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|l ntroducti on
Coke oven gas (COG) I s a byproduct
i ndustry, containing variouegewol| sutlt Bni
and volatile organic compounds (VOCs).
comply with stringent emi ssi on regul
essenti al. One method widely wused for
contamreanemoamed using a | iquid absorb
can be enhanced by introducing nozzl e
del ves into the analysis of how the d
influenced bgftaenonzsztalil ataoscrubber.
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| mportance of Coke :Oven Gas Purifi ce
Coke oven gas is a valwuable energy r
generation and heating. However, Its d
pol |l utants,dewthriade niotts ojpdal ity but al so
risks. Therefore, efficient purificati
suitable for various applications whil e
Functioning of a@l®srubber with Noz
A scrubber is a pollution control o
dustri al exhaust gases. | t wor ks on
ream and a | i quid absorbent. When cc
comestiwiohcomtead i qui d, | eading to
I ntroduction of nozzles 1in the s
i ng fine droplets of the absor ben
pr owifng otl Heasteafnfti aieemoovyal . [ 3
z g the I nfluence of Nozzle It
e ee of purification of coke
tiveness of the scrubbing process,
di ngoft hteh ed esscirgunbober and the distrilck
tream. Nozzle installation plays a
ced Contact Efficiency: Nozzl e
dropletbacenaai emazangi kt dalel suft ol
eam. This facilitates better a
ation efficiency.
ved Mi Xi ng: The fine droplets
h mi xi ng opfhatsless, gaos omondi hg qma
ating the removal of poll utant c
r be t hroughout the gas strear
tion in Pressure Drapeméntophbel
mi ni mize pressure drop within the scru
not only enhances operational efficie
making the purifieadafiechi pereocess more ¢
Fl exibility il #®a@Geer astcrammbeNozsz st ems
adjusting parameters such as | iquid f]
to optimize purification performance
variations in gas composition.
Conclwusi on
Thienstall ation of nozzles in a scrut
purification of coke oven gas by e
cess. By promoting better contact
rbent , I mperdauvcii mgg rmirxeismsqu,r e dr op, a
I bi l-bhasyed nsozrzdeber systems =enabl e
ut ant s, thereby contributing to ¢
strial practices in the steel indt
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C = 0,0032+0,9999*x-1*y+7,4517E-7*x*X-6,4696E-7*x*y+1,3391E-7*y*y

HEl > 600
Bl < 500
Bl < 300
[ <100
[ < -100
Bl < -300
Bl < -500
Fi gRedression

|l n conclusion, the integration of n
val uabl e strategy for enhancing coke
environment al I mpact s, ul ti mately supfy
more sbseaindustrial processes.

Further mor e, the versat itblaisteyd a&arcd uhb
systems all ow for tailored solutions t
operational constraints. Thi s pftliemalbi |
performance while maximizing resource
costs.

As regulatory standards <continue to
escal at e, the adoption of Il nnovative
based sy Uutbédbres b ecomes Il ncreasingly
efficiency, effectiveness, and envirol
wi th gl obal sustainability objectives
for both commumsties and ecosyste

|l n essence, the analysis of the infl
underscores the transformative potent
mitigating industrial pollution and ac
embraciseg tekcdnol ogi es and fostering
environment al stewardshi p, I ndustries
resilient future
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AThe aesthetics of the engi
the architect areelated tounity, but the former is
experiencing a rapid flower

RELIEF AND GREEN BUILDING IN GEORGIA SINCE ANCIENT
TIMES AND MODERN TIMES

Gigineishvili J. Ya., Gigineishvili D. J., Chikvaidze G. N.
'PROGRESI LIMITED. Thilisi, 0186, st. Kavtaradze 14a, 22nd floor

1. Relevance of the problem

Most of the territory of Georgia is occupied by the Greater and Lesser
Caucasus mountain system. About 70% of the land fund is located on complex
terrain and is a system of various ridges, mountainda g o r g@ slagndsa nd 3
are watered and swampy areas of the Black Sea region. In this regard, the issue of
construction and development of cities and towns using lands previously
considered unsuitable for construction arises, and is currently relevant.
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It should also be noted that lewge dwellings of ancient cities and
settlements in Georgia on the mountain slopes are eestablished tradition. In
terms of architectural expressiveness and the nature of construction, such
developments were and are nowich different from developments on flat
areas.

