. pasmelieHHass B Olokax Ha  KOJOHHaxX  Haj

VYposens 2 — PekpeanmoHHOE MNPOCTPAHCTBO,  AKCILTyaTUPYEMOH «3en€HOM KpoBieil», cocTosmas U3
npejacTaBisioniee  coOOl  MEmexXoJHyl — 30Hy  aJMHHUCTPATHUBHBIX 30H, OM3HEC-LIEHTpa, KOH(pEepeHII-

COYETAMONIYI0 TPAH3WT JIOJCH W CIOPTHBHBIE U
UrPOBBIC IUIOLIAAKK OOIIEro A0CTYIIA.
Vposerb 3 — OOILIECTBEHHO-/ICNIOBass 30Ha,
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3aJI0B, TOCTHUHUIIBI M BBICTABOYHBIX MPOCTPAHCTB
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Pucynox 1 Cxema ¢hyHKyuoHanbno2o 30Huposanus 00beKma npoeKmuposanus
— pasoeneHnue no yYpoeHAM

Paznenenne Ha  (yHKIHMOHANbHBIE  YpPOBHHU
MO3BOJISIET c(hopMHUpPOBATH COIIMAJIbHO-
OpPHEHTHPOBaHHYI0O ¥ KOoM(QopTHy0 s Jroxeit
ropoacKyo cpeny. CeromHs uuest «310poBOr0 ropoiay
JIOTIOJTHACT KOHIEIIMIO «YCTOHYMBOTO pPa3BUTHUS.
OOBEKT  HWCCIENOBAaHMS  OTBEYAaCT  OCHOBHBIM
MPUHIUIIAM «yCTOHYUBOTO MPOSKTUPOBAHMUS:

— TOBBIILIEHA 3HeProd(PHEeKTHBHOCTH 3aHUS

—  ONTHMH3HPOBAHO BOJONOTpEOIICHHE

—  HCHOJIB3YIOTCS 9KOJIOTHYHBIE MaTepuabl

Konnenmus MIPOEKTHPYEMOTO o0bekTa
3akiroyaercss B (DOpMHpOBAaHMM  LIEJIOCTHOTO
MPOCTPAHCTBA, FAPMOHUYHOTO COYETAHUS PA3IUYHBIX
(DYHKIIMOHAJBHBIX 30H, CO3/aHMs OJaronpHsTHON
Cpeabl KaKk Ul TPAaH3UTHBIX ITAaCCAXHUPOB, TaK M IS
JKUTEJIeH ONMKaHIINX PaiioOHOB.

[l [ '

i

W

Konuenus 00BeKTa MIPOEKTHPOBAHUS
3aKIIFOYAETCS B (dhopMupoBaHUU LIEJIOCTHOTO
MPOCTPAHCTBA B OOIIEH CTPYKType OOIIECTBEHHOTO
[EHTpa M TPAHCIIOPTHO-TIEpECcaouHoro y3ma. Tak,
9TOOBl (DYHKIIMOHAIEHBIC 30HBI HMMENH OOJBIIOE
KOJIMYECTBO TMEPECCUCHHM, TOAUYEPKHUBAs CAUHCTBO U
COIIOYHUHEHHOCTD MIPOCTPAHCTB 00BeKTa
MPOCKTHPOBAHUSI.

B mepcrnektuBe pa3BUTHS JTOH TEPPUTOPHH
ropoaa HaMEYEHO KOMILIEKCHOE pa3BUTHE

KoMIto3u1ioHHOe penieHue mpeacTaBiseTr co0oi
JMaroHajabHOE pa3MelieHe HECKOJIBKUX
MIPOCTPAaHCTBEHHBIX OOBEMOB [0 OTHOIICHHIO K
CIIOXKMBIICHCS CEKTe yJuIl. Biokw, mpunogHAThIe Ha
OTIOpax, OCBOOOKIAIOT PEKPEalHOHHOE ITPOCTPAHCTBO

— DOKCIUTyaTHpyeMylo «3en€Hylo KpoBmo». OHa
COXpaHsSeT  TPHPOAHBIH  KapKac  TEPPUTOPHH,
(dbopMupysl B3aMMOCBSI3M 4YeJlOBEKa M HPUPOJIHI,

0003HayaeT 3KOJIOTHYECKUH MOIX0]] TPOEKTUPOBAHUSL.
B crunobare 30aHUS PACIONOXKEHBI 3JIE€MEHTHI
KyJIbTypHO-OBITOBOIO 00CITy)XKHBaHus Jiroziei. B mecre

nepecevyeHuss ~ OCHOBHBIX  TPaH3UTHBIX  IyTei
IaCCa)KUPOB OPraHM30BAHO IPOCTPAHCTBO aTpUyMa.
Opranuzanus CEBEPHOTO TPaHCIIOPTHO-

HepecagovyHOro y3Jia 1acT BO3MOXXHOCTh pa3rpaHUYUTh
U TIepeHaNpaBUTh MOTOKH TPAHCIOPTA, CBS3bIBAIOIIHI
ExatepunOypr u CreputoBckyro ooxacts (Puc.2 ).

Pucynox 2 @acao. llpoexm Cegeprozo mpancnopmno-nepecadouozo y3ia

NpWIEralolMX K YYacTKy IPOEKTUPOBAaHUS 30H.

MHoro¢yHKIIMOHATIBHBII TPaHCIIOPTHO-
MEPECAJIOUHBIl  y3€ll  ONpeAesseT  HalpaBICHUS
pa3BuTHA TPaHCIIOPTHOMU u COLIMAJIBHOM
UHQPACTPYKTypBl, CBSDKET OTHAJNEHHBIE pailoOHbBI

ropoja c IEHTPOM, chopmupyeT OnaronpusTHyIO
Cpely >KU3HEEATeNbHOCTU YeI0BEKa.

I'maBHOW Temolf W HampaBlieHHEM paOOTHI IS
COBPEMEHHOI'O  apXHUTEKTOpa SBJIAIOTCS  BOIIPOCEHI
9KOJIOTHYECKH  0€301acHOr0  CTPOUTENbCTBA U
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3¢ PEKTUBHOTO HUCTIOJIL30BAHKSI IPUPOIHBIX PECYPCOB.

Temn u puUTM KU3HU B COBPEMEHHOM TOpOAe
IpeJronaraeT Takylo K€ aKTUBHYIO U HACBIIICHHYIO
COOBITUSIMH JKM3HB KaXJIOT'0 YeJoBeKa. T paHCIOpTHO-

nepecajouHblii  y3en  JIOJDKeH — OTBeYaTb  ITUM
TpeOOBaHUSM.
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ADHESIVE STRENGTH OF TWO-LAYER METAL COATINGS
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AJITE3IAHA MIITHICTD JBOIIAPOBUX METAJIEBUX IIOKPUTTIB
HA NIIJKJIAIKAX OKCUAY AJTIOMIHITIO

Summary. Adhesion strength depends on many factors: coating technology, film material, substrate material;
and may decrease during operation of the finished product. During the operation of power modules, they are
subjected to thermal and mechanical loads, including vibration. This leads to the destruction of components from
overheating and mechanical damage to the modules. Often the destruction occurs in the structure of the substrate-
conductive coating. The main reason for this destruction is the low adhesive strength of the metal film to the

ceramic base.
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Used laboratory installation to test the technology of forming metal coatings and work on testing the
technology; study of the obtained samples. Determination of the range of technological modes for the formation
of coatings by magnetron sputtering. Determination of technological modes of source operation during copper
coating by steam jet deposition, processing of experimental data and issuance of recommendations on the use of
work results.

Based on the data obtained during the study, the roughness of the adhesive sublayer of titanium affects the
adhesive strength of the conductive layer of copper on the substrate of alumina. The minimum values of roughness
Ra <2.0 pm required to achieve maximum values of adhesive strength up to 60 MPa, can be obtained by placing
the substrate relative to the magnetron sputtering system at an angle of 90 ° and 180 © at a distance from the target
to the substrate from 25 to 60 mm

AHoTanisg. AnresiifHa MIIHICTH 3aJeXUTHh Bif Oaratebox (HaKTOpiB: TEXHOJOTii OTpUMaHHSA ITOKPUTTS,
MaTepiany IUTIBKH, MaTepialy MiIKIanKd; i MOXe 3HIDKYBATHCS B IPOIECi eKCIuTyaTarii roToBoro BupoOy. B
mpolieci poOOTH CHUJIOBHUX MOJYJIIB BOHH MiJNAIOTHCS TCIUIOBUM i MEXaHIYHMM HABAHTAXXCHHSAM, B TOMY YHCII
BiOpauii. Lle mpu3BoIuTh 10 pyiHYBaHHS KOMIIOHEHTIB BiJ] IEPETPIBY 1 MEXaHIYHHX ITOIIKOKEHb MOy IiB. HacTo
pyWHYBaHHS BiIOYBa€ThCS B CTPYKTYpPl MiJKITagKa-IPOBIMHUKOBE MOKPUTTS. OCHOBHOK MPHYHHOI TAaKOTO
pYHHYBaHH: € HU3bKa aAre3iiiHa MillHICTh METAJEBOI IUIIBKU 10 KEPaMiuHOT OCHOBH.

Bukopucrana naboparopHa ycTaHOBKa ISl BIIIPaIlOBaHHS TEXHOJIOTI] pOpMYyBaHHSI METAJICBUX ITIOKPUTTIB
Ta TPOBEICHHS POOIT 3 BIAMPAIIOBaHHS TEXHOJIOTII; TOCII/KCHHS OTPUMAaHUX 3pa3KiB. Bu3HaueHHS Aiama3zoHy
TEXHOJIOTIYHUX PEXUMIB i1 (OpMyBaHHS MOKPUTTIB METOOM MAarHETPOHHOTO pO3MIICHHS. BusHaueHHS
TEXHOJIOTIYHUX PEXHUMIB POOOTH JKepena IpH HaHeCEHHI MOKPUTTS MiJli METOIOM HapOCTPYHHOTO OCaKEHHS
00po0OKa ekcriepuMeHTaIbHIX JaHHX i BUAaya PeKOMEHAAIIH 1010 BUKOPUCTAHHS Pe3yIbTaTiB POOOTH.

Buxonsuu 3 naHUX, OTPUMAaHUAX B XOJi TOCTIDKEHHS, OPCTKICTh aire31HOTO MiAmapy THTaHy BIDINBA€E Ha
aAre3iifHy MIIOHICTh CTPYMOIIPOBITHOTO IIapy Midi Ha MiTKITAAIl OKCHIAY alfoMiHifo. MiHiManbHI 3HaYCHHS
mopetkocti Ra <2,0 MkM, HeOOXiIHI JIsl TOCATHEHHS MaKCUMAaIbHHUX 3HAUCHb aare3iiHoi minHocti g0 60 Mlla,
MOJYTh OyTH OTPHUMAaHI IIPY PO3TANIYBAHHI TiAKJIAIKH 111010 MATHETPOHHIN PO3MMIIOBAILHOT CUCTEMH ITiJf KyTOM
90 ° 1 180 ° mpwu BiaCTaHI Bif MillICHI 10 MiIKIaaK4 Big 25 10 60 mwm.

Keywords: adhesion; ceramics; copper; thermal conductivity; film.

Kouosi croea: adeesis; kepamixa, miob, menionpogioHicms, niieKda.

AJITE3IMHA MIIHICTD JIBOIIIAPOBUX MeTalizamii KepaMidHHX IIOBEepXOHb. Po3poOutn

METAJIEBUX ITIOKPUTTIB HA IIIKJAJIKAX
OKCHUIAY AJIIOMIHIIO

Beryn

B nmanwmii 9ac mpu BUPOOHUIITBI CHIIOBUX MOJYIIIB
MPOMHUCIIOBICTIO JJIsi MeTaji3allii BUKOPHCTOBYIOTHCS
atMocdepHi TOBCTOIUIIBKOBI TEXHOJOTIl, Taki SK
BramoBands nactd, Direct Bonding Coating (DBC),
Direct Plated Coating (DPC), xonoaHy razoquHamidse
HaHeceHHs1. [lepexia Ha TOHKOIUTIBKOBI TEXHOJIOTIT TaKi
K TepMiuHe BHUIAPOBYBaHHS 1 MarHeTPOHHOIO
POBIIMIICHHS JJO3BOJISITH OTPUMATH CTAOUIbHY SKICTh
MOKPUTTIB 1 BIATBOPIOBAHICTH PE3YNBTATIB MIpPH iX
orpuMaHHi. Yepe3 1e BHHUKIA HEOOXITHICTH
OTPUMaHHS ~ CTPYMONPOBIJHMX  TOKPHUTTIB  Ha
KepaMiuHHUX MiJKIa7Kax, sSKi BUKOPUCTOBYIOTHCS IS
BUPOOHMIITBA  CHJIOBHX  MOJXYJiB,  METOAaMH
TOHKOTLTIBKOBOT TEXHOJIOTIi. OpHak IS
TOHKOIUTIBKOBHX  TEXHOJIOTi 7O  TEmepilrHbOro
MOMEHTY HE BHpINICHI MUTaHHA  OTPHUMaHHI
CTaOUIbHUX  3HAYe€Hb  aAre3ifiHoi  MIIHOCTI  Ha
KepaMiuyHMX  MiAKIaAKax, 10  CTPUMye  iX
BIIPOBA/KCHHA Y BUPOOHUIITBO BHPOOIB CHIIOBOI
CJICKTPOHIKH 1 EJIEKTPOBAKYyMHHUX TIPHJIaIiB.

MeToro poOOTH € TWiABHINCHHS aJre3idHoi
MIITHOCTI TOKPHUTTIB MPH MeTaji3amii MeToJaMu
TOHKOIUTIBKOBOT TEXHOJOTIl KEpaMiYHHX IIiJIKIAJIOK,
SIKi BUKOPUCTOBYIOTHCS JUII BUTOTOBJIEHHS PUCTPOIB
CHJIOBOI €JIEKTPOHIKH 1 €IeKTPOBAKYYMHUX TPHIIAIIB.

Ha ocHOBI aHami3y iCHyI0OUHX BUMOT JI0 TIPUCTPOiB
CHJIOBOI €JIEKTPOHIKH 1 IeKTPOBaKyyMHUM IpPUIAiB,
a TaKoX METOJiB OTPHMAaHHS METAJEeBHX IOKPHUTTIB,
BU3HAYWTH BHMOTH JI0 MaTepiayiB 1 TeXHOIOTii

71a00paTOPHY YCTaHOBKY JUIS IPOBEACHHS IOCIIIKEHb
MpoIeciB HAaHECEHHS MOKPUTTIB HA KepamidHi
MIKTAOKH.  BH3HAYMTH — TEXHOJOTIYHI  peXUMHU
HAaHECEHHS IMOKPHUTTIB, MO 3a0e3MeuyroTh aare3iiiHy
MIIHICTb OJICP>)KYBaHHX MOKPHUTTIB Oinbie 50 MIla
TexHoJ10rii opMyBaHHS NOKPHUTTIB
HaneceHHs1 IOKPUTTS

Buxopuctanass ~ pospobienoi  mabopatopHoi
YCTAaHOBKM  (DOPMYBaHHSI ~ IIOKPUTTIB  JIO3BOJISIE
NPOBOJIUTH BIAIPAIIOBAHHS TEXHOJOTIi (hopMyBaHHS
JBOIIAPOBHX MOKPHUTTIB B €IMHOMY BaKyyMHOMY
UK. MoaysibHAa KOHCTPYKIiSl yCTaHOBKH 3a0e31euye
MOOITBHICTS 1 JIO3BONSAETBHCA JIETKO PO3IIHUPIOBATH
CKJIaJ{ TEXHOJOTIYHUX METO/IB T YaC JOCIIUKEHD.

[Migkmagka BUKOHYE JIBi OCHOBHI (DYHKIIIT:

e € [ieNeKTPUYHOI OCHOBOIO APYKOBAHOI
cxemH, popMOBaHOT Ha O/iHIH a00 JJBOX CTOpOHAX.

e 3abesneuye BiIBEICHHS TeIa, 110
BHIUIAETHCA HAMIBIPOBIIHUKOBUMHU KpHCTalIaMH i
€JIEMEHTaMH CXEMH.

HasiBHiCTh Ha MOBEPXHI MiKIAIKA PI3HOTO POIY
3a0py/JHEHb TPU3BOJUTH /IO PI3KOTO  3HIDKEHHS
BIJICOTKAa BHXOAY IIPUAATHUX BUPOOIB Ha HACTYITHHX
TEXHOJIOTIYHUX OIepamisx. 3a0pyJHEeHHS IIiIKIaI0K
3a3BM4ail  BifOyBAa€TbCA IIPU MeXaHIYHId 00poOLi
HaIiBIIPOBIIHUKOBUX 3JIMUTKIB 1 TuacTuH (pizaHHi,
nuTipyBaHHS Ta MONIPYBAHHS), @ TaKOX 32 PaxyHOK
afacopOmii  pi3HUX PpPEYOBMH 3  TEXHOJOTIYHHX
cepenoBul. Cepexn BCix BHIIB 3a0pyAHEHb OCOOIUBY
yBary CiijJ IPUIUIATH OpraHiYHAM 3a0pyIHEHB, TaK SIK
BOHU TPH HArpiBaHHI PO3KIANAIOTHCA 1 BHUIIISIOTH
ra3omnofiOHi pev4oBHHU (KUCEHb, OKCHJ 1 JIOKCHI
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ByIJICIIO, Mapu BoAM Ta iH.), SIki B 3Ha4yHIN Mipi
HOTIpPIIYIOTH ~ HACTYNHI  TEXHOJIOTIYHI  MpOIEecH
(mudysii, enitakcii, OCaPKEHHS 3aXUCHUX
JUCNEKTPUYHHX TUTIBOK 1 1H.).

Jns TOBHOTO  OYMINEHHS  IAKIagKH  Bif
3a0pyZiHEHh HEOOXiTHO BHOpATH TEXHOJIOTIYHHI
TpoIiec, SIKM BKITIOYaB OM B ceOe psif MOCIiTOBHHUX
orepamniif, KOKHa 3 SKHX JO3BOJSLIAa O BHUIANATH 3
MOBEpXHI oAuH abo KijTbKa BUAIB 3a0pyaHeHb. OHIEO
3 YMOB OTPHUMAaHHS BHCOKOI aAre3iffHOI MIIHOCTI €
MOJKIIMBICTh (POPMYBaHHS 0araTomapoBUX MOKPUTTIB
B €JMHOMY BaKyyMHOMY LHKJi, 0e3 po3repmern3arii

o0cary BakyyMHOI KaMepd 1 KOHTakTy BHpPOOM 3
aTmocdeporo [1].

Po3pobiiena nabopaTopHa ycTaHOBKa IIPH3HAYEHA
JUIS. HAaHECEHHS IUTIBOK METOJaMHM MarHeTpOHHOTO i
TEpMIYHOIO BHIIAPOBYBAaHHS B €JMHOMY BaKyyMHOMY
LIUKJTI.

VYcraHOBKA CKIANAETBCS 3 BAaKyyMHOI KaMeEpH,

TEXHOJIOTIYHO{ CHCTEMH, CHCTEM BigKadyBaHHI 1
HAIyCKy ra3y, CHCTEM JKHMBJCHHS 1 KepyBaHHS,
CHCTEMH peectpartii peXuMiB MIPOBEACHHS

eKCIePUMEHTAIBHUX JOCHTIHKECHB.

Puc. 1. 306niwniti 6uensio ycmanosxku 015 IONPAYI08AHHs MEXHON02I] POPMYBAHHS MEMANesUx NOKPUMINIe
1 - Kamepa nanecenns, 2 - macnempoH po3nunoganvia cucmema, 3 - Kamepa
sunapogyganus, 4 - Cucmema giokauysanns, 5 - Cucmema nooaui 2azy

Cucrema BiKadyBaHHS BHKOHaHa Ha 0asi
TypOoMonekysipHoro Hacoca Edwards nEXT-75
(NR1) i cmipansHoro mexaniunoro nHacoca Edwards
XDS-10 (NI1). Takuii Habip 3aco0iB BijKaudyBaHHS
JIO3BOJISIE OTPUMATH TOBHICTIO O€3MacIITHUH BaKyyM,
IO € BaXJIMBOIO YMOBOIO JUISi OTPUMAaHHS BHCOKOL
a/re3iHOi MiHOCTI (POPMOBAHMX TOKPUTTIB [2].

Haiinpocrilmum ~ criocoOOM —~ OUYMIIEHHS €
MeXaHiYHa OYHCTKa MOBEepXHi. BoHa mpu3HaYeHa s
BUJIQJICHHST MEXaHIUYHMX 3a0py/JHeHb, TaKuX SK:
3aJMIIKM  OKaJMHU 1 1pXKi, BEJIMKHX CKYyITYEeHb
MacCTHJILHOTO MaTtepiany.

Ilpp  MexaHIYHOMY  OYMIIEHHI  ITOBEPXHIO
00pOOIIAIOTh METAJEeBUMH  LITKAMH, HAKIAYHAM
narnepoM i NpoTUparoTh ranyip'saM. /laHy o4MIIEHHS B
OCHOBHOMY 3aCTOCOBYIOTb HpH 00poOIli IOBEpXHi
METaJeBUX €JIEMEHTIB BaKyyMHOI KaMepH,
BHYTPIIIHFOKaMEPHUX MIPHUCTPOIB 1 MPUCTOCYBAHb [5].

I'py0Oe ximMiuHEe OUNIIEHHS BUKOPHUCTOBYETHCS IS
BUJAJICHHS 3 TIOBEpXHI 00poOIIOBaHWX JeTaneit
BUJIMMHX OpPTaHiuyHUX 3a0pyAHEHb, TAKUX SK: 3AJTUIIKA
MaceJl, MacTHJIbHI MaTepianu, OapBHHKH, BiZOHUTKHU
nmanbiiB 1 kupoBi mrsimu. 11106 BHOanmuTH MPOIYyKTH

OUHINEHHS 1 3a0e3MeYnTH SAKICHHH CTaH IIOBEPXHI
micns rpy0ol XiMIiYHOT OYHCTKH PEKOMEHAYETHCS
3aCTOCOBYBATH M'AKi TKAHUHH THUITY Os131 1 1H.

ToHKy  XiIMiYHY  OYHCTKY B  pPO3YHHAX
HEOpraHIYHUX KHUCIOT 1 JIyrax, a TakoXX B Mapax
OpPTraHiYHMX  PO3YMHHUKIB  3aCTOCOBYIOTH IS
3a0e3nedeH s SIKICHOT MIATOTOBKM IOBEPXHI Hepen
HAHECEHHSAM NOKPUTTA. Jlis iHTeHcu(ikamii mporecy
OYMIICHHS BHUKOPHCTOBYIOTh YJIBTPa3ByKOBI BaHHH;
MpOLIEC  OYMIICHHS BEeAyTh, SK IPaBHJIO, NPHU
TeMIlepaTypi pO34MHy BUILE KIMHATHOI.

OCHOBHI XiMi4HI PEYOBHHH, III0 3aCTOCOBYIOTHCS
JUTSL OYMILICHHS TOBEPXHi, HaBeAeHi B Tadmumi 1.

VYipTpa3sByKOBE OYMIIEHHS BHAAISIE  BEJHKI
XKHUpOBI  3a0pylHEHHS  3aBIJKH  IHTCHCUBHOMY
JIOKQJIBHOMY TI€peMIllyBaHHS IiJ €0 yAapHUX
XBHJIb, CTBOPIOBAHHMX B PO3YMHHHKY. B X011 npoMuBKYM
PO3YMHHHMK, HACHUYEHWUH JOMIIIKaMH, HEOOXiIHO
Oe3mepepBHO BUAAIATH 3 IMOBEPXHI MiTKIAIKH; TPH
BOMY HOTO 3aMiHIO€ YHCTHH pO3YMHHHUK. MexaHiuHi
KOJIMBAHHS, 10 CTBOPIOIOTBCS HA  MIIKJIAIII,
CIPHUSIOTh BUIAIECHHIO MakKpo 3a0py/IHEHb, JIyCOUOK
MeTasliB, MUy Ta iH.
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Tabmuus 1.

