MHUHHUCTEPCTBO LIU®POBOI'O PA3BUTH, CBA3U
N MACCOBBIX KOMMYHUKAILIMN POCCUUCKOU ®EJEPALINN
CeBepo-Kaskasckuii ¢hunman
opaena Tpynosoro KpacHoro 3Hamenu (peiepaqbHOro rocyapCTBEHHOTO
OIOPKETHOTO 00pa30BaTEIbHOIO YUPEKACHUS BbICIIETO 00pa30BaHuUs
«MOCKOBCKU TEXHUYECKUN YHUBEPCUTET CBSI3U U MHDOPMATHUKI»

METOJINYECKHUE YKA3ZAHUA
JUIS1 IPOBEACHUS IPAKTUYECKUX 3AHSATUM
10 TUCLHUILJINHE

«OCHOBBI NOCTPOCHUS HTHPOKOMMYHUKAIITMOHHBIX
CUCTEM U CETEN))

JUISL CTYICHTOB Bcex (hopM 00yUdeHHUsI
Hanpasnenue nmoarorosku - 11.03.02

«I/IH(I)OKOMMYHI/IKaHI/IOHHBIC TCXHOJIOTHH U CUCTCMBbI CBA3HN

PocroB-Ha-/lony
2022



METOANYECKUE YKA3AHUA

AL IIPOBCACHUS ITPAKTHYCCKUX 3aHATHUH 11O JUCHTUITIINHC

«OCHOBBI TTOCTPOCHUA HH(POKOMMYHUKAITUOHHBIX

CHCTEM U CETEH)

Cocrasutenu: B.W. FOxHoB, 3aB. kadeapoit U'TCC, Ycuk
PaccmoTtpeno u ogobpeHo

Ha 3acenanuu kadeapsr UTCC

[TpoTokom oT « 19 » _ 12 2022 1. Ne 5



COJIEP)KAHUE

23213 (<) 5 1% (A
[IpakTuueckoe 3ausatue 1. AMmmMTyaHas MOAyJIsua. MeTosl
(dbopMHUPOBaHUS KAHATHHBIX U TPYMIIOBBIX CUTHATIOB. .. ... evvvannes s
[IpakTrUueckoe 3aHITHE 2. AMIUIMTYAHO-UMITYJIbCHAS MOTYJISLIHA. .
[Ipaktuueckoe 3austue 3. [[puHIUIIBI KOAUPOBAHUS U

D1 000112 0010) 1 126 (PP

T e PATYPA. et e

13

19
26



BBEAEHHUE

Kypc «OcCHOBBI MOCTPOCHMS TEICKOMMYHHKALIMOHHBIX CHUCTEM M CETEil»
SIBJISIETCSL OJTHOM M3 0a30BBIX JHMCIMIUIMH B MOJATOTOBKE CICIIUAIMCTOB B 00JIaCTH
NMEeKTPOCBs3u. [loaToMy BBICOKOE Ka4eCTBO TMOATOTOBKM HE MOXKET OBITh
rapaHTUpOBaHO Oe3 TIIyOOKOro 3HAaHMS Kypca W YMEHHS BJIaJeTh Y4YCOHBIM
MaTepuaioM MpHU PEHICHUU MPAKTUYECKHX 3a7ady MHKEHEepHOro xapakrtepa. [lpu
U3YYCHUU Kypca TEOPETUYECKH Marepuan IeJieco0Opa3HO NPUMEHSTh IS
pelieHusl OTHAENBbHBIX, AJIEMEHTAPHBIX B Haudajie OOydeHHs, U 0ojiee CIIOXKHBIX,
KOMITJIEKCHBIX U CUCTEMHBIX, B KOHIIE 00y4Y€HHUs BOIPOCOB U 3aJ1ay MO Pa3INIHBIM
paszenaM W3y4aeMoM JUCIUIUIMHBL. JTO CIOCOOCTBYET HE TOJIBKO BBIPAOOTKE
yMEHHUsI BHIOpaTh U OTHICKATh HaubOOoJiee ONTUMAabHBIE METOJbI PEIICHUS, HO U
BBIPAOOTKE HABBIKOB pPa0OTHl C MHOTOYHCICHHOW CIPaBOYHONW WM HOPMATUBHOU

JIUTEPATYPOU.

OCHOBHBIE BOIIPOCBI KYPCA «OCHOBBI IIOCTPOEHHUA
TEJIEKOMMYHHUKAITHOHHBIX CHCTEM H CETEH»

[Tpunuune noctpoenus ECO PO.
Oco0eHHOCTH KOMMYTAITUX KaHAJIOB, COOOIIICHUN U ITaKETOB.
JlorapudmMuueckre eUHUIIBI TIEpEIavun.
Jnarpamma ypoBHEM.
OcHOBHBIE XapaKTEPUCTUKH MMEPBUYHBIX CUTHAJIOB.
OcHOBHBIE XapaKTEPUCTUKU PEUYEBOTO (TeNe(OHHOTO) CUTHAIA.
OcCHOBHBIE XapaKTEPUCTUKH HETEIEPOHHBIX CUTHAJIOB.
[IprHIMIIBI TOCTPOEHU KaHaja JBYCTOPOHHETO AEHCTBHS.
Huddepenunanshas cucrema (1C).

. Kanan xak onnHOYHAs 3aMKHYTast CUCTEMA.

©WooNO O WNRE

e
= O

. SHCKTPI/I‘ICCKoe 3X0 B TCJ'IC(l)OHHBIX KaHaJlax.

[ERY
N

. AMmuryanas monyssius (AM).

[y
w

. Meroas! hopMupoBaHUs KaHAJIBHBIX CUTHAJIOB ITpu AM.

