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H;S: O:J:DL?JBKLBD: G: >BK?JL:PBHGGBY LJM> 

:dlmZeghkl 

JZa\blb_lh gZ dhfixltjgbl_ b _e_dljhggbl_ l_ogheh]bb ij_a 

ihke_^ghlh ^_k_lbe_lb_ \h^b ^h kta^Z\Zg_lh gZ _\lbgb _^ghqbih\b 

dhfixljb, i_jbn_jgb ko_fb, bgl_eb]_glgb k_gahjb b baitegbl_egb 

mkljhckl\Z. L_ ^Z\Zl \tafh`ghkl aZ j_ZebabjZg_ gZ ki_pbZebabjZgb 

dhfixltjgb mkljhckl\Z aZ mijZ\e_gb_ – <FK. IZjZe_egh k lh\Z, 

jZa\blb_lh gZ dhfmgbdZpbhggbl_ l_ogheh]bb b fh^_ebl_ aZ jZaij_^_e_gb 

bgnhjfZpbhggb kbkl_fb iha\hey\Zl ba]jZ`^Zg_lh gZ jZaij_^_e_gb 

kbkl_fb aZ mijZ\e_gb_. J_ZebabjZg_lh gZ JZaij_^_e_gb <]jZ^_gb Kbkl_fb 

(J<K) iha\hey\Z ba\tjr\Zg_lh gZ l_e_gZ[ex^_gb_, l_e_dhgljhe, 

l_e_baf_j\Zg_ ijb baihea\Zg_ gZ kts_kl\m\Zsbl_ ZiZjZlgb b ijh]jZfgb 

kj_^kl\Z. JZaij_^_e_gb_lh gZ mijZ\e_gb_lh f_`^m hl^_egb dhfixltjgb 

kbkl_fb iha\hey\Z ih-e_kghlh bf bgl_]jbjZg_ b Z^fbgbkljbjZg_. 

Fgh]h hl \tijhkbl_ ijb fh^_ebjZg_lh b ba]jZ`^Zg_lh gZ J<K hs_ g_ 

kZ gZf_jbeb aZ^h\hebl_egb b ml\tj^_gb j_r_gby, hkh[_gh \ Bgl_jg_l 

kj_^Z b aZlh\Z bake_^\ZgbylZ \ lZab h[eZkl kZ ZdlmZegb. Ijb kt\j_f_ggbl_ 

ehdZegb fj_`b k_ baihea\Zl Fast/Gigabit Ethernet, lhiheh]by a\_a^Z b 

\jtadb hl lbi ite_g ^mie_dk b k_ ijbeZ]Zl l_ogheh]bb aZ jZa^_eyg_ gZ 

ehdZegbl_ fj_`b gZ \bjlmZegb ehdZegb fj_`b b ijbhjbl_lgZ h[jZ[hldZ. 

Lh\Z \h^b ^h gh\b i_jki_dlb\b aZ bake_^\Zg_, Z bf_ggh hp_gdZ gZ 

f_lh^bl_ aZ ijbhjbl_lgZ h[jZ[hldZ, aZdtkg_gb_ hl h[jZ[hldZ \ 

dhfmlZlhjZ, \ZjbZpby gZ aZdtkg_gb_lh, ^_l_jfbgbjZghkl b hij_^_eyg_ gZ 

]jZgbpbl_, \ dhblh l_ab l_ogheh]bb kZ ijbeh`bfb aZ J<K. 

P_e b aZ^Zqb gZ ^bk_jlZpbhggby ljm^ 

P_e gZ ^bk_jlZpbhggby ljm^ _ bake_^\Zg_lh gZ f_lh^bl_ b kj_^kl\ZlZ 

aZ ijbeh`_gb_ gZ fj_`h\b ijhlhdheb hl klZg^Zjlgby TCP/IP kl_d \ 

ba]jZ`^Zg_lh gZ Bgl_jg_l [ZabjZgb J<K b bake_^\Zg_ gZ \tafh`ghklbl_ 



 3

aZ ljZgkn_j gZ l_ogheh]bb hl [bag_k bgnhjfZpbhggbl_ kbkl_fb (ih-

dhgdj_lgh fgh]hkehcgb deb_gl/ktj\tj fh^_eb) \ kbkl_fbl_ aZ hl^Ze_q_gh 

ke_^_g_ b dhgljhe.  

AZ ihklb]Zg_ gZ lZab p_e \ gZklhysby ljm^ k_ ihklZ\yl ke_^gbl_ 

aZ^Zqb: 

1. >Z k_ hp_gyl \tafh`ghklbl_ aZ ijbeh`_gb_ gZ fgh]hkehcgb 

Zjobl_dlmjb ijb j_ZebaZpbylZ gZ Bgl_jg_l [ZabjZgb J<K b ^Z k_ 

ij_^eh`b Z[kljZdl_g fh^_e aZ ijh_dlbjZg_lh bf, baihea\Zs klZg^Zjlgb 

Middleware l_ogheh]bb b h[_^bgy\Zs ij_^bfkl\ZlZ gZ c_jZjobqgbl_ b 

jZaij_^_e_gbl_ kbkl_fb. 

2. >Z k_ ijh_dlbjZ ijhlhdhe aZ ba\ebqZg_ gZ ^Zggb \ ehdZegb fj_`b hl 

dhgljhe_jb, kth[jZa_g k jZ[hlZlZ gZ fgh]hkehcgbl_ deb_gl/ktj\tj 

Zjobl_dlmjb. 

3. >Z k_ ^_nbgbjZl hkgh\gbl_ ihlhpb hl ^Zggb ijb dhfmgbdZpby \ J<K 

b ^Z k_ ij_^eh`b ZgZeblbq_g fh^_e aZ hij_^_eyg_ gZ aZdtkg_gbylZ \ 

ehdZegZ fj_`Z hl dhgljhe_jb k mijZ\ey_f dhfmlZlhj. 

4. >Z k_ ij_^eh`b kp_gZjbc aZ kbfmeZpbhggh bake_^\Zg_ gZ 

ijbeh`_gb_lh gZ Fast b Gigabit Ethernet ijb j_ZebaZpby gZ J<K b ^Z k_ 

ijh\_jb qj_a kbfmeZpby dhj_dlghkllZ gZ ij_^eh`_gby ZgZeblbq_g fh^_e. 

5. >Z k_ ijh_dlbjZ _dki_jbf_glZegZ fj_`Z aZ bake_^\Zg_ gZ Bgl_jg_l 

[ZabjZgb J<K b ^Z k_ ijh\_^Zl gZkhq_gb _dki_jbf_glb aZ ijh\_jdZ gZ 

dhj_dlghkllZ gZ ij_^eh`_gbl_ fh^_eb b ijhlhdheb.  

F_lh^ gZ bake_^\Zg_ 

<ta hkgh\Z gZ kjZ\gbl_e_g ZgZeba kZ hij_^_e_gb hkgh\gbl_ ihlhpb hl 

^Zggb ijb dhfmgbdZpby \ J<K. L_hj_lbqgbl_ bake_^\Zgby \ ^bk_jlZpbylZ 

k_ [ZabjZl gZ _e_f_glb hl fZl_fZlbq_kdby ZiZjZl „Network Calculus” b 

kbfmeZpbhgghlh fh^_ebjZg_. Ijbeh`gbl_ bake_^\Zgby k_ [ZabjZl gZ 

gZkhq_gb _dki_jbf_glb, fj_`h\h Z^fbgbkljbjZg_ b ijh]jZfbjZg_ gZ 

_abpbl_ C/C++ b Java. 
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:ijh[Zpby 

QZkl hl j_amelZlbl_, ij_^klZ\_gb \ ^bk_jlZpbhggby ljm^ kZ \e_aeb \ 

hlq_lbl_ gZ gZmqgb b gZmqgh-ijbeh`gb ^h]h\hjb: 

1. Ijh_dl dtf Nhg^ „GZmqgb Bake_^\Zgby”, ^h]h\hj ghf_j: <M-FB-

108/2005, gZ l_fZ: „Bgl_]jbjZg_ gZ Web mkem]b b ^Zggb \ jZaij_^_e_gb 

bgnhjfZpbhggb kbkl_fb \ Bgl_jg_l kj_^Z”. 

2. Ijh_dl dtf Nhg^ „GZmqgb Bake_^\Zgby”, ^h]h\hj ghf_j: FM-FB-

1602/2006, gZ l_fZ: „:gZeba gZ ZlZdbl_ b f_lh^b aZ aZsblZ gZ Web mkem]b 

\ ]eh[Zegb fj_`b”. 

3. Ijh_dl ih GBK dtf LM-Khnby, ^h]h\hj �992/GB-17/2007, l_fZ: “Web 

[ZabjZgZ _dki_jbf_glZegZ fj_`Z hl fbdjhdhgljhe_jb aZ bake_^\Zg_ gZ 

bgnhjfZpbhgghlh \aZbfh^_ckl\b_ \ jZaij_^_e_gb kbkl_fb aZ 

Z\lhfZlbaZpby“. 

Ijbeh`bfhkl gZ j_amelZlbl_ 

Ij_^eh`_gbyl fgh]hkeh_g fh^_e fh`_ ^Z k_ baihea\Z aZ ba]jZ`^Zg_ gZ 

jZaij_^_e_gb kbkl_fb aZ fhgblhjbg] b dhgljhe \ Bgl_jg_l kj_^Z. 

Ij_^eh`_gbyl ZgZeblbq_g fh^_e aZ hij_^_eyg_ gZ \bjlmZeghlh aZdtkg_gb_ 

b aZiZkZ \ Bgl_jg_l [ZabjZgb J<K fh`_ ^Z ihkem`b aZ hibkZgb_ gZ 

aZdtkg_gbylZ \ fj_`h\b Z\lhfZlbaZpbhggb kbkl_fb. Ijh_dlbjZgbyl 

ijbeh`_g ijhlhdhe fh`_ ^Z k_ baihea\Z aZ ba\ebqZg_ gZ ^Zggb \ ehdZegb 

fj_`b hl dhgljhe_jb \ jZfdbl_ gZ kbkl_fb aZ fhgblhjbg] b dhgljhe. 

Im[ebdZpbb 

Hkgh\gbl_ l_hj_lbqgb b ijbeh`gb j_amelZlb hl ^bk_jlZpbhggby ljm^ 

kZ ij_^klZ\_gb \ 13 im[ebdZpbb, dZdlh ke_^\Z: _^gZ \ kibkZgb_ 

“International Review on Computers and Software”, _^gZ \ kibkZgb_ 

„Information Technology and Control”, _^gZ \ kibkZgb_ „?e_dljhgbdZ b 

?e_dljhl_ogbdZ”, _^gZ \ kibkZgb_ „:\lhfZlbdZ b BgnhjfZlbdZ”, \ 

k[hjgbpb gZ ki_pbZebabjZgb gZmqgb dhgn_j_gpbb k f_`^mgZjh^gh 

mqZklb_ – ^_\_l. 
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H[_f b kljmdlmjZ 

>bk_jlZpbhggbyl ljm^ _ baeh`_g \ 138 kljZgbpb. Ktklhb k_ hl m\h^, 

j_qgbd gZ baihea\Zgbl_ l_jfbgb, q_lbjb ]eZ\b, aZdexq_gb_ b 

[b[ebh]jZnkdZ kijZ\dZ hl 145 ebl_jZlmjgb balhqgbdZ. Kt^tj`Z 56 nb]mjb 

b 10 lZ[ebpb. 

DJ:LDH KT>TJ@:GB? G: >BK?JL:PBYL: 

=eZ\Z 1: Ebl_jZlmj_g H[ahj 

< itj\Z ]eZ\Z _ gZijZ\_g ij_]e_^ gZ Bgl_jg_l [ZabjZgbl_ J<K. 

JZa]e_^Zgb kZ hkgh\gbl_ dhfmgbdZpbhggb l_ogheh]bb aZ j_ZebaZpbylZ bf, 

aZ_^gh ktk ki_pbnbqgbl_ bf babkd\Zgby b kp_gZjbbl_ aZ h[f_g. 

JZa]e_^ZgZ _ b ijbgpbigZlZ Zjobl_dlmjZ gZ Bgl_jg_l [ZabjZgZ J<K, 

aZ_^gh k dZl_]hjbbl_ Web ktj\tjb b ijh]jZfgby fh^_e gZ lZdZ\Z kbkl_fZ b 

_ gZijZ\_g djZltd ij_]e_^ gZ kts_kl\m\Zsbl_ ieZlnhjfb, dhblh fh]Zl ^Z 

k_ baihea\Zl aZ j_ZebabjZg_ gZ Bgl_jg_l [ZabjZgb J<K. GZijZ\_g _ 

ij_]e_^ gZ kts_kl\m\Zsbl_ deb_gl/ktj\tj fh^_eb, ijbeh`bfb aZ 

j_ZebabjZg_lh gZ Bgl_jg_l [ZabjZgb J<K b Middleware l_ogheh]bbl_, 

dhblh fh]Zl ^Z k_ baihea\Zl, aZ_^gh k l_ogbl_ ij_^bfkl\Z b g_^hklZltpb. 

Ij_^klZ\_gb kZ hkgh\gbl_ f_oZgbafb aZ kb]mjghkl ijb Bgl_jg_l 

[ZabjZgbl_ J<K, \ aZ\bkbfhkl hl lh\Z gZ dhc kehc hl ISO/OSI jZ[hlyl. 

Ij_^klZ\_gb kZ hkgh\gbl_ f_lh^b, baihea\Zgb aZ ijh_dlbjZg_ gZ Bgl_jg_l 

[ZabjZgb J<K b kZ jZa]e_^Zgb gydhb ijh[e_fb ijb baihea\Zg_lh gZ l_ab 

f_lh^b. 

=eZ\Z 2: Fgh]hkehcgb deb_gl/ktj\tj Zjobl_dlmjb aZ j_ZebabjZg_ 

gZ Bgl_jg_l [ZabjZgb J<K 

< ]eZ\Z \lhjZ _ gZijZ\_g ZgZeba gZ ijbeh`_gb_lh gZ fgh]hkehcgb 

Zjobl_dlmjb deb_gl/ktj\tj ijb j_ZebaZpbylZ gZ Bgl_jg_l [ZabjZgb J<K b 

_ ij_^eh`_g j_n_j_gl_g fh^_e aZ j_ZebaZpby gZ lZdb\Z Zjobl_dlmjb. 

