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ʇʨʝʜʤʝʪ ʠʩʪʨʘʞʠʚʘˁʘ 

ʄʠʢʨʦʪʘʣʘʩʥʠ ʬʠʣʪʨʠ ʧʨʦʧʫʩʥʠʮʠ ʦʧʩʝʛʘ 

ʫʯʝʩʪʘʥʦʩʪʠ ʨʝʘʣʠʟʦʚʘʥʠ ʧʦʤʦ˂ʫ ʢʚʘʟʠ-

ʢʦʥʮʝʥʪʨʠʩʘʥʠʭ ʝʣʝʤʝʥʘʪʘ, ʘ ʠʤʧʣʝʤʝʥʪʠʨʘʥʠ ʫ 

ʚʠʰʝʩʣʦʿʥʦʿ ʰʪʘʤʧʘʥʦʿ ʪʝʭʥʠʮʠ 
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ɸʢʪʫʝʣʥʦʩʪ ʪʝʤʝ 
ʯʘʩʦʧʠʩʠ 

ʀʟʜʘˁʘ IEEE Microwave Magazine: 
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ÅñAll the World is a Filterò, vol. 8, no. 5, Oct. 2007. 

ÅñMicrowave Filter Synthesisò, vol. 12, no. 6, Oct. 

2011. 



4 4 

ɸʢʪʫʝʣʥʦʩʪ ʪʝʤʝ 
ʤʦʥʦʛʨʘʬʠʿʝ 

 

ÅI. Hunter, Theory and design of microwave filters. London: 

The Institution of Engineering and Technology, 2006. 

ÅD. M. Pozar, Microwave and RF wireless systems. New York: 

John Wiley & Sons, 2001. 

ÅJ.-S. Hong, Microstrip filters for RF/microwave applications. 
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ÅR. E. Collin, Foundations for microwave engineering. New 

York: McGraw-Hill, 1992; reprinted by John Wiley - IEEE 

Press, 2001. 
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ɸʢʪʫʝʣʥʦʩʪ ʪʝʤʝ 
ʨʝʣʝʚʝʥʪʥʠ ʙʠʙʣʠʦʛʨʘʬʩʢʠ ʠʟʚʦʨʠ 

 

Å D. G. Swanson, ñNarrow-band microwave filter designò, IEEE Microwave 

Magazine, vol. 8, no. 5, pp. 105ï114, 2007. 

Å Q.-X. Chu, H. Wang, ñA compact open-loop filter with mixed electric and 

magnetic coupling,ñ IEEE Transactions on Microwave Theory and 

Techniques, vol. 56, no. 2, pp. 431ï439, 2008. 

Å A. Djaiz, T. A. Denidni, ñA new compact microstrip two-layer bandpass 

filter using aperture-coupled SIR-hairpin resonators with transmission 

zerosò, IEEE Transactions on Microwave Theory and Techniques, vol. 54, 

no. 5, pp. 1929ï1936, 2006. 

Å S.-C. Lin, C.-H. Wang, C. H. Chen, ñNovel patch-via-spiral resonators for 

the development of miniaturized bandpass filters with transmission zerosò, 

IEEE Transactions on Microwave Theory and Techniques, vol. 55, no. 1, 

pp. 137ï146, 2007. 
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ɸʢʪʫʝʣʥʦʩʪ ʪʝʤʝ 
ʨʝʣʝʚʝʥʪʥʠ ʙʠʙʣʠʦʛʨʘʬʩʢʠ ʠʟʚʦʨʠ 

 

Å C.-H. Chen, C.-H. Huang, T.-S. Horng, S.-M. Wu, J.-Y. Li, C.-C. Chen, C.-T. Chiu, 

C.-P. Hung, ñVery compact stacked LC resonator-based bandpass filters with a 

novel approach to tune the transmission zerosò, IEEE Microwave and Wireless 

Components Letters, vol. 19, no. 5, pp. 293ï295, 2009. 

Å H.-W. Liu, Y. Wang, X.-M. Wang, J.-H. Lei, W.-Y. Xu, Y.-L. Zhao, B.-P. Ren, X.-

H. Guan, ñCompact and high selectivity tri-band bandpass filter using multimode 

stepped-impedance resonatorò, IEEE Microwave and Wireless Components 

Letters, vol. 23, no. 10, pp. 536ï538, 2013. 

Å Y.-F. Chen, S.-H. Huang, H.-W- Wu, H.-Y. Lee, ñDesign of compact tri-band 

bandpass filter using multilayer substrate techniqueò, in Proceedings of the 2013 

Asia-Pacific Microwave Conference (APMC '13), 5ï8 November, 2013, Seoul, 

South Korea, pp. 527ï529. 

Å C.-H. Chen, C.-H. Huang, T.-S. Horng, S.-M. Wu, ñHighly miniaturized multiband 

bandpass filter design based on a stacked spiral resonator structureò, IEEE 

Transactions on Microwave Theory and Techniques, vol. 60, no. 5, pp. 1278ï1286, 

2012. 
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ʎʠˀ ʠʩʪʨʘʞʠʚʘˁʘ 

Åʇʨʠʿʝʜʣʦʛ ʥʦʚʦʛ ʤʝʪʦʜʘ ʨʝʘʣʠʟʘʮʠʿʝ 

ʤʠʢʨʦʪʘʣʘʩʥʠʭ ʬʠʣʪʘʨʘ ʧʨʦʧʫʩʥʠʢʘ ʦʧʩʝʛʘ 

ʫʯʝʩʪʘʥʦʩʪʠ ʩʘ ʩʧʨʝʛʥʫʪʠʤ ʢʚʘʟʠ-

ʢʦʥʮʝʥʪʨʠʩʘʥʠʤ ʨʝʟʦʥʘʪʦʨʠʤʘ  

Åʈʘʟʚʦʿ ʥʦʚʦʛ ʘʣʛʦʨʠʪʤʘ ʧʨʦʿʝʢʪʦʚʘˁʘ 

ʬʠʣʪʘʨʘ ʢʦʨʠʰʪʝˁʝʤ ʝʢʚʠʚʘʣʝʥʪʥʠʭ ʰʝʤʘ. 

