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INVESTIGATION AND MANAGEMENT OF PROTECTION SYSTEMS FOR UNDERGROUND TRANSPORT 4

1. Introduction

High concentrations of FDP cause many diseases and respiratory problems
worldwide. The metro is used by millions of people around the world daily /only
in Sofia over 450,000 passengers use the metro per day with a tendency to
increase their number with increasing lines/. Ensuring the health and safety of
passengers and staff is essential.

Also, the danger of terrorist attacks has increased in recent years. Some of
the most vulnerable places are in urban transport infrastructure, especially metro
stations and tunnels. Here there is a coincidence of crowding of large numbers of
passengers, relatively little place for reaction and exit, as well as large and
expensive engineering facilities.

Objective of the survey - Innovative approaches to the management of
protection systems in underground public transport in order to improve air quality
and passenger safety.

2. Software using discrete element method

It is chosen software, working on discrete element method for investigating the
behavior of the iron ore in AG mill. The software can provide results like mass of
particles, volume, velocity, torque compressive force, potential energy, etc.

The selected software is generally segmented on three modules. The first
module is the creator section, where parameters such as used materials, equipment
geometry, physics, etc. are selected. Another step in this section is the particles
properties, needed for setting simulations. Properties of the particles includes:
density, Poisson’s ratio, coefficient of static friction, coefficient of rolling friction,
coefficient of restitution, and interactions between materials of particles and
geometry. The next parameter in creator tab is the equipment properties, which is
used for setting the material and properties of the used in the simulation
equipment. After setting all the particles parameters and equipment parameters,
next needed parameters to set are the geometries, used for the simulation

The software gives opportunity to import geometry from other Computer-
Aided Design (CAD) software, which eliminates the possibility for wrong, or not
accurate CAD models and particle behavior. In the CAD model, also can be
chosen different properties of the objects and movements such as linear rotations,
linear translations, acceleration, velocity, etc. The chosen software also provides
different models of calculations of the simulations. Some of the models are Hertz-
Mindlin (no slip), Hertz-Mindlin (no slip) with RVD Rolling friction, Hertz-
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5 Nikola Sabotinkov

Mindlin (no slip) with JKR Cohesion, etc. An attempt for simulation the behavior
of iron ore in AG mill is selected the Hertz-Mindlin (no slip) model. The Hertz-
Mindlin (no slip) model is based of Hertzian contact theory (1882) and the
Mindlin model is based on the tangential force.

3. Metro and general requirements

The metro (abbreviated to the Greek metropolis: city-mother, also known as the
underground railway) is a fast public transport.

The subway is designed with stations at important transport hubs, office buildings,
shopping centers, landmarks, neighborhoods and other sites..

Metro lines and their individual sections may be underground (tunnels),
terrestrial and overground (bridges and estacades). The total length of the lines in
different cities may range from 2-3 kilometers. to over 1300 km. (subway in New
York).

The benefits include:

- Fast and efficient (high capacity) - Typical capacity is 1200 passengers per train
or 36 000 passengers / hour. They can also reach up to 80,000 passengers per
hour.

- Reliable transport / Accurate timetable /

- Comfortable transport

- Others

Due to the extensive use of underground transport, the ventilation system
is essential for the comfort, health and safety of passengers and staff. It must be
designed to provide a comfortable environment for passengers and handling
personnel at their normal operation (temperature and air quality). The system
should be able to deliver fresh air during the "peak hour" as well as control the
smoke movement and direction and ensure safe evacuation during an accident.

More important requirements:

[0 Removal of generated heat

- Subway trains can be regarded as moving sources of heat. Heat generation is
mainly generated by the braking system, train air conditioning systems, etc., as
well as by passengers.

- The most effective way to remove heat is immediately after it is generated to
prevent it from spreading into the environment of the station and tunnels.
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Fig. 1. Particle size attributed to human hair

] Ensure good air quality

- A number of air quality studies have been conducted in the subway and, as a
result, because of train movements, concentrations of fine dust particles (FDP2.5
and FDP10), and in particles concentrations of iron, magnesium and chromium
exceeded the values of air overground /over 100 times on New York subway.

- Impact on human health.

The dust comes into the body primarily through the respiratory system,
where larger particles are retained in the upper respiratory tract, and the finer
particles (below 10 microns - FDP10) reach the lower respiratory tract, causing
damage to the tissues in the lung (Fig. 1). Children, adults and people with
chronic lung disease, influenza or asthma are particularly sensitive to high FDP10
values.

The harmful effect of dust pollution is more pronounced with the
simultaneous presence of sulfur dioxide in the atmospheric air. Their synergistic
effect on respiratory organs and open mucous membranes was established. It is
irritating and depends on the duration of exposure. The short-term exposure to
500 mg/m3 of dust and sulfur dioxide increases the overall mortality rate in the
population, and at half-lower concentrations there is an increase in morbidity and
impairment of pulmonary function. Prolonged exposure to sulfur dioxide and dust
is manifested by an increase in non-specific pulmonary diseases, mainly
respiratory infections of the upper respiratory tract and bronchitis at significantly
lower concentrations (30-150 mg/m3), which is particularly pronounced in
children. The most vulnerable to the combined effects of dust and sulfur dioxide
are chronic patients with bronchial asthma and cardiovascular disease. The
harmful effects of exposure to high concentrations of metal dust particles have
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7 Nikola Sabotinkov

been documented in a number of toxicological and epidemiological studies. In
samples taken from a Stockholm metro, there is an 8 times greater likelihood of
DNA damage and four times higher probability to cause oxidative stress (diabetes,
cancer, Alzheimer's disease, arthritis etc) in cultivated lung cells. Samples taken
from three London metro stations have a higher inflammatory potential and are
more likely to cause DNA damage in cultivated human epithelial cells than in
overground FDP.

Particle characterization in the subway - The particle distribution and type
was made in a study [9] conducted in South Korea with samples of dust particles
taken from different locations in several stations (Fig. 2).

In case of a fire in a tunnel or a metro station, the greatest danger is not the
flames, but the inhalation of the poisonous gases generated by the burning toxic
products (Over 70% of the victims are in case of poisoning). Most toxic and most
commonly released in case of fire are oxides of hydrocarbon CO /binds to blood
hemoglobin 200-300 times faster than oxygen - there is oxygen starvation of the
organis / and CO2 - cause of 50-80% of the dead. CO2 replaces oxygen in the
blood, speeds up breathing, so larger amounts of other gases are absorbed in more
dangerous concentrations, at 10% - man loses consciousness. In the event of a fire
or a terrorist attack, harmful gases must be removed as quickly as possible from
the metro area while providing fresh air for passengers, personnel and firefighters.
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B Others

| B Nitrates and sulphates

B Soil-containing particles
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Tunnel Platform  Office tickets Outside the
subway

Fig. 2. Particle distribution by classes

Terrorist Attack - the main ways of attacking (sarin, anthrax) are by putting
them on the station, on the train or in the tunnel - possibly through the ventilation
shaft. The propagation occurs when trains run through the stations and tunnels.
Installing detectors and CCTV and analytical software could reduce response time
and take immediate action.

Abstracts of Dissertations 3 (2020) 3-13



INVESTIGATION AND MANAGEMENT OF PROTECTION SYSTEMS FOR UNDERGROUND TRANSPORT 8

4. Technological level and developments at that time

There are several approaches to improving the subway environment:

* Installation of automatic sliding doors on the stations, fig. 3:
Advantages: Reduces noise, dust, wind, prevents accidental drops from the
platform, improves climate control of stations, reduces jamming on rails and
tunnels /against fire/.

Fig. 3. Sliding doors on a station

Disadvantages - a high cost of fitting, maintaining and adjusting the doors to those
of the trains, reduces the effect of natural ventilation, which increases the cost of
ventilating the subways. There are incidents incl. deaths in which a passenger falls
between the closed door of the train and the sliding door of the platform.

* Air curtain. In the recent years, studies, tests and simulations using air
curtains have been conducted, [10]. As a result, dust particles pollution is reduced
and tunnel ventilation is improved. A disadvantage can be the power consumption
and the generated noise that cannot be distributed effectively in the environment.
Research has found that an air curtain effect will have when the airflow rate is at
least 25 m/s, and studies with 60 m/s and 80 m/s have been made, /fig.4/.
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Fig. 4. Simulation of air curtain
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* Use of a vacuum train to clean tunnels from dust and debris - Fig. 5,
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Fig. 5. Vacuum train to clean tunnels from dust and debris
5. Ventilation in the subway and tunnels

Natural ventilation in the subway is mainly the result of the movement of trains
through the tunnels. Airflows are similar to those caused by the piston movement
in a cylinder and for this reason it is called ventilation of a "piston effect".

"The effect of the piston" is a phenomenon and is the cause of the air
movement from the tunnels to the metro stations as well as the change in pressure.
From a ventilation point of view, air movement is functional and helps to
exchange air, tunnel cooling, etc., but when the "plunger effect" is more, it is the
cause of high air velocities on the platform and corridors. To reduce the high air
velocity, shafts are designed to deviate the air from the tunnels to the atmosphere
and reduce wind gusts in the stations. Gusts of wind enter the stations as a stream
that expands in the cross section of the station and reaches about 15-45 m/s inside
it. Normally, the wind speed should not exceed 5 m/s when entering the station.

Stairs, escalators and entrance corridors also act as ventilation shafts, and the
"piston effect" can cause excessive air velocities in these areas.

The air flows in the subway are generated by two main sources: the "piston
effect" of train movements through tunnels and, in some cases, mechanical
ventilators. A natural source of air is also the staircase and other openings. Factors
that affect airflow are geometric parameters such as: location, shape, length,
cross-section, perimeter, roughness of walls in tunnels, stations and ventilation
shafts, as well as dynamic parameters: train speed, acceleration, stroke, as well as
the performance of the fans. The air temperature, its speed and pressure depend on
the design of the tunnel ventilation system. "The effect of the piston" is the cause
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of the air flow through tunnels from the tunnels to the outside atmosphere, and in
the opposite direction - a stream of fresh air when the train passes through the
shafts.

The hot and warm air generated by the train braking system and the air
conditioning system is mixed with that from the tunnel behind the train, which is
subsequently transferred to the station due to the remaining momentum or pulled
out as a result of the train's departure.

The "piston effect" generated by train movements is in most cases sufficient to
maintain a good level of ventilation.

6. Air filtration

Air filters are generally classified based on their collection efficiency, pressure
drop (airflow resistance) and particle retention capacity. Two test methods are
currently in use: European Standard EN 779 and US Standards ASHRAE 52.1
and 52.2 for Classification of Ventilation Air Filters. The classification of these
filters is based on the efficiency gained from conducting experiments.

The American standard ASHRAE has confirmed the so-called MERV -
minimum efficiency reporting value, values by which manufacturers evaluate the
performance of their filters. To measure this efficiency, 12 sizes are entered. The
smallest particle size is 300 nanometers.