. Metroast hopmupoBanus oHo# 60koBo# mosiock! (OBIT).

. Ctpykrypnas cxema MCII ¢ wactotHbeIM pazaenenuem kanainos (YPK).

16. Uepapxudeckue TPUHIMIBI MOCTPOEHUS AHAJIOTOBBIX CHUCTEM IIEpelayu
(ACID).

17. lpuniunsl GopMuUpOBaHUS CTAaHAAPTHBIX TPYIIT KAaHAJIOB.

=
o1 b~

18. IIpuHIMIIBI OpraHU3aIMH IBYCTOPOHHUX JIMHEHHBIX TPAKTOB.
19. CrpykrypHas cxema MCII ¢ BpemenHBIM pazaencHuem kananoB (BPK).
20. AMmuTyaHO-UMITyJIbCHas MoayIsiiust (AUM).



21. Dtansl hopMupoBaHus HU(POBOrO CUTHATIA.

22. KBaHTOBaHue curHaja 1o ypoBHIO.

23. TIpyuHIUIIBI JBOMYHOTO KOJUPOBAHUSI.

24. VlepapXxudecKkue NPUHIUIBI MOCTPOCHUS LHU(MPOBBIX CHCTEM Tepeaaqu

(ILICI).

25. [lpuHnune! perenepanuu MUGPOBLIX CUTHAJIOB.

26. OCOOCHHOCTH TMOCTPOCHHUS BOJOKOHHO-ONTHYECKMX CHUCTEM Iepeadn

(BOCII).

27. OOume NpUHIMIBI TOCTPOCHUS CUCTEM U CEeTell MOOMIIBHOM CBSI3U.

28. OOue MNPUHLIMIBI TMOCTPOEHUS paJAUOPENIEHHBIX CHCTEM Nepeadu

(PPCII).

29. PacrnipocTtpaneHue curHaia Ha UHTepBaie paauopeneiinon uann (PPJI).
3amupanus 1 00pr0a ¢ HUMHU.



IpakTHueckoe 3ansiTe 1. AMILIMTYAHAsI MOAYJsAUA. MeToabl
(opMuUpoOBaHNA KAHAJBHBIX U TPYNIIOBBIX CUTHAJIOB

B ocHoBe ammiuTynHON Moaysiuuu (AM) JekUT oneparus NEPEMHOKEHUS
curHayia u Hecymied. Ha puc.1B nzoOpaxkena kimaccuueckas ¢hopma AM curHana,
MIOJTYYEHHOTO B pe3yibTare nepeMuosxenus curaana Uq(t) (puc.la) u mepeHocunka
(mecymreir) Uy(t) (puc.16). Cnexktp AM curnana Sav(f) comepxur Hecymee
Konebanne ¢ ammurygod U,, u komeOaHus JBYX OOKOBBIX YacTOT,
CUMMETPUYHBIX OTHOCHTEIILHO HECYIIEH M C OJWHAKOBBIMU aMIUIUTYJIaMHU
Us = 0,5m U,, . ChmexTp mepBHYHOTO CHUTHama, Hecymed u AM curnama mpu

MOAYJISIMA TapMOHMYECKUM KojieObaHWeM Toka3zaH Ha puc. 1r, 1mn u le

COOTBCTCTBCHHO.
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Puc.1. Bpemennoe (a,0,B) u uactoTHOE (T,1I,€) MPECTABICHUE

CUTHAJIOB IIPU aMIUIUTYIHON MOJYJISILIVH.



Ecnu nepBrYHBIN CUTHA NPEACTABISET CIOKHBIM CUTHAJI, CHEKTP KOTOPOTO
OTpaHUYEH TOJIOCOM YacToOT ®; ... ®; (puc.2a), To crnekTp AM curnana Oyner

UMETb BHJI, COTIIACHO puc.20.

w1 (VV)) w Wy-W,H wy-w; Wy, Wytw,q w,+Ww, w

a) 6)

Puc.2. Cnektp nepBuuHoro curiana 1 AM kKaHaJabHOTO CUTHAJA TIPU
MOJIYJISILIMKU CJI0KHBIM CUTHAJIOM

Takum oopazom, cnexkmp AM cuznana coodeprccum Hecyuwiyio u o0ee
00KoGble nonocel yacmom (HUMNCHIOW U GEPXHIOND), CUMMEMPUYUHbIE
omuocumenvno necywieni wacmomul. Ilonnaa wupuna cnekmpa KaHaibHO20
cucnana npu AM paena y060eHHOU Hauevicuiell uacmome cnekmpa
NEPeUYHO20 cUucHANA AW= Wu+ Wyr- W+ Wr=2 W, .

B cucremax nepenauu (CII) ¢ yactotHbiM paznenenuem kaHanoB (UPK) nms
(GbopMUpOBaHUS KaHAJIBHOTO CHTHAJa Yallle BCETO MCIOJB3YIOT METOJ IMepeaadu
onHOM OokoBo# mosiock! (OBII) min 0HOMOJIOCHYI0 MOIYJISLIMIO, YTO TO3BOJISET
pa3MECTUTh B 3aJ[aHHOM YAaCTOTHOM JIMAla30HE MaKCUMAaJbHOE KOJUYECTBO
KaHajoB. Hecymume 9acToThl BBIOMPAIOT TakK, YTOOBI CHEKTPhl KaHAJIbHBIX
CUTHAJIOB HE TOJIBKO HE NEPEKPBIBAINCH, HO MEXIAY HUMH OCTaBaJCs 3aLUTHBIN
OPOMEXYTOK Af, UIsl UX KadeCTBEHHOro pasfeneHus (pachuiabTpoOBKH) NpU
MOMOIIH PEANBHBIX MOJIOCOBBIX (GUIBTPOB (prc.3). I'pynmnoBoii cUrHai: moayyaror,
CyMMHUpPYsI KaHal##pHble curHaibel (puc.3). lllupuHa ero yacToTHOro crekTpa
COCTAaBJISIET

