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DakyiabTeT PYHIAMEHTAJIBLHOUW MMOATOTOBKH

Kadeapa Teopuu 3j1eKTprYeCcKHUX 1enel U CBA3U
(TOH u C)
pacrioyiaraercs Ha 3,5 1 6-M 3Taxax
B aymutopusax Ne607, Ne609, Ne611, 510,512, 516.
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O01as Treopus CBA3U

Jlekmop:
3aBeayromui kaheapon
Hlymakos IlaBeJ IlerpoBuy
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Jlexiusa Ne 1

OO01ue cBeleHUs 0 CUCTEMAX YJIEKTPOCBA3HU
Y4yeOHbIe BONPOCHI:
BBeneHue
NoHATMe nHhopmaummn, coodbLeHUs, cCUrHana.
Mopenb cuctembl nepeaavm nHopmaumu.

Knaccucbuxauuﬂ CUIrHaJN1oB B KaHallaxX CBA3MU.

3aknyeHue



TpyaoemkocTb yuyeoHou ancumnnuubl OTC 7 3E (1 3E=36

o qaCOB) CemecTpsl
Bua yuyebHou paboThbl Bcero yacos 3 4
O6was TpyaoeMKoCTb 7 3ET 252 108 144
KoHTakTHasa paboTta ¢ obyyarowmmmncs 104.6 50.25 54.35
B TOM 4YHucCJI€:
Jlekymn 40 20 20
[MpakTnyeckne 3aHaTua (M3) 32 16 16
JTabopaTtopHble paboTbl (J1IP) 28 14 14
3awmTa KOHTPOrbHOM paboThl - -
3awuTa KypcoBon paboTbl 2 - 2
3awuTa KypcoBoro npoekTta - -
[MpomexyToyHasa aTTectauus 2.6 0.25 2.35
CamocTosiTenbHas paborta oby4arowmxca 113.75 5775 56
(CPC)
B TOM YHucCJI€:
KypcoBasi pabota 20 - 20
KypcoBou npoekT - -
N / vnn gpyrue Buabl CaMOCTOATESNTbHOM
paboTbl:
NOAroToBKa K nabopaTopHbIM 85.75 49.75 36
paboTam, NpakTU4eckum
3aHATUAM, KOHTPOMbHbIM paboTam, nsyyeHme
TEOpPETNYECKOro MaTepuana.
[MoaroToBKa K NPOMEXYTOYHOW aTTecTaumm 41.65 8 33.65

Bua npomexyToyHoM aTTecTtauum 3auer IK3aMeH



Pojib 1 MecTO TucHUIUIMHBI «O01as Teopusi CBA3W» B NOATOTOBKE 0aKaJIaBPOB

10 HANIPABJICHUIO MOATOTOBKM 0akanaBpoB 11.03.02 — «Hugoxkommynuxayuonnvie
MEXHO/I02UU U CUCHEMDbL CEAZUY

10 HANIPABJICHUIO MOATOTOBKY 0akanaBpoB 11.03.01 — «Paouomexnuxa»

10 HANIPABJICHUIO MOATOTOBKM CrienuaaucTos 11.05.04 -
«Hngoxkommynukayuontvie mexnoao2uu u CUCmemMbl CReYUAIbHOU CEA3UY

B noarotoBke 6akanaBpoB , 1 MAaruCTPOB MO HanpaBneHnio NoArotToskn 11.03. 02 —
«THPOKOMMYHUKALMOHHbIE TEXHOMOMMN U cUCTEMbI CBA3U» N 11.03.01 — «PagnoTtexHuka»
dyHOaMeHTanbHY0 posib UrpatoT gncumnnuHbl «ObLwasa Teopusa cBA3u» U «PaanotexHnyeckume
Lenu u curHanbli», BktodeHHble B PIOC-3+ B Bnok 1 B kKayecTBe 00a3aTenbHOM YacTu
obpasoBaTenbHon nporpamMmmel ( baszoBas YacTb).

O6Lwan Teopusi cBA3U NpeacTaBnseT cobomn TeopeTnveckmn yHaameHT, Ha KOTOPOM
OCHOBbIBAETCS nocrieayouiee n3yyeHme npodeccruoHarbHbIX U cneumanbHbIX UCLUMIINH.
O6Lwan Teopusi cBA3U nNpeactaBnseT cobom cuctemy HayydHO 0OOCHOBaHHbIX B3aMMOCBA3aHHbIX
NOSTIOXKEHNN, B3rMAL0B, KOHUEMNLWIA, COCTaBNSAOLLNX OCHOBY MUPOBO33PEHUS cneunanncra B
obnactn TenekoMmyHuKkaumin. syyeHmne aTom Teopumn, B HaCTHOCTU, AOSTHKHO AaTb YEroBeKY
TBEpPA0E, OCHOBAHHOE Ha HAay4YHOM NoAXon4e NpeacTaBfieHne 0 TOM, 4TS B 06NacTu TEXHUKM CBA3M
MOXXHO caenaTtb, a Yero Hesb3s1 HY MPU KaKOM YPOBHE Pa3BUTUSA TEXHOSOINN.
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JIuteparypa:

1. Teopusa aneKTpn4eckomn cBA3mn :y4ebHoe nocodbue ans CTyaeHTOBBbICLUMX Y4EBHbIX
3aBegeHun /bukkeHunH P. P., YecHokoB M. H. —-M.:3gaTenbckuin LEHTP «AKkagemMunsi»,
2010. -336 C.

2. CanbHukoB A.ll. Teopus anekTpn4eckon cBA3N: KoHcnekT nekuun. — CIl16.: N3a-Bo
«Jlnnk», 2007. - 272 cC.

3.AmxemoB A.C., CaHHukoB B.I". Obwan Teopusa cBA3N. YUebHUK Ans By30B. —M.:
[opsivas nuHus —Tenekowm, 2018 -624 c.

3.Teopusa aneKkTpmn4yeckom ceasn. YuebHuk ans sysos / A. . 3woko, . [1. Knosckun, B. W.
Kopxuk, M. B. Hazapos; [og Pea. . 1. Knosckoro. — M.: Pagno n cBasb, 1998. — 432
C.
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OcHoBHas JuTEparypa:

B yueOHOM nocoOuu nprBeIeHbl OCHOBBI
TEOPUU CUTHAJIOB. PacCMOTpEHBI METO b

P. P. Bt
M. H. Yecwonos (dbopMUpOBaHUS CUTHAJIOB, CUHTE3a

U aHaJii3a IOMEXOYCTONYUBOCTH
TEOPHA o ONTUMAJIbHBIX YCTPOUCTB 00paOOTKU
AJIERTPHYECHOM 1 QUIBTPALUM B YCIOBUSX CIyYalHBIX

CBA3N

| nomex. [IpencraBiensl monenu

pPa3IMYHBIX KAaHAJIOB TEJICKOMMYHUKAIIHA.

JlaH aHamM3 OCHOBHBIX MTPOOIEM

nepeaadyy MHPOpMaIuu.

J1714 CTYIEHTOB YUYPEXKIAECHUM BBICILIETO

podheCCHOHAIBLHOTO 00pa30BaHUsl,

0Oy4arouuxcs o HarpaBJICHUSIM

11.03.02«MHpOKOMMYHUKAITMOHHbIE
PazmornexTpONes TEXHOJIOTUU U CUCTEMBI CBSI3U» U

AR R 11.03.01 «PagnorexHuKay.
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OGLLAA TEOPHA CBASH

A. C. ApxemoB
B.T. CaHHuKOB

O6Lwas Teopus cBA3U
Jlekuuns #1
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JlonoJTHUTEIbHASL JIUTEepaTypa:

TEOPHA ]
JAEKTPHYECKON
CBA3N

[Toa peaaxuueit npogeccopa Z.2.Krosckoro

Pexomergosano Iocyaapcrsessviv xounrerom PD
110 CBASH H HHMOPMATHSALHH
B KavecTse yu4eGHHKa ZAR CTYACHTOB BySOB

1Mo cregHaAbHOCTAM

"Cern caasu u cucremsr kommyraynn",
"Muoroxanarbmbie TeAeKOMMYHHKaLHOHHBIE CHCTEMBI "y
"Paanocsass, pagnosemjanmne H reaennaerme”,

a Tare gam Gaxaraspop

o IPABACHHIO “Terex oy g

E

MOCKBA
"PAIWO u CBA3b"
1999

O6was Teopus cBs3U
JNekumnsa #1
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PaIIHO / C.U.BACKAKOB
TCXHHUYCCKUC
LHCIIN
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PEKOMEHOOBAHO
VYEBHO-METOAUWYECKUM OBBEAUHEHHEM

O6Lwas Teopus cBA3U
Jlekuuns #1
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IIporpamMmmHoe odecneyeHue

Mathcad — cnctema KomnblOTEPHOU anrebpbl N3 Knacca cMcTem
aBTOMaTuU3npOoBaHHOIO NpoekTupoBaHms (CAD)
http://www.ptc.com/product/mathcad/

