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˝̪́̈̃̏ ̍̏̅̆̌́ ̐̏̅́̓́̋́ σˑ ̋́̓́̒̓̑́ ̎̆̐̏̋̑̆̓̎̏̒̓̉ 

ʉʘʞʝʪʘʢ 

ʂʘʪʘʩʪʘʨ ʥʝʧʦʢʨʝʪʥʦʩʪʠ ʫ ʉʨʙʠʿʠ ʩʝ ʟʘʩʥʠʚʘ ʥʘ 2ɼ ʢʘʪʘʩʪʘʨʩʢʠʤ ʧʣʘʥʦʚʠʤʘ ʠ 

ʧʨʦʮʝʜʫʨʘʤʘ ʢʦʿʝ ʥʝ ʧʦʜʨʞʘʚʘʿʫ ʥʝʜʚʦʩʤʠʩʣʝʥʫ ʨʝʛʠʩʪʨʘʮʠʿʫ ʠ ʧʨʠʢʘʟʠʚʘˁʝ 

ʢʦʤʧʣʝʢʩʥʠʭ 3ɼ ʩʠʪʫʘʮʠʿʘ ʠ ʩʣʦʞʝʥʠʭ ʦʙʿʝʢʘʪʘ. ʆʚʝ ʧʦʪʝʰʢʦ˂ʝ ʩʫ ʧʦʩʝʙʥʦ 

ʠʟʨʘʞʝʥʝ ʫ ʫʨʙʘʥʠʤ ʩʨʝʜʠʥʘʤʘ. ʎʠˀ ʦʚʝ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ ʿʝ ʜʘ ʠʩʪʨʘʞʠ ʥʘ 

ʢʦʿʠ ʥʘʯʠʥ ʩʝ ʤʦʛʫ ʧʨʝʚʘʟʠ˂ʠ ʧʦʪʝʰʢʦ˂ʝ ʢʘʪʘʩʪʨʘ ʥʝʧʦʢʨʝʪʥʦʩʪʠ ʫ ʉʨʙʠʿʠ ʢʘʜʘ ʿʝ 

ʨʝʯ ʦ ʨʝʛʠʩʪʨʘʮʠʿʠ ʢʦʤʧʣʝʢʩʥʠʭ 3ɼ ʩʠʪʫʘʮʠʿʘ. 

ʀʩʪʨʘʞʠʚʘˁʝ ʿʝ ʟʘʩʥʦʚʘʥʦ ʥʘ ʧʨʝʪʧʦʩʪʘʚʮʠ ʜʘ ʩʝ ʨʝʛʠʩʪʨʘʮʠʿʘ ʠ ʧʨʠʢʘʟʠʚʘˁʝ 3ɼ 

ʢʦʤʧʣʝʢʩʥʠʭ ʩʠʪʫʘʮʠʿʘ ʤʦʞʝ ʫʩʧʝʰʥʦ ʤʦʜʝʣʠʨʘʪʠ ʠ ʠʤʧʣʝʤʝʥʪʠʨʘʪʠ ʧʨʠʤʝʥʦʤ 

ʤʦʜʝʨʥʠʭ ɻʀʉ ʪʝʭʥʦʣʦʛʠʿʘ ʠ ʪʝʭʥʦʣʦʛʠʿʘ ʟʘ ʚʠʟʫʝʣʠʟʘʮʠʿʫ ʠ ʩʢʣʘʜʠʰʪʝˁʝ 3ɼ 

ʧʦʜʘʪʘʢʘ. ʇʦʣʘʟʥʘ ʧʨʝʪʧʦʩʪʘʚʢʘ ʪʘʢʦʹʝ ʧʦʜʨʘʟʫʤʝʚʘ ʜʘ ʿʝ ʤʦʛʫ˂ʝ ʨʘʟʚʠʪʠ 

ʦʧʪʠʤʘʣʘʥ ʤʦʜʝʣ ʧʦʜʘʪʘʢʘ 3ɼ ʢʘʪʘʩʪʨʘ ʥʝʧʦʢʨʝʪʥʦʩʪʠ ʟʘ ʉʨʙʠʿʫ. ʆʚʘʢʘʚ ʤʦʜʝʣ ʙʠ 

ʦʤʦʛʫ˂ʠʦ ʧʨʝʚʘʟʠʣʘʞʝˁʝ ʧʦʪʝʰʢʦ˂ʘ ʧʨʠ ʨʝʛʠʩʪʨʘʮʠʿʠ 3ɼ ʩʠʪʫʘʮʠʿʘ. 

ʅʘ ʦʩʥʦʚʫ ʘʥʘʣʠʟʝ ʜʦʩʘʜʘʰˁʠʭ ʠʩʪʨʘʞʠʚʘˁʘ ʫ ʩʚʝʪʫ, ʤʝʹʫʥʘʨʦʜʥʠʭ ʩʪʘʥʜʘʨʜʘ, 

ʩʘʛʣʝʜʘʚʘˁʘ ʩʘʜʘʰˁʝ ʧʨʘʢʩʝ ʢʘʪʘʩʪʨʘ ʥʝʧʦʢʨʝʪʥʦʩʪʠ ʫ ʉʨʙʠʿʠ, ʟʘʢʦʥʘ, ʠ ʦʩʪʘʣʠʭ 

ʧʨʘʚʥʠʭ ʘʢʘʪʘ ʧʨʝʜʣʦʞʝʥ ʿʝ ʢʦʥʮʝʧʪ 3ɼ ʢʘʪʘʩʪʨʘ ʥʝʧʦʢʨʝʪʥʦʩʪʠ ʟʘ ʉʨʙʠʿʫ. 

ʇʨʝʜʣʦʞʝʥʠ ʢʦʥʮʝʧʪ 3ɼ ʢʘʪʘʩʪʨʘ ʥʘʩʪʦʿʠ ʜʘ ʫʢˀʫʯʠ ʧʦʩʪʦʿʝ˂ʝ ʢʘʪʘʩʪʘʨʩʢʝ 

ʧʦʜʘʪʢʝ ʠ ʧʨʦʮʝʜʫʨʝ ʫ ʰʪʦ ʚʝ˂ʦʿ ʤʝʨʠ ʢʘʢʦ ʙʠ ʧʨʝʣʘʟ ʢʘ 3ɼ ʢʘʪʘʩʪʨʫ 

ʥʝʧʦʢʨʝʪʥʦʩʪʠ ʙʠʦ ʰʪʦ ʿʝʜʥʦʩʪʘʚʥʠʿʠ ʠ ʝʢʦʥʦʤʩʢʠ ʦʧʨʘʚʜʘʥ. 

ʅʘ ʦʩʥʦʚʫ ʜʝʬʠʥʠʩʘʥʦʛ ʢʦʥʮʝʧʪʘ 3ɼ ʢʘʪʘʩʪʨʘ ʟʘ ʉʨʙʠʿʫ, ʨʘʟʚʠʿʝʥ ʿʝ ʢʦʥʮʝʧʪʫʘʣʥʠ 

ʠ ʣʦʛʠʯʢʠ ʤʦʜʝʣ ʧʦʜʘʪʘʢʘ. ʊʦʢʦʤ ʧʨʦʮʝʩʘ ʨʘʟʚʦʿʘ ʤʦʜʝʣʘ ʧʦʜʘʪʘʢʘ ʪʘʢʦʹʝ ʿʝ 

ʚʦʹʝʥʦ ʨʘʯʫʥʘ ʦ ʤʝʹʫʥʘʨʦʜʥʠʤ ʩʪʘʥʜʘʨʜʠʤʘ, ʤʝʹʫʥʘʨʦʜʥʠʤ ʠʩʢʫʩʪʚʠʤʘ ʠ ʧʨʘʢʩʠ. 

ʋ ʦʢʚʠʨʫ ʧʨʘʢʪʠʯʥʦʛ ʜʝʣʘ ʨʘʜʘ, ʧʨʝʜʣʦʞʝʥʠ ʤʦʜʝʣ ʧʦʜʘʪʘʢʘ ʿʝ ʪʝʩʪʠʨʘʥ ʥʘ ʦʩʥʦʚʫ 

ʩʘʜʘʰˁʠʭ ʢʘʪʘʩʪʘʨʩʢʠʭ ʧʦʜʘʪʘʢʘ ʠ ʧʦʜʘʪʘʢʘ (ʪʝʭʥʠʯʢʝ ʜʦʢʫʤʝʥʪʘʮʠʿʝ) ʢʦʿʝ 

ʜʦʩʪʘʚˀʘʿʫ ʛʝʦʜʝʪʩʢʝ ʦʨʛʘʥʠʟʘʮʠʿʝ. 

ʂʨʝʠʨʘʥʠ ʩʫ ʧʦʜʘʮʠ ʢʦʿʠ ʩʫ ʜʝʬʠʥʠʩʘʥʠ ʧʨʝʜʣʦʞʝʥʠʤ ʤʦʜʝʣʦʤ ʧʦʜʘʪʘʢʘ 

(ʫʢˀʫʯʫʿʫ˂ʠ 3ɼ ʛʝʦʤʝʪʨʠʿʫ ʦʙʿʝʢʘʪʘ ʠ ʧʦʩʝʙʥʠʭ ʜʝʣʦʚʘ). ʇʦʜʘʮʠ ʩʫ ʫʩʢʣʘʜʠʰʪʝʥʠ 
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ʫ MongoDB (NoSQL database) ʙʘʟʠ ʧʦʜʘʪʘʢʘ ʠ ʧʨʠʢʘʟʘʥʠ ʫʟ ʧʦʤʦ˂ Cesium 

JavaScript ʙʠʙʣʠʦʪʝʢʝ. ʊʘʢʦʹʝ, ʧʨʠʢʘʟʘʥʠ ʩʫ ʠ ʫʧʠʪʠ ʥʘʜ 3ɼ ʢʘʪʘʩʪʘʨʩʢʠʤ 

ʧʦʜʘʮʠʤʘ. 

ʅʘ ʢʨʘʿʫ ʨʘʜʘ ʧʨʠʢʘʟʘʥʝ ʩʫ ʩʤʝʨʥʠʮʝ ʟʘ ʜʘˀʝ ʠʩʪʨʘʞʠʚʘˁʝ ʠ ʨʘʟʚʦʿ. 
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Development of 3D real estate cadastre data model  

Abstract 

The real estate cadastre in the Republic of Serbia is based on 2D cadastral maps and 

procedures that do not support unequivocal registration and visualization of complex 3D 

property situations and complex objects, especially in urban areas. ʊhe aim of this 

doctoral dissertation is to research how the difficulties of 3D complex situations 

registration in Serbia can be overcome. 

The study is based on the assumption that the registration and visualization of 3D 

complex situations can be successfully modeled and implemented by using modern GIS 

technologies, technologies for visualizing and storing 3D data. The initial assumption 

also considers that it is possible to develop an optimal 3D cadastre data model for 

Serbia. This model would provide overcoming difficulties in the registration of 3D 

situations.  

Based on the analysis of previous international research, international standards, review 

of the current cadastral practice in Serbia, laws, and other legal acts, the concept of 3D 

real estate cadastre for Serbia is proposed. The proposed concept of 3D cadastre 

includes the use of existing cadastral data and procedures to make the transition simple 

and economically justified as possible. 

Based on the suggested 3D cadastre concept for Serbia, a conceptual and logical data 

model has been developed. In the course of the data modeling process, international 

standards, experience, and practice were considered. 

Within the case study, the proposed 3D real estate cadastre data model was tested based 

on data from the current cadastre system and data (technical documentation) currently 

provided by surveying agencies.  

Data defined by the proposed data model were created (including 3D geometry of 

buildings and building units), stored into MongoDB (NoSQL database) and visualized 

by using Cesium JavaScript library. Various data queries were also presented within 

case studies. 
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The instructions for future research and development are given at the end of the study. 
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1 

 

1 ˠˏ ˛ ˑ

 

ʋʨʙʘʥʠʟʘʮʠʿʘ ʿʝ ʪʦʢʦʤ ʧʦʩʣʝʜˁʠʭ ʩʪʦ ʛʦʜʠʥʘ ʜʦʥʝʣʘ ʚʝʣʠʢʝ ʧʨʦʤʝʥʝ ʫ ʞʠʚʦʪʥʦʿ 

ʩʨʝʜʠʥʠ ʠ ʥʘʿʯʝʰ˂ʝ ʨʝʟʫʣʪʠʨʘ ʩʘ ʛʫʩʪʦ ʥʘʩʝˀʝʥʠʤ ʫʨʙʘʥʠʤ ʧʦʜʨʫʯʿʠʤʘ. ʂʘʦ 

ʨʝʟʫʣʪʘʪ ʪʦʛʘ, ʧʨʦʩʪʦʨ ʠʟʥʘʜ ʠ ʠʩʧʦʜ ʧʦʚʨʰʠʥʝ ʟʝʤˀʝ ʩʝ ʩʚʝ ʚʠʰʝ ʢʦʨʠʩʪʠ ʟʘ 

ʠʟʛʨʘʜˁʫ ʦʙʿʝʢʘʪʘ ʠ ʢʦʤʧʣʝʢʩʥʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ. ʆʚʝ ʧʨʦʤʝʥʝ ʩʫ ʧʨʦʫʟʨʦʢʦʚʘʣʝ 

ʚʝ˂ʠ ʟʥʘʯʘʿ ʚʣʘʩʥʠʰʪʚʘ ʥʘ ʥʝʧʦʢʨʝʪʥʦʩʪʠʤʘ. ʊʨʘʜʠʮʠʦʥʘʣʥʠ ʢʘʪʘʩʪʘʨʩʢʠ ʩʠʩʪʝʤʠ 

ʩʝ ʩʫʦʯʘʚʘʿʫ ʩʘ ʤʥʦʛʦ ʧʨʦʙʣʝʤʘ ʫ ʧʨʝʜʩʪʘʚˀʘˁʫ ʢʦʤʧʣʝʢʩʥʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ ʥʘ 2ɼ 

ʧʣʘʥʦʚʠʤʘ ʢʘʦ ʠ ʩʠʪʫʘʮʠʿʘ ʛʜʝ ʩʫ ʧʦʩʝʜʠ ʠʩʧʨʝʧʣʝʪʘʥʠ ʥʘ ʚʠʰʝ ʥʠʚʦʘ. ɿʙʦʛ ʪʦʛʘ 

2ɼ ʢʘʪʘʩʪʘʨʩʢʠ ʧʣʘʥʦʚʠ ʥʝ ʤʦʛʫ ʧʦʩʣʫʞʠʪʠ ʢʘʦ ʦʩʥʦʚʘ ʟʘ ʨʝʛʠʩʪʨʘʮʠʿʫ ʦʚʠʭ 

ʩʠʪʫʘʮʠʿʘ. ʇʦʪʨʝʙʘʥ ʿʝ ʩʠʩʪʝʤ ʢʦʿʠ ˂ʝ ʦʤʦʛʫ˂ʠʪʠ ʿʝʜʥʦʩʪʘʚʥʫ ʨʝʛʠʩʪʨʘʮʠʿʫ ʠ 

ʧʨʝʜʩʪʘʚˀʘˁʝ ʩʚʠʭ ʤʦʛʫ˂ʠʭ ʩʠʪʫʘʮʠʿʘ ʫ 3ɼ ʧʨʦʩʪʦʨʫ. ʋ ʦʢʚʠʨʫ ʦʚʝ ʜʠʩʝʨʪʘʮʠʿʝ, 

ʦʚʘʢʘʚ ʩʠʩʪʝʤ ˂ʝ ʩʝ ʥʘʟʠʚʘʪʠ Ă3ɼ ʢʘʪʘʩʪʘʨ ʥʝʧʦʢʨʝʪʥʦʩʪʠò. 

3ɼ ʢʘʪʘʩʪʘʨ ʥʝʧʦʢʨʝʪʥʦʩʪʠ ʩʝ ʤʦʞʝ ʜʝʬʠʥʠʩʘʪʠ ʥʘ ʚʠʰʝ ʥʘʯʠʥʘ, ʫ ʟʘʚʠʩʥʦʩʪʠ 

ʦʜ ʧʨʘʚʥʦʛ ʦʢʚʠʨʘ ʜʨʞʘʚʝ ʠ ʪʦʛʘ ʜʘ ʣʠ ʿʝ ʫ ʧʦʪʧʫʥʦʩʪʠ ʧʨʠʤʝˁʝʥ 3ɼ ʧʨʠʩʪʫʧ ʠʣʠ 

ʥʝʢʘ ʚʨʩʪʘ ʭʠʙʨʠʜʥʦʛ ʧʨʠʩʪʫʧʘ. ɱʝʜʥʘ ʦʜ ʜʝʬʠʥʠʮʠʿʘ 3ɼ ʢʘʪʘʩʪʨʘ ʥʝʧʦʢʨʝʪʥʦʩʪʠ 

(Stoter, 2004) ʿʝ: 

Ă3ɼ ʢʘʪʘʩʪʘʨ ʥʝʧʦʢʨʝʪʥʦʩʪʠ ʿʝ ʿʘʚʥʠ ʨʝʛʠʩʪʘʨ ʢʦʿʠ ʩʣʫʞʠ ʟʘ 

ʨʝʛʠʩʪʨʦʚʘˁʝ ʠ ʧʨʠʢʘʟʠʚʘˁʝ ʩʪʚʘʨʥʠʭ ʧʨʘʚʘ ʥʝ (ʩʘʤʦ) ʥʘ 2ɼ 

ʧʘʨʮʝʣʘʤʘ ʥʝʛʦ (ʠ) ʥʘ 3ɼ ʧʦʩʝʜʠʤʘ.ò 

ʆʚʘ ʜʝʬʠʥʠʮʠʿʘ ʿʝ ʚʝʦʤʘ ʩʚʝʦʙʫʭʚʘʪʥʘ ʠ ʤʦʞʝ ʩʝ ʢʦʨʠʩʪʠʪʠ ʟʘ ʜʝʬʠʥʠʩʘˁʝ 3ɼ 

ʢʘʪʘʩʪʘʨʩʢʦʛ ʤʦʜʝʣʘ ʨʘʟʚʠʿʝʥʦʛ ʫ ʦʚʦʿ ʜʠʩʝʨʪʘʮʠʿʠ.  

ʋ ʦʢʚʠʨʫ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ ʢʦʨʠʩʪʠ ʩʝ ʥʝʢʦʣʠʢʦ ʪʝʨʤʠʥʘ ʧʦʚʝʟʘʥʠʭ ʩʘ 3ɼ 

ʢʘʪʘʩʪʨʦʤ: 

3ɼ ʧʦʩʝʜ (ʠʣʠ 3ɼ ʧʘʨʮʝʣʘ) ʿʝ (ʦʛʨʘʹʝʥʠ) ʜʝʦ ʧʨʦʩʪʦʨʘ ʥʘ ʢʦʤʝ ʦʜʨʝʹʝʥʦ ʣʠʮʝ 

ʧʦʣʘʞʝ ʩʪʚʘʨʥʘ ʧʨʘʚʘ. ʋ ʢʦʥʪʝʢʩʪʫ 3ɼ ʢʘʪʘʩʪʨʘ ʥʝʧʦʢʨʝʪʥʦʩʪʠ, 3ɼ ʧʦʩʝʜ ʿʝ 

ʧʨʦʩʪʦʨʥʘ ʿʝʜʠʥʠʮʘ ʢʦʿʘ ʩʝ ʥʘʣʘʟʠ ʠʟʥʘʜ ʠʣʠ ʠʩʧʦʜ ʧʦʚʨʰʠ ʟʝʤˀʝ ʠʣʠ ʜʨʫʛʦʛ 3ɼ 
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ʧʦʩʝʜʘ. 3ɼ ʧʦʩʝʜ ʥʝ ʤʦʨʘ ʙʠʪʠ ʝʢʩʧʣʠʮʠʪʥʦ ʦʛʨʘʹʝʥ, ʢʘʦ ʩʪʘʥ ʠʣʠ ʪʫʥʝʣ, ʪʦ ʤʦʞʝ 

ʙʠʪʠ ʠ ʧʨʦʩʪʦʨ ʜʝʬʠʥʠʩʘʥ ʠʩʧʦʜ ʠʣʠ ʠʟʥʘʜ ʪʨʘʜʠʮʠʦʥʘʣʥʝ 2ɼ ʧʘʨʮʝʣʝ. 

ʊʨʘʜʠʮʠʦʥʘʣʥʠ ʢʘʪʘʩʪʘʨʩʢʠ ʩʠʩʪʝʤʠ ʫ ʚʝʣʠʢʦʤ ʙʨʦʿʫ ʩʣʫʯʘʿʝʚʘ ʥʝʤʘʿʫ ʧʨʦʙʣʝʤ ʩʘ 

ʜʝʬʠʥʠʩʘˁʝʤ ʥʝʦʛʨʘʹʝʥʠʭ 3ɼ ʧʦʩʝʜʘ ʿʝʨ ʩʝ ʫ ʚʝ˂ʠʥʠ ʩʣʫʯʘʿʝʚʘ ʧʨʘʚʦ ʩʝ ʧʨʦʩʝʞʝ 

ʩʚʝ ʜʦʢʣʝ ʠʤʘʣʘʮ ʧʨʘʚʘ ʠʤʘ ʠʥʪʝʨʝʩ, ʜʦʢ ʜʨʫʛʘ ʣʠʮʘ ʤʦʛʫ ʜʘ ʢʦʨʠʩʪʝ ʧʨʦʩʪʦʨ 

ʠʟʥʘʜ ʠ ʠʩʧʦʜ 2ɼ ʢʘʪʘʩʪʘʨʩʢʝ ʧʘʨʮʝʣʝ ʩʚʝ ʜʦʢ ʥʝ ʫʛʨʦʞʘʚʘʿʫ ʧʨʘʚʘ ʚʣʘʩʥʠʢʘ. ɿʙʦʛ 

ʪʦʛʘ ʩʫ ʦʛʨʘʹʝʥʠ 3ɼ ʧʦʩʝʜʠ ʢʦʿʝ ʬʦʨʤʠʨʘʿʫ ʢʦʤʧʣʝʢʩʥʝ 3ɼ ʩʠʪʫʘʮʠʿʝ ʤʥʦʛʦ 

ʠʥʪʝʨʝʩʘʥʪʥʠʿʠ ʠʟ ʧʝʨʩʧʝʢʪʠʚʝ 3ɼ ʢʘʪʘʩʪʨʘ ʥʝʧʦʢʨʝʪʥʦʩʪʠ. 

3ɼ ʢʦʤʧʣʝʢʩʥʝ ʩʠʪʫʘʮʠʿʝ (3ɼ ʩʠʪʫʘʮʠʿʝ) ʩʫ ʩʠʪʫʘʮʠʿʝ ʫ ʢʦʿʠʤʘ ʩʝ ʜʚʘ ʠʣʠ ʚʠʰʝ 

3ɼ ʧʦʩʝʜʘ ʥʘʣʘʟʝ ʿʝʜʘʥ ʠʟʥʘʜ ʜʨʫʛʦʛ ʠʣʠ ʢʘʜʘ ʬʦʨʤʠʨʘʿʫ ʧʨʝʢʣʘʧʘʿʫ˂ʝ ʠ 

ʠʩʧʨʝʧʣʝʪʘʥʝ ʩʪʨʫʢʪʫʨʝ. ʉʪʚʘʨʥʘ ʧʨʘʚʘ ʩʝ ʨʝʛʠʩʪʨʫʿʫ ʥʘ 3ɼ ʧʨʦʩʪʦʨʫ (3ɼ 

ʧʘʨʮʝʣʠ), ʪʘʢʦ ʜʘ ʩʫ ʨʘʟʣʠʯʠʪʘ ʣʠʮʘ ʠʤʘʦʮʠ ʧʨʘʚʘ ʥʘ ʨʘʟʣʠʯʠʪʠʤ ʜʝʣʦʚʠʤʘ 

ʧʨʦʩʪʦʨʘ. 

ʎʠˀ ʦʚʦʛ ʠʩʪʨʘʞʠʚʘˁʘ ʿʝ ʜʘ ʩʝ ʬʦʢʫʩʠʨʘ ʥʘ ʢʘʪʘʩʪʘʨ ʥʝʧʦʢʨʝʪʥʦʩʪʠ ʈʝʧʫʙʣʠʢʝ 

ʉʨʙʠʿʝ, ʪʘʢʦ ʜʘ ʧʨʝʜʣʦʞʝʥʠ ʠ ʨʘʟʚʠʿʝʥʠ ʤʦʜʝʣ 3ɼ ʢʘʪʘʩʪʨʘ ʥʝʧʦʢʨʝʪʥʦʩʪʠ ʫ 

ʦʢʚʠʨʫ ʦʚʝ ʜʠʩʝʨʪʘʮʠʿʝ ʫʟʠʤʘ ʦʚʫ ʯʠˁʝʥʠʮʫ ʢʘʦ ʧʦʣʘʟʥʫ ʦʩʥʦʚʫ. ɿʙʦʛ ʪʦʛʘ 

ʨʝʟʫʣʪʘʪʠ ʦʚʦʛ ʠʩʪʨʘʞʠʚʘˁʘ ʥʝ ʤʦʛʫ ʙʠʪʠ ʘʫʪʦʤʘʪʩʢʠ ʧʨʠʤʝˁʝʥʠ ʥʘ ʢʘʪʘʩʪʘʨʩʢʝ 

ʩʠʩʪʝʤʝ ʜʨʫʛʠʭ ʟʝʤʘˀʘ, ʘʣʠ ʤʦʛʫ ʙʠʪʠ ʜʦʙʨʘ ʦʩʥʦʚʘ ʠ, ʫʟ ʦʜʨʝʹʝʥʝ ʠʟʤʝʥʝ, ʤʦʛʫ 

ʙʠʪʠ ʢʦʨʠʩʥʠ ʟʘ ʜʨʫʛʝ ʟʝʤˀʝ ʩʘ ʩʣʠʯʥʠʤ ʢʘʪʘʩʪʘʨʩʢʠʤ ʠ ʧʨʘʚʥʠʤ ʩʠʩʪʝʤʠʤʘ.  

 

1.1 ˜̑̆̅̍̆̓ ̮̉̒̓̑́̇̉̃́́ 

ʇʨʝʜʤʝʪ ʠʩʪʨʘʞʠʚʘˁʘ ʫ ʦʢʚʠʨʫ ʦʚʝ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ ʿʝ ʨʘʟʚʦʿ ʤʦʜʝʣʘ 

ʧʦʜʘʪʘʢʘ 3ɼ ʢʘʪʘʩʪʨʘ ʥʝʧʦʢʨʝʪʥʦʩʪʠ ʟʘʩʥʦʚʘʥʦʛ ʥʘ ʧʨʦʰʠʨʝˁʫ ʧʦʩʪʦʿʝ˂ʝʛ 2ɼ ʠ 

2.5ɼ ʢʘʪʘʩʪʨʘ ʥʝʧʦʢʨʝʪʥʦʩʪʠ. ʀʩʪʨʘʞʠʚʘˁʝ ʦʙʫʭʚʘʪʘ ʜʝʬʠʥʠʩʘˁʝ ʢʦʥʮʝʧʪʘ, 

ʩʘʜʨʞʘʿʘ ʠ ʤʦʜʝʣʘ ʧʦʜʘʪʘʢʘ ʥʦʚʦʛ ʠ ʩʘʚʨʝʤʝʥʦʛ 3ɼ ʢʘʪʘʩʪʨʘ ʥʝʧʦʢʨʝʪʥʦʩʪʠ ʢʘʦ 

ʿʝʜʠʥʩʪʚʝʥʦʛ ʿʘʚʥʦʛ ʨʝʛʠʩʪʨʘ ʥʝʧʦʢʨʝʪʥʦʩʪʠ. ʊʘʿ ʨʝʛʠʩʪʘʨ ʪʨʝʙʘ ʜʘ ʧʨʝʜʩʪʘʚˀʘ 

ʥʘʿʚʘʞʥʠʿʠ ʜʝʦ ʥʘʮʠʦʥʘʣʥʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʛʝʦʧʨʦʩʪʦʨʥʠʭ ʧʦʜʘʪʘʢʘ (ʅʀɻʇ, 

ʝʥʛʣ. National Spatial Data Infrastructure - NSDI). ʀʩʪʨʘʞʠʚʘˁʝ ʩʝ ʙʘʟʠʨʘ ʥʘ 



3 

 

ʢʦʥʮʝʧʪʠʤʘ ʢʦʿʠ ʩʫ ʜʦ ʩʘʜʘ ʫ ʩʚʝʪʫ ʨʘʟʨʘʹʝʥʠ ʠ ʫʩʚʦʿʝʥʠ ʢʘʜʘ ʿʝ ʨʝʯ ʦ ʨʘʟʚʦʿʫ 3ɼ 

ʢʘʪʘʩʪʨʘ ʠ ʧʨʦʢʣʘʤʦʚʘʥʠʤ ʩʪʘʥʜʘʨʜʠʤʘ ʠ ʜʠʨʝʢʪʠʚʘʤʘ. 

ʇʦʜ ʧʦʤʝʥʫʪʠʤ ʨʘʟʚʦʿʝʤ ʥʦʚʦʛ, 3ɼ ʢʘʪʘʩʪʨʘ ʥʝʧʦʢʨʝʪʥʦʩʪʠ ʧʦʜʨʘʟʫʤʝʚʘ ʩʝ 

ʜʝʬʠʥʠʩʘˁʝ ʦʧʪʠʤʘʣʥʦʛ, ʦʩʥʦʚʥʦʛ ʩʘʜʨʞʘʿʘ ʧʦʜʘʪʘʢʘ ʠ ʢʨʝʠʨʘˁʝ ʤʦʜʝʣʘ ʧʦʜʘʪʘʢʘ 

ʫ ʠʥʬʦʨʤʘʪʠʯʢʦʤ ʩʤʠʩʣʫ, ʟʘʩʥʦʚʘʥʦʤ ʥʘ ʦʩʪʚʘʨʠʚʦʤ ʢʦʥʮʝʧʪʫ ʫ ʪʝʭʥʠʯʢʦʤ ʠ 

ʦʨʛʘʥʠʟʘʮʠʦʥʦʤ ʩʤʠʩʣʫ.  

ʇʨʘʢʪʠʯʘʥ ʨʘʜ ʠ ʪʝʩʪʠʨʘˁʝ ʤʦʜʝʣʘ ʩʝ ʙʘʟʠʨʘ ʥʘ ʩʘʜʘʰˁʝʤ ʢʘʪʘʩʪʨʫ 

ʥʝʧʦʢʨʝʪʥʦʩʪʠ ʫ ʈʝʧʫʙʣʠʮʠ ʉʨʙʠʿʠ ʢʦʿʠ ʩʝ ʢʦʥʮʝʧʪʫʘʣʥʦ ʤʦʞʝ ʩʚʨʩʪʘʪʠ ʫ 2.5ɼ 

ʢʘʪʘʩʪʘʨ ʥʝʧʦʢʨʝʪʥʦʩʪʠ ʠ ʢʦʿʠ ʿʝ ʜʝʬʠʥʠʩʘʥ ʢʘʦ Ăʫʥʠʚʝʨʟʘʣʥʠò ʢʘʪʘʩʪʘʨ, ʦʜʥʦʩʥʦ 

ʿʘʚʥʠ ʨʝʛʠʩʪʘʨ ʫ ʢʦʿʠ ʩʝ ʫʧʠʩʫʿʫ ʩʚʝ ʥʝʧʦʢʨʝʪʥʦʩʪʠ ʠ ʩʚʘ ʧʨʘʚʘ ʥʘ ˁʠʤʘ. 

ʉʘʜʨʞʘʿ ʠ ʤʦʜʝʣ ʧʦʜʘʪʘʢʘ ʥʦʚʦʛ 3ɼ ʢʘʪʘʩʪʨʘ ʥʝʧʦʢʨʝʪʥʦʩʪʠ ʩʝ ʘʥʘʣʠʟʠʨʘ ʩʘ 

ʘʩʧʝʢʪʘ ʦʧʨʘʚʜʘʥʦʩʪʠ ˁʝʛʦʚʦʛ ʫʩʪʨʦʿʘʚʘˁʘ, ʢʦʨʠʰ˂ʝˁʘ ʠ ʦʜʨʞʘʚʘˁʘ, ʢʘʦ ʠ 

ʩʪʚʘʨʘˁʘ ʧʨʘʚʥʠʭ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʦ-ʪʝʭʥʠʯʢʠʭ ʦʩʥʦʚʘ ʢʘʦ ʧʨʝʜʫʩʣʦʚʘ ʟʘ ˁʝʛʦʚʫ 

ʠʤʧʣʝʤʝʥʪʘʮʠʿʫ ʠ ʦʜʨʞʠʚʦʩʪ. 

ʇʨʠʣʠʢʦʤ ʨʘʟʚʦʿʘ ʩʘʜʨʞʘʿʘ ʠ ʤʦʜʝʣʘ ʧʦʜʘʪʘʢʘ 3ɼ ʢʘʪʘʩʪʨʘ ʥʝʧʦʢʨʝʪʥʦʩʪʠ 

ʨʘʟʤʘʪʨʘʣʘ ʩʝ ʤʦʛʫ˂ʥʦʩʪ ʢʦʨʠʰ˂ʝˁʘ ʪʨʠ ʚʨʩʪʝ ʧʨʠʩʪʫʧʘ ʯʠʿʘ ʿʝ ʢʦʥʮʝʧʮʠʿʘ ʚʝ˂ 

ʧʨʦʢʣʘʤʦʚʘʥʘ (Stoter and Salzmann, 2003) ʠ ʪʦ: ʄʦʜʝʣ 2D ʢʘʪʘʩʪʨʘ ʩʘ 

ʧʨʠʜʨʫʞʝʥʠʤ 3ɼ ʚʝʟʘʤʘ, ʍʠʙʨʠʜʥʠ ʤʦʜʝʣ 3ɼ ʢʘʪʘʩʪʨʘ ʠ ʇʦʪʧʫʥʠ 3ɼ ʢʘʪʘʩʪʘʨ. 

ʅʘʢʦʥ ʘʥʘʣʠʟʠʨʘˁʘ ʤʦʛʫ˂ʥʦʩʪʠ ʧʨʠʤʝʥʝ ʥʝʢʦʛ ʦʜ ʧʦʤʝʥʫʪʠʭ ʧʨʠʩʪʫʧʘ ʧʨʝʜʣʦʞʝʥ 

ʿʝ ʦʧʪʠʤʘʣʘʥ ʤʦʜʝʣ 3ɼ ʢʘʪʘʩʪʨʘ ʥʝʧʦʢʨʝʪʥʦʩʪʠ ʢʦʿʠ ʿʝ ʪʝʩʪʠʨʘʥ ʥʘ ʢʦʥʢʨʝʪʥʦʤ 

ʧʨʠʤʝʨʫ ˁʝʛʦʚʝ ʧʨʠʤʝʥʝ ʠ ʫʩʪʨʦʿʘʚʘˁʘ ʫ ʈʝʧʫʙʣʠʮʠ ʉʨʙʠʿʠ. 

ʇʦʣʘʟʥʠ ʢʦʨʘʢ ʠʩʪʨʘʞʠʚʘˁʘ je ʠʜʝʥʪʠʬʠʢʘʮʠʿʘ ʧʨʦʙʣʝʤʘ ʢʦʿʠ ʩʝ ʿʘʚˀʘʿʫ ʢʦʜ 

ʨʝʛʠʩʪʨʘʮʠʿʝ ʧʨʦʩʪʦʨʥʦ ʢʦʤʧʣʝʢʩʥʠʭ ʥʝʧʦʢʨʝʪʥʦʩʪʠ ʫ 2ɼ ʢʘʪʘʩʪʨʫ, ʢʘʢʦ ʙʠ ʩʝ 

ʩʪʝʢʘʦ ʜʝʪʘˀʘʥ ʫʚʠʜ ʫ ʟʘʭʪʝʚʝ ʢʦʿʝ ʿʝ ʥʝʦʧʭʦʜʥʦ ʧʦʜʨʞʘʪʠ ʠʤʧʣʝʤʝʥʪʘʮʠʿʦʤ 

ʥʦʚʦʛ ʢʦʥʮʝʧʪʘ 3ɼ ʢʘʪʘʩʪʨʘ ʥʝʧʦʢʨʝʪʥʦʩʪʠ. ʇʨʠʤʝʨʠ ʠʟ ʩʘʜʘʰˁʝʛ ʢʘʪʘʩʪʨʘ 

ʥʝʧʦʢʨʝʪʥʦʩʪʠ ʫ ʈʝʧʫʙʣʠʮʠ ʉʨʙʠʿʠ ʩʫ ʩʣʠʯʥʠ ʧʨʠʤʝʨʠʤʘ ʫ ʝʚʨʦʧʩʢʠʤ, ʧʘ ʠ 

ʤʥʦʛʠʤ ʜʨʫʛʠʤ ʟʝʤˀʘʤʘ ʫ ʩʚʝʪʫ, ʩ ʦʙʟʠʨʦʤ ʥʘ ʪʦ ʜʘ ʤʥʦʛʠ ʢʘʪʘʩʪʘʨʩʢʠ ʩʠʩʪʝʤʠ 

ʠʤʘʿʫ ʩʣʠʯʥʝ ʦʩʥʦʚʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ. ʇʦʨʝʜ ʥʘʚʝʜʝʥʦʛ, ʠʩʪʨʘʞʠʚʘˁʝ ˂ʝ 

ʫʢˀʫʯʠʪʠ ʠʩʢʫʩʪʚʘ, ʧʨʦʙʣʝʤʝ ʠ ʨʝʟʫʣʪʘʪʝ ʜʦʩʘʜʘʰˁʠʭ ʠʩʪʨʘʞʠʚʘˁʘ ʥʘ ʧʦˀʫ 3ɼ 
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ʢʘʪʘʩʪʨʘ ʠʟ ʟʝʤʘˀʘ ʩʚʝʪʘ ʠ ʨʝʛʠʦʥʘ ʢʘʦ ʠ ʩʘʚʨʝʤʝʥʝ ʪʨʝʥʜʦʚʝ ʠʟ ʦʙʣʘʩʪʠ ʢʘʪʘʩʪʨʘ, 

ʢʘʦ ʰʪʦ ʩʫ ʂʘʪʘʩʪʘʨ 2014 (Kaufmann and Steudler, 1998) ʠ Land Administration 

Domain Model (LADM). ʀʩʪʨʘʞʠʚʘˁʝ ʩʝ ʟʘʩʥʠʚʘ ʥʘ LADM ʩʪʘʥʜʘʨʜʫ ʿʝʨ ʦʥ 

ʧʨʝʜʩʪʘʚˀʘ ISO 19152 (International Organization for Standardization) ʤʝʹʫʥʘʨʦʜʥʠ 

ʩʪʘʥʜʘʨʜ ʟʘ ʟʝʤˀʠʰʥʝ ʠʥʬʦʨʤʘʮʠʦʥʝ ʩʠʩʪʝʤʝ ʠ ʧʦʢʨʠʚʘ ʦʩʥʦʚʥʝ ʢʦʤʧʦʥʝʥʪʝ 

ʟʝʤˀʠʰʥʝ ʘʜʤʠʥʠʩʪʨʘʮʠʿʝ ʫʢˀʫʯʫʿʫ˂ʠ ʝʣʝʤʝʥʪʝ ʧʨʦʩʪʦʨʘ ʠʩʧʦʜ ʠ ʠʟʥʘʜ 

ʧʦʚʨʰʠʥʝ ʟʝʤˀʝ ʠʣʠ ʚʦʜʝ. LADM-ʦʤ ʩʝ ʜʝʬʠʥʠʰʝ ʥʝʦʧʭʦʜʥʦʩʪ ʧʨʝʜʩʪʘʚˀʘˁʘ 

ʧʨʘʚʘ ʥʘ ʥʝʧʦʢʨʝʪʥʦʩʪʠʤʘ ʫ 3ɼ ʧʨʦʩʪʦʨʫ ʪʿ. ʥʝʦʧʭʦʜʥʦʩʪ ʬʦʨʤʠʨʘˁʘ ʥʝʢʦʛ ʦʜ 

ʦʙʣʠʢʘ 3ɼ ʢʘʪʘʩʪʨʘ, ʢʘʦ ʠ ʜʘ ʩʝ ʧʨʦʩʪʦʨʥʝ ʿʝʜʠʥʠʮʝ, ʧʦʨʝʜ ʧʦʚʨʰʠ (2ɼ ʧʘʨʮʝʣʘ), 

ʤʦʛʫ ʜʝʬʠʥʠʩʘʪʠ ʠ ʧʨʝʢʦ 3ɼ ʧʨʦʩʪʦʨʘ - "3ɼ ʧʘʨʮʝʣʝ" (Lemmen and van Oosterom, 

2014; Lemmen et al, 2015).  ʅʘ ʦʩʥʦʚʫ ʦʚʦʛʘ ʩʝ ʤʦʞʝ ʟʘʢˀʫʯʠʪʠ ʜʘ je ʛʣʘʚʥʠ ʘʩʧʝʢʪ 

ʠʩʪʨʘʞʠʚʘˁʘ ʫʩʤʝʨʝʥ ʢʘ ʨʘʟʚʦʿʫ ʤʦʜʝʣʘ ʧʦʜʘʪʘʢʘ 3ɼ ʢʘʪʘʩʪʨʘ ʥʝʧʦʢʨʝʪʥʦʩʪʠ. 

ʈʝʰʝˁʝ ʦʚʦʛ ʧʨʦʙʣʝʤʘ ʠʟʠʩʢʫʿʝ ʠʩʪʨʘʞʠʚʘˁʘ ʢʦʘʿ ʪʨʝʙʘ ʜʘ ʦʙʫʭʚʘʪʝ ʠ ʪʝʭʥʠʯʢʠ ʠ 

ʧʨʘʚʥʠ ʘʩʧʝʢʪ ʨʘʟʚʦʿʘ ʠ ʠʤʧʣʝʤʝʥʪʘʮʠʿʝ 3ɼ ʢʘʪʘʩʪʨʘ ʥʝʧʦʢʨʝʪʥʦʩʪʠ. ʊʝʭʥʠʯʢʠ 

ʘʩʧʝʢʪ ʧʦʜʨʘʟʫʤʝʚʘ ʜʝʬʠʥʠʩʘˁʝ ʤʦʜʝʣʘ ʧʦʜʘʪʘʢʘ. ʇʨʘʚʥʠ ʘʩʧʝʢʪ ʧʦʜʨʘʟʫʤʝʚʘ 

ʩʘʛʣʝʜʘʚʘˁʝ ʧʦʩʪʦʿʝ˂ʝ ʧʨʘʚʥʝ ʦʩʥʦʚʝ ʟʘ ʢʘʪʘʩʪʘʨ ʥʝʧʦʢʨʝʪʥʦʩʪʠ ʠ ʜʝʬʠʥʠʩʘˁʝ 

ʥʝʦʧʭʦʜʥʠʭ ʠʟʤʝʥʘ ʠ ʜʦʧʫʥʝ ʧʦʩʪʦʿʝ˂ʝ ʨʝʛʫʣʘʪʠʚʝ ʢʘʦ ʧʨʝʜʫʩʣʦʚʘ ʟʘ 

ʠʤʧʣʝʤʝʥʪʘʮʠʿʫ 3ɼ ʢʘʪʘʩʪʘʨʘ ʥʝʧʦʢʨʝʪʥʦʩʪʠ. ʀʩʪʨʘʞʠʚʘˁʝ ʫ ʜʠʩʝʨʪʘʮʠʿʠ ʚʠʰʝ 

˂ʝ ʩʝ ʬʦʢʫʩʠʨʘʪʠ ʥʘ ʪʝʭʥʠʯʢʠ ʘʩʧʝʢʪ. 

ʉʘ ʨʘʟʚʦʿʝʤ ʛʝʦʛʨʘʬʩʢʠʭ ʠʥʬʦʨʤʘʮʠʦʥʠʭ ʩʠʩʪʝʤʘ ʢʘʦ ʠ ʪʝʭʥʦʣʦʛʠʿʘ ʟʘ 

ʧʨʠʢʫʧˀʘˁʝ, ʨʝʛʠʩʪʨʦʚʘˁʝ, ʩʥʠʤʘˁʝ, ʤʝʨʝˁʝ ʠ ʧʨʝʟʝʥʪʘʮʠʿʫ 3ɼ ʧʦʜʘʪʘʢʘ, 

ʦʪʚʦʨʠʣʘ ʩʝ ʤʦʛʫ˂ʥʦʩʪ ʟʘ ʧʨʝʚʘʟʠʣʘʞʝˁʝ ʪʝʭʥʠʯʢʠʭ ʠ ʪʝʭʥʦʣʦʰʢʠʭ ʧʨʦʙʣʝʤʘ 

ʢʦʿʠ ʩʫ ʩʧʨʝʯʘʚʘʣʠ ʨʘʥʠʿʫ ʠʤʧʣʝʤʝʥʪʘʮʠʿʫ ʩʠʩʪʝʤʘ ʢʦʿʠ ʙʠ ʦʜʛʦʚʘʨʘʣʠ 

ʜʝʬʠʥʠʮʠʿʠ 3ɼ ʢʘʪʘʩʪʨʘ ʥʝʧʦʢʨʝʪʥʦʩʪʠ. ʂʦʨʠʰ˂ʝˁʝʤ ʧʨʦʩʪʦʨʥʠʭ ʙʘʟʘ ʧʦʜʘʪʘʢʘ ʠ 

ʙʠʙʣʠʦʪʝʢʘ ʟʘ 3ɼ ʚʠʟʫʝʣʠʟʘʮʠʿʫ ʜʘʥʘʩ ʿʝ ʤʦʛʫ˂ʝ ʩʢʣʘʜʠʰʪʠʪʠ, ʧʨʝʪʨʘʞʠʚʘʪʠ ʠ 

ʧʨʠʢʘʟʠʚʘʪʠ, ʪʿ. ʝʬʠʢʘʩʥʦ ʫʧʨʘʚˀʘʪʠ 3ɼ ʢʘʪʘʩʪʘʨʩʢʠʤ ʧʦʜʘʮʠʤʘ (Viġnjevac et al, 

2017). ɸʫʪʦʨʠ ʫ ʠʩʪʨʘʞʠʚʘˁʫ (Breunig and Zlatanova, 2011) ʥʘʛʣʘʰʘʚʘʿʫ ʜʘ 

ʧʨʦʩʪʦʨʥʝ ʙʘʟʝ ʧʦʜʘʪʘʢʘ ʿʦʰ ʫʚʝʢ ʥʝ ʧʦʜʨʞʘʚʘʿʫ ʯʫʚʘˁʝ ʪʦʧʦʣʦʰʢʠʭ ʢʦʤʧʦʥʝʥʪʠ 

3ɼ ʤʦʜʝʣʘ, ʥʘ ʰʪʘ ʿʝ ʧʦʪʨʝʙʥʦ ʦʙʨʘʪʠʪʠ ʧʘʞˁʫ ʧʨʠʣʠʢʦʤ ʨʘʟʚʦʿʘ ʣʦʛʠʯʢʠʭ ʠ 

ʬʠʟʠʯʢʠʭ ʢʦʤʧʦʥʝʥʪʠ ʤʦʜʝʣʘ 3ɼ ʢʘʪʘʩʪʨʘ ʥʝʧʦʢʨʝʪʥʦʩʪʠ. ʆʜ ʦʩʪʘʣʠʭ 

ʧʫʙʣʠʢʦʚʘʥʠʭ ʩʪʘʥʜʘʨʜʘ ʪʨʝʙʘ ʧʦʤʝʥʫʪʠ CityGML (Gröger and Plümer, 2012), ʢʘʦ 
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ʚʝʦʤʘ ʢʦʨʠʩʪʘʥ ʬʦʨʤʘʪ ʟʘ ʚʠʟʫʝʣʠʟʘʮʠʿʫ ʠ ʨʘʟʤʝʥʫ ʧʦʜʘʪʘʢʘ ʫ 3ɼ ʧʨʦʩʪʦʨʫ 

ʫʢˀʫʯʫʿʫ˂ʠ ʠ ʪʦʧʦʣʦʰʢʝ ʚʝʟʝ ʠʟʤʝʹʫ 3ɼ ʝʥʪʠʪʝʪʘ (Li  et al, 2016).  

 

1.2 ˜̑̆̄̌̆̅ ̙̮̖̅̏̒́̅́̉ ̮̉̒̓̑́̇̉̃́́ 

ɿʥʘʯʘʿʥʘ ʠʥʪʝʨʝʩʦʚʘˁʘ ʠ ʥʘʫʯʥʘ ʠʩʪʨʘʞʠʚʘˁʘ ʦ 3ɼ ʢʘʪʘʩʪʨʫ ʧʦʯʝʣʘ ʩʫ ʧʦʯʝʪʢʦʤ 

2000-ʪʠʭ ʛʦʜʠʥʘ (Tekavec et al, 2018), ʜʦʢ ʿʝ ʧʨʚʘ ʤʝʹʫʥʘʨʦʜʥʘ ʨʘʜʠʦʥʠʮʘ ʠʟ 3ɼ 

ʢʘʪʘʩʪʨʘ ʦʜʨʞʘʥʘ ʥʦʚʝʤʙʨʘ 2001. ʛʦʜʠʥʝ ʫ ɼʝʣʬʪʫ, ʍʦʣʘʥʜʠʿʘ. ʈʘʜʠʦʥʠʮʘ ʿʝ 

ʧʦʜʨʞʘʥʘ ʦʜ ʩʪʨʘʥʝ ʢʦʤʠʩʠʿʘ ʙʨʦʿ 3 ʠ 7 ʄʝʹʫʥʘʨʦʜʥʦʛ ʩʘʚʝʟʘ ʛʝʦʜʝʪʘ (FIG - 

ʬʨʘʥʮ. F®d®ration Internationale des G®om¯tres). ʋ ʦʢʚʠʨʫ ʨʘʜʠʦʥʠʮʝ ʨʘʟʤʘʪʨʘʥʘ ʩʫ 

ʚʝʦʤʘ ʚʘʞʥʘ ʢʦʥʮʝʧʪʫʘʣʥʘ ʧʠʪʘˁʘ ʚʝʟʘʥʘ ʟʘ 3ɼ ʢʘʪʘʩʪʘʨ ʢʘʦ ʰʪʦ ʩʫ: Ăʐʪʘ ʩʝ 

ʧʦʜʨʘʟʫʤʝʚʘ ʧʦʜ ʪʝʨʤʠʥʦʤ 3ɼ ʢʘʪʘʩʪʘʨ?ò, Ăɼʘ ʣʠ ʿʝ 3ɼ ʢʘʪʘʩʪʘʨ ʧʦʪʧʫʥʦ ʥʦʚʠ 

ʢʦʥʮʝʧʪ?ò ʠʣʠ Ăʂʦʿʝ ʩʫ ʢʦʨʠʩʪʠ ʦʜ ʨʘʟʚʦʿʘ 3ɼ ʢʘʪʘʩʪʨʘ?ò ʠ ʠʩʪʘʢʥʫʪʘ ʿʝ ʧʦʪʨʝʙʘ ʟʘ 

ʜʘˀʠʤ ʥʘʫʯʥʠʤ ʠʩʪʨʘʞʠʚʘˁʝʤ ʫ ʦʚʦʿ ʦʙʣʘʩʪʠ. 