Afeek = Afg "N, (1)
rae Afx=Af +Af;, Af=f,—f1 —IMpuHa CIEKTpa KaHAJIbHOTO CUTHAJIA,
Af; - 3aUTHBIA IPOMEXKYTOK , N — KOJINYECTBO KaHAJIOB.
O4eBUIHO, YTO PA3HOC MEXKAY HECYIMMH YaCTOTAMH CMEXHBIX (COCETHUX)

KaHaJIOB JOJKEH COCTaBIIATH Afy .



B cooTBeTcTBMM C BBIIIECKa3aHHBIM, I KaHana TY:
f1=03 kl'm; f,=3,4kl'm; Af=3,1 xI'; Afx =4 xI'mu Af, =0,9 xI'11.
B uepapxuu CII ¢ YPK Bce rpynnoBsle cursaibsl kpatHbl 12 xanamam TY.

Hamnpumep, nepsuunas rpynna oobenunseT 12 kanano TU u muprHa 4aCTOTHOTO

CIIEKTpa TPyNIIOBOI0 CUTHAJNA MOJDKHA ObITh Afwk= 12 - Afy = 48 xI'11.
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Puc.3. Tloscuenne popMupoBaHus TpynmnoBoro curaana B cucremax ¢ YPK

[Tpu peanmzanuu merona nepenaun OBl HeoOxoMUMO MOAABUTH HECYIIIEE
KoJjiebaHne W OJHy OOKOBYIO TMosiocy 4acTtoT. llomaBieHue Hecylied 4YacTOThI
OCYIIECTBIISIETCS. COOTBETCTBYIOIIMM BBIOOPOM CXeM MpeoOpazoBaresieil 4aCcTOTHI:
OamaHCHOM WM JBOMHOW OajmaHCHOW  (KOJBIEBOM) CXEMbl KaHAJbHOTO
aMIUTUTYTHOTO MojynaTropa. Hecyiiee konebanue Ha BBIXOJIE TAKUX CXEM MPHU UX

OarlaHCUPOBAaHUU OYJET MPAKTUYECKU OTCYTCTBOBAT.



[TonaBnenue HEUCIIOJIb3yEeMOU OOKOBOM I10JIOCHI 4acTOT
OCYIIECTBIISIETCS  punomposvim Wi ¢hasopasnocmuvim  (OPM)  memooamu.
OUIBTPOBBIN CIIOCOO SBIIAETCS OCHOBHBIM. B 00IieM BHie cxema, peanu3yrormias

dbunbrpoBoit Meto hopmupoBanust OBII, npuseaeHa Ha puc.4.

KM KIID
(t) d % N
X
N S(f) £
,/I >
£ £ f

Puc.4. ®unbrpoBoit meto popmupoBanus ObI1

Kak cnemyer u3 puc. 4, nepBuunbiid curnan U((t), 3anumarommii mosocy
gacror Af = f, - fi , moctynmaer Ha OanmaHCHBI KaHATBHBIA AMILTUTYIHBIHA
moayasaTop (KM), Ha BbIXOJE KOTOPOTO MMEEM AMILIATYAHO-MOAYJIUPOBAHHBIN
curHan Upy(t) , comepkamuii MHBEPCHYIO HIDKHIOIO W BEPXHIOO OOKOBBIC
MOJIOCKI  4acTOT (fy -T2 ). (f - ) u (fy + fy)...(fy + f,), cooTBeTCTBEHHO.
[Tone3nast OokoBasi moJjioca 4acToT (Ha puc.4 - BEpXHsisl) BBIACIAETCS KaHAJIbHBIM

110;10coBbIM pubTpoM (KIID).



IIpumep:

Ha 6x00 KM nocmynaem npou3eoibHblll CUSHAN, CHEKMpP KOMOPO2Oo
nHaxooumcs 6 npeoenax om f, = 0,3xly oo f, = 3,4 xly. Yacmoma
Hecyueeo konebanusi cocmasisiem f = 12 kl'y. Onpederumsv cnexkmp AM
Ha 6bIX00€e KAHANbHO20 NOJ0CO08020 (QUIbMPA, eCciu OH NPONYCMUm

HUDICHIOI0 OboK08YIo noaocy ywacmom (HB)?

—] KM HE

03 3.4k ,
—_—p ’

8’28

T 12 Kkl'y,

Pemenue:
1) na Beixoae KM:

|

Hb Bb

‘\ /‘ e

8,6 11,7 12 123 15,4

A 4

2) Ha Beixoze KIIdD

|

Hb

‘\ f, k'

8,6 11,7

\ 4
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THUIIOBBIE 3AJAYU U TECTDI IJ151 CAMOIIPOBEPKHA

1. Omnpenenuth CIEKTP YACTOT B PA3IMYHBIX TOUYKAX CXEM, 0003HAYECHHBIX

1.1.

1.2.

1.3.

1.4.

1.5.

1.6.