Rough and fine dust filters are most commonly used for air purification.
Based on their performance, the EN779 classifies the various fine-grained F5-F9
filters, where F5 is less efficient and F9 is the most efficient of all. Class filters
G1-G4 are coarse filters.

The MERV / HEPA / ULPA filters are used for air purification in
laboratories, industrial premises, clean rooms, hospitals, electrical appliances, and
more. Fig. 6.

Depending on the selected filter, it is possible to filter: bacteria, 90-99% fine
particle size 2.5-10 microns, mold spores, etc.

7. Modeling and simulations

To verify the effect of the installation of safety doors at both ends of the metro
station (at the tunnel entrance and exit), 4 models are created and simulations
were made with the software product Solidworks Flow, as follows:
- Simulation with general conditions (without doors and filter bodies) -
model 1
- Simulation with mounted doors and filters MERV 15 - model 2
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11 Nikola Sabotinkov

- Simulation performed without mounted doors and filters - with ventilation
included — model 3

- Simulation performed with doors and filters fitted and with ventilation
included - model 4

A comparative analysis of the simulation results with the four models was made -

fig. 6
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Fig. 6 Comparative analysis of 4 models

Conclusion: The results of the studies show that particle filtration by the
aforementioned method will lead to self-cleaning of the PMF tunnels.

The reduction of electricity for ventilation, cleaning and other related activities
will also be significant, due to the use of energy that has not yet been used. The
important aspects of the proposed design expand their capabilities in the field of
fire safety, protection against terrorist attacks, reducing response times, increasing
awareness of the emergency situation, and responding appropriately and making
important decisions on which human life depends.

Protecting the environment from pollutants (FPM) is also a very important task
that has a solution with the proposed design. Daily breathing of high
concentrations of fine particulate matter contributes to the development of
diseases and the reduction of human life, not least the medical expenses.
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Using the EDEM SOFTWARE software package, simulations were made to
movement a train in a tunnel (fig. 7) and to produce fine particles when a brake

was triggered (fig. 8).

Time: 20.66 s Velocity (m/s)

0.00 4.63 9.25 13.88 18.51 23.14

Fig. 7 Simulation of movement a train in a tunnel

Time: 0.340006 s

L

Fig.8 Simulation of a brake and fine particles

8. Conclusion

Air cleanliness and subway safety are of great importance due to the fact that this
mode of transport is used by millions of people. The presented in the paper
pollutants and methods for their cleaning improve the environment in
underground urban transport and help to increase security.
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Scientifically-applied contributions:

In accordance with the objective, the studies and the obtained results, the
following scientifically-applied contributions have been achieved:

- After a detailed review and analysis, a systematization of the types of factors
influencing the safety and security of the underground rail transport is made,

- Concentration of fine particle matter in the subway has been investigated and the
main types and sources of pollution are identified,

- Existing solutions for reducing particle matter concentration and improving
safety in underground rail transport have been investigated and are being
analyzed,

- A scheme is proposed for the optimization of ventilation in the subway and
tunnels,

- Innovative approaches are proposed with the use of upgraded underground rail
transport protection systems,

- Experimental results and simulation modeling with new protection systems are
presented, the different models are analyzed.
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15 Hukona Cb60TnHKOB

Pe3rome

B ToBa wum3cimenBane € pa3pabOTeH HOB METOJ 3a TYHEITHA BEHTHJIALUS C
W3M0JI3BaHEe Ha BUCOKOCKOPOCTHHM POJIKOBU BpaTH, MOHTHPAHHM Ha BXOJOBETE W
U3XOJUTE Ha TYHEJIUTE BBB BCSKA OT METPOCTAHLIMHUTE. METOOBT Iie Moa00pu
e()eKTUBHOCTTA HAa BEHTWJIMPAHETO U I1I€ HaMaJld BUCOKUTE KOHIIEHTpAlUM Ha
Bpeau ¢uHu mpaxoBu dactunu (PIIY) B nmBa muamasoHa - ¢ pa3Mep Ha
yacTULIMTe TNo-Manbk oOT 10 MuKpoHa U MO-ManbK oOT 2.5 MHKpOHAa,
3aMBpPCSBAILA Bb3/yXa B TYHEIUTE U CTAHUMUTE HA METPOTO BCIEACTBUE Ha
JIBH)KCHUETO Ha BIJIaKOBe M Xopa. JlOmbIHUTENHO 1€ ce JAOMpPUHECE 3a
MOBUIIIABAaHE CUTYPHOCTTa M HaMajlsiBAHE Ha CHEPTUMHUTE pPa3XxoaH, upes
o AbpKaHe Ha KOM(OpTHA W 3alllUTeHa cpejia 3a IbTHUILIUTE W NepcoHaia B
CTaHIIMUTE U TyHEJIUTe. MeToabT, KOWUTO 11e Ob/Ie U3MOI3BaH, € CUMYJIAIMOHHO
MOJIeTIMpaHe C M3IM0JI3BaHE HAa M3UUCIUTEIHA TEXHUKA U cO(TYeEp 3a ONpeesiHe
BB3AYIIHUTE NOTOLH B TYHEIIUTE U METPOCTAHIIUUTE.

IIpeameT Ha AUCEPTANUOHHMS TPY

HBCJICI[B&HC " OIITUMH3AlHA Ha PA3JIMYHU HHOBATHBHH IMOAXOAN 34 YIIPABIICHUC
Ha 3allUTHU CHCTCMH B IOA3CMHUA I'paJCKU TPAaHCIIOPT, C LECJ HO,Z[O6pHBaH€
Ka4CCTBOTO HAa Bb3AyXa U CUTYPHOCTTA HAa ITbTHULIUTC.

I'naBa 1. O030p, aHaIM3 ¥ cCMCTEeMATH3ALUA HA BUI0BEe (DAKTOPH, BJIHUSCIIH
BbPXY CHIYPHOCTTA ¥ 0€30IaCHOCTTa B TMOA3EMHHS JKeJIe30IbTeH
TPAHCHOPT

1.1. Mempo - 0bwu usuckeanus

MetpoTo (cbkpaTeHO OT TpbIKH metropolis /Merpomonuc/ — rpaa-maika,
U3BECTHO OILE KaTO IMOA3EMHA JKEJIE3HMIA) € Obp3 OOIIECTBEH KEJIe30IIbTEH
TpaHcnopT. HasBaHuero ,,MeTponoJUTeH (METPO), KOETO € MPUETO B MHOIO
CTpaHH, MPOU3JIM3a OT UMETO Ha KoMmmaHusita Metropolitan Railway, kosto e
noctpomwna M nppBoTo Merpo B JloHmon mpe3 1863 r.. Ilo ToBa Bpeme ca
U3I0JI3BaHU MMAPHU JIOKOMOTUBH TETJICIIN AbPBEHU BaroHU.

MeTpoTo ce TpOoeKTHpa ChC CIHUPKA HA BAXKHU TPAHCIIOPTHH BB3IH, O(UC
Crpajy, THPTOBCKU IICHTPOBE, 3a0€TEKUTEITHOCTH, KBAPTAIU U JPYTU OOCKTH.
JIuHMUTE HA METPOTO W TEXHUTE OTJACIHH Yy4YacThIld Morar jaa ObaaT
MOA3EMHU/TyHEIHN/, HA36MHHU 1 HaJI3€MHU /MOCTOBE M €CTaKaJIH.

[IpennMmcTBaTa BKIIFOYBAT:
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M3CNEOBAHE U YIMNPABNEHWE HA SALLNTHNA CUCTEMW B NMOA3EMHUA TPAHCIOPT 16

bbp3 u edexTuBeH TpaHCHOPT /C TOMSIM KamamuTeT/ - TUIMHYHUSIT

kamauurer € 1200 oerHuka Ha Biaak wid 36 000 merHHKa/yac. Morar na
nocturdat u 10 80 000 mpTHMKA/YAC.

1.2.

Hanexaen TpancnopT /cria3Bane Ha ToueH rpaduk/
KomdopTten Tpancnopt

Hpyru

KOHueHl’I’lpCllx}M}l HA d)uHu npaxosu dvacmuyu 6 menpomo

[lopany MIMPOKOTO M3MOJI3BAHE HA TMOJ3EMHHS TPAHCHOPT /METPo/,

BCHTHJIaTMOHHATa CUCTEMA € OT ChbIIICCTBCHO 3HAYCHUC 3a KOM(bOpTa, 3ApPaBCTO

n 0e30macHOCTTa HAa MBTHUIMTE W paborentus nepcoHan. Ts TpsOBa ga Obie

MPOCKTUpAaHA Taka, 4Ye Ja OCUTypu KoMQopTHa cpela 3a THTHUIUTE H

00CITyKBalllis IepcoHa IPU HOpMaIHaTa cu paboTa /TeMmeparypa U KaueCTBO
Ha BB3Ayx/. Cuctemara TpsOBa Ja MOXE Jia I0CTaBsl CBEXK BB3AYyX MO BpeMe Ha
,dac TMHK", KaKTO CBIIO W Jila KOHTPOJHMpa JBH)KCHUETO/TIOCOKAaTa Ha JUM M J1a
ocurypu 0e3oracHa eBakyaius 1o BpeMe Ha aBapusi.

[lo-Ba)xHn U3NCKBAHUS:

» OrtcrpansiBaHe Ha TeHEpUpaHaTa TOTLTUHA

BrnakoBeTre B MeETpOTO Morar ja ce pasriexaaT, KaTo JBIDKEIIN Ce
W3TOYHUITM 3a TOIUTMHA. TOIUIMHATA Ce TeHEepHupa OCHOBHO OT CITUpayHaTa
CHUCTEMa, CUCTEMHUTE 3a MOJAPHKKA Ha BjaKa /KIMMATHYHH CHCTEMH |
Jp./, KAKTO ChILIO U OT ITbTHUIUTE.

Haii-eekTUBHUST HaUYMH 3a OTCTPAHSIBAaHE Ha TOIUIMHA € BeJHara clief
HEMHOTO I'€HEPUPAHE, C KOETO Ja CE€ MPEIOTBPATH Bb3MOKHOCTTA TS 1A CE
pa3npOCTPaHU B OKOJIHATA CPE/la HA CTAHLIUATA U TYHEJIUTE.

