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INPAKTUYECKHUE 3AJAHUA
[IponycKHas CIOCOGHOCTb CUCTEM CBA3U
B oOmiem Bume crpykrypa nepeaadd-npuéMa nudpoBoit mHdopmanuu mo
pazMoKaHay BRIMJISLIUT CICAYIOIUM o0pazom [1].
IMosexs
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Puc. 1. Ctpykrypa nepenaun-npuéma CUrHajIOB

[lepenatuuk mpuHUMaeT mochenoBaTebHOCTh OUT (0 minm 1) u cozmaér

bu3MYecKuil CUTHAT WIM PAJUOBOJIHY (T.€. HM3MEHSIOUIEECS BO BpPEMEHHU

HaIMpsHKCHUE), KOTOpast IEPEHOCHUTCS TI0 paaruokanany [1].

Carrier

VI

Madulated Signal

Puc. 2. ®opmupoBaHue paguoBOJIHBI U3 OUT TAHHBIX




3aganue:

Yro Takoe OUTHI?

* bur — »95TO OCHOBHas eIWHMIIA WH(POpPMAIMM, UCIOJIb3yeMas B
COBPEMCHHBIX KOMITBIOTEPAX U CHCTEMaX CBSI3H.

* but — 310 MepeMeHHast, KOTopasi MOKET MPUHUMATh TOJIBKO JBa
BO3MOJKHBIX 3HAUEHHUS HUJIN «COCTOSHHUA», 00OBIMHO 0003HaYaeMbIX 0 vu 1.

* IHTYUTHBHO 3TOT OUT MOKHO paccMaTpUBaTh KaKk OTBET HA BOIPOC «J1a /
HETY.

* bosee cioxxHas nHGOpMAIUS MOKET OBITh OTIIPaBJICHA
[IOCJIEAOBATEILHOCTSIMA OHT.

[Ipencrapienue OUTOB

duznuecku OUTHI MOTYT OBITh MPEJCTABICHBI KaK JIBa PA3TUIHBIX
COCTOSIHMSI (PU3NIECKOM TIepeMeHHo# [1].

[Ipumepsr:

« Hanpspkenue (1 = Beicokoe / 0 = HU3KOE)

* rexymui (1 = nonoxxurtenpHblil / 0 = OTpULIATETHHBII)

* cBeT (1 = BrutoueH / 0 = BBIKIIIOUEH)

Cmapmoesit Eum wemHoanu
Bum
Ceub Bum daHHBL Hea anonoesx Guma
+5E = - — P .

01 000 OO 10 11
Puc. 3. [IpeacraBnenne OUT Kak CUTHAJIOB

[lepenaTuuk OTMpaBisieT CUTHAN, MPEACTABISIONIUN TMOCIEIOBATEILHOCTD
OWTOB, MPUEMHHKY 10 KaHaiy [1].
[Tpumepsr:
» ®opma BOJIHBI HAMPSKEHUSI UIIM TOKA MOKET MepeAaBaThCs MO MPOBOAY.
* CBETOBOI CUTHAJl MOKET OBITh OTIPABJIEH MO ONTOBOJOKOHHOMY KaHAaIly
(MuTepHeT) miam 1o pajuo.
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Puc. 4. Mckaxenus curHajia B KaHaJjie CBSI3H

Bonpocsl. OCHOBBI KOMMYHUKALIMOHHBIX CHCTEM
PaccmoTpum  mepemady  ABOMYHOM  MOCIENOBATEIBHOCTH, HAIpUMEP
«10010110». s yBenuueHUs CKOPOCTH IIE€pPElaud JAHHBIX OWUTOBOE BpeEMs
JIOJKHO OBITH ?
» Kopoue
e JlnunHee

KakoBa 0CHOBHasl poJib IIEpeaTYNKa B CUCTEME CBSI3U?

* UtoObI mpeodpazoBaTh HHPOPMALIUIO B PU3HUECKYIO (POPMY BOJIHBI

* JIns1 BoccTaHOBIIEHUS HHPOPMALIUU U3 PU3NYECKOTO CUTHAja

« OOecneuuTh cpeny, MO KOTOpOW pacnpocTpaHseTcs ¢uznueckas ¢dopma
BOJIHBI

KopupoBanue unpopmannu ouramu

B tabnuune ASCII mmxe npuBenensl koabl ASCII nnst o0mux OyKBEHHO-
nM(POBBIX CHUMBOJIOB U CHMBOJIOB, nepeurcieHHbix oT MSB no LSB. Kakas
OWTOBas MOCIEAOBATEIBLHOCTh KoAupyeT cooOmieHue «Hi»? Ipeamnonoxum, 4To
MBI MIEPEeIAEM KOJIbl KaXJI0I0 CUMBOJIA MOCJIEA0BATEIbHO, HAaUMHas ¢ LSB.



0 0011 0000 o 0100 1111 m 0110 1101
1 0011 0001 P 0101 0000 n 0110 1110
2 0011 0010 Q 0101 0001 (=] 0110 1111
3 0011 0011 R 0101 0010 P 0111 0000
4 0011 0100 S 0101 0011 (=] 0111 0001
5 0011 0101 T 0101 0100 r 0111 0010
6 0011 0110 U 0101 0101 s 0111 0011
7 0011 0111 v 0101 0110 t 0111 0100
e 0011 1000 W 0101 0111 u 0111 0101
9 0011 1001 X 0101 1000 v 0111 0110
A 0100 0001 Y 0101 1001 w 0111 0111
B 0100 0010 Z 0101 1010 x 0111 1000
C 0100 0011 a 0110 0001 Y 0111 1001
D 0100 0100 b 0110 0010 z 0111 1010
E 0100 0101 c 0110 0011 . 0010 1110
F 0100 0110 d 0110 0100 - 0010 0111
G 0100 0111 e 0110 0101 ] 0011 1010
H 0100 1000 £ 0110 0110 7 0011 1011
I 0100 1001 g 0110 0111 ? 0011 1111
J 0100 1010 h 0110 1000 i 0010 0001
K 0100 1011 i 0110 1001 ’ 0010 1100
L 0100 1100 J 0110 1010 . 0010 0010
M 0100 1101 k 0110 1011 ( 0010 1000
N 0100 1110 1 0110 1100 ) 0010 1001

space 0010 0000

BBGI[I/ITG 6I/ITOBy1-O IIoCJIACA0BATCIILbHOCTD KaK ITOCICA0BATCIIBHOCTE CANHUII U

HyJeH 6e3 mpobenoB Mexxay HuMH, Harpumep 1010 ...
Otset: 0001001010010110

KakoBo pecarnuyHoe 3HaueHue OuUTOBOW mocienoBatebHOCTH «1000»?
[Ipennonoxum, uro MSB yka3aH nepBbIM.
Omeem: 8

HenpepriBHBIE U TUCKPETHBIE BPEMEHHbBIE (POPMBI CUTHAJIOB

[IpencraBieHre OUTOBBIX MTOCIENOBATEILHOCTEN B BUJIE CUTHAJIOB

[locnenoBarenbHOCTh OUTOB MOKHO 3aKOJAMPOBATH, H3MEHSS 3HAUYCHHE
(bu3MUecKOi MepeMEHHOMN C TeUEHUEM BPEMEHHU.

* Kaxaplii OUT KOAUpyeTcst MyTeM COXpPaHEHUS! MOCTOSHHOTO COCTOSHUS B
TEUEHHE OTPEICIICHHOTO IEPHO/ia BPEMEHH,

M3BECTHOE KaK OUT BPEeMEHHU.

* Uem Kkopoue OHMTOBOE BpeMs, TeM OBICTpEE MBI MOXKEM IepeAaBaTh
uHpopmanuio (OUThI)



X,(0 B, x,(n), x,(n) Llndposoit curhan (keaHTosaHue no
A

_~ YPOBHIO W ANCKPETU3ALMA NO BPEMEHN)
v
-~

1000, 8 . .
|_— HenpepbiBHbIN (aHaNoroskii) curHan

0111,7 -

0110, 6 LuckpeTHbiA curHan

| _— (AnUcKpeTuaauua no BpemeHu)
0011,3
0010, 2 1 4
0001, 1 1

0 0.1 0.2 I 05 0.6 0.7 08 0.9 ¢t cek
1 2 5 6 7 8 9 n

T =1/f, - war auckpeTusauun, f, —4YacTota AUCKPETUIALMH, § — LA KBAHTOBAHUSA

Puc. 5. HenpepbiBHBIC U AUCKPETHBIE CUTHAIBI BPEMEHU

Curnan HenpepbiBHOro Bpemenu (CT) umeeT u3BeCTHOE 3HaYEHHE /ISl BCEX
TOYEK BPEMEHHOT'O MHTEPBAJIA.

Curnan puckpetHoro BpeMeHu (DT) umeer u3BecTHOE 3HAUYEHHE TOJIBKO B
JUCKPETHOM (TPEPBIBUCTOM) HA0OpE MOMEHTOB BPEMEHHU.

Bri0opka: HeNpephIBHBIN CUTHAT B TUCKPETHBIN

e IlomyuuTe JAHMCKPETHYIO BpEMEHHYIO (opMy cHUrHaja IyTeM
JTMCKPETU3allMi HEIPEePhIBHOIO BpeMeHHOro curHama X C (t) depe3 paBHbIC
IIPOMEXYTKU BPEMEHHU.

TS = nepro BHIOOPKH.

* [Ipounaekcupyiite KakIyl0 BBIOOPKY IO IEJTOYUCIECHHOMY HOMEPY
BBIOOPKH N.

* N-i1 oOpazen cooTBEeTCTBYET (hopMa BOJHBI B MOMEHT BpeMeHut = NTS

[Mpumep: x(n) =xc(nTs)

A
%A}
}t- —

T, ILITAT

w,{n) A

nr_’_,.-ﬂlﬂ'j

123486

11,

OT OUCKPETHOTO K HEMPEPHIBHOMY BPEMEHHU
YuuteiBas BEIOOPKY X (N), MBI MOXKEM IMOJIyYUTh HEMPEPHIBHYIO BPEMEHHYIO

dopmy Bosrbl Xh (1), yaepskuBas dhopmy BoaHbI B X (N) Mexay BpeMeHaMu NTS u
(n+1)Ts



OTCHET %{2])

T, 2T, 3T, 4T, ... t

Puc. 6. HenpepbiBHBIC U AUCKPETHBIE CUTHAIBI BPEMEHU

[lepron BBIOOPKU B 3aBUCUMOCTH OT YaCTOTHI

TS = nepuoa BEIOOPKU (BpE€MEHHON MHTEPBAI MEKTy BEIOOpKaMU)

TunuuyHas eTMHUIA U3MEPEHUS: CEKYH/BI (C, C)

FS = yacTora nnum yactora AUCKpeTU3aLUHU (KOJIMYECTBO BEIOOPOK 32
(bUKCUPOBAHHBIN TIEPUO]] BPEMEHH )

1
Tunuunas enunuiia usmepenus: ['epir (I't, BEIOOPOK B cekyHy) F, = o

&

Mpumep: Ts=0.2 ¢
Fz =1 oTcyéTil 2c= 9.2
SoTcueToB/lc =5y

0.2 04 06 08 10 1.2 1.4 16 1.8 }

" t(sec)

*

1 seoomd

Puc. 7. IIpouecc nuckpernsanuu

KonuuectBo BHIOOpOK

Bri0opka curnana aymHod TW ¢ nepuoaom BeIOOpkH TS mpuBoaut kK N
OoTCcU€Tam, rjae

T‘
l\l:E:Tw T
T, = >
Tw

Puc. 8. Beibopka curnana



Kommpomucc: 6omee BrICOKasi 4acToTa AUCKPETU3AINUN
+ Xopolo: MeHbllle nHOpMaIuu TepseTcs 0jiaroapss MEHbIIIEMY BPEMEHU

MEXIy BBIOOPKAMH.
* [1nox0: Tpebyercs Gosblie MecTa ISl XpaHEeHUsI, TOCKOJIbKY 3a 3aJIaHHbIN

IPOMEXKXYTOK BpeMEHHU TpeOyeTcs 0oible 00pasios.