IjbeZ]Zg_lh bf ij_^hklZ\y b \tafh`ghkl aZ baihea\Zg_ gZ jZaebqgb 
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klZg^Zjlgb b ki_pbZegh ijh_dlbjZgb aZ J<K Middleware l_ogheh]bb.  

2.1. Ljbkeh_g fh^_e aZ ba]jZ`^Zg_ gZ Bgl_jg_l [ZabjZgb J<K 

IjbeZ]Zg_lh gZ ljbkeh_g fh^_e ijb J<K bfZ aZ p_e ^Z jZa^_eb 

ij_^klZ\bl_egZlZ hl [bag_k eh]bdZlZ b lZdZ ^Z m\_ebqb kb]mjghkllZ b 

gZ^_`^ghkllZ gZ pyeZlZ kbkl_fZ. IjbeZ]Zl k_ b^_bl_ aZ baihea\Zg_ gZ 

f_`^bg_g kehc, dhclh ^Z b]jZ_ jheylZ gZ bgnhjfZpbhg_g ihjlZe dtf J<K. 

AZ jZaebdZ hl ljZ^bpbhggbl_ [bag_k ljbkehcgb Zjobl_dlmjb, ijb J<K 

kehyl aZ ^Zggb _ ^bgZfbq_g b bfZ babkd\Zgby aZ jZ[hlZ \ j_Zegh \j_f_. 

Dhgljhe_jbl_ baijZsZl gZ ktj\tjZ hl f_`^bggby kehc ^Zggbl_ \ fhf_glZ, 

\ dhclh kZ ]hlh\b. <t\_`^Z k_ klZg^Zjl_g b ihimeyj_g bgl_jn_ck aZ \jtadZ 

k ihlj_[bl_ey – Bgl_jg_l [jZma_j. Kbkl_fZlZ ^Z\Z \tafh`ghkl aZ 

hl^Ze_q_gh Z^fbgbkljbjZg_ [_a ^Z k_ m\_ebqZ\Z fgh]h jbkdtl aZ 

kb]mjghkllZ b gZ^_`^ghkllZ b.  

2.2. Fgh]hkeh_g fh^_e aZ bgl_]jZpby gZ Bgl_jg_l [ZabjZgb J<K 

Fgh]hkehcgbl_ fh^_eb iha\hey\Zl bgl_]jbjZg_lh gZ ih^kbkl_fZlZ aZ 

dhgljhe b Z\lhfZlbaZpby k [bag_k eh]bdZlZ gZ pyeZlZ kbkl_fZ. < 

ij_^eh`_gby fh^_e fh`_ ^Z bfZ ^\_ ijhy\e_gby gZ ih^kbkl_fZlZ aZ 

dhgljhe b Z\lhfZlbaZpby – ehdZe_g fj_`h\ dhgljhe b jZaij_^_e_g dhgljhe 

(nb]mjZ 2.2). EhdZegbyl dhgljhe fh`_ ^Z k_ jZa]e_`^Z dZlh ihagZlbyl \ 

Z\lhfZlbaZpbylZ fj_`h\ dhgljhe. Ijb g_]h hkgh\gZlZ jZaebdZ k 

ljZ^bpbhggbl_ kbkl_fb aZ mijZ\e_gb_ _ gZebqb_lh gZ ehdZegZ fj_`Z, ih 

dhylh k_ h[f_gyl ^Zggbl_. JZaij_^_e_gbyl dhgljhe \dexq\Z _^gZ beb 

ih\_q_ ih^kbkl_fb aZ ehdZe_g dhgljhe. Dh]Zlh ih^kbkl_fZlZ aZ ehdZe_g 

dhgljhe _ kZfh _^gZ, fh`_ ^Z k_ gZj_q_ hl^Ze_q_g dhgljhe. 

Ijb kbkl_fbl_ aZ jZaij_^_e_g dhgljhe k_ gZ[ex^Z\Z c_jZjobqgh 

k\tja\Zg_ – ih^kbkl_fbl_ aZ ehdZe_g dhgljhe \dexq\Zl dhgljhe_j hl 

gbkdh gb\h b \kbqdb k_ k\tja\Zl dtf dhgljhe_j hl \bkhdh gb\h – nb]mjZ 

2.3. Dh]Zlh kbkl_fZlZ _ kbegh jZaij_^_e_gZ, fh`_ ^Z k_ \t\_^_ f_`^bggh 

gb\h, dh_lh ^Z _ dhgljhe_j hl \bkhdh gb\h aZ ]jmiZ hl ehdZegb ih^kbkl_fb. 
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Lh\Z c_jZjobqgh jZakehy\Zg_ iha\hey\Z ^Z k_ bahebjZ \ebygb_lh f_`^m 

ehdZegby b jZaij_^_e_gby dhgljhe b ^Z k_ gZfZeb jZaijhkljZg_gb_lh gZ 

^_]jZ^ZpbylZ hl aZdtkg_gb_lh. Gydhb hl j_r_gbylZ fh]Zl ^Z k_ \a_fZl hl 

dhgljhe_jZ hl gbkdh gb\h, dh]Zlh l_ aZ\bkyl kZfh hl iZjZf_ljb \ ehdZegZlZ 

ih^kbkl_fZ. LZdZ k_ j_ZebabjZ nbeljbjZg_ b h[h[sZ\Zg_ gZ bgnhjfZpbylZ 

gZ \kydh gb\h. Dhgljhe_jtl hl f_`^bggh gb\h kem`b aZ gZkljhc\Zg_ gZ 

iZjZf_ljbl_ gZ dhgljhe_jbl_ hl gbkdh gb\h b fh^bnbpbjZg_ gZ aZdhgZ aZ 

mijZ\e_gb_ kijyfh baf_g_gbylZ \ oZjZdl_jbklbdbl_ gZ nbabq_kdZlZ kj_^Z 

b mijZ\ey\Zgby h[_dl. :dh gyfZ dhgljhe_j hl f_`^bggh gb\h, g_]h\bl_ 

nmgdpbb k_ ih_fZl hl dhgljhe_jZ hl \bkhdh gb\h. Dhgljhe_jtl hl \bkhdh 

gb\h kem`b aZ kbgojhgbabjZg_ gZ jZ[hlZlZ gZ hl^_egbl_ ]jmib hl 

dhgljhe_jb. Lhc \abfZ j_r_gby aZ ijhf_gb \ jZ[hlZlZ gZ dhgljhe_jbl_ hl 

gbkdh b kj_^gh gb\h, ke_^\Zcdb gydZd\Z ]eh[ZegZ aZ\bkbfhkl. 

 
Nb]mjZ 2.2: Fgh]hkeh_g fh^_e aZ jZaij_^_e_gZ Z\lhfZlbaZpby. 

Ij_^eh`_gbyl fh^_e bfZ q_lbjb hkgh\gb kehy – ihlj_[bl_ekdb kehc, 
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ij_^klZ\bl_e_g kehc, kehc gZ mkem]bl_ b kehc aZ ^Zggb. < aZ\bkbfhkl hl 

j_ZebaZpbylZ gZ dhgdj_lgbl_ bgklZgpbb fh]Zl ^Z [t^Zl bfie_f_glbjZgb 

\kbqdbl_ q_lbjb kehy beb kZfh gydhb hl lyo. 

 
Nb]mjZ 2.3: Fgh]hkehcgZ fj_`h\Z kbkl_fZ aZ mijZ\e_gb_. 

2.2.1. Ihlj_[bl_ekdb kehc 

JheylZ gZ ihlj_[bl_ekdby kehc _ ^Z ij_^hklZ\b gZ ihlj_[bl_ebl_ 

bgl_jn_ck aZ ^hklti ^h kbkl_fZlZ. GZc-q_klh k_ ij_^hklZ\y ^hklti qj_a 

Web kljZgbpb beb qj_a Web mkem]b. Baihea\Zg_lh gZ XSLT aZ 

ljZgknhjfZpby hl XML dtf `_eZg nhjfZl, iha\hey\Z ^Z k_ baihea\Zl 

]heyfh jZaghh[jZab_ hl deb_glb.  

2.2.2. Ij_^klZ\bl_e_g kehc 

GZ lhab kehc k_ j_ZebabjZ \oh^gZlZ lhqdZ dtf kbkl_fZlZ – Web ihjlZe 

b k_ hibk\Z gZqbgZ gZ ij_^klZ\yg_ gZ bgnhjfZpbylZ gZ ihlj_[bl_ey. 

IhjlZetl ijb_fZ aZy\dbl_ hl ihlj_[bl_ebl_ b hij_^_ey itly bf ke_^ lh\Z 

gZ [ZaZlZ gZ `_eZgZlZ mkem]Z b ktj\tjZ hl ke_^\Zsby kehc, dhclh fh`_ ^Z 

y baitegb. IhjlZetl _ b fyklhlh aZ j_]bkljZpby gZ ihlj_[bl_ebl_ b 

ijh\_jdZ gZ ijZ\ZlZ bf aZ ^hklti. AZ \k_db ihlj_[bl_e beb ]jmiZ hl 

ihlj_[bl_eb k_ ktojZgy\Z hibkZgb_ gZ ^hkltigbl_ aZ g_]h j_kmjkb hl 

kbkl_fZlZ. L_ fh]Zl ^Z [t^Zl ^_nbgbjZgb dZlh „^hkltigb” b/beb „\b^bfb”. 

AZ j_ZebaZpbylZ gZ lhab kehc k_ ij_^eZ]Z baihea\Zg_lh gZ JavaBeans b 

Apache Struts l_ogheh]bbl_ b \tafh`ghklbl_ bf aZ j_ZebabjZg_ gZ 

ihjlZeb. 
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2.2.3. Kehc gZ mkem]bl_ 

GZ lhab kehc k_ ^_nbgbjZ [bag_k eh]bdZlZ b h[_dlbl_ \ g_y. Lmd ktsh 

lZdZ k_ ijhy\y\Z b jZaij_^_e_gby oZjZdl_j gZ kbkl_fZlZ. AZ \jtadZlZ 

f_`^m bgklZgpbbl_ gZ lhab kehc k_ ij_^eZ]Z baihea\Zg_ gZ l_ogheh]bylZ 

gZ Web mkem]bl_. Gydhb hl ktj\tjbl_ gZ lhab kehc ij_^hklZ\yl hnbk 

nmgdpbhgZeghkllZ gZ kbkl_fZlZ b ij_^klZ\ey\Zl qZklb hl klZg^ZjlgZlZ 

bgnhjfZpbhggZ kbkl_fZ. HklZgZebl_ ktj\tjb gZ lhab kehc j_ZebabjZl 

jZaij_^_e_gZlZ Z\lhfZlbaZpby. < lZab kb qZkl kbkl_fZlZ _ j_Zdlb\gZ, l._. 

jZ[hlb \ aZ\bkbfhkl hl ijhf_gbl_ \ kj_^ZlZ b ke_^_gbl_ iZjZf_ljb b 

ljy[\Z ^Z j_Z]bjZ ktk kdhjhkllZ gZ l_ab ijhf_gb. JZ[hl_sbl_ \ lZab qZkl 

ktj\tjb ljy[\Z ^Z fh]Zl ^Z hij_^_eyl dhb aZy\db ke_^\Z ^Z [t^Zl 

h[jZ[hl_gb ijbhjbl_lgh b dhb s_ ih\ebyyl gZ jZ[hlZlZ gZ kthl\_lgby bf 

kehc hl ^Zggb. Baihea\Zg_lh gZ ^\_ hl^_egb gbrdb dZlh bgl_jn_ck 

iha\hey\Z g_aZ\bkbfhkl gZ bgnhjfZpbhggby h[f_g \ kehy gZ mkem]b hl 

j_ZebaZpbylZ gZ b ijhlhdheZ gZ dhfmgbdZpby \ kehy hl ^Zggb. 

2.2.4. Kehc aZ ^Zggb 

GZ kehy aZ ^Zggb k_ j_ZebabjZ ktojZg_gb_lh gZ ^Zggbl_ hl jZ[hlZlZ gZ 

kbkl_fZlZ, j_ZebabjZ k_ kt[bjZg_ gZ `mjgZegZ bgnhjfZpby b k_ ijZ\b 

j_Zeghlh ba\ebqZg_ b ijh^mpbjZg_ gZ ^Zggb. GZ lhab kehc k_ j_ZebabjZl b 

bgl_]jbjZl fj_`bl_ hl dhgljhe_jb. < l_ab fj_`b hl dhgljhe_jb k_ 

ba\ebqZl ^Zggb b k_ ba\tjr\Z dhgljhe qj_a ki_pbZebabjZg ijhlhdhe. AZ 

jZaebdZ hl ^jm]bl_ ijhy\e_gby gZ kehy aZ ^Zggb fj_`ZlZ hl dhgljhe_jb _ 

^bgZfbqgZ, dZdlh hl ]e_^gZ lhqdZ gZ mkljhckl\ZlZ, dhblh ijh^mpbjZl 

^Zggb b lhiheh]bylZ bf, lZdZ b hl ]e_^gZ lhqdZ gZ \j_f_lh aZ ijh^mpbjZg_ 

gZ ^Zggbl_. Lmd ^Zggbl_ k_ ba\ebqZl \ j_Zegh \j_f_, dh_lh gZeZ]Z b gydhb 

hkh[_ghklb, dZlh gm`^Z hl [tjaZ j_Zdpby, kbgojhgbaZpby. Hl ]e_^gZ lhqgZ 

gZ Z\lhfZlbaZpbylZ lhab kehc _ kehc gZ mkljhckl\ZlZ (device level). <FK 

hkts_kl\y\Zl ktsbgkdZlZ \jtadZ k hdhegZlZ kj_^Z b 

ke_^_gbl_/mijZ\ey\Zgbl_ h[_dlb. GZ[hjtl, lbitl b ]he_fbgZlZ gZ 
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ke_^_gbl_ iZjZf_ljb hij_^_ey babkd\ZgbylZ dtf dhfmgbdZpbhggby 

ijhlhdhe \ fj_`ZlZ hl dhgljhe_jb. 