ʇʦʩʣʝ ʦʚʝ ʧʨʚʝ ʤʝʹʫʥʘʨʦʜʥʝ ʨʘʜʠʦʥʠʮʝ ʫʩʣʝʜʠʣʘ ʿʝ ʠʟʨʘʜʘ ʥʝʢʦʣʠʢʦ ʜʦʢʪʦʨʩʢʠʭ 

ʜʠʩʝʨʪʘʮʠʿʘ (Stoter, 2004; Paulsson, 2007; Aien, 2013) ʢʦʿʝ ʩʫ ʧʦʢʨʠʣʝ ʨʘʟʣʠʯʠʪʝ 

ʘʩʧʝʢʪʝ 3ɼ ʢʘʪʘʩʪʨʘ. ʊʘʢʦʹʝ ʩʫ ʫ ʥʘʨʝʜʥʠʤ ʛʦʜʠʥʘʤʘ, ʫ ʦʢʚʠʨʫ FIG-ʠʥʠʭ ʨʘʜʥʠʭ 

ʥʝʜʝˀʘ ʠ ʢʦʥʛʨʝʩʘ ʦʨʛʘʥʠʟʦʚʘʥʝ ʩʝʩʠʿʝ ʧʦʩʚʝ˂ʝˁʝ 3ɼ ʢʘʪʘʩʪʨʫ (ʧʦʜʩʪʘʢʥʫʪʝ ʦʜ 

ʩʪʨʘʥʝ FIG-ʠʥʝ ʨʘʜʥʝ ʛʨʫʧʝ ʟʘ 3ɼ ʢʘʪʘʩʪʘʨ ʦʜ 2002. ʜʦ 2006. ʛʦʜʠʥʝ). ʅʘ FIG-ʠʥʦʤ 

ʢʦʥʛʨʝʩʫ ʫ ʉʠʜʥʝʿʫ 2010. ʛʦʜʠʥʝ ʦʜʣʫʯʝʥʦ ʿʝ ʜʘ ʩʝ ʧʦʥʦʚʦ ʬʦʨʤʠʨʘ ʨʘʜʥʘ ʛʨʫʧʘ ʟʘ 

3ɼ ʢʘʪʘʩʪʘʨ ʢʘʢʦ ʙʠ ʩʝ ʧʦʩʧʝʰʠʣʘ ʜʘˀʝ ʠʩʪʨʘʞʠʚʘˁʘ ʠ ʨʘʟʚʦʿ ʦʚʝ ʦʙʣʘʩʪʠ (van 

Oosterom, 2013). ʅʘʢʦʥ ʪʦʛʘ ʩʫ ʨʘʜʠʦʥʠʮʝ ʠʟ 3ɼ ʢʘʪʘʩʪʨʘ ʦʜʨʞʘʚʘʥʝ 2011.,2012., 

2014., 2016. ʠ 2018. ʛʦʜʠʥʝ. ɺʠʰʝ ʠʥʬʦʨʤʘʮʠʿʘ ʦ ʘʢʪʠʚʥʦʩʪʠʤʘ FIG-e ʩʝ ʤʦʞʝ 

ʧʨʦʥʘ˂ʠ ʥʘ ʠʥʪʝʨʥʝʪ ʘʜʨʝʩʠ ʨʘʜʥʝ ʛʨʫʧʝ ʟʘ 3ɼ ʢʘʪʘʩʪʘʨ (FIG joint commission 3 

and 7 Working Group on 3D Cadastres, 2019). 

ʋ ʨʘʜʦʚʠʤʘ (Aien et al, 2011; van Oosterom and Dimopoulou, 2018) ʠʩʪʘʢʥʫʪʘ ʩʫ ʪʨʠ 

ʘʩʧʝʢʪʘ ʨʘʟʚʦʿʘ 3ɼ ʢʘʪʘʩʪʨʘ: ʪʝʭʥʠʯʢʠ, ʧʨʘʚʥʠ ʠ ʠʥʩʪʠʪʫʮʠʦʥʘʣʥʠ.  

ʇʦʜ ʪʝʭʥʠʯʢʠʤ ʘʩʧʝʢʪʦʤ 3ɼ ʢʘʪʘʩʪʨʘ ʩʤʘʪʨʘʿʫ ʩʝ ʧʨʝ ʩʚʝʛʘ ʤʦʜʝʣʠ, ʪʝʭʥʦʣʦʛʠʿʝ ʠ 

ʤʝʪʦʜʝ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʝ ʟʘ ʨʘʟʚʦʿ 3ɼ ʢʘʪʘʩʪʨʘ. ɿʘʭʚʘˀʫʿʫ˂ʠ ʩʚʦʿʦʿ ʫʥʠʚʝʨʟʘʣʥʦʩʪʠ, 

ʪʝʭʥʠʯʢʠ ʘʩʧʝʢʪ 3ɼ ʢʘʪʘʩʪʨʘ je ʜʦ ʩʘʜʘ ʥʘʿʚʠʰʝ ʠʩʪʨʘʞʝʥ ʫ ʥʘʫʯʥʦʿ ʣʠʪʝʨʘʪʫʨʠ 
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(Paasch et al, 2016). ʋʧʨʘʚʦ ʟʘʭʚʘˀʫʿʫ˂ʠ ʨʘʟʚʦʿʫ ʪʝʭʥʦʣʦʛʠʿʘ ʢʦʿʝ ʦʤʦʛʫ˂ʫʿʫ 

ʧʨʠʢʫʧˀʘˁʝ, ʧʨʠʢʘʟʠʚʘˁʝ ʠ ʦʙʨʘʜʫ 3ɼ ʧʦʜʘʪʘʢʘ ʧʦʜʩʪʘʢʥʫʪʦ ʿʝ ʠ ʠʩʪʨʘʞʠʚʘˁʝ 

ʚʝʟʘʥʦ ʟʘ ʤʦʜʝʣʝ 3ɼ ʢʘʪʘʩʪʨʘ ʠ ʤʝʪʦʜʝ ʠʤʧʣʝʤʝʥʪʘʮʠʿʝ.  

ʋ ʧʦʯʝʪʢʫ ʠʩʪʨʘʞʠʚʘˁʘ ʥʘ ʧʦʜʨʫʯʿʫ 3ɼ ʢʘʪʘʩʪʨʘ, ʪʨʠ ʚʨʩʪʝ ʤʦʜʝʣʘ, ʪʿ. ʪʨʠ 

ʧʨʠʩʪʫʧʘ ʟʘ ʨʘʟʚʦʿ 3ɼ ʢʘʪʘʩʪʘʨʘ ʧʨʝʜʩʪʘʚˀʝʥʠ ʩʫ ʫ ʣʠʪʝʨʘʪʫʨʠ (Stoter and 

Salzmann, 2003) ʠ ʦʥʠ ʩʝ ʤʦʛʫ ʧʦʩʤʘʪʨʘʪʠ ʫ ʢʦʥʪʝʢʩʪʫ ʧʦʪʨʝʙʘ, ʢʦʨʠʰ˂ʝʥʠʭ 

ʪʝʭʥʦʣʦʛʠʿʘ ʠ ʝʢʦʥʦʤʠʯʥʦʩʪʠ ʠʤʧʣʝʤʝʥʪʘʮʠʿʝ. ʇʨʝʜʣʦʞʝʥʝ ʚʨʩʪʝ ʤʦʜʝʣʘ ʩʫ: 

ʢʘʪʘʩʪʘʨ ʩʘ 3ɼ ʚʝʟʘʤʘ, ʭʠʙʨʠʜʥʠ ʤʦʜʝʣ ʠ ʧʦʪʧʫʥʠ 3ɼ ʢʘʪʘʩʪʘʨ. 

ʋ ʦʢʚʠʨʫ ʜʦʩʘʜʘʰˁʠʭ ʠʩʪʨʘʞʠʚʘˁʘ ʫ ʥʝʢʦʣʠʢʦ ʟʝʤʘˀʘ ʫ ʩʚʝʪʫ ʧʨʝʜʩʪʘʚˀʝʥʠ ʩʫ 

ʧʨʠʤʝʥˀʠʚʠ ʤʦʜʝʣʠ. Taʢʦ ʿʝ ʥʘ ʧʨʠʤʝʨʫ ʇʦˀʩʢʝ (Bydğosz, 2016) ʧʨʠʢʘʟʘʥʦ 

ʫʚʦʹʝˁʝ ʥʦʚʠʭ 3ɼ ʦʙʿʝʢʘʪʘ ʢʘʦ ʩʘʩʪʘʚʥʠʭ ʢʣʘʩʘ ʤʦʜʝʣʘ ʧʦˀʩʢʦʛ ʢʘʪʘʩʪʨʘ. ɼʨʫʛʠ 

ʧʨʠʤʝʨ ʿʝ ʠʩʪʨʘʞʠʚʘˁʝ ʢʦʿʝ ʩʝ ʦʜʥʦʩʠ ʥʘ ʩʣʫʯʘʿ ʈʫʩʢʝ ʌʝʜʝʨʘʮʠʿʝ (van Oosterom 

et al, 2012) ʛʜʝ ʿʝ ʧʨʝʜʣʦʞʝʥʦ ʢʦʨʠʰ˂ʝˁʝ 3ɼ ʧʦʣʠʝʜʘʨʘ (ʢʨʝʠʨʘʥʠʭ ʫʟ ʧʦʤʦ˂ 

ʨʘʚʥʠʭ ʧʦʚʨʰʠ) ʠ 3ɼ ʢʨʠʚʠʭ ʩʘ ʧʨʝʯʥʠʢʦʤ (ʟʘ ʧʦʪʨʝʙʝ ʧʨʠʢʘʟʠʚʘˁʘ ʚʦʜʦʚʘ).  

ʋ ʦʢʚʠʨʫ ʠʩʪʨʘʞʠʚʘˁʘ ʚʝʟʘʥʦʛ ʟʘ ʅʝʤʘʯʢʫ (Gruber et al, 2014) ʧʨʝʜʩʪʘʚˀʘʥ ʿʝ 

ʢʘʪʘʩʪʘʨʩʢʠ ʩʪʘʥʜʘʨʜ ʧʦʜ ʥʘʟʠʚʦʤ ĂThe German AAAò ʢʦʿʠ ʿʝ ʫ ʩʢʣʘʜʫ ʩʘ ISO ʠ 

OGC (Open Geospatial Consortium) ʩʪʘʥʜʘʨʜʠʤʘ ʠ ʧʦʜʨʘʟʫʤʝʚʘ ʫʢˀʫʯʝˁʝ 3ɼ 

ʧʨʦʩʪʦʨʥʠʭ ʧʦʜʘʪʘʢʘ ʫ ʧʦʩʪʦʿʝ˂ʠ ʤʦʜʝʣ.  

ɿʘ ɱʫʞʥʫ ʂʦʨʝʿʫ (Park et al, 2009) ʿʝ ʧʨʝʜʣʦʞʝʥ ʤʦʜʝʣ ʢʦʿʠ ʢʦʨʠʩʪʠ ʪʘʯʢʝ, ʣʠʥʠʿʝ, 

ʢʨʠʚʝ, ʧʦʚʨʰʠ ʠ ʧʫʥʘ ʪʝʣʘ ʟʘ ʧʨʠʢʘʟʠʚʘˁʝ 3ɼ ʛʨʘʹʝʚʠʥʩʢʠʭ ʦʙʿʝʢʘʪʘ. ʎʝʦ ʤʦʜʝʣ 

ʧʨʝʜʩʪʘʚˀʘ ʦʙʿʝʜʠˁʘʚʘˁʝ ʠʟʨʘʹʝʥʠʭ ʤʦʜʝʣʘ ʟʘ ʩʚʝ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʝ 

ʥʝʧʦʢʨʝʪʥʦʩʪʠ ʥʘ ʪʝʨʝʥʫ. 

ɱʝʜʥʦ ʦʜ ʦʧʰʠʨʥʠʿʠʭ ʠʩʪʨʘʞʠʚʘˁʘ ʢʦʿʘ ʩʝ ʦʜʥʦʩʝ ʥʘ ʤʦʜʝʣʝ 3ɼ ʢʘʪʘʩʪʨʘ ʿʝʩʪʝ 

ʠʩʪʨʘʞʠʚʘˁʝ ʢʦʿʝ ʩʝ ʦʜʥʦʩʠ ʥʘ ʩʣʫʯʘʿ ɸʫʩʪʨʘʣʠʿʝ (Aien, 2013; Aien et al, 2012). ʋ 

ʦʚʦʤ ʠʩʪʨʘʞʠʚʘˁʫ ʧʨʝʜʩʪʘʚˀʝʥ ʿʝ 3ɼ ʢʘʪʘʩʪʘʨʩʢʠ ʤʦʜʝʣ (3DCDM-3D Cadastral 

Data Model) ʢʦʿʠ ʿʝ ʧʨʝʜʚʠʹʝʥ ʟʘ ʨʝʛʠʩʪʨʘʮʠʿʫ ʩʪʚʘʨʥʠʭ ʧʨʘʚʘ ʫʟ ʧʦʤʦ˂ 3ɼ 

ʛʝʦʤʝʪʨʠʿʘ, ʘʣʠ ʠ ʜʘ ʦʙʝʟʙʝʜʠ ʧʨʠʢʘʟʠʚʘˁʝ ʪʠʭ 3ɼ ʛʝʦʤʝʪʨʠʿʘ ʢʦʿʠ ʩʝ ʤʦʛʫ 

ʢʦʨʠʩʪʠʪʠ ʠ ʟʘ ʜʨʫʛʝ ʧʨʠʤʝʥʝ ʢʘʦ ʰʪʦ ʿʝ ʫʨʙʘʥʦ ʧʣʘʥʠʨʘˁʝ. 3DCDM ʤʦʜʝʣ ʿʝ 

ʠʤʧʣʝʤʝʥʪʠʨʘʥ ʢʘʦ GML ʰʝʤʘ ʠ ʨʘʟʚʠʿʝʥ ʿʝ ʥʘ ʦʩʥʦʚʫ ISO 191XX ʩʪʘʥʜʘʨʜʘ. 
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ʆʩʪʘʣʘ ʨʝʣʝʚʘʥʪʥʘ ʠʩʪʨʘʞʠʚʘˁʘ ʢʘʜʘ ʿʝ ʨʝʯ ʦ ʤʦʜʝʣʠʤʘ 3ɼ ʢʘʪʘʩʪʨʘ ʩʫ: (Aien et al, 

2017; Zhang et al, 2016; Thompson et al, 2016; Zulkifli  et al, 2015a; Guo et al, 2012; 

van Oosterom et al, 2006), ʠʪʜ. 

ɺʠʰʝ ʠʩʪʨʘʞʠʚʘˁʘ ʫ ʪʝʭʥʠʯʢʦʤ ʘʩʧʝʢʪʫ ʤʦʞʝ ʩʝ ʦʙʿʘʩʥʠʪʠ ʧʨʝ ʩʚʝʛʘ ʨʘʟʣʠʯʠʪʠʤ 

ʧʨʘʚʥʠʤ ʩʠʩʪʝʤʠʤʘ ʘʣʠ ʠ ʨʘʟʣʠʯʠʪʠʤ ʩʦʮʠʿʘʣʥʠʤ ʠ ʢʫʣʪʫʨʥʠʤ ʥʘʚʠʢʘʤʘ ʢʦʿʝ ʩʫ 

ʫʪʠʮʘʣʝ ʥʘ ʨʘʟʣʠʯʠʪʝ ʢʦʥʮʝʧʪʝ ʢʘʪʘʩʪʘʨʩʢʠʭ ʩʠʩʪʝʤʘ ʧʘ ʟʘʪʦ ʘʫʪʦʨʠ (Paasch et al, 

2016) ʥʘʛʣʘʰʘʚʘʿʫ ʜʘ, ʩʘ ʦʙʟʠʨʦʤ ʥʘ ʨʘʟʥʦʣʠʢʦʩʪ ʥʘʮʠʦʥʘʣʥʠʭ ʧʨʘʚʥʠʭ ʩʠʩʪʝʤʘ, 

ʥʝ ʧʦʩʪʦʿʠ ʿʝʜʠʥʩʪʚʝʥʦ ʨʝʰʝˁʝ ʟʘ 3ɼ ʢʘʪʘʩʪʘʨ. ʐʪʘʚʠʰʝ, ʘʫʪʦʨʠ (Ho et al, 2013) 

ʠʩʪʠʯʫ ʜʘ ʚʝʨʦʚʘʪʥʦ ʛʣʘʚʥʘ ʧʨʝʧʨʝʢʘ ʢʘ ʠʥʦʚʘʮʠʿʘʤʘ ʫ 3ɼ ʢʘʪʘʩʪʨʫ ʥʠʩʫ 

ʧʨʦʙʣʝʤʠ ʫ ʪʝʭʥʠʯʢʦʤ ʠ ʧʨʘʚʥʦʤ ʘʩʧʝʢʪʫ, ʥʝʛʦ ʫʧʨʘʚʦ ʫ ʨʘʟʣʠʯʠʪʠʤ ʩʦʮʠʿʘʣʥʠʤ 

ʠ ʢʫʣʪʫʨʥʠʤ ʥʘʚʠʢʘʤʘ. 

ɱʝʜʘʥ ʦʜ ʛʣʘʚʥʠʭ ʟʘʢˀʫʯʘʢʘ ʜʨʫʛʝ ʤʝʹʫʥʘʨʦʜʥʝ ʨʘʜʠʦʥʠʮʝ ʠʟ 3ɼ ʢʘʪʘʩʪʨʘ (Banut, 

2011) ʿʝʩʪʝ ʜʘ ʿʝ ʥʝʦʧʭʦʜʥʦ ʚʠʰʝ ʠʩʪʨʘʞʠʚʘˁʘ ʚʝʟʘʥʦ ʟʘ ʧʨʘʚʥʠ ʘʩʧʝʢʪ 3ɼ 

ʢʘʪʘʩʪʨʘ, ʢʘʦ ʠ ʜʘ ʿʝ ʥʝʦʧʭʦʜʥʦ ʜʝʬʠʥʠʩʘʪʠ ʿʘʩʥʠʿʝ ʧʨʝʧʦʨʫʢʝ ʰʪʘ 3ɼ ʢʘʪʘʩʪʘʨ 

ʪʨʝʙʘ ʜʘ ʩʘʜʨʞʠ ʠ ʥʘʯʠʥ ʥʘ ʢʦʿʠ ʪʨʝʙʘ ʜʘ ʬʫʥʢʮʠʦʥʠʰʝ, ʢʘʢʦ ʙʠ ʩʝ ʤʦʪʠʚʠʩʘʦ 

ʨʘʟʚʦʿ ʠ ʧʨʘʚʥʦʛ ʘʩʧʝʢʪʘ. ʉʣʠʯʥʠ ʟʘʢˀʫʯʮʠ ʩʝ ʤʦʛʫ ʧʨʦʥʘ˂ʠ ʠ ʫ ʨʘʜʦʚʠʤʘ ʩʘ 

ʯʝʪʚʨʪʝ ʤʝʹʫʥʘʨʦʜʥʝ ʨʘʜʠʦʥʠʮʝ ʠʟ 3ɼ ʢʘʪʘʩʪʨʘ (Paulsson and Paasch, 2011; Paasch 

and Paulsson, 2014) ʛʜʝ ʩʝ ʥʘʚʦʜʠ ʜʘ, ʧʦʨʝʜ ʠʥʪʝʨʝʩʘʥʪʥʠʭ ʠʩʪʨʘʞʠʚʘˁʘ ʚʝʟʘʥʠʭ ʟʘ 

ʧʨʘʚʥʠ ʘʩʧʝʢʪ 3ɼ ʢʘʪʘʩʪʨʘ, ʠʧʘʢ ʠ ʜʘˀʝ ʧʦʩʪʦʿʠ ʚʝʣʠʢʘ ʧʦʪʨʝʙʘ ʟʘ ʜʦʜʘʪʥʠʤ 

ʠʩʪʨʘʞʠʚʘˁʠʤʘ ʫ ʦʚʦʿ ʦʙʣʘʩʪʠ. 

ɼʦʩʘʜʘʰˁʘ ʠʩʪʨʘʞʠʚʘˁʘ ʚʝʟʘʥʦ ʟʘ ʧʨʘʚʥʠ ʘʩʧʝʢʪ 3ɼ ʢʘʪʘʩʪʘʨʘ ʫʛʣʘʚʥʦʤ ʩʝ ʚʝʟʫʿʫ 

ʟʘ ʩʣʝʜʝ˂ʝ ʢʘʪʝʛʦʨʠʿʝ (Paasch and Paulsson, 2014): 

¶ ʆʧʠʩ ʧʦʪʨʝʙʘ ʟʘ 3ɼ ʧʘʨʮʝʣʘʤʘ (3ɼ ʧʦʩʝʜʠʤʘ), 

¶ ʀʟʨʘʜʘ ʥʘʮʠʦʥʘʣʥʝ ʟʘʢʦʥʩʢʝ ʨʝʛʫʣʘʪʠʚʝ ʟʘ 3ɼ ʧʦʩʝʜʝ, 

¶ ʀʤʧʣʝʤʝʥʪʘʮʠʿʘ ʥʘʮʠʦʥʘʣʥʝ ʟʘʢʦʥʩʢʝ ʨʝʛʫʣʘʪʠʚʝ ʟʘ 3ɼ ʧʦʩʝʜʝ, 

¶ ʉʪʫʜʠʿʝ ʧʦʩʝʙʥʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ ʩʣʫʯʘʿʝʚʘ 3ɼ ʧʦʩʝʜʘ, 

¶ ʇʨʘʢʪʠʯʥʝ ʧʨʠʤʝʥʝ ʠʣʠ ʜʝʬʠʥʠʮʠʿʝ ʢʦʥʮʝʧʘʪʘ 3ɼ ʧʦʩʝʜʘ, 

¶ ʈʝʛʠʩʪʨʘʮʠʿʘ 3ɼ ʧʦʩʝʜʘ, 

¶ ʄʦʜʝʣʠʨʘˁʝ 3ɼ ʧʦʩʝʜʘ, 

¶ ʉʪʘʥʜʘʨʜʠʟʘʮʠʿʘ 3ɼ ʧʦʩʝʜʘ. 
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ʋ ʜʨʫʛʦʤ ʠʩʪʨʘʞʠʚʘˁʫ (Ho et al, 2013) ʥʘʙʨʦʿʘʥʘ ʩʫ ʧʠʪʘˁʘ ʥʘ ʢʦʿʘ ʩʝ ʜʦʩʘʜʘʰˁʘ 

ʣʠʪʝʨʘʪʫʨʘ ʫʛʣʘʚʥʦʤ ʬʦʢʫʩʠʨʘʣʘ. ʊʦ ʫʢˀʫʯʫʿʝ: 

¶ ʂʦʥʮʝʧʪ 3ɼ ʧʦʩʝʜʘ, ˁʝʛʦʚ ʧʨʘʚʥʠ ʩʪʘʪʫʩ ʠ ʢʣʘʩʠʬʠʢʘʮʠʿʘ ʧʨʠʜʨʫʞʝʥʠʭ 

ʧʨʘʚʘ (Paulsson, 2007; Paulsson, 2008), 

¶ ɿʘʢʦʥʦʜʘʚʥʠ ʦʢʚʠʨ ʧʦʪʨʝʙʘʥ ʟʘ ʨʝʛʠʩʪʨʘʮʠʿʫ 3ɼ ʧʦʩʝʜʘ (Stoter and 

Zevenbergen, 2001; Huml, 2001), 

¶ ʆʛʨʘʥʠʯʝˁʘ ʢʘʜʘ ʿʝ ʫ ʧʠʪʘˁʫ ʟʘʢʦʥʦʜʘʚʩʪʚʦ ʢʦʿʝ ʩʝ ʦʜʥʦʩʠ ʥʘ 3ɼ ʢʘʪʘʩʪʘʨ 

(Huml, 2001; Aien et al, 2011; Tan and Hussin, 2012), 

¶ ʋʪʠʮʘʿ ʿʘʚʥʦʛ ʧʨʘʚʘ ʥʘ ʧʨʠʚʘʪʥʘ ʧʨʘʚʘ (Navratil, 2012; Kitsakis and 

Dimopoulou, 2017) 

¶ ɿʘʿʝʜʥʠʯʢʘ ʠʤʦʚʠʥʘ - ʩʪʝʧʝʥʠʮʝ, ʭʦʜʥʠʮʠ, ʣʠʬʪ, ʠʪʜ. (Paulsson, 2012). 

ʀʥʩʪʠʪʫʮʠʦʥʘʣʥʠ ʘʩʧʝʢʪ 3ɼ ʢʘʪʘʩʪʨʘ ʩʝ ʤʦʞʝ ʥʘʟʚʘʪʠ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʠ ʘʩʧʝʢʪ 

(Aien, 2013). ʊʘʢʦ ʜʘ ʿʝ ʚʝʦʤʘ ʙʠʪʥʦ ʩʘʛʣʝʜʘʪʠ ʢʦʿʝ ʨʝʬʦʨʤʝ ʩʫ ʥʝʦʧʭʦʜʥʝ ʩʘ 

ʦʨʛʘʥʠʟʘʮʠʦʥʦʛ ʩʪʘʥʦʚʠʰʪʘ ʟʘ ʧʦʪʧʫʥʫ ʠʤʧʣʝʤʝʥʪʘʮʠʿʫ 3ɼ ʢʘʪʘʩʪʨʘ (Ho and 

Rajabifard, 2012). 

ʋ ʩʚʝʪʫ ʥʝʤʘ ʤʥʦʛʦ ʠʩʪʨʘʞʠʚʘˁʘ ʢʦʿʝ ʩʝ ʙʘʚʝ ʠʥʩʪʠʪʫʮʠʦʥʘʣʥʠʤ ʘʩʧʝʢʪʦʤ ʫ 3ɼ 

ʢʘʪʘʩʪʨʫ, ʪʿ. ʥʘʯʠʥʦʤ ʦʨʛʘʥʠʟʘʮʠʿʝ ʢʦʿʘ ʙʠ ʫʩʧʝʰʥʦ ʧʦʜʨʞʘʣʘ ʠʤʧʣʝʤʝʥʪʘʮʠʿʫ 3ɼ 

ʢʘʪʘʩʪʨʘ. ʊʦ ʩʫ ʧʨʝ ʩʚʝʛʘ ʠʩʪʨʘʞʠʚʘˁʘ ʢʦʿʘ ʩʝ ʦʜʥʦʩʝ ʥʘ ʘʥʘʣʠʟʫ ʧʦʩʪʦʿʝ˂ʝʛ 

ʠʥʩʪʠʪʫʮʠʦʥʘʣʥʦʛ ʘʩʧʝʢʪʘ ʫ ʦʜʨʝʹʝʥʠʤ ʟʝʤˀʘʤʘ (Vuļiĺ et al, 2017; Nakos, 2016; 

Ho and Rajabifard, 2012).  

ʀʩʪʨʘʞʠʚʘˁʝ (van der Molen, 2003) ʙʘʚʠ ʩʝ ʧʠʪʘˁʝʤ ʟʘʰʪʦ ʿʝ ʠʥʩʪʠʪʫʮʠʦʥʘʣʥʠ 

ʘʩʧʝʢʪ ʚʘʞʘʥ ʟʘ ʢʘʪʘʩʪʘʨ, ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠʤʘ ʩʘʤʦʛ ʢʘʪʘʩʪʨʘ ʠ ʜʝʬʠʥʠʰʝ 

ʦʜʨʝʹʝʥʝ ʧʨʝʧʦʨʫʢʝ ʰʪʦ ʩʝ ʪʠʯʝ ʜʘˀʝʛ ʨʘʟʚʦʿʘ. 

ʄʦʞʝ ʩʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʥʝʜʦʩʪʘʿʝ ʜʦʚʦˀʥʦ ʠʩʪʨʘʞʠʚʘˁʘ ʢʘʜʘ ʿʝ ʨʝʯ ʦ 

ʠʥʩʪʠʪʫʮʠʦʥʘʣʥʦʤ ʘʩʧʝʢʪʫ 3ɼ ʢʘʪʘʩʪʨʘ ʠ ʜʘ ʿʝ ʠʩʪʨʘʞʠʚʘˁʘ ʫ ʪʦʤ ʩʤʝʨʫ ʩʚʘʢʘʢʦ 

ʧʦʪʨʝʙʥʦ ʩʧʨʦʚʝʩʪʠ ʧʨʝ ʠʤʧʣʝʤʝʥʪʘʮʠʿʝ 3ɼ ʢʘʪʘʩʪʨʘ ʥʝʧʦʢʨʝʪʥʦʩʪʠ.  

 



9 

 

1.3 ˜̏ ̌́̈̎̆ ̖̉̐̏̓̆̈̆ ̉ ̮̒̓̑́̇̉̃́́ 

ʇʦʣʘʟʥʦ ʧʠʪʘˁʝ ʦʚʝ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ ʿʝ ʜʘ ʣʠ ʩʝ ʠ ʥʘ ʢʦʿʠ ʥʘʯʠʥ ʩʘʜʘʰˁʠ 

ʢʘʪʘʩʪʘʨ ʥʝʧʦʢʨʝʪʥʦʩʪʠ ʫ ʉʨʙʠʿʠ ʤʦʞʝ ʫʥʘʧʨʝʜʠʪʠ ʢʘʢʦ ʙʠ ʩʝ ʧʨʝʚʘʟʠʰʣʝ 

ʧʦʪʝʰʢʦ˂ʝ ʧʨʠʣʠʢʦʤ ʨʝʛʠʩʪʨʘʮʠʿʝ ʢʦʤʧʣʝʢʩʥʠʭ 3ɼ ʩʠʪʫʘʮʠʿʘ. ʅʘ ʦʩʥʦʚʫ ʪʦʛʘ 

ʨʘʟʨʘʹʝʥʝ ʩʫ ʠ ʜʝʬʠʥʠʩʘʥʝ ʧʦʣʘʟʥʝ ʭʠʧʦʪʝʟʝ.  

ʇʦʣʘʟʥʘ (ʧʨʚʘ) ʭʠʧʦʪʝʟʘ ʧʨʠ ʠʟʨʘʜʠ ʦʚʦʛ ʨʘʜʘ ʿʝ ʜʘ ʩʘʜʘʰˁʠ ʢʘʪʘʩʪʘʨ 

ʥʝʧʦʢʨʝʪʥʦʩʪʠ, ʩʘ 2ɼ ʢʘʪʘʩʪʘʨʩʢʠʤ ʧʣʘʥʦʚʠʤʘ, ʥʠʿʝ ʘʜʝʢʚʘʪʘʥ ʟʘ ʨʝʛʠʩʪʨʦʚʘˁʝ ʠ 

ʧʨʠʢʘʟʠʚʘˁʝ ʩʚʠʭ 3ɼ ʢʦʤʧʣʝʢʩʥʠʭ ʩʠʪʫʘʮʠʿʘ.  

ɼʨʫʛʘ ʭʠʧʦʪʝʟʘ ʿʝ ʜʘ ʩʝ ʨʝʛʠʩʪʨʘʮʠʿʘ ʠ ʧʨʠʢʘʟʠʚʘˁʝ 3ɼ ʢʦʤʧʣʝʢʩʥʠʭ ʩʠʪʫʘʮʠʿʘ ʠ 

ʢʦʤʧʣʝʢʩʥʠʭ ʦʙʿʝʢʘʪʘ ʤʦʞʝ ʫʩʧʝʰʥʦ ʤʦʜʝʣʠʨʘʪʠ ʠ ʠʤʧʣʝʤʝʥʪʠʨʘʪʠ ʧʨʠʤʝʥʦʤ 

ʤʦʜʝʨʥʠʭ ɻʀʉ ʪʝʭʥʦʣʦʛʠʿʘ ʠ ʪʝʭʥʦʣʦʛʠʿʘ ʟʘ ʚʠʟʫʝʣʠʟʘʮʠʿʫ ʠ ʩʢʣʘʜʠʰʪʝˁʝ 3ɼ 

ʧʦʜʘʪʘʢʘ. ʅʘ ʪʘʿ ʥʘʯʠʥ ʙʠ ʩʝ ʫʟ ʧʦʤʦ˂ ʨʘʟʚʠʿʝʥʦʛ ʤʦʜʝʣʘ ʧʦʜʘʪʘʢʘ 3ɼ ʢʘʪʘʩʪʨʘ 

ʥʝʧʦʢʨʝʪʥʦʩʪʠ ʦʤʦʛʫ˂ʠʣʘ ʥʝʜʚʦʩʤʠʩʣʝʥʘ ʠ ʿʘʩʥʘ ʨʝʛʠʩʪʨʘʮʠʿʘ ʢʦʤʧʣʝʢʩʥʠʭ 3ɼ 

ʩʠʪʫʘʮʠʿʘ ʠ ˁʠʭʦʚʦ ʧʨʠʢʘʟʠʚʘˁʝ ʯʠʤʝ ʙʠ ʩʝ ʦʪʢʣʦʥʠʣʝ ʧʦʪʝʰʢʦ˂ʝ ʢʦʿʝ ʠʤʘ 

ʪʨʝʥʫʪʥʠ ʢʘʪʘʩʪʘʨ ʥʝʧʦʢʨʝʪʥʦʩʪʠ ʧʨʠʣʠʢʦʤ ʨʝʛʠʩʪʨʘʮʠʿʝ ʠ ʧʨʠʢʘʟʠʚʘˁʘ 

ʢʦʤʧʣʝʢʩʥʠʭ 3ɼ ʩʠʪʫʘʮʠʿʘ.  

ʊʨʝ˂ʘ ʭʠʧʦʪʝʟʘ ʿʝ ʜʘ ʿʝ ʤʦʛʫ˂ʝ ʨʘʟʚʠʪʠ ʦʧʪʠʤʘʣʥʦ ʨʝʰʝˁʝ ʟʘ ʤʦʜʝʣ ʧʦʜʘʪʘʢʘ 3ɼ 

ʢʘʪʘʩʪʨʘ ʥʝʧʦʢʨʝʪʥʦʩʪʠ ʫ ʩʤʠʩʣʫ ʦʙʝʟʙʝʹʠʚʘˁʘ ʝʢʦʥʦʤʠʯʥʦʛ ʫʩʧʦʩʪʘʚˀʘˁʘ, 

ʫʧʨʘʚˀʘˁʘ ʠ ʦʜʨʞʘʚʘˁʘ ʩʠʩʪʝʤʘ 3ɼ ʢʘʪʘʩʪʨʘ ʥʝʧʦʢʨʝʪʥʦʩʪʠ. ʉʚʝ ʪʦ ʥʘʨʘʚʥʦ, ʫʟ 

ʫʩʣʦʚ ʜʘ ʧʨʝʜʣʦʞʝʥʦ ʨʝʰʝˁʝ ʤʦʜʝʣʘ ʧʦʜʘʪʘʢʘ ʤʦʨʘ ʪʘʢʦʹʝ ʜʘ ʦʙʝʟʙʝʜʠ ʠ 

ʟʘʭʪʝʚʘʥʫ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪ ʩʠʩʪʝʤʘ, ʘ ʧʨʝ ʩʚʝʛʘ ʤʦʛʫ˂ʥʦʩʪ ʨʝʛʠʩʪʨʦʚʘˁʘ ʠ 

ʧʨʠʢʘʟʘ ʠ ʥʘʿʢʦʤʧʣʝʢʩʥʠʿʠʭ ʩʠʪʫʘʮʠʿʘ ʢʘʜʘ ʿʝ ʨʝʯ ʦ ʧʦʣʦʞʘʿʫ ʠ ʤʝʹʫʩʦʙʥʠʤ 

ʧʨʦʩʪʦʨʥʠʤ ʦʜʥʦʩʠʤʘ ʥʝʧʦʢʨʝʪʥʦʩʪʠ ʠ ʧʨʘʚʘ ʥʘ ˁʠʤʘ. ʆʚʘ ʭʠʧʦʪʝʟʘ ʦʩʣʘˁʘ ʩʝ ʥʘ 

ʯʠˁʝʥʠʮʫ ʜʘ ʩʝ ʨʘʟʚʦʿʝʤ ʤʦʜʝʨʥʠʭ ʪʝʭʥʠʢʘ ʟʘ ʧʨʠʢʫʧˀʘˁʝ ʧʦʜʘʪʘʢʘ, ʢʘʦ ʰʪʦ ʩʫ 

ɻʇʉ ʠ ʤʝʪʦʜʝ ʣʘʩʝʨʩʢʦʛ ʩʥʠʤʘˁʘ, ʩʪʚʦʨʠʣʘ ʤʦʛʫ˂ʥʦʩʪ ʜʘ ʩʝ ʥʘ ʿʝʬʪʠʥʠʿʠ ʠ 

ʝʢʦʥʦʤʠʯʥʠʿʠ ʥʘʯʠʥ ʧʨʠʢʫʧʠ ʚʝʣʠʢʘ ʢʦʣʠʯʠʥʘ ʧʨʦʩʪʦʨʥʠʭ ʧʦʜʘʪʘʢʘ. 
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1.4 ˣ̭̉̆̃̉ ̉ ̗̈́̅́̉ ̮̉̒̓̑́̇̉̃́́ 

ʆʩʥʦʚʥʠ ʮʠˀ ʠʩʪʨʘʞʠʚʘˁʘ ʫ ʦʢʚʠʨʫ ʦʚʦʛ ʨʘʜʘ ʿʝ ʜʝʬʠʥʠʩʘˁʝ ʠ ʨʝʘʣʠʟʘʮʠʿʘ 

ʢʦʥʮʝʧʪʘ ʥʦʚʦʛ 3ɼ ʢʘʪʘʩʪʨʘ, ʢʦʿʠ ˂ʝ ʧʨʝʜʩʪʘʚˀʘʪʠ ʦʩʥʦʚ ʟʘ ʫʥʘʧʨʝʹʝˁʝ ʧʦʩʪʦʿʝ˂ʝʛ 

2ɼ ʢʘʪʘʩʪʨʘ. ɼʘʢʣʝ, ʮʠˀ ʿʝ ʠʟʨʘʜʘ ʤʦʜʝʣʘ ʧʦʜʘʪʘʢʘ 3ɼ ʢʘʪʘʩʪʨʘ ʥʝʧʦʢʨʝʪʥʦʩʪʠ 

ʢʦʿʠ ʙʠ ʩʣʫʞʠʦ ʢʘʦ ʦʩʥʦʚ ʟʘ ʨʝʛʠʩʪʨʦʚʘˁʝ, ʯʫʚʘˁʝ ʠ ʦʜʨʞʘʚʘˁʝ ʧʦʜʘʪʘʢʘ ʦ 

ʥʝʧʦʢʨʝʪʥʦʩʪʠʤʘ (ʟʝʤˀʠʰʪʝ, ʦʙʿʝʢʪʠ ʠ ʧʦʩʝʙʥʠ ʜʝʣʦʚʠ ʦʙʿʝʢʘʪʘ), ʢʘʦ ʠ ʧʦʜʘʪʘʢʘ ʦ 

ʩʪʚʘʨʥʠʤ ʠ ʜʨʫʛʠʤ ʧʨʘʚʠʤʘ ʥʘ ˁʠʤʘ. ʀʟ ʥʘʚʝʜʝʥʦʛ Ăʦʢʚʠʨʥʦʛò ʮʠˀʘ ʧʨʦʠʟʠʣʘʟʝ 

ʩʣʝʜʝ˂ʠ ʧʘʨʮʠʿʘʣʥʠ ʮʠˀʝʚʠ ʠʩʪʨʘʞʠʚʘˁʘ: 

¶ ɸʥʘʣʠʟʘ ʧʦʪʝʰʢʦ˂ʘ 2ɼ ʢʘʪʘʩʪʨʘ ʠ ʧʦʪʨʝʙʘ ˁʝʛʦʚʦʛ ʥʫʞʥʦʛ ʫʥʘʧʨʝʹʝˁʘ, 

¶ ɸʥʘʣʠʟʘ ʩʘʜʘʰˁʠʭ ʢʦʥʮʝʧʘʪʘ ʢʘʪʘʩʪʘʨʩʢʠʭ ʨʝʬʦʨʤʠ ʠ ʩʪʘʥʜʘʨʜʘ ʫ ʩʚʝʪʫ, 

¶ ʊʝʦʨʠʿʩʢʦ ʜʝʬʠʥʠʩʘˁʝ ʥʦʚʦʛ ʢʦʥʮʝʧʪʘ 3ɼ ʢʘʪʘʩʪʨʘ, 

¶ ɼʝʬʠʥʠʩʘˁʝ ʧʦʪʨʝʙʘ ʢʦʿʝ ʪʨʝʙʘ ʜʘ ʟʘʜʦʚʦˀʠ ʥʦʚʠ 3ɼ ʢʘʪʘʩʪʘʨ, 

¶ ɼʝʬʠʥʠʩʘˁʝ ʩʘʜʨʞʘʿʘ ʥʦʚʦʛ 3ɼ ʢʘʪʘʩʪʨʘ, 

¶ ʄʦʜʝʣ ʧʦʜʘʪʘʢʘ ʥʦʚʦʛ 3ɼ ʢʘʪʘʩʪʨʘ, 

¶ ʇʨʝʜʣʦʛ ʤʝʪʦʜʦʣʦʰʢʦʛ ʧʨʠʩʪʫʧʘ ʟʘ ʫʚʦʹʝˁʝ 3ɼ ʢʘʪʘʩʪʨʘ, 

¶ ɸʥʘʣʠʟʘ ʧʨʘʪʝ˂ʝ ʟʘʢʦʥʩʢʦ-ʧʨʘʚʥʝ ʨʝʛʫʣʘʪʠʚʝ. 

ʅʘʚʝʜʝʥʠ ʮʠˀʝʚʠ ʩʫ ʧʣʘʥʠʨʘʥʠ ʪʘʢʦ ʜʘ ʧʦʢʨʠʿʫ ʦʩʥʦʚʥʠ ʧʨʝʜʤʝʪ ʠʩʪʨʘʞʠʚʘˁʘ ʠ 

ʦʣʘʢʰʘʿʫ ˁʝʛʦʚʫ ʨʝʘʣʠʟʘʮʠʿʫ. ʀʟ ʜʝʬʠʥʠʩʘʥʠʭ ʮʠˀʝʚʘ ʧʨʦʠʩʪʠʯʫ ʩʣʝʜʝ˂ʠ ʟʘʜʘʮʠ 

ʠʩʪʨʘʞʠʚʘˁʘ: 

¶ ʀʜʝʥʪʠʬʠʢʘʮʠʿʘ ʧʨʦʙʣʝʤʘ ʧʨʝʜʩʪʘʚˀʘˁʘ ʩʣʦʞʝʥʠʭ ʥʝʧʦʢʨʝʪʥʦʩʪʠ ʠ 

ʧʨʦʩʪʦʨʥʦ ʧʨʝʢʣʦʧˀʝʥʠʭ ʠ ʠʩʧʨʝʧʣʝʪʘʥʠʭ ʦʙʿʝʢʪʘ ʠ ʧʦʩʝʜʘ ʫ ʢʘʪʘʩʪʨʫ 

ʥʝʧʦʢʨʝʪʥʦʩʪʠ ʈʝʧʫʙʣʠʢʝ ʉʨʙʠʿʝ, 

¶ ʇʨʝʜʩʪʘʚˀʘˁʝ ʧʦʩʪʦʿʝ˂ʠʭ ʢʘʪʘʩʪʘʨʩʢʠʭ ʩʠʩʪʝʤʘ ʠ ʿʘʚʥʠʭ ʨʝʛʠʩʪʘʨʘ ʦ 

ʥʝʧʦʢʨʝʪʥʦʩʪʠʤʘ ʫ ʩʚʝʪʫ ʫ ʢʦʥʪʝʢʩʪʫ 3ɼ ʢʘʪʘʩʪʨʘ, 

¶ ʇʨʝʜʩʪʘʚˀʘˁʝ ʢʦʥʮʝʧʪʘ ʨʝʰʝˁʘ ʠʜʝʥʪʠʬʠʢʦʚʘʥʠʭ ʧʨʦʙʣʝʤʘ ʩʘ ʨʘʟʚʦʿʝʤ 

3ɼ ʢʘʪʘʩʪʨʘ ʥʝʧʦʢʨʝʪʥʦʩʪʠ, 

¶ ɼʝʬʠʥʠʩʘˁʝ ʦʨʛʘʥʠʟʘʮʠʿʝ ʥʦʚʦʛ ʢʦʥʮʝʧʪʘ 3ɼ ʢʘʪʘʩʪʨʘ ʫ ʈʝʧʫʙʣʠʮʠ ʉʨʙʠʿʠ 

ʨʘʜʠ ʫʩʧʝʰʥʝ ʠʤʧʣʝʤʝʥʪʘʮʠʿʝ, ʜʫʛʦʨʦʯʥʦʛ ʠ ʦʧʪʠʤʘʣʥʦʛ ʦʜʨʞʘʚʘˁʘ, 

¶ ʈʘʟʚʦʿ ʤʦʜʝʣʘ ʧʦʜʘʪʘʢʘ 3ɼ ʢʘʪʘʩʪʨʘ ʥʝʧʦʢʨʝʪʥʦʩʪʠ, 
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¶ ɺʝʨʠʬʠʢʘʮʠʿʘ ʧʨʝʜʣʦʞʝʥʦʛ ʤʦʜʝʣʘ ʧʦʜʘʪʘʢʘ ʥʘ ʩʪʚʘʨʥʠʤ ʢʘʪʘʩʪʘʨʩʢʠʤ 

ʧʦʜʘʮʠʤʘ. 

 

1.5 ˝̗̪̆́̌̉̈́̉́ ̉ ̮̒̓̑́̇̉̃́́ 

ʈʝʘʣʠʟʘʮʠʿʘ ʦʚʦʛ ʠʩʪʨʘʞʠʚʘˁʘ ʩʝ ʙʘʟʠʨʘ ʥʘ ʩʣʝʜʝ˂ʠʤ ʤʝʪʦʜʘʤʘ ʠʩʪʨʘʞʠʚʘˁʘ ʢʦʿʝ 

ʩʝ ʤʦʛʫ ʧʦʜʝʣʠʪʠ ʧʨʝʤʘ ʮʠˀʝʚʠʤʘ ʠ ʟʘʜʘʮʠʤʘ ʠʩʪʨʘʞʠʚʘˁʘ: 

¶ ʄʝʪʦʜʝ ʘʥʘʣʠʟʝ ʠ ʩʠʥʪʝʟʝ ʨʘʜʠ ʫʪʚʨʹʠʚʘˁʘ ʧʦʩʪʦʿʝ˂ʝʛ ʩʪʘˁʘ ʫ ʢʘʪʘʩʪʨʫ 

ʥʝʧʦʢʨʝʪʥʦʩʪʠ ʈʝʧʫʙʣʠʢʝ ʉʨʙʠʿʝ ʢʘʜʘ ʿʝ ʨʝʯ ʦ ʢʦʤʧʣʝʢʩʥʠʤ 3ɼ 

ʩʠʪʫʘʮʠʿʘʤʘ, 

¶ ʂʦʤʧʘʨʘʪʠʚʥʘ ʤʝʪʦʜʘ ʠʩʪʨʘʞʠʚʘˁʘ ʨʘʜʠ ʫʧʦʨʝʹʠʚʘˁʘ ʧʨʦʙʣʝʤʘ, ʠʩʢʫʩʪʘʚʘ 

ʠ ʨʝʰʝˁʘ ʠʟ ʦʙʣʘʩʪʠ 3ɼ ʢʘʪʘʩʪʨʘ ʥʝʧʦʢʨʝʪʥʦʩʪʠ ʫ ʩʚʝʪʫ ʠ ʟʝʤˀʘʤʘ ʠʟ 

ʨʝʛʠʦʥʘ, 

¶ ɸʥʘʣʠʟʘ ʧʦʪʨʝʙʘ ʢʦʿʝ 3ɼ ʢʘʪʘʩʪʘʨ ʪʨʝʙʘ ʜʘ ʟʘʜʦʚʦˀʠ, 

¶ ʄʦʜʝʣʠʨʘˁʝ, 

¶ ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʚʝʨʠʬʠʢʘʮʠʿʘ ʧʨʝʜʣʦʞʝʥʠʭ ʨʝʰʝˁʘ, 

¶ ʍʠʧʦʪʝʪʠʯʢʦ-ʜʝʜʫʢʪʠʚʥʝ ʤʝʪʦʜʝ ʨʘʜʠ ʜʝʬʠʥʠʩʘˁʘ ʥʝʦʧʭʦʜʥʠʭ ʠʟʤʝʥʘ ʫ 

ʧʨʘʚʥʦʤ ʘʩʧʝʢʪʫ ʢʘʪʘʩʪʨʘ ʥʝʧʦʢʨʝʪʥʦʩʪ. 