OcurypsiBane Ha J0OpO Ka4eCTBO HA Bb3AyXa

HamnpaBenu ca MHOXECTBO M3CJIEABaHMS 3a KaueCTBOTO Ha Bb3JyXa B
METPOTO M KaTO pPEe3yJTaT, BCIEICTBUE Ha JIBUKEHHETO Ha BIIAKOBETE,
KOHIIEHTparuuTe Ha (uHu npaxoBu yactuim /OIMY2.5 u OITY10/ u B
YAaCTHOCT KOHIIEHTPALIMUTE Ha JKEJS30, MarHe3uil U XpOM HaJIBUIIIaBaT
MHOTOKPAaTHO CTOMHOCTHUTE Ha BB3Ayxa Hana 3emsta /Haj 100 mbtu B
MeTpoTo Ha Hro ropK.
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- BuusHue BbpXy 4OBEUIKOTO 3/1paBe

[IpaxbT mocThIBAa B OpraHW3Ma MPEAUMHO Ype3 AuXaTeTHaTa CUCTEMA,
Py KOETO TO-CPUTEC YACTHIM CE€ 3aabpKaT B TOPHUTE JHUXATCITHH
npTUINA, a mo-puauTe yactuiu (mog 10 mm - ®IIMY10) gocturar 10 mo-
HUCKHTE OTJENN Ha JUXaTeIHaTa CUCTEMa, KaToO BOJIAT JI0 YBPEKIaHE Ha
ThbKaHuTe B Oenust ApoO /dur. 1/. [lema, Bb3pacTHU U XOpa ¢ XPOHUYHH
oemoapoOHN 3a00JIsIBAaHUS, TPUI WJIM acTMa ca OCOOEHO YYBCTBUTEITHH
KbM BHUCOKH cToMHOCTH Ha PITY10.

€MYzs

OMMHM HacTium,
OpraHW4HU CheaUHeHWS,
< 2.5 um B AMaMeTHp,
NpPOHMKBAT B anseonute

YoBelWkKH KOCHM
50-70 ym
B gMameTbp

© PM1p

Mpax, nnecex, <10 ym
npoHmnkeaT B GpoHxuTe
W BpoHxnonure

90 um B AMaMeTEP
PUH NACHK
NPOHUKBA B HOCA U M-PrOTO oae couearl ihe U3 BEA

®@uwr. 1. Pa3Mep Ha 4aCTHIHUTC OTHECCH KbM HOBCIIKH KOCHM

Bpennuar edext Ha 3aMBpCsABaHETO C Tpax € TO-CHJIHO W3pa3eH MpHU
€THOBPEMEHHO TIPHCHCTBHE HA CEPEH MHOKCHI B aTMOCHEpHUS BB3IYyX.
Y CTaHOBEHO € TSIXHOTO CHHEPTUYHO JEHCTBUE MO OTHOIICHUE HA JAMXATCITHUTE
OpraHu U OTKPUTHUTE JUraBulld. To ce MposiBABa C APa3HEIOo JACHCTBUE U 3aBUCH
OT MPOJBIDKATETHOCTTa Ha eKcro3ulusaTa. KpaTkoBpeMeHHaTa eKCro3uiusa Ha
500 mg/m3 mpax W cepeH IUOKCHJ YyBelMuaBa oOIaTa CMBPTHOCT IpHU
HACEJICHUETO, a TPU KOHIICHTPAIIMM HATOJOBHWHA IMO-HUCKA C€ HaOIIrom1aBa
MOBHUIIIaBaHEe Ha 3a00JseMOCTTa W HapylaBaHe Ha OejonpoOHara (QyHKITHS.
[IponpmkuTenHATa EKCIIO3UIIMS HAa CEPeH TUOKCHUI M Tpax ce MpPOosBSIBa C
noBuIlaBaHe Ha Hecrenupuaautre OenonpoOHU 3a00JsSBaHUS, MPEIUMHO
pecniupaTopHu MHGEKIMU HA TOPHUTE AMXATEIHW MbTUIA U OPOHXUTH - MPHU
3HAYUTEITHO MO-HUCKHU KoHIeHTpaluu oT ( 30 - 150 mg/m3), koeTo € 0cOOeHHO
CUJTHO TIPOsIBEHO Tpu Jena. Hail-yss3BuMU Ha KOMOMHUPAHOTO BBH3JCHCTBUE HA
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npaxa W CEepHHUSl AMOKCHJ Ca XPOHUYHO OOJHHUTE OT OpOHXHaHAa acTMa U OT
ChpJIEYHO-CHJIOBU 3a0o0isiBaHus. Bpegnute edextu npu u3naraHe Ha BHCOKH
KOHLIEHTpAIlMU OT METAJHU MPAXOBH YACTHUIM Ca JOKYMEHTUPAHU B MHOXKECTBO
TOKCUKOJIOTMYHU U ENUAEMUONIOTMYHU u3ciensanus. [lpu B3etw mnpoOu
/u3cnenBane Ha mMpodbw OT MeTpoTo B CTOKXOJM C€ YCTaHOBSBa 8 MBTU IO-
rojisiMa BepoATHOCT 3a yBpexaane Ha JIHK wu dyetupu neTtH mo-rossima
BEPOSITHOCT Jla C€ MPUYMHU OKCHUIATUBEH CTpeC /Mpeau3BUKBa NHUA0ET, pak,
OoJsiecT Ha AnxaiMep, apTpUTH U Ap./ B KyJITHUBHUPAHU 0€T0APOOHU KIIETKH .

3a cpaBHEHHE Ca HAMPABEHHW EMUIACMHUOJIOTHYHU H3CJCIABAaHUS Ha 3aBap4UIIH,
IIPY KOWTO ca JOKYMCHTHpPAHU BpPbh3Ka IMPU U3JIaraHETO HA 3aBapbyHU T'a30BE H
OosiecTH, KaTo IIHEBMOHHs, cujepo3a /Oojiect Ha Oenute ApoOoBe/ U
HEBPOJIOTUYHU HapylieHus - 6osiecT Ha [lapkuncon. TpsOBa na ce orOenexu, e
3aBapbYHUTE ra30Be UMAT MO-(OUHO pa3mpeiesieHue Ha YaCTUIIUTE U TI0-BHCOKH
KOHIICHTpAIIUHU Ha JKeJIs30, MAHTaH U XPOM.

- HpI/I‘II/IHI/IZ BJIAKOBCTC U3I10J3BAaT CTOMAaHCHH KOJICIA, KOMIIO3UTHHU
KCpaMHUIHU CIIMPAYKH, IIpaX BHCCCH OT IIbTHULUTC U JPYTI'U

P 3aKkoHOAATEJICTBO:

JlomyctumuTte CTOMHOCTH Ha (MHU NpaxoBu yactuuu crnopea Hapen6a Nel2 na
MOCB u M3 kM 3YAB (/IB, Op. 58/2010 r.):

OUHU ITPAXOBU YACTHULH (PITY10)

Hapen6a Nel2 nva MOCB u M3 kM 3UAB (/IB, 0p.58/2010r.)

Cpennonenomna Hopma (CIH) 3a ona3BaHe Ha YOBEIIKOTO 3/IpaBe

IIparosa croitnoct (IIC) | nomycrum Opoit Nepuoj Ha
npeBuiieHus (mpe3 npuwjiaraHe
roAuHAaTa)

COH 50 pg/m® | 35 ot 01.01.2009r.

Cpennoroanmua Hopma (CI'H)

CTH 40 pg/m?® | He ce nomycka ot 01.01.20009r.
MIPEBUILICHUE

®UHU ITPAXOBU YACTULH (PITY2.5)

Hapen6a Nel2 na MOCB u M3 kM 3UAB (/IB, 6p.58/2010r.)

Cpennoroanmua Hopma (CI'H) 3a ona3BaHe Ha YOBENIKOTO 37IpaBe

Honyctumo otkionenue (J10) | momycTum opoii Nnepuoja Ha

npeBuieHus (nmpe3 npuJjarase
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roAnHAaTAa)
CTH 30 pg/m? npe3 2010r.
CTH 25 pg/m® | He ce gomycka or 01.01.2015r.
CTH 20 yg/m*® | mpeBuIIaBaHe or 01.01.2020r.
OB ITPAX
Hapen6a 3a uzm. u non. na Hapen6a Nel4/(/IB, 6p.8/2002r.)

HOPMU Konuentpanus (mg/m3)

ITJIKc.n. 0.25

ITJIKc.r. 0.15

[TJIKc.n. — IIpenenno pomnycruma CpeTHOICHOHOIIHA KOHIIEHTPALIUs
[IIKc.r. — [IpenenHo pomycTuma CpeIHOTOAUIITHA KOHLIIEHTPALUs

Ha ®ur.2 e nageHo pasnpeneneHue Ha YaCTULMTE 10 KJIACOBE

100%
90%
, B [pym
80%
T0% r || [ BropocTeneHHmn aepo3onu
Hutpatu u cyndpatu
60%
W YacTiuyW ChObLPHaLM NOYEa
SD A0
409% F || @ YacTum crabpxalm esmepog
L |
30% B YacTum chgbpralm wennso
20%
10%
0% '

Tynen Mnatopma  Odomc bunetn  MasbH meTpoTo

®wur.2 PaznpeneneHne Ha YaCTULIUTE IO KJIACOBE

dotomukporpadcko HU3CIEABAaHE C EJICKTPOHEH MHUKPOCKON Ha Tipaxa B
TyHenuTe Ha JIOHZOHCKOTO METPO TMOKa3Ba, Y€ HATPYMAHUTE aepo30JU IO
wiatopMuTe Ha pa3IMYHU CTAHIMK ca MpUOIM3UTENHO eaHakBu. Ha ¢ur. 3 ca
nanenu ganaute 3a ctanius Holland Park.
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@ur. 3. oromukporpadus Ha paxa B TyHena Ha cranuus Holland Park

Ha ¢wur. 4 e nanena enna ctangapTHa KOHPUTYpaIKsa HAa CTAaHIUS HAa METPO, ChC
CBHOTBETHUTE €JIEMEHTH:

Bentunaropun Fopro neo
B?Il'ﬂlﬁﬂ'op}[ll HIAXTH
1

ya
PpeLeTKH )
HAI3CMHO HHBO ,
|
| /4
/Bcl('ri!:m'ruplll £y
TOMEHIEHIR-
/f o

= Cranuns

Mewanun

Mnardopma

 LyHenu

o - / Menanun

[Tnatdopma
 CTaHums bop

@wur. 4. Cxema Ha METPOCTAHIIUS

JIpyT acnekT OT MO0- BaKHUTE MPOOJIEMU CBbP3aHHU C METPOTO € OCUTYpsIBaHE Ha
0€e30IacHOCTTa Ha MBTHUIIUTE TPH MOXKAP WK TEPOPUCTUYHA aTaka — Qur. 5.
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- Tloxap /baky, AsepOaiimkan 1993 r., xeprBuTe ca 286 NHTHHUKA,
BKJIFOUUTEIHO 26 nera/

- Tepopuctuuna ataka ¢ ras/Tokuo, SAnonus 1995 r., 13 xeptBu u 6500
oOraszeHu c ra3 3apus/.