2.2.5. <aZbfh^_ckl\b_ f_`^m keh_\_l_ 

<aZbfh^_ckl\b_lh f_`^m jZaebqgbl_ keh_\_ \ fh^_eZ b \ jZfdbl_ gZ 

hl^_egbl_ keh_\_ _ [ZabjZgh gZ jZaebqgb dhfmgbdZpbhggb l_ogheh]bb b 

ijhlhdheb, kth[jZa_gh k babkd\ZgbylZ gZ jZ[hlZ gZ kehy, lbiZ gZ 

h[f_gygbl_ ^Zggb b mkeh\bylZ – nb]mjZ 2.7.  

 
Nb]mjZ 2.7: <aZbfh^_ckl\b_ f_`^m keh_\_l_. 

2.3. Ijhlhdhe aZ ba\ebqZg_ gZ ^Zggb \ fj_`b hl dhgljhe_jb 

(CNDEP)  

Ijhlhdhetl CNDEP (Controller Network Data Extracting Protocol) _ 

Zkbf_ljbq_g ijhlhdhe, baihea\Zg aZ ba\ebqZg_ gZ ^Zggb hl fj_`ZlZ hl 

dhgljhe_jb, dhylh jZ[hlb gZ kehy aZ ^Zggb \ fgh]hkehcgb fh^_eb 

deb_gl/ktj\tj. H[f_gtl gZ ^Zggb _ hj]ZgbabjZg ih f_oZgbafZ aZy\dZ-

hl]h\hj b kth[s_gbylZ kZ [Zcl-hjb_glbjZgb \tjom UDP ljZgkihjl.  

 
Nb]mjZ 2.9: F_oZgbafb gZ \aZbfh^_ckl\b_ ijb CNDEP. 

Ijhlhdhetl j_ZebabjZ ljb f_oZgbafZ gZ h[f_g gZ ^Zggb – nb]mjZ 2.9. 

Itj\byl f_oZgbatf _ ba\ebqZg_ gZ ^Zggb: aZy\dZ aZ ihemqZ\Zg_ gZ 

hij_^_e_g iZjZf_ltj b hl]h\hj, kt^tj`Zs iZjZf_ltjZ. <lhjbyl 
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f_oZgbatf k_ baihea\Z aZ dhgnb]mjbjZg_: baijZsZ k_ aZy\dZ k iZjZf_ltjZ 

b gh\ZlZ fm klhcghkl, Z hl]h\hjtl _ kZfh ihl\tj`^_gb_ beb ]j_rdZ. Ijb 

lj_lby f_oZgbatf \]jZ^_gZlZ kbkl_fZ _ bgbpbZlhj – baijZsZ ZeZjfZ, 

dh]Zlh ^Z^_g iZjZf_ltj bae_a_ hl hij_^_e_gb ]jZgbpb.  

<kydh kth[s_gb_ k_ ktklhb hl klZjlh\ [Zcl, [Zcl aZ ghf_j gZ k_kby, 

[Zclh\_ aZ ^Zggb b djZ_g [Zcl. ;Zclh\_l_ aZ ^Zggb fh`_ ^Z ijbktkl\Zl \ 

jZaebq_g [jhc b ijhy\e_gby, dhblh hibk\Zl ghf_j gZ dhfZg^Z, ghf_j gZ 

nmgdpby, iZjZf_ltj aZ dhgnb]mjbjZg_, klhcghkl gZ iZjZf_ltj, dh^ gZ 

]j_rdZ b ^jm]b. KljmdlmjZlZ gZ aZy\dZ b hl]h\hj _ ihdZaZgZ gZ nb]mjZ 

2.10. KlZjlh\byl [Zcl b [ZclZ aZ djZc gZ kth[s_gb_ kZ ASCII dh^bjZgb – 

kthl\_lgh 02 (STX) b 03 (ETX). KlhcghkllZ \ ihe_lh session-id 

Z\lhfZlbqgh k_ m\_ebqZ\Z ijb \kydZ ke_^\ZsZ aZy\dZ hl kljZgZ gZ deb_glZ 

b kem`b aZ mgbdZegh jZaihagZ\Zg_ gZ ^\hcdZlZ aZy\dZ-hl]h\hj, aZ_^gh k IP 

Z^j_kZ gZ ih^Zl_ey. Ihe_lh command-id kt^tj`Z b^_glbnbdZpbhg_g ghf_j 

gZ CNDEP dhfZg^Z; dhfZg^b k ghf_jZ 0 b 255 kZ TEST, dZlh itj\ZlZ 

\bgZ]b \jtsZ OK, Z \lhjZlZ ERROR. DhfZg^b k ghf_jZ hl 1 ^h 127 kZ GET 

aZy\db, Z lZdb\Z k ghf_jZ hl 128 ^h 254 – SET aZy\db. Lh\Z jZa^_e_gb_ _ k 

p_e ih-e_kgh jZa]jZgbqZ\Zg_ gZ jZaebqgbl_ f_oZgbafb aZ dhfmgbdZpby. 

 
Nb]mjZ 2.10: KljmdlmjZ gZ CNDEP kth[s_gbylZ. 

Ltc dZlh ijhlhdhetl _ Zkbf_ljbq_g, ktj\tjgZlZ b deb_glkdZlZ qZkl 

baitegy\Zl jZaebqgb ijhp_^mjb. Deb_glkdZlZ qZkl nhjfbjZ aZy\db, dZlh 

ke_^b aZ ghf_j gZ k_kby, balbqZg_ gZ hij_^_e_gh \j_f_ aZ hl]h\hj b 

ih\lhjgh baijZsZg_ ijb ]j_rdZ. Ktj\tjgZlZ qZkl ljy[\Z ^Z ^_dh^bjZ 

ihemq_gbl_ aZy\db, ^Z baitegb dhfZg^ZlZ b ^Z nhjfbjZ b baijZlb 

kthl\_lgby hl]h\hj – nb]mjZ 2.11. 

AZy\dZ 

Hl]h\hj 
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Nb]mjZ 2.11: >bZ]jZfZ gZ ktklhygbylZ gZ CNDEP ktj\tj. 

2.4. Ijbeh`_gb_ gZ SNMP aZ j_ZebaZpby gZ J<K 

Hkgh\gbl_ ^hklhcgkl\Z gZ ijhlhdheZ SNMP kZ [tjaZlZ jZ[hlZ b 

gZebqb_lh gZ ijh]jZfgb kj_^kl\Z aZ kt[bjZg_ gZ bgnhjfZpbylZ. Lhc _ 

ijh_dlbjZg aZ ke_^_g_ gZ mkljhckl\Z b h[jZlgZlZ \jtadZ _ kZfh qj_a 

ijhfygZ gZ \tlj_rgb ijhf_geb\b, dh_lh ]h ijZ\b ih-g_m^h[_g aZ 

ijbeh`_gb_ \ Bgl_jg_l [ZabjZgb J<K. G_^hklZltd _ g_h[oh^bfhkllZ ^Z k_ 

h[oh^b ]heyfZ qZkl hl ^tj\hlh, aZ ^Z k_ hij_^_eb dZd\Z _ aZy\dZlZ, Z ltc 

dZlh ijhlhdhetl g_ _ hilbfbabjZg aZ J<K, ^tj\hlh _ kjZ\gbl_egh ]heyfh. 

2.5. Ijbeh`_gb_ gZ fgh]hkehcgby deb_gl/ktj\tj fh^_e 

Ij_^eh`_gbyl fgh]hkeh_g deb_gl/ktj\tj fh^_e _ gZ ^hklZltqgh 

\bkhdh gb\h gZ Z[kljZdpby, q_ ^Z fh`_ ^Z [t^_ ijbeh`_g \ jZaghh[jZagb 

j_ZebaZpbb, dZlh „mfgZ dtsZ”, i_jkhgZegh a^jZ\_hiZa\Zg_, mijZ\e_gb_ 

Z]jZjgb h[_dlb, _g_j]bcgZ _n_dlb\ghkl. :jobl_dlmjZlZ gZ ij_^klZ\_gZlZ 

kbkl_fZ _ ijhy\e_gb_ gZ ij_^eh`_gby fh^_e k h]jZgbq_gby, ijhbalbqZsb 

hl dhgdj_lghlh ijbeh`_gb_ – nb]mjZ 2.14. < g_y k_ ijhy\y\Zl \kbqdb 

keh_\_ gZ fh^_eZ b _ gZebp_ bgl_]jZpby k \tgrgb kbkl_fb.  
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Nb]mjZ 2.14: :jobl_dlmjZ gZ J<K aZ _g_j]bcgZlZ _n_dlb\ghkl gZ k]jZ^b 

<t\ \kydZ klZy hl k]jZ^ZlZ bfZ k_gahjb aZ ke_^_g_ gZ iZjZf_ljbl_. Dtf 

\kydh hlhiebl_egh lyeh bfZ k_gahjb aZ hlqblZg_ gZ dhgkmfbjZgZlZ 

fhsghkl b aZ baitegbl_egh mkljhckl\h, dh_lh mijZ\ey\Z jZ[hlZlZ fm. 

<kbqdb k_gahjb b mijZ\ey\Zsb mkljhckl\Z, dhblh jZ[hlyl aZ_^gh, k_ 

mijZ\ey\Zl hl _^gZ <FK. =jmibl_ hl <FK, jZ[hlZlZ gZ dhblh aZ\bkb _^bg 

hl ^jm], ij_^klZ\ey\Zl _^gZ fj_`Z hl dhgljhe_jb (_^gh ijhy\e_gb_ gZ kehy 

aZ ^Zggb) b kZ k\tjaZgb dtf _^bg ijbeh`_g ktj\tj. <kbqdb ijbeh`gb 

ktj\tjb kZ k\tjaZgb dtf _^bg Web ihjlZe, dhclh kbgojhgbabjZ jZ[hlZlZ 

bf b kem`b aZ \oh^gZ lhqdZ dtf kbkl_fZlZ. Ktsh lZdZ ihjlZetl fh`_ ^Z k_ 

k\tja\Z dtf \tgrgb aZ kbkl_fZlZ debfZlbqgb baf_j\Zl_egb klZgpbb b 

mkem]b b ^Z ihemqZ\Z ijh]ghaZ aZ \j_f_lh beb l_dmsb ^Zggb. L_ab ^Zggb k_ 

baihea\Zl aZ ^hgZkljhc\Zg_ gZ jZ[hlZlZ gZ kbkl_fZlZ k p_e ih _n_dlb\gZ 

jZ[hlZ gZ hlhiebl_egbl_ b hoeZ^bl_egbl_ mkljhckl\Z b ih-ieZ\gh 

j_]mebjZg_ gZ fbdjhdebfZlZ. Ijbeh`gbl_ ktj\tjb j_ZebabjZl kehy gZ 

mkem]bl_. L_ h[f_gyl bgnhjfZpby ihf_`^m kb qj_a Web mkem]b. LZdZ 

ijhf_gbl_ \ ^Z^_gh ihf_s_gb_ beb j_]bhg k_ \a_fZl ij_^\b^ ijb 

j_]mebjZg_lh gZ hklZgZebl_ ihf_s_gby. 
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Ba\h^b 

Ij_^eh`_g _ Z[kljZdl_g fgh]hkeh_g fh^_e aZ j_ZebabjZg_ gZ Bgl_jg_l 

[ZabjZgb J<K. Fh^_etl iha\hey\Z bgl_]jbjZg_ gZ [bag_k bgnhjfZpbhggb 

kbkl_fb b J<K \ _^gZ h[sZ Zjobl_dlmjZ. >Z^_gb kZ ijbf_jgb j_ZebaZpbb 

b ijbeh`bfb l_ogheh]bb aZ hkts_kl\y\Zg_ gZ keh_\_l_ gZ fh^_eZ. 

Ij_^eh`_g _ ijbeh`_g ijhlhdhe, [ZabjZg gZ UDP, dhclh j_ZebabjZ 

bgnhjfZpbhgghlh \aZbfh^_ckl\b_ \ kehy aZ ^Zggb. Lhab ijhlhdhe 

baihea\Z ijhklh kljmdlmjb hl ^Zggb b djZldb kth[s_gby aZy\dZ/hl]h\hj aZ 

ba\ebqZg_ gZ ^Zggb b ij_^Z\Zg_ gZ mijZ\ey\ZsZ bgnhjfZpby \ fj_`b hl 

dhgljhe_jb k mijZ\ey\Zsh mkljhckl\h. IhdZaZgb kZ b Zel_jgZlb\gb 

ijhlhdheb aZ j_ZebaZpby gZ bgnhjfZpbhgghlh \aZbfh^_ckl\b_ gZ lhab 

kehc. 

Ij_^eh`_gZ _ j_ZebaZpby gZ ktj\tj aZ bgl_]jZpby gZ keh_\_l_ aZ ^Zggb 

b mkem]b. J_ZebaZpbylZ gZ ktj\tjZ iha\hey\Z bgl_]jbjZg_lh gZ fj_`ZlZ hl 

dhgljhe_jb dtf Zjobl_dlmjZlZ gZ Web mkem]bl_ b iha\hey\Z ]_h]jZnkdhlh 

jZaij_^_e_gb_ gZ kbkl_fZlZ. 

=eZ\Z 3: Bake_^\Zg_ gZ ijhlhdheb aZ Bgl_jg_l [ZabjZgb J<K 

Ij_a ihke_^gbl_ ]h^bgb k_ gZ[ex^Z\Z klj_f_` aZ Z^ZilbjZg_ gZ 

klZg^Zjlgbl_ ijhlhdheb aZ dhfmgbdZpby hl TCP/IP kl_dZ b Bgl_jg_l 

l_ogheh]bbl_ \t\ \kbqdb bgnhjfZpbhggb kbkl_fb, \dexqbl_egh b \ J<K. 