[Ipeanonoxum, Mbl TUCKpETU3UpyeM CUTHal Ha yactote FS. Ecnm Mbl
cobepeM 1500 oTCU€TOB MM CEMIUIOB 3a 5 CEKYH[, ueMmy paBHO F B I'i?

Otset 300

KomnakT-nmucky 3amuchiBalOT JBa KaHayia (JIGBBIM M TPaBblil) MY3BIKH C
yactoTo nuckperusanuu FS = 44,1 kI Ecnu kaxaplii OTCYET WIM COMILI
3aK0UpOBaH 16 6utamu, a o1uH OAlT paBeH 8 OUTaM, CKOJIBKO OalTOB TpeOyeTcs

JUISL XpAaHEHUSI OAHOU MUHYTBI MY3bIKA?
Otser 10584000

buToBbIe cUTHAIBI JAUCKPCTHOT'O BPCMCHU

HenpepbIBHBIM BEO BpEMEHH

1
be=1| by=0| by=1 | by=0

=

"
<

bit time

OucKkpeTHbIN BO BpeMeH!

leeee eece ’ : eeee
be=1 by=0 b,=1 by=01b;=01bs=0 bg=1 b,=0
0 seee secepsocecee eeee
¢ 3 ' '
4 samples per bit

Puc. 9. ButoBble curHasbl

butoBoe BpeMst nu3MepsieT BpeMs, HE0OX0UMOE /Il OTIPABKH OJTHOTO OHTAa.

OneT, DHTa = SPB- T5 - %

5

butpelT u3MepsieT KOJIMYECTBO OUT, KOTOPOE Mbl MOXEM OTIPaBUThH 3a

34JIaHHYIO0 CAMHHIY BPCMCHHU.
butpefiT = 1 —— _ K
e Onur. Guta SPB .T5 B SPB

OOBIYHO MBI XOTHUM: PPt
* > (SPB = 4)

— OUTPEUT AOJIKEH OBITH OOJIBIITUM -
— BpeMs OUT ObITh MaJICHbKUM _1 T L

10




Mpumep pacueta CKOPOCTU Nepesaun faHHbIX

YacToTa TUCKpPeTU3aIUN
Fs = 1IMI'y = 1 Mera I'epi; =1,000,000 orcuéroB / ¢ =10° orcuéToB / ¢

Eciim ucnoin3yercs 4 orcuéra 3a Bbioopky (SPB = 4), Toraa
Ts = (Fs)™ = 10° ¢ =1 MKc MEKpOCEKYH

JlimureabHocTh OuTa = SPB TS = 4 Mkc

F Onut. Guta

s
& .

" SPB € >

LO00000, sy e
4 T,

Paccmotpum cucreMy, koTopas ucmoibzyeT 8-OutnHbie koael ASCII mois
KomupoBaHusi OykB. CKOJBKO BpeMeHH TMOTpeldyeTcs, 4YToObl MepenaTh
HOCJIeI0BaTeIbHOCTh OMTOB ¢ KoaupoBkoit «Helloy (6e3 kaBbIuek), eciu MbI

buroBasi ckopocTh

UCIIOJIb3YEeM BpeMs Nepeaur JaHHBIX B 5 OTCYETOB HAa OUT U MEpEaeM OTCUETHI C
gactoroir 1 MI'11?
Otsert: 200.

Paccmotpum cucreMy, koTopas ucmnois3yeT 8-Outnbie koasl ASCII mis
KojupoBaHus OykB. CKOJBKO BpeMEHU MOTpeOyeTcs s mepeaadyd OUTOBOM
nocJIeIoBaTeIbHOCTH ¢ KoaupoBKkor «Good Morning» (6€3 KaBbIUEK), €CIIU MBI
UCIIOJIb3yeM OMTOBOE BpeMs 5 OTCUETOB HAa OUT U MEepeaaeM OTCUEThI ¢ yacToTon 1
MI'u?

PaccmoTpum cucteMy cBsi3M, B KOTOpOM mepeaaTdyrk ucnonbdyer 0 B nms
npencrasienust 6uta «0» u 1 B mis npeacrasnenus 6uta «1». [lpumep dopmbi
nepe1aBaeMoro CUTrHaja MPUBEICH Ha CIEAYIONIEM PUCYHKE.

12

1 e Qo0 0 ¢ Lol

08}

|

'|

08 -|
04t _|
!

02+t

0 2 - 6 8 10 12 14 18

096 o

Puc. 10. IIpumep nepenaBaemMoro curiaia
[Ipeanonoxxum, YTO TEpBBIM OWUT HaymHAeTcs ¢ oTcuera (0, KaKoBO
MaKCUMaJIbHO BO3MOXKHOE Bpemsi mnepenauun (B SPB), wucnonszyemoe mpu
nepenayde?
Otser: 3.
11



JIABOPATOPHAA PABOTA

Hepe,qaqa AAdHHbBIX B KaHaJie C OI‘paHl/l‘-IeHHOi;I M0JI0OCOM

MopgeanpoBaHue aHAJOTOBBIX, MMIYJIbCHBIX CHUTHAJOB M HUGPOBBIX
CUTHAJIOB.

Heas paGorhi: O3HAKOMUTHCS C BO3MOXXHOCTSAMH IporpaMmmbl Microcap
9.0. HayunThcst MOIEIMpPOBATH AaHAJIOTOBBIC U IIM(POBBIC CUTHAIBI [2].

1. MoaeaupoBaHue aHAJOTOBOr0 CUTHAJIA.

JUis  MonIenupoBaHUS AaHAJIOTOBOTO CHUTHAJlla B Tporpamme Microcap
npenHasHadyeH kommoHeHT Sine Source (Component — Analog Primitives —
Waveform Sources — Sine Source). KommonenT Sine Source umeer cieayroriue
MOJIEIH:

1MHZ — cunycouaanbHbIi cUTHAJ ¢ aMIuuTy0i 1B u wactotoit IMIm.

3PHASEA — cunycoupalibHbIi curHan ¢ aMruuTynoil 169.7B u wactoroi
600", npenHa3HAYEHHBIN IS IPOMBIIUICHHBIX CETEH.

3PHASEB — cunycommanpHblii curHan ¢ amruatynoil 169.7B, wactoroit
600" 1 HavanbHOU (Pazoil 120° nmpenHa3HAYEHHBIN JUIsl IPOMBIIIJIEHHBIX CETEH.

3PHASEC — cunycoupanbHblii curHain ¢ ammuatyaoi 169.7B, dacrotoit
6001 u HavanbHOM (azoit 240° mpeaHa3HAYCHHBIN JIsl POMBIIIIJICHHBIX CETEH.

60HZ — cunycounanbHbIi curHai ¢ aMriutynoi 169.7B u wactoroit 6011,
IIPEIHA3HAYECHHBIN JJIS1 IPOMBIIIJICHHBIX CETEH.

GENERAL - cunycompanbHblii curHan ¢ aMimutygod 1B u wacTtoroii
10MI'u. Kaxnas wmojaenb KOMIIOHEHTa Sine Source uMeEeT ClEeAYIOIINe
U3MEHSIEMBbIE TapaMETPHhI:

A — ammuutyza curHana.

DC — nocTosiHHAasI COCTaBIISIOIIAs CUTHAJA.

F — gacroTa curnana.

PH — nauanphas daza curnana.

RS — BHyTpeHHEe CONMPOTUBICHNE NCTOYHUKA CUTHAJIA.

TAU — nocTostHHasi BpeMEHU e u.

Jlns  monmydeHWss MOJENM  aHaJOroBOrO CHHYCOMJAIBHOTO  CHUTHAla
HEOOXOMMO coOpaTh CXeMy TMpeicTaBleHHYyr0 Ha pucyHke 1. Ilapamerpsl
reHepaTopa mpeacTaBlieHHOro Ha pucynke: A=Im, DC=0, F=1MEG, PH=O0,
RS=1m, TAU=0.

12



Vi

Puc. 11. AHanoroBslii reHepaTop

JJist mpoBeieHHsI MO/ICIUPOBAHUSI HEOOXOUMO BbIOpaTh MyHKT Analysis —
Transient. Ha sxpaHe OSIBUTCSI OKHO IapaMeTpoB BPEeMEHHOT0 aHaimu3a (puc. 12).

R COpbore
Seabe WAk Tern
. Operging Pomt

T Cesrabng Pant Dy
| Auln Scale Ranges

| ¥ Espresson

FlSaTTam bl

i

L — 2

I Bcosmudale Pols

_ whsnge | vhowe ||

ETMn:iui.ﬂ.ml:.-s'r:lm
5] A
Tira Rsnge
MasiTien Time 5120
Vbl of Podiiy
Terperaioe  |linear = |
S aE Fimi
Page
S e
[ [ |

| te-6,0, 287 12,0015, 0. 008,0

Puc. 12. OkHO mapaMeTpoB [1J11 BpEMEHHOTO aHAJIN3a

OcHoBHble mapameTpsl Transient:
Time range — BpeMeHHOM UHTEPBAJ JJIsi MOACTHPOBAHHSL.

Maximum Time Step — uaTepBa TUCKPETU3AIINH.

Temperature — TemnepaTypHblid TUama3oH.

HeoOxogumo mnpu mnomomu Transient-aHanu3a MOJXYYUTh BPEMEHHBIE

XApaKTCPHUCTUKHU Ha BbBIXOAC I'CHCpPATOPA.

2. MoaeupoBaHue UMNYJbLCHOTO CUTHAJIA.

Jist  monmenupoBanus 1M(GPOBOro CUTHala B mporpamme Microcap
npeaHasHadyeH kommoHeHT Pulse Source (Component — Analog Primitives —
Waveform Sources — Pulse Source).

Kommnonent Pulse Source umeer ciemyroriye Moaeu:

IMPUSLE — oauHOuYHBI UMMYJIbC JUIUTEIBHOCTRIO 1HC M aMIuIuTyaou 1

I'B.

PULSE — tpaneueuanbHble UMITYJIbCHI.
SAWTOOTH — ummyssCchl mUI000pa3HOTO HAMIPSIKEHUS.
SQUARE — npsiMoyroibHbI€ UMITYJIbCHI.
TRIANGLE — tpeyronbHbie UMITYIbCHI.

13



Kommonent Pulse Source mmeer cnemyromue OoCHOBHBIE mapamerpsl: Pl,
P2, P3, P4, P5 — BpeMeHHBIC 3aICP>KKH JI0 ONPEICICHHBIX YPOBHEH cUrHaja (cm.
puc. 13) [2].

P5

/ONE )

Puc. 13. I[Tapametpsl komrioHeHTa Pulse Source

VONE — ypoBeHb TOTUYECKON €AMHUIIBI.
VZERO — ypoBeHb JTOTHYECKOTO HYJIS.

JInss  mosiydeHMsT MOJCIM  aHAJOrOBOTO  CHUHYCOMJAJIIBHOTO  CHUTHaja
HEOOXOMMO coOpaTh CcXeMy IIpeAcCTaBlieHHy0 Ha pucyHke 14. Ilapametpsl
reHeparopa mnpejacTtaBieHHOro Ha pucyHke: P1=100n, P2=110n, P3=500n,
P4=510n, P5=1u, VZERO=0, VONE=5.

VA
R1
1000

Vi CJ—D

s

PucyHok 4 MMnynbCHbIA reHeparTop

Puc. 14. UmniynbCHBIN reHEPATOP

Jl1s mpoBeieHHsT MOJIETTMPOBAHUSI HEOOXO0IMMO BbIOpaTh MyHKT Analysis —
Transient,

Heobxogumo mnpu momomu Transient-aHanu3a TMOJXYYUTh BpPEMEHHBIC
XapaKTepUCTUKHU Ha BBIXOJI€ T€HEpaTopa.

3. MoaeanpoBanue Hu¢)poBoro CUrHaia.

Jlns MopenupoBaHUsT aHAJIOTOBOTO CUTHaja B mporpamme Microcap
npeaHa3HaYeHbl KOMIOHEHTHI pasngena Stimulus Generators (Component —
Digital Primitives — Stimulus Generator).

B pazmene Stimulus Generator coaepkarcs CIEIYIOIIUE OCHOBHBIC
KOMITOHCHTHI:
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Dclock — renepaTop TakTOBBIX UMITYJIHCOB.