XapaKTepHCTHKH JeIKUX XiMIYHHX PO3YHHHHUKIB 3aCTOCOBYIOThCH /ISl OUHIICHHS MOBEPXHi

Po3unnnamnk

IIpu3HayeHns

beHn3uH 3 HU3bKUM
OKTAaHOBHM YK CJIOM

Bunanenss rpyOoux >KMpoBHX 3a0pyAHEHb i IEPBUHHE OYMILICHHS BAKYYMHOT KaMepH i
BHYTPILTHHOKaMEPHHX MPHUCTPOIB ITiCIIsI MEXaHITHOT 00pOOKH

bensun 3 BUCOKUM
OKTaHOBHM YHCJIOM

INoBTOpHA OUMIIIEHHS IOBEPXHI MiCTIs 00pOOKN OEH3MHOM HU3BKOI SIKOCTI

[30mporusioBuii ciupt

Bupanenss ediparX MacTui (3aMiHHUK €TaHOITY, ETHIIOBOTO CITAPTY)

EtnnoBuii crmpT (eTaHo)

Po3unneHHs 1akohapOoBHX MaTepialiB

ATieToH Po3unHeHHs EPXJIOPBIHIIOBHUX 1 MOTIAKPYIJIOBUX JIAKIB, alleTATIB [IEITFOJIO3H Ta iH.
OunIieHHS TIOBEPXHI METAJIIB 1 ICSKUX TOJIIMEPIiB, HATIPHUKIIA]] TIOTICTAPOITY (B MPOIIECi
Terpaxyopuz Byriewto H P a PIB, Harp A pomy (8 rpon
00pOOKM MOYKJIMBO TPaBJICHHS [TOBEPXHI)
TpuxnopetuneH 3HE)KUPEHHS TIOBEPXHI METAJIIB, BUIAIICHHS MACEJl, JKHPIB, BOCKY
Jlanni cghopmosano 3 [2] 3HAYCHb IHTCHCUBHICTD KaBiTarlii 3pocTae.

IIpn BuKOpHCTaHHI YyIBTPAa3BYKOBOI BaHHU 3
gacrotamu 20-50 x['m ycyHeHHs 3a0pyaHEHB
BimOyBa€eThCS 3a paxXyHOK KaBIiTallifHOTO eQeKTy.
SIBumie KaBiTallil MOJsIra€ B «CXJIONMYBAaHHI» Ta30BUX
Oynp0amoK, M0 YTBOPIOIOTBCS TMPH CTUCHEHHI 1

PO3LIMPEHH] piauHH. [Ipu BUKOPHCTAHHI
yIBTPa3ByKOBOI BaHHM, B PO3YMHI, L0 OMHBAE
IUIACTUHY, CTBOPIOIOTbCS ~3MiHHI ~ CTHUCKAaKOTh 1

PO3TATYIOTh HAINPyTH, MiJl JI€I0 SKUX YTBOPIOIOTHCS
KaBUTaliiHi OynpOamku [6].

EdexTuBHiCTh yIBTPa3ByKOBOTO OYHIIEHHS B
OCHOBHOMY BHM3HAYAE€THCS YACTOTOIO KOJIMBAaHb; KPIM
TOTO, BOHO 3aJIeKHUTh BiZ MOTYKHOCTI
BUIPOMIHIOBAaHHS 1 TeMIepaTypH pO3YMHHHKA.
@DaKkTUYHO yIBTPA3BYKOBE OYMIICHHS €()EeKTHBHO
BUAANSE€  TIABKH  BENWKI  3a0pyAHEHHS, TOMY
PEKOMEHAYEThCA 11 3aBEpIIyBaTH 3HEXKUPEHHSIM B
napax OpraHi4yHUX pPO3YMHHHKIB.

3  TWiOBMIIGHHSM  YacTOTH  30UIBLIYETHCS
NpOHUKAao4Ya  3JaTHICTb  PIIMHM 32  paxyHOK
3MEHILICHHS JIOB)KHHU XBWJII KOJIMBaHb, 3MEHIYETHCS
HMOBIpHICT,  pyilHyBaHHsI 3pa3KiB 32 pPaxyHOK
3MEHIICHHS PO3MipiB KaBiTamifHUX Oymp0Oamiok. 3
MiBUIICHHSAM IIOTY>KHOCTI ¥Y3-KOJIMBaHb /10 TEBHHUX

[ligBuIeHHs TeMIepaTypu MiIBUIIYE PO3YUHHICTH
3a0pyJHEHb 1 BIUIMBa€ HA YMOBY BHHHUKHECHHS
kapitamii. JIns KOXHOI pIOMHM iCHY€ ONTHMAalbHA
Temneparypa oopooku [7].

OO0poOKy IIacTHH 1 MAKIAIO0K 3a3BUYail BEIyTh
IpU  YJIBTPa3BYKOBHX KOJHMBAaHHAX, KOJIM KaBiTallis
BIZICYTHS 1 OYMIIEHHS IHTEHCU(IKYETHCS 338 paxyHOK
BUXPOBHX aKyCTHYHHX MOTOKIB PiJJMHHU.

VYIIbTpa3BYKOBI KOJHMBAaHHS 3HAYHO ITiIBHIYIOThH
OPOAYKTHBHICTh 1 MOJIMIIYIOTh SKICTh HE TIIBKH
3HEKUPEHHS, a i IHIIUX onepauiil pituHHOT 00pOOKH.

Cxema 00poOKHM IJIACTHH B YIBTPA3ByKOBiH BaHHI
nokasasa Ha Puc. 2.

Jst BUTAJIEHHS 3aJIMIIKIB OpTraHIYHUX
PO3YHHHHKIB BUKOPHCTOBYIOTh [IPOMUBAHHS
JICOHI30BaHOK  BOJOK0. [licis  mpoMHBaHHS B

JICOHI30BaHIA BOJI MIAKIAIKY CIIiJ BUTATYBATH TAaKUM
YMHOM, 00 MIHIMI3yBaTH KUIbKICT pIAMHK Ha
noBepxHi. Pemra Ha moBepxHI Kparuli BOJAW IIiCIs
BUCHXAHHSI TIPOSIBIISITHCS Y BUIJISAI BUAMMUX TUISAM, 1110
3MIHIOIOTh  BJIACTUBOCTI ()OPMOBAHOTO TOKPHUTTSI.
ToMy Kparuti BOAM CIIiJ 34yBaTH CTPYMEHEM YHUCTOIO
OO0e3nmieHHsT MOBITPsT 200 BHIANATH 33 JOIOMOTOIO

uentpudpyru. [3]
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Puc. 2. Cxema npoyecy yivmpasgyko8020 OYUUEeHHsL 8 NPOMOYT PO3UUHHUKA
1 - sanna; 2 - kacema 3 nnacmunamu; 3 - konyenmpamop; 4 - I enepamop yiompazeyKosux KOIUGAHb,
5 - maenimocmpuxyitinuil sunpominioeay
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Cynika NpoBOIUTHCS B TAPOBOMY OYHMIIyBadi abo
B YHCTI{ NeYi 3 BAKOPUCTAHHSM Tapsdoro O4UIIEHOTO
NoBiTpst ab0 a3oTy. OYMIIEHHs MOBEPXHI MiAKIaIKH
HCOOXITHO  MPOBOJUTH  OE3MOCEPEeTHBO  Mepe
NPUMILICHHSIM y BakyyMHY KaMmepy, Tak SK IIpH
TPUBAJIOMY OYiKyBaHHI YHCTOTa MOBEPXHI MOXe OyTH
HOpylIeHa, IO NpHU3BEIAE OO 3HIKEHHSA SKOCTI
0CaKEHOT IITIBKH.

3a3Buuail micig XiMiYHOI OYHCTKH, IPOMHBKH B
JTUCTHIHOBAHOI BOJI 1 CYIIKH MiAKIAIKA HAAXOIUTH B
KaMepy MeTamizamii. [Ipu 11p0My MOXIIHBE TOBTOpPHE
3a0pyAHEHHS TIOBEPXHI BHACIIIOK aJCOPOIIii MOIEKYI
PI3HHMX PEYOBHH 3 HABKOJHUIIHHOTO MOBITPSI.

HemonikoM XiMiYHOi MiArOTOBKK IOBEPXHI €
TaKOX 1 Te, Mo 151 00poOKa B MPUHIIUII HE 3a0e3mneuye
BuzaneHHs (iznuHo aacopOoBaHOi Bojoru. dizuuHa
ajcopOoBaHa BOJOra BHUIUIIETBCS B Ipoleci
BiJIKauyBaHHS TUIBKH MPOTPIBOM MiJIK/IaJ0K B BaKyyMi
IIpY BUCOKIH Temneparypi [4].

B pamkax maHoi poOOTH y BCiX €KCIIEpUMEHTIB 3
BINNpAITIOBAaHHS  TEXHONOTii  [UIi  TMPOBEACHHS
yIBTPa3BYKOBOI  BiIMHBAaHHA  BHUKOPHUCTOBYBaacs
yIIbTpa3BykoBa BaHHa Bopomiii. 30BHIMIHIA BT
BaHHMU IIpecTaBNeHnid Ha Puc. 3.

Puc. 3. 3o6niwnin 6uensio yibmpaszeykogoi 6antu, wo 6UKOPUCMOBYBANACA Ollsl OUUWEHHS

B SIKOCTI XIMITHOTO PpO3UMHHHKA
BHUKOPUCTOBYBABCS 130MpoNiIOBHI CIHPT.
[3ompomnizioBuid CIUPT, BiH K€ i30mpamaHoi - Le
npo3opa Oe30apBHA DigUHA 3 PI3KUM «CITUPTOBHM»
3amaxoM. BiH JocuTh TPOCTO  3MILIyeThCS 3
OpraHiyHMMH PO3YMHHMKaMH i Bojoro. Llel cnupT He

3aJMIIA€  CHIJIB ICIIS BHUIAPOBYBAHHSI 1 TOMY
BBAXKACTHCSA BIAMIHHUM 3acO00M JUIT  YHIEHHSA
ONTHYHUX JIH3, J3epKal, TISIHIEBUX CKISHHUX 1

METAJIEBUX IOBEPXOHb,
MOBEPXHI MiKIaaku. [4]

B sKxocTi mOKIamoK y BCIX EKCHEpUMEHTaX
BUKOPUCTOBYBAJIUCS MUTI(OBAaHI IUIACTHHU OKCHIY
amoMiHi0 3 mopcTkicTio Ra 1,6 mxm. Ilmactuau
BIZIMUBAJIUCS B PO3YHMHI MiAIPITOTO 130MPOIiIOBOTO

a TakoX I 0OpoOKH

CIIMPTY B YJIbTPa3ByKOBOi BaHHI MPOTAroM 10 XBHINH.
Temneparypa mutouoi pigunu crtanomwia 40 ° C.
Cymka TmJIacTMH TpPOBOAWJIACS TPH  KIMHATHii
TeMIieparypi.

BusiBiieHHs1 BIUIMBY ajAre3iiiHoro migmapy na
aaresiliHy MillHiCTh OCHOBHOI'0 CTPYMOINPOBIHOTO
mapy

Jlns BUSIBIIGHHS BIUIMBY IIAIIApY THUTaHy Ha
aare3iiiHy MIIHICTh MIapy Mini Oyia mpoBeaeHa cepis
eKCIICPUMEHTIB 3 OTpUMaHHA CTpyKTyp AI203 / Cu i
AlI203 / Ti / Cu. ApresiifHomii migmap THTaHY
HaHOCHBCSI METOJIOM MAarHeTPOHHOTO PO3MWICHHS.
OCHOBHUH map MiJli HAHOCHUBCS METOAOM TEPMITHOTO
BUITaPOBYBaHHSI.

Tabmurs 2.
Pe:kuMM HaHeCEHHsI O/IHOLIAPOBOTrO (MiIHOT0) MOKPHUTTSI
Tucx s [oTyxHicTh Yac ocaxeHHs
Homep 3pazka | Tloxpurts Crioco6 HaHeCEeHHsI TIOKPHTTI Kamepi (va)i Br) (t 22)
(P,mbap) ’ ’
Cu TepmiuHe BUIIApOBYBaHHS 1,3x10° 0,20 300
Cu TepmiuHe BUIIApOBYBaHHS 1,0x10° 0,20 300
Cu TepMmiuHe BUNIAPOBYBAHHS 8,7x10* 0,20 300
s koxHOTO HAbOPY PEKUMIB OYyJ0 OTPUMAHO CxeMa BUMIpIOBaHHS  aAre3ifHOT  MIITHOCTI

TpH 3pa3ka IMOKPHTTIB.

Bci OTpHMaHi 3pa3Ku i 1aBaIHACs
BUIIPOOYBaHHAM Ha aAre3iifHy MIIHICTh TMOKPHUTTS
METOJIOM BiJpWBY.

moka3zana Ha Puc. 4.

[Tigxmagka mpUKIIeIOBaiacs Ha CTAJIEBY IUTUTY, 10
MOKPUTTS. TPUIIAIOBABCS  CIEI[ialbHUA TPHOOK 3
BiJTOMOIO ITJIOIIEIO ITiICTaBKH.
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Taomuus3.
Pexxumu Hanecenns asomaposoro (Ti+Cu) mokpurrs
Tuck B . Yac
Howmep [okpurra | Cnoci® HaHeCceHHS Topava rasa (Q, Kamepi Horyxicts (W, OCaDKEHHS
3paska scem) (P. Mbap) kBT) t.0)
1 Ti MarzeTpoHHe 1,2x10%? 0,38 300
PO3IUICHHS
Tepmivne
Cu BHIIAPOBYBAHHS 1,3x10* 0,20 300
2 Ti MarseTpoHHe 1,3x10%? 0,38 300
PO3IUICHHS
Tepmiune
Cu BHITAPOBYBAHHSI 1,0x10* 0,20 300
30BHINIHIN BHIJISAT rpubka, skuid  mokazaHuid Ha Puc. 5. Ilnoma kamemromku rpubka

BUKOPHCTOBYBABCSl TIPH IPOBEICHHI BHUIPOOYBaHb,

CcTaHOBUJIA OJIM3BbKO 1 MM 2.

i
CTaTHKa F

g e

| IOOJIOEKA WcyTiepKeit
OoCaKIeHHAA IUIEHKA

Puc. 4. Cxema nposedenns sumiprosanus aoee3iunoi MiyHocmi memooom 8iopugy

Puc. 5. 3o6niwniii uensio epubxa, AKull 8UKOPUCMOBY8ABCA NPU NPOBEOeHHI BUNPobY8atb HA A02e3iliHY
MiyHiCMb Memooom 8i0pugy

[Ticns maiiku 1o rpudKa npukiIananacs 3ycuuis, i
BHMipIOBaJIacs BEJIMYMHA CUJIH, TP SIKiH BiOyBasocs
pyWHyBaHHS 3'eHaHHSA. 3aJleXHO BiJ XapakTepy
pyWHyBaHHS (CTHK TIOKPUTTS / MiAKJIaAKa; CTHK
MOKPUTTS / TpUOOK; MIKIIAPOBE 3'€THAHHS MOKPHUTTS)

pOOHMBCS  BHCHOBOK TIPO  BEIHYHHY  aJre3ilHoi
MiI[HOCTI.
Bynmu mpoBeneHi  BUMIpIOBaHHsS — ajre3iiiHol

MIIHOCTI y 3pa3KiB IOKPUTTIB 3 MiALIAPOM i 6€3 HBOTO.

PesynbraTi BUMIipIOBaHHS aAre3iifHOT MIITHOCTI
MOKPUTTSL 3 aAre3iHUM ToxacnoeM 1 0e3 HbOro
1nokasani Ha Puc. 6.

B xomi rmpoBemeHHS — eKCIIEPUMEHTY  OyIo
BCTAHOBJIEHO, MIO BCTABKA QJre3ilHOro mimmapy
MPUBOANUTH JIO 30UTBIICHHS aare3iHoi MIIHOCTI
CTPYMOIIPOBiHOTO MOKPUTTs B 10 pasiB 1o po3mipy 45
MITa. Tomy BCi moasbIii 0CHIPKEHHSI BUKOHYBAJIHUCS
Ha  3pa3kax I3  3aCTOCYyBaHHSIM  aJAre3iHOro
i/lIapy TUTaHy.
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Ta0nuus 4.
PesyabTaTn BUMiproBaHHs aare3iiiHoi MiHOCTI 1J1s1 3pa3kiB 6e3 aaresiiiHoro
nigmapy i 3 aaresiliHuM nigmapom
Homep 3pazka 1 2 3 4 5 6 7
[oTyHICTH TepMIYHOTO BUNApoBYBaHHS (KBT) 0,20| 0,20 0,20 0,20| 0,20| 0,20| 0,20
TToTy»HiCTh MarHETPOHHOTO po3mmIeHHs (BT) 380| 380| 380| 380

ITnoma NpUNAsHHOTO MPoBoa (MM?)

36| 36 36 16| 14| 49| 70

BumipsiHe 3Hauenns anresii onHoraposoro nokputts (MI1a) 5| <5 <5

Bumipsae 3HaueHns anresii aorapoBoro mokputTs (MI1a) 40| 40| 45| 46
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Puc 6. Bniug niowapy mumany Ha ao2e3iiHy MiyHicms ROKpumms Mioi Ha niOKAaoyi OKCUOy arroMIHiI0

BusiBjIeHHS 3aJ1€;KHOCTI aare3iiiHoi MiltHOCTI Bijg
Pe:KMMIB POOOTH /IzKepeJia KUBJIEHHS
MarHeTpPOHHIN PO3NMMIIOBAILHOI CHCTEMU

Jpyra cepist ekcriepuMeHTIB OyJia CripsiMOBaHa Ha
BUABIIEHHS 3QJIEKHOCTI aAre3ifiHol MIIHOCTI BIJX
peXUMIB  pOOOTH MarHeTPOHHIH PO3NMUIIIOBAIBHOT
CHCTEMHU IIPH HAaHECEHHI aJre3iiHoro miamapy.

Bynu nposeneHi cepii ekcriepuMeHTiB Ipu poOOTi
MarHeTpoHHI PO3NWIIOBAIBHOI CHCTEMH B PEXNMI
MOCTIITHOTO CTPYMY, a TaKOX B IMITYJIbCHOMY PEXUMI
NP pI3HUX TapaMeTrpax 4YacTOTH 1 IIMapyBaTOCTi
IMIOyJIbCiB 1 TpH  pi3HOMY poOOYOMYy THCKY ¥
BakyyMHiil kamepi. TUCK B Kamepi perysroBaiocs 3a
paxyHOK 3MiHM BEJIMYUHM TIojadi poboYoro rasy
aproxy.

TexHonoriuni  peXWMH, BHKOPHCTaHI  IpH
OTpPHMaHHI MOKPUTTIB, HaBeaeHi B Tabmumsax 5 - 8. Y
KO)KHOMY peXHMi OyJ0 OTpHMaHO HE MEHIIE TPHOX
3pa3KiB  TOKpHUTTIB.  Pe3ynbrarm  BUMIpIOBaHHS
aAre3ifHOT MIITHOCTI METOIOM BIAPUBY LIS OTPUMAHHUX
3pa3KiB HaBeJeHi B Tabmmi 3.9.

[icnst 06poOKM pe3ybTaTiB BUMIpIOBaHHS OyJI0
BCTaHOBJIGHO, 10 TMpH poOOTI  MarHeTpoHHii
PO3MUIIIOBANILHOT ~ CHCTEMH  HaliKkpamli  3Ha4YeHHs
a/re3iHOi MIIHOCTI MOKa3ajau 3pa3Kd, OTPUMaHi Ha
yactoti immynsciB 90 k['m mnpu  koedimieHTi
3anoBHeHHs 70%. 3MEHIIIeHHS YaCTOTH IMITYJIbCIB IPU
30epexeHHI KoedilieHTa 3alOBHEHHS MPU3BOJUTE 10
HE3HAYHOTO 3HIKEHHS MIIHOCTI. 3HIDKEHHSA XK
KoedillieHTa 3alOBHEHHS TNPU3BOAUTH JO BTPaTH
aAre3iifHol MIITHOCTI TOKPHUTTSA 1 3BOJWTH HAHIBEIh
edeKT Big aare3iifHoro migmapy. PesynbraTu mi€i cepil
eKCIICpUMCHTIB TIOKa3aHi Ha Puc. 7.

Jlnst BUSBJNEHHsSI BIUIMBY THCKY Yy BaKyyMHid
Kamepl TNpU HaHECeHHI ajAres3iHoro miamapy Ha
aaresiiHy MIIHICTh TMOKPUTTS OylM IpOBeleHi
eKCIIEPUMEHTH 3 HaHECEHHs MOKPUTTIB THUTaHy HpHU
PI3HOMaHITHOMY THCKY y BaKyyMHiil kamepi. Tuck B
KaMmepi peryoBaBcs 3MiHOIO Mojaadi pobovoro rasy i
MPOBIHOCTI ~ KaHAJIy  CHUCTEMH  BiJKauyyBaHHS.
@dopMyBaHHS  HOKPHUTTIB  airesifHoro  mimmapy
MIPOBOAMIIOCS SIK B PEXKHMI ITOCTIHHOTO CTPyMYy, TaK i B
IMITyJIb.CHOMY PEXHMI.
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Puc. 7. Bnaus napamempis iMnynsCHO20 pedcumy pobomu MasHempOoHHitl pO3NUTIOBATIbHOL cucmemu npu
HAaHeCeHHI niowapy Ha ao2e3iiuny MiyHiCmb NOKPUMMIE

TexHonmoriuHi  peXMMH, BHKOPHCTaHI  MpH
OTPUMAaHHI TMOKPUTTIB 3 JDKEPEJIOM JKUBJICHHS
MarHeTPOHHIA PO3MIIIOBAIBFHOI CHCTEMH MOCTIHHOTO
cTpyMy, HaBeneHi B Tabmumsax 10 - 12. YV koxHOMY
pexuMi Oylmo OTPHMMaHO HE MEHIIE TPHOX 3pa3KiB

mapaMeTpy IMITyJIECHOTO pEXHMY, $Ki ITOKa3alld
HalKpamly aare3idHy MIIHICTB: 4acToTa iMITyIsCiB 90
k[, xoedimient 3amoBHeHHs 70%. Hampyra, mo
MIPUKIAAEThCA OO0 MAarHETPOHHIM PO3MIIIOBATIHHOT
CHCTEMi, BH3HaYajacsi MOXJIMBICTIO OTPHMaHHSI

TTOKPHUTTIB. CTablIbHOTO TOPIHHS PO3pSAAY NPH JAHOMY THUCKY. Y
TexHoyoriuHI ~ peXHMMH, BHKOPUCTAaHI TPH  KOKHOMY peXuMi OyJlO OTPMMaHO HE MEHIIE TPhOX
OTPUMaHHI TOKPUTTIB 3 JDKEPENIOM JKHMBJCHHS  3pa3KiB HOKPHTTIB.
MarHeTpoHHiH PO3MUITIOBANIBHOT CUCTEMH 3BeieHI pe3yJbTaTH BUMIPIOBAHHS aire3iiHol
IMITyJILCHOTO CTpyMY. BukopucroByBaiucsi  MIIHOCTI 3pa3kiB HaBejeHI B Tabuuui 5 1 Ha Puc. 8
Tabmuws 5.
PesysabTaTn BUMipoBaHHA aare3iiiHoi MillHOCTi OTpMMAaHUX 3pa3KiB
Howmep pexnma 1 2 3
Tuck B Kamepi, MOap 8,3x102 | 1,3x102| 4,6x10°
BumMipsiHe 3HaueHHS aresii JBOIApoOBOTo MOKPHTTS (TOCTiiHMI cTpyMm), MITa 62,7 28,0 32,7
BumMipsine 3HaueHHs ajre3ii IBOIIAPOBOTO MOKPHUTTS (IMITyJIbCHUM pexknm), MITa 40,8 274 118

70
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30

Tlpousocts aresud (H/mm?)

10

1,3x1072 mBap

M MNOCTOEHHbIA TOK

B VIMMNYNbCHBIN peXUM |

8,8x10~% mBap

4,6x1072 mBap

JaBnenne B pabouei Kamepe (Mmbap)

{

Puc. 8. Bnaus mucky y 8axyymuiu kamepi npu HaneceHHi N0OCA05 HA A02e3HY MIYHICTNb NOKPUMMIe
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Haiikpami  3HavyeHHs  aAre3idHOi  MIIHOCTI
MOKa3aJIn 3pa3Ky, OTPUMaHi IpH poOOTI MarHeTpOHHIH
PO3IMIIIOBAILHOT CHUCTEMH B PEXHMI MOCTIHHOTO
cTpyMy Iipu THCKy 8,8 - 10-2 mOap. [Tpudomy 1i 3pa3ku
MOKa3aJIn HaWKpalMid pe3yiabTaT 3a BECh 4ac
JIOCITIIKEHB. Bei NoJasbII JOCIT PKSHHS
MPOBOAWIINCS 3 TTAPAMETPAMHU PEXNMY, SIKi TOKa3alu
HaMKpaIuii pe3ysbTar 3a aAre3iitHo1 MiITHOCTI.

