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ʉʧʠʩʦʢ ʩʦʢʨʘʱʝʥʠʡ 

API (Application Programming Interface) ï ʠʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʩʦʦʙ-

ʱʝʥʠʡ 

BMA (Base Memory Adress) ï ʙʘʟʦʚʳʡ ʘʜʨʝʩ 

CLNP (Connection Less Network Protocol) ï ʩʝʪʝʚʦʡ ʧʨʦʪʦʢʦʣ ʙʝʟ ʦʨʛʘʥʠʟʘʮʠʠ 

ʩʦʝʜʠʥʝʥʠʷ 

CMIP (Common Management Information Protocol) ï ʦʙʱʠʡ ʧʨʦʪʦʢʦʣ ʫʧʨʘʚʣʝ-

ʥʠʷ ʠʥʬʦʨʤʘʮʠʝʡ 

CSMA/CA (ʄɼʂʅ/ʇʂ) ï ʤʥʦʞʝʩʪʚʝʥʥʳʡ ʜʦʩʪʫʧ ʢʦʥʪʨʦʣʷ ʥʝʩʫʱʝʡ ʩ ʧʨʝʜʦʪ-

ʚʨʘʱʝʥʠʝʤ ʢʦʣʣʠʟʠʡ 

CSMA/CD (ʄɼʂʅ/ʆʂ) ï ʤʥʦʞʝʩʪʚʝʥʥʳʡ ʜʦʩʪʫʧ ʢʦʥʪʨʦʣʷ ʥʝʩʫʱʝʡ ʩ ʦʙʥʘʨʫ-

ʞʝʥʠʝʤ ʢʦʣʣʠʟʠʡ 

DOS (Denial of Service) ï ʦʪʢʘʟ ʚ ʦʙʩʣʫʞʠʚʘʥʠʠ 

ELAN (Emulated Local Area Network) ï ʵʤʫʣʠʨʫʝʤʘʷ ʣʦʢʘʣʴʥʘʷ ʩʝʪʴ 

FDMA (Frequency Devision Multiple Access) ï ʤʥʦʞʝʩʪʚʝʥʥʳʡ ʤʝʪʦʜ ʜʦʩʪʫʧʘ ʩ 

ʨʘʟʜʝʣʝʥʠʝʤ ʢʘʥʘʣʘ ʧʦ ʯʘʩʪʦʪʝ 

FOC (Fiber Optic Cable) ï ʦʧʪʦʚʦʣʦʢʦʥʥʳʡ ʢʘʙʝʣʴ 

FTAM (File Transfer, Access, and Management) ï ʧʨʦʪʦʢʦʣ ʧʝʨʝʜʘʯʠ ʜʦʩʪʫʧʘ ʠ 

ʫʧʨʘʚʣʝʥʠʷ ʬʘʡʣʘʤʠ 

FTP (File Transfer Protocol) ï ʧʨʦʪʦʢʦʣ ʧʝʨʝʜʘʯʠ ʬʘʡʣʦʚ 

HDLC (High Level Data Link Control) ï ʧʨʦʪʦʢʦʣ ʫʧʨʘʚʣʝʥʠʷ ʢʘʥʘʣʦʤ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ 

IP (Internet Protocol) ï ʧʨʦʪʦʢʦʣ Internet 

IPX (Internetwork Packet Exchange) ï ʧʨʦʪʦʢʦʣ ʤʝʞʩʝʪʝʚʦʛʦ ʦʙʤʝʥʘ ʧʘʢʝʪʘʤʠ  

IRQ ï ʟʘʧʨʦʩ ʥʘ ʧʨʝʨʳʚʘʥʠʝ 

ISU (Information Symbol Unit) ï ʝʜʠʥʠʮʘ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ 

LAN (Local Area Network) ï ʣʦʢʘʣʴʥʘʷ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʝʪʴ 

LDAP (Light Derectory Access Protocol) ï ʧʨʦʪʦʢʦʣ ʦʙʣʝʛʯʝʥʥʦʛʦ ʜʦʩʪʫʧʘ ʢ 

ʩʧʨʘʚʦʯʥʠʢʫ 

LED (Light Emitting Diode) ï ʩʚʝʪʦʜʠʦʜʳ 

LLC (Logical Link Control) ï ʧʦʜʫʨʦʚʝʥʴ ʫʧʨʘʚʣʝʥʠʷ ʣʦʛʠʯʝʩʢʦʡ ʩʚʟ̫ʴʶ 

MA (Multiply Access) ï ʢʦʣʣʝʢʪʠʚʥʳʡ ʜʦʩʪʫʧ 

MAC( Media Access Control) ï ʧʦʜʫʨʦʚʝʥʴ ʫʧʨʘʚʣʝʥʠʷ ʜʦʩʪʫʧʦʤ ʢ ʫʩʪʨʦʡʩʪʚʘʤ 

NCP (NetWare Core Protocol) ï  ʙʘʟʦʚʳʡ ʧʨʦʪʦʢʦʣ ʩʝʪʝʡ NetWare 

NIC (Network Interface Card) ï ʩʝʪʝʚʦʡ ʘʜʘʧʪʝʨ 

NMS (Network Management System) ï ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʩʝʪʴʶ 

NRZ (Non Returne to Zero) ï ʢʦʜ ʙʝʟ ʚʦʟʚʨʘʪʘ ʢ ʥʫʣ  ʁ

OSI (Open System Interconnection) ï ʩʝʪʝʚʘʷ ʤʦʜʝʣʴ 

PGP (Pretty Good Privacy) ï ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʘʷ ʩʝʢʨʝʪʥʦʩʪʴ 

RZ (Returne to Zero) ï ʢʦʜ ʩ ʚʦʟʚʨʘʪʦʤ ʢ ʥʫʣʶ 

SAP (Service Access Point) ï ʪʦʯʢʘ ʜʦʩʪʫʧʘ ʢ ʩʝʨʚʝʨʫ 

SCS (Structured Cabling System) ï ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʘʷ ʢʘʙʝʣʴʥʘʷ ʩʠʩʪʝʤʘ 

SLIP (Serial Line IP) ï IP ʜʣʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʣʠʥʠʡ 

SMS (System Management System) ï ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʩʠʩʪʝʤʦʡ 
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SMTP (Simple Mail Transfer Protocol) ï ʧʨʦʩʪʦʡ ʧʨʦʪʦʢʦʣ ʧʦʯʪʦʚʦʛʦ ʦʙʤʝʥʘ 

SNMP (Simple Network Management Protocol) ï ʧʨʦʩʪʦʡ ʧʨʦʪʦʢʦʣ ʩʝʪʝʚʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ  

SPX (Sequenced Packet Exchange) ï ʫʧʦʨʷʜʦʯʝʥʥʳʡ ʦʙʤʝʥ ʧʘʢʝʪʘʤʠ ʩʪʝʢʘ No-

vell 

TCP (Transmission Control Protocol) ï ʧʨʦʪʦʢʦʣ ʫʧʨʘʚʣʝʥʠʷ ʧʝʨʝʜʘʯʝʡ ʩʪʝʢʘ 

TCP/IP 

TDMA (Time Devision Multiple Access) ï ʤʥʦʞʝʩʪʚʝʥʥʳʡ ʜʦʩʪʫʧ ʨʘʟʜʝʣʝʥʠʷ 

ʚʨʝʤʝʥʠ 

TFTP (Trivial File Transfer Protocol) ï ʧʨʦʩʪʝʡʰʠʡ ʧʨʦʪʦʢʦʣ ʧʝʨʝʩʳʣʢʠ ʬʘʡʣʦʚ 

TP4 (Transmission Protocol) ï ʧʨʦʪʦʢʦʣ ʧʝʨʝʜʘʯʠ ʢʣʘʩʩʘ 4 

TPMA (Token Passing Multiple Access) ï ʤʘʨʢʝʨʥʳʡ ʤʝʪʦʜ ʜʦʩʪʫʧʘ 

TRT (Token Rotation Time) ï ʚʨʝʤʷ ʚʦʟʚʨʘʱʝʥʠʷ ʤʘʨʢʝʨʘ 

TTRT (Target Token Rotation Time) ï ʞʝʣʘʪʝʣʴʥʦʝ ʚʨʝʤʷ ʚʦʟʚʨʘʱʝʥʠʷ ʤʘʨʢʝʨʘ 

UDP (User Datagram Protocol) ï  ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʧʨʦʪʦʢʦʣ ʜʝʡʪʘʛʨʘʤʤ ʩʪʝʢʘ 

TCP/IP 

UTP (Unshielded Twisted Pair) ï ʥʝʵʢʨʘʥʠʨʦʚʘʥʥʘʷ ʚʠʪʘʷ ʧʘʨʘ 

VLAN (Virtual Local Areal Network) ï ʚʠʨʪʫʘʣʴʥʘʷ ʣʦʢʘʣʴʥʘʷ ʩʝʪʴ 

WAN (Wide Area Network) ï ʛʣʦʙʘʣʴʥʘʷ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʝʪʴ 

WDMA (Wave Devision Multiple Access) ï ʤʥʦʞʝʩʪʚʝʥʥʳʡ ʤʝʪʦʜ ʜʦʩʪʫʧʘ ʩ ʨʘʟ-

ʜʝʣʝʥʠʝʤ ʚʦʣʥʳ. 

 



 

ɺʚʝʜʝʥʠʝ 

ʊʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʠ ʩʝʪʝʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʷʚʣʷʶʪʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝ-

ʤʷ ʤʦʱʥʳʤ ʩʨʝʜʩʪʚʦʤ ʜʣʷ ʨʘʟʚʠʪʠʷ ʤʠʨʦʚʦʡ ʮʠʚʠʣʠʟʘʮʠʠ. ʉʝʡʯʘʩ ʥʝʪ ʦʙʣʘʩʪʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʠ ʦʙʱʝʩʪʚʝʥʥʳʭ ʦʪʥʦʰʝʥʠʡ, ʢʦʪʦʨʘʷ ʥʝ ʠʩʧʦʣʴʟʦʚʘʣʘ ʙʳ ʪʝ-

ʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʠ ʩʦʚʨʝʤʝʥʥʳʝ ʩʝʪʝʚʳʝ ʪʝʭʥʦʣʦʛʠʠ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʣʶʙʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʫʜʝʣʷʝʪʩʷ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ 

ʙʳʩʪʨʦʡ ʠ ʢʘʯʝʩʪʚʝʥʥʦʡ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ (ʜʘʥʥʳʭ) ʥʘ ʢʦʨʦʪʢʠʝ ʠ ʙʦʣʴ-

ʰʠʝ ʨʘʩʩʪʦʷʥʠʷ. ʊʘʢ ʢʘʢ ʠʥʜʫʩʪʨʠʷ ʛʣʦʙʘʣʴʥʳʭ ʠ ʣʦʢʘʣʴʥʳʭ ʩʝʪʝʡ ʘʢʪʠʚʥʦ ʨʘʟ-

ʚʠʚʘʝʪʩʷ, ʦʥʘ ʷʚʣʷʝʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʣʶʙʦʡ ʦʨʛʘʥʠʟʘʮʠʠ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʣʦʢʘʣʴʥʳʭ ʩʝʪʝʡ ʧʦʟʚʦʣʷʝʪ ʦʙʣʝʛʯʠʪʴ ʜʦʩʪʫʧ ʢ ʫʩʪʨʦʡʩʪʚʘʤ 

ʦʢʦʥʝʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʘʥʥʳʭ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʚ ʦʨʛʘʥʠʟʘʮʠʠ. ʃʦʢʘʣʴʥʘʷ 

ʩʝʪʴ (ʃɺʉ) ʠʣʠ LAN - ʵʪʦ ʛʨʫʧʧʘ ʧʝʨʩʦʥʘʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ ʠʣʠ ʧʝʨʠʬʝʨʠʡ-

ʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʦʙʲʝʜʠʥʝʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʤ ʢʘʥʘʣʦʤ ʧʝʨʝ-

ʜʘʯʠ ʜʘʥʥʳʭ ʚ ʨʘʩʧʦʣʦʞʝʥʠʠ ʦʜʥʦʛʦ ʠʣʠ ʤʥʦʛʠʭ ʙʣʠʟʣʝʞʘʱʠʭ ʟʜʘʥʠʡ. ʆʩʥʦʚ-

ʥʘʷ ʟʘʜʘʯʘ, ʢʦʪʦʨʘʷ ʩʪʘʚʠʪʩʷ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʣʦʢʘʣʴʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʝ-

ʪʝʡ - ʵʪʦ ʩʦʟʜʘʥʠʝ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʢʦʤʧʘʥʠʠ, ʦʙʝʩʧʝ-

ʯʠʚʘʶʱʝʡ ʨʝʰʝʥʠʝ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʩ ʥʘʠʙʦʣʴʰʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ. 

ʉʫʱʝʩʪʚʫʝʪ ʨʷʜ ʧʨʠʯʠʥ ʜʣʷ ʦʙʲʝʜʠʥʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʧʝʨʩʦʥʘʣʴʥʳʭ ʢʦʤʧʴ-

ʶʪʝʨʦʚ ʚ ʃɺʉ:  

ɺʦ-ʧʝʨʚʳʭ, ʩʦʚʤʝʩʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʩʫʨʩʦʚ ʧʦʟʚʦʣʷʝʪ ʥʝʩʢʦʣʴʢʠʤ ʇʂ 

ʠʣʠ ʜʨʫʛʠʤ ʫʩʪʨʦʡʩʪʚʘʤ ʦʩʫʱʝʩʪʚʣʷʪʴ ʩʦʚʤʝʩʪʥʳʡ ʜʦʩʪʫʧ ʢ ʦʪʜʝʣʥɹʦʤʫ ʜʠʩʢʫ 

(ʬʘʡʣ-ʩʝʨʚʝʨʫ), ʜʠʩʢʦʚʦʜʫ DVD-ROM, ʧʨʠʥʪʝʨʘʤ, ʧʣʦʪʪʝʨʘʤ, ʢ ʩʢʘʥʝʨʘʤ ʠ 

ʜʨʫʛʦʤʫ ʦʙʦʨʫʜʦʚʘʥʠʶ, ʯʪʦ ʩʥʠʞʘʝʪ ʟʘʪʨʘʪʳ ʥʘ ʢʘʞʜʦʛʦ ʦʪʜʝʣʴʥʦʛʦ ʧʦʣʴʟʦʚʘ-

ʪʝʣʷ.  

ɺʦ-ʚʪʦʨʳʭ, ʢʨʦʤʝ ʩʦʚʤʝʩʪʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʧʝʨʠʬʝʨʠʡ-

ʥʳʭ ʫʩʪʨʦʡʩʪʚ ʃɺʉ ʧʦʟʚʦʣʷʝʪ ʘʥʘʣʦʛʠʯʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʝʪʝʚʳʝ ʚʝʨʩʠʠ ʧʨʠ-

ʢʣʘʜʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ.  

ɺ-ʪʨʝʪʴʠʭ, ʃɺʉ ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʦʚʳʝ ʬʦʨʤʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʣʴʟʦʚʘʪʝ-

ʣʝʡ ʚ ʦʜʥʦʤ ʢʦʣʣʝʢʪʠʚʝ, ʥʘʧʨʠʤʝʨ ʧʨʠ ʨʘʙʦʪʝ ʥʘʜ ʦʙʱʠʤ ʧʨʦʝʢʪʦʤ.  

ɺ-ʯʝʪʚʝʨʪʳʭ, ʃɺʉ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʙʱʠʝ ʩʨʝʜʩʪʚʘ ʩʚʷʟʠ 

ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʧʨʠʢʣʘʜʥʳʤʠ ʩʠʩʪʝʤʘʤʠ (ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʫʩʣʫʛʠ, ʧʝʨʝ-

ʜʘʯʘ ʜʘʥʥʳʭ ʠ ʚʠʜʝʦʜʘʥʥʳʭ, ʨʝʯʠ ʠ ʪ.ʜ.). ʆʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʦʨʛʘʥʠʟʘʮʠʷ 

ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. ɺ ʩʣʫʯʘʝ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʭʨʘʥʝʥʠʷ ʠʥ-

ʬʦʨʤʘʮʠʠ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʱʘʶʪʩʷ ʧʨʦʮʝʩʩʳ ʦʙʝʩʧʝʯʝʥʠʷ ʝʝ ʮʝʣʦʩʪʥʦʩʪʠ, ʘ 

ʪʘʢʞʝ ʨʝʟʝʨʚʥʦʛʦ ʢʦʧʠʨʦʚʘʥʠʷ.  

ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʨʠ ʧʨʠʥʮʠʧʘ ʃɺʉ:  

" ʆʪʢʨʳʪʦʩʪʴ - ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʜʢʣʶʯʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ 

ʠ ʜʨʫʛʠʭ ʫʩʪʨʦʡʩʪʚ, ʘ ʪʘʢʞʝ ʣʠʥʠʡ (ʢʘʥʘʣʦʚ) ʩʚʷʟʠ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ 

ʠ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʩʫʱʝʩʪʚʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩʝʪʠ.  

" ɻʠʙʢʦʩʪʴ - ʩʦʭʨʘʥʝʥʠʝ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʩʪʨʫʢʪʫʨʳ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʚʳʭʦʜʘ ʠʟ ʩʪʨʦʷ ʣʶʙʦʛʦ ʢʦʤʧʴʶʪʝʨʘ ʠʣʠ ʣʠʥʠʠ ʩʚʷʟʠ.  

" ʕʬʬʝʢʪʠʚʥʦʩʪ  ɹ- ʦʙʝʩʧʝʯʝʥʠʝ ʪʨʝʙʫʝʤʦʛʦ ʢʘʯʝʩʪʚʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʦʣʴ-

ʟʦʚʘʪʝʣʝʡ ʧʨʠ ʤʠʥʠʤʘʣʴʥʳʭ ʟʘʪʨʘʪʘʭ  



 

11 
 

ʃʦʢʘʣʴʥʳʝ ʩʝʪʠ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʠʟ ʤʦʜʥʦʛʦ ʜʦʧʦʣʥʝʥʠʷ ʢ ʢʦʤʧʴʶʪʝʨʫ 

ʚʩʸ ʙʦʣʝʝ ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ ʦʙʷʟʘʪʝʣʴʥʫʶ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʣʶʙʦʡ ʢʦʤʧʘʥʠʠ, 

ʠʤʝʶʱʝʡ ʙʦʣʝʝ ʦʜʥʦʛʦ ʢʦʤʧʴʶʪʝʨʘ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʚʩʝ ʦʨʛʘʥʠʟʘʮʠʠ ʩʪʨʝʤʷʪ-

ʩʷ ʤʦʜʝʨʥʠʟʦʚʘʪʴ ʩʚʦʶ ʨʘʙʦʪʫ ʩ ʧʦʤʦʱʴʶ ʣʦʢʘʣʥɹʳʭ ʩʝʪʝʡ. 

ʆʙʣʘʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʝʪʝʡ ʩʝʛʦʜʥʷ ʧʦʩʪʦʷʥʥʦ ʨʘʩʰʠ-

ʨʷʝʪʩʷ, ʦʥʘ ʚʢʣʶʯʘʝʪ ʥʘʫʢʫ, ʦʙʨʘʟʦʚʘʥʠʝ, ʙʠʟʥʝʩ, ʨʘʟʚʣʝʯʝʥʠʷ. ʄʦʞʥʦ ʩʢʘʟʘʪʴ, 

ʯʪʦ ʢʦʤʧʴʶʪʝʨ, ʧʦʜʢʣʶʯʝʥʥʳʡ ʢ ʩʝʪʠ, ʩʪʘʣ ʥʦʚʳʤ ʩʦʮʠʘʣʴʥʳʤ ʬʘʢʪʦʨʦʤ ʨʘʟ-

ʚʠʪʠʷ ʦʙʱʝʩʪʚʘ. 
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ʃʝʢʮʠʷ 1. 

1. ʆʙʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ  

1.1 ʆʩʥʦʚʥʳʝ ʦʧʨʝʜʝʣʝʥʠʷ ʠ ʪʝʨʤʠʥʳ 

ʉʝʪʴ ð ʵʪʦ ʩʦʚʦʢʫʧʥʦʩʪʴ ʦʙʲʝʢʪʦʚ, ʦʙʨʘʟʫʝʤʳʭ ʫʩʪʨʦʡʩʪʚʘʤʠ ʧʝʨʝʜʘʯʠ 

ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʧʦ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʦʧʨʝʜʝ-

ʣʠʣʘ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʩʝʪʴ ʢʘʢ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʫʶ ʙʠʪ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʫʶ ʧʝʨʝ-

ʜʘʯʫ ʠʥʬʦʨʤʘʮʠʠ ʤʝʞʜʫ ʩʚʷʟʘʥʥʳʤʠ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʥʝʟʘʚʠʩʠʤʳʤʠ ʫʩʪʨʦʡʩʪ-

ʚʘʤʠ.  

ɺ ʩʦʩʪʘʚ ʩʝʪʠ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʚʢʣʶʯʘʝʪʩʷ ʩʣʝʜʫʶʱʠʝ ʵʣʝʤʝʥʪʳ: 

 ʩʝʪʝʚʳʝ ʢʦʤʧʴʶʪʝʨʳ (ʦʩʥʘʱʝʥʥʳʝ ʩʝʪʝʚʳʤ ʘʜʘʧʪʝʨʦʤ); 

 ʢʘʥʘʣʳ ʩʚʷʟʠ (ʢʘʙʝʣʴʥʳʝ, ʩʧʫʪʥʠʢʦʚʳʝ, ʪʝʣʝʬʦʥʥʳʝ, ʮʠʬʨʦʚʳʝ, 

ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʝ, ʨʘʜʠʦʢʘʥʘʣʳ ʠ ʜʨ.); 

 ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʩʠʛʥʘʣʦʚ; 

 ʩʝʪʝʚʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ. 

ʈʘʟʣʠʯʘʶʪ ʜʚʘ ʧʦʥʷʪʠʷ ʩʝʪʠ: ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʘʷ ʩʝʪʴ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʝʪʴ 

(ʨʠʩʫʥʦʢ 1.1). 

ʂʦʤʤʫʥʠʢʘʮʠʦʥʥʘʷ ʩʝʪʴ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʪʘʢʞʝ ʦʥʘ 

ʚʳʧʦʣʥʷʝʪ ʟʘʜʘʯʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʜʘʥʥʳʭ. ʂʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ 

ʩʝʪʠ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʪʠʧʫ ʠʩʧʦʣʴʟʫʝʤʳʭ ʬʠʟʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʩʦʝʜʠʥʝʥʠʷ. 

ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʝʪʴ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʠ ʩʦʩʪʦ-

ʠʪ ʠʟ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. ʅʘ ʙʘʟʝ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ ʩʝʪʠ ʤʦʞʝʪ ʙʳʪʴ 

ʧʦʩʪʨʦʝʥʘ ʛʨʫʧʧʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʝʪʝʡ:  

ʇʦʜ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʦʡ ʩʣʝʜʫʝʪ ʧʦʥʠʤʘʪʴ ʩʠʩʪʝʤʫ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ 

ʧʦʩʪʘʚʱʠʢʦʤ ʠʣʠ ʧʦʪʨʝʙʠʪʝʣʝʤ ʠʥʬʦʨʤʘʮʠʠ. 

 

ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʝʪʴ ˉ1

ʂʦʤʤʫʥʠʢʘʮʠʦʥʥʘʷ

ʩʝʪʴ

ʀʥʬʦʨʤʘʮʠʥʥʘʷ

ʩʠʩʪʝʤʘ ˉ1

ʀʥʬʦʨʤʘʮʠʥʥʘʷ

ʩʠʩʪʝʤʘ ˉn

ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʝʪʴ ˉ2

ʀʥʬʦʨʤʘʮʠʥʥʘʷ

ʩʠʩʪʝʤʘ ˉ1

ʀʥʬʦʨʤʘʮʠʥʥʘʷ

ʩʠʩʪʝʤʘ ˉn

 
 

ʈʠʩʫʥʦʢ. 1.1 ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʩʝʪʠ 

 

ʂʦʤʧʴʶʪʝʨʥʘʷ ʩʝʪʴ ʩʦʩʪʦʠʪ ʠʟ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʠ ʢʘʥʘʣʦʚ ʩʚʟ̫ʠ. 

ʇʦʜ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʦʡ ʩʣʝʜʫʝʪ ʧʦʥʠʤʘʪʴ ʦʙʲʝʢʪ, ʩʧʦʩʦʙʥʳʡ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʭʨʘʥʝʥʠʝ, ʦʙʨʘʙʦʪʢʫ ʠʣʠ ʧʝʨʝʜʘʯʫ ʠʥʬʦʨʤʘʮʠʷ. ɺ ʩʦʩʪʘʚ ʠʥʬʦʨ-

ʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʚʭʦʜʷʪ: ʢʦʤʧʴʶʪʝʨʳ, ʧʨʦʛʨʘʤʤʳ, ʧʦʣʴʟʦʚʘʪʝʣʠ ʠ ʜʨʫʛʠʝ 

ʩʦʩʪʘʚʣʷʶʱʠʝ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ ʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. ɺ 

ʜʘʣʴʥʝʡʰʝʤ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 
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ʧʦʣʴʟʦʚʘʪʝʣʷ, ʙʫʜʝʪ ʥʘʟʳʚʘʪʴʩʷ ð ʨʘʙʦʯʘʷ ʩʪʘʥʮʠʷ (client). ʈʘʙʦʯʘʷ ʩʪʘʥʮʠʷ ʚ 

ʩʝʪʠ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʦʙʳʯʥʦʛʦ ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʢʦʤʧʴʶʪʝʨʘ (ʇʂ) ʥʘʣʠʯʠʝʤ ʩʝʪʝ-

ʚʦʡ ʢʘʨʪʳ (ʩʝʪʝʚʦʛʦ ʘʜʘʧʪʝʨʘ), ʢʘʥʘʣʘ ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʠ ʩʝʪʝʚʦʛʦ ʧʨʦ-

ʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. 

ʇʦʜ ʢʘʥʘʣʦʤ ʩʚʷʟʠ ʩʣʝʜʫʝʪ ʧʦʥʠʤʘʪʴ ʧʫʪʴ ʠʣʠ ʩʨʝʜʩʪʚʦ, ʧʦ ʢʦʪʦʨʦʤʫ ʧʝ-

ʨʝʜʘʶʪʩʷ ʩʠʛʥʘʣʳ. ʉʨʝʜʩʪʚʦ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʦʚ ʥʘʟʳʚʘʶʪ ʘʙʦʥʝʥʪʩʢʠʤ, ʠʣʠ 

ʬʠʟʠʯʝʩʢʠʤ, ʢʘʥʘʣʦʤ.  

ʂʘʥʘʣʳ ʩʚʷʟʠ (data link) ʩʦʟʜʘʶʪʩʷ ʧʦ ʣʠʥʠ̫ ʤ ʩʚʷʟʠ ʧʨʠ ʧʦʤʦʱʠ ʩʝʪʝʚʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʬʠʟʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʩʚʷʟʠ. ʌʠʟʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʩʚʷʟʠ ʧʦʩʪʨʦʝ-

ʥʳ ʥʘ ʦʩʥʦʚʝ ʚʠʪʳʭ ʧʘʨ, ʢʦʘʢʩʠʘʣʴʥʳʭ ʢʘʙʝʣʝʡ, ʦʧʪʠʯʝʩʢʠʭ ʢʘʥʘʣʦʚ ʠʣʠ ʵʬʠʨʘ. 

ʄʝʞʜʫ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʤʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʯʝʨʝʟ ʬʠʟʠʯʝʩʢʠʝ 

ʢʘʥʘʣʳ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ ʩʝʪʠ ʠ ʫʟʣʳ ʢʦʤʤʫʪʘʮʠʠ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʣʦʛʠʯʝ-

ʩʢʠʝ ʢʘʥʘʣʳ. 

ʃʦʛʠʯʝʩʢʠʡ ʢʘʥʘʣ ð ʵʪʦ ʧʫʪʴ ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʦʪ ʦʜʥʦʡ ʩʠʩʪʝʤʳ ʢ 

ʜʨʫʛʦʡ. ʃʦʛʠʯʝʩʢʠʡ ʢʘʥʘʣ ʧʨʦʢʣʘʜʳʚʘʝʪʩʷ ʧʦ ʤʘʨʰʨʫʪʫ ʚ ʦʜʥʦʤ ʠʣʠ ʥʝʩʢʦʣʴ-

ʢʠʭ ʬʠʟʠʯʝʩʢʠʭ ʢʘʥʘʣʘʭ. ʃʦʛʠʯʝʩʢʠʡ ʢʘʥʘʣ ʤʦʞʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ, ʢʘʢ ʤʘʨ-

ʰʨʫʪ, ʧʨʦʣʦʞʝʥʥʳʡ ʯʝʨʝʟ ʬʠʟʠʯʝʩʢʠʝ ʢʘʥʘʣʳ ʠ ʫʟʣʳ ʢʦʤʤʫʪʘʮʠʠ. 

ʀʥʬʦʨʤʘʮʠʷ ʚ ʩʝʪʠ ʧʝʨʝʜʘʝʪʩʷ ʙʣʦʢʘʤʠ ʜʘʥʥʳʭ ʧʦ ʧʨʦʮʝʜʫʨʘʤ ʦʙʤʝʥʘ 

ʤʝʞʜʫ ʦʙʲʝʢʪʘʤʠ. ʕʪʠ ʧʨʦʮʝʜʫʨʳ ʥʘʟʳʚʘʶʪ ʧʨʦʪʦʢʦʣʘʤʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. 

ʇʨʦʪʦʢʦʣ ð ʵʪʦ ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʨʘʚʠʣ, ʫʩʪʘʥʘʚʣʠʚʘʶʱʠʭ ʬʦʨʤʘʪ ʠ ʧʨʦ-

ʮʝʜʫʨʳ ʦʙʤʝʥʘ ʠʥʬʦʨʤʘʮʠʝʡ ʤʝʞʜʫ ʜʚʫʤʷ ʠʣʠ ʥʝʩʢʦʣʴʢʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ. 

ɿʘʛʨʫʟʢʘ ʩʝʪʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʘʨʘʤʝʪʨʦʤ, ʥʘʟʳʚʘʝʤʳʤ ʪʨʘʬʠʢʦʤ. ʊʨʘ-

ʬʠʢ (traffic) ð ʵʪʦ ʧʦʪʦʢ ʩʦʦʙʱʝʥʠʡ ʚ ʩʝʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. ʇʦʜ ʥʠʤ ʧʦʥʠ-

ʤʘʶʪ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʠʟʤʝʨʝʥʠʝ ʚ ʚʙrʨʘʥʥʳʭ ʪʦʯʢʘʭ ʩʝʪʠ ʯʠʩʣʘ ʧʨʦʭʦʜʷʱʠʭ 

ʙʣʦʢʦʚ ʜʘʥʥʳʭ ʠ ʠʭ ʜʣʠʥʳ, ʚʳʨʘʞʝʥʥʦʝ ʚ ʙʠʪʘʭ ʚ ʩʝʢʫʥʜʫ. 

ʉʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʩʝʪʠ ʦʢʘʟʳʚʘʝʪ ʤʝʪʦʜ ʜʦʩʪʫ-

ʧʘ. ʄʝʪʦʜ ʜʦʩʪʫʧʘ ð ʵʪʦ ʩʧʦʩʦʙ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʛʦ, ʢʘʢʘʷ ʠʟ ʨʘʙʦʯʠʭ ʩʪʘʥʮʠʡ 

ʩʤʦʞʝʪ ʩʣʝʜʫʶʱʝʡ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʥʘʣ ʩʚʷʟʠ ʠ ʢʘʢ ʫʧʨʘʚʣʷʪʴ ʜʦʩʪʫʧʦʤ ʢ ʢʘʥʘ-

ʣʫ ʩʚʷʟʠ (ʢʘʙʝʣʶ). 

ɺ ʩʝʪʠ ʚʩʝ ʨʘʙʦʯʠʝ ʩʪʘʥʮʠʠ ʬʠʟʠʯʝʩʢʠ ʩʦʝʜʠʥʝʥʳ ʤʝʞʜʫ ʩʦʙʦʶ ʢʘʥʘʣʘʤʠ 

ʩʚʷʟʠ ʧʦ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʪʨʫʢʪʫʨʝ, ʥʘʟʳʚʘʝʤʦʡ ʪʦʧʦʣʦʛʠʝʡ. ʊʦʧʦʣʦʛʠʷ ð ʵʪʦ 

ʦʧʠʩʘʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʩʝʪʠ, ʫʢʘʟʳʚʘʶʱʝʝ ʢʘʢʠʝ ʨʘʙʦʯʠʝ ʩʪʘʥʮʠʠ 

ʤʦʛʫʪ ʩʚʷʟʳʚʘʪʴʩʷ ʤʝʞʜʫ ʩʦʙʦʡ. ʊʠʧ ʪʦʧʦʣʦʛʠʠ ʦʧʨʝʜʝʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴ-

ʥʦʩʪʴ, ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ ʨʘʙʦʯʠʭ ʩʪʘʥʮʠʡ, ʘ ʪʘʢʞʝ 

ʚʨʝʤʷ ʦʙʨʘʱʝʥʠʷ ʢ ʬʘʡʣʦʚʦʤʫ ʩʝʨʚʝʨʫ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʧʦʣʦʛʠʠ ʩʝʪʠ ʠʩ-

ʧʦʣʴʟʫʝʪʩʷ ʪʦʪ ʠʣʠ ʠʥʦʡ ʤʝʪʦʜ ʜʦʩʪʫʧʘ. 

ʉʦʩʪʘʚ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʩʝʪʠ ʟʘʚʠʩʠʪ ʦʪ ʝʝ ʘʨʭʠʪʝʢʪʫʨʳ. 

ɸʨʭʠʪʝʢʪʫʨʘ ï ʵʪʦ ʢʦʥʮʝʧʮʠʷ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʚʟʘʠʤʦʩʚʷʟʴ, ʩʪʨʫʢʪʫʨʫ ʠ 

ʬʫʥʢʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʘʙʦʯʠʭ ʩʪʘʥʮʠʡ ʚ ʩʝʪʠ. ʆʥʘ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʣʦʛʠ-

ʯʝʩʢʫʶ, ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʠ ʬʠʟʠʯʝʩʢʫʶ ʦʨʛʘʥʠʟʘʮʠʶ ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʧʨʦ-

ʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʩʝʪʠ. ɸʨʭʠʪʝʢʪʫʨʘ ʦʧʨʝʜʝʣʷʝʪ ʧʨʠʥʮʠʧʳ ʧʦʩʪʨʦʝʥʠʷ ʠ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʘʧʧʘʨʘʪʥʦʛʦ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʩʝʪʠ. 

ɺ ʦʩʥʦʚʥʦʤ ʚʳʜʝʣʷʶʪ ʪʨʠ ʚʠʜʘ ʘʨʭʠʪʝʢʪʫʨ: ʘʨʭʠʪʝʢʪʫʨʘ ʪʝʨʤʠʥʘʣ ð 

ʛʣʘʚʥʳʡ ʢʦʤʧʴʶʪʝʨ, ʘʨʭʠʪʝʢʪʫʨʘ ʢʣʠʝʥʪ ï ʩʝʨʚʝʨ ʠ ʦʜʥʦʨʘʥʛʦʚʘʷ ʘʨʭʠʪʝʢʪʫʨʘ. 
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1.2 ʆʩʦʙʝʥʥʦʩʪʠ ʃɺʉ 

ʄʝʞʜʫ ʣʦʢʘʣʴʥʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʝʪʴʶ (ʃɺʉ) ʠ ʛʣʦʙʘʣʴʥʦʡ ʚʳʯʠʩʣʠ-

ʪʝʣʴʥʦʡ ʩʝʪʴʶ (ɻɺʉ) ʥʝʪ ʯʝʪʢʠʭ ʛʨʘʥʠʮ ʧʦ ʜʣʠʥʝ ʣʠʥʠʡ ʩʚʷʟʠ, ʦʜʥʘʢʦ ʮʝʣʠ ʠʭ 

ʩʦʟʜʘʥʠʷ ʨʘʟʥʳʝ.  

ʎʝʣʴ ʩʦʟʜʘʥʠʷ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ ð ʨʘʟʜʝʣʝʥʠʝ ʠ ʩʦʚʤʝʩʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʨʝʩʫʨʩʦʚ. ʎʝʣʴ ʩʦʟʜʘʥʠʷ ʛʣʦʙʘʣʴʥʦʡ ʩʝʪʠ ð ʦʙʝʩʧʝʯʝʥʠʝ ʩʚʷʟʠ ʜʣʷ ʥʝʦʛʨʘʥʠ-

ʯʝʥʥʦʛʦ ʯʠʩʣʦ ʘʙʦʥʝʥʪʦʚ ʥʘ ʥʝʦʛʨʘʥʠʯʝʥʥʳʝ ʨʘʩʩʪʦʷʥʠʷ.  

ʏʪʦʙʳ ʩʧʨʦʝʢʪʠʨʦʚʘʪʴ ʃɺʉ, ʥʫʞʥʦ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

 ʦʧʨʝʜʝʣʠʪʴ ʧʦʣʦʞʝʥʠʝ ʠ ʢʦʣʠʯʝʩʪʚʦ ʢʦʤʧʴʶʪʝʨʦʚ; 

 ʚʳʷʩʥʠʪʴ, ʜʣʷ ʢʘʢʠʭ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʃɺʉ; 

 ʠʩʭʦʜʷ ʠʟ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ, ʚʳʙʨʘʪʴ ʣʠʙʦ ʩʝʪʴ ʩ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʤ 
ʫʧʨʘʚʣʝʥʠʝʤ, ʣʠʙʦ ʦʜʥʦʨʘʥʛʦʚʫʶ ʩʝʪʴ; 

 ʚʳʙʨʘʪʴ ʦʧʝʨʘʮʠʦʥʥʫʶ ʩʝʪʴ; 

 ʦʧʨʝʜʝʣʠʪʴ ʪʦʧʦʣʦʛʠʶ ʩʝʪʠ ʠ ʤʝʪʦʜ ʜʦʩʪʫʧʘ ʢ ʩʨʝʜʝ (ʩʪʘʥʜʘʨʪ ʃɺʉ); 

 ʚʳʙʨʘʪʴ ʩʝʪʝʚʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ. 

 

ɸʨʭʠʪʝʢʪʫʨʘ ʩʝʪʠ ʦʧʨʝʜʝʣʷʝʪ ʦʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ ʩʝʪʠ, ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʝʝ 

ʦʙʱʫʶ ʣʦʛʠʯʝʩʢʫʶ ʦʨʛʘʥʠʟʘʮʠʶ, ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩ-

ʧʝʯʝʥʠʝ, ʦʧʠʩʳʚʘʝʪ ʤʝʪʦʜʳ ʢʦʜʠʨʦʚʘʥʠʷ. ɸʨʭʠʪʝʢʪʫʨʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʷʝʪ ʧʨʠʥ-

ʮʠʧʳ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʠʥʪʝʨʬʝʡʩ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

ɺ ʜʘʥʥʦʤ ʢʫʨʩʝ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥʦ ʪʨʠ ʚʠʜʘ ʘʨʭʠʪʝʢʪʫʨ: 

 ʘʨʭʠʪʝʢʪʫʨʘ ʪʝʨʤʠʥʘʣ ð ʛʣʘʚʥʳʡ ʢʦʤʧʴʶʪʝʨ; 

 ʦʜʥʦʨʘʥʛʦʚʘʷ ʘʨʭʠʪʝʢʪʫʨʘ; 

 ʘʨʭʠʪʝʢʪʫʨʘ ʢʣʠʝʥʪ ï ʩʝʨʚʝʨ. 

 

ɸʨʭʠʪʝʢʪʫʨʘ ʪʝʨʤʠʥʘʣ ð ʛʣʘʚʥʳʡ ʢʦʤʧʴʪʁʝʨ. 

ɸʨʭʠʪʝʢʪʫʨʘ ʪʝʨʤʠʥʘʣ ð ʛʣʘʚʥʳʡ ʢʦʤʧʴʶʪʝʨ (terminal ï host computer 

architecture) ï ʵʪʦ ʢʦʥʮʝʧʮʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʝʪʠ, ʚ ʢʦʪʦʨʦʡ ʚʩʷ ʦʙʨʘʙʦʪʢʘ 

ʜʘʥʥʳʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʣʠ ʛʨʫʧʧʦʡ ʛʣʘʚʥʳʭ ʢʦʤʧʴʪʁʝʨʦʚ. 

 
ɻʣʘʚʥʳʡ ʢʦʤʧʴʶʪʝʨ

ʄʇɼ

ʊʝʨʤʠʥʘʣʊʝʨʤʠʥʘʣ

ʄʇɼ

ʊʝʨʤʠʥʘʣʊʝʨʤʠʥʘʣ
 

 

ʈʠʩʫʥʦʢ. 1.2 ɸʨʭʠʪʝʢʪʫʨʘ ʪʝʨʤʠʥʘʣ ð ʛʣʘʚʥʳʡ ʢʦʤʧʴʶʪʝʨ. 

 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʧʨʝʜʧʦʣʘʛʘʝʪ ʜʚʘ ʪʠʧʘ ʦʙʦʨʫʜʦʚʘʥʠʷ: 
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Á ɻʣʘʚʥʳʡ ʢʦʤʧʴʶʪʝʨ, ʛʜʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʫʧʨʘʚʣʝʥʠʝ ʩʝʪʴʶ, ʭʨʘʥʝʥʠʝ ʠ 
ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ. 

Á ʊʝʨʤʠʥʘʣʳ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʧʝʨʝʜʘʯʠ ʛʣʘʚʥʦʤʫ ʢʦʤʧʴʶʪʝʨʫ ʢʦʤʘʥʜ 
ʥʘ ʦʨʛʘʥʠʟʘʮʠʶ ʩʝʘʥʩʦʚ ʠ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʥʠʡ, ʚʚʦʜʘ ʜʘʥʥʳʭ ʜʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʥʠʡ ʠ ʧʦʣʫʯʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ. 

 

ɻʣʘʚʥʳʡ ʢʦʤʧʴʶʪʝʨ ʯʝʨʝʟ ʤʫʣʴʪʠʧʣʝʢʩʦʨʳ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ (ʄʇɼ) ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʫʶʪ ʩ ʪʝʨʤʠʥʘʣʘʤʠ, ʢʘʢ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 1.3. 

ʂʣʘʩʩʠʯʝʩʢʠʡ ʧʨʠʤʝʨ ʘʨʭʠʪʝʢʪʫʨʳ ʩʝʪʠ ʩ ʛʣʘʚʥʳʤʠ ʢʦʤʧʴʶʪʝʨʘʤʠ ð  ʩʠʩʪʝʤ-

ʥʘʷ ʩʝʪʝʚʘʷ ʘʨʭʠʪʝʢʪʫʨʘ (System Network Architecture ï SNA). 

 

ʆʜʥʦʨʘʥʛʦʚʘʷ ʘʨʭʠʪʝʢʪʫʨʘ. 

ʆʜʥʦʨʘʥʛʦʚʘʷ ʘʨʭʠʪʝʢʪʫʨʘ (peer-to-peer architecture) ð ʵʪʦ ʢʦʥʮʝʧʮʠʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʝʪʠ, ʚ ʢʦʪʦʨʦʡ ʝʝ ʨʝʩʫʨʩʳ ʨʘʩʩʨʝʜʦʪʦʯʝʥʳ ʧʦ ʚʩʝʤ ʩʠʩʪʝʤʘʤ. 

ɼʘʥʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʪʝʤ, ʯʪʦ ʚ ʥʝʡ ʚʩʝ ʩʠʩʪʝʤʳ ʨʘʚʥʦʧʨʘʚʥʳ. 

ʂ ʦʜʥʦʨʘʥʛʦʚʳʤ ʩʝʪʷʤ ʦʪʥʦʩʷʪʩʷ ʤʘʣʳʝ ʩʝʪʠ, ʛʜʝ ʣʶʙʘʷ ʨʘʙʦʯʘʷ ʩʪʘʥʮʠʷ 

ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʬʫʥʢʮʠʠ ʬʘʡʣʦʚʦʛʦ ʩʝʨʚʝʨʘ ʠ ʨʘʙʦʯʝʡ ʩʪʘʥ-

ʮʠʠ. ɺ ʦʜʥʦʨʘʥʛʦʚʳʭ ʃɺʉ ʜʠʩʢʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʠ ʬʘʡʣʳ ʥʘ ʣʶʙʦʤ ʢʦʤʧʴʶ-

ʪʝʨʝ ʤʦʛʫʪ ʙʳʪʴ ʦʙʱʠʤʠ. ʏʪʦʙʳ ʨʝʩʫʨʩ ʩʪʘʣ ʦʙʱʠʤ, ʝʛʦ ʥʝʦʙʭʦʜʠʤʦ ʦʪʜʘʪʴ ʚ 

ʦʙʱʝʝ ʧʦʣʴʟʦʚʘʥʠʝ, ʠʩʧʦʣʴʟʫʷ ʩʣʫʞʙʳ ʫʜʘʣʝʥʥʦʛʦ ʜʦʩʪʫʧʘ ʩʝʪʝʚʳʭ ʦʜʥʦʨʘʥʛʦ-

ʚʳʭ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʢʘʢ ʙʫʜʝʪ ʫʩʪʘʥʦʚʣʝʥʘ ʟʘʱʠ-

ʪʘ ʜʘʥʥʳʭ, ʜʨʫʛʠʝ ʧʦʣʴʟʦʚʘʪʝʣʠ ʩʤʦʛʫʪ ʧʦʣʴʟʦʚʘʪʴʩʷ ʬʘʡʣʘʤʠ ʩʨʘʟʫ ʞʝ ʧʦʩʣʝ 

ʠʭ ʩʦʟʜʘʥʠʷ. ʆʜʥʦʨʘʥʛʦʚʳʝ ʃɺʉ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʠ ʪʦʣʴʢʦ ʜʣʷ ʥʝʙʦʣʴʰʠʭ ʨʘ-

ʙʦʯʠʭ ʛʨʫʧʧ. 

 

ʂʦʤʤʫʥʠʢʘʮʠʦʥʥʘʷ ʩʝʪʴ

ʀʥʬʦʨʤʘʮʠʥʥʘʷ

ʩʠʩʪʝʤʘ A

ʀʥʬʦʨʤʘʮʠʥʥʘʷ

ʩʠʩʪʝʤʘ B

ʀʥʬʦʨʤʘʮʠʥʥʘʷ

ʩʠʩʪʝʤʘ D

ʀʥʬʦʨʤʘʮʠʥʥʘʷ

ʩʠʩʪʝʤʘ E

ʀʥʬʦʨʤʘʮʠʥʥʘʷ

ʩʠʩʪʝʤʘ C

 
 

ʈʠʩʫʥʦʢ. 1.3 ʆʜʥʦʨʘʥʛʦʚʘʷ ʘʨʭʠʪʝʢʪʫʨʘ. 

 

ʆʜʥʦʨʘʥʛʦʚʳʝ ʃɺʉ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʣʝʛʢʠʤ ʠ ʜʝʰʝʚʳʤ ʪʠʧʦʤ ʩʝʪʝʡ 

ʜʣʷ ʫʩʪʘʥʦʚʢʠ. ʆʥʠ ʥʘ ʢʦʤʧʴʶʪʝʨʝ ʪʨʝʙʫʶʪ, ʢʨʦʤʝ ʩʝʪʝʚʦʡ ʢʘʨʪʳ ʠ ʩʝʪʝʚʦʛʦ 

ʥʦʩʠʪʝʣʷ, ʪʦʣʴʢʦ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ Windows ʠʣʠ Windows for Workgroups. 

ʇʨʠ ʩʦʝʜʠʥʝʥʠʠ ʢʦʤʧʴʶʪʝʨʦʚ, ʧʦʣʴʟʦʚʘʪʝʣʠ ʤʦʛʫʪ ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʨʝʩʫʨʩʳ ʠ 

ʠʥʬʦʨʤʘʮʠʶ ʚ ʩʦʚʤʝʩʪʥʦʝ ʧʦʣʴʟʦʚʘʥʠʝ. 

ʆʜʥʦʨʘʥʛʦʚʳʝ ʩʝʪʠ ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ: 

 ʦʥʠ ʣʝʛʢʠ ʚ ʫʩʪʘʥʦʚʢʝ ʠ ʥʘʩʪʨʦʡʢʝ; 

 ʦʪʜʝʣʴʥʳʝ ʇʂ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʚʳʜʝʣʝʥʥʦʛʦ ʩʝʨʚʝʨʘ; 



 

16 
 

 ʧʦʣʴʟʦʚʘʪʝʣʠ ʚ ʩʦʩʪʦʷʥʠʠ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʩʚʦʠ ʨʝʩʫʨʩʳ; 

 ʤʘʣʘʷ ʩʪʦʠʤʦʩʪʴ ʠ ʣʝʛʢʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ; 

 ʤʠʥʠʤʫʤ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ; 

 ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʘʜʤʠʥʠʩʪʨʘʪʦʨʝ; 

 ʭʦʨʦʰʦ ʧʦʜʭʦʜʷʪ ʜʣʷ ʩʝʪʝʡ ʩ ʢʦʣʠʯʝʩʪʚʦʤ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʥʝ 

ʧʨʝʚʳʰʘʶʱʠʤ ʜʝʩʷʪʠ. 

 

ʇʨʦʙʣʝʤʦʡ ʦʜʥʦʨʘʥʛʦʚʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʷʚʣʷʝʪʩʷ ʩʠʪʫʘʮʠʷ, ʢʦʛʜʘ ʢʦʤʧʴʶ-

ʪʝʨʳ ʦʪʢʣʶʯʘʶʪʩʷ ʦʪ ʩʝʪʠ. ɺ ʵʪʠʭ ʩʣʫʯʘʷʭ ʠʟ ʩʝʪʠ ʠʩʯʝʟʘʶʪ ʚʠʜʳ ʩʝʨʚʠʩʘ, ʢʦ-

ʪʦʨʳʝ ʦʥʠ ʧʨʝʜʦʩʪʘʚʣʷʣʠ. ʉʝʪʝʚʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʤʦʞʥʦ ʧʨʠʤʝ-

ʥʠʪʴ ʪʦʣʴʢʦ ʢ ʦʜʥʦʤʫ ʨʝʩʫʨʩʫ, ʠ ʧʦʣʴʟʦʚʘʪʝʣʴ ʜʦʣʞʝʥ ʧʦʤʥʠʪʴ ʩʪʦʣʴʢʦ ʧʘʨʦ-

ʣʝʡ, ʩʢʦʣʴʢʦ ʩʝʪʝʚʳʭ ʨʝʩʫʨʩʦʚ. ʇʨʠ ʧʦʣʫʯʝʥʠʠ ʜʦʩʪʫʧʘ ʢ ʨʘʟʜʝʣʷʝʤʦʤʫ ʨʝʩʫʨʩʫ 

ʦʱʫʱʘʝʪʩʷ ʧʘʜʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʢʦʤʧʴʶʪʝʨʘ.ʉʫʱʝʩʪʚʝʥʥʳʤ ʥʝʜʦʩ-

ʪʘʪʢʦʤ ʦʜʥʦʨʘʥʛʦʚʳʭ ʩʝʪʝʡ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʘʜʤʠʥʠ-

ʩʪʨʠʨʦʚʘʥʠʷ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʦʜʥʦʨʘʥʛʦʚʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʥʝ ʠʩʢʣʶʯʘʝʪ ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʪʦʡ ʞʝ ʩʝʪʠ ʪʘʢʞʝ ʘʨʭʠʪʝʢʪʫʨʳ çʪʝʨʤʠʥʘʣ ð ʛʣʘʚʥʳʡ ʢʦʤʧʴʶʪʝʨè ʠʣʠ ʘʨʭʠ-

ʪʝʢʪʫʨʳ çʢʣʠʝʥʪ ï ʩʝʨʚʝʨè. 

 

ɸʨʭʠʪʝʢʪʫʨʘ ʢʣʠʝʥʪ ï ʩʝʨʚʝʨ. 

ɸʨʭʠʪʝʢʪʫʨʘ ʢʣʠʝʥʪ ï ʩʝʨʚʝʨ (client-server architecture) ð ʵʪʦ ʢʦʥʮʝʧʮʠʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʝʪʠ, ʚ ʢʦʪʦʨʦʡ ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʝʝ ʨʝʩʫʨʩʦʚ ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʚ 

ʩʝʨʚʝʨʘʭ, ʦʙʩʣʫʞʠʚʘʶʱʠʭ ʩʚʦʠʭ ʢʣʠʝʥʪʦʚ (ʨʠʩʫʥʦʢ 1.5). ʈʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʘʨ-

ʭʠʪʝʢʪʫʨʘ ʦʧʨʝʜʝʣʷʝʪ ʜʚʘ ʪʠʧʘ ʢʦʤʧʦʥʝʥʪʦʚ: ʩʝʨʚʝʨʳ ʠ ʢʣʠʝʥʪʳ. 

ʉʝʨʚʝʨ ð ʵʪʦ ʦʙʲʝʢʪ, ʧʨʝʜʦʩʪʘʚʣʷʶʱʠʡ ʩʝʨʚʠʩ ʜʨʫʛʠʤ ʦʙʲʝʢʪʘʤ ʩʝʪʠ ʧʦ 

ʠʭ ʟʘʧʨʦʩʘʤ. ʉʝʨʚʠʩ ð ʵʪʦ ʧʨʦʮʝʩʩ ʦʙʩʣʫʞʠʚʘʥʠʷ ʢʣʠʝʥʪʦʚ. 

ʉʝʨʚʝʨ ʨʘʙʦʪʘʝʪ ʧʦ ʟʘʜʘʥʠʷʤ ʢʣʠʝʥʪʦʚ ʠ ʫʧʨʘʚʣʷʝʪ ʚʳʧʦʣʥʝʥʠʝʤ ʠʭ ʟʘʜʘ-

ʥʠʡ. ʇʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʢʘʞʜʦʛʦ ʟʘʜʘʥʠʷ ʩʝʨʚʝʨ ʧʦʩʳʣʘʝʪ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴ-

ʪʘʪʳ ʢʣʠʝʥʪʫ, ʧʦʩʣʘʚʰʝʤʫ ʵʪʦ ʟʘʜʘʥʠʝ.  

ʉʝʨʚʠʩʥʘʷ ʬʫʥʢʮʠʷ ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʢʣʠʝʥʪ ï ʩʝʨʚʝʨ ʦʧʠʩʳʚʘʝʪʩʷ ʢʦʤʧʣʝʢ-

ʩʦʤ ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʪʦʨʳʤ ʚʳʧʦʣʥʷʶʪʩʷ ʨʘʟʥʦʦʙ-

ʨʘʟʥʳʝ ʧʨʠʢʣʘʜʥʳʝ ʧʨʦʮʝʩʩʳ. 

 

ʈʘʙʦʯʘʷ ʩʪʘʥʮʠʷ
(ʂʣʠʝʥʪ)

ʈʘʙʦʯʘʷ ʩʪʘʥʮʠʷ
(ʂʣʠʝʥʪ)

ʉʝʨʚʝʨ

ʂʦʤʤʫʥʠʢʘʮʠʦʥʥʘʷ ʩʝʪʴ

 
ʈʠʩʫʥʦʢ. 1.4 ɸʨʭʠʪʝʢʪʫʨʘ ʢʣʠʝʥʪ ï ʩʝʨʚʝʨ. 
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ʇʨʦʮʝʩʩ, ʢʦʪʦʨʳʡ ʚʳʟʳʚʘʝʪ ʩʝʨʚʠʩʥʫʶ ʬʫʥʢʮʠʶ ʩ ʧʦʤʦʱʴʶ ʦʧʨʝʜʝʣʝʥ-

ʥʳʭ ʦʧʝʨʘʮʠʡ, ʥʘʟʳʚʘʝʪʩʷ ʢʣʠʝʥʪʦʤ. ʀʤ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʛʨʘʤʤʘ ʠʣʠ ʧʦʣʴʟʦʚʘ-

ʪʝʣʴ. ʅʘ ʨʠʩʫʥʢʝ 1.6 ʧʨʠʚʝʜʝʥ ʧʝʨʝʯʝʥʴ ʩʝʨʚʠʩʦʚ ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʢʣʠʝʥʪ ï ʩʝʨ-

ʚʝʨ. 

ʂʣʠʝʥʪʳ ð ʵʪʦ ʨʘʙʦʯʠʝ ʩʪʘʥʮʠʠ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪ ʨʝʩʫʨʩʳ ʩʝʨʚʝʨʘ ʠ 

ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʫʜʦʙʥʳʝ ʠʥʪʝʨʬʝʡʩʳ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʀʥʪʝʨʬʝʡʩʳ ʧʦʣʴʟʦʚʘʪʝʣʷ 

ʵʪʦ ʧʨʦʮʝʜʫʨʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩ ʩʠʩʪʝʤʦʡ ʠʣʠ ʩʝʪʴʶ. 

ʉʝʨʚʝʨ

ʂʣʠʝʥʪʳ

ʇʨʠʢʣʘʜʥʦʡ

ʩʝʨʚʠʩ

ʉʝʨʚʠʩ

ʧʝʯʘʪʠ

ʉʝʨʚʠʩ

ʬʘʡʣʦʚ

ʉʝʪʝʚʦʡ

ʩʝʨʚʠʩ

ʉʝʨʚʠʩ

ʜʠʩʢʦʚ

ʉʝʨʚʠʩ

ʙʝʟʦʧʘʩʥʦʩʪʠ

 
 

ʈʠʩʫʥʦʢ. 1.5 ʄʦʜʝʣʴ ʢʣʠʝʥʪ-ʩʝʨʚʝʨ. 

 

ʂʣʠʝʥʪ ʷʚʣʷʝʪʩʷ ʠʥʠʮʠʘʪʦʨʦʤ ʠ ʠʩʧʦʣʴʟʫʝʪ ʵʣʝʢʪʨʦʥʥʫʶ ʧʦʯʪʫ ʠʣʠ ʜʨʫʛʠʝ 

ʩʝʨʚʠʩʳ ʩʝʨʚʝʨʘ. ɺ ʵʪʦʤ ʧʨʦʮʝʩʩʝ ʢʣʠʝʥʪ ʟʘʧʨʘʰʠʚʘʝʪ ʚʠʜ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʫʩʪʘ-

ʥʘʚʣʠʚʘʝʪ ʩʝʘʥʩ, ʧʦʣʫʯʘʝʪ ʥʫʞʥʳʝ ʝʤʫ ʨʝʟʫʣʴʪʘʪʳ ʠ ʩʦʦʙʱʘʝʪ ʦʙ ʦʢʦʥʯʘʥʠʠ 

ʨʘʙʦʪʳ. 

ɺ ʩʝʪʷʭ ʩ ʚʳʜʝʣʝʥʥʳʤ ʬʘʡʣʦʚʳʤ ʩʝʨʚʝʨʦʤ ʥʘ ʚʳʜʝʣʝʥʥʦʤ ʘʚʪʦʥʦʤʥʦʤ ʇʂ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʩʝʨʚʝʨʥʘʷ ʩʝʪʝʚʘʷ ʦʧʝʨʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ. ʕʪʦʪ ʇʂ ʩʪʘʥʦʚʠʪʩʷ 

ʩʝʨʚʝʨʦʤ. ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ (ʇʆ), ʫʩʪʘʥʦʚʣʝʥʥʦʝ ʥʘ ʨʘʙʦʯʝʡ ʩʪʘʥʮʠʠ, 

ʧʦʟʚʦʣʷʝʪ ʝʡ ʦʙʤʝʥʠʚʘʪʴʩʷ ʜʘʥʥʳʤʠ ʩ ʩʝʨʚʝʨʦʤ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ 

ʩʝʪʝʚʳʝ ʦʧʝʨʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʳ: 

 NetWare ʬʠʨʤʳ Novel; 

 Windows NT ʬʠʨʤʳ Microsoft; 

 UNIX ʬʠʨʤʳ AT&T;  

 Linux. 

 

ʇʦʤʠʤʦ ʩʝʪʝʚʦʡ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʥʝʦʙʭʦʜʠʤʳ ʩʝʪʝʚʳʝ ʧʨʠʢʣʘʜʥʳʝ 

ʧʨʦʛʨʘʤʤʳ, ʨʝʘʣʠʟʫʶʱʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʝ ʩʝʪʴʶ. 

ʉʝʪʠ ʥʘ ʙʘʟʝ ʩʝʨʚʝʨʦʚ ʠʤʝʶʪ ʣʫʯʰʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʧʦʚʳʰʝʥʥʫʶ ʥʘ-

ʜʝʞʥʦʩʪʴ. ʉʝʨʚʝʨ ʚʣʘʜʝʝʪ ʛʣʘʚʥʳʤʠ ʨʝʩʫʨʩʘʤʠ ʩʝʪʠ, ʢ ʢʦʪʦʨʳʤ ʦʙʨʘʱʘʶʪʩʷ ʦʩ-

ʪʘʣʴʥʳʝ ʨʘʙʦʯʠʝ ʩʪʘʥʮʠʠ. 

ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʢʣʠʝʥʪ ï ʩʝʨʚʝʨʥʦʡ ʘʨʭʠʪʝʢʪʫʨʝ ʚʳʜʝʣʷʝʪʩʷ ʯʝʪʳʨʝ ʛʨʫʧʧʳ 

ʦʙʲʝʢʪʦʚ: ʢʣʠʝʥʪʳ, ʩʝʨʚʝʨʳ, ʜʘʥʥʳʝ ʠ ʩʝʪʝʚʳʝ ʩʣʫʞʙʳ. ʂʣʠʝʥʪʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ 

ʚ ʩʠʩʪʝʤʘʭ ʥʘ ʨʘʙʦʯʠʭ ʤʝʩʪʘʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ɼʘʥʥʳʝ ʚ ʦʩʥʦʚʥʦʤ ʭʨʘʥʷʪʩʷ ʚ 
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ʩʝʨʚʝʨʘʭ. ʉʝʪʝʚʳʝ ʩʣʫʞʙʳ ʷʚʣʷʶʪʩʷ ʩʦʚʤʝʩʪʥʦ ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʩʝʨʚʝʨʘʤʠ ʠ 

ʜʘʥʥʳʤʠ. ʂʨʦʤʝ ʪʦʛʦ ʩʣʫʞʙʳ ʫʧʨʘʚʣʷʶʪ ʧʨʦʮʝʜʫʨʘʤʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. 

 

ʉʝʪʠ ʢʣʠʝʥʪ ï ʩʝʨʚʝʨʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ: 

Á ʧʦʟʚʦʣʷʶʪ ʦʨʛʘʥʠʟʦʚʳʚʘʪʴ ʩʝʪʠ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʨʘʙʦʯʠʭ 

ʩʪʘʥʮʠʡ; 

Á ʦʙʝʩʧʝʯʠʚʘʶʪ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʫʯʝʪʥʳʤʠ ʟʘʧʠʩʷʤʠ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʙʝʟʦʧʘʩʥʦʩʪʴʶ ʠ ʜʦʩʪʫʧʦʤ, ʯʪʦ ʫʧʨʦʱʘʝʪ ʩʝʪʝʚʦʝ 

ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʝ; 

Á ʵʬʬʝʢʪʠʚʥʳʡ ʜʦʩʪʫʧ ʢ ʩʝʪʝʚʳʤ ʨʝʩʫʨʩʘʤ; 

Á ʧʦʣʴʟʦʚʘʪʝʣʶ ʥʫʞʝʥ ʦʜʠʥ ʧʘʨʦʣʴ ʜʣʷ ʚʭʦʜʘ ʚ ʩʝʪʴ ʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 
ʜʦʩʪʫʧʘ ʢʦ ʚʩʝʤ ʨʝʩʫʨʩʘʤ, ʥʘ ʢʦʪʦʨʳʝ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʧʨʘʚʘ 

ʧʦʣʴʟʦʚʘʪʝʣʷ. 

 

ʅʘʨʷʜʫ ʩ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʩʝʪʠ ʢʣʠʝʥʪ ï ʩʝʨʚʝʨʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʠʤʝʶʪ ʠ 

ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ: 

Á ʥʝʠʩʧʨʘʚʥʦʩʪʴ ʩʝʨʚʝʨʘ ʤʦʞʝʪ ʩʜʝʣʘʪʴ ʩʝʪʴ ʥʝʨʘʙʦʪʦʩʧʦʩʦʙʥʦʡ, ʢʘʢ 

ʤʠʥʠʤʫʤ ʧʦʪʝʨʶ ʩʝʪʝʚʳʭ ʨʝʩʫʨʩʦʚ; 

Á ʪʨʝʙʫʶʪ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʧʝʨʩʦʥʘʣʘ ʜʣʷ ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʷ; 

Á ʠʤʝʶʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʩʪʦʠʤʦʩʪʴ ʩʝʪʝʡ ʠ ʩʝʪʝʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

 

ɺʳʙʦʨ ʘʨʭʠʪʝʢʪʫʨʳ ʩʝʪʠ. 

ɺʳʙʦʨ ʘʨʭʠʪʝʢʪʫʨʳ ʩʝʪʠ ʟʘʚʠʩʠʪ ʦʪ ʥʘʟʥʘʯʝʥʠʷ ʩʝʪʠ, ʢʦʣʠʯʝʩʪʚʘ ʨʘʙʦʯʠʭ 

ʩʪʘʥʮʠʡ ʠ ʦʪ ʚʳʧʦʣʥʷʝʤʳʭ ʥʘ ʥʝʡ ʜʝʡʩʪʚʠʡ.  

ʉʣʝʜʫʝʪ ʚʳʙʨʘʪʴ ʦʜʥʦʨʘʥʛʦʚʫʶ ʩʝʪʴ, ʝʩʣʠ: 

o ʢʦʣʠʯʝʩʪʚʦ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʥʝ ʧʨʝʚʳʰʘʝʪ ʜʝʩʷʪʠ; 

o ʚʩʝ ʤʘʰʠʥʳ ʥʘʭʦʜʷʪʩʷ ʙʣʠʟʢʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ; 

o ʠʤʝʶʪ ʤʝʩʪʦ ʥʝʙʦʣʴʰʠʝ ʬʠʥʘʥʩʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ; 

o ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʤ ʩʝʨʚʝʨʝ, ʪʘʢʦʤ ʢʘʢ ʩʝʨʚʝʨ ɹɼ, 
ʬʘʢʩ-ʩʝʨʚʝʨ ʠʣʠ ʢʘʢʦʡ-ʣʠʙʦ ʜʨʫʛʦʡ; 

o ʥʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʠʣʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʤ 

ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʠ. 