Åɽʢʩʧʝʨʠʤʘʥʪʘʣʥʘ ʚʝʨʠʬʠʢʘʮʠʿʘ 

ʬʘʙʨʠʢʦʚʘʥʦʛ ʬʠʣʪʨʘ. 
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ɿʥʘʯʘʿ ʠʩʪʨʘʞʠʚʘˁʘ 

Åʄʠʢʨʦʪʘʣʘʩʥʠ ʬʠʣʪʨʠ ʩʫ ʥʝʠʟʦʩʪʘʚʥʠ 
ʜʠʦ ʧʨʘʢʪʠʯʥʦ ʩʚʠʭ ʢʦʤʫʥʠʢʘʮʠʦʥʠʭ 
ʩʠʩʪʝʤʘ. 

Åʇʨʝʜʚʠʹʝʥʠ ʦʧʩʝʛ ʥʘʤʿʝʥʝ: 1.6 GHz (GPS), 
0.9 GHz, 1.8 GHz, 1.9 GHz, 2.1 GHz (GSM, 
UMTS, WCDMA), 2.4 GHz, 5.8 GHz (WiFi), 3.5 
GHz (WiMax). 

Åʄʠʥʠʿʘʪʫʨʠʟʘʮʠʿʘ ʢʘʦ ʦʩʥʦʚʥʠ ʟʘʭʪʿʝʚ  
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ʇʨʠʤʿʝˁʝʥʝ ʤʝʪʦʜʝ ʧʨʦʿʝʢʪʦʚʘˁʘ 

ʤʠʢʨʦʪʘʣʘʩʥʠʭ ʬʠʣʪʘʨʘ 

Å ʇʨʦʿʝʢʪʦʚʘˁʝ ʤʠʢʨʦʪʘʣʘʩʥʠʭ ʬʠʣʪʨʘ ʩʘ ʩʧʨʝʛʥʫʪʠʤ ʨʝʟʦʥʘʪʦʨʠʤʘ 

ʧʦʤʦ˂ʫ Dishal-ʦʚʦʛ ʤʝʪʦʜʘ. 

Å ʈʘʟʚʦʿ ʝʢʚʠʚʘʣʝʥʪʠʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʰʝʤʘ ʨʝʟʦʥʘʪʦʨʘ ʠ ʮʠʿʝʣʦʛ 

ʬʠʣʪʨʘ. 

Å ʇʨʦʿʝʢʪʦʚʘˁʝ ʤʠʢʨʦʪʘʣʘʩʥʠʭ ʬʠʣʪʨʘ ʩʘ ʩʧʨʝʛʥʫʪʠʤ ʨʝʟʦʥʘʪʦʨʠʤʘ 

ʧʦʤʦ˂ʫ ʝʢʚʠʚʘʣʝʥʪʥʠʭ ʰʝʤʘ. 

Å ʀʩʧʠʪʠʚʘˁʝ ʧʝʨʬʦʨʤʘʥʩʠ ʬʠʣʪʨʘ ʥʘ ʦʩʥʦʚʫ ʩʠʤʫʣʘʮʠʦʥʦʛ 

ʤʦʜʝʣʘ ʥʘ ʥʠʚʦʫ ʤʠʢʨʦʪʘʣʘʩʥʦʛ ʢʦʣʘ ʫ ʩʦʬʪʚʝʨʩʢʦʤ ʘʣʘʪʫ. 

Å ʉʠʤʫʣʘʮʠʿʘ ʩʪʨʫʢʪʫʨʝ ʬʠʣʪʨʘ ʫ ʩʦʬʪʚʝʨʩʢʦʤ ʘʣʘʪʫ ʟʘ ʧʨʝʮʠʟʥʫ 

ʪʨʦʜʠʤʝʥʟʠʦʥʘʣʥʫ ʝʣʝʢʪʨʦʤʘʛʥʝʪʩʢʫ ʩʠʤʫʣʘʮʠʿʫ. 

Å ʆʧʪʠʤʠʟʘʮʠʿʘ ʠ ʧʦʜʝʰʘʚʘˁʝ ʩʠʤʫʣʘʮʠʦʥʠʭ ʤʦʜʝʣʘ ʬʠʣʪʨʘ ʫ 

ʮʠˀʫ ʟʘʜʦʚʦˀʝˁʘ ʩʧʝʮʠʬʠʢʘʮʠʿʘ ʬʠʣʪʨʘ. 

Å ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʚʝʨʠʬʠʢʘʮʠʿʘ ʧʨʦʿʝʢʪʦʚʘʥʦʛ ʬʠʣʪʨʘ ʤʿʝʨʝˁʝʤ 

ʥʘ ʬʘʙʨʠʢʦʚʘʥʦʤ ʣʘʙʦʨʘʪʦʨʠʿʩʢʦʤ ʧʨʦʪʦʪʠʧʫ. 
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ʆʩʪʚʘʨʝʥʠ ʥʘʫʯʥʠ ʜʦʧʨʠʥʦʩʠ- 
ʥʦʚ ʤʝʪʦʜ ʧʨʦʿʝʢʪʦʚʘˁʘ ʤʠʢʨʦʪʘʣʘʩʥʠʭ ʬʠʣʪʘʨʘ 

Åʅʦʚ ʤʝʪʦʜ ʧʨʦʿʝʢʪʦʚʘˁʘ ʤʠʢʨʦʪʘʣʘʩʥʠʭ 

ʬʠʣʪʘʨʘ ʧʨʦʧʫʩʥʠʢʘ ʦʧʩʝʛʘ ʫʯʝʩʪʘʥʦʩʪʠ 

ʧʦʤʦ˂ʫ ʝʢʚʠʚʘʣʝʥʪʥʠʭ ʰʝʤʘ. 