ʇʨʠʣʠʢʦʤ ʨʝʘʣʠʟʘʮʠʿʝ ʠʩʪʨʘʞʠʚʘˁʘ ʪʘʢʦʹʝ ʩʫ ʢʦʨʠʰ˂ʝʥʝ ʩʣʝʜʝ˂ʝ ʤʝʪʦʜʦʣʦʛʠʿʝ ʠ 

ʘʣʘʪʠ: 

¶ UML ʿʝʟʠʢ (Unified Modeling Language) ʟʘ ʧʦʪʨʝʙʝ ʨʘʟʚʦʿʘ ʠ ʧʨʠʢʘʟʠʚʘˁʘ 

ʤʦʜʝʣʘ ʧʦʜʘʪʘʢʘ, 

¶ MongoDB ʙʘʟʘ ʧʦʜʘʪʘʢʘ ʟʘ ʧʦʪʨʝʙʝ ʠʤʧʣʝʤʝʥʪʘʮʠʿʝ ʠ ʪʝʩʪʠʨʘˁʘ 

ʧʨʝʜʣʦʞʝʥʦʛ ʤʦʜʝʣʘ ʧʦʜʘʪʘʢʘ, 

¶ JSON (JavaScript Object Notation) ʜʦʢʫʤʝʥʪʠ ʢʘʦ ʦʩʥʦʚ ʟʘ ʢʦʥʚʝʨʪʦʚʘˁʝ 

ʧʨʝʜʣʦʞʝʥʦʛ ʤʦʜʝʣʘ ʧʦʜʘʪʘʢʘ ʫ ʬʠʟʠʯʢʠ ʤʦʜʝʣ, 

¶ Cesium JavaScript ʙʠʙʣʠʦʪʝʢʘ ʟʘ ʧʦʪʨʝʙʝ ʧʨʠʢʘʟʠʚʘˁʘ ʧʦʜʘʪʘʢʘ 3ɼ ʢʘʪʘʩʪʨʘ 

ʥʝʧʦʢʨʝʪʥʦʩʪʠ ʫ ʦʢʚʠʨʫ ʠʥʪʝʨʥʝʪ ʧʨʝʪʨʘʞʠʚʘʯʘ, 
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¶ REST (Representational State Transfer) API ʠ JSONP ʤʝʪʦʜʘ ʟʘ ʨʘʟʤʝʥʫ 

ʧʦʜʘʪʘʢʘ ʠʟʤʝʹʫ MongoDB ʙʘʟʝ ʧʦʜʘʪʘʢʘ ʠ ʘʧʣʠʢʘʮʠʿʝ ʙʘʟʠʨʘʥʝ ʥʘ Cesium 

JavaScript ʙʠʙʣʠʦʪʝʮʠ, 

¶ HTML ʿʝʟʠʢ (Hyper Text Markup Language) ʟʘ ʧʦʪʨʝʙʫ ʦʧʠʩʘ ʢʦʨʠʩʥʠʯʢʝ 

ʘʧʣʠʢʘʮʠʿʝ  ʙʘʟʠʨʘʥʝ ʥʘ Cesium JavaScript ʙʠʙʣʠʦʪʝʮʠ, 

¶ ɱʘvʘScript ʿʝʟʠʢ ʟʘ ʧʦʪʨʝʙʝ ʧʨʦʮʝʩʠʨʘˁʘ ʧʦʜʘʪʘʢʘ ʥʘ ʩʪʨʘʥʠ ʢʦʨʠʩʥʠʢʘ. 

ɼʝʪʘˀʥʠʿʠ ʦʧʠʩʠ ʢʦʨʠʰ˂ʝʥʝ ʤʝʪʦʜʦʣʦʛʠʿʝ ʠ ʘʣʘʪʘ ʤʦʛʫ ʩʝ ʧʨʦʥʘ˂ʠ ʫ ʧʦʛʣʘʚˀʠʤʘ 

5.1 ʠ 6.8.1. 

ʊʦʢʦʤ ʨʝʘʣʠʟʘʮʠʿʝ ʠʩʪʨʘʞʠʚʘˁʘ ʢʦʨʠʰ˂ʝʥʠ ʩʫ ʩʣʝʜʝ˂ʠ ʠʟʚʦʨʠ ʧʦʜʘʪʘʢʘ: 

¶ ʝʂʘʪʘʩʪʘʨ - ʜʠʛʠʪʘʣʥʘ ʙʘʟʘ ʧʦʜʘʪʘʢʘ ʢʘʪʘʩʪʨʘ ʥʝʧʦʢʨʝʪʥʦʩʪʠ (ʝʂʘʪʘʩʪʘʨ, 

2018). ɹʘʟʘ ʝʂʘʪʘʩʪʘʨ ʿʝ ʢʦʨʠʰ˂ʝʥʘ ʟʘ ʜʦʙʠʿʘˁʝ ʧʦʜʘʪʘʢʘ ʦ 

ʥʝʧʦʢʨʝʪʥʦʩʪʠʤʘ ʠ ʧʦʜʘʪʘʢʘ ʦ ʧʨʘʚʠʤʘ ʥʘ ʥʝʧʦʢʨʝʪʥʦʩʪʠʤʘ, 

¶ ɻʝʦʉʨʙʠʿʘ - ʥʘʮʠʦʥʘʣʥʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʛʝʦʧʨʦʩʪʦʨʥʠʭ ʧʦʜʘʪʘʢʘ 

(ɻʝʦʉʨʙʠʿʘ, 2018). ʅʘʮʠʦʥʘʣʥʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʛʝʦʧʨʦʩʪʦʨʥʠʭ ʧʦʜʘʪʘʢʘ ʿʝ 

ʢʦʨʠʰ˂ʝʥʘ ʟʘ ʧʨʝʛʣʝʜ ʜʠʛʠʪʘʣʥʦʛ ʢʘʪʘʩʪʘʨʩʢʦʛ ʧʣʘʥʘ ʠ ʦʨʪʦʬʦʪʦʘ. 

ʋʧʦʨʝʹʝˁʝ ʜʠʛʠʪʘʣʥʦʛ ʢʘʪʘʩʪʘʨʩʢʦʛ ʧʣʘʥʘ ʠ ʦʨʪʦʬʦʪʦʘ ʿʝ ʚʨʰʝʥʦ ʟʘ 

ʧʦʪʨʝʙʝ ʫʪʚʨʹʠʚʘˁʘ ʬʘʢʪʠʯʢʦʛ ʩʪʘˁʘ ʥʘ ʪʝʨʝʥʫ ʠ ʧʨʠʢʘʟʘʥʠʭ 

ʥʝʧʦʢʨʝʪʥʦʩʪʠ ʥʘ ʢʘʪʘʩʪʘʨʩʢʦʤ ʧʣʘʥʫ. ʇʦʜʘʮʠ ʜʠʛʠʪʘʣʥʦʛ ʢʘʪʘʩʪʘʨʩʢʦʛ 

ʧʣʘʥʘ ʩʫ ʢʦʨʠʰ˂ʝʥʠ ʠ ʟʘ ʫʧʠʩ ʧʘʨʮʝʣʘ ʫ ʦʢʚʠʨʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʛ ʜʝʣʘ 

ʨʘʜʘ, 

¶ ʀʟʚʝʰʪʘʿ ʦ ʟʘʪʝʯʝʥʦʤ ʩʪʘˁʫ ʦʙʿʝʢʪʘ ʿʝ ʢʦʨʠʰ˂ʝʥ ʟʘ ʧʦʪʨʝʙʝ ʢʨʝʠʨʘˁʘ 3ɼ 

ʛʝʦʤʝʪʨʠʿʝ ʦʙʿʝʢʪʘ ʫ ʦʢʚʠʨʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʛ ʜʝʣʘ ʨʘʜʘ, 

¶ ɽʪʘʞʥʠ ʝʣʘʙʦʨʘʪ ʠ ʩʢʠʮʝ ʧʦʩʝʙʥʠʭ ʜʝʣʦʚʘ ʦʙʿʝʢʪʘ ʧʦ ʝʪʘʞʘʤʘ ʩʫ 

ʢʦʨʠʰ˂ʝʥʝ ʟʘ ʢʨʝʠʨʘˁʝ 3ɼ ʛʝʦʤʝʪʨʠʿʝ ʧʦʩʝʙʥʠʭ ʜʝʣʦʚʘ ʦʙʿʝʢʪʘ, 

¶ ɺʝʨʪʠʢʘʣʥʠ ʧʨʝʩʝʮʠ ʟʛʨʘʜʝ ʧʨʝʫʟʝʪʠ ʠʟ ʘʨʭʠʪʝʢʪʦʥʩʢʦʛ ʧʨʦʿʝʢʪʘ ʩʫ ʪʘʢʦʹʝ 

ʢʦʨʠʰ˂ʝʥʠ ʟʘ ʢʨʝʠʨʘˁʝ 3ɼ ʛʝʦʤʝʪʨʠʿʝ ʧʦʩʝʙʥʠʭ ʜʝʣʦʚʘ ʦʙʿʝʢʪʘ, 

¶ ʊʦʧʦʛʨʘʬʩʢʠ ʧʣʘʥ ʿʝ ʢʦʨʠʰ˂ʝʥ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʚʠʩʠʥʩʢʠʭ ʪʘʯʘʢʘ ʪʝʨʝʥʘ, 

¶ ɻʝʦʜʝʪʩʢʠ ʩʥʠʤʘʢ ʿʝ ʢʦʨʠʰ˂ʝʥ ʟʘ ʧʦʪʨʝʙʝ ʦʜʨʝʹʠʚʘˁʘ ʦʩʥʦʚʝ ʧʦʜʟʝʤʥʦʛ 

ʦʙʿʝʢʪʘ, 
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¶ ʉʢʠʮʘ ʛʘʩʦʚʦʜʥʝ ʤʨʝʞʝ ʿʝ ʢʦʨʠʰ˂ʝʥʘ ʟʘ ʧʦʪʨʝʙʝ ʦʜʨʝʹʠʚʘˁʘ ʛʝʦʤʝʪʨʠʿʝ 

ʚʦʜʦʚʘ. 

ɺʠʰʝ ʜʝʪʘˀʘ ʦ ʢʦʨʠʰ˂ʝʥʠʤ ʧʦʜʘʮʠʤʘ ʢʦʜ ʧʨʠʤʝʨʘ ʫʧʠʩʘ 3ɼ ʩʠʪʫʘʮʠʿʘ ʩʝ ʤʦʞʝ 

ʧʨʦʥʘ˂ʠ ʫ ʧʦʛʣʘʚˀʫ 3.5.6. ʂʦʨʠʰ˂ʝʥʠ ʧʦʜʘʮʠ ʩʫ ʜʦʜʘʪʥʦ ʦʧʠʩʘʥʠ ʟʘ ʩʚʘʢʠ ʪʝʩʪ 

ʧʨʠʤʝʨ ʫ ʦʢʚʠʨʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʛ ʜʝʣʘ ʨʘʜʘ (ʧʦʛʣʘʚˀʝ 6.8). 

 

1.6 ˞́ ̪̅̑̇́ ̑́̅́ 

ʆʚʘ ʜʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ʿʝ ʧʦʜʝˀʝʥʘ ʫ ʥʝʢʦʣʠʢʦ ʣʦʛʠʯʢʠʭ ʮʝʣʠʥʘ, ʪʘʢʦ ʜʘ ʿʝ 

ʩʭʦʜʥʦ ʪʦʤʝ ʧʦʜʝˀʝʥʘ ʫ ʩʣʝʜʝ˂ʘ ʧʦʛʣʘʚˀʘ: 

1. ʋʚʦʜ, 

2. ʈʘʟʚʦʿ 3ɼ ʢʘʪʘʩʪʨʘ ʫ ʩʚʝʪʫ, 

3. ʂʘʪʘʩʪʘʨʩʢʠ ʩʠʩʪʝʤ ʫ ʉʨʙʠʿʠ, 

4. ʂʦʥʮʝʧʪ 3ɼ ʢʘʪʘʩʪʨʘ ʥʝʧʦʢʨʝʪʥʦʩʪʠ ʫ ʉʨʙʠʿʠ, 

5. ʈʘʟʚʦʿ ʤʦʜʝʣʘ ʧʦʜʘʪʘʢʘ 3ɼ ʢʘʪʘʩʪʨʘ ʥʝʧʦʢʨʝʪʥʦʩʪʠ, 

6. ɺʝʨʠʬʠʢʘʮʠʿʘ ʜʝʬʠʥʠʩʘʥʦʛ ʤʦʜʝʣʘ ʧʦʜʘʪʘʢʘ, 

7. ɿʘʢˀʫʯʥʘ ʨʘʟʤʘʪʨʘˁʘ, 

8. ʃʠʪʝʨʘʪʫʨʘ, 

9. ʇʨʠʣʦʟʠ. 

 

ʋ ʦʢʚʠʨʫ ʧʦʛʣʘʚˀʘ 1 (ʦʚʦʛ ʧʦʛʣʘʚˀʘ) ʜʘʪʘ ʩʫ ʫʚʦʜʥʘ ʨʘʟʤʘʪʨʘˁʘ, ʦʧʠʩʘʥ ʿʝ 

ʧʨʝʜʤʝʪ ʠʩʪʨʘʞʠʚʘˁʘ ʢʘʦ ʠ ʧʦʙʨʦʿʘʥʠ ʮʠˀʝʚʠ ʠ ʤʝʪʦʜʝ ʠʩʪʨʘʞʠʚʘˁʘ. ʊʘʢʦʹʝ, ʜʘʪ 

ʿʝ ʧʨʝʛʣʝʜ ʜʦʩʘʜʘʰˁʠʭ ʠʩʪʨʘʞʠʚʘˁʘ ʫ ʦʢʚʠʨʫ ʪʝʭʥʠʯʢʦʛ, ʧʨʘʚʥʦʛ ʠ 

ʠʥʩʪʠʪʫʮʠʦʥʘʣʥʦʛ ʘʩʧʝʢʪʘ 3ɼ ʢʘʪʘʩʪʨʘ. 

ʋ ʜʨʫʛʦʤ ʧʦʛʣʘʚˀʫ ʧʨʠʢʘʟʘʥʝ ʩʫ ʧʦʪʨʝʙʝ ʟʘ 3ɼ ʢʘʪʘʩʪʨʦʤ, ʢʘʦ ʠ ʥʠʚʦ ʨʘʟʚʦʿʘ 3ɼ 

ʢʘʪʘʩʪʨʘ ʫ ʩʚʝʪʫ ʢʨʦʟ ʧʨʝʜʩʪʘʚˀʘˁʝ ʘʥʢʝʪʝ ʨʝʟʫʣʪʘʪʘ ʩʧʨʦʚʝʜʝ ʦʜ ʩʪʨʘʥʝ 

ʄʝʹʫʥʘʨʦʜʥʦʛ ʩʘʚʝʟʘ ʛʝʦʜʝʪʘ ʠ ʨʘʜʥʝ ʛʨʫʧʝ ʟʘ 3ɼ ʢʘʪʘʩʪʘʨ. ʊʘʢʦʹʝ, ʧʨʠʢʘʟʘʥʠ ʩʫ 

ʫʩʚʦʿʝʥʠ ʩʪʘʥʜʘʨʜʠ ʠ ʰʠʨʦʢʦ ʧʨʠʭʚʘ˂ʝʥʝ ʩʪʫʜʠʿʝ ʦ ʤʦʜʝʨʥʠʤ ʘʩʧʝʢʪʠʤʘ ʢʘʪʘʩʪʨʘ 

ʢʦʿʝ ʪʘʢʦʹʝ ʧʦʟʠʪʠʚʥʦ ʫʪʠʯʫ ʥʘ ʩʘʛʣʝʜʘʚʘˁʝ ʧʦʪʨʝʙʘ ʠ ʥʘʯʠʥʘ ʠʤʧʣʝʤʝʥʪʘʮʠʿʝ 

ʤʦʜʝʨʥʦʛ 3ɼ ʢʘʪʘʩʪʨʘ ʥʝʧʦʢʨʝʪʥʦʩʪʠ. ʇʦʛʣʘʚˀʝ ʩʝ ʜʝʪʘˀʥʦ ʙʘʚʠ ʠ ʪʝʭʥʠʯʢʠʤ 
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ʘʩʧʝʢʪʦʤ 3ɼ ʢʘʪʘʩʪʨʘ, ʘ ʧʦʩʝʙʥʦ ʧʨʠʩʪʫʧʠʤʘ ʟʘ ʨʘʟʚʦʿ 3ɼ ʢʘʪʘʩʪʨʘ, ʥʘʯʠʥʠʤʘ 

ʩʢʣʘʜʠʰʪʝˁʘ ʠ ʧʨʠʢʘʟʠʚʘˁʘ 3ɼ ʢʘʪʘʩʪʘʨʩʢʠʭ ʧʦʜʘʪʘʢʘ. 

ʇʦʛʣʘʚˀʝ 3 ʩʝ ʙʘʚʠ ʘʥʘʣʠʟʦʤ ʢʘʪʘʩʪʨʘ ʥʝʧʦʢʨʝʪʥʦʩʪʠ ʈʝʧʫʙʣʠʢʝ ʉʨʙʠʿʝ ʫ 

ʢʦʥʪʝʢʩʪʫ ʙʫʜʫ˂ʝʛ ʨʘʟʚʦʿʘ 3ɼ ʢʘʪʘʩʪʨʘ. ʊʘʢʦʹʝ, ʫ ʦʢʚʠʨʫ ʦʚʦʛ ʧʦʪʧʦʛʣʘʚˀʘ ʜʘʪʘ ʿʝ 

ʭʨʦʥʦʣʦʛʠʿʘ ʨʘʟʚʦʿʘ ʢʘʪʘʩʪʘʨʩʢʦʛ ʩʠʩʪʝʤʘ ʫ ʉʨʙʠʿʠ, ʢʘʦ ʠ ʦʧʠʩ ʪʨʝʥʫʪʥʦʛ ʢʘʪʘʩʪʨʘ 

ʥʝʧʦʢʨʝʪʥʦʩʪʠ, ʢʘʪʘʩʪʘʨ ʚʦʜʦʚʘ ʠ ʥʘʮʠʦʥʘʣʥʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʛʝʦʧʨʦʩʪʦʨʥʠʭ 

ʧʦʜʘʪʘʢʘ. ʇʨʠʢʘʟʘʥʘ ʿʝ ʧʨʘʢʩʘ ʠ ʧʦʪʝʰʢʦ˂ʝ ʨʝʛʠʩʪʨʘʮʠʿʝ ʠ ʧʨʠʢʘʟʠʚʘˁʘ 

ʢʦʤʧʣʝʢʩʥʠʭ 3ɼ ʩʠʪʫʘʮʠʿʘ ʩʘ ʦʙʨʘʹʝʥʠʤ ʧʨʠʤʝʨʠʤʘ. 

ʋ ʦʢʚʠʨʫ ʧʦʛʣʘʚˀʘ 4 ʧʨʝʜʩʪʘʚˀʝʥ ʿʝ ʢʦʥʮʝʧʪ ʨʘʟʚʦʿʘ 3ɼ ʢʘʪʘʩʪʨʘ ʥʝʧʦʢʨʝʪʥʦʩʪʠ 

ʟʘ ʈʝʧʫʙʣʠʢʫ ʉʨʙʠʿʫ, ʪʿ. ʜʘʪʘ ʿʝ ʘʥʘʣʠʟʘ ʧʦʪʨʝʙʘ ʠ ʟʘʭʪʝʚʘ ʢʦʿʝ ʪʨʝʙʘ ʜʘ ʟʘʜʦʚʦˀʠ 

3ɼ ʢʘʪʘʩʪʘʨ ʥʝʧʦʢʨʝʪʥʦʩʪʠ ʟʘ ʈʝʧʫʙʣʠʢʫ ʉʨʙʠʿʫ. ɼʘʪʘ ʿʝ ʜʠʩʢʫʩʠʿʘ ʧʨʝʜʣʦʞʝʥʠʭ 

ʢʦʥʮʝʧʪʫʘʣʥʠʭ ʤʦʜʝʣʘ ʪʿ. ʧʨʠʩʪʫʧʘ ʫ ʥʘʫʯʥʦʿ ʟʘʿʝʜʥʠʮʠ. ʇʨʝʜʣʦʞʝʥʠ ʧʨʠʩʪʫʧʠ ʩʫ 

ʩʘʛʣʝʜʘʥʠ ʩʘ ʩʪʘʥʦʚʠʰʪʘ ʧʦʪʨʝʙʘ 3ɼ ʢʘʪʘʩʪʨʘ ʥʝʧʦʢʨʝʪʥʦʩʪʠ ʫ ʈʝʧʫʙʣʠʮʠ ʉʨʙʠʿʠ. 

ʇʦʛʣʘʚˀʝ 5 ʩʝ ʩʘʩʪʦʿʠ ʦʜ ʜʚʘ ʛʣʘʚʥʘ ʧʦʪʧʦʛʣʘʚˀʘ ʢʦʿʘ ʩʝ ʙʘʚʝ ʢʦʥʮʝʧʪʫʘʣʥʠʤ 

ʤʦʜʝʣʦʤ ʠ ʣʦʛʠʯʢʠʤ ʤʦʜʝʣʦʤ. ʅʘ ʦʩʥʦʚʫ ʜʝʬʠʥʠʩʘʥʦʛ ʢʦʥʮʝʧʪʘ 3ɼ ʢʘʪʘʩʪʨʘ 

ʥʝʧʦʢʨʝʪʥʦʩʪʠ ʫ ʉʨʙʠʿʠ ʜʘʪ ʿʝ ʧʨʝʜʣʦʛ ʢʦʥʮʝʧʪʫʘʣʥʦʛ ʤʦʜʝʣʘ (ʧʦʛʣʘʚˀʝ 5.2). 

ʇʨʝʜʣʦʞʝʥʠ ʢʦʥʮʝʧʪʫʘʣʥʠ ʤʦʜʝʣ ʿʝ ʜʘˀʝ ʨʘʟʨʘʹʝʥ ʫ ʦʢʚʠʨʫ ʧʦʛʣʘʚˀʘ 5.3. 

ʋ ʦʢʚʠʨʫ ʧʦʛʣʘʚˀʘ 6 ʠʟʚʨʰʝʥʘ ʿʝ ʚʝʨʠʬʠʢʘʮʠʿʘ ʜʝʬʠʥʠʩʘʥʦʛ ʤʦʜʝʣʘ ʧʦʜʘʪʘʢʘ. 

ʇʦʜ ʚʝʨʠʬʠʢʘʮʠʿʦʤ ʜʝʬʠʥʠʩʘʥʦʛ ʤʦʜʝʣʘ ʧʦʜʘʪʘʢʘ ʩʤʘʪʨʘ ʩʝ ʧʨʝʛʣʝʜ ʠʩʧʫˁʝʥʦʩʪʠ 

ʟʘʭʪʝʚʘ ʜʝʬʠʥʠʩʘʥʠʭ ʫ ʦʢʚʠʨʫ ʢʦʥʮʝʧʪʘ ʨʘʟʚʦʿʘ 3ɼ ʢʘʪʘʩʪʨʘ ʥʝʧʦʢʨʝʪʥʦʩʪʠ. 

ʇʨʝʛʣʝʜʦʤ ʠʩʧʫˁʝʥʦʩʪʠ ʟʘʭʪʝʚʘ ʫʢʘʟʘʥʦ ʿʝ ʥʘ ʜʝʣʦʚʝ ʤʦʜʝʣʘ ʧʦʜʘʪʘʢʘ ʢʦʿʠ 

ʠʩʧʫˁʘʚʘʿʫ ʦʜʨʝʹʝʥʝ ʟʘʭʪʝʚʝ. ʊʘʢʦʹʝ ʟʘ ʧʦʪʨʝʙʝ ʚʝʨʠʬʠʢʘʮʠʿʝ ʧʨʝʜʣʦʞʝʥʦʛ 

ʤʦʜʝʣʘ ʠʟʚʨʰʝʥʘ ʿʝ ʠʤʧʣʝʤʝʥʪʘʮʠʿʘ ʤʦʜʝʣʘ ʧʦʜʘʪʘʢʘ ʫ MongoDB ʙʘʟʠ ʧʦʜʘʪʘʢʘ 

ʢʦʿʘ ʿʝ ʪʝʩʪʠʨʘʥʘ ʩʘ ʯʝʪʠʨʠ ʪʝʩʪ ʧʨʠʤʝʨʘ ʫ ʦʢʚʠʨʫ ʢʦʿʠʭ ʩʫ ʦʙʿʝʢʪʠ, ʧʦʩʝʙʥʠ 

ʜʝʣʦʚʠ ʦʙʿʝʢʪʘ, ʧʦʜʟʝʤʥʦ ʩʢʣʦʥʠʰʪʝ ʠ ʛʘʩʦʚʦʜʥʘ ʤʨʝʞʘ ʫʧʠʩʘʥʠ ʫ ʙʘʟʫ ʩʘ 3ɼ 

ʛʝʦʤʝʪʨʠʿʦʤ. 

ʇʦʛʣʘʚˀʝ 7 ʩʘʜʨʞʠ ʟʘʢˀʫʯʥʘ ʨʘʟʤʘʪʨʘˁʘ, ʧʨʝʛʣʝʜ ʠʟʚʨʰʝʥʠʭ ʠʩʪʨʘʞʠʚʘˁʘ, 

ʥʘʫʯʥʠ ʜʦʧʨʠʥʦʩ ʠ ʩʤʝʨʥʠʮʝ ʟʘ ʜʘˀʘ ʠʩʪʨʘʞʠʚʘˁʘ. 
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ʇʦʛʣʘʚˀʝ 8 ʩʘʜʨʞʠ ʢʦʨʠʰ˂ʝʥʫ ʣʠʪʝʨʘʪʫʨʫ ʜʦʢ ʩʝ ʫ ʧʦʛʣʘʚˀʫ 9 ʥʘʣʘʟʝ 4 ʧʨʠʣʦʛʘ 

ʢʦʘʿ ʜʝʪʘˀʥʦ ʧʨʠʢʘʟʫʿʫ ʜʝʬʠʥʠʩʘʥʠ ʤʦʜʝʣ ʧʦʜʘʪʘʢʘ 3ɼ ʢʘʪʘʩʪʨʘ ʥʝʧʦʢʨʝʪʥʦʩʪʠ. 
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2 ˝̱ ˔ˏ˛˶ σˑ ˗ˍ˟ˍ˞˟˝ˍ ˠ ˞ˏ˒˟ˠ 

 

ʇʦʪʨʝʙʘ ʟʘ ʨʝʛʠʩʪʨʘʮʠʿʦʤ ʢʦʤʧʣʝʢʩʥʠʭ 3ɼ ʩʠʪʫʘʮʠʿʘ ʿʝ ʦʜʫʚʝʢ ʧʦʩʪʦʿʘʣʘ, ʘʣʠ ʢʘʢʦ 

ʩʫ ʫʨʙʘʥʘ ʧʦʜʨʫʯʿʘ ʧʦʩʪʘʿʘʣʘ ʩʚʝ ʚʠʰʝ ʠʟʛʨʘʹʝʥʘ ʠ ʢʦʤʧʣʝʢʩʥʘ, ʧʦʪʝʰʢʦ˂ʝ ʟʘ 

ʨʝʛʠʩʪʨʘʮʠʿʫ 3ɼ ʩʠʪʫʘʮʠʿʘ ʩʫ ʩʝ ʧʦʚʝ˂ʘʚʘʣʝ. ʇʦʩʪʦʿʠ ʥʝʢʦʣʠʢʦ ʚʨʩʪʘ ʢʘʪʘʩʪʘʨʩʢʠʭ 

ʩʠʩʪʝʤʘ ʢʦʿʠ ʩʝ ʧʨʠʤʝˁʫʿʫ ʫ ʨʘʟʣʠʯʠʪʠʤ ʟʝʤˀʘʤʘ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʧʨʘʚʥʦʛ 

ʩʠʩʪʝʤʘ, ʢʫʣʪʫʨʥʦʛ ʥʘʩʣʝʹʘ, ʛʝʦʛʨʘʬʠʿʝ, ʥʘʯʠʥʘ ʢʦʨʠʰ˂ʝˁʘ ʟʝʤˀʠʰʪʘ, ʠʪʜ. ɿʙʦʛ 

ʪʦʛʘ ʿʝ ʩʢʦʨʦ ʥʝʤʦʛʫ˂ʝ ʜʘʪʠ ʜʝʬʠʥʠʮʠʿʫ ʧʦʩʪʦʿʝ˂ʠʭ ʢʘʪʘʩʪʘʨʩʢʠʭ ʩʠʩʪʝʤʘ ʢʦʿʘ ˂ʝ 

ʙʠʪʠ ʩʚʝʦʙʫʭʚʘʪʥʘ ʠ ʩʘʞʝʪʘ ʫ ʠʩʪʦ ʚʨʝʤʝ, ʿʝʨ ʥʝ ʧʦʩʪʦʿʝ ʜʚʘ ʢʘʪʘʩʪʨʘ ʢʦʿʘ ʩʫ ʠʩʪʘ 

(Williamson, 1985). 

ʈʘʟʣʠʯʠʪʠ ʢʘʪʘʩʪʘʨʩʢʠ ʩʠʩʪʝʤʠ (ʤʦʜʝʣʠ) ʫʩʣʦʚˀʘʚʘʿʫ ʨʘʟʣʠʯʠʪʝ ʧʨʠʩʪʫʧʝ, 

ʤʦʛʫ˂ʥʦʩʪʠ ʠ ʤʝʪʦʜʝ ʟʘ ʨʝʛʠʩʪʨʘʮʠʿʫ 3ɼ ʩʠʪʫʘʮʠʿʘ. ʋʧʨʘʚʦ ʟʙʦʛ ʪʦʛʘ, ʮʠˀ ʦʚʦʛ 

ʧʦʛʣʘʚˀʘ ʿʝʩʪʝ ʜʘ ʧʨʠʢʘʞʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ 3ɼ ʢʘʪʘʩʪʨʘ, ʢʘʪʘʩʪʘʨʩʢʝ ʩʠʩʪʝʤʝ ʫ 

ʩʚʝʪʫ ʫ ʢʦʥʪʝʢʩʪʫ 3ɼ ʢʘʪʘʩʪʨʘ ʠ ʩʪʘʥʜʘʨʜʝ ʢʦʿʠ ʦʜʨʝʹʫʿʫ 3ɼ ʢʘʪʘʩʪʘʨ. 

ʆʚʦ ʧʦʛʣʘʚˀʝ ʠʤʘ ʯʝʪʠʨʠ ʛʣʘʚʥʘ ʧʦʪʧʦʛʣʘʚˀʘ. ʇʦʪʧʦʛʣʘʚˀʝ 2.1 ʧʨʠʢʘʟʫʿʝ 

ʧʦʪʨʝʙʝ ʟʘ 3ɼ ʢʘʪʘʩʪʨʦʤ. ʇʦʪʧʦʛʣʘʚˀʝ 2.2 ʜʘʿʝ ʧʨʝʛʣʝʜ ʢʘʪʘʩʪʘʨʩʢʠʭ ʩʠʩʪʝʤʘ ʫ 

ʩʚʝʪʫ ʫ ʢʦʥʪʝʢʩʪʫ 3ɼ ʢʘʪʘʩʪʨʘ, ʠ ʧʨʝʛʣʝʜ ʘʥʢʝʪʝ ʦ ʢʘʪʘʩʪʘʨʩʢʠʤ ʩʠʩʪʝʤʠʤʘ ʫ ʩʚʝʪʫ 

ʢʘʜʘ ʿʝ ʨʝʯ ʦ ʨʝʛʠʩʪʨʘʮʠʿʠ ʠ ʧʨʠʢʘʟʠʚʘˁʫ ʢʦʤʧʣʝʢʩʥʠʭ 3ɼ ʩʠʪʫʘʮʠʿʘ. 

ʇʦʪʧʦʛʣʘʚˀʝ 2.3 ʧʨʠʢʘʟʫʿʝ ʩʪʘʥʜʘʨʜʝ ʠ ʜʠʨʝʢʪʠʚʝ ʦʜ ʟʥʘʯʘʿʘ ʟʘ ʨʘʟʚʦʿ 3ɼ 

ʢʘʪʘʩʪʘʨʘ. ʇʦʪʧʦʛʣʘʚˀʝ 2.4 ʩʝ ʙʘʚʠ ʪʝʭʥʠʯʢʠʤ ʘʩʧʝʢʪʦʤ 3ɼ ʢʘʪʘʩʪʨʘ, ʘ ʧʦʩʝʙʥʦ 

ʧʨʠʩʪʫʧʠʤʘ ʟʘ ʨʘʟʚʦʿ 3ɼ ʢʘʪʘʩʪʨʘ, ʥʘʯʠʥʠʤʘ ʩʢʣʘʜʠʰʪʝˁʘ ʠ ʧʨʠʢʘʟʠʚʘˁʘ 3ɼ 

ʢʘʪʘʩʪʘʨʩʢʠʭ ʧʦʜʘʪʘʢʘ.   

 

2.1 ˜̏̓̑̆̂́ ̈́ σˑ ̋́̓́̒̓̑̏̍ 

ʊʦʢʦʤ ʧʦʩʣʝʜˁʝʛ ʚʝʢʘ, ʟʝʤˀʠʰʪʝ ʫ ʫʨʙʘʥʠʤ ʧʦʜʨʫʯʿʠʤʘ ʿʝ ʧʦʩʪʘʣʦ ʚʝʦʤʘ 

ʠʩʢʦʨʠʰ˂ʝʥʦ ʰʪʦ ʨʝʟʫʣʪʠʨʘ ʧʨʝʢʣʘʧʘʿʫ˂ʠʤ ʠ ʠʩʧʨʝʧʣʝʪʘʥʠʤ ʢʦʥʩʪʨʫʢʮʠʿʘʤʘ, 

ʪʘʢʦ ʜʘ ʩʝ ʢʦʤʧʣʝʢʩʥʝ 3ɼ ʩʠʪʫʘʮʠʿʝ ʩʚʝ ʯʝʰ˂ʝ ʧʦʿʘʚˀʫʿʫ. ʉʘʜʘʰˁʠ ʢʘʪʘʩʪʘʨʩʢʠ 

ʩʠʩʪʝʤʠ ʩʝ ʩʫʦʯʘʚʘʿʫ ʩʘ ʜʦʩʪʘ ʧʨʦʙʣʝʤʘ ʜʘ ʨʝʛʠʩʪʨʫʿʫ ʠ ʧʨʠʢʘʞʫ ʦʚʝ ʢʦʤʧʣʝʢʩʥʝ 

3ɼ ʩʠʪʫʘʮʠʿʝ. ʆʚʦ ʧʨʝʚʘʩʭʦʜʥʦ ʧʨʦʠʟʠʣʘʟʠ ʠʟ ʯʠˁʝʥʠʮʝ ʜʘ ʿʝ ʦʩʥʦʚʥʘ ʧʨʦʩʪʦʨʥʘ 



17 

 

ʿʝʜʠʥʠʮʘ 2ɼ ʧʘʨʮʝʣʘ (FIG, 1995). ʊʦ ʟʥʘʯʠ ʜʘ ʩʝ ʩʚʝ ʥʝʧʦʢʨʝʪʥʦʩʪʠ, ʠʟʥʘʜ ʠ ʠʩʧʦʜ 

ʧʦʚʨʰʠʥʝ ʟʝʤˀʝ, ʤʦʨʘʿʫ ʧʨʦʿʝʢʪʦʚʘʪʠ ʥʘ 2ɼ ʧʘʨʮʝʣʫ ʰʪʦ ʨʝʟʫʣʪʠʨʘ ʥʝʯʠʪʢʠʤ 

ʢʘʪʘʩʪʘʨʩʢʠʤ ʧʣʘʥʦʚʠʤʘ ʩʘ ʧʨʝʚʠʰʝ ʜʝʪʘˀʘ. 

ʆʚʘʿ ʪʨʝʥʜ ʧʦʚʝ˂ʘˁʘ ʛʫʩʪʦ ʥʘʩʝˀʝʥʠʭ ʫʨʙʘʥʠʭ ʧʦʜʨʫʯʿʘ ʿʝ ʧʨʦʫʟʨʦʢʦʚʘʦ ʚʝ˂ʠ 

ʟʥʘʯʘʿ ʚʣʘʩʥʠʰʪʚʘ ʥʘ ʥʝʧʦʢʨʝʪʥʦʩʪʠʤʘ, ʠ ʥʘʯʠʥ ʥʘ ʢʦʿʠ ʩʫ ˀʫʜʠ ʧʦʚʝʟʘʥʠ ʩʘ 

ʟʝʤˀʠʰʪʝʤ (Stoter, 2004). ʅʘ ʩʘʜʘʰˁʠʤ ʧʣʘʥʦʚʠʤʘ ʥʝʧʦʢʨʝʪʥʦʩʪʠ ʩʫ ʧʨʠʢʘʟʘʥʝ 

ʩʘ 2ɼ ʛʨʘʥʠʮʘʤʘ. ʋʧʨʢʦʩ ʪʦʤʝ, ʧʨʘʚʦ ʩʝ ʫʚʝʢ ʦʜʥʦʩʠʣʦ ʥʘ ʦʜʨʝʹʝʥʠ ʧʨʦʩʪʦʨ, ʿʝʨ 

ʙʠ ʢʦʨʠʰ˂ʝˁʝ ʥʝʧʦʢʨʝʪʥʦʩʪʠ ʙʠʣʦ ʥʝʤʦʛʫ˂ʝ ʘʢʦ ʙʠ ʩʝ ʧʨʘʚʦ ʦʜʥʦʩʠʣʦ ʩʘʤʦ ʥʘ 

ʧʦʚʨʰ ʟʝʤˀʝ (Paulsson, 2007; Stoter, 2004). ʊʦ ʟʥʘʯʠ ʜʘ ʩʝ ʢʘʪʘʩʪʘʨ ʥʝʧʦʢʨʝʪʥʦʩʪʠ 

ʩʘ ʧʨʘʚʥʦʛ ʛʣʝʜʠʰʪʘ ʦʜʫʚʝʢ ʦʜʥʦʩʠʦ ʥʘ 3ɼ ʧʨʦʩʪʦʨ. ʅʘ ʦʩʥʦʚʫ ʦʚʦʛʘ ʤʦʞʝ ʩʝ 

ʧʦʩʪʘʚʠʪʠ ʧʠʪʘˁʝ ʜʘ ʣʠ ʪʨʘʜʠʮʠʦʥʘʣʥʠ ʢʘʪʘʩʪʘʨ ʤʦʞʝ ʧʦʜʨʞʘʪʠ ʨʝʛʠʩʪʨʘʮʠʿʫ ʠ 

ʧʨʠʢʘʟʠʚʘˁʝ ʩʚʠʭ ʢʦʤʧʣʝʢʩʥʠʭ ʩʠʪʫʘʮʠʿʘ ʠʣʠ ʛʘ ʿʝ ʧʦʪʨʝʙʥʦ ʧʨʦʰʠʨʠʪʠ ʫ 3 

ʜʠʤʝʥʟʠʿʝ. 

ɼʦʙʘʨ ʧʨʠʤʝʨ ʦʚʠʭ ʩʠʪʫʘʮʠʿʘ ʩʫ ʦʙʿʝʢʪʠ ʩʘ ʚʠʰʝ ʝʪʘʞʘ ʠ ʧʦʩʝʙʥʠʤ ʜʝʣʦʚʠʤʘ ʢʦʿʝ 

ʿʝ ʥʝʤʦʛʫ˂ʝ ʧʨʠʢʘʟʘʪʠ ʫ 2ɼ ʢʘʪʘʩʪʘʨʩʢʠʤ ʩʠʩʪʝʤʠʤʘ (Navratil, 2011). ʉʘʜʘʰˁʠ 

ʢʘʪʘʩʪʘʨʩʢʠ ʧʣʘʥʦʚʠ 2ɼ ʢʘʪʘʩʪʨʘ ʥʝ ʤʦʛʫ ʩʝ ʢʦʨʠʩʪʠ ʢʘʦ ʦʩʥʦʚʘ ʟʘ ʧʨʠʢʘʟ 

ʢʦʤʧʣʝʢʩʥʠʭ ʥʝʧʦʢʨʝʪʥʦʩʪʠ, ʠ ʪʦ ʧʦʩʝʙʥʦ ʦʙʿʝʢʘʪʘ ʩʘ ʚʠʰʝ ʩʧʨʘʪʦʚʘ ʠʣʠ ʦʙʿʝʢʘʪʘ 

ʢʦʿʠ ʩʝ ʥʘʣʘʟʝ ʫ ʥʠʚʦʫ ʠʩʧʦʜ ʠ ʠʟʥʘʜ ʜʨʫʛʠʭ ʦʙʿʝʢʘʪʘ, ʿʝʨ ʜʦʣʘʟʠ ʜʦ ʧʨʝʢʣʘʧʘˁʘ 

ˁʠʭʦʚʠʭ ʧʨʦʩʪʦʨʥʠʭ ʛʨʘʥʠʮʘ ʠ ʥʘʯʠʥʘ ʢʦʨʠʰ˂ʝˁʘ ʥʘ ʨʘʟʣʠʯʠʪʠʤ ʧʨʦʩʪʦʨʥʠʤ 

ʥʠʚʦʠʤʘ ʠʟ ʧʦʛʣʝʜʘ 2ɼ ʩʪʨʫʢʪʫʨʠʨʘˁʘ ʧʨʦʩʪʦʨʘ. 

ʋ ʦʢʚʠʨʫ ʜʦʩʘʜʘʰˁʝʛ ʥʘʫʯʥʦʛ ʠʩʪʨʘʞʠʚʘˁʘ ʰʠʨʦʤ ʩʚʝʪʘ ʧʨʠʢʘʟʘʥʠ ʩʫ ʨʘʟʥʠ 

ʧʨʦʙʣʝʤʠ ʩʘ ʢʦʿʠʤʘ ʩʝ ʩʫʦʯʘʚʘʿʫ ʜʘʥʘʰˁʠ ʢʘʪʘʩʪʘʨʩʢʠ ʩʠʩʪʝʤʠ ʢʘʜʘ ʿʝ ʨʝʯ ʦ 

ʨʝʛʠʩʪʨʘʮʠʿʠ ʢʦʤʧʣʝʢʩʥʠʭ 3ɼ ʩʠʪʫʘʮʠʿʘ, ʪʘʢʦ ʜʘ ʩʝ ʙʨʦʿʥʠ ʧʨʠʤʝʨʠ ʤʦʛʫ ʧʨʦʥʘ˂ʠ 

ʫ ʜʦʩʪʫʧʥʦʿ ʣʠʪʝʨʘʪʫʨʠ (Aien, 2013; Stoter, 2004; Marcin, 2012; Drobeģ et al, 2017). 

ʇʨʝʛʣʝʜʦʤ ʣʠʪʝʨʘʪʫʨʝ ʤʦʞʝ ʩʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʫ ʚʝ˂ʠʥʠ ʢʘʪʘʩʪʘʨʩʢʠʭ ʩʠʩʪʝʤʘ 

ʧʦʩʪʦʿʝ ʩʣʠʯʥʠ ʤʦʪʠʚʠ ʟʘ ʩʚʝ ʚʝ˂ʠ ʠʥʪʝʨʝʩ ʟʘ 3ɼ ʢʘʪʘʩʪʨʦʤ, ʘ ʪʦ ʿʝ ʧʦʚʝ˂ʘˁʝ ʛʫʩʪʦ 

ʥʘʩʝˀʝʥʠʭ ʫʨʙʘʥʠʭ ʧʦʜʨʫʯʿʘ ʢʦʿʝ ʨʝʟʫʣʪʠʨʘʿʫ ʫ ʧʦʚʝ˂ʘʥʦʤ ʙʨʦʿʫ ʧʨʝʢʣʦʧˀʝʥʠʭ 

ʥʝʧʦʢʨʝʪʥʦʩʪʠ, ʢʦʤʧʣʝʢʩʥʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ, ʟʛʨʘʜʘ ʠʟʥʘʜ ʧʫʪʝʚʘ, ʪʫʥʝʣʘ, ʚʦʜʦʚʘ 

ʠʪʜ. ɼʦʜʘʪʥʠ ʙʝʥʝʬʠʪ ʟʘ ʢʘʪʘʩʪʘʨʩʢʝ ʩʠʩʪʝʤʝ ʰʠʨʦʤ ʩʚʝʪʘ, ʙʝʟ ʦʙʟʠʨʘ ʥʘ ʩʘʜʘʰˁʫ 

ʧʨʘʢʩʫ, ʿʝʩʪʝ ʰʪʦ ʩʝ ʥʘ ʦʩʥʦʚʫ 3ɼ ʢʘʪʘʩʪʨʘ ʠ 3ɼ ʤʦʜʝʣʘ ʛʨʘʜʦʚʘ ʤʦʞʝ ʫʥʘʧʨʝʜʠʪʠ 
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ʧʨʦʮʝʥʘ ʧʦʨʝʟʘ ʠ ʪʨʞʠʰʪʝ ʥʝʧʦʢʨʝʪʥʦʩʪʠ (Navratil and Fogliaroni, 2014) a ʠʩʪʦ 

ʪʘʢʦ ʠ ʧʨʦʩʪʦʨʥʦ ʧʣʘʥʠʨʘˁʝ, 3ɼ ʘʥʘʣʠʟʝ ʫ ɻʀʉ-ʫ ʠ ʥʘʚʠʛʘʮʠʿʘ (Tekavec and Lisec, 

2018). 

ʉʣʠʯʥʝ ʩʠʪʫʘʮʠʿʝ ʩʝ ʿʘʚˀʘʿʫ ʠ ʫ ʢʘʪʘʩʪʨʫ ʥʝʧʦʢʨʝʪʥʦʩʪʠ ʈʝʧʫʙʣʠʢʝ ʉʨʙʠʿʝ, ʛʜʝ 

ʤʥʦʛʠ ʢʦʤʧʣʝʢʩʥʠ ʦʙʿʝʢʪʠ, ʢʘʦ ʰʪʦ ʩʫ ʪʫʥʝʣʠ ʠ ʧʦʜʟʝʤʥʠ ʦʙʿʝʢʪʠ, ʥʠʩʫ ʧʨʠʢʘʟʘʥʠ 

ʥʘ ʢʘʪʘʩʪʘʨʩʢʦʤ ʧʣʘʥʫ (ʚʠʜʠ ʧʦʛʣʘʚˀʝ 3.5). ʇʨʠʤʝʨʠ ʥʝʧʦʪʧʫʥʦʛ ʧʨʠʢʘʟʠʚʘˁʘ, 

ʢʘʦ ʰʪʦ ʩʫ ʪʫʥʝʣʠ, ʧʦʜʟʝʤʥʠ ʧʨʦʣʘʟʠ, ʧʦʜʟʝʤʥʘ ʩʢʣʦʥʠʰʪʘ, ʠʪʜ. ʤʦʛʫ ʩʝ ʫʦʯʠʪʠ 

ʧʨʝʛʣʝʜʦʤ ʜʠʛʠʪʘʣʥʦʛ ʢʘʪʘʩʪʘʨʩʢʦʛ ʧʣʘʥʘ ʥʘ ʩʘʿʪʫ ɻʝʦʉʨʙʠʿʘ (ɻʝʦʉʨʙʠʿʘ, 2018). 

ʅʝʢʠ ʦʜ ʩʣʠʯʥʠʭ ʢʦʤʧʣʝʢʩʥʠʭ ʩʠʪʫʘʮʠʿʘ ʥʠʩʫ ʧʨʠʢʘʟʘʥʠ ʥʘ ʜʠʛʠʪʘʣʥʦʤ 

ʢʘʪʘʩʪʘʨʩʢʦʤ ʧʣʘʥʫ ʘʣʠ ʩʫ ʨʝʛʠʩʪʨʦʚʘʥʠ ʫ ʙʘʟʠ ʧʦʜʘʪʘʢʘ ʢʘʪʘʩʪʨʘ ʥʝʧʦʢʨʝʪʥʦʩʪʠ, 

ʜʦʢ ʥʝʢʠ ʦʜ ˁʠʭ, ʢʘʦ ʰʪʦ ʿʝ ʊʝʨʘʟʠʿʩʢʠ ʪʫʥʝʣ ʫ ɹʝʦʛʨʘʜʫ, ʥʠʩʫ ʨʝʛʠʩʪʨʦʚʘʥʠ, ʥʠ ʫ 

ʙʘʟʠ ʧʦʜʘʪʘʢʘ ʢʘʪʘʩʪʨʘ ʥʝʧʦʢʨʝʪʥʦʩʪʠ, ʥʠʪʠ ʩʫ ʧʨʠʢʘʟʘʥʠ ʥʘ ʜʠʛʠʪʘʣʥʦʤ 

ʢʘʪʘʩʪʘʨʩʢʦʤ ʧʣʘʥʫ.  

ʇʦʣʘʟʝ˂ʠ ʦʜ ʧʦʙʨʦʿʘʥʠʭ ʧʨʦʙʣʝʤʘ ʤʦʞʝ ʩʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʿʝ ʥʝʦʧʭʦʜʥʦ ʧʨʦʰʠʨʠʪʠ 

ʧʦʩʪʦʿʝ˂ʠ 2ɼ ʢʘʪʘʩʪʘʨ ʫ ʧʨʘʚʮʫ 3ɼ ʢʘʪʘʩʪʨʘ ʥʝʧʦʢʨʝʪʥʦʩʪʠ, ʢʘʢʦ ʙʠ ʩʝ ʦʤʦʛʫ˂ʠʣʘ 

ʝʬʠʢʘʩʥʘ ʨʝʛʠʩʪʨʘʮʠʿʘ ʠ ʧʨʠʢʘʟʠʚʘˁʝ ʧʦʜʘʪʘʢʘ ʠ ʩʪʚʘʨʥʠʭ ʧʨʘʚʘ ʫ 3ɼ ʧʨʦʩʪʦʨʫ. 

ʆʚʘʢʘʚ ʧʨʦʰʠʨʝʥʠ ʩʠʩʪʝʤ ʥʝ ʙʠ ʙʠʦ ʠʩʢˀʫʯʠʚʦ ʚʝʟʘʥ ʟʘ ʢʘʪʘʩʪʘʨʩʢʫ ʧʘʨʮʝʣʫ 

ʧʨʠʢʘʟʘʥʫ ʫ 2ɼ ʨʘʚʥʠ, ʢʘʦ ʰʪʦ ʿʝ ʪʦ ʩʘʜʘ ʩʣʫʯʘʿ (Aien et al, 2013). 

ʀʘʢʦ ʿʝ ʨʝʛʠʩʪʨʘʮʠʿʘ ʠ ʫʧʠʩ ʧʨʘʚʘ ʥʘ ʦʙʿʝʢʪʠʤʘ ʠ ʧʦʩʝʙʥʠʤ ʜʝʣʦʚʠʤʘ ʦʙʿʝʢʘʪʘ 

ʤʦʛʫ˂ʘ ʠ ʫ ʩʘʜʘʰˁʝʤ ʩʠʩʪʝʤʫ ʢʘʪʘʩʪʨʘ ʥʝʧʦʢʨʝʪʥʦʩʪʠ, ˁʠʭʦʚʦ ʦʧʠʩʠʚʘˁʝ ʠ 

ʧʨʠʢʘʟʠʚʘˁʝ ʿʝ ʚʝʦʤʘ ʦʪʝʞʘʥʦ. 