3.1. Ijbeh`_gb_ gZ Ethernet aZ Bgl_jg_l [ZabjZgb J<K 

Ijb bake_^\Zg_lh gZ Fast Ethernet ljy[\Z ^Z k_ \a_fZl ih^ \gbfZgb_ 

hkgh\gbl_ jZaebqby kijyfh [Zah\by Ethernet: baihea\Zg_lh gZ dhfmlZlhjb, 

dh_lh ij_^hij_^_ey ebikZlZ gZ dhebabb ijb ij_^Z\Zg_ f_`^m g_aZ\bkbfb 

klZgpbb, b baihea\Zg_lh gZ ite_g ^mie_dk \jtadZ. 

3.1.1. Lbih\_ ljZnbd ijb Ethernet dhfmgbdZpby aZ J<K 

Ijb bake_^\Zg_ gZ J<K \ ehdZegb fj_`b _ g_h[oh^bfh ^Z k_ ih^[_j_ 

lbitl ljZnbd, dhclh _ gZc-[ebatd ^h j_ZegZlZ kblmZpby. AZ J<K _ 

oZjZdl_j_g i_jbh^bq_g ljZnbd, dZdlh b q_ jZaf_jtl gZ iZd_lbl_ ihqlb g_ 
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k_ baf_gy \t\ \j_f_lh b _ ih-fZetd beb [ebatd ^h jZaf_jZ gZ fbgbfZegby 

dZ^tj. AZ j_Zebklbqgh ij_^klZ\yg_ gZ ljZnbdZ \ J<K k_ baihea\Zl 

dhf[bgZpbb hl ihklhyg_g ljZnbd (CBR) b IhZkhgh\ ljZnbd, beb 

ihklhyg_g ljZnbd (CBR) b j_Zegb Ethernet lj_ckh\_. IjZ\b \i_qZle_gb_, 

q_ ljZnbdtl _ jZaebq_g hl hnbk fj_`bl_, dh_lh gZeZ]Z ^jm] lbi 

_dki_jbf_glb b fh^_eb aZ hibkZgb_ gZ ih\_^_gb_lh gZ fj_`ZlZ hl 

lbibqgbl_ aZ Ethernet.  

3.1.2. Hkgh\gb iZjZf_ljb, \eby_sb gZ ijhba\h^bl_eghkllZ gZ 

Ethernet aZ J<K 

Kbkl_fbl_ aZ jZ[hlZ \ j_Zegh \j_f_ bfZl kljh]b babkd\Zgby dtf 

\j_f_\bl_ oZjZdl_jbklbdb \t\ \kydZ mijZ\ey\ZgZ ih^kbkl_fZ, dhylh 

\dexq\Z ke_^_g_, baqbke_gb_ ih aZdhg aZ mijZ\e_gb_, b j_Zdpby. < 

fj_`h\bl_ kbkl_fb aZ dhgljhe, h[jZlgZlZ \jtadZ k_ aZl\Zjy ij_a fj_`ZlZ. 

AZdtkg_gb_lh hl fj_`ZlZ k_ ijhy\y\Z, dh]Zlh k_gahjbl_, baitegbl_egbl_ 

mkljhckl\Z b dhgljhe_jtl h[f_gyl ^Zggb ihf_`^m kb – nb]mjZ 3.1.  

 
Nb]mjZ 3.1: Fj_`h\Z kbkl_fZ aZ mijZ\e_gb_ b aZdtkg_gbylZ \ g_y. 

AZdtkg_gbylZ fh]Zl ^Z [t^Zl ihklhyggb, ijhf_geb\b beb kemqZcgb, \ 

aZ\bkbfhkl hl ij_ghkgZlZ kj_^Z, ^hkltiZ ^h g_y b ijhlhdheZ aZ h[f_g. 

3.1.3. Hkgh\gb dhfihg_glb gZ aZdtkg_gb_lh ijb Ethernet dhfmgbdZpby 

aZ J<K 

AZ ih-lhqgh ZgZebabjZg_ gZ aZdtkg_gbylZ ijb dhfmgbdZpby \ J<K _ 
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m^h[gh l_ ^Z k_ jZa^_eyl gZ hl^_egb dhfihg_glb, \ aZ\bkbfhkl hl 

ijbqbgbl_ b oZjZdl_jZ gZ ijhy\e_gb_. AZdtkg_gb_lh \ _^gZ ehdZegZ fj_`Z 

fh`_ ^Z k_ ij_^klZ\b [_a hlqblZg_ gZ dhebabbl_, dZlh kmfZ hl ke_^gbl_ 

dhfihg_glb: aZdtkg_gb_lh hl h[jZ[hldZ ijb baijZsZsZlZ kljZgZ, ijb 

ihemqZ\ZsZlZ, \j_f_lh aZ ij_^Z\Zg_ gZ dZ^tjZ b \j_f_lh aZ 

jZaijhkljZg_gb_ gZ kb]gZeZ ih dhgdj_lgZlZ ij_ghkgZ kj_^Z.  

3.1.4. :gZeblbqgh hij_^_eyg_ gZ aZiZkZ b \bjlmZeghlh aZdtkg_gb_ \ 

kbkl_fZ k Ethernet dhfmlZlhj.  

AZ bake_^\Zg_ gZ Ethernet dZlh dhfmgbdZpbhg_g ijhlhdhe aZ Bgl_jg_l 

[ZabjZgb J<K k_ ij_^eZ]Z ZgZeblbq_g fh^_e, hkgh\Z\Zs k_ gZ 

fZl_fZlbq_kdby ZiZjZl „Network Calculus”. Lhab ZiZjZl k_ ktkj_^hlhqZ\Z 

\tjom hij_^_eyg_ gZ aZdtkg_gb_lh b aZiZkZ gZ kbkl_fZlZ, ijb dh_lh 

bgnhjfZpbylZ \ fj_`ZlZ k_ jZa]e_`^Z dZlh ihlhpb, Z fj_`h\bl_ 

mkljhckl\Z dZlh h[kem`\Zsb \taeb, \gZkysb aZdtkg_gb_. Hkgh\gbl_ 

iZjZf_ljb, dhblh k_ ^_nbgbjZl, kZ aZiZk, \bjlmZegh aZdtkg_gb_, djb\b gZ 

ijbklb]Zg_ b h[kem`\Zg_. Hkgh\gZlZ jZaebdZ k l_hjbylZ gZ bgnhjfZpbylZ 

_, q_ ltjkbf ]jZgbpbl_ gZ iZjZf_ljbl_, Z g_ kj_^gZlZ bf klhcghkl. 

3.2. KbfmeZpbhggZ hp_gdZ gZ Ethernet aZ Bgl_jg_l [ZabjZgb J<K. 

AZ hp_gdZ gZ bgnhjfZpbhgghlh \aZbfh^_ckl\b_ b \j_f_aZdtkg_gbylZ \ 

jZfdbl_ gZ _^gZ J<K, baihea\ZsZ Ethernet dZlh dhfmgbdZpbhggZ kj_^Z, _ 

ij_^eh`_g kbfmeZpbhg_g fh^_e.  

3.2.1. KbfmeZpbhggZ kj_^Z NS-2 

Ij_^eh`_ghlh kbfmeZpbhggh bake_^\Zg_ _ j_ZebabjZgh gZ fj_`h\by 

kbfmeZlhj NS (\_jkby 2). Lhc ij_^klZ\ey\Z kt[blbcgh-hjb_glbjZg 

^bkdj_l_g kbfmeZlhj, jZajZ[hl_g \ mgb\_jkbl_lZ Berkley.  

3.2.2. Kp_gZjbc gZ kbfmeZpbylZ 

Ij_^eh`_gbyl kp_gZjbc aZ kbfmeZpbhggh bake_^\Zg_ _ ba[jZg ^Z 

kthl\_lkl\Z gZ q_klh kj_sZg fh^_e gZ dhfmgbdZpby \ J<K. Ktklhb k_ hl 

_^gh „]eZ\gh” mkljhckl\h b fgh`_kl\h „ih^qbg_gb”. Ih^qbg_gbl_ 
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mkljhckl\Z ij_^klZ\ey\Zl <FK, dhblh bfZl k_gahjgb beb baitegbl_egb 

mkljhckl\Z, \dexq_gb dtf gydhc hl l_ogbl_ bgl_jn_ckb. H[sh kZ 

gZj_q_gb „fj_`Z hl dhgljhe_jb”. Ltc dZlh \taebl_ \ fj_`ZlZ kZ k\tjaZgb 

dtf dhfmlZlhj, \k_db h[hkh[_g \ k\hc fbdjhk_]f_gl b jZ[hl_s \ j_`bf gZ 

ite_g ^mie_dk, lh lh]Z\Z [jhy gZ dhgljhe_jbl_ g_ _ hl agZq_gb_. L_ogbyl 

[jhc bfZ \ebygb_ kZfh \tjom dhebq_kl\hlh gZ ]_g_jbjZgby ljZnbd b 

ke_^h\Zl_egh \ kbfmeZpbhggby kp_gZjbc fj_`ZlZ hl dhgljhe_jb fh`_ ^Z 

[t^_ ij_^klZ\_gZ hl _^bg _^bgkl\_g \ta_e ktk kthl\_lgby ljZnbd. Hl ^jm]Z 

kljZgZ, \ke_^kl\b_ gZ fh^_eZ gZ dhfmgbdZpby, badexq\Zf_ \tafh`ghkllZ 

^\Z dhgljhe_jZ ^Z dhfmgbdbjZl ihf_`^m kb b aZlh\Z fh`_f ^Z h]jZgbqbf 

[jhy gZ baihea\Zgbl_ \taeb ^h ljb – _^bg aZ ktj\tjZ aZ ljZgaZdpbb, _^bg aZ 

fj_`h\by dhfmlZlhj b  ihke_^gby aZ fj_`ZlZ hl dhgljhe_jb. DhfmlZlhjtl 

_ ijh]jZfbjm_f b ih^^tj`Z \tafh`ghklb aZ aZ^Z\Zg_ gZ ijbhjbl_l gZ 

deZkh\_l_ ljZnbd b j_a_j\bjZg_ gZ ijhimkdZl_egZ kihkh[ghkl ih ko_fZlZ 

gZ klZg^ZjlZ 802.1j. < gZklhysZlZ kbfmeZpby _ ba[jZgh \ dhfmlZlhjZ ^Z k_ 

j_ZebabjZl q_lbjb hiZrdb – _^gZ, dhylh k_ h[kem`\Z k PQ b ljb, 

h[kem`\Zgb ih WRR. IZd_lbl_ hl itj\ZlZ hiZrdZ k_ ij_ij_^Z\Zl [_a ^Z k_ 

\ebyyl hl hklZgZeby ljZnbd. Ljbl_ WRR hiZrdb kZ k l_]eZ 70/25/5%. 

(nb]mjZ 3.4). 

 
Nb]mjZ 3.4: Nbabq_kdZ lhiheh]by gZ kbfmeZpbhggby fh^_e. 

< kthl\_lkl\b_ k ba[jZgby fh^_e gZ kbfmeZpby b k oZjZdl_jgby aZ J<K 

ljZnbd kZ ba[jZgb q_lbjb lbiZ ljZnbd – WT1, WT2, WT3, WT4. Itj\byl 
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lbi ljZnbd (WT1) kthl\_lkl\Z gZ kp_gZjbb aZ dhfmgbdZpby, ^bZ]ghklbdZ b 

fhgblhjbg] b dhgljhe. Ktklhb k_ hl fZedb ih jZaf_j, i_jbh^bqgb 

kth[s_gby. Lhc ij_^klZ\ey\Z 90% hl p_eby ljZnbd \ gZklhysZlZ 

kbfmeZpby. <lhjbyl lbi ljZnbd (WT2) kthl\_lkl\Z gZ kp_gZjbc aZ 

ij_^Z\Zg_ gZ ZeZjf_gb kth[s_gby. Ij_^klZ\ey\Z 4% hl p_eby ljZnbd. 

JZaij_^_e_gb_lh fm _ kemqZcgh – fh`_ ^Z k_ fh^_ebjZ dZlh IhZkhgh\ 

ijhp_k. Lj_lbyl lbi ljZnbd (WT3) kthl\_lkl\Z gZ kp_gZjby aZ 

dhgnb]mjZpby gZ mkljhckl\ZlZ \ fj_`ZlZ - baihea\Z fZedb ih jZaf_j 

i_jbh^bqgb kth[s_gby b ij_^klZ\ey\Z 5% hl p_eby ljZnbd. Ihke_^gbyl 

lbi ljZnbd (WT4) b]jZ_ jheylZ gZ rmf beb nhgh\ ljZnbd. H[bdgh\_gh k_ 

ihy\y\Z \ gZqZegby fhf_gl gZ jZ[hlZ gZ fj_`ZlZ b \dexq\Z ij_^Z\Zg_lh 

gZ kj_^gb b ]he_fb ih jZaf_j kth[s_gby. Ij_^klZ\ey\Z 1% hl p_eby 

ljZnbd. <k_db hl q_lbjbl_ lbiZ ljZnbd ke_^\Z ^Z k_ h[\tj`_ k ih^oh^ysh 

ijbeh`_gb_, dh_lh ^Z ]h fh^_ebjZ k fZdkbfZegh ih^h[b_ ^h j_Zegby 

ljZnbd – nb]mjZ 3.5. 

 
Nb]mjZ 3.5: Eh]bq_kdZ lhiheh]by gZ kbfmeZpbhggby fh^_e. 