Åʇʨʦʿʝʢʪʦʚʘʥʠ ʬʠʣʪʨʠ ʠʤʘʿʫ ʙʦˀʝ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʫ ʦʜʥʦʩʫ ʥʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ 

ʦʙʿʘʚˀʝʥʝ ʫ ʜʦʩʪʫʧʥʦʿ ʣʠʪʝʨʘʪʫʨʠ, ʩʭʦʜʥʦ 

ʢʨʠʪʝʨʠʿʫʤʠʤʘ ʧʦʨʝʹʝˁʘ 
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ʆʩʪʚʘʨʝʥʠ ʥʘʫʯʥʠ ʜʦʧʨʠʥʦʩʠ- 
ʅʦʚ ʘʣʛʦʨʠʪʘʤ ʫ ʮʠˀʫ ʚʝʨʠʬʠʢʘʮʠʿʝ ʧʨʝʜʣʦʞʝʥʦʛ ʤʝʪʦʜʘ 

Åʈʝʘʣʠʟʘʮʠʿʘ ʨʝʟʦʥʘʪʦʨʘ ʠ ʬʠʣʪʨʘ ʧʦʤʦ˂ʫ 

ʝʢʚʠʚʘʣʝʥʪʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʰʝʤʘ 

Åʋʩʧʦʩʪʘʚˀʘˁʝ ʚʝʟʝ ʠʟʤʝʹʫ ʚʨʠʿʝʜʥʦʩʪʠ ʰʝʤʝ ʠ 

ʜʠʤʝʥʟʠʿʘ ʝʣʝʤʝʥʪʘ 3D EM ʤʦʜʝʣʘ 

Åʇʨʦʿʝʢʪʦʚʘˁʝ ʬʠʣʪʨʘ ʧʦʤʦ˂ʫ ʝʢʚʠʚʘʣʝʥʪʥʠʭ 

ʝʣʝʢʪʨʠʯʥʠʭ ʰʝʤʘ 
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ʆʩʪʚʘʨʝʥʠ ʥʘʫʯʥʠ ʜʦʧʨʠʥʦʩʠ- 
ʥʦʚ ʣʘʙʦʨʘʪʦʨʠʿʩʢʠ ʧʨʦʪʦʪʠʧʠ ʫ ʮʠˀʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʝ 

ʚʝʨʠʬʠʢʘʮʠʿʝ 

 

Åʈʝʘʣʠʟʘʮʠʿʘ ʥʦʚʦʛ ʨʝʟʦʥʘʪʦʨʘ 

Åʈʝʘʣʠʟʘʮʠʿʘ ʬʠʣʪʨʘ ʩʘ ʿʝʜʥʠʤ ʧʨʦʧʫʩʥʠʤ 

ʦʧʩʝʛʦʤ 

Åʈʝʘʣʠʟʘʮʠʿʘ ʬʠʣʪʨʘ ʩʘ ʪʨʠ ʧʨʦʧʫʩʥʘ ʦʧʩʝʛʘ 
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ɺʝʨʠʬʠʢʘʮʠʿʘ ʥʘʫʯʥʠʭ ʜʦʧʨʠʥʦʩʘ 

 

ʈʘʜ ʫ ʤʝʹʫʥʘʨʦʜʥʦʤ ʯʘʩʦʧʠʩʫ ʢʘʪʝʛʦʨʠʿʝ ʄ22 

 

Å D. Miljanoviĺ, M. Potrebiĺ, D. V. Toġiĺ, ñDesign of microwave 

multibandpass filters with quasilumped resonatorsò, -Mathematical 

Problems in Engineering, vol. 2015, article ID 647302, 14 pages, 

2015, (IF2013=1.082) (DOI: 10.1155/2015/647302, Print ISSN: 1024-

123X, Online ISSN: 1563-5147). [online] 

http://www.hindawi.com/journals/mpe/2015/647302/cta 
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ɺʝʨʠʬʠʢʘʮʠʿʘ ʥʘʫʯʥʠʭ ʜʦʧʨʠʥʦʩʘ 

 

ʈʘʜ ʫ ʤʝʹʫʥʘʨʦʜʥʦʤ ʯʘʩʦʧʠʩʫ ʢʘʪʝʛʦʨʠʿʝ ʄ23 

 

Å D. Miljanoviĺ, M. Potrebiĺ, D. V. Toġiĺ, Z. Stamenkoviĺ, ñDesign of 

miniaturized bandpass filters using quasi-lumped multilayer 

resonatorsò, -Journal of Circuits, Systems and Computers, vol. 23, 

no. 6, pp. (1450083) 1ï21, 2014. (IF2013=0.330) (DOI: 

10.1142/S0218126614500832, Print ISSN: 0218-1266, Online ISSN: 

1793-6454), [online] 

http://www.worldscientific.com/doi/abs/10.1142/S0218126614500832 
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ɺʝʨʠʬʠʢʘʮʠʿʘ ʥʘʫʯʥʠʭ ʜʦʧʨʠʥʦʩʘ 

 

ʈʘʜ ʫ ʥʘʮʠʦʥʘʣʥʦʤ ʯʘʩʦʧʠʩʫ ʢʘʪʝʛʦʨʠʿʝ ʄ52 

 

Å D. Miljanoviĺ, M. Potrebiĺ, D. V. Toġiĺ, ñProjektovanje filtra 

propusnika opsega uļestanosti sa kvazi-koncentrisanim rezonatorima 

koriġĺenjem zamjenske ġemeò, -Tehnika, vol. 69, no. 3, pp. 459ï465, 

2014. (ISSN: 0040-2176, UDC: 621.372.544). [online] 

http://www.sits.org.rs/include/data/docs1093.pdf 
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ɺʝʨʠʬʠʢʘʮʠʿʘ ʥʘʫʯʥʠʭ ʜʦʧʨʠʥʦʩʘ 

 
3 ʨʘʜʘ ʫ ʟʙʦʨʥʠʮʠʤʘ ʤʝʹʫʥʘʨʦʜʥʝ ʢʦʥʬʝʨʝʥʮʠʿʝ ʢʘʪʝʛʦʨʠʿʝ ʄ33 

 

Å S. Grkoviĺ, D. Miljanoviĺ, S. Stefanovski, M. Potrebiĺ, D. V. Toġiĺ, ñWIPL-D 

modelovanje viġeslojnog filtra sa interdigitalno spregnutim uvodnicimaò, -Proc. 21st 

Telecommunications Forum (TELFOR 2013), Belgrade, Serbia, November 26ï28, 2013, 

pp. 900ï903. (DOI: 10.1109/TELFOR.2013.6716376, Print ISBN: 978-1-4799-1419-7 

[online] http://ieeexplore.ieee.org/xpl/articleDetails.jsp?tp=&arnumber=6716376&query