2. Traditions of developing complex terrain in Georgia

Georgia is rich in historical architectural monuments that are many
thousands of years old. They tend to reflect the history and traditions of the people
and are well adapted to local conditions.

In all the works we have presented, from ancient times to the present day,
the basic concept of developing relief for housing emphasizes the desire of people
of different times to preserve the landscape and emviemt. In the mountainous
regions of Georgia, terraced development of slopes (the &d | e d Aban
sakhl ebi 0) i S Astiule, kuchpdevelopment harindniouly fits
into the significant landscape and has high environmental qualities.

Let us give a few examples where loisse dwellings of ancient Georgians
were located on mountain slopes. $eg 1 andFig. 2.

The village of Kheoti Fig. 1.) is now located in Turkey in the Potskhov
Valley. This is part of historical Georgia. In anciéntes, Georgians permanently
lived in this area. In the village of Kheoti, the presence of monuments of Georgian
material culture has been clearly confirmed. Construction material: natural stone
and wood.

Currently, many buildings have been partially néibitsome have been
destroyed... Now this area is a museum

At present, there are many such buildings on the current territory of Georgia,
for example in Uplistsikhe (sd€g. 2) ndothrs.

A i~
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Figure 2. Uplistsikhé® an ancientavecity, one of the first omerritory of
Georgia

Not far from Thilisi, a hundred kilometers away, there is a unique plaee
cave city of Uplistsikhe (Georgian dl o
caves havesurvived from the huge settlement, where the number of grottoes
carved into the rock once exceed@d.

According to archaeologists, people lived in Uplistsikhe already in the first
millennium BC. Among the attractions of Georgia, Uplistsikhe occupips@a
place. Its uniqueness lies in the fact that it is a cave city with a-§g#thistory,
and its inhabitants left only in the 19th centunyeople lived there for so long.

Now the Uplistsikhe caves are a UNESCO protected site.

3. Architectural heritage and development prospects

Landforms and landscapes were actively included in the volumetric structure
of cities and towns in Georgia and to this day influence the organization of its
space.

Active development and the shortage of favorable urban sites now
make it necessary to carry out construction on difficult terrain, developing new
forms and multistorey residential buildings and structures of different functional
significance.

This paper discusses the issues of creating modern structures for the
AHI LTONO hotel complex in Batumi. The
t his compl ex wer e devel oped by t he
A RA MB OL drig.@)STdhechief architeaf the complex is Jos Borstkvik. Ch.
designer Joni Gigineishuvili.
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Flgure 3. General view of the hotel complé&xHI L TONO I n Bat un
the side of the lake

The landscape between the sea and the lake, as well as the uniquely beautiful
landscape- a combination of the sea, mountains and a seaside boulevard,
saturated, had a lot of attention on the adoption of the final architectural, planning
and constructive decisions of the hote
trees, which inspired the autisaf the project to create an extraordinary beautiful
ensemble.

The initial version of the project provided for the construction of two towers
of different heights (H=89m and H=50m), erected on a single foundation. Based
on the modeling and calculations thie complex structures as a single spatial
system for all possible impacts, taking into account hydrostatic water pressure,
they were carried out using the LIRRAPR[6] software package (Ségg. 4.).

When analyzing the stresgrain state of the loadearing elements of the frame,

the idea arose to rework the presented project, preserving its basic concepts. The
main motivation for reworking the project: different heights of the towers of the
conplex cause uneven settlements, deformations and misalignment, which in turn
creates serious problems both for the foundation of the complex, weak soils, and
for the loadbearing elements of the frame of both towers.
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Figure 4. 3D computer modeél HI L T léaded on LIRA SAPR software
package

Based on a mulvariant solution of architectural, planning and design
features, the most optimal version of the complex was adopted with two towers
of the same height instead of those of different heights. The charagksto the
structural part of the project improved not only the strength characteristics of the
load-bearing elements and structures of the buildings, but also had a beneficial
effect on the architectural appearance of the entire complex as a whole.

