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ÑőŔƚШƚƣƨĬǃЯШĬĲƚŔŊŰĲĬШƽŔƣőШċШĦĲƖƣċŔŰШťŰŸƽũĲĬŊĲШĤċƚĲШŔŰШůŔŰĬЯШƖĲĦŸůůĲŰĬƚШƣőċƣШƣőŸƚĲШŰĲƽШƣŸШƣőĲШ
ÖŰŔƣǃШ ĲŰŊŔŰĲШ ĬŸƽŰũŸċĬШ ƣőĲШљfŰƣƖŸĬƨĦƣŔŸŰШ ƣŸШ ÖŰŔƣǃШ ÅĲċũрÑŔůĲШ ?ĲƻĲũŸƓůĲŰƣШ EŰŊŔŰĲШ ƽŔƣőШ
ƓƓũŔĦċƣŔŸŰƚШŉŸƖШ~ŔŰŔŰŊњШċŰĬШċĦƕƨŔƖĲШƣőĲШŰĲĦĲƚƚċƖǃШĤċĦťŊƖŸƨŰĬа 

őƣƣƓƚаооƽƽƽЮƚĲƖƨƻĲŰǃċǃŔŰĲƻŔЮĦŸůоìĲĤťŸŰƣƖŸũоÉċǃŉċòŸŰĲƣŔůŔо?ŸƚǃċũċƖоŔŰƣƖŸĬƨĦƣŔŸŰрƣŸрƨŰŔƣǃрċр
ƖĲċũƣŔůĲрĬĲƻĲũŸƓůĲŰƣрĲŰŊŔŰĲрƽŔƣőрċƓƓũŔĦċƣŔŸŰƚрŉŸƖрůŔŰŔŰŊхƚċǃŉċхŊΟΞΥхxñƚťÂĦƽΡЮƓĬŉ 
 
fШƽŔƚőШƚƨĦĦĲƚƚШƣŸШƣőĲШċĦċĬĲůŔĦŔċŰƚЯШƖĲƚĲċƖĦőĲƖƚШċŰĬШƚƣƨĬĲŰƣƚШƽőŸШƽċŰƣШƣŸШƽŸƖťШŸŰШƣőĲШƚƨĤŢĲĦƣƚШ
ĬŔƚĦƨƚƚĲĬШŔŰШƣőĲШĤŸŸťЮ 
 
ÂƖŸŉЮ?ƖЮШuċċŰШEƖċƖƚũċŰ 
uƬƣċőǃċШ?ƨůũƨƓŕŰċƖШÖŰŔƻĲƖƚŔƣǃ 
[ċĦƨũƣǃШŸŉШEŰŊŔŰĲĲƖŔŰŊ 
ΞΜΞΡ 
 
 

https://www.seruvenyayinevi.com/Webkontrol/SayfaYonetimi/Dosyalar/introduction-to-unity-a-realtime-development-engine-with-applications-for-mining_sayfa_g328_LXskPcw5.pdf
https://www.seruvenyayinevi.com/Webkontrol/SayfaYonetimi/Dosyalar/introduction-to-unity-a-realtime-development-engine-with-applications-for-mining_sayfa_g328_LXskPcw5.pdf
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ĦťŰŸƽũĲĬŊĲůĲŰƣ 
 
?ƨĲШƣŸШƣőĲŔƖШĦŸŰƣƖŔĤƨƣŔŸŰƚШċŰĬШƚƨƓƓŸƖƣШŔŰШƣőĲШƖĲċũŔǍċƣŔŸŰШŸŉШƣőĲШƚƣƨĬŔĲƚа 
 
EƖċƚůƨƚҼШΞΜΞΞрΝрÂxΜΝрu ΞΞΜрéEÑΜΜΜΜΥΦΦΠΣШљcŸũŸŊƖċƓőŔĦШfŰƣĲŊƖċƣŔŸŰШŉŸƖШ
]ĲŸƚĦŔĲŰĦĲƚШEĬƨĦċƣŔŸŰШċŰĬШ~ŔŰŔŰŊШыcŸũŸ]E~ьњШÂƖŸŢĲĦƣ 
 
EƖċƚůƨƚҼШ#"(%ȤςπςςȤρπρπψσςχςШљÉċŉĲƣǃШÑƖċŔŰŔŰŊШƽŔƣőШÅĲċũШfůůĲƖƚŔƻŔƣǃШŉŸƖШ~ŔŰŔŰŊШ
ыÉÑÅf~ьњШÂƖŸŢĲĦƣ 
 
ìĲШĲǂƓƖĲƚƚШŸƨƖШŊƖċƣŔƣƨĬĲЮ 
 
9ŸŰƚŔĬĲƖŔŰŊШƣőċƣШƣőĲШƽŸƖťШŔŰШƣőĲШĤŸŸťШŔƚШƣőĲШĦƨƖƖĲŰƣШċŰĬШƓƖĲƻŔŸƨƚШƓƖŸŢĲĦƣƚЯШĬƨĲШƣŸШƣőĲШ
ĦŸŰƣƖŔĤƨƣŔŸŰƚШŸŉШůŸĤŔũŔƣǃЯШũċĤŸƖċƣŸƖǃШċŰĬШĬĲƻŔĦĲЯШĦťŰŸƽũĲĬŊůĲŰƣƚШċƖĲШċũƚŸШĲǂƣĲŰĬĲĬШƣŸШ
ƣőĲШEƨƖŸƓĲċŰШÖŰŔŸŰЯШ7ƖƨƚƚĲũƚШŉŸƖШƚƨƓƓŸƖƣŔŰŊ 
 
ΝΜΝΜΥΞΣΞΝрE~f ÅĲ~рEÅ É~ÖÉрE?ÖрΞΜΞΞр97cEШљ~ċƚƣĲƖШ ÂƖŸŊƖċůШ ŔŰШ EĦŸр~ŔŰŔŰŊШ
EŰŊŔŰĲĲƖŔŰŊШċŰĬШfŰŰŸƻċƣŔƻĲШ ċƣƨƖċũШÅĲƚŸƨƖĦĲƚШ~ċŰċŊĲůĲŰƣрШE~f ÅĲůњШƓƖŸŢĲĦƣШ 
 
uƬƣċőǃċШ?ƨůũƨƓŕŰċƖШ ÖŰŔƻĲƖƚŔƣǃШ ÉĦŔĲŰƣŔǯĦШ ÅĲƚĲċƖĦőШ ÂƖŸŢĲĦƣƚШ ÖŰŔƣШŉŸƖШ ƓƖŸƻŔĬŔŰŊШ
ũċĤŸƖċƣŸƖǃШŉċĦŔũŔƣŔĲƚШƽŔƣőШƣőĲШљÉĲċƖĦőШċŰĬШÅĲƚĦƨĲШÑƖċŔŰŔŰŊШŔŰШ~ŔŰĲƚШÖƚŔŰŊШéÅо ÅШ
ÑĲĦőŰŸũŸŊŔĲƚњр?ÂÚр7 ÂШΞΜΞΞрΣΟШƓƖŸŢĲĦƣ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

https://erasmus-plus.ec.europa.eu/projects/search/details/2022-1-PL01-KA220-VET
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ΝЮШf ÑÅ§?Ö9Ñf§ ШÑ§ШéfÅÑÖ xр Ö]~E ÑE?ШÅE xfÑòШ  ?Ш
] ~f[f9 Ñf§ Ш 

 

Virtual Reality  (VR) and Augmented Reality  (AR) studies have opened a new page in practices 
with technology-human interaction, especially education, and took its place in digital 
transformation processes. The relatively older history of playback or software called serious 
gaming is also an important component of this process. 

These application areas, which have hardware and software components, bring together experts 
working in different disciplines. The stages, as shown below,  in the development of an application 
can be generalized as a scenario built into need, graphic designs and coding that realizes this. 

 
Workflow through the applications 

In addition to graphic design software in the components, engines such as Unity  and Unreal , 
which will be brought together and converted into interactive scenes, are needed for VR and AR, 
programming information and of course technological devices. The hardware section includes 
not only computers but also title sets, and wearable technologies. 
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Components of an application development 

An application whose elements are assembled and completed can be used on various platforms. 
Computer (EXE), Web (HTML), Mobile Devices (APK, IPA), VR headings and holographic devices 
are some of these platforms. 

 

 

Types of Deployment Platforms and Devices 

 

ΝЮΝЮéŔƖƣƨċũШÅĲċũŔƣǃШыéÅь 

 

Virtual reality headsets are a technological stage that provides insulation from the environment 
and brings great innovation in visualization. This technology, which offers high-level visual 
performance, has been one of the most preferred platforms for the concept of gamification. 

 

These devices with controllers and embedded cameras also include harddisk drive with a certain 
capacity. Peripheral devices, called VR headsets, are produced by strong brands such as Meta, 
HTC, Sony, Samsung, etc. Image renewal times (frequency) are very high, and the feeling of reality 
is unbelievably impressive. 

 

With Unity, applications prepared for these platforms can be installed. It is possible to use AR 
Foundation  or Vuforia  as AR (Augmented Reality) engine. In addition, virtual headsets are used 
with smartphone Cardboard Headset or Harddisk with control units like Meta Oculus, HTV Vive. 