ʇʦʨʝʜ ʢʦʤʧʣʝʢʩʥʠʭ 3ɼ ʩʠʪʫʘʮʠʿʘ (ʫʢˀʫʯʫʿʫ˂ʠ ʚʦʜʦʚʝ, ʪʫʥʝʣʝ, ʧʦʜʟʝʤʥʝ ʦʙʿʝʢʪʝ, 

ʟʛʨʘʜʝ ʠʟʥʘʜ ʧʫʪʘ, ʠʪʜ.) ʠ ʧʦʪʝʰʢʦ˂ʘ ʢʦʿʝ ʠʤʘ ʩʘʜʘʰˁʠ ʢʘʪʘʩʪʘʨ ʥʝʧʦʢʨʝʪʥʦʩʪʠ ʜʘ 

ʠʭ ʨʝʛʠʩʪʨʫʿʝ ʠ ʧʨʠʢʘʞʝ, ʧʦʩʪʦʿʝ ʜʚʘ ʬʘʢʪʦʨʘ ʢʦʿʘ ʫʪʠʯʫ ʥʘ ʨʘʩʪʫ˂ʠ ʠʥʪʝʨʝʩ ʟʘ 3ɼ 

ʢʘʪʘʩʪʨʦʤ (Stoter, 2004): 

¶ ʨʘʟʚʦʿ ʪʝʭʥʦʣʦʛʠʿʘ, ʢʘʦ ʰʪʦ ʩʫ ʧʨʦʩʪʦʨʥʝ ʙʘʟʝ ʧʦʜʘʪʘʢʘ (DBMS ʢʦʿʠ 

ʧʦʜʨʞʘʚʘʿʫ 3ɼ ʦʙʿʝʢʪʝ, ʪʿ. ʧʨʦʩʪʦʨʥʝ ʪʠʧʦʚʝ ʧʦʜʘʪʘʢʘ ʩʘ 3ɼ ʛʝʦʤʝʪʨʠʿʦʤ) ʠ 

3ɼ ɻʀʉ-ʘ je ʦʤʦʛʫ˂ʠʦ ʯʫʚʘˁʝ ʠ ʫʧʨʘʚˀʘˁʝ 3ɼ ʢʘʪʘʩʪʘʨʩʢʠʭ ʧʦʜʘʪʘʢʘ. 

ʊʝʭʥʦʣʦʛʠʿʝ ʟʘ 3ɼ ʚʠʟʫʘʣʠʟʘʮʠʿʫ ʦʤʦʛʫ˂ʘʚʘʿʫ ʧʦʪʧʫʥʫ ʧʨʠʤʝʥʫ 3ɼ 

ʢʘʪʘʩʪʨʘ ʥʝʧʦʢʨʝʪʥʦʩʪʠ. ʊʘʢʦʹʝ, ʜʘʥʘʩ ʧʦʩʪʦʿʝ ʥʘʧʨʝʜʥʝ ʤʝʪʦʜʝ ʟʘ ʤʘʩʦʚʥʦ 
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ʧʨʠʢʫʧˀʘˁʝ 3ɼ ʧʨʦʩʪʦʨʥʠʭ ʧʦʜʘʪʘʢʘ (GNSS, ʣʘʩʝʨʩʢʦ ʩʢʝʥʠʨʘˁʝ, ʠʪʜ.) 

ʢʦʿʝ ʦʤʦʛʫ˂ʘʚʘʿʫ ʙʨʟʦ ʠ ʿʝʜʥʦʩʪʘʚʥʦ ʧʨʠʢʫʧˀʘˁʝ ʧʨʦʩʪʦʨʥʠʭ ʧʦʜʘʪʘʢʘ ʥʘ 

ʢʦʤʧʣʝʢʩʥʠʤ ʢʦʥʩʪʨʫʢʮʠʿʘʤʘ. ʆʚʝ ʤʦʛʫ˂ʥʦʩʪʠ ʩʫ ʧʦʜʩʪʘʢʣʝ ʠ ʦʤʦʛʫ˂ʠʣʝ 

ʨʘʟʚʠʿʘˁʝ ʪʝʭʥʦʣʦʰʢʦʛ ʘʩʧʝʢʪʘ 3ɼ ʢʘʪʘʩʪʨʘ. 

¶ ʟʥʘʯʘʿʥʦ ʧʦʚʝ˂ʘˁʝ ʚʨʝʜʥʦʩʪʠ ʥʝʧʦʢʨʝʪʥʦʩʪʠ. ʂʘʦ ʧʨʠʤʝʨ ʤʦʞʝ ʩʝ ʥʘʚʝʩʪʠ 

ʧʦʚʝ˂ʘˁʝ ʚʨʝʜʥʦʩʪʠ ʥʝʧʦʢʨʝʪʥʦʩʪʠ ʫ ʧʝʨʠʦʜʫ ʦʜ 1985. ʜʦ 2008. ʟʘ ʚʠʰʝ ʦʜ 

200% ʫ ʍʦʣʘʥʜʠʿʠ, ɺʝʣʠʢʦʿ ɹʨʠʪʘʥʠʿʠ, ɹʝʣʛʠʿʠ, ʐʧʘʥʠʿʠ ʠ ʀʨʩʢʦʿ ʜʦʢ ʩʫ 

ʌʨʘʥʮʫʩʢʘ, ʐʚʝʜʩʢʘ, ʂʘʥʘʜʘ, ɸʫʩʪʨʘʣʠʿʘ, ʅʦʨʚʝʰʢʘ, ɼʘʥʩʢʘ, ʠʪʜ. ʠʤʘʣʝ 

ʧʦʚʝ˂ʘˁʝ ʦʜ 60 ʜʦ 130% ʫ ʠʩʪʦʤ ʧʝʨʠʦʜʫ (Goodhart and Hofmann, 2008). 

ʉʚʝ ʦʚʝ ʥʝʧʦʢʨʝʪʥʦʩʪʠ ʩʫ ʧʨʝʜʩʪʘʚˀʝʥʝ ʥʘ 2ɼ ʧʣʘʥʦʚʠʤʘ, ʙʝʟ ʦʙʟʠʨʘ ʥʘ 

ʯʠˁʝʥʠʮʫ ʜʘ ʩʝ, ʠʟ ʧʨʘʚʥʦʛ ʫʛʣʘ, ʢʘʪʘʩʪʘʨʩʢʘ ʨʝʛʠʩʪʨʘʮʠʿʘ ʫʚʝʢ ʦʜʥʦʩʠʣʘ 

ʥʘ 3ɼ ʧʨʦʩʪʦʨ, ʪʘʢʦ ʜʘ ʩʝ ʚʠʩʦʢʠ ʪʨʦʰʢʦʚʠ ʠʤʧʣʝʤʝʥʪʘʮʠʿʝ 3ɼ ʢʘʪʘʩʪʨʘ 

ʤʦʛʫ ʦʧʨʘʚʜʘʪʠ ʚʠʩʦʢʠʤ ʚʨʝʜʥʦʩʪʠʤʘ ʥʝʧʦʢʨʝʪʥʦʩʪʠ. 

ʅʘ ʦʩʥʦʚʫ ʦʚʠʭ ʬʘʢʪʦʨʘ, ʤʦʞʝ ʩʝ ʫʦʯʠʪʠ ʧʦʪʨʝʙʘ ʠ ʤʦʛʫ˂ʥʦʩʪ ʨʘʟʚʦʿʘ 3ɼ ʢʘʪʘʩʪʨʘ 

ʪʿ. ʧʦʪʨʝʙʘ ʟʘ ʿʘʚʥʦʤ ʢʘʪʘʩʪʘʨʩʢʦʤ ʨʝʛʠʩʪʨʘʮʠʿʦʤ ʢʦʿʘ ʨʝʛʠʩʪʨʫʿʝ ʠ ʜʘʿʝ ʫʚʠʜ ʫ 

ʧʨʘʚʘ ʠ ʦʛʨʘʥʠʯʝˁʘ ʫ 3ɼ ʧʨʦʩʪʦʨʫ.  

 

2.2 ˚̉̃̏ ̪̑́̈̃̏́ σˑ ̋́̓́̒̓̑́ ̔ ̒̃̆̓̔ 

ʈʘʟʚʦʿ ʜʘʥʘʰˁʠʭ ʢʘʪʘʩʪʘʨʩʢʠʭ ʩʠʩʪʝʤʘ ʙʘʟʠʨʘʥ ʿʝ ʥʘ ʩʪʫʜʠʿʠ Ăʂʘʪʘʩʪʘʨ 2014ò 

(Kaufmann and Steudler, 1998) ʢʦʿʘ ʧʨʝʜʩʪʘʚˀʘ ʩʪʫʜʠʿʫ ʦ ʤʦʜʝʨʥʦʤ ʢʘʪʘʩʪʨʫ 

ʥʝʧʦʢʨʝʪʥʦʩʪʠ. ʂʘʪʘʩʪʘʨ ʥʝʧʦʢʨʝʪʥʦʩʪʠ ʧʨʝʜʩʪʘʚˀʝʥ ʩʪʫʜʠʿʦʤ Ăʂʘʪʘʩʪʘʨ 2014ò 

ʧʦʜʨʘʟʫʤʝʚʘ ʘʣʘʪʝ ʟʘ ʘʜʝʢʚʘʪʘʥ ʠ ʿʝʜʥʦʩʪʘʚʥʠʿʠ ʫʧʠʩ ʥʝʧʦʢʨʝʪʥʦʩʪʠ ʠ ʧʨʘʚʘ ʥʘ 

ˁʠʤʘ. ʄʦʞʝ ʩʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʿʝ ʟʘ ʠʤʧʣʝʤʝʥʪʘʮʠʿʫ ʿʝʜʥʦʛ ʦʚʘʢʚʦʛ ʤʦʜʝʨʥʦʛ 

ʢʘʪʘʩʪʨʘ ʥʝʦʧʭʦʜʥʘ ʧʦʜʨʰʢʘ ʤʦʜʝʨʥʠʭ ʠʥʬʦʨʤʘʮʠʦʥʠʭ ʪʝʭʥʦʣʦʛʠʿʘ (Kaufmann, 

2002). 

ʀʘʢʦ Ăʂʘʪʘʩʪʘʨ 2014ò ʥʝ ʩʧʦʤʠˁʝ ʝʢʩʧʣʠʮʠʪʥʦ 3ɼ ʢʘʪʘʩʪʘʨ, ʦʥ ʫʚʠʹʘ 

ʥʝʦʧʭʦʜʥʦʩʪ ʤʦʜʝʨʥʠʟʘʮʠʿʝ ʪʨʘʜʠʮʠʦʥʘʣʥʠʭ ʢʘʪʘʩʪʘʨʩʢʠʭ ʩʠʩʪʝʤʘ ʠ ˁʠʭʦʚʫ 

ʪʨʘʥʩʬʦʨʤʘʮʠʿʫ ʫ ʤʦʜʝʨʥʠʿʝ ʩʠʩʪʝʤʝ ʢʦʿʠ ˂ʝ ʩʝ ʦʩʣʘˁʘʪʠ ʥʘ ʠʥʬʦʨʤʘʮʠʦʥʝ 

ʪʝʭʥʦʣʦʛʠʿʝ. ʋ ʦʢʚʠʨʫ ʩʪʫʜʠʿʝ ʩʝ ʜʝʬʠʥʠʰʝ ʰʝʩʪ ʥʘʯʝʣʘ (Kaufmann and Steudler, 

1998), ʘ ʧʦʩʝʙʥʦ ʧʨʚʘ ʯʝʪʠʨʠ ʥʘʯʝʣʘ ʪʨʝʙʘ ʫʟʝʪʠ ʫ ʦʙʟʠʨ ʧʨʠʣʠʢʦʤ ʨʘʟʤʘʪʨʘˁʘ 3ɼ 
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ʢʘʪʘʩʪʨʘ ʥʝʧʦʢʨʝʪʥʦʩʪʠ ʠ ˁʝʛʦʚʝ ʠʤʧʣʝʤʝʥʪʘʮʠʿʝ. ʅʘʯʝʣʘ ʢʦʿʘ ʜʝʬʠʥʠʰʝ 

Ăʂʘʪʘʩʪʘʨ 2014ò ʩʫ: 

¶ ʅʘʯʝʣʦ 1: Kaʪʘʩʪʘʨ 2014 ˂ʝ ʧʨʠʢʘʟʘʪʠ ʮʝʣʦʚʠʪʫ ʟʘʢʦʥʩʢʫ ʩʠʪʫʘʮʠʿʫ 

ʥʝʧʦʢʨʝʪʥʦʩʪʠ, ʫʢˀʫʯʫʿʫ˂ʠ ʿʘʚʥʘ ʧʨʘʚʘ ʠ ʦʛʨʘʥʠʯʝˁʘ. ʆʚʦ ʥʘʯʝʣʦ ʿʝ ʩʘ 

ʩʪʘʥʦʚʠʰʪʘ 3ɼ ʢʘʪʘʩʪʨʘ ʚʝʦʤʘ ʙʠʪʥʦ, ʿʝʨ ʧʦʨʝʜ ʤʦʛʫ˂ʥʦʩʪʠ ʨʝʛʠʩʪʨʘʮʠʿʝ ʠ 

ʧʨʠʢʘʟʠʚʘˁʘ 3ɼ ʩʠʪʫʘʮʠʿʘ, ʥʝʦʧʭʦʜʥʦ ʿʝ ʦʙʝʟʙʝʜʠʪʠ ʧʨʠʢʘʟ ʠ ʮʝʣʦʚʠʪʝ 

ʟʘʢʦʥʩʢʝ ʩʠʪʫʘʮʠʿʝ ʥʝʧʦʢʨʝʪʥʦʩʪʠ. 

¶ ʅʘʯʝʣʦ 2: ʆʜʚʘʿʘˁʝ ʧʣʘʥʦʚʘ ʦʜ ʨʝʛʠʩʪʨʘ ʙʠ˂ʝ ʫʢʠʥʫʪʦ. ʋ ʪʨʘʜʠʮʠʦʥʘʣʥʠʤ 

ʢʘʪʘʩʪʘʨʩʢʠʤ ʩʠʩʪʝʤʠʤʘ, ʢʘʜʘ ʥʠʿʝ ʙʠʣʦ ʧʦʜʨʰʢʝ ʠʥʬʦʨʤʘʮʠʦʥʠʭ 

ʪʝʭʥʦʣʦʛʠʿʘ, ʘ ʫʤʝʩʪʦ ʪʦʛʘ ʩʝ ʢʦʨʠʩʪʠʣʘ Ăʦʣʦʚʢʘò ʠ Ăʧʘʧʠʨò ʙʠʣʦ ʿʝ 

ʥʝʦʧʭʦʜʥʦ ʨʘʟʜʚʦʿʠʪʠ ʛʨʘʬʠʯʢʠ ʧʨʠʢʘʟ ʧʦʜʘʪʘʢʘ ʦʜ ʩʘʤʦʛ ʨʝʛʠʩʪʨʘ ʪʿ. ʙʘʟʝ 

ʢʘʪʘʩʪʨʘ ʥʝʧʦʢʨʝʪʥʦʩʪʠ. ʋ ʤʦʜʝʨʥʦʤ ʢʘʪʘʩʪʨʫ ʢʦʿʠ ʢʦʨʠʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʠ 

ʪʝʭʥʦʣʦʛʠʿʝ, ʫʢˀʫʯʫʿʫ˂ʠ 3ɼ ʢʘʪʘʩʪʘʨ ʥʝʧʦʢʨʝʪʥʦʩʪʠ, ʦʚʘʢʚʦ ʨʘʟʜʚʘʿʘˁʝ 

ʛʨʘʬʠʯʢʠʭ ʠ ʘʣʬʘ-ʥʫʤʝʨʠʯʢʠʭ ʧʦʜʘʪʘʢʘ ʙʠ˂ʝ ʧʨʝʚʘʟʠʹʝʥʦ. 

¶ ʅʘʯʝʣʦ 3: Kaʪʘʩʪʘʨʩʢʠ ʧʣʘʥʦʚʠ ˂ʝ ʥʝʩʪʘʪʠ - ʙʠ˂ʝ ʫʚʝʜʝʥʦ ʤʦʜʝʣʠʨʘˁʝ. 

ʂʘʪʘʩʪʘʨʩʢʠ ʧʣʘʥʦʚʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʿʝʜʥʫ ʚʨʩʪʫ ʤʦʜʝʣʘ, ʘʣʠ ʟʙʦʛ 

ʧʨʠʤʝˁʝʥʝ ʪʝʭʥʦʣʦʛʠʿʝ ʩʝ ʥʝ ʤʦʛʫ ʢʦʨʠʩʪʠʪʠ ʥʘ ʬʣʝʢʩʠʙʠʣʘʥ ʥʘʯʠʥ. ʊʦ ʩʝ 

ʧʨʝʚʘʟʠʣʘʟʠʣʦ ʠʟʨʘʜʦʤ ʧʣʘʥʦʚʘ ʫ ʚʠʰʝ ʨʘʟʤʝʨʘ, ʘʣʠ ʫ ʤʦʜʝʨʥʦʤ ʢʘʪʘʩʪʨʫ 

ʪʦ ˂ʝ ʙʠʪʠ ʧʨʝʚʘʟʠʹʝʥʦ ʢʦʨʠʰ˂ʝˁʝʤ ʤʦʜʝʣʘ ʠ ʤʦʜʝʨʥʠʭ ʪʝʭʥʦʣʦʛʠʿʘ. ʆʚʦ 

ʥʘʯʝʣʦ ʪʘʢʦʹʝ ʥʘʣʘʟʠ ʧʨʠʤʝʥʫ ʫ 3ɼ ʢʘʪʘʩʪʨʫ ʢʨʦʟ ʤʦʜʝʣʠʨʘˁʝ 

ʥʝʧʦʢʨʝʪʥʦʩʪʠ ʫ 3ɼ ʧʨʦʩʪʦʨʫ. 

¶ ʅʘʯʝʣʦ 4: ʂʘʪʘʩʪʘʨ ʩʘ Ăʧʘʧʠʨʦʤ ʠ ʦʣʦʚʢʦʤò ˂ʝ ʥʝʩʪʘʪʠ. ʉʣʠʯʥʦ ʢʘʦ ʥʘʯʝʣʦ 

2 ʠ ʥʘʯʝʣʦ 3, ʦʚʦ ʥʘʯʝʣʦ ʜʝʬʠʥʠʰʝ ʧʨʝʚʘʟʠʣʘʞʝˁʝ ʥʝʜʦʩʪʘʪʘʢʘ 

ʪʨʘʜʠʮʠʦʥʘʣʥʠʭ ʢʘʪʘʩʪʘʨʩʢʠʭ ʩʠʩʪʝʤʘ ʢʨʦʟ ʧʨʠʤʝʥʫ ʤʦʜʝʨʥʠʭ 

ʪʝʭʥʦʣʦʛʠʿʘ, ʰʪʦ ʩʚʘʢʘʢʦ ʧʨʦʥʘʣʘʟʠ ʧʨʠʤʝʥʫ ʠ ʫ 3ɼ ʢʘʪʘʩʪʨʫ 

ʥʝʧʦʢʨʝʪʥʦʩʪʠ. 

¶ ʅʘʯʝʣʦ 5: ʂʘʪʘʩʪʘʨ 2014 ˂ʝ ʚʝ˂ʠʤ ʜʝʣʦʤ ʙʠʪʠ ʧʨʠʚʘʪʠʟʦʚʘʥ. ʆʚʦ ʥʘʯʝʣʦ ʩʝ 

ʙʘʟʠʨʘ ʥʘ ʧʨʝʪʧʦʩʪʘʚʮʠ ʜʘ ʩʝ ʿʘʚʥʠ ʩʠʩʪʝʤʠ ʧʦʥʘʰʘʿʫ ʤʘˁʝ ʬʣʝʢʩʠʙʠʣʥʦ ʠ 

ʦʨʠʿʝʥʪʠʩʘʥʦ ʢʘ ʩʪʨʘʥʢʘʤʘ ʥʝʛʦ ʧʨʠʚʘʪʥʝ ʦʨʛʘʥʠʟʘʮʠʿʝ. ʌʣʝʢʩʠʙʠʣʥʦʩʪ ʩʝ 

ʤʦʞʝ ʙʦˀʝ ʦʩʪʚʘʨʠʪʠ ʧʨʝʢʦ ʧʨʠʚʘʪʥʠʭ ʦʨʛʘʥʠʟʘʮʠʿʘ ʘʣʠ ʿʝ ʥʝʦʧʭʦʜʥʦ 

ʟʘʜʨʞʘʪʠ ʫʯʝʰ˂ʝ ʿʘʚʥʦʛ ʩʝʢʪʦʨʘ ʨʘʜʠ ʢʦʥʪʨʦʣʝ ʠ ʟʘʜʨʞʘʚʘˁʘ ʩʠʛʫʨʥʦʩʪʠ. 
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¶ ʅʘʯʝʣʦ 6: ʂʘʪʘʩʪʘʨ 2014 ˂ʝ ʠʤʘʪʠ ʧʦʢʨʠʚʝʥʝ ʪʨʦʰʢʦʚʝ. ʂʘʪʘʩʪʘʨʩʢʠ 

ʩʠʩʪʝʤʠ ʟʘʭʪʝʚʘʿʫ ʟʥʘʪʥʝ ʠʥʚʝʩʪʠʮʠʿʝ ʘʣʠ ʟʝʤˀʠʰʪʝ ʜʦʢʫʤʝʥʪʦʚʘʥʦ ʠ 

ʦʙʝʟʙʝʹʝʥʦ ʢʘʪʘʩʪʘʨʩʢʠʤ ʩʠʩʪʝʤʦʤ ʧʨʝʜʩʪʘʚˀʘ ʚʠʰʝʩʪʨʫʢʫ ʠʥʚʝʩʪʠʮʠʿʫ. 

ʊʨʦʰʢʦʚʠ ʨʘʜʘ ʩʝ ʤʦʨʘʿʫ ʙʘʨ ʜʝʣʠʤʠʯʥʦ ʧʦʚʨʘʪʠʪʠ ʦʜ ʦʥʠʭ ʢʦʿʠ ʠʤʘʿʫ 

ʢʦʨʠʩʪ. 

ɺʠʰʝ ʦ ʢʘʪʘʩʪʘʨʩʢʠʤ ʨʝʬʦʨʤʘʤʘ ʫ ʦʜʥʦʩʫ ʥʘ ʩʪʫʜʠʿʫ Ăʂʘʪʘʩʪʘʨ 2014ñ ʩʝ ʤʦʞʝ 

ʧʨʦʥʘ˂ʠ ʫ ʨʘʜʫ (Mihajloviĺ et al, 2011). 

ʇʦʩʤʘʪʨʘʿʫ˂ʠ ʚʠʟʠʿʫ ʂʘʪʘʩʪʨʘ 2014 ʠ ˁʝʥʘ ʥʘʯʝʣʘ ʤʦʞʝ ʩʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʩʫ 

ʦʩʥʦʚʥʠ ʢʦʥʮʝʧʪʠ ʂʘʪʘʩʪʨʘ 2014 ʠʥʪʝʛʨʠʩʘʥʠ ʫ LADM ʩʪʘʥʜʘʨʜ ʠ ʜʘ LADM 

ʩʪʘʥʜʘʨʜ ʥʘʩʪʘʚˀʘ ʜʘ ʧʨʦʤʦʚʠʰʝ ʦʚʘ ʥʘʯʝʣʘ ʠ ʥʘʢʦʥ 2014 ʛʦʜʠʥʝ. 

ʇʦʨʝʜ ʤʦʜʝʨʥʠʭ ʘʩʧʝʢʘʪʘ ʢʘʪʘʩʪʨʘ, ʜʝʬʠʥʠʩʘʥʠʭ ʩʪʫʜʠʿʦʤ Ăʂʘʪʘʩʪʘʨ 2014ñ, ʥʘ 

ʜʘʥʘʰˁʝ ʢʘʪʘʩʪʘʨʩʢʝ ʩʠʩʪʝʤʝ ʫʪʠʯʫ ʠʩʪʦʨʠʿʩʢʠ, ʧʨʘʚʥʠ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʠ ʘʩʧʝʢʪʠ 

ʫ ʨʘʟʣʠʯʠʪʠʤ ʜʨʞʘʚʘʤʘ.  

ʇʦʩʪʦʿʠ ʥʝʢʦʣʠʢʦ ʟʘʩʪʫʧˀʝʥʠʭ ʢʘʪʘʩʪʘʨʩʢʠʭ ʩʠʩʪʝʤʘ ʫ ʩʚʝʪʫ. ʅʘʿʯʝʰ˂ʝ 

ʟʘʩʪʫʧˀʝʥʠ ʩʠʩʪʝʤʠ ʩʫ: ʬʨʘʥʮʫʩʢʠ, ʥʝʤʘʯʢʠ ʠ ʊʦʨʝʥʩʦʚ/ʝʥʛʣʝʩʢʠ ʩʠʩʪʝʤ ʠ ʨʘʟʥʝ 

ʤʝʰʘʚʠʥʝ ʦʚʠʭ ʩʠʩʪʝʤʘ ʢʦʿʠ ʩʫ ʩʝ ʥʘʿʯʝʰ˂ʝ ʰʠʨʠʣʠ ʧʫʪʝʤ ʢʦʣʦʥʠʟʘʮʠʿʝ ʠ 

ʰʠʨʝˁʘ ʝʚʨʦʧʩʢʠʭ ʫʪʠʮʘʿʘ. ɼʦʢ ʫ ʥʝʢʠʤ ʟʝʤˀʘʤʘ ʧʦʩʪʦʿʠ ʿʝʜʘʥ ʢʘʪʘʩʪʘʨʩʢʠ 

ʩʠʩʪʝʤ, ʫ ʜʨʫʛʠʤ ʟʝʤˀʘʤʘ ʩʝ ʢʦʨʠʩʪʝ ʤʝʰʦʚʠʪʠ ʧʨʠʩʪʫʧʠ ʠʣʠ ʩʝ ʫ ʨʘʟʣʠʯʠʪʠʤ 

ʜʝʣʦʚʠʤʘ ʟʝʤˀʝ ʢʦʨʠʩʪʝ ʨʘʟʣʠʯʠʪʠ ʩʠʩʪʝʤʠ.  

ʉʘ ʩʪʘʥʦʚʠʰʪʘ 3ɼ ʢʘʪʘʩʪʨʘ ʠ ʨʝʛʠʩʪʨʘʮʠʿʝ ʢʦʤʧʣʝʢʩʥʠʭ 3ɼ ʩʠʪʫʘʮʠʿʘ, ʨʘʟʣʠʯʠʪʠ 

ʢʘʪʘʩʪʘʨʩʢʠ ʩʠʩʪʝʤʠ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʝ ʫ ʩʚʝʪʫ ʠʤʘʿʫ ʩʣʠʯʥʝ ʧʦʪʝʰʢʦ˂ʝ ʫ ʨʝʰʘʚʘˁʫ 

ʧʨʦʙʣʝʤʘ ʢʦʿʝ ʥʘʤʝ˂ʫ ʧʦʪʨʝʙʫ ʟʘ 3ɼ ʢʘʪʘʩʪʨʦʤ. ʈʘʟʣʦʛ ʩʝ ʦʛʣʝʜʘ ʧʨʝʚʘʩʭʦʜʥʦ ʫ 

ʪʦʤʝ ʰʪʦ ʩʝ ʟʘ ʨʝʛʠʩʪʨʘʮʠʿʫ ʢʦʨʠʩʪʝ 2ɼ ʢʘʪʘʩʪʘʨʩʢʠ ʧʣʘʥʦʚʠ ʘ ʢʘʦ ʦʩʥʦʚʥʘ 

ʧʨʦʩʪʦʨʥʘ ʿʝʜʠʥʠʮʘ ʩʝ ʢʦʨʠʩʪʠ 2ɼ ʢʘʪʘʩʪʘʨʩʢʘ ʧʘʨʮʝʣʘ. 

ʄʦʞʝ ʩʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʩʝ ʥʘ ʧʦʪʨʝʙʝ ʟʘ 3ɼ ʢʘʪʘʩʪʨʦʤ ʤʦʞʝ ʧʦʩʤʘʪʨʘʪʠ ʛʣʦʙʘʣʥʦ 

ʙʝʟ ʦʙʟʠʨʘ ʥʘ ʨʘʟʣʠʢʝ ʫ ʢʘʪʘʩʪʘʨʩʢʠʤ ʩʠʩʪʝʤʠʤʘ, ʿʝʨ ʩʚʠ ʢʘʪʘʩʪʘʨʩʢʠ ʩʠʩʪʝʤʠ 

ʠʤʘʿʫ ʩʣʠʯʥʝ ʤʦʪʠʚʝ ʠ ʧʦʪʝʰʢʦ˂ʝ ʧʨʠʣʠʢʦʤ ʨʝʛʠʩʪʨʘʮʠʿʝ ʠ ʧʨʠʢʘʟʠʚʘˁʘ 

ʢʦʤʧʣʝʢʩʥʠʭ 3ɼ ʩʠʪʫʘʮʠʿʘ. ʀʘʢʦ ʩʫ ʤʦʪʠʚʠ ʚʝʦʤʘ ʩʣʠʯʥʠ ʿʘʩʥʦ ʿʝ ʜʘ ˂ʝ ʩʘʤʦ 
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ʨʝʰʝˁʝ ʠ ʠʤʧʣʝʤʝʥʪʘʮʠʿʘ 3ɼ ʢʘʪʘʩʪʨʘ ʫʚʝʣʠʢʦ ʟʘʚʠʩʠʪʠ ʦʜ ʢʘʪʘʩʪʘʨʩʢʦʛ ʩʠʩʪʝʤʘ 

ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʠ ʘʣʠ ʠ ʩʦʮʠʿʘʣʥʠʭ ʠ ʜʨʫʰʪʚʝʥʠʭ ʥʘʚʠʢʘ ʢʦʿʝ ʧʨʝʚʣʘʜʘʚʘʿʫ. 

ʋ ʦʢʚʠʨʫ ʄʝʹʫʥʘʨʦʜʥʦʛ ʩʘʚʝʟʘ ʛʝʦʜʝʪʘ (FIG) ʠ ʨʘʜʥʝ ʛʨʫʧʝ ʟʘ 3ɼ ʢʘʪʘʩʪʘʨ, 2010. ʠ 

2014. ʛʦʜʠʥʝ ʠʟʚʨʰʝʥʝ ʩʫ ʤʝʹʫʥʘʨʦʜʥʝ ʘʥʢʝʪʝ ʦ 3ɼ ʢʘʪʘʩʪʨʫ ʢʦʿʝ ʩʫ ʠʩʪʨʘʞʠʚʘʣʝ: 

ʥʘʯʠʥ ʧʨʠʢʘʟʠʚʘˁʘ 3ɼ ʩʠʪʫʘʮʠʿʘ, ʧʨʠʢʘʟ ʦʙʿʝʢʘʪʘ ʠ ʧʦʩʝʙʥʠʭ ʜʝʣʦʚʘ ʦʙʿʝʢʘʪʘ, 

ʚʠʩʠʥʩʢʫ ʧʨʝʜʩʪʘʚʫ, ʫʧʠʩ ʧʨʘʚʘ ʠ ʪʝʨʝʪʘ, ʢʦʨʠʰ˂ʝˁʝ ʢʘʪʘʩʪʘʨʩʢʠʭ ʧʣʘʥʦʚʘ ʠ 

ʦʩʥʦʚʥʝ ʩʪʘʪʠʩʪʠʯʢʝ ʧʦʜʘʪʢʝ ʦ ʢʘʪʘʩʪʘʨʩʢʠʤ ʩʠʩʪʝʤʠʤʘ. ʋ ʘʥʢʝʪʘʤʘ ʿʝ 

ʫʯʝʩʪʚʦʚʘʣʦ ʧʨʝʢʦ 40 ʟʝʤʘˀʘ ʠʟ ʨʘʟʥʠʭ ʜʝʣʦʚʘ ʩʚʝʪʘ, ʘ ʤʝʹʫ ˁʠʤʘ ʠ ʈʝʧʫʙʣʠʢʘ 

ʉʨʙʠʿʘ. 

ʈʝʟʫʣʪʘʪʠ ʦʚʠʭ ʘʥʢʝʪʘ ʤʦʛʫ ʩʝ ʧʨʦʥʘ˂ʠ ʥʘ ʩʣʝʜʝ˂ʝʤ ʣʠʥʢʫ: 

http://www.gdmc.nl/3DCadastres/participants/ ʢʦʿʠ ʩʝ ʥʘʣʘʟʠ ʫ ʦʢʚʠʨʫ ʠʥʪʝʨʥʝʪ 

ʘʜʨʝʩʝ ʈʘʜʥʝ ʛʨʫʧʝ ʟʘ 3ɼ ʢʘʪʘʩʪʘʨ (FIG joint commission 3 and 7 Working Group on 

3D Cadastres, 2019). ʊʘʢʦʹʝ, ʧʨʝʛʣʝʜ ʠ ʘʥʘʣʠʟʘ ʨʝʟʫʣʪʘʪʘ ʦʚʠʭ ʘʥʢʝʪʘ ʜʘʪʘ ʿʝ ʥʘ 

FIG ʨʘʜʥʦʿ ʥʝʜʝˀʠ 2011. ʛʦʜʠʥʝ (van Oosterom et al, 2011) ʠ ʥʘ ʨʘʜʠʦʥʠʮʠ ʟʘ 3ɼ 

ʢʘʪʘʩʪʘʨ ʦʜʨʞʘʥʦʿ 2014. ʛʦʜʠʥʝ (van Oosterom et al, 2014). ʋ ʦʢʚʠʨʫ ʦʚʠʭ ʨʘʜʦʚʘ 

ʥʘʛʣʘʰʝʥʝ ʩʫ ʥʝʢʝ ʦʜ ʟʘʿʝʜʥʠʯʢʠʭ ʪʘʯʘʢʘ ʫ ʢʦʥʪʝʢʩʪʫ 3ɼ ʢʘʪʘʩʪʨʘ. ʄʦʛʫ ʩʝ 

ʠʟʜʚʦʿʠʪʠ ʩʣʝʜʝ˂ʠ ʟʘʢˀʫʯʮʠ:  

¶ ʋ ʚʝ˂ʠʥʠ ʢʘʪʘʩʪʘʨʩʢʠʭ ʩʠʩʪʝʤʘ ʫ ʩʚʝʪʫ ʥʝʦʧʭʦʜʥʦ ʿʝ 3ɼ ʧʦʩʝʜ ʩʚʝʩʪʠ ʥʘ 2ɼ 

ʨʘʚʘʥ ʠ ʨʝʛʠʩʪʨʦʚʘʪʠ ʫ ʦʢʚʠʨʫ ʛʨʘʥʠʮʘ 2ɼ ʧʘʨʮʝʣʝ. ʆʚʘʢʘʚ ʧʨʠʩʪʫʧ 

ʦʪʝʞʘʚʘ ʨʝʛʠʩʪʨʘʮʠʿʫ ʠ ʧʨʠʢʘʟʠʚʘˁʝ ʥʝʧʦʢʨʝʪʥʦʩʪʠ ʠ ʩʠʪʫʘʮʠʿʘ ʫ ʢʦʿʠʤʘ 

ʩʝ ʧʨʘʚʦ ʧʦʣʘʞʝ ʠʩʧʦʜ ʠʣʠ ʠʟʥʘʜ ʥʝʢʦʣʠʢʦ ʢʘʪʘʩʪʘʨʩʢʠʭ ʧʘʨʮʝʣʘ. 

¶ ʋ ʚʝ˂ʠʥʠ ʘʥʢʝʪʠʨʘʥʠʭ ʟʝʤʘˀʘ ʥʝ ʧʦʩʪʦʿʝ ʝʢʩʧʣʠʮʠʪʥʘ ʧʨʘʚʠʣʘ ʢʦʿʘ ʙʠ ʩʝ 

ʦʜʥʦʩʠʣʘ ʥʘ ʨʝʛʠʩʪʨʘʮʠʿʫ ʧʨʦʩʪʦʨʘ ʠʩʧʦʜ ʠʣʠ ʠʟʥʘʜ ʧʦʚʨʰʠ ʟʝʤˀʝ ʢʦʿʠ 

ʥʠʿʝ ʤʘʪʝʨʠʿʘʣʥʦ ʜʝʬʠʥʠʩʘʥ ʥʝʢʦʤ ʢʦʥʩʪʨʫʢʮʠʿʦʤ. ʉʘʤʦ ʩʝ ʫ ʥʝʢʠʤ 

ʟʝʤˀʘʤʘ ʢʘʦ ʰʪʦ ʿʝ ʂʘʥʘʜʘ ʠ ɸʫʩʪʨʘʣʠʿʘ ʩʧʦʤʠˁʝ ʤʦʛʫ˂ʥʦʩʪ ʨʝʛʠʩʪʨʘʮʠʿʝ 

ʧʨʘʚʘ ʥʘ Ăʧʨʘʟʥʦʤ ʧʨʦʩʪʦʨʫò ʠʟʥʘʜ ʠʣʠ ʠʩʧʦʜ ʟʝʤˀʝ (van Oosterom et al, 

2011). 

¶ ʅʘ ʦʩʥʦʚʫ ʘʥʘʣʠʟʝ ʘʥʢʝʪʘ ʠʟ 2010. ʛʦʜʠʥʝ (van Oosterom et al, 2011) ʿʘʩʥʦ ʿʝ 

ʟʘʢˀʫʯʝʥʦ ʜʘ ʥʠ ʫ ʿʝʜʥʦʤ ʢʘʪʘʩʪʘʨʩʢʦʤ ʩʠʩʪʝʤʫ ʥʝ ʧʦʩʪʦʿʠ ʿʘʩʥʦ 

ʜʝʬʠʥʠʩʘʥʘ 3ɼ ʧʘʨʮʝʣʘ ʠ ʪʘʢʘʚ ʥʘʯʠʥ ʫʧʠʩʘ. ʆʧʠʩ 3ɼ ʧʦʩʝʜʘ ʩʝ ʤʦʞʝ 

http://www.gdmc.nl/3DCadastres/participants/
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ʧʨʦʥʘ˂ʠ ʥʘ ʢʘʪʘʩʪʘʨʩʢʠʤ ʧʣʘʥʦʚʠʤʘ, ʧʨʦʧʨʘʪʥʦʿ ʪʝʭʥʠʯʢʦʿ ʜʦʢʫʤʝʥʪʘʮʠʿʠ 

ʠ ʧʨʘʚʥʠʤ ʜʦʢʫʤʝʥʪʠʤʘ.  

¶ ʐʪʦ ʩʝ ʪʠʯʝ ʟʛʨʘʜʘ, ʫ ʚʝ˂ʠʥʠ ʢʘʪʘʩʪʘʨʩʢʠʭ ʩʠʩʪʝʤʘ ʢʦʨʠʩʪʝ ʩʝ ʝʪʘʞʥʝ 

ʩʢʠʮʝ ʛʜʝ ʩʝ ʟʘ ʩʚʘʢʠ ʩʧʨʘʪ ʧʨʠʢʘʟʫʿʫ ʛʨʘʥʠʮʝ ʥʝʧʦʢʨʝʪʥʦʩʪʠ ʘʣʠ ʩʝ ʦʚʠ 

ʧʦʜʘʮʠ ʥʝ ʤʦʛʫ ʧʨʦʥʘ˂ʠ ʥʘ ʩʘʤʦʤ ʢʘʪʘʩʪʘʨʩʢʦʤ ʧʣʘʥʫ.  

¶ ʊʘʢʦʹʝ, ʟʘʢˀʫʯʘʢ ʿʝ ʜʘ ʩʝ ʥʝ ʦʯʝʢʫʿʝ ʚʝʣʠʢʠ ʥʘʧʨʝʜʘʢ ʫ ʨʝʛʠʩʪʨʘʮʠʿʠ 

ʢʦʤʧʣʝʢʩʥʠʭ 3ɼ ʩʠʪʫʘʮʠʿʘ ʫ ʢʨʘʪʢʦʤ ʚʨʝʤʝʥʩʢʦʤ ʨʦʢʫ, ʪʿ. ʜʦ 2014. ʛʦʜʠʥʝ 

ʢʘʜʘ ʿʝ ʠʟʚʨʰʝʥʘ ʥʦʚʘ ʘʥʢʝʪʘ. 

ʅʘ ʦʩʥʦʚʫ ʥʦʚʠʭ ʘʥʢʝʪʘ 2014. ʛʦʜʠʥʝ (van Oosterom et al, 2014) ʫʪʚʨʹʝʥʦ ʿʝ ʜʘ ʥʝ 

ʧʦʩʪʦʿʠ ʢʦʥʩʝʥʟʫʩ ʢʘʢʦ ʪʨʝʙʘ ʜʘ ʠʟʛʣʝʜʘ 3ɼ ʧʘʨʮʝʣʘ, ʪʿ. ʜʘ ʣʠ ʪʨʝʙʘ ʜʘ ʙʫʜʝ 

ʿʝʜʠʥʩʪʚʝʥʘ ʠʣʠ ʩʝ ʤʦʞʝ ʩʘʩʪʦʿʘʪʠ ʦʜ ʚʠʰʝ ʜʝʣʦʚʘ. ɼʦ 2014. ʛʦʜʠʥʝ, ʠʧʘʢ ʿʝ ʫ 

ʥʝʢʦʣʠʢʦ ʟʝʤʘˀʘ ʫʨʘʹʝʥ ʟʥʘʯʘʿʘʥ ʥʘʧʨʝʜʘʢ ʟʘ ʯʝʪʠʨʠ ʛʦʜʠʥʝ, ʪʿ. ʟʘ ʚʨʝʤʝʥʩʢʠ 

ʧʝʨʠʦʜ ʠʟʤʝʹʫ ʜʚʝ ʘʥʢʝʪʝ. ʊʘʢʦ, ʥʘ ʧʨʠʤʝʨ, ʥʝʢʝ ʟʝʤˀʝ ʢʘʦ ʰʪʦ: ɸʫʩʪʨʘʣʠʿʘ, 

ʂʠʥʘ, ʅʝʤʘʯʢʘ, ʄʘʣʝʟʠʿʘ, ʐʚʝʜʩʢʘ, ʊʨʠʥʠʜʘʜ ʠ ʊʦʙʘʛʦ ʧʨʠʢʘʟʫʿʫ 3ɼ 

ʠʥʬʦʨʤʘʮʠʿʝ ʥʘ ʢʘʪʘʩʪʘʨʩʢʠʤ ʧʣʘʥʦʚʠʤʘ. ʊʘʢʦʹʝ, ʥʝʢʝ ʦʜ ʟʝʤʘˀʘ ʢʘʦ ʰʪʦ ʿʝ 

ʂʦʩʪʘʨʠʢʘ ʢʦʨʠʩʪʝ ʧʦʜʘʪʢʝ ʦ ʟʛʨʘʜʘʤʘ ʢʦʿʠ ʩʫ ʨʝʟʫʣʪʘʪ BIM ʤʦʜʝʣʠʨʘˁʘ (ʝʥʛʣ. 

BIM - Building Information Modelling) ʟʘ ʧʦʪʨʝʙʝ ʘʞʫʨʠʨʘˁʘ ʙʘʟʘ ʧʦʜʘʪʘʢʘ 

ʢʘʪʘʩʪʨʘ ʥʝʧʦʢʨʝʪʥʦʩʪʠ. 

ɺʝ˂ʠʥʘ ʟʝʤʘˀʘ ʥʠʿʝ ʧʦʧʫʥʠʣʘ ʜʝʦ ʘʥʢʝʪʝ ʢʦʿʠ ʩʝ ʦʜʥʦʩʠ ʥʘ ʦʯʝʢʠʚʘˁʘ ʦ ʩʪʘˁʫ 3ɼ 

ʢʘʪʘʩʪʨʘ 2018. ʛʦʜʠʥʝ. ʋʛʣʘʚʥʦʤ ʩʫ ʦʜʛʦʚʦʨʠʣʠ ʜʘ ʥʝ ʦʯʝʢʫʿʫ ʧʨʦʤʝʥʝ ʠ ʜʘ ʿʝ 

ʪʝʰʢʦ ʧʨʦʮʝʥʠʪʠ ʜʘ ʣʠ ˂ʝ ʙʠʪʠ ʥʝʢʦʛ ʥʘʧʨʝʪʢʘ. ɿʝʤˀʝ ʢʘʦ ʰʪʦ ʩʫ: ɸʫʩʪʨʘʣʠʿʘ, 

ʂʠʥʘ, ɼʘʥʩʢʘ, ʍʨʚʘʪʩʢʘ, ʌʠʥʩʢʘ, ʄʘʹʘʨʩʢʘ, ʀʟʨʘʝʣ, ʄʘʣʝʟʠʿʘ, ʇʦˀʩʢʘ, ʉʠʥʛʘʧʫʨ, 

ʐʚʘʿʮʘʨʩʢʘ, ʊʨʠʥʠʜʘʜ ʠ ʊʦʙʘʛʦ ʦʜʛʦʚʦʨʠʣʝ ʩʫ ʜʘ ʩʝ ʦʯʝʢʫʿʝ ʨʘʟʚʦʿ 3ɼ ʤʦʛʫ˂ʥʦʩʪʠ 

ʫ ʢʘʪʘʩʪʘʨʩʢʦʿ ʙʘʟʠ ʧʦʜʘʪʘʢʘ ʢʘʦ ʿʝʜʥʦʛ ʦʜ ʛʣʘʚʥʠʭ ʧʨʝʜʫʩʣʦʚʘ ʟʘ ʠʤʧʣʝʤʝʥʪʘʮʠʿʫ 

3ɼ ʢʘʪʘʩʪʨʘ ʥʝʧʦʢʨʝʪʥʦʩʪʠ (van Oosterom et al, 2014).  
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2.3 ˞̓́̎̅́̑̅̉ ̉ ̅̉̑̆̋̓̉̃̆ ̏̅ ̘̪̈̎́́́ ̈́ ̪̑́̈̃̏ σˑ 

̋́̓́̒̓̑́ 

ʂʘʦ ʠ ʫ ʚʝ˂ʠʥʠ ʜʨʫʛʠʭ ʦʙʣʘʩʪʠ, ʤʝʹʫʥʘʨʦʜʥʠ ʩʪʘʥʜʘʨʜʠ ʠ ʜʠʨʝʢʪʠʚʝ ʫ ʦʙʣʘʩʪʠ 3ɼ 

ʢʘʪʘʩʪʨʘ ʧʨʝʜʩʪʘʚˀʘʿʫ ʚʝʦʤʘ ʙʠʪʘʥ ʯʠʥʠʣʘʮ ʧʨʠʣʠʢʦʤ ʨʘʟʚʦʿʘ ʠ ʠʤʧʣʝʤʝʥʪʘʮʠʿʝ. 

ʉʪʘʥʜʘʨʜʠ ʧʦʚʝ˂ʘʚʘʿʫ ʩʠʛʫʨʥʦʩʪ ʠ ʦʤʦʛʫ˂ʘʚʘʿʫ ʨʘʮʠʦʥʘʣʠʟʘʮʠʿʫ ʧʨʦʮʝʩʘ ʥʘ ʪʘʿ 

ʥʘʯʠʥ ʰʪʦ ʩʝ ʦʙʝʟʙʝʹʫʿʝ ʜʘ ʩʝʨʚʠʩʠ ʠ ʤʝʪʦʜʝ ʢʦʿʝ ʩʝ ʢʦʨʠʩʪʝ ʦʜʛʦʚʘʨʘʿʫ ʩʪʚʘʨʥʠʤ 

ʧʦʪʨʝʙʘʤʘ. ʊʘʢʦʹʝ, ʧʦʨʝʜ ʟʚʘʥʠʯʥʦ ʫʩʚʦʿʝʥʠʭ ʩʪʘʥʜʘʨʜʘ ʧʦʩʪʦʿʝ ʠ ʰʠʨʦʢʦ 

ʧʨʠʭʚʘ˂ʝʥʝ ʩʪʫʜʠʿʝ ʦ ʤʦʜʝʨʥʠʤ ʘʩʧʝʢʪʠʤʘ ʢʘʪʘʩʪʨʘ ʢʦʿʝ ʪʘʢʦʹʝ ʧʦʟʠʪʠʚʥʦ ʫʪʠʯʫ 

ʥʘ ʩʘʛʣʝʜʘʚʘˁʝ ʧʦʪʨʝʙʘ ʠ ʥʘʯʠʥʘ ʠʤʧʣʝʤʝʥʪʘʮʠʿʝ ʤʦʜʝʨʥʦʛ 3ɼ ʢʘʪʘʩʪʨʘ 

ʥʝʧʦʢʨʝʪʥʦʩʪʠ. ʉʘ ʩʪʘʥʦʚʠʰʪʘ 3ɼ ʢʘʪʘʩʪʨʘ ʥʘʿʙʠʪʥʠʿʠ ʩʪʘʥʜʘʨʜʠ ʩʫ LADM ï ISO 

19152 ʩʪʘʥʜʘʨʜ, INSPIRE ʜʠʨʝʢʪʠʚʘ ʠ ʩʪʫʜʠʿʘ Ăʂʘʪʘʩʪʘʨ 2014ò. FIG ʧʫʙʣʠʢʘʮʠʿʘ 

ʧʦʜ ʥʘʟʠʚʦʤ ĂCadastre 2014 and Beyondñ (Steudler, 2014) ʧʨʫʞʘ ʜʦʙʘʨ ʧʨʝʛʣʝʜ ʠ 

ʫʚʠʜ ʫ ʜʦʩʪʠʛʥʫ˂ʘ ʩʪʫʜʠʿʝ Ăʂʘʪʘʩʪʘʨ 2014ñ. ɼʘʪ ʿʝ ʧʨʝʛʣʝʜ ʫʪʠʮʘʿʘ Ăʂʘʪʘʩʪʨʘ 

2014ñ ʥʘ ʥʘʮʠʦʥʘʣʥʝ ʢʘʪʘʩʪʘʨʩʢʝ ʩʠʩʪʝʤʝ ʠ ʫʥʘʧʨʝʹʝˁʘ ʫ ʤʝʹʫʥʘʨʦʜʥʦʿ ʥʘʫʯʥʦʿ 

ʟʘʿʝʜʥʠʮʠ. ʆʧʠʩʘʥʘ ʿʝ ʫʣʦʛʘ LADM ʩʪʘʥʜʘʨʜʘ ʫ ʨʘʟʚʦʿʫ ʢʘʪʘʩʪʘʨʩʢʠʭ ʩʠʩʪʝʤʘ. 

ʊʘʢʦʹʝ, ʙʠʪʥʦ ʿʝ ʥʘʛʣʘʩʠʪʠ ʠ ʩʝʨʠʿʫ ʩʪʘʥʜʘʨʜʘ ISO 19XXX ʠ OGC ʩʪʘʥʜʘʨʜʝ ʢʦʿʝ 

ʜʝʬʠʥʠʰʫ ʨʘʟʥʝ ʘʩʧʝʢʪʝ ʧʨʦʩʪʦʨʥʠʭ ʧʦʜʘʪʘʢʘ. ʋ ʥʘʩʪʘʚʢʫ ʦʚʦʛ ʧʦʛʣʘʚˀʘ ʜʘʪʠ ʩʫ 

ʧʨʝʛʣʝʜʠ ʠ ʦʧʠʩʠ ʦʚʠʭ ʩʪʘʥʜʘʨʜʘ.   