 

ʉʣʝʜʫʝʪ ʚʳʙʨʘʪʴ ʢʣʠʝʥʪ-ʩʝʨʚʝʨʥʫʶ ʩʝʪʴ, ʝʩʣʠ: 

o ʢʦʣʠʯʝʩʪʚʦ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʧʨʝʚʳʰʘʝʪ ʜʝʩʷʪʠ; 

o ʪʨʝʙʫʝʪʩʷ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ, ʙʝʟʦʧʘʩʥʦʩʪʴ, ʫʧʨʘʚʣʝʥʠʝ 

ʨʝʩʫʨʩʘʤʠ ʠʣʠ ʨʝʟʝʨʚʥʦʝ ʢʦʧʠʨʦʚʘʥʠʝ; 

o ʥʝʦʙʭʦʜʠʤ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʡ ʩʝʨʚʝʨ; 

o ʥʫʞʝʥ ʜʦʩʪʫʧ ʢ ʛʣʦʙʘʣʴʥʦʡ ʩʝʪʠ; 

o ʪʨʝʙʫʝʪʩʷ ʨʘʟʜʝʣʷʪʴ ʨʝʩʫʨʩʳ ʥʘ ʫʨʦʚʥʝ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 
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ɺʦʧʨʦʩʳ:  

1. ɼʘʪʴ ʦʧʨʝʜʝʣʝʥʠʝ ʩʝʪʠ. 

2. ʏʝʤ ʦʪʣʠʯʘʝʪʩʷ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʘʷ ʩʝʪʴ ʦʪ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʝʪʠ? 

3. ʂʘʢ ʨʘʟʜʝʣʷʶʪʩʷ ʩʝʪʠ ʧʦ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʤʫ ʧʨʠʟʥʘʢʫ? 

4. ʏʪʦ ʪʘʢʦʝ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ? 

5. ʏʪʦ ʪʘʢʦʝ ʢʘʥʘʣʳ ʩʚʷʟʠ? 

6. ɼʘʪʴ ʦʧʨʝʜʝʣʝʥʠʝ ʬʠʟʠʯʝʩʢʦʛʦ ʢʘʥʘʣʘ ʩʚʷʟʠ. 

7. ɼʘʪʴ ʦʧʨʝʜʝʣʝʥʠʝ ʣʦʛʠʯʝʩʢʦʛʦ ʢʘʥʘʣʘ ʩʚʷʟʠ. 

8. ʂʘʢ ʥʘʟʳʚʘʝʪʩʷ ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʨʘʚʠʣ ʦʙʤʝʥʘ ʠʥʬʦʨʤʘʮʠʝʡ ʤʝʞʜʫ ʜʚʫʤʷ ʠʣʠ 

ʥʝʩʢʦʣʴʢʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ? 

9. ʂʘʢ ʥʘʟʳʚʘʝʪʩʷ ʦʙʲʝʢʪ, ʩʧʦʩʦʙʥʳʡ ʦʩʫʱʝʩʪʚʣʷʪʴ ʭʨʘʥʝʥʠʝ, ʦʙʨʘʙʦʪʢʫ ʠʣʠ 

ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ, ʚ ʩʦʩʪʘʚ, ʢʦʪʦʨʦʛʦ ʚʭʦʜʷʪ ʢʦʤʧʴʶʪʝʨ, ʧʨʦʛʨʘʤʤʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ, ʧʦʣʴʟʦʚʘʪʝʣʠ ʠ ʜʨ. ʩʦʩʪʘʚʣʷʶʱʠʝ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʧʨʦʮʝʩʩʘ 

ʦʙʨʘʙʦʪʢʠ ʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ? 

10. ʂʘʢʠʤ ʧʘʨʘʤʝʪʨʦʤ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʟʘʛʨʫʟʢʘ ʩʝʪʠ? 

11. ʏʪʦ ʪʘʢʦʝ ʤʝʪʦʜ ʜʦʩʪʫʧʘ? 

12. ʏʪʦ ʪʘʢʦʝ ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʨʘʚʠʣ, ʫʩʪʘʥʘʚʣʠʚʘʶʱʠʭ ʧʨʦʮʝʜʫʨʳ ʠ ʬʦʨʤʘʪ 

ʦʙʤʝʥʘ ʠʥʬʦʨʤʘʮʠʝʡ? 

13. ʏʝʤ ʦʪʣʠʯʘʝʪʩʷ ʨʘʙʦʯʘʷ ʩʪʘʥʮʠʷ ʚ ʩʝʪʠ ʦʪ ʦʙʳʯʥʦʛʦ ʧʝʨʩʦʥʘʣʴʥʦʛʦ 

ʢʦʤʧʴʶʪʝʨʘ? 

14. ʂʘʢʠʝ ʵʣʝʤʝʥʪʳ  ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ ʩʝʪʠ? 

14. ʂʘʢ ʥʘʟʳʚʘʝʪʩʷ ʦʧʠʩʘʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʩʝʪʠ? 

15. ʏʪʦ ʪʘʢʦʝ ʘʨʭʠʪʝʢʪʫʨʘ ʩʝʪʠ? 

16. ʂʘʢ ʥʘʟʚʘʪʴ ʩʧʦʩʦʙ ʦʧʨʝʜʝʣʝʥʠʷ, ʢʘʢʘʷ ʠʟ ʨʘʙʦʯʠʭ ʩʪʘʥʮʠʡ ʩʤʦʞʝʪ 

ʩʣʝʜʫʶʱʝʡ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʥʘʣ ʩʚʷʟʠ? 

17. ʇʝʨʝʯʠʩʣʠʪʴ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʝʪʝʡ. 

18. ʏʝʤ ʦʪʣʠʯʘʝʪʩʷ ʦʜʥʦʨʘʥʛʦʚʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʦʪ ʢʣʠʝʥʪ ʩʝʨʚʝʨʥʦʡ 

ʘʨʭʠʪʝʢʪʫʨʳ? 

19. ʂʘʢʦʚʳ ʧʨʝʠʤʫʱʝʩʪʚʘ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʡ ʩʝʪʠ ʩ ʚʳʜʝʣʝʥʥʳʤ ʩʝʨʚʝʨʦʤ? 

20. ʂʘʢʠʝ ʩʝʨʚʠʩʳ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʢʣʠʝʥʪ ʩʝʨʚʝʨʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ? 

21. ʇʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʘʨʭʠʪʝʢʪʫʨʳ ʪʝʨʤʠʥʘʣ ï ʛʣʘʚʥʳʡ ʢʦʤʧʴʶʪʝʨ. 

22. ɺ ʢʘʢʦʤ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʜʥʦʨʘʥʛʦʚʘʷ ʘʨʭʠʪʝʢʪʫʨʘ? 

23. ʏʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʩʝʪʝʡ ʩ ʚʳʜʝʣʝʥʥʳʤ ʩʝʨʚʝʨʦʤ? 

24. ʂʘʢ ʥʘʟʳʚʘʶʪʩʷ ʨʘʙʦʯʠʝ ʩʪʘʥʮʠʠ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪ ʨʝʩʫʨʩʳ ʩʝʨʚʝʨʘ? 

25. ʏʪʦ ʪʘʢʦʝ ʩʝʨʚʝʨ? 
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ʃʝʢʮʠʷ 2. 

2. ʊʦʧʦʣʦʛʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʝʪʠ ʠ ʤʝʪʦʜʳ ʜʦʩʪʫʧʘ 

2.1 ʊʦʧʦʣʦʛʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʝʪʠ 

ʊʦʧʦʣʦʛʠʷ (ʢʦʥʬʠʛʫʨʘʮʠʷ) ð ʵʪʦ ʩʧʦʩʦʙ ʩʦʝʜʠʥʝʥʠʷ ʢʦʤʧʴʶʪʝʨʦʚ ʚ ʩʝʪʴ. 

ʊʠʧ ʪʦʧʦʣʦʛʠʠ ʦʧʨʝʜʝʣʷʝʪ ʩʪʦʠʤʦʩʪʴ, ʟʘʱʠʱʝʥʥʦʩʪʴ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ 

ʥʘʜʝʞʥʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ ʨʘʙʦʯʠʭ ʩʪʘʥʮʠʡ, ʜʣʷ ʢʦʪʦʨʳʭ ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ ʚʨʝʤʷ 

ʦʙʨʘɦ ʝʥʠʷ ʢ ʬʘʡʣʦʚʦʤʫ ʩʝʨʚʝʨʫ. 

ʇʦʥʷʪʠʝ ʪʦʧʦʣʦʛʠʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʩʦʟʜʘʥʠʠ ʩʝʪʝʡ. ʆʜʥʠʤ ʠʟ 

ʧʦʜʭʦʜʦʚ ʢ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʪʦʧʦʣʦʛʠʡ ʃɺʉ ʷʚʣʷʝʪʩʷ ʚʳʜʝʣʝʥʠʝ ʜʚʫʭ ʦʩʥʦʚʥʳʭ 

ʢʣʘʩʩʦʚ ʪʦʧʦʣʦʛʠʡ: ʰʠʨʦʢʦʚʝʱʘʪʝʣʴʥʳʝ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ. 

ɺ ʰʠʨʦʢʦʚʝʱʘʪʝʣʴʥʳʭ ʪʦʧʦʣʦʛʠʷʭ ʇʂ ʧʝʨʝʜʘʝʪ ʩʠʛʥʘʣʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʙʳʪʴ ʚʦʩʧʨʠʥʷʪʳ ʦʩʪʘʣʴʥʳʤʠ ʇʂ. ʂ ʪʘʢʠʤ ʪʦʧʦʣʦʛʠʷʤ ʦʪʥʦʩʷʪʩʷ ʪʦʧʦʣʦʛʠʠ: 

ʦʙʱʘʷ ʰʠʥʘ, ʜʝʨʝʚʦ, ʟʚʝʟʜʘ. 

ɺ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʪʦʧʦʣʦʛʠʷʭ ʠʥʬʦʨʤʘʮʠʷ ʧʝʨʝʜʘʝʪʩʷ ʪʦʣʴʢʦ ʦʜʥʦʤʫ 

ʇʂ. ʇʨʠʤʝʨʘʤʠ ʪʘʢʠʭ ʪʦʧʦʣʦʛʠʡ ʷʚʣʷʶʪʩʷ: ʧʨʦʠʟʚʦʣʴʥʘʷ (ʧʨʦʠʟʚʦʣʴʥʦʝ ʩʦ-

ʝʜʠʥʝʥʠʝ ʇʂ), ʢʦʣʴʮʦ, ʮʝʧʦʯʢʘ. 

ʇʨʠ ʚʳʙʦʨʝ ʦʧʪʠʤʘʣʴʥʦʡ ʪʦʧʦʣʦʛʠʠ ʧʨʝʩʣʝʜʫʶʪʩʷ ʪʨʠ ʦʩʥʦʚʥʳʭ ʮʝʣʠ:  

1. ʦʙʝʩʧʝʯʝʥʠʝ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʥʘʜʝʞʥʦʩʪʠ 
ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ;  

2. ʚʳʙʦʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʘʨʰʨʫʪʘ ʧʝʨʝʜʘʯʠ ʙʣʦʢʦʚ ʜʘʥʥʳʭ;  

3. ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʧʨʠʝʤʣʝʤʦʛʦ ʚʨʝʤʝʥʠ ʦʪʚʝʪʘ ʠ ʥʫʞʥʦʡ ʧʨʦʧʫʩʢʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ.  

 

ʇʨʠ ʚʳʙʦʨʝ ʢʦʥʢʨʝʪʥʦʛʦ ʪʠʧʘ ʩʝʪʠ ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʝʝ ʪʦʧʦʣʦʛʠʶ. ʆʩʥʦʚ-

ʥʳʤʠ ʩʝʪʝʚʳʤʠ ʪʦʧʦʣʦʛʠʷʤʠ ʷʚʣʷʶʪʩʷ: ʰʠʥʥʘʷ (ʣʠʥʝʡʥʘʷ) ʪʦʧʦʣʦʛʠʷ, ʟʚʝʟʜʦ-

ʦʙʨʘʟʥʘʷ, ʢʦʣʴʮʝʚʘʷ ʠ ʜʨʝʚʦʚʠʜʥʘʷ.  

 

ɺʠʜr ʪʦʧʦʣʦʛʠʡ: 

 ʉʫʱʝʩʪʚʫʶʪ ʧʷʪʴ ʦʩʥʦʚʥʳʭ ʪʦʧʦʣʦʛʠʡ (ʨʠʩʫʥʦʢ 2.1): 

1.  ʦʙʱʘʷ ʰʠʥʘ (Bus);  

2.  ʢʦʣʴʮʦ (Ring); 

3.  ʟʚʝʟʜʘ (Star); 

4.  ʜʨʝʚʦʚʠʜʥʘʷ (Tree); 

5.  ̫ ʯʝʠʩʪʘʷ (Mesh). 
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ʂʦʣɹʮʝʚʘ̫
ɿʚʝʟʜʦʦʙʨʘʟʥʘ̫

 ʐʠʥʥʘ̫ 

ʗʯʝʠʩʪʘ̫

ɼʨʝʚʦʚʠʜʥʘ̫ 

 
ʈʠʩʫʥʦʢ. 2.2 ʊʠʧʳ ʪʦʧʦʣʦʛʠʡ. 

2.1.1 ʆʙʱʘʷ ʰʠʥʘ 

ʆʙʱʘʷ ʰʠʥʘ ʵʪʦ ʪʠʧ ʩʝʪʝʚʦʡ ʪʦʧʦʣʦʛʠʠ, ʚ ʢʦʪʦʨʦʡ ʨʘʙʦʯʠʝ ʩʪʘʥʮʠʠ ʨʘʩʧʦ-

ʣʦʞʝʥʳ ʚʜʦʣʴ ʦʜʥʦʛʦ ʫʯʘʩʪʢʘ ʢʘʙʝʣʷ, ʥʘʟʳʚʘʝʤʦʛʦ ʩʝʛʤʝʥʪʦʤ. 

 

 
ʈʠʩʫʥʦʢ. 2.2 ʊʦʧʦʣʦʛʠʷ ʆʙʱʘʷ ʰʠʥʘ. 

ʊʦʧʦʣʦʛʠʷ ʆʙʱʘʷ ʰʠʥʘ (ʨʠʩʫʥʦʢ 2.2) ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʜʥʦʛʦ 

ʢʘʙʝʣʷ, ʢ ʢʦʪʦʨʦʤʫ ʧʦʜʢʣʶʯʘʶʪʩʷ ʚʩʝ ʢʦʤʧʴʶʪʝʨʳ ʩʝʪʠ. ɺ ʩʣʫʯʘʝ ʪʦʧʦʣʦʛʠʠ 

ʆʙʱʘʷ ʰʠʥʘ ʢʘʙʝʣʴ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʩʝʤʠ ʩʪʘʥʮʠʷʤʠ ʧʦ ʦʯʝʨʝʜʠ. ʇʨʠʥʠʤʘʶʪʩʷ 

ʩʧʝʮʠʘʣʴʥʳʝ  ʤʝʨʳ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʨʠ ʨʘʙʦʪʝ ʩ ʦʙʱʠʤ ʢʘʙʝʣʝʤ ʢʦʤʧʴʶʪʝʨʳ 

ʥʝ ʤʝʰʘʣʠ ʜʨʫʛ ʜʨʫʛʫ ʧʝʨʝʜʘʚʘʪʴ ʠ ʧʨʠʥʠʤʘʪʴ ʜʘʥʥʳʝ. ɺʩʝ ʩʦʦʙʱʝʥʠʷ, ʧʦʩʳ-

ʣʘʝʤʳʝ ʦʪʜʝʣʴʥʳʤʠ ʢʦʤʧʴʶʪʝʨʘʤʠ, ʧʨʠʥʠʤʘʶʪʩʷ ʠ ʧʨʦʩʣʫʰʠʚʘʶʪʩʷ ʚʩʝʤʠ ʦʩ-

ʪʘʣʴʥʳʤʠ ʢʦʤʧʴʪʁʝʨʘʤʠ, ʧʦʜʢʣʶʯʝʥʥʳʤʠ ʢ ʩʝʪʠ. ʈʘʙʦʯʘʷ ʩʪʘʥʮʠʷ ʦʪʙʠʨʘʝʪ 

ʘʜʨʝʩʦʚʘʥʥʳʝ ʝʡ ʩʦʦʙʱʝʥʠʷ, ʧʦʣʴʟʫʷʩʴ ʘʜʨʝʩʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ. ʅʘʜʝʞʥʦʩʪʴ 

ʟʜʝʩʴ ʚʳʰʝ, ʪʘʢ ʢʘʢ ʚʳʭʦʜ ʠʟ ʩʪʨʦʷ ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ ʥʝ ʥʘʨʫʰʠʪ ʨʘʙʦ-

ʪʦʩʧʦʩʦʙʥʦʩʪʴ ʩʝʪʠ ʚ ʮʝʣʦʤ. ʇʦʠʩʢ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʚ ʩʝʪʠ ʟʘʪʨʫʜʥʝʥ. ʂʨʦʤʝ ʪʦ-

ʛʦ, ʪʘʢ ʢʘʢ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʦʣʴʢʦ ʦʜʠʥ ʢʘʙʝʣʴ, ʚ ʩʣʫʯʘʝ ʦʙʨʳʚʘ ʥʘʨʫʰʘʝʪʩʷ ʨʘʙʦ-

ʪʘ ʚʩʝʡ ʩʝʪʠ. ʐʠʥʥʘʷ ʪʦʧʦʣʦʛʠʷ ð ʵʪʦ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʘʷ ʠ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦ-

ʩʪʨʘʥʝʥʥʘʷ ʪʦʧʦʣʦʛʠʷ ʩʝʪʠ. 

ʇʨʠʤʝʨʘʤʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʦʧʦʣʦʛʠʠ ʦʙʱʘʷ ʰʠʥʘ ʷʚʣʷʝʪʩʷ ʩʝʪʴ 10Baseï5 

(ʩʦʝʜʠʥʝʥʠʝ ʇʂ ʪʦʣʩʪʳʤ ʢʦʘʢʩʠʘʣʴʥʳʤ ʢʘʙʝʣʝʤ) ʠ 10Baseï2 (ʩʦʝʜʠʥʝʥʠʝ ʇʂ 

ʪʦʥʢʠʤ ʢʦʘʢʩʠʘʣʴʥʳʤ ʢʘʙʝʣʝʤ). 
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2.1.2 ʂʦʣʴʮʦ 

ʂʦʣʴʮʦ ð ʵʪʦ ʪʦʧʦʣʦʛʠʷ ʃɺʉ, ʚ ʢʦʪʦʨʦʡ ʢʘʞʜʘʷ ʩʪʘʥʮʠʷ ʩʦʝʜʠʥʝʥʘ ʩ ʜʚʫ-

ʤʷ ʜʨʫʛʠʤʠ ʩʪʘʥʮʠʷʤʠ, ʦʙʨʘʟʫʷ ʢʦʣʴʮʦ (ʨʠʩʫʥʦʢ 2.3). ɼʘʥʥʳʝ ʧʝʨʝʜʘʶʪʩʷ ʦʪ 

ʦʜʥʦʡ ʨʘʙʦʯʝʡ ʩʪʘʥʮʠʠ ʢ ʜʨʫʛʦʡ ʚ ʦʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ (ʧʦ ʢʦʣʴʮʫ). ʂʘʞʜʳʡ ʇʂ 

ʨʘʙʦʪʘʝʪ ʢʘʢ ʧʦʚʪʦʨʠʪʝʣʴ, ʨʝʪʨʘʥʩʣʠʨʫʷ ʩʦʦʙʱʝʥʠʷ ʢ ʩʣʝʜʫʶʱʝʤʫ ʇʂ, ʪ.ʝ. 

ʜʘʥʥʳʝ, ʧʝʨʝʜʘʶʪʩʷ ʦʪ ʦʜʥʦʛʦ ʢʦʤʧʴʶʪʝʨʘ ʢ ʜʨʫʛʦʤʫ ʢʘʢ ʙʳ ʧʦ ʵʩʪʘʬʝʪʝ. ɽʩʣʠ 

ʢʦʤʧʴʶʪʝʨ ʧʦʣʫʯʘʝʪ ʜʘʥʥʳʝ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʜʨʫʛʦʛʦ ʢʦʤʧʴʶʪʝʨʘ, ʦʥ ʧʝ-

ʨʝʜʘʝʪ ʠʭ ʜʘʣʴʰʝ ʧʦ ʢʦʣʮɹʫ, ʚ ʠʥʦʤ ʩʣʫʯʘʝ ʦʥʠ ʜʘʣʴʰʝ ʥʝ ʧʝʨʝʜʘʶʪʩʷ. ʆʯʝʥʴ 

ʧʨʦʩʪʦ ʜʝʣʘʝʪʩʷ ʟʘʧʨʦʩ ʥʘ ʚʩʝ ʩʪʘʥʮʠʠ ʦʜʥʦʚʨʝʤʝʥʥʦ. ʆʩʥʦʚʥʘʷ ʧʨʦʙʣʝʤʘ ʧʨʠ 

ʢʦʣʴʮʝʚʦʡ ʪʦʧʦʣʦʛʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʢʘʞʜʘʷ ʨʘʙʦʯʘʷ ʩʪʘʥʮʠʷ ʜʦʣʞʥʘ 

ʘʢʪʠʚʥʦ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʧʝʨʝʩʳʣʢʝ ʠʥʬʦʨʤʘʮʠʠ, ʠ ʚ ʩʣʫʯʘʝ ʚʭrʦʜʘ ʠʟ ʩʪʨʦʷ ʭʦʪʷ 

ʙʳ ʦʜʥʦʡ ʠʟ ʥʠʭ, ʚʩʷ ʩʝʪʴ ʧʘʨʘʣʠʟʫʝʪʩʷ. ʇʦʜʢʣʶʯʝʥʠʝ ʥʦʚʦʡ ʨʘʙʦʯʝʡ ʩʪʘʥʮʠʠ 

ʪʨʝʙʫʝʪ ʢʨʘʪʢʦʩʨʦʯʥʦʛʦ ʚʳʢʣʶʯʝʥʠʷ ʩʝʪʠ, ʪ.ʢ. ʚʦ ʚʨʝʤʷ ʫʩʪʘʥʦʚʢʠ ʢʦʣʴʮʦ 

ʜʦʣʞʥʦ ʙʳʪʴ ʨʘʟʦʤʢʥʫʪʦ. ʊʦʧʦʣʦʛʠʷ ʂʦʣʴʮʦ ʠʤʝʝʪ ʭʦʨʦʰʦ ʧʨʝʜʩʢʘʟʫʝʤʦʝ ʚʨʝ-

ʤʷ ʦʪʢʣʠʢʘ, ʦʧʨʝʜʝʣʷʝʤʦʝ ʯʠʩʣʦʤ ʨʘʙʦʯʠʭ ʩʪʘʥʮʠʡ. 

 

 
ʈʠʩʫʥʦʢ. 2.3 ʊʦʧʦʣʦʛʠʷ ʂʦʣʴʮʦ. 

ʏʠʩʪʘʷ ʢʦʣʴʮʝʚʘʷ ʪʦʧʦʣʦʛʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʝʜʢʦ. ɺʤʝʩʪʦ ʵʪʦʛʦ ʢʦʣʴʮʝʚʘʷ 

ʪʦʧʦʣʦʛʠʷ ʠʛʨʘʝʪ ʪʨʘʥʩʧʦʨʪʥʫʶ ʨʦʣʴ ʚ ʩʭʝʤʝ ʤʝʪʦʜʘ ʜʦʩʪʫʧʘ. ʂʦʣʴʮʦ 

ʦʧʠʩʳʚʘʝʪ ʣʦʛʠʯʝʩʢʠʡ ʤʘʨʰʨʫʪ, ʘ ʧʘʢʝʪ ʧʝʨʝʜʘʝʪʩʷ ʦʪ ʦʜʥʦʡ ʩʪʘʥʮʠʠ ʢ ʜʨʫʛʦʡ, 

ʩʦʚʝʨʰʘʷ ʚ ʠʪʦʛʝ ʧʦʣʥʳʡ ʢʨʫʛ. ɺ ʩʝʪʷʭ Token Ring ʢʘʙʝʣʴʥʘʷ ʚʝʪʚʴ ʠʟ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʢʦʥʮʝʥʪʨʘʪʦʨʘ ʥʘʟʳʚʘʝʪʩʷ MAU (Multiple Access Unit). MAU 

ʠʤʝʝʪ ʚʥʫʪʨʝʥʥʝʝ ʢʦʣʴʮʦ, ʩʦʝʜʠʥʷʶʱʝʝ ʚʩʝ ʧʦʜʢʣʶʯʝʥʥʳʝ ʢ ʥʝʤʫ ʩʪʘʥʮʠʠ, ʠ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʧʫʪʴ, ʢʦʛʜʘ ʦʙʦʨʚʘʥ ʠʣʠ ʦʪʩʦʝʜʠʥʝʥ ʢʘʙʝʣʴ 

ʦʜʥʦʡ ʨʘʙʦʯʝʡ ʩʪʘʥʮʠʠ. ʂʦʛʜʘ ʢʘʙʝʣʴ ʨʘʙʦʯʝʡ ʩʪʘʥʮʠʠ ʧʦʜʩʦʝʜʠʥʝʥ ʢ MAU, ʦʥ 

ʧʨʦʩʪʦ ʦʙʨʘʟʫʝʪ ʨʘʩʰʠʨʝʥʠʝ ʢʦʣʴʮʘ: ʩʠʛʥʘʣʳ ʧʦʩʪʫʧʘʶʪ ʢ ʨʘʙʦʯʝʡ ʩʪʘʥʮʠʠ, ʘ 

ʟʘʪʝʤ ʚʦʟʚʨʘʱʘʶʪʩʷ ʦʙʨʘʪʥʦ ʚʦ ʚʥʫʪʨʝʥʥʝʝ ʢʦʣʴʮʦ. 

2.1.3 ɿʚʝʟʜʘ 

ɿʚʝʟʜʘ ð ʵʪʦ ʪʦʧʦʣʦʛʠʷ ʃɺʉ (ʨʠʩʫʥʦʢ 2.4), ʚ ʢʦʪʦʨʦʡ ʚʩʝ ʨʘʙʦʯʠʝ ʩʪʘʥʮʠʠ 

ʧʨʠʩʦʝʜʠʥʝʥʳ ʢ ʮʝʥʪʨʘʣʴʥʦʤʫ ʫʟʣʫ (ʥʘʧʨʠʤʝʨ, ʢ ʢʦʥʮʝʥʪʨʘʪʦʨʫ), ʢʦʪʦʨʳʡ ʫʩ-

ʪʘʥʘʚʣʠʚʘʝʪ, ʧʦʜʜʝʨʞʠʚʘʝʪ ʠ ʨʘʟʨʳʚʘʝʪ ʩʚʷʟʠ ʤʝʞʜʫ ʨʘʙʦʯʠʤʠ ʩʪʘʥʮʠʷʤʠ. 

ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʪʘʢʦʡ ʪʦʧʦʣʦʛʠʠ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʩʪʦʛʦ ʠʩʢʣʶʯʝʥʠʷ 

ʥʝʠʩʧʨʘʚʥʦʛʦ ʫʟʣʘ. ʆʜʥʘʢʦ, ʝʩʣʠ ʥʝʠʩʧʨʘʚʝʥ ʮʝʥʪʨʘʣʴʥʳʡ ʫʟʝʣ, ʚʩʷ ʩʝʪʴ ʚʳʭʦ-

ʜʠʪ ʠʟ ʩʪʨʦʷ. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʢʘʞʜʳʡ ʢʦʤʧʴʶʪʝʨ ʯʝʨʝʟ ʩʧʝʮʠʘʣʴʥʳʡ ʩʝʪʝʚʦʡ ʘʜʘʧʪʝʨ ʧʦʜ-

ʢʣʶʯʘʝʪʩʷ ʦʪʜʝʣʴʥʳʤ ʢʘʙʝʣʝʤ ʢ ʦʙʲʝʜʠʥʷʶʱʝʤʫ ʫʩʪʨʦʡʩʪʚʫ. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦ-

ʩʪʠ ʤʦʞʥʦ ʦʙʲʝʜʠʥʷʪʴ ʚʤʝʩʪʝ ʥʝʩʢʦʣʴʢʦ ʩʝʪʝʡ ʩ ʪʦʧʦʣʦʛʠʝʡ ɿʚʝʟʜʘ, ʧʨʠ ʵʪʦʤ 

ʧʦʣʫʯʘʶʪʩʷ ʨʘʟʚʝʪʚʣʝʥʥʳʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩʝʪʠ. ɺ ʢʘʞʜʦʡ ʪʦʯʢʝ ʚʝʪʚʣʝʥʠʷ ʥʝ-
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ʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʧʝʮʠʘʣʴʥʳʝ ʩʦʝʜʠʥʠʪʝʣʠ (ʨʘʩʧʨʝʜʝʣʠʪʝʣʠ, ʧʦʚʪʦʨʠʪʝ-

ʣʠ ʠʣʠ ʫʩʪʨʦʡʩʪʚʘ ʜʦʩʪʫʧʘ).  

 
ʈʠʩʫʥʦʢ. 2.4 ʊʦʧʦʣʦʛʠʷ ɿʚʝʟʜʘ. 

ʇʨʠʤʝʨʦʤ ʟʚʝʟʜʦʦʙʨʘʟʥʦʡ ʪʦʧʦʣʦʛʠʠ ʷʚʣʷʝʪʩʷ ʪʦʧʦʣʦʛʠʷ Ethernet ʩ ʢʘʙʝ-

ʣʝʤ ʪʠʧʘ ɺʠʪʘʷ ʧʘʨʘ 10BASE-T, ʮʝʥʪʨʦʤ ɿʚʝʟʜʳ ʦʙʳʯʥʦ ʷʚʣʷʝʪʩʷ Hub. 

ɿʚʝʟʜʦʦʙʨʘʟʥʘʷ ʪʦʧʦʣʦʛʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʟʘʱʠʪʫ ʦʪ ʨʘʟʨʳʚʘ ʢʘʙʝʣʷ. ɽʩʣʠ 

ʢʘʙʝʣʴ ʨʘʙʦʯʝʡ ʩʪʘʥʮʠʠ ʙʫʜʝʪ ʧʦʚʨʝʞʜʝʥ, ʵʪʦ ʥʝ ʧʨʠʚʝʜʝʪ ʢ ʚʳʭʦʜʫ ʠʟ ʩʪʨʦʷ 

ʚʩʝʛʦ ʩʝʛʤʝʥʪʘ ʩʝʪʠ. ʆʥʘ ʧʦʟʚʦʣʷʝʪ ʪʘʢʞʝ ʣʝʛʢʦ ʜʠʘʛʥʦʩʪʠʨʦʚʘʪʴ ʧʨʦʙʣʝʤʳ 

ʧʦʜʢʣʶʯʝʥʠʷ, ʪʘʢ ʢʘʢ ʢʘʞʜʘʷ ʨʘʙʦʯʘʷ ʩʪʘʥʮʠʷ ʠʤʝʝʪ ʩʚʦʡ ʩʦʙʩʪʚʝʥʥʳʡ ʢʘʙʝʣʴ-

ʥʳʡ ʩʝʛʤʝʥʪ, ʧʦʜʢʣʶʯʝʥʥʳʡ ʢ ʢʦʥʮʝʥʪʨʘʪʦʨʫ. ɼʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʜʦʩʪʘʪʦʯʥʦ 

ʥʘʡʪʠ ʨʘʟʨʳʚ ʢʘʙʝʣʷ, ʢʦʪʦʨʳʡ ʚʝʜʝʪ ʢ ʥʝʨʘʙʦʪʘʶʱʝʡ ʩʪʘʥʮʠʠ. ʆʩʪʘʣʴʥʘʷ ʯʘʩʪʴ 

ʩʝʪʠ ʧʨʦʜʦʣʞʘʝʪ ʥʦʨʤʘʣʴʥʦ ʨʘʙʦʪʘʪʴ.  

ʆʜʥʘʢʦ ʟʚʝʟʜʦʦʙʨʘʟʥʘʷ ʪʦʧʦʣʦʛʠʷ ʠʤʝʝʪ ʠ ʥʝʜʦʩʪʘʪʢʠ. ɺʦ-ʧʝʨʚʳʭ, ʦʥʘ ʪʨʝ-

ʙʫʝʪ ʤʥʦʛʦ ʢʘʙʝʣʷ. ɺʦ-ʚʪʦʨʳʭ, ʢʦʥʮʝʥʪʨʘʪʦʨʳ ʜʦʚʦʣʴʥʦ ʜʦʨʦʛʠ. ɺ-ʪʨʝʪʴʠʭ, ʢʘ-

ʙʝʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʪʦʨʳ ʧʨʠ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʢʘʙʝʣʷ ʪʨʫʜʥʦ ʦʙʩʣʫʞʠʚʘʪʴ. 

ʆʜʥʘʢʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʚ ʪʘʢʦʡ ʪʦʧʦʣʦʛʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝʜʦʨʦʛʦʡ ʢʘ-

ʙʝʣʴ ʪʠʧʘ ʚʠʪʘʷ ʧʘʨʘ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʤʦʞʥʦ ʜʘʞʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʫʱʝʩʪ-

ʚʫʶʱʠʝ ʪʝʣʝʬʦʥʥʳʝ ʢʘʙʝʣʠ. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʪʝʩʪʠʨʦʚʘʥʠʷ ʚʳ-

ʛʦʜʥʦ ʩʦʙʠʨʘʪʴ ʚʩʝ ʢʘʙʝʣʴʥʳʝ ʢʦʥʮʳ ʚ ʦʜʥʦʤ ʤʝʩʪʝ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʮʝʥ-

ʪʨʘʪʦʨʘʤʠ ArcNet ʢʦʥʮʝʥʪʨʘʪʦʨʳ Ethernet ʠ MAU Token Ring ʜʦʩʪʘʪʦʯʥʦ ʜʦʨʦ-

ʛʠ. ʅʦʚʳʝ ʧʦʜʦʙʥʳʝ ʢʦʥʮʝʥʪʨʘʪʦʨʳ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʩʨʝʜʩʪʚʘ ʪʝʩʪʠʨʦʚʘʥʠʷ ʠ 

ʜʠʘʛʥʦʩʪʠʢʠ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʝʱʝ ʙʦʣʝʝ ʜʦʨʦʛʠʤʠ. 

ɺʦʧʨʦʩʳ: 

1. ʏʪʦ ʪʘʢʦʝ ʪʦʧʦʣʦʛʠʷ? 

2. ʇʝʨʝʯʠʩʣʠʪʴ ʥʘʠʙʦʣʝʝ ʠʩʧʦʣʴʟʫʝʤʳʝ ʪʠʧʳ ʪʦʧʦʣʦʛʠʡ? 

3. ʆʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʪʦʧʦʣʦʛʠʶ ʆʙʱʘʷ ʰʠʥʘ ʠ ʧʨʠʚʝʩʪʠ ʧʨʠʤʝʨʳ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʦʡ ʪʦʧʦʣʦʛʠʠ. 

4. ʂʘʢʠʝ ʩʝʪʝʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠʩʧʦʣʴʟʫʶʪ ʪʦʧʦʣʦʛʠʶ ʆʙʱʘʷ ʰʠʥʘ? 

5. ʆʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʪʦʧʦʣʦʛʠʶ ʂʦʣʴʮʦ ʠ ʧʨʠʚʝʩʪʠ ʧʨʠʤʝʨʳ ʵʪʦʡ ʪʦʧʦʣʦʛʠʠ. 

6. ɺ ʢʘʢʠʭ ʩʣʫʯʘʷʭ ʠʩʧʦʣʴʟʫʶʪ ʪʦʧʦʣʦʛʠʶ ʂʦʣʴʮʦ? 

7. ʆʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʪʦʧʦʣʦʛʠʶ ɿʚʝʟʜʘ ʠ ʧʨʠʚʝʩʪʠ ʧʨʠʤʝʨʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʦʡ 

ʪʦʧʦʣʦʛʠʠ. 

8. ʂ ʢʘʢʦʡ ʪʦʧʦʣʦʛʠʠ ʦʪʥʦʩʠʪʩʷ ʩʝʪʴ ʧʨʠ ʧʦʜʩʦʝʜʠʥʝʥʠʠ ʚʩʝʭ ʢʦʤʧʴʶʪʝʨʦʚ ʢ 

ʦʙʱʝʤʫ ʢʦʥʮʝʥʪʨʘʪʦʨʫ? 

9. ʇʨʠʚʝʩʪʠ ʧʨʠʤʝʨʳ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʜʨʝʚʦʚʠʜʥʫʶ ʪʦʧʦʣʦʛʠʶ. 

10. ʏʪʦ ʪʘʢʦʝ ʷʯʝʠʩʪʘʷ ʪʦʧʦʣʦʛʠʷ ʠ ʚ ʢʘʢʠʭ ʩʣʫʯʘʷʭ ʦʥʘ ʠʩʧʦʣʴʟʫʝʪʩʷ? 
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ʃʝʢʮʠʠ 3. 

3. ʕʪʘʣʦʥʥʘʷ ʤʦʜʝʣʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʪʢʨrʪʳʭ ʩʠʩʪʝʤ 

 

3.1 ʉʝʤʠʫʨʦʚʥʝʚʘʷ ʤʦʜʝʣʴ OSI  

ɼʣʷ ʝʜʠʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ ʚ ʩʝʪʷʭ ʩ ʥʝʦʜʥʦʨʦʜʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘ-

ʤʠ ʠ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʧʦ ʩʪʘʥʜʘʨʪʘʤ 

ISO (International Standardization Organization) ʨʘʟʨʘʙʦʪʘʣʘ ʙʘʟʦʚʫʶ ʤʦʜʝʣʴ ʩʚʷ-

ʟʠ ʦʪʢʨʳʪʳʭ ʩʠʩʪʝʤ OSI (Open System Interconnection). ʕʪʘ ʤʦʜʝʣʴ ʦʧʠʩʳʚʘʝʪ 

ʧʨʘʚʠʣʘ ʠ ʧʨʦʮʝʜʫʨʳ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚ ʨʘʟʣʠʯʥʳʭ ʩʝʪʝʚʳʭ ʩʨʝʜʘʭ ʧʨʠ ʦʨʛʘ-

ʥʠʟʘʮʠʠ ʩʝʘʥʩʘ ʩʚʷʟʠ. ʆʩʥʦʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʤʦʜʝʣʠ ʷʚʣʷʶʪʩʷ ʫʨʦʚʥʠ, ʧʨʠ-

ʢʣʘʜʥʳʝ ʧʨʦʮʝʩʩʳ ʠ ʬʠʟʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʩʦʝʜʠʥʝʥʠʷ. ʅʘ ʨʠʩʫʥʢʝ 3.1 ʧʨʝʜ-

ʩʪʘʚʣʝʥʘ ʩʪʨʫʢʪʫʨʘ ʙʘʟʦʚʦʡ ʤʦʜʝʣʠ. ʂʘʞʜʳʡ ʫʨʦʚʝʥʴ ʤʦʜʝʣʠ OSI ʚʳʧʦʣʥʷʝʪ 

ʦʧʨʝʜʝʣʝʥʥʫʶ ʟʘʜʘʯʫ ʚ ʧʨʦʮʝʩʩʝ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʧʦ ʩʝʪʠ. ɹʘʟʦʚʘʷ ʤʦʜʝʣʴ ʷʚ-

ʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʩʝʪʝʚʳʭ ʧʨʦʪʦʢʦʣʦʚ. OSI ʨʘʟʜʝʣʷʝʪ ʢʦʤʤʫʥʠʢʘ-

ʮʠʦʥʥʳʝ ʬʫʥʢʮʠʠ ʚ ʩʝʪʠ ʥʘ ʩʝʤʴ ʫʨʦʚʥʝʡ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʦʙʩʣʫʞʠʚʘʝʪ 

ʨʘʟʣʠʯʥʳʝ ʯʘʩʪʠ ʧʨʦʮʝʩʩʘ ʦʙʣʘʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʪʢʨʳʪʳʭ ʩʠʩʪʝʤ. 

 
ʇʦʣʴʟʦʚʘʪʝʣʠ

ʇʨʠʢʣʘʜʥʦʡ

ʇʨʝʜʩʪʘʚʠʪʝʣʴʩʢʠʡ

ʉʝʘʥʩʦʚʳʡ

ʊʨʘʩʧʦʨʪʥʳʡ

ʇʨʠʢʣʘʜʥʳʝ ʧʨʦʮʝʩʩʳ

ʀʥʪʝʨʬʝʡʩ

 ʧʦʣʴʟʦʚʘʪʝʣʷ

ʇʨʠʢʣʘʜʥʦʡ

 ʠʥʪʝʨʬʝʡʩ

ʋʨʦʚʥʠ:
7

5

6

1

4

ʉʝʪʝʚʦʡ

ʂʘʥʘʣʴʥʳʡ

ʌʠʟʠʯʝʩʢʠʡ

3

2

ʌʠʟʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʩʦʝʜʠʥʝʥʠʷ

ʆʙʣʘʩʪʴ

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ

ʦʪʢʨʳʪʳʭ

 ʩʠʩʪʝʤ

 
ʈʠʩʫʥʦʢ. 3.1 ʄʦʜʝʣʴ OSI. 

 

ʄʦʜʝʣʴ OSI ʦʧʠʩʳʚʘʝʪ ʪʦʣʴʢʦ ʩʠʩʪʝʤʥʳʝ ʩʨʝʜʩʪʚʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʥʝ ʢʘ-

ʩʘʷʩʴ ʧʨʠʣʦʞʝʥʠʡ ʢʦʥʝʯʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʇʨʠʣʦʞʝʥʠʷ ʨʝʘʣʠʟʫʶʪ ʩʚʦʠ ʩʦʙ-

ʩʪʚʝʥʥʳʝ ʧʨʦʪʦʢʦʣʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʦʙʨʘʱʘʷʩʴ ʢ ʩʠʩʪʝʤʥʳʤ ʩʨʝʜʩʪʚʘʤ. ɽʩʣʠ 

ʧʨʠʣʦʞʝʥʠʝ ʤʦʞʝʪ ʚʟʷʪʴ ʥʘ ʩʝʙʷ ʬʫʥʢʮʠʠ ʥʝʢʦʪʦʨʳʭ ʚʝʨʭʥʠʭ ʫʨʦʚʥʝʡ ʤʦʜʝʣʠ 

OSI, ʪʦ ʜʣʷ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʦʥʦ ʦʙʨʘʱʘʝʪʩʷ ʥʘʧʨʷʤʫʶ ʢ ʩʠʩʪʝʤʥʳʤ ʩʨʝʜʩʪʚʘʤ, 

ʚʳʧʦʣʥʷʶʱʠʤ ʬʫʥʢʮʠʠ ʦʩʪʘʚʰʠʭʩʷ ʥʠʞʥʠʭ ʫʨʦʚʥʝʡ ʤʦʜʝʣʠ OSI. 
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3.2 ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʫʨʦʚʥʝʡ ʤʦʜʝʣʠ OSI 

ʄʦʜʝʣʴ OSI ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʨʘʟʣʠʯʥʳʭ ʤʦʜʝʣʠ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʫʥʢʝ.3.2:  

ʇʨʠʢʣʘʜʥʦʡ

ɺʠʨʪʫʘʣʴʥʘʷ

 ʩʚʷʟʴ

ʂʦʤʧʴ ʪʁʝʨ-ʦʪʧʨʘʚʠʪʝʣʴʂʦʤʧʴ ʪʁʝʨ-ʧʦʣʫʯʘʪʝʣʴ

ʌʠʟʠʯʝʩʢʘʷ ʩʨʝʜʘ

ʇʨʝʜʩʪʘʚʠʪʝʣʴʩʢʠʡ

ʉʝʘʥʩʦʚʳʡ

ʊʨʘʥʩʧʦʨʪʥʳʡ

ʉʝʪʝʚʦʡ

ʂʘʥʘʣʴʥʳʡ

ʌʠʟʠʯʝʩʢʠʡ

ʇʨʠʢʣʘʜʥʦʡ

ʇʨʝʜʩʪʘʚʠʪʝʣʴʩʢʠʡ

ʉʝʘʥʩʦʚʳʡ

ʊʨʘʥʩʧʦʨʪʥʳʡ

ʉʝʪʝʚʦʡ

ʂʘʥʘʣʴʥʳʡ

ʌʠʟʠʯʝʩʢʠʡ

 
ʈʠʩ. 3.2 ʉʭʝʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʤʧʴʶʪʝʨʦʚ ʚ ʙʘʟʦʚʦʡ ʵʪʘʣʦʥʥʦʡ ʤʦʜʝʣʠ OSI. 

 ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʤʦʜʝʣʴ ʥʘ ʙʘʟʝ ʧʨʦʪʦʢʦʣʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʫʶ ʤʝʭʘʥʠʟʤ 
ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʦʛʨʘʤʤ ʠ ʧʨʦʮʝʩʩʦʚ ʥʘ ʨʘʟʣʠʯʥʳʭ ʤʘʰʠʥʘʭ;  

 ʚʝʨʪʠʢʘʣʴʥʫʶ ʤʦʜʝʣʴ ʥʘ ʦʩʥʦʚʝ ʫʩʣʫʛ, ʦʙʝʩʧʝʯʠʚʘʝʤʳʭ ʩʦʩʝʜʥʠʤʠ 

ʫʨʦʚʥʷʤʠ ʜʨʫʛ ʜʨʫʛʫ ʥʘ ʦʜʥʦʡ ʤʘʰʠʥʝ. 

ʂʘʞʜʳʡ ʫʨʦʚʝʥʴ ʢʦʤʧʴʶʪʝʨʘïʦʪʧʨʘʚʠʪʝʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʪʘʢʠʤ ʞʝ 

ʫʨʦʚʥʝʤ ʢʦʤʧʴʶʪʝʨʘ-ʧʦʣʫʯʘʪʝʣʷ, ʢʘʢ ʙʫʜʪʦ ʦʥ ʩʚʷʟʘʥ ʥʘʧʨʤ̫ʫʶ. ʊʘʢʘʷ ʩʚʷʟʴ 

ʥʘʟʳʚʘʝʪʩʷ ʣʦʛʠʯʝʩʢʦʡ ʠʣʠ ʚʠʨʪʫʘʣʴʥʦʡ ʩʚʷʟʴʶ. ɺ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʤʝʞʜʫ ʩʤʝʞʥʳʤʠ ʫʨʦʚʥʷʤʠ ʦʜʥʦʛʦ ʢʦʤʧʴʶʪʝʨʘ. 

ʀʪʘʢ, ʠʥʬʦʨʤʘʮʠʷ ʥʘ ʢʦʤʧʴʶʪʝʨʝ-ʦʪʧʨʘʚʠʪʝʣʝ ʜʦʣʞʥʘ ʧʨʦʡʪʠ ʯʝʨʝʟ ʚʩʝ 

ʫʨʦʚʥʠ. ɿʘʪʝʤ ʦʥʘ ʧʝʨʝʜʘʝʪʩʷ ʧʦ ʬʠʟʠʯʝʩʢʦʡ ʩʨʝʜʝ ʜʦ ʢʦʤʧʴʶʪʝʨʘïʧʦʣʫʯʘʪʝʣʷ 

ʠ ʦʧʷʪʴ ʧʨʦʭʦʜʠʪ ʩʢʚʦʟʴ ʚʩʝ ʩʣʦʠ, ʧʦʢʘ ʥʝ ʜʦʭʦʜʠʪ ʜʦ ʪʦʛʦ ʞʝ ʫʨʦʚʥʷ, ʩ ʢʦʪʦʨʦ-

ʛʦ ʦʥʘ ʙʳʣʘ ʧʦʩʣʘʥʘ ʥʘ ʢʦʤʧʴʶʪʝʨʝ-ʦʪʧʨʘʚʠʪʝʣʝ. 

ɺ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʤʦʜʝʣʠ ʜʚʫʤ ʧʨʦʛʨʘʤʤʘʤ ʪʨʝʙʫʝʪʩʷ ʦʙʱʠʡ ʧʨʦʪʦʢʦʣ ʜʣʷ 

ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ. ɺ ʚʝʨʪʠʢʘʣʴʥʦʡ ʤʦʜʝʣʠ ʩʦʩʝʜʥʠʝ ʫʨʦʚʥʠ ʦʙʤʝʥʠʚʘʶʪʩʷ ʜʘʥ-

ʥʳʤʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʪʝʨʬʝʡʩʦʚ ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ API (Application 

Programming Interface). 

ʇʝʨʝʜ ʧʦʜʘʯʝʡ ʚ ʩʝʪʴ ʜʘʥʥʳʝ ʨʘʟʙʠʚʘʶʪʩʷ ʥʘ ʧʘʢʝʪʳ. ʇʘʢʝʪ (packet) ð ʵʪʦ 

ʝʜʠʥʠʮʘ ʠʥʬʦʨʤʘʮʠʠ, ʧʝʨʝʜʘʚʘʝʤʘʷ ʤʝʞʜʫ ʩʪʘʥʮʠʷʤʠ ʩʝʪʠ. ʇʨʠ ʦʪʧʨʘʚʢʝ ʜʘʥ-

ʥʳʭ ʧʘʢʝʪ ʧʨʦʭʦʜʠʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʯʝʨʝʟ ʚʩʝ ʫʨʦʚʥʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝ-

ʯʝʥʠʷ. ʅʘ ʢʘʞʜʦʤ ʫʨʦʚʥʝ ʢ ʧʘʢʝʪʫ ʜʦʙʘʚʣʷʝʪʩʷ ʫʧʨʘʚʣʷʶʱʘʷ ʠʥʬʦʨʤʘʮʠʷ ʜʘʥ-

ʥʦʛʦ ʫʨʦʚʥʷ (ʟʘʛʦʣʦʚʦʢ), ʢʦʪʦʨʘʷ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʫʩʧʝʰʥʦʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 

ʧʦ ʩʝʪʠ. 

ʅʘ ʧʨʠʥʠʤʘʶʱʝʡ ʩʪʦʨʦʥʝ ʧʘʢʝʪ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʚʩʝ ʫʨʦʚʥʠ ʚ ʦʙʨʘʪʥʦʤ ʧʦ-

ʨʷʜʢʝ. ʅʘ ʢʘʞʜʦʤ ʫʨʦʚʥʝ ʧʨʦʪʦʢʦʣ ʵʪʦʛʦ ʫʨʦʚʥʷ ʯʠʪʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʧʘʢʝʪʘ, 
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ʟʘʪʝʤ ʫʜʘʣʷʝʪ ʠʥʬʦʨʤʘʮʠʶ, ʜʦʙʘʚʣʝʥʥʫʶ ʢ ʧʘʢʝʪʫ ʥʘ ʵʪʦʤ ʞʝ ʫʨʦʚʥʝ ʦʪʧʨʘʚ-

ʣʷʶʱʝʡ ʩʪʦʨʦʥʦʡ, ʠ ʧʝʨʝʜʘʝʪ ʧʘʢʝʪ ʩʣʝʜʫʶʱʝʤʫ ʫʨʦʚʥʶ. ʂʦʛʜʘ ʧʘʢʝʪ ʜʦʡʜʝʪ 

ʜʦ ʇʨʠʢʣʘʜʥʦʛʦ ʫʨʦʚʥʷ, ʚʩʷ ʫʧʨʘʚʣʷʶʱʘʷ ʠʥʬʦʨʤʘʮʠʷ ʙʫʜʝʪ ʫʜʘʣʝʥʘ ʠʟ ʧʘʢʝʪʘ, 

ʠ ʜʘʥʥʳʝ ʧʨʠʤʫʪ ʩʚʦʡ ʧʝʨʚʦʥʘʯʘʣʴʥʳʡ ʚʠʜ. 

ʂʘʞʜʳʡ ʫʨʦʚʝʥʴ ʤʦʜʝʣʠ ʚʳʧʦʣʥʷʝʪ ʩʚʦʶ ʬʫʥʢʮʠʶ. ʏʝʤ ʚʳʰʝ ʫʨʦʚʝʥʴ, 

ʪʝʤ ʙʦʣʝʝ ʩʣʦʞʥʫʶ ʟʘʜʘʯʫ ʦʥ ʨʝʰʘʝʪ. 

ʂʘʞʜʳʡ ʫʨʦʚʝʥʴ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʝʨʚʠʩ ʜʣʷ ʚʳʰʝʩʪʦʷʱʝʛʦ ʫʨʦʚʥʷ, ʟʘʧʨʘʰʠ-

ʚʘʷ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʝʨʚʠʩ ʫ ʥʠʞʝʩʪʦʷʱʝʛʦ ʫʨʦʚʥʷ. ɺʝʨʭʥʠʝ ʫʨʦʚʥʠ ʟʘʧʨʘʰʠ-

ʚʘʶʪ ʩʝʨʚʠʩ ʧʦʯʪʠ ʦʜʠʥʘʢʦʚʦ: ʢʘʢ ʧʨʘʚʠʣʦ, ʵʪʦ ʪʨʝʙʦʚʘʥʠʝ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʢʘ-

ʢʠʭ-ʪʦ ʜʘʥʥʳʭ ʠʟ ʦʜʥʦʡ ʩʝʪʠ ʚ ʜʨʫʛʫʶ. ʇʨʘʢʪʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʧʨʠʥʮʠʧʦʚ 

ʘʜʨʝʩʘʮʠʠ ʜʘʥʥʳʭ ʚʦʟʣʦʞʝʥʘ ʥʘ ʥʠʞʥʠʝ ʫʨʦʚʥʠ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʤʦʜʝʣʴ ʦʧʨʝʜʝʣʷʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʦʪʢʨʳʪʳʭ ʩʠʩʪʝʤ 

ʨʘʟʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʚ ʦʜʥʦʡ ʩʝʪʠ. ʇʦʵʪʦʤʫ ʦʥʘ ʚʳʧʦʣʥʷʝʪ ʜʣʷ ʥʠʭ ʢʦʦʨʜʠ-

ʥʠʨʫʶʱʠʝ ʜʝʡʩʪʚʠʷ ʧʦ: 

 ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʮʝʩʩʦʚ;  

 ʬʦʨʤʘʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ;  

 ʝʜʠʥʦʦʙʨʘʟʥʦʤʫ ʭʨʘʥʝʥʠʶ ʜʘʥʥʳʭ;  

 ʫʧʨʘʚʣʝʥʠʶ ʩʝʪʝʚʳʤʠ ʨʝʩʫʨʩʘʤʠ;  

 ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʘʥʥʳʭ ʠ ʟʘʱʠʪʝ ʠʥʬʦʨʤʘʮʠʠ;  

 ʜʠʘʛʥʦʩʪʠʢʝ ʧʨʦʛʨʘʤʤ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ. 

ɺʦʧʨʦʩʳ: 

1. ʏʪʦ ʩʪʘʥʜʘʨʪʠʟʠʨʫʝʪ ʤʦʜʝʣʴ OSI? 

2. ʄʦʞʥʦ ʣʠ ʧʨʝʜʩʪʘʚʠʪʴ ʝʱʝ ʦʜʠʥ ʚʘʨʠʘʥʪ ʤʦʜʝʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʪʢʨʳʪʳʭ 

ʩʠʩʪʝʤ ʩ ʜʨʫʛʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʫʨʦʚʥʝʡ, ʥʘʧʨʠʤʝʨ 8 ʠʣʠ 5? 

3. ʅʠʞʝ ʧʝʨʝʯʠʩʣʝʥʳ ʦʨʠʛʠʥʘʣʴʥʳʝ (ʘʥʛʣʦʷʟʳʯʥʳʝ) ʥʘʟʚʘʥʠʷ ʩʝʤʠ ʫʨʦʚʥʝʡ 

ʤʦʜʝʣʠ OSI. ʆʪʤʝʪʴʪʝ, ʢʘʢʠʝ ʠʟ ʥʘʟʚʘʥʠʡ ʫʨʦʚʥʝʡ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʪʘʥʜʘʨʪʫ? 

 physical layer 

 data-link layer 

 network layer 

 transport layer 

 seances layer 

 presentation layer 

 application layer 

4. ʂʘʢʠʝ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʫʪʚʝʨʞʜʝʥʠʡ ʚʳ ʩʯʠʪʘʝʪʝ ʦʰʠʙʦʯʥʳʤʠ: 

 ʧʨʦʪʦʢʦʣ ð ʵʪʦ ʧʨʦʛʨʘʤʤʥʳʡ ʤʦʜʫʣʴ, ʨʝh ʘʶʱʠʡ ʟʘʜʘʯʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʩʠʩʪʝʤ; 

 ʧʨʦʪʦʢʦʣ ð ʵʪʦ ʬʦʨʤʘʣʠʟʦʚʘʥʥʦʝ ʦʧʠʩʘʥʠʝ ʧʨʘʚʠʣ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, 

ʚʢʣʶʯʘʶʱʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʙʤʝʥʘ ʩʦʦʙʱʝʥʠʷʤʠ ʠ ʠʭ ʬʦʨʤʘʪʳ; 

 ʪʝʨʤʠʥʳ çʠʥʪʝʨʬʝʡʩè ʠ çʧʨʦʪʦʢʦʣè, ʚ ʩʫʱʥʦʩʪʠ, ʷʚʣʷʶʪʩʷ ʩʠʥʦʥʠʤʘʤʠ. 

 



 

ʃʝʢʮʠʷ 4. 

4. ʆʙʱʠʝ ʩʚʝʜʝʥʠʷ ʠ ʬʫʥʢʮʠʠ ʫʨʦʚʥʝʡ OSI 

 

4.1 ʇʨʠʢʣʘʜʥʦʡ ʫʨʦʚʝʥʴ (Application layer) 

ʇʨʠʢʣʘʜʥʦʡ ʫʨʦʚʝʥʴ ð ʵʪʦ ʥʘʙʦʨ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʧʨʦʪʦʢʦʣʦʚ, ʩ ʧʦʤʦʱʴʶ 

ʢʦʪʦʨʳʭ ʧʦʣʴʟʦʚʘʪʝʣʠ ʩʝʪʠ ʧʦʣʫʯʘʶʪ ʜʦʩʪʫʧ ʢ ʨʘʟʜʝʣʷʝʤʳʤ ʨʝʩʫʨʩʘʤ, ʪʘʢʠʤ 

ʢʘʢ ʬʘʡʣʳ, ʧʨʠʥʪʝʨʳ ʠʣʠ ʛʠʧʝʨʪʝʢʩʪʦʚʳʝ Web-ʩʪʨʘʥʠʮʳ, ʘ ʪʘʢʞʝ ʦʨʛʘʥʠʟʫʶʪ 

ʩʚʦʶ ʩʦʚʤʝʩʪʥʫʶ ʨʘʙʦʪʫ, ʥʘʧʨʠʤʝʨ ʩ ʧʦʤʦʱʴʶ ʧʨʦʪʦʢʦʣʘ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʯʪʳ. 

ʉʧʝʮʠʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʧʨʠʢʣʘʜʥʦʛʦ ʩʝʨʚʠʩʘ ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʝʨʚʠʩ ʜʣʷ ʢʦʥ-

ʢʨʝʪʥʳʭ ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ, ʪʘʢʠʭ ʢʘʢ ʧʨʦʛʨʘʤʤʳ ʧʝʨʝʩʳʣʢʠ ʬʘʡʣʦʚ ʠ ʵʤʫ-

ʣʷʮʠʠ ʪʝʨʤʠʥʘʣʦʚ. ʆʜʥʘ ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ ʵʪʦʛʦ ʫʨʦʚʥʷ ð ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢ 

ʩʣʝʜʫʝʪ ʦʙʨʘʙʘʪʳʚʘʪʴ ʟʘʧʨʦʩ ʧʨʠʢʣʘʜʥʦʡ ʧʨʦʛʨʘʤʤʳ, ʜʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʢʘʢʦʡ 

ʚʠʜ ʜʦʣʞʝʥ ʧʨʠʥʷʪʴ ʜʘʥʥʳʡ ʟʘʧʨʦʩ. 

ɽʜʠʥʠʮʘ ʜʘʥʥʳʭ, ʢʦʪʦʨʦʡ ʦʧʝʨʠʨʫʝʪ ʧʨʠʢʣʘʜʥʦʡ ʫʨʦʚʝʥʴ, ʦʙʳʯʥʦ ʥʘʟʳʚʘ-

ʝʪʩʷ ʩʦʦʙʱʝʥʠʝʤ (message). 

ʇʨʠʢʣʘʜʥʦʡ ʫʨʦʚʝʥʴ ʚʳʧʦʣʥʷʝʪ ʩʣʝʜʫʶʱʠʝ ʬʫʥʢʮʠʠ:  

1.ɺʳʧʦʣʥʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʨʘʙʦʪ: 

 ʧʝʨʝʜʘʯʘ ʬʘʡʣʦʚ; 

 ʫʧʨʘʚʣʝʥʠʝ ʟʘʜʘʥʠʷʤʠ; 

 ʫʧʨʘʚʣʝʥʠʝ ʩʠʩʪʝʤʦʡ ʠ ʪ.ʜ. 

2. ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʧʦ ʠʭ ʧʘʨʦʣʷʤ, ʘʜʨʝʩʘʤ, ʵʣʝʢʪʨʦʥʥʳʤ 

ʧʦʜʧʠʩʷʤ; 

3. ʆʧʨʝʜʝʣʝʥʠʝ ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʭ ʘʙʦʥʝʥʪʦʚ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʜʦʩʪʫʧʘ ʢ ʥʦʚʳʤ 

ʧʨʠʢʣʘʜʥʳʤ ʧʨʦʮʝʩʩʘʤ; 

4. ʆʧʨʝʜʝʣʝʥʠʝ ʜʦʩʪʘʪʦʯʥʦʩʪʠ ʠʤʝʶʱʠʭʩʷ ʨʝʩʫʨʩʦʚ; 

5. ʆʨʛʘʥʠʟʘʮʠʷ ʟʘʧʨʦʩʦʚ ʥʘ ʩʦʝʜʠʥʝʥʠʝ ʩ ʜʨʫʛʠʤʠ ʧʨʠʢʣʘʜʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ; 

6. ʇʝʨʝʜʘʯʘ ʟʘʷʚʦʢ ʧʨʝʜʩʪʘʚʠʪʝʣʴʩʢʦʤʫ ʫʨʦʚʥʶ ʥʘ ʥʝʦʙʭʦʜʠʤʳʝ ʤʝʪʦʜʳ 

ʦʧʠʩʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ; 

7. ɺʳʙʦʨ ʧʨʦʮʝʜʫʨ ʧʣʘʥʠʨʫʝʤʦʛʦ ʜʠʘʣʦʛʘ ʧʨʦʮʝʩʩʦʚ; 

8. ʋʧʨʘʚʣʝʥʠʝ ʜʘʥʥʳʤʠ, ʢʦʪʦʨʳʤʠ ʦʙʤʝʥʠʚʘʶʪʩʷ ʧʨʠʢʣʘʜʥʳʝ ʧʨʦʮʝʩʩʳ ʠ 

ʩʠʥʭʨʦʥʠʟʘʮʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʮʝʩʩʦʚ; 

9. ʆʧʨʝʜʝʣʝʥʠʝ ʢʘʯʝʩʪʚʘ ʦʙʩʣʫʞʠʚʘʥʠʷ (ʚʨʝʤʷ ʜʦʩʪʘʚʢʠ ʙʣʦʢʦʚ ʜʘʥʥʳʭ, 

ʜʦʧʫʩʪʠʤʦʡ ʯʘʩʪʦʪʳ ʦʰʠʙʦʢ); 

10. ʉʦʛʣʘʰʝʥʠʝ ʦʙ ʠʩʧʨʘʚʣʝʥʠʠ ʦʰʠʙʦʢ ʠ ʦʧʨʝʜʝʣʝʥʠʠ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʜʘʥʥʳʭ; 

11. ʉʦʛʣʘʩʦʚʘʥʠʝ ʦʛʨʘʥʠʯʝʥʠʡ, ʥʘʢʣʘʜʳʚʘʝʤʳʭ ʥʘ ʩʠʥʪʘʢʩʠʩ (ʥʘʙʦʨʳ 

ʩʠʤʚʦʣʦʚ, ʩʪʨʫʢʪʫʨʘ ʜʘʥʥʳʭ). 

 

ʂ ʯʠʩʣʫ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʧʨʦʪʦʢʦʣʦʚ ʚʝʨʭʥʠʭ ʪʨʝʭ ʫʨʦʚʥʝʡ ʦʪ-

ʥʦʩʷʪʩʷ:  

- FTP (File Transfer Protocol) ʧʨʦʪʦʢʦʣ ʧʝʨʝʜʘʯʠ ʬʘʡʣʦʚ; 

- TFTP (Trivial File Transfer Protocol) ʧʨʦʩʪʝʡʰʠʡ ʧʨʦʪʦʢʦʣ ʧʝʨʝʩʳʣʢʠ ʬʘʡʣʦʚ; 
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- X.400 ʵʣʝʢʪʨʦʥʥʘʷ ʧʦʯʪʘ; 

- Telnet ʨʘʙʦʪʘ ʩ ʫʜʘʣʝʥʥʳʤ ʪʝʨʤʠʥʘʣʦʤ; 

- SMTP (Simple Mail Transfer Protocol) ʧʨʦʩʪʦʡ ʧʨʦʪʦʢʦʣ ʧʦʯʪʦʚʦʛʦ ʦʙʤʝʥʘ; 

-CMIP (Common Management Information Protocol) ʦʙʱʠʡ ʧʨʦʪʦʢʦʣ ʫʧʨʘʚʣʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʝʡ; 

-SLIP (Serial Line IP) IP ʜʣʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʣʠʥʠʡ. ʇʨʦʪʦʢʦʣ ʧʦʩʣʝʜʦʚʘʪʝʣʴ-

ʥʦʡ ʧʦʩʠʤʚʦʣʴʥʦʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ; 

-SNMP (Simple Network Management Protocol) ʧʨʦʩʪʦʡ ʧʨʦʪʦʢʦʣ ʩʝʪʝʚʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ; 

- FTAM (File Transfer, Access, and Management) ʧʨʦʪʦʢʦʣ ʧʝʨʝʜʘʯʠ, ʜʦʩʪʫʧʘ ʠ 

ʫʧʨʘʚʣʝʥʠʷ ʬʘʡʣʘʤʠ. 

