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Äîñòóï ê èíôîðìàöèè

Ðèñ.: Ñåòü èç äâóõ êëèåíòîâ è îäíîãî ñåðâåðà
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Äîñòóï ê èíôîðìàöèè

Ðèñ.: Ìîäåëü êëèåíò-ñåðâåð âêëþ÷àåò çàïðîñû è îòâåòû
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Ìîäåëü äîñòóïà ê èíôîðìàöèè - îäíîðàíãîâàÿ èëè
ïèðèíîãâàÿ (peer-to-peer)

Ðèñ.: Â îäíîðàíãîâîé ñåòè îòñóòñòâóåò äåëåíèå íà êëèåíòû è ñåðâåðû
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Îáùåíèå

Ýëåêòðîííàÿ ïî÷òà.

Ìãíîâåííûé îáìåí ñîîáùåíèÿìè.

Ïåðåäà÷à àóäèî, âèäåî (rutube, dzen).

Ñîöèàëüíûå ñåòè (Îäíîêëàñíèêè).

Ñîâìåñòíîå ñîçäàíèå êîíòåíòà. Íàïðèìåð, âèêè-òåõíîëîãèè.
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Ýëåêòðîííàÿ êîììåðöèÿ

Ïîêóïêè òîâàðîâ ÷åðåç èíòåðíåò (Ozon, wildberries).

Óïðàâëåíèå áàíêîâñêèìè ñ÷åòàìè, îñóùåñòâëåíèå äåíåæíûõ
ïåðåâîäîâ (sberbank.ru).

Èíâåñòèöèè ñðåäñòâ ÷åðåç èíòåðíåò.
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Ðàçâëå÷åíèÿ

Ñìîòðåòü òåëåïåðåäà÷è, ñëóøàòü èíòåðíåò-ðàäèîñòàíöèè.

Ñåòåâûå èãðû
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Ñåòè øèðîêîïîëîñíîãî äîñòóïà

Âî ìíîãèõ ÷àñòÿõ ìèðà øèðîêîïîëîñíûé äîñòóï â äîìà
îáåñïå÷èâàåòñÿ ïî ìåäíûì êàáåëÿì (íàïðèìåð, òåëåôîííûì ëèíèÿì),
êîàêñèàëüíûé êàáåëü (íàïðèìåð, êàáåëü) èëè îïòè÷åñêîå âîëîêíî.
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Áåñïðîâîäíûå ñåòè

Ñîòîâûå ñåòè òåëåôîííûõ êîìïàíèé.

Áåñïðîâîäíûå òî÷êè äîñòóïà, ðàáîòàþùèå ïî ñòàíäàðòó 802.11.
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Ñåòè äîñòàâêè êîíòåíòà. CDN

Ìíîãèå èíòåðíåò-ñåðâèñû â íàñòîÿùåå âðåìÿ ïðåäîñòàâëÿþòñÿ èç
¾îáëàêà¿ èëè ñåòè öåíòðîâ îáðàáîòêè äàííûõ (data-center network).
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Ñåòè äîñòàâêè êîíòåíòà. CDN

Äàòà-öåíòðû. CDN � ýòî áîëüøàÿ ñåòü ñåðâåðîâ, ãåîãðàôè÷åñêè
ðàñïðåäåëåííûõ òàêèì îáðàçîì, ÷òîáû êîíòåíò ðàçìåùàëñÿ êàê ìîæíî
áëèæå ê ïîëüçîâàòåëÿì, êîòîðûå åãî çàïðàøèâàþò.
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Ñåòè äîñòàâêè êîíòåíòà. CDN

Êîíòåíò, ê êîòîðîìó ïîëüçîâàòåëè õîòÿò ïîëó÷èòü äîñòóï ìîæåò áûòü
ðåïëèöèðîâàí âî ìíîãèõ ìåñòàõ â ðàìêàõ îäíîé CDN. Êîãäà
ïîëüçîâàòåëü çàïðàøèâàåò êîíòåíò, CDN äîëæíà ðåøèòü, êàêóþ
ðåïëèêó ñëåäóåò ïðåäîñòàâèòü ýòîìó ïîëüçîâàòåëþ.
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Òðàíçèòíûå ñåòè.