?ĲƓũŸǃůĲŰƣЮÂũċƣŉŸƖůƚЮċŰĬЮ?ĲƻŚĦĲƚ 
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Oculus Quest 3, Cardboard and HTC Vive VR Headsets 

 

ΝЮΞЮƨŊůĲŰƣĲĬШÅĲċũŔƣǃШы Åь 

 

Augmented reality can be said to have the most innovative qualification  among other visualization 
technologies. In principle, while it is possible to enter the space designed with virtual reality, 
virtual designs in augmented reality come from the screen into the living space. The 
headsets/smartglasses developed for this purpose carry a screen in transparent glasses. Designs 
such as virtual keyboards, 3D models, control panels, menus can be controlled manually and 
even access to various devices by means of WiFi, Blootooth. In addition to AR headlines with 
expensive devices, there are also economic solutions such as smartphones and tablets. 

HoloLens 2, the most advanced of these technological devices called Smart-Glass, belongs to 
Microsoft. Apple also produced a similar product called Vision ProЮ 

ШШ  

~ŔĦƖŸƚŸŉƣШcŸũŸũĲŰƚШΞШÉůċƖƣŊũċƚƚ 
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ΝЮΟЮ]ċůŔǯĦċƣŔŸŰШċŰĬШÉĲƖŔŸƨƚШ]ċůĲƚ 

 

Gamification is to ensure that a certain information or skill is applied in a scene developed 
according to the scenario developed by the field specialist. Here, a serious issue is made in game 
format and attractiveness. It can also be defined as the development of digital education 
material. The aim is to construct a permanent and efficient training that minimizes the distraction, 
the highest focus on the issue. 

 

The most important difference between serious or learning -based gaming and games in the 
entertainment sector is that the developed games are serious, scientific and educational 
purposes. Various interactive simulations on the subject have been integrated with rewards and 
punishment elements. 

 

ΝЮΠЮéŔƖƣƨċũр ƨŊůĲŰƣĲĬШÅĲċũŔƣǃШċŰĬШ]ċůŔǯĦċƣŔŸŰШŔŰШ~ŔŰŔŰŊ 

 

In general, earth sciences, in particular mining, the most advanced technological developments 
are followed and used. With this character, software such as innovative and up -to -date 
mathematics, optimization, planning, and programming systems are the fastest adaptation of all 
kinds of mechanical, electronic and integrated systems that can be used in underground and 
open pit mines and quarries. 

 

Virtual-augmented reality and gamification applications have been involved in mining since it was 
first developed. Especially in basic vocational training, practices are developed on occupational 
health and safety issues. 

 

The applications developed in mining which is in the very dangerous profession class allow 
various scenarios and exercises in virtual environments. In this respect, it creates a very wide 
experience platform.Ш 

 

ĦťŰŸƽũĲĬŊĲůĲŰƣ 

This chapter has been prepared with the support of the STRIM - Safety Training with Real 
Immersivity for Mining - CBHE-2022-101083272, funded by the Erasmus+ Program (Capacity 
Building for Higher Education) through the European Commission. 
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ΞЮШ] ~f[f9 Ñf§ Ш  ?ШÉEÅf§ÖÉШ] ~EШ?EéEx§Â~E Ñ 
 

]ċůŔǯĦċƣŔŸŰШĦċŰШĤĲШĬĲǯŰĲĬШċƚШƣőĲШƣƖċŰƚũċƣŔŸŰШŸŉШƓƖŸŉĲƚƚŔŸŰċũШƚĦĲŰċƖŔŸƚШĬĲƻĲũŸƓĲĬШĤǃШǯĲũĬШ
ĲǂƓĲƖƣƚШŔŰШƣőĲШŉŸƖůċƣШŸŉШŊċůĲШŉŸƖůċƣƚШŔŰШĲŰŊŔŰĲĲƖŔŰŊЯШĲĬƨĦċƣŔŸŰЯШċƖƣЯШőĲċũƣőЯШċƖĦőŔƣĲĦƣƨƖĲЯШĦƨũƣƨƖĲЯШ
ŊĲŸŊƖċƓőŔĦċũШƚǃƚƣĲůƚЯШċƖĦőĲŸũŸŊǃЯШŔŰĬƨƚƣƖǃШċŰĬШƚŸĦŔċũШĬŔƚĦŔƓũŔŰĲƚШŔŰШŊĲŰĲƖċũЮШfŰШƣőŔƚШƚĲĦƣŔŸŰЯШŔŰШ
ċĬĬŔƣŔŸŰШƣŸШĤċƚŔĦШŔŰŉŸƖůċƣŔŸŰЯШÖŰŔƣǃШƓƖŸŢĲĦƣƚШőċƻĲШĤĲĲŰШƖĲċũŔǍĲĬШŸŰШƚŔůƓũĲШƚĦĲŰċƖŔŸƚШŉŸƖШƚċůƓũŔŰŊЮШ 

 

ΞЮΝЮ]ĲŰĲƖċũШ9ŸŰĦĲƓƣƚ 
 

ìőŔũĲШőċƻŔŰŊШċШĦŸůƓũĲƣĲũǃШĬŔǭĲƖĲŰƣШƓƨƖƓŸƚĲШċŰĬШŉĲċƣƨƖĲƚШŉƖŸůШĲŰƣĲƖƣċŔŰůĲŰƣШŊċůĲƚЯШƣőĲǃШĦċŰШ
őċƻĲШƚŔůŔũċƖŔƣŔĲƚШŔŰШƣőĲŔƖШĬĲƚŔŊŰШĤǃШƣċťŔŰŊШŔŰƣŸШċĦĦŸƨŰƣШĦőċƖċĦƣĲƖŔƚƣŔĦƚШŸŉШĲŰƣĲƖƣċŔŰůĲŰƣШŊċůĲƚШ
ƚƨĦőШċƚШũŸŰŊрƣĲƖůШĦŸŰĦĲŰƣƖċƣŔŸŰЯШŔůůĲƖƚŔŸŰЯШůĲůŸƖċĤŔũŔƣǃЯШĦŸŰƣŔŰƨċƣŔŸŰШƽŔƣőШĦƨƖŔŸƚŔƣǃШċŰĬШ
ƓũĲċƚƨƖĲЯШċŰĬШƚƨƚƣċŔŰċĤŔũŔƣǃЮШ ĦĦŸƖĬŔŰŊũǃЯШŔƣШŔƚШƓŸƚƚŔĤũĲШƣŸШĤĲƣƣĲƖШƨŰĬĲƖƚƣċŰĬШċŰĬШĲǂƓĲƖŔĲŰĦĲШ
ƚĲƖŔŸƨƚШƣŸƓŔĦƚШċŰĬШĬĲƻĲũŸƓШĦŸŊŰŔƣŔƻĲШƚťŔũũƚШƣőƖŸƨŊőШĦŸůƓƖĲőĲŰƚŔƻĲШũĲċƖŰŔŰŊШƽŔƣőШċШƚƣƖƨĦƣƨƖĲШƣőċƣШ
ŔŰĦũƨĬĲƚШċШƚĲƖŔŸƨƚШƚĦĲŰċƖŔŸЯШŔŰƣĲƖċĦƣŔƻĲШƚŔůƨũċƣŔŸŰƚЯШƖĲƽċƖĬШċŰĬШƓƨŰŔƚőůĲŰƣШƚǃƚƣĲůƚЯШċŰĬШ
ƓƖŸŊƖĲƚƚŔŸŰШƣőƖŸƨŊőШũĲƻĲũƚЮШÑőĲƚĲШƚƨĤŢĲĦƣƚШċƖĲШċũƚŸШĦŸůƓċƣŔĤũĲШƽŔƣőШƣőĲШĦŸŰĦĲƓƣШŸŉШĬŔŊŔƣċũШ
ƣƖċŰƚŉŸƖůċƣŔŸŰШƣŸĬċǃЮ 

fŰШ ƣőŔƚШ ƚĲĦƣŔŸŰЯШ ĤŸƣőШ ƣőĲŸƖĲƣŔĦċũШ ċŰĬШ ƓƖċĦƣŔĦċũШ ŔŰŉŸƖůċƣŔŸŰШŔƚШƓƖŸƻŔĬĲĬШ ŸŰШ ƣőĲШ ƣŸƓŔĦƚШ ŸŉШ
ŊċůŔǯĦċƣŔŸŰШċŰĬШƚĲƖŔŸƨƚШŊċůĲШĬĲƻĲũŸƓůĲŰƣЮШÑőĲШĬĲƻĲũŸƓůĲŰƣШƓƖŸĦĲƚƚĲƚЯШƚƨĦőШċƚШƓőŔũŸƚŸƓőǃЯШ
ƚĦĲŰċƖŔŸЯШ ƚĦĲŰĲШ ĬĲƚŔŊŰЯШ ċŰĬШ ĦŸĬŔŰŊШ ŉŸƖШ ĦŸůƓƨƣĲƖƚШ ыìŔŰĬŸƽƚьШ ċŰĬШ ůŸĤŔũĲШ ĬĲƻŔĦĲƚШ ũŔťĲШ
ƚůċƖƣƓőŸŰĲƚШċŰĬШƣċĤũĲƣƚШы ŰĬƖŸŔĬоŔ§ÉьЯШċƖĲШĲǂƓũċŔŰĲĬШŔŰШĬĲƣċŔũШƽŔƣőШĲǂċůƓũĲƚЮШÖŰŔƣǃЯШċШƖĲċũрƣŔůĲШ
ĬĲƻĲũŸƓůĲŰƣШĲŰŊŔŰĲЯШŔƚШƨƚĲĬШŔŰШċƓƓũŔĦċƣŔŸŰƚЮШ 

 

