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Afrfafafafafafa] [afafafafafafaia] [afafafa]e[a]1]1] [ofo[o]ofo o]0 ]0]
Monyyaem pesynbrar:

192 168 5 0
1fofofofofofo] [1]of1]o[1]of0o 0] [ofolofofo[1]o[1] [o]ofo]ofo 0]0]0]

2. 125
IP- :192.168.5.143, RT: 255.255.255.128 /25.

192.168.5.128:

192 168 5 143
[1]1]0o/0j0fojo] [1]o]t]o]1]ofo]o] [oloj0ofojo/t]o[1] [1]ofofo1]1]11
MpouzeoauM NOBUTHOE YMHOXeHUWe (noruueckoe W) :

255 255 255 128
(afafafaiafafafn} [afefafafafafafa] [alajafaiajafa]1] [1]o]ofoofo]0 0
Monyyaem pesynbrar:

192 168 5 128
[1]1]o/0fofoj0fo] [1]o]1/0]1]0fofo] [0 0fofoj0[1]0o[1] [1]ofofofofoo]o0]

IP- 192.168.5.76 /25 (255.255.255.128) 192.168.5.0:

192 168 5 76
[1[1]0/0fofolofo] [1]of1]o[1]0fofo] [ofofofofof1]o]1] [of1]ofo[1]1]0]0]
Mpou3Bogum NOGUTHOE YMHOMXEHKE (norkyeckoe U) :

255 255 255 128
(afafaiafafafafa] [afafafafafafafa] [afafafa]a]afa]2] [1]ofofofo]0o]0]0]
Monyyaem pesynkrar:

192 168 5 0
[1/170/0]ofojolo| [1]of[1]o[1]0]ofo] [ojofoofo|1][o]1] [ofofofojofo]0]o]

CIDR .CIDR (Variable Length Subnet Mask — VLSM), , ()  (/0, /8, /16, /24).



«n, »,:

11111111.11111111.00000000.00000000
255.255.0.0 /16, :

172.24.0.210/16

VLSM , ,

500. () -254, —65534.

CIDR/VLSM 512

()



e o o o 0 o o
—
~

(-RT)

® - (DVA - Distance Vector Algorithms) —  -;
® (LSA —Link State Algorithms) — ;
* 0-. ..

DVA — RIP (Routing Information Protocol).

DVA ()
DVA ., (15).
LSA.
) )
LSA OSPF (Open Shortest Path First).
, OSPF, IS-IS,
(NGN)

, Ethernet.



2.6 Ethernet

Ethernet ( L2).
L2 , L2. L2
L2 , ., L2
L2 , HDLC, LAP-D, Ethernet, ATM, , Frame Relay . Ethernet.
2.4, OSlI, - Ethernet ,
24- - L2
OSl| | - Ethernet Ethernet
LLC, 802.1p/Q, MPLS .
10 0 802.1p/Q, MPLS .
SFD/EFD
LLC, 802.1p/Q, MPLS . L2.
Ethernet .
FCS.
LLC
802.1p/Q, MPLS . CoS, L2
FIFO,
G ). LLC, 802.1p/Q, MPLS, SNMP .
2.2, Ethernet, (Frame).
7+1+6+6+2+(46...1500)+4= 72...1526 6anuTt
~
6+6+2+(46...1500)+4= 64...1518 6aunt
- _
- -
7 = 6 6 2 46...1500 4 §
A (=] i T A ¥ ¥ 1
Ganr - Gant GanT GanTa 0anuT Gawnra 2
: DA SA LI WHdopmaumn ot
o (a]
Mpeambyna bli Dest Source Type NpPOTOKONOB FCS &
Address Address Protocol | BepxHux ypoBHe#
2.2— Ethernet ()
-7 . —10101010. . , «» L1. , Ethernet L1, Ethernet .
SFD/EFD -/ () 10101011. Ethernet L2.

DA---6. =0, , =1, (broadcasting)

1 (FF:FF:FF:FF:FF:FF).
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SA- -6. - 0.

3 MAC- , (OUI - Organizationally Unique ldentifier) [5].

00 20 AF - 3COM.

A8 F9 4B — Eltex, Novosibirsk, RF

3 MAC- .
(LI (TP EtherType)— ( IEEE 802.3  1500).
2.5
25— , Ethernet
(TP)
08 00
08 06
80 35
81 00
814C
86 DD
88 47
88 48
88 63
88 64
88 A8
88 AB
88 F7
91 00
46 1500. 46, , 46.
FCS— -4. Etheret CRC-32.  =1/2%2=10%.
2.6.1 Ethernet
Ethernet:
° )
*  (98% LAN, 95% MAN );
. .
. ,1 IP;
® Ethernet L2(, ,) L1( );
. (10/), Metro ().
2.6.2 Ethernet
, Ethernet
® Ethernet QoS;
* BW();
. (Cos,);
® Ethernet, , (TDM-,,, PLMN);
® FEthernet «» (=99,999), “ring” “mesh”;
* Ethernet () , L3),
(MPLS, RPR, IEEE 802.1p/q), Ethernet.

=>1500 - ( Ethernetll).

EtherType = Protocol

Internet Protocol, Version 4 ( IPv4)

Address Resolution Protocol ( ARP )

Reverse Address Resolution Protocol ( RARP )
VLAN-tagged frame ( IEEE 802.1Q, 802.1aq)
Simple Network Management Protocol ( SNMP )
Internet Protocol, Version 6 ( IPv6 )

MPLS unicast

MPLS multicast

PPPoE Discovery Stage

PPPOE Session Stage

Provider Bridging ( PBB — IEEE 802.1ad, 802.1aq)
Ethernet Powerlink

Precision Time Protocol (IEEE 1588) ( Ethernet)

Q-in-Q
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2.7 VLAN

Ethernet-,
(VLAN) VLAN.
, VLAN, - ( ).
VLAN
() VLAN, VLAN.
Ethernet- Ethernet Ethernet.
VLAN/QOS:

L0

® Ethernet (PPPOE);
®* VPN -802.1Q (VLAN), MPLS, PBB.