 

2.3.1 LADM - ISO 19152 ̒ ̓́̎̅́̑̅ 

LADM je ʩʪʘʥʜʘʨʜ ʤʝʹʫʥʘʨʦʜʥʝ ʦʨʛʘʥʠʟʘʮʠʿʝ ʟʘ ʩʪʘʥʜʘʨʜʠʟʘʮʠʿʫ ʢʦʿʠ ʜʝʬʠʥʠʰʝ 

ʦʙʣʘʩʪ ʟʝʤˀʠʰʥʝ ʘʜʤʠʥʠʩʪʨʘʮʠʿʝ. ʈʘʟʚʠʿʝʥ ʿʝ ʜʘ ʩʪʠʤʫʣʠʰʝ ʨʘʟʚʦʿ ʩʦʬʪʚʝʨʩʢʠʭ 

ʘʧʣʠʢʘʮʠʿʘ ʠ ʜʘ ʫʙʨʟʘ ʠʤʧʣʝʤʝʥʪʘʮʠʿʫ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʩʠʩʪʝʤʘ ʟʝʤˀʠʰʥʝ 

ʘʜʤʠʥʠʩʪʨʘʮʠʿʝ, ʘ ʩʚʝ ʟʙʦʛ ʧʦʜʨʰʢʝ ʦʜʨʞʠʚʦʤ ʨʘʟʚʦʿʫ. LADM ʧʦʢʨʠʚʘ ʦʩʥʦʚʥʝ 

ʢʦʤʧʦʥʝʥʪʝ ʟʝʤˀʠʰʥʝ ʘʜʤʠʥʠʩʪʨʘʮʠʿʝ ʫʢˀʫʯʫʿʫ˂ʠ ʢʦʤʧʦʥʝʥʪʝ ʥʘʜ ʚʦʜʦʤ ʠ 

ʟʝʤˀʠʰʪʝʤ, ʠ ʝʣʝʤʝʥʪʝ ʠʟʥʘʜ ʠ ʠʩʧʦʜ ʧʦʚʨʰʠʥʝ ʟʝʤˀʝ (Lemmen and van 

Oosterom, 2013). ʇʨʝʜʚʠʹʘ ʨʝʛʠʩʪʨʘʮʠʿʫ ʧʨʘʚʘ ʠ ʧʨʫʞʘ ʦʩʥʦʚʥʠ ʢʦʥʮʝʧʪ ʤʦʜʝʨʥʦʛ 

ʢʘʪʘʩʪʘʨʩʢʦʛ ʩʠʩʪʝʤʘ. ʂʘʪʘʩʪʘʨʩʢʠ ʩʠʩʪʝʤ ʙʘʟʠʨʘʥ ʥʘ LADM ʩʪʘʥʜʘʨʜʫ 

ʧʨʝʜʩʪʘʚˀʘ ʧʨʦʩʪʦʨʥʫ ʦʩʥʦʚʫ ʥʘʮʠʦʥʘʣʥʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʛʝʦʧʨʦʩʪʦʨʥʠʭ 

ʧʦʜʘʪʘʢʘ. 



25 

 

ʉʪʘʥʜʘʨʜ ʧʨʫʞʘ ʘʧʩʪʨʘʢʪʘʥ, ʢʦʥʮʝʧʪʫʘʣʘʥ ʤʦʜʝʣ ʩʘ ʦʩʥʦʚʥʠʤ ʢʣʘʩʘʤʘ ʟʘ ʩʪʨʘʥʢʝ 

(ˀʫʜʝ ʠ ʦʨʛʘʥʠʟʘʮʠʿʝ), ʦʩʥʦʚʥʝ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʝ ʿʝʜʠʥʠʮʝ, ʧʨʘʚʘ (ʧʨʘʚʘ, 

ʦʜʛʦʚʦʨʥʦʩʪʠ ʠ ʦʛʨʘʥʠʯʝˁʘ) ʠ ʥʝʧʦʢʨʝʪʥʦʩʪʠ (ʧʘʨʮʝʣʝ, ʜʝʣʦʚʠ ʟʛʨʘʜʘ ʠ ʚʦʜʦʚʠ) 

ʫʢˀʫʯʫʿʫ˂ʠ ʧʦʜʢʣʘʩʫ ʟʘ ʧʨʝʤʝʨ ʠ ʧʨʠʢʘʟʠʚʘˁʝ (ʛʝʦʤʝʪʨʠʿʘ ʠ ʪʦʧʦʣʦʛʠʿʘ) 

(Lemmen et al, 2015; ISO, 2012). ʉʣʠʢʘ 2.1 ʠʣʫʩʪʨʫʿʝ ʦʩʥʦʚʥʝ ʢʣʘʩʝ LADM 

ʩʪʘʥʜʘʨʜʘ. 

 

ʉʣʠʢʘ 2.1 : ʆʩʥʦʚʥʝ ʢʣʘʩʝ LADM ʩʪʘʥʜʘʨʜʘ (Lemmen et al, 2015) 

ɼʝʪʘˀʥʠʿʠ ʧʨʠʢʘʟ ʢʣʘʩʘ ʜʘʪ ʿʝ ʥʘ ʉʣʠʢʘ 2.2 ʫ ʚʠʜʫ UML ʜʠʿʘʛʨʘʤʘ. 

 

ʉʣʠʢʘ 2.2 : UML ʜʠʿʘʛʨʘʤ LADM ʤʦʜʝʣʘ (Lemmen et al, 2015) 
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ɼʝʦ UML ʜʠʿʘʛʨʘʤʘ ʢʦʿʠ ʩʝ ʦʜʥʦʩʠ ʥʘ ʩʪʨʘʥʢʝ (ʣʠʮʘ) ʿʝ ʧʨʠʢʘʟʘʥ ʟʝʣʝʥʦʤ ʙʦʿʦʤ 

(ʉʣʠʢʘ 2.2). ɻʣʘʚʥʘ ʢʣʘʩʘ ʿʝ ʢʣʘʩʘ LA_Party ʠ ˁʝʥʘ ʚʘʨʠʿʘʥʪʘ LA_GroupParty, 

ʪʘʢʦʹʝ ʧʦʩʪʦʿʠ ʠ ʦʧʮʠʦʥʘ ʧʨʠʜʨʫʞʝʥʘ ʢʣʘʩʘ LA_PartyMember. ʃʠʮʝ ʿʝ ʦʩʦʙʘ ʠʣʠ 

ʦʨʛʘʥʠʟʘʮʠʿʘ ʢʦʿʘ ʠʤʘ ʫʣʦʛʫ ʫ ʪʨʘʥʩʘʢʮʠʿʠ. ʆʨʛʘʥʠʟʘʮʠʿʘ ʤʦʞʝ ʙʠʪʠ ʢʦʤʧʘʥʠʿʘ, 

ʦʧʰʪʠʥʘ, ʜʨʞʘʚʘ ʠʣʠ ʮʨʢʚʝʥʘ ʟʘʿʝʜʥʠʮʘ. LA_PartyMember ʿʝ ʩʪʨʘʥʢʘ ʨʝʛʠʩʪʨʦʚʘʥʘ 

ʠ ʠʜʝʥʪʠʬʠʢʦʚʘʥʘ ʢʘʦ ʩʘʩʪʘʚʥʠ ʜʝʦ ʛʨʫʧʥʝ ʩʪʨʘʥʢʝ (Lemmen et al, 2015). 

ɾʫʪʦʤ ʙʦʿʦʤ ʥʘ UML ʜʠʿʘʛʨʘʤʫ ʿʝ ʧʨʠʢʘʟʘʥ ʜʝʦ ʢʦʿʠ ʩʝ ʦʜʥʦʩʠ ʥʘ ʧʨʘʚʘ ʠ 

ʘʜʤʠʥʠʩʪʨʘʮʠʿʫ (ʉʣʠʢʘ 2.2.) ʠ ʩʘʩʪʦʿʠ ʩʝ ʦʜ ʢʣʘʩʝ ʟʘ ʧʨʘʚʦ, ʦʜʛʦʚʦʨʥʦʩʪʠ ʠ 

ʦʛʨʘʥʠʯʝˁʘ ʫʢˀʫʯʫʿʫ˂ʠ ʧʨʠʧʘʜʘʿʫ˂ʝ ʧʦʜʢʣʘʩʝ, ʠ ʢʣʘʩʝ ʟʘ ʦʩʥʦʚʥʫ 

ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʫ ʿʝʜʠʥʠʮʫ. 

ɼʝʦ UML ʜʠʿʘʛʨʘʤʘ ʢʦʿʠ ʩʝ ʦʜʥʦʩʠ ʥʘ ʥʝʧʦʢʨʝʪʥʦʩʪʠ ʿʝ ʧʨʠʢʘʟʘʥ ʧʣʘʚʦʤ ʙʦʿʦʤ ʩʘ 

ʧʨʠʧʘʜʘʿʫ˂ʠʤ ʢʣʘʩʘʤʘ ʟʘ ʧʨʠʢʘʟ ʠ ʧʨʝʤʝʨ ʧʦʜʘʪʘʢʘ (ʉʣʠʢʘ 2.2). ʅʝʧʦʢʨʝʪʥʦʩʪ 

ʤʦʞʝ ʙʠʪʠ ʧʨʝʜʩʪʘʚˀʝʥʘ ʢʘʦ ʪʝʢʩʪ (ʦʧʠʩʥʦʛ ʢʘʨʘʢʪʝʨʘ), ʪʘʯʢʘ (ʠʣʠ ʚʠʰʝ ʪʘʯʘʢʘ), 

ʣʠʥʠʿʘ (ʠʣʠ ʚʠʰʝ ʣʠʥʠʿʘ), ʧʨʝʢʦ ʧʦʚʨʰʠ ʠʣʠ ʧʨʝʢʦ ʿʝʜʠʥʩʪʚʝʥʝ ʟʘʧʨʝʤʠʥʝ 

ʧʨʦʩʪʦʨʘ (Lemmen et al, 2015). ʉʘ ʩʪʘʥʦʚʠʰʪʘ 3ɼ ʢʘʪʘʩʪʨʘ ʙʠʪʥʘ ʿʝ ʤʦʛʫ˂ʥʦʩʪ, 

ʢʦʿʫ ʧʨʝʜʚʠʹʘ LADM ʩʪʘʥʜʘʨʜ, ʜʘ ʩʝ ʧʨʦʩʪʦʨʥʝ ʿʝʜʠʥʠʮʝ ʤʦʛʫ ʧʨʝʜʩʪʘʚˀʘʪʠ ʫ 3ɼ 

ʧʨʦʩʪʦʨʫ, ʪʿ. ʢʘʦ ʿʝʜʠʥʩʪʚʝʥʝ ʟʘʧʨʝʤʠʥʝ ʧʨʦʩʪʦʨʘ ʰʪʦ ʧʨʝʜʚʠʹʘ ʠʤʧʣʝʤʝʥʪʘʮʠʿʫ 

3ɼ ʢʘʪʘʩʪʨʘ ʥʝʧʦʢʨʝʪʥʦʩʪʠ. To je ʜʝʬʠʥʠʩʘʥʦ ʠ ʫ ʦʢʚʠʨʫ ʟʘʭʪʝʚʘ ʢʦʿʠ ʩʝ 

ʜʝʬʠʥʠʰʫ LADM ʩʪʘʥʜʘʨʜʦʤ (Lemmen et al, 2015) ʛʜʝ ʿʝ ʜʝʬʠʥʠʩʘʥʦ ʜʘ ʿʝ 

ʧʦʪʨʝʙʥʦ ʦʤʦʛʫ˂ʠʪʠ ʨʘʟʚʦʿ ʧʦʤʦʨʩʢʦʛ ʢʘʪʘʩʪʨʘ ʠ ʧʨʝʜʩʪʘʚˀʘˁʝ ʧʨʘʚʘ ʫ 3ɼ 

ʧʨʦʩʪʦʨʫ ï ʪʿ. ʨʘʟʚʦʿ 3ɼ ʢʘʪʘʩʪʨʘ. 

ʋ ʦʢʚʠʨʫ ʨʘʜʘ (Lemmen et al, 2015) ʜʘʪ ʿʝ ʧʨʝʛʣʝʜ ʤʦʪʠʚʘʮʠʿʝ ʟʘ ʠʟʨʘʜʫ LADM 

ʩʪʘʥʜʘʨʜʘ, ʢʘʦ ʠ ʟʘʭʪʝʚʘ ʠ ʮʠˀʝʚʘ ʟʘ ʨʘʟʚʠʿʘˁʝ ʩʘʤʦʛ ʩʪʘʥʜʘʨʜʘ. Taʢʦ ʩʫ 

ʜʝʬʠʥʠʩʘʥʠ ʩʣʝʜʝ˂ʠ ʮʠˀʝʚʠ LADM ʩʪʘʥʜʘʨʜʘ: 

¶ ʋʩʧʦʩʪʘʚˀʘˁʝ ʟʘʿʝʜʥʠʯʢʝ ʦʥʪʦʣʦʛʠʿʝ. ʆʚʦ ʦʤʦʛʫ˂ʘʚʘ ʢʦʤʫʥʠʢʘʮʠʿʫ ʠʟʤʝʹʫ 

ʫʢˀʫʯʝʥʠʭ ʦʩʦʙʘ (ʤʝʥʘ˅ʝʨʘ, ʧʨʦʬʝʩʠʦʥʘʣʘʮʘ ʠ ʠʩʪʨʘʞʠʚʘʯʘ) ʫʥʫʪʘʨ ʿʝʜʥʝ 

ʟʝʤˀʝ ʘʣʠ ʠ ʠʟʤʝʹʫ ʨʘʟʣʠʯʠʪʠʭ ʟʝʤʘˀʘ; 

¶ ʇʦʜʨʰʢʘ ʨʘʟʚʦʿʫ ʩʦʬʪʚʝʨʩʢʠʭ ʘʧʣʠʢʘʮʠʿʘ ʟʘ ʟʝʤˀʠʰʥʫ ʘʜʤʠʥʠʩʪʨʘʮʠʿʫ, ʘ 

ʧʦʩʝʙʥʦ ʤʦʜʝʣʘ ʧʦʜʘʪʘʢʘ ʢʘʦ ʥʘʿʙʠʪʥʠʿʝʛ ʜʝʣʘ; 

¶ ʆʣʘʢʰʘʚʘˁʝ ʨʘʟʤʝʥʝ ʠ ʧʨʝʫʟʠʤʘˁʝ ʢʘʪʘʩʪʘʨʩʢʠʭ ʧʦʜʘʪʘʢʘ; 
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¶ ʇʦʜʨʰʢʘ ʟʘ ʫʧʨʘʚˀʘˁʝ ʢʚʘʣʠʪʝʪʦʤ ʧʦʜʘʪʘʢʘ ʫ ʟʝʤˀʠʰʥʦʿ ʘʜʤʠʥʠʩʪʨʘʮʠʿʠ. 

ʉʘʤʘ ʫʧʦʪʨʝʙʘ ʩʪʘʥʜʘʨʜʘ ʜʦʧʨʠʥʦʩʠ ʠʟʙʝʛʘʚʘˁʫ ʥʝʢʦʥʟʠʩʪʝʥʪʥʦʩʪʠ ʠʟʤʝʹʫ 

ʧʦʜʘʪʘʢʘ ʢʦʿʠ ʩʝ ʯʫʚʘʿʫ ʫ ʨʘʟʣʠʯʠʪʠʤ ʦʨʛʘʥʠʟʘʮʠʿʘʤʘ, ʿʝʨ ʩʝ ʤʦʞʝ ʠʟʙʝ˂ʠ 

ʜʫʧʣʠʨʘˁʝ ʧʦʜʘʪʘʢʘ. 

ʇʦʩʪʦʿʠ ʥʠʟ ʠʩʪʨʘʞʠʚʘˁʘ ʚʝʟʘʥʦ ʟʘ LADM ʩʪʘʥʜʘʨʜʘ ʫ ʢʦʥʪʝʢʩʪʫ 3ɼ ʢʘʪʘʩʪʨʘ. 

ʅʘʿʯʝʰ˂ʝ ʩʫ ʪʦ ʠʩʪʨʘʞʠʚʘˁʘ ʢʦʿʘ ʩʝ ʦʜʥʦʩʝ ʥʘ ʤʦʛʫ˂ʘ ʙʫʜʫ˂ʘ ʧʨʦʰʠʨʝˁʘ 

ʧʦʩʪʦʿʝ˂ʠʭ ʢʘʪʘʩʪʘʨʩʢʠʭ ʩʠʩʪʝʤʘ ʫ ʧʨʘʚʮʫ 3ɼ ʢʘʪʘʩʪʨʘ ʘ ʫ ʩʢʣʘʜʫ ʩʘ LADM 

ʩʪʘʥʜʘʨʜʦʤ: (Felus et al, 2014; Griffith-Charles and Edwards, 2014; Budisusanto et al, 

2013). ʊʘʢʦʹʝ, ʧʦʩʪʦʿʝ ʠ ʠʩʪʨʘʞʠʚʘˁʘ ʢʦʿʘ ʩʝ, ʧʦʨʝʜ ʧʨʦʰʠʨʝˁʘ ʧʦʩʪʦʿʝ˂ʠʭ 

ʢʘʪʘʩʪʘʨʩʢʠʭ ʩʠʩʪʝʤʘ, ʙʘʚʝ ʠ ʢʘʪʘʩʪʨʦʤ ʫ ʢʦʥʪʝʢʩʪʫ LADM ʩʪʘʥʜʘʨʜʘ ʠ 3D 

ʪʦʧʦʣʦʛʠʿʝ (Ying et al, 2011; Zulkifli  et al, 2015b). 

 

2.3.2 )3/ ρω888 ̪̒̆̑̉́ ̒̓́̎̅́̑̅́ 

ʄʝʹʫʥʘʨʦʜʥʘ ʦʨʛʘʥʠʟʘʮʠʿʘ ʟʘ ʩʪʘʥʜʘʨʜʠʟʘʮʠʿʫ - ISO ʧʨʝʜʩʪʘʚˀʘ ʥʘʿʚʝ˂ʫ ʩʚʝʪʩʢʫ 

ʠʥʩʪʠʪʫʮʠʿʫ ʟʘ ʨʘʟʚʦʿ ʩʪʘʥʜʘʨʜʘ. ISO ʧʦʢʨʠʚʘ ʰʠʨʦʢʦ ʧʦʜʨʫʯʿʝ ʠʥʜʫʩʪʨʠʿʝ, ʦʜ 

ʪʝʭʥʦʣʦʛʠʿʝ ʠ ʩʠʛʫʨʥʦʩʪʠ ʭʨʘʥʝ, ʜʦ ʧʦˀʦʧʨʠʚʨʝʜʝ ʠ ʟʜʨʘʚʩʪʚʘ ʠ ʥʘ ʪʘʿ ʥʘʯʠʥ ʠʤʘ 

ʫʪʠʮʘʿʘ ʫ ʩʚʠʤ ʘʩʧʝʢʪʠʤʘ ʜʨʫʰʪʚʘ. ɼʦ ʩʘʜʘ ʿʝ, ʫ ʦʢʚʠʨʫ ISO ʦʨʛʘʥʠʟʘʮʠʿʝ, 

ʦʙʿʘʚˀʝʥʦ 21982 ʩʪʘʥʜʘʨʜʘ ʠ ʧʨʘʪʝ˂ʠʭ ʜʦʢʫʤʝʥʪʘ (ISO, 2017). 

ʇʦʩʪʦʿʠ ʧʦʩʝʙʥʦ ʬʦʨʤʠʨʘʥ ʪʝʭʥʠʯʢʠ ʢʦʤʠʪʝʪ 211 - ISO/TC 211 ʟʘʜʫʞʝʥ ʟʘ 

ʩʪʘʥʜʘʨʜʝ ʫ ʦʙʣʘʩʪʠ ʜʠʛʠʪʘʣʥʠʭ ʛʝʦʛʨʘʬʩʢʠʭ/ʧʨʦʩʪʦʨʥʠʭ ʠʥʬʦʨʤʘʮʠʿʘ ʠ ˁʠʭʦʚ 

ʛʣʘʚʥʠ ʮʠˀ ʿʝʩʪʝ ʜʘ ʫʩʧʦʩʪʘʚʝ ʩʪʨʫʢʪʫʠʨʘʥʠ ʩʝʪ ʩʪʘʥʜʘʨʜʘ ʟʘ ʧʦʜʘʪʢʝ ʦ ʦʙʿʝʢʪʠʤʘ 

ʠʣʠ ʧʦʿʘʚʘʤʘ ʢʦʿʠ ʩʫ ʜʠʨʝʢʪʥʦ ʠʣʠ ʠʥʜʠʨʝʢʪʥʦ ʧʦʚʝʟʘʥʠ ʟʘ ʣʦʢʘʮʠʿʘʤʘ ʫ ʦʜʥʦʩʫ 

ʥʘ ɿʝʤˀʫ (ISO/TC 211, 2019). ʉʪʘʥʜʘʨʜʠ ʢʦʿʝ ʦʚʘʿ ʢʦʤʠʪʝʪ ʫʩʧʦʩʪʘʚˀʘ ʧʦʯʠˁʫ ʩʘ 

ʙʨʦʿʝʚʠʤʘ 19 ʠ ʠʤʘʿʫ ʩʪʨʫʢʪʫʨʫ 19XXX. ʉʣʝʜʝ˂ʠ ʩʪʘʥʜʘʨʜʠ ʩʫ ʫ ʥʘʜʣʝʞʥʦʩʪʠ 

ʦʚʦʛ ʪʝʭʥʠʯʢʦʛ ʢʦʤʠʪʝʪʘ: 

¶ ISO 19101 - ʨʝʬʝʨʝʥʪʥʠ ʤʦʜʝʣ, 

¶ ISO 19103 - ʢʦʥʮʝʧʪʫʘʣʥʘ ʰʝʤʘ, 

¶ ISO 19104 - ʪʝʨʤʠʥʦʣʦʛʠʿʘ, 

¶ ISO 19105 - ʫʩʘʛʣʘʰʝʥʦʩʪ ʠ ʪʝʩʪʠʨʘˁʝ, 
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¶ ISO 19106 - ʧʨʦʬʠʣʠ, 

¶ ISO 19107 - ʧʨʦʩʪʦʨʥʘ ʰʝʤʘ, 

¶ ISO 19108 - ʚʨʝʤʝʥʩʢʘ ʰʝʤʘ, 

¶ ISO 19109 - ʧʨʘʚʠʣʘ ʟʘ ʘʧʣʠʢʘʪʠʚʥʫ ʰʝʤʫ, 

¶ ISO 19110 - ʤʝʪʦʜʦʣʦʛʠʿʘ ʟʘ ʢʘʪʘʣʦʛʠʟʘʮʠʿʫ ʬʫʥʢʮʠʿʘ, 

¶ ISO 19111 - ʧʨʦʩʪʦʨʥʦ ʨʝʬʝʨʝʥʮʠʨʘˁʝ ʧʫʪʝʤ ʢʦʦʨʜʠʥʘʪʘ, 

¶ ISO 19112 - ʧʨʦʩʪʦʨʥʦ ʨʝʬʝʨʝʥʮʠʨʘˁʝ ʧʫʪʝʤ ʛʝʦʛʨʘʬʩʢʠʭ ʧʦʢʘʟʘʪʝˀʘ, 

¶ ISO 19115 - ʤʝʪʘʧʦʜʘʮʠ, 

¶ ISO 19116 - ʧʦʟʠʮʠʦʥʠʨʘˁʝ, 

¶ ISO 19117 - ʩʠʤʙʦʣʠ, 

¶ ISO 19118 - ʰʠʬʨʦʚʘˁʝ, 

¶ ISO 19119 - ʩʝʨʚʠʩʠ, 

¶ ISO 19120 - ʬʫʥʢʮʠʦʥʘʣʥʠ ʩʪʘʥʜʘʨʜʠ, 

¶ ISO 19121 - ʨʘʩʪʝʨʩʢʠ ʧʦʜʘʮʠ, 

¶ ISO 19122 - ʢʚʘʣʠʬʠʢʘʮʠʿʘ ʠ ʩʝʨʪʠʬʠʢʘʮʠʿʘ ʦʩʦʙˀʘ, 

¶ ISO 19123 - ʢʦʥʮʝʧʪʫʘʣʥʘ ʰʝʤʘ ʟʘ ʧʨʦʩʪʦʨʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʧʦʢʨʠʚʘʯʘ, 

¶ ISO 19125 - ʧʨʠʩʪʫʧ ʿʝʜʥʦʩʪʘʚʥʠʤ ʧʦʜʘʮʠʤʘ, 

¶ ISO 19126 - ʨʝʯʥʠʮʠ ʠ ʨʝʛʠʩʪʨʠ ʧʦʿʤʦʚʘ, 

¶ ISO 19127 - ʛʝʦʜʝʪʩʢʠ ʨʝʛʠʩʪʘʨ, 

¶ ISO 19128 - ʚʝʙ ʤʘʧ ʩʝʨʚʝʨ ʠʥʪʝʨʬʝʿʩ, 

¶ ISO 19129 - ʦʢʚʠʨ ʟʘ ʨʘʩʪʝʨʩʢʝ ʠ ʧʦʜʘʪʢʝ ʧʦʢʨʠʚʘʯʘ, 

¶ ISO 19130 - ʛʝʦʧʦʟʠʮʠʦʥʠʨʘˁʝ ʨʘʩʪʝʨʩʢʠʭ ʧʦʜʘʪʘʢʘ, 

¶ ISO 19131 - ʩʧʝʮʠʬʠʢʘʮʠʿʘ ʧʨʦʩʪʦʨʥʠʭ ʧʦʜʘʪʘʢʘ ʢʘʦ ʧʨʦʠʟʚʦʜʘ, 

¶ ISO 19132 - ʩʝʨʚʠʩʠ ʙʘʟʠʨʘʥʠ ʥʘ ʣʦʢʘʮʠʿʠ, 

¶ ISO 19135 - ʧʨʦʮʝʜʫʨʝ ʟʘ ʨʝʛʠʩʪʨʘʮʠʿʫ ʧʨʝʜʤʝʪʘ, 

¶ ISO 19136 - GML - Geography Markup Language, 

¶ ISO 19137 - ʦʩʥʦʚʥʠ ʧʨʦʬʠʣ ʟʘ ʧʨʦʩʪʦʨʥʫ ʰʝʤʫ, 

¶ ISO 19139 - ʤʝʪʘʧʦʜʘʮʠ - ʠʤʧʣʝʤʝʥʪʘʮʠʿʘ XML ʰʝʤʝ, 

¶ ISO 19141 - ʰʝʤʘ ʟʘ ʧʦʢʨʝʪʥʝ ʧʦʿʘʚʝ, 

¶ ISO 19142 - Web Feature Service, 

¶ ISO 19143 - ʬʠʣʪʨʠʨʘˁʝ, 
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¶ ISO 19144 - ʩʠʩʪʝʤʠ ʢʣʘʩʠʬʠʢʘʮʠʿʝ, 

¶ ISO 19145 - ʨʝʛʠʩʪʘʨ ʧʨʝʜʩʪʘʚˀʘˁʘ ʛʝʦʛʨʘʬʩʢʝ ʪʘʯʢʝ, 

¶ ISO 19146 - cross-domain ʨʝʯʥʠʢ, 

¶ ISO 19147 - ʪʨʘʥʩʬʝʨ ʯʚʦʨʦʚʠ, 

¶ ISO 19148 - ʣʠʥʝʘʨʥʦ ʨʝʬʝʨʝʥʮʠʨʘˁʝ, 

¶ ISO 19149 - GeoREL, 

¶ ISO 19150 - ʦʥʪʦʣʦʛʠʿʘ, 

¶ ISO 19152 - LADM (Land Administration Domain Model), 

¶ ISO 19153 - Geospatial Digital Rights Management Reference Model, 

¶ ISO 19154 - ʩʚʝʦʙʫʭʚʘʪʥʠ ʿʘʚʥʠ ʧʨʠʩʪʫʧ, 

¶ ISO 19155 - ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʤʝʩʪʘ, 

¶ ISO 19156 - ʧʦʩʤʘʪʨʘˁʘ ʠ ʤʝʨʝˁʘ, 

¶ ISO 19157 - ʢʚʘʣʠʪʝʪ ʧʦʜʘʪʘʢʘ, 

¶ ISO 19158 - ʦʙʝʟʙʝʹʠʚʘˁʝ ʢʚʘʣʠʪʝʪʘ ʩʥʘʙʜʝʚʘˁʘ ʧʦʜʘʮʠʤʘ, 

¶ ISO 19159 - ʢʘʣʠʙʨʘʮʠʿʘ ʠ ʚʘʣʠʜʘʮʠʿʘ ʨʘʩʪʝʨʩʢʠʭ ʧʦʜʘʪʘʢʘ ʠ ʩʝʥʟʦʨʘ, 

¶ ISO 19160 - ʘʜʨʝʩʥʠ ʩʠʩʪʝʤ, 

¶ ISO 19161 - ʛʝʦʜʝʪʩʢʦ ʨʝʬʝʨʝʥʮʠʨʘˁʝ, 

¶ ISO 19162 - WKT (Well-known text) representation, 

¶ ISO 19163 - ʩʘʜʨʞʘʿʥʝ ʢʦʤʧʦʥʝʥʪʝ ʨʘʩʪʝʨʩʢʠʭ ʧʦʜʘʪʘʢʘ, 

¶ ISO 19165 - ʯʫʚʘˁʝ ʜʠʛʠʪʘʣʥʠʭ ʧʦʜʘʪʘʢʘ ʠ ʤʝʪʘʧʦʜʘʪʘʢʘ, 

¶ ISO 19166 - ʢʦʥʮʝʧʪʫʘʣʥʦ ʤʘʧʠʨʘˁʝ ʠʟ BIM-a ʫ GIS, 

¶ ISO 19167 - ʧʨʠʤʝʥʘ ʿʘʚʥʦʛ ʧʨʠʩʪʫʧʘ ʠʥʬʦʨʤʘʮʠʿʘʤʘ ʦ ʢʚʘʣʠʪʝʪʫ ʚʘʟʜʫʭʘ. 

ɺʝ˂ʠ ʜʝʦ ʩʪʘʥʜʘʨʜʘ ʠʟ ʦʚʝ ʩʝʨʠʿʝ ʥʝ ʦʜʥʦʩʠ ʩʝ ʜʠʨʝʢʪʥʦ ʥʘ ʜʦʤʝʥ 3ɼ ʢʘʪʘʩʪʨʘ 

ʥʝʧʦʢʨʝʪʥʦʩʪʠ, ʘʣʠ ʩ ʦʙʟʠʨʦʤ ʥʘ ʪʦ ʜʘ 3ɼ ʢʘʪʘʩʪʘʨ ʥʝʧʦʢʨʝʪʥʦʩʪʠ ʧʨʝʜʩʪʘʚˀʘ 

ʿʝʜʘʥ ʩʣʦʞʝʥ ʩʠʩʪʝʤ ʩʘ ʧʨʦʩʪʦʨʥʠʤ ʧʦʜʘʮʠʤʘ ʧʦʪʨʝʙʥʦ ʿʝ ʦʙʨʘʪʠʪʠ ʧʘʞˁʫ ʥʘ ʦʚʝ 

ʩʪʘʥʜʘʨʜʝ ʜʘ ʙʠ ʠʤʧʣʝʤʝʥʪʘʮʠʿʘ, ʦʜʨʞʘʚʘˁʝ ʠ ʢʦʨʠʰ˂ʝˁʝ 3ɼ ʢʘʪʘʩʪʨʘ 

ʥʝʧʦʢʨʝʪʥʦʩʪʠ ʙʠʣʦ ʫʩʧʝʰʥʦ, ʝʢʦʥʦʤʠʯʥʦ ʠ ʨʘʮʠʦʥʘʣʥʦ.  
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2.3.3 OGC ̒ ̓́̎̅́̑̅ ̉

OGC (Open Geospatial Consortium) ʿʝ ʤʝʹʫʥʘʨʦʜʥʘ ʥʝʧʨʦʬʠʪʥʘ ʦʨʛʘʥʠʟʘʮʠʿʘ ʟʘ 

ʩʪʘʥʜʘʨʜʠʟʘʮʠʿʫ ʢʦʿʘ ʿʝ ʙʘʟʠʨʘʥʘ ʥʘ ʜʦʙʨʦʚʦˀʥʦʩʪʠ. OGC ʢʦʥʟʦʨʮʠʿʫʤ ʦʢʫʧˀʘ 

ʚʠʰʝ ʦʜ 525 ʯʣʘʥʠʮʘ ʢʦʿʝ ʯʠʥʝ ʚʣʘʜʠʥʝ ʦʨʛʘʥʠʟʘʮʠʿʝ, ʧʦʩʣʦʚʥʝ ʦʨʛʘʥʠʟʘʮʠʿʝ, 

ʥʝʚʣʘʜʠʥʝ ʦʨʛʘʥʠʟʘʮʠʿʝ, ʘʢʘʜʝʤʩʢʝ ʠʥʩʪʠʪʫʮʠʿʝ ʠ ʥʘʫʯʥʠ ʠʥʩʪʠʪʫʪʠ. ʉʪʘʥʜʘʨʜʠ 

ʩʫ ʜʝʬʠʥʠʩʘʥʠ ʢʦʥʩʝʥʟʫʩʦʤ ʠ ʧʦʪʧʫʥʦ ʩʫ ʜʦʩʪʫʧʥʠ ʠ ʙʝʩʧʣʘʪʥʠ ʟʘ ʩʚʝ ʢʦʨʠʩʥʠʢʝ.  

OGC ʩʪʘʥʜʘʨʜʠ ʧʦʢʨʠʚʘʿʫ ʰʠʨʦʢ ʩʧʝʢʪʘʨ ʜʦʤʝʥʘ ʢʘʦ ʰʪʦ ʿʝ ʧʦʜʨʫʯʿʝ ʛʝʦʥʘʫʢʘ, 3ɼ 

ʤʦʜʝʣʘ, ʧʘʤʝʪʥʠʭ ʛʨʘʜʦʚʘ (ʝʥʛʣ. smart cities), ʣʦʢʘʮʠʿʩʢʠʭ ʩʝʨʚʠʩʘ, ʠʪʜ. (OGC, 

2019). 

ʇʦʩʪʦʿʠ ʚʠʰʝ ʦʜ ʧʝʜʝʩʝʪ OGC ʩʪʘʥʜʘʨʜʘ. ʉʣʝʜʝ˂ʠ ʩʪʘʥʜʘʨʜʠ ʩʝ ʤʦʛʫ ʜʦʚʝʩʪʠ ʫ 

ʚʝʟʫ ʩʘ ʧʨʠʢʫʧˀʘˁʝʤ, ʤʦʜʝʣʦʚʘˁʝʤ, ʩʢʣʘʜʠʰʪʝˁʝʤ, ʨʘʟʤʝʥʦʤ ʠ ʧʨʠʢʘʟʠʚʘˁʝʤ 

ʢʘʪʘʩʪʘʨʩʢʠʭ ʧʦʜʘʪʘʢʘ: 

¶ 3D Tiles 

¶ 3dP (3D Portrayal Service) 

¶ ARML2.0 (Augmented Reality Markup Language) 

¶ Catalogue Service 

¶ CityGML 

¶ Coordinate Transformation 

¶ GeoAPI 

¶ GML (Geography Markup Language) 

¶ i3s (Indexed 3D Scene Layers) 

¶ IndoorGML 

¶ KML  (Keyhole Markup Language) 

¶ LandInfra/InfraGML 

¶ LAS 

¶ Location Services (OpenLS) 

¶ Simple Features CORBA 

¶ Simple Features OLE/COM 

¶ Simple Features SQL 

¶ Styled Layer Descriptor 
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¶ Symbology Encoding 

¶ Web Feature Service 

¶ Web Map Service 

¶ Web Processing Service 

ʇʦʩʤʘʪʨʘʿʫ˂ʠ ʠʟ ʢʦʥʪʝʢʩʪʘ 3ɼ ʢʘʪʘʩʪʨʘ ʥʝʧʦʢʨʝʪʥʦʩʪʠ ʙʠʪʥʦ ʿʝ ʥʘʛʣʘʩʠʪʠ 

ʩʪʘʥʜʘʨʜʝ ʢʘʦ ʰʪʦ ʿʝ CityGML ʠ KML ʢʦʿʠ ʦʤʦʛʫ˂ʘʚʘʿʫ ʩʢʣʘʜʠʰʪʝˁʝ ʠ ʨʘʟʤʝʥʫ 

3ɼ ʤʦʜʝʣʘ ʦʙʿʝʢʘʪʘ. CityGML ʜʦʜʘʪʥʦ ʜʝʬʠʥʠʰʝ ʥʘʯʠʥʝ ʦʧʠʩʘ 3ɼ ʝʥʪʠʪʝʪʘ ʢʦʿʠ 

ʩʫ ʩʘʩʪʘʚʥʠ ʜʝʦ ʛʨʘʜʦʚʘ ʪʿ. ʟʛʨʘʜʘ, ʤʦʩʪʦʚʘ, ʧʫʪʝʚʘ, ʠʪʜ. IndoorGML ʩʪʘʥʜʘʨʜ ʩʝ 

ʙʘʚʠ ʤʦʜʝʣʠʨʘˁʝʤ ʫʥʫʪʨʘʰˁʠʭ ʜʝʣʦʚʘ ʦʙʿʝʢʪʘ ʟʘ ʧʦʪʨʝʙʝ ʥʘʚʠʛʘʮʠʿʝ. 

 

2.3.4 ).30)2% ̅̉̑̆̋̓̉̃́ 

INSPIRE (IN frastructure for SPatial InfoRmation in Europe) ʜʠʨʝʢʪʠʚʫ ʿʝ ʧʦʢʨʝʥʫʣʘ, 

ʨʘʟʚʠʣʘ ʠ ʫʩʚʦʿʠʣʘ ɽʚʨʦʧʩʢʘ ʫʥʠʿʘ 2007. ʛʦʜʠʥʝ, ʫ ʩʘʨʘʜˁʠ ʩʘ ʜʨʞʘʚʘʤʘ 

ʯʣʘʥʠʮʘʤʘ ʠ ʧʨʠʢˀʫʯʝʥʠʤ ʜʨʞʘʚʘʤʘ (INSPIRE, 2007). ɼʨʞʘʚʝ ʯʣʘʥʠʮʝ ʩʫ ʫ 

ʦʙʘʚʝʟʠ ʜʘ ʠʤʧʣʝʤʝʥʪʠʨʘʿʫ ʜʠʨʝʢʪʠʚʫ ʪʦʢʦʤ ʫʩʧʦʩʪʘʚˀʘˁʘ ʥʘʮʠʦʥʘʣʥʠʭ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʛʝʦʧʨʦʩʪʦʨʥʠʭ ʧʦʜʘʪʘʢʘ.  

ʋ ʦʢʚʠʨʫ ʘʥʝʢʩʘ ʜʠʨʝʢʪʠʚʝ ʧʦʩʪʦʿʝ ʜʝʬʠʥʠʩʘʥʠ ʩʝʪʦʚʠ ʧʨʦʩʪʦʨʥʠʭ ʧʦʜʘʪʘʢʘ ʘ 

ʤʝʹʫ ˁʠʤʘ ʠ Ăʢʘʪʘʩʪʘʨʩʢʝ ʧʘʨʮʝʣʝò ʠ Ăʟʛʨʘʜʝò (Bydğosz, 2012). ʉʧʝʮʠʬʠʢʘʮʠʿʘ 

ʧʦʜʘʪʘʢʘ ʟʘ ʟʛʨʘʜʝ (INSPIRE, 2013) ʜʝʬʠʥʠʰʝ ʦʩʥʦʚʥʝ ʧʨʦʬʠʣʝ 2ɼ ʠ 3ɼ ʟʛʨʘʜʘ. 

2ɼ ʟʛʨʘʜʝ ʫʢˀʫʯʫʿʫ ʨʘʟʣʠʯʠʪʝ ʛʝʦʤʝʪʨʠʿʩʢʝ ʧʨʝʜʩʪʘʚʝ ʟʛʨʘʜʘ ʫ 2ɼ ʠʣʠ 2.5ɼ 

ʧʨʦʩʪʦʨʫ. ʇʨʦʬʠʣʠ 3ɼ ʟʛʨʘʜʘ ʩʘʜʨʞʝ ʠʩʪʠ ʩʝʤʘʥʪʠʯʢʠ ʩʘʜʨʞʘʿ ʢʘʦ ʠ 2ɼ ʟʛʨʘʜʝ 

ʘʣʠ ʦʤʦʛʫ˂ʘʚʘʿʫ ʠ ʛʝʦʤʝʪʨʠʿʩʢʫ ʧʨʝʜʩʪʘʚʫ ʟʛʨʘʜʘ ʫ ʿʝʜʥʦʤ ʦʜ ʯʝʪʠʨʠ ʥʠʚʦʘ 

ʜʝʪʘˀʥʦʩʪʠ (LOD ï Levels of detail) ʠʤʧʣʝʤʝʥʪʠʨʘʥʘ ʫ CityGML-ʫ. 

ʇʦʨʝʜ ʦʩʥʦʚʥʠʭ ʧʨʦʬʠʣʘ 2ɼ ʠ 3ɼ ʟʛʨʘʜʘ ʧʦʩʪʦʿʝ ʠ ʧʨʦʰʠʨʝʥʠ ʧʨʦʬʠʣʠ ʟʘ 2ɼ ʠ 

3ɼ ʟʛʨʘʜʝ. ʇʨʦʰʠʨʝʥʠ ʧʨʦʬʠʣ ʟʘ 2ɼ ʟʛʨʘʜʝ ʧʨʝʜʩʪʘʚˀʘ ʩʝʤʘʥʪʠʯʢʦ ʧʨʦʰʠʨʝˁʝ 

ʦʩʥʦʚʥʦʛ ʧʨʦʬʠʣʘ ʟʘ 2ɼ ʟʛʨʘʜʝ. ʇʨʦʰʠʨʝˁʝ ʩʝ ʦʛʣʝʜʘ ʫ ʜʦʜʘʪʥʠʤ ʘʪʨʠʙʫʪʠʤʘ ʢʘʦ 

ʰʪʦ ʩʫ ʤʘʪʝʨʠʿʘʣ ʢʦʥʩʪʨʫʢʮʠʿʝ, ʟʚʘʥʠʯʥʘ ʧʦʚʨʰʠʥʘ ʠʣʠ ʚʨʝʜʥʦʩʪʠ, ʧʦʚʝʟʘʥʦʩʪ ʩʘ 

ʚʦʜʦʚʠʤʘ, ʘʣʠ ʠ ʧʦʚʝʟʘʥʦʩʪ ʩʘ ʜʨʫʛʠʤ ʧʦʜʘʮʠʤʘ (ʢʘʦ ʰʪʦ ʩʫ ʢʘʪʘʩʪʘʨʩʢʠ ʧʦʜʘʮʠ). 

ʇʨʦʬʠʣ ʟʘ 3ɼ ʟʛʨʘʜʝ ʩʘʜʨʞʠ ʧʨʦʰʠʨʝˁʝ ʫ ʚʠʜʫ ʙʦʛʘʪʠʿʝʛ 3ɼ ʧʨʝʜʩʪʘʚˀʘˁʘ ʥʘ 
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ʨʘʟʣʠʯʠʪʠʤ ʥʠʚʦʠʤʘ ʜʝʪʘˀʥʦʩʪʠ. ʆʚʦ ʧʨʦʰʠʨʝˁʝ ʦʤʦʛʫ˂ʘʚʘ ʧʨʝʜʩʪʘʚˀʘˁʝ 

ʚʝʣʠʢʦʛ ʙʨʦʿʘ ʜʝʪʘˀʘ ʠ ʜʝʣʦʚʘ ʟʛʨʘʜʘ ʢʘʦ ʰʪʦ ʩʫ: ʟʠʜ, ʢʨʦʚ, ʧʨʦʟʦʨʠ, ʚʨʘʪʘ, 

ʫʥʫʪʨʘʰˁʠ ʨʘʩʧʦʨʝʜ ʧʨʦʩʪʦʨʠʿʘ, ʨʘʟʣʠʯʠʪʝ ʪʝʢʩʪʫʨʝ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʤʘʪʝʨʠʿʘʣʘ, 

ʠʪʜ. ʊʘʢʦʹʝ, ʫ ʦʢʚʠʨʫ ʧʨʦʰʠʨʝʥʦʛ ʧʨʦʬʠʣʘ ʟʘ 3ɼ ʟʛʨʘʜʝ ʥʘʣʘʟʝ ʩʝ ʠ ʩʚʠ 

ʩʝʤʘʥʪʠʯʢʠ ʧʦʜʘʮʠ ʢʦʿʠ ʩʝ ʥʘʣʘʟʝ ʫ ʧʨʦʰʠʨʝʥʦʤ ʧʨʦʬʠʣʫ ʟʘ 2ɼ ʟʛʨʘʜʝ (INSPIRE, 

2013). 

ʉ ʦʙʟʠʨʦʤ ʥʘ ʪʦ ʜʘ ˂ʝ 3ɼ ʢʘʪʘʩʪʘʨ ʥʝʧʦʢʨʝʪʥʦʩʪʠ ʧʨʝʜʩʪʘʚˀʘʪʠ ʿʝʜʘʥ ʦʜ ʛʣʘʚʥʠʭ 

ʜʝʣʦʚʘ ʥʘʮʠʦʥʘʣʥʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʛʝʦʧʨʦʩʪʦʨʥʠʭ ʧʦʜʘʪʘʢʘ, ʧʦʪʨʝʙʥʦ ʿʝ ʫʟʝʪʠ ʫ 

ʦʙʟʠʨ ʠ INSPIRE ʜʠʨʝʢʪʠʚʫ ʧʨʠʣʠʢʦʤ ʨʘʟʚʦʿʘ ʠ ʠʤʧʣʝʤʝʥʪʘʮʠʿʝ 3ɼ ʢʘʪʘʩʪʨʘ 

ʥʝʧʦʢʨʝʪʥʦʩʪʠ. ʆʚʦ ʧʦʩʝʙʥʦ ʚʘʞʠ ʟʘ ʜʨʞʘʚʝ ʯʣʘʥʠʮʝ ɽʚʨʦʧʩʢʝ ʋʥʠʿʝ ʠ 

ʧʨʠʢˀʫʯʝʥʝ ʜʨʞʘʚʝ. 

 

2.4 ˟̖̘̆̎̉̋̉ ́̒̐̆̋̓ σˑ ̋́̓́̒̓̑́ 

ʋ ʫʚʦʜʫ ʦʚʝ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ (ʧʦʛʣʘʚˀʝ 1.2) ʥʘʛʣʘʰʝʥʦ ʿʝ ʜʘ ʿʝ ʫ 

ʜʦʩʘʜʘʰˁʠʤ ʠʩʪʨʘʞʠʚʘˁʠʤʘ ʥʘʿʚʠʰʝ ʦʙʨʘʹʝʥ ʪʝʭʥʠʯʢʠ ʘʩʧʝʢʪ 3ɼ ʢʘʪʘʩʪʨʘ. 

ʋʧʨʘʚʦ ʟʙʦʛ ʪʝ ʯʠˁʝʥʠʮʝ, ʫ ʥʘʩʪʘʚʢʫ ʿʝ ʜʘʪ ʜʝʪʘˀʥʠʿʠ ʧʨʝʛʣʝʜ ʜʦʩʘʜʘʰˁʝʛ 

ʨʘʟʚʦʿʘ ʥʘ ʪʝʭʥʠʯʢʦʤ ʘʩʧʝʢʪʫ. ʋ ʦʢʚʠʨʫ ʪʝʭʥʠʯʢʦʛ ʘʩʧʝʢʪʘ ʦʙʨʘʹʝʥʠ ʩʫ ʧʨʠʩʪʫʧʠ 

ʟʘ ʨʘʟʚʦʿ 3ɼ ʢʘʪʘʩʪʨʘ, ʧʨʦʙʣʝʤʘʪʠʢʘ ʩʢʣʘʜʠʰʪʝˁʘ ʠ ʧʨʠʢʘʟʠʚʘˁʘ 3ɼ ʢʘʪʘʩʪʘʨʩʢʠʭ 

ʧʦʜʘʪʘʢʘ. 

 

2.4.1 ˜̑̉̒̓̔̐̉ ̈́ ̪̑́̈̃̏ σˑ ̋́̓́̒̓̑́ 

ʋ ʠʩʪʨʘʞʠʚʘˁʫ (Stoter and Salzmann, 2003) ʘʫʪʦʨʠ ʩʫ ʧʨʝʜʣʦʞʠʣʠ ʪʨʠ ʧʨʠʩʪʫʧʘ, 

ʪʿ. ʪʨʠ ʚʨʩʪʝ ʤʦʜʝʣʘ ʟʘ ʨʘʟʚʦʿ 3ɼ ʢʘʪʘʩʪʨʘ. ʊʠ ʧʨʠʩʪʫʧʠ ʩʫ ʢʘʪʘʩʪʘʨ ʩʘ 3ɼ ʚʝʟʘʤʘ, 

ʭʠʙʨʠʜʥʠ ʤʦʜʝʣ ʠ ʧʦʪʧʫʥʠ 3ɼ ʢʘʪʘʩʪʘʨ.  

 

¶ ʂʘʪʘʩʪʘʨ ʩʘ 3ɼ ʚʝʟʘʤʘ ʧʨʝʜʩʪʘʚˀʘ ʥʘʿʿʝʜʥʦʩʪʘʚʥʠʿʠ ʥʘʯʠʥ 

ʠʤʧʣʝʤʝʥʪʘʮʠʿʝ 3ɼ ʢʦʤʧʦʥʝʥʪʝ ʢʘʪʘʩʪʨʘ. ʄʦʜʝʣ ʧʨʝʜʩʪʘʚˀʘ ʿʝʜʥʦʩʪʘʚʥʦ 

ʧʨʦʰʠʨʝˁʝ ʪʨʘʜʠʮʠʦʥʘʣʥʠʭ 2ɼ ʢʘʪʘʩʪʘʨʩʢʠʭ ʤʦʜʝʣʘ ʩʘ ʝʢʩʪʝʨʥʠʤ 3ɼ 

ʤʦʜʝʣʠʤʘ ʢʦʤʧʣʝʢʩʥʠʭ 3ɼ ʩʠʪʫʘʮʠʿʘ, ʜʦʢ ʩʝ ʪʨʘʜʠʮʠʦʥʘʣʥʠ ʢʘʪʘʩʪʘʨʩʢʠ 
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ʧʣʘʥʦʚʠ ʜʦʧʫˁʫʿʫ ʠʥʬʦʨʤʘʮʠʿʘʤʘ ʜʘ ʥʘ ʦʜʨʝʹʝʥʦʿ ʣʦʢʘʮʠʿʠ ʧʦʩʪʦʿʠ 

ʢʦʤʧʣʝʢʩʥʘ 3ɼ ʩʠʪʫʘʮʠʿʘ. ʉʠʩʪʝʤ ʬʫʥʢʮʠʦʥʠʰʝ ʪʘʢʦ ʰʪʦ ʩʝ ʥʘ ʦʩʥʦʚʫ 

ʦʙʘʚʝʰʪʝˁʘ ʜʘ ʥʘ ʣʦʢʘʮʠʿʠ ʧʦʩʪʦʿʠ ʢʦʤʧʣʝʢʩʥʘ 3ɼ ʩʠʪʫʘʮʠʿʘ ʦʪʚʘʨʘ 

ʝʢʩʪʝʨʥʠ 3ɼ ʤʦʜʝʣ ʢʦʿʠ ʜʦʜʘʪʥʦ ʧʨʝʜʩʪʘʚˀʘ ʠ ʦʧʠʩʫʿʝ ʢʦʤʧʣʝʢʩʥʫ 3ɼ 

ʩʠʪʫʘʮʠʿʫ. 