LabVIEW (Laboratory Virtual Instrumentation Engineering Workbench) — aT10
cpepa paspaboTku n nnatdopma a4 BbIMOSIHEHUA NPOrpamm, Co3AaHHbIX
Ha rpapu4eckom A3bike NporpaMmmMmpoBaHna «G» www.ni.com/labview/

VisSim — 3TO BU3yarnbHbIN A3bIK MPOrpaMMMUpPOBaHUs, NpeaHa3Ha4YeHHbIN
ONA MOAENMPOBaHUA ANHAMNYECKUX CUCTEM http://www.vissim.com/

MATLAB (coKkpalleHue ot «Matrix Laboratory»), SIMULINK —nakeT
NPUKNagHbIX Nporpamm Ans pelleHns 3aaad TEXHUYECKUX BblYMCIIEHNN U
OAHOUMEHHbIN A3bIK MPOrpaMmMmnpoBanHuns http://www.mathworks.com/

Mathematica — cuctema KomnblOTEPHOW anrebpsbl
http://www.wolfram.com/mathematica/
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JleHb paauo — npoecCHOHAIBbHBIN NMPA3THUK PA0OTHUKOB BCEX OTpacJiei CBI3H

7 mast (25 anpeJst o crapomy cTuiio) 1895 r.
npenojaBaresib MuHHOro oduuepckoro knacca (r. Kponmranr) AJjiekcanap
CrenanoBuu Ilonos Ha 3acegannu Pycckoro (u3mko-xUMHU4YE€CKOro 00IIECTBA B
Cankr-IleTepOyprckoM yHUBEpPCHUTETE clesian Jokian Ha TeMy: «OO0 OTHOIIECHUH
METAJJIMYECKUX MOPOIIKOB K AJEKTPUUECCKUM KOJICOAHUAM» U TTPOAEMOHCTPUPOBAII B
paboTe NepBhI B MUPE PAIUOTPUEMHUK.

N3 ITocranosiienust Cosera HapoaHbIix komuccapos CCCP ot 04 mas 1945 r.:
B o3namenoBanue 50-1eTvsi cO AHA HU300peTEHUS paguo pycckuM ydeHbiM A. C.
ITonoBeiM, ucnonsstomerocsas 7 Mas 1945 r, CHK Cor3a CCP nocraHoBui:
VUATHIBAS BAXKHEHUIIYIO POJIb PAAUO B KYJIBTYPHOW U TMOJUTUYECKOM KU3HU
HaceJeHUusd W I OOOpOHBI CTpPaHbl, B MEIAX MONYJISIPU3ALNU JOCTHUKCHUN
OTCUECTBEHHOM HAyKM M TEXHUMKM B O00JJaCTU paguo W  MOOIIPEHHUS
PaIMOIIOOUTENIBCTBA CPEA IIMPOKUX CJIOCB HACEICHUSA, YCTAHOBMTH 7 Masi
eKeroaHbI «/leHb paamno».
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Cospatenb paguo npodgeccop Anexkcanap Crenanosuu [lonos
(04.03.1859-31.12.1905)
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Axanemuk Biaagumup AJjiekcanapoBu4 KoreJbHUKOB
(06.09.1908-11.02.2005)
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Koiox Dy Ilennon
(30.04.1916 — 24. 02.2001),
aMEepPUKaHCKHI MaTeMaTHK, CO3/IaTeIb TeOpUr UH(DOpMaALIMU
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Camroaas Mop3e
(1791-1872),
coszjiaresib TenerpadHoro Kojaa, Ha3BaHHOIO €r0 UMEHEM

INTERNATIONAL MORSE CODE
[NepBoe coobLieHne
L A dash is equal to theee dotn,

2. The space betweoen jucts of (he same ketier ks oqual (o one det, 24.05.1844

2. The space betwoen two letiers is equal to three dots.
4. The space between two woeds &s equal 10 ive dola.
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“—":l http://live.mephist.ru/show/morze
cw_rithm_185_198.mp3

O6was Teopus cBs3n

Jlekunsa #1 17
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Teaedpon Auronuno Meyuuu
(pucynok Hectopo Koppann)

——

AHToHHO0 Mey4uu (Antonio Meucci, 1808-1889), amepukaHCKUil y4eHbINH, H300peTaTesb
tenedona nareHT 1871 roga nmpocpodeHHbIi B 1874 roay 3a 10$. A B 1876 rony tenedon u
apMarypa K Hemy 3anareHToBall Anekcanjep [ periam bemn.

(11 urons 2002 r. Konrpecc CIIIA npuHsi1 pe30JIIoLKI0, B KOTOPOH Mpu3Hal AHTOHHO Meyuuu
HACTOSIIIIUM H300peTaresieM TejiedoHa)



AnekcaHap Npenam
3 mapra 1847, SnunlR8IMiornanans — 2 asrycra 1922

O6Lwas Teopus cBA3U
Jlekuuns #1
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AKan Mopuc Imuias boxo
(1845-1903),
(paHIly3CKUil HHXEHEP-U300peTaTeNb,
B €r0 YECTh Ha3BaHAa €JUHUIIA CKOPOCTH TeJerpapupoBaHus
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Kog Bogo — LMpPOoBON, NEPBOHAYASIbHO CUHXPOHHBLIW, 5-OUTHBLIN KO,
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TenerpadHbIn TpéxpernctpoBbin kog MTK-2 6bin
npuHAT B CCCP B 1963 roagy. Koa 5-6utoBbIn (BCero 32
pa3sHbIX KOMOUHAaLUMK), NO3TOMY UCMOSMb3YKTCS 3 pasHbIX
perncTpa (pycckuu, natTMHCKUKU, Undpobl), nepeknoyaemole
ynpasnsowmmm cumeonamu PYC, NAT, LIN®. Byks bu E
HeT; BMecTo 6ykBbl Y ncnonb3oBanu uudpy 4.

MTK-2 ocHoBaH Ha MexXxayHapoaHoM TenerpagHoMm
koge Ne 2 (ITA2), pekomeHaoBaHHOM MexayHapoaHbIM
KOHCYNbTaTUBHbLIM KOMUTETOM MO TenegoHun n
Tenerpadwuu B 1932 roay (B MexgyHapoaHOM Kofe
00000 He ncnonbayeTcs).

CooTBeTCTBME MEeXOY aHITMMNCKUM U PYCCKNUM
pernctpamu, npuHsatToe B MTK-2, 6b1110 ncnonb3oBaHoO
Npn co3gaHnUM KOMMbIOTEPHbLIX

koanposok KOU-7 n KOU-8.
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ASCII (American Standard Code for Information Interchange)

ASCII Code Chart

© ,1,;,2,3;4,5,6 ;7,8 ;9,A;B,;C;D,|E |F
O|NUL | SOH|STX|ETX|EOT |ENQ|ACK|BEL| BS | HT | LF | VT | FF | CR | SO | SI
1|/|DLE|DC1|DC2|DC3|DC4|NAK|SYN|ETB|CAN| EM |SUB|ESC| FS | GS | RS | US
2 ! w | # | S| % | & ( ) | x| + | ¢ - /
3 | 1|2 )|3|4)|5|6]|7]|8]29 : Pl < =]1>17
4 e | A|B | C|D|E|F|G|H|I|J|K|L|M|NI|O
5 P Q|R|S|T|lU|lV|w]|X]|Y|Z|T[|N]T1]|~]|_
6| - |a|b|lc|d|e|f|I9|h|i|]i|Kk]|]1]|m|n]|o
7/ Pl A | r|s | t]lu|vVv | w]|Xx]|Y]|z]|{ | } | ~ |DEL

Lindopbl 0—9 npeacTaBnaTCs CBOUMM ABONYHBIMU 3HAYEHUAMM (Hanpumep, 5=01012),

nepes KoTopbiMu cTounT 0011,. Takum obpa3om, ABONYHO-AECATUYHbIE YMcna (BCD)

npespaLwiatoTcs B ASCII-CTPOKY C NOMOLLIbIO NPOCTOro Aobasnenna crneea 0011, K KaxxaoMy

[BOVYHO-AECATUYHOMY NonybanTy.

BYKBbI A-Z BEPXHEFO U HUXKHEro PEMMCTPOB pa3nnyatoTcsa B CBOEM NpeacTaBreHnn TONbKo
OOHUM OUTOM, YTO ynpoLLaeT NnpeobpasoBaHMe perucTpa 1 NPoBepKy Ha AManasoH.
BykBbl NpeacTaBnsATCA CBOMMM NOPSAKOBLIMU HOMepaMu B andaBuTe, 3anncaHHbIMK

B JBOMYHOW CUCTEME CUMCTIeHs, Nepes KOTopbiMu cTouT 100, (ANs OykB BEpXHEro
perucTpa) unn 110, (ans OYKB HUXXHEro pernucrpa).