3.2.3. :gZeblbqgh baqbke_gb_ gZ j_amelZlbl_ 

AZ baqbke_gb_ gZ aZdtkg_gbylZ b aZiZkZ \ kbkl_fZlZ, k_ hij_^_eyl 

djb\bl_ gZ ijbklb]Zg_ gZ \k_db ihlhd b iZjZf_ljbl_ gZ l_ab djb\b, 

kt]eZkgh ij_^eh`_gby kp_gZjbc gZ dhfmgbdZpby. < bake_^\Zg_lh bfZ 

q_lbjb ihlhdZ k jZaebqgb iZjZf_ljb – WT1, WT2, WT3 b WT4. Ihlhd 

WT1 _ i_jbh^bq_g, ihjZ^b dh_lh g_]h\ZlZ djb\Z gZ ijbklb]Zg_ fh`_ ^Z k_ 
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hibr_ k nhjfmeZ (3.18), dt^_lh L – _ jZaf_jtl gZ dZ^tjZ, Z T – i_jbh^Z: 

 (3.18)  t
T
LLt .)(1 � D  

HklZgZebl_ ljb ihlhdZ (WT2, WT3 b WT4) fh]Zl ^Z k_ fh^_ebjZl dZlh 

TSPEC, hibkZgb k q_lbjbf_jgby \_dlhj ^ `iiii rbpM ,,, , ij_^klZ\ys 

fZdkbfZegby jZaf_j gZ dZ^tjZ – M, \tjoh\ZlZ kdhjhkl – p, fZdkbfZegby 

[jhc dZ^jb, baijZl_gb _^gh\j_f_ggh (burst) – b, b ^te]hkjhqgZlZ kj_^gZ 

kdhjhkl – r. Djb\bl_ gZ ijbklb]Zg_ k_ hibk\Zl k nhjfmeZlZ:  

(3.19)  }.;.min{)( iiiii btrMtpt �� D  

H[kem`\Zg_lh, ij_^hklZ\_gh hl dhfmlZlhjZ gZ hl^_egbl_ ihlhpb, 

aZ\bkb hl ^bkpbiebgZlZ gZ h[jZ[hldZ gZ aZy\dbl_ \ hiZrdZlZ. Djb\ZlZ gZ 

h[kem`\Zg_ hlgh\h _ RSPEC (rate-latency), gh kdhjhkllZ gZ ij_ij_^Z\Zg_ b 

aZdtkg_gb_lh \ dhfmlZlhjZ k_ ij_baqbkey\Zl. AZ FIFO h[jZ[hldZ kdhjhkllZ 

gZ ij_ij_^Z\Zg_lh k_ baqbkey\Z ih nhjfmeZ 3.21, Z aZdtkg_gb_lh \ 

dhfmlZlhjZ ih nhjfmeZ 3.22 aZ \k_db ihlhd. AZ PQ h[kem`\Zg_, kthl\_lgh 

qj_a nhjfmeb 3.23 b 3.24. AZ h[kem`\Zg_ k iheblbdZ WRR – kthl\_lgh k 

nhjfmeb 3.25 b 3.26.  
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DZlh k_ baihea\Zl nhjfmebl_ aZ djb\bl_ gZ ijbklb]Zg_ b h[kem`\Zg_, 

fh]Zl ^Z [t^Zl hij_^_e_gb fZdkbfZeghlh aZdtkg_gb_ gZ \k_db ihlhd 

(nhjfmeZ 3.28) b g_h[oh^bfby aZiZk \ kbkl_fZlZ (nhjfmeZ 3.31). 
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(3.31)  
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Baihea\Zcdb nhjfmeb 3.21-22 (FIFO), 3.23-24 (SP) b 3.25-26 (WRR) aZ 

hibkZgb_ gZ djb\bl_ gZ h[kem`\Zg_, fh]Zl ^Z [t^Zl baqbke_gb 

fZdkbfZeghlh aZdtkg_gb_ ih nhjfmeZ 3.28 b g_h[oh^bfbyl aZiZk \ 

kbkl_fZlZ ih nhjfmeZ 3.31. Ljy[\Z kZfh ^Z k_ ^_nbgbjZl iZjZf_ljbl_ gZ 

hl^_egbl_ ihlhpb (lZ[ebpZ 3.3). 

LZ[ebpZ 3.3: IZjZf_ljb gZ ihlhpbl_ b fj_`h\by dhfmlZlhj 
SW WT1 WT2 WT3 WT4 

R [bps] 1.0x108 L [bits] 576 b2 [bits] 4096 b3 [bits] 16384 b4 [bits] 48704 
S [s] 4.5x10-5 T [s] 1.0x10-4 r2 [bps] 4.0x104 r3 [bps] 1.0x105 r4 [bps] 1.0x106 

    M2 [bits] 2048 M3 [bits] 8192 M4 [bits] 12176 
    p2 [bps] 1.0x108 p3 [bps] 1.0x108 p4 [bps] 1.0x108 

:dh k_ \a_f_ ij_^\b^ kp_gZjbyl k 1P3Q1T mijZ\e_gb_ gZ hiZrdbl_, 

fh]Zl ^Z k_ gZijZ\yl baqbke_gby aZ kdhjhkllZ gZ ij_ij_^Z\Zg_ b 

eZl_glghkllZ, ij_^hklZ\_gZ gZ \k_db ihlhd hl dhfmlZlhjZ, dZdlh b 

aZdtkg_gb_lh hl ij_klhc \ hiZrdZlZ. <Z`gh _ kZfh ^Z k_ ih^[_j_ dhc 

ljZnbd \ dhy hiZrdZ ^Z ihiZ^g_. BfZ jZaebqgb \ZjbZglb kZ hij_^_eyg_ gZ 

ijbhjbl_lZ. JZaebdZlZ f_`^m lyo _ hkgh\gh \ ijbhjbl_lZ gZ ljZnbdZ aZ 

dhgnb]mjbjZg_ gZ fj_`ZlZ. Hk\_g lh\Z fh`_ ^Z \ZjbjZ ijbhjbl_ltl gZ  

i_jbh^bqgby ljZnbd b ZeZjfbl_. Ijb ba[jZgby \ZjbZgl gZc-\bkhd 

ijbhjbl_l _ ijbk\h_g gZ i_jbh^bqgby ljZnbd, ke_^ lh\Z ZeZjfb, fj_`h\Z 

dhgnb]mjZpby b ihke_^gh nhgh\. Ljbl_ gbkdhijbhjbl_lgb ljZnbdZ 

ihemqZ\Zl „q_klgh” h[kem`\Zg_, Zdh ijbhjbl_lgZlZ hiZrdZ h[kem`\Z 

g_Z]j_kb\_g ljZnbd – lZ[ebpZ 3.5. 

LZ[ebpZ 3.5: :gZeblbqgb j_amelZlb aZ 1P3Q1T 

Flow Backlog  
[Bytes] 

Delay  
[�s] 

Latency  
[�s] 

Rate  
[Mbps] 

WT1 729 37 11.3 1000 

WT2 513 204 177 678 

WT3 2054 470 443 242 

WT4 6159 981 561 30 

Ihemq_ghlh aZdtkg_gb_ aZ WT1 _ \ke_^kl\b_ gZ g_h[oh^bfhkl hl 
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baqZd\Zg_ gZ \eyate aZ h[jZ[hldZ iZd_l hl gbkdh-ijbhjbl_l_g ihlhd. 

FZdkbfZegZlZ klhcghkl _ ijb baqZd\Zg_ gZ pye iZd_l k fZdkbfZegZ 

]he_fbgZ hl ihlhd WT4 (1522 [ZclZ) – nhjfmeZ 3.24. AZdtkg_gbylZ aZ 

hklZgZebl_ ihlhpb aZ\bkyl hl djb\ZlZ gZ ijbklb]Zg_ gZ WT1 b hl l_]eZlZ 

bf \ WRR h[kem`\Zg_lh. FZdkbfZeghlh aZdtkg_gb_ k_ ihemqZ\Z, dh]Zlh _ 

g_h[oh^bfh ^Z k_ baqZdZl iZd_lbl_ hl ihlhd WT1 b itegh h[oh`^Zg_ gZ 

hklZgZebl_ hiZrdb (l._. Zdh ltdfh _ fbgZe j_^tl gZ kthl\_lgby ihlhd). 

3.2.4. J_amelZlb hl kbfmeZpbylZ 

DZdlh [_ ihdZaZgh \ ij_^gZlZ k_dpby, kts_kl\_gh _ hij_^_eyg_lh gZ 

iZjZf_ljbl_ gZ ihlhpbl_ b fj_`h\by dhfmlZlhj. <tafh`ghklbl_ gZ 

baihea\Zgby fj_`h\ kbfmeZlhj g_ iha\hey\Zl ^_nbgbjZg_ gZ ljZnbd ih 

aZ^Z^_gbl_ iZjZf_ljb, Z ktsbyl k_ fh^_ebjZ qj_a ]_g_jZlhjb. IZjZf_ljbl_ 

gZ baihea\Zgby \ kbfmeZpbylZ _dkihg_gpbZe_g ljZnbd kZ kthl\_lgh: packet 

size, burst time, idle time, rate. AZ ijb\tja\Zg_lh bf dtf iZjZf_ljbl_ gZ 

ZgZeblbqgby fh^_e k_ baihea\Zl ki_pbZegh ba\_^_gb nhjfmeb.  

 
Nb]mjZ 3.9: Djb\b gZ ijbklb]Zg_ gZ ihlhpbl_ \ kbfmeZpbylZ (eh]Zjblfbq_g 

fZsZ[) 

Djb\bl_ gZ ijbklb]Zg_ gZ \kbqdb ihlhpb kZ kltiZeh\b^gb nmgdpbb, 

dZlh aZ i_jbh^bqgby ihlhd kltidbl_ kZ jZ\ghf_jgb, Z aZ hklZgZebl_ – 

g_jZ\ghf_jgb. G_jZ\ghf_jghkllZ gZ kltidbl_ gZ ihlhpbl_ aZ\bkb hl 

]he_fbgZlZ gZ iZd_lbl_ b bgl_j\Zebl_ idle_time b burst_time. Ijb ijhfygZ 
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gZ fZsZ[Z – aZ ]he_fb i_jbh^b hl \j_f_, \kbqdb djb\b gZ ijbklb]Zg_ k_ 

^h[eb`Z\Zl ih nhjfZ ^h ebg_cgZ nmgdpby k gZdehg, jZ\_g gZ kj_^gZlZ 

kdhjhkl gZ ihlhdZ – nb]mjZ 3.9. Baihea\ZgZlZ ijhimkdZl_egZ kihkh[ghkl hl 

ihlhd WT1 _ hdheh 55 F[bl/k_d. < qZkllZ hl kbfmeZpbylZ, dt^_lh 

ijbktkl\Zl q_lbjbl_ ihlhdZ, kj_^gZlZ baihea\ZgZ ijhimkdZl_egZ 

kihkh[ghkl _ 56 F[bl/k_d, Z fZdkbfZegZlZ 94 F[bl/k_d.  

 
Nb]mjZ 3.12: Obklh]jZfZ gZ aZdtkg_gb_lh gZ iZd_lbl_ hl ihlhd WT1. 

Hkgh\gZlZ qZkl hl iZd_lbl_ – gZ^ 99.9%, hl ihlhd WT1 bfZl 

fbgbfZegh aZdtkg_gb_, [eZ]h^Zj_gb_ gZ ijbhjbl_lghlh bf h[kem`\Zg_ \ 

dhfmlZlhjZ. GZ nb]mjZ 3.12 k_ gZ[ex^Z\Z jZaij_^_e_gb_lh gZ [jhy iZd_lb 

k jZaebqgh aZdtkg_gb_. Lh\Z aZdtkg_gb_ k_ ]_g_jbjZ hl g_h[oh^bfhkllZ ^Z 

[t^_ baqZdZgh ij_ijZsZg_lh gZ gbkdh-ijbhjbl_lgbl_ iZd_lb, dh_lh g_ 

fh`_ ^Z [t^_ ij_dtkgZlh.  

3.2.5. Hp_gdZ gZ j_amelZlbl_ 

KjZ\g_gb_lh gZ ihemq_gbl_ ZgZeblbqgb b kbfmeZpbhggb j_amelZlb 

iha\hey\Z ijh\_jdZlZ gZ ^hklh\_jghkllZ gZ ZgZeblbqgby fh^_e b ba[hjZ gZ 

iZjZf_ljb gZ hl^_egbl_ ihlhpb. Bgl_j_k ij_^klZ\ey\Z ktihklZ\yg_lh gZ 

djb\bl_ gZ ijbklb]Zg_ hl kbfmeZpbylZ b ZgZeblbqgh baqbke_gbl_. 

:gZeblbqgZlZ b kbfmeZpbhggZlZ djb\Z gZ ijbklb]Zg_ aZ ihlhd WT1 kZ 

ihdZaZgb gZ nb]mjZ 3.15, aZ WT2 – 3.16, aZ WT3 – 3.17, b aZ WT4 –3.18. 
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Nb]mjZ 3.15: Djb\Z gZ ijbklb]Zg_ gZ ihlhd WT1. 

 
Nb]mjZ 3.16: Djb\Z gZ ijbklb]Zg_ gZ ihlhd WT2. 

 
Nb]mjZ 3.17: Djb\Z gZ ijbklb]Zg_ gZ ihlhd WT3. 
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Nb]mjZ 3.18: Djb\Z gZ ijbklb]Zg_ gZ ihlhd WT4. 

AZ ihlhd WT1, \ djb\ZlZ gZ ijbklb]Zg_ \ kbfmeZpbylZ k_ gZ[ex^Z\Zl 

jZ\gb mqZkltpb b mqZkltpb ktk kltiZeh\b^gh m\_ebqZ\Zg_ gZ 

ijbklb]Zsbl_ iZd_lb. JZ\gbl_ mqZkltpb kZ \ i_jbh^Z gZ g_Zdlb\ghkl, Z 

f_`^m lyo k_ klZjlbjZl gydhedh ihj_^gb i_jbh^bqgb balhqgbdZ ij_a 

fZedb bgl_j\Zeb hl \j_f_. HklZgZebl_ ihlhpb bfZl kemqZ_g oZjZdl_j gZ 

baijZsZg_ gZ iZd_lbl_, dh_lh _ \b^gh hl ]jZnbdbl_. GZ nb]mjbl_ k_ \b`^Z, 

q_ djb\bl_ gZ ijbklb]Zg_ gZ \kbqdb ihlhpb hl kbfmeZpbylZ kZ h]jZgbq_gb 

hl ZgZeblbqgh hij_^_e_gbl_, l._. iZjZf_ljbl_ gZ \kbqdb ihlhpb kZ 

ih^[jZgb dhj_dlgh.  