Text%3D10.1109%2FTELFOR.2013.6716376 

Å D. Miljanoviĺ, M. Potrebiĺ, D. V. Toġiĺ, Z. Stamenkoviĺ, ñFeeder realization for quasi-

lumped multilayer resonators with low Q-factorò, -Proc. 11th WSEAS International 

Conference on Circuits, Systems, Electronics, Control & Signal Processing (CSECS '12), 

Montreux, Switzerland, December 29ï31, 2012, pp. 63ï68. (ISBN: 978-1-61804-146-3) 

[online] http://www.wseas.us/e-library/conferences/2012/Montreux/ACSAM/ACSAM-

09.pdf 

Å D. Miljanoviĺ, M. Potrebiĺ, D. V. Toġiĺ, ñFaktor dobrote kvazi-koncentrisanog 

viġeslojnog rezonatora sa induktivnim uvodnikomò, -Proc. 20th Telecommunications 

forum (TELFOR 2012), Belgrade, Serbia, November 20ï22, 2012, pp. 1139ï

1142.(DOI: 10.1109/TELFOR.2012.6419412, Print ISBN: 978-1-4673-2983-

5)[online] http://ieeexplore.ieee.org/xpl/articleDetails.jsp?tp=&arnumber=6419412&que

ryText%3D10.1109%2FTELFOR.2012.6419412 
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ɺʝʨʠʬʠʢʘʮʠʿʘ ʥʘʫʯʥʠʭ ʜʦʧʨʠʥʦʩʘ 

 4 ʨʘʜʘ ʫ ʟʙʦʨʥʠʮʠʤʘ ʥʘʮʠʦʥʘʣʥʠʭ ʢʦʥʬʝʨʝʥʮʠʿʘ ʢʘʪʝʛʦʨʠʿʝ ʄ63 

 

Å D. Miljanoviĺ, M. Potrebiĺ, D. V. Toġiĺ, ñZamjenske ġeme spregnutih mikrotalasnih 

kvazi-koncentrisanih rezonatoraò, -Zbornik XIII meĽunarodnog nauļno-struļnog 

simpozijuma INFOTEH-JAHORINA 2014, Jahorina, Bosna i Hercegovina, Mart 19ï21, 

2014, vol. 13, str. 471ï475. (ISBN: 978-99955-763-3-2)[online] 

http://infoteh.etf.unssa.rs.ba/zbornik/2014/radovi/KST-3/KST-3-1.pdf  

Å D. Miljanoviĺ, M. Potrebiĺ, D. V. Toġiĺ, ñRealizacije uvodnika za viġeslojni rezonator sa 

ġirokim opsegom vrijednosti Q-faktoraò, -Zbornik 57. konf. ETRAN, Zlatibor, Srbija, 3ï

6 jun, 2013, str. MT 3.5. 1ï4. (ISBN: 978-86-80509-68-6) [online] http://etran.etf.rs 

Å D. Miljanoviĺ, M. Potrebiĺ, D. V. Toġiĺ, ñMikrotalasni filtar realizovan u viġeslojnoj 

tehnici sa kapacitivno spregnutim uvodnikomò, -Zbornik XII meĽunarodnog nauļno-

struļnog simpozijum INFOTEH-JAHORINA 2013, Jahorina, Bosna i Hercegovina, Mart 

20ï22, 2013, vol. 12, str. 434ï438. (ISBN: 978-99955-763-1-8) 

[online] http://infoteh.etf.unssa.rs.ba/zbornik/2013/radovi/KST-3/KST-3-3.pdf 

Å ņ. Mirkoviĺ, D. Miljanoviĺ, M. Potrebiĺ, D. V. Toġiĺ, ñModelovanje mikrotalasnog 

filtra sa kvazi-koncentrisanim rezonatorima u softveru WIPL-Dò, -Zbornik 56. konf. 

ETRAN, Zlatibor, Srbija, 11ï14 jun, 2012, str. MT2.6. 1ï4. (ISBN: 978-86-80509-67-9) 

[online] http://etran.etf.rs 
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ʇʦʩʪʦʿʝ˂ʝ ʨʝʘʣʠʟʘʮʠʿʝ ʨʝʟʦʥʘʪʦʨʘ ʠ 

ʬʠʣʪʘʨʘ ʇʆ ʫ ʧʣʘʥʘʨʥʦʿ ʪʝʭʥʠʮʠ  
Å ʇʦʣʫʪʘʣʘʩʥʠ ʨʝʟʦʥʘʪʦʨ ʫ ʦʙʣʠʢʫ ʧʨʘʚʦʫʛʘʦʥʠʢʘ ʠʣʠ ʫʢʦʩʥʠʮʝ 

(open-loop resonator)  

 

 

Å ʈʝʟʦʥʘʪʦʨ ʨʝʘʣʠʟʦʚʘʥ ʢʘʦ ʢʘʧʘʮʠʪʠʚʥʦ ʦʧʪʝʨʝ˂ʝʥ ʚʦʜ (slow-wave 

resonator) 

 

 

Å ʈʝʟʦʥʘʪʦʨ ʩʘ ʜʚʠʿʝ ʨʝʟʦʥʘʥʪʥʝ ʫʯʝʩʪʘʥʦʩʪʠ (dual-mode resonator)  

 
(a) (ʙ)

(ʚ) (ʛ) (ʜ)
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ʇʦʩʪʦʿʝ˂ʝ ʨʝʘʣʠʟʘʮʠʿʝ ʨʝʟʦʥʘʪʦʨʘ ʠ 

ʬʠʣʪʘʨʘ ʇʆ ʫ ʧʣʘʥʘʨʥʦʿ ʪʝʭʥʠʮʠ  

Å ʌʠʣʪʨʠ ʨʝʘʣʠʟʦʚʘʥʠ ʢʘʩʢʘʜʥʦʤ ʩʝʢʮʠʿʦʤ ʚʦʜʦʚʘ (Stepped-

impedance) 

 

 

 

Å ʈʝʟʦʥʘʪʦʨʠ ʩʘ ʢʦʥʮʝʥʪʨʠʩʘʥʠʤ ʠ ʢʚʘʟʠ- 

ʢʦʥʮʝʥʪʨʠʩʘʥʠʤ ʝʣʝʤʝʥʪʠʤʘ ʫ ʤʠʢʨʦʪʨʘʢʘʩʪʦʿ  

ʪʝʭʥʠʮʠ 

 

 

Å ʌʠʣʪʨʠ ʨʝʘʣʠʟʦʚʘʥʠ ʫ ʚʠʰʝʩʣʦʿʥʦʿ ʪʝʭʥʠʮʠ 

 



ʇʨʠʤʿʝˁʝʥʘ ʪʝʭʥʠʢʘ ʨʝʘʣʠʟʘʮʠʿʝ 

ʨʝʟʦʥʘʪʦʨʘ 

Åʇʣʘʥʘʨʥʘ ʚʠʰʝʩʣʦʿʥʘ ʤʠʢʨʦʪʨʘʢʘʩʪʘ 

ʪʝʭʥʠʢʘ. 