1. 0.
2. .

QoS PPP/Ethernet/ATM VLAN, DHCP, xSTP, MPLS ..
VLAN IEEE 802.1 p/Q.
IP-  Ethernet , (802.1p/Q), 4:

Type/

MAC | MAC

Data

CRC

DA SA Size
6 banT 6 bant 2 bait 46...1500 Bawnt 4 banTa
¥ “““-"“-"“-""'"‘il-.-
MAC | MAC 802.1p/Q Type/ CRC
DA SA 86uT | BBt | 86uT | 8BKUT SIZE Dﬂtﬂ
6 bant 6 bant Tp=8100'Hex | CoSICEIVID 2 Banr 4 banta
- 16 6uT -
& i
CoS VID
Sk CFI VLAN Identifier
Service
3 buta 1 6ut 12 But
Huzkmia 00ao B
(0 - KAHOHW4YECKUA
001 dopmat MAC-
afpeca MNoanep#ka
ao
i . 2'7=4096 VLAN
HeKaHOHWYeCHHIA
tdopmat MAC-
Bricokui 111 anpeca




(802.1p/Q)
CoS (Priotity) 3 () .
VID (VLANID) 12 () . 12 4096 , 0 4095

CFI (Canonical Format Indicator) 1

2.8 VoIP

TOM-, IP- () /, (. 2.4):

TPID (Tag Protocol Identifier, =8100'Hex) TCI (Tag Control Information),

(Token Ring, FDDI),

2.3- 802.1p/Q

802.1Q 4094 .

Ethernet, Ethernet 0.

CoS (Priority), CFI VID.

MnockocTte C [Mnockocte U
(nepenaya peyesoil
TEXHOJTIOI'MA IP-tnd uHcpopmaLin )
clV|=lelef | H.323 || Softswitch ||SIP |11 570
. H.225 MGCP
L MEGACO
6 RAS, H.248 1= e
g H.245, ... —_—
4 TCP UDP SCTP DP
CeteBon 1P
< ] MPLS
aHallbHbIN
ETHERNET
Quariecu SDH, XWDM....

2.4 — IP-(H.323, MGCP, MEGACO/H.248, SIP)

IP- C,
2.8.1 H.323.
IP-  ITU-T H.323.
H.323
2.8.1.1 H.323
323 IP- Q931 , ISDN.
L ITU-T 323, , P, VolP.

.323 2.5:

24— Ip-

(U): G.xxx, /RTP/UDP /IP/MPLS/( L2,, Ethernet)
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MpuBpaTHukK
(GK)

H.323 / P H.323
TepMMHan —— [ = TepMMHan

GW GW
4"'
i

A
>

>

Yc-Bo ynpaBneHus
KoHndpepeHuuamu (MCU)

25- .323
IP- .
IP- H.323:
* .323
® 323 (Gateway — GW),
®* (Gatekeeper — GK)
®  (Multipoint Control Unit — MCU)
2.8.1.2 H.323
.323
323 - IP-.
( PC) IP-, H.323.
323 () .323,
, H.323 NetMeeting Microsoft Windows’95/98. H.323 , IP-.
.323 (GATEWAY — GW)
H.323 , TDM() VolP. (,, diap-up), () ., IP (H.225, RAS, H.245).

323 :, (TDM-), , IP. 2.6.
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(DSS1, -7 (ISUP), R2,.

(GATEKEEPER - GK)

VolP .323.

IP-  RAS;
G o)
IP-;
225 H.323.

IP- 323,
0, RADIUS.

—-MCU

MCU

.323

e o o
—~
~

2.8.1.3 .323

323, 27( 1P

RAS.

Mnockocte U

) .225(Q.931) .

IP- (IP- + TCP);

Aklan
-1

G.7T1|G.729
0 | rtP
0 uDP
0 P
0 Eth

SN
| [ E

|

z V3(E1)
2.6

(FE)
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Cemencreo nporokonoB H.323

_-F"'-#;-

"l-\-h_l_--_-_

MnockocTte C MnockKkoctb U
Peuyb
H.225 BuaeouHdgopMauna

H.245

Ynpaen.coep.
(Q.931)

RAS

RTCP

RTP

TCP

UDP

IP

Ethernet

Pusnyeckn yposeHb

U (user) .
(control)
, .323.

1. RAS (Registration Admission Status),

H.323;

UDP.
2. 2250(Q.931) , IP-. Q.93
225

SETUP —;

CALL PROCEEDING - ;
ALERTING —;

CONNECT —;
DISCONNECT —;
RELEASE -,

RELEASE COMPLETE - .

TCP.
3. .245 IP- H.323,, , ,  RTP/UDP/IP,
, RAS, .323.

225.0 (Q.931) .245.

245 .225.0,
. RAS

.225.

27— .323




2.8.1.4 IP-

( 28).
IP-
H.}23 "'J”
TepnHan 1) Setup/Q.931 Tepnhan
. 2) Alerting/Q.931
_ 3) Connect/Q.931
4) Dl:':lr.IeH OaHHLIMKH O (PYHKLHOHANBHBIX BOZMOKHOCTA
: Onpeneneyle BenyuHiBenoMLIR : H.24%
z 5) CosnaHne NOrHYecKH® KaHanoe :
6) RTP »
€ RTP
2.8 -
- SETUP - -1720.

SETUP ALERTING,, ,
CONNECT - .245.

245 (G.729,G.7231 .), , RTP,

RTP, , RTCP.

(29, IP-.
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""{all Pmcms

._ |A.Iert|ng,||'Q.1}31 |
_ Alerting [ Q931 . |.....oooivimmiiinienniiees OTBET
mﬂllartm ..... 931+ |C0nnect;|'{! 931 |* —

 [COnRECEIQE3T]. |....oovurvceceisieee s

|'Cﬂ-

SEl

3
o=
e
=
7

_____________

| 06mMen no npoTokony H.245

_\77

| PasroBopHan haza

F
L 3

29-
( Setup) Admission Request (ARQ)
ARQ , ARQ, , . alias- .
ARQ RTP/UDP/IP
, Admission Confirm (ACF).
ACF Setup .225.0.

