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ANALYSIS OF APPLICATION BUILDING INFORMATION MODELING IN THE WORLD AND
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AHAJII3 BACTOCYBAHHS METOAY IH®OPMAILIMHOI' O MOJIEJIIOBAHHS CIIOPY ]
Y CBITI TA YKPATHCBHKI PEAJITT

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.

AHoTtanigs. Y po0OoTi HaBeJEHO aHalli3 CBITOBOrO JOCBiJy, IIOJO BIPOBaKEHHS TEXHOJOTIH
iHpopMaliiHOro MoJeNtoBaHHs Oy/IiBesb Ta CrOpyA. B TenepiuHiii 4ac B TEXHOJIOTIYHO PO3BHHEHHMX KpaiHax
(CHIA, BemukoOpwuranii, kpainax IliBHiuHOi €Bpomm, ®panmii, HiMeuunHH) B MpaKTUKy HPOCKTYBaHHS i
OymiBHMLTBA OyIiBeNb Ta CHOPYA PIi3HOTO TpPH3HAYCHHS IHTEHCHBHO BIPOBAIKYIOTHCS TEXHOJOTIT
iH(pOpMaLiHHOTO MOJICTIOBaHHS. 3a OIIHKaMU 3apyOi’KHUX (paxiBIIiB, BIIPOBaPKEHHS TEXHOJIOTIi iHGOpMAIIITHOTO
MOJICITIOBaHHSI 3a0e31euye CKOpOUEeHHsI BUTpAT Ha OYy/[IBHUITBO 00'€KTIB, 10 (piHAHCYIOTHCS 3a PaxyHOK KOIITIB
Jiep>kaBHOTO Or0KeTy Ha 25%. CKOpOUeHHS BUTPAT Ha €KCILTyaTalilo CTaHOBHUTH oHA[ 35%. Takok po3risHyTo
OCHOBHI 3acanu BrpoBaukeHHS BIM B VYkpaiHi, mo perymoerscsi KoHmeniiiero BOpoBaKeHHS TEXHOJOTIH
OyxisensHOTO iH(OpMariitHoro moxemoBanHs (BIM-texHosmoriit) B Ykpaini. Criuparodrchk Ha HaBeJeHE CIiJ
3a3HAYMTH, 10 B YKpAiHi CIiJ 3MiHUTH Maike BCIO CTPYKTYPY KOHTPOJIIO B Tay3i MicTOOYIiBHOI IiSUTBHOCTI 3
POo3po0OKOI0 METOZIB BH3HAUYEHHS KPHUTEPiiB Ba)IMBOCTI iH(GopMaIli mpu CTBOpeHHI iHpopmamiitHOi Momerni
CHOPYIH.

Key words: building information modeling, life cycle.

Kouosi crosa: mexuonoeis inpopmayitinozo Mooenosants 6 0yOIGHUYMET, HCUMMEGUU YUKIL.
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Beryn. 3a oninkamu 3apyOixkHuX  (haxiBLiB,
BIIPOBAIXKECHHS TEXHOJIOTI1 iHpopMauiiHOTO
MOJICTIIOBaHHs 3a0e3leuye CKOpOYCHHS BHUTpAaT Ha
OyniBHMLTBO 00'ekTiB [l], mo (iHAHCYIOTBCA 3a
paxyHOK KOIITIB JAepxkaBHOro Owomkery Ha 25%.
CKOpOYEHHSI BHTpaT Ha EKCIUIyaTallilo CTaHOBUTH
noHap 35% [2]. 3aBasixu popmyBaHHIO iH(OpMAaIiiHOT
MOJIeNli - €TUHOTO iH(QOPMAIIHOTO pecypcy Ipo
00'eKT KamiTadbHOTO OYyIiBHHIITBA Ha YCIX eTamax
JKUTTEBOTO UKy OymiBmi Puc.l. - 3abesmedyeTbes
OimpI eeKTHBHE B TOPIBHAHHI 3 TPaTUIiHHIMHI

ITpoekr

fr
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3aBHAHHSN

el
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&

Excnnyarauis
Ta PEMOHT ——

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

3aB1aHHs Po0OTH BUKOHATH aHANI3 CBITOBOTO
JOCBiny, 10710 BIIPOBA/DKCHHS ~ TEXHOJOTIH
iH(hOpPMAIIHHOTO 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 BIIPOBA/KYIOTHCS
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
NPY TIPOEKTYBaHHI i OyJIBHUITBI 00'€KTIB 32 paXyHOK
KOWITIB JiepkaBHOro Oroypkery. IlomiOHI BHMOTH
MOCJIIZIOBHO  BBOJMIIMCS OKPEMHMH JIepPKaBHUMH
3amoBHuKamu: B CHIA 3 2003 poky, B psai KpaiH
€ppormn i A3sii 3 2007 pokxy. Hdani kpoku 3 OOKy
JIep)KaBU  3a0€3MeUmIn 3HaYyHEe NPUCKOPEHHS pIiBHS
BIpoBapKeHHs BIM-TexHomorii. Y 2012 pomi B CLIA
6inbmie 70% yuyacHUKIB OyNiBEIBHOTO PUHKY 3asBHIIH
PO BHUKOPHCTaHHS TEXHOJOTIH iH(opMauiiHOTO
MOJICTIIOBaHHS B CBOiX NPOEKTaxX, B BenmkoOpuranii B
2013 pori - 54% (3a marumu NBS [3]).

3a  JmaHMMH ~ CiHTamypchKOTO  JEpP’KaBHOTO
arenTctBa 1o OyxiBEMnTBy (BCA, Building &
Construction Authority), B 2015 pori 6inbmie 80% Bcix
OyniBenbHMX TPOEKTIB BHKOHAaHO 3rimHo BIM-

MiIXOMaMH  YOpaBIiHHA mpoektoM. [lpu mpomy
BiIOYBA€ThCS KapAWHAIBHE ITiIBUIICHHS MPO30POCTI,
3'IBIIIETECS  MOJKJIMBICTG OUIBII  TOYHOI  OLIHKHA
e(PEKTHUBHOCTI Ta L1JIEOBOIO BUKOPHUCTAHHS
OropxkeTHUX KowTiB [3]. BnpoBamkeHHIO Oynb sikOi
HOBOI TEXHOJIOTII Mepenye aHalli3 CBITOBOI'O JOCBIfY,
1070 TEMIIB, €TalliB BIPOBAIPKEHHS Ta OTPUMaHHX
pe3ynbTatiB, mus ctBopeHHs cuctemMu KPI (xrroduosi
moka3HuKN epektuBHOCTi). Came aHalli3 CBITOBOTO
JOCBiny Ta cuTyamili B OymiBenbHIH ramys3i poOHTH
po0oTy aKTyaJLHOIO TA HA Yaci.

Amnanis

PoGoua
JIOKYMCHTAIlist

i

A A
s

Bupobuuurso
7

ByniBHHIOTBO

Jlorictnka

texHonorii. Y Cinranypi cdopmoBanuii ¢(oHA
MATPUMKH ~ TIEpeXoqy Taimy3li Ha  iHHOBamiiHI
TEXHOJIOTI], 110 HaJae JOIMOMOTY MiIIPHEMCTBAM
rajgysi 3 mepexoay Ha iH(opMmaliiiHe MOJENIOBaHHSI.
CrBOpeHa cucrema EKCIepTU3U MPOEKTHOT
JIOKyMEHTAIli{ Ha HOBOMY Cy4aCHOMY PiBHi.

Y ciuni 2014 poky Oyno 3ampoNOHOBAaHO
MOTIPAaBKU B €BPOMNEHCHKY JIMPEKTUBY NPO Jiep)KaBHI
3aKyIiBIi, A€ BCIM KpaiHaM-y4acHHISIM €BPOCOIO3Y
JUIL  TIABHIICHHS TIPO30POCTI Ta e(eKTUBHOCTI
BHUTpPaYaHHS KOINTIB OFOIKETy OyJo PEeKOMEHIOBAaHO
3aCTOCOBYBAaTH €JICKTPOHHI (DOpMH, IO BKIIOYAIOTH
iHpopmamiiiHe  MoJemoBaHHS B OyNiBHHIITBI.
Ictopruni nmaHHi, momo BopoBamkeHHs BIM B
TEXHOJIOTIYHO PO3BHHEHHX KpaiHax Puc.2. [4]:

2006 CIIA. O6oB's3x0Be BuKopucTanHs BIM Ha
paHHIX eranax BCix OyIiBeJIbHUX MPOEKTIB 32 y4acTIO
JIepIKaBH;

2007 @iansgamis. BIM B cranmapti  IFC
000B's13K0BO U151 Oy IIBHULITBA 32 JIEPK3aMOBIICHHSIM;

2008 Cinramyp. PeamizoBana mepimma B CBITI
CJIEKTPOHHA cHucTeMa Oy/iBEeIbHOI eKCIepTH3M Ha
ocHoBi BIM. Ha ekcmepru3y mnotpiOHO HajzaBaTh
MPOEKTH TUTbKH B BIM-BHTIIS1];

2010 Hopseris. Bci OyniBenbHi 00'€ekTH  3a
yYacTIO JIep’kaBU BUKOHYIOThCI B BIM B ¢dopmarax
IFC/IFD;

2011 BenuxobpuTanis. O06o0B's13K0BE
BuKopucTtanHa BIM nans rpomancekux OyaiBens, a 3
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2016 poky - pansd Bcix OyaiBenmbHI 00'€KTH 32 2016 IliBgenna Kopes. BIM 00oB's3koBui 1ist

JIepAK3aMOBJICHHSM; BCiX OyAiBeNbHUX MPOEKTIB BapTicTio moHan $ 50 muH,
2012 [anis. bararo ypspoBi areHTcTBa 1 I BCiX, 0€3 BHHSTKY, MPOEKTIB MO YPSJIOBUM

BUMaraloTh BuKopucTaHHS BIM B OyxiBelbHHX  3aMOBIJICHHSIM;

IIPOEKTax; 2017 Iranis. IpuitHaTo 3akoH, 3a skuMm B 2019
2014 Toukonr. BIM  oOos'szkoBuit 1o poui BIM  o06oB's3koBuit mnst  Bcix  00'ekTiB

3aCTOCYBaHHS JJIS BCiX HOBUX OYHiBEIHHUX IPOCKTIB;

JepK3aMOBIIeHHS BapTicTio Bix 100 MIitH €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'a3x068um 3acmocysanusim BIM-mexnonoeiti npu npoexmyeanni i 0y0ignuymei 06 'ekmis 3a
PAXYHOK Koutmie oepaicasnozo boocemy Ha 2019 pik.

LDicepeno: [3, 4].

Ha VYkpaiHi BiAJIK Aep:KaBHOTO PEryJItOBaHHS Ta
BIIPOBAI>KCHHS TEXHOJIOTIH OyIiBEJIILHOTO
iHpopMaliiHOro MozentoBaHHs ciifg Bectd 3 2020
pOKy, a came 3 OOrOBOpEHHS Ta 3aTBEP/KCHHS
«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 BHKOpucTaHHI BIM-texHomoriii Ta
nepexony o «BIM-piBeHb 1» 1o 3aBepuieHHIO (a3,
CTBOPEHHST yMOB 3aKOHOJaBYOr0, HOPMAaTHBHO-
MIPaBOBOTO peryJoBaHHS Ta BIIMIOBITHOTO
HOPMATHBHO-TEXHIYHOTO 3a0€3Me4YeHHS 3 METOI0
3all0YaTKyBaHHS CHUCTEMHOrO BIpoBajkeHHs BIM-
TEXHOJIOTiH B YKpaiHi [6].

[lepenbavyaeTbcsi ~ CTBOPEHHST  YMOB  JJIs
BuKkopucTaHHs  BIM-texHonorii  Ha  00’ekTax
Oy/iBHHUIITBA IIPUBATHOTO Ta JIEP>KAaBHOT'O 3aMOBIICHHSI.
HaBuaHHs  3aMOBHHUKIB, IPOEKTYBAJIbHUKIB  Ta
eKcrepTiB BHKOpHcTaHHI0 BIM-TexHouorii, nmoyarox
BIPOBAKEHHSI (IUIOTHUX» NPOEKTIB 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

OKpeMuX O0’€KTiB, sIKI MarTh IEBHI HapaMeTpH
(BapTicTh, CKJIAJTHICTh, KJ1ac HACIIAKIB
(BiIMOBIAANBHOCTI)), B TOMY YHCII NpH peaizarii
NpOeKTiB  OyAiBHMITBA, LIO  3JIHCHIOETBCS 3
BUKOPHUCTAHHSM JICPIKABHOT M ATPUMKH [6].

IMommpenns nocsigy BmpoBamxeHHs Pa3u | Ha
OUTBII ITUPOKE KOJO JIEPXKABHUX 3aMOBHHKIB,
eKCITIEPTHHX Ta MPOEKTHHUX opraHizamiid. [IpogosxeHHs
peamizamii  «IOUTOTHHX»  TPOEKTIB Yy  YacTHHI
MIPOEKTYBaHHA Ta Oy IIBHUIITBA, IPOBEACHHS aHAII3y iX
peaurizamii [6].

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

IlepenbavaeTncs PO3IIUPEHHS KpHTEpiiB
000B’s13k0BOr0 BUKOpUCTaHHsI BIM-TexHomoriit npu
peautizaiiii IpoeKTiB OyXiBHUITBA, [0 3IIHCHIOETHCS 3
BUKOPHUCTAHHIM JiepKaBHOT MIATPUMKH.
3anpoBaKeHHs eKCIuTyaTawii 00’€eKTiB 3
BukopuctaHHs M  BIM-texHonoriii. =~ MoHiTOpUHT
pe3yibTaTiB  peaiizamii «IMUIOTHUX» TPOEKTIB Y
YacTHHI  INPOEKTyBaHHs, OyIiBHMITBa 00 €KTIB,
MMOYaTOK pealtizallis «IUIOTHUX» MPOCKTIB Ha CTafil
eKcruTyararii 00’ exTiB[6].

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

[TepenbadaeThcst 3anmpoBaKEHHST 000B’ I3KOBOTO
BuKkopuctanHi BIM-texHOmorii s BCiX IPOEKTIB
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OymiBHHMLITBA, IO 3IIHCHIOETHCS 3a  JEpKaBHOL
HiATPUMKH, 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 MPUBATHUX KOIITIB [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. Baecenns mnanyerbes Ha IV kBapTanm 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(OpMAIfHOTO
MojemioBaHHs ~ OyniBens Ta  cmopyn.  Takox
PO3TIISIHYTO OCHOBHI 3acaiu 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 MisIBHOCTI 3
pO3pOOKOI0  METOMAIB  BH3HAYEHHS  KPHUTEpiiB
BaXKJIMBOCTI iHpopmarii pu CTBOPEHHI
iHpopManiiHoi Mozeni ciopyau [7].
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JIABEPHBIN IATUMK AKYCTHUYECKHX KOJEBAHUM C UCIOJIb30BAHUEM
CBETOBO3BPAIIAIOIIENA IOBEPXHOCTH CO CTEKJIOIIAPUKAMHA

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 KOMIIBIOTEpHAsA MMHUTAIUOHHAsA MOIECIIb,
MO3BOJIAIOIIAA HMCCICAOBATh CUCTEMY JACTCKTUPOBAHHA MPU BapbUPOBAHUU IHNHUPOKOro psAla 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 PE3YJIbTATbl MOJACIIUPOBAHUA. OqepquH NEPCIICKTHUBLL

HCIIOJIB30BaHUA pa3pa60TaHH0171 MOACIIN.

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

Knoueswvie cuoea: Jasepul, akycmuka,

OemeKmopbi,

pempopeparekmoprvle  NOBEPXHOCMU,

MUKpoCcmeKaoutapuku, umumayuoHHoe MOOQJZMPOBLZHMQ, CnexKjiomempusi.

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]:

2mwAnD
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
[0,12,....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 + 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 =i
|M; M, |
. XXy
7 =—F5—>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":

Q)

_ | | (k ><E)><k
|’ xEyxke’|

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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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+ul+.+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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a.

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.
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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  the number of illuminated balls is large and does not
diameter of one bead, then the variable component in  change significantly when the beam is moved.
the detected light power becomes small compared to its An important advantage of simulation is the ability
average value. The average stays near mean value since  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  percentage of the average bead size, and the ordinate
effect of the standard deviation (SD) of the size of the  shows the power of the useful signal (blue line) and the
bead at a fixed average size. Here, the abscissa shows  value of the harmonic coefficient (red line).
the values of the relative standard deviation as a
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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.



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

[ |
EESY| |

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
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AHHOTanusi. B 1aHHOW cTaThbe pAaCCMOTPEHBI OCHOBHBIE IPHHIMIIBIL W TNPHEMBbl (OPMUPOBAHUS
TPAaHCHOPTHO-TIEPECAAOUYHBIX  Y3JI0OB €  Pa3BUTOW  CTPYKTypoil  OOLIECTBEHHOIO  OOCITy>KHBaHHUSL.
MHorohyHKIMOHAIbHbIE KOMIUIEKCH (OPMUPYIOT HOBBIH THIT ITPOMBIIUIEHHO-O0IIECTBEHHBIX 3JIaHHH,
IIO3BOJIAIKOT CO31aBaTh (I)yHKIlI/IOHaHI)HBIe 30HbI, UMCIOIIIUC 0O0JIBIIOE KOJIHYECTBO nepecequHﬁ, MOoaAYCpKUBasA
€JIMHCTBO M COMOJAYMHEHHOCTh MPOCTPAHCTB OOBEKTa MPOEKTUPOBaHMs. B pe3ynbTare, yiaydlIaeTcsi KaueCTBO
I‘OpOJj[CKOfI Cp€abl U YPOBCHb KM3HU HACCIICHHA. BaxapIMU acriekTamMu MMPOCKTUPOBAHUSA SABJISIIOTCSA BOIPOCHL
SKOJIOTHYECKH 0€30I1aCHOTO CTPOUTCIILCTBA U 9(1)(1)6KTI/IBHOFO HCIOJIb30BaHUs MPUPOJAHBIX PECYPCOB.

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

Kniouegvie cnoea: MPAHCROPMHO-NEPecado bl y3ern, obwecmeennoe obcnyscusanue,
MHO2OQYHKYUOHATLHBIIL KOMALEKC, ApXUMEKMYpPHOe peuleHue.

ApXWTEKTypHass TEOpUsl M TPAKTHKA, AKTUBHO  MPEICTABISIOT coboif MHOTO(YHKIIMOHAJIbHBIC
pa3BHBasiCh,  CO3/JAIOT  THIIOJOTHYECKH  HOBBbIE  OOBEKTHI, B KOTOPBIX TPAHCHOPTHAS (DYHKLIHUS SIBISIETCS
HMHTEPECHBIE 00BEKTHI TOPOJICKON Cpelibl. B KpYIIHBIX 1 OCHOBOMNONAraromed, HO  HE  ONpedessiomei
KPYIHEHIINX Topojax Bcero Mupa KadecTBO JKM3HH  IIPOCTPAHCTBEHHOE  COJAEp)KaHHE  BCEro  y3ia.
HaAaCCJICHUA BO MHOI'OM OICHHBACTCA yI[O6CTBOM HOHOHHHTEHBHBIMI/I (byHKL[I/IHMI/I SBIIAKOTCA
TPaHCIIOPTHOM HHPPACTPYKTYPHI i CHCTEMBI ~ KOMMYHHKAIIHS, TOPIroBIIA, KYyJIbTypHO-
oOmecTBeHHOTO  OOCHyXmBaHMA. YeM  MeHbIIE  pa3BiIEKaTEIbHBIC MEpPOTPHUATHSA, COLMAITBHON

BPEMEHM TPATUT KXKIBIA KUTEIh HA MEpEeMEIlEeHUE B
«TOPOACKUX JIKYHIISIX», IEPECaKy C pa3HbIX BUIOB
TPAHCIOPTa U OCYMIECTBICHHE OBITOBBIX, KYJIBTYypPHO-
00pa3oBaTeNbHBIX U JPYTUX COIUAIBHBIX (DYHKIUH,
TeM KoM(OpTHEE YCIIOBHS KU3HH B TOPOJE, AJIsl 3TOTO
TPAHCHIOPTHO-TIPOM3BOJICTBCHHAS (QYHKIMS 30aHUA U
COOPY)KE€HUH MOXeT OBITh JOIMOJIHEHAa CHCTEMOM
OOIIIECTBEHHOTO ~ NHWTAHUS, Mara3pHOB, ITyHKTOB
OBITOBOTO 00CITY)KHBaHUSI.

CerogHss  TPaHCHOPTHO-TIEPECAJOYHBIC  Y3JIBI

AKTUBHOCTH, a TaK XK€ YKOHOMHYECKasl, 3KOJIOruuecKas
n acreTHyeckas. Bce QyHKIMH JOKHBL  OBITH
peanu3oBaHbl B ILEJIOCTHOH CHUCTEME IPOCTPAHCTB,
HOCAIIMX HE TONBKO TEXHOJIOTMYECKUH XapaKTep, HO U
TyMaHHOE Juis YyesloBeKa COOTHOILICHHE
MTPOU3BOJICTBEHHBIX M HKOJIOTHYECKUX XapaKTEPHUCTHK.
Bonbiioe 3HaueHne NPHOOpETacT BUACOIKOIOTUS U
BHYTPEHHSA JIOTUCTHKA OOBEKTA.

IMpuctymass x  pa3paboTke  apXUTEKTypHO-
IUTAHUPOBOYHOT'O PEIICHUS] 00BEKTa MPOCKTHPOBAHUS
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BAXHO (OPMHPOBATh IPOCTPAHCTBO HCXOA M3

CTPOUTCIILCTBE. PaCCMOTpI/IM HCCKOJIBKO IIOJAXO0J0B K

0COOCHHOCTE MeCTa NPOEKTHUPOBaHMS, a TakkKe (OPMHUPOBAHUIO OOIIECTBCHHBIX 3IaHUH HA IpUMeEpe
OCHOBBIBATbCSI ~ Ha ~ TPUMEHEHUH  MEPEAOBBIX  CYIIECTBYIOIIUX 00BEKTOB u MIPOEKTHBIX
TEXHOJIOTUA  SHEeprod(PeKTUBHBIX  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
Hcrounuk:
https://archi.ru/world/20878/gorizontalny Hcroummk: hitps://www.g- HcToummk:
' ' i-neboskreb mark.org/award/describe/49438 https:/Awww.archdaily.com/24309
1

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

Mo UCKYCCTBEHHBIME XOJIMaMH
CKPBIBAIOTCSI KOH(EPEHII-3aJ1, Cra-LeHTP
1 Tapax, a B CAMOM 3/IaHUH
PACIIONIOXKEHBI ITA0-KBapTUPA
proaTepckoii kommanuu 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
ce0sI ICHTPAITBHYTO TOPOACKYIO
IUIONIAIb ¥ 31aHUS C KaHATIaMH 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
BO3MOYKHOCTEMH 17151 OOILEHMS 1
B3aUMOJICHCTBHUS.

OneproaddeKxTrBHOE peleHue:

OHeproaeKTHBHOE pelleHHe:

OHeproaeKTHBHOE pellieHHe:

31anue COOTBETCTBYET CTaHIapTaM
iatuHoBoro ceprudukara LEED: ee
OXJIQK/IAIOT CIICIUATIbHBIE BOJOEMBI,
HAaIOJIHAEMbIE BTOPUYHO
HCMOJIb30BaHHOM BOJIOM, Ha KpbILIE
YCTaHOBJICHFI COJTHEUHBIC OaTapet,
CTEKJISTHHBIE (bacajTbl 3aKPHITHI
COJIHLE3AIIMTHBIMU SKpaHAMHU.
311aHue pacKpbIBAETCS HA BCE CTOPOHBI
CBETa U OPUEHTUPOBAHO HA 3HAUYMMEIE
OKpPY>KalOIl1e BUIOBBIE TOUKH.

B nentpe xyOuueckoe 31aHue ¢
«UEHTPOM YIPABICHID U
MyCTOTAMH B 3/IaHHH, Ky/a

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

31aHue aKTUBHO HCTIONB3YET
COJIHEUHYIO YHEPIHIO 33 CUET
YCTaHOBKH COJTHEYHBIX MaHEeJe! U
coOupaeT BO.Iy, MOMAJIAI0NIyI0 Ha
TIOBEPXHOCTH 3eIEHOM
KPOBJIA.JTH H IPYTHE SHEPTO-
3¢ heKTUBHBIEC pEIIeHNS TI03BOJIAT
Ha 15% cokpaTuTh BEIOPOCH
CO2, na 23% cHU3UTH
MOTpeOJICHHE TEKTPOIHEPTHU U
Ha 23% CHU3HTH pacXoJ1 BOJIO-
noTpeOIeHusl.

[5]

6] [1

CnenoBaTenbHO, LENbIO  CO3JAaHUS  JaHHBIX
00BEKTOB MOXXHO Ha3BaTh pa3pabOTKy HPOEKTHOTO
IPEIJIOKEHUST y4acTKa IPOEKTUPOBAHUS MCXOIS U3
HNPUHIUIOB YCTOWYMBOTO Ppa3BUTHS TEPPUTOPHU.
3agaun, CTOSIIME  Iepel  NPOEKTUPOBILUKAMU,
3aKJIIOYAlOTCS B AHAJIU3€ MECTa IIPOCKTUPOBAHUS,
BBISIBJICHUU npoGiiem u MIOTEHLMAIbHBIX
BO3MOXKHOCTEH YyuacTKa; W3y4eHUM WHHOBalUil B
IIPOEKTUPOBAHUH MHOTO(YHKIIMOHAIBHBIX
OOIIIECTBEHHBIX 3/aHUil, a TaKke TPAHCIOPTHO-
MEPECasiOuHbIX y3JI0B M a3pOINOPTOB; OIPEIEIICHUH
OCHOBHOI1 KOHLEIIUHN IIPOEKTA, €ero
(DYHKIMOHATIPHOTO  HAIMONHEHHSA,  apPXHUTEKTYPHO-
IJIAHUPOBOYHOI'O PEILIEHUS.