Êîãäà ïîñòàâùèê êîíòåíòà è âàø èíòåðíåò-ïðîâàéäåð íå ñâÿçàíû
íàïðÿìóþ, îíè ÷àñòî èñïîëüçóþò òðàíçèòíóþ ñåòü äëÿ ïåðåäà÷è
òðàôèêà ìåæäó íèìè.
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Êîðïîðàòèâíûå ñåòè.

Ñîâìåñòíîå èñïîëüçîâàíèå ðåñóðñîâ.

VPN.

VoIP
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Ïåðñîíàëüíûå ñåòè

Ðèñ.: Êîíôèãóðàöèÿ ïåðñîíàëüíîé ñåòè íà îñíîâå bluetooth
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Ëîêàëüíûå ñåòè

Ðèñ.: a) 802.11, b) Ethernet
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Ãîðîäñêèå ñåòè

Ðèñ.: Ãîðîäñêàÿ ñåòü íà îñíîâå êàáåëüíîãî òåëåâèäåíèÿ
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Ãëîáàëüíûå ñåòè (WAN)

Ðèñ.: WAN, ñîåäèíÿþùàÿ òðè ôèëèàëà êîìïàíèè
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VPN è ãëîáàëüíûå ñåòè (SD-WAN, software-de�ned wan)

Ðèñ.: WAN íà îñíîâå VPN
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Îáúåäèíåííûå ñåòè

Øëþçû (gateway)
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ARPNET

Ðèñ.: a) ñòðóêòóðà òåëåôîííîé ñåòè, b) Ïðåäëîæåíèå Áýðàíà
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ARPNET

Ðèñ.: Ïåðâîíà÷àëüíàÿ ñòðóêòóðà ARPANET
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ARPNET

Ðèñ.: Ðàçâèòèå ARPANET. à) 1969, á) 1970, â) 1971, ä) 1972
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ARPNET, TCP/IP

Èññëåäîâàòåëè èç Áåðêëè ïåðåïèñàëè ïðîòîêîë TCP/IP, äîáàâèâ íîâûé
ïðîãðàììíûé èíòåðôåéñ ïîä íàçâàíèåì ¾ñîêåòû¿ äëÿ BSD UNIX.
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Àðõèòåêòóðà èíòåðíåòà
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Àðõèòåêòóðà ñåòè 4g
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Àðõèòåêòóðà ñåòè 4g

E-UTRAN (Evolved UMTS Terrestrial Radio Access Network �
óñîâåðøåíñòâîâàííûé áåñïðîâîäíîé èíòåðôåéñ 3GPP (LTE)). Ýòî
ïðîòîêîë ýôèðíîé ðàäèîñâÿçè ìåæäó ìîáèëüíûìè óñòðîéñòâàìè
(íàïðèìåð, ñîòîâûìè òåëåôîíàìè) è ñîòîâîé áàçîâîé ñòàíöèåé
(cellular base station), íàçûâàåìîé ñåãîäíÿ eNodeB.
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Àðõèòåêòóðà ñåòè 4g

UMTS (Universal Mobile Telecommunications System � óíèâåðñàëüíàÿ
ìîáèëüíàÿ òåëåêîììóíèêàöèîííàÿ ñèñòåìà) � îôèöèàëüíîå íàçâàíèå
ñîòîâîé òåëåôîííîé ñåòè.
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Àðõèòåêòóðà ñåòè 4g

Ñîòîâàÿ áàçîâàÿ ñòàíöèÿ â ñîâîêóïíîñòè ñ åå êîíòðîëëåðîì îáðàçóåò
ñåòü ðàäèîäîñòóïà (radio access network), êîòîðàÿ ñîñòàâëÿåò
áåñïðîâîäíóþ ÷àñòü ìîáèëüíîé òåëåôîííîé ñåòè. Óçåë-êîíòðîëëåð, îí
æå êîíòðîëëåð ðàäèîñåòè (Radio Network Controller, RNC), îïðåäåëÿåò
èñïîëüçîâàíèå ïîëîñû ÷àñòîò. Áàçîâàÿ ñòàíöèÿ ðåàëèçóåò
ðàäèîèíòåðôåéñ.
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Àðõèòåêòóðà ñåòè 4g