Admission Reject (ARJ).

RAS, :
L]
.
.
L]
L]
.
.
H.323 , .323, Softswitch .323 Softswitch.
2.8.1.5
1. .323
2. IP-,
3. Q931 IP-,
4. -7 1P, .
5. .323 U
6. .323 C.
7. Q.O3lL
8. .
9.
2.8.2 SIP.

2821



IP-  SIP.

() ., 323, , IP-T,
SIP IETF—-, , TCP/IP. SIP , HTTP: — (request—reply). SIP,
SIP Session Initiation Protocol— . , SIP ,

SIP

SIP  SIP (SDP,ISUP, Q.931, ...).

, SIP- SIP SDP (Session Description Protocol— ),  SIP . SDP  SIP.
SIP  3GPP, IMS, 4G.
2822

SIP  2.10.

Npokcu- <p.
cepeep TepMHHAN
Linwo3

210- SIP

SIP-, SIP-, — ,,
sip- . . SIP-, Softswitch,  SIP-T (ISUP SIP).

- (proxy -)

(SIP ).
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REGISTER

SIp
SIP— IP-.
( PC) IP-, SIP.

SIP SIP, proxy-.

SIP

IP- SIP

28.23

SIP

IP-,

SIP —

(TDM-), , IP;

(DSS1, -7 (ISUP)) SIP .

U

UbDP, TCP. UDP , TCP,

C

.25, Frame Relay, AAL5/ATM, IPX . SIP . IP UDP.

RTP.

(2.12...2.13).

(

), ., TCP (firewall), . TCP, , TCP-,

TCP-.

CemenctBo nportokonoB SIP

— =

211,

Mnockocte C

Mnockocte U

SIP RTCP

RTP

TCP\UDP UDP

IP

KaHanbHbIN ypoBeHb

PuU3nyecKknini ypoBeHb

211- SIP

SIP  TCP/IP.
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Mnockocte C

TenedhoH ﬁm SW
SIP <=- 8023

%
<

SIp
UDP
1P
Eth | Eth
Eth
10BT 1;;2E
10BT
212 - SIP -

NMnockocte U

TenecoH /{W SW
SIP <<=~ 8023

%
<

G.723
RTP
uppP
IP
Eth| Eth
Eth
10B8T 1 ﬂé; ;EE

10BT

2.13- SIP-

(2.14... 2.15)
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Mnockocte C

G

Isup |
0 |ISUP i
0 MTP3 MTP3| IP
0_|mTP2 MTP2] Eth
Ak/an 7 1 3
L I [ |
7 E1
2.14 - -7 SIP-
Mnockoctb C
G
sIp
Q.931| upp
0 [Q.e31 IP
0 ILAPDI LAP-D| Eth
Akl/an \i E
7 3
1 | I | l
2 V3 FE

2.15- Q.931 SIP-

2.8.2.4,

IP- SIP, .



SIP -

@8

D= s , . IP- — Domain Name Service (DNS).

SIP- «sip:»,, SIP-.

sip: 123456@abc.eltex.nsk.ru
sip: user@192.168.100.152

sip: 294-75-47 @sip-gateway.ru

2.8.2.5 SIP-

«» o,

SIP() , RFC2279.

sP-. ., ., ., -

,INVITE OPTIONS . BYE . : ,

2.16— SIP -


mailto:123456@abc.eltex.nsk.ru
mailto:user@192.168.100.152
mailto:294-75-47@sip-gateway.ru

CTpyxTypa coobuweHuna SIP )

MycTtana cTpoka

-

wel)

n:

c=IN P4
=01 0

Teao conbmenns (HeoliniareaLno)

Henoneryemad pepoid npotokona SDP

HHDOPMAIAE 0 HHIHATOPS BRITEL

Twun npotokensa i [P-agpec ornpaswnTena

Bpemsa nauina ¥ OCTAHOBKH CEAHCA

THn MeIHAIAHHEIX, HOMED TMOPTL, CIHCOK BOIMOMKHEIN KOJSKOB.

W

2.8.2.6 SIP-

SIP (RFC 3261)

INVITE- . SDP-;
- INVITE;
BYE - . ;

REGISTER —
OPTIONS —

, SIP 8,

SIP

PRACK — (RFC 3262);

NOTIFY —  (RFC 3265);
PUBLISH—  (RFC 3903);
INFO— ,  (RFC 2976);

UPDATE — (RFC 3311).
1,2,3,4,5 6.

1-
2—,
3—
4-,
5-,
6XX — ,

2.8.2.7 IP- SIP

1.

SIP- SIP-.

2.17- SIP -

CANCEL — Call-ID, , From CSeq,

SUBSCRIBE — (RFC 3265);

REFER -  SIP (RFC 3515);
MESSAGE —  SIP (RFC 3428);




SIP-tIf

B%
=

--------------------

2.18- SIP-

- 219():



Buizos
------- .
> INVITE
OTteer
R, TpaH3aKLMA
OTt6on
R
BYE
TpaHEEHu Ha

SIP-Proxy
SIP-tif
SIP SIP
B@ FE FE
N INVITE
Tryin —
o0 Toyed T vITE
"
180 Ringing
il S S
180 Ring'Ne
5 ... £ L L pooR.
20006 g
i ACK
- ACK
_—
Pa:;raaopua: daza (RTP)
BYE LB
S0 ok
3aHATo ?T_E_,. ---------------------- ——eaa. -
e Gl & bl
OTbown
....... = SO 200 OK
______________ -
219 IP-
INVITE. INVITE -(. 2.19). . INVITE ,- 100 (Trying),, INVITE.
, , INVITE . Via -, 180 Ringing,  INVITE , From, Call-ID, CSeq Via.
200 OK, SDP. . INVITE- , SIP
BYE, 200 OK.
2.8.2.8 SIP
219 ,.slP, Q.
SIP 1.1 SIP- IP-(RTT),
26 SIP- .
2.6 - SIP-:
0 10 Trying . — 10000 .
1 500 () RTT( ).
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INVITE- INVITE.