Dec Hex Name _Char_Ctrl-char |[Dec Hex Char |[Dec Hex Char|Dec Hex Char
0 0 Null NUL CTRL-@ %@+« |Hym P 60
_1, 1 Start of heading SOH  CTRL-A AN Hauano 3aroaosxa N 61 a
3 3 End of text ETX CTRL-C ke o Koxeu rexcra J A 63 c
4 4  Endof xmit EOT CTRL-D |~D  |Koweu nepeaasum 0 64 d
5 5 Erquiry ENQ CTRL-E *E  |3anpoc i1 65 e
B 6 Acknowledge ACK CTRL-F  |*F  |floxrsepxacime 2 66 f
? 7 Bell BEL CTRL-G AG Cwuruan (380HOK) |3 67 n]
8 8 Backspace 8BS CTRL-H |*H  [3a6oM (war nasan) 4 68 h
9 9 Horizontal tab HT  CTRL-1 AI  |lopwsonTansHas Tabynsums 5 69 i
10 0A Linefeed LF CTRL-) A3 [[Mepeson cTpoxH 6 64 )
11 0B Vertical tab VT CTRL-K | *K  [Bepruxatsnas Tabynsums 7 6B Kk
12 0C Form feed FF CTRL-L |AL |Hosas cTpanmua 8 6C |
13 0D Carriage fead CR  CTRL-M | M  |Bosspar xapeTkn 9 60 m
14 0E Shftout SO CTRL-N | *N |BuxmiouuTs CABHT 0 6E n
15 OF Shiftin S1 CTRL-O | *0 [BxmouHTs CABHT a1 6F o
16 10 Datalineescape OLE CTRL-P | *P  |KmoOY CBAIH JAHHBIX 2 70 p
17 11 Device control 1 DC1 CTRL-Q | “Q |Ynpaanenue ycrpoficTsom | @271 q
18 12 Devicecontrol2 DC2 CTRL-R | R |Vnpasneuwe ycrpoicrsom 2 4 72 r
19 13 Devicecontral 3 DC3 CTRL-S | *S  |VYnpasncuue ycrpokicrsom 3 BE73 s
20 14 Devicecontrol4 DC4 CTRL-T | *T  |Vnpasaewue ycrpoHcTsom 4 6 74 t
21 15 Negacknowedge NAK CTRL-U | U  |Orpuuarensnoe nogrsepxacuue (7 75
22 16 Synchronouside SYN CTRL-V | *V  |Cuxxponusaums 8 7% v
23 17 Endof xmitblock ETB CTRL-W | “W  |Koweu nepeaasacmoro 6oxka @ 77w
24 18 Cancel CAN CTRL-X | “X [Orxas 0w 78 x
25 19 End of medium EM CTRL-Y | “Y |Komeucpeast 79y
26 1A Substitute SU8 CTRL-Z | *“Z [3amena 2 7a 2
27 1B Escape ESC CTRL-[ | *[ [Kmou 378
28 1C File separator FS  CTRL-\ | *\ |Pasaeawreas afinos 4 7C |
29 10 Group separator GS CTRL-) | =3 Pazacanrens rpynmsd 5 70 }
30 1E Recordseparator RS CTRL-~ | **  |Paneawrens 3anucedt B 7E  ~
31 IF _ Unit separator US CTRL-_ | "_ |Pasacawrens Monysch i DEL

O6was Teopus cBs3U
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CaHkT- NMeTepbyprckmin rocyaapCTBEHHbIN YHUBEPCUTET TeNeKoMMYHUKaLuuin uM. npodgpeccopa M. A. BoH4-BpyeBuya

Kadenpa «Teopun snekrpoueneit u CBI3u»

Escape F1 | F2 | F3 F4 | F5 | F6 | F7 | F8 | F9 | F10 | F11 | F12 | o === Pause
27 112 | 113 | 114 115 | 116 | 117 | 118 | 119 | 120 | 121 | 122 | 123 145 | 49
8 1 2 3 4 5 6 7 8 9 0 - =+ [packspacd nsert | Home | 292 Up [NumLock | 7 non. | * gon.
192 | 49 | 50 | 51 | 52 | 53 | 54 | 55 | 56 | 57 | 48 | 189 [ 187 | 8 | a5 | 36 | 33 | 44| 411 | 106
Tab | Q W E R T Y V] [ ] P | ] Delete| End |20 7 non.|8 gon. |9 gon. |+ AoM-
9 81 | 87 | 69 | 82 | 84 | 80 | 85 | 73 | 79 | 80 | 219 | 221 46 | 35 | 3* | 103 | 104 | 105 | 107
CapsLock | - A S D F G H J K L oK '3 Enter 4 pon.|5 pon. |6 gon.
20 165 | 83| es | 70| 71| 72| 74| 75 | 76 | 186 | 222 1 100 | 101 | 102
Shift |z X C v B N M < > T | shit |\ Up T pon. | 2 mon. | 3 zor.
16 | 90 | 88 | 67 | 86 | 66 | 78 | 77 | 188 | 190 | 191 | 16 | 220 38 o7 | 98 | 9 |_
Ctrl win Alt Space Bar Alt win list Ctrl Left | Down | Right Ins/O Del/. fon
17 18 32 18 17 37 | 40 | 39 45/96  |46/110 '
13
~ [V J@ “T#nNds ;[% [~ & 2[* T h . [+ Je—
T El 2 3 4 5 6 7 8 9 0 - = Backspace
Tab |— Q w E R T Y U I O P { } Enter
= nul ul vy| K| E| H ri w w 3|/[X/] bl =
Caps Lock| A S D F G H J K L . - I /
<D bl B A n P O n Al XK * 3|\
shift | | Z [x [c [v [B [N M [< [> [?7,[shin
74 Y al 4| c| m| wm| T| B, Bl.W|/ .|
Win Win
< Key |At Alt Gr Key |Menu |Ct




ASCII

0020 0021 0022 0023 0024 0025 0026 0027 0025 0023 0024 0026 oo2C 002D 002E 002F 0030 0031 0032 0033 0034

LI B B I [ I8 [ R s | 1 ) e e
0035 0036 0037 0038 0033 | 0034 | 003B | 003C | 003D 003E 003F 0040 0041 0042 0043 0044 0045 0046 0047 0045 0043
5|6(7|8|9|:|;:|<|=|>|?2|@|A|B|C|D|E|F|[G|H|I
0044 | 004 | 004C | 004D 004E 004F 0050 0051 0052 0053 0054 0055 0056 0057 0058 0053 0054 0056 005C 0050 005E
JIK|LIM[N|O|P[Q|R|S|T|U|V (W |X|Y|[Z|[|N[1]|"
005F 0060 0061 0062 0063 0064 0065 0066 0067 0068 0063 | 0064 | O06B | 006C | 006D 006E 006F 0070 0071 0072 0073
| A b (ke [ (e e [ hfa gk E [ e | pfg s
0074 0075 0076 0077 0075 0073 0074 0076 007C 007D 007E 007F
;o N e 8 5 G [ 7 2 () (B

CuMBOIbl 6A30BOro pycckoro andasura

0410 0411 0412 0413 0414 0415 0416 0417 0415 0413 0414 0416 041C 0410 041E 041F 0420 0421 0422 0423 0424
A(B|B|T|A|E|X|[3|W|W|K|N|M|H|[O|N|P|[C|T|Y]|®
0425 0426 0427 0425 0423 0424 0426 042C 0420 042E 042F 0430 0431 0432 0433 0434 0435 0436 0437 0435 0433
X{yj/v4y|wijw|dv|(bl|b|3|0|A|la|6|B|r|ale|x|3|u|n
0434 0436 043C 043D 043E 043F 0440 0441 0442 0443 0444 0445 0446 0447 04435 0443 0444 0446 044C 044D 044E
K|lnlm|{H|o|ln|p|Cc|[T|y|d|x|Uu|[Yy|w|w|B|b|[b]|2]|IW
044F
A

O6Lwas Teopus cBA3U
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dTanbl Pa3BUTUA CETU NOABUXHON

. fa NOCBSI3U
Hyneson nepmoa Ao 1980 r. CBA3b «TOYKa — TOYKa», CBA3b Yepe3 peTPaHCNATop:

cuctema «Antan» .

[MepBoe nokoneHmne ¢ 1980 rno 1990 r. AHanoroBble cucTeMbl CBA3M NMT, AMPS.
[lepenayva aHanoroBoro rofioCoBOro curHana.

BTopoe nokoneHue ¢ 1990 no 2000 2G. Lindposas pesosntoumnsa: CDMA 800
LindppoBble cuctembl cBsa3n GSM, DAMPS ,DECT, Iridium, GPS. Lindpposou 3ByK 1 SMS.

TpeTbe nokoneHue 3G ¢ 2000 no 2010 3G: IMT 2000, UMTS, HSPA, HSDPA, CDMA 450
CuncteMbl paanocBsa3n C pacluMpeHHbIM cnekTpoM. Lindposas mynstumeana.

UeTBEpTOE NokoneHue LTE 4G ¢ 2010 no 20167 4G: KOorHUTUBHLIE, adanTUBHbIE
CUCTEMbIl pagnocBA3N COBMECTHO C NPoBOAHbIMU ceTaMU ( Wi-Fi \Wi-MAX).