 

4.2 ʋʨʦʚʝʥʴ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ (Presentation layer) 

ʋʨʦʚʝʥʴ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ ʠʣʠ ʧʨʝʜʩʪʘʚʠʪʝʣʴʩʢʠʡ ʫʨʦʚʝʥʴ ʧʨʝʜʩʪʘʚ-

ʣʷʝʪ ʜʘʥʥʳʝ, ʧʝʨʝʜʘʚʘʝʤʳʝ ʤʝʞʜʫ ʧʨʠʢʣʘʜʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʚ ʥʫʞʥʦʡ ʬʦʨʤʝ 

ʜʘʥʥʳʝ. ʕʪʦʪ ʫʨʦʚʝʥʴ ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʦ, ʯʪʦ ʠʥʬʦʨʤʘʮʠʷ, ʧʝʨʝʜʘʚʘʝʤʘʷ ʧʨʠ-

ʢʣʘʜʥʳʤ ʫʨʦʚʥʝʤ, ʙʫʜʝʪ ʧʦʥʷʪʥʘ ʧʨʠʢʣʘʜʥʦʤʫ ʫʨʦʚʥʶ ʚ ʜʨʫʛʦʡ ʩʠʩʪʝʤʝ. 

ɺ ʦʩʥʦʚʫ ʦʙʱʝʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ ʧʦʣʦʞʝʥʘ ʝʜʠʥʘʷ ʜʣʷ ʚʩʝʭ ʫʨʦʚʥʝʡ 

ʤʦʜʝʣʠ ʩʠʩʪʝʤʘ ASN.1. ʕʪʘ ʩʠʩʪʝʤʘ ʩʣʫʞʠʪ ʜʣʷ ʦʧʠʩʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʬʘʡʣʦʚ, ʘ 

ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ ʰʠʬʨʦʚʘʥʠʷ ʜʘʥʥʳʭ. ʕʪʦʪ ʫʨʦʚʝʥʴ ʦʙʝʩʧʝ-

ʯʠʚʘʝʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʜʘʥʥʳʭ (ʢʦʜʠʨʦʚʘʥʠʝ, ʢʦʤʧʨʝʩʩʠʷ ʠ ʪ.ʧ.) ʧʨʠʢʣʘʜʥʦʛʦ 

ʫʨʦʚʥʷ ʚ ʧʦʪʦʢ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʫʨʦʚʥʷ.  

ʇʨʝʜʩʪʘʚʠʪʝʣʴʥʳʡ ʫʨʦʚʝʥʴ ʚʳʧʦʣʥʷʝʪ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ:  

1.     ɻʝʥʝʨʘʮʠʷ ʟʘʧʨʦʩʦʚ ʥʘ ʫʩʪʘʥʦʚʣʝʥʠʝ ʩʝʘʥʩʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

2. ʉʦʛʣʘʩʦʚʘʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ ʤʝʞʜʫ ʧʨʠʢʣʘʜʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ. 

3. ʈʝʘʣʠʟʘʮʠʷ ʬʦʨʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ. 

4. ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʛʨʘʬʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʯʝʨʪʝʞʝʡ, ʨʠʩʫʥʢʦʚ, ʩʭʝʤ). 

5. ɿʘʩʝʢʨʝʯʠʚʘʥʠʝ ʜʘʥʥʳʭ. 

6. ʇʝʨʝʜʘʯʘ ʟʘʧʨʦʩʦʚ ʥʘ ʧʨʝʢʨʘʱʝʥʠʝ ʩʝʘʥʩʦʚ. 

7. ʇʨʦʪʦʢʦʣʳ ʫʨʦʚʥʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ ʦʙʳʯʥʦ ʷʚʣʷʶʪʩʷ ʩʦʩʪʘʚʥʦʡ 
ʯʘʩʪʴʶ ʧʨʦʪʦʢʦʣʦʚ ʪʨʝʭ ʚʝʨʭʥʠʭ ʫʨʦʚʥʝʡ ʤʦʜʝʣʠ. 

4.3 ʉʝʘʥʩʦʚʳʡ ʫʨʦʚʝʥʴ (Session layer) 

ʉʝʘʥʩʦʚʳʡ ʫʨʦʚʝʥʴ ð ʵʪʦ ʫʨʦʚʝʥʴ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʧʨʦʮʝʜʫʨʫ ʧʨʦʚʝʜʝʥʠʷ 

ʩʝʘʥʩʦʚ ʤʝʞʜʫ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʠʣʠ ʧʨʠʢʣʘʜʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ. 

ʉʝʘʥʩʦʚʳʡ ʫʨʦʚʝʥʴ ʫʧʨʘʚʣʷʝʪ ʧʝʨʝʜʘʯʝʡ ʠʥʬʦʨʤʘʮʠʠ ʤʝʞʜʫ ʧʨʠʢʣʘʜʥʳʤʠ 

ʧʨʦʮʝʩʩʘʤʠ, ʢʦʦʨʜʠʥʠʨʫʝʪ ʧʨʠʝʤ, ʧʝʨʝʜʘʯʫ ʠ ʚʳʜʘʯʫ ʦʜʥʦʛʦ ʩʝʘʥʩʘ ʩʚʷʟʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʩʝʘʥʩʦʚʳʡ ʫʨʦʚʝʥʴ ʩʦʜʝʨʞʠʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʬʫʥʢʮʠʠ ʫʧʨʘʚʣʝʥʠʷ 

ʧʘʨʦʣʷʤʠ, ʫʧʨʘʚʣʝʥʠʷ ʜʠʘʣʦʛʦʤ, ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʠ ʦʪʤʝʥʳ ʩʚʷʟʠ ʚ ʩʝʘʥʩʝ ʧʝʨʝ-

ʜʘʯʠ ʧʦʩʣʝ ʩʙʦʷ ʚʩʣʝʜʩʪʚʠʝ ʦʰʠʙʦʢ ʚ ʥʠʞʝʨʘʩʧʦʣʦʞʝʥʥʳʭ ʫʨʦʚʥʷʭ. ʌʫʥʢʮʠʠ 

ʵʪʦʛʦ ʫʨʦʚʥʷ ʩʦʩʪʦʷʪ ʚ ʢʦʦʨʜʠʥʘʮʠʠ ʩʚʷʟʠ ʤʝʞʜʫ ʜʚʫʤʷ ʧʨʠʢʣʘʜʥʳʤʠ ʧʨʦʛʨʘʤ-

ʤʘʤʠ, ʨʘʙʦʪʘʶʱʠʤʠ ʥʘ ʨʘʟʥʳʭ ʨʘʙʦʯʠʭ ʩʪʘʥʮʠʷʭ. ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ ʚ ʚʠʜʝ ʭʦ-

ʨʦʰʦ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ ʜʠʘʣʦʛʘ. ɺ ʯʠʩʣʦ ʵʪʠʭ ʬʫʥʢʮʠʡ ʚʭʦʜʠʪ ʩʦʟʜʘʥʠʝ ʩʝ-
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ʘʥʩʘ, ʫʧʨʘʚʣʝʥʠʝ ʧʝʨʝʜʘʯʝʡ ʠ ʧʨʠʝʤʦʤ ʧʘʢʝʪʦʚ ʩʦʦʙʱʝʥʠʡ ʚʦ ʚʨʝʤʷ ʩʝʘʥʩʘ ʠ 

ʟʘʚʝʨʰʝʥʠʝ ʩʝʘʥʩʘ. 

ʅʘ ʩʝʘʥʩʦʚʦʤ ʫʨʦʚʥʝ ʦʧʨʝʜʝʣʷʝʪʩʷ, ʢʘʢʦʡ ʙʫʜʝʪ ʧʝʨʝʜʘʯʘ ʤʝʞʜʫ ʜʚʫʤʷ 

ʧʨʠʢʣʘʜʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ: 

 ʧʦʣʫʜʫʧʣʝʢʩʥʦʡ (ʧʨʦʮʝʩʩʳ ʙʫʜʫʪ ʧʝʨʝʜʘʚʘʪʴ ʠ ʧʨʠʥʠʤʘʪʴ ʜʘʥʥʳʝ ʧʦ 

ʦʯʝʨʝʜʠ); 

 ʜʫʧʣʝʢʩʥʦʡ (ʧʨʦʮʝʩʩʳ ʙʫʜʫʪ ʧʝʨʝʜʘʚʘʪʴ ʜʘʥʥʳʝ, ʠ ʧʨʠʥʠʤʘʪʴ ʠʭ 

ʦʜʥʦʚʨʝʤʝʥʥʦ). 

ɺ ʧʦʣʫʜʫʧʣʝʢʩʥʦʤ ʨʝʞʠʤʝ ʩʝʘʥʩʦʚʳʡ ʫʨʦʚʝʥʴ ʚʳʜʘʝʪ ʪʦʤʫ ʧʨʦʮʝʩʩʫ, ʢʦ-

ʪʦʨʳʡ ʥʘʯʠʥʘʝʪ ʧʝʨʝʜʘʯʫ, ʤʘʨʢʝʨ ʜʘʥʥʳʭ. ʂʦʛʜʘ ʚʪʦʨʦʤʫ ʧʨʦʮʝʩʩʫ ʧʨʠʭʦʜʠʪ 

ʚʨʝʤʷ ʦʪʚʝʯʘʪʴ, ʤʘʨʢʝʨ ʜʘʥʥʳʭ ʧʝʨʝʜʘʝʪʩʷ ʝʤʫ. ʉʝʘʥʩʦʚʳʡ ʫʨʦʚʝʥʴ ʨʘʟʨʝʰʘʝʪ 

ʧʝʨʝʜʘʯʫ ʪʦʣʴʢʦ ʪʦʡ ʩʪʦʨʦʥʝ, ʢʦʪʦʨʘʷ ʦʙʣʘʜʘʝʪ ʤʘʨʢʝʨʦʤ ʜʘʥʥʳʭ. 

ʉʝʘʥʩʦʚʳʡ ʫʨʦʚʝʥʴ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʧʦʣʥʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʬʫʥʢʮʠʡ:  

1. ʋʩʪʘʥʦʚʣʝʥʠʝ ʠ ʟʘʚʝʨʰʝʥʠʝ ʥʘ ʩʝʘʥʩʦʚʦʤ ʫʨʦʚʥʝ ʩʦʝʜʠʥʝʥʠʷ ʤʝʞʜʫ 
ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʤʠ ʩʠʩʪʝʤʘʤʠ. 

2. ɺʳʧʦʣʥʝʥʠʝ ʥʦʨʤʘʣʴʥʦʛʦ ʠ ʩʨʦʯʥʦʛʦ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʤʝʞʜʫ 

ʧʨʠʢʣʘʜʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ. 

3. ʋʧʨʘʚʣʝʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

4. ʉʠʥʭʨʦʥʠʟʘʮʠʷ ʩʝʘʥʩʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

5. ʀʟʚʝʱʝʥʠʝ ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʦʙ ʠʩʢʣʶʯʠʪʝʣʴʥʳʭ ʩʠʪʫʘʮʠʷʭ. 

6. ʋʩʪʘʥʦʚʣʝʥʠʝ ʚ ʧʨʠʢʣʘʜʥʦʤ ʧʨʦʮʝʩʩʝ ʤʝʪʦʢ, ʧʦʟʚʦʣʷʶʱʠʭ ʧʦʩʣʝ ʦʪʢʘʟʘ 
ʣʠʙʦ ʦʰʠʙʢʠ ʚʦʩʩʪʘʥʦʚʠʪʴ ʝʛʦ ʚʳʧʦʣʥʝʥʠʝ ʦʪ ʙʣʠʞʘʡʰʝʡ ʤʝʪʢʠ. 

7. ʇʨʝʨʳʚʘʥʠʝ ʚ ʥʫʞʥʳʭ ʩʣʫʯʘʷʭ ʧʨʠʢʣʘʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʝʛʦ ʢʦʨʨʝʢʪʥʦʝ 
ʚʦʟʦʙʥʦʚʣʝʥʠʝ. 

8. ʇʨʝʢʨʘʱʝʥʠʝ ʩʝʘʥʩʘ ʙʝʟ ʧʦʪʝʨʠ ʜʘʥʥʳʭ. 

9. ʇʝʨʝʜʘʯʘ ʦʩʦʙʳʭ ʩʦʦʙʱʝʥʠʡ ʦ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʩʝʘʥʩʘ. 

 ʉʝʘʥʩʦʚʳʡ ʫʨʦʚʝʥʴ ʦʪʚʝʯʘʝʪ ʟʘ ʦʨʛʘʥʠʟʘʮʠʶ ʩʝʘʥʩʦʚ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ 

ʤʝʞʜʫ ʦʢʦʥʝʯʥʳʤʠ ʤʘh ʠʥʘʤʠ. ʇʨʦʪʦʢʦʣʳ ʩʝʘʥʩʦʚʦʛʦ ʫʨʦʚʥʷ ʦʙʳʯʥʦ ʷʚʣʷʶʪʩʷ 

ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ ʧʨʦʪʦʢʦʣʦʚ ʪʨʝʭ ʚʝʨʭʥʠʭ ʫʨʦʚʥʝʡ ʤʦʜʝʣʠ. 

4.4 ʊʨʘʥʩʧʦʨʪʥʳʡ ʫʨʦʚʝʥʴ (Transport Layer) 

ʊʨʘʥʩʧʦʨʪʥʳʡ ʫʨʦʚʝʥʴ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʧʝʨʝʜʘʯʠ ʧʘʢʝʪʦʚ ʯʝʨʝʟ ʢʦʤʤʫ-

ʥʠʢʘʮʠʦʥʥʫʶ ʩʝʪʴ. ʅʘ ʪʨʘʥʩʧʦʨʪʥʦʤ ʫʨʦʚʥʝ ʧʘʢʝʪʳ ʨʘʟʙʠʚʘʶʪʩʷ ʥʘ ʙʣʦʢʠ. 

ʈʘʙʦʪʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʫʨʦʚʥʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʧʨʠʣʦ-

ʞʝʥʠʷʤ ʠʣʠ ʚʝʨʭʥʠʤ ʫʨʦʚʥʷʤ ʤʦʜʝʣʠ (ʧʨʠʢʣʘʜʥʦʤʫ ʠ ʩʝʘʥʩʦʚʦʤʫ) ʧʝʨʝʜʘʯʫ 

ʜʘʥʥʳʭ ʩ ʪʦʡ ʩʪʝʧʝʥʴʶ ʥʘʜʝʞʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʠʤ ʪʨʝʙʫʝʪʩʷ. ʄʦʜʝʣʴ OSI ʦʧʨʝʜʝ-

ʣ̫ ʝʪ ʧʷʪʴ ʢʣʘʩʩʦʚ ʩʝʨʚʠʩʘ, ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ ʪʨʘʥʩʧʦʨʪʥʳʤ ʫʨʦʚʥʝʤ. ʕʪʠ ʚʠʜʳ 

ʩʝʨʚʠʩʘ ʦʪʣʠʯʘʶʪʩʷ ʢʘʯʝʩʪʚʦʤ ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ ʫʩʣʫʛ: ʩʨʦʯʥʦʩʪʴʶ, ʚʦʟʤʦʞʥʦ-

ʩʪʴʶ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʨʝʨʚʘʥʥʦʡ ʩʚʷʟʠ, ʥʘʣʠʯʠʝʤ ʩʨʝʜʩʪʚ ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘ-

ʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʧʨʠʢʣʘʜʥʳʤʠ ʧʨʦʪʦʢʦʣʘʤʠ ʯʝ-

ʨʝʟ ʦʙʱʠʡ ʪʨʘʥʩʧʦʨʪʥʳʡ ʧʨʦʪʦʢʦʣ, ʘ ʛʣʘʚʥʦʝ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʦʙʥʘʨʫʞʝʥʠʶ ʠ 
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ʠʩʧʨʘʚʣʝʥʠʶ ʦʰʠʙʦʢ ʧʝʨʝʜʘʯʠ, ʪʘʢʠʭ ʢʘʢ ʠʩʢʘʞʝʥʠʝ, ʧʦʪʝʨʷ ʠ ʜʫʙʣʠʨʦʚʘʥʠʝ 

ʧʘʢʝʪʦʚ.  

ʊʨʘʥʩʧʦʨʪʥʳʡ ʫʨʦʚʝʥʴ ʦʧʨʝʜʝʣʷʝʪ ʘʜʨʝʩʘʮʠʶ ʬʠʟʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ (ʩʠʩ-

ʪʝʤ, ʠʭ ʯʘʩʪʝʡ) ʚ ʩʝʪʠ. ʕʪʦʪ ʫʨʦʚʝʥʴ ʛʘʨʘʥʪʠʨʫʝʪ ʜʦʩʪʘʚʢʫ ʙʣʦʢʦʚ ʠʥʬʦʨʤʘʮʠʠ 

ʘʜʨʝʩʘʪʘʤ ʠ ʫʧʨʘʚʣʷʝʪ ʵʪʦʡ ʜʦʩʪʘʚʢʦʡ. ɽʛʦ ʛʣʘʚʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝ-

ʥʠʝ ʵʬʬʝʢʪʠʚʥʳʭ, ʫʜʦʙʥʳʭ ʠ ʥʘʜʝʞʥʳʭ ʬʦʨʤ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʤʝʞʜʫ 

ʩʠʩʪʝʤʘʤʠ. ʂʦʛʜʘ ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʘʙʦʪʢʠ ʥʘʭʦʜʠʪʩʷ ʙʦʣʝʝ ʦʜʥʦʛʦ ʧʘʢʝʪʘ, ʪʨʘʥʩ-

ʧʦʨʪʥʳʡ ʫʨʦʚʝʥʴ ʢʦʥʪʨʦʣʠʨʫʝʪ ʦʯʝʨʝʜʥʦʩʪʴ ʧʨʦʭʦʞʜʝʥʠʷ ʧʘʢʝʪʦʚ. ɽʩʣʠ ʧʨʦ-

ʭʦʜʠʪ ʜʫʙʣʠʢʘʪ ʧʨʠʥʷʪʦʛʦ ʨʘʥʝʝ ʩʦʦʙʱʝʥʠʷ, ʪʦ ʜʘʥʥʳʡ ʫʨʦʚʝʥʴ ʦʧʦʟʥʘʝʪ ʵʪʦ ʠ 

ʠʛʥʦʨʠʨʫʝʪ ʩʦʦʙʱʝʥʠʝ. 

 ɺ ʬʫʥʢʮʠʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʫʨʦʚʥʷ ʚʭʦʜʷʪ:  

1. ʋʧʨʘʚʣʝʥʠʝ ʧʝʨʝʜʘʯʝʡ ʧʦ ʩʝʪʠ ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʮʝʣʦʩʪʥʦʩʪʠ ʙʣʦʢʦʚ 

ʜʘʥʥʳʭ. 

2. ʆʙʥʘʨʫʞʝʥʠʝ ʦʰʠʙʦʢ, ʯʘʩʪʠʯʥʘʷ ʠʭ ʣʠʢʚʠʜʘʮʠʷ ʠ ʩʦʦʙʱʝʥʠʝ ʦ 

ʥʝʠʩʧʨʘʚʣʝʥʥʳʭ ʦʰʠʙʢʘʭ. 

3. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʝʨʝʜʘʯʠ ʧʦʩʣʝ ʦʪʢʘʟʦʚ ʠ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ. 

4. ʋʢʨʫʧʥʝʥʠʝ ʠʣʠ ʨʘʟʜʝʣʝʥʠʝ ʙʣʦʢʦʚ ʜʘʥʥʳʭ. 

5. ʇʨʝʜʦʩʪʘʚʣʝʥʠʝ ʧʨʠʦʨʠʪʝʪʦʚ ʧʨʠ ʧʝʨʝʜʘʯʝ ʙʣʦʢʦʚ (ʥʦʨʤʘʣʴʥʘʷ ʠʣʠ 

ʩʨʦʯʥʘʷ). 

6. ʇʦʜʪʚʝʨʞʜʝʥʠʝ ʧʝʨʝʜʘʯʠ. 

7. ʃʠʢʚʠʜʘʮʠʷ ʙʣʦʢʦʚ ʧʨʠ ʪʫʧʠʢʦʚʳʭ ʩʠʪʫʘʮʠʷʭ ʚ ʩʝʪʠ. 

ʅʘʯʠʥʘʷ ʩ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʫʨʦʚʥʷ, ʚʩʝ ʚʳʰʝʣʝʞʘʱʠʝ ʧʨʦʪʦʢʦʣʳ ʨʝʘʣʠʟʫʶʪ-

ʩʷ ʧʨʦʛʨʘʤʤʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ, ʦʙʳʯʥʦ ʚʢʣʶʯʘʝʤʳʤʠ ʚ ʩʦʩʪʘʚ ʩʝʪʝʚʦʡ ʦʧʝʨʘʮʠ-

ʦʥʥʦʡ ʩʠʩʪʝʤʳ. 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʧʨʦʪʦʢʦʣʳ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʫʨʦʚʥʷ ʚʢʣʶʯʘʶʪ ʚ 

ʩʝʙʷ: 

- TCP (Transmission Control Protocol) ʧʨʦʪʦʢʦʣ ʫʧʨʘʚʣʝʥʠʷ ʧʝʨʝʜʘʯʝʡ ʩʪʝʢʘ 

TCP/IP; 

- UDP (User Datagram Protocol) ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʧʨʦʪʦʢʦʣ ʜʝʡʪʘʛʨʘʤʤ ʩʪʝʢʘ 

TCP/IP; 

- NCP (NetWare Core Protocol) ʙʘʟʦʚʳʡ ʧʨʦʪʦʢʦʣ ʩʝʪʝʡ NetWare; 

- SPX (Sequenced Packet eXchange) ʫʧʦʨʷʜʦʯʝʥʥʳʡ ʦʙʤʝʥ ʧʘʢʝʪʘʤʠ ʩʪʝʢʘ 

Novell; 

- TP4 (Transmission Protocol) ï ʧʨʦʪʦʢʦʣ ʧʝʨʝʜʘʯʠ ʢʣʘʩʩʘ 4. 

4.5 ʉʝʪʝʚʦʡ ʫʨʦʚʝʥʴ (Network Layer) 

ʉʝʪʝʚʦʡ ʫʨʦʚʝʥʴ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʦʢʣʘʜʢʫ ʢʘʥʘʣʦʚ, ʩʦʝʜʠʥʷʶʱʠʭ ʘʙʦʥʝʥʪ-

ʩʢʠʝ ʠ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʝ ʩʠʩʪʝʤʳ ʯʝʨʝʟ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʫʶ ʩʝʪʴ, ʚʳʙʦʨ ʤʘʨ-

ʰʨʫʪʘ ʥʘʠʙʦʣʝʝ ʙʳʩʪʨʦʛʦ ʠ ʥʘʜʝʞʥʦʛʦ ʧʫʪʠ. 

ʉʝʪʝʚʦʡ ʫʨʦʚʝʥʴ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʩʚʷʟʴ ʚ ʚʯrʠʩʣʠʪʝʣʴʥʦʡ ʩʝʪʠ ʤʝʞʜʫ ʜʚʫʤʷ 

ʩʠʩʪʝʤʘʤʠ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʦʢʣʘʜʢʫ ʚʠʨʪʫʘʣʴʥʳʭ ʢʘʥʘʣʦʚ ʤʝʞʜʫ ʥʠʤʠ. ɺʠʨ-

ʪʫʘʣʴʥʳʡ ʠʣʠ ʣʦʛʠʯʝʩʢʠʡ ʢʘʥʘʣ ï  ʵʪʦ ʪʘʢʦʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʢʦʤʧʦʥʝʥ-

ʪʦʚ ʩʝʪʠ, ʢʦʪʦʨʦʝ ʩʦʟʜʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʤ ʢʦʤʧʦʥʝʥʪʘʤ ʠʣʣʶʟʠʶ ʧʨʦʢʣʘʜ-
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ʢʠ ʤʝʞʜʫ ʥʠʤʠ ʥʫʞʥʦʛʦ ʪʨʘʢʪʘ. ʂʨʦʤʝ ʵʪʦʛʦ, ʩʝʪʝʚʦʡ ʫʨʦʚʝʥʴ ʩʦʦʙʱʘʝʪ ʪʨʘʥʩ-

ʧʦʨʪʥʦʤʫ ʫʨʦʚʥʶ ʦ ʧʦʷʚʣʷʶʱʠʭʩʷ ʦʰʠʙʢʘʭ. ʉʦʦʙʱʝʥʠʷ ʩʝʪʝʚʦʛʦ ʫʨʦʚʥʷ ʧʨʠ-

ʥʷʪʦ ʥʘʟʳʚʘʪʴ ʧʘʢʝʪʘʤʠ (packet). ɺ ʥʠʭ ʧʦʤʝʱʘʶʪʩʷ ʬʨʘʛʤʝʥʪʳ ʜʘʥʥʳʭ. ʉʝʪʝ-

ʚʦʡ ʫʨʦʚʝʥʴ ʦʪʚʝʯʘʝʪ ʟʘ ʠʭ ʘʜʨʝʩʘʮʠʶ ʠ ʜʦʩʪʘʚʢʫ. 

ʇʨʦʢʣʘʜʢʘ ʥʘʠʣʫʯʰʝʛʦ ʧʫʪʠ ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʥʘʟʳʚʘʝʪʩʷ ʤʘʨʰʨʫʪʠ-

ʟʘʮʠʝʡ, ʠ ʝʝ ʨʝʰʝʥʠʝ ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʦʡ ʟʘʜʘʯʝʡ ʩʝʪʝʚʦʛʦ ʫʨʦʚʥʷ.  

ʇʨʦʪʦʢʦʣ ʢʘʥʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʩʪʘʚʢʫ ʜʘʥʥʳʭ ʤʝʞʜʫ ʣʶʙʳ-

ʤʠ ʫʟʣʘʤʠ ʪʦʣʴʢʦ ʚ ʩʝʪʠ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʪʠʧʦʚʦʡ ʪʦʧʦʣʦʛʠʝʡ. ʕʪʦ ʦʯʝʥʴ 

ʞʝʩʪʢʦʝ ʦʛʨʘʥʠʯʝʥʠʝ, ʢʦʪʦʨʦʝ ʥʝ ʧʦʟʚʦʣʷʝʪ ʩʪʨʦʠʪʴ ʩʝʪʠ ʩ ʨʘʟʚʠʪʦʡ ʩʪʨʫʢʪʫ-

ʨʦʡ, ʥʘʧʨʠʤʝʨ, ʩʝʪʠ, ʦʙʲʝʜʠʥʷʶʱʠʝ ʥʝʩʢʦʣʴʢʦ ʩʝʪʝʡ ʧʨʝʜʧʨʠʷʪʠʷ ʚ ʝʜʠʥʫʶ 

ʩʝʪʴ, ʠʣʠ ʚʳʩʦʢʦʥʘʜʝʞʥʳʝ ʩʝʪʠ, ʚ ʢʦʪʦʨʳʭ ʩʫʱʝʩʪʚʫʶʪ ʠʟʙʳʪʦʯʥʳʝ ʩʚʷʟʠ ʤʝʞ-

ʜʫ ʫʟʣʘʤʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʥʫʪʨʠ ʩʝʪʠ ʜʦʩʪʘʚʢʘ ʜʘʥʥʳʭ ʨʝʛʫʣʠʨʫʝʪʩʷ ʢʘʥʘʣʴʥʳʤ 

ʫʨʦʚʥʝʤ, ʘ ʚʦʪ ʜʦʩʪʘʚʢʦʡ ʜʘʥʥʳʭ ʤʝʞʜʫ ʩʝʪʷʤʠ ʟʘʥʠʤʘʝʪʩʷ ʩʝʪʝʚʦʡ ʫʨʦʚʝʥʴ. 

ʇʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʜʦʩʪʘʚʢʠ ʧʘʢʝʪʦʚ ʥʘ ʩʝʪʝʚʦʤ ʫʨʦʚʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʥʷʪʠʝ 

ʥʦʤʝʨ ʩʝʪʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʘʜʨʝʩ ʧʦʣʫʯʘʪʝʣʷ ʩʦʩʪʦʠʪ ʠʟ ʥʦʤʝʨʘ ʩʝʪʠ ʠ ʥʦʤʝʨʘ 

ʢʦʤʧʴʶʪʝʨʘ ʚ ʵʪʦʡ ʩʝʪʠ. 

ʉʝʪʠ ʩʦʝʜʠʥʷʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʩʧʝʮʠʘʣʴʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ, ʥʘʟʳʚʘʝʤʳ-

ʤʠ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʤʠ. ʄʘʨʰʨʫʪʠʟʘʪʦʨ ð ʵʪʦ ʫʩʪʨʦʡʩʪʚʦ, ʢʦʪʦʨʦʝ ʩʦʙʠʨʘʝʪ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʪʦʧʦʣʦʛʠʠ ʤʝʞʩʝʪʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʥʘ ʝʝ ʦʩʥʦʚʘʥʠʠ ʧʝʨʝʩʳʣʘ-

ʝʪ ʧʘʢʝʪʳ ʩʝʪʝʚʦʛʦ ʫʨʦʚʥʷ ʚ ʩʝʪʴ ʥʘʟʥʘʯʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʘʨʰʨʫʪ ʧʨʝʜ-

ʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʚ, ʧʦ ʢʦʪʦʨʳʤ ʧʨʦʭʦʜʠʪ 

ʧʘʢʝʪ. 

ʉʝʪʝʚʦʡ ʫʨʦʚʝʥʴ ʦʪʚʝʯʘʝʪ ʟʘ ʜʝʣʝʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʥʘ ʛʨʫʧʧʳ ʠ ʤʘʨʰʨʫ-

ʪʠʟʘʮʠʶ ʧʘʢʝʪʦʚ ʥʘ ʦʩʥʦʚʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ MAC-ʘʜʨʝʩʦʚ ʚ ʩʝʪʝʚʳʝ ʘʜʨʝʩʘ. ʉʝ-

ʪʝʚʦʡ ʫʨʦʚʝʥʴ ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʘʢʞʝ ʧʨʦʟʨʘʯʥʫʶ ʧʝʨʝʜʘʯʫ ʧʘʢʝʪʦʚ ʥʘ ʪʨʘʥʩʧʦʨʪ-

ʥʳʡ ʫʨʦʚʝʥʴ.  

ʉʝʪʝʚʦʡ ʫʨʦʚʝʥʴ ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʠ: 

1. ʉʦʟʜʘʥʠʝ ʩʝʪʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʠʭ ʧʦʨʪʦʚ. 

2. ʆʙʥʘʨʫʞʝʥʠʝ ʠ ʠʩʧʨʘʚʣʝʥʠʝ ʦʰʠʙʦʢ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʧʝʨʝʜʘʯʝ ʯʝʨʝʟ 
ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʫʶ ʩʝʪʴ. 

3. ʋʧʨʘʚʣʝʥʠʝ ʧʦʪʦʢʘʤʠ ʧʘʢʝʪʦʚ. 

4. ʆʨʛʘʥʠʟʘʮʠʷ (ʫʧʦʨʷʜʦʯʝʥʠʝ) ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʧʘʢʝʪʦʚ. 

5. ʄʘʨʰʨʫʪʠʟʘʮʠʷ ʠ ʢʦʤʤʫʪʘʮʠʷ. 

6. ʉʝʛʤʝʥʪʠʨʦʚʘʥʠʝ ʠ ʦʙʲʝʜʠʥʝʥʠʝ ʧʘʢʝʪʦʚ. 

ʅʘ ʩʝʪʝʚʦʤ ʫʨʦʚʥʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʚʘ ʚʠʜʘ ʧʨʦʪʦʢʦʣʦʚ. ʇʝʨʚʳʡ ʚʠʜ ʦʪʥʦ-

ʩʠʪʩʷ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʧʨʘʚʠʣ ʧʝʨʝʜʘʯʠ ʧʘʢʝʪʦʚ ʩ ʜʘʥʥʳʤʠ ʢʦʥʝʯʥʳʭ ʫʟʣʦʚ ʦʪ 

ʫʟʣʘ ʢ ʤʘʨʰʨʫʪʠʟʘʪʦʨʫ ʠ ʤʝʞʜʫ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʤʠ. ʀʤʝʥʥʦ ʵʪʠ ʧʨʦʪʦʢʦʣʳ 

ʦʙʳʯʥʦ ʠʤʝʶʪ ʚ ʚʠʜʫ, ʢʦʛʜʘ ʛʦʚʦʨʷʪ ʦ ʧʨʦʪʦʢʦʣʘʭ ʩʝʪʝʚʦʛʦ ʫʨʦʚʥʷ. ʆʜʥʘʢʦ ʯʘʩ-

ʪʦ ʢ ʩʝʪʝʚʦʤʫ ʫʨʦʚʥʶ ʦʪʥʦʩʷʪ ʠ ʜʨʫʛʦʡ ʚʠʜ ʧʨʦʪʦʢʦʣʦʚ, ʥʘʟʳʚʘʝʤʳʭ ʧʨʦʪʦʢʦ-

ʣʘʤʠ ʦʙʤʝʥʘ ʤʘʨʰʨʫʪʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ.  

ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʥʘ ʩʝʪʝʚʦʤ ʫʨʦʚʥʝ ʠʩʧʦʣʴʟʫʁ ʪʩʷ ʧʨʦʪʦʢʦʣʳ:  
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- IP (Internet Protocol) ʧʨʦʪʦʢʦʣ Internet, ʩʝʪʝʚʦʡ ʧʨʦʪʦʢʦʣ ʩʪʝʢʘ TCP/IP, ʢʦʪʦ-

ʨʳʡ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʘʜʨʝʩʥʫʶ ʠ ʤʘʨʰʨʫʪʥʫʶ ʠʥʬʦʨʤʘʮʠʶ;  

- IPX (Internetwork Packet Exchange) ʧʨʦʪʦʢʦʣ ʤʝʞʩʝʪʝʚʦʛʦ ʦʙʤʝʥʘ ʧʘʢʝʪʘʤʠ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʘʜʨʝʩʘʮʠʠ ʠ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʧʘʢʝʪʦʚ ʚ ʩʝʪʷʭ Novell;  

- X.25 ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʩʪʘʥʜʘʨʪ ʜʣʷ ʛʣʦʙʘʣʴʥʳʭ ʢʦʤʤʫʥʠʢʘʮʠʡ ʩ ʢʦʤʤʫʪʘʮʠʝʡ 

ʧʘʢʝʪʦʚ (ʯʘʩʪʠʯʥʦ ʵʪʦʪ ʧʨʦʪʦʢʦʣ ʨʝʘʣʠʟʦʚʘʥ ʥʘ ʫʨʦʚʥʝ 2);  

- CLNP (Connection Less Network Protocol) ʩʝʪʝʚʦʡ ʧʨʦʪʦʢʦʣ ʙʝʟ ʦʨʛʘʥʠʟʘʮʠʠ 

ʩʦʝʜʠʥʝʥʠʡ.  

4.6 ʂʘʥʘʣʴʥʳʡ ʫʨʦʚʝʥʴ (Data Link) 

ɽʜʠʥʠʮʝʡ ʠʥʬʦʨʤʘʮʠʠ ʢʘʥʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʷʚʣʷʶʪʩʷ ʢʘʜʨʳ (frame). ʂʘʜʨʳ 

ð ʵʪʦ ʣʦʛʠʯʝʩʢʠ ʦʨʛʘʥʠʟʦʚʘʥʥʘʷ ʩʪʨʫʢʪʫʨʘ, ʚ ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʧʦʤʝʱʘʪʴ ʜʘʥ-

ʥʳʝ. ɿʘʜʘʯʘ ʢʘʥʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʧʝʨʝʜʘʚʘʪʴ ʢʘʜʨʳ ʦʪ ʩʝʪʝʚʦʛʦ ʫʨʦʚʥʷ ʢ ʬʠʟʠʯʝ-

ʩʢʦʤʫ ʫʨʦʚʥʶ. 

ʆʜʥʦʡ ʠʟ ʟʘʜʘʯ ʢʘʥʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʨʢʘ ʜʦʩʪʫʧʥʦʩʪʠ ʩʨʝʜʳ 

ʧʝʨʝʜʘʯʠ, ʜʨʫʛʦʡ ʟʘʜʘʯʝʡ ʢʘʥʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʷʚʣʷʝʪʩʷ ʨʝʘʣʠʟʘʮʠʷ ʤʝʭʘʥʠʟʤʦʚ 

ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʢʦʨʨʝʢʮʠʠ ʦʰʠʙʦʢ.  

ɿʘʜʘʯʘ ʢʘʥʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ð ʙʨʘʪʴ ʧʘʢʝʪʳ, ʧʦʩʪʫʧʘʶʱʠʝ ʩ ʩʝʪʝʚʦʛʦ ʫʨʦʚʥʷ 

ʠ ʛʦʪʦʚʠʪʴ ʠʭ ʢ ʧʝʨʝʜʘʯʝ, ʫʢʣʘʜʳʚʘʷ ʚ ʢʘʜʨ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʨʘʟʤʝʨʘ. ʕʪʦʪ 

ʫʨʦʚʝʥʴ ʦʙʷʟʘʥ ʦʧʨʝʜʝʣʠʪʴ, ʛʜʝ ʥʘʯʠʥʘʝʪʩʷ ʠ ʛʜʝ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʙʣʦʢ, ʘ ʪʘʢʞʝ 

ʦʙʥʘʨʫʞʠʚʘʪʴ ʦʰʠʙʢʠ ʧʝʨʝʜʘʯʠ. 

ʂʘʥʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʦʟʜʘʥʠʝ, ʧʝʨʝʜʘʯʫ ʠ ʧʨʠʝʤ ʢʘʜʨʦʚ ʜʘʥ-

ʥʳʭ. ʕʪʦʪ ʫʨʦʚʝʥʴ ʦʙʩʣʫʞʠʚʘʝʪ ʟʘʧʨʦʩʳ ʩʝʪʝʚʦʛʦ ʫʨʦʚʥʷ ʠ ʠʩʧʦʣʴʟʫʝʪ ʩʝʨʚʠʩ 

ʬʠʟʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʜʣʷ ʧʨʠʝʤʘ ʠ ʧʝʨʝʜʘʯʠ ʧʘʢʝʪʦʚ. ʉʧʝʮʠʬʠʢʘʮʠʠ IEEE 802.ʍ 

ʜʝʣʷʪ ʢʘʥʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʥʘ ʜʚʘ ʧʦʜʫʨʦʚʥʷ: 

 LLC (Logical Link Control) ʫʧʨʘʚʣʝʥʠʝ ʣʦʛʠʯʝʩʢʠʤ ʢʘʥʘʣʦʤ ʦʩʫʱʝʩʪʚʣʷʝʪ 

ʣʦʛʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ ʩʚʷʟʠ. ʇʦʜʫʨʦʚʝʥʴ LLC ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʙʩʣʫʞʠʚʘʥʠʝ 

ʩʝʪʝʚʦʛʦ ʫʨʦʚʥʷ ʠ ʩʚʷʟʘʥ ʩ ʧʝʨʝʜʘʯʝʡ ʠ ʧʨʠʝʤʦʤ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ 

ʩʦʦʙʱʝʥʠʡ.  

 MAC (Media Assess Control) ʢʦʥʪʨʦʣʴ ʜʦʩʪʫʧʘ ʢ ʩʨʝʜʝ. ʇʦʜʫʨʦʚʝʥʴ MAC 

ʨʝʛʫʣʠʨʫʝʪ ʜʦʩʪʫʧ ʢ ʨʘʟʜʝʣʷʝʤʦʡ ʬʠʟʠʯʝʩʢʦʡ ʩʨʝʜʝ (ʧʝʨʝʜʘʯʘ ʤʘʨʢʝʨʘ 

ʠʣʠ ʦʙʥʘʨʫʞʝʥʠʝ ʢʦʣʣʠʟʠʡ ʠʣʠ ʩʪʦʣʢʥʦʚʝʥʠʡ) ʠ ʫʧʨʘʚʣʷʝʪ ʜʦʩʪʫʧʦʤ ʢ 

ʢʘʥʘʣʫ ʩʚʷʟʠ. ʇʦʜʫʨʦʚʝʥʴ LLC ʥʘʭʦʜʠʪʩʷ ʚʳʰʝ ʧʦʜʫʨʦʚʥʷ ʄɸC. 

ʂʘʥʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʦʧʨʝʜʝʣʷʝʪ ʜʦʩʪʫʧ ʢ ʩʨʝʜʝ ʠ ʫʧʨʘʚʣʝʥʠʝ ʧʝʨʝʜʘʯʝʡ ʧʦ-

ʩʨʝʜʩʪʚʦʤ ʧʨʦʮʝʜʫʨʳ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʧʦ ʢʘʥʘʣʫ. ʇʨʠ ʙʦʣʴʰʠʭ ʨʘʟʤʝʨʘʭ ʧʝ-

ʨʝʜʘʚʘʝʤʳʭ ʙʣʦʢʦʚ ʜʘʥʥʳʭ ʢʘʥʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʜʝʣʠʪ ʠʭ ʥʘ ʢʘʜʨʳ ʠ ʧʝʨʝʜʘʝʪ 

ʢʘʜʨʳ ʚ ʚʠʜʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ. ʇʨʠ ʧʦʣʫʯʝʥʠʠ ʢʘʜʨʦʚ ʫʨʦʚʝʥʴ ʬʦʨʤʠʨʫʝʪ 

ʠʟ ʥʠʭ ʧʝʨʝʜʘʥʥʳʝ ʙʣʦʢʠ ʜʘʥʥʳʭ. ʈʘʟʤʝʨ ʙʣʦʢʘ ʜʘʥʥʳʭ ʟʘʚʠʩʠʪ ʦʪ ʩʧʦʩʦʙʘ ʧʝ-

ʨʝʜʘʯʠ, ʢʘʯʝʩʪʚʘ ʢʘʥʘʣʘ, ʧʦ ʢʦʪʦʨʦʤʫ ʦʥ ʧʝʨʝʜʘʝʪʩʷ.  

ɺ ʣʦʢʘʣʴʥʳʭ ʩʝʪʷʭ ʧʨʦʪʦʢʦʣʳ ʢʘʥʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʦʤʧʴʶʪʝ-

ʨʘʤʠ, ʤʦʩʪʘʤʠ, ʢʦʤʤʫʪʘʪʦʨʘʤʠ ʠ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʤʠ. ɺ ʢʦʤʧʴʪʁʝʨʘʭ ʬʫʥʢʮʠʠ 

ʢʘʥʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʨʝʘʣʠʟʫʶʪʩʷ ʩʦʚʤʝʩʪʥʳʤʠ ʫʩʠʣʠʷʤʠ ʩʝʪʝʚʳʭ ʘʜʘʧʪʝʨʦʚ ʠ ʠʭ 

ʜʨʘʡʚʝʨʦʚ. 

ʂʘʥʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ ʬʫʥʢʮʠʡ:  
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1. ʆʨʛʘʥʠʟʘʮʠʷ (ʫʩʪʘʥʦʚʣʝʥʠʝ, ʫʧʨʘʚʣʝʥʠʝ, ʨʘʩʪʦʨʞʝʥʠʝ) ʢʘʥʘʣʴʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʠʭ ʧʦʨʪʦʚ. 

2. ʆʨʛʘʥʠʟʘʮʠʷ ʠ ʧʝʨʝʜʘʯʘ ʢʘʜʨʦʚ. 

3. ʆʙʥʘʨʫʞʝʥʠʝ ʠ ʠʩʧʨʘʚʣʝʥʠʝ ʦʰʠʙʦʢ. 

4. ʋʧʨʘʚʣʝʥʠʝ ʧʦʪʦʢʘʤʠ ʜʘʥʥʳʭ. 

5. ʆʙʝʩʧʝʯʝʥʠʝ ʧʨʦʟʨʘʯʥʦʩʪʠ ʣʦʛʠʯʝʩʢʠʭ ʢʘʥʘʣʦʚ (ʧʝʨʝʜʘʯʠ ʧʦ ʥʠʤ ʜʘʥʥʳʭ, 
ʟʘʢʦʜʠʨʦʚʘʥʥʳʭ ʣʶʙʳʤ ʩʧʦʩʦʙʦʤ). 

ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʨʦʪʦʢʦʣʳ ʥʘ ʢʘʥʘʣʴʥʦʤ ʫʨʦʚʥʝ ʚʢʣʶʯʘ-

ʶʪ: 

- HDLC (High Level Data Link Control) ʧʨʦʪʦʢʦʣ ʫʧʨʘʚʣʝʥʠʷ ʢʘʥʘʣʦʤ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ, ʜʣʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ; 

- IEEE 802.2 LLC (ʪʠʧ I ʠ ʪʠʧ II) ʦʙʝʩʧʝʯʠʚʘʶʪ MAC ʜʣʷ ʩʨʝʜ 802.x; 

- Ethernet ʩʝʪʝʚʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦ ʩʪʘʥʜʘʨʪʫ IEEE 802.3 ʜʣʷ ʩʝʪʝʡ, ʠʩʧʦʣʴʟʫʶʱʘʷ 

ʰʠʥʥʫʶ ʪʦʧʦʣʦʛʠʶ ʠ ʢʦʣʣʝʢʪʠʚʥʳʡ ʜʦʩʪʫʧ ʩ ʧʨʦʩʣʫʰʠʚʘʥʠʝʤ ʥʝʩʫʱʝʡ ʠ ʦʙ-

ʥʘʨʫʞʝʥʠʝʤ ʢʦʥʬʣʠʢʪʦʚ; 

- Token ring ʩʝʪʝʚʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦ ʩʪʘʥʜʘʨʪʫ IEEE 802.5, ʠʩʧʦʣʴʟʫʶʱʘʷ ʢʦʣʴ-

ʮʝʚʫʶ ʪʦʧʦʣʦʛʠʶ ʠ ʤʝʪʦʜ ʜʦʩʪʫʧʘ ʢ ʢʦʣʴʮʫ ʩ ʧʝʨʝʜʘʯʝʡ ʤʘʨʢʝʨʘ; 

- FDDI (Fiber Distributed Date Interface Station) ʩʝʪʝʚʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦ ʩʪʘʥʜʘʨʪʫ 

IEEE 802.6, ʠʩʧʦʣʟɹʫʶʱʘʷ ʦʧʪʦʚʦʣʦʢʦʥʥʳʡ ʥʦʩʠʪʝʣʴ; 

- X.25 ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʩʪʘʥʜʘʨʪ ʜʣʷ ʛʣʦʙʘʣʴʥʳʭ ʢʦʤʤʫʥʠʢʘʮʠʡ ʩ ʢʦʤʤʫʪʘʮʠʝʡ 

ʧʘʢʝʪʦʚ; 

- Frame relay ð ʩʝʪʴ, ʦʨʛʘʥʠʟʦʚʘʥʥʘʷ ʠʟ ʪʝʭʥʦʣʦʛʠʡ ʍ25 ʠ ISDN. 

4.7 ʌʠʟʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ (Physical Layer) 

ʌʠʟʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʩʦʧʨʷʞʝʥʠʷ ʩ ʬʠʟʠʯʝʩʢʠʤʠ ʩʨʝʜʩʪ-

ʚʘʤʠ ʩʦʝʜʠʥʝʥʠʷ. ʌʠʟʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʩʦʝʜʠʥʝʥʠʷ ï ʵʪʦ ʩʦʚʦʢʫʧʥʦʩʪʴ ʬʠʟʠʯʝ-

ʩʢʦʡ ʩʨʝʜʳ, ʘʧʧʘʨʘʪʥʳʭ ʠ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʧʝʨʝʜʘʯʫ 

ʩʠʛʥʘʣʦʚ ʤʝʞʜʫ ʩʠʩʪʝʤʘʤʠ. ʌʠʟʠʯʝʩʢʘʷ ʩʨʝʜʘ ï ʵʪʦ ʤʘʪʝʨʠʘʣʴʥʘʷ ʩʫʙʩʪʘʥʮʠʷ, 

ʯʝʨʝʟ ʢʦʪʦʨʫʶ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʝʨʝʜʘʯʘ ʩʠʛʥʘʣʦʚ. ʌʠʟʠʯʝʩʢʘʷ ʩʨʝʜʘ ʷʚʣʷʝʪʩʷ 

ʦʩʥʦʚʦʡ, ʥʘ ʢʦʪʦʨʦʡ ʩʪʨʦʷʪʩʷ ʬʠʟʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʩʦʝʜʠʥʝʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʬʠ-

ʟʠʯʝʩʢʦʡ ʩʨʝʜʳ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʵʬʠʨ, ʤʝʪʘʣʣʳ, ʦʧʪʠʯʝʩʢʦʝ ʩʪʝʢʣʦ ʠ 

ʢʚʘʨʮ.  

ʌʠʟʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʩʦʩʪʦʠʪ ʠʟ ʇʦʜʫʨʦʚʥʷ ʩʪʳʢʦʚʢʠ ʩʦ ʩʨʝʜʦʡ ʠ ʇʦʜʫ-

ʨʦʚʥʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʝʨʝʜʘʯʠ. 

ʌʠʟʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʚʳʧʦʣʥʷʝʪ ʩʣʝʜʫʶʱʠʝ ʬʫʥʢʮʠʠ:  

1. ʋʩʪʘʥʦʚʣʝʥʠʝ ʠ ʨʘʟʲʝʜʠʥʝʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

2. ʇʝʨʝʜʘʯʘ ʩʠʛʥʘʣʦʚ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʢʦʜʝ ʠ ʧʨʠʝʤ. 

3. ʇʨʦʩʣʫʰʠʚʘʥʠʝ, ʚ ʥʫʞʥʳʭ ʩʣʫʯʘʷʭ, ʢʘʥʘʣʦʚ. 

4. ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʢʘʥʘʣʦʚ. 

5. ʆʧʦʚʝʱʝʥʠʝ ʦ ʧʦʷʚʣʝʥʠʠ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʠ ʦʪʢʘʟʦʚ. 

ʆʧʦʚʝʱʝʥʠʝ ʦ ʧʦʷʚʣʝʥʠʠ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʠ ʦʪʢʘʟʦʚ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʥʘ 

ʬʠʟʠʯʝʩʢʦʤ ʫʨʦʚʥʝ ʧʨʦʠʩʭʦʜʠʪ ʦʙʥʘʨʫʞʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʢʣʘʩʩʘ ʩʦʙʳʪʠʡ, 
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ʤʝʰʘʶʱʠʭ ʥʦʨʤʘʣʴʥʦʡ ʨʘʙʦʪʝ ʩʝʪʠ (ʩʪʦʣʢʥʦʚʝʥʠʝ ʢʘʜʨʦʚ, ʧʦʩʣʘʥʥʳʭ ʩʨʘʟʫ ʥʝ-

ʩʢʦʣʴʢʠʤʠ ʩʠʩʪʝʤʘʤʠ, ʦʙʨʳʚ ʢʘʥʘʣʘ, ʦʪʢʣʶʯʝʥʠʝ ʧʠʪʘʥʠʷ, ʧʦʪʝʨʷ ʤʝʭʘʥʠʯʝ-

ʩʢʦʛʦ ʢʦʥʪʘʢʪʘ ʠ ʪ. ʜ.). ɺʠʜʳ ʩʝʨʚʠʩʘ, ʧʨʝʜʦʩʪʘʚʣʷʝʤʦʛʦ ʢʘʥʘʣʴʥʦʤʫ ʫʨʦʚʥʶ, 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʨʦʪʦʢʦʣʘʤʠ ʬʠʟʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ. ʇʨʦʩʣʫʰʠʚʘʥʠʝ ʢʘʥʘʣʘ ʥʝʦʙ-

ʭʦʜʠʤʦ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʢ ʦʜʥʦʤʫ ʢʘʥʘʣʫ ʧʦʜʢʣʶʯʘʝʪʩʷ ʛʨʫʧʧʘ ʩʠʩʪʝʤ, ʥʦ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʝʨʝʜʘʚʘʪʴ ʩʠʛʥʘʣʳ ʨʘʟʨʝh ʘʝʪʩʷ ʪʦʣʴʢʦ ʦʜʥʦʡ ʠʟ ʥʠʭ.  

ʌʫʥʢʮʠʠ ʬʠʟʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʨʝʘʣʠʟʫʶʪʩʷ ʚʦ ʚʩʝʭ ʫʩʪʨʦʡʩʪʚʘʭ, ʧʦʜʢʣʶ-

ʯʝʥʥʳʭ ʢ ʩʝʪʠ. ʉʦ ʩʪʦʨʦʥʳ ʢʦʤʧʴʶʪʝʨʘ ʬʫʥʢʮʠʠ ʬʠʟʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʚʳʧʦʣ-

ʥʷʶʪʩʷ ʩʝʪʝʚʳʤ ʘʜʘʧʪʝʨʦʤ. ʇʦʚʪʦʨʠʪʝʣʠ ʷʚʣʷʶʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ ʪʠʧʦʤ ʦʙʦ-

ʨʫʜʦʚʘʥʠʷ, ʢʦʪʦʨʦʝ ʨʘʙʦʪʘʝʪ ʪʦʣʴʢʦ ʥʘ ʬʠʟʠʯʝʩʢʦʤ ʫʨʦʚʥʝ. 

ʄʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʫʨʦʚʝʥʴ ʦʪʚʝʯʘʝʪ  ʟʘ ʘʧʧʘʨʘʪʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ. 

ʌʠʟʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʢʘʢ ʘʩʠʥʭʨʦʥʥʫʶ (ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʫʶ) ʪʘʢ ʠ ʩʠʥʭʨʦʥʥʫʶ (ʧʘʨʘʣʣʝʣʴʥʫʶ) ʧʝʨʝʜʘʯʫ, ʢʦʪʦʨʘʷ ʧʨʠʤʝʥʝ̫ʪʩʷ ʜʣʷ 

ʥʝʢʦʪʦʨʳʭ ʤʵʡʥʬʨʝʡʤʦʚ ʠ ʤʠʥʠ - ʢʦʤʧʁɹʪʝʨʦʚ. ʅʘ ʬʠʟʠʯʝʩʢʦʤ ʫʨʦʚʥʝ ʜʦʣʞʥʘ 

ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʩʭʝʤʘ ʢʦʜʠʨʦʚʘʥʠʷ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʚʦʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ʩ 

ʮʝʣʴʶ ʠʭ ʧʝʨʝʜʘʯʠ ʧʦ ʢʘʥʘʣʫ ʩʚʷʟʠ. ɺʦ ʤʥʦʛʠʭ ʣʦʢʘʣʴʥʳʭ ʩʝʪʷʭ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʤʘʥʯʝʩʪʝʨʩʢʦʝ ʢʦʜʠʨʦʚʘʥʠʝ. 

ʂ ʯʠʩʣʫ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʩʧʝʮʠʬʠʢʘʮʠʡ ʬʠʟʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ 

ʦʪʥʦʩʷʪʩʷ:  

- EIA-RS-232-C, CCITT V.24/V.28 - ʤʝʭʘʥʠʯʝʩʢʠʝ/ʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʛʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ;  

- EIA-RS-422/449, CCITT V.10 - ʤʝʭʘʥʠʯʝʩʢʠʝ, ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʦʧʪʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʛʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ; 

- Ethernet ï ʩʝʪʝʚʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦ ʩʪʘʥʜʘʨʪʫ IEEE 802.3 ʜʣʷ ʩʝʪʝʡ, 

ʠʩʧʦʣʴʟʫʶʱʘʷ ʰʠʥʥʫʶ ʪʦʧʦʣʦʛʠʶ ʠ ʢʦʣʣʝʢʪʠʚʥʳʡ ʜʦʩʪʫʧ ʩ ʧʨʦʩʣʫʰʠʚʘʥʠʝʤ 

ʥʝʩʫʱʝʡ ʠ ʦʙʥʘʨʫʞʝʥʠʝʤ ʢʦʥʬʣʠʢʪʦʚ; 

- Token ring ï ʩʝʪʝʚʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦ ʩʪʘʥʜʘʨʪʫ IEEE 802.5, ʠʩʧʦʣʴʟʫʶʱʘʷ 

ʢʦʣʴʮʝʚʫʶ ʪʦʧʦʣʦʛʠʶ ʠ ʤʝʪʦʜ ʜʦʩʪʫʧʘ ʢ ʢʦʣʴʮʫ ʩ ʧʝʨʝʜʘʯʝʡ ʤʘʨʢʝʨʘ. 

ɺʦʧʨʦʩʳ: 

1. ʅʘ ʢʘʢʦʤ ʫʨʦʚʥʝ ʤʦʜʝʣʠ OSI ʨʘʙʦʪʘʝʪ ʧʨʠʢʣʘʜʥʘʷ ʧʨʦʛʨʘʤʤʘ? 

2. ʂʘʢ ʚʳ ʩʯʠʪʘʝʪʝ, ʧʨʦʪʦʢʦʣʳ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʫʨʦʚʥʷ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʪʦʣʴʢʦ 

ʥʘ ʢʦʥʝʯʥʳʭ ʫʟʣʘʭ, ʪʦʣʴʢʦ ʥʘ ʧʨʦʤʝʞʫʪʦʯʥʦʤ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʤ ʦʙʦʨʫʜʦʚʘ-

ʥʠʠ (ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʭ) ʠʣʠ ʠ ʪʘʤ ʠ ʪʘʤ? 

3. ʅʘ ʢʘʢʦʤ ʫʨʦʚʥʝ ʤʦʜʝʣʠ OSI ʨʘʙʦʪʘʶʪ ʩʝʪʝʚʳʝ ʩʣʫʞʙʳ? 

4. ʅʠʞʝ ʧʝʨʝʯʠʩʣʝʥʳ ʥʝʢʦʪʦʨʳʝ ʩʝʪʝʚʳʝ ʫʩʪʨʦʡʩʪʚʘ: 

 ʤʘʨʰʨʫʪʠʟʘʪʦʨ; 

 ʢʦʤʤʫʪʘʪʦʨ; 

 ʤʦʩʪ; 

 ʧʦʚʪʦʨʠʪʝʣʴ; 

 ʩʝʪʝʚʦʡ ʘʜʘʧʪʝʨ; 

 ʢʦʥʮʝʥʪʨʘʪʦʨ. 

6. ɺ ʢʘʢʦʤ ʠʟ ʵʪʠʭ ʫʩʪʨʦʡʩʪʚ ʨʝʘʣʠʟʫʶʪʩʷ ʬʫʥʢʮʠʠ ʬʠʟʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʤʦʜʝʣʠ 

OSI? ʂʘʥʘʣʴʥʦʛʦ ʫʨʦʚʥʷ? ʉʝʪʝʚʦʛʦ ʫʨʦʚʥʷ? 
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7. ɼʦʣʞʥʳ ʣʠ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʤʠ ʧʦʜʜʝʨʞʠʚʘʪʴʩʷ ʧʨʦʪʦʢʦʣʳ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʫʨʦʚʥʷ? 

8. ʂʘʢ ʦʨʛʘʥʠʟʦʚʘʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʜʚʫʭ ʢʦʤʧʴʶʪʝʨʦʚ, ʝʩʣʠ ʫ ʥʠʭ ʦʪʣʠʯʘʶʪʩʷ 

ʧʨʦʪʦʢʦʣʳ: 

 ʬʠʟʠʯʝʩʢʦʛʦ ʠ ʢʘʥʘʣʴʥʦʛʦ ʫʨʦʚʥʝʡ; 

 ʩʝʪʝʚʦʛʦ ʫʨʦʚʥʷ; 

 ʧʨʠʢʣʘʜʥʦʛʦ ʫʨʦʚʥʷ. 

 



 

ʃʝʢʮʠʷ 5. 

5 ʉʪʝʢ-ʧʨʦʪʦʢʦʣʳ ʣʦʢʘʣʴʥʳʭ ʩʝʪʝʡ 

 

ʉʪʝʢ ʧʨʦʪʦʢʦʣʦʚ ð ʠʝʨʘʨʭʠʯʝʩʢʠ ʦʨʛʘʥʠʟʦʚʘʥʥʳʡ ʥʘʙʦʨ ʧʨʦʪʦʢʦʣʦʚ, 

ʜʦʩʪʘʪʦʯʥʳʡ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʫʟʣʦʚ ʩʝʪʠ. 

ʇʨʦʪʦʢʦʣ ð ʬʦʨʤʘʣʴʥʳʡ ʥʘʙʦʨ ʧʨʘʚʠʣ ʠ ʩʦʛʣʘʰʝʥʠʡ, ʨʝʛʣʘʤʝʥʪʠʨʫʶ-

ʱʠʡ ʦʙʤʝʥ ʠʥʬʦʨʤʘʮʠʝʡ ʤʝʞʜʫ ʢʦʤʧʴʶʪʝʨʘʤʠ  ʧʦ ʩʝʪʠ. ʈʝʘʣʠʟʫʝʪ ʬʫʥʢʮʠʠ 

ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʫʨʦʚʥʝʡ. 

ʊʝʭʥʦʣʦʛʠʷ ʃɺʉ ʦʨʛʘʥʠʟʫʝʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʪʦʣʴʢʦ ʬʫʥʢʮʠʠ ʜʚʫʭ ʥʠʞʥʠʭ 

ʫʨʦʚʥʝʡ ʤʦʜʝʣʠ OSI. ʆʜʥʘʢʦ ʠʟ ʵʪʦʛʦ ʥʝ ʩʣʝʜʫʝʪ, ʯʪʦ ʢʦʤʧʴʶʪʝʨʳ, ʩʚʟ̫ʘʥʥʳʝ ʚ 

ʣʦʢʘʣʴʥʫʶ ʩʝʪʴ, ʥʝ ʧʦʜʜʝʨʞʠʚʘʶʪ ʧʨʦʪʦʢʦʣʳ ʫʨʦʚʥʝʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʳʰʝ 

ʢʘʥʘʣʴʥʳʭ. ʕʪʠ ʧʨʦʪʦʢʦʣʳ ʪʘʢʞʝ ʨʘʙʦʪʘʶʪ, ʥʦ ʦʥʠ ʦʪʥʦʩʷʪʩʷ ʢ ʪʝʭʥʦʣʦʛʠʷʤ 

ʣʦʢʘʣʴʥʳʭ ʩʝʪʝʡ. 

ʉʪʘʥʜʘʨʪ IEEE ʨʘʟʜʝʣʷʶʪ ʢʘʥʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʥʘ 2 ʧʦʜʫʨʦʚʥʷ: ʫʧʨʘʚʣʝʥʠʝ 

ʣʦʛʠʯʝʩʢʠʤ ʢʘʥʘʣʦʤ ʠ ʫʧʨʘʚʣʝʥʠʝ ʜʦʩʪʫʧʦʤ ʢ ʩʨʝʜʝ. 

ʌʫʥʢʮʠʠ ʫʨʦʚʥʷ LLC ʨʝʘʣʠʟʫʶʪʩʷ ʧʨʦʛʨʘʤʤʥʳʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʤʦʜʫ-

ʣʝʤ ʆʉ, ʘ ʬʫʥʢʮʠʠ ʫʨʦʚʥʷ MAC ʨʝʘʣʠʟʫʶʪʩʷ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʤ (ʩʚʷʟʢʘ 

ʩʝʪʝʚʦʡ ʜʨʘʡʚʝʨ ʠ ʩʝʪʝʚʦʡ ʘʜʘʧʪʝʨ). 

5.1 ʋʨʦʚʝʥʴ MAC 

ʆʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ: 

1. ʦʙʝʩʧʝʯʝʥʠʝ ʜʦʩʪʫʧʘ ʢ ʨʘʟʜʝʣʷʝʤʦʡ ʩʨʝʜʝ;  

2. ʧʝʨʝʜʘʯʘ ʢʘʜʨʦʚ ʤʝʞʜʫ ʢʦʥʝʯʥʳʤʠ ʫʟʣʘʤʠ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʬʫʥʢʮʠʠ ʫʩʪʨʦʡ-

ʩʪʚʘ ʬʠʟʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ. 

3. ʊʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʢʘʜʨʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʫʨʦʚʥʝʤ MAC ʚ ʥʝʩʢʦʣʢɹʦ ʵʪʘʧʦʚ:  

3.1. ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʘʜʨʘ. ʅʘ ʵʪʦʤ ʵʪʘʧʝ ʦʩʫɦ ʝʩʪʚʣʷʝʪʩʷ ʟʘʧʦʣʥʝʥʠʝ ʧʦʣʝʡ 

ʢʘʜʨʘ ʥʘ ʦʩʥʦʚʝ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʣʫʯʘʝʤʦʡ ʦʪ ʚʝʨʭʥʠʭ ʫʨʦʚʥʝʡ.(ɸʜʨʝʩ ʠʩ-

ʪʦʯʥʠʢʘ ʠ ʥʘʟʥʘʯʝʥʠʷ, ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʝ ʜʘʥʥʳʝ, ʧʨʠʟʥʘʢ ʧʨʦʪʦʢʦʣʘ 

ʚʝʨʭʥʝʛʦ ʫʨʦʚʥʷ). ʇʦʩʣʝ ʪʦʛʦ ʢʘʢ ʢʘʜʨ ʙʳʣ ʩʬʦʨʤʠʨʦʚʘʥ, ʫʨʦʚʝʥʴ MAC 

ʧʦʜʩʯʠʪʳʚʘʝʪ ʢʦʥʪʨʦʣʴʥʫʶ ʩʫʤʤʫ ʢʘʜʨʘ ʠ ʧʦʤʝʱʘʝʪ ʝʝ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʝʝ ʧʦʣʝ; 

3.2. ʧʝʨʝʜʘʯʘ ʢʘʜʨʘ ʯʝʨʝʟ ʩʨʝʜʫ. ʂʦʛʜʘ ʢʘʜʨ ʩʬʦʨʤʠʨʦʚʘʥ ʠ ʜʦʩʪʫʧ ʢ ʨʘʟʜʝ-

ʣʷʝʤʦʡ ʩʨʝʜʝ ʧʦʣʫʯʝʥ, ʫʨʦʚʝʥʴ MAC ʧʝʨʝʜʘʝʪ ʜʘʥʥʳʝ ʥʘ ʬʠʟʠʯʝʩʢʠʡ 

ʫʨʦʚʝʥʴ, ʢʦʪʦʨʳʡ ʧʦʙʠʪʥʦ ʧʝʨʝʜʘʝʪ ʜʘʥʥʳʝ ʚ ʩʨʝʜʫ; 

3.3. ʧʨʠʝʤ ʢʘʜʨʦʚ. ʋʨʦʚʝʥʴ MAC ʢʘʞʜʦʛʦ ʫʟʣʘ ʧʨʦʚʝʨʷʝʪ ʘʜʨʝʩ ʥʘʟʥʘʯʝʥʠʷ 

ʧʦʩʪʫʧʠʚʰʝʛʦ ʢʘʜʨʘ ʠ ʝʩʣʠ ʦʥ ʩʦʚʧʘʜʘʝʪ ʩ ʝʛʦ ʩʦʙʩʪʚʝʥʥʳʤ, ʪʦ ʧʨʦʜʦʣ-

ʞʘʝʪ ʝʛʦ ʦʙʨʘʙʦʪʢʫ. ʆʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʦʚʝʨʢʘ ʢʦʥʪʨʦʣʴʥʦʡ ʩʫʤʤʳ ʢʘʜ-

ʨʦʚ. ɽʩʣʠ ʦʥʘ ʧʨʦʰʣʘ ʫʩʧʝʰʥʦ, ʪʦ ʢʘʜʨ ʧʝʨʝʜʘʝʪʩʷ ʥʘ ʫʨʦʚʝʥʴ LLC. 