Åɽʣʝʤʝʥʪʠ ʨʝʟʦʥʘʪʦʨʘ ʨʝʘʣʠʟʦʚʘʥʠ ʢʘʦ 

ʢʚʘʟʠ-ʢʦʥʮʝʥʪʨʠʩʘʥʝ ʢʦʤʧʦʥʝʥʪʝ. 

 

20 



Åʉʧʨʝʛʘ ʠʟʤʝʹʫ ʨʝʟʦʥʘʪʦʨʘ ʦʩʪʚʘʨʝʥʘ 

ʝʣʝʢʪʨʠʯʥʦʤ/ʤʘʛʥʝʪʩʢʦʤ ʩʧʨʝʛʦʤ 

ʝʣʝʤʝʥʘʪʘ ʨʝʟʦʥʘʪʦʨʘ.  

21 

ʇʨʠʤʿʝˁʝʥʘ ʪʝʭʥʠʢʘ ʨʝʘʣʠʟʘʮʠʿʝ 

ʩʧʨʝʛʝ ʨʝʟʦʥʘʪʦʨʘ 



Å Dishal-ʦʚ ʤʝʪʦʜ ʩʠʥʪʝʟe ʬʠʣʪʘʨʘ ʩʘ ʩʧʨʝʛʥʫʪʠʤ ʨʝʟʦʥʘʪʦʨʠʤʘ 
(ʨʝʣʘʪʠʚʥʦ ʫʩʢʠʤ ʧʨʦʧʫʩʥʠʤ ʦʧʩʝʟʠʤʘ <20%) [Dishal1951], 
[Dishal1965] 

Å ʇʦʩʪʫʧʘʢ ʩʠʥʪʝʟʝ ʦʤʦʛʫ˂ʘʚʘ ʜʘ ʩʝ ʥʘʹʫ ʥʝʦʧʭʦʜʥʝ ʛʝʦʤʝʪʨʠʿʩʢʝ 
ʜʠʤʝʥʟʠʿʝ ʬʠʣʪʨʘ ʙʝʟ ʦʙʟʠʨʘ ʥʘ ʮʠˀʥʫ ʪʝʭʥʦʣʦʛʠʿʫ ʨʝʘʣʠʟʘʮʠʿʝ 
ʧʦʤʦ˂ʫ:                    

Å ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʩʧʨʝʛʝ ʜʚʘ ʨʝʟʦʥʘʪʦʨʘ 

 

 

Å Q-ʬʘʢʪʦʨʘ ʦʧʪʝʨʝ˂ʝʥʦʛ ʨʝʟʦʥʘʪʦʨʘ  

 

 

 

Å ʩʣʘʙˀʝˁʘ ʥʘ ʮʝʥʪʨʘʣʥʦʿ ʫʯʝʩʪʘʥʦʩʪʠ ʬʠʣʪʨʘ 
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ʇʨʠʤʿʝˁʝʥʘ ʤʝʪʦʜ ʩʠʥʪʝʟʝ 

ʬʠʣʪʨʘ 
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ʆʜʨʝʹʠʚʘˁʝ ʢʦʝʬʠʮʠʿʝʥʪʘ ʩʧʨʝʛʝ ʜʚʘ 

ʨʝʟʦʥʘʪʦʨʘ  
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ʆʜʨʝʹʠʚʘˁʝ Q-ʬʘʢʪʦʨʘ 

ʦʧʪʝʨʝ˂ʝʥʦʛ/ʥʝʦʧʪʝʨʝ˂ʝʥʦʛ ʨʝʟʦʥʘʪʦʨʘ  

ʆʧʪʝʨʝ˂ʝʥʠ ʅʝʦʧʪʝʨʝ˂ʝʥʠ 

d [mm] 

11 0 0

L

Ű (ɤ ) ɤ

4

S
Q

Ö
=

ʆʧʪʝʨʝ˂ʝʥʠ 

21

IL(dB)/20

U 0 IL(dB)/20

10
ˊ Ű

10 1
SQ f=

-



ʈʝʘʣʠʟʘʮʠʿʝ ʢʘʣʝʤʘ ʫ ʤʠʢʨʦʪʨʘʢʘʩʪʦʿ 

ʪʝʭʥʠʮʠ/ʝʢʚʠʚʘʣʝʥʪʥʝ ʰʝʤʝ 



ʈʝʘʣʠʟʘʮʠʿʝ ʢʘʣʝʤʘ ʫ ʤʠʢʨʦʪʨʘʢʘʩʪʦʿ 

ʪʝʭʥʠʮʠ/ʝʢʚʠʚʘʣʝʥʪʥʝ ʰʝʤʝ 

26 26 
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ʈʝʘʣʠʟʘʮʠʿʝ ʢʦʥʜʝʥʟʘʪʦʨʘ ʫ ʤʠʢʨʦʪʨʘʢʘʩʪʦʿ 

ʪʝʭʥʠʮʠ/ʝʢʚʠʚʘʣʝʥʪʥʝ ʰʝʤʝ 

ʀʥʪʝʨʜʠʛʠʪʘʣʥʠ ʆʜʩʿʝʯʘʢ ʚʦʜʘ 



ʈʝʘʣʠʟʘʮʠʿʝ ʢʦʥʜʝʥʟʘʪʦʨʘ ʫ ʤʠʢʨʦʪʨʘʢʘʩʪʦʿ 

ʪʝʭʥʠʮʠ/ʝʢʚʠʚʘʣʝʥʪʥʝ ʰʝʤʝ 
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ɿʘ ʦʜʩʿʝʯʘʢ ʚʦʜʘ 