Îñòàëüíàÿ ÷àñòü ìîáèëüíîé òåëåôîííîé ñåòè îòâå÷àåò çà ïåðåäà÷ó
òðàôèêà ñåòè ðàäèîäîñòóïà è íàçûâàåòñÿ ÿäðîì ñåòè (core network).
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Àðõèòåêòóðà ñåòè 4g

Â ñåòè 4G ÿäðî ïåðåøëî íà êîììóòàöèþ ïàêåòîâ è òåïåðü íàçûâàåòñÿ
ðàçâèòûì ïàêåòíûì ÿäðîì (Evolved Packet Core, EPC).
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Àðõèòåêòóðà ñåòè 4g

Ñîâðåìåííûå ìîáèëüíûå ñåòè ïîääåðæèâàþò ñêîðîñòü â íåñêîëüêî
ìåãàáèò â ñåêóíäó. Äëÿ ñðàâíåíèÿ: ïðè ãîëîñîâîì çâîíêå äàííûå
ïåðåäàþòñÿ ñî ñêîðîñòüþ 64 Êáèò/ñ, à ïðè èñïîëüçîâàíèè ñæàòèÿ � â
3�4 ðàçà ìåíüøå.
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Àðõèòåêòóðà ñåòè 4g

Îáñëóæèâàþùèé ñåòåâîé øëþç S-GW (Serving Network Gateway �
îáñëóæèâàþùèé ñåòåâîé øëþç) è P-GW (Packet Data Network Gateway
� ñåòåâîé øëþç ïàêåòíîãî îáìåíà äàííûìè) äîñòàâëÿþò ïàêåòû
äàííûõ íà ìîáèëüíûå òåëåôîíû (è îáðàòíî) è ïîäêëþ÷àþòñÿ ê
âíåøíèì ïàêåòíûì ñåòÿì (íàïðèìåð, ê èíòåðíåòó)
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Ïåðåäà÷à îáñëóæèâàíèÿ handover, hando�
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Ïîñòóïëåíèå âõîäÿùåãî âûçîâà

Â ÿäðå êàæäîé ìîáèëüíîé ñåòè íàõîäèòñÿ HSS (Home Subscriber Server
� ñåðâåð àáîíåíòñêèõ äàííûõ), êîòîðîìó èç- âåñòíî ìåñòîïîëîæåíèå
êàæäîãî àáîíåíòà, ðàâíî êàê è ïðî÷àÿ èíôîðìàöèÿ èç ïðîôèëÿ,
íåîáõîäèìàÿ äëÿ àóòåíòèôèêàöèè è àâòîðèçàöèè.
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Áåçîïàñíîñòü

Ìîáèëüíûé òåëåôîí ñòàë ñîñòîÿòü èç êîðïóñà è ñúåìíîãî ÷èïà,
ñîäåðæàùåãî èäåíòèôèêàöèîííóþ èíôîðìàöèþ àáîíåíòà è äàííûå åãî
ó÷åòíîé çàïèñè.
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Áåçîïàñíîñòü

SIM-êàðòà � ñîêðàùåíèå îò Subscriber Identity Module (ìîäóëü
èäåíòèôèêàöèè àáîíåíòà). Äëÿ øèôðîâàíèÿ ïåðåäàâàåìûõ äàííûõ
èñïîëüçóþòñÿ êðèïòîãðàôè÷åñêèå êëþ÷è, ðàñïîëîæåííûå íà
SIM-êàðòå.
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Êîììóíèêàöèÿ ïîêåòîâ

Êîììóòàöèè ïàêåòîâ (packet switching) ïðîõîäèò áåç óñòàíîâëåíèÿ
ñîåäèíåíèÿ, ìàðøðóòèçàöèÿ âñåõ ïàêåòîâ ïðîèçâîäèòñÿ íåçàâèñèìî
äðóã îò äðóãà.
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Áåçîïàñíîñòü

Êîììóíèêàöèÿ êàíàëîâ (circuit switching) ïðîõîäèò ñ óñòàíîâëåíèåì
ñîåäèíåíèÿ, ñîåäèíåíèå ôîðìèðóåò ìàðøðóò â òåëåôîííîé ñèñòåìå,
ïîääåðæèâàåìûé âïëîòü äî çàâåðøåíèÿ ðàçãîâîðà. Âñå ïðîèçíåñåííûå
ñëîâà èëè ïàêåòû ñëåäóþò ïî îäíîìó ïóòè.