5.2 ʋʨʦʚʝʥʴ LLC 

ɺʳʧʦʣʥʷʝʪ 2 ʬʫʥʢʮʠʠ: 

1. ʦʨʛʘʥʠʟʫʝʪ ʠʥʪʝʨʬʝʡʩ ʠ ʧʨʠʣʝʛʘʶʱʠʤ ʢ ʥʝʤʫ ʩʝʪʝʚʳʤ ʫʨʦʚʥʝʤ; 

2. ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʩʪʘʚʢʫ ʢʘʜʨʦʚ ʩ ʟʘʜʘʥʥʦʡ ʩʪʝʧʝʥʴʶ ʥʘʜʝʞʥʦʩʪʠ.  
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1) ʀʥʪʝʨʬʝʡʩʥʳʝ ʬʫʥʢʮʠʠ LLC ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʧʝʨʝʜʘʯʝ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʠ 

ʩʣʫʞʝʙʥʳʭ ʜʘʥʥʳʭ ʤʝʞʜʫ ʫʨʦʚʥʝʤ MAC ʠ ʩʝʪʝʚʳʤ ʫʨʦʚʥʝʤ. ʇʨʠ ʧʝʨʝʜʘʯʝ 

ʜʘʥʥʳʭ ʩʚʝʨʭʫ ʚʥʠʟ LLC ʧʨʠʥʠʤʘʝʪ ʦʪ ʧʨʦʪʦʢʦʣʘ ʩʝʪʝʚʦʛʦ ʫʨʦʚʥʷ ʧʘʢʝʪ, ʚ ʢʦ-

ʪʦʨʦʤ ʫʞʝ ʩʦʜʝʨʞʘʪʩʷ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʝ ʜʘʥʥʳʝ. ʇʦʤʠʤʦ ʧʘʢʝʪʦʚ ʩʚʝʨʭʫ ʧʝʨʝ-

ʜʘʝʪʩʷ ʘʜʨʝʩ ʫʟʣʘ ʥʘʟʥʘʯʝʥʠʷ ʚ ʬʦʨʤʘʪʝ ʪʦʡ ʪʝʭʥʦʣʦʛʠʠ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ, ʚ ʧʨʝ-

ʜʝʣʘʭ ʢʦʪʦʨʦʡ ʦʥʘ ʬʫʥʢʮʠʦʥʠʨʫʝʪ. ʇʨʠ ʧʝʨʝʜʘʯʝ ʜʘʥʥʳʭ ʩʥʠʟʫ ʚʚʝʨʭ ʧʨʦʠʩʭʦ-

ʜʠʪ ʧʨʦʮʝʩʩ ʜʝʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʷ, ʧʨʠ ʧʝʨʝʜʘʯʝ ʩʚʝʨʭʫ ʚʥʠʟ ï ʤʫʣʴʪʠʧʣʝʢ-

ʩʠʨʦʚʘʥʠʝ. ɿʘʜʘʯʠ ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʷ ʠ ʜʝʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʷ ʩʚʦʡʩʪʚʝʥ-

ʥʳ ʣʶʙʦʤʫ ʧʨʦʪʦʢʦʣʫ, ʥʘʜ ʢʦʪʦʨʳʤ ʤʦʛʫʪ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʥʝʩʢʦʣʴʢʦ ʧʨʦʪʦ-

ʢʦʣʦʚ. ɼʣʷ ʜʝʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ LLC ʠʩʧʦʣʴʟʫʝʪ ʚ ʩʚʦʝʤ ʟʘʛʦʣʦʚʢʝ 

ʩʧʝʮʠʘʣʴʥʳʝ ʧʦʣʷ DSAP (ʪʦʯʢʘ ʚʭʦʜʘ ʩʣʫʞʙʳ ʧʨʠʝʤʥʠʢʘ). ʀʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʭʨʘʥʝʥʠʷ ʢʦʜʘ ʧʨʦʪʦʢʦʣʘ, ʢʦʪʦʨʦʤʫ ʘʜʨʝʩʦʚʘʥʦ ʧʦʣʝ ʜʘʥʥʳʭ. SSAP (ʪʦʯʢʘ ʚʭʦ-

ʜʘ ʩʣʫʞʙʳ ʠʩʪʦʯʥʠʢʘ) ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʫʢʘʟʘʥʠʷ ʢʦʜʘ ʧʨʦʪʦʢʦʣʘ, ʦʪ ʢʦʪʦʨʦʛʦ 

ʧʦʩʳʣʘʶʪʩʷ ʜʘʥʥʳʝ. 

2) ɼʦʩʪʘʚʢʘ ʢʘʜʨʦʚ ʩ ʟʘʜʘʥʥʦʡ ʩʪʝʧʝʥʴʶ ʥʘʜʝʞʥʦʩʪʠ. ʇʨʦʪʦʢʦʣ LLC ʧʦʜʜʝʨʞʠ-

ʚʘʝʪ ʥʝʩʢʦʣʴʢʦ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ, ʢʦʪʦʨʳʝ ʦʪʣʠʯʘʶʪʩʷ ʥʘʣʠʯʠʝʤ ʠʣʠ ʦʪʩʫʪʩʪʚʠ-

ʝʤ ʧʨʦʮʝʜʫʨ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʘʜʨʦʚ ʚ ʩʣʫʯʘʝ ʠʭ ʧʦʪʝʨʠ ʠʣʠ ʠʩʢʘʞʝʥʠʷ. ʋʨʦ-

ʚʝʥʴ LLC ʧʨʝʜʩʪʘʚʣʷʝʪ 3 ʪʠʧʘ ʪʨʘʥʩʧʦʨʪʥʳʭ ʫʟʣʦʚ:  

 LLC-1 ï ʫʩʣʫʛʘ ʙʝʟ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʦʝʜʠʥʝʥʠʷ ʠ ʙʝʟ ʧʦʜʪʚʝʨʞʜʝʥʠʷ 

ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ;  

 LLC-2 ï ʜʘʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʚʦʟʤʦʞʥʦʩʪʴ ʫʩʪʘʥʦʚʠʪʴ ʣʦʛʠʯʝʩʢʦʝ 

ʩʦʝʜʠʥʝʥʠʝ ʧʝʨʝʜ ʥʘʯʘʣʦʤ ʧʝʨʝʜʘʯʠ ʣʶʙʦʛʦ ʙʣʦʢʘ ʜʘʥʥʳʭ, ʝʩʣʠ 

ʧʦʪʨʝʙʫʝʪʩʷ ʚʳʧʦʣʥʠʪʴ ʧʨʦʮʝʜʫʨʫ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦʩʣʝ ʦʰʠʙʦʢ ʠ 

ʫʧʦʨʷʜʦʯʝʥʠʝ ʧʦʪʦʢʦʚ ʙʣʦʢʦʚ ʚ ʨʘʤʢʘʭ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ;  

 LLC-3 ð ʙʝʟ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʦʝʜʠʥʝʥʠʷ, ʥʦ ʩ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ 

ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ. 

ɼʝʷʪʝʣʴʥʦʩʪʴ IEEE ʚ ʦʙʣʘʩʪʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʚʳʟʚʘʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʦʙʝʩʧʝʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʩʧʝʮʠʬʠʢʘʮʠʡ ISO ʠ IEEE 802. ʉ 

ʵʪʦʡ ʮʝʣʴʶ ʢʦʤʠʪʝʪʳ 802 ʨʘʟʜʝʣʠʣʠ ʫʨʦʚʝʥʴ ʟʚʝʥʘ ʜʘʥʥʳʭ ʥʘ ʜʚʘ ʧʦʜʫʨʦʚʥʷ: 

ʫʧʨʘʚʣʝʥʠʝ ʜʦʩʪʫʧʦʤ ʢ ʩʨʝʜʝ (Media Access Control ï ʄɸʉ ʠ ʫʧʨʘʚʣʝʥʠʝ ʣʦʛʠ-

ʯʝʩʢʠʤ ʟʚʝʥʦʤ ʜʘʥʥʳʭ (Logical Link Control ï LLC).  

 

 
ʈʠʩʫʥʦʢ 5.1 ʉʚʷʟʴ ʩʪʘʥʜʘʨʪʦʚ IEEE 802 ʩ ʤʦʜʝʣʴʶ OSI/ISO. 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ, MAC ʦʭʚʘʪʳʚʘʝʪ 802.3, 802.4, 802.5 ʠ 802.6, ʘ LLC 

ʚʢʣʶʯʘʝʪ 802.2.  
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ʈʘʟʙʠʝʥʠʝ ʫʨʦʚʥʷ ʥʘ ʜʚʘ ʧʦʜʫʨʦʚʥʷ MAC/LLC ʜʘʝʪ ʮʝʣʳʡ ʨʷʜ ʧʨʝʠʤʫ-

ʱʝʩʪʚ. ʇʨʝʞʜʝ ʚʩʝʛʦ ʵʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʷʪʴ ʜʦʩʪʫʧʦʤ ʢ ʨʘʟʜʝʣʷʝʤʦʤʫ 

(ʦʙʱʝʤʫ) ʢʘʥʘʣʫ ʩ ʘʚʪʦʥʦʤʥʳʭ ʫʩʪʨʦʡʩʪʚ DTE. ɺʦ-ʚʪʦʨʳʭ, ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʨʝʘ-

ʣʠʟʦʚʘʪʴ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʡ ʤʝʭʘʥʠʟʤ ʫʧʨʘʚʣʝʥʠʷ (ʨʘʚʥʦʨʘʥʛʦʚʳʝ ʩʪʘʥʮʠʠ) ʠ 

ʧʦʚʳʰʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʃʉ ʢ ʦʰʠʙʢʘʤ. ɺ-ʪʨʝʪʴʠʭ, ʵʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʩʦ-

ʚʤʝʩʪʠʤʳʡ ʩ ʛʣʦʙʘʣʴʥʳʤʠ ʩʝʪʷʤʠ ʠʥʪʝʨʬʝʡʩ, ʧʦʩʢʦʣʴʢʫ LLC ʷʚʣʷʝʪʩʷ ʧʦʜ-

ʤʥʦʞʝʩʪʚʦʤ ʙʘʟʦʚʦʛʦ ʤʥʦʞʝʩʪʚʘ ʧʨʦʪʦʢʦʣʘ. ɺ-ʯʝʪʚʝʨʪʳʭ, LLC ʥʝ ʟʘʚʠʩʠʪ ʦʪ 

ʢʦʥʢʨʝʪʥʦʛʦ ʤʝʪʦʜʘ ʜʦʩʪʫʧʘ; MAC ʞʝ ʟʘʚʠʩʠʪ ʦʪ ʧʨʦʪʦʢʦʣʘ. ʕʪʦʪ ʧʦʜʭʦʜ ʦʙʝʩ-

ʧʝʯʠʚʘʝʪ ʩʝʪʷʤ, ʦʩʥʦʚʘʥʥʳʤ ʥʘ ʩʪʘʥʜʘʨʪʘʭ IEEE 802, ʛʠʙʢʠʡ ʠʥʪʝʨʬʝʡʩ ʚʚʦʜʘ ʠ 

ʚʳʚʦʜʘ.  

ʊʨʠ ʫʨʦʚʥʷ (ʬʠʟʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʠ ʧʦʜʫʨʦʚʥʠ MAC ʠ LLʉ) ʚʟʘʠʤʦʜʝʡʩʪ-

ʚʫʶʪ ʧʫʪʝʤ ʦʙʤʝʥʘ  ʧʨʦʪʦʢʦʣʴʥʳʤʠ ʙʣʦʢʘʤʠ ʜʘʥʥʳʭ ʯʝʨʝʟ ʪʦʯʢʠ ʜʦʩʪʫʧʘ ʢ 

ʩʝʨʚʠʩʫ (Service Access Point - SAP). ʋʩʣʦʚʥʳʝ ʥʘʟʚʘʥʠʷ ʪʦʯʝʢ ʜʦʩʪʫʧʘ ʢ ʩʝʨʚʠ-

ʩʫ (SAP) ʪʘʢʦʚʳ:  

- PSAP - ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʬʠʟʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ;  

- MSAP - ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʧʦʜʫʨʦʚʥʷ MAC;  

- LSAP - ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʧʦʜʫʨʦʚʥʷ LLC.  

5.3 ʉʪʘʥʜʘʨʪʳ ʃɺʉ 

ʉʧʝʮʠʬʠʢʘʮʠʠ Institute of Electrical and Electronics Engineers IEEE802 ʦʧʨʝʜʝ-

ʣʷʶʪ ʩʪʘʥʜʘʨʪʳ ʜʣʷ ʬʠʟʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩʝʪʠ. ʕʪʠ ʢʦʤʧʦʥʝʥʪʳ ï ʩʝʪʝʚʘʷ 

ʢʘʨʪʘ (Network Interface Card ï NIC) ʠ ʩʝʪʝʚʦʡ ʥʦʩʠʪʝʣʴ (network media), ʢʦʪʦ-

ʨʳʝ ʦʪʥʦʩʷʪʩʷ ʢ ʬʠʟʠʯʝʩʢʦʤʫ ʠ ʢʘʥʘʣʴʥʦʤʫ ʫʨʦʚʥʷʤ ʤʦʜʝʣʠ OSI.        ʉʧʝʮʠ-

ʬʠʢʘʮʠʠ IEEE802 ʦʧʨʝʜʝʣʷʶʪ ʤʝʭʘʥʠʟʤ ʜʦʩʪʫʧʘ ʘʜʘʧʪʝʨʘ ʢ ʢʘʥʘʣʫ ʩʚʷʟʠ ʠ ʤʝ-

ʭʘʥʠʟʤ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. ʉʪʘʥʜʘʨʪʳ IEEE802 ʧʦʜʨʘʟʜʝʣʷʶʪ ʢʘʥʘʣʴʥʳʡ ʫʨʦ-

ʚʝʥʴ ʥʘ ʧʦʜʫʨʦʚʥʠ: 

 Logical Link Control (LLC) ï ʧʦʜʫʨʦʚʝʥʴ ʫʧʨʘʚʣʝʥʠʷ ʣʦʛʠʯʝʩʢʦʡ ʩʚʷʟʴʶ; 

 Media Access Control (MAC) ï ʧʦʜʫʨʦʚʝʥʴ ʫʧʨʘʚʣʝʥʠʷ ʜʦʩʪʫʧʦʤ ʢ 

ʫʩʪʨʦʡʩʪʚʘʤ. 

 

ʉʧʝʮʠʬʠʢʘʮʠʠ IEEE 802 ʜʝʣʷʪʩʷ ʥʘ 16 ʩʪʘʥʜʘʨʪʦʚ: 

 

802.1 

ʉʪʘʥʜʘʨʪ 802.1 (Internetworking ï ʦʙʲʝʜʠʥʝʥʠʝ ʩʝʪʝʡ) ʟʘʜʘʝʪ ʤʝʭʘʥʠʟʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʩʝʪʴʶ ʥʘ MAC ï ʫʨʦʚʥʝ. ɺ ʨʘʟʜʝʣʝ 802.1 ʧʨʠʚʦʜʷʪʩʷ ʦʩʥʦʚʥʳʝ ʧʦ-

ʥʷʪʠʷ ʠ ʦʧʨʝʜʝʣʝʥʠʷ, ʦʙʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʪʨʝʙʦʚʘʥʠʷ ʢ ʣʦʢʘʣʴʥʳʤ ʩʝʪʷʤ, ʘ 

ʪʘʢʞʝ ʧʦʚʝʜʝʥʠʝ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʥʘ ʢʘʥʘʣʴʥʦʤ ʫʨʦʚʥʝ, ʛʜʝ ʣʦʛʠʯʝʩʢʠʝ ʘʜʨʝʩʘ 

ʜʦʣʞʥʳ ʙʳʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʳ ʚ ʠʭ ʬʠʟʠʯʝʩʢʠʝ ʘʜʨʝʩʘ ʠ ʥʘʦʙʦʨʦʪ. 

 

802.2 

ʉʪʘʥʜʘʨʪ 802.2 (Logical Link Control ï ʫʧʨʘʚʣʝʥʠʝ ʣʦʛʠʯʝʩʢʦʡ ʩʚʷʟʴʶ) ʦʧ-

ʨʝʜʝʣʷʝʪ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʧʦʜʫʨʦʚʥʷ LLC ʥʘ ʢʘʥʘʣʴʥʦʤ ʫʨʦʚʥʝ ʤʦʜʝʣʠ OSI. 

LLC ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʥʪʝʨʬʝʡʩ ʤʝʞʜʫ ʤʝʪʦʜʘʤʠ ʜʦʩʪʫʧʘ ʢ ʩʨʝʜʝ ʠ ʩʝʪʝʚʳʤ ʫʨʦʚ-

ʥʝʤ. 
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802.3 

ʉʪʘʥʜʘʨʪ 802.3 (Ethernet Carrier Sense Multiple Access with Collision Detec-

tion ï CSMA/CD LANs Ethernet ï ʤʥʦʞʝʩʪʚʝʥʥʳʡ ʜʦʩʪʫʧ ʢ ʩʝʪʷʤ Ethernet ʩ 

ʧʨʦʚʝʨʢʦʡ ʥʝʩʫʱʝʡ ʠ ʦʙʥʘʨʫʞʝʥʠʝʤ ʢʦʥʬʣʠʢʪʦʚ) ʦʧʠʩʳʚʘʝʪ ʬʠʟʠʯʝʩʢʠʡ ʫʨʦ-

ʚʝʥʴ ʠ ʧʦʜʫʨʦʚʝʥʴ MAC ʜʣʷ ʩʝʪʝʡ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʰʠʥʥʫʶ ʪʦʧʦʣʦʛʠʶ ʠ ʢʦʣ-

ʣʝʢʪʠʚʥʳʡ ʜʦʩʪʫʧ ʩ ʧʨʦʩʣʫʰʠʚʘʥʠʝʤ ʥʝʩʫʱʝʡ ʠ ʦʙʥʘʨʫʞʝʥʠʝʤ ʢʦʥʬʣʠʢʪʦʚ. 

ʇʨʦʪʦʪʠʧʦʤ ʵʪʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʜʦʩʪʫʧʘ ʩʪʘʥʜʘʨʪʘ Ethernet (10BaseT, 

10Base2, 10Base5). ʄʝʪʦʜ ʜʦʩʪʫʧʘ CSMA/CD. 802.3 ʪʘʢʞʝ ʚʢʣʶʯʘʝʪ ʪʝʭʥʦʣʦʛʠʠ 

Fast Ethernet (100BaseTx, 100BaseFx, 100BaseFl). 

100Base-Tx ï ʜʚʫʭʧʘʨʥʘʷ ʚʠʪʘʷ ʧʘʨʘ. ʀʩʧʦʣʴʟʫʝʪ ʤʝʪʦʜ MLT-3 ʜʣʷ ʧʝʨʝʜʘʯʠ 

ʩʠʛʥʘʣʦʚ 5-ʙʠʪʦʚʳʭ ʧʦʨʮʠʡ ʢʦʜʘ 4ɺ/5B ʧʦ ʚʠʪʦʡ ʧʘʨʝ, ʘ ʪʘʢʞʝ ʠʤʝʝʪʩʷ ʬʫʥʢ-

ʮʠʷ ʘʚʪʦʧʝʨʝʛʦʚʦʨʦʚ (Auto-negotiation) ʜʣʷ ʚʳʙʦʨʘ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʧʦʨʪʘ. 

100Base-T4 ï ʯʝʪʳʨʝʭʧʘʨʥʘʷ ʚʠʪʘʷ ʧʘʨʘ. ɺʤʝʩʪʦ ʢʦʜʠʨʦʚʘʥʠʷ 4B/5ɺ ʚ ʵʪʦʤ ʤʝ-

ʪʦʜʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʦʜʠʨʦʚʘʥʠʝ 8B/6T. 

100BaseFx ï ʤʥʦʛʦʤʦʜʦʚʦʝ ʦʧʪʦʚʦʣʦʢʥʦ. ʕʪʘ ʩʧʝʮʠʬʠʢʘʮʠʷ ʦʧʨʝʜʝʣʷʝʪ ʨʘʙʦʪʫ 

ʧʨʦʪʦʢʦʣʘ Fast Ethernet ʧʦ ʤʥʦʛʦʤʦʜʦʚʦʤʫ ʦʧʪʦʚʦʣʦʢʥʫ ʚ ʧʦʣʫʜʫʧʣʝʢʩʥʦʤ ʠ 

ʧʦʣʥʦʜʫʧʣʝʢʩʥʦʤ ʨʝʞʠʤʘʭ ʥʘ ʦʩʥʦʚʝ ʭʦʨʦʰʦ ʧʨʦʚʝʨʝʥʥʦʡ ʩʭʝʤʳ ʢʦʜʠʨʦʚʘʥʠʷ 

ʠ ʧʝʨʝʜʘʯʠ ʦʧʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ, ʠʩʧʦʣʟɹʫʶʱʝʡʩʷ ʫʞʝ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʨʷʜʘ ʣʝʪ 

ʚ ʩʪʘʥʜʘʨʪʝ FDDI. ʂʘʢ ʠ ʚ ʩʪʘʥʜʘʨʪʝ FDDI, ʢʘʞʜʳʡ ʫʟʝʣ ʩʦʝʜʠʥʷʝʪʩʷ ʩ ʩʝʪʴʶ 

ʜʚʫʤʷ ʦʧʪʠʯʝʩʢʠʤʠ ʚʦʣʦʢʥʘʤʠ, ʠʜʫʱʠʤʠ ʦʪ ʧʨʠʝʤʥʠʢʘ (Rx) ʠ ʦʪ ʧʝʨʝʜʘʪʯʠʢʘ 

(Tx). 

ʕʪʦʪ ʤʝʪʦʜ ʜʦʩʪʫʧʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʩʝʪʷʭ ʩ ʦʙʱʝʡ ʰʠʥʦʡ (ʢ ʢʦʪʦʨʳʤ ʦʪʥʦ-

ʩʷʪʩʷ ʠ ʨʘʜʠʦʩʝʪʠ, ʧʦʨʦʜʠʚʰʠʝ ʵʪʦʪ ʤʝʪʦʜ). ɺʩʝ ʢʦʤʧʴʶʪʝʨʳ ʪʘʢʦʡ ʩʝʪʠ ʠʤʝʶʪ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʡ ʜʦʩʪʫʧ ʢ ʦʙʱʝʡ ʰʠʥʝ, ʧʦʵʪʦʤʫ ʦʥʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘ-

ʥʘ ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʤʝʞʜʫ ʣʶʙʳʤʠ ʜʚʫʤʷ ʫʟʣʘʤʠ ʩʝʪʠ. ʇʨʦʩʪʦʪʘ ʩʭʝʤʳ 

ʧʦʜʢʣʶʯʝʥʠʷ - ʵʪʦ ʦʜʠʥ ʠʟ ʬʘʢʪʦʨʦʚ, ʦʧʨʝʜʝʣʠʚʰʠʭ ʫʩʧʝʭ ʩʪʘʥʜʘʨʪʘ Ethernet. 

ɻʦʚʦʨʷʪ, ʯʪʦ ʢʘʙʝʣʴ, ʢ ʢʦʪʦʨʦʤʫ ʧʦʜʢʣʶʯʝʥʳ ʚʩʝ ʩʪʘʥʮʠʠ, ʨʘʙʦʪʘʝʪ ʚ ʨʝʞʠʤʝ 

ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʜʦʩʪʫʧʘ (multiply access ï MA). 

ʄʝʪʦʜ ʜʦʩʪʫʧʘ CSMA/CD ʦʧʨʝʜʝʣʷʝʪ ʦʩʥʦʚʥʳʝ ʚʨʝʤʝʥʥʳʝ ʠ ʣʦʛʠʯʝʩʢʠʝ 

ʩʦʦʪʥʦʰʝʥʠʷ, ʛʘʨʘʥʪʠʨʫʶʱʠʝ ʢʦʨʨʝʢʪʥʫʶ ʨʘʙʦʪʫ ʚʩʝʭ ʩʪʘʥʮʠʡ ʚ ʩʝʪʠ. 

ɺʩʝ ʜʘʥʥʳʝ, ʧʝʨʝʜʘʚʘʝʤʳʝ ʧʦ ʩʝʪʠ, ʧʦʤʝʱʘʶʪʩʷ ʚ ʢʘʜʨʳ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʠ ʩʥʘʙʞʘʁ ʪʩʷ ʫʥʠʢʘʣʴʥʳʤ ʘʜʨʝʩʦʤ ʩʪʘʥʮʠʠ ʥʘʟʥʘʯʝʥʠʷ. ɿʘʪʝʤ ʢʘʜʨ 

ʧʝʨʝʜʘʝʪʩʷ ʧʦ ʢʘʙʝʣʶ. ɺʩʝ ʩʪʘʥʮʠʠ, ʧʦʜʢʣʯʁʝʥʥʳʝ ʢ ʢʘʙʝʣʶ, ʤʦʛʫʪ ʨʘʩʧʦʟʥʘʪʴ 

ʬʘʢʪ ʧʝʨʝʜʘʯʠ ʢʘʜʨʘ, ʠ ʪʘ ʩʪʘʥʮʠʷ, ʢʦʪʦʨʘʷ ʫʟʥʘʝʪ ʩʦʙʩʪʚʝʥʥʳʡ ʘʜʨʝʩ ʚ ʟʘʛʦ-

ʣʦʚʢʘʭ ʢʘʜʨʘ, ʟʘʧʠʩʳʚʘʝʪ ʝʛʦ ʩʦʜʝʨʞʠʤʦʝ ʚ ʩʚʦʡ ʚʥʫʪʨʝʥʥʠʡ ʙʫʬʝʨ, ʦʙʨʘʙʘʪʳ-

ʚʘʝʪ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʠ ʧʦʩʳʣʘʝʪ ʧʦ ʢʘʙʝʣʶ ʢʘʜʨ-ʦʪʚʝʪ. ɸʜʨʝʩ ʩʪʘʥʮʠʠï

ʠʩʪʦʯʥʠʢʘ ʪʘʢʞʝ ʚʢʣʶʯʝʥ ʚ ʠʩʭʦʜʥʳʡ ʢʘʜʨ, ʧʦʵʪʦʤʫ ʩʪʘʥʮʠʷ-ʧʦʣʫʯʘʪʝʣʴ ʟʥʘʝʪ, 

ʢʦʤʫ ʥʫʞʥʦ ʧʦʩʣʘʪʴ ʦʪʚʝʪ. 

 

802.4 

ʉʪʘʥʜʘʨʪ 802.4 (Token Bus LAN ï ʣʦʢʘʣʴʥʳʝ ʩʝʪʠ Token Bus) ʦʧʨʝʜʝʣʷʝʪ 

ʤʝʪʦʜ ʜʦʩʪʫʧʘ ʢ ʰʠʥʝ ʩ ʧʝʨʝʜʘʯʝʡ ʤʘʨʢʝʨʘ, ʧʨʦʪʦʪʠʧ ï ArcNet. 

ʇʨʠ ʧʦʜʢʣʶʯʝʥʠʠ ʫʩʪʨʦʡʩʪʚ ʚ ArcNet ʧʨʠʤʝʥʷʶʪ ʪʦʧʦʣʦʛʠʶ çʰʠʥʘè ʠʣʠ 

çʟʚʝʟʜʘè. ɸʜʘʧʪʝʨʳ ArcNet ʧʦʜʜʝʨʞʠʚʘʶʪ ʤʝʪʦʜ ʜʦʩʪʫʧʘ Token Bus (ʤʘʨʢʝʨʥʘʷ 
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ʰʠʥʘ) ʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 2,5 ʄʙʠʪ/ʩ. ʕʪʦʪ ʤʝʪʦʜ ʧʨʝʜʫʩʤʘʪ-

ʨʠʚʘʝʪ ʩʣʝʜʫʶʱʠʝ ʧʨʘʚʠʣʘ:  

-ʚʩʝ ʫʩʪʨʦʡʩʪʚʘ, ʧʦʜʢʣʶʯʸʥʥʳʝ ʢ ʩʝʪʠ, ʤʦʛʫʪ ʧʝʨʝʜʘʚʘʪʴ ʜʘʥʥʳʝ, ʪʦʣʴʢʦ ʧʦʣʫ-

ʯʠʚ ʨʘʟʨʝʰʝʥʠʝ ʥʘ ʧʝʨʝʜʘʯʫ (ʤʘʨʢʝʨ); 

-ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʪʦʣʴʢʦ ʦʜʥʘ ʩʪʘʥʮʠʷ ʚ ʩʝʪʠ ʦʙʣʘʜʘʝʪ ʪʘʢʠʤ ʧʨʘʚʦʤ; 

-ʢʘʜʨ, ʧʝʨʝʜʘʚʘʝʤʳʡ ʦʜʥʦʡ ʩʪʘʥʮʠʝʡ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʚʩʝʤʠ ʦʩ-

ʪʘʣʴʥʳʤʠ ʩʪʘʥʮʠʷʤʠ ʩʝʪʠ.  

ɺ ʩʝʪʷʭ ArcNet ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʩʠʥʭʨʦʥʥʳʡ ʤʝʪʦʜ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ (ʚ ʩʝʪʷʭ 

Ethernet ʠ Token Ring ʧʨʠʤʝʥʷʝʪʩʷ ʩʠʥʭʨʦʥʥʳʡ ʤʝʪʦʜ), ʪ. ʝ. ʧʝʨʝʜʘʯʘ ʢʘʞʜʦʛʦ 

ʙʘʡʪʘ ʚ ArcNet ʚʳʧʦʣʥʷʝʪʩʷ ʧʦʩʳʣʢʦʡ ISU (Information Symbol Unit ï ʝʜʠʥʠʮʘ 

ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ), ʩʦʩʪʦʷʱʝʡ ʠʟ ʪʨʸʭ ʩʣʫʞʝʙʥʳʭ ʩʪʘʨʪ/ʩʪʦʧʦʚʳʭ ʙʠʪʦʚ ʠ 

ʚʦʩʴʤʠ ʙʠʪʦʚ ʜʘʥʥʳʭ.  

 

802.5 

ʉʪʘʥʜʘʨʪ 802.5 (Token Ring LAN ï ʣʦʢʘʣʴʥʳʝ ʩʝʪʠ Token Ring) ʦʧʠʩʳʚʘʝʪ 

ʤʝʪʦʜ ʜʦʩʪʫʧʘ ʢ ʢʦʣʴʮʫ ʩ ʧʝʨʝʜʘʯʝʡ ʤʘʨʢʝʨʘ, ʧʨʦʪʦʪʠʧ ï Token Ring. 

ʉʝʪʠ ʩʪʘʥʜʘʨʪʘ Token Ring, ʪʘʢ ʞʝ ʢʘʢ ʠ ʩʝʪʠ Ethernet, ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʜʝ-

ʣʷʝʤʫʶ ʩʨʝʜʫ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʢʦʪʦʨʘʷ ʩʦʩʪʦʠʪ ʠʟ ʦʪʨʝʟʢʦʚ ʢʘʙʝʣʷ, ʩʦʝʜʠ-

ʥʷʶʱʠʭ ʚʩʝ ʩʪʘʥʮʠʠ ʩʝʪʠ ʚ ʢʦʣʴʮʦ. ʂʦʣʴʮʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʦʙʱʠʡ ʨʘʟʜʝ-

ʣʷʝʤʳʡ ʨʝʩʫʨʩ, ʠ ʜʣʷ ʜʦʩʪʫʧʘ ʢ ʥʝʤʫ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝ ʩʣʫʯʘʡʥʳʡ ʘʣʛʦʨʠʪʤ, ʢʘʢ 

ʚ ʩʝʪʷʭ Ethernet, ʘ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʡ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʝʨʝʜʘʯʝ ʩʪʘʥʮʠʷʤʠ 

ʧʨʘʚʘ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʣʴʮʘ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʧʦʨʷʜʢʝ. ʇʨʘʚʦ ʥʘ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝ ʢʦʣʴʮʘ ʧʝʨʝʜʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʢʘʜʨʘ ʩʧʝʮʠʘʣʴʥʦʛʦ ʬʦʨʤʘʪʘ, ʥʘʟʳʚʘʝʤʦʛʦ 

ʤʘʨʢʝʨʦʤ, ʠʣʠ ʪʦʢʝʥʦʤ.  

 

802.6 

ʉʪʘʥʜʘʨʪ 802.6 (Metropolitan Area Network ï ʛʦʨʦʜʩʢʠʝ ʩʝʪʠ) ʦʧʠʩʳʚʘʝʪ ʨʝ-

ʢʦʤʝʥʜʘʮʠʠ ʜʣʷ ʨʝʛʠʦʥʘʣʴʥʳʭ ʩʝʪʝʡ. 

 

802.7 

ʉʪʘʥʜʘʨʪ 802.7 (Broadband Technical Advisory Group ï ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥ-

ʩʫʣʴʪʘʮʠʦʥʥʘʷ ʛʨʫʧʧʘ ʧʦ ʰʠʨʦʢʦʚʝʱʘʪʝʣʴʥʦʡ ʧʝʨʝʜʘʯʝ) ʦʧʠʩʳʚʘʝʪ ʨʝʢʦʤʝʥʜʘ-

ʮʠʠ ʧʦ ʰʠʨʦʢʦʧʦʣʦʩʥʳʤ ʩʝʪʝʚʳʤ ʪʝʭʥʦʣʦʛʠʷʤ, ʥʦʩʠʪʝʣʷʤ, ʠʥʪʝʨʬʝʡʩʫ ʠ ʦʙʦ-

ʨʫʜʦʚʘʥʠʶ. 

 

802.8 

ʉʪʘʥʜʘʨʪ 802.8 (Fiber Technical Advisory Group ï ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʩʫʣʴʪʘʮʠ-

ʦʥʥʘʷ ʛʨʫʧʧʘ ʧʦ ʦʧʪʦʚʦʣʦʢʦʥʥʳʤ ʩʝʪʷʤ) ʩʦʜʝʨʞʠʪ ʦʙʩʫʞʜʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʦʧʪʠʯʝʩʢʠʭ ʢʘʙʝʣʝʡ ʚ ʩʝʪʷʭ 802.3 ï 802.6, ʘ ʪʘʢʞʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʦʧʪʦʚʦʣʦ-

ʢʦʥʥʳʤ ʩʝʪʝʚʳʤ ʪʝʭʥʦʣʦʛʠʷʤ, ʥʦʩʠʪʝʣʷʤ, ʠʥʪʝʨʬʝʡʩʫ ʠ ʦʙʦʨʫʜʦʚʘʥʠʶ, ʧʨʦʪʦ-

ʪʠʧ ï ʩʝʪʴ FDDI (Fiber Distributed Data Interface). 

ʉʪʘʥʜʘʨʪ FDDI ʠʩʧʦʣʴʟʫʝʪ ʦʧʪʦʚʦʣʦʢʦʥʥʳʡ ʢʘʙʝʣʴ ʠ ʜʦʩʪʫʧ ʩ ʧʨʠʤʝʥʝʥʠ-

ʝʤ ʤʘʨʢʝʨʘ. ʉʝʪʴ FDDI ʩʪʨʦʠʪʩʷ ʥʘ ʦʩʥʦʚʝ ʜʚʫʭ ʦʧʪʦʚʦʣʦʢʦʥʥʳʭ ʢʦʣʝʮ, ʢʦʪʦ-

ʨʳʝ ʦʙʨʘʟʫʶʪ ʦʩʥʦʚʥʦʡ ʠ ʨʝʟʝʨʚʥʳʡ ʧʫʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʤʝʞʜʫ ʫʟʣʘʤʠ ʩʝʪʠ. 
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ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʚʫʭ ʢʦʣʝʮ ï ʵʪʦ ʦʩʥʦʚʥʦʡ ʩʧʦʩʦʙ ʧʦʚʳʰʝʥʠʷ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦ-

ʩʪʠ ʚ ʩʝʪʠ FDDI, ʠ ʫʟʣʳ, ʢʦʪʦʨʳʝ ʭʦʪʷʪ ʠʤ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ, ʜʦʣʞʥʳ ʙʳʪʴ ʧʦʜ-

ʢʣʶʯʝʥʳ ʢ ʦʙʦʠʤ ʢʦʣʴʮʘʤ. ʉʢʦʨʦʩʪʴ ʩʝʪʠ ʜʦ 100 ʄʙ/ʩ. ɼʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦ-

ʟʚʦʣʝ̫ʪ ʚʢʣʶʯʘʪʴ ʜʦ 500 ʫʟʣʦʚ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 100 ʢʤ. 

802.9 

ʉʪʘʥʜʘʨʪ 802.9 (Integrated Voice and Data Network ï ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʝ ʩʝʪʠ 

ʧʝʨʝʜʘʯʠ ʛʦʣʦʩʘ ʠ ʜʘʥʥʳʭ) ʟʘʜʘʝʪ ʘʨʭʠʪʝʢʪʫʨʫ ʠ ʠʥʪʝʨʬʝʡʩʳ ʫʩʪʨʦʡʩʪʚ 

ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʠ ʛʦʣʦʩʘ ʧʦ ʦʜʥʦʡ ʣʠʥʠʠ, ʘ ʪʘʢʞʝ ʩʦʜʝʨʞʠʪ 

ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʛʠʙʨʠʜʥʳʤ ʩʝʪʷʤ, ʚ ʢʦʪʦʨʳʭ ʦʙʲʝʜʠʥʷʶʪ ʛʦʣʦʩʦʚʦʡ ʪʨʘʬʠʢ ʠ 

ʪʨʘʬʠʢ ʜʘʥʥʳʭ ʚ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʩʝʪʝʚʦʡ ʩʨʝʜʝ. 

 

802.10 
ɺ ʩʪʘʥʜʘʨʪʝ 802.10 (Network Security ï ʩʝʪʝʚʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ) ʨʘʩʩʤʦʪʨʝʥʳ 

ʚʦʧʨʦʩʳ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ, ʰʠʬʨʦʚʘʥʠʷ, ʫʧʨʘʚʣʝʥʠʷ ʩʝʪʷʤʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ 

ʩʝʪʝʚʳʭ ʘʨʭʠʪʝʢʪʫʨʘʭ, ʩʦʚʤʝʩʪʠʤʳʭ ʩ ʤʦʜʝʣʴʶ OSI. 

 

802.11 

ʉʪʘʥʜʘʨʪ 802.11 (Wireless Network ï ʙʝʩʧʨʦʚʦʜʥʳʝ ʩʝʪʠ) ʦʧʠʩʳʚʘʝʪ ʨʝʢʦ-

ʤʝʥʜʘʮʠʠ ʧʦ ʠʩʧʦʣʟɹʦʚʘʥʠʶ ʙʝʩʧʨʦʚʦʜʥʳʭ ʩʝʪʝʡ. 

 

802.12 

ʉʪʘʥʜʘʨʪ 802.12 ʦʧʠʩʳʚʘʝʪ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʩʝʪʝʡ 100VG 

ï AnyLAN ʩʦ ʩʢʦʨʦʩʪʴʶ100ʄʙ/ʩ ʠ ʤʝʪʦʜʦʤ ʜʦʩʪʫʧʘ ʧʦ ʦʯʝʨʝʜʠ ʟʘʧʨʦʩʦʚ ʠ ʧʦ 

ʧʨʠʦʨʠʪʝʪʫ (Demand Priority Queuing ï DPQ, Demand Priority Access ï DPA). 

ʊʝʭʥʦʣʦʛʠʷ 100VG ï ʵʪʦ ʢʦʤʙʠʥʘʮʠʷ Ethernet ʠ Token-Ring ʩʦ ʩʢʦʨʦʩʪʴʶ 

ʧʝʨʝʜʘʯʠ 100 ʄʙʠʪ/c, ʨʘʙʦʪʘʶʱʘʷ ʥʘ ʥʝʵʢʨʘʥʠʨʦʚʘʥʥʳʭ ʚʠʪʳʭ ʧʘʨʘʭ. ɺ ʧʨʦʝʢ-

ʪʝ 100Base-VG ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥ ʤʝʪʦʜ ʜʦʩʪʫʧʘ ʩ ʫʯʝʪʦʤ ʧʦʪʨʝʙʥʦʩʪʠ ʤʫʣʴ-

ʪʠʤʝʜʠʡʥʳʭ ʧʨʠʣʦʞʝʥʠʡ. ɺ ʩʧʝʮʠʬʠʢʘʮʠʠ 100VG ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʧʦʜ-

ʜʝʨʞʢʘ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʢʘʙʝʣʴʥʳʭ ʩʠʩʪʝʤ. ʊʝʭʥʦʣʦʛʠʷ 100VG ʠʩʧʦʣʴʟʫ-

ʝʪ ʤʝʪʦʜ ʜʦʩʪʫʧʘ ï ʦʙʨʘʙʦʪʢʘ ʟʘʧʨʦʩʦʚ ʧʦ ʧʨʠʦʨʠʪʝʪʫ (demand priority access). ɺ 

ʵʪʦʤ ʩʣʫʯʘʝ ʫʟʣʘʤ ʩʝʪʠ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʧʨʘʚʦ ʨʘʚʥʦʛʦ ʜʦʩʪʫʧʘ. ʂʦʥʮʝʥʪʨʘʪʦʨ 

ʦʧʨʘʰʠʚʘʝʪ ʢʘʞʜʳʡ ʧʦʨʪ ʠ ʧʨʦʚʝʨʷʝʪ ʥʘʣʠʯʠʝ ʟʘʧʨʦʩʘ ʥʘ ʧʝʨʝʜʘʯʫ, ʘ ʟʘʪʝʤ 

ʨʘʟʨʝʰʘʝʪ ʵʪʦʪ ʟʘʧʨʦʩ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʦʨʠʪʝʪʦʤ. ʀʤʝʝʪʩʷ ʜʚʘ ʫʨʦʚʥʷ ʧʨʠ-

ʦʨʠʪʝʪʦʚ ï ʚʳʩʦʢʠʡ ʠ ʥʠʟʢʠʡ. 

 

802.13 

ʉʪʘʥʜʘʨʪ 802.13 Cat.6 -10Gb LAN (ʦʩʥʦʚʘʥʘ ʟʘʥʦʚʦ) ʥʝ ʠʩʧʦʣʟɹʫʝʪʩʷ. 

 

802.14 

Cable Modem Working  Group. ʉʪʘʥʜʘʨʪʳ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʧʦ ʪʨʘʜʠʮʠ-

ʦʥʥʳʤ ʢʘʙʝʣʴʥʳʤ ʪʝʣʝʚʠʟʠʦʥʥʳʤ ʩʝʪʷʤ. ʕʪʘʣʦʥʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʟʘʜʘʝʪ ʩʦʙʦʡ 

ʩʤʝʰʘʥʥʫʶ ʦʧʪʦʚʦʣʦʢʦʥʥʫʶ/ʢʘʙʝʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʦʭʚʘʪʳʚʘʶʱʫʶ ʧʣʦʱʘʜʴ 

ʜʦ 80 ʢʤ ʦʪ ʛʦʣʦʚʥʦʛʦ ʫʟʣʘ. ʆʩʥʦʚʥʦʡ ʩʝʪʝʚʦʡ ʧʨʦʪʦʢʦʣ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʚ ʨʘʩ-

ʯʝʪʝ ʥʘ ʪʨʘʬʠʢ LLC IEE802.2(ʧʨʝʜʩʪʘʚʠʪʝʣʴ Ethernet). ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚʳʩʢʘʟʳ-



 

42 
 

ʚʘʝʪʩʷ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʩʝʪʴ ʜʦʣʞʥʘ ʧʦʜʜʝʨʞʠʚʘʪʴ ʪʝʭʥʦʣʦʛʠʶ ATM ʜʣʷ 

ʧʝʨʝʜʘʯʠ ʨʘʟʣʠʯʥʦʛʦ ʤʫʣʴʪʠʤʝʜʠʡʥʦʛʦ ʪʨʘʬʠʢʘ. 

 

802.15 

Wireless Personal Area Networks Group. ʈʘʟʨʘʙʦʪʢʘ ʩʪʘʥʜʘʨʪʦʚ ʜʣʷ ʤʘʣʦ-

ʨʘʟʤʝʨʥʳʭ ʙʝʩʧʨʦʚʦʜʥʳʭ ʩʝʪʝʡ. 

 

802.16 

Broadband Wireless Access Study Group. ʈʘʟʨʘʙʦʪʢʘ ʩʪʘʥʜʘʨʪʦʚ ʜʣʷ ʰʠ-

ʨʦʢʦʧʦʣʦʩʥʦʛʦ ʙʝʩʧʨʦʚʦʜʥʦʛʦ ʜʦʩʪʫʧʘ. 

 

802.17 

 Resilient Packet Ring Working Group. ʉʪʘʥʜʘʨʪ ʦʧʨʝʜʝʣʷʝʪ ʧʨʦʪʦʢʦʣ ʩʝ-

ʪʠ ʩ ʦʯʝʥʴ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ ʧʝʨʝʜʘʯʠ, ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʡ ʜʣʷ ʧʘʢʝʪʥʦʡ ʧʝ-

ʨʝʜʘʯʠ ʚ ʦʧʪʦʚʦʣʦʢʦʥʥʳʭ ʩʝʪʷʭ ʩ ʢʦʣʴʮʝʚʦʡ ʪʦʧʦʣʦʛʠʝʡ. 

ɺʦʧʨʦʩʳ: 

1. ʂʘʢʦʝ ʥʘʟʚʘʥʠʝ ʪʨʘʜʠʮʠʦʥʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʝʜʠʥʠʮʳ ʧʝʨʝʜʘʚʘʝʤʳʭ ʜʘʥ-

ʥʳʭ ʥʘ ʢʘʞʜʦʤ ʠʟ ʫʨʦʚʥʝʡ? 

2. ɼʘʡʪʝ ʦʧʨʝʜʝʣʝʥʠʝ ʦʪʢʨʳʪʦʡ ʩʠʩʪʝʤʳ. 

3. ʂʘʢʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʨʘʟʨʘʙʦʪʘʣʘ ʩʪʘʥʜʘʨʪʳ ʩʝʪʝʡ Ethernet? 

4. ʂʘʢʦʝ ʠʟ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʀʥʪʝʨʥʝʪʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʟʘ-

ʥʠʤʘʝʪʩʷ ʩʪʘʥʜʘʨʪʠʟʘʮʠʝʡ? 

5. ʂʘʢʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʩʪʦʷʣʘ ʫ ʠʩʪʦʢʦʚ ʩʦʟʜʘʥʠʷ ʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʩʪʝʢʘ 

TCP/IP? 

6. ʆʧʨʝʜʝʣʠʪʝ ʦʩʥʦʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʝʢʘ TCP/IP. 

7. ʌʫʥʢʮʠʠ ʩʘʤʳʭ ʥʠʞʥʠʭ ʫʨʦʚʥʝʡ ʤʦʜʝʣʝʡ OSI? 

8. ɼʘʡʪʝ ʦʧʨʝʜʝʣʝʥʠʝ ʪʨʘʥʩʧʦʨʪʥʳʭ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʫʩʣʫʛ. 

9. ʂʘʢʠʝ ʧʨʦʪʦʢʦʣʳ ʦʪʥʦʩʷʪʩʷ ʢ ʩʣʦʶ ʫʧʨʘʚʣʝʥʠʷ (control plane)?  

10. ɼʦʣʞʥʳ ʣʠ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʤʠ ʧʦʜʜʝʨʞʠʚʘʪʴʩʷ ʧʨʦʪʦʢʦʣʳ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʫʨʦʚʥʷ? 

11. ʇʫʩʪʴ ʥʘ ʜʚʫʭ ʢʦʤʧʴʶʪʝʨʘʭ ʫʩʪʘʥʦʚʣʝʥʦ ʠʜʝʥʪʠʯʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʠ ʘʧʧʘ-

ʨʘʪʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʪʦʛʦ, ʯʪʦ ʜʨʘʡʚʝʨʳ ʩʝʪʝʚʳʭ ʘʜʘʧʪʝʨʦʚ 

Ethernet ʧʦʜʜʝʨʞʠʚʘʶʪ ʦʪʣʠʯʘʶʱʠʝʩʷ ʠʥʪʝʨʬʝʡʩʳ ʩ ʧʨʦʪʦʢʦʣʦʤ ʩʝʪʝʚʦʛʦ 

ʫʨʦʚʥʷ IP. ɹʫʜʫʪ ʣʠ ʵʪʠ ʢʦʤʧʴʶʪʝʨʳ ʥʦʨʤʘʣʴʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ, ʝʩʣʠ ʠʭ ʩʦ-

ʝʜʠʥʠʪʴ ʚ ʩʝʪʴ? 
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6. ʄʝʪʦʜʳ ʜʦʩʪʫʧʘ 

       ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʘʙʦʯʠʭ ʩʪʘʥʮʠʡ ʚ ʨʘʤʢʘʭ ʣʦʢʘʣʴʥʦʡ ʢʦʤ-

ʧɹ ʪʁʝʨʥʦʡ ʩʝʪʠ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʩʧʦʣʟɹʫʝʤʳʤ ʧʨʘʚʠʣʦʤ ʜʦʩʪʫʧʘ ʢ 

ʦʙɦ ʝʡ ʧʝʨʝʜʘʶʱʝʡ ʩʨʝʜʝ ʚ ʩʝʪʷʭ ʩ ʰʠʥʥʦʡ ʠ ʢʦʣʴʮʝʚʦʡ ʪʦʧʦʣʦʛʠʠ. ʇʨʘʚʠʣʦ, ʩ 

ʧʦʤʦɦ ʴʶ ʢʦʪʦʨʦʛʦ ʦʨʛʘʥʠʟʫʝʪʩʷ ʜʦʩʪʫʧ ʨʘʙʦʯʠʭ ʩʪʘʥʮʠʡ ʢ ʧʝʨʝʜʘʶʱʝʡ ʩʨʝ-

ʜʝ, ʧʦʣʫʯʠʣʦ ʥʘʟʚʘʥʠʝ ʤʝʪʦʜʘ ʜʦʩʪʫʧʘ. ʊ.ʝ., ʤʝʪʦʜ ʜʦʩʪʫʧʘ ï ʵʪʦ ʩʧʦʩʦʙ çʟʘ-

ʭʚʘʪʘè ʧʝʨʝʜʘʶʱʝʡ ʩʨʝʜʳ, ʩʧʦʩʦʙ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʛʦ, ʢʘʢʘʷ ʠʟ ʨʘʙʦʯʠʭ ʩʪʘʥʮʠʡ 

ʤʦʞʝʪ ʩʣʝʜʫʶʱʝʡ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʝʩʫʨʩʳ ʩʝʪʠ. ʅʦ, ʢʨʦʤʝ ʪʦʛʦ, ʪʘʢ ʞʝ ʥʘʟʳʚʘʝʪ-

ʩʷ ʥʘʙʦʨ ʧʨʘʚʠʣ (ʘʣʛʦʨʠʪʤ), ʠʩʧʦʣʴʟʫʝʤʳʭ ʩʝʪʝʚʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʯʪʦʙʳ ʥʘ-

ʧʨʘʚʣʷʪʴ ʧʦʪʦʢ ʩʦʦʙʱʝʥʠʡ ʯʝʨʝʟ ʩʝʪʴ, ʘ ʪʘʢʞʝ ʦʜʠʥ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʠʟʥʘʢʦʚ, ʧʦ 

ʢʦʪʦʨʳʤ ʨʘʟʣʠʯʘʶʪ ʩʝʪʝʚʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ. 

ɺ ʩʠʣʫ ʙʦʣʴʰʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʣʦʢʘʣʴʥʳʭ ʩʝʪʝʡ ʠ ʪʨʝʙʦʚʘʥʠʡ ʢ ʥʠʤ, ʥʝʣʴ-

ʟʷ ʥʘʟʚʘʪʴ ʢʘʢʦʡïʣʠʙʦ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʪʦʜ ʜʦʩʪʫʧʘ, ʵʬʬʝʢʪʠʚʥʳʡ ʚʦ ʚʩʝʭ 

ʩʣʫʯʘʷʭ. ʂʘʞʜʳʡ ʠʟ ʠʟʚʝʩʪʥʳʭ ʤʝʪʦʜʦʚ ʜʦʩʪʫʧʘ ʠʤʝʝʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʨʝʠʤʫ-

ʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ. 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʤʝʪʦʜʦʚ ʜʦʩʪʫʧʘ: 

ʄʝʪʦʜr ʜʦʩʪʫʧʘ
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ʈʠʩʫʥʦʢ 6.1 ʄʝʪʦʜʳ ʜʦʩʪʫʧʘ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʤʝʪʦʜʘ ʜʦʩʪʫʧʘ ʣʦʢʘʣʴʥʳʝ ʩʝʪʠ ʜʝʣʷʪʩʷ 

ʥʘ ʜʚʝ ʛʨʫʧʧʳ. ʂ ʧʝʨʚʦʡ ʛʨʫʧʧʝ ʦʪʥʦʩʷʪʩʷ ʩʝʪʠ, ʚ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʝʪʦ-

ʜʳ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʛʦ ʜʦʩʪʫʧʘ, ʢʦ ʚʪʦʨʦʡ ï ʤʝʪʦʜʳ ʩʣʫʯʘʡʥʦʛʦ ʜʦʩʪʫʧʘ. 

6.1 CSMA/CD 

ʉʫʪʴ ʤʝʪʦʜʘ: 

1. ɸʙʦʥʝʥʪ, ʞʝʣʘʶʱʠʡ ʧʝʨʝʜʘʚʘʪʴ, ʩʣʝʜʠʪ ʟʘ ʩʦʩʪʦʷʥʠʝʤ ʩʝʪʠ, ʵʪʦ ʥʘʟʳʚʘʝʪʩʷ 

ʢʦʥʪʨʦʣʝʤ ʥʝʩʫʱʝʡ. ʊʘʢ ʢʘʢ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʘʥʯʝʩʪʝʨʩʢʠʡ ʢʦʜ, ʪʦ ʤʦʞʥʦ ʛʦʚʦ-

ʨʠʪʴ ʦ ʥʝʩʫʱʝʡ ʯʘʩʪʦʪʝ ʤʘʥʯʝʩʪʝʨʩʢʦʛʦ ʢʦʜʘ. ɽʩʣʠ ʩʝʪʴ ʩʚʦʙʦʜʥʘ (ʧʦ ʤʥʝʥʠʶ 

ʘʙʦʥʝʥʪʘ), ʪʦ ʧʝʨʝʜʘʯʘ ʤʦʞʝʪ ʥʘʯʠʥʘʪʴʩʷ ʙʝʟ ʚʩʷʢʦʛʦ ʦʞʠʜʘʥʠʷ. 

2. ʇʦʩʣʝ ʦʩʚʦʙʦʞʜʝʥʠʷ ʩʝʪʠ ʘʙʦʥʝʥʪ ʥʘʯʠʥʘʝʪ ʧʝʨʝʜʘʯʫ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʢʦʥ-

ʪʨʦʣʠʨʫʝʪ ʩʦʩʪʦʷʥʠʝ ʩʝʪʠ. ʕʪʦ ʠ ʝʩʪʴ ʦʙʥʘʨʫʞʝʥʠʝ ʢʦʥʬʣʠʢʪʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʢʦʥʬʣʠʢʪ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʦ ʚʨʝʤʷ ʧʝʨʝʜʘʯʠ. ɽʩʣʠ ʢʦʥʬʣʠʢʪ ʥʝ ʦʙʥʘʨʫʞʝʥ ʚʦ 

ʚʨʝʤʷ ʧʝʨʝʜʘʯʠ, ʪʦ ʧʝʨʝʜʘʯʘ ʩʯʠʪʘʝʪʩʷ ʫʩʧʝʥhʦʡ ʠ ʜʦʚʦʜʠʪʩʷ ʜʦ ʢʦʥʮʘ. 
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3. ɽʩʣʠ ʢʦʥʬʣʠʢʪ ʦʙʥʘʨʫʞʝʥ, ʪʦ ʘʙʦʥʝʥʪ ʫʩʠʣʠʚʘʝʪ ʝʛʦ (ʧʝʨʝʜʘʝʪ ʥʝʢʦʪʦʨʦʝ 

ʚʨʝʤʷ) ʜʣʷ ʛʘʨʘʥʪʠʠ ʦʙʥʘʨʫʞʝʥʠʷ ʢʦʥʬʣʠʢʪʘ ʚʩʝʤʠ ʜʨʫʛʠʤʠ ʘʙʦʥʝʥʪʘʤʠ. ɸ ʟʘ-

ʪʝʤ ʧʨʝʢʨʘʱʘʝʪ ʧʝʨʝʜʘʯʫ ʥʘ ʥʝʢʦʪʦʨʦʝ ʩʣʫʯʘʡʥʦʝ ʚʨʝʤʷ. 

4. ʇʦ ʠʩʪʝʯʝʥʠʠ ʵʪʦʛʦ ʩʣʫʯʘʡʥʦʛʦ ʧʨʦʤʝʞʫʪʢʘ ʚʨʝʤʝʥʠ, ʘʙʦʥʝʥʪ ʧʦʚʪʦʨʷʝʪ ʧʦ-

ʧʳʪʢʫ ʧʝʨʝʜʘʯʠ, ʧʨʠ ʵʪʦʤ ʢʦʥʪʨʦʣʠʨʫʝʪ ʩʨʝʜʫ ʥʘ ʥʘʣʠʯʠʝ ʢʦʥʬʣʠʢʪʘ. ʇʦʚʪʦʨ-

ʥʘʷ ʧʝʨʝʜʘʯʘ ʯʝʨʝʟ ʩʣʫʯʘʡʥʦʝ ʚʨʝʤʷ ʫʤʝʥʴʰʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʢʦʥʬʣʠʢʪʘ, ʥʦ ʥʝ 

ʠʩʢʣʯʁʘʝʪ ʝʛʦ. 

ʅʝʨʘʚʝʥʩʪʚʦ min2  < L   ð ʫʩʣʦʚʠʝ ʦʪʩʫʪʩʪʚʠʷ ʢʦʥʬʣʠʢʪʦʚ. ʕʪʦ ʫʩʣʦʚʠʝ ʥʘ-

ʢʣʘʜʳʚʘʝʪ ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ ʨʘʟʤʝʨ ʩʝʪʠ. ɼʚʦʡʥʦʝ ʚʨʝʤʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʠʛʥʘʣʘ 

ʧʦ ʩʝʪʠ ʥʝ ʜʦʣʞʥʦ ʧʨʝʚʳʰʘʪʴ ʚʨʝʤʝʥʠ ʧʝʨʝʜʘʯʠ ʢʘʜʨʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʤʠʥʠʤʘʣʴ-

ʥʦʛʦ ʢʘʜʨʘ, ʪ.ʝ. 512 ɺʊ. 

1 ɺʊ ð ʚʨʝʤʷ ʧʝʨʝʜʘʯʠ 1 ʙʠʪʘ. 
å2Ű

Ű

ɸʙʦʥʝʥʪ ɺ 

ʫʩʣr ʘhʣ ʢʦʥʬʣʠʢʪ

ɸʙʦʥʝʥʪ  ɸ                 

 ʫʩʣr ʘhʣ  ʢʦʥʬʣʠʢʪ

t

t

2Ű < 512 ɺʊ

 2Ű<L ï ʚʨʝʤ̫ ʧʝʨʝʜʘʯʠ ʢʘʜʨʘ min

.

 
ʈʠʩʫʥʦʢ 6.2 ʋʩʣʦʚʠʝ ʦʙʥʘʨʫʞʝʥʠʷ ʢʦʥʬʣʠʢʪʘ ʧʦ ʄɼʂʅ/ʆʂ. 

 

ɸʣʛʦʨʠʪʤ ʤʥʦʞʝʩʪʚʝʥʥʦʛʦ ʜʦʩʪʫʧʘ ʩ ʧʨʦʩʣʫʰʠʚʘʥʠʝʤ ʥʝʩʫʱʝʡ ʠ ʨʘʟʨʝ-

ʰʝʥʠʝʤ ʢʦʣʣʠʟʠʡ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩʫʥʢʝ 6.3. 

ʄʝʪʦʜ ʤʥʦʞʝʩʪʚʝʥʥʦʛʦ ʜʦʩʪʫʧʘ ʩ ʧʨʦʩʣʫʰʠʚʘʥʠʝʤ ʥʝʩʫʱʝʡ ʠ ʨʘʟʨʝʰʝʥʠ-

ʝʤ ʢʦʣʣʠʟʠʡ (CSMA/CD) ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʩʣʝʜʫʶʱʠʡ ʧʦʨʷʜʦʢ: ʝʩʣʠ ʨʘʙʦʯʘʷ 

ʩʪʘʥʮʠʷ ʭʦʯʝʪ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩʝʪʴʶ ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʦʥʘ ʩʥʘʯʘʣʘ ʜʦʣʞʥʘ 

ʧʨʦʚʝʨʠʪʴ ʩʦʩʪʦʷʥʠʝ ʢʘʥʘʣʘ: ʥʘʯʠʥʘʪʴ ʧʝʨʝʜʘʯʫ ʩʪʘʥʮʠʷ ʤʦʞʝʪ, ʝʩʣʠ ʢʘʥʘʣ ʩʚʦ-

ʙʦʜʝʥ. ɺ ʧʨʦʮʝʩʩʝ ʧʝʨʝʜʘʯʠ ʩʪʘʥʮʠʷ ʧʨʦʜʦʣʞʘʝʪ ʧʨʦʩʣʫʰʠʚʘʥʠʝ ʩʝʪʠ ʜʣʷ ʦʙʥʘ-

ʨʫʞʝʥʠʷ ʚʦʟʤʦʞʥʳʭ ʢʦʥʬʣʠʢʪʦʚ. ɽʩʣʠ ʚʦʟʥʠʢʘʝʪ ʢʦʥʬʣʠʢʪ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʜʚʘ 

ʫʟʣʘ ʧʦʧʳʪʘʶʪʩʷ ʟʘʥʷʪʴ ʢʘʥʘʣ, ʪʦ ʦʙʥʘʨʫʞʠʚʰʘʷ ʢʦʥʬʣʠʢʪ ʠʥʪʝʨʬʝʡʩʥʘʷ ʧʣʘ-

ʪʘ, ʚʳʜʘʝʪ ʚ ʩʝʪʴ ʩʧʝʮʠʘʣʴʥʳʡ ʩʠʛʥʘʣ, ʠ ʦʙʝ ʩʪʘʥʮʠʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʝʢʨʘʱʘ-

ʶʪ ʧʝʨʝʜʘʯʫ. ʇʨʠʥʠʤʘʶʱʘʷ ʩʪʘʥʮʠʷ ʦʪʙʨʘʩʳʚʘʝʪ ʯʘʩʪʠʯʥʦ ʧʨʠʥʷʪʦʝ ʩʦʦʙʱʝ-

ʥʠʝ, ʘ ʚʩʝ ʨʘʙʦʯʠʝ ʩʪʘʥʮʠʠ, ʞʝʣʘʶʱʠʝ ʧʝʨʝʜʘʪʴ ʩʦʦʙʱʝʥʠʝ, ʚ ʪʝʯʝʥʠʝ ʥʝʢʦʪʦ-

ʨʦʛʦ, ʩʣʫʯʘʡʥʦ ʚʳʙʨʘʥʥʦʛʦ ʧʨʦʤʝʞʫʪʢʘ ʚʨʝʤʝʥʠ ʚʳʞʠʜʘʶʪ, ʧʨʝʞʜʝ ʯʝʤ ʥʘʯʘʪʴ 

ʩʦʦʙʱʝʥʠʝ. 
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ʈʘʙʦʯʘʷ ʩʪʘʥʮʠʷ

ʧʨʦʩʣʫʰʠʚʘʝʪ ʢʘʥʘʣ

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʧʝʨʝʜʘʯʠ

  ʇʨʦʚʝʨʢʘ

 ʢʘʥʘʣʘ

ʂʘʥʘʣ ʟʘʥʷʪ

ʂʘʥʘʣ ʩʚʦʙʦʜʝʥ

ʈʘʙʦʯʘʷ ʩʪʘʥʮʠʷ

ʥʘʯʠʥʘʝʪ ʧʝʨʝʜʘʯʫ ʠ

ʧʨʦʩʣʫʰʠʚʘʝʪ ʢʘʥʘʣ

  ʇʨʦʚʝʨʢʘ

ʢʘʥʘʣʘ

ʂʘʥʘʣ ʩʚʦʙʦʜʝʥ

ɺʦʟʥʠʢ ʢʦʥʬʣʠʢʪ

ʈʘʙʦʯʘʷ ʩʪʘʥʮʠʷ

ʦʞʠʜʘʝʪ

ʉʝʪʝʚʘʷ ʢʘʨʪʘ ʟʘʜʘʝʪ

ʩʣʫʯʘʡʥʦ ʚʳʙʨʘʥʥʳʡ

 ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ

 ʈʘʙʦʯʘʷ ʩʪʘʥʮʠʷ

ʧʨʝʢʨʘʱʘʝʪ ʧʝʨʝʜʘʯʫ

ʈʘʙʦʯʘʷ ʩʪʘʥʮʠʷ

ʧʨʦʜʦʣʞʘʝʪ  ʠ ʟʘʢʘʥʯʠʚʘʝʪ

ʧʝʨʝʜʘʯʫ

ʆʩʚʦʙʦʞʜʝʥʠʝ ʢʘʥʘʣʘ  
ʈʠʩʫʥʦʢ 6.3 ɸʣʛʦʨʠʪʤ CSMA/CD. 