@Owur. 5. UTHUMAEHTH B METPOCTAHIIUA

MeTpocTaHIIMHUTE U BIAKOBUTE KOMITO3UIIMH B TYHEIIUTE Ca CHIJIHO U3JIOKCHHU HA
PUCK OT TEpPOPUCTUYHA araka. B MOA3EMHHUS TPaHCHIOPT HMMa MHOXECTBO
OBTHUIM C 00EMHUCT U TeXbK Oaraxk. ChIl0 Taka KbM MOMEHTAa W Yy Hac
TYHEJIUT€ Ha METPOTO Ca OTKPUTU OTKBM METPOCTAHIIMUTE W JaBaT JIECEH
JOCTBII B JIBET€ NOCOKH. B HSIKOM CTpaHU MEPOHBT HA METPOCTAHIIMHUTE €
OTJIeJICH OT KOJIOBO3UTE C BHCOKH IPETPaJy C aBTOMAaTUYHU BpaTH, Opa3MEPCHH
chOoOpa3HO MecTaTa Ha BpaTUTE HAa BaroHuTe. Te ce OoTBapAT W JaBaT JOCTHII
caMO TpM HAJIMYWE Ha CHpPsUT BJIaK C OTBOPEHU BpaTH Ha cTaHIusATa. ToBa e
0CO0EHO Pa3MPOCTPAaHEHO TaM, KBJIECTO BIAKOBUTE KOMIIO3UIIUU CE€ YIPAaBIIABAT
aBTOMaTHYHO — MeTpoTro Ha Topuno, Hrtamms. IlpoGrembT 3a 3amura Ha
BXOJIOBETE HA TYHEJIUTE OT CTAHIIMUTE € PEIICH CaMO YaCTHYHO, YPEe3 Pa3TuIHH
BUJIOBE aBTOMATUYHHM IIIOPH U BB3AYIITHU 3aBECH.

[Ipn mokap B TyHeNl WM Ha METPOCTAHLMS HAW-roJiIMaTa OMACHOCT HE ca
IJIaMbIUTE, a BJIMIIBAHETO HAa OTPOBHUTE Ta30BE T'€HEPUPAHU OT TOPSLIUTE
TokcuyHu npoayktu /Ham 70% ot >xepTBUTE IpHU MOXKAp ca OT OTPaBSIHUS/.
Hail-TokcuuyHn W HaW-4e€CcTO OTIENSIHUM IIpU MOXKap Cca OKUCUTE Ha
BeIIeBosioposa CO / cBbp3Ba ce ¢ xemornobuna Ha kpbBTa 200-300 mbTH T10-
OBpP30 OT KHCIIOPOJa - HACTBhIIBA KUCJIOPOJEH Tiaja Ha opranuzma/ u CO2 —
npuunHa 3a 50-80% ot 3armHammte /CO2 3amecTBa KHCIOpOJa B KPBHBTA,
YCKOpsIBa TUUIAHETO, MOPAJAM KOETO CE€ MOTIbINAT MO-TOJEMH KOJUYECTBA OT
JIpyruTe ra3oBe B No-onacHu koHmeHTpauuu. [lpu 10% - 4oBek 3aryOBa
cb3HaHue/. llpu mokap wiM TepopuCTUYHA aTaka BPEJAHHUTE ra3oBe TpsiOBa na
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6’bIlaT HN3BCACHHU MAaKCHMAJIHO 6’bp30 OT 30HATa Ha MCTPOTO, KaTO B CHIIOTO
BpPEMC CC JOCTaBsA CBCXK BB3AYX 3d MMACAKCPHUTE, IICPCOHAIA U ITIOKAPHUKAPUTC.

TepopuctuuHa aTaka — OCHOBHUTE HAUMHU 32 aTaKyBaHE /3apWH, aHTpakc/ ca
Ype3 MyCKAaHETO MM Ha CTAHLUATA, BbB BIIAKA WJIM B TyHEJA — Bb3MOXHO € U
Ipe3 BEHTWJIAMOHHATA axTa. Pa3npocTpaHeHHeTo cTaBa NMpyu JBHKEHUETO HA
BJIAKOBETE IPE3 CTAHLMUTE U B TyHenurte. HHcTanmmpaHeTro Ha OETEKTOpU U
BUJICOHAOIIIOICHUE U aHATUTUYCH copTyep OM MOIJIO Ja HaMalh BPEMETO 3a
peakius v MpeprueMaHeTo Ha ObP3U OTBETHH JICHCTBHSI.

Ien u 3agaum HA AMCEPTALMOHHUS TPY:
OcHoBHATA 1eJ HA JUCEPTALMOHHUSA TPY] €:

H3caenBane m onrTuMu3lanusi Ha pasjaudHd HHOBATHUBHM MOAXO0AH 3a
YHpaBJ€HHUE HA 3aAllIMTHU CUCTEMH B MOA3CMHHUSA I'PAJACKHA TPAHCIIOPT, € IEJ
HOI[OﬁpﬂBaHe Ka4e€CTBOTO HA Bb31yXa U CUTYPHOCTTAa HA IbTHUIIUTE.

3a u3nbJIHEeHHEe HA Ta3! eI mie ¢e pemart CJIeAHUTE 3a1a9n:

- e ce nanpasu 0630p, anaiuz u cucmemamu3ayus Ha uodose haxmopu,
euusgewu 8vpXy cucypHocmma u 0OezonacHocmma 8 NOO3eMHUs
JKcene30onvmer mpaHcnopm,

- Ile ce uscneosa konyenmpayus Ha uUHU RPAXO8U YACMUYY 8 MEMPOMO,

- Ile ce wuscredeam cvwecmsygawu peuwieHus 34 HAMAIA6AHe Ha
KOHYeHmpayuama Ha Quuu 4yacmuyu u noooopsasane Ha cueypHocmma
NOO3eMHUSL HCeNe30Nbmer MpaHcnopm,

- Lle ce onmumuzupa seHmunayusi  MEMpomo u myHeaiume,

- Ile ce npednoscam uHOBAMUBHU NOOXOO0U C U3NOJI3BAHEMO HA
OCbBPEMEHEeHU — 3aWUMHU  CUCmeMU  NOO3eMHUs  JHCcele30NbMmeH
mpancnopm,

- Ile ce npeocmasam exkcnepumeHmaniHu pe3yimamu U CUMYIAYUOHHO
Mooenupane ¢ HoU 3AUWUMHU CUCTEMU.

I'naBa 2: ChulecTBYBAaIllM pellieHUs 32 HAMAJISIBAHE HA KOHUEHTPAIUSTA
HA (UHM YacTHOM W TOA00OpsiIBAHE HA CHIYPHOCTTAa B MOJA3€MHHUA
JKeJIe30IbTeH TPAHCIIOPT

2. 1. C’b8p€M€HHu usmepeamesliHu cucmemu

Cuctemata Ha MeTtporo B Ceyn ce o0OciyxkBa OT JuHUM OT | 10 9 w
npeacTasisBa noseue ot 34,1% OT TpaHCIIOPTHUTE YCIYyTH B CTOJIMYHHUS T'paj

Asmopegpepamu na ducepmavuu 3 (2020) 15-51


Vostro3550
Rectangle


23 Hukona Cb60T1HKOB

Ceyn. Cnopen craructuueckuTe naHHd, mpeaoctaBenn oT Ceyn Merpo
TpancnopTeH UEHTHP, TPUOIUZUTENIHO MIECT MUIMoHa Aymu B Ceys u3noia3BaT
€XEeIHEBHO METPOTO.

3a J1a ce IpeJoTBpaT CMECBAHETO HA BB3JIyX MEXAY Iulat(opmara U TyHEIIUTE,
0sixa MHCTaJIMpaHu Oapuepy Ha II'bJIHA BUCOUMHA MEXKAY I0J0BaTa U TaBaHa Ha
CTaHIIMATA, 3a J]a CE CIECTH €HEeprus M Ja ce€ OCUTYpHU MO-A00pO0 KauyecTBO Ha
BB3/lyXa B oMelleHusTa. ChlllecTByBa 00aye OMaceHue, Y€ KOHUEHTPALMUTE Ha
®IIY B TyHena Morar Ja ce yBenu4ar B IbIArocpodeH IaH. KonueHntpanuure
Ha ®OIIYI0 ce m3mepBaT Ha YEeTHpPU pa3IMUYHM MecTa B craHiusa Deacheong
(;muHMs 3), 3a @ ce U3CieaBaT Bh3ACUCTBUATA HA OapHepUTe BBPXY Ka4eCTBOTO
Ha BbTpelHud Bb3AyX. Pur. 11 moka3Ba pasnoyioxkeHUsiTa Ha MecTara 3a
HaOmonenne Ha GITY10 B Ta3u cranuus. Yetupure MecTta 3a B3eMaHe Ha Ipoou
BKJIIOYBAT YaKaJlHATA, IulaTopMaTa M JBa BBTPEUIHH TyHeNa (MEXIy rapure
Irwon u Daecheong, kakto u mexay rapute Daecheong u Hangnyeoul).

Bcuukn u3MmepBaHus ca mpoBeAeHU Ha 1,5 M Hajg HUBOTO Ha 3emsTa. Beekn
00eKT e HabJIt0/1aBaH OT MHCTPYMEHTH 3a HEMPEKbCHATO HaOIo/ieHne. 3a Ja ce
HalpaBu cpaBHeHHME Mexay HuBata Ha PIIY10 B moazemHarta craHuus Ha
MeTpoTto, okoso 600 meTtpa ot cranmmsaTa Ha Deacheong ce Hamupa OTKpUT
00€eKT 3a HaOJroIeHNe. BBHITHOTO B3eMaHe Ha POOU ce MPOBEXka Ha BX0/1a 3a
B3€MaHE Ha Bb3yX, Pa3MOJI0KEH Ha OKOJIO 1,5 M Ha/l BEHTHJIALIMOHHUS OTBOP.

OOMKHOBEHO MEXaHWYHATa BEHTUJIAIMOHHA CHUCTEMA B MOJ3EMHHUTE TYHEIU CE
CBhCTOM OT €IMH BXOJ U JIBa U3XOJIHH OTBOpPA, KaKTO € MoKa3zaHo Ha dur. 6. Tpu
BEHTHJIATOpAa Ca MOHTHUPAHW BBB BCEKH OTBOp. OOMMAT HauMH HaA paboTa Ha
TE€3W BEHTUJIATOPHU TO3BOJIABA JBa BEHTWIATOpa Ja ObJaT 3aJBWKBaHU 3a
BEHTHUJIALIMSA, JOKATO €IWH BEHTWJIATOp € CIPSH 3a MOJIPhXKKA. 3a Ja ce
chOJIFOaBa HaMajsiBaHETO Ha KoHIeHTpanusaTa Ha PIIY10 u na ce ompenensr
edeKTUBHUTE PaOOTHU YCIIOBHS, TE3U BEHTHJIATOPH C€ PETYIHUPAT CIIOPE] TPUTE
Pa3IMYHU PEKUMA — IIbJIHA MOIIIHOCT, MOJIOBUH MOIIHOCT U U3KJIIOUCHHU.

2.2. llpyeu mexnono2uunu paspabomru KoM mo3u MOMeHm

e MoHTupaHe Ha aBTOMATUYHM IUIB3ralld CE€ BpaTH Ha CTaHLUUTE:
[IpeaumcTBa: HaMazsBa MIyma, Ipaxa, BAThpa, MPeAna3Ba 0T UHIUACHTHU
nagaHuss ot 1uatdopmara, MOAOOpsiBa KIMMAaTUYHUS KOHTPOJ Ha
CTaHI[MUTE, HaMaJIsIBa MOMAJAHETO Ha OOKIIYLIM Ha PEJICUTE U B TYHEJIUTE
/MoraTt 1a IpUYHHAT moxKap/.