>jm]byl iZjZf_ltj, ih dhclh k_ ktihklZ\yl ZgZeblbqgbl_ b 

kbfmeZpbhggbl_ j_amelZlb, b dhclh _ hl hkgh\gh agZq_gb_ aZ gZklhys_lh 

bake_^\Zg_, _ aZdtkg_gb_lh gZ hl^_egbl_ ihlhpb. FbgbfZeghlh, kj_^ghlh 

b fZdkbfZeghlh aZdtkg_gb_ gZ \kbqdb ihlhpb hl kbfmeZpbylZ, ktihklZ\_gb 

k ZgZeblbqgh hij_^_e_ghlh h]jZgbq_gb_ gZ aZdtkg_gb_lh, kZ ihdZaZgb \ 

lZ[ebpZ 3.6. Hij_^_e_gbl_ \ kbfmeZpbhgghlh bake_^\Zg_ klhcghklb aZ 

aZdtkg_gb_lh g_ gZ^fbgZ\Zl hij_^_e_gbl_ ZgZeblbqgh ]jZgbqgb 

klhcghklb, Z aZ ihlhpbl_ WT3 b WT4 kbfmeZpbhggbl_ j_amelZlb kZ 

agZqbl_egh ih-gbkdb hl ]jZgbqgbl_. Lh\Z fh`_ ^Z k_ h[ykgb k fgh]h 

fZedZlZ \_jhylghkl ^Z k_ ijhy\b \tafh`gh gZc-ehrbyl kp_gZjbc gZ 
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_^gh\j_f_ggh ijbklb]Zg_ gZ iZd_lb hl ljbl_ gbkdh-ijbhjbl_lgb ihlhdZ b 

kt\iZ^_gb_ k i_jbh^Z gZ baijZsZg_ gZ i_jbh^bqgby ihlhd. 

LZ[ebpZ 3.6: AZdtkg_gb_ gZ iZd_lbl_ 

Flow KbfmeZpbhggh hij_^_e_gh 
aZdtkg_gb_, [ms] 

min / avg / max 

:gZeblbqgh hij_^_e_gh 
aZdtkg_gb_, [ms] 

WT1 27 / 27 / 35 37

WT2 37 / 38 / 201 204

WT3 28 / 77 / 290 470

WT4 28 / 75 / 248 981

Ba\h^b 

Ij_^eh`_g _ ZgZeblbq_g fh^_e aZ hij_^_eyg_ gZ \bjlmZeghlh 

aZdtkg_gb_ b aZiZkZ \ Bgl_jg_l [ZabjZgb J<K, baihea\Zsb Fast/Gigabit 

Ethernet b mijZ\ey_f dhfmlZlhj k CoS. Fh^_etl _ [ZabjZg gZ 

fZl_fZlbq_kdby ZiZjZl gZ „Network Calculus” b hij_^_ey ]jZgbqgbl_ 

klhcghklb gZ aZdtkg_gbylZ b aZiZkZ.  

Ij_^eh`_g _ kp_gZjbc aZ kbfmeZpbhggh bake_^\Zg_ gZ aZdtkg_gb_lh b 

aZ]m[ZlZ gZ iZd_lb \ ehdZegZ fj_`Z, baihea\ZsZ Fast/Gigabit Ethernet b 

mijZ\ey_f dhfmlZlhj k Class-of-Service. Ij_^eh`_gb kZ fh^_eb aZ 

]_g_jbjZg_ gZ lbih\_l_ ljZnbd \ kbkl_fZlZ – i_jbh^bq_g, nhgh\, aZ 

bgpb^_gl_g h[f_g gZ ]he_fb iZd_lb b aZ Z^fbgbkljbjZg_ gZ fj_`ZlZ. 

Hij_^_e_gb kZ ZgZeblbqgh fZdkbfZegbl_ aZdtkg_gby \ kbkl_fZ k 

mijZ\ey_f dhfmlZlhj b q_lbjb bgnhjfZpbhggb ihlhdZ – _^bg i_jbh^bq_g 

b ljb T-SPEC, ijb ijbeZ]Zg_ gZ ijbhjbl_lgZ h[jZ[hldZ \ dhfmlZlhjZ ih 

ko_fZ 1P3Q1T, gZ [ZaZlZ gZ kp_gZjby aZ kbfmeZpbhggh bake_^\Zg_. 

Ij_^eh`_gb kZ j_amelZlb hl kbfmeZpbhggh bake_^\Zg_ gZ aZdtkg_gb_lh 

b aZ]m[ZlZ gZ iZd_lb \ ehdZegZ fj_`Z hl dhgljhe_jb k nhgh\ ljZnbd, 

baihea\ZsZ Fast/Gigabit Ethernet b mijZ\ey_f dhfmlZlhj. J_amelZlbl_ kZ 

kjZ\g_gb k ZgZeblbqgh hij_^_e_gbl_ aZ \_jbnbdZpby gZ ZgZeblbqgby 

fh^_e.  
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=eZ\Z 4: ?dki_jbf_glZegh bake_^\Zg_ gZ j_ZebaZpbb gZ Bgl_jg_l 

[ZabjZgb J<K 

< gZklhysZlZ ]eZ\Z kZ ij_^klZ\_gb gZijZ\_gbl_ gZkhq_gb 

_dki_jbf_glZegb bake_^\Zgby gZ dhfmgbdZpbylZ \ fj_`Z hl dhgljhe_jb, aZ 

^Z k_ ijh\_jyl \ eZ[hjZlhjgZ kj_^Z iZjZf_ljbl_ gZ dhfmgbdZpbylZ \ 

ehdZegZ fj_`Z hl <FK. Ij_^klZ\_gb kZ, ktsh lZdZ, b ijh\_^_gbl_ 

gZkhq_gb _dki_jbf_glb, ^hdZa\Zsb jZ[hlhkihkh[ghkllZ gZ ij_^eh`_gZlZ \ 

]eZ\Z 2 fgh]hkehcgZ Zjobl_dlmjZ deb_gl-ktj\tj aZ j_ZebaZpby gZ 

Bgl_jg_l [ZabjZgb J<K. 

4.1. ?dki_jbf_glZegZ jZaij_^_e_gZ \]jZ^_gZ kbkl_fZ aZ ke_^_g_ b 

dhgljhe gZ hl^Ze_q_gb h[_dlb. 

AZ ijh\_`^Zg_lh gZ gZkhq_gbl_ _dki_jbf_glb _ ijh_dlbjZgZ b 

ba]jZ^_gZ _dki_jbf_glZegZ fj_`Z. < g_y kZ \dexq_gb jZaebqgb ih lbi b 

nmgdpbhgZeghkl <FK, aZ ^Z k_ hp_gb ij_^klZ\yg_lh gZ jZaebqgbl_ 

j_ZebaZpbb gZ hi_jZpbhggZ kbkl_fZ, TCP/IP kl_d, nZceh\Z kbkl_fZ, Web 

ktj\tj. L_ kZ ih^[jZgb dZlh ij_^klZ\bl_eb gZ jZaebqgb deZkh\_ <FK: 

\bkhd deZk kbkl_fb, dhblh bfZl kjZ\gbl_egh ]heyf baqbkebl_e_g j_kmjk, 

32 [blh\ ijhp_khj b baihea\Zl hi_jZpbhggb kbkl_fb k h[sh 

ij_^gZagZq_gb_; kj_^_g deZk kbkl_fb, baihea\Zsb 16 [blh\ ijhp_khj b 

hi_jZpbhggZ kbkl_fZ aZ jZ[hlZ \ j_Zegh \j_f_; ktsbyl deZk kbkl_fb, gh 

[_a hi_jZpbhggZ kbkl_fZ aZ jZ[hlZ \ j_Zegh \j_f_, Z bgl_]jbjZgZ Java 

\bjlmZegZ fZrbgZ; 8 [blh\b <FK, dt^_lh gyfZ hi_jZpbhggZ kbkl_fZ, Z 

ijbeh`_gbylZ b ijh]jZfghlh hkb]mjy\Zg_ aZ jZ[hlZ k ZiZjZlgZlZ qZkl b 

dhfmgbdZpbylZ kZ j_ZebabjZgb kt\f_klgh. Hk\_g <FK, \ 

_dki_jbf_glZegZlZ fj_`Z kZ \dexq_gb b ktj\tjb aZ mkem]b, ijbeh`gb 

ktj\tjb, ktj\tj aZ kt[bjZg_ gZ `mjgZegZ bgnhjfZpby, ktj\tj k [Zab hl 

^Zggb, dhblh jZ[hlyl gZ kehy aZ Mkem]b hl fgh]hkehcgby fh^_e. 
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Nb]mjZ 4.1: Lhiheh]by gZ _dki_jbf_glZegZlZ fj_`Z. 

4.2. ?dki_jbf_glZegZ hp_gdZ gZ iZjZf_ljbl_ gZ dhfmgbdZpbylZ \ 

fj_`Z hl <FK.  

< fj_`ZlZ hl dhgljhe_jb hkgh\gZlZ dhfmgbdZpby _ hl lbiZ 

Master/Slave, dZlh ih^qbg_gbl_ mkljhckl\Z kZ kZfbl_ dhgljhe_jb. L_ jy^dh 

kZ bgbpbZlhjb gZ ij_^Z\Zg_ gZ ^Zggb. Hkgh\gbyl lbi dhfmgbdZpby, \tjom 

dhclh fh`_ ^Z k_ ktkj_^hlhqb bake_^\Zg_lh, _ AZy\dZ/Hl]h\hj. 

4.2.1. Hp_gdZ gZ deb_gl/ktj\tj dhfmgbdZpbylZ gZ <FK k \]jZ^_gb 

fj_`h\b kj_^kl\Z.  

Itj\byl ij_^eh`_g kp_gZjbc p_eb ^Z k_ hlq_l_ \j_f_lh aZ 

deb_gl/ktj\tj dhfmgbdZpby gZ fj_`h\h gb\h ijb \kydZ hl \]jZ^_gbl_ 

kbkl_fb \ ehdZegZlZ fj_`Z. < lhab kp_gZjbc k_ baihea\Zl \tafh`ghklbl_ 

gZ ijhlhdheZ ICMP b dhfZg^ZlZ ping. Ijb itj\by _dki_jbf_gl \kydZ hl 

\]jZ^_gbl_ kbkl_fb _ k\tjaZgZ ^bj_dlgh dtf l_klh\ dhfixltj b hl g_]h 
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dtf \]jZ^_gZlZ kbkl_fZ k_ baijZsZl ]heyf [jhc fZedb ih jZaf_j ICMP 

aZy\db. Ijh]jZfZlZ (ping) hlqblZ RTT aZ \k_db iZd_l b ke_^ ihemqZ\Zg_ gZ 

\kbqdb hl]h\hjb hij_^_ey fbgbfZegZlZ, fZdkbfZegZlZ b kj_^gZlZ 

klhcghkl gZ lhab iZjZf_ltj b ^_\bZpbylZ fm. Ke_^ lh\Z k_ ih\lZjy ktsbyl 

_dki_jbf_gl, gh \f_klh ^bj_dlgh k\tjaZgb, \]jZ^_gbl_ kbkl_fb b 

l_klh\byl dhfixltj kZ k\tjaZgb dtf dhfmlZlhjZ. J_amelZlbl_ hl ^\ZlZ 

_dki_jbf_glZ kZ ihdZaZgb gZ nb]mjZ 4.2, hagZq_gb kthl\_lgh k  [md\Z „a” b 

[md\Z „b”. BfZcdb ij_^\b^ gbkdZlZ gZlh\Zj_ghkl gZ fj_`ZlZ b 

dhfmlZlhjZ, gZebqgZlZ ijhimkdZl_egZ kihkh[ghkl b ebikZlZ gZ aZ]m[_gb 

iZd_lb, fh`_f ^Z aZdexqbf, q_ hkgh\ghlh aZ[Z\yg_ ijhbalbqZ hl 

h[jZ[hldZlZ \ dhfmgbdZpbhggby kl_d gZ \]jZ^_gZlZ kbkl_fZ. Lh\Z _ 

ijbqbgZ b aZ ]he_fbl_ jZaebdb \ aZdtkg_gbylZ ijb jZaebqgbl_ \]jZ^_gb 

kbkl_fb. L_ab jZaebdb fh]Zl ^Z k_ h[ykgyl ktk ki_pbnbqgbl_ 

oZjZdl_jbklbdb gZ kthl\_lgbl_ \]jZ^_gb kbkl_fb. 

 
Nb]mjZ 4.2: Baf_j_gb klhcghklb aZ ICMP RTT aZ hl^_egbl_ dhgljhe_jb 

AZ ih-j_ZegZ hp_gdZ gZ dhfmgbdZpbylZ ljy[\Z ^Z k_ baihea\Zl 

ijbeh`gb ijhlhdheb, dhblh jZ[hlyl \ fj_`b hl dhgljhe_jb – CNDEP. K 

lhab  ijhlhdhe k_ ijh\_`^Zl gydhedh _dki_jbf_glZ, aZ ^Z k_ hij_^_eb 



 29

aZ[Z\yg_lh \ dhfmgbdZpbylZ gZ ijbeh`gh gb\h. Itj\h k_ k\tja\Zl 

^bj_dlgh l_klh\ dhfixltj b \]jZ^_gZ kbkl_fZ, dZlh gZ \]jZ^_gbl_ kbkl_fb 

k_ klZjlbjZ CNDEP ktj\tj, Z gZ l_klh\by ktj\tj k_ klZjlbjZ deb_gl. Dtf 

dhgljhe_jbl_ \ fj_`ZlZ k_ baijZsZ CNDEP aZy\dZ b k_ baqZd\Z hl]h\hjtl, 

dZlh k_ hlqblZ \j_f_lh hl baijZsZg_ gZ aZy\dZlZ ^h ihemqZ\Zg_ gZ hl]h\hj. 

J_amelZlbl_ hl ^\ZlZ _dki_jbf_glZ kZ ihdZaZgb gZ nb]mjZ 4.3.  

 
Nb]mjZ 4.3: Baf_j_gb klhcghklb aZ CNDEP aZdtkg_gb_lh aZ dhgljhe_jbl_ 

B ijb l_ab _dki_jbf_glb k_ gZ[ex^Z\Z jZaebdZ f_`^m ^bj_dlghlh 

k\tja\Zg_ b k\tja\Zg_lh ij_a dhfmlZlhj hl ihjy^tdZ gZ 0.01-0.0015 

fbebk_dmg^Z, dh_lh _ fgh]h [ebadh ^h hij_^_e_ghlh ijb ICMP. Hl lh\Z 

fh`_ ^Z k_ gZijZ\b ba\h^, q_ ij_^iheh`_gb_lh, q_ dhfmlZlhjtl \gZky 

aZdtkg_gb_ hl ihjy^tdZ gZ 0.01 fbebk_dmg^b _ ^hklh\_jgh. 