BOIIPOCHUTCIIbHBIMHU 3HAKAMM:

8 24Ky :LE/ , r'iB/ 40-56 KTy
— ¥ ~ ~N———
T 36 Kl'y, T ?
?
HB
60 108Kl ?
— ——
T 120 Kkl'y,
3 15k , Bb Hb
— — 5 o
T 20 Kly, T 50 Kly,
_—1 HEB
15 25klu ? 15-25 Kly,
s A ——
e
HE —
? ? 2 oKy,
— s
T 12 kly
Bb
14  20klu ? 44-50 kly,
— ~ -
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1.7. Bb
? ? 35 40kly
— ~ -

T 15 Kly,

1.8. BB
? ? 18 22KlMy,
— P> >
T 12 kl'y,

1.9. 4 12kl ? 26-34 Kl'y,

—P>

i

5 OKklu ?

1.10.

?

dE
|

~|
~

|
. &
L,{ E

T 12 kly, T 25 Kly,

2. Kakoe naznauenune nmeet kanaiabHbi GuinbTp B CII ¢ YPK Ha nepenaue?
3. Kakoe nHaznauenue umeet kaHainbHbIN GunbTp B CII ¢ UPK Ha npueme?

4. Kakum 00pa3oM peannsyeTcsi MPUHIUI YaCTOTHOTO pa3/iejeHHs KaHAJIOB?
5. Kakoit HenocraTok crocoba nepemnaun kananbHoro curana B CIT ¢ UPK ¢
0JTHOI OOKOBOM MOJIOCOI?

6. Kakoii cioco6 nepegaun kaHanbHbIX curHaigoB B CII ¢ UPK sBisercs
OCHOBHBIM?

12



IIpakTHyeckoe 3aHATHE 2. AMIUIUTYAHO-UMITYJIbCHASI MOAYJISILIUS

B ocnoBe noctpoenus nudpossix cucrem nepenauu (LICII) ¢ BpemeHHBIM
paznenenuem kaHaiioB (BPK) nexut Teopema HaitkBucrta-KorensHukoBa, koTopas
TJIACUT. Henpepoienvlit 60 épemenu cuznan C(t), cnekmp xomopozo ozpanuuen
noaocoi uacmom om 0 o0 f, ROJHOCMbBI)  Onpedesiemcs
nOC1€006amelbHOCMbIO CBOUX MZHOGEHHBIX 3HAUEHUIl, KOomopvle 0epymcs 6
moukax, omcuumsléaemvix uepes unmepeanvt epemenu, T, < 1/2f, wnu c

yacmomou fy > 2 f,.

[Mporiecc mpeobpa3oBaHKs HEMPEPHIBHOIO BO BPEMEHH M OTPAHUYEHHOTO I10
cnektpy curnana C(t) B curuan C(N- T,), onpeneneHHblii B Toukax otcuera 1y, 27,

... NT, - Ha3pIBaeTCs AMCKPETU3ALMEN.

3nauenus curHana C(N- Ty) B Toukax OTcUeTa HA3BIBAKOTCS OUCKpemamu
umu omcyemamu. 1Ipu 3T7oM otcueTsl N KaHAJIBHBIX CUTHAJIOB MEPENAIOTCS MO
oOmell JMHUU CBS3M HE OJHOBPEMEHHO, a IMOOYEPEIHO, TaK, YTOOBI KaXIOMY
KaHaJIbHOMY CHUTHQJly Ha UWHTEpBaJie BpemMeHu 7T, TPEeAOCTaBISICS CBOU

BpeMeHHOU uHTepBan 7y = 1, /N , Ha3bIBaCMBIil KAHAILHBIM UHMEPBATIOM .

JImMTenbHOCTh KaHATBHOTO WHTEpBana (puc.6) paBHa T7,= 7,+ 73 (TOe

T, -AJIMTCIIbHOCTD UMITYJIbCA, T3 - 321].HHTHBII>1 I/IHTepBaH).

WNuTepBan BpeMEHH MEXIy ABYMSI COCETHUMHU OTCUETAMHU B OJHOM CHUTHAJIE
(wnu kaHane) Ha3biBaeTcs mepuoaomM auckpermsamuum 7,= 7, N. Hampumep,
ecim fg = 8 x['1, To B Teuenue 1 cexyHabl B KaxaoM kaHaie gopmupyetcs 8000

OTCYCTOB.

CyTb TEeOpeMbl OTCYETOB COCTOUT B TOM, YTO €CIU HEOOXOIUMO TepenaTh
HETIPEPHIBHBIA W OTPaHWYCHHBIA O CcHekTpy curHan C(t), To HeoOs3aTeNbHO
IepesaBarb €ro HENpepbIBHO, a JOCTATOYHO IEPEeAaTrb €ro  OTHAEJIbHbIC

MTI'HOBCHHBIC 3HAUCHMUA, B3 TBIC UYCPE3 NHTCPBAJIbLI BPCMCHU T 0-

13



Memz[y OTCUYCTAMM CHUI'HAJIa OAHOI'0 KaHaJla MOKHO IEpcaaBaTb OTCYCTHI

CUTHAJIOB JPYyTrUX KaHAJIOB C TEMH JK€ IMapaMeTpaMu TUCKpeTU3aluu (puc.S).

Takxum oOpa3om, peanusyeTcs gpemeHHoe pazoeneHue KaHalos.

Si(t) l I cilt

123 TON",h23 NCC 1 2 3 NCC 1 2 3

Puc.5. K nosicHeHuo MmeToaa BpEMEHHOTO pa3/ieieHusl KaHAJIOB

Omnepanus JUCKPETH3AIMM  OCYILIECTBISIETCS. C TOMOIIBIO KAHAILHOZO
anekmponnozo kiaoua (DK) (puc.6), Ha OIWH BXOJ KOTOPOTO TIOCTYMHAaeT
nepBuYHbI curHan C(f), orpaHWveHHBI 1O crekTpy dvacrtotoun f,, a Ha
VOPABJSIIONIUN - TIEPHOJUYECKas TIOCJIEAOBATEIBHOCTh  MPSMOYTOJIBHBIX
umnynscoB (I1T111H1) f(t) ¢ mepuogom T, peaCTaBIISIONIas COO0OW nepeHoCUUK.
Kaxnapli uMIyIpC NEPEHOCUYMKA OTKPBIBAET KJIIOY HA BpeMs CBOEU

JIJIUTEIIbHOCTHU T, << Ta. I[JII/ITCJIBHOCTI) T, 3aBHCHUT OT KOJIMYCCTBA KaHAJIOB.