[MaToe nokoneHue 5G ¢ 2015. CeTn Ha OCHOBE KOHUENLMN NPOrpaMmMHO
KOH(pUurypmupyemoro pagmo (SoftDefinitionRadio ,USRP), HAQHO 1 MNKO COTOBOM
CTPYKTYpPbl FETEPOreHHbIX CETEN C CETEBLIM KOanpoBaHnem, OFDM curHanbl 1 nx
KIOHbI Ha 6a3e bIN®, munnnmeTpoBbie BoSHbI BNAOTh A0 f=90I T u, TexHonorna MIMO
(64X64) N aganTUBHbIE aHTEHHbIE PELLETKN, UHTEPHET BeLlen (loT), obnayHble U
TYMaHHbI€ BblYUCNEHUS.



CaHkT- NMeTepbyprckmin rocyaapCTBEHHbIN YHUBEPCUTET TeNeKoMMYHUKaLuuin uM. npodgpeccopa M. A. BoH4-BpyeBuya

Kadenpa «Teopun snekrpoueneit u CBI3u»

Moaesnb nmpouecca KOMMYHHUKALIUH.

Moouecc KOMMVHUKAUKUKK

- )

co0b- co0b- c000- co0b-
weHue kogupo- WeHwe KaHan WEHKE i WEHWE nonyya
OTNPaBUTEND ~  Kogupo-
BaHHe TEPEaaUM TENb

\ obpatHan cBA3b / -
\L-/

KOHTEKCT




CaHkT- [NeTepbyprckmii rocygapCTBEHHbIV YHUBEPCUTET TENEeKOMMYHMKaunin nM. npogeccopa M. A. BoH4-bpyesuya

Kadenpa «Teopuu snexrporeneii u cBi3n»

CTpyKTypa cucTeMbI epeaadu nHGpOpMAaIUMN.

Herouwrmm momex

r -
T 2 e [Ipeobpwosarens —»| Kogep |->- Mommarop = [lepegaTwimx
coobnrernd ' coobnrersm B crrHan | '

KaHnan ceasu Koaex Monaent PHTHIRCKAT
cpefa .

I;Ioomiﬂmf <— TIlpecbpwoparems |<— Hexogep |- —|HeMOTyILTOP |<— [Topenmoms

| | cornanas coobnyeHwe

>




CaHkT- [NeTepbyprckmii rocygapCTBEHHbIV YHUBEPCUTET TENEeKOMMYHMKaunin nM. npogeccopa M. A. BoH4-bpyesuya

Kadenpa «Teopuu snexrporeneii u cBi3n»

Mogesab cucTeMbl nepeaayu HHGOPMaIMH.

c OT HHBIX

HMBOSIbI KananbHble HCTOYHHKOB

COO0DIWEHHI CHMBONbI

2 =

z @ e @ @ 1 @ £

3 g . : g g se| |85 |2 2 =
@ = E g Ze 3 @ 3 85 E g8 =
g g g 2 5 & 2E g5 SE 55 =
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} u } 9t si) A
Uudposoit
axon, mj
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2 cursan xaHana, =
5 helt)
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BbIXOA, My N
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z 1 Vv Vo3 7 /) H z 3 Y T 7
§ | Fied Vi Veiq ViAd.| i 23| V2eq Fici ;
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Gl Dpyrum [} Heobxonumir anemenT

coobuennit anpecaram



OcHoBHBIC Ipeodpa3oBaHuda B HU(PPOBOI CBA3HU

dopmarnposaHue KogvposaHue UCTOYHUKA MNepenaya BMACOCUrHANO BuipaBHuBaHue
3KakoBoe kogupoeaHne || KoauposaHue Cvrnanst PCM (koaut kaHana) i Ouenka nocnegoearefiscHocTH
Auckpetusayma C NpeAcKazaHneMm Bea Bo3spara k Hymo (NRZ) |lf ¢ makcumanbHuiM npasgononobvem (MLSE)
KsarTOBaHue BnoyHoe koaupoBaHme C BoaspaTtom K Hynio (RZ) BuipagHuBaHue ¢ NOMoLEI0 GUnbTpor
MnynbcHO-koQoBas Kopupoganne Dasosoe KOAUPOBAHUE TpaHcBepcansHhie sKkeanan3eph Unv
mMoaynsums (PCM} nepeMeNHoOW ANnHL MHoroypoeHegoe GuHapHoe akeanansepn c 06paTHoOii CBA3LIO
CuHreTuyecxoe/ KOaupoBaHue N0 pelexsmno
aHanurnyeckoe M-apHas UMNYyNbLCHAR 3anaHHoe Win afanTUBHOE BbiPaBHUBAHNE
KopupoBaHue MogynAuns CumBonbHOE WK PpakuMoHHoEe
Cxartue 6e3 notepb PAM, PPM, PDM pasneneHve
Cxatue c notepamv
Monocoeana nepenava KananbHOe koampoBaHvie
Koaupogaxue CTpyKTypupoBaHHbie
KorepeHTHb€ cxembl HexorepeHTHbIE CXeMbl ¢ opmori curHana nocnefoBatenbHOCTY
dazosas MaHunynsaumsa (PSK) AnddepeHumansHaa pasosasn M-apHas nepegada curHana| | BnouHbie koab:
Yacrorsan manmnynauua (FSK) maHunynsums (DPSK) Auti
noguHbie CurHansl CeepToyHbie xoau
AMnnuTyaHas MaHunynsuvs (ASK) HacrotHas MaHunynsums (FSK) OpTOroMANLHEG CUIHAsbE TypGokoas:
Moaynsiums 6e3 pa3peiea AMAUTYAHER MaHUIYRsumMs (ASK) B AT ol KO it A
daau (CPM) Moaynsauus 6ea paapuisa ANpo
CmellaHHbIe KOMOUHaUKMn ¢aansl (CPM)
CMeuianHbie KoMOuHauum
CUHXpOHU3aUMs YnnorHenme/MHOXeCTBEHHbBIM [OCTYN Pacumpenume chexrpa Ulndppoearue
YacToTHas CUHXPOHU3auma YactoTHoe paspaenenue (FDM/FDMA) MeTtoa npsiMoit Bnounoe
dazosan CUHXPOHUIALMS BpemeHHoe paagenenue (TDM/TDMA) nocnenoBarensHoOCTH WnugporarHne
CUMBONBHAS CUHXPOHU3ALMA Konoroe paapeneHue (CDOM/CDMA) Meton ckaukooGpa3Hon NOTOKA AAaHHLIX
Kapporas cMHXpOHU3aUms MpoctpaHcTBeHHoe pasneneHne (SDMA) nepecTporku YacToT
Ceresas CUuHXpOHU3alns MonspusaumoHHoe palgenexue (PDMA) MeTtopn nepexniouerns
BpeMeHHbIX MHTepRanoe
O6was Teopus cBs3U 33
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CaHkT- NMeTepbyprckmin rocyaapCTBEHHbIN YHUBEPCUTET TeNeKoMMYHUKaLuuin uM. npodgpeccopa M. A. BoH4-BpyeBuya

Kadenpa «Teopuu snekrporieneii u cBs3u»

DTaJlOHHAS MO/IeJIb B3aMMOIEHCTBHSI OTKPBITHIX CHCTEM
(Open System Interconnect - OSI)

Cucrema 1 Cucrema 2

Mpunoxerue 1~ F-—-———- T —— > Mpunoxenue 2 4 Mozess OSI N

YpoBeHb

JaHHbIe

7. NpuknagHol yposeHb

7. NpuknagHow ypoBeHb

6. MNpeacrasuT. ypoBeHb 6. Npeacrasut. ypoBeHb

5. CeaHcosblit yposeHb | H----- > ||| e [ [ [|----- 5. CeaHCOBbIi YypoBEHb

TpaHcNopTHbIA
6ezonacHoe 1 HageXKHoe
coejMHeHVe TOUKa-Touka

CeTeBON
TTakeThbl Oonpeaenexve Nyt u IP
(nornueckan agpecayua)

3. CeTeBoWt ypoBeHb 3. CeTeBon ypoBeHb

- >{[ W o [T [+~
> [T e [T -

2. KananeHbiv ypOBEHb 2. KaHanbHbIM ypOBEHL

Kanan nepenaqu AgaHHbIX

""" Jlorwyeckoe coeguHeHue MeXy YPOBHAMMU

— Peanuaauyuna nepenayn faHMHbIx



CaHkT- [NeTepbyprckunin rocyqapCTBEHHLIN YHUBEPCUTET TENEKOMMYHUKaUun M. npodgeccopa M. A. boHy-bpyesnua

Kadenpa «Teopun anexrporeneit u cBI3u»

1. ITousasTe HHpOPMALIMH, COOOIIICHUS, CHUTHAJIA

Nudopmanus u coolIeHHE.
CucreMmbl CBA3M (TEJIEKOMMYHUKALIMOHHBIE CUCTEMBI) MPEIHA3HAYEHBI IJIs TIepeaayu COOOIIEHUN B
KOTOPBIX coaepkuTcs nHpopmanus. Uudopmanuein Ha3bIBAIOT JIIOOBIE CBEICHHUS, SIBISIOIIUECS
00BEKTOM NEPEIAauH, paclpeaeseHus, IpeoOpa30BaHus, XPaHEHNS U UCIIOJIb30BaHU.