Stiml — mporpammupyeMblii TeHeparop HU(GPOBBIX CUTHAJIOB, C OIHHM
BBIXOJIOM.

Stim2 — nporpammupyembiii TeHepaTOop HU(GPOBBIX CHTHAJIOB, C JIBYMS
BBIXOJaMH.

Stim4 — nporpamMMupyemMbIii TeHEpaTop MUMPOBBIX CUTHAJIOB, C YETHIPHMS
BBIXOJaMH.

Stim8 — mporpamMmupyeMsblii TeHepaTop MUPPOBBIX CHTHAIOB, C BOCEMBIO
BBIXOJIaMHU.

Stiml6 - mporpaMMUpyeMbIii T'eHepaTop MH(PPOBBIX CHTHAJIOB, C
HIECTHAALATHIO BBIXOJaMHU.

[IporpamMMupoBaHre KOMIIOHEHTOB Stim  BeIeTCS IMyTeM  3aJaHus
BPEMCHHBIX HHTEPBAJIOB JIUIs YPOBHEH Jorndeckoro «0» u morndeckoit «1» [2].

J7is co3manus CUTHAJA TEPEKIIIOUEHUS C JJOTHYECKOTO HYJIS Ha JIOTHYECKYTO
enuHuUILy (puc. 15) HEOOXOAMMO BBIITOJIHHUTD CIICIYIOIIHE IeHCTBUS [2].

1 ol

Puc. 15. Ilepexiouenue ¢ ypoBHs Jior. 0 Ha ypoBeHb JOT. 1.

1. Co3naTh HOBYIO CXEMY.

2. [TocraButsk 3nement Stiml (Component — Digital Primitives — Stimulus
Generator — Stim1).

3. B mnosBuBLIEMCS OKHE NapaMeTpoB HAWTU TOJIE BBOJA MPOTPAMMHOTO
TekcTa. B mosie BBOJa NPOrpaMMHOrO TEKCTa CTOUT HadalbHas JIUPEKTUBA
.define .

4. B none BBOJIa MPOrPaMMHOI0O TEKCTA BIUCATH CIEAYIOIINI TEKCT:

.define Switch

+0ns 0 (c momenTa OHC OT Hayajia — YPOBEHb JIOTHYECKOTO «0)

+100ns 1 (¢ momenTa 100HC OT HaYana — ypOBEHb JJOTUUECKOM «1%»)

5. 3aKpbITh OKHO MMapaMeTPOB.

6. 3anmyctuTh Transient-aHanu3. BpeMeHHO# nuamna3oH MoCTaBUTh A0 1MKC.
ITo ocu X nocraButs Bpemsi (T). ITo ocu Y — d(1) — unudpoBoii curnan Ha y3ie Nel
[2].

st co3manusi oHOM 1UGPOBOM enuHUIIBI (pUC. 2.) MPOTPAMMHBIN TEKCT
OyIeT BBITTISIACTh CIEIYIONUM 00pa3oM:

.define D1

+0ns 0 (c momeHnTa OHC OT Havasia — YPOBEHb JIOTHIECKOTO «0)
15



+100ns 1 (c momeHnTa 100HC OT Hayana — ypOBEHb JIOTHUECKON «1»)
+200ns 0 (c moMeHTa 200HC OT Hayana — ypoOBEHb JOrHYeCKOro «0»)
f

PucyHok b Jlorvyeckan egMHMLa

Puc. 16. Jloruueckas equauna

BpeMGHHBIC 3aICPKKHM MOXHO 3aJaBaTb HC TOJIBKO OT 0, HO N OT

MOCJICTHETO N3MEHCHHUSL.
.define D1

+0ns 0 (c momeHTa OHC OT Hayajga — ypoBEHb JOruYecKoro «0»)
++100ns 1 (uepe3 100HC — ypoBeHb JOTHYECKOM « 1)
++100ns 0 (emre yepe3 +100HC — ypoBeHb J0rHuecKOro «0»)

s CO3JIaHUs HECKOJIBKHX MTOBTOPSOIIMXCS U (pPOBBIX
MOCJICI0BATEIBHOCTEH MCITONB3YIOTCS [IUKIMYSCKUE KOHCTPYKIUH [2].

Jnst coznanus nocnenosarenbHocty 010101 (puc. 3) mporpammHBIi TEKCT
OyzieT BBIMVIAACTD CIICAYIONUM o0pa3om [2]:

.define D01

+0ns 0

+label=start (Hayayio nUKJIA)

++100ns 1 (uepe3 100Hc nepekatoueHue B 1)

++100ns O (eme vepe3 100HC nepekimouenue B 0)

++100ns goto start 3 times (MIOBTOPUTH TEJIO LIUKJIA €I1I€ TPH pa3a)

Puc. 17. Iludposas nocnenosarenprHocth 010101

16



Ecnmu HeoOxonumo Bo3gaThb OECKOHEUYHYIO IOCIENI0BATEIbHOCTh, TO
IPOrpaMMHBII TEKCT MOIUPHIIPYETCs CIeTyIomuM oopazom [2]:

.define D01

+0ns 0

+label=start (HayayIo NUKJIA)

++100ns 1 (uepe3 100HC nepexntoyeHue B 1)

++100ns 0 (eme yepe3 100HC nepekmouenue B 0)

+4+100ns goto start -1 times (IOBTOPUTH TEJIO LUKJIA OECKOHEYHOE YHCIIO

pas)

1. 3ananus Ha Ja0opaToOpHYI0 padory.
I. Co3marb  Mozenb  TeHepaTOpa  CUHYCOMJAIBHOTO  CUTHaja
MPEACTABICHHOTO HA PUCYHKE 8.

h

:

S0MKC

Puc. 18. CunyconganpHbIi CUTHAI 1JIsI MOJIEIIUPOBAHUS

2. Co3gmathb J1Ba TeHeparopa UU(GPOBBIX CUTHAJIOB, PEAM3YIOLIUX
O6eckoHeuHbIe ITU(POBBIC MOCIEN0BATEILHOCTH, YKa3aHHbIE Ha puc. 19.

S N U O U A I
LT T

Puc. 19. ludpoBbie nocneaoBaTeIbHOCTH T€HEPATOPOB HU(DPOBBIX CUTHAIOB

2. 3anaHus HA Ja0opaTOpHYI0 padorTy.

Lenb: mocMoTpeTh, KakuM 00pa3oM H3MEHHUTCS (GopMma HPSIMOYTOJIBHOTO
UMITYJIbCa MOCJe MPOXOKICHUS (PUIBTPOB.

Micro-Cap BkJIrO4aeT BCTPOCHHYIO MTPOrpaMMy MPOSKTUPOBAHUS (DUIIBTPOB,
KOTOpasi HEMOCPEACTBEHHO CO3HAaeT cXeMbl (PHIbTpOB. Pa3paboTuMK aKTUBHBIX
GbuabTpOB MOANEPKUBACT (UIBTPHI HIKHMX M BEPXHUX YaCTOT, MOJOCOBOU
GuIbTp, PEKEKTOPHBIE (PUIBTPHI U (DUIBTPHI 3aJ€PKKU, KOTOPHIE MOTYT OBIThH
HAaCTpOSHbI C TIOMOIILI0 oTBeTa barrepBopra, YeObmeBa, beccemns,
IUTUTITUYECKOTO WM 00paTHOro-4eObieBckoro otrBera. Co3maHHbBI  (QUIBTP
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MOJKET OBITh OTIIPABIIEH B HOBYIO CXEMY, B TEKYIIYIO 3arpyKEHHYIO CXEMy WA
MOXeT OBITh NMPeoOpa3oBaH B MAaKPOKOMIIOHEHT, K KOTOPOMY JIETKO TOJYYHUTh
IOCTYN 4epe3 maHenb win MeHio «KommoneHT». J[ns Hayana mpoOeKTUpOBAaHUS
HEoOX0oaMMO 3amycTuTh mporpammy Microcap 9. 3atem Haiitm menio Design
(ITpoextupoBanue), B koTtopoMm wumeercs mnyHKT Passive Filters (ITaccuBHbie

bubTps) [3].

. Micro-Cap 8.0.5.0 - [CAMC% data\circuit?.cir]
File Edit Component Windows Options Analysis  Design | Model Help
= &[4 L Active Filters... Pak @ 3 BMO® O P GH
Passive Filters... p—
= N[o~T LN Jren [ — i % )
Browse | Scarch |
FinA
|
Compress
- Analog Primitives (225]
i [ Passive Components (10)

Puc. 20. OkHO nporpaMMbl MEHIO MTACCUBHBIE (DUITBTPHI.

3aTeM TMOABUTCA OKHO HACTPOEK [Jii MPOEKTUPOBAaHUSA MACCUBHBIX
aHaAJIOTOBBIX (PUIIBTPOB.

Passive Filter Designer %
Design } Implementation | Options |

Type Response

€ Low-Pass L € Butterworth 4
£ Hight ol

[0 — ) Chebyshev 3
@ Bandpass & Eliptic 3

" Notch o
©

Specifications Poles and Zeros
 Mode 1 " Mode2 Stage | FO Qg FN

oboion [ |[] S czE wem
Passband Ripple (R) [3 010255356 dB 3 998.7492.. 30.826M.. .
Stopband Atien. (%) [20 dB

Center Freq. (Fc) 1000 Hz

Passband (PB) 100 He

Stopband (SB) [200 Hz

Dcfaut | Bode | Sep | iwpuse [[ OK | Omewa | Cropasea
Puc. 21. OxHO HacTpoek

B nmanHOM BKIIaJIKE MMEETCS MHOXKECTBO HAcTpoek. Ha manHOM 3Tare Ha
noHamooutrcss Toiabko Type (t.e. Tum ¢umerpa), Response (wactoTHas
xapaktepucTrika) u Specifications (t.e. xapakrepuctuku GuiabTpa). Jpyrue
HACTPOMKM HaM 37eCh B JTOW JlabopatopHod pabore He mnoHaaodsATcs. B
JTanbHEHIIEM, KOHEYHO JK€, OHHW TOJIE3HBI M BEChbMa HEOOXOMMMBI ISl TOHKOW
HaCTPONKH TOTO WJIM UHOTO (DUIIBTPA.

Tun ¢uneTpa mo3BossieT BHIOpaTh OAWH U3 cleayronmx: Low pass (Punbtp
HIKHUX 4acToT); High pass (®unbtp BhicOkMX uactot); Bandpass (ITomocosoi
¢mbTp); Notch (OunsTp-nipodka); Delay (YcTpoitcTBo 3aaepiKKH).
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Response (vactoTHas  xapakTepucTHKa) —  [O3BOJSIET  BbIOMpATh
MaTeMAaTUYECKyI0  almpOKCHUMAIMI0  HIealibHOoro  ¢uibTpa:  Butterworth
(barrepBopra);  Chebyshev  (UeOwimesa); Bessel  (beccens);  Elliptic
(Omunrueckuii); Inverse-Chebyshev (O6patubiit UeOsiieBa). B Hamem ciydae
nojoiieT GuUIbTP HIKHUX YacToT barTepBopTa.

Specifications (texaudeckre TpeOOBaHWSA) — CHOJIa BBOJAT TEXHUYCCKHUC
TpeboBanus K GuIbTpy. EcTh fBa cocoba onpexenuts Guibtp: Mode 1 (pexum
1) m Mode 2 (pexum 2). B Mode 1 omnpenensrorcss ¢yHKIMOHATHHBIC
XapakTepucTuku (uiabTpa, momaooHele Passband Gain  (ycuieHHEe IOJIOCHI
nponyckanuss B 1ab), Passband (mmpuna monocsl mpomyckanus B I'm) (Fc),
Stopband (mmpuna mnomocel momaeinenus B I'm) (FS) u  Stopband Atten.
(moxamienne mojockl mpomyckanus B ab) (A). 3mech ompenensercs TO, 4TO
HEOOXOJMMO, W TMPOTpaMMa BBIUMCISET YHUCIO 3BEHBEB, TPEOYEeMBbIX IS
JTOCTIDKCHHMSI 3TOTO, MCIOJB3YySd YKa3aHHYI0 AalMpPOKCUMAIIUI0 YaCTOTHOU
xapakTepucTuku. Pexxum Mode 2 mo3BossieT HEMOCPEICTBEHHO ONpEICIUTh
OCHOBHBIC 3HAYCHHMS MTAPAMETPOB MPOCKTA M YUCIIO 3BCHbEB (uiibTpa [4].