BUCHOBKHN

1. Orpumani  pe3yibTaTH  BHMipIOBaHHSA
aAre3iifHOI MIITHOCTI HOKPHUTTIB JO3BOJISTIOTH TOBOPUTH
TIPO MOJKJIMBICTh BUKOPUCTAHHS 0OPaHUX PEKIMIB JIJIs
HAaHECEHHsS MiANIapy TUTaHy B SKOCTI aJre3idHoro
MiAmapy ImijJ Marepiaji, sKi BUKOPUCTOBYIOTHCS TIPH
NaiKy KOMIIOHEHTIB (Milb, OJIOBO-30JI0TO 1 iH.).

2. HaHeceHHs IUTIBKM METOJIOM HapoCTPYHHOTO
OCa/DKEHHSI B KJIACTEPHOMY PEXHMi poOOTH jKeperna
JO3BOJISIE  OTpUMyBatu TOKpUTTA 3 llIBuakicTio
HAHECEHHSA IO 2 MKM / C Ha JIOKaJbHIN IiIAHIN
migkaagky. Taka TOBIIMHA MOKPHUTTS 3a0€3IeTy€EThCS
Ha JIUISHIN OIMPUHOIO 2 MM HaBIPOTH LEHTPY COILIA
JDKepena.

3. Jlng 3OUIbLICHHS AaAre3iHoi  MIIHOCTI
MOKPHUTTIB MiJli Ha MiAKIAJAKAX OKCHIY AaJFOMIiHIIO
HEOOXiTHO BHKOPUCTOBYBAaTH aJre3idiHMd migumap,
HaNpuKiIan, MiAmap TUTaHy. BUKOpUCTaHHS Takoro
HiAmIapy NPUBOJUTE 10 30UIbIICHHS aare3ifHol
MirHocTi B 10 1 Oinblie pasis.

4. Pexxumu pobotu MarHeTpoHHO1
PO3IITIOBAIBHOT CUCTEMH i rapameTpu
TEXHOJIOTIYHOTO TIPOIECY ICTOTHO BIUIMBAIOTH Ha
aare3iitHy MIIHICTh OJEPKyBaHUX MTOKPUTTIB.

5. Haiikpami pe3ynsTaTd aare3ifHol MiIHOCTI
OTpHMaHI TIpYW HAaHECEHHI aJre3iiHOro MiAMmapy MpH
po0OTI MarHeTPOHHIH PO3MMIIOBAIHHOI CHCTEMH B
PEeXHMMI MOCTIHHOTO CTPYMY NPU THCKY Y BakyyMHii
kamepi 8,8 - 10-2 mOGap.
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MOJEJIIOBAHHS TYMOBOI'O 3ABPYJIHEHHSA B1JIA 3AJII3HUILI

Summary. Noise from railway transport is a relevant problem from the point of view of people health. Now, in
Ukraine, the railway traffic infrastructure has the period of development. It is important to predict railway transport
noise impact in case of changing of transport infrastructure. Existing in Ukraine predictive models are based on
empirical formulae which were obtained long ago for specific conditions and do not take into account some important
factors. So, these models can’t be used for existing problems which are connected with railway transport noise. The
aim of this work was development of numerical predictive model to forecast noise from railway transport. The model
is built on the numerical integration of wave equation for acoustic pressure. Some results of numerical experiment
are presented.

Anorauis. Illym Bij 3aMi3HHYHOTO TPAHCIIOPTY € aKTYaIbHOK MPOOJIEMOIO 3 TOYKH 30pYy 3I0POB'S JIFOICH.
3apa3 B YkpaiHi iH(pacTpyKTypa 3a1i3HHYHOTO PyXy Mae Nepioll pO3BUTKY. BaxinBo nependaunTy BIUIMB HIyMy
Ha 3QJII3HUYHOMY TPaHCIIOPTi Y pa3i 3MiHH TPaHCIIOPTHOI iHPpacTpyKTypH. IcHytodi B YKpaiHi MPOTHO3HI MOeNi
0a3yroThCS Ha eMIIPIYHUX POPMYIIax, OTPIMaHHX TABHO TSI KOHKPETHUX YMOB 1 HE BPaXOBYIOTh ICSKUX BasKJIMBUX
(axTopiB. OTxe, Ii MOJENi HE MOXHA BHKOPHUCTOBYBATH U ICHYIOUHX HpPOOJIEM, IIOB’S3aHHUX i3 IIyMOM
3aJTI3HUYHOTO TpaHCIopTy. MeToro manoi poooTu Oyia po3poOka YrceTbHOT IPOTHO3HOT MOJIEINI [Tt IPOTHO3YBAHHS
IIyMY BiJI 3aJTI3HAYHOTO TPAHCTIOPTY. Moenb mo0yoBaHa Ha YHCETFHOMY iHTETpYBaHHI XBIIILOBOTO PIBHSIHHS IS
aKyCTUYHOTO TUCKY. [IpefcTaBieHo nesKi pe3ysibTaTH YHCEIbHOTO EKCIIEPUMEHTY.

Key words: sound barriers; numerical simulation; railway transport

Knmouoei cnosa: 38yxosi bap epu; uucenvrhe MoO0eno8anHs, 3aN3HUYHUL MPAHCHOPIN

Introduction. The noise from railway transport
has a negative effect on the environment and creates
acoustic discomfort for the people. Locomotives and
wagons are among the most significant sources of this
noise. In addition, the impact of the wheels on the joints
of the rails, the sound of brake rods, etc. make a certain
contribution. In this regard, much attention was paid to
the problem of forecasting traffic noise and methods of
dealing with it [1-7]. Worthy of note that mathematical
modeling of noise pollution from trains is a difficult
problem. Now to solve it Navier—Stokes equations are
widely used [1-7]. For practice, it is necessary to have
quick computing mathematical models to use the
models widely in every day practice.

In fact, in Ukraine, empirical formulae [8] are used
to estimate the intensity of noise from different trains.
For example, the maximum noise level from a freight
train is estimated using the following formula [8]:

Lpvaxe = 79,4 + AL perpe + 0,233V, (1)

where V —average estimated speed of trains; Lacmux
— amendment in dBA, taking into account the type of
railway track; is determined in accordance with [8].

For passenger trains the maximum noise level is
calculated as:

Lyaxe = 82,4 + ALjcryy + 0,12V (2)

Empirical models like these have additional
formulae which help to «adjust» the model to some
specific situations, for example, to take into account
effect of some obstacles on sound level near the train
track. Empirical models allow quickly assess the level
of noise pollution. Worthy of note that empirical
models like equations (1), (2) give sound level value
only in one point near the railway track. This is a point
which is situated 25m far from the railway track. These
models can’t give information about sound level in
another point which is situated at another distance from
the track. These models can’t predict sound field which
is formed near the railway track.

Therefore, at present, the development of other
mathematical models which allow to take into some
important factors are of great interest.

The aim of this work is to develop a quick
computing numerical model for the estimate the sound
pressure field near the railway.
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Goal. The goal of this paper is development a
numerical model for quick computing of sound
pressure field near the railway, where sound barriers are
used.

Mathematical model. To simulate sound pressure
field from the railway transport we used wave equation
for pressure:

a?p — g2 (62P " azp), 3)

ot? dy2 = 0y2

where a is sound speed; P is pressure; X,y are
Cortesian coordinates; t is time.

Initial condition is: P=0 in the computational
region. We set P=0 at the right and left boundaries of
the computational region and dP/on=0 (here, n is the
internal normal to the boundary) at the solid internal
boundaries.

Numerical models. For the numerical integration
of equation (1) we used the following difference
scheme [9]:

n+1 n n—1 n n n n n n
Pij ~Pij=Pij = o Piv1,jm2Pi Py 2 Pij+1 2P j+Pijq
/ =a - +a J : (4)
At Ax Ay

This is three time layers explicit difference
scheme. To start integration we must set pressure value
at two time layers.

To simulate the complicated geometrical form of
the computational region we used «markers» (porosity
technique). In this case we separate computational cells

where we integrate wave equation from the cells which
represent internal boundaries of the computational
region (figure 1). This technique allows to make
quickly the geometrical form of the region where we
want to study the acoustic regime.

"

Fig. 1. Sketch of computational region: 1 — boundary of the hill;
2 — markers which indicate the train position (source of noise)

To simulate the source of noise (for example,
locomotive) we choose the internal subregion where
the source of noise is situated. The internal boundary
covers this subregion. In this subregion we set a number
of point sources having constant sound pressure P. We
may say that in this subregion we have the internal
Dirichlet condition.

We developed code to perform numerical
experiments. FORTRAN language was used to develop
code.

Results. The developed numerical model was
used to solve the model problem. A notch is considered
where the railway track passes (figure 2).

Y

0

X

Fig. 2. Sketch of computational region:
1 —internal boundary for source of noise; 2 — vertical barrier; 3 — «wing»
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Three scenarios are considered. The first scenario  the railway track. The third scenario — the vertical
— there is no sound barrier near the railway track. The  sound barrier which has a wing (figure 2).
second scenario — there is a vertical sound barrier near Figures 3-5 show dimensionless sound pressure

R R
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field near railway track for each scenario.
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Fig. 3. Dimensionless sound pressure field near railway track,
t=0.008s (scenario #1: no barriers)
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Fig. 4. Dimensionless sound pressure field near railway track,
t=0.008s (scenario #2: vertical barriers)
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Fig. 5. Dimensionless sound pressure field near railway track,
t=0.008s (scenario #3: vertical barriers with wings)

In figure 6 the acoustic pressure field calculated  structure of the pressure field. The Laplace equation
on the basis of the Laplace equation (potential flow  does not allow to take into account the interference of
model) is shown. If we compare figure 5 and figure 6,  sound waves.

then we can see a

significant discrepancy in the



. |

34 Wschodnioeuropejskie Czasopismo Naukowe (East European Scientific Journal) #11(63), 2020 EESIL

8.434E+83

.183E+83
.967E+B82
. 98BE+82
.833E+82
. 767E+02
. 7BBE+B2
.633E+82
.567E+82
. SABE+@2
.433E+82
.367E+82
. 388E+B82
.233E+82
.167E+82
. 188E+82
.333E+01

D+ S =000

0 A

8. 186E+82
8. 2088E+82

coordinate x

8.9808E+83

Fig. 6. Dimensionless sound pressure field near railway track
(scenario #4: model of potential flow)

In the table 1 the dimensionless value of the
acoustic pressure at the receptor (see figure 5) is shown.

Table 1.
Dimensionless sound pressure at receptor point
Scenario #l #2 3
no barriers vertical barriers vertical barriers+ «wing
Sound pressure 7.8 3.9 2.7

As can be seen from the table 1, application of a
sound barrier with a wing reduces the sound pressure
level at the point of interest.

Next figures (fig. 8-10) illustrate acoustic pressure
field in case when locomotive is situated on the top of

the railway embankment (fig. 7). Three scenarios were
considered: no sound barriers at the railway
embankment (scenario #1); low sound barriers at the
railway embankment (scenario #2); high sound barriers
at the railway embankment (scenario #3).

Fig. 7. Sketch of train at the railway embankment
(https://nunatsiag.com/stories/article/65674baffinland_railway _may be dead_pond_inlet_group_declares/)
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Fig. 8. Dimensionless sound pressure field near railway track (scenario #1: no barriers)
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Fig. 9. Dimensionless sound pressure field near railway track (scenario #2: low barriers)
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Fig. 10. Dimensionless sound pressure field near railway track (scenario #3: high barriers)

It can be seen from fig. 8-10, that complex sound
pressure field is formed in the computational region.
Interference of waves creates this picture of sound
pressure distribution.

It should be noted that solving the problem
requires 3 seconds from computer time.

Scientific novelty and practical significance.
Developed numerical model allows to compute sound
pressure pattern near the railways taking into account
complex terrain and sound barriers installation. Results
of numerical experiment are presented.

Conclusions. A numerical model was built to
simulate sound pressure near the railway track. The
model is based on the explicit difference scheme which
was used for integration of wave equation for sound
pressure. The model allows to simulate train traffic
noise with account of geometrical form of terrain. The
model takes little computation time to perform
numerical experiment.

Further improvement of the model should be
carried out in the direction of creating a 3D numerical
model.
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YUCEJBHI JOCIIKEHHA TEPMOJAE®OPMYBAHHS EJIEKTPOITPOBIAHUX T
IPH JIi ETEKTPOMATHITHOT O ITOJIA

Summary. The paper presents a variational formulation of the problem of analysis of electromagnetic field
propagation, non-stationary (transient) temperature field and nonlinear deformation of systems of electrically
conductive bodies. The analysis of the propagation of the electromagnetic field is reduced to finding the spatio-
temporal distribution of vector magnetic and scalar electric potentials. The finite element method is used as a
numerical solution method. A system of algebraic equations for determining the nodal values of the vector
magnetic potential, temperature and displacements is obtained in general.

AHoTamis. B poOori HaBemeHo BapialliifHy TIOCTaHOBKY 3aJadi  aHANi3y  PO3IOBCIOIKCHHS
€JIEKTPOMArHITHOTO TIOJIS, HECTAIliOHAPHOTO TEMIICPaTYypPHOTO IOJISL Ta HENiHIHHOTO neOopMyBaHHS CHCTEM
EJIEKTPOIIPOBIIHUX TiI. AHaji3 PO3MNOBCIOJKEHHS EJIEKTPOMATHITHOIO MOJSI 3BOJIUTHCS JO BiALIYKYBaHHS
MIPOCTOPOBO-YACOBOT'O PO3MOIIJICHHS] BEKTOPHOTO MArHITHOTO Ta CKaISPHOTO EJIEKTPUYHOTO MOTEHIianiB. B
SKOCTI YHCEIbHOTO METOJa pO3B’SI3aHHSA BUKOPHUCTOBYETHCS METOJ CKIHUCHHX eJeMeHTiB. OpjepxaHi y
3araJJlHOMy BI/H‘J'[S[}li CHUCTEMH anre6pa'1'qHHx piBH}IHB JJIA BU3HAYCHHA BY3JIOBUX 3HAYCHb BEKTOPHOT O MaFHiTHOFO
MOTEHIIialTy, TEMIIepaTypH Ta MePeMillieHb.

Key words: nonlinear deformation, electromagnetic field, temperature field, finite element method, vector
magnetic potential.

Kouosi cnosa: neniniiine deghopmyeannsi, enekmpomazHimue nofie, memnepamypHe noie, Memoo CKiHYeHUx
e1eMeHMIB, GeKMOPHULL MASHIMHUL NOMeHYIa.

IocranoBka mpoljeMn, aHaN3 OCTaHHIX
pociaimxkenb. EnexrpomarnitHe mone (EMII) e
HEBiJI’€MHOIO CKJIaJI0BOI0 (YHKITIOHYBaHHSI 0araThox
TEXHIYHUX Ta TEXHOJOTIYHMX CHCTeM. TyT MOXHa
BI[3HAYNTH PI3HOMAHITHI E€HEPreTH4YHI CHCTEMH,
TEXHOJIOTIYHI ~ CHCTEMH IHIYKIIHHOTO  Harpimy,

cucteMu BUKOpucTaHHs cmuibHUX EMIT s o6poOku
marepiainis [1-3]. iss EMII Ha eneMeHTH KOHCTPYKIIii
PO3PI3HAETHCS B 3ICKHOCTI BiJl TUIIB X MaTepialib.
JI1sl e7eKTpONpPOBITHUX MaTepialiB MPEeBaIOI0U0I0 €
CHIJIOBA Jisl Ta TEIUIOBAa. Ma€eThCs HAa yBa3i BAHUKHEHHS
PO3MOJIIIEHUX HKEPEN TEIJIOBHIITICHHS! (SIK HACTIIO0K
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3akoH Jlxoyns-JIeHnia mpo TEIUIOBUAICHHSA TPU
MPOTIKaHHI €ICKTPUIHOTO CTPYMY ), SIKi IPU3BOJATE JI0
3MiH Yy TEIUIOBOMY MOJI Tia. 3MIiHM TEIUIOBOTO ITOJIS
€JICKTPOIIPOBITHOTO Tilla TaKOX MOXYTh y 3Ha4HIiN
Mipi BIUTMBaTH Ha #oro medopMyBaHHS. AHami3
ne(pOpMyBaHHS ~ CJIEKTPONPOBIAHUX TI, SKi €
eJIeMeHTaM1 KOHCTPYKII1 BIIIIOBITHAX TEXHIYHUX ab0
TEXHOJIOTIYHUX CHCTEM, € OOOB’SI3KOBMM €TarioM
nmpoekTyBaHH:A. Po3paxyHkoBul aHami3 nehopMyBaHHS
HEMOXJIMBO TIPOBOJMUTH 0€3 MOMEepPeaHbOrO aHalli3y
PO3MOBCIO/KEHHST OCHOBHHMX KoMmoHeHTiB EMII ta
terioBoro  mons.  CydacHuE — migxXim — motpelye
BUKOPUCTAHHS €JMHUX PO3PAXYHKOBHX MOJCICH, Yy
paMKax sSIKUX TPOBOIMTHCS MOCHTIJOBHE PO3B’s3aHHS
BKa3aHUX 3aaad. Takoxk, 3pOo3ymilio, MO0 METOIU
PO3paxyHKOBOTO aHaJi3y MOBUHHI CHHPATHCh Ha
YHCENbHI aTOPUTMH, OCKUIBKM aHATITHYHI MiIXOIU
MOXYTh OYyTH aJCKBAaTHO BHWKOPHCTAaHI IUIIE IS
00OMEXEHOTO  KJIaCy  pO3pPaxyHKOBHX  MOJeINeH
(oOMexeHHsT TI0 TeOoMeTpii, MOBEIIHIlI MaTepiaiay
Tomo). TakuM YUHOM, CTBOPECHHS Ta BUKOPHUCTAHHS
PO3pPaxXyHKOBHUX METOIIB aHA3y PO3MOBCIOKCHHS
EMII, TemmoBoro mons Ta  JaehOpMyBaHHS
CJIEKTPONPOBITHUX TiI € aKTyaJlbHUM 3aBIAaHHSIM Yy
HAYKOBOMY Ta MPAKTHYHOMY CEHCI.

IMocranoBka 3aBIaHHs AOCHITKeHb. Y podoTax
[4-6] HagaHO MOBHY MaTeMaTHYHY MOCTAHOBKY 3ajad
aHaiizy posnocromkenns EMII Ta TerutoBoro moss, a
TaKOXK aHajizy TEPMO-TIPYKHO-TJIACTUIHOTO
nepOpMyBaHHI  CHCTEM  KOHTAKTYIOUHX  Til.
BimnaunMo, 1m0 TpEm po3paxyHKaxX —peaNbHHX
TEXHIYHHX Ta TEXHOJOTIYHUX CHCTEM BCECOIYHHI
aHalli3 MOXXE MPOBOIWTUCH JIHMIIE i3 3aCTOCYBAaHHSIM
YUCeTbHUX MeTOJiB. HaiiOinbIn MOMMpPEeHnM 3 SIKUX €
meron ckinuenux enemeHtiB (MCE). Peanizauis MCE
CIMPAETHCS HA BapialliifHi MOCTAHOBKHU BiIIMOBITHHUX
3a1ad.

INepmmit  eram  po3p’si3aHHs  mependavae
3HAXO/DKEHHSI  IPOCTOPOBO-YACOBHX  PO3MOILIIB
OCHOBHHMX BeKTOpHHX kommoHeHTiB EMII. B mnepry
4epry, 3MEHIIAMO KUIBKICTh XapaKTepUCTHK, SKi
onucyloTh posnoBcromkeHHs EMIL.  Jlns  uporo

. o -
BBEJEMO 10 O3NSy BEKTOpPHUH MarHiTHMHA A Ta
CKJISIPHUH eNEKTPUYHHUHN ( TIOTEHIaIH:

§=|7XAT; |7+T=0; E = ———|7¢ @
- o

Hde B,E — BexkTopM MarHiTHOI iHAYKIHI Ta
HAMPYKCHOCTI eNeKTpuYHOro mojst. Tomi cucrema
(hyHIaMEeHTaIbHUX PIBHSIHB Makcsena i3
BUKOPHUCTAHHSM IOHSITH PO BEKTOPHUIA Ta CKAJISIPHUIN
MOTEHINAI 3BOMUTHCS JI0 JBOX TU(EPCHIaTbHIX
PIBHSHB:

i;—j—ux (ﬁxﬁ)+3|7><i(|7xﬁ)+l7¢ =] -
7 lr(-3 ) Vg +ii x (7 x A)] = p.
e V,U.— eNeKTPONpOBIAHICT Ta MAarHiTHa

MPOHMKHICTH MaTepiany, J, pe— BEKTOp TYCTHHHU CHIIH
CTpyMy Ta TYCTHHa PO3MOIUICHOTO EJIEKTPUIHOTO

3apsny, U BEKTOp HMIBUAKOCTI TOUKM Tija. HaBenena
cucreMa J03BoJisie aHanmizyBatu posmoxnin EMIT y
PYXOMHX E€JEKTPOIPOBITHUX TiNlaX, eJIeKTPodi3udHi
BIIACTHUBOCTI SIKUX € 3MIHHUMH (B 3aJIGKHOCTI BiJ
TEMIIepaTypu Tijla (EIeKTPONPOBIAHICTh T4 MarHiTHa
MPOHUKHICTE) Ta B  3aleXHOCTI  Big  piBHA
HaTpPy>KEHOCTI MarHiTHOTO TIOTIS (MarmiTHa
MIPOHHUKHICTH JJIS1 MATHETHKIB)).

Jlnsi BEKTOPHOTO MAarHiTHOTO Ta CKaJsIPHOTO
€JIEKTPUYHOT O MOTEHIIaIB (OpMyITIOIOTECS
M0YaTKOBI YMOBH:

A(0) =0; $(0) =0, @3)

SKmo modaTKOBi YMOBH NS IIOTEHIIIANIB
(OpMYIIOIOTECS  IIEHTUYHO, TO TPAaHWYHI YMOBH
MalOTh JIesKi po30iKHOCTI. SIKIIo Hi Ha SKiif TpaHUI
Tia He 3agani komroreHTH EMII, TO y IbOMY BHITAAKY
CIil pO3MJSIIATH TUTO pa3oM i3  OTOYYHOUUM
CepeIoBHUINEM 1 MojenoBaTu 3aracanHs EMII Ha
BifJaJieHHi, TOOTO TpaHU4YHI YMOBH MOXYTb OYTH
3arucaHi:

A =0 ¢l.=0. (4)

VY BUNAJAKy, KOJIM Ha SKIHCh TPAaHUILI Tija 3aJ1aHO
komronentd EMIL, To (y KBagicranioHapHOMY
BUIIAJKy) TPaHWYHI YMOBH AJIsl MOTEHLIAJIIB MalOTh
BUIJISAL;

00
L2l . —Er, i=123;
Bxi r
aa_ o4\ _ o iwk o
<ax,- axi> . =Br., i#j#*+k=123.(5

Jle nmno3Hauka [ o0O3Hayae NPHHAIEKHICTH
BIJITIOBIZTHOT BEJIMUMHY JI0 TPAHMII TiJia.