Asmopegpepamu na oucepmavuu 3 (2020) 15-51


Vostro3550
Rectangle


M3CNEOBAHE U YMNPABINEHUE HA SALLNTHW CUCTEMW B NMOA3SEMHUA TPAHCIOPT 24

HemocTtarbiim — BHUCOKa IIEHA 32 MOHTaX, MOAJIPHKKA M HAllacBaHE Ha
BpPaTUTE CIIOpPE]] T€3M Ha BJIAKOBETE, HaMaysiBaT e()eKTa Ha eCTECTBECHA
BEHTHWJIAIMSI, KOETO YyBEJIMYaBa pa3XOJUTE 3a BCHTWIHMpPAHE Ha
MeTpocTaHiuuTe. ChINECTBYBAaT WHIUIACHTH BKII. CMBPTHH CIIy4ad, TIPH
KOUTO ITHTHUK ITOTa/Ia MEXKy 3aTBOpPEHA BpaTa Ha BJIaKa W IUTh3raIiara
ce BpaTa Ha matdopmara.

Cutdoor
-9 P
Turnel
ventlation
system
l | L=
Bt P
— oo
- Irwon station
A j I
A= o
Tunnel Tunnel
ventilation
System | —T

< =

"'-: ———  Tumel
Hangnyeoul station

®wur. 6. MecToHax0KIeHUS HA MeCTaTa 3a B3eMaHe Ha PoOH (C Kpbre:
MSICTOTO 3a B3€MaHe Ha NMpoou, T: u3IycKaTeHa TpbOa, | : BXOJ 3a Bb3AYX).

Ha ¢wur. 7. ca nokazanu rmiab3raiiy BpaTu Ha CTAaHIUS B 3aTBOPEHO MOJIOKEHHUE U
OTBOPEHU, KOraToO BJIAKbT € HA CTAaHIUATA

@ur. 7. [lnp3ramm ce BpaTu Ha CTAHIUA

e Bw3aymHa 3aBeca - B mociegHuTe TOAWHU C€ TPaBIT H3CIEABAHMS,
TE€CTOBE M CUMYJIAIIMU C U3MOJ3BAHE HA Bb3/yIIIHU 3aBECH.
Kato pe3ynraTr ce HamansiBaT 3aMbpCSABaHUATA OT MPAXOBU YACTHUIIA U CE
no00psIBa BEHTUJIAIUATA B TYHEIIUTE.
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KaTto HemoctaThk MOXXKe Ja ce MpHeMe pa3xoja Ha EJIEKTPOSHEepPTus u
TeHepUpaHHs [IyM, KOHTO HsMa BB3MOXXHOCT Jla C€ pPa3lpOCTPaHu
edexkTuBHO B OKonHarta cpena. OT U3CIeBaHUs € YCTAaHOBEHO, Ye e(eKT
OT BB3/IyIIIHA 3aBeca MMa, KOraTO CKOPOCTTAa Ha BB3AyIIHATA CTPYS € MUH.
25 m/cek., HarmpaBeHU ca u u3cinensanus ¢ 60 m/cek. u 80 m/cex.. /dur.8/.

Velocit Air
Streamiine thone) o curtain

. 25.1861

18.883

Train-wind
direction 4 m

12.605
—

6.327

- -
0.049

[m s*-1] 1m

Tunnel bottom

@ur. 8. CuMyianys Ha Bb3AYIIHA 3aBeca

e l3mon3BaHe Ha BakyyM BJaK 3a MOYUCTBAHE HA TYHEJIUTE OT Mpax U
ookmynu. Ha ¢ur. 9 e nakaszan Bakyym BinaksT VACTRAC.

s

®ur. 9. VACTRAC
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2.3. BeHmu]lClLﬂl}Z e .mempomo u myneaume 061/(41/! NOJIOHNCEHUA

EcrecTBeHata BeHTWIAaMs B METPOTO € B pe3yiaraT IMpead BCHYKO OT
JBI)KEHUETO Ha BIIAKOBETE Ipe3 TyHEIUTe. Bh3ayIHNUTE MOTOLM ca MoJ00HU Ha
TE3W MPUYMHEHH OT JABIKEHHETO Ha OyTalo B UWIMHIABD WU TOpaau Tas3u
IpUYMHA CE HapHyia BEHTWJIALUA Ha ,,ePeKT Ha OyTanoTo.

,»EQEKTHT Ha OyTanoTo* € (JEHOMEH U € IpUYMHA 32 ABM)KEHHUETO HA Bb3/1yXa OT
TYHEJIUTE KbM METPOCTAHIMUTE, KAKTO CBIIO U 3a MpOMsHATa B HaJIAraseTo. Ot
BEHTWJIALIMOHHA TJIEHA TOYKA, JBMKEHHETO Ha Bb3AyXa € (PYHKIHMOHAIHO U
criomara 3a oOMEH Ha Bb3/yXa, OXJIAXKJIAHETO Ha TYHEIHUTe M Jp., HO KOraTo
»ePekTa Ha OyTajJoTo* € B moBeue € MPUYMHA 32 BUCOKU CKOPOCTH Ha Bb3AyXa
Ha miuatgopmaTa M KOPUIOpPUTE. 32 HaMaJABaHE Ha BHMCOKaTa CKOpPOCT Ha
Bb3[yXa CE€ IMPOEKTUpAT LIaXTH, KOUTO Ja OTKJIOHAT MaKCHMAalIHO Bb3AyXa OT
TyHEeJIIUTe B arMocepara W HaMalsAT MOPUBUTE HA BATHP B CTaHIUMUTE.
[TopuBuTE HA BATHP HABIU3AT B CTAHIMUTE KATO CTPYsl, KOSITO C€ pa3lIMpsBa B
HAIIPEYHOTO CEYEHUE Ha CTAHLHMATA U JIOCTUTa 0 OKOoJo 15-45 M. BbTpe B Hesl.
[To HOpMATHB CKOPOCTTa HE Ha BIThpa HE TPAOBA Ja HAJBUIIABA 5 M/S mpu
HABJIM3AaHE B CTAHLIMSATA.

Crpnbure, eckajgaTOpUTE W BXOAHUTE KOPHUAOPH CBINO HrpasT pojisita Ha
BCHTUJIAIIMOHHU TIIaXTHU U ,epexkra Ha OyTamoTo MOXKE Ja MPUIHHH
IPEKOMEPHH CKOPOCTH HA Bb3AyXa B TE€3U yYACTBIH.

CxeMa Ha CTaHIUS U I1aXTa 32 HaMaJlIsBaHE Ha ,,e(pexTa Ha OyTanoTo* ca najeHu

Ha ¢wur. 10.

|
i
&
LWaxTa 3a HamanABaHe Ha

CKOPOCTTa Ha BATLPa J|

¢ur. 10. Cxema Ha CTaHIMS | [IaXTa 3a HaMaJsIBaHe Ha ,,e)eKkTa Ha OyTanoTo

B Ta6muma 2.1 e moka3aHO Kak BB3AYIIHUIT MOTOK OT JABHKECHUETO Ha BIIaKa
OKa3Ba BIMSIHHME KaKTO Ha MBTHUIIUTE, TaKa W Ha BEHTHJIAIMOHHUTE CHCTECMH,
KaTo € IMOKa3aHa pa3jrMKara B TYHEJA U Ha CTaHLUATA.
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[IpenuMcTBa/HENOCTAT BN

o [IpuunHsBa 3aIIUTHA PEAKIUS B TbTHUIIUTE
OT HOPUBUTE BIATHP
e 3ambpcsaBa Bb3aAyxa Ha ruiatdopmara, upes
Cranuwusi/mardopma P & dop > P
MpeHacsHe Ha 3aMbPCUTEIIUTE B TYHEIIUTE
e HawmansBa )xuBOTa Ha CHOPBHKEHUSTA B

METPOTO

o [Ipenacs kiMMaTu3upad BH3AyX OT
naTdopMara B TYHEIIUTE
o [lomoOpsiBa BEHTUIAIMOHHUSAT €EKT B
Tynen
TYHEJIUTE

e Hamansasa C(I)CKTI/IBHOCTTa Ha BCHTUJIATOPHUTC

JIOCTABSIIIIH BB3TYX

Ta6nuna 2.1 — BrnusHue Ha TeHEpUPAHUS OT BiIaKa BATHP

B TyHenuTe ¢ AMHUM B JBETE IMOCOKU ,.edexTta Ha OyTamoTo HE € MHOro
edekTrBeH. BB3ayxbpT B TO3M ciayyall ce M30yTBa Halpea-Ha3aJ U caMo €IHO
MaJIKO KOJIMYECTBO OT HETO MPEMUHABA MPe3 aXTUTE U TyHela. B To3u ciyyaii
C€ HM3MOJI3BAaT BEHTWJIATOPHU, KOUTO cCoMaratr 3a JBH)KCHHUETO Ha Bb3AyXa B
TYHEJIUTE.

EctecTBenara BeHTwiIanms 1 Tpaduka mopakaany Ta3u BEHTUIAIUS ca BaJIUIHA
3a CPaBHHUTEIHO KBHCU TYHEIW WM TyHENu chC ciab Tpaduk. ['eHepamHo e
MPUETO, Y€ aKO €IWH TYHEJI € OTHOCHUTEIHO IBIBr U ,.edekra Ha OyTanoro*
MOpaKJia CKOPOCT Ha Bb3yXa MO-MaJIKa OT MOJIOBUHATA OT CKOPOCTTA HA BIIAKa,
TO TOTaBa TpsiOBa Ja ObJIc MOHTHpPAHA MEXaHWYHA BEHTHIIAIHSI.

2.4. Teopemuuno uscneosame

3a u3uMcasBaHE HA MOTOKA Bb3yX MOPOJACH OT ,,ePeKT Ha OyTanoTo™ ce moy3Ba
I'padpuuen meron. Ha ¢ur. 11 e mnokazaHa curyaius Ha JBWIKEHHWE Ha BIIAK
MEXIy JBE BEHTHJIAIIMOHHU IIaXTH.

2.5. Peannu usmepsanus u 6X00HU OAHHU

BxoanuTte naHHM 3a TOBa M3CJEABaHE 3a B3€TH OT TEOpHs 3a cujaTa Ha
BB3yIIHUS NOTOK, Oa3upaHa Ha aHAJIU3 Ha JIaHHU U JWarpaMu, KOUTO OT CBOS
CTpaHa ca HW3TOTBEHHM BB3 OCHOBA Ha PE3YJNTATHU OT pPEATHU H3MEpPBaHUA.
W3mepBaHusiTa Ha HAMPAaBEeHU C UHTEPBaJ OT 1 cek. B mpoabkeHne Ha 70 cek.
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Paznpegenenue na nanarane o
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@ur.11. Edext Ha OyTano B TyHeJIHa BEHTHJIALIMOHHA CUCTEMA

[TapameTpu Ha U3CIIEIBAHETO:

At : TTow Ha ceIpOTHBIIEHUE HA Baka [12,8 m? = 3,98 mx3,2 m]
AT :Ilnou Ha TyHenHa miockoct [18,6 m? = 5,15 mx3,6 m]

g : I'paBuranmonHo yckopenue [9,8 m/s?]