Onepanuio JAUCKpeTH3alld¥M  PACCMATPUBAKT KAK  aMILUIATYIHO-
HMIYJbCHY0  Moayasuuio. Iloatomy — AMCKpETM3MpPOBAaHHBIA  CHUTHAN

Ha3bIBaloT AUM — cuznanom, a o4 - AVIM - moxynsatopom (puc.6).

14
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Puc.6. [Ipeo6pazoBanue anagoroBoro curiasia B AVIM-curnai.

C MaremMaTH4eCKOW  TOYKM  3pEHUs  Olepauus  JUCKPETH3alHU
COOTBETCTBYET  yYMHOXXCHHUIO  JAHMCKpeTH3upyemoro curHaia C(f) Ha
uMIyabcHbIA niepeHocurk f(t). B odmem Buge AVM- curHai MOXKHO ONKCATh

CICAYIOIHUM aHAJIUTUYCCKHUM BbIPA)KCHUCM!

Sanm(t) = (1 + mac(t))f(t) , (2)

rae M, — KOdQPUIUEHT , XapaKTepU3yoUUi TIIyOuHY MOIYJISLIUU.

HCpI/IO,Z[I/I‘{CCKYIO IMOCJaACA0BATCIbHOCTL IPAMOYT'OJIbHBIX

umnyibeoB f(t) mepeHocyrka MOXKHO pa3iokuTh B psig Dypre:

Tu
f)=A|—+— ) ————cosnwyt|
T, nn=1 n 3)

rae A —ammutyna umnyiabcos TN , wy = 2m/T; - kpyrosas yactoTta
nocienoBaTeabHOCTH f (t).

Crnextp TN B cootBeTcTBUM ¢ (3) mpeacTaBieH Ha puc. /. Orubaromias
cnektpa amruuty [T cooTBETCTBYET CIEKTPY OJMHOYHOTO MPSIMOYTOJILHOTO
UMITyJIbCa JUIMTENBHOCTBIO T,, @ YUCJIO TAPMOHHMK TAaKTOBOW YaCTOTHI (YaCTOTHI
CJIeIOBaHMSI) 10 TIEPBOTO HYJIA CHEKTpa aMIUIMTYJ paBHO (-1, T.e. Ha €AMHUILY
MEHBIIIE CKBAKHOCTH IIOCJIEIOBATEILHOCTH WMIYJILCOB (| (HAIIOMHHUM, YTO

otHomienue T,/ 7, Ha3bIBaeTcs ckeadchocmoio). Illpu  stom  Oomee  90...95%

15



MOITHOCTH TMEPUOANYECKON IMOCIEA0BATEIbHOCTA HMITYJIbCOB COCPEAOTOYEHO B
nosioce 9actot ot 0 do F, =1/7,. CienoBaTenbHO, Uil TIEpeladydl HMCXOTHOU
[T no xananam (TpakTam, JIMHHUSIM) CBS3U UX IM0J0CA YaCTOT JOJDKHA OBITH HE

menee AF=1/T,.

s(f)

A
Ao A; A
2 A,
Ag

As
As Ao
| Ay Ag

0 fo 2fs 3fs af, 5fa 6fs 7fo=1/t, 8f; 9, f

\J

Puc.7. CnekTp aMImMTy; IepuogNYECKON MOCIEA0BATEILHOCTH MPSIMOYTOJIBHBIX
UMI1YJIbCOB

Onpenenum criektp AVUM-curHana npu MoayJsiliuu aMIUTUTY/bl IEPEHOCUHKA

[TITITN ogHOYaCTOTHBIM CHHYCOMAMbHBIM CUTHAIOM C(t) = C,,4 SIN @/(t.

[Tocne mepeMuoxeHus ucxoaHoro curaana C(t) u mepenocuuxka f(t), momyunm

BBIPA’KCHUC:!

[00] (o]

. NI
S 4 Ml ot + 24 - +maAsz7 in(nwy + w)t
=— sin w — COS W sin(nwy + w.) t,
AUM q q c T . n d T . n d L W
n= n=

(4)
rane mg - CMaKc I A

N3 dopmynsl (4) cnenyer, uto AVUM-cUTHA COACPIKUT B CBOEM COCTABE:

® TIOCTOSIHHYIO COCTABIISIOIIYIO C aMILIUTy0i Ag=A/(;

muyA

® UCXOJHBIN (MOAYJIUPYIOLINM) CUTHAJ C aMIUTUTYI0N A, = sinw,t;
e rapMoOHUKHU 4acToThl cienoBanus HIIITIN — yacToTel quckpern3anum,

2A . nm
AMIIIUTYABI KOTOPBIX paBHBI Anr = _n SIN—CosS nw; ;
T[ q

e OOKOBBIE€ YaCTOTHI (HI/DKHHH n BerHﬂﬂ) OKOJIO TapMOHHUK YaCTOTHI
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AUCKPCTHU3AIMU C aMIIIMTYaMU PaBHbBIMHA

An6 = Tza: + a)c)t.

