


�P�b�n�j�h�\�h�c �j�_�`�b�f �g�Z�b�[�h�e�_�_ �i�j�_�^�i�h�q�l�b�l�_�e�v�g�u�c �^�e�y �e�x�[�b�l�_�e�v�k�d�h�]�h 
�j�Z�^�b�h
�K�<�Y�A�V �< �P�B�N�J�H�<�H�F �N�H�J�F�:�L�?
�K�n�_�j�Z �e�x�[�b�l�_�e�v�k�d�h�c �j�Z�^�b�h�k�\�y�a�b �^�h�e�`�g�Z �[�u�l�v �i�j�h�]�j�_�k�k�b�\�g�h�c

�P�b�n�j�h�\�h�c �j�_�`�b�f, �g�Z�b�[�h�e�_�_ �i�h�^�o�h�^�y�s�b�c �^�e�y �e�x�[�b�l�_�e�v�k�d�h�c 
�j�Z�^�b�h�k�\�y�a�b - �w�l�h "C4FM"

�< �k�n�_�j�_ �e�x�[�b�l�_�e�v�k�d�h�c �j�Z�^�b�h�k�\�y�a�b �g�Z�f �b�a�\�_�k�l�g�u �f�g�h�]�b�_ �l�b�i�u 
�f�h�^�m�e�y�p�b�b �l�Z�d�b�_, �d�Z�d AM, SSB, CW, FM, FSK, RTTY �b �l�Z�d �^�Z�e�_�_. 
�H�^�g�Z�d�h, �k�h�\�j�_�f�_�g�g�u�_ �\�h�a�f�h�`�g�h�k�l�b �^�j�m�]�b�o �k�b�k�l�_�f �k�\�y�a�b �g�_ �i�h�a�\�h�e�y�x�l 
�b�k�i�h�e�v�a�h�\�Z�l�v �f�g�h�]�b�_ �w�l�b �l�b�i�u �f�h�^�m�e�y�p�b�b. �< �j�Z�f�d�Z�o �o�h�[�[�b 
�j�Z�^�b�h�e�x�[�b�l�_�e�y �f�h�`�g�h �b�a�m�q�Z�l�v �b �w�d�k�i�_�j�b�f�_�g�l�b�j�h�\�Z�l�v �k �f�g�h�`�_�k�l�\�h�f  
�\�b�^�h�\ �f�h�^�m�e�y�p�b�b, �f�_�l�h�^�Z�f�b �b �i�j�h�l�h�d�h�e�Z�f�b.
�F�u �g�Z�q�b�g�Z�_�f �h�[�a�h�j �p�b�n�j�h�\�u�o �j�_�`�b�f�h�\, �d�h�l�h�j�u�_ �b�k�i�h�e�v�a�m�x�l�k�y �g�Z 
�^�b�Z�i�Z�a�h�g�Z�o �e�x�[�b�l�_�e�v�k�d�b�o �j�Z�^�b�h�k�l�Z�g�p�b�c. �F�g�h�]�b�_ �j�Z�^�b�h�e�x�[�b�l�_�e�b �g�_ 
�a�g�Z�d�h�f�u �k �p�b�n�j�h�\�u�f�b �l�b�i�Z�f�b �j�Z�^�b�h�k�\�y�a�b. �L�_�f �g�_ �f�_�g�_�_, �f�u �f�h�`�_�f 
�j�Z�k�r�b�j�b�l�v �k�n�_�j�m �i�j�b�f�_�g�_�g�b�y �e�x�[�b�l�_�e�v�k�d�h�c �j�Z�^�b�h�k�\�y�a�b �i�m�l�_�f 
�b�a�m�q�_�g�b�y �o�Z�j�Z�d�l�_�j�b�k�l�b�d �b �^�h�k�l�h�b�g�k�l�\ �\�b�^�h�\ �p�b�n�j�h�\�h�c �k�\�y�a�b.
�>�b�Z�i�Z�a�h�g �q�Z�k�l�h�l, �j�Z�a�j�_�r�_�g�g�u�c �^�e�y �b�k�i�h�e�v�a�h�\�Z�g�b�y �e�x�[�b�l�_�e�v�k�d�b�f�b 
�j�Z�^�b�h�k�l�Z�g�p�b�y�f�b �h�]�j�Z�g�b�q�_�g. �?�k�e�b �f�u �o�h�l�b�f �q�l�h�[�u �k�n�_�j�Z 
�e�x�[�b�l�_�e�v�k�d�h�]�h �j�Z�^�b�h �j�Z�a�\�b�\�Z�e�Z�k�v, �g�Z�f �g�_�h�[�o�h�^�b�f�h �i�j�b�k�l�m�i�b�l�v �d �[�h�e�_�_ 
�w�n�n�_�d�l�b�\�g�h�f�m �b�k�i�h�e�v�a�h�\�Z�g�b�x �w�l�b�o �q�Z�k�l�h�l.
�B�k�l�h�j�b�y �p�b�n�j�h�\�h�c �k�\�y�a�b
�J�_�`�b�f�u �p�b�n�j�h�\�h�c �k�\�y�a�b �i�h�e�m�q�b�e�b �[�h�e�v�r�m�x �i�h�i�m�e�y�j�g�h�k�l�v �g�Z �j�u�g�d�_ 
LMR (�I�G�J) (�i�h�^�\�b�`�g�h�c �g�Z�a�_�f�g�h�c �j�Z�^�b�h�k�\�y�a�b) �b�a-�a�Z �b�o �e�m�q�r�_�c 
�w�n�n�_�d�l�b�\�g�h�k�l�b �i�j�b �b�k�i�h�e�v�a�h�\�Z�g�b�b �\ �m�k�e�h�\�b�y�o �\�u�k�h�d�h�]�h �m�j�h�\�g�y 
�i�h�f�_�o �i�j�b �g�Z�e�b�q�b�b �f�_�r�Z�x�s�b�o �k�b�]�g�Z�e�h�\. �D�j�h�f�_ �l�h�]�h, �^�b�Z�i�Z�a�h�g 
�q�Z�k�l�h�l �f�h�`�_�l �[�u�l�v �[�h�e�_�_ �m�a�d�b�f, �q�_�f �\ �k�h�\�j�_�f�_�g�g�h�c �Z�g�Z�e�h�]�h�\�h�c FM 
�k�\�y�a�b. �G�Z�i�j�Z�\�e�_�g�b�_ �j�Z�a�\�b�l�b�y �j�Z�^�b�h�k�\�y�a�b �a�Z�d�e�x�q�Z�_�l�k�y �\ �i�_�j�_�o�h�^�_ �h�l 
�Z�g�Z�e�h�]�h�\�h�c �g�Z �p�b�n�j�h�\�m�x.
�I�_�j�\�u�_ �p�b�n�j�h�\�u�_ �j�Z�^�b�h�k�l�Z�g�p�b�b �i�h�y�\�b�e�b�k�v �\ 1980-�o �]�h�^�Z�o. �< �w�l�h �`�_ 
�\�j�_�f�y, �[�u�e�b �\�u�i�m�s�_�g�u �k�b�k�l�_�f�u EDACS �b�e�b TETRAPOL, �k 
�b�k�i�h�e�v�a�h�\�Z�g�b�_�f �f�_�l�h�^�Z �f�h�^�m�e�y�p�b�b GMSK (GFSK). �I�h�k�e�_ �w�l�h�]�h, �[�u�e�b 
�j�Z�a�j�Z�[�h�l�Z�g�u �b �\�u�\�_�^�_�g�u �g�Z �d�h�f�f�_�j�q�_�k�d�b�_ �j�u�g�d�b �^�j�m�]�b�_ �j�Z�a�e�b�q�g�u�_ 
�p�b�n�j�h�\�u�_ �k�b�k�l�_�f�u. �G�Z �k�_�]�h�^�g�y�r�g�b�c �^�_�g�v �n�h�j�f�Z�l GMSK �m�l�j�Z�l�b�e �k�\�h�x 



�i�h�i�m�e�y�j�g�h�k�l�v �g�Z �j�u�g�d�_ LMR, �Z C4FM (4-�m�j�h�\�g�_�\�Z�y FSK, �q�Z�k�l�h�l�g�Z�y 
�f�h�^�m�e�y�p�b�y) �k�l�Z�e �^�h�f�b�g�b�j�m�x�s�b�f �l�b�i�h�f.
�< �i�h�k�e�_�^�g�_�_ �\�j�_�f�y �i�j�h�b�a�h�r�_�e �k�l�j�_�f�b�l�_�e�v�g�u�c �k�d�Z�q�_�d �\ �j�Z�a�\�b�l�b�b �b 
�j�Z�a�j�Z�[�h�l�d�_ �p�b�n�j�h�\�u�o �k�j�_�^�k�l�\ �k�\�y�a�b. �K�m�s�_�k�l�\�m�_�l �[�h�e�v�r�Z�y �j�Z�a�g�b�p�Z 
�f�_�`�^�m �j�Z�g�g�b�f�b �p�b�n�j�h�\�u�f�b �k�b�k�l�_�f�Z�f�b �b �g�h�\�u�f�b. �W�e�_�d�l�j�h�g�g�u�_ 
�m�k�l�j�h�c�k�l�\�Z �i�j�_�l�_�j�i�_�e�b �a�g�Z�q�b�l�_�e�v�g�u�_ �m�e�m�q�r�_�g�b�y, �\ �l�h�f �q�b�k�e�_: 
�k�d�h�j�h�k�l�v �h�[�j�Z�[�h�l�d�b �^�Z�g�g�u�o, �i�j�h�i�m�k�d�g�Z�y �k�i�h�k�h�[�g�h�k�l�v, �Z �l�Z�d�`�_ 
�i�j�h�]�j�Z�f�f�g�h�_ �h�[�_�k�i�_�q�_�g�b�_ �b �i�j�h�l�h�d�h�e�u �i�_�j�_�^�Z�q�b �^�Z�g�g�u�o. 
�I�j�h�^�h�e�`�_�g�b�_ �j�Z�a�\�b�l�b�y �w�l�h�c �l�_�o�g�h�e�h�]�b�q�_�k�d�h�c �j�_�\�h�e�x�p�b�b "�r�Z�] �a�Z 
�r�Z�]�h�f" �i�h�a�\�h�e�b�l �a�g�Z�q�b�l�_�e�v�g�h �j�Z�k�r�b�j�b�l�v �\�h�a�f�h�`�g�h�k�l�b �p�b�n�j�h�\�h�c 
�k�\�y�a�b, �b �k�h�d�j�Z�l�b�l�v �j�Z�k�o�h�^�u.
�>�h�i�h�e�g�b�l�_�e�v�g�u�f�b �i�j�_�b�f�m�s�_�k�l�\�Z�f�b �p�b�n�j�h�\�u�o �k�b�k�l�_�f �k�\�y�a�b �y�\�e�y�x�l�k�y: 
�k�i�h�k�h�[�g�h�k�l�v �i�_�j�_�^�Z�\�Z�l�v �h�]�j�h�f�g�u�_ �h�[�t�_�f�u �^�Z�g�g�u�o �a�Z �d�h�j�h�l�d�h�_ �\�j�_�f�y; 
�e�m�q�r�_�_ �d�Z�q�_�k�l�\�h �h�[�j�Z�[�h�l�d�b �k�b�]�g�Z�e�Z �b �m�k�l�h�c�q�b�\�h�k�l�v �d �i�h�f�_�o�Z�f; �f�h�]�m�l 
�[�u�l�v �b�k�i�h�e�v�a�h�\�Z�g�u �\ �k�e�h�`�g�u�o �k�b�k�l�_�f�Z�o, �m�e�m�q�r�_�g�g�Z�y �[�_�a�h�i�Z�k�g�h�k�l�v �b 
�a�Z�s�b�l�Z �h�l �j�Z�^�b�h�i�h�f�_�o; �i�h�\�u�r�_�g�b�_ �i�j�h�i�m�k�d�g�h�c �k�i�h�k�h�[�g�h�k�l�b; 
�i�h�a�\�h�e�y�_�l �k�g�b�a�b�l�v �a�Z�l�j�Z�l�u �g�Z �i�j�h�b�a�\�h�^�k�l�\�h �b �k�b�k�l�_�f�g�u�_ �j�Z�k�o�h�^�u. 
�D�h�]�^�Z �f�u �i�h �^�h�k�l�h�b�g�k�l�\�m �h�p�_�g�b�f �i�h�e�_�a�g�h�k�l�v �p�b�n�j�h�\�h�c �k�\�y�a�b, �f�u 
�k�f�h�`�_�f �\�h�k�i�h�e�v�a�h�\�Z�l�v�k�y �i�j�_�b�f�m�s�_�k�l�\�h�f �w�l�b�o �n�m�g�d�p�b�b, �b �i�j�h�^�h�e�`�b�f 
�b�a�m�q�Z�l�v �g�h�\�u�_ �\�h�a�f�h�`�g�h�k�l�b �\ �k�n�_�j�_ �e�x�[�b�l�_�e�v�k�d�b�o �j�Z�^�b�h�k�l�Z�g�p�b�c, �d�Z�d 
�g�b�d�h�]�^�Z �j�Z�g�_�_.