ΞЮΝЮΝЮ]ċůŔŰŊШ[ŔĦƣŔŸŰШċŰĬШ?ĲƚŔŊŰ 

[ŔƖƚƣЯШƣőĲШƚƨĤŢĲĦƣЯШƚĦŸƓĲЯШċŰĬШƓƨƖƓŸƚĲШŸŉШƣőĲШƚĲƖŔŸƨƚШŊċůĲШƣŸШĤĲШĬĲƻĲũŸƓĲĬШůƨƚƣШĤĲШĬĲƣĲƖůŔŰĲĬЮШ
ũũШċƚƓĲĦƣƚШŸŉШƣőĲШƚƨĤŢĲĦƣШůƨƚƣШĤĲШĦŸůƓŔũĲĬШŔŰƣŸШċШƽƖŔƣƣĲŰШƚĦƖŔƓƣЮ 

 

5ŜǎƛƎƴ ŎƻƳǇƻƴŜƴǘǎ ƻŦ ŀ ƎŀƳŜ 

 

Subject Scope

Objective Scenario

Fiction
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ÉĦĲŰċƖŔŸШƽƖŔƣŔŰŊШŔƚШĬŸŰĲШƽŔƣőШŊċůŔǯĦċƣŔŸŰШŊŸċũƚШŔŰШůŔŰĬЮШfƣШĦċŰШċũƚŸШĤĲШƣőŸƨŊőƣШŸŉШċƚШċШƖŸċĬůċƓЮШ
ÉŔůŔũċƖũǃЯШŔŰШƣőĲШ9мШĦŸĬŔŰŊШƓƖŸĦĲƚƚЯШƣőĲШƓƖŸŊƖċůѣƚШƽŸƖťŔŰŊШƓőċƚĲƚШċƖĲШǯƖƚƣШƓƖĲƓċƖĲĬШƻĲƖĤċũũǃШċŰĬШ
ƚĦőĲůċƣŔĦċũũǃШŔŰШƓƚĲƨĬŸĦŸĬĲШŉŸƖůЯШċŰĬШƣőĲŰШĦŸĬŔŰŊШŔƚШĬŸŰĲШċĦĦŸƖĬŔŰŊШƣŸШƣőŔƚШƓũċŰЮ 

fŰШĲĬƨĦċƣŔŸŰċũШċƓƓũŔĦċƣŔŸŰƚШƽőĲƖĲШŊċůŔǯĦċƣŔŸŰШŔƚШůŸƚƣШŉƖĲƕƨĲŰƣũǃШƨƚĲĬЯШƣőĲШƓĲĬċŊŸŊŔĦċũШĤĲŰĲǯƣƚШ
ŸŉШƣőĲШĬĲƻĲũŸƓĲĬШƓƖŸĬƨĦƣШċƖĲШĬĲůŸŰƚƣƖċƣĲĬШƣőƖŸƨŊőШċƓƓƖŸċĦőĲƚШƚƨĦőШċƚШ ŰŸƻċШƣċĤũĲƚШċŰĬШ ƚƚƨƖĲШ
ƚƣċƣŔƚƣŔĦċũШůĲƣőŸĬƚЮ 

 

ΞЮΝЮΞЮ?ĲƚŔŊŰШŸŉШÉĦĲŰĲƚ 

 

ĬőĲƖŔŰŊШƣŸШƣőĲШƚĦƖŔƓƣЯШƣőĲШůċƣĲƖŔċũƚШƣŸШĤĲШƨƚĲĬШŔŰШƣőĲШƚĦĲŰĲƚШůƨƚƣШĤĲШƓƖĲрůċĬĲШŸƖШƓƖŸĬƨĦĲĬШċŰĬШ
ŔŰĦũƨĬĲĬШŔŰШƣőĲШċƚƚĲƣШŊƖŸƨƓЮШÑőŔƚШŔŰĦũƨĬĲƚШƓƖĲƓċƖŔŰŊШΟ?ШůŸĬĲũƚЯШƣĲǂƣƨƖĲƚЯШƚŸƨŰĬШċŰĬШũŔŊőƣŔŰŊШ
ċƖƖċŰŊĲůĲŰƣƚЯШÖfШĲũĲůĲŰƣƚЯШċŰŔůċƣĲĬШŸĤŢĲĦƣƚЯШċŰĬШƚŸШŸŰЮШ?ĲƚŔŊŰƚШĦċŰШĤĲШĬĲƻĲũŸƓĲĬШƨƚŔŰŊШ
ƻċƖŔŸƨƚШƚŸŉƣƽċƖĲШƓċĦťċŊĲƚШƚƨĦőШċƚШ ƨƣŸ9 ?ЯШΟ?É~ċǂЯШ7ũĲŰĬĲƖЯШÉťĲƣĦőƨƓЯШ~ċǃċЯШ9ŔŰĲůċΠ?ЯШċŰĬШ
ůŸƖĲЮШ[ƖĲĲШċŰĬШƓċŔĬШƓƖĲрůċĬĲШůŸĬĲũƚШĦċŰШċũƚŸШĤĲШŉŸƨŰĬШŉƖŸůШƖĲƚŸƨƖĦĲƚШũŔťĲШÉťĲƣĦőŉċĤЯШ
ÅŔŊůŸĬĲũƚЯШΟ?ìċƖĲőŸƨƚĲЯШ]ƖċĤĦċĬЯШċŰĬШ ĬŸĤĲШ~ŔǂċůŸЮ 

 

DǊŀǇƘƛŎŀƭ ŘŜǎƛƎƴ ƻŦ ŀƴ ǳƴŘŜǊƎǊƻǳƴŘ ƳƛƴŜ ǘǳƴƴŜƭ 

 

ΞЮΝЮΟЮÖfШEũĲůĲŰƣƚ 

 

ÖfШĲũĲůĲŰƣƚШċƖĲШŉƖĲƕƨĲŰƣũǃШƨƚĲĬШƽőĲŰШĦƖĲċƣŔŰŊШƣƖċŰƚŔƣŔŸŰƚШŸƖШƖĲƽċƖĬоƓƨŰŔƚőůĲŰƣШƚǃƚƣĲůƚШƽŔƣőŔŰШ
ƚĦĲŰĲƚЮШΟ?ШƚĦĲŰĲƚШƣǃƓŔĦċũũǃШĦŸŰƚŔƚƣШŸŉШċШΞ?Ш9ċŰƻċƚШƚƣƖƨĦƣƨƖĲШƽŔƣőШǯǂĲĬШƣĲǂƣЯШƚőċƓĲƚЯШċŰĬШĤƨƣƣŸŰƚЮ 
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¦L .ǳǧƻƴǎ ǘƻ ŦƻǊƳ ŀ aŜƴǳ 

ΞЮΝЮΠЮÉĦƖŔƓƣШ9ŸĬŔŰŊ 

 

fŰШŊċůŔǯĦċƣŔŸŰЯШƚĦƖŔƓƣШĦŸĬĲШƓƖŸƻŔĬĲƚШƣőĲШůŸƻĲůĲŰƣЯШċĦƣŔŸŰЯШċŰĬШŔŰƣĲƖċĦƣŔƻĲШƖĲċũŔǍċƣŔŸŰШŸŉШ
ƣőĲШƚĦĲŰċƖŔŸЮШéŔƚƨċũШÉƣƨĬŔŸШŔƚШƨƚĲĬШŉŸƖШĦŸĬŔŰŊШŔŰШƣőĲШ9мрĤċƚĲĬШÖŰŔƣǃШĲŰŊŔŰĲЮШ7ĲǃŸŰĬШƚŔůƓũǃШ
ċĬĬŔŰŊШĦŸĬĲШƣŸШƣőĲШ ƚƚĲƣƚШƚĲĦƣŔŸŰШŸŉШċШƚĦĲŰĲЯШĦŸŰŰĲĦƣŔŰŊШŔƣШƣŸШƣőĲШŸĤŢĲĦƣƚШƽŔƣőŔŰШƣőĲШƚĦĲŰĲШ
ŔƚШċũƚŸШĦƖƨĦŔċũЮШfŰШĲƚƚĲŰĦĲЯШŊċůĲƚШċƖĲШƣőĲШƖĲƚƨũƣШŸŉШƣőĲШĦŸũũċĤŸƖċƣŔƻĲШƽŸƖťШŸŉШƚĦĲŰĲШĬĲƚŔŊŰШ
ċŰĬШĦŸĬŔŰŊЮ 
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ΞЮΞЮШ]ċůŔǯĦċƣŔŸŰШŸŰШìŔŰĬŸƽƚШċŰĬШ ŰĬƖŸŔĬШÂũċƣŉŸƖůƚ 

 

ÑőĲШÖŰŔƣǃШĲŰŊŔŰĲШőċƚШċШĦƖŸƚƚрƓũċƣŉŸƖůШŰċƣƨƖĲШƣőċƣШċũũŸƽƚШŉŸƖШċƓƓũŔĦċƣŔŸŰШŸƨƣƓƨƣШƣŸШůƨũƣŔƓũĲШċŰĬШ
ĬŔǭĲƖĲŰƣШƓũċƣŉŸƖůƚЮШfƣѣƚШĤċƚĲĬШŸŰШ9мЮШfƣѣƚШƓŸƚƚŔĤũĲШƣŸШƣőŔŰťШŸŉШŔƣƚШĲĬŔƣŸƖШċƚШċШƓƖŸĬƨĦƣŔŸŰШċƖĲċШƽőĲƖĲШ
ƚĦĲŰĲƚШċƖĲШĬĲƚŔŊŰĲĬЯШƓƖŸƻŔĬŔŰŊШŸƨƣƓƨƣШƣŸШċũũШƓũċƣŉŸƖůƚЮ 