JIJist BBITIOJTHEHMS JTaHHOW paboThl HEOOXOJMMO BHIOpATh (DUIBTP HUKHUX
yactot, Response (dacrotHas xapakTepuctuka) — GuiabTp barrepBopra, Passband
Ripple (myascaruu mosockl npomnyckanus, T.K. AUX ¢uibtpa HenneanbHa) — 3 1b
(T.e. ocTaBuUTh 1O yMoOjd4YaHWi0), Stopband Atten. (mogaBieHHE TOJOCHI
nponyckanuss B n1b) — 20 nb (ocraButh Mo ymosdanuto), Passband (mupuna
TIOJIOCHI TIPOITyCKaHusi B ['I1) paBHa BeMWYWHE OOPATHOW IUPUHE MMITYJIbCA, T.€.
1/z,, Stopband (mmmpuHa mosock! moaasiaeHus B ') (FS), HECKOIBKO COTEH TEPIL.

B kadectBe uMCTOYHMKAa HEOOXOJMMO  MCIOJb30BaTh  €IUHUYHBIN
MPSIMOYTOJIbHBIN UMITYJIBC, MOJ00HBIN puc. 6. [Ipy 3TOM MIUTEILHOCTh UMITYJIBCA
cocrasisier 100 Mkc, Bpems 10 Hadana umiyibea 0 ¢. 3aTeM HeoOX0IMMO BBIBECTH
dbopMy UMITyIIbCa TTOCIIE TIPOXOKACHUS CIIPOSKTUPOBAHHOTO (PUIIBTPA.
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INPAKTUYECKHUE 3AJAHNA

Cxatue nnpopmanuu. KogupoBanue Xapdpmana

Knaccuuecknit anroputm Xaddmana Ha BXoje MoaydaeT TaOIUILy YacTOT
BCTPEYAEMOCTH CHMBOJIOB B coOOIIeHHH. Jlajee Ha OCHOBAaHWUU ATOM TaOIMIIBI
cTpouTcs aepeBo koaupoBanus Xaddmana (H-gepeso) [4].

1. CumBonbl BXOAHOTO andaBuTa OOpPa3yIOT CHUCOK CBOOOJHBIX Y3JIOB.
Kaxxnp1ii TMCT UMeeT BeC, KOTOPBIA MOXET ObITh paBeH JUOO BEPOSITHOCTH, JINOO
KOJIMYECTBY BXOXKJICHUI CUMBOJIA B C)KUMAaeMO€ COOOIICHHE.

2. BwiOuparotcs 1Ba CBOOOHBIX Y3JIa JIEpeBa C HANMEHBIITMMHU BECAMU.

3. Co3maeTcst uX poJAUTENH C BECOM, paBHBIM UX CYMMapHOMY BECY.

4. Ponutens 10OABISIETCS B CHHCOK CBOOOJHBIX Y3JIOB, a JIBA €r0 MOTOMKA
YAAISIOTCS U3 ATOTO CIHCKA.

5. OnHoM ayre, BBIXOSIICH U3 POIUTENS, CTABUTCS B COOTBETCTBUE OWT 1,
npyroit — 6ut 0. buTtoBble 3HaYeHUsT BETBEH, UCXOISIIUX OT KOPHSI, HE 3aBUCAT OT
BECOB MTOTOMKOB.

6. [[Taru, HagmHAs CO BTOPOTO, MIOBTOPSIIOTCS IO TEX TOP, TTOKA B CIIHCKE
CBOOOJIHBIX Y3JIOB HE OCTaHETCA TOJBKO OJMH CBOOOAHBIA y3en. OH u Oyner
CUMTAThCSI KOPHEM JIepeBa.

JlonycTuM, y Hac €CcThb ClieAyroias Tadbauia yactot [4]:

CumBon A b B I' JI
Yacrora 15 7 6 6 5

Jlns naHHOM TaOMMIBI CHUMBOJIOB Konbl XaddmaHa OyayT BBITJISICTD
crieayrommM odpaszom [4].

CumBon A B B I' 1
Kox O 100 101 110 111

Kpome Toro, Hambonee dYacTelii CHMBOJI COOOMICHHS A 3aKOJIUpPOBaH
HAaWMEHBIIIMUM KOJMYECTBOM OUT, a Hanbosee peakuii cumMBoIl | — HanOGoIbIINM.

[Ipu »TOoM oOOmmas myMHAa COOOIIEHWS, COCTOSIIIETO W3 TMPUBEIEHHBIX B
Tabyuile CUMBOJIOB, cocTaBUT 87 OuT (B cpenneM 2,2308 Outa Ha cumBon). lpu
WCITOJIb30BAaHUU  PABHOMEPHOTO  KOJWUPOBaHWS oOmas JJIMHA COOOIIECHUS
coctaBuiia Obl 117 Out (poBHO 3 OuTa Ha CHUMBOJI). 3aMETHUM, YTO SHTPOMUS
WCTOYHHUKA, HE3aBUCUMBIM O00pa30M MOPOKAAIOIIETO CHUMBOJBI C yKa3aHHBIMU
yacToTamMu, coctaBisger ~2,1858 Owmrta Ha CUMBOJ, TO €CThb H30BITOYHOCTH
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https://ru.wikipedia.org/wiki/%D0%98%D0%B7%D0%B1%D1%8B%D1%82%D0%BE%D1%87%D0%BD%D0%BE%D1%81%D1%82%D1%8C_%D0%B8%D0%BD%D1%84%D0%BE%D1%80%D0%BC%D0%B0%D1%86%D0%B8%D0%B8

MOCTPOEHHOTO ISl TAKOTO MCTOYHHKA KoJa XaddmaHa, moHUMaeMast Kak OTINIHe
CpPEIHEro 4YKcjia OMT Ha CHMBOJI OT SHTponuH, cocrabisieT MeHee 0,05 Oout Ha

cumBoI [4].
A =) B r i
15 7 6 6 5
BB ra
13 11
BBr4
24
ABBIj,
39
WUroro:
B B r A
0 100 101 110 111

Puc. 22. llepeBo Xaddmana

1. Toctpouts aepea Xaddmana, ecnu cumBon A BcTpeuaercs 15 pa3, b — 7
pa3, B—6pa3, I'— 6 pa3, /] — 5 pas.

2. Iloctpouts nepeBa Xadhdmana, ecnmu cumBoil A BcTpewaercs S5 pa3, b — 7
pa3, B—6pa3, I'—8pa3, /I — 1 pas.

3. Ioctpouts nepeBa Xaddmana, eciiu cumBoi A Bcrpedaercs 1 pa3, b — 17
pa3, B—6pa3, I' - 16 pa3, I — 5 pas.

4. Tlpenmoyoxum, 4TO MPUBEJICHHAS HIDKE CTPOKA JOHKHA OBITH OTIPaBJICHA
no cetu.. BCAADDDCCACACAC
Kaxnapiii cumBos 3aHuMaet 8 OuT. B mpuBeneHHON Bbillle CTpOKE Bcero 15

CUMBOJIOB. Takum oOpa3oM, Uil OTHIPaBKA OTOM CTPOKH TpPeOyeTcs BCEro
ouT.

Hcronb3ys TeXHUKY KoaupoBanus XaddMaHa, MBI MOXKEM CKAaTh CTPOKY 10
MeHbIero pasmepa. [locie kogupoBanus pazmep

CumBoJIBI OT & 10 h MMeroT HabOop YacToT.
a:1,b:1,c:2,d:3,e:5:8,¢g:13,h:21

Jlnst mipeicTaBieHHMS CHMBOJIOB HCTOJb3yeTcsi koa Xaddmana. Kaxas
MOCJIEA0BATEILHOCTh CHUMBOJIOB COOTBETCTBYET CIEAYIOIIEMY KOy ?
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5. B komupoke ASCII (8 6ut Ha cumBox) 13-cumBonbHas cTpoka ''go o
gophers" 3anumaer our.
Crpoka "go go gophers" Oyzaer 3amucaHo (3aKOJMPOBAHO YHCICHHO) Kak

................. XOTs 3TO HE TaK JIETKO YUTAETCS JIOJbMH, 3TO OyJIE€T 3aMucaHo Kak
CICAYIOIIMI TOTOK OWUTOB (MpoOenbl HE OYIyT 3amucaHbl, TOJBKO HYIH U
€UHULIBI)

[lepeBecTr naHHy!0 3amuch "GO Q0 gophers" corjacHO alropuTMy
Xapdmana. IlpuBecTn Bce TMOMYYUBIINE JIBOWYHBIE TOCIICIOBATEIHHOCTH.
[loka3ate nocienoBarenbHOCTh 0 M 1 mociie KOAUPOBaHUS.

6. Paccmorpum crenyromuii KopoTkuii TekcT: Eerie eyes seen near lake.
[ToacunTaiiTe KOJMYECTBO BXOXJICHUH BCEX CHMBOJIOB B TEKCTE H
MOCTPOUTH JiepeBo Xadhdmana.
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JIABOPATOPHAA PABOTA

KaHa/ibHOe KoaupoBaHue. MHOXKeCTBEHHbIN JOCTYI

CxeMbl MOYISIIAN, KOTOPBIE Mbl PACCMOTPEIIU, MO3BOJISIIOT MOCHUIATh OJIUH
CUTHAJI JJIA TIepeiaun JaHHBIX 10 MPOBOY MM OecrpoBogHOMY KaHairy. OmHaKO
SKOHOMHSI PECYPCOB UTPAET BAXKHYIO POJIb B CETAX Mepeaayu NaHHbIX. CTOMMOCTh
MPOKJIAJIKK U OOCTY>KUBAHUSI MarucTpaid ¢ BHICOKOM MPOIMYCKHONW CIIOCOOHOCTHIO
Y HU3KOKAQYECTBEHHOW JIMHUM MPAKTUYECKHU OJIHA U Ta K€ (TO €CTh JIbBUHAS JOJIs
3TOM CTOMMOCTH YXOJWT HA pPBIThE TPAHILIECH, a HE HA CaM MEIHBbIM WIH
ONTOBOJIOKOHHBIN  KabOenb). BceriemcrtBue 93Toro ObUTM  pa3BUTHI  CXEMBI
MYJIbTUIIJIEKCUPOBAHUS JJIS COBMECTHO MCIOJIb30BAHUSl JIMHUM MHOTHUMU
curHaiamu [6].

FDM (Frequency Division Multiplexing, myJbTHILUIEKCHpOBaHHE ¢
pa3eieHHeM 4YacTOThbl, YACTOTHOE YIUIOTHEHHE) UCIOIb3yeT Iepefadyy B
M0JIOCE TIPOITYCKaHUsI, YTOOBI COBMECTHO HMCTIOIB30BaTh KaHai. CHEKTp AETUTCS Ha
JIMAnia30Hbl YacTOT, KaXIbI{ MOJIb30BATENb MMOIYYaeT UCKIIOUUTEIbHOE BIIA/ICHUE
HEKOTOPOM TOJIOCOM, B KOTOPOM OH MOKET IMOCIaTh CBOM curHail. AM-
panguoBemanne wunroctpupyer FDM.  BbIieeHHBI  CHOEKTP  COCTaBIIAET
npubmusutensHo 1 MI'n, npumepno ot 500 mo 1500 kI'u. Jpyrue 4actoThl
BBIJICJICHBI IPYTUM JIOTUYECKUM KaHajiaM (CTaHIMAM), Kaxaasi CTaHIUs IeUCTBYET
B YACTH CIIEKTPa, C MEKKAHAIBHBIM pa3/ieNIeHUEM, JOCTATOYHO OOJIBIINM, YTOOBI
Npe0TBPATUTh MoMexH [6].