ExatepunOypr sBIsSeTCS OTHUM W3 KPYMHEHITHX
ropogoB Poccum, rme exXerogHo IMOBBIIIAETCS

TPAHCHOPTHAs MOOWJIBHOCTh HACEJICHHSA, BO3HHMKAET
MOTPeOHOCTP B MOJIEPHU3AIMH CYIIECTBYIOUINX U
CTPOMTENILCTBE HOBBIX TPAHCIIOPTHBIX y3JIOB, PAa3BI30K
u MarucTpaie. CornacHo CTpaTeruyecKoi
nporpamme  «EkatepuHOypr —  eBpOa3HMaTCKHil
TpaHCHOPTHO-IOTHCTHYEeCKUH  y3em» Kk 2030 roxy
ExarepuHOypr mnpeBpaTHTCSI B  «CyXOil  IOpT»
MHPOBOTO 3HAUCHHWs, JUHAMHYHO MpeoOpa3yromuit
XHU3Hb B ropoje. [l OCBOEGHHS BO3pPACTAIOLINX
00BEMOB  BHEIIHETOPTOBOH  JEATEIBHOCTH U
YKPEIUIEHUSI POJIM rOpo/ia B XO35MCTBEHHOM CHCTEME
CTpaHBl  HEOOXOAMMO  JanbHEHIIee  pa3BUTHE
COBPEMEHHOTO TPAaHCIIOPTHO-JIOTUCTUYECKOTO Yy3Ia,
HHTETPHUPOBAHHOTO B MHPOBYIO cHCTEMY
TOBapOJBMKEHHUS, W YCIOBHH JUIA OOCIYXUBaHHS
YBEJIMUMBAIOIIETOCS MaccakKUponoToka. bmarogaps
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reorpaMuecKoMy pacnojoxkeHuto B CBEpIIOBCKOMH
obnactu ropon ExatepunOypr yke CEeromHs sSBISCTCS
MECTOM TEPECCUCHHUs] W B3aMMOJCHCTBHS MHOTHX
obnacTeil JKM3HM COBPEMEHHOrO uesoBeka. [Ipexne
BCEro, OTpaciieii SKOHOMUKH U TPOMBIIIIEHHOCTH,
Ou3Heca, KyJIbTYPhI U UCKYCCTBA, HAYKH ¥ TEXHOJIOTUH.

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

aBTOOYC, ropocKast JNEKTPUUKA. VYuacTok
MPOEKTUPOBAHUS PACIOJI0XKEH B CEBEpPHOH dYacTH
ropona  ExarepuHOypr, NpOTSHYBIIUCH  BJOJb

npocnekra KocMOHaBTOB OT IEpeKpecTKa ¢ yIHuueid
ledckas no passsizku y Bepxueii [Tb1mmel.
AKTyanmpHOCTh JaHHON pabOTHl 3aKIFOYaeTCs B
Pa3BUTHH TOPTOBO-pa3BIEKATENbHON, XUIMLIHOW U
COIMANBbHON UH(PaACTPYKTYPHI, OpTaHM3aIHN
B3aUMOCBSI3H Pa3IUYHBIX TPAHCHOPTHBIX CPEICTB U
OOIIECTBEHHBIX, IIOCYTOBBIX HPOCTPAHCTB, KakK IS
TPaH3UTHBIX ACCAXKUPOB, TAK U [ )KUTENEH pailoHa.
B xoze mpeanpoeKTHOro aHajiu3a TEPPUTOPUU

ObUT TNpOBENEH HMHTEPHET-ONpOC O TpobieMax U
MOTEHIMadaX Ppa3BUTUS MeCTa IPOEKTHUPOBAHUS.
AHanu3upys JaHHBIC aHKET, MOJlyuyeHHble oT 215
PECIOHIEHTOB MOXKHO COCTaBUTh OPHUEHTHPOBOUHBIN

MOPTPET HOTPEOUTENS: OSTO YEIOBEK CpEIHEro
Bo3pacta oT 36 10 50 ner (Tabmn. 2).
«On» coctour B Opake, WMeEeT BBICIICE

o0Opa3oBaHue (MarucTp/CHEUAINCT). DTO BEPYIOMIHIA
YEJIOBEK, MIPUACPKUBAIOIIAHCS KOHLIEIIINT
XPUCTUAHCKOM penuruy, IpoKUBAacT B pailoHe
VYpanmam yxe 6onpmie 20 JeT U ITIaHAPYeT Iepees I B
JIpyroi paiioH ropona, MOTOMYy YTO €ro HE BIIOJIHE
ycTpauBaeT cyliecTByomas HH(pacTpykTypa. Yaime
BCETO ATOT YEJIOBEK HUCIOJIB3YET JIMYHBIH aBTOMOOWIIB,
4yTOOBI JOEXaTh JI0 LIEHTPa ropoja, Chbe3AUTh B [1bImMy
win Onmxkanme nepeBHH u nocénku. Ho, ecam ecth
MOTPEOHOCTD, BBEIOEpET aNbTEPHATHBY -
0oOIIeCTBEHHBII TpaHCHOPT (METpPO, TpamBaid WU
aBToOyc, Tpomteiidyc). OH mpoBOOWT CBOOOIHOE
BpeMsI, TyJIsIs Ha CBE)KEM BO3yX€E MIIN OCTaBasICh AOMA,
a Taroke JOOHUT paboTaTh Ha CBOEM CaJIOBOM YYaCTKE.
3HAYNTETHHO PEXE ATOT YEIOBEK «OKUBET KyJIbTypHOI
XHU3HBIO TOPOAA» — TOJBKO MHOTAA IOCEUIAET KHUHO,
TeaTpbl, My3eH WIN BHICTABKH.

Tabuya 2.

~eMeiHoe Nonoxexune

LN

Penurus

£
4

B HacToAuwee BpeMA Bol npoxueaere

/

Ton Bospacr

O6pasosanue

Penurus

Kak pnasHo Bbl npoxusaere B 3ToM mecre?

g

d

B uenoM, TEppUTOPHIO TPOEKTUPOBAHUSI OH

OIICHMBAET, KaK JOCTATOYHO OJarompusTHyo (u3-3a
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OJIM30CTH Jieconapka), HO HEeYI0BJIETBOPUTEIBHYIO U3~
3a OTCYTCTBUS TOProBO-pa3BIEKATEILHON
uHdpacTpykrypsl. Ha yyacTke mpoeKTUpOBaHUS STOT
YEJOBEK pPEIIMTEJIFHO HE XOYeT BHIETh OOBEKTHI
PEUrHO3HOTO Ha3HAa4YeHUs (IPaBOCIABHBIA XpaM WU
MeueTb), HO CYHTaeT HEOOXOIUMBIM OpraHU3aLUIo
MECT JUTSl 3aHATHH Pa3IMIHBIMU BUAAMH CIIOPTA.
Hcnonp3ysl NaHHBIE, NONyYCHHBIC INIPH aHAIN3€E

NPUPOAHBIX U aHTPOIIOTCHHBIX (baKTOpOB, MBI MOXEM

nepedith Kk arany  QopmupoBaHHs ~ OOBEMHO-
ITaHUPOBOYHOM CTPYKTYPBI o0bekTa
MIPOEKTHPOBAHUS.

PaccMOTpUM TpW NPOEKTHBIX HPEIUIOKEHUS T10
OINITUMU3AIIMHU BBIPA3UTEIBLHOCTH (POPMBI H TTOJIOKEHUS
ApXUTEKTypHOI0 OOBEKTa HCXOAA M3 IPHHIHUIIOB
sHeprodddexruBHOCTH (Tabdmn.3, 4):

TPAHCIIOPTHOH  MH(PACTPYKTYPHI, a  TaKxe,
1 2 3

«OKCIUTyaTupyema

. . «Ky0 — nenocraoe ST KPOBILS —

«[opr3oHTAIBHEI HEOOCKPEO, IapsIHii Ha/T penbedom» yo— I P

(DYHKIMOHATIEHOE SIPO» cTuooar
Ha3eMHOT'O ITaXKa»
Ta6muua 3.

CxeMbl BADHAHTOB KOHIIENTYATbHOMH Mojiesi ¢opMoo0pa3oBaHus:

Bapmant 1 pasmemeHHs apXUTEKTypHOIO
00BEeKTa TMpeanojaraeT aKTHUBHOE HCIOJIb30BaHUE
BETPOBOH JHEPTHUH. Ha TOBEPXHOCTHU
paccpeioTOUYeHHBIX B TIPOCTPAHCTBE OJIOKOB MOTYT
OBITh  yCTAQHOBJICHBI ~ BETPOTE€HEPAaTOPBI,  YTOOBI
NOMy4YaTh MAaKCHUMAalbHYI0 DSHEPrHI0 Jaxke Korzaa
HarpaBJeHHUE BeTpa OyAeT N3MEHSATHCH.

Bapuanr 2. brokupoBaHHBIE OOBEMBI 3JaHUS
o0ecrieuynBalOT MEHBIIE TEIUIONOTEpH B 3UMHHI
HNEepUOJ U TEMJIONOCTYIUIEHUS B JETHUI NEpUuoJ roja.
3HaYUTEIbHOE KOJIMYECTBO IIOBEPXHOCTEH 3IaHUS
MOJKET OBITh OCHAIIICHO COJIHEYHBIMU ITaHEISIMU.

Bapmant 3. IlokpeiTHEe «3€JIE€HOW KpPOBIN»
MPOM3BOIUT COOP JOXKAEBOW BOABI M OpPraHU3YET e
panroHaIbHOE BTOPUYHOE HCIIONB30BAHNE. Y YaCTKU C
YKJIOHOM Ha OTKPBITOM IIPOCTPAHCTBE 00ECIEYHBAIOT
€CTECTBEHHOE JIBUXKEHUE BOJbl K IOHMKEHHBIM

oTMeTKaM. B Takux Mectax 00pa3yroTcs 30HBI 110 THITY
610-0010Ta — Ba)XHOW YaCTH JKOCHCTEMBI B JKUIION
cpeze.

WtoroBblii BapuaHT. AHamm3upys Qopmy u
MOJIO)KEHHE B NPOCTPAHCTBE  MPOEKTHPYEMOIO
00beKTa, OBLIM BEISIBIICHBI OCHOBHBIC IPEHMYIIECTBA
KaXJIOTO BapHaHTa, 0a3MPYIOMIErocss Ha IMPHHIUIAX
9HEProdPPeKTUBHOW apXUTEKTyphl. Tak, B paMmkax
MPEeANPOECKTHOIO aHajiu3a, BBISIBICHO ClEYIOlee
MPeUIOKEHUE [0 OpraHm3anuu  (QOpMBI  00BEKTa
MPOEKTHPOBAaHMUS —  pa3genuTte ero Ha 4
(yHKIMOHAJIBHBIX YPOBHS:

VYposenp 1 — TpaHcmopTHO-TIEpECaIOTHAS,

KOMMYHHUKAI[MOHHAsT 30Ha — MPOCTPAHCTBO IO
«3eNEHON KpOBJIEl», BKIIIOYAIOIIEE 30HbI OXKUIAHUS U
OTIbIXa, Kade W  MaraswHel, 00OCOOIJICHHEIC

PEKPCAMOHHBIC TMPOCTPAHCTBA, [JACTCKUEC HUI'POBLIC
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TUIOIIAIIKH. pasmelieHHass B OloKax Ha  KOJOHHaxX  Haj

VYposens 2 — PekpeannoHHOE MNPOCTPAHCTBO,  AKCILTyaTUPYEMOH «3en€HOM KpoBieil», cocTosmas U3
npejacTaBisioniee  coOol  MEmexXoJHyl — 30HYy  aJMHHUCTPAaTHUBHBIX 30H, OM3HEC-LEHTPa, KOH(pEpeHII-

COYETAMOIIYI0 TPAH3WT JIOJAEH W CIOPTHBHBIE |
UrPOBBIC IUIOLIAAKH OOIIEro A0CTYIA.
Vposerb 3 — OOILIECTBEHHO-/ICNIOBass 30Ha,

| } °
'y
o ® asssabe

f Y Jals
oL sovesiossdtbas el tem

1 ‘a.o'...ou,-u--cl.
R i aanas laa.d
.

3aJI0B, TOCTHUHUIIBI M BBICTABOYHBIX MPOCTPAHCTB
(Puc. 1).

- OBUWECTBEHHO-AENOBARA 30HA
A * 2. "% - PEKPEAUMOHHOE NPOCTPAHCTBO

beonceece,
B

geecesege®®

- TPAHCNOPTHO-MEPECAACYHAR
KOMMYHHXALIMOAHAR 30HA

°®a g
.

& .
i ® %00 oe - TEXHMMECKWE 3CHbI

| S

Pucynox 1 Cxema ¢hyHKyuoHanbno2o 30Huposanus 00beKma npoeKmuposanus
— pasoeneHnue no yYpoeHAM

Paznenenne Ha  (yHKIHMOHANbHBIE  YpPOBHHU
MO3BOJISIET c(hopMHUpPOBATH COIIMAJIbHO-
OPHEHTHPOBAaHHYI0O ¥ KOM(OPTHYIO Ui Joaei
ropoacKyo cpeny. CeromHs uest «340poBOro ropoia»
JOTIOJTHACT KOHIEMIHNIO «YCTOMYMBOTO Ppa3BUTHS.
OOBEKT  HWCCIENOBAaHMS  OTBEYAaCT  OCHOBHBIM
MPUHIUIIAM «yCTOHYUBOTO MPOSKTUPOBAHMUS:

— TOBBIILIEHA 3HeProd(PHEeKTHBHOCTH 3aHUS

—  ONTHMH3HPOBAHO BOJIONOTpEOICHNE

—  HCHOJIB3YIOTCS 9KOJIOTHYHBIE MaTepuabl

Konnenmus MIPOEKTUPYEMOTO obbekTa
3akiaroyaercsi B (OPMHPOBaHMM  IIEJIOCTHOTO
MPOCTPAHCTBA, FAPMOHUYHOTO COYETAHUS PA3IUYHBIX
(DYHKIIMOHAJBHBIX 30H, CO3/aHMs OJaronpHsTHON
Cpeabl KaKk Ul TPAaH3UTHBIX ITAaCCAXHUPOB, TaK M IS
JKUTEJIeH ONMKaHIINX PaiioHOB.

[l [ '

i

W

Konuenus o0BeKTa MIPOCKTHUPOBAHUS
3aKIIFOYAETCS B (dhopmMuUpoBaHUU LEJIOCTHOTO
MPOCTPAHCTBA B OOIIEH CTPYKType OOIIECTBEHHOTO
[EHTpa M TPAHCIIOPTHO-TIEpECcaouHoro y3ma. Tak,
9TOOBl (DYHKIIMOHAIEHBIC 30HBI HMMENH OOJBIIOE
KOJIMYECTBO TMEPECCUCHHM, TOAUYEPKHUBAs CAUHCTBO U
COIIOIYUHEHHOCTD MIPOCTPAHCTB 00BeKTa
MPOCKTHPOBAHUSI.

B mepcrnektuBe pa3BUTHS JTOH TEPPUTOPHH
ropoaa HaMe4eHO KOMILIEKCHOE pa3BUTHE

KoMmrmo3uioHHoe penieHre nmpeacTaBisieT coooi
JMaroHalabHOE pasMelleHe HECKOJIBKUX
MIPOCTPAHCTBEHHBIX OOBEMOB 10 OTHOIICHHIO K
CJIOXKMBIICHCS CEKTe yJuIl. Biokw, mpunogHAThIe Ha
OIIOpax, OCBOOOKIAIOT PEKPEAMOHHOE ITPOCTPAHCTBO

— DJKCIUTyaTHpyeMylo «3en€Hylo Kpommo». Omna
COXpaHsSeT  TPHPOAHBIH  KapKac  TEPPUTOPHH,
(dbopMupysl B3aUMOCBSI3M 4YeJOBEKA M HPHUPO/IbI,

0003HaYaeT 3KOJIOTHYECKUH MTOJIXO0]1 IIPOSKTHPOBAHUSL.
B crunobare 30aHUS PACIONOXEHBI 3JIE€MEHTHI
KyJIbTYPHO-OBITOBOTO 00CITyXKMBaHHUs Jtojiel. B mecte
NepeceyeHss ~ OCHOBHBIX  TPAaH3WUTHBIX  IIyTei
[IACCAXUPOB OPraHU30BAHO MPOCTPAHCTBO aTpUyMa.
Opranusanys CEBEPHOTO TPAHCIIOPTHO-
HepecagovyHoro y3Jia 1acT BO3MOXXHOCTh pa3rpaHudUTh
U TIepeHanpaBUTh MOTOKH TPAHCIOPTA, CBS3bIBAIOIIHI
ExatepunOypr u CepuroBckyro obmacts (Puc.2 ).

Pucynox 2 @acao. Ilpoexm Cegeprozo mpancnopmHuo-nepecadoyHoco y3na

NpWIEraloliMX K YYacTKy IIPOEKTUPOBAaHUS 30H.

MHoro¢yHKIMOHATHHBIH TPaHCIIOPTHO-
NEPECaJIOUHbIl  y3€JI  ONpeAesseT  HalpaBJICHUS
pa3BuTHA TPaHCIIOPTHOM u COLIMAJIBHOM
UHQPACTPYKTyphl, CBSDKET OTHANEHHBIE  pPaiOHBI

ropoja c IEHTpOM, chopmupyeT OiaronpusTHyIO
Cpely >KU3HEEATEIbHOCTU YeI0BEKa.

I'maBHOI TeMoilf W HampaBieHHEM padOThHI I
COBPEMEHHOTO  apXHUTEKTOpa SBJIAIOTCS  BOIIPOCEHI
9KOJIOTUYECKH  0€301acHOTO  CTPOUTENLCTBA U
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3¢ (HEKTUBHOrO KCHOIB30BAHMUS IPHUPOAHBIX PECYPCOB.

TeMn W PUTM JKH3HH B COBPEMEHHOM TOpPOJIC
OpEnoaracT TaKyl K¢ aKTUBHYHO M HACHILCHHYIO
COOBITHAMHU KU3Hb KAXKIOT0 yeaoBeka. TpaHCIOPTHO-
nepecajouHblii  y3en  JOMDKeH — OTBEYaTh  ITHM
TpeOOBaHUSM.
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ADHESIVE STRENGTH OF TWO-LAYER METAL COATINGS
ON ALUMINUM OXIDE SUBSTRATES
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AJITE3IAHA MIITHICTD JBOIIAPOBUX METAJIEBUX IIOKPUTTIB
HA NIIJKJIAIKAX OKCUAY AJTIOMIHIIO

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 3aJIeKUTHh Bif OaraThox (aKTOPiB: TEXHOJIOTii 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 mpru3BoIuTh 10 pyiHYBaHHS KOMIIOHEHTIB BiJ] IEPETPIBY 1 MEXaHIYHHX ITOIIKOKEHb MOy IiB. HacTo
pyHHYyBaHHsS BinOyBa€TbCs B CTPYKTYpl MiAKIaaKa-TIPOBIAHUKOBE MOKPUTTS. OCHOBHOIO NMPHYMHOIO TAaKOTO
pYHHYBaHH: € HU3bKa aAre3iiiHa Mil[HICTh METAJIEBOI IUIIBKU 10 KEPaMiuHOT OCHOBH.

Bukopucrana naboparopHa ycTaHOBKa ISl BIIIPaIlOBaHHS TEXHOJIOTI] pOpMYyBaHHSI METAJICBUX ITIOKPUTTIB
Ta TIPOBEICHHS POOIT 3 BiANPAIIOBAaHHS TEXHOJIOTII; TOCIi/KCHHS OTPUMAaHUX 3pa3KiB. Bu3HaueHHS Aiama3zoHy
TEXHOJIOTIYHUX PEXUMIB i1 (OpMyBaHHS MOKPUTTIB METOJOM MAarHETPOHHOTO pO3MIUICHHS. Bu3HaueHHS
TEXHOJIOTIYHUX PEXHUMIB POOOTH JKepena IpH HaHeCEHHI MOKPUTTS MiJli METOIOM HapOCTPYHHOTO OCaKEHHS
00po0OKa ekcriepuMeHTaIbHIX JaHHX i BUAaya PeKOMEHAAIIH 1010 BUKOPUCTAHHS Pe3yIbTaTiB POOOTH.

Buxonsuu 3 naHUX, OTPUMAHHUX B XOZ1 JOCTIHKEHHS, TIOPCTKICTh aATre31iMHOTO MiAmapy TUTaHy BIUIHBAE HA
aAre3iifHy MIIOHICTh CTPYMOIIPOBITHOTO IIapy Midi Ha MiTKITAAIl OKCHIAY alfoMiHifo. MiHiManbHI 3HaYCHHS
mopcerkocti Ra <2,0 MkM, HEOOXiTHI JIsl TOCATHEHHS MaKCHMAaIbHUX 3HAUCHb aare3iiHoi MinHocTi 10 60 MIla,
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, NiieKd.

AJITE3IMHA MIIHICTD JIBOIIIAPOBUX MeTamizaii KepaMi4HHX TIIOBEpXOHb. Po3poOutn

METAJIEBUX ITIOKPUTTIB HA IIIKJAJIKAX
OKCHUIAY AJIIOMIHIIO

Beryn

B manwmii 9ac mpu BUPOOHUIITBI CHIIOBUX MOJYIIIB
MPOMHUCIIOBICTIO JJIsT MeTaji3allii BUKOPHUCTOBYIOTHCS
aTMocdepHi TOBCTOIUTIBKOBI TEXHOJOTI, Taki sIK
BramoBands nactd, Direct Bonding Coating (DBC),
Direct Plated Coating (DPC), xonoaHy razouHaMigse
HaHeceHHs1. [lepexia Ha TOHKOIUTIBKOBI TEXHOJIOTIT TaKi
K TepMiuHe BHUIAPOBYBaHHS 1 MarHeTPOHHOIO
POBIIMIJICHHS JIO3BOJIITH OTPUMATH CTaOUIbHY SIKICTBh
MOKPUTTIB 1 BIATBOPIOBAHICTH PE3YNBTATIB MIpPH iX
orpuMaHHi. Yepe3 1e BHHUKIA HEOOXITHICTH
OTPUMaHHS ~ CTPYMONPOBIJHMX  TOKPHUTTIB  Ha
KepaMiuyHHX MiJAKIaJKaX, IKi BUKOPUCTOBYIOTHCS IS
BUPOOHMIITBA  CHJIOBHX  MOJXYJiB,  METOAaMH
TOHKOTLTIBKOBOT TEXHOJIOT1i. OpHak JUIs
TOHKOILTIBKOBUX  TEXHOJIOTiH 70  TeNepiliHbOro
MOMEHTY HE BHpILNICHI NUTaHHS  OTPUMAaHHSI
CTa0lIbHUX  3HA4YeHb  ajre3iiiHoi MIIHOCTI  Ha
KepaMiyHMX  MiAKIaAKax, 10  CTpUMye  iX
BIIPOBA/KCHHA Y BUPOOHUIITBO BHPOOIB CHIIOBOI
CJICKTPOHIKH 1 EJIEKTPOBAKYYMHHUX IPUIIAIiB.

MeToro poOOTH € TiABHIICHHS aJre3idHoi
MIITHOCTI TOKPHUTTIB MPH MeTaji3amii MeToJaMu
TOHKOIUTIBKOBOT TEXHOJOTIl KEpaMiYHHX IIiJIKIAJIOK,
SIKi BUKOPHUCTOBYIOTBCS JIIsI BUTOTOBJIEHHS IIPUCTPOIB
CHJIOBOI €JIEKTPOHIKH 1 €IeKTPOBAKYYMHUX TPHIIAIIB.

Ha ocHOBI aHami3y iCHyI0UNX BUMOT JI0 TIPHUCTPOIB
CHJIOBOI €JIEKTPOHIKH 1 €IeKTPOBaKyyMHUM HPHIIAIIB,
a TaKoX METOJiB OTPHMAaHHS METAJEeBHX IOKPHUTTIB,
BU3HAYWTH BHMOTH JI0 MaTepiajiB 1 TexXHOJOri]

71a00paTOpHy yCTAaHOBKY JUISL ITPOBEICHHS JOCIIIKEHb
MpoIeciB HAHECEHHS MOKPUTTIB Ha KepamidHi
MIKTAOKA. BHU3HAYNTH  TEXHOJOTIUHI  peXUMHU
HAaHECEHHS IMOKPHUTTIB, MO 3a0e3MeuyroTh aare3iiiHy
MIIHICTh 0JIep)KyBaHUX MOKPUTTIB Oinbiie 50 MIla
TexHoJ10rii opMyBaHHS NOKPHUTTIB
HaneceHHs1 IOKPUTTS

Buxopuctanast ~ pospobienoi  mabopaTtopHOi
YCTQaHOBKM  (DOPMYBaHHSI  IOKPUTTIB  JIO3BOJISE
NPOBOJIUTH BIANPAIIOBAHHS TEXHOJOTIi (hOpMyBaHHs
JBOIIAPOBHX MOKPHUTTIB B €IMHOMY BaKyyMHOMY
K. MogysibHa KOHCTPYKIIisl yCTaHOBKH 3a0e31edye
MOOITBHICTh 1 JIO3BONSETBCA JIETKO PO3IIHUPIOBATH
CKJIaJl TEXHOJOTIYHUX METOIB i/ Yac JOCIIKEHD.