 

¶ ʍʠʙʨʠʜʥʠ ʤʦʜʝʣ ʢʘʦ ʰʪʦ ʩʘʤ ʥʘʟʠʚ ʜʝʬʠʥʠʰʝ ʧʨʝʜʩʪʘʚˀʘ ʤʝʰʘʚʠʥʫ 2ɼ ʠ 

3ɼ ʧʨʠʩʪʫʧʘ. ʇʨʠʥʮʠʧ ʩʝ ʟʘʩʥʠʚʘ ʥʘ ʪʦʤʝ ʜʘ ʩʝ ʟʘʜʨʞʘʚʘ ʨʝʛʠʩʪʨʘʮʠʿʘ ʠ 

ʧʨʠʢʘʟʠʚʘˁʝ ʫ 2ɼ ʧʨʦʩʪʦʨʫ ʘʣʠ ʠ ʜʘ ʩʝ 3ɼ ʩʠʪʫʘʮʠʿʝ ʨʝʛʠʩʪʨʫʿʫ ʢʘʦ 3ɼ 

ʦʙʿʝʢʪʠ ʜʦʢ ʩʝ ʫʩʧʦʩʪʘʚˀʘ ʚʝʟʘ ʠʟʤʝʹʫ 2ɼ ʧʘʨʮʝʣʘ ʠ 3ɼ ʦʙʿʝʢʘʪʘ. ʋ 

ʩʫʰʪʠʥʠ, ʦʙʝʟʙʝʹʝʥ ʿʝ 3ɼ ʧʨʠʢʘʟ ʦʙʿʝʢʘʪʘ, ʘʣʠ ʩʝ ˁʠʭʦʚ ʧʨʘʚʥʠ ʩʪʘʪʫʩ ʠ 

ʜʘˀʝ ʚʝʞʝ ʟʘ 2ɼ ʧʘʨʮʝʣʫ ʢʘʦ ʰʪʦ ʿʝ ʪʦ ʩʣʫʯʘʿ ʫ ʪʨʘʜʠʮʠʦʥʘʣʥʠʤ 

ʢʘʪʘʩʪʘʨʩʢʠʤ ʩʠʩʪʝʤʠʤʘ. 

 

¶ ʇʦʪʧʫʥʠ 3ɼ ʢʘʪʘʩʪʘʨ ʧʨʝʜʩʪʘʚˀʘ ʫʚʦʹʝˁʝ ʧʦʪʧʫʥʦ ʥʦʚʦʛ ʢʦʥʮʝʧʪʘ 

ʨʝʛʠʩʪʨʦʚʘˁʘ ʧʨʘʚʘ ʫ 3ɼ ʧʨʦʩʪʦʨʫ, ʛʜʝ ʩʝ ʮʝʣʦʢʫʧʥʠ ʧʨʦʩʪʦʨ ʜʝʣʠ ʥʘ 3ɼ 

ʧʘʨʮʝʣʝ ʢʦʿʝ ʩʝ ʜʝʬʠʥʠʰʫ ʢʘʦ ʜʝʣʦʚʠ 3ɼ ʧʨʦʩʪʦʨʘ. ʆʤʦʛʫ˂ʘʚʘ ʩʝ 

ʨʝʛʠʩʪʨʘʮʠʿʘ 3ɼ ʧʨʘʚʘ ʥʘ ʜʝʣʦʚʠʤʘ ʧʨʦʩʪʦʨʘ ʢʦʿʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʧʦʩʝʙʥʝ 

ʝʥʪʠʪʝʪʝ ʠ ʥʠʩʫ ʚʝʟʘʥʠ ʟʘ ʪʨʘʜʠʮʠʦʥʘʣʥʝ 2ɼ ʧʘʨʮʝʣʝ. 

 

2.4.2 ˞̙̮̋̌́̅̉̓̆̆ σˑ ̖̋́̓́̒̓́̑̒̋̉ ̐̏̅́̓́̋́ 

ʋ ʧʨʝʪʭʦʜʥʦʤ ʧʦʛʣʘʚˀʫ (2.4.1) ʧʨʠʢʘʟʘʥʝ ʩʫ ʪʨʠ ʤʦʛʫ˂ʝ ʚʨʩʪʝ ʧʨʠʩʪʫʧʘ ʨʘʟʚʦʿʫ 

3ɼ ʢʘʪʘʩʪʨʘ. ʅʘ ʦʩʥʦʚʫ ʦʧʠʩʘ ʭʠʙʨʠʜʥʦʛ ʠ ʧʦʪʧʫʥʦʛ ʧʨʠʩʪʫʧʘ, ʤʦʞʝ ʩʝ ʟʘʢˀʫʯʠʪʠ 

ʜʘ ʩʫ 3ɼ ʢʘʪʘʩʪʘʨʩʢʠ ʤʦʜʝʣʠ ʜʘʣʝʢʦ ʢʦʤʧʣʝʢʩʥʠʿʠ ʦʜ ʪʨʘʜʠʮʠʦʥʘʣʥʠʭ 2ɼ 

ʢʘʪʘʩʪʘʨʩʢʠʭ ʤʦʜʝʣʘ ʠ ʜʘ ʤʦʛʫ ʨʝʟʫʣʪʠʨʘʪʠ ʚʝʣʠʢʠʤ ʠ ʢʦʤʧʣʝʢʩʥʠʤ ʩʝʪʦʚʠʤʘ 

ʧʦʜʘʪʘʢʘ. 

ʋ ʠʩʪʨʘʞʠʚʘˁʫ (Stoter and van Oosterom, 2002) ʥʘʛʣʘʰʝʥʦ ʿʝ ʜʘ ʧʦʣʘʟʥʘ ʪʘʯʢʘ ʟʘ 

ʩʢʣʘʜʠʰʪʝˁʝ ʠ ʦʜʨʞʘʚʘˁʝ 3ɼ ʢʘʪʘʩʪʘʨʩʢʠʭ ʧʦʜʘʪʘʢʘ ʪʨʝʙʘ ʜʘ ʙʫʜʝ ʧʨʦʩʪʦʨʥʘ 

ʙʘʟʝ ʧʦʜʘʪʘʢʘ, ʿʝʨ ʩʝ ʥʘ ʪʘʿ ʥʘʯʠʥ ʤʦʞʝ ʛʘʨʘʥʪʦʚʘʪʠ ʢʦʥʟʠʩʪʝʥʪʥʦʩʪ ʧʦʜʘʪʢʘ, ʢʘʢʦ 

ʧʨʦʩʪʦʨʥʠʭ, ʪʘʢʦ ʠ ʦʧʠʩʥʠʭ ʪʝʢʩʪʫʘʣʥʠʭ ʧʦʜʘʪʘʢʘ. ʆʚʘ ʯʠˁʝʥʠʮʘ ʿʝ ʚʝʦʤʘ ʙʠʪʥʘ 
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ʟʘ ʢʘʪʘʩʪʘʨʩʢʝ ʧʦʜʘʪʢʝ ʩ ʦʙʟʠʨʦʤ ʥʘ ʪʦ ʜʘ ʩʝ ʫ ʦʢʚʠʨʫ ʢʘʪʘʩʪʨʘ ʨʝʛʠʩʪʨʫʿʫ ʠ 

ʩʪʚʘʨʥʘ ʧʨʘʚʘ ʠ ʜʘ ʩʝ ʤʦʨʘ ʛʘʨʘʥʪʦʚʘʪʠ ˁʠʭʦʚʘ ʢʦʥʟʠʩʪʝʥʪʥʦʩʪ.  

ʈʝʣʘʮʠʦʥʝ ʙʘʟʝ ʧʦʜʘʪʘʢʘ (RDBMS) ʯʫʚʘʿʫ ʧʨʦʩʪʦʨʥʝ ʠ ʘʣʬʘ-ʥʫʤʝʨʠʯʢʝ ʧʦʜʘʪʢʝ ʠ 

ʦʙʝʟʙʝʹʫʿʫ ˁʠʭʦʚʫ ʢʦʥʟʠʩʪʝʥʪʥʦʩʪ ʩʪʨʠʢʪʥʦ ʧʨʘʪʝ˂ʠ ACID (Atomicity, 

Consistency, Isolation, and Durability) ʧʨʘʚʠʣʘ. ʅʘʿʧʦʟʥʘʪʠʿʝ ʨʝʣʘʮʠʦʥʝ ʙʘʟʝ 

ʧʦʜʘʪʘʢʘ, ʢʘʦ ʰʪʦ ʩʫ Postgres/PostGIS, Microsoft SQL Server ʠ Oracle ʦʙʝʟʙʝʹʫʿʫ 

ʧʨʦʩʪʦʨʥʝ ʪʠʧʦʚʝ ʧʦʜʘʪʘʢʘ ʠ ʧʨʦʩʪʦʨʥʝ ʬʫʥʢʮʠʿʝ ʧʦʪʨʝʙʥʝ ʟʘ ʢʘʪʘʩʪʘʨʩʢʝ 

ʧʦʜʘʪʢʝ. ʄʝʹʫʪʠʤ, ʧʦʜʨʰʢʘ ʟʘ ʫʧʨʘʚˀʘˁʝ 3ɼ ʧʨʦʩʪʦʨʥʠʤ ʧʦʜʘʮʠʤʘ ʿʝ ʦʙʝʟʙʝʹʝˁʘ 

ʪʝʢ ʫ ʧʦʩʣʝʜˁʝ ʚʨʝʤʝ (Schon et al, 2009). Oracle ʿʝ ʧʦʯʝʚʰʠ ʦʜ ʚʝʨʟʠʿʝ 11.1 

ʦʙʝʟʙʝʜʠʦ 3ɼ ʧʨʦʩʪʦʨʥʝ ʪʠʧʦʚʝ ʟʘ ʯʫʚʘˁʝ ʧʦʜʘʪʘʢʘ ʫ ʚʠʜʫ ʪʘʯʘʢʘ, ʦʙʣʘʢʘ ʪʘʯʘʢʘ, 

ʣʠʥʠʿʘ, ʧʦʣʠʛʦʥʘ, ʧʦʚʨʰʠ ʠ ʧʫʥʠʭ ʪʝʣʘ. PostGIS ʪʘʢʦʹʝ ʧʦʜʨʞʘʚʘ 3ɼ ʪʠʧʦʚʝ 

ʧʦʜʘʪʘʢʘ ʢʘʦ ʰʪʦ ʩʫ ʪʘʯʢʝ, ʣʠʥʠʿʝ, ʧʦʚʨʰʠ, TIN ʠ ʧʫʥʘ ʪʝʣʘ.  

ʂʘʜʘ ʿʝ ʨʝʯ ʦ ʪʦʧʦʣʦʰʢʠʤ ʦʜʥʦʩʠʤʘ, ʘʫʪʦʨʠ (Breunig and Zlatanova, 2011) ʥʘʚʦʜʝ 

ʜʘ ʧʨʦʩʪʦʨʥʝ ʙʘʟʝ ʧʦʜʘʪʘʢʘ ʥʝ ʦʙʝʟʙʝʹʫʿʫ ʯʫʚʘˁʝ ʠ ʦʜʨʞʘʚʘˁʝ 3ɼ ʪʦʧʦʣʦʰʢʠʭ 

ʤʦʜʝʣʘ. ʊʦ ʟʥʘʯʠ ʜʘ ʿʝ ʥʝʦʧʭʦʜʥʦ ʜʘˀʝ ʨʘʟʚʠʿʘˁʝ ʨʝʣʘʮʠʦʥʠʭ ʙʘʟʘ ʧʦʜʘʪʘʢʘ ʫ 

ʧʦʛʣʝʜʫ ʢʦʤʧʣʝʢʩʥʠʿʠʭ 3ɼ ʪʠʧʦʚʘ ʧʦʜʘʪʘʢʘ, ʘʣʠ ʠ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠ ʢʦʿʝ ʙʠ 

ʦʙʝʟʙʝʜʠʣʝ ʦʜʨʞʘʚʘˁʝ ʦʚʘʢʚʠʭ ʧʦʜʘʪʘʢʘ ʫ ʙʘʟʠ. ʊʘʢʦʹʝ ʿʝ, ʧʦʨʝʜ ʢʦʤʧʣʝʢʩʥʠʿʠʭ 

3ɼ ʪʠʧʦʚʘ ʧʦʜʘʪʘʢʘ ʠ ʪʦʧʦʣʦʰʢʠʭ ʤʦʜʝʣʘ, ʧʦʪʨʝʙʥʦ ʦʙʝʟʙʝʜʠʪʠ ʠ 

ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠ ʟʘ ʘʥʘʣʠʟʫ, ʢʦʥʚʝʨʪʦʚʘˁʝ ʠ ʚʘʣʠʜʘʮʠʿʫ ʦʚʘʢʚʠʭ ʧʦʜʘʪʘʢʘ. ʅʘ 

ʦʩʥʦʚʫ ʦʚʦʛʘ ʤʦʞʝ ʩʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʟʘ ʩʘʜʘ ʥʝ ʧʦʩʪʦʿʠ ʨʝʣʘʮʠʦʥʘ ʙʘʟʘ ʧʦʜʘʪʘʢʘ 

ʢʦʿʘ ʫ ʧʦʪʧʫʥʦʩʪʠ ʟʘʜʦʚʦˀʘʚʘ ʩʚʝ ʟʘʭʪʝʚʝ 3ɼ ʢʘʪʘʩʪʨʘ ʥʝʧʦʢʨʝʪʥʦʩʪʠ. 

ʇʦʨʝʜ ʨʝʣʘʮʠʦʥʠʭ ʙʘʟʘ ʧʦʜʘʪʘʢʘ, ʧʦʩʪʦʿʝ ʠ NoSQL ʙʘʟʝ ʧʦʜʘʪʘʢʘ. ʆʚʝ ʙʘʟʝ 

ʧʨʝʜʩʪʘʚˀʘʿʫ ʥʦʚʠ ʧʨʠʩʪʫʧ ʢʦʿʠ ʩʝ ʟʘʩʥʠʚʘ ʥʘ BASE ʧʨʠʥʮʠʧʠʤʘ: 1) Basically 

Available, 2) Soft State, ʠ 3) Eventual consistency (Nayak et al, 2013; Chandra, 2015). 

NoSQL ʙʘʟʝ ʩʝ ʥʝ ʟʘʩʥʠʚʘʿʫ ʥʘ ʩʪʨʠʢʪʥʦʿ ʰʝʤʠ, ʠ ʛʝʥʝʨʘʣʥʦ ʥʝ ʧʦʜʨʞʘʚʘʿʫ SQL 

ʿʝʟʠʢ ʟʘ ʫʧʨʘʚˀʘˁʝ ʧʦʜʘʮʠʤʘ. ʋ ʧʦʯʝʪʢʫ ʩʫ ʨʘʟʚʠʿʝʥʝ ʟʘ ʧʦʪʨʝʙʝ ʢʦʤʧʘʥʠʿʘ ʢʦʿʝ 

ʨʘʜʝ ʩʘ ʚʝʣʠʢʠʤ ʢʦʣʠʯʠʥʘʤʘ ʧʦʜʘʪʘʢʘ ʠ real-time ʘʧʣʠʢʘʮʠʿʘʤʘ, ʢʘʦ ʰʪʦ ʩʫ 

Google, Yahoo ʠ Facebook (Mohan, 2013), ʘʣʠ ʩʫ ʧʨʦʥʘʰʣʝ ʧʨʠʤʝʥʫ ʠ ʫ ʦʩʪʘʣʠʤ 

ʦʙʣʘʩʪʠʤʘ, ʫʢˀʫʯʫʿʫ˂ʠ ʪʫ ʠ 3ɼ ʢʘʪʘʩʪʘʨ (Viġnjevac et al, 2017). 
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ɻʣʘʚʥʝ ʧʨʝʜʥʦʩʪʠ NoSQL ʙʘʟʘ ʩʫ ʬʣʝʢʩʠʙʠʣʥʦʩʪ ʠ ʤʦʜʝʣʠ ʧʦʜʘʪʘʢʘ ʢʦʿʠ ʥʠʩʫ 

ʩʪʨʠʢʪʥʠ, ʰʪʦ ʦʤʦʛʫ˂ʘʚʘ ʩʢʣʘʜʠʰʪʝˁʝ ʨʘʟʣʠʯʠʪʠʭ ʪʠʧʦʚʘ ʧʦʜʘʪʘʢʘ ʠ ʦʤʦʛʫ˂ʘʚʘ 

ʩʠʩʪʝʤʫ ʜʘ ʩʝ ʣʘʢʦ ʤʝˁʘ ʠ ʝʚʦʣʫʠʨʘ. ʂʘʪʘʩʪʘʨʩʢʠ ʤʦʜʝʣʠ ʩʫ ʩʪʨʠʢʪʥʦ ʜʝʬʠʥʠʩʘʥʠ 

ʠ ʫʥʘʧʨʝʜ ʧʦʟʥʘʪʠ ʘʣʠ NoSQL ʙʘʟʝ ʩʝ ʤʦʛʫ ʢʦʨʠʩʪʠʪʠ ʟʘ ʣʘʢʦ ʩʢʣʘʜʠʰʪʝˁʝ 3ɼ 

ʢʘʪʘʩʪʘʨʩʢʠʭ ʧʦʜʘʪʘʢʘ ʨʘʟʚʠʿʝʥʠʭ ʫ ʥʝʢʠʤ ʦʜ XML ʰʝʤʘ, ʢʘʦ ʰʪʦ ʿʝ CityGML 

ʟʘʭʚʘˀʫʿʫ˂ʠ ˁʝʛʦʚʦʿ ʤʦʛʫ˂ʥʦʩʪʠ ʜʘ ʩʢʣʘʜʠʰʪʠ ʩʪʨʫʢʪʫʠʨʘʥʝ, ʧʦʣʫʩʪʨʫʢʪʫʠʨʘʥʝ ʠ 

ʥʝʩʪʨʫʢʪʫʠʨʘʥʝ ʧʦʜʘʪʢʝ. ʊʦ ʟʥʘʯʠ ʜʘ ʿʝ ʤʦʛʫ˂ʝ ʩʢʣʘʜʠʰʪʠʪʠ ʧʦʜʘʪʢʝ ʟʘʩʥʦʚʘʥʝ ʥʘ 

ʜʚʘ ʠʣʠ ʚʠʰʝ ʤʦʜʝʣʘ ʫ ʦʢʚʠʨʫ ʿʝʜʥʝ NoSQL ʙʘʟʝ, ʰʪʦ ʤʦʞʝ ʙʠʪʠ ʚʝʦʤʘ 

ʠʥʪʝʨʝʩʘʥʪʥʦ ʩʘ ʩʪʘʥʦʚʠʰʪʘ ʭʠʙʨʠʜʥʠʭ ʤʦʜʝʣʘ. ɼʦʜʘʪʥʘ ʧʦʛʦʜʥʦʩʪ NoSQL ʙʘʟʘ 

ʿʝʩʪʝ ʤʦʛʫ˂ʥʦʩʪ ʜʘ ʧʦʜʨʞʠ ʚʝʣʠʢʝ ʩʢʫʧʦʚʝ ʧʦʜʘʪʘʢʘ (ʝʥʛʣ. big data) ʪʘʢʦ ʜʘ ʥʝʤʘʿʫ 

ʧʦʪʝʰʢʦ˂ʝ ʩʘ ʩʢʣʘʜʠʰʪʝˁʝʤ ʚʝʣʠʢʠʭ ʩʢʫʧʦʚʘ 3ɼ ʢʘʪʘʩʪʘʨʩʢʠʭ ʧʦʜʘʪʘʢʘ. 

ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, NoSQL ʙʘʟʝ ʩʫ ʿʦʰ ʫʚʝʢ ʥʦʚʠ ʩʠʩʪʝʤʠ ʟʘ ʨʘʟʣʠʢʫ ʦʜ ʨʝʣʘʮʠʦʥʠʭ 

ʙʘʟʘ ʧʦʜʘʪʘʢʘ ʢʦʿʝ ʠʤʘʿʫ ʚʠʰʝʜʝʮʝʥʠʿʩʢʫ ʧʨʠʤʝʥʫ ʫ ʨʘʟʥʠʤ ʦʙʣʘʩʪʠʤʘ (Nance et 

al, 2013). ʄʝʹʫʪʠʤ, ʥʘʿʚʝ˂ʠ ʥʝʜʦʩʪʘʪʘʢ NoSQL ʙʘʟʘ, ʩʘ ʩʪʘʥʦʚʠʰʪʘ 3ɼ ʢʘʪʘʩʪʨʘ, 

ʿʝʩʪʝ ʪʦ ʰʪʦ ʥʝ ʢʦʨʠʩʪʝ ACID ʧʨʘʚʠʣʘ, ʚʝ˂ ʫʤʝʩʪʦ ʪʦʛʘ ʢʦʨʠʩʪʝ BASE ʧʨʠʥʮʠʧʝ 

ʢʦʿʠ ʩʫ ʤʘˁʝ ʩʪʨʠʢʪʥʠ ʦʜ ACID ʧʨʘʚʠʣʘ. ʊʘʢʦʹʝ, ʢʘʜʘ ʿʝ ʨʝʯ ʦ ʦʧʦʨʘʚʢʫ ʙʘʟʝ 

ʧʦʜʘʪʘʢʘ, NoSQL ʙʘʟʝ ʟʘʚʠʩʝ ʦʜ backup ʬʘʿʣʦʚʘ (Mohamed et al, 2014). 

ʇʦʩʪʦʿʝ ʩʪʘʥʜʘʨʜʠ, ʢʘʦ ʰʪʦ ʿʝ CityGML (Gröger and Plümer, 2012) ʢʦʿʠ ʩʫ ʚʝʦʤʘ 

ʢʦʨʠʩʥʠ ʟʘ ʨʘʟʤʝʥʫ 3ɼ ʢʘʪʘʩʪʘʨʩʢʠʭ ʧʦʜʘʪʘʢʘ, ʫʢˀʫʯʫʿʫ˂ʠ ʪʦʧʦʣʦʰʢʝ ʚʝʟʝ ʠʟʤʝʹʫ 

ʨʘʟʣʠʯʠʪʠʭ ʛʝʦʤʝʪʨʠʿʩʢʠʭ ʧʨʠʤʠʪʠʚʘ (Li  et al, 2016). ʄʝʹʫʪʠʤ, ʦʚʠ ʩʪʘʥʜʘʨʜʠ ʩʫ ʠ 

ʜʘˀʝ ʩʘʤʦ XML ʰʝʤʝ ʢʦʿʝ ʩʝ ʤʦʛʫ ʚʝʦʤʘ ʿʝʜʥʦʩʪʘʚʥʦ ʧʨʦʤʝʥʠʪʠ ʠʣʠ ʦʰʪʝʪʠʪʠ 

ʰʪʦ ʥʠʿʝ ʧʨʠʭʚʘʪˀʠʚʦ ʩʘ ʩʪʘʥʦʚʠʰʪʘ ʢʦʥʟʠʩʪʝʥʪʥʦʩʪʠ ʧʦʜʘʪʘʢʘ, ʧʘ ʩʝ ʟʘʪʦ ʦʥʠ ʥʝ 

ʤʦʛʫ ʢʦʨʠʩʪʠ ʟʘ ʩʢʣʘʜʠʰʪʝˁʝ 3ɼ ʢʘʪʘʩʪʘʨʩʢʠʭ ʧʦʜʘʪʘʢʘ. 

ʇʨʠʣʠʢʦʤ ʦʜʘʙʠʨʘ ʥʘʯʠʥʘ ʩʢʣʘʜʠʰʪʝˁʘ 3ɼ ʢʘʪʘʩʪʘʨʩʢʠʭ ʧʦʜʘʪʘʢʘ ʥʝʦʧʭʦʜʥʦ ʿʝ 

ʦʙʨʘʪʠʪʠ ʧʘʞˁʫ ʥʘ ʠʩʪʦʨʠʿʫ ʧʨʦʤʝʥʘ ʠ ʤʦʛʫ˂ʥʦʩʪ ʩʧʨʦʚʦʹʝˁʘ ʜʫʛʠʭ ʪʨʘʥʩʘʢʮʠʿʘ. 

ʆʚʠ ʘʩʧʝʢʪʠ ʩʫ ʚʝʦʤʘ ʙʠʪʥʠ ʩʘ ʩʪʘʥʦʚʠʰʪʘ 3ɼ ʢʘʪʘʩʪʨʘ ʥʝʧʦʢʨʝʪʥʦʩʪʠ ʠ ʪʨʝʙʘ ʠʭ 

ʫʟʝʪʠ ʫ ʦʙʟʠʨ ʧʨʠʣʠʢʦʤ ʦʜʘʙʠʨʘ ʦʜʨʝʹʝʥʦʛ DBMS-ʘ. 
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2.4.3 ˜̮̑̉̋́̈̉̃́̆ σˑ ̖̋́̓́̒̓́̑̒̋̉ ̐̏̅́̓́̋́ 

ʄʦʛʫ˂ʥʦʩʪʠ ʟʘ ʧʨʠʢʘʟʠʚʘˁʝ 3ɼ ʢʘʪʘʩʪʘʨʩʢʠʭ ʧʦʜʘʪʘʢʘ ʩʫ ʚʝʦʤʘ ʨʘʟʚʠʿʝʥʝ, ʧʨʝ 

ʩʚʝʛʘ ʟʘʭʚʘˀʫʿʫ˂ʠ ʨʘʟʚʦʿʫ ʦʙʣʘʩʪʠ ʢʦʿʝ ʢʦʨʠʩʪʝ 3ɼ ʚʠʟʫʘʣʠʟʘʮʠʿʫ, ʢʘʦ ʰʪʦ ʿʝ 

ʠʥʜʫʩʪʨʠʿʘ ʚʠʜʝʦ ʠʛʘʨʘ ʫ ʢʦʿʦʿ ʿʝ 3ɼ ʚʠʟʫʝʣʠʟʘʮʠʿʘ ʚʠʩʦʢʦ ʨʘʟʚʠʿʝʥʘ. ʇʦʨʝʜ 

ʪʝʭʥʦʣʦʛʠʿʘ ʢʦʿʫ ʩʫ ʥʘʩʪʘʣʝ ʟʘ ʧʦʪʨʝʙʝ ʚʠʜʝʦ ʠʛʘʨʘ, ʧʦʩʪʦʿʝ ʨʘʟʥʝ ʙʠʙʣʠʦʪʝʢʝ ʢʦʿʝ 

ʦʤʦʛʫ˂ʘʚʘʿʫ 3ɼ ʚʠʟʫʘʣʠʟʘʮʠʿʫ ʧʨʦʩʪʦʨʥʠʭ ʧʦʜʘʪʘʢʘ. ɱʝʜʘʥ ʦʜ ʙʦˀʠʭ ʧʨʠʤʝʨʘ ʿʝʩʪʝ 

Cesium ʙʠʙʣʠʦʪʝʢʘ (CesiumJS, 2019) ʢʦʿʘ ʿʝ ʧʨʦʥʘʰʣʘ ʧʨʠʤʝʥʫ ʫ ʤʥʦʛʠʤ 

ʦʙʣʘʩʪʠʤʘ ʘ ʤʦʞʝ ʩʝ ʢʦʨʠʩʪʠʪʠ ʠ ʟʘ ʧʦʪʨʝʙʝ 3ɼ ʢʘʪʘʩʪʨʘ ʥʝʧʦʢʨʝʪʥʦʩʪʠ (Viġnjevac 

et al, 2017). 

ʂʦʜ ʧʨʠʢʘʟʠʚʘˁʘ 3ɼ ʢʘʪʘʩʪʘʨʩʢʠʭ ʧʦʜʘʪʘʢʘ, ʦʜ ʩʘʤʝ ʪʝʭʥʦʣʦʛʠʿʝ ʧʨʠʢʘʟʠʚʘˁʘ, 

ʙʠʪʥʠʿʠ ʿʝ ʧʨʠʩʪʫʧ ʢʦʿʠ ʜʝʬʠʥʠʰʝ ʥʘ ʢʦʿʠ ʥʘʯʠʥ ʠ ʩʘ ʢʦʿʦʤ ʜʝʪʘˀʥʦʩʪʠ ʪʨʝʙʘ 

ʧʨʝʩʪʘʚʠʪʠ 3ɼ ʢʘʪʘʩʪʘʨʩʢʝ ʧʦʜʘʪʢʝ ʠ ʢʦʿʝ ʿʝ ʟʘʭʪʝʚʝ ʧʦʪʨʝʙʥʦ ʠʩʧʫʥʠʪʠ. ʅʘ ʪʫ 

ʪʝʤʫ ʦʙʿʘʚˀʝʥʦ ʿʝ ʥʝʢʦʣʠʢʦ ʥʘʫʯʥʠʭ ʨʘʜʦʚʘ (Wang et al, 2012; Shojaei et al, 2013; 

Shojaei, 2014; Wang, 2015; Pouliot et al, 2016; Ying et al, 2016). 

ʋ ʦʚʠʤ ʠʩʪʨʘʞʠʚʘˁʠʤʘ ʩʝ ʫʛʣʘʚʥʦʤ ʧʦʢʫʰʘʣʦ ʜʦ˂ʠ ʜʦ ʨʝʰʝˁʘ ʢʦʿʝ ˂ʝ ʦʙʝʟʙʝʜʠʪʠ 

ʧʨʝʜʩʪʘʚˀʘˁʝ 3ɼ ʢʘʪʘʩʪʘʨʩʢʠʭ ʧʦʜʘʪʘʢʘ ʥʘ ʿʝʜʘʥ ʿʝʜʥʦʩʪʘʚʘʥ, ʘʣʠ ʰʪʦ ʚʠʰʝ 

ʩʚʝʦʙʫʭʚʘʪʘʥ ʥʘʯʠʥ, ʢʘʢʦ ʙʠ ʩʝ ʦʙʝʟʙʝʜʠʣʘ ʰʪʦ ʙʦˀʘ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪ ʩʠʩʪʝʤʘ. 

ɻʨʫʧʘ ʘʫʪʦʨʘ ʩʫ ʫ ʩʚʦʤ ʠʩʪʨʘʞʠʚʘˁʫ ʧʨʝʜʣʦʞʠʣʠ ʧʨʚʝ ʢʦʨʘʢʝ ʢʘ ʧʨʦʮʝʥʠ 

ʧʨʠʥʮʠʧʘ ʚʠʟʫʝʣʠʟʘʮʠʿʝ ʫ 3ɼ ʢʘʪʘʩʪʨʫ (Wang et al, 2012)  ʊʘʢʦʹʝ, ʧʦʢʫʰʘʣʠ ʩʫ ʜʘ 

ʦʜʨʝʜʝ ʤʦʛʫ˂ʥʦʩʪʠ ʚʠʟʫʝʣʥʠʭ ʧʨʠʥʮʠʧʘ ʟʘ ʩʝʣʝʢʪʦʚʘˁʝ ʿʝʜʥʦʛ ʢʘʪʘʩʪʘʨʩʢʦʛ 

ʦʙʿʝʢʪʘ ʧʦʨʝʜ ʜʨʫʛʦʛ. ɱʝʜʘʥ ʦʜ ʛʣʘʚʥʠʭ ʥʝʜʦʩʪʘʪʘʢʘ, ʢʦʿʝ ʩʫ ʘʫʪʦʨʠ ʥʘʚʝʣʠ, ʿʝʩʪʝ 

ʜʘ ʿʝ ʪʝʰʢʦ ʦʜʨʝʜʠʪʠ ʢʦʥʘʯʥʫ ʣʠʩʪʫ ʟʘʭʪʝʚʘ ʥʠʪʠ je ʠʩʪʝ ʤʦʛʫ˂ʝ ʧʨʦʚʝʨʠʪʠ ʩʘ 

ʢʦʨʠʩʥʠʮʠʤʘ ʙʝʟ ʧʦʪʧʫʥʝ ʠʤʧʣʝʤʝʥʪʘʮʠʿʝ ʿʝʜʥʦʛ 3ɼ ʢʘʪʘʩʪʨʘ ʩʘ ʠʩʪʠʥʩʢʠʤ 3ɼ 

ʧʦʜʘʮʠʤʘ. ʆʚʘʢʚʝ ʟʘʭʪʝʚʝ ʠ ʨʝʰʝˁʘ ʙʠ ʪʨʝʙʘʣʦ ʧʨʦʚʝʨʠʪʠ ʥʘ ʢʦʥʢʨʝʪʥʠʤ 

ʩʣʫʯʘʿʝʚʠʤʘ, ʢʘʦ ʰʪʦ ʿʝ ʫʧʠʩ ʠ ʨʝʛʠʩʪʨʘʮʠʿʘ ʥʝʧʦʢʨʝʪʥʦʩʪʠ, ʢʦʨʠʰ˂ʝˁʝ ʢʘʪʘʩʪʨʘ 

ʟʘ ʧʦʪʨʝʙʝ ʫʨʙʘʥʦʛ ʧʣʘʥʠʨʘˁʘ, ʢʦʨʠʰ˂ʝˁʝ ʢʘʪʘʩʪʨʘ ʟʘ ʧʦʪʨʝʙʝ ʧʣʘʥʠʨʘˁʘ 

ʩʘʦʙʨʘ˂ʘʿʘ, ʠʪʜ. ʠ ʪʝʢ ʥʘ ʦʩʥʦʚʫ ʪʦʛʘ ʫʨʘʜʠʪʠ ʚʘʣʠʜʘʮʠʿʫ ʧʨʝʜʣʦʞʝʥʠʭ ʨʝʰʝˁʘ. 

ɸʫʪʦʨʠ ʩʫ ʫ ʩʚʦʤ ʠʩʪʨʘʞʠʚʘˁʫ ʧʨʝʜʣʦʞʠʣʠ ʩʢʫʧ ʟʘʭʪʝʚʘ ʢʦʿʝ ʪʨʝʙʘ ʜʘ ʟʘʜʦʚʦˀʠ 

ʠʥʪʝʨʘʢʪʠʚʥʠ 3ɼ ʢʘʪʘʩʪʘʨʩʢʠ ʩʠʩʪʝʤ (Shojaei et al, 2013). ʋ ʦʢʚʠʨʫ ʨʘʜʘ, ʟʘʭʪʝʚʠ 

ʩʫ ʢʣʘʩʠʬʠʢʦʚʘʥʠ ʫ ʪʨʠ ʢʘʪʝʛʦʨʠʿʝ, ʘ ʥʘ ʦʩʥʦʚʫ ʧʨʝʪʭʦʜʥʦʛ ʠʩʪʨʘʞʠʚʘˁʘ ʠ 
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ʩʘʨʘʜˁʝ ʩʘ ʧʘʨʪʥʝʨʠʤʘ ʠʟ ʧʨʘʢʩʝ. ʊʘʢʦʹʝ, ʫ ʠʩʪʨʘʞʠʚʘˁʫ ʿʝ ʫ ʦʜʥʦʩʫ ʥʘ 

ʠʜʝʥʪʠʬʠʢʦʚʘʥʝ ʟʘʭʪʝʚʝ ʦʮʝˁʝʥʦ ʥʝʢʦʣʠʢʦ ʩʠʩʪʝʤʘ ʟʘ 3ɼ ʧʨʠʢʘʟʠʚʘˁʝ. ʅʘ ʦʩʥʦʚʫ 

ʦʚʠʭ ʘʥʘʣʠʟʘ ʜʠʟʘʿʥʠʨʘʥ ʿʝ ʠ ʠʤʧʣʝʤʝʥʪʠʨʘʥ ʧʨʦʪʦʪʠʧ ʩʠʩʪʝʤʘ ʟʘ 3ɼ ʧʨʠʢʘʟʠʚʘˁʝ 

ʧʦʜʘʪʘʢʘ. 

ɻʨʫʧʘ ʘʫʪʦʨʘ ʫ ʩʚʦʤ ʨʘʜʫ ʧʨʝʜʩʪʘʚʠʣʘ ʥʦʚʫ ʤʝʪʦʜʫ ʟʘ ʧʨʠʢʘʟʠʚʘˁʝ ʢʦʭʝʨʝʥʪʥʦʛ 

ʩʢʫʧʘ 3ɼ ʛʝʦʤʝʪʨʠʿʘ ʟʘ ʧʦʪʨʝʙʝ ʧʨʠʤʝʥʝ ʫ 3ɼ ʢʘʪʘʩʪʨʫ (Ying et al, 2016).  

ʇʨʠʢʘʟ ʜʦʩʘʜʘʰˁʠʭ ʜʦʩʪʠʛʥʫ˂ʘ ʠ ʧʦʪʨʝʙʥʠʭ ʙʫʜʫ˂ʠʭ ʠʩʪʨʘʞʠʚʘˁʘ ʦ 

ʧʨʠʢʘʟʠʚʘˁʫ 3ɼ ʢʘʪʘʩʪʘʨʩʢʠʭ ʧʦʜʘʪʘʢʘ ʜʘʪ ʿʝ ʫ ʨʘʜʫ (Pouliot et al, 2016). ɸʫʪʦʨʠ 

ʩʫ ʥʘʛʣʘʩʠʣʠ ʧʦʪʝʥʮʠʿʘʣʥʘ ʠʩʪʨʘʞʠʚʘˁʘ ʠ ʪʨʝʥʜʦʚʝ ʦʩʣʘˁʘʿʫ˂ʠ ʩʝ, ʢʘʢʦ ʥʘ 

ʜʦʩʘʜʘʰˁʘ ʠʩʪʨʘʞʠʚʘˁʘ ʚʝʟʘʥʦ ʟʘ ʧʨʠʢʘʟʠʚʘˁʝ ʧʦʜʘʪʘʢʘ ʫ 3ɼ ʢʘʪʘʩʪʨʫ, ʪʘʢʦ ʠ ʥʘ 

ʠʩʪʨʘʞʠʚʘˁʘ ʠʟ ʧʦʚʝʟʘʥʠʭ ʦʙʣʘʩʪʠ. 

ʀʟ ʦʚʝ ʦʙʣʘʩʪʠ 3ɼ ʢʘʪʘʩʪʨʘ ʦʜʙʨʘˁʝʥʝ ʩʫ ʜʚʝ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ (Shojaei, 

2014) ʠ (Wang, 2015) ʢʦʿʝ ʩʝ ʜʝʪʘˀʥʦ ʙʘʚʝ ʧʨʦʙʣʝʤʘʪʠʢʦʤ ʠ ʧʨʠʥʮʠʧʠʤʘ 

ʧʨʠʢʘʟʠʚʘˁʘ 3ɼ ʢʘʪʘʩʪʘʨʩʢʠʭ ʧʦʜʘʪʘʢʘ ʥʘ ʠʥʪʫʠʪʠʚʘʥ ʥʘʯʠʥ. 

 

2.5 ˔̭̘́̋̔́̋ 

ʈʘʟʣʠʯʠʪʠ ʢʘʪʘʩʪʘʨʩʢʠ ʩʠʩʪʝʤʠ ʢʦʿʠ ʧʦʩʪʦʿʝ ʫ ʩʚʝʪʫ ʠʤʘʿʫ ʩʣʠʯʥʝ ʧʦʪʝʰʢʦ˂ʝ ʢʘʜʘ 

ʿʝ ʨʝʯ ʦ ʨʝʛʠʩʪʨʘʮʠʿʠ ʢʦʤʧʣʝʢʩʥʠʭ 3ɼ ʩʠʪʫʘʮʠʿʘ. ʆʚʝ ʧʦʪʝʰʢʦ˂ʝ ʩʝ ʟʘʩʥʠʚʘʿʫ ʥʘ 

ʢʦʨʠʰ˂ʝˁʫ 2ɼ ʢʘʪʘʩʪʘʨʩʢʝ ʧʘʨʮʝʣʝ ʢʘʦ ʦʩʥʦʚʥʝ ʧʨʦʩʪʦʨʥʝ ʿʝʜʠʥʠʮʝ ʠ 

ʧʨʠʢʘʟʠʚʘˁʘ ʢʘʪʘʩʪʘʨʩʢʠʭ ʧʦʜʘʪʘʢʘ ʫ 2ɼ ʨʘʚʥʠ. 

ʀʘʢʦ ʩʫ ʧʦʪʝʰʢʦ˂ʝ ʠ ʤʦʪʠʚʠ ʟʘ 3ɼ ʢʘʪʘʩʪʨʦʤ ʚʝʦʤʘ ʩʣʠʯʥʠ ʥʘʯʠʥ 

ʠʤʧʣʝʤʝʥʪʘʮʠʿʝ 3ɼ ʢʘʪʘʩʪʨʘ ʝ˂ ʟʘʚʠʩʠʪʠ ʦ ʧʨʘʚʥʦʛ ʩʠʩʪʝʤʘ ʠ ʧʦʩʪʦʿʝʝ˂ʛ 

ʢʘʪʘʩʪʘʨʩʢʦʛ ʩʠʩʪʝʤʘ ʫ ʦʜʨʝʹʝʥʦʿ ʟʝʤˀʠ.   

ʇʨʠʣʠʢʦʤ ʨʘʟʚʦʿʘ 3ɼ ʢʘʪʘʩʪʨʘ ʥʝʧʦʢʨʝʪʥʦʩʪʠ ʚʝʦʤʘ ʩʫ ʙʠʪʥʠ ʤʝʹʫʥʘʨʦʜʥʠ 

ʩʪʘʥʜʘʨʜʠ ʠ ʜʠʨʝʢʪʠʚʝ: LADM - ISO 19152 ʩʪʘʥʜʘʨʜ, ʦʩʪʘʣʠ ISO ʩʪʘʥʜʘʨʜʠ, OGC 

ʩʪʘʥʜʘʨʜʠ, INSPIRE ʜʠʨʝʢʪʠʚʘ ʠ ʂʘʪʘʩʪʘʨ 2014. ʆʚʝ ʩʪʘʥʜʘʨʜʝ ʿʝ ʧʦʪʨʝʙʥʦ ʫʟʝʪʠ 

ʫ ʦʙʟʠʨ ʧʨʠʣʠʢʦʤ ʨʘʟʚʦʿʘ ʠ ʠʤʧʣʝʤʝʥʪʘʮʠʿʘ 3ɼ ʢʘʪʘʩʪʨʘ ʥʝʧʦʢʨʝʪʥʦʩʪʠ ʢʘʦ 

ʦʩʥʦʚʥʦʛ ʠ ʩʘʩʪʘʚʥʦʛ ʜʝʣʘ ʥʘʮʠʦʥʘʣʥʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʛʝʦʧʨʦʩʪʦʨʥʠʭ ʧʦʜʘʪʘʢʘ. 
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3 ˗̱ ˟ˍ˞˟ˍ˝˞˗˕ ˞˕˞˟˒˙ ˠ ˞˝ˎ˕˶˕ 

 

ʂʘʪʘʩʪʘʨʩʢʠ ʩʠʩʪʝʤ ʫ ʈʝʧʫʙʣʠʮʠ ʉʨʙʠʿʠ ʩʝ ʢʦʥʮʝʧʪʫʘʣʥʦ ʤʦʞʝ ʩʚʨʩʪʘʪʠ ʫ 2.5ɼ 

ʢʘʪʘʩʪʘʨ ʥʝʧʦʢʨʝʪʥʦʩʪʠ ʠ ʜʝʬʠʥʠʩʘʪʠ ʢʘʦ Ăʫʥʠʚʝʨʟʘʣʥʠò ʢʘʪʘʩʪʘʨ, ʦʜʥʦʩʥʦ ʿʘʚʥʠ 

ʨʝʛʠʩʪʘʨ ʫ ʢʦʿʠ ʩʝ ʫʧʠʩʫʿʫ ʩʚʝ ʥʝʧʦʢʨʝʪʥʦʩʪʠ ʠ ʩʚʘ ʧʨʘʚʘ ʥʘ ˁʠʤʘ. 

ʇʦʛʣʘʚˀʝ ʩʝ ʙʘʚʠ ʘʥʘʣʠʟʦʤ ʢʘʪʘʩʪʨʘ ʥʝʧʦʢʨʝʪʥʦʩʪʠ ʈʝʧʫʙʣʠʢʝ ʉʨʙʠʿʝ ʫ 

ʢʦʥʪʝʢʩʪʫ 3ɼ ʢʘʪʘʩʪʨʘ. ʆʚʦ ʧʦʛʣʘʚˀʝ ʧʦʯʠˁʝ ʩʘ ʭʨʦʥʦʣʦʛʠʿʦʤ ʨʘʟʚʦʿʘ 

ʢʘʪʘʩʪʘʨʩʢʦʛ ʩʠʩʪʝʤʘ (3.1) ʥʘ ʪʝʨʠʪʦʨʠʿʠ ʈʝʧʫʙʣʠʢʝ ʉʨʙʠʿʝ, ʠ ʥʘʩʪʘʚˀʘ ʩʝ ʦʧʠʩʦʤ 

ʪʨʝʥʫʪʥʦʛ ʢʘʪʘʩʪʨʘ ʥʝʧʦʢʨʝʪʥʦʩʪʠ (3.2), ʢʘʪʘʩʪʨʘ ʚʦʜʦʚʘ (3.3) ʠ ʥʘʮʠʦʥʘʣʥʦʤ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʤ ʛʝʦʧʨʦʩʪʦʨʥʠʭ ʧʦʜʘʪʘʢʘ (3.4) ʫ ʈʝʧʫʙʣʠʮʠ ʉʨʙʠʿʠ. ʇʦʛʣʘʚˀʝ 

3.5 ʧʨʠʢʘʟʫʿʝ ʩʘʜʘʰˁʫ ʧʨʘʢʩʫ ʠ ʧʦʪʝʰʢʦ˂ʝ ʫʧʠʩʘ ʠ ʧʨʠʢʘʟʠʚʘˁʘ ʢʦʤʧʣʝʢʩʥʠʭ 3ɼ 

ʩʠʪʫʘʮʠʿʘ, ʜʦʢ ʧʦʪʧʦʛʣʘʚˀʝ 3.5.6 ʩʘʜʨʞʠ ʧʨʠʤʝʨʝ ʫʧʠʩʘ ʢʦʤʧʣʝʢʩʥʠʭ 3ɼ 

ʩʠʪʫʘʮʠʿʘ.  

 

3.1 ˕̪̒̓̏̑̉́̓ ̋́̓́̒̓̑́ ̔ ˞̪̑̂̉̉ 

ʇʨʚʠ ʧʦʜʘʮʠ ʦ ʥʝʧʦʢʨʝʪʥʦʩʪʠʤʘ ʥʘ ʪʝʨʠʪʦʨʠʿʠ ʉʨʙʠʿʝ ʜʘʪʠʨʘʿʫ ʿʦʰ ʠʟ ʚʨʝʤʝʥʘ 

ʩʨʧʩʢʝ ʩʨʝʜˁʦʚʝʢʦʚʥʝ ʜʨʞʘʚʝ. ʆʚʠ ʧʦʜʘʮʠ ʠʤʘʿʫ ʫʛʣʘʚʥʦʤ ʦʧʠʩʥʠ ʢʘʨʘʢʪʝʨ ʠ 

ʦʜʥʦʩʝ ʩʝ ʥʘ ʟʝʤˀʠʰʪʝ. ʆʙʠʯʥʦ ʩʫ ʪʦ ʧʦʚʝˀʝ ʩʘ ʦʧʠʩʦʤ ʛʨʘʥʠʮʘ ʟʝʤˀʠʰʪʘ ʠ 

ʧʨʠʨʦʜʥʠʭ ʦʙʿʝʢʘʪʘ ʢʦʿʝ ʚʣʘʜʘʨ ʧʦʢʣʘˁʘ, ʫʛʣʘʚʥʦʤ ʤʘʥʘʩʪʠʨʠʤʘ (Miladinoviĺ, 

2004; Ġarkiĺ, 2013). 

ʅʘʢʦʥ ʇʨʚʦʛ (1804ï1813) ʠ ɼʨʫʛʦʛ (1815ï1817) ʩʨʧʩʢʦʛ ʫʩʪʘʥʢʘ ʠ ʦʙʥʦʚʝ ʩʨʧʩʢʝ 

ʜʨʞʘʚʝ ʥʘʩʪʘʣʘ ʿʝ ʂʥʝʞʝʚʠʥʘ ʉʨʙʠʿʘ. ʆʚʦ ʿʝ ʦʤʦʛʫ˂ʠʣʦ ʩʪʚʘʨʘˁʝ ʥʦʚʦʛ ʧʨʘʚʥʦʛ 

ʩʠʩʪʝʤʘ, ʠ ʧʨʚʝ ʢʦʨʘʢʝ ʢʘ ʫʩʧʦʩʪʘʚˀʘˁʫ ʢʘʪʘʩʪʘʨʩʢʦʛ ʩʠʩʪʝʤʘ (Bogdanoviĺ, 1987; 

Miladinoviĺ and Dugonjiĺ, 2012). 