�P�b�n�j�h�\�u�_ �k�b�k�l�_�f�u �\ �e�x�[�b�l�_�e�v�k�d�h�c �j�Z�^�b�h�k�\�y�a�b
�< 2003 �g�Z �e�x�[�b�l�_�e�v�k�d�h�f �j�u�g�d�_ �i�h�y�\�b�e�k�y �l�j�Z�g�k�b�\�_�j �f�h�^�m�e�y�p�b�b GMSK 
�l�b�i�Z. �H�g �y�\�e�y�e�k�y �i�_�j�\�u�f �k �d�h�f�f�_�j�q�_�k�d�h�c �l�h�q�d�b �a�j�_�g�b�y �j�Z�[�h�q�b�f 
�e�x�[�b�l�_�e�v�k�d�b�f �p�b�n�j�h�\�u�f �j�Z�^�b�h. �A�Z�l�_�f, �\ 2004, �[�u�e �i�j�_�^�k�l�Z�\�e�_�g D-
STAR, �l�Z�d�`�_ �b�k�i�h�e�v�a�m�x�s�b�c �f�h�^�m�e�y�p�b�x GMSK �g�Z �e�x�[�b�l�_�e�v�k�d�b�o 
�^�b�Z�i�Z�a�h�g�Z�o. �G�_�^�Z�\�g�h �\ �K�R�:, Motorola LMR radio �i�j�_�^�k�l�Z�\�b�e�b 
�p�b�n�j�h�\�h�_ �f�h�[�b�e�v�g�h�_ �j�Z�^�b�h, �b�k�i�h�e�v�a�m�x�s�_�_ C4FM (4-�m�j�h�\�g�_�\�m�x FSK) 
TDMA, �d�h�l�h�j�h�_ �f�h�`�g�h �b�k�i�h�e�v�a�h�\�Z�l�v �g�Z �g�_�i�j�h�n�_�k�k�b�h�g�Z�e�v�g�u�o 
�j�Z�^�b�h�q�Z�k�l�h�l�Z�o. �K �w�l�h�]�h �f�h�f�_�g�l�Z �^�e�y �Z�^�Z�i�l�Z�p�b�b �d �w�l�h�c �p�b�n�j�h�\�h�c 
�l�_�o�g�h�e�h�]�b�b �\ �f�b�j�_ �e�x�[�b�l�_�e�v�k�d�h�]�h �j�Z�^�b�h �[�u�e �h�j�]�Z�g�b�a�h�\�Z�g �D�e�m�[ 
�j�Z�^�b�h�e�x�[�b�l�_�e�_�c �i�h� ̂ �g�Z�a�\�Z�g�b�_�f DMR-MARC (www.dmr-marc.net/). �< 
2011 �]�h�^�m �k�h�k�l�h�y�e�Z�k�v DaytonHamvention, �g�Z �d�h�l�h�j�h�c �j�Z�^�b�h�e�x�[�b�l�_�e�b 
�[�u�e�b �h�a�g�Z�d�h�f�e�_�g�u �k �\�h�a�f�h�`�g�h�k�l�y�f�b �p�b�n�j�h�\�h�c �j�Z�^�b�h�k�\�y�a�b �b �k�f�h�]�e�b 
�\�i�_�j�\�u�_ �h�i�j�h�[�h�\�Z�l�v DMR �j�Z�^�b�h �g�Z �e�x�[�b�l�_�e�v�k�d�b�o �^�b�Z�i�Z�a�h�g�Z�o.



�<�k�_�f�b�j�g�Z�y �k�_�l�v DMR-MARC

�>�h�f�Z�r�g�y�y �k�l�j�Z�g�b�p�Z: www.dmr-marc.net/

�L�?�O�G�B�Q�?�K�D�B�? �Z�k�i�_�d�l�u
�D�Z�d�h�c �p�b�n�j�h�\�h�c �j�_�`�b�f �i�h�^�o�h�^�b�l �^�e�y �e�x�[�b�l�_�e�v�k�d�h�c �j�Z�^�b�h�k�\�y�a�b?
�<�b�^�u �p�b�n�j�h�\�u�o �k�b�k�l�_�f �k�\�y�a�b
�D�Z�d �m�i�h�f�b�g�Z�e�h�k�v �j�Z�g�_�_, �f�g�h�]�b�_ �j�Z�^�b�h�e�x�[�b�l�_�e�b �f�h�]�m�l �[�u�l�v �g�_ �a�g�Z�d�h�f�u 
�k �p�b�n�j�h�\�h�c �j�Z�^�b�h�k�\�y�a�v�x, �q�l�h �a�Z�l�j�m�^�g�y�_�l �i�h�g�b�f�Z�g�b�_ �i�j�b�g�p�b�i�Z �_�_ 
�j�Z�[�h�l�u. �P�b�n�j�h�\�Z�y �k�\�y�a�v �b�f�_�_�l �l�j�b �h�l�^�_�e�v�g�u�_ �d�Z�l�_�]�h�j�b�b, �k �d�h�l�h�j�u�f�b 
�g�Z�f �g�_�h�[�o�h�^�b�f�h �j�Z�a�h�[�j�Z�l�v�k�y. �W�l�h: �l�b�i �f�h�^�m�e�y�p�b�b, �l�b�i �k�\�y�a�b 
(�f�m�e�v�l�b�i�e�_�d�k�b�j�h�\�Z�g�b�_) �b �i�j�h�l�h�d�h�e.



�D �i�_�j�\�h�c �d�Z�l�_�]�h�j�b�b �h�l�g�h�k�b�l�k�y �l�b�i �f�h�^�m�e�y�p�b�b.
�W�l�h �k�o�_�f�Z �f�h�^�m�e�y�p�b�b, �b�k�i�h�e�v�a�m�_�f�Z�y �^�e�y �i�j�_�h�[�j�Z�a�h�\�Z�g�b�y �Z�g�Z�e�h�]�h�\�h�]�h 
�a�\�m�d�Z �\ �p�b�n�j�h�\�u�_ �k�b�]�g�Z�e�u. �K�m�s�_�k�l�\�m�_�l �l�j�b �l�b�i�Z �f�h�^�m�e�y�p�b�b; GMSK 
(�FS�D), 16QAM, �Œ/4 DPQSK �b C4FM (4-�m�j�h�\�g�_�\�Z�y FSK). �D�Z�`�^�u�c �l�b�i 
�f�h�^�m�e�y�p�b�b �b�f�_�_�l �k�\�h�b �i�j�_�b�f�m�s�_�k�l�\�Z �b �g�_�^�h�k�l�Z�l�d�b.
�<�l�h�j�Z�y �d�Z�l�_�]�h�j�b�y — �w�l�h �l�b�i �k�\�y�a�b.
�W�l�h �k�i�h�k�h�[ �i�_�j�_�^�Z�q�b �b�e�b �f�m�e�v�l�b�i�e�_�d�k�b�j�h�\�Z�g�b�y �f�h�^�m�e�b�j�h�\�Z�g�g�u�o 
�p�b�n�j�h�\�u�o �k�b�]�g�Z�e�h�\. �K�m�s�_�k�l�\�m�_�l �^�\�Z �l�Z�d�b�o �l�b�i�Z �k�\�y�a�b, FDMA 
(�q�Z�k�l�h�l�g�u�c �^�b�Z�i�Z�a�h�g �f�g�h�]�h�k�l�Z�g�p�b�h�g�g�h�]�h �^�h�k�l�m�i�Z) �b TDMA (�\�j�_�f�_�g�g�h�c 
�^�b�Z�i�Z�a�h�g �f�g�h�]�h�k�l�Z�g�p�b�h�g�g�h�]�h �^�h�k�l�m�i�Z). �G�Z�f �g�_�h�[�o�h�^�b�f�h �b�a�m�q�b�l�v, �d�Z�d 
�j�Z�[�h�l�Z�_�l �d�Z�`�^�u�c �l�b�i �k�h�_�^�b�g�_�g�b�y.
�L�j�_�l�v�y �d�Z�l�_�]�h�j�b�y - �w�l�h �i�j�h�l�h�d�h�e.
�I�j�h�l�h�d�h�e - �w�l�h �k�o�_�f�Z �h�[�j�Z�[�h�l�d�b, �d�h�l�h�j�Z�y �b�k�i�h�e�v�a�m�_�l�k�y �^�e�y �i�_�j�_�^�Z�q�b 
�^�Z�g�g�u�o �h�l �i�_�j�_�^�Z�l�q�b�d�Z �d �i�j�b�_�f�g�b�d�m. �H�k�g�h�\�g�h�c �i�j�h�l�h�d�h�e �y�\�e�y�_�l�k�y 
�g�Z�b�[�h�e�_�_ �\�Z�`�g�u�f �\�h�i�j�h�k�h�f �i�j�b �k�h�a�^�Z�g�b�b �k�o�_�f�u �p�b�n�j�h�\�h�]�h �j�Z�^�b�h, �b 
�h�i�j�_�^�_�e�y�_�l�n�m�g�d�p�b�h�g�Z�e�v�g�u�_ �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �p�b�n�j�h�\�h�]�h �j�Z�^�b�h, 
�h�k�h�[�_�g�g�h �d�h�]�^�Z �f�h�^�m�e�y�p�b�y �b �l�b�i�u �k�\�y�a�b �h�^�b�g�Z�d�h�\�u�_. �I�j�h�l�h�d�h�e 
�k�h�^�_�j�`�b�l �e�h�]�b�q�_�k�d�m�x �k�o�_�f�m, �h�l �d�h�l�h�j�h�c �a�Z�\�b�k�b�l �n�m�g�d�p�b�y �i�j�h�\�_�j�d�b 
�h�r�b�[�d�b / �b�k�i�j�Z�\�e�_�g�b�y. �?�k�e�b �b�k�i�j�Z�\�e�_�g�b�_ �h�r�b�[�h�d �g�_ �\�u�i�h�e�g�y�_�l�k�y �g�Z 
�i�j�b�_�f�g�b�d�_, �k�\�y�a�v �i�j�b�h�k�l�Z�g�Z�\�e�b�\�Z�_�l�k�y, �b �k�i�_�d�l�j �k�e�m�`�[ �\ �f�h�[�b�e�v�g�h�c 
�j�Z�[�h�l�_ �[�m�^�_�l �k�h�d�j�Z�s�_�g.
�D�Z�d �m�i�h�f�b�g�Z�e�h�k�v �j�Z�g�_�_, �\ �Z�g�Z�e�h�]�h�\�h�c �k�b�k�l�_�f�_, �g�_�h�[�o�h�^�b�f�h �h�[�j�Z�l�b�l�v 
�\�g�b�f�Z�g�b�_ �g�Z �l�b�i �f�h�^�m�e�y�p�b�b, �g�h �\ �p�b�n�j�h�\�h�c �k�b�k�l�_�f�_, �l�Z�d�`�_ �g�m�`�g�h 
�i�j�b�g�b�f�Z�l�v �\�h �\�g�b�f�Z�g�b�_ �l�b�i �f�h�^�m�e�y�p�b�b, �l�b�i �k�\�y�a�b �b �i�j�h�l�h�d�h�e.
�G�Z�q�g�_�f �k �j�Z�k�k�f�h�l�j�_�g�b�y �i�j�_�b�f�m�s�_�k�l�\ �d�Z�`�^�h�]�h �f�_�l�h�^�Z �p�b�n�j�h�\�h�c 
�k�\�y�a�b!
�F�h� �̂m�e�y�p�b�y GMSK
�K�o�_�f�Z �f�h�^�m�e�y�p�b�b GMSK �y�\�e�y�_�l�k�y �h�l�g�h�k�b�l�_�e�v�g�h �i�j�h�k�l�h�c, �^�Z�g�g�u�c 
�f�_�l�h�^ �i�j�b�f�_�g�y�e�k�y �\ �[�h�e�_�_ �j�Z�g�g�b�o �\�_�j�k�b�y�o �k�h�l�h�\�u�o �l�_�e�_�n�h�g�h�\, �Z �l�Z�d�`�_ 
�k�l�Z�j�Z�y �k�b�k�l�_�f�Z LMR TETRAPOL, �d�h�l�h�j�m�x �b�k�i�h�e�v�a�h�\�Z�e�b�k�v �k 1980 �i�h 
1990. �K�_�c�q�Z�k �^�Z�g�g�u�c �f�_�l�h�^ �k�q�b�l�Z�_�l�k�y �m�k�l�Z�j�_�\�r�b�f �b �[�h�e�v�r�_ �g�_ 
�b�k�i�h�e�v�a�m�_�l�k�y �\ LMR.
�< �g�Z�k�l�h�y�s�_�_ �\�j�_�f�y �f�h�^�m�e�y�p�b�y GMSK �i�h-�i�j�_�`�g�_�f�m �i�j�b�f�_�g�y�_�l�k�y �\ D-
STAR. �L�Z�d �d�Z�d C4FM (4-�m�j�h�\�g�_�\�Z�y FSK), (�d�h�l�h�j�m�x �f�u �h�[�k�m�^�b�f �\ 
�^�Z�e�v�g�_�c�r�_�f) �h�[�_�k�i�_�q�b�\�Z�e�Z �i�j�_�\�h�k�o�h�^�g�m�x �g�Z�^�_�`�g�h�k�l�v �g�Z�q�b�g�Z�y �k 1990-�o 



�]�h�^�h�\, �h�g�Z �k�l�Z�e�Z �h�k�g�h�\�g�u�f �i�j�h�l�h�d�h�e�h�f �^�e�y �i�j�h�n�_�k�k�b�h�g�Z�e�v�g�u�o 
�p�b�n�j�h�\�u�o �j�Z�^�b�h�k�l�Z�g�p�b�c.