4.2.2. Hp_gdZ gZ dhfmgbdZpbylZ ijb baihea\Zg_lh gZ \bjlmZegb 

ehdZegb fj_`b.  

<]jZ^_gbl_ kbkl_fb b l_klh\byl ktj\tj kZ k\tjaZgb dtf dhfmlZlhjZ, 

dZlh dhgljhe_jbl_ b ktj\tjtl kZ ihklZ\_gb \ _^gZ b ktsZ \bjlmZegZ 

ehdZegZ fj_`Z, Z \ ^jm]Z \bjlmZegZ ehdZegZ fj_`Z kZ k\tjaZgb dhfixljb, 

h[f_gysb nhgh\ ljZnbd. Lhiheh]bylZ gZ fj_`ZlZ aZ l_ab _dki_jbf_glb _ 

ihdZaZgZ gZ nb]mjZ 4.5. 
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Nb]mjZ 4.5: ?dki_jbf_glZegZ lhiheh]by aZ hp_gdZ gZ bgl_jn_j_gpbylZ f_`^m 

\bjlmZegbl_ ehdZegb fj_`b \ dhfmlZlhjZ. 

DhfmlZlhjtl k_ dhgnb]mjbjZ lZdZ, q_ \kbqdbl_ fm ihjlh\_ kZ \ _^gZ 

\bjlmZegZ ehdZegZ fj_`Z k badexq_gb_ gZ ^\Z. Dtf l_ab ^\Z ihjlZ k_ 

k\tja\Zl l_klh\byl dhfixltj b kthl\_lgZlZ \]jZ^_gZ kbkl_fZ, k dhylh k_ 

ijh\_`^Zl _dki_jbf_glb. Ke_^ lh\Z l_klh\byl dhfixltj b \]jZ^_gZlZ 

kbkl_fZ k_ \dexq\Zl \ ^jm]b ihjlh\_, dhblh kZ \ hkgh\gZlZ \bjlmZegZ 

ehdZegZ fj_`Z. Ijh\_^_gb kZ _dki_jbf_glb aZ hij_^_eyg_ gZ ICMP RTT b 

gZ aZdtkg_gb_lh gZ deb_gl/ktj\tj dhfmgbdZpbylZ k ijbeh`gby ijhlhdhe 

CNDEP, dZlh j_amelZlbl_ kZ ihdZaZgb kthl\_lgh gZ nb]mjb 4.6 b 4.7.   

 
Nb]mjZ 4.6: Klhcghklb aZ ICMP RTT ijb baihea\Zg_ gZ dhfmlZlhj k 

\bjlmZegb ehdZegb fj_`b.  
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Nb]mjZ 4.7: Klhcghklb aZ aZdtkg_gb_lh gZ deb_gl/ktj\tj dhfmgbdZpby gZ 

ijhlhdheZ CNDEP ijb baihea\Zg_ gZ dhfmlZlhj k \bjlmZegb ehdZegb fj_`b.  

?dki_jbf_glbl_ k_ ijh\_`^Zl \ mkeh\b_ gZ kbegh gZlh\Zj\Zg_ gZ 

dhfmlZlhjZ. AZ[_eya\Z k_, q_ h[hkh[y\Zg_lh gZ dhgljhe_jbl_ \ hl^_egZ 

\bjlmZegZ fj_`Z g_ \h^b ^h ih^h[j_gb_ gZ iZjZf_ljbl_, l._. _ gZebp_ 

bgl_jn_j_gpby f_`^m hl^_egbl_ \bjlmZegb fj_`b. J_amelZlbl_ kZ ih-

^h[j_ bajZa_gb aZ ICMP, hldhedhlh aZ CNDEP, ltc dZlh ijb ijbeh`gby 

ijhlhdhe \ZjbZpbylZ gZ aZdtkg_gb_lh _ ih-\bkhdZ b aZ\bkb ih\_q_ hl 

kZfbl_ dhgljhe_jb, hldhedhlh hl dhfmlZlhjZ. 

4.2.3. Hp_gdZ gZ ijbeh`_gb_lh gZ IEEE 802.1p aZ mijZ\e_gb_ gZ 

ljZnbdZ.  

AZ ^Z k_ gZ[ex^Z\Z jZ[hlZlZ gZ IEEE 802.1p b ijbhjbl_lghlh 

mijZ\e_gb_ gZ hiZrdbl_ \ dhfmlZlhjZ, _ ij_^eh`_g _dki_jbf_glZe_g 

kp_gZjbc, dhclh \dexq\Z gydhedh ljZnbdZ k jZaebqgb ijbhjbl_lb b 

iZjZf_ljb. Baoh^ysbl_ ihjlh\_ gZ dhfmlZlhjZ k_ dhgnb]mjbjZl ^Z 

j_ZebabjZl 1P3Q1T mijZ\e_gb_ gZ hiZrdbl_. Lh\Z \dexq\Z _^gZ 

ijbhjbl_lgZ hiZrdZ, dhylh k_ h[kem`\Z \bgZ]b, dh]Zlh bfZ iZd_lb. 

HklZgZebl_ ljb hiZrdb kZ dhgnb]mjbjZgb \ WRR k hlghr_gby 75:25:5. < 

dhfmlZlhjZ k_ ijbeZ]Z fZjdbjZg_ gZ ljZnbdZ, dZlh nhgh\byl ljZnbd k_ 
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ijb\tja\Z dtf WRR hiZrdbl_, Z ljZnbdtl hl dhgljhe_jbl_ – dtf 

ijbhjbl_lgZlZ hiZrdZ. AZ ^Z k_ gZ[ex^Z\Z ijbhjbl_lghlh h[kem`\Zg_, 

h[Zq_, _ g_h[oh^bfh b nhgh\byl ljZnbd, b ljZnbdtl hl dhgljhe_jbl_ ^Z 

[t^Zl gZkhq_gb dtf _^bg b kts baoh^ys ihjl gZ dhfmlZlhjZ, ltc dZlh bfZ 

hl^_egb hiZrdb aZ \k_db lZdt\ – nb]mjZ 4.8. 

 
Nb]mjZ 4.8: ?dki_jbf_glZegZ lhiheh]by aZ hp_gdZ gZ jZ[hlZlZ gZ CoS \ 

dhfmlZlhjZ. 

 
Nb]mjZ 4.9: AZdtkg_gb_ gZ ICMP ijb baihea\Zg_ gZ CoS. 

J_amelZlbl_ aZ ICMP RTT (nb]mjZ 4.9) ihdZa\Zl, q_ baihea\Zg_lh gZ 

ijbhjbl_lgh h[kem`\Zg_ gZ ljZnbdZ hl dhgljhe_jbl_ g_ \eby_ \tjom 

fbgbfZegbl_ klhcghklb. GZ[ex^Z\Z k_ e_dh ihgb`Z\Zg_ gZ kj_^gbl_ 

klhcghklb \ ke_^kl\b_ gZ ijbhjbl_lghlh h[kem`\Zg_. IhjZ^b nZdlZ, q_ 
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ijh\_^_gbl_ _dki_jbf_glb k ICMP kZ Z^Zilb\gb ih hlghr_gb_ gZ i_jbh^Z 

gZ baijZsZg_, j_amelZlbl_ g_ kZ kbegh bajZa_gb. J_amelZlbl_ hl 

_dki_jbf_glbl_ k ijbeh`gby ijhlhdhe CNDEP (nb]mjZ 4.10) ihdZa\Zl 

ktsh klZ[begh h]jZgbqZ\Zg_ gZ fZdkbfZeghlh aZdtkg_gb_ b e_dh 

gZfZey\Zg_ gZ kj_^ghlh aZdtkg_gb_ b \ZjbZpbylZ fm, dZlh l_ab j_amelZlb 

kZ ih-bajZa_gb, hldhedhlh ijb ICMP.  

 
Nb]mjZ 4.10: AZdtkg_gb_ gZ CNDEP ijb baihea\Zg_ gZ CoS. 

Fh`_ ^Z k_ aZdexqb, q_ ijbeZ]Zg_lh gZ ijZ\begb iheblbdb aZ 

deZkbnbpbjZg_ gZ mkem]bl_ kihfZ]Z aZ h]jZgbq_gb_lh gZ fZdkbfZegbl_ 

aZdtkg_gby b dhe_[Zgb_lh gZ aZdtkg_gb_lh gZ \bkhdhijbhjbl_lgby ljZnbd, 

dh_lh _ b \Z`ghlh ijb ijh_dlbjZg_ gZ J<K, jZ[hl_sb \ j_Zegh \j_f_. Gh 

lh\Z h]jZgbqZ\Zg_ g_ _ kbegh bajZa_gh ijb _dki_jbf_glZegbl_ j_amelZlb, 

ltc dZlh baihea\Zgbl_ <FK \gZkyl fgh]h kemqZcgb aZ[Z\ygby hl 

dhfmgbdZpbhggby kl_d b ^hkltiZ ^h ZiZjZlgZlZ qZkl. 

4.2.4. H[h[s_gb_ gZ j_amelZlbl_.  

Baihea\Zg_lh gZ ijbeh`gb ijhlhdheb, j_ZebabjZgb gZ Java, ihdZa\Zl 

\bkhdb klhcghklb gZ aZdtkg_gb_lh b \ZjbZpbylZ fm ijb kbegh gZlh\Zj\Zg_, 

aZjZ^b g_ij_^\b^bfby oZjZdl_j gZ hk\h[h`^Z\Zg_ gZ j_kmjkb hl 

\bjlmZegZlZ fZrbgZ b Garbage Collector. Ijb \]jZ^_gbl_ kbkl_fb, dt^_lh 
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gyfZ hi_jZpbhggZ kbkl_fZ, kj_^gbl_ klhcghklb aZ aZdtkg_gbylZ hl 

h[jZ[hldZ kZ fZedb, gh kbegh k_ \ebyyl hl ^jm]bl_ ijbeh`_gby, jZ[hl_sb 

gZ kbkl_fZlZ, dh_lh \h^b ^h kbegb \ZjbZpbb \ aZdtkg_gb_lh. GZc-^h[jh 

ij_^klZ\yg_ hqZd\Zgh ihdZa\Zl \bkhdbyl deZk <FK, k fgh]h baqbkebl_egb 

j_kmjkb b fj_`h\ dhgljhe_j, jZ[hl_s gZ 100 F[bl/k_d.  

Baihea\Zg_lh gZ dhfmlZlhj \gZky fgh]h fZedh, ihqlb ihklhyggh 

aZdtkg_gb_ \ dhfmgbdZpbylZ hl ihjy^tdZ gZ klh fbdjhk_dmg^b ijb keZ[h 

gZlh\Zj\Zg_. JZa^_eyg_lh gZ jZaebqgbl_ lbih\_ ljZnbd \ hl^_egb 

\bjlmZegb ehdZegb fj_`b g_ ih^h[jy\Z ij_^klZ\yg_lh ijb kbegh 

gZlh\Zj\Zg_ gZ fj_`ZlZ. Baihea\Zg_lh gZ fZjdbjZg_ b ijbhjbl_lgh 

h[kem`\Zg_ gZ ljZnbdZ hl dhgljhe_jbl_ iha\hey\Z ^Z k_ ebfblbjZl 

aZdtkg_gbylZ gZ iZd_lbl_, dZlh k_ h]jZgbqZ\Z ^h fbgbfmf aZ]m[ZlZ gZ 

iZd_lb hl gbkdhijbhjbl_lgby ljZnbd. IjbeZ]Zg_lh gZ iheblbdb aZ CoS 

ih^h[jy\Z agZqbl_egh iZjZf_ljbl_ gZ ehdZegZlZ fj_`Z, gh fh`_ ^Z k_ 

baihea\Z aZ ba]jZ`^Zg_ gZ J<K, kZfh dh]Zlh aZdtkg_gb_lh \ kZfZlZ <FK _ 

gbkdh. Dh]Zlh hkgh\gbyl balhqgbd gZ aZdtkg_gb_ b g_klZ[beghkl _ 

dhfmgbdZpbhggbyl kl_d gZ baihea\ZgZlZ <FK, dhfmgbdZpby \ j_Zegh 

\j_f_ g_ fh`_ ^Z k_ hkts_kl\b ktk klZg^Zjlgb kj_^kl\Z aZ hilbfbaZpby \ 

dhfmgbdZpbhggZlZ ih^kbkl_fZ.  

Hlq_l_gbl_ aZdtkg_gby aZ jZaebqgbl_ <FK ihdZa\Zl klhcghklb, dhblh 

iha\hey\Zl ijbeZ]Zg_lh bf \ kbkl_fb aZ hl^Ze_q_gh ke_^_g_ gZ k_gahjb b 

l_ogheh]bqgb h[_dlb, dt^_lh bfZ aZ[Z\yg_ \ kbkl_fZlZ aZ hlqblZg_ 

(aZ[Z\ygby hl klhlbpb fbebk_dmg^b). KZfh gydhb hl ij_^klZ\_gbl_ <FK, 

ij_^bfgh hl \bkhd deZk, bfZl fZdkbfZegb b kj_^gb aZdtkg_gby, dhblh 

iha\hey\Zl ijbeh`_gb_lh bf \ kbkl_fb aZ hl^Ze_q_g b jZaij_^_e_g 

dhgljhe, gh lZdb\Z, jZ[hl_sb k g_ fgh]h \bkhdZ kdhjhkl (aZ[Z\ygby hl 

^_k_ldb fbebk_dmg^b). Gblh _^gZ hl ij_^klZ\_gbl_ <FK g_ iha\hey\Z 

j_ZebaZpbylZ gZ kbkl_fb \ j_Zegh \j_f_ ktk kljh]b babkd\Zgby (dZlh 

mijZ\e_gb_ gZ fgh]hhkh\b fhlhjb), dhblh bfZl babkd\Zgby aZ aZdtkg_gby 
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hl ihjy^tdZ gZ ^_k_lbgZ fbdjhk_dmg^b k \ZjbZpby hl fbdjhk_dmg^Z.  