[Migkmagka BUKOHYE JIBi OCHOBHI (DYHKIIIT:

e € [ieNeKTPUYHOI OCHOBOIO APYKOBAHOI
cxemH, popMoOBaHOT Ha O/iHIH a00 JIBOX CTOpOHAX.

e 3abesneuye BIJIBCJICHHS  TEIUIA, 11 ()
BUUISETHCSA HAMIBIPOBITHUKOBUMH KpHCTAJIaMH 1
€JIEMEHTaMH CXEMH.

HasiBHICTh Ha TOBEPXHI MIAKIAIKH PI3HOTO POy
3a0pyJHEHb TPU3BOJUTH JIO PI3KOrO  3HIDKEHHS
BIZICOTKa BHXOAY IPUAATHUX BUPOOIB Ha HACTYITHHX
TEXHOJIOTIYHUX OIepamisax. 3a0pyJHEeHHS ITiIKIaI0K
3a3BM4ail  BifOyBAaeTbCA IPU MeXaHi4HId 00poOui
HaIBIIPOBIIHUKOBUX 3JIMTKIB 1 IUlacTuH (pizaHHi,
nuTiyBaHHS Ta MONIPYBAHHS), @ TAKOX 32 PaXxyHOK
aacopOmii  pi3HUX PpPEYOBHMH 3  TEXHOJOTIYHHUX
cepemoBul. Cepexn BCix BHIIB 3a0pyIHEHb OCOOIUBY
yBary CIiJ IPUIUIATH OPTaHIYHUM 3a0pyIHEHB, TaK SIK
BOHU TPH HArpiBaHHI PO3KIANAIOTHCSA 1 BHIIISIOTH
ra3onojiOHi pev4oBUHU (KUCEHb, OKCHJ 1 JTIOKCHI
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ByIJICLIO, Tapu BOAM Ta iH.), SIki B 3HauHIH Mipi
HOTIpPIIYIOTH ~ HACTYNHI  TEXHOJIOTIYHI  MpOIEecH
(mudysii, enitakcii, OCaPKEHHS 3aXUCHUX
JUCNEKTPUYHHX TUTIBOK 1 1H.).

Jns TOBHOTO  OYMINEHHS  IAKIagKH  Bif
3a0pyZiHEHh HEOOXiTHO BHUOpATH TEXHOJIOTIYHHI
TpoIiec, SIKM BKITIOYaB OM B ceOe psa MOCITiTOBHHUX
orepamiif, KOKHa 3 SKHX JO3BOJLLIa O BHUAANATH 3
MOBEpXHI oAuH abo KijTbKa BUAIB 3a0pyaHeHb. OHIEO
3 YMOB OTPHUMAaHHS BHCOKOI aAre3iffHOI MIIHOCTI €
MOJKIIMBICTh (POPMYBaHHS 0araTomapoBUX MOKPUTTIB
B €JMHOMY BaKyyMHOMY LHUKJi, 0e3 po3repMmerusarii

00cary BakyyMHOI KamMepH 1 KOHTakTy BHpoOu 3
aTmocdeporo [1].

Po3pobiiena nabopaTopHa ycTaHOBKA IIPH3HAYEHa
JUIS. HAHECEHHS IUIIBOK METOJaMM MarHeTpoOHHOTO i
TEPMIYHOTO BUIIAPOBYBaHHS B €IUHOMY BaKyyMHOMY
LIUKJTI.

VYcraHOBKA CKIAJAETHCS 3 BAaKyyMHOI KaMeEpH,

TEXHOJIOTIYHOI CHCTEMH, CHCTEM BiIKadyBaHHS 1
HAIyCKy ra3y, CHCTEM JKHUBJCHHS 1 KepyBaHH,
CHCTEMH peectpartii peXuMiB MIPOBEACHHS

eKCIIePUMEHTAIBHUX JOCIHiHKECHB.

Puc. 1. 3osuiwnin suensio ycmanogxu 07 GIONPAYIO8ANHSI MEXHOIO02TT (POPMYBANHS MEMANEEUX NOKPUMMIE
1 - Kamepa nanecenns, 2 - macnempoH po3nunogaivia cucmema, 3 - Kamepa
sunaposyganns, 4 - Cucmema giokauysamnns, 5 - Cucmema nooauyi 2azy

Cucrema BiKadyBaHHS BHKOHaHa Ha 0asi
TypOoMonekysipHoro Hacoca Edwards nEXT-75
(NR1) i cmipamsHOTO MexaHiuHOT0 Hacoca Edwards
XDS-10 (NI1). Takuii Habip 3aco0iB BijkaudyBaHHS
JIO3BOJISIE OTPUMATH MOBHICTIO O€3MacisTHUN BaKyyM,
II0 € BAXJIUBOI yYMOBOK I OTPHMaHHS BHCOKOI
a/ire3iHoi MiHOCTI ()OPMOBAHUX MOKPUTTIB [2].

Haiinpocrilmum ~ criocoOOM —~ OUYMIIEHHS €
MeXaHiYHa OYHCTKa MOBEepXHi. BoHa mpu3HaveHa st

BUJIAJICHHST MEXaHIUYHMX 3a0py/JHeHb, TaKuUX SK:
3aJMIIKM  OKaJMHU 1 1pXKi, BEJIMKHX CKYyI4YeHb
MaCTHJIBHOTO MaTepiaiy.

IMpu  MexaHIYHOMY  OYHINEHHI  [MOBEPXHIO
OOpOOISAIOTh METaJeBUMH [IITKAMH, HAXKIAYHUM

HarnepoM i NpoTUparoTh raHvip'sM. /laHy O4MIIEHHS B
OCHOBHOMY 3aCTOCOBYIOTh HpH 00poOLi IOBEepXHi
METaJeBUX €JIEMEHTIB BaKyyMHOI KaMepH,
BHYTPIIIHFOKAMEPHUX MPUCTPOIB 1 MPUCTOCYBAHb [5].

I'py0Oe ximMiuHEe OUNIIEHHS BUKOPHUCTOBYETHCS IS
BUJAJICHHS 3 TIOBepXHI 00poOIIOBaHWX JeTaneit
BUJIMMHX OpPTaHiuyHUX 3a0pyAHEHb, TAKUX SK: 3AJTUIIKA
MaceJl, MacTHJIbHI MaTepianu, OapBHHUKH, BiZOHUTKH
naneiiB 1 kupoBi mrimu. 11106 BHmanuTH IpOIyKTH

OUHINEHHS 1 3a0e3MeYnTH SAKICHUH CTaH IOBEPXHI
micis rpy0oi XiMIYHOT OYHCTKA PEKOMEHIIYETHCS
3aCTOCOBYBATH M'SIKi TKAHUHH THUITY Os131 1 1H.

ToHKy  XiIMiYHYy  OYHCTKY B  pO3YHHaX
HEOPraHIYHUX KHCIOT 1 JIyrax, a TakoXX B Iapax
OpPraHiYHMX  PO3YMHHUKIB  3aCTOCOBYIOTH IS
3a0e3neueHHs SIKICHOT MiArOTOBKM IIOBEPXHI Iepes
HAHECEHHSAM TOKPHUTTA. s iHTeHcubiKaIlii mporecy
OYMIIECHHSI BHUKOPHCTOBYIOTh YJIBTPa3ByKOBI BaHHHU;
NpOLIEC  OYMIICHHS BEeAyTh, SK MPAaBHJIO, MU
TeMIlepaTypi pO3UMHY BHILE KIMHATHOI.

OCHOBHI XiMiUHI PEYOBHHH, 1[0 3aCTOCOBYHOTHCS
JUTSL OYMIICHHS TOBEPXHi, HaBeAeHi B Tadmumi 1.

YIIbTpa3sByKOBE OUMINEHHS BHIAISE  BEIMKI
JKHPOBI  3a0pyOHEHHS  3aBISKA  IHTCHCHBHOMY
JIOKJIBHOMY TIEPEMIIlyBaHHS IIiJ JI€l0 yJapHHUX
XBHJIb, CTBOPIOBAHHMX B PO3YMHHHKY. B X011 npoMuBKYH
PO3YMHHHMK, HACWUYEHWH JOMIIIKaMH, HEOOXiTHO
0e3mepepBHO BUAAIATH 3 MOBEPXHI MiAKIAIKH; TPH
FOMY HOTO 3aMiHIOE€ YHCTHH PO3UYMHHUK. MexaHiuHi
KOJIMBAHHS, 1[I0 CTBOPIOIOTBCA HA  MAKJIAIII,
CIIPHSIOTh BUJIAIECHHIO MakKpo 3a0pylHEHb, JIyCOUOK
MeTasliB, MUy Ta iH.
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Tabmuus 1.

XapaKTepHCTHKH JeIKUX XiMiYHHX PO3YHHHHUKIB 3aCTOCOBYIOThCH /ISl OUMIICHHS MOBEPXHi

Po3unnnamnk

IIpu3HayeHns

beHn3uH 3 HU3bKUM
OKTAaHOBHM YK CJIOM

Bunanenss rpyoux sKMpoBHX 3a0pyAHEHb i IEPBUHHE OYMILICHHS BAKYYMHOT KaMepH i
BHYTPILTHHOKaMEPHHX MPHUCTPOIB ITiCIIsI MEXaHITHOT 00pOOKH

bensun 3 BUCOKUM
OKTaHOBHM YHCJIOM

INoBTOpHA OUMIIIEHHS IOBEPXHI i 00pOOKN OEH3MHOM HI3BKOI SIKOCTI

[30mporusioBuii ciupt

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

EtnoBuit crimpT (eTaHo)

Po3unneHHs 1akohapOoBHX MaTepialiB

ATieToH Po3unHeHHs EPXJIOPBIHIIOBHUX 1 MOTIAKPYIJIOBUX JIAKIB, alleTATIB [IEITFOJIO3H Ta iH.
OuHIIeHHs TOBEPXHI METAIIB 1 ISSIKUX MOJTIMEPIB, HAMPHKIIA] MONTICTHPOITY (B MpOIeci
Terpaxyopuz Byriewto - P a5 CPIB, HANPHICIAZL | pomy (B rpon
00pOOKM MOYKIIMBO TPaBJICHHS MTOBEPXHI)
Tpuxnopernnexn 3HEKUPEHHsI TOBEPXHI METANIB, BUAAJICHHS MaceJl, )KUPiB, BOCKY
Jlanni cghopmosano 3 [2] 3HAYCHb IHTCHCUBHICTB KaBiTarii 3pocTae.

IIpn BuKOpHCTaHHI YyIBTPAa3BYKOBOI BaHHU 3
gacrotamu  20-50 x[m ycyHeHHs 3a0pyIHEHB
BimOyBa€eThCS 3a paxXyHOK KaBIiTallifHOTO eQeKTy.
SIBumie KaBiTallil IOJSTae B «CXJIOMYBAaHHI» Ta30BUX
Oynp0amoK, M0 YTBOPIOIOTBCS TMPH CTUCHEHHI 1

PO3LIMPEHH] piauHH. [Ipu BUKOPHCTAHHI
yIBTPa3ByKOBOI BaHHM, B pO3YMHI, L0 OMHBAE
IUIACTUHY, CTBOPIOIOTbCS ~ 3MiHHI ~ CTHCKAalOTh 1

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

EdexTuBHiCTh yIBTPa3ByKOBOTO OYHIIEHHS B
OCHOBHOMY BHM3HAYAE€THCS YACTOTOIO KOJIMBAaHb; KPIM
TOTO, BOHO 3aJIEKHUTh Bix MOTYXHOCTI
BUIIPOMIHIOBAaHHS 1 TEMIEpaTypd  pO3YMHHHKA.
@DaKTUYHO yIBTPA3BYKOBE OYMIICHHS €(EKTHBHO
BUAANSE€  TIABKH  BENWKI  3a0pyAHEHHS, TOMY
PEKOMEHAYEThCA 11 3aBEpIIyBaTH 3HEXKUPEHHSIM B
napax OpraHi4yHUX pPO3YMHHHKIB.

3  TWiOBMIIGHHSM  YacTOTH  30UIBLIYETHCS
NpOHUKAaoya  3/[aTHICTh  PIAMHM 332  PaxyHOK
3MEHILICHHS JIOB)KUHU XBUJII KOJIMBAaHb, 3MEHILYETHCS
HMOBIpHICT,  pyilHyBaHHsI 3pa3KiB 32 pPaxyHOK
3MEHIICHHS PO3MipiB KaBiTaliifHuX OymbpOamok. 3
MiBUIICHHSAM IIOTY>KHOCTI ¥Y3-KOJIMBaHb /10 TEBHHUX

[ligBuImeHHs TeMmIepaTypu MiIBUIIYE PO3YUHHICTH
3a0pyJHEHb 1 BIUIMBA€ HA YMOBY BHHHKHECHHS
kapitamii. [l KOXHOI pIOMHM iCHYE€ ONTHMAalbHA
Temnepatypa oopooxku [7].

OO0poOKy IIIaCTHH 1 MAKITAIO0K 3a3BHYail BEIyTh
NIPU  YJBTPa3ByKOBUX KOJMBAHHIX, KOJU KaBiTallis
BIZICYTHS 1 OYMIIEHHS IHTEHCU(IKYETHCS 38 PaxyHOK
BUXPOBUX aKyCTUYHUX IOTOKIB PiIUHU.

VYIIbTpa3BYKOBI KOJMBAaHHS 3HAYHO ITiIBHIYIOThH
MPOAYKTUBHICTh 1 TMOMIMIIYIOTh SKICTh HE TUIBKH
3HEXKUPEHHS, a i IHIIUX onepauiil pituHHOT 0OpOOKH.

Cxema 00poOKH IJIACTHH B YIBTPA3ByKOBil BaHHI
nokasasa Ha Puc. 2.

Jost BUAJIEHHS 3aJIAIIKIB OpTaHIYHUX
PO3YMHHHKIB BUKOPHCTOBYIOTh MIPOMHUBAHHS
JICOHI30BaHOK  BOJOK0. [licis  mpoMHBaHHS B

JICOHI30BaHIA BOJI MIAKIAAKY CIiJ BUTATYBATH TaKUM
YMHOM, 00 MIHIMI3yBaTH KUIbKICTh pIAMHM Ha
noBepxHi. Pemra Ha moBepxHi Kparuli BOIU Micis
BUCHXAHHS TIPOSIBIISITHCS Y BUIJISAI BUAMMUX TUISAM, 1110
3MIHIOIOTh  BJIACTUBOCTI ()OPMOBAHOTO TOKPHUTTSI.
Tomy Kparuti BOIU CJIiJ 3yBaTH CTPYMEHEM YHUCTOIO
OO0e3nmieHHs MOBITPsT 200 BHIANATH 332 JOIOMOTOIO

uentpudyru. [3]
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Puc. 2. Cxema npoyecy yibmpazeyKko8020 OYUUEHHS 8 NPOMOYT PO3YUHHUKA
1 - sanna; 2 - kacema 3 nnacmunamu; 3 - konyenmpamop; 4 - I enepamop yiompazeyKosux KOIUGAHb,
5 - maenimocmpukyitinuil unpominio8ay
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Cy1ika NpoBOIUTHCS B TAPOBOMY O4HIIyBadi abo
B YHCTI{ NeYi 3 BAKOPUCTAHHSIM Iapsid0ro OYHIIEHOTO
NoBiTpst ab0 a3oTy. OYMIIEHHs MOBEPXHI MiAKIaIKH
HCOOXITHO  MPOBOJUTH  OE3MOCEPEeTHBO  Mepe
NPUMILICHHSIM y BakyyMHY KaMmepy, Tak SK IIpH
TPUBAJIIOMY OYiKYBaHHI YHCTOTa MOBEPXHI MOXe OyTH
HOpyLIeHa, IO NPHU3BEAE JO 3HIKCHHSA SKOCTI
0CaKEHOT IITIBKH.

3a3Buuail micig XiMiYHOI OYHCTKH, IPOMHBKH B
JTUCTHIHOBAHOI BOJI 1 CYIIKH MiAKIAIKA HAAXOIUTH B
KaMepy MeTamizamii. [Ipu 11p0My MOXIIHBE TOBTOpPHE
3a0pyAHEHHS TTOBEPXHI BHACTIIOK acopOmii MOIEKy
PI3HUX PEYOBHH 3 HABKOJIUIITHBOTO MOBITPSI.

HemomikoM XiMi4HOi MiATOTOBKH IOBEPXHI €
TaKOX 1 Te, Mo 11 00poOKa B MPUHIUIII HE 3a0e3medye
BuzaneHHs ¢iznuHo agcopOoBaHOi Bojoru. dizuuHa
azcopOoBaHa BoJOra BHIUIIETBCS B Ipoleci
BiJIKauyBaHHS TUIbKH MPOTPIBOM MiJIKIAI0K B BaAKyyMi
IIpY BUCOKIH Temneparypi [4].

B pamkax maHoi poOOTH y BCiX €KCIIEPHMEHTIB 3
BINNpAIlfOBaHHS ~ TEXHONOTii Ui TPOBEACHHS
YIBTPa3ByKOBOI ~ BIJMUBAaHHS BHKOPHUCTOBYBAnacs
yIbTpa3ByKoBa BaHHa Bomomiid. 30BHINTHIA BUTIIA
BaHHMU IIpecTaBIeHn Ha Puc. 3.

Puc. 3. 3oeniwnii 6uensao yibmpaszeykogoi 6anuu, wo UKOPUCIOBY8ANACS Ol OUUUECHHSL

B SIKOCTI XIMITHOTO PpO3UMHHHKA
BUKOPUCTOBYBABCS i30MponiIoBHH CIHPT.
[3ompomninoBui coUpT, BiH e i30mpamaHoi - Le
npo3opa Oe30apBHA pigUHA 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
ONTHYHHUX JIH3, J3epKal, TIJSIHIEBUX CKISHUX 1
MeTaJeBUX MOBEPXOHb, a TakKOX Ui OOpOOKH
MOBEPXHI MiKIaaku. [4]

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

CIIHPTY B YJIbTPa3ByKOBOI BaHHI MPOTAroM 10 XBHINH.
Temneparypa murouoi piguuu crtanosmwia 40 ° C.
Cymka TmJIacTMH NOpPOBOAWNIACS INPH  KIMHATHIN
TeMIieparypi.

BusiBiieHHs1 BIUIMBY ajAre3iiiHoro migmapy na
aaresiliHy MilHiCTh OCHOBHOI'0 CTPYMOIIPOBIIHOTO
mapy

Jlns BUSIBIIGHHS BIUIMBY IIAIIApY THUTaHy Ha
aare3iifHy MIIHICTh mapy Mimi Oyna mpoBeaeHa cepis
eKCIICPUMEHTIB 3 OTpUMaHHA CTpykTyp AI203 / Cu i
AlI203 / Ti / Cu. ApresiifHomii migmap THTaHY
HAaHOCHBCSI METOJIOM MAarHeTPOHHOTO PO3MWICHHS.
OCHOBHUH 1ap MiJli HAHOCHUBCS METOJOM TEPMIYHOTO
BUITAPOBYBaHHSI.

Tabmurs 2.
Pe:kuMM HaHeCEHHSI O/IHOLIAPOBOTr0 (MiIHOT0) MOKPHUTTS
Tucx s Motyxnicts | Yac ocamkeHHs
Homep 3pazka | Tloxpurts Crioco0 HaHEeCEHHS! TIOKPHTTI Kamepi Ty A
(W, kB1) (t,c)
(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 3pas3Ku i TaBaIHACs
BUNIPOOYBaHHAM Ha aAre3iifHy MIIHICTh TMTOKPUTTS
METOJIOM BiJpWBY.

moka3ana Ha Puc. 4.

[Tigxmagka mpuKIeoBaiacs Ha CTaJIeBY IUTUTY, 10
MOKPUTTS TPHIIAIOBABCS  CICI[ialbHUA TPHUOOK 3
BiJIOMOIO IIJIOIIEIO ITiICTaBKH.
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Taomuus3.
Pexxumu nanecenns asomaposoro (Ti+Cu) mokpurrs
Tuck B . Yac
Howmep Hokpurra | Cnocib HaHeCEHHS Topava rasa (Q, Kamepi Horyxicts (W, OCaDKEHHS
3paska scem) kBT)
(P, mGap) (t.c)
1 Ti MarzeTponHe 1,2x10%? 0,38 300
PO3IIICHHS
Tepmivne
Cu BHIIAPOBYBAHHS 1,3x10* 0,20 300
2 Ti MarzeTponHe 1,3x10%? 0,38 300
PO3IIICHHS
Tepmiune
Cu BHITAPOBYBAHHSI 1,0x10* 0,20 300
30BHINIHIN BUIJISAT rpuoKa, sk mokazaHuid Ha Puc. 5. Ilnoma kamemromku rpubka

BUKOPHCTOBYBABCSl TIPH IPOBEICHHI BHUIPOOYBaHb,

craHoBuiIa 0au3bKo 1 MM 2.

i
CTaTHKa F

g e

| IOOJIOEKA WcyTiepKeit
OoCaKIeHHAA IUIEHKA

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

Puc. 5. 306Hiwnii 6uensio epubka, aKutl 6UKOPUCMOBY8AECS NPU NPOBEOCHHI 6UNPODYEalb HA A02e3ilHY
MIYHICIb MEMOOOM 8iOpUBY

[Ticns maiiku 1o rpudKa npuKiIasanacs 3yCcmuis, 1
BHMipIOBaJIacs BEJIMYMHA CUJIH, TP SIKiH BiOyBasocs
pyHHyBaHHS 3'eHaHHS. 3aJeXHO BiJ XapakTepy
pyHHyBaHHS (CTMK TIOKPUTTS / MiAKIAaAKa; CTHK
MOKPUTTS / TpUOOK; MIKIIAPOBE 3'€THAHHS MOKPHUTTS)

pOOHMBCS  BHCHOBOK TIPO  BEIHYHHY  aJre3ilHoi
MiI[HOCTI.
Bynmu mpoBeseHi  BUMIpIOBaHHs — ajre3iiHol

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

PesynbraTi BUMIipIOBaHHS aare3iifHOT MIITHOCTI
MOKPUTTSL 3 aAre3iHuM moxacnoeM 1 6e3 HbOro
nokasani Ha Puc. 6.

B xomi nmpoBemeHHS — eKCIIEPHMEHTY  OyIo
BCTAHOBJICHO, IO BCTAaBKA aAre3ifHOro miamapy
MPUBOANUTH JIO 30UIBIICHHS aJre3idHOi MIIHOCTI
CTPYMOIIPOBiIHOTO MOKPUTTA B 10 pasiB g0 po3mipy 45
MITa. Tomy BCi moaibIii JOCHTIKEHHSI BUKOHYBAJIHCS
Ha  3pa3kax I3  3aCTOCYBaHHSIM  aJAre3iHOro
i/IIapy TUTaHy.
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Ta0nuus 4.
PesynbTaTn BHMiproBaHHs aare3iiiHoi MiHOCTI 1J1s1 3pa3kiB 0e3 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 NpUNasHHONO MPoBoA (MM?)

36| 36 36 16| 14| 49| 70

BumipsHe 3HaueHHs ajresii onomaposoro nokputts (Mlla) 5| <5 <5

Bumipsae 3HaueHns anresii aorapoBoro mokputTs (MI1a) 40 | 40| 45| 46
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AgresvoHan npouHocTb (Hfmm2)

N

Cu+Al203
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Puc 6. Bniug niowapy mumany Ha aoee3itiny mMiyHicmes ROKpummsi Mioi Ha niOK1aoyi okcuoy amoMinio

BusiBjieHHS 3aJ1€:KHOCTI aare3iiinoi MiHoOCTI Bijx
pexuMiB po0oTH TKepeia ;KMBJIEHHS
MarHeTpPOHHii PO3NMMIIOBAILHOI CHCTEMHU

Jpyra cepist ekcriepuMeHTIB OyJia CripsiMOBaHa Ha
BUABIIEHHS 3QJIEKHOCTI aAre3ifiHol MIIHOCTI BIJX
peXUMIB  pOOOTH MarHeTPOHHIH PO3NMUIIIOBAIBHOT
CUCTEMH IIPH HAaHECEHHI aJre3iifHoro miamapy.

Bymnu nposeneHi cepii ekcriepuMeHTiB pu poOoTi
MarHeTpOHHIA PO3MUIIOBAJIBHOI CHCTEMH B PEKHMI
MOCTITHOTO CTPYMY, a TaKOX B IMITYJIbCHOMY PEKUMI
NP pI3HUX TapaMeTrpax 4YacTOTH 1 IIMapyBaTOCTi
IMIOyJIbCiB 1 TpH  pi3HOMY poOOYOMYy THCKY ¥
BakyyMHiil kamepi. TUCK B Kamepi perysroBanocs 3a
paxyHOK 3MiHM BEJIMYUHM TIojadi poboYoro rasy
aproxy.

TexHoyOTIUHI ~ PEXHUMH, BHKOPUCTaHI  MpH
OTpPUMaHHI NMOKPUTTIB, HaBeaeHl B Tabnuusix 5 - 8. YV
KO)KHOMY peXuMi OyJ0 OTpUMaHO HE MEHIIE TPhOX
3pa3kiB  TOKPHUTTiB.  Pe3ynpTaTd  BUMIpIOBaHHS
aAre3iifHOT MIITHOCTI METOIOM BiIPUBY ISl OTPUMAHHIX
3pa3KiB HaBeJeHi B Tabmmi 3.9.