ШШШШШШШШШШШШШШШШШШШШШШШШШШШШШШШШШШШШШШ 

fƣШŔƚШĬĲƚŔŊŰĲĬШƣŸШŸƨƣƓƨƣШƣŸШċШĦŸůƓƨƣĲƖШыEñEьШĤǃШĬĲŉċƨũƣЮШfƣШĦċŰШċũƚŸШĤĲШŸƨƣƓƨƣШƣŸШĬĲƻŔĦĲƚШƚƨĦőШċƚШ
ƚůċƖƣƓőŸŰĲƚШċŰĬШƣċĤũĲƣƚШы ŰĬƖŸŔĬШ ÂuШŸƖШŔ§ÉШfÂ ьЯШƻŔƖƣƨċũШƖĲċũŔƣǃШőĲċĬƚĲƣƚШы ŰĬƖŸŔĬьЯШőŸũŸŊƖċƓőŔĦШ
ĬĲƻŔĦĲƚШы~ÉШcŸũŸũĲŰƚШΞьЯШċŰĬШŊċůĲШĦŸŰƚŸũĲƚЮ 

 

[ŸƖШŊċůŔǯĦċƣŔŸŰШŸŰШìŔŰĬŸƽƚЯШƚĲũĲĦƣШìŔŰĬŸƽƚЯШ~ċĦЯШŸƖШxŔŰƨǂШċƚШƣőĲШƓũċƣŉŸƖůШŔŰШƣőĲШ7ƨŔũĬШÉĲƣƣŔŰŊƚШ
ůĲŰƨШы7ƨŔũĬШÂƖŸǯũĲƚШŉŸƖШƣőĲШÖŰŔƣǃШΣШƚĲƖŔĲƚьЮШ ŉƣĲƖШƚĲũĲĦƣŔŰŊШƣőĲШƚĦĲŰĲыƚьЯШĦŸŰǯŊƨƖĲШŸƣőĲƖШƚĲƣƣŔŰŊƚШ
ŔŰШƣőĲШÂũċǃĲƖШÉĲƣƣŔŰŊƚШƚƨĤрůĲŰƨЮ 

 

ìŚŰĬŸƽƚШƓũċƣŉŸƖůШыEñEь 

~ƨũƣŚƓũċǃĲƖШċƓƓ 

ŰĬƖŸŚĬШéÅЯШ9ċƖĬĤŸċƖĬШőĲċĬƚĲƣƚШċŰĬШ
ůŸĤŚũĲШċƓƓƚШыÂuь 

ìĲĤ]xШыcÑ~xь 

~ÉШcŸũŸũĲŰƚШΞШ 

ƓƓũĲШf§ÉШыf§ÉШ ƓƓь 

ÂũċǃШÉƣċƣŚŸŰоñĤŸǂШĦŸŰƚŸũĲШċƓƓƚ 
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ΞЮΞЮΝЮ]ċůŔǯĦċƣŔŸŰШŉŸƖШ§ƓĲŰШÂŔƣШ~ŔŰŔŰŊШ~ċĦőŔŰĲƚ 

 

ШƚŔůƓũĲЯШĲĬƨĦċƣŔŸŰċũШŊċůĲШƚĲƣШŔŰШċŰШŸƓĲŰШƓŔƣШůŔŰĲШőċƚШĤĲĲŰШĬĲƚŔŊŰĲĬЮШÑőĲШŊċůĲѣƚШĬĲƚĦƖŔƓƣŔŸŰШ
ĦċŰШĤĲШƓƖĲƚĲŰƣĲĬШŔŰШƣőĲШŉŸũũŸƽŔŰŊШŉŸƖůċƣа 

ÉƨĤŢĲĦƣаШfŰƣƖŸĬƨĦŔŰŊШƚŸůĲШĤċƚŔĦШĦŸŰƚƣƖƨĦƣŔŸŰШĲƕƨŔƓůĲŰƣШƨƚĲĬШŔŰШŸƓĲŰрƓŔƣШůŔŰĲƚ 

§ĤŢĲĦƣŔƻĲаШfŰƣƖŸĬƨĦŔŰŊШŸƓĲŰрƓŔƣШůŔŰŔŰŊШůċĦőŔŰĲƖǃШƣŸШŰĲƽШƚƣƨĬĲŰƣƚШŔŰШƣőĲШǯĲũĬЮШ7ĲĦċƨƚĲШċŰŸƣőĲƖШ
ƓƨƖƓŸƚĲШŸŉШƣőŔƚШċƓƓũŔĦċƣŔŸŰШŔƚШƣŸШĬĲůŸŰƚƣƖċƣĲШƣőĲШŊċůŔǯĦċƣŔŸŰШƓƖŸĦĲƚƚШŔŰШĬĲƣċŔũЯШŸŰũǃШċШŉĲƽШ
ůċĦőŔŰĲƚШƽĲƖĲШƨƚĲĬШŔŰШůŔŰĲЮШ ШŊċůĲШĬĲƻĲũŸƓĲƖШĦċŰШĬĲƻĲũŸƓШůƨĦőШůŸƖĲШĦŸůƓƖĲőĲŰƚŔƻĲШƚĦĲŰĲƚШ
ƨƚŔŰŊШƣőĲШƣƖċŔŰŔŰŊШƓƖŸƻŔĬĲĬШőĲƖĲЮ 

ÉĦŸƓĲаШ ШĦŸŰƚƣƖƨĦƣŔŸŰШĲƕƨŔƓůĲŰƣШĬĲůŸŰƚƣƖċƣŔŸŰШŊċůĲШũŔůŔƣĲĬШƣŸШċШĬƖŔũũŔŰŊШƖŔŊЯШċŰШĲǂĦċƻċƣŸƖЯШċŰĬШ
ċШƣƖƨĦť 

ÉĦĲŰċƖŔŸШċŰĬШÂƚĲƨĬŸĦŸĬĲа 

ŔЮШ ŰШŸƓĲŰШƓŔƣШůŔŰĲШƽŔũũШĤĲШŰċƻŔŊċƣĲĬШŔŰШċŰШ[ÂÉШƚĲƣƣŔŰŊЮ 

ŔŔЮШ9ŸŰƣƖŸũƚШƽŔũũШĤĲШƓƖŸƻŔĬĲĬШƨƚŔŰŊШƣőĲШìЯШ ЯШÉЯШ?ЯШċŰĬШċƖƖŸƽШťĲǃƚЮ 

ŔŔŔЮШ7ƖŔĲŉШŔŰŉŸƖůċƣŔŸŰШċĤŸƨƣШƣőĲШƣőƖĲĲШƚċůƓũĲШůċĦőŔŰĲƚШƓũċĦĲĬШŔŰШƣőĲШůŔŰĲШƽŔũũШĤĲШƓũċĦĲĬШŰĲǂƣШƣŸШ
ƣőĲůЮ 

ŔƻЮШÂŸŔŰƣƚШƽŔũũШĤĲШĲċƖŰĲĬШĤǃШĦŸũũĲĦƣŔŰŊШƣőĲШŔŰŉŸƖůċƣŔŸŰċũШŰŸƣĲƚШŰĲǂƣШƣŸШƣőĲШůċĦőŔŰĲƚЮ 

ƻЮШÑőĲШŔŰŉŸƖůċƣŔŸŰċũШŰŸƣĲШƽŔũũШĬŔƚċƓƓĲċƖШċŉƣĲƖШĤĲŔŰŊШĦŸũũĲĦƣĲĬЮ 

ƻŔЮШ ШƣŸƣċũШŸŉШΟΜШƓŸŔŰƣƚШƽŔũũШĤĲШƖĲċĦőĲĬЮ 

ƻŔŔЮШÑőĲШŊċůĲШƽŔũũШĤĲШĲǂŔƣĲĬШƽŔƣőШƣőĲШEƚĦШťĲǃЮ 

ƻŔŔŔЮШEñEШŸƨƣƓƨƣШŉŸƖШìŔŰĬŸƽƚ 
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~ċƣĲƖŔċũрůŸĬĲũаШ ШΟ?ШůŸĬĲũШŸŉШċŰШŸƓĲŰШƓŔƣЯШċШőŸũĲрĤŸƖŔŰŊШůċĦőŔŰĲЯШċŰШĲǂĦċƻċƣŸƖЯШċŰĬШċШƣƖƨĦťЮ 

ŉƣĲƖШĦƖĲċƣŔŰŊШƣőĲШŊċůĲѣƚШŔĬĲŰƣŔƣǃЯШƖĲũĲƻċŰƣШůŸĬĲũƚШƽĲƖĲШŸĤƣċŔŰĲĬШŉƖŸůШƻċƖŔŸƨƚШƚŸƨƖĦĲƚЯШċĬőĲƖŔŰŊШ
ƣŸШƣőŔƚШĬĲƚŔŊŰЮШÑőĲШĲǂĦċƻċƣŸƖШċŰĬШĤũċƚƣрőŸũĲШůċĦőŔŰĲШƽĲƖĲШĬŸƽŰũŸċĬĲĬШŉƖŸůШ]ƖċĤĦċĬЯШƣőĲШůŔŰŔŰŊШ
ƣƖƨĦťШŉƖŸůШÉťĲƣĦőŉċĤЯШċŰĬШƣőĲШŸƓĲŰШƓŔƣШŉƖŸůШΟ?ìċƖĲőŸƨƚĲЮ 