�F�h� �̂m�e�y�p�b�y �Œ/4 DQPSK: (�l�Z�d �g�Z�a�u�\�Z�_�f�u�c “four-minutepie” DQPSK)
�B�a�\�_�k�l�g�Z, �d�Z�d �f�_�l�h�^ �f�h�^�m�e�y�p�b�y �[�h�e�_�_ �\�u�k�h�d�h�]�h �d�e�Z�k�k�Z. �K�Z�f�u�f �]�e�Z�\�g�u�f 
�i�j�_�b�f�m�s�_�k�l�\�h�f �f�h�^�m�e�y�p�b�b �Œ/4 DQPSK �y�\�e�y�_�l�k�y �l�h, �q�l�h �h�g�Z �k�h�a�^�Z�_�l 
�h�q�_�g�v �g�b�a�d�b�c �m�j�h�\�_�g�v �b�k�d�Z�`�_�g�b�y �k�b�]�g�Z�e�Z. �H�^�g�Z�d�h, �^�e�y �w�l�h�]�h �l�j�_�[�m�_�l�k�y 
�e�b�g�_�c�g�h�k�l�v (�h�^�b�g�Z�d�h�\�u�_ SSB �m�k�b�e�b�l�_�e�b) �b �h�q�_�g�v �k�e�h�`�g�u�_ 
�w�e�_�d�l�j�h�k�o�_�f�u, �q�l�h �l�Z�d�`�_ �i�j�b�\�h�^�b�l �d �h�q�_�g�v �g�b�a�d�h�f�m �d�Z�q�_�k�l�\�m 
�l�j�Z�g�k�e�y�p�b�b. �I�h �w�l�b�f �i�j�b�q�b�g�Z�f �^�Z�g�g�u�c �f�_�l�h�^ �g�_ �k�e�b�r�d�h�f �i�h�i�m�e�y�j�_�g 
�i�j�b �b�k�i�h�e�v�a�h�\�Z�g�b�b LMR �k�b�k�l�_�f, �a�Z �b�k�d�e�x�q�_�g�b�_�f �k�i�_�p�b�Z�e�b�a�b�j�h�\�Z�g�g�h�]�h 
�h�[�h�j�m�^�h�\�Z�g�b�y. �I�j�_�d�j�Z�k�g�u�f �i�j�b�f�_�j�h�f �w�l�h�]�h �f�_�l�h�^�Z �y�\�e�y�_�l�k�y 
�_�\�j�h�i�_�c�k�d�Z�y �k�b�k�l�_�f�Z TETRA.



�F�h� �̂m�e�y�p�b�y C4FM (4-�m�j�h�\�g�_�\�Z�y FSK)
�I�h �k�j�Z�\�g�_�g�b�x �k GMSK �b �Œ/4 DQPSK �k�b�k�l�_�f�Z�f�b �f�h�^�m�e�y�p�b�b, 
�i�j�_�^�k�l�Z�\�e�_�g�g�u�f�b �\�u�r�_ (�i�j�b �m�k�e�h�\�b�b �b�k�i�h�e�v�a�h�\�Z�g�b�y �l�h�]�h �`�_ � �̂b�Z�i�Z�a�h�g�Z 
�q�Z�k�l�h�l), �k�o�_�f�Z C4FM (4-�m�j�h�\�g�_�\�Z�y FSK) �f�h�`�_�l �m�i�j�h�k�l�b�l�v, �b �a�g�Z�q�b�l�_�e�v�g�h 
�m�e�m�q�r�b�l�v �i�h�d�Z�a�Z�l�_�e�v BER (�d�h�w�n�n�b�p�b�_�g�l �h�r�b�[�h�d). �I�h �w�l�h�c �i�j�b�q�b�g�_, C4FM 
(4-�m�j�h�\�g�_�\�Z�y FSK) �a�Z�f�_�g�b�e�Z GMSK �\ �d�Z�q�_�k�l�\�_ �h�k�g�h�\�g�h�]�h �f�_�l�h� �̂Z �f�h�^�m�e�y�p�b�b, 
�d�h�l�h�j�u�c �\ �i�h�k�e�_� �̂g�_�_ �b�k�i�h�e�v�a�m�_�l�k�y �g�Z �j�u�g�d�_ LMR (�G�F�J) �j�Z� �̂b�h�k�l�Z�g�p�b�c. 
�K�Z�f�u�_ �b�a�\�_�k�l�g�u�_ �j�Z� �̂b�h�k�l�Z�g�p�b�b, �b�k�i�h�e�v�a�m�x�s�b�_ � �̂Z�g�g�u�c �f�_�l�h�^ �f�h�^�m�e�y�p�b�b 
�w�l�h APCO P-25. �J�Z� �̂b�h�k�l�Z�g�p�b�b APCO P-25 �\ �h�k�g�h�\�g�h�f �b�k�i�h�e�v�a�m�x�l�k�y 
�h�j�]�Z�g�Z�f�b �]�h�k�m�^�Z�k�l�\�_�g�g�h�c �[�_�a�h�i�Z�k�g�h�k�l�b, �l�Z�d�b�f�b �d�Z�d �i�h�e�b�p�b�y �b �i�h�`�Z�j�g�u�_. 
�>�h�i�h�e�g�b�l�_�e�v�g�u�c �l�b�i �k�b�k�l�_�f�u �p�b�n�j�h�\�h�c �j�Z�^�b�h�k�\�y�a�b, �d�h�l�h�j�u�c 
�b�k�i�h�e�v�a�m�_�l C4FM (4-�m�j�h�\�g�_�\�Z�y FSK), �b �^�h�\�h�e�v�g�h �i�h�i�m�e�y�j�_�g �g�Z 
�i�j�h�n�_�k�k�b�h�g�Z�e�v�g�u�o �d�h�f�f�_�j�q�_�k�d�b�o �j�u�g�d�Z�o, �b�a�\�_�k�l�_�g �d�Z�d DMR 
(DigitalMobileRadio -�p�b�n�j�h�\�h�_ �f�h�[�b�e�v�g�h�_ �j�Z�^�b�h). DMR 
�j�Z�k�i�j�h�k�l�j�Z�g�_�g�h �\ �h�k�g�h�\�g�h�f �g�Z �_�\�j�h�i�_�c�k�d�b�o �b �Z�a�b�Z�l�k�d�b�o �j�u�g�d�Z�o, �Z 
�l�Z�d�`�_ �b�a�\�_�k�l�g�h �d�Z�d DPMR.
�G�_�h�[�o�h� �̂b�f�h �h�[�j�Z�l�b�l�v �\�g�b�f�Z�g�b�_ �g�Z �f�_�l�h�^ C4FM (4-�m�j�h�\�g�_�\�Z�y FSK), �l�Z�d �d�Z�d 
�k�q�b�l�Z�_�l�k�y, �q�l�h �h�g �k�Z�f�Z�y �\�Z�`�g�Z�y �l�_�o�g�h�e�h�]�b�y �p�b�n�j�h�\�h�c �k�\�y�a�b. �>�Z�g�g�u�c �f�_�l�h�^, 
�[�_�a�m�k�e�h�\�g�h, �i�j�b�h�[�j�_�l�_�l �\ �[�e�b�`�Z�c�r�_�f �[�m�^�m�s�_�f �_�s�_ �[�h�e�v�r�m�x 
�i�h�i�m�e�y�j�g�h�k�l�v �\ �k�n�_�j�_ �e�x�[�b�l�_�e�v�k�d�h�c �j�Z�^�b�h�k�\�y�a�b.



�L�b�i�u �p�b�n�j�h�\�h�c �j�Z�^�b�h�k�\�y�a�b
�D�Z�d �[�u�e�h �k�d�Z�a�Z�g�h �\�u�r�_, �k�m�s�_�k�l�\�m�x�l �^�\�Z �f�_�l�h�^�Z �f�m�e�v�l�b�i�e�_�d�k�b�j�h�\�Z�g�b�y: 
FDMA (FrequencyDivisionMultipleAccess) �b TDMA 
(TimeDivisionMultipleAccess).
FDMA
(Frequency Division Multiple Access)
�W�l�Z �l�_�o�g�h�e�h�]�b�y �j�Z�a�^�_�e�y�_�l �^�h�k�l�m�i�g�u�c �^�b�Z�i�Z�a�h�g �q�Z�k�l�h�l �g�Z �m�a�d�b�_ 
�b�g�l�_�j�\�Z�e�u �q�Z�k�l�h�l�g�h�]�h �^�b�Z�i�Z�a�h�g�Z. �< �k�j�Z�\�g�_�g�b�b �k TDMA �k�o�_�f�Z �i�j�h�s�_. 
�F�g�h�]�b�_ �l�Z�d�b�_ �k�b�k�l�_�f�u �k�\�y�a�b �d�Z�d �:�J�K�H P-25 �i�j�b�f�_�g�y�x�l �^�Z�g�g�u�c �f�_�l�h�^. 
�J�Z�g�_�_ �b�k�i�h�e�v�a�h�\�Z�e�Z�k�v �i�j�_�b�f�m�s�_�k�l�\�_�g�g�h GMSK, �g�h �l�_�i�_�j�v �k�l�Z�e�Z 
�^�h�f�b�g�b�j�h�\�Z�l�v C4FM (4-�m�j�h�\�g�_�\�Z�y 
FSK).



�J�b�k. 4 �G�Z�]�e�y�^�g�Z�y�k�o�_�f�ZFDMA

�J�Z�^�b�h�k�l�Z�g�p�b�bVertex Standard APCO P-25 LMR

TDMA
(Time Division Multiple Access)
�L�Z�d �`�_, �d�Z�d FDMA �^�_�e�b�l �k�i�_�d�l�j �g�Z �m�a�d�b�_ �b�g�l�_�j�\�Z�e�u �q�Z�k�l�h�l�g�h�]�h 
�^�b�Z�i�Z�a�h�g�Z �^�e�y �j�Z�a�f�_�s�_�g�b�y �[�h�e�v�r�h�]�h �q�b�k�e�Z �k�b�]�g�Z�e�h�\, TDMA 
�b�k�i�h�e�v�a�m�_�l �\�j�_�f�_�g�g�u�_ �b�g�l�_�j�\�Z�e�u, �i�h�w�l�h�f�m �j�Z�a�g�u�_ �k�b�]�g�Z�e�u �f�h�]�m�l 
�b�k�i�h�e�v�a�h�\�Z�l�v �h�^�g�b �b �l�_ �`�_ �q�Z�k�l�h�l�u, �q�l�h �h�[�_�k�i�_�q�b�\�Z�_�l 
�f�g�h�]�h�k�l�Z�g�p�b�h�g�g�m�x �k�\�y�a�v. �W�l�h�l �f�_�l�h�^ �^�h�k�l�Z�l�h�q�g�h �i�j�b�\�e�_�d�Z�l�_�e�_�g �^�e�y 
�e�x�[�b�l�_�e�v�k�d�h�]�h �j�Z�^�b�h, �i�h�l�h�f�m �q�l�h �i�j�_�^�h�k�l�Z�\�e�y�_�l �\�h�a�f�h�`�g�h�k�l�v 
�g�_�k�d�h�e�v�d�b�f �]�j�m�i�i�Z�f �b�k�i�h�e�v�a�h�\�Z�l�v �h�^�b�g �j�_�i�b�l�_�j �g�Z �l�Z�d�h�c �`�_ �q�Z�k�l�h�l�_. 
�D�j�h�f�_ �l�h�]�h, �d�h�]�^�Z �k�i�_�d�l�j �j�Z�a�^�_�e�y�_�l�k�y �\�j�_�f�_�g�g�u�f�b �]�j�Z�g�b�p�Z�f�b, 
�n�Z�d�l�b�q�_�k�d�h�_ �\�j�_�f�y �i�_�j�_�^�Z�q�b �[�m�^�_�l �m�f�_�g�v�r�_�g�h �\�^�\�h�_ �b�e�b �[�h�e�_�_. �L�Z�d�b�f 
�h�[�j�Z�a�h�f, �\�j�_�f�y �Z�\�l�h�g�h�f�g�h�c �j�Z�[�h�l�u �[�m�^�_�l �m�\�_�e�b�q�_�g�h. �F�_�l�h�^ TDMA 
�i�j�_�^�h�k�l�Z�\�e�y�_�l �g�_�f�h�]�h �[�h�e�v�r�_ �i�_�j�k�i�_�d�l�b�\ �^�e�y �i�h�j�l�Z�l�b�\�g�u�o 
�j�Z�^�b�h�k�l�Z�g�p�b�c �b �i�h�e�v�a�h�\�Z�l�_�e�v�k�d�b�o �j�_�i�b�l�_�j�h�\.