ITicns 0OpoOKM pe3ynbTaTiB BEMIPIOBaHHS OYyIIO
BCTaHOBJICHO, M0 Tpu poOOTI MarHeTpOHHIH
PO3NMWITIOBAILHOT ~ CHCTEMH  HalKpamii  3Ha4YeHHs
a/re3iiHOI MIIHOCTI MOKa3ajau 3pasKd, OTPUMaHi Ha
yactoTi immynbciB 90 k[ npum  koedimieHTi
3anoBHeHHs 70%. 3MEHIIIEHHS YaCTOTH IMITYJIbCIB IPU
30epexeHHI KoeilieHTa 3alOBHEHHS MPU3BOINUTH JI0
HE3HAYHOTO 3HW)KEHHA MIIHOCTI. 3HIKEHHS XK
KoedillieHTa 3alOBHEHHS TNPU3BOAUTH JO BTPaTH
aare3iifHOlT MIITHOCTI TOKPHUTTSA 1 3BOIWTH HaHIBEIb
edexT Big aare3ifHoro migmapy. PesynbraTu miei cepil
eKCIICpUMEHTIB TIOKa3aHi Ha Puc. 7.

Jlnst BUSBIEHHSI BIUIMBY THCKY y BaKyyMHid
Kamepl IpU HAHECEHHI ajAres3iiHOro miamiapy Ha
aaresiiHy MIIHICTh TMOKPUTTS OylM INpoBeleHi
€KCIIEPUMEHTH 3 HaHECEHHs IOKPUTTIB TUTaHY IpH
PI3HOMaHITHOMY THCKY Y BakyyMHid kamepi. THCk B
KaMepi peryJroBaBcs 3MIHOIO 1Mojavi pobovoro rasy i
MPOBIAHOCTI ~ KaHaly  CHCTEMH  BiJKadyBaHHS.
@dopMmyBaHHA TOKPHUTTIB  aAre3ifHOro  miAmapy
TIPOBOAMIIOCS SIK B PEXKHMI ITOCTIHHOTO CTPyMYy, TaK i B
IMITyJIbCHOMY PEXHMI.
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Puc. 7. Bnaus napamempis iMnynsCHO20 pedcumy pobomu MasHempOoHHitl pO3NUTIOBATIbHOL cucmemu npu
HAaHeCeHHI NIOwWapy Ha a02e3iiuny MiYyHICMb NOKPUMMIE

TexHonmoriuHi  peXMMH, BHKOPHCTaHI  MpH
OTPUMAaHHI TOKPUTTIB 3 JDKEPEIOM  SKUBJICHHS
MarHeTPOHHIA PO3MIIIOBAIFHOI CHCTEMH IMOCTIHHOTO
cTpyMy, HaBeneHi B Tabmumsax 10 - 12. YV koxHOMY
pexuMi Oylmo OTPHIMaHO HE MEHIIE TPHOX 3pa3KiB

mapaMeTpy IMITyJIECHOTO pPEXHMY, SIKi ITOKa3alld
HalKpaIlny aiare3iiHy MIIHICTh: 9acTOTa iMITyIbciB 90
k[, xoedimient 3amoBHeHHs 70%. Hampyra, mo
MIPUKIAAEThCA OO0 MAarHETPOHHIM PO3MIIIOBATHHOT
CHCTEMi, BH3HAYaJacsi MOXJIHUBICTIO OTPHUMAaHHS

TTOKPHUTTIB. CTaOUIBHOTO TOPIHHS PO3PSAAY NPH JAHOMY THUCKY. Y
TexHoyoriuHI ~ peXHMMH, BHKOPUCTAaHI TPH  KOKHOMY pEXHMI OyJlIO OTPHMaHO HE MEHIIE TPhOX
OTPUMaHHI TOKPUTTIB 3  JDKEPENIOM JKHMBJCHHS  3pa3KiB HOKPHUTTIB.
MarHeTpoHHiH PO3MUITIOBANIBHOT CUCTEMH 3BelieHI pe3yJbTaTH BUMIPIOBaHHS ajre3idHol
IMITyJILCHOTO CTpyMY. BukopucroByBanucss  MIIHOCTI 3pa3KiB HaBejeH1 B Ta0bmuui 5 1 Ha Puc. 8
TaGmuus 5.
Pe3yabTaTn BUMipoBaHHA aaresiiiHoi MilTHOCTi oTpuMaHUX 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
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Puc. 8. Bnaus mucky y 6axyymmiu kamepi npu HaneceHHi N0OCN05 HA a02e3iiUHy MiYHICMb 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. [Tpuuomy 1i 3pa3ku
MOKa3aJIn HaWKpalmuid 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 TOKPHUTTIB JO3BOJISIOTH TOBOPHUTH
TIPO MOJKJIMBICTh BUKOPUCTAHHS OOpPaHUX PEKIMIB JIIIS
HAaHECEHHsS MiANIapy TUTaHy B SKOCTI aJre3idHoro
MiAmapy ImijJ Marepiaji, sKi BUKOPUCTOBYIOTHCS TIPH
NaiKy KOMIIOHEHTIB (Milb, OJIOBO-30JI0TO 1 iH.).

2. HaHeceHHs IUTIBKM METOJOM HapOCTPYyHHOTO
0Ca/DKEHHSI B KJIACTEPHOMY PEXHMi poOOTH JKepena
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
JDKeperna.

3. Jlng 30UIbLICHHS aAre3idHol  MII[HOCTI
MOKPUTTIB MiJli Ha WiAKIAJAKaX 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
POBIIITIOBATIBHOT CHCTEMH i napameTpu
TEXHOJIOTIYHOTO TIPOIECY ICTOTHO BIUIMBAIOTH Ha
aare3iitHy MIIHICTh OJEPKyBaHUX MTOKPUTTIB.

5. Haiikpami pe3ynsTaTH anre3ifHoi MiIHOCTI
OTpHMaHI TP HAaHECEHHI aJre3ilHOro MiAImapy IMpH
poOOTI MarHeTPOHHIN PO3MWIIOBAIBHOI CHUCTEMH B
PEeXHMMI MOCTIMHOTO CTPYMY IPU THCKY Y BaKyyMHiH
kamepi 8,8 10-2 mOGap.
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MOJEJIOBAHHS ITYMOBOTI'O 3ABPYJTHEHHSI BLJISA 3AJII3HUL

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.

Awnoranis. llym Bij 3a7i3HUYHOTO TPAHCIIOPTY € aKTYaJILHOIO MPOOJIEMOIO 3 TOYKH 30pY 3A0POB'S JFOJCH.
3apa3 B YkpaiHi iH(pacTpyKTypa 3a1i3HUYHOTO PyXy Mae NepioJl pO3BUTKY. BaximnBo nependaunTy BILUIMB HIyMy
Ha 3QJII3HUYHOMY TPaHCIIOPTi Y pa3i 3MiHH TPaHCIIOPTHOI iHPpacTpyKTypH. IcHyI0Wi B YKpaiHi MPOrHO3HI MOJENi
0a3yroThCS Ha eMIIPIYHUX POPMYIIax, OTPIMaHHX TABHO TSI KOHKPETHUX YMOB 1 HE BPaXOBYIOTh ISSKUX BasKIIMBUX
(axTopiB. OTxe, Ii MOJENi HE MOXHA BHKOPHUCTOBYBATH U ICHYIOUHX HpPOOJIEM, IIOB’S3aHHUX i3 IIyMOM
3aJII3HUYHOTO TpaHCTIOPTy. MeToro naHoi poOoTH Oyiia po3poOKa YrceTbHOT MPOTHO3HOT MOETI UTS IPOTHO3YBaHHS
IIyMY BiJI 3aJTI3HAYHOTO TPAHCIOPTY. Moaenb mo0yoBaHa Ha YHCETFHOMY iHTErpyBaHHI XBIIILOBOTO PIBHSIHHS IS
aKyCTUYHOTO TUCKY. [IpencraBieHo neski pe3ysibTaTH YHCEIbHOTO EKCIIEPUMEHTY.

Key words: sound barriers; numerical simulation; railway transport

Knmouoei cnosa: 36yxo6i bap ‘epu; yucenvbrne MOOEN08AHH, 3ANI3HUYHUL MPAHCHOPN

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 + ALjpy + 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 " BZP), 3)

ot? ay2 = dy?

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 P41, 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 «markersy» (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
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field near railway track for each scenario.
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8.118E+81 coordinate x 8.539E+82
Fig. 3. Dimensionless sound pressure field near railway track,
t=0.008s (scenario #1: no barriers)

8. 285E+82

D+ S =000
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8.118E+81 coordinate x 8.539E+82

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
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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

#1

Scenario .
no barriers

vertical barriers

#2 #3
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)

A, 2A5E+BZ

c

o
=—f. 183E+83 0
B.966E+8Z r
—f. §99E+B2 d
A.832E+82Z i
—f. 764E+BZ
A.697E+8Z a
=——f. G3BE+BZ 1
B.563E+82 e
m—f], 495E+8Z
B.428E+82
—f. 361E+B2Z y
A, 293E+8Z
—f. Z26E+B2
A, 159E+82
—f. 914E+B1
B8.241E+81

B.5AAE +AA

=

B8.118E+81

coordinate x

A.539E+82

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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NUMERICAL INVESTIGATIONS OF THERMODEFORMATION OF ELECTROCONDUCTIVE
BODIES UNDER THE ACTION OF THE ELECTROMAGNETIC FIELD

Jlagincokuii /lenuc Bonooumupoeuu

Kanouoam mexHivHux Hayx, 0oyenn,

ooyenm xkageopu « Teopemuuna mexauixkay

Hayionanvuuii Texniunuu Ynisepcumem «Xapkiecokuii nonimexnivHuil iHCIMumymy»
Mopaukoecvkuit Onez Kocmanmunosuu

O00KMOp MeXHIUHUX HaYK, npogecop,

3asidyeay kagedpu « Teopemuuna mexamixay

Hayionanvuuii Texniunuu Yuieepcumem «Xapxiecokutl noaimexniyHutl iHCmumympy
Konkin Banepin Mukonaiiosuy

KaHOUOam mexHiuHux HayK, 0OyeHm,

npogecop kagedpu «Mexanixa cyyitbHux cepedosuuy ma onip Mamepianie»
Hayionanvuuii Texniunuu Ynisepcumem «Xapxkiecokuii noaimexuiunuti iHCmumymy
Konkin Cmanicnae Banepiiioguu

cmyoenm,

Hayionanvnuii Texnivnuii Yuisepcumem « XapkiecoKuii NOIIMEXHIYHUL IHCIMUNY My

YUCEJBHI JOCIIKEHHA TEPMOJAE®OPMYBAHHS EJIEKTPOITPOBIAHUX T
IPH JIi ETEKTPOMATHITHOI'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 pobori HaBemeHo BapialliifHy TIOCTAaHOBKY 3aJadi  aHANi3y  PO3IOBCIOIKCHHS
€JIEKTPOMArHITHOTO TIOJISI, HECTAaIliOHAPHOTO TEMIIEPaTypHOTO TIOJS Ta HENiHIHHOTO aedOopMyBaHHS CHUCTEM
EJIEKTPOIIPOBIIHUX TUI. AHaji3 PO3MOBCIOJKEHHS EJIEKTPOMArHITHOIO MOJISI 3BOAWTBCSA IO BiAIIYKYBaHHS
MPOCTOPOBO-YACOBOTO PO3MO/IICHHSI BEKTOPHOIO MArHITHOTO Ta CKAJSPHOrO EJICKTPUYHOrO MOTEHIiamiB. B
SKOCTI YHCEIBHOI'O METOAa pO3B’s3aHHS BHKOPHUCTOBYETHCS METOJ CKiHYEHMX eneMeHTiB. OpnepkaHi y
3araJbHOMY BHUIJISIII CHCTEMH alreOpaidyHuX piBHSHB /15l BU3HAYCHHS BY3JIOBUX 3HAU€Hb BEKTOPHOTO MarHiTHOTO
MOTEHIN ATy, TEMIIEPATYPH Ta MEPEMIIIICHb.

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

Krouosi cnosa: neniniiine deghopmyeanns, eneKmpomMacHimue nojie, memnepamypHe nojie, Memoo CKiH4eHux
e1eMeHMIB, GeKMOPHULL MASHIMHUL NOMeHYIa.

IMocranoBka mnpoOaemu, aHadi3 ocTaHHiX  cucTeMu BUKOpucTaHHS cwiibHUX EMIT s o6pobku
pociaimxkens. EnexrpomarnitHe mone (EMII) e  wmarepianis [1-3]. Jis EMII Ha eneMeHTH KOHCTPYKITIH
HEBi/I'€EMHOIO CKJIQJIOBOIO (DYHKITIOHYBaHHS OaraTbOX  pO3PI3HAETHCA B 3AIEKHOCTI BiJ THIIIB iX MaTepialis.
TEXHIYHUX Ta TEXHOJOTIYHMX CHCTeM. TyT MoxkHa J[d eleKTpomnpoBiTHUX MaTepialiB MPEBaiOI0YO0 €
BII3HAYMTH pI3HOMAHITHI E€HEPreTHYHI CHCTEMH, CHJIOBA Jif Ta TeIuioBa. MaeThCs Ha yBa3i BUHUKHEHHS
TEXHOJIOTIYHI ~ CHUCTEMH  IHOYKIIHHOTO  HArpiBy, PpO3MOAUICHHUX JKEpeN TEIUTOBHIUICHHS (K HACIiTOK
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3akoH Jlxoyns-JIeHnia mpo TEIUIOBUAICHHSA TPU
NPOTIKaHHI €JIEKTPUIHOI0 CTPYMY), SIKi IPU3BOASATD 10
3MiH Yy TEIJIOBOMY MOJI TiNa. 3MIHH TEIUIOBOTO ITOJIS
€JICKTPOIIPOBITHOTO Tilla TaKOX MOXYTh y 3Ha4HIiN
Mipi BIUIMBaTH Ha W#oro aedopMyBaHHS. AHai3
ne(pOpMyBaHHS  CJIEKTPONMPOBIAHUX TUI, SKi €
eJIeMeHTaM1 KOHCTPYKII1 BIIIIOBITHAX TEXHIYHUX ab0
TEXHOJIOTIYHUX CHCTEM, € OOOB’SI3KOBMM €TarioM
poekTyBaHH:A. Po3paxyHkoBul aHami3 1eopMyBaHHS
HEMOXJIMBO TIPOBOJMUTH 0€3 MOMEepPeaHbOrO aHalli3y
PO3MOBCIOKEHHST OCHOBHHMX KoMmoHeHTiB EMII ta
terioBoro  monsg.  CydacHuE — migxXixm — moTtpelye
BUKOPUCTAHHS €JMHUX PO3PAXYHKOBHX MOJCICH, Yy
paMKax sSIKUX TPOBOIMTHCS MOCHTIJOBHE PO3B’s3aHHS
BKa3aHUX 3aaad. Takoxk, 3pOo3ymilio, MO0 METOIU
PO3paxyHKOBOTO aHali3y NOBUHHI CIHPATHCh Ha
YHCENBbHI aTOPUTMH, OCKUTBKH aHATITHYHI MiIXO0IU
MOXXYyTh OYTH aJeKBAaTHO BHKOPHUCTAHI JIHIIE IS
00OMEXEHOTO  KJIaCy  pO3pPaxyHKOBHX  MOJeINeH
(oOMexxeHHsT TIO TeoMeTpii, TOBEMIHIlI Marepiany
Tomo). TakuM YUHOM, CTBOPECHHS Ta BUKOPHUCTAHHS
PO3paxyHKOBHUX METOIIB aHali3y pPO3MOBCIOKEHHS
EMII, TemmoBoro mons Ta  JaehopMyBaHHS
CJIEKTPONPOBITHUX TiI € aKTyaJlbHUM 3aBIAaHHSIM Yy
HAYKOBOMY Ta MPAKTHYHOMY CEHCI.

IMocranoBka 3aBIaHHs AOCHITKeHb. Y podoTax
[4-6] HagaHO MOBHY MaTeMaTH4YHY MOCTAHOBKY 3ajad
aHaiizy posnocromkenns EMII Ta TerutoBoro moss, a
TaKOXK aHajizy TEPMO-TIPYKHO-TUIACTUYHOTO
nepOpMyBaHHI  CHCTEM  KOHTAKTYIOUHX  Til.
BimnaunMo, 1m0 TpEm po3paxyHKaxX —peaNbHHX
TEXHIYHHX Ta TEXHOJOTIYHUX CHCTEM BCECOIYHHI
aHalli3 MOXXE€ MPOBOIWTUCH JIMIIE i3 3aCTOCYBaHHSIM
YHCeTbHUX MeTOoiB. HaiiOinpIn mommpeHnM 3 IKuxX €
meron ckinyenux enemeHTiB (MCE). Peanizanis MCE
CIMPAETHCS HA BapialliifHi MOCTAHOBKHU BiIIMOBITHHUX
3a1ad.

INepmmit  eram  po3p’si3aHHs  mependavae
3HAXO/DKEHHSI ~ IPOCTOPOBO-YACOBHX  PO3IMOJIiIIIB
OCHOBHHMX BeKTOpHHX kommoHeHTiB EMII. B mnepry
4epry, 3MEHIIAMO KUIBKICTh XapaKTepUCTHK, SKi
onucyoTh posnoBcromkeHHss EMIL.  Jlns  uporo

. o -
BBEJEMO 10 O3NSy BEKTOpPHUH MarHiTHMHA A Ta
CKaIAPHUN SJIEKTPUIHHUN () TOTEHITiaIH:

§=|7XAT; |7+T=0; E = ———|7¢ Q)
- o

He B,E — BekTopd MAarHiTHOI IHAYKIHI Ta
HAMPYXKEHOCTI eNeKTpuyHOoro mojst. Tomi cucrema
(dhyHIaMEeHTaIbHUX PIBHSHB Makcaena i3
BUKOPHUCTAHHSM IOHSTH PO BEKTOPHUI Ta CKASPHUIA
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

MPOHMUKHICTH MaTepiany, J, pe— BEKTOp TYCTHHHU CHIIN
CTpyMy Ta TYCTHHA PO3MOIIICHOTO EIeKTPUIHOTO

3apsnay, U BEKTOp HMIBUAKOCTI TOUKM Tija. HaBenena
cucteMa J03BoJisie aHanizyBath posmonut EMIT y
PYXOMHUX ENEKTPOTIPOBITHUX TilaX, eIeKTPOQi3udHi
BJIACTHUBOCTI SIKUX € 3MIHHUMH (B 3aJIGKHOCTI BiJ
TeMIepaTypu Tila (EIeKTPOIPOBIIHICTS Ta MarHiTHa
MPOHUKHICTE) Ta B  3aleKHOCTI  Big  piBHA
HaTpy>KEHOCT1 MAarHiTHOTO TIOJISt (marniTHa
MIPOHHUKHICTH JJIS1 MATHETHKIB)).

Jlns. BEKTOPHOTO MAarHiTHOTO Ta CKaJsPHOTO
€JIEKTPUYHOT O MOTEHIaIIB (bOpMyITIOIOTECS
MI0YaTKOBI YMOBH:

A(0) =0; $(0) =0.(3)

SIKmo TmodYaTKOBI YMOBH AN ITIOTEHIlIANIB
(OpMyYIIOIOTECA  IIEHTUYHO, TO TPAaHWYHI YMOBH
MAaIOTh JIesKi po30iKHOCTI. SIKIIo Hi Ha sIKiil TpaHAI
Tija He 3a1adi komrnoHeHTH EMIT, To y 1IbOMY BHITAAKY
CIil pO3MJSIIATH TUTO pa3oM i3  OTOYYIOUUM
cepelioBUINEM 1 MojenmoBaTd 3aracanHs EMII Ha
BiJJaJIeHHI, TOOTO TpPaHWUYHI YMOBHU MOXYTh OyTH
3armcaHi:

A =0 ¢l.=0. (4)

VY BUNaJKY, KOJIM Ha SKIHCh TPaHULI Tija 3aJIaHO
komroneHTn EMII, 10 (y KBazicramioHapHOMY
BUIAJKy) T'PaHMYHI YMOBHU JUIsi TOTEHIIANIB MalOTh
BUTJIS;

IO
P —Ep, i=123;
Bx,- r
0A; _% _ . . _
<B_x] aXi> . = BFkl L 73] * k= 1,2,3. (5)

Je nmno3nauka [ o0O3Hayae MNpHUHAJEKHICTH
BIJITIOBIZIHOT BEJIUYMHU 10 TPAHMIII Tija.

y BUIIAJKY HEXTYBaHHS pyxom
€JICKTPOIPOBIIHOTO Tijla, & TaKOX 3MIHHOCTI HOro
SIEKTPOQI3UIHUX  XapaKTepUCTUK  cuctema  (2)
CIIPOLLYETHCS 10 BHIILLY:

y = const; u = const;
04
Aqb—pe-

Y naHOMy BHIIQAKYy ApYre PIBHSHHS CHCTEMH
MOke OYyTH pO3B’S3aHMM HE3aJEeKHO BiJl MEpIIOTO,
TOOTO 3amaya pO3OUIAETBCS HA JBAa  KPOKH:
3HAXO/DKEHHSI CKAJIPHOTO €JIEKTPUYHOIO MOTCHINAY,
MOTIM  3HAaXO/PKEHHS  BEKTOPHOTO  MAarHiTHOTO
moteHIfiany.  JIis  3HAXOMKEHHS  BEKTOPHOI'O
Mar”HiTHOTO TIOTEHIialy JOCTaTHhO 3HAWTH MOTO
KOMITOHEHTH, TOOTO HEOOXiHO MPEJICTaBUTH TEpIe 3
piBHSHB (6) MO KOMIIOHEHTaX, OJCPKYEMO YCHOTO
YOTHPH CKAJSIPHI PIBHSHHS, JJIS SKUX MOXYTb OyTH
copMyIbOBaHi BiANMOBIAHI (YHKIIOHAIH 1 pO3B’SI30K
3amadi npo posnonait EMII 3Haxoautecs 3 yMOBH iX
ctanioHapHocTi. Cami QyHKIIOHATH MarOTh BUTIIS:
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MAG _f 1 <6Ax
@ = )12\ ax
MAG -+ — 1 aAy
» —fv N\ x

BAZ
MAGg,) = |, [ { e

VY mnopanemoMy OyneMo HEXTYBaTH BHECKOM

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

¢yakmionan (7). Po3B’s3aHHA 3amadi BU3HAUCHHS

=il +(5) +

TYT A — TEIUIOTIPOBITHICTH MaTepiay; p — TyCTHHA
MaTepiany, ¢ — MATOMAa TEIUIOEMHICTB; ( — (YHKIISA
TEIUIOBOTO TOTOKY; 0 — KOE(II[ieHT KOHBEKIIHHOTO
temooominy; T, — TeMmmeparypa HaBKOJMIIHBOTO
cepeniopuma; A,, A,~ 061acTi TpaHuIi Tina Ha AKUX

G+
)+(5) (&

+ (aﬂ)z + (%)2} A, + uy%AZ] av;

ELEC = [, [(%)2 + (%)2 + (%)2 - pe(j)] dv. (7)
9A,\* 0A,
aZ)}+<;ISA +m/a ]dV
dA,
)}+¢ Ay uy =2 Ay |V
(8)

xapakrepuctuk EMII Hamae MOKIHBICTh BpaXOBYBaTH
Horo Iito Ha TEIUIOBE TOJIE Ta Iporec AedhopMyBaHHS.
HecramionapHe pO3MOBCIOMKEHHS TEMJIOBOTO ITOJIS
Moke OyTH BH3Ha4YeHE 3 YMOBH CTaIlilOHAPHOCTI
HACTYIHOTO (pYHKITIOHATY:

(aTj LI
F) T +pe 5

+ qu qTds + fAug[T2 — 2T, T]dV ; (9)

Q=12(7x ), (10)

= . .
IS H- BCKTOP HAIPY>KCHOCT1 MAardiTHOIO IOJIA.

9 . . Kommnonentu HAC npu NIPY>KHOMY
33/1aHO TETUIOBUH TOTIK Ta yYMOBH KOHBEKI[IITHOTO edOpMyBaHHi (B YMOBAX HEXTYBAHHS BHECKOM
Tennoobminy BIUTOBIHO. Tennosupinennd  mpu CIIEKTPUYHOTO IIOJII Ta Y BIACYTHOCTI IOBEPXHEBUX
PO3TOBCIO/UKEHHT EMII BPaXOBYETHCA  ILIAXOM CTpYMiB) MOKYTh OyTH BW3HAUEHi 3  yMOBH
BBEIICHHS PO3MOIUICHUX JKEPET TSTUIOBUIIICHHS: cTamionaproCTi HOTeHIHHOT eneprii iy

MPEICTaBUMO TaK:

_1 n (43 ~ N1 — N (43 o .
U=_J[,&-"C &V~ [ (fxB) udv - [ p-udS— [,AT - *VC - &dv; (12)
@pr _ K

= (1+v)(1 ) IQT +2(1+)(ek®1®e +e e R el ®e) (12)

TyT Mu BpaxyBajM Jil0 €JIEKTPOMArHITHUX CHJI
(npyra CKIIJI0Ba), HasIBHICTh MTOBEPXHEBUX
po3noaiicHUX Cuil (TpEeTs CKJIagoBa) Ta HAsBHICTh
MPUPOCTY TeMIIepaTypH (UeTBEpTa CKIIAI0Ba).