 

ɺʩʝ ʩʝʪʝʚʳʝ ʠʥʪʝʨʬʝʡʩʥʳʝ ʧʣʘʪʳ ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʥʳ ʥʘ ʨʘʟʥʳʝ ʧʩʝʚʜʦ-

ʩʣʫʯʘʡʥʳʝ ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ. ɽʩʣʠ ʢʦʥʬʣʠʢʪ ʚʦʟʥʠʢʥʝʪ ʚʦ ʚʨʝʤʷ ʧʦʚʪʦʨʥʦʡ 

ʧʝʨʝʜʘʯʠ ʩʦʦʙʱʝʥʠʷ, ʵʪʦʪ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʙʫʜʝʪ ʫʚʝʣʠʯʝʥ. ʉʪʘʥʜʘʨʪ ʪʠʧʘ 

Ethernet ʦʧʨʝʜʝʣʷʝʪ ʩʝʪʴ ʩ ʢʦʥʢʫʨʝʥʮʠʝʡ, ʚ ʢʦʪʦʨʦʡ ʥʝʩʢʦʣʴʢʦ ʨʘʙʦʯʠʭ ʩʪʘʥʮʠʡ 

ʜʦʣʞʥʳ ʢʦʥʢʫʨʠʨʦʚʘʪʴ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʟʘ ʧʨʘʚʦ ʜʦʩʪʫʧʘ ʢ ʩʝʪʠ. 

6.2 CSMA/CA 

ʄʝʪʦʜ ʤʥʦʞʝʩʪʚʝʥʥʦʛʦ ʜʦʩʪʫʧʘ ʩ ʢʦʥʪʨʦʣʝʤ ʥʝʩʫʱʝʡ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʝʤ 

ʢʦʣʣʠʟʠʡ. ʉʫʪʴ ʤʝʪʦʜʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʧʦʩʣʝ ʦʩʚʦʙʦʞʜʝʥʠʷ ʩʝʪʠ ʚʩʝʤʠ ʞʝ-

ʣʘʶʱʠʤʠ ʧʝʨʝʜʘʚʘʪʴ ʘʙʦʥʝʥʪʘʤʠ ʧʝʨʝʜʘʝʪʩʷ ʥʝ ʧʘʢʝʪ, ʘ ʩʧʝʮʠʘʣʴʥʳʡ ʩʠʛʥʘʣ, 

ʢʦʥʪʨʦʣʠʨʫʷ ʢʦʪʦʨʳʡ, ʦʥʠ ʦʙʥʘʨʫʞʠʚʘʶʪ ʢʦʥʬʣʠʢʪʳ. ʊʦ ʝʩʪʴ ʩʪʘʣʢʠʚʘʶʪʩʷ 

ʪʦʣʴʢʦ ʵʪʠ ʩʠʛʥʘʣʳ, ʘ ʥʝ ʧʘʢʝʪʳ, ʠʩʢʘʞʝʥʠʷ ʢʦʪʦʨʳʭ ʢʨʠʪʠʯʥʳ. ʂʘʞʜʘʷ ʩʪʘʥ-

ʮʠʷ ʩʝʪʠ, ʚ ʢʦʪʦʨʦʡ ʨʝʘʣʠʟʫʝʪʩʷ ʪʘʢʦʡ ʤʝʪʦʜ ʜʦʩʪʫʧʘ, ʠʤʝʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ 

ʫʩʪʨʦʡʩʪʚʦ ï ʪʘʡʤʝʨ ʠʣʠ ʘʨʙʠʪʨ. ʕʪʦ ʫʩʪʨʦʡʩʪʚʦ ʦʧʨʝʜʝʣʷʝʪ, ʢʦʛʜʘ ʩʪʘʥʮʠʷ  

ʤʦʞʝʪ ʚʝʩʪʠ ʧʝʨʝʜʘʯʫ ʙʝʟ ʦʧʘʩʥʦʩʪʠ ʢʦʣʣʠʟʠʡ. ɻʣʘʚʥʘʷ ʩʪʘʥʮʠʷ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʥʘʣʘ ʥʝ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ. 

ʋʩʪʘʥʦʚʢʘ ʚʨʝʤʝʥʠ ʥʘ ʪʘʡʤʝʨʝ, ʧʦ ʠʩʪʝʯʝʥʠʠ ʢʦʪʦʨʦʛʦ ʩʪʘʥʮʠʷ ʤʦʞʝʪ ʚʝʩ-

ʪʠ ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʧʨʠʦʨʠʪʝʪʥʦʡ ʦʩʥʦʚʝ. ɼʣʷ ʩʪʘʥʮʠʠ ʩ 

ʥʘʠʚʳʩʰʠʤ ʧʨʠʦʨʠʪʝʪʦʤ ʧʝʨʝʧʦʣʥʝʥʠʝ ʪʘʡʤʝʨʘ ʥʘʩʪʫʧʘʝʪ ʨʘʥʴʰʝ. ɽʩʣʠ ʩʪʘʥ-

ʮʠʷ ʩ ʚʳʩʦʢʠʤ ʧʨʠʦʨʠʪʝʪʦʤ ʥʝ ʥʘʤʝʨʝʥʘ ʚʝʩʪʠ ʧʝʨʝʜʘʯʫ, ʢʘʥʘʣ ʙʫʜʝʪ ʥʘʭʦʜʠʪʴ-

ʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʧʦʢʦʷ, ʪ.ʝ. ʩʚʦʙʦʜʝʥ, ʠ ʪʦʛʜʘ ʩʣʝʜʫʶʱʘʷ ʧʦ ʧʨʠʦʨʠʪʝʪʫ ʩʪʘʥʮʠʷ 

ʤʦʞʝʪ ʟʘʭʚʘʪʠʪʴ ʢʘʥʘʣ. 

ʉʝʪʠ ʩ ʤʝʪʦʜʦʤ ʜʦʩʪʫʧʘ ʄɼʂʅ/ʇʂ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʙʦʣʝʝ ʟʘʛʨʫ-

ʞʝʥʥʳʭ ʠ ʧʨʦʪʷʞʝʥʥʳʭ ʩʝʪʷʭ. 

ɼʦʩʪʦʠʥʩʪʚʦ: 
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o ʋʤʝʥʴʰʝʥʠʝ ʚʨʝʤʝʥʠ ʧʨʦʩʪʦʷ ʢʘʥʘʣʘ. 

ʅʝʜʦʩʪʘʪʦʢ: 

o ʋʩʣʦʞʥʝʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩʠʩʪʝʤʳ. 

6.3 TPMA 

ʄʝʪʦʜ ʧʝʨʝʜʘʯʠ ʤʘʨʢʝʨʘ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʥʝʧʨʠʦʨʠʪʝʪʥʳʭ ʠ ʧʨʠ-

ʦʨʠʪʝʪʥʳʭ ʩʝʪʷʭ ʩ ʰʠʥʥʦʡ, ʟʚʝʟʜʦʦʙʨʘʟʥʦʡ ʠ ʢʦʣʴʮʝʚʦʡ ʪʦʧʦʣʦʛʠʝʡ. ʆʥ ʦʪʥʦ-

ʩʠʪʩʷ ʢ ʢʣʘʩʩʫ ʩʝʣʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ: ʧʨʘʚʦ ʥʘ ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ ʩʪʘʥʮʠʠ ʧʦʣʫ-

ʯʘʶʪ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʧʦʨʷʜʢʝ, ʟʘʜʘʚʘʝʤʦʤ ʩ ʧʦʤʦʱʴʶ ʤʘʨʢʝʨʘ, ʢʦʪʦʨʳʡ ʧʨʝʜ-

ʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʥʠʢʘʣʴʥʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʙʠʪ ʠʥʬʦʨʤʘʮʠʠ (ʫʥʠʢʘʣʴʥʳʡ 

ʢʘʜʨ). ʇʨʠʯʝʤ ʚ ʩʝʪʠ ʦʙʷʟʘʪʝʣʴʥʦ ʜʦʣʞʝʥ ʙʳʪʴ ʢʦʤʧʴʶʪʝʨ, ʢʦʪʦʨʳʡ ʩʣʝʜʠʪ ʟʘ 

ʩʦʩʪʦʷʥʠʝʤ ʤʘʨʢʝʨʘ. ʄʘʛʠʩʪʨʘʣʴʥʳʝ ʩʝʪʠ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʵʪʦʪ ʤʝʪʦʜ, ʥʘʟʳʚʘ-

ʶʪʩʷ ʩʝʪʷʤʠ ʪʠʧʘ çʤʘʨʢʝʨʥʘʷ ʰʠʥʘè, ʘ ʢʦʣʴʮʝʚʳʝ ʩʝʪʠ ï ʩʝʪʷʤʠ ʪʠʧʘ çʤʘʨʢʝʨ-

ʥʦʝ ʢʦʣʮɹʦè. 

                           ʈʠʩʫʥʦʢ 6.4 ʊʦʧʦʣʦʛʠʷ 

ʦʙʱʘʷ ʰʠʥʘ ʩ ʣʦʛʠʯʝʩʢʠʤ ʢʦʣʴʮʦʤ. 

ɺ ʩʝʪʷʭ ʪʠʧʘ çʤʘʨʢʝʨʥʘʷ ʰʠʥʘè ʜʦʩʪʫʧ ʢ ʢʘʥʘʣʫ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ, ʪʘʢʠʤ ʦʙ-

ʨʘʟʦʤ, ʢʘʢ ʝʩʣʠ ʙʳ ʢʘʥʘʣ ʙʳʣ ʬʠʟʠʯʝʩʢʠʤ ʢʦʣʴʮʦʤ, ʧʨʠʯʝʤ ʜʦʧʫʩʢʘʝʪʩʷ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝ ʢʘʥʘʣʘ ʥʝʢʦʣʴʮʝʚʦʛʦ ʪʠʧʘ (ʰʠʥʥʦʛʦ, ʟʚʝʟʜʦʦʙʨʘʟʥʦʛʦ). 

ʇʨʘʚʦ ʧʦʣʴʟʦʚʘʥʠʷ ʢʘʥʘʣʦʤ ʧʝʨʝʜʘʝʪʩʷ ʦʨʛʘʥʠʟʦʚʘʥʥʳʤ ʧʫʪʝʤ. ʄʘʨʢʝʨ 

(ʫʧʨʘʚʣʷʶʱʠʡ ʢʘʜʨ) ʩʦʜʝʨʞʠʪ ʘʜʨʝʩʥʦʝ ʧʦʣʝ, ʛʜʝ ʟʘʧʠʩʳʚʘʝʪʩʷ ʘʜʨʝʩ ʩʪʘʥʮʠʠ, 

ʢʦʪʦʨʦʡ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʧʨʘʚʦ ʜʦʩʪʫʧʘ ʚ ʢʘʥʘʣ. ʉʪʘʥʮʠʷ, ʧʦʣʫʯʠʚ ʤʘʨʢʝʨ ʩʦ 

ʩʚʦʠʤ ʘʜʨʝʩʦʤ, ʠʤʝʝʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦʝ ʧʨʘʚʦ ʥʘ ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ (ʢʘʜʨʘ) ʧʦ 

ʬʠʟʠʯʝʩʢʦʤʫ ʢʘʥʘʣʫ. ʄʘʨʢʝʨ ʦʩʚʦʙʦʞʜʘʝʪʩʷ ʢʦʤʧʴʶʪʝʨʦʤ ʠʩʪʦʯʥʠʢʘ ʧʦʩʣʝ ʪʦ-

ʛʦ, ʢʘʢ ʦʥ ʫʙʝʜʠʪʩʷ, ʯʪʦ ʜʘʥʥʳʝ ʧʨʠʥʷʪʳ ʧʨʘʚʠʣʴʥʦ. ʇʦʩʣʝ ʧʝʨʝʜʘʯʠ ʢʘʜʨʘ 

ʩʪʘʥʮʠʷ ʦʪʧʨʘʚʣʷʝʪ ʤʘʨʢʝʨ ʜʨʫʛʦʡ ʩʪʘʥʮʠʠ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʦʯʝʨʝʜʥʦʡ ʧʦ ʫʩ-

ʪʘʥʦʚʣʝʥʥʦʤʫ ʧʦʨʷʜʢʫ ʚʣʘʜʝʥʠʷ ʧʨʘʚʦʤ ʥʘ ʧʝʨʝʜʘʯʫ. ʂʘʞʜʦʡ ʩʪʘʥʮʠʠ ʠʟʚʝʩʪʝʥ 

ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʩʣʝʜʫʶʱʝʡ ʩʪʘʥʮʠʠ. ʉʪʘʥʮʠʠ ʧʦʣʫʯʘʶʪ ʤʘʨʢʝʨ ʚ ʮʠʢʣʠʯʝʩʢʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʧʨʠ ʵʪʦʤ ʚ ʬʠʟʠʯʝʩʢʦʡ ʰʠʥʝ ʬʦʨʤʠʨʫʝʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʦʝ 

ʣʦʛʠʯʝʩʢʦʝ ʢʦʣʴʮʦ. ɺʩʝ ʩʪʘʥʮʠʠ çʩʣʫʰʘʶʪè ʢʘʥʘʣ, ʥʦ ʟʘʭʚʘʪʠʪʴ ʢʘʥʘʣ ʜʣʷ ʧʝ-

ʨʝʜʘʯʠ ʜʘʥʥʳʭ ʤʦʞʝʪ ʪʦʣʴʢʦ ʪʘ ʩʪʘʥʮʠʷ, ʢʦʪʦʨʘʷ ʫʢʘʟʘʥʘ ʚ ʘʜʨʝʩʥʦʤ ʧʦʣʝ ʤʘʨ-

ʢʝʨʘ. ʈʘʙʦʪʘʷ, ʚ ʨʝʞʠʤʝ ʧʨʦʩʣʫʰʠʚʘʥʠʷ ʢʘʥʘʣʘ, ʧʨʠʥʷʪʴ ʧʝʨʝʜʘʥʥʳʡ ʢʘʜʨ ʤʦ-

ʞʝʪ ʪʦʣʴʢʦ ʪʘ ʩʪʘʥʮʠʷ, ʘʜʨʝʩ ʢʦʪʦʨʦʡ ʫʢʘʟʘʥ ʚ ʧʦʣʝ ʘʜʨʝʩʘ ʧʦʣʫʯʘʪʝʣʷ ʵʪʦʛʦ 

ʢʘʜʨʘ. 

ɺ ʩʝʪʷʭ ʪʠʧʘ çʤʘʨʢʝʨʥʘʷ ʰʠʥʘè, ʧʦʤʠʤʦ ʧʝʨʝʜʘʯʠ ʤʘʨʢʝʨʘ, ʨʝʰʘʝʪʩʷ ʧʨʦ-

ʙʣʝʤʘ ʧʦʪʝʨʠ ʤʘʨʢʝʨʘ ʠʟ-ʟʘ ʧʦʚʨʝʞʜʝʥʠʷ ʦʜʥʦʛʦ ʠʟ ʫʟʣʦʚ ʩʝʪʠ ʠ ʨʝʢʦʥʬʠʛʫʨʘ-

ʮʠʠ ʣʦʛʠʯʝʩʢʦʛʦ ʢʦʣʴʮʘ, ʢʦʛʜʘ ʚ ʢʦʣʴʮʦ ʜʦʙʘʚʣʷʝʪʩʷ ʠʣʠ ʠʟ ʥʝʛʦ ʫʜʘʣʷʝʪʩʷ ʦʜʠʥ 

ʠʟ ʫʟʣʦʚ. 
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ʇʨʝʠʤʫʱʝʩʪʚʘ ʪʘʢʦʛʦ ʤʝʪʦʜʘ ʦʯʝʚʠʜʥʳ: 

o ʅʝ ʪʨʝʙʫʝʪʩʷ ʬʠʟʠʯʝʩʢʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ ʧʦʜʢʣʶʯʝʥʥʳʭ ʢ ʰʠʥʝ ʩʪʘʥʮʠʡ, ʪʘʢ 

ʢʘʢ ʩ ʧʦʤʦʱʴʶ ʤʝʭʘʥʠʟʤʘ ʣʦʛʠʯʝʩʢʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥ 

ʣʶʙʦʡ ʧʦʨʷʜʦʢ ʧʝʨʝʜʘʯʠ ʤʘʨʢʝʨʘ ʩʪʘʥʮʠʠ, ʪ.ʝ. ʩ ʧʦʤʦʱʴʶ ʵʪʦʛʦ ʤʝʭʘʥʠʟʤʘ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʫʧʦʨʷʜʦʯʝʥʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʘʥʘʣʘ ʩʪʘʥʮʠʷʤʠ; 

o ʀʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʟʘʛʨʫʞʝʥʥʳʭ ʩʝʪʷʭ; 

o ɺʦʟʤʦʞʥʘ ʧʝʨʝʜʘʯʘ ʢʘʜʨʦʚ ʧʨʦʠʟʚʦʣʴʥʦʡ ʜʣʠʥʳ. 

ʄʝʪʦʜ ʪʠʧʘ çʤʘʨʢʝʨʥʦʝ ʢʦʣʴʮʦè ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʩʝʪʷʭ ʩ ʢʦʣʴʮʝʚʦʡ ʪʦʧʦʣʦ-

ʛʠʝʡ, ʢʦʪʦʨʳʝ ʦʪʥʦʩʷʪʩʷ ʢ ʪʠʧʫ ʩʝʪʝʡ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʝʡ, ʛʜʝ 

ʰʠʨʦʢʦʚʝʱʘʪʝʣʴʥʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ ʥʝʚʦʟʤʦʞʝʥ. ɺ ʪʘʢʠʭ ʩʝʪʷʭ ʩʠʛʥʘʣʳ ʨʘʩ-

ʧʨʦʩʪʨʘʥʷʶʪʩʷ ʯʝʨʝʟ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʝ ʜʚʫʭʪʦʯʝʯʥʳʝ ʧʫʪʠ ʤʝʞʜʫ ʫʟʣʘʤʠ. ʋʟ-

ʣʳ ʠ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʝ ʟʚʝʥʴʷ ʩʦʝʜʠʥʷʶʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʙʨʘʟʫʷ ʬʠʟʠʯʝ-

ʩʢʦʝ ʢʦʣʴʮʦ.  

ɺ ʦʪʣʠʯʠʝ ʦʪ ʩʝʪʝʡ ʩ ʰʠʥʥʦʡ ʪʦʧʦʣʦʛʠʝʡ, ʛʜʝ ʫʟʣʳ ʜʝʡʩʪʚʫʶʪ ʪʦʣʴʢʦ ʢʘʢ 

ʧʝʨʝʜʘʪʯʠʢʠ ʠʣʠ ʧʨʠʝʤʥʠʢʠ, ʠ ʦʪʢʘʟ ʫʟʣʘ ʠʣʠ ʫʜʘʣʝʥʠʝ ʝʛʦ ʠʟ ʩʝʪʠ ʥʝ ʚʣʠʷʝʪ ʥʘ 

ʧʝʨʝʜʘʯʫ ʩʠʛʥʘʣʘ ʢ ʜʨʫʛʠʤ ʩʝʪʷʤ, ʟʜʝʩʴ ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʩʠʛʥʘʣʘ ʚʩʝ ʫʟʣʳ 

ʠʛʨʘʶʪ ʘʢʪʠʚʥʫʶ ʨʦʣʴ, ʫʯʘʩʪʚʫʷ ʚ ʨʝʪʨʘʥʩʣʷʮʠʠ, ʫʩʠʣʝʥʠʠ, ʘʥʘʣʠʟʝ ʠ ʤʦʜʠʬʠ-

ʢʘʮʠʠ ʧʨʦʭʦʜʷʱʠʭ ʩʠʛʥʘʣʦʚ. 

 

 
ʈʠʩʫʥʦʢ 6.5 ʄʝʪʦʜ ʪʠʧʘ çʤʘʨʢʝʨʥʦʝ ʢʦʣʴʮʦè.  

ʂʘʢ ʠ ʚ ʧʨʝʜʳʜʫʱʝʤ ʩʣʫʯʘʝ, ʚ ʢʘʯʝʩʪʚʝ ʤʘʨʢʝʨʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʫʥʠʢʘʣʴʥʘʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʙʠʪʦʚ. ʆʜʥʘʢʦ ʤʘʨʢʝʨ ʥʝ ʠʤʝʝʪ ʘʜʨʝʩʘ. ʆʥ ʩʥʘʙʞʘʝʪʩʷ ʧʦ-

ʣʝʤ ʟʘʥʷʪʦʩʪʠ, ʚ ʢʦʪʦʨʦʤ ʟʘʧʠʩʳʚʘʝʪʩʷ ʦʜʠʥ ʠʟ ʢʦʜʦʚ, ʦʙʦʟʥʘʯʘʶʱʠʭ ʩʦʩʪʦʷʥʠʝ 

ʤʘʨʢʝʨʘ ï ʩʚʦʙʦʜʥʦʝ ʠʣʠ ʟʘʥʷʪʦʝ. ɽʩʣʠ ʥʝ ʦʜʠʥ ʠʟ ʫʟʣʦʚ ʩʝʪʠ ʥʝ ʠʤʝʝʪ ʜʘʥʥʳʭ 

ʜʣʷ ʧʝʨʝʜʘʯʠ, ʩʚʦʙʦʜʥʳʡ ʤʘʨʢʝʨ ʮʠʨʢʫʣʠʨʫʝʪ ʧʦ ʢʦʣʴʮʫ, ʩʦʚʝʨʰʘʷ ʦʜʥʦʥʘ-

ʧʨʘʚʣʝʥʥʦʝ (ʦʙʳʯʥʦ ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ) ʧʝʨʝʤʝʱʝʥʠʝ. ɺ ʢʘʞʜʦʤ ʫʟʣʝ 

ʤʘʨʢʝʨ ʟʘʜʝʨʞʠʚʘʝʪʩʷ ʥʘ ʚʨʝʤʷ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʝʛʦ ʧʨʠʝʤʘ, ʘʥʘʣʠʟʘ (ʩ ʮʝʣʴʶ 

ʫʩʪʘʥʦʚʣʝʥʠʷ ʟʘʥʷʪʦʩʪʠ) ʠ ʨʝʪʨʘʥʩʣʷʮʠʠ. ɺ ʚʳʧʦʣʥʝʥʠʠ ʵʪʠʭ ʬʫʥʢʮʠʡ ʟʘʜʝʡʩʪ-

ʚʦʚʘʥʳ ʢʦʣʴʮʝʚʳʝ ʠʥʪʝʨʬʝʡʩʥʳʝ ʫʩʪʨʦʡʩʪʚʘ. 

ʉʚʦʙʦʜʥʳʡ ʤʘʨʢʝʨ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʢʦʣʴʮʝʚʦʡ ʢʘʥʘʣ ʩʚʦʙʦʜʝʥ, ʠ ʣʶʙʘʷ ʩʪʘʥ-

ʮʠʷ, ʠʤʝʶʱʘʷ ʜʘʥʥʳʝ ʜʣʷ ʧʝʨʝʜʘʯʠ, ʤʦʞʝʪ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʪʴ. ʇʦʣʫʯʠʚ ʩʚʦʙʦʜ-

ʥʳʡ ʤʘʨʢʝʨ, ʩʪʘʥʮʠʷ, ʛʦʪʦʚʘʷ ʢ ʧʝʨʝʜʘʯʝ ʢʘʜʨʘ ʩ ʜʘʥʥʳʤʠ, ʤʝʥʷʝʪ ʩʦʩʪʦʷʥʠʝ 

ʤʘʨʢʝʨʘ ʥʘ çʟʘʥʷʪʳʡè, ʧʝʨʝʜʘʝʪ ʝʛʦ ʜʘʣʴʰʝ ʧʦ ʢʦʣʴʮʫ ʠ ʜʦʙʘʚʣʷʝʪ ʢ ʥʝʤʫ ʢʘʜʨ. 

ɿʘʥʷʪʳʡ ʤʘʨʢʝʨ ʚʤʝʩʪʝ ʩ ʢʘʜʨʦʤ ʩʦʚʝʨʰʘʝʪ ʧʦʣʥʳʡ ʦʙʦʨʦʪ ʧʦ ʢʦʣʴʮʫ ʠ ʚʦʟ-

ʚʨʘʱʘʝʪʩʷ ʢ ʩʪʘʥʮʠʠ-ʦʪʧʨʘʚʠʪʝʣʶ. ʇʦ ʧʫʪʠ ʩʪʘʥʮʠʷ-ʧʦʣʫʯʘʪʝʣʴ, ʫʜʦʩʪʦʚʝʨʠʚ-
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ʰʠʩʴ ʧʦ ʘʜʨʝʩʥʦʡ ʯʘʩʪʠ ʢʘʜʨʘ, ʯʪʦ ʠʤʝʥʥʦ ʝʡ ʦʥ ʘʜʨʝʩʦʚʘʥ, ʩʥʠʤʘʝʪ ʢʦʧʠʶ ʩ 

ʢʘʜʨʘ. ʀʟʤʝʥʠʪʴ ʩʦʩʪʦʷʥʠʝ ʤʘʨʢʝʨʘ ʩʥʦʚʘ ʥʘ ʩʚʦʙʦʜʥʳʡ ʤʦʞʝʪ ʪʦʣʴʢʦ ʪʦʪ ʫʟʝʣ, 

ʢʦʪʦʨʳʡ ʠʟʤʝʥʠʣ ʝʛʦ ʥʘ çʟʘʥʷʪʦʝè. ʇʦ ʚʦʟʚʨʘʱʝʥʠʠ ʟʘʥʷʪʦʛʦ ʤʘʨʢʝʨʘ ʩ ʢʘʜʨʦʤ 

ʜʘʥʥʳʭ ʢ ʩʪʘʥʮʠʠ-ʦʪʧʨʘʚʠʪʝʣʶ, ʢʘʜʨ ʫʜʘʣʷʝʪʩʷ ʠʟ ʢʦʣʴʮʘ, ʘ ʩʦʩʪʦʷʥʠʝ ʤʘʨʢʝʨʘ 

ʤʝʥʷʝʪʩʷ ʥʘ ʩʚʦʙʦʜʥʦʝ, ʧʦʩʣʝ ʯʝʛʦ ʣʶʙʦʡ ʫʟʝʣ ʤʦʞʝʪ ʟʘʭʚʘʪʠʪʴ ʤʘʨʢʝʨ ʠ ʥʘʯʘʪʴ 

ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ. 

ʉ ʮʝʣʴʶ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʤʦʥʦʧʦʣʠʟʘʮʠʠ ʢʘʥʘʣʘ ʩʪʘʥʮʠʷ-ʦʪʧʨʘʚʠʪʝʣʴ ʥʝ 

ʤʦʞʝʪ ʧʦʚʪʦʨʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʦʟʚʨʘʱʝʥʥʳʡ ʢ ʥʝʡ ʤʘʨʢʝʨ ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʨʫʛʦ-

ʛʦ ʢʘʜʨʘ ʜʘʥʥʳʭ. ɽʩʣʠ ʧʦʩʣʝ ʧʝʨʝʜʘʯʠ ʩʚʦʙʦʜʥʦʛʦ ʤʘʨʢʝʨʘ ʚ ʢʦʣʴʮʦ ʦʥ, ʩʦʚʝʨ-

ʰʠʚ ʧʦʣʥʳʡ ʦʙʦʨʦʪ, ʚʦʟʚʨʘʱʘʝʪʩʷ ʢ ʩʪʘʥʮʠʠ-ʦʪʧʨʘʚʠʪʝʣʶ ʚ ʪʘʢʦʤ ʞʝ ʩʦʩʪʦʷ-

ʥʠʠ, (ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚʩʝ ʜʨʫʛʠʝ ʩʪʘʥʮʠʠ ʩʝʪʠ ʥʝ ʥʫʞʜʘʶʪʩʷ ʚ ʧʝʨʝʜʘʯʝ ʜʘʥ-

ʥʳʭ), ʩʪʘʥʮʠʷ ʤʦʞʝʪ ʩʦʚʝʨʰʠʪʴ ʧʝʨʝʜʘʯʫ ʜʨʫʛʦʛʦ ʢʘʜʨʘ. 

ɺ ʢʦʣʴʮʝʚʦʡ ʩʝʪʠ ʩ ʧʝʨʝʜʘʯʝʡ ʤʘʨʢʝʨʘ ʪʘʢʞʝ ʨʝʰʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʧʦʪʝʨʠ 

ʤʘʨʢʝʨʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʰʠʙʦʢ ʧʨʠ ʧʝʨʝʜʘʯʝ ʠʣʠ ʧʨʠ ʩʙʦʷʭ ʚ ʫʟʣʝ. ʆʪʩʫʪʩʪʚʠʝ 

ʧʝʨʝʜʘʯ ʚ ʩʝʪʠ ʦʟʥʘʯʘʝʪ ʧʦʪʝʨʶ ʤʘʨʢʝʨʘ. ʌʫʥʢʮʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʦʣʴʮʘ ʚ ʪʘ-

ʢʠʭ ʩʣʫʯʘʷʭ ʚʳʧʦʣʥʷʝʪ ʩʝʪʝʚʦʡ ʤʦʥʠʪʦʨʥr ʡ ʫʟʝʣ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʩʝʪʠ çʤʘʨʢʝʨʥʦʝ ʢʦʣʴʮʦè: 

o ʀʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʨʢʠ ʦʰʠʙʦʢ ʧʨʠ ʧʝʨʝʜʘʯʝ ʜʘʥʥʳʭ: ʩʪʘʥʮʠʷ-

ʦʪʧʨʘʚʠʪʝʣʴ, ʧʦʣʫʯʠʚ ʩʚʦʡ ʢʘʜʨ ʦʪ ʩʪʘʥʮʠʠ-ʧʦʣʫʯʘʪʝʣʷ, ʩʚʝʨʷʝʪ ʝʛʦ ʩ ʠʩʭʦʜ-

ʥʳʤ ʚʘʨʠʘʥʪʦʤ ʢʘʜʨʘ. ɺ ʩʣʫʯʘʝ ʥʘʣʠʯʠʷ ʦʰʠʙʢʠ ʢʘʜʨ ʧʝʨʝʜʘʝʪʩʷ ʧʦʚʪʦʨʥʦ; 

o ʂʘʥʘʣ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʣʥʦʩʪʴʶ, ʝʛʦ ʧʨʦʩʪʦʠ ʦʪʩʫʪʩʪʚʫʶʪ; 

o ʕʪʦʪ ʤʝʪʦʜ ʜʦʩʪʫʧʘ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥ ʚ ʟʘʛʨʫʞʝʥʥʳʭ ʩʝʪʷʭ; 

o ʀʤʝʝʪʩʷ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ (ʠ ʚ ʥʝʢʦʪʦʨʳʭ ʩʝʪʷʭ ʦʥʘ ʨʝʘʣʠʟʦʚʘ-

ʥʘ) ʦʩʫʱʝʩʪʚʣʷʪʴ ʦʜʥʦʚʨʝʤʝʥʥʫʶ ʧʝʨʝʜʘʯʫ ʥʝʩʢʦʣʴʢʠʤʠ ʩʪʘʥʮʠʷʤʠ ʩʝʪʠ. 

ʅʝʜʦʩʪʘʪʢʠ ʵʪʦʛʦ ʤʝʪʦʜʘ: 

o ʅʝʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʢʘʜʨʦʚ ʧʨʦʠʟʚʦʣʴʥʦʡ ʜʣʠʥʳ; 

o ɺ ʧʨʦʩʪʝʡʰʝʤ ʠʩʧʦʣʥʝʥʠʠ ʥʝ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠʦʨʠʪʝ-

ʪʦʚ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʩʪʘʥʮʠʷ, ʠʤʝʶʱʘʷ ʜʣʷ ʧʝʨʝʜʘʯʠ ʚʘʞʥʫʶ ʠʥʬʦʨʤʘʮʠʶ, 

ʚʳʥʫʞʜʝʥʘ ʞʜʘʪʴ ʦʩʚʦʙʦʞʜʝʥʠʷ ʤʘʨʢʝʨʘ, ʯʪʦ ʩʦʧʨʷʞʝʥʦ ʩ ʦʧʘʩʥʦʩʪʴʶ ʥʝ-

ʩʚʦʝʚʨʝʤʝʥʥʦʡ ʜʦʩʪʘʚʢʠ ʜʘʥʥʳʭ ʘʜʨʝʩʘʪʫ; 

o ɼʘʥʥʳʡ ʤʝʪʦʜ ʜʦʩʪʫʧʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʦʣʴʢʦ ʚ ʣʦʢʘʣʴʥʳʭ ʩʝ-

ʪʷʭ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʫʟʣʦʚ, ʪʘʢ ʢʘʢ ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫ-

ʯʘʝ ʚʨʝʤʷ ʥʘ ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ ʤʦʞʝʪ ʦʢʘʟʘʪʩɹʷ ʥʝʧʨʠʝʤʣʝʤʦ ʙʦʣʴʰʠʤ; 

o ʉʥʠʞʘʝʪʩʷ ʥʘʜʝʞʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ (ʚʳʭʦʜ ʠʟ ʩʪʨʦʷ çʮʝʥʪʨʘè ʧʨʠʚʦʜʠʪ ʢ 
ʧʦʣʥʦʡ ʜʝʟʦʨʛʘʥʠʟʘʮʠʠ ʦʙʤʝʥʘ). 

ɸʣʛʦʨʠʪʤ ʤʥʦʞʝʩʪʚʝʥʥʦʛʦ ʜʦʩʪʫʧʘ ʩ ʧʝʨʝʜʘʯʝʡ ʧʦʣʥʦʤʦʯʠʷ, ʠʣʠ ʤʘʨʢʝʨʘ, 

ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩʫʥʢʝ 6.6. 

ʄʝʪʦʜ ʩ ʧʝʨʝʜʘʯʝʡ ʤʘʨʢʝʨʘ ð ʵʪʦ ʤʝʪʦʜ ʜʦʩʪʫʧʘ ʢ ʩʨʝʜʝ, ʚ ʢʦʪʦʨʦʤ ʦʪ ʨʘ-

ʙʦʯʝʡ ʩʪʘʥʮʠʠ ʢ ʨʘʙʦʯʝʡ ʩʪʘʥʮʠʠ ʧʝʨʝʜʘʝʪʩʷ ʤʘʨʢʝʨ, ʜʘʶʱʠʡ ʨʘʟʨʝh ʝʥʠʝ ʥʘ 

ʧʝʨʝʜʘʯʫ ʩʦʦʙʱʝʥʠʷ. ʇʨʠ ʧʦʣʫʯʝʥʠʠ ʤʘʨʢʝʨʘ ʨʘʙʦʯʘʷ ʩʪʘʥʮʠʷ ʤʦʞʝʪ ʧʝʨʝʜʘ-

ʚʘʪʴ ʩʦʦʙʱʝʥʠʝ, ʧʨʠʩʦʝʜʠʥʷʷ ʝʛʦ ʢ ʤʘʨʢʝʨʫ, ʢʦʪʦʨʳʡ ʧʝʨʝʥʦʩʠʪ ʵʪʦ ʩʦʦʙʱʝʥʠʝ 

ʧʦ ʩʝʪʠ. ʂʘʞʜʘʷ ʩʪʘʥʮʠʷ ʤʝʞʜʫ ʧʝʨʝʜʘʶʱʝʡ ʩʪʘʥʮʠʝʡ ʠ ʧʨʠʥʠʤʘʶʱʝʡ ʚʠʜʠʪ 

ʵʪʦ ʩʦʦʙʱʝʥʠʝ, ʥʦ ʪʦʣʴʢʦ ʩʪʘʥʮʠʷ ï ʘʜʨʝʩʘʪ ʧʨʠʥʠʤʘʝʪ ʝʛʦ. ʇʨʠ ʵʪʦʤ ʦʥʘ ʩʦʟ-

ʜʘʝʪ ʥʦʚʳʡ ʤʘʨʢʝʨ. 
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ʄʘʨʢʝʨ (token), ʠʣʠ ʧʦʣʥʦʤʦʯʠʝ, ð ʫʥʠʢʘʣʴʥʘʷ ʢʦʤʙʠʥʘʮʠʷ ʙʠʪʦʚ, ʧʦʟʚʦ-

ʣʷʶʱʘʷ ʥʘʯʘʪʴ ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ. 

ʂʘʞʜʳʡ ʫʟʝʣ ʧʨʠʥʠʤʘʝʪ ʧʘʢʝʪ ʦʪ ʧʨʝʜʳʜʫʱʝʛʦ, ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ ʫʨʦʚʥʠ 

ʩʠʛʥʘʣʦʚ ʜʦ ʥʦʤʠʥʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʠ ʧʝʨʝʜʘʝʪ ʜʘʣʴʰʝ. ʇʝʨʝʜʘʚʘʝʤʳʡ ʧʘʢʝʪ ʤʦ-

ʞʝʪ ʩʦʜʝʨʞʘʪʴ ʜʘʥʥʳʝ ʠʣʠ ʷʚʣʷʪʴʩʷ ʤʘʨʢʝʨʦʤ. ʂʦʛʜʘ ʨʘʙʦʯʝʡ ʩʪʘʥʮʠʠ ʥʝʦʙʭʦ-

ʜʠʤʦ ʧʝʨʝʜʘʪʴ ʧʘʢʝʪ, ʝʝ ʘʜʘʧʪʝʨ ʜʦʞʠʜʘʝʪʩʷ ʧʦʩʪʫʧʣʝʥʠʷ ʤʘʨʢʝʨʘ, ʘ ʟʘʪʝʤ ʧʨʝ-

ʦʙʨʘʟʫʝʪ ʝʛʦ ʚ ʧʘʢʝʪ, ʩʦʜʝʨʞʘʱʠʡ ʜʘʥʥʳʝ, ʦʪʬʦʨʤʘʪʠʨʦʚʘʥʥʳʝ ʧʦ ʧʨʦʪʦʢʦʣʫ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʫʨʦʚʥʷ, ʠ ʧʝʨʝʜʘʝʪ ʨʝʟʫʣʴʪʘʪ ʜʘʣʝʝ ʧʦ ʃɺʉ. 

 

ʉʪʘʥʮʠʷ-ʘʜʨʝʩʘʪ

ʧʨʠʥʠʤʘʝʪ ʧʘʢʝʪ

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʧʝʨʝʜʘʯʠ

  ʉʪʘʥʮʠʷ-

ʦʪʧʨʘʚʠʪʝʣʴ ʞʜʝʪ

ʤʘʨʢʝʨ

ʄʘʨʢʝʨ ʟʘʥʷʪ

ʄʘʨʢʝʨ ʩʚʦʙʦʜʝʥ

ʈʘʙʦʯʘʷ ʩʪʘʥʮʠʷ

ʧʨʠʩʦʝʜʠʥʷʝʪ ʩʦʦʙʱʝʥʠʝ

ʢ ʤʘʨʢʝʨʫ, ʦʙʨʘʟʫʷ ʧʘʢʝʪ

ɸʥʘʣʠʟ

ʧʘʢʝʪʘ ʩʪʘʥ-

ʮʠʷʤʠ

ʇʨʦʧʫʩʢ ʧʘʢʝʪʘ

ʇʨʠʝʤ ʧʘʢʝʪʘ

ʇʦʩʣʝ ʧʦʜʪʚʝʨʞʜʝʥʠʷ

ʨʝʪʨʘʥʩʣʠʨʫʝʪ ʧʘʢʝʪ ʚ ʩʝʪʴ

ɸʥʘʣʠʟ

ʧʘʢʝʪʘ ʩʪʘʥ-

ʮʠʷʤʠ

ʇʨʠʝʤ ʧʘʢʝʪʘ
ʉʪʘʥʮʠʷ-ʦʪʧʨʘʚʠʪʝʣʴ

ʧʨʠʥʠʤʘʝʪ ʧʘʢʝʪ ʠ

ʘʥʘʣʠʟʠʨʫʝʪ ʧʝʨʝʜʘʯʫ

ʇʦʩʣʝ ʧʨʦʚʝʨʢʠ

ʩʪʘʥʮʠʷ-ʦʪʧʨʘʚʠʪʝʣʴ

ʦʩʚʦʙʦʞʜʘʝʪ ʤʘʨʢʝʨ 

ʈʠʩʫʥʦʢ 6.6 ɸʣʛʦʨʠʪʤ TPMA. 

 

ʇʘʢʝʪ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʧʦ ʃɺʉ ʦʪ ʘʜʘʧʪʝʨʘ ʢ ʘʜʘʧʪʝʨʫ, ʧʦʢʘ ʥʝ ʥʘʡʜʝʪ 

ʩʚʦʝʛʦ ʘʜʨʝʩʘʪʘ, ʢʦʪʦʨʳʡ ʫʩʪʘʥʦʚʠʪ ʚ ʥʝʤ ʦʧʨʝʜʝʣʝʥʥʳʝ ʙʠʪʳ ʜʣʷ ʧʦʜʪʚʝʨʞʜʝ-

ʥʠʷ ʪʦʛʦ, ʯʪʦ ʜʘʥʥʳʝ ʜʦʩʪʠʛʣʠ ʘʜʨʝʩʘʪʘ, ʠ ʨʝʪʨʘʥʩʣʠʨʫʝʪ ʝʛʦ ʚʥʦʚʴ ʚ ʃɺʉ. ʇʦ-

ʩʣʝ ʯʝʛʦ ʧʘʢʝʪ ʚʦʟʚʨʘʱʘʝʪʩʷ ʚ ʫʟʝʣ ʠʟ ʢʦʪʦʨʦʛʦ ʙʳʣ ʦʪʧʨʘʚʣʝʥ. ɿʜʝʩʴ ʧʦʩʣʝ 

ʧʨʦʚʝʨʢʠ ʙʝʟʦʰʠʙʦʯʥʦʡ ʧʝʨʝʜʘʯʠ ʧʘʢʝʪʘ, ʫʟʝʣ ʦʩʚʦʙʦʞʜʘʝʪ ʃɺʉ, ʚʳʧʫʩʢʘʷ ʥʦ-

ʚʳʡ ʤʘʨʢʝʨ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʃɺʉ ʩ ʧʝʨʝʜʘʯʝʡ ʤʘʨʢʝʨʘ ʥʝʚʦʟʤʦʞʥʳ ʢʦʣʣʠʟʠʠ 

(ʢʦʥʬʣʠʢʪʳ). ʄʝʪʦʜ ʩ ʧʝʨʝʜʘʯʝʡ ʤʘʨʢʝʨʘ ʚ ʦʩʥʦʚʥʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʦʣʮɹʝʚʦʡ 

ʪʦʧʦʣʦʛʠʠ. 

ɼʘʥʥʳʡ ʤʝʪʦʜ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʜʦʩʪʦʠʥʩʪʚʘʤʠ:  

 ʛʘʨʘʥʪʠʨʫʝʪ ʦʧʨʝʜʝʣʝʥʥʦʝ ʚʨʝʤʷ ʜʦʩʪʘʚʢʠ ʙʣʦʢʦʚ ʜʘʥʥʳʭ ʚ ʩʝʪʠ; 

 ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʨʠʦʨʠʪʝʪʦʚ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ. 

 ɺʤʝʩʪʝ ʩ ʪʝʤ ʦʥ ʠʤʝʝʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʥʝʜʦʩʪʘʪʢʠ: 
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 ʚ ʩʝʪʠ ʚʦʟʤʦʞʥʳ ʧʦʪʝʨʷ ʤʘʨʢʝʨʘ, ʘ ʪʘʢʞʝ ʧʦʷʚʣʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ 

ʤʘʨʢʝʨʦʚ, ʧʨʠ ʵʪʦʤ ʩʝʪʴ ʧʨʝʢʨʘʱʘʝʪ ʨʘʙʦʪʫ; 

  ʚʢʣʶʯʝʥʠʝ ʥʦʚʦʡ ʨʘʙʦʯʝʡ ʩʪʘʥʮʠʠ ʠ ʦʪʢʣʶʯʝʥʠʝ ʩʚʷʟʘʥʳ ʩ ʠʟʤʝʥʝʥʠʝʤ 

ʘʜʨʝʩʦʚ ʚʩʝʡ ʩʠʩʪʝʤʳ. 

6.4 TDMA 

ʄʥʦʞʝʩʪʚʝʥʥʳʡ ʜʦʩʪʫʧ ʩ ʨʘʟʜʝʣʝʥʠʝʤ ʚʦ ʚʨʝʤʝʥʠ ʦʩʥʦʚʘʥ ʥʘ ʨʘʩʧʨʝʜʝʣʝ-

ʥʠʠ ʚʨʝʤʝʥʠ ʨʘʙʦʪ rʢʘʥʘʣʘ ʤʝʞʜʫ ʩʠʩʪʝʤʘʤʠ (ʨʠʩʫʥʦʢ 6.7). 

ɼʦʩʪʫʧ TDMA ʦʩʥʦʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʧʝʮʠʘʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʥʘʟʳ-

ʚʘʝʤʦʛʦ ʪʘʢʪʦʚʳʤ ʛʝʥʝʨʘʪʦʨʦʤ. ʕʪʦʪ ʛʝʥʝʨʘʪʦʨ ʜʝʣʠʪ ʚʨʝʤʷ ʢʘʥʘʣʘ ʥʘ ʧʦʚʪʦ-

ʨʷʶʱʠʝʩʷ ʮʠʢʣʳ. ʂʘʞʜʳʡ ʠʟ ʮʠʢʣʦʚ ʥʘʯʠʥʘʝʪʩʷ ʩʠʛʥʘʣʦʤ ʨʘʟʛʨʘʥʠʯʠʪʝʣʝʤ. 

ʎʠʢʣ ʚʢʣʶʯʘʝʪ n ʧʨʦʥʫʤʝʨʦʚʘʥʥʳʭ ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ, ʥʘʟʳʚʘʝʤʳʭ ʷʯʝʡ-

ʢʘʤʠ. ʀʥʪʝʨʚʘʣʳ ʧʨʝʜʦʩʪʘʚʣʷʶʪʩʷ ʜʣʷ ʟʘʛʨʫʟʢʠ ʚ ʥʠʭ ʙʣʦʢʦʚ ʜʘʥʥʳʭ. 

ʈʘʟʛʨʘ-

ʥʠʯʠ-

ʪʝʣʴ
1 2 n

ʈʘʟʛʨʘ-

ʥʠʯʠ-

ʪʝʣʴ
1 2 n

ʎʠʢʣ

ʀʥʪʝʨʚʘʣ

 
ʈʠʩʫʥʦʢ 6.7 ʉʪʨʫʢʪʫʨʘ ʤʥʦʞʝʩʪʚʝʥʥʦʛʦ ʜʦʩʪʫʧʘ ʩ ʨʘʟʜʝʣʝʥʠʝʤ ʚʦ ʚʨʝʤʝʥʠ. 

 

ɼʘʥʥʳʡ ʩʧʦʩʦʙ ʧʦʟʚʦʣʷʝʪ ʦʨʛʘʥʠʟʦʚʘʪʴ ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ ʩ ʢʦʤʤʫʪʘʮʠʝʡ 

ʧʘʢʝʪʦʚ ʠ ʩ ʢʦʤʤʫʪʘʮʠʝʡ ʢʘʥʘʣʦʚ.  

ʇʝʨʚʳʡ (ʧʨʦʩʪʝʡʰʠʡ) ʚʘʨʠʘʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʪʝʨʚʘʣʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʪʦʤ, ʯʪʦ ʠʭ ʯʠʩʣʦ (n) ʜʝʣʘʝʪʩʷ ʨʘʚʥʳʤ ʢʦʣʠʯʝʩʪʚʫ ʘʙʦʥʝʥʪʩʢʠʭ ʩʠʩʪʝʤ, ʧʦʜ-

ʢʣʶʯʝʥʥʳʭ ʢ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤʫ ʢʘʥʘʣʫ. ʊʦʛʜʘ ʚʦ ʚʨʝʤʷ ʮʠʢʣʘ ʢʘʞʜʦʡ ʩʠʩʪʝʤʝ 

ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʦʜʠʥ ʠʥʪʝʨʚʘʣ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʦʥʘ ʤʦʞʝʪ ʧʝʨʝʜʘʚʘʪʴ ʜʘʥ-

ʥʳʝ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʩʩʤʦʪʨʝʥʥʦʛʦ ʤʝʪʦʜʘ ʜʦʩʪʫʧʘ ʯʘʩʪʦ ʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ 

ʚ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʮʠʢʣʝ ʦʜʥʠʤ ʩʠʩʪʝʤʘʤ ʥʝʯʝʛʦ ʧʝʨʝʜʘʚʘʪʴ, ʘ ʜʨʫʛʠʤ ʥʝ ʭʚʘʪʘʝʪ 

ʚʳʜʝʣʝʥʥʦʛʦ ʚʨʝʤʝʥʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ð ʥʝʵʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʧʫʩʢ-

ʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢʘʥʘʣʘ.  

ɺʪʦʨʦʡ, ʙʦʣʝʝ ʩʣʦʞʥʳʡ, ʥʦ ʚʳʩʦʢʦʵʢʦʥʦʤʠʯʥʳʡ ʚʘʨʠʘʥʪ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʪʦʤ, ʯʪʦ ʩʠʩʪʝʤʘ ʧʦʣʫʯʘʝʪ ʠʥʪʝʨʚʘʣ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʫ ʥʝʝ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙ-

ʭʦʜʠʤʦʩʪʴ ʚ ʧʝʨʝʜʘʯʝ ʜʘʥʥʳʭ, ʥʘʧʨʠʤʝʨ ʧʨʠ ʘʩʠʥʭʨʦʥʥʦʤ ʩʧʦʩʦʙʝ ʧʝʨʝʜʘʯʠ. 

ɼʣ̫ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʚ ʢʘʞʜʦʤ ʮʠʢʣʝ ʧʦʣʫʯʘʪʴ ʠʥʪʝʨʚʘʣ ʩ ʦʜ-

ʥʠʤ ʠ ʪʝʤ ʞʝ ʥʦʤʝʨʦʤ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʝʨʝʜʘʚʘʝʤʳʝ ʩʠʩʪʝʤʦʡ ʙʣʦʢʠ ʜʘʥʥʳʭ 

ʧʦʷʚʣʷʶʪʩʷ ʯʝʨʝʟ ʦʜʠʥʘʢʦʚʳʝ ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ ʠ ʧʨʠʭʦʜʷʪ ʩ ʦʜʥʠʤ ʠ ʪʝʤ 

ʞʝ ʚʨʝʤʝʥʝʤ ʟʘʧʘʟʜʳʚʘʥʠʷ. ʕʪʦ ʨʝʞʠʤ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʩ ʠʤʠʪʘʮʠʝʡ ʢʦʤʤʫʪʘ-

ʮʠʠ ʢʘʥʘʣʦʚ. ʉʧʦʩʦʙ ʦʩʦʙʝʥʥʦ ʫʜʦʙʝʥ ʧʨʠ ʧʝʨʝʜʘʯʝ ʨʝʯʠ. 

6.5 FDMA 

ɼʦʩʪʫʧ FDMA ʦʩʥʦʚʘʥ ʥʘ ʨʘʟʜʝʣʝʥʠʠ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʢʘʥʘʣʘ ʥʘ ʛʨʫʧ-

ʧʫ ʧʦʣʦʩ ʯʘʩʪʦʪ (ʨʠʩʫʥʦʢ 6.8), ʦʙʨʘʟʫʶʱʠʭ ʣʦʛʠʯʝʩʢʠʝ ʢʘʥʘʣʳ. 

ʐʠʨʦʢʘʷ ʧʦʣʦʩʘ ʧʨʦʧʫʩʢʘʥʠʷ ʢʘʥʘʣʘ ʜʝʣʠʪʩʷ ʥʘ ʨʷʜ ʫʟʢʠʭ ʧʦʣʦʩ, ʨʘʟʜʝ-

ʣʝʥʥʳʭ ʟʘʱʠʪʥʳʤʠ ʧʦʣʦʩʘʤʠ. ʈʘʟʤʝʨʳ ʫʟʢʠʭ ʧʦʣʦʩ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʣʠʯʥʳʤʠ. 
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ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ FDMA, ʠʤʝʥʫʝʤʦʛʦ ʪʘʢʞʝ ʤʥʦʞʝʩʪʚʝʥʥʳʤ ʜʦʩʪʫʧʦʤ ʩ 

ʨʘʟʜʝʣʝʥʠʝʤ ʚʦʣʥʳ WDMA, ʰʠʨʦʢʘʷ ʧʦʣʦʩʘ ʧʨʦʧʫʩʢʘʥʠʷ ʢʘʥʘʣʘ ʜʝʣʠʪʩʷ ʥʘ 

ʨʷʜ ʫʟʢʠʭ ʧʦʣʦʩ, ʨʘʟʜʝʣʝʥʥʳʭ ʟʘʱʠʪʥʳʤʠ ʧʦʣʦʩʘʤʠ. ɺ ʢʘʞʜʦʡ ʫʟʢʦʡ ʧʦʣʦʩʝ 

ʩʦʟʜʘʝʪʩʷ ʣʦʛʠʯʝʩʢʠʡ ʢʘʥʘʣ. ʈʘʟʤʝʨʳ ʫʟʢʠʭ ʧʦʣʦʩ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʣʠʯʥʳʤʠ. ʇʝ-

ʨʝʜʘʚʘʝʤʳʝ ʧʦ ʣʦʛʠʯʝʩʢʠʤ ʢʘʥʘʣʘʤ ʩʠʛʥʘʣʳ ʥʘʢʣʘʜʳʚʘʶʪʩʷ ʥʘ ʨʘʟʥʳʝ ʥʝʩʫʱʠʝ 

ʠ ʧʦʵʪʦʤʫ ʚ ʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ ʥʝ ʜʦʣʞʥʳ ʧʝʨʝʩʝʢʘʪʴʩʷ. ɺʤʝʩʪʝ ʩ ʵʪʠʤ, ʠʥʦʛʜʘ, 

ʥʝʩʤʦʪʨʷ ʥʘ ʥʘʣʠʯʠʝ ʟʘʱʠʪʥʳʭ ʧʦʣʦʩ, ʩʧʝʢʪʨʘʣʴʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʩʠʛʥʘʣʘ ʤʦ-

ʛʫʪ ʚʳʭʦʜʠʪʴ ʟʘ ʛʨʘʥʠʮʳ ʣʦʛʠʯʝʩʢʦʛʦ ʢʘʥʘʣʘ ʠ ʚʳʟʳʚʘʪʴ ʰʫʤ ʚ ʩʦʩʝʜʥʝʤ ʣʦʛʠ-

ʯʝʩʢʦʤ ʢʘʥʘʣʝ.  

 
ʐʠʨʦʢʘʷ ʧʦʣʦʩʘ

ʏʘʩʪʦʪʘ

ɿʘ ʠɦʪʥʘʷ ʧʦʣʦʩʘʋʟʢʘʷ ʧʦʣʦʩʘ

 
ʈʠʩʫʥʦʢ 6.8 ʉʭʝʤʘ ʚʳʜʝʣʝʥʠʷ ʣʦʛʠʯʝʩʢʠʭ ʢʘʥʘʣʦʚ. 

 

ɺ ʦʧʪʠʯʝʩʢʠʭ ʢʘʥʘʣʘʭ ʨʘʟʜʝʣʝʥʠʝ ʯʘʩʪʦʪʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ 

ʢʘʞʜʳʡ ʠʟ ʥʠʭ ʣʫʯʝʡ ʩʚʝʪʘ ʩ ʨʘʟʣʠʯʥʳʤʠ ʯʘʩʪʦʪʘʤʠ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʧʨʦʧʫʩʢ-

ʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʬʠʟʠʯʝʩʢʦʛʦ ʢʘʥʘʣʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ. ʇʨʠ ʦʩʫ-

ʱʝʩʪʚʣʝʥʠʠ ʵʪʦʛʦ ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʷ ʚ ʦʜʠʥ ʩʚʝʪʦʚʦʜ ʠʟʣʫʯʘʝʪ ʩʚʝʪ ʙʦʣʴʰʦʝ 

ʯʠʩʣʦ ʣʘʟʝʨʦʚ (ʥʘ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʦʪʘʭ). ʏʝʨʝʟ ʩʚʝʪʦʚʦʜ ʠʟʣʫʯʝʥʠʝ ʢʘʞʜʦʛʦ ʠʟ 

ʥʠʭ ʧʨʦʭʦʜʠʪ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʜʨʫʛʦʛʦ. ʅʘ ʧʨʠʝʤʥʦʤ ʢʦʥʮʝ ʨʘʟʜʝʣʝʥʠʝ ʯʘʩʪʦʪ 

ʩʠʛʥʘʣʦʚ, ʧʨʦʰʝʜʰʠʭ ʬʠʟʠʯʝʩʢʠʡ ʢʘʥʘʣ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʬʠʣʴʪʨʘʮʠʠ 

ʚʳʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ.  

ʄʝʪʦʜ ʜʦʩʪʫʧʘ FDMA ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪ, ʥʦ ʜʣʷ ʝʛʦ ʨʝʘʣʠʟʘʮʠʠ ʥʝʦʙʭʦ-

ʜʠʤʳ ʧʝʨʝʜʘʪʯʠʢʠ ʠ ʧʨʠʝʤʥʠʢʠ, ʨʘʙʦʪʘʶʱʠʝ ʥʘ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʦʪʘʭ.  

 

6.6 ʊʘʢʪʠʨʫʝʤʳʡ ʤʝʪʦʜ ʜʦʩʪʫʧʘ.  

ʆʩʥʦʚʥʦʝ ʦʪʣʠʯʠʝ ʵʪʦʛʦ ʤʝʪʦʜʘ ʦʪ ʤʘʨʢʝʨʥʦʛʦ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʥʝʩʢʦʣʴ-

ʢʠʤ ʘʙʦʥʝʥʪʘʤ ʨʘʟʨʝʰʝʥʘ ʧʝʨʝʜʘʯʘ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠ ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ (ʧʨʠ ʤʘʨ-

ʢʝʨʥʦʤ ʤʝʪʦʜʝ ʚʩʝʛʜʘ ʧʝʨʝʜʘʝʪ ʪʦʣʴʢʦ ʦʜʠʥ ʘʙʦʥʝʥʪ). ɺʤʝʩʪʦ ʦʜʥʦʛʦ ʤʘʨʢʝʨʘ ʚ 

ʩʝʪʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʝʩʢʦʣʴʢʦ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʩʣʦʪʦʚ (ʦʙʳʯʥʦ ʦʪ 2 ʜʦ 8), ʢʦʪʦ-

ʨʳʝ ʚʳʧʦʣʥʷʶʪ, ʧʦ ʩʫʪʠ, ʪʫ ʞʝ ʩʘʤʫʶ ʬʫʥʢʮʠʶ, ʯʪʦ ʠ ʤʘʨʢʝʨ ï ʬʫʥʢʮʠʶ ʚʨʝ-

ʤʝʥʥʳʭ ʤʝʪʦʢ. ʕʪʠ ʩʣʦʪʳ ʠʜʫʪ ʧʦ çʢʦʣʴʮʫè ʜʦʚʦʣʴʥʦ ʯʘʩʪʦ, ʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨ-

ʚʘʣ ʤʝʞʜʫ ʥʠʤʠ ʥʝʚʝʣʠʢ, ʠ, ʧʦʵʪʦʤʫ ʤʝʞʜʫ ʥʠʤʠ ʤʦʞʝʪ ʫʤʝʩʪʠʪʴʩʷ ʥʝʤʥʦʛʦ 

ʠʥʬʦʨʤʘʮʠʠ (ʦʙʳʯʥʦ ʦʪ 8 ʜʦ 32 ʙʘʡʪ). ʇʨʠ ʵʪʦʤ ʢʘʞʜʳʡ ʩʣʦʪ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ 

ʚ ʩʚʦʙʦʜʥʦʤ ʠʣʠ ʟʘʥʷʪʦʤ ʩʦʩʪʦʷʥʠʠ. ɸʣʛʦʨʠʪʤ ʜʦʩʪʫʧʘ ʢ ʩʝʪʠ, ʨʝʘʣʠʟʫʝʤʳʡ 

ʧʨʠ ʜʘʥʥʦʤ ʤʝʪʦʜʝ, ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ: 

1. ɸʙʦʥʝʥʪ, ʞʝʣʘʶʱʠʡ ʧʝʨʝʜʘʚʘʪʴ, ʨʘʟʙʠʚʘʝʪ ʩʚʦʶ ʠʥʬʦʨʤʘʮʠʶ ʥʘ ʩʣʦʪʳ (ʤʘ-

ʣʝʥʴʢʠʝ ʧʘʢʝʪʳ) ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʨʘʟʤʝʨʘ; 

2. ɿʘʪʝʤ ʦʥ ʞʜʝʪ ʧʨʠʭʦʜʘ ʩʚʦʙʦʜʥʦʛʦ ʩʣʦʪʘ ʠ ʟʘʛʨʫʞʘʝʪ ʝʛʦ ʧʝʨʚʦʡ ʯʘʩʪʴʶ ʩʚʦ-

ʝʡ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʪʦʤ ʞʜʝʪ ʩʣʝʜʫʶʱʝʛʦ ʩʚʦʙʦʜʥʦʛʦ ʩʣʦʪʘ ʠ ʧʦʤʝʱʘʝʪ ʚ ʥʝ-
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ʛʦ ʚʪʦʨʫʶ ʯʘʩʪʴ, ʠ ʪʘʢ ʜʦ ʧʦʣʥʦʡ ʧʝʨʝʜʘʯʠ ʚʩʝʛʦ ʦʙʲʝʤʘ ʠʥʬʦʨʤʘʮʠʠ. ɺ ʢʘ-

ʞʜʦʤ ʩʣʦʪʝ ʩʫʱʝʩʪʚʫʝʪ ʙʠʪ, ʦʧʨʝʜʝʣʷʶʱʠʡ, ʩʚʦʙʦʜʝʥ ʠʣʠ ʟʘʥʷʪ ʜʘʥʥʳʡ 

ʩʣʦʪ, ʧʦʣʝ ʩʝʪʝʚʦʛʦ ʘʜʨʝʩʘ ʧʨʠʝʤʥʠʢʘ ʘʜʨʝʩ ʧʝʨʝʜʘʪʯʠʢʘ, ʘ ʪʘʢʞʝ ʙʠʪ ʧʨʠ-

ʟʥʘʢʘ ʢʦʥʮʘ ʧʝʨʝʜʘʯʠ. ɺʨʝʤʷ ʧʨʠ ʜʘʥʥʦʤ ʤʝʪʦʜʝ ʜʠʩʢʨʝʪʠʟʠʨʫʝʪʩʷ, ʠ ʧʦʵʪʦ-

ʤʫ ʢʦʥʬʣʠʢʪʳ ʥʝ ʧʨʦʠʩʭʦʜʷʪ; 

3. ɸʙʦʥʝʥʪ, ʢʦʪʦʨʦʤʫ ʘʜʨʝʩʦʚʘʥʘ ʠʥʬʦʨʤʘʮʠʷ, ʚʳʙʠʨʘʝʪ ʩʣʦʪʳ. ʉʦʜʝʨʞʘʱʠʝ 
ʘʜʨʝʩʦʚʘʥʥʫʶ ʝʤʫ ʠʥʬʦʨʤʘʮʠʶ ʠ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʚ ʧʨʠʥʷʪʦʤ ʩʣʦʪʝ ʙʠʪ ʧʦʜ-

ʪʚʝʨʞʜʝʥʠʷ (ʝʱʝ ʦʜʥʦ ʧʦʣʝ ʩʣʦʪʘ). ʀ ʪʘʢ ʧʨʦʜʦʣʞʘʝʪʩʷ ʜʦ ʧʦʩʣʝʜʥʝʛʦ ʘʜʨʝ-

ʩʦʚʘʥʥʦʛʦ ʩʣʦʪʘ; 

4. ʇʝʨʝʜʘʶʱʠʡ ʘʙʦʥʝʥʪ ʧʦʣʫʯʘʝʪ ʩʚʦʠ ʩʣʦʪʳ ʦʙʨʘʪʥʦ ʧʦ çʢʦʣʴʮʫè ʠ ʦʩʚʦʙʦʞ-

ʜʘʝʪ ʠʭ (ʧʦʤʝʯʘʝʪ ʢʘʢ ʩʚʦʙʦʜʥʳʝ). ʇʨʠ ʵʪʦʤ ʦʥ ʩʨʘʟʫ ʞʝ ʠʤʝʝʪ ʧʦʜʪʚʝʨʞʜʝ-

ʥʠʝ ʧʨʠʝʤʘ (ʠʟ ʘʥʘʣʠʟʘ ʙʠʪʘ ʧʦʜʪʚʝʨʞʜʝʥʠʷ). 

ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʤʘʨʢʝʨʥʦʛʦ ʤʝʪʦʜʘ, ʟʜʝʩʴ ʥʫʞʝʥ çʮʝʥʪʨè, ʢʦʪʦʨʳʡ ʩʣʝʜʠʪ ʟʘ 

ʧʨʦʭʦʞʜʝʥʠʝʤ ʩʣʦʪʦʚ ʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ ʠʭ ʚ ʩʣʫʯʘʝ ʠʭ ʠʩʯʝʟʥʦʚʝʥʠʷ. 

ʇʨʝʠʤʫʱʝʩʪʚʦ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ: 

 ɺʦʟʤʦʞʥʦʩʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʧʝʨʝʜʘʯʠ ʢʘʜʨʦʚ ʥʝʩʢʦʣʴʢʠʤʠ ʘʙʦʥʝʥʪʘʤʠ; 

 ɺʨʝʤʷ ʜʦʩʪʫʧʘ ʧʨʠ ʵʪʦʤ ʤʝʪʦʜʝ ʛʘʨʘʥʪʠʨʦʚʘʥʦ. 

 

6.7 ʄʝʪʦʜ çʚʩʪʘʚʢʘ ʨʝʛʠʩʪʨʘè.  