Ñåòè 12 ìàðòà 2026 ã. 39 / 47



×àñòîòû

4G èñïîëüçóåò ïîëîñû ÷àñòîò äî 20 ÌÃö; 5G ðàçðàáîòàí â ðàñ÷åòå íà
ïîëîñû íàìíîãî áîëåå âûñîêèõ ÷àñòîò, äî 6 ÃÃö.
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Wi-Fi. 802.11

Âìåñòî äîðîãîñòîÿùèõ ëèöåíçèðóåìûõ ÷àñòîò ñèñòåìû 802.11
ðàáîòàþò íà íåëèöåíçèðóåìûõ ïîëîñàõ ÷àñòîò, íàïðèìåð ISM
(¾Industrial, Scienti�c, and Medical¿ � ¾ïðîìûøëåííûå, íàó÷íûå è
ìåäèöèíñêèå¿), óñòàíàâëèâàåìûõ ÌÑÝ-R (íàïðèìåð, 902�928 ÌÃö,
2,4�2,5 ÃÃö, 5,725�5,825 ÃÃö)
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Wi-Fi
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Áåçîïàñíîñòü

802.11g (2003) áûëè ïåðåâåäåíû íà ñõåìó ìîäóëÿöèè ñèãíàëà � OFDM
(Orthogonal Frequency Division Multiplexing � ìóëüòèïëåêñèðîâàíèå ñ
îðòîãîíàëüíûì ÷àñòîòíûì ðàçäåëåíèåì êàíàëîâ). Ïðè ýòîì ïîäõîäå
øèðîêàÿ ïîëîñà ÷àñòîò äåëèòñÿ íà ìíîæåñòâî óçêèõ ïîëîñ, ÷åðåç
êîòîðûå ïàðàëëåëüíî îòïðàâëÿþòñÿ ðàçëè÷íûå áèòû.
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Áåçîïàñíîñòü

802.g ñêîðîñòü äî 54Ìáèò/ñ. 802.11ac ìîæåò ðàáîòàòü íà ñêîðîñòè 3,5
Ãáèò/ñ. À 802.11ad ñïîñîáåí äîñòèãàòü 7 Ãáèò/ñ.

Ñåòè 12 ìàðòà 2026 ã. 44 / 47



Êîíôëèêòû

Äëÿ ðåøåíèÿ ýòîé ïðîáëåìû êîíôëèêòîâ â 802.11 èñïîëüçóåòñÿ CSMA
(Carrier Sense Multiple Access � ìíîæåñòâåííûé äîñòóï ñ êîíòðîëåì
íåñóùåé).
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CSMA

Ïðåæäå ÷åì îòïðàâëÿòü ñèãíàë, êîìïüþòåð îæèäàåò â òå÷åíèå
êîðîòêîãî ñëó÷àéíîãî èíòåðâàëà âðåìåíè è îòêëàäûâàåò ïåðåäà÷ó,
åñëè îáíàðóæèâàåò, ÷òî êòî-òî óæå ïåðåäàåò ñèãíàë.
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Áåçîïàñíîñòü

Ñõåìà øèôðîâàíèÿ çàôèêñèðîâàíû â ñòàíäàðòå 802.11i. Èçíà÷àëüíî
îí íîñèë íàçâàíèå WPA (Wi-Fi Protected Access � çàùèùåííûé äîñòóï
ê Wi-Fi), ñåé÷àñ èñïîëüçóåòñÿ âåðñèÿ WPA2 è åùå áîëåå õèòðîóìíûå
ïðîòîêîëû, íàïðèìåð 802.1X.
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