Y BUIAJKY HEXTYBaHHS pyxom
€JICKTPONPOBITHOTO Tijla, & TAaKOX 3MIHHOCTI HOro
SNIEKTPOQI3NIHUX  XapakTepUCTHK  cucreMa  (2)
CIIPOLLYETHCS 10 BUIIISLY:

y = const; u = const;
04
Aqb—pe-

Y naHoOMy BHNAJAKY Jpyre pIiBHSHHS CHUCTEMH
Moxke OyTH pO3B’SI3aHMM HE3aJleKHO Bij IEpIIOro,
TOOTO 3aja4a  pO3JUISETBCS HA  J(BA  KPOKH:
3HAXOJDKEHHSI CKaJSIPHOTO €JIeKTPUYHOTO MOTEeHIIAIy,
MOTIM  3HAXO/DKEHHS  BEKTOPHOTO  MAarHiTHOTO
noreHmiany.  J1a  3HaXOIKEHHS  BEKTOPHOTO
MarHiTHOTO TIOTEHIialy JOCTaTHhO 3HAWTH MOTO
KOMIIOHEHTH, TOOTO HEOOXiTHO MPEICTaBUTH MepIIe 3
piBHSHB (6) MO KOMIIOHEHTaX, OJCPKYEMO YCHOTO
YOTHPH CKAJSIPHI PIBHSHHS, A SKUX MOXYTb OyTH
copMyJIbOBaHi BiANOBIAHI (YHKIIOHAIH 1 PO3B’SI30K
3amadi npo posnonain EMII 3HaxoauTecs 3 YMOBH iX
crarioHapaocti. Cami QyHKIiOHAIN MalOTh BUTIISIL
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ELEC = fvz[(a) +(5) +(2) —pe¢] dv. @
maces = [ [HICA) 4 (2 4 (22) Y v gt 2 v
©= | 12Vox 3y 9z ¢ Axt iy 50
MAG,, = 16Ay2+ aAy2+aA +¢-A,+ aAA av;
vaz o) T\Gy ) t\a ) (Te A turg '
a Z 94,\2 84,\2 94,
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VY mnopanemoMy OyneMo HEXTYBaTH BHECKOM

CKaIISIPHOTO CIIEKTPUYHOTO MOTEHIaTy
(emexTpuyHOTO TONA) Yy  AedhopMyBaHHI ~— Ta
TEIUTOBHIUICHHS, TOOTO He OyaeMo po3risigaTu

¢yakmionan (7). Po3B’sBaHHA 3amadi BU3HAUYCHHS

o) ()

+ qu qTdsS + an%[TZ

TYT A — TEIUIONPOBIIHICTh MaTepiaiy; p — TyCTHHA
Mmarepiany, ¢ — IMHTOMa TEIUIOEMHICTh; § — (YHKIIS
TEIJIOBOTO IMOTOKY; O. — KOe(Il[i€HT KOHBEKIIHHOTO
temooominy; T, — TeMmmeparypa HaBKOJHIIHBOTO
cepenoBuma; Ag, Ay~ o0xacTi rpaHUIN TiNa Ha SKUAX
3aJaHO TEIJIOBMHA MOTIK Ta YMOBHM KOHBEKIIHHOTO
TEIUIOOOMiHY  BiAMOBimHO. TemmoBHIOUIEHHS TIpH
posnoBciomkerHi EMII  BpaxoByeTbcS — IUIIXOM
BBE/ICHHS PO3MOAUICHHUX JUKEPEI TeTUIOBHIICHHS:

U=:f,&- W gdv - [,(jxB)-udv - [§-iids — [, 4T - OC - &dv

@p _
C=- (1+v)(1 2v) T+

TyT Mu BpaxyBajd Mil0 €IEKTPOMATHITHUX CHII
(mpyra  ckiagoBa), HasBHICTB MTOBEPXHEBUX
pO3MOAINEHAX CHII (TPEeTs CKJIaJoBa) Ta HAasBHICTh
MPUPOCTY TEMIIEPATYpH (YeTBEPTA CKIIAI0BA).

§(MAGE,) = 0;

[yxani 3MiHHI 3a/1a9i: KOMIIOHEHTH BEKTOPHOTO

2(1+ )

8(MAGE,) = 0;

xapakrepuctuk EMII Hamae MOXKIHBICTS BpaXxOBYBaTH
Horo it0 Ha TEIUIOBE TOJIe Ta Iporec AedhopMyBaHHS.
HecramionapHe pO3MOBCIOMKEHHS TEIIOBOTO ITOJIS
Moke OyTH BH3HA4YCHE 3 YMOBH CTalliOHAPHOCTI
HACTYIHOTO (PYHKITIOHATY:

+(a:/ T+ pe 2L fav +
oz [T ey

— 2T, T]dV; 9)

1,2 —\ 2
Q=;(|7><H), (10)
Jie H— BeKTOp Hanpy>K€HOCTI MarHiTHOTO IOJISL.

Kommnonentu HAC npu NPY>KHOMY
nedopmyBaHHi (B yMOBax HEXTyBaHHS BHECKOM
EJIEKTPUYHOTO TOJIS Ta y BIJACYTHOCTI TOBEPXHEBHX

CTpyMIB) MOXyTb OyTH BHU3Ha4€Hi 3 YMOBH

CTaI[lOHAPHOCTI MOTEHLIHHOT eHeprii, SIKY
NPEICTABUMO TaK:

(1)

(xR Rek+e Qe Ve ek). (12)

Po3B’s130K BINIIyKyeTBCS 3 BIATOBIAHUX YMOB
ctanioHapHocTi ¢yHkmioHanis (8),(9),(11), mpudomy,
st HectamioHapHux EMII Ta TterumoBoro monms 1mi
YMOBHU TIOBHHHI BHKOHYBAaTHCh Ha KO)KHOMY KpOIl 3a
gacom — K:

kY _ Q. kY — - —

§(MAG(,) =0; &8(Temp*) =0; 6U=0. (13)

TepeMilIeHHs. Toni YMOBU CTamioHapHOCTI
MOTPeOYIOTh PIBHOCTI HYJIIO HACTYITHHUX TTOX1THUX:

Mar”iTHOTO MOTEeHIIialy, TeMIeparypa Ta
IMAGE, 0 OMAG,,

Ay ! a4y
llo npu3BOAUTH [0 HACTYINHOI CHUCTEMH

anreOpalyHUX PIBHSAHB BIJHOCHO IIYKAaHHMX 3MIiHHHX,
SKY IIPEACTABISIEMO y BEKTOPHO-MaTpUuHill hopmi:

M3+ ] oo
Mi{a,) + iyl {2

Sk

2= )

aMAGK ATempk au
@ _ 9. ‘mpe _ . %Y _
94, 0; aT 0; P 0 (14)
Usk:
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(M4, + [y
aT

0A
ot

} ={.}

AT} + (0 {5 = (@) + (@7 + (@)

[K1{u} = {0} + (fem),

TyT [M] — «™marniTHa» matpuis, [M,] — marpus,
aHAJIOTIYHA 3a 3MICTOM MAaTpHIl TEIUIOEMHOCTI ¥
3amaui  TemmomposimHOCTi, [A] -  «MarpuIs
TemIonpoBiaHoCT», [Cr] — MaTpHums TEemI0EMHOCTI,
{Q} — BekTOp-CTOBMENH BHYTPIIIHIX JDHKEpen
tewtopuaineHns, {Q}Y, {Q}* — Bekropu «TemnoBHX
MOBCPXHEBUX HABAHTAXKCHB» 3aBISIKH MOXJIHBOMY

Ml = f,,,, (B 1)BYAV(er, (BY = {

Martpuus [My]: [My] ey = py fV(el)

(15)

MTOTOKY Yepe3 MOBEPXHIO, a00 3aBISKH KOHBEKIIIHTHOMY
TEINI00OMiHy, yci 1HINI MaTpUIli Ta BEKTOpU €
CXIZIHUMH 3 TUMH, IO BXXE PO3MIIAHYTI paHime. [ami
HaBEeJEMO Yy 3araJisHOMY BUIVILAL BHpa3u s
OOYMCIICHHSI MaTpHLlb Ta BEKTOPIB, SIKI BXOAATH Yy
BU3HAualbHi cmiBBigHOmeHHs (15), a1 BUmaaky
i30TponHOro Marepiany. « MarHiTHa MaTpHULSD) OJTHOTO
CE:

N ON BN}T
ax ay oaz)

{N}"{N}dV(e;). MaTpuus TeIIOnpoBiAHOCTI:

dx 0y 0z

[4] = J, By AlBYaV. (BY = {2 a_Na_N}T,WZ[O 070

/100]

0 0 4

Matpuus remmoemuocTi: [Crley = cp fv( D{N }T{N3}dV(e;y. BekTopy BHYTpIlHIX JKepell TEILIOBHILICHHS
e

Ta MOBEPXHCBUX «HABAHTAXKCHb»:

= f QINYaV ;
14

Jnst po3B’sA3Ky y dYaci pO3IIIINAETBCS CXeMa,
KOTpa Ha KOXXHOMY Kpoui K 3a 4acom NpH3BOIHUTH 10

{Q}1 = f q{N}Tav; {Q}*= f af{NYT{T,,}dV.
14 14

HaCTYITHUX PiBHSHB BiIHOCHO KOMIIOHEHT BEKTOPHOTO
MAarHiTHOTO MOTEHIIaTy Ta TeMIIEPaTypH:

kY _ (4. k-1
[M*11{4;"} = —[My"‘l]w +{F =123

[Ak—l]{Tk} — _{Ck—l}T

SIKIIO BJACTHBOCTI Martepialy 3ajiekarh Bif
TEeMIlepaTypyd, TO Ha KOXHOMY KpOLi 3a 4YacoMm
BiZIOYBA€ThCS X KOpEryBaHHS 3a CXEMOIO, MOAIOHO0
JI0 KOpEeryBaHHS MarHiTHOI MPOHUKHOCTI. Bigomo, mo
BJIACTHUBOCTI MaTepiay 3MiHIOIOTHCS B 3aJIC)KHOCTI BiJ
TEeMIEpaTypy MOBUTEHO, TOX MPH JOCTATHHO MAJIOMY
4yacoBoMy Kpoui Al yTOUHEHHS 3Ha4eHb BJIACTUBOCTEH

G(6,6u) =0,

{r} —{r* 1
At

At

+{QF 1} + {(QF 1 + {QF 1~

Marepiany He Oyne nmorpedyBaTu Oiblle JBOX-TPHOX
iTepariii.

VY Bumanky BusHaueHHs HJIC mnpu mpysxHO-
IUTACTUYHOMY  NIe(OPMYBaHHI PO3TIITHEMO CIAaOKy
(¢opMy piBHSHBb PIBHOBard, po3B’s30K BIAIIYKYEMO 3
YMOBH:

G(&,(?ﬁ):f&--&“dv—f(fx E)-aa’dv—f p - 8idA
v v A

TYT 81— BEKTOP BipTYAIHHUX TEPEMIIIECHD, SIKUH
OB’ I3aHUH 13 IeOpMaIliIMU HACTYITHIM YHHOM:

5¢ = 1|75t + (Fou) |

UucenbHa TMpoleaypa pO3B’S3aHHS IONIATaE B
HACTymHOMY. Hampukiaj, po3risiialoThCs IBa KPOKH
PO3B’s3Ky N Ta N+1, BBaxkaeMo, IO Ha KpoIli N BioMi
TEH30pH HANpPYXKEHb, NPYXKHUX Ta IUIACTHYHUX

p

nedopMalliid, TakoXK BiOMI MEXaHIUHI HaBAaHTAKECHHS
Ta eJNeKTPOMarHiTHi cwid. Tomxi, HeoOXimaHiCTh
BHKOHAHHS YMOBH CTaIliOHAPHOCTI Ha KOXKHOMY KpOIIi
TIPU3BOJINTH 70 PIBHSHHS:
- - 7)) H
Gpar = Gn + DC - Ag, (16)
R (4
ne A€ — TeH30p MPHUPOIIECHHS AehopMallii, ®cep
— IPY’KHO-TUIACTUYHHAN TEH30D.
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OxpeMi MNUTaHHA MOXYTh BUHHKATH Yy pasi
pPO3IIISITy CHCTEM KOHTAKTHO-B3a€MOJIIOYHMX  TLIL
[MuTaHHS KOPEKTHOrO BpPaXyBaHHS YMOB KOHTAaKTHOT
B33a€MOJIi1, @ TAKOXK CPCKTHUBHUIN YUCEITBHUN METO IS
MOJIC/TIOBAHHST KOHTAKTHOI B3a€MOJil HaBEACHHUU Y
poborax [5,6].

HaBeneni BapiamiifHi ITOCTAaHOBKH BiJITOBIIHHX
3a/1a4 Ta HACTYITHI CHCTEMH JHIMHHX anreOpaidHux
PIBHSIHD MOXYTB OyTH BUKOPHCTAHIMH ISl CTBOPCHHS
anroputMiB BiamoBigHo g0 cxeM MCE.

BucnoBku. B po6oTi mpencraBieHo BapialliitHy
MMOCTAHOBKY  3a/Jadi  aHaji3y  pO3MOBCIOKESHHS
€JIEKTPOMArHITHOTO oIS, HECTAIlIOHAPHOTO
TEMIIEPaTyPHOTO IMOJIsl Ta HENHIHHOTO AehOpMyBaHHS
CUCTEM EJICKTPONPOBITHUX TiJ. Y SKOCTI KIIFOUOBHX
3MIHHMX 00paHO BEKTOPHMI MarHiTHUH Ta CKaJISIPHUIN

CIIeKTPUYHUIA MMOTEHII AN, TeMIepaTypy Ta
MepeMIIieHHs, I SKUX HaBEACHI  BIAMOBITHI
(dyHKmioHamu. I3 3acTOCyBaHHAM CXEM  METOIY
CKIHYEHHX €JIEMEHTIB oJiepKaHi CHCTEMH

anreOpaiyHUX pPIBHAHb BiIHOCHO BY3JOBHX 3HA4YCHBb
BKa3aHHUX 3MIHHHX.
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SURVIVABILITY OF BUILDING STRUCTURES OF NAVAL PART OF A HIGH-SPEED
TRANSPORT HIGHWAY FROM SHIP STRIKE

Cenvrkun Hukonait Anexcanopoeuu
Kanouoam mexnuyeckux Hayx,

doyenm Kageopvl Memariuieckux u 0epessiHHbIX KOHCIMPYKYULl
Canxm-Ilemepbypeckuil 20cy0apcmeeHHblll ApXUMeKnypHO-CIpOUmenbHblll YHUSepCUmem

Dunumonos Anexcandp Cepzeesuu

Mazcucmpanum xagedpvl Mmemaiiuyeckux u 0epessIHHbIX KOHCMPYKYUtl
Canxm-Ilemepbypeckuil 20Cy0apcmeenHblil ApXUmeKmypHo-cmpoumeibHblil YHUepCcumen

Xanumoexoe Hcenam Mypaodoeuu

Mazeucmpanm xagheopvl Memanriuueckux u 0epessaHHbIX KOHCMPYKYuil
Canxm-Ilemepoypeckuil 20Cy0apcmeenHblil ApXUmeKmypHo-cmpoumeibHblil YHUsepCcumen

O )KUBYUYECTHU CTPOUTEJBbHBIX KOHCTPYKIIUII MOPCKOI'O YYACTKA
BbICOKOCKOPOCTHOM TPAHCIIOPTHOM MATHUCTPAJIA OT HABAJIA CYJHA

Summary. The high-speed transport highway (HSTH) connecting St. Petersburg, its suburbs and Leningrad
Region was developed in student research projects. The highway is a large-span and altitude cable-rod arch system
of overpass design. The article deals with the problem of preserving the bearing capacity and safety of HSTH
elements and protection against progressive collapse (PC) under the influence of special loads. The considered
section of the highway is located in the Gulf of Finland between Kronstadt and B. Izhora. Possible different
influences and loads during the operation of the section are given. A disaster scenario has been analyzed: the ship
leaves the fairway and hits the elements of the column, which are destroyed or receive great efforts. Schemes with
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destroyed elements are calculated for the special combinations of loads. As a result, the stress-strain state of
structural elements is determined and indicates the impossibility of PC and ensures the survivability of the HSTH.

AHHOTalII/lSl. B paMKax CTYACHYCCKHUX I/ICCHeZ[OBaHI/Iﬁ BBITIIOJTHCHA pa3pa60TKa BLICOKOCKOpOCTHOﬁ
TpaHCHOpTHOﬁ MarucTpaliu, HpOXOIlﬂHIefI 10 JIMHHUM CBA3HU CaHKT-HeTep6ypra, €ro mnpuropogoB Hu
.HeHIdHFpaL[CKOfI 00J1acTH. MaFI/ICTpaJ'IL MpeACTaBIIACT coboii 60JILHIerOHeTHyIO U BBICOTHYIO BaHTOBO-
CTCP)KHCBYIO ApOYHYIO CHUCTEMY 3CTAKaAHOI'O HCIOJIHCHUS. B cratbe paccMOTpCHa npo6neMa COXpaHCHUA
HecyIIel CltocCOOHOCTH M O€30MMaCHOCTH JIEMEHTOB KOHCTPYKIIMH U 3aIUTHI OT IPOTPECCHPYIOMIETO 00PYIIEHUS
TIPY BO3MIEHCTBHU OCOOBIX HArpy3oK. [IpmBeneHBI BOZMOKHBIE BO3IEHCTBHS, BOSHUKAIONIUE TIPH IKCIUIyaTallN
ydacTKa MarucTpalid, pacloJIOKEHHOro B akBaTopuu PuHckoro 3anuBa Mexay Kponmragrom u bosbioi
Wxopoii. [Ipoanann3npoBaH crieHapuii KaTacTpodbl, IPH KOTOPOM IIPOUCXOANT yIap WM HaBaJ MOPCKOTO CyTHa,
BBIXOJISIIETO 3a TIpeAeNbl IMUPWHBI (apBaTepa, NPUBOIIMNNA K 3HAYUTCIABHBIM YCHIIMSAM B D3JEMEHTax
KOHCTPYKLIMH H K UX JIOKAIFHOMY pa3pyIIeHUIo0. B pe3ynpTare pacdera BTOPHYHBIX PACUETHBIX CXEM Ha 0COObIe
KOM6I/IHaHI/II/I Harpy3ok oOmnpeacji€eHo HaHpﬂ)KeHHO-I[e(i)opMI/IpOBaHHOG COCTOSAHUEC DJBJICMCHTOB KOHCTPYKIIUH,
CBUJICTEIILCTBYIOMIECE 00 OTCYTCTBHH MPOTPECCUPYIOIIECTO OOPYIICHHS U 00CCIICUCHUH KUBYUCCTH MATHCTPAITH.

Keywords: high-speed transport highway, overpass of large-diameter pipes, cable-stayed and arched
structures, progressive collapse and survivability.

Kniouesvie cnosa: 6bICOKOCKOPpOCMHAsA mMpAaHCnopmuas macucmpdans, scmaxada us mpy6 06011020
Juamempa, 6aHmMosbie U apouHble KOHCIMPYKYUU, npocpeccupyioujee oopyueHue 1 H#Hugyuecs.

MHOrOMUITMOHHBII METanoJjmc CaHskr- [Ipoextupyembiii  Mopckoir ywyactok BCTM
IlerepOypr TpeOyeT CBOEBPEMEHHOTO pEIICHWS  MPOXOIWT B akBaTOpUU DUHCKOTO 3a1nBa M COCTUHICT
TPaHCIIOPTHOH 3agadM MO OBICTpOMY, yIOOHOMY M  HaceleHHbIe MyHKTHI: bonbmras Mxopa, Kpormraar un
Oe3omacHOMY mepeMemeHnto xuteneid u rocreii B CecTpoperk c OJIHOMMEHHBIMU TITY,
Mr00yI0 TOUKY IOpoJia U ero MpUropoaoB. HoBble naen  pacHosioKEHHBIMH B HETIOCPEICTBEHHOH OJM30CTH OT
BMECTE C COBPEMEHHBIM IIOJXO00M K PEILEHUIO JaHHOH  HuX. PaccMmarpuBaercs yuactok mexny TIIY «Ixopa»
3a/laud JKAyT BOIUIOIIEHUS B MpoekTax u peanbHoctH U TIIY «KpoHmTant», nepecexkaronuii cy1oBoit Xon B
[1]. TIpomomxkaercst uccienoBaTenbckas U npoektHas  moptel  Cankr-lIlerepOypra mo  Kposmraackomy
pabota 1O CO3JaHHI0O CETH BBICOKOCKOPOCTHOW  (hapBaTepy (pHUCYHOK 1).

TpaHcnopTHoi maructpanu (BCTM) ¢ TpaHcmopTHO-
nepecanounsiMu y3iaamu (TITY) [2].
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Pucynox 1. Mopckou yuwacmox macucmpanu

KoHcTpykums mMaructpanu mpencrasisier coboil  mpoekTtupyercss Ha ypoBHe +88.0 B banTmiickoit
00JBIIETIPOTIETHYTO u BBICOTHYIO BAaHTOBO-  CHCTEME KOOPIWHAT. | TaBHBINA 3I€MEHT MarucTpain —
CTep)KHEBYI0  apOYHYI0O  CHCTEMYy  JCTaKaJHOTO  JKecTKasg Oanka IyTempoBOAa IPEICTABISAET COOOH
WCIIOJTHEHHS: OCHOBHOHM TIPOJET KOTOPOW COCTAaBNISAET  YETHIPEXTPyOHOE CEeUeHHEe C BaKyyMHPOBAHHOU
360.0 M, TOMONMHUTENBHBIN AJIS1 ApOK B 30HE MOJAX0Ja K MOJOCTbIO, B KOTOPOW OCYLIECTBIISIETCSl JIBH)KEHUE
TIIY — 180 M, a oOTMETKa pelbCcOBOrO IyTH  MOE3M0B  C  HCIOIb30BAHMEM  INEPCHEKTUBHON
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texHomorun Maglev [3]. BaHToBBIC 3JEMEHTHI
CHUCTEMBI, BBIMONHSIOMIAC CTAOWIU3UPYIOIIAE U
Hecymue (YHKIUH, pa3feicHbl Ha HECKOIBKO TPYIII,
Pa3IUYAOIIUXCSI MECTOIMOJIOKEHUEM M XapaKTepoM
paOOTBI: OTTSDKKA W TOJBECKH, B  OCHOBHOM,
MpeHA3HAYATCS [T Mepejadyu yCWINK ¢ Oalku Ha

JpyTue HecylMe KOHCTPYKIMM, a ONOPHBIC BAHTHI

SBJISAIOTCSA ~ OJIEMEHTAMH  pAacKpeIUIeHHs  JUis
o0ecreueHns] PacyeTHBIX JJIMH, BOCIPHUSTHS U
mepefayd  BETPOBBIX  HATPYy30K HA  KOJOHHBI
(pucyHoOK 2).

HByxBemBebou

flodBecku

nu/saoHa

Pucynok 2. Koncmpykyus Mopcko2o y4acmka mMazucmpanu

Jnsa ONpEIEICHUS KHU3HECIIOCOOHOCTH
KOHCTPYKLIMH NPOBEJEH aHAIN3 U cO0p ACHCTBYIOLIUX
Harpy30K, a TakXKe pacCMOTPEHbl BO3MOXHbIE
aBapuUiHBIE CHUTyallud B pe3ylbTaTe BO3ACHCTBUSL
0COOBIX HArpy3oK, a TaKKe JIEHOBBIX M BOJIHOBBIX
BO3JEUCTBUN.

JlenoBsie BO3ACHUCTBUS u Harpy3KH,
BO3HHKAIOIUE BO BPEMs XOJOIHBIX 3MM Ha CEBEPO-
3anaze Poccum U npuBojsmMe K JIENOCTaBy H
nenoxony B Bojgax DHUHCKOrO 3aluBa, HE JIOJIKHBI
BBI3bIBaTh 3HAYUTEIIBHOTO BIIUSHUS HAa KOHCTPYKLUIO
MarucTpajii B CBSI3U C KOMIUIEKCOM JIOIIOJHUTEIbHBIX
IIPEBEHTUHMHBIX MEp, I03TOMY B YCJIIOBUSX HACTOALLEH
33/layd HE YYMTHIBAIOTCA. Tak B ILelsiX 3alluThl
9JIEMEHTOB  IIpeJularaeTcss yCTaHOBKAa  0apbepoB
(yleope3oB) mepen  KOHCTPYKLMSAMH, HM3MEHEHHUE
(hOpMBI OTIOPHBIX AJIEMEHTOB B MECTaX MPHIIOKECHUS
JIEIOBBIX HArpy30K M TOBBIIIEHHBI KOHTPONb 3a
JeJoBOW  OOCTAaHOBKOW B ONMAcHBIX  30HAX.
KomnniekcHblll aHanu3 JIE€A0OBBIX, a TaKXKE€ BOJHOBBIX
Harpy30K M BO3IEHCTBUI I YCIOBHM pacd€THOrO
mTOpMa Ha OHOpPbl KOHCTPYKLUHU IUIAHUPYETCS
IIPOBECTHU B IIOCIEAYIOLIEM HCCIEA0BaHUN.