�J�Z�a�^�_�e�_�g�b�_ �\�j�_�f�_�g�g�h�]�h �i�j�h�f�_�`�m�l�d�Z �g�Z �^�\�Z �\�j�_�f�_�g�g�u�o �b�g�l�_�j�\�Z�e�Z, 
�g�Z�a�u�\�Z�x�l "2 slot TDMA ". �K�b�k�l�_�f�Z, �b�k�i�h�e�v�a�m�x�s�Z�y �w�l�h�l �k�i�h�k�h�[ - �w�l�h 
�l�_�o�g�h�e�h�]�b�y DMR (DigitalMobileRadio), �d�h�l�h�j�Z�y �i�j�b�f�_�g�y�_�l�k�y �\ 
�i�j�h�^�m�d�l�Z�o LMR. �>�Z�g�g�u�c �f�_�l�h�^ �[�u�e �k�l�Z�g�^�Z�j�l�b�a�b�j�h�\�Z�g �\ 2005 �]�h�^�m �\ 
ETSI (EuropeanTelecommunicationsStandardsInstitute -�?�\�j�h�i�_�c�k�d�b�c 
�b�g�k�l�b�l�m�l �k�l�Z�g�^�Z�j�l�b�a�Z�p�b�b �k�\�y�a�b). TDMA �k�l�Z�e �k�l�Z�g�^�Z�j�l�g�u�f �f�_�l�h�^�h�f 
�k�\�y�a�b �\ �K�R�: �b �g�Z �Z�a�b�Z�l�k�d�b�o �j�u�g�d�Z�o.
�I�h �k�j�Z�\�g�_�g�b�x �k �^�j�m�]�b�f�b �l�b�i�Z�f�b �p�b�n�j�h�\�h�c �k�\�y�a�b, �_�_ �h�[�e�Z�k�l�v 
�i�j�b�f�_�g�_�g�b�y �r�b�j�_; �d�Z�q�_�k�l�\�h �i�_�j�_�^�Z�\�Z�_�f�h�]�h �a�\�m�d�Z �e�m�q�r�_ �b �q�b�s�_, 
�o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �[�_�a�h�i�Z�k�g�h�k�l�b �[�h�e�_�_ �g�Z�^�_�`�g�u �b �[�Z�l�Z�j�_�b �o�\�Z�l�Z�_�l �g�Z 
�^�h�k�l�Z�l�h�q�g�h �^�e�b�l�_�e�v�g�h�_ �\�j�_�f�y. �D�j�h�f�_ �l�h�]�h, �h�^�b�g �j�_�i�b�l�_�j �f�h�`�_�l 
�l�j�Z�g�k�e�b�j�h�\�Z�l�v �^�\�Z �k�b�]�g�Z�e�Z �g�Z �h�^�g�h�c �q�Z�k�l�h�l�_. �K�l�h�b�f�h�k�l�v �m�k�l�Z�g�h�\�d�b 
�h�^�g�h�]�h �p�b�n�j�h�\�h�]�h �j�_�l�j�Z�g�k�e�y�l�h�j�Z TDMA �a�g�Z�q�b�l�_�e�v�g�h �f�_�g�v�r�_, �q�_�f 
�k�l�h�b�f�h�k�l�v �m�k�l�Z�g�h�\�d�b �^�\�m�o �k�h�\�j�_�f�_�g�g�u�o �Z�g�Z�e�h�]�h�\�u�o �j�_�i�b�l�_�j�h�\. 
�P�_�g�h�\�h�_ �i�j�_�b�f�m�s�_�k�l�\�h �y�\�e�y�_�l�k�y �h�q�_�g�v �\�Z�`�g�u�f �b �a�g�Z�q�b�l�_�e�v�g�u�f 
�i�h�d�Z�a�Z�l�_�e�_�f, �[�e�Z�]�h�^�Z�j�y �d�h�l�h�j�h�f�m �k�l�h�b�l �h�[�j�Z�l�b�l�v �\�g�b�f�Z�g�b�_ �g�Z �^�Z�g�g�u�c 
�f�_�l�h�^.
�D�Z�d �m�i�h�f�b�g�Z�e�h�k�v �\�u�r�_, TDMA �b�f�_�_�l �j�y� ̂ �^�h�k�l�h�b�g�k�l�\, �g�h �j�Z�a�j�Z�[�h�l�d�Z 
�k�o�_�f�u �^�h�k�l�Z�l�h�q�g�h �k�e�h�`�g�Z�y �b �l�j�_�[�m�_�l �\�u�k�h�d�h�d�\�Z�e�b�n�b�p�b�j�h�\�Z�g�g�h�]�h 
�m�j�h�\�g�y, �i�h �k�j�Z�\�g�_�g�b�x �k �k�b�k�l�_�f�Z�f�b FDMA. �< �g�Z�k�l�h�y�s�_�_ �\�j�_�f�y 
�k�m�s�_�k�l�\�m�_�l �g�_�k�d�h�e�v�d�h �d�h�f�i�Z�g�b�c, �d�h�l�h�j�u�_ �j�Z�a�j�Z�[�h�l�Z�e�b �b �i�j�h�b�a�\�_�e�b 
�j�Z�^�b�h�k�l�Z�g�p�b�b DMR �^�e�y �j�u�g�d�Z. �H�^�g�h�c �b�a �g�b�o �y�\�e�y�_�l�k�y Motorola, �Z 
�^�j�m�]�h�c VertexStandard.

�J�b�k. 5 �G�Z�]�e�y�^�g�Z�y �k�o�_�f�ZTDMA

�J�Z�^�b�h�k�l�Z�g�p�b�bVertex Standard DMR (TDMA) LMR



�H�r�b�[�h�q�g�u�_ �i�j�_�^�k�l�Z�\�e�_�g�b�y �h �p�b�n�j�h�\�h�c�j�b�^�b�h�k�\�y�a�b
�P�b�n�j�h�\�Z�y �k�\�y�a�v �y�\�e�y�_�l�k�y �g�h�\�h�c �h�[�e�Z�k�l�v�x �^�e�y �j�Z�^�b�h�e�x�[�b�l�_�e�_�c, �b �e�b�r�v 
�g�_�f�g�h�]�b�_ �i�h�g�b�f�Z�x�l, �q�l�h �w�l�h �\�_�j�g�h�_ �j�Z�a�\�b�l�b�_ �g�h�\�u�o �l�_�o�g�h�e�h�]�b�c. 
�G�_�d�h�l�h�j�u�_ �l�b�i�b�q�g�u�_ �a�Z�[�e�m�`�^�_�g�b�y �i�j�_�^�k�l�Z�\�e�_�g�u �b �h�[�t�y�k�g�y�x�l�k�y �g�b�`�_.
�A�Z�[�e�m�`�^�_�g�b�_ 1:" �P�b�n�j�h�\�Z�y �k�\�y�a�v �i�j�_�\�h�k�o�h�^�b�l �Z�g�Z�e�h�]�h�\�m�x"
�E�_�]�d�h �k�d�Z�a�Z�l�v, "�P�b�n�j�h�\�Z�y �k�\�y�a�v �i�j�_�\�h�k�o�h�^�b�l �Z�g�Z�e�h�]�h�\�m�x", �g�h 
�k�m�s�_�k�l�\�m�x�l �j�Z�a�e�b�q�g�u�_ �k�i�h�k�h�[�u �i�h�e�m�q�_�g�b�y �p�b�n�j�h�\�u�o �k�b�]�g�Z�e�h�\. 
�D�Z�`�^�u�c �b�a �g�b�o �b�f�_�_�l �k�\�h�b �i�j�_�b�f�m�s�_�k�l�\�Z �b �g�_�^�h�k�l�Z�l�d�b. �H�^�g�h�c �b�a 
�]�e�Z�\�g�u�o �l�_�f �^�e�y �k�i�h�j�h�\ �h �p�b�n�j�h�\�h�c �k�\�y�a�b �y�\�e�y�_�l�k�y �h�[�t�_�f 
�w�g�_�j�]�h�i�h�l�j�_�[�e�_�g�b�y �b �_�]�h �\�e�b�y�g�b�_ �g�Z �k�j�h�d �k�e�m�`�[�u �[�Z�l�Z�j�_�b. �>�e�y 
�i�j�_�h�[�j�Z�a�h�\�Z�g�b�y �]�h�e�h�k�h�\�h�]�h �\�\�h�^�Z �\ �p�b�n�j�h�\�h�c �k�b�]�g�Z�e �k�o�_�f�Z 
�f�h�^�m�e�y�p�b�b �[�m�^�_�l �[�h�e�_�_ �k�e�h�`�g�h�c �b �i�h�l�j�_�[�m�_�l �[�h�e�v�r�_�]�h �i�h�l�j�_�[�e�_�g�b�y 
�l�h�d�Z. �W�l�h �\�e�b�y�_�l �g�Z �\�j�_�f�y �Z�\�l�h�g�h�f�g�h�c �j�Z�[�h�l�u, �b �f�h�`�_�l �i�j�b�\�_�k�l�b �d 
�_�]�h �\�h�a�f�h�`�g�h�f�m �k�h�d�j�Z�s�_�g�b�x, �i�h �k�j�Z�\�g�_�g�b�x �k �\�j�_�f�_�g�_�f �j�Z�[�h�l�u 
�[�Z�l�Z�j�_�b �Z�g�Z�e�h�]�h�\�h�]�h FM �j�Z�^�b�h. �< �^�h�i�h�e�g�_�g�b�_ �d �w�l�h�f�m, �d�h�]�^�Z 
�i�j�b�g�y�l�u�c �p�b�n�j�h�\�h�c �k�b�]�g�Z�e �i�Z�^�Z�_�l �g�b�`�_ �h�i�j�_�^�_�e�_�g�g�h�]�h �i�h�j�h�]�Z 
�q�m�\�k�l�\�b�l�_�e�v�g�h�k�l�b, �Z�m�^�b�h�\�u�o�h�^ �[�m�^�_�l �h�l�d�e�x�q�_�g. �I�j�b�g�b�f�Z�y �\�h 
�\�g�b�f�Z�g�b�_ �f�u �g�_ �f�h�`�_�f �k�d�Z�a�Z�l�v, �q�l�h �p�b�n�j�h�\�Z�y �k�\�y�a�v �e�m�q�r�_, �q�_�f 
�Z�g�Z�e�h�]�h�\�Z�y. �<�Z�`�g�h �\�u�[�j�Z�l�v �f�_�l�h�^, �d�h�l�h�j�u�c �e�m�q�r�_ �\�k�_�]�h �i�h�^�o�h�^�b�l 
�^�e�y �p�_�e�_�c �e�x�[�b�l�_�e�v�k�d�h�c �j�Z�^�b�h�k�\�y�a�b. �G�Z�i�j�b�f�_�j: �_�k�e�b �h�k�g�h�\�g�h�c 
�p�_�e�v�x �y�\�e�y�_�l�k�y �b�k�i�h�e�v�a�h�\�Z�g�b�_ handy-talky (�m�^�h�[�g�h�]�h �^�e�y �j�Z�a�]�h�\�h�j�Z) 
�l�j�Z�g�k�b�\�_�j�Z �^�e�y �]�h�e�h�k�h�\�h�c �k�\�y�a�b �k �^�j�m�]�h�c �k�l�Z�g�p�b�_�c, �l�h �Z�g�Z�e�h�]�h�\�u�c 
�l�j�Z�g�k�b�\�_�j �[�m�^�_�l �b�f�_�l�v �i�j�_�b�f�m�s�_�k�l�\�h.