— 4000 .
4 |5 ,
— 5000 .
=1 INVITE
( UDP).
— 1000 .
64*1
INVITE-. — 1000 .
>3 proxy INVITE transaction timeout.
— 1000 .
D  >32 UDP
0 TCP/SCTP
E =1 INVITE-
( UDP).
— 1000 .
F  64*1
INVITE-. — 1000 .
G| =1
INVITE. — 1000 .
H  64*1
— 1000 .
I 4 UDP
0 TCP/SCTP . —1000.
J | 64*1 UDP INVITE-
0 TCP/SCTP . —1000.
K | 4 UDP
0 TCP/SCTP = — 1000.
28.29
1. SIP
2. Q931 IP-,
3. -7 IP-
4. SIP U
5. SIP C.
6. SIP.
7. SIP.
8. SIP.
9. IP- SIP.
10. SIP.

N
©



, G.711 (1965 ), )

., (, PLMN, VoIP) ITU-T ETSL
VolP , ITU-T ETSI, -
VolP, VolP, VolIP-,
. :
e . (MOS), 5-.
IP- , IPTD - 400 (. G.107 Y.1541). IPTD ,:
.
.
2.7.
2.7 —
G.711 G.711 G723.1 G.728
ITU-T ITU-T ITU-T | ITU-T
1965 . 1999. 1995.
64 64 1) 6,3 16
/ 56 2)5,3
125 10 1) 24 2,5
(0125) 80 30
! 2)20
20
(MIPS) 0,1 MIPS | 0,5MIPS 16 MIPS 40 MIPS
(MOS) 42— 42— 139 40
4,5-I1SDN | 4,45 -ISDN  2)3,7
2.10 IP-. QoS
P- P, , IP-
ITU-T 1.350 .430 33, ,
TDM- 45.196-2001. /:
1.
2.
3
a.
i
i (-ASR)
1.
b. 0. 0:
i, (.45.196.2001)
1.
P, L)
P-  TDM- P-(, ) .)
IP- ,  TDM-KK
™M- - -
TDM-:

G.729

ITU-T

10

10

1) G.729 — 20 MIPS

2) G.729A - 10,5 MIPS
1)4,1

2)35

GSM-FR GSM-HR
ETSI ETSI
GSM 06.01 1994 .
1987 .

13 6,5

20 20

32 16

4,5 MIPS 30 MIPS
3,7 3,9

AMR

4.75

12.2
20

95

244

50 MIPS

4,14
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* (-BER)(.G.703 1)— .

IP- QoS , . QoS (Quality of Service — ) - , (SLA).
QoS «»

,, QoS

* VoIP

2.10.1,

P (Connectionless Network Services — CLNS). , P

wnE
|

v P

ITU-T G.107 -, -R-, 20, (. 2.20):


https://docs.eltex-co.ru/pages/viewpage.action?pageId=21628622#id-1.,IP,NGN-Fig2.20

IMeperawman cTopona

OLR

SLR

Touka 0 abo
!

KmMnuHanr? .

Mlym nomemenna Ps

0

BapelIeHHOES TATYVXAHHE
TpakTa 3xa WEPL

Janepwxa B obe
cropoHe Tr

[lys nenu Ne,
OTHOCHTENBHD '}JH*‘-'_/ Kosi. yeTodanencTn & notepe naketos Bpl

"[Km;llpt’mamn:meKcu;llpau. B

| Kondwh. crmsenng kasecTea
ofopyrosadna le

Beposraocts norepn naxera Ppl

Cpenunas sanepska b ofHOM Hanpasnednn T

F 1

AfcomoTHas 3anepskia Ta

20-, (2.8).

2.8, (.G.107)

Hekasenne kpanTosanns gdu

Crennaeselil koodupunent A

2.20- -(G.107 —ITU-T)

Mpresaas cropona

Hlysm nomemenns Pr

MecTaeii adydext,
MackHpymui pefitnar STMR

MecTunil auperr
cnymamere LSTR
(LSTR =

STMR + Dr)

Pefitiar rposgocTy

IXA FOBOPAIIETD
TELR

G.i07_Foi
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3HadeHne | Pazpemen-
IMapametp Addpes. |Eammnnel oo HEIil JaMedaHNe
¥MOIIAHOK | IHAOA30H
PeHTHHT TPOMKOCTH HepeIatn SLRE ab +8 0.. +18 (TIpmna. 1)
PeHTHHET I'POMEQCTH IPHEMA RLR ab +2 -5 ... +14 (TIpema. 1)
PeATHHT MACKHPOBEH MECTHOTO 3(iderTa STMR ob 15 10 .20 (TIpmna. 2)
PefATHHEr MecTHOIO 3 JeKTa CIyIOArIIero LSTR ob 18 13 ...23 (TIpmn. 2)
3uavenne D Tensdiona Ha Oepelaminell cTOpoHE Ds - 3 -3 .43 (TIpmna. 2)
3uavenne D TenedioHa Ha IPHEMHOR CTOpOHE Dr - 3 -3 .13 (TIpmma. 2)
PeHTHHT TPOMEOCTH 3Xa TOBOPANIETO TELR ab a5 3,63
D3BeIIeHHOS 3ATVEAHHE KAHATA 3Xa WEPL ab 110 5..110
CpeaHad 3a30epEKa KAHATA 3Xa E 0THOM T MC 0 0 .. 500
HAPABTEHHAH
3aJep&Ka B IEVX HaNpaBIeHHAX B 4-IpoBOIHOH Tr MC 0 0...1000
IAMEHYTOH TenH
AGCOTIOTHAS IATEPEKA B COSTHHEHIAL, Ta MC 0 0 .. 500
CBOOOIHEIX OT 3Xa
UHcT0 VCIPOHCTE ¢ HOKARCHHENM KEAHTOBAHHA qdu — 1 1....14
KoadbdumesT cHH SIS Ka9eCcTRBA 000pVIOBAHHE Ie — 0 0..40
Koa@hHuEeHT VeTOHTHECCTH K MOTEpPE TAKETOR Bpl - 1 1..40 (TIpmmns. 3)
BepoATHOCTE CIVIAHHOH DOTEPH DAKETOR Ppl %a 0 0..20 (TIpmmna. 3)
Koaddummest scnnecka BurstR - 1 1.. 2 (TIpmna. 3)
vy mens oTHOCHTETRHO ToukH 0 gbo Nc abn0n —70 —80 ... —40
TloporoBeIE OIVM Ha CTOPOHS IPHEMA Nfor abum —654 — (IIpma. 3)
1Ty moMeIDeHRA Ha CTOPOHS OepeIatin Ps ab(A) 35 35..85
1Ty moMeImeHHAA HA CTOPOHE OIPHEMA Pr ab(A) 35 35 .85
Koaddummest Bemurpeima A - ] 0..20
2.10.2
ITU-T Y.1540  IP-
1. —C(/) (Performance).
2. 11 (Dependability, Reliability).
3. IP-.
a. —IPTD.
b. —IPDV ().
c. /| —IPLR/IPER.
, 33 IP- Y.1540:
29—, IP-
Oy 0
0
o IPLR, |,
IPTD (), | IPER |