Qt : KonuuecTBo BB3/ylLIEH NOTOK NpH ABMKeHHEe [M3/S]

Vt : Ckopocrt Ha Bitaka [m/s]

VT :Cpeana ckopoCT Ha BIAKOBUS BB3IYIIEH MMOTOK [M/S]

V3MepBaHnsaTa, KakTo e mokaszano Ha Pur. 12, ca B3ern B Toukn (1) u (2),
HaMupamu ce Ha 65,3 M OT Kpas Ha clHpKa B IOCOKA JBHKEHUE Ha BIIAKA.
ToukuTe ca B cekius Ha TyHena 0e3 ocobenoctu. lllom BiakbT moTeriam OT
cnpkata, B Touka (1) ce 3aMepBa IIbPBUYHMS BB3/YyIIEH MOTOK, a B Touka (2)
ce 3aMepBa BTOPUYHUSAT BB3aymieH nmoTok (¢ur. 13). Korato BraksT mpucTtura
Ha CIIMPKATa, TOBA € IVIABEH BB3JYLICH MOTOK B Touka (2), a B Touka (1) ce
U3MepBa KaTo BTOpUYEH Bb3AylIeH noTok. Ha ®ur. 12 cbe 3HaK P € o3HaueH
MOTOKBT Ha BB3IyX, UABAII OT BIAKOBUS TyHEN KbM CIIMPKAaTa, a ChC 3HAK O
NOTOKBT, BJIM3Alll B TYHEJIA OT COUPKATa.
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653m
o

O
— 1)

Mnatdopma

Mnatdopma

@ur. 12. Toukn Ha U3MEPBAHE

\. '
— j ~ } \\ I
o
Mopaien / "\_‘._ S BTopHueH MbperyeH / \"“-u. g BTopHueH
i R R — '::::Hl- -p

A |B13 K| - Brnag| e——— i el Swewems
BB3MyLCH NOTOK o Bh3flyLUeH NOTOK Bb3/lyLLEH NOTOK e Bh3flyLIeH NOTOK
\ " T \ g / —

(a) 3ammHaBaLy Bnak (b) Mpucturaly BRak

®ur.13 BropuueH Bb3/yIIEH MOTOK

I'naBa 3. HMHoBaTMBHH moaxoau ¢ M3MI0JA3BAHECTO HAa OCBBPECMCHCHH
3alMTHA CUCTEMH MMOA3EMHHUA KEJIC30IIbTCH TPAHCIIOPT

3.1. Kongueypayus/Cxema na uzcieosaremo

Ha ¢wur. 14 e nanena tunuyHa KoH(Urypauus Ha BEHTHJIAIUS Ha CTAHIUS B
METPOTO C Pa3IM4YHM BAPUAHTU HA BEHTWIALMSA U ONTHMM3ALMsl HA BB3IYLIHUA
IIOTOK B METPOCTAHLIMATA!

A — BeHTHIAIMS - TTIOTOK C ONITHUMHU3AIINS,
B - akcuannu BeHTHIaTopu /jet/

C — BB3aYyIlIHA 3aBeca,

D - posixoBu Bpatu/

B mpomeca Ha paspaboTka Osixa pasriieqaHd pazdyHU MOJCNH, KaTo Hai-
ONTUMH3UPAH € TO3M C MOHTHPAHE Ha POJIKOBA BpaTa U B PA3CTOSHUETO MEXKTY
BpaTaTa u CTCHHTE Ha TyHesa ce Mmoutupa duntsp MERV/HEPA/ULPA.
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Bxopsil cBex
Bb34yX

Bxoasw, ceex Maxopsw
Bb3OyX

Ponsond Bp 'Ponkoaw opaTH
o

CraHuus .' _ \ Cranuus

0% Brakc. 100% 100%

Our. 14. Tunuyan KOHPUTYpaITUU HA BEHTUJIAIMS HAa CTAHIUS B METPOTO
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MOHTHpPAaHETO Ha POJIKOBM BpaTH Ha BXOJOBETE M H3XOAUTE HA TYHEJHTE ILE
NONPUHECE CHUJIHO JO HaMmalsiBaHE Ha KoHLeHTpaiuuTte Ha OIMY B
METPOCTAHLIMUTE U TYHEJIHUTE, KAKTO U TAXHOTO OTCTpaHsBaHe. Dunrpure ca
MOIIHO CPEACTBO 3a 3allliTa HA YOBEIIKOTO 31paB€ B IMOA3EMHUS TIPaICKU
TpaHcnopT upe3 orcTtpansBane Ha PIIY. Harpynanure naHHM OT W3CIIECIBAaHUS B
rnobaneH mamad ChABPXKAT ChIIECTBEHA HHGOpPMAlUs U B3aUMOBPB3KH IMPH
pa3IMYHU METOAM U CPEJICTBA 3a 3aIUTAa B IMOA3EMHHUS KEIE30IBTEH TPAHCIIOPT.
Te me ObAaT cucreMaTU3WpaHU B CUMYJIAIIMOHHO T€HEPUPAH MOJEN, KOWTO I
MIPEACTAaBU KPAaHUTE PE3YJITATH.

3.2. Quampupare Ha 8b30YX.

OuATpUPAIINATE TEXHOJOIUH €A €HU OT Hal-Ba)KHUTE METOJIN 33 OTCTPAHSBAHE
Ha yacTuud. [lo3HaBaHeTo Ha TsXHATa COCOOHOCT 3a 3amuTa cpemty OITY BbB
BB3/YyXa, 0COOCHO TE€3U C MHOTO MalIbK pa3Mep U C MOTEHIMATIHO BUCOK PUCK 32
3/IpaBETO ca OT TOJISIMO 3HAYCHUE.

Guntpure MERV/HEPA/ULPA ce u3non3BaT 3a mpeuyncTBaHE Ha BB3AYX B
1abopaTopuy, MHIYCTPUATHH IOMELICHHUS, YHUCTH TOMENICHHs, OOJHUIMU, B
eNIeKTpOoypeau u 1ip., gur. 15.

Continuous
sheet of filter

n":l‘nu-- - el
ERLLIRALL LE RS |

Sy
R et

“&111--.‘:.-11]1:1-“,; “'.

Aluminium
separator

®ur.15 Ountpu MERV/HEPA/ULPA {41}

B 3aBucumocT ot u3bpanus GuiaThp, Morat Aa ce ¢guiarpupar: Oakrepuu, 90-
99% nHa ¢uHM NMpaxoBU YACTUIIM C pazMepH 2.5-10 MUKpoHa, IIJICCEHHU U CTIOPH.

3.3. Poakosu epamu
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EnHO ChbBpeMEHHO pelieHHe 3a H30JMPaHe Ha 3aKpUTH 00eMHU eIWH OT APYT WIIH
3aKpUT 00E€M OT OTKPHUT TaKbB (BKJI. METPOCTAHIIUU OT TYHEJIH) ca Mpeara3HUTe
poskoBU BpaTH. Mima penuiia mpou3BOAUTENN Ha TBHPIU WIH I'bBKABH, POJIKOBU
WIM MOJYJIHHM, BEPTHKATHH WJIM XOPHW3OHTAIHU TMpEana3Hu Bpath. EauH OT

u3BecTHUTE npousBoautenu € pupmarta RITE-HITE - dur. 16.

“in

SPEED

[ *100in/sec (2.5 m/s)

@ur. 16. BUCOKOCKOpPOCTHA pOJIKOBa BpaTa

I'maBa 4. EkciepyMeHTaJIHM Pe3yJITATH M CHUMYJALMOHHO MOJEJIMPaHe C
HOBM 3aIIMTHU CUCTEMU

4.1 Hauannu excnepumenmu

3a mhpBOHayagHa cuMmyjanus Ha mnoseaeHueTo Ha DIIY OGemie wu3mo3BaH
Ilpocpamen nakem EDEM 3a undycmpuanno npunoycenue na memooa na
ouckpemuume enemenmu DEM (Discrete Element Method) Software.

C nomorira Ha EDEM Software 6sixa HarpaBeHH CICAHUTE CUMYJIAIUH:

- @ur. 17. Cumynaums Ha otacnsHe Ha OIIY mpu mepBOHAYATHO
BKJIFOYBAHE Ha CIIMPAYKa, KOraTo BJIAKbT HABJIM3Aa B METPOCTAHIIUATA,

- ®wur. 18. Cumynanus Ha u3xBbpisHe Ha OIIY ot kosenoTo U criupaykara
IIPY BKJIFOYEHA CIIMpAyKa,

- @ur. 19. Cumynauus Ha pasnpbckBane Ha PIIY BBB Bb3Ayxa Ha
METPOCTAHLIUSATA,

- @wr. 20. Cumynanusa Ha otinarane Ha ®OITY BBpXy pencoBus MbT U IO
TE€pEHa Ha METPOCTAHLIMATA,

- @uwr. 21. Cumynanusa Ha otnaraHe Ha ®OIIY BbpXy pesicoBUs BT U IO
TE€pEHa Ha METPOCTAHLIUATA CJIE] CIMPAHE Ha BIIaKa.

Asmopegpepamu na ducepmavuu 3 (2020) 15-51
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Time: 0.0200336 s

L

@ur. 17. Cumynanus Ha otaensine Ha OITY npu mbpBOHAYAIHO BKIIIOYBAHE Ha
CIIMpayKa, KOTaTo BJIAKBT HABIIM3a B METPOCTAHLIMSATA,

Time: 0.14003 s

L

@ur. 18. Cumynanus Ha u3xpbpisiae Ha OITY oT konenoTo u cnupaykara npu
BKJIFOUEHA CIIUPAYKA,
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Time: 0.340006 5

L

@wr. 19. Cumynanus Ha pasnpbckBane Ha OITY BB BB3ayXa Ha
METPOCTaHLIMSATA,

Time: 0.640048 s

L

Academic

@ur. 20. Cumynarus Ha oTiiarane Ha @ITY BepXy pencoBus MbT U 10 TepEHA Ha
METPOCTaHLIUATA.
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Time: 1.51002 s

@ur. 21. Cumynanus Ha otnarane Ha OIIY Bbpxy pencoBus IbT U MO TEPEHA HA
METpacTaHIUATA CJIE] CIIMPAaHE Ha BIIAKA.