Nudopmanus nepegaercs mocpeIcTBOM COOOIICHUI.
Coo01enne — popma peACTaBICHUS UHGpOpMayuu.
Nudopmarius cama 1o cede He CYIIECTBYET OTAEIBLHO OT COOOIIEHHS, TaK Ke, KaK Macca He

CYIIECTBYET OTAECIHLHO OT MaT€pPHUAJILHOIO TeIa. YTobbl Nepeaats nHopmaumio, Hago nepepaTb
cogepxatume 3Ty MHdopMaumio CoobLLEHNS.

[Mpun ncnonb3oBaHUM pagnoTEXHNYECKUX CPeACTB coobLLeHne npeactaBnsaet cobom

3MEeKTPUYECKUIN cUrHan (ToK UIiv HanpsXxeHue).

Ipumepsl coo0LIEHMI:

. TEKCT TEJIETPAMMBI,
. npou3HEeCEHHAs pa3a B TeIe(POHHOM pa3roBOpeE,

. MOCJIeI0BATEILHOCTH 1P MPU Mepeadye JaHHbIX OT OJHOTO KOMITBIOTEPA K IPYTOMY,
. n300pakeHne B cuctemMe (PaKCUMUIBHOU CBSI3H,

. MOCJIEA0BATEIIbHOCTh N300paKEHUI (Ka,Z[pOB) B CUCTEME TEJIEBUJICHUS U T.II.

OoOpamasch K (PU3NYECKOI aHAIOTUHU, MOYKHO CKa3aTh, YTO KaK Macca XapakTEpPU3yeT COAECpKaHNuE
BEIIECTBA B (PU3HUECKOM TeJI€, TaK U MH(OpMAIUs SABISIETCS HEKOTOPOU COepKATEIbHOM
XapaKTEePUCTUKON COOOLIEHUSI.



ANeKTPoCBA3b — Crocob CBsA3n, NPpM KOTOPOM COODLLIEHUS NepeaatoTca NP NOMOLLM SNEKTPUYECKUX CUrHANOB.
PapguocBa3sb— crnocob cBs3un, Npm KOTOPOM COODLLIEHUS nepeaatoTca nNpyu NOMOLLM paguoCmUrHanos.
B «O6wen Teopumn cBA3U» N3yyaroTcs cnocobbl nepeaaym nHcpopmaumn.
[Moa HopmaLumen MOHNMAaKOT COBOKYMNHOCTb CBEAEHUI O COCTOSIHUN KaKoW MO0 CUCTEMbI, O KaKNX-NnMbo
CcobbITHSAX, ABNEHUAX U T. N. IHpopmaLmn nepegaeTcs ¢ UCNOSIb30BaHUEM JIMHIBUCTUYECKUX KOHCTPYKLUUI UIn
A3blKa.
A3bIK XapakTepuayeTcsa COBOKYMNHOCTbIO andaBnTa (CUMBOJSIOB, 3HaKOB) U Npasus.
COBOKYMHOCTb (PNU3NYECKNX dNEMEHTOB andasunTa (3HaKoB, CUMBOJIOB) cogepXaLlmx MHopmaumio obpasytoT
coobweHue. CoobLieHns nepenatoT:

1) c nomoL b0 unamyeckoro Hocutens (gbim, dymara, guck, donewuka n gp.);

2)C NOMOLLbIO PU3NYECKNX NPOLIECCOB (3BYK, ANTIEKTPUYECKME CUTHATbI, INEKTPOMAarHUTHbIE BOSHbI, BKITOYas
CBET).

[ns nepeaayn nHdopmaumm Heob6XoaMMO BbINONHUTL cneayoLine AeiCTBUS:
1) npeobpa3oBaTtb COOOLLEHNE B 3NIEKTPUYECKUINA CUTHaT;

2) nepeaaTh ANEKTPUYECKUIA CUrHan no cpeae nepegayv;

3) NnpeobpasoBaTh ANEKTPUYECKMIA CUrHAN B COOBLLIEHME.

MNopn cuctemamm nepegayun nHgpopmauum (CIrMA) noHMMaoT COBOKYNMHOCTb TEXHNUYECKUX KOMOHEHTOB OObIYHO B
BMOE PaaNO3NEKTPOHHbIX CPeACTB, MpeAHasHauYeHHbIX AN nepeaadm MHopmMaLmm 1 xapakTepuayembix
onpenenéHHbIM cnocobom npeobpasoBaHUn COOBLLIEHUS B ANEKTPUYECKUIA CUTHaM Ha nepeaatoLlel CTOPOHE U
NpeobpasoBaHNEM SNEKTPUYECKOrO CUrHana B cooOLLEHME Ha NPUEMHON CTOPOHE.

AnekTpuyeckue curHansl (oTobpaxatoLume coobLleHre) nepenatoTcs Nno KaHanam CBSI3U - COBOKYMHOCTb
TEXHUYECKMX CPEACTB, 0becneymBaloLLnX 4OCTOBEPHYIO nepeaady nHdopmaumu.



CaHkT- [NeTepbyprckunin rocyqapCTBEHHLIN YHUBEPCUTET TENEKOMMYHUKaUun M. npodgeccopa M. A. boHy-bpyesnua

Kadenpa «Teopun anexrporeneit u cBI3u»

Ilox KAHAIOM C8A3U B TEOPUU M TEXHUKE JJIEKTPUIECKOM CBA3H NPUHATO MOHUMATH COBOKYITHOCTD
CPeACTB, BKJIOYAs (PU3NYECKYIO Cpeay, KOTOpPas o0ecneduBaeT nepeaavyy CUrHaJI0B OT MCTOYHUKA K
MOJIy4YATeJI0 COO0IEeHNH

Kiaaccnpukanuss kKaHAJI0B CBSI3H

1o Ha3HAYEHH IO — Ha Teserpadublie, hoToTesierpadubie, TeleOHHbIE, TeJeBU3HOHHBIE,
TeJIEeMeTPUYECKH e, KAHAJIbI 3BYKOBOI'0 BEIIAHUS, TeJICYyIIPABJICHNS, MTePeAaYH JAHHBIX U T.J.;

] M0 BUAY MCIOJb3YeMOU Cpeabl — Ha npoeoduvie (BO3AYILIHbIE, KadejlbHble, BOJHOBOIHbIE,
CBETOBO/IHbIE) M paduokaunanvt (paauopesieilHbie, HOHoc(hepHbIe, TpomnochepHblie, MeTeOPHbIE,
CIIYyTHHUKOBBbIE, KOCMHYECKHE); TPUMEHSIOT TAaK:Ke AaKyCcTHYeCKHe KAaHaJIbl MOJABOAHON CBSI3H,
HCIOJIBL3YIINeE YILTPAa3BYKOBbIE KOJI€OAHUS;

lmo xapakTepy CBSI3M BXOAHBIX M BBIXOJHBIX CHTHAJIOB — HA JIMHEiiHbIe W HeJHHeHHbIE,
CTAIMOHAPHBbIEC M HECTAIIMOHAPHBIE, TeTEPMUHUPOBAHHBIC U CJIyYalHbIE (CTOXACTHYECKHE);

10 KOJIMYeCTBY HE3aBHCHMbLIX IE€PeMEHHBLIX B ONHMCAHMH CHTHAJIOB — HA BpPeMEHHbLIE M
NMPOCTPAHCTBEHHO-BPEMEHHbIE;

1 10 XapaKTepy BXOAHbIX U BBIXOJHbIX CUTHAJIOB — HA HeNpepbIBHbIE (AHAJIOTOBbIE), IMCKPETHbIE
(undposbie), moyHenpepbiBHbIE (IMCKPETHO-AHAJIOTOBbIE U AHAJIOT0-INCKPETHBIE).

JTa K.]IaCCI/Igl!I/IKa!!I/Iﬂ= KaK ¥ J100asi APpyras, SiBJSCTCH !CJIOBHOﬁ M MOKET J0IIOJHCHA



Knaccudpukauma kaHanoB nepeaavmn nidgpopmauum
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CaHkT- [NeTepbyprckunin rocyqapCTBEHHLIN YHUBEPCUTET TENEKOMMYHUKaUun M. npodgeccopa M. A. boHy-bpyesnua

Kadenpa «Teopun anexrporeneit u cBI3u»

CoolOnienye 1 CUTrHAJBI

Coobwenue nipeicTaBiIsieT COO0M COBOKYITHOCTD (ITOCJIEA0BATEILHOCTD )
3HAKOB (CHMBOJIOB)

Coo0011eHUs MOTYT OBITh IMCKPETHBIMHU (COCTOSIIUMU U3 CUMBOJIOB, TPUHAJICHKAITUX
KOHEUHOMY MHOXECTBY — aji()aBUTy) WK HeNPePbIBHBIMHU (KOHTUHYAJIbHBIMH,
AHAJIOTOBBIMM ), OITUCHIBAEMBIMU (DYHKITUSMHU HEMIPEPHIBHOTO BPEMEHHU.

Bceskoe coo0l1ieHrne MOXKET CyIeCcTBOBATh JIMIIb B MATEPUAJIbHOM BOTIJIOIICHUH.

Jl71s1 iepenaun cooOIeHUsT HeOOXOAUM MaTepHaIbHbINM HOCUTENb, (DU3NYECKUN
MIPOLECC, HA3BIBAEMbIN CUTHAJIOM.