�A�Z�[�e�m�`�^�_�g�b�_ 2: " �P�b�n�j�h�\�u�_ �k�b�k�l�_�f�u �k�\�y�a�b �b�f�_�x�l �[�h�e�_�_ �\�u�k�h�d�m�x 
�q�m�\�k�l�\�b�l�_�e�v�g�h�k�l�v �b �[�h�e�v�r�m�x �a�h�g�m �i�h�d�j�u�l�b�y, �i�h �k�j�Z�\�g�_�g�b�x �k 
�Z�g�Z�e�h�]�h�\�u�f�b �k�b�k�l�_�f�Z�f�b"
�K �Z�g�Z�e�h�]�h�\�h�c FM �f�h�^�m�e�y�p�b�_�c SINAD 12�^�; �k�q�b�l�Z�_�l�k�y �k�l�Z�g�^�Z�j�l�g�h�c 
�l�h�q�d�h�c �q�m�\�k�l�\�b�l�_�e�v�g�h�k�l�b. �< �p�b�n�j�h�\�u�o �k�\�y�a�y�o, �k�l�Z�g�^�Z�j�l �h�l�e�b�q�Z�_�l�k�y. 
�W�l�h �l�h�q�d�Z, �d�h�l�h�j�m�x �m�k�l�Z�g�Z�\�e�b�\�Z�_�l �d�h�w�n�n�b�p�b�_�g�l �[�b�l�h�\�h�c �h�r�b�[�d�b �\ 
�j�Z�a�f�_�j�_ 1%. �>�e�y �k�j�Z�\�g�_�g�b�y, �Z�g�Z�e�h�]�h�\�u�c �k�b�]�g�Z�e �g�Z SINAD 12 �^�; 
�q�m�\�k�l�\�b�l�_�e�v�g�h�k�l�v �g�Z 3 �^�; �\�u�r�_, �q�_�f �\ �p�b�n�j�h�\�h�f �j�_�`�b�f�_ �k 
�d�h�w�n�n�b�p�b�_�g�l�h�f �[�b�l�h�\�h�c �h�r�b�[�d�b �\ �j�Z�a�f�_�j�_ 1%. �< �p�b�n�j�h�\�h�c �k�\�y�a�b, 
�_�k�e�b �m�j�h�\�_�g�v �k�b�]�g�Z�e�Z �\�u�r�_ �w�l�h�]�h �i�h�d�Z�a�Z�l�_�e�y �^�Z�`�_ �g�Z �g�_�[�h�e�v�r�m�x 
�\�_�e�b�q�b�g�m, �i�h�y�\�e�y�_�l�k�y �\�h�a�f�h�`�g�h�k�l�v �l�j�Z�g�k�e�b�j�h�\�Z�l�v �q�_�l�d�h�_ RX �Z�m�^�b�h �k 



�e�m�q�r�b�f �i�h�d�Z�a�Z�l�_�e�_�f �a�\�m�d�Z / �r�m�f�Z. �H�^�g�Z�d�h, �_�k�e�b �p�b�n�j�h�\�h�c �k�b�]�g�Z�e 
�g�b�`�_ �w�l�h�]�h �i�Z�j�Z�f�_�l�j�Z, �a�\�m�d �b�a �]�j�h�f�d�h�]�h�\�h�j�b�l�_�e�y �[�m�^�_�l �i�j�_�j�u�\�b�k�l�u�f 
�b �g�_ �q�_�l�d�b�f. �< �w�l�h�f �k�e�m�q�Z�_ �Z�g�Z�e�h�]�h�\�u�c �k�b�]�g�Z�e FM �b�f�_�_�l 
�i�j�_�b�f�m�s�_�k�l�\�h, �^�Z�`�_ �_�k�e�b �k�b�]�g�Z�e �k�l�Z�g�h�\�b�l�k�y �k�e�Z�[�_�_, �b�k�i�h�e�v�a�m�y 
�r�m�f�h�i�h�^�Z�\�b�l�_�e�v �g�Z �j�_�k�b�\�_�j�_ �\�u �k�f�h�`�_�l�_ �m�k�e�u�r�Z�l�v �b �i�h�g�y�l�v, �q�l�h 
�i�_�j�_�^�Z�_�l�k�y.

�J�b�k. 6 �K�j�Z�\�g�_�g�b�_ �i�h�d�Z�a�Z�l�_�e�_�c �j�Z�^�b�m�k�Z �^�_�c�k�l�\�b�y �b �d�Z�q�_�k�l�\�Z �j�Z�^�b�h�i�j�b�_�f�Z

�A�Z�[�e�m�`�^�_�g�b�_ 3:" �P�b�n�j�h�\�u�_ �k�b�k�l�_�f�u �k�\�y�a�b �b�f�_�x�l �[�h�e�_�_ �\�u�k�h�d�m�x 
�k�d�h�j�h�k�l�v �i�_�j�_� �̂Z�q�b � �̂Z�g�g�u�o, �i�h �k�j�Z�\�g�_�g�b�x �k �Z�g�Z�e�h�]�h�\�u�f�b �k�b�k�l�_�f�Z�f�b"
�H�^�g�b�f �b�a �i�j�_�b�f�m�s�_�k�l�\ �p�b�n�j�h�\�u�o �f�_�l�h�^�h�\ �k�\�y�a�b �y�\�e�y�_�l�k�y �k�i�h�k�h�[�g�h�k�l�v 
�i�_�j�_�^�Z�\�Z�l�v �[�h�e�v�r�b�_ �h�[�t�_�f�u �^�Z�g�g�u�o. �H�^�g�Z�d�h, �_�k�e�b �^�b�Z�i�Z�a�h�g �q�Z�k�l�h�l 
�k�m�`�Z�_�l�k�y, �k�d�h�j�h�k�l�v �i�_�j�_�^�Z�q�b �^�Z�g�g�u�o, �[�u�k�l�j�h �k�g�b�`�Z�_�l�k�y. �< �h�l�e�b�q�b�_ �h�l 
�g�Z�r�b�o VX-8DR/DE �b�e�b FTM-350AR/AE �Z�g�Z�e�h�]�h�\�u�_ �l�j�Z�g�k�b�\�_�j�u �f�h�]�m�l 
�h�[�f�_�g�b�\�Z�l�v�k�y �^�Z�g�g�u�f�b �g�Z �k�d�h�j�h�k�l�b 9600 �[�b�l �\ �^�b�Z�i�Z�a�h�g�_ �q�Z�k�l�h�l VHF / 
UHF. �K�j�Z�\�g�b�l�_ �w�l�h �k D-STAR, �d�h�l�h�j�Z�y �h�]�j�Z�g�b�q�b�\�Z�_�l�k�y �i�_�j�_�^�Z�q�_�c 
�^�Z�g�g�u�o �l�h�e�v�d�h �\ 4800 �[�b�l �g�Z �l�h�c �`�_ �q�Z�k�l�h�l�_; �Z�g�Z�e�h�]�h�\�h�_ �j�Z�^�b�h, 
�[�_�a�m�k�e�h�\�g�h, �b�f�_�_�l �i�j�_�b�f�m�s�_�k�l�\�h. �W�l�h �h�a�g�Z�q�Z�_�l, �q�l�h �k�d�h�j�h�k�l�v �i�_�j�_�^�Z�q�b 
�^�Z�g�g�u�o �\ �p�b�n�j�h�\�h�f �j�Z�^�b�h�i�j�b�_�f�g�b�d�_ �g�Z �k�Z�f�h�f �^�_�e�_ �g�b�`�_, �q�_�f �\ 
�k�h�\�j�_�f�_�g�g�h�f �Z�g�Z�e�h�]�h�f �l�j�Z�g�k�b�\�_�j�_. �;�u�e�h �[�u �h�r�b�[�h�q�g�u�f �m�l�\�_�j�`�^�Z�l�v, 
�q�l�h �h�g�b �y�\�e�y�x�l�k�y �^�h�e�]�h�`�^�Z�g�g�u�f�b �\�u�k�h�d�h�k�d�h�j�h�k�l�g�u�f�b �k�b�k�l�_�f�Z�f�b 
�k�\�y�a�b.



�A�Z�[�e�m�`�^�_�g�b�_ 4:" �B�l�h�]�h�\�u�_ �n�m�g�d�p�b�h�g�Z�e�v�g�u�_ �\�h�a�f�h� �̀g�h�k�l�b �p�b�n�j�h�\�h�c 
�k�\�y�a�b - �w�l�h �k�m� �̀_�g�b�_ �q�Z�k�l�h�l�g�h�]�h �^�b�Z�i�Z�a�h�g�Z"
�K�h�\�j�_�f�_�g�g�u�_ �p�b�n�j�h�\�u�_ �l�j�Z�g�k�b�\�_�j�u �b�k�i�h�e�v�a�m�x�l �q�Z�k�l�h�l�g�u�c 
�^�b�Z�i�Z�a�h�g 6,25 �d�=�p �b�e�b 12,5 �d�=�p, �d�h�l�h�j�u�c �b�k�i�h�e�v�a�m�_�l�k�y �m�`�_ �[�h�e�_�_ 50 
�e�_�l. �L�_�i�_�j�v �k�e�_�^�m�_�l �k�d�Z�a�Z�l�v, �q�l�h �j�Z�^�b�h�k�l�Z�g�p�b�b �b�k�i�h�e�v�a�m�x�l SSB �k 
�b�g�l�_�j�\�Z�e�h�f 2,5 �d�=�p.

�A�Z�[�e�m�`�^�_�g�b�_ 5: «D-STAR �y�\�e�y�_�l�k�y �k�l�Z�g� �̂Z�j�l�g�h�c �p�b�n�j�h�\�h�c �k�\�y�a�v�x �\ 
�e�x�[�b�l�_�e�v�k�d�h�f �j�Z�^�b�h»
�W�l�h �g�_ �l�Z�d. �G�_ �k�h�\�k�_�f �y�k�g�h, �i�h�q�_�f�m �j�_�d�h�f�_�g�^�m�x�l D-STAR, �d�h�l�h�j�Z�y 
�b�k�i�h�e�v�a�m�_�l GMSK. �< �e�x�[�h�f �k�e�m�q�Z�_, �g�_ �i�j�Z�\�b�e�v�g�h �b �g�_ �p�_�e�_�k�h�h�[�j�Z�a�g�h 
�h�]�j�Z�g�b�q�b�\�Z�l�v �j�Z�^�b�h�e�x�[�b�l�_�e�_�c �i�h �\�k�_�f�m �f�b�j�m �\ �\�u�[�h�j�_ �e�b�r�v �h�^�g�h�]�h 
�f�_�l�h�^�Z �\ �p�b�n�j�h�\�h�f �j�Z�^�b�h. �?�k�e�b �l�h�e�v�d�h �h�^�b�g �i�j�h�b�a�\�h�^�b�l�_�e�v �[�m�^�_�l 
�j�Z�a�j�Z�[�Z�l�u�\�Z�l�v �e�b�r�v �h�^�b�g �l�b�i �p�b�n�j�h�\�h�]�h �j�Z�^�b�h �^�e�y �\�k�_�o 