Coc coumsar mporpamedH npoaykr EDEM  Software 0sxa HampaBeHH
cymyJnanuu Ha pasnpeneneHueto Ha OIIY npu gBukeHHe Ha Bllaka B TyHeENa
KaKTO CJIe/Ba:

@ur. 22. Paznpenenenue Ha OI1Y npu HaBnM3aHe Ha BJIaK B TyHEIA,
@wr. 23. Paznpenenenne Ha OITY npu nBrkeHne Ha BIaK B TyHEa,
@ur. 24. HarpynBane Ha ®IIY npen Bnaka npu ABUKEHUE B TYHEIA,

@ur. 25. Otnarade oopatHo Ha OIIY cnen npeMuHaBaHe HA Bllaka

Timer6.37001s  velocity (m/s)

0.00 577 11.55 1732 23.09 28.87

‘EDEM”

Academic

@wr. 22. Paznpenenenne Ha OITY npu HaBnInM3aHe Ha BIAaK B TYHENA,
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Time: 10.49 5 Velocity (m/s)

@ur. 23. Paznpenencaue Ha ®IIY npu 1BMWKEHHUE HA BJIaK B TyHEa,

Time: 20.66 Velocity (m/s)

0.00 4.63 9.25 13.88 18.51 2314

‘EDEM"

®ur. 24. Hatpynane Ha ®ITY nipen Bnaka npu ABUKEHUE B TYHEIA,

Time: 16.36 5 Velocity (m/s)

0.00 4.74 9.49 1423 18.98 2372

@wur. 25. Otnarane ooparno Ha PIIY cren npemMrHaBaHe Ha Biaka
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4.1 Cumynayus 6e3 u ¢ npeonasHa epama - 0OWU NOJNONCEHUS U MOOelU Ha

paszpabomxa

3a mpoBepka Ha edeKTa OT MOCTABSIHETO Ha MPEANa3Hu BpaTH B JBaTa Kpas Ha
MEeTpOCTaHIIUsITa (Ha BXOJa M Ha M3X0Jla Ha BJIaKa OT TyHesa), 0sxa HalpaBeHU

CUMYyJIaIK ¢ mporpaMuus mpoaykt Solidworks Flow.

B Tab. 4.1. ca nageHu nmapameTpuTe Ha MOJIea.

Tabnuua 4.1. [lapameTpu Ha YUCIEHOTO U3CIEABAHE

[1nomr Ha Harmpc4YHO CCUYCHUEC HAa TyYHCIa

24,395 m2 = 5,950 mx4,100
m.{27}

[1no11 Ha HANIPEYHO CEYEHHE HA
BEHTWJIALMOHHA 11aXTa

24,395 m2 = 5,950 mx4,100 m

HJ'IOI]_[ Ha HAIIPCYHO CCUHCHHMC HaA BJIaKa

10,1 m2 = 3,12 mx3,25 m {27}

H3XO0/J TYHCJI CJIC] BCHTHJIAIMOHHA

[Tnour Ha GuATHP 12,0 m2
[Tnomy BpaTa 12,0 m2
CKOpOCT Ha BB3AYIIHMS IOTOK MPH 3.0 m/s {26}

raxTa
OITY 2.5 MUKCpOHA
Benrtunarop BOM/1-24, 55 m3/s {26}

CKOpOCT Ha Bb3AYIIHHUA IIOTOK IIPEAU
BCHTHJIAIIMOHHA IIIaxXTa

8.7 m/s {6}

4.2 Cumynayus c oowu ycnosus /o6e3 epama u puimvpru mena/ -mooen 1

Cumynanusara mpu oOIIU yCIOBHS € U3BBPIICHA C BB3IyX ChC CKOpOCT 3 M/S u
uHxkektupase Ha @IMY 2.5 mukpona. ®ur.26 a u 0.. Hansaranero BbB

BCHTUJIAIIMOHHATA IIaxTa B CTAaHOUATA € 3aJaJICHO Ha OKOJIHATa Cpcla T.C.

101325 Pa, npu 20.0 oC.

TyHen

CraHuuA \ BeTHunauua

CROpOCT HA Bb3AYLWHHWA NOTOK - 3
m/s
HuexTupane Ha @MY 2.5 pmui.

T T

®dwur. 26 a
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BeuTunama -
wanarane 101325 Pa

BATIbp ¢he CKOPOCT 3 /s
DIIY 2.5 MHE.

CTaHnHa

dur. 26 6

4.2.1 Pezynmamu mooen 1

- TpaexTopus Ha moToka - ¢wur. 27

¢ur. 27

- Ckopoct Ha 1noToKa /B cpefiaTa Ha TyHena - ¢ur. 28a, ¢ur. 280

20,333
18.074
16.814
13.555
11.298
9.037
6.778
4518
2.259
0
elocity [mis]

CutPlot 2: contours
CutPlot 3: contours
Flow Trajectories 1

CKOpOCT Ha MOTOKA B IJIOCKOCT MEPICHINKYIISIPHA Ha 1Moja Ha
TyHesna dwur. ¢ur. 28a
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20,322
18.074
18814

13.555

11.296
ERIRE
B.778
4818
ekt
0
velochy [mrs]

CKopocCT Ha MOTOKAa B IJTIOCKOCT yCIIOpeIHA Ha Moja Ha TyHena ¢ur. 286

- Hansrane - ¢ur. 29

10132437
10131467
101304 .97
101295.27
101285 57
10127587
101268617
101256.47
10124877
101237.07
10122737
101217 67
101207 .97
10118827
10118857

Pressure [Pa)

Cut Plot 1: contours

—

Hansirane B TUIOCKOCT NIEpIEHANKYJIIPHA HA TI0/1a HA TyHena (ur. 29

- Cxkopoct Ha ()MHU TPaAXOBH YACTHUIH 2.5 MUK.

17.187
15.039

12.890
10.742
8.604
G.445
4.297
2148
]
Farticle Velocity [mis]

Injection 1
Injection 3

e ;’:.‘r-J"r‘ it

¢ur. 29
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4.3 Cumynayus ¢ moumupana epama u purmpu MERV1S — mooen 2

Cumynamusta ¢ MOHTHpaHa BpaTa W (DUITHD € HU3BBPIIEHA C BB3AYX CHC
ckopocT 3 m/s {26} wu mmkexktupane Ha PITY 2.5 mukpona. ®ur.30 a u 30 0..

HansiraneTo BbB BEeHTHJIAIIMOHHATA IIAXTa B CTAHIMATA € 33J1aJIeHO Ha OKOJIHATa
cpena 1.e. 101325 Pa, mpu 20.0 oC.

CHOpOCT Ha BL3AYLIHKWA NOTOK - 3 E

m/fs

WHMEeKTHpaHe Ha ©IY 2.5 MUK, dunTep MERV15

TyHen

CraHuyusa \ BeTHunaums

I__ﬂ_l

=: > Bpara 2.5 m/s

CREOPOCT HA DOTOK -im's
T4 2.5 Minep.

BPATA ChE CKOPOCT HA ¢\|;-‘r( +p MERVIS
oTEApANE 1.5 m's h h

dur.30 6

4.3.1 Pe3ynmamu mooen 2

- TpaexTopus Ha moToka - ¢ur. 31

Tpaektopus Ha motoka ¢ur. 31
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welocity [mis]

CutPlot1: contours

Cut Plot 2: contours

Cut Plat 3 contours.
CutPlot 4: contours

- CkopocT Ha MoToKa /B cpefiata Ha TyHena ¢ur. 32a/6/c

CKOpOCT Ha MOTOKA B IJIOCKOCT NEPIICHIUKYIIIPHA Ha M0/1a Ha TyHena dur. 32a

10333
H 17T
14250

12700
10168

[ ]
U e

CkopocT Ha TOTOKa B IJIOCKOCT YCIIOPEAHA Ha TI0Ja Ha TyHeJa Ha BUCOYHHATA
Ha ¢uiTbpa dur. 320

—

CkopocT Ha TOTOKA B IJIOCKOCT YCIIOPEAHA Ha TI0JIa Ha TyHeJa Ha BUCOYHHATA
Ha Bparara ¢ur. 32¢
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- Hansraue - ¢ur. 33

10164661
101592 66
10153912
101485 37
101431.62
10137788
10132413
101270.38

10121664
Pressure Pal

Cut Plat 2 cantours

Hansirane B TUIOCKOCT NIEpIEHANKYJIIPHA HA T10/1a HA TyHena (ur. 33

- Ckopoct Ha pUHM NPaxoBU YacTuiy 2.5 MUK. - ¢ur. 34

17187
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10742
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B.445
4.297
2148
o
Particle welocity [mis]
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Ckopoct Ha pUHM TPaxoBU YacTUI| 2.5 MUK. (ur. 34

4.4 Cumynayus ussvpuiena 6e3 MOHmMuUpaHa epama u guaimpu - ¢ BKIIOYEHA
BEHTWJIALASA - MOJIEN3 3a HM3BEXKJaHE Ha TOILIMHA M 3amMbpcutesn /55 m3/s,
Bentwiarop BOMJI-24/ {26} wu wumxektupane Ha OPIMY 2.5 wmwukpoHa.
Hansranero BbB BeHTWJIAIMOHHATA [IaXTa B CTAHIMTA € 33/1aJICHO Ha OKOJIHATA
cpena 1.e. 101325 Pa, nmpu 20.0 oC ®ur.35 a u 35 6... — Mmozen 3

TyHen

BeHTHIAITHOHHA
mraxTa 55 m3/s

=

CraHuyumsa \ BeTHunayua

I

CROpOCT Ha Bb3AYLUIHWA NOTOK - 3
m/s
WHerTupane Ha ®MY 2.5 muk.

Cxema Ha n3cienBaneto dur.35 a
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EenTinaionia
maxra §5 mifs

Cxema Ha uscieaBanetro dur.35 6

4.4.1 Pezynmamu mooen 3

- TpaexTopus Ha oToKa - ¢ur. 36

Tpaekropust Ha moToka ¢ur. 36

- CkopocT Ha notoka - ¢ur. 37a/6/c

20333
18074
15814
13.555
11.296
9.037
6.778
4.518
2299

1}
“Welocity [mis]

CutPlat 2: contours
CutPlot 3: contours
Flow Trajectaries 1

CKopocCT Ha MOTOKa B IJIOCKOCT MEPIEeHIUKYIIsIpHA Ha 1Moja Ha TyHena ¢ur. 37a
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376, 250

20.333
18.074
15814
13.5955
11.296
9.037
6.778
4518
2.259
1]
Yelocity [mis]

CutPlot 2: contours
CutPlot 3: contours
Flow: Trajectaries 1

CKOpOoCT Ha MOTOKA B IUIOCKOCT MEPHEHANKYJISIPHA Ha TMOJa Ha TyHEJIa BBPXY
matdopmara ¢ur. 376

R

531,334

20333
18.074
165814
13.855
11.296
9.037
6.778
4518
2.259
1}
Welocity [m/s]

CKopocCT Ha MMOTOKa B IJIOCKOCT YCIOpPEHA Ha 10/1a Ha TyHeuna ¢ur. 37¢

- Hansrane - ¢gur. 38

101331.98
10131330
10128463
101275.96
101257.28
101238 61

10121994
101201.27
L = —|

101163.92
Fressure [Fa]

CutPlot 2: contours
CutPlot 3! contours
Flow Trajectaries 1

Hansirane B miiockoCT nepneHaAuKy/IsipHa Ha MojJa Ha TyHena ¢wur. 38

- Ckopoct Ha ¢puHU npaxoBu yacTuuu 2.5 Muk. - ¢ur. 39
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17187
15.039
12.880
10.742
8.594
6.445

4297

2148

i}
Particle Yelocity [rmis]

- Ckopoct Ha pUHM TpaxoBu YacTuiy 2.5 Muk. ¢ur. 39

4.5 Cumynayus ussvpuiena ¢ MOHMUPAHa 8pama U QuUImpu u ¢ 6KI04eHa
seHmuayus — Mooes 4 3a N3BeXKJ1aHe Ha TOIUTMHA U 3aMbpcUTed /55 m3/s,
BeHtunatop BOMJI-24/ {26} u umxexktupane Ha OI1Y 2.5 muxpoHa.
HansiraneTo BbB BEHTUJIAIIMOHHATA MIaXTa B CTAHIUATA € 3a/1aJICHO Ha OKOJIHATA
cpena 1.e. 101325 Pa, mpu 20.0 oC ®ur.40 au 40 6...