B paanoTexHuKe ¥ TEIEKOMMYHHUKAIIUA UCITONIB3YIOTCS JIeKTPHYECKHE CUTHAJIBI,
KOTOpBIE Onarogapsi MpoCTOTE M YyA0OCTBY UX T€HEPUPOBAHUS U MPeoOpa30BaHUs
HAWJIy4IIUM 00pa3oM IPHUCHOCOOJICHBI AT Tiepeadu O0JbIINX 00bEMOB JJAHHBIX Ha
OOJIbIIINE PACCTOSHHUSL.

B coBpeMeHHbIX cucTemMax CBAA3N U YCTPOMUCTBAaX XPaHeHUs1 AaHHbIX 3NIeKTpUYecKne CUrHanbil
3a4acTyro Npeodpa3yroTcA B ONTUYECKNE UMM MarHUTHbIE, HO, Kak NpaBuIio, NpeanonaraeTca nx
obGpaTHoe npeobpa3oBaHMe B ANeKTpUYecKue.



CaHkT- [NeTepbyprckunin rocyqapCTBEHHLIN YHUBEPCUTET TENEKOMMYHUKaUun M. npodgeccopa M. A. boHy-bpyesnua

Kadenpa «Teopun anexrporeneit u cBI3u»

PaIlI/IOTeXHI/I‘leCKI/Ie IHECIIN U CUTHAJIBI

Cuznanwl SIeKTPUUECKON IPUPOALI HOPMUPYIOTCA B PAIUOTEXHUUECKUX IETISX U
CHACTEMaX.

CBolicTBa CUTHAJIOB HCCICAYIOTCA C UCITIOJIb30BAHUCM UX MATEMATHYCCKHUX MOZleﬂeﬁ.

EctecTBeHHOI (hOPMOI MPEACTABICHHUS CUI'HAJIA CUUTACTCS €r0 OIUCAHUE
HeKoTOpoi (hyHKIMEH Bpemenu S(¢) [ i(t), u(t) , xorma 3aBUCUMOI IEPEMEHHOM
Yalme BCEro SIBJISCTCS TOK WM HaNpsHKEHUE.

Cursasbl, Kak 1 COOOILEHUS, MOTYT OBbITh JUCKPETHBIMUA WJIA aHAJIOTOBBIMU
(KOHTHHYQJIBHBIMM) B 3aBUCUMOCTH OT TOT'0, pacCCMaTpUBaIOTCS
JIM OHU KaK (PYHKIIMHU JUCKPETHOIO UM HEMPEPHIBHOTO BPEMEHH.

3aBucuMas nepeMenHas - Tok I(7) nmu manpskenue U(1) Takxke MOXET OBITH
OUCKPETHOW MJIY HENPEPHIBHON BEJIUUYUHON, B COOTBETCTBUHU C YEM MOXKHO Pa3jInvarTh
YETHIPE TUTIA CUTHAJIOB:

*Anajsoropbie* *KpanroBanbie®  *J/luckpernnie*  *IludpoBbie”



CaHkT- [NeTepbyprckunin rocyqapCTBEHHLIN YHUBEPCUTET TENEKOMMYHUKaUun M. npodgeccopa M. A. boHy-bpyesnua

Kadenpa «Teopun anexrporeneit u cBI3u»

Knaccnduxkanusa CUrHajaoB B KAaHAJIaX CBA3H

B Teopun 35eKTprUeCKOM CBA3U MPU OMMCAHUN CUTHAJIOB U ITIOMEX BO3HMKAET 3a/1a4a MOUCKa
MaTeMaTU4YeCKUX MOJEINIeH, KOTOpbIE Obl C HEOOXOAMMOI CTENEHBIO TOYHOCTH OTOOpaXKAJIU peaibHbIE
MPOILIECCHI B KaHallax nepenayn nHpopmaiuu. [10CKoIbKY CUTHAIIBI SIBIISIFOTCS DIIEKTPUYECKUMU

KOJICOAHMSIMU, MEHSIONITUMUCS BO BPEMEHH, TO MX 0a30BOM MaTeMaTHYeCKOW MOJICIBIO TOJDKHA OBITh
BpeMeHHast (PyHKIIHS.

CHUT'HAJIBI
TOK i(t) HanpsikeHue u(t)
HenpepbiBHbIE BO BpEeMEHHU JucKpeTHbIE BO BpeMeHH
(aHanorossble) (uncppoBbie )
JAETEPMHUHUPOBAHHBIE CIIYYAMHBIE
Mepuoanyeckue He
nepuoguyeckue
DUHUTHBIE
(Mmnyabebl)
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CaHkT- [NeTepbyprckmii rocygapCTBEHHbIV YHUBEPCUTET TENEeKOMMYHMKaunin nM. npogeccopa M. A. BoH4-bpyesuya

Kadenpa «Teopuu snexrporeneii u cBi3n»

lNpeobpa3oeamersb. B tenehonnn - mukpodon. B tenerpaduu ¢ momornpio TeiaerpadHoro ammapara
(Temeraifma)  omepaTtop ~ 3aMEHAET  MOCJEIO0BaTeIbHOCTh  3HAKOB  cooOmienuss  (OykB,  mudp)
MOCJIEI0BATEILHOCTHIO ABOMYHBIX CUMBOJIOB (0 1 1) B BUJIe TOCBUIOK TOCTOSSHHOTO TOKA. B TeneBuaeHuu npu
nepenaye n300pakeHus mpeodpa3zoBaTesieM SBIETCS MepearoIias TeIeBU3HOHHAs TPyOKa.

KodupoeaHue - IpeoO0pa3oBaHMe JUCKPETHOTO COOOIIEHMS B MOCIIEI0BATEILHOCTh KOAOBBIX CHMBOJIOB,
OCYIIIECTBIISIEMOE T10 ONPEACTICHHOMY TTpaBuily. [Ipu 3TOM KakKJI0My 3JIEMEHTY COOOIICHUS TPUCBAUBACTCS
OMpeIeJICHHAs COBOKYITHOCTh KOJIOBBIX CUMBOJIOB, KOTOPAasi HA3bIBACTCS KOO0BOU KomoOunayueil (Ko00o8vim
c1060m). Besi COBOKYITHOCTh KOJIOBBIX KOMOMHAIIMI HA3bIBACTCS KOOOM.

ITpumepsl KOIOB.




CaHkT- [NeTepbyprckunin rocyqapCTBEHHLIN YHUBEPCUTET TENEKOMMYHUKaUun M. npodgeccopa M. A. boHy-bpyesnua

Kadenpa «Teopun anexrporeneit u cBI3u»

Dopmam pusuueckozo KOOUPOBAHUA UUPPOBLIX CUZHAIOE

Kaxabiid OMT KOZ0BOIO €JI0BA MepesaeTcsl MM 3aMChIBACTCS € MOMOIIbIO TUCKPETHBIX CHTHAJIOB, HAIIpUMep,
UMIYJ1bCOB. C10co0 nmpeacTaB/ieHUs HCXOAHOI0 KO/1A ONpeleIeHHBIMH CHTHAJIaMHU olpeeasercs (popMaToM
(puzuyeckoro kona.

®PopmaTt BBH (6e3 Bo3BpaLueHuUs K HynK) eCTECTBEHHbIM 06pa30M COOTBETCTBYET PEXNMY paboTbl TOrMYECKUX CXeM. EQNHNYHBLIN GUT
nepegaetcs B npegenax Takta ypoBeHb He MeHseTcs. [NonoxuTenbHbIN nepenag o3HavyaeT nepexod u3 0 K 1 B UCXOAHOM KofAg,
oTpuuatenbHbli — oT 1 K 0. OTCyTCTBME NepenagoB NoKasbiBaET, YTO 3HAYEHUS NpeablayLiero u nocneayowero 6utos pasHbl. [Ans
AekogmpoBaHus kogos B oopmaTte BBH HeobxoanMbl TakTOBbIE MMMYNbChI, TAK KaK B €ro CNekTpe He COAEPXUTCA TakToBas YyacTtoTa.
CooteeTtcTBytowmn kogy chopmata BBH curHan cogepXXmt HU3KOYaCcTOTHbIE KOMMOHEHTDI (MPY Nepegaye ANUHHBIX CEPUIA HYNEN UIN eONHNL,
nepenagbl He BO3HUKAIOT).

®opmaT BBH-1 (6e3 Bo3BpalleHus K HYIIO C nepenaaom npu nepeaae 1) Asnserca pasHosmaHocTbio hopmarta BBH. B otnnumne ot
nocrnegHero B BBH-1 ypoBeHb He nepefaet faHHble, Tak Kak M MONoXUTerNbHbIE U OTpuUaTenbHble nepenagbl COOTBETCTBYIOT €ANHUYHBIM
outam. MNMepenaabl curHana popmupytoTes npy nepedade 1. Npu nepegade 0 ypoBeHb He MeHsieTcs. [nsa AekogmMpoBaHus TpebytoTes
TaKTOBbIE UMNYIIbChI.