Bonee moapoOHbIit mpuMmep Ha puc. 2.21 mMoOKa3bIBaeT, Kak TPU PEUEBBIX
Tene(OHHBIX KaHaja MOTYT OOBEIUHSITHCS B OJHY JIMHUIO C HUCIOJb30BaHUEM
YaCTOTHOT'O YIUIOTHEHHUS. DUITBTPBI OrpaHUYMBAIOT UCIIOJIB3YEMYIO MOJIOCY YacTOT
npuMmepao 3100 T'm Ha xaxnapli peuyeBod kaHain. Korga oJHOBpEMEHHO
MYJIbTUIIJIEKCUPYETCSI MHOKECTBO KaHAJIOB, HAa KaXIbli Bbiaensercs noioca 4000
['1. M30BITOK Ha3bIBAIOT 3alIUTHOM Mosocoii. OHa COXpaHSIET KaHAJbl XOPOIIO
OTHEJICHHBbIMU. [[711 Hayana CUTHaJbl MOBBIIIAIOTCSA IO YacTOTE, MPUYEM IS
pa3HBIX KaHAJIOB BEJIMYMHBI CIABUTOB pasHble. [locie 3TOro ux MOXKHO
CYMMHUPOBaTh, IMOCKOJBKY KaXJIbId KaHaJ TeNepb CIABUHYT B CBOI 00JacTh
CIeKTpa. 3aMeThTe, YTO JaXKe MPU TOM, YTO MEXKIY CMEXKHBIMU KaHajJaMu
Onmaromapsi 3aUIMTHBIM T0JIOCAM €CTh MPOMEXKYTKH, HMMEETCS HEKOTOpOoe
HaJOXKEHHE. DTO CBS3aHO C TEM, YTO y pealbHBIX (DUIBTPOB HET HUACATHHOTO
pe3Koro kpas. OTO O3HA4YaeT, YTO CWJIbHBIM BCIUIECK B OJIHOM KaHalle MOXKET
OIIYIIATHCS KaK HETePMaJIbHBIN IIIyM B COCEHEM KaHaje [5-6].
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Puc. 23. HacToTHOE YyIUIOTHEHHE: @ — HCXOJHBIE CIIEKTPHI CUTHAJIOB,
0 — CIEKTPBI CIBUHYTHIE 110 YACTOTE, B — CIEKTP YIUIOTHEHHOI'O KaHaJla

DTa cxeMa MHOTO JIET MCIO0JIb30BajIach I MYJIbTHILIICKCUPOBAHUS 3BOHKOB
B Tee(OHHOM CEeTHU, HO Teleph MPEANOUYTCHUE OTAACTCS MYJIbTUILICKCUPOBAHUIO
o Bpemenu. Opnako FDM mpoomkaeT UCIoIb30BaThCs B TEIC(OHHBIX CETAX, a
TaK)K€ B COTOBBIX, HA3€MHBIX Pagl0 M CIYTHUKOBBIX CETSAX Ha 00Jiee BBICOKOM
ypoBHe pa3ouenus [5-6].

MyJabTHILIEKCHPOBAHUE ¢ pa3ie/ieHHeM BpeMeHH!

AnprepuatuBa FDM — TDM (Time Division Multiplexing,
MyJIbTHILIEKCHPOBAHHE ¢ pa3lieieHHeM BpeMeHH, BpeMEeHHOe YILIOTHEHHeE).
371ech TONB30BATEIM CMEHSIOTCA (IO KPYyTy), KaKIBIM MEPUOIWYSCKH IOJIydast
BCIO TIOJIOCY TMPONMYCKaHWS Ha HEOOJBIION OTpe3ok BpeMeHH. [lpumep Tpex
ITIOTOKOB, MYJIbTHUIUIEKCHPOBAHHBIX C momouipto TDM, mnoka3an Ha puc. 2.23.
BHTBI OT Ka)K70T0 BXOIHOTO MTOTOKA B3SATHI B (PMKCHUPOBAHHBIN BpPeMEHHOM CJI0T U
BBIBEJICHBI B COBOKYITHBIN IMMOTOK. DTOT MOTOK JABMXKETCSI C CYMMapHOW CKOPOCTHIO
OTJICTBHBIX MOTOKOB. J[JIT 3TOTO MOTOKW JOJKHBI OBITH CHHXPOHHU3UPOBAHBI 10
BpeMeHH. MallecHbKHE 3alllMTHble HHTEPBAJIbl, aHAJOTUYHBIC 3alllUTHOW I0JIOCE
YacTOT, MOT'YT OBITh I00aBJICHBI, YTOOBI KOMIIEHCUPOBATh HEOOIBIIINE OTKIOHEHUS
CHHXpOHM3anuu [6].

1 | — \‘
= | men— (2] 1] 3] 21 1] [o] E] -
I'..-'I‘}-'J"II::-TMI'IHEH-
cop TDOM
3 e P R

3AWNTHLIW MHTEPBAEN

Puc. 24. MynbTuiuiekcupoBanue ¢ pasjaesienue Bpemeru (TDM)
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TDM mupoKo UCTOIb3yeTCs B TENE(POHHBIX CETIX M CETAX COTOBOM CBS3U.
UtoObl m30exkaTh MyTaHUIIbI, JaBAaWTE€ OTMETUM, YTO 3TO OYEHb OTIMYAETCS OT
anbrepHaTuBHOro Metoaa STDM (MyJibTHILIEKCHPOBAHHE CO CTATHCTHYECKHM
BpeMeHHbIM pa3jaegenuemM). CIOBO «CTaTUCTUYECKOE» YKa3bIBAET, YTO
OTJENbHBIE TOTOKH MOCTYHNAlOT B  MYJIbTUIUIEKCHBIM TMOTOK He  TO
(UKCUPOBAaHHOMY PaCIOPSIIKY, @ COTJIACHO CTaTHUCTHKE uX 3ampocoB. STDM —
9TO APYroe Ha3BaHUE JIJI aKeTHOW KoMMyTanuu [6].

Tpertunii Bua MyJIbTUINIEKCUPOBAHUSA, KOTOPOE padOTAET COBEPLUIEHHO MHAYE,
yemvm FDM u TDM, — »sr0 CDM (MyJbTHIUIEKCHPOBAaHHE C KOJOBBIM
pa3aejieHHeM, KOJA0Boe pasjaeqeHue kKkaHajaoB). Ono sBusercs ¢dopmoi
KOMMYHUKAIIMM paclpeleieHHOr0 CIeKTPa, B KOTOPOM Y3KOIOJOCHBIN CUTHAI
pacmpezensercs mo 0ojee MHUPOKOMY TUANA30HY YacTOT. DTO JenaeT ero Oosee
TEPIHUMBIM K IIOMEXaM, a TaK)Ke TO3BOJISIET HECKOJIBKUM CUTHAJIaM OT Pa3iMYHbIX
M0JIb30BATEJIE COBMECTHO HMCIOJIb30BaTh OOIIMKA nuamna3zoH 4actoT. [lockombky
MYJIBTUIUIEKCUPOBAHUE C KOJIOBBIM Pa3/ICICHUEM TJIaBHBIM 00pa30M HCIIONb3yeTCs
JUIS STOM TmociemaHer uenu, ero ooeruHo HaszeiBalor CDMA (Code Division
Multiple Access, MHOKeCTBeHHBII TOCTYN ¢ KOJOBBIM pa3iaeneHuem) [6].

Y.1. MonenupoBaHue 4aCTOTHOTO MYJIbTHUILIEKCUPOBAHUS
CobpaTb cxeMy, TOKa3aHHYIO Ha CIEAYIOIEM PUCYHKE.

=@ W
+ X1 R1
50
V1
— +
V2

Puc. 25. Cxema

V1 — Voltage Source. Ilpencraiser co0Oi HCTOYHUK MPSMOYTOJBHBIX
UMITYJTCOB.

V1 — Sine Source. IlpencraBnser co0OW HCTOYHHK CHHYCOUIAIBHOIO
CUTHAJIa ISl IEpEHOCa CUTHAJIA Ha ONPECICHHYIO YaCTOTY.

X1 — Mul. TlpexacraBnsieT co00i yMHOKUTEb IBYX HCTOYHUKOB, Ha BBIXOJIC
KOTOPOT'O ITPOU3BEECHUE CUTHAIIOB.
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R Voltage Source X

Mame Value
VALUE I~ Show = J " Show  Change ‘
Display -<E: Sine Source *x

™ PinMarkers [~ PinMames [ PinNumbers ¥ Current ¥ Power W Condition colar 3 =
Name Value

[Voltage vs. Tme ]| MODEL I~ Show =] .| T show  change
Display

[ PinMarkers [~ PinMames [~ PinNumbers | Current ¥ Power [V Condition color

‘\u'ultage vs, Time j

OK Cancel | Font... | Add | | ‘ Default Satﬁngs| ﬂ
| | Plot... | Syntax... | | Help... ‘ Save Settings | { ﬂ ﬂ
[¥ Enabled [~ Help Bar File Link

None Pulse ISm 1 Exp] PWL I SFFM I Nnise] Gaussian I Deﬁnel

DC ,07 AC magnitude ,17 AC Phase ’07 oK | Cancel | Font... | Add ‘ | | ﬂ
vifo va[r o New | Find... | Plot... | Syntax... ‘ | Help... | ﬂﬂﬂ
wm[o w[o e i I Enabled I Help Bar File Link
PER ll.mi Source:Local text area of C:\MC9\data'dreouit1.cr
N oclo Flme
Default ‘ Typical ‘ Square | Triangle ‘ Impulse | Sawtooth | PH ’U— RFP ’U— RS ’].m—
TAU |0

Puc. 26. Hactpoiika HCTOYHUKOB a) MOJIE3HOTO CUTHAJA U 0) HECYIIIETO.

Ha puc. BUaHO, 4TO MCTOYHUK MPSMOYTOJBbHBIX UMIYJIBCOB HACTPOCH IS
dbopMupoBaHUs ~ TOCJICAOBATEILHOCTH  amiuuTyaod 1B, mepuonm  1mc,
JUIATENIBHOCTh  €IUuHUYHOTO umnyinbca 500 wkc. VICTOYHUK — HECYyHIEro
CUHYCOUJAIBHOTO CUTHAJIAa HACTPOEH Il (DOPMUPOBAHMS aMIUIMTYIbI Takxke 1B,
oaHako yactotel 10 xI'u. HacTtpoliky aHanmn3a nepexoaHbIX MPOLECCOB HA BBIXOJIE
CXEMbI, a TaKXe HampsbkeHue Ha pesuctope RI1, mokazaHbl Ha ciemyronem
PHUCYHKE.

llgpmme pm=|| A |) W | L 1
| Transient Analysis Limits — *
4 Run Add | | | Stepping... | Properties. .. | Help... |

Time Range 10m Run Options Mormal -
Maximum Time Step 0 State Variables  |z7erg -

Number of Points 51 |¥ Operating Point [~ Accumulate Plots

Temperature |Linear «| |27 ™ Operating Point Only
Retrace Runs 1 ™ Auto Scale Ranges

Page | P | ¥ Expression | ' Expression | ¥ Range | f Range =

j’m ’% . | |1— |T |V(R 1) |Aut0AIways |Aut0AIways
] ’M ’% . | |2— |T |V(V 1) |Aut0AIways |Aut0AIways
’M ’% . | |3— |T |V(V2) |Aut0AIways |Aut0AIways

JARuns the analysis.

26



e Tnueck Soops Marta Curle. - Helg
EN®OTE PG Sws A% E
~ OE MEEOID= o & 0 Bl AV ANY S A ed BT s R oF

11 1
|||l|| “"}| ”_L"I-U‘ .'.(L l' IH/\”' }|| '|\ ,_,.{ﬂl'l“',il"-,!'j ln:\li.\;'t].'_! ||I|‘I\g, ~..I|||/.|I|J.ﬂ: .

S e T I T T T e T i v T v i
||||||'||, WL i |"|('||.' R L L ||||II ) |||I

i||!|| ": I ||||| |I il | l-;i | fl\{'l | |

W3 puc. BUIEH MOIyIUpOBaHHBIM curHaji. Jlamee mnpuBefeHbl TrpaduKu
CIIEKTPOB.