ʈʝʘʣʠʟʘʮʠʿʘ ʚʠʿʝ ʫ ʤʠʢʨʦʪʨʘʢʘʩʪʦʿ 

ʪʝʭʥʠʮʠ/ʝʢʚʠʚʘʣʝʥʪʥʘ ʰʝʤʘ 
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ʈʝʘʣʠʟʘʮʠʿʘ ʬʠʣʪʨʘ ʧʨʫʧʦʩʥʠʢʘ 

ʦʧʩʝʛʘ ʫʯʝʩʪʘʥʦʩʪʠ ʜʨʫʛʦʛ ʨʝʜʘ 

ü ʌʠʣʪʘʨ ʧʨʦʧʫʩʥʠʢ ʦʧʩʝʛʘ ʫʯʝʩʪʘʥʦʩʪʠ ʜʨʫʛʦʛ ʨʝʜʘ ʩʘ 

ʢʘʧʘʮʠʪʠʚʥʦʤ ʩʧʨʝʛʦʤ ʫʚʦʜʥʠʢʘ ʠ ʢʘʣʝʤʘ ʨʝʟʦʥʘʪʦʨʘ 

ü ʌʠʣʪʘʨ ʧʨʦʧʫʩʥʠʢ ʦʧʩʝʛʘ ʫʯʝʩʪʘʥʦʩʪʠ ʜʨʫʛʦʛ ʨʝʜʘ ʩʘ 

ʠʥʪʝʨʜʠʛʠʪʘʣʥʦʤ ʩʧʨʝʛʦʤ ʫʚʦʜʥʠʢʘ ʠ ʢʘʣʝʤʘ ʨʝʟʦʥʘʪʦʨʘ 

ü ʌʠʣʪʘʨ ʧʨʦʧʫʩʥʠʢ ʦʧʩʝʛʘ ʫʯʝʩʪʘʥʦʩʪʠ ʜʨʫʛʦʛ ʨʝʜʘ ʩʘ 

ʠʥʪʝʨʜʠʛʠʪʘʣʥʦʤ ʩʧʨʝʛʦʤ ʫʚʦʜʥʠʢʘ ʠ ʢʦʥʜʝʥʟʘʪʦʨʘ 

ʨʝʟʦʥʘʪʦʨʘ 

ü ʌʠʣʪʘʨ ʧʨʦʧʫʩʥʠʢ ʪʨʠ ʦʧʩʝʛʘ ʫʯʝʩʪʘʥʦʩʪʠ (ʢʦʨʠʰ˂ʝˁʝʤ 

ʝʢʚʠʚʘʣʝʥʪʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʰʝʤʘ) 

 

30 

ʇʦʜʣʦʛʘ: RT/Duroid 5880; 

Ůr = 2,2, tgŭ = 0,001, h = 1,575 mm, t = 18 µm  



ʌʠʣʪʘʨ ʜʨʫʛʦʛ ʨʝʜʘ ʩʘ ʢʘʧʘʮʠʪʠʚʥʦʤ ʩʧʨʝʛʦʤ 

ʫʚʦʜʥʠʢʘ ʠ ʢʘʣʝʤʘ ʨʝʟʦʥʘʪʦʨʘ 

-ʜʚʘ ʥʘʯʠʥʘ ʩʧʨʝʛʝ ʨʝʟʦʥʘʪʦʨʘ 

 

31 

LLCC ʩʧʨʝʛʘ ʨʝʟʦʥʘʪʦʨʘ 

LCLC ʩʧʨʝʛʘ ʨʝʟʦʥʘʪʦʨʘ 

 

ʋʚʦʜʥʠʢ ʫ ʦʙʣʠʢʫ 

ʩʣʦʚʘ ñɻò 



ʌʠʣʪʘʨ ʜʨʫʛʦʛ ʨʝʜʘ ʩʘ ʢʘʧʘʮʠʪʠʚʥʦʤ ʩʧʨʝʛʦʤ ʫʚʦʜʥʠʢʘ 

ʠ ʢʘʣʝʤʘ ʨʝʟʦʥʘʪʦʨʘ 

-ʦʩʪʚʘʨʠʚʠ ʬʨʝʢʚʝʥʮʠʿʩʢʠ ʦʧʩʝʛ 

 

32 

ʇʨʦʤjʝʥʘ ʨʝʟʦʥʘʥʪʥʝ ʫʯʝʩʪʘʥʦʩʪʠ ʫ ʬʫʥʢʮʠʿʠ 

ʜʠʤʝʥʟʠʿʘ ʢʘʣʝʤʘ ʠ ʢʦʥʜʝʥʟʘʪʦʨʘ ʨʝʟʦʥʘʪʦʨʘ 



14 32 

43 23 

ʌʠʣʪʘʨ ʜʨʫʛʦʛ ʨʝʜʘ ʩʘ ʢʘʧʘʮʠʪʠʚʥʦʤ ʩʧʨʝʛʦʤ ʫʚʦʜʥʠʢʘ 

ʠ ʢʘʣʝʤʘ ʨʝʟʦʥʘʪʦʨʘ 

-ʬʘʢʪʦʨ ʜʦʙʨʦʪʝ ʦʧʪʝʨʝ˂ʝʥʦʛ ʨʝʟʦʥʘʪʦʨʘ 

 

 

33 



14 32 

43 23 

ʌʠʣʪʘʨ ʜʨʫʛʦʛ ʨʝʜʘ ʩʘ ʢʘʧʘʮʠʪʠʚʥʦʤ ʩʧʨʝʛʦʤ ʫʚʦʜʥʠʢʘ 

ʠ ʢʘʣʝʤʘ ʨʝʟʦʥʘʪʦʨʘ 

-ʬʘʢʪʦʨ ʜʦʙʨʦʪʝ ʦʧʪʝʨʝ˂ʝʥʦʛ ʨʝʟʦʥʘʪʦʨʘ 
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21 34 

12 41 



ʌʠʣʪʘʨ ʜʨʫʛʦʛ ʨʝʜʘ ʩʘ ʢʘʧʘʮʠʪʠʚʥʦʤ ʩʧʨʝʛʦʤ ʫʚʦʜʥʠʢʘ 

ʠ ʢʘʣʝʤʘ ʨʝʟʦʥʘʪʦʨʘ 

-ʬʘʢʪʦʨ ʜʦʙʨʦʪʝ ʦʧʪʝʨʝ˂ʝʥʦʛ ʨʝʟʦʥʘʪʦʨʘ 

 