P0o3B’s130K BiJIIYKY€TbCS 3 BIANOBIJHUX YMOB
cranionaprocti ¢yskuionanis (8),(9),(11), npudomy,
i1 HecrtarioHapaux EMII Ta TeruioBoro mosis Iii
YMOBH MOBUHHI BUKOHYBaTHCh Ha KOXXHOMY KpOLI 3a
yacom — K:

K\ =0 k) _ . kY = Ky — 0- —
8(MAGE,)) =0; 8(MAG(,) =0; &(MAG(,)=0; &6(Temp*) =0; 6&U=0. (13)
Ilyxani 3MiHHI 3a/1a9i: KOMIIOHEHTH BEKTOPHOTO  TEPEMIIICHHS. Tomi  ymMOBM  CTalliOHApPHOCTI
MAarHiTHOTO MMOTEHIiaIy, TeMIeparypa Ta  TMOTPEOYIOTH PIBHOCTI HYIIFO HACTYITHUX MOXiTHUX:
IMAG, _ IMAGE)) _ dMAG, _ o oTempk _ 0 U _o (14)
Ay ’ 94y ’ 04, ’ aT 7 ou ’
Illo nmnpu3BoAMTH [0 HACTYHNHOI CHUCTEMU
anreOpaiyHUX PIBHSAHD BiHOCHO ITyKaHWX 3MiHHHX,
SKY TIPE/ICTaBIIEMO y BEKTOPHO-MaTPUYIHIN Gopmi:
1A+ i {7 = 0.

wifa, )+ o {52} = )
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(M4} + [My]{

ot

4=

KT} + (0 (2] = (03 + (@7 + (@)%

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

TyT [M] — «™marniTHa» matpuis, [M,] — marpus,
aHAJIOTIYHA 3a 3MICTOM MAaTpHUIl TEIUIOEMHOCTI ¥y

3amaui  TemmomposimHOCTi, [A] -  «MarpuIs
TermIonpoBigHocT», [Cr] — MaTpums TEemI0eEMHOCTI,
{Q} — BekTOp-CTOBMENH BHYTPIIIHIX JDHKEpen

tewtouaineHns, {Q}Y, {Q}* — Bekropu «TemnoBHX
MOBCPXHEBUX HABAHTAXKCHB» 3aBSIKH MOYIUBOMY

M] e = fv( N

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

(BYY [uI{BYdViery, (BYT = {2

(15)

MTOTOKY Yepe3 NOBEPXHI0, 00 3aBISIKN KOHBEKIIHHOMY
TEIUIOOOMiHy, ycCi iHINI MaTpWIli Ta BEKTOpU €
CXIZIHUMH 3 TUMH, IO BXXE pO3MIIAHYTI panime. [ami
HaBEJEMO Yy 3araylHOMY BUIVIAl BHpa3H JUIst
OOYHMCIICHHSI MaTpHLlb Ta BEKTOPIB, SIKI BXOAATH Yy
BU3HAyalbHi cmiBBigHOmeHHs (15), mns BUmaaky
i30TponHOro Marepiany. « MarHiTHa MaTpHULSD) OJTHOTO
CE:

ON oN E)N}
By 0z

{N}"{N}dV(e;). MaTpuis TemIonpoBiHoCTi:

A 0 0

ay 0z

(4] = J, By ABYAV. (BY = (2 2 2 17 = [o 2 ol.

Matpuus temoemuocTi: [Crl e

Ta MOBEPXHCBUX «HABAHTAXKCHb»:

= f QINYaV ;
\%4

Jnst po3B’s3Ky y dYaci pO3IIBIIAeThCcs CXEMa,
KOTpa Ha KOXXHOMY Kpoli K 3a 4acom NpH3BOIHUTH 10

[M*1{A;*} =

(A1) = —(cFyT

SIKIIO BJACTHBOCTI Martepialy 3ajiekarh Bif
TEeMIlepaTypyd, TO Ha KOXXHOMY 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
4acoBOMY Kpolli At yTOUHEHHSs 3Ha4€Hb BJIaCTUBOCTEH

G(6,6u) =0,

G(6,61) =f6--6§dv—f(fx E)-aﬁ’dv—f
14 14

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

5¢ = 1|75t + (Fou) |

UucenbHa Mporeaypa pO3B’sS3aHHS IOJNIATAE B
HACTymHOMY. Hampukiaj, po3risiialoThCs IBa KPOKH
PO3B’s3Ky N Ta N+1, BBaxkaeMo, IO Ha KpoIli N BioMi
TEH30pH HANpPYXKEHb, NPYXKHUX Ta IUIACTHYHUX

{r'} —{r* 4
At

0 0 4

=cp fV(ez){N }T{N3}dV(e;y. Bekropy BHYTpIlIHIX JKEpes TCILIOBHIiICHHS

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

HACTYITHUX PiBHSIHB BiTHOCHO KOMIIOHEHT BEKTOPHOTO
MAarHiTHOTO TOTEHIIaTy Ta TEMIIEPaTypH:

kY _ k-1
—[Myk‘l]—{Al ) AEAL }+{]z"_1}; i=123.

+{QF 1} + {(QF 1 + {13~

Marepiaiy He OyJe morpedyBaru Oiblle JBOX-TPHOX
iTepariii.

Y Bumaaky BusHaueHHs HJIC mpu mnpyxHO-
IUTACTUYHOMY  NTe(pOPMYBaHHI PO3TIITHEMO CIaOKy
(¢opMy piBHSHBb PiBHOBar#, po3B’s30K BiAIIYKyeEMO 3
YMOBH:

7 - 51idA

Ap

nedopMalliid, TakoXK BiOMI MEXaHIuHI HaBaHTaKESHHS
Ta eJeKTPOMAarHiTHi cwid. Tomi, HeoOXiaHICTh
BHKOHAHHS YMOBH CTaIliOHAPHOCTI Ha KO)KHOMY KPOIIi
MIPU3BOIMTH 0 PiBHSHHS:

4 -
+ @Weer .. a8 (16)

Op+1 = Op

ne A€ — TeH30p MPHUPOIICHHS Ae(opMarriii, ®cep
— IPYHO-IUIACTUYHUM TEH30D.
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OxpeMi TUTaHHA MOXYTh BUHHKATH Yy pasi
pPO3MIISITy CHCTEM KOHTAKTHO-B3a€MOJIIOYHMX  TLIL
[MuTaHHS KOPEKTHOrO BpPaXyBaHHS YMOB KOHTAaKTHOT
B33a€MOJIi1, @ TAKOXK CPCKTHUBHUIN YUCEITBHUN METO IS
MOJIC/TIOBAHHST KOHTAKTHOI B3a€EMOJil HaBEICHHUH Y
poborax [5,6].

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

BucnoBku. B po6oTi mpencraBieHo BapialliitHy
MMOCTAHOBKY  3a/Jadi  aHaji3y  pO3MOBCIOKESHHS
€JIEKTPOMATHITHOTO oIS, HECTaI[IOHAPHOTO
TEMIIEPaTyPHOTO IMOJIsl Ta HENHIHHOTO 1ehOpMyBaHHS
CUCTEM EJICKTPONPOBITHUX TiJ. Y SKOCTI KIIFOUOBHX
3MIHHMX 00paHO BEKTOPHMI MarHiTHUH Ta CKaJISIPHUIN

CIeKTPUYHUIA MMOTEHLIAIIH, TeMIeparypy Ta
MepeMillieHHs, M AKX 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

Cenvkun Hukonait Anexcanopoeuu
Kanouoam mexnuyeckux Hayx,

doyenm Kageopvl Memariuieckux u 0epessiHHbIX KOHCIMPYKYULl
Canxm-Ilemepbypeckuil 20Cy0apCcmeeHHbLIL APXUMEKMYPHO-CIPOUMEeNbHbII YHUBEPCUMEem

Dunumonos Anexcandp Cepzeesuu

Mazcucmpanum xagpeopvl Memariuyeckux u 0epessIHHbIX KOHCMPYKYUil
Canxm-Ilemepbypeckuii 20Cy0apcmeenHblil ApXUmeKmypHo-cCmpoumebHblil YHUepcumem

Xanumoexoe Hcram Mypaoosuu

Macucmpanum xagedpvl Memaiiuyeckux u 0epessIHHbIX KOHCMPYKYUtl
Canxm-Ilemepbypaeckuii 20Cy0apcmeenHblil ApXUmMeKmypHo-CmpoumeibHblil YHUepcumem

O )KUBYUYECTHU CTPOUTEJBbHBIX KOHCTPYKIIUII MOPCKOI'O YYACTKA
BbICOKOCKOPOCTHOM TPAHCIIOPTHOM MATUCTPAJIM 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.

AHHOTalIl/ISI. B paMKax CTYACHYCCKHUX I/ICCHeL[OBaHI/Iﬁ BBITIIOJTHCHA pa3pa60TI<a BLICOKOCKOpOCTHOﬁ
TpaHCHOpTHOfI MarucTpaliu, HpOXOI[ﬂHIefI 10 JIMHHUM CBA3HU CaHKT-HeTep6ypra, €ro mpuropoaoB Hu
.HeHIdHFpaL[CKOfI 00J1acTH. MaFI/ICTpaJ'IL MpeACTaBIIACT coboii 60ﬂbHIerOJ'IeTHyIO U BBICOTHYIO BaHTOBO-
CTCP)KHCBYIO ApOYHYIO CHUCTEMY O3CTAKaAHOI'O HCIOJIHCHUS. B cratbe paccMOTpCHa npo6neMa COXpaHCHUA
HecyIei CltocOOHOCTH M 0€30MaCHOCTH AJIEMEHTOB KOHCTPYKIIMH M 3alIUTHI OT MIPOTPECCUPYIOIIETO O0PYIICHHS
TIPY BO3IEHCTBUN OCOOBIX HArpy3oK. I[IpuBeneHBI BOZMOKHBIE BO3/IEHCTBHS, BOSHUKAIOMINE TIPH SKCILTyaTaIllui
ydacTKa MarucTpalid, pacloJIOKEHHOro B akBaTopuu PuHckoro 3anuBa Mexay Kponmragrom u bosbioi
Wxopoit. [IpoanannznpoBaH crieHapuii KaTacTpodbl, IIPH KOTOPOM IIPOUCXOAUT YIap WIHA HaBalI MOPCKOTO CyJHA,
BBIXOJISIIETO 3a TIpeieNbl IMUPWHBI (apBaTepa, NPHUBOIAMINN K 3HAYUTEIBHBIM YCHIIMSAM B 3JEMEHTax
KOHCTPYKLIMH H K UX JIOKAIFHOMY pa3pyIIeHUIo0. B pe3ynpTare pacdera BTOPHYHBIX PACUETHBIX CXEM Ha 0COObIe
KOMGI/IHaHI/II/I Harpy3ok oOmnpeacji€Ho HaHpS[)KeHHO-I[e(i)opMI/IpOBaHHOG COCTOSAHUEC DJBJICMCHTOB KOHCTPYKIIUH,
CBUJICTEIILCTBYIONICE 00 OTCYTCTBHH MPOTPECCUPYIOIIETO OOPYIICHHUS 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 mMpAaAHCNOpmMHasl macucmpdaib, scmaxada us mpy6 6011020
Juamempa, 6aHmosbsie U apouHble KOHCIMPYKYUU, npozpeccupyioujee oopyueHue i H#Hugyuecis.

MHOrOMUITMOHHBII MEranoJjmc CaHkr- [Ipoextupyembiii  Mopckoir ywdactok BCTM
IlerepOypr TpeOyeT CBOEBPEMEHHOTO pEIICHUS  MPOXOIWT B akBaTOpUU DHUHCKOTO 3aJIMBa M COCTUHSICT
TPaHCIIOPTHOH 3agadMl MO OBICTpOMY, yIOOHOMY M  HaceleHHbIe MyHKTHI: bonbmras Mxopa, Kponmraar u
Oe3omacHOMY mepeMemeHnto xutened m rocreil B CecTpoperk c OJIHOMMEHHBIMU TITY,
Mr00yI0 TOUKY IOpoJia U ero MpUropoaos. HoBble naen  pactosoKEeHHBIMH B HETIOCPEICTBEHHOW OJHM30CTH OT
BMECTE C COBPEMEHHBIM IIOJXO0M K PEIEHUIO JaHHOH  HuX. PaccMmarpuBaetcs yuactok mexny TIIY «Ixopa»
3a/laud JKAyT BOIUIOIIEHUS B MpoekTax u peanbHoctH U TIIY «KpoHmTant», nepecekaronuil cy1oBoit Xon B
[1]. TIpomomxkaercs uccienoBaTenbckas U nmpoektHas  moptel  Cankr-lIlerepOypra mo  Kposmraackomy
paboTa 1O CO3JaHHI0O CETH BBICOKOCKOPOCTHOW  (hapBaTepy (puUCYHOK 1).

TpaHcnopTHoi maructpanu (BCTM) ¢ TpaHcnopTHO-
nepecanounsiMu y3iaamu (TITY) [2].

wau
m.aox2dowy"™ u

I'MY “Kporwmadm S IR @ I
p_.-__---——--"" anwan 1Y “Cecmpopeux”
s KA

b S

/J TNuenii Hoe

/ Moy,
(‘;«I

-~

KpoHwTtaar

Kan

K. An

Boncwasn Ykopa ;
Hesckas 2yba

TNy “Uxopa”

O - 3danue TNY
e O BETM

MeHunkn

£ JlomoHocoB
3
=

Pucynox 1. Mopckou yuacmox macucmpanu

KoHcTpykumss MarucTpanu mpeicTaBisieT co0oid  mpoekTtupyercss Ha ypoBHe +88.0 B banrmiickoit
00JBIIETIPOTIETHYTO u BBICOTHYIO BAaHTOBO-  CHCTEME KOOPIWHAT. | TaBHBINA I€MEHT MaruCTpaiy —
CTep)KHEBYI0  apOYHYI0  CHCTEMYy  JCTaKaJHOTO  JKecTKasg Oanka IyTepoBOAa MPEICTABISAET COOOM
WCIIOJTHEHHS: OCHOBHOHM TIPOJET KOTOPOW COCTAaBISAET  YETHIPEXTPyOHOE CEYeHHE C  BaKyyMHPOBAaHHON
360.0 M, TOMOMHUTENBHBIN AJIS1 ApOK B 30HE MOJAX0Ja K MOJOCTbIO, B KOTOPOW OCYULIECTBIISIETCS JIBHXKEHUE
TIIY — 180 M, a oOTMETKa penbCcOoBOrO IyTH  MOE3M0B €  HCIOIb30BAHMEM  INEPCHEKTUBHON
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texHonmorun  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 HEeCcylMe KOHCTPYKIMU, a OMNOPHBIE BaHTHI

SIBJISIFOTCS JJIEMEHTAMH  PACKpEIICHUs U1t
obecrieyeHns] pacyeTHBIX JUJIMH, BOCHPUSTHA |
nepefayd  BETPOBBIX  HAarpy30K Ha  KOJIOHHBI
(pucyHok 2).

HByxBemBebou

flodBecku

nu/saoHa

Pucynok 2. Koncmpykyus Mopcko2o y4acmka mMazucmpanu

Jnsa ONpEIEICHUS KHU3HECIIOCOOHOCTH
KOHCTPYKLIMH MIPOBEEH aHaIN3 U cOOp AEHCTBYIOLIHUX
Harpy30K, a TakXKe pacCMOTPEHbl BO3MOXHbIE
aBapuUiHBIE CHUTyallud B pe3ylbTaTe BO3ACHCTBUSL
0COOBIX HArpy3oK, a TaKKe JIEIOBBIX M BOJIHOBBIX
BO3JEUCTBUH.

Jlenossie BO3ACHUCTBUS u Harpys3KH,
BO3HHMKAIOIIUE BO BPEMs XOJOIHBIX 3MM Ha CEBEPO-
3anage Poccum u npuBojsmMe K JIENOCTaBy U
nenoxony B Bojgax DHUHCKOrO 3aluBa, HE JIOJIKHBI
BBI3bIBaTh 3HAYUTEIIBHOTO BIIUSHUS HAa KOHCTPYKLUIO
MarucTpajii B CBSI3U C KOMIUIEKCOM JIOIIOJHUTEIbHBIX
IIPEBEHTUHMHBIX MEp, I03TOMY B YCJIOBUSAX HACTOSILEH
3a/layd HE YYMTHIBAIOTCA. Tak B ILensiX 3alluThl
9JIEMEHTOB  IIpeJUlaraeTcsi yCTaHOBKAa  0apbepoB
(yleope3oB) mepen  KOHCTPYKLMSAMH, HM3MEHEHHUE
(hOpMBI OTIOPHBIX AJIEMEHTOB B MECTaX MPHIIOKECHUS
JIEIOBBIX HArpy30K M IOBBIIIEHHBI KOHTPOIb 3a
JIeJoBOM  OOCTAaHOBKOW B OMACHBIX  30HAX.
KomnniexkcHblil aHanu3 JEAOBBIX, a TaKK€ BOJHOBBIX
Harpy30K U BO3JCHCTBUM NI YCIOBHM pacu€THOrO
mTOpMa HA OHOpPbl KOHCTPYKLUU IUIAHUPYETCS
IIPOBECTU B IIOCIEAYIOLIEM HCCIEA0BaHUN.

IIpu BBINONHEHUM pacuéTa KOHEYHO-3JIEMEHTHON
CXEMBI YYTEHBI U OIpPEEIICHBbl CIENyIOIINE HArpy3Ku

MPUPOJHOTO W TEXHOJIOTHYECKOTO0  XapakTepa:
coOcTBeHHBIH  Bec  KkoHcTpykmmi  (L1), Bec
TexHoyornyeckoro obopynosanus (L2), cHeroBoe
sarpyxenne  (L3), BerpoBas  Harpy3ka (L4),
BO3/IEIiCTBUE OT JIBWKCHHS T10€3/1a, MOCIEA0BATEIHEHO
MIPUKJIAbIBAEMOE OT KOJIOHHBI K CEpEIMHE MpoJeTa
(L5-L9), a Taxxe ocobast Harpy3ka — yaapsas (L10) ot
HaBajla MOPCKOTO CyJIHa.

B cootBerctBHM ¢ [4] mpu NpPOEKTUPOBAHHUU
coopyxxeHus kiacca KC-3, xapakTepH3yIOIIHMUCS
3HAYUTEJIbHBIMU BBICOTAMH M IIPOJIETAMU HECYIIHX
CTPOUTENBHBIX KOHCTPYKIMH, ClEAyeT Y4YHUTHIBAThH
aBapuiiHbIE CUTYyallMW, BO3HUKAIONIME MpPHU JEHCTBUU
0coOBbIX Harpy3ok u BoszfeiicTBuil. [logpobHO
paccMOTpEH clLieHapuil BO3MOXHON KaTacTpodbl, mpu
KOTOPOM B HECKOJIBKO 3TAIOB ONPEIEISTCS KUBYIECTh
apOYHO-BAaHTOBOM CHUCTEMBI, IPOJIOKEHHOH  Haj
(apBarepoM, IIpH yIapHOI Harpy3ke — HaBaje CyjaHa
Ha JIeBYI0 KoJIOHHY (DT1an 1) 1 mocienyiomero BeIBOIa
n3 cTpos |-i rpynmsl HECYmMX OTTSDKEK-BaHT C MX
oOpeiBoM (Dtam 2), a 3ateM ¢ 06psiBoM |1-it rpymms
OTTsDKEK-BaHT (DT1am 3). MecTo NMPHUIIOKEHNUS yCHUITHS
OT yZAapa IO BBICOTE COOPY>KCHHS NPHHATO Ha BETBb
KOJIOHHBI, PacHoOJO0XEHHOW Ha ypoBHe Oopra cynHa
(pucyHok 3).
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Il Fpynna ommsxek
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Pucynox 3. Ipunooicenue yoaproii Hazpy3ku om HA8ALA CyoHd

3a pacu€tHoe cCyaHO TmpuHAT KpynHeimumid  L=316,0 M, a mmpuHa u Beicota 43,0 u 72,0 ™M
kpyusnsblii naitnep MSC Meraviglia [5], xonuBmimii B COOTBETCTBEHHO (PUCYHOK 4).
Bogax duHckoro 3anuBa. [lyiMHa yaiiHEepa COCTABISET
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Pucynok 4. Conocmaenenue 2abapumos natinepa u Masucmpaiu

B HCCJIICAOBATCIILCKUX LECJIAX BCJIMYNHA HATPY3KH NMPUMCEHCHUCM KOS(I)(I)I/ILII/IGHTa 0e30IMaCHOCTH ¥s, TOT A

MPUHUMAETCS 1o HOPMAaTHBHO-TEXHUYECKHM  IPUMEHHUTENBHO K YCUIIHIO:
JIOKyMEHTaM [yl THAPOTEXHUYECKUX COOpYKEeHui. B
COOTBETCTBHH C [6] 3HAUeHHe cuibl yaapa cyaaa Ny Ha Ny = YNy yud =
COOpYXKEHHE HE JOJHKHO MPEBBIIIATh JIOMYCKaeMOro =2.0-714.2-9.81 = 14.0 MH
JTaBJICHUS] HA KOPITyC CyIHA, TOTAA JJs JalHepa Kak
MOPCKOTO CyJHa C JICAOBLIMU NOAKPEIIJICHUSIMU: Cuna Ty, HalpaBJeHHAas MO KacaTelbHOH K
COOPYKEHUIO:
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 c [7] yuér ciydailHBIX
CTOJIKHOBEHHH, OIMOOK MepCoHaNa, HeUCIIPaBHOCTEH,
KOMOMHAMU  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
TpeOOBaHUSAM HOpMATHBHOM 0a3wl [8], U3 pacuérHOU
CXEMBI IOCJICIOBATENEHO YAAJCHBl pa3pyllacMble
3JIEMEHTHI U MPOM3BEICH PacuéT BTOPUYHBIX CXEM Ha

HATPY3KH B OCOOBIX codveTaHHsiX (TIOCTOSHHBIC U
JUTUTEITbHBIC HArpy3KH, JUTUTEITbHBIC 9acTH
KpPaTKOBPEMEHHBIX HAarpy30K, a TAKXKE Ha HATPY3KH OT
TTOIBUYKHBIX COCTaBOB) c MTOHMKAIOIIMU
KOA(PUIMECHTAMH COYETAHHI C IEIbI0 00CCICUCHUs
HAJICXKHOCTH KOHCTPYKIIMM W O€30IacCHOCTH IS
naccaxupos (tabnmma 1) [9,10].

Tab6muma 1
Yeuins B 3j1eMeHTaX U NepeMenieHus y310B pacueTHoii cxembl BCTM
BerBb KONOHHBI Basnka mytenpoozaa Apka
PacuérHas komOuHaLs -
yeumit Yews Yews 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+
+0,0L4+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 91.1 141 598.7 -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 15.2 -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 | rpynnbI
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 12.8 -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 49 -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 12.7 -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, YTO BO BCEX CIyyasX  BO3MOXKHOCTb HOpMaJlbHOI JKCIUTyaTaluu

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

MyTENpPOBOJa W OC30MACHON IBAKYaI[H MMACCAKUPOB
NpU ABHXKEHUHM M OCTAHOBKE IOE3/I0B B aBapUNHBIX
CUTYallMsIX Ha BCEX JTarlax.

VYeunust mpu - mOTepe  CXEMOW — BaHTOBBIX
9JIEMEHTOB (PUCYHOK 5) HEe TPEBBINIAIOT 3HAYCHHH,
TOJIYYCHHBIX TIPU pacy€Te Ha OCHOBHBIE KOMOWHAIINU
(pucyHOK 6), 9TO B TaHHOM CJIy4ae MO3BOJISIET CYIUTh
0 COXpaHEHHHU HECYIIeH CIOCOOHOCTH BCEX 3JIEMEHTOB
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cucreMbl. [Ipu pacuére Ha ocoboe co4eTaHWe  YCTaHOBKHU JeMITI(pUPYIOIINX YCTPOICTB u
Ha6J‘IIOZIaeTCH YBCJIUYCHUC YCI/IJ'II/Iﬁ B KOJIOHHE B nOoCpEACTBOM  YCUJICHUSL pr606eTOHHOFO CCUYCHUA
HCCKOJIBKO pa3, 4To Tpe6yeT NMPUMCHCHUSA BIIOJIHE KOJIOHHBI oCpeACTBOM JOIIOJIHUTCIIBHOTI'O
MMPpUEMIICMBIX KOHCTPYKTUBHO-TCXHOJIOT'MYECKUX apMupOBaHUs.
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Pucynok 6. Maxcumanvhvie uzeubarowue MomeHmol
6 21eMEHMAax Macucmpanyu npu OCHOGHOM couyemanuu Hazpy3ok (MH-m)

Belieyka3anHble  pacueTbl C  OIPEICIICHUEM
BHYTPEHHHUX CHJI B 3JIEMEHTaX U MEepeMeIeHHH Y3JI0B

CJIOKHOM BaHTOBO-CTEPIKHEBOI CUCTEMBI
BBIMOJIHSUTACH € MCIIOJIb30BAaHMEM IMPOrPAMMHOIO
komiiekca “SCAD Office 21.17 Ha KOMILUIEKC

Harpy3oKk B  OCOOBIX COUYCTAHHUAX C
JTMHAMHWYECKHUX BO3IEHCTBUM U HEJTMHEHHOCTH.
[IpoBeneHHbII aHATU3 U TOTYYEHHBIE PE3YIbTAThI
Ha JaHHOM J3Tale MPOEKTHPOBAHUS M HCCIeIO0BaHUMN
MO3BOJSIFOT ~ CAENATh BBIBOJ 00  yYCTOMYHUBOCTH
CTPOUTENIbHBIX ~KOHCTPYKIIMM MOPCKOTO  ydJacTKa
BBICOKOCKOPOCTHOM TPAHCIOPTHOM Marucrpaiu K
MPOrPECCUPYIONIEMY OOPYIICHUIO W €€ KUBYUECTH
MpU Harpy3kax M BO3JCHCTBUSIX OT HaBaja CyqHa C

y4eToM

obecrieyeHrEM TpeOoBaHuU HaJIe)KHOCTHU u
6e30macHOCTH.