TyHen

BEHTIIAIIHOHHA
maxra 55 m3/s

h

Cxema Ha uscienBanero Our.40 a

CraHuymna \ BetHunauua

I_ﬂ_l

CHOpOCT Ha Bb3YLUIHKMA MOTOK - 3
m/s
WHMeKTMpaHe Ha ©MY 2.5 muk. ||

unTep MERV15
para

BexTimanma
CTAHHLA

Benminanma 55 mi/s

Iotok ebsayx 8.7 m/'s
@ITY 2.5 MuK.

'\CTQHU.'IUT

Cxema Ha uscneaBaneto dur.40 6
4.5.1 Pezynmamu mooen 4

- Tpaektopus Ha moToKa - ¢ur. 41

Asmopegpepamu na oucepmavuu 3 (2020) 15-51


Vostro3550
Rectangle


M3CNEOBAHE U YIMNPABNEHUE HA SALLNTHNA CUCTEMW B NMOA3SEMHUA TPAHCIOPT 46

20333
18074
15814
13655
11.298
8.037
6778
4.518
2.250
1}
“Welocity [mis]

Flow Trajectories 1

Tpaektopus Ha motoka ¢ur. 41

- Ckopoct Ha rmoToka - ¢wur. 42 a/6/c/d

CkopocT Ha IOTOKa B INIOCKOCT MEPIEHIMKYIISIPHA Ha 110/ia Ha TyHesa
M3MEpEeHa B cpeiaTa Ha TyHena ¢ur. 42a

- 15250
¢ 12708
- 10166
-I. 1625
8083
21541

0
Wajoctty frs]

O Pt 2: contours

=

CKOpOCT Ha IMOTOKA B IJIOCKOCT MEPIEHAUKYIISIPHA HA [TOa HAa TyHENa
BBpXY Iuiargopmara ¢ur. 426
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S083

Vo fes)

CkopocT Ha MOTOKA B IJIOCKOCT yCIIOPEIHA Ha MOJia Ha TyHela Ha
BHCOUYMHATa Ha BpaTaTa ¢ur. 42¢

0333
177

16260

‘ r 12708

CKOpOCT Ha MOTOKA B MJIOCKOCT YCIOPE/IHA HA M10/1a Ha TyHeJla Ha
BHCOYMHATA Ha puaThbpa dur. 42d

- Hansrane — ¢ur. 43

101846 K1
H 10156296
10153012

101485 37

101431 82
1MITT R
10132413
10127039

1216 4
Pressure Pa)

Hansirane B 1J10CKOCT NepHeHAMKYIIsIpHA Ha M0Ja Ha TyHena ¢ur. 43

. CkopocT Ha PUHU NPaxoBU YaCTHUIIH 2.5 MUK. - Qur. 44
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CxopocT Ha (puHU TpaxoBU YacTuiy 2.5 MukK. ¢ur. 44

5. Cpagnumenen ananusz na 4-me mooena - gue. 45, maon. 5

Tywen

Tynen
Bethunaupa

Cranyus \ Berunauys

e R N
(HOpOCTHa BL3yLHHANOTOK - 3

ﬂ ﬂ ms
Hhiwekmipaie Ha oMY 2.5 max,

CKOPOCT Ha Bb3YWHAA NOTOK- 3
mfs

— s MERVIS

HrikekTpane Ha ONY 2.5 Muk,
30 25 s
Tyken
BATITALLIORHY TyHen
avta $5 m3ls BRATIAIOHA
masta 55 s Berumnayun
\

\

(KOpOCT Ha Bb3gy\LHHA NOTOK -3
s
Wiwermwpane ra O 25 ik,

CKOPOC  E3AYLAIAOTOR -3
s
HiMexTapake a O 25 o,

CpaBHuTeneH aHanu3 Ha 4-te mojena dur. 45

Monen O6em BB3IYyX Ob6em KomnmuectBo KomnmuectBo
H3JIM3aIll 1mnmpe3 BB3AYX qacTuuu qacTuuu
BEHTHJIAIIMOHHA | M3JIA3aI] HaBJIM3AIIH B W3ITH3AIIN
Ta maxTta [m3/s] | mpe3 TyHena | ctaHiusTa [%] | mpes maxrara
[m3/s] Ha TyHeJa
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Cumynarnus ¢ o0mu [Tpu TO3U MOMEN 201 m3/s 100% -
ycnoBus /6e3 Bpata u 100% ot
bunThpHH TENA/ U BB3AYITHUS
WHXCKTHUPAHEe Ha HOTOK
@I142.5 MpEMHUHAaBA Mpe3
TyHETa |
HaBJIA3A B
CTaHLIUATA U
TyHenuTe 0e3
¢uTpupane
Cumynanus ¢ [Tpu to3u momen | 201 m3/s 0% - puntpupa -
MOHTHpAHa BpaTa u 100% ot ce 100% ot
¢untpu MERV15 BB3/YIIHUS BB3/yXa /He ca
WH)XEKTHPaHEe Ha MOTOK B3€TH 1O
®IMY2.5 IIPEMUHABA IIpe3 BHUMaHUE
buntbpa u ce nydToBe
¢buntpupa TEXHOJIOTU4YHHU/
MOHTa)XHU
pa3CTOSHUS
Cumynanus 55 m3/s 146 m3/s 75% ot 25%
U3BBpIICHA 0e3 YacTULIUTE ca
MOHTHUpaHa BpaTa " bunrpupanu
¢GuITpU U ¢ BKIIIOYCHA
BEHTHJIAIHS 32
U3BEX/1aHE HA TOIUIMHA
u 3ambpcutenu (55
m3/s), U MTHXKEKTHpaHE
Ha ®OITY 2.5 mukpoHa
Cumynanus 55 m3/s 146 m3/s 75% ot 25%
U3BBPIICHA C YaCTHUIIUTE Ca
MOHTHUpaHa BpaTa " bunrpupanu
¢GuITpU U ¢ BKIIOYCHA
BEHTHJIAIHS 32
U3BEX/1aHE HA TOIUIMHA
u 3ambpcutenu (55
m3/s), U MTHXKEKTHpPaHE
Ha ®OITY 2.5 mukpona
Tabm. 5.

5.1 U3600: Pezynmamume om u3cied8anusma nokazeam, ue Guimpupanemo
Ha yacmuyume no 20pecnoMeHamus Mmemoo uje 0ogede 00 Camono4ucmeane Ha
myneaume om DIIY.

Hamanssanemo Ha eleKkmpoernepsuima 3a 6eHmuiayusl, noducmeane u Opyeu
cevp3aHU oetiHocmiu CvbUo ue Ovoe 3Ha4YumeliiHo, nopadu ONnoJizomeopAaearne Ha
€Hepcusd, Koamo 00 mo3u_MOMEeHm _He e U3Nnoa3eéanda. Baswcnume acnexkmu na
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npedﬂoofceHuﬂ ou3aiin paswiupsaeam ceoune 6b3MONICHOCMU 6 obracmma Ha
noatcapHama 6€3OI’ICZCHOCWI, amiuma _om mepopucmudHu amaku, HamMajiieane

Ha epememo 3a peacupade, yeeaudasa epememo 3a 0Cb3HaAeAaAHe Ha aeapuﬁﬂama

cumyayust u n0<)06a6au;0 peazuparne U 63emane Ha 6AadjCHU peulenusd om Kounio
3a6UCU HOBEeUWIKU Jfcueom.

Onassanemo Ha oxornama cpeoa om 3amvpcumenu /@IIY/ e eona cvuyo mnozo
BAJICHA 3A0ayaA KOSIMO UMA peuleHue ¢ npednodxcenuss ousaun. Exceoneenomo
ouulane Ha BUCOKU KOHYeHmpayuu om QuHU npaxosu d4acmuyu OONPUHACS OO0
passueamne Ha Oorecmu U HAMANIABAHE HA YOBEWKUS HCUGOM, KAmMoO He Ha
NOCNIEOHO MACMO Ca U MeOUYUHCKUME PA3X00U.

Hay4Ho-npu/I10:KHU IPUHOCH:

B cpoTBeTcTBHE C MOCTaBeHATa 1ieJl, HAPABEHUTE M3CICABAHUS U MOJIYYCHUTE
P3YATATH Cca MOCTUTHATH CIECTHUTE MPUHOCU C HAYYHO-TIPUIIOKEH XapaKTep:

- Cneo oematinen 0030p U aHAIU3 € HANPABEHA CUCMEMAMU3AYUS HA
8U008e hakmopu, enusewu 6vpxy cucypHocmma u 0e30nacHoCmma 8
NOO03eMHUS JHCeNle30NbMeH MPaHCnopm,

- Uzcnedsawna e koHyenmpayus Ha GUHU NPAXOBU YACMUYU 8 MEMPOMO U
ca onpeoeneru OCHOBHUMe 8UO08€ U U3MOYHUYU HA 3aMbpCasane,

- MUzcnedsanu ca u ca aHausUpaHu ChWEcmey8awu peuleHus 3a
HAMAIABAHe HA KOHYEHMpAyusma Ha Quuu yacmuyu u noooopseane Ha
CUSYPHOCMMA 8 NOO3EMHUSL HCENe30NbIMEH MPAHCHOPM,

- Ilpeonooicena e cxema 3a onmumusupamne Ha BeHMUIAYUSL 8 MEMPOMO U
myHenume,

- Ilpeonooicenu ca UHOBAMUBHU  NOOX00U C U3NOJI36AHEmMO  Ha
OCbBPEMEHEeHU  3AWUMHU  CUCMeMU  NOO3eMHUS  Jicene30Nbmet
Mmpancnopm,

- Ilpeocmasenu ca ekcnepumMeHmaiHu pe3yimamu U CUMYIAYUOHHO
MoOOenupane ¢ HO8U 3AWUMHU CUCTEeMU, AHATUBUPAHU CA DPA3TUYHUME
Mooeinu.
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