IPDV ()



. (IP) IP-  TDM-.
M-, , , .  45196-2001

[ T} ’

P- (, IPTD, IPDV, IPLR, IPER).

1. —C(/) (Performance)

(L1, , E1,STM-1,FE,GE .) , I () , (), —, (=1=)

(L2) .. !, (53 =48 +5). L2 , ., Ethernet -46, (1518, ) ()- . , Ethernet. ,
, Ethernet, (IPTV) - 1000. , Ethernet

wy /., 0 . , -

(, Softswitch, , , ) G) . - —1, —busy hour call attempts (BHCA)., () Softswitch 30.

2.1/ (Reliability)

. - (Mean time to failure, MTTF) — T.

. MTTF - MTBF (Mean time between failures), )— —T., Ethernet D-Link = 100 000 600 000 .
d () — Mean time to recovery (MTTR) SDH - <50.

* -0 =)

«»,
10-15 «5», 99.999% ( ).

® 99% 3.7/
® 99.9% 9/
® 99.99% 53/
® 099.999% 55/- SDH!
<98% (=7).
IP
3. IP-IPTD (IP packet transfer delay)
IPTD . ITU-T G.114.
210- (G.114)
QoS G.114
5" 4" 2"

IP IPTD (max) <150 @ 150...400 @ >400

T( G.114)— 1 3/300
3)T_ ( )_ 1 1 T 0 ’
4) - - ,, (SLA). - -(60% IPTD). -

4. IP —IPDV (IP packet delay variation)

Ethernet

80 360



P, () O, « («») «»(«»), —
5. IP—IPLR (IP packet loss ratio)
IPLR

P, IPTD, Tmax.

6. IP —IPER (IP packet error ratio)

IPER , ,

2.10.2.1 QoS (Y.1541)

ITU-T Y.1541 6 IP-

® 0-,, (VoIP ).

* 1- , , (VoIP ).

¢ 22—, (,)-

® 3-,.

® 44—, (,,)

® 5- |IP (BE - Best Effort— ).

2.11- Y.1541

2.10.3 (MOS, E-)
VolP : VolP ,

. VoIP

ITU-T P.800 MOS (Mean Opinion Score).

MOS , s , («») -
5-:
* 5,
* 4,
o 3_’
2,
* 1-.
3,5 ,3,0...35-,25...30-.
MOS 3,5.
MOS
MOS

® (end-to-end) (IPTD);
* (-IPDV);
®* (IPLR).

IP, IPTD
IP, IPDV

IP, IPLR

IP, IPER

QoS

100
50

1103

110

400
50

11073

1104

100

110

110°°

110° | 110°

110° | 110°



, MOS

ITU-T 1998. - (. G.107)— ,

-, R-("Rating Factor").

-R- 0 100, 100

R-

R:Ro—ls—ld—le+A,

Ro=93,2- R-(Ro =15 1,5(SLR + No));

Id - ;
le-,, ;
A-  (SLA,, ).
R- MOS.
R- -, R-.

) (), R-(, Ry , 932, MOS, 44.

, - 44 MOS

2.12- QoS R- MOS

R- 50

213- ( R- MOS)

R-

90<R<100

80<R<90

70<R<80

60<R<70

50<R<60

G.711

G.729

i
64

8

G.723.1m 6,3

G.723.1a

53

MOS

4,34 - 4,50

4,03 -4,34

) | 3,60 — 4,03

)  3,10-3,60

2,58 -3,10

93,2
82,2
78,2

74,2

MOS
4,4
41
3,9

3,7



2.10.4

2.10.4.1 IP- (DiffServ, IntServ)

TDM- 0.
o o G)
, - IP P ., (. )
P -
IP— (CLNS),, , ,
. ., exe-1,1- (=109
P, — ToS. 0. IP, TCP,
, . IP -1
«w ,, P 2
IP:

® DiffServ (ToS, DSCP, COS);
® nt-Serv (RSVP, RAS, LDP,...);

— Best Effort (1981),

().

® MPLS, VLAN (802.1p/Q) ( Int-Serv DiffServ).

N-ISDN, FR, ATM, IP, MPLS .

2.10.4.2 IntServ (Integrated Services)

TDM (PSTN, PLMN, N-ISDN);
ATM (1992...1996);

MPLS (1998...2004).

(RFC 1633, 2205,2705) -

RFC 1633 IntServ

(packet scheduler) —
(classifier) —
(admission control) — .

ronpE

IntServ
QoS
?

«» QoS, DiffServ.

2.10.4.3 Diff Serv
DiffServ ,

® 1996...98 - —. ;

(Resource reSerVation Protocol — RSVP).

(IP-)

RSVP (1994-2000), RFC 1633, RFC 2205, RFC 2705;

P

IP (RFC-791).

® 1999...2002 - DéCP (DiffServ Code Point) — DS — RFC-2475, PHB — FRC-3140;
® 2000...2004 - DiffServ Traffic Engineering (DS-TE).