KoMmmiekcHblli  aHaau3 JEeAOBBIX, a TaKke
BOJIHOBBIX HAarpy30K M BO3JEUCTBHUI ISl YCJIOBHUH
pacyéTHOTO IITOpMa Ha ONOPbl  KOHCTPYKLUHU
BBICOKOCKOPOCTHOM ~ TPaHCHOPTHOM  Maructpajiu
IJIaHUPYEeTCs IIPOBECTH B MIOCJIEIYOILIEM
HCCIIEJOBAHUU.
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AnHoTanusi. Ha ocHOBe BBIIIOJIHEHHBIX B paboTe HCCleOBaHWN TPOBENEH CPAaBHUTENIBHBIA aHaIN3
M3MEHEHHS CBOMCTB CMeced M MEJKO3epHHUCTHIX OCTOHOB Ha MX OCHOBE B 3aBHCHMOCTH OT Pa3HOW yAEITHHOU
MIOBEPXHOCTU TOHKOJMCIIECPHBIX HAIOJIHUTEIEH: Tpenena WIM MecKa; OT COACPKaHUS MUKPOHAIOJIHUTEIIEH:
BBICOKOAKTHBHOT'O METaKaoJIMHa, BOJUIACTOHUTA U BOJOPELYLHPYIOMINX N00aBoK-cynepuiactudukaropos C-3
nmn Melflux. CMecu TOTOBWINCH MPH Pa3HBIX TEXHOJIOTHYECKHX IMapameTpax. llepBeie cMecH TOTOBHINCH B
CKOPOCTHBIX CMECUTEINSIX, BTOPbIE TOTOBWJIMCh B TPAJULUOHHBIX CMecUTENsIX. [IpoBeneHHbIE HCCIEN0BaHUS
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MOKa3bIBAOT IHPOKHUE BO3MOXHOCTU MOL[I/I(l)I/IKaHI/II/I COCTaBOB OpPraHOMHUHCPAJIbHBIMU  3KOJIOTHYCCKHU
6€3Bp€L[HLIMI/I ILO6aBKaMI/I u CBUACTCIILCTBYIOT (0] pauOHAJIBbHOCTHU pa3pa60T01< KOMIIJIIEKCHBIX
HOHI/I(l)yHKIII/IOHaIILHLIX MOI[I/I(l)I/IKaTOI)OB OTACIIBHO 1A AKTUBHUPOBAHHBIX u HEC AKTUBUPOBAHHBIX

MCJIKO3CPHUCTBIX OETOHOB. Hoxa3aH0, 4TO HOpU mepexonac Ha ,apyroﬁ BUJ HAIIOJHHUTCIIA, Ja)KC€ TaKOI'o XK€
XUMHUYECKOI'0 COCTaBa, OINTUMAJIBHBIC HOO3UPOBKHM BCCX KOMIIOHCHTOB M HX COOTHOILICHUEC HeOGXOZ{I/IMO
KOPPEKTUPOBATh. HpI/I Nnepexoic Ha IlpyTOﬁ BUJ TPUTOTOBJICHUA cMecell COOTHOIIEHHE KOMIIOHEHTOB TaKKe
HU3MCHSICTCA. HpaKTI/I‘lCCKI/Ie pe3yabTaThl, IIOJYYCHHBIE aBTOpaMH, 00€eCIIeYnBalOT KaK IOBBIIIEHHBIE IO
CPaBHCHUIO C HOPMHUPOBAHHBIMU, TaK W BBICOKHUE TOIIOJIHUTECIIBHBIC ITOKAa3aTEJIN Ka4€CTBA. HpoaHaanpOBaHo
BIIMSIHUE THIA, COCTaBa W AMCIEPCHOCTH HAIIOJHUTENEW Ha CBOWCTBA CTPOUTENBHBIX CMECEH € 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 Modud)ukamop, MemaKkaoauH,
80JIACMOHUM, mamemamuviecKkue Mode/m, onmumuzayus.

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

IocranoBka 0o0uieili mMpo0JjieMbl M ee CBA3b €
BAXKHBIMH  HAYYHBIMH H  NOPAKTHYECKHMH
3agayamu. COBpEMEHHOE CTPOUTEIBCTBO Tpedyer
MPUMEHECHHSI HOBBIX A(PQPEKTHBHBIX MAaTEPHAJIOB,
Cpeoy  KOTOPBHIX  BaXXHOE  MECTO  3aHHMAIOT
BBICOKOKAUECTBEHHbIE MEIKO3EPHUCTHIE PACTBOPHI Ha
BBICOKOITO/IBIDKHBIX CMECSX. BayKHBIM HOBOBBEJIEHUEM
B TEXHOJOTHMU BBICOKOMOJBIDKHBIX CMecedl |
PacTBOPOB SBJISIETCS MPUMEHEHHE BHICOKOCKOPOCTHBIX
CMecCHUTeNelH-aKTUBaTOPOB. AKTHBaIUs OOecTeunBaeT
BBICOKYIO CTOMKOCTh K TPEHIMHOOOPA30BaHUIO U
BBICOKYIO are3Wi0 K pa3UYHBIM OCHOBaM, a Ha

MOPHUCTHIX  HANOJHUTENAX — €Ie W BBICOKUE
TEIUTO3AIIUTHEIC U aKyCTHYECKUE CBOICTRA.
AHaJau3 MOCJeAHUX HCCJIeI0BAHMI "

nyO0aukanui. [losydeHne MeNKO3epHUCTBIX cMecel
BBICOKOM ~ OJHOPOJHOCTH,  JKH3HECTOHKOCTH M
MPOYHOCTH  HEBO3MOXXKHO  0€3  HCIOIb30BaHUS
noMMpyYHKIUOHANBHEIX ~ Moaudukartopo  (IIOM).
Haubonee  sdpdexruBupivu  [IOM  sBustoTCs
KOMIUIEKCBl Ha OCHOBE CYIEepIUIacTH()HUKATOPOB U
BBICOKOJIUCTIEPCHBIX MHHEPAJIBHBIX JO0ABOK B BHJE
Pa3sHOBHUAHOCTHU MHKPOKpEMHE3eMa. Opnako
HOPENsATCTBHEM K IIMPOKOMY MPHUMEHEHHIO TaKHX
KOMIUIEKCOB B YKpauHe SBISE€TCd MX BBICOKas
cToMMOCTh. KOHKYpeHTOCIIOCOOHOH —MHHEpaIbHOMN
n00aBKOM, Kak MokazaHo B paborax /IBopkuna JI. 1.
[1], sBnseTcss  BBICOKOAKTHBHBIA  METAKaOJIUH,
MPEJCTAaBICHHBIA B BHZAE AMCIEPCHOTO IOPOINKA B
pe3ynbTarte 00KHra OOOTAIIeHHBIX METaKAOJWHOBHUX
rmH. Pa3nudHbele KpeMHE3eMCoaepKalline aKTHBHBIC
MHKPO- W MAaKpOHANONHHUTEIN C  Pa3IHIHBIMHU
BEIMYMHAMH IUIOINAAW  YACIBHON IOBEPXHOCTH,

CTPYKTYpPOil M NONMMHHEPAIBHBIM COCTAaBOM IIO-
pa3sHOMY BIHMSIOT Ha PEOJIOTHIO CMECEH, INpOIEeCcCHl
CTPYKTYpOoOOpa3oBaHus U TBEPICHUS PacTBOPOB. [8, 9,
10]. B To0 xe BpeMs BOIIPOCHI COBMECTHOI'O AEUCTBUS
9THX I00aBOK W TIPHOPUTETHOCTh MX BIMAHHUS Ha
CBOMCTBA U3Y4YEHBI HEAOCTATOYHO.

Heas wuccaenoBanus. Pa3paboTka cocTaBoB
BBICOKOTIOJIBIKHBIX ~CMecel, MOAN(HUIMPOBAHHBIX
pa3sHBIMH TI0  TPOUCXOXKACHHIO U  CTPOCHUIO
KPEMHE3EMHUCTHIMH Jno0aBKaMu MHKpPO- "
MaKpOHAMOJIHUTEISIMH, aHau3 BITHSTHUSA
TEXHOJIOTHYECKHX  I1apaMeTpOB  IPUTOTOBIICHUS
cMece M TONyuYeHHe Ha WX OCHOBE pPacTBOPOB
MoaM(YHKIMOHATBHOTO HAa3HAYEHHS C BBICOKMMH
(U3HKO-MEXaHMYECKUMH W OKCIUIyaTallHOHHBIMH
CBOMCTBaMH.

Jlist mocTr KEHUs TTOCTaBICHHON LIeNIN PelIalnich
ClIelyIOlINeE 3a/1auu:

- IPOaHAJIM3HPOBATH MO IKCHEPUMEHTAIBHO-
cratuctudeckuM (OC) MonensiM 3aKOHOMEPHOCTH
BIMAHUS  KPEMHE3eMCOACP)KAIMX  Makpo- U
MUKPOHAIIOJIHUTEIEH pas3In4yHON MIPUPOLEI,
CTPYKTYpBI, IUCHEPCHOCTH U CYNepIUIacTH(GHUKATOPOB
Ha CBOICTBa aKTMBHPOBAHHBIX W HEAKTUBHUPOBAHHBIX
pacTBOPOB, NPUTOTOBIEHHBIX  JByMsS  pa3sHbIMHU
criocobamy.

- pa3paboTaTh ONTUMAJbHBIE COCTaBBI IS
OLITYyKaTypHBaHHs, MOHTa)ka, KJIQJKW W yCTpOMCTBa
9JIEMEHTOB TIOJIOB C YJIyYIICHHBIMH CBOHCTBAMH C
YYeTOM TEXHOJOTHH MX IMPUTOTOBICHUS.

Jlns M3rOTOBICHHS MENKO3EPHUCTBIX CMEced |
pacTBOpoB  OBIIM  HWCHOJB30BAHBl  CIIEAYIOIIE
Matepuaisl: nopriaanainement mapku 111 I-500-710;
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MECOK KapbepHblii Bosnecenckmit 3 M,=1,25; B
Ka4yecTBE BOJIOPEIYLIMPYIOILEi 100aBKH NCTIOIB30BaHa
no6aska CII (C-3); MuUHepabHbIH MaKpOHAIMIOIHHUTEh
- TOHKOMOJIOTBIH Tperies, pa3MOJIOTHIH 110 3aJaHHOM
ynenbHol noepxHocTy (Syo) - 300, 450 u 600 m?/kr;
MHUHEPAIBHBIIT MaKpOHAIIOJIHUTEb JUIS CPAaBHEHUS C
aMOp(HBIM TPENEIOM - MOJIOTHIH KBapIeBBIH IMECOK,
TaKke pasMoloThii 10 Sy - 300, 450 u 600 M%/xr; B
KauyecTBe /00aBKH, KOTOpas CHIKAET MPOLECCHI
yCaJK{ TMOBBIMIAET TPEUIMHO- U JIe(hOPMAIMOHHYIO
CTOMKOCTB UCTOJB30Bascs BojutacTorut (BJT) MB-05-
96; ¢ meNnbo YIUIOTHEHUS CTPYKTYPHI MCIIOIB30Baach

TOHKOJMCIICCPAHS MUHEpaIbHAs nmobaBKa
BBICOKOAKTUBHBIN MeTakaonuH (BMK).

Merononoruueckoii OCHOBOW  HCCIEAOBaHUMN
SIBIIICTCS MaTeMaTH4YeCKas TEOpHs IUIAHUPOBAHUS
9KCIICPUMCHTOB. MaremaTtnueckas TCOpHs
IUTAHUPOBAHHS SKCIICPUMEHTOB MO3BOJISICT MPOBOIUTH
aHaM3  CIOXHBIX  CHCTEM MW IapaMeTpoB
TEXHOJIOTHIECKUX IporeccoB o DC-moxermsm [11]. B
IMAaHHOM HccienoBaHnu oommi Bux DC-moperneit
MPeCTaBIsIeT COOOH MaTeMaTHYeCcKoe ypaBHEHHE
BHZA:

AgvitApvive D14viXa+D1sviXs+DigviXe DasXa?+hasXaXs
Y= AovotAgsvivs + D24voxat+DasvoXs+DosvaXs + bssXs?+baeXaXs (@)
AsvatAzvovs Ds4vaxa+Dasvaxs+DagvaXe besX6>+D56XsX6
@ (©
DC-MOJeNU MOKHO HCIOJIb30BATh ISl IPUHATHS  SBIISIOTCS TEXHOJIOTHIECKHUE HapaMeTphl

pCIICHUI TOJIBKO IOCNE TOro, Kak anreOpam4ecKuid
pacu€T OICHOK KOA(pOUIMEHTOB OyIeT MOIOIHEH
CTATHCTUYECKUM aHAJIM30M, KaK KO3 (UIIHEHTOB, TaK
Y MOJIENH B IIEJIOM.

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

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

CIEIUATbHO CHHTE3MPOBAHHBIX IUIAHOB
cTaHOapTHHIX porpaMm Microsoft Office.

AHA/IM3 Ppe3yabTaTOB 3JKCHEPHUMEHTAILHBIX
HucciaeqoBaHuid. PaccuuTtaHel ¥ IpoaHAIU3UPOBAHBI
9C-mopenu, KOTOpbI€  OIUCBHIBAIOT  BIIMSIHHE
KpPEMHE3eMCOJIepIKaliX 100aBOK M HAIMOJIHUTENEH Ha
CBOICTBA.

Peonoruueckue u (bU3MKO-MEeXaHYECKHE
CBOMCTBa BBICOKOKAUECTBEHHBIX PACTBOPOB 3aBHCAT
Kak OT BHJA M COAEPKaHNS MUHEPAIbHBIX JJ00aBOK —
HaloOJIHUTENeH, Tak W OT cocTaBa W KOJIMYECTBA
OopraHudeckux  no0aBok. BaxsHbIM  Qakropom

[11] u

MPUTOTOBIICHUS cMecelt [2—7].

JI71st BOCTMXKEHU YTy ULIEHHBIX CBOUCTB cMecel U
pacTBopoB paccMaTpUBaIUCh pasHbIe
TEXHOJIOTHUYECKUE MapaMeTPbl MX MPUTOTOBJICHUS. B
NMepBOM U BTOPOM  JKCIEpUMEHTaX  CMeCH
MIPUTOTOBIISUIUCH TPaAULIMOHHBIM croco0oM:
ITOIBUYKHBIC HEaKTHBUPOBAHHBIC cMecH c
TOHKOMOJIOTHIM IUIOTHBIM HAITOJHHUTEIEM B BHIC
kBapueBoro necka (HAC/IT) n nérkum B Buze Tpemnena
(HAC/T) ¢ B/1I=0,5. B TperheM u 4ETBEPTOM
SKCIEPUMEHTAX MPUTOTOBILUINCH BBHICOKOIIOABIDKHBIE
AKTUBHPOBAHHBIE CMECH AHAJIIOTHYHBIX COCTaBOB C
kBapreBbiM mieckoM (AC/IT) u ¢ tpemenom (AC/T) B
ckopocTHOM cmecuTene ¢ B/1[=0,7.

Ha mepBom »sTame wuccienoBaHuil MPOBEICHBI
OLICHKA M aHAaJIM3 PEOJIOTMYECKUX CBOMCTB cMeced C
y4eTOM TEXHOJIOTHUECKUX yCIIOBHI ux
OpUroTOBJCHUA. TexHosoruueckas 3¢G(GEeKTHBHOCTD
omnpe. moAB. [IoJBUKHOCTE cMecel, KOTopast 3aBUCUT
OT TEXHOJIOTHYECKUX YCJIOBUN MPUTOTOBICHHS, OT
cocraBa 1 B/L] oTHOmIEHUs, U3MEHSIETCS B JUANa30HE
OK = (6+16) cm mia nogsmxHbEIX 1 OK = (20+30) cm
JUTSL BEICOKOITOJIBMIKHEIX cMeceit (puc. 1).
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Puc. 1. Brusnue codepacanus nanonnumenst BMK u nracmugpuxamopa C-3 Ha noogusicHocms
HeaKmueUpOBAHHbIX cMecell ¢ MOHKOMOIOMbIM NecKoM (a) u mpeneiom (6) u aKmueuUpOBAHHBIX ¢
MOHKOMOIOMBIM NecKoM (8) u mpenenom (2)

[InotHOCTH cCMeceil u3MeHseTcs B Hpenenax
40 % (puc. 2)

ITokazarens paccnanBaemocTH o Hopmam JJCTY
He JoJDKeH mpeBwlmate 5%. He axTuBHpOBaHHBIE
cmecu (HAC) - He paccmamBaembl. s
AaKTUBUPOBAHHBIX cMecei npu conepxanuu C-3<1 % u
npu orcyrctBuu BJI mokasatens paccianBaeMoOCTU
MPEBBIIAET HOPMY, YTO OIOCPEJOBAHHO MOXKET
CBUJETENLCTBOBATh O HENOCTaTOYHOM B JaHHOM

a)
A KC y

hp, ki’

ciydyae  IacTHuKanuu  cMecH.  [loBEImIEHHOE
comepxkanne C-3 mo 1,0+1,5 % cmocobcTByeT
HOpMaJIM3aIliM  paccilanuBaeMOCTH HE3aBHCHUMO OT
conepxkanus BJI u BMK u Moxer ObITh CBs3aHO ¢
BBICOKOPA3BUTON CTPYKTYPOIi IOPOBOT'O IIPOCTPAHCTBA
NIPUMEHSEMBIX HanoaHuTenel. B nannom ciyuae BJI u
BMK B ontumanbHOM KOJIMYECTBE BBIIOJHAIOT POJIb
CcTaOMIIH3aTOPOB CMECEH.

0) 6)
A Paccnansaemocts, %
s} puaTHIINR.

HAC- AC-T

Puc 2. Usmenenue a6comomelx 3HAUeHUll C8OUCME PACMEOPHBIX CMeCell:
a) — cpokoe cxeamvisanus, 6) — niomuocmu, paccirausaemocmu — HAC/ITu HAC/T — 1 u 2
neaxmusuposannvie; AC/IT u AC/T — 3 u 4 akmueuposanmule

PacTtBoOTHENEHHE 1711 aKTUBHPOBAHHOW CMecH,
MOTU(PHUIIUPOBAHHON TpEMnesom, 3HAYCHHUE
pacTBOpPOOTAeNEeHUs MPH HopMe tg o> 0,25 u3meHsieTcst
or 038 go 0,56. C yueroM JUCNIEPCHOCTH
HATIOJTHUTEJIEH  PAacTBOPOOTHACICHUS  PacTBOPHOU

CMeCH MOXKET OBITh

tga=0,6+0,7.

CpoKH CXBaTBIBaHHUS COCTaBOB KOPPEKTHPYIOTCS
coJiep)KaHueM J100aBOK, HAINOJIHUTENCH U yCIOBHAMHU
npurorosyiennst (puc.2). IloBeimeHHOE cojepkaHue
cynepruactudukaropa C-3 oTnansier MOMEHT Havdasa

YMEHBIIEH [0 3HA4CHUH
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cxparbiBanus. Opnnako BBeneHue nobaBku  BJI
(CaSiO3) coBmectHo ¢ BMK npuBOAHT K YCKOPEHHIO
nepuofa TUApaTaluy IEMEHTHBIX MHHepasioB [3].
Hauayio cpokoB cXBaThIBaHUsSI HAXOJIUTCS B Mpeeax
50+180 MuH., a IPOMEKYTOK BpEMEHH MEX Ty HadaloM
U KOHIIOM CXBaThIBaHUS (IEPHOJ IPUTOIHOCTH, WK
BpeMs KH3HECTOUKOCTH) cocTaBisier 120-270 MuH. B
3aBUCHMOCTH OT BHa TOHKOMOJIOTBIX HAIlOJHHUTENCH,
MOABW)KHOCTY M YCJIOBUU HPUTOTOBJIECHUS CMECEM.
HeaxTuBupoBaHHbEIE CMECH C TPETETIOM CXBATBIBAIOTCS
HECKOJIBKO MEJUUICHHEE, YEM C KBapIEBBIM IIECKOM, UTO
MOJKET OBITh CBS3aHO, 0COOEHHO B HaYaJIbHBI MOMEHT
BPEMEHHU, C YBEIWYEHHEM COJIepXKaHUs KPEMHHUEBOM
KUCJIOTHI ¥ CHIKeHHeM pH.

[IpouHocTs Ha cXaTHe ONpeAeNsIach Ha
CTaH/JapTHBIX  oOpasmax-Oanoukax.  CoBMecTHOE
npumenenue BJI u BMK oka3biBaeT mojouteiabHOe
BIMSAHAE Ha Rcye, OBBIAS ORcxe 10 25 %. 3a cuer

U3MEHEHUS ORcxe U3MEHSiETCA: C TOHKOMOJOTBIM
TpenenoMm — B 1,54 pa3a, ¢ TOHKOMOJIOTBIM MIECKOM — B
2,1 paza.

IIpn BbIOOpPE ONTHMANBHBIX COCTaBOB CIIETYET
YUUTHIBaTh BAXKHBIH BBIBOA O TOM, 4YTO BIIMSHHE
YIEIBHON TOBEPXHOCTH (Syo) MAaKpOHAIMOIHUTEIEH
(Tpemen/mecok) o 35 % BBIIIE COBMECTHOTO BITUSHUS
mukpoHanonmauTeneit BJI, BMK w C-3 um 4ro
MaKCUMaJIbHbIe 3HAa4YeHUS Rex™ pasHBIX YeTBIpeX
cMeceil JOCTUraroTCsl MPH Pa3indHON Syo Mecka WIu
tpenena. Rex"= 37; 40; 38; 29 MIla anst ueTbipex
HCCIIeYEMbIX COCTaBOB CMECEH, COOTBETCTBEHHO.
[IpouHocTk Ha pacTshkeHue npu u3rude. OOparaer Ha

cebss BHMMaHue TOT (akt, uyto BJI, KkoTopsIit
BBINOJIHACT (byHKIHIO MUKPOapMUPOBaHUS
AQHAJIOTUYHO BMK, CUHEPreTUYECKH

B3aMMOJICHCTBYIOT MeXay co0oOi, B pe3yibpTare
IanazoH m3MeHeHHs Rus. yBemmumBaercs no 2 pas.

B3aMMOJCHCTBHS BCEX KOMIIOHGHTOB cocTaBa B  IIpeBanmupyromiee BIUsSHHE Ha Rus.  OKasbIBaeT
3aBUCHMOCTH oT YCIOBHI npurotoBienuss  BMK+BJI [11].
(axTHBHpOBaHHBIC/HEAKTHBUPOBAHHEIC) JUara3oH
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%  +0.007xsx6

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 3naveHutl ORcxe. (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

mpaouyuonrnou mexronozuu), 3, 4 — AC (axmusupoganuvie cmecu 6 cmecumene-aKmueamope),
- Syo monxomonomoeo necka — 1,3 u mpenena — 2,4.
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MakcumanbHble W MUHHMMaJbHbIE 3HAYECHUS
npoyHocTel Rewe M Ruse 3HaUMTENBHO NpPEBBIIAIOT
3HaueHus, HopmuposanHble [ICTY nns pactBopoB
pasnuuHOro BHiIa: 3neMeHTOB mojoB (ctsokek CTl,
CT2, CT3-3,5; 4,5; 6,0 MIla, nokpsituit nosnos 1101,
1102-5,0 MIla, pemonTHbIX cocTaBoB PM3 >5,0 MIla,
I 3aMOHajau4yuBaHus mBoB >7,0 MIla, mis kmagxku
Bcex BUIOB OmoxoB MP2, MP3>7.0 MIla. B cpennem
3Ha4eHUA Rexe M Ruse paznmuatorcs Gonee dem B 2,5
pasa. OOmme TEHACHINN W3MEHEHHS UISI YeTBIPEeX
BUIOB cMmecell pasmuuHbl. ChenyeT  OTMETHTh
TIOJIOXKUTEIBHBI ~ CHHEpreTH4eckuid  3PQPeKT OoT
BIMsIHUSL Kak MukpoHanonauteneid (BJI, BMK, C-3),
TaK ¥ JUCIEPCHOCTH MaKpOHAMOJIHUTEIEH.

Reuz,MIla
12

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

0,751

Ha  cnemyromM  stame  HMCCIIEIOBAIHMCH
JIOTIOJIHUTENEHBIE CBOWCTBA PAacTBOPOB, KOTOPBIE
TaKKe SIBJSIFOTCS] BaXKHBIMU [TOKA3aTeISIMH KauyecTBa.

TpemuHOCTONKOCTh U3MeHseTcs B 2 pa3a: oT 0,5
no 1 MIla*¥%>, O6mue TeHACHIUHM M3MEHEHHS
TPEIIMHOCTOMKOCTH  aKTUBHUPOBAaHHBIX M HE
AKTHBHUPOBAHHBIX CMeCeH pa3nuuHble. MakcumanbHbIe
3HAYEHHS TPEIMHOCTOWKOCTH Ha HE aKTUBUPOBAHHBIX
CMecsX JOCTUTAIOTCA npu MaKCHMaJIbHOM
conepxanun BMK, C-3 u BJL.

[ToBpimeHNIO TpemuHO- # Ae)OpMAIOHHOM
CTOHKOCTH B TOM 4HCJE a0pa3WBHOW CIOCOOCTBYET

MUKPOBOJUTACTOHUT CaSiO3e (pH=9,5+10,5).
Habmromaercst HeUTpanu3anus 3HAYUTEJIBHOTO
npucyrctBuss  BJI  Momumpukanusmu  KBapua o
pH=7,5-8,5[12, 13].
Rem, Mila

ST -

60

50 +

40 - =

30

20 4+

10 4+

o a) 6) 8)

Puc 4. Cpasnenue nonyuennvix u Hopmupyemvix Kpumepues kavecmsd

. - KOHMPOIb; W - max Melflux; - max C-3;
(nopma JICTY); B - [102 (nopma JJCTY);

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

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

(nopma JICTY)

BonocToilkocTh COCTaBOB Ha TPEIENE BBIIIE, YEM
COCTaBOB Ha TOHKOMosIoToM mnecke. Koaddunuent
pasmsaryenus B mepBoM ciydae Kjp=0,82+1, uro
CBSI3aHO C OOpa3OBaHMEM BTOPHYHBIX BOJOCTOMKHX
THPOCHIINKATOB KaJTbIHs B pesynbTare
B3aUMOJICHCTBUSI ~ aMOpPHOrO  KpeMHe3eMa  C
nopmiananeMedToM. Haubonpmee snusaue Ha Kp

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

JKUAKOCTEH M ra3oB, HE TpeBblaer 3—6 % 3a cyer
3aMeHbI KBapLEBOT0 MOJIOTOTO MECKa TPETIENIOM C Syo =
300 u 600 m?/kr.