ШШШШШШ ШШШШ Ш ШШШ 
őƣƣƓƚаооŊƖċĤĦċĬЮĦŸůоũŔĤƖċƖǃоĲǂĦċƻċƣŸƖрŸрťрƖőΦΜΜрĲƻŸрΝ őƣƣƓƚаооŊƖċĤĦċĬЮĦŸůоũŔĤƖċƖǃоΝΣΡΜΜťŊрƖŸƣċƖǃрĬƖŔũũŔŰŊрƖŔŊрǍǃΣΜрΝ 

ШШШШШШШШШШШШ  
őƣƣƓƚаооƚťĲƣĦőŉċĤЮĦŸůоΟĬрůŸĬĲũƚоĤŔŊрƣƖƨĦťрΞΤΦΞΦΟΠΤǭĬΥΠΞΤĲΦĤΞΤΜċΟΝΝΣΟΡΡΠΞĤШШШШШШШШШШШ
őƣƣƓƚаооΟĬƽċƖĲőŸƨƚĲЮƚťĲƣĦőƨƓЮĦŸůоůŸĬĲũоĦΟΣΦΤΥΥċрΠĤĤċрΠΡΝΠрΦΠΠΣрΜĬĬΟċŉĦĬΠΣŉΠо~ŔŰŔŰŊрŸƓĲŰрƓŔƣ 

ШŰĲƽШƓƖŸŢĲĦƣШĦċũũĲĬШ~ŔŰŔŰŊ]ċůĲΤШƽċƚШĦƖĲċƣĲĬШŔŰШÖŰŔƣǃЮШÑőĲШƕƨċƖƖǃШůŸĬĲũШƽċƚШƓũċĦĲĬШċŰĬШƣőĲŰШ
ĦŸƻĲƖĲĬШƽŔƣőШƣőĲШĦŸƖƖĲƚƓŸŰĬŔŰŊШƣĲǂƣƨƖĲЮ 
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~ŸĬĲũƚШƽĲƖĲШƓũċĦĲĬШċƣШƣőĲШũŸƽĲƚƣШũĲƻĲũШċĦĦŸƖĬŔŰŊШƣŸШƣőĲŔƖШŉƨŰĦƣŔŸŰƚЮ 

 

 

 

ÖfШĲũĲůĲŰƣƚШƽĲƖĲШċĬĬĲĬШċĦĦŸƖĬŔŰŊШƣŸШƣőĲШƚĦĲŰċƖŔŸЮ 

 

 

 

ШƚĦŸƖĲШƣŔĦťĲƣШыƣċŊӀƣŔĦťĲƣьШƽŔƣőШċŰШŔŰŉŸƖůċƣŔŸŰШĦċƖĬШċŰĬШċШΟΣΜрĬĲŊƖĲĲШƖŸƣċƣŔŸŰШċŰŔůċƣŔŸŰШƽċƚШ
ƓũċĦĲĬШŉŸƖШĲċĦőШůċĦőŔŰĲЮ 
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ШШ  

 

 

 

ŉƣĲƖШƣőĲШƓőǃƚŔĦċũШŔŰŉƖċƚƣƖƨĦƣƨƖĲШƽċƚШĦŸůƓũĲƣĲĬЯШƣőĲШ9мШƚĦƖŔƓƣШǯũĲƚШŰĲĦĲƚƚċƖǃШŉŸƖШŸŰрǯĲũĬШ
ůŸƻĲůĲŰƣƚШċŰĬШƚĦŸƖĲťĲĲƓŔŰŊШƽĲƖĲШĦƖĲċƣĲĬЮ 

ÑőĲШǯƖƚƣШǯũĲШƽċƚШĬĲƻĲũŸƓĲĬШŉŸƖШĦċůĲƖċШůŸƻĲůĲŰƣШĦŸŰƣƖŸũЯШƣőĲШƚĲĦŸŰĬШŉŸƖШ[ÂШƓũċǃĲƖШĦŸŰƣƖŸũЯШċŰĬШ
ƣőĲШƣőŔƖĬШŉŸƖШƚĦŸƖĲĤŸċƖĬШĦŸŰƣƖŸũЯШĲŰƚƨƖŔŰŊШŔŰƣĲŊƖċƣŔŸŰЮШÑőĲШǯũĲƚШƽĲƖĲШũŔŰťĲĬШƣŸШƣőĲШ[ÂШƓũċǃĲƖЯШċŰĬШ
ƣőĲШ9мШǯũĲШĬĲƻĲũŸƓĲĬШŉŸƖШŊċůĲШĦŸŰƣƖŸũШƽċƚШũŔŰťĲĬШƣŸШƣőĲШƓƨĤũŔĦШĬĲĦũċƖċƣŔŸŰШǯĲũĬШŔŰШƣőĲШŸƣőĲƖШǯũĲƚЮ 
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9мШÉĦƖŔƓƣШǯũĲƚШċƖĲШŊŔƻĲŰШĤĲũŸƽЮШuċůĲƖċuŸŰƣƖŸũЮĦƚШŔƚШŉŸƖШĦċůĲƖċШĦŸŰƣƖŸũЯШ§ǃƨŰĦƨuŸŰƣƖŸũЮĦƚШŔƚШ
ŉŸƖШƓũċǃĲƖШĦŸŰƣƖŸũШċŰĬШ§ǃƨŰuŸŰƣƖŸũЮĦƚШŔƚШŉŸƖШŊċůĲШĦŸŰƣƖŸũЮ 

 

uċůĲƖċuŸŰƣƖŸũЮĦƚ 

 
ƨƚŔŰŊШÉǃƚƣĲůЮ9ŸũũĲĦƣŔŸŰƚб 
ƨƚŔŰŊШÉǃƚƣĲůЮ9ŸũũĲĦƣŔŸŰƚЮ]ĲŰĲƖŔĦб 
ƨƚŔŰŊШÖŰŔƣǃEŰŊŔŰĲб 
 
ƓƨĤũŔĦШĦũċƚƚШuċůĲƖċuŸŰƣƖŸũШаШ~ŸŰŸ7ĲőċƻŔŸƨƖ 
э 
ШШШШƓƨĤũŔĦШ§ǃƨŰuŸŰƣƖŸũШŸǃƨŰuб 
ШШШШƓƖŔƻċƣĲШǰŸċƣШőċƚƚċƚŔǃĲƣШӀШΡŉб 
ШШШШƓƖŔƻċƣĲШǰŸċƣШǃƨůƨƚċťũŔťШӀШΞŉб 
ШШШШéĲĦƣŸƖΞШŊĲĦŔƚÂŸƚб 
ШШШШéĲĦƣŸƖΞШĦċůÂŸƚб 
ШШШШ]ċůĲ§ĤŢĲĦƣШŸǃƨŰĦƨб 
ШШШШ 
ШШШШƻŸŔĬШÉƣċƖƣыь 
ШШШШэ 
ШШШШШШШШŸǃƨŰĦƨШӀШƣƖċŰƚŉŸƖůЮƓċƖĲŰƣЮŊċůĲ§ĤŢĲĦƣб 
ШШШШю 
 
ШШШШƻŸŔĬШÖƓĬċƣĲыь 
ШШШШэ 
ШШШШШШШШŔŉШыŸǃƨŰuЮŸǃƨŰ ťƣŔŉь 
ШШШШШШШШэ 
ШШШШШШШШШШШШéĲĦƣŸƖΞШŉċƖĲÂŸƚШӀШŰĲƽШéĲĦƣŸƖΞыfŰƓƨƣЮ]Ĳƣ ǂŔƚыѢ~ŸƨƚĲШñѢьЯШfŰƓƨƣЮ]Ĳƣ ǂŔƚыѢ~ŸƨƚĲШòѢььб 
ШШШШШШШШШШШШŉċƖĲÂŸƚШӀШéĲĦƣŸƖΞЮÉĦċũĲыŉċƖĲÂŸƚЯШŰĲƽШéĲĦƣŸƖΞыǃƨůƨƚċťũŔťШйШőċƚƚċƚŔǃĲƣЯШǃƨůƨƚċťũŔťШйШőċƚƚċƚŔǃĲƣььб 
 
ШШШШШШШШШШШШŊĲĦŔƚÂŸƚЮǂШӀШ~ċƣőŉЮxĲƖƓыŊĲĦŔƚÂŸƚЮǂЯШŉċƖĲÂŸƚЮǂЯШΝŉШоШǃƨůƨƚċťũŔťьб 
ШШШШШШШШШШШШŊĲĦŔƚÂŸƚЮǃШӀШ~ċƣőŉЮxĲƖƓыŊĲĦŔƚÂŸƚЮǃЯШŉċƖĲÂŸƚЮǃЯШΝŉШоШǃƨůƨƚċťũŔťьб 
ШШШШШШШШШШШШĦċůÂŸƚШҼӀШŊĲĦŔƚÂŸƚб 
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ШШШШШШШШШШШШƣƖċŰƚŉŸƖůЮũŸĦċũÅŸƣċƣŔŸŰШӀШÄƨċƣĲƖŰŔŸŰЮ ŰŊũĲ ǂŔƚырĦċůÂŸƚЮǃЯШéĲĦƣŸƖΟЮƖŔŊőƣьб 
ШШШШШШШШШШШШŸǃƨŰĦƨЮƣƖċŰƚŉŸƖůЮũŸĦċũÅŸƣċƣŔŸŰШӀШÄƨċƣĲƖŰŔŸŰЮ ŰŊũĲ ǂŔƚыĦċůÂŸƚЮǂЯШŸǃƨŰĦƨЮƣƖċŰƚŉŸƖůЮƨƓьб 
ШШШШШШШШю 
 