As aresult of the use of modern computer technologies for studying the
stressstrain state of a complex frame on a complex foundation for foundation,
taking into account hydrostatic water pressure and seismighy, fhe most
optimal solution was obtainedoim both architectural and structural points of
view. Forced changes made to the structural part of the complex improved not
only the strength characteristics of the ldmahring structural elements, but also
had a beneficial effect on the architecturgd@srance of the entire complex.

The development of cities and towns depended and depends on geophysical,
climatic, technical, religious and cultural factors. In other words, during the
construction of cities, each era and natural conditions dictateyleefstm, and
content, depending on the existing forms of the terrain. During its existence for
more than 1550 years, the above factors were also not ignored in the city of Thilisi.
The presence of complex terrain and a shortage of flat areas here ceetaties
conditions for the development of such territories for housing. Let's look at a few
of them.
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The residenti al complex of building:

is a residential complex located in the modern and rapidly developing pagt of th
Saburtalo district in Thilisi. The complex is located in an ecologically clean area,
on elevated terrain, on the left bank of the Vera River in Thikgy.6). All
structural calculations were carried out on the basis of LEEAPR[11].

GEOLNCOM

GreenHill
Residence

#3308MPOAIIE0NE

Figure 5. Residential complex of buildings and structuie&r e e n hi | |
Re s i denc e arch. Irakli Mirguliai Calculations and structures of
APROGRESHLTD

Throughout the work presented in this work from ancient times to the present
day, the basic concept &ndform development for habitation emphasizes the
desire to preserve the landscape and environment. The development of the relief
is carried out taking into account the nominal human intervention in the natural
environment and at the same time providimgpvenience to the residents and
guests of such complexes.

Calculations in order to select the optimal foundation and-besaling
structural elements were carried out with a study of the sétems state for
several options.

We present another desigolution Eigure?.) for a new residential complex
in the central part of the city of Thilisi on an area with a strong difference in relief
elevations in Thilisi, Vake districtArch. Rati Chomaxidze,

The development of the relief is carried out takimg account the nominal
human intervention in the natural environment and at the same time providing
convenience to the residents and guests of such complex6

Computer modeling (Figur&) and calculations were carried out in two
stages:

a) Calcuations of foundations for gravitational and static effects; b)
checking the stability of the foundation taking into account the loads from the
overlying structure in static and dynamic settings.
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Photo. 7.Thilisi. District Vake. Design solutions for building placement taking
into account complex terrain. Cross section of the complex in the direction of
the slope.

Figure. 8. Camputer model for determining slope stability (First approximation)

4. Conclusions:

1. The choice of spatigdlanning and design solutions, taking into account
the relief, is possible only on the basis of a thorough analysis of the results of
computer modeling and calculation, taking into account the geotechnical
conditions of théoundation and the technology of construction of such structures.

2. Looking today at modern magnificent complexes built on complex terrain,
we are convinced that engineering thought and computer modeling make it
possible to solve the most complex problevhselief development, taking into
account all kinds of factors, and make optimal decisions for both architects and
designers, taking into account modern requirements;

3. The development of a project is preceded by complex calculations, taking
into account the strength and deformability of both foundations and structures
under the influence of seismic loads. But the current level of development of
computer technology makéspossible to solve engineering problems that were
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previously considered impossible. If the site is located on a relief, it can contribute
to the creation of uniquely beautiful architecture and comfort for living in natural
conditions.
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| ndoor Air Quality (I AQ), mi crocl i
Quality (OAQ) are very important facto
the | AQ i s formed by ventilationsesgste
by OAQ. Low | AQ is the reason-3for TBec
energy efficiency of ventilation is de
dependent on the air parameters at t h
periodepaed ascoutdoor [ 4]. They are
I €n true.