ʕʪʦʪ ʤʝʪʦʜ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʦʣʴʮʝʚʳʭ ʩʝʪʷʭ. ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʦʚ 

ʚʩʪʘʚʢʠ ʨʝʛʠʩʪʨʘ ʨʘʙʦʯʘʷ ʩʪʘʥʮʠʷ ʩʦʜʝʨʞʠʪ ʨʝʛʠʩʪʨ (ɹʫʬʝʨ), ʧʦʜʢʣʶʯʘʝʤʳʡ 

ʧʘʨʘʣʣʝʣʴʥʦ ʢ ʢʦʣʴʮʫ. ɸʙʦʥʝʥʪ ʤʦʞʝʪ ʥʘʯʠʥʘʪʴ ʧʝʨʝʜʘʯʫ ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ ʚʨʝ-

ʤʝʥʠ. ɺ ʨʝʛʠʩʪʨ ʟʘʧʠʩʳʚʘʝʪʩʷ ʢʘʜʨ ʜʣʷ ʧʝʨʝʜʘʯʠ, ʠ ʩʪʘʥʮʠʷ ʦʞʠʜʘʝʪ ʤʝʞʢʘʜʨʦ-

ʚʦʛʦ ʧʨʦʤʝʞʫʪʢʘ ʚ ʤʦʥʦʢʘʥʘʣʝ. ʉ ʝʛʦ ʧʦʷʚʣʝʥʠʝʤ ʨʝʛʠʩʪʨ ʚʢʣʶʯʘʝʪʩʷ ʚ ʢʦʣʴʮʦ 

(ʜʦ ʵʪʦʛʦ ʦʥ ʙʳʣ ʦʪʢʣʶʯʝʥ ʦʪ ʢʦʣʴʮʘ), ʠ ʩʦʜʝʨʞʠʤʦʝ ʨʝʛʠʩʪʨʘ ʧʝʨʝʜʘʝʪʩʷ ʚ ʣʠ-

ʥʠʶ. ɽʩʣʠ ʚʦ ʚʨʝʤʷ ʧʝʨʝʜʘʯʠ ʩʪʘʥʮʠʷ ʧʦʣʫʯʘʝʪ ʢʘʜʨ, ʦʥ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʙʫʬʝʨ ʠ 

ʧʝʨʝʜʘʝʪʩʷ ʚʩʣʝʜ ʟʘ ʢʘʜʨʦʤ, ʧʝʨʝʜʘʚʘʝʤʳʤ ʵʪʦʡ ʩʪʘʥʮʠʝʡ. ʕʪʦʪ ʤʝʪʦʜ ʜʦʧʫʩʢʘ-

ʝʪ çʧʦʜʩʘʜʢʫè ʚ ʢʦʣʴʮʦ ʥʝʩʢʦʣʴʢʦ ʢʘʜʨʦʚ. ʐʠʨʦʢʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʪʦʪ ʤʝ-

ʪʦʜ ʥʝ ʧʦʣʫʯʠʣ. 

ɺʦʧʨʦʩʳ: 

1. ʏʪʦ ʪʘʢʦʝ ʤʝʪʦʜ ʜʦʩʪʫʧʘ ʠ ʢʘʢ ʚʣʠʷʝʪ ʤʝʪʦʜ ʜʦʩʪʫʧʘ ʥʘ ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ ʚ 

ʩʝʪʠ? 

2. ʂʘʢʠʝ ʩʫʱʝʩʪʚʫʶʪ ʤʝʪʦʜʳ ʜʦʩʪʫʧʘ? 

3. ʆʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʤʝʪʦʜ ʜʦʩʪʫʧʘ ʩ ʧʨʦʩʣʫʰʠʚʘʥʠʝʤ ʥʝʩʫʱʝʡ ʨʘʟʨʝʰʝʥʠʝʤ 

ʢʦʣʣʠʟʠʡ. 

4. ʇʨʠ ʢʘʢʦʤ ʤʝʪʦʜʝ ʜʦʩʪʫʧʘ ʦʙʝ ʩʪʘʥʮʠʠ ʤʦʛʫʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʘʯʘʪʴ ʧʝʨʝʜʘʯʫ 

ʠ ʚʦʡʪʠ ʚ ʢʦʥʬʣʠʢʪ? 

5. ɺ ʢʘʢʠʭ ʩʝʪʝʚʳʭ ʪʝʭʥʦʣʦʛʠʷʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ CSMA/CD? 

6. ʆʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʤʝʪʦʜ ʜʦʩʪʫʧʘ ʩ ʨʘʟʜʝʣʝʥʠʝʤ ʚʦ ʚʨʝʤʝʥʠ ʠ ʧʝʨʝʯʠʩʣʠʪʴ ʚ 

ʢʘʢʠʭ ʩʣʫʯʘʷʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʘʥʥʳʡ ʤʝʪʦʜ. 

7. ʏʪʦ ʪʘʢʦʝ ʤʘʨʢʝʨ? 
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8. ɺ ʢʘʢʦʤ ʩʣʫʯʘʝ ʨʘʙʦʯʘʷ ʩʪʘʥʮʠʷ ʤʦʞʝʪ ʥʘʯʘʪʴ ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʘ ʜʦʩʪʫʧʘ ʩ ʧʝʨʝʜʘʯʝʡ ʧʦʣʥʦʤʦʯʠʷ? 

9. ʆʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʤʝʪʦʜ ʜʦʩʪʫʧʘ ʩ ʧʝʨʝʜʘʯʝʡ ʧʦʣʥʦʤʦʯʠʷ. 

10. ʆʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʤʝʪʦʜ ʤʥʦʞʝʩʪʚʝʥʥʦʛʦ ʜʦʩʪʫʧʘ ʩ ʨʘʟʜʝʣʝʥʠʝʤ ʯʘʩʪʦʪʳ. 

11. ʂʘʢʠʝ ʩʫʱʝʩʪʚʫʶʪ ʚʘʨʠʘʥʪʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʥʦʞʝʩʪʚʝʥʥʦʛʦ ʜʦʩʪʫʧʘ ʩ 

ʨʘʟʜʝʣʝʥʠʝʤ ʚʦ ʚʨʝʤʝʥʠ? 
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ʃʝʢʮʠʷ 7 

7. ʄʝʪʦʜʳ ʢʦʜʠʨʦʚʘʥʠʷ ʚ ʣʦʢʘʣʥɹʳʭ ʩʝʪʷʭ 

7.1 ʂʦʜʳ ʙʝʟ ʚʦʟʚʨʘʪʘ ʢ ʥʫʣʶ NRZ 

ʂʦʜ NRZ (Non Return to Zero) ð ʙʝʟ ʚʦʟʚʨʘʪʘ ʢ ʥʫʣʶ ð ʵʪʦ ʧʨʦʩʪʝʡʰʠʡ 

ʜʚʫʭʫʨʦʚʥʝʚʳʡ ʢʦʜ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʙʳʯʥʳʡ ʮʠʬʨʦʚʦʡ ʩʠʛʥʘʣ (ʤʦʞʝʪ 

ʙʳʪʴ ʪʦʣʴʢʦ ʠʟʤʝʥʝʥʘ ʧʦʣʷʨʥʦʩʪʴ ʫʨʦʚʥʷ ʩʠʛʥʘʣʘ). ʅʫʣʶ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʠʞ-

ʥʠʡ ʫʨʦʚʝʥʴ, ʝʜʠʥʠʮʝ ð ʚʝʨʭʥʠʡ. ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʧʝʨʝʭʦʜʳ ʧʨʦʠʩʭʦʜʷʪ ʥʘ 

ʛʨʘʥʠʮʝ ʙʠʪʦʚ. ɺʘʨʠʘʥʪ ʢʦʜʘ NRZI (Non Return to Zero Inverted)  ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʦʙʨʘʪʥʦʡ ʧʦʣʷʨʥʦʩʪʠ. 

ʅʝʩʦʤʥʝʥʥʦʝ ʜʦʩʪʦʠʥʩʪʚʦ ʢʦʜʘ ð ʧʨʦʩʪʦʪʘ. ʉʠʛʥʘʣ ʥʝ ʥʘʜʦ ʢʦʜʠʨʦʚʘʪʴ ʠ 

ʜʝʢʦʜʠʨʦʚʘʪʴ. ʂʨʦʤʝ ʪʦʛʦ, ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚʜʚʦʝ ʧʨʝʚʳʰʘʝʪ ʯʘʩʪʦʪʫ. 

ʅʘʠʙʦʣʴʰʘʷ ʯʘʩʪʦʪʘ ʙʫʜʝʪ ʬʠʢʩʠʨʦʚʘʪʴʩʷ ʧʨʠ ʯʝʨʝʜʦʚʘʥʠʠ ʝʜʠʥʠʮ ʠ ʥʫʣʝʡ. 

ʇʨʠ ʯʘʩʪʦʪʝ 1 ɻɻʮ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʝʨʝʜʘʯʘ ʜʚʫʭ ʙʠʪʦʚ. ɼʣʷ ʜʨʫʛʠʭ ʢʦʤʙʠʥʘ-

ʮʠʡ ʯʘʩʪʦʪʘ ʙʫʜʝʪ ʤʝʥʴʰʝ. ʇʨʠ ʧʝʨʝʜʘʯʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʦʜʠʥʘʢʦʚʳʭ ʙʠ-

ʪʦʚ ʯʘʩʪʦʪʘ ʠʟʤʝʥʝʥʠʷ ʩʠʛʥʘʣʘ ʨʘʚʥʘ ʥʫʣʶ. 

ʂʦʜ NRZ (NRZI) ʥʝ ʠʤʝʝʪ ʩʠʥʭʨʦʥʠʟʘʮʠʠ. ʕʪʦ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʙʦʣʴʰʠʤ 

ʝʛʦ ʥʝʜʦʩʪʘʪʢʦʤ. ɽʩʣʠ ʪʘʢʪʦʚʘʷ ʯʘʩʪʦʪʘ ʧʨʠʝʤʥʠʢʘ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʯʘʩʪʦʪʳ ʧʝʨʝ-

ʜʘʪʯʠʢʘ, ʪʝʨʷʝʪʩʷ ʩʠʥʭʨʦʥʠʟʘʮʠʷ, ʙʠʪʳ ʧʨʝʦʙʨʘʟʫʁ ʪʩʷ, ʜʘʥʥʳʝ ʪʝʨʷʶʪʩʷ. 

  

 
ʈʠʩʫʥʦʢ.7.1 ɼʚʫʭʫʨʦʚʥʝʚʳʡ ʢʦʜ NRZ. 

 

ɼʣʷ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʥʘʯʘʣʘ ʧʨʠʝʤʘ ʧʘʢʝʪʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʪʘʨʪʦʚʳʡ ʩʣʫʞʝʙ-

ʥʳʡ ʙʠʪ, ʥʘʧʨʠʤʝʨ, ʝʜʠʥʠʮʘ. ʅʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʢʦʜʘ NRZI ð 

ʩʪʘʥʜʘʨʪ ATM155. ʉʘʤʳʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʧʨʦʪʦʢʦʣ RS232, ʧʨʠʤʝʥʷʝʤʳʡ 

ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ ʯʝʨʝʟ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʧʦʨʪ ʇʂ, ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʝʪ ʢʦʜ NRZ. 

ʇʝʨʝʜʘʯʘ ʠʥʬʦʨʤʘʮʠʠ ʚʝʜʝʪʩʷ ʙʘʡʪʘʤʠ ʧʦ 8 ʙʠʪ, ʩʦʧʨʦʚʦʞʜʘʝʤʳʤʠ ʩʪʘʨʪʦʚʳ-

ʤʠ ʠ ʩʪʦʧʦʚʳʤʠ ʙʠʪʘʤʠ. 

 

ɼʦʩʪʦʠʥʩʪʚʘ ʢʦʜʘ NRZ: 

 ʧʨʦʩʪʦʪʘ ʨʝʘʣʠʟʘʮʠʠ; 

 ʧʨʠ ʟʘʜʘʥʥʦʡ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʪʨʝʙʫʝʪʩʷ ʤʠʥʠʤʘʣʴʥʘʷ ʧʦʣʦʩʘ ʧʨʦʧʫʩ-

ʢʘʥʠʷ. 

ʅʝʜʦʩʪʘʪʦʢ ʢʦʜʘ NRZ: 

1. ʦʪʩʫʪʩʪʚʠʝ ʩʠʥʭʨʦʩʠʛʥʘʣʘ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʣ ʙʳ ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʪʴ ʧʝ-

ʨʝʜʘʯʫ ʠ ʧʨʠʝʤ. 
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ɽʩʣʠ ʯʘʩʪʦʪʘ ʥʘ ʧʨʠʝʤʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʯʘʩʪʦʪʳ ʥʘ ʧʝʨʝʜʘʯʝ, ʪʦ ʧʨʠʝʤʥʠʢ 

ʚʳʙʠʨʘʝʪ ʜʘʥʥʳʝ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʥʝ ʚ ʥʫʞʥʳʡ ʤʦʤʝʥʪ. ʄʦʞʥʦ ʚʚʝʩʪʠ ʝʱʸ ʦʜ-

ʥʫ ʣʠʥʠʶ, ʧʦ ʢʦʪʦʨʦʡ ʙʫʜʫʪ ʧʝʨʝʜʘʚʘʪʴʩʷ ʪʦʣʴʢʦ ʩʠʥʭʨʦʩʠʛʥʘʣʳ, ʠʣʠ ʚʚʝʩʪʠ 

ʩʣʫʞʝʙʥʳʝ ʙʠʪʳ ʚ ʧʝʨʝʜʘʚʘʝʤʫʶ ʠʥʬʦʨʤʘʮʠʶ. 

 ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʜʣʠʥʘ ʣʠʥʠʠ ʩʪʘʥʝʪ ʙʦʣʴʰʝ ʚ 2 ʨʘʟʘ.  

 ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ, ʚʚʦʜʷʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʙʠʪʳ (ʩʪʘʨʪ - ʩʪʦʧʦʚʳʝ, ʫʢʘ-

ʟʳʚʘʶʪ ʥʘ ʥʘʯʘʣʦ ʠ ʢʦʥʝʮ ʧʝʨʝʜʘʯʠ), ʧʝʨʝʜʘʯʘ ʚʝʜʝʪʩʷ ʙʘʡʪʘʤʠ, ʩʢʦʨʦʩʪʴ 

ʧʝʨʝʜʘʯʠ ʤʘʣʘʷ. 

2. ʚʪʦʨʳʤ ʩʝʨʴʸʟʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʤʝʪʦʜʘ, ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ, ʢʦʪʦʨʘʷ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʧʦʩʪʦʷʥʥʦʤʫ ʩʠʛʥʘʣʫ ʧʨʠ ʧʝʨʝʜʘʯʝ 

ʜʣʠʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʝʜʠʥʠʮ ʠ ʥʫʣʝʡ. ʀʟ-ʟʘ ʵʪʦʛʦ ʤʥʦʛʠʝ ʣʠʥʠʠ ʩʚʷʟʠ, 

ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʧʨʷʤʦʛʦ ʛʘʣʴʚʘʥʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʤʝʞʜʫ ʧʨʠʸʤʥʠʢʦʤ ʠ 

ʠʩʪʦʯʥʠʢʦʤ, ʵʪʦʪ ʚʠʜ ʢʦʜʠʨʦʚʘʥʠʷ ʥʝ ʧʦʜʜʝʨʞʠʚʘʶʪ. ʇʦʵʪʦʤʫ ʚ ʩʝʪʷʭ ʢʦʜ NRZ 

ʚ ʦʩʥʦʚʥʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʚʠʜʝ ʨʘʟʣʠʯʥʳʭ ʝʛʦ ʤʦʜʠʬʠʢʘʮʠʡ, ʚ ʢʦʪʦʨʳʭ ʫʩʪʨʘ-

ʥʝʥʳ ʢʘʢ ʧʣʦʭʘʷ ʩʘʤʦʩʠʥʭʨʦʥʠʟʘʮʠʷ ʢʦʜʘ, ʪʘʢ ʠ ʧʨʦʙʣʝʤʳ ʧʦʩʪʦʷʥʥʦʡ ʩʦʩʪʘʚ-

ʣʷʶʱʝʡ 

7.2 ʂʦʜʳ ʩ ʚʦʟʚʨʘʪʦʤ ʢ ʥʫʣʶ RZ 

ʂʦʜ RZ ð ʵʪʦ ʪʨʝʭʫʨʦʚʥʝʚʳʡ ʢʦʜ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʚʦʟʚʨʘʪ ʢ ʥʫʣʝʚʦʤʫ 

ʫʨʦʚʥʶ ʧʦʩʣʝ ʧʝʨʝʜʘʯʠ ʢʘʞʜʦʛʦ ʙʠʪʘ ʠʥʬʦʨʤʘʮʠʠ. ɽʛʦ ʪʘʢ ʠ ʥʘʟʳʚʘʶʪ ʢʦʜʠʨʦ-

ʚʘʥʠʝ ʩ ʚʦʟʚʨʘʪʦʤ ʢ ʥʫʣʶ (Return to Zero). ʃʦʛʠʯʝʩʢʦʤʫ ʥʫʣʶ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʠʤʧʫʣʴʩ, ʣʦʛʠʯʝʩʢʦʡ ʝʜʠʥʠʮʝ ð ʦʪʨʠʮʘʪʝʣʴʥʳʡ. 

 

 
ʈʠʩʫʥʦʢ.7.2 ʊʨʝʭʫʨʦʚʥʝʚʳʡ ʢʦʜ RZ. 

 

ʀʥʬʦʨʤʘʮʠʦʥʥʳʡ ʧʝʨʝʭʦʜ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʥʘʯʘʣʝ ʙʠʪʘ, ʚʦʟʚʨʘʪ ʢ ʥʫʣʝ-

ʚʦʤʫ ʫʨʦʚʥʶ ð ʚ ʩʝʨʝʜʠʥʝ ʙʠʪʘ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʢʦʜʘ RZ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʚ ʮʝʥ-

ʪʨʝ ʙʠʪʘ ʚʩʝʛʜʘ ʝʩʪʴ ʧʝʨʝʭʦʜ (ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʠʣʠ ʦʪʨʠʮʘʪʝʣʴʥʳʡ). ʉʣʝʜʦʚʘ-

ʪʝʣʴʥʦ, ʢʘʞʜʳʡ ʙʠʪ ʦʙʦʟʥʘʯʝʥ. ʇʨʠʝʤʥʠʢ ʤʦʞʝʪ ʚʳʜʝʣʠʪʴ ʩʠʥʭʨʦʠʤʧʫʣʴʩ 

(ʩʪʨʦʙ), ʠʤʝʶʱʠʡ ʯʘʩʪʦʪʫ ʩʣʝʜʦʚʘʥʠʷ ʠʤʧʫʣʴʩʦʚ, ʠʟ ʩʘʤʦʛʦ ʩʠʛʥʘʣʘ. ʇʨʠʚʷʟʢʘ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʢ ʢʘʞʜʦʤʫ ʙʠʪʫ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʠʥʭʨʦʥʠʟʘʮʠʶ ʧʨʠʝʤʥʠʢʘ ʩ 

ʧʝʨʝʜʘʪʯʠʢʦʤ. ʊʘʢʠʝ ʢʦʜʳ, ʥʝʩʫʱʠʝ ʚ ʩʝʙʝ ʩʪʨʦʙ, ʥʘʟʳʚʘʶʪʩʷ ʩʘʤʦʩʠʥʭʨʦʥʠʟʠ-

ʨʫʶʱʠʤʠʩʷ.  

 

ɼʦʩʪʦʠʥʩʪʚʦ ʢʦʜʘ RZ: 

 RZ ï ʩʘʤʦʩʠʥʭʨʦʥʠʟʠʨʫʶʱʠʡʩʷ ʢʦʜ, ʪʘʢ ʢʘʢ ʚ ʩʝʨʝʜʠʥʝ ʙʠʪʘ ʚʩʝʛʜʘ ʝʩʪʴ 

ʧʝʨʝʭʦʜ. ʇʨʠʝʤʥʠʢ ʧʨʠʚʷʟʳʚʘʝʪʩʷ ʢ ʵʪʦʤʫ ʧʝʨʝʭʦʜʫ, ʠ ʨʘʩʩʠʥʭʨʦʥʠʟʘʮʠʷ 

ʤʝʞʜʫ ʧʨʠʝʤʥʠʢʦʤ ʠ ʧʝʨʝʜʘʪʯʠʢʦʤ ʥʝ ʧʨʦʠʩʭʦʜʠʪ, ʜʘʞʝ ʝʩʣʠ ʧʝʨʝʜʘʝʪʩʷ 

ʙʦʣʴʰʦʡ ʦʙʲʝʤ ʠʥʬʦʨʤʘʮʠʠ. 
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 ʅʝʜʦʩʪʘʪʦʢ ʢʦʜʘ RZ: 

 ʪʨʝʙʫʝʪʩʷ ʚʜʚʦʝ ʙʦʣʴʰʝ ʧʦʣʦʩʘ ʧʨʦʧʫʩʢʘʥʠʷ ʧʨʠ ʪʦʡ ʞʝ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘ-

ʯʠ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʜʦʤ NRZ, ʪʘʢ ʢʘʢ ʥʘ ʦʜʠʥ ʙʠʪ ʧʨʠʭʦʜʠʪʩʷ ʜʚʘ ʠʟʤʝ-

ʥʝʥʠʷ ʫʨʦʚʥʷ ʩʠʛʥʘʣʘ. 

 ʢʦʜ ʥʝ ʜʘʝʪ ʚʳʠʛʨʳʰʘ ʚ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. ɼʣʷ ʧʝʨʝʜʘʯʠ ʩʦ ʩʢʦ-

ʨʦʩʪʴʶ10 ʄʙʠʪ/ʩ ʪʨʝʙʫʝʪʩʷ ʯʘʩʪʦʪʘ ʥʝʩʫʱʝʡ 10 ʄʄɻʮ. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ 

ʨʘʟʣʠʯʝʥʠʷ ʪʨʝʭ ʫʨʦʚʥʝʡ ʥʝʦʙʭʦʜʠʤʦ ʣʫʯʰʝʝ ʩʦʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ / ʰʫʤ 

ʥʘ ʚʭʦʜʝ ʚ ʧʨʠʝʤʥʠʢ, ʯʝʤ ʜʣʷ ʜʚʫʭʫʨʦʚʥʝʚʳʭ ʢʦʜʦʚ. 

 

ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʢʦʜ RZ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʦʧʪʦʚʦʣʦʢʦʥʥʳʭ ʩʝʪʷʭ. ʇʨʠ ʧʝʨʝ-

ʜʘʯʝ ʩʚʝʪʘ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʩʠʛʥʘʣʦʚ, ʧʦʵʪʦʤʫ 

ʠʩʧʦʣʴʟʫʶʪ ʪʨʠ ʫʨʦʚʥʷ ʤʦʱʥʦʩʪʠ ʩʚʝʪʦʚʳʭ ʠʤʧʫʣʴʩʦʚ. 

 

7.3 ʄʘʥʯʝʩʪʝʨʩʢʠʡ ʢʦʜ 

ʂʦʜ ʄʘʥʯʝʩʪʝʨ-II ʠʣʠ ʤʘʥʯʝʩʪʝʨʩʢʠʡ ʢʦʜ ʧʦʣʫʯʠʣ ʥʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦ-

ʩʪʨʘʥʝʥʠʝ ʚ ʣʦʢʘʣʴʥʳʭ ʩʝʪʷʭ. ʆʥ ʪʘʢʞʝ ʦʪʥʦʩʠʪʩʷ ʢ ʩʘʤʦʩʠʥʭʨʦʥʠʟʠʨʫʶʱʠʤʩʷ 

ʢʦʜʘʤ, ʥʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʢʦʜʘ RZ ʠʤʝʝʪ ʥʝ ʪʨʠ, ʘ ʪʦʣʴʢʦ ʜʚʘ ʫʨʦʚʥʷ, ʯʪʦ ʦʙʝʩʧʝ-

ʯʠʚʘʝʪ ʣʫʯʰʫʶ ʧʦʤʝʭʦʟʘʱʠʱʝʥʥʦʩʪʴ. 

ʃʦʛʠʯʝʩʢʦʤʫ ʥʫʣʶ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʝʨʝʭʦʜ ʥʘ ʚʝʨʭʥʠʡ ʫʨʦʚʝʥʴ ʚ ʮʝʥʪʨʝ 

ʙʠʪʦʚʦʛʦ ʠʥʪʝʨʚʘʣʘ, ʣʦʛʠʯʝʩʢʦʡ ʝʜʠʥʠʮʝ ð ʧʝʨʝʭʦʜ ʥʘ ʥʠʞʥʠʡ ʫʨʦʚʝʥʴ. ʃʦʛʠ-

ʢʘ ʢʦʜʠʨʦʚʘʥʠʷ ʭʦʨʦʰʦ ʚʠʜʥʘ ʥʘ ʧʨʠʤʝʨʝ ʧʝʨʝʜʘʯʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʝʜʠʥʠʮ 

ʠʣʠ ʥʫʣʝʡ. ʇʨʠ ʧʝʨʝʜʘʯʝ ʯʝʨʝʜʫʶʱʠʭʩʷ ʙʠʪʦʚ ʯʘʩʪʦʪʘ ʩʣʝʜʦʚʘʥʠʷ ʠʤʧʫʣʴʩʦʚ 

ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʜʚʘ ʨʘʟʘ. 

ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʧʝʨʝʭʦʜʳ ʚ ʩʨʝʜʠʥʝ ʙʠʪʘ ʦʩʪʘʶʪʩʷ, ʘ ʛʨʘʥʠʯʥʳʝ (ʥʘ 

ʛʨʘʥʠʮʝ ʙʠʪʦʚʳʭ ʠʥʪʝʨʚʘʣʦʚ) ð ʧʨʠ ʯʝʨʝʜʦʚʘʥʠʠ ʝʜʠʥʠʮ ʠ ʥʫʣʝʡ ʦʪʩʫʪʩʪʚʫʶʪ. 

ʕʪʦ ʚʳʧʦʣʥʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʟʘʧʨʝʱʘʶʱʠʭ ʠʤʧʫʣʴʩʦʚ. 

ʕʪʠ ʠʤʧʫʣʩɹʳ ʩʠʥʭʨʦʥʠʟʠʨʫʶʪʩʷ ʩ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʟʘʧʨʝʪ 

ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʛʨʘʥʠʯʥʳʭ ʧʝʨʝʭʦʜʦʚ. 

ʀʟʤʝʥʝʥʠʝ ʩʠʛʥʘʣʘ ʚ ʮʝʥʪʨʝ ʢʘʞʜʦʛʦ ʙʠʪʘ ʧʦʟʚʦʣʷʝʪ ʣʝʛʢʦ ʚʳʜʝʣʠʪʴ ʩʠʥ-

ʭʨʦʩʠʛʥʘʣ. ʉʘʤʦʩʠʥʭʨʦʥʠʟʘʮʠʷ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʙʦʣʴh ʠʭ ʧʘʢʝʪʦʚ 

ʠʥʬʦʨʤʘʮʠʶ ʙʝʟ ʧʦʪʝʨʴ ʠʟ-ʟʘ ʨʘʟʣʠʯʠʡ ʪʘʢʪʦʚʦʡ ʯʘʩʪʦʪʳ ʧʝʨʝʜʘʪʯʠʢʘ ʠ ʧʨʠʝʤ-

ʥʠʢʘ. 

 

 
ʈʠʩʫʥʦʢ.7.3 ɼʚʫʭʫʨʦʚʥʝʚʳʡ ʢʦʜ ʄʘʥʯʝʩʪʝʨ-II . 

 

ɹʦʣʴʰʦʝ ʜʦʩʪʦʠʥʩʪʚʦ ʤʘʥʯʝʩʪʝʨʩʢʦʛʦ ʢʦʜʘ ð ʦʪʩʫʪʩʪʚʠʝ ʧʦʩʪʦʷʥʥʦʡ ʩʦ-

ʩʪʘʚʣʷʶʱʝʡ ʧʨʠ ʧʝʨʝʜʘʯʝ ʜʣʠʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʝʜʠʥʠʮ ʠʣʠ ʥʫʣʝʡ. ɹʣʘ-
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ʛʦʜʘʨʷ ʵʪʦʤʫ ʛʘʣʴʚʘʥʠʯʝʩʢʘʷ ʨʘʟʚʷʟʢʘ ʩʠʛʥʘʣʦʚ ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʦʩʪʝʡʰʠʤʠ ʩʧʦ-

ʩʦʙʘʤʠ, ʥʘʧʨʠʤʝʨ, ʩ ʧʦʤʦʱʴʶ ʠʤʧʫʣʴʩʥʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ. 

ɺʘʞʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʘʥʯʝʩʪʝʨʩʢʦʛʦ ʢʦʜʘ ð ʦʪʩʫʪʩʪʚʠʝ ʫ ʩʠʛʥʘʣʘ ʧʦ-

ʩʪʦʷʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʨʠ ʧʝʨʝʜʘʯʝ ʜʣʠʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʝʜʠʥʠʮ ʠʣʠ 

ʥʫʣʝʡ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʧʝʨʝʜʘʪʯʠʢʠ ʠ ʧʨʠʝʤʥʠʢʠ ʤʦʞʥʦ ñʨʘʟʚʷʟʘʪʴò ʛʘʣʴʚʘʥʠ-

ʯʝʩʢʠ ʩ ʧʦʤʦʱʴʶ ʠʤʧʫʣʴʩʥʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ. 

ʏʘʩʪʦʪʥʳʡ ʩʧʝʢʪʨ ʩʠʛʥʘʣʘ ʧʨʠ ʤʘʥʯʝʩʪʝʨʩʢʦʤ ʢʦʜʠʨʦʚʘʥʠʠ ʚʢʣʶʯʘʝʪ 

ʪʦʣʴʢʦ ʜʚʝ ʥʝʩʫʱʠʝ ʯʘʩʪʦʪʳ. ɼʣʷ ʜʝʩʷʪʠʤʝʛʘʙʠʪʥʦʛʦ ʧʨʦʪʦʢʦʣʘ ð ʵʪʦ 10 

ʄʄɻʮ ʧʨʠ ʧʝʨʝʜʘʯʝ ʩʠʛʥʘʣʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʦʜʥʠʭ ʥʫʣʝʡ ʠʣʠ ʦʜʥʠʭ ʝʜʠʥʠʮ, ʠ 5 

ʄʄɻʮ ð ʜʣʷ ʩʠʛʥʘʣʘ ʩ ʯʝʨʝʜʦʚʘʥʠʝʤ ʥʫʣʝʡ ʠ ʝʜʠʥʠʮ. ʇʦʵʪʦʤʫ ʩ ʧʦʤʦʱʴʶ ʧʦ-

ʣʦʩʦʚʳʭ ʬʠʣʴʪʨʦʚ ʤʦʞʥʦ ʣʝʛʢʦ ʦʪʬʠʣʴʪʨʦʚʘʪʴ ʚʩʝ ʜʨʫʛʠʝ ʯʘʩʪʦʪʳ. 

ɼʦʩʪʦʠʥʩʪʚʘ ʤʘʥʯʝʩʪʝʨʩʢʦʛʦ ʢʦʜʘ: 

 ʢʦʜ ʷʚʣʷʝʪʩʷ ʩʘʤʦʩʠʥʭʨʦʥʠʟʠʨʫʶʱʠʤʩʷ, ʪʘʢ ʢʘʢ ʦʙʷʟʘʪʝʣʴʥʦ ʝʩʪʴ ʧʝʨʝ-

ʭʦʜ ʚ ʩʝʨʝʜʠʥʝ ʙʠʪʘ, 

 ʦʪʩʫʪʩʪʚʫʝʪ ʧʦʩʪʦʷʥʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʚ ʩʠʛʥʘʣʝ ʤʘʥʯʝʩʪʝʨʩʢʦʛʦ ʢʦʜʘ, ʵʪʦ 

ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʷʪʴ ʜʣʷ ʛʘʣʴʚʘʥʠʯʝʩʢʦʡ ʨʘʟʚʷʟʢʠ ʠʤʧʫʣʴʩʥʳʝ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ (ʛʘʣʴʚʘʥʠʯʝʩʢʫʶ ʨʘʟʚʷʟʢʫ ʚʳʧʦʣʥʷʝʪ ʩʝʪʝʚʘʷ ʧʣʘʪʘ). 

ʅʝʜʦʩʪʘʪʦʢ ʤʘʥʯʝʩʪʝʨʩʢʦʛʦ ʢʦʜʘ: 

 ʢʘʢ ʠ ʜʣʷ ʢʦʜʘ RZ ʪʨʝʙʫʝʪʩʷ ʚʜʚʦʝ ʙʦʣʴʰʝ ʧʦʣʦʩʘ ʧʨʦʧʫʩʢʘʥʠʷ, ʯʝʤ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʜʘ NRZ ʧʨʠ ʪʦʡ ʞʝ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ. 

 

ʂʦʜ ʄʘʥʯʝʩʪʝʨ-II ʥʘʰʝʣ ʧʨʠʤʝʥʝʥʠʝ ʚ ʦʧʪʦʚʦʣʦʢʦʥʥʳʭ ʠ ʵʣʝʢʪʨʦʧʨʦ-

ʚʦʜʥʳʭ ʩʝʪʷʭ. ʉʘʤʳʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʧʨʦʪʦʢʦʣ ʣʦʢʘʣʴʥʳʭ ʩʝʪʝʡ Ethernet 10 

ʄʙʠʪ/ʩ ʠʩʧʦʣʴʟʫʝʪ ʠʤʝʥʥʦ ʵʪʦʪ ʢʦʜ. 

7.4 ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ ʤʘʥʯʝʩʪʝʨʩʢʠʡ ʢʦʜ 

ɺ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʤ ʚʘʨʠʘʥʪʝ ʤʘʥʯʝʩʪʝʨʩʢʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ ʥʘʣʠʯʠʝ ʧʝ-

ʨʝʭʦʜʘ ʚ ʥʘʯʘʣʝ ʙʠʪʘ ʫʢʘʟʳʚʘʝʪ ʥʘ ç1è, ʘ ʦʪʩʫʪʩʪʚʠʝ ʧʝʨʝʭʦʜʘ ï ʥʘ ç0è (ʠʣʠ ʥʘ-

ʦʙʦʨʦʪ). 

ɺ ʩʝʨʝʜʠʥʝ ʙʠʪʘ ʦʙʷʟʘʪʝʣʴʥʦ ʝʩʪʴ ʧʝʨʝʭʦʜ. ʇʦʵʪʦʤʫ ʢʦʜ ï ʩʘʤʦʩʠʥʭʨʦʥʠ-

ʟʠʨʫʶʱʠʡʩʷ. 

ʅʠ ʦʜʥʘ ʚʝʨʩʠʷ IEEE 802.3 ʥʝ ʠʩʧʦʣʴʟʫʝʪ ʧʨʷʤʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ, ʪ.ʢ. ʦʥʦ 

ʦʯʝʥʴ ʥʝ ʦʜʥʦʟʥʘʯʥʦ. ʅʫʞʝʥ ʙʳʣ ʤʝʪʦʜ, ʢʦʪʦʨʳʝ ʙʳ ʧʦʟʚʦʣʷʣ ʦʧʨʝʜʝʣʷʪʴ ʥʘʯʘ-

ʣʦ, ʩʝʨʝʜʠʥʫ ʠ ʢʦʥʝʮ ʧʝʨʝʜʘʯʠ ʢʘʞʜʦʛʦ ʙʠʪʘ ʙʝʟ ʦʩʦʙʦʡ ʧʦʙʠʪʥʦʡ ʩʠʥʭʨʦʥʠʟʘ-

ʮʠʠ. ɹʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʜʚʘ ʤʝʪʦʜʘ ʜʣʷ ʵʪʦʛʦ ʤʘʥʯʝʩʪʝʨʩʢʠʡ ʢʦʜ ʠ ʜʠʬʬʝʨʝʥʮʠ-

ʘʣʴʥʳʡ ʤʘʥʯʝʩʪʝʨʩʢʠʡ ʢʦʜ(ʨʠʩʫʥʦʢ 7.4).  

 
ʈʠʩʫʥʦʢ. 7.4 ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ ʤʘʥʯʝʩʪʝʨʩʢʠʡ ʢʦʜ. 
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ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʪʦʛʦ ʚʘʨʠʘʥʪʘ ʢʦʜʘ ʪʘʢʞʝ ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʘʤ ʤʘʥʯʝʩʪʝʨʩʢʦʛʦ ʢʦʜʘ. 

7.5 ʂʦʜ MLT-3 

ʂʦʜ ʪʨʝʭʫʨʦʚʥʝʚʦʡ ʧʝʨʝʜʘʯʠ MLT-3 (Multi Level Transmission) ʠʤʝʝʪ 

ʤʥʦʛʦ ʦʙʱʝʛʦ ʩ ʢʦʜʦʤ NRZ. ɽʜʠʥʠʮʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʝʨʝʭʦʜ ʩ ʦʜʥʦʛʦ ʫʨʦʚʥʷ 

ʩʠʛʥʘʣʘ ʥʘ ʜʨʫʛʦʡ. ʇʨʠ ʧʝʨʝʜʘʯʝ ʥʫʣʝʡ ʩʠʛʥʘʣ ʥʝ ʤʝʥʝ̫ʪʩʷ. ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ 

ʧʝʨʝʭʦʜʳ ʩʦʚʧʘʜʘʶʪ ʩ ʛʨʘʥʠʮʝʡ ʙʠʪʦʚ.  

ʄʘʢʩʠʤʘʣʴʥʦʡ ʯʘʩʪʦʪʝ ʩʠʛʥʘʣʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʝʨʝʜʘʯʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ-

ʩʪʠ ʝʜʠʥʠʮ. ɺʘʞʥʝʡʰʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʦʜʘ MLT-3 ð ʥʘʣʠʯʠʝ ʪʨʝʭ ʫʨʦʚʥʝʡ 

ʩʠʛʥʘʣʘ. ʀʟʤʝʥʝʥʠʝ ʫʨʦʚʥʷ ʩʠʛʥʘʣʘ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩ ʫʯʝʪʦʤ 

ʧʨʝʜʳʜʫʱʝʛʦ ʧʝʨʝʭʦʜʘ. ʇʨʠ ʪʘʢʦʡ ʩʭʝʤʝ ʦʜʠʥ ʮʠʢʣ ʩʠʛʥʘʣʘ ʚʤʝʱʘʝʪ ʚ ʩʝʙʷ ʯʝ-

ʪʳʨʝ ʙʠʪʘ.  

ɽʜʠʥʠʮʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʝʨʝʭʦʜ ʩ ʦʜʥʦʛʦ ʫʨʦʚʥʷ ʩʠʛʥʘʣʘ ʥʘ ʜʨʫʛʦʡ. ʀʟ-

ʤʝʥʝʥʠʝ ʫʨʦʚʥʷ ʩʠʛʥʘʣʘ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩ ʫʯʝʪʦʤ ʧʨʝʜʳʜʫʱʝʛʦ 

ʧʝʨʝʭʦʜʘ. ʄʘʢʩʠʤʘʣʴʥʦʡ ʯʘʩʪʦʪʝ ʩʠʛʥʘʣʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʝʨʝʜʘʯʘ ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦʩʪʠ ʝʜʠʥʠʮ. ʇʨʠ ʧʝʨʝʜʘʯʝ ʥʫʣʝʡ ʩʠʛʥʘʣ ʥʝ ʤʝʥʷʝʪʩʷ. ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ 

ʧʝʨʝʭʦʜʳ ʬʠʢʩʠʨʫʶʪʩʷ ʥʘ ʛʨʘʥʠʮʝ ʙʠʪʦʚ. ʆʜʠʥ ʮʠʢʣ ʩʠʛʥʘʣʘ ʚʤʝʱʘʝʪ ʯʝʪʳʨʝ 

ʙʠʪʘ. 

 

 
ʈʠʩʫʥʦʢ.7.5 ʊʨʝʭʫʨʦʚʥʝʚʳʡ ʢʦʜ MLT-3. 

 

ʅʝʜʦʩʪʘʪʢʦʤ ʢʦʜʘ MLT-3, ʢʘʢ ʠ ʢʦʜʘ NRZ, ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʩʠʥʭʨʦ-

ʥʠʟʘʮʠʠ. ʕʪʘ ʧʨʦʙʣʝʤʘ ʨʝʰʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʘʥʥʳʭ, ʢʦʪʦʨʦʝ 

ʠʩʢʣʶʯʘʝʪ ʜʣʠʥʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʥʫʣʝʡ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʦʟʤʦʞʥʦʩʪʴ 

ʨʘʩʩʠʥʭʨʦʥʠʟʘʮʠʠ.  

7.6 ʂʦʜ 8ɺ6ʊ 

ʂʦʜ 8B6T ï ʵʪʦ ʪʨʝʭʫʨʦʚʥʝʚʳʡ ʢʦʜ. ʇʨʠ ʧʦʩʪʫʧʣʝʥʠʠ ʚ ʢʦʜʝʨ ʚʦʩʴʤʠʙʠ-

ʪʦʚʦʛʦ ʩʠʤʚʦʣʘ ʧʨʦʠʩʭʦʜʠʪ ʝʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʚ ʰʝʩʪʴ ʪʨʝʭʫʨʦʚʥʝʚʳʭ ʩʠʤʚʦ-

ʣʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʜʠʨʦʚʦʯʥʦʡ ʪʘʙʣʠʮʝʡ. 

ʂʦʜ 8B/6T - 8 ʙʠʪ ʚʭʦʜʥʦʛʦ ʧʦʪʦʢʘ ʢʦʜʠʨʫʶʪʩʷ ʰʝʩʪʴʶ ʪʨʦʠʯʥʳʤʠ ʮʠʬ-

ʨʘʤʠ (0, 1 ʠʣʠ 2). ʇʨʠʤʝʥʷʝʪʩʷ ʚ 100Base-T4. 

ɺʩʪʘʚʢʘ ʙʠʪ ï ʙʠʪ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʩʭʝʤʘ ʠʩʢʣʶʯʝʥʠʷ ʥʝʜʦʧʫʩʪʠʤʳʭ ʧʦ-

ʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʙʠʪ. ɿʜʝʩʴ ʚʭʦʜʥʦʡ ʧʦʪʦʢ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ, ʢʘʢ ʥʝʧʨʝʨʳʚʥʘʷ 

ʮʝʧʦʯʢʘ ʙʠʪ, ʜʣʷ ʢʦʪʦʨʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠʟ ʙʦʣʝʝ ʯʝʤ ʧʷʪʠ ʩʤʝʞʥʳʭ ʝʜʠ-

ʥʠʮ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʩʣʫʞʝʙʥʳʡ ʩʠʛʥʘʣ. ɽʩʣʠ ʚ ʧʝʨʝʜʘʚʘʝʤʦʤ ʧʦʪʦʢʝ 

ʚʩʪʨʝʯʘʝʪʩʷ ʥʝʧʨʝʨʳʚʥʘʷ ʮʝʧʦʯʢʘ ʝʜʠʥʠʮ, ʪʦ ʧʦʩʣʝ ʢʘʞʜʦʡ ʧʷʪʦʡ ʚ ʚʳʭʦʜʥʦʡ 
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ʧʦʪʦʢ Tx ʚʩʪʘʚʣʷʝʪ ʥʦʣʴ. Rx ʘʥʘʣʠʟʠʨʫʝʪ ʧʨʠʭʦʜʷʱʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠ ʝʩ-

ʣʠ ʧʦʩʣʝ ʮʝʧʦʯʢʠ 011111 ʦʥ ʧʨʠʥʠʤʘʝʪ 0, ʪʦ ʝʛʦ ʦʪʙʨʘʩʳʚʘʝʪ, ʘ ʩʘʤʫ ʮʝʧʦʯʢʫ 

011111 ʧʨʠʩʦʝʜʠʥʷʝʪ ʢ ʚʳʭʦʜʥʦʤʫ ʧʦʪʦʢʫ ʜʘʥʥʳʭ. ɽʩʣʠ ʧʨʠʥʷʪʳʡ ʙʠʪ ï ʝʜʠ-

ʥʠʮʘ, ʪʦ ʮʝʧʦʯʢʫ 0111111 ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʢʘʢ ʵʣʝʤʝʥʪ ʩʣʫʞʝʙʥʦʛʦ ʩʠʤʚʦʣʘ. 

7.7 ʂʦʜ 4ɺ5ɺ 

ʇʨʦʪʦʢʦʣʳ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʢʦʜ NRZ, ʯʘʱʝ ʚʩʝʛʦ ʜʦʧʦʣʥʷʶʪ ʢʦʜʠʨʦʚʘʥʠ-

ʝʤ ʜʘʥʥʳʭ 4B5B. ɺ ʦʪʣʠʯʠʝ ʦʪ ʢʦʜʠʨʦʚʘʥʠʷ ʩʠʛʥʘʣʦʚ, ʢʦʪʦʨʦʝ ʠʩʧʦʣʴʟʫʝʪ ʪʘʢ-

ʪʦʚʫʶ ʯʘʩʪʦʪʫ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʝʨʝʭʦʜ ʦʪ ʠʤʧʫʣʴʩʦʚ ʢ ʙʠʪʘʤ ʠ ʥʘʦʙʦʨʦʪ, ʢʦʜʠ-

ʨʦʚʘʥʠʝ ʜʘʥʥʳʭ ʧʨʝʦʙʨʘʟʫʝʪ ʦʜʥʫ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʙʠʪʦʚ ʚ ʜʨʫʛʫʶ.  

ɺ ʢʦʜʝ 4B5B ʠʩʧʦʣʴʟʫʝʪʩʷ 5-ʙʠʪʦʚʘʷ ʦʩʥʦʚʘ ʜʣʷ ʧʝʨʝʜʘʯʠ 4-ʙʠʪʦʚʳʭ ʠʥ-

ʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ. 5-ʙʠʪʦʚʘʷ ʩʭʝʤʘ ʜʘʝʪ 32 ((ʜʚʘ ʚ ʧʷʪʦʡ ʩʪʝʧʝʥʠ) ʜʚʫʭ-

ʨʘʟʨʷʜʥʳʭ ʙʫʢʚʝʥʥʦ-ʮʠʬʨʦʚʳʭ ʩʠʤʚʦʣʘ, ʠʤʝʶʱʠʭ ʟʥʘʯʝʥʠʝ ʚ ʜʝʩʷʪʠʯʥʦʤ ʢʦʜʝ 

ʦʪ 00 ʜʦ 31. ɼʣʷ ʜʘʥʥʳʭ ʦʪʚʦʜʠʪʩʷ ʯʝʪʳʨʝ ʙʠʪʘ ʠʣʠ 16 ((ʜʚʘ ʚ ʯʝʪʚʝʨʪʦʡ ʩʪʝʧʝ-

ʥʠ) ʩʠʤʚʦʣʦʚ. 

4-ʙʠʪʦʚʳʡ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʩʠʛʥʘʣ ʧʝʨʝʢʦʜʠʨʫʝʪʩʷ ʚ 5-ʙʠʪʦʚʳʡ ʩʠʛʥʘʣ ʚ 

ʢʦʜʝʨʝ ʧʝʨʝʜʘʪʯʠʢʘ. ʇʨʝʦʙʨʘʟʦʚʘʥʥʳʡ ʩʠʛʥʘʣ ʠʤʝʝʪ 16 ʟʥʘʯʝʥʠʡ ʜʣʷ ʧʝʨʝʜʘʯʠ 

ʠʥʬʦʨʤʘʮʠʠ ʠ 16 ʠʟʙʳʪʦʯʥʳʭ ʟʥʘʯʝʥʠʡ. ɺ ʜʝʢʦʜʝʨʝ ʧʨʠʝʤʥʠʢʘ ʧʷʪʴ ʙʠʪʦʚ 

ʨʘʩʰʠʬʨʦʚʳʚʘʶʪʩʷ ʢʘʢ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠ ʩʣʫʞʝʙʥʳʝ ʩʠʛʥʘʣʳ. ɼʣʷ ʩʣʫʞʝʙ-

ʥʳʭ ʩʠʛʥʘʣʦʚ ʦʪʚʝʜʝʥʳ ʜʝʚʷʪʴ ʩʠʤʚʦʣʦʚ, ʩʝʤʴ ʩʠʤʚʦʣʦʚ ð ʠʩʢʣʶʯʝʥʳ.  

ʀʩʢʣʶʯʝʥʳ ʢʦʤʙʠʥʘʮʠʠ, ʠʤʝʶʱʠʝ ʙʦʣʝʝ ʪʨʝʭ ʥʫʣʝʡ (01 &ð 00001, 02 

&ð 00010, 03 &ð 00011, 08 &ð 01000, 16 &ð 10000). ʊʘʢʠʝ ʩʠʛʥʘʣʳ ʠʥʪʝʨ-

ʧʨʝʪʠʨʫʶʪʩʷ ʩʠʤʚʦʣʦʤ V ʠ ʢʦʤʘʥʜʦʡ ʧʨʠʝʤʥʠʢʘ VIOLATION ð ʩʙʦʡ. ʂʦʤʘʥ-

ʜʘ ʦʟʥʘʯʘʝʪ ʥʘʣʠʯʠʝ ʦʰʠʙʢʠ ʠʟ-ʟʘ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʧʦʤʝʭ ʠʣʠ ʩʙʦʷ ʧʝʨʝʜʘʪʯʠ-

ʢʘ. ɽʜʠʥʩʪʚʝʥʥʘʷ ʢʦʤʙʠʥʘʮʠʷ ʠʟ ʧʷʪʠ ʥʫʣʝʡ (00 &ð 00000) ʦʪʥʦʩʠʪʩʷ ʢ ʩʣʫ-

ʞʝʙʥʳʤ ʩʠʛʥʘʣʘʤ, ʦʟʥʘʯʘʝʪ ʩʠʤʚʦʣ Q ʠ ʠʤʝʝʪ ʩʪʘʪʫʩ QUIET ð ʦʪʩʫʪʩʪʚʠʝ ʩʠʛ-

ʥʘʣʘ ʚ ʣʠʥʠʠ. 

ʂʦʜʠʨʦʚʘʥʠʝ ʜʘʥʥʳʭ ʨʝʰʘʝʪ ʜʚʝ ʟʘʜʘʯʠ ð ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʠ ʫʣʫʯʰʝʥʠʷ 

ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ. ʉʠʥʭʨʦʥʠʟʘʮʠʷ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʠʩʢʣʶʯʝʥʠʷ ʧʦʩʣʝʜʦ-

ʚʘʪʝʣʴʥʦʩʪʠ ʙʦʣʝʝ ʪʨʝʭ ʥʫʣʝʡ. ɺʳʩʦʢʘʷ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʴ ʜʦʩʪʠʛʘʝʪʩʷ ʢʦʥ-

ʪʨʦʣʝʤ ʧʨʠʥʠʤʘʝʤʳʭ ʜʘʥʥʳʭ ʥʘ 5-ʙʠʪʦʚʦʤ ʠʥʪʝʨʚʘʣʝ. 

ʎʝʥʘ ʢʦʜʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ ð ʩʥʠʞʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʧʦʣʝʟʥʦʡ ʠʥ-

ʬʦʨʤʘʮʠʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʦʙʘʚʣʝʥʠʷ ʦʜʥʦʛʦ ʠʟʙʳʪʦʯʥʦʛʦ ʙʠʪʘ ʥʘ ʯʝʪʳʨʝ ʠʥ-

ʬʦʨʤʘʮʠʦʥʥʳʭ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʣʦʩʳ ʯʘʩʪʦʪ ʚ ʧʨʦʪʦʢʦʣʘʭ ʩ 

ʢʦʜʦʤ MLT-3 ʠ ʢʦʜʠʨʦʚʘʥʠʝʤ ʜʘʥʥʳʭ 4B5B ʫʤʝʥʴʰʘʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘ 

25%. 

ʇʨʠ ʩʦʚʤʝʩʪʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʜʠʨʦʚʘʥʠʷ ʩʠʛʥʘʣʦʚ MLT-3 ʠ ʜʘʥʥʳʭ 

4ɺ5ɺ ʯʝʪʚʝʨʪʘʷ ʧʝʨʝʜʘʯʘ ʨʘʙʦʪʘʝʪ ʬʘʢʪʠʯʝʩʢʠ ʢʘʢ ʪʨʝʪʴʷ ð 3 ʙʠʪʘ ʠʥʬʦʨʤʘ-

ʮʠʠ ʥʘ 1 ʛʝʨʮ ʥʝʩʫʱʝʡ ʯʘʩʪʦʪʳ ʩʠʛʥʘʣʘ. ʊʘʢʘʷ ʩʭʝʤʘ ʠʩʧʦʣʟɹʫʝʪʩʷ ʚ ʧʨʦʪʦʢʦʣʝ 

TP-PMD. 

ʀʥʬʦʨʤʘʮʠʷ ʜʝʣʠʪʩʷ ʥʘ ʢʚʘʨʪʝʪʳ (ʧʦ 4 ʙʠʪʘ), ʠ ʢ ʢʘʞʜʳʤ ʠʥʬʦʨʤʘʮʠʦʥ-

ʥʳʤ ʯʝʪʳʨʝʤ ʙʠʪʘʤ ʜʦʙʘʚʣʷʝʪʩʷ ʧʷʪʳʡ ʩʠʥʭʨʦʥʠʟʠʨʫʶʱʠʡ ʙʠʪ, ʟʥʘʯʝʥʠʝ ʢʦ-

ʪʦʨʦʛʦ ʧʦʦʯʝʨʝʜʥʦ ʤʝʥʷʝʪʩʷ (1010), ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʩʠʥʭʨʦʥʠʟʘʮʠʷ ʧʨʦʠʩʭʦʜʠʪ 

ʚ ʧʷʪʴ ʨʘʟ ʨʝʞʝ, ʯʝʤ ʚ NRZ. 
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10 ʄʙ/ʩ ʚʝʨʩʠʠ Ethernet ʠʩʧʦʣʴʟʫʶʪ ʤʘʥʯʝʩʪʝʨʩʢʦʝ ʢʦʜʠʨʦʚʘʥʠʝ ʜʣʷ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ ʧʨʠ ʧʝʨʝʜʘʯʝ ʧʦ ʢʘʙʝʣʶ. ʄʝʪʦʜ ʢʦʜʠʨʦʚʘʥʠʷ 4B5B ʦʧ-

ʨʝʜʝʣʝʥ ʚ ʩʪʘʥʜʘʨʪʝ FDDI, ʠ ʦʥ ʙʝʟ ʠʟʤʝʥʝʥʠʡ ʧʝʨʝʥʝʩʝʥ ʚ ʩʧʝʮʠʬʠʢʘʮʠʶ PHY 

FX/TX. ʇʨʠ ʵʪʦʤ ʤʝʪʦʜʝ ʢʘʞʜʳʝ 4 ʙʠʪʘ ʜʘʥʥʳʭ MAC-ʧʦʜʫʨʦʚʥʷ (ʥʘʟʳʚʘʝʤʳʭ 

ʩʠʤʚʦʣʘʤʠ) ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ 5 ʙʠʪʘʤʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʟʙʳʪʦʯʥʦʛʦ ʙʠʪʘ ʧʦʟʚʦ-

ʣʷʝʪ ʧʨʠʤʝʥʠʪʴ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʢʦʜʳ ʧʨʠ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʢʘʞʜʦʛʦ ʠʟ ʧʷʪʠ ʙʠʪ ʚ 

ʚʠʜʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠʣʠ ʦʧʪʠʯʝʩʢʠʭ ʠʤʧʫʣʴʩʦʚ. ʇʦʪʝʥʮʠʘʣʴʥʳʝ ʢʦʜʳ ʦʙʣʘʜʘʶʪ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʘʥʯʝʩʪʝʨʩʢʠʤʠ ʢʦʜʘʤʠ ʙʦʣʝʝ ʫʟʢʦʡ ʧʦʣʦʩʦʡ ʩʧʝʢʪʨʘ ʩʠʛʥʘʣʘ, 

ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʝʜʲʷʚʣʷʶʪ ʤʝʥʴʰʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʦʣʦʩʝ ʧʨʦʧʫʩʢʘʥʠʷ ʢʘ-

ʙʝʣʷ. ʆʜʥʘʢʦ, ʧʨʷʤʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʢʦʜʦʚ ʜʣʷ ʧʝʨʝʜʘʯʠ ʠʩ-

ʭʦʜʥʳʭ ʜʘʥʥʳʭ ʙʝʟ ʠʟʙʳʪʦʯʥʦʛʦ ʙʠʪʘ ʥʝʚʦʟʤʦʞʥʦ ʠʟ-ʟʘ ʧʣʦʭʦʡ ʩʘʤʦʩʠʥʭʨʦʥʠ-

ʟʘʮʠʠ ʧʨʠʝʤʥʠʢʘ ʠ ʠʩʪʦʯʥʠʢʘ ʜʘʥʥʳʭ: ʧʨʠ ʧʝʨʝʜʘʯʝ ʜʣʠʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ-

ʩʪʠ ʝʜʠʥʠʮ ʠʣʠ ʥʫʣʝʡ ʚ ʪʝʯʝʥʠʝ ʜʦʣʛʦʛʦ ʚʨʝʤʝʥʠ ʩʠʛʥʘʣ ʥʝ ʠʟʤʝʥʷʝʪʩʷ, ʠ ʧʨʠ-

ʝʤʥʠʢ ʥʝ ʤʦʞʝʪ ʦʧʨʝʜʝʣʠʪʴ ʤʦʤʝʥʪ ʯʪʝʥʠʷ ʦʯʝʨʝʜʥʦʛʦ ʙʠʪʘ.  

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʷʪʠ ʙʠʪ ʜʣʷ ʢʦʜʠʨʦʚʘʥʠʷ ʰʝʩʪʥʘʜʮʘʪʠ ʠʩʭʦʜʥʳʭ 4-ʭ 

ʙʠʪʦʚʳʭ ʢʦʤʙʠʥʘʮʠʡ, ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʪʘʢʫʶ ʪʘʙʣʠʮʫ ʢʦʜʠʨʦʚʘʥʠʷ, ʚ ʢʦʪʦʨʦʡ 

ʣʶʙʦʡ ʠʩʭʦʜʥʳʡ 4-ʭ ʙʠʪʦʚʳʡ ʢʦʜ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 5-ʪʠ ʙʠʪʦʚʳʤ ʢʦʜʦʤ ʩ ʯʝʨʝ-

ʜʫʶʱʠʤʠʩʷ ʥʫʣʷʤʠ ʠ ʝʜʠʥʠʮʘʤʠ. ʊʝʤ ʩʘʤʳʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩʠʥʭʨʦʥʠʟʘʮʠʷ 

ʧʨʠʝʤʥʠʢʘ ʩ ʧʝʨʝʜʘʪʯʠʢʦʤ. ʊʘʢ ʢʘʢ ʠʩʭʦʜʥʳʝ ʙʠʪʳ MAC-ʧʦʜʫʨʦʚʥʷ ʜʦʣʞʥʳ 

ʧʝʨʝʜʘʚʘʪʴʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ 100ʄʙʠʪ/c, ʪʦ ʥʘʣʠʯʠʝ ʦʜʥʦʛʦ ʠʟʙʳʪʦʯʥʦʛʦ ʙʠʪʘ 

ʚʳʥʫʞʜʘʝʪ ʧʝʨʝʜʘʚʘʪʴ ʙʠʪʳ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʢʦʜʘ 4B/5B ʩʦ ʩʢʦʨʦʩʪʴʶ 125 

ʄʙʠʪ/c, ʪʦ ʝʩʪʴ ʤʝʞʙʠʪʦʚʦʝ ʨʘʩʩʪʦʷʥʠʝ ʚ ʫʩʪʨʦʡʩʪʚʝ PHY ʩʦʩʪʘʚʣʷʝʪ 8 ʥʘʥʦʩʝ-

ʢʫʥʜ.  

ʊʘʢ ʢʘʢ ʠʟ 32 ʚʦʟʤʦʞʥʳʭ ʢʦʤʙʠʥʘʮʠʡ 5-ʙʠʪʦʚʳʭ ʧʦʨʮʠʡ ʜʣʷ ʢʦʜʠʨʦʚʘʥʠʷ 

ʧʦʨʮʠʡ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʥʫʞʥʦ ʪʦʣʴʢʦ 16, ʪʦ ʦʩʪʘʣʴʥʳʝ 16 ʢʦʤʙʠʥʘʮʠʡ ʚ ʢʦʜʝ 

4ɺ/5B ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʩʣʫʞʝʙʥʳʭ ʮʝʣʷʭ.  

 

ʊʘʙʣʠʮʘ 7.1 ʉʦʦʪʚʝʪʩʪʚʠʝ ʠʩʭʦʜʥʳʭ ʠ ʨʝʟʫʣʴʪʠʨʫʶʱʠʭ ʢʦʜʦʚ 4ɺ5ɺ 

ʀʩʭʦʜʥʳʡ 

ʢʦʜ 

ʈʝʟʫʣʴʪʠʨʫʶʱʠʡ 

ʢʦʜ 

ʀʩʭʦʜʥʳʡ 

ʢʦʜ 

ʈʝʟʫʣʴʪʠʨʫʶʱʠʡ 

ʢʦʜ 

0000 11110 1000 10010 

0001 01001 1001 10011 

0010 10100 1010 10110 

0011 10101 1011 10111 

0100 01010 1100 11010 

0101 01011 1101 11011 

0110 01110 1110 11100 

0111 01111 1111 11101 

 

ʉʧʝʢʪʨʘʣʴʥʘʷ ʰʠʨʠʥʘ ʩʠʛʥʘʣʘ ʟʘʚʠʩʠʪ ʦʪ ʪʘʢʪʦʚʦʡ ʯʘʩʪʦʪʳ, ʤʝʪʦʜʘ ʢʦʜʠ-

ʨʦʚʘʥʠʷ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʠʣʴʪʨʘ ʧʝʨʝʜʘʪʯʠʢʘ.  

ʈʠʩʫʥʦʢ 7.6 ʠʣʣʶʩʪʨʠʨʫʝʪ, ʢʘʢ ʤʝʪʦʜ ʢʦʜʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ 

ʯʘʩʪʦʪʫ ʥʝʩʫʱʝʡ. ɼʣʷ ʪʨʝʭ ʤʝʪʦʜʦʚ ʢʦʜʠʨʦʚʘʥʠʷ ʧʨʠʚʝʜʝʥʳ ʩʠʪʫʘʮʠʠ, ʪʨʝ-

ʙʫʶʱʠʝ ʤʘʢʩʠʤʘʣʴʥʫʶ ʯʘʩʪʦʪʫ ʥʝʩʫʱʝʡ. ʦʜʠʥ ʛʝʨʮ ʥʝʩʫʱʝʡ ʧʝʨʝʜʘʝʪ ʦʜʠʥ ʙʠʪ 
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(1) ʧʨʠ ʤʘʥʯʝʩʪʝʨʩʢʦʤ ʢʦʜʠʨʦʚʘʥʠʠ, ʜʚʘ ʙʠʪʘ (01) ʢʦʜʘ NRZ ʠ ʯʝʪʳʨʝ ʙʠʪʘ 

(1111) ʢʦʜʘ MLT-3. ʌʘʢʪʦʨ ʢʦʜʠʨʦʚʘʥʠʷ (ʧʝʨʝʜʘʯʘ) ʩʦʩʪʘʚʣʷʝʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʦʜʠʥ, ʜʚʘ ʠ ʯʝʪʳʨʝ. 

 

 
ʈʠʩʫʥʦʢ.7.6 ʄʘʢʩʠʤʘʣʴʥʘʷ ʯʘʩʪʦʪʘ ʥʝʩʫʱʝʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʝʪʦʜʘ ʢʦʜʠʨʦ-

ʚʘʥʠʷ. 

ɺʦʧʨʦʩʳ: 

1. ʏʪʦ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʜʦʩʪʦʠʥʩʪʚʘʤ ʠ ʥʝʜʦʩʪʘʪʢʘʤ ʢʦʜʘ NRZ? 

2. ʂʘʢʦʡ ʪʠʧ ʠʥʬʦʨʤʘʮʠʠ ʧʝʨʝʜʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʘʤʧʣʠʪʫʜʥʦʡ ʤʘʥʠʧʫʣʷʮʠʠ? 

3. ʇʦʯʝʤʫ ʘʤʧʣʠʪʫʜʥʘʷ ʤʘʥʠʧʫʣʷʮʠʷ ʥʝ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʰʠʨʦʢʦʧʦʣʦʩʥʳʭ ʢʘʥʘ-

ʣʘʭ? 

4. ʉʢʦʣʴʢʦ ʙʠʪʦʚ ʧʝʨʝʜʘʝʪ ʦʜʠʥ ʩʠʤʚʦʣ ʢʦʜʘ, ʠʤʝʶʱʠʡ ʩʝʤʴ ʩʦʩʪʦʥ̫ʠʡ? 

5. ʇʦʷʩʥʠʪʝ, ʠʟ ʢʘʢʠʭ ʩʦʦʙʨʘʞʝʥʠʡ ʚʳʙʨʘʥʘ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ 64 ʂʙʠʪ/ʩ 

ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʢʘʥʘʣʘ ʮʠʬʨʦʚʳʭ ʪʝʣʝʬʦʥʥʳʭ ʩʝʪʝʡ? 

6. ʏʝʤ ʣʦʛʠʯʝʩʢʦʝ ʢʦʜʠʨʦʚʘʥʠʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʬʠʟʠʯʝʩʢʦʛʦ? 

7. ʂʘʢʦʡ ʧʨʠʥʮʠʧ ʣʝʞʠʪ ʚ ʦʩʥʦʚʝ ʤʝʪʦʜʦʚ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʢʦʨʨʝʢʮʠʠ ʦʰʠʙʦʢ? 

ɺʘʨʠʘʥʪʳ ʦʪʚʝʪʦʚ: 

 ʩʘʤʦʩʠʥʭʨʦʥʠʟʘʮʠʷ; 

 ʠʟʙʳʪʦʯʥʦʩʪʴ; 

 ʤʘʢʩʠʤʠʟʘʮʠʷ ʦʪʥʦʰʝʥʠʷ ʤʦʱʥʦʩʪʠ ʩʠʛʥʘʣʘ ʢ ʤʦʱʥʦʩʪʠ ʧʦʤʝʭ. 

8. ɺʦ ʩʢʦʣʴʢʦ ʨʘʟ ʫʚʝʣʠʯʠʪʩʷ ʰʠʨʠʥʘ ʩʧʝʢʪʨʘ ʢʦʜʘ NRZ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʘʢʪʦ-

ʚʦʡ ʯʘʩʪʦʪʳ ʧʝʨʝʜʘʪʯʠʢʘ ʚ ʜʚʘ ʨʘʟʘ? 