�j�Z�^�b�h�e�x�[�b�l�_�e�_�c, �f�b�j �p�b�n�j�h�\�u�o �l�_�o�g�h�e�h�]�b�c �g�_ �[�m�^�_�l �j�Z�a�\�b�\�Z�l�v�k�y �b 
�j�Z�^�b�h�e�x�[�b�l�_�e�b �[�m�^�m�l �\�u�g�m�`�^�_�g�u �b�k�i�h�e�v�a�h�\�Z�l�v �g�b�a�d�h�d�Z�q�_�k�l�\�_�g�g�h�_ 
�h�[�h�j�m�^�h�\�Z�g�b�y �i�h �[�h�e�_�_ �\�u�k�h�d�h�c �p�_�g�_. �G�_�i�e�h�o�b�f �i�j�b�f�_�j�h�f 
�y�\�e�y�_�l�k�y�^�Z�e�v�g�_�c�r�_�_ �b�k�i�h�e�v�a�h�\�Z�g�b�_ �k�l�Z�j�h�c �l�_�o�g�h�e�h�]�b�b GMSK. �G�_�l 
�g�b�d�Z�d�h�c �i�h�e�v�a�u �\ �j�Z�a�\�b�l�b�b �m�k�l�Z�j�_�\�r�_�c �l�_�o�g�h�e�h�]�b�b, �d�h�]�^�Z �k�m�s�_�k�l�\�m�_�l 
�[�h�e�_�_ �k�h�\�_�j�r�_�g�g�Z�y. �I�h�f�g�b�l�_, �q�l�h �^�m�o �e�x�[�b�l�_�e�v�k�d�h�]�h �j�Z�^�b�h 
�\�^�h�o�g�h�\�e�y�_�l �j�Z�^�b�h�e�x�[�b�l�_�e�_�c �m�e�m�q�r�Z�l�v �k�\�h�b �j�Z�^�b�h�g�Z�\�u�d�b �b �a�g�Z�g�b�y, 
�w�d�k�i�_�j�b�f�_�g�l�b�j�m�y �b �b�a�m�q�Z�y �g�h�\�u�_ �l�_�o�g�h�e�h�]�b�b.
�A�Z�[�e�m�`�^�_�g�b�_ 6:". �Q�l�h�[�u �i�h�a�Z�[�h�l�b�l�v�k�y �h �[�m� �̂m�s�_�f, �e�m�q�r�_ �k�_�c�q�Z�k 
�i�j�b�h�[�j�_�k�l�b �p�b�n�j�h�\�h�c �l�j�Z�g�k�b�\�_�j."
�P�b�n�j�h�\�u�_ �j�Z�^�b�h�k�l�Z�g�p�b�b �g�_ �f�h�]�m�l �w�n�n�_�d�l�b�\�g�h �i�h�^�^�_�j�`�b�\�l�Z�v �k�\�y�a�v, 
�_�k�e�b �f�_�l�h�^�u �f�h�^�m�e�y�p�b�b, �l�b�i�u �k�\�y�a�b �b �i�j�h�l�h�d�h�e�u �j�Z�a�e�b�q�g�u �g�Z 
�j�Z�a�g�u�o �l�j�Z�g�k�b�\�_�j�Z�o. �?�k�e�b �[�u�k�l�j�u�c �l�_�f�i �i�j�h�]�j�_�k�k�Z, �^�h�k�l�b�]�g�m�l�h�]�h �\ 
�p�b�n�j�h�\�h�c �i�j�h�^�m�d�p�b�b LMR �y�\�e�y�_�l�k�y �i�h�d�Z�a�Z�l�_�e�_�f, �g�_�\�_�e�b�d�b �r�Z�g�k�u, 
�q�l�h �e�x�[�b�l�_�e�v�k�d�b�_ �p�b�n�j�h�\�u�_ �j�Z�^�b�h�k�l�Z�g�p�b�b, �d�h�l�h�j�u�_ �i�j�h�^�Z�x�l�k�y �g�Z 
�k�_�]�h�^�g�y�r�g�_�f �j�u�g�d�_, �[�m�^�m�l �k�h�\�f�_�k�l�b�f�u �\ �[�m�^�m�s�_�f. �O�h�j�h�r�b�f 
�i�j�b�f�_�j�h�f �y�\�e�y�x�l�k�y �j�Z�^�b�h�k�l�Z�g�p�b�b GMSK, �d�h�l�h�j�u�_ �g�_ �l�Z�d �^�Z�\�g�h 
�[�u�e�b �h�q�_�g�v �j�Z�k�i�j�h�k�l�j�Z�g�_�g�u, �g�h �m�l�j�Z�l�b�e�b �k�\�h�x �i�h�i�m�e�y�j�g�h�k�l�v. �W�l�Z 
�l�_�g�^�_�g�p�b�y �[�m�^�_�l �i�j�h�^�h�e�`�Z�l�v�k�y �^�h �l�_�o �i�h�j, �i�h�d�Z �w�g�l�m�a�b�Z�k�l�u-
�e�x�[�b�l�_�e�b �p�b�n�j�h�\�h�]�h �j�Z�^�b�h �[�m�^�m�l �]�g�Z�l�v�k�y �a�Z �g�h�\�u�f�b �l�_�o�g�h�e�h�]�b�y�f�b.
�A�Z�[�e�m�`�^�_�g�b�_ 7:" �<�k�_ �p�b�n�j�h�\�u�_ �f�_�l�h�^�u �b�f�_�x�l �h�^�b�g�Z�d�h�\�u�_ 
�n�m�g�d�p�b�h�g�Z�e�v�g�u�_ �o�Z�j�Z�l�_�j�b�k�l�b�d�b.."
�O�Z�j�Z�d�l�_�j�b�k�l�b�d�b �j�Z�a�e�b�q�g�u�o �p�b�n�j�h�\�u�o �k�b�k�l�_�f �k�\�y�a�b �y�\�e�y�_�l�k�y 
�^�h�k�l�Z�l�h�q�g�h �j�Z�a�g�h�h�[�j�Z�a�g�u�f�b, �b �a�Z�\�b�k�y�l �h�l �j�_�`�b�f�h�\ �f�h�^�m�e�y�p�b�b, 
�f�_�l�h�^�h�\ �f�m�e�v�l�b�i�e�_�d�k�b�j�h�\�Z�g�b�y �b �i�j�h�l�h�d�h�e�h�\. �< �g�Z�k�l�h�y�s�_�_ �\�j�_�f�y 
�g�Z�b�[�h�e�_�_ �g�Z�^�_�`�g�u�f�b�o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�f�b �d�h�j�j�_�d�p�b�b �h�r�b�[�h�d 
�y�\�e�y�x�l�k�y: �i�j�_�\�h�k�o�h�^�g�h�_ �d�Z�q�_�k�l�\�h �a�\�m�d�Z, �r�b�j�h�d�Z�y �a�h�g�Z �i�h�d�j�u�l�b�y 
�k�\�y�a�b �b �m�\�_�e�b�q�_�g�b�_ �k�j�h�d�Z �k�e�m�`�[�u �[�Z�l�Z�j�_�b, �d�h�l�h�j�u�_ �_�k�l�v �\ �g�h�\�_�c�r�b�o 
�j�Z�^�b�h�k�l�Z�g�p�b�y�o �i�j�h�l�h�d�h�e�Z C4FM (4-�m�j�h�\�g�_�\�Z�y FSK) FDMA �b�e�b 
TDMA.



�I�_�j�_�o�h�^ �h�l �w�i�h�o�b �d�h�e�b�q�_�k�l�\�Z �d �g�h�\�h�c �w�j�_ �d�Z�q�_�k�l�\�Z
�G�_ �k�l�h�b�l �a�Z�[�u�\�Z�l�v, �q�l�h �j�Z�^�b�h�e�x�[�b�l�_�e�b �b�s�m�l �a�g�Z�g�b�y, �b �\�_�j�y�l �\ �j�Z�a�\�b�l�b�_ 
�d�h�f�f�m�g�b�d�Z�p�b�h�g�g�u�o �l�_�o�g�h�e�h�]�b�c. �G�_�h�[�o�h�^�b�f�h �h�[�j�Z�s�Z�l�v �\�g�b�f�Z�g�b�_ �g�Z 
�i�h�k�l�h�y�g�g�h�_ �j�Z�a�\�b�l�b�_ �p�b�n�j�h�\�u�o �d�h�f�f�m�g�b�d�Z�p�b�c �b �b�a�[�_�]�Z�l�v �h�]�j�Z�g�b�q�_�g�b�y 
�e�b�r�v �h�^�g�b�f �m�k�l�Z�j�_�\�r�b�f �p�b�n�j�h�\�u�f �j�_�`�b�f�h�f. �G�_�h�[�o�h�^�b�f�h �j�Z�k�r�b�j�y�l�v 
�k�\�h�b �]�h�j�b�a�h�g�l�u �b �b�k�k�e�_�^�h�\�Z�l�v �g�h�\�_�c�r�b�_ �p�b�n�j�h�\�u�_ �f�_�l�h�^�u 
�d�h�f�f�m�g�b�d�Z�p�b�b. �B�a�m�q�_�g�b�_ �g�h�\�u�o �l�_�o�g�h�e�h�]�b�c �^�h�k�l�Z�\�e�y�_�l �m�^�h�\�h�e�v�k�l�\�b�_ 
�j�Z�^�b�h�e�x�[�b�l�_�e�y�f. �I�h�w�l�h�f�m, �i�j�h�]�j�_�k�k �e�x�[�b�l�_�e�v�k�d�h�c �j�Z�^�b�h�k�\�y�a�b �[�m�^�_�l 
�^�_�e�Z�l�v �r�Z�]�b �\�i�_�j�_�^.
�K�_�c�q�Z�k �w�l�h �k�q�b�l�Z�_�l�k�y �a�Z�j�_�c �g�h�\�h�c �w�j�u �p�b�n�j�h�\�h�c �k�\�y�a�b. �J�Z�g�_�_ �f�u 
�h�p�b�n�j�h�\�u�\�Z�e�b �a�\�m�d�h�\�h�c �k�b�]�g�Z�e �b �g�Z�a�\�Z�e�b �_�]�h "�p�b�n�j�h�\�u�f". �L�_�i�_�j�v 
�f�u �g�Z�o�h�^�b�f�k�y �g�Z �l�Z�d�h�c �k�l�Z�^�b�b �j�Z�a�\�b�l�b�y, �q�l�h �a�g�Z�_�f �d�Z�d�h�_ �g�Z�f 
�^�h�k�l�m�i�g�h �j�Z�a�g�h�h�[�j�Z�a�b�_ �p�b�n�j�h�\�u�o �l�_�o�g�h�e�h�]�b�c, �b �f�h�`�_�f �\�u�[�j�Z�l�v 
�g�Z�b�e�m�q�r�b�_ �k�b�k�l�_�f�u �^�e�y �k�\�h�_�]�h �j�Z�^�b�h. �<�Z�`�g�h �j�m�d�h�\�h�^�k�l�\�h�\�Z�l�v�k�y 
�i�h�k�e�_�^�g�_�c �p�b�n�j�h�\�h�c �l�_�o�g�h�e�h�]�b�_�c, �l�Z�d �d�Z�d �h�g�Z �b�k�i�h�e�v�a�m�_�l�k�y �\ 
�d�h�f�f�_�j�q�_�k�d�b�o �j�Z�^�b�h�k�l�Z�g�p�b�y�o LMR, �b �i�j�b�f�_�g�y�l�v �w�l�b �f�_�l�h�^�u �^�e�y 
�m�e�m�q�r�_�g�b�y �k�b�k�l�_�f �\ �k�n�_�j�_ �e�x�[�b�l�_�e�v�k�d�h�]�h �j�Z�^�b�h.