ШШШШШШШШŔŉШыfŰƓƨƣЮ]ĲƣuĲǃыѢĲƚĦċƓĲѢьь 
ШШШШШШШШэ 
ШШШШШШШШШШШШƓƓũŔĦċƣŔŸŰЮÄƨŔƣыьб 
ШШШШШШШШю 
ШШШШю 
ю 
 

 

Ш§ǃƨŰĦƨuŸŰƣƖŸũЮĦƚ 

 
ƨƚŔŰŊШÉǃƚƣĲůЮ9ŸũũĲĦƣŔŸŰƚб 
ƨƚŔŰŊШÉǃƚƣĲůЮ9ŸũũĲĦƣŔŸŰƚЮ]ĲŰĲƖŔĦб 
ƨƚŔŰŊШÖŰŔƣǃEŰŊŔŰĲб 
 
ƓƨĤũŔĦШĦũċƚƚШ§ǃƨŰĦƨuŸŰƣƖŸũШаШ~ŸŰŸ7ĲőċƻŔŸƨƖ 
эШШШ 
ШШШШƓƨĤũŔĦШǰŸċƣШőŔǍӀΡб 
ШШШШƓƨĤũŔĦШ§ǃƨŰuŸŰƣƖŸũШŸǃƨŰuб 
ШШШШǰŸċƣШǍШӀШΜб 
ШШШШ 
ШШШШƻŸŔĬШÖƓĬċƣĲыь 
ШШШШэ 
ШШШШШШШШŔŉШыŸǃƨŰuЮŸǃƨŰ ťƣŔŉь 
ШШШШШШШШэ 
ШШШШШШШШШШШШǰŸċƣШǂШӀШfŰƓƨƣЮ]Ĳƣ ǂŔƚыѢcŸƖŔǍŸŰƣċũѢьб 
ШШШШШШШШШШШШǰŸċƣШǃШӀШfŰƓƨƣЮ]Ĳƣ ǂŔƚыѢéĲƖƣŔĦċũѢьб 
ШШШШШШШШШШШШŔŉыfŰƓƨƣЮ]ĲƣuĲǃыuĲǃ9ŸĬĲЮÄььШǍӀШΝб 
ШШШШШШШШШШШШŔŉШыfŰƓƨƣЮ]ĲƣuĲǃыuĲǃ9ŸĬĲЮEььШǍШӀШрΝб 
ШШШШШШШШШШШШǂШйӀШÑŔůĲЮĬĲũƣċÑŔůĲШйШőŔǍб 
ШШШШШШШШШШШШǃШйӀШÑŔůĲЮĬĲũƣċÑŔůĲШйШőŔǍб 
ШШШШШШШШШШШШǍйӀШÑŔůĲЮĬĲũƣċÑŔůĲШйШőŔǍб 
ШШШШШШШШШШШШƣƖċŰƚŉŸƖůЮÑƖċŰƚũċƣĲыǂЯШǍЯШǃьб 
ШШШШШШШШШШю 
 
ШШШШШШШШŔŉШыfŰƓƨƣЮ]ĲƣuĲǃыѢĲƚĦċƓĲѢьь 
ШШШШШШШШэ 
ШШШШШШШШШШШШƓƓũŔĦċƣŔŸŰЮÄƨŔƣыьб 
ШШШШШШШШю 
ШШШШю 
 
ШШШШƓƖŔƻċƣĲШƻŸŔĬШ§Ű9ŸũũŔƚŔŸŰEŰƣĲƖы9ŸũũŔƚŔŸŰШĦь 
ШШШШэ 
ШШШШШШШШŔŉШыĦЮŊċůĲ§ĤŢĲĦƣЮƣċŊЮEƕƨċũƚыѢƣŔĦťĲƣѢьь 
ШШШШШШШШэШŸǃƨŰuЮƓƨċŰ ƖƣƣŔƖыьб 
ШШШШШШШШШШШШ?ĲƚƣƖŸǃыĦЮŊċůĲ§ĤŢĲĦƣьб 
ШШШШШШШШю 
ШШШШю 
ю 
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§ǃƨŰuŸŰƣƖŸũЮĦƚ 

 
ƨƚŔŰŊШÉǃƚƣĲůЮ9ŸũũĲĦƣŔŸŰƚб 
ƨƚŔŰŊШÉǃƚƣĲůЮ9ŸũũĲĦƣŔŸŰƚЮ]ĲŰĲƖŔĦб 
ƨƚŔŰŊШÖŰŔƣǃEŰŊŔŰĲб 
 
ƓƨĤũŔĦШĦũċƚƚШ§ǃƨŰuŸŰƣƖŸũШаШ~ŸŰŸ7ĲőċƻŔŸƨƖ 
э 
ШШШШƓƨĤũŔĦШĤŸŸũШŸǃƨŰ ťƣŔŉШӀШƣƖƨĲб 
ШШШШƓƨĤũŔĦШŔŰƣШƓƨċŰШӀШΜб 
ШШШШƓƨĤũŔĦШÖŰŔƣǃEŰŊŔŰĲЮÖfЮÑĲǂƣШƓƨċŰÑĲǂƣб 
 
ШШШШƻŸŔĬШÖƓĬċƣĲыь 
ШШШШэ 
ШШШШШШШШŔŉШыfŰƓƨƣЮ]ĲƣuĲǃыѢĲƚĦċƓĲѢьь 
ШШШШШШШШэ 
ШШШШШШШШШШШШƓƓũŔĦċƣŔŸŰЮÄƨŔƣыьб 
ШШШШШШШШю 
ШШШШю 
 
ШШШШƓƨĤũŔĦШƻŸŔĬШƓƨċŰ ƖƣƣŔƖыь 
ШШШШэ 
ШШШШШШШШƓƨċŰШҼӀШΝΜб 
ШШШШШШШШƓƨċŰÑĲǂƣЮƣĲǂƣШӀШѢѢШҼШƓƨċŰб 
ШШШШю 
ю 
 

 

7ǃШƚĲũĲĦƣŔŰŊШ7ƨŔũĬШÉĲƣƣŔŰŊƚШы7ƨŔũĬШÂƖŸǯũĲƚьӂШìŔŰĬŸƽƚЯШ~ċĦЯШxŔŰƨǂЯШċŰШŸƨƣƓƨƣШŔŰШEñEШŉŸƖůċƣШƽċƚШ
ŸĤƣċŔŰĲĬЮ 

 

ΞЮΞЮΞЮ]ċůŔǯĦċƣŔŸŰШŉŸƖШ§ĦĦƨƓċƣŔŸŰċũШcĲċũƣőШċŰĬШÉċŉĲƣǃ 

 

In this gamification example, let's develop a simple occupational safety project in an 
underground mine gallery, utilizing the basic approach and codes in Section 2.2.1. The example 
was developed with the potential to form a basis for much more advanced applications. 

 

First, the subject, purpose, scope, scenario, and materials sections were created. 

 

Subject : FP-type gamification of occupational safety measures to be taken at the entrance to an 
underground mine gallery. 

Objective : Develop a basic-level gamification for a brief awareness and training session on 
occupational safety in mining, which is classified as highly hazardous. 

Scope: Wearing protective equipment in an underground rail gallery. Responding to a small fire. 
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Scenario-Pseudocode : 

i. The scene should include an underground mine gallery with wagons. 

ii. A warning sign regarding personal protective equipment, including a hard hat, reinforced 
protective boots, a yellow vest, safety glasses, and gloves, should be displayed at the entrance. 

iii. A fire extinguisher and warning sign should be present. 

iv. No entry is permitted without wearing protective equipment. 

v. Each piece of equipment must be worth 10 points. 

vi. Movement must be achieved using the W, A, S, D, and arrow keys . 

vii. A light must illuminate the gallery from the helmet. 

viii. There must be an educational video panel next to it, accompanied by a multiple-choice 
question. A correct answer must earn 10 points. 

ix. There is a small fire in the pipes a short distance away. A simple fire can be created with the 
Particle System . 

x. The fire must be extinguished by grabbing the fire extinguisher. 

 

Material -model : The gallery is from Sketchfab , and the protective equipment is provided by 
Sketchfab 's free resources: 

Loire Dessin Patrimoine 3D. https://sketchfab.com/3d -models/coal -mine-gallery -2cc9dfc11fe243039f9900f0c31414ae 

 

For the scenario above, a Unity 2022.3.14 project called ISGMine1 was created. 

 

The gallery, personal protective equipment, warning panel, fire extinguisher, Particle System  
were placed on the mini fire scene. 
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The animation  was added to protective equipment to rotate 360 degrees in the air. A score 
notification text was created using UI Text. 

 

 

A short film about toxic gases was placed on a panel in the gallery, along with a question about 
the film's message. Below the question were four-choice answers: A, B, C, and D. 
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 A simple fire with Particle System  was placed on the pipe inside the gallery and a fire 
extinguisher was placed next to it.   

 

A capsule was added to the scene for FP-type (first person) gamification, and the Main Camera 
was connected to it. A spotlight was also connected to the camera, which was used for ambient 
illumination in the dark. 

 

After the physical infrastructure was completed, C# script files were created for the player, 
camera, and game controls, as in the previous study. These files are virtually identical to those in 
the previous application. Only to determine the correct question selection, the CorrectAnswer  
tag was added to answer choice A and reflected in the code. 

 

After connecting the codes to the player and camera, movements and functions were checked in 
Play Mode. 
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The fire extinguishing process was also tested. 

 

 

After the game fulfilled its designated functions, the foundation for a more diverse and multi-
scene structure with more defined tasks was created. 

On the Build Settings (Profiles )> Windows, Mac, and Linux  platforms, an EXE file was deployed 
after adjusting the Player Settings . 