IIpu BBINONHEHUH pacuéTa KOHEYHO-3JIEMEHTHON
CXEMBI YYTEHBI U OIPENEIIEHbl CIENYIOIINE HArpy3Ku

OPUPOAHOTO M TEXHOJIOTHYECKOTOo  XapakTepa:
coOcTBeHHBIH  Bec  KoHcTpykumit  (L1),  Bec
TexHoyornyeckoro obopynosanus (L2), cHeroBoe
sarpyxenne  (L3), BerpoBas Harpy3ka (L4),
BO3/ICIiCTBHE OT JIBIKEHHS T0€3/1a, [TOCIEA0BATEILHO
MIPUKJIaAbIBAEMOE OT KOJIOHHBI K CEpeJHHE Mpojera
(L5-L9), a Taxsxe ocobast Harpy3ka — yaapuas (L10) ot
HaBaJla MOPCKOTO CyJIHa.

B cootBerctBHM ¢ [4] mpu NpOEKTHPOBAHHUU
coopyxeHust kiacca KC-3, xapakTepu3yOIHUMUCS
3HAYUTEJbHBIMU BBICOTAMU M TPOJIETAMH HECYLIHX
CTPOUTENBHBIX KOHCTPYKIMH, CIEAyeT Y4YUTHIBATh
aBapuiiHblE CUTYyallMW, BO3HUKAIOUIUE NpPHU JEHCTBUU
0coOBIX HaArpy3ok u BozaeiictBuil. I[logpoOHO
paccMOTpeH clLieHapuil BO3MOXHOW KaTacTpo(dbl, mpu
KOTOPOM B HECKOJIBKO 3TAIOB ONPEEIISITCS KHUBYUIECTh
apOYHO-BAaHTOBOM CHUCTEMBI, IPOJIOKEHHOH  Haj
(apBarepoM, IIpH yIapHOH Harpy3ke — HaBaje CyjaHa
Ha JIEBYI0 KOJIOHHY (DT1an 1) 1 mocieyiomero BEIBoIa
n3 cTpos |-i rpynmbl HECYIMX OTTSDKEK-BAHT C HX
obpeiBoM (Dtam 2), a 3ateM ¢ o6psiBoM |l-it Tpymmsl
oTTsDKeK-BaHT (DT1am 3). MecTo MpHIoKEeHHUs YCIITUS
OT yZAapa IO BBICOTE COOPY>KEHHS NPHHATO Ha BETBb
KOJIOHHBI, PAcIIOJIOKEHHOW Ha ypoBHE OoprTa cyaHa
(pucyHok 3).
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Pucynox 3. Ilpunooicenue yoapnou nazpysxu om naeana cyora

3a pacu€tHoe CyaHO TmpHHAT KpynHewmuid  L=316,0 m, a mupura u BeicoTa 43,0 u 72,0 M
kpyusnsblii naitnep MSC Meraviglia [5], xonuBimiuii B COOTBETCTBEHHO (PUCYHOK 4).
Bogax duHckoro 3anuBa. [lyiMHa yaiiHEepa COCTABISET
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Pucynok 4. Conocmaenenue eabapumog natinepa u Maucmpanu

B HCCJICAOBATCIIbCKUX LECJIAX BEJIMYNHA HATrPYy3KH MNPUMEHCHUCM K03(1)(1)I/IHI/ICHT3. 0e30IaCHOCTH ¥s, TOT A

MIPUHUMAETCS 1o HOPMATHBHO-TEXHUYECKUM  TPUMEHUTENIHHO K YCUIIHIO:
JIOKYMEHTaM Il TUAPOTEXHUYECKUX COOpykeHui. B
COOTBETCTBHH C [6] 3HAUeHHe cuibl yaapa cyaaa Ny Ha Ny = YNy yud =
COOpYXKEHHE HE JOJHKHO MPEBBIIIATh JOMYCKAeMOTO =2.0-714.2-9.81 = 14.0 MH
JIaBJICHUsI HA KOPIyC CyJHA, TOTJA sl JaifHepa Kak
MOPCKOTO CyJHa C JICAOBLIMU NOAKPEIIJICHUSIMU: Cuna Ty, HalpaBJeHHAas MO KacaTelbHOH K
COOPYIKEHHIO:
Ny ey = Ng =50+ 2.7(L —10) =

=50+ 2.7(316.0-70) =714.2 T Ty = Nyfm =
=14.0-0.6 = 8.4 MH,
B coorBerctBuM ¢ [7] yuér ciydailHBIX
CTOJIKHOBEHHH, OIIMOOK NepCoHaa, HeMCIIPaBHOCTEH,
KOMOMHAMKM  3TUX  (PAKTOPOB  OCYIIECTBISETCS
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rae fn=0.6 — xoadpduumeHT TpeHus cyaHa o0
pe3uHOBBIE  OTOOWHBIE  yCTPOWCTBA,  KOTOPHIMHU
3a0JIarOBpEeMEHHO 3aIIUIIEHbI KOJIOHHBI.

B cooTBeTCTBHY € MPUHATHIMU STallaMH Pa3BUTHUS
npeanojaraeMoi  KaracTposl, a TaKke, CIeays
TpeOOBaHUSM HOpMATHBHOH 0a3wl [8], U3 pacuérHoi
CXEMBI IOCJIECIOBATENEHO YAAJCHBI pa3pylIacMble
3JIEMEHTHI U MPOM3BEICH PacuéT BTOPUYHBIX CXEM Ha

HATPY3KH B OCOOBIX codveTaHHsX (TIOCTOSHHBIC U
JUTATEIILHBIC HArpy3KH, JUTUTEIbHBIC 9acTH
KpPaTKOBPEMEHHBIX HArPy30K, a TAKXKE Ha HATPY3KH OT
ITOIBUYKHBIX COCTaBOB) c TMOHWKAIOIIIMU
KOA(PUIMECHTAMU COYETAHUI C IENBI0 00CCIeUCHUS
HAJICXKHOCTH KOHCTPYKIIMM W O€30IacHOCTH IS
naccaxupos (Tabnmma 1) [9,10].

Tab6mumna 1
Yeuins B 3j1eMeHTaX U nepeMenieHus y310B pacueTHoii cxembl BCTM
BerBb KONOHHBI Basnka mytenpoozaa Apka
PacuérHas komOuHaLs -
yeumit Yews Yewms H;E;II\:: Yewnus
M,MH-m | N,MH | Q MH | M,MH™ | N, MH S, MM M, MH-m | N, MH
IIpu 0CHOBHOM COYETAHUHU HATPY30K
L1+L2+0.7L3+
+0,9L4+L5 6.2 -19.3 04 61.2 3.7 530.7 -49.0 -46.2
L1+L2+0.7L3+
+0.9L4+L9 16.5 -12.5 15 911 141 598.7 -56.1 -70.0
L1+L2+0.7L3+
+L4+0 9L5 6.0 -19.0 04 55.0 3.6 551.8 -49.9 -46.4
L1+L2+0.7L3+
+L4+0.9L9 152 -12.9 14 81.7 12.9 598.3 -68.8 -54.6
IIpu ocoboM coueTaHUU HATPY30K
L1+L2+0.3L3+
+03L4+05L5+L10 63.4 -25.1 10.3 254 2.9 397.3 -43.7 -41.6
L1+L2+0.3L3+
+0.3L4+05L9+L10 62.7 -21.7 10.8 43.4 8.3 3915 -54.0 -46.1
L1+L2+0.3L3+
+05L4+0.3L5+L10 63.2 -24.4 10.2 234 2.7 438.7 -45.5 -42.1
L1+L2+0.3L3+
+05L4+0.3L9+L10 62.8 -22.4 10.6 38.2 57 423.8 -51.6 -44.8
IIpu norepe BaHTOBBIX 3JieMeHTOB | rpynnsbi
L1+L2+0.5L3+L5 51 -19.9 0.3 -31.8 21 3309 -319 -36.0
L1+L2+0.5L3+L6 8.4 -19.9 0.7 -47.9 3.9 297.8 -34.2 -37.7
L1+L2+0.5L3+L7 114 -18.4 11 -70.6 6.6 1994 -38.4 -40.1
L1+L2+0.5L3+L8 128 -16.2 12 -81.0 9.0 1116 -43.2 -42.3
L1+L2+0.5L3+L9 12.2 -14.6 11 -69.9 9.9 1505 -46.2 -43.1
IIpu norepe BanToBbIX 3j1eMeHTOB I 1 II rpynn
L1+L2+0.5L3+L5 4.9 -20.0 0.3 -41.5 2.3 497.8 -31.8 -36.2
L1+L2+0.5L3+L6 8.3 -20.0 0.7 -55.6 41 461.9 -34.3 -38.3
L1+L2+0.5L3+L7 113 -18.6 11 -14.7 6.9 350.1 -38.5 -40.8
L1+L2+0.5L3+L8 127 -16.3 12 -85.2 9.2 176.0 -44.0 -42.7
L1+L2+0.5L3+L9 121 -14.7 11 -79.2 9.9 85.9 -46.3 -43.3
JlaHHBIE MOKAa3BIBAIOT, UYTO BO BCEX CIydasX  BO3MOXKHOCTb HOpMaJIbHOU SKCILTyaTalluu

MepeMeIleHrsT  y3JI0B OajJKu IyTermpoBoJa S He
MPEBBILIAIOT NpeAeNIbHBIX 3HaueHu [1]:

360.0 - 10°
600

L
S<[S]=—22=

=200 = = 360.0 Mmm

Brimonnenne ycioBus 1o  AeopMaTHBHOCTH
0ajlKy MMeEeT Ba)KHOC 3HAUEHHE: OOEecIednBaeTCs

MyTENpOBOJa W OC30MACHON IBAaKyallH MMACCAKUPOB
NpU ABHXKEHUM M OCTAHOBKE IOE€3/I0B B aBapUNHBIX
CUTYallMsIX Ha BCEX JTallax.

VYeunust mpu mOTepe  CXEMOW — BaHTOBBIX
9JIEMEHTOB (PHUCYHOK 5) He TPEBBIIIAIOT 3HAYCHHH,
TOJIYICHHBIX TIPU pacy€Te Ha OCHOBHBIE KOMOWHAIINN
(pucyHOK 6), 9TO B IaHHOM CJIy4ae MO3BOJISIET CYIUTh
0 COXpaHEHHHU HECYyIIeH CIOCOOHOCTH BCEX 3JIEMEHTOB



[ |
EESY)

ST Wschodnioeuropejskie Czasopismo Naukowe (East European Scientific Journal) #11(63), 2020 45

cucrembl. Ilpu pacuére Ha ocoboe coueraHue
HAOJIOaeTCsS yBENUYEHHE YCHIUWA B KOJOHHE B
HECKOJIBKO pa3, uTo TpeOyeT MPUMEHEHHs BIIOJIHE
MPUEMIIEMBIX KOHCTPYKTHBHO-TEXHOJOTUIECKUX
PELICHUH 10 UX CHUKEHHIO, HATIPHUMED, MPH TTOMOIIH

oo

o Mo

YCTaHOBKH JAeMI(pUPYIOINX YCTPOHCTB u
MIOCPEACTBOM yCHWIEHHS TPYOOOETOHHOrO CeYeHUs
KOJIOHHBI MIOCPEACTBOM JIOTIOJTHUTENBEHOTO
ApMHUPOBaHMSI.
0o o o .
O et
o l:‘nnl:l ] ——r

Pucynox 5. Maxcumanvhuie uszubaiowjie MoMenmol 8 2NeMeHMax Mazucmpani
npu nomepe sanmoguix snemenmos | u |l epynn (MH-m)
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Pucynok 6. Maxcumanvrvie uzeubarowie MomeHmol
6 DNIEMEHMAX MA2UCMPAany npu OCHOBHOM coyemarnuu nazpysox (MH-wm)

BolieykasanHble  pacueTbl C  ONPEICIICHUEM
BHYTPEHHUX CWJI B 3JIEMEHTAaX U NEPEMEILEHUN Y3JI0B

CJIOKHOM BaHTOBO-CTEP)KHEBOI CUCTEMBI
BBIMOJIHSUTACH € MCIIOJIb30BAaHMEM IMPOrPAMMHOIO
komiiekca “SCAD Office 21.17 Ha KOMILUIEKC

Harpy30K B  OCOOBIX COYETaHHAX C
JIMHAMHWYECKHUX BO3JICHMCTBUM U HEJTMHEHHOCTH.
[IpoBeneHHbII aHATU3 U TOTYYEHHBIE PE3YIbTAThI
Ha JAHHOM J3Tale MPOEKTHPOBAHMSI M HCCIEA0BaHUN
MO3BOJSIFOT ~ CAENATh BBIBOJ 00  yYCTOMYHUBOCTH
CTPOUTENIbHBIX ~KOHCTPYKIIMM MOPCKOTO  ydJacTKa
BBICOKOCKOPOCTHOM TpPAaHCIIOPTHOW MAarucTpaiu K
MIPOrPECCUPYIONIEMY OOPYIICHUIO W €€ KUBYUECTH
MPU Harpy3kax M BO3JECUCTBHUSX OT HaBajia CyJHa C

y4eToM
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obecrnieueHreM TpeboBaHUi HAJKHOCTH u
0e30macHOCTH.

KommekcHbIi  aHaMW3 JIE€JOBBIX, a TakKKe
BOJIHOBBIX HAarpy30K M BO3JEUCTBHUI ISl YCJIOBHUH
pacy€THOro ITOpMAa HA ONOpPHl  KOHCTPYKIMH
BBICOKOCKOPOCTHOM  TPaHCHOPTHOM  Marucrpaiu
IJIaHUPYeTCs NIPOBECTH B MIOCJIEIYOILEM
HCCIIEJOBAaHUU.
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Ooecckas 2ocydapcmeeHnas akaoemuss Cmpoumenbcmed i apXumexmypuol
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Ooecckas 2ocy0apcmeeHnas akaoemus CmpoumenbCmed U apxXumexmypuol
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KAHOUOAam mexHu4ecKux HayK, OOyeHm
Ooecckuil HAYUOHATBHBLIL MOPCKOU YHUBEPCUMEM
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Tertychny AA.

Assistant department of architecture of buildings and structures
Odessa State Academy of Civil Engineering and Architecture

Shynkevych E.S.
doctor of technical sciences, professor

Odessa State Academy of Civil Engineering and Architecture

Mironenko I.N.
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AnHOTanmusi. Ha OCHOBE BBHINIONIHEHHBIX B pabOTe WCCICIOBAHWI IPOBEICH CPAaBHUTEIBHBIN aHAIN3
W3MEHEHHUsI CBOWCTB CMECEH M MEJIKO3EPHUCTHIX OETOHOB Ha WX OCHOBE B 3aBHUCHMOCTH OT Pa3HOU yIeIbHON
MMOBEPXHOCTH TOHKOJMCIIECPHBIX HAIMOJHUTENICH: Tpemnena WM IecKa; OT COJAEPKAHUS MHKPOHAIMOJIHUTEEH:
BBICOKOAKTHBHOT'O METaKaoJIMHa, BOJUIACTOHUTA M BOJOPEIYLHPYIOMINX 100aBoK-cynepiuiactTudukaropos C-3
nnu Melflux. CMecu TOTOBHIIUCH TIPU Pa3HBIX TEXHOJOTHUYECKUX Mapamerpax. [lepBrie cMecH TOTOBHIIUCH B
CKOPOCTHBIX CMECHUTENSX, BTOpPbIE TOTOBWJIMCH B TPAJUIMOHHBIX cMmecHuTensx. [IpoBeneHHble uccieqoBaHUs
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MOKa3bIBAOT IHPOKHUE BO3MOXHOCTU Moambnxaunn COCTaBOB OpPraHOMHUHCPAJIbHBIMU  3KOJIOTHYCCKHU
6€3Bp CIHbIMH ,HO6aBKaMI/I n CBUACTCIILCTBYIOT (6] pauroOHaJIbHOCTU pa3pa60TOK KOMILIICKCHBIX
l'IOJ'II/Iq)yHKIII/IO HaJIbHBIX MOZ[I/I(l)I/IKaTOpOB OTACJIBbHO  UI1  AKTUBUPOBAHHBIX W  HE  aAKTUBHUPOBAHHBLIX

MCJIKO3CPHUCTBIX OETOHOB. Hoxa3aH0, 4TO HOpU mepexonac Ha ,apyroﬁ BUJ HAIIOJHHUTCIIA, Ja)KC€ TaKOI'o XK€
XUMHUYECKOI'0 COCTaBa, OINTUMAJIBHBIC HOO3HUPOBKM BCEX KOMIIOHCHTOB MW HUX COOTHOUICHUC HeO6XOI[I/IMO
KOPPEKTUPOBATh. HpI/I Nnepexoic Ha apyroﬁ BUJ TPUTOTOBJICHUA cMecell COOTHOIIEHHE KOMIIOHEHTOB TaKKe
HU3MCHSICTCA. HpaKTI/I‘leCKI/Ie pe3yabTaThl, IIOJYYCHHBIE aBTOpaMH, 00€eCIIeYnBalOT KaK IOBBIIIEHHBIE IO
CPaBHCHUIO C HOPMHUPOBAHHBIMH, TaK W BBICOKHUE IOIIOJHUTECIIBHBIC ITOKa3aTE/IN Ka4yeCTBa. HpOElHaHI/BI/IpOBaHO
BIUSIHUE THIA, COCTaBa W AMCIEPCHOCTH HAIIOJHUTEIEW Ha CBOWCTBA CTPOUTENBHBIX CMECEH C Y4ETOM
TEXHOJIOTHYCCKHUX yCJIOBI/If/'I HX IIPUTOTOBJICHUA U paCTBOPOB Ha X OCHOBE.

Abstract. Based on the investigations that have been made, we have done a comparative analysis of changing
properties of mixtures and fine concrete based on it depending from different specific surface of finely dispersed
fillers: tripoli or sand; from the content of micro-fillers: highly active metakaolin, wollastonite and water-reducing
additives-superplasticizers S-3 or Melflux. Mixtures have been prepared with different technological parameters.
The first mixtures have been done using high-speed mixers, in the second mixures traditional mixers have been
used. The carried out researches show wide possibilities of modification of compositions by organomineral
ecologically harmless additives and testify to rationality of development of complex additives separately for the
activated and not activated finegrained solutions. It is shown that when switching to another type of filler, even
the same chemical composition, the dosages of all components and their ratio should be adjusted optimally. When
switching to another type of mixture preparation, the ratio of components also changes. Practical results obtained
by the author provide the required and additional quality indicators, increase the physical and mechanical
properties of finegrained solutions, increase productivity. The influence of type, structure and dispersion of fillers
on the properties of building mixtures is analyzed taking into account technological conditions of their preparation
and solutions based on that.

Knrouesvie cnosa: MUKPO- U MAKPpOHANoOJIHUmMesu, nOJZud)yHKquHaJZbelﬁ Moduqbukamop, mMemaKkaouH,
80JIACMOHUM, mamemamuviecKkue Mode/m, onmumusayusl.

Keywords: macro and micro fillers, multifunctional modifier, metakaolin, wollastonite, activation,
mathematical models, optimization.

IocranoBka 0o0uieili mMpo0JjieMbl M ee CBA3b €
BaKHBIMH HAYYHBIMH W  NPAKTHYECKHMH
3agayamu. COBpEMEHHOE CTPOUTEIBCTBO Tpedyer
NPUMEHEHHST HOBBIX A(PQPEKTHUBHBIX MAaTEpHaJOB,
Cpeoy  KOTOPBIX  BaXXHOE  MECTO  3aHHMAIOT
BBICOKOKQUECTBEHHBIE MEIKO3EPHUCTHIE PACTBOPHI HA
BBICOKOITO/IBIDKHBIX CMECSX. BayKHBIM HOBOBBEJIEHUEM
B TEXHOJOTHMU BBICOKOMOJBIDKHBIX CMeced |
PacTBOPOB SBJISIETCS MPUMEHEHHE BHICOKOCKOPOCTHBIX
CMecHuTeNel-akTUBaTOpOB. AKTHBalUs oOecrieunBaeT
BBICOKYIO CTOMKOCTh K TPEUIMHOOOPA30BAaHUIO U
BBICOKYIO are3Wi0 K pa3UYHBIM OCHOBaM, a Ha

MOPHUCTHIX  HANOJHUTENAX — €Ieé W BBICOKUE
TEIUTO3AIIUTHEIC U aKyCTUIECKUE CBOHCTBA.
AHaJau3 MOCJeAHUX HCCJIeI0BAHMI "

nyOoaukanui. [losydeHne MeNKO3epHUCTBIX cMecel
BBICOKOM ~ OJHOPOJHOCTH,  JKH3HECTOMKOCTH U
MPOYHOCTH  HEBO3MOXXKHO  0€3  HCIOIb30BaHUS
noMu(pyHKIIMOHAIBHEIX ~ MoxudukaTopo  (IIOM).
Hawubonee  sdpdextuBapiMu  [IOM  sBastoTcs
KOMIUIEKCHI Ha OCHOBE CYMepIUTacTH(PHUKATOPOB U
BBICOKOJIUCTIEPCHBIX MHHEPAJIBHBIX I00aBOK B BHIE
Pa3sHOBHUAHOCTHU MHUKPOKpEMHE3eMa. OpHako
HOPENsATCTBHEM K IIMPOKOMY TPHUMEHEHHIO TaKHX
KOMIUIEKCOB B YKpauHe SBISE€TCd MX BBICOKas
cToMMOCTh. KOHKYpeHTOCIIOCOOHOH —MHHEpaIbHOMN
n00aBKOM, Kak MokazaHo B paborax JIBopkuna JI. 1.
[1], sBnseTcss  BBICOKOAKTHBHBIA  METAKaOJUH,
MPEICTAaBICHHBIA B BHJIE AWMCIEPCHOTO TOPOIIKA B
pe3ynbrarte 00XHra OOOTAIIeHHBIX METaKAOJWHOBHUX
rmH. Pa3nudHbele KpeMHE3eMCoaepKalline aKTHBHBIC
MHKPO- W MAaKpOHANONHHUTEIN C  Pa3IHIHBIMHU
BEIMYMHAMH IUIOIIAAW  YACTBHONH ITOBEPXHOCTH,

CTPYKTYpOll M TIONMMHHEPAIBHBIM COCTaBOM IIO-
pa3sHOMY BIMAIOT Ha PEOJOTHI0O CMECEH, MPOLECCH
CTPYKTYpOoOOpa3oBaHHs U TBEPICHUS pacTBOPOB. [8, 9,
10]. B T0 >xe BpeMs BOIIPOCHI COBMECTHOIO JAEHCTBUS
9THX J00aBOK W IIPHOPUTETHOCTh WX BIHMSHUS Ha
CBOMICTBA U3YUYEHBI HEAOCTATOYHO.

Heas wuccaenoBanus. Pa3paboTka cocTaBoB
BBICOKOTIO/IBIKHBIX ~CMEceH, MOAN(HUIIMPOBAHHBIX
pa3sHBIMH 10  TPOUCXOXKACHHUIO U  CTPOCHHUIO
KPEMHE3EMHUCTHIMH no0aBKaMu MHKPO- "
MaKpOHAMOJIHUTEISIMH, aHamn3 BITHSTHUSA
TEXHOJIOTHUECKUX  MapaMeTpoB  MPUTOTOBICHHUS
cMecell M MONy4YeHHE Ha HX OCHOBE pacTBOPOB
Moau(YHKIMOHATIBHOTO HAa3HAYEHHWS C BBICOKMMH
(U3UKO-MEXaHMYECKUMH W OKCILTyaTallMOHHBIMHU
CBOMCTBaMH.

JUis oCTHKEHUs TOCTAaBICHHOW LIEIH PElIaInch
CIIeAyIOIINE 3a0a4n:

- TPOaHAIM3HPOBATH MO HSKCIEPHUMEHTAIBHO-
cratuctndeckuMm  (OC) MonensiM  3aKOHOMEPHOCTH
BIMSIHAA  KPEMHE3EMCOICPXKAIINX  Makpo- U
MUKPOHAIIOJIHUTENEH pas3IngHON MIPUPOJIBI,
CTPYKTYPBI, IUCHEPCHOCTH U CYIEPIUTaCTUPHUKATOPOB
Ha CBOMCTBA aKTUBUPOBAHHBIX U HEAKTUBHUPOBAHHBIX
pacTBOpOB, MPHUIOTOBIEHHBIX  JIBYMS  Pa3HBIMU
criocobamy.