DKCTIepUMEHTHI o OIIPEJECIICHUIO
mukpoTBepaoctu o bpunemmio (HB) mposoausnce Ha

oOpa3nax M3  aKTUBHPOBAaHHBIX  CMeced ¢
TOHKOMOJIOTBIM TPEHIEJIOM U TIECKOM. Ios MECXKIY
crsokkoi CT u mokpeituem I1O  oGpabatsiBasicst
rupo(oOHBIM YKpersroneit MPOTHUTKO.
MHKpPOTBEpIOCTh aHAM3UPOBATIACh B PasHBIX 30HAX
CTSDKKHM, IIBa W TOKpHITHS (puc. 5 a). Ilpennoxena
cxeMa (OPMHUPOBaHUS KOHTAKTHOTO CJIOS MEXKIY
CTSDKKOW M TOKPBITHEM IOJIa 4epe3 NPOKIJIaJOYHBIH
CIIOH ¢ y4eTOM BIIMSHUS HAIIOJIHUTENICH pa3HOro BHA,
KOTOpbIE obecrieunBaroT yriryGlieHHOe
IIPOHUKHOBEHUE IIpaiiMepa [yl MOBBIIIEHUS BOJO-,
MOpPO030- ¥ TPEUIMHOCTOMKOCTH MHOTOCJIONHOTO 10J1a U
KJIaJJOYHBIX COCTaBOB.



52 East European Scientific Journal #11(63), 2020

|/

ds

Lt | | Tacora e
.—A 81 kHz

TipozoxamTeas.

HOCTS 18yKa B cek.
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0)

Puc 5. a) - cxema nponuxnosenus npaiimepa 8 CMpyKmypy 31eMeHmos noid
0) - uHOeKC 38YKOU30AAYUU UCCIEO08AHHBIX 00PA3YO8!
1 — wucmotit, nocmosnnwiii 38yx = 75-76 dB; 2 — 6pycox opesecunvr = 67-68 dB;
3 — omanonnwiii obpasey = 64-65 dB; 4 — cocmae ¢ akmueuposannvim neckom = 62-63 dB;
5 — cocmas ¢ neaxmusuposannvim mpenenom = 60dB,; cocmas ¢ akmusupoeannvim mpenerom = 58dB.

Ha puc. 5 a) mokazaHo, 4TO NpUMEHIEMBbIH
npaiiMep 3HAYUTENBHO YKPEIUISET CTHIK, MPU 3TOM
IIMPYHA KOHTAKTHOTO CJI0s1 00pa3IioB ¢ TpeneoMm B 1,4
paza OoJblie, 4eM 00pa3IoB C KBAPIIEBBIM MIECKOM.

DddexTrBHOCTH 3BYKOH3OJISIIUH (Rw)
ompezensiack Ha o0pa3max H3TOTOBJICHHBIX Ha
AaKTHBUPOBAHHBIX M HEAKTHBHPOBAHHBIX COCTaBax,
KOTOpBIE COJIEPKaT TOHKOMOJIOTBIN TPEIel WK MECOK,
a TaKXXe, JUI CPaBHCHMS — Ha OpyCKe APEBECHHBI U
STaJOHHOM  oOpasume. Hawnmydmmm — mHIEKCOM
3BYKOU3OJISILIN obnaiatoT 00pasipb Ha
AKTUBHUPOBAHHBIX CMECSX C TPEresoM puc. 4 0), 4to
CBSI3aHO C €0 CyMMapHOU IIOPUCTOCTHIO.

Ha OCHOBaHHHU aHaM3a pe3yJbTaToB
9KCIEPUMEHTOB u OC-MoenupoBaHus
pEeKOMEHIOBaHO 2 BUIa MOAM(YHKIHMOHATIBHBIX
momudukaropa (IIOM): mns BHyTpeHHHX paboT
[IOM/T - ¢ Tpemeiom u asist BHemHUX padoT [IOM/TIK
- C KBapIEBHIM NECKOM. DTH COCTABHI 110 IIOTHOCTH
KiIacCU(UIMPYIOTCS Kak OOJIerdeHHble U IUIOTHBIE,
COOTBETCTBEHHO.

Paspabotansl 1 onTUMU3HpPOBaHEI cocTaBbl [IOM
qir CCCM ¢ y4y€toM YCIIOBHM HpPUIOTOBICHHUS U
IKCIUTyaTalliy B Pa3HbIX yCilIoBHsX. J{ist paboT BHYTpH
MOMEIeHU ONTUMAJIbHBIMH o YCIIOBUSIM
BbICOKO3(D(heKTHBHOW SKCIUTyaTallu ¥ 00ecIredeHus
kompopTa seistorcst pactBopsl  [IOM/T, obnacth
NPUMEHEHNS! KOTOPBIX: 3JIEMEHTHl MHOTOCIONHBIX
nosioB — ctsbkku CT1, CT2, nmokpseitus I101, pemoHT
nonoB PM3, xmagka Omoxos MP2, MP3 mns paGor
BHYTPH TIOMELIEHHH BBICOKO3()(EKTUBHBIMU  3a
OCHOBHBIMH ¥ JIOTIOJIHUTEJIBHBIMH  TIOKa3aTeIsIMHU
kauecTBa sBistOTCA pacTBopbl ¢ IIOM/IIK, obnacth

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

B coorBercTBUM C €BpONEHCKHM CTaHIApTOM
ENI1504 «XapakTepuCTHKH PEMOHTHBIX MAaTepHaoOB
Ha IIEMEHTHOH OCHOBE IIpH KOHCTPYKIIMOHHOM H
HEKOHCTPYKIIMOHHOM  PEMOHTE»  Pa3padOTaHHbIH
aBTOpaMM  PEMOHTHBI  cocTaB  Kkjacca PM3
cooTBeTcTBYeT Kiaccy R1.

Oo0nacte npuMeHeHus cocTaBa kinacca R1 (PM3):
ycTpaHeHue 1eeKTOB M JICYeHHE TPELIMH B Ipolecce

BO3BEICHUSA OOBEKTOB, KOCMETHUECKHUII pPEMOHT
SKCIUTyaTUPYEMbIX OETOHHBIX M IKEJIe300€TOHHBIX
KOHCTPYKLIMM, TEKYIIUH PpPEMOHT KOHCTPYKLIHH,
KOTOpble HE TpeOyloT OOHOBIICHHMS HX HeCylleH
CIIOCOOHOCTH. OTau4uTeNIbHONH  0COOEHHOCTBIO
pa3pabOTaHHBIX COCTABOB  SIBISCTCA  OTCYTCTBHE
MOJIUMeEpOB B HUX. OTCYTCTBUE MOJIMMEPOB MOBBIIIAET
9KOJIOTUYHOCTh COCTaBOB, KPOME TOTO INPHCYTCTBUE
MOJIUMEPOB YBEJINYHBAET ko3¢ unmeHt
TEMIEPATyPHOTO JMHEHHOT O paciupeHus
peMoHTHOTO coctaBa B 1,5-5 pa3. IIpucyrcrBue B
PEMOHTHBIX COCTaBax MOJHMMEPOB MOXKET NMPHUBECTU K
TMIOSIBJICHUIO 3HAYUTEIbHBIX HanpsKeHUH B
KOHTaKTHOW 30HE U OBITh MPUYMHON PaCTPECKUBaHMS,
HCKPUBJICHHUS, IIETyIIEHUs] pEMOHTHOTO MaTepuaia. B
CBSI3U C 3TUM TeIJIOBasg COBMECTUMOCTh PEMOHTHOTO
CcOCTaBa M OCHOBBI JOJDKHA PacCMaTpUBATLCSA OUYEHb
BHUMATENbHO.

3akaouyenne. B PE3YyJAbTATE  BBIITOJHEHHBIX
I/ICCJ'Ie,Z[OBaHI/Iﬁ MPEAJI0KCHBIL COCTaBbI
WHAWBUAYAJIBHBIX  CYyXHUX  CTPOHUTCEIIbHBIX cMmecelt

(CCC) u yHuBepcanbHbie cocTaBel [IOM mis 3tux
CCC [6, 7]. IlpennoskeHHast yCIOBHAs KIIACCHPHUKAIUS
COCTaBOB JUIsI BHYTPEHHHX paboT Ha Tpemene u
BHEUIHMX paboT Ha MHecKe Mo3BOJIseT Oojiee yeM B 3
pa3a COKpaTUTb Pacxo]] SJHEPrOpPeCypPCoB.
Ha OCHOBE MOJIyYEHHBIX
PEKOMEH/IOBaHEI ONTHMAJIbHBIE COCTaBBI
oM (yHKIMOHATBHBIX MO (UKATOPOB U1t
aKTHBUPOBAHHBIX W HE aKTHBHPOBAHHBIX CMeceH,
KOTOpBIE OTIINYAIOTCS KOJINYECTBEHHBIM
COOTHOIIIEHHEM KOMIIOHEHTOB IIPH  OJMHAKOBOM
KaueCTBEHHOM MX cocTaBe. [IpemnaraeMble COCTaBbI
o0ecrieunBaOT MOBHIIICHHBIE IO cpaBHeHHIO ¢ JICTY
MTOKa3aTey KadecTBa M yCIOBHA KOM(OPTHOCTH IS
Pa3IMYHBIX JIEMEHTOB KOHCTPYKIIHH.
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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/ICCHe,I[OBaT€JIBCKaﬂ CTaThs IOCBAILICHA PACCMOTPEHHUIO W CPABHEHHUIO AKTYaJIbHBIX
METOZOB 00y4YeHNs paOOTHUKOB IO OXpaHe TpyZAa B ycioBusax mangemun Bupyca COVID-19.
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IHocTanoBKka mMpo0JieMBbl.

B ycmoBmsx  yrposel  pacmpoCTpaHEHHUs
KOPOHaBHPYCHOH nHpexIH OOJIBIIMHCTBO
00pa30BaTEeNbHBIX U MPOMBIIUICHHBIX OPTaHU3AINH 10
pekoMeHAau MUHHUCTEPCTBA HAyKd M BBICHIETO
obpazoBanus PO npuHsIM pemieHHe o mepexoje Ha
JMCTaHIMOHHOE O0y4eHHe.

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

[IpenonaBaTeny BBIHYXKICHBI OPTraHU30BHIBATH
yueOHBIIl MpoLecC MOCPEACTBOM JHCTaHIHOHHBIX

TEXHOJIOT UM o6yquH;1 Ha OCHOBE€ pas3IMYHBbIX
crioco0oB JOCTaBKH JJICKTPOHHOI'O KOHTCHTA U
JAOCTYIHBIX HUHCTPYMCHTOB KOMMYHUKaAIlUN

o0ydJaromuxcsi W TpernojaBaTeneii B 3JIEKTPOHHOH
nHpopMannoHHO-00pa3oBatensHOH cpene (DUOC).
AHaJau3 MOoCJeAHUX HCCJIe10BaAHMI "
nmy0JIuKanui.
MupoBoii U POCCUHCKHM OIBIT IIOKa3bIBAET, YTO
obydeHne pabOTHUKOB M PYKOBOJIUTENIEH 0€30MacHBIM
npuemMaMm paboTel, TpPeOOBaHMSAM OXpaHBl TPYJAa,

OKa3aHUI0 [EpPBOM IOMOLIM IOCTPAJaBIIMM Ha
IIPOU3BOJCTBE SIBJISIETCSA 3¢ GEeKTHBHBIM
HHCTPYMEHTOM  CHIDKEHHUS  IIPOM3BOJICTBEHHOTO

TpaBMaTH3Ma H mpoQ3adoIeBaHIHA.

OOydenne 0e30mMacHOMY BBIIIOJHEHUIO PadOT
CeroJHsS TNpEACTaBIsieT Cco0OM Bemymuii  Qaxrop
obecrieueHns! TOJDKHOCTHOTO YPOBHS OXpaHBI TPYZa,
MOCKOJIbKY OCHOBHBIM  PECYpcoOM  DPa3BHUTHSA
COBPEMEHHOI'0 00IIECTBA SIBIISIOTCS JIFO/IU, CTIOCOOHBIE
K MOWCKY Y OCBOEHHMIO HOBBIX 3HAHUH W NPUHSITHIO
PELICHUI B HECTaH/IAPTHBIX CUTYaIIMsX.

B cBoeit ctatee Cepatox B.C. u Kpricos U.C.
«IloBbimienne 3ddexTHBHOCTH 00y4eHHs OXpaHe
Tpyna pabOTHUKOB u npodeccuoHaTbHOM
MEePEenoIrOTOBKH CIIEIMAIIMCTOB 10 OXpaHe TpyJAa Ha
OCHOBE CHCTEMBI [JHCTaHIMOHHOTO OOYy4YeHHs |
koHTponst 3HaHmit «EduCenter»» oTMeuaroT, 4TO
JeWcTBHs pabOTHHUKOB, HAPYIIAIOIIMX TpeOOBaHMUS
OXpaHbl Tpyla, CHWXAIT 3(PQPEKTUBHOCTH TPYy/a,
SIBJISIFOTCSI IPUYMHON aBapuii M HECUACTHBIX CITydaes,
npodeccroHanbHBIX  3a0oyieBaHMN,  BEAyT K
JIOTIOJTHUTEIbHBIM (MHAHCOBBIM 3arparam
npennpusaTus. Takum o6pa3om, o0yueHue paboTHUKOB
MO0 OT HWMEeT He TOJNbKO COLHUaJIbHOE, HO |
HKOHOMHYECKOE 3HAUCHHE.

3unbkoBckas C.M. B cBoeit pabote «CucreMHoe
M3yYEHHE YelIOBEYeCKoro (hakropa B  OMACHBIX
npodeccusax» THcana, 9TO OOYYArOIIWiCS HrpaeT
BEIyIIyl0O poib B (HOPMHUPOBAHWU MOTHBAIMA U
orpeneneHnn nenei ooyderus [9]. [lostomy nzydenue
MOTHBAI[HOHHO-TIOTPEOHOCTHOH c(ephl COTPYIHHUKOB
[0 Pa3TUYHBIM HAIMPABICHUAM CHCTEMBI yIIPaBICHUSL
OXpaHoOil Tpyaa sBIsieTCss HEOOXOIMUMBIM YCIIOBHEM
Liesniernoiaralus, oToopa cojiepkanusi, BEIoopa popM 1
CpelCTB 00yUeHusI.

OCHOBHBIE TEXHMYECKHE JTallbl, C KOTOPBIX
oOydJaroliype OpraHu3allMd HAYyWMHAIOT OKa3bIBaTh
YCIYTH IO JUCTAaHIIHOHHOMY O0YYEHHUIO — 3TO MOKYIIKa
TEXHUKH W MPOTPaMMHOTO obOecriedeHus. Takxke, Kak
cuurtarot [Hanpuna E.B., Uneeec I'.H., Cepreesa C.C.,

Ba)KE€H COCTaB TaJIaHTIINBBIX IPaMOTHBIX
npenoaaBaTeeh " KypaTopos, YMEIOIINX
UCTIONB30BAaTh ~ COBPEMEHHBIE  HH(MOPMAIIMOHHO-

KOMMYHUKAIIMOHHBIC TEXHOJIOTHUH, a TaKKE CO3J1aTh U
ylIepKUBaTh Ha JIOJDKHOM YPOBHE HEoOXoaumoe
y4eOHO-MeTOIMUECKoe 00ecieueHe, CAMTAIOT aBTOPHI
paboTs!

Jst Bcex MOCTymaronyx Ha paboTy JIUIl, a TakKe
JUI1 pabOTHUKOB, NMEPEBOAMMBIX Ha JIPYyryio paboTy,
paboronarens WM YIOJHOMOYEHHOE UM  JIMIO
00s13aHBI NTPOBOANTH MHCTPYKTaXX MO OXpaHe Tpyla,
OpraHM30BBIBaTh O0y4YeHHE O€30MacHBIM METOIaM |
IpueMaM BBIIOJIHEHHSI PabOT W OKa3aHUs IepBOM
TIOMOIIM TTIOCTPAIABIIHM.

CyTtp moboro o0y4eHHs 3TO — KOMIUIEKCHBIH
Ha0Op HECKONBKHMX B3aMMOCBS3aHHBIX  y4YeOHBIX
npoueccoB. Kaxplii U3 3THX MPOIIECCOB BBINOJIHSIET
CBOIO (DYHKIIHIO B TIOTy4YECHHH 00yUYaIOIIUMHUCS 3HAHUI
U OmlpejeNseT JUls opraHusaropa OOydeHHs BUBI
KOHTPOJIs, KOTOpblE B CBOK OYepeb CTaHOBSATCS
CPE/ICTBOM yriTyONeHHs M 3aKpeTUICH s 3HAHU .

Ha paHHBIE MOMEHT 1O oOXpaHe Tpyna
BBIJICTISIIOTCSL 1B OCHOBHBIX BHAa OOYYEHHUS — 3TO
KJIaCCHUYECKOE U TUCTaHIIMOHHOE 00y4YeHHeE.

BrigesieHne HepenIeHHBIX paHee YacTeil 00mei

npoodJeMbl.

OKCTpEeHHBIN NIEPEHOC 00y4ueHHs B
JUCTAHIIMOHHBIHN (pOpMaT B YCIOBHUSIX MAHAEMUN UMEET
CYIIECTBEHHbIE OTIIMYUS oT MIPaBUIIBHO
CIUNTAHMPOBAHHOTO  KJIACCHYECKOTO  OOydYeHHs W

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

pacnpocTpaHeHUs: KOPOHABUPYCa, NOJIKHBI OCO3HABATh
9Ty pasHUIy TMpH OueHKe S((PEKTUBHOCTH Tak
Ha3bIBaeMOro "OHJaiH-00ydeHHsA" C IPUMEHEHHEM

MUCTAHIIMOHHBIX ~ OOpa3oBaTeIbHBIX  TEXHOJIOTHH
(1OT).

Ieanb cTraTbu.

Lenpto  Hay4yHO-MCCIENOBATENBCKOW  CTAThbU

SABISICTCS  BBIABIEeHHE Oomee 3¢ddexktuBHOrO U
Oe3omacHOTO MeToAa OO0y4deHHs pabOTHHKOB IIO
oxpaHe Tpyza B ycioBusax nangemun supyca COVID-
19. 3apgaueil sABIsIeTCS PAcCMOTPEHUE U CPABHEHUE
MEXKIy COOOH aKTyalbHBIX METOMOB OOYYCHUS
pabOTHHKOB MO OXpaHe Tpyja.

H3noxkxeHne 0CHOBHOTO MaTepHaJia.

Kiaccuyeckoe o0yueHue mo oxpase Tpyaa

Knaccumueckoe o0OyueHne 1o oOxpaHe Tpyza
ABJsIeTC 0a30BBIM M (PYHIAMEHTAIBHBIM 3JIEMEHTOM

-

CHCTEMBI KOHTPOJISI M 00y4eHHs: paOOTHUKOB BOIIPOCaM
OXpaHbl TpyJla U Oe30MacHbIM MeToJaM, M IpHeMam
BBITIOJTHEHUS paboT [2].

Jlexiuu 3aHMMAOT OJHO M3 BEAYIIUX MECT B
yueOHOM Ipoliecce IPH MOJAr0TOBKE PyKOBOJUTENCH 1
CHELMAINCTOB, B T. Y. U IO OXpaHe Tpyra.
JIeKIMOHHBIE 3aHATHS, TA€ CIyMATeIH H3y4aroT
OCHOBOIIOJIATAIOIINH YIeOHBII MaTepral, n3aaraeMblil
B Ppa3BEpHYTOH, CUCTEMATHUYECKOH, JIOTMUYECKU
CTPOWHOW W TOCIIENOBATEIBHON (opMe, MPOBOIATCS
10 OOJIBIIMHCTBY BOIIPOCOB NPHMEPHOI MPOTrpaMMBbl
oOyuenwus [4].

Ilo psany BompocoB, HampuMep, OKa3aHUE epBOi
MOMOIIY, MPAaKTUUECKUE 3aHATHUS SIBIISIOTCS BeAyILeH

opraHusaioHHoil Qopmoit o0yuenus. bBoxbpmiue
BO3MOXKHOCTH  COBCPIICHCTBOBaHHS  IOATOTOBKU
CICIHANIUCTOB  OTKPBIBACT  XapaKTEPHBIA IS

TIPAKTUICCKUX 3aHATHI HeHOCpCZ[CTBeHHBIfI KOHTAaKT
npenoaaBaTeysd U CHyHlaTCHCﬁ.

-

KNACCHYECHHE B OPMATDI

OBYYEHHA NO OT

o

.

Pucynox 1. Knaccuueckue gpopmamor 00yuenusi no oxpane mpyoa

Hecmotps Ha akTHMBHOE pa3BUTHE TEXHOJOTHUH B
o0y4eHun, 0 CHUX MOp MHOTMMH JIOJAbMH OYHBIN
(hopMmaT 00yUeHHST BOCHPHHIMAETCS TOJIBKO Ha YPOBHE
ayIUTOPUH H CTOSILETO Iepe]] Hel IEKTOpa, BEIyIIero
MoHosior. Ho He crouT 3a0bIBaThb O TOM, YTO B
COOTBETCTBUHU CO cTarhed 2 dDenepaibHOro 3aKoHa
Ne273 «O6 obpazoBaruu B Poccuiickoit deneparum»
oOydeHWe — 0JTO [EJICHANPABICHHBIA IIPOIECC
OpraHu3aIlii  JICATCIHLHOCTH  OOyYaroIIuXcs 110
OBJIAJICHUIO HE TOJBKO 3HAHUSMHU, HO U YMEHUSIMHU U
HaBblkaMu. OUYEBHIHO, YTO TIOCPEACTBOM TOJBKO
MPOCITYIIUBAHUS JIGKIIMK TNPUOOpECTH yMEHUs |
HaBBIKH HEBO3MOJXKHO, COOTBETCTBEHHO
HEOTHEMJIEMBIM AIIEMEHTOM JIFOO0OTO OYHOTO 00YIEHUS
JTOJDKEH OBITH TpaKTHYecKuit 0ok [1].

DJeMeHTHl TpPaKTUKA BHEAPSIOTCS B OYHOE
oOyueHme Pa3THYHBIMHU METOIAMH. Yacro
UCTIONB3YIOTCS  pabouue TeTpaad, TPAKTHICCKUE
3a/lau, POJIEBbIE WIPbl, TPEHAXKEPHl, HAarjsAHbIE
mocoOust 1 Tak najiee. [IpakTuka mMo3BosieT He TOIBKO
JIOCTHYh TeNieli OOy4eHHs, HO W cJlenaTh CeMHUHap
Oonmee  WHTEpeCHBIM,  chymarened —  Ooiee
BOBJICUEHHBIMH, a pe3yibTar - Oonee
s pexTBHEIM [5].

KBecT wiin MHBIMU CIIOBaMHU UTPa 10 CTAHIIHSIM
— 93TO HauOollee AaKTHUBHBIH BapHAHT IIPOBEICHHS
ouHOro oOyuenwms. Mrposoi ¢opmar moapazymeBaet
OTPEJICNIEHHYIO Pa3BlIeKaTEIbHYIO COCTABIISIONLYIO, HO
OCHOBOW KBECTa B JIOOOM Cllydae BCETa SIBIISTIOTCS

BOIPOCHI OXpaHbl Tpyda. Tak, HaAmpUMep, B pamKax
KBECTa MO OXpaHe TPyJa YYaCTHHUKU OTPabaTHIBAIOT
HaBBIKU:

— uAeHTH(UKAIMA OMACHOCTEH U TMPOBEACHHUS
HU3MepeHnil BpeJHbIX (HAKTOPOB C HCIOJIb30BAHHEM
PeabHBIX CPEACTB U3MEPEHHI;

— TYIICHHUS] BO3rOpaHuii;

— OKa3aHWs MEepPBOM IMOMOIIU IMOCTPA/IABIIEMY
(cBoeMy  ToBapuily 1O  KOMaHIEC  WIH  C
HCTIOJIb30BaHUEM POOOTa-TpEeHAKEPA);

— monbopa CpeACTB WHAMBHUAYAILHOW 3alllUThI

pabOTHMKY C yd4eTOM YCIOBHH M  Xapakrepa
BBINOJTHSIEMBIX PadoT;
—  MpOBEACHMS  IOBENCHYECKHX  AyAUTOB

0€3011acHOCTH U TaK Jajee.

KoMMyHUKanmoHHass wurpa — 3To HamOouee
WHTEPECHBIA C TOYKM 3peHHs O0YyJaIoMMXCsl BApHAHT
MIPOBEJICHUSI OYHOTO OOYYEeHHsS C CaMbIM BBICOKHM
YPOBHEM BOBJIEYEHHOCTH. Tak e, Kak M KBECT,
KOMMYHHUKAllMOHHAs HWIpa — 3TO, IPEXKAE BCEro,
MEpPOIIPUATHE, HaIIPaBJIEHHOE Ha pasBurue
OCO3HAaHHOCTH B BOIIPOCax 0€30IIaCHOCTH, W TOJBKO
MOTOM — pasBiiedenue [7].