  

 

ΞЮΞЮΟЮ]ċůŔǯĦċƣŔŸŰШŉŸƖШ§ƖĲШ~ŔŰŔŰŊШŸŰШ~ŸĤŔũĲШ?ĲƻŔĦĲƚ 

 

In this section, an example of mineral processing has been prepared for smartphones and 
tablets. Android was used as the operating system, and an APK file was generated. However, IPA 
output can also be generated on Mac computers after installing the Apple XCode package. 

 

Topic: TP (third person) mobile gamification in a primary and secondary stone crushing and 
classification plant 

Objective: Develop an application for Android devices using a stone crushing circuit and plant 
example in the gamification field. 

Scope: Introduce the devices used in the primary and secondary stone crushing, screening, and 
classification cycles at the plant, and pose questions to the students about the plant. 

Scenario - Pseudocode: 

i. Use a plant model with a dump truck platform, jaw crusher, and impact crusher elements, and 
classifying screens. 

ii. Place an information board about the plant. 

iii. Add scoring information using UI Text. 

iv. Place a multiple-choice question about the plant on the truck platform. Award points for 
correct answers. 

v. Generate an Android APK file using a virtual joystick . 
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In this study, new projects named MiningMobile were created with Unity versions 2022.3LTS and 
Unity 6000.0LTS. To illustrate the shader issue and its solution, the same project was developed 
for both versions. The Unity Technologies Starter Assets Third Person package was imported 
from the Asset Store into 2022.3LTS project.  

 

 

At this stage, Install/Upgrade  approval was given. 

 

The restart request was also approved, allowing the project to be closed and reopened with its 
own settings. 
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After the restart, the Third Person Starter assets were re-imported in the Package Manager > My 
Assets section. Accepting the Install/Upgrade prompt quickly navigated to the Import  window. 
After clicking Import , the downloaded asset was placed in the Assets section as StarterAssets .  

The Assets > StarterAssets > ThirdPersonController > Scenes > Playground scene was opened 
by double-clicking. Pink textures may appear due to shader incompatibility.    

 

 

 

Go to Window>Rendering>Render PipeLine Converter  to open the relevant settings window. 
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After selecting all four boxes, pressing the Initialize and Convert button solved the URP shader 
problem. 

 

The scene is complete with textures. 

F If the Universal/URP template is selected instead of 3D at the start of the project, this 
conversion will not be necessary, and the scene will open directly with its blue textures.   
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The scene is ready to play in Play Mode. The CineMachine  camera provides impressive imaging 
capabilities. 

 

 

 

To replace the robotic armature, the worker body armature from the Characters  section of Adobe 
Mixamo  was downloaded for Unity. It was then moved to the Assets section. 
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To place textures on the character that initially appeared in black and white, the Ch17 asset was 
created by going to Inspector>Materials>Textures>Extract Textures . A new folder named 
Texture was created to place the textures. The texture files were extracted into this folder. If there 
were any corrections that needed to be made, they were accepted by clicking Fix Now.  
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After these steps, the Ch17 character became visible with its textures. Another step was to 
change the Inspector>Rig>Animation Type>Humanoid  and click Apply. 

 

 

 

In Hierarchy , in PlayerArmature>Inspector>Animator>Avatar  section, Ch17_nonPBRAvatar 
was selected. 

 

 

 

Deleted Armatur_Mesh  under PlayerArmatur>Geometry . 

 

 

 

The Ch17 armature from the Assets section was dragged and placed in this area.  
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Instead of a robot, the worker character has now taken his place. When tested in Play mode, he 
was seen performing movements within the scene with this new body. 

 

 

 

Since there's no keyboard or mouse on the mobile platform at this stage, we've enabled the virtual 
joystick feature to replace them.  

 

Under PlayerArmature>Inspector>Mouse Cursor Settings , we unchecked the Cursor Locked  
and Cursor Input for Look  boxes. This effectively disables the mouse. 
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Since the mouse controls the camera, a virtual joystick was used instead. The inactive 
Hierarchy> UI_Canvas_StarterAssetsInputs_Joysticks  was activated by the Inspector. This 
enabled virtual UI elements  on stage. 

 

 

 

A breaking-elimination circuit model from 3DWarehouse was added to the Assets section. This 
model was positioned in the scene by deactivating or deleting the Environment  in the Hierarchy . 

 

Asep W. https://3dwarehouse.sketchup.com/model/7611051a -ed3e-4662-a982-8480aa83810f/Plant-stone -crusher  
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Finally, an information board was placed on the wall, a question on the truck dumping platform 
and a UI Text for scoring.  

 

 

 

After completing the physical infrastructure, a C# script was added to simply check the answers 
to the questions, as the movements were already provided by Starter Assets . 

When tested, after the explanations on the information panel, the user climbed onto the truck 
unloading platform and answered the question there. A correct answer earned 10 points. This 
scenario could be expanded with much more machinery, training panels, or films, and turned into 
a small quiz. 

The short C# script was connected to the object A containing the correct answer, and other 
necessary connection operations were completed. The code file is included at the end of the 
topic. 
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The work continued by switching to the Android  platform in the Build Profile (Settings)  section. 
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In the Player Settings  section, it's necessary to check the compatibility with the Company and 
Product Name  fields (DPU and MiningMobile), and in the Other Settings  section, the Package 
Name: com.DPU.MiningMobile. After connecting to the smartphone, the output was completed 
by entering the APK file name. 

 

 

 

As a result, it was found that the simulation, as seen in the editor, worked successfully on the 
phone. 

 

As stated earlier, the main goal of this book is to provide simple, yet still open-to-development 
gamification examples that cover the most basic elements of a serious topic. 

 

The C# script is given below: 

 

AnswerScript.cs  

 

 
ƨƚŔŰŊШÖŰŔƣǃEŰŊŔŰĲб 
ƨƚŔŰŊШÖŰŔƣǃEŰŊŔŰĲЮÖfб 
 
ƓƨĤũŔĦШĦũċƚƚШ ŰƚƽĲƖÉĦƖŔƓƣШаШ~ŸŰŸ7ĲőċƻŔŸƨƖ 
э 
ШШШШооШ§ƓƣŔŸŰШ ШŔƣƚĲũŉЮШÑőĲШŸĤŢĲĦƣШƣőċƣШƽŔũũШĤĲШĬĲƚƣƖŸǃĲĬШŔŰШƣőĲШĦŸũũŔƚŔŸŰЮ 
ШШШШƓƨĤũŔĦШ]ċůĲ§ĤŢĲĦƣШĦŸƖƖĲĦƣ ŰƚƽĲƖÂċŰĲũб 
 
ШШШШооШÖfШÑĲǂƣШĲũĲůĲŰƣШƣőċƣШĬŔƚƓũċǃƚШƣőĲШƚĦŸƖĲЮ 
ШШШШƓƨĤũŔĦШÑĲǂƣШƚĦŸƖĲÑĲǂƣб 
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ШШШШƓƖŔƻċƣĲШƻŸŔĬШ§ŰÑƖŔŊŊĲƖEŰƣĲƖы9ŸũũŔĬĲƖШŸƣőĲƖь 
ШШШШэ 
ШШШШШШШШооШìĲѣũũШċƚƚƨůĲШǃŸƨѣƻĲШŊŔƻĲŰШǃŸƨƖШĦőċƖċĦƣĲƖШƣőĲШѢÂũċǃĲƖѢШƣċŊЮ 
ШШШШШШШооШfŉШǃŸƨƖШĦőċƖċĦƣĲƖѣƚШƣċŊШŔƚШĬŔǭĲƖĲŰƣЯШƓũĲċƚĲШƨƚĲШƣőċƣШƣċŊШŔŰƚƣĲċĬШŸŉШѢÂũċǃĲƖѢЮ 
ШШШШШШШШŔŉШыŸƣőĲƖЮŊċůĲ§ĤŢĲĦƣЮ9ŸůƓċƖĲÑċŊыѢÂũċǃĲƖѢьь 
ШШШШШШШШэ 
ШШШШШШШШШШШШооШ?ĲƚƣƖŸǃШƣőĲШĦŸƖƖĲĦƣШŸƓƣŔŸŰЮ 
ШШШШШШШШШШШШ?ĲƚƣƖŸǃыĦŸƖƖĲĦƣ ŰƚƽĲƖÂċŰĲũьб 
 
ШШШШШШШШШШШШооШÖƓĬċƣĲШƣőĲШƚĦŸƖĲШŔŰШƣőĲШÖfЮШ 
ШШШШШШШШШШШооШÉĲƣШƣőĲШƻċũƨĲШŔŰШƣőĲШÑĲǂƣШĦŸůƓŸŰĲŰƣШƣŸШΝΜЮ 
ШШШШШШШШШШШШƚĦŸƖĲÑĲǂƣЮƣĲǂƣШӀШѢΝΜѢб 
 
ШШШШШШШШШооШfŉШǃŸƨШƽċŰƣЯШǃŸƨШĦċŰШċũƚŸШƣƖŔŊŊĲƖШċŰŸƣőĲƖШĲƻĲŰƣШċƣШƣőŔƚШƓŸŔŰƣЮ 
ШШШШШШШШШооШ[ŸƖШĲǂċůƓũĲЯШůŸƻŔŰŊШƣŸШƣőĲШŰĲǂƣШƕƨĲƚƣŔŸŰШŸƖШƓũċǃŔŰŊШċШƚŸƨŰĬШĲǭĲĦƣЮШШШШШШШШ 
ю 
ШШШШю 
ю 

 

 

 

 

ΞЮΞЮΟЮÉŸůĲШ§ƣőĲƖШEǂċůƓũĲƚШŸŉШ]ċůŔǯĦċƣŔŸŰШŔŰШ~ŔŰŔŰŊ 

 

One of the PC-based and Web-based studies includes a complex consisting of galleries 
descending into the underground mine with a vertical shaft and driven horizontally into the ore 
body (Erarslan and Özdemir, 2024). 