- v uran
o
{
T TR SRR TR T TR T T TR R T TR R VR TR Yl TR TR R TR T i T T s a. a]

Ha BbIXOZE Rl W cTOYHMK IPSMOYTOIBHBIX UMITYJIBCOB

- . q-q--u:-n [T e
a WEUSRT O EREEE {4 - B A A
-
R~ T ik T i T T T Eoi TRl Tl P S T~ T YOk T A DY~ A Bl e D i R W
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Puc. 28. CnexTpsl
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Jlnst aToro HeoOxoaumo mpoitu B Merto Transient->FFT Windows->Add
FFT window. Bo Bkiaake Plot B mynkre EXpression HeoOXxoaumo BbIOpaTh OJUH
U3 HEOOXOJMMBIX MCTOYHUKOB HampsbkeHus. Bo Bkiagke Format mns Hactpoek
ocu X B KauecTBe MaKCHMMaJbHOM 4acTOThI yKa3aTh B 1. Range High 20000 (t.e.
MaKkcHMajbHas 9acToTa OyneT nmokasana 20k 1), yopars rajgouky B m. Auto Scale.

List Hactpoek ocu Y ykasarek . Range High 1 (T.e. MakcuMmaibHOE HAINPSHKCHHE
Oyner nokazano 1B).

Xoa padoThI

IToctpoutrs nBe cxembl u3 Puc. 25 Cxema. Opna cxema OyneT HMEThb
Hecymyto yactoty 20 xI'm, apyras 50 xI'u. 3areM BBIXOIBI C JIaHHBIX
HiepelaTIuKoB OyJIyT CYMMHpPOBaThCcs C TIOMOMIBIO 3nemeHta Sum (Analog
Primitives->Macros).

3aTemM 1Mocie cymmaropa HEOoOXOJMMO YCTAaHOBUTH IIOJOCOBOW (UIIBTP
barrepBopTa. Takoil GuiabTp (HopMHUpPYETCSs aBTOMATHYECKH C MOMOILBI0 MEHIO
Design->Passive Filters. ITosoca mponyckanus gaHHOTO (DUIBTPa TOJHKHA OBITH

HaCTPpOCHA Ha HOCHTPAJIbHYIO 4YaCTOTY OAHOI'O H3 (I)I/IJIBTPOB. HpH6HH3HT€J’IBHBIﬁ
BapHaHT HUTOTOBOM CXEMBbI IMPUBCACH HUJKC HA PHUC.

» X
+ X1 R1
50
Vi
- X3

- ! In X4 out
B B_S_20000_7500[MAC

LP = Ideal low-pass response based upon choice of filter type and response.
=f§2\ BP = Ideal bandpass response transformed from the low pass response.
.
V3

%2 R2 The circuit above is designed to match this transfer response.
50 define U (5/(2*P1*19843))
.define LP
— + 1/(U*U+0.44504=U+1)*
va 1/(UPU+1.247=U+1)"
- 1/(U*U+1.8019"U+1)™

1/(U+1)
.define BP
(0.22291)*U/(U*U+0.049232%U+0.7825)
(0.28483)*U/(U*U+0.062908%U+1.2778)=
(0.22831)*U/(U*U+0.14166%U+0.82095)
(0.2781)*U/(U*U+0.17255%U+1.2181)
(0.23849)"U/(U"U+0.21455%U+0.89585)*
(0.26622)*U/(U*U+0.23949%U+1.1163)*
(0.25198)*U/(U*U+0.25198%U+1)

Puc. 29. Cxema aByx nepenaTunkoB

B otuéte HE0OX0aMMO MPUBECTH SIMIOPHI HAMIPSHKEHUN HA BXOJIE M BBIXOJC
dbunbsTpa. Kpome Toro, mpuBectu criekTp Takxke B Toukax In u Out.

Y.1. MonenupoBaH#e KOJIOBOIO MYJIbTUIUIEKCUPOBAHMS
MynbTUIIEKCUPOBAHUE C KOJIOBBIM Pa3eICeHHEM IJIaBHBIM 00pa30oM MOXKHO

pean30BaTh C TOMOIIBI0 APUPMETHUCCKON ONepaIlii CIOKEHHE 10 MOJYJIIO
2 (XOR).
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B nanHO# pabote HeoOxomuMmo ¢ momoimisio 3meMenTa Stiml (Component
— Digital Primitives — Stimulus Generator — Stiml) cdopmupoBath
HH(POPMAIIMOHHYIO TIOCJIEIOBATENBHOCTh NepeaaTurka nanueie0 = (1, 0, 1, 1).
JIMUTEeNbHOCTh UMITYJIbca 2 MKC, TaKUM O0pa3oM IOJHas MOCIe0BaTEIbHOCTD
JI0JDKHA OBITH 8 MKC. 3aTeM ¢ MOMOINIBI0 Apyroro aemMeHTa Stiml chopmupoBath
KOZIOBYIO TocienoBatenbHOCTh K0a0 = (1, 0). 3mech MIUTENBHOCTh HMMITYJIbCA
JIOJKHA OBITH 1 MKC, T.€. B OJHOM MH(POPMAITMOHHON UMITYJILCE JOJKHO YMEIIaTh
nBa KOAOBbIX. [lomyuuBiinecss cxema JOJDKHAa MNPUOIM3UTEIBHO BBITJISAIETD
CJIEIyIOITUM 00pa3oM:

UL{ 1N s
Uz e VA
R1
50
TSI E— L
Puc. 30.
T EOROm= (P @ns 2B E

kB Fuuir 20T R SAO0HEEOE R ¥ #3u@sn Uy PadiEs e B R eS8 F
T oot cr =

Puc. 31. CxeMa 1 HanpsHKEHUST Ha BBIXOE MIEpeaaTuHKa.

Hanee neooxoaumo copmupoBath [lepadamuuxl, xotopsii umeeT kox (1,
1) u mannsie (0, 0, 1, 1), u oba oTmpaButens MEpPeaarOT OJHOBPEMEHHO, T.€.
cymmupytorcs. IIpuBecTr 3mropbsl HANPSDKEHHWM IOCJIE BTOPOro IEpenardyuka, a
TaKX€ CyMMapHBIN CUTHAJ JaHHBIX JBYX OTIIPABUTENIEH.
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INPAKTUYECKHUE 3AJAHNA

Tunsl 3aUTHI OT OLIUOOK

Crenenb KOAMPOBAHUS U H30BITOYHOCTH

[Tpu ucnonb30BaHNM OJOYHBIX KOJIOB MCXOJHBIC JAHHBIC JENATCA Ha OJIOKH
u3 K OMT, KOTOpBIC MHOT/IA HA3bIBAIOT WH(POPMAIIMOHHBIMM OUTaMH, MM OUTAMH
COOOILICHNS; KaXKIblii OJOK MOXKET MPEACTABIATH IH000e U3 2° OTHeNbHBIX
cooOmenuii. B mporecce KoaupoBaHWSA Kaxabld K-OMTOBBIM OJIOK JTaHHBIX
npeoOpa3yeTcs B OOIBIIHI OJIOK U3 77 OWUT, KOTOPHIN HA3bIBAETCS KOJOBBIM OUTOM,
WM KaHAJTBHBIM CHMBOJIOM. K KakioMy OJIOKY JTaHHBIX KOAUPYIOIIEE YCTPOMCTBO
npubasiseT (N - K) Out, KOTOpble Ha3bIBAIOTCS u3bbLIMmounvimMu dumamu (redundant
bits), bumamu uemnocmu (parity bits), wnu kommponvuvivu 6umamu (check bits);
HOBOM wuHpoOpMau OHM He HecyT. [l 0003HaueHHsS] ONMHUCAHHOTO KOJa
ucnonb3yercss 3anuch (N, K). OTHomIeHWe YMcia M30BITOUHBIX OUT K YHCITY
uHpopmanmonubix 6ut, (N - K)/K, HaseBaercs wuzbwbimounocmoeio (redundancy)
KOJIa; OTHOIIEHHE YHClia OUT JaHHBIX K oOmeMmy uucity Out, K/n, mmeHnyercs
cmenenvlo  koouposanusi  (code  rate). Ilog  creneHbIO  KOJUPOBAHUS
MO/Ipa3yMeBaeTCs 0N KOJa, KOTopas MPUXOIUTCA Ha TOJE3HYI0 WH(OPMAITHIO.
Hanpumep, B kome co cTemeHbio 1/2, Kakaplli KOJOBBIM OMT HeceT 1/2 Out
uHpopmaruu [9].

JInHelHbIE 0JI0YHBIE KOABI

Jluneitnpie OJIOYHBIE KOJBI— 3TO KJIAcC KOJOB C KOHTPOJIEM YETHOCTH,
KOTOPBIC MOYKHO OIHMcaTh mapoir uucen (n, K) (o0ObsicHeHHe 3TOH (HOPMBI 3armucu
NIPHUBOIWIIOCH BBINIC). B mporecce koaupoBaHus 010K U3 K CHMBOJIOB COOOIICHMUS
(BekTOp cooOIeHus) mpeoOpazyercss B OONbIIMI OJOK U3 # CUMBOJIOB KOJIOBOTO
cioBa (KOJOBBIA BEKTOP), 00PA30BAHHOTO C MCIOIB30BAHUEM DJIEMEHTOB JIAHHOTO
andasuta. Ecau ampaBut coctouT Toibko u3 aByx anmeMeHToB (0 m 1), xon
SBJIIETCSI IBOMYHBIM M BKJIIOYAET JBOUYHBIE paspsnbl (Outel). Eciu He Oymer
OTOBOPEHO IPOTHBHOE, HAIlle TOCIIeayIomee OOCYXIEeHUE JIMHEHHBIX OJOYHBIX
KOJIOB OYyJIeT Mopa3yMeBaTh UMEHHO JBOMYHBIC KOJIbI [9].

OmHUM U3 BOXKHEHUIIIX IMapaMEeTPOB KOJa SBISICTCS KOJOBOE PACCTOSTHHE.
Koooevim paccmosiHuem WM TPOCTO paccmosinuem Kona V Ha3pIBaeTCs
MHUHHUMAJIbHOE PACCTOSTHUE MEKIY IBYMS Pa3IUIHBIMHA KOJIOBEIMHU CJIIOBAMH, T. €
. [9]

dy=mind(x,y), x#yux,yiV.

Jist aBowmdHOoro Koma V TOA pPAacCTOSHUEM TIOHMMAETCS PACCTOSIHHE
X3MMUHTA.

30



Teopema 1.1. Koxg V wucnpasnser Bce koMmOuHamuu u3 { wim MeHee
OLIMOOK, €CIIU U TOJIBKO €CIIM KOJOBOE pacCTOsSIHUE HE MeHble, yeM 2t +1, 1. e.
dy > 2t +1.

JloKa3aTenbCTBO TEOPEMBI OCHOBAHO Ha MOCTPOEHUM cep ¢ paauycoM t
BOKPYT Ka)J0ro KOJOBOTO cJI0Ba. /[ TOro 4ro0sl Kaxaas omuOKa KpaTHOCTH
t ObTa WCHpaBiieHa, CIOBO C TAaKOM OMIMOKOM JOMKHO COJEP)KAaThCS BHYTPU
cdepbl, OMUCAHHON TOJBKO BOKPYT OJHOTO KOJOBOTO ciioBa. TakuMm oOpasom,
paccTosiHuE MEXIy LEHTpaMu ABYX cdep, T. €. PasIUYHbIMH KOJIOBBIMU
CIIOBaMHU JIOJDKHO ObITh He MeHblne 2t +1. ['eomeTpuueckas WLIHOCTpanus
npuBeneHa Ha puc. 20 [9].

Teopema 1.2. Koxg V oOHapyxuBaeT Bce KoMOMHAIUU U3 t UM MeHee
onIrOOK, €CIIM U TOJBKO €CJTH KOJOBOE PAacCTOSIHUE He MeHbIe, yeM t +1, T.e. dy
>t+1.

Jlnst Toro, 4ToOBI Kaxaasi omroka KpaTHOCTH t OblJ1a OOHapyKeHa, CII0BO
C TaKOM OIIMOKON HE AOJIKHO OBITh KOAOBBIM, T. €. PACCTOSTHUE MEXAY JTHOOBIMU
Pa3IMYHBIMU KOJIOBBIMHU CIIOBAMU JTOJKHO OBITH OoubIie t. [9]

IBouyHbIE HAGOPLI,
INHHEI 1Y

Konoeue

Cnoea

Puc 32. Cdepsl, 11eHTpaMu KOTOPBIX SBIISIOTCS KOJAOBBIE CIOBA.