Diff-Serv , DS (:

1. (Ds);
2. —Core Network ( PHB).

, , RFC-2475



DiffServ DSCP, 6 ToS IP-.
RFC-2475 :

1. .
2. («»).
3. («»), 0o ., !

(ACL);
(SLA);
DSCP (DiffServ Code Point) — 6, 26=64 ;
(shaping)

DS (port-access),

: ERAS (Broadband bordur Router Access Server);
® LER/MPLS (Label Edge Router);
* (SBC) ...
-
DB
(SLA)
Meter
(U3mepuTens)
MakeTsbl B8 CN
Classifier : I : Shaper/Dropper I
[ Knaccudmkatop Marker > ®opmupoBartens/ [
(KonamuunoHep) L L OTtbpacbiBaTenb

2.21 — DiffServ RFC-2475

2.22  Diff_Services :


https://docs.eltex-co.ru/pages/viewpage.action?pageId=21628622#id-1.,IP,NGN-Fig2.22

(Service Level Agreement, SLA) —

(SLA) :

BxoaAawmi nopt

BbICOKONPUOPUTETHBIA
Tpaduk Video/Voice

Knaccnoukayms

[ Protocol | [ 1P Addr |

[ TcPuoppPort |

[ Ether type ] [ TCP flag ]

[ vian | [ macadar |

[ Physicat Port ] [ Time ]

[Pre::edence] [ TOS ]

Cnucok npas
Joctyna /

/

[

MpuopuTeTHbIA TpadMK

E-mail

NookrwdhpE

SLA QoS. SLA

G

He npHUopHTETHBIA Tpad MK

[ Web file downloads

SLA -

(IP-dest, ToS, TCP-UDP-port, ...).

, SLA,

(Shaper)

DSCP (6).

(SLA).

[ HamBbiclumii npMopuTeT

1to 1 Mapping

]

802.1D
Mpuoputesayma

BbICOKMIA NPHMOPUTET

Ouyepeab 8

Ouepenb 7

Ouvepegb 6

Ouvepeab 5

QOuepeap 4

Ouvepenb 3

Ucxopawmin nopt

A AR A

Ouepegp 2

A A AVAVAVAV,

HM3KMIA npuopuTeT

Ot6poLueHHble

[ OtdunbLTpOBaHHbBINA TpadUK ]

2.22 — DiffServ

( SLA -V,V,,T,..).

naxkeTbl



1. , TDM-.

2. IPTD, IPDV, IPLR, IPER

3. (MOS) -( —-R-).

4. , (Diff_Serv)  (Int_Serv).
DiffServ — — Core Network.

, — PHB — Per-Hop-Behavior —
,  QoS:

1. - EF (Expedited Forwarding) (RFC-3246),

2. — AF (Assured Forwarding) (RFC-2597),
®
* 0

3. —Best Effort (BE), (  QoS).

PHB , L3/L2 (IPP-ToS, DSCP, CoS).
2.14- PHB IPP, DSCP CoS
CS -, Cisco.

|
2.10.5
1. Qos.
2. QoS TDM-KK IP-.
3., IP-.
4. IP-.
5. , IPTD.
6. QoS .Y.1541.
7. Y.1541 0 1.
8. MOS -.
9. -
10. IP- (DiffServ, IntServ).
11. IntServ.
12. , DiffServ.
13. DiffServ.
14. SLA.
15. () PHB.

16. PHB

(  Int_Serv CBR ATM).

4-, (AF1-AF4)

(VoIP)

0
(IP-TV, )

()

(SNMP)

(FTP, e-mail,

()

(AF11 AF43):

L3

IP-Pr  PHB DSCP
6 CS6 48

5 EF 46

4 AF41 34

4 Cs4 32

3 - 25

3 AF31/CS3  26/24
2 AF21 18

2 CSs2 16

1 AF11 10

1 Cs1 8

0 0 0

L2

CoS/MPLS-exp



211 IP-

2111

( —management) (U—user) ( —control).

. (status — up/down, alarm,...);
* ()

* (CDR-);
e ()

0. () () (MM, ).

«=» -, ,/,

. ’ s U C;
. L1, (VPN).

(Middle Ware).

YpoeeHb yenyr ynpasneHus (nnarcdopmel HP OV, SUN. ...)

O6paboTka KoHTeHTa

Yanel cnyx6 (cepBepHan yacTb - MeHeaxepbi)

FM

<+—dINNS—

<+—d|ND—

PM AM SM

4 W o
|
l

<+—dVINO—
-SNIavd—>

YpoBeHb MyNbTUCEPBUCHOW TPAHCMOPTHOW CEeTU

YpoBeHb sgpa

TpaHcnopTHow cetn (CN)

e
U8 B

YpoBeHb ceTh goctyna (AN)

(o) —T="
) 0

=
B

KOHTeHT

<::E>(Ea3t.| M XpaHUnua AaHHbIX —
MIB, CDR-channsl, ...)

: (KNMeHTCKas YacThb -
il AreHThbl)

YnpaBnaemble 06LeKThbl
{(O6opypoeaHue, hainnel,
MapLlpyTHbIe Tabnuubl, =)




2.23 -

e 0 ., ;
* NP QoS ).

.ITU-T X.700 M.3010 5 :

1. FM (fault management) — ;
2. CM (configuration management) — ;
3. AM (accounting management) — ();
4. PM (performance management) — ;
5. SM (security management) — .
FCAPS ().
, , (Systems Management Function, SMF),
(fault management — FM) , , — (alarms). s .. (, )
A
®
*
0
L
L]
— ()

(accounting management — AM) — -

(configuration management - CM) (), . -

v P BRI

(performance management — PM)

(security management — SM)



® (management of security) —
® (security of management) —

(-0OMQ),

Goo= )

2.11.3 «» SNMP

(Network Management Systems — NMS)
— SNMP (Simple Network Mangement Protocol — ).
, SNMP-. SNMP-
TCP-UDP/IP. Ethernet.
2.24. SNMP

-( 2.24)

Ynpasnsawwasn
crneTeMa O61bekThl ynpaBnaeMon ceTu

(MO MeHepxepa)

AGENT AGENT 4B | AGENT (8 ])

SNMP @‘ = ‘ ‘
MP MP MP

j SNI SNi T SNi |

A |
UDP UDP UDP UDP
cna (oen) [N [P
Ethernet Ethernet Ethernet Ethernet

:

Cpeana nepegauu (Meab, onTuka, paguo-, ...