- pa3paboTaTh ONTHUMAJbHBIE COCTABBI IS
OLITYKaTypHBAHUS, MOHTaXa, KJIAJAKH U yCTPOHCTBA
9JIEMEHTOB TIOJIOB C YIJIYYIICHHBIMH CBOWCTBAMH C
YYeTOM TEXHOJOTHH MX IPUTOTOBICHUS.

Jlms M3rOTOBICHHS MENKO3EPHUCTBIX CMeEced |
pacTBOpPOB  OBUIM  HCIOJIB30BAaHBI  CIIEAYIOIIE
Matepuaisl: nopriaanainement mapku 11T I-500-710;
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MECOK KapbepHblii Bosnecenckmit 3 M,=1,25; B
Ka4yecTBE BOJIOPEIYLIMPYIOILEi 100aBKH HCTIOJIb30BaHa
no6aska CII (C-3); MuHepallbHBIH MaKpOHAIIOJIHUTEIb
- TOHKOMOJIOTBIH Tperies, pa3MOJIOTHIH 110 3aJaHHOM
ynenabHol noepxHocTH (Syo) - 300, 450 u 600 m?/kr;
MHUHEPAIBHBII MaKpOHAIIOJHUTENb JUIS CPAaBHEHUS C
aMOp(HBIM TPENEIOM - MOJIOTHIH KBapIeBBIH IMECOK,
TaKkKe pasMolNoThii 10 Sy - 300, 450 u 600 M%/xr; B
KauyecTBe /00aBKH, KOTOpas CHIKAET MPOLECCHI
yCaJKH TMOBBIIMIAET TPEUIMHO- U JIe(hOPMAIMOHHYIO
CTOMKOCTB UCTOJIB30BasIcs BoJutacToHUT (BJT) MB-05-
96; ¢ meNnbo YIUIOTHEHUS CTPYKTYPHI MCIIOIB30Baach

TOHKOJMCIICCPAHS MUHEpaITbHAs nobaBKa
BBICOKOAKTHBHBII MeTakaoianH (BMK).

Mertononoruueckoii  OCHOBOW  HCCIEAOBaHUM
SIBIIICTCS MaTeMaTH4YecKas TEOpHsl IUIAHUPOBAHUS
JKCIICPUMCHTOB. MareMaTtHueckas TCOpHs
IUTAHUPOBAHMS SKCIICPUMEHTOB MO3BOJISCT MPOBOIUTH
aHaTM3  CIOXKHBIX  CHCTEM W IapaMeTpoB
TEXHOJIOTHYECKUX MporeccoB o IC-monemsm [11]. B
ITAaHHOM wHccienoBannu oo6mmi Bux DC-moperneit
MPEACTaBIsIeT CO0OH MaTeMaTH4ecKoe ypaBHEHHE
BHIA:

AgvitApvive D14viXa+D1sviXs+DisviXe DasXa?+DasXaXs
Y= AovotAgsvivs + D24voxat+Dasvoxs+DosvaXs + bssXs?+bagXaXs (@)
AzvstAxvovs D34vsxa+Dasvaxs+Dagvaxe besXe®+DseXsX6
@ (©
DC-MOJeNU MOKHO HCIOJIb30BATh ISl IPUHATHS  SBIISIOTCS TEXHOJIOTHIECKHUE HapaMeTphl

pELICHUI TOJIBKO IOCNIE TOro, Kak anredpamdecKui
pacu€T OIeHOK KOA(P(UIMEHTOB OyneT MONOJIHEH
CTATUCTUYECKUM aHAJIM30M, KaK KO3 ULHUCHTOB, TaK
Y MOJIENH B IIEJIOM.

KomriekcHble UccIe0BaHMs BKJIIOUYAIIU
HAaTypHbIE  DKCIIEPUMEHTBHl C  HCIIOJb30BAaHHEM
TUIAHUPYEMBIX MHOTO(AKTOPHBIX SKCHEPHUMEHTOB IS

MOJTyYeHUst AKCIIEPUMEHTAITLHO-CTATUCTHYECKUX
mozeneii. [Toctpoenne u ananu3 DC-mozeneit, mogdop
OITTUMAaJIbHBIX COCTaBOB BBINOJIHSIUCE c
npuMeHeHueM auanorooit cucreMbl COMPEX,

CTHEIHUaIbHO CHHTE3MPOBAHHBIX IUIAHOB
CcTaHIapTHHIX porpamMm Microsoft Office.

AHAJIM3 Ppe3yJabTATOB 3KCHEPHUMEHTAJBHBIX
HucciaeqoBaHuid. PaccuuTtaHel ¥ IpoaHAIU3UPOBAHBI
9C-mopenu, KOTOpbI€  OIHUCBHIBAIOT  BJIMSHUE
KpPEMHE3eMCOJIepIKaliX 100aBOK M HAIMOJIHUTENEH Ha
CBOICTBA.

Peonoruueckue u (U3MKO-MEXaHYECKHE
CBOMCTBa BBICOKOKAUECTBEHHBIX PACTBOPOB 3aBHCAT
Kak OT BHJa M COZAEPKaHNS MUHEPAJIbHBIX NOOABOK —
HANoJIHUTENEeH, Tak M OT cOocTaBa W KOJIMYECTBa
opraHudyeckux  nobaBok. BaxsHeIM  Qakropom

[11] u

MIPUTOTOBIICHUS cMeceit [2—7].

JI71st AOCTHXKEHU YTy UIIEHHBIX CBOWCTB cMecel U
pacTBopoB paccMaTpUBaIUCh pasHbIe
TEXHOJOTHUECKHE MapaMeTpbl UX MPUrOTOBIeHUs. B
MEpBOM W BTOPOM  OJKCIIEPUMEHTaX  CMECH
MPUTOTOBIISUTUCH TpaJAULIMOHHBIM CIOCOOOM:
TIOJIBH)KHBIC HEaKTHBUPOBAHHbBIE cMecH c
TOHKOMOJIOTBIM IUIOTHBIM HAIMOJHUTEJIEM B BHJE
kBapuesoro necka (HAC/IT) u nérkum B Buze Tpemnena
(HAC/T) ¢ B/MI=0,5. B TperseM u dYeTBEPTOM
SKCIEPUMEHTAX MPUTOTOBILUIUCH BBHICOKOTIOABIDKHBIC
AKTUBHPOBAHHBIE CMECH aHAJIOTHYHBIX COCTaBOB C
kBapreBbM meckoM (AC/IT) u ¢ tpemenom (AC/T) B
ckopocTHOM cMmecuTene ¢ B/1[=0,7.

Ha mepBom »sTame wcciaenoBaHUl MPOBEISHBI
OLICHKA M aHaJU3 PEOJIOIMYECKHX CBOMCTB cMeced C
y4eToM TEXHOJIOTHYECKHUX YCIOBUH nux
NpUroTOBJIeHUs. TexHomornueckas 3¢PQGEKTUBHOCTH
onpe. moAB. [IoBUXKHOCTh cMecel, KOTOpast 3aBUCUT
OT TEXHOJIOTMYECKUX YCJIOBUW TPUTOTOBJICHUS, OT
cocraBa 1 B/L] oTHOmIEHUs, U3MEHIETCS B TUANIa30HE
OK = (6+16) cm mia noasmwxHeIX 1 OK = (20+30) cMm
JUTSL BRICOKOITOJIBHKHEIX cMeceit (puc. 1).
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Puc. 1. Brusnue codepacanus nanonnumenst BMK u nracmugpuxamopa C-3 Ha noogusicHocms
HeaKmueupOBAHHbIX cMeceli ¢ MOHKOMOAOMbIM NeCKOM (a) u mpenenom (0) u akmusupoBaHHBIX ¢
MOHKOMOIOMBIM NecKoM (8) u mpenenom (2)

[InotHOCTH cCMecel u3MeHsieTcss B Mpenenax
40 % (puc. 2)

ITokazarens paccnanBaemocTH o Hopmam JJCTY
He JoJDKeH mpeBwlmate 5%. He axTuBHpOBaHHBIE
cmecu  (HAC) - He paccnamBaembl.  Jlims
AaKTUBUPOBAHHBIX cMecei npu conepxanuu C-3<1 % u
npu orcyrctBuu BJI mokasaTens paccianBacMOCTH
MPEBBIIAET HOPMY, YTO OINOCPEJOBAHHO MOXET
CBUJIETENILCTBOBATh O HENOCTATOYHOHM B JaHHOM

a)
AT KC y

hp, krim

crydae  IUacTH(GUKAOUM  cMecd.  [IOBHIICHHOE
comepxkanne C-3 o 1,0+1,5 % cmocoOcTByeT
HOpMaJIM3aIliM  paccianBaeMOCTH HE3aBHUCHMO OT
conepxanuss BJI u BMK u MoxeT OBbITh CBS3aHO C
BBICOKOPA3BUTON CTPYKTYpPOIf TIOPOBOTO IIPOCTPAHCTBA
NIPUMEHSEMBIX HanoJHuTenel. B nannom ciyqae BJI u
BMK B onTtuMaibHOM KOJUYECTBE BHITIOJIHSIOT POJIb
CTaOMIIN3aTOPOB CMeceH.

0) 6)
A Paccnansaemocts, %
MPPARPA

T s |

' ]
2| (28
KRR B
3
by 1
i}
e i
o | |
ACH HAC- AC-T

Puc 2. Usmenenue a6comomezx 3HAUeHUll C8OTICTNG PACMBOPHBIX CMECel:
a) — cpokoe cxeamvisanus, 6) — niomuocmu, paccirausaemocmu — HAC/ITu HAC/T — 1 u 2
neaxmusuposannvie; AC/IT u AC/T — 3 u 4 akmueuposanmule

PactBoOTHENEHHE 1711 AaKTUBUPOBAHHOW CMeECH,
MOTU(PHUIIUPOBAHHON Tpenenom, 3HAYCHHUE
pacTBOpPOOTAeNeHus pH HopMe tg o> 0,25 m3meHseTcs
or 038 g0 0,56. C yueroM JUCHEPCHOCTU
HAIOJIHUTENICH  PacTBOPOOTIEIICHHUSI  PacTBOPHOM

CMECH MOXET OBITh

tga=0,6+0,7.

CpoKH CXBaTHIBAaHHUS COCTaBOB KOPPEKTHPYIOTCS
coZiep’KaHueM JI00aBOK, HAINOJIHUTEIEH U yCIOBHAMH
npurorosyiennst (puc.2). IloBbimeHHOE cojepikaHue
cynepmiactiudukatopa C-3 oraansier MOMEHT Hadaja

YMEHbBIIIEH JO0 3Ha4YeHUi
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cxparbiBanus. Opnnako BBeneHue nobaBku  BJI
(CaSiO3) coBmectHo ¢ BMK npuBOAHT K YCKOPEHHIO
nepuofa TUApaTallid IEMEHTHBIX MHHepanoB [3].
Hauasio cpokoB cXBaThIBaHUsI HAXOJIUTCS B MpeeIax
50+180 MuH., a IPOMEKYTOK BpEeMEHH MEX Ty Ha4aJIoM
U KOHIIOM CXBaThIBaHUS (IEPHOJ IPUTOIHOCTH, WK
BpeMs KH3HECTOUKOCTH) cocTaBisier 120-270 MuH. B
3aBUCHMOCTH OT BHAA TOHKOMOJIOTBIX HAIlOJHHUTEINCH,
MOABW)KHOCTY M YCJIOBUW IPUIOTOBIEHUS CMECEM.
HeaxTuBupoBaHHbEIE CMECH C TPETETIOM CXBATBIBAIOTCS
HECKOJIBKO MEJUUIEHHEE, €M C KBapIEBBIM IIECKOM, UTO
MOJKET OBITh CBS3aHO, 0COOEHHO B HaYaJIbHBI MOMEHT
BPEMEHHU, C YBEIWYEHHEM COJIepXKaHUs KPEMHHUEBOM
KUCJIOTHI ¥ CHIKeHueM pH.

[IpouHocTs Ha cxaTHe oIpeAeraiach Ha
CTaH/IapTHBIX  oOpasmax-Oanoukax.  CoBMecTHOE
npumenenue BJI u BMK oka3biBaeT mososkuTenbHOE
BIUsIHME HAa Rewe, MOBBIIAS ORcxe 10 25 %. 3a cuer

U3MEHEHUS ORcxe W3MEHSieTCA: C TOHKOMOJOTBIM
TpenenoMm — B 1,54 paza, ¢ TOHKOMOJIOTBIM IIECKOM — B
2,1 paza.

[Tpn BBIOOpE ONTHUMAJBHBIX COCTABOB CIEIYET
YUUTHIBaTh BaXKHBIH BBIBOA O TOM, 4YTO BIIMSHHE
YAENBHON TOBEpXHOCTH (Syo) MAaKPOHAMOIHUTENEH
(Tpemen/mecok) o 35 % BBIIIE COBMECTHOTO BITUSHHS
mukpoHanonauTeneit BJI, BMK w C-3 um 4ro
MaKCHUMaJIbHble 3HA4eHUS Rex™ pasHBIX YeTHIpeX
CMeceil JOCTUraroTCsl MPU Pa3udHON Syo Mecka WIn
tpenena. Rex"= 37; 40; 38; 29 MIla anst deTbipex
HCCIeYEMbIX COCTAaBOB CMECEH, COOTBETCTBEHHO.
[IpouHocTh Ha pacTshkeHue npu u3rude. OOparaer Ha

cebs BHMMaHue T1OT ¢akt, uyrto BJI, KoTOpBIi
BBIMOJIHSACT (bYHKIHIO MUKPOapMUPOBaHUS
AHAJIOTUYHO BMK, CUHEPreTUYECKH

B3aMMOJICHCTBYIOT MeEXay co0oi, B pe3yipTare
IrarazoH m3MeHeHUs Rus. yBemmumBaetcs mo 2 pas.

B3aMMOJCHCTBHS BCeX KOMIIOHGHTOB cOCTaBa B  [IpeBanmupyromiee BIMsSHHE Ha Rusz  OKasbIBaeT
3aBUCHMOCTH oT YCIOBHI npurotoBienuss BMK+BJI [11].
(axTHBHpOBaHHBIC/HEAKTUBUPOBAHHEIC) JUanazoH
a)
ASRW
Ra"M= 55760,  +0.1740; 0.03% % +0.0400;xs  +0.0150xe
+5.633u;  -0.585ujuy | + [ +0.024uyxy  4+0.012uxs  -0.02%0:x6
15.596v;  10.526uv,05 =0.008v3xs  =0.030u5xs  10.03%v5xs
+0.017x%  -0.004x.xs
+| -0.038x% +0X4X6 Bee haKTopb!
+0.018x%  +0.007xsx¢

BN+BMK

0)
AR -
ace hakTo)
Ro™C= 1907,  0u, o Huxs 0o taxTope B8
2 +2.2060; 00015 | + +yxy =0usxe +0xg
+2.200m  -0.768v;08 +0uxy +0uaxe +03xs
éO,\I.. +0xqXs c3
| 40.105%%  +0.057xax, I S
#(].()SSX:,. XX, 5
3

BA+BMK

128 4 11 2 3 4 1

-y

2.3 4 1
Puc 3. Usmenenue omuocumenvuvix 3naveHui ORcx. (a) ORus: (6) noo enusnuem:

2 3 4 1 2 3 4

- BJI u BMK, C-3 u cnocoba npucomoeénenusi cmeceii — 1,2 - HAC (neaxmusuposanuvie cmecu no

mpaouyuonrou mexronozuu), 3, 4 — AC (axmusupoganuvie cmecu 6 cmecumene-aKmueamope),;
- Syo monxomonomoeo necka — 1,3 u mpenena — 2,4.
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MakcuManbHbBlE W MHHUMAIbHBIC 3HAYCHHUS
npoyHocTel Rewe M Rus: 3HAUMTENBHO NPEBBIIAIOT
3HaueHus, HopmuposanHble [ICTY nns pactBopoB
pa3nIu4yHOro BUAa: 3neMeHToB mojoB (crshkek CTl,
CT2, CT3-3,5; 4,5; 6,0 MIla, nokpsituit nosnos 1101,
1102-5,0 MIla, pemonTHbIX cocTaBoB PM3 >5,0 MI1a,
I 3aMOHajau4yuBaHus mBoB >7,0 MIla, mis kmagxku
Bcex BUIOB OoxoB MP2, MP3>7.0 MIla. B cpennem
3Ha4eHUA Rexe M Ruse paznmgatorcs Gonee dem B 2,5
pasa. OOmme TEHACHINN W3MEHEHHS UISI YeTBIPEeX
BUAOB cMmeced pasmuuHbl. CliegyeTr  OTMETHUTh
MOJIOKUTEIBHBI ~ CHHEpreTH4eckuid  3pQPeKT oT
BIMsIHUSL Kak MukpoHanonauteneid (BJI, BMK, C-3),
TaK U JUCTIEPCHOCTH MAaKPOHAIOJIHUTENEH.

Reuz,MIla
12

Klc, MITa*u-0,5 4
s 1 f

0,751

Ha  cinemyrommMm  drtame  HCCIEIOBaINCH
JOTIOJIHUTENBHBIE CBOWCTBA PAacTBOPOB, KOTOpBIC
TaKKe SIBJSIFOTCS] BaXKHBIMU [TOKA3aTeNSIMH KauyecTBa.

TpemuHoCTONKOCTD U3MeHseTcs B 2 pa3za: oT 0,5
no 1 MIla*¥%>, OO6mue TeHACHIUHM M3MEHEHHS
TPEIIMHOCTOMKOCTH  aKTUBHUPOBAaHHBIX M HE
AKTHBHUPOBAHHBIX CMecel pa3nuuHble. MakcuManbHble
3HAYEHHS TPEIIMHOCTONKOCTH Ha HE aKTUBHPOBAHHBIX
CMecsX JOCTHTAIOTCA npu MaKCHMaJIbHOM
conepxannu BMK, C-3 u BJL

[oBpIIeHNIO TpEUHO- W Ie(OpPMAMOHHON
CTOHKOCTH B TOM 4YHCJe a0pa3WBHOW CIOCOOCTBYET

MHKPOBOJITACTOHUT CaSiO3e (pH=9,5+10,5).
Habmromaercs HeUTpanu3anus 3HAYUTEIBHOTO
npucytctBuss  BJI  Momumbpukanusmu - KBapua 10
pH=7,5-8,5[12, 13].
Rem, Mila

ST -

60

s04

40 - =

30

20 4

10 4+

o a) 6) 8)

Puc 4. Cpasnenue nonyuennvix u Hopmupyemvix Kpumepues Kaiecmaa

. - KOHMPOIb,; W - max Melflux; - max C-3;
(nopma JICTY); W - [TO2 (nopma JJCTY);

- CT3 (nopma [JCTY),
- 1101 (nopma JICTY),

- CT2 (nopma JICTY); M - CT]
- MP2 (nopma JICTY); | - MP1

(nopma JICTY)

BonocToiikocTh cOCTaBOB Ha TpEIEe BBILIE, YEM
COCTaBOB Ha TOHKOMoOJIOTOM Tmiecke. Koadduipent
pasmsaryenus B mepBoM ciydae Kjp=0,82+1, uro
CBSI3aHO C OOpa30BaHMEM BTOPHYHBIX BOJOCTOMKHX
THPOCHIINKATOB KaJTbIHs B pesynbTare
B3aUMOJICHCTBUSI ~ aMOpP(HOrOo  KpeMHe3eMa  C
nopmiananeMedToM. Haubonpmee snusane Ha Kp

OKa3bIBaeT Syo. Bonomnornomenue
MOIU(UIIMPOBAHHBIX 6eTOoHOB, KOTOpOE
XapakTepu3yeT TMOPHCTOCTh W INIPOHWKHOBEHHE

XKHUJKOCTEH W Ta30B, He IpeBblmmaeT 3—6 % 3a cyer
3aMeHbI KBapLEBOT0 MOJIOTOTO MECKa TPETENIOM C Syo =
300 u 600 m?/kr.

DKCTIEpUMEHTHI o ONpeIeTICHUIO
mukpoTBepaoctu o bpunemtio (HB) mposoausnce Ha

oOpa3uax M3  aKTUBMPOBAaHHBIX  CMeced ¢
TOHKOMOJIOTBIM TperenoM H meckoM. IIloB mexmy
ctsokkoif CT wm mokpeitmem [1O  oGpabateiBaincst
rupodoOHBIM YKperIsromeit MPOTHTKOI.
MHUKpOTBEPIOCTh AHAM3UPOBANACH B PA3HBIX 30HAX
CTSOKKM, IIBa M MOKpBITHA (puc. 5 a). IIpemmoxena
cxemMa ()OPMHUPOBAHUS KOHTAKTHOTO CIIOS MEXKIY
CTSOKKOH M TIOKPBITHEM IIOJIa 4epe3 IMPOKJIAJT0YHBIH
CJION C yYeTOM BIMSHUS HAIlOJHUTEIICH pa3HOro BU/A,
KOTOpBIE obecrieunBaroT yriry0OieHHoe
MIPOHUKHOBEHHNE NpaiiMepa U1 TOBBIMICHUS BOJIO-,
MOpPO030- ¥ TPEUIMHOCTOMKOCTH MHOTOCJIONHOTO 110J1a U
KJIQJIOYHBIX COCTABOB.
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Puc 5. a) - cxema nponuxHogenus npaiivepa 8 CmMpyKmypy 21eMeHmos noia
0) - uHOeKC 38YKOU30AYUU UCCIEO08AHHBIX 00PA3YO8!
1 — wucmotit, nocmosnnwiii 38yx = 75-76 dB; 2 — 6pycox opesecunvr = 67-68 dB;
3 — smanonnwiii obpasey = 64-65 dB; 4 — cocmae ¢ akmueuposannvim neckom = 62-63 dB;
5 — cocmas ¢ Heakmuguposannwvim mpenenom = 60dB; cocmae c akmusuposannvim mpenenom = 58dB.

Ha puc. 5 a) mokazaHo, 4TO NpPUMEHSIEMBIN
npaiiMep 3HAYHUTENLHO YKPEIUISET CTHIK, NPH 3TOM
IIMPYHA KOHTAKTHOTO CJ10s1 00pa3IioB ¢ Tpenenom B 1,4
paza OoJblie, 4eM 00pa3IoB C KBAPIIEBBIM MIECKOM.

DddexTrBHOCTH 3BYKOH3OJISIIUH (Rw)
ompezensiack Ha o0pa3max H3TOTOBJICHHBIX Ha
AaKTHBUPOBAHHBIX M HEAKTHBHPOBAHHBIX COCTaBax,
KOTOpPBIE COJIEPKaT TOHKOMOJIOTBIH TPEMel WIH MECOK,
a TaKXxe, JUI CPaBHCHMS — Ha OpyCKe APEBECHHBI U
STaJOHHOM  oOpasume. Hawnmydmmm — mHIEKCOM
3BYKOU3OJISILIN obnaiatoT 00pasipb Ha
AKTUBHUPOBAHHBIX CMECSX C TPEIesoM puc. 4 0), 4to
CBSI3aHO C €0 CyMMapHOU IIOPUCTOCTHIO.

Ha OCHOBaHHHU aHaM3a pe3yJbTaToB
9KCIEPUMEHTOB u OC-MoienupoBaHus
pEeKOMEHI0BaHO 2 BUIa MOJAM(YHKIHMOHAIBHBIX
momudukaropa (IIOM): mns BHyTpeHHHX paboT
[IOM/T - ¢ Tpemnesiom u asist BHeIHUX padoT [IOM/IIK
- C KBapIEBHIM NECKOM. DTH COCTABHI 110 IIOTHOCTH
KiIacCU(UIMPYIOTCS Kak OOJIerdeHHble U IUIOTHBIE,
COOTBETCTBEHHO.

Paspabotans! 1 onTUMU3HPOBaHEI cocTaBbl [IOM
qir CCCM ¢ y4y€toM YCIIOBHM HpPUIOTOBICHHUS U
IKCIUTyaTallMy B Pa3HbIX yCIoBHAX. J[s pabot BHYTpH
MOMEIeHU ONTUMAJIbHBIMH o YCIIOBUSIM
BbICOKO3(D(heKTHBHOW SKCIUTyaTallu ¥ 00ecIredeHus
kompopTa seistorcst pactBopsl [IOM/T, obnacts
NPUMEHEHUS! KOTOPBIX: JJIEMEHTHl MHOTOCIOHHBIX
nonoB — ctsokku CT1, CT2, nokpeitus I101, pemonT
nonoB PM3, xianka Omoxos MP2, MP3 mis paGor
BHYTPH TIOMELIEHHH BBICOKOA((EKTHBHBIMU  3a
OCHOBHBIMH ¥ JIOTIOJIHUTEJNBHBIMH  TIOKa3aTeIsIMU
KauecTBa sBIsIOTCA pacTBOpbl ¢ IIOM/IIK, obmacts

MIPUMEHEHUS: OMOHAJIMYNBaHNUE u MOHTaX
koHCcTpykumit MH1, snements! monos: ctsoxku CT3,
nokpertus [102.