9. ʇʝʨʝʯʠʩʣʠʪʝ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʢʦʜʘ ʩ ʚʦʟʚʨʘʪʦʤ ʢ ʥʫʣʶ RZ. 

10. ɻʜʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʦʜ ʩ ʚʦʟʚʨʘʪʦʤ ʢ ʥʫʣʶ RZ? 

11. ʂ ʢʘʢʠʤ ʢʦʜʘʤ ʦʪʥʦʩʠʪʩʷ ʤʘʥʯʝʩʪʝʨʩʢʠʡ ʢʦʜ? 

12. ɼʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʤʘʥʯʝʩʪʝʨʩʢʦʛʦ ʢʦʜʘ. 

13. ɺ ʯʝʤ ʩʦʩʪʦʠʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʦʪʣʠʯʠʝ ʤʘʥʯʝʩʪʝʨʩʢʦʛʦ ʦʪ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-

ʛʦ ʤʘʥʯʝʩʪʝʨʩʢʦʛʦ ʢʦʜʘ? 

14. ʏʪʦ ʦʙʱʝʛʦ ʠ ʚ ʯʝʤ ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʢʦʜʘʤʠ MLT-3 ʠ NRZ? 

15. ʆʙʲʷʩʥʠʪʝ ʧʨʦʮʝʩʩ ʢʦʜʠʨʦʚʘʥʠʷ ʚ ʢʦʜʘʭ 8ɺ6ʊ ʠ 4ɺ5ɺ. 

16. ʧʦʤʦʛʘʝʪ ʣʠ ʤʝʪʦʜ ʢʦʜʠʨʦʚʘʥʠʷ ʫʤʝʥʴʰʠʪ ʯʘʩʪʦʪʫ ʥʝʩʫʱʝʡ, ʢʘʢ ʵʪʦ ʩʢʘʟʳ-

ʚʘʝʪʩʷ ʥʘ ʩʘʤʦʤ ʩʠʛʥʘʣʝ? 

17. ʂʘʢʦʡ, ʥʘ ʚʘʰ ʚʟʛʣʷʜ, ʠʟ ʚʳʰʝ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʢʦʜʦʚ ʯʘʱʝ ʚʩʪʨʝʯʘʝʪʩʷ? ʇʦ-

ʯʝʤʫ? 
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ʃʝʢʮʠʷ 8 

8. ʉʪʨʫʢʪʫʨʠʨʦʚʘʥʥʘʷ ʢʘʙʝʣʴʥʘʷ ʩʠʩʪʝʤʘ ʠ ʩʨʝʜʳ  

ʧʝʨʝʜʘʯ 

ʉʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ ʢʘʙʝʣʴʥʦʡ ʩʠʩʪʝʤʦʡ (ʉʂʉ) ʥʘʟʳʚʘʝʪʩʷ ʢʘʙʝʣʴʥʘʷ ʩʠʩ-

ʪʝʤʘ: 

 ʠʤʝʶʱʘʷ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʠ ʪʦʧʦʣʦʛʠʶ, 

 ʠʩʧʦʣʴʟʫʶʱʘʷ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʥʳʝ ʵʣʝʤʝʥʪʳ (ʢʘʙʝʣʠ, ʨʘʟʲʝʤʳ, ʢʦʤʤʫʪʘ-

ʮʠʦʥʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʠ ʪ.ʧ.), 

 ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ (ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥ-

ʥʳʭ, ʟʘʪʫʭʘʥʠʝ ʠ ʧʨʦʯ.), 

 ʫʧʨʘʚʣʷʝʤʘʷ (ʘʜʤʠʥʠʩʪʨʠʨʫʝʤʘʷ) ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʥʳʤ ʦʙʨʘʟʦʤ. 

 

ʉʪʨʫʢʪʫʨʠʨʦʚʘʥʥʘʷ ʢʘʙʝʣʴʥʘʷ ʩʠʩʪʝʤʘ (Structured Cabling System ï SCS) 

ï ʵʪʦ ʥʘʙʦʨ ʢʦʤʤʫʪʘʮʠʦʥʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʢʘʙʝʣʝʡ, ʨʘʟʲʝʤʦʚ, ʢʦʥʥʝʢʪʦʨʦʚ, ʢʨʦʩ-

ʩʦʚʳʭ ʧʘʥʝʣʝʡ ʠ ʰʢʘʬʦʚ), ʘ ʪʘʢʞʝ ʤʝʪʦʜʠʢʘ ʠʭ ʩʦʚʤʝʩʪʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʢʦ-

ʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʨʝʛʫʣʷʨʥʳʝ, ʣʝʛʢʦ ʨʘʩʰʠʨʷʝʤʳʝ ʩʪʨʫʢʪʫʨʳ ʩʚʷʟʝʡ ʚ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʝʪʷʭ.  

ʆʪʤʝʪʠʤ, ʯʪʦ ʪʝʨʤʠʥ "ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʥʳʡ" ʥʝ ʦʟʥʘʯʘʝʪ ʟʜʝʩʴ "ʦʜʠʥʘʢʦ-

ʚʳʡ", ʘ ʦʧʨʝʜʝʣʷʝʪ ʣʠʰʴ, ʯʪʦ ʚʩʝ ʨʘʟʣʠʯʥʳʝ ʉʂʉ ʩʪʨʦʷʪʩʷ ʧʦ ʦʜʠʥʘʢʦʚʳʤ 

ʧʨʠʥʮʠʧʘʤ ʠ ʧʨʘʚʠʣʘʤ ʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʘʮʠʦʥʘʣʴʥʳʤʠ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʤʠ 

ʩʪʘʥʜʘʨʪʘʤʠ ʚ ʦʙʣʘʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

ʂʘʙʝʣʴʥʫʶ ʩʠʩʪʝʤʫ, ʥʝ ʦʙʣʘʜʘʶʱʫʶ ʭʦʪʷ ʙʳ ʦʜʥʠʤ ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ 

ʩʚʦʡʩʪʚ, ʥʘʟʳʚʘʶʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦʡ ʢʘʙʝʣʴʥʦʡ ʩʠʩʪʝʤʦʡ (ʀʂʉ) (ʚ ʩʤʳʩʣʝ ʝʝ 

ʝʜʠʥʩʪʚʝʥʥʦʩʪʠ ʚ ʩʚʦʝʤ ʨʦʜʝ). 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʢʘʙʝʣʴʥʳʭ ʩʠʩʪʝʤ ʉʂʉ ʧʝʨʝʜ ʀʂʉ  

ʩʣʝʜʫʶʱʠʝ: 

1. ʋʥʠʚʝʨʩʘʣʴʥʦʩʪʴ: ʦʜʥʘ ʢʘʙʝʣʴʥʘʷ ʩʠʩʪʝʤʘ ʦʙʩʣʫʞʠʚʘʝʪ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʚ 

ʟʜʘʥʠʠ ʩʠʩʪʝʤʳ: ʪʝʣʝʬʦʥʥʫʶ, ʃɺʉ, ʧʦʞʘʨʥʫʶ, ʦʭʨʘʥʥʫʶ ʠ ʜʨ.  

2. ɺʳʩʦʢʫʶ ʘʜʘʧʪʠʚʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʠʟʤʝʥʝʥʠʷʤ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ ("ʛʠʙ-

ʢʦʩʪʴ"): ʜʝʡʩʪʚʠʪʝʣʴʥʦ, ʙʝʟ ʠʟʤʝʥʝʥʠʡ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʙʝʟ ʧʝʨʝʢʣʘʜʢʠ ʢʘʙʝʣʝʡ 

ʉʂʉ ʣʝʛʢʦ ʧʨʠʩʧʦʩʘʙʣʠʚʘʝʪʩʷ: 

 ʢ ʠʟʤʝʥʝʥʠʷʤ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʝʜʧʨʠʷʪʠʷ (ʦʨʛʘʥʠʟʘʮʠʷ ʥʦʚʳʭ 

ʠ ʣʠʢʚʠʜʘʮʠʷ ʩʪʘʨʳʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ); 

 ʢ ʧʝʨʝʜʠʩʣʦʢʘʮʠʠ ʩʦʪʨʫʜʥʠʢʦʚ ʠ ʧʦʜʨʘʟʜʝʣʝʥʠʡ (ʥʘʧʨʠʤʝʨ, ʙʘʥʢ 

"BARKLAYS BANK", ʦʙʣʘʜʘʷ ʉʂʉ, ʧʝʨʝʤʝʩʪʠʣ ʟʘ ʩʫʙʙʦʪʫ ʠ ʚʦʩʢʨʝʩʝʥʴʝ ʚ 

ʥʦʚʦʝ ʧʦʤʝʱʝʥʠʝ 590 ʩʦʪʨʫʜʥʠʢʦʚ, ʢʦʪʦʨʳʝ ʚ ʧʦʥʝʜʝʣʴʥʠʢ ʧʨʦʜʦʣʞʠʣʠ ʨʘ-

ʙʦʪʫ ʙʝʟ ʧʨʦʙʣʝʤ ); 

 ʢ ʩʤʝʥʝ ʪʠʧʦʚ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʢ ʩʤʝʥʝ ʝʛʦ ʧʦʩʪʘʚʱʠʢʦʚ (ʟʘ-

ʤʝʪʠʤ, ʯʪʦ ʦʙʦʨʫʜʦʚʘʥʠʝ ʦʙʥʦʚʣʷʝʪʩʷ ʚ ʢʦʤʧʴʶʪʝʨʥʦʡ ʦʙʣʘʩʪʠ ʧʨʠʤʝʨʥʦ ʟʘ 

ʪʨʠ ʛʦʜʘ), ʘ ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʢʦʥʢʨʝʪʥʳʭ ʧʦʩʪʘʚʱʠʢʦʚ ʚʩʝʛʜʘ ʧʦʣʝʟʥʘ. 
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3. ʅʝʙʦʣʴʰʫʶ ʯʠʩʣʝʥʥʦʩʪʴ ʠ ʤʦʥʦʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʩʪʴ ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ 

ʉʂʉ ʧʝʨʩʦʥʘʣʘ (ʥʝ ʥʫʞʥʳ ʦʪʜʝʣʴʥʳʝ ʩʧʝʮʠʘʣʠʩʪʳ ʧʦ ʧʨʦʚʦʜʢʝ ʜʣʷ ʧʦʞʘʨʥʳʭ, 

ʦʭʨʘʥʥʳʭ, ʪʝʣʝʬʦʥʥʳʭ ʠ ʜʨʫʛʠʭ ʩʠʩʪʝʤ - ʥʫʞʝʥ ʣʠʰʴ ʘʜʤʠʥʠʩʪʨʘʪʦʨ ʉʂʉ); 

4. ɺʳʩʦʢʫʶ ʵʢʦʥʦʤʠʯʥʦʩʪʴ ʧʦ ʢʨʠʪʝʨʠʶ "ʟʘʪʨʘʪʳ ï ʵʬʬʝʢʪʠʚʥʦʩʪʴ". ʉ ʦʧʨʝʜʝ-

ʣʝʥʥʦʛʦ ʤʦʤʝʥʪʘ ʟʘʪʨʘʪʳ ʥʘ ʧʦʜʜʝʨʞʘʥʠʝ ʀʂʉ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʶʪ ʘʥʘʣʦ-

ʛʠʯʥʳʝ ʜʣʷ ʉʂʉ. ʇʨʠ ʨʝʘʣʴʥʦʤ ʩʨʦʢʝ ʦʢʫʧʘʝʤʦʩʪʠ ʉʂʉ ʚ 3...5 ʣʝʪ "ʮʝʥʘ ʚʣʘʜʝ-

ʥʠʷ" ʝʶ ʦʢʘʟʳʚʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴh ʝʡ, ʯʝʤ ʜʣʷ ʀʂʉ. 

  

8.1 ʇʨʠʥʮʠʧʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

8.1.1 ʉʪʘʜʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ ʩʦʚʨʝʤʝʥʥʳʭ ʦʬʠʩʦʚ ʠ ʉʂʉ 

ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʜʚʝ ʦʩʥʦʚʥʳʝ ʩʪʘʜʠʠ: ʘʨʭʠʪʝʢʪʫʨʥʫʶ ʠ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥ-

ʥʫʶ. 

ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʩʪʘʜʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʧʨʝ-

ʜʝʣʝʥʠʝ ʦʙʱʝʡ ʩʪʨʫʢʪʫʨʳ ʉʂʉ, ʦʧʪʠʤʘʣʴʥʦʡ ʧʦ ʢʦʤʧʣʝʢʩʫ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠ-

ʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʧʨʦʮʝʩʩʝ ʩʦʟʜʘʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʆʩ-

ʥʦʚʥʳʤʠ ʠʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʵʪʦʛʦ ʵʪʘʧʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ 

(ʨʠʩ.8.1): 

 ʬʦʨʤʘ, ʵʪʘʞʥʦʩʪʴ, ʘʨʭʠʪʝʢʪʫʨʥʳʝ, ʧʣʘʥʠʨʦʚʦʯʥʳʝ ʠ ʜʨʫʛʠʝ ʦʩʦʙʝʥʥʦʩʪʠ, 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʜʘʥʠʷ ʠʣʠ ʠʭ ʢʦʤʧʣʝʢʩʘ, ʘ ʪʘʢʞʝ ʧʨʠʣʝ-

ʛʘʶʱʝʡ ʪʝʨʨʠʪʦʨʠʠ; 

 ʩʪʨʦʠʪʝʣʴʥʳʝ ʠ ʜʨʫʛʠʝ ʥʦʨʤʘʪʠʚʥʳʝ ʜʦʢʫʤʝʥʪʳ ʥʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩʣʫʞʝʙ-

ʥʳʭ ʧʦʤʝʱʝʥʠʡ ʩʠʩʪʝʤ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ ʠ ʢʘʙʝʣʥɹʳʭ ʪʨʘʩʩ; 

 ʥʦʨʤʘʪʠʚʥʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ ʧʦ ʉʂʉ (ʩʪʘʥʜʘʨʪʳ); 

 ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʟʘʢʘʟʯʠʢʘ. 

ʅʘ ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʩʪʘʜʠʠ ʨʘʙʦʪʳ ʧʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʧʨʦʚʦʜʷʪʩʷ ʩʧʝʮʠʘ-

ʣʠʟʠʨʦʚʘʥʥʳʤʠ ʧʨʦʝʢʪʥʳʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ ʩ ʫʯʝʪʦʤ ʪʨʝʙʦʚʘʥʠʡ ʧʦʜʨʷʜʯʠʢʘ, 

ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʉʂʉ. 

 

8.1.2 ʊʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʘʷ ʩʪʘʜʠʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

ʊʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʘʷ ʩʪʘʜʠʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠʥʦʛʜʘ ʥʘʯʠʥʘʝʪʩʷ ʧʦ 

ʦʢʦʥʯʘʥʠʠ ʘʨʭʠʪʝʢʪʫʨʥʦʡ, ʥʦ ʦʙʳʯʥʦ ʦʥʘ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʢʘʧʠ-

ʪʘʣʴʥʳʭ ʩʪʨʦʠʪʝʣʴʥʦ-ʤʦʥʪʘʞʥʳʭ ʨʘʙʦʪ. ʅʘ ʥʝʡ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʢʦʥʢʨʝʪʥʘʷ 

ʩʪʨʫʢʪʫʨʘ ʉʂʉ, ʩʦʩʪʘʚʣʷʝʪʩʷ ʧʝʨʝʯʝʥʴ ʥʝʦʙʭʦʜʠʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʣʘʥʳ ʝʛʦ 

ʨʘʟʤʝʱʝʥʠʷ ʠ ʪ.ʜ.  
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ʊʝʭʥʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠ̫ 

ʟʘʢʘʟʯʠʢʘ

ɸʨʭʠʪʝʢʪʫʨʥrʝ

ʦʩʦʙʝʥʥʦʩʪʠ ʟʜʘʥʠ̫

ʉʪʨʦʠʪʝʣɹʥrʝ ʠ ʜʨʫʛʠʝ

ʅʦʨʤʘʪʠʚʥrʝ ʘʢʪr

ɸʨʭʠʪʝʢʪʫʨʥʘ̫ ʩʪʘʜʠ̫

ʧʨʦʝʢʪʠʨʦʚʘʥʠ̫

ɸʨʭʠʪʝʢʪʫʨʥʘ̫ ʩʪʘʜʠ̫

ʧʨʦʝʢʪʠʨʦʚʘʥʠ̫

ʅʦʨʤʘʪʠʚʥʘ̫

ʜʦʢʫʤʝʥʪʘʮʠ̫ ʧʦ ʉʂʉ

(ʩʪʘʥʜʘʨʪr)

ɼʦʧʦʣʥʠʪʝʣɹʥrʝ

ʪʨʝʙʦʚʘʥʠ̫ ʟʘʢʘʟʯʠʢʘ

 
 

ʈʠʩʫʥʦʢ 8.1 ʉʪʘʜʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʉʂʉ ʠ ʠʩʪʦʯʥʠʢʠ  

ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ. 

8.2 ʕʪʘʧʳ ʩʦʟʜʘʥʠʷ ʉʂʉ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʩʪʘʥʜʘʨʪʘ, ʢʦʪʦʨʳʡ ʦʧ-

ʨʝʜʝʣʷʝʪ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʫʶ ʢʘʙʝʣʴʥʫʶ ʩʠʩʪʝʤʫ ʢʘʢ ʪʝʭʥʠʯʝʩʢʠʡ ʦʙʲʝʢʪ, ʠ ʪʝʤ 

ʙʦʣʝʝ ʦʪʩʫʪʩʪʚʫʶʪ ʧʨʘʚʠʣʘ ʝʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʇʦʵʪʦʤʫ ʧʨʦʝʢʪʥʳʝ ʨʘʙʦʪʳ ʧʦ 

ʨʝʘʣʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʚʝʜʫʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʨʫʛʠʭ ʨʫʢʦʚʦʜʷʱʠʭ ʤʘʪʝʨʠʘ-

ʣʦʚ. ʅʘʠʙʦʣʝʝ ʙʣʠʟʢʠʤ ʥʦʨʤʘʪʠʚʥʳʤ ʜʦʢʫʤʝʥʪʦʤ, ʢʦʪʦʨʳʡ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ 

ʩʠʩʪʝʤʥʳʝ ʠʥʪʝʛʨʘʪʦʨʳ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʉʂʉ, ʷʚʣʷʝʪʩʷ ɻʆʉʊ 34.601-90. ʉʦ-

ʛʣʘʩʥʦ ʵʪʦʤʫ ʩʪʘʥʜʘʨʪʫ ʩʦʟʜʘʥʠʝ ʩʠʩʪʝʤʳ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʵʪʘʧʳ ʠ ʬʘʟʳ, ʧʝʨʝ-

ʯʠʩʣʝʥʥʳʝ ʚ ʊʘʙʣʠʮʘ 8.1.  

ʊʘʙʣʠʮʘ 8.1. 

ʕʪʘʧ ʌʘʟʘ 

1. ʌʦʨʤʠʨʦʚʘʥʠʝ ʪʨʝ-

ʙʦʚʘʥʠʡ 

1.1. ʆʙʩʣʝʜʦʚʘʥʠʝ ʦʙʲʝʢʪʘ 

1.2.ʌʦʨʤʠʨʦʚʘʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʧʦʣʴʟʦʚʘʪʝʣʷ ʢ ʩʠʩʪʝʤʝ 

2. ʊʝʭʥʠʯʝʩʢʦʝ ʟʘʜʘ-

ʥʠʝ 

2.1. ʈʘʟʨʘʙʦʪʢʘ ʠ ʫʪʚʝʨʞʜʝʥʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʘʜʘʥʠʷ 

ʥʘ ʩʦʟʜʘʥʠʝ ʩʠʩʪʝʤʳ 

3. ʕʩʢʠʟʥʳʡ ʧʨʦʝʢʪ 3.1. ʈʘʟʨʘʙʦʪʢʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ 

ʧʦ ʩʠʩʪʝʤʝ ʠ ʝʝ ʯʘʩʪʠ 

3.2. ʈʘʟʨʘʙʦʪʢʘ ʧʦʷʩʥʠʪʝʣʥɹʦʡ ʟʘʧʠʩʢʠ ʠ ʣʦʢʘʣʴʥʦʡ 

ʩʤʝʪʳ ʵʩʢʠʟʥʦʛʦ ʧʨʦʝʢʪʘ 

4. ʊʝʭʥʠʯʝʩʢʠʡ ʧʨʦʝʢʪ 4.1. ʈʘʟʨʘʙʦʪʢʘ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ ʧʦ ʩʠʩʪʝʤʝ ʠ ʝʝ 

ʯʘʩʪʷʤ 

4.2. ʈʘʟʨʘʙʦʪʢʘ ʜʦʢʫʤʝʥʪʘʮʠʠ ʥʘ ʩʠʩʪʝʤʫ ʠ ʝʝ ʯʘʩʪʠ 

4.3. ʈʘʟʨʘʙʦʪʢʘ ʠ ʦʬʦʨʤʣʝʥʠʝ ʜʦʢʫʤʝʥʪʘʮʠʠ ʥʘ ʧʦ-

ʩʪʘʚʢʫ ʠʟʜʝʣʠʡ ʜʣʷ ʢʦʤʧʣʝʢʪʦʚʘʥʠʷ ʩʠʩʪʝʤʳ  

5. ʈʘʙʦʯʘʷ ʜʦʢʫʤʝʥʪʘ-

ʮʠʷ 

5.1. ʈʘʟʨʘʙʦʪʢʘ ʨʘʙʦʯʝʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʥʘ ʩʠʩʪʝʤʫ ʠ ʝʝ 

ʯʘʩʪʠ 
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8.3 ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʩʪʘʥʜʘʨʪ ISO/IEC 11801 "ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʪʝʭʥʦʣʦ-

ʛʠʷ ï ʋʥʠʚʝʨʩʘʣʴʥʘʷ ʂʘʙʝʣʴʥʘʷ ʉʠʩʪʝʤʘ ʜʣʷ ʟʜʘʥʠʡ ʠ ʪʝʨʨʠʪʦʨʠʠ ʟʘʢʘʟʯʠ-

ʢʘ". 

   ɺ 1995ʛ. ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʧʦ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ (ISO) ʠ ʄʝʞ-

ʜʫʥʘʨʦʜʥʘʷ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʘʷ ʢʦʤʠʩʩʠʷ (IEC), ʠʤʝʶʱʠʝ ʦʙʲʝʜʠʥʝʥʥʳʡ ʪʝʭ-

ʥʠʯʝʩʢʠʡ ʢʦʤʠʪʝʪ #1 (JTC 1), ʚ ʢʦʪʦʨʦʤ ʝʩʪʴ ʧʦʜʢʦʤʠʪʝʪ 25 (SC 25), ʘ ʚ ʥʝʤ - 

ʨʘʙʦʯʘʷ ʛʨʫʧʧʘ #3 (WG 3), ʚʳʧʫʩʪʠʣʠ ʩʪʘʥʜʘʨʪ, ʧʦʣʥʦʝ ʥʘʠʤʝʥʦʚʘʥʠʝ ʢʦʪʦʨʦʛʦ 

ʟʘʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: International Standard ISO/IEC 

JTC1/SC25/WG3/11801 "Information Technology -Generic Cabling for Customer 

Premises". 

ɼʦʩʪʘʪʦʯʥʦʝ ʜʣʷ ʧʨʘʚʠʣʴʥʳʭ ʩʩʳʣʦʢ ʝʛʦ ʥʘʠʤʝʥʦʚʘʥʠʝ ʠʤʝʝʪ ʚʠʜ: ʉʪʘʥ-

ʜʘʨʪ ISO/IEC 11801:1995 (ɽ), ʘ ʞʘʨʛʦʥʥʦʝ ʥʘʠʤʝʥʦʚʘʥʠʝ - ʉʪʘʥʜʘʨʪ 11801. 

ʅʘʟʚʘʥʠʝ ʩʪʘʥʜʘʨʪʘ ʤʦʞʥʦ ʧʝʨʝʚʝʩʪʠ ʥʘ ʨʫʩʩʢʠʡ ʷʟʳʢ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘ-

ʟʦʤ: "ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ - ʋʥʠʚʝʨʩʘʣʴʥʘʷ ʢʘʙʝʣʴʥʘʷ ʩʠʩʪʝʤʘ ʜʣʷ ʟʜʘ-

ʥʠʡ ʠ ʪʝʨʨʠʪʦʨʠʠ ɿʘʢʘʟʯʠʢʘ". 

ʉʪʘʥʜʘʨʪ ʩʦʜʝʨʞʠʪ 105 ʩʪʨʘʥʠʮ ʪʝʢʩʪʘ, 35 ʨʠʩʫʥʢʦʚ, 38 ʪʘʙʣʠʮ ʠ ʩʦʩʪʦʠʪ 

ʠʟ ʇʨʝʜʠʩʣʦʚʠʷ, ɺʚʝʜʝʥʠʷ, 11 ʨʘʟʜʝʣʦʚ ʠ 9 ʧʨʠʣʦʞʝʥʠʡ, 6 ʠʟ ʢʦʪʦʨʳʭ ʧʨʝʜʥʘ-

ʟʥʘʯʝʥʳ ʪʦʣʴʢʦ ʜʣʷ ʠʥʬʦʨʤʘʮʠʠ. 

ʉʪʘʥʜʘʨʪ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʢʘʙʝʣʴʥʘʷ ʩʠʩʪʝʤʘ, ʠʤ ʦʧʨʝʜʝ-

ʣʝʥʥʘʷ, ʙʫʜʝʪ ʠʤʝʪʴ "ʩʠʣʫ" ʚ ʪʝʯʝʥʠʝ 10 ʣʝʪ. 

ʉʪʘʥʜʘʨʪ ʦʙʝʩʧʝʯʠʚʘʝʪ: 

 ʧʦʣʴʟʦʚʘʪʝʣʝʡ ï ʥʝʟʘʚʠʩʠʤʦʡ ʦʪ ʧʨʠʤʝʥʝʥʠʡ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʢʘʙʝʣʴʥʦʡ 

ʩʠʩʪʝʤʦʡ ʠ ʦʪʢʨʪrʳʤ ʨʳʥʢʦʤ ʝʝ ʢʦʤʧʦʥʝʥʪ; 

 ʧʦʣʴʟʦʚʘʪʝʣʝʡ ï ʛʠʙʢʦʡ ʢʘʙʝʣʴʥʦʡ ʩʭʝʤʦʡ, ʪʘʢ ʯʪʦ ʤʦʜʠʬʠʢʘʮʠʠ ʝʝ ʣʝʛʢʠ 

ʠ ʵʢʦʥʦʤʠʯʥʳ; 

 ʩʪʨʦʠʪʝʣʝʡ-ʧʨʦʬʝʩʩʠʦʥʘʣʦʚ ï ʨʫʢʦʚʦʜʩʪʚʦʤ, ʧʦʟʚʦʣʷʶʱʠʤ ʧʨʠʩʧʦʩʦʙʠʪʴ 

ʟʜʘʥʠʝ ʢ ʢʘʙʝʣʷʤ ʝʱʝ ʜʦ ʪʦʛʦ, ʢʘʢ ʩʪʘʥʫʪ ʠʟʚʝʩʪʥʳ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʪʨʝʙʦ-

ʚʘʥʠʷ; 

6. ɺʚʦʜ ʚ ʜʝʡʩʪʚʠʝ 6.1. ʇʦʜʛʦʪʦʚʢʘ ʦʙʲʝʢʪʘ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʢ ʚʚʦʜʫ ʩʠʩ-

ʪʝʤʳ ʚ ʜʝʡʩʪʚʠʝ 

6.2.  ʇʦʜʛʦʪʦʚʢʘ ʠ ʦʙʫʯʝʥʠʝ ʧʝʨʩʦʥʘʣʘ 

6.3. ʂʦʤʧʣʝʢʪʘʮʠʷ ʩʠʩʪʝʤʳ ʧʦʩʪʘʚʣʷʝʤʳʤʠ ʠʟʜʝʣʠʷ-

ʤʠ 

6.4. ʉʪʨʦʠʪʝʣʴʥʦ-ʤʦʥʪʘʞʥʳʝ ʨʘʙʦʪʳ  

6.5. ʇʫʩʢʦʥʘʣʘʜʦʯʥʳʝ ʨʘʙʦʪʳ 

6.6. ʇʨʦʚʝʜʝʥʠʝ ʦʧʳʪʥʳʭ ʠʩʧʳʪʘʥʠʡ 

6.7. ʇʨʦʚʝʜʝʥʠʝ ʦʧʳʪʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ 

6.8. ʇʨʦʚʝʜʝʥʠʝ ʧʨʠʝʤʦʯʥʳʭ ʠʩʧʳʪʘʥʠʡ 

  

7. ʉʦʧʨʦʚʦʞʜʝʥʠʝ 

ʩʠʩʪʝʤʳ 

7.1. ɺʳʧʦʣʥʝʥʠʝ ʨʘʙʦʪ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʛʘʨʘʥʪʠʡʥʳ-

ʤʠ ʦʙʷʟʘʪʝʣʴʩʪʚʘʤʠ 

7.2. ʇʦʩʣʝʛʘʨʘʥʪʠʡʥʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ 
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 ʩʪʘʥʜʘʨʪʠʟʘʪʦʨʦʚ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʧʨʠʤʝʥʝʥʠʷʭ ï ʢʘʙʝʣʴʥʦʡ ʩʠʩʪʝ-

ʤʦʡ, ʢʦʪʦʨʘʷ ʧʦʜʜʝʨʞʠʚʘʝʪ ʚʳʧʫʩʢʘʝʤʳʝ ʠʟʜʝʣʠʷ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʩʥʦʚʫ 

ʜʣ̫ ʨʘʟʨʘʙʦʪʢʠ ʙʫʜʫʱʠʭ ʠʟʜʝʣʠʡ. 

 

ʉʪʘʥʜʘʨʪ ISO/IEC 11801:1995 (ɽ) ʦʧʨʝʜʝʣʷʝʪ ʫʥʠʚʝʨʩʘʣʴʥʫʶ ʢʘʙʝʣʴʥʫʶ 

ʩʠʩʪʝʤʫ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʥʫʪʨʠ ʢʦʤʤʝʨʯʝʩʢʠʭ ʪʝʨʨʠʪʦʨʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʩʦʜʝʨʞʘʪʴ ʦʜʥʦ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʩʪʨʦʝʥʠʡ ʥʘ ʫʯʘʩʪʢʝ. 

ʉʪʘʥʜʘʨʪ ʦʧʪʠʤʘʣʝʥ ʜʣʷ ʫʯʘʩʪʢʦʚ, ʠʤʝʶʱʠʭ ʛʝʦʛʨʘʬʠʯʝʩʢʠʡ ʨʘʟʤʘʭ ʜʦ  

3000 ʤ, ʦʬʠʩʥʫʶ ʧʣʦʱʘʜʴ - ʜʦ 1000000 ʤ
2
 ʠ "ʥʘʩʝʣʝʥʠʝ" ï  ʦʪ 50 ʜʦ 50000 ʯʝʣʦ-

ʚʝʢ. ʈʝʢʦʤʝʥʜʫʝʪʩʷ, ʯʪʦʙʳ ʧʨʠʥʮʠʧʳ ʵʪʦʛʦ ʩʪʘʥʜʘʨʪʘ ʧʨʠʤʝʥʷʣʠʩʴ ʢ ʠʥʩʪʘʣʣʷ-

ʮʠʷʤ, ʥʝ ʚʳʧʘʜʘʶʱʠʤ ʠʟ ʵʪʠʭ ʨʘʤʦʢ. 

ʉʪʨʫʢʪʫʨʠʨʦʚʘʥʥʘʷ ʢʘʙʝʣʴʥʘʷ ʩʠʩʪʝʤʘ, ʦʧʨʝʜʝʣʝʥʥʘʷ ʵʪʠʤ ʩʪʘʥʜʘʨʪʦʤ, 

ʧʦʜʜʝʨʞʠʚʘʝʪ ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʩʠʩʪʝʤ, ʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʛʦʣʦʩ, ʮʠʬʨʦʚʳʝ 

ʜʘʥʥʳʝ, ʪʝʢʩʪ, ʠʟʦʙʨʘʞʝʥʠʝ ʠ ʚʠʜʝʦʠʥʬʦʨʤʘʮʠʶ. 

ʉʪʘʥʜʘʨʪ ʦʧʨʝʜʝʣʷʝʪ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʢʨʫʧʥʳʝ ʛʨʫʧʧʳ ʪʨʝʙʦʚʘʥʠʡ ʢ 

ʉʂʉ: 

 ʩʪʨʫʢʪʫʨʫ ʠ ʤʠʥʠʤʘʣʴʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ ʉʂʉ, 

 ʪʨʝʙʦʚʘʥʠʷ ʢ ʨʝʘʣʠʟʘʮʠʠ (ʠʟʛʦʪʦʚʣʝʥʠʶ) ʉʂʉ, 

 ʪʨʝʙʦʚʘʥʠʷ ʢ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʦʪʜʝʣʴʥʳʭ ʣʠʥʠʡ ʢʘʙʝʣʴʥʦʡ ʩʠʩʪʝʤʳ, 

 ʧʨʦʮʝʜʫʨʳ  ʢʦʥʪʨʦʣʷ (ʧʦʚʝʨʢʠ)  ʠ ʪʨʝʙʦʚʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʠʷ  ʢʦʥʢʨʝʪʥʦʡ 
ʉʂʉ ʜʘʥʥʦʤʫ ʩʪʘʥʜʘʨʪʫ. 

 

8.4 ʈʦʩʩʠʡʩʢʠʝ ʩʪʘʥʜʘʨʪʳ.  ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʢʠ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ  

ɻʆʉʊ ʈ 50571.1-93 (ʄʕʂ 364-1-72, ʄʕʂ 364-2-70)  

ʕʣʝʢʪʨʦʫʩʪʘʥʦʚʢʠ ʟʜʘʥʠʡ. ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ. ʊʨʝʙʦʚʘʥʠʷ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ 

ʙʝʟʦʧʘʩʥʦʩʪʠ. ɿʘʱʠʪʘ ʦʪ ʧʦʨʘʞʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʪʦʢʦʤ.  

ɻʆʉʊ ʈ 50571.2-94 (ʄʕʂ 364-3-93)  

ʕʣʝʢʪʨʦʫʩʪʘʥʦʚʢʠ ʟʜʘʥʠʡ. ʆʩʥʦʚʥʳʝ ʩʦʦʨʫʞʝʥʠʷ.  

ɻʆʉʊ ʈ 50571.3-94 (ʄʕʂ 364-4-41-92)  

ʕʣʝʢʪʨʦʫʩʪʘʥʦʚʢʠ ʟʜʘʥʠʡ. ʏʘʩʪʴ 4. ʊʨʝʙʦʚʘʥʠʷ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ɿʘʱʠʪʘ ʦʪ ʧʦʨʘʞʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʪʦʢʦʤ.  

ɻʆʉʊ ʈ 50571.11-96 (ʄʕʂ 364-7-701-84)  

ʕʣʝʢʪʨʦʫʩʪʘʥʦʚʢʠ ʟʜʘʥʠʡ ʏʘʩʪʴ 7. ʊʨʝʙʦʚʘʥʠʷ ʢ ʩʧʝʮʠʘʣʴʥʳʤ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚ-

ʢʘʤ. ʈʘʟʜʝʣ 701. ɺʘʥʥʳʝ ʠ ʜʫʰʝʚʳʝ ʢʦʤʥʘʪʳ/  

ɻʆʉʊ ʈ 50571.5-94 (ʄʕʂ 364-4-43-77)  

ʕʣʝʢʪʨʦʫʩʪʘʥʦʚʢʠ ʟʜʘʥʠʡ. ʏʘʩʪʴ 4. ʊʨʝʙʦʚʘʥʠʷ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ɿʘʱʠʪʘ ʦʪ ʩʚʝʨʭʪʦʢʘ.  

ɻʆʉʊ ʈ 50571.6-94 (ʄʕʂ 364-4-45-84)  

ʕʣʝʢʪʨʦʫʩʪʘʥʦʚʢʠ ʟʜʘʥʠʡ. ʏʘʩʪʴ 4. ʊʨʝʙʦʚʘʥʠʷ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ɿʘʱʠʪʘ ʦʪ ʧʦʥʠʞʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ.  

ɻʆʉʊ ʈ 50571.7-94 (ʄʕʂ 364-4-45-84)  

ʕʣʝʢʪʨʦʫʩʪʘʥʦʚʢʠ ʟʜʘʥʠʡ. ʏʘʩʪʴ 4. ʊʨʝʙʦʚʘʥʠʷ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ. 
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ʆʪʜʝʣʝʥʠʝ, ʦʪʢʣʶʯʝʥʠʝ, ʫʧʨʘʚʣʝʥʠʝ.  

ɻʆʉʊ ʈ 50571.8-94 (ʄʕʂ 364-4-47-81)  

ʕʣʝʢʪʨʦʫʩʪʘʥʦʚʢʠ ʟʜʘʥʠʡ. ʏʘʩʪʴ 4. ʊʨʝʙʦʚʘʥʠʷ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʆʙʱʠʝ ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʤʝʨ ʟʘʱʠʪʳ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʊʨʝʙʦʚʘʥʠʷ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʤʝʨ ʟʘʱʠʪʳ ʦʪ ʧʦʨʘʞʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʪʦʢʦʤ.  

ɻʆʉʊ ʈ 50571.9-94 (ʄʕʂ 364-4-473-77)  

ʕʣʝʢʪʨʦʫʩʪʘʥʦʚʢʠ ʟʜʘʥʠʡ. ʏʘʩʪʴ 4.ʊʨʝʙʦʚʘʥʠʷ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʇʨʠʤʝʥʝʥʠʝ ʟʘʱʠʪʳ ʦʪ ʩʚʝʨʭʪʦʢʦʚ.  

ɻʆʉʊ ʈ 50571.10-96 (ʄʕʂ 364-5-54-80)  

ʕʣʝʢʪʨʦʫʩʪʘʥʦʚʢʠ ʟʜʘʥʠʡ. ɺʳʙʦʨ ʠ ʤʦʥʪʘʞ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ. ɻʣʘʚʘ 5. ɻʣʘ-

ʚʘ 54. ɿʘʟʝʤʣʷʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ ʠ ʟʘʱʠʪʥʳʝ ʧʨʦʚʦʜʥʠʢʠ/  

ɻʆʉʊ ʈ 50571.4-94 (ʄʕʂ 364-4-42-80)  

ʕʣʝʢʪʨʦʫʩʪʘʥʦʚʢʠ ʟʜʘʥʠʡ. ʊʨʝʙʦʚʘʥʠʷ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʏʘʩʪʴ 

4.ɿʘʱʠʪʘ ʦʪ ʪʝʧʣʦʚʳʭ ʚʦʟʜʝʡʩʪʚʠʡ. 

ɻʆʉʊ ʈ 50571.15-97 (ʄʕʂ 364-5-52-93)  

ʕʣʝʢʪʨʦʫʩʪʘʥʦʚʢʠ ʟʜʘʥʠʡ ʯʘʩʪʴ 5. ɺʳʙʦʨ ʠ ʤʦʥʪʘʞ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʛʣʘʚʘ 

52. ʕʣʝʢʪʨʦʧʨʦʚʦʜʢʠ  

ɻʆʉʊ ʈ ʄʕʂ 449-96  

ʕʣʝʢʪʨʦʫʩʪʘʥʦʚʢʠ ʟʜʘʥʠʡ. ɼʠʘʧʘʟʦʥʳ ʥʘʧʨʷʞʝʥʠʷ. 

 

8.5 ʉʨʝʜʳ ʧʝʨʝʜʘʯʠ. 

8.5.1 ʌʠʟʠʯʝʩʢʘʷ ʩʨʝʜʘ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. 

ʌʠʟʠʯʝʩʢʘʷ ʩʨʝʜʘ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ, ʥʘ ʢʦʪʦʨʦʡ ʩʪʨʦʷʪʩʷ ʬʠʟʠʯʝʩʢʠʝ ʩʨʝʜ-

ʩʪʚʘ ʩʦʝʜʠʥʝʥʠʷ. ʉʦʧʨʷʞʝʥʠʝ ʩ ʬʠʟʠʯʝʩʢʠʤʠ ʩʨʝʜʩʪʚʘʤʠ ʩʦʝʜʠʥʝʥʠʷ ʧʦʩʨʝʜʩʪ-

ʚʦʤ ʬʠʟʠʯʝʩʢʦʡ ʩʨʝʜʳ ʦʙʝʩʧʝʯʠʚʘʝʪ ʌʠʟʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ. ɺ ʢʘʯʝʩʪʚʝ ʬʠʟʠʯʝ-

ʩʢʦʡ ʩʨʝʜʳ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʵʬʠʨ, ʤʝʪʘʣʣʳ, ʦʧʪʠʯʝʩʢʦʝ ʩʪʝʢʣʦ ʠ ʢʚʘʨʮ. 

ʅʘ ʬʠʟʠʯʝʩʢʦʤ ʫʨʦʚʥʝ ʥʘʭʦʜʠʪʩ̫  ʥʦʩʠʪʝʣʴ, ʧʦ ʢʦʪʦʨʦʤʫ ʧʝʨʝʜʘʶʪʩʷ ʜʘʥʥʳʝ. 

ʉʨʝʜʘ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʢʘʢ ʢʘʙʝʣʴʥʳʝ, ʪʘʢ ʠ ʙʝʩʧʨʦʚʦʜʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ. ʍʦʪʷ ʬʠʟʠʯʝʩʢʠʝ ʢʘʙʝʣʠ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ 

ʥʦʩʠʪʝʣʷʤʠ ʜʣʷ ʩʝʪʝʚʳʭ ʢʦʤʤʫʥʠʢʘʮʠʡ, ʙʝʩʧʨʦʚʦʜʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚʩʝ ʙʦʣʝʝ 

ʚʥʝʜʨʷʶʪʩʷ ʙʣʘʛʦʜʘʨʷ ʠʭ ʩʧʦʩʦʙʥʦʩʪʠ ʩʚʷʟʳʚʘʪʴ ʛʣʦʙʘʣʴʥʳʝ ʩʝʪʠ. 

ʅʘ ʬʠʟʠʯʝʩʢʦʤ ʫʨʦʚʥʝ ʜʣʷ ʬʠʟʠʯʝʩʢʠʭ ʢʘʙʝʣʝʡ ʦʧʨʝʜʝʣʷʶʪʩʷ ʤʝʭʘʥʠʯʝ-

ʩʢʠʝ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʝ (ʦʧʪʠʯʝʩʢʠʝ) ʩʚʦʡʩʪʚʘ ʩʨʝʜʳ ʧʝʨʝʜʘʯʠ, ʢʦʪʦʨʳʝ ʚʢʣʶʯʘ-

ʶʪ: 

1. ʪʠʧ ʢʘʙʝʣʝʡ ʠ ʨʘʟʲʝʤʦʚ; 

2. ʨʘʟʚʦʜʢʫ ʢʦʥʪʘʢʪʦʚ ʚ ʨʘʟʲʝʤʘʭ; 

3. ʩʭʝʤʫ ʢʦʜʠʨʦʚʘʥʠʷ ʩʠʛʥʘʣʦʚ ʜʣʷ ʟʥʘʯʝʥʠʡ 0 ʠ 1. 

ʂʘʥʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʦʧʨʝʜʝʣʷʝʪ ʜʦʩʪʫʧ ʢ ʩʨʝʜʝ ʠ ʫʧʨʘʚʣʝʥʠʝ ʧʝʨʝʜʘʯʝʡ ʧʦ-

ʩʨʝʜʩʪʚʦʤ ʧʨʦʮʝʜʫʨʳ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʧʦ ʢʘʥʘʣʫ. ɺ ʣʦʢʘʣʴʥʳʭ ʩʝʪʷʭ ʧʨʦʪʦʢʦ-

ʣʳ ʢʘʥʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʦʤʧʴʶʪʝʨʘʤʠ, ʤʦʩʪʘʤʠ, ʢʦʤʤʫʪʘʪʦʨʘʤʠ ʠ 
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ʤʘʨʰʨʫʪʠʟʘʪʦʨʘʤʠ. ɺ ʢʦʤʧʴʶʪʝʨʘʭ ʬʫʥʢʮʠʠ ʢʘʥʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʨʝʘʣʠʟʫʶʪʩʷ 

ʩʦʚʤʝʩʪʥʳʤʠ ʫʩʠʣʠʷʤʠ ʩʝʪʝʚʳʭ ʘʜʘʧʪʝʨʦʚ ʠ ʠʭ ʜʨʘʡʚʝʨʦʚ. 

8.5.2 ʂʘʙʝʣʠ ʩʚʷʟʠ, ʣʠʥʠʠ ʩʚʷʟʠ, ʢʘʥʘʣʳ ʩʚʷʟʠ. 

ɼʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʩʚʷʟʠ ʚ ʩʝʪʷʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʧʦʥʪ̫ʠʷ: 

1. ʢʘʙʝʣʠ ʩʚʷʟʠ; 

2. ʣʠʥʠʠ ʩʚʷʟʠ;  

3. ʢʘʥʘʣʳ ʩʚʷʟʠ.  

ʂʘʙʝʣʴ ʩʚʷʟʠ ð ʵʪʦ ʜʣʠʥʥʦʤʝʨʥʦʝ ʠʟʜʝʣʠʝ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʡ ʧʨʦʤʳʰ-

ʣʝʥʥʦʩʪʠ. ʀʟ ʢʘʙʝʣʝʡ ʩʚʷʟʠ ʠ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ (ʤʦʥʪʘʞ, ʢʨʝʧʝʞ, ʢʦʞʫʭʠ ʠ ʪ.ʜ.) 

ʩʪʨʦʷʪ ʣʠʥʠʠ ʩʚʷʟʠ. ʇʨʦʢʣʘʜʢʘ ʣʠʥʠʠ ʚʥʫʪʨʠ ʟʜʘʥʠʷ ʟʘʜʘʯʘ ʜʦʩʪʘʪʦʯʥʦ ʩʝʨʴʝʟ-

ʥʘʷ. ɼʣʠʥʘ ʣʠʥʠʡ ʩʚʷʟʠ ʢʦʣʝʙʣʝʪʩʷ ʦʪ ʜʝʩʷʪʢʦʚ ʤʝʪʨʦʚ ʜʦ ʜʝʩʷʪʢʦʚ ʪʳʩʷʯ ʢʠʣʦ-

ʤʝʪʨʦʚ. ɺ ʣʶʙʫʶ ʙʦʣʝʝ-ʤʝʥʝʝ ʩʝʨʴʝʟʥʫʶ ʣʠʥʠʶ ʩʚʷʟʠ ʢʨʦʤʝ ʢʘʙʝʣʝʡ ʚʭʦʜʷʪ: 

ʪʨʘʥʰʝʠ, ʢʦʣʦʜʮʳ, ʤʫʬʪʳ, ʧʝʨʝʭʦʜʳ ʯʝʨʝʟ ʨʝʢʠ, ʤʦʨʝ ʠ ʦʢʝʘʥʳ, ʘ ʪʘʢʞʝ ʛʨʦʟʦ-

ʟʘʱʠʪʘ (ʨʘʚʥʦ ʢʘʢ ʠ ʜʨʫʛʠʝ ʚʠʜʳ ʟʘʱʠʪʳ) ʣʠʥʠʡ. ʆʯʝʥʴ ʩʣʦʞʥʳ ʦʭʨʘʥʘ, ʵʢʩ-

ʧʣʫʘʪʘʮʠʷ, ʨʝʤʦʥʪ ʣʠʥʠʡ ʩʚʷʟʠ; ʩʦʜʝʨʞʘʥʠʝ ʢʘʙʝʣʝʡ ʩʚʷʟʠ ʧʦʜ ʠʟʙʳʪʦʯʥʳʤ 

ʜʘʚʣʝʥʠʝʤ, ʧʨʦʬʠʣʘʢʪʠʢʘ (ʚ ʩʥʝʛ, ʜʦʞʜʴ, ʥʘ ʚʝʪʨʫ, ʚ ʪʨʘʥʰʝʝ ʠ ʚ ʢʦʣʦʜʮʝ, ʚ ʨʝ-

ʢʝ ʠ ʥʘ ʜʥʝ ʤʦʨʷ). ɹʦʣʴʰʫʶ ʩʣʦʞʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʶʨʠʜʠʯʝʩʢʠʝ ʚʦ-

ʧʨʦʩʳ, ʚʢʣʯʁʘʶʱʠʝ ʩʦʛʣʘʩʦʚʘʥʠʝ ʧʨʦʢʣʘʜʢʠ ʣʠʥʠʡ ʩʚʷʟʠ, ʦʩʦʙʝʥʥʦ ʚ ʛʦʨʦʜʝ. 

ɺʦʪ ʯʝʤ ʣʠʥʠʷ (ʩʚʷʟʠ) ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʢʘʙʝʣʷ.  

ʇʦ ʫʞʝ ʧʦʩʪʨʦʝʥʥʳʤ ʣʠʥʠʷʤ ʦʨʛʘʥʠʟʫʶʪ ʢʘʥʘʣʳ ʩʚʷʟʠ. ʇʨʠʯʝʤ ʝʩʣʠ ʣʠ-

ʥʠʶ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʪʨʦʷʪ ʠ ʩʜʘʶʪ ʩʨʘʟʫ ʚʩʶ, ʪʦ ʢʘʥʘʣʳ ʩʚʷʟʠ ʚʚʦʜʷʪ ʧʦʩʪʝʧʝʥ-

ʥʦ. ʋʞʝ ʧʦ ʣʠʥʠʠ ʤʦʞʥʦ ʜʘʪʴ ʩʚʷʟʴ, ʥʦ ʪʘʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʨʘʡʥʝ ʜʦʨʦʛʦ-

ʩʪʦʷʱʠʭ ʩʦʦʨʫʞʝʥʠʡ ʦʯʝʥʴ ʥʝʵʬʬʝʢʪʠʚʥʦ. ʇʦʵʪʦʤʫ ʧʨʠʤʝʥʷʶʪ ʘʧʧʘʨʘʪʫʨʫ ʢʘ-

ʥʘʣʦʦʙʨʘʟʦʚʘʥʠʷ (ʠʣʠ, ʢʘʢ ʨʘʥʴʰʝ ʛʦʚʦʨʠʣʠ, ʫʧʣʦʪʥʝʥʠʝ ʣʠʥʠʠ). ʇʦ ʢʘʞʜʦʡ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ, ʩʦʩʪʦʷɦ ʝʡ ʠʟ ʜʚʫʭ ʧʨʦʚʦʜʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʚʷʟʴ ʥʝ ʦʜʥʦʡ 

ʧʘʨʝ ʘʙʦʥʝʥʪʦʚ (ʠʣʠ ʢʦʤʧʴʶʪʝʨʦʚ), ʘ ʩʦʪʥʷʤ ʠʣʠ ʪʳʩʷʯʘʤ: ʧʦ ʦʜʥʦʡ ʢʦʘʢʩʠʘʣʴ-

ʥʦʡ ʧʘʨʝ ʚ ʤʝʞʜʫʛʦʨʦʜʥʦʤ ʢʘʙʝʣʝ ʤʦʞʝʪ ʙʳʪʴ ʦʙʨʘʟʦʚʘʥʦ ʜʦ 10800 ʢʘʥʘʣʦʚ ʪʦ-

ʥʘʣʴʥʦʡ ʯʘʩʪʦʪʳ (0,3 ï 3,4 ʢɻʮ) ʠʣʠ ʧʦʯʪʠ ʩʪʦʣʴʢʦ ʞʝ ʮʠʬʨʦʚʳʭ, ʩ ʧʨʦʧʫʩʢʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ 64 ʂʙʠʪ/ʩ. 

ʇʨʠ ʥʘʣʠʯʠʠ ʢʘʙʝʣʝʡ ʩʚʷʟʠ ʩʦʟʜʘʶʪʩʷ ʣʠʥʠʠ ʩʚʷʟʠ, ʘ ʫʞʝ ʧʦ ʣʠʥʠʷʤ ʩʚʷʟʠ 

ʩʦʟʜʘʶʪʩʷ ʢʘʥʘʣʳ ʩʚʷʟʠ. ʃʠʥʠʠ ʩʚʷʟʠ ʠ ʢʘʥʘʣʳ ʩʚʷʟʠ ʟʘʚʦʜʷʪʩʷ ʥʘ ʫʟʣʳ ʩʚʷʟʠ. 

ʃʠʥʠʠ, ʢʘʥʘʣʳ ʠ ʫʟʣʳ ʦʙʨʘʟʫʶʪ ʧʝʨʚʠʯʥʳʝ ʩʝʪʠ ʩʚʷʟʠ.  

8.6 ʊʠʧʳ ʢʘʙʝʣʝʡ ʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʢʘʙʝʣʴʥʳʝ ʩʠʩʪʝʤʳ. 

ɺ ʢʘʯʝʩʪʚʝ ʩʨʝʜʳ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʢʘʙʝ-

ʣʝʡ: ʢʦʘʢʩʠʘʣʴʥʳʡ ʢʘʙʝʣʴ, ʢʘʙʝʣʴ ʥʘ ʦʩʥʦʚʝ ʵʢʨʘʥʠʨʦʚʘʥʥʦʡ ʠ ʥʝʵʢʨʘʥʠʨʦʚʘʥ-

ʥʦʡ ʚʠʪʦʡ ʧʘʨʳ ʠ ʦʧʪʦʚʦʣʦʢʦʥʥʳʡ ʢʘʙʝʣʴ. ʅʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʤ ʚʠʜʦʤ ʩʨʝʜʳ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʥʘ ʥʝʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ (ʜʦ 100 ʤ) ʩʪʘʥʦʚʠʪʩʷ ʥʝʵʢʨʘʥʠʨʦ-

ʚʘʥʥʘʷ ʚʠʪʘʷ ʧʘʨʘ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʝʥʘ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝ ʩʦʚʨʝʤʝʥʥʳʝ ʩʪʘʥ-

ʜʘʨʪʳ ʠ ʪʝʭʥʦʣʦʛʠʠ ʣʦʢʘʣʴʥʳʭ ʩʝʪʝʡ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ 

ʜʦ 100 ʄʙʠʪ/ʩ (ʥʘ ʢʘʙʝʣʷʭ ʢʘʪʝʛʦʨʠʠ 5). ʆʧʪʦʚʦʣʦʢʦʥʥʳʡ ʢʘʙʝʣʴ ʰʠʨʦʢʦ ʧʨʠ-

ʤʝʥʷʝʪʩʷ ʢʘʢ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʣʦʢʘʣʴʥʳʭ ʩʚʷʟʝʡ, ʪʘʢ ʠ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʤʘʛʠʩʪ-

ʨʘʣʝʡ ʛʣʦʙʘʣʴʥʳʭ ʩʝʪʝʡ. ʆʧʪʦʚʦʣʦʢʦʥʥʳʡ ʢʘʙʝʣʴ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʦʯʝʥʴ ʚʳ-
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ʩʦʢʫʶ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʢʘʥʘʣʘ (ʜʦ ʥʝʩʢʦʣʴʢʠʭ ɻʙʠʪ/ʩ) ʠ ʧʝʨʝʜʘʯʫ ʥʘ 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʨʘʩʩʪʦʷʥʠʷ (ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʢʠʣʦʤʝʪʨʦʚ ʙʝʟ ʧʨʦʤʝʞʫ-

ʪʦʯʥʦʛʦ ʫʩʠʣʝʥʠʷ ʩʠʛʥʘʣʘ).  

ɺ ʢʘʯʝʩʪʚʝ ʩʨʝʜʳ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʝʪʷʭ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʪʘʢʞʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʚʦʣʥʳ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʦʪ ï ʂɺ, ʋʂɺ, ʉɺʏ. ʆʜʥʘʢʦ ʧʦ-

ʢʘ ʚ ʣʦʢʘʣʴʥʳʭ ʩʝʪʷʭ ʨʘʜʠʦʩʚʷʟʴ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʦʣʴʢʦ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʦʢʘ-

ʟʳʚʘʝʪʩʷ ʥʝʚʦʟʤʦʞʥʦʡ ʧʨʦʢʣʘʜʢʘ ʢʘʙʝʣʷ, ʥʘʧʨʠʤʝʨ, ʚ ʟʜʘʥʠʷʭ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ 

ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʥʘʜʝʞʥʦʩʪʴʶ ʩʝʪʝʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʧʦʩʪʨʦʝʥʥʳʭ ʥʘ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʛʣʦʙʘʣʴʥʳʭ ʢʘʥʘʣʦʚ ʵʪʦʪ 

ʚʠʜ ʩʨʝʜʳ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʰʠʨʝ ï ʥʘ ʥʝʤ ʧʦʩʪʨʦʝʥʳ ʩʧʫʪʥʠʢʦ-

ʚʳʝ ʢʘʥʘʣʳ ʩʚʷʟʠ ʠ ʥʘʟʝʤʥʳʝ ʨʘʜʠʦʨʝʣʝʡʥʳʝ ʢʘʥʘʣʳ, ʨʘʙʦʪʘʶʱʠʝ ʚ ʟʦʥʘʭ ʧʨʷ-

ʤʦʡ ʚʠʜʠʤʦʩʪʠ ʚ ʉɺʏ ʜʠʘʧʘʟʦʥʘʭ. 

8.7 ʂʘʙʝʣʴʥʳʝ ʩʠʩʪʝʤʳ. 

ɺʳʜʝʣʷʶʪ ʜʚʘ ʙʦʣʴʰʠʭ ʢʣʘʩʩʘ ʢʘʙʝʣʝʡ: ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʦʧʪʠʯʝʩʢʠʝ, ʢʦ-

ʪʦʨʳʝ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʩʧʦʩʦʙʫ ʧʝʨʝʜʘʯʠ ʧʦ ʥʠʤ ʩʠʛʥʘʣʘ. 

ʆʪʣʠʯʠʪʝʣʴʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʦʧʪʦʚʦʣʦʢʦʥʥʳʭ ʩʠʩʪʝʤ ï ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ 

ʢʘʢ ʩʘʤʦʛʦ ʢʘʙʝʣʷ (ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʝʜʥʳʤ), ʪʘʢ ʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʫʩʪʘ-

ʥʦʚʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʨʦʟʝʪʦʢ, ʨʘʟʲʝʤʦʚ, ʩʦʝʜʠʥʠʪʝʣʝʡ ʠ ʪ. ʧ.). ʇʨʘʚʜʘ, ʛʣʘʚʥʳʡ 

ʚʢʣʘʜ ʚ ʩʪʦʠʤʦʩʪʴ ʩʝʪʠ ʚʥʦʩʠʪ ʮʝʥʘ ʘʢʪʠʚʥʦʛʦ ʩʝʪʝʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʦʧʪʦ-

ʚʦʣʦʢʦʥʥʳʭ ʩʝʪʝʡ. 

ʆʧʪʦʚʦʣʦʢʦʥʥʳʝ ʩʝʪʠ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʚʳʩʦʢʦʩʢʦʨʦʩʪ-

ʥʳʭ ʢʘʥʘʣʦʚ, ʘ ʪʘʢʞʝ ʚʩʝ ʯʘʱʝ ʩʪʘʣʠ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʚʝʨʪʠʢʘʣʴʥʳʭ ʢʘʥʘʣʦʚ 

ʩʚ̫ʟʠ (ʤʝʞʵʪʘʞʥʳʭ ʩʦʝʜʠʥʝʥʠʡ). 

ʆʧʪʦʚʦʣʦʢʦʥʥʳʝ ʢʘʙʝʣʠ ʚ ʙʫʜʫʱʝʤ ʩʤʦʛʫʪ ʩʦʩʪʘʚʠʪʴ ʨʝʘʣʴʥʫʶ ʢʦʥʢʫ-

ʨʝʥʮʠʶ ʤʝʜʥʳʤ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʤ, ʧʦʩʢʦʣʴʢʫ ʩʪʦʠʤʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʝʜʥʳʭ 

ʢʘʙʝʣʝʡ ʩʥʠʞʘʪʴʩʷ ʥʝ ʙʫʜʝʪ, ʚʝʜʴ ʜʣʷ ʥʝʛʦ ʥʫʞʥʘ ʦʯʝʥʴ ʯʠʩʪʘʷ ʤʝʜʴ, ʟʘʧʘʩʦʚ 

ʢʦʪʦʨʦʡ ʥʘ ʟʝʤʣʝ ʛʦʨʘʟʜʦ ʤʝʥʴʰʝ, ʯʝʤ ʢʚʘʨʮʝʚʦʛʦ ʧʝʩʢʘ, ʠʟ ʢʦʪʦʨʦʛʦ ʧʨʦʠʟʚʦ-

ʜʷʪ ʦʧʪʦʚʦʣʦʢʥʦ. 

ʆʩʥʦʚʥʳʝ ʧʦʩʪʘʚʱʠʢʠ ʦʧʪʦʚʦʣʦʢʦʥʥʦʛʦ ʢʘʙʝʣʷ ʜʣʷ ʈʦʩʩʠʠ ï Mohawk/CDT, Lu-

cent Technologies ʠ AMP. 

8.8 ʊʠʧʳ ʢʘʙʝʣʝʡ. 

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʢʘʙʝʣʝʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʩʦʚʨʝ-

ʤʝʥʥʳʭ ʩʝʪʷʭ. ʅʠʞʝ ʧʨʠʚʝʜʝʥʳ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʝ ʪʠʧʳ ʢʘʙʝʣʝʡ. 

ʄʥʦʞʝʩʪʚʦ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʤʝʜʥʳʭ ʢʘʙʝʣʝʡ ʩʦʩʪʘʚʣʷʶʪ ʢʣʘʩʩ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʢʘʙʝʣʝʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʢʘʢ ʜʣʷ ʧʨʦʢʣʘʜʢʠ ʪʝʣʝʬʦʥʥʳʭ ʩʝʪʝʡ, ʪʘʢ ʠ ʜʣʷ ʠʥʩʪʘʣ-

ʣʷʮʠʠ ʃɺʉ. ʇʦ ʚʥʫʪʨʝʥʥʝʤʫ ʩʪʨʦʝʥʠʶ ʨʘʟʣʠʯʘʶʪ ʢʘʙʝʣʠ ʥʘ ʚʠʪʦʡ ʧʘʨʝ ʠ ʢʦʘʢ-

ʩʠʘʣʴʥʳʝ ʢʘʙʝʣʠ.  

8.8.1 ʂʘʙʝʣʴ ʪʠʧʘ çʚʠʪʘʷ ʧʘʨʘè (twisted pair). 

ɺʠʪʦʡ ʧʘʨʦʡ ʥʘʟʳʚʘʝʪʩʷ ʢʘʙʝʣʴ, ʚ ʢʦʪʦʨʦʤ ʠʟʦʣʠʨʦʚʘʥʥʘʷ ʧʘʨʘ ʧʨʦʚʦʜʥʠ-

ʢʦʚ ʩʢʨʫʯʝʥʘ ʩ ʥʝʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʚʠʪʢʦʚ ʥʘ ʝʜʠʥʠʮʫ ʜʣʠʥʳ. ʉʢʨʫʯʠʚʘʥʠʝ ʧʨʦ-

ʚʦʜʦʚ ʫʤʝʥʴʰʘʝʪ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʦʤʝʭʠ ʠʟʚʥʝ ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʩʠʛʥʘʣʦʚ 
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ʧʦ ʢʘʙʝʣʶ, ʘ ʵʢʨʘʥʠʨʦʚʘʥʥʳʝ ʚʠʪʳʝ ʧʘʨʳ ʝʱʝ ʙʦʣʝʝ ʫʚʝʣʠʯʠʚʘʶʪ ʩʪʝʧʝʥʴ ʧʦ-

ʤʝʭʦʟʘʱʠʱʝʥʥʦʩʪʠ ʩʠʛʥʘʣʦʚ. 

ʂʘʙʝʣʴ ʪʠʧʘ çʚʠʪʘʷ ʧʘʨʘè ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʦ ʤʥʦʛʠʭ ʩʝʪʝʚʳʭ ʪʝʭʥʦʣʦʛʠʷʭ, 

ʚʢʣʶʯʘʷ Ethernet, ARCNet ʠ IBM Token Ring. 

ʂʘʙʝʣʠ ʥʘ ʚʠʪʦʡ ʧʘʨʝ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ: ʥʝʵʢʨʘʥʠʨʦʚʘʥʥʳʝ (UTP ï Un-

shielded Twisted Pair) ʠ ʵʢʨʘʥʠʨʦʚʘʥʥʳʝ ʤʝʜʥʳʝ ʢʘʙʝʣʠ. ʇʦʩʣʝʜʥʠʝ ʧʦʜʨʘʟʜʝ-

ʣʷʶʪʩʷ ʥʘ ʜʚʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ: ʩ ʵʢʨʘʥʠʨʦʚʘʥʠʝʤ ʢʘʞʜʦʡ ʧʘʨʳ ʠ ʦʙʱʠʤ ʵʢʨʘʥʦʤ 

(STP ï Shielded Twisted Pair) ʠ ʩ ʦʜʥʠʤ ʪʦʣʴʢʦ ʦʙʱʠʤ ʵʢʨʘʥʦʤ (FTP ï Foiled 

Twisted Pair). ʅʘʣʠʯʠʝ ʠʣʠ ʦʪʩʫʪʩʪʚʠʝ ʵʢʨʘʥʘ ʫ ʢʘʙʝʣʷ ʚʦʚʩʝ ʥʝ ʦʟʥʘʯʘʝʪ ʥʘʣʠ-

ʯʠʷ ʠʣʠ ʦʪʩʫʪʩʪʚʠʷ ʟʘʱʠʪʳ ʧʝʨʝʜʘʚʘʝʤʳʭ ʜʘʥʥʳʭ, ʘ ʛʦʚʦʨʠʪ ʣʠʰʴ ʦ ʨʘʟʣʠʯʥʳʭ 

ʧʦʜʭʦʜʘʭ ʢ ʧʦʜʘʚʣʝʥʠʶ ʧʦʤʝʭ. ʆʪʩʫʪʩʪʚʠʝ ʵʢʨʘʥʘ ʜʝʣʘʝʪ ʥʝʵʢʨʘʥʠʨʦʚʘʥʥʳʝ 

ʢʘʙʝʣʠ ʙʦʣʝʝ ʛʠʙʢʠʤʠ ʠ ʫʩʪʦʡʯʠʚʳʤʠ ʢ ʠʟʣʦʤʘʤ. ʂʨʦʤʝ ʪʦʛʦ, ʦʥʠ ʥʝ ʪʨʝʙʫʶʪ 

ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʢʦʥʪʫʨʘ ʟʘʟʝʤʣʝʥʠʷ ʜʣʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʥʦʨʤʘʣʴʥʦʤ ʨʝʞʠʤʝ, 

ʢʘʢ ʵʢʨʘʥʠʨʦʚʘʥʥʳʝ. ʅʝʵʢʨʘʥʠʨʦʚʘʥʥʳʝ ʢʘʙʝʣʠ ʠʜʝʘʣʴʥʦ ʧʦʜʭʦʜʷʪ ʜʣʷ ʧʨʦ-

ʢʣʘʜʢʠ ʚ ʧʦʤʝʱʝʥʠʷʭ ʚʥʫʪʨʠ ʦʬʠʩʦʚ, ʘ ʵʢʨʘʥʠʨʦʚʘʥʥʳʝ ʣʫʯʰʝ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʚ ʤʝʩʪʘʭ ʩ ʦʩʦʙʳʤʠ ʫʩʣʦʚʠʷʤʠ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʥʘʧʨʠʤʝʨ, ʨʜ̫ʦʤ ʩ 

ʦʯʝʥʴ ʩʠʣʴʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʠʟʣʫʯʝʥʠʡ, ʢʦʪʦʨʳʭ ʚ ʦʬʠʩʘʭ 

ʦʙʯrʥʦ ʥʝʪ. 