¢

B

2.24 —
SNMP IETF RFC 1157 () , , , (Management Information Base — MIB), (MIB ). SNMP ( «w=—).
SNMP,
SNMP, ,  UDPI/IP. ATM, Ethernet, PPP .

5%

21131
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0. v . MIB( ).
().
F.G,  (WS).
—, .., SDH,,

’( — alarm);

ITU-T X.700 5-:
® —CM (Configuration Management);
® - —FM (Faults Management);
® —PM (Performance Management);
® — AM (Account Management, Billing);
® () — SM (Security Management).

.73, .74, .800 .3

2114

SNMP/UDP/IP/Ethernet,

2.11.5 IETF (TCP-UDP/IP)

2.25 1SO.
0SI-ISO IETF
(HP_OV, TNG, ...)
7 SNMP
® (161,162)

2.25 - SNMP/UDP/IP/Ethernet

2.11.6 SNMP
2116.1
SNMP
SNMP, :
* , SNMP;

® MIB SNMP — ASN.1(ISO 8824:1987, ITU-T .208);
®*  MIB (MIB-I, MIB-Il, RMON, RMON 2), ISO.


https://docs.eltex-co.ru/pages/viewpage.action?pageId=21628622#id-1.,IP,NGN-Fig2.25

SNMP . SNMP , ADSL, ATM ..
SNMP —  TCP/IP. SNMP R MIB (Management Information Base).

SNMP MIB SNMP, MIB | MIBIl. SNMP .

, SNMP — MIB.
SNMP — |, , MIB
, SNMP, .
SNMP
- MIB (management information base)— , ,MIB , - (. — —MIB).
, MIB, . MIB ISO ITU-T (), (private), MIB.
SNMP,
* MB ;
* MiB;
® )
L]

2.11.6.2 SNMP
IETF 1990- RFC-1157

SNMP , SNMPV1 :

SNMPV2 (RFC-1901...1910) SNMPv3 (RFC-3410...3419).
«Simple» (. simple —)
SNMP (MIB), SNMPv2, SNMPV3.
SNMP, MIB

SNMP Vo

2.11.6.3 SNMP
(RFC-1157), , .

,  SNMPv1 G )

o _ . — «»—«community string». SNMP «», , community string , , . , ;
— UDP( SNMP) (trap) ,
® _—SNMP- , - . SNMP- , . . , ,
., HP OpenView Telecom DM TMN, TMN 1SO, SNMP, SNMP

2.11.6.4 () SNMP
SNMP - -, ()
—PDU-SNMP, () .
SNMP- - PDU.
, ("trap" -). (Response)
( SNMPv1) - GetRequest, GetNextRequest, SetRequest.

., SNMPv1 5 - (PDU):

® GetRequest— PDU . MIB. - Get;

® GetNextRequest — PDU . . MIB, . GetNext;

® SetRequest — PDU MIB. Set. Set . o . ,

® GetResponse — PDU GetRequest, GetNextRequest, SetRequest. s ,  Set, Set. Reply Response;
L]

Trap — PDU , (—alarm). -0ID,, , , MIB-



(. 2.26):

rPonpE

MIB, - .

SNMP- CoobuweHun
MeHemxep npmoxoﬁa SNMP ol
Homep noprta Homep noprta
UDP UDP

DP ‘GetRequest——» 161

DP ~«————GetResponse 161

DP ‘GetNextRequest——» 161

DP -<«——GetResponse- 161

DP -SetRequest——» 161

DP «—————GetResponse-161

162 = Trap- DP

DP - [InHamnyeckm HazHa4YaeMbIn NopT

GetRequest-PDU, GetNextRequest-PDU, SetRequest-PDU,

UDP 161. «» (trap) UDP 162.

2.11.6.5 SNMP

2.27  SNMP- Get, GetNext Set Response.

2.26 — SNMP

, , GetResponse-PDU Trap-PDU, .
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IP-npevitarpamma

P -
| UDP-gevTarpamma
I: L
SNMP-coobuwenne (PDU-SNMP)
B L
- Obuwwmin SNMP-3aronosok i 3aronosok PDU __TMepemeHHble, KOTOPbIE MOKHO
ks T U NONYYUTE WNW U3AMEHWTL B IVIIBI
NE’"GB T
P UDP i B;ﬁ;';’ Mone P;IEI Wpentudpmkatop | Ctatyc | WHaekc | Uma | Anuna | 3Havenue
3aronoBoOK | 3arofioBoOK ypaRtn Community szanpocal/orBeta | ownBkK | ownbku | (Tag) |(Length) | (Value)
{nocnegoBarents (0) {0 3]
HOCTL Bawnt)
[ 3 W
(Gog) | (ongth) | lwe) (Tog) | (Lemgtn) | Swavorwe (Value
30'hec | 2Rune | iwcnebary 04'hex | 7075 62 6¢ 69 63'hex
(soauence) | "Garm ™ | coobmermn faa | 08ex | T fpubicy
Baronoeok PDU-Trap (nosywku)
- >l [NepemeHHsle,
Wma OnuHa 3HaueHHe OTnpasneHHble areHTom
(Tag) {Length) (Value)
00'hex gl Anpec Junelic it | Bpe 7 In 3
I . neuransH il MEHHAA MA IMHa HAYeHHE
92hex | 0Thex | (nopaan F;':)U EMePrise | arewta | (1P | won wea | (Tag) | (Length) [ (Value)
Hma Anusa 3HaveHHe
(Tag) {Length) (Value)
ad'hex m::::, '-Il;c;;::fh Wmn Onuna JHaveHne Hran Onwxa JHaueHne
(Trap) BanT PDU-Trap (Tag) | (Length) (Value) (Tag) | (Length) (Value)
2.27 - SNMP
SNMP  T-L-V (-) BER, ITU-T X.209.
SNMP-
. 1 (Version—1, SNMP ).
4 . SNMPvl Community, (). , «public»,
® PDU (Protocol DataUnit— ). () ,, (,, .-
SNMP PDU, PDU Get, GetNext, Set, Response , Trap
PDU Get, GetNext, Set, Response:
PDU. , ( ). 0 2321, Get, GetNext SET Response,
, (errorindex), . errorindex badvalue, readonly nosuchname.
215 -
0  Noerror ;
1 Toobig ;
2 Nosuchname ;
3  badvalue set ;
4 Readonly ;
5 Generr
SNMP, y .
TRAP0...4