B coorBercTBHHM C €BpONEHCKUM CTaHIAPTOM
ENI1504 «XapakTepuCTHKH PEMOHTHBIX MAaTepHaoOB
Ha IIEMEHTHOH OCHOBE IIpH KOHCTPYKIIMOHHOM H
HEKOHCTPYKIIMOHHOM  PEMOHTE»  pa3pabOTaHHBIN
aBTOpaMHM  pPEMOHTHBI  cocTaB  knacca PM3
cooTBeTcTBYeT Kiaccy R1.

Oo0nacte npuMeHeHus cocTaBa kinacca R1 (PM3):
ycTpaHeHue JIeeKTOB M JeUeHUE TPEIIMH B Ipolecce

BO3BEICHUS OOBEKTOB, KOCMETHYECKHH PEMOHT
SKCIUTyaTUPYEMBbIX OETOHHBIX M IKEJI€300€TOHHBIX
KOHCTPYKLUM, TEKyLIM PEMOHT KOHCTPYKLUH,
KOTOpble He TpeOyloT OOHOBICHMA HX Hecylei
CIIOCOOHOCTH. OTauYuTENFHONH ~ 0COOEHHOCTBIO
pa3pabOTaHHBIX COCTaBOB  SBIAETCA  OTCYTCTBHE
MOJUMEpOB B HUX. OTCYTCTBUE MOIUMEPOB MOBBIIIAET
SKOJIOTUYHOCTh COCTaBOB, KPOME€ TOTO INPHCYTCTBHE
MOJIUMEPOB YBEJIUYHBAET ko3¢ urnmeHt
TEeMIIepaTypHOTro JMHEHHOTO paciupeHus
pemMoHTHOrO coctaBa B 1,5-5 pa3. IIpucyrctBue B
PEMOHTHBIX COCTaBaX MOJMMEPOB MOXKET NPUBECTU K
HOSBJICHUIO 3HAYUTEIbHBIX HanpsOKeHUH B
KOHTAaKTHOH 30HE M OBITh MPUUMHON PacTPEeCKUBAHMUS,
HCKPHUBJICHHUS, IIETyIIEHHs pEeMOHTHOT0 MaTepuana. B
CBSI3U C 3THUM TEIUIOBasg COBMECTHMOCTH PEMOHTHOTO
COCTaBa M OCHOBBI JOJDKHA PacCMaTpPHBATLCS OUYECHb
BHUMATENBHO.

3akaouenne. B PE3YyJAbTATE  BBIITOJHEHHBIX
PICCJ'IeZ[OBaHI/Iﬁ MPEAJI0KCHBL COCTaBbI
WHAWBUAYAJIBHBIX  CYyXHUX  CTPOUTCIIbHBIX cMecei

(CCC) m yHuBepcanbHbie cocTaBel [IOM mis 3tux
CCC [6, 7]. IlpenynoskeHHast yCIOBHAs KIIACCHPHUKAIUS
COCTaBOB JUIsI BHYTPEHHHX paboT Ha Tpenene H
BHEUIHUX pabOT Ha HecKe Mo3BOJIsET Oojiee ueM B 3
pa3a COKpaTUTb pacxo/] SHEPropecypcos.
Ha OCHOBE MOJIyYEHHBIX
PEKOMEHIOBaHBI ONITHMAaJIbHBIE COCTaBEI
1oau(yHKIMOHATBHBIX Mo (UKATOPOB ULt
aKTHBUPOBAHHBIX W HE aKTHBHPOBAHHBIX CMeceH,
KOTOpbIE OTIINYAIOTCS KOJINYECTBEHHBIM
COOTHOILIEHHEM KOMIIOHEHTOB MPH OJUHAKOBOM
Ka4eCTBEHHOM HMX cocraBe. [IpearaeMele cocTaBbl
o0ecrieunBarOT MOBBIIICHHBIE TI0 cpaBHeHHUIO ¢ JJCTY
MOKa3aTeN Ka4ecTBa M YCIOBHA KOM(OPTHOCTH IS
Pa3NUYHBIX 3JIEMEHTOB KOHCTPYKIIMHA.
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ACTUAL METHODS OF TRAINING WORKERS ON LABOR PROTECTION
IN THE CONTEXT OF THE COVID-19 VIRUS PANDEMIC

Summary. The research article is devoted to the consideration and comparison of current methods of training
workers on labor protection in the context of the COVID-19 virus pandemic.

AHHOTa].ll/lﬂ. Hay‘-IHO-I/ICCJIe,IIOBaTeHBCKaﬂ CTaThs IOCBAIICHA PACCMOTPEHUIO U CPABHECHUIO aKTyaJIbHBIX
METOZOB 00y4YeHHUs paOOTHUKOB MO OXpaHe TpyZa B ycioBusax mangemun Bupyca COVID-19.

Key words: labor protection, education, agriculture, technosphere safety, first aid, industrial injuries, modern
technologies, continuity and continuity of training, covid-19.

Krouesvie cnosa: oxpana mpyoa, obyuenue, cerbckoe X0331cmeo, MexHoc@epras 6e30nacHocms, nepeéas
nomouybv, npOLlB@OacmSeHHblﬁ mpaemamusm, COBpPEMEHRHble MEXHOIOcUU, HENPEPLIGBHOCMb U NPEeEeMCMEEHHOCNb

noozomoexu, covid-19.

IHocTanoBKka mMpo0JieMBbl.

B ycmoBmsx  yrposel  pacnpoCTpaHEHHUs
KOPOHaBHPYCHOH nHpeKIun OOJIBIINHCTBO
00pa30BaTEeNbHBIX U MPOMBIIUICHHBIX OPTaHU3AINH 10
pekoMeHAau MUHHUCTEPCTBA HAyKd M BBICHIETO
obpazoBanus PO npuHsIM pemieHne o mepexoje Ha
JHUCTaHIMOHHOE 00y4EHHE.

B cBs3M ¢ 3THM BCe O4YHBIC 3aHATHA OBLIH
MIepeHeCeHbl B OHJIalH-Ccpeny.

[IpenonaBaTeny BBIHYXKICHBI OPTaHH30BHIBATH
yueOHBIIl MpoLecC MOCPEACTBOM JHCTaHIHOHHBIX

TEXHOJIOT UM o6yquH;1 Ha OCHOBE€ pas3IMYHBbIX
crioco0oB AOCTaBKU  JJICKTPOHHOI'O KOHTCHTa H
JAOCTYIHBIX HUHCTPYMCHTOB KOMMYHUKaAIIUN

o0ydJaromuxcsi W TpernojaBaTeneii B 3JIEKTPOHHOH
nHpOopMannoHHO-00pazoBaTensHOH cpene (DMOC).
AHaJau3 MOCJeAHUX HCCJIeI0BAHMI "
ny0JIuKanui.
MupoBoii U POCCUHCKHN OIBIT IIOKa3bIBAET, YTO
00yueHre pabOTHUKOB M PYKOBOJIUTEICH OE30MaCHBIM
npuemMaMm paboTel, TpeOOBaHUSAM OXpPaHBl TPYAA,

OKa3aHUI0 [EpPBOM IOMOLIM IOCTPAJaBIIMM Ha
MIPOM3BO/ICTBE SIBIIACTCS 3G PEKTUBHBIM
MHCTPYMEHTOM  CHIDKEHHS  NPOM3BOJICTBEHHOT'O

TpaBMaTH3Ma H mpoQ3adoIeBaHIHA.

OOydenne 0e30MacHOMY BBIIOJHEHHIO PadoOT
CeroJHsS MpeACTaBIsieT co0oil Benymmit  Qakrop
obecrieueHns! T0OJDKHOCTHOTO YPOBHS OXpaHBI TPYZA,
MOCKOJIbKY OCHOBHBIM pecypcom pasBUTHS
COBPEMEHHOI'0 OOIIECTBA SBJISIOTCS JIFO/IU, CTIOCOOHBIE
K MOWCKY Y OCBOEHHMIO HOBBIX 3HAHUH W NPUHSITHIO
pemIeHni B HeCTaHAAPTHBIX CHTYAITHSIX.

B cBoeit cratee Cepmtox B.C. u Kprsicor U.C.
«IToBpimienne 3¢ ¢pexTUBHOCTH O0OydYeHHs OXpaHe
Tpyna pabOTHUKOB u po¢eCCHOHATIBHOM
MEPENOATrOTOBKY CIIEIMATIICTOB [0 OXpaHe TpyJAa Ha
OCHOBE CHCTEMBI [JHCTaHIMOHHOTO OOYy4YeHHs |
koHTponst 3HaHmit «EduCenter»» oTMeuaroT, 4TO
JelcTBHs pabOTHHUKOB, HApYIIAIOIIMX TPeOOBaHUS
OXpaHbl Tpyla, CHWXAIT 3(PQPEKTUBHOCTH TPYyAa,
SIBJISIFOTCSI IPUYMHON aBapuii M HECUACTHBIX CITydaes,
npodeccHOHANBHEIX  3a0oyieBaHWHA,  BEOYT K
JIOTIOTHUTEITHHBIM (MHAHCOBBIM 3arparam
npennpusaTus. Takum o6pa3om, o0yueHue paboTHUKOB
0 OT HuMeeT He TONBKO COIHMalbHOE, HO U
HSKOHOMHYECKOE 3HAUCHHE.

3unbkoBckas C.M. B cBoeit pabote «CucreMmHoe
M3yYCHUE YeIIOBEUeCKoro (akropa B  OMACHBIX
npodeccuax» THcana, YTO OOYJaroIIUiics Hrpaet
BEeOYyIIyI0 poib B (HOPMHUPOBAHWUM MOTHBAIMA U
ompeneneHun nenei ooyuenus [9]. [losTomy m3ydeHne
MOTHBAITMOHHO-TIOTPEOHOCTHOH c(ephl COTPYIHUKOB
[0 Pa3TUYHBIM HAIMPABICHUAM CHCTEMBI YIIPaBICHUSL
OXpaHoil TpyAa sIBIsIeTCS HEOOXOAMMBIM YCIIOBHEM
1eJiernoaranus, 0Toopa coepxKaHus, BEIoopa GopM u
CpelcTB 00yUeHusl.

OCHOBHBIE TEXHMYECKHE OTallbl, C KOTOPBIX
oOydJaroliye OpraHu3alid HAYMHAIOT —OKa3bIBaTh
YCIIYTHY MO JUCTAHIMOHHOMY O0Y4EHHIO — 3TO TOKYITKa
TEXHUKH W MPOTPAaMMHOTO obOecriedeHus. Takxke, Kak
cuuratot [Hanpuna E.B., Unesec I'.H., Cepreesa C.C.,

Ba)kKE€H COCTaB TaJIaHTIIMBBIX TPaMOTHBIX
npenoaaBaTenen " KypaTopos, YMEIOIINX
UCIIONIB30BAaTh ~ COBPEMEHHBbIE  HMH(OPMAIMOHHO-

KOMMYHUKAITUOHHBIC TEXHOJIOTUH, a TaKKE CO3/1aTh U
ylIepXKUBaTh Ha JIOJDKHOM YpPOBHE HEOOX0auMmoe
y4e0HO-METOIMUECKOe 00ecIeueHIe, CAUTAIOT aBTOPHI
paboTs!

Jlst Bcex MOCTyNaronyx Ha paboTy JIUII, a TakKe
U1 pabOTHUKOB, NMEPEBOAMMBIX Ha JIPyryro paborty,
paboronarens WM YINOJHOMOYEHHOE UM  JIMIIO
00s13aHBI NIPOBOJNTH MHCTPYKTaXX MO OXpaHe Tpyna,
OpTaHHM30BHIBaTH OOy4YeHHE O€30MacHBIM METOIaM M
IpueMaM BBIIOJIHEHHSI PabdOT M OKa3aHus NepBOi
TTOMOIIH TIOCTPAABIIHM.

CyTtp moboro o0y4eHHs 3TO — KOMIUIEKCHBIH
Ha0Op HECKONBKHMX B3aMMOCBS3aHHBIX  Y4eOHBIX
nporieccoB. Kaxkplii M3 3TUX MPOIECCOB BBIMOIHIET
CBOIO QYHKITHIO B TTOJTYYSHUH 00YJIArOIUMUCS 3HAHUH
U OIpeAesseT Asi OpraHu3aTopa OOYy4eHHs BHbI
KOHTPOJISI, KOTOPBIE B CBOIO OYCPCIb CTAHOBATCA
CPE/ICTBOM yIiTyONeHHs ¥ 3aKpeTUICHHsT 3HAHU .

Ha paHHBIE MOMEHT 1O OXpaHe Tpynaa
BBIJICTISIIOTCSL 1B OCHOBHBIX BHJAa OOy4YeHHS — 3TO
KJIACCHUUYECKOE U IUCTaHIIMOHHOE 00y4YeHHeE.

BoiesieHne HepenIeHHBIX paHee YacTel o01mei

npoodJeMbl.

OKCTpEeHHBIN IIEPEHOC 00yueHHs B
JUCTAaHIIMOHHBIH (popMaT B YCIOBHUSIX MMAaHAEMUN UMEET
CYIIIECTBEHHEIE OTIIUYUS oT MIPaBUIIBHO
CIUTAHMPOBAHHOTO  KJIACCHYECKOTO  OOydYeHus U

OHHaﬁH'O6y‘{eHI/I${ Ha OCHOBC€ MAaCCOBBIX OTKPBITBIX
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OHHaﬁH-KprOB. O6pa30BaT€J'II)HI)Ie OopraHnuianuu,
BBIHYKICHHbBIC pa6OTaTL CcOo CJlymiaTejisiMu
JUCTAHITHOHHO B OCIIAX CHUXKCHUA PUCKOB

pacnpocTpaHeHUs: KOPOHABUPYCa, HOJIKHBI 0CO3HABATh
9Ty PpasHHULy TMpH OueHKe S(QPEKTUBHOCTH TaKk
Ha3bIBaeMOro "OHJaiH-00ydeHHsA" C IPUMEHEHHEM

MUCTAHIIMOHHBIX ~ OOpa3oBaTeIbHBIX  TEXHOJIOTHH
(AOT).

Ieanb cTraTbu.

Lenpto  Hay4yHO-MCCIENOBATENBCKOW  CTAThbU

SABISICTCS  BBIABIEeHHE Oomee 3¢ddexktuBHOrO U
Oe3omacHOTO MeToma OOy4eHHs paOOTHHKOB II0
oXpaHe TpyJa B ycioBusax nangemuu supyca COVID-
19. 3apgaueil sABIsIeTCS PAcCMOTPEHUE U CPABHEHUE
MEXKIY COOOH aKTyalbHBIX METOIOB OOYYCHHUS
pabOTHUKOB MO OXpaHe Tpy/a.

H3noxkxeHne 0CHOBHOTO MaTepHaJia.

Kilaccuyeckoe o0yueHnue mo oxpase Tpyaa

Knaccumueckoe o0OyueHne 1o OxpaHe Tpyna
ABJsIeTCS 0a30BBIM M (YHIAMEHTAIBHBIM 3JIEMEHTOM

-

CHCTEMBI KOHTPOJISL M 00y4eHHs paOOTHUKOB BOIIPOCaM
OXpaHbl TpyJla U Oe30macHbIM METoJaM, M IpHeMam
BBITIOJTHEHUSI paboT [2].

Jlexnuyu 3aHMMAlOT OJHO M3 BEAYIIUX MECT B
yueOHOM Ipoliecce IpH MOATOTOBKE PyKOBOJUTEINCH 1
CIHELMAIUCTOB, B T. Y. U IO OXpaHe TpyHa.
JIeKUMOHHBIE 3aHATHS, TA€ CIYMIATeIH H3Yy4aroT
OCHOBOIIOJIATAIOIINHN YIeOHBII MaTepHall, H3JIaracMbIi
B Ppa3BEpHYTOH, CUCTEMATHYECKOH, JIOTMYECKU
CTPOWHOW W TOCIIENOBATEIBHON (hopMe, TPOBOISATCS
10 OOJIBIIMHCTBY BOIIPOCOB NPHMEPHOI MPOTrpaMMBbl
oOyuenus [4].

Ilo psany BompocoB, HarpuMep, OKa3aHUE MepBOH
MOMOIIY, IPAKTUUECKUE 3aHATHS SIBJISIOTCS BeAyluei

OpraHu3aIoHHoN Qopmoit oOyuenus. bBosbpmie
BO3MOXKHOCTH  COBEPIICHCTBOBaHHS  MOATOTOBKHU
CICIHANIUCTOB  OTKPBIBACT  XapaKTEPHBIA  JUIs

MPAKTUICCKUX 3aHATHI HeHOCpeHCTBCHHLIP‘I KOHTAaKT
npenoaaBaTeysa U cnymaTeneI‘/'I.

-

KNACCHYECHHE B OPMATDI

OBYYEHHA NO OT

o

.

Pucynox 1. Knaccuueckue gpopmamor 00yuenusi no oxpane mpyoa

Hecmotps Ha akTHMBHOE pa3BUTHE TEXHOJIOTHI B
o0y4eHuu, 0 CHUX TMOp MHOTHMHU JIOABMH OYHBIN
(dhopMmaT 00yUeHHST BOCHPHHIMAETCS TOJIBKO Ha YPOBHE
ayTUTOPUH H CTOSIIETO Mepe]] Hel JIEKTopa, BEAYIIEro
MoHosior. Ho He crouT 3a0bIBaThb O TOM, YTO B
COOTBETCTBUU CO cTarbed 2 dDenepalbHOr0 3akoHA
Ne273 «O6 obpazoBaruu B Poccuiickoit deneparum»
oOydeHHe — 0JTO [EJNCHANPABICHHBIA IIPOIECC
OpraHu3aIy  JEeATEJbHOCTH  OOYYaromMxcs 10
OBJIAJIEHUIO HE TOJBKO 3HAHUSMH, HO U YMEHUSIMU U
HaBblkaMu. OUYEBHIHO, YTO TIOCPEACTBOM TOJBKO
MPOCTYIIMBAHUS JIGKIIMM TPUOOPECTH YMEHHUS U
HaBBIKH HEBO3MOJXKHO, COOTBETCTBEHHO
HEOTHEMJIEMBIM 3JIEMEHTOM JIFOOOTO OYHOTO O0YICHHUS
JOJDKEH OBITh pakTUueckuit 670k [1].

DNeMeHThl TNPAKTUKU BHEAPSIOTCS B OYHOE
oOyueHHe Ppa3IuYHBIMU METOJaMH. Yacto
UCTIONB3YIOTCS  pabouue TeTpaad, NPAKTHICCKUE
3aJlau, POJIEBBIE WIPbI, TPEHAXKEPHl, HAarJsAHbIE
mocoOust 1 Tak najiee. [IpakTuka mo3BoJisIeT HE TOIBKO
JIOCTHYh TieNiell 0OydeHHsl, HO W CHenaTh CEeMUHAp
Oonmee  WHTEpeCHBIM,  chymarened —  Ooiee
BOBJICUEHHBIMH, a pe3ynbTar - Oonee
s pexTBHEIM [5].

KBecT wiin MHBIMU CIIOBaMHU UTPa 10 CTAHIIHSIM
— 93TO HamOollee aKTHUBHBI BapHaHT IIPOBEICHHS
ouHOro oOyuenwms. MrpoBoi ¢opmar mojapazymeBaet
OTIPEJICNIEHHYIO Pa3BIIEKATEIbHYIO COCTABIISIONIYIO, HO
OCHOBOW KBECTa B JIOOOM Cllydae BCErJa SBIISIOTCS

BOMPOCHI OXpaHbl Tpyaa. Tak, HampuMep, B paMKax
KBECTa 10 OXpaHe TPyJda YYaCTHHKH OTPabaTHIBAIOT
HaBBIKU:

— uICHTH(UKAIMKA OMACHOCTEH U TMPOBEACHHUS
U3MepeHn BpeJHbIX (HAKTOPOB C HCIOJIH30BAHHEM
PEabHBIX CPECTB U3MEPEHUH;

— TYIICHUS] BO3rOpaHuUii;

— OKa3zaHWs MEepPBOM IOMOIIU [OCTPA/IABIIEMY
(cBoeMy  ToBapuily MO  KOMaHIEC  WIH  C
WCTIONIb30BaHNEM pOOOTa-TpEHAXKEPA);

— monbopa CpeACTB WHAMBUAYAILHOW 3alllUThI

pabOTHMKY C y4eToM YCIOBHH H  XapakTepa
BBINOJIHSAEMBIX PaboT;
—  MpOBEACHMS  IOBENCHYECKHX  AyAUTOB

0€30I11acCHOCTH 1 TaK jajee.

KoMMyHuKanmoHHass wurpa — 3TO Haubosee
WHTEPECHBIH C TOYKU 3peHHs 00y4aromuXxcsi BapHaHT
MIPOBEJCHUSI OYHOTO OOYYEHHUs C CaMbIM BBICOKHM
YpPOBHEM BOBJIEYEHHOCTH. Tak XKe, Kak M KBECT,
KOMMYHHUKAI[MOHHAs WIpa — 3TO, MPEXIE BCETO,
MEepOnpHUsTHE, HaTpaBIIeHHOE Ha pa3BuTHE
OCO3HAaHHOCTH B BOIIPOCax O€30MaCHOCTH, W TOJBKO
TOTOM — pasBiiedenue [7].

KoMMyHUKanMoOHHBIE  WTPBI  MOTYT  HMETh
pasimuunble creHapud. Hanbompimeil momyIspHOCTHIO
MOJIB3YIOTCS ~ MEPONpUATHS, HampaBICHHbIE  HA
COBMECTHOE pEIICHHE YYAaCTHUKAMHM KaKOH-1mbo
o01el 3ajaun — HanmpuMmep, HOCTPOUTh M3 KapTOHA,
Oymaru, CKOT4a M  JPYTUX  KaHIEISIPCKHUX
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MPUHAICKHOCTEH KaKOW-I1100 MPOU3BOACTBEHHBIN
00BEKT, cOONMIOasl MPU 3TOM TPEOOBAaHUS OXPaHBI
TPyJa U MPOMBIIUICHHON 0€3011aCHOCTH.

['maBHy:0 poib B KIACCHUYECKOM OOYYCHUH
urparot uHCTpykTaku mo OT, Tak kKak, UMEHHO, OT
Ka4yecTBa MPOBEICHHOIO MHCTPYKTaXKa 3aBUCHUT KHU3Hb
1 3710pOBBE pabOTHHKA.

[IpoBeneHue HMHCTpyKTaked MO oOXpaHe Tpyna
BKJIFOYAET: 03HAKOMJIEHHE paboTHHUKOB ¢
AMEIOIIMMUCS OITACHBIMU WIN BpEIHBIMU
TIPOM3BOJCTBEHHBIMHU (dakropamuy; H3ydeHHe
TpeOOBaHWI OXpaHBI TPyHda, COACPIKAIIUXCSI B
JIOKAJbHBIX ~HOPMATHBHBIX  aKTaX OpTraHU3allWH,
HHCTPYKIHUAX MO OXpaHe TPyAa, TEXHUYCCKOMH,
JKCIUTyaTallAOHHOW  JOKYMCHTAIlMH; MPUMCHCHHC
0e30MacCHBIX METOJOB U MPHEMOB BBIOJHECHUS PaboOT
[6].

Crnemmduka oxpaHBl Tpy#a © TPOBEICHUS
WHCTPYKTaXe paOOTHHKOB 3aBHCHT OT BHIA
NESATETPHOCTH OpPTaHW3aldd, HATUYUSA Pa3IMIHBIX
BPEIHBIX W OMACHBIX (paKTOPOB, BO3ICHCTBYIOMINX Ha
paOOTHMKOB W  OKa3pIBAIOMIMX  BJIMSHWE  Ha
OpTaHW3AIlMI0 OXpaHBl TpyAa ¥ PETYIHPYeTCs
[eJIEBBIMH HOPMATUBHBIMH MIPABOBBIMHU akTamH [9].