4.3. Hp_gdZ gZ Middleware l_ogheh]bylZ \ kehy gZ mkem]bl_.  

Hp_gdZlZ gZ Middleware l_ogheh]bbl_ b bgnhjfZpbhgghlh 

\aZbfh^_ckl\b_ \ kehy aZ mkem]b babkd\Z ba]jZ`^Zg_lh gZ ki_pbZegZ 

hiblgZ ihklZgh\dZ. Ij_^eh`_gZlZ lhiheh]by aZ ijh\_`^Zg_ gZ 

_dki_jbf_glbl_ _ ihdZaZgZ gZ nb]mjZ 4.11.  

 
Nb]mjZ 4.11: Lhiheh]by aZ hp_gdZ gZ Middleware l_ogheh]bylZ. 

4.3.1. Hp_gdZ gZ XML [ZabjZg ijhlhdhe aZ ba\ebqZg_ gZ ^Zggb hl 

dhgljhe_jb. 

Ij_^eh`_gh _ _dki_jbf_glZegh bake_^\Zg_ gZ \_jkby gZ CNDEP, 

baihea\ZsZ XML dh^bjZg_ gZ ^Zggbl_ – xCNDEP. Ke_^_gbl_ iZjZf_ljb kZ 

jZaf_jtl gZ aZy\dZlZ, jZaf_jtl gZ hl]h\hjZ, \j_f_lh aZ aZy\dZ/hl]h\hj b 

^_\bZpbylZ gZ lh\Z \j_f_. J_amelZlbl_ kZ ij_^klZ\_gb \ lZ[ebpZ 4.1.  

LZ[ebpZ 4.1: ?dki_jbf_glZegZ hp_gdZ gZ xCNDEP. 

Controller Command Request size [byte] Response size [byte] Delay [ms] 1 [ms] 
Test 234 200 12,847 0,121 
Get Temp 241 286 103,025 0,130 IPC@CHIP 
Get Hum 238 286 141,691 0,139 
Test 234 200 132,666 0,342 
Get Temp 241 286 103,025 0,130 DS TINI 
Get Hum 238 286 141,691 0,139 

AZ[_eya\Z k_, q_ jZaf_jbl_ gZ aZy\dbl_ b hl]h\hjbl_ g_ k_ ijhf_gyl 

fgh]h aZ jZaebqgbl_ dhfZg^b, dZdlh b \j_f_lh aZ aZy\dZ/hl]h\hj. Fh`_ ^Z 

k_ aZdexqb, q_ hkgh\gZlZ qZkl hl aZ[Z\yg_lh k_ ^te`b gZ XML 
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dh^bjZg_/^_dh^bjZg_ – hdheh 80 fbebk_dmg^b.  

4.3.2. Hp_gdZ gZ bgnhjfZpbhgghlh \aZbfh^_ckl\b_ ijb h[f_g gZ 

^Zggb k Web mkem]b.  

Dh]Zlh kZ j_ZebabjZgb \kbqdb keh_\_ gZ fgh]hkehcgby fh^_e, 

bgnhjfZpbhgghlh \aZbfh^_ckl\b_ \ kehy aZ mkem]b ljy[\Z ^Z bfZ 

\tafh`ghkl aZ jZ[hlZ \ Bgl_jg_l kj_^Z. Ih lZab ijbqbgZ ke_^\Zsbl_ 

ijh\_^_gb _dki_jbf_glb hp_gy\Zl ij_^Z\Zg_lh gZ ^\hbqgb ^Zggb ij_a 

XML dh^bjZgb Web mkem]b. ?dki_jbf_glZegZlZ ihklZgh\dZ \dexq\Z ljb 

ktj\tjZ k Web mkem]b. Hkgh\gh k_ gZ[ex^Z\Z aZdtkg_gb_lh b jZaf_jZ gZ 

iZd_lbl_ ijb ij_^Z\Zg_ gZ ]jZnbdb qj_a Web mkem]b. AZ ij_^Z\Zg_lh gZ 

bah[jZ`_gb_lh kZ baihea\Zgb ^\Z jZaebqgb f_lh^Z – SOAP with 

Attachments (DIME) b binary encoded XML.. 

4.3.3. Hp_gdZ gZ f_lh^bl_ aZ aZsblZ gZ Web mkem]b.  

Ijb ba]jZ`^Zg_lh gZ Bgl_jg_l [ZabjZgb J<K hkgh\gh fyklh aZ_fZl 

gZ^_`^ghkllZ b kb]mjghkllZ. Bgl_j_k ij_^klZ\ey\Z aZ[Z\yg_lh, dh_lh k_ 

\gZky hl ijbeZ]Zg_lh gZ iheblbdb aZ kb]mjghkl. AZ p_elZ k_ bake_^\Z 

aZ[Z\yg_lh hl ijbeZ]Zg_ gZ jZaebqgb iheblbdb aZ kb]mjghkl (nb]mjZ 4.12).  

 
Nb]mjZ 4.12: Kp_gZjbb aZ bake_^\Zg_ gZ f_lh^bl_ aZ aZsblZ ijb Web 

mkem]b. 

Hkgh\gbyl ijh[e_f ijb baihea\Zg_lh gZ  WS-Security _ ]he_fbyl 

ijhp_gl kem`_[gZ bgnhjfZpby. JZaf_jtl gZ kem`_[gZlZ bgnhjfZpby \ 

kth[s_gb_lh aZ ljbl_ kp_gZjby k WS-Security _ ihdZaZgh gZ lZ[ebpZ 4.2.  
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LZ[ebpZ 4.2: Kem`_[gZ bgnhjfZpby gZ WS-Security aZ SOAP kth[s_gbylZ 

 SOAP size
[bytes] 

WSS header size 
[bytes] 

Overhead
[%] 

scenario2 3370 1950 57.86
scenario3 2063 1207 58.51
scenario4 4907 3833 78.11

Kem`_[gZlZ bgnhjfZpby _ hdheh 50-60%, dh]Zlh k_ baihea\Z kZfh 

dh^bjZg_ gZ XML kth[s_gb_lh beb pbnjh\h ih^ibk\Zg_, gh ijb 

dhf[bgZpbylZ hl ^\_l_ fh`_ ^Z ^hklb]g_ ^h 80%. L_ab klhcghklb kbegh 

gZfZey\Zl, dh]Zlh k_ ih^ibk\Zl beb dh^bjZl kZfh qZklb hl kth[s_gb_lh, 

dh_lh _ b hkgh\ghlh ij_^bfkl\h gZ ijbeZ]Zg_lh gZ WS-Security ij_^ 

klZg^Zjlgbl_ f_lh^b aZ fj_`h\Z kb]mjghkl. 

4.3.4. H[h[s_gb_ gZ j_amelZlbl_.  

Hl ijh\_^_gbl_ _dki_jbf_glb aZ hp_gdZ gZ Middleware l_ogheh]bylZ 

fh`_ ^Z k_ aZdexqb, q_ baihea\Zg_lh gZ Web mkem]b _ ih^oh^ysh aZ 

j_ZebabjZg_ gZ bgnhjfZpbhgghlh \aZbfh^_ckl\b_ \ Bgl_jg_l [ZabjZgb 

J<K, ba]jZ^_gb ih fgh]hkehcgb Zjobl_dlmjb. NZdltl, q_ l_ogheh]bylZ gZ 

Web mkem]bl_ baihea\Z HTTP dZlh ij_ghk_g ijhlhdhe, mkeh`gy\Z 

baihea\Zg_lh gZ iheblbdb aZ dZq_kl\h gZ mkem]bl_ (QoS), gh iha\hey\Z 

]t\dZ\b, ieZlnhjf_gh g_aZ\bkbfb j_r_gby, jZ[hl_sb \ Bgl_jg_l kj_^Z. 

Ijb g_h[oh^bfhkl hl h[f_g gZ ^\hbqgb ^Zggb qj_a Web mkem]b ljy[\Z ^Z 

k_ \a_f_ ij_^\b^ jZaf_jZ gZ l_ab ^Zggb b mgb\_jkZeghkllZ gZ j_r_gb_lh. 

Baihea\Zg_lh gZ XML dh^bjZgb ^\hbqgb ^Zggb _ mgb\_jkZegh b ke_^\Z 

ki_pbnbdZpbbl_ gZ W3C, gh \gZky agZqbl_egb aZ[Z\ygby ijb ij_^Z\Zg_ b 

h[jZ[hldZ aZ ]he_fb ih h[_f ^\hbqgb ^Zggb. Baihea\Zg_lh gZ ijbdZq_gb 

nZceh\_ dtf SOAP kth[s_gb_lh g_ m\_ebqZ\Z jZaf_jZ gZ baijZsZgbl_ 

^Zggb b bfZ ih-fZedh aZ[Z\yg_, gh g_ iha\hey\Z ijbeZ]Zg_ gZ iheblbdb aZ 

fj_`h\Z kb]mjghkl dZlh WS-Security. IjbeZ]Zg_lh gZ f_lh^b aZ aZsblZ gZ 

SOAP kth[s_gb_lh hl ih^fygZ b g_kZgdpbhgbjZg ^hklti \gZky ]heyfh 

dhebq_kl\h kem`_[gZ bgnhjfZpby, dhylh fh`_ ^hjb ^Z gZ^fbg_ 

ihlj_[bl_ekdbl_ ^Zggb. AZ ^Z k_ baihea\Z _n_dlb\gh, ljy[\Z ^Z k_ dh^bjZ 
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kZfh dhgnb^_gpbZegZlZ qZkl hl kth[s_gb_lh, gh ^Z k_ ih^ibr_ pbnjh\h 

pyehlh kth[s_gb_. 

Ba\h^b 

Ij_^eh`_gZ _ _dki_jbf_glZegZ fj_`Z aZ bake_^\Zg_ gZ ih\_^_gb_lh gZ 

Bgl_jg_l [ZabjZgb J<K, j_ZebabjZgb gZ [ZaZ gZ fgh]hkeh_g deb_gl-

ktj\tj fh^_e b Fast/Gigabit Ethernet. Ij_^eh`_gZ _ lhiheh]by gZ fj_`ZlZ, 

dhylh ^Z iha\hey\Z ijh\_`^Zg_lh gZ rbjhd gZ[hj _dki_jbf_glb. 

Baihea\Zgb kZ jZaebqgb ih lbi b deZk <FK k jZaebqgh dhebq_kl\h iZf_l, 

i_jbn_jby b ijbeh`_gby. 

Ij_^eh`_gb kZ j_amelZlb hl gZkhq_gb _dki_jbf_glZegb bake_^\Zgby 

gZ iZjZf_ljbl_ gZ dhfmgbdZpby \ ehdZegZ fj_`Z hl dhgljhe_jb, 

baihea\ZsZ Fast/Gigabit Ethernet b mijZ\ey_f dhfmlZlhj k 802.1p  b 802.1Q.  

Ij_^eh`_gb kZ j_amelZlb hl gZkhq_gb _dki_jbf_glZegb bake_^\Zgby 

gZ bgnhjfZpbhgghlh \aZbfh^_ckl\b_ \ J<K, j_ZebabjZgZ gZ [ZaZlZ gZ 

fgh]hkeh_g deb_gl-ktj\tj fh^_e. Bake_^\ZgbylZ \dexq\Zl hp_gdZ gZ 

ijbeh`_gb_lh gZ Zjobl_dlmjZlZ gZ Web mkem]bl_ dZlh Middleware 

l_ogheh]by \ o_l_jh]_ggb J<K k gbkdZ kl_i_g gZ ]jZgmeyjghkl. 
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Ijbghkb gZ ^bk_jlZpbhggbyl ljm^ 

Bake_^\ZgbylZ \ gZklhysby ^bk_jlZpbhg_g ljm^ fh]Zl ^Z k_ j_axfbjZl 

\ ke_^gbl_ gZmqgb, gZmqgh-ijbeh`gb b ijbeh`gb j_amelZlb: 

GZmqgb: 

1. Ij_^eh`_g _ Z[kljZdl_g fgh]hkeh_g fh^_e aZ j_ZebabjZg_ gZ 

Bgl_jg_l [ZabjZgb J<K.  

2. Ij_^eh`_g _ ZgZeblbq_g fh^_e aZ hij_^_eyg_ gZ \bjlmZeghlh 

aZdtkg_gb_ b aZiZkZ \ Bgl_jg_l [ZabjZgb J<K, baihea\Zsb Fast/Gigabit 

Ethernet b mijZ\ey_f dhfmlZlhj k Class-of-Service. 

GZmqgh-ijbeh`gb: 

3. Ijh_dlbjZg _ ijbeh`_g ijhlhdhe, [ZabjZg gZ UDP, dhclh j_ZebabjZ 

bgnhjfZpbhgghlh \aZbfh^_ckl\b_ \ kehy aZ ^Zggb.  

4. GZijZ\_gh _ kbfmeZpbhggh bake_^\Zg_ gZ aZdtkg_gb_lh b aZ]m[ZlZ gZ 

iZd_lb \ ehdZegZ fj_`Z, baihea\ZsZ Fast/Gigabit Ethernet b mijZ\ey_f 

dhfmlZlhj k Class-of-Service.  

5. Ijh_dlbjZgZ _ b ba]jZ^_gZ _dki_jbf_glZegZ fj_`Z aZ bake_^\Zg_ gZ 

ih\_^_gb_lh gZ Bgl_jg_l [ZabjZgb J<K, j_ZebabjZgb gZ [ZaZ gZ 

fgh]hkeh_g deb_gl-ktj\tj fh^_e b Fast/Gigabit Ethernet.  

6. ?dki_jbf_glZegh kZ hij_^_e_gb \j_f_\bl_ iZjZf_ljb gZ 

bgnhjfZpbhgghlh \aZbfh^_ckl\b_ \ J<K, j_ZebabjZgZ gZ [ZaZlZ gZ 

fgh]hkeh_g deb_gl/ktj\tj fh^_e. 
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