 

Ш Ш 
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Ш  

 

Ш  

In practice, on-field movements were performed using the directional and Q, W, E, A, S, D keys, 
as used in games. Furthermore, in Unity, it was possible to gain experience within a ramped 
underground mine model (Erarslan ve Özdemir, 2024). 

 

Ш  
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Below are images of another study that includes the underground mechanized mine and the 
collar formed as a result of the caving method, as well as the mechanized system (Erarslan ve 
Özdemir, 2024). 

 

 

ШШ  

ШШ  

 

Models that introduce ore preparation and enrichment systems and allow you to experience them 
in detail are also shown below (Erarslan ve Özdemir, 2024). 
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Ш  

Ш  

ШШ  

 

These models can be used independently or within a single ore processing and beneficiation 
facility. In-space movements within the applications can be performed using a virtual joystick on 
mobile devices such as smartphones and tablets. 

 

Below are snapshots from an Android APK application developed for a quarry and underground 
gallery on mobile devices (Erarslan ve Özdemir, 2024). 
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őƣƣƓƚаооƚťĲƣĦőŉċĤЮĦŸůоΟĬрůŸĬĲũƚоĬŔƓƓŔŰŊрƚƣƖċƣċрŔŰрƕƨċƖƖǃрĦƨƣƚрŉĤĤĤΡΜĲĬΣĲŉĲΠĤĬΣΦĬŉĤΥΥΜĬΝΞΞΥΠŉΜΠ 

 

 

őƣƣƓƚаооƚťĲƣĦőŉċĤЮĦŸůоΟĬрůŸĬĲũƚоĦŸċũрůŔŰĲрŊċũũĲƖǃрΞĦĦΦĬŉĦΝΝŉĲΞΠΟΜΟΦŉΦΦΜΜŉΜĦΟΝΠΝΠċĲ 

ĦťŰŸƽũĲĬŊĲůĲŰƣ 
ÑőŔƚШĦőċƓƣĲƖШőċƚШĤĲĲŰШƓƖĲƓċƖĲĬШƽŔƣőШƣőĲШƚƨƓƓŸƖƣШŸŉШƣőĲ cŸũŸ]E~ШыcŸũŸŊƖċƓőŔĦШfŰƣĲŊƖċƣŔŸŰШ
ŉŸƖШ ]ĲŸƚĦŔĲŰĦĲƚШ EĬƨĦċƣŔŸŰШ ċŰĬШ ~ŔŰŔŰŊь ƓƖŸŢĲĦƣШ ыΞΜΞΞрΝрÂxΜΝрu ΞΞΜрéEÑΜΜΜΜΥΦΦΠΣьЯШ
ŉƨŰĬĲĬШĤǃШƣőĲШEƖċƚůƨƚҼШÂƖŸŊƖċůШыu ΞΞΜрéEÑьШƣőƖŸƨŊőШƣőĲШÂŸũŔƚőШ ċƣŔŸŰċũШ ŊĲŰĦǃЮ 

https://erasmus-plus.ec.europa.eu/projects/search/details/2022-1-PL01-KA220-VET


Kaan ERARSLAN                                                     VIRTUAL-AUGMENTED REALITY & GAMIFICATION 

ΠΠ 
 

ΟЮШéÅШ ÂÂxf9 Ñf§ ШìfÑcШ§9ÖxÖÉШÄÖEÉÑШf ШÖ fÑò 
 
fŰШƣőŔƚШƚĲĦƣŔŸŰЯШƽĲѣũũШĬĲƻĲũŸƓШċŰШ§ĦƨũƨƚШÄƨĲƚƣШΞоΟШéÅШƓƖŸŢĲĦƣШĤċƚĲĬШŸŰШƣőĲШŸǭŔĦŔċũШÖŰŔƣǃШ
ƣƨƣŸƖŔċũЯШĲǂƓũċŔŰŔŰŊШċũũШƣőĲШƓƖŸĦĲƚƚШƚƣĲƓШĤǃШƚƣĲƓЮШÑőŔƚШƽŔũũШƣőĲŰШĤĲШŉŸũũŸƽĲĬШĤǃШċŰШĲŰŊŔŰĲĲƖŔŰŊШ
ċƓƓũŔĦċƣŔŸŰШƨƚŔŰŊШƣőŔƚШŉŸƨŰĬċƣŔŸŰЯШƨƚŔŰŊШƚŸůĲШőċŰĬƚрŸŰШĲǂƓĲƖŔĲŰĦĲЮ 
 
[ŔƖƚƣЯШũĲƣѣƚШĬŸƽŰũŸċĬШƣőĲШéÅШÅŸŸůШŉŸũĬĲƖШŔŰШÖŰŔƣǃШƣŸШĦƖĲċƣĲШċШŉŸƨŰĬċƣŔŸŰШŉŸƖШǃŸƨƖШƻŔƖƣƨċũШ
ƖĲċũŔƣǃШыéÅьШƚĦĲŰĲа 
 
§ŰĲШĦċŰШĬŸƽŰũŸċĬШƣőĲШ9ƖĲċƣĲШƽŔƣőШéÅШÉƣċƖƣĲƖШÂƖŸŢĲĦƣШŉƖŸůШƣőĲШÖŰŔƣǃШxĲċƖŰШƽĲĤƚŔƣĲйЮ 
fƣШŔƚШċũƚŸШƓŸƚƚŔĤũĲШƣŸШċĦĦĲƚƚШƣőĲШÖŰŔƣǃШƣƨƣŸƖŔċũШƓċŊĲШŉŸƖШƣőŔƚШƣŸƓŔĦШċŰĬШċĦĦĲƚƚШƣőĲШéÅШÅŸŸůШ
ƓƖŸŢĲĦƣШƻŔċШċŰШċũƣĲƖŰċƣŔƻĲШƖŸƨƣĲйЮ 
 

ΟЮΝЮ§ƓĲŰŔŰŊШƣőĲШƓƖŸŢĲĦƣШŔŰШÖŰŔƣǃШ 

Ш 
xĲƣѣƚШĦũŔĦťШŸŰШƣőĲШĬĬрӂ ĬĬШÂƖŸŢĲĦƣШŉƖŸůШĬŔƚťШŸƓƣŔŸŰШŸŰШÖŰŔƣǃШcƨĤЮ 
 

 

xĲƣѣƚШ ƚĲũĲĦƣШ ƣőĲШéÅШ ÅŸŸůШŉŸũĬĲƖЯШ ƽőŔĦőШ ƽĲШ ĬŸƽŰũŸċĬĲĬШ ƣŸШ ŸƨƖШ ĦŸůƓƨƣĲƖШ ċŰĬШ ŔƚШ
ċƓƓƖŸǂŔůċƣĲũǃШΡΝЮΡШ~7ШŔŰШƚŔǍĲЮ 
 
 
йШhttps://learn.unity.com/tutorial/vr-project-

setup?uv=2021.3&pathwayId=627c12d8edbc2a75333b9185&missionId=62554983edbc2a7 6a27486cbШ 

 

https://learn.unity.com/tutorial/vr-project-
https://learn.unity.com/tutorial/vr-project-
https://learn.unity.com/tutorial/vr-project-setup?uv=2021.3&pathwayId=627c12d8edbc2a75333b9185&missionId=62554983edbc2a76a27486cb
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ΠΡ 
 

 
 
ÉŔŰĦĲШƣőĲШƻĲƖƚŔŸŰШŔŰШƽőŔĦőШƣőĲШƓƖŸŢĲĦƣШƽċƚШĬĲƻĲũŸƓĲĬШƽċƚШŰŸƣШŔŰƚƣċũũĲĬШŸŰШŸƨƖШĦŸůƓƨƣĲƖЯШ
ċШǃĲũũŸƽШƽċƖŰŔŰŊШċƓƓĲċƖĲĬШŔŰШƣőĲШƓƖŸŢĲĦƣШũŔŰĲЮ 
 

 
 
ÑőĲШƚǃƚƣĲůШŸǭĲƖƚШƨƚШƣŸШĦőŸŸƚĲШƣőŔƚШƻĲƖƚŔŸŰШŸƖШċŰŸƣőĲƖШƻĲƖƚŔŸŰЮ 
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ΠΣ 
 

 

 
 
ìĲШũŸŸťШƣŸƽċƖĬƚШƣőĲШĤŸƣƣŸůШŸŉШƣőŔƚШƽŔŰĬŸƽШċŰĬШƚĲũĲĦƣШƣőĲШΥΣΥΥдΦдΤΧŉΤШxÑÉШƻĲƖƚŔŸŰШƽĲШ
őċƻĲЮШìĲШƓƖĲƚƚШ§ƓĲŰШƽŔƣőШΥΣΥΥдΦдΤΦŉΤЮ 
 

 
 

fƣШċƚťƚШƨƚШƣŸШĦŸŰǯƖůШƣőĲШĦőċŰŊĲШŸŉШƻĲƖƚŔŸŰЮШìĲШċĦĦĲƓƣШĤǃШĦũŔĦťŔŰŊШ9őċŰŊĲШéĲƖƚŔŸŰЮ 






































































































































































































































































































































































































































































































