Ecmu MOI[YJ'II/Ipy}OHH/Iﬁ CHUTHAJI ABJIICTCA MHOI'OYACTOTHBIM, T.€C. 3aHHUMACT
IIOJIOCY YacCTOT OT W, [0 Wg, TO CICKTPp KaHAaJIbHOI'O AHNM-curnana 6y,Z[CT
COACPIKATL IIOCTOSIHHYIO COCTaBJIAIOHIYIO, HCXOHHBIﬁ CHUTHAJI, BaHI/IMaIOHH/Iﬁ
IIOJIOCY 4aCTOT OT W, A0 Wy, TAPMOHHUKHU YaCTOThI JUCKPCTU3AUN Ny 1 HUKHHC
N BCPXHHC OOKOBEIE ITOJIOCHI YaCTOT BOKPYI' TapMOHHUK 9aCTOTbI JUCKPCTHU3AllHH,

3aHUMAIOIIUE TTOJIOCKHI YacTOT nawy + ( wy ... w, ).

Crnektp  AUM-curranma S (f) MOMYJSIMA  CUTHAJIOM  CO

cnektpoM C(f) (puc.8a), mokaszan Ha puc.80.

c(f)
a)

— R

fu Je f

Samylf)

®OHY 6)

\|/I ~__ NJ,-_-._

S Fota—lfs—5 fa fotfu 2fs—fs 2fs 2f 55
of,

Puc.8. Cniektp AUM-curnana

/1 BOCCTaHOBJEHUs HA MPUEME HENPEPHIBHOIO HCXOJHOTO CHUTHAla Ha
BBIXOJI€ KaHasa JjoctaToyHo noctaBuTh ®HY. [Ipu 3TOM mosioca pachuibTpoBKU
®HY Af, mexay momocoil 4acTOT MCXOJHOTO CUTHAla C BEpXHEW TpaHUYHOI
yactoTod f, M HWKHEH OOKOBOH IOJOCOM YacTOT OKOJIO MEPBOH TapMOHUKH

yacTOThl Jauckperusanuu f, ¢ HwkHeW rpanuuHod uwacroton f, — f,

paBHa af, = (f, f,) - f,=f,-2 1.
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THUITIOBBIE 3AJAYA U TECTBI IJI1 CAMOITPOBEPKH

1. 300pa3uTte ciekTp nepeHocyrKa CUrHaia npu ckBaxknoctu = 3 + N
(cm. puc.7).

2. Onpenenute yactoty nuckperuszanuu f, (Ha ocHoBanum T. KoTeabHHKOBA)
CUTHaja, crekTp koroporo orpanndeH yacrotamu f, = (BN) xI'p u f, = (BN+12)
k['n. M3oOpasute chnekTpaibHblii  coctaB  AMM-curnaza (cMm.  puc.8),
COOTBETCTBYIOIIUI BBIOpaHHOW dYacToTe IucKperusanuu f, W paccuwmraiite
IIUPHHY N0JI0CH! pachuiabTpoBku Af, mpu ero nemoxynsauu.

3. N3obpazute mpumepHbiii By rpynmnoBoro JIMM-curHana npu 3ajJjaHHOM
komuecTBe KaHanoB N (cMm. puc.5).

4. Kakum o0pa3om peanusyercsi BpeMeHHOE pa3jiefieHue KaHaIOB?

5. Kakum 06pa3om OCyIIeCTBISIETCS TUCKPETH3AIINS HETIPEPHIBHOTO CUTHAJIA?

6. C moMOmbIO KakKoro »SJEMEHTAa CXEMbl OCYIIECTBIISIETCS OIepaius
JTUCKpETU3aIu?

7. Kakoe xoimuecTBO 0TcueToB (hOpMHUpPYETCS B Kak10M kKaHasne 3a 10 cexyHn,
eciu f, =8 k['?

8. Kaxoe naznauenue umeer ®HY B CII ¢ BPK nHa nepenaue?

9. Kaxoe naznauenue umeer ®HY B CII ¢ BPK na npueme?

10. Yemy paBHa YacTtoTa AWCKPETH3AllMU, €CIM WCXOJTHBIM CHTHAJ

orpanndeH yacrotamu f,=0,3 xI'u, f, =3.4 x['1?
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IIpakTnyeckoe 3ansitue 3. [IpuHIMNBI KOAMPOBAHMA U
AEeKOAUPOBAHUSA

KonupoBanue mnpezacrasisier coboii ortodOpakenne ANM-KBaHTOBaAaHHOTO
CUTHAJIa B BUJE COYETAHUS JTBOUYHBIX KOJOBBIX CHMBOJIOB. DOpManbHbIA aHAJIOT
ATON Omepauuy - NPEACTABICHUE YHCEN B JBOMYHOM cucTeMe cuucieHus. [lpu
KOJMPOBAaHUM KaXJOMy KBAaHTOBAaHHOMY MO ypoBHIO AMM-curnamny craBsiT B
COOTBETCTBHE KOJOBYI0 KOMOMHAIIMIO ONPEACIEHHON CTPYKTYPhI, COCTOSIIYIO U3
cuMBoJioB 0 1 1 u Ha3bIBaeMyl0 K0006blm cn0eom. KonuuecTBO CHMBOJIOB B
KOZIOBOM CJIOBE ONpENEIIeT pazpaoHocms Kooa u oOo3Hawaerca M. s
oTpezeNieHUs] CTPYKTYpbl KOMOMHAIIMK B MIPOCTEHIIIEM ClTydyae HY>KHO B IBOUYHOM
Kojme 3anucath ammuatyay AWM-orcueta Hayy, BBIPAXEHHYHO B Iarax
KBAaHTOBaHUS §. DTO COOTBETCTBYET MMITYJILCHO-KOAOBOM Moayisiuu (MKM). B