Hampumep, ko ¢ paccTossHueM 3 UCTIPABISIET BCE OJIMHOYHBIC OITUOKU U
oOHapyXuBaeT Bce NByKpaTHbIe omMOKU. Koy ¢ pacctossHueM 4 oOHapyXuBaeT
BCE OIIMOKM KpaTHOCTH 3 M MEHEE, OJHAKO TakOh KOJA MO-TIPEeKHEMY
UCTIPABJISIET TOJBKO OJIHY OIUOKY [9].

Ipumep. B kavectBe mpumepa mompoOyeM MOCTPOUTH KOJ C KOJOBBIM
CJIOBOM JIJTUHBI 5, KOTOPHIH nMeeT 3 NH(DOPMAITMOHHBIX CUMBOJIA M UCIIPABIISET
onny omubky. Tak kak WHOOPMAIMOHHBIX CHUMBOJIOB TPH, TO Pa3IUYHBIX
KOJZIOBBIX CIIOB JOJDKHO OBITh 2° = 8. CormacHo Teopeme 1.1 paccTOsHIE MKy
JBYMSI pa3UYHBIMU KOJIOBBIMU CJIOBAMU JOJKHO OBITh HE MeHbIe 2x1 + 1 = 3.
Brxurounm B ko1 V ciioBo 00000. Torma Bce ocTalbHBIE KOMOBBIE CIIOBA UMEIOT
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Bec He MeHee 3. [locne BkmtoyeHust B kox V moboro ciaoBa Beca 3, HU OJHO
clioBa Beca 3 B KOJ 100aBIIEHO OBITh HE MOXKET, TaK KaK PACCTOSHHE MEXTY
J00BIMU JIByMs clioBaMH Beca 3 paBHO 2. Ilo To# ke mpuunne cimoso 11111
Beca 5 Takke He MpuHAICKUT Koay V. Octarorcst 5 cioB Beca 4, KOTOPBIX HE
JOCTaTOYHO, YTOOBI UMETh 8 KOJOBBIX ¢JioB [9].

1. Onpenenuth CHOCOOHOCTH HCIPABIATh U OOHAPYKHUBATh OIIMOKH, €CIU
KOJIOBOE PACCTOSIHUE COCTABIISIET 5.

2. OmpenenuTh CIOCOOHOCTh HMCHPABIATh M OOHAPYKUBATh OLIMOKH, €CIU
KOJIOBOE PAaCCTOSIHUE COCTABIISET 7.

3. OmnpenenuTh CIOCOOHOCTb HUCIPABIATh M OOHAPYXKUBATH OIIMOKH, €CIIU
KOJIOBOE PAaCCTOSIHUE COCTABIISET 3.
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INPAKTUYECKHUE 3AJAHNA

Anropurm XsaMMUHra
Koauposanmue
[Ipenmonoxxum, Mbl XOTUM TiepefaTh 3TH JaHHble (1011) mo mrymHoOMy
KaHally cBsi3u. Mbl OepeM npousBeneHre G u P ¢ 3aMucsIMH 1O MOAYIIO 2, 4TOOBI
OIPEICIIUTH TIepeIaHHOe KO10Boe ciioBo X [10]:

2 0

1
1 1
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) 1

1 .1 1
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1
1
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o = o+ o =o
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Oto o3Hauvaet, uto 0110011 6yner nmepenaBarbcst BMecTo nepenaun 1011.

IIpoBepka yeTHOCTH

Ecnu npu nepenadye He BOZHUKAET OMIMOOK, TO MOJYYEHHOE KOJOBOE CJIOBO
I' MICHTHYHO TIEpEJaHHOMY KOJI0BoMYy ciioBy X [10]:

r=X

[Tpuemunk ymHOX)aeT H u r 11 mosrydeHnust BEKTOpa CHHAPOMA Z, KOTOPBIH
yKa3bIBaeT, MPOU30IIUIA JIK OMKMOKA U, €CIM Ja, TO IS Kakoro OWTa KOJIOBOTO
ciioBa. BhIMOIHSS 3T0 yMHOKeHHE (OIATH XKe, 3amucu o moyJo 2) [10]:

1
z-—Hr—( 1)
1

Koppexkuus ommdox
B npoTtuBHOM citydae NMpeAnoaoKuM, YTO MTPOU30IILIa OIIMOKA B OJIUH OUT.

LT =T
f
=R
Ll ===
_ O e
e — =

MareMaTru4ecku Mbl MOXKEM HaIlucaTh

r=X+eg
10 MOJTYJIS 2, 7€ € 3TO I-i ¢IMHUYHBIA BEKTOP, T.€., HYJCBOH BekTOp ¢ 1 B I-ii
MecTe, cunTas ot 1.

29 —

(=== = = B =

Takum 00pa3oM, BBIIIEIPUBEACHHOE BBIPAKEHHE O3HAYACT OIIMOKY C
OHHUM OUTOM B I-M MecCTe.
Ternepsb, ecii Mbl YMHOKHM 3TOT BeKTOp Ha H:

Hr=H(x+e¢;) = Hx } He;
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https://en.wikipedia.org/wiki/Unit_vector

[TockonpKy X mepenaHHbIC AaHHBIC, OHU 0€3 OMmMOOK, W, KaK pe3yibTarT,
npousseaeHue H u x Hoib. Takum oOpazom
Hx + He; = 0 + He; — He;
Teneps npoussenenrie H Ha i-if craHgapTHBINA Oa3HCHBINA BEKTOP BBHIAEIISIET
3TOT ctojoerr H, MBI 3HaeM, 4TO OIIMOKAa MPOUCXOJAUT B TOM MeECTE, T

BCTpeYaeTcs 3TOT cToder H.
Hanpumep, mpearnoioxxum, 9To Mbl BBEIH OUTHYIO OIIMOKY B OUT Ne 5 [9]

0 0 0
1 0 1
1 0 1
r=x+e=|0]+|0|=1]0
0 1 1
] 0 1
1 0 1
U Torna,

o o e
(=T = |
=R —
= o o
O
=)
= e

[ e T e e
Il
—

KOTOpBI cooTBeTcTBYeT mnaromy cronbny H. Cunzpom 101 coorBercTByeT
JBOMYHOMY 3HAYEHMIO 5, KOTOpOE YKa3bIBA€T, UYTO MATHI OUT ObUI MOBPEXKIECH.
Takum oOpaszom, ommbdka Obl1a OOHApYKeHA B OUTE 5 U MOXKET OBITh UCTpPABJICHA
(mpocTO MepeBepHyTh UIIK OTMEHUTH €€ 3HaYEHUE):

(0 [0)
1 1
1 1
Toorrected = | 0 | = | O
1 0
1 1
\1/  \1/

OTO HCHPaBIEHHOE TMOJYYEHHOE 3HAUEHHUE JICUCTBUTEIBHO TENEPh
COOTBETCTBYET NEPETAHHOMY 3HAYEHUIO X CBEPXY.

HemmmgpoBanue

Cuauaina onpenenum Matpuny R:

0010000
R:(}Dﬂf}lﬂ{}
600 O0O0T1O0
00000 01

Torma monydyeHHoe 3HaueHue P, paBHO Rr. Mcnonws3ys 3amylieHHbIN
IIPUMEP CBEPXY
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[Toctpouts aepesa Xaddhmana, ecau cuMBoJI A BeTpedaeTcs 15 pa3, b—7
pa3, B—6pa3, ' — 6 pa3, ]| — 5 pas.

Konp1, ncnipaBmstonye ommOKy MPpU TIEpPeiadu CUTHAIOB

[ToctpouTs nepea Xaddmana, ecau cumBoI A BcTpeuaetcs S pas, b — 7
pa3, B—6pa3, I' — 8 pa3, /] — 1 pas.

JletextupoBanue omubok. KomoBoe paccrosinue.

[TocTpouTts aepeBa Xaddmana, ecinu cumBoa A Bctpeuaeres 1 pa3, b — 17
pa3, B—6pa3, I' - 16 pa3, I — 5 pas.
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ITPAKTHYECKAA PABOTA

dopmMupoBaTe/ib KOMILIEKCHOM Oruoauiei Curyasjia

Haubonpiiee pacnpocTpaHeHWE Ha CETOAHAIIHUN  JE€Hb  MOJYYHIU
pa3MuHbIe BUIBI keaopamyprou amniumyonou manunyiayuu (KAM). JlokazaHo,
YTO KBaJpaTypHasi aMIUIUTYAHAS MAaHUITYJISIUS sSBIsieTCs: Hanbosee 3¢ (HEeKTUBHBIM
BUJIOM MOAYJISIMU. B COBpEMEHHBIX cHCTeMaxX IOJBHMYKHON CBS3M, HaUMHAS C
nokoJienus 2.75G (EDGE), mpou3sorien nepexo K (pa3oBbIM BHIaM MaHUTTYJISIIUU
U KBaJpaTypHbIM BHUaM aMIUIMTYJHON MaHMITYJSIIMM BBICOKMX mMopsiakoB. Ha
pucyHke 33 MOKa3aHbl CUTHAJbHBIE CO3BE3AMs (ha30BBIX BUAOB MAHUIYJISLNU
BPSK, QPSK, 8PSK u kBagparypHOil aMIuuTyaHOW MaHumyssinud QAMI16 Ha
KOMIUIEKCHOM IJIIOCKOCTH.

im im
A A
BPSK (PSK
L] @
Re Re
(@] G - -
o] @]
i 2
o) ® [ @ O UAME BPSK
@ e
© oo o o ° ke
@ o o © ® o
| 0
® O | O (]

Puc. 33. Curnanbnbie co3Be3aus ¢a3oBbix BuaoB moayssinuun BPSK, QPSK, 8PSK
U KBaJIpaTypHOU aMIuiuTyqHOM Manumnyssiuun QAM16

KBampaTtypHast amIumdTynHas MOAYJSIIHS peaju3yeTcs Ha MPaKTUKE TMpHU
TIOMOIIN  mabauysl coomeemcmeutlt (Mabauyvl UCMUHHOCMU), B KOTOPOH IS
Ka)KJ0T0 BXOJTHOTO CUMBOJIa ONPE/IEIeHa 0/IHAa TOYKA Ha KOMIUIEKCHOH TMIIOCKOCTH.
MonynaTop B TaKMX CHCTEMaxX Ha3bIBAIOT opmuposamenem KOMNIEKCHOU
ocubaroweli. BpixomHoit curHan QopMupoBaTeNss KOMIUIEKCHOW oruOaromei
bunbTpyeTCcs M TOCTyMaeT Ha KBAOPAMYPHbIL MOOYIAMOp, BBIMOTHSIIOMINAN
MIEPEHOC CIIEKTpa CUTHaja Ha HECYIYIO WU MPOMEKYTOUHYIO YacToTy [3].

MonynaTtop COBPEMEHHBIX HU(MDPOBBIX CHCTEM CBSI3U BBITIOJIHICTCS TPHU
MOMOIIM TPOCTHIX TaOIUI] COOTBETCTBHIA, B KOTOPBIX HJSI Ka)JOrO CHMBOJIA
JAHHBIX COOTBETCTBYET OJ{HA TOYKA Ha KOMIUIEKCHOH MiockocTH (puc. 34).
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(uHn3HoA

PopmMupobomens cozbeadus cacmabnsowos
[oHHee i A
> A #
®e 0 0@
Mo3uLUGHHOC M 0000 f"‘: KBadpamupHas
co3bezdus O C}‘O O l cocmaobARowas
—
eo0oe —
! BPSK, GPSK, QAM16 ]

Puc. 34. ®opmupoBaTeh KOMIUICKCHON OrHOAroIIeii CUrHana

B Tabnune 2 npuBeneHsl mpuMEphl co3Be3auil aisa manumnyssaiuid BPSK,
QPSK u QAMI16.