There is one measure which can <con
|l Tuti on ofgrteke isntralkeéuairs . Pl ants c:
e air. Thues gqreemn h®et puotmi si ng pl ace
The field sidcwoditesntofont idheC@l ants on
e to photosynthe®&i $,01lwlpiplme dmutshe as
ndidogyoln7sO, p p m adpepceraerass.e This i s very
e v-arrodlme (VAV) ventilation. The ce
di ssolving due to the equivalence i

Lco=Mco/ (T g h=Mco/ (AT Gey)t Meo/( 1,3 Yeyt) ,(2)
wheMceit he,g&@0 n [gng/ihtfhe, COncentration d
bet ween the |leavidhfgiag)ditmleetnoaimat [ me
concentration difference Bleiiwekin htehe |
CQcontent difference between the | eavi

The field styxdnagsendof omhe h@€O pl ant s
320. ppBh28ue to photosyntdediO0d, ppymi | gh
such weat heg=Ic7gbpdn tdeocnrseease appear s. |
especially,-atvorl utmee (W&AWN )na btkeheet iilnad teito na.i
content inidtghem] niletl eas g t Mapnppimm .t hTeh e
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current airf bdiwsgaltwihdgy itshel €O

Lco=Mco/(@T g h Meo/( 1,LOM3Yid q¥) ) . 3)
The relative decrease ®hedawetehet per mi
[ 4] I ndoor micr4gdéVYikzBOWe mpanathet3dr $% f o

ones
MT Yexz50®p m) .

At constant air vol ume systems wi t
exchange i1 s usually by heat and moi st
should use a cooling effect. To use it
greening. tButhehwvel bcmty to avoid overl
more mhan Air intake from a green roof
a solution, which kitthes usve ®fi rtdlse wa d d

ading theaifndlake .péerhgcd da.saTlha ngduin ft acd

ess than necesmaAasy The acholivec

sed on the evaporaxXpbkaencbel rapreshkns
adi ablaf.i cTHeg gefoilect can be found b
ee =thi texx( 0,08t g 0, 5@)39 1larxd.,@ K,
wh etfiet he temperature of viliéneaivrel afctidry
the plants, ithmhet héowodsei dasileby t he ar
equaf)i,on (
rtexi (0, ABO@ g€ 0, 5@3), X8ctg (5

s h
be not I
b a
to

The algorithm ilb)(:green | ines in Fig.
1. Cal cul ati ngafttheer atirre atemegretr aaflbytehe p
2 . Settiaxwtft Htdhepwiuntdoor (external) ai |l
3. Builrdoagdg hrea

4 . Buil ding the treatment of thelpl ant
with the tfy[frhper ature

5. Paral |l el movemeaxtt of the ray to the
6 Thewzoldaartes the intersections of t h
C

orrespoatdi ngl vy,

The necessary air exchag@yge¢ Wl 4jands it

moi st uWleg/ghlaJi nwi t hout¥ HJociad suctions [ n
L= &0 Li(l,)=W/(dT dy) , (6)

whelkandithe enthal py [ kJ/ kag] and the

exhaugtandithe enthal py [ kJ/ kg] and t hi
the air after plant treat ment.
Wit hout ©plants, we should skip step
poiendtt step 5 (b)led TheeeqgquwatFign of t he
L= 80 Lhi(le)eW/(dT de )¢, (7

whelg@ndlsit he ent hal py [ kJ/ kg] and the
outdoor (é&xatndliinbak) eat hal py [ kJ/ kg] an:t
[ g/ kg] of the air after plant treat mer
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Fig. 1. Affal setgigegeinaldt hieewyr olgdesses
di agreidni t hout pilfamtisnt @k @ einn Siihdeeatf al s

moi St ur dexifoault altoioan;( ext er AAJL;)it empet ampe

of the wolktiihgmpen eitef roeu tACHdst redd et hle
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e

-4 T~
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i ntake inside a false pergol e

As the differences in the enthal py a

pl ants air etxicBhnsa(d degreqws &) (apps ex mal
ventil ation more energy efficient.
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THIRD PARTY RISK ASSESSMENT AND MANAGEMENT FOR
URBAN AIR MOBILITY

KazhanKaterynd, Yakymetdrynal, Shyshovavlylanal, LagodaYuliyal,
VerbenetsBogdarnt
INational Aviation University, kazhank®gmail.com
iryna.yakymets@npp.nau.edu, 6230357 @stud.nau.edu.,ua
6162650@stud.nau.edu 8820017 @stud.nau.edu.ua