KomMMmyHHKannoHHBIE  WTPBI  MOTYT  HMETh
pasmmuHble cueHapud. Hanbompimeil momyIsipHOCTHIO
MOJIB3YIOTCS ~ MEPONpUATHS, HAmpaBICHHbIE  HA
COBMECTHOE pEIICHHE YYAaCTHHKaMH KaKOW-1mbo
o0Iel 3ajaun — HanmpuMmep, HOCTPOUTh M3 KapTOHA,
Oymaru, CKOT4a M  JPYrUX  KaHIEIIPCKHUX
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MPUHAICIKHOCTEH KaKOW-1100 MPOU3BOACTBECHHBII
00BeKT, coOJofast NMpU 3TOM TpPEOOBAHUS OXPaHbI
TpyJla ¥ IPOMBIIIEHHOH Oe3011acHOCTH.

'naBHyI0 pojp B KJIaCCHYECKOM OOyuYeHHUH
urpatoT MHCTpykTaku no OT, Tak Kak, UIMEHHO, OT
Ka4yecTBa NPOBEACHHOT0 MHCTPYKTaXka 3aBUCHT JKU3Hb
1 3710pOBBE pabOTHHKA.

[IpoBeneHue HMHCTpyKTaked MO oOXpaHe Tpyna
BKJIFOYAET: 03HAKOMJICHHE pabOTHHUKOB c
MMEIOIINMHUCS OTIaCHBIMU WIH BPEIHBIMA
MPON3BOJICTBEHHBIMU (axTopamu; N3yUYCHUE
TpeOOBaHMII OXpaHBl TpyHa, COJCpPXKAIIUXCI B
JOKIBHBIX ~HOPMAaTHBHBIX  aKTax OpTaHH3alliH,
MHCTPYKIUSIX 110 OXpaHe TpyJda, TEXHUYECKOH,
9KCIUTyaTallHOHHOW  JIOKYMEHTAalluW; HpUMEHEHHE
0e30MacHbIX METOZIOB M MPUEMOB BBINOJIHEHHUS PadoOT
[6].

Crnemmduka oxpaHBl TpyJa W TPOBEACHUS
MHCTPYKT@Xell paOOTHMKOB 3aBHCHT OT BHJIA
JEATeNIBHOCTH OpTaHM3alii, HAIWYUSA Pa3IMIHBIX
BPEIHBIX M OTMACHBIX (PAKTOPOB, BO3ACHCTBYIOMINX Ha
pabOTHHKOB ¥  OKa3blBAIOIIMX  BIMSHHE  HA
OpPTaHM3aIlMI0O OXpaHbl TPyAa W  PETYIHPYETCs
I[eJIeBBIMA HOPMaTUBHBIMU NIPaBOBBIMU akTaMH [9].

Ilpu paboTe C NEPCOHAIOM YYUTHIBAIOTCS
0COOEHHOCTH Paboyero Mecra, CJIIOKHOCTh M 3HAYCHUE
000pyIOBaHUsI, KOTOpOE OOCIY)KHMBAETCs, a TaKXKe
KBaNM(pUKAIUs U ODKHOCTHBIE O0S3aHHOCTH CaMHX
paOoTHuKOB. Hapsimy ¢ mOepedHsAMH OCHOBHBIX
BOIIPOCOB ~ MHCTPYKTaka Ha  pabodeM  Mecte
OIpezieIeHbl: (OopMa KypHaIa PErucCTpaii BBOJHOTO
MHCTPYKTaXa, (hOpMa MPOTOKOJIa IPOBEPKU 3HAHHUH I10
HOpMaMm, IpaBWjIaM M MHCTPYKLIUH MO pajrlaliiOHHON
6e3zomacHocTH, (opMa MPOTOKOJA TPOBEPKU 3HAHUH
o oxpaHe Tpyna, (GopMa >KypHala perucTpaunuu
MHCTpyKTaXeii Ha  paboyem  Mecre, Qopma
KBaIN(UKALUOHHOTO yJOCTOBEPEHUS H JIP.

JucraHnnoHHOE 00y4YeHNe 10 OXpaHe TPyAa

B Hacrosmiee Bpems TUCTaHIMOHHOE O0ydeHHE
(mamee - JO) 3aHMMaeT Bce OONBIIYI0 PO B
MOJIEpHH3AIMN poccuiickoro obpaszoBanus. ['oBopst o
HEOOXOANMOCTH TOBBIIICHHUSI 3aWHTEPECOBAHHOCTH
Kak paboTomarened, Tak M paOOTHHKOB, BCETO

NepcoHaja OpraHM3aliKM K BOIPOCaM OOydYeHHs II0
OXpaHe Tpyla, CIeqyeT OTMETHUTb, YTO MJsI ITOTO
TpeOyeTcst ~ aKTHBHEE  BHEAPATh B IPAKTHUKY
00pa3oBaTeNbHBIX YCJIYr B 00JacTH OXpaHbl TpyJa
JUCTaHIIMOHHBIE (OPMBI OOYUYCHHS, ITO3BOJIAIOIINE
YCIICIIHO OCBaWBaTh Yy4eOHbIE TPOrpaMMbI BHE
3aBHCHMOCTH OT MECTa HAaXOXKACHHUS CIyIIATeNs, ero
3aHATOCTH W TOJOXEHHUS B OpraHu3anuu [4].

JO - o510 OOy4eHHE Ha pAcCTOSHHH, KOTIa
TIpero1aBaTeb " o0ydgaembIit pa3memneHs
MIPOCTPAHCTBEHHO W KOT/Ia BCE MM OOJbINas 9acTh
Y4IeOHBIX TpoTIeIyp OCYIIIECTBIISIOTCS c
UCIIOJIb30BAaHHEM COBPEMEHHBIX MH()OPMAaLMOHHBIX U
TENIEKOMMYHHKAIIHOHHBIX TEXHOJIOTHH.

JO wuepe3 HMurepHer - 3TO OOyYeHHe, NpHU
KOTOpPOM NpeIoCTaBIeHue 00y4aeMbIM CyIIECTBEHHOMN
yacTH Yy4eOHOro Martepuana M OoJblias dYacTh
B3aMMOJICHCTBHS C PENOJaBATEIEM OCYIICCTBIITIOTCS
C WCIIONIB30BaHUEM TEXHHUYECKUX, MPOTPAMMHBIX H
aQIMUHUCTPATUBHBIX  CPENCTB  TJOOAIbHON  ceTH
Wureprer [7].

OTnruuTeNlbHON 0coOeHHOCTRI0 JIO  sBiseTcs
MPEJOCTaBICHHE O0y4YaeMbIM BO3MOXXHOCTH CaMHM
MoJTy4aTh TpeOyeMble 3HAHUS, MOJIb3YSICh Pa3BUTHIMU
nH(OPMAMOHHBIMH peCypcaMu, NpeIoCTaBIIsIeMbIMU
COBPEMEHHBIMH WH()OPMAMOHHBIMH TEXHOJIOTHIMHU.
WudopmanmoHHbie pecypchl: 0a3bl TaHHBIX M 3HAHHH,
KOMIIBIOTEPHBIE, B TOM 4YHCJIEe MYJIbTUME/HA,
00y4aroliye U KOHTPOJIMPYIOIINE CHCTEMBI, OHJIAIH-
TPAHCISIINN JICKINH, ydacTHe B BeOMHAPAX, BHIIEO - H
ayIMO3aliCH, JIEKTPOHHBIC OMOIMOTEKH - BMECTE C
TPAIUIMOHHBIMA YYCOHHKAMH W METOAMYCCKIMH
MOCOOMSAMH CO3/IAI0T YHHUKAIBHYIO DPacHpeielICHHYIO
cpeny oOydeHus, TOCTYIHYIO MIHPOKOH ayAUTOPHH.

B nameit crpane JIO MOCTENEHHO W YCIENIHO
JIOTIOJIHSIET ~ KJIacCHYecKhe  (opMaTbl  O0O0y4eHHs.
MoauduurpoBanHble Gopmarel 00ydeHHs MO OXpaHe

TPyAa CEeroJHS pacCMaTpUBAIOTCS Kak  camoe
COBPEMEHHOE CPEICTBO MOBHIIEHHS 3 heKTHBHOCTH 1
0e30MmacHOCTH pabor, umest noj coboit
3aKOHOJATEIbHYI0O  OCHOBY M  TIpaBO  OBITh

UCTIONIb30BAaHHBIM  00pa30BaTENbHBIM  YUPEKIACHHEM
IIpu opraHu3anyu yaeOHoro mporecca [11].
Tab6muma 1.

MopuduuupoBaHHbie (pOPpMATHI AUCTAHIMOHHOIO 00YUeHHs N0 OXpPaHe TPyaa

Knacciueckue popmaTsr
00yUeHHA

MomuduimpoBanHble (OpMaThl AUCTAHIMOHHOTO O0Y4CHHS

Jlexums

Hpe,I[OCTaBJ'ICHI/Ie SJICKTPOHHBIX y‘Ie6HBIX MAaTeprUaIOB, BKIIFOYAIOIINX:
- BHYTPCHHIOIO HABUTAIIUIO 10 pasaciiaM Kypca, B TOM YUCJIC pa3BEPHYTHIC

- BHCIITHIOIO HaBUTAIHIO 110 UHTCPHET-UCTOYHHUKAM, COACPKATUM I/IH(I)OpMaI_lI/IIO 110

- AHUMAIIMOHHBIC MOACIIN,

TUTICPCCBUIKH,

Kypcy;
- TJIOCCApHIA;

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

Cemunap

JIMcTaHIMOHHBINA ceMHHap — 00cy kIeHHe Ha (JopyMe B pexumMe odJIaiiH.

HpaKTI/ILIeCKOG 3aHATUC

DJIEeKTPOHHBIE IPAKTHKYMBI, TPEHaXKEPhI, aTIIachl U JIp.

CamocTosiTenbHas
pabota

OOMeH paboTaMH B JIEKTPOHHOM CHUCTEME YIIPaBJIeHUs 00y4eHHUEM, O3BOJISIOICH
OpraHU30BaTh ONEPATUBHYIO MPOBEPKY U OTIPABKY NPUCIIAHHON pabOTHI CITyIIaTeNIo Ha

JIOpaboTKYy.
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Texymmii 1 UTOTOBBIN
KOHTPOJIb

Orpoc 110 BHICOKOH(ESPESHIICBSI3H.

VY naneHHoe TeCTUpOBaHUE;

Koncynpraimu

Bo3moxHBI B pexxuMax odJIaiiH 1 OHJIaiH

Uro kacaercsi MpeuMYLIECTBA JAUCTAHLMOHHOTO
oOyueHHss B IEIOM TI0 CPaBHEHUIO C JPYTUMHU
dbopMamu U MeTomamMu OOYUYCHHsI, TO 37€Ch, MPEKIC
BCEr0, MOKHO Ha3BaTh CIEAYIOLIHUE:

- BO3MOXKHOCTh 00y4eHHsI 0€3 OTphIBa OT PadOTHI,
CHIDKEHHE U3JepiKeK paboTomaTens;

- MHTEPaKTUBHOCTh W OPHUCHTHUPOBAHHOCTH Ha
MIPaKTHKY;

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

- BO3MOXHOCTh JOCTyma K 0a3aM JaHHBIX
JNCACTBYIOIIMX HOPMATHBHBIX IPAaBOBBIX  aKTOB,
(hopMaM TOKYMEHTOB, METOJAMYCCKIM aHUMAITHOHHBIM
pa3paboTkawm;

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

- ydacTHe B  BHICOKOHQEpPEHIHAX  C
mpeAcTaBuTeNsIMiH  MuH3apaBcoupassutus  Poccuw,
KOHTPOJIBHO-HAI30PHBIX OpTaHoB, ®donna
COLMAIFHOTO CTPaXOBAaHMUS, BEIYIINMH JKCIIEPTaMH B
o0acTé oXpaHbl TpyZa.

IIpu opranuzanmu IUCTAHIIMOHHOTO OOyUYEHUS
HCOOXOMUMO YYHTHIBATH TOT (DAKT, YTO KaKIBIN
oby4aromuics oOmagaer UHIUBUAYAIbHBIMU
OCOOCHHOCTSIMM B YacTH BOCIPHUATHS  Y4eOHO-
METOJIMYECKUX MAaTEPUajIoB — OJHH MPEANOYUTAIOT
W3ydaTh TEKCTOBYIO HHGOpMAIMIO, a JPyruM
HEOOXOIMMO ayJHOBU3yalIbHOE COMPOBOXKACHHE [12].

CormacHo wuccinemoBanusiM  AO  «Kiouackuit
WHCTUTYT OXPaHbI U YCIOBHU TPyZHa», MPOBEICHHBIM
Ha OCHOBaHWUHM CTaTHCTUKHA  y4yeTra  JCWCTBUH
MOJIH30BAaTENICH B CHCTEME JUCTAHIIMOHHOTO O0YYCHUS
(BbiOOpka mopsinka 15 000 wuenomek), 63,47 %
MOJIb30BaTee MOTpaTWiIM B JBa paza Ooblie
BPEMEHM Ha MPOCMOTP BUICOJIEKIIUN U MPE3CHTAIINM,

4eM Ha U3YyYCHHE TEKCTOBBIX MAaTepHaioB. ITO
CBH}IeTeHLCTByeT o TOM, qTo KAQ4CCTBCHHOC
TUCTaHIIMOHHOE o0Oy4deHune HEBO3MOKHO oe3

MaKCHMaJIbHOTO OXBaTa (opMara Iojaul Y4eOHBIX
MaTepuagoB — Ha4yMHas OT TEKCTOB W 3aKaHYMBas
BUICOPOIIUKAMHU, B TOM uuncie B popmare 3D u VR.

B Hactosimee Bpemsi OTpOMHYIO TOIYJISIPHOCTD
MpUOOPETAIOT StOry-Kypchl, KOTOPBIE IPEICTaBIISIOT
co0O0lf, Kak TIpaBWJIO, CIOXKETHYIO IPE3CHTALHI0 C
3JIEMEHTaMH UTPBI, THOO CIOKETHBIH BUICOPOJINK HUIIH
BUACOPOJIIMK B (opMaTe HHTEPBBIO. Story-Kypcsl
MOCTPOCHBI TAaKUM 00pa3oM, YTO y OOYYaroIIMXCs
BO3HHKAET JKEJIAHHE BO YTO OBl TO HU CTaJlO0 MPOUTH
oOyueHne OT Hadaja M a0 KoHIA. KadecTBeHHO
CAeTaHHbIE StOry-Kypchl IO3BOJSIIOT HE TOJBKO
JOHECTH HMH(MOpPMALHUIO 10 4YeJoBeKa, HO U
MOTHBHPOBATh €0 Ha BBIOJIHEHHWE TEX WJIM HMHBIX
JeWcTBuH, MO0  HAoOOpOT  YAEP)KHBAIOT  OT
COBEpUIEHNS HEBEPHBIX NMOCTYNKOB. C TOUYKU 3pEeHUS
o0ydeHuss B 00JacTH OXpaHbl TpyJAa Takas (yHKIUS
story-kypcoB sIBIIsieTCsl KpaiiHe BocTpeOoBaHHOM [3].

3agacryio JMCTaHIOHHOE o0yueHHe
BOCIIpUHUMAeTCsl paboTojaresisiMi Kak (hopMaibHOE,
TO €CTh HE KaK MPOILIeCcC, HAaPaBJICHHBIN Ha OJTy4YeHHE
3HAHMH, a KaK MPOLECC MEPOPHUSTHUE, LIEJIBI0 KOTOPOTO
SIBJISIETCSI TIOJTy4E€HHUE yIOCTOBEPEHHH 0e3 MpoBeIeHNUS
o0ydJeHHs KaKk TaKOBOTO.

I[Ipu >TOM B COOTBETCTBHMH €O cTaThei 16
OenepanpHOTO 3aK0HA OT 29.12.2012 Ne 273-®3 «O6
obpazoBannu B Poccuiickoit denepannmy, o0ydeHune ¢
UCTIONB30BAaHMEM HCTAHIIMOHHBIX 00pa30BaTEIbHBIX
TEXHOJIOTHH SIBIISICTCS HOPMAaTUBHO 3aKpEIJICHHOMN
(dopmoil monmydeHust 00pa3oBaHMS IO Ppa3IUYHBIM
HAalpaBJICHUSM ITOITOTOBKH 32 UCKIIIOUECHHEM CITy4aes,
MIPSIMO TIPELyCMOTPEHHBIX 3aKOHOIATENBCTBOM [1].

Tak, npuxazom Muno6pHayku ot 20.01.2014 Ne

22 YTBEPKACHBI Ilepeunn npodeccuit u
CIIEIMATBHOCTEH  CpemHero  mpodeccCHOHAIBHOTO
o0pa3oBaHw, peanmuzanus 00pa3oBaTEIBHBIX
porpamMM IO  KOTOPBIM HE JOIyCKaeTcs C
MIPUMEHEHNEM HCKITIOYNTEIHHO 3JIEKTPOHHOTO
00yJeHUs, JMCTaHIIMOHHBIX 00pa3oBaTEIBHBIX
TexHoNoruil. Yto Kacaercsi oOyueHHs paOOTHHKOB B
obyactu OXpaHbI TpynIa, JCUCTBYOLIIM
3aKOHOJATEIbCTBOM HE MPEIyCMOTPEHO HAaIWYKe
KaKux-1mbo OTpaHUYCHUH, CBSI3aHHBIX c
NPUMEHEHHEM  JHCTaHIHOHHBIX  00pa30BaTEeNbHBIX
TEXHOJIOTUH.

KauecTBeHHBI 3JI€KTPOHHBIN KypC [UIst 00y4YeHUs
10 OXpaHe TPyAa — 3TO Pe3yiabTaT paboTel OOIBIION
TpYyMIIbl CHELAATHCTOB.

B uynciao »TuxX CHeNMaNNCTOB BXOAAT JIIOAU
COBEPIIIEHHO Pa3HBIX MTPOQECCHii:

— CHeIMAIUCTHl MH()OPMAIMOHHOTO OT/ENa,
3aHUMAIOIIHECS noabopkoit aKTyaJIbHOI
HOPMAaTHUBHOMN MPaBOBOi 0a3kl;

— OmepaTopbl, OCYNIECTBIIOMNE BUACOCHEMKY
JICKITUM;

- IT-cienmanucTsi, OCYILIECTBIIAIOIINE
pa3paboTKy, TEXHUYECKYIO TOMJIEPKKY U OOHOBJIICHHE
CHCTEMBI IUCTAHIIMOHHOTO O0YUCHNS;

- METOIMCTHI, MOOUpPAFOIITHE "
CTPYKTYPHPYIOIIHE JICKIHOHHBIA MaTepHa,
— IU3aifHepHl, TIPECTaBIISIOIINE y4eOHO-

METONYECKHIE MAaTepHaIbl B HATJISTHOM H JIETKOM ISt
TIOHUMaHHS BHUJE.

Pa3pabotka 3JIEKTPOHHOTO
3aKaH4YMBaeTCs Ha »JTame ero 3amycka. Camblid
0OoNbIION MaccMB pabOTBHl  3aKIIOYAETCSI B  €ro
NIOCTOSIHHOM aKkTyanu3auuu. Tak, HanpuMep, B IEpUO.
¢ 2015 mo 2017 rr. Toneko B chepe OLEHKH YCIOBHHA
TpyZna OBUIO TNPUHSITO MOpsaKa 45 JOKYMEHTOB. 3a
nocnennue 5 nger Muntpynom Poccun BBeaeHO B
JeiictBue 18 HOBBIX NIpaBWJI MO OXpaHE TpyJa Ui
Pa3IMYHBIX BUAOB 3KOHOMUYECKOH JesTenbHOCTH. B
LIeJIOM,  €XErogHO B cdepe OXxpaHbl  Tpyna
npuHUMaeTcsi 6osiee HOBBIX 80 JHOKYMEHTOB, MHOTHE
JNEHCTBYIOIHE  HOPMAaTHBHBIE  IIPABOBBIE  aKTHI
aKTYaIM3UPYIOTCSA C yYETOM COBPEMEHHBIX pEanii.

Kypca HE
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COOTBETCTBEHHO aKTyalu3alys 3JIEKTPOHHOTO Kypca —
9TO TOCTOSHHBIE M JOPOroCTOSIUI  Iporecc,
00yCIIaBIMBAIOLIHI €r0 CTOUMOCTb, COITIOCTABUMYIO CO
CTOMMOCTBIO OYHOTO 00yueHus [10].

CpaBHeHHMe MeETO/I0B M CPe/ICTB 00y4eHHs IO
oXpaHe TpyAaa

ITpoBoas aHAIM3 METOAOB M CPEACTB OOYIECHUS 11O
OXpaHe TpyJa, a MMEHHO CpaBHUBAs MEXAy cOOOH

KJIaCCUYECKOe, TUCTAHIMOHHOE, HEOOXOIUMO JAeNaTh
9TO B OIMHAKOBBIX M PaBHBIX YCIOBUIX U1 BceX Gopm
oOyyenust [13].

Jns maHHOTO McclenoBaHHs ObLla pa3paboTaHa
TabaMLa KPUTEPUEB, C ITIOMOINBI0 KOTOPOW MOKHO
cpaBHHUTH (POPMBI O0YUESHHUS 110 OXpaHE TPY/JIa.

Tab6muma 2.
Tabauna KpuTepueB cpaBHeHHs1 BUI0B 00y4eHusi mo OT
Bunsr o0yueHus
Kpurepuii cpaBHEHUS JIMCTAHITHOHHOE
Knaccuueckoe 00ydeHne
o0OyueHHe

JoctynHoCTh HHpOpMaNU

AKXTyaJbHOCTH HH(pOpMAHN

MoyapHOCTb

MaccoBocTb

Pa3nooOpa3sue noayuaeMoi HHGOpManuK

OOyueHne  HE3aBUCHMO  OT
MECTOHAX OJKICHUU

BpEMCHHU u

CamocTosITeNbHast IIpOBEpKa 3HAHUN

KonTpons 00ydeHust

+ +

OO0parHas CBsI3b

OCHOBHBIMU KPUTCPUAMUA CPAaBHCHUS 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[yJ'H)HOCTB - KaxJaas oTACJIbHasA TEMa UJIN
pAA TEM, KOTOPBIE OCBOCHBI CJIyHIATCJIEM, CO34Aar0T

LEJIOCTHOE ~ TpeJCTaBlIeHHEe 00  ONpelereHHOMH
IpeIMETHOH 00JIacTH;
e MaccoBoCTh — KOJMYECTBO OO0ydaeMbIX

MOXKET 6])ITI) HCOIpaHUYCHHBIM,

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

e (OOydueHHe HE3aBHCHMO OT BPEMEHH U
MECTOHAXOXKJICHUN — KPUTCPHUH, O3HAYAIONIUH, 4YTO
CIIyIIATENh MOYKET IPOXOIUTE 00ydeHHE HE TOJIBKO Ha
paboveM MecTe WK B y4eOHOM KIlacce, HO U B JTFOOOM
YIOOHOM JJIst HETO MecTe;

e CamocrosATenpHas IpoBepKa 3HAHUA —
KPUTEPHH, O3HAYAIOUIUH, YTO 0O0y4aeMblif MOXKET
CaMOCTOATEJIFHO TIPOBEPUTH COOCTBEHHBIE 3HAHMA,
HE3aBHCHMO OT OIIEHKH U YPOBHS ITOATOTOBKH;

e KoHTpons 00yueHHs - KPUTEPHIA,
o3BoJIsTIOIINA crienanucTy o OT oeHnuTh KauecTBO
MIPOBEJICHHOTO 00y4YeHNs y pabOTHHUKOB;

e (OOpartHas CBsI3b — KpUTEpHH, O3HAYAIOUINH,
YTO B Iporecce 00y4deHus! pabOTHUK MOXKET 00paTHTCs
K CHENMaJINCTy, IPOBOJAIIEMY OOydeHHe, C JHOOBIM
TeMaTHYECKUM BOTIPocoM [6].

[JanHas Tabnuma HaIAAHO —JIEMOHCTPUPYET
IUIIOCBI W MHUHYCBl KaXI0d (GopMbl 00y4eHHsI.
Buiarogapst 5ToMy MOXHO CpaBHUTh KaXKIblil KpUTEpUH
MeX]Ty cOOO0M AJIS KaKIO0T0 O0yUYeHHS.

BobiBoABI 1 MpeJI0KeHNS.

IIpoBens ananu3 ¢opm oOyueHHs: MpHU HOMOIIN
TabJIMIBl KPUTEpUEB BUJIHO, 4TO JlMcTaHIMOHHAs
¢dopma oOyueHus (puc. 2) o oxpaHe Tpyaa HaOpaia 6
IUTIOCOB TI0 TabiHIle KPUTEpHEB, a KIACCHYECKOE
oOyuenwue 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

OuncTtaHunoHHoe obyyeHne

6
3

Knaccuyeckoe obyyeHve

Pucynox 2. Cpasnenue popm odyuenun OT no mabauye kpumepues

CpaBHEBas MexIy co00i (GopMBI OOYUCHHS IO
OXpaHe TpyAa IO TaONWIE KPHUTEPHEB, MOXKHO C
YBEPEHHOCTBIO CKa3aTb, 4TO OOy4YeHHe pPabOTHUKOB
OXpaHe Tpyza TIpd IOMOIIM JHCTaHIHOHHOTO
oOydenust sBisieTcss Haubojee OS(QQPEKTUBHBIM U
NPEANOYTUTEIBHBIM, OCOOCHHO 3TO AaKTyajbHO B
ycnoBusix  manpemun  Bupyca COVID-19, mno
CpaBHEHHUIO C KJlaccuueckod Gpopmoii oOyueHusl.
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