 

35 



ʌʠʣʪʘʨ ʜʨʫʛʦʛ ʨʝʜʘ ʩʘ ʢʘʧʘʮʠʪʠʚʥʦʤ ʩʧʨʝʛʦʤ ʫʚʦʜʥʠʢʘ 

ʠ ʢʘʣʝʤʘ ʨʝʟʦʥʘʪʦʨʘ 

-ʢʦʝʬʠʮʠʿʝʥʪ ʩʧʨʝʛʝ ʜʚʘ ʨʝʟʦʥʘʪʦʨʘ 
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LLCC  LCLC  



ʌʠʣʪʘʨ ʜʨʫʛʦʛ ʨʝʜʘ ʩʘ ʢʘʧʘʮʠʪʠʚʥʦʤ ʩʧʨʝʛʦʤ ʫʚʦʜʥʠʢʘ 

ʠ ʢʘʣʝʤʘ ʨʝʟʦʥʘʪʦʨʘ 

-ʢʦʝʬʠʮʠʿʝʥʪ ʩʧʨʝʛʝ ʜʚʘ ʨʝʟʦʥʘʪʦʨʘ 
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LLCC  LCLC  



ʌʠʣʪʘʨ ʜʨʫʛʦʛ ʨʝʜʘ ʩʘ ʢʘʧʘʮʠʪʠʚʥʦʤ ʩʧʨʝʛʦʤ ʫʚʦʜʥʠʢʘ 

ʠ ʢʘʣʝʤʘ ʨʝʟʦʥʘʪʦʨʘ 

-ʢʦʝʬʠʮʠʿʝʥʪ ʩʧʨʝʛʝ ʜʚʘ ʨʝʟʦʥʘʪʦʨʘ 

 

 

38 

LLCC  LCLC  



12 2 mm=d

4,6 mm= =L Cd d

S 0, 4 mm=w
0,1mm=s

F 4,6 mm=w

0,1mmd=

ʌʠʣʪʘʨ ʜʨʫʛʦʛ ʨʝʜʘ ʩʘ ʢʘʧʘʮʠʪʠʚʥʦʤ ʩʧʨʝʛʦʤ ʫʚʦʜʥʠʢʘ 

ʠ ʢʘʣʝʤʘ ʨʝʟʦʥʘʪʦʨʘ 

-ʨʝʘʣʠʟʘʮʠʿʘ ʬʠʣʪʨʘ ʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʨʝʟʫʣʪʘʪʠ 
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0 1,7 GHzf =

3dB 0/ 0,04B F fD=D =

ʉʧʝʮʠʬʠʢʘʮʠʿʘ ʬʠʣʪʨʘ: 

ʨʝʜʬʠʣʪʨʘ 2=

L 50Q =

Dishal-ʦʚ ʤʝʪʦʜ: 

0,028k=

-23dB 



ʌʠʣʪʘʨ ʜʨʫʛʦʛ ʨʝʜʘ ʩʘ ʢʘʧʘʮʠʪʠʚʥʦʤ ʩʧʨʝʛʦʤ ʫʚʦʜʥʠʢʘ 

ʠ ʢʘʣʝʤʘ ʨʝʟʦʥʘʪʦʨʘ 

-ʨʝʘʣʠʟʘʮʠʿʘ ʬʠʣʪʨʘ ʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʨʝʟʫʣʪʘʪʠ 
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0 1,7 GHzf =

3dB 0/ 0,04B F fD=D =

ʉʧʝʮʠʬʠʢʘʮʠʿʘ ʬʠʣʪʨʘ: 

ʨʝʜʬʠʣʪʨʘ 2=



1 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2 2.1 2.2 2.3 2.4 2.5 
-60 

-57 

-54 

-51 

-48 

-45 

-42 

-39 

-36 

-33 

-30 

-27 

-24 

-21 

-18 

-15 

-12 

-9 

-6 

-3 

0 

 f  [GHz]  

  

  

S 
1 1 

 [dB] EM  

S 
2 1 

 [dB] EM  

S 
1 1 

 [dB] ʄʝʨʝˁʝ 

S 
2 1 

 [dB] ʄʝʨʝˁʝ 

ʌʠʣʪʘʨ ʜʨʫʛʦʛ ʨʝʜʘ ʩʘ ʢʘʧʘʮʠʪʠʚʥʦʤ ʩʧʨʝʛʦʤ ʫʚʦʜʥʠʢʘ 

ʠ ʢʘʣʝʤʘ ʨʝʟʦʥʘʪʦʨʘ 

-ʨʝʘʣʠʟʘʮʠʿʘ ʬʠʣʪʨʘ ʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʨʝʟʫʣʪʘʪʠ 
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0 1,7 GHzf =

3dB 0/ 0,04B F fD=D =

ʉʧʝʮʠʬʠʢʘʮʠʿʘ ʬʠʣʪʨʘ: 

ʨʝʜʬʠʣʪʨʘ 2=

11,2 mm 4,6 mm³

ʆʩʪʚʘʨʝʥʠ ʨʝʟʫʣʪʘʪʠ: 

0
2,45dBfL = 0 1,7 GHzf =

3dB 0/ 0,04B F fD=D =

g g0,087ɚ 0,036ɚ³
M. Potrebiĺ, D. V. Toġiĺ,  

ñA novel design of a compact multilayer resonator using double-sided microstripò, 

Optoelectronics and Advanced Materials - Rapid Communication, vol. 6, no. 3ï4, pp. 441ï445, 2012. 
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ʌʠʣʪʘʨ ʜʨʫʛʦʛ ʨʝʜʘ ʩʘ ʠʥʪʝʨʜʠʛʠʪʘʣʥʦʤ ʩʧʨʝʛʦʤ 

ʫʚʦʜʥʠʢʘ ʠ ʢʘʣʝʤʘ ʨʝʟʦʥʘʪʦʨʘ 

-ʬʘʢʪʦʨ ʜʦʙʨʦʪʝ ʦʧʪʝʨʝ˂ʝʥʦʛ ʨʝʟʦʥʘʪʦʨʘ 

 

 