ʇʦʩʣʝ ʥʝʢʦʣʠʢʦ ʜʝʮʝʥʠʿʘ ʧʦʯʝʪʥʠʭ ʢʦʨʘʢʘ ʥʘ ʫʩʧʦʩʪʘʚˀʘˁʫ ʢʘʪʘʩʪʘʨʩʢʦʛ ʩʠʩʪʝʤʘ 

ʧʨʚʠ ʦʟʙʠˀʥʠʿʠ ʢʦʨʘʮʠ ʩʫ ʠʟʚʨʰʝʥʠ ʦʜ 1921. ʜʦ 1925. ʛʦʜʠʥʝ, ʢʘʜʘ ʿʝ ʢʘʪʘʩʪʘʨʩʢʠ 

ʧʨʝʤʝʨ ʠʟʚʨʰʝʥ ʟʘ ʥʝʢʦʣʠʢʦ ʦʢʨʫʛʘ ʫ ʩʝʚʝʨʥʦʤ ʜʝʣʫ ʟʝʤˀʝ. 
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ʇʝʨʠʦʜ ʦʜ 1931. ʜʦ 1941. ʛʦʜʠʥʝ ʿʝ ʥʘʿʧʣʦʜʥʠʿʠ ʧʝʨʠʦʜ ʩʘ ʩʪʘʥʦʚʠʰʪʘ 

ʢʘʪʘʩʪʘʨʩʢʦʛ ʧʨʝʤʝʨʘ. ʋ ʦʚʦʤ ʧʝʨʠʦʜʫ, ʧʨʝʤʝʨ ʿʝ ʠʟʚʨʰʝʥ ʟʘ 60 ʛʨʘʜʦʚʘ ʠ 

ʦʧʰʪʠʥʘ ʠ 59 ʢʘʪʘʩʪʘʨʩʢʠʭ ʩʨʝʟʦʚʘ. ɼʦ 1941. ʛʦʜʠʥʝ ʧʨʝʤʝʨ ʿʝ ʠʟʚʨʰʝʥ ʟʘ 2887 

ʢʘʪʘʩʪʘʨʩʢʠʭ ʦʧʰʪʠʥʘ, ʠʣʠ 53% ʦʜ ʫʢʫʧʥʦʛ ʙʨʦʿʘ ʢʘʪʘʩʪʘʨʩʢʠʭ ʦʧʰʪʠʥʘ. ʆʩʪʘʣʠ 

ʜʝʦ ʉʨʙʠʿʝ (2608 ʢʘʪʘʩʪʘʨʩʢʠʭ ʦʧʰʪʠʥʘ) ʿʝ ʦʩʪʘʦ ʥʝʧʨʝʤʝʨʝʥ. 

ʅʘʢʦʥ ɼʨʫʛʦʛ ʩʚʝʪʩʢʦʛ ʨʘʪʘ, ʪʿ. ʦʜ 1952. ʜʦ 1956. ʛʦʜʠʥʝ, ʠʟʚʨʰʝʥ ʿʝ ʧʦʧʠʩ 

ʟʝʤˀʠʰʪʘ ʟʘ ʩʚʘ ʥʝʧʨʝʤʝʨʝʥʘ ʧʦʜʨʫʯʿʘ, ʠ ʧʦʩʘʦ ʿʝ ʟʘʚʨʰʝʥ ʟʘ ʦʥʝ ʢʘʪʘʩʪʘʨʩʢʝ 

ʦʧʰʪʠʥʝ ʛʜʝ ʿʝ ʧʨʝʤʝʨ ʠʟʚʨʰʝʥ ʧʨʝ ʨʘʪʘ ʘʣʠ ʧʦʜʘʮʠ ʥʠʩʫ ʦʙʨʘʹʝʥʠ. ʆʜ ʪʘʜʘ 

ʢʘʪʘʩʪʘʨʩʢʠ ʧʨʝʤʝʨ ʿʝ ʩʠʩʪʝʤʘʪʩʢʠ ʦʨʛʘʥʠʟʦʚʘʥ ʠ ʠʟʚʨʰʝʥ ʧʦ ʩʨʝʜˁʦʨʦʯʥʠʤ ʠ 

ʛʦʜʠʰˁʠʤ ʧʣʘʥʦʚʠʤʘ. ɼʦ 1973. ʛʦʜʠʥʝ ʦʩʪʘʣʦ ʿʝ ʥʝʧʨʝʤʝʨʝʥʦ ʩʘʤʦ 180 

ʢʘʪʘʩʪʘʨʩʢʠʭ ʦʧʰʪʠʥʘ (279405 ʭʝʢʪʘʨʘ) ʠ ʪʦ ʧʦʜʨʫʯʿʝ ʿʝ ʧʨʝʤʝʨʝʥʦ ʦʜ 1973. ʜʦ 

1977. ʛʦʜʠʥʝ. ʇʦʩʣʝ ʦʚʦʛʘ, ʠʥʪʝʥʟʠʚʠʨʘʣʠ ʩʫ ʩʝ ʧʦʩʣʦʚʠ ʥʘ ʦʙʥʦʚʠ ʧʨʝʤʝʨʘ 

(Bogdanoviĺ, 1987). ʇʦʜʘʮʠ ʩʫ ʟʘ ʚʝ˂ʠʥʫ ʧʦʜʨʫʯʿʘ ʫʧʠʩʠʚʘʥʠ ʫ ʜʚʘ ʨʝʛʠʩʪʨʘ, 

ʢʘʪʘʩʪʘʨ ʟʝʤˀʠʰʪʘ ʠ ʟʝʤˀʠʰʥʫ ʢˁʠʛʫ. 

ʊʦʢʦʤ 1988. ʛʦʜʠʥʝ, ʥʦʚʠʤ ʟʘʢʦʥʦʤ ʿʝ ʜʝʬʠʥʠʩʘʥ ʢʘʪʘʩʪʘʨ ʥʝʧʦʢʨʝʪʥʦʩʪʠ ʢʘʦ 

ʿʝʜʠʥʩʪʚʝʥʠ ʿʘʚʥʠ ʨʝʛʠʩʪʘʨ ʧʦ ʧʨʚʠ ʧʫʪ ʫ ʠʩʪʦʨʠʿʠ ʉʨʙʠʿʠ. ɼʦ ʪʘʜʘ ʿʝ ʢʘʪʘʩʪʘʨ 

ʟʝʤˀʠʰʪʘ ʬʦʨʤʠʨʘʥ ʟʘ ʮʝʣʫ ʪʝʨʠʪʦʨʠʿʫ ʉʨʙʠʿʝ. ʊʘʢʦʹʝ ʿʝ ʟʝʤˀʠʰʥʘ ʢˁʠʛʘ 

ʫʩʧʦʩʪʘʚˀʝʥʘ ʟʘ 1287 ʢʘʪʘʩʪʘʨʩʢʠʭ ʦʧʰʪʠʥʘ, ʠʣʠ 28% ʦʜ ʫʢʫʧʥʦʛ ʙʨʦʿʘ 

ʢʘʪʘʩʪʘʨʩʢʠʭ ʦʧʰʪʠʥʘʤʘ, ʜʦʢ ʩʝ ʪʘʧʠʿʩʢʠ ʩʠʩʪʝʤ ʟʘʜʨʞʘʦ ʫ ʤʘʣʦʤ ʙʨʦʿʫ 

ʢʘʪʘʩʪʘʨʩʢʠʭ ʦʧʰʪʠʥʘ. 

ʇʝʨʠʦʜ ʦʜ 1988. ʜʦ 1992. ʛʦʜʠʥʝ ʿʝ ʠʩʢʦʨʠʰ˂ʝʥ ʟʘ ʜʦʥʦʰʝˁʝ ʟʘʢʦʥʘ ʠ 

ʧʦʜʟʘʢʦʥʩʢʠʭ ʘʢʘʪʘ, ʢʘʦ ʠ ʧʨʦʧʠʩʘ ʠ ʧʨʘʚʠʣʘ ʟʘ ʫʩʧʦʩʪʘʚˀʘˁʝ ʢʘʪʘʩʪʨʘ 

ʥʝʧʦʢʨʝʪʥʦʩʪʠ. ʋ ʤʝʹʫʚʨʝʤʝʥʫ, ʧʨʦʮʝʩ ʫʩʧʦʩʪʘʚʝ ʢʘʪʘʩʪʨʘ ʥʝʧʦʢʨʝʪʥʦʩʪʠ ʿʝ 

ʟʘʧʦʯʝʦ ʫ 13 ʦʜʘʙʨʘʥʠʭ ʢʘʪʘʩʪʘʨʩʢʠʭ ʦʧʰʪʠʥʘ. 

ʆʜ 1992. ʜʦ 2002. ʛʦʜʠʥʝ, ʥʘʧʨʘʚˀʝʥ ʿʝ ʟʥʘʯʘʿʘʥ ʥʘʧʨʝʜʘʢ ʢʘ ʧʣʘʥʠʨʘˁʫ ʠ 

ʦʨʛʘʥʠʟʘʮʠʿʠ ʘʢʪʠʚʥʦʩʪʠ ʚʝʟʘʥʠʭ ʟʘ ʫʩʧʦʩʪʘʚˀʘˁʝ ʢʘʪʘʩʪʨʘ ʥʝʧʦʢʨʝʪʥʦʩʪʠ. ʊʦʢʦʤ 

1992. ʛʦʜʠʥʝ, ʟʘʚʨʰʝʥʦ ʿʝ ʫʩʧʦʩʪʘʚˀʘˁʝ ʢʘʪʘʩʪʨʘ ʥʝʧʦʢʨʝʪʥʦʩʪʠ ʟʘ ʜʚʝ 

ʢʘʪʘʩʪʘʨʩʢʝ ʦʧʰʪʠʥʝ. ɼʦ ʢʨʘʿʘ 2002. ʛʦʜʠʥʝ, ʢʘʪʘʩʪʘʨ ʥʝʧʦʢʨʝʪʥʦʩʪʠ ʿʝ 

ʫʩʧʦʩʪʘʚˀʝʥ ʟʘ 25% ʦʜ ʫʢʫʧʥʦʛ ʙʨʦʿʘ ʢʘʪʘʩʪʘʨʩʢʠʭ ʦʧʰʪʠʥʘ (Miladinoviĺ et al, 

2012). 
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ʊʦʢʦʤ ʧʝʨʠʦʜʘ ʦʜ 2002. ʜʦ 2012. ʛʦʜʠʥʝ ʦʩʪʚʘʨʝʥʠ ʩʫ ʟʥʘʯʘʿʥʠ ʨʝʟʫʣʪʘʪʠ. 

ʂʘʪʘʩʪʘʨ ʥʝʧʦʢʨʝʪʥʦʩʪʠ ʿʝ ʫʩʧʦʩʪʘʚˀʝʥ ʟʘ ʩʚʝ ʢʘʪʘʩʪʘʨʩʢʝ ʦʧʰʪʠʥʝ, ʦʩʠʤ ʟʘ 6 

ʢʘʪʘʩʪʘʨʩʢʠʭ ʦʧʰʪʠʥʘ ʫ ʢʦʿʠʤʘ ʿʝ ʙʠʦ ʘʢʪʫʝʣʘʥ ʧʨʦʮʝʩ ʢʦʤʘʩʘʮʠʿʝ ʟʝʤˀʠʰʪʘ ʠ ʟʘ 

ʢʘʪʘʩʪʘʨʩʢʝ ʦʧʰʪʠʥʝ ʥʘ ʪʝʨʠʪʦʨʠʿʠ ʘʫʪʦʥʦʤʥʝ ʧʦʢʨʘʿʠʥʝ ʂʦʩʦʚʘ ʠ ʄʝʪʦʭʠʿʝ. ɿʙʦʛ 

ʪʦʛʘ ʩʝ 2012. ʛʦʜʠʥʘ ʩʤʘʪʨʘ ʢʘʦ ʛʦʜʠʥʘ ʢʘʜʘ ʿʝ ʫʩʧʦʩʪʘʚˀʝʥ ʢʘʪʘʩʪʘʨ 

ʥʝʧʦʢʨʝʪʥʦʩʪʠ ʫ ʈʝʧʫʙʣʠʮʠ ʉʨʙʠʿʠ (ʙʝʟ ʂʦʩʦʚʘ ʠ ʄʝʪʦʭʠʿʝ). 

ʊʨʝʥʫʪʥʦ ʩʝ ʢʘʪʘʩʪʘʨʩʢʠ ʩʠʩʪʝʤ ʫ ʈʝʧʫʙʣʠʮʠ ʉʨʙʠʿʠ ʦʜʨʞʘʚʘ ʦʜ ʩʪʨʘʥʝ 

ʈʝʧʫʙʣʠʯʢʦʛ ʛʝʦʜʝʪʩʢʦʛ ʟʘʚʦʜʘ, ʢʦʿʠ ʿʝ ʟʘʢʦʥʦʤ ʦʜʨʝʹʝʥ ʟʘ ʧʦʩʣʦʚʝ ʦʜʨʞʘʚʘˁʘ 

ʢʘʪʘʩʪʨʘ ʥʝʧʦʢʨʝʪʥʦʩʪʠ, ʢʘʪʘʩʪʨʘ ʚʦʜʦʚʘ, ʨʝʛʠʩʪʨʘʮʠʿʫ ʩʪʚʘʨʥʠʭ ʧʨʘʚʘ ʢʘʦ ʠ 

ʦʩʪʘʣʠʭ ʧʦʩʣʦʚʘ ʧʦʚʝʟʘʥʠʭ ʩʘ ʢʘʪʘʩʪʘʨʩʢʦʤ ʨʝʛʠʩʪʨʘʮʠʿʦʤ (ʈɻɿ, 2018). 

 

3.2 ˗́̓́̒̓́̑ ̎̆̐̏̋̑̆̓̎̏̒̓̉ 

ʂʘʪʘʩʪʘʨ ʥʝʧʦʢʨʝʪʥʦʩʪʠ ʩʘʜʨʞʠ ʧʦʜʘʪʢʝ ʦ ʟʝʤˀʠʰʪʫ, ʦʙʿʝʢʪʠʤʘ ʠ ʧʦʩʝʙʥʠʤ 

ʜʝʣʦʚʠʤʘ ʦʙʿʝʢʘʪʘ ʢʘʦ ʰʪʦ ʩʫ: ʩʪʘʥʦʚʠ, ʧʦʩʣʦʚʥʠ ʧʨʦʩʪʦʨʠ, ʛʘʨʘʞʝ, ʠʪʜ. ʠ ʧʦʜʘʪʢʝ 

ʦ ʚʣʘʩʥʠʮʠʤʘ ʦʚʠʭ ʥʝʧʦʢʨʝʪʥʦʩʪʠ. ʊʘʢʦʹʝ, ʢʘʪʘʩʪʘʨ ʥʝʧʦʢʨʝʪʥʦʩʪʠ ʩʝ ʢʦʨʠʩʪʠ ʟʘ 

ʨʝʛʠʩʪʨʘʮʠʿʫ ʩʪʚʘʨʥʠʭ ʧʨʘʚʘ ʢʘʦ ʰʪʦ ʩʫ ʭʠʧʦʪʝʢʝ ʠ ʧʨʘʚʦ ʢʦʨʠʰ˂ʝˁʘ. ʂʘʪʘʩʪʘʨ 

ʥʝʧʦʢʨʝʪʥʦʩʪʠ ʩʝ ʤʦʞʝ ʜʝʬʠʥʠʩʘʪʠ ʢʘʦ: 

Ăʂʘʪʘʩʪʘʨ ʥʝʧʦʢʨʝʪʥʦʩʪʠ ʿʝ ʿʘʚʥʠ ʨʝʛʠʩʪʘʨ ʢʦʿʠ ʩʘʜʨʞʠ ʧʦʜʘʪʢʝ ʦ 

ʥʝʧʦʢʨʝʪʥʦʩʪʠʤʘ ʠ ʩʪʚʘʨʥʠʤ ʧʨʘʚʠʤʘ ʢʦʿʝ ʩʝ ʦʜʥʦʩʝ ʥʘ ʦʚʝ 

ʥʝʧʦʢʨʝʪʥʦʩʪʠ.ò 

ʉʪʚʘʨʥʘ ʧʨʘʚʘ ʩʝ ʩʪʠʯʫ, ʧʨʝʥʦʩʝ, ʦʛʨʘʥʠʯʘʚʘʿʫ ʠ ʧʨʝʩʪʘʿʫ ʫʧʠʩʦʤ ʫ ʢʘʪʘʩʪʘʨ 

ʥʝʧʦʢʨʝʪʥʦʩʪʠ. ʆʩʥʦʚʥʘ ʧʨʦʩʪʦʨʥʘ ʿʝʜʠʥʠʮʘ ʫ ʢʘʪʘʩʪʨʫ ʥʝʧʦʢʨʝʪʥʦʩʪʠ ʿʝʩʪʝ 

ʧʘʨʮʝʣʘ, ʜʦʢ ʿʝ ʢʘʪʘʩʪʘʨʩʢʘ ʦʧʰʪʠʥʘ ʦʩʥʦʚʥʘ ʪʝʨʠʪʦʨʠʿʘʣʥʘ ʿʝʜʠʥʠʮʘ ʟʘ ʢʦʿʫ ʩʝ 

ʬʦʨʤʠʨʘ ʢʘʪʘʩʪʘʨ ʥʝʧʦʢʨʝʪʥʦʩʪʠ. 

ʇʦ ɿʘʢʦʥʫ ʦ ʜʨʞʘʚʥʦʤ ʧʨʝʤʝʨʫ ʠ ʢʘʪʘʩʪʨʫ (ʉʣʫʞʙʝʥʠ ʛʣʘʩʥʠʢ ʈʉ, 72/2009) 

ʢʘʪʘʩʪʘʨ ʥʝʧʦʢʨʝʪʥʦʩʪʠ ʿʝ ʿʘʩʥʦ ʜʝʬʠʥʠʩʘʥ ʠ ʩʘʩʪʦʿʠ ʩʝ ʦʜ ʪʨʠ ʜʝʣʘ: 

¶ ʝʣʘʙʦʨʘʪʘ ʧʨʝʤʝʨʘ 

¶ ʟʙʠʨʢʝ ʠʩʧʨʘʚʘ, ʠ  
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¶ ʙʘʟʝ ʧʦʜʘʪʘʢʘ ʢʘʪʘʩʪʨʘ ʥʝʧʦʢʨʝʪʥʦʩʪʠ. 

ɽʣʘʙʦʨʘʪ ʧʨʝʤʝʨʘ ʧʨʝʜʩʪʘʚˀʘ ʩʢʫʧ ʜʦʢʫʤʝʥʘʪʘ ʠ ʧʦʜʘʪʘʢʘ ʥʘʩʪʘʣʠʭ ʫ ʧʦʩʪʫʧʢʫ 

ʧʨʦʿʝʢʪʦʚʘˁʘ ʠ ʨʝʘʣʠʟʘʮʠʿʝ ʢʘʪʘʩʪʘʨʩʢʦʛ, ʢʦʤʘʩʘʮʠʦʥʦʛ ʧʨʝʤʝʨʘ ʠʣʠ ʧʦʩʪʦʿʝ˂ʝʛ 

ʧʨʝʤʝʨʘ, ʥʘ ʦʩʥʦʚʫ ʢʦʿʠʭ ʩʝ ʦʩʥʠʚʘ ʠʣʠ ʦʙʥʘʚˀʘ ʢʘʪʘʩʪʘʨ ʥʝʧʦʢʨʝʪʥʦʩʪʠ. 

ɽʣʘʙʦʨʘʪ ʧʨʝʤʝʨʘ ʩʝ ʯʫʚʘ ʪʨʘʿʥʦ. 

ɿʙʠʨʢʘ ʠʩʧʨʘʚʘ ʩʘʜʨʞʠ ʦʨʠʛʠʥʘʣʝ ʠʣʠ ʦʚʝʨʝʥʝ ʢʦʧʠʿʝ ʜʦʢʫʤʝʥʘʪʘ ʢʦʿʠ ʩʫ 

ʟʥʘʯʘʿʥʠ ʟʘ ʨʝʛʠʩʪʨʘʮʠʿʫ ʩʪʚʘʨʥʠʭ ʧʨʘʚʘ ʥʘ ʥʝʧʦʢʨʝʪʥʦʩʪʠʤʘ. ɼʘ ʙʠ ʩʝ 

ʫʩʧʦʩʪʘʚʠʣʦ ʥʝʢʦ ʩʪʚʘʨʥʦ ʧʨʘʚʦ ʧʦʪʨʝʙʥʦ ʿʝ ʧʨʠʣʦʞʠʪʠ ʚʘʣʠʜʥʠ ʜʦʢʫʤʝʥʪ ʢʦʿʠ 

ʧʦʪʚʨʹʫʿʝ ʪʦ ʧʨʘʚʦ. ʋ ʦʢʚʠʨʫ ʙʘʟʝ ʢʘʪʘʩʪʨʘ ʥʝʧʦʢʨʝʪʥʦʩʪʠ ʫʧʠʩʫʿʫ ʩʝ ʩʘʤʦ ʚʘʞʥʠ 

ʜʝʣʦʚʠ ʦʚʠʭ ʜʦʢʫʤʝʥʘʪʘ ʢʘʢʦ ʙʠ ʧʦʿʝʜʥʦʩʪʘʚʠʦ ʧʨʝʛʣʝʜ ʠ ʦʜʨʞʘʣʘ ʫʥʘʧʨʝʜ 

ʜʝʬʠʥʠʩʘʥʘ ʩʪʨʫʢʪʫʨʘ ʙʘʟʝ. ʅʘ ʧʨʠʤʝʨ, ʫ ʩʣʫʯʘʿʫ ʢʫʧʦʧʨʦʜʘʿʥʦʛ ʫʛʦʚʦʨʘ, ʫ ʦʢʚʠʨʫ 

ʙʘʟʝ ʢʘʪʘʩʪʨʘ ʥʝʧʦʢʨʝʪʥʦʩʪʠ ʯʫʚʘʿʫ ʩʝ ʩʘʤʦ ʧʦʜʘʮʠ ʜʘ ʿʝ ʩʪʚʘʨʥʦ ʧʨʘʚʦ ʫʧʠʩʘʥʦ ʥʘ 

ʦʩʥʦʚʫ ʫʛʦʚʦʨʘ ʠ ʦʩʥʦʚʥʠ ʧʦʜʘʮʠ ʣʠʮʘ ʢʦʿʝ ʿʝ ʩʪʝʢʣʦ ʧʨʘʚʦ ʩʚʦʿʠʥʝ. ʄʦʞʝ ʩʝ ʨʝ˂ʠ 

ʜʘ ʿʝ ʟʙʠʨʢʘ ʠʩʧʨʘʚʘ ʜʦʜʘʪʘʢ ʙʘʟʠ ʧʦʜʘʪʘʢʘ ʢʘʪʘʩʪʨʘ ʥʝʧʦʢʨʝʪʥʦʩʪʠ. 

ʋ ʩʢʣʘʜʫ ʩʘ ʧʨʘʚʥʦʤ ʨʝʛʫʣʘʪʠʚʦʤ, ʩʪʚʘʨʥʘ ʧʨʘʚʘ ʩʝ ʩʪʠʯʫ, ʧʨʝʥʦʩʝ, ʦʛʨʘʥʠʯʘʚʘʿʫ ʠ 

ʧʨʝʩʪʘʿʫ ʫʧʠʩʦʤ ʫ ʢʘʪʘʩʪʘʨ ʥʝʧʦʢʨʝʪʥʦʩʪʠ. ʊʦ ʟʥʘʯʠ ʜʘ ʜʦʢʫʤʝʥʪ ʩʘʤ ʧʦ ʩʝʙʠ ʥʝ 

ʧʨʝʜʩʪʘʚˀʘ ʩʪʠʮʘˁʝ ʩʪʚʘʨʥʦʛ ʧʨʘʚʘ. ʋʢʦʣʠʢʦ ʥʝʢʦ ʞʝʣʠ ʜʘ ʧʨʦʚʝʨʠ ʩʪʚʘʨʥʘ ʧʨʘʚʘ 

ʥʘ ʥʝʢʦʿ ʥʝʧʦʢʨʝʪʥʦʩʪʠ, ʜʦʚʦˀʥʦ ʿʝ ʜʘ ʧʨʦʚʝʨʠ ʙʘʟʫ ʢʘʪʘʩʪʨʘ ʥʝʧʦʢʨʝʪʥʦʩʪʠ, ʥʝʤʘ 

ʧʦʪʨʝʙʝ ʟʘ ʧʨʦʚʝʨʦʤ ʟʙʠʨʢʝ ʠʩʧʨʘʚʘ (Miladinoviĺ, 2004).  

ɹʘʟʘ ʧʦʜʘʪʘʢʘ ʢʘʪʘʩʪʨʘ ʥʝʧʦʢʨʝʪʥʦʩʪʠ ʩʝ ɿʘʢʦʥʦʤ ʦ ʜʨʞʘʚʥʦʤ ʧʨʝʤʝʨʫ ʠ 

ʢʘʪʘʩʪʨʫ (ʉʣʫʞʙʝʥʠ ʛʣʘʩʥʠʢ ʈʉ, 72/2009) ʜʝʬʠʥʠʰʝ ʢʘʦ ʩʢʫʧ ʛʝʦʧʨʦʩʪʦʨʥʠʭ ʠ 

ʜʨʫʛʠʭ ʧʦʜʘʪʘʢʘ ʦ ʥʝʧʦʢʨʝʪʥʦʩʪʠʤʘ, ʩʪʚʘʨʥʠʤ ʧʨʘʚʠʤʘ ʠ ʦʜʨʝʹʝʥʠʤ 

ʦʙʣʠʛʘʮʠʦʥʠʤ ʧʨʘʚʠʤʘ ʥʘ ˁʠʤʘ. ʋ ʩʘʜʘʰˁʦʿ ʧʨʘʢʩʠ, ʧʨʦʩʪʦʨʥʠ ʧʦʜʘʮʠ ʦ 

ʥʝʧʦʢʨʝʪʥʦʩʪʠʤʘ ʠ ʦʧʠʩʥʠ ʧʦʜʘʮʠ ʦ ʥʝʧʦʢʨʝʪʥʦʩʪʠʤʘ (ʩʘ ʧʦʜʘʮʠʤʘ ʦ ʧʨʘʚʠʤʘ ʠ 

ʠʤʘʦʮʠʤʘ ʧʨʘʚʘ) ʩʝ ʯʫʚʘʿʫ ʫ ʦʜʚʦʿʝʥʠʤ ʩʝʪʦʚʠʤʘ ʧʦʜʘʪʘʢʘ. ʇʨʦʩʪʦʨʥʠ ʧʦʜʘʮʠ ʩʝ 

ʯʫʚʘʿʫ ʢʘʦ ʜʝʦ ʢʘʪʘʩʪʘʨʩʢʦʛ ʧʣʘʥʘ ʜʦʢ ʩʝ ʦʧʠʩʥʠ ʧʦʜʘʮʠ ʦ ʥʝʧʦʢʨʝʪʥʦʩʪʠʤʘ ʠ 

ʧʨʘʚʠʤʘ ʥʘ ˁʠʤʘ ʯʫʚʘʿʫ ʫ ʩʪʨʫʢʪʫʠʨʘʥʠʤ ʪʘʙʝʣʘʤʘ.      

ʂʘʪʘʩʪʘʨʩʢʠ ʧʣʘʥ ʧʨʠʢʘʟʫʿʝ ʧʨʦʩʪʦʨʥʝ ʧʦʜʘʪʢʝ ʦ ʦʙʣʠʢʫ ʠ ʧʦʣʦʞʘʿʫ 

ʥʝʧʦʢʨʝʪʥʦʩʪʠ ʫʢˀʫʯʫʿʫ˂ʠ ʛʨʘʥʠʮʝ ʧʘʨʮʝʣʘ, ʟʛʨʘʜʘ ʠ ʧʨʠʢʘʟ ʥʘʯʠʥʘ ʢʦʨʠʰ˂ʝˁʘ. 
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ɼʠʛʠʪʘʣʥʠ ʢʘʪʘʩʪʘʨʩʢʠ ʧʣʘʥ ʿʝ ʢʘʪʘʩʪʘʨʩʢʠ ʧʣʘʥ ʫ ʜʠʛʠʪʘʣʥʦʤ ʦʙʣʠʢʫ. ʇʦʯʝʪʘʢ 

ʢʨʝʠʨʘˁʘ ʜʠʛʠʪʘʣʥʦʛ ʢʘʪʘʩʪʘʨʩʢʦʛ ʧʣʘʥʘ ʜʘʪʠʨʘ ʦʜ 1992. ʛʦʜʠʥʝ, ʜʘ ʙʠ ʜʦ ʿʫʣʘ 

2012. ʛʦʜʠʥʝ ʜʠʛʠʪʘʣʥʠ ʢʘʪʘʩʪʘʨʩʢʠ ʧʣʘʥ ʙʠʦ ʢʨʝʠʨʘʥ ʟʘ 1781 ʢʘʪʘʩʪʘʨʩʢʫ 

ʦʧʰʪʠʥʫ, ʠʣʠ 39,4% ʦʜ ʫʢʫʧʥʦʛ ʙʨʦʿʘ ʢʘʪʘʩʪʘʨʩʢʠʭ ʦʧʰʪʠʥʘ (Miladinoviĺ et al, 

2012). 

ʆʩʥʦʚʥʝ ʢʣʘʩʝ ʦʙʿʝʢʘʪʘ ʢʦʿʝ ʩʝ ʢʦʨʠʩʪʝ ʟʘ ʧʨʝʜʩʪʘʚˀʘˁʝ ʩʚʠʭ ʥʝʧʦʢʨʝʪʥʦʩʪʠ ʥʘ 

ʜʠʛʠʪʘʣʥʦʤ ʢʘʪʘʩʪʘʨʩʢʦʤ ʧʣʘʥʫ ʩʫ ʪʘʯʢʘ, ʣʠʥʠʿʘ, ʧʦʣʠʛʦʥ (ʧʦʚʨʰ) ʠ ʪʝʢʩʪ. ʉʣʠʢʘ 

3.1 ʧʨʠʢʘʟʫʿʝ ʜʝʦ UML ʢʣʘʩʘ ʜʠʛʠʪʘʣʥʦʛ ʢʘʪʘʩʪʘʨʩʢʦʛ ʧʣʘʥʘ (ʜʝʬʠʥʠʩʘʥʦʛ ʦʜ 

ʩʪʨʘʥʝ ʈʝʧʫʙʣʠʯʢʦʛ ʛʝʦʜʝʪʩʢʦʛ ʟʘʚʦʜʘ) ʢʦʿʠ ʩʝ ʦʜʥʦʩʠ ʥʘ ʧʦʚʨʰʠʥʩʢʝ ʪʠʧʦʚʝ 

ʧʦʜʘʪʘʢʘ. ʇʘʨʮʝʣʘ ʢʘʦ ʦʩʥʦʚʥʘ ʧʨʦʩʪʦʨʥʘ ʿʝʜʠʥʠʮʘ ʿʝ ʧʨʝʜʩʪʘʚˀʝʥʘ ʫ ʚʠʜʫ 

ʧʦʣʠʛʦʥʘ ʠ ʩʘʜʨʞʠ ʘʪʨʠʙʫʪʝ ʢʘʦ ʰʪʦ ʿʝ ʿʝʜʠʥʩʪʚʝʥʠ ʙʨʦʿ ʠ ʧʦʚʨʰʠʥʘ. ɿʛʨʘʜʝ ʠ 

ʜʨʫʛʠ ʛʨʘʹʝʚʠʥʩʢʠ ʩʫ ʧʨʠʢʘʟʘʥʠ ʫʟ ʧʦʤʦ˂ ʧʦʣʠʛʦʥʘ, ʠ ʪʘʢʦʹʝ ʠʤʘʿʫ ʘʪʨʠʙʫʪʝ ʢʘʦ 

ʰʪʦ ʩʫ: ʿʝʜʠʥʩʪʚʝʥʠ ʙʨʦʿ ʫ ʦʢʚʠʨʫ ʧʘʨʮʝʣʝ, ʩʧʨʘʪʥʦʩʪ, ʥʘʯʠʥ ʢʦʨʠʰ˂ʝˁʘ, 

ʧʦʚʨʰʠʥʘ, ʦʧʠʩ, ʠʪʜ. 

 

ʉʣʠʢʘ 3.1 : ɼʝʦ UML ʜʠʘʿʛʨʘʤʘ ʜʠʛʠʪʘʣʥʦʛ ʢʘʪʘʩʪʘʨʩʢʦʛ ʧʣʘʥʘ ʢʦʿʠ ʩʝ ʦʜʥʦʩʠ ʥʘ ʧʦʚʨʰʠʥʩʢʝ ʪʠʧʦʚʝ 

ʧʦʜʘʪʘʢʘ 
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ʇʦʨʝʜ ʧʘʨʮʝʣʘ ʠ ʧʦʩʝʙʥʠʭ ʜʝʣʦʚʘ ʧʘʨʮʝʣʘ, ʫ ʦʢʚʠʨʫ ʜʠʛʠʪʘʣʥʦʛ ʢʘʪʘʩʪʘʨʩʢʦʛ 

ʧʣʘʥʘ ʧʨʝʢʦ ʧʦʣʠʛʦʥʘ ʩʝ ʧʨʝʜʩʪʘʚˀʘʿʫ ʠ ʩʣʝʜʝ˂ʝ ʢʣʘʩʝ: ʢʘʪʘʩʪʘʨʩʢʝ ʦʧʰʪʠʥʝ, 

ʩʪʘʪʠʩʪʠʯʢʠ ʢʨʫʛʦʚʠ, ʨʘʟʤʝʨʘ ʠ ʧʦʜʝʣʘ ʥʘ ʣʠʩʪʦʚʝ. ʇʦʩʣʝʜˁʝ ʜʚʝ ʢʣʘʩʝ ʩʫ 

ʥʘʩʣʝʹʝʥʝ ʥʘ ʦʩʥʦʚʫ ʘʥʘʣʦʛʥʦʛ ʢʘʪʘʩʪʘʨʩʢʦʛ ʧʣʘʥʘ. 

ʃʠʥʠʿʩʢʠ ʦʙʿʝʢʪʠ ʩʝ ʫʛʣʘʚʥʦʤ ʢʦʨʠʩʪʝ ʟʘ ʧʨʝʜʩʪʘʚˀʘˁʝ ʛʨʘʥʠʮʘ. ʇʦʩʪʦʿʝ ʠ 

ʧʦʤʦ˂ʥʝ ʣʠʥʠʿʝ ʢʦʿʝ ʩʝ ʢʦʨʠʩʪʝ ʟʘ ʧʨʝʜʩʪʘʚˀʘˁʝ ʨʘʟʣʠʯʠʪʠʭ ʦʙʿʝʢʘʪʘ, ʧʨʫʛʘ, 

ʛʨʘʥʠʮʘ ʝʢʩʧʨʦʧʨʠʿʘʮʠʿʝ ʠ ʧʨʦʣʘʟʝ ʠʩʧʦʜ ʟʛʨʘʜʘ. ʉʣʠʢʘ 3.2 ʧʨʠʢʘʟʫʿʝ ʜʝʦ UML 

ʜʠʿʘʛʨʘʤʘ ʜʠʛʠʪʘʣʥʦʛ ʢʘʪʘʩʪʘʨʩʢʦʛ ʧʣʘʥʘ ʢʦʿʠ ʩʝ ʦʜʥʦʩʠ ʥʘ ʣʠʥʠʿʩʢʝ ʪʠʧʦʚʝ 

ʧʦʜʘʪʘʢʘ. 

 

ʉʣʠʢʘ 3.2 : ɼʝʦ UML ʜʠʘʿʛʨʘʤʘ ʜʠʛʠʪʘʣʥʦʛ ʢʘʪʘʩʪʘʨʩʢʦʛ ʧʣʘʥʘ ʢʦʿʠ ʩʝ ʦʜʥʦʩʠ ʥʘ ʣʠʥʠʿʩʢʝ ʪʠʧʦʚʝ 

ʧʦʜʘʪʘʢʘ 

Taʯʢʘʩʪʠ ʦʙʿʝʢʪʠ ʩʝ ʢʦʨʠʩʪʝ ʟʘ ʧʨʝʜʩʪʘʚˀʘˁʝ ʤʝʹʥʠʭ ʪʘʯʘʢʘ, ʧʦʟʠʮʠʿʝ ʢʫ˂ʥʠʭ 

ʙʨʦʿʝʚʘ, ʥʘʟʠʚʘ ʠʪʜ. ʅʘʟʠʚʠ, ʢʘʦ ʪʝʢʩʪʫʘʣʥʠ ʦʙʿʝʢʪʠ, ʩʝ ʢʦʨʠʩʪʝ ʟʘ ʧʨʠʢʘʟʠʚʘˁʝ 

ʢʫ˂ʥʠʭ ʙʨʦʿʝʚʘ, ʥʘʟʠʚʘ ʫʣʠʮʘ ʠ ʪʨʛʦʚʘ, ʧʦʪʝʩʘ, ʩʧʨʘʪʥʦʩʪʠ ʠʪʜ.  
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ʋ ʧʦʛʣʘʚˀʫ 3.5 ʤʦʞʝ ʩʝ ʧʨʦʥʘ˂ʠ ʥʝʢʦʣʠʢʦ ʧʨʠʤʝʨʘ ʜʠʛʠʪʘʣʥʦʛ ʢʘʪʘʩʪʘʨʩʢʦʛ 

ʧʣʘʥʘ ʢʦʿʠ ʧʨʠʢʘʟʫʿʫ ʧʦʜʨʫʯʿʘ ʥʘ ʢʦʤʝ ʩʝ ʥʘʣʘʟʝ ʢʦʤʧʣʝʢʩʥʝ 3ɼ ʩʠʪʫʘʮʠʿʝ ʠ 

ʩʘʜʨʞʝ ʧʨʝʪʭʦʜʥʦ ʧʦʙʨʦʿʘʥʝ ʪʠʧʦʚʝ ʦʙʿʝʢʘʪʘ.  

 

ʉʣʠʢʘ 3.3 : ʉʪʨʫʢʪʫʨʝ ʪʘʙʝʣʘ ʟʘ ʧʘʨʮʝʣʝ, ʢʦʨʠʩʥʠʢʝ ʠ ʦʙʿʝʢʪʝ 

ʊʘʙʝʣʝ ʩʘ ʦʧʠʩʥʠʤ ʧʦʜʘʮʠʤʘ ʦ ʥʝʧʦʢʨʝʪʥʦʩʪʠʤʘ ʠ ʧʨʘʚʠʤʘ ʥʘ ˁʠʤʘ ʧʨʝʜʩʪʘʚˀʘʿʫ 

ʠʥʪʝʛʨʘʣʥʠ ʜʝʦ ʢʘʪʘʩʪʨʘ ʥʝʧʦʢʨʝʪʥʦʩʪʠ. ʉʘʜʨʞʝ ʘʣʬʘ-ʥʫʤʝʨʠʯʢʝ ʧʦʜʘʪʢʝ ʦ 

ʧʘʨʮʝʣʘʤʘ, ʢʦʨʠʩʥʠʮʠʤʘ, ʦʙʿʝʢʪʠʤʘ ʠ ʜʨʫʛʠʤ ʝʥʪʠʪʝʪʠʤʘ. ʉʣʠʢʘ 3.3 ʧʨʠʢʘʟʫʿʝ 

ʧʦʿʝʜʥʦʩʪʘʚˀʝʥʝ ʩʪʨʫʢʪʫʨʝ ʪʨʠ ʛʣʘʚʥʝ ʪʘʙʝʣʝ ʟʘ ʧʘʨʮʝʣʝ, ʦʙʿʝʢʪʝ ʠ ʢʦʨʠʩʥʠʢʝ. 

ʂʦʨʠʩʥʠʢ ʪʿ. ʠʤʘʣʘʮ ʧʨʘʚʘ ʿʝ ʧʦʚʝʟʘʥ ʩʘ ʧʘʨʮʝʣʦʤ ʧʨʝʢʦ ʙʨʦʿʘ ʣʠʩʪʘ 

ʥʝʧʦʢʨʝʪʥʦʩʪʠ ʜʦʢ ʿʝ ʦʙʿʝʢʘʪ ʧʦʚʝʟʘʥ ʩʘ ʧʘʨʮʝʣʦʤ ʧʨʝʢʦ ʙʨʦʿʘ ʠ ʧʦʜʙʨʦʿʘ ʧʘʨʮʝʣʝ. 

ʊʘʙʝʣʘ ʟʘ ʦʙʿʝʢʪʝ ʯʫʚʘ ʧʦʜʘʪʢʝ ʦ ʦʙʿʝʢʪʠʤʘ ʠ ʧʦʩʝʙʥʠʤ ʜʝʣʦʚʠʤʘ ʦʙʿʝʢʘʪʘ 
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ʫʢˀʫʯʫʿʫ˂ʠ ʧʦʜʘʪʢʝ ʦ ʠʤʘʦʮʠʤʘ ʧʨʘʚʘ.  ʇʦʜʘʮʠ ʦ ʠʤʘʦʮʠʤʘ ʧʨʘʚʘ ʩʝ ʯʫʚʘʿʫ ʫ 

ʪʘʙʝʣʠ ʟʘ ʦʙʿʝʢʪʝ ʿʝʨ ʿʝ ʤʦʛʫ˂ʝ ʜʘ ʠʤʘʣʘʮ ʧʨʘʚʘ ʥʘʜ ʦʙʿʝʢʪʦʤ ʠʣʠ ʧʦʩʝʙʥʠʤ ʜʝʣʦʤ 

ʦʙʿʝʢʪʘ ʥʠʿʝ ʠʩʪʦ ʣʠʮʝ ʢʘʦ ʠʤʘʣʘʮ ʧʨʘʚʘ ʥʘ ʧʘʨʮʝʣʠ. ʆʚʘʢʚʠ ʩʣʫʯʘʿʝʚʠ ʩʫ 

ʜʦʟʚʦˀʝʥʠ ʫ ʧʨʘʚʥʦʤ ʩʠʩʪʝʤʫ ʈʝʧʫʙʣʠʢʝ ʉʨʙʠʿʝ. 

ʋʢʦʣʠʢʦ ʩʝ ʩʪʨʫʢʪʫʨʘ ʪʘʙʝʣʘ ʫʧʦʨʝʜʠ ʩʘ ʤʦʜʝʣʦʤ ʧʦʜʘʪʘʢʘ ʜʠʛʠʪʘʣʥʦʛ 

ʢʘʪʘʩʪʘʨʩʢʦʛ ʧʣʘʥʘ ʤʦʞʝ ʩʝ ʧʨʠʤʝʪʠʪʠ ʜʘ ʩʝ ʿʝʜʘʥ ʜʝʦ ʧʦʜʘʪʘʢʘ ʧʨʝʢʣʘʧʘ, ʪʿ. ʜʘ 

ʜʦʣʘʟʠ ʜʦ ʨʝʜʫʥʜʘʥʪʥʦʩʪʠ ʧʦʜʘʪʘʢʘ. ʊʦ ʩʫ ʧʦʜʘʮʠ ʢʦʿʠ ʩʝ ʦʜʥʦʩʝ ʥʘ ʩʧʨʘʪʥʦʩʪ, 

ʥʘʯʠʥ ʢʦʨʠʰ˂ʝˁʘ ʧʘʨʮʝʣʘ ʠ ʦʙʿʝʢʘʪʘ, ʧʦʚʨʰʠʥʝ ʠ ʠʪʜ. ʊʘʙʝʣʝ ʩʘ ʦʧʠʩʥʠʤ 

ʧʦʜʘʮʠʤʘ ʠ ʜʠʛʠʪʘʣʥʠ ʢʘʪʘʩʪʘʨʩʢʠ ʧʣʘʥ ʩʫ ʦʜʚʦʿʝʥʠ ʨʝʛʠʩʪʨʠ ʰʪʦ ʿʝ ʨʝʟʫʣʪʘʪ 

ʪʝʭʥʠʯʢʠʭ ʨʝʰʝˁʘ ʠ ʫʪʠʮʘʿʘ ʧʨʝʪʭʦʜʥʠʭ ʨʝʛʠʩʪʘʨʘ (ʢʘʪʘʩʪʨʘ ʟʝʤˀʠʰʪʘ ʠ 

ʟʝʤˀʠʰʥʝ ʢˁʠʛʝ) ʢʦʿʝ ʩʫ ʧʦʩʪʦʿʘʣʝ ʧʨʝ ʫʩʧʦʩʪʘʚˀʘˁʘ ʢʘʪʘʩʪʨʘ ʥʝʧʦʢʨʝʪʥʦʩʪʠ. 

ʇʨʠʣʠʢʦʤ ʠʟʜʘʚʘˁʘ ʧʦʜʘʪʘʢʘ ʠʟ ʢʘʪʘʩʪʨʘ ʥʝʧʦʢʨʝʪʥʦʩʪʠ, ʧʦʜʘʮʠ ʠʟ ʙʘʟʝ ʢʘʪʘʩʪʨʘ 

ʥʝʧʦʢʨʝʪʥʦʩʪʠ ʩʫ ʦʨʛʘʥʠʟʦʚʘʥʠ ʫ ʣʠʩʪʦʚʝ. ʆʚʘʢʚʘ ʩʪʨʫʢʪʫʨʘ ʿʝ ʪʘʢʦʹʝ ʥʘʩʣʝʹʝʥʘ 

ʦʜ ʢʘʪʘʩʪʨʘ ʟʝʤˀʠʰʪʘ. ɱʝʜʥʘ ʢʦʣʝʢʮʠʿʘ ʣʠʩʪʦʚʘ ʧʨʠʧʘʜʘ ʠʤʘʦʮʫ ʧʨʘʚʘ (ʠʣʠ 

ʠʤʘʦʮʠʤʘ ʧʨʘʚʘ) ʠ ʬʦʨʤʠʨʘ ʿʝʜʘʥ ʣʠʩʪ ʥʝʧʦʢʨʝʪʥʦʩʪʠ. ʋ ʣʠʩʪʦʚʠʤʘ ʩʝ ʥʘʣʘʟʝ 

ʧʦʜʘʮʠ ʦ ʧʘʨʮʝʣʘʤʘ ʠ ʩʚʠʤ ʦʙʿʝʢʪʠʤʘ ʠ ʧʦʩʝʙʥʠʤ ʜʝʣʦʚʠʤʘ ʦʙʿʝʢʘʪʘ ʢʦʿʠ ʩʫ 

ʠʟʛʨʘʹʝʥʠ ʥʘ ʦʚʠʤ ʧʘʨʮʝʣʘʤʘ ʘ ʢʦʿʝ ʧʨʠʧʘʜʘʿʫ ʦʜʨʝʹʝʥʦʤ ʠʤʘʦʮʫ ʧʨʘʚʘ ʠʣʠ 

ʠʤʘʦʮʠʤʘ ʧʨʘʚʘ.  

ʃʠʩʪ ʥʝʧʦʢʨʝʪʥʦʩʪʠ ʩʝ ʩʘʩʪʦʿʠ ʦʜ: A ʣʠʩʪʘ (ʩʘʜʨʞʠ ʧʦʜʘʪʢʝ ʦ ʧʘʨʮʝʣʘʤʘ), ɹ ʣʠʩʪʘ 

(ʩʘʜʨʞʠ ʧʦʜʘʪʢʝ ʦ ʩʪʚʘʨʥʠʤ ʧʨʘʚʠʤʘ ʥʘ ʟʝʤˀʠʰʪʝʤ, ʪʿ. ʧʘʨʮʝʣʘʤʘ), ɺ ʣʠʩʪʘ 

(ʩʘʜʨʞʠ ʧʦʜʘʪʢʝ ʦ ʩʪʚʘʨʥʠʤ ʧʨʘʚʠʤʘ ʥʘ ʦʙʿʝʢʪʠʤʘ ʠ ʧʦʩʝʙʥʠʤ ʜʝʣʦʚʠʤʘ ʦʙʿʝʢʪʘ), 

ɻ ʣʠʩʪʘ (ʩʘʜʨʞʠ ʧʦʜʘʪʢʝ ʦ ʪʝʨʝʪʠʤʘ). 

 

3.3 ˗́̓́̒̓́̑ ̃̏̅̏̃́ 

ʂʘʪʘʩʪʘʨ ʚʦʜʦʚʘ ʿʝ ʨʝʛʠʩʪʘʨ ʫ ʢʦʤʝ ʩʝ ʫʧʠʩʫʿʫ ʛʨʘʬʠʯʢʠ, ʥʫʤʝʨʠʯʢʠ ʠ ʦʧʠʩʥʠ 

ʧʦʜʘʮʠ ʦ ʚʦʜʦʚʠʤʘ. ʉʘʜʨʞʠ ʧʦʜʘʪʢʝ ʦ ʧʦʜʟʝʤʥʠʤ ʠ ʥʘʜʟʝʤʥʠʤ ʚʦʜʦʚʠʤʘ, 

ʫʢˀʫʯʫʿʫ˂ʠ ʠʥʩʪʘʣʘʮʠʿʝ ʠ ʦʧʨʝʤʫ ʟʘ ʢʦʿʫ ʿʝ ʧʦʪʨʝʙʥʘ ʛʨʘʹʝʚʠʥʩʢʘ ʜʦʟʚʦʣʘ 

(Miladinoviĺ, 2004). ʇʦʨʝʜ ʦʚʠʭ ʧʦʜʘʪʘʢʘ, ʫ ʦʢʚʠʨʫ ʢʘʪʘʩʪʨʘ ʚʦʜʦʚʘ ʫʧʠʩʫʿʫ ʩʝ ʠ 

ʩʪʚʘʨʥʘ ʧʨʘʚʘ ʥʘ ʚʦʜʦʚʠʤʘ, ʪʘʢʦ ʜʘ ʩʝ ʢʘʪʘʩʪʘʨ ʚʦʜʦʚʘ ʤʦʞʝ ʜʝʬʠʥʠʩʘʪʠ ʢʘʦ:  
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Ăʂʘʪʘʩʪʘʨ ʚʦʜʦʚʘ ʿʝ ʿʘʚʥʠ ʨʝʛʠʩʪʘʨ ʢʦʿʠ ʩʘʜʨʞʠ ʧʦʜʘʪʢʝ ʦ ʚʦʜʦʚʠʤʘ 

ʠ ʩʪʚʘʨʥʠʤ ʧʨʘʚʠʤʘ ʢʦʿʝ ʩʝ ʦʜʥʦʩʝ ʥʘ ʦʚʝ ʚʦʜʦʚʝ.ò 

ʇʨʝʜʤʝʪ ʫʧʠʩʘ ʫ ʢʘʪʘʩʪʘʨ ʚʦʜʦʚʘ ʩʫ ʚʦʜʦʚʦʜʥʘ ʤʨʝʞʘ, ʪʦʧʣʦʚʦʜʥʘ ʤʨʝʞʘ, 

ʢʘʥʘʣʠʟʘʮʠʦʥʘ ʤʨʝʞʘ, ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʘ ʤʨʝʞʘ, ʪʝʣʝʢʦʤʫʥʠʢʘʮʠʦʥʘ ʤʨʝʞʘ, 

ʛʘʩʦʚʦʜʥʘ ʠ ʜʨʝʥʘʞʥʘ ʤʨʝʞʘ. ʂʘʦ ʠ ʫ ʩʣʫʯʘʿʫ ʢʘʪʘʩʪʨʘ ʥʝʧʦʢʨʝʪʥʦʩʪʠ, ʢʘʪʘʩʪʘʨʩʢʘ 

ʦʧʰʪʠʥʘ ʧʨʝʜʩʪʘʚˀʘ ʦʩʥʦʚʥʫ ʪʝʨʠʪʦʨʠʿʫ ʟʘ ʢʦʿʫ ʩʝ ʫʩʧʦʩʪʘʚˀʘ ʢʘʪʘʩʪʘʨ ʚʦʜʦʚʘ. 