®dopmaTt BBH -0 (6e3 Bo3BpaleHUs K HyJ110 C Nepenagom npu nepepaye 0) aensdetcst JononHuTeneHbIM K BBH-1 (nepenagbl
COOTBETCTBYIOT HYNEBbIM BUTaM UCXOAHOrO KoAa). B MHOroaopoxe4vHbIX cuctemax 3anncu LMdpoBbIX CUrHanoB BMeCTe C KOAOM B chopmaTte
BBH Hapo 3anuceiBaTh TakTOBbIE MMMYILCLI. BO3MOXHBIM BApnaHTOM SBNAETCH 3annch ABYX OOMOSTHUTENbHbLIX CUrHAaroB.,
COOTBETCTBYIOLMX kKogam B hopmaTtax bBH-1 n EBH-0. B ogHOM 13 ABYyx curHanoB nepenagbl MPONCXOAAT B KAXKAOM TaKTe, YTO NO3BOSSEeT
Nony4YnTb UMMNYbCbl TAKTOBOW YaCTOTbI.

®dopmaTt BH (c Bo3BpalyeHnem K Hynt) Tpebyet nepegaym nmnynbca, 3aHMMatoLLEro TONbKO YacTb TAKTOBOIO MHTepBana (Hanpuvep,
MOMOBUHY), NPY 0OgUHOYHOM BuTe. Mpu Hynesom 6UTe NMNYNbC He opmmpyeTcs.

®opwmat BH-I1 (c akTuBHOM nay301) o3Ha4YaeT nepegady MMnysbca NoNoXUTENbHON MNOMSPHOCTM NPY egMHUYHOM BuTe 1

oTpuuaTenbHoOn — nNpu HyneesomM 6ute. CurHan aToro popmaTta MMeeT B CNEKTPE KOMMOHEHTbI TakTOBOW YacToTbl. OH NPUMEHSIETCA B psae
cnyyaeB AN nepefayn gaHHbIX Mo NUHUAM CBA3W.

®PopmaT OP-0 (aByxcha3HbIN co ckavykom ha3sbl Npy nepegade 0) COOTBETCTBYET CNOCODBY NpeacTaBneHuns], Py KOTOPOM nepenagbl
opMMpPYOTCH B Havane Kaxgoro Takta. [pn eanHnyHbIX butax curHan B 3ToM popmate MEHSIETCS C TaKTOBOM 4YaCTOTOM, TO €CTb B
cepeguHe Kaxgoro Takta npoucxoauTt nepenag ypoBHs. [Npu nepegaye Hynesoro buTta nepenaj B cepeanHe Takta He opMmnpyeTcs, To eCTb
MMeeT MecTo ckavok dasbl. Kog B 4aHHOM hopmate obnagaeTt BO3MOXHOCTBH CAMOCUHXPOHMU3aLMK 1 He TpebyeT nepeaadn TakToBbIX
CUrHanos.

HanpasneHue nepenaga npu nepegave curHana eauHuubl He MMeeT 3HavyeHus. [10aToMy n3MeHeHme NoNAPHOCTU KOAMPOBAHHOMO cUrHana

LI DMIACAAT LI MO /IMNLTAAT NMAavryrNnniannDpDAlliica nLl NRAM\Y'AOAT NMONANADATLAACI I CIAMMAOTNIALILULIAAA FI1ALUIACIMNA HQQ nnr\'rr\auur\l‘ﬁ f‘ﬁf‘TQDI‘ICII.nIIIQI‘;I Q'I'f\ el alldaY



CaHkT- [NeTepbyprckunin rocyqapCTBEHHLIN YHUBEPCUTET TENEKOMMYHUKaUun M. npodgeccopa M. A. boHy-bpyesnua

Kadenpa «Teopun anexrporeneit u cBI3u»

Dopmambul puzuuecko20 KOOUpPoeanus UUPpPoevIX CUZHAI08

Kaxapiid OMT KOJOBOI0 CJ10BA NEPEAaeTCsl WM 3alIMChIBAETC € MOMOIILIO IMCKPETHBIX
CUTHAJIOB, HANIPUMEP, YPOBHEM MOTEHIMAJIA, TepenaaoM (PpoHTOM) MOTEHIUAIA WU
HAJIM4YUeM UMIYJbca (MMIYJabcoB). Cniocod nmpeacraBjieHus1 HCXOAHOI0 KOAa
OIpeAeJJeHHbIMHM CUTHAJIAMU onpeaeasiercs popMaroM pu3n4eckoro Koaa.

11101 [1][0[0]0|1]|1]0
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TpeOoBanus K anropuTMaM UPPOBOTO KOXUPOBAHHS

[Tpu komMpoBaHWUY MUPPOBEIX CUTHAJIOB JIOJKHBI BEITIOTHITHCS ONIPEICIICHHBIC TPEOOBAHUSI.

1. Mamnast mosioca 1ud)poBOTO CUTHAJIA JJIT BOZMOYKHOCTH ITepeiadur OOIBIIOT0 00beMa TIAHHBIX 10 UMEIONIEeMYCsl (PU3MUECKOMY KaHAITy.

2. HeBbICOKHIT YpOBEHB MTOCTOSTHHOTO HAIIPSIKCHUS B JTMHUH.

3. JocTaTOYHO BBICOKHE TIepenabl HAPSKEHUS AJI1 BO3SMOXXHOCTH MCTIOJb30BAHMS CUTHAJIBHBIX UMITYJIHCOB (TI€PEXO0/I0B HAIPSIKECHUS ) IJIs1
CUHXPOHM3AIMH TPUEMHHKA U TIepelaTurnka 0e3 T00aBICHUS B IOTOK CHTHAJIOB JIOTIOJIHUTEIIBHONH MH(POPMAIIHH.

4. Hemonsipu30BaHHBIN CUTHAM JUISI TOTO, YTOOBI MOXHO OBLIIO HE 00pamarh BHUMAHUS Ha TIOJSIPHOCTH TMTOKTFOUCHISI IIPOBOAHUKOB B KXKIOU
nape.

ofrfeJofrfr]oefofor]r]o cTifelol [ 1]ololo] ] o

IMorenuuaabublii kog NRZ (nepeBEépHYTHINH)

bunoasipublii kog AMI
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®opmar NRZ (bBH)

*OuMTbl 0 NpeacTaBnaTCA HyneBbIM HanpsixeHnem (0 B);
*OnTbl 1 NpeacTaBNATCA HANPsHKEHNEM +V.

PasnouaHoctu NRZL, NRZM
1. BBICOKHI YPOBEHB ITOCTOSIHHOTO HampsbKeHUs (cpeaHee 3HaueHue 1/2V BOJbT M1 TOC/IEI0OBATEIbHOCTH, coleprkaiiei paBaoe yucio 1 u 0);
2. mupoxas nosioca curHana (ot 0 [’ 1y1s mocnenoBaTeIbHOCTH, coiepkaliei TobKo 1 min Toapko 0 710 MOJOBHHBI CKOPOCTH TIEPEIavYH TaHHBIX
nipu uepenoanuu 10101010);
3. BO3MOXXHOCTh BOZHUKHOBEHUS TTPOJOKUTEIBHBIX TIEPUOIOB MEepEaavn MOCTOSHHOTO YPOBHS (JUTMHHAS TIOC/IeI0BaTeIbHOCTD | win 0) B
pe3yJIbTaTe Yero 3aTpyaHIETCs CHHXPOHU3AIUS YCTPONCTB;
4. curHan SBISETCS MOJISIPU30BAaHHBIM

®opmar NRZI (bBH vHBepcuBHBII)
OTOT MeToA KOANPOBaHUA UCNONb3YET crnegytowmne npeacrasneHns 6utos LMGpPOBOro NoTokKa:
* BuTbl 0 NpeaCcTaBNATCA HYNeBbIM HanpsbkeHnem (0 B);
* BuTbl 1 NpencTaBnAaAlTCA HanpskeHnem 0 Unu +V B 3aBUCMMOCTM OT NpeLLeCcTBOBABLLErO 3TOMY BUTy HanpsxkeHus. Ecnn
npegblayLlee HanpshkeHme Obino paBHo 0, eanHuua byaet npefcTaBneHa 3HadyeHneM +V, a B criydasx, korga npeabiayLimm ypoBeHb
cocTaBnAn +V onga npeacraBneHnsa eguHuubl, byaeT ncnonb3oBaHo HanpsikeHue 0 B.
OT0T anroputm obecnevmBaeT Manyto Nonocy (kak npu metoge NRZ) B COMETAHUM C YaCTbIMU M3MEHEHUSIMU HaNPsKEHNS (Kak B RZ), a
KpoMme Toro, obecnevnBaeT HENONSAPHbIA CUrHAnN (T. €. MPOBOAHUKM B FIMHUM MOXXHO NOMEHSATbL MecTamu).