�<�Z�`�g�u�_ �p�_�e�b �\ �k�n�_�j�_ �e�x�[�b�l�_�e�v�k�d�h�]�h �p�b�n�j�h�\�h�]�h �j�Z�^�b�h
VertexStandard �k�e�_�^�m�_�l �h�k�g�h�\�g�u�f �i�j�b�g�p�b�i�Z�f �\ �k�\�h�_�c �i�h�e�b�l�b�d�_ 
�j�Z�a�j�Z�[�h�l�d�b �j�Z�^�b�h �^�e�y �e�x�[�b�l�_�e�v�k�d�h�c �p�b�n�j�h�\�h�c �k�\�y�a�b: �B�k�i�h�e�v�a�h�\�Z�g�b�_ 
�f�Z�d�k�b�f�Z�e�v�g�u�o �\�h�a�f�h�`�g�h�k�l�_�c �p�b�n�j�h�\�h�c �k�\�y�a�b �k �f�b�g�b�f�Z�e�v�g�u�f 
�q�Z�k�l�h�l�g�u�f �^�b�Z�i�Z�a�h�g�h�f.
�D�Z�d �f�u �m�a�g�Z�e�b �j�Z�g�_�_, �_�k�e�b �q�Z�k�l�h�l�g�u�c �^�b�Z�i�Z�a�h�g �k�m�`�_�g, �k�d�h�j�h�k�l�v 
�i�_�j�_�^�Z�q�b �^�Z�g�g�u�o �k�l�Z�g�h�\�b�l�k�y �f�_�^�e�_�g�g�_�_, �q�_�f �m �k�h�\�j�_�f�_�g�g�u�o 
�Z�g�Z�e�h�]�h�\�u�o �j�Z�^�b�h�k�l�Z�g�p�b�c. �>�e�y �j�Z�^�b�h�k�l�Z�g�p�b�c, �d�h�l�h�j�u�_ �i�_�j�_�^�Z�x�l 
�l�h�e�v�d�h�i�h�a�u�\�g�h�c �b �^�Z�g�g�u�_ �i�h�a�b�p�b�b GPS, �Z�g�Z�e�h�]�h�\�h�_ �j�Z�^�b�h �[�m�^�_�l 
�g�Z�b�e�m�q�r�b�f �\�Z�j�b�Z�g�l�h�f. �B�a�f�_�g�_�g�b�_ �f�h�^�m�e�y�p�b�b �\ �p�b�n�j�h�\�m�x �i�j�b�\�_�^�_�l 
�e�b�r�v �d �a�g�Z�q�b�l�_�e�v�g�h�f�m �k�g�b�`�_�g�b�x �k�d�h�j�h�k�l�b �i�_�j�_�^�Z�q�b �^�Z�g�g�u�o, �b �\ 
�w�l�h�f �g�_�l �g�b�d�Z�d�h�]�h �i�j�_�b�f�m�s�_�k�l�\�Z.
�B�k�k�e�_�^�h�\�Z�g�b�_ �i�j�_�b�f�m�s�_�k�l�\ �p�b�n�j�h�\�h�c �k�\�y�a�b �^�e�y �e�x�[�b�l�_�e�v�k�d�h�]�h 
�j�Z�^�b�h.
�G�Z�i�j�b�f�_�j, �_�k�e�b �f�u �b�k�i�h�e�v�a�m�_�f TDMA, �h�^�b�g �j�_�i�b�l�_�j �f�h�`�_�l 
�h�^�g�h�\�j�_�f�_�g�g�h �l�j�Z�g�k�e�b�j�h�\�Z�l�v �f�g�h�]�h�k�l�Z�g�p�b�h�g�g�m�x 
(�f�m�e�v�l�b�i�e�_�d�k�b�j�h�\�Z�g�g�m�x) �^�\�m�k�l�h�j�h�g�g�x�x �k�\�y�a�v, �k�h�d�j�Z�s�Z�y 
�a�g�Z�q�b�l�_�e�v�g�h�_ �d�h�e�b�q�_�k�l�\�h �b�a�^�_�j�`�_�d. �B�k�i�h�e�v�a�h�\�Z�g�b�_ FDMA, �k 
�k�b�k�l�_�f�h�c �f�h�^�m�e�y�p�b�b C4FM (4-�m�j�h�\�g�_�\�Z�y FSK), �o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z BER 
(�d�h�w�n�b�p�b�_�g�l �[�b�l�h�\�u�o �h�r�b�[�h�d) �^�_�e�Z�_�l �p�b�n�j�h�\�u�_ �p�b�n�j�h�\�u�_ 
�l�_�o�g�h�e�h�]�b�b �i�j�b�_�f�e�b�f�u�f�b �^�e�y �f�h�[�b�e�v�g�h�c �j�Z�[�h�l�u. �K �w�l�h�c �l�h�q�d�b 
�a�j�_�g�b�y, C4FM �k FDMA �b�e�b TDMA �y�\�e�y�x�l�k�y �g�Z�b�[�h�e�_�_ �b�g�l�_�j�_�k�g�u�f�b 
�f�_�l�h�^�Z�f�b �f�h�^�m�e�y�p�b�b�\ �e�x�[�b�l�_�e�v�k�d�h�c �j�Z�^�b�h�k�\�y�a�b.

�<�g�_�^�j�_�g�b�_ �i�h�k�e�_�^�g�b�o �p�b�n�j�h�\�u�o �k�o�_�f �f�h�^�m�e�y�p�b�b �\ �[�m�^�m�s�_�f �i�h�e�_�a�g�h 
�^�e�y �e�x�[�b�l�_�e�v�k�d�h�c �j�Z�^�b�h�k�\�y�a�b.
VertexStandard�[�m�^�_�l �b�k�i�h�e�v�a�h�\�Z�l�v �g�Z�b�[�h�e�_�_ �i�h�^�o�h�^�y�s�b�_, �i�_�j�_�^�h�\�u�_ 
�b �g�h�\�_�c�r�b�_ �p�b�n�j�h�\�u�_ �f�_�l�h�^�u �k�\�y�a�b, �d�h�l�h�j�u�_ �[�u�e�b �i�j�b�a�g�Z�g�u �\ 
�k�n�_�j�_ �k�h�\�j�_�f�_�g�g�h�]�h �i�j�h�n�_�k�k�b�h�g�Z�e�v�g�h�]�h �j�Z�^�b�h�h�[�h�j�m�^�h�\�Z�g�b�y. �F�u �g�_ 
�k�h�[�b�j�Z�_�f�k�y �b�k�i�h�e�v�a�h�\�Z�l�v �m�k�l�Z�j�_�\�r�b�_ �k�b�k�l�_�f�u �^�e�y 
�i�j�h�b�a�\�h�^�k�l�\�_�g�g�h�]�h �m�^�h�[�k�l�\�Z.

�P�b�n�j�h�\�u�_ �l�_�o�g�h�e�h�]�b�b �\ �i�_�j�k�i�_�d�l�b�\�_ �e�x�[�b�l�_�e�v�k�d�h�c �j�Z�^�b�h�k�\�y�a�b
�< �[�e�b�`�Z�c�r�_�f �[�m�^�m�s�_�f, �^�e�y �e�x�[�b�l�_�e�v�k�d�h�]�h �j�Z�^�b�h �b�a �q�b�k�e�Z �j�Z�a�e�b�q�g�u�o 
�p�b�n�j�h�\�u�o �f�_�l�h�^�h�\ �k�\�y�a�b �[�m�^�m�l �\�u�[�j�Z�g�u �g�Z�b�[�h�e�_�_ �i�j�b�_�f�e�_�f�u�_ 
�k�b�k�l�_�f�u. �D�Z�`�^�u�c �p�b�n�j�h�\�h�c �f�_�l�h�^ �b�f�_�_�l �k�\�h�b �i�j�_�b�f�m�s�_�k�l�\�Z �b 



�g�_�^�h�k�l�Z�l�d�b. �H�]�j�Z�g�b�q�b�\�Z�g�b�_ �e�x�[�b�l�_�e�v�k�d�h�c �j�Z�^�b�h�k�\�y�a�b �^�h �\�u�[�h�j�Z �e�b�r�v 
�h�^�g�h�]�h �f�_�l�h�^�Z �y�\�e�y�_�l�k�y �g�_�^�Z�e�v�g�h�\�b�^�g�u�f �b �g�_ �i�j�b�g�_�k�_�l �i�h�e�v�a�u 
�[�m�^�m�s�_�f�m �e�x�[�b�l�_�e�v�k�d�h�]�h �j�Z�^�b�h.
�G�Z �^�Z�g�g�u�c �f�h�f�_�g�l �\�j�_�f�_�g�b, VertexStandard �k�q�b�l�Z�_�l, �q�l�h C4FM (4-
�m�j�h�\�g�_�\�Z�y FSK) FDMA �b�e�b TDMA �y�\�e�y�x�l�k�y �g�Z�b�[�h�e�_�_ �i�h�^�o�h�^�y�s�b�f 
�\�u�[�h�j�h�f �^�e�y �i�j�b�f�_�g�_�g�b�y �\ �k�n�_�j�_ �e�x�[�b�l�_�e�v�k�d�h�c �j�Z�^�b�h�k�\�y�a�b. �< �g�Z�q�Z�e�_ 
2013 �]�h�^�Z �f�u �\�u�i�m�k�l�b�f �g�Z �j�u�g�h�d �e�x�[�b�l�_�e�v�k�d�h�]�h �j�Z�^�b�h Handy-Talky 
C4FM (4-�m�j�h�\�g�_�\�h�c FSK) FDMA �b �f�h�[�b�e�v�g�u�c �l�j�Z�g�k�b�\�_�j.
�I�h�k�e�_ �g�Z�r�_�]�h �i�_�j�\�h�]�h �g�h�\�h�\�_�^�_�g�b�y, �f�u �i�e�Z�g�b�j�m�_�f �\�u�i�m�k�l�b�l�v �g�Z �j�u�g�h�d 
�j�Z�^�b�h�e�x�[�b�l�_�e�_�c �m�^�h�[�g�u�c �b �f�h�[�b�e�v�g�u�c �l�j�Z�g�k�b�\�_�j C4FM (4-�m�j�h�\�g�_�\�Z�y 
FSK) TDMA (2 �k�e�h�l�Z) �b�e�b TDMA.
�G�Z�b�[�h�e�_�_ �b�g�l�_�j�_�k�g�u�f �i�j�_�b�f�m�s�_�k�l�\�h�f �p�b�n�j�h�\�h�c �k�\�y�a�b �y�\�e�y�_�l�k�y �_�_ 
�k�i�h�k�h�[�g�h�k�l�v �i�_�j�_�^�Z�\�Z�l�v �[�h�e�v�r�b�_ �h�[�t�_�f�u �^�Z�g�g�u�o. �O�h�l�y �h�[�u�q�g�h 
�k�q�b�l�Z�_�l�k�y, �q�l�h �k�m�`�_�g�b�_ �^�b�Z�i�Z�a�h�g�Z �q�Z�k�l�h�l �^�e�y �w�n�n�_�d�l�b�\�g�h�]�h 
�b�k�i�h�e�v�a�h�\�Z�g�b�y �q�Z�k�l�h�l�g�h�]�h �k�i�_�d�l�j�Z, �y�\�e�y�_�l�k�y �h�k�g�h�\�g�u�f �i�j�_�b�f�m�s�_�k�l�\�h�f 
�p�b�n�j�h�\�h�]�h �j�Z�^�b�h, �l�Z�d�`�_ �b�a�\�_�k�l�g�h, �q�l�h, �_�k�e�b �k�m�a�b�l�v �q�Z�k�l�h�l�g�u�c �^�b�Z�i�Z�a�h�g 
�f�h�`�g�h �i�h�l�_�j�y�l�v �i�j�_�b�f�m�s�_�k�l�\�h �\ �i�_�j�_�^�Z�q�_ �[�h�e�v�r�h�]�h �h�[�t�_�f�Z 
�b�g�n�h�j�f�Z�p�b�b.
�< �l�Z�d�h�c �k�b�l�m�Z�p�b�b, �l�j�m�^�g�h �i�h�g�y�l�v, �a�Z�q�_�f �k �w�l�h�c �p�_�e�v�x �d�h�f�m-�l�h 
�b�k�i�h�e�v�a�h�\�Z�l�v �p�b�n�j�h�\�m�x �k�\�y�a�v.
�Q�b�k�e�h �e�b�p�_�g�a�b�j�h�\�Z�g�g�u�o �j�Z�^�b�h�e�x�[�b�l�_�e�_�c �\ �K�R�: �\ �g�Z�k�l�h�y�s�_�_ �\�j�_�f�y 
�k�h�k�l�Z�\�e�y�_�l 699 737 �q�_�e�h�\�_�d. �O�h�l�y �h�k�l�Z�e�v�g�Z�y �q�Z�k�l�v �f�b�j�Z 
�j�Z�^�b�h�e�x�[�b�l�_�e�_�c �m�f�_�g�v�r�Z�_�l�k�y, �\ �K�R�: �b�o �q�b�k�e�h �m�\�_�e�b�q�b�\�Z�_�l�k�y �\ 
�j�Z�a�f�_�j�_ 3% �k 1999 �]�h�^�Z. �:�^�Z�i�l�b�j�m�y�k�v �d �w�l�b�f �l�_�g�^�_�g�p�b�y�f, 
�e�x�[�b�l�_�e�v�k�d�h�_ �j�Z�^�b�h �i�_�j�_�o�h�^�b�l �b�a �w�i�h�o�b �d�h�e�b�q�_�k�l�\�Z �\ �w�j�m �d�Z�q�_�k�l�\�Z. �W�l�h 
�h�a�g�Z�q�Z�_�l, �m�o�h�^ �k �^�b�Z�i�Z�a�h�g�h�\ �q�Z�k�l�h�l VHF �b UHF, �d�h�l�h�j�u�_ �i�h�d�Z �_�s�_ 
�b�k�i�h�e�v�a�m�x�l�k�y, �g�_ �l�Z�d �m� ̀�k�e�h�`�g�h �g�Z�c�l�b �q�Z�k�l�h�l�u �^�e�y �h�[�s�_�g�b�y �\ �w�n�b�j�_. �< 
�f�b�j�_ �p�b�n�j�h�\�h�]�h �j�Z�^�b�h �k�m�s�_�k�l�\�m�_�l �g�_�h�[�o�h�^�b�f�h�k�l�v �\ �^�h�k�l�Z�l�h�q�g�h 
�\�u�k�h�d�h�f �m�j�h�\�g�_ �d�Z�q�_�k�l�\�Z �k�\�y�a�b. �B�k�i�h�e�v�a�m�y �m�a�d�b�c �q�Z�k�l�h�l�g�u�c �^�b�Z�i�Z�a�h�g �\ 
6,25 �d�=�p, �f�h�`�g�h �i�h�`�_�j�l�\�h�\�Z�l�v �^�e�y �w�l�h�c �p�_�e�b �k�d�h�j�h�k�l�v�x �i�_�j�_�^�Z�q�b 
�^�Z�g�g�u�o. �I�h�e�m�q�_�g�b�_ �m�^�h�\�h�e�v�k�l�\�b�y �h�l �b�k�i�h�e�v�a�h�\�Z�g�b�y �p�b�n�j�h�\�h�c �k�\�y�a�b 
�i�m�l�_�f �b�a�m�q�_�g�b�y �_�_ �^�h�k�l�h�b�g�k�l�\ �y�\�e�y�_�l�k�y �j�_�Z�e�v�g�h�c �p�_�e�v�x �e�x�[�b�l�_�e�v�k�d�h�]�h 
�j�Z�^�b�h!