ʂʘʙʝʣʠ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʧʦ ʢʘʪʝʛʦʨʠʠ, ʫʢʘʟʘʥʥʳʤ ʚ ʪʘʙʣʠʮʝ 8.2. ʆʩʥʦ-

ʚʘʥʠʝʤ ʜʣʷ ʦʪʥʝʩʝʥʠʷ ʢʘʙʝʣʷ ʢ ʦʜʥʦʡ ʠʟ ʢʘʪʝʛʦʨʠʡ ʩʣʫʞʠʪ ʤʘʢʩʠʤʘʣʴʥʘʷ ʯʘʩʪʦ-

ʪʘ ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʧʦ ʥʝʤʫ ʩʠʛʥʘʣʘ.  

ʊʘʙʣʠʮʘ 8.2. 

ʂʘʪʝʛʦʨʠʷ 
ʏʘʩʪʦʪʘ ʧʝʨʝʜʘʚʘʝʤʦʛʦ 

ʩʠʛʥʘʣʘ, (ʄɻʮ) 

3 16 

4 20 

5 100 

5+ 300 

6 200 

7 600 

8.8.2 ʂʦʘʢʩʠʘʣʴʥʳʝ ʢʘʙʝʣʠ. 

ʂʦʘʢʩʠʘʣʴʥʳʝ ʢʘʙʝʣʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʨʘʜʠʦ ʠ ʪʝʣʝʚʠʟʠʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʝ. ʂʦʘʢ-

ʩʠʘʣʴʥʳʝ ʢʘʙʝʣʠ ʤʦʛʫʪ ʧʝʨʝʜʘʚʘʪʴ ʜʘʥʥʳʝ ʩʦ ʩʢʦʨʦʩʪʴʶ 10 ʄʙʠʪ/ʩ ʥʘ ʤʘʢʩʠ-

ʤʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʦʪ 185 ʜʦ 500 ʤʝʪʨʦʚ. ʆʥʠ ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʪʦʣʩʪʳʝ ʠ ʪʦʥ-

ʢʠʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʣʱʠʥʳ. ʊʠʧʳ ʢʦʘʢʩʠʘʣʴʥʳʭ ʢʘʙʝʣʝʡ ʧʨʠʚʝʜʝʥʳ ʚ   ʪʘʙ-

ʣʠʮʝ 8.3. 

ʊʘʙʣʠʮʘ 8.3. 

ʊʠʧ ʅʘʟʚʘʥʠʝ, ʟʥʘʯʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

RG-8 ʠ RG-11 Thicknet, 50 ʆʤ 

RG-58/U Thinnet, 50 ʆʤ, ʩʧʣʦʰʥʦʡ ʮʝʥʪʨʘʣʴʥʳʡ ʤʝʜʥʳʡ ʧʨʦʚʦʜ-

ʥʠʢ 
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RG-58 ɸ/U Thinnet, 50 ʆʤ, ʮʝʥʪʨʘʣʴʥʳʡ ʤʥʦʛʦʞʠʣʥɹʳʡ ʧʨʦʚʦʜʥʠʢ 

RG-59 Broadband/Cable television (ʠhʨʦʢʦʚʝʱʘʪʝʣʴʥʦʝ ʠ ʢʘ-

ʙʝʣʴʥʦʝ ʪʝʣʝʚʠʜʝʥʠʝ), 75 ʆʤ 

RG-59 /U Broadband/Cable television (ʠhʨʦʢʦʚʝʱʘʪʝʣʴʥʦʝ ʠ ʢʘ-

ʙʝʣʴʥʦʝ ʪʝʣʝʚʠʜʝʥʠʝ), 50 ʆʤ 

RG-62 ARCNet, 93 ʆʤ 

 

ʂʘʙʝʣʴ Thinnet, ʠʟʚʝʩʪʥʳʡ ʢʘʢ ʢʘʙʝʣʴ RG-58, ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʝʤʳʤ ʬʠʟʠʯʝʩʢʠʤ ʥʦʩʠʪʝʣʝʤ ʜʘʥʥʳʭ. ʉʝʪʠ ʧʨʠ ʵʪʦʤ ʥʝ ʪʨʝʙʫʶʪ ʜʦ-

ʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʷʚʣʷʶʪʩʷ ʧʨʦʩʪʳʤʠ ʠ ʥʝʜʦʨʦʛʠʤʠ. ʍʦʪʷ ʪʦʥʢʠʡ 

ʢʦʘʢʩʠʘʣʴʥʳʡ ʢʘʙʝʣʴ (Thin Ethernet) ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʜʘʯʫ ʥʘ ʤʝʥʴʰʝʝ ʨʘʩʩʪʦʷ-

ʥʠʝ, ʯʝʤ ʪʦʣʩʪʳʡ, ʥʦ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ ʩ ʪʦʥʢʠʤ ʢʘʙʝʣʝʤ ʧʨʠʤʝʥʷʶʪʩʷ ʩʪʘʥʜʘʨʪ-

ʥʳʝ ʙʘʡʦʥʝʪʥʳʝ ʨʘʟʲʝʤʳ BNC ʪʠʧʘ ʉʈ-50 ʠ ʚʚʠʜʫ ʝʛʦ ʥʝʙʦʣʴʰʦʡ ʩʪʦʠʤʦʩʪʠ ʦʥ 

ʩʪʘʥʦʚʠʪʩʷ ʬʘʢʪʠʯʝʩʢʠ ʩʪʘʥʜʘʨʪʥʳʤ ʜʣʷ ʦʬʠʩʥʳʭ ʃɺʉ. ʀʩʧʦʣʴʟʫʝʪʩʷ ʚ ʪʝʭʥʦ-

ʣʦʛʠʠ Ethernet 10Base2, ʦʧʠʩʘʥʥʦʡ ʥʠʞʝ. 

ʊʦʣʩʪʳʡ ʢʦʘʢʩʠʘʣʴʥʳʡ ʢʘʙʝʣʴ (Thick Ethernet) ʠʤʝʝʪ ʙʦʣʴʰʫʶ ʩʪʝʧʝʥʴ ʧʦ-

ʤʝʭʦʟʘʱʠʱʝʥʥʦʩʪʠ, ʙʦʣʴʰʫʶ ʤʝʭʘʥʠʯʝʩʢʫʶ ʧʨʦʯʥʦʩʪʴ, ʥʦ ʪʨʝʙʫʝʪ ʩʧʝʮʠʘʣʴ-

ʥʦʛʦ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʜʣʷ ʧʨʦʢʘʣʳʚʘʥʠʷ ʢʘʙʝʣʷ, ʯʪʦʙʳ ʩʦʟʜʘʪʴ ʦʪʚʝʪʚʣʝʥʠʷ ʜʣʷ 

ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʃɺʉ. ʆʥ ʙʦʣʝʝ ʜʦʨʦʛʦʡ ʠ ʤʝʥʝʝ ʛʠʙʢʠʡ, ʯʝʤ ʪʦʥʢʠʡ. ʀʩʧʦʣʴʟʫ-

ʝʪʩʷ ʚ ʪʝʭʥʦʣʦʛʠʠ Ethernet 10Base5, ʦʧʠʩʘʥʥʦʡ ʥʠʞʝ. ʉʝʪʠ ARCNet ʩ ʧʦʩʳʣʢʦʡ 

ʤʘʨʢʝʨʘ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪ ʢʘʙʝʣʴ RG-62 ɸ/U.  

8.8.3 ʆʧʪʦʚʦʣʦʢʦʥʥʳʡ ʢʘʙʝʣʴ. 

ʆʧʪʦʚʦʣʦʢʦʥʥʳʡ ʢʘʙʝʣʴ (Fiber Optic Cable) ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʩʢʦ-

ʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʥʘ ʙʦʣʴʰʦʤ ʨʘʩʩʪʦʷʥʠʠ. ʆʥʠ ʪʘʢʞʝ ʥʝʚʦʩʧʨʠʠʤʯʠʚʳ ʢ 

ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʠ ʧʦʜʩʣʫʰʠʚʘʥʠʶ. ɺ ʦʧʪʦʚʦʣʦʢʦʥʥʦʤ ʢʘʙʝʣʝ ʜʣʷ ʧʝʨʝʜʘʯʠ ʩʠʛ-

ʥʘʣʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʚʝʪ. ɺʦʣʦʢʥʦ, ʧʨʠʤʝʥʷʝʤʦʝ ʚ ʢʘʯʝʩʪʚʝ ʩʚʝʪʦʚʦʜʘ, ʧʦʟʚʦʣʷ-

ʝʪ ʧʝʨʝʜʘʯʫ ʩʠʛʥʘʣʦʚ ʥʘ ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ ʩ ʦʛʨʦʤʥʦʡ ʩʢʦʨʦʩʪʴʶ, ʥʦ ʦʥʦ ʜʦ-

ʨʦʛʦ, ʠ ʩ ʥʠʤ ʪʨʫʜʥʦ ʨʘʙʦʪʘʪʴ. 

ɼʣʷ ʫʩʪʘʥʦʚʢʠ ʨʘʟʲʝʤʦʚ, ʩʦʟʜʘʥʠʷ ʦʪʚʝʪʚʣʝʥʠʡ, ʧʦʠʩʢʘ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʚ 

ʦʧʪʦʚʦʣʦʢʦʥʥʦʤ ʢʘʙʝʣʝ ʥʝʦʙʭʦʜʠʤʳ ʩʧʝʮʠʘʣʴʥʳʝ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʠ ʚʳʩʦʢʘʷ 

ʢʚʘʣʠʬʠʢʘʮʠʷ. ʆʧʪʦʚʦʣʦʢʦʥʥʳʡ ʢʘʙʝʣʴ ʩʦʩʪʦʠʪ ʠʟ ʮʝʥʪʨʘʣʴʥʦʡ ʩʪʝʢʣʷʥʥʦʡ ʥʠ-

ʪʠ ʪʦʣʱʠʥʦʡ ʚ ʥʝʩʢʦʣʴʢʦ ʤʠʢʨʦʥ, ʧʦʢʨʳʪʦʡ ʩʧʣʦʰʥʦʡ ʩʪʝʢʣʷʥʥʦʡ ʦʙʦʣʦʯʢʦʡ. 

ɺʩʝ ʵʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʧʨʷʪʘʥʦ ʚʦ ʚʥʝʰʥʶʶ ʟʘʱʠʪʥʫʶ ʦʙʦʣʦʯʢʫ. 

ʆʧʪʦʚʦʣʦʢʦʥʥʳʝ ʣʠʥʠʠ ʦʯʝʥʴ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʧʣʦʭʠʤ ʩʦʝʜʠʥʝʥʠʷʤ ʚ 

ʨʘʟʲʝʤʘʭ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʩʚʝʪʘ ʚ ʪʘʢʠʭ ʢʘʙʝʣʷʭ ʧʨʠʤʝʥʷʶʪʩʷ ʩʚʝʪʦʜʠʦ-

ʜ  r(LED - Light Emitting Diode), ʘ ʠʥʬʦʨʤʘʮʠʷ ʢʦʜʠʨʫʝʪʩʷ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʠʥ-

ʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʪʘ. ʅʘ ʧʨʠʝʤʥʦʤ ʢʦʥʮʝ ʢʘʙʝʣʷ ʜʝʪʝʢʪʦʨ ʧʨʝʦʙʨʘʟʫʝʪ ʩʚʝʪʦʚʳʝ 

ʠʤʧʫʣʴʩʳ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʠʛʥʘʣʳ. 

ʉʫʱʝʩʪʚʫʶʪ ʜʚʘ ʪʠʧʘ ʦʧʪʦʚʦʣʦʢʦʥʥʳʭ ʢʘʙʝʣʝʡ ï ʦʜʥʦʤʦʜʦʚʳʝ ʠ ʤʥʦʛʦʤʦ-

ʜʦʚʳʝ. ʆʜʥʦʤʦʜʦʚʳʝ ʢʘʙʝʣʠ ʠʤʝʶʪ ʤʝʥʴʰʠʡ ʜʠʘʤʝʪʨ, ʙʦʣʴʰʫʶ ʩʪʦʠʤʦʩʪʴ ʠ 

ʧʦʟʚʦʣʷʶʪ ʧʝʨʝʜʘʯʫ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ. ʇʦʩʢʦʣʴʢʫ ʩʚʝʪʦʚʳʝ 

ʠʤʧʫʣʴʩʳ ʤʦʛʫʪ ʜʚʠʛʘʪʴʩʷ ʚ ʦʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʩʠʩʪʝʤʳ ʥʘ ʙʘʟʝ ʦʧʪʦʚʦʣʦ-

ʢʦʥʥʳʭ ʢʘʙʝʣʝʡ ʜʦʣʞʥʳ ʠʤʝʪʴ ʚʭʦʜʷʱʠʡ ʢʘʙʝʣʴ ʠ ʠʩʭʦʜʷʱʠʡ ʢʘʙʝʣʴ ʜʣʷ ʢʘʞ-
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ʜʦʛʦ ʩʝʛʤʝʥʪʘ. ʆʧʪʦʚʦʣʦʢʦʥʥʳʡ ʢʘʙʝʣʴ ʪʨʝʙʫʝʪ ʩʧʝʮʠʘʣʴʥʳʭ ʢʦʥʥʝʢʪʦʨʦʚ ʠ 

ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦʡ ʫʩʪʘʥʦʚʢʠ. 

8.9 ʂʘʙʝʣʴʥʳʝ ʩʠʩʪʝʤʳ Ethernet. 

10Base-T, 100Base-TX 

ʅʝʵʢʨʘʥʠʨʦʚʘʥʥʘʷ ʚʠʪʘʷ ʧʘʨʘ (Unshielded Twisted Pair ï UTP) ï ʵʪʦ ʢʘʙʝʣʴ 

ʠʟ ʩʢʨʫʯʝʥʥʳʭ ʧʘʨ ʧʨʦʚʦʜʦʚ. 

 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʙʝʣʷ: 

1. ʜʠʘʤʝʪʨ ʧʨʦʚʦʜʥʠʢʦʚ 0.4 ï 0.6 ʤʤ (22~26 AWG), 4 ʩʢʨʫʯʝʥʥʳʭ ʧʘʨʳ (8 

ʧʨʦʚʦʜʥʠʢʦʚ, ʠʟ ʢʦʪʦʨʳʭ ʜʣʷ 10Base-T ʠ 100Base-TX ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʦʣʴ-

ʢʦ 4). ʂʘʙʝʣʴ ʜʦʣʞʝʥ ʠʤʝʪʴ ʢʘʪʝʛʦʨʠʶ 3 ʠʣʠ 5 ʠ ʢʘʯʝʩʪʚʦ data grade ʠʣʠ 

ʚʳʰʝ; 

2. ʤʘʢʩʠʤʘʣʴʥʘʷ ʜʣʠʥʘ ʩʝʛʤʝʥʪʘ 100 ʤ; 

3. ʨʘʟʲʝʤʳ ʚʦʩʴʤʠ ʢʦʥʪʘʢʪʥʳʝ RJ-45. 

 
ʈʠʩʫʥʦʢ. 8.2 ʚʦʩʴʤʠ ʢʦʥʪʘʢʪʥʳʝ RJ-45. 

ɺ ʪʘʙʣʠʮʝ 8.4. ʧʨʠʚʝʜʝʥʳ ʩʠʛʥʘʣʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʥʦʤʝʨʘʤ ʢʦʥʪʘʢʪʦʚ ʨʘʟʲ-

ʝʤʘ RJ-45. 

ʊʘʙʣʠʮʘ 8.4. 

ʊʠʧ ʂʘʩʢʘʜʠʨʦʚʘʥʠʝ ʅʦʨʤʘʣʴʥʳʡ ʨʝʞʠʤ 

1 RD+ (ʧʨʠʝʤ) TD+ (ʧʝʨʝʜʘʯʘ) 

2 RD- (ʧʨʠʝʤ) TD- (ʧʝʨʝʜʘʯʘ) 

3 TD+ (ʧʝʨʝʜʘʯʘ) RD+ (ʧʨʠʝʤ) 

4 ʅʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʅʝ ʠʩʧʦʣʴʟʫʝʪʩ ̫

5 ʅʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʅʝ ʠʩʧʦʣʴʟʫʝʪʩ ̫

6 TD- (ʧʝʨʝʜʘʯʘ) RD- (ʧʨʠʝʤ) 

7 ʅʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʅʝ ʠʩʧʦʣʴʟʫʝʪʩ ̫

8 ʅʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʅʝ ʠʩʧʦʣʴʟʫʝʪʩ ̫

10Base 2: 

1. ʊʦʥʢʠʡ ʢʦʘʢʩʠʘʣʴʥʳʡ ʢʘʙʝʣʴ; 

2. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʙʝʣʷ: ʜʠʘʤʝʪʨ 0.2 ʜʶʡʤʘ, RG-58A/U 50 ʆʤ; 

3. ʇʨʠʝʤʣʝʤʳʝ ʨʘʟʲʝʤʳ ï BNC; 
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4. ʄʘʢʩʠʤʘʣʴʥʘʷ ʜʣʠʥʘ ʩʝʛʤʝʥʪʘ ï 185 ʤ; 

5. ʄʠʥʠʤʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʫʟʣʘʤʠ ï 0.5 ʤ; 

6. ʄʘʢʩʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʫʟʣʦʚ ʚ ʩʝʛʤʝʥʪʝ ï 30. 

10Base 5: 

1. ʊʦʣʩʪʳʡ ʢʦʘʢʩʠʘʣʴʥʳʡ ʢʘʙʝʣʴ; 

2. ɺʦʣʥʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ï 50 ʆʤ; 

3. ʄʘʢʩʠʤʘʣʴʥʘʷ ʜʣʠʥʘ ʩʝʛʤʝʥʪʘ ï 500 ʤʝʪʨʦʚ; 

4. ʄʠʥʠʤʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʫʟʣʘʤʠ ï 2.5 ʤ; 

5. ʄʘʢʩʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʫʟʣʦʚ ʚ ʩʝʛʤʝʥʪʝ ï 100. 

8.10. ɹʝʩʧʨʦʚʦʜʥʳʝ ʪʝʭʥʦʣʦʛʠʠ. 

ʄʝʪʦʜʳ ʙʝʩʧʨʦʚʦʜʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ (Radio Waves) ʷʚʣʷʶʪ-

ʩʷ ʫʜʦʙʥʳʤ, ʘ ʠʥʦʛʜʘ ʥʝʟʘʤʝʥʠʤʳʤ ʩʨʝʜʩʪʚʦʤ ʩʚʷʟʠ. ɹʝʩʧʨʦʚʦʜʥʳʝ ʪʝʭʥʦʣʦʛʠʠ 

ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʪʠʧʘʤ ʩʠʛʥʘʣʘ, ʯʘʩʪʦʪʝ (ʙʦʣʴʰʘʷ ʯʘʩʪʦʪʘ ʦʟʥʘʯʘʝʪ ʙʦʣʴʰʫʶ 

ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ) ʠ ʨʘʩʩʪʦʥ̫ʠʶ ʧʝʨʝʜʘʯʠ. ɹʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʧʦʤʝʭʠ ʠ 

ʩʪʦʠʤʦʩʪʴ. ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʨʠ ʦʩʥʦʚʥʳʭ ʪʠʧʘ ʙʝʩʧʨʦʚʦʜʥʦʡ ʪʝʭʥʦʣʦʛʠʠ: 

 ʨʘʜʠʦʩʚʷʟʴ; 

 ʩʚʷʟʴ ʚ ʤʠʢʨʦʚʦʣʥʦʚʦʤ ʜʠʘʧʘʟʦʥʝ; 

 ʠʥʬʨʘʢʨʘʩʥʘʷ ʩʚʷʟʴ. 

8.10.1 ʈʘʜʠʦʩʚʷʟʴ. 

ʊʝʭʥʦʣʦʛʠʠ ʨʘʜʠʦʩʚʷʟʠ ʧʝʨʝʩʳʣʘʶʪ ʜʘʥʥʳʝ ʥʘ ʨʘʜʠʦʯʘʩʪʦʪʘʭ ʠ ʧʨʘʢʪʠʯʝ-

ʩʢʠ ʥʝ ʠʤʝʶʪ ʦʛʨʘʥʠʯʝʥʠʡ ʧʦ ʜʘʣʴʥʦʩʪʠ. ʆʥʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ ʣʦ-

ʢʘʣʴʥʳʭ ʩʝʪʝʡ ʥʘ ʙʦʣʴʰʠʭ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʨʘʩʩʪʦʥ̫ʠʷʭ. ʈʘʜʠʦʧʝʨʝʜʘʯʘ ʚ ʮʝʣʦʤ 

ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʩʪʦʠʤʦʩʪʴ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʘ ʢ ʵʣʝʢʪʨʦʥʥʦʤʫ ʠ ʘʪʤʦʩʬʝʨʥʦʤʫ ʥʘ-

ʣʦʞʝʥʠʶ, ʘ ʪʘʢʞʝ ʧʦʜʚʝʨʞʝʥʘ ʧʝʨʝʭʚʘʪʘʤ, ʧʦʵʪʦʤʫ ʪʨʝʙʫʝʪ ʰʠʬʨʦʚʘʥʠʷ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʫʨʦʚʥʷ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

 

8.10.2 ʉʚʟ̫ʴ ʚ ʤʠʢʨʦʚʦʣʥʦʚʦʤ ʜʠʘʧʘʟʦʥʝ. 

ʇʝʨʝʜʘʯʘ ʜʘʥʥʳʭ ʚ ʤʠʢʨʦʚʦʣʥʦʚʦʤ ʜʠʘʧʘʟʦʥʝ (Microwaves) ʠʩʧʦʣʴʟʫʝʪ 

ʚʳʩʦʢʠʝ ʯʘʩʪʦʪʳ ʠ ʧʨʠʤʝʥʷʝʪʩʷ ʢʘʢ ʥʘ ʢʦʨʦʪʢʠʭ, ʪʘʢ ʠ ʥʘ ʙʦʣʴʰʠʭ ʨʘʩʩʪʦʷʥʠ-

ʷʭ. ɻʣʘʚʥʦʝ ʦʛʨʘʥʠʯʝʥʠʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦʙʳ ʧʝʨʝʜʘʪʯʠʢ ʠ ʧʨʠʝʤʥʠʢ ʙʳ-

ʣʠ ʚ ʟʦʥʝ ʧʨʷʤʦʡ ʚʠʜʠʤʦʩʪʠ. ʀʩʧʦʣʴʟʫʝʪʩʷ ʚ ʤʝʩʪʘʭ, ʛʜʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʬʠʟʠ-

ʯʝʩʢʦʛʦ ʥʦʩʠʪʝʣʷ ʟʘʪʨʫʜʥʝʥʦ. ʇʝʨʝʜʘʯʘ ʜʘʥʥʳʭ ʚ ʤʠʢʨʦʚʦʣʥʦʚʦʤ ʜʠʘʧʘʟʦʥʝ 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʧʫʪʥʠʢʦʚ ʤʦʞʝʪ ʙʳʪʴ ʦʯʝʥʴ ʜʦʨʦʛʦʡ. 

8.10.3 ʀʥʬʨʘʢʨʘʩʥʘʷ ʩʚʷʟʴ. 

ʀʥʬʨʘʢʨʘʩʥʳʝ ʪʝʭʥʦʣʦʛʠʠ (Infrared transmission), ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʥʘ ʦʯʝʥʴ 

ʚʳʩʦʢʠʭ ʯʘʩʪʦʪʘʭ, ʧʨʠʙʣʠʞʘʶʱʠʭʩʷ ʢ ʯʘʩʪʦʪʘʤ ʚʠʜʠʤʦʛʦ ʩʚʝʪʘ. ʆʥʠ ʤʦʛʫʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʜʚʫʩʪʦʨʦʥʥʝʡ ʠʣʠ ʰʠʨʦʢʦʚʝʱʘʪʝʣʴʥʦʡ 
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ʧʝʨʝʜʘʯʠ ʥʘ ʙʣʠʟʢʠʭ ʨʘʩʩʪʦʷʥʠʷʭ. ʇʨʠ ʠʥʬʨʘʢʨʘʩʥʦʡ ʩʚʷʟʠ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪ 

ʩʚʝʪʦʜʠʦʜʳ (LED ï Light Emitting Diode) ʜʣʷ ʧʝʨʝʜʘʯʠ ʠʥʬʨʘʢʨʘʩʥʳʭ ʚʦʣʥ ʧʨʠ-

ʝʤʥʠʢʫ. ʀʥʬʨʘʢʨʘʩʥʘʷ ʧʝʨʝʜʘʯʘ ʦʛʨʘʥʠʯʝʥʘ ʤʘʣʳʤ ʨʘʩʩʪʦʷʥʠʝʤ ʚ ʧʨʷʤʦʡ ʟʦʥʝ 

ʚʠʜʠʤʦʩʪʠ ʠ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ ʦʬʠʩʥʳʭ ʟʜʘʥʠʷʭ. 

ɺʦʧʨʦʩʳ: 

1. ʏʝʤ ʟʚʝʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʩʦʩʪʘʚʥʦʛʦ ʢʘʥʘʣʘ ʩʚʟ̫ʠ? 

2. ʄʦʞʝʪ ʣʠ ʩʦʩʪʘʚʥʦʡ ʢʘʥʘʣ ʩʦʩʪʦʷʪʴ ʠʟ ʟʚʝʥʴʝʚ? ɸ ʥʘʦʙʦʨʦʪ? 

3. ʄʦʞʝʪ ʣʠ ʮʠʬʨʦʚʦʡ ʢʘʥʘʣ ʧʝʨʝʜʘʚʘʪʴ ʘʥʘʣʦʛʦʚʳʝ ʜʘʥʥʳʝ? 

4. ɺ ʯʝʤ ʟʘʢʣʶʯʘʶʪʩʷ ʬʫʥʢʮʠʠ ʫʩʪʨʦʡʩʪʚ DTE ʠ DCE? ʂ ʢʘʢʦʤʫ ʠʟ ʵʪʠʭ ʜʚʫʭ 

ʪʠʧʦʚ ʫʩʪʨʦʡʩʪʚ ʦʪʥʦʩʠʪʩʷ ʩʝʪʝʚʦʡ ʘʜʘʧʪʝʨ? 

5. ʂ ʢʘʢʦʤʫ ʪʠʧʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʣʠʥʠʠ ʩʚʷʟʠ ʦʪʥʦʩʷʪʩʷ: ʫʨʦʚʝʥʴ ʰʫʤʘ, ʧʦʣʦʩʘ 

ʧʨʦʧʫʩʢʘʥʠʷ, ʧʦʛʦʥʥʘʷ ʝʤʢʦʩʪʴ? 

6. ʂʘʢʠʝ ʤʝʨʳ ʤʦʞʥʦ ʧʨʝʜʧʨʠʥʷʪʴ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʢʦʨʦʩʪʠ 

ʟʚʝʥʘ: 

 ʫʤʝʥʴʰʠʪʴ ʜʣʠʥʫ ʢʘʙʝʣʷ; 

 ʚʳʙʨʘʪʴ ʢʘʙʝʣʴ ʩ ʤʝʥʴʰʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ; 

 ʚʳʙʨʘʪʴ ʢʘʙʝʣʴ ʩ ʙʦʣʝʝ ʰʠʨʦʢʦʡ ʧʦʣʦʩʦʡ ʧʨʦʧʫʩʢʘʥʠʷ; 

 ʧʨʠʤʝʥʠʪʴ ʤʝʪʦʜ ʢʦʜʠʨʦʚʘʥʠʷ ʩ ʙʦʣʝʝ ʫʟʢʠʤ ʩʧʝʢʪʨʦʤ. 

7. ʇʦʯʝʤʫ ʥʝ ʚʩʝʛʜʘ ʤʦʞʥʦ ʫʚʝʣʠʯʠʪʴ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʢʘʥʘʣʘ ʟʘ ʩʯʝʪ 

ʫʚʝʣʠʯʝʥʠʷ ʯʠʩʣʘ ʩʦʩʪʦʷʥʠʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʠʛʥʘʣʘ? 

8. ɿʘ ʩʯʝʪ ʢʘʢʦʛʦ ʤʝʭʘʥʠʟʤʘ ʧʦʜʘʚʣʷʶʪʩʷ ʧʦʤʝʭʠ ʚ ʢʘʙʝʣʷʭ UTP? 

9. ʂʘʢʦʡ ʢʘʙʝʣʴ ʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʦ ʧʝʨʝʜʘʝʪ ʩʠʛʥʘʣʳ ð ʩ ʙʦʣʴʰʠʤ ʟʥʘʯʝʥʠʝʤ 

ʧʘʨʘʤʝʪʨʘ NEXT ʠʣʠ ʩ ʤʝʥʴʰʠʤ? 

10. ʂʘʢʦʚʘ ʰʠʨʠʥʘ ʩʧʝʢʪʨʘ ʠʜʝʘʣʴʥʦʛʦ ʠʤʧʫʣʴʩʘ? 

11. ʅʘʟʦʚʠʪʝ ʪʠʧʳ ʦʧʪʠʯʝʩʢʦʛʦ ʢʘʙʝʣʷ. 

12. ʏʪʦ ʧʨʦʠʟʦʡʜʝʪ, ʝʩʣʠ ʚ ʨʘʙʦʪʘʶʱʝʡ ʩʝʪʠ ʟʘʤʝʥʠʪʴ ʢʘʙʝʣʴ UTP ʢʘʙʝʣʝʤ 

STP? ɺʘʨʠʘʥʪʳ ʦʪʚʝʪʦʚ: 

 ʚ ʩʝʪʠ ʩʥʠʟʠʪʩʷ ʜʦʣʷ ʠʩʢʘʞʝʥʥʳʭ ʢʘʜʨʦʚ, ʪʘʢ ʢʘʢ ʚʥʝʰʥʠʝ ʧʦʤʝʭʠ ʙʫʜʫʪ 
ʧʦʜʘʚʣʷʪʴʩʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ; 

 ʥʠʯʝʛʦ ʥʝ ʠʟʤʝʥʠʪʩʷ; 

 ʚ ʩʝʪʠ ʫʚʝʣʠʯʠʪʩʷ ʜʦʣʷ ʠʩʢʘʞʝʥʥʳʭ ʢʘʜʨʦʚ, ʪʘʢ ʢʘʢ ʚʳʭʦʜʥʦʝ ʩʦʧʨʦʪʠʚ-

ʣʝʥʠʝ ʧʝʨʝʜʘʪʯʠʢʦʚ ʥʝ ʩʦʚʧʘʜʘʝʪ ʩ ʠʤʧʝʜʘʥʩʦʤ ʢʘʙʝʣʷ. 

13. ʅʘʟʦʚʠʪʝ ʦʩʥʦʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ ʢʘʙʝʣʴʥʦʡ ʩʠʩʪʝʤʳ. 

14. ʂʘʢʠʝ ʪʠʧʳ ʢʘʙʝʣʝʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʦʜʩʠʩʪʝʤʳ SCS? 

15. ʇʦʯʝʤʫ ʧʨʦʙʣʝʤʘʪʠʯʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʡ ʢʘʙʝʣʴ ʚ ʛʦʨʠ-

ʟʦʥʪʘʣʴʥʦʡ ʧʦʜʩʠʩʪʝʤʝ? 

16. ʆʧʨʝʜʝʣʠʪʝ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʜʫʧʣʝʢʩʥʦʡ ʣʠʥʠʠ ʩʚʷʟʠ ʜʣʷ ʢʘʞʜʦʛʦ 

ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ, ʝʩʣʠ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʝʝ ʧʦʣʦʩʘ ʧʨʦʧʫʩʢʘʥʠʷ ʨʘʚʥʘ 600 ʢɻʮ, ʘ ʚ 

ʤʝʪʦʜʝ ʢʦʜʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ 10 ʩʦʩʪʦʷʥʠʡ ʩʠʛʥʘʣʘ. 

17. ʇʦʜʩʯʠʪʘʡʪʝ ʩʢʦʨʦʩʪʴ ʣʠʥʠʠ ʩʚʷʟʠ, ʝʩʣʠ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʪʘʢʪʦʚʘʷ ʯʘʩʪʦʪʘ ʧʝ-

ʨʝʜʘʪʯʠʢʘ ʨʘʚʥʦ 125 ʄɻʮ, ʘ ʩʠʛʥʘʣ ʠʤʝʝʪ 5 ʩʦʩʪʦʷʥʠʡ. 
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ʃʝʢʮʠʷ 9 

9. ʉʝʪʝʚʳʝ ʪʝʭʥʦʣʦʛʠʠ 

9.1 Ethernet 802.3  

ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʘʥʜʘʨʪʘ 802.3 (1985ʛ.): 

 ʪʦʧʦʣʦʛʠʷ - ʰʠʥʘ; 

 ʩʨʝʜʘ ʧʝʨʝʜʘʯʠ - ʪʦʣʩʪʳʡ ʠ ʪʦʥʢʠʡ ʢʦʘʢʩʠʘʣʴʥʳʡ ʢʘʙʝʣʴ (ʂʂ); 

 ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ï 10 ʄʙʠʪ/ʩ; 

 ʤʘʢʩʠʤʘʣʴʥʘʷ ʜʣʠʥʘ ʩʝʪʠ ʜʣʷ ʪʦʣʩʪʦʛʦ ʂʂ ï 2,5 ʢʤ, ʜʣʷ ʪʦʥʢʦʛʦ ʂʂ ï 

925 ʤ; 

 ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʘʙʦʥʝʥʪʦʚ ʚ ʩʝʪʠ ʥʘ ʪʦʣʩʪʦʤ ʂʂ ï 1024, ʥʘ ʪʦʥ-

ʢʦʤ ʂʂ ï 150; 

 ʤʘʢʩʠʤʘʣʴʥʘʷ ʜʣʠʥʘ ʦʜʥʦʛʦ ʩʝʛʤʝʥʪʘ ʥʘ ʪʦʣʩʪʦʤ ʂʂ ï 500 ʤ, ʥʘ ʪʦʥʢʦʤ 

ʂʂ ï 185 ʤ; 

 ʢʦʣʠʯʝʩʪʚʦ ʘʙʦʥʝʥʪʦʚ ʥʘ ʦʜʥʦʤ ʩʝʛʤʝʥʪʝ ʜʣʷ ʪʦʣʩʪʦʛʦ ʂʂ ï 200, ʜʣʷ ʪʦʥ-

ʢʦʛʦ ʂʂ ï 30, 

 ʤʝʪʦʜ ʜʦʩʪʫʧʘ ï ʤʥʦʞʝʩʪʚʝʥʥʳʡ ʜʦʩʪʫʧ ʩ ʢʦʥʪʨʦʣʝʤ ʥʝʩʫʱʝʡ ʠ ʦʙʥʘʨʫ-

ʞʝʥʠʝʤ ʢʦʥʬʣʠʢʪʘ; 

 ʧʝʨʝʜʘʯʘ ï ʫʟʢʦʧʦʣʦʩʥʘʷ; 

 ʠʩʧʦʣʴʟʫʝʤʳʡ ʢʦʜ ï ʤʘʥʯʝʩʪʝʨʩʢʠʡ. 

 

ʌʦʨʤʘʪ ʢʘʜʨʘ Ethernet ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 9.1. 

 

ʈʠʩʫʥʦʢ 9.1 ʌʦʨʤʘʪ ʢʘʜʨʘ Ethernet. 

 

ʇʨʝʘʤʙʫʣʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʙʘʡʪ ʚʠʜʘ 10101010, 

ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʶ ʙʠʪʦʚʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ.  

ʅʘʯʘʣʴʥʳʡ ʦʛʨʘʥʠʯʠʪʝʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚʠʜʘ 

10101011, ʧʨʦʜʦʣʞʘʝʪ ʚʳʧʦʣʥʝʥʠʝ ʬʫʥʢʮʠʠ ʧʨʝʘʤʙʫʣʳ ʠ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʯʘʣʦ 

ʢʘʜʨʘ.  

ɸʜʨʝʩ ʧʦʣʫʯʘʪʝʣʷ/ʦʪʧʨʘʚʠʪʝʣʷ ï ʵʪʦ ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʘʜʨʝʩ ʩʪʘʥʮʠʠ (ʬʠ-

ʟʠʯʝʩʢʠʡ, ʠʣʠ ʘʧʧʘʨʘʪʥʳʡ, ʠʣʠ ʄɸʉ-ʘʜʨʝʩ, ʠʣʠ ʘʜʨʝʩ ʢʘʥʘʣʴʥʦʛʦ ʫʨʦʚʥʷ). 

ʄɸʉ-ʘʜʨʝʩ ʧʨʦʧʠʩʳʚʘʝʪʩʷ ʚ ʇɿʋ ʚ ʧʣʘʪʝ ʩʝʪʝʚʦʛʦ ʘʜʘʧʪʝʨʘ ʚ ʧʨʦʮʝʩʩʝ ʠʟʛʦ-

ʪʦʚʣʝʥʠʷ. ʄɸʉ-ʘʜʨʝʩ ʠʤʝʝʪ ʬʦʨʤʘʪ: 

 

 

 

ʇʨʝ-

ʘʤ-

ʙʫʣʘ 

ʅʆ 

 

ɸʜʨʝʩ ʧʦ-

ʣʫʯʘʪʝʣʷ 

 

ɸʜʨʝʩ ʦʪ-

ʧʨʘʚʠʪʝʣʷ 

 

L/T ɼʘʥʥʳʝ 
ʂʇ 

 

ʑʝʣʴ 

7 

ʙʘʡʪ 

1 

ʙʘʡʪ 

6 ʙʘʡʪ 6 ʙʘʡʪ 2 ʙʘʡʪʘ <1500 ʙʘʡʪ 4 ʙʘʡʪʘ 12 ʙʘʡʪ 
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ʈʠʩʫʥʦʢ.9.2 ʄɸʉ-ʘʜʨʝʩ. 

 

ɹʠʪ I/G ï ʫʢʘʟʳʚʘʝʪ ʥʘ ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʠʣʠ ʛʨʫʧʧʦʚʦʡ ʘʜʨʝʩ. 

ɹʠʪ U/L ï ʫʢʘʟʳʚʘʝʪ ʥʘ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʘʜʨʝʩ ʠʣʠ ʘʜʨʝʩ ʤʝʩʪʥʦʛʦ ʫʧʨʘʚʣʝ-

ʥʠʷ. ɽʩʣʠ U/L = 0, ʪʦ ʘʜʨʝʩ ʫʥʠʚʝʨʩʘʣʴʥʳʡ, ʪ.ʝ. ʟʘʜʘʥʥʳʡ ʚ ʧʨʦʮʝʩʩʝ ʠʟʛʦʪʦʚʣʝ-

ʥʠʷ ʧʣʘʪʳ, ʝʩʣʠ U/L = 1, ʪʦ ʘʜʨʝʩ ʟʘʜʘʝʪʩʷ ʥʝ ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ ʧʣʘʪʳ, ʘ ʦʨʛʘʥʠ-

ʟʘʮʠʝʡ. ʃʶʙʘʷ ʦʨʛʘʥʠʟʘʮʠʠ ʤʦʞʝʪ ʟʘʜʘʪʴ ʩʚʦʡ ʄɸʉ-ʘʜʨʝʩ, ʫʩʪʘʥʦʚʠʚ U/L = 1, 

ʥʦ ʪʦʛʜʘ ʦʥʘ ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʚʘʪʴ ʫʥʠʢʘʣʴʥʦʩʪʴ ʘʜʨʝʩʘ. 

ʇʦʣʝ OUI ï ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʦʨʛʘʥʠʟʘʮʠʠ, ʢʦʪʦʨʘʷ ʚʳʧʫʩʢʘʝʪ ʧʣʘʪʳ. ʕʪʦʪ 

ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʚʜrʘʝʪʩʷ IEEE ʜʣʷ ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʧʣʘʪʳ.  

ʇʦʣʝ OUA -  ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʘʧʧʘʨʘʪʫʨʳ-ʧʣʘʪʳ. ɿʘʜʘʝʪʩʷ ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ 

ʫʩʪʨʦʡʩʪʚ.  

ʇʘʨʘ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ OUI ʠ OUA ʦʙʝʩʧʝʯʠʚʘʶʪ ʫʥʠʢʘʣʴʥʦʩʪʴ ʘʜʨʝʩʘ. 

ʀʜʝʥʪʠʬʠʢʘʪʦʨʳ OUI ʠ OUA ʥʝ ʧʨʦʯʠʪʳʚʘʶʪʩʷ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʦʪʜʝʣʴʥʦ. 

ʇʨʦʠʟʚʦʜʠʪʝʣʴ ʤʦʞʝʪ ʚʳʧʫʩʪʠʪʴ ʦʢʦʣʦ 16 ʤʣʥ. ʠʟʜʝʣʠʡ, ʧʦʩʣʝ ʯʝʛʦ ʜʦʣʞʝʥ ʧʦ-

ʣʫʯʠʪʴ ʥʦʚʳʡ ʠʜʝʥʪʠʬʠʢʘʪʦʨ OUI.  

ʇʦʣʝ L/T (ʨʠʩʫʥʦʢ 9.1) ï ʫʢʘʟʳʚʘʝʪ ʥʘ ʜʣʠʥʫ ʧʦʣʷ ʜʘʥʥʳʭ, ʝʩʣʠ ʟʥʘʯʝʥʠʝ 

ʵʪʦʛʦ ʧʦʣʷ ʤʝʥʴʰʝ 1500 ʙʘʡʪ. ʕʪʦ ʞʝ ʧʦʣʝ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʦʪʦʢʦʣ ʚʝʨʭʥʝʛʦ 

ʫʨʦʚʥʷ, ʝʩʣʠ ʟʥʘʯʝʥʠʝ ʵʪʦʛʦ ʧʦʣʷ ʙʦʣʝʝ 1500 ʙʘʡʪ. 

ʂʦʥʪʨʦʣʴʥʘʷ ʩʫʤʤʘ ʩʣʫʞʠʪ ʜʣʷ ʧʨʦʚʝʨʢʠ ʙʝʟʦʰʠʙʦʯʥʦʩʪʠ ʢʘʜʨʘ, ʢʦʪʦʨʳʡ 

ʧʨʦʚʝʨʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʮʠʢʣʠʯʝʩʢʦʛʦ ʢʦʜʘ 32-ʦʡ ʩʪʝʧʝʥʠ.  

ʑʝʣʴ ï ʤʠʥʠʤʘʣʴʥʦʝ ʤʝʞʢʘʜʨʦʚʦʝ ʨʘʩʩʪʦʷʥʠʝ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʨʘʟʣʠʯʝ-

ʥʠʷ ʢʘʜʨʦʚ.  

ɼʣʷ ʩʝʪʠ Ethernet, ʨʘʙʦʪʘʶʱʝʡ ʥʘ ʩʢʦʨʦʩʪʠ 10 ʄʙʠʪ/ʩ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʯʝʪʳʨʝ 

ʩʨʝʜʳ: 

 ʪʦʣʩʪʳʡ ʢʦʘʢʩʠʘʣʴʥʳʡ ʢʘʙʝʣʴ 10BASE 5; 

 ʪʦʥʢʠʡ  ʢʦʘʢʩʠʘʣʴʥʳʡ ʢʘʙʝʣʴ 10BASE 2; 

 ʚʠʪʘʷ ʧʘʨʘ 10BASE ʊ; 

 ʦʧʪʠʯʝʩʢʦʝ ʚʦʣʦʢʥʦ 10BASE F; 

ʎʠʬʨʘ 10 ï ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ 10 ʄʙʠʪ/ʩ; 

ʉʣʦʚʦ BASE ï ʪʠʧ ʧʝʨʝʜʘʯʠ ï ʫʟʢʦʧʦʣʦʩʥʘʷ (ʙʝʟ ʤʦʜʫʣʷʮʠʠ); 

ʎʠʬʨʘ 5 ï ʫʢʘʟʳʚʘʝʪ ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ ʜʣʠʥʫ ʦʜʥʦʛʦ ʩʝʛʤʝʥʪʘ, ʧʦʩʪʨʦʝʥʥʦʛʦ 

ʥʘ ʪʦʣʩʪʦʤ ʂʂ, 500ʤ; 

ʎʠʬʨʘ 2 ï ʫʢʘʟʳʚʘʝʪ ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ ʜʣʠʥʫ ʦʜʥʦʛʦ ʩʝʛʤʝʥʪʘ, ʧʦʩʪʨʦʝʥʥʦʛʦ 

ʥʘ ʪʦʥʢʦʤ ʂʂ, 185ʤ  200ʤ; 

ɹʫʢʚʘ ʊ ï ʫʢʘʟʳʚʘʝʪ ʥʘ  ʚʠʪʫʶ ʧʘʨʫ; 

ɹʫʢʚʘ F ï  ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʧʪʠʯʝʩʢʦʝ ʚʦʣʦʢʥʦ. 

9.1.1 ɸʧʧʘʨʘʪʫʨʘ 10BASE 5 

ʄʠʥʠʤʘʣʴʥʳʡ ʥʘʙʦʨ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʦʜʥʦʩʝʛʤʝʥʪʥʦʡ ʩʝʪʠ ʥʘ ʪʦʣʩʪʦʤ 

ʂʂ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶɦ ʠʝ ʢʦʤʧʦʥʝʥʪʳ: 

I/G U/L OUI      OUA 

1ʙʠʪ 1ʙʠʪ 22 ʙʠʪʘ 24 ʙʠʪʘ 
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1) ʩʝʪʝʚʦʡ ʘʜʘʧʪʝʨ ʧʦ ʯʠʩʣʫ ʦʙʲʝʜʠʥʷʝʤʳʭ ʚ ʩʝʪʴ ʢʦʤʧʴʶʪʝʨʦʚ; 

2) ʪʦʣʩʪʳʡ ʂʂ ʩ ʨʘʟʲʝʤʘʤʠ N ʪʠʧʘ ʥʘ ʢʦʥʮʘʭ, ʜʣʠʥʘ ʢʘʙʝʣʷ ʜʦʩʪʘʪʦʯʥʘ ʜʣʷ 

ʦʙʲʝʜʠʥʝʥʠʷ ʚʩʝʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩʝʪʠ; 

3) ʪʨʘʥʩʠʚʝʨʥʳʝ ʠʣʠ ʘʙʦʥʝʥʪʩʢʠʝ ʢʘʙʝʣʠ ʩ DIX ʨʘʟʲʝʤʘʤʠ ʥʘ ʢʦʥʮʘʭ ʧʦ ʢʦ-

ʣʠʯʝʩʪʚʫ ʩʝʪʝʚʳʭ ʘʜʘʧʪʝʨʦʚ; 

4) ʪʨʘʥʩʠʚʝʨʳ (ʚʥʝʰʥʠʝ ʧʨʠʝʤʦ-ʧʝʨʝʜʘʪʯʠʢʠ) ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʩʝʪʝʚʳʭ ʘʜʘʧ-

ʪʝʨʦʚ; 

5) ʜʚʘ ʩʦʝʜʠʥʠʪʝʣʷ N ʪʠʧʘ ʜʣʷ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʪʝʨʤʠʥʘʪʦʨʦʚ ʥʘ ʢʦʥʮʘʭ ʢʘ-

ʙʝʣʷ; 

6) ʦʜʠʥ N ʪʝʨʤʠʥʘʪʦʨ ʙʝʟ ʟʘʟʝʤʣʝʥʠʷ; 

7) ʦʜʠʥ ʪʝʨʤʠʥʘʪʦʨ N ʪʠʧʘ ʩ ʟʘʟʝʤʣʝʥʠʝʤ. 

9.1.2 ɸʧʧʘʨʘʪʫʨʘ 10BASE 2 

ʄʠʥʠʤʘʣʴʥʳʡ ʥʘʙʦʨ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʦʜʥʦʩʝʛʤʝʥʪʥʦʡ ʩʝʪʠ Ethernet ʥʘ 

ʪʦʥʢʦʤ ʢʘʙʝʣʝ ʚʢʣʯʁʘʝʪ: 

1) ʩʝʪʝʚʳʝ ʘʜʘʧʪʝʨʳ ʧʦ ʯʠʩʣʫ ʦʙʲʝʜʠʥʝʥʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ; 

2) ʦʪʨʝʟʢʠ ʪʦʥʢʦʛʦ ʂʂ ʩ BNC ʨʘʟʲʝʤʘʤʠ ʥʘ ʢʦʥʮʘʭ. ʇʨʠʯʝʤ ʦʙʱʘʷ ʜʣʠʥʘ 

ʦʪʨʝʟʢʦʚ ʢʘʙʝʣʷ ʜʦʩʪʘʪʦʯʥʘ ʜʣʷ ʦʙʲʝʜʠʥʝʥʠʷ ʚʩʝʭ ʢʦʤʧʴʪʁʝʨʦʚ ʩʝʪʠ; 

3) BNC ʩʦʝʜʠʥʠʪʝʣʠ (ʢʦʥʥʝʢʪʦʨʳ) ʊ ʪʠʧʘ ʧʦ ʯʠʩʣʫ ʩʝʪʝʚʳʭ ʘʜʘʧʪʝʨʦʚ; 

4) ʦʜʠʥ BNC ʪʝʨʤʠʥʘʪʦʨ ʙʝʟ ʟʘʟʝʤʣʝʥʠʷ; 

5) ʦʜʠʥ BNC ʪʝʨʤʠʥʘʪʦʨ ʩ ʟʘʟʝʤʣʝʥʠʝʤ. 

ʉʝʪʴ Ethrnet 10 BASET ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 9.3. 

 

9.1.3 ɸʧʧʘʨʘʪʫʨʘ 10BASE ʊ 

ʢʦʥʮʝʥʪʨʘʪʦʨ

RJ 45

ɸʜʘʧʪʝʨ

ǎ Ò 100 ʤ

ɸʜʘʧʪʝʨ

 
 

ʈʠʩʫʥʦʢ 9.3 10BASE ʊ. 

 

ʂʘʞʜʳʡ ʘʙʦʥʝʥʪ ʩʝʪʠ ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʦʪʜʝʣʴʥʳʤ ʩʝʛʤʝʥʪʦʤ (ʢʫʩʢʦʤ 

ʢʘʙʝʣʷ) ʢ ʢʦʥʮʝʥʨʘʪʦʨʫ. ɼʣʠʥʘ ʩʝʛʤʝʥʪʘ ʥʝ ʙʦʣʝʝ 100 ʤ. ʂʦʥʮʝʥʪʨʘʪʦʨ ʦʙʝʩʧʝ-

ʯʠʚʘʝʪ ʤʥʦʞʝʩʪʚʝʥʥʳʡ ʜʦʩʪʫʧ ʢ ʩʨʝʜʝ ʩ ʢʦʥʪʨʦʣʝʤ ʥʝʩʫʱʝʡ ʠ ʦʙʥʘʨʫʞʝʥʠʝʤ 

ʢʦʥʬʣʠʢʪʘ.  

ɺ ʢʘʯʝʩʪʚʝ ʢʘʙʝʣʷ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚʠʪʘʷ ʧʘʨʘ 3 ʢʘʪʝʛʦʨʠʠ (ʪʝʣʝʬʦʥ-

ʥʳʡ ʢʘʙʝʣʴ), 5 ʢʘʪʝʛʦʨʠʠ (ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʜʘʯʫ ʥʘ ʩʢʦʨʦʩʪʠ 100 ʄʙʠʪ/ʩ). ʂʘ-

ʙʝʣʠ ʧʦʜʢʣʶʯʘʶʪʩʷ ʨʘʟʲʝʤʘʤʠ RJ-45. ʂʘʙʝʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʵʢʨʘʥʠʨʦ-

ʚʘʥʥʫʶ ʚʠʪʫʶ ʧʘʨʫ UTP, ʧʨʠʯʝʤ ʦʜʥʘ ʧʘʨʘ ʨʘʙʦʪʘʝʪ ʥʘ ʧʝʨʝʜʘʯʫ, ʜʨʫʛʘʷ ʧʘʨʘ - 

ʥʘ ʧʨʠʝʤ. ʇʝʨʝʜʘʯʘ ʚʝʜʝʪʩʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʤʘʥʯʝʩʪʝʨʩʢʠʤ ʢʦʜʦʤ.  
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ʉʝʪʝʚʳʝ ʘʜʘʧʪʝʨʳ ʠ ʢʦʥʮʝʥʪʨʘʪʦʨʳ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʥʘ ʨʘʙʦʪʫ ʩ ʚʠʪʦʡ ʧʘ-

ʨʦʡ, ʠʤʝʶʪ ʚʩʪʨʦʝʥʥʳʡ ʢʦʥʪʨʦʣʴ ʧʨʘʚʠʣʴʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʷ ʩʝʪʠ. ɼʣʷ ʚʠʟʫʘʣʴ-

ʥʦʛʦ ʢʦʥʪʨʦʣʷ ʧʨʘʚʠʣʴʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʚʝʪʦʜʠʦʜʳ, ʢʦʪʦʨʳʝ 

ʛʦʨʷʪ ʧʨʠ ʧʨʘʚʠʣʴʥʦʤ ʩʦʝʜʠʥʝʥʠʠ.  

 

ʄʠʥʠʤʘʣʴʥʳʡ ʥʘʙʦʨ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʩʝʪʠ 10BASE ʊ (1990ʛ.) ʚʢʣʶʯʘʝʪ: 

1) ʩʝʪʝʚʳʝ ʘʜʘʧʪʝʨʳ ʧʦ ʯʠʩʣʫ ʢʦʤʧʴʶʪʝʨʦʚ; 

2) ʢʫʩʢʠ ʚʠʪʦʡ ʧʘʨʳ 3 ʢʘʪʝʛʦʨʠʠ ʩ RJ ʨʘʟʲʝʤʘʤʠ ʥʘ ʢʦʥʮʘʭ ʧʦ 

ʯʠʩʣʫ ʩʝʪʝʚʳʭ ʘʜʘʧʪʝʨʦʚ; 

3) ʦʜʠʥ ʢʦʥʮʝʥʪʨʘʪʦʨ, ʠʤʝʶʱʠʡ ʩʪʦʣʴʢʦ UTP ʧʦʨʪʦʚ, ʩʢʦʣʴʢʦ 

ʥʝʦʙʭʦʜʠʤʦ ʦʙʲʝʜʠʥʠʪʴ ʢʦʤʧʴʶʪʝʨʦʚ. 

ʉʝʪʴ Ethernet 10 BASE F ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 9.4. 

 

 

9.1.4 ɸʧʧʘʨʘʪʫʨʘ 10BASE F 

ʂʦʥʮʝʥʪʨʘʪʦʨ

ǎ Ò 2 ʢʤFOMAU

Tx TxRx Rx

Tx

Rx

ǎ Ò 25 ʤ

DIX

 
 

ʈʠʩʫʥʦʢ.9.4 10BASE F 

 

ɺ ʩʝʪʠ Ethernet ʥʘ ʦʧʪʠʯʝʩʢʦʤ ʚʦʣʦʢʥʝ 10BASE F ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʥʝʰʥʠʡ 

ʪʨʘʥʩʠʚʝʨ FOMAU, ʢʦʪʦʨʳʡ ʚʳʧʦʣʥʷʝʪ ʦʙʳʯʥʳʝ ʬʫʥʢʮʠʠ ʧʨʠʝʤʦʧʝʨʝʜʘʪʯʠʢʘ, 

ʠ, ʢʨʦʤʝ ʪʦʛʦ, ʧʨʝʦʙʨʘʟʫʝʪ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʩʠʛʥʘʣ ʚ ʦʧʪʠʯʝʩʢʠʡ ʠ ʥʘʦʙʦʨʦʪ. 

ʂʨʦʤʝ ʪʦʛʦ, ʵʪʦʪ ʪʨʘʥʩʠʚʝʨ ʚʳʧʦʣʥʷʝʪ ʧʨʦʚʝʨʢʫ ʮʝʣʦʩʪʥʦʩʪʠ ʩʝʪʠ, ʧʦʩʳʣʘʷ 

ʩʠʛʥʘʣʳ ʧʨʦʚʝʨʢʠ ʤʝʞʜʫ ʢʘʜʨʘʤʠ.  

ɼʣʠʥʘ ʘʙʦʥʝʥʪʩʢʦʛʦ ʢʘʙʝʣʷ (ʚʠʪʘʷ ʧʘʨʘ) ʥʝ ʙʦʣʝʝ 25 ʤ, ʘ ʜʣʠʥʘ ʦʧʪʠʯʝʩʢʦʛʦ 

ʩʝʛʤʝʥʪʘ ʥʝ ʙʦʣʝʝ 2 ʢʤ. ʇʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ 2 ʚʦʣʦʢʥʘ: ʦʜʠʥ ʥʘ ʧʝʨʝʜʘʯʫ, 

ʜʨʫʛʦʡ ʥʘ ʧʨʠʝʤ.  

ʄʠʥʠʤʘʣʴʥʳʡ ʥʘʙʦʨ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʩʝʪʠ 10BASE F ʚʢʣʶʯʘʝʪ: 

1) ʩʝʪʝʚʳʝ ʘʜʘʧʪʝʨʳ ʧʦ ʯʠʩʣʫ ʢʦʤʧʴʶʪʝʨʦʚ; 

2) ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʝ ʪʨʘʥʩʠʚʝʨʳ ʧʦ ʯʠʩʣʫ ʢʦʤʧʴʶʪʝʨʦʚ; 

3) ʪʨʘʥʩʠʚʝʨʥʳʝ ʠʣʠ ʘʙʦʥʝʥʪʩʢʠʝ ʢʘʙʝʣʠ ʩ DIX ʨʘʟʲʝʤʘʤʠ ʥʘ ʢʦʥʮʘʭ ʧʦ ʯʠʩ-

ʣʫ ʢʦʤʧʴʶʪʝʨʦʚ; 

4) ʧʘʨʳ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʢʘʙʝʣʝʡ ʩ ST ʨʘʟʲʝʤʘʤʠ ʥʘ ʢʦʥʮʘʭ ʧʦ ʯʠʩʣʫ 

ʢʦʤʧʴʶʪʝʨʦʚ; 

5) ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʡ ʢʦʥʮʝʥʪʨʘʪʦʨ ʜʣʷ ʦʙʲʝʜʠʥʝʥʠʷ ʢʦʤʧʴʪʁʝʨʦʚ. 

9.1.5 ɺʳʙʦʨ ʢʦʥʬʠʛʫʨʘʮʠʡ Ethernet 

ʇʨʠ ʚʳʙʦʨʝ ʢʦʥʬʠʛʫʨʘʮʠʠ Ethernet ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʚʝ ʤʦʜʝʣʠ: 

1) ʥʘʙʦʨ ʧʨʘʚʠʣ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʩʦʙʣʶʜʘʪʴ ʧʨʠ ʩʦʝʜʠʥʝʥʠʠ ʢʦʤʧʴʶʪʝ-

ʨʦʚ ʚ ʩʝʪʴ; 
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2) ʦʮʝʥʢʘ ʢʦʥʬʠʛʫʨʘʮʠʡ ʥʘ ʦʩʥʦʚʝ ʚʨʝʤʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʝʪʠ. 

9.1.6 ʇʨʘʚʠʣʦ 5-4-3 

ʇʨʘʚʠʣʦ 5-4-3 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʘʙʦʨ ʧʨʘʚʠʣ, ʧʨʠ ʢʦʪʦʨʦʤ ʩʝʪʴ Ethernet 

ʨʘʙʦʪʘʝʪ ʢʦʨʨʝʢʪʥʦ: 

1. ʇʦʚʪʦʨʠʪʝʣʴ ʠʣʠ ʢʦʥʮʝʥʪʨʘʪʦʨ, ʧʦʜʢʣʶʯʝʥʥʳʡ ʢ ʩʝʛʤʝʥʪʫ, ʩʥʠʞʘʝʪ ʥʘ 
ʝʜʠʥʠʮʫ ʤʘʢʩʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʧʦʜʢʣʶʯʝʥʥʳʭ ʢ ʥʝʤʫ ʘʙʦʥʝʥʪʦʚ; 

2. ʇʦʣʥʳʡ ʧʫʪʴ ʤʝʞʜʫ ʜʚʫʤʷ ʘʙʦʥʝʥʪʘʤʠ ʜʦʣʞʝʥ ʚʢʣʶʯʘʪʴ ʥʝ ʙʦʣʝʝ ʧʷʪʠ 

ʩʝʛʤʝʥʪʦʚ ʠ ʥʝ ʙʦʣʝʝ ʯʝʪʳʨʝʭ ʢʦʥʮʝʥʪʨʘʪʦʨʦʚ (ʧʦʚʪʦʨʠʪʝʣʝʡ); 

3. ɽʩʣʠ ʧʫʪʴ ʩʦʩʪʦʠʪ ʠʟ ʧʷʪʠ ʩʝʛʤʝʥʪʦʚ ʠ ʯʝʪʳʨʝʭ ʢʦʥʮʝʥʪʨʘʪʦʨʦʚ, ʪʦ ʢʦʣʠʯʝ-

ʩʪʚʦ ʩʝʛʤʝʥʪʦʚ, ʢ ʢʦʪʦʨʳʤ ʤʦʛʫʪ ʧʦʜʢʣʶʯʘʪʴʩʷ ʘʙʦʥʝʥʪʳ, ʥʝ ʧʨʝʚʳʰʘʝʪ 

ʪʨʝʭ. ʆʩʪʘʣʴʥʳʝ ʩʝʛʤʝʥʪʳ ʧʨʦʩʪʦ ʩʚʷʟʳʚʘʶʪ ʢʦʥʮʝʥʪʨʘʪʦʨʳ (ʧʦʚʪʦʨʠʪʝʣʠ) 

ʤʝʞʜʫ ʩʦʙʦʡ. 

ʇʦʚʪʦʨʠʪʝʣɹ 1

ʇʦʚʪʦʨʠʪʝʣɹ 2

ʇʦʚʪʦʨʠʪʝʣɹ 3

ʇʦʚʪʦʨʠʪʝʣɹ 4

ʉʝʛʤʝʥʪ 5

ʉʝʛʤʝʥʪ 4

ʉʝʛʤʝʥʪ 3

ʉʝʛʤʝʥʪ 2

ʉʝʛʤʝʥʪ 1

 
ʈʠʩʫʥʦʢ.9.5 ʇʨʠʤʝʨ 1. ʉʝʪʴ Ethernet ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʧʨʘʚʠʣʫ 5-4-3. 

 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʵʪʠʭ ʧʨʘʚʠʣ ʤʦʞʥʦ ʙʳʪʴ ʫʚʝʨʝʥʥʳʤ, ʯʪʦ ʩʝʪʴ ʙʫʜʝʪ ʨʘʙʦ-

ʪʦʩʧʦʩʦʙʥʦʡ, ʠ ʥʠʢʘʢʠʭ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʨʘʩʯʝʪʦʚ ʥʝ ʪʨʝʙʫʝʪʩʷ. ʇʦʢʘʞʝʤ ʥʘ 

ʨʠʩʫʥʢʘʭ 6.5 ʠ 6.6 ʧʨʠʤʝʨʳ ʩʝʪʝʡ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʧʨʘʚʠʣʫ 5-4-3. 

 

ʂʦʥʮʝʥʪʨʘʪʦʨ

ʂʦʥʮʝʥʪʨʘʪʦʨ

ʂʦʥʮʝʥʪʨʘʪʦʨ

10Base5 (500 ʤ)

ʂʦʥʮʝʥʪʨʘʪʦʨ

10Base2 (185 ʤ)

10Base5 (500 ʤ)

10Baseʊ (100 ʤ)

10BaseF (2000 ʤ)

10BaseF (2000 ʤ)

 
ʈʠʩʫʥʦʢ.9.6 ʇʨʠʤʝʨ 2. ʉʝʪʴ Ethernet ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʧʨʘʚʠʣʫ 5-4-3. 

9.1.7 ʄʦʜʝʣʴ ʥʘ ʦʩʥʦʚʝ ʧʦʜʩʯʝʪʘ ʚʨʝʤʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʝʪʠ Ethernet 

ɺ ʤʦʜʝʣʠ ʧʨʠʤʝʥʷʝʪʩʷ ʜʚʘ ʨʘʩʯʝʪʘ: 

1) ʧʨʦʚʝʨʢʘ ʜʚʦʡʥʦʛʦ ʚʨʝʤʝʥʠ ʧʨʦʭʦʞʜʝʥʠʷ ʩʠʛʥʘʣʘ ʧʦ ʩʝʪʠ; 

2) ʧʨʦʚʝʨʢʘ ʤʝʞʢʘʜʨʦʚʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ. 

ɺ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʥʝʚʦʟʤʦʞʥʦ ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʧʨʘʚʠʣʫ 5-4-3, ʥʝʦʙʭʦʜʠ-

ʤʦ ʧʨʦʚʦʜʠʪʴ ʨʘʩʯʝʪ. 