®opmar RZ (BH)
*OuMTbl 0 NpeacTaBnaTCA HyNeBbIM HanpsixeHnem (0 B);
*OuTbl 1 NpeacTaBnaTCs 3Ha4YEHMEM +V B NEPBOW NOSTIOBMHE U HYNEBbIM HaNpsXXeHNeM BO BTOPOWN, T.€. eAMHULE COOTBETCTBYET
UMMYNbC HaANPSKEHNSA NPOAOIMKUTENBHOCTBLIO B MOMOBUHY NPOSOSTKUTENBHOCTU Nepeaaym ogHoro émuta gaHHbIX.
DTOT METO/ UMEET JIBa MPEUMYIIIECTBA [0 CPABHEHUIO C KogupoBaHueMm NRZ:
* cpenHMIA YPOBEHb HANPSDKEHUS B IMHUU cocTaBisieT 1/4V (BMecto 1/2 V);
* Ipu mepeade HeMpPEPHIBHON MOCIIEIOBATEIFHOCTH | CUTHAM B JIMHUH HE OCTAETCS MOCTOSTHHBIM.
OpHako Mpu UCTIONIb30BaHUM KOAMPOBaHUs RZ mosoca curaaia Mo>keT JOCTUTaTh 3HAYEHUH, paBHBIX CKOPOCTH TIEpPEIavyr TaHHBIX (IIPH TIeperade
MOCJIeI0BAaTEIHLHOCTH 1)

®opmat AMI - Alternate Mark Inversion (moo4yepeaHasi HHBepCHUs eIMHHUIL)
DTOT METOA KOIUPOBAHUS UCTIOIB3YET CIEAYIONINE IPEACTaBICHUS OUTOB:
* outsl 0 mpenacTaBisatoTCs HyneBbIM HanpsbkeHueM (0 B);
* OuThl 1' MpeacTaBIAIOTCS MOOYEPEAHO 3HAYCHUSIMA +V 1 -V.
DTOT MeToA Moa00eH anroput™My RZ, HO obOecrieunBaeT B JIMHUH HYJICBOW YPOBEHD MOCTOSTHHOTO HAMPSKEHUS.
Henocrarkom metoga AMI saBisieTcs orpaHUY€HHE Ha TUIOTHOCTh HYJIEH B MOTOKE JJAHHBIX, TOCKOJIBKY JUIMHHBIE TTOCTaeAoBaTeIbHOCTH () BEayT

K [I0T€pEe CUHXPOHU3ALINH.
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®opmatr HDB3 - High Density Bipolar 3 (0unosisipHoe konupoBaHue ¢ BICOKOH MJIOTHOCTHIO)
[Ipencrasnenue 6uroB B Metone HDB3 nuis HE3HAYUTENBHO OTIANYACTCS OT MPEACTABICHHS, HCTIOIB3yeMOTro anroputMoM AMI:
[Ipy HanuuMK B MOTOKE TaHHBIX 4 TTOCIen0BaTeNbHBIX OMTOB 0 ocienoBarenbHOCTh u3MeHseTcs Ha 000V, rae monsipHocTh OuTa V Takas xe,
KaK JUIsl PEIIECTBYIONIEr0 HEHYJIEBOTO UMITYJIbCa (B OTJIMYKME OT KOIMPOBAaHUS OUTOB 1, AJIsi KOTOPBIX 3HAK CUTHANIA V U3MEHSIeTCs
MOOYEPETHO IS KaXK/101 €TUHUIIBI B TOTOKE JAHHBIX ).
DTOT aJITOPUTM CHUMAET OTpaHUYCHUS Ha TUIOTHOCTH 0, mpucymue koaupoBanuio AMI, HO mopoxaaeT B3aMEH HOBYIO ITPOOJIEMY - B JIMHUH
MOSIBIIIETCS. OTIIMYHBIN OT HYJISl YPOBEHb [TOCTOSHHOTO HANPSKEHUS 3@ CYET TOTO, YTO MOISPHOCTh OTIIMYHBIX OT HYJISI UMITYIbCOB COBIAIAET.
Jlist pettieHust 3TOM MPOOIEMBI MOISPHOCTh OMTa V U3MEHSIETCS TI0 CPAaBHEHHIO C TIOJISIPHOCTHRIO NpeAmecTBytomero outa V. Koraa ato
MIPOMCXOUT, OUTOBBIN TOTOK M3MeHseTcss Ha BOOV, roe monmspHocTs 6uta B coBmagaeT ¢ monspHocThio 6uTa V. Korna mpueMHHK mosydaer
out B, oH 1ymaert, 4To 3TOT CUTHAJ COOTBETCTBYET 3HAYEHUIO 1, HO Tocie noay4yeHus Outa V (¢ Takoi ke MOJSPHOCTHI0) MPUEMHUK MOXKET
KOPPEKTHO TpakToBaTh OUTHI B 1 V kak 0.

®opmar PE - Phase Encode (Manchester, ¢a3zoBoe konupoBaHue, MAaH4YeCTEPCKOe KOAUPOBaHHE)
ITpu azoBOM KOTUPOBAHUHU HCTIONB3YETCS ClEAyIolee MpeiCTaBlIeHne OUTOB:
* Oouthl 0 IpeACTaBISIOTCA HaNpshKeHUeM +V B epBoi MOJIOBUHE OMTA U HAMIPSDKEHUEM -V - BO BTOPO MOJIOBUHE;
* OuThl 1 IpeACTaBISIOTCA HANpsHDKEHUEM -V B NIEPBOI MOJIOBUHE OWTA U HanpspKeHUueM +V - BO BTOPO MOJIOBUHE.
OTOT aNroOpUTM YAOBJIETBOPSET BCEM NPEABABISIEMbIM TPEOOBAHUSAM, HO MEPEAABAEMBIN B JINHUIO CUT'HAJI UIMEET IIUPOKYIO MOJIOCY U SBISETCS
MIOJIAPU30BAHHBIM.

®opmar CDP - Conditional Diphase

OtoT MeToA ABsieTca komOuHarmen anroputMoB NRZI u PE u ucnons3yer cnemyromiye npeacTaBieHnss OUTOB U(PPOBOrO MOTOKA!

* Oouthl 0 IPEACTaBISAIOTCSA NEPEX00M HANPSKEHUS B TOM e HApaBJICHUH, YTO U JJIS MpeanecTByomero oura (ot +V k -V wim ot -V x +V);

* OuThl 1 MpeACTaBISIOTCA NEPEeXo0M HAPSHKEHUs B HAIIPABICHUH, TIPOTUBOIIONIOAKHOM IpeiiecTByomemMy outy (ot +V k -V wm ot -V k +V).
OTOT anropuT™ oOecreynuBaeT HeMOJISPHBII CUTHAJ, KOTOPBIN 3aHUMAET IOCTATOYHO LIIMPOKYIO MOJIOCY.
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®opmar MLT-3 Multi Level Transmission — 3 (MHOTOypOBHEBas Tiepenaya) — METO KOIUPOBAHUS, UCTIONB3YIOIIUA TPY YPOBHS CUTHAJIA.
Metoa 0CHOBBIBAETCS Ha UKJIMYECKOM NepekiitoueHnu yposHen -U, 0, +U. Eqununiie cooTBETCTBYET EPEX0/1 ¢ OHOTO YPOBHS CUTHAJIA Ha
cnenyromuid. Tak sxe kak U B Metosie NRZI nipu nepenade «Hyss» CUTHANI HE MeHseTcs. B ciydyae Hanbosee 4acToro nepekytoueHus ypoBHEH
(nmuHHAS TOCIeI0BaTeIbHOCTD EANHMIL) AJIs 3aBEPIICHUS LKA HEOOXOAUMO YeThIpe mepexoa. ITO MO3BOJISET BUETBEPO CHU3UTH YACTOTY
HEeCyIIeH OTHOCUTEIBLHO TAKTOBOM YacTOThI, uTo nenaeT MLT-3 yno6HsIM METOIOM TP HCTIOIB30BAHUH METHBIX MMPOBOIOB B KAYECTBE CPEIIbI
nepeaadn. Merton pazpadoran Cisco Systems st ucnonb3oBanus B ceTsix FDDI Ha ocHOBe MeHBIX MPOBOIOB, M3BeCcTHRIX kKak CDDI. Takxe
ucnionb3yercs B Fast Ethernet 100BASE-TX.

®opmar 2B1Q nepemaer mapy OUT 32 OMMH OUTOBBIM HHTEPBAJL.
Kaxxnoii BO3M0OXHOI Tape B COOTBETCTBUE CTABUTCS CBOM YPOBEHB M3 YETHIPEX BO3ZMOXHBIX YPOBHEU MOTEHIMAA.
[Tape
00 cooTBeTcTBYET NMoTeHIMan —2.5 B,
01 cootBercTByeT —0.833 B,
11 — +0.833 B,
10 —+2.5B.
HocrounctBo metona 2B1Q: CurnanbHasi CKOpOCTh y 3TOIO METO/A B JIBa paza Huxe, yeM y kogoB NRZ u AMI, a criekTp cursasia B Jipa pasa
yxe. CiemoBaresbHO ¢ ToMoIsi0 2B1Q-koa MOXKHO 1O OJTHOM M TOM e JIMHUM TIepeaaBaTh TaHHbBIE B JBa pa3a ObICcTpee.
Henocratok metona 2B1Q: Peanuzarus 3Toro Mmerona Tpedyet 0ojiee MOITHOTO MepeaaTdynka U 0ojiee CI0KHOTO MPUEMHHKA, KOTOPBIN JT0KEeH
pa3ianyaTh YEThIpe YPOBHSL.
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