ʂʘʪʘʩʪʘʨ ʚʦʜʦʚʘ ʩʝ ʫʩʧʦʩʪʘʚˀʘ ʥʘ ʦʩʥʦʚʫ ʛʝʦʜʝʪʩʢʦʛ ʧʨʝʤʝʨʘ ʠ ʪʝʭʥʠʯʢʝ 

ʜʦʢʫʤʝʥʪʘʮʠʿʝ. 

ʂʘʪʘʩʪʘʨ ʚʦʜʦʚʘ ʈʝʧʫʙʣʠʢʝ ʉʨʙʠʿʝ ʩʝ ʩʘʩʪʦʿʠ ʦʜ ʪʨʠ ʠʥʪʝʛʨʘʣʥʘ ʜʝʣʘ:  

¶ ʝʣʘʙʦʨʘʪʘ ʧʨʝʤʝʨʘ ʚʦʜʦʚʘ, 

¶ ʟʙʠʨʢʝ ʠʩʧʨʘʚʘ, ʠ 

¶ ʙʘʟʝ ʧʦʜʘʪʘʢʘ ʢʘʪʘʩʪʨʘ ʚʦʜʦʚʘ  

ɽʣʘʙʦʨʘʪ ʧʨʝʤʝʨʘ ʚʦʜʦʚʘ ʧʨʝʜʩʪʘʚˀʘ ʩʝʪ ʜʦʢʫʤʝʥʪʘʮʠʿʝ ʠ ʧʦʜʘʪʘʢʘ ʢʨʝʠʨʘʥʠʭ ʫ 

ʧʦʩʪʫʧʢʫ ʧʨʦʿʝʢʪʦʚʘˁʘ ʠ ʫʩʧʦʩʪʘʚˀʘˁʘ ʚʦʜʦʚʘ, ʫʢˀʫʯʫʿʫ˂ʠ ʜʦʢʫʤʝʥʪʘʮʠʿʫ ʦ 

ʚʦʜʦʚʠʤʘ ʢʦʿʦʤ ʨʘʩʧʦʣʘʞʫ ʜʨʞʘʚʥʠ ʦʨʛʘʥʠ, ʧʨʠʚʨʝʜʥʘ ʜʨʫʰʪʚʘ, ʧʨʝʜʫʟʝ˂ʘ ʠ 

ʜʨʫʛʝ ʦʨʛʘʥʠʟʘʮʠʿʝ, ʥʘ ʦʩʥʦʚʫ ʢʦʿʠʭ ʿʝ ʦʩʥʦʚʘʥ ʢʘʪʘʩʪʘʨ ʚʦʜʦʚʘ. 

ɿʙʠʨʢʘ ʠʩʧʨʘʚʘ, ʩʣʠʯʥʦ ʢʘʦ ʢʦʜ ʢʘʪʘʩʪʨʘ ʥʝʧʦʢʨʝʪʥʦʩʪʠ, ʩʘʜʨʞʠ ʦʨʠʛʠʥʘʣʝ ʠʣʠ 

ʦʚʝʨʝʥʝ ʢʦʧʠʿʝ ʜʦʢʫʤʝʥʘʪʘ ʥʘ ʦʩʥʦʚʫ ʢʦʿʠʭ ʩʝ ʩʪʠʯʫ, ʧʨʝʥʦʩʝ ʠʣʠ ʧʨʝʩʪʘʿʫ ʩʪʚʘʨʥʘ 

ʧʨʘʚʘ ʥʘ ʚʦʜʦʚʠʤʘ. 

ɹʘʟʘ ʧʦʜʘʪʘʢʘ ʢʘʪʘʩʪʨʘ ʚʦʜʦʚʘ ʿʝ ʥʝʟʘʚʠʩʥʠ ʠʥʬʦʨʤʘʮʠʦʥʠ ʩʠʩʪʝʤ, ʢʦʿʠ ʥʠʿʝ 

ʧʦʚʝʟʘʥ ʩʘ ʢʘʪʘʩʪʨʦʤ ʥʝʧʦʢʨʝʪʥʦʩʪʠ, ʘ ʢʦʿʠ ʩʘʜʨʞʠ ʧʦʜʘʪʢʝ ʦ ʦʙʿʝʢʪʠʤʘ ʚʦʜʦʚʘ. 

ʉʚʠ ʧʦʜʘʮʠ ʩʫ ʦʨʛʘʥʠʟʦʚʘʥʠ ʫ ʫʥʘʧʨʝʜ ʜʝʬʠʥʠʩʘʥʝ ʩʪʨʫʢʪʫʨʝ ʧʦʜʘʪʘʢʘ ʫ 

ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʚʨʩʪʝ ʚʦʜʘ. ʆʩʥʦʚʥʝ ʢʣʘʩʝ ʦʙʿʝʢʘʪʘ ʢʦʿʝ ʩʝ ʢʦʨʠʩʪʝ ʟʘ ʧʨʝʜʩʪʘʚˀʘˁʝ 

ʩʚʠʭ ʧʦʿʘʚʘ ʩʫ ʪʘʯʢʘ, ʣʠʥʠʿʘ ʠ ʧʦʣʠʛʦʥ (ʧʦʚʨʰ). ʉʣʠʢʘ 3.4 ʧʨʠʢʘʟʫʿʝ 

ʧʦʿʝʜʥʦʩʪʘʚˀʝʥʠ UML ʜʠʘʿʛʨʘʤ ʟʘ ʚʦʜʦʚʦʜʥʫ ʤʨʝʞʫ ʢʦʿʠ ʩʘʜʨʞʠ ʩʚʝ ʪʨʠ 

ʧʦʙʨʦʿʘʥʝ ʦʩʥʦʚʥʝ ʢʣʘʩʝ ʦʙʿʝʢʘʪʘ. ʀʟ ʤʦʜʝʣʘ ʩʝ ʤʦʞʝ ʚʠʜʝʪʠ ʜʘ ʥʝʤʘ ʝʢʩʧʣʠʮʠʪʥʝ 

ʠʥʬʦʨʤʘʮʠʿʝ ʥʘ ʢʦʿʦʿ ʢʘʪʘʩʪʘʨʩʢʦʿ ʧʘʨʮʝʣʠ ʩʝ ʥʘʣʘʟʠ ʚʦʜ.  
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ʂʣʘʩʘ ʪʘʯʢʝ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʧʨʝʜʩʪʘʚˀʘˁʝ ʩʚʠʭ ʧʦʿʘʚʘ ʢʦʿʝ ʩʫ ʤʘʣʝ ʠ ʤʦʨʘʿʫ ʩʝ 

ʧʨʝʜʩʪʘʚʠʪʠ ʧʨʝʢʦ ʩʠʤʙʦʣʘ. ʅʘ ʧʨʠʤʝʨ, ʪʘʯʢʘ (ʩʠʤʙʦʣ) ʩʝ ʢʦʨʠʩʪʠ ʟʘ 

ʧʨʝʜʩʪʘʚˀʘˁʝ: ʚʦʜʦʤʝʨʘ, ʙʫʥʘʨʘ, ʩʪʫʙʦʚʘ ʟʘ ʧʨʝʥʦʩ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ, 

ʪʝʣʝʬʦʥʩʢʝ ʛʦʚʦʨʥʠʮʝ, ʠʪʜ. 

 

ʉʣʠʢʘ 3.4 : ʇʦʿʝʜʥʦʩʪʘʚˀʝʥʠ UML ʜʠʘʿʛʨʘʤ ʟʘ ʚʦʜʦʚʦʜʥʫ ʤʨʝʞʫ 

ʃʠʥʠʿʩʢʠ ʦʙʿʝʢʪʠ ʩʝ ʢʦʨʠʩʪʝ ʟʘ ʧʨʝʜʩʪʘʚˀʘˁʝ ʧʦʿʘʚʘ ʢʦʿʝ ʩʫ ʚʝʦʤʘ ʜʫʛʘʯʢʝ ʘʣʠ 

ʥʝʤʘʿʫ ʜʦʚʦˀʥʫ ʰʠʨʠʥʫ ʜʘ ʙʠ ʩʝ ʧʨʝʜʩʪʘʚʠʣʝ ʧʦʤʦ˂ʫ ʧʦʣʠʛʦʥʘ. ʊʦ ʩʫ ʧʨʝ ʩʚʝʛʘ 

ʮʝʚʦʚʦʜʠ, ʢʘʥʘʣʠ, ʦʧʪʠʯʢʠ ʢʘʙʣʦʚʠ, ʠʪʜ. 



48 

 

ʇʦʣʠʛʦʥʠ ʩʝ ʢʦʨʠʩʪʝ ʟʘ ʧʨʝʜʩʪʘʚˀʘˁʝ ʩʚʠʭ ʧʦʿʘʚʘ ʢʦʿʠ ʠʤʘʿʫ ʜʦʚʦˀʥʫ ʜʫʞʠʥʫ ʠ 

ʰʠʨʠʥʫ ʜʘ ʙʠ ʩʝ ʧʨʝʜʩʪʘʚʠʣʠ ʧʨʝʢʦ ʧʦʣʠʛʦʥʘ. ʊʦ ʤʦʞʝ ʙʠʪʠ ʠʩʪʘ ʚʨʩʪʘ ʧʦʿʘʚʘ 

ʢʦʿʝ ʩʝ ʧʨʝʜʩʪʘʚˀʘʿʫ ʧʫʪʝʤ ʪʘʯʘʢʘ ʠ ʣʠʥʠʿʘ ʘʣʠ ʢʦʿʝ ʠʤʘʿʫ ʜʦʚʦˀʥʫ ʧʦʚʨʰʠʥʫ ʟʘ 

ʧʨʠʢʘʟ ʧʨʝʢʦ ʧʦʣʠʛʦʥʘ. ʅʘ ʧʨʠʤʝʨ, ʮʝʚʦʚʦʜ ʩʝ ʧʨʝʜʩʪʘʚˀʘ ʧʨʝʢʦ ʣʠʥʠʿʩʢʦʛ 

ʦʙʿʝʢʪʘ, ʘʣʠ ʘʢʦ ʠʤʘ ʜʦʚʦˀʥʫ ʰʠʨʠʥʫ ʢʦʨʠʩʪʠ˂ʝ ʩʝ ʧʦʣʠʛʦʥ. ʅʝʢʠ ʦʜ ʧʨʠʤʝʨʘ 

ʧʦʿʘʚʘ ʟʘ ʢʦʿʝ ʩʝ ʢʦʨʠʩʪʝ ʧʦʣʠʛʦʥʠ ʩʫ: ʧʦʩʪʨʦʿʝˁʘ ʟʘ ʧʨʝʨʘʜʫ ʚʦʜʝ, ʪʦʧʣʘʥʝ, 

ʪʝʨʤʦʝʣʝʢʪʨʘʥʝ, ʠʪʜ. 

 

3.4 ˚̗́̉̏̎́̌̎́ ̉̎̑́̒̓̑̔̋̓̔̑́̕ ̖̄̆̏̐̑̏̒̓̏̑̎̉ ̐̏̅́̓́̋́ 

ʅʘʮʠʦʥʘʣʥʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʛʝʦʧʨʦʩʪʦʨʥʠʭ ʧʦʜʘʪʘʢʘ ʧʨʝʜʩʪʘʚˀʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ 

ʢʦʿʘ ʩʘʜʨʞʠ ʰʠʨʠ ʩʢʫʧ ʧʦʜʘʪʘʢʘ ʦ ʞʠʚʦʪʥʦʿ ʩʨʝʜʠʥʠ, ʦʤʦʛʫ˂ʘʚʘʿʫ˂ʠ ʿʘʚʥʠ 

ʧʨʠʩʪʫʧ ʠ ʤʦʛʫ˂ʥʦʩʪ ʨʘʟʤʝʥʝ ʧʦʜʘʪʘʢʘ ʠʟʤʝʹʫ ʜʨʞʘʚʥʠʭ ʦʨʛʘʥʘ, ʢʘʢʦ ʥʘ 

ʥʘʮʠʦʥʘʣʥʦʤ ʥʠʚʦʫ, ʪʘʢʦ ʠ ʢʘʜʘ ʿʝ ʨʝʯ ʦ ʤʝʹʫʥʘʨʦʜʥʦʿ ʩʘʨʘʜˁʠ.  

ɿʘʢʦʥʦʤ ʦ ʥʘʮʠʦʥʘʣʥʦʿ ʠʥʬʨʘʩʪʨʫʢʪʫʨʠ ʛʝʦʧʨʦʩʪʦʨʥʠʭ ʧʦʜʘʪʘʢʘ (ʉʣʫʞʙʝʥʠ 

ʛʣʘʩʥʠʢ ʈʉ, 27/2018) ʦʜʨʝʹʝʥʦ ʿʝ ʜʘ ʩʝ INSPIRE ʜʠʨʝʢʪʠʚʘ (ʧʦʛʣʘʚˀʝ 2.3.4) 

ʧʨʝʥʦʩʠ ʫ ʥʘʮʠʦʥʘʣʥʦ ʟʘʢʦʥʦʜʘʚʩʪʚʦ ʈʝʧʫʙʣʠʢʝ ʉʨʙʠʿʝ. ʊʘʢʦʹʝ, ʜʝʬʠʥʠʩʘʥʦ ʿʝ ʜʘ 

ʩʫ ʦʨʛʘʥʠ ʟʘ ʫʧʨʘʚˀʘˁʝ ʥʘʮʠʦʥʘʣʥʦʤ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʤ ʛʝʦʧʨʦʩʪʦʨʥʠʭ ʧʦʜʘʪʘʢʘ 

ʉʘʚʝʪ ʅʀɻʇ-ʘ ʠ ʨʘʜʥʝ ʛʨʫʧʝ. ʇʦ ʜʝʬʠʥʠʮʠʿʠ, ʧʨʝʜʩʝʜʥʠʢ ʉʘʚʝʪʘ ʿʝ ʜʠʨʝʢʪʦʨ 

ʈʝʧʫʙʣʠʯʢʦʛ ʛʝʦʜʝʪʩʢʦʛ ʟʘʚʦʜʘ. ʆʩʪʘʣʠ ʯʣʘʥʦʚʠ ʉʘʚʝʪʘ ʩʫ ʧʨʝʜʩʪʘʚʥʠʮʠ 

ʥʘʜʣʝʞʥʠʭ ʤʠʥʠʩʪʘʨʩʪʘʚʘ ʠ ʜʨʫʛʠʭ ʜʨʞʘʚʥʠʭ ʦʨʛʘʥʘ.  

ɼʘʢʣʝ, ʧʦʨʝʜ ʯʠˁʝʥʠʮʝ ʜʘ ʤʦʜʝʨʥʠ ʢʘʪʘʩʪʘʨ ʥʝʧʦʢʨʝʪʥʦʩʪʠ ʧʨʝʜʩʪʘʚˀʘ 

ʧʨʦʩʪʦʨʥʫ ʦʩʥʦʚʫ ʟʘ ʥʘʮʠʦʥʘʣʥʫ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʛʝʦʧʨʦʩʪʦʨʥʠʭ ʧʦʜʘʪʘʢʘ, 

ʈʝʧʫʙʣʠʯʢʠ ʛʝʦʜʝʪʩʢʠ ʟʘʚʦʜ ʠʤʘ ʟʥʘʯʘʿʥʫ ʫʣʦʛʫ ʫ ʦʨʛʘʥʠʟʘʮʠʿʠ ʠ ʫʧʨʘʚˀʘˁʫ 

ʥʘʮʠʦʥʘʣʥʦʤ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʤ ʛʝʦʧʨʦʩʪʦʨʥʠʭ ʧʦʜʘʪʘʢʘ, ʪʿ. ʈʝʧʫʙʣʠʯʢʠ ʛʝʦʜʝʪʩʢʠ 

ʟʘʚʦʜ ʿʝ ʥʦʩʠʣʘʮ ˁʝʥʝ ʫʩʧʦʩʪʘʚʝ. 

ʋ ʦʢʚʠʨʫ ʫʩʧʦʩʪʘʚˀʘˁʘ ʥʘʮʠʦʥʘʣʥʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʛʝʦʧʨʦʩʪʦʨʥʠʭ ʧʦʜʘʪʘʢʘ 

ʨʘʟʚʠʿʝʥ ʿʝ ʧʦʨʪʘʣ Ăɻʝʦʩʨʙʠʿʘò (www.geosrbija.rs). ʇʦʨʪʘʣ ʦʤʦʛʫ˂ʘʚʘ ʿʘʚʥʠ 

ʧʨʠʩʪʫʧ ʧʨʦʩʪʦʨʥʠʤ ʧʦʜʘʮʠʤʘ, ʫʢˀʫʯʫʿʫ˂ʠ ʠʤʧʣʝʤʝʥʪʠʨʘʥʝ ʩʝʨʚʠʩʝ ʟʘ 

ʧʨʝʪʨʘʞʠʚʘˁʝ ʠ ʧʨʝʛʣʝʜ ʤʝʪʘʧʦʜʘʪʘʢʘ. ʇʦʜʘʮʠ ʫ ʦʢʚʠʨʫ ʧʦʨʪʘʣʘ ʩʫ ʦʨʛʘʥʠʟʦʚʘʥʠ 

ʫ ʪʨʠ ʛʨʫʧʝ ʪʝʤʘ ʛʝʦʧʦʜʘʪʘʢʘ. 
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ʉʣʠʢʘ 3.5 : ʇʦʨʪʘʣ Ăɻʝʦʩʨʙʠʿʘñ 

ʉʣʠʢʘ 3.5 ʧʨʠʢʘʟʫʿʝ ʠʟʛʣʝʜ ʧʦʨʪʘʣʘ Ăɻʝʦʩʨʙʠʿʘñ. ʇʦʨʪʘʣ ʦʤʦʛʫ˂ʘʚʘ ʧʨʝʛʣʝʜ ʠ 

ʧʨʝʪʨʘʞʠʚʘˁʝ ʚʝʣʠʢʦʛ ʩʝʪʘ ʧʨʦʩʪʦʨʥʠʭ ʧʦʜʘʪʘʢʘ ʠ ʤʝʪʘʧʦʜʘʪʘʢʘ ʨʘʟʚʨʩʪʘʥʠʭ ʧʦ 

ʪʝʤʘʤʘ ʠ ʩʣʦʿʝʚʠʤʘ. 

 

3.5 ˜̪̯̏̒̓̏̆̉ ̘̎́̉̎ ̔̐̉̒́ σˑ ̗̪̒̉̓̔́̉́ 

Kao ʰʪʦ ʿʝ ʦʧʠʩʘʥʦ ʫ ʧʦʛʣʘʚˀʫ 3.2, ʢʘʪʘʩʪʘʨ ʥʝʧʦʢʨʝʪʥʦʩʪʠ ʫ ʈʝʧʫʙʣʠʮʠ ʉʨʙʠʿʠ 

ʩʘʜʨʞʠ 2ɼ ʢʘʪʘʩʪʘʨʩʢʝ ʧʣʘʥʦʚʝ (ʠʣʠ ʜʠʛʠʪʘʣʥʠ ʢʘʪʘʩʪʘʨʩʢʠ ʧʣʘʥ) ʢʦʿʠ ʢʘʦ 

ʦʩʥʦʚʥʫ ʧʨʦʩʪʦʨʥʫ ʿʝʜʠʥʠʮʫ ʠʤʘʿʫ ʧʘʨʮʝʣʫ ʩʘ ʿʝʜʠʥʩʪʚʝʥʠʤ ʙʨʦʿʝʤ. ʋ ʦʢʚʠʨʫ ʙʘʟʝ 

ʢʘʪʘʩʪʨʘ ʥʝʧʦʢʨʝʪʥʦʩʪʠ ʯʫʚʘʿʫ ʩʝ ʠ ʦʧʠʩʥʠ ʧʦʜʘʮʠ ʦ ʥʝʧʦʢʨʝʪʥʦʩʪʠʤʘ. ʆʚʘʢʦ 

ʫʩʧʦʩʪʘʚˀʝʥ ʩʠʩʪʝʤ ʠʤʘ ʥʠʟ ʧʦʪʝʰʢʦ˂ʘ ʜʘ ʨʝʛʠʩʪʨʫʿʝ ʠ ʧʨʠʢʘʞʝ ʢʦʤʧʣʝʢʩʥʝ 3ɼ 

ʩʠʪʫʘʮʠʿʝ ʢʦʿʝ ʩʫ ʚʝʦʤʘ ʯʝʩʪʘ ʧʦʿʘʚʘ ʫ ʛʫʩʪʦ ʥʘʩʝˀʝʥʠʤ ʫʨʙʘʥʠʤ ʧʦʜʨʫʯʿʠʤʘ. 3ɼ 

ʩʠʪʫʘʮʠʿʝ ʩʝ ʤʦʛʫ ʢʣʘʩʠʬʠʢʦʚʘʪʠ ʥʘ ʚʠʰʝ ʥʘʯʠʥʘ, ʫ ʟʘʚʠʩʥʦʩʪʠ ʦ ʨʘʟʣʠʯʠʪʠʭ 

ʢʨʠʪʝʨʠʿʫʤʘ, ʘʣʠ ʩʝ ʤʦʛʫ ʧʦʜʝʣʠʪʠ ʠ ʥʘ ʢʦʤʧʦʥʝʥʪʝ ʢʦʿʝ ˂ʝ ʩʝ ʢʦʨʠʩʪʠʪʠ ʢʘʦ 

ʦʩʥʦʚʘ ʟʘ ʦʧʠʩʠʚʘˁʝ ʥʘʯʠʥʘ ʨʝʛʠʩʪʨʘʮʠʿʝ 3ɼ ʩʠʪʫʘʮʠʿʘ (ʩʣʠʯʥʘ ʧʦʜʝʣʘ ˂ʝ ʩʝ 

ʢʦʨʠʩʪʠʪʠ ʠ ʫ ʦʩʪʘʣʠʤ ʜʝʣʦʚʠʤʘ ʦʚʦʛ ʨʘʜʘ).   

ʊʝ ʢʦʤʧʦʥʝʥʪʝ ʩʫ: 

¶ ɿʝʤˀʠʰʪʝ ʠ ʨʝˀʝʬ, 

¶ ʆʙʿʝʢʪʠ/ʧʦʩʝʙʥʠ ʜʝʣʦʚʠ ʦʙʿʝʢʘʪʘ, 
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¶ ʇʦʜʟʝʤʥʠ ʦʙʿʝʢʪʠ, 

¶ ʊʫʥʝʣʠ, ʠ 

¶ ɼʨʫʛʠ ʛʨʘʹʝʚʠʥʩʢʠ ʦʙʿʝʢʪʠ (ʤʦʩʪʦʚʠ, ʚʠʿʘʜʫʢʪʠ, ʠʪʜ.) 

ʋ ʦʢʚʠʨʫ ʢʦʥʪʝʢʩʪʘ ʦʚʝ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ, ʪʝʨʤʠʥ ʨʝˀʝʬ ʩʝ ʢʦʨʠʩʪʠ ʫ 

ʩʤʠʩʣʫ ʚʝʨʪʠʢʘʣʥʝ ʧʨʝʜʩʪʘʚʝ ʪʝʨʝʥʘ, ʫʛʣʘʚʥʦʤ ʫ ʬʦʨʤʠ ʜʠʛʠʪʘʣʥʦʛ ʤʦʜʝʣʘ ʪʝʨʝʥʘ 

ʠʣʠ ʢʘʦ ʩʝʪ ʪʘʯʘʢʘ ʩʘ ʠʥʬʦʨʤʘʮʠʿʦʤ ʦ ʚʠʩʠʥʠ ʪʝʨʝʥʘ. ʊʝʨʤʠʥ ʧʦʜʟʝʤʥʠ ʦʙʿʝʢʪʠ ʩʝ 

ʢʦʨʠʩʪʠ ʟʘ ʩʚʝ ʢʦʥʩʪʨʫʢʮʠʿʝ ʢʦʿʝ ʩʝ ʥʘʣʘʟʝ ʠʩʧʦʜ ʧʦʚʨʰʠ ʪʝʨʝʥʘ, ʢʘʦ ʰʪʦ ʩʫ 

ʧʦʜʨʫʤʠ, ʧʦʜʟʝʤʥʝ ʛʘʨʘʞʝ, ʧʦʜʟʝʤʥʘ ʩʢʣʦʥʠʰʪʘ, ʠʪʜ. ʜʦʢ ʩʝ ʪʫʥʝʣʠ ʧʦʩʤʘʪʨʘʿʫ 

ʢʘʦ ʦʜʚʦʿʝʥʘ ʢʘʪʝʛʦʨʠʿʘ. ʇʦʜ ʜʨʫʛʠʤ ʛʨʘʹʝʚʠʥʩʢʠʤ ʦʙʿʝʢʪʠʤʘ ʩʝ ʩʤʘʪʨʘʿʫ ʩʚʝ 

ʢʦʥʩʪʨʫʢʮʠʿʝ ʢʦʿʝ ʩʝ ʥʝ ʤʦʛʫ ʢʣʘʩʠʬʠʢʦʚʘʪʠ ʫ ʥʝʢʫ ʦʜ ʧʨʝʪʭʦʜʥʦ ʧʦʙʨʦʿʘʥʠʭ 

ʢʦʤʧʦʥʝʥʪʠ. 

 

3.5.1 ˠ̐̉̒ ̭̙̈̆̍̉̓ ́̉  ̐ ̑̉̋́̈ ̭̑̆̆́̕ 

ʅʘ ʢʘʪʘʩʪʘʨʩʢʠʤ ʧʣʘʥʦʚʠʤʘ ʥʝ ʧʦʩʪʦʿʠ ʧʨʝʜʩʪʘʚˀʘˁʝ ʨʝˀʝʬʘ ʪʿ. 3ɼ ʧʨʝʜʩʪʘʚʘ 

ʪʝʨʝʥʘ, ʚʝ˂ ʩʘʤʦ ʧʨʝʜʩʪʘʚˀʘˁʝ ʧʦʩʝʜʘ ʟʝʤˀʠʰʪʘ ʢʘʦ ʢʘʪʘʩʪʘʨʩʢʠʭ ʧʘʨʮʝʣʘ ʫ 2ɼ 

ʧʨʦʩʪʦʨʫ. ʋ ʦʢʚʠʨʫ ʙʘʟʝ ʢʘʪʘʩʪʨʘ ʥʝʧʦʢʨʝʪʥʦʩʪʠ ʧʦʩʪʦʿʝ ʩʘʤʦ ʧʦʜʘʮʠ ʦ ʚʠʩʠʥʠ 

ʪʘʯʘʢʘ ʛʝʦʜʝʪʩʢʝ ʦʩʥʦʚʝ. ɼʨʫʛʠʤ ʨʝʯʠʤʘ, ʪʦ ʟʥʘʯʠ ʜʘ ʿʝ ʩʢʦʨʦ ʥʝʤʦʛʫ˂ʝ ʜʦʙʠʪʠ 

ʧʨʝʜʩʪʘʚʫ ʦ ʪʝʨʝʥʫ ʩʘʤʦ ʥʘ ʦʩʥʦʚʫ ʢʘʪʘʩʪʘʨʩʢʠʭ ʧʣʘʥʦʚʘ ʠ ʦʩʪʘʣʦʛ ʩʘʜʨʞʘʿʘ ʙʘʟʝ 

ʢʘʪʘʩʪʨʘ ʥʝʧʦʢʨʝʪʥʦʩʪʠ. ʂʘʜʘ ʿʝ ʫ ʧʠʪʘˁʫ ʢʘʪʘʩʪʘʨ ʚʦʜʦʚʘ, ʪʫ ʩʝ ʯʫʚʘʿʫ ʧʦʜʘʮʠ ʦ 

ʚʠʩʠʥʘʤʘ ʟʘ ʫʨʝʹʘʿʝ, ʦʢʥʘ, ʪʘʯʢʝ ʨʘʯʚʘˁʘ, ʠʪʜ. ʘʣʠ ʩʝ ʦʚʦ ʥʝ ʤʦʞʝ ʩʤʘʪʨʘʪʠ 

ʘʜʝʢʚʘʪʥʦʤ ʧʨʝʜʩʪʘʚʦʤ ʪʝʨʝʥʘ ʫ ʚʠʩʠʥʩʢʦʤ ʩʤʠʩʣʫ. 

 

3.5.2 ˠ̐̉̒ ̪̏̂̆̋́̓́ ̉  ̖̐̏̒̆̂̎̉ ̅ ̆̌̏̃ ́̏ ̪̂̆̋́̓́ 

ʆʙʿʝʢʪʠ ʩʝ ʫʧʠʩʫʿʫ ʫ ʙʘʟʫ ʧʦʜʘʪʘʢʘ ʢʘʪʘʩʪʨʘ ʥʝʧʦʢʨʝʪʥʦʩʪʠ ʠ ʧʨʠʢʘʟʫʿʫ ʥʘ 

ʢʘʪʘʩʪʘʨʩʢʦʤ ʧʣʘʥʫ. ʅʘ ʢʘʪʘʩʪʘʨʩʢʦʤ ʧʣʘʥʫ ʩʝ ʧʨʠʢʘʟʫʿʫ ʢʘʦ ʜʝʦ ʧʘʨʮʝʣʝ 

ʫʢˀʫʯʫʿʫ˂ʠ ʦʧʠʩ ʢʦʿʠ ʧʦʢʘʟʫʿʝ ʩʧʨʘʪʥʦʩʪ ʦʙʿʝʢʪʘ, ʠ ʪʦ ʧʨʝʜʩʪʘʚˀʘ ʿʝʜʠʥʫ 

ʠʥʬʦʨʤʘʮʠʿʫ ʫ ʚʠʩʠʥʩʢʦʤ ʩʤʠʩʣʫ. ʉʣʠʢʘ 3.6 ʧʨʠʢʘʟʫʿʝ ʧʨʠʤʝʨʝ ʧʨʠʢʘʟʠʚʘˁʘ 

ʦʙʿʝʢʘʪʘ ʥʘ ʜʠʛʠʪʘʣʥʦʤ ʢʘʪʘʩʪʘʨʩʢʦʤ ʧʣʘʥʫ. 
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ʉʣʠʢʘ 3.6 : ʇʨʠʤʝʨ ʧʨʠʢʘʟʘ ʦʙʿʝʢʘʪʘ ʥʘ ʜʠʛʠʪʘʣʥʦʤ ʢʘʪʘʩʪʘʨʩʢʦʤ ʧʣʘʥʫ (ɻʝʦʉʨʙʠʿʘ, 2018) 

ʐʪʦ ʩʝ ʪʠʯʝ ʧʦʩʝʙʥʠʭ ʜʝʣʦʚʘ ʦʙʿʝʢʪʘ, ʦʥʠ ʩʝ ʥʝ ʧʨʠʢʘʟʫʿʫ ʥʘ ʢʘʪʘʩʪʘʨʩʢʦʤ ʧʣʘʥʫ 

ʠ ʥʝʤʦʛʫ˂ʝ ʿʝ ʠʤʘʪʠ ʫʚʠʜ ʫ ʧʦʜʘʪʢʝ ʦ ˁʠʤʘ ʫʚʠʜʦʤ ʫ ʢʘʪʘʩʪʘʨʩʢʠ ʧʣʘʥ. 

ʋ ʦʢʚʠʨʫ ʙʘʟʝ ʢʘʪʘʩʪʨʘ ʥʝʧʦʢʨʝʪʥʦʩʪʠ ʯʫʚʘʿʫ ʩʝ ʧʦʜʘʮʠ ʦ ʙʨʦʿʫ ʝʪʘʞʘ ʦʙʿʝʢʪʘ ʧʦʜ 

ʟʝʤˀʦʤ ʠ ʠʟʥʘʜ ʟʝʤˀʝ, ʢʘʦ ʠ ʙʨʦʿ ʝʪʘʞʘ ʫ ʧʨʠʟʝʤˀʫ ʠ ʧʦʪʢʨʦʚˀʫ (ʉʣʠʢʘ 3.3). ʆʚʦ 

ʪʘʢʦʹʝ ʧʨʝʜʩʪʘʚˀʘ ʿʝʜʠʥʫ ʠʥʬʦʨʤʘʮʠʿʫ ʫ ʚʠʩʠʥʩʢʦʤ ʩʤʠʩʣʫ ʦ ʦʙʿʝʢʪʫ ʫʧʠʩʘʥʦʤ ʫ 

ʢʘʪʘʩʪʘʨ ʥʝʧʦʢʨʝʪʥʦʩʪʠ. ʉʣʠʯʥʘ ʩʠʪʫʘʮʠʿʘ ʿʝ ʠ ʩʘ ʧʦʩʝʙʥʠʤ ʜʝʣʦʚʠʤʘ ʦʙʿʝʢʪʘ, ʟʘ 

ʢʦʿʝ ʩʝ ʥʝ ʯʫʚʘʿʫ ʧʨʦʩʪʦʨʥʠ ʧʦʜʘʮʠ ʫ ʦʢʚʠʨʫ ʙʘʟʝ ʢʘʪʘʩʪʨʘ ʥʝʧʦʢʨʝʪʥʦʩʪʠ ʠ ʿʝʜʠʥʦ 

ʧʨʦʩʪʦʨʥʦ ʦʜʨʝʹʝˁʝ ʿʝʩʪʝ ʙʨʦʿ ʩʧʨʘʪʘ ʠ ʙʨʦʿ ʧʦʩʝʙʥʦʛ ʜʝʣʘ ʫ ʦʢʚʠʨʫ ʦʙʿʝʢʪʘ. 

ʅʘ ʦʩʥʦʚʫ ʦʚʦʛʘ ʩʝ ʤʦʞʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʿʝ ʥʝʤʦʛʫ˂ʝ ʫʪʚʨʜʠʪʠ 3ɼ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ 

ʦʙʿ ʝʢʘʪʘ ʠ ʧʦʩʝʙʥʠʭ ʜʝʣʦʚʘ ʦʙʿʝʢʪʘ ʫʚʠʜʦʤ ʫ ʢʘʪʘʩʪʘʨʩʢʠ ʧʣʘʥ ʠ ʙʘʟʫ ʢʘʪʘʩʪʨʘ 

ʥʝʧʦʢʨʝʪʥʦʩʪʠ ʢʘʦ ʩʘʩʪʘʚʥʠʭ ʜʝʣʦʚʘ ʢʘʪʘʩʪʨʘ ʥʝʧʦʢʨʝʪʥʦʩʪʠ ʈʝʧʫʙʣʠʢʝ ʉʨʙʠʿʝ. 

ɺʠʰʝ ʠʥʬʦʨʤʘʮʠʿʘ ʦ 3ɼ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ ʦʙʿʝʢʪʘ ʠ ʧʦʩʝʙʥʠʭ ʜʝʣʦʚʘ ʦʙʿʝʢʪʘ ʪʿ. ʦ 

ʦʙʣʠʢʫ, ʚʠʩʠʥʠ, ʧʦʚʨʰʠʥʠ ʠʪʜ. ʤʦʞʝ ʩʝ ʧʨʦʥʘ˂ʠ ʫ ʝʣʘʙʦʨʘʪʫ ʛʝʦʜʝʪʩʢʠʭ ʨʘʜʦʚʘ 

ʢʦʿʠ ʩʝ ʧʨʝʜʘʿʝ ʧʨʠʣʠʢʦʤ ʫʧʠʩʘ ʦʙʿʝʢʪʘ ʫ ʢʘʪʘʩʪʘʨ ʥʝʧʦʢʨʝʪʥʦʩʪʠ. ɽʣʘʙʦʨʘʪ 

ʛʝʦʜʝʪʩʢʠʭ ʨʘʜʦʚʘ ʠʣʠ ʛʝʦʜʝʪʩʢʠ ʝʣʘʙʦʨʘʪ ʠʟʨʘʹʫʿʝ ʦʚʣʘʰ˂ʝʥʘ ʛʝʦʜʝʪʩʢʘ 

ʦʨʛʘʥʠʟʘʮʠʿʘ ʠ ʦʥ ʩʝ ʯʫʚʘ ʢʘʦ ʜʝʦ ʟʙʠʨʢʝ ʠʩʧʨʘʚʘ ʫ ʦʢʚʠʨʫ ʢʘʪʘʩʪʨʘ 

ʥʝʧʦʢʨʝʪʥʦʩʪʠ. ʊʦ ʟʥʘʯʠ ʜʘ ʛʝʦʜʝʪʩʢʠ ʝʣʘʙʦʨʘʪ ʧʨʝʜʩʪʘʚˀʘ ʜʦʢʫʤʝʥʪ ʥʘ ʦʩʥʦʚʫ 

ʢʦʛʘ ʿʝ ʠʟʚʨʰʝʥ ʫʧʠʩ ʦʙʿʝʢʪʘ ʫ ʢʘʪʘʩʪʘʨ ʥʝʧʦʢʨʝʪʥʦʩʪʠ ʠ ʧʨʝʜʩʪʘʚˀʘ ʜʦʧʫʥʫ 
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ʫʧʠʩʘʥʠʭ ʧʦʜʘʪʘʢʘ. ʂʘʦ ʜʝʦ ʟʙʠʨʢʝ ʠʩʧʨʘʚʘ, ʛʝʦʜʝʪʩʢʠ ʝʣʘʙʦʨʘʪ ʥʝʤʘ ʩʚʨʭʫ 

ʧʨʦʩʫʹʠʚʘˁʘ ʫʢˁʠʞʝʥʦʛ ʩʪʘˁʘ ʫ ʢʘʪʘʩʪʨʫ ʥʝʧʦʢʨʝʪʥʦʩʪʠ, ʪʫ ʚʘʞʥʦʩʪ ʠʤʘʿʫ ʩʘʤʦ 

ʧʦʜʘʮʠ ʫʧʠʩʘʥʠ ʫ ʙʘʟʫ ʢʘʪʘʩʪʨʘ ʥʝʧʦʢʨʝʪʥʦʩʪʠ. 

ʇʨʠʣʠʢʦʤ ʠʟʨʘʜʝ ʛʝʦʜʝʪʩʢʦʛ ʝʣʘʙʦʨʘʪʘ ʠ ʩʥʠʤʘˁʘ ʦʙʿʝʢʘʪʘ, ʦʙʿʝʢʘʪ ʩʝ ʩʥʠʤʘ ʧʦ 

ʢʦʥʪʫʨʥʠʤ (ʠʚʠʯʥʠʤ) ʣʠʥʠʿʘʤʘ, ʩʘ ʥʘʿʤʘˁʝ ʪʨʠ ʪʘʯʢʝ. ʊʘʢʦʹʝ, ʧʨʠʣʠʢʦʤ 

ʪʝʨʝʩʪʨʠʯʢʠʭ ʩʥʠʤʘˁʘ ʤʝʨʝ ʩʝ ʩʚʠ ʬʨʦʥʪʦʚʠ ʦʙʿʝʢʪʘ. ʋʢʦʣʠʢʦ ʩʝ ʜʝʦ ʦʙʿʝʢʪʘ, ʠʣʠ 

ʮʝʦ ʦʙʿʝʢʘʪ ʥʘʣʘʟʠ ʥʘ ʩʪʫʙʦʚʠʤʘ, ʩʥʠʤʘʿʫ ʩʝ ʩʪʫʙʦʚʠ ʠ ʦʨʪʦʛʦʥʘʣʥʘ ʧʨʦʿʝʢʮʠʿʘ 

ʢʦʥʪʫʨʝ ʦʙʿʝʢʪʘ ʥʘ ʧʦʚʨʰ ʟʝʤˀʝ (Miladinoviĺ, 2004). ʉʥʠʤʘʿʫ ʩʝ ʩʘʤʦ ʦʙʿʝʢʪʠ ʢʦʿʠ 

ʠʤʘʿʫ ʪʝʤʝˀʝ ʦʜ ʯʚʨʩʪʦʛ ʤʘʪʝʨʠʿʘʣʘ, ʰʪʦ ʟʥʘʯʠ ʜʘ ʩʝ ʥʝ ʩʥʠʤʘʿʫ ʦʙʿʝʢʪʠ ʢʘʦ ʰʪʦ 

ʩʫ: ʙʘʨʘʢʝ, ʢʦʢʦʰʠˁʮʠ, ʢʠʦʩʮʠ, ʠʪʜ. 

ʉʘ ʩʪʘʥʦʚʠʰʪʘ ʨʝʛʠʩʪʨʘʮʠʿʝ 3ɼ ʩʠʪʫʘʮʠʿʘ, ʠʥʪʝʨʝʩʘʥʪʥʦ ʿʝ ʜʘ ʩʝ ʠʩʪʫʨʝʥʠ ʜʝʣʦʚʠ 

ʦʙʿʝʢʪʘ (ʫ ʦʜʥʦʩʫ ʥʘ ʦʩʥʦʚʫ) ʥʝ ʩʥʠʤʘʿʫ ʠ ʥʝ ʧʨʠʢʘʟʫʿʫ ʫʢʦʣʠʢʦ ʩʫ ʠʟʜʠʛʥʫʪʠ 

ʚʠʰʝ ʦʜ ʯʝʪʠʨʠ ʤʝʪʨʘ ʠ ʘʢʦ ʿʝ ʨʘʩʪʦʿʘˁʝ ʦʨʪʦʛʦʥʘʣʥʝ ʧʨʦʿʝʢʮʠʿʝ ʠʩʪʫʨʝʥʦʛ ʜʝʣʘ 

ʦʜ ʦʩʥʦʚʝ ʦʙʿʝʢʪʘ ʤʘˁʝ ʦʜ ʜʚʘ ʤʝʪʨʘ. ʊʘʢʦʹʝ, ʩʪʝʧʝʥʠʮʝ ʫʟ ʟʛʨʘʜʫ, ʪʝʨʘʩʝ ʠ ʫʣʘʟʠ 

ʫ ʧʦʜʨʫʤʝ ʩʝ ʩʥʠʤʘʿʫ ʢʘʜʘ ʩʫ ʠʤ ʜʠʤʝʥʟʠʿʝ ʚʝ˂ʝ ʦʜ 2 mm x R (Miladinoviĺ, 2004).  

ʇʦʩʝʙʥʠ ʜʝʣʦʚʠ ʦʙʿʝʢʪʘ ʩʝ ʫʧʠʩʫʿʫ ʥʘ ʦʩʥʦʚʫ ʝʪʘʞʥʦʛ ʝʣʘʙʦʨʘʪʘ ʢʦʿʠ ʩʝ ʠʟʨʘʹʫʿʝ 

ʟʘ ʦʙʿʝʢʘʪ. ɽʪʘʞʥʠ ʝʣʘʙʦʨʘʪ ʠʟʨʘʹʫʿʫ ʛʝʦʜʝʪʩʢʝ ʦʨʛʘʥʠʟʘʮʠʿʝ ʠ ʩʘʜʨʞʠ ʫ ʩʝʙʠ 

ʪʝʭʥʠʯʢʫ ʜʦʢʫʤʝʥʪʘʮʠʿʫ (ʩʢʠʮʝ ʧʦ ʝʪʘʞʘʤʘ) ʢʦʿʘ ʧʨʝʜʩʪʘʚˀʘʿʫ 3ɼ ʦʧʠʩ ʦʙʿʝʢʪʘ. 

 

3.5.3 ˠ̐̉̒ ̖̐̏̅̈̆̍̎̉  ̏ ̪̂̆̋́̓́ 

ʉʘ ʩʪʘʥʦʚʠʰʪʘ 3ɼ ʢʘʪʘʩʪʨʘ ʠ 3ɼ ʩʠʪʫʘʮʠʿʘ, ʧʦʜʟʝʤʥʠ ʦʙʿʝʢʪʠ ʩʝ ʤʦʛʫ ʧʦʜʝʣʠʪʠ ʥʘ 

ʜʚʝ ʚʨʩʪʝ: ʧʦʜʟʝʤʥʠ ʦʙʿʝʢʪʠ ʢʦʿʝ ʩʫ ʩʘʩʪʘʚʥʠ ʜʝʦ ʜʨʫʛʦʛ ʦʙʿʝʢʪʘ (ʧʦʜʨʫʤ, ʛʘʨʘʞʘ, 

ʠʪʜ.) ʠ ʧʦʜʟʝʤʥʠ ʦʙʿʝʢʪʠ ʢʦʿʝ ʧʨʝʜʩʪʘʚˀʘʿʫ ʩʘʤʦʩʪʘʣʥʝ ʦʙʿʝʢʪʝ (ʧʦʜʟʝʤʥʘ 

ʩʢʣʦʥʠʰʪʘ, ʧʦʩʝʙʥʝ ʧʦʜʟʝʤʥʝ ʛʘʨʘʞʝ, ʧʦʜʟʝʤʥʝ ʞʝʣʝʟʥʠʯʢʝ ʩʪʘʥʠʮʝ, ʠʪʜ.). 

ʇʦʜʟʝʤʥʠ ʦʙʿʝʢʪʠ ʢʦʠʿ ʧʨʝʜʩʪʘʚˀʘʿʫ ʧʦʩʝʙʥʝ ʜʝʣʦʚʝ ʦʙʿʝʢʪʘ ʩʝ ʧʦʩʤʘʪʨʘʿʫ ʢʘʦ ʠ 

ʦʩʪʘʣʠ ʧʦʩʝʙʥʠ ʜʝʣʦʚʠ ʦʙʿʝʢʪʘ (3.5.2). ʊʦ ʟʥʘʯʠ ʜʘ ʩʝ ʥʝ ʧʨʠʢʘʟʫʿʫ ʥʘ 

ʢʘʪʘʩʪʘʨʩʢʦʤ ʧʣʘʥʫ ʜʦʢ ʩʝ ʫ ʙʘʟʠ ʧʦʜʘʪʘʢʘ ʢʘʪʘʩʪʨʘ ʥʝʧʦʢʨʝʪʥʦʩʪʠ ʯʫʚʘʿʫ ʦʧʠʩʥʠ 

ʧʦʜʘʮʠ, ʫʢˀʫʯʫʿʫ˂ʠ ʙʨʦʿ ʧʦʩʝʙʥʦʛ ʜʝʣʘ ʫ ʦʢʚʠʨʫ ʦʙʿʝʢʪʘ. ʊʘʢʦʹʝ ʩʝ ʚʨʰʠ ˁʠʭʦʚʦ 
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ʩʥʠʤʘˁʝ ʠ ʦʜʨʝʹʠʚʘˁʝ ʢʦʨʠʩʥʝ ʧʦʚʨʰʠʥʝ ʧʨʠʣʠʢʦʤ ʠʟʨʘʜʝ ʝʣʘʙʦʨʘʪʘ ʛʝʦʜʝʪʩʢʠʭ 

ʨʘʜʦʚʘ. 

ʇʦʜʘʮʠ ʦ ʩʘʤʦʩʪʘʣʥʠʤ ʧʦʜʟʝʤʥʠʤ ʢʦʥʩʪʨʫʢʮʠʿʘʤʘ ʩʝ ʚʝʞʫ ʟʘ ʧʘʨʮʝʣʫ ʥʘ ʢʦʿʦʿ ʩʝ 

ʥʘʣʘʟʠ ʛʣʘʚʥʠ ʫʣʘʟ ʧʦʜʟʝʤʥʦʛ ʦʙʿʝʢʪʘ ʠʣʠ ʿʝʜʘʥ ʦʜ ʫʣʘʟʘ ʫ ʦʙʿʝʢʘʪ. ʏʝʩʪʦ ʩʝ ʩʘʤ 

ʫʣʘʟ ʫ ʧʦʜʟʝʤʥʫ ʢʦʥʩʪʨʫʢʮʠʿʫ ʧʨʠʢʘʟʫʿʝ ʢʘʦ ʦʙʿʝʢʘʪ, ʪʿ. ʥʘ ʢʘʪʘʩʪʘʨʩʢʦʤ ʧʣʘʥʫ ʩʝ 

ʧʫʪʝʤ ʧʦʣʠʛʦʥʘ ʧʨʝʜʩʪʘʚˀʘ ʢʘʦ ʠ ʩʚʘʢʠ ʜʨʫʛʠ ʦʙʿʝʢʘʪ ʜʦʢ ʩʝ ʩʘʤʘ ʧʦʜʟʝʤʥʘ 

ʢʦʥʩʪʨʫʢʮʠʿʘ ʫʧʠʩʫʿʝ ʫ ʙʘʟʫ ʢʘʪʘʩʪʨʘ ʥʝʧʦʢʨʝʪʥʦʩʪʠ ʢʘʦ ʧʦʩʝʙʥʠ ʜʝʣʦʚʠ ʦʙʿʝʢʪʘ. 

 

ʉʣʠʢʘ 3.7 : ʇʨʠʢʘʟ ʧʦʜʟʝʤʥʦʛ ʧʝʰʘʯʢʦʛ ʧʨʦʣʘʟʘ ʥʘ ʜʠʛʠʪʘʣʥʦʤ ʢʘʪʘʩʪʘʨʩʢʦʤ ʧʣʘʥʫ ʠ ʦʨʪʦʬʦʪʦ 

ʧʦʜʣʦʟʠ (ɻʝʦʉʨʙʠʿʘ, 2018) 

ʉʣʠʢʘ 3.7 ʧʨʠʢʘʟʫʿʝ ʥʘ ʢʦʿʠ ʥʘʯʠʥ ʿʝ ʧʦʜʟʝʤʥʠ ʧʝʰʘʯʢʠ ʧʨʦʣʘʟ ʥʘ ʊʝʨʘʟʠʿʘʤʘ ʫ 

ɹʝʦʛʨʘʜʫ ʧʨʠʢʘʟʘʥ ʥʘ ʜʠʛʠʪʘʣʥʦʤ ʢʘʪʘʩʪʘʨʩʢʦʤ ʧʣʘʥʫ. ʉʘ ʩʣʠʢʝ ʩʝ ʤʦʞʝ ʫʦʯʠʪʠ 

ʜʘ ʿʝ ʧʨʠʢʘʟʘʥ ʩʘʤʦ ʛʣʘʚʥʠ ʫʣʘʟ ʩʘ ʜʝʩʥʝ ʩʪʨʘʥʝ ʫʣʠʮʝ, ʜʦʢ oʩʪʘʣʘ ʪʨʠ ʫʣʘʟʘ ʢʦʿʘ 

ʩʝ ʥʘʣʘʟʝ ʩʘ ʩʫʧʨʦʪʥʠʭ ʩʪʨʘʥʘ ʫʣʠʮʝ ʥʠʩʫ ʨʝʛʠʩʪʨʦʚʘʥʠ ʥʘ ʢʘʪʘʩʪʘʨʩʢʦʤ ʧʣʘʥʫ. 




























































































































































































































































































