Ilpu paboTe C NEPCOHAIOM YYUTHIBAIOTCS
0COOEHHOCTH pabOUYero MecTa, CJIOKHOCTh M 3HAUCHUE
000pyIOBaHUs, KOTOpPOE OOCTYXKHBAaeTCs, a TaKKe
KBaJTH(UKAIKSA U ODKHOCTHBIC OOSM3aHHOCTUA CaMHX
paboTHuKOB. Hapsimy ¢ TmepeuHsAIMH OCHOBHBIX
BOIIPOCOB ~ MHCTPYKTaka Ha  pabodeM  MecTe
oTpeneNeHsl: (hopMa KypHalla perHCTPAIlI BBOJHOTO
HHCTPYKTaXka, popmMa mpoToKOIa IPOBEPKH 3HAHUH 110
HOpMaM, TpaBUJIaM W MHCTPYKLIUH 10 PaTHAIlHOHHON
Oe3omacHOCTH, (hopMa MPOTOKONA MPOBEPKH 3HAHUI
Mo oxpaHe Tpyaa, ¢opma KypHaja PErHCTPAIlUH
WHCTPYKTaXeH Ha  pabodem  mecte, (Qopma
KBaJTH(DHUKAIIMOHHOTO yIOCTOBEPEHHUS U JIP.

JacTaHMOHHOE 00yUYeHHe 10 OXpaHe TPyAa

B HacTosiiiiee Bpemsi TUCTAHIIMOHHOE OOydYeHHE
(mamee - JO) 3aHMMaeT Bce OONBIIYI0 PO B
MOJICPHU3AINH POCCUICKOTO 00pa3oBaHus. ['oBops o
HEOOXOMMUMOCTH TIOBBIIICHHUS 3aMHTEPECOBAHHOCTH
Kak paboTojareneid, Tak © pabOTHHUKOB, BCETO

NepcoHajja OpraHu3alid K BOIPOCaM OOy4YEHHs II0
OXpaHe TpyJa, CIegyeT OTMETHUTh, YTO A 3TOro
TpeOyeTcss  aKTUBHEE  BHEAPATh B IMPAKTUKY
00pa3oBaTeNbHBIX YCJIYr B 00JNacTH OXpaHbl TpyJa
JUCTaHIMOHHBIE (OPMBI OOy4YEeHHUs, IO3BOJIAIOIINE
YCIICITHO OCBaWBaTh Yy4eOHbIE NPOrpaMMbl BHE
3aBUCHMOCTH OT MECTa HaXOXKACHUS CIyIIaTelsl, €ro
3aHATOCTH W MOJOXXEHUS B OpraHu3anuu [4].

JO - o510 OOy4eHHE Ha pACCTOSHHH, KOTIa
MIperoaaBaTeNb " 00yJaeMBblii paseneHsl
MIPOCTPAaHCTBEHHO M KOTJa BCE WM OOJbIIas 4acTh
yueOHBIX poueayp OCYIIECTBIIIOTCS c
UCIIOJIb30BaHHEM COBPEMEHHBIX MH(OPMALMOHHBIX U
TENIeKOMMYHHKAIIHOHHBIX TEXHOJIOTHH.

J1O wuepe3 HMurepHer - 3T0 o0OyYeHue, mpu
KOTOPOM HpeloCTaBlIeHuEe 00y4aeMbIM CyIIECTBEHHOMN
yacTH Yy4eOHOro Martepuana M OoJblias 4YacTh
B3aUMOJAEHCTBUS C IIPENOAABATEIEM OCYIIECTBISIOTCS
C WCIOJIb30BAHMEM TEXHHYECKUX, IPOTPaMMHBIX H
aIMHUHUCTPATUBHBIX  CPEACTB  IJIOOANBHOM  CETH
Hureprer [7].

OtnnuutenpHOM ocobenHocThio JJO  sBasieTcs
MIpefoCTaBIeHHe 00ydaeMbIM BO3MOXKHOCTH CaMHM
noJyyath TpeOyeMble 3HaHUS, MOJb3YSICh Pa3BUTHIMU
UH()OPMALMOHHBIMU peCypCcaMy, NPeIoCTaBIsIEMbIMU
COBPEMEHHBIMH HMH()OPMAIIMOHHBIMH TEXHOJIOTHSIMHU.
WudopmanmonHbie pecypcsl: 0a3bl TaHHBIX M 3HAHHH,
KOMIIBIOTEPHBIE, B TOM YHCJIEe MyJIbTUMeEIHa,
o0ydaroliye U KOHTPOJIMPYIOIIUE CHCTEMBbI, OHJIAHH-
TpaHCISIIUK JICKIUH, ydacTne B BeOMHApax, BUAEO - U
ayZMO3aIliCH, 3JIEKTPOHHBIE OMONIMOTEKH - BMECTE C
TPaAWIMOHHBIMH yYCOHHMKAMH M METOIMYECKUMHU
MOCOOMSMH CO3/Al0T YHHUKAJIBHYIO paclpe/ieeHHYI0
cpeny o0y4eHUsl, JOCTYITHYIO IIMPOKOH ayAUTOPHH.

B nameit crpane JIO mMOCTENmeHHO W YCIENIHO
JOMIONHSET  Kjaccudeckue ¢opmaTel  0OydUeHHs.
MoauduurpoBanHbie Gopmarsl 00y4eHHs 0 OXpaHe

Tpylla CerojJiHs pacCMaTpUBAIOTCS Kak  camoe
COBPEMEHHOE CPEJICTBO MOBBIIICHHS YPPEKTUBHOCTH U
0e30MmacHOCTH pabor, umest noj coboit
3aKOHOJATEJbHYI0O  OCHOBY W  M[paBO  OBITh

WCIIONIb30BAaHHBIM  00pa30BaTENbHBIM  YUPEKIACHHEM
TIpH OpraHu3anyu yuedHoro mpormecca [11].
Tab6muma 1.

MopuduuupoBaHHbie (pOPpMATHI AUCTAHIMOHHOIO 00YUeHHs N0 OXpPaHe TPyaa

Knacciueckue popmaTsr
o0yUeHHS

MomuduimpoBanHble (JOpMaThl AUCTAHIMOHHOTO O0YYCHHS

Jlexums

[penocrasieHne ANMEKTPOHHBIX YYEOHBIX MATEPHAJIOB, BKITFOYAFOIIINX:
- BHYTPEHHIOIO HABUTALIUIO TI0 Pa3zierniaM Kypca, B TOM YHCIIe pa3BepPHYThIE

- BHCIITHIOIO HABUTAIHIO 110 HHTECPHET-UCTOYHHUKAM, COACPKATUM HH(pOpMaL[HIO 110

- AHUMAIIMOHHBIC MOACIIN,

TUTICPCCBUIKH,

Kypcy;
- TJIOCCApHIA;

- 3D-Mozenu.
- Buneoneximus;
- BeOunap.

Cemunap

JIMcTaHIMOHHBIHM ceMHHap — 00cykIeHHe Ha (JopyMe B pexumMe odJIaiiH.

HpaKTI/ILIeCKOG 3aHATUC

DJIEeKTPOHHBIE IPAKTHKYMBI, TPEHaXKEPhI, aTIIachl U JIp.

CamocTosiTenbHas
pabota

OOMeH paboTaMH B 3JIEKTPOHHOM CHUCTEME YIIPaBJIeH!s 00y4eHHEM, MTO3BOJISIOICH
OpraHU30BaTh ONEPATUBHYIO MPOBEPKY U OTIPABKY HPUCIIAHHON pabOTHI CITyIIaTeNo Ha

JIOpaboTKYy.
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Texymmii 1 UTOTOBBIN
KOHTPOJIb

Orpoc 110 BHICOKOH(DESPESHIICBSI3H.

VY naneHHoe TeCTUpOBaHUE;

Koncynpraimu

Bo3moxHBI B pexxnMax odJIaiiH U OHJIalH

Uro kacaercsi MpeuMYLIECTBA JAUCTAHLMOHHOTO
o0yueHHs B IEIOM TI0 CPAaBHEGHUIO C JPYTHMHU
(dopmamMu n MeToaMH OOYYEHUs, TO 31eCh, MPEXJe
BCET0, MOKHO Ha3BaTh CIEIYIOLIHE:

- BO3MOXKHOCTb 00Yy4eHHsI 0€3 OTpbIBa OT PabOTBHI,
CHIDKEHHE U3JIepiKeK paboTomaTens;

- MHTEPaKTUBHOCTh W OPHUCHTHUPOBAHHOCTH Ha
MIPaKTHKY;

- YOOOHBIH pexuM: 00ydeHne B JII000e BpeMs U B
JIF000M MECTE;

- BO3MOXHOCTh JIOCTyma K 0a3aM JaHHBIX
JNCACTBYIOIIMX HOPMATHBHBIX IPAaBOBBIX  aKTOB,
(hopMaM TOKYMEHTOB, METOJAMYCCKIM aHUMAI[HOHHBIM
pa3paboTkam;

- TIOCTOSTHHOE B3aMMOJICHCTBUE MPENOJIaBaTeNs U
o0yuyaemoro c MTOMOIIBIO COBPEMEHHBIX
HHPOPMALIMOHHBIX CPEIICTB;

- ydacTHe B  BHICOKOHPEpEHIHAX  C
mpeAcTaBuTeNsIMiH  MuH3apaBcoupassutus  Poccuw,
KOHTPOJIBHO-HAI30PHBIX OpTaHoB, ®donna
COLIMAIFHOTO CTPaXOBAaHMUS, BEAYIINMH IKCIIEPTAMHU B
o0acTé oXpaHbl TpyZa.

[lpu opraHu3alUy TUCTAHIMOHHOTO OOYYCHUS
HCOOXOMUMO YYHTHIBATH TOT (DAKT, YTO KaKIBIN
oOyuaromuiics oOmagaer UHIUBUIYATbHBIMU
OCOOCHHOCTSIMM B YacTH BOCIPHUATHS  Y4eOHO-
METOJMYCCKIX MATEPUAIOB — OJHU MPEIINOYUTAIOT
u3ydaTh TEKCTOBYIO HHGOpMAIMIO, a JpyTruM
HEO0X0IMMO ayJHOBU3yallbHOE COMPOBOXKAEHHE [12].

CormacHo wuccinepoBanusiMm  AO  «Kuouackuit
WHCTUTYT OXpaHbl U YCIOBHU TPyIa», MPOBEACHHBIM
Ha OCHOBaHWUHM CTaTHCTUKHA  y4yeTra  JCWCTBUH
MOJIH30BATENICH B CHCTEME JUCTAHIIMOHHOTO O0yIeHUs
(BbiOOpka mopsinka 15 000 wuernosek), 63,47 %
MOJIb30BaTENeH TOTPAaTHJIM B JBa pas3a OoJjblie
BPEMEHM Ha MPOCMOTP BUICOJIEKIIUN U MPE3CHTAIINM,

Y€M Ha MU3YYCHHE TEKCTOBBIX MAaTCpUaIOB. 9710
CBUACTCIILCTBYCT (6] TOM, 4qTo Ka4CCTBCHHOC
JUCTAHIIMOHHOE  O0y4eHHe  HEBO3MOXXHO  0e3

MaKCHMaJIbHOTO OXBaTa (opmMaTa Mojaddl yY4eOHBIX
MaTepuagoB — Ha4yMHas OT TEKCTOB W 3aKaHYMBas
BUICOPOIIUKAMHU, B TOM uuncie B popmare 3D u VR.

B HacTosimee BpeMsi OrpOMHYIO MOMYJISIPHOCTD
NpUOOPETAIOT StOry-Kypchl, KOTOPBIE IPEICTaBIISIOT
co00lf, Kak TIpaBWJIO, CIOKETHYIO IPE3EHTAINIO C
AIIEMEHTAaMH UTPHI, THO0 CIOKETHBIH BHICOPOIHK FIIH
BUACOPOJIMK B (opMaTe HHTEPBBIO. Story-Kypcsl
MOCTPOCHBI TAKHUM 00pa3oM, 9TO y OOyJarouruxcs
BO3HHKAET JKEJIAHHE BO YTO OBl TO HU CTaJlO0 MPOUTH
oOyueHne OT Hadaja M a0 KoHIA. KadecTBeHHO
CAETaHHBIE StOry-Kypchl MO3BOJSIOT HE TOJBKO
JOHECTH HWH(MOpPMALUIO 10 4YeloBeKa, HO U
MOTHBHPOBATh €0 Ha BBIOJIHEHHWE TEX WJIM HMHBIX
JeWcTBuH, MO0  HAoOOpOT  YAEP)KHBAIOT  OT
COBEpUIEHH HEBEPHBIX NOCTYNKOB. C TOUKH 3pEeHUS
o0ydeHuss B 00JacTH OXpaHbl TpyJAa Takas (yHKIUS
story-kypcoB sIBIIsieTCsl KpaiftHe BocTpeOoBaHHOM [3].

3ayacryio JIICTaHIOHHOE o0yueHue
BOCIIpUHUMAeTCsl paboTojaresisiMi Kak (hopMaibHOE,
TO €CTh HE KaK MOILIecc, HAlPaBJICHHBIN Ha IOTyYeHHe
3HaHMH, a KaK MPOIECC MEPOIPUSTHUE, LIEJIBI0 KOTOPOTO
SIBJISIETCSI TIOJTy4EeHHUE YIO0CTOBEPEHHH 0e3 MpoBeIeHUS
0o0ydeHHs KaKk TaKOBOTO.

I[Ipy >TOM B COOTBETCTBHH CO CcTaThei 16
®enepanpHOTO 3aK0HA OT 29.12.2012 Ne 273-®3 «O6
obpazoBannu B Poccuiickoit @enepanmmy, oOyueHne ¢
UCTIONB30BaHMEM JHCTAHIMOHHBIX 00pa30BaTEIBHBIX
TEXHOJIOTHH SIBIISICTCS. HOPMAaTUBHO 3aKpEIJICHHOMN
(dopmoil monmydeHuss 00pa30BaHMS MO Pa3IUYHBIM
HAaIpaBJICHUSM ITOITOTOBKH 32 UCKITIOUECHHEM CITy4aes,
HPAMO IIPEYyCMOTPEHHBIX 3aKOHOIATENIBCTBOM [1].

Tak, npukaszom MunoOprayku ot 20.01.2014 Ne

22 YTBEPKICHBI Ilepeunnu npodeccuit u
CIEIMATBHOCTEH  CpemHero  mpodeccHOHAIBHOTO
o0pa3oBaHw, peanuzarus 00pa3oBaTEeIbHBIX
IporpaMM IO  KOTOPBIM HE  JONYyCKaeTcs ¢
MIPUMEHEHNEM HCKITIOUYNTETHHO 3JIEKTPOHHOTO
00yJeHUs, JMCTaHIIMOHHBIX 00pa3oBaTEIbHBIX
TexHonoru. Uro kacaercsi oOydeHHs paOOTHHKOB B
obJyactu OXpaHbI TpyIa, JICUCTBYIOLIIM
3aKOHOJATEJIbCTBOM HE MPEIYCMOTPEHO HaJIU4He
KaKuX-JIM00 OTpaHUYCHUH, CBSI3aHHBIX c
NPUMEHEHHUEM JIMCTaHIIMOHHBIX  00pa3oBaTEIbHBIX
TEXHOJIOTHH.

KauecTBeHHBIH 3JI€KTPOHHBIN KypC Uil 00y4YeHUs
10 OXpaHe TpyJa — 3TO Pe3yiabTaT paboTel OOIBIION
TpyTIIbl CHEIHATHCTOB.

B uncno 3THX crnenuanucToB BXOIAT JIOAU
COBEPIIEHHO Pa3HbIX MPOQECCHid:

— CHeNMaNUCTBl WH()OPMAIMOHHOTO OT/EeNa,
3aHUMAIOIHECS noabopxoit aKTyaJIbHOI
HOPMAaTHUBHOMU MPaBOBOH 0a3sl;

— OmepaTopbl, OCYNIECTBIIOIINE BHICOCHEMKY
JICKITUI;

- IT-cienmanucTsi, OCYILIECTBIIAIOIINE
pa3paboTKy, TEXHHUYECKYIO TOJIEPKKY U OOHOBIICHHE
CHCTEMBI AUCTAHIIMOHHOTO O0YUCHNS;

- METOJIMCTHI, MOIOUpPAFOIITHE u
CTPYKTYPHUPYIOIIHE JICKIMOHHBIA MaTepHa,
— IU3aifHepHlI, TIPECTaBIISIOIINE y4eOHO-

METOJMUYECKUE MaTepHUallbl B HATJIAJHOM U JETKOM ISt
MIOHUMAaHHUS BUE.

Pazpabotka 3JIEKTPOHHOTO Kypca HE
3aKaH4YMBAaeTCs Ha »Jrame ero 3amycka. Cambiid
OonbIION MaccUB pabOTHl  3aKIIOYaeTCI B €ro
NIOCTOSIHHOM aKkTyanusauuu. Tak, HanpuMep, B IEpUOL
¢ 2015 mo 2017 rr. Tonbko B chepe OLEHKH YCIOBHHA
TpyZna OBUIO TNIPUHATO MOpsIka 45 JTOKYMEHTOB. 3a
nocnennue 5 et Muntpynom Poccun BBeaeHO B
JeiictBue 18 HOBBIX NHpaBWJI MO OXpaHEe Tpyda Ui
pa3IMYHBIX BUIOB YKOHOMMYECKOH JAeATeNbHOCTH. B
LIeJIOM,  ©XKErogHo B cdepe OxpaHbl  Tpyna
npuHUMaeTcsi 6osiee HOBBIX 80 TOKYMEHTOB, MHOTHE
JNEHCTBYIOIHE  HOPMATHBHBIE  IIPABOBBIC  aKTHI
AKTYaIM3UPYIOTCS C yYETOM COBPEMEHHBIX pEanii.
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CoOOTBETCTBEHHO aKTyalu3alysl 3IEKTPOHHOTO Kypca —
9TO TOCTOSHHBIE M JOPOrocTosIuil  Imporecc,
00yCIIaBNUBAIOIIUI €10 CTOMMOCTb, COIIOCTABUMYIO CO
CTOMMOCTBIO 0YHOTO 00y4eHus [10].

CpaBHeHHe MeETO/I0B M CPe/CTB 00y4eHHs IO
oXpaHe TpyAaa

ITpoBoas aHAIM3 METOAOB M CPEACTB OOYIECHUS 11O
OXpaHe TpyJa, a UMEHHO CPaBHUBAs MEXIy CO00M

KJIaCCHUYECKOEe, AMCTAHIIMOHHOE, HEOOXOJUMO JeJaTh
9TO B OAMHAKOBBIX M PaBHBIX YCIOBUSX [UIs BceX Gopm
o0yuenus [13].

Jns maHHOTrO McclenoBaHHs ObLia pa3paboTaHa
Tabnuna KpUTEpHEB, C TOMOIIBIO KOTOPOW MOKHO
CpaBHUTH (POPMBI 0OYUCHUS 110 OXpaHEe TPy/a.

Tab6muma 2.
Tabauna kpuTepueB cpaBHeHHs1 BUIOB 00y4yeHus mo OT
Bunsr o0yueHus
Kpurepuii cpaBHEHUS JIMCTAHITHOHHOE
Knaccuueckoe o0yueHue
o0yueHHe

JoctynHoCTh HHpOpMaNU

AKTyansHOCTh HH(pOpManu

MoyapHOCTb

MaccoBocTb

Pa3nooOpa3sue noayuaeMoi HHGOpManuK

OOyueHne  HE3aBUCHMO  OT
MECTOHAX OJKICHUU

BpEMCHU n

CamocTosITeNbHast IIpOBEpKa 3HAHUN

KonTpons o0y4denust

+ +

OO0parHas CBsI3b

OCHOBHBIMU KPUTCPUSAMU CPABHCHUSA BbIACIICHBI:

e JloctynHocTh HHGOpPMaUU — KpPUTEPHUH,
O3HAYalolIMil, 4YTO TMoJy4YeHHe W padora cC
uHdopmanmeit HIYEM He OrpaHUYeHa;

e AKTyanbHOCTh HMHGOPMAIMH — KpPUTEPUi,
03HAYaIOIIUHI, 4yTO nHpopmanus OTBEYAET

COBPEMCHHBIM HOPMATUBHO ITPABOBLIM JOKYMCHTAM;
o MO,Z[yJILHOCTB - KaxJaas oTACJIbHasA TEMa UJIN
pdaa TEM, KOTOPbIC OCBOCHBLI CilyllaTeJeM, CO34ar0T

LEIOCTHOE  MpeAcTaBlIcHHEe 00  OmpeesieHHON
MPeIMETHOU 00JIACTH;
e MaccoBOCTh — KOJHMYECTBO 00ydYaeMbIX

MOJKET OBITh HEOTPaHUUEHHBIM;

e PasHooOpasue mosydyaeMoil UH(pOpMAIUH —
KpUTEpHUH, O3HAYaIOIINH, 4To noJly4aemas
CITyIIaTeNs MU uH(popMaLIHS MOXKET OBITH
MpecTaBjieHa B pa3HbIX opmatax (Bugeo, VR);

e (OOydyeHHe HE3aBUCHMO OT BPEMEHH U
MECTOHAXOXKJICHUN — KPUTCPHUH, O3HAYAIONIUH, 4YTO
CIIyIIATENh MOYKET IPOXOIUTE 00ydeHHE HE TOJIBKO Ha
pabodeM MecTe WK B y4eOHOM Kilacce, HO U B JTF000OM
YIOOHOM JJIst HETO MecTe;

e CaMmocrosiTeJbHAs NpPOBEpPKa 3HAHUH —
KpUTEPHH, O3HAYAIOIIUH, YTO 0O0ydaeMbli MOXKeT
CaMOCTOSITENIbHO IIPOBEPUTh COOCTBEHHbIC 3HAHUS,
HE3aBUCHUMO OT OLICHKH U YPOBHS IMOATOTOBKH,

e KoHTpons 00yueHHs - KPUTEPHIA,
no3BoJIsTIOIMiA crieranucty o OT oneHuTh Ka4ecTBO
MIPOBEJICHHOTO 00y4YeHNs y paOOTHHKOB;

e OOparHas CBS3b — KpUTEpHH, O3HAYAIOUINH,
YTO B Iporecce 00y4yeHus! pabOTHUK MOXKET 00paTHTCs
K CHENUAJINCTy, IPOBOJSIIEMY OOy4eHHE, C JHOOBIM
TEMaTUYECKUM BOIIPOCOM [6].

[JanHas Tabinuua HaMIAAHO —JIEMOHCTPUPYET
IUTIOCBI W MHHYCHI KaXaoil (opMbel 0Oy4eHHs.
Buiarogapst 5TOMy MOXHO CpaBHUTB KaXIblil KpUTEpUH
MeXTy co00M A KaXKJ0r0 O0yUIeHNS.

BbIBOABI U IpeAI0KEHN .

ITpoBens ananmu3 ¢opm OOyUeHHUS NPH MOMOIIH
TaONMuIpl KpPUTEpUEB BHJHO, YTO JIMCTaHIMOHHAs
(dopma oOyueHus (puc. 2) o oxpaHe Tpyzaa Habpasa 6
IUTIOCOB TI0 TabiHIle KPUTEpHEB, a KIIACCHYECKOE
oOyueHue 3.
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CPABHEHUE ®OPM OBYYEHUA NO TABJ/IMLIE KPUTEPUEB

3 4 5 6 7

Konunyecrtso nawocos B Ta6l'IVILI|e Kputepues

AnctaHumoHHoe obyyeHne

Knaccuueckoe obyyeHume

OncTaHuMoHHOe obyyeHne

6
3

Knaccuyeckoe obyyeHuve

Pucynox 2. Cpasnenue ¢popm obyuenus OT no mabauye kpumepues

CpaBHEBas MexIy co00i (GopMBI OOYUCHHS IO
OXpaHe TpyAa IO TaONWIE KPHUTEPHEB, MOXKHO C
YBEPEHHOCTBIO CKa3aTb, YTO OOy4YeHHe pabOTHHUKOB

OXpaHe Tpyza TIpd IOMOIIM JHCTaHIHOHHOTO
oOydeHuss sBisiercss Haubojee OS(GQPEKTUBHBIM |
NPEeANOYTUTEIBHBIM, OCOOCHHO JTO aKTyalbHO B
ycnoBusix  manpemun  Bupyca COVID-19, mno

CpaBHEHHUIO C KJlaccuueckod Gpopmoii oOyueHusl.
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