Urban Air Mobility (UAM) promises to reolutionize city travel, offering
faster, safer, and more flexible transportation. It will boost economic growth,
create jobs, and enhance productivity by allowing more time for personal and
professional activities. By 2030, 340 million Europeans will fiefrem UAM,
generating 90,000 new jobs. UAM's advantages include reduced travel time, zero
local emissions with electric propulsion, and flexible route optimization to
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consider energy use, noise, safety, and restricted zones. However, the widespread
adopion of UAM, including unmanned aerial vehicles (UAVS), requires effective
management and regulation to address potential risks and concerns. The rapid
advancement of air transportation technology brings benefits and risks, impacting
passengers, operatorand bystanders. Current certification lacks specific
requirements for thirgharty risk, assuming internal safety measures suffice.
However, experiences with airports suggest additional safeguards are needed,
especially in higkdensity operations.

Experience of Public Safety Zones (PSZ) for airpoAscording to Article
84 of the Air Code of Ukraine [1], protection of the population from the harmful
effects of the risk of air pollution is one of the technogenic factors that must be
ensured during the opron of airports through spatial zoning of the area around
the airport, appropriate planning, and construction. The concept oftitgrisk
is one of the central recommendations of the International Civil Aviation
Organization (ICAQO), alongside fliglstafety and aviation security.

In particular, the issue of safety for the population that may be on the airport
premises is included in the requirements for airport design in ICAO Doc 9184 [2].
The management defines requirements and recommendationsniog zbe
territory to protect the population from thipgarty risks, as well as
recommendations on land use in higgk areas [2]. The ICAO identifies land use
management as the most effective and economically viable means of preventing
losses among resdts, specifically creating PSZ around civil aviation objects
[2].

PSZ is the area around the airport or runway aimed at limiting the number of
people (residents and workers) who are present on the territory and around the
airport and are exposed to thsk of death or injury in the event of an aircraft
accident or incident during takeoff or landing [3]. Within safety zones around
airports, various degrees of construction prohibition are rational. ICAO
recommendations envisaged the demolition of allderdial buildings within
such zones by 2015 [2]. The assessment of PSZ is based on individual risk
modeling, which is carried out using appropriate data on aircraft accidents to
determine the degree of risk for the population living around airports, tatong
account the rapid improvement of transport infrastructure, the emergence of
modern types of air transport, management systems and periodic replacement of
the fleet of aircraft [2].

The boundaries of highsk facility areas and thirgarty individualrisk
contours should be marked on maps that complement local development plans
(Fig. 1 shows an example of a higbk facility map for International Airport of
Kyiv). Maps of terrain on which highisk facility areas and thirgarty risk
contours of 16, 10° and 1&are marked should be submitted to local authorities

3].
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Fig. 1. Third party risk zones for UKKK airport (from the official website of the
airport https://iev.aero/downloads/characteristics/risk.JPG): greéef blue-
10°, red- 10*

UAM in term of thirdparty risks As UAM vehicles operate in densely
populated urban areas, there's a heightened need to address the safety of
bystanders and residents. Current certification standards often overlock third
party risks, focusingrimarily on internal vehicle safety. However, experiences
with traditional air transportation highlight the necessity for additional measures
to protect bystanders in higlensity environments. Implementing strategies such
as defining restricted public fedly zones and considering mutual planning
constraints between residential areas and air transport hubs becomes crucial.
Balancing the benefits of UAM with potential thipérty risks requires
comprehensive regulation and management to ensure the safiéstaieholders
involved.

For selecting optimal UAM operational modes based on -frardy risk
conditions and other important system functioning parameters, the following
groups of output data are necessary: 1) UAM fleet structure and its charasteristic
2) Grid of available vehicle routes and vertical profiles; 3) Control points
requiring adherence to limiting parameters; 4) Prior operational data on UAM
vehicles: 5) Operational constraints (regarding the number of vehicle operations
on a route, restrtions on using specific procedures, etc.); 6) Risk levels and other
parameters at control points for each type of vehicle and combination of its
elements; 7) Other available information about the urbanized area (population
density, distances to criticalfrastructure objects, etc.).