3TOM CITydae :
m-1
Hyyy = z a; 2! = a2 +ag2’ + -+ ap,_,2™1 (5)
i=0
rae a; = (0,1) — cocTosiHHE COOTBETCTBYIOIIETO pa3psijia KOMOMHAIIVH |
2! - BeC COOTBETCTBYIOIIETO PA3Ps/Ia B YCIOBHBIX IIAraX KBAHTOBAHHS,
M - Y9UCIIO Pa3PsAI0B.
KomoBas koMOMHaIIKs, 3alTMCaHHAs B IBOUYHOM CHCTEME CUHMCICHHUS, COTTIACHO

(5), Oynet BeINISIIETH ClieayromuM odpasom (puc.10):

Amn-1| - as ay as a, aq Qg

Puc.10. CtpykTypa KO0BOM KOMOMHAIIMK, COOTBETCTBYIOLICH aMILTUTY/Ie

AHWM-otcuera H 4,

Hanpumep, ecnu uucio pa3psaoB koga M =4 u Hayy =116, To kKom0Bas
KOMOHHALWs OyaeT umets cTpykrypy 1011 , T.x. 11 = 1023 + 0027 + 102" + 102°
- 1011.
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PaccMOTpeHHYI0 BBIIIE MTOCIIEI0BATEILHOCTD IEUCTBUM (aJITOPUTM NIEPEBOIA)

ynoOHee n300pa3uTh Tak:

11 ] 2
1]15]2
1| 2

o

3anuceiBasi OCTATKH OT JEJICHHS B HAIIPABJICHHUH, YKa3aHHOM CTPEJIKOM,

nosyunum: 11,,=1011,

HOCJ’IC,Z[OB&TCJ'IBHOCTI) M - pa3pssAHbIX KOOOBBIX KOM6I/IHaI_II/Iﬁ MpeACTaBIACT

co6oii rpynmoBoit curan ¢ MKM, Ha3bIBaeMblii Takxke yugpossim.

Paccmotpum kBanTOBaHHBIM AVUM-curHain Ha BXoJi€ KojJepa u

COOTBETCTBYIOIINI eMy IIH(POBOM CUTHAJ Ha BBIXOJE Koaepa (puc.1l).

KBauroBauusii AUM
curdait (Hayv)

KOJIEP

udposoii cursan (Uyg,)

>
>

Puc.11. Curnaiibl Ha BXOJ€E U BBIXOJIE KOJIepa
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Ecin aMmimTyasl OTCUETOB, MOCTYMAIONIMX Ha BXOJ KOJEpa, MOTYT
NPUHUMATh 3HaYeHuss a jgumanasoHe Hapyy = (0+31)0 ycioBHBIX IIAaros
KBaHTOBaHMs (puc.12a), Torma Ha BbIXOJE Kojaepa ¢opmupyercs IudpoBoi
CUTHAJI, MIPEICTABISIONINI COO0H MOCIEeI0BATENILHOCTD NAMUPA3PAOHBIX KOJTOBBIX

koMmOuHaru# (puc.126), .e. m = 5.

H.—\J ™

Wl— — — —— |- — — =

010 T

Puc.12. Bpemennbie nuarpaMmbl Ha Bxone H ,(t) u Berxoae Umw(t) komepa

JIns TeneOHHBIX CUTHAJIOB MPU HEPABHOMEPHOM KBAHTOBAaHUU HEOOXOIMMO
UCIIOJIBb30BaTh BOChMHUpa3psaublii koja (M=8), a mnpu paBHOMEpHOM - 12-
paspsaaubii (M=12). Ha mnpakTuke HaxXOOAT NPHUMEHEHHE JIBOMYHBIC KOJIBI
CIICAYIOIINX THUIIOB: HATypaJbHbIM JBOWYHBIA KOJ, CUMMETPHUYHBIN JBOWUYHBIN

KOJI.
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Cummempuunsiti 08ouunsili ko0 (puc.13) B OCHOBHOM HCHOJB3YETCS IPHU
KOAMPOBAHUH JBYIIOJIIPHBIX CHUTHANIOB (Hampumep, TelaedoHHBIX). B aTom kome
JUTSL BCEX TIOJIOKUTENBHBIX OTCUETOB 3HAKOBBIM CHMBOJI MMEET 3HadueHue 1, a s
orpuniaTeabHbIX - (. IS TTONOXKUTEIBHBIX M OTPHIATCIIBHBIX OTCYETOB, PABHBIX
0 aMIUIUTY/IE, CTPYKTYPhl KOJOBBIX KOMOWHAIIMA TIOJHOCTBIO COBITQIAOT (3a
UCKIIFOYCHHEM 3HAKOBOTO pa3psaa), T.6. KOJ SBISETCSA CHUMMETPUYHBIM.
Hampumep, MakCHMalbHOMY TIOJIO)KHTEIIBHOMY CHUTHAJIY COOTBETCTBYET KOJI

11111111 , a makcumanbHOMY OTpuliateasHoMy - 01111111,

sHaxoevilipaspsio | ag | as | a; | as | a, | a1 | ao

Puc.13. O6muit Bu1 KOJI0BOM KOMOMHAIIAHY JJIs1 8-MU pa3psiIHOTO
CUMMETPUYIHOTO KOJ1a

Hamypanvnviti 0séouunwviti ko0 (puc.14) B OCHOBHOM UCIOIB3YETCS MPHU

KOOIUPOBAHUHN OAHOIIOJIIPHBIX CUT'HAJIOB.