0

coldstart

200



2.11.7 MIB. , ,
ISO ITU-T ,  (root) .

ITU-T X.208...X.209 (), 2.28. ()

CranpaptusoBado ISO-ITU-T
[epeBo HacnegoBaHuA
(Inheritance Tree)
0/ 1 2
0 network-
(X.121-DCC operator

FmobankHoe
OepeBo

INokanbHbIe
OepeBbA

B coobweHnn npoTokona -
KOAUPYIOTCS YKucna BeTBel AepeBsa -
Hanpumep: 1.3.6.1.2.1.2 - if

2.28—- MIT

MIT - —DNS.

,  MIT, .
,  —MIB (iso.dod.internet.mgmt, . 2.28), MIT . ( MIT):
1.3.6.1.2.1 - MIT.

(x) 0 (itu-t), 1 (iso) 2 (joint-iso-itu), (y) 40, ., MIT,

, iso.org (x=1.y=3)
40 + =40*1 + 3 =43'Dec 2'Hex.

256, , ,, MIB (iso.org.dod.internet.mgmt.mib, 1.3.6.1.2.1)
TLYV

06 05 2b 06 01 02 01

=06-—,,
L=05- ( OID);

V=2b 06 010201 — OID( MIB)(, —OID).
216 OID .

2.16 - OID

(e]]b] OID
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{25} (X.500)
{258} -
2.11.7.1 -MIB
, , -  MB, . |, MIB.
MIB, , IETF,
, MIB,
MIB, MIB
= MIBI( Internet MIB - RFC 1065, 1066, 1155, 1156, 1157, 1158 )— ,  MIT, - (ARP, IP. TCP, UDP ..
" MIBII(RFC-1213 ). .
* RMON-1MIB (RFC1757). 10 (.).
.

MIB

{00} ITU-T
{10} ISO

{136} iso.org.dod —

{1361} iso.org.dod.internet —

{12840} iso.member-body. ANSI (US)

RMON-II MIB (RFC 2819).

MIT-Internet:

iso.org.dod:

internet OBJECT IDENTIFIER ::= { iso(1) org(3) dod(6) 1 }

Internet:

directory OBJECT IDENTIFIER ::= {internet 1 }
mgmt OBJECT IDENTIFIER ::= {internet 2 }
experimental OBJECT IDENTIFIER ::={ internet 3 }

private OBJECT IDENTIFIER ::={internet 4 }

mgmt.mib (2.1.) 0

system OBJECT IDENTIFIER ::={mib-2 1}
interfaces OBJECT IDENTIFIER ::= { mib-2 2}

at OBJECT IDENTIFIER ::={ mib-2 3}

ip OBJECT IDENTIFIER ::= { mib-2 4 }

icmp OBJECT IDENTIFIER == { mib-2 5}

tcp OBJECT IDENTIFIER ::= { mib-2 6 }

udp OBJECT IDENTIFIER ::= { mib-2 7 }

egp OBJECT IDENTIFIER ::={ mib-2 8}
transmission OBJECT IDENTIFIER ::={ mib-2 10 }

snmp OBJECT IDENTIFIER ::= {mib-2 11}

MIB-II:
= System- MIBIl (, ..
® |nterfaces — 23, (, MTU, , .).
" AT (3)- (Address Translation). MIB-Il. . AT ARP (MAC) IP-.
" P@2)- IP-(,, ).
" ICMP(26)- (/, .).
n

TCP(19)—-, (., )

MIB-I.

170.



UDP (6)—, UDP-(/,,).
EGP (20) —
Transmission — MIB.

SNMP (29) — SNMP:/, ,,

MIB , . () (iso.org.dod....) - (1.3.6.
: system.syscontact.0;
system.sysUpTime.0;
® (, ):system.sysDescr.0.

system.sysUpTime.0 1.3.0, system "1"

¢ )
RMON-1 MIB (RFC 1757)

Exterior Gateway Protocol (,

).

..

MIB I, sysUpTime —3 system.

(L EMS ) , ,
ypOBeHh ynpaeneHus KOMMyTEU.HeIﬁ nycnyramu
SIP SCP
no [
no "I" Arenta ]Ig SMs L
AreHTa (g SNMP |5
SNWP | s N
MGE SEE
~ |

I

Appo TpaHcnopTHou cetu - CN

no [T
Ains (IP / MPLS / Ethernet, ATM,...) o
— no [T SNMP
k no i Arenra g
ArewTa | g SNMP
e % SNMP
Certu aocryna - AN oW M
i\ 2 AreHTta é WB ArenTa | g =
@i SGW i MGW & SNMP TGW TGW SNMP
Tbon cnc cnp-DCN wng
oo s (ATM, FR, X.25..) [((_ ! ETTH, xPON,.)

&

2.11.8 MIB

(Vendor)

, Vendor (MIT).
, (eltexltd)

MIB , , MIB

2.12 VolP

1P- VoIP ( —« »)

«»,
VolP 0

2.30:

A
[}
0 &

IETF 35625 iso.org.dod.internet.private.enterprises.eltexltd

1
Arenta | g
SNMP

WudopmaumonHkie
Cepeucsl NGN / IMS

E-mail

MynsTucepBUCHaA TpaHcNopTHan ceTs — MSN

1.3.6.1.4.1.35625.

DNS

@ 3
o & 5. ¥
8 3

e S My o
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