Tabmuua 1.2
TaGanuel cOOTBETCTEHIT L4 PRULTHYHBEE, BITOBR MHIITYJIRIEH
Haipanne [MoimunonnocTL Jaunwie L1 Brixon popunposateas
ST ITY. VA I CliBe LW ICpri st n KoMaeKeHoil ornbawme
BPSK 2 0 1 -1-0) e 8]
QPSK 4 0 -1+1j +1+1
2 3 +1-1y -1-1
QAMI1E 16 0 1 2 3 -3+3) -1+3; | #1143 | +3+3;
4 5 ] -1 [ <13l | +1+] | #3+))
8| % |10 -3-1j -1-1y +1-1y | +3-1
12113 | 14 | 15 | -3-% -1-3 +1-3) | +3-3

[IpuBenenHble B Tabmmie 2 CO3BE3AUS MOTYT HOPMHPOBATBCS IS
KOHKPETHBIX peanu3aiuii cucteM cBs3u. Kpome Toro, mHoraa (opMHUpOBaHHE
CO3BE3/IMi1 COBMEIIAIOT C KOJMPOBaHUEM (HampuMep, KoaupoBanue ['pes).

Crouib TipocTasi peanmzanusi (HOpMHPOBATENST CHTHANA ITUPPOBOH CHCTEMBI
CBSI3M TIO3BOJISICT CO37]aBaTh YCTPOMCTBA C aJalTHBHO M3MEHIEMBIMH B IPOIIECCE
paboTHl CO3BE3AUSAMHU, YTO JACT BO3MOYKHOCTH IMOJCTPAMBATHCS IO M3MCHCHHE
YCIIOBHA  pacmpoCTpaHEHUsS PAJAMOCHUTHAIOB B CpelAe ©  HCIOJIh30BaTh
CICKTPAJILHBIA U dHEPreTHUYCCKUI pecypc Hanbosee r¢dexkrrrHO [3].

HomyctuMm,  ucnons3dyercss  BPSK  monmymsmuss  u mepenatorcs
nocyenoBarenabHo 0 u 1.

"N AN

\WAY \
VARVA/EAVAR

Puc. 35. CurnansHoe co3Be3aue u curaan BPSK
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Ecnu B3rmsiHyTh Ha TaONMUIYy M PUCYHOK, TO mocie (GopMupoBaress OyayT -
1+0j u +1+0j, T.e. KOCHHYCHBIN CUTHAJ €IMHUYHON aMILTUTYbI CO CIBUTOM (ha3bl
0° m 180°.

Honyctum,  ucnonedyercss  QPSK  monymsmus u mepenaroTcs
nocnenosarenabHo 1100. Toraa nanHas mociaen0BaTENbHOCTh BHAYAJE pa30uBaeTcs
Ha TIAYKH 10 JIBa OWTa KaKaas, T.e. mepBas mockuika Oyaet 11, a sropas 00.

; \'\ / :
X7 NS ¥ L N s

Puc. 36. CurnanbHoe co3Besaue v curaan QPSK

Teneps ecnu B3MISIHYTh Ha TaOJIHUIy COOTBETCTBHI, TO TIepeaaBaThCsi OyAyT
+1+1j u 1-1j, T.e. KOCHHYCHBIN CUTHAJ €IMHUYHON aMIUTUTYIbI CO CIBUTOM (ha3bl
45° u 225°.

[IpakTrueckoe 3amanue:

1. Ilycte wucnomesyercss QPSK wmomynsius u HEOOXOAMMO TepenaTh
CleAyIIlyl0 OWHapHYI0 HH(POPMAIMOHHYIO  MOCIEI0BATEIbHOCTD
0111100100. TlokazaTh WUTOTOBBIM CHUTHANT Ha BBIXOJAE (HOPMHpPOBATEIS
KOMILJIEKCHOW OTHOAIOIIEH.

2. Ilycts wucnonp3yercs QPSK wmonynmammst 1 HeoOXoauMo Tiepenathb
clenyronyro  OuHapHyl0  WHOOPMAIMOHHYIO  IOCJIEI0BATEILHOCTh
1010001010. IToka3zarb MUTOrOBBIM CHUTHAN Ha BbIXOAE (HOpPMHpPOBATENS
KOMIUIEKCHOW OrMOaroIiei.

3. Ilycts wucnonwsdyercss QPSK monymsius u HeoOXoauMo TepenaTh
CleAyIIlyl0 OWHapHYI0 HH(POPMAIMOHHYIO  IOCJIEAOBATEILHOCTh
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0000110101. Tloka3aTh UTOrOBBIA CUTHAJN Ha BbIXOAE (OPMUPOBATE
KOMIUIEKCHOU Oru0aromiei.

. IIyctp ucnone3yercs QAMI16 monaymnsaius U HE0OXOAUMO TepeaaTh
CICAYIIIyl0 OMHApHYI0 HH(POPMAIMOHHYIO  IOCJIEAOBATEILHOCTD
00111101111000010110101010011010. Iloka3aTe HTOTOBBIII CHT'HAJI Ha
BbIXOJI€ (hOPMHUPOBATENS KOMIJIEKCHON OTMOAOILIEH.

. Ilycts ucnons3zyercs QAMI16 Moxymsiiust ¥ HEOOXOIMMO TMeEpenaTh
clenyronyro  OmHapHYy0  WH()OPMAIMOHHYIO  IOCJIEI0BATEIHLHOCTh
00111111010010110011010010111000. IToka3zaTe UTOrOBBIII CUTHAJI HA
BBIX0J1¢ (pOopMHUpOBATEIISI KOMIJIEKCHOM OTHOaroIei.

. Ilyctp ucnone3yercs QAMI16 monaymnsaius U HEOOXOAUMO TepeaaTh
CleAylIlyl0 OWHapHyI0 HH(POPMAIMOHHYIO  MOCIEI0BATEIbHOCTD
00101010100101010111001111000010. IToka3aTh UTOTOBBLINA CUTHAJI Ha
BbIXOJI€ (POPMHUPOBATENS KOMILJIEKCHON OTMOarOIIEH.
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JIABOPATOPHAA PABOTA

dopmMupoBaTe/ib KOMILIEKCHOM Oruoauiei Curyasjia
Ilepenoc cnekTpa cursHaza ¢ HYJIEBOM INPOMEKYTOYHOM YacCTOTHI
OCYUIIECTBJISICTCS. TMpU TOMOIIM JOMHOXKEHHUS CHTHalla Ha KOMIUIEKCHYIO
AKCMOHEHTY. [IpakThyeckn TaKkoe [OMHOXKEHHE peau3yeTcs NpH IOMOIIU
KBaIpaTypHOTI'O TeTepoJiMHa U JIByX yMHoxuTeneil (puc. 28). Ilepenoc crektpa
MOXKCET OCYHICCTBIIATHCA KaK B I_[I/Iq)pOBOM BHUAC, UTO ooJree MMpCANOYTUTCIBbHO, TaK
U B aHajJo0rosom [3].

Cu2Han HO HeCYwed
Jacmama

CH—

[ Buxodo poprupobamens
KOMNAEKCHOU nzuBnoued
CLUZHaNa

90

RE{S-X

Puc. 37. KBagparypHblit MOIYISTOP

HekoTopsie Hanbosee aeiieBble COBPEMEHHBIE CUCTEMBI CBSI3H UCIOIb3YIOT
AaHAJIOTOBYIO KBaJpaTypHYIO 0OpabOTKy CHrHajla, YTO IMO3BOJIAET MCIOJIb30BaTh
Henoporue Hu3kodactoTHble I[[AIl m maer BO3MOXKHOCTH TEPEHECTH CIIEKTP
CUTHAJIa C HYJIEBOM INPOMEXYTOYHOM YaCTOTBI Cpa3dy Ha HECYLIYI0 4YacToTy.
bimarogapss 2TUM  IpeMMyLIeCTBaM  MOSBIAETCA  BO3MOXKHOCTb — CO3/1aBaTh
KOMIIAKTHBIE U YHHUBEPCAJIbHBIE CUCTEMBI CBSI3U, TaK Kak (JOPMUPOBAHME CUTHAJIA
IPOUCXOANUT B HUGPOBOH (popMe U MOKET U3MEHATHCS Ha MPOrPaMMHOM YPOBHE.
AHanoroBoe KBajapaTypHOe npeoOpa3zoBaHUe UMEET psiJl HEAOCTATKOB, BbI3BAHHBIX
NPUHLUHANHAIBHON  HEBO3MOXHOCTBIO  CO3JAaHUsA  TMOJIHOCTBIO  OJMHAKOBBIX
aHAJOrOBBIX KaHAJOB i1 CHUH(A3HOTO M KBaJpaTypHOTO KOMITIOHEHTOB
KOMILJIEKCHOTO CHUTHajla. TpeOoBaHMs K aHAJOTOBBIM TpPaKTaM IOBBIIIAIOTCSA
BMECTE C YBEJIMUYCHHEM MO3UIIMOHHOCTH UCTIONb3yeMoi MaHuIyJisinuu [3].

[lens paboThI: peanu3oBaTh MPOCTYIO CUCTEMY MIEPEHOCA CIIEKTpa CUTHAJA C
HYJICBOW YaCTOTHI HA MPOMEKYTOYHYIO TPU MTOMOIIH KBAIPATYPHOU CXEMBI.

3ajganue Ha JJa00paTOpPHYIO padoTy.

B cucreme momenupoBanus Microcap peaau3oBaTh CXeMy, H300paKCHHYIO
Ha puc. 28. {15 3Toro Heo6X0IMMO UMETh JBa UCTOYHUKA curHana | u Q, koTopbie
OBl TEHEePUPOBAIM TOCTOSHHOE HAIPSIKEHUE COTJIACHO TaOJMIIE COOTBETCTBHSI.
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3areM HEOOXOIUMBI JBA YMHOXKUTEJSI CUTHAJIOB JJI1 COOTBETCTBYIOIINX KaHAJOB.
Ha oaun BXoj monaércsa nmocrosiHHoe Hampspkenue | umu Q, Ha Apyroi — curHai
MPOMEKYTOUYHOM YacTOThl OT OJioka rerepojvHa. JlaHHBI MOAYIbL JOJIKEH
COCTOSITb U3 HCTOYHMKA KOCHMHYCHOTO HaIpsDKEHUs, a TakXKe HCTOYHHKA,
reHepupymmero mo ¢gopme —Sin. 3arem curHaisl cuHdazHoro (1) 1 KkBagpaTypHOTO
(Q) xaHaJIOB CKIIaIbIBAIOTCS.

Hanpumep, HeoOX0oauMO peann3oBaTh CUCTEMY 4X-TTO3UIIMOHHON (Pa3oBoi
monynsaunu QPSK, kotopas 661 nepenaBana 01. Toraa Ha Beixoae popmupoBaTens
KOMIUIEKCHOU orubaroiei curaana oyaer -1+1j, va Beixozge | -1B (Munyc 1), Ha
Bbixojie Q 1B. Toraa Ha BeIxo/i€ JOJIKEH OBITH CUTHAI KOCHHYCA CO CABUTOM (ha3bl
+135°. 3amagum Takke wyactoTy IMIm. OO6mas cxema, a Takke 3IIopa
HANPSOKEHUH ¢ BBIXOJIOB T€TEPOAMHOB M MCTOYHUKOB MOCTOSIHHOTO HampsoKeHus |
u Q mokaszaHbl Ha CIEAYIONIEM PUCYHKE.
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Puc. 38 Moaenb kBagpaTypHOro MOIYJISATOPA
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1. Ilyctp wucnomp3yercas QPSK Moaynsamus u HeoOXoaumo TepeaaTh
CIIEIYIOIIYI0 OWMHApHYI0 WHGOPMAIMOHHYIO IOCIeI0BaTeIbHOCTh 11
(wmu gpyrue mo 3ajaHuio mpernoaaBarens). [loka3aTh HTOTOBBIM CHTHAT
Ha BbIX0J1e (POpMHUPOBATENST KOMIUIEKCHON OrH0OaroIeH.

2. Ilycte ucnons3yerca QAMI16 Moaymsauuss U HEoOXOauUMO TepenaTh
CIeNYIONTyI0 OWHApHYI0 WH(POPMANMOHHYIO mocienoBareasHocTs 0010
(wnu apyrue no 3agaHuio npenonaasatens). [lokazaTe UTOTOBBINA CUTHAI
Ha BBIX0JIe OPMUPOBATENSI KOMILIEKCHOM OrHOaromiei.
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