ay dg ds da dj do a do

Puc.14. O6muit BU1 KOJI0BOM KOMOMHAIIAHU JJIs1 8-MU pa3psIHOTO

CkopocTh Tepemayu JBOMYHOTO IM(POBOTO CHTHANA JJs OJHOTO KaHaua,
noiyueHHoro B pe3yinbrate UKM - npeoOpaszoBanus, HaxoaaT no dopmyiie (s
JBOMYHBIX KOJIOB CKOPOCTh Tepefaud YWCICHHO COBIAJAaeT C YacTOTOU

CJIICA0OBaHHUA IBOMYHBIX CI/IMBOJ'IOB)Z

Bl=fa-m. (6)

Hampumep, mpu  anamoro-muppoBoM  mpeodOpa3oBaHUU  TenedhOHHOTO
curHana Beioupator fy =8kxl'm, m=8. OTcroma ciemayeT, 9YTo CKOPOCTh IMepenavn
omdpoBaHHoro TeiedoHHOro curHama (ocHoBHOro mudpooro kanama OI[K)

paBHa 64 x6ur/c.
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CkopocTh nepeayu rpynmnoBoro (MHOrokaHaJubHOT0) HU(POBOTO CUTHAIIA

OMpCACIIACTCA KaK

By= BN , (7)
rae N - oOlee YucIo KaHaJIbHBIX HHTEPBAJIOB B IIUKJIE TIepeIavn.

IMpumep 1:

3axoouposame AUM-omcuem ¢ amnaumyoou, paénoi H yp, ~ 758 8 - mu
PA3PAOHBIM 0BOUUHBIM KOOOM Ol CILyYAsl NPUMEHEHUSL:

- HamypaibHO20 0BOUUHO20 KOOA,

- CUMMEmMPUYHO20 080UYHO20 KOOA.

Pemenue:

B coomeemcmesuu ¢ (5) u puc. 13, 14 3anuwem yucno 75 6 0gouunotl popme:

7550 = 1001011,.

s HamypanbHo20 080UHHO20 KOOA Nepablil pazpso 6yoem umems ec, m.e.

01001011.

C yuémom 3HakKa, Ol CUMMEMPUYHO2O KOOd, KOO0BOe Cl080 umeem 6uo

11001011.

IMpumep 2:

llexoouposamev 0souunyio komounayuro euoa 01110011 ona cayuaes
NPUMEHEHUsL:

- HamypanibHO20 08OUUHO20 KOOA,

- CUMMEmMPUYHO20 080UYHO20 KOOA.

Penienue:

Ecnu  oexoouposamv komobunayuro euoa 01110011 ons uamypaibHo2o

dsouunozo koda, mo 6ydem umems : 2° + 2° + 28+ 21 +1 = 1158.

Jlns cummempuunozo: - (2° +2° + 2%+ 21 +1) = - 1158.
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THUITIOBBIE 3AJIAYU U TECTHI 1151 CAMOIIPOBEPKHA

1. 3anummute 3HaueHue AWM-orcuera 4N ¢ 5 Buae 8-mu pazpsaHoit

KOJIOBOM KOMOMHAIIUU B HATYpaJIbHOM JIBOMYHOM Kojie (CM. puc. 14);

2. 3amummre 3HaueHue AVM-orcyera (-4N + 606) B cHMMETpUYHOM

JIBOUYHOM KoJie (cM. puc.13).

3. Ilpu mepemavye 1O JHMHAU CBA3M 2-X KOJOBBIX KOMOWHAIHWH,
HoJydyeHHBIX B 1-i 3amade, mnpomsomnuin omuOku B (N/8) - paspsaae
(moJtydeHHOE 4YMCJIO OKPYIJIUTh JI0 Iejoro). HeoOxoaumo HaWTH 3HaA4YCHUE

IMOJIYUYCHHOTO AHM-OTC‘ICT&, BBIPAXKCHHOC B IaraX KBaHTOBAHM Jd.

4. Heob6xomumo 3akomupoBaTh AWM-oTcueT ¢ aMIUIUTyIOW, PaBHOU

Hapv = 118 8-Mu pa3psiiHbIM TBOMYHBIM KOJIOM JJIS CITy4dasi IPUMEHEHHUS:
- HaATypPaJILHOI'O ABOMYHOI'O KOJa

- CUMMCTPUYHOI'O ABOMYHOI'O KOAA.

5. HeoOxomuMo nexonupoBaTh ABOMYHYI0 KoMOuHanumio Buzaa 01101110
I CIy4aeB MPUMEHEHUS:
- HaTypaJbHOTO JBOMYHOTO KOJA;

- CUMMCTPUYIHOT'O ABOMYHOI'O KOAA.

6. [ns dYero mpuUMEHSIOT HEPAaBHOMEPHOE KBAHTOBAHWE CHUTHaja IO
YpOBHIO ?

/. Kaxk MeHseTcs mar KBaHTOBAHUSI IPU HEPABHOMEPHOM KBaHTOBAHUU ?

8. UeMm xapakTepusyeTcsi paBHOMEPHOE KBAaHTOBAaHHME CHTHajla IO

YPOBHIO?

9. CkoabpKo pa3psaoB OyJeT coaepkaTh KOJIOBask KOMOUHAIIMS, €CIU TIPH

KBaHTOBaHUU CUTHAJIA UCIIOJIb30BANIOCh 256 ypOBHEN KBAaHTOBaHUS ?

10.Kakoii Oyner mMakCHUMaJIbHbIM YpPOBEHb KBAaHTOBAaHUS CUTHaJIa Ha

BXOJC KoOAC€pa, €CJIM Ha BbIXOAC KOACpa IIOJYYCH HICCTHp&BpS[,Z[HBIfI
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udpoBoit curaan’?
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