ʇʦʩʪʠʛʥʫʪʦ ʿʝ 

ʩʤʘˁʝˁʝ ʬʘʢʪʦʨʘ 

ʜʦʙʨʦʪʝ 
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ʂʦʝʬʠʮʠʿʝʥʪ ʩʧʨʝʛʝ 

ʥʠʿʝ ʟʥʘʯʘʿʥʦ 

ʧʨʦʤʠʿʝˁʝʥ 

ʌʠʣʪʘʨ ʜʨʫʛʦʛ ʨʝʜʘ ʩʘ ʠʥʪʝʨʜʠʛʠʪʘʣʥʦʤ ʩʧʨʝʛʦʤ 

ʫʚʦʜʥʠʢʘ ʠ ʢʘʣʝʤʘ ʨʝʟʦʥʘʪʦʨʘ 

-ʢʦʝʬʠʮʠʿʝʥʪ ʩʧʨʝʛʝ ʜʚʘ ʨʝʟʦʥʘʪʦʨʘ 

 

 

 



ɺʘʨʠʿʘʥʪʘ 
ʈʝʟʦʥʘʪʦʨ ʌʠʣʪʘʨ ʋʚʦʜʥʠʢ ɿʘʫʟʝ˂ʝ 

ws s N dout dôout d12 w d lg lt Nt (dF × dW)/ɚg 

1 0,4 0,1 2,56 4,6 2,9 0,2 0,05 0,05 0,05 1,0 87 0,0836 × 0,0411 

2 0,4 0,1 2,63 4,6 2,9 0,3 0,2 0,1 0,1 2,9 24 0,1122 × 0,0550 

0,1k=

44 

ʌʠʣʪʘʨ ʜʨʫʛʦʛ ʨʝʜʘ ʩʘ ʠʥʪʝʨʜʠʛʠʪʘʣʥʦʤ ʩʧʨʝʛʦʤ 

ʫʚʦʜʥʠʢʘ ʠ ʢʘʣʝʤʘ ʨʝʟʦʥʘʪʦʨʘ 

-ʨʝʘʣʠʟʘʮʠʿʘ ʬʠʣʪʨʘ ʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʨʝʟʫʣʪʘʪʠ 
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0 1,6 GHzf =

3dB 0/ 0,11B F fD=D =

ʉʧʝʮʠʬʠʢʘʮʠʿʘ ʬʠʣʪʨʘ: 

ʨʝʜʬʠʣʪʨʘ 2=

L 14Q =

Dishal-ʦʚ ʤʝʪʦʜ: 
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ʌʠʣʪʘʨ ʜʨʫʛʦʛ ʨʝʜʘ ʩʘ ʠʥʪʝʨʜʠʛʠʪʘʣʥʦʤ ʩʧʨʝʛʦʤ 

ʫʚʦʜʥʠʢʘ ʠ ʢʘʣʝʤʘ ʨʝʟʦʥʘʪʦʨʘ 

-ʨʝʘʣʠʟʘʮʠʿʘ ʬʠʣʪʨʘ ʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʨʝʟʫʣʪʘʪʠ 
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0 1,6 GHzf =

3dB 0/ 0,11B F fD=D =

ʉʧʝʮʠʬʠʢʘʮʠʿʘ ʬʠʣʪʨʘ: 

ʨʝʜʬʠʣʪʨʘ 2=



0
1,5dBfL =

3dB 0/ 0,11B F fD=D =

0 1,6 GHzf =

46 

ʌʠʣʪʘʨ ʜʨʫʛʦʛ ʨʝʜʘ ʩʘ ʠʥʪʝʨʜʠʛʠʪʘʣʥʦʤ ʩʧʨʝʛʦʤ 

ʫʚʦʜʥʠʢʘ ʠ ʢʘʣʝʤʘ ʨʝʟʦʥʘʪʦʨʘ 

-ʨʝʘʣʠʟʘʮʠʿʘ ʬʠʣʪʨʘ ʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʨʝʟʫʣʪʘʪʠ 
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0 1,6 GHzf =

3dB 0/ 0,11B F fD=D =

ʉʧʝʮʠʬʠʢʘʮʠʿʘ ʬʠʣʪʨʘ: 

ʨʝʜʬʠʣʪʨʘ 2=

15,3 mm 7,5 mm³

ʆʩʪʚʘʨʝʥʠ ʨʝʟʫʣʪʘʪʠ: 

g g0,112ɚ 0,055ɚ³

1,43GHz 
2,56GHz 

-18dB 

D. Miljanoviĺ, M. Potrebiĺ, D. V. Toġiĺ, Z. Stamenkoviĺ,  

òDesign of miniaturized bandpass filters using quasi-lumped multilayer resonatorsò,  

Journal of Circuits, Systems and Computers, vol. 23, no. 6, pp. (1450083) 1ï21, 2014. 
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ʌʠʣʪʘʨ ʜʨʫʛʦʛ ʨʝʜʘ ʩʘ ʠʥʪʝʨʜʠʛʠʪʘʣʥʦʤ ʩʧʨʝʛʦʤ 

ʫʚʦʜʥʠʢʘ ʠ ʢʦʥʜʝʥʟʘʪʦʨʘ ʨʝʟʦʥʘʪʦʨʘ 

-ʬʘʢʪʦʨ ʜʦʙʨʦʪʝ ʦʧʪʝʨʝ˂ʝʥʦʛ ʨʝʟʦʥʘʪʦʨʘ 

 

 

ɺʨʠʿʝʜʥʦʩʪ ʬʘʢʪʦʨʘ 

ʜʦʙʨʦʪʝ ʠʟʤʝʹʫ ʧʨʝʪʭʦʜʥʘ 

ʜʚʘ ʩʣʫʯʘʿʘ 

t 0,6 mm 2,2 mml = -

0,1mmw=

0,05mmg dl = =
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ʌʠʣʪʘʨ ʜʨʫʛʦʛ ʨʝʜʘ ʩʘ ʠʥʪʝʨʜʠʛʠʪʘʣʥʦʤ ʩʧʨʝʛʦʤ 

ʫʚʦʜʥʠʢʘ ʠ ʢʦʥʜʝʥʟʘʪʦʨʘ ʨʝʟʦʥʘʪʦʨʘ 

-ʢʦʝʬʠʮʠʿʝʥʪ ʩʧʨʝʛʝ ʜʚʘ ʨʝʟʦʥʘʪʦʨʘ 
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