Each of these groups of characteristics for the UAM system potentially
covers a wide range due to the diverse spectrum of vehicles available today in the
market, including both unmanned and piloted vehicles. Additionallye thes
complex interaction systems and various connectivity pathways to consider.
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Method for assessment and management of UAM-garty risk. It is
proposed to use the assessment of the individual risk of a UAM aircraft accident

according to the followingntegral in this research:
¥ ¥
"0'Y Y D JQ oty QR
¥ ¥
The distribution model of BAM aircraft accident has the form:

Q ih— YT NOF— ATBD— ..

The total individual riskat a given point is the sum of individual risks from
individual types of UAM aircraft. The shape of the contour of individual risk, as
a rule, is similar to a triangle. For the contour of the individual risk, the most
remote point is far from the end okthunway on the elongated central axis of the

runway and is the "vertex" of the triangle.
The dimensions for each triangle are determined as follows (Fig. 2):

r (Ymw, Ymw)

Extended runway centerline

|
TN Xmax

Ymax

v

Fig.2. Triangle calculation scheme

- determine the maximum distancéng,) along theslongated central axis of

the runway, at which the value of the individual risk is equal to or exceeds

the specified;

- determine the maximum perpendicular distanceJXrom the elongated
central axis of the runway.

The width of the triangle base is calatdd according to the following

© 0
formula: w

Results of risk managemerin order to provide passenger and cargo
transportation between several promising transport hubs of the Kyiv
agglomeration, a fleet of vehicles has been formed that meets the general aviation
and technical requirements and functional purpose accordingth#o
manufacturer's specifications. The UAM vehicles that will be operated are multi
copters, which makes it possible to work within the density of urban development
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from the point of view of flight safety. Also, in the conditions of using a mixed
UAM fleet, one type of UAV and AAV equipped with remote control devices will

be included in the calculated scenarios to assesspaityg risks. In this study,

the NAU model (3PRisk) [was used to assess ipady risks for UAM vehicles,
which was enhanced to ammt for UAM accident risk and vehicle size. To
calculate the thirgbarty risk for a typical UAM operation, operational scenarios
must first be developed. The calculation scenario pertains to a hypothetical
situation where UAM vehicles are permitted to igbe over the city, transporting
passengers to and from the central part of the city, which is overloaded with
ground transportation. It is assumed that these scenarios will be profitable and
optimal for efficient transportation of travelers between thpoai and railway
station and between two airports. The scenarios that can be integrated into the
Kyiv intermodal transportation system are presented in Table 1.

Table 1
Operational Scenarios UAM for Vertiport 1

UAM vehicle | Calculated takeoff Number of LTOs | Average number
type weight, kg per year per day
Scenario 1, track 1

GAIA 190MP 60 1000 2,7
Ehang 216 620 3000 8.2
Joby S2 900 600 1
Scenario 2, track 2

Joby S2 900 3000 8.2
Joby S4 1815 600 2
Scenario 3, track 1, track 2

GAIA 190MP 60 1000 2,7
Ehang 216 620 3000 8,2
Joby S2 900 3600 9,8
Joby S4 1815 600 2

The results of individual risk calculations are composed of the results of a series
of separate risk calculations for the route and takeoff/landing risks. For the calculation
of individual risk, a zone of 10*10 square kilometers and a calculation grid of
1000*1000 points were selected. The results of thady risk assessment using the
improved 3PRisk model for scenarioR Are presented at fig.3.

Spatial modeling using the improved 3PRisk model allowed the contours of
individual risk at the 10 levelto be determined for 3 operation scenarios and two sets
of routes (Table 1, fig.-8). The forecast results presented at fig.4 demonstrate the need
to establish safety zones near the vertiport and along the route (up to a certain distance
depending on th&lAM vehicle fleet) to maintain the recommended level of individual
risk of 10°. However, the implementation of the optimized scenario allows reducing the
risk levels for sensitive zones (similar to areas withiti-story buildings).
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the red line is the straight trajectory of the UAM aircraft (Track 1 and 2), light
greeni equal risk contour 1f) yellow circles are areas of muétiory buildings
crossing the #jectory of the UAM aircratft.

T

area; the red line is the straight trajectory of the UAM aircraft (Track 1X), light
greeni equal risk contour 1f) yellow circles are areas of mustiory buildings
crossing the trajectory of the UAM aircraft.
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