�;�m�^�m�s�_�_ �e�x�[�b�l�_�e�v�k�d�h�c �j�Z�^�b�h�k�\�y�a�b
�D�h�]�^�Z �\�b�^�_�h TV �b �Z�m�^�b�h FM �i�_�j�_�^�Z�q�b �i�_�j�_�o�h�^�y�l �\ �p�b�n�j�h�\�h�c �n�h�j�f�Z�l, 
�l�h �b�a�h�[�j�Z�`�_�g�b�_ �b �a�\�m�d �k�l�Z�g�h�\�y�l�k�y �[�h�e�_�_ �d�Z�q�_�k�l�\�_�g�g�u�f�b �b 



�h�l�q�_�l�e�b�\�u�f�b, �g�h �w�l�h �\�e�b�y�g�b�_ �g�_ �l�Z�d �\�_�e�b�d�h �\ �k�n�_�j�_ �e�x�[�b�l�_�e�v�k�d�h�]�h 
�j�Z�^�b�h. �G�_�d�h�l�h�j�u�_ �i�j�h�b�a�\�h�^�b�l�_�e�b �p�b�n�j�h�\�h�]�h �j�Z�^�b�h �i�h�^�q�_�j�d�b�\�Z�x�l, 
�q�l�h "�a�h�g�Z �i�h�d�j�u�l�b�y �m�k�e�m�]�b �[�m�^�_�l �r�b�j�_", �g�h �w�l�h �g�_ �l�Z�d, �b �i�h�^�h�[�g�u�_ 
�a�Z�y�\�e�_�g�b�y �\�\�h�^�y�l �\ �a�Z�[�e�m�`�^�_�g�b�_. �F�u �k�h�`�Z�e�_�_�f �h�[ �w�l�h�f. �D�Z�d 
�i�h�y�k�g�y�e�h�k�v �\ �^�Z�g�g�h�c �[�j�h�r�x�j�_, �Z�g�Z�e�h�]�h�\�h�_ FM �j�Z�^�b�h �f�h�`�_�l �b�f�_�l�v 
�i�j�_�b�f�m�s�_�k�l�\�h �i�_�j�_�^ �p�b�n�j�h�\�u�f �\ �g�_�d�h�l�h�j�u�o �h�[�e�Z�k�l�y�o. �J�Z�a�m�f�g�_�_ 
�[�m�^�_�l �\�u�[�j�Z�l�v �e�m�q�r�b�c �f�_�l�h�^, �h�k�g�h�\�Z�g�g�u�c �g�Z �p�_�e�b �d�h�f�f�m�g�b�d�Z�p�b�b. 
�G�_�h�[�o�h�^�b�f�h �f�u�k�e�b�l�v �j�Z�p�b�h�g�Z�e�v�g�h, �q�l�h�[�u �b�f�_�l�v �\�h�a�f�h�`�g�h�k�l�v �g�Z�c�l�b 
�_�]�h.
�< �e�x�[�b�l�_�e�v�k�d�h�f �j�Z�^�b�h, �f�u �f�h�`�_�f �b�k�i�h�e�v�a�h�\�Z�l�v AM, SSB, PSK, 
FSK, AFSK, RTTY, FM �b �l�Z�d �^�Z�e�_�_, �q�l�h�[�u �i�h�e�m�q�Z�l�v �\�k�_ 
�i�j�_�b�f�m�s�_�k�l�\�Z �k�\�y�a�b �H�^�g�Z�d�h, �f�u �h�]�j�Z�g�b�q�_�g�u �^�b�Z�i�Z�a�h�g�h�f �q�Z�k�l�h�l, �Z 
�l�Z�d�`�_ �o�Z�j�Z�d�l�_�j�h�f �j�Z�^�b�h�\�h�e�g �b �f�_�l�h�^�h�f �f�h�^�m�e�y�p�b�b. �Y �k�q�b�l�Z�x 
�\�Z�`�g�u�f, �\�h�k�i�h�e�v�a�h�\�Z�l�v�k�y �e�m�q�r�_�c �b�a �b�f�_�x�s�b�o�k�y �l�_�o�g�h�e�h�]�b�c 
�k�h�h�l�\�_�l�k�l�\�m�x�s�b�o �k�b�k�l�_�f �k�\�y�a�b.
�J�Z�^�b�h�e�x�[�b�l�_�e�b �o�h�l�y�l �b�f�_�l�v �d�Z�q�_�k�l�\�_�g�g�m�x �k�\�y�a�v. �K�m�s�_�k�l�\�m�x�l �f�g�h�]�h 
�j�Z�a�g�u�o �k�i�h�k�h�[�h�\ �i�h�e�_�a�g�h�]�h �b �i�j�b�y�l�g�h�]�h �b�k�i�h�e�v�a�h�\�Z�g�b�y 
�e�x�[�b�l�_�e�v�k�d�h�]�h �j�Z�^�b�h. �J�Z�^�b�h�e�x�[�b�l�_�e�b �f�h�]�m�l �j�Z�k�k�f�h�l�j�_�l�v �f�g�h�`�_�k�l�\�h 
�k�i�h�k�h�[�h�\ �k�\�y�a�b �^�e�y �b�k�k�e�_�^�h�\�Z�g�b�y �b �w�d�k�i�_�j�b�f�_�g�l�b�j�h�\�Z�g�b�y �k...
�G�Z�i�j�b�f�_�j, WIRES™-II (Wide-
CoverageIntrnetRepeaterEnhancementSystem) �y�\�e�y�_�l�k�y �h�^�g�b�f �b�a 
�i�j�h�l�h�d�h�e�h�\ �i�_�j�_�^�Z�q�b �^�Z�g�g�u�o, �i�j�_�^�k�l�Z�\�e�_�g�g�u�o Yaesu�\ 2002 �]�h�^�m. �W�l�Z 
�k�b�k�l�_�f�Z �i�h�a�\�h�e�y�_�l �j�Z�^�b�h�e�x�[�b�l�_�e�y�f �h�[�s�Z�l�v�k�y �i�h �\�k�_�f�m �f�b�j�m, 
�b�k�i�h�e�v�a�m�y �g�_�^�h�j�h�]�b�_ �Z�g�Z�e�h�]�h�\�u�_ FM-�j�Z�^�b�h �b �j�_�i�b�l�_�j�u, �k�\�y�a�Z�g�g�u�_ 
�q�_�j�_�a �B�g�l�_�j�g�_�l.
�<�u �f�h�`�_�l�_ �m�k�l�Z�g�h�\�b�l�v �^�\�m�k�l�h�j�h�g�g�x�x �k�\�y�a�v �k �d�h�e�e�_�]�Z�f�b �b�a �Y�i�h�g�b�b, 
�E�h�g�^�h�g�Z, �g�Z �=�Z�\�Z�c�Z�o, �\ �E�h�k-�:�g�^�`�_�e�_�k�_ �b�e�b �i�h �\�k�_�f�m �f�b�j�m �k 
�i�h�f�h�s�v�x �k�_�l�b WIRES™-II.
�< 2003 �]�h�^�m �[�u�e �\�\�_�^�_�g �i�j�h�l�h�d�h�e APRS ® 
(AutomaticPacketReportingSystem) �^�e�y �b�k�i�h�e�v�a�h�\�Z�g�b�y �\ �k�n�_�j�_ 
�e�x�[�b�l�_�e�v�k�d�h�]�h �j�Z�^�b�h. �K�b�k�l�_�f�Z �h�[�f�_�g�u �i�Z�d�_�l�Z�f�b �^�Z�g�g�u�o, �d�h�l�h�j�u�_ 
�i�h�e�m�q�_�g�u �j�_�k�b�\�_�j�h�f GPS, �i�h�^�d�e�x�q�_�g�g�u�f �d �Z�g�Z�e�h�]�h�\�h�c FM 
�j�Z�^�b�h�k�l�Z�g�p�b�b. �F�h�`�g�h �i�_�j�_�^�Z�l�v �k�e�_�^�m�x�s�b�_ �^�Z�g�g�u�_: �f�_�k�l�h, 
�j�Z�k�k�l�h�y�g�b�_, �k�d�h�j�h�k�l�v, �b�g�n�h�j�f�Z�p�b�x �h �i�h�]�h�^�_ �b �k�h�h�[�s�_�g�b�y. 
VertexStandard �Z�d�l�b�\�g�h �i�h�^�^�_�j�`�b�\�Z�_�l �w�l�h �g�h�\�h�\�\�_�^�_�g�b�_, �b �f�u 



�i�j�_�^�k�l�Z�\�b�e�b �i�h�j�l�Z�l�b�\�g�u�_ �j�Z�^�b�h�k�l�Z�g�p�b�b �k�_�j�b�b VX-8 �b �f�h�[�b�e�v�g�u�_ 
�l�j�Z�g�k�b�\�_�j�u FTM-350, �\ �d�h�l�h�j�u�o �b�f�_�x�l�k�y �w�l�b �n�m�g�d�p�b�b.
�E�x�[�b�l�_�e�v�k�d�h�_ �j�Z�^�b�h �y�\�e�y�_�l�k�y �i�j�_�d�j�Z�k�g�u�f �o�h�[�[�b, �d�h�l�h�j�h�_ �i�h�a�\�h�e�y�_�l 
�g�Z�f �k�\�y�a�u�\�Z�l�v�k�y �k �i�h�f�h�s�v�x �j�Z�^�b�h�\�h�e�g. �A�g�Z�g�b�y �b �h�i�u�l, �d�h�l�h�j�u�_ �f�u 
�i�h�e�m�q�Z�_�f �a�Z�g�b�f�Z�y�k�v �g�Z�r�b �o�h�[�[�b, �i�h�a�\�h�e�y�_�l �g�Z�f �\�g�_�k�l�b �k�\�h�c �\�d�e�Z�^ 
�g�Z �[�e�Z�]�h �h�[�s�_�k�l�\�Z. �I�h�e�v�a�h�\�Z�l�_�e�b �j�Z�^�b�h�k�l�Z�g�p�b�c �\�k�_�]�^�Z �g�Z�o�h�^�y�l�k�y 
�l�Z�f, �]�^�_ �g�_�h�[�o�h�^�b�f�h �h�[�_�k�i�_�q�b�l�v �k�\�y�a�v �\ �j�Z�c�h�g�Z�o, �i�h�k�l�j�Z�^�Z�\�r�b�o �h�l 
�k�l�b�o�b�c�g�u�o �[�_�^�k�l�\�b�c, �l�Z�d�b�o �d�Z�d �g�_�^�Z�\�g�_�_ �d�Z�l�Z�k�l�j�h�n�b�q�_�k�d�h�_ 
�a�_�f�e�_�l�j�y�k�_�g�b�_ �\ �Y�i�h�g�b�b. �>�Z�`�_ �_�k�e�b �i�h�\�j�_�`�^�_�g�Z �b�g�n�j�Z�k�l�j�m�d�l�m�j�Z �b 
�j�Z�a�j�m�r�_�g�u �d�h�f�f�m�g�b�d�Z�p�b�b, �j�Z�^�b�h�i�h�e�v�a�h�\�Z�l�_�e�b �f�h�]�m�l �h�[�_�k�i�_�q�b�l�v 
�k�\�y�a�v, �g�_�h�[�o�h�^�b�f�m�x �^�e�y �k�i�Z�k�_�g�b�y �`�b�a�g�b �b �i�h�f�h�q�v �\ �\�h�k�k�l�Z�g�h�\�e�_�g�b�b 
�\�Z�`�g�h�c �j�Z�[�h�l�u.
�< VertexStandard, �f�u �k�l�j�_�f�b�f�k�y �\�g�_�k�l�b �\�Z�`�g�u�c �\�d�e�Z�^ �\ �j�Z�a�\�b�l�b�_ 
�e�x�[�b�l�_�e�v�k�d�b�o �j�Z�^�b�h�k�l�Z�g�p�b�c.
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